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vkeq[k

jk"Vªh; ikB~;p;kZ dh :ijs[kk (2005) lq>krh gS fd cPpksa osQ LowQyh thou dks ckgj osQ thou ls tksM+k
tkuk pkfg,A ;g fl¼kar fdrkch Kku dh ml fojklr osQ foijhr gS ftlosQ izHkkoo'k gekjh O;oLFkk
vkt rd LowQy vkSj ?kj osQ chp varjky cuk, gq, gSA u;h jk"Vªh; ikB~;p;kZ ij vk/kfjr ikB~;Øe vkSj
ikB~;iqLrosaQ bl cqfu;knh fopkj ij vey djus dk iz;kl gSaA bl iz;kl esa gj fo"k; dks ,d e”kcwr
nhokj ls ?ksj nsus vkSj tkudkjh dks jVk nsus dh izo`fÙk dk fojks/ 'kkfey gSA vk'kk gS fd ;s dne gesa
jk"Vªh; f'k{kk uhfr (1986) esa of.kZr cky&osaQfnzr O;oLFkk dh fn'kk esa dki+ Qh nwj rd ys tk,¡xsA

bl iz;Ru dh liQyrk vc bl ckr ij fuHkZj gS fd LowQyksa osQ izkpk;Z vkSj vè;kid cPpksa dks
dYiuk'khy xfrfof/;ksa vkSj lokyksa dh enn ls lh[kus vkSj lh[kus osQ nkSjku vius vuqHkoksa ij fopkj
djus dk fdruk volj nsrs gSaA gesa ;g ekuuk gksxk fd ;fn txg] le; vkSj vk”kknh nh tk, rks cPps
cM+ksa }kjk lkSaih xbZ lwpuk&lkexzh ls tqM+dj vkSj tw>dj u, Kku dk l`tu djrs gSaA f'k{kk osQ fofo/
lk/uksa ,oa lzksrksa dh vuns[kh fd, tkus dk izeq[k dkj.k ikB~;iqLrd dks ijh{kk dk ,dek=k vk/kj cukus
dh izo`fÙk gSA ltZuk vkSj igy dks fodflr djus osQ fy, ”k:jh gS fd ge cPpksa dks lh[kus dh izfØ;k
esa iwjk Hkkxhnkj ekusa vkSj cuk,¡] mUgsa Kku dh fu/kZfjr [kqjkd dk xzkgd ekuuk NksM+ nsaA

;s mís'; LowQy dh nSfud ftanxh vkSj dk;Z'kSyh esa dki+ Qh i+ sQjcny dh ek¡ x djrs gSaA  nSfud
le;&lkj.kh esa yphykiu mruk gh ”k:jh gS] ftruk okf"kZd oSQysaMj osQ vey esa pqLrh] ftlls f'k{k.k
osQ fy, fu;r fnuksa dh la[;k gdhdr cu losQA f'k{k.k vkSj ewY;kadu dh fof/;k¡ Hkh bl ckr dks r;
djsaxh fd ;g ikB~;iqLrd LowQy esa cPpksa osQ thou dks ekufld ncko rFkk cksfj;r dh txg [kq'kh dk
vuqHko cukus esa fdruh izHkkoh fl¼ gksrh gSA cks> dh leL;k ls fuiVus osQ fy, ikB~;Øe fuekZrkvkssa
us fofHkUu pj.kksa esa Kku dk iqufuZèkkZj.k djrs le; cPpksa osQ euksfoKku ,oa  vè;kiu osQ fy, miyC/
le; dk è;ku j[kus dh igys ls vf/d lpsr dksf'k'k dh gSA bl dksf'k'k dks vkSj xgjkus osQ ;Ru esa
;g ikB~;iqLrd lksp&fopkj vkSj foLe;] NksVs lewgksa esa ckrphr ,oa cgl vkSj gkFk ls dh tkus okyh
xfrfofèk;ksa dks izkFkfedrk nsrh gSA

,u-lh-bZ-vkj-Vh- bl iqLrd dh jpuk osQ fy, cukbZ xbZ ikB~;iqLrd fuekZ.k lfefr osQ ifjJe osQ fy,
òQrKrk O;Dr djrh gSA ifj"kn~ foKku ,oa xf.kr ikB~;iqLrd lykgdkj lfefr osQ vè;{k] izksI+ksQlj ts-oh-
ukyhZdj vkSj bl ikB~;iqLrd osQ eq[; lykgdkj] izksI+ksQlj ,-MCY;w- tks'kh] ftUgksaus bl lfefr osQ dk;Z dks
funsZf'kr fd;k] dh fo'ks"k vkHkkjh gSA bl ikB~;iqLrd osQ fodkl esa dbZ f'k{kdksa us ;ksxnku fd;k_ bl ;ksxnku
dks LakHko cukus osQ fy, ge muosQ izkpk;ksZa osQ vkHkkjh gSaA ge mu lHkh la LFkkvksa vkSj la xBuksa osQ izfr òQrK
gSa ftUgksaus vius lalk/uksa] lkexzh rFkk lg;ksfx;ksa dh enn ysus esa gesa mnkjrkiwoZd lg;ksx fn;kA izksi+ sQlj è.kky
ehjh vkSj izksi+ sQlj th- ih- ns'kiakMs dh vè;{krk esa ekuo lalkèku fodkl ea=kky; osQ vèkhu mPp ekè;fed
f'k{kk foHkkx }kjk xfBr fuxjkuh lfefr (eWkuhV¯jx desVh) osQ lnL;ksa osQ vewY; le; vkSj lg;ksx osQ fy,
ge ÑrK gSaA O;oLFkkxr lq/kjksa vkSj vius izdk'kuksa esa fuja rj fu[kkj ykus osQ izfr lefiZr ,u-lh-bZ-vkj-Vh-

fVIif.k;ksa ,oa  lq>koksa dk Lokxr djsxh ftuls Hkkoh la'kks/uksa esa enn yh tk losQA

funs'kd

u;h fnYyh jk"Vªh; 'kSf{kd vuqla/ku vkSj

20 fnlacj 2005 çf'k{k.k ifj"kn~
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ikB~;iqLrdksa esa ikB~; lkexzh dk iqul±;kstu

dksfoM&19 egkekjh dks ns•rs gq,] fo|kfFkZ;ksa osQ Åij ls ikB~; lkexzh dk cks> de djuk vfuok;Z gSA

jk"Vªh; f'k{kk uhfr] 2020 esa Hkh fo|kfFkZ;ksa osQ fy, ikB~; lkexzh dk cks> de djus vkSj jpukRed uT+kfj,

ls vuqHkokRed vf/xe osQ volj çnku djus ij T+kksj fn;k x;k gSA bl i`"BHkwfe esa] jk"Vªh; 'kSf{kd

vuqla/ku vkSj çf'k{k.k ifj"kn~ us lHkh d{kkvksa esa ikB~;iqLrdksa dks iqul±;ksftr djus dh 'kq#vkr dh gSA

bl çfØ;k esa jk-'kS-v-ç-i- }kjk igys ls gh fodflr d{kkokj lh•us osQ çfriQyksa dks è;ku esa j•k

x;k gSA

ikB~; lkefxz;ksa osQ iqul±;kstu esa fuEufyf•r fcanqvksa dks è;ku esa j•k x;k gS &&

• ,d gh d{kk esa vyx&vyx fo"k;ksa osQ varxZr leku ikB~; lkexzh dk gksuk_

• ,d d{kk osQ fdlh fo"k; esa mlls fupyh d{kk ;k Åij dh d{kk esa leku ikB~; lkexzh dk gksuk_

• dfBukbZ Lrj_

• fo|kfFkZ;ksa osQ fy, lgt :i ls lqyHk ikB~; lkexzh dk gksuk] ftls f'k{kdksa osQ vf/d gLr{ksi osQ

fcuk] os •qn ls ;k lgikfB;ksa osQ lkFk ikjLifjd :i ls lh• ldrs gksa_

• orZeku lanHkZ esa vçklafxd lkexzh dk gksukA

orZeku laLdj.k] Åij fn, x, ifjorZuksa dks 'kkfey djrs gq, rS;kj fd;k x;k iqul±;ksftr

laLdj.k gSA
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izkDdFku

,d n'kd ls Hkh vf/d le; iwoZ] jk"Vªh; 'kSf{kd vuqla/ku vkSj izf'k{k.k ifj"kn~ us izks- Vh-oh- jkeo`Q".ku]
,iQ-vkj-,l-] dh vè;{krk esa ys[kdksa osQ ,d ny dh lgk;rk ls d{kk 11 rFkk 12 osQ fy, fy[kh xbZ
ikB~;iqLrosaQ izdkf'kr dh Fkha A bu iqLrdksa dks fo|k£Fk;ksa rFkk f'k{kdksa us leku :i ls HkyhHkkafr viuk;k A
okLro esa ;s iqLrosaQ ehy dk iRFkj rFkk fopkj/kjk fu/kZfjr djus okyh fl¼ gqb± A rFkkfi] ikB~;iqLrdksa
vkSj fo'ks"kdj foKku dh iqLrdksa dk fodkl ifjorZu'khy cks/] vko';drk] iqu£uos'ku rFkk fo|k£Fk;ksa]
f'k{kkfonksa rFkk lekt ds vuqHkoksa dh n`f"V ls ,d xR;kRed izfØ;k gS A fo|ky;h f'k{kk osQ fy, jk"Vªh;
ikB~;p;kZ dh :ijs[kkµ2000 ij vk/kfjr la'kksf/r ikB~;Øeksa osQ vuq:i HkkSfrdh dh ikB~;iqLrdksa dk
,d nwljk laLdj.k izksisQlj lqjs'k pUnz osQ funsZ'ku esa izdkf'kr fd;k x;k tks vc rd ykxw FkkA gky esa
jk"Vªh; 'kSf{kd vuqla/ku vkSj izf'k{k.k ifj"kn~ us jk"Vªh; ikB~;p;kZ dh :ijs[kk 2005 (,u-lh-,iQ- 2005)
izdkf'kr dh rFkk fo|ky;h Lrj ij ikB~;p;kZ uohdj.k izfØ;k osQ nkSjku ikB~;Øe esa rnuqlkj la'kks/u
fd;k x;k A mPprj ekè;fed Lrj osQ fy, ikB~;Øe (,u-lh-bZ-vkj-Vh-] 2005) fodflr fd;k x;k gS A
d{kk 11 dh ikB~;iqLrd esa 15 vè;k; nks Hkkxksa esa gSaA Hkkx 1 esa izFke vkB vè;k; gSa tcfd Hkkx 2
esa vxys lkr vè;k; gSaA izLrqr iqLrd orZeku ikB~;iqLrd fuekZ.k lfefr osQ uohu iz;kl dk ifj.kke
gS vkSj lkFk gh ;g vk'kk gS fd fo|kFkhZ HkkSfrdh osQ lqanjrk ,oa roZQ dk egÙo le>saxsA mPprj ekè;fed
Lrj osQ vkxs fo|kFkhZ HkkSfrdh dk vè;;u tkjh j[k ldrs gSa ;k ugha Hkh ijUrq ge ekurs gSa fd os pkgs
fdlh Hkh nwljs fo"k; dk vè;;u djsa] mlesa os HkkSfrdh dh lkspµfopkj izfØ;k dks mi;ksxh ik,¡xsA ;g
fo"k;] oqQN Hkh gksa] tSls µ vFkZO;oLFkk] iz'kklu] lkekftd foKku] i;kZoj.k] vfHk;kaf=kdh] izkS|ksfxdh]
thofoKku ;k fpfdRlk'kkL=kA mu fo|k£Fk;ksa osQ fy,] tks HkkSfrdh dk vè;;u bl Lrj osQ vkxs tkjh
j[ksaxs] bl iqLrd esa fodflr fo"k; fu'p; gh ,d lqn`<+ vk/kj iznku djsxkA

foKku vkSj izkS|ksfxdh dh yxHkx lHkh 'kk[kkvksa osQ Kku dk vk/kjHkwr HkkSfrdh gSA ;g mYys[k
djuk jkspd gS fd HkkSfrdh dh /kj.kkvksa ,oa fopkjksa dk mi;ksx Kku dh nwljh Hkk"kkvksa_ tSls µ vFkZ'kkL=k]
okf.kT; vkSj O;ogkj foKku esa Hkh c<+rk tk jgk gSA ge bl rF; ls vufHkK gSa fd HkkSfrdh osQ oqQN
ljy vk/kfjd fl¼kar izk;% izR;kRed :i esa tfVy gksrs gSa A bl iqLrd esa geus ^izR;kRed lkeatL;*
ykus dk iz;kl fd;k gS A 'kS{kf.kd rFkk fo"k; dh ifj'kq¼rk dks cuk, j[kdj ljy ,oa lqcks/ Hkk"kk dk
iz;ksx djuk gekjs iz;kl dk osaQnz fcanq gS A HkkSfrdh fo"k; dh izÑfr gh ,slh gS ftlosQ fy, oqQN U;wure
xf.kr dk mi;ksx djuk vko';d gks tkrk gS A tgk¡ rd laHko gks ldk gS geus xf.krh; lw=kksa dks rk£dd
<ax ls fodflr djus dk iz;kl fd;k gS A

HkkSfrdh osQ fo|k£Fk;ksa ,oa vè;kidksa dks iw.kZ :i ls le>uk pkfg, fd HkkSfrdh fo"k; dks
;kn djus dh ctk; cks/xE; cukus dh vko';drk gksrh gSA tc ge ekè;fed ls mPprj ekè;fed ;k
vkxs dh Lrj dks tkrs gSa rks HkkSfrdh esa eq[; :i ls pkj vo;o gksrs gSa % (i) xf.kr dk i;kZIr lqǹ<+
vk/kj] (ii) rduhdh 'kCn ,oa in ftuosQ vaxzsth Hkk"kk esa lkekU; vFkZ ,dne fHkUu gks ldrs gSas] (iii) u;h
tfVy vo/kj.kk,¡] rFkk (iv) izk;ksfxd vk/kjA HkkSfrdh esa xf.kr dh vko';drk gS D;ksafd ge vius pkjksa
vksj osQ ifjos'k dk ;FkkFkZ fp=k.k fodflr rFkk vius izs{k.kksa dks es; jkf'k;ksa osQ inksa esa O;Dr djuk pkgrs
gSaA HkkSfrdh d.kksa osQ u, xq.kksa dh [kkst djrh gS rFkk izR;sd d.k osQ fy, ,d uke nsuk pkgrh gSA 'kCn
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vkerkSj ls vaxszth] ySfVu] ;k xzhd Hkk"kk ls ysrs gSa ijUrq HkkSfrdh bu 'kCnksa dks ,dne u;k vFkZ nsrh gSA
bldks le>us osQ fy, vki ÅtkZ] cy] 'kfDr] vkos'k] fLiu ;k bl rjg osQ vU; 'kCnksa osQ eku fdlh
ekud vaxzsth 'kCnkoyh esa ns[k ldrs gSa rFkk buosQ vFkks± dks HkkSfrdh esa iz;qDr bu 'kCnksa osQ vFkks± ls rqyuk
dj ldrs gSaA HkkSfrdh d.kksa osQ O;ogkj dks le>kus osQ fy, tfVy ,oa vuwBh vo/kj.kkvksa dks fodflr
djrh gSA vUrr% ;g ;kn j[kuk gksxk fd HkkSfrdh izs{k.kksa vkSj iz;ksxksa ij vk/kfjr gS µ buosQ vHkko esa
fdlh fl¼kar dks HkkSfrdh osQ {ks=k esa ekU;rk ugha feyrh gSA

bl iqLrd esa oqQN fof'k"Vrk,¡ gSa A gesa iw.kZ vk'kk ,oa fo'okl gS fd ;s fo|k£Fk;ksa  osQ fy, iqLrd
dh mi;ksfxrk esa o`f¼ djsaxh A vè;k; dh fo"k;&oLrq ij rsth ls ljljh n`f"V Mkyus osQ fy, izR;sd
vè;k; osQ var esa lkjka'k fn;k x;k gS A blosQ i'pkr~ fopkj.kh; fo"k; fn, x, gSa tks fo|k£Fk;ksa ds
efLr"d esa mRiUu gksus okyh laHkkfor Hkzkafr;ksa] vè;k; esa fn, oqQN izdFkuksa@fl¼karksa esa fNih my>uksa rFkk
vè;k; ls miyC/ Kku osQ mi;ksx osQ fy, vko';d ̂ psrkofu;ksa* dh vksj bafxr djrs gSaA ;s oqQN fopkj
mÙkstd iz'u Hkh mBkrs gSa ftuls fo|kFkhZ HkkSfrdh osQ ijs thou ij fopkj dj losQA bu ̂ fcanqvksa* ij lkspuk
rFkk vius efLr"d dk vuqiz;ksx djuk fo|k£Fk;ksa dks jkspd yxsxk A blosQ vfrfjDr ladYiukvksa osQ Li"Vhdj.k
rFkk@vFkok nSfud thou dh ifjfLFkfr;ksa esa bu ladYiukvksa osQ vuqiz;ksxksa dh O;k[;k osQ fy, cM+h la[;k
esa ikB~; lkexzh esa ̂ gy lfgr vH;klksa* dk lekos'k fd;k x;k gS A ;nk&dnk HkkSfrdh fo"k; osQ Øfed
fodkl osQ izfr ftKklk dks 'kkar djus osQ fy, ,sfrgkfld ifjizs{;ksa dks Hkh lfEefyr fd;k x;k gS A cgqr
ls vè;k;ksa esa ;k rks blh mís'; osQ fy, vFkok mu fo"k;oLrqvksa ftuesa fo|k£Fk;ksa dks vfrfjDr è;ku
nsus dh vko';drk gksrh gS] mudh oqQN fo'ks"k fof'k"Vrkvksa dh vksj vkd£"kr djus osQ mís'; ls fo"k;oLrq
dks ^ckWDl* esa fn;k x;k gS A iqLrd osQ var esa iqLrd esa iz;qDr eq[; 'kCnksa dh lwph nh xbZ gSA

HkkSfrdh dh fo'ks"k izo`Qfr] /kj.kkvksa dh le> osQ vykok oqQN ifjikfV;ksa dk Kku] vk/kjHkwr xf.krh;
lk/u] egÙoiw.kZ HkkSfrd fLFkjkadksa osQ vkafdd eku] lw{e Lrj ls xSysDlhu Lrj osQ ifjlj rd mi;ksxh
ek=kdksa dh iz.kkyh dh vis{kk djrh gSA fo|k£Fk;ksa dh lgk;rk osQ fy, geus iqLrd osQ var esa ifjf'k"V
A1 ls A9 osQ :i esa vko';d lk/u ,oa MkVkcsl fn, gSaA vfrfjDr tkudkjh ;k fdlh vè;k; fo'ks"k
esa o£.kr fo"k; osQ mi;ksx osQ fy, oqQN vè;k;ksa osQ var esa Hkh oqQN ifjf'k"V fn, x, gSaA

lqLi"V fp=k iznku djus dh vksj fo'ks"k è;ku fn;k x;k gS A fp=kksa dh Li"VRkk esa o`f¼ osQ fy,
mUgsa ̂ nks jaxksa* esa js[kkafdr fd;k x;k gS A izR;sd vè;k; osQ var esa i;kZIr la[;k esa vH;kl fn, x, gSa A
buesa ls oqQN thou dh okLrfod ifjfLFkfr;ksa ls lacaf/r gSa A fo|k£Fk;ksa ls vuqjks/ gS fd os bUgsa gy
djsa vkSj ,slk djrs le; os bu vH;klksa dks vR;f/d f'k{kkizn ik,axsA oqQN vfrfjDr vH;kl Hkh fn,
x, gSa tks vf/d dfBu gSaA oqQN vH;klksa dks gy djus osQ fy, laosQr ,oa mÙkj fn, x, gSaA laiw.kZ iqLrd
esa SI ek=kdksa dk mi;ksx fd;k x;k gS A fu/kZfjr ikB~;Øe@ikB~;p;kZ osQ Hkkx osQ :i esa vkSj lkFk gh
HkkSfrdh osQ y{; esa lgk;d osQ :i esa vè;k; 2 esa ¶ek=kd vkSj ekiu¸ dk foLr`r fooj.k fn;k x;k
gS A bl vè;k; esa fn;k x;k ,d ̂ ckWDl* ,d yach oØh; ykbu tSlh ljy oLrq osQ ekiu ls dfBukb;ksa
dks mtkxj djrk gSA SI ewy ek=kdksa ,oa vU; lacaf/r ek=kdksa dh lkj.kh bl vè;k; esa orZeku ekU;
ifjHkk"kkvksa dks eu esa cSBkus rFkk vkt ekiu esa miyC/ 'kq¼rk dh mPpdksfV dks Li"V djus osQ fy,
dh xbZ gSA ;gk¡ nh xbZ la[;kvksa dks u rks oaQBLFk djus dh vko';drk gS vkSj u bUgsa ijh{kk esa iwNuk
pkfg,A

fo|k£Fk;ksa] vè;kidksa rFkk vke turk esa ;g /kj.kk gS fd ekè;fed vkSj mPprj ekè;fed Lrj
esa rh{.k p<+ko gSA ijUrq rfud lksp n'kkZrh gS fd f'k{kk dh orZeku O;oLFkk esa ,slk gksxk ghA ekè;fed
Lrj rd dh f'k{kk lkekU; f'k{kk gS tgk¡ fo|kFkhZ dks dbZ fo"k;ksa] foKku] lkekftd foKku] xf.kr] Hkk"kk
dk vè;;u izkFkfed Lrj dk djuk gksrk gSA mPprj ekè;fed ;k vkxs dh f'k{kk esa] m|e osQ fdlh
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pqus {ks=k esa O;kolkf;d n{krk xzg.k djuk gksrk gSA bldh rqyuk vki fuEu fLFkfr ls dj ldrs gSaA cPps
vius ?kjksa osQ vanj ;k ckgj ;k xfy;ksa esa fØosQV ;k cSM¯eVu [ksyrs gSaA ijUrq muesa ls oqQN LowQy Vhe]
fiQj ftys dh Vhe] fiQj jkT; Vhe vkSj jk"Vªh; Vhe rd igq¡puk pkgrs gSaA izR;sd Lrj ij rh{.k p<+ko
gksxk ghA vf/d ifjJe t:jh gksrk gS ;fn fo|kFkhZ foKku] lkfgR;] Hkk"kk] laxhr] dyk] okf.kT;]
vFkZizcU/] okLrqdyk osQ {ks=k esa f'k{kk xzg.k djuk pkgrs gSa ;k os f[kykM+h ;k iSQ'ku fMT+kkbuj cuuk
pkgrs gSaA

bl iqLrd dks iw.kZ dj ikuk cgqr ls O;fDr;ksa dh lgt LokHkkfod ,oa lrr~ lgk;rk osQ dkj.k
gh laHko gks ldk gSA ikB~;iqLrd fuekZ.k lfefr Mk- vkj-,p- jscsxdj dk vè;k; 4 esa muosQ ckWDl fo"k;
rFkk MkW- ,iQ-vkbZ- lqosZ dk vè;k; 15 esa muosQ ckWDl fo"k; osQ mi;ksx dh vuqefr osQ fy, vkHkkjh gSA
foKku f'k{kk esa lq/kj osQ fy, jk"Vªh; iz;klksa osQ ,d Hkkx osQ :i esa bl ikB~;iqLrd osQ fuekZ.k dk dk;Z
lkSaius osQ fy, ge jk"Vªh; 'kSf{kd vuqla/ku vkSj izf'k{k.k ifj"kn~ osQ funs'kd osQ izfr viuk vkHkkj izdV
djrs gSa A ifj"kn~ osQ foKku ,oa xf.kr f'k{kk foHkkx osQ vè;{k rFkk ladk; osQ vU; lnL; bl m|e esa
lnSo gh gj laHko <ax ls gekjh lgk;rk osQ fy, rRij jgs] ge muosQ Hkh vR;ar vHkkjh gSaA

iqjkuh ikB~;iqLrd dks f'k{kdksa] fo|k£Fk;ksa rFkk fo'ks"kKksa dk Js"B fo}rkiw.kZ fuos'k izkIr gqvk ftUgksaus
fiNys oqQN o"kks± esa ifjektZu osQ fy, lq>ko fn,A ge mu lHkh osQ o`QrK gSa ftUgksaus ,u-lh-bZ-vkj-Vh- dks
vius lq>ko HkstsA ge izFke ik.Mqfyfi ij ppkZ rFkk ifjektZu osQ fy, vk;ksftr leh{kk dk;Zxks"Bh rFkk
lEiknu dk;Zxks"Bh osQ lnL;ksa osQ Hkh vkHkkjh gSaA ge vè;{k rFkk muosQ ys[ku eaMy dks muosQ }kjk 1988
esa fy[kh xbZ ikB~;lkexzh osQ fy, /U;okn nsrs gSa ftlus 2002 laLdj.k rFkk ftlus gesa bl ikB~;iqLrd
dks fodflr djus dk vk/kj rFkk lanHkZ iznku fd;kA ;nk&dnk iqjkuh iqLrdksa osQ oqQN cM+s Hkkxksa dks]
fo'ks"kdj ftUgsa fo|k£Fk;ksa@f'k{kdksa us ljkgk gS] fo|k£Fk;ksa dh Hkkoh ih<+h osQ fgr dks è;ku esa j[kdj] izLrqr
iqLrd esa viuk;k@:ikarfjr fd;k gS A

ge vius lEekfur iz;ksDrkvksa] fo'ks"kdj fo|k£Fk;ksa rFkk f'k{kdksa ls izkIr leh{kk ,oa lq>koksa dk
vknj djrs gSa A ge vius ;qok ikBdksa dh HkkSfrdh osQ jksekapdkjh dk;Z{ks=k dh vksj vxzlj gksus dh dkeuk
djrs gSa A

,- MCY;w - tks'kh
eq[; lykgdkj

ikB~;iqLrd fuekZ.k lfefr
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vè;kidksa osQ fy, lans'k
ikB~;p;kZ dks f'k{kkFkhZ&osaQfnzr cukus osQ fy, vfr vko';d gS fd fo|kFkhZ vf/xe izfØ;k esa lfØ; :i ls Hkkx ysaA izfr lIrkg
;k izfr N% d{kkvksa ij ,d ckj bl rjg osQ lsfeukj vkSj fopkjksa dk vknku&iznku vk;ksftr gksuk pkfg,A Hkkxhnkjksa osQ chp ifjppkZ
osQ fy,] bl iqLrd esa oqQN fo'ks"k fo"k;ksa osQ lanHkZ esa] oqQN lq>ko uhps fn, x;s gSaA

fo|kfFkZ;ksa dks ik¡p ;k N% osQ lewg esa O;ofLFkr dhft,A ;fn vko';d gks] rks f'k{k.k o"kZ esa bu lewgksa osQ lnL;ksa esa ØekorZu djsaA
ifjppkZ osQ fo"k; dks cksMZ ij ;k dkxt ij fy[ksaA fo|kfFkZ;ksa dks funsZ'k nhft, fd os iz'uksa osQ mRrj ;k viuh izfrfØ;k] tks

Hkh vHkh"V gS] fn, gq, dkxt ij fy[ksaA rRi'pkr vius lewg esa ppkZ djsa rFkk bu i`"Bksa ij la'kks/u ;k fVIi.kh tksM+saA fiQj bu
lcdh mlh d{kk esa ;k fdlh vkSj d{kk esa ifjppkZ djsaA fo|kfFkZ;ksa osQ mRrj i`"Bksa dk ewY;kadu Hkh fd;k tk ldrk gSA izLrqr
iqLrd ls ge rhu lEHkkfor fo"k;ksa dks izLrkfor djrs gSaA okLro esa] izFke nks fo"k;] cgqr gh lkekU; gSa rFkk fiNys pkj ;k vfèkd
'krkfCn;ksa osQ nkSjku foKku osQ fodkl ls lEcfU/r gSaA izR;sd lsfeukj osQ fy, fo|kFkhZ rFkk vè;kid] bl rjg osQ vU; fo"k;
dks lq>k ldrs gSaA

1- fopkj ftlus lH;rk dks cny fn;k
eku yhft, ekuo tkfr /hjs&/hjs foyqIr gks jgh gS vkSj vkus okyh ih<+h ;k ijdh; vkxarqd osQ fy, dksbZ lans'k NksM+uk gSA izfl¼
HkkSfrd foKkuh vkj-ih- iQkbueSu vkus okyh ih<+h osQ fy, fuEu lans'k NksM+uk pkgrs Fks %

^^inkFkZ v.kqvksa ls cuk gS**
,d efgyk Nk=kk rFkk lkfgR; oQh vè;kfidk fuEu lans'k NksM+uk pkgrh Fkh %

^^ty fo|eku gS] vr% ekuo tkfr dk vfLrRo jgsxk**
fdlh vU; O;fDr us lkspk %           ^^xfr osQ fy, ifg, dk fopkj**
vkus okyh ih<+h osQ fy, vki esa ls izR;sd tks lans'k NksM+uk pkgsaxs mls fy[ksaA rc vius lewg esa bl ij ppkZ djsa] vkSj blesa ifjorZu
djsa ;k blesa vkSj fopkj tksM+sa] ;fn vki viuk fopkj cnyuk pkgrs gSaA bls vius vè;kid dks nsa rFkk blls lacaf/r ifjppkZ esa
Hkkx ysaA

2- U;wuhdj.k
xSl dk v.kqxfr fl¼kUr ^cM+s dks NksVs ls* ;k ^eSØks dks ekbØks* ls lacaf/r djrk gSA ,d fudk; osQ :i esa xSl blosQ vo;oksa]
v.kqvksa ls lacaf/r gSA fdlh fudk; dks mlosQ vo;oksa osQ xq.kksa ls lacaf/r djosQ of.kZr djuk U;wuhdj.k dgykrk gSA ;g fof/
O;f"V osQ lk/kj.k ,oa Hkfo";okph O;ogkj osQ vkèkkj ij lewg osQ O;ogkj dks Li"V djrh gSA bl mixeu esa lw{en'khZ xq.kksa ,oa
LFkwy izs{k.kksa esa ,d ijLij fuHkZjrk gksrh gSA D;k ;g fof/ mi;ksxh gS\ bl izdkj osQ mixeu dh HkkSfrdh vkSj jlk;u foKku osQ
vfrfjDr vU; fo"k;ksa esa viuh lhek,¡ gksrh gSa & lEHko gS bu fo"k;ksa esa Hkh lhek,¡ gksaA fdlh oSQuol ij cus fp=k dks blesa iz;qDr
jlk;uksa osQ xq.kksa osQ lewg ls lacaf/r dj foospuk ugha dh tk ldrh gSA okLrfodrk vo;oksa osQ ;ksx ls dgha ijs gSA
iz'u % D;k vki vU; {ks=k crk ldrs gSa tgk¡ bl izdkj osQ mixeu dks mi;ksx esa yk;k tkrk gS\
fdlh fudk; dk la{ksi esa o.kZu dhft, ftldk mlosQ vo;oksa osQ inksa esa iw.kZ :i ls foospuk fd;k tk losQA ,d vU; fudk;
dk Hkh o.kZu dhft, ftlesa ,slk lEHko ugha gSA vius lewg osQ vU; lnL;ksa ls bl ij fopkj&foe'kZ djsa vkSj vius fopkj fy[ksaA
bls vius vè;kid dks nsa rFkk bl ij vk;ksftr ifjppkZ esa Hkkx ysaA

3- Å"ek dk vkf.od mixeu
vkiosQ fopkj ls fuEu voLFkkvksa esa D;k gksxk] crk,¡A
dksbZ vkos"Vu ,d lja/z nhokj ls nks Hkkxksa esa i`Fkd gSA ,d Hkkx ukbVªkstu xSl (N

2
) rFkk nwljk dkcZu MkbvkWDlkbM (CO

2
) ls Hkjk

gSA xSlsa ,d Hkkx ls nwljs Hkkx esa folfjr gksrh gSaA
iz'u 1 % nksuksa xSlsa ,dleku ek=kk esa folfjr gksaxh\ ;fn ugha] rks dkSu lh xSl vf/d folfjr gksxh\ dkj.k lfgr crkb,A
iz'u 2 % D;k nkc ,oa rki vifjofrZr jgsaxs\ ;fn ugha rks nksuksa esa D;k ifjorZu gksxk\ dkj.k lfgr crkb,A

vius mÙkj fyf[k,A lewg ds vU; lnL;ksa ds lkFk fopkj&foe'kZ djsa rFkk mÙkj dks ifj"Ñr djsa ;k fVIi.kh tksM+saA mÙkj vè;kid
dks nsa rFkk ifjppkZ esa Hkkx ysaA

fo|kFkhZ rFkk vè;kid ik,¡xs fd bl rjg ds ifjppkZ rFkk fopkj&foe'kZ] u osQoy HkkSfrdh esa] cfYd foKku rFkk lkekftd
foKku dh le> esa gesa vR;f/d lgk;d gksrs gSaA blls fo|kfFkZ;ksa dh lksp esa ifjiDork vk,xhA
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ikB~;iqLrd fuekZ.k lfefr

vè;{k] foKku vkSj xf.kr ikB~;iqLrdksa dh lykgdkj lfefr
ts-oh- ukyhZdj] besfjVl izksi+ sQlj] varj&fo'ofo|ky; osaQnz % [kxksyfoKku vkSj [kxksyHkkSfrdh] iq.ks

eq[; lykgdkj
,-MCY;w- tks'kh] izksi+ sQlj] gkujsjh foft¯Vx lkbafVLV] ,ulhvkj,] iq.ks
(HkwriwoZ izksi+ sQlj] HkkSfrdh foHkkx] iq.ks fo'ofo|ky;)

lnL;
vuqjk/k ekFkqj] ih-th-Vh-] ekWMuZ LowQy] clar fogkj] u;h fnYyh
vkj-tks'kh- izoDrk (,l-th-)] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh
,p-lh- iz/ku] izksi+ sQlj] gkseh HkkHkk foKku f'k{kk osQUnz] VkVk baLVhV~;wV vkWiQ iaQMkesaVy fjlpZ] eaqcbZ
,u- iapiosQ'ku] vodk'k izkIr izksi+ sQlj] HkkSfrdh ,oa [kxksyHkkSfrdh foHkkx] fnYyh fo'ofo|ky;] fnYyh
,l- jk; pkS/jh] izksi+ sQlj] HkkSfrdh ,oa [kxksyHkkSfrdh foHkkx] fnYyh fo'ofo|ky;] fnYyh
,l-osQ- nkl] jhMj] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh
,l-,u- izHkkdj] ih-th-Vh-] Mh-,e-LowQy] {ks=kh; f'k{kk laLFkku] ,u-lh-bZ-vkj-Vh-] eSlwj
xxu xqIr] jhMj] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh
fp=kk xks;y] ih-th-Vh-] jktdh; izfrHkk fodkl fo|ky;] R;kxjkt uxj] yksnh jksM] u;h fnYyh
Vh-ts- ¯lg] izksi+ sQlj] HkkSfrdh foHkkx] ef.kiqj fo'ofo|ky;] bEiQky
ih-osQ- JhokLro] vodk'k izkIr izksi+ sQlj] funs'kd] lh,lbZlh] fnYyh fo'ofo|ky;] fnYyh
ih-osQ- eksgarh] ih-th-Vh-] lSfud LowQy] Hkqous'oj
ih-lh- vxzoky] jhMj] {ks=kh; f'k{kk laLFkku] ,u-lh-bZ-vkj-Vh-] Hkqous'oj
oh-ih- JhokLro] jhMj] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh

'ksj ¯lg] ih-th-Vh-] uo;qx LowQy] yksnh jksM] u;h fnYyh

lnL;&leUo;d (vaxzsth laLdj.k)
oh-osQ- 'kekZ] izksi+ sQlj] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh

fganh vuqoknd
vkj-,l- nkl] vodk'k izkIr miiz/kukpk;Z] cyoar jk; esgrk fo|kHkou lhfu;j lsdaMjh LowQy] u;h fnYyh
vks-ih- [kaMsyoky] vodk'k izkIr jhMj] nzks.kkpk;Z jktdh; egkfo|ky;] xqM+xk¡o] gfj;k.kk
ts-ih- vxzoky] vodk'k izkIr izkpk;Z] f'k{kk funs'kky;] jk"Vªh; jkt/kuh {ks=k] fnYyh

fouksn izdk'k] vodk'k izkIr izksi+ sQlj] HkkSfrdh foHkkx] bykgkckn fo'ofo|ky;] bykgkckn] m-iz-

lnL;&leUo;d
oh-ih- JhokLro] jhMj] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh
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vkHkkj

iqLrd osQ vafre Lo:i osQ fy, vk;ksftr dk;Z'kkyk esa Hkkx ysus okys fuEufyf[kr izfrHkkfx;ksa dh
cgqewY; fVIif.k;ksa osQ ckjs esa ifj"kn~ vkHkkj O;Dr djrh gS% oh-ch- f=kikBh] vodk'k izkIr izksi+ sQlj] HkkSfrdh
foHkkx] vkbZ-vkbZ-Vh-] u;h fnYyh_ ,e-,u- ckiV] jhMj] {ks=kh; f'k{kk laLFkku] ,u-lh-bZ-vkj-Vh-] eSlwj_
Mh- izlkn] ofj"B oSKkfud vf/dkjh (vodk'k izkIr)] foKku ,oa izkS|ksfxdh foHkkx] u;h fnYyh_
ts-lh- 'kekZ] f'k{kk vf/dkjh] f'k{kk funs'kky;] jk"Vªh; jkt/kuh {ks=k] fnYyhA

'kSf{kd o iz'kklfud lg;ksx osQ fy, ifj"kn~ ,e- pUnzk] izksi+ sQlj rFkk foHkkxkè;{k]
Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh dh vkHkkjh gSA

ifj"kn~ lu 2017 esa ikB~; osQ iqujh{k.k vkSj ifj"dj.k esa vewY; ;ksxnku osQ fy, ,-osQ- JhokLro]
Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh_ vjuc lsu] ,u-bZ-vkj-vkb-bZ-] f'kykax_ ,y-,l- pkSgku] vkj-
vkb-bZ-] Hkksiky_ vks-,u- voLFkh (fjVk;MZ)] vkj-vkb-bZ] Hkksiky_ jpuk xxZ] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-
Vh-] u;h fnYyh_ jkeu uacwnjh] vkj-vkb-bZ-] eSlq:_ vkj-vkj- dksbjsax] Mh-lh-,l- ,u-lh-bZ-vkj-Vh-] u;h
fnYyh_ 'kf'k izHkk] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh vkSj ,l-oh- 'kekZ] vkj-vkb-bZ-] vtesj dk
Hkh vkHkkj O;Dr djrh gSA

ifj"kn~ xhrk] bUnz oqQekj] gfj n'kZu yks/h Mh-Vh-ih- vkWijsVj_ js'kek usxh] lrh'k >k] dkWih ,MhVj_
vuqjk/k] j.kèkhj BkoqQj] izwiQ jhMj_ nhid diwj] daI;wVj LVs'ku izHkkjh] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh- vkSj
izdk'ku foHkkx osQ lg;ksx gsrq gkfnZd vkHkkj Kkfir djrh gSA
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vè;k; 1

ek=kd ,oa ekiu

1.1  Hkwfedk

fdlh HkkSfrd jkf'k dk ekiu] ,d fuf'pr] vk/kjHkwr] ;kn`fPNd :i ls pqus
x, ekU;rkizkIr] lanHkZ&ekud ls bl jkf'k dh rqyuk djuk gSA ;g lanHkZ&ekud
ek=kd dgykrk gSA fdlh Hkh HkkSfrd jkf'k dh eki dks ek=kd osQ vkxs ,d
la[;k (vkafdd la[;k) fy[kdj O;Dr fd;k tkrk gSA ;|fi gekjs }kjk ekih
tkus okyh HkkSfrd jkf'k;ksa dh la[;k cgqr vf/d gS] fiQj Hkh] gesa bu lc
HkkSfrd jkf'k;ksa dks O;Dr djus osQ fy,] ek=kdksa dh lhfer la[;k dh gh
vko';drk gksrh gS] D;ksafd] ;s jkf'k;k¡ ,d nwljs ls ijLij lacaf/r gSaA ewy
jkf'k;ksa dks O;Dr djus osQ fy, iz;qDr ek=kdksa dks ewy ek=kd dgrs gSaA buosQ
vfrfjDr vU; lHkh HkkSfrd jkf'k;kssa osQ ek=kdksa dks ewy ek=kdksa osQ la;kstu
}kjk O;Dr fd;k tk ldrk gSA bl izdkj izkIr fd, x, O;qRiUu jkf'k;ksa osQ
ek=kdksa dks O;qRiUu ek=kd dgrs gSaA ewy&ek=kdksa vkSj O;qRiUu ek=kdksa osQ
lEiw.kZ leqPp; dks ek=kdksa dh iz.kkyh (;k i¼fr) dgrs gSaA

1.2  ek=kdksa dh varjkZ"Vªh; iz.kkyh
cgqr o"kks± rd ekiu osQ fy,] fofHkUu ns'kksa osQ oSKkfud] vyx&vyx ekiu
iz.kkfy;ksa dk mi;ksx djrs FksA vc ls oqQN le;&iwoZ rd ,slh rhu
iz.kkfy;k¡ & CGS iz.kkyh] FPS (;k fczfV'k) iz.kkyh ,oa  MKS  iz.kkyh]
izeq[krk ls iz;ksx esa ykbZ tkrh FkhaA

bu iz.kkfy;ksa esa yEckbZ] nzO;eku ,oa le; osQ ewy ek=kd Øe'k% bl
izdkj gSa %
• CGS iz.kkyh esa] lsUVhehVj] xzke ,oa lsoQUMA
• FPS iz.kkyh esa] iqQV] ikmUM ,oa lsoQUMA
• MKS iz.kkyh esa] ehVj] fdyksxzke ,oa lsoQUMA

vktdy varjkZ"Vªh; Lrj ij ekU; iz.kkyh ¶flLVe bUVjus'kuy fM
;wfuV~l¸ gS (tks izsaQp Hkk"kk esa ¶ek=kdksa dh varjkZ"Vªh; iz.kkyh¸ dguk gS)A bls
laosQrk{kj esa  SI fy[kk tkrk gSA SI  izrhdksa] ek=kdksa vkSj muosQ laosQrk{kjksa dh
;kstuk varjkZ"Vªh; eki&rksy C;wjks (ch-vkbZ-ih-,e-) }kjk 1971 esa fodflr dh
xbZ Fkh ,oa uoacj] 2018 esa vk;ksftr eki&rksy osQ egklEesyu esa la'kksf/r dh
xbZA ;g ;kstuk vc oSKkfud] rduhdh] vkS|ksfxd ,oa O;kikfjd dk;ks± esa
varjkZ"Vªh; Lrj ij mi;ksx gsrq vuqeksfnr dh xbZA SI ek=kdksa dh 10 dh ?kkrksa

1.1 Hkwfedk

1.2 ek=kdksa dh varjkZ"Vªh; iz.kkyh

1.3 lkFkZd vad

1.4 HkkSfrd jkf'k;ksa dh foek,¡

1.5 foeh; lw=k ,oa foeh; lehdj.ksa

1.6 foeh; fo'ys"k.k ,oa blosQ vuqiz;ksx

lkjka'k

vH;kl
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ij vk/kfjr (nkf'ed) izòQfr osQ dkj.k] bl iz.kkyh osQ varxZr :ikarj.k vR;ar lqxe
,oa lqfo/ktud gSA ge bl iqLrd esa SI  ek=kdksa dk gh iz;ksx djsaxsA

SI esa lkr ewy ek=kd gSa] tks lkj.kh 1-1 esa fn, x, gSaA bu lkr ewy ek=kdksa osQ
vfrfjDr nks iwjd ek=kd Hkh gSa ftudks ge bl izdkj ifjHkkf"kr dj ldrs gSa % (i)
leryh; dks.k]  dq  fp=k 1.1(a) esa n'kkZ, vuqlkj o`Ùk osQ pki dh yEckbZ ds vkSj
bldh f=kT;k r dk vuqikr gksrk gSA rFkk  (ii) ?ku&dks.k] d  fp=k 1.1(b) esa n'kkZ,
vuqlkj 'kh"kZ O dks osQUnz dh Hkkafr iz;qDr djosQ mlosQ ifjr% fu£er xksyh; i`"B osQ
vijks/u {ks=k dA  rFkk f=kT;k r  osQ oxZ dk vuqikr gksrk gSA leryh; dks.k dk ek=kd
jsfM;u gS ftldk izrhd rad gS ,oa ?ku dks.k dk ek=kd LVsjsfM;u gS ftldk izrhd
sr gSA ;s nksuksa gh foekfoghu jkf'k;k¡ gSaA

* bu ifjHkk"kkvksa esa iz;qDr la[;kvksa osQ eku] u rks ;kn j[kus dh vko';drk gS] u ijh{kk esa iwNs tkus dhA ;s ;gk¡ ij osQoy buosQ
ekiu dh ;FkkFkZrk dh lhek dk laosQr nsus osQ fy, fn, x, gSaA izkS|ksfxdh osQ fodkl osQ lkFk ekiu dh rduhdksa esa Hkh lq/kj
gksrk gS] ifj.kkeLo:i] ekiu vf/d ifj'kq¼rk ls gksrk gSA bl izxfr osQ lkFk rkyesy cuk, j[kus osQ fy, ewy ek=kdksa dks
la'kksf/r fd;k tkrk gSA

lkj.kh 1.1 SI ewy jkf'k;k¡ ,oa muds ek=kd*

ewy                                        SI ek=kd
jkf'k uke izrhd ifjHkk"kk

yackbZ ehVj m ehVj] yackbZ dk SI ek=kd gSA bls fuokZr esa izdk'k dh pky c osQ fu;r la[;kRed eku 299792458
dks ysdj] tks fd ms-1 ek=kd esa O;Dr gS] ls ifjHkkf"kr fd;k x;k gS] tgka lsoaQM lhf”k;e vko`fÙk
Dncs osQ inksa esa ifjHkkf"kr gSA

nzO;eku fdyksxzke kg fdyksxzke] nzO;eku dk SI ek=kd gSA bls Iykad fu;rkad h osQ fu;r la[;kRed eku
6-62607015×10&34 dks ysdj] tksfd J.S. ek=kd esa O;Dr gS] ls ifjHkkf"kr fd;k x;k gS_ ;gka ek=kd
J.S. kg m2s-1 osQ leku gS] tgka ehVj vkSj lsoaQM dh ifjHkk"kk c rFkk Dncs osQ inksa esa nh xbZ gSA

le; lsoaQM s lsoaQM] le; dk SI ek=kd gSA bldh ifjHkk"kk lhf”k;e vko`fÙk Dncs] tks lhf”k;e&133 ijek.kq
dh v{kqC/ ewy voLFkk vfrlw{e laozQe.k vko`fÙk gS] osQ fu;r la[;kRed eku 9192631770 dks
ysdj] ftls Hz ek=kd tks s-1 osQ leku gS] esa O;Dr fd;k x;k gS_ nh xbZ gSA

fo|qr /kjk ,sfEIk;j A ,sfEi;j] fo/qr&/kjk dk SI ek=kd gSA bldh ifjHkk"kk] ewy vkos'k e osQ fu;r la[;kRed eku 1-
602176634×10&19 dks ysdj_ ftls C ek=kd tks A.S osQ leku gS] tgka lsoaQM dks Dncs osQ inksa
esa O;Dr fd;k x;k gS_ nh tkrh gSA

Å"ekxfrd rki osQfYou K osQfYou] Å"ekxfrd rki dk SI ek=kd gSA bldh ifjHkk"kk] cksYV~”keku fu;rkad] K osQ fu;r la[;kRed
eku 1-380649×10&23 dks ysdj_ ftls J K-1 ek=kd esa O;Dr fd;k x;k gS] tks kg m2 s-2 k-1 osQ
leku gS] tgka fdyksxzke] ehVj vkSj lsoaQM dks h] c vkSj Dncs osQ inksa esa ifjHkkf"kr fd;k tkrk gS_
nh xbZ gSA

inkFkZ dh ek=kk eksy mol eksy] inkFkZ dh ek=kk dk SI ek=kd gSA ,d eksy esa Bhd 6-02214076×1023 gh ewyHkwr d.k gksrs
gSaA ;g la[;k] vkoksxknzks fLFkjkad] NA dk fu;r la[;kRed eku gksrk gS tc mls mol&1 ek=kd esa
O;Dr fd;k tkrk gS vkSj bls vkoksxknzks la[;k dgk tkrk gSA fdlh fudk; osQ inkFkZ dh ek=kk] laosQr
n] fof'k"V ewy d.kksa dh la[;k dk vkeki gksrh gSA ;s ewy d.k ,d ijek.kq] v.kq] vk;u] bysDVªkWu]
dksbZ vU; d.k ;k d.kksa osQ fof'k"V lewg gks ldrs gSaA

T;ksfr&rhozrk osaQMsyk cd osaQMsyk] nh xbZ fn'kk esa T;ksfr&rhòrk dk SI ek=kd gSA bldh ifjHkk"kk] 540×1012 Hz  vkòfÙk okys
,do.khZ fofdj.k dh nhIr izHkkfodrk] kcd osQ fu;r la[;kRed eku 683 dks ysdj tc mls
Im W-1 osQ ek=kdksa esa O;Dr fd;k tk, tks cd sr W-1 ;k cd sr kg-1 m-2 s3  osQ leku gS] tgka fdyksxzke]
ehVj vkSj lsoaQM dks h] c vkSj Dncs osQ inksa esa ifjHkkf"kr fd;k tkrk gS_ nh xbZ gSA

fp=k 1.1  (a) leryh; dks.k dq ,oa
(b) ?ku dks.k  d  dk vkjs[kh; fooj.k

(a)

(b)
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è;ku nhft,] eksy dk mi;ksx djrs le; ewy lÙkkvksa dk
fo'ks"k :i ls mYys[k fd;k tkuk pkfg,A ;s ewy lÙkk,¡
ijek.kq] v.kq] vk;u] bysDVªkWu] vU; dksbZ d.k vFkok blh
izdkj osQ d.kksa dk fof'k"V lewg gks ldrk gSA

ge ,slh HkkSfrd jkf'k;ksa osQ ek=kdksa dk Hkh mi;ksx djrs gSa
ftUgsa lkr ewy jkf'k;ksa ls O;qRiUu fd;k tk ldrk gS
(ifjf'k"V A 6)A SI ewy ek=kdksa osQ inksa esa O;Dr oqQN
O;qRiUu ek=kd (ifjf'k"V A 6.1) esa fn, x, gSaA oqQN O;qRiUu
SI  ek=kdksa  dks fof'k"V uke fn, x, gSa (ifjf'k"V A  6.2)
vkSj oqQN O;qRiUu SI ek=kd bu fof'k"V ukeksa okys O;qRiUu
ek=kdksa vkSj lkr ewy&ek=kdksa osQ la;kstu ls curs gSa (ifjf'k"V
A 6.3)A vkidks rkRdkfyd lanHkZ rFkk ekxZn'kZu iznku djus
osQ fy, bu ek=kdksa dks ifjf'k"V  (A 6.2)  ,oa  (A 6.3)  esa
fn;k x;k gSA lkekU; O;ogkj esa vkus okys vU; ek=kd
lkj.kh 1-2 esa fn, x, gSaA

SI ek=kdksa osQ lkekU; xq.kt vkSj viorZdksa dks O;Dr djus
okys milxZ vkSj muosQ izrhd ifjf'k"V (A2) esa fn, x, gSaA
HkkSfrd jkf'k;ksa] jklk;fud rRoksa vkSj ukfHkdksa osQ laosQrksa osQ
mi;ksx laca/h lkekU; funsZ'k ifjf'k"V (A7) eas fn, x, gSa vkSj
vkiosQ ekxZn'kZu rFkk rkRdkfyd lanHkZ osQ fy, SI ek=kdksa ,oa
vU; ek=kdksa laca/h funsZ'k ifjf'k"V (A8) esa fn, x, gSaA

1.3  lkFkZd vad

gj ekiu esa =kqfV;k¡ lfEefyr gksrh gSaA vr% ekiu osQ ifj.kkeksa
dks bl izdkj izLrqr fd;k tkuk pkfg, fd ekiu dh
ifj'kq¼rk Li"V gks tk,A  lk/kj.kr%] ekiu osQ ifj.kkeksa dks

lkj.kh 1.2 lkekU; iz;ksx osQ fy, SI ek=kdksa osQ vfrfjDr oqQN vU; ek=kd

uke izrhd SI ek=kd osQ inksa esa eku

feuV min 60 s

?kaVk h 60 min = 3600 s

fnu d 24 h = 86400 s

o"kZ y 365.25 d = 3.156 × 107 s

fMxzh o 1o = (p/180) rad

fyVj L 1 dm3 = 10–3 m3

Vu t 103 kg

oSQjV c 200 mg

ckj bar 0.1 MPa = 105 Pa

D;wjh Ci 3.7 × 1010 s–1

jksatu R 2.58 × 10–4 C kg–1

fDoaVy q 100 kg

ckuZ b 100 fm2 = 10–28 m2

vkj a 1 dam2 = 102 m2

gsDVkj ha 1 hm2 = 104 m2

ekud ok;qeaMyh; nkc atm 101 325 Pa = 1.013 × 105 Pa

,d la[;k osQ :i esa izLrqr djrs gSa ftlesa og lHkh vad
lfEefyr gksrs gSa tks fo'oluh; gSa] rFkk og izFke vad Hkh
lfEefyr fd;k tkrk gS tks vfuf'pr gSA fo'oluh; vadksa
vkSj igys vfuf'pr vad dks la[;k osQ lkFkZd&vad ekuk
tkrk gSA ;fn ge dgsa fd fdlh ljy yksyd dk nksyu dky
1-62 s gS] rks blesa vad 1 ,oa 6 rks fo'oluh; ,oa fuf'pr
gSa] tcfd vad 2 vfuf'pr gS_ bl izdkj ekfir eku esa 3
lkFkZd vad gSaA ;fn ekiu osQ ckn fdlh oLrq dh yEckbZ]
287-5 cm O;Dr dh tk, rks blesa pkj lkFkZd vad gSa] ftuesa
2] 8] 7 rks fuf'pr gSa ijUrq vad 5 vfuf'pr gSA vr% jkf'k
osQ ekiu osQ ifj.kke esa lkFkZd vadksa ls vf/d vad fy[kuk
vuko';d ,oa Hkzked gksxk] D;ksafd] ;g eki dh ifj'kq¼rk
osQ fo"k; esa xyr /kj.kk nsxkA

fdlh la[;k esa lkFkZd vadksa dh la[;k Kkr djus osQ
fu;e fuEufyf[kr mnkgj.kksa }kjk le>s tk ldrs gSaA tSlk
igys o.kZu fd;k tk pqdk gS fd lkFkZd vad ekiu dh
ifj'kq¼rk bafxr djrs gSa tks ekid ;a=k osQ vYirekad ij
fuHkZj djrh gSA fdlh ekiu esa fofHkUu ek=kdksa osQ
ifjorZu osQ p;u ls lkFkZd vadksa dh la[;k ifjo£rr
ugha gksrhA ;g egRoiw.kZ fVIi.kh fuEufyf[kr esa ls vf/d
izs{k.kksa dks Li"V dj nsrh gS%

(1) mnkgj.k osQ fy,] yEckbZ  2.308 cm esa pkj lkFkZd vad
gSaA ijUrq fofHkUu ek=kdksa esa blh yEckbZ dks ge  0.02308

m  ;k  23.08 mm ;k  23080 mm  Hkh fy[k ldrs gSaA
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bu lHkh la[;kvksa esa lkFkZd vadksa dh la[;k ogh vFkkZr
pkj (vad 2, 3, 0, 8) gSA ;g n'kkZrk gS fd lkFkZd vadksa dh
la[;k fu/kZfjr djus esa] n'keyo dgk¡ yxk gS bldk dksbZ
egRo ugha gksrkA mijksDr mnkgj.k ls fuEufyf[kr fu;e izkIr
gksrs gSa %
• lHkh 'kwU;srj vad lkFkZd vad gksrs gSaA
• ;fn fdlh la[;k esa n'keyo fcUnq gS] rks mldh

fLFkfr dk è;ku j[ks fcuk] fdUgha nks 'kwU;srj vadksa
osQ chp osQ lHkh 'kwU; lkFkZd vad gksrs gSaA

• ;fn dksbZ la[;k 1 ls NksVh gS rks os 'kwU; tks n'keyo
osQ nkb± vksj ij izFke 'kwU;srj vad osQ ckb± vksj gksa]
lkFk Zd vad ugh a gk sr s A  ( 0.00 2308 es a
v/ksjs[kkafdr 'kwU; lkFkZd vad ugha gSa)A

• ,slh la[;k ftlesa n'keyo ugha gS osQ vafre vFkok
vuqxkeh 'kwU; lkFkZd vad ugha gksrsA
(vr% 123 m = 12300 cm = 123000 mm esa rhu
gh lkFkZd vad gSa] la[;k esa vuqxkeh 'kwU; lkFkZd vad
ugha gSa)A rFkkfi] vki vxys izs{k.k ij Hkh è;ku ns
ldrs gSaA

• ,d ,slh la[;k] ftlesa n'keyo fcUnq gks] osQ
vuqxkeh 'kwU; lkFkZd vad gksrs gSaA
(la[;k  3.500  ;k  0.06900 esa pkj lkFkZd vad gSa)A

(2) vuqxkeh 'kwU; lkFkZd vad gSa ;k ugha bl fo"k; esa Hkzkafr
gks ldrh gSA eku yhft, fdlh oLrq dh yEckbZ  4.700 m

fy[kh xbZ gSA bl izs{k.k ls ;g Li"V gS fd ;gk¡ 'kwU;ksa dk
mís'; eki dh ifj'kq¼rk dks crykuk gS vr% ;gk¡ lHkh 'kwU;
lkFkZd vad gSaA (;fn ;s lkFkZd u gksrs rks budks Li"V :i ls
fy[kus dh vko';drk u gksrhA rc lh/s&lh/s ge viuh eki
dks 4.7 m fy[k ldrs FksA) vc eku yhft, ge viuk
ek=kd cny ysrs gSa rks
4.700 m = 470.0 cm = 0.004700 km = 4700 mm

D;ksafd] vafre la[;k esa nks 'kwU;] fcuk n'keyo okyh la[;k
esa vuqxkeh 'kwU; gSa] vr% izs{k.k (1) osQ vuqlkj ge bl xyr
fu"d"kZ ij igq¡p ldrs gSa fd bl la[;k esa 2 lkFkZd vad gSa
tcfd okLro esa blesa pkj lkFkZd vad gSa] ek=k ek=kdksa osQ
ifjorZu ls lkFkZd vadksa dh la[;k esa ifjorZu ugha gksrkA

(3) lkFkZd vadksa osQ fu/kZj.k esa bl izdkj dh lafnX/rk
dks nwj djus osQ fy, loksZÙke mik; ;g gS fd izR;sd eki
dks oSKkfud laosQr (10 dh ?kkrksa osQ :i esa) eas izLrqr
fd;k tk,A  bl laosQr i¼fr esa izR;sd la[;k dks

a × 10b  osQ :i esa fy[kk tkrk gS] tgk¡  a, 1 ls 10 osQ chp
dh dksbZ la[;k gS vkSj  b, 10 dh dksbZ /ukRed ;k ½.kkRed
?kkr gSA la[;k dh lfUudV vo/kj.kk cukus osQ fy, ge
bldk iw.kk±du dj ldrs gSa] ;kfu  (a ≤ 5) gksus ij bls 1 vkSj
(5<a ≤ 10) gksus ij 10 eku ldrs gSaA rc] bl la[;k dks
yxHkx 10b osQ :i esa O;Dr dj ldrs gSa ftlesa  10  dh ?kkr
b HkkSfrd jkf'k osQ ifjek.k dh dksfV dgykrh gSA tc osQoy
,d vuqeku dh vko';drk gks rks ;g dgus ls dke pysxk
fd jkf'k 10b dh dksfV dh gSA mnkgj.k osQ fy, i`Foh dk
O;kl (1.28×107m), 107m dh dksfV dk gS] blosQ ifjek.k
dh dk s f V  7 g S A  g k bM ª k s tu ije k. k q  d k O; kl
(1.06×10–10m), 10–10m dh dksfV dk gSA blosQ ifjek.k
dh dksfV  –10 gSA vr%] i`Foh dk O;kl] gkbMªkstu ijek.kq osQ
O;kl ls 17 ifjek.k dksfV cM+k gSA

izk;% ,d vad osQ ckn n'keyo yxkus dh izFkk gSA blls
Åij izs{k.k (a) eas mfYyf[kr Hkzkafr yqIr gks tkrk gS %

 4.700 m = 4.700 × 102 cm
        = 4.700 × 103 mm = 4.700 × 10–3 km

;gk¡ lkFkZd vadksa dh la[;k Kkr djus esa 10  dh ?kkr vlaxr gSA
rFkkfi] oSKkfud laosQr esa vk/kj la[;k osQ lHkh 'kwU; lkFkZd vad
gksrs gSaA bl izdj.k esa lHkh la[;kvksa esa 4 lkFkZd vad gSaA

bl izdkj] oSKkfud laosQr esa vk/kj la[;k a osQ vuqxkeh
'kwU;ksa osQ ckjs esa dksbZ Hkzkafr ugha jg tkrhA os lnSo lkFkZd vad
gksrs gSaA

(4) fdlh Hkh ekiu osQ izLrqfrdj.k dh oSKkfud laosQr fof/
,d vkn'kZ fof/ gSA ijUrq ;fn ;g fof/ ugha viuk;h tkrh]
rks ge iwoZxkeh mnkgj.k eas mfYyf[kr fu;eksa dk ikyu djrs gSa %
• ,d ls cM+h] fcuk n'keyo okyh la[;k osQ fy,]

vuqxkeh 'kwU; lkFkZd&vad ugha gSaA
• n'keyo okyh la[;k osQ fy, vuqxkeh 'kwU; lkFkZd

vad gSaA

(5) 1 ls NksVh la[;k esa] ikjLifjd :i ls] n'keyo osQ ckb±
vksj fy[kk 'kwU; (tSls  0.1250) dHkh Hkh lkFkZd vad ugha
gksrkA rFkkfi] fdlh eki esa ,slh la[;k osQ var esa vkus okys
'kwU; lkFkZd vad gksrs gSaA

(6) xq.kd ;k foHkkth dkjd tks u rks iw.kk±fdr la[;k,¡
gksrh gSa vkSj u gh fdlh ekfir eku dks fu:fir djrh gSa]
;FkkFkZ gksrh gSa vkSj muesa vuUr lkFkZd&vad gksrs gSaA

mnkgj.k osQ fy, 
2
d

r =  vFkok  s = 2πr esa xq.kkad 2 ,d
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;FkkFkZ la[;k gS vkSj bls  2.0, 2.00 ;k  2.0000, tks Hkh

vko';d gks fy[kk tk ldrk gSA blh izdkj] 
t

T
n

= , esa n

,d iw.kk±d gSA

1.3.1 lkFkZd vadksa ls lacaf/r vadh; lafØ;kvksa aosQ fu;e

fdlh ifjdyu dk ifj.kke] ftlesa jkf'k;ks a osQ lfUudV
ekis x, eku lfEefyr gSa (vFkkZr~ os eku ftuesa lkFkZd
vadks a dh la[;k lhfer gS) O;Dr djrs le;] ewy :i
ls ekis x, ekuks a dh vfuf'prrk Hkh izfrfcfEcr gksuh
pkfg,A ;g ifj.kke] mu ekfir ekuks a ls vf/d ;FkkFkZ
ugha gks ldrk ftu ij ;g vk/kfjr gSA vr%] O;kid :i
ls] fdlh Hkh ifj.kke esa lkFkZd vadks a dh la[;k] mu
ewy vkadM+ks a ls vf/d ugha gks ldrh ftuls bls izkIr
fd;k x;k gSA bl izdkj] ;fn fdlh fi.M dk ekfir
nzO;eku eku yhft, 4.237 g gS (4 lkFkZd vad)] vkSj
bldk ekfir vk;ru  2.51 cm3  gS] rks ek=k vadh;
foHkktu }kjk bldk ?kuRo n'keyo osQ 11 LFkkuks a rd
1.68804780876 g/cm3 vkrk gSA Li"Vr% ?kuRo osQ
bl ifjdfyr eku dks bruh ifj'kq¼rk osQ lkFk fy[kuk
iw.kZr% gkL;kLin rFkk vlaxr gksxk] D;ks afd ftu ekiks a ij
;g eku vk/kfjr gS mudh ifj'kq¼rk dkiQh de gSA
lkFkZd vadks a osQ lkFk vadh; lafØ;kvks a osQ fuEufyf[kr
fu;e ;g lqfuf'pr djrs gSa fd fdlh ifjdyu dk
vafre ifj.kke mruh gh ifj'kq¼rk osQ lkFk n'kkZ;k tkrk
gS tks fuosf'kr ekfir ekuks a dh ifj'kq¼rk osQ laxr gks%

(1)  la[;kvksa dks xq.kk ;k Hkkx djus ls izkIr ifj.kke esa
osQoy mrus gh lkFkZd vad jgus nsuk pkfg, ftrus fd
lcls de lkFkZd vadksa okyh ewy la[;k esa gSA

vr% mijksDr mnkgj.k esa ?kuRo dks rhu lkFkZd vadksa rd
gh fy[kk tkuk pkfg,]

-3

3

4.237g
1.69 g cm

2.51 cm
= =?kuRo

blh izdkj] ;fn nh xbZ izdk'k dhpky 3.00×108 m/s-1

(rhu lkFkZd vad) vkSj ,d o"kZ  (1 y = 365.25 d) esa
3.1557×107 s (ikap lkFkZd vad) gksa] rks ,d izdk'k o"kZ
esa  9.47×1015 m (rhu lkFkZd vad) gksaxsA

(2) la[;kvksa osQ ladyu vFkok O;odyu ls izkIr vafre
ifj.kke esa n'keyo osQ ckn mrus gh lkFkZd vad jgus nsus
pkfg, ftrus fd ladfyr ;k O;odfyr dh tku s okyh
fdlh jkf'k esa n'keyo osQ ckn de ls de gSaA

mnkgj.kkFkZ] la[;kvksa  436.32 g, 227.2 g ,oa  0.301 g

dk ;ksx 663.821 g gSA nh xbZ la[;kvksa esa lcls de ifj'kq¼
(227.2 g) eki n'keyo osQ ,d LFkku rd gh ;FkkFkZ gSA
blfy,] vafre ifj.kke dks  663.8 g  rd iw.kk±fdr dj fn;k
tkuk pkfg,A

blh izdkj] yEckb;ksa esa varj dks fuEu izdkj ls O;Dr dj
ldrs gSa]

0.307 m – 0.304 m = 0.003 m = 3 × 10–3 m

è;ku nhft,] gesa fu;e (1) tks xq.kk vkSj Hkkx osQ fy, ykxw
gksrk gS] mls ladyu (;ksx) osQ mnkgj.k esa iz;ksx djosQ
ifj.kke dks  664 g  ugha fy[kuk pkfg, vkSj O;odyu osQ
mnkgj.k esa  3.00 × 10–3 m  ugha fy[kuk pkfg,A ;s eki dh
ifj'kq¼rk dks mfpr :i ls O;Dr ugha djrs gSaA ladyu vkSj
O;odyu osQ fy, ;g fu;e n'keyo LFkku osQ inksa esa gSA

1.3.2   vfuf'pr vadksa dk iw.kk±du

ftu la[;kvksa esa ,d ls vf/d vfuf'pr vad gksrs gSa] muosQ
vfHkdyu osQ ifj.kke dk iw.kk±du fd;k tkuk pkfg,A
vf/dka'k izdj.kksa esa] la[;kvksa dks mfpr lkFkZd vadksa rd
iw.kk±fdr djus osQ fu;e Li"V gh gSaA la[;k  2.746  dks rhu
lkFkZd vadksa rd iw.kk±fdr djus ij 2.75 izkIr gksrk gS] tcfd
2.743 osQ iw.kk±du ls  2.74 feyrk gSA ifjikVh osQ vuqlkj
fu;e ;g gS fd ;fn mis{k.kh; vad (iwoksZDr la[;k esa
v/ksjs[kkafdr vad) 5 ls vf/d gS rks iwoZorhZ vad esa
,d dh o`f¼ dj nh tkrh gS] vkSj ;fn ;g mis{k.kh;
vad 5 ls de gksrk gS] rks iwoZorhZ vad vifjo£rr j[kk
tkrk gSA ysfdu ;fn la[;k 2.745 gS] ftlesa mis{k.kh; vad
5 gS] rks D;k gksrk gS\ ;gk¡ ifjikVh ;g gS fd ;fn iwoZorhZ
vad le gS rks mis{k.kh; vad dks NksM+ fn;k tkrk gS vkSj
;fn ;g fo"ke gS] rks iwoZorhZ vad esa 1 dh o`f¼ dj nsrs
gSaA  rc la[;k 2.745, rhu lkFkZd vadksa rd iw.kk±du djus ij
2.74 gks tkrh gSA nwljh vksj] la[;k  2.735 rhu lkFkZd vadksa
rd iw.kk±fdr djus osQ i'pkr~  2.74 gks tkrh gS] D;ksafd
iwoZorhZ vad fo"ke gSA

fdlh Hkh my>u okys vFkok cgqinh tfVy ifjdyu esa]
eè;orhZ inksa esa lkFkZd vadksa ls ,d vad vf/d jgus nsuk
pkfg,] ftls ifjdyu osQ var esa mfpr lkFkZd vadksa rd
iw.kk±fdr dj nsuk pkfg,A blh izdkj] ,d la[;k tks dbZ
lkFkZd vadksa rd Kkr gS] tSls fuokZr esa izdk'k dk osx] ftlosQ
fy,] izk;%  2.99792458  × 108 m/s dks lfUudV eku
3 × 108 m/s esa iw.kk±fdr dj ifjdyuksa esa mi;ksx djrs gSaA var
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esa è;ku jf[k;s fd lw=kksa esa mi;ksx gksus okyh ;FkkFkZ la[;k,a]

tSls 2
L

T
g

= π  esa 2 π , esa lkFkZd vadksa dh la[;k vR;f/

d (vuUr) gSA  π = 3.1415926.... dk eku cgqr vf/d
lkFkZd vadksa rd Kkr gS ysfdu vke ekfir jkf'k;ksa esa
ifj'kqf¼ osQ vk/kj ij π  dk eku  3.142 ;k 3.14 Hkh ysuk
roZQ lEer gSA

mnkgj.k 1.1  fdlh ?ku dh izR;sd Hkqtk dh eki
7.203 m gSA mfpr lkFkZd vadksa rd ?ku dk oqQy
i`"B {ks=kiQy ,oa vk;ru Kkr dhft,A

gy   ekih xbZ yEckbZ esa lkFkZd vadksa dh la[;k 4 gSA
blfy,] ifjdfyr {ks=kiQy ,oa vk;ru osQ ekuksa dks Hkh 4
lkFkZd vadksa rd iw.kk±fdr fd;k tkuk pkfg,A

?ku dk i`"B {ks=kiQy = 6(7.203)2 m2

= 311.299254 m2

= 311.3 m2

?ku dk vk;ru = (7.203)3  m3

= 373.714754 m3

= 373.7 m3 ⊳

mnkgj.k 1.2  fdlh inkFkZ osQ 5.74 g dk vk;ru
1.2 cm3  gSA lkFkZd vadksa dks è;ku esa j[krs gq, bldk
?kuRo O;Dr dhft,A

gy  nzO;eku esa 3 lkFkZd vad gSa] tcfd vk;ru osQ ekfir
eku esa osQoy nks lkFkZd vad gSaA vr% ?kuRo dks osQoy nks
lkFkZd vadksa rd O;Dr fd;k tkuk pkfg,A

35.74
g cm

1.2
−=?kuRo

                        = 4.8 g cm--3 ⊳

1.3.3 vadxf.krh; ifjdyuksa osQ ifj.kkeksa esa vfuf'prrk
fu/kZfjr djus osQ fu;e

vadh; lafØ;kvksa esa la[;kvksa@ ekfir jkf'k;ksa esa vfuf'prrk
;k =kqfV fu/kZfjr djus laca/h fu;eksa dks fuEufyf[kr  mnkgj.kksa
osQ }kjk le>k tk ldrk gSA

(1) ;fn fdlh iryh] vk;rkdkj 'khV dh yEckbZ vkSj pkSM+kbZ]
fdlh ehVj iSekus ls ekius ij Øe'k% 16.2 cm  ,oa
10.1 cm gSa] rks ;gk¡ izR;sd eki esa rhu lkFkZd vad gSaA

bldk vFkZ gS fd yEckbZ dks ge bl izdkj fy[k ldrs gSa

                       l = 16.2 ± 0.1  cm

   = 16.2 cm ± 0.6 %.

blh izdkj] pkSM+kbZ dks bl izdkj fy[kk tk ldrk gS

b = 10.1  ± 0.1 cm

   = 10.1 cm ± 1 %

rc] =kqfV la;kstu osQ fu;e dk mi;ksx djus ij] nks (;k vf/
d) izk;ksfxd ekiksa osQ xq.kuiQy dh =kqfV

    lb = 163.62 cm2 + 1.6%

         = 163.62 + 2.6 cm2

bl mnkgj.k osQ vuqlkj ge vafre ifj.kke dks bl izdkj
fy[ksaxs

l b = 164 + 3 cm2

;gk¡] 3 cm2 vk;rkdkj 'khV osQ {ks=kiQy osQ vkdyu esa dh
xbZ =kqfV vFkok vfuf'prrk gSA

(2) ;fn fdlh izk;ksfxd vkadM+s osQ leqPp; esa n lkFkZd
vadksa dk mYys[k gS] rks vkadM+s osQ la;kstu ls izkIr
ifj.kke Hkh n lkFkZd vadksa rd oS/ gksxkA

rFkkfi] ;fn vkadM+s ?kVk;s tkrs gSa rks lkFkZd vadksa dh la[;k
de dh tk ldrh gSA mnkgj.kkFkZ]  12.9 g – 7.06 g  nksuksa
rhu lkFkZd vadksa rd fofu£n"V gSa] ijUrq bls  5.84 g  osQ :i
eas ewY;kafdr ugha fd;k tk ldrk gS cfYd osQoy 5.8 g

fy[kk tk,xk] D;ksafd ladyu ;k O;odyu esa vfuf'prrk,¡
,d fHkUu izdkj ls la;ksftr gksrh gSaA (ladfyr ;k O;odfyr
dh tkus okyh la[;kvksa esa n'keyo osQ ckn de ls de vadksa
okyh la[;k u fd de ls de lkFkZd vadksa okyh la[;k
fu.kZ; dk vk/kj gksrh gSA)
(3) fdlh la[;k osQ eku esa vkisf{kd =kqfV] tks fofu£n"V
lkFkZd vadksa rd nh xbZ gS] u osQoy n ij] oju] nh xbZ
la[;k ij Hkh fuHkZj djrh gSA
mnkgj.kkFkZ] nzO;eku 1.02 g osQ ekiu esa ;FkkFkZrk  ± 0.01 g  gS]
tcfd nwljh eki  9.89 g  Hkh  ± 0.01 g  rd gh
;FkkFkZ gSA

1.02 esa vkisf{kd =kqfV
= (± 0.01/1.02) × 100 %
= ± 1%

blh izdkj  9.89 g  esa vkisf{kd =kqfV
= (± 0.01/9.89) × 100 %

                      = ± 0.1 %
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var esa] ;kn jf[k, fd cgqinh; vfHkdyu osQ eè;orhZ
ifj.kke dks ifjdfyr djus esa izR;sd eki dks] vYire
ifj'kq¼ eki ls ,d lkFkZd vad vf/d j[kuk pkfg,A
vkadM+ksa osQ vuqlkj bls roZQlaxr djus osQ ckn gh budh
vadh; lafØ;k,¡ djuk pkfg, vU;Fkk iw.kk±du dh =kqfV;k¡
mRiUu gks tk,axhA mnkgj.kkFkZ]  9.58  osQ O;qRØe dk rhu
lkFkZd vadksa rd iw.kk±du djus ij eku 0.104 gS] ijUrq
0.104 dk O;qRØe djus ij rhu lkFkZd vadksa rd izkIr eku
9.62 gSA ij ;fn geus  1/9.58 = 0.1044 fy[kk gksrk rks
mlosQ O;qRØe dks rhu lkFkZd vadksa rd iw.kk±fdr djus ij
gesa ewy eku 9.58 izkIr gksxkA

mijksDr mnkgj.k] tfVy cgqinh ifjdyu osQ eè;orhZ inksa esa
(de ls de ifj'kq¼ eki esa vadksa dh la[;k dh vis{kk) ,d
vfrfjDr vad j[kus dh /kj.kk dks U;k;laxr Bgjkrk gS] ftlls fd
la[;kvksa dh iw.kk±du izfØ;k esa vfrfjDr =kqfV ls cpk tk losQA

1.4  HkkSfrd jkf'k;ksa dh foek,¡
fdlh HkkSfrd jkf'k dh izòQfr dh O;k[;k mldh foekvksa }kjk
dh tkrh gSA O;qRiUu ek=kdksa }kjk O;Dr gksus okyh lHkh
HkkSfrd jkf'k;k¡] lkr ewy jkf'k;ksa osQ la;kstu osQ inksa esa izLrqr
dh tk ldrh gSaA bu ewy jkf'k;ksa dks ge HkkSfrd lalkj dh
lkr foek,¡ dg ldrs gSa vkSj bUgsa xq# dks"Bd osQ lkFk fu£n"V
fd;k tkrk gSA bl izdkj] yEckbZ dh foek  [L], fo|qr /kjk
dh [A], Å"ekxfrdh; rki dh  [K], T;ksfr rhozrk dh  [cd],

vkSj inkFkZ dh ek=kk dh [mol]  gSA fdlh HkkSfrd jkf'k dh
foek,¡ mu ?kkrksa (;k ?kkrkadksa) dks dgrs gSa] ftUgsa ml
jkf'k dks O;Dr djus osQ fy, ewy jkf'k;ksa ij p<+kuk
iM+rk gSA è;ku nhft, fdlh jkf'k dks xq# dks"Bd
[  ] ls ?ksjus dk ;g vFkZ gS fd ge ml jkf'k dh foek ij
fopkj dj jgs gSaA

 ;kaf=kdh esa] lHkh HkkSfrd jkf'k;ksa dks foekvksa [L], [M] vkSj
[T] osQ inksa esa O;Dr fd;k tk ldrk gSA mnkgj.kkFkZ] fdlh
oLrq }kjk ?ksjk x;k vk;ru mldh yEckbZ] pkSM+kbZ vkSj Å¡pkbZ
vFkok rhu yEckb;ksa osQ xq.ku }kjk O;Dr fd;k tkrk gSA
blfy,] vk;ru dk foeh; lw=k  = [L] × [L] × [L] = [L]3 =

[L3]A D;ksafd] vk;ru] nzO;eku vkSj le; ij fuHkZj ugha
djrk] blfy, ;g dgk tkrk gS fd vk;ru esa nzO;eku dh
'kwU; foek]  [M°], le; dh 'kwU; foek [T°] rFkk yEckbZ dh
3 foek,¡ [L3] gSaA

blh izdkj] cy dks nzO;eku vkSj Roj.k osQ xq.kuiQy osQ
:i esa bl izdkj O;Dr dj ldrs gSa]

cy   = nzO;eku × Roj.k
= nzO;eku × (yEckbZ)/(le;)2

cy dh foek,¡ [M] [L]/[T]2 = [M L T–2] gSa A vr% cy
esa] nzO;eku dh 1, yEckbZ dh 1 vkSj le; dh –2 foek,¡ gSaA
;gk¡ vU; lHkh ewy jkf'k;ksa dh foek,¡ 'kwU; gSaA

è;ku nhft,] bl izdkj osQ izLrqrhdj.k esa ifjek.kksa ij fopkj
ugha fd;k tkrkA blesa HkkSfrd jkf'k;ksa osQ izdkj dh xq.krk dk
lekos'k gksrk gSA bl izdkj] bl lanHkZ esa osx ifjorZu] izkjafHkd
osx] vkSlr osx] vafre osx vkSj pky] ;s lHkh rqY; jkf'k;k¡ gSa]
D;ksafd ;s lHkh jkf'k;k¡ yEckbZ@le;  osQ :i esa O;Dr dh tk
ldrh gSa vkSj budh foek,¡  [L]/[T] ;k [L T–1] gSaA

1.5 foeh; lw=k ,oa foeh; lehdj.ksa

fdlh nh gqbZ HkkSfrd jkf'k dk foeh; lw=k og O;atd gS tks
;g n'kkZrk gS fd fdlh HkkSfrd jkf'k esa fdl ewy jkf'k dh
fdruh foek,¡ gSaA mnkgj.kkFkZ] vk;ru dk foeh; lw=k
[M° L3 T°]  vkSj osx ;k pky dk  [M° L T-1] gSA blh izdkj]
[M° L T–2], Roj.k dk rFkk [M L–3 T°] nzO;eku ?kuRo dk
foeh; lw=k gSA

fdlh HkkSfrd jkf'k dks mlosQ foeh; lw=k osQ cjkcj fy[kus
ij izkIr lehdj.k dks ml jkf'k dk foeh; lehdj.k dgrs
gSaA vr% foeh; lehdj.k og lehdj.k gS ftlesa fdlh
HkkSfrd jkf'k dks ewy jkf'k;ksa vkSj mudh foekvksa osQ inksa esa
fu:fir fd;k tkrk gSA mnkgj.k osQ fy,] vk;ru [V],  pky
[v], cy  [F]  vkSj nzO;eku ?kuRo [ρ] dh foeh; lehdj.k dks
bl izdkj O;Dr fd;k tk ldrk gS %

[V] = [M0 L3 T0]

[v] = [M0 L T–1]

[F] = [M L T–2]

[ρ] = [M L–3 T0]

HkkSfrd jkf'k;ksa osQ chp laca/ fu:fir djus okys lehdj.k
osQ vk/kj ij foeh; lehdj.k] O;qRiUu dh tk ldrh gSA
fofo/ izdkj dh cgqr lh HkkSfrd jkf'k;ksa osQ foeh; lw=k]
ftUgsa vU; HkkSfrd jkf'k;ksa osQ eè; laca/ksa dks fu:fir djus
okys lehdj.kksa ls O;qRiUu rFkk ewy jkf'k;ksa osQ inksa esa O;Dr
fd;k x;k gS] vkiosQ ekxZn'kZu ,oa rkRdkfyd lanHkZ osQ fy,
ifjf'k"V&9 esa fn, x, gSaA

1.6 foeh; fo'ys"k.k ,oa blosQ vuqiz;ksx

foekvksa dh ladYiuk dh Loho`Qfr] tks HkkSfrd O;ogkj osQ
o.kZu esa ekxZn'kZu djrh gS] viuk ,d vk/kfjd egRo j[krh
gS D;ksafd blosQ vuqlkj osQoy ogh HkkSfrd jkf'k;k¡ ladfyr
;k O;odfyr dh tk ldrh gSa ftudh foek,¡ leku gSaA
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foeh; fo'ys"k.k dk O;kid Kku] fofHkUu HkkSfrd jkf'k;ksa osQ
chp laca/ksa osQ fuxeu esa lgk;rk djrk gS vkSj fofHkUu
xf.krh; O;atdksa dh O;qRifÙk] ;FkkFkZrk rFkk foeh; laxrrk dh
tk¡p djus esa lgk;d gSA tc nks ;k vf/d HkkSfrd jkf'k;ksa osQ
ifjek.kksa dks xq.kk (;k Hkkx) fd;k tkrk gS] rks muosQ ek=kdksa
osQ lkFk ml izdkj dk O;ogkj fd;k tkuk pkfg, tSlk ge
lkekU; cht&xf.krh; izrhdksa osQ lkFk djrs gSaA va'k vkSj gj
ls loZle ek=kdksa dks ge fujflr dj ldrs gSaA ;gh ckr
HkkSfrd jkf'k dh foekvksa osQ lkFk Hkh ykxw gksrh gSA blh izdkj]
fdlh xf.krh; lehdj.k esa i{kksa esa izrhdksa }kjk fu:fir
HkkSfrd jkf'k;ksa dh foek,¡ leku gksuh pkfg,A

1.6.1 lehdj.kksa dh foeh; laxfr dh tk¡p

HkkSfrd jkf'k;ksa osQ ifjek.k osQoy rHkh ladfyr ;k O;odfyr
fd, tk ldrs gSa ;fn mudh foek,¡ leku gksaA nwljs 'kCnksa
esa] ge osQoy ,d gh izdkj dh jkf'k;ksa dk ladyu ;k
O;odyu dj ldrs gSaA vr% cy dks osx osQ lkFk ladfyr
;k Å"ek xfrd rki esa ls fo|qr /kjk dks O;odfyr ugha
fd;k tk ldrkA bl ljy fl¼kar dks foekvksa dh le?kkrrk
fl¼kar dgrs gSa vkSj bldh lgk;rk ls fdlh lehdj.k dh
la'kqf¼ dh tk¡p dj ldrs gSaA ;fn fdlh lehdj.k osQ lHkh
inksa dh foek,¡ leku ugha gSa rks og lehdj.k xyr gksrh gSA
vr% ;fn ge fdlh fi.M dh yEckbZ (;k nwjh) osQ fy,
O;atd O;qRiUu djsa] rks pkgs mlesa lfEefyr izrhd oqQN Hkh
gksa] mudh foekvksa dks ljy djus ij var esa izR;sd in esa
yEckbZ dh foek gh 'ks"k jguh pkfg,A blh izdkj] ;fn ge
pky osQ fy, lehdj.k O;qRiUu djsa] rks blosQ nksuksa i{kksa osQ
inksa dk foeh;&lw=k ljyhdj.k osQ ckn  [L T–1] gh ik;k
tkuk pkfg,A

;fn fdlh lehdj.k dh la'kqf¼ esa lansg gks rks ml
lehdj.k dh laxfr dh izkFkfed tkap osQ fy, ekU; izFkk
osQ vuqlkj foekvksa dk mi;ksx fd;k tkrk gSA fdUrq] foeh;
laxfr fdlh lehdj.k osQ lgh gksus dh xkjaVh ugha gSA ;g
vfoe jkf'k;ksa ;k iQyuksa dh vfuf'prrk lhek rd vfuf'pr
gksrh gSA f=kdks.kferh;] y?kqx.kdh; vkSj pj?kkrkadh iQyuksa
tSls fof'k"V iQyuksa osQ dks.kkad vfoe gksus pkfg,A ,d 'kq¼
la[;k] leku HkkSfrd jkf'k;ksa dk vuqikr] tSls vuqikr osQ
:i esa dks.k (yEckbZ@yEckbZ)] vuqikr osQ :i esa viorZukad
(fuokZr esa izdk'k dk osx@ekè;e esa izdk'k dk osx) vkfn
dh dksbZ foek,¡ ugha gksrhaA

vc] ge fuEufyf[kr lehdj.k dh foeh; laxfr ;k
lekaxrk dh tk¡p dj ldrs gSa

2(1/2) 0 0x x v  t a t= + +

tgk¡ x fdlh d.k vFkok fi.M }kjk t  lsoaQM esa pfyr og nwjh
gS] tks d.k ;k fi.M le;  t = 0  ij fLFkfr  x

0
  ls izkjafHkd

osx  v
0
  ls vkjEHk djosQ r; djrk gS] vkSj bldk xfr dh

fn'kk esa ,dleku Roj.k  a  jgrk gSA
izR;sd in osQ fy, foeh; lehdj.k fy[kus ij]
                 [x] = [L]
               [x

0
 ] = [L]

             [v
0
 t] = [L T–1]  [T]

                     = [L]
       [1/2 a t2] = [L T–2] [T2]
                     = [L]
D;ksafd bl lehdj.k osQ lHkh inksa dh foek,¡ leku (yEckbZ
dh) gSa] blfy, ;g foeh; n`f"V ls laxr lehdj.k gSA

;gk¡ è;ku nsus ;ksX; rF; ;g gS] fd foeh; laxfr ijh{k.k]
ek=kdksa dh laxfr ls de ;k vf/d oqQN ugha crkrkA ysfdu]
bldk ykHk ;g gS fd ge ek=kdksa osQ fdlh fo'ks"k p;u osQ
fy, ckè; ugha gSa vkSj u gh gesa ek=kdksa osQ ikjLifjd xq.ktksa
;k viorZdksa esa :ikarj.k dh fpUrk djus dh vko';drk gSA
;g ckr Hkh gesa Li"V djuh pkfg, fd ;fn dksbZ
lehdj.k laxfr ijh{k.k esa vliQy gks tkrh gS rks og
xyr fl¼ gks tkrh gS] ijUrq ;fn og ijh{k.k esa liQy
gks tkrh gS rks blls og lgh fl¼ ugha gks tkrhA bl izdkj
dksbZ foeh; :i ls lgh lehdj.k vko';d :i ls ;FkkFkZ
(lgh) lehdj.k ugha gksrh] tcfd foeh; :i ls xyr ;k
vlaxr lehdj.k xyr gksuh pkfg,A

mnkgj.k 1.3  vkb, fuEufyf[kr lehdj.k ij
fopkj djsa

      
1

2
m v m g h2 =

;gk¡ m oLrq dk nzO;eku] v  bldk osx gS]  g  xq#Roh;
Roj.k vkSj  h  Å¡pkbZ gSA tk¡fp, fd D;k ;g lehdj.k
foeh; n`f"V ls lgh gSA

gy  ;gk¡ oke i{k dh foek,¡
             [M]  [L T–1 ]2 = [M] [ L2 T–2]
rFkk      = [M L2 T–2]

nf{k.k i{k dh foek,¡
           [M][L T–2]  [L] = [M][L2 T–2]

              = [M L2 T–2]

pw¡fd] nksuksa i{kksa dh foek,¡ leku gSa] blfy, ;g lehdj.k
foeh; n`f"V ls lgh gSA ⊳
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⊳

⊳

mnkgj.k 1.4   ÅtkZ dk SI ek=kd J = kg m2 s–2; gS]
pky v  dk   m s–1 vkSj Roj.k a dk m s–2  gSA xfrt
ÅtkZ (k) osQ fy, fuEufyf[kr lw=kksa esa vki fdl&fdl
dks foeh; n`f"V ls xyr crk,¡xs\  (m fi.M dk
nzO;eku gS )A
(a) K = m2 v3

(b) K = (1/2)mv2

(c) K = ma
(d) K = (3/16)mv2

(e) K = (1/2)mv2 + ma

gy   izR;sd lgh lehdj.k esa nksuksa i{kksa dk foeh; lw=k leku
gksuk pkfg,A ;g Hkh fd osQoy leku foekvksa okyh jkf'k;ksa
dk gh ladyu ;k O;odyu fd;k tk ldrk gSA nf{k.k i{k
dh jkf'k dh foek,¡ (a)  osQ fy, [M2 L3 T–3]; (b) rFkk (d)

osQ fy,  [M L2 T–2]; (c)  osQ fy,  [M L T–2] gSA lehdj.k
(e) osQ nf{k.k i{k dh jkf'k dh dksbZ mfpr foek,¡ ugha gSa
D;ksafd blesa fHkUu foekvksa okyh nks jkf'k;ksa dks ladfyr fd;k
x;k gSA vc D;ksafd K  dh foek,¡ [M L2 T–2] gS] blfy, lw=k
(a), (c) ,oaa (e) foeh; :i ls laxr ugha gSaA è;ku nsa] fd
foeh; rdks± ls ;g irk ugha pyrk fd (b) o (d) esa dkSu lk
lw=k lgh gSA blosQ fy, xfrt ÅtkZ dh okLrfod ifjHkk"kk dks
ns[kuk iM+sxk (ns[ksa vè;k; 5)A xfrt ÅtkZ osQ fy, lgh lw=k
(b) esa fn;k x;k gSA   ⊳

1.6.2 fofHkUu HkkSfrd jkf'k;ksa osQ eè; laca/ O;qRiUu
djuk

dHkh&dHkh fofHkUu HkkSfrd jkf'k;ksa osQ chp laca/ O;qRiUu
djus osQ fy, foekvksa dh fof/ dk mi;ksx fd;k tk ldrk
gSA blosQ fy, gesa ;g Kkr gksuk pkfg, fd ,d HkkSfrd jkf'k
fdu&fdu nwljh HkkSfrd jkf'k;ksa ij fuHkZj djrh gS (rhu HkkSfrd
jkf'k;ksa ;k ,d?kkrr% Lora=k pjksa rd)A blosQ fy,] ge nh xbZ
jkf'k dks fuHkZj jkf'k;ksa dh fofHkUu ?kkrksa osQ xq.kuiQy osQ :i esa
fy[krs gSaA vkb;s] ,d mnkgj.k }kjk bl izfØ;k dks le>saA

mnkgj.k 1.5  ,d ljy yksyd ij fopkj dhft,]
ftlesa xksyd dks ,d /kxs ls ck¡/ dj yVdk;k x;k
gS vkSj tks xq#Ro cy osQ v/hu nksyu dj jgk gSA eku
yhft, fd bl yksyd dk nksyu dky bldh yEckbZ
(l), xksyd osQ nzO;eku (m) vkSj xq#Roh; Roj.k (g) ij
fuHkZj djrk gSA foekvksa dh fof/ dk mi;ksx djosQ
blosQ nksyu&dky osQ fy, lw=k O;qRiUu dhft,A

gy  nksyu dky  T  dh] jkf'k;ksa l, g  vkSj m ij fuHkZjrk dks
,d xq.kuiQy osQ :i esa bl izdkj fy[kk tk ldrk gS %

T = k lx gy mz

tgk¡] k ,d foekghu fLFkjkad gS] ,oa  x, y, z  ?kkrkad gSaA

nksuksa vksj dh jkf'k;ksa osQ foeh; lw=k fy[kus ij

o o 1 1 1 -2 1[L M T ]=[L ] [L T ] [M ]x y z

= Lx+y T–2y  Mz

nksuksa vksj dh foek,¡ leho`Qr djus ij

x + y = 0; –2y = 1; ,oa z = 0

vr% 
1 1

, – , 0
2 2

x y z= = =

∴   T = k l½ g–½

;k   T = 
l

k
g

è;ku nhft,] ;gk¡ fLFkjkad  k dk eku foeh; fof/ ls Kkr
ugha fd;k tk ldrk gSA ;gk¡ bldk dksbZ vFkZ ugha gS fd lw=k
osQ nf{k.k i{k dks fdlh la[;k ls xq.kk fd;k x;k gS] D;ksafd
,slk djus ls foek,¡ izHkkfor ugha gksrhaA

okLro esa]  k = 2π, vr% T = 2
l

g
π ⊳

ijLij lacaf/r jkf'k;ksa osQ chp laca/ O;qRiUu djus osQ fy,
foeh; fo'ys"k.k dkiQh mi;ksxh gSA rFkkfi foekghu fLFkjkadksa
osQ eku bl fof/ }kjk Kkr ugha fd, tk ldrsA foeh; fof/
}kjk fdlh lehdj.k dh osQoy foeh; oS/rk gh tkaph tk
ldrh gS] fdlh lehdj.k esa fofHkUu HkkSfrd jkf'k;ksa osQ chp
;FkkFkZ laca/ ugha tkaps tk ldrsA ;g leku foek okyh jkf'k;ksa
esa foHksn ugha dj ldrhA

bl vè;k; osQ var esa fn, x, dbZ vH;kl iz'u]
vkidh  foeh; fo'ys"k.k dh oqQ'kyrk fodflr djus esa
lgk;d gksaxsA
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lkjka'k

1. HkkSfrd foKku HkkSfrd jkf'k;ksa osQ ekiu ij vkèkkfjr ,d ifjek.kkRed foKku gS A oqQN HkkSfrd jkf'k;ka
tSls yackbZ] nzO;eku] le;] fo|qr èkkjk] Å"ekxfrd rki] inkFkZ dh ek=kk vkSj T;ksfr&rhozrk] ewy jkf'k;ksa
osQ :i esa pquh xbZ gSaA

2. izR;sd ewy jkf'k fdlh ewy ek=kd (tSls ehVj] fdyksxzke] lsdaM] ,sfEi;j] osQfYou] eksy vkSj oSaQMsyk)
osQ in esa ifjHkkf"kr gS A ewy ek=kd LosPNk ls p;fur ijarq leqfpr :i ls ekudhÑr funsZ'k ekud
gksrs gSa A ewy jkf'k;ksa osQ ek=kdksa dks ewy ek=kd dgrs gSaA

3. ewy jkf'k;ksa ls O;qRiUu vU; HkkSfrd jkf'k;ksa dks ewy ek=kdkasa  osQ la;kstu osQ :i esa O;Dr dj ldrs
gSa] ftUgsa O;qRiUu ek=kd dgrs gSa A ewy vkSj O;qRiUu nksuksa ek=kdksa osQ iw.kZ leqPp; dks] ek=kd iz.kkyh
dgrs gSa A

4. lkr ewy ek=kdksa ij vk/kfjr ek=kdksa dh varjkZ"Vªh; iz.kkyh (SI) orZeku esa varjkZ"Vªh; Lrj ij LohÑr
iz.kkyh gS A ;g iz.kkyh leLr lalkj esa O;kid :i ls iz;ksx essa ykbZ tkrh gS A

5. ewy jkf'k;ksa vkSj O;qRiUu jkf'k;ksa ls izkIr lHkh HkkSfrd ekiksa esa SI ek=kdksa dk iz;ksx fd;k tkrk gSA
oqQN O;qRiUu ek=kdksa dks  SI ek=kdksa esa fo'ks"k ukeksa (tSls twy] U;wVu] okV vkfn) ls O;Dr fd;k tkrk
gS A

6. SI ek=kdksa osQ lqifjHkkf"kr ,oa varjkZ"Vªh; Lrj ij LohÑr ek=kd izrhd gSa (tSls ehVj osQ fy, m,

fdyksxzke osQ fy, kg] lsdaM osQ fy, s] ,sfEi;j osQ fy, A] U;wVu osQ fy, N] bR;kfn)A

7. izk;% NksVh ,oa cM+h jkf'k;ksa dh HkkSfrd ekiksa dks oSKkfud laosQr esa 10 dh ?kkrksa esa O;Dr fd;k tkrk
gS A eki laosQrksa rFkk vkafdd vfHkdyuksa dh ljyrk gsrq la[;kvksa dh ifj'kq¼rk dk laosQr djrs gq,
oSKkfud laosQr ,oa iwoZyXuksa dk iz;ksx fd;k tkrk gS A

8. HkkSfrd jkf'k;ksa osQ laosQru vkSj SI ek=kdksa osQ izrhdksa] oqQN vU; ek=kdksa] HkkSfrd jkf'k;ksa vkSj ekiksa
dks mfpr :i ls O;Dr djus gsrq iwoZyXu osQ fy, oqQN lkekU; fu;eksa vkSj funsZ'kksa dk ikyu djuk
pkfg, A

9. fdlh Hkh HkkSfrd jkf'k osQ vfHkdyu esa mlosQ ek=kd dh izkfIr gsrq laca/ (laca/ksa) esa lfEefyr O;qRiUu
jkf'k;ksa osQ ek=kdksa dks okafNr ek=kdksa dh izkfIr rd chtxf.krh; jkf'k;ksa dh Hkkafr le>uk pkfg, A

10. ekfir ,oa vfHkdfyr jkf'k;ksa esa osQoy mfpr lkFkZd vadksa dks gh j[kk jgus nsuk pkfg, A fdlh Hkh
la[;k esa lkFkZd vadksa dh la[;k dk fuèkkZj.k] muosQ lkFk vadh; lafØ;kvksa dks djus vkSj vfuf'pr
vadksa dk fudVu djus esa buosQ fy, cuk, x, fu;eksa dk ikyu djuk pkfg, A

11. ewy jkf'k;ksa dh foekvksa vkSj bu foekvksa dk la;kstu HkkSfrd jkf'k;ksa dh izÑfr dk o.kZu djrk gS
A lehdj.kksa dh foeh; laxfr dh tkap vkSj HkkSfrd jkf'k;ksa esa lacaèk O;qRiUu djus esa foeh; fo'ys"k.k
dk iz;ksx fd;k tk ldrk gSA dksbZ foeh; laxr lehdj.k okLro esa lgh gks] ;g vko';d ugha gS
ijarq foeh; :i ls xyr ;k vlaxr lehdj.k xyr gh gksxh A

vH;kl

fVIi.kh % la[;kRed mÙkjksa dks fy[krs le;] lkFkZd vadksa dk è;ku jf[k;sA
1.1 fjDr LFkku Hkfj,

(a) fdlh 1 cm Hkqtk okys ?ku dk vk;ru---------m3 osQ cjkcj gS A
(b) fdlh 2 cm f=kT;k o 10 cm maQpkbZ okys flfyaMj dk i`"B {ks=kiQy---------(mm)2 osQ

cjkcj gSA
(c) dksbZ xkM+h 18 km/h dh pky ls py jgh gS rks ;g l s esa---------m pyrh gS A
(d) lhls dk vkisf{kd ?kuRo 11.3 gS A bldk ?kuRo-------g cm–3 ;k------kg m–3 gS A
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1.2  fjDr LFkkuksa dks ek=kdksa osQ mfpr ifjoZru }kjk Hkfj,
(a) 1 kg m2 s–2 =............  g cm2 s–2

(b) 1 m =................. ly
(c) 3.0 m s–2 =................. km h–2

(d) G = 6.67 × 10–11 N m2  (kg)–2 =................. (cm)3 s–2 g–1

1.3 mQ"ek (ijkxeu esa mQtkZ) dk ek=kd oSQyksjh gS vkSj ;g yxHkx 4.2 J osQ cjkcj gS] tgka
1 J = 1 kg m2 s–2A eku yhft, fd ge ek=kdksa dh dksbZ ,slh iz.kkyh mi;ksx djrs gSa ftlls
nzO;eku dk ek=kd α kg osQ cjkcj gS] yackbZ dk ek=kd β m osQ cjkcj gS] le; dk
ek=kd γ s osQ cjkcj gS A ;g iznf'Zkr dhft, fd u, ek=kdksa osQ inksa esa oSQyksjh dk
ifjek.k 4.2 α −1 β−2 γ2 gS A

1.4 bl dFku dh Li"V O;k[;k dhft, % rqyuk osQ ekud dk fo'ks"k mYys[k fd, fcuk ¶fdlh
foeh; jkf'k dks ^cM+k* ;k ^NksVk* dguk vFkZghu gS¸ A bls è;ku esa j[krs gq, uhps fn, x,
dFkuksa dks tgka dgha Hkh vko';d gks] nwljs 'kCnksa esa O;Dr dhft, %

(a) ijek.kq cgqr NksVs fi.M gksrs gSa A
(b) tsV ok;q;ku vR;fèkd xfr ls pyrk gS A
(c) c`gLifr dk nzO;eku cgqr gh vfèkd gS A
(d) bl dejs osQ vanj ok;q esa v.kqvksa dh la[;k cgqr vfèkd gS A
(e) bysDVªkWu] izksVkWu ls cgqr Hkkjh gksrk gS A
(f) èofu dh xfr izdk'k dh xfr ls cgqr gh de gksrh gS A

1.5 yackbZ dk dksbZ ,slk u;k ek=kd pquk x;k gS ftlosQ vuqlkj fuokZr esa izdk'k dh pky 1 gSA
yEckbZ osQ u, ek=kd osQ inksa esa lw;Z rFkk i`Foh osQ chp dh nwjh fdruh gS] izdk'k bl nwjh dks
r; djus esa8 min vkSj 20 s yxkrk gS A

1.6 yackbZ ekius osQ fy, fuEufyf[kr esa ls dkSu&lk lcls ifj'kq¼ ;a=k gS %
(a) ,d ofuZ;j osQfyilZ ftlosQ ofuZ;j iSekus ij 20 foHkktu gSa A
(b) ,d LozwQxst ftldk pwM+h varjky 1 mm vkSj o`Rrh; iSekus ij 100 foHkktu gSa A
(c) dksbZ izdkf'kd ;a=k tks izdk'k dh rjaxnS?;Z dh lhek osQ vanj yackbZ eki ldrk gS A

1.7 dksbZ Nk=k 100 vko/Zu ds ,d lw{en'khZ ds }kjk ns[kdj euq"; ds cky dh eksVkbZ ekirk gSA
og 20 ckj izs{k.k djrk gS vkSj mls Kkr gksrk gS fd lw{en'khZ osQ n`'; {ks=k esa cky dh vkSlr
eksVkbZ 3.5 mm gS A cky dh eksVkbZ dk vuqeku D;k gS\

1.8 fuEufyf[kr osQ mRrj nhft, %
(a) vkidks ,d èkkxk vkSj ehVj iSekuk fn;k tkrk gS A vki  èkkxs osQ O;kl dk vuqeku

fdl izdkj yxk,axs \
(b) ,d LozwQxst dk pwM+h varjky 1.0 mm gS vkSj mlosQ o`Rrh; iSekus ij 200 foHkktu

gSa A D;k vki ;g lksprs gSa fd o`Rrh; iSekus ij foHkktuksa dh la[;k LosPNk ls c<+k nsus
ij LozwQxst dh ;FkkFkZrk esa o`f¼ djuk laHko gS \

(c) ofuZ;j osQfyilZ }kjk ihry dh fdlh iryh NM+ dk ekè; O;kl ekik tkuk gS A osQoy
5 ekiuksa osQ leqPp; dh rqyuk esa O;kl osQ 100 ekiuksa osQ leqPp; osQ }kjk vf/d
fo'oluh; vuqeku izkIr gksus dh laHkkouk D;ksa gS \

1.9 fdlh edku dk iQksVksxzkiQ 35 mm LykbM ij 1.75 cm2 {ks=k ?ksjrk gS A LykbM dks fdlh
LØhu ij iz{ksfir fd;k tkrk gS vkSj LØhu ij edku dk {ks=kiQy 1.55 m2 gS A iz{ksfi=k&ijnk
O;oLFkk dk js[kh; vkoèkZu D;k gS \

1.10 fuEufyf[kr esa lkFkZd vadksa dh la[;k fyf[k, %
(a) 0.007 m2 (b) 2.64 × 1024 kg (c) 0.2370 g cm-3

(d) 6.320 J (e) 6.032 N m–2 (f) 0.0006032 m2

1.11 èkkrq dh fdlh vk;rkdkj 'khV dh yackbZ] pkSM+kbZ o eksVkbZ Øe'k% 4.234 m, 1.005 m o
2.01 cm gS A mfpr lkFkZd vadksa rd bl 'khV dk {ks=kiQy o vk;ru Kkr dhft, A

1.12 ialkjh dh rqyk }kjk ekis x, fMCcs dk nzO;eku 2.30 kg gS A lksus osQ nks VqdM+s ftudk nzO;eku
20.15 g o 20.17 g gS] fMCcs esa j[ks tkrs gSa A (a) fMCcs dk oqQy nzO;eku fdruk gS] (b)

mfpr lkFkZd vadksa rd VqdM+ksa osQ nzO;ekuksa esa fdruk varj gS \
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1.13 HkkSfrdh dk ,d izfl¼ laca/ fdlh d.k osQ ^py nzO;eku (moving mass)*  m, ^fojke
nzO;eku (rest mass)* m

0 
] bldh pky v, vkSj izdk'k dh pky c osQ chp gS A (;g laca/ lcls

igys vYcVZ vkbaLVkbu osQ fo'ks"k vkisf{kdrk osQ fl¼kar osQ ifj.kkeLo:i mRiUu gqvk Fkk A)
dksbZ Nk=k bl laca/ dks yxHkx lgh ;kn djrk gS ysfdu fLFkjkad c dks yxkuk Hkwy tkrk gS

A og fy[krk gS % 0
2 1/2(1 )

m
m

v
=

− A vuqeku yxkb, fd c dgka yxsxk A

1.14 ijekf.od iSekus ij yackbZ dk lqfo/ktud ek=kd ,axLVªe gS vkSj bls  Å
  

:1Å = 10–10 m

}kjk fu£n"V fd;k tkrk gS A gkbMªkstu osQ ijek.kq dk vkeki yxHkx 0.5Å gS A gkbMªkstu ijek.kqvksa
osQ ,d eksy dk m3 esa oqQy vkf.od vk;ru fdruk gksxk\

1.15 fdlh vkn'kZ xSl dk ,d eksy (xzke v.kqd) ekud rki o nkc ij 22.4 L vk;ru (xzke
v.kqd vk;ru) ?ksjrk gS A gkbMªkstu osQ xzke v.kqd vk;ru rFkk mlosQ ,d eksy osQ ijekf.od
vk;ru dk vuqikr D;k gS\ (gkbMªkstu osQ v.kq dh vkeki yxHkx 1Å

 

ekfu,) A ;g vuqikr
bruk vf/d D;ksa gS\

1.16 bl lkekU; izs{k.k dh Li"V O;k[;k dhft, % ;fn vki rhoz xfr ls xfreku fdlh jsyxkM+h
dh f[kM+dh ls ckgj ns[ksa rks lehi osQ isM+] edku vkfn jsyxkM+h dh xfr dh foijhr fn'kk
esa rsth ls xfr djrs izrhr gksrs gSa] ijUrq nwjLFk fi.M (igkfM+;ka] panzek] rkjs vkfn) fLFkj izrhr
gksrs gSa A (okLro esa] D;ksafd vkidks Kkr gS fd vki py jgs gSa] blfy,] ;s nwjLFk oLrq,a vkidks
vius lkFk pyrh gqbZ izrhr gksrh gSa)A

1.17 lw;Z ,d mQ"e IyS”ek (vk;uhÑr inkFkZ) gS ftlosQ vkarfjd ØksM dk rki 107 K ls vfèkd
vkSj cká i`"B dk rki yxHkx 6000 K gS A brus vfèkd rki ij dksbZ Hkh inkFkZ Bksl ;k rjy
izkoLFkk esa ugha jg ldrkA vkidks lw;Z dk nzO;eku ?kuRo fdl ifjlj esa gksus dh vk'kk gS
\ D;k ;g Bkslksa] rjyksa ;k xSlksa osQ ?kuRoksa osQ ifjlj esa gS \ D;k vkidk vuqeku lgh gS] bldh
tkap vki fuEufyf[kr vkadM+ksa osQ vkèkkj ij dj ldrs gSa % lw;Z dk nzO;eku = 2.0 × 1030

kg; lw;Z dh f=kT;k = 7.0 × 108 m A
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vè;k;     2

ljy js[kk esa xfr

2.1 Hkwfedk
2.2 rkR{kf.kd osx ,oa pky
2.3 Roj.k
2.4 ,dleku Roj.k ls xfreku oLrq dk

'kq¼xfrdh laca/h lehdj.k

lkjka'k
fopkj.kh; fo"k;
vH;kl

2.1 Hkwfedk
fo'o dh izR;sd oLrq izR;{k ;k vizR;{k :i ls xfreku jgrh gS A gekjk
pyuk] nkSM+uk] lkbfdy lokjh vkfn nSfud thou esa fn[kkbZ nsus okyh fØ;k,¡
xfr osQ oqQN mnkgj.k gSa A bruk gh ugha] funzkoLFkk eas Hkh gekjs isQiQM+ksa eas ok;q
dk izos'k ,oa fu"dklu rFkk gekjh /efu;ksa ,oa f'kjkvksas eas #f/j dk lapj.k
gksrk jgrk gS A ge isM+ksa ls fxjrs gq, iÙkksa dks rFkk ck¡/ ls cgrs gq, ikuh dks
ns[krs gSa A eksVjxkM+h vkSj ok;q;ku ;kf=k;ksa dks ,d LFkku ls nwljs LFkku dks ys
tkrs gSa A i`Foh 24 ?kaVs eas ,d ckj viuh v{k osQ ifjr% ?kw.kZu djrh gS rFkk
o"kZ eas ,d ckj lw;Z dh ifjØek iwjh djrh gS A lw;Z vius xzgksa lfgr gekjh
vkdk'kxaxk uked eankfduh eas fopj.k djrk gS] rFkk tks Lo;a Hkh LFkkuh;
eankfdfu;ksa osQ lewg eas xfr djrh gS A

bl izdkj le; osQ lkis{k oLrq dh fLFkfr eas ifjorZu dks xfr dgrs gSa A
le; osQ lkFk fLFkfr oSQls ifjofrZr gksrh gS \ bl vè;k; eas ge xfr osQ ckjs
eas Ik<+asxs A blosQ fy, geas osx rFkk Roj.k dh /kj.kk dks le>uk gksxk A bl
vè;k; eas ge viuk vè;;u oLrq osQ ,d ljy js[kk osQ vuqfn'k xfr rd gh
lhfer j[ksaxs A bl izdkj dh xfr dks ljy js[kh; xfr Hkh dgrs gSa A ,dleku
Rofjr ljy js[kh; xfr osQ fy, oqQN ljy lehdj.k izkIr fd, tk ldrs gSaA
varr% xfr dh vkisf{kd izo`Qfr dks le>us osQ fy, ge vkisf{kd xfr dh
/kj.kk izLrqr djsaxs A

bl vè;;u eas ge lHkh xfreku oLrqvksa dks vfrlw{e ekudj fcanq :i eas
fu:fir djsaxs A ;g lfUudVu rc rd ekU; gksrk gS tc rd oLrq dk vkdkj
fuf'pr le; varjky eas oLrq }kjk pyh xbZ nwjh dh vis{kk i;kZIr :i ls de
gksrk gS A okLrfod thou eas cgqr&lh fLFkfr;kas eas oLrqvksa osQ vkeki (lkb”k)
dh mis{kk dh tk ldrh gS vkSj fcuk vf/d =kqfV osQ mUgas ,d fcanq&oLrq ekuk
tk ldrk gS A

'kq¼xfrdh eas] ge oLrq dh xfr osQ dkj.kksas ij è;ku u nsdj osQoy mldh
xfr dk gh vè;;u djrs gSa A bl vè;k; ,oa vxys vè;k; eas fofHkUu izdkj
dh xfr;kas dk o.kZu fd;k x;k gS A bu xfr;kas osQ dkj.kksa dk vè;;u ge ik¡posa
vè;k; eas djsaxs A
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O;Dr djsxh A vc ge ∆t dk eku 2 s ls ?kVkdj 1 s dj nsrs
gSa rks P

1
P

2
 js[kk Q

1
Q

2
 gks tkrh gS vkSj bldh izo.krk 3.5 s ls

4.5 s varjky esa vkSlr osx dk eku nsxh A varr% lhekar eku
∆t→0 dh ifjfLFkfr eas js[kk  P

1
P

2 
fLFkfr&le; oØ osQ fcanq

P ij Li'kZ js[kk gks tkrh gS A bl izdkj t = 4 s {k.k ij dkj
dk osx ml fcanq ij [khaph xbZ Li'kZ js[kk dh izo.krk osQ cjkcj
gksxk A ;|fi xzkfiQd fof/ ls bls iznf'kZr djuk oqQN
dfBu gS rFkkfi ;fn blosQ fy, ge xf.krh; fof/ dk
mi;ksx djssa rks lhekar izfØ;k vklkuh ls le>h tk ldrh
gS A fp=k 2.1 eas [khaps x, xzkiQ osQ fy, x = 0.8 t3 gS A
lkj.kh 2.1 eas t=4 s dks osaQnz esas j[kdj ∆t = 2.0 s, 1.0 s,

0.5 s, 0.1 s rFkk 0.01 s osQ fy, ∆x/∆t osQ ewY;ksa dks
n'kkZ;k x;k gS A nwljs vkSj rhljs dkWye eas t

1
(=t–∆t/2) rFkk

t
2
(=t–∆t/2) vkSj pkSFks ,oa ik¡posa dkWye eas x osQ rnuq:i

ekuksas vFkkZr x(t
1
) = 0.08 t3

1
 rFkk x(t

2
) = 0.03 t3

2 
dks

fn[kyk;k x;k gS A NBs dkWye eas varj ∆x = x(t
2
)–x(t

1
)  dks

rFkk vafre dkWye eas ∆x o ∆t osQ vuqikr dks O;Dr fd;k x;k

2.2  rkR{kf.kd osx ,oa pky
tSlk fd ge i<+ pqosQ gSa fd vkSlr osx ls gesa ;g Kkr gksrk
gS fd dksbZ oLrq fdlh fn, x, le; varjky eas fdl xfr ls
py jgh gS] fdUrq blls ;g irk ugha py ikrk fd bl le;
varjky osQ fHkUu&fHkUu {k.kksa ij og fdl xfr ls py jgh gSA
vr% fdlh {k.k t ij osx osQ fy, ge rkR{kf.kd osx ;k
osQoy osx v dks ifjHkkf"kr djrs gSa A

xfreku oLrq dk rkR{kf.kd osx mlosQ vkSlr osx osQ cjkcj
gksxk ;fn mlosQ nks le;ksa (t rFkk t + ∆t) osQ chp dk varjky
(∆t) vuUr% lw{e gks A xf.krh; fof/ ls ge bl dFku dks
fuEu izdkj ls O;Dr djrs gSa &

          ∆x
               v= lim   — (2.1a)

         
∆t→0    ∆t

      
d

d

x

t
= (2.1b)

;gk¡ izrhd 
0→∆t

lim  dk rkRi;Z mlosQ nk;ha vksj fLFkr jkf'k

(tSls 
t

x

∆

∆
) dk og eku gS tks ∆t osQ eku dks 'kwU; dh vksj

(∆t→0) izo`Rr djus ij izkIr gksxk A dyu xf.kr dh Hkk"kk

eas lehdj.k esa nk;ha vksj dh jkf'k 







t

x

d

d

 x dk t osQ lkis{k

vodyu xq.kkad gSA ;g xq.kkad ml {k.k ij oLrq dh fLFkfr
ifjorZu dh nj gksrh gS A

fdlh {k.k ij oLrq dk osx fudkyus osQ fy, ge lehdj.k
(2.1a) dk mi;ksx dj ldrs gSa A blosQ fy, xzkfIkQd ;k
xf.krh; fof/ dks iz;ksx eas ykrs gSa A eku yhft, fd ge
xfreku dkj dk osx t = 4 s (fcanq P) ij fudkyuk pkgrs gSa A
igys ge t = 4 s dks osaQnz eas j[kdj ∆t dks 2 s ysa A vkSlr
osx dh ifjHkk"kk osQ vuqlkj ljy js[kk P

1
P

2
 (fp=k 2.1) dh

izo.krk 3 s ls 5 s osQ varjky eas oLrq osQ vkSlr osx dks

fp=k 2.1 fLFkfr&le; xzkiQ ls osx Kkr djuk A t = 4 s ij osx ml

{k.k ij xzkiQ dh Li'kZ js[kk dh izo.krk gS A

lkj.kh 2.1  t = 4 s osQ fy,  ∆∆∆∆∆x /∆∆∆∆∆t dk lhekar eku

∆∆∆∆∆ t t
1

t
2

x(t
1
) x(t

2
) ∆∆∆∆∆x ∆∆∆∆∆x/∆∆∆∆∆t

(s) (s) (s) (m) (m) (m) (m s–1)

2.0 3.0 5.0 2.16 10.0 7.84 3.92

1.0 3.5 4.5 3.43 7.29 3.86 3.86

0.5 3.75 4.25 4.21875 6.14125 1.9225 3.845

0.1 3.95 4.05 4.93039 5.31441 0.38402 3.8402

0.01 3.995 4.005 5.100824 5.139224 0.0384 3.8400
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gS A ;g vuqikr izFke dkWye eas vafdr ∆t osQ fHkUu&fHkUu
ekuksa osQ laxr vkSlr osx dk eku gS A

lkj.kh 2.1 ls Li"V gS fd tSls&tSls ∆t dk eku
2.0 s ls ?kVkrs&?kVkrs 0.01 s djrs gSa rks vkSlr osx
varr% lhekar eku 3.84 ms-1 osQ cjkcj gks tkrk gS tks
t=4 s ij dkj dk osx gS vFkkZr t=4 s ij dx/dt dk
eku A bl izdkj xfr osQ gj {k.k osQ fy, ge dkj dk osx
fudky ldrs gSa A

;gk¡ ;g ckr è;ku nsus ;ksX; gS fd oLrq dk rkR{kf.kd
osx fudkyus osQ fy, xzkfiQd fof/ lnSo lqfo/ktud
ugha gksrh gS A bl fof/ (xzkfiQd fof/) eas ge xfreku
oLrq osQ fLFkfr&le; xzkiQ dks lko/kuhiwoZd [khaprs gSa
rFkk ∆t dks mÙkjksÙkj de djrs gq, oLrq osQ vkSlr osx
( v ) dh x.kuk djrs tkrs gSa A fHkUu&fHkUu {k.kksa ij oLrq
dk osx fudkyuk rc cgqr vklku gks tkrk gS tc fofHkUu
le;ksa ij gekjs ikl oLrq dh fLFkfr osQ i;kZIr vk¡dM+s
miyC/ gksa vFkok oLrq dh fLFkfr dk le; osQ iQyu osQ
:i eas gekjs ikl ;FkkFkZ O;atd miyC/ gks A ,slh fLFkfr
eas miyC/ vk¡dM+ksa dk mi;ksx djrs gq, le; varjky ∆t

dks Øe'k% lw{e djrs gq, ∆x/∆t dk eku fudkyrs tk,¡xs
vkSj varr% lkj.kh 2-1 eas n'kkZbZ xbZ fof/ osQ vuqlkj ∆x/

∆t dk lhekar eku izkIr dj ysaxs A vU;Fkk fdlh fn, x,
O;atd osQ fy, vody xf.kr dk iz;ksx djosQ xfreku
oLrq osQ fHkUu&fHkUu {k.kksa osQ fy, dx/dt dh x.kuk dj
ysaxs tSlk fd mnkgj.k 2.1 eas crk;k x;k gS A

• mnkgj.k 2.1 x-v{k osQ vuqfn'k fdlh xfreku oLrq
dh fLFkfr fuEufyf[kr lw=k ls O;Dr dh tkrh gS %
x=a+bt2  A ;gk¡ a = 8.5 m, b = 2.5 m s–2  rFkk
le; t dks lsoaQM eas O;Dr fd;k x;k gS A t=0 s rFkk
t=2.0 s {k.kksa ij oLrq dk osx D;k gksxk \ t=2.0 s rFkk
t=4.0 s osQ eè; osQ le; varjky eas oLrq dk vkSlr
osx D;k gksxk \

gy  vody xf.kr dh i¼fr osQ vuqlkj oLrq dk osx

( )2d d
2 5 0

d d

x
v a bt bt .

t t
= = + = = t m s–1

t =0 s {k.k osQ fy, v = 0 m/s, rFkk t =2.0 s le; ij]
v =10 m s–1

   vkSlr osx =
( ) ( )−−

=
− −

2 1

2 1

4.0 2.0( ) ( )

4.0 2.0

x xx t x t

t t

= 
( 16 ) ( 4 )

2.0

+ − +a b a b
  = 6.0b

=   6.0 ×2.5  =   15 m s–1 ¶

è;ku nhft, fd ,dleku xfr eas gj le; (rkR{kf.kd)
osx dk ogh eku gksrk gS tks vkSlr osx dk gksrk gSA

rkR{kf.kd pky ;k osQoy pky xfreku oLrq osQ osx dk
ifjek.k gS A mnkgj.k osQ rkSj ij] osx + 24.0 m s–1 rFkk
–24.0 m s–1  nksuksa eas izR;sd dk ifjek.k 24.0 m s–1 gksxkA
;gk¡ ;g rF; è;ku eas j[kuk gS fd tgk¡ fdlh lhfer le;
varjky eas oLrq dh vkSlr pky mlosQ vkSlr osx osQ ifjek.k
osQ ;k rks cjkcj gksrh gS ;k mlls vf/d gksrh gS  ogha fdlh
{k.k ij oLrq dh rkR{kf.kd pky ml {k.k ij mlosQ rkR{kf.kd
osx osQ ifjek.k osQ cjkcj gksrh gS A ,slk D;ksa gksrk gS \

2.3  Roj.k

LkkekU;r% oLrq dh xfr dh vof/ eas mlosQ osx eas ifjorZu
gksrk jgrk gS A osx eas gks jgs bl ifjorZu dks oSQls O;Dr djsa A
osx eas gks jgs bl ifjorZu dks le; osQ lkis{k O;Dr djuk
pkfg, ;k nwjh osQ lkis{k \ ;g leL;k xSyhfy;ks osQ le;
Hkh Fkh A xSyhfy;ks us igys lkspk fd osx eas gks jgs ifjorZu
dh bl nj dks nwjh osQ lkis{k O;Dr fd;k tk ldrk gS ijarq
tc mUgksaus eqDr :i ls fxjrh gqbZ rFkk ur lery ij xfreku
oLrqvksa dh xfr dk fof/or~ vè;;u fd;k rks mUgksaus ik;k
fd le; osQ lkis{k osx ifjorZu dh nj dk eku eqDr :i ls
fxjrh gqbZ oLrqvksa osQ fy,] fLFkj jgrk gS tcfd nwjh osQ lkis{k
oLrq dk osx ifjorZu fLFkj ugha jgrk oju tSls&tSls fxjrh gqbZ
oLrq dh nwjh c<+rh tkrh gS oSls&oSls ;g eku ?kVrk tkrk gSA
bl vè;;u us Roj.k dh orZeku /kj.kk dks tUe fn;k ftlosQ
vuqlkj Roj.k dks ge le; osQ lkis{k osx ifjorZu osQ :i eas
ifjHkkf"kr djrs gSa A

tc fdlh oLrq dk osx le; osQ lkis{k cnyrk gS rks ge
dgrs gSa fd mleas Roj.k gks jgk gS A osx eas ifjorZu rFkk
rRlacaf/r le; varjky osQ vuqikr dks ge vkSlr Roj.k dgrs
gSa A bls a& ls iznf'kZr djrs gaS %

2 1

2 1

–

–

v v v
a

t t t

∆= =
∆ (2.2)

;gka t
1
, t

2
{k.kksa ij oLrq dk osx Øe'k% v

1
 RkFkk v

2
 gS A ;g

,oQkad le; eas osx eas vkSlr ifjorZu gksrk gS A Roj.k dk
SI ek=kd m s–2 gS A

osx&le; (v-t) xzkiQ ls ge oLrq dk vkSlr Roj.k
fudky ldrs gSa A ;g bl izdkj osQ xzkiQ eas ml ljy js[kk
dh izo.krk osQ cjkcj gksrk gS tks fcanq (v

2
, t

2
) dks fcanq (v

1
, t

1
)

ls tksM+rh gS A
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rkR{kf.kd Roj.k % ftl izdkj geus iwoZ eas rkR{kf.kd osx dh
O;k[;k dh gS] mlh izdkj ge rkR{kf.kd Roj.k dks Hkh
ifjHkkf"kr djrs gSa A oLrq osQ rkR{kf.kd Roj.k dks a ls fpfÉr
djrs gSa] vFkkZr

d

dt 0

v v
a lim

t t∆ →

∆
= =

∆
(2.3)

v–t xzkiQ eas fdlh {k.k oLrq dk Roj.k ml {k.k oØ
ij [khaph xbZ Li'kZ js[kk dh izo.krk osQ cjkcj gksrk gS A

pw¡fd osx ,d lfn'k jkf'k gS ftleas fn'kk ,oa ifjek.k nksuksa
gksrs gSa vr,o osx ifjorZu esa buesa ls dksbZ ,d vFkok nksuksa
fufgr gks ldrs gSa A vr% ;k rks pky (ifjek.k) esa ifjorZu]
fn'kk eas ifjorZu vFkok bu nksuksa eas ifjorZu ls Roj.k dk
mn~Hko gks ldrk gS A osx osQ leku gh Roj.k Hkh /ukRed]
Í.kkRed vFkok 'kwU; gks ldrk gS A blh izdkj osQ Roj.k
laca/h fLFkfr&le; xzkIkQksa dks fp=kksa 2.2 (a), 2.2 (b) rFkk
2.2 (c) esa n'kkZ;k x;k gS A fp=kksa ls Li"V gS fd /ukRed
Roj.k osQ fy, x–t xzkiQ Åij dh vksj ofØr gS fdUrq
Í.kkRed Roj.k osQ fy, xzkiQ uhps dh vksj ofØr gS A 'kwU;
Roj.k osQ fy, x–t xzkiQ ,d ljy js[kk gS A

;|fi xfreku oLrq dk Roj.k le; osQ lkFk&lkFk cny
ldrk gS] ijarq lqfo/k osQ fy, bl vè;k; eas xfr laca/h
gekjk vè;;u ek=k fLFkj Roj.k rd gh lhfer jgsxk A ,slh
fLFkfr eas vkSlr Roj.k a  dk eku xfr dh vof/ eas fLFkj
Roj.k osQ eku osQ cjkcj gksxk A

;fn {k.k t=0 ij oLrq dk osx vñ rFkk t {k.k ij mldk osx
v  gks] rks Roj.k a =a = 

0

0

v v

t

−
−

 gksxk A

vr,o] v= vñ+at (2.4)

vc ge ;g ns[ksaxs fd oqQN ljy mnkgj.kksa eas osx&le;
xzkiQ oSQlk fn[kykbZ nsrk gS A fp=k 2.3 eas fLFkj Roj.k osQ fy,
pkj vyx&vyx fLFkfr;ksa eas v – t xzkiQ fn[kk, x, gSa%

(a) dksbZ oLrq /ukRed fn'kk eas /ukRed Roj.k ls xfreku gS A
(b) dksbZ oLrq /ukRed fn'kk esa Í.kkRed Roj.k ls xfreku

gS A
(c) dksbZ oLrq Í.kkRed fn'kk eas Í.kkRed Roj.k ls

xfreku gS A
(d) dksbZ oLrq igys t

1
 le; rd /ukRed fn'kk eas pyrh gS

vkSj fiQj Í.kkRed fn'kk eas Í.kkRed Roj.k osQ lkFk
xfreku gS A
fdlh xfreku oLrq osQ osx&le; xzkiQ dk ,d egÙoiw.kZ

y{k.k gS fd v–t xzkiQ osQ varxZr vkus okyk {ks=kiQy oLrq
dk foLFkkiu O;Dr djrk gSA bl dFku dh lkekU; miifÙk
osQ fy, vody xf.kr dh vko';drk iM+rh gS rFkkfi
lqxerk osQ fy, ,d fLFkj osx u ls xfreku oLrq ij fopkj
djosQ bl dFku dh lR;rk izekf.kr dj ldrs gSa A bldk
osx&le; xzkiQ fp=k 2.4 eas fn[kk;k x;k gS A

fp=k 2.2 ,slh xfr osQ fy, fLFkfr&le; xzkiQ ftlosQ fy,
(a) Roj.k /ukRed gS] (b) Roj.k Í.kkRed gS rFkk
(c) Roj.k 'kwU; gS A

(a) (b) (c)

/ukRed ½.kkRed

fp=k 2.3 fLFkj Roj.k osQ lkFk xfreku oLrq dk osx&le;
xzkiQ (a) /ukRed Roj.k ls /ukRed fn'kk eas
xfr] (b) Í.kkRed Roj.k ls /ukRed fn'kk eas
xfr] (c) Í.kkRed Roj.k ls Í.kkRed fn'kk eas
xfr] (d) Í.kkRed Roj.k osQ lkFk oLrq dh xfr
tks le; t

1
 ij fn'kk cnyrh gS A 0 ls t

1

le;kof/ esa ;g /ukRed x dh fn'kk eas xfr
djrh gS tcfd t

1
 o t

2
 osQ eè; og foijhr fn'kk

eas xfreku gS A

(a) (b)

(c) (d)
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fp=k 2.4 v-t xzkiQ osQ varxZr vkus okyk {ks=kiQy oLrq }kjk

fuf'pr le; varjky eas foLFkkiu O;Dr djrk gS A

fp=k eas v-t oØ le; v{k osQ lekarj ,d ljy js[kk
gS A t=0 ls t=T  osQ eè; bl js[kk osQ varxZr vkus okyk
{ks=kiQy ml vk;r osQ {ks=kIkQy osQ cjkcj gS ftldh Å¡pkbZ
u rFkk vk/kj T gS A vr,o {ks=kiQy = u × T = uT, tks bl
le; eas oLrq osQ foLFkkiu dks O;Dr djrk gS A dksbZ
{ks=kiQy nwjh osQ cjkcj oSQls gks ldrk gS \ lksfp, ! nksuksa
funsZ'kkad v{kksa osQ vuqfn'k tks jkf'k;k¡ vafdr dh xbZ gSa] ;fn
vki mudh foekvksa ij è;ku nsaxs rks vkidks bl iz'u dk
mÙkj fey tk,xkA

è;ku nhft, fd bl vè;k; eas vusoQ LFkkuksa ij [khaps x,
x–t, v–t rFkk a–t xzkIkQksa eas oqQN fcanqvksas ij rh{.k eksM+
gSa A bldk vk'k; ;g gS fd fn, x, iQyuksa dk bu
fcanqvksa ij vodyu ugha fudkyk tk ldrk A ijarq fdlh
okLrfod ifjfLFkfr esa lHkh xzkiQ fu"dks.k oØ gksaxs vkSj
muosQ LkHkh fcanqvksa ij iQyuksa dk vodyu izkIr fd;k
tk ldrk gSA

bldk vfHkizk; gS fd osx rFkk Roj.k fdlh {k.k
lglk ugha cny ldrsA ifjorZu lnSo lrr gksrk gSA

2.4 ,dleku Roj.k ls xfreku oLrq dk 'kq¼xfrdh
laca/h lehdj.k

vc ge ,dleku Roj.k ‘a’ ls xfreku oLrq osQ fy, oqQN
xf.krh; lehdj.k O;qRiUu dj ldrs gSa tks ik¡pksa jkf'k;ksa
dks fdlh izdkj ,d nwljs ls lacaf/r djrs gSa A ;s jkf'k;k¡ gSa%
foLFkkiu (x), fy;k x;k le;  (t),  t = 0 le; ij oLrq dk
izkjafHkd osx (vo )] le; t chr tkus ij vafre osx (v), rFkk
Roj.k (a) A ge igys gh vo  vkSj v osQ eè; ,d lehdj.k
(2.4) izkIr dj pqosQ gSa ftleas ,dleku Roj.k a rFkk le;
t fufgr gSa A ;g lehdj.k gS %

v =   vo  + at (2.4)

bl lehdj.k dks fp=k 2.5 eas xzkiQ osQ :i eas fu:fir fd;k
x;k gS A

fp=k 2.5 ,dleku Roj.k ls xfreku oLrq osQ fy, v-t oØ osQ

uhps dk {ks=kiQy A

bl oØ osQ varxZr vkus okyk {ks=kiQy :
0 ls t  le; osQ chp dk {ks=kiQy = f=kHkqt ABC  dk
{ks=kiQy +  vk;r OACD dk {ks=kiQy

= 
2

1
(v–v0 ) t + v0 t

tSls fd igys Li"V fd;k tk pqdk gS] v-t xzkiQ osQ varxZr
vkus okyk {ks=kiQy oLrq dk foLFkkiu gksrk gSA vr% oLrq dk
foLFkkiu x gksxk%

x = 
2

1
(v–v0 ) t + v0 t (2.5)

ijarq v–v0  = at

vr% x  = 
2

1
at2 + v0 t

vFkok x = v0 t +
2

1
at2 (2.6)

lehdj.k (2.5) dks ge fuEu izdkj Hkh fy[k ldrs gSa
        v+v0

x =   t
          2

    = & v.t (2.7a)

           
0

2

v v
v

+
=   (ek=k fLFkj Roj.k osQ fy,)

(2.7b)

lehdj.k (2.7a) rFkk (2.7b) dk vfHkizk; gS fd oLrq dk
foLFkkiu x ekè; osx & v  ls gksrk gS tks izkjafHkd ,oa vafre
osxksa osQ lekarj ekè; osQ cjkcj gksrk gS A

lehdj.k (2.4) ls t = (v–v0)/a A ;g eku lehdj.k (2.7a)

esa j[kus ij
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2 2

0 0 0

2 2

v v v v v v
x v t .

a a

+ − −
= = =

       2 2

0 2v v ax= + (2.8)

;fn ge lehdj.k (2.4) ls t  dk eku lehdj.k (2.6) esa
j[k nsa rks Hkh mijksDr lehdj.k dks izkIr fd;k tk ldrk gSA
bl izdkj ikapksa jkf'k;ksa v0, v, a, t rFkk x osQ chp laca/ LFkkfir
djusokys gesa rhu egÙoiw.kZ lehdj.k izkIr gq,&

0v v at= +

   
2

0

1

2
x v t at= +

2 2

0 2v v ax= + (2.9a)

;s lHkh ,dleku Rofjr ljy js[kh; xfr osQ 'kq¼xfrd
lehdj.k gSa A

O;atd (2.9a) esa tks lehdj.k fn, x, gSa] mldh O;qRifRr
osQ fy, geus ekuk gS fd {k.k t = 0 ij oLrq dh fLFkfr 0
gS (vFkkZr~ x = 0) A ijarq ;fn ge ;g eku ysa fd {k.k t =
0 ij oLrq dh fLFkfr 'kwU; u gks] oju~ v'kwU; ;kuh x

0
 gks rks

lehdj.k (2.9a) vkSj O;kid lehdj.k eas :ikarfjr gks tk,xh
(;fn ge x osQ LFkku ij x–x

0
 fy[ksa)%

0v v at= +

2

0 0

1

2
x x v t at= + + (2.9b)

2 2

0 02 ( )v v a x x= + − (2.9c)

• mnkgj.k 2.2 dyu&fof/ dk mi;ksx dj ,dleku
Roj.k osQ fy, 'kq¼xfrd lehdj.k izkIr dhft,A

gy  ifjHkk"kk ls

d

d

v
a

t
=

 dv = a dt

nksuksa i{kksa osQ lekdyu ls

d d
0 0

v a t
v

v t

=∫ ∫

= ∫a t
t

d
0

(a vpj gS)

0
–v v at=

       
0

v v at= +

iqu%       
d

d

x
v

t
=

      dx = v dt

nksuksa i{kksa osQ lekdyu ls

d d
00

x v t
t

x

x

= ∫∫

( ) d
0

v at t
t

+∫
0

2

0 0

1
–

2
x x v t a t= +

      x   = 
2

0 0

1

2
x v t a t+ +

ge fy[k ldrs gSa %

d d d d

d d d d

v v x v
a v

t x t x
= = =

vFkok] v dv = a dx

nksuksa i{kksa osQ lekdyu ls

v v a x
x

x

v

v

d d
00

= ∫∫

( )
2 2

0

0

–
–

2

v v
a x x=

( )2 2

0 02 –v v a x x= +

bl fof/ dk ykHk ;g gS fd bldk iz;ksx vleku Roj.k
okys xfr osQ fy, Hkh dj ldrs gSaA

vc ge mijksDr lehdj.kksa dk mi;ksx oqQN egÙoiw.kZ
mnkgj.kksa eas djsaxs A

• mnkgj.k 2.3 fdlh cgqeaftys Hkou dh Åijh Nr ls
dksbZ xsan  20 m s–1  osQ osx ls Åij dh vksj ÅèokZ/j
fn'kk eas isaQdh xbZ gS A ftl fcanq ls xsan isaQdh xbZ
gS /jrh ls mldh Å¡pkbZ 25.0 m gS A (a)  xsan fdruh
Åij tk,xh \] rFkk (b) xsan /jrh ls Vdjkus osQ igys
fdruk le; ysxh\ g = 10 m s–2 A

gy  (a) y – v{k dks fp=k 2.6 eas fn[kk, x, vuqlkj
ÅèokZ/j fn'kk eas Åij dh vksj bl izdkj pqurs gSa fd v{k dk
'kwU; fcanq /jrh ij gks A

vc] v
o
 
= + 20 m s–1,

   a  =  – g = –10 m s–2,

   v  =  0 m s–1
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vr% t
2 
= 3 s

blfy, /jrh ij Vdjkus osQ igys xsan }kjk fy;k x;k oqQy
le; t

1
 + t

2 
= 2 s + 3 s = 5 s gksxk A

nwljh fof/ % ewy fcanq osQ lkis{k xsan osQ izkjafHkd rFkk vafre
fLFkfr;ksa osQ funsZ'kkadksa dks fuEufyf[kr lehdj.k eas mi;ksx djosQ
ge xsan }kjk fy, x, oqQy le; dh x.kuk dj ldrs gSa %

1 2

0 0 2
y y v t at= + +

y =  0 m,  y
0 
= 25 m,

 
v

0 
= 20 m s–1, a = –10 m s–2,

t = ?

0 = 25 + 20 t + (1/2) (–10)t2

;k     5t2– 20t – 25 = 0

t osQ fy, ;fn bl f}?kkrh lehdj.k dks gy djsa] rks

t = 5 s

è;ku nhft, fd nwljh fof/ igyh ls Js"B gS D;ksafd blesa
gesa xfr osQ iFk dh fpark ugha djuh gS D;ksafd oLrq fLFkj
Roj.k ls xfreku gS A ¶

• mnkgj.k 2.4  eqDr iru % Lora=krkiwoZd uhps dh
vksj fxjrh gqbZ oLrq dh xfr dk o.kZu dhft, A
ok;qtfur izfrjks/ dh mis{kk dh tk ldrh gS A

gy  ;fn /jrh dh lrg ls FkksM+h ÅapkbZ ij ls dksbZ oLrq NksM+
nh tk, rks og ìFoh dh vksj xq#Ro cy osQ dkj.k Rofjr gksxhA
xq#Rotfur Roj.k dks ge g ls O;Dr djrs gSa A ;fn oLrq ij
ok;q osQ izfrjks/ dks ge ux.; ekusa rks ge dgsaxs fd oLrq dk
iru eqDr :i ls gks jgk gS A ;fn fxjrh gqbZ oLrq }kjk pyh
xbZ nwjh i`Foh dh f=kT;k dh rqyuk eas cgqr de gS] rks ge g
osQ eku dks fLFkj vFkkZr 9.8 m s–2 ys ldrs gSaA
bl izdkj eqDr iru ,dleku Roj.k okyh xfr dk ,d
mnkgj.k gS A

ge ;g ekusaxs fd oLrq dh xfr &y fn'kk eas gS] D;ksafd
Åij dh fn'kk dks ge /ukRed ekurs gSa A xq#Roh; Roj.k dh
fn'kk lnSo uhps dh vksj gksrh gS] blfy,  bls ge Í.kkRed
fn'kk eas yssrs gSa A

vr,o] a = –g = – 9.8 m s–2

oLrq dks y = 0 fLFkfr eas fojkekoLFkk ls fxjkrs gSa A blfy,
v

0
=0  vkSj oLrq osQ fy, xfr laca/h (2.9a)  esa fn, x,

;fn isaQosQ x, fcanq ls xsan y  Å¡pkbZ rd tkrh gS rks lehdj.k

v2 = 2

0
v

 
+ 2a(y – y

0
) ls gesa fuEUkfyf[kr ifj.kke feysxk&

0 = (20)2 + 2(–10)(y – y
0
)] gy djus ij]

∴ y – y
0
 = 20 m

(b) bl [k.M dk mÙkj ge nks izdkj ls izkIr dj ldrs gSa A
bu nksuksa fof/;ksa dks è;kuiwoZd le>sa A

fp=k 2.6

igyh fof/ % bleas] ge xsan osQ ekxZ dks nks Hkkxksa eas foHkkftr
djrs gSa % Åij dh vksj xfr (A ls B) rFkk uhps dh vksj xfr
(B ls C) rFkk laxr le; t

1
 o t

2 
fudky ysrs gSa A D;ksafd B

ij osx 'kwU; gS] blfy, %
v  =v

0
 + at

0  =20 – 10 t
1

;k t
1   

=2 s

bl le; eas xsan fcanq A ls B ij igqaprh gS A B vFkkZr
vf/dre Å¡pkbZ ls xsan xq#Rotfur Roj.k ls eqDr :i ls uhps
dh vksj fxjrh gS A D;ksafd xsan y dh Í.kkRed fn'kk osQ
vuqfn'k pyrh gS] blfy, fuEufyf[kr lehdj.k dk mi;ksx
djosQ ge t

2
 dk eku fudky ysrs gSa&

2

0 0

1

2
y y v t at= + +

gesa y
0 
= 45 m fn;k gS rFkk y = 0, v

0
= 0, a = –g =

–10 m s–2

∴ 0 = 45 +(1/2) (–10) t
2

2
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lehdj.k fuEufyf[kr izdkj ls O;Dr fd, tk ldrs gSa&

 v =  0 – g t = –9.8 t  m s–1

y =  0 – ½  g t2 = –4.9 t 2 m

v2 = 0 – 2 g y = –19.6 y m2 s–2

;s lehdj.k oLrq osQ osx] vkSj mlosQ }kjk pyh xbZ nwjh dks
le; osQ iQyu osQ :i eas rFkk nwjh osQ lkis{k mlosQ osx eas
ifjorZu dks O;Dr djrs gSa A le; osQ lkis{k Roj.k] osx rFkk
nwjh osQ ifjorZu dks fp=k 2.7(a), (b) rFkk (c) esa fn[kyk;k
x;k gS A ¶

• mnkgj.k 2.5 xSyhfy;ks dk fo"ke vad lacaf/r
fu;e % bl fu;e osQ vuqlkj ^^fojkekoLFkk ls fxjrh
gqbZ fdlh oLrq }kjk leku le; varjkyksa eas pyh xbZ
nwfj;k¡ ,d nwljs ls mlh vuqikr eas gksrh gSa ftl vuqikr
eas ,d ls izkjaHk gksus okys fo"ke vad [vFkkZr 1% 3% 5%
7,.......]’’A bl dFku dks fl¼ dhft, A

gy  ge fojkekoLFkk ls fxjrh gqbZ fdlh oLrq osQ le;
varjky dks cgqr&ls leku le; varjkyksa τ eas foHkDr dj
ysrs gSa rFkk Øe'k% bu le; varjkyksa eas oLrq }kjk pyh xbZ
nwjh fudkyrs tkrs gSa A bl fLFkfr eas oLrq dk izkjafHkd osx
'kwU; gS] vr%

21

2
y gt= −

bl lehdj.k dh lgk;rk ls ge fHkUu&fHkUu le; varjkyksa
0, τ, 2τ, 3τ, ...... esa oLrq dh fLFkfr;ksa dh x.kuk dj ldrs
gSa ftUgsa lkj.kh 2-2 osQ nwljs dkWye eas fn[kk;k gS A ;fn izFke
le; varjky τ ij oLrq dk fLFkfr funsZ'kkad y

0
 ysa (y

0

= (–1/2)gτ2)  rks vkxs osQ le; varjkyksa osQ ckn oLrq dh
fLFkfr;ksa dks y

0 
 osQ ek=kd eas dkWye rhu eas fn, x, rjhosQ

ls O;Dr dj ldrs gSa A Øfed le; varjkyksa (izR;sd τ) esa
pyh xbZ nwfj;ksa dks dkWye pkj eas O;Dr fd;k x;k gS A Li"V
gS fd Øe'k% le; varjkyksa eas oLrq }kjk pyh xbZ nwfj;k¡
1:3:5:7:9:11...... osQ ljy vuqikr esa gSa tSlk fd vafre
dkWye eas fn[kk;k x;k gS A

bl fu;e dks loZizFke xSyhfy;ks xSfyyh (1564-1642)
us izfrikfnr fd;k Fkk ftUgksaus eqDr :i ls fxjrh gqbZ
oLrq dk igyh ckj fof/or ifjek.kkRed vè;;u
fd;k Fkk A

• mnkgj.k 2.6 okguksa dh vojks/u nwjh % vojks/u
nwjh ls gekjk vfHkizk; ml nwjh ls gS tks xfreku oLrq
czsd yxkus osQ dkj.k #dus ls igys py pqdh gksrh gS A
lM+d ij xfreku okguksa dh lqj{kk osQ laca/ eas ;g ,d
egÙoiw.kZ dkjd gS A ;g nwjh okgu osQ izkjafHkd osx (v

o
)

rFkk mlosQ czsd dh {kerk ;k czsd yxk, tkus osQ
ifj.kkeLo:i okgu eas mRiUu eanu –a ij fuHkZj djrh
gSA fdlh okgu dh vojks/u nwjh osQ fy, v

o
 rFkk a

osQ inksa eas O;atd fudkfy, A

(a)

(b)

(c)

fp=k 2.7 eqDr iru esa oLrq dh xfr A (a)  le; osQ vuq:i
oLrq osQ Roj.k eas ifjorZu] (b) le; osQ vuq:i oLrq
osQ osx eas ifjorZu] (c) le; osQ vuq:i oLrq dh
fLFkfr eas ifjorZu A
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gy  eku yhft, fd okgu #dus osQ iwoZ d
s
 nwjh py pqdk

gS A xfr laca/h lehdj.k v2 = v
0

2 + 2ax esa ;fn vafre osx
v = 0 rks vojks/u nwjh

2

0–

2
s

v
d

a
=

gksxhA vr% vojks/u nwjh okgu osQ izkjafHkd osx osQ oxZ
osQ lekuqikrh gksrh gS A ;fn izkjafHkd osx dks nwuk dj
fn;k tk, rks mlh eanu osQ fy, vojks/u nwjh pkj xquh gks tk,xhA

dkj osQ fdlh fof'k"V ekWMy osQ fy, fofHkUu osxksa 11,

15, 20 rFkk 25 m s–1 osQ laxr vojks/u nwfj;k¡ Øe'k%
10 m, 20 m, 34 m rFkk 50 m ikbZ xbZ gSa tks mijksDr
lehdj.k ls izkIr ekuksa osQ yxHkx laxr gSa A

oqQN {ks=kksa] tSls fdlh fo|ky; osQ fudV okguksa dh pky
dh lhek osQ fu/kZj.k eas vojks/u nwjh dk Kku ,d egÙoiw.kZ
dkjd gksrk gS A ¶

• mnkgj.k 2.7 izfrfØ;k dky % dHkh&dHkh gekjs
lkeus ,slh ifjfLFkfr iSnk gks tkrh gS fd gels rR{k.k
dk;Zokgh dh vis{kk dh tkrh gS foaQrq vuqfØ;k O;Dr
djus eas gels oqQN le; yx tkrk gS A izfrfØ;k dky
fdlh O;fDr dks dksbZ ?kVukØe ns[kus eas] mlosQ fo"k;
eas lkspus eas RkFkk dk;Zokgh djus eas yxus okyk le; gS A
mnkgj.kLo:i] eku yhft, fd dksbZ O;fDr lM+d ij
dkj pyk jgk gS vkSj vpkud jkLrs eas ,d yM+dk
lkeus vk tkrk gS rks dkj eas rsth ls czsd yxkus osQ
igys O;fDr dks tks le; yx tkrk gS] mls izfrfØ;k
dky dgsaxs A izfrfØ;k dky ifjfLFkfr dh tfVyrk
,oa O;fDr fo'ks"k ij fuHkZj djrk gS A

vki Lo;a dk izfrfØ;k dky ,d lk/kj.k iz;ksx
}kjk eki ldrs gSa A vki vius fe=k dks ,d :yj nsa
vkSj mlls dgsa fd og vkiosQ gkFk osQ vaxwBs vkSj rtZuh
osQ chp dh [kkyh txg ls :yj ÅèokZ/j fn'kk eas fxjk
ns (fp=k 2.8) A T;ksagh :yj dks NksM+k tk, vki mls
idM+ ysa A bu nksuksa ?kVukvksa (:yj dks NksM+us rFkk vkiosQ
}kjk idM+us) osQ chp yxs le; t

r
 rFkk :yj }kjk pyh

xbZ nwjh d dks uki ysa A fdlh fo'ks"k mnkgj.k eas d = 21.0

cm gS rks izfrfØ;k dky dh x.kuk dhft, A

gy  :yj eqDr :i ls fxjrk gS] vr% v
0
 = 0, a = – g = –9.8

ms–2 izfrfØ;k dky t
r
 rFkk r; dh xbZ nwjh (d) eas laca/ gS]

2
r

1
d gt

2
= −

;k
2

sr

d
t  

g
=

;fn d = 21.0 cm vkSj g = 9.8 ms–2 gS] rks

   
2×0.21

 s 0.2 s
9.8

rt = ≅

lkfj.kh 2.2

t y y dk eku] Øfed le; pyh xbZ nwfj;ksa
y

0 
osQ inksa eas varjkyksa eas pyh dk vuqikr

y
o 
[=(–1/2)g τττττ2] xbZ nwjh

0 0 0

τ –(1/2)gτ2 y
o

y
o

1

2τ –4(1/2)gτ2 4y
o

3y
o

3

3τ –9(1/2)gτ2 9y
o

5y
o

5

4τ –16(1/2)gτ2 16y
o

7y
o

7

5τ –25(1/2)gτ2 25y
o

9y
o

9

6τ –36(1/2)gτ2 36y
o

11y
o

11 ¶

fp=k 2.8 izfrfØ;k dky dk ekiu A

vkidk gkFk

:yj

fe=k dk gkFk
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lkjka'k

1. ;fn fdlh oLrq dh fLFkfr le; osQ lkFk cnyrh gS rks ge dgrs gSa fd oLrq xfreku gSA ,d ljy jSf[kd xfr esa
oLrq dh fLFkfr dks lqxerk osQ n`f"Vdks.k ls pqus x, fdlh ewy fcanq osQ lkis{k fufnZ"V fd;k tk ldrk gS A ewy fcanq
osQ nk;ha vksj dh fLFkfr;ksa dks èkukRed rFkk ck;ha vksj dh fLFkfr;ksa dks Í.kkRed dgk tkrk gS A

2. fdlh oLrq }kjk pyh xbZ nwjh dh yackbZ dks iFk&yackbZ osQ :i esa ifjHkkf"kr djrs gSa A
3. oLrq dh fLFkfr esa ifjorZu dks ge foLFkkiu dgrs gSa vkSj bls ∆x ls fu:fir djrs gSa_

∆x = x
2
 – x

1

x
1
 vkSj x

2 
oLrq dh Øe'k% izkjafHkd rFkk vafre fLFkfr;k¡ gSa A

iFk&yackbZ mUgha nks fcanqvksa osQ chp foLFkkiu osQ ifj.kke osQ cjkcj ;k mlls vfèkd gks ldrh gS A

4. tc dksbZ oLrq leku le; varjky esa leku nwfj;k¡ r; djrh gS rks ,slh xfr dks ,dleku xfr dgrs gSa A ;fn ,slk
ugha gS rks xfr vleku gksrh gS A

5. foLFkkiu dh vofèk osQ le; varjky }kjk foLFkkiu dks foHkkftr djus ij tks jkf'k izkIr gksrh gS] mls vkSlr osx
dgrs gSa rFkk bls v  }kjk fpfÉr djrs gSa_

v
x

t
=

∆

∆
x – t  xzkiQ esa fdlh fn, x, varjky dh vofèk esa vkSlr osx ml ljy js[kk dh izo.krk gS tks le; varjky dh
izkajfHkd ,oa vafre fLFkfr;ksa dks tksM+rh gS A

6. oLrq dh ;k=kk dh vofèk esa pyh xbZ oqQy iFk&yackbZ ,oa blesa yxs le; varjky vuqikr dks vkSlr pky dgrs gSa A
fdlh oLrq dh vkSlr pky fdlh fn, x, le; vUrjky esa mlosQ vkSlr ossx osQ ifj.kke osQ cjkcj vFkok vfèkd
gksrh gS A

7. tc le; vrajky ∆t vR;Yi gks rks oLrq osQ vkSlr osx osQ lhekUr eku dks rkR{kf.kd osx ;k osQoy osx dgrs gSa %

d

dt 0 t 0

x x
v lim v lim

t t∆ → ∆ →

∆
= = =

∆
fdlh {k.k oLrq dk osx ml {k.k LFkku le;&xzkiQ dh izo.krk osQ cjkcj gksrk gS A

8. oLrq osQ osx esa ifjorZu dks laxr le; varjky ls foHkkftr djus ij tks jkf'k izkIr gksrh gS] mls vkSlr Roj.k dgrs gSa %

v
a

t

∆=
∆

9. tc le; varjky vR;Yi ∆t→0 gks rks] oLrq osQ vkSlr Roj.k osQ lhekUr eku dks rkR{kf.kd Roj.k ;k osQoy Roj.k
dgrs gSa %

d

dt 0 t 0

v v
a lim a lim

t t∆ → ∆ →

∆
= = =

∆
fdlh {k.k oLrq dk Roj.k ml {k.k osx&le; xzkiQ dh izo.krk osQ cjkcj gksrk gS A ,dleku xfr osQ fy, Roj.k
'kwU; gksrk gS rFkk x - t xzkiQ le;&v{k ij vkur ,d ljy js[kk gksrh gS A blh izdkj ,dleku xfr osQ
fy, v - t xzkiQ le;&v{k osQ lekarj ljy js[kk gksrh gS A ,dleku Roj.k osQ fy, x - t xzkiQ ijoy; gksrk gS tcfd
v - t xzkiQ le;&v{k osQ vkur ,d ljy js[kk gksrh gS A

10. fdUgha nks {k.kksa t
1
 rFkk t

2
 osQ eè; [khaps x, osx&le; oØ osQ varxZr vkus okyk {ks=kiQy oLrq osQ foLFkkiu osQ cjkcj

gksrk gS A
11. ,dleku Roj.k ls xfreku oLrq osQ fy, oqQN lkekU; lehdj.kksa dk ,d lewg gksrk gS ftlls ik¡p jkf'k;k¡ ;Fkk foLFkkiu

x] rRlacaf/r le; t, izkjafHkd osx v
o
, vafre osx v rFkk Roj.k a ,d nwljs ls lacaf/r gksrs gSa A bu lehdj.kksa dks

oLrq osQ 'kq¼xfrd lehdj.kksa osQ uke ls tkuk tkrk gS %

v = v
0
 +  at
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HkkSfrd jkf'k izrhd foek,¡ ek=kd fVIi.kh

iFk&yackbZ [L] m

foLFkiu ∆x [L] m = x
2
 - x

1

,d foek esa bldk fpÉ fn'kk dks
bafxr djrk gS A

osx [LT-1] m s–1

(a) vkSlr v
t

x

∆

∆
=

(b) rkR{kf.kd  v
0

d

dt

x x

t t

lim
∆ →

∆
= =

∆
,d foek esa bldk fpÉ fn'kk
dks bafxr djrk gS

pky [LT–1] m s–1

(a) vkSlr =
le; vra jky

iFk & yca kbZ

(b) rkR{kf.kd =  
t

x

d

d

Roj.k [LT–2] m s–2

(a) vkSlr a
v

t

∆
=

∆

(b) rkR{kf.kd a
d

0 d

v v
lim
t t t

∆
= =

∆ → ∆

,d foek esa bldk fpÉ fn'kk
dks bafxr djrk gS

           x v t
1

2
at

0

2
= +

             v v 2ax
2

0

2
= +

bu lehdj.kksa esa {k.k t = 0 ij oLrq dh fLFkfr x = 0 yh xbZ gS A ;fn oLrq x = x
o
 ls pyuk izkjaHk djs rks mi;qZDr

lehdj.kksa esa x osQ LFkku ij (x – x
o
) fy[ksaxs A

fopkj.kh; fo"k;

1. ewy fcanq rFkk fdlh v{k dh /ukRed fn'kk dk p;u viuh #fp dk fo"k; gS A vkidks lcls igys bl p;u dk
mYys[k dj nsuk pkfg, vkSj blh osQ ckn jkf'k;ksa_ tSls& foLFkkiu] osx rFkk Roj.k osQ fpÉksa dk fu/kZj.k djuk pkfg, A

2. ;fn fdlh oLrq dh pky c<+rh tk jgh gS rks Roj.k osx dh fn'kk esa gksxk ijarq ;fn pky ?kVrh tkrh gS rks Roj.k osx
dh foijhr fn'kk esa gksxk A ;g dFku ewy fcanq rFkk v{k osQ pquko ij fuHkZj ugha djrk A

3. Roj.k osQ fpÉ ls gesa ;g irk ugha pyrk fd oLrq dh pky c<+ jgh gS ;k ?kV jgh gS A Roj.k dk fpÉ (tSlk fd
mijksDr fcanq 1 esa cryk;k x;k gS) v{k osQ /ukRed fn'kk osQ p;u ij fuHkZj djrk gS A mnkgj.k osQ rkSj ij ;fn
mQij dh vksj mQèokZ/j fn'kk dks v{k dh /ukRed fn'kk ekuk tk, rks xq#Rotfur Roj.k ½.kkRed gksxk A ;fn dksbZ
oLrq xq#Ro osQ dkj.k uhps dh vksj fxj jgh gS rks Hkh oLrq dh pky c<+rh tk,xh ;|fi Roj.k dk eku ½.kkRed gSA
oLrq mQij dh fn'kk esa isaQdh tk, rks mlh ½.kkRed (xq#Rotfur) Roj.k osQ dkj.k oLrq dh pky esa deh vkrh tk,xhA
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4. ;fn fdlh {k.k oLrq dk osx 'kwU; gS rks ;g vko';d ugha gS fd ml {k.k mldk Roj.k Hkh 'kwU; gks A dksbZ oLrq
{kf.kd :i ls fojkekoLFkk esa gks ldrh gS rFkkfi ml {k.k mldk Roj.k 'kwU; ugha gksxk A mnkgj.kLo:i] ;fn fdlh
oLrq dks mQij dh vksj isaQdk tk, rks 'kh"kZLFk fcanq ij mldk osx rkss 'kwU; gksxk ijarq bl volj ij mldk Roj.k
xq#Rotfur Roj.k gh gksxk A

5. xfr laca/h 'kq¼xfrd lehdj.kksa ¹lehdj.k (2.9)º dh fofHkUu jkf'k;k¡ chtxf.krh; gSa vFkkZr os /ukRed ;k ½.kkRed
gks ldrh gSa A ;s lehdj.k lHkh ifjfLFkfr;ksa (fLFkj Roj.k okyh ,dfoeh; xfr) osQ fy, mi;qDr gksrs gSa c'krsZ lehdj.kksa
esa fofHkUu jkf'k;ksa osQ eku mi;qDr fpÉksa osQ lkFk j[ks tk,¡ A

6. rkR{kf.kd osx rFkk Roj.k dh ifjHkk"kk,¡ [lehdj.k (2.1) rFkk lehdj.k (2.3) ] ;FkkFkZ gSa vkSj lnSo lgh gSa tcfd
'kq¼xfrd lehdj.k [lehdj.k (2.9)] mUgha xfr;ksa osQ fy, lgh gS ftuesa xfr dh vof/ esa Roj.k dk ifjek.k vkSj
fn'kk fLFkj jgrs gSa A

vH;kl

2.1 uhps fn, x, xfr osQ dkSu ls mnkgj.kksa esa oLrq dks yxHkx fcanq oLrq ekuk tk ldrk gS %
(a) nks LVs'kuksa osQ chp fcuk fdlh >VosQ osQ py jgh dksbZ jsyxkM+h A
(b) fdlh o`Ùkh; iFk ij lkbfdy pyk jgs fdlh O;fDr osQ mQij cSBk dksbZ canj A
(c) tehu ls Vdjk dj rsth ls eqM+us okyh fØosQV dh dksbZ fiQjdrh xasn A
(d) fdlh est osQ fdukjs ls fiQly dj fxjk dksbZ chdj A

2.2 nks cPps A o B vius fo|ky; O ls ykSV dj vius&vius ?kj Øe'k% P rFkk Q dks tk jgs gSa A muosQ fLFkfr&le;
(x - t ) xzkiQ fp=k 2.9 esa fn[kk, x, gSa A uhps fy[ks dks"Bdksa esa lgh izfof"V;ksa dks pqfu, %
(a) B/A dh rqyuk esa A/B fo|ky; ls fudV jgrk gS A
(b) B/A dh rqyuk esa A/B fo|ky; ls igys pyrk gS A
(c) B/A dh rqyuk A/B rst pyrk gS A
(d) A vkSj B ?kj (,d gh@fHkUu) le; ij igq¡prs gSa A
(e) A/B lM+d ij B/A ls (,d ckj@nks ckj) vkxs gks tkrs gSa A

2.3 ,d efgyk vius ?kj ls izkr% 9.00 cts 2.5 km nwj vius dk;kZy; osQ fy, lh/h lM+d ij 5 km h–1 pky ls
pyrh gS A ogk¡ og lk;a 5.00 cts rd jgrh gS vkSj 25 km h–1 dh pky ls py jgh fdlh vkWVks fjD'kk }kjk vius
?kj ykSV vkrh gS A mi;qDr iSekuk pqfu, rFkk mldh xfr dk x - t xzkiQ [khafp, A

2.4 dksbZ 'kjkch fdlh rax xyh esa 5 dne vkxs c<+rk gS vkSj 3 dne ihNs vkrk gS] mlosQ ckn fiQj 5 dne vkxs c<+rk
gS vkSj 3 dne ihNs vkrk gS] vkSj blh rjg og pyrk jgrk gS A mldk gj dne 1m yack gS vkSj 1s le; yxrk
gS A mldh xfr dk x - t xzkiQ [khafp, A xzkiQ ls rFkk fdlh vU; fof/ ls ;g Kkr dhft, fd og tgka ls pyuk
izkjaHk djrk gS ogk¡ ls 13 m nwj fdlh xbs esa fdrus le; i'pkr fxjrk gS A

fp=k 2.9
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2.5 dksbZ tsV ok;q;ku 500 km h–1 dh pky ls py jgk gS vkSj ;g tsV ;ku osQ lkis{k 1500 km h–1 dh pky ls vius
ngu mRiknksa dks ckgj fudkyrk gS A tehu ij [kM+s fdlh izs{kd osQ lkis{k bu ngu mRiknksa dh pky D;k gksxh \

2.6 lh/s jktekxZ ij dksbZ dkj 126 km h–1 dh pky ls py jgh gS A bls 200 m dh nwjh ij jksd fn;k tkrk gS A dkj
osQ eanu dks ,dleku ekfu, vkSj bldk eku fudkfy, A dkj dks #dus esa fdruk le; yxk \

2.7 dksbZ f[kykM+h ,d xsan dks mQij dh vksj vkjafHkd pky 29 m s–1 ls isaQdrk gS]

(i) xasn dh mQij dh vksj xfr osQ nkSjku Roj.k dh fn'kk D;k gksxh \

(ii) bldh xfr osQ mPpre fcanq ij xsan osQ ossx o Roj.k D;k gksaxs \

(iii) xsan osQ mPpre fcanq ij LFkku o le; dks x = 0 o t = 0 pqfu,] mQèokZ/j uhps dh vksj dh fn'kk dks x-

v{k dh /ukRed fn'kk ekfu, A xsan dh mQij dh o uhps dh vksj xfr osQ nkSjku fLFkfr] osx o Roj.k osQ fpÉ
crkb, A

(iv) fdl mQ¡pkbZ rd xsan mQij tkrh gS vkSj fdruh nsj osQ ckn xsan f[kykM+h osQ gkFkksa esa vk tkrh gS \

[g = 9.8 m s–2 rFkk ok;q dk izfrjks/ ux.; gS A]

2.8 uhps fn, x, dFkuksa dks è;ku ls if<+, vkSj dkj.k crkrs gq, o mnkgj.k nsrs gq, crkb, fd os lR; gSa ;k vlR;]

,dfoeh; xfr esa fdlh d.k dh

(a) fdlh {k.k pky 'kwU; gksus ij Hkh mldk Roj.k v'kwU; gks ldrk gS A

(b) pky 'kwU; gksus ij Hkh mldk osx v'kwU; gks ldrk gS A

(c) pky fLFkj gks rks Roj.k vo'; gh 'kwU; gksuk pkfg, A

(d) pky vo'; gh c<+rh jgsxh] ;fn mldk Roj.k /ukRed gks A

2.9 fdlh xsan dks 90 m dh mQ¡pkbZ ls iQ'kZ ij fxjk;k tkrk gS A iQ'kZ osQ lkFk izR;sd VDdj esa xsan dh pky 1/10 de
gks tkrh gS A bldh xfr dk t = 0  ls 12 s osQ chp pky&le; xzkiQ [khafp, A

2.10 mnkgj.k lfgr fuEufyf[kr osQ chp osQ varj dks Li"V dhft, %

(a) fdlh le; varjky esa foLFkkiu osQ ifjek.k (ftls dHkh&dHkh nwjh Hkh dgk tkrk gS) vkSj fdlh d.k }kjk
mlh varjky osQ nkSjku r; fd, x, iFk dh oqQy yackbZ A

(b) fdlh le; varjky esa vkSlr osx osQ ifjek.k vkSj mlh varjky esa vkSlr pky (fdlh le; varjky esa fdlh
d.k dh vkSlr pky dks le; varjky }kjk foHkkftr dh xbZ oqQy iFk&yackbZ osQ :i esa ifjHkkf"kr fd;k tkrk
gS) A iznf'kZr dhft, fd (a) o (b) nksuksa esa gh nwljh jkf'k igyh ls vf/d ;k mlosQ cjkcj gS A lerk
dk fpÉ dc lR; gksrk gS \ (ljyrk osQ fy, osQoy ,dfoeh; xfr ij fopkj dhft, A)

2.11 dksbZ O;fDr vius ?kj ls lh/h lM+d ij 5 km h–1 dh pky ls 2.5 km nwj cktkj rd iSny pyrk gS A ijarq cktkj
can ns[kdj og mlh {k.k okil eqM+ tkrk gS rFkk 7.5 km h–1 dh pky ls ?kj ykSV vkrk gS A
le; varjky (i) 0 - 30 feuV] (ii) 0 - 50 feuV] (iii) 0 - 40 feuV dh vof/ esa ml O;fDr (a) osQ ekè;
osx dk ifjek.k] rFkk (b) dk ekè; pky D;k gS\ (uksV % vki bl mnkgj.k ls le> losQaxs fd vkSlr pky dks
vkSlr&osx osQ ifjek.k osQ :i esa ifjHkkf"kr djus dh vis{kk le; }kjk foHkkftr oqQy iFk&yackbZ osQ :i esa ifjHkkf"kr
djuk vf/d vPNk D;ksa gS A vki Fkd dj ?kj ykSVs ml O;fDr dks ;g crkuk ugha pkgsaxs fd mldh vkSlr pky
'kwU; Fkh A)

2.12 geus vH;kl 2.9 rFkk 2.10 esa vkSlr pky o vkSlr osx osQ ifjek.k osQ chp osQ varj dks Li"V fd;k gS A ;fn
ge rkR{kf.kd pky o osx osQ ifjek.k ij fopkj djrs gSa rks bl rjg dk varj djuk vko';d ugha gksrk A rkR{kf.kd
pky ges'kk rkR{kf.kd osx osQ cjkcj gksrh gS A D;ksa \

2.13 fp=k 2.10 esa (a) ls (d) rd osQ xzkiQksa dks è;ku ls nsf[k, vkSj ns[kdj crkb, fd buesa ls dkSu&lk xzkiQ ,dfoeh;
xfr dks laHkor% ugha n'kkZ ldrk A
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2.14 fp=k 2.11 esa fdlh d.k dh ,dfoeh; xfr
dk x - t  xzkiQ fn[kk;k x;k gS A xzkiQ ls D;k
;g dguk Bhd gksxk fd ;g d.k t < 0 osQ
fy, fdlh ljy js[kk esa vkSj t > 0 osQ fy,
fdlh ijoyh; iFk esa xfr djrk gS A ;fn ugha]
rks xzkiQ osQ laxr fdlh mfpr HkkSfrd lanHkZ
dk lq>ko nhft, A

2.15 fdlh jktekxZ ij iqfyl dh dksbZ xkM+h 30

km/h dh pky ls py jgh gS vkSj ;g mlh
fn'kk esa 192 km/h dh pky ls tk jgh fdlh
pksj dh dkj ij xksyh pykrh gS A ;fn xksyh
dh uky eq[kh pky 150 m s-1 gS rks pksj dh
dkj dks xksyh fdl pky osQ lkFk vk?kkr
djsxh \
(uksV % ml pky dks Kkr dhft, tks pksj dh dkj dks gkfu ig¡qpkus esa izklafxd gks) A

2.16 fp=k 2.12 esa fn[kk, x, izR;sd xzkiQ osQ fy, fdlh mfpr HkkSfrd fLFkfr dk lq>ko nhft, %

fp=k 2.11

(a) (b) (c)

fp=k 2.12

fp=k 2.10

pky oqQy iFk&yackbZ
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2.17 fp=k 2.13 esa fdlh d.k dh ,dfoeh; ljy vkorhZ xfr osQ fy, x - t  xzkiQ fn[kk;k x;k gS A (bl xfr osQ ckjs
esa vki vè;k; 13 esa i<+saxs) le; t = 0.3 s, 1.2 s, –1.2 s  ij d.k osQ fLFkfr] osx o Roj.k osQ fpÉ D;k gksaxs \

2.18 fp=k 2.14 fdlh d.k dh ,dfoeh; xfr dk x - t

xzkiQ n'kkZrk gS A blesa rhu leku varjky fn[kk, x,
gSa A fdl varjky esa vkSlr pky vf/dre gS vkSj fdlesa
U;wure gS \ izR;sd varjky osQ fy, vkSlr osx dk fpÉ
crkb, A

2.19 fp=k 2.15 esa fdlh fu;r (fLFkj) fn'kk osQ vuqfn'k
py jgs d.k dk pky&le; xzkiQ fn[kk;k x;k gS A blesa
rhu leku le; varjky fn[kk, x, gSa A fdl varjky
esa vkSlr Roj.k dk ifjek.k vf/dre gksxk \
fdl varjky esa vkSlr pky vf/dre gksxh \ /ukRed
fn'kk dks xfr dh fLFkj fn'kk pqurs gq, rhuksa varjkyksa
esa v  rFkk a  osQ fpÉ crkb, A A, B, C, o D fcanqvksa
ij Roj.k D;k gksaxs \

fp=k 2.13

fp=k 2.14

fp=k 2.15

p
ky
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vè;k; 3

lery esa xfr

3-1 Hkwfedk

3-2 vfn'k ,oa lfn'k
3-3 lfn'kksa dh okLrfod la[;k ls xq.kk
3-4 lfn'kksa dk ladyu o O;odyu &

xzkiQh fof/
3-5 lfn'kksa dk fo;kstu
3-6 lfn'kksa dk ;ksx & fo'ys"k.kkRed

fof/
3-7 fdlh lery esa xfr
3-8 fdlh lery esa ,dleku Roj.k ls

xfr
3-9 iz{ksI; xfr

3-10 ,dleku o`Ùkh; xfr

lkjka'k
fopkj.kh; fo"k;
vH;kl

3-1 Hkwfedk

fiNys vè;k; esa geus fLFkfr] foLFkkiu] osx ,oa Roj.k dh èkkj.kkvksa dks
fodflr fd;k Fkk] ftudh fdlh oLrq dh ljy js[kh; xfr dk o.kZu djus
osQ fy, vko';drk iM+rh gS A D;ksafd ,dfoeh; xfr esa ek=k nks gh fn'kk,¡
laHko gSa] blfy, bu jkf'k;ksa osQ fn'kkRed i{k dks $ vkSj & fpÉksa ls O;Dr
dj ldrs gSa A ijarq tc ge oLrqvksa dh xfr dk f}foeh; (,d lery) ;k
f=kfoeh; (fno~QLFkku) o.kZu djuk pkgrs gSa] rc gesa mi;qZDr HkkSfrd jkf'k;ksa
dk vè;;u djus osQ fy, lfn'kksa dh vko';drk iM+rh gS A vr,o loZizFke
ge lfn'kksa dh Hkk"kk (vFkkZr lfn'kksa osQ xq.kksa ,oa mUgsa mi;ksx esa ykus dh
fofèk;k¡) lh[ksaxs A lfn'k D;k gS \ lfn'kksa dks oSQls tksM+k] ?kVk;k ;k xq.kk fd;k
tkrk gS \ lfn'kksa dks fdlh okLrfod la[;k ls xq.kk djsa rks gesa D;k ifj.kke
feysxk \ ;g lc ge blfy, lh[ksaxs ftlls fdlh lery esa oLrq osQ osx ,oa
Roj.k dks ifjHkkf"kr djus osQ fy, ge lfn'kksa dk mi;ksx dj losaQ A blosQ ckn
ge fdlh lery esa oLrq dh xfr ij ifjppkZ djsaxs A fdlh lery esa xfr
osQ ljy mnkgj.k osQ :i esa ge ,dleku Rofjr xfr dk vè;;u djsaxs rFkk
,d iz{ksI; dh xfr osQ fo"k; esa foLrkj ls i<s+axs A o`Ùkh; xfr ls ge HkyhHkk¡fr
ifjfpr gSa ftldk gekjs nSfud thou esa fo'ks"k egÙo gS A ge ,dleku o`Ùkh;
xfr dh oqQN foLrkj ls ppkZ djsaxs A

ge bl vè;k; esa ftu lehdj.kksa dks izkIr djsaxs mUgsa vklkuh ls
f=kfoeh; xfr osQ fy, foLrkfjr fd;k tk ldrk gS A

3-2 vfn'k ,oa lfn'k

ge HkkSfrd jkf'k;ksa dks vfn'kksa ,oa lfn'kksa esa oxhZÑr djrs gSa A nksuksa esa ewy
varj ;g gS fd lfn'k osQ lkFk fn'kk dks lac¼ djrs gSa ogha vfn'k osQ lkFk
,slk ugha djrs A ,d vfn'k jkf'k og jkf'k gS ftlesa ek=k ifjek.k gksrk gS A
bls osQoy ,d la[;k ,oa mfpr ek=kd }kjk iw.kZ :i ls O;Dr fd;k tk ldrk
gS A blosQ mnkgj.k gSa % nks fcanqvksa osQ chp dh nwjh] fdlh oLrq dh lagfr
(nzO;eku)] fdlh oLrq dk rkiØe] rFkk og le; ftl ij
dksbZ ?kVuk ?kVrh gS A vfn'kksa osQ tksM+ esa ogh fu;e ykxw gksrs gSa tks
lkekU;r;k chtxf.kr esa A vfn'kksa dks ge Bhd oSls gh tksM+ ldrs gSa] ?kVk
ldrs gSa] xq.kk ;k Hkkx dj ldrs gSa tSlk fd ge lkekU; la[;kvksa osQ lkFk
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* osQoy leku ek=kd okyh jkf'k;ksa dk tksM+ o ?kVkuk lkFkZd gksrk gS A tcfd vki fHkUu ek=kdksa okys vfn'kksa dk xq.kk ;k Hkkx dj ldrs gSa A
** gekjs vè;;u esa lfn'kksa dh fLFkfr;ka fuèkkZfjr ugha gSa A blfy, tc ,d lfn'k dks Lo;a osQ lekarj foLFkkfir djrs gSa rks lfn'k vifjofrZr

jgrk gS A bl izdkj osQ lfn'kksa dks ge ^eqDr lfn'k* dgrs gSa A gkyakfd oqQN HkkSfrd mi;ksxksa esa lfn'k dh fLFkfr ;k mldh fØ;k js[kk
egÙoiw.kZ gksrh gS A ,sls lfn'kksa dks ge ^LFkkuxr lfn'k* dgrs gSaA

djrs gSa * A mnkgj.k osQ fy,] ;fn fdlh vk;r dh yackbZ vkSj
pkSM+kbZ Øe'k% 1-0 m rFkk 0-5 m gS rks mldh ifjeki pkjksa
Hkqtkvksa osQ ;ksx] 1.0 m + 0.5 m + 1.0 m + 0.5 m =

3.0 m  gksxkA gj Hkqtk dh yackbZ ,d vfn'k gS rFkk ifjeki
Hkh ,d vfn'k gS A ge ,d nwljs mnkgj.k ij fopkj djsaxs %
;fn fdlh ,d fnu dk vfèkdre ,oa U;wure rki Øe'k%
35-6 °C rFkk 24-2 °C gS rks bu nksuksa dk varj 11-4 °C

gksxk A blh izdkj ;fn ,Y;qfefu;e osQ fdlh ,dleku Bksl
?ku dh Hkqtk 10 cm gS vkSj mldk nzO;eku 2.7 kg gS rks
mldk vk;ru 10–3 m3  (,d vfn'k) gksxk rFkk ?kuRo
2.7×103 kg/m3 Hkh ,d vfn'k gS A

,d lfn'k jkf'k og jkf'k gS ftlesa ifjek.k rFkk fn'kk
nksuksa gksrs gSa rFkk og ;ksx lacaèkh f=kHkqt osQ fu;e vFkok
lekukUrj prqHkqZt osQ ;ksx lacaèkh fu;e dk ikyu djrh
gS A bl izdkj] ,d lfn'k dks mlosQ ifjek.k dh la[;k rFkk
fn'kk }kjk O;Dr djrs gSa A oqQN HkkSfrd jkf'k;k¡ ftUgsa lfn'kksa
}kjk O;Dr djrs gSa] os gSa foLFkkiu] osx] Roj.k rFkk cy A

lfn'k dks O;Dr djus osQ fy, bl iqLrd esa ge eksVs
v{kjksa dk iz;ksx djsaxs A tSls fd osx lfn'k dks O;Dr djus
osQ fy, v fpÉ dk iz;ksx djsaxs A ijarq gkFk ls fy[krs le;
D;ksafd eksVs v{kjksa dk fy[kuk FkksM+k eqf'dy gksrk gS] blfy,
,d lfn'k dks v{kj osQ mQij rhj yxkdj O;Dr djrs gSa] tSls
→
v  A bl izdkj v rFkk →

v  nksuksa gh osx lfn'k dks O;Dr djrs
gSa A fdlh lfn'k osQ ifjek.k dks izk;% ge mldk ̂ ije eku*
dgrs gSa vkSj mls |v| = v  }kjk O;Dr djrs gSa A bl izdkj
,d lfn'k dks ge eksVs v{kj ;Fkk A ;k a, p, q, r, ..... x,

y ls O;Dr djrs gSa tcfd buosQ ifjek.kksa dks Øe'k% ge A
;k a, p, q, r, .... x, y }kjk O;Dr djrs gSa A

3-2-1 fLFkfr ,oa foLFkkiu lfn'k

fdlh lery esa xfreku oLrq dh fLFkfr O;Dr djus osQ fy,
ge lqfoèkkuqlkj fdlh fcanq O dks ewy fcanq osQ :i esa pqurs
gSa A dYiuk dhft, fd nks fHkUu&fHkUu le;ksa t  vkSj t'  ij
oLrq dh fLFkfr Øe'k% P vkSj P' gS (fp=k 3.1a) A ge P
dks O ls ,d ljy js[kk ls tksM+ nsrs gSa A bl izdkj OP le;
t ij oLrq dh fLFkfr lfn'k gksxh A bl js[kk osQ fljs ij ,d
rhj dk fu'kku yxk nsrs gSa A bls fdlh fpÉ (eku yhft,)
r ls fu:fir djrs gSa] vFkkZr~ OP = r A blh izdkj fcanq P'

dks ,d nwljs fLFkfr lfn'k OP' ;kuh r' ls fu:fir djrs gSaA

lfn'k r dh yackbZ mlosQ ifjek.k dks fu:fir djrh gS rFkk
lfn'k dh fn'kk og gksxh ftlosQ vuqfn'k P (fcanq O ls ns[kus
ij) fLFkr gksxk A ;fn oLrq P ls pydj P' ij igqap tkrh
gS rks lfn'k PP' (ftldh iqPN P ij rFkk 'kh"kZ P' ij gS)
¯cnq P (le; t) ls P' (le; t') rd xfr osQ laxr
foLFkkiu lfn'k dgykrk gS A

fp=k 3.1 (a) fLFkfr rFkk foLFkkiu lfn'k] (b) foLFkkiu lfn'k
PQ rFkk xfr osQ fHkUu&fHkUu ekxZ A

;gk¡ ;g ckr egRoiw.kZ gS fd ̂ foLFkkiu lfn'k* dks ,d
ljy js[kk ls O;Dr djrs gSa tks oLrq dh vafre fLFkfr dks
mldh izkjfEHkd fLFkfr ls tksM+rh gS rFkk ;g ml okLrfod
iFk ij fuHkZj ugha djrk tks oLrq }kjk fcanqvksa osQ eè; pyk
tkrk gS A mnkgj.kLo:i] tSlk fd fp=k 3.1b esa fn[kk;k x;k
gS] izkjfEHkd fLFkfr P rFkk vafre fLFkfr Q osQ eè; foLFkkiu
lfn'k PQ ;|fi ogh gS ijarq nksuksa fLFkfr;ksa osQ chp pyh xbZ
nwfj;ka tSls PABCQ, PDQ rFkk PBEFQ vyx&vyx gSa A
blh izdkj] fdUgha nks fcanqvksa osQ eè; foLFkkiu lfn'k dk
ifjek.k ;k rks xfreku oLrq dh iFk&yackbZ ls de gksrk
gS ;k mlosQ cjkcj gksrk gSA fiNys vè;k; esa Hkh ,d ljy
js[kk osQ vuqfn'k xfreku oLrq osQ fy, bl rF; dks HkyhHkkafr
le>k;k x;k Fkk A

3-2-2 lfn'kksa dh lerk

nks lfn'kksa A rFkk B dks osQoy rHkh cjkcj dgk tk ldrk
gS tc muosQ ifjek.k cjkcj gksa rFkk mudh fn'kk leku gks** A

fp=k 3.2(a) esa nks leku lfn'kksa A rFkk B dks n'kkZ;k
x;k gS A ge budh lekurk dh ij[k vklkuh ls dj ldrs
gSa A B dks Lo;a osQ lekarj f[kldkb;s rkfd mldh iqPN Q
lfn'k A dh iqPN O osQ laikrh gks tk, A fiQj D;ksafd muosQ
'kh"kZ S ,oa P Hkh laikrh gSa vr% nksukssa lfn'k cjkcj dgyk,axs A
lkekU;r;k bl lekurk dks A = B osQ :i esa fy[krs gSa A bl
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ckr dh vksj è;ku nhft, fd fp=k 3.2(b) esa ;|fi lfn'kksa
A' rFkk B' osQ ifjek.k leku gSa fiQj Hkh nksuksa lfn'k leku ugha
gSa D;ksafd mudh fn'kk;sa vyx&vyx gSa A ;fn ge B' dks
mlosQ gh lekarj f[kldk,a ftlls mldh iqPN Q', A' dh
iqPN O' ls laikrh gks tk, rks Hkh B' dk 'kh"kZ S', A' osQ 'kh"kZ
P' dk laikrh ugha gksxk A

3-3 lfn'kksa dh okLrfod la[;k ls xq.kk

;fn ,d lfn'k A dks fdlh èkukRed la[;k λ ls xq.kk djsa
rks gesa ,d lfn'k gh feyrk gS ftldk ifjek.k lfn'k A osQ
ifjek.k dk λ xquk gks tkrk gS rFkk ftldh fn'kk ogh gS tks
A dh gS A bl xq.kuiQy dks ge λA ls fy[krs gSa A

|||| CC λ=λ ;fn 0>λ
mnkgj.kLo:i] ;fn A dks 2 ls xq.kk fd;k tk,] rks ifj.kkeh
lfn'k 2A gksxk (fp=k 3.3a) ftldh fn'kk A dh fn'kk gksxh
rFkk ifjek.k || C  dk nksxquk gksxk A lfn'k A dks ;fn ,d
Í.kkRed la[;k –λ ls xq.kk djsa rks ,d vU; lfn'k izkIr gksrk
gS ftldh fn'kk A dh fn'kk osQ foijhr gS vkSj ftldk
ifjek.k || C  dk λ xquk gksrk gS A

;fn fdlh lfn'k A dks Í.kkRed la[;kvksa &1

o &1-5 ls xq.kk djsa rks ifj.kkeh lfn'k fp=k 3-3(b) tSls
gksaxs A

HkkSfrdh esa ftl ?kVd λ }kjk lfn'k A dks xq.kk fd;k
tkrk gS og dksbZ vfn'k gks ldrk gS ftldh Lo;a dh foek,¡
gksrh gSa A vr,o λΑΑΑΑΑ dh foek,¡ λ o A dh foekvksa osQ
xq.kuiQy osQ cjkcj gksaxh A mnkgj.kLo:i] ;fn ge fdlh
vpj osx lfn'k dks fdlh (le;) varjky ls xq.kk djsa rks gesa
,d foLFkkiu lfn'k izkIr gksxk A

3-4 lfn'kksa dk ladyu o O;odyu % xzkIkQh fofèk

tSlk fd [k.M 3-2 esa cryk;k tk pqdk gS fd lfn'k ;ksx osQ
f=kHkqt fu;e ;k lekUrj prqHkqZt osQ ;ksx osQ fu;e dk ikyu
djrs gSa A vc ge xzkiQh fofèk }kjk ;ksx osQ bl fu;e dks
le>k,axs A ge fp=k 3.4 (a) esa n'kkZ, vuqlkj fdlh lery
esa fLFkr nks lfn'kksa A rFkk B ij fopkj djrs gSa A bu lfn'kksa
dks O;Dr djus okyh js[kk&[k.Mksa dh yackb;k¡ lfn'kksa osQ
ifjek.k osQ lekuqikrh gSa A ;ksx A + B izkIr djus osQ fy, fp=k
3-4(b) osQ vuqlkj ge lfn'k B bl izdkj j[krs gSa fd
mldh iqPN lfn'k A osQ 'kh"kZ ij gks A fiQj ge A dh iqPN

fp=k 3.2 (a) nks leku lfn'k A rFkk B, (b) nks lfn'k A' o B'

vleku gSa ;|fi mudh yackb;k¡ ogh gSa A

fp=k 3-3 (a) lfn'k A rFkk mls èkukRed la[;k nks ls xq.kk djus
ij izkIr ifj.kkeh lfn'k] (b) lfn'k A rFkk mls
Í.kkRed la[;kvksa &1 rFkk &1-5 ls xq.kk djus ij
izkIr ifj.kkeh lfn'k A

fp=k 3-4 (a) lfn'k A rFkk B, (b) lfn'kksa A o B dk xzkiQh fofèk }kjk tksM+uk] (c) lfn'kksa B o A dk xzkiQh fofèk }kjk tksM+uk]
(d) lfn'kksa osQ tksM+ ls lacafèkr lkgp;Z fu;e dk izn'kZu A
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dks B osQ fljs ls tksM+ nsrs gSa A ;g js[kk OQ ifj.kkeh lfn'k
R dks O;Dr djrh gS tks lfn'kksa A rFkk B dk ;ksx gSA D;ksafd
lfn'kksa osQ tksM+us dh bl fofèk esa lfn'kksa esa ls fdlh ,d osQ
'kh"kZ dks nwljs dh iqPN ls tksM+rs gSa] blfy, bl xzkiQh fofèk
dks 'kh"kZ o iqPN fofèk osQ uke ls tkuk tkrk gS A nksuksa lfn'k
rFkk mudk ifj.kkeh lfn'k fdlh f=kHkqt dh rhu Hkqtk,a cukrs
gSa A blfy, bl fofèk dks lfn'k ;ksx osQ f=kHkqt fu;e Hkh
dgrs gSa A ;fn ge B+A dk ifj.kkeh lfn'k izkIr djsa rks Hkh
gesa ogh lfn'k R izkIr gksrk gS (fp=k 3.4c)A bl izdkj
lfn'kksa dk ;ksx ^Øe fofues;* (lfn'kksa osQ tksM+us esa ;fn
mudk Øe cny nsa rks Hkh ifj.kkeh lfn'k ugha cnyrk) gS A

A + B = B + A (3.1)

lfn'kksa dk ;ksx lkgp;Z fu;e dk Hkh ikyu djrk gS tSlk fd
fp=k 3.4 (d) esa n'kkZ;k x;k gS A lfn'kksa A o B dks igys
tksM+dj vkSj fiQj lfn'k C dks tksM+us ij tks ifj.kke izkIr
gksrk gS og ogh gS tks lfn'kksa B vkSj C dks igys tksM+dj fiQj
A dks tksM+us ij feyrk gS] vFkkZr~

(A + B) + C = A  + (B + C) (3.2)

nks leku vkSj foijhr lfn'kksa dks tksM+us ij D;k ifj.kke
feyrk gS \ ge  nks lfn'kksa A vkSj –A ftUgsa fp=k 3.3(b)

esa fn[kyk;k gS] ij fopkj djrs gSa A budk ;ksx A + (–A) gSA
D;ksafd nks lfn'kksa dk ifjek.k ogh gS fdUrq fn'kk foijhr gS]
blfy, ifj.kkeh lfn'k dk ifjek.k 'kwU; gksxk vkSj bls 0 ls
O;Dr djrs gSaA

A – A = 0 |0| = 0 (3.3)

0 dks ge 'kwU; lfn'k dgrs gSa A D;ksafd 'kwU; lfn'k dk
ifjek.k 'kwU; gksrk gS] blfy, bldh fn'kk dk fuèkkZj.k ugha
fd;k tk ldrk gS A njvly tc ge ,d lfn'k A dks
la[;k 'kwU; ls xq.kk djrs gSa rks Hkh ifj.kkeLo:i gesa ,d
lfn'k gh feysxk fdUrq mldk ifjek.k 'kwU; gksxk A O lfn'k
osQ eq[; xq.k fuEu gSa%

A  + 0 = A
λ 0 = 0

0 A = 0 (3.4)

'kwU; lfn'k dk HkkSfrd vFkZ D;k gS \ tSlkfd fp=k 3.1(a)

eas fn[kk;k x;k gS ge fdlh lery esa fLFkfr ,oa foLFkkiu
lfn'kksa ij fopkj djrs gSa A eku yhft, fd fdlh {k.k t ij
dksbZ oLrq P ij gS A og P' rd tkdj iqu% P ij okil vk
tkrh gS A bl fLFkfr esa oLrq dk foLFkkiu D;k gksxk \ pwafd
izkjafHkd ,oa vafre fLFkfr;ka laikrh gks tkrh gSa] blfy,
foLFkkiu ¶'kwU; lfn'k¸ gksxk A
lfn'kksa dk O;odyu lfn'kksa osQ ;ksx osQ :i esa Hkh
ifjHkkf"kr fd;k tk ldrk gS A nks lfn'kksa A o B osQ varj
dks ge nks lfn'kksa A o –B osQ ;ksx osQ :i esa fuEu izdkj
ls O;Dr djrs gSa %

A – B = A + (–B) (3.5)

bls fp=k 3-5 esa n'kkZ;k x;k gS A lfn'k –B dks lfn'k A esa
tksM+dj R

2 
= (A – B) izkIr gksrk gS A rqyuk osQ fy, blh fp=k

esa lfn'k R
1
 = A + B dks Hkh fn[kk;k x;k gS A lekUrj

prqHkqZt fofèk dks iz;qDr djosQ Hkh ge nks lfn'kksa dk ;ksx Kkr
dj ldrs gSa A eku yhft, gekjs ikl nks lfn'k A o B gSaA
bu lfn'kksa dks tksM+us osQ fy, mudh iqPN dks ,d mHk;fu"B
ewy fcanq O ij ykrs gSa tSlk fp=k 3.6(a) esa fn[kk;k x;k gSA
fiQj ge A osQ 'kh"kZ ls B osQ lekarj ,d js[kk [khaprs gSa vkSj
B osQ 'kh"kZ ls A osQ lekarj ,d nwljh js[kk [khapdj lekarj
prqHkqZt OQSP iwjk djrs gSa A ftl fcanq ij ;g nksuksa js[kk,a
,d nwljs dks dkVrh gSa] mls ewy fcanq O ls tksM+ nsrs gSaA
ifj.kkeh lfn'k R dh fn'kk lekUrj prqHkqZt osQ ewy fcanq O
ls dVku fcanq S dh vksj [khaps x, fod.kZ OS osQ vuqfn'k
gksxh [fp=k 3.6 (b)]A fp=k 3.6 (c) esa lfn'kksa A o B dk
ifj.kkeh fudkyus osQ fy, f=kHkqt fu;e dk mi;ksx fn[kk;k
x;k gS A nksuksa fp=kksa ls Li"V gS fd nksuksa fofèk;ksa ls ,d gh
ifj.kke fudyrk gS A bl izdkj nksuksa fofèk;k¡ lerqY; gSaA

fp=k 3.5 (a) nks lfn'k A o B, –B dks Hkh fn[kk;k x;k gS A (b) lfn'k A ls lfn'k B dk ?kVkuk&ifj.kke R
2
 gS A rqyuk osQ fy, lfn'kksa

A o B dk ;ksx R
1
 Hkh fn[kyk;k x;k gS A
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gy %  o"kkZ ,oa gok osQ osxksa dks lfn'kksa v
r
 rFkk v

w
 ls

fp=k 3-7 esa n'kkZ;k x;k gSA budh fn'kk,a iz'u osQ vuqlkj
iznf'Zkr dh xbZ gSa A lfn'kksa osQ ;ksx osQ fu;e osQ vuqlkj v

r

rFkk v
w
 dk ifj.kkeh R fp=k esa [khapk x;k gS A R dk

ifjek.k gksxk&

R v v
r

2

w

2
= + = + =

− −
35 12  m s 37 m s

2 2 1 1

mQèokZèkj ls R dh fn'kk θ gksxh&

12
tan 0.343

35

w

r

v
 

v
θ = = =

;k θ = tan–1 (0.343) = 19°

vr,o yM+osQ dks viuk Nkrk mQèokZèkj ry esa mQèokZèkj
ls 19° dk dks.k cukrs gq, iwoZ fn'kk dh vksj j[kuk
pkfg, A ¶¶¶¶¶

3-5 lfn'kksa dk fo;kstu

eku yhft, fd a o b fdlh lery esa fHkUu fn'kkvksa okys
nks 'kwU;srj ('kwU; ugha) lfn'k gSa rFkk A blh lery esa dksbZ
vU; lfn'k gS A (fp=k 3-8) rc A dks nks lfn'kksa osQ ;ksx osQ
:i esa fo;ksftr fd;k tk ldrk gS A ,d lfn'k a osQ fdlh
okLrfod la[;k osQ xq.kuiQy osQ :i esa vkSj blh izdkj nwljk
lfn'k b osQ xq.kuiQy osQ :i esa gS A ,slk djus osQ fy, igys
A [khafp, ftldk iqPN O rFkk 'kh"kZ P gS A fiQj O ls a osQ
lekarj ,d ljy js[kk [khafp, rFkk P ls ,d ljy js[kk b osQ
lekarj [khafp, A eku yhft, os ,d nwljs dks Q ij dkVrh
gSa A rc]

A = OP = OQ + QP (3.6)

ijarq D;ksafd OQ, a osQ lekarj gS rFkk Q P, b osQ lekarj gS
blfy,

 λ µ= =O Q a QP brFkk (3.7)

tgka  λ rFkk µ dksbZ okLrfod la[;k,¡ gSa A

fp=k 3.6 (a) ,d gh mHk;fu"B fcanq okys nks lfn'k A o  B  ij, (b) lekUrj  prqHkqZt fofèk }kjk A+B ;ksx izkIr djuk] (c) nks lfn'kksa
dks tksM+us dh lekUrj prqHkqZt fofèk f=kHkqt fofèk osQ lerqY; gS A

••••• mnkgj.k 3-1 fdlh fnu o"kkZ 35 m s–1 dh pky ls
mQèokZèkj uhps dh vksj gks jgh gS A oqQN nsj ckn gok
12 m s–1 dh pky ls iwoZ ls if'pe fn'kk dh vksj
pyus yxrh gS A cl LVki ij [kM+s fdlh yM+osQ dks
viuk Nkrk fdl fn'kk esa djuk pkfg, \

fp=k 3.7

fp=k 3-8 (a) nks vjSf[kd lfn'k a o  b, (b) lfn'k A dk a
o b osQ inksa esa fo;kstu A

vr% λ µ= +A a b (3.8)

ge dg ldrs gSa fd A dks a o b osQ vuqfn'k nks
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lfn'k&?kVdksa Øe'k%  λa rFkk µb esa fo;ksftr dj fn;k x;k
gS A bl fofèk dk mi;ksx djosQ ge fdlh lfn'k dks mlh
lery osQ nks lfn'k&?kVdksa esa fo;ksftr dj ldrs gSa A ,dkad
ifjek.k osQ lfn'kksa dh lgk;rk ls ledksf.kd funsZ'kkad fudk;
osQ vuqfn'k fdlh lfn'k dk fo;kstu lqfoèkktud gksrk gS A
,sls lfn'kksa dks ,dkad lfn'k dgrs gSa ftl ij vc ge
ifjppkZ djsaxs A
,dkad lfn'k % ,dkad lfn'k og lfn'k gksrk gS ftldk
ifjek.k ,d gks rFkk tks fdlh fo'ks"k fn'kk osQ vuqfn'k gks A
u rks bldh dksbZ foek gksrh gS vkSj u gh dksbZ ek=kd A ek=k
fn'kk O;Dr djus osQ fy, bldk mi;ksx gksrk gS A fp=k 3.9a

esa iznf'Zkr ,d ^vk;rh; funsZ'kkad fudk;* dh x, y rFkk z
v{kksa osQ vuqfn'k ,dkad lfn'kksa dks ge Øe'k% l.k ˆˆ rFkk m̂

}kjk O;Dr djrs gSa A D;ksafd ;s lHkh ,dkad lfn'k gSa] blfy,
1|ˆ||ˆ||ˆ| === mlk (3.9)

;s ,dkad lfn'k ,d nwljs osQ yacor~ gSa A nwljs lfn'kksa
ls budh vyx igpku osQ fy, geus bl iqLrd esa eksVs Vkbi
i, j, k osQ mQij ,d oSQi (^) yxk fn;k gS A D;kasfd bl
vè;k; esa ge osQoy f}foeh; xfr dk gh vè;;u dj jgs
gSa vr% gesa osQoy nks ,dkad lfn'kksa dh vko';drk gksxh A

;fn fdlh ,dkad lfn'k p̂ dks ,d vfn'k λ ls xq.kk
djsa rks ifj.kkeh ,d lfn'k λ p̂ gksxk A lkekU;r;k fdlh
lfn'k A dks fuEu izdkj ls O;Dr dj ldrs gSa %

ˆ| |=C C p (3.10)

;gk¡ A osQ vuqfn'k p̂  ,dkad lfn'k gS A
ge fdlh lfn'k A dks ,dkad lfn'kksa k̂ rFkk l̂ osQ inksa

esa fo;ksftr dj ldrs gSa A eku yhft, fd fp=k (3.9b) osQ
vuqlkj lfn'k A lery x-y esas fLFkr gS A fp=k 3.9(b) osQ
vuqlkj A osQ 'kh"kZ ls ge funsZ'kkad v{kksa ij yac [khaprs gSa A
blls gesa nks lfn'k A

1
 o A

2 
bl izdkj izkIr gSa fd

A
1
 + A

2
 = A A D;ksafd A

1
 ,dkad lfn'k k̂  osQ lekUrj gS

rFkk A
2
 ,dkad lfn'k l̂  osQ lekUrj gS] vr%

A
1
 = A

x
 k̂ , A

2
 = A

y
 l̂ (3.11)

;gk¡ A
x 
 rFkk A

y 
 okLrfod la[;k,¡ gSsa A

bl izdkj A = A
x
 k̂ + A

y
 l̂ (3.12)

bls fp=k (3.9c) esa n'kkZ;k x;k gS A jkf'k;ksa A
x 
o A

y 
dks ge

lfn'k A osQ x- o y- ?kVd dgrs gSa A ;gk¡ ;g ckr è;ku nsus
;ksX; gS fd A

x 
lfn'k ugha gS] oju~ A

x k̂ ,d lfn'k gS A blh
izdkj A

y l̂ ,d lfn'k gS A
f=kdks.kfefr dk mi;ksx djosQ A

x
 o A

y 
 dks A osQ

ifjek.k rFkk mlosQ }kjk x&v{k osQ lkFk cuus okys dks.k θ
osQ inksa esa O;Dr dj ldrs gSa %

A
x
 = A cos θ

A
y
 = A sin θ (3.13)

lehdj.k (3-13) ls Li"V gS fd fdlh lfn'k dk ?kVd
dks.k θ ij fuHkZj djrk gS rFkk og èkukRed] Í.kkRed ;k
'kwU; gks ldrk gS A

fdlh lery esa ,d lfn'k A dks O;Dr djus osQ fy,
vc gekjs ikl nks fofèk;k¡ gSa %
(i) mlosQ ifjek.k A rFkk mlosQ }kjk x&v{k osQ lkFk cuk,

x, dks.k θ }kjk] vFkok
(ii) mlosQ ?kVdksa A

x
 rFkk A

y
 }kjk A

;fn A rFkk θ gesa Kkr gSa rks A
x 
vkSj A

y 
 dk eku

lehdj.k (3-13) ls Kkr fd;k tk ldrk gS A ;fn A
x
 ,oa

A
y
 Kkr gksa rks A rFkk θ dk eku fuEu izdkj ls Kkr fd;k

tk ldrk gS %

A A A Ax

2

y

2 2 2 2 2+ = +cos sinθ θ  = A2

vFkok A A Ax
2

y
2= + (3-14)

,oa tan tan 
A

A
,  

A

A

y

x

1 y

x

θ θ= = − (3-15)

vHkh rd bl fofèk esa geus ,d (x-y)lery esa
fdlh lfn'k dks mlosQ ?kVdksa esa fo;ksftr fd;k gS fdUrq blh

fp=k 3.9 (a) ,dkad lfn'k l.k ˆˆ , m̂  v{kksa x, y, z osQ vuqfn'k gS] (b) fdlh lfn'k A dks x ,oa y v{kksa osQ vuqfn'k ?kVdksa A
1
 rFkk A

2

esa fo;ksftr fd;k gS] (c) A
1
 rFkk A

2
 dks k̂ rFkk l̂ osQ inksa esa O;Dr fd;k gS A
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34 HkkSfrdh

fofèk }kjk fdlh lfn'k A dks rhu foekvksa esa x, y rFkk z

v{kksa osQ vuqfn'k rhu ?kVdksa esa fo;ksftr fd;k tk ldrk gS A
;fn A o x-, y-, o z- v{kksa osQ eè; dks.k Øe'k% α, β rFkk
γ gks* ¹fp=k 3.9 (d)º rks

A
x
= A cos α, A

y
= A cos β, A

z 
= A cos γ

3.16(a)

B i j= +B Bx y
ɵ ɵ (3.18)

eku yhft, fd R budk ;ksx gS] rks
R= A+B

   ( ) ( )= + + +A A B Bx y x y
ɵ ɵ ɵ ɵi j i j (3.19)

D;ksafd lfn'k Øefofues; rFkk lkgp;Z fu;eksa dk ikyu djrs
gSa] blfy, lehdj.k (3-19) eas O;Dr fd, x, lfn'kksa dks
fuEu izdkj ls iqu% O;ofLFkr dj ldrs gSa %

   ( ) ( )R i j= + + +A B A Bx x y y
ɵ ɵ (3.19a)

D;ksafd R i j= +R Rx y
ɵ ɵ (3.20)

blfy, R
x
 = A

x 
+ B

x
, R

y
= A

y
+ B

y
(3.21)

bl izdkj ifj.kkeh lfn'k R dk izR;sd ?kVd lfn'kksa A vkSj
B osQ laxr ?kVdksa osQ ;ksx osQ cjkcj gksrk gS A

rhu foekvksa osQ fy, lfn'kksa A vkSj B dks ge fuEu
izdkj ls O;Dr djrs gSa %

  A i j k= + +A A Ax y z
ɵ ɵ ɵ

B i j k= + +B B Bx y z
ɵ ɵ ɵ

R A B i j k= + = + +R R Rx y z
ɵ ɵ ɵ

tgk¡ ?kVdksa R
x
, R

y
 RkFkk R

z
 osQ eku fuEu izdkj ls gSa%

  R
x
 = A

x 
+ B

x

  R
y
 = A

y 
+ B

y

  R
z
 = A

z 
+ B

z
(3.22)

bl fof/ dks vusd lfn'kksa oQks tksM+us o ?kVkus osQ fy,
mi;ksx eas yk ldrs gSa A mnkgj.kkFkZ] ;fn a, b rFkk c rhuksa
lfn'k fuEu izdkj ls fn, x, gksa %

  a i j k= + +a a ax y z
ɵ ɵ ɵ

b i j k= + +b b bx y z
ɵ ɵ ɵ

c i j k= + +c c cx y z
ɵ ɵ ɵ (3.23a)

rks lfn'k T = a + b – c osQ ?kVd fuEufyf[kr gksaxs%
  T

x
 = a

x 
+ b

x
 – c

x

  T
y
 = a

y 
+ b

y
 – c

y

  T
z
 = a

z 
+ b

z
 – c

z
(3.23b)

* bl ckr ij è;ku nhft, fd α, β, o γ  dks.k fno~QLFkku eas gSa A ;s ,slh nks js[kkvksa osQ chp osQ dks.k gSa tks ,d lery eas ugha gSa A

fp=k 3.9(d) lfn'k A dk x, y ,oa z  - v{kksa osQ vuqfn'k ?kVdksa
esa fo;kstu A

lkekU; :i ls]
ˆ ˆ ˆ

x y zA A A= + +A i j k (3.16b)

lfn'k A dk ifjek.k
2 22

x y zA A A A= + + (3.16c)

gksxk A
,d fLFkfr lfn'k r dks fuEufyf[kr izdkj ls O;Dr fd;k tk
ldrk gS %

r i j k= + +x y z ɵ ɵ ɵ (3.17)

;gka x, y  rFkk z  lfn'k r osQ v{kksa x-, y-, z- osQ vuqfn'k
?kVd gSa A
3-6 lfn'kksa dk ;ksx % fo'ys"k.kkRed fof/

;|fi lfn'kksa dks tksM+us dh xzkiQh fof/ gesa lfn'kksa rFkk muosQ
ifj.kkeh lfn'k dks Li"V :i ls le>us eas lgk;d gksrh gS]
ijUrq dHkh&dHkh ;g fof/ tfVy gksrh gS vkSj bldh 'kq¼rk
Hkh lhfer gksrh gS A fHkUu&fHkUu lfn'kksa dks muosQ laxr ?kVdksa
dks feykdj tksM+uk vf/d vklku gksrk gSA eku yhft, fd
fdlh lery eas nks lfn'k A rFkk B gSa ftuosQ ?kVd Øe'k%
A

x
, A

y
 rFkk B

x
, B

y
 gSa rks

A i j= +A Ax y
ɵ ɵ

••••• mnkgj.k 3-2 fp=k 3-10 eas fn[kk, x, nks lfn'kksa A RkFkk
B  osQ chp dk dks.k θ  gS A buosQ ifj.kkeh lfn'k dk
ifjek.k rFkk fn'kk muosQ ifjek.kksa rFkk θ osQ in esa
fudkfy, A

(d)
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35lery esa xfr

gy  fp=k 3-10 osQ vuqlkj eku yhft, fd OP rFkk OQ

nks lfn'kksa A rFkk B dks O;Dr djrs gSa] ftuosQ chp dk
dks.k θ gS A rc lfn'k ;ksx osQ lekUrj prqZHkqt fu;e }kjk gesa
ifj.kkeh lfn'k R izkIr gksxk ftls fp=k esa OS }kjk fn[kk;k
x;k gS A bl izdkj

R = A + B

fp=k eas SN, OP osQ yacor~ gS rFkk PM, OS  osQ yacor~ gS A
∴  OS2= ON2 + SN2

fdUrq  ON = OP + PN = A + B cos θ
  SN = B sin θ
OS2 = (A+B cos θ)2 + (B sin θ)2

vFkok R2 = A2 + B2 + 2AB cos θ

      (3.24a)

f=kHkqt OSN eas]      SN = OS sin α = R sin α
,oa f=kHkqt PSN eas] SN = PS sin θ = B sin θ
vr,o R sin α = B sin θ

vFkok (3.24b)

blh izdkj]   PM = A sin α  = B sin β

vFkok
A B

sin sin β α
= (3.24c)

lehdj.kksa (3.24b) rFkk (3.24c) ls gesa izkIr gksrk gS&
R A

sin sin sin θ β α
= =

B
(3.24d)

lehdj.k (3.24d) osQ }kjk ge fuEukafdr lw=k izkIr djrs gSa&

sin sin α θ=
B

R
(3.24e)

;gk¡ R dk eku lehdj.k (3.24a) eas fn;k x;k gS A

;k] 
sin

tan
cos

SN B

OP PN A B

θα
θ

= =
+ +

(3.24f)

lehdj.k (3.24a)  ls ifj.kkeh R dk ifjek.k rFkk
lehdj.k (3.24e) ls bldh fn'kk ekywe dh tk ldrh gS A
lehdj.k (3.24a) dks dksT;k&fu;e rFkk lehdj.k (3.24d)

dks T;k&fu;e dgrs gSa A ¶

gy  fp=k 3-11 eas lfn'k v
b
 eksVjcksV osQ osx dks rFkk v

c 
ty

/kjk osQ osx dks O;Dr djrs gSa A iz'u osQ vuqlkj fp=k esa budh
fn'kk;sa n'kkZbZ xbZ gSa A lfn'k ;ksx osQ lekarj prqHkZqt fu;e osQ
vuqlkj izkIr ifj.kkeh R dh fn'kk fp=k eas n'kkZbZ

fp=k 3.10

• mnkgj.k 3-3 ,d eksVjcksV mÙkj fn'kk dh vksj
25 km/h osQ osx ls xfreku gS A bl {ks=k eas ty&/kjk dk
osx 10 km/h gS A ty&/kjk dh fn'kk nf{k.k ls iwoZ dh
vksj 60ñ ij gS A eksVjcksV dk ifj.kkeh osx fudkfy, A

fp=k 3.11

xbZ gS A dksT;k&fu;e dk mi;ksx djosQ ge R dk ifjek.k
fudky ldrs gSa A

       = 25 10 2 25 10 -1/2 22 km/h2 2+ + × × ( ) ≅

R dh fn'kk Kkr djus osQ fy, ge ^T;k&fu;e* dk mi;ksx
djrs gSa&&

R vc

sin sin θ φ
=   ;k, sin  φ θ=

v

R 

c
sin 

=
10 sin120

21.8

10 3

2 21.8
0.397

×
=

×
≅

�

φ ≅  23.4
� ⊳

3-7 fdlh lery eas xfr

bl [k.M esa ge lfn'kksa dk mi;ksx dj nks ;k rhu foekvksa
esa xfr dk o.kZu djsaxs A
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36 HkkSfrdh

3-7-1 fLFkfr lfn'k rFkk foLFkkiu

fdlh lery esa fLFkr d.k P dk x-y funsZ'kra=k osQ ewy fcanq
osQ lkis{k fLFkfr lfn'k r [fp=k (3.12)] dks fuEufyf[kr
lehdj.k ls O;Dr djrs gSa %

r = x i
^
 + y j

^

;gk¡ x rFkk y v{kksa x&rFkk y& osQ vuqfn'k r osQ ?kVd gSa A
bUgsa ge d.k osQ funZs'kkad Hkh dg ldrs gSa A

eku yhft, fd fp=k (3.12b) osQ vuqlkj dksbZ d.k eksVh js[kk
ls O;Dr oØ osQ vuqfn'k pyrk gS A fdlh {k.k t ij bldh
fLFkfr P gS rFkk nwljs vU; {k.k t' ij bldh fLFkfr P' gS A
d.k osQ foLFkkiu dks ge fuEufyf[kr izdkj ls fy[ksaxs]

∆r = r' – r (3.25)

bldh fn'kk P ls P' dh vksj gS A

         = +ɵ ɵi j∆ ∆x y

;gk¡ ∆x = x ′ – x, ∆y = y′ – y (3.26)

osx
oLrq osQ foLFkkiu vkSj laxr le; varjky osQ vuqikr dks ge
vkSlr osx ( v) dgrs gSa] vr%

ˆ ˆ
ˆ ˆ∆ ∆ + ∆ ∆ ∆= = = +

∆ ∆ ∆ ∆
r i j

v i j
x y x y

t t t t
(3.27)

vFkok]  �ˆ
x yv v= +v  i j

D;ksafd v
r

=
∆

∆t
] blfy, fp=k (3.12)  osQ vuqlkj vkSlr osx

dh fn'kk ogh gksxh] tks ∆r dh gS A

xfreku oLrq dk osx (rkR{kf.kd osx) vfr lw{e
le;kUrjky (∆t→0 dh lhek eas)foLFkkiu ∆r dk le;
vUrjky ∆t ls vuqikr gS A bls ge v ls O;Dr djsaxs] vr%

v
r r= =

→
lim

t tt∆

∆
∆0

d

d
(3.28)

fp=kksa 3.13(a) ls ysdj 3.13(d)  dh lgk;rk ls bl lhekUr
izØe dks vklkuh ls le>k tk ldrk gS A bu fp=kksa eas eksVh
js[kk ml iFk dks n'kkZrh gS ftl ij dksbZ oLrq {k.k t ij fcanq
P ls pyuk izkjEHk djrh gS A oLrq dh fLFkfr  ∆t

1
, ∆t

2
, ∆t

3
,

le;ksa osQ mijkar Øe'k% P
1
, P

2
, P

3
, ls O;Dr gksrh gS A bu

le;ksa eas d.k dk foLFkkiu ozQe'k% ∆r
1
, ∆r

2
, ∆r

3
, gS A fp=kksa

(a), (b) rFkk (c) esa Øe'k% ?kVrs gq, ∆t osQ ekuksa vFkkZr~ ∆t
1
,

∆t
2
, ∆t

3
, (∆t

1
> ∆t

2
> ∆t

3
) osQ fy, d.k osQ vkSlr osx v  dh

fn'kk dks fn[kk;k x;k gS A tSls gh ∆ t →0 rks  ∆r→0 ,oa
∆r iFk dh Li'kZ js[kk osQ vuqfn'k gks tkrk gS (fp=k 3.13d)A
bl izdkj iFk osQ fdlh fcanq ij osx ml fcanq ij [khaph

xbZ Li'kZ js[kk }kjk O;Dr gksrk gS ftldh fn'kk oLrq dh
xfr osQ vuqfn'k gksrh gSA

lqfoèkk osQ fy, v oQks ge izk;% ?kVd osQ :i eas fuEufyf[kr
izdkj ls O;Dr djrs gSa %

v
r

=
d

dt

   = +










→
lim

x

t

y

tt∆

∆

∆

∆

∆0

ɵ ɵi j (3.29)

   = +
→ →

ɵ ɵi jlim
x

t
lim

y

tt t∆ ∆

∆

∆

∆

∆0 0

fp=k 3.12 (a) fLFkfr lfn'k r, (b) foLFkkiu ∆r rFkk d.k dk
vkSlr osx 

_
v

(b)

(a)

lehdj.k (3.25)  dks ge lfn'kksa osQ ?kVd osQ :i eas
fuEuakfdr izdkj ls O;Dr djsaxs]

   ∆r   ( ) ( )= + − +x' y' x ɵ ɵ ɵ ɵi j i jy 
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37lery esa xfr

;k]          v i j i j= + = +ɵ ɵ ɵ ɵd

d

d

d

x

t

y

t
v vx y .

;gk¡  v
x

t
v

y

tx y= =
d

d

d

d
,                  (3.30a)

vr% ;fn le; osQ iQyu osQ :i esa gesa funsZ'kkad x vkSj y
Kkr gSa rks ge mijksDr lehdj.kksa dk mi;ksx  v

x
 vkSj v

y
 fudkyus

esa dj ldrs gSa A
lfn'k v dk ifjek.k fuEufyf[kr gksxk]

v v vx
2

y
2= + (3.30b)

rFkk bldh fn'kk dks.k θ }kjk fuEu izdkj ls O;Dr
gksxh %

tan   tan
1θ θ= =












−v

v

v

v

y

x

y

x

, (3.30c)

fp=k 3-14 esa fcUnq P ij fdlh osx lfn'k v osQ fy, v
x
,

v
y
 rFkk dks.k θ dks n'kkZ;k x;k gS A

fp=k 3-14 osx v osQ ?kVd v
x
, v

y
 rFkk dks.k θ tks  x-v{k ls

cukrk gS A fp=k esa v
x
 = v cos θ, v

y
 = v sin θ

Roj.k
x-y lery esa xfreku oLrq dk vkSlr Roj.k (

_
a) mlosQ osx

esa ifjorZu rFkk laxr le; varjky ∆t osQ vuqikr osQ cjkcj
gksrk gS %

( )
a

v i j
i j= =

+
= +

∆

∆

∆

∆

∆

∆

∆

∆t

v v

t

v

t

v

t

x y x y
ɵ ɵ

ɵ ɵ   (3.31a)

vFkok  a i j= +a ax y
ɵ ɵ .      (3.31b)

Roj.k (rkR{kf.kd Roj.k) vkSlr Roj.k osQ lhekUr eku osQ cjkcj
gksrk gS tc le; varjky 'kwU; gks tkrk gS %

a
v

=
→

lim
tt∆

∆

∆0
     (3.32a)

D;ksafd ∆v = î∆v
x 
+ ĵ ∆v

y
, blfy,

a i j= +
→ →

ɵ ɵlim
v

t
lim

v

tt

x

t

y

∆ ∆

∆

∆

∆

∆0 0

vFkok   a = îa
x 
+ ĵay

(3.32b)

tgk¡ a
v

t
,  a

v

t
x

x
y

y
= =

d

d

d

d
(3.32c)*

osx dh Hkk¡fr ;gk¡ Hkh oLrq osQ iFk dks iznf'kZr djus okys fdlh
vkys[k esa Roj.k dh ifjHkk"kk osQ fy, ge xzkiQh fof/ ls lhekUr
izØe dks le> ldrs gSa A bls fp=kksa (3-15a) ls (3-15d)
rd esa le>k;k x;k gS A fdlh {k.k t ij d.k dh fLFkfr fcanq
P }kjk n'kkZbZ xbZ gS A ∆t

1
, ∆t

2
, ∆t

3
, (∆t

1
>∆t

2
>∆t

3
) le; osQ

ckn d.k dh fLFkfr Øe'k% fcanqvksa P
1
, P

2
, P

3
 }kjk O;Dr dh

dh fn
'kk

dh fn
'kk

fp=k 3-13 tSls gh le; varjky ∆ t 'kwU; dh lhek dks Li'kZ dj
ysrk gS] vkSlr osx  &v oLrq osQ osx  v osQ cjkcj gks
tkrk gS A v  dh fn'kk fdlh {k.k iFk ij Li'kZ js[kk osQ
lekarj gSA

dh fn
'kk dh fn

'kk

*   x o y osQ inksa esa a
x
 rFkk a

y
 dks ge fuEu izdkj ls O;Dr djrs gSa %

  
2

2

2

2

d

d

d

d

d

d
         

d

d

d

d

d

d

t

y

t

y

t
a,

t

x

t

x

t
a

yx =




==





=
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38 HkkSfrdh

xbZ gS A fp=kksa (3-15) a, b vkSj c esa bu lHkh fcanqvksa P,

P
1
, P

2
, P

3
 ij osx lfn'kksa dks Hkh fn[kk;k x;k gS A izR;sd ∆t

osQ fy, lfn'k ;ksx osQ f=kHkqt fu;e dk mi;ksx djosQ ∆v

dk eku fudkyrs gSa A ifjHkk"kk osQ vuqlkj vkSlr Roj.k dh
fn'kk ogh gS tks ∆v dh gksrh gS A ge ns[krs gSa fd tSls&tSls
∆t dk eku ?kVrk tkrk gS oSls&oSls ∆v dh fn'kk Hkh cnyrh
tkrh gS vkSj blosQ ifj.kkeLo:i Roj.k dh Hkh fn'kk cnyrh
gS A varr% ∆t →0  lhek esa ¹fp=k 3-15 (d)º vkSlr Roj.k]
rkR{kf.kd Roj.k osQ cjkcj gks tkrk gS vkSj bldh fn'kk fp=k
esa n'kkZ, vuqlkj gksrh gS A

è;ku nsa fd ,d foek esa oLrq dk osx ,oa Roj.k lnSo
,d ljy js[kk esa gksrs gSa (os ;k rks ,d gh fn'kk esa gksrs
gSa vFkok foijhr fn'kk esa) A ijarq nks ;k rhu foekvksa
esa xfr osQ fy, osx ,oa Roj.k lfn'kksa osQ chp 0ñ ls 180ñ

osQ chp dksbZ Hkh dks.k gks ldrk gSA

••••• mnkgj.k 3-4 fdlh d.k dh fLFkfr
r = 3.0 tɵi + 2.0 t2ɵj + 5.0 ɵɵɵɵɵ k gS A
tgka t lsdaM esa O;Dr fd;k x;k gS A vU; xq.kdksa osQ
ek=kd bl izdkj gSa fd r ehVj esa O;Dr gks tk,¡A
(a) d.k dk v(t) o a(t) Kkr dhft,_ (b) t = 1.0 s

ij v(t) dk ifjek.k o fn'kk Kkr dhft, A

 dr     d  gy v(t) =    =   (3.0 t ɵɵɵɵɵi + 2.0 t 2ɵɵɵɵɵj + 5.0ɵɵɵɵɵk)
 dt     dt

= 3.0 ɵi + 4.0 tɵj

dva(t) = = 4.0 ɵj
dt

a = 4.0 m s–2 y- fn'kk esa
t = 1.0 s ij v = 3.0ɵi + 4.0ɵɵɵɵɵj

bldk ifjek.k 2 2 1-= 3 4 5.0 m sv + =  gS] rFkk

bldh fn'kk  
-1 1 4

= tan tan 53
3

y

x

v

v
θ −    °= ≅     

¶

3-8 fdlh lery esa ,dleku Roj.k ls xfr

eku yhft, fd dksbZ oLrq ,d lery x-y esa ,d
leku Roj.k a ls xfr dj jgh gS  vFkkZr~ a dk eku fu;r
gS A fdlh le; varjky esa vkSlr Roj.k bl fLFkj Roj.k
osQ eku c  osQ cjkcj gksxk c  = a A vc eku yhft, fdlh
{k.k t = 0 ij oLrq dk osx v

0
 rFkk nwljs vU; {k.k t ij mldk

osx v gS A

rc ifjHkk"kk osQ vuqlkj

a
v v v v0 0=

−
−

=
−

t t0

vFkok v = v
0
 + a t (3.33a)

mi;ZqDr lehdj.k dks lfn'kksa osQ ?kVd osQ :i esa fuEufyf[kr
izdkj ls O;Dr djrs gSa&

v
x
 = v

0x
+a

x
t

v
y
 = v

0y
 + a

y
t (3.33b)

vc ge ns[kasxs fd le; osQ lkFk fLFkfr lfn'k r fdl izdkj
cnyrk gS A ;gk¡ ,dfoeh; xfr osQ fy, crkbZ xbZ fof/
dk mi;ksx djsaxs A eku yhft, fd t = 0 rFkk t = t {k.kksa ij
d.k osQ fLFkfr osQ lfn'k Øe'k% r

0
 rFkk r gSa rFkk bu {k.kksa

ij d.k osQ osx v
0
 rFkk v gSa A rc le; varjky t – 0 = t

esa d.k dk vkSlr osx (v
o
 + v)/2 rFkk foLFkkiu r – r

0
 gksxk A

D;ksafd foLFkkiu vkSlr rFkk le; varjky dk xq.kuiQy gksrk gS]

fp=k 3-15 rhu le; varjkyksa (a) ∆t
1
, (b) ∆t

2
, (c) ∆t

3
, (∆t

1
>∆t

2
>∆t

3
) osQ fy, vkSlr Roj.k c  (d) ∆t→0 lhek osQ varxZr vkSlr

Roj.k oLrq osQ Roj.k osQ cjkcj gksrk gS A

_
a 
d
h f
n'
kk

_
a 
d
h f
n'
kk

_
a 
d
h f
n'
kk

a
 d

h 
fn
'k
k
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vFkkZr~

= v
0
 + 
2

1
at2

vr,o]

r r v a0 0= + +t t
1

2

2 (3.34a)

;g ckr vklkuh ls lR;kfir dh tk ldrh gS fd lehdj.k

(3-34a)dk vodyu 
td

dr  lehdj.k (3.33a) gS rFkk lkFk

gh t = 0 {k.k ij r = r
0
 dh 'krZ dks Hkh iwjh djrk gS A lehdj.k

(3.34a) dks ?kVdksa osQ :i esa fuEufyf[kr izdkj ls O;Dr
dj ldrs gSa %

x = x
0
 + v

ox 
t + 

2

1  a
x 
t2

y = y
0
 + v

oy 
t + 

2

1  a
y 
t2 (3.34b)

lehdj.k (3.34b) dh lh/h O;k[;k ;g gS fd x o y

fn'kkvksa esa xfr;k¡ ,d nwljs ij fuHkZj ugha djrh gSa A vFkkZr~]
fdlh lery (nks foek) esa xfr dks nks vyx&vyx
ledkfyd ,dfoeh; ,dleku Rofjr xfr;ksa osQ :i
essa le> ldrs gSa tks ijLij yacor~ fn'kkvksa osQ vuqfn'k
gksa A ;g egRoiw.kZ ifj.kke gS tks nks foekvksa esa oLrq dh
xfr osQ fo'ys"k.k esa mi;ksxh gksrk gS A ;gk¡ ifj.kke f=kfoeh;
xfr osQ fy, Hkh gS A cgqr&lh HkkSfrd fLFkfr;ksa esa nks yacor~
fn'kkvksa dk pquko lqfo/ktud gksrk gS tSlk fd ge iz{ksI; xfr
osQ fy, [k.M (3-10) esa ns[ksaxs A

••••• mnkgj.k 3-5 t = 0 {k.k ij dksbZ d.k ewy fcanq ls
5-0ɵɵɵɵɵi m/s osQ osx ls pyuk 'kq: djrk gS A x - y  lery
esa ml ij ,d ,slk cy yxrk gS tks mlesa ,dleku
Roj.k (3.0ɵɵɵɵɵi + 2.0ɵɵɵɵɵj) m/s2  mRiUu djrk gS A (a) ftl
{k.k ij d.k dk x funsZ'kkad 84 m gks ml {k.k mldk
y  funsZ'kkad fdruk gksxk \ (b) bl {k.k d.k dh pky
D;k gksxh\

gy lehdj.k (3-34 a) ls r
0
= 0 ij iz'ukuqlkj d.k dh fLFkfr

fuEukafdr lehdj.k ls O;Dr gksxh]

r(t) = v
0 
t + 

2

1
a t2

= 5.0ɵi t + 
2

1  (3.0ɵi + 2.0ɵɵɵɵɵj)t2

= (5.0t + 1.5t2)ɵɵɵɵɵi + 1.0t2ɵɵɵɵɵj

vr,o] x(t) = 5.0 t + 1.5 t2

y(t) = 1.0 t2

tc x(t) = 84 m rc t = ?

∴ 84 = 5.0 t + 1.5 t2

gy djus ij

t = 6.0 s ij y = 1.0(6)2 = 36.0 m

   ( )d ˆ ˆ5.0 3.0 2.0
d

t t
t

= = + +r
v i j

t = 6 s osQ fy,]  v = 23.0ɵi + 12.0ɵj

vr% d.k dh pky] −= + ≅2 2 1
23 12 26 m sv    ¶

3-9 iz{ksI; xfr

blls igys [k.M esa geus tks fopkj fodflr fd, gSa]
mnkgj.kLo:i mudk mi;ksx ge iz{ksI; dh xfr osQ vè;;u
osQ fy, djsaxs A tc dksbZ oLrq mNkyus osQ ckn mM+ku esa gks
;k iz{ksfir dh xbZ gks rks mls iz{ksI; dgrs gSa A ,slk iz{ksI;
iqQVckWy] fØosQV dh ckWy] csl&ckWy ;k vU; dksbZ Hkh oLrq
gks ldrh gS A fdlh iz{ksI; dh xfr dks nks vyx&vyx
ledkfyd xfr;ksa osQ ?kVd osQ ifj.kke osQ :i esa fy;k tk
ldrk gS A buesa ls ,d ?kVd fcuk fdlh Roj.k osQ {kSfrt
fn'kk esa gksrk gS rFkk nwljk xq#Roh; cy osQ dkj.k ,dleku
Roj.k ls mQèokZ/j fn'kk esa gksrk gS A

loZizFke xSyhfy;ks us vius ys[k Mk;ykWx vku fn xszV

oYMZ flLVEl  (1632) esa iz{ksI; xfr osQ {kSfrt ,oa mQèokZ/j
?kVdksa dh Lora=k izÑfr dk mYys[k fd;k Fkk A

bl vè;;u esa ge ;g ekusaxs fd iz{ksI; dh xfr ij ok;q
dk izfrjks/ ux.; izHkko Mkyrk gS A ekuk fd iz{ksI; dks ,slh
fn'kk dh vksj v

0
 osx ls isaQdk x;k gS tks x- v{k ls

(fp=k 3-16 osQ vuqlkj) θ
0 
dks.k cukrk gS A

isaQdh xbZ oLrq dks iz{ksfir djus osQ ckn ml ij xq#Ro osQ dkj.k
yxus okys Roj.k dh fn'kk uhps dh vksj gksrh gS %

a = –gɵɵɵɵɵj

vFkkZr~ a
x
 = 0, rFkk a

y
 = –g (3.35)
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fp=k 3-16 v
0
 osx ls θ

0
 dks.k ij iz{ksfir fdlh oLrq dh xfr A

izkjafEHkd osx v
0
 osQ ?kVd fuEu izdkj gksaxs %

v
ox
 = v

0
 cos θ

0

v
oy

 = v
0
 sin θ

0
(3.36)

;fn fp=k 3-16 osQ vuqlkj oLrq dh izkjafHkd fLFkfr funsZ'k ra=k
osQ ewy fcanq ij gks] rks

x
0
 = 0, y

0
 = 0

bl izdkj lehdj.k (3-34b) dks fuEu izdkj ls fy[ksaxs %
x = v

ox
 t = (v

0
cos θ

0
)t

rFkk] y = (v
0
sin θ

0
) t – 

2

1
g t2 (3.37)

lehdj.k (3-33b) dk mi;ksx djosQ fdlh le; t osQ fy,
osx osQ ?kVdksa dks uhps fy[ks x, lehdj.kksa ls O;Dr djsaxs %

v
x
 = v

ox
 = v

0 
cos θ

0

v
y
 = v

0 
sin θ

0
 – g t (3.38)

lehdj.k (3-37) ls gesa fdlh {k.k t ij izkjafHkd osx v
0

rFkk iz{ksI; dks.k θ
0
 osQ inksa esa iz{ksI; osQ funsZ'kkad x- vkSj

y- izkIr gks tk,¡xs A bl ckr ij è;ku nhft, fd x o y fn'kkvksa
osQ ijLij yacor~ gksus osQ pquko ls iz{ksI; xfr osQ fo'ys"k.k
esa i;kZIr ljyrk gks xbZ gS A osx osQ nks ?kVdksa esa ls ,d
x- ?kVd xfr dh iwjh vof/ esa fLFkj jgrk gS tcfd nwljk
y- ?kVd bl izdkj ifjofrZr gksrk gS ekuks iz{ksI; Lora=krkiwoZd
uhps fxj jgk gks A fp=k 3-17 esa fofHkUu {k.kksa osQ fy, bls
vkys[kh fof/ ls n'kkZ;k x;k gS A è;ku nhft, fd vf/dre
m¡QpkbZ okys fcanq osQ fy, v

y
 = 0 rFkk

θ = =−tan 01
v

v

y

x

iz{ksid osQ iFk dk lehdj.k

iz{ksI; }kjk pys x, iFk dh vkÑfr D;k gksrh gS \ blosQ fy,
gesa iFk dk lehdj.k fudkyuk gksxk A lehdj.k (3-37) esa
fn, x,  x o y O;atdksa  ls  t dks foyqIr djus ls fuEufyf[kr
lehdj.k izkIr gksrk gS %

( )
( )

y x
g

v
x= −tan 

2 cos
o

o o

2

2θ
θ       (3.39)

;g iz{ksI; osQ iFk dk lehdj.k gS vkSj bls fp=k 3-17 esa fn[kk;k
x;k gS A D;ksafd g, θ

0
 rFkk v

0
 vpj gSa] lehdj.k (3-39)

dks fuEu izdkj ls O;Dr dj ldrs gSa %
y = ax + bx2

blesas a rFkk b fu;rkad gSa A ;g ,d ijoy; dk lehdj.k
gS] vFkkZr~ iz{ksI; dk iFk ijoyf;d gksrk gS A

fp=k 3-17 iz{ksI; dk iFk ijoy;kdkj gksrk gS A

vf/dre m¡QpkbZ dk le;
iz{ksI; vf/dre m¡QpkbZ rd ig¡qpus osQ fy, fdruk le; ysrk
gS\ eku yhft, fd ;g le; t

m
 gS A D;ksafd bl fcanq ij v

y

= 0 blfy, lehdj.k (3-38) ls ge t
m 
dk eku fudky ldrs

gSa %
v

y
 = v

0
 sin θ

0
 – gt

m
 = 0

vFkok    t
m
 = v

o
 sinθ

o 
/g                (3.40a)

iz{ksI; dh mM+ku dh vof/ esa yxk oqQy le; T
f
 ge

lehdj.k (3-38) esa y = 0 j[kdj fudky ysrs gSa A blfy,]
T

f
 = 2 (v

o
 sin θ

o
 )/g                  (3.40b)

T
f
 dks iz{ksI; dk mM~M;u dky dgrs gSa A ;g è;ku nsus dh

ckr gS fd T
f
 = 2t

m
 A iFk dh lefefr ls ge ,sls gh ifj.kke

dh vk'kk djrs gSa A
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iz{ksI; dh vf/dre m¡QpkbZ
lehdj.k (3-37) esa t = t

m
  j[kdj iz{ksI; }kjk izkIr vf/dre

m¡QpkbZ h
m
 dh x.kuk dh tk ldrh gS A

( )y h v
v

g

g v

g
m 0

0 0= =








 −









sin

sin

2

sin
0

0 0

2

θ
θ θ

;k
( )

h
v

m

0=
sin 0θ

2

2g
     (3.41)

iz{ksI; dk {kSfrt ijkl
izkjafHkd fLFkfr (x = y = 0) ls pydj ml fLFkfr rd tc
y = 0 gks iz{ksI; }kjk pyh xbZ nwjh dks {kSfrt ijkl] R, dgrs
gSaA {kSfrt ijkl mM~M;u dky T

f
 esa pyh xbZ nwjh gS A blfy,]

ijkl R gksxk %

R = (v
0
cos θ

0
)(T

f
)

   =(v
o
 cos θ

o
)  (2 v

o
 sin θ

o
)/g

vFkok R
v

g

0

2

=
 sin 2 0θ

(3.42)

lehdj.k (3-42) ls Li"V gS fd fdlh iz{ksI; osQ osx
v

0
 fy, R vf/dre rc gksxk tc θ

0
 = 450 D;ksafd

sin 900 = 1 (tks sin 2θ
0
 dk vf/dre eku gS) A bl izdkj

vf/dre {kSfrt ijkl gksxk

R
v

g
m

0

2

=     (3.42a)

••••• mnkgj.k 3-6 % xSyhfy;ks us viuh iqLrd ¶Vw U;w
lkbals”k¸ esa dgk gS fd ¶mu mUu;uksa osQ fy, ftuosQ
eku 45ñ ls cjkcj ek=kk }kjk vf/d ;k de gSa] {kSfrt
ijkl cjkcj gksrs gSa̧  A bl dFku dks fl¼ dhft, A

gy  ;fn dksbZ iz{ksI; θ
0 
 dks.k ij izkajfHkd osx v

0
 ls isaQdk

tk,] rks mldk ijkl

2
0 0sin2v

R
g

θ
=  gksxkA

vc dks.kksa (450 $ α) rFkk (450 & α) osQ fy, 2θ0 dk
eku Øe'k% (900 $ 2α) rFkk (900 & 2α) gksxk A sin(900

+ 2α) rFkk sin(900 – 2α) nksuksa dk eku leku vFkkZr~ cos

2α gksrk gS A vr% mu mUu;uksa osQ fy, ftuosQ eku 450 ls
cjkcj ek=kk }kjk de ;k vf/d gSa] {kSfrt ijkl cjkcj
gksrs gSa A ¶

• • • • • mnkgj.k 3-7 % ,d iSny ;k=kh fdlh [kM+h pêðku osQ
dksus ij [kM+k gS A pêðku tehu ls 490 m maQph gS A
og ,d iRFkj dks {kSfrt fn'kk esa 15 m s–1 dh vkjafHkd
pky ls isaQdrk gS A ok;q osQ izfrjks/ dks ux.; ekurs
gq, ;g Kkr dhft, fd iRFkj dks tehu rd igq¡pus esa
fdruk le; yxk rFkk tehu ls Vdjkrs le; mldh
pky fdruh Fkh\ (g = 9.8 m s–2)A

gy  ge [kM+h pêðku osQ dksus dks x- rFkk y- v{k dk ewy
fcanq rFkk iRFkj isaQosQ tkus osQ le; dks t = 0 ekusaxs A x- v{k
dh /ukRed fn'kk vkjafHkd osx osQ vuqfn'k rFkk y-v{k dh
/ukRed fn'kk mQèokZ/j mQij dh vksj pqurs gSa A tSlk fd ge
igys dg pqosQ gSa fd xfr osQ x- o y- ?kVd ,d nwljs ij fuHkZj
ugha djrs] blfy,

x(t) = x
0
 + v

ox 
t

y(t) = y
0
 + v

oy
 t + (1/2) a

y
 t2

;gk¡ x
o
 = y

o
 = 0, v

oy
 = 0, a

y 
 = –g = –9.8 m s-2

v
ox

 = 15 m s-1.

iRFkj ml le; tehu ls Vdjkrk gS tc y(t) = – 490 m

∴  – 490 m = – (1/2) (9.8)t2

vFkkZr~ t = 10 s

osx ?kVd v
x 
= v

ox 
rFkk v

y 
= v

oy
– g t gksaxs A

vr%] tc iRFkj tehu ls Vdjkrk gS] rc
v

ox
 = 15 m s–1

v
oy

 = 0 – 9.8 × 10 = –98 m s–1

blfy, iRFkj dh pky

2 215 98 99 m s2 2 1
x yv v  −+ = + =  gksxh A ¶

••••• mnkgj.k 3-8 :  {kSfrt ls mQij dh vksj 30ñ dk dks.k
cukrs gq, ,d fØosQV xsan 28 m s–1 dh pky ls isaQdh
tkrh gS A (a) vf/dre m¡QpkbZ dh x.kuk dhft,]
(b) mlh Lrj ij okil igq¡pus esa yxs le; dh x.kuk
dhft,] rFkk (c) isaQdus okys fcanq ls ml fcanq dh nwjh
tgk¡ xsan mlh Lrj ij igq¡ph gS] dh x.kuk dhft, A

gy  (a) vf/dre m¡QpkbZ

      (v
0
sin θ

0
)2      (28 sin 300)2

h
m
 =    =  m

2 g              2(9.8)

= 10.0 m gksxh A

(b) mlh /jkry ij okil vkus esa yxk le;
T

f 
= (2 v

o
 sin θ

o 
)/g = (2 × 28 × sin 30° )/9.8

    = 28/9.8 s = 2.9 s  gksxk A
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fp=k 3-18 fdlh oLrq dh ,dleku o`Ùkh; xfr osQ fy, osx rFkk Roj.k A fp=k (a) ls (c) rd ∆t ?kVrk tkrk gS (fp=k c esa 'kwU;
gks tkrk gS) A o`Ùkkdkj iFk osQ izR;sd fcanq ij Roj.k o`Ùk osQ osaQnz dh vksj gksrk gS A

∗ ∆t→0 lhek esa ∆r, r osQ yacor~ gks tkrk gS A bl lhek esa D;ksafd ∆∆∆∆∆v→→→→→ 0  gksrk gS] iQyLo:i ;g Hkh v osQ yacor~ gksxk A vr% o`Ùkh;
iFk osQ izR;sd fcanq ij Roj.k dh fn'kk osaQnz dh vksj gksrh gSA

(c) isaQdus okys fcanq ls ml fcanq dh nwjh tgk¡ xsan mlh
Lrj ij ig¡qprh gS%

R
( )2

o ov sin2 28 28 sin60
69 m

9.8

o

g

θ × ×
= = =  gksxhA

¶

3-10 ,dleku o`Ùkh; xfr
tc dksbZ oLrq ,dleku pky ls ,d o`Ùkkdkj iFk ij pyrh
gS] rks oLrq dh xfr dks ,dleku o`Ùkh; xfr dgrs gSa A 'kCn
¶,dleku¸ ml pky osQ lanHkZ esa iz;qDr gqvk gS tks oLrq dh
xfr dh vof/ esa ,dleku (fu;r) jgrh gS A ekuk fd fp=k
3-18 osQ vuqlkj dksbZ oLrq ,dleku pky v ls R f=kT;k okys
o`Ùk osQ vuqfn'k xfreku gS A D;ksafd oLrq osQ osx dh fn'kk esa
fujUrj ifjorZu gks jgk gS] vr% mlesa Roj.k mRiUu gks jgk gSA
gesa Roj.k dk ifjek.k rFkk mldh fn'kk Kkr djuh gS A

ekuk r o r'  rFkk v o v' d.k dh fLFkfr rFkk xfr lfn'k
gSa tc og xfr osQ nkSjku Øe'k% fcanqvksa P o P'  ij gS
(fp=k 3-18a) A ifjHkk"kk osQ vuqlkj] fdlh fcanq ij d.k dk
osx ml fcanq ij Li'kZ js[kk osQ vuqfn'k xfr dh fn'kk esa gksrk
gS A fp=k 3-18(a1) esa osx lfn'kksa v o v' dks fn[kk;k x;k
gSA fp=k 3-18(a2) esa lfn'k ;ksx osQ f=kHkqt fu;e dk mi;ksx
djosQ ∆v fudky ysrs gSa A D;ksafd iFk o`Ùkh; gS] blfy, fp=k
esa] T;kfefr ls Li"V gS fd v, r osQ rFkk v', r' osQ yacor~ gSa A
blfy,] ∆v, ∆r osQ yacor~ gksxk A iqu% D;ksafd vkSlr Roj.k

∆v
v

a =





∆
∆t

 osQ vuqfn'k gS] blfy, c  Hkh ∆r osQ yacor~

gksxk A vc ;fn ge ∆v dks ml js[kk ij j[ksa tks r o r' osQ
chp osQ dks.k dks f}Hkkftr djrh gS rks ge ns[ksaxs fd bldh
fn'kk òÙk osQ osaQnz dh vksj gksxh A bUghs jkf'k;ksa dks fp=k 3.18(b)
esa NksVs le; varjky osQ fy, fn[kk;k x;k gS A ∆v, vr% c

dh fn'kk iqu% osaQnz dh vksj gksxh A fp=k (3-18c) esa ∆t→0

gS] blfy, vkSlr Roj.k] rkR{kf.kd Roj.k osQ cjkcj gks tkrk
gS A bldh fn'kk osaQnz dh vksj gksrh gS* A bl izdkj] ;g fu"d"kZ
fudyrk gS fd ,dleku o`Ùkh; xfr osQ fy, oLrq osQ Roj.k
dh fn'kk o`Ùk osQ osaQnz dh vksj gksrh gS A vc ge bl Roj.k
dk ifjek.k fudkysaxsA
ifjHkk"kk osQ vuqlkj] a dk ifjek.k fuEufyf[kr lw=k ls O;Dr
gksrk gS]

a
v

=
→

lim
∆t 0

∆
∆t

eku yhft, r o r' osQ chp dk dks.k ∆θ gS A D;ksafd osx
lfn'k v o v' lnSo  fLFkfr lfn'kksa osQ yacor~ gksrs gSa] blfy,
muosQ chp dk dks.k Hkh ∆θ gksxk A vr,o fLFkfr lfn'kksa }kjk
fufeZr f=kHkqt (∆CPP') rFkk osx lfn'kksa  v, v' o ∆v }kjk
fufeZr f=kHkqt (∆GHI)  le:i gSa (fp=k 3-18a) A bl izdkj
,d f=kHkqt osQ vk/kj dh yackbZ o fdukjs dh Hkqtk dh yackbZ
dk vuqikr nwljs f=kHkqt dh rnuq:i yackb;ksa osQ vuqikr osQ
cjkcj gksxk] vFkkZr~
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∆ ∆v r

v R
=  ;k ∆

∆
v

r
= v

R

blfy,]

a
v r r

=
→

=
→

=
→∆

∆

∆ ∆

∆

∆ ∆

∆

∆t 0 0 R R 0t t

v

t

v

t t

;fn ∆t NksVk gS] rks ∆θ Hkh NksVk gksxk A ,slh fLFkfr esa pki
PP' dks yxHkx |∆r| osQ cjkcj ys ldrs gSa A

vFkkZr~] |∆r| ≅  v ∆t

;k 
∆
∆
r

t
v≅  vFkok ∆

∆

∆t 0 t
v

→
=

r

bl izdkj] vfHkosaQnz Roj.k a
c
 dk eku fuEufyf[kr gksxk]

a
c
  =   

v

R

 
  

v = v2/R (3.43)

bl izdkj fdlh R f=kT;k okys o`Ùkh; iFk osQ vuqfn'k v
pky ls xfreku oLrq osQ Roj.k dk ifjek.k v2/R gksrk gS
ftldh fn'kk lnSo o`Ùk osQ osaQnz dh vksj gksrh gS A blh
dkj.k bl izdkj osQ Roj.k dks vfHkosaQnz Roj.k dgrs gSa
(;g in U;wVu us lq>k;k Fkk) A vfHkosaQnz Roj.k ls lacaf/r
laiw.kZ fo'ys"k.kkRed ys[k loZizFke 1673 esa ,d Mp
oSKkfud fØfLp;ku gkbxsUl (1629&1695) us izdkf'kr
djok;k Fkk] fdUrq laHkor;k U;wVu dks Hkh oqQN o"kks ± iwoZ
gh bldk Kku gks pqdk Fkk A vfHkosaQnz dks vaxzsth esa lsaVªhihVy
dgrs gSa tks ,d xzhd 'kCn gS ftldk vfHkizk; osaQnz&vfHkeq[k
(osaQnz dh vksj) gS A D;ksafd v rFkk R nksuks a vpj gSa blfy,
vfHkosaQnz Roj.k dk ifjek.k Hkh vpj gksrk gSA ijarq fn'kk
cnyrh jgrh gS vkSj lnSo osaQnz dh vksj gksrh gSA bl izdkj
fu"d"kZ fudyrk gS fd vfHkosaQnz Roj.k ,dleku lfn'k ugha
gksrk gS A

fdlh oLrq osQ ,dleku o`Ùkh; xfr osQ osx rFkk Roj.k
dks ge ,d nwljs izdkj ls Hkh le> ldrs gSa A fp=k 3-18

esa fn[kk, x, vuqlkj ∆t (=t'–t) le; varjky esa tc d.k P
ls P' ij igq¡p tkrk gS rks js[kk CP dks.k ∆θ ls ?kwe tkrh gS A
∆θ dks ge dks.kh; nwjh dgrs gSa A dks.kh; osx ω (xzhd v{kj
^vksesxk*) dks ge dks.kh; nwjh osQ le; ifjorZu dh nj osQ
:i esa ifjHkkf"kr djrs gSa A bl izdkj]

ω
θ

=
∆

∆t
(3-44)

vc ;fn ∆t le; esa d.k }kjk pyh nwjh dks ∆s ls O;Dr djsa
(vFkkZr~ PP'=∆s) rks]

v
s

t
=

∆
∆

fdarq ∆s = R∆θ] blfy,  R
θ ω∆= =

∆
v R

t

vr% v = ωR (3-45)

vfHkosaQnz Roj.k dks ge dks.kh; pky osQ :i esa Hkh O;Dr dj
ldrs gSa A vFkkZr~]

a
v

R

R

R
Rc = = =

2 2
2ω

ω
2

;k   Rac
2ω= (3-46)

o`Ùk dk ,d pDdj yxkus esa oLrq dks tks le; yxrk gS mls
ge vkoRkZdky T dgrs gSa A ,d lsoaQM esa oLrq ftrus pDdj
yxkrh gS] mls ge oLrq dh vko`fÙk ν dgrs gSa A
ijarq brus le; esa oLrq }kjk pyh xbZ nwjh s = 2πR gksrh gS]
blfy,

v = 2πR/T = 2πRν (3-47)

bl izdkj ω] v rFkk a
c 
dks ge vko`fRk ν osQ in esa O;Dr dj

ldrs gSa] vFkkZr~

ω = 2πν
v = 2πνR

a
c
 = 4π2ν2R (3-48)

••••• mnkgj.k 3-9 % dksbZ dhM+k ,d o`Ùkh; [kk¡ps eas
ftldh f=kT;k 12cm gS] i¡Ql x;k gS A og [k¡kps osQ
vuqfn'k fLFkj pky ls pyrk gS vkSj 100 lsoaQM esa 7
pDdj yxk ysrk gSA (a) dhM+s dh dks.kh; pky o
jSf[kd pky fdruh gksxh\ (b) D;k Roj.k lfn'k ,d
vpj lfn'k gSA bldk ifj.kke fdruk gksxk\

gy  ;g ,dleku o`Ùkh; xfr dk ,d mnkgj.k gS A ;gk¡
R = 12 cm gS A dks.kh; pky ω dk eku

ω = 2π/T = 2π × 7/100 = 0.44 rad/s

gS rFkk jSf[kd pky v dk eku

v = ω R = 0.44 × 12 cm = 5.3 cm s–1

gksxk A o`Ùk osQ gj fcanq ij osx v  dh fn'kk ml fcanq ij Li'kZ
js[kk osQ vuqfn'k gksxh rFkk Roj.k dh fn'kk o`Ùk osQ osaQnz dh
vksj gksxh A D;ksafd ;g fn'kk yxkrkj cnyrh jgrh gS] blfy,
Roj.k ,d vpj lfn'k ugha gS A ijarq Roj.k dk ifjek.k vpj
gS] ftldk eku
a = ω2 R = (0.44 s–1)2 (12 cm) = 2.3 cm s–2  gksxkA  ¶
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lkjka'k

1- vfn'k jkf'k;k¡ os jkf'k;k¡ gSa ftuessa osQoy ifjek.k gksrk gS A nwjh] pky] lagfr (nzO;eku) rFkk rki vfn'k jkf'k;ksa osQ
oqQN mnkgj.k gSa A

2- lfn'k jkf'k;k¡ os jkf'k;k¡ gSa ftuessa ifjek.k rFkk fn'kk nksuksa gksrs gSa A foLFkkiu] osx rFkk Roj.k vkfn bl izdkj dh jkf'k
osQ oqQN mnkgj.k gSa A ;s jkf'k;k¡ lfn'k chtxf.kr osQ fof'k"V fu;eksa dk ikyu djrh gSa A

3- ;fn fdlh lfn'k A dks fdlh okLrfod la[;k λ ls xq.kk djsa rks gesa ,d nwljk lfn'k B izkIr gksrk gS ftldk ifjek.k
A osQ ifjek.k dk λ xquk gksrk gS A u, lfn'k dh fn'kk ;k rks A osQ vuqfn'k gksrh gS ;k blosQ foijhr A fn'kk bl
ckr ij fuHkZj djrh gS fd λ èkukRed gS ;k ½.kkRed A

4- nks lfn'kksa A o B dks tksM+us osQ fy, ;k rks 'kh"kZ o iqPN dh xzkiQh fofèk dk ;k lekUrj prqHkqZt fof/ dk mi;ksx
djrs gSa A

5- lfn'k ;ksx Øe&fofues; fu;e dk ikyu djrk gS&
A + B = B + A

lkFk gh ;g lkgp;Z osQ fu;e dk Hkh ikyu djrk gS vFkkZr~  (A + B) + C = A + (B + C)

6- 'kwU; lfn'k ,d ,slk lfn'k gksrk gS ftldk ifjek.k 'kwU; gksrk gS A D;ksafd ifjek.k 'kwU; gksrk gS blfy, blosQ lkFk
fn'kk crykuk vko';d ugha gS A
blosQ fuEufyf[kr xq.k gksrs gSa %

A + 0 = A
λ0 = 0

0A = 0

7- lfn'k B dks A ls ?kVkus dh fØ;k dks ge A o –B dks tksM+us osQ :i esa ifjHkkf"kr djrs gSa&
A – B = A + (–B)

8- fdlh lfn'k A dks mlh lery esa fLFkr nks lfn'kksa a rFkk b osQ vuqfn'k nks ?kVd lfn'kksa esa fo;ksftr dj ldrs
gSa%

A = λa + µb

;gk¡ λ o µ okLrfod la[;k,¡ gSa A
9- fdlh lfn'k A ls lacafèkr ,dkad lfn'k og lfn'k gS ftldk ifjek.k ,d gksrk gS vkSj ftldh fn'kk lfn'k A osQ

vuqfn'k gksrh gS A ,dkad lfn'k 
||

ˆ
C

C
p =

,dkad lfn'k k̂ , l̂ , m̂  bdkbZ ifjek.k okys os lfn'k gSa ftudh fn'kk,¡ nf{k.kkorhZ fudk; dh v{kksa Øe'k% x-, y-

o  z-  osQ vuqfn'k gksrh gSa A
10- nks foek osQ fy, lfn'k A dks ge fuEu izdkj ls O;Dr djrs gSa&

A = A
x 

k̂  + A
y 

l̂

;gk¡ A
x
 rFkk A

y
 Øe'k% x-, y-v{kksa osQ vuqfn'k A osQ ?kVd gSa A ;fn lfn'k A,  x-v{k osQ lkFk θ dks.k cukrk

gS] rks A
x
 = A cos θ, A

y
 = A sin θ rFkk

2 2 ,  tan = .
y

x y

x

A
A A A

A
θ= = +A

11- fo'ys"k.kkRed fofèk ls Hkh lfn'kksa dks vklkuh ls tksM+k tk ldrk gS A ;fn x-y lery esa nks lfn'kksa A o B dk
;ksx R gks] rks

R = R
x

k̂  + R
y

l̂     tgk¡ R
x
 = A

x
 + B

x
 rFkk R

y
 = A

y
 + B

y

12- lery esa fdlh oLrq dh fLFkfr lfn'k r dks izk;% fuEu izdkj ls O;Dr djrs gSa %

r = x i
^
 + yj

^

fLFkfr lfn'kksa r o r' osQ chp osQ foLFkkiu dks fuEu izdkj ls fy[krs gSa %
∆r = r' – r

= (x' – x) i
^ 
+ (y' – y) j

^

=∆x i
^ 
+∆y j

^
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13- ;fn dksbZ oLrq le; varjky ∆t  esa ∆r  ls foLFkkfir gksrh gS rks mldk vkSlr osx  
t∆

∆= t
x  gksxk A fdlh {k.k t

ij oLrq dk osx mlosQ vkSlr osx osQ lhekUr eku osQ cjkcj gksrk gS tc ∆t 'kwU; osQ lfUudV gks tkrk gS A vFkkZr~

tt d

d
lim

0t

tt
x =

∆
∆=

→∆

bls ,dkad lfn'kksa osQ :i eas Hkh O;Dr djrs gSa %

v = v
x
i
^
+ v

y 
j
^
+v

z 
k
^

tgk¡
t

z
v 

t

y
v

t

x
v zyx d

d
=,

d

d
= ,

d

d=

tc fdlh funsZ'kkad fudk; esa d.k dh fLFkfr dks n'kkZrs gSa] rks v dh fn'kk d.k osQ iFk osQ oØ dh ml fcanq ij
[khaph xbZ Li'kZ js[kk osQ vuqfn'k gksrh gS A

14- ;fn oLrq dk osx ∆t  le; varjky eas v ls v' eas cny tkrk gS] rks mldk vkSlr Roj.k 
tt ∆

∆=
∆
−= xxx

c
'

gksxk A

tc ∆t dk lhekUr eku 'kwU; gks tkrk gS rks fdlh {k.k t ij oLrq dk Roj.k 
tt d

d

t

xx
c =

∆
∆=

→∆ 0
lim  gksxk A

?kVd osQ inksa eas bls fuEu izdkj ls O;Dr fd;k tk ldrk gS %

a = a
x
i
^
+ a

y 
j
^
 + a

z 
k
^

;gk¡]

a
dv

dt
,  a

dv

dt
,  a

dv

dtx
x

y
y

z
z= = =

15- ;fn ,d oLrq fdlh lery eas ,dleku Roj.k 22|| yx aaa +== c ls xfreku gS rFkk {k.k t=0 ij mldk fLFkfr

lfn'k r
o
 gS] rks fdlh vU; {k.k t ij mldk fLFkfr lfn'k 2

00 2

1
tt cxtt ++= gksxk rFkk mldk osx v = v

0
+ at

gksxk A

;gk¡ v
0
] t = 0 {k.k ij oLrq osQ osx dks O;Dr djrk gS A

?kVd osQ :i eas

21

2
o ox xx x v t a t= + +

21

2
o oy yy y v t a t= + +

v
x
 = v

0x
 + a

x 
t

v
y
 = v

0y
 + a

y 
t

fdlh lery esa ,dleku Roj.k dh xfr dks nks vyx&vyx ledkfyd ,dfoeh; o ijLij yacor~ xfr;ksa osQ
vè;kjksi.k osQ :i esa eku ldrs gSa A

16- iz{ksfir gksus osQ mijkar tc dksbZ oLrq mM+ku eas gksrh gS rks mls iz{ksI; dgrs gSa A ;fn x&v{k ls θ0 dks.k ij oLrq dk
izkjafHkd osx v

0
 gS rks t {k.k osQ mijkar iz{ksI; osQ fLFkfr ,oa osx laca/h lehdj.k fuEuor~ gksaxs&

x = (v
0
cos θ0) t

y = (v
0
sin θ0) t− (1/2) g t2

v
x
 = v

0x
= v

0
cos θ0

v
y
 = v

0 
sin θ0 –gt

iz{ksI; dk iFk ijoyf;d gksrk gS ftldk lehdj.k
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( )
( )

2

0 2
tan

coso o

gx
y x –

2 v
θ

θ
=  gksxk A

iz{ksI; dh vf/dre Å¡pkbZ , rFkk

bl Å¡pkbZ rd igqapus eas yxk le; g

v
t oo
m

θsin =  gksxk A

iz{ksI; }kjk viuh izkjafHkd fLFkfr ls ml fLFkfr rd] ftlosQ fy, uhps mrjrs le; y = 0 gks] pyh xbZ {kSfrt nwjh
dks iz{ksI; dk ijkl R dgrs gSa A

vr% iz{ksI; dk ijkl 
2

sin2o
o

v
R

g
θ= gksxk A

17- tc dksbZ oLrq ,dleku pky ls ,d o`Ùkh; ekxZ eas pyrh gS rks bls ,dleku o`Ùkh; xfr dgrs gSa A ;fn oLrq dh
pky v gks rFkk bldh f=kT;k R gks] rks vfHkosaQnz Roj.k] a

c
= v2/R gksxk rFkk bldh fn'kk lnSo o`Ùk osQ osaQnz dh

vksj gksxh A dks.kh; pky ωdks.kh; nwjh osQ leku ifjorZu dh nj gksrk gS A jSf[kd osx v = ω R gksxk rFkk
Roj.k a

c
 = ω2R gksxk A

;fn oLrq dk vkorZdky T rFkk vko`fÙk ν gks] rks ω , v rFkk a
c
 osQ eku fuEuor~ gksaxs A

ω = 2πν,    v = 2πνR,    a
c 
= 4π2ν2R

HkkSfrd jkf'k izrhd foek ek=kd fVIi.kh

fLFkfr lfn'k r [L] m lfn'k A fdlh vU; fpg~u ls
Hkh bls O;Dr dj ldrs gSa

foLFkkiu ∆r [L] m **

osx [LT–1] m s–1

(a) vkSlr v& = ∆r/∆t] lfn'k

(b) rkR{kf.kd v = dv/dt] lfn'k

Roj.k [LT–2] m s–2

(a) vkSlr &
a = ∆v/∆t] lfn'k

(b) rkR{kf.kd a = dv/dt] lfn'k

iz{ksI; xfr

(a) vf/dre
ÅapkbZ eas yxk
le; t

m
[T] s

0 0sinv

g

θ
=

(b) vf/dre ÅapkbZ h
m

[L] m

2
0 0( sin )

2

v

g

θ
=

(c) {kSfrt ijkl R [L] m
2
0 0sin 2v

g

θ
=

o`RRkh; xfr

(a) dks.kh; pky ω [T–1] rad/s = ∆θ/∆t = v/R

(b) vfHkosaQnz a
c

[LT–2] m s–2 = v2/R

Roj.k
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 fopkj.kh; fo"k;

1- fdlh oLrq }kjk nks fcanqvksa osQ chp dh iFk&yackbZ lkekU;r;k] foLFkkiu osQ ifjek.k osQ cjkcj ugha gksrh A foLFkkiu
osQoy iFk osQ vafre fcanqvksa ij fuHkZj djrk gS tcfd iFk&yackbZ (tSlkfd uke ls gh Li"V gS) okLrfod iFk ij fuHkZj
djrh gS A nksuksa jkf'k;ka rHkh cjkcj gksaxh tc oLrq xfr ekxZ esa viuh fn'kk ugha cnyrh A vU; nwljh ifjfLFkfr;ksa eas
iFk&yackbZ foLFkkiu osQ ifjek.k ls vf/d gksrh gS A

2- mijksDr fcanq 1 dh n`f"V ls oLrq dh vkSlr pky fdlh fn, le; varjky eas ;k rks mlosQ vkSlr osx osQ ifjek.k
osQ cjkcj gksxh ;k mlls vf/d gksxh A nksuksa cjkcj rc gksaxh tc iFk&YkackbZ foLFkkiu osQ ifjek.k osQ cjkcj gks A

3- lfn'k lehdj.k (3.33) rFkk (3.34) v{kksa osQ pquko ij fuHkZj ugha djrs gSa A fu%lansg vki mUgas nks Lora=k v{kksa
osQ vuqfn'k fo;ksftr dj ldrs gSa A

4- ,dleku Roj.k osQ fy, 'kq¼xfrdh osQ lehdj.k ,dleku o`Ùkh; xfr eas ykxw ugha gksrs D;ksafd blesas Roj.k dk ifjek.k
rks fLFkj jgrk gS ijarq mldh fn'kk fujarj cnyrh jgrh gS A

5- ;fn fdlh oLrq osQ nks osx v
1
 rFkk v

2
 gksa rks mudk ifj.kkeh osx v =v

1
+ v

2 
gksxk A mijksDr lw=k rFkk oLrq 2 osQ

lkis{k oLrq dk 1 osQ osx vFkkZr~% v
12

 = v
1
- v

2 
 osQ chp Hksn dks HkyhHkakfr tkfu, A ;gka v

1
rFkk v

2 
fdlh mHk;fu"B

funsZ'k rU=k osQ lkis{k oLrq dh xfr;ka gSa A

6- o`Ùkh; xfr eas fdlh d.k dk ifj.kkeh Roj.k o`Ùk osQ osaQnz dh vksj gksrk gS ;fn mldh pky ,dleku gS A

7- fdlh oLrq dh xfr osQ ekxZ dh vko`Qfr osQoy Roj.k ls gh fu/kZfjr ugha gksrh cfYd og xfr dh izkjafHkd n'kkvksa
(izkjafHkd fLFkfr o izkjafHkd osx) ij Hkh fuHkZj djrh gS A mnkgj.kLo:i] ,d gh xq#Roh; Roj.k ls xfreku fdlh
oLrq dk ekxZ ,d ljy js[kk Hkh gks ldrk gS ;k dksbZ ijoy; Hkh] ,slk izkjafHkd n'kkvksa ij fuHkZj djsxk A

vH;kl

3-1 fuEufyf[kr HkkSfrd jkf'k;ksa esa ls crykb, fd dkSu&lh lfn'k gSa vkSj dkSu&lh vfn'k %

vk;ru] nzO;eku] pky] Roj.k] ?kuRo] eksy la[;k] osx] dks.kh; vko`fÙk] foLFkkiu] dks.kh; osxA

3-2 fuEukafdr lwph esa ls nks vfn'k jkf'k;ksa dks Nk¡fV,&

cy] dks.kh; laosx] dk;Z] /kjk] jSf[kd laosx] fo|qr {ks=k] vkSlr osx] pqacdh; vk?kw.kZ] vkisf{kd osxA

3-3 fuEufyf[kr lwph esa ls ,dek=k lfn'k jkf'k dks Nk¡fV,&

rki] nkc] vkosx] le;] 'kfDr] iwjh iFk&yackbZ] mQtkZ] xq#Roh; foHko] ?k"kZ.k xq.kkad] vkos'kA

3-4 dkj.k lfgr crkb, fd vfn'k rFkk lfn'k jkf'k;ksa osQ lkFk D;k fuEufyf[kr chtxf.krh; lafØ;k,¡ vFkZiw.kZ gSa\

(a) nks vfn'kksa dks tksM+uk] (b) ,d gh foekvksa osQ ,d lfn'k o ,d vfn'k dks tksM+uk] (c) ,d lfn'k dks ,d
vfn'k ls xq.kk djuk] (d) nks vfn'kksa dk xq.ku] (e) nks lfn'kksa dks tksM+uk] (f) ,d lfn'k osQ ?kVd dks mlh lfn'k
ls tksM+uk A

3-5 fuEufyf[kr esa ls izR;sd dFku dks è;kuiwoZd if<+, vkSj dkj.k lfgr crkb, fd ;g lR; gS ;k vlR; %

(a) fdlh lfn'k dk ifjek.k lnSo ,d vfn'k gksrk gS] (b) fdlh lfn'k dk izR;sd ?kVd lnSo vfn'k gksrk gS]
(c) fdlh d.k }kjk pyh xbZ iFk dh oqQy yackbZ lnSo foLFkkiu lfn'k osQ ifjek.k osQ cjkcj gksrh gS] (d) fdlh d.k
dh vkSlr pky (iFk r; djus esa yxs le; }kjk foHkkftr oqQy iFk&yackbZ) le; osQ leku&varjky esa d.k osQ vkSlr
osx osQ ifjek.k ls vf/d ;k mlosQ cjkcj gksrh gS A (e) mu rhu lfn'kksa dk ;ksx tks ,d lery esa ugha gSa] dHkh
Hkh 'kwU; lfn'k ugha gksrk A

3-6 fuEufyf[kr vlfedkvksa dh T;kfefr ;k fdlh vU; fof/ }kjk LFkkiuk dhft, %

(a) |a+b| ≤ |a| + |b|

(b) |a+b| ≥ ||a| – |b||
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(c) |a–b| ≤ |a| + |b|

(d) |a–b| ≥ ||a| – |b||

buesa lfedk (lerk) dk fpÉ dc ykxw gksrk gS \

3-7 fn;k gS a + b + c + d = 0, uhps fn, x, dFkuksa esa ls dkSu&lk lgh
gS %

(a) a, b, c rFkk d esa ls izR;sd 'kwU; lfn'k gS]

(b) (a + c) dk ifjek.k (b + d) osQ ifjek.k osQ cjkcj gS]

(c) a dk ifjek.k b, c  rFkk d osQ ifjek.kksa osQ ;ksx ls dHkh Hkh
vf/d ugha gks ldrk]

(d) ;fn a rFkk d lajs[kh; ugha gSa rks b + c vo'; gh a  rFkk d
osQ lery esa gksxk] vkSj ;g a rFkk d osQ vuqfn'k gksxk ;fn os
lajs[kh; gSa A

3-8 rhu yM+fd;k¡ 200 m f=kT;k okyh o`Ùkh; ciQhZyh lrg ij LosQfVax dj jgh gSa A os lrg osQ fdukjs osQ fcanq P ls LosQfVax
'kq: djrh gSa rFkk P osQ O;klh; foijhr fcanq Q ij fofHkUu iFkksa ls gksdj igq¡prh gSa tSlk fd fp=k 3-19 esa fn[kk;k
x;k gS A izR;sd yM+dh osQ foLFkkiu lfn'k dk ifjek.k fdruk gS \ fdl yM+dh osQ fy, ;g okLro esa LosQV fd,
x, iFk dh yackbZ osQ cjkcj gS A

3-9 dksbZ lkbfdy lokj fdlh o`Ùkh; ikoaZQ osQ osaQnz O ls pyuk 'kq: djrk gS rFkk ikoZQ osQ fdukjs P ij igq¡prk gSA iqu%
og ikoZQ dh ifjf/ osQ vuqfn'k lkbfdy pykrk gqvk QO osQ jkLrs (tSlk fp=k 3.20 esa fn[kk;k x;k gS) osaQnz ij
okil vk tkrk gS A ikoZQ dh f=kT;k 1 km gS A ;fn iwjs pDdj esa 10 feuV yxrs gksa rks lkbfdy lokj dk (a)

oqQy foLFkkiu] (b) vkSlr osx] rFkk (c) vkSlr pky D;k gksxh\

fp=k 3-20

3-10 fdlh [kqys eSnku esa dksbZ eksVj pkyd ,d ,slk jkLrk viukrk gS tks izR;sd 500 m osQ ckn mlosQ ckb± vksj 60ñ

osQ dks.k ij eqM+ tkrk gSA fdlh fn, eksM+ ls 'kq: gksdj eksVj pkyd dk rhljs] NBs o vkBosa eksM+ ij foLFkkiu
crkb,A izR;sd fLFkfr esa eksVj pkyd }kjk bu eksM+ksa ij r; dh xbZ oqQy iFk&yackbZ osQ lkFk foLFkkiu osQ ifjek.k
dh rqyuk dhft,A

3-11 dksbZ ;k=kh fdlh u, 'kgj esa vk;k gS vkSj og LVs'ku ls fdlh lh/h lM+d ij fLFkr fdlh gksVy rd tks 10 km

nwj gS] tkuk pkgrk gSA dksbZ csbZeku VSDlh pkyd 23 km osQ pDdjnkj jkLrs ls mls ys tkrk gS vkSj 28 feuV
esa gksVy esa igq¡prk gSA

(a) VSDlh dh vkSlr pky] vkSj (b) vkSlr osx dk ifjek.k D;k gksxk\ D;k os cjkcj gSa\

3-12 fdlh yacs gky dh Nr 25 m mQaph gS A og vf/dre {kSfrt nwjh fdruh gksxh ftlesa 40 m s–1 dh pky ls
isaQdh xbZ dksbZ xsan Nr ls Vdjk, fcuk xqtj tk, \

Q

fp=k 3-19
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49lery esa xfr

3-13 fØosQV dk dksbZ f[kykM+h fdlh xsan dks 100 m dh vf/dre {kSfrt nwjh rd isaQd ldrk gS A og f[kykM+h mlh
xsan dks tehu ls mQij fdruh maQpkbZ rd isaQd ldrk gS \

3-14 80 cm yacs /kxs osQ ,d fljs ij ,d iRFkj ck¡/k x;k gS vkSj bls fdlh ,dleku pky osQ lkFk fdlh {kSfrt
o`Ùk esa ?kqek;k tkrk gS A ;fn iRFkj 25 s esa 14 pDdj yxkrk gS rks iRFkj osQ Roj.k dk ifjek.k vkSj mldh
fn'kk D;k gksxh \

3-15 dksbZ ok;q;ku 900 km h–1 dh ,dleku pky ls mM+ jgk gS vkSj 1.00 km f=kT;k dk dksbZ {kSfrt ywi cukrk
gS A blosQ vfHkosaQnz Roj.k dh xq#Roh; Roj.k osQ lkFk rqyuk dhft, A

3-16 uhps fn, x, dFkuksa dks è;kuiwoZd if<+, vkSj dkj.k nsdj crkb, fd os lR; gSa ;k vlR; %

(a) o`Ùkh; xfr esa fdlh d.k dk usV Roj.k ges'kk o`Ùk dh f=kT;k osQ vuqfn'k osaQnz dh vksj gksrk gS A

(b) fdl fcanq ij fdlh d.k dk osx lfn'k lnSo ml fcanq ij d.k osQ iFk dh Li'kZ js[kk osQ vuqfn'k gksrk gSA

(c) fdlh d.k dk ,dleku o`Ùkh; xfr esa ,d pØ esa fy;k x;k vkSlr Roj.k lfn'k ,d 'kwU; lfn'k gksRkk gSA

3-17 fdlh d.k dh fLFkfr lfn'k fuEufyf[kr gS %

m)ˆ0.4ˆ0.2ˆ 0.3(
2

mlkt +−= tt

le; t lsoaQM esa gS rFkk lHkh xq.kdksa osQ ek=kd bl izdkj ls gSa fd r esa ehVj esa O;Dr gks tk, A
(a) d.k dk v rFkk a fudkfy,]
(b) t = 2.0 s ij d.k osQ osx dk ifjek.k rFkk fn'kk fdruh gksxh \

3-18 dksbZ d.k t = 0 {k.k ij ewy fcanq ls 1
s  m ̂10

−
l  osQ osx ls pyuk izkajHk djrk gS rFkk x-y lery esa ,dleku

Roj.k (8.0 
^
i + 2.0 

^
j) m s-2 ls xfr djrk gS A

(a) fdl {k.k d.k dk x-funsZ'kkad 16 m gksxk \ blh le; bldk y-funsZ'kkad fdruk gksxk \
(b) bl {k.k d.k dh pky fdruh gksxh \

3-19 k̂ o l̂ Øe'k% x- o y-v{kksa osQ vuqfn'k ,dkad lfn'k gSa A lfn'kksa  lk ˆˆ+ rFkk lk ˆˆ−  dk ifjek.k rFkk fn'kk D;k

gksxk \ lfn'k l""kC  ̂3ˆ 2 +=  osQ lk ˆ  ˆ + o l""k ˆˆ −  osQ fn'kkvksa osQ vuqfn'k ?kVd fudkfy,A [ vki xzkiQh fof/ dk mi;ksx

dj ldrs gSa ]
3-20 fdlh fno~QLFkku ij ,d LosPN xfr osQ fy, fuEufyf[kr laca/kas esa ls dkSu&lk lR; gS \

(a) v
vkSlr

 = (1/2) (v (t
1
) + v (t

2
))

(b) v 
vkSlr

 = [r(t
2
) - r(t

1
) ] /(t

2
 – t

1
)

(c) v (t) = v (0) + a t

(d) r (t) = r (0) + v (0) t + (1/2) a t2

(e) a 
vkSlr

 =[ v (t
2
) - v (t

1
 )] /( t

2
 – t

1
)

;gk¡ ^vkSlr* dk vk'k; le; varjky t
2
 o t

1
 ls lacaf/r HkkSfrd jkf'k osQ vkSlr eku ls gS A

3-21 fuEufyf[kr esa ls izR;sd dFku dks è;kuiwoZd if<+, rFkk dkj.k ,oa mnkgj.k lfgr crkb, fd D;k ;g lR; gS ;k
vlR; %
vfn'k og jkf'k gS tks

(a) fdlh izfØ;k esa lajf{kr jgrh gS]
(b) dHkh Í.kkRed ugha gksrh]
(c) foekghu gksrh gS]
(d) fdlh LFkku ij ,d fcanq ls nwljs fcanq osQ chp ugha cnyrh]
(e) mu lHkh n'kZdksa osQ fy, ,d gh eku j[krh gS pkgs v{kksa ls muosQ vfHkfoU;kl fHkUu&fHkUu D;ksa u gksa A

3-22 dksbZ ok;q;ku i`Foh ls 3400 m dh mQapkbZ ij mM+ jgk gS A ;fn i`Foh ij fdlh voyksdu fcanq ij ok;q;ku dh
10.0 s dh nwjh dh fLFkfr;ka 30ñ dk dks.k cukrh gSa rks ok;qeku dh pky D;k gksxh \
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vè;k; 4

xfr osQ fu;e

4.1 Hkwfedk
4.2 vjLrw dh Hkzkedrk

4.3 tM+Ro dk fu;e

4.4 U;wVu dk xfr dk izFke fu;e

4.5 U;wVu dk xfr dk f}rh; fu;e

4.6 U;wVu dk xfr dk r`rh; fu;e

4.7 laosx&laj{k.k

4.8 fdlh d.k dh lkE;koLFkk

4.9 ;kaf=kdh esa lkekU; cy

4.10orqZy (o`Ùkh;) xfr

4.11;kaf=kdh esa leL;kvksa dks gy djuk

lkjka'k

fopkj.kh; fo"k;

vH;kl

4.1 Hkwfedk
fiNys vè;k; esa gekjk laca/ fno~QLFkku esa fdlh d.k dh xfr dk ek=kkRed
o.kZu djus ls FkkA geus ns[kk fd ,dleku xfr esa ek=k osx dh ladYiuk dh
vko';drk Fkh tcfd vleku xfr esa Roj.k dh vo/kj.kk dh vfrfjDr
vko';drk iM+hA vc rd geus ;g iz'u ugha iwNk gS fd fi.Mksa dh xfr dk
D;k dkj.k gS \ bl vè;k; esa ge viuk è;ku HkkSfrdh osQ bl ewy iz'u ij
osaQfnzr djsaxsA

vkb,] lcls igys ge vius lkekU; vuqHkoksa osQ vk/kj ij bl iz'u osQ mÙkj
dk vuqeku yxk,¡A fojkekoLFkk esa iM+h iqQVcky dks xfr iznku djus osQ fy,
fdlh u fdlh dks ml ij vo'; Bksdj ekjuh gksrh gS A fdlh iRFkj dks mQij
dh vksj isaQdus osQ fy,] gesa mls mQij dh vksj iz{ksfir djuk iM+rk gSA ean
iou isM+ dh 'kk[kkvksa dks >qyk nsrh gS_ izcy ok;q dk >ksadk rks Hkkjh fi.Mksa
rd dks Hkh yq<+dk ldrk gS ! cgrh unh fdlh osQ u [ksus ij Hkh uko dks
xfreku dj nsrh gSA Li"Vr% fdlh fi.M dks fojke ls xfr esa ykus osQ fy,
fdlh cká lk/u }kjk cy yxkus dh vko';drk gksrh gSA blh izdkj xfr dks
jksdus vFkok ean djus osQ fy, Hkh cká cy dh vko';drk gksrh gSA fdlh
vkur ry ij uhps dh vksj yq<+drh fdlh xsan dks mldh xfr dh foijhr
fn'kk esa cy yxkdj jksdk tk ldrk gSA

bu mnkgj.kksa esa] cy dk cká lk/u (gkFk] ok;q] ty/kjk] vkfn) fi.M
osQ laioZQ esa gSA ijarq ;g lnSo vko';d ugha gSA fdlh Hkou osQ f'k[kj ls fcuk
v/kseq[kh /Ddk fn;s eqDr fd;k x;k iRFkj i`Foh osQ xq#Roh;
f[kapko osQ dkj.k Rofjr gks tkrk gSA dksbZ NM+ pqacd yksgs dh dhyksa dks nwj
ls gh] viuh vksj vkdf"kZr dj ysrk gSA ;g n'kkZrk gS fd cká lk/u (bu
mnkgj.kksa esa xq#Roh; ,oa pqacdh; cy) ,d nwjh ls Hkh fdlh fi.M ij
cy yxk ldrk gSA

la{ksi esa] fdlh #osQ gq, fi.M dks xfr iznku djus rFkk xfreku fi.M dks
jksdus osQ fy, cy dh vko';drk gksrh gS] rFkk bl cy dks iznku djus osQ
fy, fdlh cká lk/u dh vko';drk gksrh gSA ;g cká lk/u ml fi.M osQ
laioZQ esa Hkh gks ldrk gS] vkSj ugha HkhA

;gk¡ rd rks lc lgh gSA ijarq rc D;k gksrk gS tc dksbZ fi.M ,dleku
xfr ls pyrk gS (mnkgj.k osQ fy,] ciZQ osQ {kSfrt iQ'kZ ij ,dleku pky
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ls lh/h js[kk esa xfreku dksbZ LosQVj) \ D;k fdlh fi.M dh
,dleku xfr cuk, j[kus osQ fy, dksbZ cká cy vko';d
gS \

4.2 vjLrw dh Hkzkedrk
mijksDr iz'u ljy izrhr gksrk gSA rFkkfi bldk mÙkj nsus esa
dbZ ;qx yx x, FksA oLrqr% l=kgoha 'krkCnh esa xSyhfy;ks }kjk
fn, x, bl iz'u dk lgh mÙkj U;wVuh ;kaf=kdh dk vk/kj cuk
ftlus vk/qfud foKku osQ tUe dk laosQr fn;k A

egku xzhd fopkjd] vjLrw (384 bZ-iw- & 322 bZ-iw-) us
;g fopkj j[kk fd ;fn dksbZ fi.M xfreku gS] rks mls mlh
voLFkk esa cuk, j[kus osQ fy, dksbZ u dksbZ cká lk/u vo';
pkfg,A mnkgj.k osQ fy,] bl fopkj osQ vuqlkj fdlh /uq"k
ls NksM+k x;k rhj mM+rk jgrk gS] D;ksafd rhj osQ ihNs dh ok;q
mls /osQyrh jgrh gS A ;g vjLrw }kjk fodflr fo'o esa fi.Mksa
dh xfr;ksa ls lacaf/r fopkjksa osQ foLr`r <¡kps dk ,d Hkkx FkkA
xfr osQ fo"k; esa vjLrw osQ vf/dka'k fopkj vc xyr ekus
tkrs gSa] vkSj mudh vc fpark djus dh vko';drk ugha gSA
vius dke osQ fy, ge ;gk¡ vjLrw osQ xfr osQ fu;e dks bl
izdkj fy[k ldrs gSa % fdlh fi.M dks xfr'khy j[kus osQ
fy, cká cy dh vko';drk gksrh gSA

tSlk fd ge vkxs ns[ksaxs] vjLrw dk xfr dk fu;e nks"k;qDr
gSA rFkkfi] ;g ,d LokHkkfod fopkj gS] tks dksbZ Hkh O;fDr
vius lkekU; vuqHkoksa ls j[k ldrk gSA viuh lkekU; f[kykSuk
dkj (voS|qr) ls iQ'kZ ij [ksyrh NksVh ckfydk Hkh vius varKkZu
ls ;g tkurh gS fd dkj dks pyrh j[kus osQ fy, ml ij caèkh
Mksjh dk LFkk;h :i ls oqQN cy yxkdj cjkcj [khapuk gksxk A
;fn og Mksjh dks NksM+ nsrh gS rks oqQN {k.k ckn dkj #d tkrh
gSA vf/dka'k LFkyh; xfr;ksa esa ;gh lkekU; vuqHko gksrk gSA
fi.Mksa dks xfr'khy cuk, j[kus osQ fy, cká cyksa dh vko';drk
izrhr gksrh gSA Lora=k NksM+ nsus ij lHkh oLrq,a varr% #d tkrh gSaA

fiQj vjLrw osQ roZQ esa D;k nks"k gS \ bldk mÙkj gS % xfr'khy
f[kykSuk dkj blfy, #d tkrh gS fd iQ'kZ }kjk dkj ij yxus
okyk cká ?k"kZ.k cy bldh xfr dk fojks/ djrk gSA bl cy
dks fu"iQy djus osQ fy, ckfydk dks dkj ij xfr dh fn'kk
esa cká cy yxkuk iM+rk gSA tc dkj ,dleku xfr esa gksrh
gS rc ml ij dksbZ usV cká cy dk;Z ugha djrk_ ckfydk
}kjk yxk;k x;k cy iQ'kZ osQ cy (?k"kZ.k cy) dks fujLr dj
nsrk gSA bldk miizes; gS % ;fn dksbZ ?k"kZ.k u gks] rks ckfydk
dks f[kykSuk dkj dh ,dleku xfr cuk, j[kus osQ fy,] dksbZ
Hkh cy yxkus dh vko';drk ugha iM+rh A

izÑfr esa lnSo gh fojks/h ?k"kZ.k cy (Bkslksa osQ chp) vFkok
';ku cy (rjyksa osQ chp) vkfn mifLFkr jgrs gSa A ;g mu
O;kogkfjd vuqHkoksa ls Li"V gS ftuosQ vuqlkj oLrqvksa esa
,dleku xfr cuk, j[kus osQ fy, ?k"kZ.k cyksa dks fu"iQy djus

gsrq cká lk/uksa }kjk cy yxkuk vko';d gksrk gSA vc ge
le> ldrs gSa fd vjLrw ls =kqfV dgka gqbZ A mlus vius bl
O;kogkfjd vuqHko dks ,d ekSfyd roZQ dk :i fn;k A xfr
rFkk cyksa osQ fy, izÑfr osQ ;FkkFkZ fu;e dks tkuus osQ fy,
gesa ,d ,sls vkn'kZ lalkj dh dYiuk djuh gksxh ftlesa fcuk
fdlh fojks/h ?k"kZ.k cy yxs ,dleku xfr dk fu"iknu gksrk
gSA ;gh xSyhfy;ks us fd;k FkkA

4-3 tM+Ro dk fu;e
xSyhfy;ks us oLrqvksa dh xfr dk vè;;u ,d vkur lery
ij fd;k FkkA fdlh (i) vkur lery ij uhps dh vksj xfreku
oLrq,a Rofjr gksrh gSa tcfd (ii) ry ij mQij dh vksj tkus
okyh oLrqvksa esa eanu gksrk gSA {kSfrt lery ij xfr
(iii) bu nksuksa osQ chp dh fLFkfr gSA xSyhfy;ks us ;g fu"d"kZ
fudkyk fd fdlh ?k"kZ.k jfgr {kSfrt lery ij xfr'khy fdlh
oLrq esa u rks Roj.k gksuk pkfg, vkSj u gh eanu] vFkkZr~ bls
,dleku osx ls xfr djuh pkfg, (fp=k 4.1 (a))A

xSyhfy;ks osQ ,d vU; iz;ksx ftlesa mUgksaus f}vkur lery
dk mi;ksx fd;k] ls Hkh ;gh fu"d"kZ fudyrk gSA ,d vkur
lery ij fojkekoLFkk ls NksM+h xbZ xsan uhps yq<+drh gS vkSj
nwljs vkur lery ij mQij p<+rh gSA ;fn nksuksa vkur leryksa
osQ i`"B vf/d #{k ugha gSa rks xsan dh vafre mQapkbZ mldh
vkjafHkd maQpkbZ osQ yxHkx leku (oqQN de] ijarq vf/d dHkh
ugha) gksrh gSA vkn'kZ fLFkfr esa] tc ?k"kZ.k cy iw.kZr% foyqIr
dj fn;k tkrk gS] rc xsan dh vafre maQpkbZ mldh vkjafHkd
maQpkbZ osQ leku gksuh pkfg,A

(i) (ii) (iii)

fp=k 4-1 (a)

vc ;fn nwljs lery osQ <ky dks ?kVkdj iz;ksx dks nksgjk,a]
rks fiQj Hkh xsan mlh maQpkbZ rd igqapsxh] ijarq ,slk djus ij
og vf/d nwjh pysxhA lhekUr fLFkfr esa] tc nwljs lery
dk <ky 'kwU; gS (vFkkZr~ og {kSfrt lery gS) rc xasn vuUr
nwjh rd pyrh gSA nwljs 'kCnksa esa bldh xfr dHkh ugha #osQxh A
fu%lansg ;g ,d vkn'kZ fLFkfr gS (fp=k 4.1 (b))A O;ogkj
eas xsan {kSfrt lery ij ,d ifjfer nwjh rd pyus osQ ckn
cká fojks/h ?k"kZ.k cy ftls iw.kZ :i ls foyqIr ugha fd;k tk
ldrk] osQ dkj.k fojke esa vk tkrh gSA rFkkfi fu"d"kZ Li"V
gS % ;fn ?k"kZ.k u gksrk rks xsan {kSfrt lery ij ,dleku osx
ls fujarj pyrh jgrhA

xfr osQ fu;e 51
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52 HkkSfrdh

esa rc rd dksbZ ifjorZu ugha djrk tc rd dksbZ cká cy
mls ,slk djus osQ fy, foo'k ugha djrkA
4-4 U;wVu dk xfr dk izFke fu;e
xSyhfy;ks dh ljy ijarq Økafrdkjh /kj.kkvksa us vjLrw dh
;kaf=kdh dks iw.kZr;k udkj fn;kA vc ,d ubZ ;kaf=kdh dk fodkl
fd;k tkuk FkkA fof'k"V :i ls] bl dk;Z dks lj vkbtd U;wVu
us ftUgsa lHkh ;qxksa dk egkure oSKkfud ekuk tkrk gS] yxHkx
vosQys gh laiUu fd;kA

U;wVu us xSyhfy;ks dh /kj.kkvksa osQ vk/kj  ij xfr osQ
rhu fu;eksa tks muosQ uke ls tkus tkrs gSa] osQ :i esa ,d ;kaf=kdh
dh vk/kjf'kyk j[khA xSyhfy;ks dk tM+Ro dk fu;e mldk
vkjaHk fcanq Fkk ftldk U;wVu us ̂ xfr osQ izzFke fu;e* osQ :i
esa la:i.k fd;k %

¶izR;sd fi.M rc rd viuh fojkekoLFkk vFkok
ljy js[kk esa ,dleku xfr dh voLFkk esa jgrk gS
tc rd dksbZ cká cy mls vU;Fkk O;ogkj djus
osQ fy, foo'k ugha djrkA¸

usV cy yxkuk vko';d gSA fdlh fi.M dks ,dleku xfr
esa cuk, j[kus osQ fy, gesa ?k"kZ.k cy dks fu"iQy djus osQ fy,
,d cká cy yxkus dh vko';drk gksrh gS rkfd fi.M ij
yxs nksuksa cká cyksa dk usV cká cy 'kwU; gks tk,A

lkjka'k esa] ;fn usV cká cy 'kwU; gS rks fojke voLFkk esa
jg jgk fi.M fojkekoLFkk esa gh jgrk gS vkSj xfr'khy fi.M
fujarj ,dleku osx ls xfr'khy jgrk gSA oLrq osQ bl xq.k dks
tM+Ro dgrs gSaA tM+Ro ls rkRi;Z gS ¶ifjorZu osQ izfr izfrjks/¸A
dksbZ fi.M viuh fojkekoLFkk vFkok ,dleku xfr dh voLFkk

vc fojkekoLFkk vFkok ,dleku jSf[kd xfr nksuksa gh esa ¶'kwU;
Roj.k¸ lekfo"V gSA vr% xfr osQ izFke fu;e dks] ljy 'kCnksa
esa] bl izdkj Hkh O;Dr fd;k tk ldrk gS %

;fn fdlh fi.M ij yxus okyk usV cká cy 'kwU; gS] rks
mldk Roj.k 'kwU; gksrk gSA 'kwU;srj Roj.k osQoy rHkh gks
ldrk gS tc fi.M ij dksbZ usV cká cy yxrk gksA

O;ogkj esa bl fu;e osQ vuqiz;ksx ls gesa nks izdkj dh fLFkfr;ksa
ls lkeuk djuk gksrk gSA oqQN mnkgj.kksa esa rks ge ;g tkurs
gSa fd oLrq ij usV cká cy 'kwU; gksrk gSA mlesa ge ;g fu"d"kZ

fp=k 4-1 (b) f}vkur lery ij xfr osQ izs{k.kksa ls xSyhfy;ks
us tM+Ro dk fu;e vuqekfur fd;k A

bl izdkj xSyhfy;ks dks xfr osQ laca/ esa ,d ubZ varnZ̀f"V
izkIr gqbZ] tks vjLrw rFkk muosQ vuq;kf;vksa dks le> esa ugha
vkbZ A xfrdh esa fojkekoLFkk rFkk ,dleku jSf[kd xfr dh
voLFkk (vFkkZr~ ,dleku osx ls xfr) rqY; gksrh gSaA nksuksa gh
izdj.kksa esa fi.M ij dksbZ usV cy ugha yxrkA ;g lkspuk =kqfViw.kZ
gS fd fdlh fi.M dh ,dleku xfr  osQ fy, ml ij dksbZ

izkphu Hkkjrh; foKku esa xfr laca/h /kj.kk,¡

izkphu Hkkjrh; fopkjdksa us Hkh xfr laca/h /kj.kkvksa dh ,d foLr`r iz.kkyh fodflr dj yh Fkh A cy tks xfr dk dkj.k gS] fHkUu
izdkj dk ekuk x;k % lrr nkc osQ dkj.k cy (ftls uksnu dgk x;k) tSls ty&;k=kk djrs iky&;kuksa ij yxus okyk iou dk cy_
la?k^ (vfHk?kkr) tks oqQEHkdkj  }kjk pkd dks NM+ ls ?kqekus ij yxrk gS_ ljy jSf[kd xfr (osx) osQ fy, vFkok izR;kLFk fi.Mksa esa
vkÑfr osQ izR;ku;u dh nh?kZLFkk;h izo`fÙk (laLdkj)_ Mksjh] NM+ vkfn ls lapkfjr cyA xfr osQ ^oS'ksf"kdk* fl¼kar esa osxksa dh ladYiuk
dnkfpr tM+Ro dh ladYiuk osQ lehiLFk gS A osx] ljy js[kk esa pyus dh izo`fÙk dk fojks/ laioZQ esa vkus okyh oLrqvksa ftuesa ok;qe.My
Hkh 'kkfey gS] osQ }kjk gksrk gS ,slk ekuk x;k A ;g ?k"kZ.k rFkk ok;q&izfrjks/ osQ fopkj osQ leku fopkj gS A mudk ;g vuqeku lgh
Fkk fd fi.Mksa dh fofHkUu izdkj dh xfr;ka (LFkkukarjh;] ?kw.khZ rFkk daiu) ml fi.M osQ vo;oh d.kksa dh osQoy LFkkukarjh; xfr osQ
dkj.k gh mRiUu gksrh gSa A iou esa fxjrh fdlh iRRkh dh oqQy feykdj v/kseq[kh xfr (iru) gks ldrh gS vkSj lkFk gh mlesa ?kw.khZ
rFkk oaQiu xfr (Hkze.k] Lianu) Hkh gks ldrh gSa] ijarq fdlh {k.k ml iRRkh osQ izR;sd d.k esa osQoy ,d fuf'pr (y?kq) foLFkkiu gksrk
gS A xfr dh eki rFkk yackbZ ,oa le; osQ ek=kdksa osQ fo"k; esa Hkkjrh; fpUru esa ;Fks"V cy fn;k x;k A ;g Kkr Fkk fd fnd~LFkku esa
fdlh d.k dh fLFkfr dks mldh rhu v{kksa ls nwfj;ka ekidj fufnZ"V fd;k tk ldrk Fkk A HkkLdj (1150 bZ-) us rkR{kf.kd xfr (RkkRdkfydh
xfr) dh vo/kj.kk izLrkfor dh ftlls vody xf.kr osQ iz;ksx }kjk rkR{kf.kd osx dh vk/qfud ladYiuk dk iwoZKku gqvk A rjax
rFkk /kjk (ty dh) osQ chp varj dks Hkyh&Hkkafr le>k tk pqdk Fkk_ /kjk xq#Ro rFkk rjyrk osQ varxZr ty d.kksa dh xfr gS tcfd
rjax ty d.kksa osQ oaQiu osQ lapj.k dk ifj.kke gS A
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fudky ldrs gSa fd oLrq dk Roj.k 'kwU; gSA mnkgj.k osQ fy,]
varjk rkjdh; vkdk'k esa lHkh xq#Roh; oLrqvksa ls cgqr nwj fdlh
varfj{k;ku] ftlosQ lHkh jkosQV can fd, tk pqosQ gksa] ij dksbZ
usV cká cy dk;Zjr ugha gksrkA xfr osQ izFke fu;e osQ vuqlkj
bldk Roj.k 'kwU; gksuk pkfg,A ;fn ;g xfr esa gS] rks bls ,dleku
osx ls xfr'khy jguk pkfg,A

rFkkfi] cgqèkk gesa vkjEHk esa lHkh cyksa dk Kku ugha gksrk A
ml voLFkk esa] ;fn gesa ;g Kkr gks fd dksbZ oLrq vRofjr gS
(vFkkZr~ og oLrq ;k rks fojkekoLFkk esa gS vFkok ,dleku jSf[kd
xfr eas gS) rc ge xfr osQ izFke fu;e osQ vkèkkj ij ;g fu"d"kZ
fudky ldrs gSa fd ml oLrq ij usV ckÞ; cy 'kwU; gksuk pkfg,A
xq#Ro gj LFkku ij gSA fo'ks"k :i ls] ikfFZko ifj?kVukvksa eas] ìFoh
ij fLFkr lHkh oLrq,a ìFoh osQ xq#Rokd"kZ.k dk vuqHko djrh gSaA
lkFk gh] xfr'khy oLrq,a lnSo gh ?k"kZ.k cy] ';ku d"kZ.k vkfn
dk vuqHko djrh gSa A rc ;fn ìFoh ij fLFkr dksbZ oLrq fojkekoLFkk
vFkok ,dleku jSf[kd xfr esa gks] rc ,slk gksus dk dkj.k ;g
ugha gS fd ml ij dksbZ cy dk;Zjr ugha gS] oju~ ml ij dk;Zjr
fofHkUu ckÞ; cy ,d nwljs dks fujLr djosQ lHkh cyksa osQ ;ksx
dks ^'kwU; usV ckÞ; cy* cukrs gSaA

vc est ij fojke voLFkk esa j[kh ,d iqLrd ij fopkj
djrs gSa (fp=k 4-2(a))A bl iqLrd ij nks ckÞ; cy dk;Zjr
gSa % xq#Roh; cy (vFkkZr~ iqLrd dk Hkkj W) uhps dh fn'kk
esa dk;Zjr gS rFkk est }kjk iqLrd ij mQij dh fn'kk esa vfHkyac
cy R dk;Zjr gSA R  Lo;a lek;ksftr gksus okyk cy gS A ;g
mQij of.Zkr nwljh izdkj dh fLFkfr dk mnkgj.k gSA cyksa osQ ckjs
esa rks iw.kZ Kku ugha gS ijarq xfr dh voLFkk Kkr gSA ge iqLrd
dks fojke dh fLFkfr esa ns[krs gSaA vr% xfr osQ izFke fu;e osQ
vkèkkj ij ge ;g fu"d"kZ fudky ldrs gSa fd R dk ifjek.k
W osQ ifjek.k osQ leku gSA gekjk izk;% bl izdFku ls lekxe
gksrk gS _ ¶pwafd W = R, cy ,d nwljs dks fujLr djrs gSa]
blhfy, iqLrd fojke dh fLFkfr esa gŞ A ;g foosd osQ foijhr
gSA lgh izdFku ;g gksuk pkfg,% ¶pawfd iqLrd fojke esa fn[kkbZ
nsrh gŞ _ xfr osQ izFke fu;e osQ vuqlkj bl ij usV ckÞ; cy
'kwU; gksuk pkfg,A bldk rkRi;Z gS fd vfHkyac R iqLrd osQ Hkkj
W osQ leku rFkk foijhr gksuk pkfg,A

fp=k 4.2 (a) est ij fojke esa j[kh iqLrd rFkk (b) ,dleku
osx ls xfreku dkj] bu nksuksa gh izdj.kksa esa usV ckÞ;
cy 'kwU; gS A

vc ge ,d dkj dh xfr ij fopkj djrs gSa ftlesa og dkj
fojke ls xfr vkjaHk djosQ viuh pky esa òf¼ djrh gS vkSj fiQj
fpduh lhèkh lM+d ij igaqpdj ,dleku osx ls xfr djrh gS
(fp=k 4-2 (b))A tc ;g fojke esa gksrh gS rc ml ij dksbZ usV
cy ugha gksrkA pky esa òf¼ osQ le; blesa Roj.k gksrk gSA ,slk
usV ckÞ; cy osQ dkj.k gksuk pkfg,A è;ku nsa] ;g ,d ckÞ; cy
gh gksuk pkfg,A dkj osQ Roj.k osQ fy, fdlh Hkh vkarfjd cy
dks mRRkjnk;h ugha ekuk tk ldrkA lquus esa ;g vn~Hkqr yx ldrk
gS] ijarq ;g lR; gSA lM+d osQ vuqfn'k fopkj.kh; cy ?k"kZ.k cy
gh gSA lc ckrksa ij fopkj djus osQ mijkar ;gh fu"d"kZ fudyrk
gS fd dkj dh xfr esa Roj.k dk dkj.k ?k"kZ.k cy gh gS (?k"kZ.k
osQ fo"k; esa vki vuqHkkx 4-9.1 esa i<s+axs)A tc dkj ,d leku
osx ls xfr djrh gS rc ml ij dksbZ usV ckÞ; cy ugha gksrkA

xfr osQ izFke fu;e esa fufgr tM+Ro dk xq.k cgqr&lh
fLFkfr;ksa esa izR;{k fn[kkbZ iM+rk gSA eku yhft, ge fdlh #dh
gqbZ cl esa vlkoèkkuh ls [kM+s gSa vkSj ;dk;d Mªkboj cl dks
pyk nsrk gSA ge >VosQ osQ lkFk ihNs dh vksj fxj iM+rs gSaA
D;ksa \ gekjs iSj cl osQ iQ'kZ dks Li'kZ dj jgs gksrs gSaA ;fn ?k"kZ.k
u gksrk] rks ge ogha jgrs tgka igys Fks tcfd gekjs iSjksa osQ uhps
cl dk iQ'kZ osQoy vkxs dh fn'kk esa ljdrk vkSj cl dk ihNs
dk Hkkx gels vkdj VdjkrkA ijarq lkSHkkX;o'k] gekjs iSj vkSj
iQ'kZ osQ chp oqQN ?k"kZ.k gksrk gSA ;fn cl dh fid&vi vfr
vkdfLed ugha gS] vFkkZr~ Roj.k lkèkkj.k gS rks ?k"kZ.k cy gekjs
iSjksa dks cl osQ lkFk Rofjr djus osQ fy, i;kZIr gksxkA ijarq
oLrqr% gekjk 'kjhj ,d ǹ<+ fi.M ugha gSA blesa fo:i.k gks
ldrk gS] vFkkZr~ blosQ fofHkUu Hkkxksa osQ chp vkis{k foLFkkiu
laHko gS A bldk rkRi;Z ;g gqvk fd tc gekjs iSj cl osQ lkFk
vkxs c<+rs gSa] rks 'kjhj dk 'ks"k Hkkx tM+Ro osQ dkj.k ogha jgrk
gSA blhfy,] cl osQ vkis{k ge ihNs dh vksj isaQd fn, tkrs gSaA
tSls gh ;g ?kVuk ?kVrh gS] 'kjhj osQ 'ks"k Hkkxksa ij is'kh; cy
(iSjksa osQ }kjk) dk;Z djus yxrs gSa] tks 'kjhj osQ 'ks"k Hkkx dks iSjksa
osQ lkFk xfr djkrs gSaA blh izdkj dh ?kVuk rhoz xfr ls pyrh
cl osQ ;dk;d #dus ij ?kVrh gSA gekjs iSj ?k"kZ.k osQ dkj.k
#d tkrs gSa] D;ksafd ?k"kZ.k cy iSjksa rFkk cl osQ iQ'kZ osQ chp
vkis{k xfr ugha gksus nsrkA ijarq 'kjhj dk 'ks"k Hkkx] tM+Ro osQ
dkj.k] vkxs dh vksj xfr djrk jgrk gSA ifj.kkeLo:i ge vkxs
dh vksj isaQd fn, tkrs gSaA izR;ku;uh is'kh; cyksa osQ dk;Zjr gksus
osQ dkj.k 'kjhj fojke voLFkk esa vk tkrh gSA

••••• mnkgj.k 4-1 dksbZ varfj{k;k=kh varjkrkjdh; vkdk'k
esa 100 m s-2 dh ,dleku nj ls Rofjr vius
varfj{k;ku ls nq?kZVuko'k ckgj isssaQd fn;k tkrk gS A ftl
{k.k varfj{k;k=kh varfj{k;ku ls ckgj vk tkrk gS] mlosQ
rqjar i'pkr~ varfj{k;k=kh dk Roj.k D;k gS \ (eku
yhft, fd ;k=kh ij xq#Rokd"kZ.k cy vkjksfir djus osQ
fy, mlosQ fudV dksbZ rkjk ugha gS)A
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gy   ftl {k.k og ;k=kh ;ku ls ckgj vkrk gS] mlh {k.k ls
varfj{k;k=kh ij dksbZ cká cy dk;Zjr ugha jgrk D;ksafd geus
;g ekuk gS fd ;k=kh ij xq#Rokd"kZ.k cy vkjksfir djus osQ
fy, mlosQ fudV dksbZ rkjk ugha gSa rFkk varfj{k ;ku NksVk gksus osQ
dkj.k blosQ }kjk ;k=kh ij yx jgk xq#Rokd"kZ.k cy mis{k.kh;
gSA xfr osQ izFke fu;e osQ vuqlkj varfj{k;k=kh dk Roj.k
'kwU; gSA ¶

4.5 U;wVu dk xfr dk f}rh; fu;e
xfr dk izFke fu;e ml lk/kj.k izdj.k ls laca/ j[krk gS
ftlesa fdlh fi.M ij usV cká cy 'kwU; gSA xfr dk f}rh;
fu;e mu O;kid fLFkfr;ksa ls laca/ j[krk gS] ftuesa fi.M ij
dksbZ usV cká cy yx jgk gksA ;g fu;e usV cká cy vkSj
fi.M osQ Roj.k eas laca/ n'kkZrk gSA
laosx
fdlh fi.M osQ laosx dks mldh lagfr m rFkk osx  v osQ
xq.kuiQy }kjk ikfjHkkf"kr fd;k tkrk gSA bls p }kjk fufnZ"V
fd;k tkrk gS %

 p 
 
= mv  (4.1)

Li"V :i ls laosx ,d lfn'k jkf'k gSA nSfud thou osQ
fuEufyf[kr lk/kj.k vuqHkoksa eas fi.Mksa dh xfr;ksa ij cyksa osQ
izHkko ij fopkj djrs le; geas laosx osQ egÙo dk irk
pyrk gSA
l eku yhft, ,d de Hkkj dk okgu (TkSls NksVh dkj) rFkk

,d vf/d Hkkj dk okgu (tSls lkeku ls ynk Vªd) nksuksa
gh fdlh {kSfrt lM+d ij [kM+s gSaA ge lHkh HkyhHkkafr
tkurs gSa fd leku le; varjky eas nksuksa okguksa dks leku
pky ls xfr djkus eas dkj dh rqyuk eas Vªd dks /osQyus
osQ fy, vis{kko`Qr vf/d cy dh vko';drk gksrh gSA
blh izdkj] ;fn ,d gydk fi.M rFkk ,d Hkkjh fi.M
nksuksa leku pky ls xfreku gSa] rks leku le; varjky eas
nksuksa fi.Mksa dks jksdus eas gyosQ fi.M dh rqyuk eas Hkkjh
fi.M eas vis{kko`Qr vf/d ifjek.k osQ fojks/h cy dh
vko';drk gksrh gS A

l ;fn nks iRFkj] ,d gydk rFkk nwljk Hkkjh] ,d gh Hkou
osQ f'k[kj ls fxjk, tkrs gSa] rks /jrh ij [kM+s fdlh O;fDr
osQ fy, Hkkjh iRFkj dh rqyuk eas gyosQ iRFkj dks yiduk
vklku gksrk gSA bl izdkj fdlh fi.M dh lagfr ,d
egRRoiw.kZ izkpy gS tks xfr ij cy osQ izHkko dks fu/kZfjr
djrk gSA

l fopkj djus ;ksX; ,d vU; egÙoiw.kZ izkpy gSµ pky A
canwd ls NksM+h xbZ dksbZ xksyh #dus ls iwoZ ekuo Ård
dks vklkuh ls os/ ldrh gS] iQyLo:i nq?kZVuk gks tkrh
gSA ;fn mlh xksyh dks lk/kj.k pky ls isaQossaQ rks vf/d
{kfr ugha gksrhA vr% fdlh nh xbZ lagfr osQ fy, ;fn pky

vf/d gks rks mls ,d fuf'pr le; varjky eas jksdus osQ
fy, vf/d ifjek.k osQ fojks/h cy dh vko';drk gksrh
gSA lkFk&lkFk ysus ij] lagfr vkSj osx dk xq.kuiQy] vFkkZr
laosx] izR;{k :i ls xfr dk ,d izklafxd pj gS A ;fn
vf/d laosx ifjorZu dh vko';drk gS rks yxkus osQ fy,
vf/d ifjek.k osQ cy dh vko';drk gksxhA

l fØosQV dk dksbZ vH;Lr f[kykM+h rhoz xfr ls vkrh xsan dks
,d ukSflf[k;k f[kykM+h dh rqyuk eas dgha vf/d vklkuh
ls yid ysrk gS tcfd ukSflf[k;k f[kYkkM+h mlh xsan dks
yidus eas gkFkksa eas pksV [kk ysrk gSA bldk ,d dkj.k ;g
gS fd vH;Lr f[kykM+h] vius gkFkksa ls xsan dks yid dj]
mls jksdus eas vf/d le; yxkrk gS A vkius è;ku fn;k
gksxk fd vH;Lr f[kykM+h xsan dks yidus dh fØ;k eas
vius gkFkksa dks ihNs dh vksj [khaprk gS (fp=k 4-3)A tcfd
ukSflf[k;k f[kykM+h vius gkFkksa dks fLFkj j[krk gS rFkk xsan
dks yxHkx rR{k.k gh yidus dk iz;kl djrk gSA xsan dks
rR{k.k jksdus osQ fy, mls vis{kko`Qr dkiQh vf/d cy
yxkuk iM+rk gS iQyLo:i mlosQ gkFkksa eas pksV yx tkrh gSA
blls fu"d"kZ fudyrk gS % cy osQoy laosx ifjorZu ij gh
fuHkZj ugha djrk] og bl ckr ij Hkh fuHkZj djrk gS fd
fdruh rhozrk ls ;g ifjorZu fd;k tkrk gSA leku laosx ifjorZu
;fn vis{kkòQr de le; eas fd;k tkrk gS] rks vis{kkòQr
vf/d cy yxkus dh vko';drk gksrh gS A la{ksi eas] laosx
ifjorZu dh nj vf/d gS] rks cy vf/d gksrk gS A

fp=k 4-3cy osQoy laosx ifjorZu ij gh fuHkZj ugha djrk] oju~
og bl ckr ij Hkh fuHkZj djrk gS fd ;g ifjorZu fdruh
rhozrk ls fd;k tkrk gS A ,d vH;Lr f[kYkkM+h xsan
yioQrs le; vius gkFkksa dks IkhNs dh vksj [khaprk gS
ftlls xsan dks jksdus eas vfèkd le; yxrk gS] ftlosQ
fy, vis{kko`Qr de cy dh vko';drk gksrh gS A

l ,d vR;ar egÙoiw.kZ izs{k.k bl rF; dh iqf"V djrk gS fd
lagfr rFkk osx dk xq.kuiQy (vFkkZr~ laosx) gh xfr ij
cy osQ izHkko dk ewy gSA eku yhft,] fofHkUUk lagfr;ksa osQ
nks fi.Mksa] tks vkjaHk eas fojke eas gSa] ij dksbZ fuf'pr cy
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,d fuf'pr le; varjky osQ fy, yxk;k tkrk gSA gydk
fi.M] vis{kkuqlkj] Hkkjh fi.M dh rqyuk eas vf/d pky
xzg.k dj ysrk gSA ijarq] le; varjky osQ var esa] izs{k.k ;g
n'kkZrs gSa fd] izR;sd fi.M leku laosx mikftZr djrk gSA
bl izdkj] leku le; osQ fy, yxk;k x;k leku cy

fofHkUu fi.Mksa eas leku laosx ifjorZu djrk gSA ;g
xfr osQ f}rh; fu;e dk izkekf.kd ekxZn'kZd fl¼kar gSA

l fiNys izs{k.kksa eas laosx dk lfn'k pfj=k vFkZiw.kZ ugha jgk gSA
vc rd osQ mnkgj.kksa eas] laosx ifjorZu rFkk laosx lekUrj
fn'kkvksa eas gSaA ijarq lnSo ,slk ugha gksrkA eku yhft,] fdlh
Mksjh }kjk ,d iRFkj dks {kSfrt lery eas ,dleku pky
ls ?kqek;k tkrk gS A blesa laosx dk ifjek.k fLFkj jgrk gS]
ijarq bldh fn'kk fujUrj ifjofrZr gksrh gS (fp=k 4-4)A
laosx lfn'k eas ;g ifjorZu djus osQ fy, cy dh
vko';drk gksrh gSA ;g cy Mksjh ls gksdj iRFkj dks gekjs
gkFkksa }kjk iznku fd;k tkrk gSA vuqHkoksa ls ;g laosQr feyrk
gS fd ;fn iRFkj dks vis{kko`Qr vf/d pky rFkk@vFkok
NksVh f=kT;k osQ o`Ùk eas ?kqek;k tk, rks gekjs gkFkksa }kjk
vf/d cy yxkus dh vko';drk gksrh gSA ;g
vf/d Roj.k vFkok laosx lfn'k eas rqY;kadh vf/d
ifjorZu osQ rnuq:ih gksrk gSA blls ;g laosQr feyrk gS fd
laosx lfn'k eas vf/d ifjorZu osQ fy, vf/d cy yxkuk
gksrk gSA

fp=k 4-4 laosx dk ifjek.k fLFkj jgus ij Hkh laosx dh fn'kk eas
ifjorZu ossQ fy, cy vko';d gS A bldk vuqHko ge
Mksjh }kjk fdlh iRFkj dks ,dLkeku pky ls o`RRk eas
?kqekdj dj ldrs gSa A

;s xq.kkRed izs{k.k gesa xfr osQ f}rh; fu;e dh vksj ys tkrs
gSa] ftls U;wVu us bl izdkj O;Dr fd;k Fkk %

fdlh fi.M osQ laosx ifjorZu dh nj vkjksfir cy osQ

vuqØekuqikrh gksrh gS rFkk mlh fn'kk eas gksrh gS ftl

fn'kk eas cy dk;Z djrk gSA

bl izdkj ;fn m lagfr osQ fdlh fi.M ij dksbZ cy F le;
varjky ∆t rd yxkus ij ml fi.M osQ osx eas v ls  v + ∆v

dk ifjorZu gks tkrk gS] vFkkZr~ fi.M osQ izkjafHkd laosx mv

esa ∆(mv) dk ifjorZu gks tkrk gSA rc xfr osQ f}rh;
fu;e osQ vuqlkj]
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∆ ∆
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F FvFkkZr ~
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 }kjk fufnZ"V fd;k tkrk gSA bl izdkj]

F = k
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dp
 (4.2)

fdlh fLFkj lagfr m osQ fi.M osQ fy,

( )d d d

d d d
m m m 

t t t
= = =

p v
v a      (4.3)

vFkkZr~] f}rh; fu;e dks bl izdkj Hkh fy[k ldrs gSa]
    F = k m  a  (4.4)

tks ;g n'kkZrk gS fd cy F, lagfr m rFkk Roj.k a osQ xq.kuiQy
osQ vuqozQekuqikrh gksrk gSA

geus cy osQ ek=kd dh vc rd ifjHkk"kk ugha nh gS A okLro
esa] cy osQ ek=kd dh ifjHkk"kk nsus osQ fy, ge lehdj.k
(4-4) dk mi;ksx djrs gSaA vr% ge k osQ fy, dksbZ Hkh fu;r
eku pquus osQ fy, Lora=k gSaA ljyrk osQ fy,] ge k = 1 pqurs
gSaA rc f}rh; fu;e gks tkrk gS]

a
p

F m

t

==

d

d
 (4.5)

SI ek=kdksa esa] ,d ek=kd cy og gksrk gS tks 1kg osQ fi.M
esa 1m s-2 dk Roj.k mRiUu dj nsrk gSA bl ek=kd cy dks
U;wVu dgrs gSaA bldk izrhd N gSA 1N = 1kg m s-2A

bl fLFkfr esa gesa xfr osQ f}rh; fu;e osQ oqQN egÙoiw.kZ
¯cnqvksa ij è;ku nsuk gS %
1- xfr osQ f}rh; fu;e esa F = 0 ls ;g miyf{kr gksrk gS

fd a = 0A izR;{k :i ls f}rh; fu;e izFke fu;e osQ
vuq:i gSA

2- xfr dk f}rh; fu;e ,d lfn'k fu;e gSA ;g] okLro
esa] rhu lehdj.kksa osQ rqY; gS] lfn'kksa osQ izR;sd ?kVd
osQ fy, ,d lehdj.k %

F
p

t
max

x
x= =

d

d
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F
p

t
may

y

y= =

d

d

z
z

z a m
t

p
F ==

d

d
 (4.6)

bldk vFkZ ;g gqvk fd ;fn dksbZ cy fi.M osQ osx osQ
lekUrj ugha gS] oju~ mlls dksbZ dks.k cukrk gS] rc og
osQoy cy dh fn'kk esa osx osQ ?kVd dks ifjofrZr djrk
gSA cy osQ vfHkyacor~ osx dk ?kVd vifjofrZr jgrk gSA
mnkgj.k osQ fy,] mQèokZ/j xq#Rokd"kZ.k cy osQ v/hu
fdlh iz{ksI; dh xfr esa osx dk {kSfrt ?kVd vifjofrZr
jgrk gS (fp=k 4-5)A

3- lehdj.k (4-5) ls izkIr xfr dk f}rh; fu;e oLrqr%]
,dy fcanq d.k ij ykxw gksrk gSA fu;e esa F  d.k ij
yxs usV ckÞ; cy rFkk a  d.k osQ Roj.k osQ fy, iz;qDr
gqvk gS A rFkkfi bl fu;e dks blh :i esa n`<+ fi.Mksa vFkok]
;gk¡ rd fd O;kid :i esa d.kksa osQ fudk; ij Hkh ykxw
fd;k tkrk gSA ml voLFkk esa] F  dk mYys[k fudk; ij
yxs oqQy cy rFkk a  dk mYys[k leLr fudk; osQ Roj.k
osQ fy, gksrk gSA vf/d ;FkkFkZrk ls] a  fudk; osQ lagfr
osaQnz dk Roj.k gS ftlosQ ckjs esa ge vè;k; 6 esa foLrkj
ls i<+saxsA fudk; esa fdUgha Hkh vkarfjd cyksa dks F  esa
lfEefyr ugha fd;k tkrk gSA

4- xfr dk f}rh; fu;e ,d LFkkuh; laca/ gSA bldk ;g vFkZ
gS fd le; osQ fdlh fuf'pr {k.k ij lef"V esa fdlh fcanq
(d.k dh vofLFkfr) ij yxk cy F mlh {k.k mlh fcanq
ij Roj.k a ls lacaf/r gSA vFkkZr~ ̂ fdlh d.k osQ Roj.k dk
fu/kZj.k mlh le; ml ij yxs cy }kjk fd;k tkrk gS] d.k

dh xfr osQ fdlh Hkh bfrgkl }kjk ugha (fp=k 4.5 ns[ksa)A

• mnkgj.k 4-2  90 m s-1 pky ls xfreku 0-04 kg

lagfr dh dksbZ xksyh ydM+h osQ Hkkjh xqVosQ esa /¡ldj
60 cm  nwjh pydj #d tkrh gS A xqVosQ }kjk xksyh
ij yxus okyk vkSlr vojks/h cy D;k gS \

gy   xksyh dk eanu (fu;r ekurs gq,)

2
–

2

u
a

s
= = 

2 2– 90 90
m s – 6750 m s

2 0.6

− −×
=

×

xfr osQ f}rh; fu;e osQ }kjk] eanu cy

= 0.04 kg × 6750 m s–2  = 270 N

bl izdj.k esa] okLrfod vojksèkh cy vkSj blhfy,] xksyh dk
eanu ,dleku ugha gksrkA blhfy,] mRRkj osQoy vkSlr vojksèkh
cy dks O;Dr djrk gSA ¶

mnkgj.k 4.3  nzO;eku m osQ ,d d.k dh xfr]

y = ut gt+
1

2

2

 ls o£.kr gSA ml d.k ij yxus okys

cy dks Kkr djksA

gy %  ge tkurs gSa

21

2
y ut gt= +

vc]

dy
v u gt

dt
= = +

  Roj.k] 
dv

a g
dt

= =

lehdj.k (4-5) ls cy]
F = ma = mg

vr% fn, x, lehdj.k ls xq#Roh; Roj.k osQ v/hu d.k dh
xfr dk o.kZu gksrk gS rFkk y xq#Roh; Roj.k  g  dh fn'kk esa
LFkku funsZ'kkad gSA ⊳

vkosx

dHkh&dHkh gekjk lkeuk ,sls n`"Vkarksa ls gksrk gS ftuesa fdlh
fi.M ij dksbZ cM+k cy] cgqr de le; osQ fy, dk;Zjr jgdj]
ml fi.M osQ laosx esa ifjfer ifjoZru mRiUu djrk gSA mnkgj.k
osQ fy,] tc dksbZ xsan fdlh nhokj ls Vdjkdj okil ijkofrZr
gksrh gS] rc nhokj }kjk xsan ij yxus okyk cy cgqr de le;
osQ fy, (ftrus le; rd nksuksa laioZQ esa gksrs gSa) dk;Zjr jgrk
gS rks Hkh ;g cy xsan osQ laosx dks mRØfer djus osQ fy,
i;kZIr gksrk gSA izk;% bu fLFkfr;ksa esa] cy rFkk le;kofèk dks

fp=k 4-5fdlh {k.k ij Roj.k dk fu/kZj.k mlh {k.k osQ cy }kjk
fd;k tkrk gS A fdlh Rofjr jsyxkM+h ls dksbZ iRFkj ckgj
Mkyus osQ {k.k osQ rqjar i'pkr~] ;fn ok;q osQ izfrjks/ dks
ux.; ekusa rks] ml iRFkj ij dksbZ {kSfrt Roj.k vFkok
cy dk;Zjr ugha gksrk A oqQN {k.k iwoZ iRFkj ij jsyxkM+h
osQ Roj.k dk izHkko vc iw.kZr;k lekIr gks tkrk gSA
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i`Fkd&i`Fkd lqfuf'pr djuk dfBu gksrk gSA ijarq cy rFkk le;
dk xq.kuiQy] tks fd fi.M dk laosx ifjorZu gS] ,d ekius
;ksX; jkf'k gSA bl xq.kuiQy dks vkosx dgrs gSa %

vkosx ¾ cy × le;kofèk

¾ laosx esa ifjorZu (4-7)

ifjfer laosx ifjorZu mRiUu djus osQ fy,] de le; osQ fy,
dk;Zjr jgus okys cM+s cy dks vkosxh cy  dgrs gSaA ;|fi
foKku osQ bfrgkl esa vkosxh cyksa dks ladYiukRed :i ls
lkekU; cyksa ls vyx Js.kh esa j[kk x;k] U;wVuh ;kaf=kdh esa
,slk dksbZ foHksnu ugha fd;k x;k gSA vU; cyksa dh Hkkafr vkosxh
cy Hkh cy gh gSµosQoy ;g cM+k gS vkSj de le; osQ fy,
dk;Zjr jgrk gSA

• mnkgj.k 4-4  dksbZ cYysckt fdlh xsan dh vkjafHkd
pky tks 12 m s-1 gS] esa fcuk ifjorZu fd, ml ij fgV
yxkdj lhèks xsanckt dh fn'kk esa okil Hkst nsrk gS A
;fn xsan dh lagfr 0-15 kg gS] rks xsan dks  fn;k x;k
vkosx Kkr dhft, A (xsan dh xfr jSf[kd ekfu,) A

gy % laosx ifjorZu ¾0.15×12–(–0.15×12) = 3.6 N s

vkosx ¾ 3.6 N s cYysckt ls xsanckt dh
fn'kk esa

;g ,d ,slk mnkgj.k gS ftlesa cYysckt }kjk xsan ij yxk cy
rFkk xsan vkSj cYys osQ chp laioZQ dk le; Kkr djuk ,d
dfBu dk;Z gS tcfd vkosx dk ifjdyu rqjar fd;k tk
ldrk gSA ¶

4.6 U;wVu dk xfr dk r`rh; fu;e

xfr dk f}rh; fu;e fdlh fi.M ij yxs ckÞ; cy rFkk
mlesa mRiUu Roj.k esa lacaèk crkrk gSA fi.M ij yxs ckÞ;
cy dk mn~xe D;k gS \ dkSu lkèku ckÞ; cy iznku djrk
gS \ U;wVuh ;kaf=kdh esa bu iz'uksa dk ljy mRRkj ;g gS fd
fdlh fi.M ij yxus okyk ckÞ; cy lnSo gh fdlh vU;
fi.M osQ dkj.k gksrk gSA nks fi.Mksa A vkSj B osQ ;qxy ij
fopkj dhft,A eku yhft, fi.M B fi.M A ij dksbZ ckÞ;
cy yxkrk gS] rc ;g iz'u Hkh LokHkkfod gS % D;k fi.M
A Hkh fi.M B ij dksbZ ckÞ; cy yxkrk gS \ oqQN mnkgj.kksa
esa mRRkj Li"V tku iM+rk gSA ;fn vki fdlh oqQ.Mfyr dekuh
dks vius gkFkksa ls nck,¡ rks og dekuh vkiosQ gkFkksa osQ cy
ls laihfMr gks tkrh gSA laihfMr dekuh Hkh izR;qRRkj esa vkiosQ
gkFkksa ij cy vkjksfir djrh gS % vki bl cy dk vuqHko

djrs gSaA ijarq rc D;k gksrk gS tc fi.M laioZQ esa ugha gksrs \
i`Foh xq#Roh; cy osQ dkj.k fdlh iRFkj dks vèkkseq[kh fn'kk
esa [khaprh gSA D;k iRFkj i`Foh ij dksbZ cy yxkrk gS \ bldk
mRRkj Li"V ugha gS] D;ksafd ge iRFkj }kjk i`Foh ij yxs cy
osQ izHkko dks ugha ns[k ldrs gSaA ijarq U;wVu osQ vuqlkj bl
iz'u dk mRRkj gS % gk¡] iRFkj Hkh i`Foh ij ifjek.k esa leku
rFkk fn'kk esa foijhr cy yxkrk gSA gesa bl cy dh tkudkjh
ugha gks ikrh] bldk dkj.k ;g gS fd vR;fèkd Hkkjh gksus osQ
dkj.k i`Foh dh xfr ij iRFkj }kjk yxus okys de cy dk
izHkko ux.; gksrk gSA

bl izdkj] U;wVuh ;kaf=kdh osQ vuqlkj] izo`Qfr eas cy dHkh
Hkh vosQyk ugha ik;k tkrkA nks fi.Mksa osQ chp ijLij vU;ksU;
fØ;k cy gSA cy lnSo ;qxy esa ik, tkrs gSaA lkFk gh] nks fi.Mksa
osQ chp ijLij cy lnSo leku vkSj foijhr fn'kk esa gksrs gSaA
U;wVu us bl èkkj.kk dks xfr osQ r`rh; fu;e osQ :i esa O;Dr
fd;kA
izR;sd fØ;k dh lnSo leku ,oa foijhr fn'kk esa izfrfØ;k
gksrh gSA

U;wVu dh xfr osQ r̀rh; fu;e dh Hkk"kk bruh lqLi"V vkSj
jkspd gS fd ;g lkekU; Hkk"kk dk vax cu xbZ gSA dnkfpr blh
dkj.ko'k xfr osQ r̀rh; fu;e osQ ckjs essa dkiQh Hkzkafr;k¡ gSa A vkb,]
xfr osQ r̀rh; fu;e osQ ckjs esa oqQN egÙoiw.kZ fcanqvksa ij è;ku
nsa] fo'ks"kdj fØ;k rFkk izfrfØ;k inksa osQ iz;ksx osQ lanHkZ esaA

1- xfr osQ r`rh; fu;e esa inksa & fØ;k rFkk izfrfØ;k dk vFkZ
^cy* osQ vfrfjDr vU; oqQN ugha gSA ,d gh HkkSfrd jkf'k
osQ fy, fofHkUu inksa dk iz;ksx dHkh&dHkh Hkzfer dj ldrk
gSA r`rh; fu;e dks ljy rFkk Li"V 'kCnksa esa bl izdkj fy[kk
tkrk gS %

cy lnSo ;qxyksa esa ik, tkrs gSaA fi.M A ij B }kjk
vkjksfir cy fi.M B ij A }kjk vkjksfir cy osQ leku
,oa foijhr gksrk gSA

2- r`rh; fu;e osQ inksa fØ;k rFkk izfrfØ;k ls ;g Hkze mRiUu
gks ldrk gS fd fØ;k izfrfØ;k ls igys vkrh gS] vFkkZr~
fØ;k dkj.k gS rFkk fufgr izfrfØ;k mldk izHkkoA r`rh;
fu;e esa ,slk dksbZ dkj.k&izHkko lacaèk ugha gSA A ij
B }kjk vkjksfir cy rFkk B ij A }kjk vkjksfir cy
,d gh {k.k dk;Zjr gksrs gSaA blh laosQr osQ vkèkkj ij
buesa ls fdlh Hkh ,d dks fØ;k rFkk nwljs dks izfrfØ;k
dgk tk ldrk gSA

3- fØ;k rFkk izfrfØ;k cy nks fHkUu fi.Mksa ij dk;Z djrs gSa]
,d gh oLrq ij ughaA nks fi.Mksa A rFkk B osQ ;qxy ij
fopkj dhft,A r`rh; fu;e osQ vuqlkj]

F
AB

  = – F 
BA

(4-8)
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(A ij B }kjk cy) ¾ & (B ij A }kjk cy)
bl izdkj] ;fn ge fdlh ,d fi.M (A vFkok B) dh
xfr ij fopkj djrs gSa rks nks cyksa esa ls osQoy ,d gh izklafxd
gSA nksuksa cyksa dk ;ksx djosQ n`<+rkiwoZd ;g dguk fd usV
cy 'kwU; gS] ;g =kqfViw.kZ gSA fiQj Hkh] ;fn vki nks fi.Mksa
osQ fdlh fudk; dks ,d fi.M ekudj ml ij fopkj djrs
gSa] rks F

AB
 rFkk F

BA
 ml fudk; (A + B) osQ vkarfjd

cy gSaA ;s nksuksa feydj ,d 'kwU; cy nsrs gSa A bl izdkj
fdlh fi.M vFkok d.kksa osQ fudk; esa vkarfjd cy ;qxyksa
esa fujLr gks tkrs gSaA ;g ,d egÙoiw.kZ rF; gS tks f}rh;
fu;e dks fdlh fi.M vFkok d.kksa osQ fudk; ij vuqiz;ksT;
gksus ;ksX; cukrk gS (nsf[k, vè;k; 6)A

• mnkgj.k 4-5 nks loZle fcfy;MZ xsansa fdlh n`<+ nhokj
ls leku pky ls] ijarq fHkUu dks.kksa ij] Vdjkrh gSa rFkk
uhps n'kkZ, fp=k 4-6 dh Hkkafr pky eas fcuk {k; gq,
ijkofrZr gks tkrh gSa A (i) izR;sd xsan osQ dkj.k nhokj ij
cy dh fn'kk D;k gS \ rFkk (ii) nhokj }kjk nksuksa xsanksa ij
yxs vkosxksa dk  vuqikr D;k gS \

gy   LokHkkfod :i eas bu iz'uksa osQ mRRkj bl izdkj gksaxs&
(i) ;g gks ldrk gS fd (a)  eas xsan osQ dkj.k nhokj ij yxk
cy nhokj osQ vfHkyacor~ gks tcfd (b)  eas xsan osQ dkj.k nhokj
ij yxk cy nhokj ij vfHkyac osQ lkFk 30ñ dk dks.k cukrk
gSA ;g mRRkj lgh ugha gSA nksuksa gh izdj.kksa eas nhokj ij yxk
cy nhokj osQ vfHkyacor~ gSA

nhokj ij yxs cy dks oSQls Kkr djsa \ bldh xfr osQ
ckjs eas gesa dksbZ  tkudkjh ugha gSA blosQ fy, ,d ;qfDr viukrs
gSa ftleas igys ge f}rh; fu;e dk mi;ksx djosQ nhokj osQ dkj.k
xsan ij yxs cy (vFkok vkosx) ij fopkj djrs gSa vkSj rRi'pkr~
(i) dk mRRkj nsus osQ fy, r̀Rkh; fu;e dk mi;ksx djrs gSaA eku
yhft, izR;sd xsan dh lagfr m gS rFkk nhokj ls Vdjkus ls iwoZ
vkSj Vdjkus osQ i'pkr~ nksuksa xsanksa dh pky u gSA fp=k eas n'kkZ,
x;s osQ vuqlkj x- rFkk y- v{kksa dk pquko dhft,] rFkk izR;sd
izdj.k eas xsan osQ laosx eas ifjorZu ij fopkj dhft, %

izdj.k (a)

( ) ( )l 0x yp mu          p= =vkjfa Hkd vkjafHkd

( ) ( ) 0x yp mu          p= − =vfa revfa re

laosx] vkosx lfn'k eas ifjorZu gksrk gS] vr%
vkosx dk x-?kVd = –2 mu

vkosx dk y-?kVd = 0

vkosx rFkk cy leku fn'kk eas gSa mijksDr ppkZ ls ;g Li"V
gS fd nhokj osQ dkj.k xsan ij yxk cy nhokj osQ vfHkyacor~]
rFkk xfr dh Í.kkRed x-fn'kk osQ vuqfn'k gSA U;wVu osQ
xfr osQ r`rh; fu;e dk mi;ksx djus ij xsan osQ dkj.k nhokj
ij yxk cy nhokj osQ vfHkyacor~] rFkk xfr dh /ukRed
x-fn'kk osQ vuqfn'k gSA pwafd bl leL;k eas ;g ugha crk;k x;k
gS fd nhokj ls VDdj eas yxk vYi le; fdruk gS] vr% cy
osQ ifjek.k dks lqfuf'pr ugha fd;k tk ldrkA

izdj.k (b)

( )  cos 30xp m u = �

vkjafHkd , ( )    sin 30yp m u = − �

vkjfa Hkd

( )  – cos 30xp m u = �

vafre , ( )   sin 30yp m u = − �

vafre

è;ku nhft,] Vdjkus osQ i'pkr~  p
x
 dk fpÞu ifjofrZr gks tkrk

gS] tcfd p
y
 dk ugha gksrkA vr%

vkosx dk x-?kVd = –2 mu cos 30ñ

vkosx dk y-?kVd = 0

vkosx (rFkk cy) dh fn'kk ogh gS tks (a) esa Fkh% ;g nhokj
osQ vfHkyacor~ Í.kkRed x- fn'kk osQ vuqfn'k gSA igys dh
gh Hkkafr] U;wVu osQ r`rh; fu;e dk mi;ksx djus ij xsan osQ
dkj.k nhokj ij cy nhokj osQ vfHkyacor~ /ukRed
x-fn'kk osQ vuqfn'k gSA

izdj.k (a) o izdj.k (b) eas xsan dks nhokj }kjk iznku fd,
x, vkosxksa osQ ifjek.kksa dk vuqikr gS %

( ) 2
2 / 2 cos30 1.2

3
m u m u = ≈� ¶

4.7 laosx&laj{k.k

U;wVu osQ xfr osQ f}rh; rFkk r`rh; fu;e ,d vR;Ur egRRoiw.kZ
ifj.kke % laosx&laj{k.k fu;e dh vksj vxzlj djrs gSaA ,d
ifjfpr mnkgj.k ij fopkj dhft,A fdlh canwd ls ,d xksyh
NksM+h tkrh gSA ;fn canwd }kjk xksyh ij yxk cy F  gS] rks
U;wVu osQ r`rh; fu;e osQ vuqlkj xksyh }kjk canwd ij yxus okykfp=k 4-6
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cy –F gSA nksuksa cy leku le; varjky ∆t rd dk;Z djrs
gSaA f}rh; fu;e osQ vuqlkj xksyh dk laosx ifjorZu F ∆t gS
rFkk canwd dk laosx ifjorZu –F ∆t gSA pwafd vkjaHk eas nksuksa fojke
eas gSa] vr% laosx ifjorZu vafre laosx osQ cjkcj gSA bl izdkj
;fn NksM+us osQ i'pkr~ xksyh dk laosx] p

b
 gS rFkk canwd dk izfr{ksi

laosx] p
g
 gS] rks p

g
 = – p

b
 vFkkZr~ p

g
 + p

b 
= 0 vFkkZr~] xksyh

canwd fudk; dk oqQy laosx lajf{kr jgrk gSA

bl izdkj] fdlh fo;qDr fudk; (vFkkZr~ dksbZ fudk;
ftl ij dksbZ ckÞ; cy ugha yxrk gSA) esa] fudk; osQ d.kksa
osQ ;qxyksa osQ chp ikjLifjd cy O;f"V d.kksa eas laosx ifjorZu
dj ldrs gSa] ijarq pawfd izR;sd ;qxy osQ fy, ikjLifjd cy
leku ,oa foijhr gSa laosx ifjorZu ;qxyksa eas fujLr gks tkrs gSa
rFkk oqQy laosx vifjofrZr jgrk gSA bl rF; dks laosx& laj{k.k
fu;e dgrs gSaA bl fu;e osQ vuqlkj %

vU;ksU; fØ;k djus okys d.kksa osQ fdlh fo;qDr fudk;

dk oqQy laosx lajf{kr jgrk gSA

laosx&laj{k.k fu;e osQ vuqiz;ksx dk ,d egÙoiw.kZ mnkgj.k nks
fi.Mksa eas la?kV~Vu gSA nks fi.Mksa A  o B ij fopkj dhft, ftuosQ
vkjafHkd laosx p

A
 rFkk p

B
 gSaA nksuksa Vdjkrs gSa vkSj i`Fkd gks

tkrs gSaA ;fn i`Fkd gksus osQ i'pkr~ muosQ vafre laosx Øe'k%
P'

A
 rFkk P'

B
  gSa; rks f}rh; fu;e osQ }kjk

F
AB 

∆t = p'
A
 – p

A

rFkk]   F
BA 

∆t = p'
B
 – p

B

(;gk¡ geus nksuksa cyksa osQ fy, leku le; varjky ∆t fy;k
gS] tks og le; gS ftlesa nksuksa fi.M laioZQ eas jgrs gSaA)

pwafd F
AB

 = & F
BA

 r`rh; fu;e }kjk]

p'
A
 – p

A 
= – (p'

B
 – p

B 
)

vFkkZr~   p'
A
 + p'

B 
=  (p

A
 + p

B 
) (4.9)

tks ;g n'kkZrk gS fd fo;qDr fudk; (A + B) dk oqQy vafre
laosx mlosQ vkjafHkd laosx osQ cjkcj gSA è;ku jgs fd] ;g
fu;e nksuksa izdkj osQ la?kV~Vksa & izR;kLFk rFkk vizR;kLFk] ij ykxw
gksrk gSA izR;kLFk la?kV~V eas nwljh 'krZ gS fd fudk; dh oqQy
vkjafHkd xfrt ÅtkZ fudk; dh oqQy vafre xfrt ÅtkZ osQ
cjkcj gksrh gS (nsf[k, vè;k; 5)A

4.8 fdlh d.k dh lkE;koLFkk

;kaf=kdh eas fdlh d.k dh lkE;koLFkk dk mYys[k mu fLFkfr;ksa
osQ fy, fd;k tkrk gS ftueas d.k ij usV ckÞ; cy 'kwU;* gksA
izFke fu;e osQ vuqlkj] bldk ;g vFkZ gS fd ;k rks d.k fojke
eas gS vFkok ,d leku xfr eas gSA ;fn fdlh d.k ij nks cy
F

1
 rFkk F

2
 dk;Zjr gSa] rks lkE;koLFkk osQ fy, vko';d gS

fd]

F
1 
= – F

2
 (4.10)

vFkkZr~ d.k ij dk;Zjr nksuksa cy leku ,oa foijhr gksuss pkfg, A
rhu laxkeh cyksa] F

1
,

 

F
2
  rFkk F

3
 osQ v/hu lkE;koLFkk (vFkok

larqyu) osQ fy, bu rhuksa cyksa dk lfn'k ;ksx 'kwU; gksuk pkfg, %

F
1 
+ F

2 
+ F

3
 = 0 (4.11)

fp=k 4-7 laxkeh cyksa osQ v/hu larqyu

nwljs 'kCnksa eas] cyksa osQ lekUrj prqHkZqt fu;e }kjk izkIr fdUgha
nks cyksa] eku yhft, F

1 
rFkk F

2 
] dk ifj.kkeh rhljs cy  F

3 
]

osQ leku ,oa foijhr gksuk pkfg,A fp=k 4-7 osQ vuqlkj
lkE;koLFkk eas rhuksa cyksa dks fdlh f=kHkqt dh Hkqtkvksa] ftl
ij pØh; Øe eas lfn'k rhj cus gksa] }kjk fu:fir fd;k tk
ldrk gSA bl ifj.kke dk O;kihdj.k cyksa dh fdlh Hkh la[;k
osQ fy, fd;k tk ldrk gSA vkjksfir cyksa  F

1 
]  F

2 
] F

3 
....

F
n 
 osQ v/hu dksbZ d.k lkE;koLFkk eas gksxk ;fn mu cyksa dks

n&Hkqtk osQ can pØh; cgqHkqt dh Hkqtkvksa }kjk fu:fir fd;k
tk losQ A

lehdj.k (4-11) ls

F
1x 

+ F
2x 

+ F
3x

 = 0

F
1y

 + F
2y

 + F
3y

 = 0

F
1z

 + F
2z

 + F
3z

 = 0 (4.12)

* fdlh fi.M dh lkE;koLFkk osQ fy, osQoy LFkkukUrjh; lkE;koLFkk ('kwU; usV ckÞ; cy) gh vko';d ugha gS oju~ ?kw.khZ lkE;koLFkk ('kwU;
usV ckÞ; cy vk?kw.kZ) Hkh vko';d gS] ;g ge vè;k; 6 eas ns[ksaxs A
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tgk¡ ij F
1x

, F
1y

 rFkk F
1z

 Øe'k% F
1
  osQ  x, y rFkk  z fn'kk esa

?kVd gSA

• mnkgj.k 4-6 6 kg lagfr osQ fdlh fi.M dks Nr ls
2 m yackbZ dh Mksjh }kjk yVdk;k x;k gS A Mksjh osQ
eè;&fcanq ij fp=k 4-8 eas n'kkZ, vuqlkj {kSfrt fn'kk eas
50 N  cy yxk;k tkrk gS A lkE;koLFkk eas Mksjh ÅèokZ/j
ls fdruk dks.k cukrh gS \ (g = 10 m s-2 yhft,)A Mksjh
dh lagfr dks ux.; ekfu, A

(a) (b) (c)

fp=k 4-8

gy  fp=k 4.8(b) rFkk 4.8(c) cy funsZ'kd vkjs[k dgykrs
gSaA fp=k 4.8(b) Hkkj W dk cy funsZ'kd vkjs[k gS rFkk 4.8(c)

fcUnq P  dk cy funsZ'kd vkjs[k gSA loZizFke Hkkj W dh lkE;koLFkk
ij fopkj dhft,A Li"V gS] T

2
 = 6×10 = 60NA vc rhu cyksa &

ruko T
1
 rFkk T

2
, rFkk {kSfrt cy 50 N dh fØ;kvksa osQ v/hu

lagfr fcanq P dh lkE;koLFkk ij fopkj dhft,A ifj.kkeh cy osQ
{kSfrt rFkk ÅèokZ/j ?kVdksa dks i`Fkd&i`Fkd 'kwU; gksuk pkfg,%

T
1
 cos θ = T

2
 = 60 N

T
1
 sin θ = 50 N

6

5
tan =∴ θ  vFkok 

°− =





= 40
6

5
tan 1θ

è;ku nhft,] mRRkj u rks Mksjh (ftldk nzO;eku ux.; ekuk
gS) dh yackbZ ij fuHkZj djrk gS vkSj u gh ml fcanq dh fLFkfr
ij fuHkZj djrk gS ftl ij {kSfrt cy yxk;k x;k gS A ¶

4.9 ;kaf=kdh eas lkekU; cy

;kaf=kdh eas gekjk lkeuk dbZ izdkj osQ cyksa ls gksrk gSA okLro
eas] xq#Rokd"kZ.k cy loZO;kid gSA i`Foh ij fLFkr lHkh oLrq,¡
i`Foh osQ xq#Ro cy dk vuqHko djrh gSaA xq#Rokd"kZ.k cy
vkdk'kh; fi.Mksa dh xfr;ksa dks fu;af=kr djrk gSA xq#Rokd"kZ.k
cy fdlh nwjh ij fcuk eè;orhZ ekè;e osQ dk;Z dj
ldrk gSA

;kaf=kdh eas lkekU;r% vkus okys lHkh cy laioZQ cy* gSaA
tSlk fd uke ls laosQr feyrk gS] fdlh fi.M ij laioZQ cy
fdlh vU; fi.M Bksl vFkok rjy osQ laioZQ }kjk mRiUu gksrk
gSA tc dbZ fi.M laioZQ eas gksrs gSa] (mnkgj.kkFkZ] est ij j[kh
dksbZ iqLrd] NM+ksa] dCtksa rFkk vU; izdkj osQ vk/kjksa ls lac¼
n`<+ fi.Mksa dk dksbZ fudk;)] rc ogk¡ r`rh; fu;e dks larq"V
djus okys (fi.Mksa osQ izR;sd ;qxy osQ fy,) ikjLifjd laioZQ
cy gksrs gSaA laioZQ&i`"Bksa osQ vfHkyacor~ laioZQ cy osQ ?kVd
dks vfHkyac cy (vFkok vfHkyac izfrfØ;k) dgrs gSaA
laioZQ&i`"Bksa osQ lekUrj ?kVd dks ?k"kZ.k cy dgrs gSaA laioZQ
cy rc Hkh mRiUu gksrs gSa tc Bksl rjyksa osQ laioZQ eas vkrs
gSaA mnkgj.k osQ fy,] tc fdlh Bksl dks fdlh rjy eas Mqckrs
gSa] rks ,d mifjeq[kh cy (mRIykou cy) gksrk gS tks ml Bksl
}kjk foLFkkfir rjy osQ Hkkj osQ cjkcj gksrk gSA ';ku cy]
ok;q&izfrjks/] vkfn Hkh laioZQ cyksa osQ mnkgj.k gSa (fp=k 4-9)A

nks lkekU; cy dekuh cy rFkk Mksjh esa ruko gSaA tc fdlh
dekuh dks fdlh ckÞ; cy }kjk laIkhfMr vFkok foLrkfjr fd;k
tkrk gS] rc ,d izR;ku;u cy mRiUu gksrk gSA ;g cy izk;%
laihMu vFkok nS?;Zo`f¼ osQ vuqØekuqikrh gksrk gS (NksVs

* lqxerk osQ fy, ;gk¡ ge vkosf'kr rFkk pqacdh; fi.Mksa ij fopkj ugha dj jgs gSa A buosQ fy,] xq#Rokd"kZ.k osQ vfrfjDr] ;gk¡ oS|qr rFkk
pqacdh; vlaioZQ cy gSa A

fp=k 4-9 ;kaf=kdh eas laioZQ cyksa osQ oqQN mnkgj.k A
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foLFkkiuksa osQ fy,)A dekuh cy F dks] F = – kx  }kjk O;Dr
fd;k tkrk gS] ;gk¡ x foLFkkiu gS rFkk k dks dekuh&fLFkjkad
;k cy&fLFkjkad dgrs gSaA ;gk¡ Í.kkRed fpÉ ;g n'kkZrk gS
fd cy vrkfur voLFkk ls foLFkkiu osQ foijhr gSA fdlh
vforkU; Mksjh osQ fy,] cy fu;rkad cgqr vf/d gksrk gSA fdlh
Mksjh osQ izR;ku;u cy dks ruko dgrs gSaA ijaijk osQ vuqlkj
leLr Mksjh osQ vuqfn'k ,d leku ruko T eku ysrs gSaA ux.;
lagfr dh Mksjh osQ fy,] Mksjh osQ izR;sd Hkkx ij leku ruko
ekuus dh ijaijk lgh gSA

izo`Qfr eas osQoy pkj ewy cy gSaA bueas nqcZy rFkk izcy cy
,sls izHkko {ks=k eas izdV gksrs gSa] ftudk ;gka gels laca/ ugha
gSA ;kaf=kdh osQ lanHkZ eas osQoy xq#Rokd"kZ.k rFkk oS|qr cy gh
izklafxr gksrs gSaA ;kaf=kdh osQ fofHkUu laioZQ cy ftudk geus
vHkh o.kZu fd;k gS] ewy :i ls oS|qr cyksa ls gh mRiUu gksrs
gSaA ;g ckr vk'p;Ztud izrhr gks ldrh gS D;ksafd ;kaf=kdh
eas ge vukosf'kr rFkk vpqacdh;  fi.Mksa dh ppkZ dj jgs gSaA
ijarq lw{e Lrj ij] lHkh fi.M vkosf'kr vo;oksa (ukfHkdksa rFkk
bysDVªkWuksa) ls feydj cus gSa rFkk vkf.od la?kV~Vkas izfr?kkrksa rFkk
fi.Mksa dh izR;kLFkrk vkfn osQ dkj.k mRiUu fofHkUu laioZQ
cyksa dh [kkstchu ls Kkr gksrk gS fd varr% ;s fofHkUu
fi.Mksa osQ vkosf'kr vo;oksa osQ chp oS|qr cy gh gSaA bu cyksa
dh foLr`r lw{e mRifRRk osQ fo"k; eas tkudkjh tfVy gS rFkk
LFkwy Lrj ij ;kaf=kdh dh leL;kvksa dks gy djus dh n`f"V
ls mi;ksxh ugha gS A ;gh dkj.k gS fd mUgsa fofHkUu izdkj osQ
cyksa osQ :i ekuk tkrk gS rFkk muosQ vfHkyk{kf.kd xq.kksa dk
vkuqHkfod fu/kZj.k fd;k tkrk gSA
4-9-1 ?k"kZ.k

vkb,] fiQj ls {kSfrt est ij j[ks m lagfr osQ fi.M okys mnkgj.k
ij fopkj djsaA xq#Ro cy (mg)  dks est dk vfHkyac cy
(N) fujLr dj nsrk gSA vc ekfu, fd fi.M ij dksbZ ckÞ;
cy F {kSfrtr% vkjksfir fd;k tkrk gS A vuqHko ls geas ;g
Kkr gS fd ifjek.k eas NksVk cy vkjksfir djus ij fi.M dks
xfr'khy djus esa vi;kZIr gks ldrk gSA ijarq ;fn vkjksfir cy
gh fi.M ij yxk ,d ek=k ckÞ; cy gS] rks ;g cy ifjek.k
eas pkgs fdruk Hkh NksVk D;ksa u gks] fi.M dks F/m Roj.k ls
xfr'khy gksuk pkfg,A Li"V gS] fd vxj fi.M fojke eas gS rks
fi.M ij dksbZ vU; ckÞ; cy {kSfrt fn'kk eas dk;Z djus yxk
gS] tks vjksfir cy F dk fojks/ djrk gS] iQyLo:i fi.M
ij usV cy 'kwU; gks tkrk gSA ;g fojks/h cy  f

s
, tks est osQ

laioZQ eas fi.M osQ i`"B osQ lekUrj yxrk gS] ?k"k.kZ cy vFkok
osQoy ?k"kZ.k dgykrk gS (fp=k 4.10(a))A ;gk¡ iknk{kj s dks
LFkSfrd ?k"kZ.k osQ fy, iz;ksx fd;k x;k gS] rkfd ge bldh xfrt
?k"kZ.k f

k
 ftlosQ fo"k; eas ckn eas fopkj djsaxs (fp=k 4.10(b))]

ls fHkUu igpku dj losaQA è;ku nhft,] LFkSfrd ?k"kZ.k dk viuk
dksbZ vkfLrRo ugha gksrkA tc rd dksbZ ckÞ; cy vkjksfir ugha
gksrk] rc rd LFkSfrd ?k"kZ.k Hkh ugha gksrk A ftl {k.k dksbZ cy
vkjksfir gksrk gS] mlh {k.k ?k"kZ.k cy Hkh yxus yxrk gSA fiaM
dks fojke eas j[krs gq, tc vkjksfir cy F c<+rk gS] vkjksfir
cy osQ leku o foijhr fn'kk eas jgrs gq, f

s
 Hkh ,d lhek

rd c<+rk gSA vRk% bls LFkSfrd ?k"kZ.k dgrs gSaA LFkSfrd ?k"kZ.k
leqifLFkr xfr dk fojks/ djrk gS A leqifLFkr xfr dk rkRi;Z
,slh xfr ls gS tks rHkh gksxh tc (ijarq okLro eas gksrh ugha)
fdlh vkjksfir cy osQ varxZr ?k"kZ.k vuqifLFkr gksA

ge vuqHko ls ;g tkurs gSa fd] tSls vkjksfir cy ,d fuf'pr
lhek ls c<+rk gS] rks fi.M xfr vkjaHk dj nsrk gSA iz;ksxksa }kjk

;g ik;k x;k gS fd LFkSfrd ?k"kZ.k dk lhekUr eku ( )sf vf/dre

laioZQ i`"B osQ {ks=kiQy ij fuHkZj ugha djrk rFkk vfHkyac cy
(N) osQ lkFk yxHkx bl izdkj ifjofrZr gksrk gS %

( ) =s sf Nµ
vf/dre (4.13)

;gk¡ µ
s 
vkuqikfrdrk fLFkjkad gS] tks osQoy laioZQ&i`"Bksa osQ ;qxy

dh izo`Qfr ij gh fuHkZj djrk gSA bl fLFkjkad µ
s 
 dks LFkSfrd

?k"kZ.k xq.kkad dgrs gaSA LFkSfrd ?k"kZ.k fu;e dks bl izdkj fy[kk
tk ldrk gS %

f
s 
≤ µ

s 
N  (4.14)

fp=k 4-10 LFkSfrd rFkk lihZ ?k"kZ.k% (a) LFkSfrd ?k"kZ.k fi.M dh
leqifLFkr xfr dk fojks/ djrk gS A tc ckÞ; cy
LFkSfrd ?k"kZ.k dh vf/dre lhek ls c<+ tkrk gS] rks
xfr vkjaHk gksrh gS A (b) ,d ckj tc fi.M xfr'khy
gks tkrk gS rks ml ij lihZ vFkok xfrt ?k"kZ.k dk;Z djus
yxrk gS tks laioZQ i`"Bksa osQ chp vkis{k xfr dk fojks/
djrk gS A xfrt ?k"kZ.k izk;% LFkSfrd ?k"kZ.k osQ vf/dre
eku ls de gksrk gS A

;fn vkjksfir cy F  dk eku ( )sf vf/dre
 ls vf/d gks tkrk

gS] rks fi.M i`"B ij ljduk vkjaHk dj nsrk gSA iz;ksxksa }kjk ;g
ik;k x;k gS fd tc vkis{k xfr vkjaHk gks tkrh gS] rc ?k"kZ.k

cy] vf/dre LFkSfrd ?k"kZ.k cy ( )sf vf/dre
 ls de gks tkrk

gSA og ?k"kZ.k cy] tks nks laioZQ i`"Bksa osQ chp vkis{k xfr
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dk fojks/ djrk gS] xfrt vFkok lihZ ?k"kZ.k dgykrk gS vkSj
bls f

k
 }kjk fufnZ"V fd;k tkrk gSA LFkSfrd ?k"kZ.k dh Hkkafr xfrt

?k"kZ.k Hkh LkaioZQ i`"Bksa osQ {ks=kiQy ij fuHkZj ugha djrk A lkFk
gh] ;g vkis{k xfr osQ osx ij Hkh yxHkx fuHkZj ugha djrk A
;g ,d fu;e] tks LFkSfrd ?k"kZ.k osQ fy, fu;e osQ le:i
gS] dks larq"V djrk gS %

f
k
 = µ

k
N (4.15)

;gk¡ µ
k
] xfrt ?k"kZ.k xq.kkad gSa tks osQoy laioZQ ì"Bksa osQ ;qxy

dh izòQfr ij fuHkZj djrk gSA tSlk fd Åij o.kZu fd;k tk pqdk
gS] iz;ksx ;g n'kkZrs gSa fd µ

k
, µ

s
 ls de gksrk gS A tc vkis{k

xfr vkjaHk gks tkrh gS rks] f}rh; fu;e osQ vuqlkj] xfreku fi.M
dk Roj.k (F–f

k
)/m gksrk gSA ,dleku osx ls xfreku fi.M osQ

fy,] F = f
k
A ;fn fi.M ls vkjksfir cy dks gVk ysa rks mldk

Roj.k –f
k
/m gksrk gS vkSj vafrer% fi.M #d tkrk gSA

Åij o.kZu fd, x, ?k"kZ.k osQ fu;ekas dks ewy fu;eksa dh
ml Js.kh eas ugha ekuk tkrk ftleas xq#Rokd"kZ.k] oS|qr rFkk
pqacdh; cyksa dks ekuk tkrk gSA ;s vkuqHkfod laca/ gSa] tks osQoy
lhfer izHkko {ks=kksa eas gh lfUudVr% lgh gSaA fiQj Hkh ;s fu;e
;kaf=kdh eas O;kogkfjd ifjdyuksa esa cgqr ykHkizn  gSa A

bl izdkj] tc nks fi.M laioZQ eas gksrs gSa  rc izR;ssd fi.M
vU; fi.M osQ }kjk laioZQ cy dk vuqHko djrk gS A ifjHkk"kk
osQ vuqlkj] ?k"kZ.k cy laioZQ cy dk laioZQ i`"Bksa osQ lekUrj
?kVd gksrk gS] tks nks i`"Bksa osQ chp leqifLFkr vFkok okLrfod
vkis{k xfr dk fojks/ djrk gSA è;ku nhft,] ?k"kZ.k cy xfr
dk ugha oju~ vkis{k xfr dk fojks/ djrk gSA Rofjr xfr ls
xfreku jsyxkM+h osQ fdlh fMCcs eas j[ks ckWDl ij fopkj dhft,A
;fn ckWDl jsyxkM+h osQ vkis{k fLFkj gS] rks okLRko eas og jsyxkM+h
osQ lkFk Rofjr gks jgk gSA og dkSu&lk cy gS tks ckWDl dks
Rofjr dj jgk gS \ Li"V gS fd {kSfrt fn'kk eas ,d gh dYiuh;
cy gS] vkSj og gS ?k"kZ.k cyA ;fn dksbZ ?k"kZ.k ugha gS rks jsyxkM+h
osQ fMCcs dk iQ'kZ rks vkxs dh vksj ljosQxk rFkk tM+Ro osQ dkj.k
ckWDl viuh vkjafHkd fLFkfr ij gh jgsxk (rFkk jsyxkM+h osQ
fMCcs dh fiNyh nhokj ls Vdjk,xk)A bl leqifLFkr vkis{k
xfr dk LFkSfrd ?k"kZ.k f

s
 }kjk fojks/ fd;k tkrk gSA ;gk¡ LFkSfrd

?k"kZ.k] ckWDl dks jsyxkM+h osQ vkis{k fLFkr j[krs gq,] jsyxkM+h
osQ leku Roj.k iznku djrk gSA

••••• mnkgj.k 4-7 dksbZ ckWDl jsyxkM+h osQ iQ'kZ ij fLFkj j[kk
gS A ;fn ckWDl rFkk jsyxkM+h osQ iQ'kZ osQ chp LFkSfrd]
?k"kZ.k xq.kkad 0-15 gS] rks jsyxkM+h dk og vf/dre Roj.k
Kkr dhft, tks ckWDl dks jsyxkM+h osQ iQ'kZ ij fLFkj j[kus
osQ fy, vko';d gS A

gy  pwafd ckWDl eas Roj.k LFkSfrd ?k"kZ.k osQ dkj.k gh gS]
vr%

  ma  =  f
s
 ≤ µ

s
 N  =  µ

s
  m g

vFkkZr~  a  ≤  µ
s
 g

∴  a
vf/dre

 = µ
s
g = 0.15 × 10 m s-2 = 1.5 m s-2  ¶

• mnkgj.k 4.8 4 kg dk dksbZ xqVdk ,d {kSfrt lery
ij j[kk gS (fp=k 4.11)A lery dks /hjs&/hjs rc rd
vkur fd;k tkrk gS tc rd {kSfrt ls fdlh dks.k
θ =15° ij og xqVdk ljduk vkjaHk ugha dj nsrk A i`"B
vkSj xqVosQ osQ chp LFkSfrd ?k"kZ.k xq.kkad D;k gS \

fp=k 4-11

gy   vkur lery ij fojkekoLFkk eas j[ks m lagfr osQ xqVosQ
ij dk;Zjr cy gS (i) xqVosQ dk Hkkj mg ÅèokZ/j uhps dh vksj]
(ii) lery }kjk xqVosQ ij yxk;k x;k vfHkyac cy N, rFkk
(iii) leqifLFkr xfr dk fojks/ djus okyk LFkSfrd ?k"kZ.k cy
f
s
 A xqVosQ dh lkE;koLFkk eas bu cyksa dk ifj.kkeh 'kwU; cy

gksuk pkfg,A Hkkj mg  dks fp=k eas n'kkZ, vuqlkj nks fn'kkvksa
eas vi?kfVr djus ij

mg sin θ = f
s

mg cos θ = N

tSls&tSls θ c<+rk gS] Lolek;ksth ?k"kZ.k cy f
s
 rc rd c<+rk

gS tc rd] θ = θ
vf/dre

 ij ;g viuk vf/dre eku izkIr ugha

dj ysrk] ( )sf vf/dre
 = µ

s
 N, tgk¡ µ

s
 xqVosQ rFkk lery osQ

chp LFkSfrd ?k"kZ.k xq.kkad gSA
vr%

tanθ
vf/dre

 =  µ
s
 vFkok θ

vf/dre  
= tan-1 µ

s

tc θ  dk eku θ
vf/dre 

ls osQoy oqQN gh vf/d gksrk gS] rks
xqVosQ ij ,d y?kq ussV cy yxrk gS vkSj xqVdk ljduk vkjaHk
dj nsrk gSA è;ku nhft,] θ

vf/dre 
osQoy µ

s
 ij gh fuHkZj djrk

gS] ;g xqVosQ dh lagfr ij fuHkZj ugha djrkA
θ
vf/dre

=  15°  ossQ fy,]
µ

s
=  tan 15°

=  0.27 ¶

Reprint 2026-27



63xfr osQ fu;e

• mnkgj.k 4-9  fp=k 4.12(a) esa n'kkZ, CykWd&Vªkyh
fudk; dk Roj.k D;k gS] ;fn Vªkyh vkSj i`"B osQ chp
xfrt ?k"kZ.k xq.kkad 0-04 gS\ Mksjh eas ruko D;k gS \
(g = 10 m s-2 yhft,)] Mksjh dh lagfr ux.; ekfu, A

(b) (c)

fp=k 4-12

gy %  pwafd Mksjh dh yackbZ fu;r gS rFkk f?kjuh fpduh gS]
3 kg osQ CykWd rFkk 20 kg dh  Vªkyh nksuksa osQ Roj.kksa osQ ifjek.k
leku gSaA CykWd dh xfr ij f}rh; fu;e dk vuqiz;ksx djus
ij (fp=k 4.12(b))]

30 – T = 3a

Vªkyh dh xfr ij f}rh; fu;e dk vuqiz;ksx djus ij
(fp=k 4.12(c))]

T – f
k
 = 20a

vc f
k
 = µ

k
N, tgk¡ µ

k 
xfrt ?k"kZ.k xq.kkad gS rFkk N vfHkyac

cy gS A ;gk¡ µ
k
 = 0.04, rFkk N = 20 × 10 = 200 N

bl izdkj] Vªkyh dh xfr osQ fy, lehdj.k

T – 0.04 × 200 = 20a vFkok T – 8 = 20a

bl lehdj.kksa ls gesa izkIr gksrk gS]
2 222

m s 0.96 m s
23

a − −= =

rFkk T = 27.1 N ¶

yksVfud ?k"kZ.k
fl¼kar :i ls {kSfrt lery ij ,d oy; (fjax) osQ leku
oLrq vFkok xksy xsan tSls fi.M tks fcuk ljosQ osQoy yksVu
dj jgk (yq<+d) gS] ij fdlh Hkh izdkj dk dksbZ ?k"kZ.k cy
ugha yxsxk A yksVfud xfr djrs fdlh fi.M dk gj {k.k lery
rFkk fi.M osQ chp osQoy ,d gh laioZQ fcanq gksrk gS rFkk ;fn
dksbZ ljdu ugha gS rks bl rkR{kf.kd laioZQ fcanq dh lery
osQ vkis{k dksbZ xfr ugha gksrhA bl vkn'kZ fLFkfr eas xfrt vFkok
LFkSfrd ?k"kZ.k 'kwU; gksrk gS rFkk fi.M dks ,dleku osx ls fujarj
yksVfud xfr djrs jguk pkfg,A ge tkurs gSa fd O;ogkj eas
,slk ugha gksxk] rFkk xfr eas oqQN u oqQN vojks/ (yksVfud ?k"kZ.k)
vo'; jgrk gS] vFkkZr~] fi.M dks fujarj yksVfud xfr djrs
jgus osQ fy, ml ij oqQN cy yxkus dh vko';drk gksrh gSA
leku Hkkj osQ fi.M osQ fy, yksVfud ?k"kZ.k lnSo gh lihZ vFkok
LFkSfrd ?k"kZ.k dh rqyuk eas cgqr de (;gk¡ rd fd ifjek.k
dh 2 vFkok 3 dksfV rd) gksrk gSA ;gh dkj.k gS fd ekuo
lH;rk osQ bfrgkl eas Hkkjh cks>ksa osQ ifjogu osQ fy, ifg,
dh [kkst ,d cM+k ehy dk iRFkj ekuk x;k gSA

yksVfud ?k"kZ.k dk mn~xe tfVy gS ;|fi ;g LFkSfrd rFkk
lihZ ?k"kZ.k osQ mn~xe ls oqQN fHkUu gSA yksVfud xfr osQ le;

fp=k 4-13 ?k"kZ.k dks ?kVkus osQ oqQN mik; A (a) e'khu osQ xfr'khy Hkkxksa osQ chp ckWy&cs;fjax yxkdj] (b) vkisf{kd xfr djus okys
i`"Bksa osQ chp ok;q dk laihfMr xík A

(a)
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osQ osaQnz dh vksj fufnZ"V gksrk gSA f}rh; fu;e osQ vuqlkj bl
Roj.k dks iznku djus okyk cy gS %

=

2

c

mv
f

R
(4.16)

tgk¡ m fi.M dh lagfr gSA osaQnz dh vksj fufnZ"V bl cy dks
vfHkosaQnz cy dgrs gSaA Mksjh dh lgk;rk ls o`Ùk esa ?kw.kZu djus
okys iRFkj dks Mksjh esa ruko vfHkosaQnz cy iznku djrk gSA lw;Z
osQ pkjksa vksj fdlh xzg dh xfr osQ fy, vko';d vfHkosaQnz
cy lw;Z osQ dkj.k ml xzg ij yxs xq#Rokd"kZ.k ls feyrk gSA
fdlh {kSfrt lM+d ij dkj dks òÙkh; eksM+ ysus osQ fy, vko';d
vfHkosaQnz cy ?k"kZ.k cy iznku djrk gS A

fdlh likV lM+d rFkk fdlh <kyw lM+d ij dkj dh orqZy
xfr] xfr osQ fu;eksa osQ jkspd mnkgj.k gSaA
lery lM+d ij dkj dh xfr&

dkj ij rhu cy vkjksfir gSa [fp=k 4.14(a)]

(i) dkj dk Hkkj] mg

(ii) vfHkyEc izfrfØ;k] N

(iii) ?k"kZ.k cy] f

D;ksafd ;gk¡ ÅèokZ/j fn'kk esa dksbZ Roj.k ugha gS] vr%
N – mg = 0

N= mg (4.17)

orqZy xfr osQ fy, vko';d vfHkosaQnz cy lM+d osQ i`"B
osQ vuqfn'k gS A ;g cy dkj osQ Vk;jksa rFkk lM+d osQ i`"B
osQ chp i`"B osQ vuqfn'k laioZQ cy osQ ?kVd] tks ifjHkk"kk
osQ vuqlkj ?k"kZ.k cy gh gS] }kjk iznku fd;k tkuk pkfg,A è;ku
nhft,] ;gk¡ LFkSfrd ?k"kZ.k gh vfHkosaQnz Roj.k iznku djrk gSA
LFkSfrd ?k"kZ.k] ?k"kZ.k dh vuqifLFkfr esa o`Ùk ls nwj tkrh xfreku
dkj dh leqifLFkr xfr dk fojks/ djrk gSA
lehdj.k (4-14) rFkk (4-16) ls gesa izkIr gksrk gS

  
2

s

mv
f N

R
µ≤ =

laioZQ i`"Bksa esa {k.kek=k osQ fy, fo:i.k gksrk gS] rFkk blosQ
iQyLo:i fi.M dk oqQN ifjfer {ks=kiQy (dksbZ fcanq ugha)]
yksVfud xfr osQ le; i`"B osQ laioZQ eas gksrk gSA bldk usV
izHkko ;g gksrk gS fd laioZQ cy dk ,d ?kVd i`"B osQ lekUrj
izdV gksrk gS tks xfr dk vojks/ djrk gSA

ge izk;% ?k"kZ.k dks ,d vokaNuh; cy ekurs gSaA cgqr lh
fLFkfr;ksa esa] tSls fdlh e'khu] ftleas fofHkUu oQy iqtZs xfr
djrs gksa] eas ?k"kZ.k dh Í.kkRed Hkwfedk gksrh gSA ;g vkis{k
xfr;ksa dk fojks/ djrk gS ftlosQ iQyLo:i Å"ek] vkfn osQ
:i eas ÅtkZ&{k; gksrk gSA e'khuksa eas Lusgd xfrt ?k"kZ.k dks de
djus dk ,d lk/u gksrk gSA ?k"kZ.k dks de djus dk ,d vU;
mik; e'khu osQ nks xfr'khy Hkkxksa osQ chp] ckWy&cs;fjax yxkuk
gS fp=k 4.13(a)A (D;ksafd nks laioZQ i`"Bksa rFkk cky cs;fjxksa
osQ chp yksVfud ?k"kZ.k cgqr de gksrk gS] vr% ÅtkZ&{k; ?kV
tkrk gS A lkis{k xfr djrs nks Bksl i`"Bksa osQ chp ok;q dh iryh
ijr cuk, j[kdj Hkh izHkkoh <ax ls ?k"kZ.k dks ?kVk;k tk ldrk
gS (fp=k 4.13(b))A

rFkkfi] cgqr&lh O;kogkfjd fLFkfr;ksa eas] ?k"kZ.k vR;Ur
vko';d gksrk gS A xfrt ?k"kZ.k eas ÅtkZ&{k; gksrk gS] fiQj Hkh
vkisf{kd xfr dks 'kh?kz lekIr djus eas bldh egÙoiw.kZ Hkwfedk
gSA e'khuksa rFkk ;a=kksa esa czsd dh Hkkafr bldk mi;ksx fd;k tkrk
gSA blh izdkj LFkSfrd ?k"kZ.k Hkh gekjs nSfud thou eas vR;Ur
egÙoiw.kZ gSA ge ?k"kZ.k osQ dkj.k gh iQ'kZ ij py ikrs gSa A vR;f/d
fiQlyu okyh lM+d ij dkj dks pyk ikuk vlaHko gksrk gSA
fdlh lk/kj.k lM+d ij] Vk;jksa vkSj lM+d osQ chp ?k"kZ.k ifg,
dh ?kw.khZ xfr dks yksVfud xfr eas :ikarfjr djosQ dkj dks Rofjr
djus osQ fy, vko';d ckÞ; cy iznku djrk gS A

4-10 orqZy (o`rh;) xfr

geus vè;k; 3 esa ;g ns[kk fd R f=kT;k osQ fdlh o`Ùk esa
,dleku pky v ls xfreku fdlh fi.M dk Roj.k v2/R  o`Ùk

pky

fp=k 4-14 dkj dh (a) lery lM+d] rFkk (b) <kyw lM+d ij orZqy xfr A

(a) (b)
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2 s
s

RN
v Rg

m

µ µ≤ = [ N = mg ]

;g laca/ dkj dh lagfr ij fuHkZj ugha djrkA blls ;g iznf'kZr
gksrk gS fd µ

s
 rFkk R osQ fdlh fn, gq, eku osQ fy, dkj

dh orZqy xfr dh dksbZ laHkkfor vf/dre pky gksrh gS] ftls
bl izdkj O;Dr fd;k tk ldrk gS]

v
vf/dre

 = 
s
Rgµ (4.18)

<kyw lM+d ij dkj dh xfr

;fn lM+d <kyw gS (fp=k 4-14b)] rks ge dkj  dh orZqy
xfr esa ?k"kZ.k osQ ;ksxnku dks ?kVk ldrs gSaA D;ksafd ;gk¡ fiQj
mQèokZ/j fn'kk esa dksbZ Roj.k ugha gS] blfy, usV cy 'kwU; gksxkA
vr%

N cos θ = mg + f sin θ (4.19a)

N rFkk f  osQ ?kVdksa }kjk vfHkosaQnz cy izkIr fd;k tkrk gS %

N sin θ  + f cos θ  = 

2mv

R
(4.19b)

;gk¡] igys fd Hkk¡fr] ≤ sf Nµ

v
vf/dre 

 osQ fy, ge sf Nµ= ysrs gSaA

lehdj.k (4.19a) rFkk (4.19b) dks fy[kk tk ldrk gS

N cos θ  = mg + sNµ  sin θ (4.20a)

N sin θ  + sNµ cos θ  = mv2/R (4.20b)

vr% lehdj.k (4.20a) ls 
– s

mg
N

cos sinθ µ θ
=

lehdj.k (4.20b) esa N  dk eku j[kus ij

( )θ µ θ
θ µ θ

+
=

−

2

s

s

mvmg sin cos

cos sin R

vf/dre

;k 
  +

=     

1

2

1 –

s

s

tan
v Rg

tan

µ θ

µ θvf/dre (4.21)

lehdj.k (4-18) ls rqyuk djus ij ge ns[krs gSa fd <kyw
lM+d ij dkj dh vf/dre pky lery lM+d ij dkj dh
vf/dre laHko pky ls vf/d gSA lehdj.k (4-21) esa
µ

s
 = 0 osQ fy,]

v
0
 = (Rg tan θ)1/2 (4.22)

bl pky ij vko';d vfHkosaQnz cy iznku djus osQ fy, ?k"kZ.k
cy dh dksbZ vko';drk ugha gksrhA bl pky ls <kyw lM+d

ij dkj pykus ij dkj osQ Vk;jksa dh de f?klkbZ gksrh gSA blh
lehdj.k ls ;g Hkh Kkr gksrk gS fd v < v

0
 osQ fy, ?k"kZ.k

cy mifjeq[kh gksxk rFkk fdlh dkj dks fLFkj fLFkfr esa osQoy
rHkh ikdZ fd;k tk ldrk gS tc tan θ ≤ µ

s
  gksA

• mnkgj.k 4-10 18 km/h dh pky ls lery lM+d ij
xfreku dksbZ lkbfdy lokj fcuk pky dks de fd,
3 m f=kT;k dk rhoz orZqy eksM+ ysrk gS A Vk;jksa rFkk lM+d
osQ chp LFkSfrd ?k"kZ.k xq.kkad 0-1 gS A D;k lkbfdy lokj
eksM+ ysrs le; fiQly dj fxj tk,xk \

gy   likV lM+d ij vosQyk ?k"kZ.k cy gh lkbfdy lokj
dks fcuk fiQlys orqZy eksM+ ysus osQ fy, vko';d vfHkoasQnz
cy iznku dj ldrk gSA ;fn pky cgqr vf/d gS] rFkk@vFkok
eksM+ vR;f/d rhoz gS (vFkkZr~ f=kT;k cgqr de gS)] rc ?k"kZ.k
cy bu fLFkfr;ksa esa vko';d vfHkosaQnz cy iznku djus osQ fy,
i;kZIr ugha gksrk vkSj lkbfdy lokj eksM+ ysrs le; fiQly
dj fxj tkrk gSA lkbfdy lokj osQ u fiQlyus dh 'krZ lehdj.k
(4-18) }kjk bl izdkj gS %

v2 ≤  µ
s 
Rg

vc] ;gk¡ bl iz'u esa R = 3 m, g = 9.8 m s-2  rFkk
µ

s
 = 0.1 vFkkZr~ µ

s
Rg = 2.94 m2s–2; rFkk v = 18 km/h

= 5 m s-1; vFkkZr~ v2 = 25 m2s-2 vFkkZr~] 'krZ v2 ≤ µ
s 
Rg dk

ikyu ugha gksrkA vr%] lkbfdy lokj rhoz orqZy eksM+ ysrs le;
fiQlydj fxjsxkA   ¶

• mnkgj.k 4-11 300 m  f=kT;k okys fdlh o`RRkkdkj nkSM+
osQ eSnku dk <ky 15ñ gS A ;fn eSnku vkSj jsldkj osQ
if^;ksa osQ chp ?k"kZ.k xq.kkad 0-2 gS] rks (a) Vk;jksa dks
f?klus ls cpkus osQ fy, jsldkj dh vuqowQyre pky]
rFkk (b) fiQlyus ls cpus osQ fy, vf/dre vuqes;
pky D;k gS \

gy   <kyw eSnku ij fcuk fiQlys xfr'khy jsldkj dks orZqy
eksM+ ysus osQ fy, vko';d vfHkosaQnz cy iznku djus esa ?k"kZ.k
cy rFkk vfHkyac cy osQ {kSfrt ?kVd dk ;ksxnku gksrk gS A
jsldkj dh vuqowQyre pky ij xfr osQ fy, vfHkyac cy
dk ?kVd gh vko';d vfHkosaQnz cy iznku djus osQ fy, i;kZIr
gksrk gS rFkk ?k"kZ.k cy dh dksbZ vko';drk ugha gksrhA lehdj.k
(4-22) }kjk jsldkj dh vuqowQyre pky v

0
 dks  bl izdkj

O;Dr djrs gSa %
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v
0
 = (Rg tan θ)1/2

;gka R = 300 m, θ = 150, g = 9.8 m s-2; vr%
v

0
 = 28.1 m s-1

lehdj.k (4-21) }kjk jsldkj dh vf/dre vuqes; pky dks
bl izdkj O;Dr djrs gSa %

µ θ
µ θ

  +
=     

1

2

1 –
s

s

tan
v Rg

tanvf/dre  = 38.1 m s-1 ¶

4.11 ;kaf=kdh esa leL;kvksa dks gy djuk

xfr osQ ftu rhu fu;eksa osQ fo"k; esa vkius bl vè;k; esa vè;;u
fd;k gS os ;kaf=kdh dh vk/kjf'kyk gSaA vc vki ;kaf=kdh dh
fofo/ izdkj dh leL;kvksa dks gy djus esa l{ke gSaA vkerkSj
ij ;kaf=kdh dh fdlh iz:ih leL;k esa cyksa dh fØ;k osQ
v/hu osQoy ,d fi.M dk gh lekos'k  ugha gksrk A vf/dka'k
izdj.kksa esa ge fofHkUu fi.Mksa osQ ,sls la;kstu ij fopkj djrs
gSa ftuesa fi.M ijLij ,d nwljs ij cy yxkrs gSaA blosQ vfrfjDr
la;kstu dk izR;sd fi.M xq#Ro cy dk Hkh vuqHko djrk gS A
bl izdkj dh fdlh leL;k dks gy djus dk iz;kl djrs le;
gesa ,d Li"V rF; ;kn j[kuk ijeko';d gS fd leL;k dk
gy djus osQ fy, ml la;kstu osQ fdlh Hkh Hkkx dks pquk tk
ldrk gS rFkk ml Hkkx ij xfr osQ fu;eksa dks bl 'krZ osQ lkFk
ykxw fd;k tk ldrk gS fd pqus x, Hkkx ij la;kstu osQ 'ks"k
Hkkxksa }kjk vkjksfir lHkh cyksa dks lfEefyr djuk lqfuf'pr
dj fy;k x;k gSA la;kstu osQ pqus x, Hkkx dks ge fudk; dg
ldrs gSa rFkk la;kstu osQ 'ks"k Hkkx (fudk; ij vkjksfir cyksa
osQ vU; lk/uksa dks lfEefyr djrs gq,) dks okrkoj.k dg
ldrs gSaA bl fof/ dks okLro esa geus igys Hkh dbZ mnkgj.kksa
esa viuk;k gSA ;kaf=kdh dh fdlh iz:ih leL;k dks lqO;ofLFkr
<ax ls gy djus osQ fy, gesa fuEufyf[kr pj.kksa dks viukuk
pkfg, %

(i) fi.Mksa osQ la;kstu osQ fofHkUu Hkkxksa µ laca/ksa] Vsdksa] vkfn
dks n'kkZus okyk laf{kIr ;kstukc¼ vkjs[k [khafp,A

(ii) la;kstu osQ fdlh lqfo/ktud Hkkx dks fudk; osQ :i
esa pqfu, A

(iii) ,d ìFkd vkjs[k [khafp, ftlesa osQoy fudk; rFkk fi.Mksa
osQ la;kstu osQ 'ks"k Hkkxksa }kjk fudk; ij vkjksfir lHkh
cyksa dks lfEefyr djosQ n'kkZ;k x;k gks A fudk; ij
lHkh vU; lk/uksa }kjk vkjksfir cyksa dks Hkh lfEefyr
dhft,A fudk; }kjk okrkoj.k ij vkjksfir cyksa dks blesa
lfEefyr ugha dhft,A bl izdkj osQ vkjs[k dks
¶cy&funsZ'kd vkjs[k¸ dgrs gSa A (è;ku nhft,] bldk

;g vFkZ ugha gS fd fopkjk/hu fudk; ij dksbZ usV cy
ugha gS A)

(iv) fdlh cy funsZ'kd vkjs[k esa cyksa ls lacaf/r osQoy ogh
lwpuk,¡ (cyksa osQ ifjek.k rFkk fn'kk,¡) lfEefyr dhft,
tks ;k rks vkidks nh xbZ gSa vFkok tks fufoZokn fuf'pr
gSaA (mnkgj.k osQ fy,] fdlh iryh Mksjh esa ruko dh
fn'kk lnSo Mksjh dh yackbZ osQ vuqfn'k gksrh gSA) 'ks"k
mu lHkh dks vKkr ekuk tkuk pkfg, ftUgsa xfr osQ fu;eksa
osQ vuqiz;ksxksa }kjk Kkr fd;k tkuk gS A

(v) ;fn vko';d gks] rks la;kstu ls fdlh vU; fudk; osQ fy,
Hkh ;gh fof/ viukb,A ,slk djus osQ fy, U;wVu dk
r̀rh; fu;e iz;ksx dhft,A vFkkZr~] ;fn A  osQ cy funsZ'kd
vkjs[k esa B osQ dkj.k A ij cy dks F }kjk n'kkZ;k x;k
gS] rks B osQ cy funsZ'kd vkjs[k esa A osQ dkj.k B ij
cy dks –F }kjk n'kkZ;k tkuk pkfg, A

fuEufyf[kr mnkgj.k esa mijksDr fof/ dk Li"Vhdj.k fd;k
x;k gS %

• mnkgj.k 4-12 fdlh dksey {kSfrt iQ'kZ ij 2 kg lagfr
dk ydM+h dk xqVdk j[kk gS (fp=k 4-15)A tc bl xqVosQ
osQ mQij 25 kg lagfr dk yksgs dk csyu j[kk tkrk gS
rks iQ'kZ fLFkj xfr ls uhps /¡lrk gS rFkk xqVdk o csyu
,d lkFk 0.1 m s–2 Roj.k ls uhps tkrs gSa A xqVosQ dh
iQ'kZ ij fØ;k (a) iQ'kZ osQ /¡lus ls iwoZ rFkk (b) iQ'kZ
osQ /¡lus osQ i'pkr~ D;k gS \ g  = 10 m s–2 yhft, A leL;k
esa fØ;k&izfrfØ;k ;qxyksa dks igpkfu, A

fp=k 4-15

gy
(a) iQ'kZ ij xqVdk fojkekoLFkk esa gSA bldk cy funsZ'kd

vkjs[k xqVosQ ij nks cyksa dks n'kkZrk gS] i`Foh }kjk vkjksfir
xq#Rokd"kZ.k cy = 2 × 10 = 20 N; rFkk xqVosQ ij iQ'kZ

xqVosQ dk cy
funsZ'kd vkjs[k

xqVosQ$csyu fudk; dk
cy funsZ'kd vkjs[k
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dk vfHkyac cy RA izFke fu;e osQ }kjk xqVosQ ij
vkjksfir usV cy 'kwU; gksuk pkfg,] vFkkZr~] R = 20 NA
rhljs fu;e dk mi;ksx djus ij xqVosQ dh fØ;k vFkkZr~
xqVosQ }kjk iQ'kZ ij vkjksfir cy ifjek.k esa 20 N osQ
cjkcj gS rFkk bldh fn'kk mQèokZ/jr% v/kseq[kh gSA

(b) fudk; (xqVdk $ csyu) uhps dh vksj 0.1 m s–2 Roj.k
ls /¡l jgk gSA bldk cy funsZ'kd vkjs[k fudk; ij
nks cyksa dks n'kkZrk gSA i`Foh osQ dkj.k xq#Ro cy
(270 N)_ rFkk iQ'kZ dk vfHkyac cy R'A è;ku nhft,]
fudk; dk cy funsZ'kd vkjs[k xqVosQ vkSj csyu osQ chp
vkarfjd cyksa dks ugha n'kkZrkA fudk; ij f}rh; fu;e
dk vuqiz;ksx djus ij]

  270 – R' = 27 × 0.1

vFkkZr~ R' = 267.3 N

r`rh; fu;e osQ vuqlkj iQ'kZ ij fudk; dh fØ;k 267-3 N

osQ cjkcj gS rFkk ;g mQèokZ/jr% v/kseq[kh gSA
fØ;k&izfrfØ;k ;qxy
(a) osQ fy, %(i) i`Foh }kjk xqVosQ ij vkjksfir xq#Ro cy

(20 N) (fØ;k) rFkk xqVosQ }kjk i`Foh
ij vkjksfir xq#Ro cy (izfrfØ;k) 20

N osQ cjkcj mifjeq[kh funsf'kr (vkjs[k
esa ugha n'kkZ;k x;k gS)A

(ii) xqVosQ }kjk iQ'kZ ij vkjksfir cy (fØ;k)_
iQ'kZ }kjk xqVosQ ij vkjksfir cy (izfrfØ;k)

(b) osQ fy, (i) i`Foh }kjk fudk; ij vkjksfir xq#Ro cy
(270 N) (fØ;k)_ fudk; }kjk i`Foh
ij vkjksfir xq#Ro cy (izfrfØ;k) 270 N

osQ cjkcj mifjeq[kh funsf'kr (vkjs[k esa
ugha n'kkZ;k x;k gS A)

(ii) fudk; }kjk iQ'kZ ij vkjksfir cy
(fØ;k)_ iQ'kZ }kjk fudk; ij vkjksfir
cy (izfrfØ;k)
blosQ vfrfjDr (b) osQ fy, csyu }kjk
xqVosQ ij vkjksfir cy rFkk xqVosQ }kjk csyu
ij vkjksfir cy Hkh fØ;k&izfrfØ;k dk
,d ;qxy cukrs gSaA

;kn j[kus ;ksX; ,d egÙoiw.kZ rF; ;g gS fd fdlh
fØ;k&izfrfØ;k ;qxy dh jpuk nks fi.Mksa osQ chp ikjLifjd
cyksa] tks lnSo ifjek.k esa leku rFkk fn'kk esa foijhr gksrs
gSa] ls gksrh gSA ,d gh fi.M ij nks cyksa] tks fdlh fo'ks"k
ifjfLFkfr esa ifjek.k esa leku o fn'kk esa foijhr gks ldrs
gSa] ls fdlh fØ;k&izfrfØ;k ;qxy dh jpuk ugha gks ldrhA
mnkgj.k osQ fy, (a) vFkok (b) esa fi.M ij xq#Ro cy
rFkk iQ'kZ }kjk fi.M ij vkjksfir vfHkyac cy dksbZ
fØ;k&izfrfØ;k ;qxy ugha gSA ;s cy la;ksxo'k (a) osQ fy,
leku ,oa foijhr gSa D;ksafd fi.M fojkekoLFkk esa gS A ijarq
izdj.k (b) osQ fy, os ,sls ugha gSa tSlk fd geus igys gh
ns[k fy;k gSA fudk; dk Hkkj 270 N gS tcfd vfHkyac cy
R' = 267.3 N gSA ¶

;kaf=kdh dh leL;kvksa dks gy djus esa cy funsZ'kd vkjs[k
[khapus dh izFkk vR;ar lgk;d gSA ;g vkidks] vius fudk;
dks Li"V :i ls ifjHkkf"kr djus rFkk mu lHkh fi.Mksa osQ dkj.k]
tks Lo;a fudk; osQ Hkkx ugha gSa] fudk; ij vkjksfir lHkh fofHkUu
cyksa ij fopkj djus osQ fy, foo'k djrk gSA bl vè;k; rFkk
vkxkeh vè;k;ksa esa fn, x, vH;kl&iz'uksa }kjk bl izFkk osQ iks"k.k
esa vkidks lgk;rk feysxhA

lkjka'k

1- vjLrw dk ;g n`f"Vdks.k] fd fdlh fi.M dh ,dleku xfr j[kus osQ fy, cy vko';d gS] xyr gSA O;ogkj esa fojks/h
?k"kZ.k cy dks izHkkoghu djus osQ fy, dksbZ cy vko';d gksrk gS A

2- xSyhfy;ks us vkur leryksa ij fi.Mksa dh xfr;ksa dk cfgosZ'ku djosQ tM+Ro osQ fu;e dh [kkst dhA U;wVu dk xfr
dk izFke fu;e ogh fu;e gS] ftls fiQj ls 'kCnksa esa bl izdkj O;Dr fd;k x;k gS %
¶izR;sd fi.M rc rd viuh fojkekoLFkk vFkok fdlh ljy js[kk esa ,dleku xfr dh voLFkk esa jgrk gS] tc rd
dksbZ ckÞ; cy mls vU;Fkk O;ogkj djus osQ fy, foo'k ugha djrk A¸ ljy inksa esa] izFke fu;e bl izdkj gS ¶;fn
fdlh fi.M ij ckÞ; cy 'kwU; gS rks mldk Roj.k 'kwU; gksrk gS A¸

3- fdlh fi.M dk laosx (p) mldh lagfr (m) rFkk osx (v) dk xq.kuiQy gksrk gS %
p = m v

4- U;wVu dk xfr dk f}rh; fu;e %
fdlh fi.M osQ laosx ifjorZu dh nj vkjksfir cy osQ vuqØekuqikrh gksrh gS rFkk laosx ifjorZu vkjksfir cy dh fn'kk
esa gksrk gSA bl izdkj %
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d

d
k k m 

t
= =

p
F a

;gk¡ F fi.M ij vkjksfir usV ckÞ; cy gS] rFkk a fi.M esa mRiUu Roj.k gSA SI ek=kdksa esa jkf'k;ksa osQ ek=kdksa dk
p;u djus ij vkuqikfrdrk fLFkjkad k = 1 vkrk gSA rc

d

d
m

t
= =

p
F a

cy dk S.I. ek=kd U;wVu (izrhd N) gS % 1 N = 1 kg m s-2

(a) f}rh; fu;e rFkk izFke fu;e esa lkeatL; gS (F = 0 dk vFkZ gS a = 0)
(b) ;g ,d lfn'k lehdj.k gSA
(c) lgh vFkks± esa rks ;g fdlh fcanq d.k ij ykxw gksrh gS A fiQj Hkh fdlh fi.M vFkok d.kksa osQ fudk; ij Hkh

bls ykxw fd;k tk ldrk gS] ijarq 'krZ ;g gS fd ge F dks fudk; ij oqQy vkjksfir ckÞ; cy rFkk a dks
leLr fudk; dk Roj.k ekusaA

(d) fdlh fuf'pr {k.k ij fdlh fcanq ij vkjksfir cy F mlh {k.k mlh fcanq ij a dk fu/kZj.k djrk gS A vFkkZr~
f}rh; fu;e ,d LFkkuh; fu;e gSA fdlh {k.k ij a xfr osQ bfrgkl ij fuHkZj ugha djrkA

5- cy rFkk le; dk xq.kuiQy vkosx dgykrk gS tks laosx ifjorZu osQ cjkcj gksrk gSA
vkosx dh /kj.kk ml fLFkfr esa ykHknk;d gksrh gS tc dksbZ c`g~r cy vYi dky osQ fy, dk;Z djosQ laosx esa ekius
;ksX; ifjorZu mRiUu dj nsrk gSA D;ksafd cy dk fØ;k le; vR;ar vYi gS blfy, ;g ekuk tk ldrk gS fd vkosxh
cy yxus osQ le; oLrq dh fLFkfr esa i;kZIr ifjorZu ugha gksxkA

6- U;wVu dk xfr dk r`rh; fu;e %
izR;sd fØ;k dh leku rFkk foijhr izfrfØ;k gksrh gSA
ljy inksa esa bl fu;e dks bl izdkj Hkh vfHkO;Dr fd;k tk ldrk gS %
izÑfr esa cy lnSo gh fi.Mksa osQ ;qxyksa osQ chp ik, tkrs gSa A fdlh fi.M A ij fi.M B }kjk vkjksfir cy fi.M
B ij fi.M A }kjk vkjksfir cy osQ leku rFkk foijhr gksrk gSA
fØ;k rFkk izfrfØ;k le{kf.kd cy gSaA fØ;k rFkk izfrfØ;k osQ chp dkj.k&izHkko laca/ ugha gksrkA bu nks ikjLifjd
cyksa esa ls fdlh Hkh ,d dks fØ;k rFkk vU; dks izfrfØ;k dgk tk ldrk gSA fØ;k rFkk izfrfØ;k cy nks fHkUu fi.Mksa
ij dk;Z djrs gSaA vr% ;s cy ,d nwljs dks fujLr ugha dj ldrsA rFkkfi] fdlh fi.M esa vkarfjd fØ;k rFkk izfrfØ;k
cyksa dk ;ksx vo'; gh 'kwU; gksrk gSA

7- laosx laj{k.k fu;e
d.kksa osQ fdlh fo;qDr fudk; dk oqQy laosx lajf{kr jgrk gSA ;g fu;e xfr osQ f}rh; rFkk r̀rh; fu;eksa ls O;qRiUu gqvk gSA

8- ?k"kZ.k
?k"kZ.k cy nks laioZQ i`"Bksa osQ chp vkisf{kd xfr (leqifLFkr vFkok okLrfod) dk fojksèk djrk gSA ;g laioZQ cy
dk laioZQ i`"Bkas osQ vuqfn'k ?kVd gSA LFkSfrd ?k"kZ.k ƒ

s 
leqifLFkr vkis{k xfr dk fojksèk djrk gS _ xfrt ?k"kZ.k ƒ

k

okLrfod vkis{k xfr dk fojksèk djrk gSA ?k"kZ.k cy laioZQ i`"Bksa osQ {ks=kiQy ij fuHkZj ugha djrs rFkk fuEufyf[kr lfUudV
fu;e dh rqf"V djrs gSa %

( )≤ = µs s sf f R
vf/dre

= µ
k k

f R

µ
s 
(LFkSfrd ?k"kZ.k xq.kkad) rFkk µ

k 
(xfrt ?k"kZ.k xq.kkad) laioZQ i`"Bksa osQ ;qxy osQ vfHky{k.kksa osQ fLFkjkad gSaA iz;ksxksa

}kjk ;g ik;k x;k gS fd  µ
k 
, µ

s 
ls rqyuk esa cgqr de gksrk gSA

jkf'k izrhd ek=kd foek,¡ fVIi.kh

laosx    p kg m s-1 vFkok N s [MLT-1] lfn'k

cy    F N [MLT-2] F = m a f}rh; fu;e

vkosx kg m s-1 vFkok N s [MLT-1] vkosx =cy ×le;
= laosx ifjorZu

LFkSfrd ?k"kZ.k    fs N [MLT2] f
s 

 ≤  µ
s 
N

xfrt ?k"kZ.k    fk N [MLT-2] f
k 

 =  µ
k 
N
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 fopkj.kh; fo"k;
1- cy lnSo xfr dh fn'kk eas ugha gksrkA ifjfLFkfr;ksa ij fuHkZj djrs g,] F, v osQ vuqfn'k]  

v osQ foijhr] 
 

v osQ vfHkyacor~
vFkok 

 

v ls dksbZ vU; dks.k cukrs gq, gks ldrk gSA izR;sd fLFkfr eas] ;g Roj.k osQ lEkkUrj gksrk gSA
2- ;fn fdlh {k.k 

 

v = 0 gS] vFkkZr~ ;fn dksbZ fi.M {kf.kd fojke eas gS] rks bldk ;g vFkZ ugha gksrk fd ml {k.k ij
cy vFkok Roj.k vo'; gh 'kwU; gksaA mnkgj.k osQ fy,] tc ÅèokZ/j Åij isaQdh xbZ dksbZ xsan viuh vf/dre Å¡pkbZ
ij igq¡prh gS] rks 

 

v = 0 gksrk gS] ijarq ml xsan ij xsan osQ Hkkj mg osQ cjkcj cy fujarj yxk jgrk gS rFkk Roj.k
'kwU; ugha gksrk] ;g g gh gksrk gSA

3- fdlh fn, x, le; ij fdlh fi.M ij vkjksfir cy ml le; ml fi.M osQ LFkku dh vofLFkfr }kjk Kkr fd;k
tkrk gSA dksbZ fi.M cy dk ogu viuh xfr osQ iwoZ bfrgkl ls ugha djrkA ftl {k.k dksbZ IkRFkj fdlh Rofjr jsyxkM+h ls
ckgj fxjk fn;k tkrk gS] ml {k.k osQ rqjar i'pkr~] ;fn pkjksa vksj dh ok;q osQ izHkko vis{k.kh; gSa rks ml iRFkj ij
dksbZ {kSfrt cy (vFkok Roj.k) dk;Zjr ugha jgrkA rc ml iRFkj ij osQoy i`Foh dk ÅèokZ/j xq#Ro cy gh dk;Z
djrk gS A

4- xfr osQ f}rh; fu;e F = m a esa  F  fi.M osQ ckgj osQ lHkh HkkSfrd lk/uksa }kjk vkjksfir usV cy gSA a cy dk
izHkko gSA m a dks F  osQ vfrfjDr vU; dksbZ cy ugha le>k tkuk pkfg,A

5- vfHkosaQnz cy dks dksbZ vU; izdkj dk cy ugha le>uk pkfg,A ;g ek=k ,d uke gS tks ml cy dks fn;k x;k gS
tks orqZy ekxZ ij  xfreku fdlh fi.M dks f=kT;r% osaQnz dh vksj Roj.k iznku djrk gSA gesa o`Ùkh; xfr;ksa esa lnSo gh
vfHkosaQnz cy osQ :i esa oqQN HkkSfrd cyksa_ tSls& ruko] xq#Rokd"kZ.k cy] oS|qr cy] ?k"kZ.k cy vkfn dks [kkstuk pkfg,A

6- LFkSfrd ?k"kZ.k cy viuh lhek m
s
N (¦

s
£ m

s
N) rd ,d Lo;a lek;ksth cy gSA fcuk ;g lqfuf'pr fd, fd LFkSfrd

?k"kZ.k dk vfèkdre eku dk;Zjr gks x;k gS ¦
s
= m

s
N dnkfi er jf[k,A

7- est ij j[ks fi.M osQ fy, lqifjfpr lehdj.k mg = R osQoy rHkh lgh gS] tc fi.M lkE;koLFkk esa gksA ;s nksuksa cy]
mg rFkk R fHkUu Hkh gks ldrs gSa (tSlk fd Rofjr fyÝV esa j[ks fi.M osQ mnkgj.k esa)A mg vkSj R esa lekurk dk
r`rh; fu;e ls dksbZ lacaèk ugha gSA

8- xfr osQ r`rh; fu;e esa in ^fØ;k* rFkk ^izfrfØ;k* dk vFkZ fdlh fi.Mksa osQ ;qxy osQ chp le{kf.kd ikjLifjd cyksa
ls gSA Hkk"kk osQ vFkZ osQ foijhr] fØ;k u rks izfrfØ;k ls igys ?kfVr gksrh gS vkSj u gh izfrfØ;k dk dkj.k gksrh gS A
fØ;k rFkk izfrfØ;k fHkUu fi.Mksa ij dk;Z djrh gSaA

9- fofHkUu in tSls ^?k"kZ.k*] ^vfHkyac izfrfØ;k*] ^ruko*] ok;q&izfrjksèk*] ^';ku d"kZ.k*] ^iz.kksn*] ^mRIykou cy*] ^Hkkj*]
^vfHkosaQnz cy* bu lHkh dk rkRi;Z fofHkUu lanHkks± esa ^cy* gh gksrk gSA Li"Vrk osQ fy,] ;kaf=kdh esa feyus okys izR;sd
cy rFkk mlosQ rqY; inksa dks bl okD;ka'k esa :ikUrfjr djuk pkfg, ^A ij B }kjk cy*A

10- xfr osQ f}rh; fu;e dks ykxw djus osQ fy,] ltho rFkk futhZo fi.Mksa osQ chp dksbZ oSpkfjd fHkUurk ugha gksrhA fdlh
ltho fi.M] tSls fdlh ekuo dks Hkh Rofjr djus osQ fy, ckÞ; cy pkfg,A mnkgj.k osQ fy,] ckÞ; ?k"kZ.k cy osQ
fcuk ge èkjrh ij py gh ugha ldrsA

11- HkkSfrdh esa ^cy* dh oLrqfu"B ladYiuk rFkk ^cy dk vuqHko* dh O;fDrfu"B ladYiuk osQ chp dksbZ Hkze ugha gksuk
pkfg,A fdlh ^esjh&xks&jkm.M* esa gekjs 'kjhj osQ lHkh vaxksa ij vanj dh vksj cy yxrk gSA ijarq gesa ckgj dh vksj
èkosQys tkus dk vuqHko gksrk gS tks leqifLFkr xfr dh fn'kk gSA

vH;kl

(ljyrk osQ fy, vkafdd ifjdyukvksa esa g = 10 m s–2 yhft,)
4-1 fuEufyf[kr ij dk;Zjr usV cy dk ifjek.k o mldh fn'kk fyf[k, %

(a) ,dleku pky ls uhps fxjrh o"kkZ dh dksbZ cwan]
(b) ty esa rSjrk 10 g lagfr dk dksbZ dkoZQ]
(c) oqQ'kyrk ls vkdk'k esa fLFkj jksdh xbZ dksbZ irax]
(d) 30 km h-1 osQ ,dleku osx ls mQcM+&[kkcM+ lM+d ij xfr'khy dksbZ dkj]
(e) lHkh xq#Roh; fi.Mksa ls nwj rFkk oS|qr vkSj pqacdh; {ks=kksa ls eqDr] varfj{k esa rhoz pky okyk bysDVªkWuA
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4-2 0.05 kg lagfr dk dksbZ dadM+ mQèokZèkj mQij isQadk x;k gSA uhps nh xbZ izR;sd ifjfLFkfr esa dadM+ ij yx jgs usV
cy dk ifjek.k o mldh fn'kk fyf[k, %

(a) mifjeq[kh xfr osQ le; A
(b) vèkkseq[kh xfr osQ le; A
(c) mPpre fcanq ij tgk¡ {k.k Hkj osQ fy, ;g fojke esa jgrk gSA ;fn dadM+ dks {kSfrt fn'kk ls 45ñ dks.k ij

issaQdk tk,] rks D;k vkiosQ mRRkj esa dksbZ ifjorZu gksxk \
ok;q&izfrjks/ dks mis{k.kh; ekfu,A

4-3 0.1 kg lagfr osQ iRFkj ij dk;Zjr usV cy dk ifjek.k o mldh fn'kk fuEufyf[kr ifjfLFkfr;ksa eas Kkr dhft, %
(a) iRFkj dks fLFkj jsyxkM+h dh f[kM+dh ls fxjkus osQ rqjar i'pkr~]
(b) iRFkj dks 36 km h–1 osQ ,dleku osx ls xfr'khy fdlh jsyxkM+h dh f[kM+dh ls fxjkus osQ rqjar i'pkr~]
(c) iRFkj dks 1 m s–2 osQ Roj.k ls xfr'khy fdlh jsyxkM+h dh f[kM+dh ls fxjkus osQ rqjar i'pkr~]
(d) iRFkj 1 m s–2 osQ Roj.k ls xfr'khy fdlh jsyxkM+h osQ iQ'kZ ij iM+k gS rFkk og jsyxkM+h osQ lkis{k fojke esa gSA

mijksDr lHkh fLFkfr;ksa esa ok;q dk izfrjksèk mis{k.kh; ekfu,A

4-4 l yackbZ dh ,d Mksjh dk ,d fljk m lagfr osQ fdlh d.k ls rFkk nwljk fljk fpduh {kSfrt est ij yxh [kw¡Vh ls
c¡èkk gS A ;fn d.k v pky ls o`Ùk esa xfr djrk gS rks d.k ij (osaQnz dh vksj funsf'kr) usV cy gS %

(i)  T,  (ii) 
l

mv
T

2

− , (iii)  
l

mv
+T

2

, (iv)  0

T Mksjh esa ruko gSA ¹lgh fodYi pqfu,º
4-5 15 m s–1 dh vkjafHkd pky ls xfr'khy 20 kg lagfr osQ fdlh fi.M ij 50 N dk LFkkbZ eanu cy vkjksfir fd;k

x;k gS A fi.M dks #dus esa fdruk le; yxsxk \

4-6 3.0 kg lagfr osQ fdlh fi.M ij vkjksfir dksbZ cy 25 s esa mldh pky dks 2.0 m s–1 ls 3.5 m s–1 dj nsrk
gSA fi.M dh xfr dh fn'kk vifjofrZr jgrh gSA cy dk ifjek.k o fn'kk D;k gS \

4-7 4-0 kg lagfr osQ fdlh fi.M ij 8 N o 6 N osQ nks yacor~ cy vkjksfir gSaA fi.M osQ Roj.k dk ifjek.k o fn'kk
Kkr dhft,A

4-8 36 km h-1 dh pky ls xfreku fdlh vkVks fjD'kk dk pkyd lM+d osQ chp ,d cPps dks [kM+k ns[kdj vius okgu
dks Bhd 4.0 s esa jksddj ml cPps dks cpk ysrk gSA ;fn vkVks fjD'kk cPps osQ Bhd fudV #drk gS] rks okgu ij
yxk vkSlr eanu cy D;k gS \ vkVksfjD'kk rFkk pkyd dh lagfr;k¡ Øe'k% 400 kg vkSj 65 kg gSaA

4-9 20,000 kg mRFkkiu lagfr osQ fdlh jkosQV esa 5 m s–2 osQ vkjafHkd Roj.k osQ lkFk Åij dh vksj LiQksV fd;k tkrk
gSA LiQksV dk vkjafHkd iz.kksn (cy) ifjdfyr dhft,A

4-10 mRRkj dh vksj 10 m s–1 dh ,dleku vkjafHkd pky ls xfreku 0-40 kg lagfr osQ fdlh fi.M ij nf{k.k fn'kk
osQ vuqfn'k 8-0 N dk LFkkbZ cy 30 s osQ fy, vkjksfir fd;k x;k gSA ftl {k.k cy vkjksfir fd;k x;k mls
t = 0] rFkk ml le; fi.M dh fLFkfr x = 0 yhft,A t = –5 s, 25 s, 100 s ij bl d.k dh fLFkfr D;k gksxh\

4-11 dksbZ Vªd fojkekoLFkk ls xfr vkjaHk djosQ 2.0 m s–2 osQ leku Roj.k ls xfr'khy jgrk gSA t = 10 s ij] Vªd osQ
Åij [kM+k ,d O;fDr /jrh ls 6 m dh Å¡pkbZ ls dksbZ iRFkj ckgj fxjkrk gSA t = 11 s ij] iRFkj dk (a) osx] rFkk
(b) Roj.k D;k gS \ (ok;q dk izfrjks/ mis{k.kh; ekfu, A)

4-12 fdlh dejs dh Nr ls 2 m yach Mksjh }kjk 0.1 kg lagfr osQ xksyd dks yVdkdj nksyu vkjaHk fd, x,A viuh
ekè; fLFkfr ij xksyd dh pky 1 m s–1 gSA xksyd dk iz{ksi&iFk D;k gksxk ;fn Mksjh dks ml le; dkV fn;k tkrk
gS tc xkssyd viuh (a) pje fLFkfr;ksa esa ls fdlh ,d ij gS] rFkk (b)  ekè; fLFkfr ij gS \

4-13 fdlh O;fDr dh lagfr 70 kg gSA og ,d xfreku fyÝV esa rqyk ij [kM+k gS tks

(a) 10 m s–1 dh ,dleku pky ls mQij tk jgh gS]
(b) 5 m s–2 osQ ,dleku Roj.k ls uhps tk jgh gS]
(c) 5 m s–2 osQ ,dleku Roj.k ls mQij tk jgh gS]

rks izR;sd izdj.k esa rqyk osQ iSekus dk ikB~;kad D;k gksxk \
(d) ;fn fyÝV dh e'khu esa [kjkch vk tk, vkSj og xq#Roh; izHkko esa eqDr :i ls uhps fxjs rks ikB~;kad D;k gksxk\
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4-14 fp=k 4-16 esa 4 kg lagfr osQ fdlh fi.M dk fLFkfr&le; xzkiQ n'kkZ;k x;k gSA

(a) t < 0; t > 4 s; 0 < t < 4 s osQ fy, fi.M ij vkjksfir cy D;k gS \

(b) t = 0 rFkk t = 4 s ij vkosx D;k gS \

(osQoy ,dfoeh; xfr ij fopkj dhft,)

fp=k 4-16

4-15 fdlh ?k"kZ.kjfgr est ij j[ks 10 kg rFkk 20 kg osQ nks fi.M fdlh iryh Mksjh }kjk vkil esa tqM+s gSaA 600N dk
dksbZ {kSfrt cy (i) A ij] (ii) B ij Mksjh osQ vuqfn'k yxk;k tkrk gSA izR;sd fLFkfr esa Mksjh esa ruko
D;k gS \

4-16 8 kg rFkk 12 kg osQ nks fi.Mksa dks fdlh gydh vforkU; Mksjh] tks ?k"kZ.kjfgr f?kjuh ij p<+h gS] osQ nks fljksa ls
ck¡/k x;k gS A fi.Mksa dks eqDr NksM+us ij muosQ Roj.k rFkk Mksjh esa ruko Kkr dhft,A

4-17 iz;ksx'kkyk osQ funsZ'k izsQe esa dksbZ ukfHkd fojke esa gSA ;fn ;g ukfHkd nks NksVs ukfHkdksa esa fo?kfVr gks tkrk gS] rks
;g n'kkZb, fd mRikn foijhr fn'kkvksa esa xfr djus pkfg,A

4-18 nks fcfy;MZ xsan ftuesa izR;sd dh lagfr 0-05 kg gS] 6 m s–1 dh pky ls foijhr fn'kkvksa esa xfr djrh gqbZ la?kV~V
djrh gS vkSj la?kV~V osQ i'pkr~ mlh pky ls okil ykSVrh gSaA izR;sd xsan ij nwljh xsan fdruk vkosx yxkrh gS \

4-19 100 kg lagfr dh fdlh rksi }kjk 0.020 kg dk xksyk nkxk tkrk gSA ;fn xksys dh ukyeq[kh pky 80 m s–1 gS]
rks rksi dh izfr{ksi pky D;k gS \

4-20 dksbZ cYysckt fdlh xsan dks 45ñ osQ dks.k ij fo{ksfir dj nsrk gS A ,slk djus esa og xsan dh vkjafHkd pky] tks
54 km/h–1  gS] esa dksbZ ifjorZu ugha djrkA xsan dks fdruk vkosx fn;k tkrk gS \ (xsan dh lagfr 0.15 kg gSA)

4-21 fdlh Mksjh osQ ,d fljs ls c¡/k 0.25 kg lagfr dk dksbZ iRFkj {kSfrt ry esa 1.5 m f=kT;k osQ o`Ùk ij 40 rev/

min dh pky ls pDdj yxkrk gS\ Mksjh esa ruko fdruk gS \ ;fn Mksjh 200 N osQ vf/dre ruko dks lgu dj
ldrh gS] rks og vf/dre pky Kkr dhft, ftlls iRFkj dks ?kqek;k tk ldrk gSA

4-22 ;fn vH;kl 4-21 esa iRFkj dh pky dks vf/dre fu/kZfjr lhek ls Hkh vf/d dj fn;k tk,] rFkk Mksjh ;dk;d
VwV tk,] rks Mksjh osQ VwVus osQ i'pkr~ iRFkj osQ iz{ksi dk lgh o.kZu fuEufyf[kr esa ls dkSu djrk gS %

(a) og iRFkj >VosQ osQ lkFk f=kT;r% ckgj dh vksj tkrk gS A

(b) Mksjh VwVus osQ {k.k iRFkj Li'kZjs[kh; iFk ij mM+ tkrk gS A

(c) iRFkj Li'khZ ls fdlh dks.k ij] ftldk ifjek.k iRFkj dh pky ij fuHkZj djrk gS] mM+ tkrk gSA

4-23 Li"V dhft, fd D;ksa %

(a) dksbZ ?kksM+k fjDr fnDLFkku esa fdlh xkM+h dks [khaprs gq, nkSM+ ugha ldrkA

(b) fdlh rhoz xfr ls py jgh cl osQ ;dk;d #dus ij ;k=kh vkxs dh vksj fxjrs gSaA

(c) yku ewoj dks /osQyus dh rqyuk esa [khapuk vklku gksrk gSA

(d) fØosQV dk f[kykM+h xsan dks yidrs le; vius gkFk xsan osQ lkFk ihNs dks [khaprk gSA
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5.6 ifjorhZ cy osQ fy, dk;Z&mQtkZ izes;
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lkjka'k
fopkj.kh; fo"k;
vH;kl

5.1 Hkwfedk

nSfud cksy pky dh Hkk"kk esa ge izk;% ̂ dk;Z*] ̂ ÅtkZ*] vkSj ̂ 'kfDr* 'kCnksa dk
iz;ksx djrs gSaA ;fn dksbZ fdlku [ksr tksrrk gS] dksbZ feL=kh b±V <ksrk gS] dksbZ
Nk=k ijh{kk osQ fy, i<+rk gS ;k dksbZ fp=kdkj lqUnj n`';Hkwfe dk fp=k cukrk
gS rks ge dgrs gSa fd lHkh dk;Z dj jgs gSa ijUrq HkkSfrdh esa dk;Z 'kCn dks
ifj'kq¼ :i ls ifjHkkf"kr djrs gSaA ftl O;fDr esa izfrfnu pkSng ls lksyg ?k.Vas
dk;Z djus dh {kerk gksrh gS] mls vf/d 'kfDr ;k ÅtkZ okyk dgrs gSaA ge
yach nwjh okys ?kkrd dks mldh 'kfDr ;k ÅtkZ osQ fy, iz'kalk djrs gSaA bl
izdkj ÅtkZ dk;Z djus dh {kerk gSA HkkSfrdh esa Hkh ÅtkZ dk;Z ls blh izdkj
lEcfU/r gS ijUrq tSlk Åij crk;k x;k gS 'kCn dk;Z dks vkSj vf/d ifj'kq¼
:i ls ifjHkkf"kr djrs gSaA 'kfDr 'kCn dk nSfud thou esa iz;ksx fofHkUu vFkks±
esa gksrk gSA djkVs ;k ckWfDlax esa 'kfDr'kkyh eqDdk ogh ekuk tkrk gS tks rst
xfr ls ekjk tkrk gSA 'kCn ^'kfDr* dk ;g vFkZ HkkSfrdh esa bl 'kCn osQ vFkZ
osQ fudV gSA ge ;g ns[ksaxs fd bu inksa dh HkkSfrd ifjHkk"kkvksa rFkk buosQ }kjk
efLr"d esa cus dk;Zdh; fp=k.kksa osQ chp vf/d ls vf/d ;g lEcU/ vYi
gh gksrk gSA bl ikB dk y{; bu rhu HkkSfrd jkf'k;ksa dh /kj.kkvksa dk fodkl
djuk gS ysfdu blosQ igys gesa vko';d xf.krh; Hkk"kk eq[;r% nks lfn'kksa
osQ vfn'k xq.kuiQy dks le>uk gksxkA

5.1.1 vfn'k xq.kuiQy

vè;k; 4 esa ge yksxksa us lfn'k jkf'k;ksa vkSj muosQ iz;ksxksa osQ ckjs esa i<+k gSA
dbZ HkkSfrd jkf'k;k¡_ tSls&foLFkkiu] osx] Roj.k] cy vkfn lfn'k gSaA ge yksxksa
us lfn'kksa dks tksM+uk vkSj ?kVkuk Hkh lh[kk gSA vc ge yksx lfn'kksa osQ xq.ku
osQ ckjs esa vè;;u djsaxsA lfn'kksa dks xq.kk djus dh nks fof/;k¡ gSaA izFke fof/
ls nks lfn'kksa osQ xq.kuiQy ls vfn'k xq.kuiQy izkIr gksrk gS vkSj bls vfn'k
xq.kuiQy dgrs gSaA nwljh fof/ esa nks lfn'kksa osQ xq.kuiQy ls ,d lfn'k izkIr
gksrk gS vkSj bls lfn'k xq.kuiQy dgrs gSaA lfn'k xq.kuiQy osQ ckjs esa ge yksx
vè;k; 6 esa i<+saxsA bl vè;k; esa ge yksx vfn'k xq.kuiQy dh
foospuk djsaxsA
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•••••

fdUgha nks lfn'kksa A RkFkk B osQ vfn'k ;k fcanq&xq.kuiQy (MkWV
xq.kuiQy) dks ge [A.B (A MWkV B)] osQ :i esa fy[krs gSa vkSj
fuEu izdkj ls ifjHkkf"kr djrs gSa %

A.B = AB cos θ (5.1a)

;gk¡ θ nks lfn'kksa A rFkk B osQ chp dk dks.k gSA bls fp=k
5-1a eas fn[kk;k x;k gSA D;ksafd, B rFkk cos θ lHkh vfn'k gSa
blfy, A rFkk B dk fcanq xq.kuiQy Hkh vfn'k jkf'k gS A A o
B esa ls izR;sd dh viuh&viuh fn'kk gS fdUrq muosQ vfn'k
xq.kuiQy dh dksbZ fn'kk ugha gSA
lehdj.k (5.1a) ls gesa fuEufyf[kr ifj.kke feyrk gS %

 A.B = A (B cos θ )
       = B (A cos θ )

T;kfefr osQ vuqlkj B cos θ lfn'k B dk lfn'k A ij iz{ksi
gS (fp=k 5.1b)A blh izdkj A cos θ lfn'k A dk lfn'k B
ij iz{ksi gS (nsf[k, fp=k 5.1c)A bl izdkj A.B lfn'k A osQ
ifjek.k rFkk B osQ vuqfn'k A osQ ?kVd osQ xq.kuiQy osQ
cjkcj gksrk gSA nwljs rjhosQ ls ;g B osQ ifjek.k rFkk A dk
lfn'k B osQ vuqfn'k ?kVd osQ xq.kuiQy osQ cjkcj gSA

lehdj.k (5.1a) ls ;g laosQr Hkh feyrk gS fd vfn'k
xq.uiQy Øe fofues; fu;e dk ikyu djrk gS&

A.B = B.A

vfn'k xq.kuiQy forj.k&fu;e dk Hkh ikyu djrs gSa %
A.(B + C) =A.B +A.C

rFkk]
A.(λ B) = λ(((((A.B)

;gk¡ λ ,d okLrfod la[;k gSA

mijksDr lehdj.kksa dh O;qRifRr vkiosQ fy, vH;kl gsrq NksM+h
tk jgh gSA

vc ge ,dkad lfn'kksa  dk vfn'k xq.kuiQy fudkyssaxsA
D;ksafd os ,d nwljs osQ yacor~ gSa] blfy,

nks lfn'kksa

dk vfn'k xq.kuiQy gksxk %

( ) ( )ˆ ˆ ˆ ˆ ˆ ˆ. .
x y z x y zA A A B B B= + + + +A B i j k i j k

=A
x
B

x
 +A

y
B

y
 +A

z
B

z
(5.1b)

vfn'k xq.kuiQy ifjHkk"kk rFkk lehdj.k (5.1b) ls gesa fuEu
izkIr gksrk gS %
(i) A.A =A

x
A

x
+A

y
A

y
 +A

z
A

z

vFkok A2 =A2
x
 +A2

y
 +A2

z
(5.1c)

D;ksafd A.A =  A      A   cos 0 =A2

(ii) A.B = 0 ;fnA A o B ,d nwljs osQ yacor~ gSaA

mnkgj.k 5.1 cy F = ˆ ˆ ˆ(3 4 5 )+ −k l m  rFkk foLFkkiu

d = ˆ ˆ ˆ(5 4 3 )+ +k l m  osQ chp dk dks.k Kkr djsaA F

dk d ij iz{ksi Hkh Kkr djsaA

gy  F.d = F
x
d

x
 + F

y
d

y
 + F

z
d

z

= 3(5) + 4(4) + (– 5) (3)
= 16 unit

vr% F.d = Fd cosθ = 16 unit

vc F.F = F2 = 2 2 2
x y zF F F+ +

= 9 + 16 + 25
= 50 unit

rFkk d.d = d2 = 2 2 2
x y zd d d+ +

= 25 + 16 + 9
= 50 unit

∴  cos θ = 
16 16

= = 0.32
5050 50

θ = cos– 1 0.32

fp=k 5.1 (a) nks lfn'kksa A o B dk vfn'k xq.kuiQy ,d vfn'k gksrk gS vFkkZr~ A.B = AB cos θ, (b) B cos θ lfn'k B dk
lfn'k A ij iz{ksi gS] (c) A cos θ lfn'k A dk B ij iz{ksi gSA
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⊳

5.2 dk;Z vkSj xfrt mQtkZ dh èkkj.kk % dk;Z&mQtkZ izes;

vè;k; 2 esa] fu;r Roj.k a osQ varxZr ljy js[kh; xfr osQ
fy, vki fuEu HkkSfrd lacaèk i<+ pqosQ gSa_

v2 – u2 = 2as (5.2)

tgk¡ u rFkk v Øe'k% vkjafHkd o vafre pky vkSj s oLrq
}kjk pyh xbZ nwjh gSA nksuksa i{kksa dks m/2 ls xq.kk djus ij

2 21 1

2 2
mv mu mas Fs− = = (5.2a)

tgk¡ vkf[kjh pj.k U;wVu osQ f}rh; fu;ekuqlkj gSA bl izdkj
lfn'kksa osQ iz;ksx }kjk lgt gh lehdj.k (5-2) dk f=kfoeh;
O;kidhdj.k dj ldrs gSa

v2 − u2 = 2 a.d

;gk¡ a vkSj b fiaM osQ Øe'k% Roj.k vkSj foLFkkiu lfn'k gSaA ,d
ckj fiQj nksuksa i{kksa dks m/2 ls xq.kk djus ij ge izkIr djrs gSa

2 21 1
=

2 2
mv mu m − = a.d F.d (5.2b)

mijksDr lehdj.k dk;Z ,oa xfrt mQtkZ dks ifjHkkf"kr
djus osQ fy, izsfjr djrk gSA lehdj.k (5-2 b) esa ck;k¡ i{k
oLrq osQ nzO;eku osQ vkèks vkSj mldh pky osQ oxZ osQ
xq.kuiQy osQ vafre vkSj vkjafHkd eku dk varj gSA ge buesa
ls izR;sd jkf'k dks ^xfrt mQtkZ* dgrs gSa vkSj laosQr K ls
fufnZ"V djrs gSaA lehdj.k dk nk;k¡ i{k oLrq ij vkjksfir cy
dk foLFkkiu osQ vuqfn'k ?kVd vkSj oLrq osQ foLFkkiu dk
xq.kuiQy gSA bl jkf'k dks ̂ dk;Z* dgrs gSa vkSj bls laosQr W
ls fufnZ"V djrs gSaA vr% lehdj.k (5-2 b) dks fuEu izdkj
fy[k ldrs gSa %

K
f
 – K

i
 = W (5-3)

tgk¡ K
i
 rFkk K

f 
oLrq dh vkjafHkd ,oa vafre xfrt mQtkZ gSaA

dk;Z fdlh oLrq ij yxus okys cy vkSj blosQ foLFkkiu osQ
lacaèk dks crkrk gSA vr% fdlh fuf'pr foLFkkiu osQ
nkSjku oLrq ij yxk;k x;k cy dk;Z djrk gSA

lehdj.k (5-3) dk;Z&mQtkZ izes; dh ,d fo'ks"k
fLFkfr gS tks ;g iznf'Zkr djrh gS fd fdlh oLrq ij yxk,
x, oqqQy cy }kjk fd;k x;k dk;Z ml oLrq dh xfrt
mQtkZ esa ifjorZu osQ cjkcj gksrk gSA ifjorhZ cy osQ fy,
mijksDr O;qRifRr dk O;kidhdj.k ge vuqHkkx 5-6 esa djsaxs A

mnkgj.k 5.2 ge vPNh rjg tkurs gSa fd o"kkZ dh cw¡n
uhps dh vksj yxus okys xq#Rokd"kZ.k cy vkSj cw¡n osQ
fxjus dh fn'kk osQ foijhr yxus okys izfrjksèkh cy osQ

izHkko osQ vèkhu fxjrh gSA izfrjksèkh cy cw¡n dh pky
osQ vuqØekuqikrh] ijarq vfuèkkZfjr gksrk gSA ekuk fd
1.00 g nzO;eku dh o"kkZ dh cw¡n  1.00 km m¡QpkbZ
ls fxj jgh gSA ;g èkjkry ij 50.00 m s–1 dh pky
ls la?kê ð djrh gSA (a) xq#Roh; cy }kjk fd;k x;k
dk;Z D;k gS\ (b) vKkr izfrjksèkh cy }kjk fd;k x;k
dk;Z D;k gS \

gy  (a) cw¡n dh xfrt mQtkZ esa ifjorZu

21
0

2
K m v∆ = −

=
1

2
10 50 50-3× × ×

= 1.25 J

;gk¡ geus ;g eku fy;k gS fd cw¡n fojkekoLFkk ls fxjuk
vkjaHk djrh gSA

xq#Rokd"kZ.k cy }kjk fd;k x;k dk;Z W
g
 = m g h

eku yhft, fd g = 10 m s–2 gSA

vr% W
g
= m g h

= 10–3 × 10 × 103

= 10 J

(b)  dk;Z&mQtkZ izes; ls] ∆K = W
g
 + W

r

tgk¡ W
r 
izfrjksèkh cy }kjk fd;k x;k dk;Z gSA vr%

W
r

= ∆K  – W
g

= 1.25 – 10

= – 8.75 J

Í.kkRed gSA ¶

5.3 dk;Z

mijksDr vuqHkkx esa vkius ns[kk fd dk;Z] cy vkSj mlosQ }kjk
oLRkq osQ foLFkkiu ls lacafèkr gksrk gSA ekuk fd ,d vpj cy
F, fdlh m nzO;eku osQ fiaM ij yx jgk gS ftlosQ dkj.k
fiaM dk èkUkkRed x-fn'kk esa gksus okyk foLFkkiu d gS tSlk
fd fp=k 5-2 eas n'kkZ;k x;k gSA

fp=k 5-2 fdlh fiaM dk vkjksfir cy F osQ dkj.k foLFkkiu d A
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vr% fdlh cy }kjk fd;k x;k dk;Z ¶cy osQ foLFkkiu
dh fn'kk osQ vuqfn'k ?kVd vkSj foLFkkiu osQ ifjek.k
osQ xq.kuiQy¸ osQ :i esa ifjHkkf"kr fd;k tkrk gSA vr%

W = ( F cos θ) d = F . d (5.4)

ge ns[krs gSa fd ;fn oLrq dk foLFkkiu 'kwU; gS rks cy
dk ifjek.k fdruk gh vfèkd D;ksa u gks] oLrq }kjk fd;k x;k
dk;Z 'kwU; gksrk gSA tc dHkh vki fdlh b±Vksa dh n`<+ nhokj
dks èkDdk nsrs gSa rks dksbZ dk;Z ugha gksrk gSA bl izfØ;k esa
vkidh ekalisf'k;ksa dk ckjh&ckjh ls laoqQpu vkSj f'kfFkyhdj.k
gks jgk gS vkSj vkarfjd mQtkZ yxkrkj O;; gks jgh gS vkSj vki
Fkd tkrs gSaA HkkSfrd foKku esa dk;Z dk vFkZ blosQ nSfud
Hkk"kk esa iz;ksx osQ vFkZ ls fHkUu gSA
dksbZ Hkh dk;Z laiUu gqvk ugha ekuk tkrk gS ;fn %

(i) oLrq dk foLFkkiu 'kwU; gS] tSlk fd iwoZorhZ mnkgj.k esa
vkius ns[kkA dksbZ HkkjksRrksyd 150 kg nzO;eku osQ Hkkj
dks 30 s rd vius daèks ij yxkrkj mBk, gq, [kM+k gS
rks og dksbZ dk;Z ugha dj jgk gS A

(ii) cy 'kwU; gSA fdlh fpduh {kSfrt est ij xfreku fiaM
ij dksbZ {kSfrt cy dk;Z ugha djrk gS] (D;ksafd ?k"kZ.k
ugha gS) ijarq fiaM dk foLFkkiu dkiQh vfèkd gks
ldrk gSA

(iii) cy vkSj foLFkkiu ijLij yacor~ gSa D;ksafd θ = π/2

rad ( = 90°), cos (π/2) = 0A fdlh fpduh {kSfrt
est ij xfreku fiaM osQ fy, xq#Rokd"kZ.k cy m g dksbZ
dk;Z ugha djrk gS D;ksafd ;g foLFkkiu osQ yacor~
dk;Z dj jgk gSA i`Foh osQ ifjr% panzek dh d{kk
yxHkx o`Rrkdkj gSA ;fn ge panzek dh d{kk dks iw.kZ
:i ls o`Rrkdkj eku ysa] rks i`Foh dk xq#Rokd"kZ.k cy
dksbZ dk;Z ugha djrk gS D;ksafd panzek dk rkRdkfyd
foLFkkiu Li'kZjs[kh; gS tcfd i`Foh dk cy f=kT;h;
(osQanz dh vksj) gS] vFkkZr~ θ = π/2 A
dk;Z èkukRed o Í.kkRed nksuksa izdkj dk gks ldrk gSA

;fn θ, 0° vkSj 90° osQ eè; gS rks lehdj.k (5.4) esa cos θ
dk eku /ukRed gksxkA ;fn θ, 90° vkSj 180° osQ eè; gS
rks cos θ dk eku ½.kkRed gksxkA vusd mnkgj.kksa esa ?k"kZ.k
cy] foLFkkiu dk fojksèk djrk gS vkSj θ = 180° gksrk gSA
,slh n'kk esa ?k"kZ.k cy }kjk fd;k x;k dk;Z Í.kkRed gksrk
gS (cos 180° = –1)A

lehdj.k (5-4) ls Li"V gS fd dk;Z vkSj mQtkZ dh
foek,¡ leku [M L2 T–2] gSa A fczfV'k HkkSfrdfon tsEl izsldkWV
twy (1818&1869) osQ lEeku esa budk SI ek=kd ^twy*
dgykrk gSA pwafd dk;Z ,oa mQtkZ O;kid :i ls
HkkSfrd èkkj.kkvksa osQ :i esa iz;ksx fd, tkrs gSa] vr% ;s
oSdfYid ek=kdksa ls Hkjiwj gSa vkSj muesa ls oqQN lkj.kh 5-1
esa lwphc¼ gSaA

••••• mnkgj.k 5.3 dksbZ lkbfdy lokj czsd yxkus ij
fiQlyrk gqvk 10 m nwj tkdj #drk gSA bl izfØ;k dh
vofèk esa] lM+d }kjk lkbfdy ij yxk;k x;k cy
200 N gS tks mldh xfr osQ foijhr gSA (a) lM+d
}kjk lkbfdy ij fdruk dk;Z fd;k x;k\
(b) lkbfdy }kjk lM+d ij fdruk dk;Z fd;k x;k\

gy  lM+d }kjk lkbfdy ij fd;k x;k dk;Z lM+d }kjk
lkbfdy ij yxk, x, fojks/h (?k"kZ.k cy) }kjk fd;k fd;k
dk;Z gSA
(a) ;gk¡ fojksèkh cy vkSj lkbfdy osQ foLFkkiu osQ eè;

dks.k 180° (;k π rad) gSA vr% lM+d }kjk fd;k
x;k dk;Z

W
r

= Fd cos θ
= 200 × 10 × cos π
= –2000 J

dk;Z&mQtkZ izes; osQ vuqlkj] bl ½.kkRed dk;Z osQ
dkj.k gh lkbfdy #d tkrh gSA

(b) U;wVu osQ xfr osQ r`rh; fu;ekuqlkj lkbfdy }kjk
lM+d ij yxk;k x;k cy lM+d }kjk lkbfdy ij
yxk, cy osQ cjkcj ijarq foijhr fn'kk esa gksxkA bldk
ifjek.k 200 N gS A rFkkfi] lM+d dk foLFkkiu ugha
gksrk gS A vr% lkbfdy }kjk lM+d ij fd;k x;k dk;Z
'kwU; gksxkA   ¶

bl mnkgj.k ls gesa ;g irk pyrk gS fd ;|fi fiaM
B }kjk A ij yxk;k x;k cy] fiaM A }kjk fiaM B ij yxk,
x, cy osQ cjkcj rFkk foijhr fn'kk esa gS (U;wVu dk xfr dk
rhljk fu;e) rFkkfi ;g vko';d ugha gS fd fiaM B }kjk
A ij fd;k x;k dk;Z] fiaM A }kjk B ij fd, x, dk;Z osQ
cjkcj rFkk foijhr fn'kk esa gksA

5.4 xfrt mQtkZ

tSlk fd igys mYys[k fd;k x;k gS] ;fn fdlh fiaM dk
nzO;eku m vkSj osx v gS rks bldh xfrt mQtkZ]

2K m mv
1 1

= =
2 2

v v. (5-5)

xfrt mQtkZ ,d vfn'k jkf'k gSA

lkj.kh 5.1 % dk;Z@mQtkZ osQ oSdfYid ek=kd (twy esa)

vxZ 10–7 J

bysDVªkWu oksYV (eV) 1.6 × 10–19 J

oSQyksjh (cal) 4.186 J

fdyksokV&?kaVk (kWh) 3.6 × 106 J
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bls fp=k 5-3(a) esa le>k;k x;k gSA fp=k 5-3(a) esa
Øfed vk;rkdkj {ks=kiQyksa dk ;ksx djus ij gesa oqQy fd;k
x;k dk;Z izkIr gksrk gS ftls bl izdkj fy[kk tkrk gS %

W F x x
x

x

i

f

≅ ∑ ( )∆ (5-6)

tgk¡ laosQr ̂ ∑* dk vFkZ gS ladyu&iQy (;ksxiQy)] tcfd
'x

i
' oLrq dh vkjafHkd fLFkfr vkSj 'x

f
' oLrq dh vafre fLFkfr

dks fu:fir djrk gSA
;fn foLFkkiuksa dks vfrlw{e eku fy;k tk, rc

;ksxiQy esa inksa dh laa[;k vlhfer :i ls c<+ tkrh gS ysfdu
;ksxiQy ,d fuf'pr eku osQ lehi igqap tkrk gS tks
fp=k 5-3(b) esa oØ osQ uhps osQ {ks=kiQy osQ leku gksrk gS A

lkj.kh 5-2 fof'k"V xfrt mQtkZ,¡ (K)

fiaM nzO;eku (kg) pky (m s–1) K (J)

dkj 2000 25 6.3 × 105

èkkod (,sFkyhV) 70 10 3.5 × 103

xksyh 5 × 10–2 200 103

10 m dh m¡QpkbZ ls fxjrk iRFkj 1 14 102

vafre osx ls fxjrh o"kkZ dh cw¡n 3.5 × 10–5 9 1.4 × 10–3

ok;q dk v.kq −~ 10–26 500 −~ 10–21

fdlh fiaM dh xfrt mQtkZ] ml fiaM }kjk fd, x, dk;Z dh
eki gksrh gS tks og viuh xfr osQ dkj.k dj ldrk gSA bl
èkkj.kk dk varKkZu dkiQh le; ls gSA rhoz xfr ls cgus okyh
ty dh èkkjk dh xfrt mQtkZ dk mi;ksx vukt ihlus osQ
fy, fd;k tkrk gSA iky ty;ku iou dh xfrt mQtkZ dk
iz;ksx djrs gSaA lkj.kh 5-2 esa fofHkUu fiaMksa dh xfrt mQtkZ,¡
lwphc¼ gSaA

••••• mnkgj.k 5-4 fdlh izk{ksfid izn'kZu esa ,d iqfyl
vfèkdkjh 50 g  nzO;eku dh xksyh dks 2cm eksVh uje
ijrnkj ydM+h (IykboqM) ij 200 m s–1 dh  pky
ls iQk;j djrk gSA uje ydM+h dks Hksnus osQ i'pkr~
xksyh dh xfrt mQtkZ izkjafHkd mQtkZ dh 10» jg tkrh
gSA ydM+h ls fudyrs le; xksyh dh pky D;k gksxh\

gy   xksyh dh izkjafHkd xfrt mQtkZ

mv2/2 = 1000 J

xksyh dh vafre xfrt mQtkZ = 0.1 × 1000 = 100 JA ;fn
xksyh dh uje ydM+h dks Hksnus osQ i'pkr~ pky v

f
 gS rks]

1

2
=mv f

2
100 J

kg 05.0

 J 1002×=fv

=  63.2 m s–1

uje ydM+h dks Hksnus osQ i'pkr~ xksyh dh pky yxHkx
68» de gks xbZ gS (90» ugha)A ¶

5.5 ifjorhZ cy }kjk fd;k x;k dk;Z
vpj cy nq"izkI; gSA vfèkdrj ifjorhZ cy osQ mnkgj.k gh
ns[kus dks feyrs gSaA fp=k 5-3 ,dfoeh; ifjorhZ cy dk
vkys[k gSA

;fn foLFkkiu ∆x lw{e gS rc ge cy F(x) dks Hkh
yxHkx fu;r ys ldrs gSa vkSj rc fd;k x;k dk;Z

∆W = F(x) ∆x

{ks=kiQy = ∆A = F(x) ∆x

dk;Z

fp=k 5-3 (a) ifjorhZ cy F(x) }kjk lw{e foLFkkiu ∆x esa
fd;k x;k dk;Z ∆W = F(x)∆x Nk;kafdr vk;r ls
fu:fir gS A (b) ∆x → 0 osQ fy, lHkh vk;rksa
osQ {ks=kiQyksa dks tksM+us ij] oØ }kjk vkPNkfnr {ks=kiQy]
cy F(x) }kjk fd, x, dk;Z osQ Bhd cjkcj gS A
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vr% fd;k x;k dk;Z

W x
lim

F x x
xi

xf

= ∆ → ∆∑0 ( )

= ∫ F x dx
xi

xf

( ) (5-7)

tgk¡ 'lim' dk vFkZ gS ^;ksxiQy dh lhek* tcfd ∆x ux.;
:i ls lw{e ekuksa dh vksj vxzlj gSA bl izdkj ifjorhZ cy
osQ fy, fd, x, dk;Z dks cy dk foLFkkiu ij lheakfdr
lekdyu] osQ :i esa O;Dr dj ldrs gSa A

••••• mnkgj.k 5-5 dksbZ L=kh [kqjnjh lrg okys jsyos IysViQkeZ
ij lanwd dks f[kldkrh gSA og 10 m dh nwjh rd
100 N dk cy vkjksfir djrh gSA mlosQ i'pkr~]
mRrjksRrj og Fkd tkrh gS vkSj mlosQ }kjk vkjksfir cy
js[kh; :i ls ?kVdj 50 N gks tkrk gSA lanwd dks oqQy
20 m dh nwjh rd f[kldk;k tkrk gSA L=kh }kjk lanwd
ij vkjksfir cy vkSj ?k"kZ.k cy tks fd 50 N gS] rFkk
foLFkkiu osQ chp xzkiQ [khafp,A nksuksa cyksa }kjk 20 m

rd fd, x, dk;Z dk ifjdyu dhft, A

gy   fp=k 5-4 esa vkjksfir cy dk vkys[k iznf'Zkr fd;k x;k gS A

fp=k 5-4 fdlh L=kh }kjk vkjksfir cy F vkSj fojks/h ?k"kZ.k cy
f rFkk foLFkkiu osQ chp xzkiQA

x = 20 m ij F = 50 N(≠ 0) gSA gesa ?k"kZ.k cy f fn;k x;k
gS ftldk ifjek.k gS

| f | = 50 N

;g xfr dk fojks/ djrk gS vkSj vkjksfir cy F osQ foijhr
fn'kk esa dk;Z djrk gSA blfy,] bls cy&v{k dh Í.kkRed
fn'kk dh vksj iznf'Zkr fd;k x;k gSA

L=kh }kjk fd;k x;k dk;Z W
F
→(vk;r ABCD + leyac

CEID) dk {ks=kiQy

( )WF = × + + ×100 10
1

2
100 50 10

       = 1000 + 750

      = 1750 J

?k"kZ.k cy }kjk fd;k x;k dk;Z W
F
→vk;r AGHI dk {ks=kiQy

W
f
 = (–50) × 20

     = – 1000J

;gk¡ {ks=kiQy dk cy&v{k osQ Í.kkRed fn'kk dh vksj gksus ls]
{ks=kiQy dk fpg~u Í.kkRed gSA ¶

5.6 ifjorhZ cy osQ fy, dk;Z&ÅtkZ izes;
ge ifjorhZ cy osQ fy, dk;Z&ÅtkZ izes; dks fl¼ djus osQ
fy, dk;Z vkSj xfrt ÅtkZ dh /kj.kkvksa ls HkyhHkkafr ifjfpr
gSaA ;gk¡ ge dk;Z&ÅtkZ izes; osQ ,dfoeh; i{k rd gh fopkj
dks lhfer djsaxsA xfrt ÅtkZ ifjorZu dh nj gS %

2d d 1

d d 2

K
m v

t t

  

=
  
  

  
d

d

v
m v

t
=

        = Fv (U;wVu osQ nwljs fu;ekuqlkj =
v

t

d
m

d
= F )

   
t

x
F

d

d=

vr% dK = Fdx

izkjafHkd fLFkfr x
i
 ls vafre fLFkfr x

f
 rd lekdyu djus ij]

dK Fdx
K x

x

t

K f

i

f

=∫ ∫

tgk¡ x
i
 vkSj x

f
 osQ laxr K

i
 vkSj K

f
 Øe'k% izkjafHkd ,oa vafre

xfrt ÅtkZ,¡ gSaA

;k K K F xf i

x

x

i

f

− = ∫ d (5.8 a)

lehdj.k (5-7) ls izkIr gksrk gS

  K
f
 – K

i
 = W (5.8 b)

bl izdkj ifjorhZ cy osQ fy, dk;Z&ÅtkZ izes; fl¼ gksrh gSA
gkykafd dk;Z&ÅtkZ izes; vusd izdkj osQ iz'uksa dks gy

djus eas mi;ksxh gS ijarq ;g U;wVu osQ f}rh; fu;e dh iw.kZ:is.k
xfrdh; lwpuk dk lekos'k ugha djrh gSA okLro esa ;g U;wVu
osQ f}rh; fu;e dk lekdy :i gSA U;wVu dk f}rh; fu;e
fdlh {k.k] Roj.k rFkk cy osQ chp laca/ n'kkZrk gSA dk;Z&ÅtkZ
izes; esa ,d dky osQ fy, lekdy fufgr gSA bl n`f"V ls
U;wVu osQ f}rh; fu;e esa fufgr dkfyd lwpuk dk;Z ÅtkZ izes;
esa Li"V :i ls izdV ugha gksrkA cfYd ,d fuf'pr dky osQ
fy, lekdyu osQ :i esa gksrk gSA nwljh è;ku nsus dh ckr
;g gS fd nks ;k rhu foekvksa esa U;wVu dk f}rh; fu;e lfn'k
:i esa gksrk gS tcfd dk;Z&ÅtkZ izes; vfn'k :i esa gksrk gSA

f =

cy
 (

N
)

Fdx =
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U;wVu osQ f}rh; fu;e esa fn'kk lacaf/r fufgr Kku Hkh dk;Z
ÅtkZ izes; tSls& vfn'k laca/ esa fufgr ugha gSA

• mnkgj.k 5.6 m (=1kg) nzO;eku dk ,d xqVdk
{kSfrt lrg ij v

i
 = 2 m s–1 dh pky ls pyrs gq,

x = 0.10 m ls x = 2.01m osQ [kqjnjs fgLls eas izos'k
djrk gSA xqVosQ ij yxus okyk eand cy (F

r
) bl {ks=k

eas x osQ O;qRØekuqikrh gS]

F
k

x
r =

−
0.1< x < 2.01m

      = 0  x < 0.1m  vkSj x > 2.01m osQ fy,
tgk¡ k = 0.5JA xqVdk tSls gh [kqjnjs fgLls dks ikj djrk
gS] bldh vafre xfrt ÅtkZ vkSj pky v

f
 dh x.kuk

dhft,A

gy   lehdj.k (5-8 a) ls

  
K K

k

x
xf i= + −

∫
( )

.

.

d
0 1

2 01

( ) 2.01
0.1

1
ln

2
2
imv k x= −

( )1
ln 2.01/0.1

2
2
imv k  = −

= 2 − 0.5 ln (20.1)

= 2 − 1.5  = 0.5 J

1sm  1/2 −== mKv ff

è;ku nhft, fd ln vk/kj e ij fdlh la[;k dk izko`Qfrd
y?kqx.kd gS] u fd vk/kj 10 ij fdlh la[;k dk
[ln X = log

e
 X = 2.303 log

10
 X] ¶

5.7 fLFkfrt ÅtkZ dh vfHk/kj.kk

;gk¡  ̂ fLFkfrt* 'kCn fdlh dk;Z dks djus dh laHkkouk ;k {kerk
dks O;Dr djrk gSA fLFkfrt ÅtkZ dh /kj.kk ^laxzfgr* ÅtkZ
ls Lkacaf/r gSA fdlh f[akps gq, rhj&deku osQ rkj (Mksjh) dh
ÅtkZ fLFkfrt mQtkZ gksrh gSA tc bls <hyk NksM+k tkrk gS rks
rhj rhoz pky ls nwj pyk tkrk gSA i`Foh osQ Hkwi`"B ij Hkza'k
js[kk,¡ laihfMr dekfu;ksa osQ ln`'k gksrh gSaA mudh fLFkfrt ÅtkZ
cgqr vf/d gksrh gSA tc ;s Hkaz'k js[kk,¡ fiQj ls lek;ksftr gks
tkrh gSa rks HkwoaQi vkrk gSA fdlh Hkh fiaM dh fLFkfrt ÅtkZ
(lafpr ÅtkZ) mldh fLFkfr ;k vfHkfoU;kl osQ dkj.k gksrh

gSA fiaM dks eqDr :i ls NksM+us ij bleas lafpr ÅtkZ] xfrt
ÅtkZ osQ :i eas fueZqDr gksrh gSA vkb,] vc ge fLFkfrt ÅtkZ
dh /kj.kk dks ,d fuf'pr :i nsrs gSaA

i`Foh dh lrg osQ lehi m nzO;eku dh ,d xasn ij
vkjksfir xq#Rokd"kZ.k cy  m g gSA g dks i`Foh dh lrg osQ
lehi vpj ekuk tk ldrk gS A ;gk¡ lehirk ls rkRi;Z ;g gS
fd xsan dh i`Foh dh lrg ls m¡QpkbZ h, i`Foh dh f=kT;k R

E

dh rqyuk esa vfr lw{e gS (h << R
E
), vr% ge i`Foh osQ i`"B

ij g osQ eku eas ifjorZu dh mis{kk dj ldrs gSaA* ekuk fd
xsan dks fcuk dksbZ xfr iznku fd, h m¡QpkbZ rd Åij mBk;k
tkrk gSA vr% ckÞ; dkjd }kjk xq#Rokd"kZ.k cy osQ fo#¼
fd;k x;k dk;Z m g h gksxkA ;g dk;Z] fLFkfrt ÅtkZ osQ
:i eas lafpr gks tkrk gSA fdlh fi.M dh h m¡QpkbZ ij xq#Roh;
fLFkfrt ÅtkZ mlh fi.M dks mlh m¡QpkbZ rd mBkus eas
xq#Rokd"kZ.k cy }kjk fd, x, dk;Z osQ Í.kkRed eku osQ
cjkcj gksrk gSA

V(h) = m g h

;fn h dks ifjorhZ fy;k tkrk gS rks ;g ljyrk ls ns[kk tk
ldrk gS fd xq#Rokd"kZ.k cy F, h  osQ lkIks{k V(h) osQ Í.kkRed
vodyt osQ leku gS

 
d

d
F V(h) m g

h
= − = −

;gk¡ Í.kkRed fpg~u iznf'Zkr djrk gS fd xq#Rokd"kZ.k cy uhps
dh vksj gSA tc xsan dks NksM+k tkrk gS rks ;g c<+rh gqbZ pky
ls uhps vkrh gS A i`Foh dh lrg ls la?kêð ls iwoZ bldh pky
'kq¼xfrdh laca/ }kjk fuEu izdkj nh tkrh gS

 v2 = 2 g h

blh lehdj.k dks fuEu izdkj ls Hkh fy[kk tk ldrk gS %

2

1
m v2 = m g h

tks ;g iznf'kZr djrk gS fd tc fi.M dks eqDr :i ls NksM+k
tkrk gS rks fiaM dh h m¡QpkbZ ij xq#Roh; fLFkfrt ÅtkZ i`Foh
ij igqapus rd Lor% gh xfrt ÅtkZ eas ifjofrZr gks tkrh gS A

izkòQfrd fu;ekuqlkj] fLFkfrt ÅtkZ dh /kj.kk osQoy mUgha
cyksa dh Js.kh eas ykxw gksrh gS tgk¡ cy osQ fo#¼ fd;k x;k
dk;Z] ÅtkZ osQ :i eas lafpr gks tkrk gS vkSj tks cká dkjd osQ
gV tkus ij Lor% xfrt ÅtkZ osQ :i eas fn[kkbZ iM+rh gSA xf.krkuqlkj
fLFkfrt ÅtkZ V (x)  dks (ljyrk osQ fy, ,d&foek eas)

* xq#Roh; Roj.k g osQ eku eas maQpkbZ osQ LkkFk ifjorZu ij fopkj xq#Rokd"k.kZ (vè;k; 7) esa djsaxs A
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ifjHkkf"kr fd;k tkrk gS ;fn F(x)  cy dks fuEu :i eas fy[kk
tkrk gS %

   ( ) d

d

V
F x

x
= −

;g fu:fir djrk gS fd

F x x dV V V
x

x

i f

V

V

i

f

i

f

( )d = − = −∫ ∫

fdlh laj{kh cy tSls xq#Rokd"kZ.k cy }kjk fd;k x;k dk;Z
fi.M dh osQoy vkjafHkd rFkk vafre fLFkfr ij fuHkZj djrk
gSA fiNys vè;k; eas geus vkur lery ls lacaf/r mnkgj.kksa
dk vè;;u fd;k A ;fn m nzO;eku dk dksbZ fi.M h maQpkbZ
osQ fpdus (?k"kZ.kjfgr) vkur ry osQ 'kh"kZ ls fojkekoLFkk ls
NksM+k tkrk gS rks vkur lery osQ v/Lry (ryh) ij bldh
pky] vkufr (>qdko) dks.k dk è;ku j[ks fcuk gh2  gksrh
gSA bl izdkj ;gka ij fi.M m g h xfrt ÅtkZ izkIr dj ysrk
gSA ;fn fd;k x;k dk;Z ;k xfrt ÅtkZ nwljs dkjdksa] tSls fi.M
osQ osx ;k mlosQ }kjk pys x, fo'ks"k iFk dh yackbZ ij fuHkZj
djrk gS rc ;g cy vlaj{kh gksrk gSA

dk;Z ;k xfrt ÅtkZ osQ ln`'k fLFkfrt ÅtkZ dh foek
[ML2T–2] vkSj SI ek=kd twy (J)  gSA ;kn jf[k, fd laj{kh
cy osQ fy,] fLFkfrt ÅtkZ eas ifjorZu ∆V cy }kjk fd, x,
Í.kkRed dk;Z osQ cjkcj gksrk gSA

∆V = –F(x) ∆x (5.9)

bl vuqHkkx eas fxjrh gqbZ xsan osQ mnkgj.k esa geus ns[kk fd fdl
izdkj xsan dh fLFkfrt ÅtkZ mldh xfrt ÅtkZ eas ifjofrZr gks
xbZ FkhA ;g ;kaf=kdh eas laj{k.k osQ egÙoiw.kZ fl¼kar dh vksj
laosQr djrk gS ftls ge vc ij[ksaxsA

5.8 ;kaf=kd ÅtkZ dk laj{k.k

ljyrk osQ fy,] ge bl egÙoiw.kZ fl¼kar dk ,dfoeh; xfr
osQ fy, fun'kZu dj jgs gSaA eku yhft, fd fdlh fi.M dk
laj{kh cy F osQ dkj.k foLFkkiu ∆x gksrk gSA dk;Z&ÅtkZ izes;
ls] fdlh cy F osQ fy,

∆K = F(x) ∆x

laj{kh cy osQ fy, fLFkfrt ÅtkZ iQyu V(x) dks fuEu :i
ls ifjHkkf"kr fd;k tk ldrk gS %

−∆V = F(x)∆x

mijksDr lehdj.k fu:fir djrh gS fd
∆K + ∆V = 0

∆(K + V) = 0 (5.10)

bldk vFkZ gS fd fdlh fi.M dh xfrt vkSj fLFkfrt ÅtkZvksa
dk ;ksxiQy] K + V vpj gksrk gSA blls rkRi;Z gS fd laiw.kZ
iFk x

i
 ls x

f
 osQ fy,

K
i
 + V (x

i
) = K

f
 + V (x

f
) (5.11)

;gk¡ jkf'k K + V(x), fudk; dh oqQy ;kaf=kd ÅtkZ dgykrh
gSA i`FkoQ :i ls] xfrt ÅtkZ  K vkSj fLFkfrt ÅtkZ  V(x) ,d
fLFkfr ls nwljh fLFkfr rd ifjofrZr gks ldrh gS ijarq budk
;ksxiQy vpj jgrk gSA mijksDr foospu ls 'kCn ̂ laj{kh cy*
dh mi;qDrrk Li"V gksrh gSA

vkb,] vc ge la{ksi eas laj{kh cy dh fofHkUUk ifjHkk"kkvksa
ij fopkj djrs gSaA

l dksbZ cy F(x) laj{kh gS ;fn bls lehdj.k (5-9) osQ iz;ksx
}kjk vfn'k jkf'k V(x) ls izkIr dj ldrs gSaA f=kfoeh;
O;kidhdj.k osQ fy, lfn'k vodyt fof/ dk iz;ksx djuk
iM+rk gS tks bl iqLrd osQ foospuk {ks=k ls ckgj gSA

l Lakj{kh cy }kjk fd;k x;k dk;Z osQoy fljs osQ fcanqvksa ij
fuHkZj djrk gS tks fUkEu laca/ ls Li"V gS %

W = K
f
 – K

i
 = V(x

i
) – V(x

f
)

l rhljh ifjHkk"kk osQ vuqlkj] bl cy }kjk can iFk eas fd;k
x;k dk;Z 'kwU; gksrk gSA

;g ,d ckj fiQj lehdj.k (5.11) ls Li"V gS] D;ksafd
x

i
 = x

f 
 gSA

vr% ;kaf=kd ÅtkZ&laj{k.k fu;e osQ vuqlkj fdlh Hkh fudk;
dh oqQy ;kfU=kd ÅtkZ vpj jgrh gS ;fn ml ij dk;Z
djus okys cy laj{kh gSaA

mijksDr foospuk dks vf/d ewrZ cukus osQ fy,] ,d ckj
fiQj xq#Rokd"kZ.k cy osQ mnkgj.k ij fopkj djrs gSa vkSj fLizax
cy osQ mnkgj.k ij vxys vuqHkkx eas fopkj djsaxs A fp=k
5-5 H m¡QpkbZ dh fdlh pêðku ls fxjkbZ] m nzO;eku dh xsan
dk fp=k.k djrk gSA

fp=k 5-5 H m¡QpkbZ dh fdlh pêðku ls fxjkbZ xbZ] m nzO;eku
dh xsan dh fLFkfrt ÅtkZ dk xfrt ÅtkZ eas :ikarj.kA
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xsan dh funf'kZr m¡QpkbZ] 'kwU; (Hkwfery)] h vkSj H osQ laxr
oqQy ;kaf=kd ÅtkZ,¡ Øe'k% E

o
, E

h
 vkSj E

H
 gSa

E
H
 = m g H (5.11a)

= + 1

2

2
h hE mgh mv (5.11b)

E
0     

= (1/2) 2
fmv (5.11c)

vpj cy] f=kfoe&fuHkZj cy F(x) dk ,d fo'ks"k mnkgj.k gS A
vr% ;kaf=kd ÅtkZ lajf{kr gSA bl izdkj

E
H
 = E

0

vFkok] 
1

2
2
fmgH mv=

2fv gH=

mijksDr ifj.kke vuqHkkx 5.7 eas eqDr :i ls fxjrs gq,
fi.M osQ osx osQ fy, izkIr fd;k x;k FkkA

blosQ vfrfjDr

E
H
 = E

h

tks bafxr djrk gS fd

v g(H h)h
2 2= − (5.11d)

mijksDr ifj.kke] 'kq¼xfrdh dk ,d lqfofnr ifj.kke gSA

H  m¡QpkbZ ij] fi.M dh ÅtkZ osQoy fLFkfrt ÅtkZ gSA ;g h
m¡QpkbZ ij vkaf'kd :i ls xfrt ÅtkZ esa :ikarfjr gks tkrh gS
rFkk Hkwfe ry ij iw.kZ:is.k xfrt ÅtkZ eas :ikarfjr gks tkrh
gSA bl izdkj mijksDr mnkgj.k] ;kaf=kd ÅtkZ osQ laj{k.k osQ
fl¼kar dks Li"V djrk gSA

••••• mnkgj.k 5.7   m  nzO;eku dk ,d xksyd L yackbZ
dh gydh Mksjh ls yVdk gqvk gSA blosQ fuEure fcanq
A ij {kSfrt osx v

o 
bl izdkj yxk;k tkrk gS fd ;g

ÅèokZ/j ry eas v/Zo`Rrkdkj iz{ksI; iFk dks bl izdkj
r; djrk gS fd Mksjh osQoy mPPkre fcanq C ij <hyh
gksrh gS tSlk fd fp=k 5.6 eas fn[kk;k x;k gSA fuEu jkf'k;ksa
osQ fy, O;atd izkIr dhft, % (a) v

0
, (b) fcanqvksa B rFkk

C ij xksyd dh pky] rFkk (c) fcanq B rFkk C ij xfrt
ÅtkZvksa dk vuqikr (K

B
/K

C
)A xksyd osQ fcanq C ij igqapus

osQ ckn iFk dh izo`Qfr ij fVIi.kh dhft, A

fp=k 5-6

gy   (a) ;gk¡ xksyd ij yxus okys nks cká cy gSa&xq#Ro
cy vkSj Mksjh esa ruko ( T )A ckn okyk cy (ruko) dksbZ dk;Z
ugha djrk gS D;ksafd xksyd dk foLFkkiu ges'kk Mksjh osQ yacor~
gSA vr% xksyd dh fLFkfrt ÅtkZ osQoy xq#Rokd"kZ.k cy ls
lacaf/r gSA fudk; dh laiw.kZ ;kaf=kd ÅtkZ E vpj gS A ge
fudk; dh fLFkfrt ÅtkZ fuEure fcanq A ij 'kwU; ys ysrs gSaA
vr% fcanq A ij

  E mv0

2=
1

2
(5.12)

L

mv
mgT

2

0
A =−    [U;wVu osQ xfr osQ f}rh; fu;ekuqlkj]

;gk¡ T
A
, fcanq A ij Mksjh dk ruko gSA mPPkre fcanq C ij Mksjh

<hyh gks tkrh gS_ vr% ;gk¡ fcanq C ij Mksjh dk ruko
T

C
 = 0A vr% fcanq C ij geas izkIr gksrk gS

  2mgLmvE c += 2

2

1
(5.13)

L

mv
mg

2

c=  [U;wVu osQ f}rh; fu;ekuqlkj] (5.14)

tgk¡ v
c
 fcanq C ij xksyd dh pky gSA lehdj.k (5.13) o

(5.14) ls izkIr gksrk gS

5
E mgL

2
=

mg

mg
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bls fcanq A ij ÅtkZ ls leho`Qr djus ij

5

2 2

2
0

m
mgL v=

vFkok 50v gL=

(b) lehdj.k (5-14) ls ;g Li"V gS fd

gLvC =

vr% fcanq B ij ÅtkZ gS

1

2

2
BE mv mgL= +

bls fcanq A ij ÅtkZ osQ O;atd osQ cjkcj j[kus ij vkSj
(a)  osQ ifj.kke v 2

0 
= 5gL iz;ksx eas ykus ij geas izkIr

gksrk gSA

1 1

2 2

2 2
B 0mv mgL mv+ =

5

2
m g L=

gLvB 3=∴

(c) fcanq B o C ij xfrt ÅtkZvksa dk vuqikr

 
1

3
  

2

1
2

1

  ==
2
C

2
B

C

B

mv

mv

K

K

fcanq C ij Mksjh <hyh gks tkrh gS vkSj xksyd dk osx ckb± vksj
dks ,oa {kSfrt gks tkrk gSA ;fn bl {k.k ij Mksjh dks dkV fn;k
tk, rks xksyd ,d {kSfrt iz{ksi dh Hkkafr iz{ksI; xfr Bhd mlh
izdkj n'kkZ,xk tSlk fd [kM+h pêðku ls {kSfrt fn'kk eas fdlh
iRFkj dks isaQdus ij gksrk gSA vU;Fkk xksyd yxkrkj vius òRrkdkj
iFk ij xfr djrk jgsxk vkSj ifjØe.k dks iw.kZ djsxkA ¶

5.9 fdlh fLizax dh fLFkfrt ÅtkZ
dksbZ fLizax&cy ,d ifjorhZ&cy dk mnkgj.k gS tks laj{kh gksrk gS A
fp=k 5-7 fLizax ls layXu fdlh xqVosQ dks n'kkZrk gS tks fdlh
fpdus {kSfrt i`"B ij fojkekoLFkk eas gSA fLizax dk nwljk fljk
fdlh n`<+ nhokj ls tqM+k gSA fLizax gydk gS vkSj nzO;eku&jfgr
ekuk tk ldrk gSA fdlh vkn'kZ fLizax eas] fLiazx&cy
F

s
] xqVosQ dk viuh lkE;koLFkk fLFkfr ls foLFkkiu  x osQ

lekuqikrh gksrk gSA xqVosQ dk lkE;koLFkk ls foLFkkiu /ukRed
(fp=k 5-7b) ;k Í.kkRed (fp=k 5-7c) gks ldrk gSA fLizax
osQ fy, cy dk fu;e] gqd dk fu;e dgykrk gS vkSj xf.krh;
:i eas bl izdkj O;Dr fd;k tk ldrk gS %

F
s
 = – k x

tgk¡ fu;rkad k ,d fLizax fu;rkad gS ftldk ek=kd N m–1

gSA ;fn k dk eku cgqr vf/d gS] rc fLizax dks n`<+ dgk
tkrk gSA ;fn k  dk eku de gS] rc bls ueZ (e`nq) dgk
tkrk gSA

eku yhft, fd ge xqVosQ dks ckgj dh rjiQ] tSlk fd
fp=k 5.7(b) esa fn[kk;k x;k gS] èkheh vpj pky ls [khaprs
gSa A ;fn fLizax dk f[kapko x

m
 gS rks fLizax&cy }kjk fd;k dk;Z

fp=k 5-7 fdlh fLizax osQ eqDr fljs ls tqM+s gq, xqVosQ ij fLizax&cy
dk fun'kZu

(a) tc ekè; fLFkfr ls foLFkkiu x 'kwU; gS rks fLizax
cy F

s
 Hkh 'kwU; gS A

(b) f[kaps gq, fLiazx osQ fy, x > 0 vkSj F
s
 < 0

(c) laihfMr fLiazx osQ fy, x < 0 vkSj F
s
 > 0

(d) F
s
 rFkk x osQ chp [khapk x;k vkys[k A Nk;kafdr

f=kHkqt dk {ks=kiQy fLiazx&cy }kjk fd, x, dk;Z
dks fu:fir djrk gSA F

s
 vkSj x osQ foijhr

fpÉksa osQ dkj.k] fd;k x;k dk;Z Í.kkRed gS]

W kx /s m

2= − 2

F
s
 ½.kkRed gS

x /ukRed gS

{ks=kiQy ¾

F
s
 /ukRed gS

x ½.kkRed gS
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W F x kx xs

x xm m

= = −∫ ∫d d
0 0

2

2
mx k−= (5.15)

bl O;atd  dks ge fp=k 5-7(d) eas fn[kk, x, f=kHkqt osQ {ks=kiQy
ls Hkh izkIr dj ldrs gSaA è;ku nhft, fd cká f[kapko cy
}kjk fd;k x;k dk;Z /ukRed gSA

2

2
mx k

W += (5.16)

;fn fLizax dk foLFkkiu x
c
 (<0) ls laihfMr fd;k tkrk gS rc

Hkh mijksDr O;atd lR; gSA fLizax&cy 2/ 2
cs kxW −= dk;Z

djrk gS tcfd cká cy = − 2
cW kx /2dk;Z djrk gSA

;fn xqVosQ dks blosQ vkjafHkd foLFkkiu  x
i
 ls vafre

foLFkkiu x
f
 rd foLFkkfir fd;k tkrk gS rks fLizax&cy }kjk

fd;k x;k dk;Z

W k x x
k x k x

s
i f

x

x

i

f

= − = −∫ d
2 2

2 2

(5.17)

vr% fLizax&cy }kjk fd;k x;k dk;Z osQoy fljs osQ fcanqvksa
ij fuHkZj djrk gSA fo'ks"k :i ls tc xqVosQ dks fLFkfr x

i
 ls

[khpk x;k gks vkSj okil x
i
 fLFkfr rd vkus fn;k x;k gks rks

      W k x x
k x k x

s
i f

x

x

i

f

= − = − =∫ d
2 2

0
2 2

(5.18)

vr% fLizax cy }kjk fdlh pØh; izØe eas fd;k x;k dk;Z
'kwU; gksrk gSA geus ;gka Li"V dj fn;k gS fd (i) fLizax cy
osQoy fLFkfr ij fuHkZj djrk gS tSlk fd gqd }kjk igys dgk
x;k gS (F

s
 = –k x);  (ii) ;g cy dk;Z djrk gS tks fdlh

fi.M dh vkjafHkd ,oa vafre fLFkfr;ksa ij fuHkZj djrk gS;
mnkgj.kkFkZ] lehdj.k (5.17) A vr% fLizax cy ,d laj{kh
cy gSA

tc xqVdk lkE;koLFkk eas gS vFkkZr~ ekè; fLFkfr ls mldk
foLFkkiu 'kwU; gS rc fLizax dh fLFkfrt ÅtkZ V(x) dks ge
'kwU; ekurs gSaA fdlh f[kapko (;k laihMu) x osQ fy, mijksDr
fo'ys"k.k lq>krk gS fd

V(x) = 
1

2
2kx (5.19)

bls lqfo/kiwoZd lR;kfir fd;k tk ldrk gS fd
− dV/dx = − k x tks fd fLizax cy gSA tc m nzO;eku osQ

xqVosQ dks fp=k 5.7 osQ vuqlkj x
m
 rd [khapk tkrk gS vkSj

fiQj fojkekOkLFkk ls NksM+k tkrk gS] rc bldh lewph ;kaf=kd
ÅtkZ LosPNk ls pquh xbZ fdlh Hkh fLFkfr x ij fuEufyf[kr
:i eas nh tk,xh] tgk¡ x dk eku –x

m
 ls + x

m 
 osQ chp gS%

222
m v mx kx k

2

1

2

1

2

1 +=

tgk¡ geus ;kaf=kd mQtkZ osQ laj{k.k fu;e dk mi;ksx fd;k gS A
blosQ vuqlkj xqVosQ dh pky v

m
 vkSj xfrt mQtkZ lkE;koLFkk

x = 0 ij vf/dre gksxh] vFkkZr~

2
m

2
m x k  v m

2

1

2

1 =

;k]     mm x 
m

k
v =

è;ku nhft, fd k/m dh foek [T–2] gS vkSj ;g lehdj.k
foeh; :i ls lgh gSA ;gk¡ fudk; dh xfrt mQtkZ] fLFkfrt
mQtkZ esa] vkSj fLFkfrt mQtkZ] xfrt mQtkZ esa ifjofrZr gks tkrh
gS] rFkkfi dqy ;kaf=kd mQtkZ fu;r jgrh gS A fp=k 5-8 esa bldk
xzkiQh; fu:i.k fd;k x;k gSA

fp=k 5-8 fdlh fLizax ls tqMs+ gq, xqVosQ dh fLFkfrt mQtkZ V vkSj
xfrt mQtkZ K  osQ ijoyf;d vkys[k tks gqd osQ fu;e
dk ikyu djrs gSaA ;s ,d&nwljs osQ iwjd gSa vFkkZr~ buesa
tc ,d ?kVrk gS rks nwljk c<+rk gS] ijarq oqQy ;kaf=kd
mQtkZ E = K + V ges'kk vpj jgrh gSA

••••• mnkgj.k 5.8 dkj nq?kZVuk dks fn[kkus osQ fy, (vuqdkj)
eksVjdkj fuekZrk fofHkUu fLizax fu;rkadksa osQ fLizaxksa dk
iszQe p<+kdj pyrh gqbZ dkjksa osQ la?kêð dk vè;;u djrs
gSaA eku yhft, fdlh izrhdkRed vuq:i.k esa dksbZ 1000kg

nzO;eku dh dkj ,d fpduh lM+d ij 18 km/h dh
pky ls pyrs gq,] {kSfrt iszQe ij p<+k, x, fLiazx ls la?kêð
djrh gS ftldk fLizax fu;rkad 5.25 × 103 N m–1 gSA
fLizax dk vf/dre laihMu D;k gksxk\

mQ
t
kZ
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gy    dkj dh xfrt mQtkZ vf/dre laihMu ij laiw.kZ :i
ls fLizax dh fLFkfrt mQtkZ esa ifjofrZr gks tkrh gSA xfreku
dkj dh xfrt mQtkZ %

         1
K =      m v2

         2

          1
   =       × 103 × 5 × 5
          2

K =  1.25 × 104 J

tgk¡ dkj dh pky 18 km h–1 dks blosQ SI eku 5 m s–1 esa
ifjofrZr dj fn;k x;k gS A ¹;gk¡ ;g è;ku j[kus ;ksX; gS
fd 36 km h–1 = 10 m s–1º A ;kaf=kd mQtkZ&laj{k.k fu;e
osQ vuqlkj vf/dre laihMu x

m
 ij fLizax dh fLFkfrt mQtkZ

(V)] xfr'khy dkj dh xfrt mQtkZ (K) osQ cjkcj gksrh gSA

vr% 2
mx k  V

2

1=

    =  1.25 × 104 J

gy djus ij ge izkIr djrs gSa fd x
m
 = 2.00 m

è;ku nsa fd ;gk¡ bl fLFkfr dks geus vkn'kZ :i esa izLrqr fd;k
gSA ;gk¡ fLiazx dks nzO;ekujfgr ekuk gS vkSj lM+d dk ?k"kZ.k
ux.; fy;k gSA ¶

ge laj{kh cyksa ij oqQN fVIi.kh djrs gq, bl vuqHkkx
dk lekiu djrs gSa %

(i) mijksDr foospuk esa le; osQ fo"k; esa dksbZ lwpuk ugha
gSA bl mnkgj.k eas ge laihMu dk ifjdyu dj ldrs
gSa ysfdu ml le; varjky dk ifjdyu ugha dj ldrs
ftlesa ;g laihMu gqvk gSA vr% dkfyd lwpuk izkIr djus
osQ fy,] bl fudk; osQ fy, U;wVu osQ f}rh; fu;e osQ
gy dh vko';drk gSA

(ii) lHkh cy laj{kh ugha gSaA mnkgj.kkFkZ] ?k"kZ.k ,d vlaj{kh cy
gSA bl fLFkfr esa] mQtkZ&lja{k.k fu;e esa fdafpr ifjorZu
djuk iM+sxkA bls mnkgj.k 5-9 esa Li"V fd;k x;k gSA

(iii) fLFkfrt mQtkZ dk 'kwU; LosPNk ls fy;k x;k gS ftls
lqfo/kuqlkj fuf'pr dj fy;k tkrk gSA fLizax&cy osQ fy,]
x = 0 ij ge V = 0 ysrs gSa] vFkkZr~ fcuk ̄ [kps fLizax dh
fLFkfrt mQtkZ 'kwU; FkhA fu;r xq#Rokd"kZ.k cy m g osQ
fy, geus ìFoh dh lrg ij V = 0 fy;k FkkA vxys vè;k;
esa ge ns[ksaxs fd xq#Rokd"kZ.k osQ lkoZf=kd fu;ekuqlkj cy
osQ fy,] xq#Rokd"kZ.k lzksr ls vuUr nwjh ij 'kwU; loksZÙke
:i ls ifjHkkf"kr gksrh gS rFkkfi] fdlh foospuk esa fLFkfrt
mQtkZ osQ fy, ,d ckj 'kwU; dh fLFkfr fuf'pr djus osQ

i'pkr~] 'kq: ls var rd foospuk esa mlh fu;e dk ikyu
djuk pkfg,A

• mnkgj.k 5-9 mnkgj.k 5-8 esa ?k"kZ.k xq.kkad µ dk eku 0.5

ysdj dekuh osQ vf/dre laihMu dk ifjdyu dhft,A

gy %  fLizax cy vkSj ?k"kZ.k cy] nksuksa gh laihMu dk fojks/
djus esa la;qDr :i ls dk;Z djrs gSa] tSlk fd fp=k 5-9 esa
fn[kk;k x;k gSA

fp=k 5-9 fdlh dkj ij vkjksfir cyA

;gk¡ ge ;kaf=kd mQtkZ&laj{k.k osQ fl¼kar osQ ctk; dk;Z&mQtkZ
izes; dk iz;ksx djrs gSaA

xfrt mQtkZ esa ifjorZu gS %

∆K  = K
f
 − K

i 

2v m   
2

1
0 −=

oqqQy cy }kjk fd;k x;k dk;Z %

1

2

2
m mW   kx   m g x= − − µ

∆K vkSj W dks lehÑr djus ij ge izkIr djrs gSa

1 1

2 2
2 2

m mm v   k x  m g x= + µ

;gk¡ µ mg = 0.5 × 103 × 10 = 5 × 103 N (g = 10 m s–2

ysus ij) A mijksDr lehdj.k dks O;ofLFkr djus ij gesa vKkr
x

m
 osQ fy, fuEu f}?kkrh; lehdj.k izkIr gksrh gS %

22 2
m mk x m g x m v 0+ − =µ

tgk¡ geus x
m
 /ukRed gksus osQ dkj.k bldk /ukRed oxZewy

ys fy;k gSA vkafdd ekuksa dks lehdj.k esa izfrLFkkfir djus
ij ge izkIr djrs gSa

x
m
 = 1.35 m

tks vk'kkuqlkj mnkgj.k 5-8 esa izkIr ifj.kke ls de gSA  ¶

;fn eku ysa fd fiaM ij yxus okys nksuksa cyksa esa ,d
laj{kh cy F

c
 vkSj  nwljk vlaj{kh cy  F

nc
 gS rks ;kaf=kd

LkkE;koLFkk
fLFkfr
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mQtkZ&laj{k.k osQ lw=k esa foaQfpr~ ifjorZu djuk iM+sxkA
dk;Z&mQtkZ izes; ls %

(F
c
 + F

nc
) ∆x = ∆K

ijarq F
c
 ∆x = – ∆V

vr% ∆(K + V) = F
nc
 ∆x

∆E = F
nc

 ∆x

tgk¡ E oqQy ;kaf=kd mQtkZ gSA leLr iFk ij ;g fuEu :i
ys ysrh gS

E
f
 – E

i
 = W

nc

tgk¡ W
nc

 vlaj{kh cy }kjk fdlh iFk ij fd;k x;k oqQy dk;Z gSA
è;ku nhft, fd W

nc
 i ls f rd ,d fo'ks"k iFk ij fuHkZj

djrk gS tSlk fd laj{kh cy esa ugha gSA

5-10 'kfDr

cgqèkk osQoy ;g tkuuk gh i;kZIr ugha gS fd fdlh fiaM ij
fdruk dk;Z fd;k x;k vfirq ;g tkuuk Hkh vko';d gS fd
;g dk;Z fdl nj ls fd;k x;k gSA ge dgrs gSa fd O;fDr
'kkjhfjd :i ls LoLFk gS ;fn og osQoy fdlh Hkou osQ pkj
ry rd p<+ gh ugha tkrk gS vfirq og bu ij rsth ls p<+
tkrk gS A vr% 'kfDr dks ml le;&nj ls ifjHkkf"kr djrs gSa
ftlls dk;Z fd;k x;k ;k mQtkZ LFkkukarfjr gqbZA fdlh cy
dh vkSlr 'kfDr ml cy }kjk fd, x, dk;Z W vkSj mlesa
yxs le; t osQ vuqikr ls ifjHkkf"kr djrs gSaA vr%

P
W

t
av =

rkR{kf.kd 'kfDr dks vkSlr 'kfDr osQ lhekUr eku osQ :i esa
ifjHkkf"kr djrs gSSa tcfd le; 'kwU; dh vksj vxzlj gks jgk
gksrk gS] vFkkZr~

      
d

d

W
P

t
= (5.20)

tgk¡ foLFkkiu dr esa cy F }kjk fd;k x;k dk;Z dW = F.dr

gksrk gSA vr% rkR{kf.kd 'kfDr dks fuEufyf[kr izdkj ls Hkh
O;Dr dj ldrs gSa %

  
d

d
P

t
= F.

r

= F.v (5.21)

tgk¡ v rkR{kf.kd osx gS tcfd cy F gSA
dk;Z vkSj mQtkZ dh Hkkafr 'kfDr Hkh ,d vfn'k jkf'k gSA

bldk SI ek=kd okV (W) vkSj foEkk [ML2T–3] gSA 1W dk

eku 1J s–1 osQ cjkcj gksrk gSA vBkjgoha 'krkCnh esa Hkki batu
osQ izorZdksa esa ls ,d izorZd tsEl okWV osQ uke ij 'kfDr dk
ek=kd okV (W) j[kk x;k gSA

'kfDr dk cgqr iqjkuk ek=kd v'o 'kfDr gSA
1 v'o 'kfDr (hp) = 746 W

;g ek=kd vkt Hkh dkj] eksVjckbZd bR;kfn dh fuxZr {kerk
dks O;Dr djus osQ fy, iz;qDr gksrk gSA

tc ge fo|qr midj.k_ tSlsµfo|qr cYc] ghVj vkSj
iz'khrd vkfn [kjhnrs gSa rks gesa ek=kd okV ls O;ogkj djuk
gksrk gS A ,d 100 okV dk cYc 10 ?kaVs esa ,d fdyksokV&?kaVk
fo|qr mQtkZ dh [kir djrk gSA
vFkkZr~ 100 (okV) × 10 (?kaVk)

=1000 okV&?kaVk
= 1 fdyksokV ?kaVk (k Wh)

= 103 (W) × 3600 (s)

= 3.6 × 106 J

fo|qr&mQtkZ dh [kir osQ fy, ewY;] ek=kd kW h esa pqdk;k
tkrk gS ftls lk/kj.kr;k ̂ ;wfuV* osQ uke ls iqdkjrs gSaA è;ku
nsa fd kWh mQtkZ dk ek=kd gS] u fd 'kfDr dkA

••••• mnkgj.k 5-10 dksbZ fyÝV ftldk oqQy nzO;eku
(fyÝV $ ;kf=k;ksa dk) 1800 kg  gS] mQij dh
vksj 2 m s–1 dh vpj pky ls xfreku gSA 4000 N

dk ?k"kZ.k cy bldh xfr dk fojksèk djrk gSA fyÝV dks
eksVj }kjk iznRr U;wure 'kfDr dk vkdyu okV vkSj v'o
'kfDr esa dhft, A

gy   fyÝV ij yxus okyk vèkkseq[kh cy
      F = mg + F

f
 = (1800 × 10) + 4000 = 22000 N

bl cy dks larqfyr djus osQ fy, eksVj }kjk i;kZIr 'kfDr dh
vkiwfrZ dh tkuh pkfg,A
vr%  P = F.v = 22000 × 2 = 44000 W = 59 hp     ¶

5.11 la?kê ð

HkkSfrdh esa ge xfr (LFkku esa ifjorZu) dk vè;;u djrs gSaA
lkFk gh lkFk ge ,slh HkkSfrd jkf'k;ksa dh [kkst djrs gSa tks
fdlh HkkSfrd izØe esa ifjofrZr ugha gksrh gSaA mQtkZ&laj{k.k ,oa
laosx&laj{k.k osQ fu;e blosQ vPNs mnkgj.k gSaA bl vuqHkkx
esa] ge bu fu;eksa dk cgqèkk lkeus vkus okyh ifj?kVukvksa] ftUgsa
la?kê ð dgrs gSa] esa iz;ksx djsaxsA fofHkUu [ksyksa_ tSlsµfcfy;MZ] ekjcy
;k oSQje vkfn esa la?kêð ,d vfuok;Z ?kVd gSA vc ge fdUgha nks
nzO;ekuksa dk vkn'kZ :i esa izLrqr la?kê ð dk vè;;u djsaxsA

eku yhft, fd nks nzO;eku m
1
 o m

2
 gSa ftlesa d.k

m
1
 pky v

l i
 ls xfreku gS tgk¡ vèkksfyf[kr ‘i’ vkjafHkd pky

dks fu:fir djrk gSA nwljk nzO;eku m
2
 fLFkj gSA bl funsZ'k
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izsQe dk p;u djus esa O;kidrk esa dksbZ deh ugha vkrhA bl
izsQe esa nzO;eku m

1
, nwljs nzO;eku m

2
 ls tks fojkekoLFkk esa

gS] la?kê ð djrk gS tks fp=k 5-10 esa fpf=kr fd;k x;k gS A

la?kêð osQ i'pkr~ nzO;eku m
1
 o m

2
 fofHkUu fn'kkvksa esa xfr

djrs gSaA ge ns[ksaxs fd nzO;ekuksa] muosQ osxksa vkSj dks.kksa esa fuf'pr
lacaèk gSA

5.11.1 izR;kLFk ,oa vizR;kLFk la?kêð
lHkh la?kêðksa esa fudk; dk oqQy js[kh; laosx fu;r jgrk gS vFkkZr~
fudk; dk vkjafHkd laosx mlosQ vafre laosx osQ cjkcj gksrk
gSA bls fuEu izdkj ls fl¼ fd;k tk ldrk gS A tc nks fiaM
la?kêð djrs gSa rks la?kê ð le; ∆t esa dk;Zjr ijLij vkosxh cy]
muosQ ijLij laosxksa esa ifjorZu ykus dk dkj.k gksrs gSaA vFkkZr~

∆p
1
 = F

12 
∆t

∆p
2
 = F

21 
∆t

tgk¡ F
12
 nwljs fiaM }kjk igys fiaM ij vkjksfir cy gSA blh

rjg F
21
 igys fiaM }kjk nwljs fiaM ij vkjksfir cy gSA U;wVu

osQ xfr osQ r`rh; fu;ekuqlkj F
12 

= –F
21 
gksrk gS A ;g n'kkZrk

gS fd
∆p

1
 + ∆p

2 
= 0

;fn cy la?kêð le; ∆t osQ nkSjku tfVy :i ls ifjofrZr gks
jgs gksa rks Hkh mijksDr ifj.kke lR; gSaA pwafd U;wVu dk r`rh;
fu;e izR;sd {k.k ij lR; gS vr% igys fiaM ij vkjksfir oqQy
vkosx] nwljs fiaM ij vkjksfir vkosx osQ cjkcj ijarq foijhr
fn'kk esa gksxkA

nwljh vksj fudk; dh oqQy xfrt mQtkZ vko';d :i
ls lajf{kr ugha jgrh gSA la?kêð osQ nkSjku VDdj vkSj foÑfr]
mQ"ek vkSj èofu mRiUu djrs gSaA vkjafHkd xfrt mQtkZ dk oqQN
va'k mQtkZ osQ nwljs :iksa esa :ikUrfjr gks tkrk gSA ;fn mijksDr
nksuksa nzO;ekuksa dks tksM+us okyh ̂ fLizax* fcuk fdlh mQtkZ&{kfr
osQ viuh ewy vkÑfr izkIr dj ysrh gS] tks fiaMksa dh vkjafHkd
xfrt mQtkZ mudh vafre xfrt mQtkZ osQ cjkcj gksxh ijarq la?kêð
dky ∆t osQ nkSjku vpj ugha jgrhA bl izdkj osQ la?kêð dks

izR;kLFk la?kêð dgrs gSa A nwljh vksj ;fn foÑfr nwj ugha gksrh
gS vkSj nksuksa fiaM la?kêð osQ i'pkr~ vkil esa lVs jgdj xfr
djsa rks bl izdkj osQ la?kêð dks iw.kZr% vizR;kLFk la?kêð dgrs
gSaA blosQ vfrfjDr eè;orhZ fLFkfr vkerkSj ij ns[kus dks feyrh
gS tc foÑfr vkaf'kd :i ls de gks tkrh gS vkSj izkjafHkd
xfrt mQtkZ dh vkaf'kd :i ls {kfr gks tkrh gSA bls leqfpr
:i ls vizR;kLFk la?kêð dgrs gSaA

5.11.2 ,dfoeh; la?kêð

loZizFke ge fdlh iw.kZr% vizR;kLFk la?kêð dh fLFkfr dk
vè;;u djrs gSaA fp=k 5-10 esa

θ
1
 = θ

2
 = 0

m
l
v

li
 = (m

1
+m

2
)v

f
(laosx laj{k.k osQ fu;e ls)

1
1

1 2

f i

m
v v

m m
=

+ (5.22)

la?kêð esa xfrt mQtkZ dh {kfr%

2

2 21

1 1 1

1 2

1 1

2 2
i i

m
m v v

 m m
= −

+ ¹lehdj.k (5.22) }kjkº

21 2
1

1 2

1

2
i

m m
v

m m
=

+

tks fd vis{kkuqlkj ,d èkukRed jkf'k gSA
vkb,] vc izR;kLFk la?kêð dh fLFkfr dk vè;;u djrs

gSa A mijksDr ukekoyh osQ iz;ksx osQ lkFk θ
1
 = θ

2
 = 0 ysus ij]

js[kh; laosx ,oa xfrt mQtkZ osQ laj{k.k dh lehdj.k fuEu gS%
    m

1
v

1i
 = m

1
v

1f
 + m

2
v

2 f
(5.23)

2 2 2

1 1 1 1 2 2i f fm v m v m v= + (5.24)

lehdj.k (5.23) vkSj lehdj.k (5.24) ls ge izkIr djrs gSa

1 1 2 1 1 1 2 1( ) ( )i f i f f fm v v v m v v v− = −

vFkok]
2 2

2 1 1 1 1( )f i f i fv v v v v− = −

1 1 1 1( )( )i f i fv v v v= − +

vr% = +f i fv v v2 1 1 (5.25)

bls lehdj.k (5.23) esa izfrLFkkfir djus ij ge izkIr djrs gSa

1 2
1 1

1 2

( )
f i

m m
v v

m m

−
=

+ (5.26)

fp=k 5.10 fdlh nzO;eku m
1
 dk vU; fLFkj nzO;eku m

2
 ls la?kêðA
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rFkk
1 1

2

1 2

2 i
f

m v
v

m m
=

+ (5.27)

bl izdkj ̂vKkr jkf'k;k¡*  {v
1f
, v

2f
} Kkr jkf'k;ksa {m

1
, m

2
, v

1i
}

osQ inksa esa izkIr gks xbZ gSaA vkb,] vc mijksDr fo'ys"k.k ls fo'ks"k
n'kkvksa esa #fpdj fu"d"kZ izkIr djrs gSa A
n'kk I % ;fn nksuksa nzO;eku leku gSa] vFkkZr~ 

21
mm = ] rc

v
1f
 = 0,  v

2f
 =  v

1i

vFkkZr~ izFke nzO;eku fojkekoLFkk esa vk tkrk gS vkSj la?kêð osQ i'pkr~
nwljk nzO;eku] izFke nzO;eku dk vkjafHkd osx izkIr dj ysrk gSA
n'kk II % ;fn ,d fiaM dk nzO;eku nwljs fiaM osQ nzO;eku
ls cgqr vf/d gS] vFkkZr~ m

2
 >> m

1
, rc

v
1f
  ~ − v

1i
      v

2f
 ~ 0

Hkkjh nzO;eku fLFkj jgrk gS tcfd gyosQ nzO;eku dk osx
mRØfer gks tkrk gSA

••••• mnkgj.k 5.11 xfr'khy U;wVªkWuksa dk eanu % fdlh
ukfHkdh; fj,sDVj esa rhozxkeh U;wVªkWu (fof'k"V :i ls
osx 107 m s–1) dks 103 m s–1 osQ osx rd eafnr dj
fn;k tkuk pkfg, rkfd ukfHkdh; fo[kaMu vfHkfØ;k esa
U;wVªkWu dh ;wjsfu;e osQ leLFkkfud U

235

92  ls vU;ksU;fØ;k
djus dh izkf;drk mPp gks tk,A fl¼ dhft, fd U;wVªkWu
,d gyosQ ukfHkd] tSls M~;wVhfj;e ;k dkcZu ftldk
nzO;eku U;wVªkWu osQ nzO;eku dk ek=k oqQN xquk gS] ls izR;kLFk
la?kêð djus esa viuh vfèkdka'k xfrt mQtkZ dh {kfr dj
nsrk gSA ,sls inkFkZ izk;% Hkkjh ty (D

2
O) vFkok xzsiQkbV]

tks U;wVªkWuksa dh xfr dks ean dj nsrs gSa] ^eand*
dgykrs gSa A

gy   U;wVªkWu dh izkjafHkd xfrt mQtkZ gS

2

1 1 1

1

2
i iK m v=

tcfd lehdj.k (5.26) ls bldh vafre xfrt mQtkZ gS

{kf;r vkaf'kd xfrt mQtkZ gS

tcfd foeand ukfHkd if KK
12

/  }kjk fHkUukRed xfrt mQtkZ

o`f¼ gS A
f
2
 = 1 − f

1
 (izR;kLFk la?kêð)

 ( )
1 2

2

1 2

4m m

m m
=

+

mijksDr ifj.kke dks lehdj.k (5-27) ls izfrLFkkfir djosQ
Hkh lR;kfir fd;k tk ldrk gSA

M~;wVhfj;e osQ fy,] m
2
 = 2 m

1
 vkSj ge izkIr djrs gSa

f
1
 = 1/9, tcfd f

2
 = 8/9 gSA vr% U;wVªkWu dh yxHkx 90»

mQtkZ M~;wVhfj;e dks gLrkarfjr gks tkrh gSA dkcZu osQ fy,]
f
1
 = 71.6%  vkSj   f

2
 = 28.4% gSA gkyakfd] O;ogkj esa] lh/k

la?kêð fojys gh gksus osQ dkj.k ;g la[;k dkiQh de gksrh gSA   ¶¶¶¶¶

;fn nksuksa ̄iMksa osQ vkjafHkd rFkk vafre osx ,d gh ljy
js[kk osQ vuqfn'k dk;Z djrs gSa rks ,sls la?kêð dks ,dfoeh; la?kêð
vFkok lh/k la?kêð dgrs gSaA NksVs xksyh; ̄iMksa osQ fy, ;g laHko
gS fd ¯iM 1 dh xfr dh fn'kk fojkekoLFkk esa j[ks ¯iM 2 osQ
osQUnz ls gksdj xqtjsA lkekU;r%] ;fn vkjafHkd osx rFkk vafre
osx ,d gh ry esa gksa rks la?kêð f}foeh; dgykrk gSA

5.11.3 f}foeh; la?kêð
fp=k 5.10 fLFkj nzO;eku m

2
 ls xfreku nzO;eku m

1
 dk la?kêð

dk fp=k.k djrk gSA bl izdkj osQ la?kêð esa js[kh; laosx lajf{kr
jgrk gSA pwafd laosx ,d lfn'k jkf'k gS] vr% ;g rhu fn'kkvksa
{x, y, z} osQ fy, rhu lehdj.k iznf'Zkr djrk gSA la?kêð osQ
i'pkr~ m

1
 rFkk m

2
 osQ vafre osx dh fn'kkvksa osQ vkèkkj ij

lery dk fuèkkZj.k dhft, vkSj eku yhft, fd ;g x-y lery
gSA js[kh; laosx osQ z- ?kVd dk laj{k.k ;g n'kkZrk gS fd laiw.kZ
la?kêð x-y lery esa gSA x-?kVd vkSj y-?kVd osQ lehdj.k
fuEu gSa %

m
1
v

1i
 = m

1
v

1f
 cos θ

1
 + m

2
 v

2f
 cos θ

2
    (5.28)

     0 = m
1
v

1f
 sin θ

1
 – m

2
v

2f
 sin θ

2
      (5.29)

vf/drj fLFkfr;ksa esa ;g ekuk tkrk gS fd {m
1
, m

2
, v

1i
}

Kkr gSA vr% la?kêð osQ i'pkr~] gesa pkj vKkr jkf'k;k¡
{v

1f
, v

2f
, θ

1 
vkSj θ

2
} izkIr gksrh gSa tcfd gekjs ikl ek=k nks

lehdj.k gSaA ;fn θ
1 
= θ

2 
=

 
0, ge iqu% ,dfoeh; la?kêð osQ

fy, lehdj.k (5-24) izkIr dj ysrs gSaA

vc ;fn la?kêð izR;kLFk gS rks]

2 2 2

1 1 1 1 2 2

1 1 1

2 2 2
i f fm v m v m v= + (5-30)

;g gesa lehdj.k (5-28) o (5-29) osQ vykok ,d vkSj
lehdj.k nsrk gS ysfdu vHkh Hkh gekjs ikl lHkh vKkr jkf'k;ksa
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dk irk yxkus osQ fy, ,d lehdj.k de gSA vr% iz'u dks
gy djus osQ fy,] pkj vKkr jkf'k;ksa esa ls de ls de ,d
vkSj jkf'k] eku yhft, θ

1
,
 
Kkr gksuh pkfg,A mnkgj.kkFkZ] dks.k

θ
1 
dk fu/kZj.k lalwpd dks dks.kh; jhfr esa x-v{k ls y-v{k

rd ?kqek dj fd;k tk ldrk gSA jkf'k;ksa {m
1
, m

2
, v

1i
, θ

1
}

osQ Kkr eku ls ge lehdj.k (5-28)&(5-30) dk iz;ksx djosQ
{v

1f
, v

2f
, θ

2
}
 
dk fu/kZj.k dj ldrs gSaA

••••• mnkgj.k 5-12 eku yhft, fd fp=k 5-10 esa fpf=kr
la?kêð fcfy;MZ dh leku nzO;eku (m

1
 = m

2
) okyh nks

xsanksa osQ eè; gqvk gS ftlesa izFke xsan D;w (M.Mk) dgykrh
gS vkSj f}rh; xasn ^y{;* dgykrh gSA f[kykM+h y{;
xsan dks θ

2 
= 37° osQ dks.k ij dksus esa yxh FkSyh esa fxjkuk

pkgrk gSA ;gk¡ eku yhft, fd la?kê ð izR;kLFk gS rFkk
?k"kZ.k vkSj ?kw.kZu xfr egÙoiw.kZ ugha gSa A dks.k θ

1 
Kkr

dhft,A

gy  pwafd nzO;eku leku gSa vr% laosx laj{k.k osQ fu;ekuqlkj]

  v
1i
 = v

1f 
+ v

2f

lehdj.k osQ nksuksa i{kksa dk oxZ djus ij izkIr gksrk gS

   ( ) ( )2
1 2 1 21iv = + ⋅ +v v v vf f f f

          
2 2

1 2 1 22 .f f f fv v= + + v v

( ){ }2 2
1 2 1 2 1 2 cos  37  f f f fv v v v θ= + + + ° (5.31)

pwafd la?kê ð izR;kLFk gS vkSj nzO;eku m
1
 = m

2
 gS] xfrt mQtkZ

osQ lja{k.k] lehdj.k (5-31) ls gesa izkIr gksrk gS

2 2 2
1 1 2  i f fv v v= + (5-32)

mijksDr nksuksa lehdj.kksa (5-31) vkSj (5-32) dh rqyuk djus
ij]

cos (θ
1
+ 37°) = 0

vr% θ
1
+ 37° = 90°

vFkok] θ
1
 = 53°

blls fl¼ gksrk gS fd tc leku nzO;eku osQ nks fiaM ftuesa
ls ,d fLFkj gS] i`"BlihZ izR;kLFk la?kê ð djrs gSa rks
la?kê ð osQ i'pkr~] nksuksa ,d&nwljs ls ledks.k cukrs gq,
xfr djsaxsA ¶¶¶¶¶

;fn ge fpdus i`"B okys xksyh; nzO;ekuksa ij fopkj djsa
vkSj eku ysa fd la?kê ð rHkh gksrk gS tc ̄iM ,d nwljs dks Li'kZ
djs rks fo"k; vR;ar ljy gks tkrk gSA ekjcy] oSQje rFkk
fcfy;kMZ osQ [ksy esa Bhd ,slk gh gksrk gSA

gekjs nSfud thou esa la?kê ð rHkh gksrk gS tc nks oLrq,¡
,d nwljs dks Li'kZ djsaA ysfdu fopkj dhft, fd dksbZ /weosQrq
nwjLFk LFkku ls lw;Z dh vksj vk jgk gS vFkok vYiQk d.k fdlh
ukfHkd dh vksj vkrk gqvk fdlh fn'kk esa pyk tkrk gSA ;gk¡
ij gekjh nwjh ij dk;Zjr cyksa ls lkeuk gksrk gSA bl izdkj
dh ?kVuk dks izdh.kZu dgrs gSaA ftl osx rFkk fn'kkvksa esa nksuksa
d.k xfreku gksaxs og muosQ vkjafHkd osx] muosQ nzO;eku] vkdkj
rFkk vkeki rFkk muosQ chp gksus okyh vU;ksU; fØ;k osQ izdkj
ij fuHkZj gSA

lkjka'k

1- dk;Z&mQtkZ izes; osQ vuqlkj] fdlh fiaM dh xfrt mQtkZ esa ifjorZu ml ij vkjksfir oqQy cy }kjk fd;k x;k
dk;Z gS A

K
f
 - K

i
 = W

net

2- dksbZ cy laj{kh dgykrk gS ;fn (i) mlosQ }kjk fdlh fiaM ij fd;k x;k dk;Z iFk ij fuHkZj u djosQ osQoy fljs

osQ ¯cnqvksa {x
i 
, x

j
} ij fuHkZj djrk gS] vFkok (ii) cy }kjk fd;k x;k dk;Z 'kwU; gksrk gS] tc fiaM osQ fy, tks LosPNk

ls fdlh ,sls can iFk esa Lor% viuh izkjafHkd fLFkfr ij okil vk tkrk gSA

3- ,dfoeh; laj{kh cy osQ fy, ge fLFkfrt mQtkZ iQyu V(x) dks bl izdkj ifjHkkf"kr ldrs gSa

= V x
F x

x

d ( )
( )  –

d
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vFkok] V V F x xi s

x

x

i

f

− = ∫ ( )d

4- ;kaf=kd mQtkZ&laj{k.k osQ fl¼kar osQ vuqlkj] ;fn fdlh fiaM ij dk;Zjr cy laj{kh gSa rks fiaM dh oqqQy ;akf=kd mQtkZ
vpj jgrh gSaA

5- m nzO;eku osQ fdlh d.k dh i`Foh dh lrg ls x Å¡pkbZ ij  xq#Roh; fLFkfrt mQtkZ V(x) = m g x gksrh gS] tgk¡
Å¡pkbZ osQ lkFk g osQ eku esa ifjorZu mis{k.kh; gSA

6- k cy&fu;rkad okys fLizax] ftlesa f[akpko x gS] dh izR;kLFk fLFkfrt mQtkZ gksrh gS %

=V x k x   
2

( ) 21

7- nks lfn'kksa osQ vfn'k vFkok fcanq xq.kuiQy dks ge A.B fy[krs gSa (bls A MkWV B osQ :i esa i<+rs gSa)A.B ,d vfn'k
jkf'k gS ftldk eku AB cosθ gksrk gSA θ lfn'kkas A o B osQ chp dk dks.k gSA A.B dk eku pwafd θ ij fuHkZj djrk
gS blfy, ;g /ukRed] =k`.kkRed vFkok 'kqU; gks ldrk gSA nks lfn'kksa osQ vfn'k xq.kuiQy dh O;k[;k ,d lfn'k
osQ ifjek.k rFkk nwljs lfn'k osQ igys ?kVd osQ vuqfn'k ?kVd osQ xq.kuiQy osQ :i esa Hkh dj ldrs gSaA ,dkad lfn'kksa

ˆ ˆi, j  o k̂ osQ fy, gesa fuEufyf[kr rF; ;kn j[kus pkfg, %

    �ˆ ˆ ˆ ˆ ˆi . i = j .j = k .k =1

rFkk  ˆ ˆ ˆ ˆ ˆ ˆi . j = j . k = k .i = 0

vfn'k xq.kuiQy Øe&fofues; rFkk forj.k fu;eksa dk ikyu djrs gSaA

HkkSfrd jkf'k izrhd foek ek=kd fVIi.kh

dk;Z W [M L2 T–2] J W = F.d

xfrt mQtkZ K [M L2 T–2] J K = 
2

1
 mv 2

fLFkfrt mQtkZ V(x) [M L2 T–2] J F(x) = – 
x

V(x)

d

d

;kaf=kd mQtkZ E [M L2 T–2] J E = K + V

fLizax fu;rkad k [M T–2] N m–1 F = –k x

V(x) = 2

1
k x2

'kfDr P [M L2 T–3] W P = F.v

t

W
P

d

d=
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  fopkj.kh; fo"k;

1. okD;ka'k ¶fd, x, dk;Z dk ifjdyu dhft,¸ v/wjk gSA gesa fo'ks"k cy ;k cyksa osQ lewg }kjk fdlh fiaM dk fuf'pr
foLFkkiu djus esa fd, x, dk;Z dk Li"V mYys[k djuk pkfg, (vFkok lanHkZ nsrs gq, Li"Vr;k bafxr djuk pkfg,)A

2. fd;k x;k dk;Z ,d vfn'k jkf'k gSA ;g HkkSfrd jkf'k /ukRed ;k Í.kkRed gks ldrh gS] tcfd nzO;eku vkSj xfrt
mQtkZ /ukRed vfn'k jkf'k;k¡ gSaA fdlh fiaM ij ?k"kZ.k ;k ';ku cy }kjk fd;k x;k dk;Z Í.kkRed gksrk gSA

3. U;wVu osQ r`rh; fu;ekuqlkj] fdUgha nks fiaMksa osQ eè; ijLij ,d&nwljs ij vkjksfir cyksa dk ;ksx 'kwU; gksrk gS A

F
12

 + F
21

 = 0

ijarq nks cyksa }kjk fd, x, dk;Z dk ;ksx lnSo 'kwU; ugha gksrk gS] vFkkZr~

W
12

 + W
21

 ≠ 0

rFkkfi] dHkh&dHkh ;g lR; Hkh gks ldrk gS A

4. dHkh&dHkh fdlh cy }kjk fd, x, dk;Z dh x.kuk rc Hkh dh tk ldrh gS tcfd cy dh Bhd&Bhd izo`Qfr dk
Kku u Hkh gksA mnkgj.k 5-2 ls ;g Li"V gS] tgk¡ dk;Z&mQtkZ izes; dk ,slh fLFkfr esa iz;ksx fd;k x;k gS A

5. dk;Z&mQtkZ izes; U;wVu osQ f}rh; fu;e ls LorU=k ugha gSA dk;Z&mQtkZ izes; dks U;wVu osQ f}rh; fu;e osQ vfn'k :i
esa ns[kk tk ldrk gSA ;kaf=kd mQtkZ osQ laj{k.k osQ fl¼kar dks] laj{kh cyksa osQ fy, dk;Z&mQtkZ izes; osQ ,d egÙoiw.kZ
ifj.kke osQ :i esa le>k tk ldrk gSA

6. dk;Z&mQtkZ izes; lHkh tM+Roh; izsQeksa esa ykxw gksrh gSA bls vtM+Roh; izsQeksa esa Hkh ykxw fd;k tk ldrk gS ;fn fopkj.kh;
fiaM ij vkjksfir oqQy cyksa osQ ifjdyu esa Nn~e cy osQ izHkko dks Hkh lfEefyr dj fy;k tk,A

7. laj{kh cyksa osQ v/hu fdlh fiaM dh fLFkfrt mQtkZ ges'kk fdlh fu;rkad rd vfuf'pr jgrh gSA mnkgj.kkFkZ] fdlh fiaM
dh fLFkfrt mQtkZ  fdl ¯cnq ij 'kwU; ysuh gS] ;g osQoy LosPNk ls p;u fd, x, ¯cnq ij fuHkZj djrk gSA tSls xq#Roh;
fLFkfrt mQtkZ m g h dh fLFkfr esa fLFkfrt mQtkZ osQ fy, 'kwU; ̄ cnq i`Foh osQ i`"B ij fy;k x;k gSA fLizax osQ fy, ftldh

mQtkZ 
1

2

2
 k x  gS] fLFkfrt mQtkZ osQ fy, 'kwU; ¯cnq] nksyk;eku nzO;eku dh ekè; fLFkfr ij fy;k x;k gS A

8. ;kaf=kdh esa izR;sd cy fLFkfrt mQtkZ ls lac¼ ugha gksrk gSA mnkgj.kkFkZ] ?k"kZ.k cy }kjk fdlh can iFk esa fd;k x;k
dk;Z 'kwU; ugha gS vkSj u gh ?k"kZ.k ls fLFkfrt mQtkZ dks lac¼ fd;k tk ldrk gSA

9. fdlh la?kê ð osQ nkSjku (a) la?kê ð osQ izR;sd {k.k esa fiaM dk oqQy js[kh; laosx lajf{kr jgrk gS] (b) xfrt mQtkZ laj{k.k
(pkgs la?kê ð izR;kLFk gh gks) la?kê ð dh lekfIr osQ i'pkr~ gh ykxw gksrk gS vkSj la?kê ð osQ izR;sd {k.k osQ fy, ykxw
ugha gksrk gSA okLro esa] la?kê ð djus okys nksuksa fiaM foo`Qr gks tkrs gSa vkSj {k.k Hkj osQ fy, ,d nwljs osQ lkis{k fojkekoLFkk
esa vk tkrs gSaA
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fp=k 5.11

vH;kl

5.1 fdlh oLrq ij fdlh cy }kjk fd, x, dk;Z dk fpÉ le>uk
egÙoiw.kZ gSA lko/kuhiwoZd crkb, fd fuEufyf[kr jkf'k;k¡
/ukRed gSa ;k Í.kkRed %

(a) fdlh O;fDr }kjk fdlh oqQ,¡ esa ls jLlh ls c¡/h ckYVh
dks jLlh }kjk ckgj fudkyus esa fd;k x;k dk;Z A

(b) mi;qZDr fLFkfr esa xq#Roh; cy }kjk fd;k x;k dk;ZA

(c) fdlh vkur ry ij fiQlyrh gqbZ fdlh oLrq ij ?k"kZ.k
}kjk fd;k x;k dk;ZA

(d) fdlh [kqjnjs {kSfrt ry ij ,dleku osx ls xfreku fdlh
oLrq ij yxk, x, cy }kjk fd;k x;k dk;Z A

(e) fdlh nksyk;eku yksyd dks fojkekoLFkk esa ykus osQ fy,
ok;q osQ izfrjks/h cy }kjk fd;k x;k dk;ZA

5.2 2 kg nzO;eku dh dksbZ oLrq tks vkjaHk esa fojkekoLFkk esa gS] 7 N

osQ fdlh {kSfrt cy osQ izHkko ls ,d est ij xfr djrh gSA est
dk xfrt&?k"kZ.k xq.kkad 0-1 gSA fuEufyf[kr dk ifjdyu dhft,
vkSj vius ifj.kkeksa dh O;k[;k dhft, A

(a) yxk, x, cy }kjk 10 s esa fd;k x;k dk;ZA

(b) ?k"kZ.k }kjk 10 s esa fd;k x;k dk;ZA

(c) oLrq ij oqQy cy }kjk 10 s esa fd;k x;k dk;Z A

(d) oLrq dh xfrt mQtkZ esa 10 s esa ifjorZuA

5.3 fp=k 5.11 esa oqQN ,dfoeh; fLFkfrt mQtkZ&iQyuksa osQ mnkgj.k
fn, x, gSaA d.k dh oqQy mQtkZ dksfV&v{k ij ØWkl }kjk funsZf'kr
dh xbZ gSA izR;sd fLFkfr esa] dksbZ ,sls {ks=k crkb,] ;fn dksbZ gSa
rks] ftuesa nh xbZ mQtkZ osQ fy,] d.k dks ugha ik;k tk ldrkA
blosQ vfrfjDr] d.k dh oqQy U;wure mQtkZ Hkh funsZf'kr dhft,A
oqQN ,sls HkkSfrd lanHkksZ osQ fo"k; esa lksfp, ftuosQ fy, ;s fLFkfrt
mQtkZ vko`Qfr;k¡ izklafxd gksaA
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5.4 js[kh; ljy vkorZ xfr dj jgs fdlh d.k dk fLFkfrt mQtkZ iQyu
V(x) = kx2/2 gS] tgka k nksyoQ dk cy fu;rkaoQ gS A k = 0.5

N m–1 osQ fy, V(x) o x osQ eè; xzkIkQ fp=k 5.12 eas fn[kk;k x;k
gSA ;g fn[kkb, fd bl foHko osQ varxZr xfreku oqQy 1J mQtkZ
okys d.k dks vo'; gh ^okfil vkuk* pkfg, tc ;g x = ± 2 m

ij igqaprk gSA

5.5 fuEufyf[kr dk mÙkj nhft,%
(a) fdlh jkosQV dk cká vkoj.k mM+ku osQ nkSjku ?k"kZ.k osQ dkj.k ty tkrk gSA tyus osQ fy, vko';d Å"eh;

ÅtkZ fdlosQ O;; ij izkIr dh xbZ&&jkosQV ;k okrkoj.k \
(b) /weosQrq lw;Z osQ pkjksa vksj cgqr gh nh?kZo`Ùkh; d{kkvksa eas ?kwers gSaA lk/kj.kr;k /weosQrq ij lw;Z dk xq#Roh; cy

èkweosQrq osQ yacor~ ugha gksrk gSA fiQj Hkh èkweosQrq dh laiw.kZ d{kk esa xq#Roh; cy }kjk fd;k x;k dk;Z 'kwU;
gksrk gSA D;ksa \

(c) i`Foh osQ pkjksa vksj cgqr gh {kh.k ok;qe.My eas ?kwers gq,
fdlh o`Qf=ke mixzg dh ÅtkZ /hjs&/hjs ok;qe.Myh;
izfrjks/ (pkgs ;g fdruk gh de D;ksa u gks) osQ fo#¼
{k; osQ dkj.k de gksrh tkrh gS fiQj Hkh tSls&tSls o`Qf=ke
mixzg i`Foh osQ lehi vkrk gS rks mldh pky eas yxkrkj
o`f¼ D;ksa gksrh gS \

(d) fp=k 5.13(i) eas ,d O;fDr vius gkFkksa eas 15kg  dk
dksbZ nzO;eku ysdj 2 m  pyrk gSA fp=k 5.13(ii) eas
og mruh gh nwjh vius ihNs jLlh dks [khaprs gq, pyrk
gSA jLlh f?kjuh ij p<+h gqbZ gS vkSj mlosQ nwljs fljs ij
15 kg dk nzO;eku yVdk gqvk gS A ifjdyu dhft,
fd fdl fLFkfr eas fd;k x;k dk;Z vf/d gS \

5.6 lgh fodYi dks js[kkafdr dhft, %
(a) tc dksbZ laj{kh cy fdlh oLrq ij /ukRed dk;Z djrk gS rks oLrq dh fLFkfrt ÅtkZ c<+rh gS@?kVrh gS@vifjorhZ

jgrh gSA
(b) fdlh oLrq }kjk ?k"kZ.k osQ fo#¼ fd, x, dk;Z dk ifj.kke ges'kk bldh xfrt@fLFkfrt ÅtkZ eas {k; gksrk gSA
(c) fdlh cgqd.k fudk; osQ oqQy laosx&ifjorZu dh nj fudk; osQ cká cy@vkarfjd cyksa osQ tksM+ osQ vuqØekuqikrh

gksrh gSA

(d) fdUgha nks fiaMksa osQ vizR;kLFk la?kê ð eas os jkf'k;k¡] tks la?kê ð osQ ckn ugha cnyrh gSa; fudk; dh oqQy xfrt ÅtkZ@oqQy
js[kh; laosx@oqQy ÅtkZ gSaA

5.7 crykb, fd fuEufyf[kr dFku lR; gSa ;k vlR;A vius mRrj osQ fy, dkj.k Hkh nhft,A
(a) fdUgha nks fiaMksa osQ izR;kLFk la?kê ð esa] izR;sd fiaM dk laosx o ÅtkZ lajf{kr jgrh gSA
(b) fdlh fiaM ij pkgs dksbZ Hkh vkarfjd o cká cy D;ksa u yx jgk gks] fudk; dh oqQy ÅtkZ loZnk lajf{kr

jgrh gSA
(c) izo`Qfr eas izR;sd cy osQ fy, fdlh can ywi eas] fdlh fiaM dh xfr eas fd;k x;k dk;Z 'kwU; gksrk gSA
(d) fdlh vizR;kLFk la?kê ð eas] fdlh fudk; dh vafre xfrt ÅtkZ] vkjafHkd xfrt ÅtkZ ls ges'kk de gksrh gS A

5.8 fuEufyf[kr dk mRrj è;kuiwoZd] dkj.k lfgr nhft, %
(a) fdUgha nks fcfy;MZ&xsanksa osQ izR;kLFk la?kê ð eas] D;k xsanksa osQ la?kê ð dh vYikof/ eas (tc os laioZQ esa gksrh gSa)

oqQy xfrt ÅtkZ lajf{kr jgrh gS\

(b) nks xsanksa osQ fdlh izR;kLFk la?kê ð dh y?kq vof/ esa D;k oqQy js[kh; laosx lajf{kr jgrk gS\

(c) fdlh vizR;kLFk la?kê ð osQ fy, iz'u (a) o (b) osQ fy, vkiosQ mÙkj D;k gSa\

fp=k 5.12

fp=k 5.13
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(d) ;fn nks fcfy;MZ&xsanksa dh fLFkfrt ÅtkZ  osQoy muosQ osQanzksa osQ eè;] i`FkDdj.k&nwjh ij fuHkZj djrh gS rks la?kê ð
izR;kLFk gksxk ;k vizR;kLFk \ (è;ku nhft, fd ;gk¡ ge la?kê ð osQ nkSjku cy osQ laxr fLFkfrt ÅtkZ dh ckr
dj jgs gSa] uk fd xq#Roh; fLFkfrt ÅtkZ dh)

5.9 dksbZ ¯iM tks fojkekoLFkk eas gS] vpj Roj.k ls ,dfoeh; xfr djrk gSA bldks fdlh t  le; ij nh xbZ 'kfDr
vuqØekuqikrh gS

(i) 2/1t      (ii) t     (iii) 2/3t      (iv) t 2

5.10 ,d ¯iM vpj 'kfDr osQ lzksr osQ izHkko esa ,d gh fn'kk eas xfreku gSA bldk t le; eas foLFkkiu]
vuqØekuqikrh gS

(i) t1/2     (ii) t     (iii) 2/3t      (iv) t2

5.11 fdlh ¯iM ij fu;r cy yxkdj mls fdlh funsZ'kkad iz.kkyh osQ vuqlkj z - v{k osQ vuqfn'k xfr djus osQ fy, ckè;
fd;k x;k gS tks bl izdkj gS

F = (– k̂  + 2 l̂  + 3 m̂ ) N

tgka k̂ , l̂ , m̂  Øe'k% x-, y- ,oa z- v{k osQ vuqfn'k ,dkad lfn'k gSaA bl oLrq dks z-v{k osQ vuqfn'k 4 m dh

nwjh rd xfr djkus osQ fy, vkjksfir cy }kjk fd;k x;k dk;Z fdruk gksxk \

5.12 fdlh varfj{k fdj.k iz;ksx eas ,d bysDVªkWu vkSj ,d izksVkWu dk lalwpu gksrk gS ftleas igys d.k dh xfrt ÅtkZ
10 keV gS vkSj nwljs d.k dh xfrt ÅtkZ 100 keV gSA bueas dkSu&lk rhozxkeh gS] bysDVªkWu ;k izksVkWu \ budh pkyksa
dk vuqikr Kkr dhft,A (bysDVªkWu dk nzO;eku = 9.11× 10–31 kg, izksVkWu dk nzO;eku = 1.67 × 10–27 kg, l eV

= 1.60 × 10–19J)

5.13 2 mm f=kT;k dh o"kkZ dh dksbZ cwan 500 m dh maQpkbZ ls i`Foh ij fxjrh gSA ;g viuh vkjafHkd maQpkbZ  osQ vk/s
fgLls rd (ok;q osQ ';ku izfrjks/ osQ dkj.k) ?kVrs Roj.k osQ lkFk fxjrh gS vkSj viuh vf/dre (lhekUr) pky
izkIr dj ysrh gS] vkSj mlosQ ckn ,dleku pky ls xfr djrh gSA o"kkZ dh cawn ij mldh ;k=kk osQ igys o nwljs
v/Z Hkkxksa esa xq#Roh; cy }kjk fd;k x;k dk;Z fdruk gksxk \ ;fn cwan dh pky i`Foh rd igqapus ij 10 m s–1

gks rks laiw.kZ ;k=kk esa izfrjks/h cy }kjk fd;k x;k dk;Z fdruk gksxk \

5.14 fdlh xSl&ik=k eas dksbZ v.kq 200 m s–1 dh pky ls vfHkyac osQ lkFk 30°  dk dks.k cukrk gqvk {kSfrt nhokj ls
Vdjkdj iqu% mlh pky ls okil YkkSV tkrk gSA D;k bl la?kê ð eas laosx lajf{kr gS\ ;g la?kê ð izR;kLFk gS ;k vIkzR;kLFk \

5.15 fdlh Hkou osQ Hkwry ij yxk dksbZ iai 30 m3 vk;ru dh ikuh dh Vadh dks 15 feuV esa Hkj nsrk gSA ;fn Vadh i`Foh
ry ls 40 m Åij gks vkSj iai dh n{krk 30% gks rks iai }kjk fdruh fo|qr 'kfDr dk mi;ksx fd;k x;k \

5.16 nks le:ih ckWy&fc;fjax ,d&nwljs osQ laioZQ eas gSa vkSj fdlh ?k"kZ.kjfgr est ij fojkekoLFkk eas gSaA buosQ lkFk leku
nzO;eku dk dksbZ nwljk ckWy&fc;fjax] tks vkjaHk eas V pky ls xfreku gS] lEeq[k la?kê ð djrk gSA ;fn la?kê ð izR;kLFk
gS rks la?kê ð osQ i'pkr~ fuEufyf[kr (fp=k 5-14) eas ls dkSu&lk ifj.kke laHko gS\

fp=k 5.14
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5.17 fdlh yksyd osQ xksyd A dks] tks ÅèokZ/j ls 30° dk dks.k cukrk gS] NksM+s tkus
ij est ij] fojkekoLFkk eas  j[ks nwljs xksyd B ls Vdjkrk gS tSlk fd fp=k 5.15

eas iznf'kZr gSA Kkr dhft, fd la?kê ð osQ i'pkr~ xksyd A fdruk maQpk mBrk gS\
xksydksa osQ vkdkjksa dh mis{kk dhft, vkSj eku yhft, fd la?kê ð izR;kLFk gSA

5.18 fdlh yksyd osQ xksyd dks {kSfrt voLFkk ls NksM+k x;k gSA ;fn yksyd dh yackbZ
1.5 m  gS rks fuEure ¯cnq ij vkus ij xksyd dh pky D;k gksxh\ ;g fn;k x;k
gS fd  bldh vkjafHkd ÅtkZ dk 5% va'k ok;q izfrjks/ osQ fo#¼ {k; gks
tkrk gSA

5.19 300 kg nzO;eku dh dksbZ VªkWyh] 25 kg jsr dk cksjk fy, gq, fdlh ?k"kZ.kjfgr
iFk ij 27 km h–1 dh ,dleku pky ls xfreku gSA oqQN le; i'pkr~ cksjs esa
fdlh fNnz ls jsr 0.05 kg s–1 dh nj ls fudydj Vªkyh osQ iQ'kZ ij fjlus yxrh
gSA jsr dk cksjk [kkyh gksus osQ i'pkr VªkWyh dh pky D;k gksxh \

5.20 0-5 kg nzO;eku dk ,d d.k v =a x
3/2  osx ls ljy js[kh; xfr djrk gS tgka a = 5 1/2 1

m s
− −  gS A  x = 0 ls

x = 2 m  rd blosQ foLFkkiu esa oqQy cy }kjk fd;k x;k dk;Z fdruk gksxk \

5.21 fdlh ioupDdh osQ CysM] {ks=kiQy A osQ o`Rr ftruk {ks=kiQy izliZ djrs gSaA (a) ;fn gok v osx ls o`Rr osQ yacor~
fn'kk eas cgrh gS rks t le; eas blls xqtjus okyh ok;q dk nzO;eku D;k gksxk \ (b)  ok;q dh xfrt ÅtkZ D;k gksxh \
(c) eku yhft, fd ioupDdh gok dh 25% ÅtkZ dks fo|qr ÅtkZ eas :ikUrfjr dj nsrh gSA ;fn A = 30 m2, vkSj
v = 36 km h–1 vkSj ok;q dk ?kUkRo 1.2 kg m–3 gS rks mRiUu fo|qr 'kfDr dk ifjdyu dhft,A

5-22 dksbZ O;fDr otu de djus osQ fy, 10 kg nzO;eku dks 0.5 m  dh ÅapkbZ rd 1000 ckj mBkrk gSA eku yhft,
fd IkzR;sd ckj nzO;eku dks uhps ykus eas [kksbZ gqbZ ÅtkZ {kf;r gks tkrh gSA   (a) og xq#Rokd"kZ.k cy osQ fo#¼ fdruk
dk;Z djrk gS \ (b) ;fn olk 3.8 × 107 J ÅtkZ izfr fdyksxzke vkiwfrZ djrk gks tks fd 20% n{krk dh nj ls ;kaf=kd
ÅtkZ eas ifjofrZr gks tkrh gS rks og fdruh olk [kpZ dj Mkysxk\

5-23 dksbZ ifjokj 8 kW fo|qr&'kfDr dk miHkksx djrk gSA (a) fdlh {kSfrt lrg ij lh/s vkifrr gksus okyh lkSj ÅtkZ
dh vkSlr nj 200 W m–2 gSA ;fn bl ÅtkZ dk 20% Hkkx ykHknk;d fo|qr ÅtkZ esa :ikUrfjr fd;k tk ldrk
gS rks 8 kW dh fo|qr vkiwfrZ osQ fy, fdrus {ks=kiQy dh vko';drk gksxh \ (b) bl {ks=kiQy dh rqyuk fdlh fof'k"V
Hkou dh Nr osQ {ks=kiQy ls dhft,A

fp=k 5.15
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vè;k; 6

d.kksa osQ fudk; rFkk ?kw.khZ xfr

6.1 Hkwfedk

fiNys vè;k;ksa esa geus eq[; :i ls vkn'kZ fcUnq d.k (,d d.k
ftls nzO;eku ;qDr fcUnq osQ :i esa O;Dr fd;k tk, rFkk bldk
dksbZ vkdkj ugha gks) dh xfr dk vè;;u fd;k FkkA fiQj] ;g ekurs
gq, fd ifjfer vkdkj osQ fi.Mksa dh xfr dks fcUnq d.k dh xfr
osQ inksa esa O;Dr fd;k tk ldrk gS] geus ml vè;;u osQ ifj.kkeksa
dks ifjfer vkdkj osQ fi.Mksa ij Hkh ykxw dj fn;k FkkA

nSfud thou esa ftrus fi.M gekjs laioZQ esa vkrs gSa os lHkh
ifjfer vkdkj osQ gksrs gSaA ,d foLr`r fi.M (ifjfer vkdkj osQ
fi.M) dh xfr dks iwjs rkSj ij le>us osQ fy, vkerkSj ij mldk
fcUnqor~ vkn'kZ vi;kZIr jgrk gSA bl vè;k; esa ge bl izfrca/ osQ
ijs tkus dh ps"Vk djssaxs vkSj foLr`r] ij ifjfer fi.Mksa dh xfr dks
le>us dk iz;kl djsaxsA ,d foLr`r fi.M izFker;k d.kksa dk ,d
fudk; gSA vr% ge viuk foospu ,d fudk; dh xfr ls gh 'kq:
djuk pkgsaxsA ;gk¡ d.kksa osQ fudk; dk nzO;eku osQUnz ,d eq[; vo/
kj.kk gksxhA ge d.kksa osQ fudk; osQ nzO;eku osQUnz dh xfr dk o.kZu
djsaxs vkSj fiQj] ifjfer vkdkj osQ fi.Mksa dh xfr dks le>us esa bl
vo/kj.kk dh mi;ksfxrk crk;saxsA

cM+s fi.Mksa ls tqM+h cgqr lh leL;k,a mudks n`<+ fi.M ekudj
gy dh tk ldrh gSaA vkn'kZ n`<+ fi.M ,d ,slk fi.M gS ftldh
,d lqfuf'pr vkSj vifjorZuh; vko`Qfr gksrh gSA bl izdkj osQ Bksl
osQ lHkh d.k ;qXeksa osQ chp dh nwfj;k¡ ifjo£rr ugha gksrhA n`<+ fi.M
dh bl ifjHkk"kk ls ;g Li"V gS fd dksbZ Hkh okLrfod fi.M iwjh
rjg n`<+ ugha gksrk] D;ksafd lHkh O;kogkfjd fi.M cyksa osQ izHkko ls
foo`Qr gks tkrs gSaA ijUrq ,slh cgqr lh fLFkfr;k¡ gksrh gSa ftuesa
foòQfr;k¡ ux.; gksrh gSaA vr% dbZ izdkj dh fLFkfr;ksa esa ;Fkk ifg;s]
yV~Vw] LVhy osQ 'kgrhj vkSj ;gk¡ rd fd v.kq] xzg tSls fi.Mksa dh
xfr dk vè;;u djrs le;] ge è;ku u nsaxs fd muesa foòQfr vkrh
gS] os eqM+rs gSa ;k dEiu djrs gSaA ge mUgsa n`<+ fi.M eku dj mudh
xfr dk vè;;u djasxsA

6.1 Hkwfedk

6.2 nzO;eku osQUnz

6.3 nzO;eku osQUnz dh xfr

6.4 d.kksa osQ fudk; dk js[kh; laosx

6.5 nks lfn'kksa dk lfn'k xq.kuiQy

6.6 dks.kh; osx vkSj bldk js[kh;

osx ls laca/

6.7 cy vk?kw.kZ ,oa dks.kh; laosx

6.8 n`<+ ¯iMksa dk larqyu

6.9 tM+Ro vk?kw.kZ

6.10 vpy v{k osQ ifjr% 'kq¼ ?kw.khZ
xfrdh

6.11 vpy v{k osQ ifjr% ?kw.khZ xfrdh

6.12 vpy v{k osQ ifjr% ?kw.khZ xfr dk
dks.kh; laosx

lkjka'k

fopkj.kh; fo"k;

vH;kl
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95d.kksa osQ fudk; rFkk ?kw.khZ xfr

6.1.1 ,d n`<+ fi.M esa fdl izdkj dh xfr;k¡ gks
ldrh gSa\

vkb;s] ǹ<+ fi.Mksa dh xfr osQ oqQN mnkgj.kksa ls bl iz'u dk mÙkj
<wa<+us dh dksf'k'k djsaA izFke ,d vk;rkdkj CykWd ij fopkj djsa
tks ,d ur ry ij lh/k (fcuk b/j&m/j gVs) uhps dh vksj
fiQly jgk gSA CykWd ,d ǹ<+ fi.M fy;k gSA ur ry ij uhps
dh vksj bldh xfr ,slh gS fd blosQ lHkh d.k lkFk&lkFk py
jgs gSa] vFkkZr~ fdlh {k.k lHkh d.k leku osx ls pyrs gSa
(fp=k 6.1)A ;gk¡ ;g ǹ<+ fiaM 'kq¼ LFkkukarj.k xfr esa gSA

'kq¼ LFkkukarj.k xfr esa fdlh {k.k fo'ks"k ij fi.M dk
izR;sd d.k leku osx ls pyrk gSA

fp=k 6.2 ur ry ij uhps dh vksj yq<+drk fl¯yMj (csyu)A   ;g
'kq¼ LFkkukarj.k xfr ugha gSA fdlh {k.k ij fcUnq P

1
, P

2
,

P
3
 ,oa  P

4
 osQ vyx&vyx osx gSa (tSlk fd rhj n'kkZrs

gSa)A okLro esa lEioZQ fcUnq P
3
 dk osx fdlh Hkh {k.k 'kwU;

gS ;fn csyu fcuk fiQlys gq, yq<+drk gSA

vkb;s] vc mlh ur ry ij uhps dh vksj yq<+drs gq,
,d /krq ;k ydM+h osQ csyu dh xfr ij fopkj djrs gSa  (fp=k
6.2)A ;g n`<+ fi.M (csyu) ur ry osQ 'kh"kZ ls mldh ryh
rd LFkkukarfjr gksrk gS] vr% blesa LFkkukarj.k xfr izrhr gksrh
gSA ysfdu fp=k 6.2 ;g Hkh n'kkZrk gS fd blosQ lHkh d.k {k.k
fo'ks"k ij ,d gh osx ls ugha py jgs gSaA vr% fi.M 'kq¼
LFkkukarj.k xfr esa ugha gSA vr% bldh xfr LFkkukarjh; gksus osQ
lkFk&lkFk ^oqQN vkSj vyx* Hkh gSA

;g ^oqQN vkSj vyx* Hkh D;k gS\ ;g le>us osQ fy,]
vkb;s] ge ,d ,slk n`<+ ¯iM ysa ftldks bl izdkj O;o#¼
dj fn;k x;k gS fd ;g LFkkukarj.k xfr u dj losQA fdlh
n`<+ fi.M dh LFkkukarj.k xfr dks fu#¼ djus dh loZ lkekU;
fof/ ;g gS fd mls ,d ljy js[kk osQ vuqfn'k fLFkj dj
fn;k tk,A rc bl n`<+ fi.M dh ,dek=k laHkkfor xfr ?kw.khZ
xfr gksxhA og ljy js[kk ftlosQ vuqfn'k bl n`<+ fi.M dks
fLFkj cuk;k x;k gS bldh ?kw.kZu&v{k dgykrh gSA ;fn vki
vius pkjksa vksj ns[ksa rks vkidks Nr dk ia[kk] oqQEgkj dk pkd
(fp=k 6.3(a) ,oa (b))] fo'kky pØh&>wyk (tkW;UV Oghy)]
esjh&xks&jkm.M tSls vusd ,sls mnkgj.k fey tk;saxs tgk¡
fdlh v{k osQ ifjr% ?kw.kZu gks jgk gksA

Fig 6.1 ur&ry ij ,d CykWd dh v/kseq[kh LFkkukarj.k (fiQlyu)
xfr (CykWd dk izR;sd ̄cnq ;Fkk P

1
, P

2
.... fdlh Hkh {k.k

leku xfr esa gSa)

fp=k 6.3 ,d fLFkj v{k osQ ifjr% ?kw.kZu
(a) Nr dk ia[kk
(b) oqQEgkj dk pkd

(b)

(a)
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96 HkkSfrdh

LFkku ij LFkkukarfjr ugha gksrk vkSj blfy, blesa LFkkukarj.k
xfr ugha gSA)  vius vuqHko osQ vk/kj ij ge ;g tkurs gSa fd
bl izdkj ?kwers yV~Vw dh v{k] Hkwfe ij blosQ lEioZQ&fcUnq
ls xqtjrs vfHkyEc osQ ifjr% ,d 'kaoqQ cukrh gS tSlk fd fp=k
6.5(a) esa n'kkZ;k x;k gSA  (ÅèokZ/j osQ ifjr% yV~Vw dh v{k
dk bl izdkj ?kweuk iqjLlj.k dgykrk gS )A  è;ku nsa fd yV~Vw
dk og fcUnq tgk¡ ;g /jkry dks Nwrk gS] fLFkj gSA fdlh Hkh
{k.k] yV~Vw dh ?kw.kZu&v{k] blosQ lEioZQ fcUnq ls xqtjrh gSA
bl izdkj dh ?kw.kZu xfr dk nwljk ljy mnkgj.k ?kweus okyk
est dk ia[kk ;k ihfBdk&ia[kk gSA vkius ns[kk gksxk fd bl
izdkj osQ ia[ks dh v{k] {kSfrt ry esa] nksyu xfr (bèkj ls m/
j ?kweus dh) djrh gS vkSj ;g xfr ÅèokZ/j js[kk osQ ifjr%
gksrh gS tks ml fcUnq ls xqtjrh gS ftl ij v{k dh /qjh fVdh
gksrh gS  (fp=k 6.5(b) esa fcUnq O)A

fp=k 6.5 (a) ?kwerk gqvk yV~Vw
(bldh fVi  O dk /jkry ij lEioZQ fcUnq fLFkj gS)

fp=k 6.5 (b) nksyu djrk gqvk est dk ia[kk ftldh ia[kqfM+;k¡
?kw.kZu xfr esa gSaA (ia[ks dh /qjh] fcUnq O, fLFkj gS )

vkb;s] vc ge ;g le>us dh ps"Vk djsa fd ?kw.kZu D;k
gS] vkSj blosQ D;k vfHky{k.k gSa\ vki ns[k ldrs gSa fd ,d
n`<+ fi.M osQ ,d fLFkj v{k osQ ifjr% ?kw.kZu esa] fi.M dk gj
d.k ,d o`Ùk esa ?kwerk gSA ;g o`Ùk v{k osQ yEcor~ ry esa gS
vkSj budk osQUnz v{k ij vofLFkr gSA fp=k 6.4 esa ,d

fLFkj v{k (funsZ'k izsQe dh z-v{k) osQ ifjr% fdlh ǹ<+ fi.M
dh ?kw.kZu xfr n'kkZ;h gSA ge v{k ls r

1
 nwjh ij fLFkr ǹ<+ fi.M

dk dksbZ LosPN d.k P
1
 ysaA ;g d.k v{k osQ ifjr% r

1
 f=kT;k

osQ o`Ùk ij ?kwerk gS ftldk osQUnz C
1
 v{k ij fLFkr gSA ;g

o`Ùk v{k osQ yEcor~ ry esa vofLFkr gSA fp=k esa ,d nwljk
d.k P

2
 Hkh n'kkZ;k x;k gS tks fLFkj v{k ls r

2 
 nwjh ij gSA d.k

P
2 
]  r

2
 f=kT;k osQ o`Ùkkdkj iFk ij pyrk gS ftldk osQUnz  v{k

ij C
2
 gSA ;g òÙk Hkh v{k osQ yEcor~ ry esa gSA è;ku nsa fd

P
1
 ,oa P

2
 }kjk cuk;s x, òÙk vyx&vyx ryksa esa gSa ij ;s nksuksa

ry fLFkj v{k osQ yEcor~ gSaA v{k ij fLFkr fdlh fcUnq] tSls  P
3

osQ fy,] r = 0 A ;s d.k] fi.M osQ ?kwers le; Hkh fLFkr jgrs gSaA
;g visf{kr Hkh gS D;ksafd ?kw.kZu v{k fLFkj gSA

rFkkfi] ?kw.kZu osQ oqQN mnkgj.kksa esa] v{k fLFkj ugha Hkh
jgrhA bl izdkj osQ ?kw.kZu osQ eq[; mnkgj.kksa esa ,d gS] ,d
gh LFkku ij ?kwerk yV~Vw (fp=k 6.5(a))A (yV~Vw dh xfr osQ
laca/ esa geus ;g eku fy;k gS fd ;g ,d LFkku ls nwljs

fp=k 6.4 z-v{k osQ ifjr% ,d n`<+ fi.M dk ?kw.kZuA fi.M dk
izR;sd fcUnq  P

1
 ;k P

2
 ,d o`Ùk ij ?kwerk gS ftldk

osQUnz  (C
1
 ;k C

2
) v{k ij fLFkr gSA o`Ùk dh f=kT;k

(r
1 
;k r

2
) v{k ls fcUnq (P

1
 ;k P

2
) dh yEcor~ nwjh gSA

v{k ij fLFkr  P
3 
tSlk fcUnq fLFkj jgrk gSA

nksyu v{k

ia[kqfM+;ksa dk
?kw.kZu v{k
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97d.kksa osQ fudk; rFkk ?kw.khZ xfr

tc ia[kk ?kwerk gS vkSj bldh v{k b/j ls m/j nksyu
djrh gS rc Hkh ;g fcUnq fLFkj jgrk gSA ?kw.kZu xfr osQ
vf/d lk£od ekeyksa esa] tSls fd yV~Vw ;k ihfBdk&ia[ks osQ
?kweus esa] n`<+ fi.M dk ,d fcUnq fLFkj jgrk gS] u fd ,d
js[kkA bl ekeys esa v{k rks fLFkj ugha gS ij ;g ges'kk ,d
fLFkj fcUnq ls xqtjrh gSA rFkkfi] vius vè;;u esa]
vf/dka'kr%] ge ,slh ljy ,oa fof'k"V ?kw.kZu xfr;ksa rd
lhfer jgsaxs ftuesa ,d js[kk (;kfu v{k) fLFkj jgrh gSA vr%
tc rd vU;Fkk u dgk tk;] gekjs fy, ?kw.khZ xfr ,d fLFkj
v{k osQ ifjr% gh gksxhA

,d ur ry ij uhps dh vksj csyu dk yq<+duk nks rjg
dh xfr;ksa dk la;kstu gS& LFkkukarj.k xfr vkSj ,d fLFkj v{k
osQ ifjr% ?kw.khZ xfrA vr%] yq<+du xfr osQ lanHkZ esa ftl ̂ oqQN
vkSj vyx* dk ftØ igys geus fd;k Fkk og ?kw.khZ xfr gSA bl
ǹf"Vdks.k ls fp=k 6.6(a) ,oa (b) dks vki i;kZIr f'k{kkizn ik;saxsA
bu nksuksa fp=kksa esa ,d gh fi.M dh xfr] leku LFkkukarjh;
xeu&iFk osQ vuqfn'k n'kkZbZ xbZ gSA fp=k 6.6(a) esa n'kkZbZ xbZ xfr
'kq¼ LFkkukarjh; gS] tcfd fp=k 6.6(b) esa n'kkZbZ xbZ xfr
LFkkukarj.k ,oa ?kw.khZ nksuksa izdkj dh xfr;ksa dk la;kstu gSA (vki
Lo;a Hkkjh iqLrd tSlk ,d ǹ<+ fi.M isaQd dj n'kkZbZ xbZ nksuksa
izdkj dh xfr;k¡ mRiUu djus dh dksf'k'k dj ldrs gSaA)

vkb;s vc ge izLrqr [k.M esa o£.kr egRoiw.kZ rF;ksa dk
lkj fiQj ls vkidks crk;saA ,d ,slk n`<+ fi.M tks u rks
fdlh pwy ij fVdk gks vkSj u gh fdlh :i esa fLFkj gks]
nks izdkj dh xfr dj ldrk gS & ;k rks 'kq¼ LFkkukarj.k
;k LFkkukarj.k ,oa ?kw.kZu xfr dk la;kstuA ,d ,sls n`<+
fi.M dh xfr tks ;k rks pwy ij fVdk gks ;k fdlh u fdlh
:i esa fLFkj gks] ?kw.khZ xfr gksrh gSA ?kw.kZu fdlh ,slh v{k osQ
ifjr% gks ldrk gS tks fLFkj gks (tSls Nr osQ ia[ks esa) ;k fiQj
,d ,slh v{k osQ ifjr% tks Lo;a ?kwerh gks (tSls b/j ls mèkj
?kwers est osQ ia[ks esa)A bl vè;k; esa ge ,d fLFkj v{k osQ
ifjr% gksus okyh ?kw.khZ xfr dk gh vè;;u djsaxsA

6.2 nzO;eku osQUnz

igys ge ;g ns[ksaxs fd nzO;eku osQUnz D;k gS vkSj fiQj blosQ
egRo ij izdk'k MkysaxsA ljyrk dh n`f"V ls ge nks d.kksa osQ
fudk; ls 'kq#vkr djsaxsA nksuksa d.kksa dh fLFkfr;ksa dks feykus
okyh js[kk dks ge  x- v{k ekusaxsA (fp=k 6-7)

fp=k 6.7  nks d.kksa vkSj muosQ nzO;eku osQUnz dh fLFkfr

fp=k 6.6(a) ,d n`<+ fi.M dh xfr tks 'kq¼ LFkkukarjh; gS

fp=k 6.6(b) n`<+ fi.M dh ,slh xfr tks LFkkukarjh; vkSj ?kw.khZ
xfr;ksa dk la;kstu gS

fp=k 6.6 (a) ,oa 6.6 (b) ,d gh fi.M dh fofHkUu xfr;k¡ n'kkZrs
gSaA è;ku nsa] fd  P  fi.M dk dksbZ LosPN fcUnq gS_  O  fi.M dk
nzO;eku osQUnz gS] ftlosQ fo"k; esa vxys [k.M esa crk;k x;k gSA
;gk¡ ;g dguk i;kZIr gksxk fd fcUnq  O  osQ xeu iFk gh fi.M
osQ LFkkukarjh; xeu iFk  Tr

1
  ,oa  Tr

2 
 gSaA rhu vyx&vyx {k.kksa

ij] fcUnqvksa  O  ,oa  P dh fLFkfr;k¡ fp=k  6.6(a) ,oa  6.6 (b) nksuksa
gh Øe'k% O

1
, O

2
, O

3
, ,oa  P

1
, P

2
 , P

3
 }kjk izn£'kr dh xbZ gSaA

fp=k  6.6(a) ls ;g Li"V gS fd 'kq¼ LFkkukarj.k dh fLFkfr esa]
fi.M osQ fdUgha Hkh nks fcUnqvksa  O  ,oa P  osQ osx] cjkcj gksrs gSaA
;g Hkh KkrO; gS] fd bl fLFkfr esa  OP, dk fnfXoU;kl] ;kfu fd
og dks.k tks  OP ,d fu;r fn'kk (ekuk fd {kSfrt) ls cukrk
gS] leku jgrk gS vFkkZr~  α

1
=α

2
=α

3 
A fp=k 6.6 (b) LFkkukarj.k

,oa ?kw.kZu osQ la;kstu ls fu£er xfr n'kkZrk gSA bl xfr esa fcUnqvksa
O  ,oa  P osQ {kf.kd osxksa osQ eku vyx&vyx gks ldrs gSa vkSj
dks.kksa  α

1
, α

2
, α

3
 osQ eku Hkh fHkUu gks ldrs gSaA
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ekuk fd nks d.kksa dh] fdlh ewy fcUnq O ls nwfj;k¡
Øe'k% x

1
 ,oa  x

2
  gSaA bu d.kksa osQ nzO;eku Øe'k%  m

1
 ,oa m

2

gSaA bu nks d.kksa osQ fudk; dk nzO;eku osQUnz  C ,d ,slk fcUnq
gksxk ftldh  O  ls nwjh]  X  dk eku gks

1 1 2 2

1 2

m x m x
X

m m

+=
+ (6.1)

lehdj.k  (6.1) esa  X  dks ge  x
1 
 ,oa  x

2 
 dk nzO;eku

Hkkfjr ekè; eku ldrs gSaA ;fn nksuksa d.kksa dk nzO;eku cjkcj
gks rks m

1
 = m

2
 = m,

 
 rc

1 2 1 2

2 2

mx mx x x
X

m

+ += =

bl izdkj leku nzO;eku osQ nks d.kksa dk nzO;eku osQUnz
Bhd muosQ chpksachp gSA

vxj gekjs ikl  n d.k gksa] ftuosQ nzO;eku Øe'k%  m
1
,

m
2
, ...m

n
  gksa vkSj lcdks x- v{k osQ vuqfn'k j[kk x;k gks] rks

ifjHkk"kk osQ vuqlkj bu lc d.kksa dk nzO;eku osQUnz gksxk

X
m x m x m x

m m m

m x

m

m x

m

n

i

i

i

i

i i

i

=
+ + +

+ + +
= ==

=

∑

∑
∑1 1 2 2

1 2

1

1

....

....

n

n

n

n ∑∑

    (6.2)

tgk¡  x
1
, x

2
,...x

n
 d.kksa dh Øe'k% ewyfcUnq ls nwfj;k¡ gSa_  X

Hkh mlh ewyfcUnq ls ekik x;k gSA laosQr ∑(;wukuh Hkk"kk dk

v{kj flXek) ladyu dks O;Dr djrk gS tks bl ekeys esa n
d.kksa osQ fy, fd;k x;k gSA ladyu iQy

im M=∑
fudk; dk oqQy nzO;eku gSA

ekuk gekjs ikl rhu d.k gSa tks ,d ljy js[kk esa rks ugha]
ij ,d lery esa j[ks x, gSaA rc ge ml ry esa ftlesa ;s
rhu d.k j[ks x, gSa x-  ,oa  y-v{k fu/kZfjr dj ldrs gSa] vkSj
bu rhu d.kksa dh fLFkfr;ksa dks Øe'k% funsZ'kkadksa (x

1
,y

1
),

(x
2
,y

2
) ,oa (x

3
,y

3
) }kjk O;Dr dj ldrs gSaA eku yhft, fd

bu rhu d.kksa osQ nzO;eku Øe'k% m
1
, m

2
 ,oa m

3 
gSaA bu rhu

d.kksa osQ fudk; dk nzO;eku osQUnz  C funsZ'kkadksa  (X, Y)  }kjk
O;Dr fd;k tk;sxk ftuosQ eku gSa-

1 1 2 2 3 3

1 2 3

m x m x m x
X

m m m

+ +
=

+ +       (6.3a)

1 1 2 2 3 3

1 2 3

m y m y m y
Y

m m m

+ +
=

+ +
      (6.3b)

leku nzO;eku okys d.kksa osQ fy, m = m
1
 = m

2
 = m

3
,

1 2 3 1 2 3( )

3 3

m x x x x x x
X

m

+ + + +
= =

1 2 3 1 2 3( )

3 3

m y y y y y y
Y

m

+ + + +
= =

vFkkZr~ leku nzO;eku okys d.kksa osQ fy, rhu d.kksa dk
nzO;eku osQUnz mudh fLFkfr fcUnqvksa dks feykus ls cus f=kHkqt
osQ osQUnzd ij gksxkA

lehdj.k (6.3a,b) osQ ifj.kkeksa dks] ljyrkiwoZd] ,sls  n
d.kksa osQ ,d fudk; osQ fy, lk£od fd;k tk ldrk gS tks
,d lery esa u gksdj] varfj{k esa iSQys gksaA bl rjg osQ
fudk; dk nzO;eku osQUnz  (X, Y, Z) gS] tgk¡

i im x
X

M
= ∑

(6.4a)

i im y
Y

M
= ∑

(6.4b)

vkSj  i im z
Z

M
= ∑

(6.4c)

;gk¡ M = im∑ fudk; dk oqQy nzO;eku gSA lwpd i

dk eku 1 ls  n  rd cnyrk gS] m
i
  i osa d.k dk nzO;eku gS]

vkSj i osa d.k dh fLFkfr  (x
i
, y

i
, z

i
) ls O;Dr dh xbZ gSA

;fn ge fLFkfr&lfn'k dh vo/kj.kk dk mi;ksx djsa rks
lehdj.k (6.4a, b, c) dks la;ksftr djosQ ,dy lehdj.k
osQ :i esa fy[kk tk ldrk gSA ;fn ir , i osa d.k dk
fLFkfr&osDVj gS vkSj R nzO;eku osQUnz dk fLFkfr&lfn'k gS%

 

,oa   

rc   
i im

M
= ∑ r

R (6.4d)

lehdj.k osQ nkfguh vksj fy[kk x;k ;ksx lfn'k&;ksx gSA

lfn'kksa osQ bLrseky ls lehdj.kksa dh laf{kIrrk ij è;ku
nhft,A ;fn lanHkZ&izsQe (funsZ'kkad fudk;) osQ ewy fcUnq dks]
fn, x, d.k&fudk; osQ nzO;eku osQUnz esa fy;k tk, rks

0i im =∑ r A

,d n`<+ fi.M] tSls fd ehVj&NM+ ;k Ýykb Oghy] cgqr
ikl&ikl j[ks x, d.kksa dk fudk; gS_ vr% lehdj.k  (6.4a,

b, c, d) n`<+ fi.M osQ fy, Hkh ykxw gksrs gSaA bl izdkj osQ
fi.Mksa esa d.kksa (ijek.kqvksa ;k v.kqvksaa) dh la[;k bruh

Reprint 2026-27



99d.kksa osQ fudk; rFkk ?kw.khZ xfr

u

vf/d gksrh gS] fd bu lehdj.kksa esa] lHkh i`Fkd&i`Fkd d.kksa
dks ysdj la;qDr izHkko Kkr djuk vlaHko dk;Z gSA ij] D;ksafd
d.kksa osQ chp dh nwjh cgqr de gS] ge fi.M esa nzO;eku dk
lrr forj.k eku ldrs gSaA ;fn fi.M dks n  NksVs nzO;eku
[k.Mksa esa foHkkftr djsa ftuosQ nzO;eku ∆m

1
, ∆m

2
... ∆m

n  
gSa

rFkk  i-ok¡ [k.M ∆m
i 
 fcUnq  (x

i
, y

i
, z

i
) ij vofLFkr gS ,slk lkspsa

rks nzO;eku osQUnz osQ funsZ'kkadksa osQ yxHkx eku bl izdkj O;Dr
djsaxs &

( ) ( ) ( )
, ,

i i i i i i

i i i

m x m y m z
X Y Z

m m m

∆ ∆ ∆
= = =

∆ ∆ ∆
∑ ∑ ∑
∑ ∑ ∑

;fn ge n dks o`gÙkj djsa vFkkZr~  ∆m
i
 dks vkSj NksVk djsa

rks ;s lehdj.k dkiQh ;FkkFkZ eku crkus yxsaxsA ml fLFkfr esa
i-d.kksa osQ ;ksx dks ge lekdy ls O;Dr djsaxsA

∆m m Mi → =∫∑ d ,

( ) ,∆m x x mi i → ∫∑ d

( ) ,∆m y y mi i → ∫∑ d

 vkSj ( )∆m z z mi i → ∫∑ d

;gk¡ M  fi.M dk oqQy nzO;eku gSA nzO;eku osQUnz osQ
funsZ'kkadksa dks vc ge bl izdkj fy[k ldrs gSa

      X
M

x m Y
M

y m Z
M

z dm= = =∫∫ ∫
1 1 1

d d, vkSj

(6.5a)

bu rhu vfn'k O;atdksa osQ rqY; lfn'k O;atd bl izdkj
fy[k ldrs gSa&

R r= ∫
1

M
md (6.5b)

;fn ge nzO;eku osQUnz dks vius funsZ'kkad fudk; dk
ewy&fcUnq pqusa rks

( , , ) 0x y z =R

vFkkZr~, r dm =∫ 0

;k x m y m z md d d= = =∫ ∫∫ 0 (6.6)

izk;% gesa fu;fer vkdkj osQ lekax fi.Mksa_ tSls µ oy;ksa]
xksy&pdfr;ksa] xksyksa] NM+ksa bR;kfn osQ nzO;eku osQUnzksa dh
x.kuk djuh iM+rh gSA (lekax fi.M ls gekjk rkRi;Z ,d ,slh
oLrq ls gS ftlesa nzO;eku dk leku :i ls forj.k gks)A
lefefr dk fopkj djosQ ge ljyrk ls ;g n'kkZ ldrs gSa fd
bu fi.Mksa osQ nzO;eku osQUnz muosQ T;kferh; osQUnz gh
gksrs gSaA

vkb;s] ,d iryh NM+ ij fopkj djsa] ftldh pkSM+kbZ vkSj
eksVkbZ (;fn bldh vuqizLFk dkV vk;rkdkj gS) vFkok f=kT;k
(;fn NM+ csyukdkj gS)] bldh yEckbZ dh rqyuk esa cgqr
NksVh gSA NM+ dh yEckbZ x-v{k osQ vuqfn'k j[ksa vkSj ewy fcUnq
blosQ T;kferh; osQUnz ij ys ysa rks ijkorZu lefefr dh ǹf"V
ls ge dg ldrs gSa fd izR;sd x  ij fLFkr izR;sd dm ?kVd osQ
leku dm dk ?kVd –x ij Hkh fLFkr gksxk (fp=k 6.8)A

fp=k 6.8  ,d iryh NM+ dk nzO;eku osQUnz Kkr djuk

lekdy esa gj tksM+s dk ;ksxnku 'kwU; gS vkSj bl dkj.k Lo;a

 dk eku 'kwU; gks tkrk gSA lehdj.k (6.6) crkrh gS fd
ftl fcUnq osQ fy, lekdy 'kwU; gks og fi.M dk nzO;eku
osQUnz gSA vr% lekax NM+ dk T;kferh; osQUnz bldk nzO;eku
osQUnz gSA bls ijkorZu lefefr osQ iz;ksx ls le> ldrs gSaA

lefefr dk ;gh roZQ] lekax oy;ksa] pdfr;ksa] xksyksa vkSj
;gk¡ rd fd o`Ùkkdkj ;k vk;rkdkj vuqizLFk dkV okyh eksVh
NM+ksa osQ fy, Hkh ykxw gksxkA ,sls lHkh fi.Mksa osQ fy, vki
ik;saxs fd fcUnq (x,y,z) ij fLFkr gj nzO;eku ?kVd osQ fy,
fcUnq  (-x,-y,-z) ij Hkh mlh nzO;eku dk ?kVd fy;k tk
ldrk gSA (nwljs 'kCnksa esa dgsa rks bu lHkh fi.Mksa osQ fy, ewy
fcUnq ijkorZu&lefefr dk fcUnq gS)A ifj.kker%] lehdj.k
(6.5 a) esa fn, x, lHkh lekdy 'kwU; gks tkrs gSaA bldk vFkZ
;g gqvk fd mijksDr lHkh fi.Mksa dk nzO;eku osQUnz muosQ
T;kferh; osQUnz ij gh iM+rk gSA

mnkgj.k  6.1 ,d leckgq f=kHkqt osQ 'kh"kks± ij j[ks x,
rhu d.kksa dk nzO;eku osQUnz Kkr dhft,A d.kksa osQ
nzO;eku Øe'k% 100g, 150g, ,oa 200g gSaA f=kHkqt dh
izR;sd Hkqtk dh yEckbZ  0.5 m gSA

gy

fp=k  6.9
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u

u

x  ,oa y- v{k fp=k  6.9 esa n'kkZ;s vuqlkj pqusa rks leckgq
f=kHkqt osQ 'kh"kZ fcUnqvksa O, A ,oa B osQ funsZ'kkad Øe'k%
(0,0), (0.5,0) ,oa (0.25,0.25 3 ) gksaxsA ekuk fd 100g,

150g ,oa 200g osQ nzO;eku Øe'k% O, A ,oa  B ij vofLFkr
gSaA rc

+ +
=

+ +
m x m x m x

X
m m m

1 1 2 2 3 3

1 2 3

75 50 125 5
m m m

450 450 18

+
= = =

50 3 3 1
m m m

450 9 3 3
= = =

nzO;eku osQUnz  C  fp=k esa n'kkZ;k x;k gSA è;ku nsa fd ;g
f=kHkqt  OAB dk T;kferh; osQUnz ugha gSA D;k vki crk ldrs
gSa fd ,slk D;ksa ugh gS\ ⊳

mnkgj.k 6.2:  ,d f=kHkqtkdkj iQyd dk nzO;eku
osQUnz Kkr dhft,A

gy  iQyd (∆LMN) dks vk/kj  (MN) osQ lekUrj iryh
if^;ksa esa ckaVk tk ldrk gS tSlk fp=k 6.10 esa n'kkZ;k
x;k gSA

fp=k  6.10

lefefr osQ vk/kj ij ge dg ldrs gSa fd gj i^h dk
nzO;eku osQUnz mldk eè; fcUnq gSA vxj ge lHkh if^;ksa osQ
eè; fcUnqvksa dks feykrs gSa rks gesa ekfè;dk  LP izkIr gksrh gSA
blfy,] iwjs f=kHkqt dk nzO;eku osQUnz bl ekfè;dk LP ij
dgha vofLFkr gksxkA blh izdkj ge roZQ dj ldrs gSa fd ;g

ekfè;dk  MQ vkSj NR ij Hkh vofLFkr gksxkA vr% ;g
nzO;eku osQUnz rhuksa ekfè;dkvksa dk laxkeh fcUnq xfr f=kHkqt
dk osQUnzd G gSA     ⊳

mnkgj.k 6.3: ,d fn, x, L-vkòQfr osQ iQyd (,d
iryh piVh IysV) dk nzO;eku osQUnz Kkr dhft,]
ftldk fofHkUu Hkqtkvksa dks fp=k 6-11 esa n'kkZ;k gSA
iQyd dk nzO;eku 3 kg gSA

gy   fp=k 6.11 osQ vuqlkj X  ,oa Y v{kkas dks pqusa rks
L-vkòQfr iQyd osQ fofHkUu 'kh"kks± osQ funsZ'kkad ogh izkIr gksrs
gSa tks fp=k esa vafdr fd, x, gSaA ge  L-vko`Qfr dks rhu oxks±
ls feydj cuk gqvk eku ldrs gSa ftuesa ls izR;sd oxZ dh
Hkqtk 1m gSA izR;sd oxZ dk nzO;eku 1kg gS] D;ksafd iQyd
lekax gS aA bu rhu oxks ± osQ nzO;eku osQUnz C

1
, C

2

vkSj C
3
 gSa] tks lefefr osQ fopkj ls muosQ T;kferh; osQUnz gSa

vkSj buosQ funsZ'kkad Øe'k% (1/2,1/2), (3/2,1/2),

(1/2,3/2) gSaA ge dg ldrs gSa fd L-vko`Qfr dk nzO;eku
osQUnz (X, Y) bu nzO;eku fcUnqvksa dk nzO;eku osQUnz gSaA

fp=k 6.11

vr%

[ ]
( )

1(1/2) 1(3/2) 1(1/2) kg m

1 1 1 kg
X

+ +
=

+ +  
5

m
6

=

L-vko`Qfr dk nzO;eku osQUnz js[kk OD ij iM+rk gSA bl
ckr dk vanktk ge fcuk fdlh x.kuk osQ yxk ldrs FksA D;k
vki crk ldrs gSa] oSQls\ ;fn ;g ekusa fd fp=k 6-11 esa
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n'kkZ;s x, L vko`Qfr iQyd osQ rhu oxks± osQ nzO;eku
vyx&vyx gksrs rc vki bl iQyd dk nzO;eku osQUnz oSQls
Kkr djsaxs\ ⊳

6.3 nzO;eku osQUnz dh xfr
nzO;eku osQUnz dh ifjHkk"kk tkuus osQ ckn] vc ge bl fLFkfr
esa gSa fd n d.kksa osQ ,d fudk; osQ fy, blosQ HkkSfrd egRo
dh foospuk dj losaQA lehdj.k (6.4d) dks ge fiQj ls bl
izdkj fy[k ldrs gSa&

1 1 2 2 ...i i n nM m m m m= = + + +∑R r r r r (6.7)

lehdj.k osQ nksuksa i{kksa dks le; osQ lkis{k vodfyr
djus ij&

1 2
1 2

dd d d
...

d d d d
n

nM m m m
t t t t

= + + + rR r r

;k

1 1 2 2 ... n nM m m m= + + +V v v v (6.8)

tgk¡] ( )1 1d /dt=v r  izFke d.k dk osx gS] ( )2 2d dt=v r

nwljs d.k dk osx gS] bR;kfn vkSj d /dt=V R  d.kksa osQ
fudk; osQ nzO;eku osQUnz dk osx gSA è;ku nsa] fd geus ;g
eku fy;k gS fd m

1
, m

2
, ... vkfn osQ eku le; osQ lkFk

cnyrs ugha gSaA blfy,] le; osQ lkis{k lehdj.kksa dks
vodfyr djrs le; geus muosQ lkFk vpjkadksa tSlk O;ogkj
fd;k gSA

lehdj.k (6.8) dks le; osQ lkis{k vodfyr djus ij&

1 2
1 2

dd dd
...

d d d d

n
nM m m m

t t t t
= + + +

vv vV

;k

1 1 2 2 ... n nM m m m= + + +A a a a (6.9)

tgk¡ ( )1 1d /dt=a v  izFke d.k dk Roj.k gS] ( )2 2d /dt=a v

nwljs d.k dk Roj.k gS] bR;kfn vkSj  ( )d /dt=A V  d.kksa osQ
fudk; osQ nzO;eku osQUnz dk Roj.k gSA

vc] U;wVu osQ f}rh; fu;ekuqlkj] igys d.k ij yxus
okyk cy gS 1 1 1m=F a , nwljs d.k ij yxus okyk cy gS

2 2 2m=F a ] vkfnA rc lehdj.k (6.9) dks ge bl izdkj
Hkh fy[k ldrs gSa&

1 2 ... nM = + + +A F F F (6.10)

vr% d.kksa osQ fudk; osQ oqQy nzO;eku dks nzO;eku osQUnz
osQ Roj.k ls xq.kk djus ij gesa ml d.k&fudk; ij yxus okys
lHkh cyksa dk lfn'k ;ksx izkIr gksrk gSA

è;ku nsa fd tc ge igys d.k ij yxus okys cy

1F dh ckr djrs gSa] rks ;g dksbZ ,dy cy ugha gS] cfYd]

bl d.k ij yxus okys lHkh cyksa dk lfn'k ;ksx gSA ;gh
ckr ge vU; d.kksa osQ fo"k; eas Hkh dg ldrs gSaA izR;sd
d.k ij yxus okys mu cyksa esa oqQN ckg~; cy gksaxs tks
fudk; ls ckgj osQ fi.Mksa }kjk vkjksfir gksaxs vkSj oqQN
vkarfjd cy gksaxs tks fudk; osQ vanj osQ d.k ,d nwljs
ij vkjksfir djrs gSaA U;wVu osQ r`rh; fu;e ls ge tkurs
gSa fd ;s vkarfjd cy lnSo cjkcj ifjek.k osQ vkSj
foijhr fn'kk esa dke djus okys tksM+ks a osQ :i esa ik, tkrs
gSa vkSj blfy, lehdj.k (6.10) esa cyksa dks tksM+us esa
budk ;ksx 'kwU; gks tkrk gSA lehdj.k esa osQoy ckg~; cyksa
dk ;ksxnku jg tkrk gSA lehdj.k (6.10) dks fiQj bl
izdkj fy[k ldrs gSa

extM =A F (6.11)

tgk¡ extF  fudk; osQ d.kksa ij izHkkoh lHkh ckg~; cyksa dk
lfn'k ;ksx gSA

lehdj.k (6.11) crkrh gS fd d.kksa osQ fdlh fudk; dk
nzO;eku osQUnz bl izdkj xfr djrk gS ekuks fudk; dk laiw.kZ
nzO;eku mlesa laosQfUnzr gks vkSj lHkh ckg~; cy mlh ij
vkjksfir gksaA

è;ku nsa fd nzO;eku osQUnz dh xfr osQ fo"k; esa tkuus osQ
fy,] d.kksa osQ fudk; osQ vkarfjd cyksa osQ fo"k; esa dksbZ
tkudkjh ugha pkfg,] bl mís'; osQ fy, gesa osQoy ckg~;
cyksa dks gh tkuus dh vko';drk gSA

lehdj.k (6.11) O;qRiUu djus osQ fy, gesa d.kksa osQ
fudk; dh izòQfr lqfuf'pr ugha djuh iM+hA fudk; d.kksa dk
,slk laxzg Hkh gks ldrk gS ftlesa rjg&rjg dh vkarfjd
xfr;k¡ gksa] vkSj 'kq¼ LFkkukarj.k xfr djrk gqvk] vFkok]
LFkkukarj.k ,oa ?kw.khZ xfr osQ la;kstu ;qDr ,d n`<+ fi.M Hkh
gks ldrk gSA fudk; oSQlk Hkh gks vkSj blosQ vo;oh d.kksa esa
fdlh Hkh izdkj dh xfr;k¡ gksa] bldk nzO;eku osQUnz lehdj.k
(6.11) osQ vuqlkj gh xfr djsxkA

ifjfer vkdkj osQ fi.Mksa dks ,dy d.kksa dh rjg
O;ogkj esa ykus osQ ctk; vc ge mudks d.kksa osQ fudk; dh
rjg O;ogkj esa yk ldrs gSaA ge mudh xfr dk 'kq¼
LFkkukarjh; vo;o ;kfu fudk; osQ nzO;eku osQUnz dh xfr Kkr
dj ldrs gSaA blosQ fy,] cl] iwjs fudk; dk oqQy nzO;eku
vkSj fudk; ij yxs lHkh ckg~; cyksa dks fudk; osQ nzO;eku
osQUnz ij izHkkoh ekuuk gksxkA

;gh dk;Zfof/ geus fi.Mksa ij yxs cyksa osQ fo'ys"k.k
vkSj muls tqM+h leL;k osQ gy osQ fy, viukbZ FkhA
gkykafd] blosQ fy, dksbZ Li"V dkj.k ugha crk;k x;k FkkA
vc ge ;g le> ldrs gSa] fd iwoZ osQ vè;;uksa esa] geus
fcu dgs gh ;g eku fy;k Fkk fd fudk; esa ?kw.khZ xfr] ,oa
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d.kksa esa vkarfjd xfr ;k rks Fkh gh ugha vkSj ;fn Fkh rks
ux.; FkhA vkxs ls gesa ;g ekuus dh vko';drk ugha jgsxhA
u osQoy gesa viuh igys viukbZ xbZ i¼fr dk vkSfpR;
le> esa vk x;k gS] oju~] geus og fof/ Hkh Kkr dj yh
gS ftlosQ }kjk (i) ,sls n`<+ fi.M dh ftlesa ?kw.khZ xfr Hkh
gks] (ii) ,d ,sls fudk; dh ftlosQ d.kksa esa rjg&rjg dh
vkarfjd xfr;k¡ gksa] LFkkukarj.k xfr dks vyx djosQ le>k
le>k;k tk ldrk gSA

fp=k 6.12 fdlh iz{ksI; osQ [k.Mksa dk nzO;eku osQUnz foLiQksV osQ
ckn Hkh mlh ijoy;kdkj iFk ij pyrk gqvk ik;k
tk;sxk ftl ij ;g foLiQksV u gksus ij pyrkA

fp=k  6.12 lehdj.k (6.11) dks Li"V djus okyk ,d
vPNk mnkgj.k gSA vius fu/kZfjr ijoy;kdkj iFk ij pyrk
gqvk ,d iz{ksI; gok esa iQV dj VqdM+ksa esa fc[kj tkrk gSA
foLiQksV dkjd cy vkarfjd cy gS blfy, mudk nzO;eku
osQUnz dh xfr ij dksbZ izHkko ugha gksrkA iz{ksI; vkSj mlosQ
[k.Mksa ij yxus okyk oqQy ckg~; cy foLiQksV osQ ckn Hkh
ogh gS tks foLiQksV ls igys Fkk] ;kfu i`Foh dk xq#Rokd"kZ.k
cyA vr%] ckg~; cy osQ varxZr iz{ksI; osQ nzO;eku osQUnz dk
ijoy;kdkj iFk foLiQksV osQ ckn Hkh ogh cuk jgrk tks
foLiQksV u gksus dh fLFkfr esa gksrkA

6.4 d.kksa osQ fudk; dk js[kh; laosx

vkidks ;kn gksxk fd js[kh; laosx dh ifjHkk"kk djus okyk
O;atd gS

m=p v (6.12)

vkSj] ,dy d.k osQ fy, U;wVu osQ f}rh; fu;e dks ge
lkaosQfrd Hkk"kk esa fy[k ldrs gSa

d

dt
= p

F (6.13)

tgk¡  F d.k ij vkjksfir cy gSA vkb;s] vc ge n  d.kksa osQ
,d fudk; ij fopkj djsa ftuosQ nzO;eku Øe'k% m

1
,

m
2
,...m

n 
gS vkSj osx Øe'k% 1 2, ,....... nv v v  gSaA d.k] ijLij

vU;ksU; fØ;kjr gks ldrs gSa vkSj mu ij ckg~; cy Hkh yxs
gks ldrs gSaA igys d.k dk js[kh; laosx  1 1m v , nwljs d.k dk

js[kh; laosx 2 2m v  vkSj blh izdkj vU; d.kksa osQ js[kh; laosx
Hkh gSaA

n d.kksa osQ bl fudk; dk oqQy js[kh; laosx] ,dy d.kksa
osQ js[kh; laosxksa osQ lfn'k ;ksx osQ cjkcj gSA

1 2 ... n= + + +P P P P

1 1 2 2 ... n nm m m= + + +v v v (6.14)

bl lehdj.k dh lehdj.k  (6.8) ls rqyuk djus ij]
M=P V (6.15)

vr% d.kksa osQ ,d fudk; dk oqQy js[kh; laosx] fudk;
osQ oqQy nzO;eku rFkk blosQ nzO;eku osQUnz osQ osx osQ
xq.kuiQy osQ cjkcj gksrk gSA lehdj.k (6.15) dk le; osQ
lkis{k vodyu djus ij]

d d

d d
M M

t t
= =

P V
A (6.16)

lehdj.k (6.16) ,oa lehdj.k (6.11) dh rqyuk djus
ij

d

d
ext

t
=

P
F (6.17)

;g xfr osQ U;wVu osQ f}rh; fu;e dk dFku gS tks d.kksa
osQ fudk; osQ fy, ykxw fd;k x;k gSA

;fn d.kksa osQ fdlh fudk; ij yxs ckg~; cyksa dk ;ksx
'kwU; gks] rks lehdj.k (6.17) osQ vk/kj ij]

d
0

dt
=P

P;k  = vpjkad (6.18a)

vr% tc d.kksa osQ fdlh fudk; ij yxs ckg~; cyksa dk
;ksx 'kwU; gksrk gS rks ml fudk; dk oqQy js[kh; laosx vpj
jgrk gSA ;g d.kksa osQ ,d fudk; osQ fy, ykxw gksus okyk
js[kh; laosx osQ laj{k.k dk fu;e gSA lehdj.k  (6.15) osQ
dkj.k] bldk vFkZ ;g Hkh gksrk gS fd tc fudk; ij yxus
okyk oqQy ckg~; cy 'kwU; gksrk gS rks blosQ nzO;eku osQUnz dk
osx ifjo£rr ugha gksrkA (bl vè;k; esa d.kksa osQ fudk; dk
vè;;u djrs le; ge ges'kk ;g eku dj pysaxs fd fudk;
dk oqQy nzO;eku vpj jgrk gSA)

è;ku nsa] fd vkarfjd cyksa osQ dkj.k] ;kfu mu cyksa osQ
dkj.k tks d.k ,d nwljs ij vkjksfir djrs gSa] fdlh fof'k"V

Reprint 2026-27



103d.kksa osQ fudk; rFkk ?kw.khZ xfr

d.k dk xeu&iFk dkiQh tfVy gks ldrk gSA fiQj Hkh] ;fn
fudk; ij yxus okyk oqQy ckg~; cy 'kwU; gks rks nzO;eku
osQUnz vpj&osx ls gh pyrk gS] vFkkZr~] eqDr d.k dh rjg
lexfr ls ljy js[kh; iFk ij pyrk gSA

lfn'k lehdj.k (6.18a) ftu vfn'k lehdj.kksa osQ rqY;
gS] os gSa&

P
x
 = C

1
, P

y
 = C

2
 rFkk P

z
 = C

3
         (6.18 b)

;gk¡ P
x
, P

y
,  P

z
 oqQy js[kh; laosx lfn'k  P  osQ] Øe'k%

x, y  ,oa  z  fn'kk esa vo;o gSa vkSj C
1
, C

2
, C

3
 vpjkad gSaA

(a) (b)

fp=k 6.13 (a) ,d Hkkjh ukfHkd jsfM;e (Ra) ,d vis{kkòQr gyosQ
ukfHkd jsMkWu (Rn) ,oa ,d vYiQk&d.k  (ghfy;e
ijek.kq dk ukfHkd] He) esa fo[kafMr gksrk gSA
fudk; dk nzO;eku osQUnz lexfr esa gSA

  (b) nzO;eku osQUnz dh fLFkj voLFkk esa mlh Hkkjh d.k
jsfM;e (Ra) dk fo[kaMuA nksuksa mRiUu gq, d.k
,d nwljs dh foijhr fn'kk esa xfreku gksrs gSaA

,d mnkgj.k osQ :i esa] vkb;s] jsfM;e osQ ukfHkd tSls
fdlh xfreku vLFkk;h ukfHkd osQ jsfM;ks,fDVo {k; ij
fopkj djsaA jsfM;e dk ukfHkd ,d jsMu osQ ukfHkd vkSj
,d vYiQk d.k esa fo[kafMr gksrk gSA {k;&dkjd cy
fudk; osQ vkarfjd cy gSa vkSj ml ij izHkkoh ckg~; cy
ux.; gSaA vr% fudk; dk oqQy js[kh; laosx] {k; ls igys
vkSj {k; osQ ckn leku jgrk gSA fo[kaMu esa mRiUu gq, nksuksa
d.k] jsMu dk ukfHkd ,oa vYiQk&d.k] fofHkUu fn'kkvksa esa
bl izdkj pyrs gSa fd muosQ nzO;eku osQUnz dk xeu&iFk
ogh cuk jgrk gS ftl ij {kf;r gksus ls igys ewy jsfM;e
ukfHkd xfreku Fkk (fp=k 6.13(a))A

;fn ge ,d ,sls lanHkZ izsQe ls bl {k; izfØ;k dks ns[ksa
ftlesa nzO;eku osQUnz fLFkj gks] rks blesa 'kkfey d.kksa dh xfr
fo'ks"kdj ljy fn[kkbZ iM+rh gS_ mRiUu gq, nksuksa d.k ,d nwljs dh
foijhr fn'kk esa bl izdkj xfreku gksrs gSa fd mudk nzO;eku osQUnz
fLFkj jgs] tSlk fp=k 6.13 (b) esa n'kkZ;k x;k gSA

(a)         (b)

fp=k 6.14 (a) ck;ujh fudk; cukrs nks u{k=kksa S
1
 ,oa S

2
 osQ xeu

iFk] tks Øe'k% fcUnq js[kk ,oa lrr js[kk }kjk n'kkZ;s
x, gS aA budk nzO;eku osQUnz C lexfr
esa gSA

(b) mlh ck;ujh fudk; dh xfr tc nzO;eku osQUnz C
fLFkj gSA

d.kksa oQh fudk; laca/h cgqr lh leL;kvksa esa tSlk Åij
crkbZ xbZ jsfM;ks,fDVo {k; laca/h leL;k esa n'kkZ;k gS]
iz;ksx'kkyk osQ lanHkZ&izsQe dh vis{kk] nzO;eku&osQUnz osQ izsQe
esa dk;Z djuk vklku gksrk gSA

[kxksfydh esa ;qfXer (ck;ujh) u{k=kksa dk ik;k tkuk ,d
vke ckr gSA ;fn dksbZ ckg~; cy u yxk gks rks fdlh ;qfXer
u{k=k dk nzO;eku osQUnz ,d eqDr&d.k dh rjg pyrk gS tSlk
fp=k 6.14 (a) esa n'kkZ;k x;k gSA fp=k esa  leku nzO;eku okys
nksuksa u{k=kksa osQ xeu iFk Hkh n'kkZ;s x, gSa_ os dkiQh tfVy
fn[kkbZ iM+rs gSaA ;fn ge nzO;eku osQUnz osQ izsQe ls ns[ksa rks ge
ikrs gSa fd ;s nksuksa u{k=k nzO;eku osQUnz osQ ifjr% ,d o`Ùkkdkj
iFk ij xfreku gSa tcfd nzO;eku osQUnz fLFkj gSA è;ku nsa] fd
nksuksa u{k=kksa dks o`Ùkkdkj iFk osQ O;kl osQ foijhr fljksa ij cus
jguk gS (fp=k 6.14(b))A  bl izdkj bu u{k=kksa dk xeu iFk nks
xfr;ksa osQ la;kstu ls fu£er gksrk gS (i) nzO;eku osQUnz dh ljy
js[kk esa lekax xfr  (ii) nzO;eku osQUnz osQ ifjr% u{k=kksa dh
òÙkkdkj d{kk,¡A

mijksDr nks mnkgj.kksa ls n`"VO; gS] fd fudk; osQ ,dy
d.kksa dh xfr dks nzO;eku osQUnz dh xfr vkSj nzO;eku osQUnz
osQ ifjr% xfr esa vyx djosQ ns[kuk ,d vR;ar mi;ksxh
rduhd gS ftlls fudk; dh xfr dks le>us esa lgk;rk
feyrh gSA

6.5  nks lfn'kksa dk lfn'k xq.kuiQy
ge lfn'kksa ,oa HkkSfrdh esa muosQ mi;ksx osQ fo"k; esa igys ls
gh tkurs gSaA vè;k; 5 (dk;Z] ÅtkZ] 'kfDr) esa geus nks
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lfn'kksa osQ vfn'k xq.ku dh ifjHkk"kk dh FkhA ,d egRoiw.kZ
HkkSfrd jkf'k] dk;Z] nks lfn'k jkf'k;ksa] cy ,oa foLFkkiu osQ
vfn'k xq.kuiQy }kjk ifjHkkf"kr dh tkrh gSA

vc ge nks lfn'kksa dk ,d vU; izdkj dk xq.ku
ifjHkkf"kr djsaxsA ;g lfn'k xq.ku gSA ?kw.khZ xfr ls lacaf/r nks
egRoiw.kZ jkf'k;k¡] cy vk?kw.kZ ,oa dks.kh; laosx] lfn'k xq.ku
osQ :i esa ifjHkkf"kr dh tkrh gSaA

lfn'k xq.ku dh ifjHkk"kk

nks lfn'kksa a ,oa  b dk lfn'k xq.kuiQy ,d ,slk lfn'k  c gS
  (i) ftldk ifjek.k  c sinab θ=  gS] tgk¡ a ,oa b Øe'k%  a

,oa  b  osQ ifjek.k gSa vkSj  θ nks lfn'kksa osQ chp dk dks.k
gSA

 (ii) c ml ry osQ vfHkyEcor~ gS ftlesa a ,oa  b vofLFkr gSaA

(iii) ;fn ge ,d nf{k.kkoÙkZ isap ysa vkSj bldks bl izdkj j[ksa
fd bldk 'kh"kZ  a ,oa  b osQ ry esa gks vkSj yEckbZ bl
ry osQ vfHkyEcor~ gks vkSj fiQj 'kh"kZ dks  a ls  b dh
vksj ?kqek;sa] rks isap dh ukasd c dh fn'kk esa vkxs c<+sxkA
nf{k.kkorZ isap dk fu;e fp=k 6.15a esa n'kkZ;k x;k gSA

;fn vki lfn'kksa  a ,oa  b osQ ry osQ vfHkyEcor~ js[kk
osQ ifjr% vius nkfgus gkFk dh maxfy;ksa dks bl izdkj eksM+sa
fd muosQ fljs  a ls  b dh vksj bafxr djsa] rc bl gkFk dk
iSQyk gqvk vaxwBk c dh fn'kk crk;sxk tSlk fp=k 6.15b esa
n'kkZ;k x;k gSA

(a) (b)

fp=k 6.15(a) nks lfn'kksa osQ lfn'k xq.kuiQy dh fn'kk fu/kZfjr
djus osQ fy, nf{k.kkorZ isap dk fu;e

             (b) lfn'k xq.kuiQy dh fn'kk crkus osQ fy, nkfgus
gkFk dk fu;e

nkfgus gkFk osQ fu;e dks ljy :i esa bl izdkj O;Dr
dj ldrs gSa % vius nkfgus gkFk dh gFksyh dks  a ls b dh vksj
laosQr djrs gq, [kksyksA vkiosQ iSQys gq, vaxwBs dk fljk c dh
fn'kk crk;sxkA

;g ;kn j[kuk pkfg, fd  a vkSj b osQ chp nks dks.k curs
gSaA fp=k 6.15 (a) ,oa (b) esa buesa ls dks.k θ  n'kkZ;k x;k gS]
Li"Vr% nwljk (3600– θ) gSA mijksDr fu;eksa esa ls dksbZ Hkh
fu;e yxkrs le; a ,oa b osQ chp dk NksVk dks.k (<1800)

ysdj fu;e yxkuk pkfg,A ;gk¡ ;g θ  gSA
D;ksafd lfn'k xq.ku esa] xq.kk O;Dr djus osQ fy, ØkWl

(×) fpÉ dk mi;ksx fd;k tkrk gS blfy, bl xq.ku dks ØkWl
xq.ku Hkh dgrs gSaA
• è;ku nsa fd nks lfn'kksa dk vfn'k xq.ku Øefofu;e fu;e

dk ikyu djrk gS tSlk igys crk;k x;k gS a.b = b.a

ijUrq] lfn'k xq.ku Øefofue; fu;e dk ikyu ugha
djrk] vFkkZr~  a × b ≠ b × a

a × b  ,oa  b × a osQ ifjek.k leku ( sinab θ ) gSa ; vkSj
;s nksuksa gh ml ry osQ vfHkyEcor~ gSa ftlesa  a ,oa  b
fo|eku gSA ysfdu]  a × b  osQ fy, nf{k.kkorZ isap dks a ls
b dh vksj ?kqekuk gksrk gS tcfd  b × a osQ fy,  b ls  a dh
vksjA ifj.kker% ;s nks lfn'k foijhr fn'kk esa gksrs gSa

× = − ×a b b a

• lfn'k xq.ku dk nwljk jkspd xq.k gS bldk ijkorZu&xr
O;ogkjA ijkorZu osQ varxZr (;kfu niZ.k esa izfrfcEc
ysus ij) gesa → − → −,x x y y  vkSj z → –z feyrs
gSaA ifj.kkeLo:i lHkh lfn'kksa osQ vo;oksa osQ fpÉ cny
tkrs gSa vkSj bl izdkj – ,a a→ –b b→ A ns[ksa fd
ijkorZu esa  a × b dk D;k gksrk gS\

a × b ( ) ( )→ − × − = ×a b a b

vr% ijkorZu ls  a × b dk fpÉ ugha cnyrkA
• vfn'k ,oa lfn'k nksuksa gh xq.ku lfn'k&;ksx ij forj.k'khy

gksrs gSaA vr%

.( ) . .+ = +a b c a b a c

( )× + = × + ×a b c a b a c

• ge c = a × b  dks vo;oksa osQ :i esa Hkh fy[k ldrs
gSaA blosQ fy, gesa oqQN lfn'k xq.kuiQyksa dh tkudkjh
vko';d gksxh %
(i) a × a = 0 (0 ,d 'kwU; lfn'k gS] ;kfu 'kwU; ifjek.k

okyk lfn'k )
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u

Li"Vr% ,slk blfy, gS D;ksafd a × a  dk ifjek.k
2 sin0 0a ° = A
blls ge bl ifj.kke ij igq¡prs gSa fd

 (i) ˆ ˆ ˆ ˆ ˆ ˆ, ,× = × = × =i i 0 j j 0 k k 0

(ii) ˆ ˆ ˆ× =i j k

è;ku nsa] fd ˆ ˆ×i j  dk ifjek.k  sin 900  ;k 1 gS] pwafd

î  vkSj ĵ  nksuksa dk ifjek.k 1 gS vkSj muosQ chp 900 dk dks.k

gSA vr% ˆ ˆ×i j  ,d ,dkad lfn'k gSA î  vkSj ĵ  osQ ry osQ

vfHkyEcor~ nf{k.kkorZ isap osQ fu;ekuqlkj Kkr djsa rks buls

lacaf/r ;g ,dkad lfn'k k̂ gSA blh izdkj vki ;g Hkh iq"V
dj ldrs gSa fd

× = × =ˆ ˆ ˆ ˆ ˆ ˆj k i k i jvkjS

lfn'k xq.ku osQ Øe fofues;rk xq.k osQ vk/kj ij ge dg
ldrs gSa&

ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ, ,× = − × = − × = −j i k k j i i k j

è;ku nsa fd mijksDr lfn'k xq.ku O;atdksa esa ;fn
ˆ ˆ ˆ, ,i j kpØh; Øe esa vkrs gSa rks lfn'k xq.ku /ukRed gS vkSj

;fn pØh; Øe esa ugha vkrs gSa rks lfn'k xq.ku ½.kkRed gSA

vc]
ˆ ˆ ˆ ˆ ˆ ˆ( ) ( )x y z x y za a a b b b× = + + × + +a b i j k i j k

ˆ ˆ ˆ ˆ ˆ ˆ
x y x z y x y z z x z ya b a b a b a b a b a b= − − + + −k j k i j i

ˆ ˆ ˆ( ) ( ) ( )i j ky z z y z x x z x y y xa b a b a b a b a b a b= − + − + −

mijksDr O;atd izkIr djus esa geus ljy lfn'k xq.kuiQyksa
dk mi;ksx fd;k gSA a × b  dks O;Dr djus okys O;atd dks
ge ,d fMVjfeusaV (lkjf.kd) osQ :i esa fy[k ldrs gSa tks
;kn j[kus esa vklku gSA

ˆ ˆ ˆ

x y z

x y z

a a a

b b b

× =
i j k

a b

mnkgj.k 6.4: nks lfn'kksa  a = (3î – 4ĵ + 5k̂ ) ,oa
b = (– 2î + ĵ – 3k̂ ) osQ vfn'k ,oa lfn'k xq.kuiQy
Kkr dhft,A

gy

ˆ ˆ ˆ ˆ ˆ ˆ. (3 4 5 ) ( 2 3 )

6 4 15

25

= − + − + −
= − − −
= −

a b i j k i j ki

ˆ ˆ ˆ

ˆ ˆ ˆ3 4 5 7 5

2 1 3

× = − = − −
− −

i j k

a b i j k

è;ku nsa fd]  ˆ ˆ ˆ7 5× = − + +b a i j k ⊳

6.6 dks.kh; osx vkSj bldk js[kh; osx ls laca/

bl vuqHkkx esa ge vè;;u djsaxs fd dks.kh; osx D;k gS] vkSj
?kw.khZ xfr esa bldh D;k Hkwfedk gS\ ge ;g le> pqosQ gSa fd
?kw.khZ xfr esa fi.M dk izR;sd d.k ,d òÙkkdkj iFk ij pyrk
gSA fdlh d.k dk js[kh; osx mlosQ dks.kh; osx ls lacaf/r

gksrk gSA bu nks jkf'k;ksa osQ chp dk laca/ ,d lfn'k xq.ku ls
O;Dr gksrk gSA lfn'k xq.ku osQ fo"k; esa vkius fiNys vuqHkkx
esa i<+k gSA

fp=k 6.16 ,d fLFkj v{k osQ ifjr% ?kw.kZuA  fLFkj (z-) v{k osQ
ifjr% ?kwers n`<+ fi.M osQ fdlh d.k P dk
o`Ùkkdkj iFk ij pyukA o`Ùk dk osQUnz (C), v{k
ij vofLFkr gSA
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vkb;s fp=k 6.4 iqu% nsa[ksA tSlk Åij crk;k x;k gS] fdlh
n`<+ fi.M dh ,d fLFkj v{k osQ ifjr% ?kw.khZ xfr esa] fi.M
dk izR;sd d.k ,d o`Ùk esa xfr djrk gSA ;s o`Ùk v{k osQ
yEcor~ lery esa gksrs gSa ftuosQ osQUnz v{k osQ Åij vofLFkr
gksrs gSaA fp=k  6.16 esa geus fp=k 6.4 dks fiQj ls cuk;k gS vkSj
blesa fLFkj (z-) v{k osQ ifjr% ?kwers] n`<+ fi.M osQ] ,d
fof'k"V d.k dks fcUnq  P  ij n'kkZ;k gSA ;g d.k ,d o`Ùk
cukrk gS ftldk osQUnz C, v{k ij fLFkr gSA o`Ùk dh f=kT;k r
gS] tks fcUnq P dh v{k ls yEcor~ nwjh gSA fp=k esa geus P
fcUnq ij d.k dk js[kh; osx lfn'k  v Hkh n'kkZ;k gSA bldh
fn'kk o`Ùk osQ P fcUnq ij [khaph xbZ Li'kZ js[kk osQ vuqfn'k gSA

ekuk fd ∆t  le; varjky osQ ckn d.k dh fLFkfr P' gS
(fp=k 6-16)A dks.k PC ′Ρ , ∆t  le; esa d.k osQ dks.kh;
foLFkkiu  ∆θ dk eki gSA  ∆t le; esa d.k dk vkSlr dks.kh;
osx ∆θ/∆t gSA tSls&tSls ∆t  dk eku ?kVkrs gq, 'kwU;ksUeq[k djrs
gSa] vuqikr  ∆θ/∆t dk eku ,d lhekar eku izkIr djrk gS tks
P fcUnq ij d.k dk rkR{kf.kd dks.kh; osx dθ/dt gSA rkR{kf.kd
dks.kh; osx dks ge  ω ls O;Dr djrs gSaA o`Ùkh; xfr osQ
vè;;u ls ge tkurs gSa fd js[kh; osx lfn'k dk ifjek.k v
,oa dks.kh; osx ω  osQ chp laca/ ,d ljy lehdj.k

rυ ω= }kjk izLrqr fd;k tk ldrk gS] tgk¡ r  o`Ùk dh
f=kT;k gSA

geus ns[kk fd fdlh fn, x, {k.k ij lehdj.k  rυ ω=
n`<+ fi.M osQ lHkh d.kksa ij ykxw gksrh gSA vr% fLFkj v{k ls
r

i
  nwjh ij fLFkr fdlh d.k dk] fdlh {k.k ij] js[kh; osx v

i

gksxk

i irυ ω= (6.19)

;gk¡ Hkh lwpdkad  i dk eku 1 ls n rd cnyrk gS] tgk¡
n fi.M osQ oqQy d.kksa dh la[;k gSA

v{k ij fLFkr d.kksa osQ fy, 0=r , vkSj blfy,
rωυ = = 0A vr% v{k ij fLFkr d.k js[kh; xfr ugha djrsA

blls ;g iq"V gksrk gS fd v{k fLFkj gSA
è;ku nsa fd geus lHkh d.kksa dk leku dks.kh; osx 

ω

fy;k gSA blfy, ge  ω dks iwjs fi.M dk dks.kh; osx dg
ldrs gSaA

fdlh fi.M dh 'kq¼ LFkkukarj.k xfr dk vfHky{k.k geus
;g crk;k fd blosQ lHkh d.k] fdlh fn, x, {k.k ij leku
osx ls pyrs gSaA blh izdkj] 'kq¼ ?kw.khZ xfr osQ fy, ge dg
ldrs gSa fd fdlh fn, x, {k.k ij fi.M osQ lHkh d.k leku
dks.kh; osx ls ?kwers gSaA è;ku nsa fd fLFkj v{k osQ ifjr% ?kwers
n`<+ fi.M dh ?kw.khZ xfr dk ;g vfHky{k.k] nwljs 'kCnksa esa

(tSlk vuqHkkx 6-1 esa crk;k x;k gS) fi.M dk gj d.k ,d
o`Ùk esa xfr djrk gS vkSj ;g o`Ùk v{k osQ vfHkyEcor~ ry esa
fLFkr gksrk gS ftldk osQUnz v{k ij gksrk gSA

gekjs vHkh rd osQ foospu ls ,slk yxrk gS fd dks.kh;
osx ,d vfn'k jkf'k gSA ̄drq rF; ;g gS] fd ;g ,d lfn'k
jkf'k gSA ge bl rF; osQ leFkZu ;k iqf"V osQ fy, dksbZ roZQ
ugha nsaxs] cl ;g eku dj pysaxsA ,d fLFkj v{k osQ ifjr%
?kw.kZu esa] dks.kh; osx lfn'k] ?kw.kZu v{k osQ vuqfn'k gksrk gS]
vkSj ml fn'kk esa laosQr djrk gS ftlesa ,d nf{k.kkorZ isap
vkxs c<+sxk tc mlosQ 'kh"kZ dks fi.M osQ ?kw.kZu dh fn'kk esa
?kqek;k tk,xkA nsf[k, fp=k 6.17(a)A bl lfn'k dk ifjek.k]
ω θ= d dt, tSlk Åij crk;k x;k gSA

fp=k 6.17(a) ;fn nf{k.kkoÙkZ isap osQ 'kh"kZ dks fi.M osQ ?kw.kZu dh
fn'kk esa ?kqek;k tk, rks isap dks.kh; osx ωωωωω     dh
fn'kk esa vkxs c<+sxkA ;fn fi.M osQ ?kw.kZu dh fn'kk
(okekorZ ;k nf{k.kkorZ) cnysxh rks      ωωωωω     dh fn'kk
Hkh cny tk,xhA

fp=k 6.17 (b) dks.kh; osx lfn'k ωωωωω dh fn'kk fLFkj ?kw.kZu v{k
osQ vuqfn'k gSA P fcUnq ij fLFkr d.k dk js[kh;
osx  v = ωωωωω × r gSA ;g ωωωωω     ,oa r nksuksa osQ
yEcor~ gS vkSj d.k ftl o`Ùk ij pyrk gS
mlosQ Åij [khaph xbZ Li'kZ js[kk osQ
vuqfn'k gSA
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vkb;s] vc ge lfn'k xq.kuiQy ω ω ω ω ω × r  dks Bhd ls le>sa
vkSj tkusa fd ;g D;k O;Dr djrk gSA fp=k 6.17(b) dks ns[kas]
tks oSls rks fp=k 6.16 dk gh Hkkx gS ij] ;gk¡ bls d.k  P dk
iFk n'kkZus osQ fy, nksckjk cuk;k x;k gSA fp=k esa] fLFkj (z-)
v{k osQ vuqfn'k lfn'k ω ω ω ω ω vkSj ewy fcUnq O osQ lkis{k ǹ<+ fi.M
osQ fcUnq P  dk fLFkfr&lfn'k  r = OP n'kkZ;k x;k gSA è;ku nsa fd
ewy fcUnq dks ?kw.kZu v{k osQ Åij gh j[kk x;k gSA

vc     ωωωωω × r = ω ω ω ω ω × OP = ω ω ω ω ω × (OC + CP)

ysfdu ω ω ω ω ω × OC = 0 D;ksafd osQ vuqfn'k ωωωωω OC gSA

vr%    ω ω ω ω ω × r = ω ω ω ω ω × CP

lfn'k ωωωωω     × CP, ω ω ω ω ω osQ yEcor~ gS] ;kfu z-v{k ij Hkh rFkk
d.k P  }kjk cuk;s x, o`Ùk dh f=kT;k CP ij HkhA vr% ;g
o`Ùk osQ  P fcUnq ij [khaph xbZ Li'kZ js[kk osQ vuqfn'k gSA  ωωωωω
× CP dk ifjek.k ω (CP) gS] D;ksafd  ωωωωω ,oa CP ,d nwljs osQ
yEcor~ gSaA gesa CP dks ⊥r  ls izn£'kr djuk pkfg, rkfd
blosQ vkSj  OP = r  osQ ifjek.k esa laHkze dh fLFkfr ls cpk
tk losQA

vr% ωωωωω × r ,d ,slk lfn'k gS ftldk ifjek.k  ωr⊥  gS
vkSj ftldh fn'kk d.k  P }kjk cuk;s x, o`Ùk ij [khaph xbZ
Li'kZ js[kk osQ vuqfn'k gSA ;gh fcUnq P ij js[kh; osx lfn'k dk
ifjek.k vkSj fn'kk gSA vr%

v = ω ω ω ω ω × r (6.20)

okLro esa] lehdj.k (6.20) mu ǹ<+ fi.Mksa dh ?kw.kZu xfr
ij Hkh ykxw gksrh gS tks ,d fcUnq osQ ifjr% ?kwers gSa] tSls yV~Vw
dk ?kweuk (fp=k 6.6(a))A bl rjg osQ ekeyksa esa]
r d.k dk fLFkfr lfn'k izn£'kr djrk gS tks fLFkj fcUnq dks
ewy fcUnq ysdj ekik x;k gksA

è;ku nsa] fd tc dksbZ oLrq ,d fLFkj v{k osQ ifjr%
?kw.kZu djrh gS rks le; osQ lkFk lfn'k ωωωωω dh fn'kk ugha
cnyrhA gk¡] bldk ifjek.k {k.k&{k.k ij cnyrk jgrk gSA
vf/d O;kid ?kw.kZu osQ ekeyksa esa  ωωωωω      osQ ifjek.k vkSj fn'kk
nksuksa le; osQ lkFk cnyrs jg ldrs gSaA

6.6.1 dks.kh; Roj.k

vkius è;ku fn;k gksxk fd ge ?kw.khZ xfr laca/h vè;;u dks
Hkh mlh rjg vkxs c<+k jgs gSa ftl rjg geus vius LFkkukarj.k
xfr laca/h vè;;u dks vkxs c<+k;k Fkk vkSj ftlosQ ckjs esa

vc ge Hkyh&Hkk¡fr ifjfpr gSaA LFkkukarj.k xfr dh xfrt pj
jkf'k;ksa ;Fkk js[kh; foLFkkiu (∆r) vkSj js[kh; osx (v) osQ ln`'k
gh ?kw.khZ xfr esa dks.kh; foLFkkiu (θθθθθ) ,oa dks.kh; osx (ω) (ω) (ω) (ω) (ω) dh
vo/kj.kk,a gSaA rc ;g LokHkkfod gh gS fd tSls geus
LFkkukarjh; xfr esa js[kh; Roj.k dks osx ifjorZu dh nj osQ :i
esa ifjHkkf"kr fd;k Fkk oSls gh ?kw.khZ xfr esa dks.kh; Roj.k dks
Hkh ifjHkkf"kr djsaA vr% dks.kh; Roj.k ααααα dh ifjHkk"kk] le;
osQ lkis{k dks.kh; osx ifjorZu dh nj osQ :i esa dj ldrs
gSaA ;kfu]

d

d
=

t

w
a (6.21)

;fn ?kw.kZu v{k fLFkj gS rks ω ω ω ω ω dh fn'kk vkSj blfy, ααααα dh
fn'kk Hkh fLFkj gksxhA bl fLFkfr esa rc lfn'k lehdj.k vfn'k
lehdj.k esa cny tkrh gS vkSj ge fy[k ldrs gSa&

d

dt
α ω

= (6.22)

6.7 cy vk?kw.kZ ,oa dks.kh; laosx

bl vuqHkkx esa] ge vkidks ,slh nks jkf'k;ksa ls voxr djk;saxs
ftudks nks lfn'kksa osQ lfn'k xq.ku osQ :i esa ifjHkkf"kr fd;k
tkrk gSA ;s jkf'k;k¡] tSlk ge ns[ksaxs] d.kksa osQ fudk;ksa]
fo'ks"kdj n`<+ fi.Mksa dh xfr dk foospu djus esa cgqr
egRoiw.kZ Hkwfedk vnk djrh gaSA

6.7.1 ,d d.k ij vkjksfir cy dk vk?kw.kZ

geus lhs[kk gS] fd fdlh n`<+ fi.M dh xfr] O;kid :i
esa] ?kw.kZu ,oa LFkkukarj.k dk la;kstu gksrh gSA ;fn fi.M
fdlh fcUnq ;k fdlh js[kk osQ vuqfn'k fLFkj gS rks blesa
osQoy ?kw.khZ xfr gksrh gSA ge tkurs gSa fd fdlh oLrq dh
LFkkukarjh; xR;koLFkk esa ifjorZu ykus osQ fy, (;kfu blesa
js[kh; Roj.k iSnk djus osQ fy,) cy dh vko';drk gksrh
gSA rc LokHkkfod iz'u ;g mBrk gS fd ?kw.khZ xfr esa cy
osQ rqY; :i dkSu lh jkf'k gS\ ,d lexz fLFkfr }kjk bl
iz'u dk mÙkj ryk'kus osQ fy, vkb;s fdlh }kj dks [kksyus
;k can djus dk mnkgj.k ysaA }kj ,d n`<+ fi.M gS tks dCt+ksa
ls gksdj xqtjus okyh ÅèokZ/j v{k osQ ifjr% ?kwe ldrk gSA
}kj dks dkSu ?kqekrk gS\ ;g rks Li"V gh gS fd tc rd
njokts ij cy ugha yxk;k tk;sxk ;g ugha ?kwe ldrkA
fdUr q ] fdlh Hkh cy }kjk ;g dk; Z fd;k tk
ldrk gks] ,slk ugha gSA dCtksa ls xqtjus okyh ÅèokZ/j
js[kk ij yxus okyk cy] }kj esa dksbZ Hkh ?kw.kZu xfr
mRiUu ugha dj ldrk ¯drq fdlh fn, x, ifjek.k dk
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}kj dks ?kqekus esa lcls vf/d izHkkoh gksrk gSA ?kw.khZ xfr esa
cy dk ifjek.k gh ugha] cfYd] ;g dgk¡ vkSj oSQls yxk;k
tkrk gS ;g Hkh egRoiw.kZ gksrk gSA

?kw.khZ xfr essa cy osQ lerqY; jkf'k cy vk?kw.kZ gSA bldks
,saBu (VkWoZQ) vFkok cy ;qXe Hkh dgk tkrk gSA (ge cy
vk?kw.kZ vkSj VkWoZQ 'kCnksa dk bLrseky ,dkFkhZ ekudj djsaxsA
igys ge ,dy d.k osQ fof'k"V ekeys esa cy vk?kw.kZ dh
ifjHkk"kk nsaxsA ckn esa bl vo/kj.kk dks vkxs c<+kdj d.kksa osQ
fudk; vkSj n`<+ fi.Mksa osQ fy, ykxw djsaxsA ge] ?kw.kZu xfr esa
blosQ dkj.k gksus okys ifjorZu ;kfu n`<+ fi.M osQ dks.kh;
Roj.k ls bldk laca/ Hkh tkusaxsA

fp=k 6.18 τττττ = r × F, τ τ τ τ τ ml ry osQ yEcor~ gS ftlesa  r ,oa
F gSa] vkSj bldh fn'kk nf{k.kkorZ isap osQ fu;e }kjk
tkuh tk ldrh gSA

;fn] P fcUnq ij fLFkr fdlh d.k ij cy F yxk gks vkSj
ewy fcUnq O osQ lkis{k fcUnq P dk fLFkfr lfn'k r  gks (fp=k
6-18)] rks ewy fcUnq osQ lkis{k d.k ij yxus okys cy dk
vk?kw.kZ fuEufyf[kr lfn'k xq.kuiQy osQ :i esa ifjHkkf"kr
fd;k tk;sxk&

τττττ = r × F (6.23)

cy vk?kw.kZ ,d lfn'k jkf'k gSA bldk laosQr fpÉ  xzhd
o.kZekyk dk ,d v{kj τ VkWo gSA τ τ τ τ τ dk ifjek.k gS

τ = rF sinθ (6.24a)

tgk¡  r fLFkfr lfn'k r dk ifjek.k ;kfu OP dh yackbZ gS]
F, cy F dk ifjek.k gS rFkk θ, r  ,oa  F  osQ chp dk y?kq
dks.k gS] tSlk fp=k esa n'kkZ;k x;k gSA

cy vk?kw.kZ dk foeh; lw=k  M L2 T -2 gS A bldh foek;sa
ogh gSa tks dk;Z vkSj ÅtkZ dhA rFkkfi] ;g dk;Z ls fcyoqQy
vyx HkkSfrd jkf'k gSA cy vk?kw.kZ ,d lfn'k jkf'k gS] tcfd]
dk;Z ,d vfn'k jkf'k gSA cy vk?kw.kZ dk S.I ek=kd U;wVu
ehVj (Nm) gSA fp=k ls Li"V gS fd cy vk?kw.kZ osQ ifjek.k dks
ge fy[k ldrs gSa&

     ( sin )r F r Fτ θ ⊥= = (6.24b)

;k  sinrF rFτ θ ⊥= = (6.24c)

tgk¡ r⊥  = r sinθ cy dh fØ;k&js[kk dh ewy fcUnq ls

yEcor~ nwjh gS vkSj ( sin )F F θ⊥ = , r  osQ yEcor~ fn'kk esa
F dk vo;o gSA è;ku nsa fd tc r = 0 ;k F = 0 ;k θ = 00

vFkok 1800 rc τ = 0 A vr% ;fn cy dk ifjek.k 'kwU; gks
;k cy ewy fcUnq ij izHkkoh gks ;k cy dh fØ;k js[kk ewy
fcUnq ls xqtjrh gks rks cy vk?kw.kZ 'kwU; gks tkrk gSA

vkidk è;ku bl ckr dh vksj tkuk pkfg, fd  r × F

lfn'k xq.ku gksus osQ dkj.k nks lfn'kksa osQ lfn'k xq.kuiQy osQ
lHkh xq.k bl ij Hkh ykxw gksrs gSaA vr% ;fn cy dh fn'kk
myV nh tk;sxh rks cy vk?kw.kZ dh fn'kk Hkh myVh gks tk;sxhA
ijUrq ;fn r vkSj  F nksuksa dh fn'kk myV nh tk, rks cy vk?kw.kZ
dh fn'kk esa dksbZ ifjorZu ugha gksxkA

6.7.2  fdlh d.k dk dks.kh; laosx

tSls cy vk?kw.kZ] js[kh; xfr esa cy dk ?kw.khZ lerqY; gS] Bhd
oSls gh dks.kh; laosx] js[kh; laosx dk ?kw.khZ lerqY; gSA igys
ge ,dy d.k osQ fof'k"V ekeys esa dks.kh; laosx dks
ifjHkkf"kr djaasxs vkSj ,dy d.k dh xfr osQ lanHkZ esa bldh
mi;ksfxrk ns[ksaxsA rc] dks.kh; laosx dh ifjHkk"kk dks ǹ<+ fi.Mksa
lfgr d.kksa osQ fudk;ksa osQ fy, ykxw djsaxsA

cy vk?kw.kZ dh rjg gh dks.kh; laosx Hkh ,d lfn'k xq.ku
gSA bldks ge (js[kh;) laosx dk vk?kw.kZ dg ldrs gSaA bl
uke ls dks.kh; laosx dh ifjHkk"kk dk vuqeku yxk;k tk
ldrk gSA

m nzO;eku vkSj p js[kh; laosx dk ,d d.k yhft,] ewy
fcUnq O osQ lkis{k] ftldk fLFkfr lfn'k r gksA rc ewy fcUnq
O  osQ lkis{k bl d.k dk dks.kh; laosx l fuEufyf[kr
lehdj.k }kjk ifjHkkf"kr gksxk&
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l = r × p (6.25a)

dks.kh; laosx lfn'k dh ifjek.k gS

θsinprl = (6.26a)

tgk¡ p lfn'k  p  dk ifjek.k gS rFkk θ  r  ,oa  p osQ chp dk
y?kq dks.k gSA bl lehdj.k dks ge fy[k ldrs gSa&

l r p= ⊥  ;k r p⊥                                   (6.26b)

tgk¡ r⊥  (= r sinθ) lfn'k  p dh fn'kk js[kk dh ewy fcUnq ls

yEcor~ nwjh gS vkSj p p⊥ =( sin )θ , r  dh yEcor~ fn'kk esa
p  dk vo;o gSA tc ;k rks js[kh; laosx 'kwU; gks (p = 0) ;k
d.k ewy fcUnq ij gks (r = 0) ;k fiQj  p dh fn'kk js[kk ewy
fcUnq ls xqtjrh gks  θ = 00 ;k 1800) rc ge vis{kk dj ldrs
gSa fd dks.kh; laosx 'kwU; gksxk  (l = 0)A

HkkSfrd jkf'k;ksa] cy vk?kw.kZ ,oa dks.kh; laosx esa ,d
egRoiw.kZ ikjLifjd laca/ gSA ;g laca/ Hkh cy ,oa js[kh;
laosx osQ chp osQ laca/ dk ?kw.khZ lerqY; gSA ,dy d.k osQ
lanHkZ esa ;g laca/ O;qRiUu djus osQ fy, ge  l = r × p  dks
le; osQ vk/kj ij vodfyr djrs gSa]

d

d

d

d

l

t t
= ×( )r p

nkb± vksj osQ O;atd ij xq.ku osQ vodyu dk fu;e ykxw
djsa] rks

d

d

d

d

d

dt t t
( )r p

r
p r

p× = × + ×

vc] d.k dk osx  v = dr/dt  ,oa  p = mv fy[ksa] rks

d

d

r
p v v

t
m× = × = 0,

D;ksafd nks lekUrj lfn'kksa dk lfn'k xq.kuiQy 'kwU; gksrk
gSA rFkk] pwafd dp / dt = F,

∴ r
p

r F× = × =d

dt
ττ

vr% 
d

dt
( )r p× = ττ

;k]  
d

d

l

t
= ττ (6.27)

vr,o] fdlh d.k osQ dks.kh; laosx esa le; osQ lkFk
gksus okys ifjorZu dh nj bl ij izHkkoh cy vk?kw.kZ osQ cjkcj
gksrh gSA ;g lehdj.k  F = dp/dt , tks ,dy d.k dh
LFkkukarjh; xfr osQ fy, U;wVu osQ f}rh; fu;e dks O;Dr
djrk gS] dk ?kw.khZ lerqY; gSA

d.kksa osQ fudk; dk cy vk?kw.kZ ,oa dks.kh; laosx

d.kksa osQ fdlh fudk; dk] fdlh fn, x, fcUnq osQ ifjr%
oqQy dks.kh; laosx Kkr djus osQ fy, gesa ,dy d.kksa osQ
dks.kh; laosxksa osQ lfn'k ;ksx dh x.kuk djuh gksxhA vr% n
d.kksa osQ fudk; osQ fy,]

L = + + + =
=
∑l l l l1 2

1

... n i

i

n

iosa d.k dk dks.kh; laosx gksxk]
l

i
 = r

i
 × p

i

tgk¡]  r
i
 fn, x, ewy fcUnq osQ lkis{k iosa d.k dk fLFkfr lfn'k

gS vkSj p = (m
i
v

i
) ml d.k dk js[kh; laosx gSA (d.k dk

nzO;eku m
i
  ,oa osx v

i 
gS)A d.kksa osQ fudk; osQ oqQy dks.kh;

laosx dks ge fuEuor~ fy[k ldrs gSa&

L r p= = ×∑ ∑li i i

i
(6.25b)

;g lehdj.k (6.25a) esa nh xbZ ,dkdh d.k osQ laosx
dh ifjHkk"kk dk d.kksa osQ fudk; osQ fy, fd;k x;k
O;kidhdj.k gSA

lehdj.kksa  (6.23) vkSj (6.25b)dk mi;ksx djsa rks

d

d

d

d

d

d

L

t t t
i

i

i

i

i

= ( ) = =∑ ∑ ∑l
l

ττ (6.28a)

tgk¡ τττττ
i 
, i osa d.k ij izHkkoh cy vk?kw.kZ gS_

τττττ
i
 = r

i
 × F

i

iosa d.k ij yxus okyk cy F
i 
, bl ij yxus okys lHkh

ckg~; cyksa F
i 
ext ,oa fudk; osQ nwljs d.kksa }kjk bl d.k ij

yxus okys vkarfjd cyksa F
i 
int dk lfn'k ;ksx gSA blfy,] ge

oqQy cy vk?kw.kZ esa ckg~; ,oa vkarfjd cyksa osQ ;ksxnku dks
vyx&vyx dj ldrs gSaA

 ττ ττ= = ×∑ ∑i

i

i

i

ir F
 vFkkZr~

ττ ττ ττ= +ext int ,

tgk¡ ττext i i
ext

i

= ×∑ r F

vkSj ττint
int= ×∑ r Fi i

i

ge] u fliZQ U;wVu osQ xfr dk r̀rh; fu;e ;kfu ;g rF;
fd fudk; osQ fdUgha nks d.kksa osQ chp yxus okys cy cjkcj
gksrs gSa vkSj foijhr fn'kk esa yxrs gSa] cfYd ;g Hkh ekudj
pysaxs fd ;s cy nksuksa d.kksa dks feykus okyh js[kk osQ vuqfn'k
yxrs gSaA bl fLFkfr esa vkarfjd cyksa dk] fudk; osQ oqQy cy
vk?kw.kZ esa ;ksxnku 'kwU; gksxkA D;ksafd] izR;sd fØ;k&izfrfØ;k
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u

u

;qXe dk ifj.kkeh cy vk?kw.kZ 'kwU; gSA vr%  τττττ
int

 = 0 vkSj
blfy, τττττ

 
 = τ τ τ τ τ

ext

pwafd ττ ττ= ∑ i , lehdj.k (6.28a) ls fu"d"kZ fudyrk

gS] fd

d

d

L

t
ext= ττ (6.28 b)

vr%] d.kksa osQ fdlh fudk; osQ oqQy dks.kh; laosx esa
le; osQ vuqlkj gksus okys ifjorZu dh nj ml ij vkjksfir
cká cy vk?kw.kks± (;kfu cká cyks osQ vk?kw.kks±) osQ lfn'k ;ksx
osQ cjkcj gksrh gSA è;ku jgs fd ftl fcUnq (;gk¡ gekjs
lanHkZ&izsQe dk ewy fcUnq) osQ ifjr% oqQy dks.kh; laosx fy;k
tkrk gS mlh osQ ifjr% cká cy vk?kw.kks± dh x.kuk dh tkrh
gSA lehdj.k (6.28 b)] d.kksa osQ fudk; osQ O;kidho`Qr
d.k dh lehdj.k (6.27) gh gSA ;g Hkh è;ku nsus dh ckr
gS fd ,d d.k osQ ekeys esa vkarfjd cyksa ;k vkarfjd cy
vk?k w.kk s ± dk dk sb Z vfLrRo ugh a gk srkA lehdj.k
(6.28 b) fuEufyf[kr lehdj.k (6.17) dk ?kw.khZ
lerqY; gSA

(6.17)

è;ku nsa fd lehdj.k (6.17) dh rjg gh] lehdj.k
(6.28b) Hkh d.kksa osQ lHkh fudk;ksa osQ fy, ykxw gksrh gS
pkgs og fi.M n`<+ gks ;k fofHkUu izdkj dh xfr;ksa ls ;qDr
i`Fkd i`Fkd d.kksa dk fudk;A

dks.kh; laosx dk laj{k.k

;fn τττττ
ext 

= 0, rks lehdj.k (6.28b) jg tkrh gS

∴          L = vpjkad (6.29a)

vr%] d.kksa osQ fdlh fudk; ij vkjksfir oqqQy cká cy
vk?kw.kZ ;fn 'kwU; gks rks ml fudk; dk oqQy dks.kh; laosx
lajf{kr gksrk gS vFkkZr~ vpj jgrk gSA lehdj.k (6.29a) rhu
vfn'k lehdj.kksa osQ lerqY; gSA

L
x
 = K

1
, L

y
 = K

2
 ,oa L

z
 = K

3
(6.29 b )

;gk¡ K
1
, K

2
 ,oa K

3
 vpjkad gSa rFkk  L

x
, L

y 
vkSj L

z
 oqQy

dks.kh; laosx lfn'k L osQ Øe'k% x, y ,oa z fn'kkvksa esa
fo;ksftr vo;o gSaA ;g dFku fd oqqQy dks.kh; laosx lajf{kr
gS] bldk ;g Hkh vFkZ gS fd ;s rhuksa vo;o Hkh lajf{kr gSaA

lehdj.k (6.29a)] lehdj.k (6.18a) ;kfu d.kksa
osQ fudk; osQ oqQy js[kh; laosx osQ laj{k.k osQ fu;e] dk ?kw.khZ
lerqY; gSA lehdj.k (6.18a) dh rjg gh vusd O;kogkfjd
fLFkfr;ksa esa blosQ vuqiz;ksx gSaA bl vè;k; esa oqQN jkspd
vuqiz;ksxksa dh ge ppkZ djsaxsA

mnkgj.k 6.5: ewy fcUnq osQ ifjr%] cy 7î + 3ĵ – 5k̂

dk cy vk?kw.kZ Kkr dhft,A cy ftl d.k ij yxrk
gS mldk fLFkfr lfn'k  î – ĵ + k̂  gSA

gy :   ;gk¡ r i j k= − +ˆ ˆ ˆ

    ,oa  F i j k= + −7 3 5ˆ ˆ ˆ .

cyk?kw.kZ τττττ = r × F Kkr djus osQ fy, ge fMVjfeusaV gy djsaxs

ττ = −
−

= − − − − + − −

ˆ ˆ ˆ

( )ˆ ( )ˆ ( ( ))ˆ

i j k

i j k1 1 1

7 3 5

5 3 5 7 3 7

;k ττ = + +2 12 10ˆ ˆ ˆi j k ⊳

mnkgj.k 6.6: n'kkZb;s] fd vpj&osx ls pyrs ,dy
d.k dk fdlh fcUnq osQ ifjr% dks.kh; laosx mldh
leLr xfr osQ nkSjku vpj jgrk gSA

gy :   ekuk fd dksbZ d.k P fdlh d.k t  ij]  v osx ls py
jgk gSA ge] bl d.k dk dks.kh; laosx] LosPN fcUnq  O osQ
ifjr% Kkr djuk pkgrs gSaA

fp=k 6.19

dks.kh; laosx  l = r × mv gSA bldk ifjek.k mvr sinθ
gS] tgk¡ θ , r vkSj v osQ chp dk dks.k gS (nsf[k, fp=k 6.19)A
;|fi d.k le; osQ lkFk viuh fLFkfr cny jgk gS] fiQj Hkh]
v  dh fn'kk js[kk ogh cuh jgrh gS vkSj blfy,
OM = r sin θ  vpj gSA
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l dh fn'kk] r  ,oa  v osQ ry osQ vfHkyEcor~] i`"B osQ
vanj dh vksj tkrh gqbZ gSA ;g fn'kk Hkh ugha cnyrhA

vr%] l dk ifjek.k ,oa fn'kk ogh jgrh gS vkSj
blfy, ;g lajf{kr gSA D;k d.k ij dksbZ cká cy
vkjksfir gS\ ⊳

6.8 n`<+ fi.Mksa dk larqyu
vc ge O;kid d.k&fudk;ksa osQ ctk; n`<+ fi.Mksa dh xfr
ij viuk è;ku osaQfnzr djsaxsA

vkb;s] Lej.k djsa fd n`<+ fi.Mksa ij cká cyksa osQ D;k
izHkko gksrs gSa\ (vkxs ls ge fo'ks"k.k ^cká* dk iz;ksx ugha
djsaxsA tc rd vU;Fkk u dgk tk;] ge osQoy cká cyksa vkSj
cy vk?kw.kks± ls gh O;ogkj djsaxs)A cy] fdlh n`<+ fi.M dh
LFkkukarjh; xR;koLFkk esa ifjorZu ykrs gSa] vFkkZr~ os lehdj.k
(6-17) osQ vuqlkj] blosQ oqQy js[kh; laosx dks ifjo£rr
djrs gSaA ysfdu] cyksa dk ;g ,dek=k izHkko ugha gSA ;fn
fi.M ij yxus okyk oqQy cy vk?kw.kZ 'kwU; u gks rks blosQ
dkj.k] n`<+ fi.M dh ?kw.khZ xfr esa ifjorZu gksxk vFkkZr~ fi.M
dk oqQy dks.kh; laosx lehdj.k (6-28b) osQ vuqlkj
cnysxkA

fdlh n`<+ fi.M dks ;kaf=kd larqyu dh voLFkk esa rc
dgk tk,xk tc blosQ js[kh; laosx vkSj dks.kh; laosx nksuksa dk
gh eku le; osQ lkFk u cnyrk gks ;kfu ml fi.M esa u
js[kh; Roj.k gks u dks.kh; Roj.kA bldk vFkZ gksxk fd
(1) fi.M ij yxus okyk oqQy cy ;kfu cyksa dk lfn'k

;ksx 'kwU; gks %

F F F F
1 2

1

+ + + = =
=
∑...

n i

i

n

0 (6.30a)

;fn fi.M ij yxus okyk oqQy cy 'kwU; gksxk rks ml
fi.M osQ js[kh; laosx esa le; osQ lkFk dksbZ ifjorZu
ugha gksxkA lehdj.k (6-30a) fi.M osQ LFkkukarjh;
larqyu dh 'krZ gSA

(2) oqQy cy vk?kw.kZ] ;kfu n`<+&fi.M ij yxus okys
cy&vk?kw.kks± dk lfn'k ;ksx 'kwU; gksxk %

ττ ττ ττ ττ
1 2

1

+ + + = =
=
∑...

n i

i

n

0 (6.30b)

;fn n`<+ fi.M ij vkjksfir oqQy cy vk?kw.kZ 'kwU; gks rks
bldk oqQy dks.kh; laosx le; osQ lkFk ugha cnysxkA
lehdj.k (6-30b) fi.M osQ ?kw.khZ larqyu dh 'krZ gSA

vc ;g iz'u mB ldrk gS] fd ;fn og ewy fcUnq
ftlosQ ifjr% vk?kw.kks± dh x.kuk dh xbZ gS cny tk,] rks D;k
?kw.khZ larqyu dh 'krZ cnysxh\ ;g fn[kk;k tk ldrk gS fd
;fn fdlh n`<+ fi.M osQ fy, LFkkukarjh; larqyu dh 'krZ
lehdj.k (6.30b) ykxw gksrh gS rks bl ij ewy fcUnq osQ
LFkkukarj.k dk dksbZ izHkko ugha gksxk vFkkZr~ ?kw.khZ larqyu dh
'krZ ml ewy fcUnq dh fLFkfr osQ Åij fuHkZj ugha djrh
ftlosQ ifjr% vk?kw.kZ fy, x, gSaA mnkgj.k 6-7] esa cy;qXe
(;kfu LFkkukarjh; larqyu esa] fdlh fi.M osQ Åij yxus okys
cyksa dk ,d tksM+k) osQ fof'k"V ekeys esa bl rF; dh iqf"V
dh tk,xhA n cyksa osQ fy, bl ifj.kke dk O;kid O;atd
izkIr djuk vkiosQ vH;kl osQ fy, NksM+ fn;k x;k gSA

lehdj.k (6.30a) ,oa lehdj.k (6.30b) nksuksa gh
lfn'k lehdj.ksa gSaA buesa ls izR;sd rhu vfn'k lehdj.kksa osQ
lerqY; gSaA lehdj.k (6.30a) osQ laxr ;s lehdj.ksa gSa

F
ix

i

n

=
=
∑ 0

1

, F
iy

i

n

=
=
∑ 0

1

 ,oa F
iz

i

n

=
=
∑ 0

1

 (6.31a)

tgk¡ F
ix
, F

iy
 ,oa  F

iz
  cy  F

i 
osQ Øe'k%

  
x, y ,oa  z  fn'kk

esa fo;ksftr vo;o gSaA blh izdkj] lehdj.k (6.30b) ftu
rhu vfn'k lehdj.kksa osQ lerqY; gSa] os gSa

τ τ
ix

i

n

iy

i

n

= =
= =
∑ ∑0 0

1 1

,  ,oa τ
iz

i

n

=
=
∑ 0

1

      (6.31b)

tgk¡ τ
ix
, τ

iy
  ,oa  τ

iz 
 Øe'k%  x, y  ,oa  z  fn'kk esa cy

vk?kw.kZ τ
i 
 osQ vo;o gSaA

lehdj.k (6.31a) ,oa (6.31b), gesa fdlh ǹ<+ fi.M osQ
;kaf=kd larqyu osQ fy, vko';d N% ,slh 'krs± crkrs gSa tks ,d
nwljs osQ Åij fuHkZj ugha djrhaA cgqr lh leL;kvksa esa fdlh
fi.M ij yxus okys lHkh cy ,d gh ry esa gksrs gSaA bl fLFkfr
esa ;kaf=kd larqyu osQ fy, osQoy rhu 'krks± dks iwjh fd, tkus
dh vko';drk gksxhA buesa ls nks 'krs± LFkkukarjh; larqyu osQ
laxr gksaxh] ftuosQ vuqlkj] lHkh cyksa osQ] bl ry esa LosPN pquh
xbZ nks ijLij yEcor~ v{kksa osQ vuqfn'k] vo;oksa dk lfn'k ;ksx
vyx&vyx 'kwU; gksxkA rhljh 'krZ ?kw.khZ&larqyu osQ laxr gSA
cyksa osQ ry osQ vfHkyEcor~ v{k osQ vuqfn'k cy vk?kw.kZ osQ
vo;oksa dk ;ksx 'kwU; gksuk pkfg,A

,d ǹ<+ fi.M osQ larqyu dh 'krks± dh rqyuk] ,dy d.k osQ
larqyu dh 'krks± ls dh tk ldrh gSA bl fo"k; esa geus igys osQ
vè;k;ksa esa ckr dh gSA d.k ij ?kw.khZ xfr dk dksbZ fopkj vko';d
ugha gksrkA blosQ larqyu osQ fy, osQoy LFkkukarjh; larqyu dh 'krs±
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(lehdj.k 6.30 a) gh i;kZIr gSaA vr% fdlh d.k osQ larqyu osQ
fy, bl ij vkjksfir lHkh cyksa dk lfn'k ;ksx 'kwU; gksuk pkfg,A
D;ksafd ;s lc cy ,d gh d.k ij dk;Z djrs gSa blfy, laxkeh
Hkh gksrs gSaA laxkeh cyksa osQ rgr larqyu dk foospu igys osQ
vè;k;ksa esa fd;k tk pqdk gSA

KkrO; gS fd ,d fi.M vkaf'kd larqyu esa gks ldrk gS
;kfu ;g gks ldrk gS fd ;g LFkkukarjh; larqyu esa gks ijUrq
?kw.khZ larqyu esa u gks ;k fiQj ?kw.khZ larqyu esa rks gks ij
LFkkukarjh; larqyu esa uk gksA

,d gydh (;kfu ux.; nzO;eku okyh) Lora=k NM+
(AB) ij fopkj dhft,] ftlosQ nks fljksa (A ,oa B) ij]
cjkcj ifjek.k okys nks lekarj cy] (tks leku fn'kk esa yxs
gksa) F, fp=k 6.20(a) esa n'kkZ;s vuqlkj] NM+ osQ yEcor~
yxs gksaA

fp=k 6.20(a)

ekuk fd NM+ AB dk eè; fcUnq C gS vkSj CA = CB =

a gSA  A ,oa B ij yxs cyksa osQ C  osQ ifjr% vk?kw.kZ] ifjek.k
esa leku (aF) gSa] ij tSlk fp=k esa fn[kk;k x;k gS] foijhr
fn'kkvksa esa izHkkodkjh gSaA NM+ ij oqQy cy vk?kw.kZ 'kwU; gksxkA
fudk; ?kw.khZ larqyu esa gS] ij ;g LFkkukarjh; larqyu esa ugha

gS] D;ksafd F 0≠∑ A

fp=k 6.20(b)

fp=k  6.20(b) esa] fp=k (6.20a) esa B fljs ij yxk,
x, cy dh fn'kk myV nh xbZ gSA vc mlh NM+ ij fdlh
{k.k ij cjkcj ifjek.k osQ nks cy] foijhr fn'kkvksa esa] NM+

osQ yEcor~ yxs gSa ,d  A fljs ij vkSj nwljk  B fljs ijA
;gk¡ nksuksa cyksa osQ vk?kw.kZ cjkcj rks gSa ij os foijhr fn'kk
esa ugha gSa_ os ,d gh fn'kk esa gSa vkSj NM+ esa okekorZ ?kw.kZu
dh izo`fÙk ykrs gSaA NM+ ij yxus okyk oqQy cy 'kwU; gSA
vr% NM+ LFkkukarjh; larqyu esa gS] ysfdu ;g ?kw.khZ larqyu
esa ugha gSA ;|fi ;g NM+ fdlh Hkh rjg ls fLFkj ugha dh
xbZ gS] blesa 'kq¼ ?kw.khZ laHko gksrh gS (;kfu LFkkukarj.k jfgr
?kw.kZu xfr)A

nks cjkcj ifjek.k osQ] foijhr fn'kkvksa esa yxs cyksa dk
tksM+k ftudh fØ;k js[kk,¡ ,d u gksa cy;qXe vFkok ,saBu
(VkWoZQ) dgykrk gSA cy;qXe fcuk LFkkukarj.k osQ ?kw.kZu iSnk
djrk gSA

tc ge ?kqekdj fdlh cksry dk <Ddu [kksyrs gS a
rk s gekjh maxfy;k¡ <Ddu ij ,d cy;qXe vkjksfir
djrh gS aA [fp=k 6.21(a)]A bldk nwljk mnkgj.k i`Foh
osQ pqEcdh; {ks=k es a j[kh pqEcdh; lqbZ gS [fp=k
6.21(b)]A i`Foh dk pqEcdh; {ks=k] pqEcdh; lqbZ osQ
mÙkjh vkSj nf{k.kh /z qok s a ij cjkcj cy yxkrk gSA mÙkjh
/q zo ij yxk cy mÙkj fn'kk dh vksj ,oa nf{k.kh /z qo
ij yxk cy nf{k.kh fn'kk dh vksj gksrk gSA ml voLFkk
osQ vfrfjDr tc lqbZ mÙkj&nf{k.k fn'kk es a laosQr djrh
gks] nksuk s a cyks a dh fØ;k js[kk ,d ugha gksrhA vr% ml
ij] i`Foh osQ pqEcdh; {ks=k osQ dkj.k] ,d cy;qXe
izHkkoh gksrk gSA

fp=k 6.21(a) <Ddu dks ?kqekus osQ fy, gekjh maxfy;k¡ ml ij
,d cy;qXe yxkrh gSa
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fp=k 6.21(b) i`Foh dk pqEcdh; {ks=k] lqbZ osQ /qzoksa ij] cjkcj
ifjek.k okys nks cy foijhr fn'kkvksa esa yxkrk gSA
;s nks cy ,d cy;qXe cukrs gSaA

mnkgj.k 6.7: n'kkZb;s fd fdlh cy;qXe dk vk?kw.kZ
ml fcUnq osQ Åij fuHkZj ugha djrk ftlosQ ifjr% vki
vk?kw.kZ Kkr djrs gSaA

gy

fp=k 6.22

,d n`<+ fi.M yhft, ftl ij fp=k 6.22 esa fn[kk;s
vuqlkj cy;qXe yxk gSA cy F  ,oa -F  Øe'k% fcUnq  B  vkSj
A ij yxs gSaA ewy fcUnq O  osQ lkis{k bu fcUnqvksa osQ fLFkfr
lfn'k Øe'k%  r

2
 ,oa r

1
 gSaA vkb;s] ewy fcUnq osQ ifjr% cyksa

osQ vk?kw.kZ Kkr djsaA
cy;qXe dk vk?kw.kZ = ;qXe cukus okys cyksa osQ vk?kw.kks± dk

;ksx
= r

1 
× (–F) + r

2 
× F

= r
2 
× F – r

1 
× F

= (r
2
–r

1
)
 
× F

ysfdu r
1
 + AB = r

2
, ∴  AB  = r

2
 –r

1
.

cy;qXe dk vk?kw.kZ  = AB
 
× F

Li"Vr%] ;g eku ewy fcUnq ;kfu og fcUnq ftlosQ ifjr%
geus cyksa osQ vk?kw.kZ fy, gSa mldh fLFkfr ij fuHkZj
ugha djrkA ⊳

6.8.1 vk?kw.kks± dk fl¼kar

,d vkn'kZ mÙkksyd] vfuok;Z :i ls] ,d ,slh gydh (;kfu
ux.; nzO;eku okyh) NM+ gS tks viuh yEckbZ osQ vuqfn'k
fy, x, fdlh fcUnq osQ ifjr% ?kwe ldrh gksA ;g fcUnq
vkyEc dgykrk gSA cPpksa osQ [ksy osQ eSnku esa yxk lh&lk]
mÙkksyd dk ,d izfrfuf/d mnkgj.k gSA nks cy F

1
 ,oa F

2
, tks

,d nwljs osQ lekarj gSa mÙkksyd osQ fljksa ij] blosQ yEcor~
rFkk vkyEc ls Øe'k% d

1
 ,oa d

2
 nwfj;ksa ij yxk;s x, gSa tSlk

fp=k 6.23 esa n'kkZ;k x;k gSA

fp=k 6.23

;g mÙkksyd ;kaf=kd :i ls ,d larqfyr fudk; gSA ekuk
fd vkyEc ij cyksa dk izfrfØ;k cy R  gSA ;g cyksa  F

1
 ,oa

F
2 
 dh foijhr fn'kk esa izHkkoh gSA LFkkukarjh; larqyu osQ fy,]

R – F
1 
– F

2
 = 0 (i)

vkSj ?kw.khZ larqyu esa] vkyEc osQ ifjr% vk?kw.kZ ysus ij] bu
vk?kw.kks± dk ;ksx 'kwU; gksxkA vr%

d
1
F

1
–d

2
F

2
 = 0 (ii)

lkekU;r% okekorZ vk?kw.kks± dks /ukRed ,oa nf{k.kkorZ
vk?kw.kks± dks ½.kkRed fy;k tkrk gSA è;ku nsa fd R vkyEc]
ij gh dk;Zjr gS vkSj bldk vk?kw.kZ 'kwU; gSA

mÙkksyd osQ ekeys esa] F
1 
 izk;% dksbZ yksM gksrk gS ftls

mBkuk gksrk gS bls Hkkj dgrs gSaA vkyEc ls bldh nwjh d
1
 Hkkj

dh Hkqtk dgykrh gSA cy F
2
, yksM dks mBkus osQ fy, yxk;k

x;k cy] iz;kl gSA vkyEc ls bldh nwjh iz;kl Hkqtk dgykrh
gSA

lehdj.k (ii) dks ge bl izdkj Hkh fy[k ldrs gSa

d
1
F

1 
=

 
d

2 
F

2
(6.32a)

;k] Hkkj × Hkkj dh Hkqtk = iz;kl × iz;kl dh Hkqtk
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mijksDr lehdj.k] fdlh mÙkksyd osQ fy, vk?kw.kks± dk
fu;e O;Dr djrh gSA vuqikr  F

1
/F

2 
 ;kaf=kd ykHk (M.A)

dgykrk gSA

vr%   M.A. = 
1 2

2 1

F d

F d
= (6.32b)

;fn iz;kl Hkqtk d
2 
 dh yEckbZ] Hkkj&Hkqtk d

1
 ls vf/

d gks] rks ;kaf=kd ykHk ,d ls vf/d gksrk gSA ;kaf=kd ykHk
,d ls vf/d gksus dk vFkZ gksrk gS fd de iz;kl ls vf/
d Hkkj mBk;k tk ldrk gSA lh&lk osQ vfrfjDr Hkh vkiosQ
bnZ&fxnZ mÙkksydksa osQ cgqr ls mnkgj.k vkidks fey tk;saxsA
rqykn.M Hkh ,d mÙkksyd gh gSA oqQN vU; mÙkksydksa osQ
mnkgj.k vius ifjos'k ls <w¡f<+,A izR;sd osQ fy, muosQ
vkyEc] Hkkj] Hkkj&Hkqtk] iz;kl vkSj iz;kl&Hkqtk dh
igpku dhft,A

vki ;g ljyrk ls n'kkZ ldrs gSa fd ;fn lekarj cy  F
1

vkSj F
2 
 mÙkksyd osQ yEcor~ u gksa cfYd dksbZ dks.k cukrs gq,

yxs gksa rc Hkh vk?kw.kks± dk fu;e ykxw gksrk gSA

6.8.2  xq#Ro osQUnz

vkiesa ls dbZ yksxksa us viuh uksV cqd dks viuh maxyh dh
uksd ij larqfyr fd;k gksxkA fp=k 6.24 mlh rjg dk ,d
fØ;kdyki gS tks vki vklkuh ls dj ldrs gSaA ,d
vfu;fer vkdkj dk M nzO;eku okyk xÙks dk VqdM+k vkSj
isafly tSlh dksbZ ckjhd uksd okyh oLrq yksA oqQN ckj
iz;kl djosQ vki xÙks osQ VqdM+s esa ,d ,slk fcUnq G <w¡<+
ldrs gSa ftlosQ uhps isafly dh uksd j[kus ij xÙks dk
VqdM+k ml uksd ij larqfyr gks tk,xkA (bl fLFkfr esa xÙks
dk VqdM+k iw.kZr% {kSfrt voLFkk esa jguk pkfg,)A ;g
larqyu fcUnq xÙks osQ VqdM+s dk xq#Ro osQUnz (CG) gSA isafly
dh uksd ÅèokZ/jr% Åij dh vksj yxus okyk ,d cy
iznku djrh gS ftlosQ dkj.k xÙks dk VqdM+k ;kaf=kd larqyu
esa vk tkrk gSA tSlk fp=k 6.24 esa n'kkZ;k x;k gS] isafly dh
uksd dk izfrfØ;k cy R xÙks osQ VqdM+s osQ oqQy Hkkj M g

osQ cjkcj vkSj foijhr gS vkSj blfy, ;g LFkkukarjh;
larqyukoLFkk esa gSA lkFk gh ;g ?kw.khZ larqyu esa Hkh gSA
D;ksafd] vxj ,slk u gksrk rks vlarqfyr cy vk?kw.kZ osQ dkj.k
;g ,d vksj >qd tkrk vkSj fxj tkrkA xq#Ro cy osQ dkj.k xÙks
osQ VqdM+s ij cgqr ls cy vk?kw.kZ izHkkoh gSa D;ksafd ,dkdh d.kksa
osQ Hkkj  m

1
g, m

2
g ….  vkfn G ls fofHkUu nwfj;ksa ij dk;Z dj

jgs gSaA

fp=k 6.24 xÙks osQ VqdM+s dks isafly dh uksd ij larqfyr djukA
isafly dh uksd xÙks osQ VqdM+s dk xq#Ro osQUnz
fu/kZfjr djrh gSA

xÙks osQ VqdM+s dk xq#Ro osQUnz bl izdkj fu/kZfjr fd;k
x;k gS fd m

1
g, m

2
g …. vkfn cyksa dk blosQ ifjr% fy;k

x;k vk?kw.kZ 'kwU; gSA
;fn  r

i
 xq#Ro osQUnz osQ lkis{k fdlh fi.M osQ  i-osa d.k

dk fLFkfr lfn'k gks] rks bl ij yxus okys xq#Ro cy dk
xq#Ro osQUnz osQ ifjr% cy vk?kw.kZ τττττ

i 
= r

i
 × m

i 
gA  xq#Ro osQUnz

osQ ifjr% oqQy xq#Roh; cy vk?kw.kZ 'kwU; gksus osQ dkj.k

ττ ττg i i im= = × =∑ ∑ r g 0 (6.33)

blfy,] fdlh fi.M osQ xq#Ro&osQUnz dks ge ,d ,sls
fcUnq osQ :i esa ifjHkkf"kr dj ldrs gSa ftlosQ ifjr% fi.M
dk oqQy xq#Roh; cy vk?kw.kZ 'kwU; gksA

ge ns[krs gSa fd lehjd.k (6.33) esa g lHkh d.kksa osQ fy,

leku gS vr% ;g ;ksx&fpUg ∑ ls ckgj vk ldrk gSA vr%]

m i i
r∑  = 0 A ;kn jf[k, fd fLFkfr lfn'k (r

i
) xq#Ro osQUnz

osQ lkis{k ukis x, gSaA vc vuqHkkx 6.2 dh lehdj.k  (6.4a)

osQ vuqlkj ;fn m i ir∑  = 0, rks ewy fcUnq fi.M dk

nzO;eku osQUnz gksuk pkfg,A vr% fi.M dk xq#Ro osQUnz ,oa
nzO;eku osQUnz ,d gh gSA gekjs è;ku esa ;g ckr vkuh pkfg,
fd ,slk blfy, gS] D;ksafd] oLrq dk vkdkj bruk NksVk gS fd
blosQ lHkh fcUnqvksa osQ fy,  g dk eku leku gSA ;fn fi.M
bruk cM+k gks tk, fd blosQ ,d Hkkx dh rqyuk esa nwljs Hkkx
osQ fy,  g  dk eku cny tk, rc xq#Ro osQUnz ,oa nzO;eku

Reprint 2026-27



115d.kksa osQ fudk; rFkk ?kw.khZ xfr

u

osQUn lEikrh ugha gksaxsA ewy :i esa] ;s nks vyx&vyx vo/
kj.kk,¡ gSaA nzO;eku osQUnz dk xq#Ro ls oqQN ysuk nsuk ugha gSA
;g osQoy fi.M esa nzO;eku osQ forj.k ij fuHkZj djrk gSA

fp=k 6.25 vfu;fer vkdkj osQ iQyd dk xq#Ro osQUnz Kkr
djukA iQyd dk xq#Ro osQUnz G bldks A dksus ls
yVdkus ij blls gksdj xqtjus okyh ÅèokZ/j js[kk
ij iM+rk gSA

vuqHkkx 6.2 esa geus dbZ fu;fer] lekax] fi.Mksa osQ
nzO;eku osQUnz dh fLFkfr Kkr dh FkhA Li"Vr%] ;fn fi.M
fo'kkydk; ugha gS] rks mlh fof/ ls ge muosQ xq#Ro osQUnz
Kkr dj ldrs gSaA

fp=k 6.25, xÙks osQ VqdM+s tSls fdlh vfu;fer vkdkj
osQ iQyd dk xq#Ro osQUnz Kkr djus dh ,d vU; fof/
n'kkZrk gSA ;fn vki bl iQyd dks fdlh fcUnq tSls A ls
yVdk;sa rks A ls xqtjus okyh ÅèokZ/j js[kk xq#Ro osQUnz ls
xqtjsxhA ge bl ÅèokZ/j js[kk AA

1
, dks vafdr dj ysrs gSaA

vc ge iQyd dks fdlh nwljs fcUnq tSls B ;k C ls yVdkrs
gSaA bu nks ÅèokZ/j js[kkvksa dk dVku fcUnq xq#Ro osQUnz gSA

le>kb;s fd ;g fof/ D;ksa izHkkoh gksrh gS\ pwafd ;gk¡ fi.M
NksVk lk gh gS vr% bl fof/ ls bldk nzO;eku osQUnz Hkh Kkr
fd;k tk ldrk gSA

mnkgj.k 6.8:  70 lsaVhehVj yach vkSj 4.00 kg nzO;eku
dh /krq dh NM+ osQ nksuksa fljksa ls 10 lsaVhehVj nwj j[ks
nks {kqj&/kjksa ij fVdh gSA blosQ ,d fljs ls 40

lsaVhehVj dh nwjh ij 6.00 kg nzO;eku dk ,d Hkkj
yVdk;k x;k gSA {kqj&/kjksa ij yxus okys izfrfØ;k cyksa
dh x.kuk dhft,A (NM+ dks lekax vkSj leku vuqizLFk
dkV okyh eku ldrs gSaA)

gy :

fp=k 6.26

fp=k 6.26  esa NM+ oQks  AB ls n'kkZ;k x;k gSA K
1
 ,oa  K

2

{kqj&/kjksa dh fLFkfr n'kkZrs gSaA  G  ,oa  P Øe'k% xq#Ro osQUnz
,oa yVdk;s x, cy dh fLFkfr;k¡ gSaA

è;ku nsa fd NM+ dk Hkkj W blosQ xq#Ro osQUnz  G ij
dk;Z djrk gSA NM+ leku vuqizLFk dkV okyh vkSj lekax
nzO; ls cuh gS blfy,  G bldk osQUnz gSA AB = 70 cm.

AG = 35 cm, AP = 30 cm, PG = 5 cm, AK
1

= BK
2 

= 10 cm vkSj  K
1
G = K

2
G = 25 cm ,oa

W = NM+ dk Hkkj = 4.00 kg rFkk W
1
= yVdk;k x;k Hkkj

= 6.00 kg; R
1
 ,oa R

2
 {kqj&/kjksa osQ vk/kjksa osQ vfHkyEcor~

izfrfØ;k cy gSaA
NM+ osQ LFkkukarjh; larqyu osQ fy,
R

1
+R

2 
-W

1 
- W = 0 (i)

è;ku nsa fd  W
1
 ,oa W ÅèokZ/jr% uhps dh vksj rFkk  R

1

,oa R
2 
ÅèokZ/jr% Åij dh vksj yxrs gSaA

?kw.khZ larqyu dh n`f"V ls ge cyksa osQ vk?kw.kZ Kkr djrs
gSaA ,d ,slk fcUnq ftlosQ ifjr% vk?kw.kZ Kkr djus ls
lqfo/k jgsxh G gSA R

2
 vkSj W

1
 osQ vk?kw.kZ okekorZ (/ukRed)

gSa] tcfd R
1
 dk vk?kw.kZ nf{k.kkorZ (½.kkRed) gSA

vr% ?kw.khZ larqyu osQ fy,
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u

–R
1 
(K

1
G) + W

1 
(PG) + R

2 
(K

2
G) = 0 (ii)

;g fn;k x;k gS fd W = 4.00g N,  W
1
 = 6.00g N,

tgk¡ g = xq#Ro osQ dkj.k Roj.k g = 9.8 m/s2.

lehdj.k (i) esa vkafdd eku izfrLFkkfir djus ij]
R

1 
+ R

2
 – 4.00g – 6.00g =0

;k R
1 
+ R

2
 = 10.00g  N (iii)

               = 98.00 N

lehdj.k (ii) ls –0.25 R
1
 + 0.05 W

1
 + 0.25 R

2 
= 0

;k R
1
 – R

2
 = 1.2g  N = 11.76 N (iv)

lehdj.k (iii) and (iv) ls R
1
 = 54.88 N,

R
2
 = 43.12 N

vr% {kqj&/kjksa osQ vk/kjksa osQ izfrfØ;k cy gSa&
K

1 
ij 55 N  rFkk  K

2
 ij 43 N ⊳

mnkgj.k 6.9: 20 kg nzO;eku dh ,d 3 m yach lh<+h
,d ?k"kZ.kfoghu nhokj osQ lkFk >qdk dj fVdkbZ xbZ gSA
tSlk fp=k 6.27 esa n'kkZ;k x;k gS] bldk fupyk fljk
iQ'kZ ij nhokj ls 1 m dh nwjh ij gSA nhokj vkSj iQ'kZ
osQ izfrfØ;k cy Kkr dhft,A

gy

fp=k 6.27

lh<+h AB dh yackbZ = 3 m, blosQ iSjksa dh nhokj ls nwjh
AC = 1 m, ikbFkkxksjl izes; osQ vuqlkj  BC = 2 2  m A
lh<+h ij yxus okys cy gSa & blosQ xq#Ro osQUnz  D ij izHkkoh
bldk Hkkj WA nhokj vkSj iQ'kZ osQ izfrfØ;k cy F

1 
,oa F

2
A

cy F
1
 nhokj ij vfHkyEcor~ gS] D;ksafd] nhokj ?k"kZ.kfoghu

gSA cy F
2
  dks nks vo;oksa esa fo;ksftr fd;k tk ldrk

gS &vfHkyEcor~ izfrfØ;k cy  N  ,oa ?k"kZ.k cy F A è;ku nsa

fd F lh<+h dks nhokj ls nwj fiQlyus ls jksdrk gS blfy,
bldh fn'kk nhokj dh vksj gSA

LFkkukarjh; larqyu osQ fy,] ÅèokZ/j cyksa dk ;ksx 'kwU;
djus ij

N – W = 0 (i)

blh izdkj {kSfrt cy ysa rks]

F –F
1
 = 0 (ii)

?kw.khZ larqyu osQ dkj.k fcUnq  A osQ ifjr% vk?kw.kZ ysus ij

1
2 2 F − (1/2) W = 0 (iii)

vc] W = 20 g = 20 × 9.8 N = 196.0 N

(g = 9.8 m/s2)

lehdj.k (i) ls N = 196.0 N

lehdj.k (iii) ls

1
4 2 196.0/4 2 34.6 NF W= = =

lehdj.k (ii) ls
1

34.6 NF F= =

       vr%   2 2

2
199.0F F N= + = N

cy F
2
 , {kSfrt ls α  dks.k cukrk gS

1
tan 4 2 , tan (4 2) 80N Fα α −= = = ≈  

⊳

6.9 tM+Ro vk?kw.kZ
ge igys gh ;g mYys[k dj pqosQ gSa fd ?kw.khZ xfr dk
vè;;u ge LFkkukarj.k xfr osQ lekarj gh pyk;saxsA bl
fo"k; esa vki igys ls gh lqifjfpr gSaA bl laca/ esa ,d
eq[; iz'u dk mÙkj nsuk vHkh 'ks"k gS fd ?kw.khZ xfr esa
nzO;eku osQ lerqY; jkf'k D;k gS\ bl iz'u dk mÙkj ge
izLrqr vuqHkkx esa nsaxsA foospuk dks ljy cuk, j[kus osQ fy,
ge osQoy fLFkj v{k osQ ifjr% ?kw.kZu ij gh fopkj djsaxsA
vkb;s] ?kw.kZu djrs fi.M dh xfrt ÅtkZ osQ fy, O;atd
izkIr djsaA ge tkurs gSa fd fLFkj v{k osQ ifjr% ?kw.kZu djrs
fi.M dk izR;sd d.k] ,d o`Ùkkdkj iFk ij pyrk gS (ns[ksa
fp=k 6.16)A vkSj v{k ls r

i
 nwjh ij fLFkr d.k dk js[kh;

osx] tSlk lehdj.k (6.19) n'kkZrh gS] 
i i

rυ ω=  gSA bl d.k
dh xfrt ÅtkZ gS

2 2 21 1

2 2
i i i i i

k m m rυ ω= =

tgk¡  m
i
  d.k dk nzO;eku gSA fi.M dh oqQy xfrt ÅtkZ

K blosQ i`Fkd&i`Fkd d.kksa dh xfrt ÅtkZvksa dk ;ksx gSA

2 2

1 1

1
( )

2

n n

i i i

i i

K k m r ω
= =

= =∑ ∑
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;gk¡  n  fi.M osQ oqQy d.kksa dh la[;k gSA KkrO; gS fd
ω lHkh d.kksa osQ fy, leku gS vr% ω2 dks ;ksx&fpÉ osQ ckgj
fudky ldrs gSaA rc]

2 2

1

1
( )

2

n

i i

i

K m rω
=

= ∑

ge n`<+ fi.M dks vfHkyf{kr djus okyk ,d u;k izkpy
ifjHkkf"kr djrs gSa ftldk uke tM+Ùo vk?kw.kZ gS vkSj ftldk
O;fDrdj.k gS

2

1

n

i i

i

I m r

=

= ∑ (6.34)

bl ifjHkk"kk osQ lkFk

21

2
K Iω= (6.35)

è;ku nsa fd izkpy I  dks.kh; osx osQ ifjek.k ij fuHkZj
ugha djrkA ;g n`<+ fi.M vkSj ml v{k dk vfHky{k.k gS
ftlosQ ifjr% fi.M ?kw.kZu djrk gSA

lehdj.k (6.35) }kjk O;Dr ?kw.kZu djrs fi.M dh xfrt
ÅtkZ dh js[kh; (LFkkukarjh;) xfr djrs fi.M dh xfrt ÅtkZ

21

2
K mυ=  ls rqyuk dhft,A ;gk¡ m fi.M dk nzO;eku vkSj

v mldk osx gSA dks.kh; osx ω (fdlh fLFkj v{k osQ ?kw.kZu osQ
lanHkZ esa) vkSj js[kh; osx v (js[kh; xfr osQ lanHkZ esa) dh
lerqY;rk ge igys ls gh tkurs gSaA vr% ;g Li"V gS fd
tM+Ro vk?kw.kZ I, izkpy nzO;eku dk ?kw.khZ lerqY; gSA (fLFkj
v{k osQ ifjr%) ?kw.kZu esa tM+Ro vk?kw.kZ ogh Hkwfedk vnk djrk
gS tks js[kh; xfr esa nzO;ekuA

vc ge lehdj.k (6.34) esa nh xbZ ifjHkk"kk dk mi;ksx
nks ljy fLFkfr;ksa esa tM+Ro vk?kw.kZ Kkr djus osQ fy, djsaxsA

a) f=kT;k R vkSj nzO;eku M  osQ ,d irys oy; ij

fopkj dhft, tks vius ry esa] vius osQUnz osQ ifjr%  ω

dks.kh; osx ls ?kw.kZu dj jgk gSA oy; dk izR;sd nzO;eku

?kVd bldh v{k ls R nwjh ij gS vkSj v = Rω pky ls pyrk
gSA blfy, bldh xfrt ÅtkZ gS&

2 2 21 1

2 2
K M MRυ ω= =

lehdj.k (6.35) ls rqyuk djus ij ge ikrs gSa fd oy;
osQ fy,  I = MR2

fp=k 6.28 nzO;eku osQ ,d tksM+s ls ;qDr] l  yackbZ dh NM+] tks
fudk; osQ nzO;eku osQUnz ls xqtjus okyh bldh yackbZ
osQ yEcor~ v{k osQ ifjr% ?kwe jgh gSA fudk; dk oqQy
nzO;eku  M gSA

b) vc] ge l  yackbZ dh n`<+] ux.; nzO;eku dh NM+ osQ
fljksa ij yxs nks nzO;ekuksa ls cus ,d fudk; ij fopkj
djsaxsA ;g fudk; blosQ nzO;eku osQUnz ls xqtjrh NM+ osQ
yEcor~ v{k osQ ifjr% ?kwe jgk gS (fp=k 6.28)A izR;sd
nzO;eku M/2 v{k ls l/2 nwjh ij gSA blfy,] bu nzO;ekuksa
dk tM+Ro vk?kw.kZ gksxk]
(M/2) (l/2)2 + (M/2)(l/2)2

vr%] nzO;ekuksa osQ bl tksM+s dk] nzO;eku osQUnz ls xqtjrh
NM+ osQ yEcor~ v{k osQ ifjr% tM+Ro vk?kw.kZ

I = Ml
2 / 4

lkj.kh 6.1 esa oqQN lqifjfpr fu;fer vkdkj osQ fiaMksa osQ
fof'k"V v{kksa osQ ifjr% tM+Ro vk?kw.kZ osQoy fn, x, gSaA (bu
lw=kksa osQ O;qRiUu bl ikB~;iqLrd osQ {ks=k ls ckgj gSaA vkxs vki
buosQ fo"k; esa mPp d{kkvksa esa i<+ssaxsA)

D;kasfd] fdlh fi.M dk nzO;eku] mldh js[kh; xR;koLFkk
esa ifjorZu dk izfrjks/ djrk gS] og mldh js[kh; xfr osQ
tM+Ro dk eki gSA mlh izdkj] nh xbZ v{k osQ ifjr% tM+Ùo
vk?kw.kZ] ?kw.khZ xfr esa ifjorZu dk izfrjks/ djrk gS] vr% bldks
fi.M osQ ?kw.khZ tM+Ro dk eki ekuk tk ldrk gSA bl eki ls
;g cks/ gksrk gS fd fdlh fi.M esa fi.M osQ fofHkUu d.k
?kw.kZu v{k osQ vkis{k fdl izdkj vofLFkr gSaA nzO;eku dh
rjg tM+Ro vk?kw.kZ ,d fu;r jkf'k ugha gksrh] cfYd] bldk
eku fi.M osQ lkis{k bldh v{k dh fLFkfr vkSj fnx~foU;kl
osQ Åij fuHkZj djrk gSA fdlh ?kw.kZu v{k osQ lkis{k ?kw.kZu djrs
n`<+ fi.M dk nzO;eku fdl izdkj forfjr gS blosQ ,d eki
osQ :i esa ge ,d u;k izkpy ifjHkkf"kr djrs gSa] ftls
ifjHkze.k f=kT;k dgrs gSaA ;g fi.M osQ tM+Ro vk?kw.kZ vkSj oqQy
nzO;eku ls lacaf/r gSA
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lkj.kh 6.1 fof'k"V v{kksa osQ ifjr% oqQN fu;fer vkdkj osQ fi.Mksa osQ tM+Ùo vk?kw.kZ

Z fi.M v{k vkjs[k I

1. R f=kT;k dk iryk] oy; ry osQ MR2

o`Ùkkdkj oy; yEcor~ osQUnz ls xqtjrh

2. R f=kT;k dk iryk] O;kl MR2/2

o`Ùkkdkj oy;

3. L yackbZ dh eè; fcUnq ls xqtjrh ML2/12

iryh NM+ yackbZ osQ yEcor~

4. R f=kT;k dh osQUnz ls xqtjrh ry MR2/2

o`Ùkkdkj pdrh osQ yEcor~

5. R f=kT;k dh O;kl MR2/4

o`Ùkkdkj pdrh

6. R f=kT;k dk csyu dh v{k MR2

[kks[kyk csyu

7. R f=kT;k dk csyu dh v{k MR2/2

Bksl csyu

8. R f=kT;k dk O;kl 2MR2/5

Bksl xksyk

lkj.kh 6.1 ls ge ns[k ldrs gSa fd lHkh fi.Mksa osQ fy,]
I = Mk2, tgk¡  k  dh foek ogh gS tks yackbZ dhA eè; fcUnq
ls xqtjrh NM+ osQ yEcor~ v{k osQ fy, k2 = L2/12] vFkkZr~

= 12k L A blh izdkj o`Ùkkdkj pdrh osQ mlosQ O;kl osQ
ifjr% tM+Ro vk?kw.kZ osQ fy, k = R/2A k  fi.M vkSj ?kw.kZu

v{k dk ,d T;kferh; xq.k gSA bls ifjHkze.k f=kT;k dgk tkrk
gSA fdlh v{k osQ ifjr% fdlh fi.M dh ifjHkze.k f=kT;k v{k
ls ,d ,sls d.k dh nwjh gS ftldk nzO;eku lEiw.kZ fi.M osQ
nzO;eku osQ cjkcj gSA iQyr% ftldk tM+Ro vk?kw.kZ] nh xbZ v{k
osQ ifjr% fi.M osQ okLrfod tM+Ro vk?kw.kZ osQ cjkcj gSA
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vr%] fdlh n`<+ fi.M dk tM+Ro vk?kw.kZ] mlosQ nzO;eku]
mlosQ vkdkj ,oa vko`Qfr] ?kw.kZu&v{k osQ ifjr% blosQ
nzO;eku osQ forj.k vkSj bl v{k dh fLFkfr ,oa fnx~foU;kl
ij fuHkZj djrk gSA lehdj.k  (6.34), esa nh xbZ ifjHkk"kk
osQ vk/kj ij ge rqjUr bl fu"d"kZ ij igq¡p ldrs gSa fd
tM+Ro vk?kw.kZ dk foeh; lw=k  ML2 ,oa blosQ SI ek=kd
kg m2  gSaA

fdlh fi.M osQ ?kw.kZu osQ tM+Ro osQ eki osQ :i esa bl
vR;ar egRoiw.kZ jkf'k I  osQ cgqr ls O;kogkfjd mi;ksx gSaA
ok"i batu vkSj vkWVkseksckby batu tSlh e'khusa tks ?kw.khZ xfr
iSnk djrh gSa] buesa cgqr vf/d tM+Ro vk?kw.kZ okyh ,d
pdrh yxh jgrh gS ftls xfrikyd pØ dgrs gSaA vius
fo'kky tM+Ro vk?kw.kZ osQ dkj.k ;g pØ okgu dh xfr
esa vpkud ifjorZu ugha gksus nsrkA blls xfr /hjs&/hjs
ifjo£rr gksrh gS] xkM+h >VosQ [kk&[kkdj ugha pyrh
vkSj okgu ij lokj ;kf=k;ksa osQ fy, lokjh vkjkensg gks
tkrh gSA

6.10 vpy v{k osQ ifjr% 'kq¼ ?kw.khZ xfrdh
geus igys Hkh LFkkukarj.k xfr vkSj ?kw.khZ xfr osQ chp
lerqY;rk osQ laosQr fn, gSaA mnkjg.k osQ fy, ;g fd dks.kh;
osx  ωωωωω  dk ?kw.khZ xfr esa ogh Hkwfedk gS tks js[kh; osx v  dk
LFkkukarj.k xfr esaA ge bl lerqY;rk dks vkxs c<+kuk pkgrs gSaA
,slk djrs le; ge viuk foospu vpj (fLFkj) v{k osQ
ifjr% ?kw.kZu rd gh lhfer j[ksaxsA ,slh xfr osQ fy, osQoy
,d Lokra=;&dksfV dh vko';drk gksxh vFkkZr~ bldk o.kZu
djus osQ fy, osQoy ,d Lora=k pj dks.kh; foLFkkiu pkfg,A
;g js[kh; xfr esa LFkkukarj.k osQ laxr gSA ;g vuqHkkx osQoy
'kq¼ xfrdh ls lacaf/r gSA xfr foKku dh vksj ge vxys
vuqHkkx esa eq[kkfrc gksaxsA

;kn djsa] fd fdlh ?kw.kZu djrs gq, fi.M dk dks.kh;
foLFkkiu crkus osQ fy, geus bl fi.M ij dksbZ d.k P ys
fy;k Fkk (fp=k 6.29)A ftl ry esa ;g d.k xfr djrk gS
mlesa bldk dks.kh; foLFkkiu  θ  gh lEiw.kZ fi.M dk dks.kh;
foLFkkiu gS_ θ  ,d fu;r fn'kk ls ekik tkrk gS] ftldks ;gk¡
ge x′ - v{k ys ysrs gSa tks fcUnq P osQ xfr osQ ry esa fLFkr
x-v{k osQ lekukarj js[kk gSA è;ku nsa fd z – v{k ?kw.kZu&v{k
gS vkSj d.k P  dh xfr dk ry  x - y ry osQ lekukarj gSA
fp=k  6.29 esa  θ

0
, Hkh n'kkZ;k x;k gS tks  t = 0 ij dks.kh;

foLFkkiu gSA

ge ;g Hkh ;kn djsa fd dks.kh; osx] le; osQ lkFk
dks.kh; foLFkkiu esa gksus okys ifjorZu dh nj gSA ;kfu]
ωωωωω = dθθθθθ/dt A è;ku nsa] fd pwafd ?kw.kZu v{k vpy gS] dks.kh;
osx osQ lkFk lfn'k dh rjg O;ogkj djus dh vko';drk ugha
gSA dks.kh; Roj.k] ααααα  = dωωωωω/dt gSA

'kq¼ ?kw.khZ xfrdh esa iz;qDr gksus okyh jkf'k;k¡] dks.kh;
foLFkkiu (θθθθθ), dks.kh; osx (ωωωωω) ,oa dks.kh; Roj.k (ααααα ) Øe'k%
LFkkukarjh; 'kq¼ xfrdh dh jkf'k;ksa js[kh; foLFkkiu (x), js[kh;
osx (v) ,oa js[kh; Roj.k (a) osQ lerqY; gSaA le (;kfu vpj)
Roj.k osQ rgr LFkkukarjh; 'kq¼ xfrdh osQ lehdj.k ge tkurs
gSaA os gSa %

v = v
0
 + at (a)

2

0 0

1

2
x x t atυ= + + (b)

2 2

0 2axυ υ= + (c)

tgk¡ x
0
 = izkjafHkd foLFkkiu ,oa  v

0
= izkjafHkd osx gSA 'kCn

^izkjafHkd* dk vFkZ gS t = 0 ij jkf'k dk ekuA
buosQ laxr] vpj Roj.k ls ?kw.khZ xfr djrh gqbZ oLrq osQ

fy, 'kq¼ ?kw.khZ xfrdh osQ lehdj.k gksaxs %

0ω ω α= + t (6.36)

2

0 0

1

2
t tθ θ ω α= + + (6.37)

vkSj 2 2

0 02 ( – )ω ω α θ θ= + (6.38)

tgk¡ θ
0
= ?kw.kZu djrs fi.M dk izkjafHkd dks.kh; foLFkkiu gS

,oa ω
0 
= bl fi.M dk izkjafHkd dks.kh; osx gSA

fp=k 6.29 fdlh n`<+ fi.M dh dks.kh; fLFkfr crkuk
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u

u mnkgj.k 6.10: ewy fl¼kar osQ vk/kj ij lehdj.k
(6.38) O;qRiUu dhft,A

gy %  dks.kh; Roj.k leku gS] vr%

d

dt

ω α= = vpj (i)

bl lehdj.k dk lekdyu djus ij

= + ∵(  )t cα α vpj gS

 t = 0,  ω = ω
0 
(fn;k gS)

lehdj.k (i) ls] t = 0  ij
ω = c = ω

0

vr% ω = αt + ω
0 
, tks okafNr lehdj.k gSA

ifjHkk"kk ω = dθ/dt dk bLrseky djosQ ge lehdj.k
(6.36) dk lekdyu dj lehdj.k (6.37) izkIr dj ldrs
gSaA ;g O;qRifÙk ,oa lehdj.k (6.38) dh O;qRifÙk ge vkiosQ
vH;kl osQ fy, NksM+rs gSaA ⊳

mnkgj.k 6.11: vkWVkseksckby batu dk dks.kh; osx 16

lsosaQM esa 1200 rpm ls c<+dj 3120 rpm gks tkrk
gSA (i) ;g ekurs gq, fd dks.kh; Roj.k leku jgrk gS]
bldk eku Kkr dhft,A (ii) bl le; esa batu fdrus
pDdj yxkrk gS\

gy :

(i) ω = ω
0 
+ αt , tgk¡ ω

0 
= rad/s esa O;Dr bldk

izkjafHkd dks.kh; osx gS

ω
0
 =  2π × rev/s esa izkjafHkd dks.kh; osx

= 

−× 1
2 rev  

60 /

sπ eas dk.s kh; oxs
los asQM feuV

=  
2 1200 

rad/s
60

π ×

= 40π  rad/s

blh izdkj] ω = rad/s esa vafre dks.kh; osx

= 
2 3120 

rad/s
60

π ×

= 2π × 52 rad/s

= 104 π rad/s

∴ dks.kh; Roj.k]  0

t

ω ω
α

−
=  = 4π rad/s2

batu dk dks.kh; Roj.k 4π rad/s2  gSA
(ii) t  le; esa dks.kh; foLFkkiu]

= + 2

0

1

2
t tθ ω α

21
(40 16 4 16 )

2
π π= × + × ×  rad

(640 512 )π π= +  rad

= 1152π rad

pDdjksa dh la[;k = 
1152

576
2

π

π
= ⊳

6.11 vpy v{k osQ ifjr% ?kw.khZ xfrdh

lkj.kh 6.2 esa js[kh; xfr ls laca/h jkf'k;ksa vkSj muosQ laxr
?kw.khZ xfr dh lerqY; jkf'k;ksa dh lwph nh xbZ gSA fiNys
vuqHkkx esa geus bu nksuksa izdkj dh xfr;ksa dh 'kq¼ xfrdh ls
rqyuk dh gSA gesa ;g Hkh irk gS fd ?kw.khZ xfr esa tM+Ro vk?kw.kZ
,oa cy vk?kw.kZ] js[kh; xfr osQ Øe'k% nzO;eku ,oa cyksa
dk izfrfuf/Ro djrs gSaA ;g lc tkuus osQ ckn lkj.kh esa
fn, x, vU; lerqY;ksa osQ fo"k; esa vuqeku yxk ysuk
vfèkd dfBu ugha gSA mnkgj.k osQ fy,] js[kh; xfr esa
dk;Z = F dx A vr% ,d vpy v{k osQ ifjr% ?kw.khZ xfr esa
dk;Z dτ θ  gksuk pkfg, D;ksafd ge igys ls gh ;g tkurs gSa
fd  dx osQ laxr jkf'k gS dθ ,oa F osQ laxr jkf'k τ  gSA rFkkfi
;g vko';d gS fd jkf'k;ksa dh ;g laxrrk] xfr foKku osQ
etcwr vk/kj ij izfr"Bkfir dh tk,A vkxs ge ;gh djus tk
jgs gSaA

blls igys fd ge viuh ckr 'kq: djsa] ,d vpy v{k
osQ ifjr% ?kw.khZ xfr esa ,d ljyhdj.k dh vksj è;ku fnykuk
vko';d gSA D;ksafd v{k fLFkj gS] gesa vius foospu esa cy
vk?kw.kks± ,oa dks.kh; laosxksa osQ blosQ vuqfn'k vo;oksa ij gh
fopkj djus dh vko';drk gksxhA osQoy ;gh ?kVd fi.M dks
?kw.kZu djkrs gSaA cy vk?kw.kZ dk v{k ls vfHkyacor ?kVd v{k
dks mldh fLFkfr ls ?kqekus dk iz;kl djrk gSA gkykafd ge
ekudj pysaxs fd cy vk?kw.kZ osQ bl ?kVd dks larqfyr djus
gsrq vko';d cy vk?kw.kZ mRiUu gksaxs tks v{k dh fLFkfr cuk,
j[kus osQ fy, mÙkjnk;h gksaxsA vr% bu vfHkyacor~ cy vk?kw.kZ
osQ ?kVdksa ij fopkj esa djus dh vko';drk ugha gSA i;kZ; esa
gesa fuEu fopkj esa ykus dh vko';drk gS%
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121d.kksa osQ fudk; rFkk ?kw.khZ xfr

lkj.kh 6.2 LFkkukarjh; ,oa ?kw.khZ xfr dh rqyuk

js[kh; xfr vpy v{k osQ ifjr% ?kw.khZ xfr

1 foLFkkiu x dks.kh; foLFkkiu θ
2 osx v = dx/dt dks.kh; osx ω = dθ/dt

3 Roj.k a = dv/dt dks.kh; Roj.k] α = dω/dt

4 nzO;eku M tM+Ùo vk?kw.kZ I
5 cy F = Ma cy vk?kw.kZ τ = I α
6 dk;Z dW = F ds dk;Z W = τ dθ
7 xfrt ÅtkZ K = Mv2/2 xfrt ÅtkZ K = Iω2/2

8 'kfDr P = F v 'kfDr P = τω
9 js[kh; laosx p = Mv dks.kh; laosx L = I ω

(1) fi.M ij dk;Z djus okys os cy tks ?kw.kZu v{k osQ
yEcor~ ry esa gSaA

(2) fi.M osQ d.kksa dh fLFkfr&lfn'kksa osQ osQoy os vo;o
tks ?kw.kZu v{k osQ yEcor~ gSaA
;k ;w¡ dgsa fd cyksa vkSj fLFkfr lfn'kksa osQ v{k osQ

vuqfn'k fy, x, vo;oksa dks gesa x.kuk esa ykus dh vko';drk
ugha gSA
cy vk?kw.kZ }kjk fd;k x;k dk;Z

fp=k 6.30 ,d vpy v{k osQ ifjr% ?kwers fi.M osQ fdlh d.k
ij yxs cy F

1
 }kjk fd;k x;k dk;ZA d.k] v{k ij

fLFkr osQUnz C okys o`Ùk ij pyrk gSA pki  P
1
P′

1
(ds

1
)

d.k dk foLFkkiu crkrk gSA
fp=k 6.30 esa ,d vpy v{k osQ ifjr% ?kw.kZu djrk ,d

n`<+ fi.M n'kkZ;k x;k gSA ?kw.kZu v{k]  z-v{k gS] tks i`"B osQ
vfHkyEcor~ gSA tSlk Åij crk;k x;k gS gesa osQoy mUgha cyksa
ij fopkj djus dh vko';drk gS tks v{k osQ vfHkyacor~ ry

esa vofLFkr gSA fi.M osQ fdlh d.k ij] ftldh fLFkfr  P
1
,

ls n'kkZbZ xbZ gS] ,d cy  F
1
 yxrk gS ftldh fØ;k js[kk] v{k

osQ vfHkyEcor~ ry esa gSA lqfo/k osQ fy, ge bldks
x′–y′ ry dgrs gSa (;g gekjs i`"B dk ry gh gS)A  P

1
 ij

fLFkr d.k r
1
 f=kT;k osQ òÙk ij pyrk gS ftldk osQUnz v{k ij

gS_ CP
1
 = r

1
A

∆t  le; esa] d.k]  P
1
′ ij igq¡p tkrk gSA blfy, d.k

osQ foLFkkiu ds
1 
dk ifjek.k ds

1
 = r

1
dθ  gSA tSlk fd fp=k

esa fn[kk;k x;k gSA bldh fn'kk o`Ùk osQ Li'kZ js[kk osQ vuqfn'k
gSaA d.k ij cy }kjk fd;k x;k dk;Z &

dW
1
 = F

1
. ds

1
= F

1
ds

1
 cosφ

1
= F

1
(r

1 
dθ)sinα

1

tgk¡ φ
1
 , F

1
 vkSj  P

1,
 ij [khaph xbZ Li'kZ js[kk osQ chp cuk

dks.k gS] vkSj α
1
,  F

1 
,oa f=kT;k OP

1 
osQ eè; dks.k gSaA

φ
1
 + α

1
 = 90°A

ewy fcUnq osQ ifjr% F
1 
osQ dkj.k cy vk?kw.kZ OP

1 
× F

1

gSA OP
1
 = OC + CP

1
 [fp=k 6-17(b) ns[ksa] pwafd OC v{k

osQ vuqfn'k gS blosQ dkj.k cy vk?kw.kZ ij fopkj djus dh
vko';drk ugha gSA  F

1
 osQ dkj.k izHkko cy vk?kw.kZ gS %

τττττ
1
= CP

1
 × F

1
; ;g ?kw.khZ v{k osQ vuqfn'k gS rFkk bldk

ifjek.k τ
1
= r

1
F

1 
sin α gSA vr%

dW
1
 = τ

1
dθ

;fn fi.M ij ,d ls vf/d cy dk;Z dj jgs gksa] rks
mu lcosQ }kjk fd, x, dk;ks± dks tksM+us ls fi.M ij fd;k
x;k oqQy dk;Z izkIr gksxkA fofHkUu cyksa osQ dkj.k yxs cy
vk?kw.kks± osQ ifjek.kksa dks τ

1
, τ

2
, …  bR;kfn ls n'kkZ,¡ rks

1 2d ( ...)dW τ τ θ= + +
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u

;kn jgs] fd cy vk?kw.kks± dks tUe nsus okys cy rks
vyx&vyx d.kksa ij yx jgs gSa] exj dks.kh; foLFkkiu  dθ
lHkh d.kksa osQ fy, leku gSA vc tSlk fd bl vuqHkkx osQ
izkjaHk esa dgk x;k Fkk] gekjs fy, lHkh cy vk?kw.kZ z-v{k osQ
vuqfn'k izHkkoh gSaA vr% oqQy cy vk?kw.kZ dk ifjek.k τ , izR;sd
cy vk?kw.kks± osQ ifjek.kksa τ1 , τ2 ..... osQ chtxf.krh;
;ksx osQ cjkcj gSA vFkkZr~ τ = τ1 + τ2 + ....., vr% ge dg
ldrs gSa

d dW τ θ= (6.39)

;g lehdj.k ,d vpy v{k osQ ifjr% ?kwers fi.M ij
yxs oqQy cká cy vk?kw.kZ τ osQ }kjk fd;k x;k dk;Z crkrk gSA
js[kh; xfr osQ laxr lehdj.k

dW= F ds

ls bldh rqY;rk Li"V gh gSA lehdj.k (6.39) osQ nksuksa
i{kksa dks dt  ls foHkkftr djus ij

= = =
d d

d d

W
P

t t

θτ τω

;k P τω= (6.40)

;g rkR{kf.kd 'kfDr osQ fy, lehdj.k gSA vpy v{k osQ
ifjr% ?kw.khZ xfr esa 'kfDr osQ bl lehdj.k dh rqyuk js[kh;
xfr esa 'kfDr dh lehdj.k P = Fv ls dj ldrs gSaA

,d iw.kZr% n`<+ fi.M esa fofHkUu d.kksa dh dksbZ vkarfjd
xfr ugha gksrhA vr%] cká cy vk?kw.kks± }kjk fd;k x;k dk;Z
folfjr ugha gksrkA ifj.kkeLo:i fi.M dh xfrt ÅtkZ c<+rh
pyh tkrh gSA fi.M ij fd, x, dk;Z dh nj] lehdj.k
(6.40) }kjk izkIr gksrh gSA blh nj ls fi.M dh xfrt ÅtkZ
c<+rh gSA xfrt ÅtkZ dh o`f¼ dh nj

d

d

d

dt

I
I

t

ω ω ω
2

2

2

2







= ( )

ge ekurs gSa fd le; osQ lkFk fi.M dk tM+Ro vk?kw.kZ
ugha cnyrkA ;kfu fd fi.M dk nzO;eku fLFkj jgrk gS rFkk
fi.M n<̀+ cuk jgrk gS vkSj blosQ lkis{k ?kw.kZu v{k dh fLFkfr
ugha cnyrhA

rc] pwafd d /d ,tα ω=  vr%

d

dt

I
I

ω
ωα

2

2







=

dk;Z djus dh nj dks xfrt ÅtkZ esa o`f¼ dh nj osQ
cjkcj j[kus ij

Iτω ωα=

Iτ α= (6.41)

lehdj.k (6.41) ljy js[kh; xfr osQ fy, U;wVu osQ
f}rh; fu;e F = ma  ls feyrh tqyrh gSA

Bhd oSls gh tSls cy fi.M esa js[kh; Roj.k mRiUu djrk
gS] cy vk?kw.kZ blesa dks.kh; Roj.k iSnk djrk gSA dks.kh;
Roj.k] vkjksfir cy vk?kw.kZ osQ lekuqikrh vkSj fi.M osQ tM+Ro
vk?kw.kZ osQ O;qRØekuqikrh gksrk gSA bl lanHkZ esa lehdj.k
(6.41) dks] ,d vpy v{k osQ ifjr% ?kw.kZu osQ fy, ykxw gksus
okyk U;wVu dk f}rh; fu;e] dg ldrs gSaA

mnkgj.k 6.12: ux.; nzO;keu okyh ,d jLlh]
20 kg nzO;eku ,oa 20 cm f=kT;k osQ xfrikyd ifg;s
osQ fje ij yisVh gqbZ gSA jLlh ij  25 N dk ,dleku
d"kZ.k cy yxk;k tkrk gS tSlk fd fp=k 6.31 esa n'kkZ;k
x;k gSA xfrikyd ifg;k ,d {kSfrt /qjh ij yxk;k x;k
gS ftlosQ fo;¯jxksa esa dksbZ ?k"kZ.k ugha gSA

(a) ifg;s osQ dks.kh; Roj.k dh x.kuk dhft,A
(b) 2 m jLlh [kqyus rd d"kZ.k cy }kjk fd;k x;k

dk;Z Kkr dhft,A
(c) bl {k.k ij ifg;s dh xfrt ÅtkZ Kkr dhft,A

;g ekfu, fd ifg;k 'kwU; ls xfr izkjaHk djrk gSA
(d) Hkkx (b) ,oa (c) osQ mÙkjksa dh rqyuk dhft,A

gy

fp=k 6.31

(a) blosQ fy, I α = τ
cy vk?kw.kZ τ = F R

= 25 × 0.20 Nm (R = 0.20m)

= 5.0 Nm
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vkSj I = viuh v{k osQ ifjr% ifg;s dk tM+Ro vk?kw.kZ  
2

2

MR
=

= 
220.0 (0.2)

2

×
 = 0.4 kg m2

dks.kh; Roj.k α = 5.0 N m/0.4 kg m2 = 12.5 s–2

(b) 2 m jLlh [kksyus esa fd;k x;k dk;Z
= 25 N × 2 m = 50 J

(c) ekuk fd ω vafre dks.kh; osx gSA rc ifg;s dh xfrt

ÅtkZ esa gqbZ o`f¼ =  
21

2
Iω

pwafd ifg;k fojkekoLFkk ls xfr izkjaHk djrk gS
2 2

0 02 , 0ω ω αθ ω= + =

rFkk dks.kh; foLFkkiu θ = [kksyh xbZ jLlh dh yackbZ@ifg;s
dh f=kT;k

= 2 m/0.2 m = 10 rad

= × × =2 22 12.5 10.0 250(rad/s)ω

J∴ = × × =
1

0.4 250 50
2

xfrt ÅtkZ esa o`f¼

(d) nksuksa mÙkj leku gSa] vFkkZr~ ifg;s }kjk izkIr xfrt
ÅtkZ = cy }kjk fd;k x;k dk;ZA ;gk¡ ?k"kZ.k osQ dkj.k
ÅtkZ dk fcyoqQy {k; ugha gqvk gSA ⊳

6.12 vpy v{k osQ ifjr% ?kw.khZ xfr dk dks.kh; laosx

vuqHkkx 6.7 esa] geus d.kksa osQ fudk; osQ dks.kh; laosx osQ
fo"k; esa i<+k FkkA mlls ge ;g tkurs gSa] fd fdlh fcUnq osQ
ifjr%] d.kksa osQ fudk; osQ oqQy dks.kh; laosx esa le; osQ
lkFk gksus okys ifjorZu dh nj] ml fudk; ij mlh fcUnq osQ
ifjr% fy, x, oqQy ckg~; cy vk?kw.kZ osQ cjkcj gksrh gSA tc
oqQy cká cy vk?kw.kZ 'kwU; gks] rks fudk; dk oqQy dks.kh;
laosx lajf{kr jgrk gSA

vc ge dks.kh; laosx dk vè;;u] ,d vpy v{k osQ
ifjr% ?kw.kZu osQ fof'k"V ekeyksa esa djuk pkgrs gSaA n-d.kksa osQ
fudk; osQ oqQy dks.kh; laosx dh O;kid lehdj.k gS]

1

N

i i

i=
= ×∑L r p (6.25b)

vc ge igys] ,d vpy v{k osQ ifjr% fdlh ǹ<+ fi.M
osQ dks.kh; laosx ij fopkj djsaxsA izkIr lehdj.k dks ljyre
inksa esa ykdj fiQj fi.M osQ lHkh d.kksa osQ fy, bldk tksM+
fudkysaxs rFkk iwjs fi.M osQ fy, L izkIr djsaxsA

,dkdh d.k osQ fy,]  l = r × p.

fp=k (6.17b) nsf[k,A ?kw.kZu djrh oLrq osQ fdlh fof'k"V
d.k dk fLF k fr lfn' k OP = r g S A fp= k e s a
r = OC + CP  (D;ksafd p = mv)

( ) ( )l OC v OC vm m= × + ×

P ij d.k osQ js[kh; osx v dk ifjek.k  v = ωr⊥  gS tgk¡  r⊥   CP

dh yEckbZ ;k P dh ?kw.khZ v{k osQ yEcor~ nwjh gSA v  d.k }kjk
cuk, x, o`Ùk osQ fcUnq P  ij Li'kZ js[kk osQ vuqfn'k gSA nkfgus
gkFk osQ fu;e }kjk Kkr dj ldrs gSa fd CP × v vpy v{k
osQ vuqfn'k gSA ?kw.kZu v{k (tks ;gk¡ z-v{k gS) dks bdkbZ lfn'k
�k  osQ vuqfn'k O;Dr djus ij

( ) �⊥× =m r mvCP v k

 = �2mr ω⊥ k ( ⊥=v rω )

blh izdkj ge tk¡p ldrs gSa fd OC × v vpj v{k osQ
yEcor~ gSaA vpj v{k (;kfu z-v{k) osQ vuqfn'k l osQ ?kVd
ls  l

z  
ls n'kkZus ij

 l CP vz m= × = �2mr ω⊥ k

rFkk    l l OC vz m= + ×

è;ku nsa fd  l
z
 vpj v{k osQ lekarj gS ijUrq  l  ughaA

lkekU;r;k fdlh d.k dk dks.kh; laosx ?kw.khZ v{k osQ vuqfn'k
ugha gksrk gS vFkkZr~ vko';d ugha fd l rFkk ωωωωω ,d&nwljs osQ
lekarj gksaA js[kh; xfr esa blls laxr rF; ls bldh rqyuk djsaA
js[kh; xfr esa fdlh d.k osQ  p rFkk v lnSo ,d nwljs osQ
lekarj gksrs gSaA

iwjs fi.M dk dks.kh; laosx Kkr djus osQ fy,] ge blosQ
lHkh d.kksa osQ fy, l

i
 osQ ekuksa dks tksM+saxs ;kfu i dk eku l ls

n rd j[krs gq,

L OC v= = + ×∑ ∑∑l li iz i i im

z-v{k osQ vuqfn'k rFkk yEcor~ L osQ ?kVdksa dks ge zL

rFkk ⊥L  ls n'kkZr gSaA

L OC v⊥ = ×∑ i i im (6.42a)

tgk¡ m
i
 rFkk v

i
 i osa d.k osQ nzO;eku rFkk osx gSa rFkk  C

i
 d.k

}kjk cuk, x, o`Ùk dk osQUnz gSA

L kz iz i i

i

m rl∑ ∑=






2
ω µ

;k �
z Iω=L k (6.42b)
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lehdj.k (6.42b) LokHkkfod :i ls vuqlfjr gS] D;ksafd
iosa d.k dh v{k ls yacor~ nwjh r

i  
gS] ,oa ?kw.kZu v{k osQ ifjr%

fi.M dk tM+Ro vk?kw.kZ I m r
i i

=∑ 2 gSA

è;ku nsa
z ⊥= +L L L (6.42c)

n`<+ fi.M] ftu ij geus bl vè;k; esa eq[;r% fopkj
fd;k gS] ?kw.kZu v{k osQ ifjr% lefer gSa vFkkZr~] ?kw.kZu v{k
mudh lefefr v{kksa esa ls ,d gSA bl izdkj osQ fi.Mksa osQ
fy,] fn, x, OC

i
 osQ laxr izR;sd  v

i
 osx ;qDr d.k osQ fy,

C
i
  osQUnz okys o`Ùk osQ] O;kl osQ nwljs fljs ij]

–v
i
 osx okyk nwljk d.k gksrk gSA bl izdkj osQ d.k&;qxyksa dk

⊥L  esa oqQy ;ksxnku 'kwU; gksxkA ifj.kkeLo:i lefer fi.Mksa
osQ fy, ⊥L  'kwU; gksrk gSA vr%

�
z

Iω= =L L k (6.42d)

mu fi.Mksa osQ fy, tks ?kw.kZu v{k osQ ifjr% lefer ugha
gS] L ≠  L

z
 A blfy, L ?kw.kZu v{k osQ vuqfn'k ugha gksrkA

lkj.kh 6-1 esa D;k vki crk ldrs gSa fd fdu ekeyksa esa
L = L

z 
ykxw ugha gksrk\

vkb;s] lehdj.k (6.42a) dks le; osQ vk/kj ij vodfyr

djsa D;ksafd �k  ,d vpj lfn'k gS %

lehdj.k (6.26b) osQ vuqlkj

d

d

L

t
= ττ

tSlk fd vkius fiNys Hkkx esa ns[kk gS ,d vpj v{k osQ
ifjr% ?kw.khZ fi.M osQ fy, ckg~; cy vk?kw.khZ osQ osQoy mUgha
?kVdksa ij fopkj djus dh vko';drk gS tks ?kw.khZ v{k osQ

vuqfn'k gSaA vr% ττ = τk�k A pw¡fd 
z ⊥= +L L L  rFkk L

z
 dh

fn'kk (lfn'k �k ) vpj gS] ,d vpj v{k osQ ifjr% ?kw.khZ fi.M
osQ fy,

d

d

L
k

z

t
=τ �k (6.43a)

rFkk 
d

d

L ⊥ =
t

0 (6.43b)

vr% vpy v{k osQ ifjr% ?kw.khZ fi.M dk vpy v{k osQ

yEcor~ dks.kh; laosx dk ?kVd vpj gSA pw¡fd  �
z

Iω=L k ,

lehdj.k (6.43a) ls

d

dt
Iω τ( ) = (6.43c)

;fn tM+Ro vk?kw.kZ I le; osQ lkFk ifjo£rr ugha gksrk gS rks

d

d

d

dt
I I

t
Iω

ω
α( ) = =

vkSj lehdj.k (6.43c) ls

τ α= I (6.41)

dk;Z&xfrt ÅtkZ laca/ ls ;g lehdj.k ge igys gh
O;qRiUu dj pqosQ gSaA

6.12.1 dks.kh; laosx dk laj{k.k

vc ge bl fLFkfr esa gSa fd dks.kh; laosx osQ laj{k.k osQ
fl¼kar dk iqujkoyksdu dj losaQA ge vius foospu dks ,d
vpy v{k osQ ifjr% ?kw.kZu rd lhfer j[ksaxsA lehdj.k
(6.43c) ls] ;fn cká cy vk?kw.kZ 'kwU; gS rks

L
z
 = Iω = vpjkad (6.44)

lefer fi.Mksa osQ fy,] lehdj.k (6.42d) ls]  L
z
 osQ

LFkku ij L ysrs gSaA (L rFkk L
z 
 Øe'k% L rFkk L

z 
osQ

ifjek.k gSa)A

;g vpy v{k ?kw.kZu osQ fy, lehdj.k (6.29a) dk
vU; :i gS tks dks.kh; laosx osQ laj{k.k dk O;kid fu;e
O;Dr djrk gSA lehdj.k (6.44) gekjs nSfud thou dh cgqr
lh fLFkfr;ksa ij mi;ksxh gSA vius fe=k osQ lkFk fey dj vki
;g iz;ksx dj ldrs gSaA ,d ?kqeko oqQlhZ ij cSfB, viuh
Hkqtk,¡ eksM+s jf[k, vkSj iSjksa dks tehu ls Åij mBkdj jf[k,A
vius fe=k ls dfg, fd og oqQlhZ dks rsth ls ?kqek,A tcfd
oqQlhZ i;kZIr dks.kh; pky ls ?kwe jgh gks viuh Hkqtkvksa dks
{kSfrt fn'kk esa iSQykb;sA D;k ifj.kke gksrk gS\ vkidh dks.kh;
pky ?kV tkrh gSA ;fn vki viuh Hkqtkvksa dks fiQj 'kjhj osQ
ikl ys vk;sa rks dks.kh; pky fiQj ls c<+ tkrh gSA ;g ,d
,slh fLFkfr gS ftlesa dks.kh; laosx dk laj{k.k Li"V gSA
;fn ?kw.kZu ;a=k O;oLFkk esa ?k"kZ.k ux.; gks] rks oqQlhZ dh
?kw.kZu v{k osQ ifjr% dksbZ cká cy vk?kw.kZ izHkkoh ugha
jgsxk vr% Iω dk eku fu;r gSA Hkqtkvksa dks iSQykus ls ?kw.kZu
v{k osQ ifjr% I c<+ tk;sxk] ifj.kkeLo:i dks.kh; osx ω de
gks tk;sxkA Hkqtkvksa dks 'kjhj osQ ikl ykus ls foijhr ifjfLFkfr
izkIr gksxhA
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lkjka'k

1. ,d vkn'kZ n`<+ fiaM ,d ,slk fiaM gS ftlosQ d.kksa ij cy yxkus ij Hkh muosQ chp dh nwjh ugha cnyrhA
2. ,d ,slk n`<+ fiaM tks fdlh fcUnq ij] ;k fdlh js[kk osQ vuqfn'k fLFkj gks osQoy ?kw.khZ xfr gh dj ldrk gSA

tks fiaM fdlh izdkj Hkh fLFkj u gks og ;k rks LFkkukUrj.k xfr djsxk ;k ?kw.khZ vkSj LFkkukUrj.k nksuksa izdkj dh
la;ksftr xfrA

3. ,d fu;r v{k osQ ifjr% ?kw.kZu esa] n`<+ fi.M dk izR;sd d.k v{k osQ yEcor~ ry esa ,d o`Ùkkdkj iFk ij
pyrk gS ftldk osQUnz v{k ij fLFkr gksrk gSA vFkkZr~ ?kw.kZu djrs n`<+ fiaM dh v{k osQ yEcor~ izR;sd js[kk dk
dks.kh; osx fdlh {k.k fo'ks"k ij leku jgrk gSA

4. 'kq¼ LFkkukUrj.k esa] fiaM dk izR;sd d.k fdlh {k.k ij leku osx ls pyrk gSA
5. dks.kh; osx ,d lfn'k gSA bldk ifjek.k ω = dθ/dt gS vkSj bldh fn'kk ?kw.kZu v{k osQ vuqfn'k gksrh gSA  fu;r

v{k osQ ifjr% ?kw.kZu osQ fy,] lfn'k ωωωωω dh fn'kk Hkh fu;r gksrh gSA
6. nks lfn'kksa a ,oa  b dk lfn'k (;k ØkWl) xq.ku ,d lfn'k gS ftldks ge a × b fy[krs gSaA bl lfn'k  dk ifjek.k

ab sin θ  gS vkSj bldh fn'kk dk Kku nf{k.korZ isap osQ fu;e ;k nk,a gkFk osQ fu;e }kjk gksrk gSA
7. fu;r v{k osQ ifjr% ?kw.kZu djrs ǹ<+ fiaM osQ fdlh d.k dk js[kh; osx v = ωωωωω × r, tgk¡ r v{k ij fy, x;s fdlh ewy

fcUnq ls d.k dh fLFkfr crkus okyk lfn'k gSA ;g laca/] ǹ<+ fiaM dh ,d fu;r fcUnq osQ ifjr% gkssus okyh vf/d O;kid
xfr osQ fy, ykxw gksrk gSA ml fLFkfr esa r] fLFkj fcUnq dks ewy fcUnq ysdj d.k dh fLFkfr n'kkZus okyk lfn'k gSA

8. d.kksa osQ ,d fudk; dk nzO;eku osQUnz ,d ,slk fcUnq gS ftldh fLFkfr lfn'k ge fuEufyf[kr lehdj.k }kjk
O;Dr dj ldrs gSa %

R = ∑m

M

i i
r

,d ljdl dk dykckt vkSj ,d xksrk[kksj bl fl¼kar dk
c[kwch ykHk mBkrs gSaA blosQ vykok LosQVlZ vkSj Hkkjrh; ;k

fp=k 6.32 (b) dykckt vius dyk izn'kZu esa dks.kh; laosx osQ
fu;e dk ykHk ysrs gq,A

fp=k 6.32 (a) dks.kh; laosx osQ laj{k.k dk izn'kZuA ?kqekÅ oqQlhZ
ij cSBh yM+dh viuh Hkqtkvksa dks 'kjhj osQ ikl
ykrh gS@ nwj ys tkrh gSA

if'peh 'kkL=kh; ùrd tc ,d iSj osQ iats ij ?kw.kZu djrs gSa rks
os ml fl¼kar laca/h vius vlk/kj.k izkoh.; dk izn'kZu djrs gSA
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jkf'k laosQr foek ek=kd fVIi.kh

dks.kh; osx    ωωωωω [T-1] rad s-1 v = ωωωωω × r

dks.kh; laosx
    

L [ML2T-1] J s L = r ×  p

cy vk?kw.kZ   τττττ [ML2T-2] N m τττττ  = r × F

tM+Ro vk?kw.kZ        Ι [ML2] kg m2 I = Σ m
i
 r

i

2

⊥

9. d.kksa osQ fudk; osQ nzO;eku osQUnz osQ osx dks ge  V = P/M }kjk fy[k ldrs gSaA ;gk¡ P fudk; dk js[kh; laosx
gSA nzO;eku osQUnz bl izdkj xfr djrk gS ekuks fudk; dk lEiw.kZ nzO;eku bl fcUnq ij laossaQfnzr gks vkSj lHkh
ckg~; cy Hkh blh fcUnq ij izHkkoh gksaA ;fn fudk; ij oqQy ckg~; cy 'kwU; gS rks bldk oqQy js[kh; laosx vpj
jgrk gSA

10. n d.kksa osQ fudk; dk ewy fcUnq osQ ifjr% dks.kh; laosx]

L r p  
  

= ×
=
∑ i

i

n

i

1

n d.kksa osQ fudk; dk ewy fcUnq osQ ifjr% ,saBu ;k cy vk?kw.kZ]

i osa d.k ij yxus okys cy F
i 
 esa] ckg~; ,oa vkarfjd lHkh cy 'kkfey gSaA U;wVu osQ r`rh; fu;e dks ekurs

gq, fd fdUgh nks d.kksa osQ chp cy] mudh fLFkfr;ksa dks feykus okyh js[kk osQ vuqfn'k yxrs gSa] ge n'kkZ ldrs
gSa  τττττ

int
 = 0 ,oa]

11. ,d n`<+ fi.M osQ ;kaf=kd larqyu esa gksus osQ fy,]

(i) ;g LFkkukUrjh; larqyu esa gks] vFkkZr] bl ij yxus okyk oqQy ckg~; cy 'kwU; gks] F 0i =∑  ,oa]

(ii) ;g ?kw.khZ larqyu esa gks] vFkkZr~] bl ij yxus okyk oqQy ckg~; cy vk?kw.kZ 'kwU; gks] : ττi i i= × =∑ ∑ r F 0 ;

12. fdlh foLrkfjr vkdkj osQ fiaM dk xq#Ro osQUnz og fcUnq gS ftlosQ ifjr% fiaM dk oqQy xq#Roh; cy vk?kw.kZ
'kwU; gksrk gSA

13. fdlh v{k osQ ifjr% ,d n`<+ fiaM dk tM+Ro vk?kw.kZ I m ri i= ∑ 2
 lw=k }kjk ifjHkkf"kr fd;k tkrk gSA tgk¡ r

i

fi.M osQ i-oas d.k dh v{k ls yEcor~ nwjh gSA ?kw.kZu dh xfrt ÅtkZ 21

2
K Iω=  gS
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fopkj.kh; fo"k;

1. fdlh fudk; osQ nzO;eku osQUnz dh xfr Kkr djus osQ fy, fudk; osQ vkUrfjd cyksa dk Kku vko';d ugha
gSA blosQ fy, gesa osQoy fi.M ij yxus okys ckg~; cyksa dk Kku gksuk pkfg,A

2. d.kksa osQ fdlh fudk; dh xfr dks] blosQ nzO;eku osQUnz dh LFkkukUrjh; xfr vkSj nzO;eku osQUnz osQ ifjr% bldh
?kw.khZ xfr esa vyx&vyx djosQ fopkj djuk d.kksa osQ fudk; osQ xfr foKku dh ,d mi;ksxh rduhd gSA bl
rduhd dk ,d mnkgj.k] d.kksa osQ fudk; dh xfrt ÅtkZ  K dks] nzO;eku osQ ifjr% fudk; osQ ?kw.kZu dh xfrt
ÅtkZ  K′ ,oa nzO;eku osQUnz dh xfrt ÅtkZ MV2/2 esa i`Fkd djuk gSA

      K = K′ + MV2/2

3. ifjfer vkdkj osQ fiaMksa (vFkok d.kksa osQ fudk;ksa) osQ fy, ykxw gksus okyk U;wVu dk f}rh; fu;e d.kksa osQ
fy, ykxw gksus okys U;wVu osQ f}rh; ,oa r`rh; fu;eksa osQ Åij vk/kfjr gSA

4. ;g LFkkfir djus osQ fy, fd d.kksa osQ fudk; osQ oqQy dks.kh; laosx ifjorZu dh nj] fudk; ij vkjksfir oqQy
cy vk?kw.kZ gS] gesa u osQoy d.kksa osQ fy, ykxw gksus okys U;wVu osQ f}rh; fu;e dh vko';drk gksxh oju~ r̀rh;
fu;e Hkh bl 'krZ osQ lkFk ykxw djuk gksxk fd fdUgh nks d.kksa osQ chp cy mudks feykus okyh js[kk osQ vuqfn'k
gh dk;Z djrs gSaA

5. oqQy ckg~; cy dk 'kwU; gksuk vkSj oqQy ckg~; cy vk?kw.kZ dk 'kwU; gksuk nks Lora=k 'krs± gSaA ;g gks ldrk gS
fd ,d 'krZ iwjh gksrh gks ij nwljh iwjh u gksrh gksA cy;qXe esa oqQy ckg~; cy 'kwU; gS ij cy vk?kw.kZ 'kwU;
ugha gSA

6. ;fn oqQy ckg~; cy 'kwU; gks rks fudk; ij yxus okyk oqQy cy vk?kw.kZ ewy fcUnq osQ Åij fuHkZj ugha djrkA
7. fdlh fiaM dk xq#Ro osQUnz mlosQ nzO;eku osQUnz ls rHkh laikrh gksrk gS tc xq#Ro {ks=k fiaM osQ fofHkUu Hkkxksa ij

leku gksrk gSA
8. ;fn n`<+ fiaM ,d fu;r v{k osQ ifjr% ?kw.kZu dj jgk gks rc Hkh ;g vko';d ugha gS fd bldk dks.kh; laosx

L, dks.kh; osx ωωωωω osQ lekUrj gksA rFkkfi] bl vè;k; esa of.kZr fLFkfr esa] tgk¡ fiaM ,d fu;r v{k osQ ifjr%
?kw.kZu dj jgk gS vkSj og v{k fiaM dh lefer v{k Hkh gS] laca/ L = Iωωωωω ykxw gksrk gS tgk¡ I ?kw.khZ v{k osQ
ifjr% fi.M dk tM+Ro vk?kw.kZ gSA

vH;kl

6.1 ,dleku nzO;eku ?kuRo osQ fuEufyf[kr fi.Mksa eas izR;sd osQ nzO;eku osaQnz dh vofLFkfr fyf[k,%

(a) xksyk] (b) flfyaMj] (c) NYyk rFkk (d) ?ku A

D;k fdlh fi.M dk nzO;eku osaQnz vko';d :i ls ml fi.M osQ Hkhrj fLFkr gksrk gS \

6.2 HCl v.kq esa nks ijek.kqvksa osQ ukfHkdksa osQ chp i`Fkdu yxHkx 1-27A
° 

  (1A
° 

 = 10-10 m) gS A bl v.kq osQ nzO;eku
osaQnz dh yxHkx vofLFkfr Kkr dhft, A ;g Kkr gS fd Dyksjhu dk ijek.kq gkbMªkstu osQ ijek.kq dh rqyuk
eas 35-5 xquk Hkkjh gksrk gS rFkk fdlh ijek.kq dk leLr nzO;eku mlosQ ukfHkd ij osaQfnzr gksrk gS A

6.3 dksbZ cPpk fdlh fpdus {kSfrt iQ'kZ ij ,dleku pky v ls xfreku fdlh yach Vªkyh osQ ,d fljs ij cSBk
gS A ;fn  cPPkk [kM+k gksdj Vªkyh ij fdlh Hkh izdkj ls nkSM+us yxrk gS] rc fudk; (Vªkyh $ cPpk) osQ
nzO;eku osaQnz dh pky D;k gS \

6.4 n'kkZb;s fd a ,oa b osQ chp cus f=kHkqt dk {ks=kiQy a × b osQ ifjek.k dk vk/k gSA
6.5 n'kkZb;s fd a.(b × c) dk ifjek.k rhu lfn'kksa a, b ,oa c ls cus lekUrj "kV~iQyd osQ vk;ru osQ

cjkcj gSA
6.6 ,d d.k] ftlosQ fLFkfr lfn'k r osQ x, y, z v{kksa osQ vuqfn'k vo;o Øe'k% x, y, z gSa] vkSj js[kh; laosx

lfn'k P osQ vo;o p
x
, p

y
 p

z 
gSa] osQ dks.kh; laosx l osQ v{kksa osQ vuqfn'k vo;o Kkr dhft,A n'kkZb;s] fd

;fn d.k osQoy x-y ry esa gh xfreku gks rks dks.kh; laosx dk osQoy z-vo;o gh gksrk gSA
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6.7 nks d.k ftuesa ls izR;sd dk nzO;eku m ,oa pky v gS d nwjh ij] lekUrj js[kkvksa osQ vuqfn'k] foijhr fn'kkvksa
esa py jgs gSaA n'kkZb;s fd bl f}d.k fudk; dk lfn'k dks.kh; laosx leku jgrk gS] pkgs ge ftl fcUnq
osQ ifjr% dks.kh; laosx ysaA

6.8 W Hkkj dh ,d vlekax NM+ dks] mis{k.kh; Hkkj okyh nks Mksfj;ksa ls fp=k 6.33 esa n'kkZ;s vuqlkj yVdk dj
fojkekoLFkk esa j[kk x;k gSA Mksfj;ksa }kjk ÅèokZ/j ls cus dks.k Øe'k% 36.9° ,oa 53.1° gaSA NM+ 2 m yEckbZ
dh gSA NM+ osQ ck,¡ fljs ls blosQ xq#Ro osQUnz dh nwjh d Kkr dhft,A

fp=k 6.33

6.9 ,d dkj dk Hkkj 1800 kg gSA bldh vxyh vkSj fiNyh /qfj;ksa osQ chp dh nwjh 1.8 m gSA bldk xq#Ro
osQUnz] vxyh /qjh ls 1.05 m ihNs gSA lery /jrh }kjk blosQ izR;sd vxys vkSj fiNys ifg;ksa ij yxus
okys cy dh x.kuk dhft,A

6.10 leku nzO;eku vkSj f=kT;k osQ ,d [kks[kys csyu vkSj ,d Bksl xksys ij leku ifjek.k osQ cy vk?kw.kZ yxk;s
x;s gSaA csyu viuh lkekU; lefer v{k osQ ifjr% ?kwe ldrk gS vkSj xksyk vius osQUnz ls xqtjus okyh fdlh
v{k osQ ifjr%A ,d fn;s x;s le; osQ ckn nksuksa esa dkSu vf/d dks.kh; pky izkIr dj ysxk\

6.11 20 kg nzO;eku dk dksbZ Bksl flfyaMj vius v{k osQ ifjr% 100 rad  s-1 dh dks.kh; pky ls ?kw.kZu dj jgk
gS A flfyaMj dh f=kT;k 0.25m gS A flfyaMj osQ ?kw.kZu ls lac¼ xfrt ÅtkZ D;k gS \ flfyaMj dk vius v{k
osQ ifjr% dks.kh; laosx dk ifjek.k D;k gS \

6.12 (a) dksbZ cPpk fdlh ?kwf.kZdk (?kw.khZeap) ij viuh nksuksa Hkqtkvksa dks ckgj dh vksj iSQykdj [kM+k gS A ?kwf.kZdk
dks 40 rev/min dh dks.kh; pky ls ?kw.kZu djk;k tkrk gS A ;fn cPpk vius gkFkksa dks okil fldksM+ dj
viuk tM+Ro vk?kw.kZ vius vkjafHkd tM+Ro vk?kw.kZ dk 2@5 xquk dj ysrk gS] rks bl fLFkfr eas mldh dks.kh;
pky D;k gksxh \ ;g ekfu, fd ?kwf.kZdk dh ?kw.kZu xfr ?k"kZ.kjfgr gS A

(b) ;g n'kkZb, fd cPps dh ?kw.kZu dh u;h xfrt ÅtkZ mldh vkjafHkd ?kw.kZu dh xfrt ÅtkZ ls vf/d
gSA vki xfrt ÅtkZ eas gqbZ bl o`f¼ dh O;k[;k fdl izdkj djsaxs \

6.13 3kg nzO;eku rFkk 40 cm f=kT;k osQ fdlh [kks[kys flfyaMj ij dksbZ ux.; nzO;eku dh jLlh yisVh xbZ gS A
;fn jLlh dks 30 N cy ls [khapk tk, rks flfyaMj dk dks.kh; Roj.k D;k gksxk \ jLlh dk jSf[kd Roj.k
D;k gS\ ;g ekfu, fd bl izdj.k eas dksbZ fiQlyu ugha gS A

6.14 fdlh ?kw.kZd (jksVj) dh 200 rad s–1 dh ,dleku dks.kh; pky cuk, j[kus osQ fy, ,d batu }kjk 180
N m dk cy vk?kw.kZ izsf"kr djuk vko';d gksrk gS A batu osQ fy, vko';d 'kfDr Kkr dhft, A
(uksV % ?k"kZ.k dh vuqifLFkfr eas ,dleku dks.kh; osx gksus eas ;g lekfo"V gS fd cy vk?kw.kZ 'kwU; gS A O;ogkj
eas yxk, x, cy vk?kw.kZ dh vko';drk ?k"kZ.kh cy vk?kw.kZ dks fujLr djus osQ fy, gksrh gS A) ;g ekfu,
fd batu dh n{krk 100% gSA
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6.15 R f=kT;k okyh lekax fMLd ls R/2 f=kT;k dk ,d o`Ùkkdkj Hkkx dkV dj fudky fn;k x;k gSA bl izdkj
cus òÙkkdkj lqjk[k dk osQUnz ewy fMLd osQ osQUnz ls  R/2 nwjh ij gSA vof'k"V fMLd osQ xq#Ro osQUnz dh fLFkfr
Kkr dhft,A

6.16 ,d ehVj NM+ osQ osQUnz osQ uhps {kqj&/kj j[kus ij og bl ij larqfyr gks tkrh gS tc nks flDosQ] ftuesa
izR;sd dk nzO;eku 5 g gS] 12.0 cm osQ fpUg ij ,d osQ Åij ,d j[ks tkrs gSa rks NM+ 45.0 cm fpUg
ij larqfyr gks tkrh gSA ehVj NM+ dk nzO;eku D;k gS\

6.17 ,d Bksl xksyk] fHkUu ufr osQ nks vkur ryksa ij ,d gh Å¡pkbZ ls yq<+dus fn;k tkrk gSA (a) D;k og nksuksa
ckj leku pky ls ryh esa igq¡psxk\ (b) D;k mldks ,d ry ij yq<+dus esa nwljs ls vf/d le; yxsxk\
(c) ;fn gk¡] rks fdl ij vkSj D;ksa\

6.18 2 m f=kT;k osQ ,d oy; (NYys) dk Hkkj 100 kg gSA ;g ,d {kSfrt iQ'kZ ij bl izdkj yksVfud xfr djrk
gS fd blosQ nzO;eku osQUnz dh pky 20 cm/s gksA bldks jksdus osQ fy, fdruk dk;Z djuk gksxk\

6.19 vkWDlhtu v.kq dk nzO;eku 5.30 × 10-26 kg gS rFkk blosQ osQUnz ls gksdj xqtjus okyh vkSj blosQ nksuksa
ijek.kqvksa dks feykus okyh js[kk osQ yEcor~ v{k osQ ifjr% tM+Ro vk?kw.kZ 1.94×10-46 kg m2 gSA eku yhft,
fd xSl osQ ,sls v.kq dh vkSlr pky 500 m/s gS vkSj blosQ ?kw.kZu dh xfrt ÅtkZ] LFkkukUrj.k dh xfrt
ÅtkZ dh nks frgkbZ gSA v.kq dk vkSlr dks.kh; osx Kkr dhft,A

6.20 ,d csyu 30° dks.k cukrs vkur ry ij yq<+drk gqvk Åij p<+rk gSA vkur ry dh ryh esa csyu osQ
nzO;eku osQUnz dh pky 5 m/s gSA

(a) vkur ry ij csyu fdruk Åij tk;sxk\

(b) okil ryh rd ykSV vkus esa bls fdruk le; yxsxk\
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vè;k; 7

xq#Rokd"kZ.k

7.1 Hkwfedk

ge vius vkjafHkd thou esa gh] lHkh inkFkks± osQ i`Foh dh vksj vkdf"kZr gksus dh
izÑfr dks tku ysrs gSaA tks Hkh oLrq Åij isaQdh tkrh gS og i`Foh dh vksj fxjrh
gS] igkM+ ls uhps mrjus dh rqyuk esa igkM+ ij Åij tkus esa dgha vfèkd Fkdku
gksrh gS] Åij cknyksa ls o"kkZ dh cw¡nsa i`Foh dh vksj fxjrh gSa] rFkk vU; ,slh gh
cgqr lh ifj?kVuk,¡ gSaA bfrgkl osQ vuqlkj bVyh osQ HkkSfrd foKkuh xSyhfy;ks
(1564&1642) us bl rF; dks ekU;rk iznku dh fd lHkh fi.M] pkgs muosQ
nzO;eku oqQN Hkh gksa] ,dleku Roj.k ls i`Foh dh vksj Rofjr gksrs gSaA ,slk dgk
tkrk gS fd mUgksaus bl rF; dk lkoZtfud fun'kZu fd;k FkkA ;g dguk] pkgs lR;
Hkh u gks] ijarq ;g fuf'pr gS fd mUgksaus vkur lery ij yksVuh fi.Mksa osQ lkFk
oqQN iz;ksx djosQ xq#Roh; Roj.k dk ,d eku izkIr fd;k Fkk] tks ckn esa fd, x,
iz;ksxksa }kjk izkIr vf/d ;FkkFkZ ekuksa osQ dkiQh fudV FkkA

vk| dky ls gh cgqr ls ns'kksa esa rkjksa] xzgksa rFkk mudh xfr;ksa osQ izs{k.k tSlh
vlac¼ izrhr gksus okyh ifj?kVuk,¡ è;kukd"kZ.k dk fo"k; jgh gSaA vk| dky osQ
izs{k.kksa }kjk vkdk'k esa fn[kkbZ nsus okys rkjksa dh igpku dh xbZ] ftudh fLFkfr esa
lkyksalky dksbZ ifjorZu ugha gksrk gSA izkphu dky ls ns[ks tkus okys fi.Mksa esa oqQN
vf/d jkspd fi.M Hkh ns[ks x,] ftUgsa xzg dgrs gSa] vkSj tks rkjksa dh i`"BHkwfe
esa fu;fer xfr djrs izrhr gksrs gSaA xzgh; xfr;ksa osQ lcls izkphu izekf.kr ekWMy
dks vc ls yxHkx 2000 o"kZ iwoZ VkWyeh us izLrkfor fd;k FkkA ;g ^HkwosQUnzh*
ekWMy Fkk] ftlosQ vuqlkj lHkh vkdk'kh; fi.M rkjs] lw;Z rFkk xzg i`Foh dh
ifjØek djrs gSaA bl ekWMy dh /kj.kk osQ vuqlkj vkdk'kh; fi.Mksa dh laHkkfor
xfr osQoy o`Ùkh; xfr gh gks ldrh FkhA xzgksa dh izsf{kr xfr;ksa dk o.kZu djus osQ
fy, VkWyeh us xfr;ksa osQ ftl foU;kl dks izfrikfnr fd;k og cgqr tfVy FkkA
blosQ vuqlkj xzgksa dks o`Ùkksa esa ifjØek djus okyk rFkk bu o`Ùkksa osQ osQUnzksa dks Lo;a
,d cM+s o`Ùk esa xfr'khy crk;k x;k FkkA yxHkx 400 o"kZ osQ i'pkr Hkkjrh;
[kxksyKksa us Hkh blh izdkj osQ fl¼kar izfrikfnr fd,A rFkkfi] vk;ZHkê ð (5 oha
'krkCnh esa) us igys ls gh vius 'kks/ izcU/ esa ,d vf/d ifj"Ñr ekWMy dk
o.kZu fd;k Fkk] ftls lw;Z osQUnzh ekWMy dgrs gSa ftlosQ vuqlkj lw;Z dks lHkh

7.1 Hkwfedk
7.2 osQIyj osQ fu;e
7.3 xq#Rokd"kZ.k dk lkoZf=kd

fu;e
7.4 xq#Roh; fu;rkad
7.5 i`Foh dk xq#Roh; Roj.k
7.6 i`Foh osQ i`"B osQ uhps rFkk

Åij xq#Roh; Roj.k
7.7 xq#Roh; fLFkfrt ÅtkZ
7.8 iyk;u pky
7.9 Hkw mixzg
7.10 d{kk esa xfr'khy mixzg dh

ÅtkZ

lkjka'k
fopkj.kh; fo"k;
vH;kl
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xzgksa dh xfr;ksa dk osQUnz ekuk x;k gSA ,d gtkj o"kZ osQ
i'pkr iksyS.M osQ ,d bZlkbZ fHk{kq] ftudk uke fudksyl
dksijfudl (1473&1543) Fkk] us ,d iw.kZ fodflr
ekWMy izLrkfor fd;k ftlosQ vuqlkj lHkh xzg] osQUnzh;
LFkku ij fLFkr fLFkj lw;Z] osQ ifjr% o`Ùkksa esa ifjØek djrs
gSaA fxjtk?kj us bl fl¼kar ij lansg izdV fd;kA ijUrq bl
fl¼kar osQ yC/ izfrf"Br leFkZdksa esa ,d xSyhfy;ks Fks]
ftuij 'kklu osQ }kjk] vkLFkk osQ fo#¼ gksus osQ dkj.k]
eqdnek pyk;k x;kA

yxHkx xSyhfy;ks osQ gh dky esa MsuekoZQ osQ ,d oqQyhu
iq#"k Vk;dks czsg (1546&1601) us viuk leLr thou dky
viuh uaxh vka[kksa ls lh/s gh xzgksa osQ izs{k.kksa dk vfHkys[ku
djus esa yxk fn;kA muosQ }kjk ladfyr vk¡dM+ksa dk ckn esa
mlosQ lgk;d tksgkUusl osQIyj (1571&1640) }kjk fo'ys"k.k
fd;k x;kA mUgksaus bu vk¡dM+ksa dks lkj osQ :i esa rhu
ifj"Ñr fu;eksa }kjk izfrikfnr fd;k] ftUgsa vc osQIyj osQ
fu;eksa osQ uke ls tkuk tkrk gSA ;s fu;e U;wVu dks Kkr FksA
bu mRo`Q"V fu;eksa us U;wVu dks viuk xq#Rokd"kZ.k dk
lkoZf=kd fu;e izLrkfor djosQ vlk/kj.k oSKkfudksa dh
iafDr esa 'kkfey gksus ;ksX; cuk;kA

7.2 osQIyj osQ fu;e

osQIyj osQ rhu fu;eksa dk mYys[k bl izdkj fd;k tk ldrk gS%

1.  d{kkvksa dk fu;e % lHkh xzg nh?kZo`Ùkh; d{kkvksa esa xfr
djrs gSa rFkk lw;Z bldh] ,d ukfHk ij fLFkr gksrk gS
(fp=k 7-1a)A

B

A

C

P S S'
2b

2a

fp=k 7.1(a) lw;Z osQ ifjr% fdlh xzg }kjk vuqjsf[kr nh?kZo`ÙkA lw;Z
dk fudVre fcUnq P rFkk nwjLFk fcUnq A gSA P dks
milkSj rFkk A dks vilkSj dgrs gSaA v/Z nh?kZ v{k
nwjh AP dk vk/k gSA

;g fu;e dksijfudl osQ ekWMy ls gVdj Fkk ftlosQ
vuqlkj xzg osQoy o`Ùkh; d{kkvksa esa gh xfr dj ldrs gSaA
nh?kZo`Ùk] ftldk o`Ùk ,d fof'k"V izdj.k gksrk gS] ,d cUn
oØ gksrk gS] ftls cgqr ljyrk ls bl izdkj [khapk tk
ldrk gS %

fp=k  7.1(b) ,d nh?kZo`r [khapukA ,d Mksjh osQ nks fljs F1 rFkk F2

fLFkj gSaA isafly dh uksad Mksjh dks ruh j[krs gq, bu
fljksa osQ ifjr% pyk;h tkrh gSA

nks fcUnqvksa F1 rFkk F2 dk p;u dhft,A ,d Mksjh ysdj
blosQ fljksa dks F1 rFkk F2 ij fiuksa }kjk tfM+,A isafly dh uksad
ls Mksjh dks rkfu, vkSj fiQj Mksjh dks ruh gqbZ j[krs gq, isafly
dks pykrs gq, cUn oØ [khafp, (fp=k 7-1 (b)) bl izdkj
izkIr cUn oØ dks nh?kZòÙk dgrs gSaA Li"V gS fd nh?kZòÙk osQ
fdlh Hkh fcUnq T ij F1 rFkk F2 ls nwfj;ksa dk ;ksx
vifjofrZr (fu;r) gSA fcUnq F1 rFkk F2 nh?kZo`Ùk dh ukfHk
dgykrh gSA fcUnq F1 rFkk F2 dks feykb, vkSj bl js[kk dks
vkxs c<+kb, ftlls ;g nh?kZo`Ùk dks fp=k 7.1 (b) esa n'kkZ,
vuqlkj fcUnqvksa P rFkk A ij izfrPNsn djrh gSA js[kk PA dk
eè;fcUnq nh?kZo`Ùk dk osQUnz gS rFkk yEckbZ PO = AO

nh?kZo`Ùk dk v/Z nh?kZ v{k dgykrh gSA fdlh o`Ùk osQ fy,
nksuksa ukfHk;k¡ ,d nwljs esa foyhu gksdj ,d gks tkrh gSa rFkk
vèkZ nh?kZ v{k o`Ùk dh f=kT;k cu tkrh gSA

2. {ks=kiQyksa dk fu;e % lw;Z ls fdlh xzg dks feykus okyh
js[kk leku le; varjkyksa esa leku {ks=kiQy izliZ djrh gS
(fp=k 7-2)A ;g fu;e bl izs{k.k ls izdV gksrk gS fd xzg
ml le; /heh xfr djrs izrhr gksrs gSa tc os lw;Z ls vfèkd
nwjh ij gksrs gSaA lw;Z osQ fudV gksus ij xzgksa dh xfr vis{kkÑr
rhoz gksrh gSA
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fp=k 7.2 xzg P lw;Z osQ ifjr% nh?kZo`Ùkh; d{kk esa xfr djrk gSA
fdlh NksVs le; varjky ∆t esa xzg }kjk izl£ir {ks=kiQy∆A

dks Nk;kafdr {ks=k }kjk n'kkZ;k x;k gSA

3. vkorZ dkyksa dk fu;e
fdlh xzg osQ ifjØe.k dky dk oxZ ml xzg }kjk

vuqjsf[kr nh?kZo`Ùk osQ v/Z&nh?kZ v{k osQ ?ku osQ vuqØekuqikrh
gksrk gSA

uhps nh x;h lkj.kh (7-1) esa lw;Z osQ ifjr% vkB xzgksa
osQ lfUudV ifjØe.k&dky muosQ v/Z&nh?kZ v{kksa osQ ekuksa
lfgr n'kkZ, x, gSa

lkj.kh 7-1
 uhps fn, x, xzgh; xfr;ksa dh eki osQ vk¡dM+s

osQIyj osQ vkorZdkyksa osQ fu;e dh iqf"V djrs gSaA
a ≡ v/Z&nh?kZ v{k 1010 m osQ ek=kdksa esa
T ≡ xzg dk ifjØe.k&dky o"kks± (y) esa
Q ≡ HkkxiQy ( T2  / a 3  )

10 -34 y2 m-3 ek=kdksa esa

xzg a T Q

cq/ 5.79 0.24 2.95

'kqØ 10.8 0.615 3.00

i`Foh 15.0 1 2.96

eaxy 22.8 1.88 2.98

c̀gLifr 77.8 11.9 3.01

'kfu 143 29.5 2.98

;wjsul 287 84 2.98

usIV~;wu 450 165 2.99

IywVks* 590 248 2.99

{ks=kiQyksa osQ fu;e dks dks.kh; laosx laj{k.k dk fu"d"kZ
ekuk tk ldrk gS tks lHkh osQUnzh; cyksa osQ fy, ekU; gSA
fdlh xzg ij yxus okyk osQUnzh; cy] osQUnzh; lw;Z rFkk xzg

dks feykus okys lfn'k osQ vuqfn'k dk;Z djrk gSA eku
yhft, lw;Z ewy fcUnq ij gS vkSj ;g Hkh ekfu, fd xzg dh
fLFkfr rFkk laosx dks Øe'k%  r rFkk p ls n'kkZ;k tkrk gS] rc
m nzO;eku osQ xzg }kjk ∆t le; esa izl£ir {ks=kiQy ∆A

(fp=k 7-2) bl izdkj O;Dr fd;k tkrk gS

∆A  = ½ (r × v∆t) (7.1)

vr%

∆A /∆t    = ½ (r × p)/m, (pw¡fd  v = p/m)

                      =    L / (2 m) (7.2)

;gk¡ v osx gS rFkk  L dks.kh; laosx gS tks (r × p) osQ rqY;
gSA fdlh osQUnzh; cy osQ fy,] tks r osQ vuqfn'k funsZf'kr gS]
L ,d fu;rkad gksrk gS] tcfd xzg ifjØek dj jgk gksrk gSA
vr% vafre lehdj.k osQ vuqlkj ∆A /∆t ,d fu;rakd gSA
;gh {ks=kiQyksa dk fu;e gSA xq#Rokd"kZ.k dk cy Hkh osQUnzh;
cy gh gS vkSj blfy, {ks=kiQyksa dk fu;e U;wVu osQ fu;eksa
osQ blh y{k.k dk ikyu@vuqxeu djrk gSA

mnkgj.k 7.1   eku yhft, fdlh xzg dh milkSj
P ij (fp=k 7.1a) pky vP gS] rFkk lw;Z o xzg dh
nwjh SP = rP gSA {rP, vP} rFkk vilkSj ij bu jkf'k;ksa
osQ rnuq:ih eku {rA, vA} esa laca/ LFkkfir dhft,A
D;k xzg BAC rFkk CPB iFk r; djus esa leku le;
ysxk\

gy  dks.kh; laosx dk ifjek.k P ij gS Lp =  mp rp vp, D;ksafd
fujh{k.k }kjk ;g Kkr gksrk gS fd rp rFkk vp ijLij yEcor
gSaA blh izdkj] LA = mp rA vA. rc dks.kh; laosx laj{k.k ls

mp rp vp = mp rA vA

vFkok  
p A

A p

v r

v r
=

pw¡fd rA   > rp, vp > vA .

nh?kZo`Ùk rFkk f=kT;k lfn'kksa SB ,oa SC }kjk ?ksjk x;k
{ks=kiQy SBPC dh rqyuk esa vf/d gS (fp=k 7.1a)A
osQIyj osQ nwljs fu;e osQ vuqlkj] leku le; varjkyksa esa
leku {ks=kiQy izliZ gksrs gSaA vr% xzg iFk CPB dks r;
djus dh vis{kk iFk BAC dks r; djus esa vf/d
le; ysxkA ⊳
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7.3  xq#Rokd"kZ.k dk lkoZf=kd fu;e

,d nar dFkk esa fy[kk gS isM+ ls fxjrs gq, lsc dk izs{k.k djrs
gq, U;wVu dks xq#Rokd"kZ.k osQ lkoZf=kd fu;e rd igq¡pus dh
izsj.kk feyh ftlls osQIyj osQ fu;eksa rFkk ikfFkZo xq#Rokd"kZ.k
osQ Li"Vhdj.k dk ekxZ iz'kLr gqvkA U;wVu us vius foosd osQ
vk/kj ij ;g Li"V vuqHko fd;k fd R

m
 f=kT;k dh d{kk esa

ifjØek djus okys pUnzek ij i`Foh osQ xq#Ro osQ dkj.k ,d
vfHkosQUnz Roj.k vkjksfir gksrk gS ftldk ifjek.k

22

2

4 m
m

m

RV
a

R T

π
= = (7.3)

;gk¡ V pUnzek dh pky gS tks vkorZdky T ls bl izdkj
lacaf/r gS] = 2 /mV R Tπ A vkorZ dky T dk eku yxHkx
27.3 fnu gS rFkk ml le; rd R

m
 dk eku yxHkx

3.84×108m Kkr gks pqdk FkkA ;fn ge bu la[;kvksa dks
lehdj.k (7.3) esa izfrLFkkfir djsa] rks gesa a

m
 dk tks eku

izkIr gksrk gS] og i`Foh osQ xq#Ro cy osQ dkj.k mRiUu i`Foh
osQ i`"B ij xq#Roh; Roj.k g osQ eku ls dkiQh de gksrk gSA
;g Li"V :i ls bl rF; dks n'kkZrk gS fd i`Foh osQ xq#Ro
cy dk eku nwjh osQ lkFk ?kV tkrk gSA ;fn ge ;g eku ysa
fd i`Foh osQ dkj.k xq#Rokd"kZ.k dk eku i`Foh osQ osQUnz ls
nwjh osQ oxZ osQ O;qRØekuqikrh gksrk gS] rks gesa  −∝m ma R

2 vkSj
−∝ Eg R 2  izkIr gksxk (;gk¡ R

E
 ìFoh dh f=kT;k gS)] ftlls gesa

fuEufyf[kr laca/ izkIr gksrk gS %
2

2

m

m E

Rg

a R
= ≃  3600 (7.4)

tks g  9.8 m s-2 rFkk lehdj.k (7.3) ls a
m

  
osQ eku osQ

lkFk esy [kkrk gSA bl izs{k.k us U;wVu dks uhps fn, x,
xq#Rokd"kZ.k osQ lkoZf=kd fu;e dks izfrikfnr djus esa
ekxZn'kZu fn;k :

¶bl fo'o esa izR;sd fi.M gj nwljs fi.M dks ,d cy
}kjk vkd£"kr djrk gS ftldk ifjek.k nksuksa fi.Mksa osQ
nzO;ekuksa osQ xq.kuiQy osQ vuqØekuqikrh rFkk muosQ chp dh
nwjh osQ oxZ osQ O;qRØekuqikrh gksrk gSA¸

;g m¼j.k rRor% U;wVu osQ izfl¼ 'kks/ izcU/ ¶izkòQfrd
n'kZu osQ xf.krh; fl¼kar¸ (Mathematical Principles

of Natural Philosophy) ftls la{ksi esa fizaflfi;k
(Principia)  dgrs gSa] ls izkIr gksrk gSA

xf.krh; :i esa U;wVu osQ xq#Rokd"kZ.k fu;e dks bl
izdkj dgk tk ldrk gS % fdlh fcanq nzO;eku m

2
 ij fdlh

vU; fcanq nzO;eku m
1  
osQ dkj.k cy F dk ifjek.k

×
= × 1 2

2
| |

m m
G

r
F (7.5)

lfn'k :i esa lehdj.k (7.5) dks bl izdkj O;Dr fd;k tk
ldrk gS

ɵ( ) ɵ× ×
= × = ×1 2 1 2

2 2
– –

m m m m
G G

r r
F r r

   
ɵ

×
= × 1 2

3
–

m m
G r

r

;gk¡ G lkoZf=kd xq#Roh; fu;rkad] ɵr   m
1
 ls  m

2
 rd

,dkad lfn'k rFkk r = r
2
 – r

1
 gS tSlk fd fp=k  7.3 esa n'kkZ;k

x;k gSA

fp=k 7.3   m
2
 osQ dkj.k  m

1  
ij xq#Roh; cy r osQ vuqfn'k

gS] ;gk¡  r, (r
2
– r

1
) gSA

xq#Roh; cy vkd"khZ cy gS] vFkkZr~ m
2
  ij m

1
 osQ

dkj.k yxus okyk cy F, – r osQ vuqfn'k gSA U;wVu osQ xfr
osQ rhljs fu;e osQ vuqlkj] okLro esa fcUnq nzO;eku  m

1
 ij

m
2
  osQ dkj.k cy – F  gSA bl izdkj m

1
  ij m

2
  osQ dkj.k

yxus okys xq#Rokd"kZ.k cy F
12

 ,oa m
2
  ij m

1
  osQ dkj.k

yxus okys cy F
21

 dk ijLij laca/ gS]
F

12
 = –F

21

lehdj.k (7.5) dk vuqiz;ksx] vius ikl miyC/ fi.Mksa
ij dj ldus ls iwoZ gesa lko/ku jguk gksxk] D;ksafd ;g
fu;e fcUnq nzO;ekuksa ls lacaf/r gS] tcfd gesa foLrkfjr
fi.Mksa] ftudk ifjfer vkeki gksrk gS] ij fopkj djuk gSA
;fn gekjs ikl fcUnq nzO;ekuksa dk dksbZ lap;u gS] rks muesa
ls fdlh ,d ij cy vU; fcUnq nzO;ekuksa osQ dkj.k
xq#Rokd"kZ.k cyksa osQ lfn'k ;ksx osQ cjkcj gksrk gS tSlk fd
fp=k 7.4 esa n'kkZ;k x;k gSA
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⊳

fp=k 7.4  fcUnq nzO;eku m
1 
ij fcUnq nzO;ekuksa m

2
,
 
m

3 
vkSj

m
4 
osQ }kjk vkjksfir oqQy xq#Rokd"kZ.k cy bu nzO;ekuksa }kjk

m
1 
ij yxk, x, O;f"Vxr cyksa osQ lfn'k ;ksx osQ cjkcj gSA

m
1
 ij oqQy cy gS

2 1
1 2

21

Gm m

r
=F ɵ 3 1

21 2
31

Gm m

r
+r  

ɵ ɵ4 1
31 412

41

Gm m

r
+r r

mnkgj.k 7.2  fdlh leckgq f=kHkqt ABC osQ izR;sd
'kh"kZ ij m kg osQ rhu leku nzO;eku j[ks gSaA
(a) bl f=kHkqt osQ osQUnzd G ij j[ks 2m kg osQ
nzO;eku ij fdruk cy vkjksfir gks jgk gS\
(b) ;fn 'kh"kZ  A ij j[ks nzO;eku dks nks xquk dj fn;k
tk,] rks fdruk cy vkjksfir gksxk\
      AG = BG = CG = 1m yhft, (nsf[k, fp=k 7.5)

gy  (a) /ukRed x-v{k rFkk  GC osQ chp dk dks.k 30° gS
vkSj bruk gh dks.k ½.kkRed x-v{k rFkk GB osQ chp curk
gSA lfn'k laosQr i¼fr esa O;f"Vxr cy bl izdkj gSa

( )
GA

2 ˆ
1

Gm m
=F j

( ) ( )GB

2 ˆ ˆcos 30 sin 30
1

Gm m ο ο= − −F  i j 

( ) ( )GC

2 ˆ ˆcos 30 sin 30
1

Gm m ο ο= + −F  i j .

vè;kjksi.k fl¼kar rFkk lfn'k ;ksx fu;e osQ vuqlkj (2m)

ij ifj.kkeh xq#Rokd"kZ.k cy

A

G

m

x

m
C

m
B

2

30

m

y

º

fp=k 7.5 rhu leku nzO;eku f=kHkqt ABC osQ rhu 'kh"kks± ij fLFkr
gSaA blosQ osaQnzd  G ij dksbZ nzO;eku  2m  j[kk x;k gSA

 FR  =  FGA + FGB + FGC

 ( )οο−−+= 30 sinˆ30 cosˆ2  ̂2   22
R  j ij F GmGm

 ( ) 030 sinˆ30 cosˆ2 2 =−+ οο  j i Gm

fodYi osQ :i esa] lefefr osQ vk/kj ij ;g vis{kk dh
tk ldrh gS fd ifj.kkeh cy 'kwU; gksuk pkfg,A

(b) ;fn 'kh"kZ A ij nzO;eku 2m gks rks]

  = 
1 2

GA
ˆ ˆ2 2 4G. m. m GmF j j=

and    = 
1 1
GB FGB GC GCF F F=

 + +  = 
1 1 1 2

R -
ˆ2.GA GB GC Gm'F F F F j= ⊳

fdlh foLrkfjr fi.M (tSls i`Foh) rFkk fcUnq nzO;eku
osQ chp xq#Rokd"kZ.k cy osQ fy, lehdj.k (7.5) dk
lh/s gh vuqiz;ksx ugha fd;k tk ldrkA foLrkfjr fi.M dk
izR;sd fcUnq nzO;eku fn, x, fcUnq nzO;eku ij cy vkjksfir
djrk gS rFkk bu lHkh cyksa dh fn'kk leku ugha gksrhA gesa
bu cyksa dk lfn'k jhfr }kjk ;ksx djuk gksrk gS rkfd
foLrkfjr fi.M osQ izR;sd fcUnq nzO;eku osQ dkj.k vkjksfir
oqQy cy izkIr gks tk,A ,slk ge vklkuh ls dyu (oSQyoqQyl)
osQ mi;ksx }kjk dj ldrs gSaA tc ge ,slk djrs gSa rks ges
nks fof'k"V izdj.kksa esa ljy ifj.kke izkIr gksrs gSa
(1) fdlh ,dleku ?kuRo osQ [kks[kys xksyh; [kksy

rFkk [kksy osQ ckgj fLFkr fdlh fcUnq nzO;eku osQ
chp vkd"kZ.k cy Bhd&Bkd mruk gh gksrk gS
tSlk fd [kksy osQ leLr nzO;eku dks mlosQ osQUnz
ij laosQfUnzr eku dj Kkr fd;k tkrk gSA
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xq.kkRed :i ls bls bl izdkj le>k tk ldrk gSA
[kksy osQ fofHkUu {ks=kksa osQ dkj.k xq#Roh; cyksa osQ]
[kksy osQ osQUnz dks fcUnq nzO;eku ls feykus okyh js[kk
osQ vuqfn'k rFkk blosQ yacor~] nksuksa fn'kkvksa esa ?kVd
gksrs gSaA [kksy osQ lHkh {ks=kksa osQ cyksa osQ ?kVdksa dk ;ksx
djrs le; bl js[kk osQ yacor~ fn'kk osQ ?kVd fujLr
gks tkrs gSa rFkk osQoy [kksy osQ osQUnz ls fcUnq nzO;eku
dks feykus okyh js[kk osQ vuqfn'k ifj.kkeh cy cpk
jgrk gSA bl ifj.kkeh cy dk ifjek.k Hkh Åij o.kZu
dh xbZ fof/ }kjk Kkr fd;k tk ldrk gSA

(2) ,dleku ?kuRo osQ fdlh [kks[kys xksys osQ dkj.k
mlosQ Hkhrj fLFkr fdlh fcUnq nzO;eku ij vkd"kZ.k
cy 'kwU; gksrk gSA

xq.kkRed :i esa] ge fiQj ls bl ifj.kke dks le>
ldrs gSaA xksyh; [kksy osQ fofHkUu {ks=k [kksy osQ Hkhrj fLFkr
fcUnq nzO;eku dks fofHkUu fn'kkvksa esa vkd£"kr djrs gSaA ;s
cy ijLij ,d nwljs dks iw.kZr% fujLr dj nsrs gSaA

7.4  xq#Roh; fu;rkad

xq#Rokd"kZ.k osQ lkoZf=kd fu;e esa iz;qDr xq#Roh; fLFkjkad  G
osQ eku dks izk;ksfxd vk/kj ij Kkr fd;k tk ldrk gS rFkk
bl izdkj osQ iz;ksx dks loZizFke vaxzst oSKkfud gsujh
oSQosfUM'k us 1797 esa fd;k FkkA muosQ }kjk mi;ksx fd, x,
midj.k dks O;oLFkk fp=k 7.6 esa n'kkZ;k x;k gSA

fp=k 7.6 oSQosfUM'k iz;ksx dk ;kstukor vkjs[kuA  S
1 
rFkk S

2
 nks

fo'kky xksys gSa (Nk;kafdr n'kkZ, x, gSa) ftUgsa  A vkSj
B  ij fLFkfr nzO;ekuksa osQ nksuksa vksj j[kk tkrk gSA tc
fo'kky nzO;ekuksa (fcUnqfdr o`Ùkksa }kjk n'kkZ,) dks nwljh
vksj ys tkrs gSa] rks NM+  AB FkksM+k ?kw.kZu djrh gS]
D;ksafd vc cy vk?kw.kZ dh fn'kk O;qRØfer gks tkrh
gSA ?kw.kZu dks.k dks iz;ksxksa }kjk Kkr fd;k tk ldrk gSA

NM+ AB osQ nksuksa fljksa ij nks NksVs lhls osQ xksys tqM+s gksrs
gSaA bl NM+ dks ,d irys rkj }kjk fdlh n`<+ Vsd ls fuyafcr

fd;k tkrk gSA lhls osQ nks fo'kky xksyksa dks fp=k esa n'kkZ,
vuqlkj NksVs xksyksa osQ fudV ijUrq foijhr fn'kkvksa esa yk;k
tkrk gSA cM+s xksys fp=k esa n'kkZ, vuqlkj vius fudV osQ NksVs
xksyksa dks leku rFkk foijhr cyksa ls vkd£"kr djrs gSaA NM+
ij dksbZ usV cy ugha yxrk] ijUrq osQoy ,d cy vk?kw.kZ
dk;Z djrk gS tks Li"V :i ls NM+ dh yEckbZ dk F-xquk
gksrk gS] tcfd ;gk¡ F fo'kky xksys rFkk mlosQ fudV okys
NksVs xksys osQ chp ijLij vkd"kZ.k cy gSA bl cy vk?kw.kZ osQ
dkj.k] fuyacu rkj esa rc rd ,saBu vkrh gS tc rd
izR;ku;u cy vk?kw.kZ xq#Roh; cy vk?kw.kZ osQ cjkcj ugha
gksrkA ;fn fuyacu rkj dk O;korZu dks.k θ gS] rks izR;ku;u
cy vk?kw.kZ  θ  osQ vuqØekuqikrh rFkk τ θ osQ cjkcj gqvk]
;gk¡ τ izR;ku;u cy ;qXe izfr ,dkad O;korZu dks.k gSA τ
dh eki vyx iz;ksx }kjk dh tk ldrh gS] tSls fd Kkr cy
vk?kw.kZ dk vuqiz;ksx djosQ rFkk O;korZu dks.k ekidjA xksy
xsnksa osQ chp xq#Rokd"kZ.k cy mruk gh gksrk gS ftruk fd xsnksa
osQ nzO;ekuksa dks muosQ osQUnzksa ij laosaQfUnzr eku dj Kkr fd;k
tkrk gSA bl izdkj ;fn fo'kky xksys rFkk mlosQ fudV osQ
NksVs xksys osQ osQUnzksa osQ chp dh nwjh  d gS]  M rFkk m bu
xksyksa osQ nzO;eku gSa] rks cM+s xksys rFkk mlosQ fudV osQ NksVs
xksys osQ chp xq#Rokd"kZ.k cy

2

Mm
F G

d
= (7.6)

;fn NM+ AB dh yEckbZ  L  gS] rks  F  osQ dkj.k mRiUu
cy vk?kw.kZ  F  rFkk  L dk xq.kuiQy gksxkA larqyu osQ le;
;g cy vk?kw.kZ izR;ku;u cy vk?kw.kZ osQ cjkcj gksrk gSA vr%

2

Mm
G L

d
τ θ= (7.7)

bl izdkj  θ  dk izs{k.k djosQ bl lehdj.k dh lgk;rk
ls  G dk eku ifjdfyr fd;k tk ldrk gSA

oSQosfUM'k iz;ksx osQ ckn  G  osQ ekiu esa ifj"dj.k gq,
rFkk vc G dk izpfyr eku bl izdkj gS

G = 6.67x10-11  N m2/kg2 (7.8)

7.5 i`Foh dk xq#Roh; Roj.k

i`Foh dks xksy gksus osQ dkj.k cgqr ls laosQUnzh xksyh; [kksyksa
dk feydj cuk ekuk tk ldrk gS ftuesa lcls NksVk [kksy
osQUnz ij rFkk lcls cM+k [kksy blosQ i`"B ij gSA i`Foh osQ
ckgj dk dksbZ Hkh fcUnq Li"V :i ls bu lHkh [kksyksa osQ ckgj
gqvkA bl izdkj lHkh [kksy ìFoh osQ ckgj fdlh fcUnq ij bl
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i`Foh dk i`"B

izdkj xq#Rokd"kZ.k cy vkjksfir djsaxs tSls fd bu lHkh [kksyksa
osQ nzO;eku fiNys vuqHkkx esa o£.kr ifj.kke osQ vuqlkj
muosQ mHk;fu"B osQUnz ij laosQfUnzr gSaA lHkh [kksyksa osQ
la;kstu dk oqQy nzO;eku i`Foh dk gh nzO;eku gqvkA vr%]
i`Foh osQ ckgj fdlh fcUnq ij] xq#Rokd"kZ.k cy dks ;gh
ekudj Kkr fd;k tkrk gS fd i`Foh dk leLr nzO;eku
mlosQ osQUnz ij laosQfUnzr gSA

i`Foh osQ Hkhrj fLFkr fcUnqvksa osQ fy, fLFkfr fHkUu gksrh
gSA bls fp=k 7.7 esa Li"V fd;k x;k gSA

fp=k 7.7  ME ìFoh dk nzO;eku rFkk  RE  ìFoh dh f=kT;k gS] ìFoh
osQ i`"B osQ uhps d xgjkbZ ij fLFkr fdlh [kku esa dksbZ nzO;eku
m j[kk gSA ge i`Foh dks xksyr% lefer ekurs gSaA

igys dh gh Hkkafr vc fiQj i`Foh dks laosQUnzh [kksyksa ls
feydj cuh ekfu, vkSj ;g fopkj dhft, fd i`Foh osQ
osQUnz ls  r  nwjh ij dksbZ nzO;eku  m  j[kk x;k gSA fcUnq  P,

r f=kT;k osQ xksys osQ ckgj gSA mu lHkh [kksyksa osQ fy, ftudh
f=kT;k  r ls vf/d gS] fcUnq  P  muosQ Hkhrj gSA vr% fiNys
Hkkx esa o£.kr ifj.kke osQ vuqlkj ;s lHkh [kksy P ij j[ks
nzO;ekuksa ij dksbZ xq#Rokd"kZ.k cy vkjksfir ugha djrsA f=kT;k
≤ r osQ [kksy feydj r f=kT;k dk xksyk fu£er djrs gSa rFkk
fcUnq  P  bl xksys osQ i`"B ij fLFkr gSA vr%  r  f=kT;k dk
;g NksVk xksyk  P  ij fLFkr nzO;eku m  ij bl izdkj
xq#Rokd"kZ.k cy vkjksfir djrk gS tSls bldk leLr nzO;eku
M

r
 blosQ osQUnz ij laosQfUnzr gSA bl izdkj P ij fLFkr

nzO;eku m ij vkjksfir cy dk ifjek.k

2

( )
= rGm M

F
r

(7.9)

ge ;g ekurs gSa fd leLr i`Foh dk ?kuRo ,dleku

gS vr% bldk nzO;eku 
3

E E

4

3
M R

π= ρ  gSA ;gk¡ R
E
 i`Foh

dh f=kT;k rFkk  ρ  bldk ?kuRo gSA blosQ foijhr  r  f=kT;k

osQ xksys dk nzO;eku 
34

3
r

π ρ  gksrk gSA blfy,

F G m
r

r
G m

M

R

r

r
E

E

= 



 =







4

3

3

2 3

3

2

π
ρ

 = E

3

E

G m M
r

R
(7.10)

;fn nzO;eku m i`Foh osQ i`"B ij fLFkr gS] rks  r = R
E

rFkk lehdj.k (7.10) ls bl ij xq#Rokd"kZ.k cy

2

E

E

M m
F G

R
= (7.11)

;gk¡ M
E
 rFkk R

E
 Øe'k% i`Foh dk nzO;eku rFkk f=kT;k gSA

nzO;eku  m  }kjk vuqHko fd;k tkus okyk Roj.k ftls izk;%
izrhd  g  }kjk fu£n"V fd;k tkrk gS] U;wVu osQ f}rh; fu;e
}kjk cy F  ls laca/ F = mg  }kjk lacaf/r gksrk gSA bl izdkj

= =
2

E

E

GMF
g

m R
(7.12)

g lgt gh ekiu ;ksX; gSA  R
E 

 ,d Kkr jkf'k gSA
oSQosfUM'k&iz;ksx }kjk vFkok nwljh fof/ ls izkIr  G  dh eki
g rFkk R

E
 osQ Kku dks lfEefyr djus ij M

E
 dk vkdyu

lehdj.k (7.12) dh lgk;rk ls fd;k tk ldrk gSA ;gh
dkj.k gS fd oSQosfUM'k osQ ckjs esa ,d izpfyr dFku ;g gS
fd ¶oSQosfUM'k us i`Foh dks rksyk¸A

7.6 ìFoh osQ ì"B osQ uhps rFkk Åij xq#Roh; Roj.k

fp=k esa n'kkZ, vuqlkj i`Foh osQ i`"B ls Å¡pkbZ h ij fLFkr
fdlh fcUnq nzO;eku m  ij fopkj dhft, (fp=k 7.8(a))A

fp=k 7.8(a)  i`Foh osQ i`"B ls fdlh Å¡pkbZ h ij g

m

d

R

Mr

E

O

i`Foh dk i`"B

r

P
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i`Foh dh f=kT;k dks  R 
E   
}kjk fu£n"V fd;k tkrk gSA pwafd

;g fcUnq i`Foh ls ckgj gS] bldh i`Foh osQ osQUnz ls nwjh
(R

E 
+

 
 h ) gSA ;fn fcUnq nzO;eku m ij cy osQ ifjek.k dks

F (h) }kjk fu£n"V fd;k x;k gS] rks lehdj.k (7.5) ls gesa
fuEufyf[kr laca/ izkIr gksrk gS

=
+ 2

( )
( )

E

E

GM m
F h

R h
(7.13)

fcUnq nzO;eku }kjk vuqHko fd;k tkus okyk Roj.k
( )/ ( )F h m g h≡ rFkk bl izdkj gesa izkIr gksrk gS

= =
+ 2

( )
( )

( )
E

E

GMF h
g h

m R h
(7.14)

Li"V :i ls ;g eku i`Foh osQ i`"B ij g osQ eku ls de

gS % =
2

E

E

GM
g

R
 tcfd ,Eh R<< ge lehdj.k (7.14) osQ

nf{k.k i{k dks bl izdkj Hkh fy[k ldrs gSa :

( ) 2

2 2
( ) 1 /

(1 / )
E

E E

GM
g h g h R

R h R

−= = +
+

1
E

h

R
<<  osQ fy, f}in O;atd dk mi;ksx djus ij

g h g
h

RE

( ) ≅ −






1
2

(7.15)

bl izdkj lehdj.k (7.15) ls gesa izkIr gksrk gS fd de
Å¡pkbZ  h  osQ fy,  g  dk eku xq.kd −(1 2 / )Eh R  }kjk
?kVrk gSA

vc ge i`Foh osQ i`"B osQ uhps xgjkbZ d ij fLFkr fdlh
fcUnq nzO;eku m osQ fo"k; esas fopkj djrs gSaA ,slk gksus ij
fp=k 7.8(b) esa n'kkZ, vuqlkj bl nzO;eku dh ìFoh osQ osQUnz
ls nwjh ( )ER d−  f=kT;k osQ NksVs xksys rFkk d eksVkbZ osQ ,d
xksyh; [kksy ls feydj cuh eku ldrs gSaA rc nzO;eku m

ij d eksVkbZ dh ckg~; [kksy osQ dkj.k vkjksfir cy fiNys
vuqHkkx esa o£.kr ifj.kke osQ dkj.k 'kwU; gksxkA tgk¡ rd
(R 

E 
 – d )  f=kT;k osQ NksVs xksys osQ dkj.k vkjksfir cy dk

laca/ gS rks fiNys vuqHkkx esa o£.kr ifj.kke osQ vuqlkj] bl
NksVs xksys osQ dkj.k cy bl izdkj yxsxk tSls fd NksVs xksys

dk leLr nzO;eku mlosQ osQUnz ij laosQfUnzr gSA ;fn NksVs
xksys dk nzO;eku  M

s 
 gS] rks

M
s 
 /   M

E    
 =  (

  
R

E 
 –  d  ) 3  / R

E 
3 ( 7.16)

D;ksafd] fdlh xksys dk nzO;eku mldh f=kT;k osQ ?ku
osQ vuqØekuqikrh gksrk gSA

i`Foh dk i`"B

Ms

M
E

fp=k 7.8 (b)  fdlh xgjkbZ d ij g bl izdj.k esa osQoy
(R

E
– d) f=kT;k dk NksVk xksyk gh  g osQ fy, ;ksxnku nsrk gSA
vr% fcUnq nzO;eku ij vkjksfir cy

F ( d )  =   G  M
s 
 m  /  (  R

E  
– d ) 2 (7.17)

Åij ls  M
s 
 dk eku izfrLFkkfir djus ij] gesa izkIr

gksrk gS

F ( d)   =  G  M
E
 m ( R

E
 – d ) /  R

E 
3 (7.18)

vkSj bl izdkj xgjkbZ d ij xq#Roh; Roj.k]

g(d) = 
( )F d

m

vFkkZr~ = = −
3

( )
( ) ( )E

E

E

GMF d
g d R d

m R

= 
−

= −(1 / )E
E

E

R d
g g d R

R (7.19)

bl izdkj tSls&tSls ge ìFoh ls uhps vf/d xgjkbZ rd
tkrs gSa] xq#Roh; Roj.k dk eku xq.kd −(1 / )Ed R }kjk
?kVrk tkrk gSA i`Foh osQ xq#Roh; Roj.k ls lacaf/r ;g ,d
vk'p;Ztud rF; gS fd i`"B ij bldk eku vf/dre gS
rFkk pkgs ge i`"B ls Åij tk,¡ vFkok uhps ;g eku lnSo
?kVrk gSA
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7.7  xq#Roh; fLFkfrt ÅtkZ

igys geus fLFkfrt ÅtkZ dh /kj.kk dh ppkZ fdlh oLrq dh
nh gqbZ fLFkfr ij mlesa lafpr ÅtkZ osQ :i esa nh FkhA ;fn
fdlh d.k dh fLFkfr ml ij dk;Zjr cy osQ dkj.k
ifjo£rr gks tkrh gS rks ml d.k dh fLFkfrt ÅtkZ esa
ifjorZu vkjksfir cy }kjk ml d.k ij fd, x, dk;Z osQ
ifjek.k osQ Bhd&Bhd cjkcj gksxkA tSlk fd ge igys ppkZ
dj pqosQ gSa ftu cyksa }kjk fd;k x;k dk;Z pys x, iFkksa ij
fuHkZj ugha djrk] os cy laj{kh cy gksrs gSa rFkk osQoy ,sls
cyksa osQ fy, gh fdlh fi.M dh fLFkfrt ÅtkZ dh dksbZ
lkFkZdrk gksrh gSA

xq#Ro cy ,d laj{kh cy gS rFkk ge fdlh fi.M esa bl
cy osQ dkj.k mRiUu fLFkfrt ÅtkZ] ftls xq#Roh; fLFkfrt
ÅtkZ dgrs gSa] dk ifjdyu dj ldrs gSaA igys i`Foh osQ
i`"B osQ fudV osQ mu fcUnqvksa ij fopkj dhft, ftudh i`"B
ls nwfj;k¡ i`Foh dh f=kT;k dh rqyuk esa cgqr de gSaA tSlk fd
ge ns[k pqosQ gSa ,sls izdj.kksa esa xq#Roh; cy O;kogkfjd ǹf"V
ls fu;r jgrk gS rFkk ;g mg gksrk gS rFkk bldh fn'kk i`Foh
osQ osQUnz dh vksj gksrh gSA ;fn ge ìFoh osQ ì"B ls  h

1
 Å¡pkbZ

ij fLFkr fdlh fcUnq rFkk blh fcUnq osQ Bhd
ÅèokZ/j Åij  h

2
 Å¡pkbZ ij fLFkr fdlh vU; fcUnq ij

fopkj djsa rks m nzO;eku osQ fdlh d.k dks igyh fLFkfr ls
nwljh fLFkfr rd Åij mBkus esa fd;k x;k dk;Z] ftls  W

12

}kjk fu£n"V djrs gSa]
W

12
 = cy     ×    foLFkkiu

      = mg (h
2
 – h

1
) . (7.20)

;fn ge i`Foh osQ i`"B ls h Å¡pkbZ osQ fcUnq ls dksbZ
fLFkfrt ÅtkZ  W(h) lac¼ djsa tks bl izdkj gS fd

W(h) = mg h  + W
o

(7.21)

(;gk¡ W
o
 = fu;rkad) ;

rc ;g Li"V gS fd
W

12
 = W(h

2
)  – W(h

1
) (7.22)

d.k dks LFkkukarfjr djus esa fd;k x;k dk;Z Bhd bl
d.k dh vafre rFkk vkjafHkd fLFkfr;ksa dh fLFkfrt ÅtkZvksa
osQ varj osQ cjkcj gSA è;ku nhft, fd lehdj.k (7-22)
esa W

o
 fujLr gks tkrk gSA lehdj.k (7-21) esa  h = 0 j[kus

ij gesa   W ( h = 0 ) =  W
o
  izkIr gksrk gSA h = 0 dk vFkZ

;g gS fd nksuksa fcUnq i`Foh osQ i`"B ij fLFkr gSaA bl izdkj
W

o 
 d.k dh i`Foh osQ i`"B ij fLFkfrt ÅtkZ gqbZA

;fn ge i`Foh osQ i`"B ls ;kn`fPNd nwfj;ksa osQ fcUnqvksa
ij fopkj djas rks mijksDr ifj.kke izkekf.kd ugha gksrs D;ksafd
rc ;g ekU;rk fd xq#Rokd"kZ.k cy mg vifjo£rr jgrk gS
oS/ ugha gSA rFkkfi] viuh vc rd dh ppkZ osQ vk/kj ij
ge tkurs gSa fd i`Foh osQ ckgj osQ fdlh fcUnq ij fLFkr
fdlh d.k ij yxs xq#Roh; cy dh fn'kk i`Foh osQ osQUnz dh
vksj funsf'kr gksrh gS rFkk bl cy dk ifjek.k gS]

2

EG M m
F

r
 (7.23)

;gk¡ M
E
 = ìFoh dk nzO;eku] m = d.k dk nzO;eku rFkk

r bl d.k dh i`Foh osQ osQUnz ls nwjh gSA ;fn ge fdlh d.k
dks  r = r

1
 ls r = r

2
 rd (tcfd r

2
 > r

1
) ÅèokZ/j iFk osQ

vuqfn'k Åij mBkus esa fd, x, dk;Z dk ifjdyu djsa rks
gesa lehdj.k (7.20) osQ LFkku ij ;g laca/ izkIr gksrk gS

W
G M m

r
r

r

r

12 2
1

2

d
E

= − −






G M m
r r

E

1 1

2 1

(7.24)

bl izdkj lehdj.k (7.21) osQ ctk;] ge fdlh nwjh  r
ij fLFkfrt ÅtkZ  W(r) dks bl izdkj lac¼ dj ldrs gSa :

E
1( ) ,

G M m
W r W

r
  (7.25)

tks fd  r > R  osQ fy, oS/ gSA
vr% ,d ckj fiQj  W

12
 = W(r

2
) – W(r

1
) A vafre

lehdj.k esa  r =   j[kus ij gesa W(r =  ) = W
1
 izkIr

gksrk gSA bl izdkj W
1
 vuUr ij fLFkfrt ÅtkZ gqbZA gesa ;g

è;ku nsuk pkfg, fd lehdj.kksa (7.22) rFkk (7.24)  osQ
vuqlkj osQoy nks fcUnqvksa osQ chp fLFkfrt ÅtkZvksa esa varj
dh gh dksbZ fuf'pr lkFkZdrk gSA ge izpfyr ekU; ifjikVh
osQ vuqlkj  W

1  
dks 'kwU; eku ysrs gSa ftlosQ dkj.k fdlh

fcUnq ij fdlh d.k dks fLFkfrt ÅtkZ ml d.k dks vuUr
ls ml fcUnq rd ykus esa fd, tkus okys dk;Z osQ Bhd cjkcj
gksrh gSA

geus] fdlh fcUnq ij fdlh d.k dh fLFkfrt ÅtkZ dk
ifjdyu ml d.k ij yxs i`Foh osQ xq#Roh; cyksa osQ dkj.k]
tks fd d.k osQ nzO;eku osQ vuqØekuqikrh gksrk gS] fd;k gSA
i`Foh osQ xq#Roh; cy osQ dkj.k fdlh fcUnq ij xq#Roh;
foHko dh ifjHkk"kk ¶ml fcUnq ij fdlh d.k osQ ,dkad
nzO;eku dh fLFkfrt ÅtkZ̧  osQ :i esa dh tkrh gSA

Reprint 2026-27



139xq#Rokd"kZ.k

⊳

iwoZ foospu osQ vk/kj ij] ge tkurs gSa fd m
1
 ,oa m

2

nzO;eku osQ ,d nwljs ls r nwjh ij j[ks nks d.kksa dh xq#Roh;
fLFkfrt ÅtkZ gS]

V = − 1 2G m m

r
 (;fn ge r = ∞ ij V = 0 ysa)

;g Hkh è;ku fn;k tkuk pkfg, fd d.kksa osQ fdlh lHkh
fo;qDr fudk; dh oqQy fLFkfrt ÅtkZ] vo;oksa@d.kksa osQ
lHkh laHkkfor ;qXeksa dh ÅtkZvksa (mijksDr lehdj.k }kjk
ifjdfyr) osQ ;ksx osQ cjkcj gksrh gSA ;g vè;kjksi.k fl¼kar
osQ ,d vuqiz;ksx dk mnkgj.k gSA

mnkgj.k 7.3  l Hkqtk osQ fdlh oxZ osQ 'kh"kks± ij fLFkr
pkj d.kksa osQ fudk; dh fLFkfrt ÅtkZ Kkr dhft,A
oxZ osQ osQUnz ij foHko Hkh Kkr dhft,A

mÙkj   eku yhft, izR;sd d.k dk nzO;eku m gS] rFkk oxZ dh

Hkqtk l  gSA gekjs ikl l  nwjh okys 4 nzO;eku ;qxy rFkk  2 l

nwjh okys 2 nzO;eku ;qxy gSaA vr% fudk; dh fLFkfrt ÅtkZ

fp=k 7-9

= − −
2 2G  

W( )   4   2 
2 

m G m
r

l l

l

mG

l

mG 22  
 5.41   

2

1
  2 

  2
  −=








+−=

oxZ osQ osQUnz  ( )2 2r  l/=  ij xq#Roh; foHko]

( )   4 2 
 G m

U r
l

= −
⊳

7.8 iyk;u pky

;fn ge vius gkFkksa ls fdlh iRFkj dks isaQdrs gSa] rks ge ;g
ikrs gSa fd og fiQj okil i`Foh ij fxj tkrk gSA fuLlansg
e'khuksa dk mi;ksx djosQ ge fdlh fi.M dks vf/dkf/d
rhozrk rFkk izkjafHkd osxksa ls 'kwV dj ldrs gSa ftlosQ dkj.k
fi.M vf/dkf/d Å¡pkb;ksa rd igq¡p tkrs gSaA rc LokHkkfod
:i ls gekjs efLr"d esa ;g fopkj mRiUu gksrk gS ¶D;k ge
fdlh fi.M dks brus vf/d vkjafHkd pky ls Åij isaQd
ldrs gSa fd og fiQj i`Foh ij okil u fxjs\¸

bl iz'u dk mÙkj nsus esa ÅtkZ laj{k.k fu;e gekjh
lgk;rk djrk gSA eku yhft, isaQdk x;k fi.M vuUr rd
igqaprk gS vkSj ogk¡ mldh pky V

f  
gSA fdlh fi.M dh ÅtkZ

fLFkfrt rFkk xfrt ÅtkZvksa dk ;ksx gksrh gSA igys dh gh
Hkkafr  W

1
 fi.M dh vuUr ij xq#Roh; fLFkfrt ÅtkZ dks

fu£n"V djrk gSA rc iz{ksI; dh vuUr ij oqQy ÅtkZ

= +
2

1( )
2

fmV
E WvuUr (7.26)

;fn fi.M dks i`Foh (R
E
 = i`Foh dh f=kT;k) osQ osQUnz ls

(h + R
E
) Å¡pkbZ ij fLFkr fdlh fcUnq ls vkjaHk esa pky

V
i
 ls isaQdk x;k Fkk] rks bl fi.M dh vkjafHkd ÅtkZ Fkh

2
1

1
( ) –

2 ( )

E

E i

E

GmM
E h R mV W

h R
+ = +

+
(7.27)

ÅtkZ laj{k.k fu;e osQ vuqlkj lehdj.k (7.26) rFkk
(7.27) cjkcj gksus pkfg,A vr%

22

–
2 ( ) 2

fi E

E

mVmV GmM

h R
=

+
(7.28)

lehdj.k (7.28) dk nf{k.k i{k ,d /ukRed jkf'k gS
ftldk U;wure eku 'kwU; gS] vr% oke i{k Hkh ,slk gh gksuk
pkfg,A vr% dksbZ fi.M vuUr rd igqap ldrk gS tc V

i

bruk gks fd

2

– 0
2 ( )

i E

E

mV GmM

h R
≥

+
             (7.29)

V
i
  dk U;wure eku ml izdj.k osQ rnuq:ih gS ftlesa

lehdj.k (7.29) dk oke i{k 'kwU; osQ cjkcj gSA bl izdkj]
fdlh fi.M dks vuUr rd igqapus osQ fy, (vFkkZr~ i`Foh ls
iyk;u osQ fy,) vko';d U;wure pky bl laca/ osQ
rnuq:ih gksrh gS
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( ) =
+

21

2
E

i

E

GmM
m V

h RU;wu (7.30)

;fn fi.M dks i`Foh osQ i`"B ls NksM+k tkrk gS] rks
h = 0 vkSj gesa izkIr gksrk gS

( ) =
2 E

i

E

GM
V

RU;uw (7.31)

laca/ 2/E Eg GM R=  dk mi;ksx djus ij gesa fuEu

eku izkIr gksrk gS

( ) = 2i EV gRU;wu (7.32)

lehdj.k (7.32) esa g vkSj R
E 
osQ vkafdd eku j[kus ij gesa

(V
i
)
U;wu 

≈11.2 km/s izkIr gksrk gSA mls iyk;u pky dgrs gSaA
dHkh&dHkh ykijokgh eas bls ge iyk;u osx Hkh dg nsrs gSaA

lehdj.k (7.32) dk mi;ksx Hkyh Hkkafr leku :i ls
pUnzek ls isaQosQ tkus okys fi.Mksa osQ fy, Hkh fd;k tk ldrk
gS] ,slk djrs le; ge g  osQ LFkku ij pUnzek osQ i`"B ij
pUnzek osQ xq#Roh; Roj.k rFkk R

E
 osQ LFkku ij pUnzek dh

f=kT;k dk eku j[krs gSaA bu nksuksa gh jkf'k;ksa osQ pUnzek osQ
fy, eku i`Foh ij buosQ ekuksa ls de gSa rFkk pUnzek osQ fy,
iyk;u pky dk eku 2.3 km/s izkIr gksrk gSA ;g eku ìFoh
dh rqyuk esa yxHkx 1/5 xquk gSA ;gh dkj.k gS fd pUnzek
ij dksbZ okrkoj.k ugha gSA ;fn pUnzek osQ i`"B ij xSlh; v.kq
cusa] rks mudh pky bl iyk;u pky ls vf/d gksxh rFkk
os pUnzek osQ xq#Roh; ¯[kpko osQ ckgj iyk;u dj tk,axsA

mnkgj.k 7.4  leku f=kT;k R ijUrq M  rFkk 4 M

nzO;eku osQ nks ,dleku Bksl xksys bl izdkj j[ks gSa fd
buosQ osQUnzksa osQ chp i`Fkdu (fp=k 7-10 esa n'kkZ,
vuqlkj) 6 R  gSA nksuksa xksys fLFkj j[ks x, gSaA
m  nzO;eku osQ fdlh iz{ksI; dks M nzO;eku osQ xksys
osQ i`"B ls 4M nzO;eku osQ xksys osQ osQUnz dh vksj
lh/s iz{ksfir fd;k tkrk gSA iz{ksI; dh ml U;wure
pky osQ fy, O;atd izkIr dhft, ftlls isaQosQ tkus ij
og nwljs xksys osQ i`"B ij igqap tk,A

fp=k 7.10

gy  iz{ksI; ij nks xksyksa osQ ijLij fojks/h xq#Roh; cy dk;Z
djrs gSaA mnklhu fcUnq  N (fp=k 7.10 nsf[k,) dh ifjHkk"kk
,d ,sls fcUnq (fLFkfr) osQ :i esa dh tkrh gS tgk¡ nks cy
;FkkFkZr% ,d nwljs dks fujLr djrs gSaA ;fn ON = r gS] rks

( )22 rR6

m M G

r

m M G

−
=  4
  

(6R – r)2 = 4r2

6R – r = ±2r

r = 2R   ;k – 6R

bl mnkgj.k esa mnklhu fcUnq r =  – 6R gels lacaf/r
ugha gSA bl izdkj] ON = r = 2RA d.k dks ml pky ls
iz{ksfir djuk i;kZIr gS tks mls  N rd igqapus ;ksX; cuk nsA
blosQ i'pkr~ ogk¡ igqapus ij 4 M  nzO;eku osQ xksys dk
xq#Roh; cy d.k dks viuh vksj [khapus osQ fy, i;kZIr gksxkA
M nzO;eku osQ xksys osQ i`"B ij ;kaf=kd ÅtkZ

 R

mM G

R

m M G
vmE 2

i
 5

  4
       

2

1
  −−=

mnklhu fcUnq  N ij d.k dh pky 'kwU; eku dh vksj
izo`Ùk gksrh gSA vr% N ij ;kaf=kd ÅtkZ 'kq¼ :i ls fLFkfrt
ÅtkZ gksrh gSA vr%

 R

m M G

R

m M G
EN

 4

 4
  

 2
   −−=

;kaf=kd ÅtkZ laj{k.k fu;e osQ vuqlkj

1

2

4

2
v

GM

R

GM

R

GM

R

GM

R 

2 − − = − −
5

vFkok






 −=

2

1
  

5

4 2
  2

R

M G
v

\

2/1

 5

  3
  





=

R

MG
v

;gk¡ ;g è;ku nsus dk fo"k; gS fd  N ij iz{ksI; dh
pky 'kwU; gS] ijUrq tc ;g  4 M  nzO;eku osQ xksys ls Vdjkrk
rc bldh pky 'kwU;sÙkj gksrh gSA ftl pky ls iz{ksI; 4M

nzO;eku osQ xksys ls Vdjkrk gS] mls Kkr djuk Nk=kksa osQ
vH;kl osQ fy, NksM+k tk jgk gSA ⊳

7.9  Hkw mixzg

Hkw mixzg og fi.M gS tks i`Foh osQ ifjr% ifjØe.k djrs gSaA
budh xfr;ka] xzgksa dh lw;Z osQ ifjr% xfr;ksa osQ cgqr leku
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gksrh gSa] vr% osQIyj osQ xzgh; xfr fu;e bu ij Hkh leku
:i ls ykxw gksrs gSaA fo'ks"k ckr ;g gS fd bu mixzgksa dh
i`Foh osQ ifjr% d{kk,a o`Ùkkdkj vFkok nh?kZo`Ùkkdkj gSA i`Foh
dk ,dek=k izko`Qfrd mixzg pUnzek gS ftldh yxHkx
òÙkkdkj d{kk gS vkSj yxHkx 27.3 fnu dk ifjØe.k dky gS
tks pUnzek osQ viuh v{k osQ ifjr% ?kw.kZu dky osQ yxHkx
leku gSA o"kZ 1957 osQ i'pkr~ foKku rFkk izkS|ksfxdh esa
mUufr osQ iQyLo:i Hkkjr lfgr dbZ ns'k nwj lapkj]
Hkw HkkSfrdh] ekSle foKku osQ {ks=k esa O;kogkfjd mi;ksxksa osQ
fy, ekuo&fu£er Hkw mixzgksa dks d{kkvksa esa izeksfpr djus
;ksX; cu x, gSaA

vc ge i`Foh osQ osQUnz ls  (R
E
 + h) nwjh ij fLFkr o`Ùkh;

d{kk esa xfreku mixzg ij fopkj djsaxs] ;gk¡  R
E
 = i`Foh dh

f=kT;k gSA ;fn mixzg dk nzO;eku m  rFkk  V bldh pky
gS] rks bl d{kk osQ fy, vko';d vfHkosQUnz cy

F(vfHkosQUnz) = +

2

( )E

mV

R h
(7.33)

rFkk ;g cy d{kk osQ osQUnz dh vksj funsf'kr gSA vfHkosQUnz
cy xq#Rokd"kZ.k cy }kjk iznku fd;k tkrk gS] ftldk
eku

F(xq#Rokd"kZ.k) = + 2( )
E

E

G m M

R h
(7.34)

;gk¡ M
E
 i`Foh dk nzO;eku gSA

lehdj.kksa (7.33) rFkk (7.34) osQ nf{k.k i{kksa dks lehòQr
rFkk m dk fujlu djus ij gesa izkIr gksrk gS

=
+

2

( )
E

E

G M
V

R h
(7.35)

bl izdkj h osQ c<+us ij V ?kVrk gSA lehdj.k (7.35) osQ
vuqlkj tc h = 0  gS] rks mixzg dh pky V gS

2 ( 0) /E E EV h GM R gR= = = (7.36)

;gk¡ geus laca/ g = 2/E EG M R dk mi;ksx fd;k gSA

izR;sd d{kk esa mixzg  2π(R
E 
+ h) nwjh pky V ls r; djrk

gSA vr% bldk vkorZdky  T  gS
3 /22 ( ) 2 ( )E E

E

R h R h
T

V G M

π π+ += = (7.37)

;gk¡ geus lehdj.k (7.35) ls V dk eku izfrLFkkfir
fd;k gSA lehdj.k (7.37) osQ nksuksa i{kksa dk oxZ djus ij gesa
izkIr gksrk gS

T 2   =  k  (  R
E 
 + h )3  ( tgk¡ k = 4 π2 / G M

E
),

(7.38)

vkSj ;gh osQIyj dk vkorZdkyksa dk fu;e gS ftldk vuqiz;ksx
ìFoh osQ ifjr% mixzgksa dh xfr;ksa osQ fy, fd;k tkrk gSA

mu Hkw mixzgksa osQ fy,] tks i`Foh osQ i`"B osQ vfr fudV
gksrs gSa]  h osQ eku dks i`Foh dh f=kT;k R

E
 dh rqyuk esa

lehdj.k (7.38) esa ux.; eku ysrs gSaA vr% bl izdkj osQ
Hkw mixzgksa osQ fy,  T  gh T

o 
 gksrk gS] ;gk¡

0 2 /ET R gπ= (7.39)

;fn ge lehdj.k (7-39) esa  g rFkk R
E
 osQ vkafdd

ekuksa (g ≃  9.8 ms-2 rFkk R
E
 = 6400 km.) dks  izfrLFkkfir

djsa] rks gesa izkIr gksrk gS

66.4 10
2

9.8
oT π ×

=  s

tks yxHkx 85 feuV osQ cjkcj gSaA

mÙkj 7.5  eaxy xzg osQ iQkscksl rFkk MsYeksl uked nks
pUnzek gSaaA (i) ;fn iQkscksl dk vkorZdky 7 ?kaVs  39

feuV rFkk d{kh; f=kT;k  9.4 ×103 km gS rks eaxy
dk nzO;eku ifjdfyr dhft,A (ii) ;g ekurs gq, fd
i`Foh rFkk eaxy lw;Z osQ ifjr% o`Ùkh; d{kkvksa esa
ifjØe.k dj jgs gSa rFkk eaxy dh d{kk dh f=kT;k
ìFoh dh d{kk dh f=kT;k dh 1.52 xquh gS rks eaxy&o"kZ
dh vof/ fnuksa esa D;k gS\

gy   (i) ;gk¡ ij lehdj.k (7.38) dk mi;ksx i`Foh osQ
nzO;eku ME  dks eaxy osQ nzO;eku Mm ls izfrLFkkfir djosQ
djrs gSa

T
GM

R
2

m

=
4

2
3π

Mm
G

R

T
=

4
2 3

2

π

       
( ) ( )

( )
=

× × ×

× × ×

4 3.14

6.67 10 459 60
-11 2

2 3 18
9 4 10.

( ) ( )

( )
M

4 3.14

6.67 4.59 6 10
2 -5m =

× × ×

× × ×

2 3 18
9 4 10.

       = 6.48 × 1023 kg

(ii) osQIyj osQ vkorZdkyksa osQ fu;e dk mi;ksx djus ij

T

T

R

R

M
2

E

2

MS
3

ES

3
=
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;gk¡ RMS ,oa  RES Øe'k% eaxy&lw;Z rFkk i`Foh&lw;Z osQ chp
dh nwfj;ka gSaA
\  TM  = (1.52)3/2 × 365

       = 684 fnu
è;ku nsus ;ksX; rF; ;g gS fd cq/] eaxy rFkk IywVks osQ

vfrfjDr lHkh xzgksa dh d{kk,a yxHkx o`Ùkkdkj gSaA mnkgj.k
osQ fy,] gekjh i`Foh osQ v/Z y?kq v{k rFkk v/Z nh?kZ v{k
dk vuqikr  b/a = 0.99986 gSA

mÙkj  7.6   i`Foh dks rksyuk : vkidks fuEufyf[kr
vkadM+s fn, x, gSa: g = 9.81 m s–2,  RE = 6.37×106m,

i`Foh ls pUnzek dh nwjh R = 3.84×108 m i`Foh osQ
ifjr% pUnzek osQ ifjØe.k dk vkorZ dky = 27.3

fnuA nks fHkUu fof/;ksa }kjk i`Foh dk nzO;eku izkIr
dhft,A

gy  (i) igyh fof/ % lehdj.k  (7.12) ls

G

R g
M

2
E

E   =

( )
=

× ×

×

9.81 6.37 10

6.67 10

6 2

-11

 = 5.97× 1024 kg

(ii) nwljh fof/ % pUnzek ìFoh dk mixzg gSA osQIyj osQ
vkorZdkyksa osQ fu;e dh O;qRifÙk esa (lehdj.k (7.38) nsf[k,)]

EM G

R
T

32
2 4

  
π=

2

324
  

T G

R
ME

π=

      
( )

( )
=

× × × ×

× × × × ×

4 3.14 3.14 3.84 10

6.67 10 27.3 24 60 60

3 24

-11 2

      = ×6.02 10
24

kg

nksuksa fof/;ksa }kjk yxHkx leku mÙkj izkIr gksrs gSa] ftuesa
1%  ls Hkh de dk varj gSA ⊳

mnkgj.k 7.7  lehdj.k (7-38) esa fLFkjkad  k dks
fnuksa rFkk fdyksehVjksa esa O;Dr dhft,A k = 10–13 s2

m–3 gSA pUnzek ìFoh ls  3.84 × 105 km nwj gSA pUnzek
osQ ifjØe.k osQ vkorZdky dks fnuksa esa izkIr dhft,A

gy  ge tkurs gSa fd
k = 10–13 s2 m–3

= 
( ) ( )

10
1

d
1

km

−

× ×

























13

2

2

3 3
24 60 60 1 1000

 
/

= 1.33 ×10–14 d2  km–3

lehdj.kksa  (7.38) rFkk k osQ fn, x, eku dk mi;ksx
djus ij pUnzek osQ ifjØe.k dk vkorZdky

T 2 = (1.33 × 10-14)(3.84 × 105)3

T   = 27.3 d ⊳

è;ku nhft,] ;fn ge (RE+h) dks nh?kZo`Ùk osQ v/Z nh?kZ
v{k (a) }kjk izfrLFkkfir djsa rks lehdj.k (7.38) dks
nh?kZo`Ùkh; d{kkvksa ij Hkh ykxw fd;k tk ldrk gS] rc i`Foh
bl nh?kZo`Ùk dh ,d ukfHk ij gksxhA

7.10  d{kk esa xfr'khy mixzg dh ÅtkZ

lehdj.k (7.35) dk mi;ksx djus ij o`Ùkkdkj d{kk esa pky
v ls xfr'khy mixzg dh xfrt ÅtkZ

        = 21
.

2
K E m v ;

v2 dk eku lehdj.k (7-35) ls j[kus ij

2( )
E

E

Gm M

R h
=

+ , (7.40)

,slk ekusa fd vuUr ij xq#Roh; fLFkfrt ÅtkZ 'kwU; gS
rc i`Foh osQ osQUnz ls (R

e

+h) nwjh ij mixzg dh fLFkfrt
ÅtkZ

.
( )

E

E

G m M
P E

R h
= −

+ (7.41)

K.E /ukRed gS tcfd P.E ½.kkRed gksrh gSA rFkkfi

ifjek.k esa  K.E = 
1

2
 P.E, vr% mixzg dh oqQy ÅtkZ

. .
2( )

E

E

G m M
E K E P E

R h
= + = −

+ (7.42)

bl izdkj o`Ùkkdkj d{kk esa xfr'khy fdlh mixzg dh
oqQy ÅtkZ ½.kkRed gksrh gS] fLFkfrt ÅtkZ dk ½.kkRed
rFkk ifjek.k esa /ukRed xfrt ÅtkZ dk nks xquk gksrk gSA

tc fdlh mixzg dh d{kk nh?kZo`Ùkh; gksrh gS rks mldh
K.E rFkk P.E nksuksa gh iFk osQ gj fcUnq ij fHkUu gksrh gSaA
ò Ùkh; d{kk osQ izdj.k dh Hkkafr gh mixzg dh oqQy ÅtkZ
fu;r jgrh gS rFkk ;g ½.kkRed gksrh gS vkSj ;gh ge vis{kk
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Hkh djrs gSa D;ksafd tSlk ge igys ppkZ dj pqosQ gSa fd ;fn
oqQy ÅtkZ /ukRed vFkok 'kwU; gks rks fi.M vuUr dh vksj
iyk;u dj tkrk gSA mixzg lnSo i`Foh ls ifjfer nwfj;ksa ij
ifjØe.k djrs gSa] vr% mudh ÅtkZ,¡ /ukRed vFkok 'kwU;
ugha gks ldrhaA

mnkgj.k 7.8  400 kg nzO;eku dk dksbZ mixzg i`Foh
osQ ifjr 2RE f=kT;k dh o`Ùkh; d{kk esa ifjØe.k dj
jgk gSA bls 4RE  dh o`Ùkh; d{kk esa LFkkukarfjr djus osQ
fy, vko';d ÅtkZ ifjdfyr dhft,A bldh xfrt
rFkk fLFkfrt ÅtkZ esa fdrus ifjorZu gksaxs\

gy  vkjaHk esa

E

E
i

R

mMG
E

 4

  
   −=

tcfd] var esa

E

E
f

R

mMG
E

 8

  
   −=

oqQy ÅtkZ esa ifjorZu
∆E = Ef  – Ei

8

 
  

 8

  
 

2
E

E

E

E

E R m

R

MG

R

mMG






==

J10  13.3  
8

10  37.6  400  81.9
  

8

  
   9

6

×=×××==∆ ERmg
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xfrt ÅtkZ ?kV tkrh gS vkSj ;g ∆E dh vuqgkjd gS]
vFkkZr~  ∆K = Kf – Ki = – 3.13 × 109 J A

fLFkfrt ÅtkZ esa gksus okyk ifjorZu oqQy ÅtkZ dk nks
xquk gS] vFkkZr~

∆V = Vf  – Vi = – 6.25 × 109 J  ⊳ ⊳ ⊳ ⊳ ⊳

lkjka'k

1. U;wVu dk xq#Rokd"kZ.k dk lkoZf=kd fu;e ;g mYys[k djrk gS fd nwjh r ls i`Fkdu okys m1 rFkk m2 nzO;eku osQ
fdUgh nks d.kksa osQ chp yxs xq#Roh; vkd"kZ.k cy dk ifjek.k

F G
m m

r
2

= 1 2

;gk¡ G lkoZf=kd xq#Roh; fLFkjkad gS ftldk eku  6.672 ×10–11 N m2 kg–2 gSA
2. ;fn gesa M1, M2, M3 ….Mn vkfn cgqr ls d.kksa osQ dkj.k m nzO;eku osQ fdlh d.k ij yxs ifj.kkeh xq#Rokd"kZ.k

cy dks Kkr djuk gS] rks blosQ fy, ge vè;kjksi.k fl¼kUr dk mi;ksx djrs gSaA eku yhft, xq#Rokd"kZ.k fu;e
}kjk M1, M2, ….Mn esa izR;sd }kjk m ij vkjksfir O;f"Vxr cy F1, F2, ….Fn. gSaA rc cyksa osQ vè;kjksi.k fl¼kUr
osQ vuqlkj izR;sd cy vU; fi.Mksa }kjk izHkkfor gq, fcuk Lora=krkiwoZd dk;Z djrk gSA rc budk ifj.kkeh cy FR

lfn'kksa osQ ;ksx }kjk Kkr fd;k tkrk gSA

FR  =  F1 + F2 + …… + Fn   =  Fi

i

n

=
∑

1

;gk¡ izrhd ‘Σ’ ladyu dks n'kkZrk gSA

3. osQIyj osQ xzgxfr fu;e ;g Li"V djrs gSa fd
(a) lHkh xzg nh?kZo`Ùkh; d{kkvksa esa xfr djrs gSa rFkk lw;Z bl d{kk dh fdlh ,d ukfHk ij fLFkr gksrk gSA
(b) lw;Z ls fdlh xzg rd [khapk x;k f=kT; lfn'k leku le; vUrjkyksa esa leku {ks=kiQy izliZ djrk gSA ;g bl rF;

dk ikyu djrk gS fd xzgksa ij yxus okys xq#Rokd"kZ.k cy osQUnzh; gSaA vr% dks.kh; laosx vifjo£rr jgrk gSA
(c) fdlh xzg osQ d{kh; vkorZdky dk oxZ mldh nh?kZòÙkh; d{kk osQ v/Z nh?kZ v{k osQ ?ku osQ vuqØekuqikrh gksrk gSA

lw;Z osQ ifjr% R dh o`Ùkkdkj d{kk esa ifjØe.k dj jgs xzg osQ vkorZdky T rFkk f=kT;k R esa ;g laca/
gksrk gS
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;gk¡ Ms lw;Z dk nzO;eku gSA vf/dka'k xzgksa dh lw;Z osQ ifjr% yxHkx òÙkh; d{kk,¡ gSaA ;fn R dk izfrLFkkiu xzg dh
nh?kZòÙkh; d{kk osQ v/Z nh?kZ v{k a ls dj nsa rks mijksDr fu;e nh?kZòÙkh; d{kkvksa ij leku :i ls ykxw gksrk gSA

4. xq#Roh; Roj.k
(a) i`Foh osQ i`"B ls h Å¡pkbZ ij
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(b) i`Foh osQ i`"B osQ uhps d xgjkbZ ij
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2

 5. xq#Rokd"kZ.k cy laj{kh cy gSA blfy, fdlh fLFkfrt ÅtkZ iQyu dks ifjHkkf"kr fd;k tk ldrk gSA r i`Fkdu osQ
fdUgh nks d.kksa ls lac¼ xq#Roh; fLFkfrt ÅtkZ

r

mmG
V 21  

   −=

;gk¡ r → ∞ ij V dks 'kwU; ekukA d.kksa osQ fdlh fudk; dh oqQy fLFkfrt ÅtkZ mu d.kksa osQ lHkh ;qxyksa dh ÅtkZvksa
dk ;ksx gksrk gS ftlesa izR;sd ;qxy dk fu:i.k Åij O;Dr lw=k osQ inksa esa fd;k tkrk gSA bldk fu/kZj.k vè;kjksi.k
osQ fl¼kUr osQ vuqxeu }kjk fd;k x;k gSA

6. ;fn fdlh fo;qDr fudk; esa m nzO;eku dk dksbZ d.k fdlh Hkkjh fi.M] ftldk nzO;eku M gS] osQ fudV v pky
ls xfreku gS] rks ml d.k dh oqQy ;kaf=kd ÅtkZ

r

m M G
vmE    

2

1
  2−=

vFkkZr~ oqQy ;kaf=kd ÅtkZ xfrt rFkk fLFkfrt ÅtkZvksa dk ;ksx gSA oqQy ÅtkZ xfr dk fLFkjkad gksrh gSA
7. ;fn M osQ ifjr% a f=kT;k dh d{kk esa m xfr'khy gS] tcfd M >> m, rks fudk; dh oqQy ÅtkZ

a

mMG
E

2

  
   −=

;g mijksDr fcUnq 5 esa nh x;h fLFkfrt ÅtkZ esa ;kn`fPNd fLFkjkad osQ p;u osQ vuqlkj gSA fdlh Hkh ifjc¼ fudk;]
vFkkZr~] ,slk fudk; ftlesa d{kk cUn gks tSls nh?kZo`Ùkh; d{kk] dh oqQy ÅtkZ Í.kkRed gksrh gSA xfrt rFkk fLFkfrt
ÅtkZ,¡ gSa

a

mMG
K

2

  
  =

a

m M G
V    −=

8. i`Foh osQ i`"B ls iyk;u pky

E

E
e

R

M G
v

 2
  = = 2 EgR

bldk eku 11.2 km s–1 gSA
9. ;fn dksbZ d.k fdlh ,dleku xksyh; [kksy vFkok xksyh; lefer Hkhrjh nzO;eku forj.k osQ Bksl xksys osQ ckgj

gS] rks xksyk d.k dks bl izdkj vkdf"kZr djrk gS tSls fd ml xksys vFkok [kksy dk leLr nzO;eku mlosQ osQUnz
ij laosQfUnzr gksA
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fopkj.kh; fo"k;
1. fdlh fi.M dh fdlh vU; fi.M osQ xq#Roh; izHkko osQ vUrxZr xfr dk vè;;u djrs le; fuEufyf[kr jkf'k;k¡

lajf{kr jgrh gSa %
(a)  dks.kh; laosx]
(b)  oqQy ;kaf=kd ÅtkZ
jSf[kd laosx dk laj{k.k ugha gksrkA

2. dks.kh; laosx laj{k.k osQIyj osQ f}rh; fu;e dh vksj mUeq[k djkrk gSA rFkkfi ;g xq#Rokd"kZ.k osQ O;qRØe oxZ fu;e
osQ fy, fof'k"V ugha gSA ;g fdlh Hkh osQUnzh; cy ij ykxw gksrk gSA

3. osQIyj osQ rhljs fu;e] T2 = KS R
3 esa fLFkjkad KS o`Ùkh; d{kkvksa esa xfr djus okys izR;sd xzg osQ fy, leku gksrk

gSA ;g xzgksa osQ vuqlkj ifjofrZr ugha gksrkA i`Foh dh ifjØek djus okys mixzgksa ij Hkh ;gh fVIi.kh ykxw gksrh gSA
[(lehdj.k (7-38)]

4. vUrfj{k mixzgksa esa vUrfj{k ;k=kh Hkkjghurk vuqHko djrs gSaA bldk dkj.k ;g ugha gS fd varfj{k dh ml vofLFkfr
esa xq#Rokd"kZ.k cy de gSA oju bldk dkj.k ;g gS fd vUrfj{k ;k=kh rFkk mixzg nksuksa gh i`Foh dh vksj Loar=krkiwoZd
fxjrs gSaA

5. nwjh R osQ i`Fkdu okys nks fcUnqvksa ls lac} xq#Roh; fLFkfrt ÅtkZ

1 2G m m
V

r
= − + fLFkjkda

;gk¡ fLFkjkad dks oqQN Hkh eku fn;k tk ldrk gSA bls 'kwU; ekuuk ljyre p;u gSA bl p;u osQ vuqlkj

= − 1 2G m m
V

r

bl p;u ls ;g varfuZfgr gS fd tc r →  ∞ gS rks V →  0  gksrk gSA xq#Roh; ÅtkZ osQ 'kwU; gksus dh vofLFkfr dk
p;u fLFkfrt ÅtkZ esa ;kn`fPNd fLFkjkad osQ p;u osQ leku gh gSA è;ku nhft,] bl fLFkjkad osQ p;u ls xq#Roh;
cy ifjofrZr ugha gksrkA

6. fdlh fi.M dh oqQy ;kaf=kd ÅtkZ bldh xfrt ÅtkZ (tks lnSo /ukRed gksrh gS) rFkk fLFkfrt ÅtkZ dk ;ksx gksrh
gSA vuUr osQ lkis{k (vFkkZr~] ;fn ge eku ysa fd fi.M dh vuUr ij fLFkfrt ÅtkZ 'kwU; gS)] fdlh fi.M dh xq#Roh;
fLFkfrt ÅtkZ Í.kkRed gksrh gSA fdlh mixzg dh oqQy ÅtkZ Í.kkRed gksrh gSA

10. ;fn dksbZ d.k fdlh ,dleku xksyh; [kksy osQ Hkhrj gS] rks ml d.k ij yxk xq#Roh; cy 'kwU; gSA ;fn dksbZ d.k
fdlh laHkkxh Bksl xksys osQ Hkhrj gS] rks d.k ij yxk cy xksys osQ osQUnz dh vksj gksrk gSA ;g cy d.k osQ varLFk
xksyh; nzO;eku }kjk vkjksfir fd;k tkrk gSA

Reprint 2026-27



146 HkkSfrdh

7. fLFkfrt ÅtkZ osQ fy, lkekU;r% fn[kkbZ nsus okyk O;atd mgh] okLro esa] Åij fcUnq 6 osQ vUrxZr Li"V fd, vuqlkj
xq#Roh; fLFkfrt ÅtkZvksa osQ vUrj dk lfUudV eku gksrk gSA

8. ;|fi nks fcUnqvksa osQ chp xq#Rokd"kZ.k cy osQUnzh; gS] rFkkfi nks ifjfer n`<+ fi.Mksa osQ chp yxus okys cy dk bu
nksuksa nzO;ekuksa osQ osQUnzksa dks feykus okyh js[kk osQ vuqfn'k gksuk vko';d ugha gSA fdlh xksyh; lefer fi.M osQ fy,
ml fi.M ls ckgj fLFkr fdlh d.k ij yxk cy bl izdkj yxrk gS tSls fd fi.M dk leLr nzO;eku mlosQ osQUnz
ij laosQfUnzr gks vkSj blhfy, ;g cy osQUnzh; gksrk gSA

9. xksyh; [kksy osQ Hkhrj fdlh d.k fcUnq ij xq#Roh; cy 'kwU; gksrk gSA rFkkfi (fdlh /kfRod [kksy osQ foijhr] tks
oS|qr cyksa ls ifjj{k.k djrk gS) ;g [kksy vius ls ckgj fLFkr nwljs fi.Mksa dks xq#Roh; cyksa osQ vkjksfir gksus ls
vius Hkhrj fLFkr d.kksa dk ifjj{k.k ugha djrkA xq#Roh; ifjj{k.k laHko ugha gS A

vH;kl
7.1 fuEufyf[kr osQ mÙkj nhft,%

(a) vki fdlh vkos'k dk oS|qr cyksa ls ifjj{k.k ml vkos'k dks fdlh [kks[kys pkyd osQ Hkhrj j[kdj dj ldrs
gSaA D;k vki fdlh fi.M dk ifjj{k.k] fudV esa j[ks inkFkZ osQ xq#Roh; izHkko ls] mls [kks[kys xksys esa j[kdj
vFkok fdlh vU; lk/uksa }kjk dj ldrs gSa\

(b) i`Foh osQ ifjr% ifjØe.k djus okys NksVs vUrfj{k;ku esa cSBk dksbZ vUrfj{k ;k=kh xq#Ro cy dk lalwpu ugha
dj ldrkA ;fn i`Foh osQ ifjr% ifjØe.k djus okyk vUrfj{k LVs'ku vkdkj esa cM+k gS] rc D;k og xq#Ro
cy osQ lalwpu dh vk'kk dj ldrk gS\

(c) ;fn vki i`Foh ij lw;Z osQ dkj.k xq#Roh; cy dh rqyuk i`Foh ij pUnzek osQ dkj.k xq#Ro cy ls djsa] rks
vki ;g ik,axs fd lw;Z dk f[kapko pUnzek osQ f[kpko dh rqyuk esa vf/d gS (bldh tk¡p vki Lo;a vkxkeh
vH;klksa esa fn, x, vkadM+ksa dh lgk;rk ls dj ldrs gSaA) rFkkfi pUnzek osQ f[kapko dk Tokjh; izHkko lw;Z
osQ Tokjh; izHkko ls vf/d gSA D;ksa\

7.2 lgh fodYi dk p;u dhft, %
(a) c<+rh rqaxrk osQ lkFk xq#Roh; Roj.k c<+rk@?kVrk gSA
(b) c<+rh xgjkbZ osQ lkFk (i`Foh dks ,dleku ?kuRo dks xksyk ekudj) xq#Roh; Roj.k c<+rk@?kVrk gSA
(c) xq#Rph; Roj.k i`Foh osQ nzO;eku@fi.M osQ nzO;eku ij fuHkZj ugha djrkA
(d) i`Foh osQ osQUnz ls r2 rFkk r1 nwfj;ks a osQ nks fcUnqvksa osQ chp fLFkfrt ÅtkZ&vUrj osQ fy, lw=k

–G Mm(1/r2 – 1/r1) lw=k mg(r2 – r1) ls vf/d@de ;FkkFkZ gSA
7.3 eku yhft, ,d ,slk xzg gS tks lw;Z osQ ifjr% i`Foh dh rqyuk esa nks xquh pky ls xfr djrk gS] rc i`Foh dh

d{kk dh rqyuk esa bldk d{kh; vkeki D;k gS\
7.4 c`gLifr osQ ,d mixzg] vk;ks (Io)] dh d{kh; vof/ 1-769 fnu rFkk d{kk dh f=kT;k 4.22 × 108 m gSA ;g

n'kkZb, fd c`gLifr dk nzO;eku lw;Z osQ nzO;eku dk yxHkx 1@1000 xquk gSA
7.5 eku yhft, fd gekjh vkdk'kxaxk esa ,d lkSj nzO;eku osQ 2.5 × 1011 rkjs gSaA eankfduh; osQUnz ls 50,000 ly

nwjh ij fLFkr dksbZ rkjk viuh ,d ifjØek iwjh djus esa fdruk le; ysxk\ vkdk'kxaxk dk O;kl  105 ly yhft,A
7.6 lgh fodYi dk p;u dhft, %

(a) ;fn fLFkfrt ÅtkZ dk 'kwU; vuUr ij gS] rks d{kk esa ifjØek djrs fdlh mixzg dh oqQy ÅtkZ bldh
xfrt@fLFkfrt ÅtkZ dk Í.kkRed gSA

(b) d{kk esa ifjØek djus okys fdlh mixzg dks i`Foh osQ xq#Roh; izHkko ls ckgj fudkyus osQ fy, vko';d
ÅtkZ leku ÅapkbZ (ftruh mixzg dh gS) osQ fdlh fLFkj fi.M dks i`Foh osQ izHkko ls ckgj iz{ksfir djus osQ
fy, vko';d ÅtkZ ls vf/d@de gksrh gSA

7.7 D;k fdlh fi.M dh i`Foh ls iyk;u pky (a) fi.M osQ nzO;eku] (b) iz{ksi.k fcUnq dh vofLFkfr] (c) iz{ksi.k dh
fn'kk] (d) fi.M osQ izekspu dh vofLFkfr dh ÅapkbZ ij fuHkZj djrh gS\

7.8 dksbZ /weosQrq lw;Z dh ifjØek vR;f/d nh?kZo`Ùkh; d{kk esa dj jgk gSA D;k viuh d{kk esa /weosQrq dh 'kq: ls
vUr rd (a) jSf[kd pky] (b) dks.kh; pky] (c) dks.kh; laosx] (d) xfrt ÅtkZ] (e) fLFkfrt ÅtkZ (f) oqQy ÅtkZ
fu;r jgrh gSA lw;Z osQ vfr fudV vkus ij /weosQrq osQ nzO;eku esa gzkl dks ux.; ekfu;sA
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7.9 fuEufyf[kr esa ls dkSu ls y{k.k vUrfj{k esa vUrfj{k ;k=kh osQ fy, nq[k%nk;h gks ldrs gSa\  (a) iSjksa esa lwtu]
(b) psgjs ij lwtu] (c) fljnnZ] (d) fno~QfoU;kl leL;kA

7.10 ,dleku nzO;eku ?kuRo dh v/Zxksyh; [kksyksa }kjk ifjHkkf"kr <ksy osQ i`"B osQ osQUnz ij xq#Roh; rhozrk dh fn'kk
[nsf[k, fp=k  7.11] (i) a, (ii) b, (iii) c, (iv) 0 esa fdl rhj }kjk n'kkZ;h tk,xh\

fp=k. 7.11

7.11 mijksDr leL;k esa fdlh ;kn`fPNd fcUnq P ij xq#Roh; rhozrk fdl rhj (i) d, (ii) e, (iii) f, (iv) g }kjk O;Dr
dh tk,xh\

7.12 i`Foh ls fdlh jkWosQV dks lw;Z dh vksj nkxk x;k gSA i`Foh osQ osQUnz ls fdl nwjh ij jkWosQV ij xq#Rokd"kZ.k cy
'kwU; gS\ lw;Z dk nzO;eku = 2×1030 kg, i`Foh dk nzO;eku = 6×1024 kgA vU; xzgksa vkfn osQ izHkkoksa dh mis{kk
dhft, (d{kh; f=kT;k = 1.5 × 1011 m)A

7.13 vki lw;Z dks oSQls rksysaxs] vFkkZr~ mlosQ nzO;eku dk vkdyu oSQls djsax\ lw;Z osQ ifjr% i`Foh dh d{kk dh vkSlr
f=kT;k 1.5 × 108 km gSA

7.14 ,d 'kfu o"kZ ,d i`Foh&o"kZ dk 29.5 xquk gSA ;fn i`Foh lw;Z ls 1.5 × 108 km nwjh ij gS] rks 'kfu lw;Z ls fdruh
nwjh ij gS\

7.15 i`Foh osQ i`"B ij fdlh oLrq dk Hkkj 63 N gSA i`Foh dh f=kT;k dh vk/h ÅapkbZ ij i`Foh osQ dkj.k bl oLrq
ij xq#Roh; cy fdruk gS\

7.16 ;g ekurs gq, fd i`Foh ,dleku ?kuRo dk ,d xksyk gS rFkk blosQ i`"B ij fdlh oLrq dk Hkkj 250 N gS] ;g
Kkr dhft, fd i`Foh osQ osQUnz dh vksj vk/h nwjh ij bl oLrq dk Hkkj D;k gksxk\

7.17 i`Foh osQ i`"B ls mèokZ/jr% Åij dh vksj dksbZ jkWosQV 5 km s-1 dh pky ls nkxk tkrk gSA i`Foh ij okil ykSVus
ls iwoZ ;g jkWosQV i`Foh ls fdruh nwjh rd tk,xk\ i`Foh dk nzO;eku = 6.0 × 1024 kg; i`Foh dh ekè;
f=kT;k = 6.4 × 106 m rFkk G = 6.67 × 10–11 N m2 kg–2A

7.18 i`Foh osQ i`"B ij fdlh iz{ksI; dh iyk;u pky 11.2 km s–1 gSA fdlh oLrq dks bl pky dh rhu xquh pky ls
iz{ksfir fd;k tkrk gSA i`Foh ls vR;f/d nwj tkus ij bl oLrq dh pky D;k gksxh\ lw;Z rFkk vU; xzgksa dh mifLFkfr
dh mis{kk dhft,A

7.19 dksbZ mixzg i`Foh osQ i`"B ls 400 km ÅapkbZ ij i`Foh dh ifjØek dj jgk gSA bl mixzg dks i`Foh osQ xq#Roh;
izHkko ls ckgj fudkyus esa fdruh ÅtkZ [kpZ gksxh\ mixzg dk nzO;eku = 200 kg; i`Foh dk nzO;eku = 6.0×1024

kg;  i`Foh dh f=kT;k = 6.4 × 106 m rFkk G = 6.67 × 10–11 N m2 kg–2A
7.20 nks rkjs] ftuesa izR;sd dk nzO;eku lw;Z osQ nzO;eku (2×1030 kg) osQ cjkcj gS] ,d nwljs dh vksj lEeq[k VDdj

osQ fy, vk jgs gSaA tc os 109 km nwjh ij gSa rc budh pky mis{k.kh; gSaA ;s rkjs fdl pky ls Vdjk,axs\ izR;sd
rkjs dh f=kT;k 104 km gSA ;g ekfu, fd Vdjkus osQ iwoZ rd rkjksa esa dksbZ fo:i.k ugha gksrk (G osQ Kkr eku
dk mi;ksx dhft,)A

7.21 nks Hkkjh xksys ftuesa izR;sd dk nzO;eku 100 kg f=kT;k 0.10 m gS fdlh {kSfrt est ij ,d nwljs ls 1.0 m nwjh
ij fLFkr gSaA nksuksa xksyksa osQ osQUnzksa dks feykus okyh js[kk osQ eè; fcUnq ij xq#Roh; cy rFkk foHko D;k gS\ D;k
bl fcUnq ij j[kk dksbZ fi.M larqyu esa gksxk\ ;fn gka] rks ;g larqyu LFkk;h gksxk vFkok vLFkk;h\
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ifjf'k"V

ifjf'k"V  A 1

xzhd o.kZekyk

,YiQk Α α U;w Ν ν

chVk Β β ”kkbZ Ξ ξ

xkek Γ γ vksehØkWu Ο ο

MsYVk ∆ δ ikbZ Π π

,i~flykWu Ε ε j~gks Ρ ρ

thVk Ζ ζ flXek Σ σ

bZVk Η η VkWv Τ τ

FkhVk Θ θ viflykWu Υ υ

vk;ksVk Ι ι iQkb Φ φ, ϕ

dIik Κ κ dkb Χ χ

ySEMk Λ λ lkb Ψ ψ

E;w Μ µ vksesxk Ω ω

ifjf'k"V A 2

lkekU; SI iwoZyXu rFkk vioR;ks± vkSj viorZdksa osQ izrhd

vioR;Z viorZd

xq.kd iwoZyXu izrhd xq.kd iwoZyXu izrhd

1018 ,Dtk E 10-18 ,Vks a

1015 isVk P 10-15 iSQEVks f

1012 Vsjk T 10-12 ihdks p

109 xhxk G 10-9 uSuks n

106 esxk M 10-6 ekbØks µ

103 fdyks k 10-3 feyh m

102 gsDVks h 10-2 lsaVh c

101 Msdk da 10-1 Msfl d
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ifjf'k"V A 3

oqQN egÙoiw.kZ fu;rkad

uke izrhd eku

fuokZr esa izdk'k dh pky c 2.9979 × 108 m s-1

bysDVªkWu dk vkos'k e 1.602 × 10-19 C

xq#Roh; fu;rkad G 6.673 × 10-11 N m2 kg-2

Iykad fu;rkad h 6.626 × 10-34 J s

cksYV~ïkeku fu;rkad k 1.381 × 10-23 J K-1

vkoksxknzks la[;k N
A

6.022 × 1023 mol-1

lkoZf=kd xSl fu;rkad R 8.314 J mol-1 K-1

bysDVªkWu dk nzO;eku m
e

9.110 × 10-31 kg

U;wVªkWu dk nzO;eku m
n

1.675 × 10-27 kg

izksVkWu dk nzO;eku m
p

1.673 × 10-27 kg

bysDVªkWu&vkos'k o nzO;eku vuqikr e/m
e

1.759 × 1011 C/kg

iSQjkMs fu;rkad F 9.648 × 104 C/mol

fjMcxZ fu;rkad R 1.097 × 107 m-1

cksgj f=kT;k a0 5.292 × 10-11 m

LVsiQkWu&cksYV~ïkeku fu;rkad σ 5.670 × 10-8 W m-2 K-4

ohu fu;rkad b 2.898 × 10-3 m K

eqDr vkdk'k dk ijkoS|qrkad ε0 8.854 × 10-12 C2 N-1 m-2

1/4π ε
0

 8.987 × 109 N m2 C-2

eqDr vkdk'k dh paqcd'khyrk µ0 4π × 10-7 T m A-1

≅  1.257 × 10-6 Wb A-1m-1

vU; mi;ksxh fu;rkad

uke izrhd eku

mQ"ek dk ;kaf=kd rqY;kad J 4.186 J cal-1

ekud ok;qeaMyh; nkc 1 atm 1.013 × 105 Pa

ije 'kwU; 0 K –273.15 °C

bysDVªkWu oksYV 1 eV 1.602 × 10-19 J

ijek.oh; nzO;eku ek=kd 1 u 1.661 × 10-27 kg

bysDVªkWu fojke mQtkZ mc2 0.511 MeV

1u dk mQtkZ rqY;kad u c2 931.5 MeV

vkn'kZ xSl dk vk;ru (0°C rFkk V 22.4 L mol-1

1 atm)

xq#Roh; Roj.k g 9.78049 m s-2

(leqnz ry] fo"kqor o`Rr ij)
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ifjf'k"V A 4

:ikarj.k xq.kd

ljyrk osQ fy, :ikarj.k xq.kdksa dks lehdj.k osQ :i esa fy[kk x;k gS A

yackbZ dks.k rFkk dks.kh; pky

1 km = 0.6215 mi π rad = 180°

1mi = 1.609 km 1 rad = 57.30°

1m = 1.0936 yd = 3.281 ft = 39.37 in 1° = 1.745 × 10–2 rad

1 in = 2.54 cm 1 rev min–1 = 0.1047 rad s–1

1 ft = 12 in = 30.48 cm 1 rad s–1 = 9.549 rev min–1

1 yd = 3ft = 91.44 cm nzO;eku

1 (light year) izdk'k o"kZ = 1 ly = 9.461 × 1015m 1 kg = 1000 g

1 A° = 0.1nm 1 Vu (tonne) = 1000 kg = 1 Mg

{ks=kiQy 1 u = 1.6606 × 10–27 kg

1 m2 = 104 cm2 1 kg = 6.022 × 1026 u

1km2 = 0.3861 mi2 = 247.1 ,dM+ (acres) 1 Lyx (slug) = 14.59 kg

1 in2= 6.4516 cm2 1 kg = 6.852 × 10–2 Lyx (slug)

1ft2= 9.29 × 10-2m2 1 u = 931.50 MeV/c2

1 m2= 10.76 ft2 ?kuRo

1 ,dM+ (acre) = 43,560 ft2 1 g cm–3 = 1000 kg m–3 = 1 kg L–1

1 mi2= 460 (acres) ,dM+ = 2.590 km2 cy

vk;ru 1 N = 0.2248 lbf = 105 dyn

1m3= 106cm3 1 lbf = 4.4482 N

1 L = 1000 cm3 = 10-3 m3 1 kgf = 2.2046 lbf

1 gal = 3.786 L le;
1 gal = 4 qt = 8 pt = 128 oz = 231 in3 1 h = 60 min = 3.6 ks

1 in3 = 16.39 cm3 1 d = 24 h = 1440 min = 86.4 ks

1ft3 = 1728 in3 = 28.32 L = 2.832 × 104 cm3 1y = 365.24 d = 31.56 Ms

pky nkc

1 km h–1 = 0.2778 m s–1 = 0.6215 mi h–1 1 Pa = 1 N m–2

1mi h–1 = 0.4470 m s–1 = 1.609 km h–1 1 bar = 100 kPa

1mi h–1 = 1.467 ft s–1 1 atm = 101.325 kPa = 1.01325 bar

pqacdh; {ks=k 1atm =  14.7 lbf/in2 = 760 mm Hg

1 G = 10–4 T          =  29.9 in Hg = 33.8 ft  H2O

1 T = 1 Wb m–2 = 104 G 1 lbf in–2 = 6.895 kPa
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1 torr = 1mm Hg = 133.32 Pa

mQtkZ 'kfDr

1 kW h = 3.6 MJ 1 v'o'kfDr (horse power, hp) = 550 ft lbf/s

1 cal = 4.186 J = 745.7 W

1ft lbf = 1.356 J = 1.286 × 10–3 Btu 1 Btu min–1 = 17.58 W

1 L atm = 101.325 J 1 W = 1.341 × 10–3  hp

1 L atm = 24.217 cal        =  0.7376 ft lbf/s

1 Btu = 778 ft lb = 252 cal = 1054.35 J mQ"ek pkydrk

1 eV = 1.602 × 10–19J 1 W m–1 K–1 = 6.938 Btu in/hft2 oF

1 u c2 = 931.50 MeV 1 Btu in/hft2 oF  = 0.1441 W/m K

1 erg = 10–7J

ifjf'k"V A 5

xf.krh; lw=k
T;kfefr

r f=kT;k dk o`Rr % ifjf/ = 2πr_ {ks=kiQy = π r2

r f=kT;k dk xksyk % {ks=kiQy = 4πr2 _ vk;ru = 
34

π 
3

r

r  f=kT;k rFkk h Å¡pkbZ dk yac o`Rrh; 'kaoqQ %
{ks=kiQy = 2 πr2 + 2π rh; vk;ru = πr2h

a vk/kj rFkk h 'kh"kZyac dk f=kHkqt % {ks=kiQy = 1

2
a h

f}?kkrh lw=k

;fn ax2 + bx + c = 0 gS] rc x = 
2

– 4

2a

 b b ac± −

dks.k θθθθθ osQ f=kdks.kferh; iQyu

ikbFkkxksjh; izes;

bl ledks.k f=kHkqt esa]

a2 + b2 = c2

fp=k A 5.1

f=kHkqt

A, B, C dks.k gSa]

a, b, c lEeq[k Hkqtk,¡ gSa]

dks.k A + B + C = 180°

c

C

b

B

a

A sinsinsin ==

c2 = a2 + b2 – 2ab  cos C

cfg"dks.k D = A + C

fp=k A 5.2

sin cos

tan cot

sec cosec

y x
         

r r

y x
         

x y

r r
         

x y

θ θ

θ θ

θ θ

= =

= =

= =

-v{k

-v{k

fp=k A 5.3
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xf.krh; fpÉ ,oa izrhd

= cjkcj
≅  lfUudVr% cjkcj

∼  ifjek.k dh dksfV gS

≠ cjkcj ugha gS
≡ osQ loZle gS] bl izdkj ifjHkkf"kr fd;k tkrk gS

> vf/d gS (>> cgqr vf/d gS)

< de gS (<< cgqr de gS)

≥ vf/d gS vFkok cjkcj gS (vFkok] de ugha gS)

≤ de gS vFkok cjkcj gS (vFkok] vf/d ugha gS)

± /u vFkok ½.k

∝  lekuqikrh gS
∑ dk ;ksx

x  vFkok < x > vFkok x
av

, x dk vkSlr eku

f=kdks.kferh; loZlfedk,¡

sin (90º – θ ) = cos θ

cos (90º – θ ) = sin θ

sin θ / cos θ = tan θ

sin2 θ + cos2 θ =1

sec2 θ – tan2 θ = 1

cosec2 θ – cot2 θ  = 1

sin2 θ = 2 sin θ cos θ

cos2 θ = cos2 θ – sin2 θ  = 2cos2 θ –1

            = 1– 2 sin2 θ

sin(α ± β ) = sin α cos β ± cos α sin β

cos (α ± β ) = cos α cos β ∓  sin α sin β

tan (α ± β ) 

sin α ± sin β 

cos α + cos β 

cos α – cos β 

f}in izes;

( )
!

( )

!
.....( )1 1

1

1

2
1

2

2
± = ± +

-
+ <x

nx n n x
xn

pj?kkrkadh izlj.k

e 1
2 ! 3 !

.......
x

2 3

= + + + +x
x x

y?kqx.kdh; izlj.k

ln + = .....  ( )    1
1

2

1

3
12 3x x x x x- + - <( )

f=kdks.kferh; izlj.k

(θθθθθ jsfM;uksa esa)

sin

cos

tan

  = 
! !

.....

  = 
! !

.....

  = 

θ θ
θ θ

θ
θ θ

θ

− + −

− + −

3 5

2 4

3 5

1
2 4

θθ
θ θ

+ + −
3 5

3

2

15
.....

lfn'kksa dk xq.kuiQy

eku yhft, ˆ ˆi, j  rFkk k̂  x -, y- rFkk z- fn'kkvksa esa ,dkad
lfn'k gSa] rks

ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆi i  j j k k ,  i j  j k k i◊ ◊ ◊ ◊ ◊ ◊= = = 1 = = = 0

ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆi i  j j k k ,  i j k, j k i, k i j¥ ¥ ¥ ¥ ¥ ¥= = = 0 = = =

dksbZ lfn'k  a ftlosQ x-, y- rFkk z-v{k osQ vuqfn'k ?kVd a
x
,

a
y
 rFkk a

z
 gSa] mUgsa bl izdkj fy[k ldrs gSa]

a i + j + k= a a ax y z
ˆ ˆ ˆ

eku yhft, a, b rFkk c LosPN lfn'k gSa] ftuosQ
ifjek.k a, b rFkk c gSa] rc
a × (b + c) = (a × b) + (a × c)

(sa) × b = a × (sb) = s(a × b) (s dksbZ vfn'k gS)

eku yhft, a rFkk b osQ chp osQ nks dks.kksa esa θ y?kqrj
dks.k gS] rc
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a ⋅⋅⋅⋅⋅ b = b ⋅⋅⋅⋅⋅ a = a
x
 b

x
 + a

y
 b

y
 + a

z
 b

z
 = ab cos θ

|a × b | = ab sin θ
a . (b × c) = b. (c × a) = c. (a × b)

a × (b × c) = (a . c) b - (a . b) c

A 6.1 SI ewy ek=kdksa osQ inksa esa O;Dr oqQN SI O;qRiUu ek=kd

                                      SI ek=kd

       HkkSfrd jkf'k uke izrhd

{ks=kiQy oxZehVj m2

vk;ru ?kuehVj m3

pky] osx ehVj izfr lsdaM m/s ;k m s–1

dks.kh; osx jsfM;u izfr lsdaM rad/s ;k rad s–1

Roj.k ehVj izfroxZ lsdaM m/s2 ;k m s–2

dks.kh; Roj.k jsfM;u izfroxZ lsdaM rad/s2 ;k rad s–2

rjax la[;k izfr ehVj m–1

?kuRo] nzO;eku ?kuRo fdyksxzke izfr ?kuehVj kg/m3 ;k kg m–3

fo|qr~ /kjk ?kuRo ,sfEi;j izfr oxZehVj A/m2 ;k A m–2

pqacdh; {ks=k dh rhozrk] pqacdh;
rhozrk] pqacdh; vk?kw.kZ ?kuRo ,sfEi;j izfr ehVj A/m ;k A m–1

lkanzrk (inkFkZ dh ek=kk dh) eksy izfr ?kuehVj mol/m3 ;k mol m–3

fof'k"V vk;ru ?ku ehVj izfr fdyksxzke m3/kg ;k m3 kg–1

T;ksfr&rhozrk oSaQMsyk izfr oxZehVj cd/m2 ;k cd m–2

'kq¼xfrd ';kurk oxZehVj izfr lsdaM m2/s ;k m2 s–1

laosx fdyksxzke ehVj izfr lsdaM kg m/s ;k kg m s–1

tM+Ro vk?kw.kZ fdyksxzke oxZehVj kg m2

ifjHkze.k f=kT;k ehVj m

js[kh;@{ks=kh; (i`"Bh;)@vk;ru izfr osQfYou K–1

izlj.kh;rk
izokg nj ?kuehVj izfr lsdaM m3/s ;k m3 s–1

ifjf'k"V A 6
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A 6.2 fo'ks"k uke okys SI O;qRiUu ek=kd

HkkSfrd jkf'k SI ek=kd

uke izrhd vU; ek=kdksa osQ SI ewy ek=kdksa
inksa esa O;qRiUu osQ inksa esa
ek=kd O;qRiUu ek=kd

vko`fÙk gVZ~t Hz — s–1

cy U;wVu N — kg m/s2  ;k
kg m s–2

nkc] izfrcy ikLdy Pa N/m2 ;k N m–2 kg m–1s–2 ;k
kg/s2m

dk;Z] mQtkZ] twy J N m kg m2/s2 ;k
mQ"ek dh ek=kk kg m2 s–2

'kfDr] fofdj.k okV W J/s ;k J s–1 kg m2/s3 ;k
iQyDl kg m2s–3

fo|qr vkos'k owQyWke C — A s

fo|qr foHko] foHkokUrj] oksYV V W/A ;k W A–1 kg m2/s3A ;k
fo|qrokgd cy kg m2s–3A–1

/kfjrk iSQjM F C/V ;k C V–1 A2s4/kg m2 ;k
kg–1 m–2s4A2

fo|qr izfrjks/ vkse Ω V/A  ;k VA–1 kg m2/s3A2 ;k
kg m2 s–3A–2

fo|qr pkydrk lhesUl S A/V ;k VA–1 s3A2/kg m2 ;k
kg–1m–2 s3 A2

pqacdh; vfHkokg oscj Wb V s ;k (J/A ;k JA–1) kg m2/s2A ;k
kg m2 s–2A–1

pqacdh; {ks=k] pqacdh; VsLyk T Wb/m2 ;k Wb m–2 kg/s2A ;k
vfHkokg ?kuRo] pqacdh; kg s–2A–1

iszj.k
iszjdRo gsujh H Wb /A ;k Wb A–1 kg m2/s2A2 ;k

kg m2 s–2 A–2

T;ksfr iQyDl] nhIr Y;wesu lm — cd/sr ;k cd sr–1

'kfDr
iznhIr ?kuRo yDl lx lm/m2 ;k lm m–2 cd/sr m2 ;k

m–2 cd sr–1

lfØ;rk (jsfM;ks csosQjy Bq — s–1

U;wDykbM@jsfM;ks,fDVo
Ïksr dh)
vo'kksf"kr ek=kk] xsz Gy J/kg ;k J kg–1 m2/s2  ;k m2 s–2

vo'kksf"kr ek=kk lwpdkad
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A 6.3 fo'ks"k uke okys SI ek=kdksa osQ inksa esa O;Dr SI O;qRiUu ek=kd

HkkSfrd jkf'k SI ek=kd
uke izrhd SI ewy ek=kdksa osQ inksa

esa O;qRiUu ek=kd

pqacdh; vk?kw.kZ twy izfr VsLyk J T–1 m2 A

f}èkzqo vk?kw.kZ owQyWke ehVj C m m A s

xfrd ';kurk ik;ly vFkok Pl ;k Pa s kg m–1 s–1

ikLdy lsdaM ;k N s m–2

vFkok U;wVu lsdaM
izfr oxZ ehVj

;qXe] cy vk?kw.kZ U;wVu ehVj Nm kg m2 s–1

i`"B ruko U;wVu izfr ehVj N/m ;k N m–1 kg s–2

'kfDr ?kuRo] fdj.khr okV izfr oxZ ehVj W/m2 kg s–3

eku] mQ"eh;
ÝyDl ?kuRo
mQ"ek /kfjrk] ,UVªkWih twy izfr osQfYou J/K kg m2 s–2 K–1

fof'k"V mQ"ek] fof'k"V ,UVªkWih twy izfr fdyksxzke osQfYou J/kg K m2 s–2 K–1

fof'k"V mQtkZ] xqIr mQ"ek twy izfr fdyksxzke J/kg ;k J kg–1 m2 s–2

fofdj.k rhozrk okV izfr fLVjsfM;u W/sr ;k W sr–1 kg m2 s–3 sr–1

mQ"eh; pkydrk okV izfr ehVj osQfYou W/m K ;k W m–1K–1 kg m s–3 K–1

mQtkZ ?kuRo twy izfr ?ku ehVj J/m3 ;k J m–3 kg m–1 s–2

fo|qr {ks=k rhozrk oksYV izfr ehVj V/m ;k V m–1 kg m s3A–1

fo|qr vkos'k ?kuRo owQyWke izfr ?ku ehVj C/m3 ;k C m–3 m–3 s A

fo|qr ÝyDl ?kuRo owQyWke izfr oxZ ehVj C/m2 ;k C m–2 m–2 s A

ijkoS|qrkad iSQjM izfr ehVj F/m ;k F m–1 kg–1m–3 s4A2

pqacd'khyrk gsujh izfr ehVj H/m ;k H m–1 kg m s–2 A–2

eksyj mQtkZ twy izfr eksy J/mol ;k J mol–1 kg m2 s–2 mol–1

dks.kh; laosx] Iykad fu;rkad twy lsdaM J s kg m2 s–1

eksyj ,UVªkWih] eksyj mQ"ek twy izfr eksy osQfYou J/mol K ;k J mol–1K–1 kg m2 s–2 K–1 mol–1

/kfjrk
mn~Hkklu (exposure) owQykWe izfr fdyksxzke C/kg ;k C kg–1 kg–1 s A

(X-rFkk  γ-fdj.ksa) xzs izfr lsdaM Gy/s ;k Gy s–1 m2 s–3

laihM~;rk izfr ikLdy Pa–1 kg–1 m s2

izR;kLFkrk xq.kkad U;wVu izfr oxZehVj N/m2 ;k N m–2 kg m–1 s–2

nkc izo.krk ikLdy izfr ehVj Pa/m ;k N m–3 kg m–2 s–2

i`"B foHko twy izfr fdyksxzke J/kg ;k J kg–1  ; m2 s–2

N m/kg ;k N m kg–1

nkc mQtkZ ikLdy ?ku ehVj Pa m3 ;k N m kg m2 s–2

vkosx U;wVu lsdaM N s kg m s–1

dks.kh; vkosx U;wVu ehVj lsdaM Nm s kg m2 s–1

fof'k"V izfrjks/ vkse ehVj Ω m kg m3 s–3 A–2

i`"B mQtkZ twy izfr oxZehVj J/m2 ;k J m–2  ; kg s–2

N/m ;k N m–1
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ifjf'k"V A 7

HkkSfrd jkf'k;ksa] jklk;fud rRoksa rFkk U;wDykbMksa osQ izrhdkas osQ
mi;ksx osQ fy, lkekU; ekxZn'kZu

l HkkSfrd jkf'k;ksa dks izrhd :i esa lkekU;r% vaxszth o.kZekyk osQ fdlh v{kj ls fu:fir djrs gSa rFkk bUgsa frjNs (vFkok
<kyw) Vkbi esas Niok;k tkrk gS A rFkkfi ftl jkf'k osQ fy, nks v{kjh; izrhd vko';d gksa rks mUgasa nks izrhdksa osQ xq.kuiQy
osQ :i esas n'kkZuk gksrk gS] ij bu izrhdksa dks i`Fko~Q n'kkZus osQ fy, oqQN LFkku NksM+uk vko';d gksrk gS A

l ukeksa vFkok O;atdksa osQ laf{kIr :iksa] tSlsµpotential energy osQ fy, p.e. dk mi;ksx HkkSfrd lehdj.kksa essa ugha
fd;k tkrk A ikB~; lkexzh esas bu laf{kIr :iksa dks lk/kj.k jkseu (lh/s) Vkbi esas Niok;k tkrk gS A

l lfn'k jkf'k;ksa dks eksVs Vkbi essa rFkk lh/s Niok;k tkrk gS A rFkkfi d{kk esa lfn'k jkf'k;ksa dks izrhd osQ 'kh"kZ ij
rhj }kjk fufnZ"V fd;k tk ldrk gS A

l nks HkkSfrd jkf'k;ksa osQ xq.kuiQy dks muosQ chp oqQN LFkku NksM+dj fy[kk tkrk gS A ,d HkkSfrd jkf'k dks nwljh HkkSfrd
jkf'k ls foHkkftr djuk ,d {kSfrt naM [khapdj vFkok lWkfyMl (vFkok frjNh js[kk @) osQ lkFk fufnZ"V fd;k
tk ldrk gS_ vFkok va'k rFkk gj osQ izFke ?kkr osQ O;qRØe osQ xq.kuiQy osQ :i esas fy[kk tk ldrk gS (bl xq.kuiQy
esas va'k rFkk gj esas Li"V igpku osQ fy, mfpr LFkkuksas ij dks"Bdksa dk mi;ksx fd;k tkrk gS) A

l jklk;fud rRoksas osQ izrhdksa dks jkseu (lh/s) Vkbi esas fy[kk tkrk gS A izrhd osQ var esas fojke fpÉ vFkok ¯cnq
(.) ugha yxk;k tkrk A
mnkgj.k osQ fy,] Ca, C, H, He, U, vkfn A

l fdlh U;wDykbM ls tqM+s vadksa dk mYys[k mUgsa ck,a v/ksfyf[kr (ijek.kq Øekad) rFkk ck,a mifjfyf[kr (nzO;eku la[;k)
osQ :i esas fy[kdj fd;k tkrk gS A
mnkgj.k osQ fy,] U-235 U;wDykbM dks 

92

235
U  fy[kdj O;Dr fd;k tkrk gS (;gka 235 nzO;eku la[;k rFkk 92 ijek.kq

Øekad dks O;Dr djrk gS rFkk U ;wjsfu;e dk jklk;fud izrhd gS) A
l ;fn vko';d gks] rks nkb± mifjfyf[kr fLFkfr dk mi;ksx vk;uhdj.k dh voLFkk (vk;uksa osQ izdj.k esa) fufnZ"V

djus osQ fy, fd;k tkrk gS A
mnkgj.k osQ fy,] 

ifjf'k"V A 8

SI ek=kdksa] oqQN vU; ek=kdksa rFkk SI iwoZyXuksa osQ izrhdksa osQ
mi;ksx osQ fy, lkekU; ekxZn'kZu

l HkkSfrd jkf'k;ksa osQ ek=kdksa osQ izrhdksa dks jkseu (lh/s Vkbi) esa Nkik@fy[kk tkrk gS A
l ek=kdksa osQ ekud rFkk vuqeksfnr izrhdksa dks vaxszth o.kZekyk osQ NksVs v{kjksa ls vkjaHk djosQ jkseu (lh/s Vkbi)

esa fy[kk tkrk gS A ek=kdksa osQ y?kq mYys[kksa] tSls kg, m, s, cd vkfn dks izrhdksa osQ :i esa fy[kk tkrk gS] laf{kIr
:i esa ugha A ek=kdksa osQ uke dks dHkh Hkh cM+s v{kjksa esa ugha fy[krs A rFkkfi] ek=kd osQ izrhd dks osQoy rHkh
cM+s v{kj esa fy[kk tkrk gS] tc ek=kd osQ izrhd dks fdlh oSKkfud osQ uke ls O;qRiUu fd;k x;k gks] ,slh fLFkfr
esa ek=kd dk vkjaHk cM+s jkseu v{kj ls fd;k tkrk gS A
mnkgj.k osQ fy, % ek=kd ehVj ('metre')  osQ fy, 'm'] ¶fnu¸ ("day") osQ fy, d, ek=kd ok;qeaMyh; nkc ('atmospheric

pressure')  osQ fy, atm, ek=kd gVZ~”k ('hertz') osQ fy, Hz] ek=kd oscj ('weber') osQ fy, Wb, ek=kd twy ('joule')

osQ fy, J, ek=kd ,sfEi;j ('ampere')  osQ fy, A, ek=kd oksYV ('volt') osQ fy, V, vkfn dk iz;ksx izrhdksa osQ :i esa
fd;k tkrk gS A bldk osQoy ,d gh viokn gS L, tks fd ek=kd yhVj (litre)  dk izrhd gS A ,slk vjch la[;kad
1 rFkk yksvj osQl jkseu osQ v{kj l dks Nkius vFkok fy[kus esa gksus okyh Hkzkafr ls cpus osQ fy, fd;k x;k gS A
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l ek=kdksa osQ izrhdksa dks muosQ fy, vuqeksfnr v{kjksa esa fy[kus osQ i'pkr~ muosQ var esa iw.kZ fojke ugha yxk;k tkrk
rFkk ek=kdksa osQ izrhdksa dks osQoy ,dopu esa gh fy[kk tkrk gS cgqopu esa ugha] vFkkZr~ fdlh ek=kd dk izrhd
cgqopu esa vifjofrZr jgrk gS A
mnkgj.k osQ fy, % yackbZ 25 lsaVhehVj (centimetres) osQ fy, ek=kd dk izrhd 25 cm osQ :i esa fy[kk tkrk gS]
25 cms vFkok 25 cm. vFkok 25 cms., vkfn ugha fy[kk tkrk A

l lkWfyMl (solidus) vFkkZr~ (/) osQ mi;ksx dk vuqeksnu osQoy ,d v{kj osQ ek=kd izrhd osQ vU; ek=kd izrhd }kjk
foHkktu dk laosQru djus osQ fy, fd;k x;k gS A ,d ls vf/d lkWfyMl dk mi;ksx ugha fd;k tkrk A
mnkgj.k osQ fy,] m/s2 vFkok m s–2 (m rFkk s–2 osQ chp oqQN LFkku NksM+rs gq,) fy[k ldrs gSa ijarq m/s/s ugha_
1 Pl = 1 N s m–2 = 1 N s/m2 = 1 kg/s m = 1 kg m–1s–1 ijarq 1 kg/m/s ugha_
J/K mol vFkok J K–1 mol–1] ijarq J/K/mol ugha_ vkfn A

l iwoZyXu osQ izrhdksa dks jkseu (lh/s) Vkbi esa Nkik tkrk gS rFkk iwoZyXu osQ izrhd rFkk ek=kd osQ izrhd osQ chp
dksbZ LFkku ugha NksM+k tkrk A bl izdkj ek=kd izrhdksa osQ cgqr fudV fy[kh oqQN n'keyo fHkUu ;k xq.kt] tc
os brus NksVs gksa ;k cMs+ gksa] fd muoQk fy[kuk vlqfo/ktud gks rks mudks fy[kus osQ fy, oqQN ekU; iwoZyXuksa dk
mi;ksx fd;k tkrk gS A
mnkgj.k osQ fy, %
esxkokV (1 MW = 106W); usuks lsoaQM (1 ns = 10–9s);

lsaVhehVj (1 cm = 10–2m); ihdksiSQjM (1 pF = 10–12F);

fdyksehVj (1 km = 103m); ekbØkslsoaQM (1 µs = 10–6s);

feyhoksYV (1 mV = 10–3 V); xhxk gVZ~”k (1 GHz = 109 Hz);

fdyksokV&?kaVk (1 kWh) = 103 Wh = 3.6 MJ = 3.6 × 106 J);

ekbØks ,sfEi;j (1 µA = 10–6 A); ekbØkWu (1 µm = 10-6 m)

,axLVªkWe (1Å = 0.1 nm = 10–10 m); vkfn A
ek=kd ̂ekbØkWu* tks fd 10–6 m vFkkZr~ 1 ekbØks ehVj osQ cjkcj gS] ek=k ,d uke gS tks ehVj osQ viorZd dks lqfo/ktud
cukus osQ fy, gS A blh izdkj ek=kd iQehZ ('fermi') tks isQEVksehVj vFkok 10–15 m osQ cjkcj gS] dk mi;ksx ukfHkdh;
vè;;uksa esa yackbZ osQ lqfo/ktud ek=kd dh Hkkafr fd;k tkrk gS A blh izdkj] ,d vU; ek=kd ¶ckuZ̧  (barn)

tks 10–28 m2 osQ cjkcj gS] dk mi;ksx voijkekf.od d.k la?kê ðksa eas vuqizLFk dkV osQ {ks=kiQyksa dh ekiksa osQ lqfo/ktud
ek=kd osQ :i esa fd;k tkrk gS A rFkkfi ̂ ekbØkWu* ek=kd dks "micrometre" dh rqyuk eas izkFkfedrk nh tkrh gS A
bldk dkj.k 'micrometre' ek=kd rFkk "micrometer" tks fd yackbZ ekius dk ;a=k gS] osQ chp Hkzkafr ls cpuk gS A
SI ek=kdksa ehVj rFkk lsdaM osQ ;s u, cus vioR;Z rFkk viorZd (cm, km, µm, µs, ns) bu ek=kdksa osQ u, la;qDr]
vi`FkDdj.kh; izrhdksa dk fuekZ.k djrs gSa A

l tc dksbZ iwoZyXu fdlh ek=kd osQ izrhd ls igys yxk;k tkrk gS] rks iwoZyXu rFkk izrhd dk la;kstu ml ek=kd
dk ,d u;k izrhd ekuk tkrk gS] ftl ij dks"Bd dk mi;ksx fd, fcuk gh dksbZ /ukRed vFkok ½.kkRed ?kkr
yxkbZ tk ldrh gS A bUgsa vU; ek=kdksa osQ izrhdksa osQ lkFk la;ksftr djosQ la;qDr ek=kd cuk, tk ldrs gSa A ?kkrkadksa
osQ ca/u osQ fu;e lk/kj.k chtxf.kr dh Hkkafr ugha gksrs A
mnkgj.k osQ fy,%
cm3 dk lnSo vFkZ (cm)3 = (0.01 m)3 = (10-2 m)3 = 10-6 m3, ijarq 0.01 m3 vFkok 10-2 m3 vFkok 1 c m3 (;gka iwoZyXu c rFkk
m3 osQ chp LFkku vFkZghu gS] D;ksafd iwoZyXu dks ek=kd osQ izrhd osQ lkFk tksM+k tkuk gS A fdlh iwoZyXu dk dksbZ
HkkSfrd egÙo vFkok viuk Lora=k vfLrRo ugha gksrk tc rd fd mls fdlh ek=kd osQ izrhd ls tksM+k u tk,) A blh
izdkj] mA2 dk lnSo gh vFkZ gS (mA)2 = (0.001 A)2 = (10-3 A)2 = 10–6A2,  ijarq 0.001 A2 vFkok mA2 dHkh ugha A
1 cm–1 = (10–2 m)–1 = 102 m–1 ijarq 1 cm–1 vFkok 10–2 m–1  dHkh ugha_
1 µs–1 dk lnSo vFkZ gS (10–6 s)–1 = 106 s–1, ijarq 1 × 10-6 s–1 ugha_
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1 km3 dk lnSo vFkZ gS (km)2 = (103 m)2 = 106 m2, ijarq 103 m2 dHkh ugha_
1 mm2 dk lnSo vFkZ gS (mm)2 = (10–3 m)2 = 10–6 m2 ijarq 10-3 m2 dHkh ugha] vkfn A

l fdlh iwoZyXu dk vosQys mi;ksx ugha gksrk A bls lnSo gh fdlh ek=kd osQ izrhd osQ lkFk layXu fd;k tkrk gS
rFkk bls ek=kd osQ izrhd ls igys (iwoZ&yXu) fy[kk vFkok yxk;k tkrk gS A
mnkgj.k osQ fy, %
103/m3 dk vFkZ 1000/m3 vFkok 1000 m–3 ijarq k/m3 vFkok k m–3 ugha_
106/m3 dk vFkZ gS 10,00,000/m3 vFkok 10,00,000 m–3 ijarq M/m3 vFkok M m–3 ughaA

l iwoZyXu osQ izrhd dks ek=kd osQ izrhd osQ lkFk chp esa fcuk dksbZ LFkku NksM+s fy[kk tkrk gS] tcfd ek=kdksa dks
vkil esa xq.kk djrs le; ek=kdksa osQ izrhdksa dks i`Fko~Q&i`Fko~Q muosQ chp oqQN LFkku NksM+dj fy[kk tkrk gS A
mnkgj.k osQ fy, %
m s–1 (izrhd m rFkk s–1 yksvj osQl esa] NksVs v{kj m rFkk s i`Fko~Q rFkk Lora=k ek=kd&izrhd gSa ftuesa m ehVj osQ
fy, rFkk s lsdaM osQ fy, gS rFkk muosQ chp oqQN LFkku NksM+dj fy[kk x;k gS) dk vFkZ gS ehVj izfr lsdaM ijarq
¶feyh izfr lsdaM¸ ugha A
blh izdkj] m s–1 ¹izrhd m rFkk s ,d&nwljs osQ cgqr ikl&ikl lVkdj fy[ks x, gSa] ftuesa iwoZyXu&izrhd m (iwoZyXu
^feyh* osQ fy,) rFkk yksvj osQl esa NksVs v{kj osQ lkFk ek=kd izrhd s (ek=kd ̂ lsdaM* osQ fy,) chp esa fcuk
dksbZ LFkku NksM+s ms dks ,d u;k la;qDr ek=kd cukdjº dk vFkZ gS ¶izfr feyh lsdaM¸ ijarq ¶ehVj izfr lsdaM¸
dHkh ugha A
mS–1 ¹izrhd m rFkk S ,d&nwljs osQ cgqr ikl lVkdj fy[ks x, gSa] ftuesa iwoZyXu&izrhd m (iwoZyXu ̂ feyh* osQ fy,)
rFkk ek=kd&izrhd S cMs+ jkseu v{kj S ek=kd lkbesal (siemens)  osQ fy, chp esa fcuk dksbZ LFkku NksM+s mS dks ,d
u;k la;qDr ek=kd cukdjº dk vFkZ ̂ izfr feyh&lkbesal* gS] ijarq ̂ izfr feyh lsdaM* dnkfi ugha gS A
C m ¹izrhd C rFkk m i`Fko~Q&i`Fko~Q fy[ks x, gSa] tks ek=kd izrhdksa C (ek=kd owQykWe osQ fy,) rFkk m (ek=kd ehVj
osQ fy,) dks muosQ chp oqQN LFkku NksM+dj fu:fir djrs gSa Aº dk vFkZ ¶owQykWe ehVj¸ gS] ijarq lsaVhehVj dnkfi
ugha] vkfn A

l tc rd ,d iwoZyXu miyC/ gS] nqgjs iwoZyXuksa dk mi;ksx o£tr gS A
mnkgj.k osQ fy, %
10–9 m = 1 nm (uSuksehVj) gS] ijarq 1 mµm (feyhekbØksehVj) ugha gS A
10–6 m = 1 µm (ekbØkWu) gS] ijarq 1 mmm (feyhfeyhehVj) ugha gS A
10–12 F = 1 pF (ihdks iSQjM) gS] ijarq 1 µµF (ekbØksekbØks iSQjM) ugha gS A
109 W = 1 GW (xhxkokV) gS] ijarq 1 kMW (fdyksesxkokV) ugha gS] vkfn A

l tc dksbZ HkkSfrd jkf'k nks ;k vf/d ek=kdksa osQ la;kstu }kjk O;Dr dh tkrh gS] rc ek=kd rFkk ek=kdksa osQ izrhdksa
osQ fdlh la;kstu osQ mi;ksx dks o£tr ekuk tkrk gS A
mnkgj.k osQ fy, %
twy izfr eksy osQfYou dks J/mol K vFkok J mol-1 K-1 osQ :i esa fy[kk tkrk gS] ijarq joule/mole K vFkok J/mol

kelvin vFkok J/mole K, vkfn ugha fy[krs A
twy izfr Vslyk dks J/T vFkok JT–1 osQ :i esa fy[kk tkrk gS] ijarq joule/T vFkok J per tesla vFkok J/tesla, vkfn
ugha fy[krs A
U;wVu ehVj lsdaM dkss N m s osQ :i esa fy[kk tkrk gS] ijarq newton m second vFkok N m second vFkok N metre

s vFkok newton metre s ugha fy[krs A
twy izfr fdyksxzke osQfYou dks J/kg K vFkok J kg-1 K-1 osQ :i esa fy[kk tkrk gS] ijarq J/kilog K vFkok
joule/kg K vFkok J/kg kelvin vFkok J/kilogram K vkfn ugha fy[krs A
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l ifjdyu dh lqfo/k osQ fy,] iwoZyXu osQ izrhd dks ek=kd osQ izrhd osQ lkFk va'k esa yxk;k tkrk gS gj esa ugha A
mnkgj.k osQ fy, %
106 N/m2 dks 1 N/mm2 fy[kus dh vis{kk MN/m2 osQ :i esa fy[kk tkuk vf/d lqfo/ktud gS A
mu la[;kvksa ftuesa vioR;ks± vFkok viorZdksa ftuesa 1000 osQ xq.kd lfEefyr gksa] ogk¡ bu la[;kvksa dks 10±3n (tgk¡
n iw.kk±d gS) osQ :i esa fy[kus dks izkFkfedrk nh tkrh gS A

l mu izdj.kksa esa vR;ar lko/kuh dh vko';drk gksrh gS ftuesa HkkSfrd jkf'k;ksa rFkk HkkSfrd jkf'k;ksa osQ ek=kdksa osQ
izrhd leku gksrs gSa A
mnkgj.k osQ fy, %
HkkSfrd jkf'k Hkkj (W) dks nzO;eku (m) rFkk xq#Roh; Roj.k (g) osQ xq.kuiQy osQ :i esa O;Dr fd;k tkrk gS A bls
izrhdksa osQ inksa esa frjNs Vkbi esa W = m g osQ :i esa Nkik tkrk gS rFkk fy[krs le; m rFkk g osQ chp oqQN LFkku
NksM+ nsrs gaS A bls ek=kdksa watt (W), metre (m), rFkk gram (g) osQ ek=kd izrhdksa osQ lkFk Hkze esa ugha iM+uk pkfg, A
rFkkfi] lehdj.k W = mg esa] izrhd W Hkkj dks O;Dr djrk gS ftldk ek=kd&izrhd J gS_ m nzO;eku dks O;Dr djrk
gS ftldk ek=kd&izrhd kg gS rFkk g  xq#Roh; Roj.k dks O;Dr djrk gS ftldk ek=kd&izrhd m s–2 gS A
blh izdkj] lehdj.k F = m a esa izrhd F cy dks O;Dr djrk gS ftldk ek=kd&izrhd N gS] m nzO;eku dks O;Dr
djrk gS ftldk ek=kd&izrhd kg gS rFkk a Roj.k dks O;Dr djrk gS ftldk ek=kd&izrhd m s–2 gS A HkkSfrd jkf'k;ksa
osQ bu izrhdksa dks ek=kdksa "farad" (F), metre (m) rFkk "are" (a) osQ lkFk Hkzfer ugha gksuk pkfg, A
izrhdksa h ¹iwoZyXu gsDVks (hecto) rFkk ek=kd ?kaVk (hour)º] c ¹iwoZyXu lsaVh (centi) rFkk ek=kd oSQjV ("carat")º]
d ¹iwoZyXu Mslh (deci) rFkk ek=kd fnu (day)º] T (iwoZyXu Vsjk (tera) rFkk ek=kd Vslyk (tesla), a ¹iwoZyXu ,V~Vks
(atto) rFkk ek=kd vkWj (are)º, da ¹iwoZyXu Msdk (deca) rFkk ek=kd MsflvkWj (deciare)º vkfn dk mi;ksx djrs
le; ;Fkksfpr fHkUurk n'kkZuh pkfg, A

l ek=kdksa dh S I iz.kkyh dk nzO;eku dk ewy ek=kd ¶fdyksxzke¸ ek=kdksa dh CGS iz.kkyh osQ nzO;eku osQ ewy ek=kd
^xzke* osQ lkFk S I iwoZyXu ̂ fdyks* (,d xq.kt tks 103 osQ cjkcj gS) dks tksM+dj curk gS] tks ns[kus esa vlkekU;&lk
izrhr gksrk gS A bl izdkj] tcfd ge yackbZ osQ ek=kd (ehVj vFkok metre) osQ ,d g”kkjosa Hkkx dks feyhehVj
(mm) fy[krs gSa] nzO;eku osQ ek=kd (fdyksxzke vFkok kilogram vFkok kg) osQ ,d g”kkjosa Hkkx dks feyhfdyksxzke
ugha fy[krs] oju~ osQoy xzke fy[krs gSa A ,slh fo"ke ifjfLFkfr mRiUu gksus dk dkj.k ;g gS fd ge nzO;eku osQ
ek=kd ^fdyksxzke* osQ LFkku ij vU; dksbZ mi;qDr ek=kd izfrLFkkfir ugha dj losQ A vr% ,d viokn osQ :i
esa nzO;eku osQ ek=kd osQ lkFk vioR;Z rFkk viorZdksa osQ uke ̂ xzke* osQ lkFk iwoZyXu yxkdj cuk, tkrs gSa ̂ fdyksxzke*
osQ lkFk ugha A
mnkgj.k osQ fy, %
103 kg = 1 esxkxzke (1 Mg)] ijarq 1 fdyks fdyksxzke (1 kkg) ugha_
10-6 kg = 1 feyhxzke (1 mg)] ijarq 1 ekbØksfdyksxzke (1 µkg) ugha_
10-3 kg = 1 xzke (1 g)] ijarq 1 feyhfdyksxzke (1 mkg) ugha_ vkfnA
;g iqu% è;ku nsus dh ckr gS fd vkidks osQoy varjkZ"Vªh; ekU;rk izkIr ,oa vuqeksfnr izrhdksa dk gh mi;ksx djuk
pkfg, A ;fn vki vius lkekU; O;ogkj esa ek=kdksa osQ izrhdksa dk lkekU; fu;eksa ,oa ekxZn'kZuksa osQ vuqlkj fujarj
mi;ksx djsaxs] rks vki S I ek=kdksa] iwoZyXuksa rFkk HkkSfrd jkf'k;ksa vkSj muls lac¼ izrhdksa osQ mfpr ifjizs{; esa mi;ksx
djus esa izoh.k gks tk,axs A
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ifjf'k"V A 9

HkkSfrd jkf'k;ksa osQ foeh; lw=k

Øe HkkSfrd jkf'k vU; HkkSfrd jkf'k;ksa ls laca/ foek,¡ foeh; lw=k
 la[;k

1. {ks=kiQy yackbZ × pkSM+kbZ [L2] [M0 L2T0]

2. vk;ru yackbZ × pkSM+kbZ × Å¡pkbZ [L3] [M0 L3 T0]

3. nzO;eku ?kuRo nzO;eku@vk;ru [M]/[L3] ;k [M L-3] [M L-3 T0]

4. vko`fÙk 1/vkorZdky 1/[T] [M0 L0 T-1]

5. osx] pky foLFkkiu@le; [L]/[T] [M0 L T-1]

6. Roj.k osx@le; [LT-1]/[T] [M0 LT-2]

7. cy nzO;eku × Roj.k [M][L T-2] [M L T-2]

8. vkosx cy × le; [M LT–2] [T] [M  L T-1]

9. dk;Z] mQtkZ cy × nwjh [MLT-2][L] [M L2T-2]

10. 'kfDr dk;Z@le; [ML2 T-2]/[T] [M L2 T-3]

11. laosx nzO;eku × osx [M][LT-1] [M L T-1]

12. nkc] izfrcy cy@{ks=kiQy [MLT-2]/[L2] [M L-1T-2]

13. foÑfr foek esa ifjorZu@ewy foek [L]/[L] ;k [L3]/[L3] [M0 L0 T0]

14. izR;kLFkrk xq.kkad izfrcy@foÑfr [M L–1 T–2]

15. i`"B ruko cy@yackbZ [M L T–2]/[L] [M  L0T-2]

16. i`"B mQtkZ mQtkZ@{ks=kiQy [M L2 T-2]/[L2] [M L0 T-2]

17. osx izo.krk osx@nwjh [L T-1]/[L] [M0 L0T-1]

18. nkc izo.krk nkc@nwjh [ML-1 T-2]/[L] [M L-2 T-2]

19. nkc mQtkZ nkc × vk;ru [ML-1 T-2][L3] [M L2T-2]

20. ';kurk xq.kkad cy@({ks=kiQy × osx izo.krk) [M L–1T-1]

21. dks.k] dks.kh; foLFkkiu pki@f=kT;k [L]/[L] [M0 L0T0]

22. f=kdks.kferh; vuqikr yackbZ@yackbZ [L]/[L] [M0 L0T0]

(sin θ, cos θ, tan θ vkfn)

23. dks.kh; osx dks.k@le; [L0]/[T] [M0 L0 T-1]

24. dks.kh; Roj.k dks.kh; osx@le; [L0]/[T2] [M0 L0 T-2]

25. ifjHkze.k f=kT;k nwjh [L] [M0 L T0]

26. tM+Ro vk?kw.kZ nzO;eku × (ifjHkze.k f=kT;k)2 [M][L2] [M L2 T0]

27. dks.kh; laosx tM+Ro vk?kw.kZ × dks.kh; osx [ML2][T-1] [M L2 T-1]

28. cy&vk?kw.kZ] cy;qXe cy × nwjh [M L T-2][L] [M L2 T-2]

dk vk?kw.kZ

&
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29. cy&vk?kw.kZ (,saBu) dks.kh; laosx@le; [ML2 T-1]/[T] [M L2 T-2]

vFkok vFkok
cy × nwjh [M L T-2][L]

30. dks.kh; vko`fRr 2π × vko`fÙk [T-1] [M0 L0 T-1]

31. rjaxnS?;Z nwjh [L] [M0 L T0]

32. gcy fu;rkad i'p lj.k pky@nwjh [L T-1]/[L] [M0 L0 T-1]

33. rjax dh rhozrk (mQtkZ@le;)@{ks=kiQy [ML2 T-2/T]/[L2] [M L0 T-3]

34. fofdj.k nkc rjax dh rhozrk@izdk'k dh pky [MT-3]/[LT-1] [M L-1T-2]

35. mQtkZ ?kuRo mQtkZ@vk;ru [M L2 T-2]/[L3] [M L-1T-2]

36. Økafrd osx
jsukWYM la[; k  ';kurk  xq.kkad
nzO;eku  ?kuRo f= kT;k

×
×

[M0 LT-1]

37. iyk;u osx (2 × xq#Roh; Roj.k × i`Foh dh f=kT;k)½ [LT-2]½ x [L]½ [M0 LT-1]

38. mQ"eh; mQtkZ] dk;Z (= cy × nwjh) [M L T-2][L] [M  L2 T-2]

vkarfjd mQtkZ

39. xfrt mQtkZ ½ × nzO;eku × (osx)2 [M][LT-1]2 [M L2 T-2]

40. fLFkfrt mQtkZ nzO;eku × xq#Roh; Roj.k × Å¡pkbZ [M][LT–2][L] [M L2 T–2]

41. ?kw.khZ xfrt mQtkZ ½ × tM+Ro vk?kw.kZ × (dks.kh; osx)2 [M0L0T0][ML2] × [T-1]2 [M L2 T-2]

42. n{krk [M0 L0 T0]

43. dks.kh; vkosx cy vk?kw.kZ × le; [ML2T-2][T] [M L2T-1]

44. xq#Roh; fu;rkad
cy  (nwjh)

nzO; eku nzO;eku

2
¥

¥
[M–1 L3T-2]

45. Iykad fu;rkad mQtkZ@vko`fÙk [ML2T-2]/[T-1] [M L2T-1]

46. mQ"ek /kfjrk] ,aVªkWih mQ"eh; mQtkZ@rki [ML2T-2]/[K] [M L2T-2K-1]

47. fof'k"V Å"ek /kfjrk
mQ"eh; mQtkZ

nzO;eku rki¥
[ML2T-2]/[M] [K] [M0 L2T-2K-1]

48. xqIr Å"ek
mQ"eh; mQtkZ

nzO;eku
[ML2T-2]/[M] [M0 L2 T-2]

49. rkih; izlkj xq.kkad   foek esa ifjorZu   [L]/[L][K] [M0 L0 K-1]
vFkok mQ"ek izlj.kh;rk   ewy foek × rki

 mQ"eh; mQtkZ × eksVkbZ  [ML2T-2] [L]
50. mQ"ek pkydrk  [M LT-3K-1]

 {ks=kiQy × rki × le;
   [L

2] [K] [T]

51. vk;ru izR;kLFkrk vk;ru × nkc esa ifjorZu  [L3][ML-1T-2] [M-1  T-2]

xq.kkad vFkok (laihM~;rk)-1 vk;ru esa ifjorZu [L3]

52. vfHkosaQnzh Roj.k (osx)2@f=kT;k [LT-1]2/[L] [M0 LT-2]

53.
 (mQtkZ@{ks=kiQy × le;) [ML2T-2]LVsiQkWu fu;rkad [M L0T-3K-4]

(rki)4 [L2][T][K]4

54. ohu fu;rkad rjaxnS?;Z × rki [L][K] [M0 LT0 K]
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55. cksYV~”keku fu;rkad mQtkZ@rki [ML2T-2]/[K] [M L2T-2K-1]

nkc × vk;ru   [ML-1T–2][L3]
56. lkoZf=kd xSl fu;rkad [M L2T-2 K-1 mol-1]

eksy × rki [mol][K]

57. vkos'k fo|qr~ /kjk × le; [A][T] [M0 L0 TA]

58. /kjk ?kuRo fo|qr~ /kjk@{ks=kiQy [A]/[L2] [M0 L-2 T0A]

59. oksYVrk] fo|qr foHko] dk;Z@vkos'k [ML2T–2]/[AT] [M L–2 T–3 A-1]

fo|qr~ okgd cy

60.
foHkokUrj [ML2T-3A-1]izfrjks/ [M L2T–3 A–2]

 fo|qr~ /kjk  [A]

61. /kfjrk  vkos'k  [AT]
[M-1 L-2T4A2]

foHkokarj  [ML2T-3A-1]

62. oS|qr izfrjks/drk izfrjks/ × {ks=kiQy [ML2T-3A-2][L2]/[L] [ML3 T-3 A-2]
vFkok (oS|qr pkydrk)–1 yackbZ

63. fo|qr {ks=k oS|qr cy@vkos'k [MLT-2]/[AT] [M LT-3 A-1]

64. oS|qr vfHkokg fo|qr~ {ks=k × {ks=kiQy [MLT-3A-1][L2] [M L3 T-3 A-1]

[ML2T-2]
65. oS|qr f}/zqo&vk?kw.kZ cy vk?kw.kZ@fo|qr~ {ks=k [M0 LT A]

 [MLT-3A-1]

66. fo|qr {ks=k rhozrk  foHkokUrj  [ML2T-3A-1] [M LT-3 A-1]
vFkok oS|qr rhozrk nwjh [L]

67. pqacdh; {ks=k] pqacdh; vfHkokg c y [MLT-2]/[A][L] [M L0 T-2A-1]
?kuRo] pqacdh; izsj.k fo|qr~ /kjk × yackbZ

68. pqacdh; vfHkokg pqacdh; {ks=k × {ks=kiQy [MT-2A-1][L2] [M L2 T-2A-1]

69. izsjdRo  pqacdh; vfHkokg  [ML2T-2A-1]
[M L2 T-2A-2]

fo|qr~ /kjk [A]

70. pqacdh; f}/zqo vk?kw.kZ cy vk?kw.kZ@pqacdh; {ks=k [ML2T-2]/[MT-2A-1] [M0 L2 T0A]

vFkok vFkok
fo|qr /kjk × {ks=kiQy [A][L2]

71. paqcdh; {ks=k izcyrk] pqacdh; pqacdh; vk?kw.kZ  [L2A]
[M0 L-1T0A]

rhozrk vFkok paqcdh; vk?kw.kZ vk;ru  [L3]

?kuRo

72. fo|qr'khyrk (ijkoS|qrkad)    vkos'k × vkos'k [AT][AT]
 [M-1 L-3 T4A2]

fu;rkad (eqDr vkdk'k dk)    4 π × oS|qr cy × (nwjh)2  [MLT-2][L]2

73. ikjxE;rk fu;rkad 2 π × cy × nwjh  [M0 L0 T0][MLT-2][L]
[M L T-2 A-2]

(eqDr vkdk'k dk) (fo|qr~ /kjk) × (fo|qr~ /kjk) × yackbZ [A][A][L]

74. viorZukad  fuokZr esa izdk'k dh pky  [LT-1]/[LT1] [M0 L0 T0]
ekè;e esa izdk'k dh pky

75. iSQjkMs fu;rkad vkoksxknzks fu;rkad × ewy vkos'k [AT]/[mol] [M0 L0 TA mol-1]

76. rjax la[;k 2 π/rjaxnS?;Z [M0L0T0]/[L] [M0 L-1 T0]
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77. fofdj.k vfHkokg] mRl£tr mQtkZ@le; [ML2T-2]/[T] [M L2 T-3]

fofdj.k 'kfDr

78. fofdj.k vfHkokg dh T;ksfr Ïksr dk fofdj.k vfHkokg vFkok fofdj.k 'kfDr [ML2T-3]/[M0 L0 T0] [ML2 T-3]

vFkok fofdj.k rhozrk ?ku dks.k

79. nhIr 'kfDr vFkok  mRl£tr T;ksfr mQtkZ
[ML2T-2]/[T] [M L2 T-3]

Ïksr dk T;ksfr ÝyDl  le;

80. T;ksfr rhozrk vFkok  T;ksfr ÝyDl  [M L2 T-3] [M L2 T-3]
Ïksr dh iznhiu {kerk ?ku dks.k  [M0 L0 T0]

81. iznhiu dh rhozrk  T;ksfr rhozrk
[ML2T-3]/[L2] [ML0 T-3]

vFkok T;ksfreZ;rk (nwjh)2

nh xbZ rjaxnS?;Z osQ fdlh Ïksr dk T;ksfr ÝyDl   [ML2T-3]
82. vkisf{kd T;ksfr  [M0 L0 T0]

mlh {kerk osQ Ïksr dk pje lqxzkfgrk rjaxnS?;Z   [M L2 T-3]

(555 n m) dk T;ksfr ÝyDl

 oqQy T;ksfr ÝyDl
83. T;ksfr n{krk [ML2T-3]/[ML2T-3] [M0 L0 T0]

oqQy fofdj.k ÝyDl

vkifrr T;ksfr ÝyDl
84. iznhfIr ?kuRo vFkok iznhfIr [ML2T-3]/[L2] [M L0 T-3]

 {ks=kiQy

85. nzO;eku {kfr ¹U;wfDy;kWuksa (ukfHkd d.kksa) osQ nzO;ekuksa dk ;ksxº [M] [M L0 T0]

(ukfHkd dk nzO;eku)

86. ukfHkd dh ca/u mQtkZ nzO;eku {kfr × (fuokZr esa izdk'k dh pky)2 [M][LT-1]2 [M L2 T-2]

87. {k;&fu;rkad 0.693/v/Z vk;q [T-1] [M0 L0 T-1]

88. vuqukn vko`fÙk (izsjdRo × /kfjrk)–½ [ML2T-2A-2]–½ × [M0 L0 A0T-1]

[M-1L-2T4A2]–½

89. xq.krk dkjd vFkok vuqukn vko`fÙk × izsjdRo  [T-1][ML2T-2A-2]
[M0 L0 T0]

oqQaMyh dk Q - dkjd izfrjk s/  [M L2 T-3A-2]

90. ysal dh {kerk (iQksdl nwjh)-1 [L-1] [M0 L-1 T0]

   izfr¯cc&nwjh
91. vko/Zu  [L]/[L] [M0 L0 T0]

  oLrq&nwjh

π/8 × (nkc) × (f=kT;k)4 [ML-1T-2][L4]
92. rjy izokg nj [M0 L3 T-1]

(';kurk xq.kkad) × (yackbZ) [ML-1T-1][L]

93. /kfjrk&izfr?kkr (dks.kh; vko`fÙk × /kfjrk)-1 [T-1]-1[M-1L-2T4A2]-1 [M L2 T-3A-2]

94. izsjf.kd izfr?kkr (dks.kh; vko`fÙk × izsjdRo) [T-1][ML2T-2A-2] [M L2 T-3A-2]
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vH;kl rFkk vfrfjDr vH;klksa osQ mRrj

vè;k; 1

1.1 (a) 10-6 ;  (b) 1.5 ×104;  (c) 5; (d)11.3, 1.13 ×104

1.2 (a) 107;  (b) 10–16 ;  (c) 3.9 ×104;  (d) 6.67 ×10-8

1.5 500

1.6 (c)

1.7 0.035 mm

1.9 94.1

1.10 (a) 1; (b) 3; (c) 4; (d) 4, (e) 4; (f) 4

1.11 8.72 m2 ; 0.0855 m3

1.12 (a) 2.3 kg ; (b) 0.02 g

1.13 lgh lw=k m = m
0
 ( )2 2 ½1  v c

−−  gS A
1.14 ≅ 3 ×10–7 m3

1.15 ≅ 104 ;  fdlh xSl eas varjkv.kqd i`Fkdu v.kq osQ vkdkj ls cgqr vf/d gksrk gS A

1.16 izs{kd osQ vk¡[kksa ij lehiLFk oLrq,¡ nwjLFk oLrqvksa dh vis{kk vf/d dks.k cukrh gSaA tc vki xfreku gksrs gSa rks
lehiLFk oLrqvksa dh vis{kk nwjLFk oLrqvksa }kjk cus dks.k esa ifjorZu de gksrk gSA vr% nwjLFk oLrq,¡ vkiosQ lkFk
xfre; izrhr gksrh gSa tcfd lehiLFk oLrq,¡ foijhr fn'kk esaA

1.17 1.4 × 103  kgm-3, lw;Z dk nzO;eku&?kuRo nzoksa@Bkslksa osQ ?kuRoksa osQ ifjlj eas gksrk gS] xSlksa osQ ?kuRoksa osQ ifjlj eas
ugha A lw;Z dh Hkhrjh ijrksa osQ dkj.k ckgjh ijrksa ij vareqZ[kh xq#Rokd"kZ.k cy osQ dkj.k gh xeZ IyS”ek dk bruk mPPk
?kuRo gks tkrk gS A

vè;k; 2

2.1 (a), (b)

2.2 (a) A .......... B, (b) A .......... B, (c) B .......... A, (d) ogh (e) B .......... A.........,d ckj A
2.4 37 s

2.5 3.06 m s–2, 11.4 s

2.6 (a) ÅèokZ/j v/kseq[kh_ (b) 'kwU; osx] 9.8 m s–2 dk v/kseq[kh Roj.k_ (c) x>0 (mifjeq[kh rFkk v/kseq[kh xfr)_
v<0 (mifjeq[kh)_ v >0 (v/kseq[kh)] a > 0 gj le;_ (d) 44.1 m, 6s

2.7 (a) lgh_ (b) xyr _ (c) lgh (;fn d.k la?kê ð osQ mlh {k.k mlh pky ls izfr{ksfir gksrk gS] rks blls ;g vFkZ
fudyrk gS fd Roj.k vuar gS] tks fd HkkSfrd :i ls laHko ugha gS)_ (d) xyr (rHkh lgh gS tcfd pquh gqbZ /ukRed
fn'kk xfr dh fn'kk osQ vuqfn'k gS)A
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2.10 (i) 5 km h-1, 5 km h-1;  (ii) 0; 6 km/h; (iii)
8

15
 km h-1] 

8

45
km h-1

2.11 D;ksafd fdlh ;kn`fPNd y?kq le; varjky osQ fy,] foLFkkiu dk ifjek.k iFk&yackbZ osQ cjkcj gksrk gS A

2.12 pkjksa xzkiQ vlaHko gSa A (a) ,d gh le; fdlh d.k dh nks fofHkUu fLFkfr;k¡ ugha gks ldrha_ (b) ,d gh le; fdlh
d.k osQ foijhr fn'kkvksa eas osx ugha gks ldrs _ (c) pky dHkh Hkh Í.kkRed ugha gksrh _ (d) fdlh d.k dh oqQy
iFk&yackbZ le; osQ lkFk dHkh Hkh ugha ?kV ldrh (è;ku nhft,] xzkiQ ij cus rhj osQ fpÉ vFkZghu gSa) A

2.13 ugha] xyr gS A x-t vkys[k fdlh d.k osQ iz{ksi.k dks iznf'kZr ugha djrk A lanHkZ % dksbZ fiaM fdlh ehukj ls fxjk;k
tkrk gS (x = 0), t = 0 ij A

2.14 105 m s–1

2.15 (a) fpdus iQ'kZ ij fojke eas j[kh fdlh xsan ij fdd yxkbZ tkrh gS ftlls og xsan fdlh nhokj ls Vdjkdj lekuhr
(reduced) pky ls okil ykSVrh gS rFkk foijhr nhokj dh vksj tkrh gS tks mls jksd nsrh gS A

(b) fdlh vkjafHkd osx ls ÅèokZ/jr% Åij isaQdh xbZ dksbZ xsan iQ'kZ ls gj VDdj osQ i'Pkkr~ ?kVh pky ls okil
ykSVrh gS A

(c) ,dleku osx ls xfr'khy dksbZ fØosQV xsan vR;ar y?kq le; varjky osQ fy, cYys ls fgV gksdj okil
ykSVrh gS A

2.16 x < 0, v < 0, a > 0; x > 0, v > 0, a < 0; x < 0, v > 0, a > 0 A

2.17 3 eas lcls vf/d] 2 eas lcls de_ 1 rFkk 2 eas v > 0; 3 eas v < 0

2.18 2 eas Roj.k dk ifjek.k vf/dre_ 3 eas pky vf/dre_ 1, 2 rFkk 3 eas v>0, 1 rFkk 3 eas a>0, 2 eas a<0 ; A,

B, C rFkk D ij a = 0

vè;k; 3

3.1 vk;ru] nzO;eku] pky] ?kuRo] eksyksa dh la[;k] dks.kh; vko`fRRk vfn'k gS] 'ks"k lHkh lfn'k gSa A

3.2 dk;Z] fo|qr /kjk

3.3 vkosx

3.4 osQoy (c) rFkk (d) Lohdk;Z gSa A
3.5 (a) T, (b) F, (c) F, (d) T, (e) T

3.6 laosQr % fdlh f=kHkqt dh fdUgha nks Hkqtkvksa dk ;ksx (varj) dHkh Hkh rhljh Hkqtk ls de (vf/d) ugha gks ldrk A
lajs[kh lfn'kksa osQ fy, ;g ;ksx (varj) rhljh Hkqtk osQ leku gksrk gS A

3.7 (a) osQ vfrfjDr lHkh izdFku lgh gSa A

3.8 izR;sd osQ fy, 400 m ; B

3.9 (a) 0; (b) 0; (c) 21.4 kmh-1

3.10 1 km ifjek.k dk foLFkkiu vkjafHkd fn'kk ls  60° dk dks.k cukrs gq, _ oqQy iFk&yackbZ = 1.5 km (rhljk eksM+)_
'kwU; foLFkkiu lfn'k_ iFk&yackbZ = 3 km (NBk eksM+)_ 866 m, 30°, 4 km (vkBok¡ eksM+) A

3.11 (a) 49.3 kmh-1; (b) 21.4 kmh-1, ugha] osQoy lh/s iFkksa osQ fy, gh ifjek.k eas ekè; pky] ekè; osx osQ cjkcj
gksrh gS A

3.12 150.5 m

Reprint 2026-27



166 HkkSfrdh

3.13 50 m

3.14 9.9 m s–2, gj fcanq ij f=kT;k osQ vuqfn'k osaQnz dh vksj A
3.15 6.4 g

3.16 (a) xyr (osQoy ,dleku o`Rrh; xfr osQ fy, gh lgh) A

(b) lgh]   (c) lgh

3.17 (a) v (t) = (3.0 k̂  – 4.0 t l̂ )

a(t) = – 4.0 l̂

(b) 8.54 m s–1, x-v{k ls 70°

3.18 (a) 2 s, 24 m, 21.26 m s–1

3.19 2 , x-v{k ls 45° ij ; 2 , x-v{k ls – 45° ij, ( 25 )21 , −

3.20 (b) rFkk (e)

3.21 osQoy (e) lgh gS A

3.22 182.2 m s–1

vè;k; 4

4.1 (a) ls (d) esa U;wVu osQ izFke fu;e osQ vuqlkj dksbZ usV cy ugha yxrk (e) D;ksafd ;g oS|qr paqcdh; rFkk xq#Roh;
cy mRiUu djus okyh HkkSfrd ,tsafl;ksa ls cgqr nwj gS] vr% dksbZ cy ugha yxrk A

4.2 izR;sd fLFkfr esa (ok;q osQ izHkko dks ux.; ekurs gq,) dadM+ ij osQoy ,d gh cy&xq#Ro cy = 0.5 N mQèokZ/jr%
v/kseq[kh yxrk gS A ;fn dadM+ dh xfr mQèokZ/j osQ vuqfn'k ugha gS rc Hkh mRrj esa dksbZ ifjorZu ugha gksrk A dadM+
mPpre fcanq ij fojke esa ugha gS A bldh leLr xfr dh vof/ esa bl ij osx dk ,dleku {kSfrt ?kVd dk;Zjr
jgrk gS A

4.3 (a) 1 N mQèokZ/jr% v/kseq[kh (b)  ogh tks (a) esa gS] (c) ogh tks (a) esa gS A fdlh Hkh {k.k cy ml {k.k dh fLFkfr
ij fuHkZj djrk gS] bfrgkl ij ugha A (d) 0.1 N jsyxkM+h dh xfr dh fn'kk esa A

4.4 (i) T

4.5 a = –2.5 m s–2, v = u + at dk iz;ksx djus ij] 0 = 15 – 2.5 t vFkkZr~ t = 6.0 s

4.6 a = 1.5/25 = 0.06 m s–2, F = 3 × 0.06 = 0.18 N xfr dh fn'kk esa A

4.7 ifj.kkeh cy = 10 N, 8 N cy dh fn'kk ls tan–1 (3/4) = 37° dk dks.k cukrs gq, A

Roj.k = 2 m s–2 ifj.kkeh cy dh gh fn'kk esa A

4.8 a = –2.5 m s–2;  eand cy = 465 × 2.5 = 1.2 × 103 N

4.9 F – 20,000 × 10 = 20,000 × 5.0 vFkkZr~ F = 3.0 × 105 N

4.10 a = –20 m s–2 0 ≤ t ≤ 30 s

t = – 5 s x = ut = –10 × 5 = –50 m

t = 25 s x = ut + ½ at2 = (10 ×25 – 10 ×62.5)m = – 6.0 km

t = 100 s igys 30 s rd dh xfr ij fopkj dhft,

x1 = 10 × 30 – 10 × 900 = – 8700 m

t = 30 s ij v = 10 – 20 ×30 = –590 m s–1
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30 s ls 100 s dh xfr osQ fy,

x2 = –590 × 70 = – 41300 m

x = x1 + x2 = – 50 km

4.11 (a) t = 10 s ij dkj dk osx = 0 + 2 × 10 = 20 m s–1

U;wVu osQ xfr osQ izFke fu;e osQ vuqlkj leLr xfr dh vof/ esa osx dk {kSfrt ?kVd 20 m s–1 gS]

t = 11s ij osx dk mQèokZ/j ?kVd = 0 + 10 × 1 = 10 m s–1

t = 11s ij iRFkj dk osx = 22
1020 + 500=  = 22.4 m s–1 {kSfrt fn'kk ls tan–1 (½) dk dks.k cukrs gq, A

(b) 10 m s–2 mQèokZ/jr% v/kseq[kh A

4.12 (a) pje fLFkfr ij xksyd dh pky 'kwU; gS A ;fn Mksjh dkV nh tk, rks og mQèokZ/j v/kseq[kh fxjsxk A

(b) ekè; fLFkfr ij xksyd esa {kSfrt osx gksrk gS A ;fn Mksjh dkV nh tk, rks og fdlh ijoyf;d iFk osQ vuqfn'k
fxjsxk A

4.13 rqyk dk ikB~;kad O;fDr }kjk iQ'kZ ij vkjksfir cy dh eki gksrk gS A U;wVu osQ xfr osQ r`rh; fu;e osQ vuqlkj ;g
iQ'kZ }kjk O;fDr ij vkjksfir vfHkyac cy N osQ leku ,oa foijhr gksrk gS A

(a) N = 70 × 10 = 700 N; ikB~;kad 70 kg gS A

(b) 70 × 10 – N = 70 × 5; ikB~;kad 35 kg gS A

(c) N – 70 × 10 = 70 × 5; ikB~;kad 105 kg gS A

(d) 70 × 10 – N = 70 × 10; N = 0; iSekus dk ikB~;kad 'kwU; gksxk A

4.14 (a) rhuksa le; varjkyksa esa Roj.k vkSj blfy, cy Hkh] nksuksa 'kwU; gSa A

(b) t = 0 ij 3 kg m s–1 (c) t = 4 s ij –3 kg m s–1

4.15 ;fn 20 kg nzO;eku osQ fiaM dks [khprs gSa] rks

600 – T = 20 a, a = 20 m s–2, T = 10 a vFkkZr~ T = 200 N A

;fn 10 kg nzO;eku osQ fiaM dks [khaprs gSa] rks a = 20 m s–2; T = 400 N

4.16 T – 8 × 10 = 8 a; 12 × 10 – T = 12 a

vFkkZr~ a = 2 m s–2;  T = 96 N

4.17 laosx laj{k.k fu;e }kjk oqQy vafre laosx 'kwU; gS A nks laosx lfn'kksa dk ;ksx rc rd 'kwU; ugha gks ldrk tc rd
fd os nksuksa leku ,oa foijhr u gksa A

4.18 izR;sd xasn ij vkosx dk ifjeki = 0.05 × 12 = 0.6 kg m s–1 A nksuksa vkosx foijhr fn'kkvksa esa gSa A

4.19 laosx laj{k.k fu;e osQ vuqlkj % 100 v = 0.02 × 80

v = 0.016 m s–1 = 1.6 cm s–1

4.20 vkosx] vkjafHkd rFkk vafre fn'kkvksa osQ lef}Hkktd js[kk osQ vuqfn'k fu£n"V gS A

bldk ifjek.k = 0.15 × 2 × 15 × cos 22.5° = 4.2 kg m s–1

4.21
–140

2 1.5 2 m s
60

v π π= × × =

2 20.25 4
6.6 N

1.5
mv

T
R

π×
= = =
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= =bll s ikz Ir gksrk gS
2

–1200 , 35 m smax
max

mv
v

R

4.22 izFke fu;e osQ vuqlkj fodYi (b) lgh gS A

4.23 (a) fjDr fno~QLFkku (empty space) ls ?kksM+k&xkM+h fudk; ij dksbZ cká cy dk;Zjr ugha gS A ?kksM+k rFkk xkM+h osQ
chp ikjLifjd cy fujLr gks tkrs gSa (r`rh; fu;e) A iQ'kZ ij] fudk; rFkk iQ'kZ osQ chp laioZQ cy (?k"kZ.k
cy) ?kksMs+ rFkk xkM+h dks fojke ls xfr esa ykus dk dkj.k gksrs gSa A

(b) 'kjhj dk tks Hkkx lhV osQ lh/s laioZQ esa ugha gS mlosQ tM+Ro osQ dkj.k A

(c) ?kkl&ykod (lawn mower) dks fdlh dks.k ij cy vkjksfir djosQ [khapk vFkok /osQyk tkrk gS A tc vki
/Ddk nsrs gSa] rc mQèokZ/j fn'kk esa larqyu osQ fy, vfHkyac cy (N) mlosQ Hkkj ls vf/d gksuk pkfg, blosQ
iQyLo:i ?k"kZ.k cy f (f ∝ N) c<+ tkrk gS  vkSj blhfy, ewoj dks pykus osQ fy, vf/d cy vkjksfir djuk
iM+rk gS A [khaprs le; Bhd blosQ foijhr gksrk gS A

(d) ,slk og f[kykM+h laosx ifjorZu dh nj dks ?kVkus vkSj bl izdkj xsan dks jksdus osQ fy, vko';d cy dks de
djus osQ fy, djrk gS A

vè;k; 5

5.1 (a) /ukRed (b) ½.kkRed  (c) ½.kkRed  (d) /ukRed (e) ½.kkRed
5.2 (a) 882 J ;  (b) –247 J ;  (c) 635 J ;  (d) 635 J

fdlh fiaM ij usV cy }kjk fd;k x;k dk;Z bldh xfrt mQtkZ esa ifjorZu osQ cjkcj gksrk gS A
5.3 (i)   x > a; 0 (iii)  x < a, x > b ; – V1

(ii)  -∞     < x < ∞     ; V1 (iv)  –b/2 < x < –  a/2, a/2 < x < b/2 ; –V1

5.5 (a) jkWosQV_ (b) ,d laj{kh cy osQ rgr fdlh iFk ij pyus esas fd;k x;k dk;Z fiaM dh fLFkfrt mQtkZ esa ifjorZu
dk ½.kkRed gksrk gS A fiaM tc viuh d{kk esas ,d pØ iw.kZ djrk gS rks mldh fLFkfrt mQtkZ esa dksbZ ifjorZu
ugha gksrk_ (c) xfrt mQtkZ esa o`f¼ gksrh gS tcfd fLFkfrt mQtkZ ?kVrh gS] rFkk bu nksuksa mQtkZvksa dk ;ksx] ?k"kZ.k osQ
fo#¼ mQtkZ {k; osQ dkj.k] ?kV tkrk gS _ (d) nwljs izdj.k esa A

5.6 (a) de gks tkrh gS_ (b) xfrt mQtkZ _ (c) cká cy_ (d) oqQy jSf[kd laosx] rFkk oqQy mQtkZ Hkh (;fn nks fiaMksa
dk fudk; fo;qDr gS) A

5.7 (a) F ; (b) F ; (c) F ; (d) F (izk;% lgh ijarq lnSo ugha] D;ksa \) A

5.8 (a) ugha_  (b) gk¡_  (c) fdlh vizR;kLFk la?kê ð osQ le; jSf[kd laosx lajf{kr jgrk gS] xfrt mQtkZ la?kê ð lekIr gksus
osQ i'pkr Hkh lajf{kr ugha jgrh_ (d) izR;kLFk A

5.9 (ii) t

5.10 (iii) t 23

5.11 12 J

5.12 bysDVªWku vis{kko`Qr vf/d rhoz gS]  ve/vp = 13.5

5.13 izR;sd vk/s esas 0.082 J ; – 0.163 J

5.14 gk¡] (v.kq + nhokj) fudk; dk laosx lajf{kr gS A nhokj dk izfr{ksi laosx bl izdkj gS fd] nhokj dk laosx  + ckgj
tkus okys v.kq dk laosx = vkus okys v.kq dk laosx A ;gk¡ ;g ekuk x;k gS fd nhokj vkjaHk esa fojke voLFkk esa
gS A rFkkfi] nhokj dk vR;f/d nzO;eku gksus osQ dkj.k izfr{ksi laosx blessa ux.; osx mRiUu dj ikrk gS A pwafd ;gk¡
xfrt mQtkZ Hkh lajf{kr jgrh gS] vr% la?kê ð izR;kLFk gS A
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5.15 43.6 kW

5.16 (ii)

5.17 ;g viuk leLr laosx est ij j[kh xsan dks LFkkuakrfjr dj nsrk gS rFkk tjk Hkh mQij ugha mBrk A

5.18 5.3 m s–1

5.19 27 km h–1 (pky esa dksbZ ifjorZu ugha)

5.20 50 J

5.21 (a) m = ρ A v t (b) K = ρ A v3 t/2 (c) P = 4.5 kWh
5.22 (a) 49000 J (b) 6.45 × 10–3 kg

5.23 (a) 200 m2 (b) 14 m × 14 m foek osQ fdlh cM+s ?kj dh Nr ls rqyuh; A

vè;k; 6

6.1 izR;sd dk T;kferh; osaQnz A ugha] nzO;eku osaQnz oLrq osQ ckgj fLFkr gks ldrk gS tSlk fd fdlh NYys] [kks[kys xksys]
[kks[kys fl¯yMj] [kks[kys ?ku vkfn izdj.kksa esa gksrk gS A

6.2 H rFkk Cl ukfHkdksa dks feykus okyh js[kk ij H fljs ls  1.24Å nwjh ij vofLFkr A

6.3 pwafd fudk; ij dksbZ cká cy dk;Zjr ugha gS _ vr% (VªkWyh + cPpk) fudk; osQ nzO;eku&osaQnz dh pky vifjofrZr
(v osQ cjkcj) jgrh gS A VªkWyh dks nkSM+k, j[kus esas tks cy lfEefyr gSa os lHkh bl fudk; osQ vkarfjd cy gSa A

6.6 l
z
 = xp

y
 – yp

x
, l

x
 = yp

z
 – zp

y
, l

y
 = zp

x
 – xp

z

6.8 72 cm

6.9 vxys ifg, ij 3675 N, fiNys ifg, ij 5145 N

6.10 xksyk

6.11 xfrt mQtkZ = 3125 J _ dks.kh; laosx = 62.5 J s

6.12 (a) 100 pDdj@feuV (dks.kh; laosx laj{k.k fu;e mi;ksx dhft,) A

(b) ubZ xfrt mQtkZ ?kw.kZu dh izkjafHkd xfrt mQtkZ dh 2.5 xquh gS A cPpk viuh vkarfjd mQtkZ dk mi;ksx viuh
?kw.khZ xfrt mQtkZ esa o`f¼ djus osQ fy, djrk gS A

6.13 25 s–2 ; 10 m s–2

6.14 36 kW

6.15 ewy fMLd osQ osQUnz ls R/6 ij dVs Hkkx osQ osQUnz osQ lkeusA

6.16 66.0 g

6.17 6.75×1012 rad s–1

vè;k; vè;k; vè;k; vè;k; vè;k; 7

7.1 (a) ugha

(b) gk¡] ;fn varfj{k ;ku dk vkdkj mlosQ fy, bruk vf/d gks fd og g osQ ifjorZu dk lalwp.k dj losQ A

(c) Tokjh; izHkko nwjh osQ ?ku osQ O;qRØekuqikrh gksrk gS vkSj bl vFkZ esa ;g mu cyksa ls fHkUu gS tks nwjh osQ oxZ
osQ O;qRØekuqikrh gksrs gSa A

7.2 (a) ?kVrk gS (b) ?kVrk gS (c) fiaM dk nzO;eku (d) vf/d
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7.3 0.63 ?kVd ls NksVkA

7.5 3.54 × 108  years

7.6 (a) xfrt ÅtkZ  (b) de

7.7 (a) ugha]  (b) ugha] (c) ugha] (d) gk¡

(iyk;u osx fiaM osQ nzO;eku rFkk iz{ksi.k dh fn'kk ij fuHkZj ugha djrk A ;g ml fcanq osQ xq#Roh; foHko ij fuHkZj
djrk gS ftlls fiaM dk iz{ksi.k fd;k x;k gS A pw¡fd ;g foHko (vYir%) ml ̄ cnq osQ v{kka'k rFkk Å¡pkbZ ij fuHkZj
djrk gS] vr% iyk;u osx (pky) Hkh (vYir%) bUgha dkjdksa ij fuHkZj djrk gS A)

7.8 ?kwers gq, fiaM dh d{kk esa dks.kh; laosx rFkk oqQy mQtkZ dks NksM+dj 'ks"k lHkh jkf'k;ksa esa ifjorZu gksrk gS A

7.9 (b), (c) rFkk (d)

 7.10 rFkk 7.11  bu nksuksa iz'uksa osQ fy, jpuk,¡ dfj, A v/Zxksys dks iwjk djosQ xksyk cukb, A

P rFkk C nksuksa ij] foHko fu;r gS rFkk blfy, rhozrk = 0 A vr% (c) vkSj (e) lgh gSa A
7.12 2.6 × 108 m

7.13 2.0 × 1030 kg

7.14 1.43 × 1012 m

7.15 28 N

7.16 125 N

7.17 i`Foh osQ osaQnz ls 8.0 × 106 m nwjh ij

7.18 31.7 km s–1

7.19 5.9 × 109 J

7.20 2.6 × 106 m s–1

7.21 0, 2.7 × 10–8 J kg–1; ekè; fcanq ij j[kk dksbZ fiaM fdlh vLFkk;h larqyu esa gS A

 P                 C
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lokZf/dkj lqjf{kr
q izdk'kd dh iwoZ vuqefr osQ fcuk bl izdk'ku osQ fdlh Hkkx dks Nkiuk rFkk

bysDVªkW fudh] e'khuh] iQksVksizfrfyfi] fjdkWfMZ±x vFkok fdlh vU; fof/ ls iqu% iz;ksx
i¼fr }kjk mldk laxzg.k vFkok izlkj.k oftZr gSA

q bl iqLrd dh fcØh bl 'krZ osQ lkFk dh xbZ gS fd izdk'kd dh iwoZ vuqefr osQ fcuk
;g iqLrd vius ewy vkoj.k vFkok ftYn osQ vykok fdlh vU; izdkj ls O;kikj }kjk
m/kjh ij] iqufoZØ; ;k fdjk, ij u nh tk,xh] u csph tk,xhA

q bl izdk'ku dk lgh ewY; bl i`"B ij eqfæzr gSA jcM+ dh eqgj vFkok fpidkbZ xbZ iphZ
(fLVdj) ;k fdlh vU; fof/ }kjk vafdr dksbZ Hkh la'kksf/r ewY; xyr gS rFkk ekU;
ugha gksxkA

,u-lh-bZ-vkj-Vh- osQ izdk'ku izHkkx osQ dk;kZy;
,u-lh-bZ-vkj-Vh- oSaQil
Jh vjfoan ekxZ
ubZ fnYyh 110 016 iQksu % 011&26562708

108] 100 iQhV jksM
gsyh ,DlVsasa'ku] gksLMsosQjs
cuk'kadjh III bLVst
csaxyq# 560 085 iQksu % 080&26725740

uothou VªLV Hkou
Mkd?kj uothou
vgenkckn 380 014 iQksu % 079&27541446

lh-MCY;w-lh- oSaQil
fudV% /udy cl LVkWi ifugVh
dksydkrk  700 114 iQksu % 033&25530454

lh-MCY;w-lh- dkWEIySDl
ekyhxkao
xqokgkVh 781 021 iQksu % 0361&2674869

izdk'ku lg;ksx

vè;{k] izdk'ku izHkkx % ,e-oh- Jhfuoklu

eq[; laiknd % fcKku lqrkj

eq[; mRiknu vfèkdkjh % tgku yky
(izHkkjh)

eq[; O;kikj izca/d % vferkHk oqQekj

laiknd % ujs'k ;kno

lgk;d mRiknu vfèkdkjh % lk;qjkt ,-vkj-

vkoj.k ,oa fp=kkadu
'osrk jko

11089µHkkSfrdh (Hkkx 2)
d{kk 11 osQ fy, ikB~;iqLrd

ISBN  81-7450-515-6 (ISBN  81-7450-515-6 (ISBN  81-7450-515-6 (ISBN  81-7450-515-6 (ISBN  81-7450-515-6 (Hkkx 1)))))

ISBN  81-7450-591-1 (ISBN  81-7450-591-1 (ISBN  81-7450-591-1 (ISBN  81-7450-591-1 (ISBN  81-7450-591-1 (Hkkx 2)))))

izFke laLdj.k

tqykbZ 2006 Jko.k 1928

iqueqæZ.k

tuojh 2007] ebZ 2008] twu 2009]
tuojh 2010] twu 2011] iQjojh 2012]
tuojh 2013] ekpZ 2014] iQjojh 2015]
fnlacj 2015] ekpZ 2017] fnlacj 2017]
iQjojh 2019 vkSj vDrwcj 2019

la'kksf/r laLdj.k

uoacj 2022 vxzgk;.k 1944

iqueqæZ.k

ekpZ 2024 pS=k 1946
twu 2024 T;s"B 1946
fnlacj 2024 ikS"k 1946

PD 15T+10T MPD 15T+10T MPD 15T+10T MPD 15T+10T MPD 15T+10T M

© jk"Vªh; 'kSf{kd vuqla/ku vkSj izf'k{k.k ifj"kn~ ]
  2006] 2022

` 110.00 110.00 110.00 110.00 110.00

,u-lh-bZ-vkj-Vh- okVjekoZQ 70 th-,l-,e- isij ij
eqfnzrA

izdk'ku izHkkx esa lfpo] jk"Vªh; 'kSf{kd vuqla/ku vkSj
izf'k{k.k ifj"kn~] Jh vjfoan ekxZ] ubZ fnYyh 110016 }kjk
izdkf'kr rFkk Mh-ih- fizafVx ,oa ckbaZfMax] ch&149]
vks[kyk-I] ,&1] ubZ fnYyh&110020 }kjk eqfnzrA
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jk"Vªh; ikB~;p;kZ dh :ijs[kk (2005) lq>krh gS fd cPpksa osQ LowQyh thou dks ckgj osQ thou ls tksM+k
tkuk pkfg,A ;g fl¼kar fdrkch Kku dh ml fojklr osQ foijhr gS ftlosQ izHkkoo'k gekjh O;oLFkk
vkt rd LowQy vkSj ?kj osQ chp varjky cuk, gq, gSA u;h jk"Vªh; ikB~;p;kZ ij vk/kfjr ikB~;Øe vkSj
ikB~;iqLrosaQ bl cqfu;knh fopkj ij vey djus dk iz;kl gSaA bl iz;kl esa gj fo"k; dks ,d e”kcwr
nhokj ls ?ksj nsus vkSj tkudkjh dks jVk nsus dh izo`fÙk dk fojks/ 'kkfey gSA vk'kk gS fd ;s dne gesa
jk"Vªh; f'k{kk uhfr (1986) esa of.kZr cky&osaQfnzr O;oLFkk dh fn'kk esa dki+ Qh nwj rd ys tk,¡xsA

bl iz;Ru dh liQyrk vc bl ckr ij fuHkZj gS fd LowQyksa osQ izkpk;Z vkSj vè;kid cPpksa dks
dYiuk'khy xfrfof/;ksa vkSj lokyksa dh enn ls lh[kus vkSj lh[kus osQ nkSjku vius vuqHkoksa ij fopkj
djus dk fdruk volj nsrs gSaA gesa ;g ekuuk gksxk fd ;fn txg] le; vkSj vk”kknh nh tk, rks cPps
cM+ksa }kjk lkSaih xbZ lwpuk&lkexzh ls tqM+dj vkSj tw>dj u, Kku dk l`tu djrs gSaA f'k{kk osQ fofo/
lk/uksa ,oa lzksrksa dh vuns[kh fd, tkus dk izeq[k dkj.k ikB~;iqLrd dks ijh{kk dk ,dek=k vk/kj cukus
dh izo`fÙk gSA ltZuk vkSj igy dks fodflr djus osQ fy, ”k:jh gS fd ge cPpksa dks lh[kus dh izfØ;k
esa iwjk Hkkxhnkj ekusa vkSj cuk,¡] mUgsa Kku dh fu/kZfjr [kqjkd dk xzkgd ekuuk NksM+ nsaA

;s mís'; LowQy dh nSfud ftanxh vkSj dk;Z'kSyh esa dki+ Qh i+ sQjcny dh ek¡ x djrs gSaA  nSfud
le;&lkj.kh esa yphykiu mruk gh ”k:jh gS] ftruk okf"kZd oSQysaMj osQ vey esa pqLrh] ftlls f'k{k.k
osQ fy, fu;r fnuksa dh la[;k gdhdr cu losQA f'k{k.k vkSj ewY;kadu dh fof/;k¡ Hkh bl ckr dks r;
djsaxh fd ;g ikB~;iqLrd LowQy esa cPpksa osQ thou dks ekufld ncko rFkk cksfj;r dh txg [kq'kh dk
vuqHko cukus esa fdruh izHkkoh fl¼ gksrh gSA cks> dh leL;k ls fuiVus osQ fy, ikB~;Øe fuekZrkvkssa
us fofHkUu pj.kksa esa Kku dk iqufuZèkkZj.k djrs le; cPpksa osQ euksfoKku ,oa  vè;kiu osQ fy, miyC/
le; dk è;ku j[kus dh igys ls vf/d lpsr dksf'k'k dh gSA bl dksf'k'k dks vkSj xgjkus osQ ;Ru esa
;g ikB~;iqLrd lksp&fopkj vkSj foLe;] NksVs lewgksa esa ckrphr ,oa cgl vkSj gkFk ls dh tkus okyh
xfrfofèk;ksa dks izkFkfedrk nsrh gSA

,u-lh-bZ-vkj-Vh- bl iqLrd dh jpuk osQ fy, cukbZ xbZ ikB~;iqLrd fuekZ.k lfefr osQ ifjJe osQ fy,
òQrKrk O;Dr djrh gSA ifj"kn~ foKku ,oa xf.kr ikB~;iqLrd lykgdkj lfefr osQ vè;{k] izksI+ksQlj ts-oh-
ukyhZdj vkSj bl ikB~;iqLrd osQ eq[; lykgdkj] izksI+ksQlj ,-MCY;w- tks'kh] ftUgksaus bl lfefr osQ dk;Z dks
funsZf'kr fd;k] dh fo'ks"k vkHkkjh gSA bl ikB~;iqLrd osQ fodkl esa dbZ f'k{kdksa us ;ksxnku fd;k_ bl ;ksxnku
dks LakHko cukus osQ fy, ge muosQ izkpk;ksZa osQ vkHkkjh gSaA ge mu lHkh la LFkkvksa vkSj la xBuksa osQ izfr òQrK
gSa ftUgksaus vius lalk/uksa] lkexzh rFkk lg;ksfx;ksa dh enn ysus esa gesa mnkjrkiwoZd lg;ksx fn;kA izksi+ sQlj è.kky
ehjh vkSj izksi+ sQlj th- ih- ns'kiakMs dh vè;{krk esa ekuo lalkèku fodkl ea=kky; osQ vèkhu mPp ekè;fed
f'k{kk foHkkx }kjk xfBr fuxjkuh lfefr (eWkuhV¯jx desVh) osQ lnL;ksa osQ vewY; le; vkSj lg;ksx osQ fy,
ge ÑrK gSaA O;oLFkkxr lq/kjksa vkSj vius izdk'kuksa esa fuja rj fu[kkj ykus osQ izfr lefiZr ,u-lh-bZ-vkj-Vh-

fVIif.k;ksa ,oa  lq>koksa dk Lokxr djsxh ftuls Hkkoh la'kks/uksa esa enn yh tk losQA

funs'kd

u;h fnYyh jk"Vªh; 'kSf{kd vuqla/ku vkSj

20 fnlacj 2005 çf'k{k.k ifj"kn~
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ikB~;iqLrdksa esa ikB~; lkexzh dk iqul±;kstu

dksfoM&19 egkekjh dks ns•rs gq,] fo|kfFkZ;ksa osQ Åij ls ikB~; lkexzh dk cks> de djuk vfuok;Z

gSA jk"Vªh; f'k{kk uhfr] 2020 esa Hkh fo|kfFkZ;ksa osQ fy, ikB~; lkexzh dk cks> de djus vkSj jpukRed

uT+kfj, ls vuqHkokRed vf/xe osQ volj çnku djus ij ”kksj fn;k x;k gSA bl i`"BHkwfe esa] jk"Vªh;

'kSf{kd vuqla/ku vkSj çf'k{k.k ifj"kn~ us lHkh d{kkvksa esa ikB~;iqLrdksa dks iqul±;ksftr djus dh 'kq#vkr

dh gSA bl çfØ;k esa jk-'kS-v-ç-i- }kjk igys ls gh fodflr d{kkokj lh•us osQ çfriQyksa dks è;ku

esa j•k x;k gSA

ikB~; lkefxz;ksa osQ iqul±;kstu esa fuEufyf•r fcanqvksa dks è;ku esa j•k x;k gS &&

• ,d gh d{kk esa vyx&vyx fo"k;ksa osQ varxZr leku ikB~; lkexzh dk gksuk_

• ,d d{kk osQ fdlh fo"k; esa mlls fupyh d{kk ;k Åij dh d{kk esa leku ikB~; lkexzh dk gksuk_

• dfBukbZ Lrj_

• fo|kfFkZ;ksa osQ fy, lgt :i ls lqyHk ikB~; lkexzh dk gksuk] ftls f'k{kdksa osQ vf/d gLr{ksi osQ

fcuk] os •qn ls ;k lgikfB;ksa osQ lkFk ikjLifjd :i ls lh• ldrs gksa_

• orZeku lanHkZ esa vçklafxd lkexzh dk gksukA

orZeku laLdj.k] Åij fn, x, ifjorZuksa dks 'kkfey djrs gq, rS;kj fd;k x;k iqul±;ksftr

laLdj.k gSA
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izkDdFku

,d n'kd ls Hkh vf/d le; iwoZ] jk"Vªh; 'kSf{kd vuqla/ku vkSj izf'k{k.k ifj"kn~ us izks- Vh-oh- jkeo`Q".ku]
,iQ-vkj-,l-] dh vè;{krk esa ys[kdksa osQ ,d ny dh lgk;rk ls d{kk 11 rFkk 12 osQ fy, fy[kh xbZ
ikB~;iqLrosaQ izdkf'kr dh Fkha A bu iqLrdksa dks fo|k£Fk;ksa rFkk f'k{kdksa us leku :i ls HkyhHkkafr viuk;k A
okLro esa ;s iqLrosaQ ehy dk iRFkj rFkk fopkj/kjk fu/kZfjr djus okyh fl¼ gqb± A rFkkfi] ikB~;iqLrdksa
vkSj fo'ks"kdj foKku dh iqLrdksa dk fodkl ifjorZu'khy cks/] vko';drk] iqu£uos'ku rFkk fo|k£Fk;ksa]
f'k{kkfonksa rFkk lekt ds vuqHkoksa dh n`f"V ls ,d xR;kRed izfØ;k gS A fo|ky;h f'k{kk osQ fy, jk"Vªh;
ikB~;p;kZ dh :ijs[kkµ2000 ij vk/kfjr la'kksf/r ikB~;Øeksa osQ vuq:i HkkSfrdh dh ikB~;iqLrdksa dk
,d nwljk laLdj.k izksisQlj lqjs'k pUnz osQ funsZ'ku esa izdkf'kr fd;k x;k tks vc rd ykxw FkkA gky esa
jk"Vªh; 'kSf{kd vuqla/ku vkSj izf'k{k.k ifj"kn~ us jk"Vªh; ikB~;p;kZ dh :ijs[kk 2005 (,u-lh-,iQ- 2005)
izdkf'kr dh rFkk fo|ky;h Lrj ij ikB~;p;kZ uohdj.k izfØ;k osQ nkSjku ikB~;Øe esa rnuqlkj la'kks/u
fd;k x;k A mPprj ekè;fed Lrj osQ fy, ikB~;Øe (,u-lh-bZ-vkj-Vh-] 2005) fodflr fd;k x;k gS A
d{kk 11 dh ikB~;iqLrd esa 15 vè;k; nks Hkkxksa esa gSaA Hkkx 1 esa izFke vkB vè;k; gSa tcfd Hkkx 2
esa vxys lkr vè;k; gSaA izLrqr iqLrd orZeku ikB~;iqLrd fuekZ.k lfefr osQ uohu iz;kl dk ifj.kke
gS vkSj lkFk gh ;g vk'kk gS fd fo|kFkhZ HkkSfrdh osQ lqanjrk ,oa roZQ dk egÙo le>saxsA mPprj ekè;fed
Lrj osQ vkxs fo|kFkhZ HkkSfrdh dk vè;;u tkjh j[k ldrs gSa ;k ugha Hkh ijUrq ge ekurs gSa fd os pkgs
fdlh Hkh nwljs fo"k; dk vè;;u djsa] mlesa os HkkSfrdh dh lkspµfopkj izfØ;k dks mi;ksxh ik,¡xsA ;g
fo"k;] oqQN Hkh gksa] tSls µ vFkZO;oLFkk] iz'kklu] lkekftd foKku] i;kZoj.k] vfHk;kaf=kdh] izkS|ksfxdh]
thofoKku ;k fpfdRlk'kkL=kA mu fo|k£Fk;ksa osQ fy,] tks HkkSfrdh dk vè;;u bl Lrj osQ vkxs tkjh
j[ksaxs] bl iqLrd esa fodflr fo"k; fu'p; gh ,d lqn`<+ vk/kj iznku djsxkA

foKku vkSj izkS|ksfxdh dh yxHkx lHkh 'kk[kkvksa osQ Kku dk vk/kjHkwr HkkSfrdh gSA ;g mYys[k
djuk jkspd gS fd HkkSfrdh dh /kj.kkvksa ,oa fopkjksa dk mi;ksx Kku dh nwljh Hkk"kkvksa_ tSls µ vFkZ'kkL=k]
okf.kT; vkSj O;ogkj foKku esa Hkh c<+rk tk jgk gSA ge bl rF; ls vfHkK gSa fd HkkSfrdh osQ oqQN ljy
vk/kfjd fl¼kar izk;% izR;kRed :i esa tfVy gksrs gSa A bl iqLrd esa geus ^izR;kRed lkeatL;* ykus
dk iz;kl fd;k gS A 'kS{kf.kd rFkk fo"k; dh ifj'kq¼rk dks cuk, j[kdj ljy ,oa lqcks/ Hkk"kk dk iz;ksx
djuk gekjs iz;kl dk osaQnz fcanq gS A HkkSfrdh fo"k; dh izÑfr gh ,slh gS ftlosQ fy, oqQN U;wure xf.kr
dk mi;ksx djuk vko';d gks tkrk gS A tgk¡ rd laHko gks ldk gS geus xf.krh; lw=kksa dks rk£dd <ax
ls fodflr djus dk iz;kl fd;k gS A

HkkSfrdh osQ fo|k£Fk;ksa ,oa vè;kidksa dks iw.kZ :i ls le>uk pkfg, fd HkkSfrdh fo"k; dks
;kn djus dh ctk; cks/xE; cukus dh vko';drk gksrh gSA tc ge ekè;fed ls mPprj ekè;fed ;k
vkxs dh Lrj dks tkrs gSa rks HkkSfrdh esa eq[; :i ls pkj vo;o gksrs gSa % (i) xf.kr dk i;kZIr lqǹ<+
vk/kj] (ii) rduhdh 'kCn ,oa in ftuosQ vaxzsth Hkk"kk esa lkekU; vFkZ ,dne fHkUu gks ldrs gSas] (iii) u;h
tfVy vo/kj.kk,¡] rFkk (iv) izk;ksfxd vk/kjA HkkSfrdh esa xf.kr dh vko';drk gS D;ksafd ge vius pkjksa
vksj osQ ifjos'k dk ;FkkFkZ fp=k.k fodflr rFkk vius izs{k.kksa dks es; jkf'k;ksa osQ inksa esa O;Dr djuk pkgrs
gSaA HkkSfrdh d.kksa osQ u, xq.kksa dh [kkst djrh gS rFkk izR;sd d.k osQ fy, ,d uke nsuk pkgrh gSA 'kCn
vkerkSj ls vaxszth] ySfVu] ;k xzhd Hkk"kk ls ysrs gSa ijUrq HkkSfrdh bu 'kCnksa dks ,dne u;k vFkZ nsrh gSA
bldks le>us osQ fy, vki ÅtkZ] cy] 'kfDr] vkos'k] fLiu ;k bl rjg osQ vU; 'kCnksa osQ eku fdlh
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ekud vaxzsth 'kCnkoyh esa ns[k ldrs gSa rFkk buosQ vFkks± dks HkkSfrdh esa iz;qDr bu 'kCnksa osQ vFkks± ls rqyuk
dj ldrs gSaA HkkSfrdh d.kksa osQ O;ogkj dks le>kus osQ fy, tfVy ,oa vuwBh vo/kj.kkvksa dks fodflr
djrh gSA vUrr% ;g ;kn j[kuk gksxk fd HkkSfrdh izs{k.kksa vkSj iz;ksxksa ij vk/kfjr gS µ buosQ vHkko esa
fdlh fl¼kar dks HkkSfrdh osQ {ks=k esa ekU;rk ugha feyrh gSA

bl iqLrd esa oqQN fof'k"Vrk,¡ gSa A gesa iw.kZ vk'kk ,oa fo'okl gS fd ;s fo|k£Fk;ksa  osQ fy, iqLrd
dh mi;ksfxrk esa o`f¼ djsaxh A vè;k; dh fo"k;&oLrq ij rsth ls ljljh n`f"V Mkyus osQ fy, izR;sd
vè;k; osQ var esa lkjka'k fn;k x;k gS A blosQ i'pkr~ fopkj.kh; fo"k; fn, x, gSa tks fo|k£Fk;ksa ds
efLr"d esa mRiUu gksus okyh laHkkfor Hkzkafr;ksa] vè;k; esa fn, oqQN izdFkuksa@fl¼karksa esa fNih my>uksa rFkk
vè;k; ls miyC/ Kku osQ mi;ksx osQ fy, vko';d ̂ psrkofu;ksa* dh vksj bafxr djrs gSaA ;s oqQN fopkj
mÙkstd iz'u Hkh mBkrs gSa ftuls fo|kFkhZ HkkSfrdh osQ ijs thou ij fopkj dj losQA bu ̂ fcanqvksa* ij lkspuk
rFkk vius efLr"d dk vuqiz;ksx djuk fo|k£Fk;ksa dks jkspd yxsxk A blosQ vfrfjDr ladYiukvksa osQ Li"Vhdj.k
rFkk@vFkok nSfud thou dh ifjfLFkfr;ksa esa bu ladYiukvksa osQ vuqiz;ksxksa dh O;k[;k osQ fy, cM+h la[;k
esa ikB~; lkexzh esa ̂ gy lfgr vH;klksa* dk lekos'k fd;k x;k gS A ;nk&dnk HkkSfrdh fo"k; osQ Øfed
fodkl osQ izfr ftKklk dks 'kkar djus osQ fy, ,sfrgkfld ifjizs{;ksa dks Hkh lfEefyr fd;k x;k gS A cgqr
ls vè;k;ksa esa ;k rks blh mís'; osQ fy, vFkok mu fo"k;oLrqvksa ftuesa fo|k£Fk;ksa dks vfrfjDr è;ku
nsus dh vko';drk gksrh gS] mudh oqQN fo'ks"k fof'k"Vrkvksa dh vksj vkd£"kr djus osQ mís'; ls fo"k;oLrq
dks ^ckWDl* esa fn;k x;k gS A iqLrd osQ var esa iqLrd esa iz;qDr eq[; 'kCnksa dh lwph nh xbZ gSA

HkkSfrdh dh fo'ks"k izo`Qfr] /kj.kkvksa dh le> osQ vykok oqQN ifjikfV;ksa dk Kku] vk/kjHkwr xf.krh;
lk/u] egÙoiw.kZ HkkSfrd fLFkjkadksa osQ vkafdd eku] lw{e Lrj ls xSysDlhu Lrj osQ ifjlj rd mi;ksxh
ek=kdksa dh iz.kkyh dh vis{kk djrh gSA fo|k£Fk;ksa dh lgk;rk osQ fy, geus iqLrd osQ var esa ifjf'k"V
A1 ls A9 osQ :i esa vko';d lk/u ,oa MkVkcsl fn, gSaA vfrfjDr tkudkjh ;k fdlh vè;k; fo'ks"k
esa o£.kr fo"k; osQ mi;ksx osQ fy, oqQN vè;k;ksa osQ var esa Hkh oqQN ifjf'k"V fn, x, gSaA

lqLi"V fp=k iznku djus dh vksj fo'ks"k è;ku fn;k x;k gS A fp=kksa dh Li"VRkk esa o`f¼ osQ fy,
mUgsa ̂ nks jaxksa* esa js[kkafdr fd;k x;k gS A izR;sd vè;k; osQ var esa i;kZIr la[;k esa vH;kl fn, x, gSa A
buesa ls oqQN thou dh okLrfod ifjfLFkfr;ksa ls lacaf/r gSa A fo|k£Fk;ksa ls vuqjks/ gS fd os bUgsa gy
djsa vkSj ,slk djrs le; os bu vH;klksa dks vR;f/d f'k{kkizn ik,axsA oqQN vfrfjDr vH;kl Hkh fn,
x, gSa tks vf/d dfBu gSaA oqQN vH;klksa dks gy djus osQ fy, laosQr ,oa mÙkj fn, x, gSaA laiw.kZ iqLrd
esa SI ek=kdksa dk mi;ksx fd;k x;k gS A fu/kZfjr ikB~;Øe@ikB~;p;kZ osQ Hkkx osQ :i esa vkSj lkFk gh
HkkSfrdh osQ y{; esa lgk;d osQ :i esa vè;k; 2 esa ¶ek=kd vkSj ekiu¸ dk foLr`r fooj.k fn;k x;k
gS A bl vè;k; esa fn;k x;k ,d ̂ ckWDl* ,d yach oØh; ykbu tSlh ljy oLrq osQ ekiu ls dfBukb;ksa
dks mtkxj djrk gSA SI ewy ek=kdksa ,oa vU; lacaf/r ek=kdksa dh lkj.kh bl vè;k; esa orZeku ekU;
ifjHkk"kkvksa dks eu esa cSBkus rFkk vkt ekiu esa miyC/ 'kq¼rk dh mPpdksfV dks Li"V djus osQ fy,
dh xbZ gSA ;gk¡ nh xbZ la[;kvksa dks u rks oaQBLFk djus dh vko';drk gS vkSj u bUgsa ijh{kk esa iwNuk
pkfg,A

fo|k£Fk;ksa] vè;kidksa rFkk vke turk esa ;g /kj.kk gS fd ekè;fed vkSj mPprj ekè;fed Lrj
esa rh{.k p<+ko gSA ijUrq rfud lksp n'kkZrh gS fd f'k{kk dh orZeku O;oLFkk esa ,slk gksxk ghA ekè;fed
Lrj rd dh f'k{kk lkekU; f'k{kk gS tgk¡ fo|kFkhZ dks dbZ fo"k;ksa] foKku] lkekftd foKku] xf.kr] Hkk"kk
dk vè;;u izkFkfed Lrj dk djuk gksrk gSA mPprj ekè;fed ;k vkxs dh f'k{kk esa] m|e osQ fdlh
pqus {ks=k esa O;kolkf;d n{krk xzg.k djuk gksrk gSA bldh rqyuk vki fuEu fLFkfr ls dj ldrs gSaA cPps
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vius ?kjksa osQ vanj ;k ckgj ;k xfy;ksa esa fØosQV ;k cSM¯eVu [ksyrs gSaA ijUrq muesa ls oqQN LowQy Vhe]
fiQj ftys dh Vhe] fiQj jkT; Vhe vkSj jk"Vªh; Vhe rd igq¡puk pkgrs gSaA izR;sd Lrj ij rh{.k p<+ko
gksxk ghA vf/d ifjJe t:jh gksrk gS ;fn fo|kFkhZ foKku] lkfgR;] Hkk"kk] laxhr] dyk] okf.kT;]
vFkZizcU/] okLrqdyk osQ {ks=k esa f'k{kk xzg.k djuk pkgrs gSa ;k os f[kykM+h ;k iSQ'ku fMT+kkbuj cuuk
pkgrs gSaA

bl iqLrd dks iw.kZ dj ikuk cgqr ls O;fDr;ksa dh lgt LokHkkfod ,oa lrr~ lgk;rk osQ dkj.k
gh laHko gks ldk gSA ikB~;iqLrd fuekZ.k lfefr Mk- vkj-,p- jscsxdj dk vè;k; 4 esa muosQ ckWDl fo"k;
rFkk MkW- ,iQ-vkbZ- lqosZ dk vè;k; 15 esa muosQ ckWDl fo"k; osQ mi;ksx dh vuqefr osQ fy, vkHkkjh gSA
foKku f'k{kk esa lq/kj osQ fy, jk"Vªh; iz;klksa osQ ,d Hkkx osQ :i esa bl ikB~;iqLrd osQ fuekZ.k dk dk;Z
lkSaius osQ fy, ge jk"Vªh; 'kSf{kd vuqla/ku vkSj izf'k{k.k ifj"kn~ osQ funs'kd osQ izfr viuk vkHkkj izdV
djrs gSa A ifj"kn~ osQ foKku ,oa xf.kr f'k{kk foHkkx osQ vè;{k rFkk ladk; osQ vU; lnL; bl m|e esa
lnSo gh gj laHko <ax ls gekjh lgk;rk osQ fy, rRij jgs] ge muosQ Hkh vR;ar vHkkjh gSaA

iqjkuh ikB~;iqLrd dks f'k{kdksa] fo|k£Fk;ksa rFkk fo'ks"kKksa dk Js"B fo}rkiw.kZ fuos'k izkIr gqvk ftUgksaus
fiNys oqQN o"kks± esa ifjektZu osQ fy, lq>ko fn,A ge mu lHkh osQ o`QrK gSa ftUgksaus ,u-lh-bZ-vkj-Vh- dks
vius lq>ko HkstsA ge izFke ik.Mqfyfi ij ppkZ rFkk ifjektZu osQ fy, vk;ksftr leh{kk dk;Zxks"Bh rFkk
lEiknu dk;Zxks"Bh osQ lnL;ksa osQ Hkh vkHkkjh gSaA ge vè;{k rFkk muosQ ys[ku eaMy dks muosQ }kjk 1988

esa fy[kh xbZ ikB~;lkexzh osQ fy, /U;okn nsrs gSa ftlus 2002 laLdj.k rFkk ftlus gesa bl ikB~;iqLrd
dks fodflr djus dk vk/kj rFkk lanHkZ iznku fd;kA ;nk&dnk iqjkuh iqLrdksa osQ oqQN cM+s Hkkxksa dks]
fo'ks"kdj ftUgsa fo|k£Fk;ksa@f'k{kdksa us ljkgk gS] fo|k£Fk;ksa dh Hkkoh ih<+h osQ fgr dks è;ku esa j[kdj] izLrqr
iqLrd esa viuk;k@:ikarfjr fd;k gS A

ge vius lEekfur iz;ksDrkvksa] fo'ks"kdj fo|k£Fk;ksa rFkk f'k{kdksa ls izkIr leh{kk ,oa lq>koksa dk
vknj djrs gSa A ge vius ;qok ikBdksa dh HkkSfrdh osQ jksekapdkjh dk;Z{ks=k dh vksj vxzlj gksus dh dkeuk
djrs gSa A

,- MCY;w - tks'kh
eq[; lykgdkj

ikB~;iqLrd fuekZ.k lfefr
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ikB~;iqLrd fuekZ.k lfefr

vè;{k] foKku vkSj xf.kr ikB~;iqLrdksa dh lykgdkj lfefr
ts-oh- ukyhZdj] besfjVl izksi+ sQlj] varj&fo'ofo|ky; osaQnz % [kxksyfoKku vkSj [kxksyHkkSfrdh] iq.ks

eq[; lykgdkj
,-MCY;w- tks'kh] izksi+ sQlj] gkujsjh foft¯Vx lkbafVLV] ,ulhvkj,] iq.ks

(HkwriwoZ izksi+ sQlj] HkkSfrdh foHkkx] iq.ks fo'ofo|ky;)

lnL;
vuqjk/k ekFkqj] ih-th-Vh-] ekWMuZ LowQy] olar fogkj] u;h fnYyh
vkj-tks'kh- izoDrk (,l-th-)] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh
,p-lh- iz/ku] izksi+ sQlj] gkseh HkkHkk foKku f'k{kk osQUnz] VkVk baLVhV~;wV vkWiQ iaQMkesaVy fjlpZ] eaqcbZ
,u- iapiosQ'ku] vodk'k izkIr izksi+ sQlj] HkkSfrdh ,oa [kxksyHkkSfrdh foHkkx] fnYyh fo'ofo|ky;] fnYyh
,l- jk; pkS/jh] izksi+ sQlj] HkkSfrdh ,oa [kxksyHkkSfrdh foHkkx] fnYyh fo'ofo|ky;] fnYyh
,l-osQ- nkl] jhMj] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh
,l-,u- izHkkdj] ih-th-Vh-] Mh-,e-LowQy] {ks=kh; f'k{kk laLFkku] ,u-lh-bZ-vkj-Vh-] eSlwj
xxu xqIr] jhMj] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh
fp=kk xks;y] ih-th-Vh-] jktdh; izfrHkk fodkl fo|ky;] R;kxjkt uxj] yksnh jksM] u;h fnYyh
Vh-ts- ¯lg] izksi+ sQlj] HkkSfrdh foHkkx] ef.kiqj fo'ofo|ky;] bEiQky
ih-osQ- JhokLro] vodk'k izkIr izksi+ sQlj] funs'kd] lh,lbZlh] fnYyh fo'ofo|ky;] fnYyh
ih-osQ- eksgarh] ih-th-Vh-] lSfud LowQy] Hkqous'oj
ih-lh- vxzoky] jhMj] {ks=kh; f'k{kk laLFkku] ,u-lh-bZ-vkj-Vh-] Hkqous'oj
oh-ih- JhokLro] jhMj] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh

'ksj ¯lg] ih-th-Vh-] uo;qx LowQy] yksnh jksM] u;h fnYyh

lnL;&leUo;d (vaxzsth laLdj.k)
oh-osQ- 'kekZ] izksi+ sQlj] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh

fganh vuqoknd
vkj-,l- nkl] vodk'k izkIr miiz/kukpk;Z] cyoar jk; esgrk fo|kHkou lhfu;j lsdaMjh LowQy] u;h fnYyh
vks-ih- [kaMsyoky] vodk'k izkIr jhMj] nzks.kkpk;Z jktdh; egkfo|ky;] xqM+xk¡o] gfj;k.kk
ts-ih- vxzoky] vodk'k izkIr izkpk;Z] f'k{kk funs'kky;] jk"Vªh; jkt/kuh {ks=k] fnYyh

fouksn izdk'k] vodk'k izkIr izksi+ sQlj] HkkSfrdh foHkkx] bykgkckn fo'ofo|ky;] bykgkckn] m-iz-

lnL;&leUo;d
oh-ih- JhokLro] jhMj] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh
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vkHkkj

iqLrd osQ vafre Lo:i osQ fy, vk;ksftr dk;Z'kkyk esa Hkkx ysus okys fuEufyf[kr izfrHkkfx;ksa dh
cgqewY; fVIif.k;ksa osQ ckjs esa ifj"kn~ vkHkkj O;Dr djrh gS% oh-ch- f=kikBh] vodk'k izkIr izksi+ sQlj] HkkSfrdh
foHkkx] vkbZ-vkbZ-Vh-] u;h fnYyh_ ,e-,u- ckiV] jhMj] {ks=kh; f'k{kk laLFkku] ,u-lh-bZ-vkj-Vh-] eSlwj_
Mh- izlkn] ofj"B oSKkfud vf/dkjh (vodk'k izkIr)] foKku ,oa izkS|ksfxdh foHkkx] u;h fnYyh_
ts-lh- 'kekZ] f'k{kk vf/dkjh] f'k{kk funs'kky;] jk"Vªh; jkt/kuh {ks=k] fnYyhA

'kSf{kd o iz'kklfud lg;ksx osQ fy, ifj"kn~ ,e- pUnzk] izksi+ sQlj rFkk foHkkxkè;{k]
Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh dh vkHkkjh gSA

ifj"kn~ lu 2017 esa ikB~; osQ ifj"dj.k esa vewY; ;ksxnku osQ fy, ,osQ JhokLro] Mh-bZ-,l-,e-]
,u-lh-bZ-vkj-Vh-] ubZ fnYyh_ vjuc lsu] ,ubZvkjvkbbZ] f'kykax_ ,y,l pkSgku] vkjvkbbZ] Hkksiky_ vks,u
voLFkh (fjVk;MZ)] vkjvkbbZ] Hkksiky_ jpuk xxZ] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] ubZ fnYyh_ jkeu
uacwnjh] vkjvkbbZ] eSlq:_ vkj vkj dksbj s ax] Mhlh,l] ,u-lh-b Z-vkj-Vh-] ubZ fnYyh_
'kf'k izHkk] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] ubZ fnYyh vkSj ,loh 'kekZ] vkjvkbbZ] vtesj dk Hkh vkHkkj
O;Dr djrh gSA

ifj"kn~ xhrk] vjfoan 'kekZ] bUnz oqQekj] Mh-Vh-ih- vkWijsVj_ js'kek usxh] lrh'k >k] foHkwfr ukFk >k]
;rsUæ ;kno] dkWih ,MhVj_ vuqjk/k] j.kèkhj BkoqQj] lhek ;kno] izwiQ jhMj_ nhid diwj] daI;wVj LVs'ku
izHkkjh] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh- vkSj izdk'ku izHkkx osQ lg;ksx gsrq gkfnZd vkHkkj Kkfir djrh gSA
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vè;kidksa osQ fy, lans'k
ikB~;p;kZ dks f'k{kkFkhZ&osaQfnzr cukus osQ fy, vfr vko';d gS fd fo|kFkhZ vf/xe izfØ;k esa lfØ; :i ls Hkkx ysaA izfr lIrkg
;k izfr N% d{kkvksa ij ,d ckj bl rjg osQ lsfeukj vkSj fopkjksa dk vknku&iznku vk;ksftr gksuk pkfg,A Hkkxhnkjksa osQ chp ifjppkZ
osQ fy,] bl iqLrd esa oqQN fo'ks"k fo"k;ksa osQ lanHkZ esa] oqQN lq>ko uhps fn, x;s gSaA

fo|kfFkZ;ksa dks ik¡p ;k N% osQ lewg esa O;ofLFkr dhft,A ;fn vko';d gks] rks f'k{k.k o"kZ esa bu lewgksa osQ lnL;ksa esa ØekorZu djsaA
ifjppkZ osQ fo"k; dks cksMZ ij ;k dkxt ij fy[ksaA fo|kfFkZ;ksa dks funsZ'k nhft, fd os iz'uksa osQ mRrj ;k viuh izfrfØ;k] tks

Hkh vHkh"V gS] fn, gq, dkxt ij fy[ksaA rRi'pkr vius lewg esa ppkZ djsa rFkk bu i`"Bksa ij la'kks/u ;k fVIi.kh tksM+saA fiQj bu
lcdh mlh d{kk esa ;k fdlh vkSj d{kk esa ifjppkZ djsaA fo|kfFkZ;ksa osQ mRrj i`"Bksa dk ewY;kadu Hkh fd;k tk ldrk gSA izLrqr
iqLrd ls ge rhu lEHkkfor fo"k;ksa dks izLrkfor djrs gSaA okLro esa] izFke nks fo"k;] cgqr gh lkekU; gSa rFkk fiNys pkj ;k vfèkd
'krkfCn;ksa osQ nkSjku foKku osQ fodkl ls lEcfU/r gSaA izR;sd lsfeukj osQ fy, fo|kFkhZ rFkk vè;kid] bl rjg osQ vU; fo"k;
dks lq>k ldrs gSaA

1- fopkj ftlus lH;rk dks cny fn;k
eku yhft, ekuo tkfr /hjs&/hjs foyqIr gks jgh gS vkSj vkus okyh ih<+h ;k ijdh; vkxarqd osQ fy, dksbZ lans'k NksM+uk gSA izfl¼
HkkSfrd foKkuh vkj-ih- iQkbueSu vkus okyh ih<+h osQ fy, fuEu lans'k NksM+uk pkgrs Fks %

^^inkFkZ v.kqvksa ls cuk gS**
,d efgyk Nk=kk rFkk lkfgR; oQh vè;kfidk fuEu lans'k NksM+uk pkgrh Fkh %

^^ty fo|eku gS] vr% ekuo tkfr dk vfLrRo jgsxk**
fdlh vU; O;fDr us lkspk %           ^^xfr osQ fy, ifg, dk fopkj**
vkus okyh ih<+h osQ fy, vki esa ls izR;sd tks lans'k NksM+uk pkgsaxs mls fy[ksaA rc vius lewg esa bl ij ppkZ djsa] vkSj blesa ifjorZu
djsa ;k blesa vkSj fopkj tksM+sa] ;fn vki viuk fopkj cnyuk pkgrs gSaA bls vius vè;kid dks nsa rFkk blls lacaf/r ifjppkZ esa
Hkkx ysaA

2- U;wuhdj.k
xSl dk v.kqxfr fl¼kUr ^cM+s dks NksVs ls* ;k ^eSØks dks ekbØks* ls lacaf/r djrk gSA ,d fudk; osQ :i esa xSl blosQ vo;oksa]
v.kqvksa ls lacaf/r gSA fdlh fudk; dks mlosQ vo;oksa osQ xq.kksa ls lacaf/r djosQ of.kZr djuk U;wuhdj.k dgykrk gSA ;g fof/
O;f"V osQ lk/kj.k ,oa Hkfo";okph O;ogkj osQ vkèkkj ij lewg osQ O;ogkj dks Li"V djrh gSA bl mixeu esa lw{en'khZ xq.kksa ,oa
LFkwy izs{k.kksa esa ,d ijLij fuHkZjrk gksrh gSA D;k ;g fof/ mi;ksxh gS\ bl izdkj osQ mixeu dh HkkSfrdh vkSj jlk;u foKku osQ
vfrfjDr vU; fo"k;ksa esa viuh lhek,¡ gksrh gSa & lEHko gS bu fo"k;ksa esa Hkh lhek,¡ gksaA fdlh oSQuol ij cus fp=k dks blesa iz;qDr
jlk;uksa osQ xq.kksa osQ lewg ls lacaf/r dj foospuk ugha dh tk ldrh gSA okLrfodrk vo;oksa osQ ;ksx ls dgha ijs gSA
iz'u % D;k vki vU; {ks=k crk ldrs gSa tgk¡ bl izdkj osQ mixeu dks mi;ksx esa yk;k tkrk gS\
fdlh fudk; dk la{ksi esa o.kZu dhft, ftldk mlosQ vo;oksa osQ inksa esa iw.kZ :i ls foospuk fd;k tk losQA ,d vU; fudk;
dk Hkh o.kZu dhft, ftlesa ,slk lEHko ugha gSA vius lewg osQ vU; lnL;ksa ls bl ij fopkj&foe'kZ djsa vkSj vius fopkj fy[ksaA
bls vius vè;kid dks nsa rFkk bl ij vk;ksftr ifjppkZ esa Hkkx ysaA

3- Å"ek dk vkf.od mixeu
vkiosQ fopkj ls fuEu voLFkkvksa esa D;k gksxk] crk,¡A
dksbZ vkos"Vu ,d lja/z nhokj ls nks Hkkxksa esa i`Fkd gSA ,d Hkkx ukbVªkstu xSl (N

2
) rFkk nwljk dkcZu MkbvkWDlkbM (CO

2
) ls Hkjk

gSA xSlsa ,d Hkkx ls nwljs Hkkx esa folfjr gksrh gSaA
iz'u 1 % nksuksa xSlsa ,dleku ek=kk esa folfjr gksaxh\ ;fn ugha] rks dkSu lh xSl vf/d folfjr gksxh\ dkj.k lfgr crkb,A
iz'u 2 % D;k nkc ,oa rki vifjofrZr jgsaxs\ ;fn ugha rks nksuksa esa D;k ifjorZu gksxk\ dkj.k lfgr crkb,A

vius mÙkj fyf[k,A lewg ds vU; lnL;ksa ds lkFk fopkj&foe'kZ djsa rFkk mÙkj dks ifj"Ñr djsa ;k fVIi.kh tksM+saA mÙkj vè;kid
dks nsa rFkk ifjppkZ esa Hkkx ysaA

fo|kFkhZ rFkk vè;kid ik,¡xs fd bl rjg ds ifjppkZ rFkk fopkj&foe'kZ] u osQoy HkkSfrdh esa] cfYd foKku rFkk lkekftd
foKku dh le> esa gesa vR;f/d lgk;d gksrs gSaA blls fo|kfFkZ;ksa dh lksp esa ifjiDork vk,xhA
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eq[; vkoj.k vfHkdYiuk

ukscy iQkmaMs'ku dh osclkbV http://www.nobelprize.org

ls :ikarfjr

izcy ukfHkdh; cy ukfHkd esa izksVkuksa rFkk U;wVªkuksa dks cka/rk
gS rFkk izÑfr osQ pkj ewy cyksa esa lcls vf/d 'kfDr'kkyh
gSA izcy ukfHkdh; cy ls tqM+h ,d xqRFkh lqy>k yh xbZ gSA
izksVku esa vUrfuZfgr rhuksa DokoZQ ;nk dnk eqDr izrhr gksrs gSa
;|fi fdlh eqDr DokoZQ dk izs{k.k vHkh rd ugha gqvk gSA
Dokdks± esa ,d DokUVe ;kaf=kdh; xq.k gksrk gS ftls ^dyj*
dgrs gSa rFkk ;s ,d nwljs ls ^XywvkWu~l* (izkÑfrd ljsl)
uked cyksa osQ fofue; ls vU;ksU;fØ;k djrs gSaA

i`"B vkoj.k

Hkkjrh; varfj{k vuqla/ku laxBu (ISRO) dh osclkbV
http://www.isro.gov.in ls :ikarfjr

dkVksZlSV&1 (CARTOSAT-1)vfr fuiq.krk okyk lqnwj laosnu
mixzg gSA ;g Hkkjrh; varfj{k 'kks/ laLFkku (ISRO) }kjk
bafM;u fjeksV lsfUlax lsVsykbV~l Js.kh esa fufeZr X;kjgoka mixzg
gSA ekspu {k.k ij bldh lagfr 156 kg Fkh] rFkk bls ISRO

osQ /zqoh; mixzg izekspu okgu PSLV-C6 }kjk 618 km

Å¡ps /zqoh lw;Z rqY;dkfyd d{k esa izeksfpr fd;k x;kA bldk
mi;ksx eq[; :i ls ekufp=k dyk osQ {ks=k esa gSA
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vè;k;     8

Bkslksa osQ ;kaf=kd xq.k

8.1 Hkwfedk

vè;k; 7 esa geus fi.Mksa osQ ?kw.kZu osQ ckjs esa i<+k vkSj ;g le>k fd fdlh
fi.M dh xfr bl ckr ij oSQls fuHkZj djrh gS fd fi.M osQ vanj nzO;eku
fdl izdkj forfjr gSA geus vius vè;;u dks osQoy n`<+ fi.Mksa dh ljy
fLFkfr;ksa rd gh lhfer j[kk FkkA lk/kj.kr;k n`<+ fi.M dk vFkZ gksrk gS ,d
,slk dBksj Bksl inkFkZ ftldh dksbZ fuf'pr vko`Qfr rFkk vkdkj gksA ijUrq
okLro esa fi.Mksa dks rfur] laihfMr vFkok cafdr fd;k tk ldrk gSA ;gk¡
rd fd fdlh dkiQh n`<+ bLikr dh NM+ dks Hkh ,d i;kZIr cká cy yxkdj
fo:fir fd;k tk ldrk gSA blls ;g vFkZ fudyrk gS fd Bksl fi.M iw.kZ
:i ls n`<+ ugha gksrs gSaA

fdlh Bksl dh ,d fuf'pr vko`Qfr rFkk vkdkj gksrk gSA fdlh fi.M
dh vko`Qfr vFkok vkdkj dks cnyus (;k fo:fir djus) osQ fy, ,d cy
dh vko';drk gksrh gSA ;fn fdlh oqQ.Mfyr fLaizx osQ fljksa dks /hjs ls
[khapdj foLrkfjr fd;k tk, rks fLaizx dh yackbZ FkksM+h c<+ tkrh gSA vc ;fn
fLaizx osQ fljksa dks NksM+ nsa rks og viuh izkjafHkd vko`Qfr ,oa vkdkj dks iqu%
izkIr dj ysxhA fdlh fi.M dk og xq.k] ftlls og izR;kjksfir cy dks gVkus
ij viuh izkjafHkd vko`Qfr ,oa vkdkj dks iqu% izkIr dj ysrk gS] izR;kLFkrk
dgykrk gS rFkk mRiUu fo:i.k izR;kLFk fo:i.k dgykrk gSA tc ,d iad
fi.M ij cy yxkrs gSa rks fi.Md esa viuk izkjafHkd vkdkj izkIr djus dh
izo`fÙk ugha gksrh gS vkSj ;g LFkk;h :i ls fo:fir gks tkrk gSA bl izdkj osQ
inkFkZ dks IykfLVd rFkk inkFkZ osQ bl xq.k dks IykfLVdrk dgrs gSaA iad
vkSj iqVh yxHkx vkn'kZ IySfLVd gSaA

vfHk;kaf=kdh fM”kkbu esa nzO;ksa osQ izR;kLFk O;ogkj dh vge Hkwfedk gksrh
gSA mnkgj.k osQ fy,] fdlh Hkou dks fM”kkbu djrs le; bLikr] dkaØhV
vkfn nzO;ksa dh izR;kLFk izo`Qfr dk Kku vko';d gSA iqy] Lopkfyr okgu]
jTtqekxZ vkfn dh fM”kkbu osQ fy, Hkh ;gh ckr lR; gSA ;g iz'u Hkh iwNk
tk ldrk gS fd D;k ge ,slk ok;q;ku fM”kkbu dj ldrs gSa tks cgqr gydk

8.1 Hkwfedk
8.2 izfrcy rFkk foo`Qfr
8.3 gqd dk fu;e
8.4 izfrcy&foòQfr oØ
8.5 izR;kLFkrk xq.kkad
8.6 nzO;ksa osQ izR;kLFk O;ogkj osQ vuqiz;ksx

lkjka'k
fopkj.kh; fcanq
vH;kl
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174 HkkSfrdh

fp=k 8.1 8.1 8.1 8.1 8.1 (a) ruu izfrcy osQ izHkko esa ,d csyu ∆L  eku ls foLRkfjr gks tkrk gS] (b) vi:i.k (Li'khZ) izfrcy osQ izHkko esa ,d
csyu dks.k  θ  ls fo:fir gks tkrk gS] (c) vi:i.k izfrcy osQ izHkko esa ,d iqLrd] (d) leku tyh; izfrcy osQ izHkko
esa ,d Bksl xksyk  ∆V  eku ls vk;ru esa laoqQfpr gks tkrk gSA

fn[kk, x, gSaA fp=k 8-1(a) esa] ,d csyu dks mlosQ vuqizLFk
ifjPNsn dh yacor~ fn'kk esa nks leku cy yxkdj rkfur
fd;k x;k gSA bl fLFkfr esa] ,dkad {ks=kiQy ij izR;ku;u
cy dks ruu izfrcy dgrs gSaA ;fn izR;kjksfir cyksa osQ dk;Z
ls csyu laihfMr gks tk, rks ,dkad {ks=kiQy ij izR;ku;u
cy dks laihMu izfrcy dgrs gSaA ruu ;k laihMu izfrcy
dks vuqnS?;Z izfrcy Hkh dgk tk ldrk gSA

nksuksa gh fLFkfr;ksa esa csyu dh yackbZ esa varj gks tkrk gSA
fi.M (;gk¡ csyu) dh yackbZ esa ifjorZu ∆L rFkk mldh
izkjafHkd yackbZ L osQ vuqikr dks vuqnS?;Z foo`Qfr dgrs gSaA

vuqnS?;Z foo`Qfr  
L

L

∆
= (8.2)

;fn nks cjkcj vkSj fojks/h fo:id cy csyu osQ
vuqizLFk ifjPNsn osQ lekarj yxk, tk,¡] tSlk fp=k 8-1(b) esa
fn[kk;k x;k gS] rks csyu osQ lEeq[k iQydksa osQ chp lkis{k
foLFkkiu gks tkrk gSA yxk, x, Li'khZ cyksa osQ dkj.k ,dkad
{ks=kiQy ij mRiUu izR;ku;u cy dks Li'khZ ;k vi:i.k
izfrcy dgrs gSaA yxk, x, Li'khZ cy osQ ifj.kkeLo:i
csyu osQ lEeq[k iQydksa osQ chp ,d lkis{k foLFkkiu ∆x

gksrk gS] tSlk fp=k 8-1(b) esa fn[kk;k x;k gSA bl izdkj
mRiUu foo`Qfr dks vi:i.k foo`Qfr dgrs gSa vkSj bls
iQydksa osQ lkis{k foLFkkiu ∆x  rFkk csyu dh yackbZ L  osQ
vuqikr ls ifjHkkf"kr djrs gSa %

vi:i.k foo`Qfr 
x

L

∆
=

= tan θ (8.3)

fiQj Hkh cgqr etcwr gks\ D;k ge ,d ,slk o`Qf=ke vax
fM”kkbu dj ldrs gSa tks vis{kko`Qr gydk fdUrq vf/d
etcwr gks\ jsy iVjh dh vko`Qfr  I osQ leku D;ksa gksrh gS\
dk¡p D;ksa Hkaxqj gksrk gS tcfd ihry ,slk ugha gksrk\ bl
izdkj osQ iz'uksa dk mÙkj bl vè;;u ls izkjaHk gksxk fd
vis{kko`Qr lk/kj.k izdkj osQ yksM ;k cy fHkUu&fHkUu Bksl
fi.Mksa dks fdl izdkj fo:fir djus dk dk;Z djrs gSaA bl
vè;k; esa ge Bkslksa osQ izR;kLFk O;ogkj vkSj ;kaf=kd xq.kksa dk
vè;;u djsaxs tks ,sls cgqr ls iz'uksa dk mÙkj nsxkA

8.2  izfrcy rFkk foo`Qfr

tc fdlh fi.M ij ,d cy yxk;k tkrk gS rks mlesa FkksM+k
;k vf/d fo:i.k gks tkrk gS tks fi.M osQ nzO; dh izo`Qfr
rFkk fo:id cy osQ eku ij fuHkZj djrk gSA gks ldrk gS
fd cgqr ls nzO;ksa esa ;g fo:i.k cs'kd fn[kkbZ ugha iM+rk]
fiQj Hkh ;g gksrk gSA tc fdlh fi.M ij ,d fo:id cy
yxk;k tkrk gS rks mlesa ,d izR;ku;u cy fodflr gks tkrk
gS] tSlk fd igys dgk tk pqdk gSA ;g izR;ku;u cy eku
esa izR;kjksfir cy osQ cjkcj rFkk fn'kk esa mlosQ foijhr gksrk
gSA ,dkad {ks=kiQy ij yxus okys izR;ku;u cy dks izfrcy
dgrs gSaA ;fn fi.M osQ {ks=kiQy A okys fdlh vuqizLFk dkV
dh yacor~ fn'kk esa yxk, x, cy dk eku F gks rks

izfrcy = F/A (8.1)

izfrcy dh  SI bdkbZ N m–2 rFkk bldk foeh; lw=k
[ML–1T–2 ] gksrk gSA

tc fdlh Bksl ij dksbZ ckâk cy dk;Z djrk gS rks
bldh foek,¡ rhu izdkj ls cny ldrh gSaaA ;s fp=k 8-1 esa
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tgk¡ θ  ÅèokZ/j (csyu dh izkjafHkd fLFkfr) ls csyu dk
dks.kh; foLFkkiu gSA pwafd θ  cgqr de gksrk gS] tan θ
yxHkx dks.k θ osQ cjkcj gh gksrk gS] (mnkgj.k osQ fy, ;fn
θ = 10°  rks θ vkSj tanθ osQ eku esa osQoy 1%  dk varj gksrk
gS)A ;fn fdlh iqLrd dks gkFk ls nckdj {kSfrt fn'kk esa
<osQysa] tSlk fp=k 8.2(c) esa fn[kk;k x;k gS] rc Hkh ,slh
foo`Qfr dks ns[kk tk ldrk gSA bl izdkj]

vi:i.k foo`Qfr  = tan θ ≈ θ (8.4)

fp=k 8.1(d) esa] vf/d nkc osQ fdlh nzo osQ vanj j[kk
,d Bksl xksyk lHkh vksj ls leku :i ls laihfMr gks tkrk gSA
nzo }kjk yxk;k x;k cy fi.M osQ ì"B osQ izR;sd fcanq ij yacor~
fn'kk esa dk;Z djrk gS_ ,slh fLFkfr esa fi.M dks tyh; laihMu
dh fLFkfr esa dgk tkrk gSA blls T;kferh; vkòQfr esa fdlh
ifjorZu osQ fcuk gh vk;ru esa deh gks tkrh gSA fi.M osQ vanj
vkarfjd izR;ku;u cy mRiUu gks tkrs gSa tks nzo }kjk yxk, x,
cyksa osQ cjkcj rFkk fojks/h gksrs gSa (nzo ls ckgj fudkyus ij
fi.M viuh izkjafHkd vkòQfr rFkk vkdkj dks iqu% izkIr dj ysrk
gS)A bl fLFkfr esa ,dkad {ks=kiQy ij vkarfjd izR;ku;u cy dks
tyh; izfrcy dgrs gSa vkSj bldk eku tyh; nkc (,dkad
{ks=kiQy ij yxus okyk cy) osQ cjkcj gksrk gSA

tyh; nkc osQ dkj.k mRiUu foo`Qfr dks vk;ru
foo`Qfr dgrs gSaA bls vk;ru esa ifjorZu (∆V) rFkk izkjafHkd
vk;ru (V) osQ vuqikr ls ifjHkkf"kr djrs gSa %

vk;ru foo`Qfr 
V

V

∆
= (8.5)

pwafd foo`Qr izkjafHkd foek rFkk foek esa varj dk
vuqikr gksrk gS] blfy, bldk dksbZ bdkbZ ;k foeh; lw=k ugha
gksrk gSA

8.3  gqd dk fu;e

fp=k 8-1 esa fn[kkbZ xbZ fofHkUu fLFkfr;ksa esa izfrcy rFkk
foo`Qfr osQ vyx&vyx :i gks tkrs gSaA de fo:i.k osQ
fy, izfrcy rFkk foo`Qfr ,d nwljs osQ vuqØekuqikrh gksrs gSaA
;gh gqd dk fu;e dgykrk gSA bl izdkj

izfrcy α foo`Qfr

izfrcy = k ×  foo`Qfr (8.6)

tgk¡ k  vuqØekuqikfrdrk fLFkjkad gS vkSj bls izR;kLFkrk
xq.kkad dgrs gSaA

gqd dk fu;e ,d vkuqHkkfod fu;e gS rFkk vf/drj
inkFkks± osQ fy, oS/ gksrk gSA rFkkfi oqQN inkFkZ bl izdkj
jSf[kd laca/ ugha n'kkZrsA

8.4  izfrcy&foÑfr oØ

ruu izfrcy osQ varxZr fdlh fn, x, nzO; osQ fy, izfrcy
rFkk foo`Qfr osQ chp laca/ iz;ksx }kjk tkuk tk ldrk gSA
ruu xq.kksa dh ekud tk¡p esa] fdlh ijh{k.k csyu ;k rkj dks
,d izR;kjksfir cy }kjk foLrkfjr fd;k tkrk gSA yackbZ esa
fHkUukRed vUrj (foo`Qfr) rFkk bl foo`Qfr dks mRiUu djus
osQ fy, vko';d izR;kjksfir cy dks fjdkMZ djrs gSaA
izR;kjksfir cy dks /hjs&/hjs Øec¼ pj.kksa esa c<+krs gSa vkSj
yackbZ esa ifjorZu dks uksV djrs tkrs gSaA izfrcy (ftldk
eku ,dkad {ks=kiQy ij yxk, x, cy osQ eku osQ cjkcj
gksrk gS) vkSj mlls mRiUu foo`Qfr osQ chp ,d xzkiQ [khaprs
gSaA fdlh /krq osQ fy, ,slk ,d izk:fid xzkiQ fp=k 8-2 esa
fn[kk;k x;k gSA laihMu rFkk vi:i.k izfrcy osQ fy, Hkh
ln`'k xzkiQ izkIr fd, tk ldrs gSaA fHkUu&fHkUu nzO;ksa osQ fy,
izfrcy&foo`Qfr oØ fHkUu&fHkUu gksrs gSaA bu oØksa dh
lgk;rk ls ge ;g le> ldrs gSa fd dksbZ fn;k gqvk nzO;
c<+rs gq, yksM osQ lkFk oSQls fo:fir gksrk gSA xzkiQ ls ge
;g ns[k ldrs gSa fd O ls A osQ chp esa oØ jSf[kd gSA bl
{ks=k esa gqd osQ fu;e dk ikyu gksrk gSA tc izR;kjksfir cy
dks gVk fy;k tkrk gS rks fi.M viuh izkjafHkd foekvksa dks
iqu% izkIr dj ysrk gSA bl {ks=k esa Bksl ,d izR;kLFk fi.M
tSlk vkpj.k djrk gSA

fp=k 8.2 8.2 8.2 8.2 8.2  fdlh /krq osQ fy, ,d izk:fid izfrcy&foo`Qfr
oØA

izR;kLFk lhek vFkok
ijkHko fcanq

vkuqikfrd lhek

ijkHko fcanq

IykfLVd vkpj.k

izR;kLFk vkpj.k

LFkk;h fo:i.k

foo`Qfr

izf
rc

y
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A ls B osQ chp osQ {ks=k esa izfrcy rFkk foo`Qfr
vuqØekuqikrh ugha gSA fiQj Hkh Hkkj gVkus ij fi.M vHkh Hkh
viuh izkjafHkd foekvksa ij okil vk tkrk gSA oØ esa fcanq B
ijkHko fcanq (vFkok izR;kLFk lhek) dgykrk gS vkSj laxr
izfrcy dks nzO; dk ijkHko lkeF;Z (σ

y
) dgrs gSaA

;fn Hkkj dks vkSj c<+k fn;k tk, rks mRiUu izfrcy
ijkHko lkeF;Z ls vf/d gks tkrk gS vkSj fiQj izfrcy esa
FkksM+s ls varj osQ fy, Hkh foo`Qfr rs”kh ls c<+rh gSA oØ dk
B vkSj D osQ chp dk Hkkx ;g n'kkZrk gSA B vkSj D osQ chp
fdlh fcanq] eku ysa  C, ij tc Hkkj dks gVk fn;k tk, rks
fi.M viuh izkjafHkd foek dks iqu% izkIr ugha djrk gSA bl
fLFkfr esa tc izfrcy 'kwU; gks tk, rc Hkh foo`Qfr 'kwU; ugha
gksrh gSA rc ;g dgk tkrk gS fd nzO; esa LFkk;h fo:i.k
gks x;kA ,sls fo:i.k dks IykfLVd fo:i.k dgrs gSaA xzkiQ
ij ¯cnq D nzO; dh pje ruu lkeF;Z (σ

u
) gSA bl fcanq osQ

vkxs izR;kjksfir cy dks ?kVkus ij Hkh vfrfjDr foòQfr mRiUu
gksrh gS vkSj fcanq  E  ij foHkatu gks tkrk gSA ;fn pje
lkeF;Z fcanq  D vkSj foHkatu fcanq  E ikl&ikl gksa rks nzO; dks
Hkaxqj dgrs gSaaA ;fn os vf/d nwjh ij gksa rks nzO; dks rU;
dgrs gSaaA

tSlk igys dgk tk pqdk gS] izfrcy&foo`Qfr O;ogkj esa
,d nzO; ls nwljs nzO; esa varj gks tkrk gSA mnkgj.k osQ fy,]
jcM+ dks viuh izkjafHkd yackbZ osQ dbZ xqus rd [khapk tk
ldrk gS] fiQj Hkh og viuh izkjafHkd vko`Qfr esa okil vk
tkrk gSA fp=k 8-3 esa jcM+ tSls nzO;] egk/euh dk izR;kLFk

Ård] osQ fy, izfrcy&foo`Qfr oØ fn[kk;k x;k gSA è;ku
nsa fd ;|fi izR;kLFk {ks=k cgqr vf/d gS fiQj Hkh ;g nzO;
gqd osQ fu;e dk fcyoqQy Hkh ikyu ugha djrk gSA blesa
dksbZ lqLi"V IySfLVd {ks=k Hkh ugha gSA egk/euh] jcM+ tSls
inkFkZ ftUgsa rfur djosQ vR;f/d foo`Qfr iSnk dh tk ldrh
gS] izR;LFkkyd dgykrs gSaA

8.5  izR;kLFkrk xq.kkad

lajpukRed rFkk fuekZ.k vfHk;kaf=kdh fM”kkbu osQ fy,
izfrcy&foòQfr oØ esa izR;kLFk lhek osQ vanj dk vuqØekuqikrh
{ks=k (fp=k 8-2 esa {ks=k OA) cgqr egRoiw.kZ gksrk gSA izfrcy
rFkk foo`Qfr osQ vuqikr dks izR;kLFkrk xq.kkad dgrs gSa vkSj
fdlh fn, gq, nzO; osQ fy, bldk ,d fof'k"V eku gksrk gSA

8.5.1  ;ax xq.kkad

izk;ksfxd izs{k.k ;g n'kkZrs gSa fd izfrcy pkgs rud gks ;k
pkgs laihMd] mRiUu foo`Qfr dk eku leku gksrk gSA rud
(;k laihMd) izfrcy (σ) rFkk vuqnS?;Z foo`Qfr  (ε) osQ
vuqikr ls ;ax xq.kkad dks ifjHkkf"kr djrs gSa rFkk bls izrhd
'Y'  }kjk fu:fir djrs gSa %

Y =
ε

σ
(8.7)

lehdj.kksa (8.1) vkSj (8.2) ls

Y = (F/A)/(∆L/L)

   = (F × L) /(A × ∆L) (8.8)

pwafd foo`Qfr ,d foekfoghu jkf'k gS] ;ax xq.kkad dh
bdkbZ ogh gksrh gS tks izfrcy dh] vFkkZr~] N m–2 ;k
ikLdy (Pa) A lkj.kh 8-1 esa oqQN nzO;ksa osQ ;ax xq.kkad rFkk
ijkHko lkeF;Z osQ eku fn, x, gSaA

lkj.kh 8-1 esa fn, x, vk¡dM+ksa ls ;g irk pyrk gS fd
/krqvksa osQ fy, ;ax xq.kkad vf/d gksrk gSA blfy, bu inkFkks±
esa yackbZ esa FkksM+k gh varj mRiUu djus osQ fy, cgqr
vf/d cy dh vko';drk gksrh gSA 0.1 cm2 vuqizLFk
ifjPNsn osQ ,d irys bLikr osQ rkj dh yackbZ dks 0-1% ls
c<+kus osQ fy, 2000 N osQ cy dh vko';drk gksrh gSA
mlh vuqizLFk ifjPNsn osQ ,syqfefu;e] ihry rFkk rk¡cs osQ
rkjksa esa mruh gh foo`Qfr mRiUu djus osQ fy, vko';d cy
Øe'k% 690 N] 900 N rFkk 1100 N gksrs gSaA bldk vFkZ

fp=k  8.3  8.3  8.3  8.3  8.3 egk/euh] ân; ls jDr dks ys tkus okyh o`gr
ufydk (okfgdk)] osQ izR;kLFk Ård osQ fy,
izfrcy&foo`Qfr oØA
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;g gS fd rk¡ck] ihry rFkk ,syqfefu;e ls bLikr vf/d
izR;kLFk gksrk gSA blh dkj.k ls vf/d dke yh tkus okyh
e'khuksa vkSj lajpukRed fM”kkbuksa esa bLikr dks vf/d
ojh;rk nh tkrh gSA ydM+h] vfLFk] oaQØhV rFkk dk¡p osQ ;ax
xq.kkad de gksrs gSaA

mnkgj.k 8.1   8.1   8.1   8.1   8.1  ,d lajpukRed bLikr dh NM+ dh
f=kT;k 10 mm rFkk yackbZ 1 m gSA 100 kN dk ,d
cy F bldks yackbZ dh fn'kk esa rfur djrk gSA NM+
esa (a) izfrcy] (b) foLrkj] rFkk (c) foo`Qfr dh
x.kuk dhft,A lajpukRed bLikr dk ;ax xq.kkad
2.0×1011 N m–2 gSA

gy      ge ;g eku ysaxs fd NM+ dks ,d fljs ij DySEi djosQ
j[kk x;k gS vkSj cy dks nwljs fljs ij NM+ dh yackbZ dh
fn'kk esa yxk;k x;k gS rks NM+ ij izfrcy gksxk

=ifz rcy F

A
 2
=

π
F

r

        ( )−

×
=

×

3

2
2

100 10 N

3.14 10 m

         = 3.18 × 108 N m–2

foLrkj gksxk]
( )

∆ =
F/A L

L
Y

     =  
( )( )−

−

×

×

8 2

11 2

3.18 10 N m 1 m

2 10 N m

     = 1.59 × 10–3 m

     = 1.59 mm

foo`Qfr gksxh

 foo`Qfr   = ∆L/L

             = (1.59 × 10–3 m )/(1 m)

             = 1.59 × 10–3

             = 0.16 % t

mnkgj.k 8.2 8.2 8.2 8.2 8.2  rk¡cs dk ,d 2-2 m yack rkj rFkk
bLikr dk ,d 1-6 m yack rkj] ftuesa nksuksa osQ O;kl
3-0 mm gSa] fljs ls tqM+s gq, gSaA tc bls ,d Hkkj ls
rfur fd;k x;k rks oqQy foLrkj 0-7 mm gqvkA yxk,
x, Hkkj dk eku izkIr dhft,A

gy  rk¡cs vkSj bLikr osQ rkj mrus gh rud izfrcy osQ
varxZr gSa D;ksafd mu ij leku ruko (Hkkj W osQ cjkcj)
yxk gS rFkk muosQ vuqizLFk ifjPNsn osQ {ks=kiQy A cjkcj gSaA
lehdj.k (8.7) ls ge tkurs gSa fd izfrcy = foo`Qfr × ;ax
xq.kkad] blfy,

W/A = Y
c
 × (∆L

c
/L

c
) = Y

s
 × (∆L

s
/L

s
)

tgk¡ iknk{kj c  rFkk s Øe'k% rk¡cs rFkk bLikr dks lan£Hkr
djrs gSaA vFkok]

∆L
c
/∆L

s
 = (Y

s
/Y

c
) × (L

c
/L

s
)

inkFkZ
?kuRo ;ax xq.kkad pje lkeF;Z ijkHko lkeF;Z

,syqfefu;e
rk¡ck
yksgk (fiVok¡)
bLikr
dk¡p

oaQØhV
ydM+h
vfLFk

ikWyhLVhjhu

9.4

lkj.kh 8.1 oqQN nzO;ksa osQ ;ax xq.kkad rFkk ijkHko lkeF;Z

# inkFkZ dk ijh{k.k laihMu osQ varxZr fd;k x;k
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fn;k gS] L
c
 = 2.2 m, L

s
 = 1.6 m

lkj.kh 8-1 ls Y
c
 = 1.1 × 1011 N m–2 vkSj

Y
s
 = 2.0 × 1011 N m–2A blfy,

∆L
c
/∆L

s
 = (2.0 × 1011/1.1 × 1011) × (2.2/1.6) = 2.5

oqQy foLrkj fn;k gqvk gS
∆L

c
 + ∆L

s
 =  7.0  × 10-4 m

Åij fn, x, lehdj.kksa dks gy djus ij
∆L

c
 = 5.0  × 10-4 m,   rFkk   ∆L

s
 = 2.0  × 10-4 m

blfy,]
W   = (A × Y

c
 × ∆L

c
)/L

c

= π (1.5 × 10-3)2 × [1.1 × 1011 × (5.0 × 10-4 )/2.2]

= 1.8 × 102 N t

mnkgj.k 8.3 8.3 8.3 8.3 8.3  fdlh loZQl esa ,d ekuoh; fijSfeM
esa ,d larqfyr xzqi dk lkjk Hkkj ,d O;fDr] tks viuh
ihB osQ cy ysVk gqvk gS] osQ iSjksa ij vk/kfjr gS (tSlk
fp=k 8-4 esa fn[kk;k x;k gS)A bl dk;Z dk fu"iknu
djus okys lHkh O;fDr;ksa] estksa] Iykdksa vkfn dk oqQy
nzO;eku 280 kg gSA fijSfeM dh ryh ij viuh ihB
osQ cy ysVs gq, O;fDr dk nzO;eku 60 kg gSA bl
O;fDr dh izR;sd moZfLFk (iQhej) dh yackbZ
50 cm rFkk izHkkoh f=kT;k 2-0 cm gSA fudkfy, fd
vfrfjDr Hkkj osQ dkj.k izR;sd moZfLFk fdruh ek=kk ls
laihfMr gks tkrh gSA

fp=k 8.4 8.4 8.4 8.4 8.4 loZQl esa ,d ekuoh; fijSfeMA

gy  lHkh fu"ikndksa] estksa] Iykdksa vkfn dk oqQy nzO;eku
    = 280 kg

vk/kj nsus okys fu"iknd dk nzO;eku = 60 kg

fijSfeM dh ryh osQ fu"iknd osQ iSjksa ij vk/kfjr
nzO;eku = 280 – 60 = 220 kg

bl vk/kfjr nzO;eku dk Hkkj

 = 220 kg wt = 220 × 8.8 N = 2156 N

fu"iknd dh izR;sd moZfLFk ij vk/kfjr Hkkj
= – (2156) N = 1078 N

lkj.kh 8-1 ls vfLFk dk ;ax xq.kkad]
Y  = 8.4 × 109 N m–2

izR;sd moZfLFk dh yackbZ L = 0.5 m rFkk f=kT;k = 2.0 cm

bl izdkj moZfLFk osQ vuqizLFk dkV dk {ks=kiQy
A  = π × (2 × 10-2)2 m2 = 1.26 × 10-3 m2

izR;sd moZfLFk esa laihMu (∆L) dh x.kuk lehdj.k (8-8)
dk bLrseky djosQ dh tk ldrh gS %

∆L = [(F × L)/(Y × A)]

= [(1078 × 0.5)/(8.4 × 109 × 1.26 × 10-3)]

= 4.55 × 10-5 m ;k 4.55 × 10-3 cm

;g cgqr de varj gSA moZfLFk esa fHkUukRed deh gksxh
∆L/L = 0.000091 ;k 0.0091% t

8.5.2 vi:i.k xq.kkad
vi:i.k izfrcy rFkk laxr vi:i.k foo`Qfr dk vuqikr
nzO; dk vi:i.k xq.kkad dgykrk gS rFkk bls G ls fu:fir
djrs gSaA bls n`<+rk xq.kkad Hkh dgrs gSa %

G  = vi:i.k izfrcy (σ
s
)/vi:i.k foo`Qfr

G  = (F/A)/(∆x/L)

    = (F × L)/(A × ∆x) (8.9)

blh izdkj lehdj.k (8-4) ls
G  = (F/A)/θ
     = F/(A × θ ) (8.10)

vi:i.k izfrcy σ
s
 dks ,sls Hkh O;Dr fd;k tk ldrk gS

σ
s  

=  G  × θ (8.11)

vi:i.k xq.kkad dh SI bdkbZ N m–2 ;k Pa gksrh gSA
lkj.kh 8-2 esa oqQN lk/kj.k nzO;ksa osQ vi:i.k xq.kkad fn, x,
gSaA ;g ns[kk tk ldrk gS fd vi:i.k xq.kkad (;k n`<+rk
xq.kkad) vkerkSj ij ;ax xq.kkad (lkj.kh 8-1) ls de gksrk
gSA vf/drj nzO;ksa osQ fy, G ≈ Y/3 A
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lkj.kh 8.2 oqQN lkekU; nzO;ksa osQ vi:i.k xq.kkad (G)

nzO; GGGGG (109 Nm–2

;k GPa)

,syqfefu;e 25

ihry 36

rk¡ck 42

dk¡p 23

yksgk 70

lhlk      5.6

fufdy 77

bLikr 84

VaxLVu 150

ydM+h 10

     mnkgj.k 8.4 lhls osQ 50 cm Hkqtk osQ ,d oxkZdkj
LySc] ftldh eksVkbZ 10 cm gS] dh iryh iQyd ij
8.0 × 104 N dk ,d vi:id cy yxk gSA nwljk
iryk iQyd iQ'kZ ls fjosV fd;k gqvk gSA Åijh iQyd
fdruh foLFkkfir gks tk,xh\

gy      lhls dk LySc fLFkj gS rFkk cy dks iryh iQyd osQ
lekarj yxk;k x;k gS] tSlk fp=k 8-5 esa fn[kk;k x;k gSA bl
iQyd dk {ks=kiQy gS

 A  = 50 cm × 10 cm

     = 0.5 m × 0.1 m

     = 0.05 m2

blfy,
   izfrcy    = (8.4  × 104 N/0.05 m2)

                         = 1.80 × 106 N m–2

fp=k 8.5 8.5 8.5 8.5 8.5

aaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaa

ge tkurs gSa fd vi:i.k foo`Qfr = (∆x/L)= izfrcy /G

blfy,] foLFkkiu ∆x = (izfrcy × L)/G

 = (1.8 × 106 N m–2 × 0.5 m)/(5.6 ×109 N m–2)

 = 1.6 × 10–4 m = 0.16 mm t

8.5.3 vk;ru xq.kkad

igys osQ [kaM (8-2) esa ge ;g ns[k pqosQ gSa fd tc fdlh
fi.M dks vf/d nkc osQ ,d nzo esa Mqcks;k tkrk gS
[fp=k 8-1(d)] rks og tyh; izfrcy (tyh; nkc osQ eku
osQ cjkcj) osQ varxZr pyk tkrk gSA ;g fi.M osQ vk;ru
esa deh mRiUu djrk gS] bl izdkj ,d foòQfr] ftls vk;ru
foo`Qfr dgrs gSa] mRiUu gksrh gS (lehdj.k 8-5)A tyh;
izfrcy rFkk laxr vk;ru foo`Qfr osQ vuqikr dks vk;ru
xq.kkad dgrs gSaA ;g izrhd B  ls fu:fir fd;k tkrk gS %

B = – p/(∆V/V) (8.12)

½.k fpÉ bl rF; dh vksj laosQr djrk gS fd nkc esa
o`f¼ djus ij vk;ru esa deh gksrh gSA vFkkZr~] ;fn p
/ukRed gS rks  ∆V  ½.kkRed gksxkA bl izdkj lkE;koLFkk esa
fdlh fudk; osQ fy, vk;ru xq.kkad B  dk eku lnk
/ukRed gksxkA vk;ru xq.kkad dh  SI bdkbZ ogh gksrh gS tks
nkc dh] vFkkZr~] N m–2 ;k PaA oqQN lkekU; nzO;ksa osQ
vk;ru xq.kkad lkj.kh 8-3 esa fn, x, gSaA

vk;ru xq.kkad osQ O;qRØe dks laihM~;rk dgrs gSa rFkk
bls k ls fu:fir djrs gSaA nkc eas ,dkad o`f¼ ij vk;ru esa
fHkUukRed varj ls bls ifjHkkf"kr djrs gSa %

k = (1/B) = – (1/∆p) × (∆V/V) (8.13)

lkj.kh 8-3 esa s fn, x, vk¡dM+ks a ls ;g ns[k ldrs gSa
fd Bkslks a osQ vk;ru xq.kkad nzoks a ls dgha vf/d gSa vkSj
nzoks a osQ fy, bldk eku xSlks a (ok;q) dh rqyuk esa dgha
vf/d gSA bl izdkj Bksl inkFkZ lcls de laihM~; gksrs
gS a tcfd xSlsa lcls vf/d laihM~; gksrh gSaA xSls a Bkslks a
dh vis{kk yxHkx nl yk[k xquh vf/d laihM~; gksrh
gS aA xSlks a dh laihM~;rk vf/d gksrh gS tks rki rFkk nkc
osQ lkFk cnyrh gSA Bkslks a dh vlaihM~;rk eq[;r;k
vkl&ikl osQ ijek.kqvks a osQ chp n`<+ ;qXeu osQ dkj.k
gksrh gSA nzoks a osQ v.kq Hkh vius ikl osQ v.kqvks a ls c¡/
s gksrs gS a ysfdu mrus etcwrh ls ugha ftrus Bkslks a es aA
xSlks a osQ v.kq vius ikl osQ v.kqvks a ls cgqr gyosQ ls
;qfXer gksrs gS aA
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u

fHkUukRed laihMu ∆V/V  gksxk
∆V/V = izfrcy/B

= (3 × 107 N m-2)/(2.2 × 109 N m–2)

= 1.36 × 10-2 ;k  1.36 %

  t

8.5.4 Ioklksa vuqikr

iz;qDr cy osQ yEcor fn'kk esa gksus okyh foo`Qfr dks
ikf'oZd foo`Qfr dgrs gSaA fleksu Ioklksa us ;g fu/kZfjr
fd;k Fkk fd izR;kLFkrk lhek esa ikf'oZd foo`Qfr vuqnS?;Z
foo`Qfr osQ lekuqikrh gksrh gSA fdlh rkfur rkj esa ikf'oZd
foo`Qfr rFkk vuqnS?;Z foo`Qfr dk vuqikr Ioklksa vuqikr
dgykrk gSA ;fn fdlh rkj dk ewy O;kl d rFkk iz;qDr
izfrcy dh n'kk esa O;kl esa laoqQpu ∆d gS] rks ikf'oZd
foo`Qfr ∆d/d  gksxhA ;fn bl rkj dh ewy yackbZ L rFkk
iz;qDr izfrcy dh fLFkfr esa yackbZ esa òf¼ ∆L gS] rks vuqnS?;Z
foo`Qfr ∆L/L gSA vr% Ioklksa vuqikr (∆d/d)/(∆L/L)

vFkok (∆d/∆L) × (L/d) gksxkA Ioklksa vuqikr nks foòQfr;ksa
dk vuqikr gSA vr% ;g ,d la[;k gS rFkk bldh dksbZ foek
vFkok ek=kd ugha gksrkA bldk eku inkFkZ dh izo`Qfr ij gh
fuHkZj djrk gSA LVhy osQ fy, bl vuqikr dk eku 0-28 rFkk
0-30 osQ eè; gksrk gSA ,Y;qehfu;e dh feJ/krqvksa osQ fy,
bldk eku yxHkx 0-33 gksrk gSA

8.5.6 rkfur rkj esa izR;kLFk LFkSfrd mQtkZ

tc fdlh rkj ij ruu izfrcy vk{ksfir fd;k tkrk gS] rks
var%ijekf.od cyksa osQ fojQ¼ dk;Z fd;k tkrk gSA ;g dk;Z rkj esa
izR;kLFk LFkSfrd mQtkZ osQ :i esa laxzfgr gks tkrk gSA dksbZ L ewy
yackbZ rFkk A vuqizLFk ifjPNsn {ks=kiQy osQ ,d rkj dh yackbZ osQ
ifjr% fdlh foòQrdkjh cy F yxkus ij ekuk fd yackbZ esa l òf¼
gks tkrh gS] rc lehdj.k (8-8) ls gesa F = YA × (l/L) izkIr
gksrk gSA ;gk¡ Y  rkj osQ inkFkZ dk ;ax xq.kkad gSA vc bl rkj dh
yackbZ esa vR;Ur lw{e dl ek=kk ls iqu% o`f¼ djkus osQ fy, iz;qDr
dk;Z dW dk eku F × dl vFkok YAld l/L gksxkA vr%
fdlh rkj dks mldh ewy yackbZ L ls L + l rd vFkkZr~ l = 0

ls l = l rd c<+kus esa fd;k x;k dk;Z (W) µ

W = = ×∫
0

2

2

l YAl YA l
dl

L L

W =
1

2
× × ×







Y
l

L

AL

2

lkj.kh 8-4 esa fofHkUu izdkj osQ izfrcy] foo`Qfr]
izR;kLFk xq.kkad rFkk nzO;ksa dh og voLFkk ftlesa ;g ykxw
gksrs gksa] dks ,d n`f"V eas fn[kk;k x;k gSA

mnkgj.k 8.5 8.5 8.5 8.5 8.5   fgUn egklkxj dh vkSlr xgjkbZ
yxHkx 3000 m gSA egklkxj dh ryh esa ikuh osQ
fHkUukRed laihMu ∆V/V  dh x.kuk dhft,] fn;k gS
fd ikuh dk vk;ru xq.kkad 2.2 ××××× 109 N m–2 gS
(g  = 10 m s–2 yhft,)A

gy           ryh dh ijr ij ikuh osQ 3000 m Å¡ps LraHk }kjk
yxus okyk nkc
p = hρ g  = 3000 m  × 1000 kg m–3 × 10 m s–2

= 3  × 107 kg m–1 s-2

= 3  × 107 N m–2

lkj.kh 8.3 oqQN lkekU; nzO;ksa osQ vk;ru xq.kkad (B)

nzO; BBBBB (109 N m–2 ;k GPa)

Bksl

,syqfefu;e 72

ihry 61

rk¡ck 140

dk¡p 37

yksgk 100

fufdy 260

bLikr 160

nzo

ty 2.2

bFksuky 0.9

dkcZu MkblYiQkbM 1.56

fXyljhu 4.76

ikjk 25

xSl

ok;q ekud
(ekud rki ,oa nkc ij) 1.0 × 10–4
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=
1

2
×  ;ax xq.kkad × foo`Qfr2 × rkj dk

vk;ru

=
1

2
×  izfrcy × foo`Qfr × rkj dk vk;ru

;g dk;Z rkj esa izR;kLFk LFkSfrd mQtkZ (U) osQ :i esa
laxzfgr gks tkrh gSA vr% rkj esa inkFkZ dh izfr ,dkad vk;ru
izR;kLFk LFkSfrd mQtkZ (u) fuEu gS µ

u =
1

2
×σ ε (8.14)

8.6 nzO;ksa osQ izR;kLFk O;ogkj osQ vuqiz;ksx

nSfud thou esa nzO;ksa osQ izR;kLFk O;ogkj dh vge Hkwfedk
gksrh gSA lHkh vfHk;kaf=kdh fM”kkbuksa esa nzO;ksa osQ izR;kLFk
O;ogkj osQ ifj'kq¼ Kku dh vko';drk gksrh gSA mnkgj.k osQ
fy, fdlh Hkou dh fM”kkbu djrs le; LraHkksa] naMksa
rFkk vk/kjksa dh lajpukRed fM”kkbu osQ fy, iz;qDr nzO;ksa
dh izcyrk dk Kku vko';d gSA D;k vkius dHkh bl ij
fopkj fd;k gS fd iqyksa dh lajpuk esa vk/kj osQ :i esa
iz;qDr naMksa dk vuqizLFk ifjPNsn  I dh rjg dk D;ksa gksrk gS\
ckyw dk ,d <sj ;k ,d igkM+h fijSfeM dh vko`Qfr dk D;ksa
gksrk gS\ bu iz'uksa osQ mÙkj lajpukRed vfHk;kaf=kdh osQ
vè;;u ls ik, tk ldrs gSaA

Hkkjh Hkkjksa dks mBkus rFkk ,d LFkku ls nwljs LFkku rd
ys tkus osQ fy, iz;qDr ozsQuksa eas /krq dk ,d eksVk jLlk gksrk
gS ftlls Hkkj dks tksM+ fn;k tkrk gSA jLls dks eksVjksa rFkk
f?kjfu;ksa dh enn ls [khapk tkrk gSA eku ysa fd gesa ,d ,slk
ozsQu cukuk gS ftldks mBk ldus dh lkeF;Z 10 ehfVªd Vu
(1metric ton = 1000 kg) gksA bLikr dk jLlk fdruk
eksVk gksuk pkfg,\ Li"Vr;k] ge ;g pkgrs gSa fd Hkkj jLls
dks LFkk;h :i ls fo:fir u dj nsA blfy, foLrkj izR;kLFk
lhek ls vf/d ugha gksuk pkfg,A lkj.kh 8-1 ls gesa irk
pyrk gS fd e`nq bLikr dk ijkHko lkeF;Z (σ

y
) yxHkx

300 × 106 N m&2 gSA bl izdkj jLls osQ vuqizLFk ifjPNsn
dk {ks=kiQy  dk U;wure eku gS %

A ≥ W/σy  =  Mg/σy (8.15)

 = (104 kg × 10 m s-2)/(300 × 106 N m-2)

 = 3.3 × 10-4 m2

tks o`Ùkkdkj ifjPNsn osQ jLls osQ fy, yxHkx 1 cm f=kT;k
osQ laxr curk gSA lk/kj.kr;k] lqj{kk osQ fy, Hkkj esa ,d
cM+k ek£tu (yxHkx nl osQ xq.kd dk) fn;k tkrk gSA bl
rjg yxHkx 3 cm f=kT;k dk ,d eksVk jLlk laLrqr fd;k
tkrk gSA bl f=kT;k dk ,dy rkj O;kogkfjd :i ls ,d n`<+
NM+ gks tk,xkA blfy, O;kikfjd fuekZ.k esa ypd rFkk
izcyrk osQ fy, ,sls jLlksa dks ges'kk os.kh dh rjg cgqr ls
irys rkjksa dks xqfEiQr djosQ vklkuh ls cuk;k tkrk gSA

fdlh iqy dks bl izdkj fM”kkbu djuk gksrk gS ftlls
;g pyrs gq, ;krk;kr osQ Hkkj dks] iou cy dks rFkk vius

lkj.kh 8.4 izfrcy] foo`Qfr rFkk fofHkUu izR;kLFk xq.kkad

izfrcy dk izfrcy foòQfr vUrj izR;kLFk xq.kkad dk nzO; dh
izdkj vkòQfr esa vk;ru esa xq.kkad uke voLFkk

rud lEeq[k i`"Bksa osQ yacor~ cy dh fn'kk esa foLrkj gk¡ ugha           Y = (F×L)/ ;ax Bksl
vFkok nks cjkcj vkSj fojks/h cy ;k laihMu (A×∆L ) xq.kkad
laihMd vuqnS?;Z foo`Qfr (∆L/L)

(σ = F/A)

vi:id lEeq[k i`"Bksa osQ lekarj nks 'kq¼ vi:i.k, θ gk¡ ugha         G = F/(A ×θ ) vi:i.k Bksl
(σ

s
 = F/A) cjkcj vkSj fojks/h cy xq.kkad ;k

(izR;sd fLFkfr esa cy ,sls ǹ<+rk
yxsa rkfd fi.M ij oqQy cy xq.kkad
rFkk oqQy cy vk?kw.kZ
'kwU; gks tk,)

tyh; i`"B ij lHkh txg yacor~ vk;ru esa varj ugha gk¡  B = –p/(∆V/V) vk;ru Bksl] nzo
cy] lHkh txg ,dkaoQ (laihMu ;k foLrkj) xq.kkad rFkk xSl
{ks=kiQy ij cy (nkc) dk (∆V/V)

eku cjkcj
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Hkkj dks ogu dj losQA blh izdkj] Hkouksa dh fM”kkbu esa
n.Mksa ,oa LraHkksa dk mi;ksx cgqr izpfyr gSA nksuksa gh
fLFkfr;ksa esa] Hkkj osQ varxZr n.M osQ cadu dh leL;k ls
NqVdkjk ikuk cgqr gh egRoiw.kZ gksrk gSA n.M dks vR;f/d
cafdr gksuk ;k VwVuk ugha pkfg,A ge fdlh ,sls n.M osQ
ckjs esa fopkj djsa tks fljksa osQ ikl vk/kfjr gks rFkk ftlosQ
eè; fcanq ij Hkkj yxk gks] tSlk fp=k 8-6 esa fn[kk;k x;k
gSA yackbZ l, pkSM+kbZ b  rFkk eksVkbZ d  dh ,d iêðh osQ eè;
fcanq ij Hkkj W dk Hkkj yxkus ls blesa ,d >ksy vk,xk
ftldh ek=kk gksxh

δ = W l 3/(4bd3Y) (8.16)

fp=k 8.6 8.6 8.6 8.6 8.6 fljksa ij vk/kfjr rFkk osQUnz ij Hkkfjr ,d n.MA

FkksM+k lk oSQyoqQyl vkSj ftruk vki igys gh i<+ pqosQ
gSa] mldk mi;ksx djosQ bl laca/ dk fuxeu fd;k tk
ldrk gSA lehdj.k (8.15) ls ge ns[krs gSa fd fdlh fn;s gq,
Hkkj osQ fy, cadu de djus osQ fy, ,sls nzO; dk mi;ksx
djuk pkfg, ftldk ;ax xq.kkad Y vf/d gksA fdlh fn;s gq,
nzO; osQ fy, cadu de djus osQ fy, pkSM+kbZ b oQh ctk;
eksVkbZ d dks c<+kuk vf/d izHkkoh gksrk gS D;ksafd δ ,  d -3

ysfdu b-1 osQ vuqØekuqikrh gksrk gS (;|fi n.M dh yackbZ
;FkklEHko de gksuh gh pkfg,)A ysfdu tc rd ,slk u gks
fd Hkkj fcyoqQy Bhd LFkku ij yxk gks (ij pyrs gq,
;krk;kr okys iqy ij ,slk O;ofLFkr djuk dfBu gS)] eksVkbZ
c<+kus ij iêðh ,sls cafdr gks ldrh gS tSlk fp=k 8.7(b) esa
fn[kk;k x;k gSA bls vkoqaQpu dgrs gSaA blls cpus osQ fy,
lk/kj.kr;k fp=k 8.7(c) esa fn[kkbZ xbZ vkÑfr dk vuqizLFk
ifjPNsn fy;k tkrk gSA ,sls ifjPNsn ls Hkkj ogu djus osQ
fy, cM+k i`"B rFkk cadu jksdus osQ fy, i;kZIr eksVkbZ feyrh
gSA bl izdkj dh vkÑfr ls izcyrk dks U;ksNkoj fd;s fcuk
gh n.M osQ Hkkj dks de fd;k tk ldrk gS] vr% ykxr Hkh
de gks tkrh gSA

fp=k 8.7 8.7 8.7 8.7 8.7 fdlh n.M dh fofHkUu vuqizLFk ifjPNsn vkÑfr;k¡
(a) ,d iêðh dk vk;rkdkj ifjPNsn] (b) ,d
iryh iêðh vkSj oSQls vkoqaQfpr gks ldrh gS] (c) Hkkj
ogu djus okyh iêðh osQ fy, lk/kj.kr;k iz;qDr
ifjPNsnA

Hkouksa rFkk iqyksa esa [kEHkksa ;k LrEHkksa dk mi;ksx Hkh cgqr
izpfyr gSA xksy fljksa okys [kEHks tSlk fp=k 8.8(a) esa fn[kk;s
x;s gSa] iSQykonkj vkÑfr fp=k 8.8(b) okys [kEHkksa dh vis{kk
de Hkkj ogu dj ldrs gSaA fdlh iqy ;k Hkou dh ifj'kq¼
fMT+kkbu djrs le; mu ckrksa dk è;ku j[kuk iM+rk gS fd og
fdu ifjfLFkfr;ksa esa dke djrk gS] ykxr D;k gksxh vkSj
laHkkfor nzO;ksa vkfn dh nh?kZdkyhu fo'oluh;rk vkfn
D;k gS\

fp=k 8.8 8.8 8.8 8.8 8.8 [kEHks ;k LrEHk% (a) xksyh; fljksa dk [kEHkk]
(b) iSQykonkj fljksa dk [kEHkkA

i`Foh ij fdlh ioZr dh vf/dre Å¡pkbZ yxHkx
10 km gksrh gS] bl iz'u dk mÙkj Hkh pêðkuksa osQ izR;kLFk xq.kksa
ij fopkj djus ls fey ldrk gSA ,d ioZr dk vkèkkj leku
laihMu osQ vUrxZr ugha gksrk gS] ;g pêðkuksa dks oqQN
vi:id izfrcy iznku djrk gS ftlosQ vUrxZr os izokfgr
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(f[kld) gks ldrh gSaA Åij osQ lkjs nzO; osQ dkj.k izfrcy
ml ØkfUrd vi:id izfrcy ls de gksuk pkfg, ftl ij
pêðkusa izokfgr gksa (f[klosaQ)A

Å¡pkbZ h osQ fdlh ioZr dh ryh ij] ioZr osQ Hkkj osQ
dkj.k ,dkad {ks=kiQy ij yxus okyk cy hρg gksrk gS tgk¡
ρ ioZr osQ nzO;eku dk ?kuRo gS rFkk g xq#Roh; Roj.k gSA ryh
ij dk nzO; ÅèokZ/j fn'kk esa bl cy dk vuqHko djrk gS]
ysfdu ioZr osQ fdukjs Lora=k gSaA blfy, ;g nkc ;k vk;ru

lkjka'k

1. ,dkad {ks=kiQy ij izR;ku;u cy izfrcy gksrk gS rFkk foek esa fHkUukRed vUrj foÑfr gksrk gSA vke rkSj
ij rhu izdkj osQ izfrcy gksrs gSa (a) rud izfrcy &&vuqnS?;Z izfrcy (ruu ls lac¼) ;k laihMd izfrcy
(laihMu ls lac¼)] (b) vi:id izfrcy] rFkk (c) tyh; izfrcyA

2. de fo:i.k osQ fy, vf/drj inkFkks± esa izfrcy foÑfr osQ vuqØekuqikrh gksrk gSA bls gqd dk fu;e dgrs
gSaA vuqØekuqikfrdrk dk fLFkjkad izR;kLFkrk xq.kkad dgykrk gSA fo:i.k cyksa osQ yxus ij fi.Mksa dh
izfrfØ;k vkSj izR;kLFk O;ogkj dk o.kZu djus osQ fy, rhu izR;kLFkrk xq.kkadksa & ;ax xq.kkad] vi:i.k xq.kkad
rFkk vk;ru xq.kkad dk mi;ksx fd;k tkrk gSA

Bkslksa dk ,d oxZ] tks izR;kLFkyd dgykrk gS] gqd osQ fu;e dk ikyu ugha djrk gSA

3. tc dksbZ fi.M ruko ;k laihMu osQ varxZr gksrk gS rks gqd osQ fu;e dk :i gksrk gS
 F/A  = Y∆L/L,

tgk¡  ∆L/L fi.M dh ruu ;k laihMu foÑfr gS] F foÑfr mRiUu djus okys izR;kjksfir cy dk eku gS]
A vuqizLFk ifjPNsn dk og og {ks=kiQy gS ftl ij F izR;kjksfir gksrk gS (A osQ yacor) vkSj Y fi.M osQ nzO;
dk ;ax xq.kkad gSA izfrcy F/A gSA

4. tc nks cy Åijh vkSj fupyh iQydksa osQ lekUrj yxk;s tkrs gSa rks Bksl fi.M bl izdkj fo:fir gksrk gS
fd Åijh iQyd fupyh iQyd osQ lkis{k cxy dh vksj foLFkkfir gksrh gSA Åijh iQyd dk {kSfrt foLFkkiu
∆L ÅèokZ/j Å¡pkbZ L osQ yacor gksrk gSA bl izdkj dk fo:i.k vi:i.k dgykrk gS vkSj laxr izfrcy

vi:i.k izfrcy gksrk gSA bl izdkj dk izfrcy osQoy Bkslksa esa gh laHko gSA

bl izdkj osQ fo:i.k osQ fy, gqd osQ fu;e dk :i gks tkrk gS
F/A = G × ∆L/L

tgk¡ ∆L fi.M osQ ,d fljs dk izR;kjksfir cy F dh fn'kk esa foLFkkfir gS vkSj G vi:i.k xq.kkad gSA

5. tc dksbZ fi.M ifjorhZ nzo }kjk yxk;s x;s izfrcy osQ dkj.k tyh; laihMu esa tkrk gS rks gqd osQ fu;e
dk :i fuEu gks tkrk gS

p = B (∆V/V),

tgk¡ p fi.M ij nzo osQ dkj.k nkc (tyh; izfrcy) gS] ∆V/V  (vk;ru foÑfr) ml nkc osQ dkj.k fi.M
osQ vk;ru esa fHkUukRed vUrj vkSj B fi.M dk vk;ru xq.kkad gksrk gSA

laihMu tSlh fLFkfr ugha gSA ;gk¡ ,d vi:id vo;o gS tks
yxHkx hρg gh gSA vc] fdlh izk:fid pêðku dh izR;kLFk
lhek 30 × 107 N m-2 gksrh gSA bls hρg osQ cjkcj j[kus ij
tgk¡ ρ  = 3 × 103 kg m–3, ge ikrs gSa fd

hρg  = 30 × 107 N m–2

;k] h  =  30 × 107 N m–2/(3 × 103 kg m–3 × 10 m s–2)

        ~ 10 km

tks ekmUV ,ojsLV dh Å¡pkbZ ls ”;knk gSA
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vH;kl

8.1 4.7 m yacs o 3.0 × 10–5 m2 vuqizLFk dkV osQ LVhy osQ rkj rFkk 3.5 m yacs o 4.0 × 10–5 m2 vuqizLFk
dkV osQ rk¡cs osQ rkj ij fn, x, leku ifjek.k osQ Hkkjksa dks yVdkus ij mudh yackb;ksa eas leku o`f¼ gksrh
gS A LVhy rFkk rk¡cs osQ ;ax izR;kLFkrk xq.kkadksa esa D;k vuqikr gS\

8.2 uhps fp=k 8-9 esa fdlh fn, x, inkFkZ osQ fy, izfrcy&foo`Qfr oØ n'kkZ;k x;k gSA bl inkFkZ osQ fy,
(a) ;ax izR;kLFkrk xq.kkad] rFkk (b) lfUudV ijkHko lkeF;Z D;k gS\

fopkj.kh; fo"k;

1. fdlh rkj dks ,d Nr ls yVdk;k x;k gS rFkk mls nwljs fljs ij Hkkj (F)  yxkdj rfur fd;k x;k gSA Nr
}kjk bl rkj ij vkjksfir cy Hkkj osQ cjkcj vkSj foijhr gksrk gSA ijUrq rkj osQ fdlh ifjPNsn A ij ruko
F  gksrk gS uk fd 2F A vr% ruu izfrcy] tks izfr bdkbZ {ks=kiQy ij ruko gS] F/A gksrk gSA

2. gqd dk fu;e izfrcy&foÑfr oØ osQ osQoy jSf[kd Hkkx esa gh oS/ gSA

3. ;ax izR;kLFkrk xq.kkad rFkk vi:i.k xq.kkad osQoy Bkslksa osQ fy, gh izklafxd gksrs gSa] bldk dkj.k ;g gS
fd osQoy Bkslksa dh gh yackbZ rFkk vko`Qfr gksrh gS A

4. vk;ru izR;kLFkrk xq.kkad Bkslksa] nzoksa rFkk xSlksa lHkh osQ fy, izklafxd gksrk gSA ;g ml fLFkfr esa vk;ru esa
ifjorZu ls lacaf/r gS tc fi.M dk izR;sd Hkkx leku izfrcy osQ varxZr gksrk gS rkfd fi.M dh vkÑfr
T;ksa dh R;ksa cuh jgsA

5. /krqvksa ds fy, ;ax xq.kkad dk eku feJ /krqvksa vkSj izR;kLFkydksa dh vis{kk vf/d gksrk gSA ;ax xq.kkad
osQ vf/d eku okys nzO;ksa esa yackbZ esa FkksM+k ifjorZu djus osQ fy, vf/d cy dh vko';drk gksrh gSA

6.  nSfud thou esa gekjh ;g /kj.kk gksrh gS fd tks nzO; vf/d rfur gksrs gSa] os vf/d izR;kLFk gksrs gSa] ysfdu
;g feF;k gSA okLro esa os nzO; tks fn, gq, Hkkj osQ fy, de rfur gksrs gSa] vf/d izR;kLFk le>s tkrs gSaA

7.  O;kid :i esa] fdlh ,d fn'kk esa vkjksfir fo:id cy vU; fn'kkvksa esa Hkh fod`fr mRiUu dj ldrk
gSA ,slh ifjfLFkfr;ksa esa izfrcy ,oa foòQfr osQ chp vkuqikfrdrk dk o.kZu osQoy ,d izR;kLFkrk fu;rkad }kjk
ugha fd;k tk ldrkA mnkgj.k osQ fy,] vuqnS?;Z foo`Qfr ds varxZr] vuqizLFk foek (ifjPNsn dh f=kT;k) esa
Hkh FkksM+k varj gks tk,xk ftldk o.kZu nzO; osQ nwljs izR;kLFkrk fu;rkad ls djrs gSa (ftls Iok;lka vuqikr
dgrs gSa)A

8. izfrcy ,d lfn'k jkf'k ugha gS D;ksafd cy dh rjg izfrcy fdlh fo'ks"k fn'kk ls fu/kZfjr ugha fd;k tk
ldrkA fdlh fi.M osQ ,d Hkkx ij fdlh dkV dh fuf'pr vksj dk;Zjr cy dh ,d fuf'pr fn'kk
gksrh gSA
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fp=k 8.9 8.9 8.9 8.9 8.9

8.3 nks inkFkks± A vkSj B osQ fy, izfrcy&foo`Qfr xzkiQ fp=k 8-10 esa n'kkZ, x, gSaA

fp=k 8.10 8.10 8.10 8.10 8.10

bu xzkiQksa dks ,d gh iSekuk ekudj [khapk x;k gSA
(a) fdlh inkFkZ dk ;ax izR;kLFkrk xq.kkad vf/d gS\
(b) nksuksa inkFkks± esa dkSu vf/d etcwr gS\

8.4 fuEufyf[kr nks dFkuksa dks è;ku ls if<+;s vkSj dkj.k lfgr crkb;s fd os lR; gSa ;k vlR; %
(a) bLikr dh vis{kk jcM+ dk ;ax xq.kkad vf/d gS_
(b) fdlh oqQ.Myh dk ruu mlosQ vi:i.k xq.kkad ls fu/kZfjr gksrk gSA

8.5 0.25 cm O;kl osQ nks rkj] ftuesa ,d bLikr dk rFkk nwljk ihry dk gS] fp=k 8.11 osQ vuqlkj Hkkfjr gSaA
fcuk Hkkj yVdk;s bLikr rFkk ihry osQ rkjksa dh yackb;k¡ Øe'k% 1.5 m rFkk 1.0 m gSaA ;fn bLikr rFkk
ihry osQ ;ax xq.kkad Øe'k% 2.0 × 1011 Pa rFkk 0.91 × 1011 Pa gksa rks bLikr rFkk ihry osQ rkjksa esa foLrkj
dh x.kuk dhft,A

fp=k 8.11 8.11 8.11 8.11 8.11

foòQfr

izf
rc

y

LVhy

ihry

foòQfr

izf
rc

y

foòQfr

izf
rc

y
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8.6 ,syqfefu;e osQ fdlh ?ku osQ fdukjs 10 cm yacs gSaA bldh ,d iQyd fdlh ÅèokZ/j nhokj ls dldj tM+h
gqbZ gSA bl ?ku osQ lEeq[k iQyd ls 100 kg dk ,d nzO;eku tksM+ fn;k x;k gSA ,yqfefu;e dk vi:i.k
xq.kkad 25 GPa gSA bl iQyd dk ÅèokZ/j foLFkkiu fdruk gksxk\

8.7 e`nq bLikr osQ pkj le:i [kks[kys csyukdkj LrEHk 50,000 kg nzO;eku osQ fdlh cM+s <k¡ps dks vk/kj fn;s
gq, gSaA izR;sd LrEHk dh Hkhrjh rFkk ckgjh f=kT;k,¡ Øe'k% 30 rFkk 60 cm gSaA Hkkj forj.k dks ,dleku ekurs
gq, izR;sd LrEHk dh laihMu foÑfr dh x.kuk dhft;sA

8.8 rk¡cs dk ,d VqdM+k] ftldk vuqizLFk ifjPNsn 15.2 mm × 19.1 mm dk gS] 44,500 N cy osQ ruko ls
[khapk tkrk gS] ftlls osQoy izR;kLFk fo:i.k mRiUu gksA mRiUu foÑfr dh x.kuk dhft;sA

8.9 1.5 cm f=kT;k dk ,d bLikr dk osQfcy Hkkj mBkus osQ fy, bLrseky fd;k tkrk gSA ;fn bLikr osQ fy,
vfèkdre vuqKs; izfrcy 108 N m–2 gS rks ml vf/dre Hkkj dh x.kuk dhft, ftls osQfcy mBk ldrk gSA

8.10 15 kg nzO;eku dh ,d n`<+ iê ðh dks rhu rkjksa] ftuesa izR;sd dh yackbZ 2 m gS] ls lefer yVdk;k x;k
gSA fljksa osQ nksuksa rkj rk¡cs osQ gSa rFkk chp okyk yksgs dk gSA rkjksa osQ O;klksa osQ vuqikr fudkfy,] izR;sd ij
ruko mruk gh jguk pkfg,A

8.11 ,d ehVj vrkfur yackbZ osQ bLikr osQ rkj osQ ,d fljs ls 14.5 kg dk nzO;eku ck¡/ dj mls ,d
ÅèokZ/j o`Ùk esa ?kqek;k tkrk gS] oÙ̀k dh ryh ij mldk dks.kh; osx 2rev/s gSA rkj osQ vuqizLFk ifjPNsn dk
{ks=kiQy 0.065 cm2 gSA rkj esa foLrkj dh x.kuk dhft, tc nzO;eku vius iFk osQ fuEure fcanq ij gSA

8.12 uhps fn;s x;s vk¡dM+ksa ls ty osQ vk;ru izR;kLFkk xq.kkad dh x.kuk dhft,_ izkjafHkd vk;ru = 100.0 L

nkc esa o`f¼ = 100.0 atm (1 atm = 1.013 × 105 Pa), vafre vk;ru = 100.5 L A fu;r rki ij ty
rFkk ok;q osQ vk;ru izR;kLFkrk xq.kkadksa dh rqyuk dhft,A ljy 'kCnksa esa le>kb;s fd ;g vuqikr bruk
vfèkd D;ksa gSA

8.13 ty dk ?kuRo ml xgjkbZ ij] tgk¡ nkc 80.0 atm gks] fdruk gksxk\ fn;k x;k gS fd i`"B ij ty dk ?kuRo
1.03 × 103 kg m–3] ty dh laihMrk 45.8 × 10–11 Pa–1 (1 Pa = 1 N m–2)

8.14 dk¡p osQ Lysc ij 10 atm dk tyh; nkc yxkus ij mlosQ vk;ru esa fHkUukRed varj dh x.kuk dhft,A
8.15 rk¡cs osQ ,d Bksl ?ku dk ,d fdukjk 10 cm dk gSA bl ij 7.0 × 106 Pa dk tyh; nkc yxkus ij blosQ

vk;ru esa laoqQpu fudkfy,A
8.16 ,d yhVj ty ij nkc esa fdruk varj fd;k tk, fd og 0.10% ls laihfMr gks tk,\

Reprint 2026-27



rjyksa osQ ;kaf=kdh xq.k 187

vè;k; 9

rjyksa osQ ;kaf=kdh xq.k

9.1 Hkwfedk

bl vè;k; esa ge nzoksa rFkk xSlksa osQ oqQN lkekU; HkkSfrd xq.kksa dk vè;;u
djsaxsA nzo rFkk xSl izokfgr gksrh gSa vr% rjy dgykrh gSA ewy :i esa bl
xq.k osQ vk/kj ij ge nzoksa ,oa xSlksa dk Bkslksa ls foHksn djrs gSaA

gekjs pkjksa vksj gj LFkku ij rjy gSaA i`Foh osQ Åij ok;q dk vkoj.k gS
vkSj blosQ i`"B dk nks&frgkbZ Hkkx ty ls vkPNkfnr gSA ty osQoy gekjs
thou osQ vfLrRo osQ fy, gh vko';d ugha gS oju~ lHkh Lruik;h tarqvksa
osQ 'kjhj dk vf/dka'k Hkkx ty gSA ikS/ksa lfgr lHkh lthoksa esa gksus okyh
leLr izfØ;kvksa esa rjyksa dh ijks{k Hkwfedk gksrh gSA vr% rjyksa osQ O;ogkj
o xq.kksa dks le>uk cgqr egÙoiw.kZ gSA

rjy Bkslksa ls oSQls fHkUu gSa\ nzoksa rFkk xSlksa esa D;k&D;k lekurk gS\ Bkslksa
osQ foijhr rjy dh viuh dksbZ fuf'pr vkÑfr ugha gksrhA Bkslksa ,oa nzoksa dk
fuf'pr vk;ru gksrk gS tcfd xSl ik=k osQ oqQy vk;ru dks Hkj nsrh gSA
fiNys vè;k; esa geus i<+k gS fd izfrcy }kjk Bkslksa osQ vk;ru esa ifjorZu
fd;k tk ldrk gSA Bksl] nzo vFkok xSl dk vk;ru bl ij yxus okys
izfrcy vFkok nkc ij fuHkZj gSA tc ge Bksl ;k nzo osQ fuf'pr vk;ru dh
ckr djrs gSa] rc gekjk rkRi;Z ok;qeaMyh; nkc osQ v/hu vk;ru ls gksrk gSA
xSlksa dh rqyuk esa cká nkckarj ls Bksl ;k nzo osQ vk;ru esa ifjorZu cgqr
de gksrk gSA nwljs 'kCnksa esa xSlksa dh vis{kk Bksl ,oa nzoksa dh laihM~;rk dkiQh
de gksrh gSA

vi:i.k (fo:i.k) izfrcy Bksl osQ vk;ru esa ifjorZu fd, fcuk
mldh vkÑfr cny ldrk gSA rjyksa dk ewy xq.k ;g gS fd og fo:i.k
izfrcy dk cgqr gh U;wu izfrjks/ djrs gSaA iQyr% FkksM+s ls fo:i.k izfrcy
yxkus ls Hkh mudh vkÑfr cny tkrh gSA Bkslksa dh vis{kk rjyksa dk vi:id
izfrcy yxHkx nl yk[kok¡ de gksrk gSA

9.2  nkc

tc ,d uqdhyh lqbZ gekjh Ropk esa nkc yxkdj j[kh tkrh gS] rks og Ropk
dks cs/ nsrh gSA ijUrq fdlh vf/d laioZQ {ks=k dh oLrq (tSls pEep dk

9.1 Hkwfedk

9.2 nkc

9.3 /kjkjs[kh izokg
9.4 cuZwyh dk fl¼kar

9.5 ';kurk

9.6 i`"B ruko

lkjka'k

fopkj.kh; fo"k;

vH;kl
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fiNyk Hkkx) dks mrus gh cy ls nck,¡ rks gekjh Ropk
vifjo£rr jgrh gSA ;fn fdlh O;fDr dh Nkrh ij dksbZ
gkFkh viuk iSj j[k ns rks mldh ilfy;k¡ VwV tk,¡xhA loZQl
esa ;g djrc fn[kkus okys dh Nkrh ij etcwr ydM+h dk
r[rk j[kk tkrk gS vr% og bl nq?kZVuk ls cp tkrk gSA nSfud
thou osQ bl izdkj osQ vuqHkoksa ls gesa fo'okl gks tkrk gS
fd cy osQ lkFk&lkFk ftl {ks=k ij og cy vkjksfir fd;k
tkrk gS mldk {ks=kiQy Hkh egÙoiw.kZ gksrk gSA og {ks=k ftl
ij cy dk;Z dj jgk gS ftruk NksVk gksxk mldk izfr?kkr
mruk gh vf/d gksxkA ;g izfr?kkr ^nkc* dgykrk gSA

tc dksbZ fi.M fdlh 'kkar rjy esa Mwck gqvk gS] rks rjy
ml fi.M ij cy vkjksfir djrk gSA ;g cy lnSo fi.M osQ
i`"Bksa osQ vfHkyacor~ gksrk gSA ,slk blfy, gS fd] ;fn cy
dk vo;o fi.M osQ i`"B osQ lekarj gksrk gS rks U;wVu osQ
r`rh; fu;ekuqlkj] fi.M Hkh vius lrg osQ lekarj rjy ij
cy vkjksfir djrk gSA ;g cy rjy dks ì"B osQ lekarj cgus
osQ fy, ckè; djrk gSA ;g laHko ugha gS] D;ksafd rjy
foJkekoLFkk esa gSA vr% fojkekoLFkk esa rjy }kjk yxus okyk
cy fi.M osQ laioZQ i`"B osQ vfHkyac gh vkjksfir gks ldrk
gSA bls fp=k 9.1(a) esa n'kkZ;k x;k gSA

rjy }kjk fdlh ¯cnq ij dk;Zjr bl vfHkyac cy dks
ekik tk ldrk gSA ,slk gh ,d nkc ekid ;qfDr osQ vkn'kZ
:i dks fp=k 9.1(b) esa n'kkZ;k x;k gSA bl ;qfDr esa ,d
fuokZfrr pSEcj gksrk gS] ftlls ,d dekuh tqM+h gksrh gSA bl
dekuh dk va'kkadu igys ls gh blosQ fiLVu ij yxs cy dks
ekius osQ fy, dj fy;k tkrk gSA bl ;qfDr dks rjy osQ vanj
osQ fdlh ̄ cnq ij j[kk tkrk gSA fiLVu ij rjy }kjk vkjksfir
cy dks dekuh }kjk fiLVu ij vkjksfir cy ls larqfyr
djosQ rjy }kjk fiLVu ij vkjksfir cy dks eki ysrs gSaA ;fn
rjy }kjk A {ks=kiQy osQ fiLVu ij vkjksfir vfHkyac cy dk
ifjek.k F  gS] rks vkSlr nkc P

av
 dks cy rFkk {ks=kiQy osQ

vuqikr osQ :i esa ifjHkkf"kr fd;k tkrk gS

vr%

P
F

Aav =              (9.1)

lS¼kafrd :i esa fiLVu osQ {ks=kiQy dks euekus <ax ls
NksVk fd;k tk ldrk gSA rc lhfer vFkks± esa nkc dks bl
izdkj ifjHkkf"kr djrs gSa %

P = 
lim

∆A 0→

∆

∆

F

A
(9.2)

nkc ,d vfn'k jkf'k gSA ;gk¡ ge vkidks ;g ;kn fnykuk
pkgrs gSa fd lehdj.kksa (9.1) rFkk (9.2) osQ va'k esa ǹf"Vxkspj
gk su s okyh jk f'k l ac a f/r {k s = k o s Q vfHky acor ~
cy dk vo;o gS u fd (lfn'k) cyA bldh foek,¡
[ML–1T–2] gSaA nkc dk ek=kd N m–2 gSA izQkalhlh oSKkfud
Cysth ikLdy (1623-1662) us rjy nkc {ks=k esa iqjksxkeh
vè;;u fd;kA blfy, muosQ lEeku esa nkc osQ SI ek=kd
dk uke ikLdy (pascal, izrhd Pa) j[kk x;k gSA nkc dk
,d vU; lkekU; ek=kd ok;qe.My (atmosphere, izrhd
atm) vFkkZr~ leqnz ry ij ok;qeaMy }kjk vkjksfir nkc] gS
(1 atm = 1.013 × 105 Pa)A

rjyksa dk o.kZu djus osQ fy, ?kuRo (ρ) ,d ,slh HkkSfrd
jkf'k gS ftlosQ fo"k; esa ppkZ djuk vfuok;Z gSA V vk;ru
okys m lagfr osQ fdlh rjy dk ?kuRo

ρ =
m

V
(9.3)

?kuRo dh foek,¡ [ML–3] gSaA bldk SI ek=kd kg m–3 gSA
;g ,d /ukRed vfn'k jkf'k gSA nzo vlaihM~; gksrs gSa] vr%
fdlh nzo dk ?kuRo lHkh nkcksa ij yxHkx vpj jgrk gSA
blosQ foifjr] xSlsa nkc esa ifjorZu osQ lkFk ?kuRo esa
vR;fèkd ifjorZu n'kkZrh gSaA

 4 oC (277 K) ij ty dk ?kuRo 1.0 × 103 kg m–3

gSA fdlh inkFkZ dk vkisf{kd ?kuRo (fof'k"V xq#Ro) ml

fp=k 9.1 9.1 9.1 9.1 9.1 (a) chdj osQ nzo esa Mwcs fi.M vFkok mldh nhokjksa
ij nzo }kjk vkjksfir cy fi.M osQ i`"B osQ gj ¯cnq osQ yacor~
dk;Z djrk gSA (b) nkc ekius osQ fy, ;qfDr dk vkn'kZ :iA

fuokZr
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inkFkZ osQ ?kuRo rFkk ty osQ 4 oC ij ?kuRo dk vuqikr gksrk
gSA ;g foekghu /ukRed vfn'k HkkSfrd jkf'k gSA mnkgj.k osQ
fy, ,syqfefu;e dk vkisf{kd ?kuRo 2.7 gSA tcfd bldk
?kuRo 2.7 × 103 kg m–3 gSA lkj.kh 9-1 esa oqQN lkekU;
rjyksa osQ ?kuRo n'kkZ, x, gSaA
 lkj.kh 9.1 oqQN lkekU; rjyksa osQ ?kuRo ekud rki rFkk

ok;qeaMyh; nkc (STP) ij*

rjy ?kuRo ρ (kg m–3)

ty 1.00 × 103

leqnz ty 1.03 × 103

ikjk 13.6 × 103

,sfFky ,YdksgkWy 0.806 × 103

laiw.kZ jDr 1.06 × 103

ok;q 1.29

vkWDlhtu 1.43

gkbMªkstu 9.0 × 10–2

varjkrkjdh; vkdk'k .≈10–20

mnkgj.k 9.1   9.1   9.1   9.1   9.1  nks moZfLFkfr;k¡ (iQhej) ftuesa izR;sd
dh vuqizLFk dkV dk {ks=kiQy 10 cm2 gS] 40 kg

lagfr osQ ekuo 'kjhj osQ Åijh Hkkx dks l¡Hkkyrh gSaA
moZfLFkfr;ksa }kjk lgu fd, tkus okys vkSlr nkc dk
vkdyu dhft,A

gy           moZfLFk;ksa dh oqQy vuqizLFk dkV dk {ks=kiQy
A = 2 × 10 cm2 = 20 × 10–4 m2A moZfLFk;ksa ij dk;Zjr
cy F = 40 kg wt = 400 N (g = 10 m s–2 ysus ij)A
;g cy ÅèokZ/j uhps dh fn'kk esa dk;Z djrk gS] vr%
;g moZfLFk;k s a ij vfHkyacor~ yxrk gSA blhfy,
vkSlr nkc

25 m N 10  2    −
×==

A

F
Pav                             t

9.2.1 ikLdy dk fu;e

izQkalhlh oSKkfud Cyst ikLdy us ik;k fd ;fn lHkh ¯cnq
,d gh Å¡pkbZ ij gksa rks fojke fLFkfr osQ rjy osQ lHkh
¯cnqvksa ij nkc leku gksxkA bl lR; dks Hkyh Hkk¡fr ljy :i
esa n'kkZ;k tk ldrk gSA

fp=k 9.2 esa fojke fLFkfr osQ fdlh rjy osQ vH;Urj esa
dksbZ vo;o n'kkZ;k x;k gSA ;g vo;o ABC-DEF ,d
ledks.k fiz”e osQ :i esa gSA fiz”eh; vo;o vkdkj esa cgqr
NksVk gS blfy, bldk izR;sd ¯cnq rjy osQ i`"B osQ leku
xgjkbZ ij ekuk tk ldrk gS vkSj blfy, izR;sd ̄cnq ij xq#Ro
dk izHkko leku gksxkA ijUrq bl fl¼kUr dks Li"V djus osQ
fy, geus bl vo;o dks cM+k djosQ n'kkZ;k gSA bl vo;o
ij vkifrr cy 'ks"k rjy osQ dkj.k gS vkSj tSlk fd Åij
n'kkZ;k x;k gS rjy osQ dkj.k vkjksfir cy i`"Bksa osQ vfHkyac
dk;Z djrs gSaA vr% fp=k esa n'kkZ;s vuqlkj rjy }kjk bl
vo;o ij vkjksfir nkcksa P

a
, P

b 
rFkk P

c
 osQ rnu:ih cy F

a
,

F
b
 rFkk F

c
 Øe'k% iQydksa BEFC, ADFC rFkk ADEB ij

vfHkyacor~ vkifrr gksrs gSa tSlk fd fp=k 9.2 esa n'kkZ;k x;k
gSA iQydksa BEFC, ADFC rFkk ADEB dks A

a
, A

b
 rFkk A

c

ls Øe'k% O;Dr djrs gSaA rc
F

b 
sinθ = F

c
, F

b 
cosθ = F

a
(lkE;koLFkk ls)

A
b 
sinθ = A

c
, A

b 
cosθ = A

a
(T;kferh ls)

bl izdkj

;b c a
b c a

b c a

F F F
P P P

A A A
= = = = (9.4)

vr% fojkekoLFkk esa nzo osQ vH;Urj esa lHkh fn'kkvksa esa
nkc leku :i ls dk;Z djrk gSA gesa ;g iqu% ;kn fnykrk
gS fd vU; izdkj osQ izfrcyksa dh Hkk¡fr gh nkc lfn'k ugha
gSA bls dksbZ fn'kk ugha nh tk ldrhA fojkekoLFkk esa nkc]
rjy osQ Hkhrj osQ fdlh {ks=kiQy (vFkok ifjc¼ rjy) ij
vfHkyacor~ gksrk gS pkgs {ks=kiQy fdlh Hkh vofLFkfr esa gksA

fp=k 9.2 9.2 9.2 9.2 9.2 ikLdy osQ fu;e dk ijh{k.kA ABC-DEF fojke
fLFkfr osQ fdlh rjy osQ vH;Urj dk dksbZ vo;o
gSA ;g vo;o bruk NksVk gS fd xq#Ro osQ izHkko dh
mis{kk dh tk ldrh gS] ijUrq Li"Vrk osQ fy, bls
izof/Zr n'kkZ;k x;k gSA

* STP dk vFkZ ekud rki 0 0C rFkk nkc 1 atm gSA
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rjy osQ ,d vo;o dh dYiuk djks tks ,d leku
vuqizLFk dkV okys NM+ osQ le:i gSA ;g NM+ lkE; voLFkk
esa gSA blosQ nksuksa fljksa ij dk;Zjr {kSfrt cy lkE; voLFkk
esa gksus pkfg,A vFkkZr~ nksuksa fljksa ij leku nkc gksuk pkfg,A
blls fl¼ gksrk gS fd lkE; voLFkk esa {kSfrt ry esa nzo osQ
lHkh ̄ cnqvksa ij leku nkc gSA ekuk fd nzo osQ fofHkUu Hkkxksa
ij leku nkc ugha gS] rc nzo ij usV cy osQ dkj.k og
cgsxkA vr% cgko dh vuqifLFkfr esa fdlh {kSfrt ry ij
rjy esa izR;sd LFkku ij leku nkc gksuk pkfg,A

9.2.2 xgjkbZ osQ lkFk nkc esa ifjorZu

,d ik=k esa nzo dh fojkekoLFkk ij fopkj djsaA fp=k 9.3 esa
¯cnq 1 ¯cnq 2 ls h Å¡pkbZ ij gSA ̄ cnq 1 o 2 ij nkc Øe'k%
P

1
 rFkk P

2
 gSaA A vk/kj {ks=kiQy rFkk h Å¡pkbZ osQ rjy osQ ,d

csyukdkj vo;o dks ysaA pw¡fd rjy fojkekoLFkk esa gS vr%
ifj.kkeh {kSfrt cy 'kwU; gksuk pkfg,A ifj.kkeh ÅèokZ/j fn'kk
esa dk;Zjr cy rjy vo;o osQ Hkkj osQ rqY; gksuk pkfg,A
uhps dh vksj dk;Z djus okyk Åijh fljs ij rjy osQ nkc
}kjk cy (P

1
A) rFkk iSanh ij Åij dh vksj dk;Z djus okyk

cy (P
2
A) gSA ;fn csyu esa rjy dk Hkkj mg gS rks

(P
2 

− P
1
) A = mg (9.5)

vc ;fn ρ rjy dk ?kuRo gS rks mldh lagfr
m = ρV= ρhA gksxh] blfy,
P

2 
−

 
P

1
=  ρgh (9.6)

fp=k 9.39.39.39.39.3 rjy osQ ÅèokZ/j csyuh LraHk ij nkc osQ }kjk xq#Ro dk
izHkko fn[kk;k x;k gSA

fcUnq 1 o 2 esa nkckarj muosQ chp ÅèokZ/j nwjh h, rjy
osQ ?kuRo ρ rFkk xq#Roh; tfur Roj.k g ij fuHkZj gSA ;fn
fopkj.kh; ̄ cnq 1 dks rjy (ekuk ikuh) osQ 'kh"kZ iQyd ij
LFkkukarfjr dj fn;k tk, tks ok;qe.My osQ fy, [kqyk gS rks
P

1
 dks ok;qeaMyh; nkc (P

a
) }kjk rFkk P

2
 dks P ls izfrLFkkfir

fd;k tk ldrk gSA rc lehdj.k (9.6) ls
P =

 
P

a 
+ ρgh (9.7)

bl izdkj] ok;qe.My osQ fy, [kqys i`"B osQ uhps nkc
P ok;qe.Myh; nkc dh vis{kk ρgh ifjek.k ls vf/d gksxkA
h xgjkbZ ij fLFkr fdlh ¯cnq ij vfrfjDr nkc P −

 
P

a 
ml

¯cnq ij xs”k nkc dgykrk gSA
fujis{k (ije) nkc osQ lehdj.k (9.7) esa csyu dk

{ks=kiQy ugha vk jgkA vr%] nkc ifjdyu osQ fy, rjy osQ
LraHk dh Å¡pkbZ egÙoiw.kZ gS u fd ik=k dh vkÑfr] vk/kj
;k vuqizLFk dkVA leku {kSfrTk ry (leku xgjkbZ) osQ lHkh
¯cnqvksa ij nzo dk nkc leku gksrk gSA nzoLFkSfrd fojksèkksfDr
osQ mnkgj.k ls bl ifj.kke dks HkyhHkkafr le>k tk ldrk gSA
A, B rFkk C fofHkUu vkÑfr;ksa osQ ik=k ysa (fp=k 9.4)A iSanh
esa ,d {kSfrt ikbi }kjk budks tksM+k tkrk gSA ikuh Hkjus ij
bu rhuksa ik=kksa esa mldk ry leku jgrk gS ;|fi buesa ikuh
fHkUu&fHkUu ek=kk esa gksrk gSA ;g blfy, gS fd budh ryh
ij nkc leku jgrk gSA

fp=k 9.4 9.4 9.4 9.4 9.4 nzoLFkSfrd fojks/ksfDr dh O;k[;kA rhu ik=kksa A, B

vkSj C esa leku Å¡pkbZ rd ty Hkjk gS ijUrq lHkh
esa ty dk ifjek.k fHkUu&fHkUu gSA

mnkgj.k 9.2  9.2  9.2  9.2  9.2 fdlh >hy osQ i`"B ls 10 m xgjkbZ ij
fdlh rSjkd ij nkc Kkr dhft,A

gy  ;gk¡ h = 10 m rFkk ρ = 1000 kg m-3

    g = 10 m s–2 ysa
lehdj.k (9.7) ls]

   P =
 
P

a 
+ ρgh

= 1.01 × 105 Pa + 1000 kg m–3 × 10 m s–2 × 10 m
= 2.01 × 105 Pa
≈ 2 atm
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;g nkc [kqys i`"B osQ nkc dh rqyuk esa 100% vf/d
gSA 1 km xgjkbZ ij nkc esa o`f¼ 100 atm gksrh gSA
iuMqfCc;ksa dh lajpuk brus vf/d nkcksa dks lg ldus dh
{kerk dks è;ku esa j[kdj dh tkrh gSA    t

9.2.3 ok;qe.Myh; nkc rFkk xst nkc

fdlh ̄cnq ij ok;qe.Myh; nkc ml ̄cnq osQ ,dkad vuqizLFk
dkV okys {ks=kiQy ij ml ¯cnq ls ok;qe.My osQ 'kh"kZ rd
dh ok;q osQ LraHk osQ Hkkj osQ cjkcj gksrk gSA leqnz ry ij ;g
1.013 × 105 Pa gS (1 atm)A ok;qe.Myh; nkc dh ;FkkFkZ
eki osQ fy, loZizFke bVyh osQ oSKkfud bosaxfyLVk VkWfjlsyh
(1608-1647) us ,d ;qfDr dh jpuk dh rFkk ok;qe.My
nkc dks ekikA tSlk fd fp=k 9.5 (a) esa n'kkZ;k x;k gS] ,d
fljs ls can yach dk¡p dh uyh ysdj mlesa ikjk Hkjk x;k vkSj
fiQj mls ikjs ls vkaf'kd Hkjs ik=k esa ÅèokZèkj myVk [kM+k
fd;k x;kA bl ;qfDr dks ikjs dk cSjksehVj dgrs gSaA uyh esa
ikjs ls Åij dk LFkku ikjs dh ok"i ftldk nkc P cgqr vYi
gksrk gS] Hkjk jgrk gS] ;g nkc bruk de gksrk gS fd bls ux.;
eku ldrs gSaA vr% fcUnq A ij nkc 'kwU; gksxkA LraHk osQ vUnj
¯cnq B ij nkc leku ry okys ̄ cnq C ij nkc osQ rqY; gksuk

pkfg, P P
B a

=( ) A

B ij nkc = ok;qe.My nkc P
a

P
a 
= ρgh (9.8)

tgk¡ ρ ikjs dk ?kuRo rFkk h uyh esa ikjs osQ LraHk dh Å¡pkbZ gSA
iz;ksx esa ik;k x;k fd leqnz ry ij cSjksehVj esa ikjs osQ

LraHk dh Å¡pkbZ 76 cm osQ yxHkx gksrh gS tks ,d ok;qe.Myh;
nkc (1 atm) osQ rqY; gSA lehdj.k (9.8) esa  ρ dk eku
Hkjdj Hkh bls izkIr fd;k tk ldrk gSA lkekU;r% nkc dk
o.kZu cm vFkok mm (ikjk LraHk ) osQ inksa esa fd;k tkrk gSA
1 mm (Hg) nkc dk rqY;kadh nkc 1 VkWj (torr) dgykrk gS
(VkWfjlsyh osQ lEeku esa)A

1 torr = 133 Pa

vkS"k/ foKku rFkk 'kjhj fØ;k foKku (fI+kQftvksykWth)
esa nkc osQ ek=kd osQ :i esa mm (Hg) rFkk VkWj (torr) dk
mi;ksx fd;k tkrk gSA ekSle foKku esa nkc dk lkekU; ek=kd
ckj (bar) rFkk fefyckj (millibar) fy;k tkrk gSA

1 bar = 105 Pa

nkckarj dks ekius osQ fy, [kqyh&uyh eSuksehVj ,d
ykHkizn midj.k gSA bl ;qfDr esa ,d U vkdkj dh uyh gksrh
gS ftlesa mi;qDr nzo Hkjk gksrk gS vFkkZr~ de nkckarj ekius
osQ fy, de ?kuRo dk nzo (tSls rsy) rFkk vf/d nkckarj
osQ fy, vf/d ?kuRo dk nzo (tSls ikjk) Hkjk tkrk gSA uyh
dk ,d fljk ok;qeaMy esa [kqyk NksM+ fn;k tkrk gS rFkk nwljk
fljk ftl fudk; dk nkc Kkr djuk gS] mlls tksM+ fn;k
tkrk gSA [nsf[k, fp=k 9.5 (b)]A ¯cnq A ij nkc ¯cnq B ij
nkc osQ cjkcj gSA ftl nkc dks ge lkekU;r% ekirs gSa og
okLro esa izekih vFkok xs”k nkc gksrk gSA ;g P − P

a 
osQ

cjkcj gksrk gS tks lehdj.k (9.8) }kjk fn;k tkrk gS rFkk
eSuksehVj dh Å¡pkbZ h osQ vuqikrh gksrk gSA

(b) [kqyh&uyh eSuksehVj (nkckarj ekih)
fp=k     9.59.59.59.59.5 nkc ekius dh nks ;qfDr;k¡A

(a) ikjn ok;qnkc ekih
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fp=k 9.6 (a) 9.6 (a) 9.6 (a) 9.6 (a) 9.6 (a)  ik=k esa j[ks rjy osQ fdlh Hkkx ij tc ckg; nkc
vkifrr gksrk gS] rks ;g lHkh fn'kkvksa esa leku
:i ls lapfjr gks tkrk gSA

t

t

U uyh esa Hkjs nzo osQ ryksa esa nksuksa vksj leku nkc gksrk
gSA nkc rFkk rki osQ foLr`r ifjlj esa nzo osQ ?kuRo esa cgqr
de ifjorZu gksrk gSA ge izLrqr foospu osQ fy, bls fLFkj
eku ldrs gSaaA nwljh vksj nkc rFkk rki ifjorZu osQ lkFk xSlksa
osQ ?kuRo esa cgqr vf/d ifjorZu ifjyf{kr gksrk gSA vr%
xSlksa dh rqyuk esa foijhr nzoksa dks vf/dka'k :i ls vlaihM~;
ekuk tkrk gSA

mnkgj.k 9.3 9.3 9.3 9.3 9.3 leqnz ry ij ok;qeaMy dk ?kuRo 1.29

kg/m3 gSA ;g ekurs gq, fd Å¡pkbZ osQ lkFk ?kuRo esa
dksbZ ifjorZu ugha gksrk] Kkr dhft, fd ok;qeaMy dk
foLrkj fdruh Å¡pkbZ rd gS\

gy % ge lehdj.k (9.8) dk mi;ksx djrs gSa

ρgh  = 1.29 kg m–3 × 9.8 m s–2 × h  m = 1.01 × 105 Pa

     h = 7989 m ≈ 8 km

okLro esa] Å¡pkbZ osQ lkFk ok;q osQ ?kuRo esa deh gksrh
tkrh gSA ,slk gh xq#Roh; Roj.k g osQ lkFk Hkh gksrk gSA
ok;qe.Myh; vkoj.k dk foLrkj ?kVrs nkc osQ lkFk yxHkx
100 km Å¡pkbZ rd gSA gesa ;g è;ku j[kuk pkfg, fd leqnz
ry ij ok;qeaMyh; nkc lnSo gh 760 mm (Hg) ugha gksrkA
blesa 10 mm (Hg) vFkok vf/d dh deh rwiQku osQ vkus
dh lwpd gksrh gSA

mnkgj.k 9.4 9.4 9.4 9.4 9.4 leqnz osQ uhps 1000 m xgjkbZ ij (a)

ije nkc fdruk gS\ (b) xsT+k nkc fdruk gS\ (c) bl
xgjkbZ ij iuMqCch dh 20 cm × 20 cm {ks=kiQy
okyh f[kM+dh (ftlosQ vkarfjd Hkkx dk nkc leqnz
ry ij ok;qe.Myh; nkc osQ cjkcj j[kk x;k gS) ij
vkjksfir cy dk vkdyu dhft,A (leqnz ty dk
?kuRo  1.03 × 103 kg m-3, g = 10 m s–2 )

gy % ;gk¡  h = 1000 m rFkk ρ = 1.03 × 103 kg m-3

(a) lehdj.k (9.7) ls ije nkc
P =

 
P

a 
+ ρgh

= 1.01 × 105 Pa + 1.03 × 103 kg m–3

× 10 m s–2 × 1000 m

=  104.01 × 105 Pa

≈ 104 atm

(b) xsT+k nkc = P −
 
P

a 
= ρgh ≈ P

g

P
g
 = 1.03 × 103 kg m–3 × 10 m s–2 × 1000 m

= 103 × 105 Pa

≈ 103 atm

(c) iuMqCch osQ ckgj nkc P =
 
P

a 
+ ρgh vkSj vanj nkc P

a

gSA blfy, f[kM+dh ij vkifrr oqQy nkc xsT+k nkc P
g

= ρgh gSA pw¡fd f[kM+dh dk {ks=kiQy A = 0.04 m2 gS
vr% vkifrr cy
F = P

g
 A = 103 × 105 Pa × 0.04 m2 = 4.12 × 105 N  t

9.2.4 nzo pkfyr e'khu

vkb;s vc ge ns[krs gSa fd ik=k esa j[ks rjy ij tc nkc
ifjorZu djrs gSa rks D;k gksrk gS\ ,d {kSfrt csyu ij fopkj
djsa ftlesa fiLVu yxk gS rFkk mlosQ fofHkUu ̄ cnqvksa ij rhu
ÅèoZ V~;wc yxh gSa [fp=k 9-6(a)] ÅèoZ V~;wc esa nzo LraHk
dh Å¡pkbZ {kSfrt csyu esa rjy dk nkc n'kkZrh gSA ;g lHkh
ÅèoZ V~;wcksa esa vfuok;Zr% leku gksrh gSA ;fn fiLVu dks /
osQyrs gSa rks lHkh V~;wcksa eas rjy dk Lrj mB tkrk gS] rFkk
iqu% ;g lHkh esa leku gks tkrk gSA

;g n'kkZrk gS fd tc csyu ij nkc c<+k;k tkrk gS rks
;g iw.kZ rjy ls leku :i esa forfjr gks tkrk gSA ge dg
ldrs gSa fd ik=k esa j[ks rjy osQ fdlh Hkkx ij tc cká
nkc vkifrr gksrk gS] rks ;g fcuk ßkl osQ lHkh fn'kkvksa
esa leku :i ls lapfjr gks tkrk gSA ;g ¶ikLdy osQ
fu;e dk vU; :i¸ gS rFkk nSfud thou esa blosQ dbZ
mi;ksx gSaA

db± ;qfDr;k¡ tSls nzo pkfyr mRFkkid vkSj nzo
pkfyr czsd bl fu;e ij vk/kfjr gSaA bu ;qfDr;ksa esa nkc
lapj.k osQ fy, rjyksa dk mi;ksx fd;k tkrk gSA fp=k 9.6 (b)

osQ vuqlkj nzo pkfyr mRFkkid esa rjy }kjk Hkjs LFkku ls

foyfxr nks fiLVu gSaA vuqizLFk dkV A
1
 dk NksVk fiLVu nzo
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t

ij lhèkk cy F
1 
vkjksfir djrk gSA P = 

1

1

F

A  nkc iw.kZ nzo esa

lapfjr gksrk gS rFkk vuqizLFk dkV A
2 
osQ cM+s csyu ftlesa

fiLVu yxk gS ij ÅèoZeq[kh cy P×A
2 
osQ :i esa izkIr gksrk

gSA vr,o] fiLVu vf/d cy dks larqfyr (tSls IysViQkWeZ

ij j[ks dkj ;k Vªd osQ vf/d Hkkj) dj ldrk gS

F
2 
= PA

2 
= 

1 2

1

F A

A A A
1
 ij cy cnydj IysViQkWeZ dks Åij

;k uhps yk;k tk ldrk gSA bl izdkj iz;qDr cy 
2

1

A

A  xq.kd

ls c<+ tkrk gSA ;g xq.kd ;qfDr dk ;kaf=kd ykHk dgykrk
gSA fuEu mnkgj.k bls Li"V djrk gSA

mnkgj.k 9.5 9.5 9.5 9.5 9.5 fHkUu&fHkUu vuqizLFk dkV okyh nks
fipdkfj;ksa esa (fcuk lqbZ osQ) ikuh Hkjk gS vkSj bUgsa
ikuh ls Hkjh jcj uyh ls dldj tksM+ fn;k x;k gSA
NksVs rFkk cM+s fiLVu osQ O;kl Øe'k% 1 cm rFkk
3 cm gaSA (a)  tc NksVs fiLVu ij 10 N dk cy
yxk;k tkrk gS rks cM+s fiLVu ij yxs cy dk
vkdyu dhft,A  (b) ;fn NksVs fiLVu dh 6 cm

vanj /Ddk fn;k tkrk gS rks cM+k fiLVu fdruk
ckgj pysxk\

gy % (a) pw¡fd fcuk ßkl osQ nkc laiw.kZ nzo esa lapfjr gksrk gS]

( )

( )

2–2

2
2 1 2–2

1

3/2 10 m
10 N

1/2 10 m

A
F F

A

π

π

×
= = ×

×

= 90 N

(b) ikuh iwjk vlaihM~; ekuk tkrk gSA NksVs fiLVu osQ
vUnj pyus ls rqY; vk;ru cM+s fiLVu }kjk ckgj dh vksj
pyus dks ckè; djrk gSA

2211
ALAL =

L
A

A
L2

1

2

1

2 2

2 2

2
1 2 10

3 2 10
6 10= =

×( )
×( )

× ×

−

−

−
π

π

/

/

m

m
m

≅ 0.67 × 10-2 m= 0.67 cm

uksV % nksuksa fiLVuksa osQ fy, ok;qe.Myh; nkc mHk;fu"B gS
vr% bls NksM+ fn;k x;k gSA     t

mnkgj.k 9.6 9.6 9.6 9.6 9.6 ,d dkj mRFkkid esa NksVs fiLVu
ftldh f=kT;k 5 cm gS ij F

1
 cy laihM~; ok;q yxkrh

gSA ;g nkc 15 cm f=kT;k okys nwljs fiLVu ij lapfjr
gksrk gS (fp=k 9.6)A ;fn mBkbZ tkus okyh dkj dh
lagfr 1350 kg gks rks F

1 
dk vkdyu dhft,A bl

dk;Z dks laiUu djus osQ fy, vko';d nkc D;k gS\
(g = 9.8 ms-2)

gy % D;ksafd laiw.kZ rjy esa nkc fcuk ßkl osQ lapfjr gksrk
gSA

 

F
A

A
F1

1

2

2

2 2

2 2

2
5 10

15 10
1350 9 8= =

×( )
×( )

×( )
−

−

−
π

π

m

m
kg m s.

 = 1470 N
 ≈ 1.5 × 103 N

bl cy osQ laxr ok;q nkc

 ( )

3
51

2–2
1

1.5 10 N
1.9 10 Pa

5 10 m

F
P

A π

×
= = = ×

×

;g ok;qe.Myh; nkc dk yxHkx nqxquk gSA t

eksVj dkj esa nzo pkfyr czsd Hkh blh fl¼kar ij dk;Z
djrs gSaA tc ge vius iSj ls FkksM+k lk cy iSMy ij yxkrs
gSa rks fiLVu ekLVj csyu osQ vanj tkrk gS vkSj mRiUu nkc
czsd rsy }kjk fiLVu osQ cM+s {ks=kiQy ij lapfjr gksrk gSA
fiLVu ij ,d cM+k cy dk;Z djrk gSA blosQ uhps dh vksj
<osQys tkus ij czsd 'kw iSQy dj czsd ykbu dks nckrk gSA bl
izdkj iSMy ij FkksM+k lk cy ifg, ij vf/d cy eanu
mRiUu djrk gSA bl fudk; dk ,d izeq[k ykHk ;g gS fd
iSMy dks nckus ls mRiUu nkc pkjksa ifg;ksa ls layXu csyuksa
esa leku :i ls lapfjr gksrk gS ftlls czsdksa dk izHkko lHkh
ifg;ksa ij cjkcj iM+rk gSA

fp=k 9.6 (b) 9.6 (b) 9.6 (b) 9.6 (b) 9.6 (b)  nzo pkfyr mRFkkid] Hkkjh cks> mBkus dh ,d
;qfDr osQ dk;Z djus osQ fl¼kar dh O;k[;k dk
;kstukc¼ vkjs[kA

t
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9.3 /kjkjs[kh izHkko

vc rd geus fojke rjyksa osQ ckjs esa vè;;u fd;kA rjy
izokg osQ vè;;u dks rjy xfrdh dgrs gSaA tc ge ikuh dh
VksVh dks /hjs ls [kksyrs gSa rks vkjaHk esa ikuh m£eghu xfr ls
cgrk gSA ysfdu tc ikuh dh xfr c<+rh gS rks og viuh
m£eghu xfr dks NksM+ nsrk gSA rjyksa dh xfr dk vè;;u
djus esa ge viuk è;ku osaQfnzr djsaxs fd fdlh LFkku ij
fdlh {k.k fo'ks"k ij] rjy osQ fofHkUu d.kksa ij D;k gks jgk
gSA fdlh rjy dk izokg vifjorhZ izokg dgykrk gS] ;fn
fdlh LFkku ls xq”kjus okys rjy osQ izR;sd d.k dk osx le;
esa vpj jgrk gSA bldk vFkZ ;g ugha gS fd LFkku osQ fofHkUu
¯cnqvksa ij osx leku gSA tSls&tSls dksbZ fof'k"V d.k ,d ̄cnq
ls nwljs ̄ cnq dh vksj vxzlj gksrk gS] bldk osx cny ldrk
gS] vFkkZr~ fdlh nwljs ¯cnq ij d.k dk osx fHkUu gks ldrk
gSA ijUrq nwljs ¯cnq ls xq”kjus ij d.k Bhd oSlk gh O;ogkj
djrk gS tSlk fd ogk¡ ls Bhd igys xqtjus okys d.k us
fd;kA izR;sd d.k fu"dks.k iFk ij pyrk gS vkSj d.kksa osQ iFk
,d nwljs dks ugha dkVrsA

fp=k 9.7 9.7 9.7 9.7 9.7 /kjkjs[kkvksa dk vFkZ (a) fdlh rjy dk iz:ih iziFk
(b) /kjkjs[kh izHkko dk {ks=kA

fdlh rjy vifjorhZ izokg esa ftl iFk ij d.k xeu
djrk gS mls /kjkjs[kk dgrs gSaA fdlh ̄cnq ij rjy d.k dk
osx lnSo gh /kjkjs[kk osQ mlh ¯cnq ij [khaph xbZ Li'kZ js[kk
osQ vuqfn'k gksrk gS tks /kjkjs[kk izokg dks ifjHkkf"kr djrk gSA
tSlk fd fp=k 9.7 (a) esa n'kkZ;k x;k gS] fdlh d.k osQ iFk
dks ysrs gSA oØ ;g n'kkZrk gS fd rjy dk d.k le; osQ lkFk
fdl izdkj xfr djrk gSA oØ PQ rjy izokg dk LFkk;h
izfrfp=k gS tks ;g n'kkZrk gS fd rjy fdl izdkj /kjkjs[kk esa
izokfgr gksrk gSA dksbZ Hkh nks /kjkjs[kk,¡ ,d nwljs dks ugha
dkVrha ;fn og ,slk djrh gSa (vFkkZr~ dkVrh gSa) rks fdlh
fcanq ij rjy dk izokg fLFkj ugha gksrk rFkk ,d rjy d.k

fdlh Hkh fn'kk esa xfr djus yxsxk vkSj izokg vifjorhZ ugha
jgsxkA blfy, vifjorhZ izokg esa izokg dk ekufp=k le; esa
fLFkj jgrk gSA ge fudVorhZ /kjkjs[kkvksa dks oSQls [khaprs gSa\
;fn ge izR;sd izHkkfor d.k dh /kjkjs[kk dks iznf'kZr djus
dh bPNk j[krs gSa rks ge js[kkvksa osQ lkarR; eas fleV tk,¡xsA
rjy izokg dh fn'kk esa yacor leryksa ij fopkj dhft,
vFkkZr fp=k 9.7 (b) esa rhu ̄ cnq P, R rFkk Q ijA bu lery
[kaMksa dk pquko bl izdkj fd;k tkrk gS fd budh lhek,¡ /
kjkjs[kkvksa osQ leku lewg }kjk fu/kZfjr gks tk,¡A bldk vFkZ
gS fd P, R rFkk Q ij n'kkZ;s x;s yacor lery i`"Bksa ls
izokfgr gksus okys rjy d.kksa dh la[;k leku gSA bl izdkj
;fn P, R, rFkk Q ij rjy d.kksa osQ osx ifjek.k Øe'k% v

P
,

v
R
 rFkk v

Q 
gSa rFkk bu ryksa osQ {ks=kiQy Øe'k% 

 
 A

P
,A

R
 vkSj

A
Q
 gSa rks NksVs ls le; varjky ∆t esa A

p 
ls xq”kjus okys rjy

dh lagfr ρ
P
A

P
v

P 
∆t gSA blh izdkj A

R 
ls gksdj izokfgr rjy

dh lagfr ∆m
R 
= ρ

R
A

R
v

R 
∆t vkSj  ∆m

Q
 = ρ

Q
A

Q
v

Q 
∆t gksxhA

lHkh ekeyksa esa rjy osQ ckgj fudyus dh lagfr ml LFkku
esa vkus okys rjy dh lagfr osQ cjkcj gksxhA

vr,o]
ρ

P
A

P
v

P
∆t = ρ

R
A

R
v

R
∆t = ρ

Q
A

Q
v

Q
∆ t (9.9)

vlaihM~; rjy osQ izokg osQ fy,
ρ

P
 = ρ

R
 = ρ

Q

rc lehdj.k (9.9)

A
P
v

P
 = A

R
v

R
 = A

Q
v

Q
(9.10)

esa cny tkrk gSA ftls lkarR;&lehdj.k dgrs gSa rFkk
vlaihM~; rjy izHkko esa ;g lagfr laj{k.k dk dFku gSA
lkekU;r% Av = fLFkjkad      (9.11)

Av vk;ru vfHkokg ;k izokg nj nsrk gSA ;g uyh izokg
esa loZ=k fLFkj jgrk gS vr% ladjs LFkkuksa ij tgk¡ /kjk js[kk,¡
ikl&ikl gSa ogk¡ osx c<+ tkrk gS rFkk bldk foykser%
fp=k 9.7b ls Li"V gS fd A

R  
> A

Q 
;k v

R
 <  v

Q
 R ls Q dks

izokfgr rjy Rofjr gksrk gSA {kSfrt ikbi esa ;g rjy nkc esa
ifjorZu ls lac¼ gSA

rjy osQ de osx ls /kjk izokg izkIr gksrk gSA ,d lhekar
eku osQ i'pkr ftls Økafrd osx dgrs gSa] ;g /kjk izokg
iz{kq¼ izokg esa cny tkrk gSA tc ,d rs”k izokgh
/kjk p^ku ls Vdjkrh gS rks ge ns[k ldrs gSa fd oSQlss
NksVs&NksVs isQu (foam) Hk¡oj tSls curs gSa ftUgsa nw/&/kjk
(white water rapids) dgrs gSaA

fp=k 9.8 oqQN iz:ih izokg dh /kjkjs[kk,¡ n'kkZ;h xbZ gSaA
mnkgj.k osQ fy, fp=k 9.8(a) esa LRkjh; izokg n'kkZ;k
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x;k gS tgk¡ rjy osQ fofHkUu fcanqvksa ij osxksa osQ ifjek.k
fHkUu&fHkUu gks ldrs gSa] ijUrq mudh fn'kk,¡ ,d nwljs ls
lekukarj gSaA fp=k 9.8 (b) esa iz{kqC/ izokg vkysf[kr fd;k
x;k gSA

fp=k 9.8 9.8 9.8 9.8 9.8 (a) rjy izokg dh oqQN /kjkjs[kk,¡ (b) izokg osQ yacor~
j[kh piVh IysV ls Vdjkrk ok;q tsVA ;g iz{kqC/ izokg dk ,d
mnkgj.k gSA

9.4  cuwZyh dk fl¼kar

rjy izokg ,d tfVy ifj?kVuk gSA ijUrq ÅtkZ laj{k.k dk
mi;ksx djrs gq, ge vifjorhZ vFkok /kjk&izokg osQ oqQN
fof'k"V xq.kksa dks izkIr dj ldrs gSaaA

ifjorhZ vuqizLFk dkV osQ ikbi esa rjy izokg ij fopkj
dhft,A ekuk fd ikbi ifjorhZ Å¡pkb;ksa ij gS tSlk fd
fp=k 9.9 esa n'kkZ;k x;k gSA vc ekuk fd ikbi esa ,d
vlaihM~; rjy vifjorhZ izokg ls izokfgr gSA lkarR; lehdj.k
osQ vuqlkj blosQ osx esa ifjorZu gksuk pkfg,A Roj.k mRiUu
djus osQ fy, ,d cy dh vko';drk gS tks bls ?ksjs gq, rjy
ls mRiUu gksrk gSA fHkUu&fHkUu Hkkxksa esa nkc fHkUu gksuk pkfg,A
ikbi osQ nks ¯cnqvksa osQ chp nkckarj dk laca/ osx ifjorZu
(xfr ÅtkZ ifjorZu) rFkk mUu;u (Å¡pkbZ) esa ifjorZu
(fLFkfr ÅtkZ esa ifjorZu) nksuksa esa izn£'kr djus okyk lkekU;
O;atd] cuwZyh dk lehdj.k gSA bl laca/ dks fLol
HkkSfrdfon~ Msfu;y cuwZyh us fodflr fd;k FkkA

nks {ks=kksa 1 (vFkkZr~ BC) rFkk 2 (vFkkZr~ DE) {ks=kksa esa izokg
dks ysaA vkjaHk esa  B rFkk D osQ chp rjy dks ysaA vR;ar vYi
varjky  ∆t  esa ;g rjy izokfgr gksxkA ekuk fd B ij pky
v

1
 rFkk D ij v

2
 gSaA rc B  ij rjy v

1
∆t,  C  dh vksj

izokfgr gksxk (v
1
∆t bruk NksVk gS fd ge BC dk leku

vuqizLFk dkV ys ldrs gSa)A blh le; varjky ∆t  esa rjy
tks vkjaHk esa  D ij gS E dh vksj izokfgr gksxk rFkk  v

2
∆t  nwjh

r; djsxkA nks {ks=kksa osQ ck¡/us okys A
1
, A

2
 {ks=kiQy okys

lery iQydksa ij] tSlk fn[kk;k x;k gS] nkc  P
1
, P

2
 dk;Z

djrs gSaA ck,¡ fljs (BC) ij rjy ij fd;k x;k dk;Z
W

1
 = P

1
A

1
(v

1
∆t) = P

1
∆V gSA D;ksafd nksuksa {ks=kksa ls leku

vk;ru dk rjy izokfgr gksrk gS (lkarR; lehdj.k ls) nwljs
fljs (DE) ij rjy }kjk fd;k x;k dk;Z W

2
 = P

2
A

2
(v

2
∆t)

= P
2
∆V  gSA vFkok rjy ij fd;k x;k dk;Z –P

2
∆V  gSA

vr% nzo ij fd;k x;k oqQy dk;Z

W
1
 – W

2 
=  (P

1
− P

2
) ∆V gSA

bl dk;Z dk oqQN Hkkx rjy dh xfrt ÅtkZ ifjo£rr
djus esa pyk tkrk gS] rFkk 'ks"k Hkkx rjy dh xq#Roh;
fLFkfrt ÅtkZ ifjo£rr djus esa pyk tkrk gSA ;fn ikbi
izokfgr rjy dk ?kuRo  ρ rFkk ∆m = ρA

1
v

1
∆t = ρ∆V  dh

lagfr ∆t le; esa ikbi ls izokfgr gS rks xq#Roh; fLFkfrt
ÅtkZ esa ifjorZu

∆U = ρg∆V (h
2 

− h
1
)

xfrt ÅtkZ esa ifjorZu

∆K = 
1

2

 
 
 

 ρ ∆V (v
2
2 − v

1
2)

rjy osQ bl vk;ru ij ge dk;Z&ÅtkZ izes; (vè;k; 6)
dk mi;ksx dj ldrs gSa ftlls gesa fuEufyf[kr laca/ izkIr
gksrk gSA

(P
1
− P

2
) ∆V = 

1

2

 
 
 

 ρ ∆V (v
2
2 − v

1
2) + ρg∆V (h

2 
− h

1
)

izR;sd in dks ∆V  ls foHkkftr djus ij

(P
1
− P

2
) = 

1

2

 
 
 

 ρ (v
2
2 − v

1
2) + ρg (h

2 
− h

1
)

mijksDr inksa dks iqu% O;ofLFkr djus ij ge izkIr djrs
gSa %

P
1
+ 

1

2

 
 
 

 ρv
1
2 + ρgh

1
 = P

2
+ 

1

2

 
 
 

 ρv
2

2 + ρgh
2

       (9.12)

;g cuwZyh lehdj.k gSA pwafd ikbiykbu dh yackbZ esa
1 o  2 fdUgha nks fLFkfr;ksa dks n'kkZrs gSa vr% ge lkekU; :i
esa O;Dr dj ldrs gSa fd

 P+ 
1

2

 
 
 

ρv2 + ρgh = fLFkjkad (9.13)
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fp=k 9.10 9.10 9.10 9.10 9.10 VkWfjlsyh fu;eA ik=k osQ ik'oZ ls cfgokZg dh pky
v

1 
cuwZyh lehdj.k }kjk izkIr gksrh gSA ;fn ik=k dk

'kh"kZ Hkkx [kqyk gS rFkk ok;qe.My osQ laioZQ esa gS

rc 
1
  2  v gh=

fp=k 9.9 9.9 9.9 9.9 9.9 ifjorhZ vuqizLFkdkV osQ fdlh ikbi esa fdlh
vkn'kZ rjy dk izokg] v

1
∆t  yackbZ osQ [kaM esa Hkjk

rjy le;  ∆t esa v
2
∆t yackbZ osQ [kaM rd xfr dj

ysrk gSA

nwljs 'kCnksa esa] cuwZyh osQ dFku dks ge fuEu izdkj fy[k
ldrs gSa% ¶tc ge fdlh /kjk js[kk osQ vuqfn'k xfr djrs gSa] rks

nkc  P izfr ,dkad vk;ru xfrt ÅtkZ 
2

2

vρ 
 
 

 rFkk izfr ,dkad

vk;ru xq#Roh; fLFkfrt ÅtkZ  (ρgh) dk ;ksx vpj jgrk gSA¸

uksV djsa fd ÅtkZ laj{k.k osQ fu;e dk mi;ksx djrs
le; ;g ekuk x;k gS fd ?k"kZ.k osQ dkj.k dksbZ ÅtkZ {kfr ugha
gksrhA ijUrq okLro eas] tc rjy izokg gksrk gS] rks vkarfjd
?k"kZ.k osQ dkj.k oqQN ÅtkZ dh gkfu gks tkrh gSA bldh
O;qRifÙk rjy dh fofHkUu lrgksa osQ fHkUu&fHkUu osxksa ls izokg
osQ dkj.k gksrh gSA ;g lrgsa ,d nwljs ij ?k"kZ.k cy yxkrh
gSa vkSj ifj.kkeLo:i ÅtkZ dk ßkl gksrk gSA rjyksa osQ bl xq.k
dks ';kurk dgrs gSa ftldh foLrkj ls O;k[;k ckn osQ [kaM
esa dh xbZ gSA rjy dh {k; xfrt ÅtkZ Å"ek ÅtkZ esa
ifjo£rr gks tkrh gSA vr% cuwZyh dk lehdj.k 'kwU; ';kurk
vFkok vlkU; rjyksa ij ykxw gksrk gSA cuwZyh izes; ij ,d
vkSj izfrca/ gS fd ;g vlaihM~; rjyksa ij gh ykxw gksrk gS]
D;ksafd rjyksa dh izR;kLFk ÅtkZ dks ugha fy;k x;k gSA okLro
esa blosQ dbZ mi;ksx gSa tks de ';kurk rFkk vlaihM~; rjyksa
dh cgqr lh ?kVukvksa dh O;k[;k dj ldrs gSaA vfLFkj vFkok
fo{kksHk izokg esa Hkh cuwZyh lehdj.k dke ugha vkrk D;ksafd
blesa osx rFkk nkc le; esa yxkrkj vfLFkj jgrs gSaA

tc rjy fojkekoLFkk esa gksrk gS vFkkZr~ izR;sd LFkku ij
blosQ d.kksa dk osx 'kwU; gS] cuwZyh lehdj.k fuEu izdkj gks
tkrk gS%

P
1
 + ρgh

1
 = P

2
 + ρgh

2

(P
1
− P

2
) = ρg (h

2 
− h

1
)

tks lehdj.k (9-6) osQ gh leku gSA

9.4.1 pky dk cfgokZg % Vksfjlsyh dk fu;e

cfgokZg 'kCn dk vFkZ gS rjy dk cfgxZeuA Vksfjlsyh us ;g
irk yxk;k fd fdlh [kqyh Vadh ls rjy osQ cfgokZg dh
pky dks eqDr :i ls fxjrs fi.M dh pky osQ lw=k osQ le:i
lw=k }kjk izn£'kr fd;k tk ldrk gSA ρ ?kuRo osQ nzo ls Hkjh
fdlh ,slh Vadh ij fopkj dhft, ftlesa Vadh dh ryh ls
y

1
  Å¡pkbZ ij ,d NksVk fNnz gS (nsf[k, fp=k 9-10)A nzo osQ

Åij] ftldk i`"B  y
2 
 Å¡pkbZ ij gS] ok;q gS ftldk nkc  P

gSA lkarR; lehdj.k (lehdj.k 9-9) ls
v

1 
A

1
 = v

2 
A

2

v
A

A
v2

1

2

= 1

;fn Vadh dh vuqizLFk dkV dk {ks=kiQy A
2
 fNnz dh

vuqizLFk dk {ks=kiQy A
1
 dh rqyuk esa dkiQh vf/d gS (A

2

>>A
1
), rc ge 'kh"kZ Hkkx ij rjy dks lfUudVr% fojke esa

eku ldrs gSa] vFkkZr~ v
2
 = 0A rc ̄ cnq 1 rFkk 2 ij cuwZyh dk

lehdj.k ykxw djrs gq, rFkk ;g ysrs gq, fd fNnz ij nkc
P

1
 ok;qe.Myh; nkc osQ cjkcj gS] vFkkZr~ P

1
 = P

a
, lehdj.k

(9.12) ls gesa ;g laca/ izkIr gksrk gSA
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21
2
1

2

1
ygPygv Pa    ρ     ρ   ρ  +=++

y
2
 – y

1
 = h ysus ij

( )

ρ
     a

1
PP

hgv
−

+=
2

2 (9.14)

tc P >>P
a 
 gS rFkk 2 g h dh mis{kk dh tk ldrh gS]

rc cfgokZg dh pky dk fu/kZj.k ik=k&nkc }kjk fd;k tkrk
gSA ,slh gh fLFkfr jkWosQV&uksnu esa gksrh gSA blosQ foijhr ;fn
Vadh dk Åijh Hkkx [kqyk gksus osQ dkj.k ok;qe.My osQ laioZQ
esa gS rks  P  = P

a 
 rc

hgv    21 = (9.15)

;g fdlh eqDr :i ls fxjrs fi.M dh pky gSA
lehdj.k (9.14) VkWfjlsyh osQ fl¼kar dks bafxr djrk gSA

9.4.2  xfrd mRFkkid (fyÝV)

fdlh fi.M ij xfrd mRFkkid ,d cy gSA tSls fuEu osQ
rjy esa xfr osQ dkj.k ok;q;ku osQ ia[k ij] tyi.khZ ;k ,d
?kwerh xsan ijA dbZ [ksy tSls fØosQV] Vsful] cslckWy ;k
xksyd esa ge ns[krs gSa fd ok;q esa tkrh gqbZ ckWy vius
ijoyh; iFk ls gV tkrh gSA bl gVko dks vkaf'kd :i ls
cuwZyh fl¼kar ls le>k;k tk ldrk gSA
 (i) fcuk ?kwes xsan dk pyuk : rjy osQ lkis{k fcuk ?kwerh

xfreku xsan osQ pkjksa vksj fp=k 9.11(a) esa /kjkjs[kk,¡
izn£'kr gSaA /kjkjs[kkvksa dh leferh ls ;g Li"V gS fd
rjy esa xsan osQ Åij rFkk uhps laxr ¯cnqvksa ij mldk

osx leku gS] ftlls nkckarj 'kwU; gksrk gSA vr% xsan ij
ok;q dksbZ ÅèoZeq[kh vFkok v/kseq[kh cy ugha yxkrhA

(ii) ?kwerh gqbZ xsan dh pky : pØ.k djrh gqbZ xsan vius lkFk
ok;q dks ?klhVrh gSA ;fn iQyd [kqjnqjk gks rks vf/d
ok;q ?klhVh tk,xhA fdlh ?kwerh gqbZ xfreku xsan dh
èkkjkjs[kk,¡ [fp=k 9.11(b)] n'kkZ;h xbZ gSaA xsan vkxs dh
vksj pyrh gS rFkk blosQ lkis{k ok;q ihNs dh vksj pyrh
gSA blfy,] xsan osQ Åij ok;q dk osx c<+ tkrk gS vkSj
uhps ?kV tkrk gS ([k.M 9.3 ns[ksa)A /kjk js[kk;sa Åij
dh vksj la?ku gks tkrh gSa vkSj uhps dh vksj fojy gks
tkrh gSaA
osxksa esa varj osQ dkj.k Åijh rFkk fupys ì"Bksa ij nkckarj

mRiUu gks tkrs gSa ftlls xsan ij ,d usV ÅèoZeq[kh cy dk;Z
djrk gSA izpØ.k osQ dkj.k mRiUu bl xfrd mRFkkid dks
esxul izHkko (Magnus Effect) dgrs gSaA

ok;q;ku osQ ia[k ;k ,s;jksiQkW;y ij mRFkkid : tc
,s;jksiQkW;y ok;q esa {kSfrt fn'kk esa pyrk gS rks fp=k 9.11 (c)

esa fn[kk, vuqlkj fof'k"V vkdkj osQ Bksl ,s;jksiQkW;y ij
xfrd mRFkkid Åij dh vksj yxrk gSA fp=k 9.11 (c) osQ
vuqlkj ok;q;ku osQ ia[k dh vuqizLFk dkV ,s;jksiQkW;y tSlh
izrhr gksrh gS ftlosQ ifjr% èkkjkjs[kk,¡ izn£'kr gSaA tc
,s;jksiQkWby gok osQ foijhr pyrk gS rc ia[kksa dk rjy izokg
osQ lkis{k fno~QfoU;kl /kjkjs[kkvksa dks ia[k osQ Åij&uhps dh
vis{kk lehi dj nsrk gSA izokg dh xfr 'kh"kZ ij vf/d vkSj
uhps de gksrh gSA blosQ dkj.k ÅèoZeq[kh cy ls ia[k ij
xfrd mRFkkid mRiUu gksrk gS vkSj ;g ok;q;ku osQ Hkkj dks
larqfyr djrk gSA fuEu mnkgj.k bls n'kkZrk gSA

(a) (b) (c)

fp=k 9.119.119.119.119.11 ( a) v?kw.khZ xfreku xksys osQ lehi rjy  (b) ,d ?kwers xfreku xksys osQ fudV ls xq”kjus okys rjy dk /kjkizokg
(c) ,s;jksiQkW;y osQ lehi ls xq”kjus okyh ok;q esa /kjkjs[kk,¡A
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t

mnkgj.k 9.7 9.7 9.7 9.7 9.7 fdlh iw.kZr% Hkkfjr cksbax foeku dh
lagfr 3.3 × 105 kg gSA bldk oqQy ia[k {ks=kiQy
500 m2 A ;g ,d fuf'pr Å¡pkbZ ij 960 km/h dh
pky ls mM+ jgk gSA (a) ia[k osQ Åijh rFkk fupys i`"Bksa
osQ chp nkckarj vkdfyr dhft,A (b) fupys i`"B dh
rqyuk esa Åijh i`"B ij ok;q dh pky esa vkaf'kd o`f¼
vkdfyr dhft,A [ok;q dk ?kuRo ρ = 1.2 kg m-3]

gy  (a) nkckUrj ls ÅèoZeq[kh cy ls larqfyr cksbax foeku
dk Hkkj gS

          ∆P × A = 3.3 × 105 kg × 9.8

P∆ = (3.3 × 105 kg × 9.8 m s–2) / 500 m2

    = 6.5 ×103 N m-2

(b) lehdj.k (9-12) esa ge ok;q;ku osQ Åijh ì"B rFkk
fupys i`"B dh Å¡pkb;ksa osQ FkksM+s varj dh mis{kk dj nsrs gSaA
rc buosQ chp nkckarj

∆P v v= ( )
ρ

2
2
2

1
2–

;gk¡ v
2
 ok;q dh Åijh i`"B osQ Åij pky rFkk v

1
 ok;q dh

fupys i`"B osQ uhps pky gSA

v v
P

v v
2 1

2 1

2
–( ) =

+( )
∆

ρ

vkSlr pky
v

av
 = (v

2 
+ v

1
)/2 = 960 km/h = 267 m s-1 ysus ij

v v v
P

v
2 1 2

– /( ) =av

av

∆

ρ
≈ 0.08

ia[kksa osQ Åij ok;q dh pky ia[kksa osQ uhps ok;q dh pky
dh rqyuk esa osQoy 8 % vf/d gksuh pkfg,A t

9.5  ';kurk

lHkh rjy vkn'kZ rjy ugha gksrs rFkk og xfr esa oqqQN izfrjks/
Mkyrs gSaA rjy xfr esa bl izfrjks/ dks vkarfjd ?k"kZ.k osQ :i
esa ns[kk tk ldrk gS tks Bkslksa esa i`"B ij xfr ls mRiUu ?k"kZ.k
tSlk gksrk gSA bls ';kurk dgrs gSaA tc nzo dh lrgksa esa lkis{k
xfr gksrh gS rc ;g cy mifLFkr gksrk gSA fp=k 9.12 (a) esa
n'kkZ;s vuqlkj ;fn dk¡p dh nks IysVksa osQ chp ,d nzo tSls
rsy dks ysrs gSa] fupyh IysV dks fLFkj j[kk tk, tcfd Åijh
IysV dks leku xfr ls fupyh IysV dh vis{kk pykrs gSaA ;fn

rsy dks 'kgn ls foLFkkfir dj nsa rks mlh osx ls IysV dks
pykus osQ fy, vf/d cy dh vko';drk gksxhA blls ge
;g fu"d"kZ fudkyrs gSa fd rsy dh rqyuk esa 'kgn dh ';kurk
vf/d gSA i`"B osQ laioZQ esa rjy dk osx i`"B osQ osx osQ
leku gksrk gSA vr%] nzo dh Åijh lrg osQ laioZQ esa nzo  v

osx ls pyrk gS vkSj fupyh fLFkj lrg osQ laioZQ esa rjy dh
lrg fLFkj gksxhA fupyh fLFkj lrg ls ('kwU; osx) tSls&tSls
Åij tkrs gSa lrgksa dk osx leku :i ls c<+rk tkrk gS rFkk
lcls Åijh lrg dk osx  v  gksrk gSA fdlh Hkh nzo lrg osQ
fy,] blls Åij dh lrg bls vkxs dh vksj [khaprh gS tcfd
uhps dh lrg ihNs dh vksj [khaprh gSA blosQ dkj.k lrgksa
osQ chp esa cy mRiUu gks tkrk gSA bl izdkj osQ izokg dks
ijr izokg dgrs gSaA tSls es”k ij j[kh piVh fdrkc ij {kSfrt
cy yxkus ij mlosQ iUus fiQlyrs gSa blh izdkj nzo dh ijrsa
,d nwljs ij fiQlyrh gSaA fdlh ikbi ;k V~;wc esa tc ,d
rjy cgrk gS rks V~;wc osQ v{k osQ vuqfn'k nzo dh ijr dk

fp=k 9.12 9.12 9.12 9.12 9.12 (a) nks lekarj dk¡p dh IysVksa osQ chp j[ks nzo dh
,d ijr ftlesa dk¡p dh fupyh IysV fLFkj gS
rFkk Åijh IysV  v  osx ls nkfguh vksj xfreku gSA
(b) ikbi esa ';ku izokg osQ fy, osx forj.kA

(a)

(b)
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osx vf/dre gksrk gS vkSj 'kuS% 'kuS% tSls ge nhokjksa dh vksj
pyrs gSa ;g de gksrk tkrk gS vkSj var esa 'kwU; gks tkrk gS
[ fp=k 9-12 (b)]A ,d V~;wc esa csyukdkj i`"B ij osx fLFkj
jgrk gSA

bl xfr osQ dkj.k nzo osQ ,d Hkkx tks fdlh le;
ABCD osQ :i esa Fkk oqQN le; varjky (∆t)  esa  AEFD dk
Lo:i ys ysrk gSA bl le; varjky esa nzo esas ,d vo:i.k
foo`Qfr  ∆x/l  mRiUu gks tkrh gSA pwafd izokfgr nzo esa le;
osQ c<+us osQ vuqlkj foo`Qfr c<+rh tkrh gSA Bkslksa osQ foijhr
iz;ksxksa }kjk ik;k x;k gS fd izfrcy foo`Qfr dh vis{kk
^foo`Qfr ifjorZu dh nj* ;k ̂ foo`Qfr nj* vFkkZr~  ∆x/(l ∆t)

;k v/l  }kjk izfrcy dks izkIr fd;k tkrk gSA ';kurk xq.kkad
(mPpkj.k ̂ bVk*) dh ifjHkk"kk vo:i.k izfrcy rFkk foòQfrnj
osQ :i esa dh tkrh gS]

η = =
F A

v l

Fl

vA

/

/
(9.16)

';kurk dk  SI ek=k Iokt (Pl) gSA blosQ nwljs ek=kd
N s m-2  ;k  Pa s gSaA ';kurk dh foek,¡ [ML-1T-1] gSaA
vkerkSj ij irys nzoksa tSls ikuh] ,Ydksgy vkfn xk<+s rjyksa
tSls dksyrkj] jDr] fXyljhu vkfn dh vis{kk de ';ku gksrs
gSaA oqQN lkekU; rjyksa osQ ';kurk xq.kkad lkj.kh 9.2 eas
lwphc¼ gSaA ge jDr rFkk ty osQ fo"k; esa nks rF;ksa dks crkrs
gSa] tks vkiosQ fy, jkspd gks ldrs gSaA lkj.kh 9.2  esa bafxr
lwpuk osQ vk/kj ij ty dh rqyuk esa jDr vf/d xk<+k
(vf/d ';ku) gSA lkFk gh jDr dh vkisf{kd ';kurk
(η/η

ty
) rki&ifjlj  0 oC  ls 37 oC osQ chp vpj jgrh gSA

nzo dh ';kurk rki c<+us ij ?kVrh gS] tcfd xSlksa dh
';kurk rki c<+us ij c<+rh gSA

mnkgj.k 9. 9. 9. 9. 9.88888   0.10 m2 {ks=kiQy dh dksbZ /krq dh
IysV fdlh Mksjh dh lgk;rk ls tks ,d vkn'kZ f?kjuh
(ftls lagfr jfgr] rFkk ?k"kZ.k jfgr ekuk x;k gS) osQ
Åij ls gksdj tkrh gS] 0.010 kg lagfr ls fp=k 9.15

dh Hkkafr tqM+h gSA dksbZ nzo ftldh fiQYe 0.30 mm

eksVkbZ dh gS] es”k rFkk IysV osQ chp j[kh gqbZ gSA eqDr
fd, tkus ij IysV  0.085 m s-1 dh vpj pky ls nkb±
vksj xfr djus yxrh gSA nzo dk ';kurk xq.kkad Kkr
dhft,A

fp=k 9.13 9.13 9.13 9.13 9.13 nzo osQ ';kurk xq.kkad dk ekiuA

gy  Mksjh esa ruko osQ dkj.k /krq dh IysV nkb± vksj xfr
djrh gSA Mksjh esa ;g ruko  T  ifjek.k esa Mksjh ls fuyfEcr
fi.M osQ Hkkj mg osQ cjkcj gSA vr% vo:i.k

F = T = mg = 0.010 kg × 9.8 m s–2 = 9.8 × 10-2 N

nzo ij vo:i.k izfrcy = F/A = 
2

29.8 10
N.m

0.10

−
−×

foo`Qfr nj = 3

0.085

0.30

v

l −
=

× 10  

η =
foòQfr nj
izfrcy

 
( ) ( )

( ) ( )

− −

−

× ×
=

2 3

1 2

9.8 10 N 0.30 10 m

0.085m s 0.10 m

  = 3.46 ×10-3 Pa s t

lkj.kh 9.2     oqQN rjyksa dh ';kurk

rjy T(oC) ';kurk (mPl)

ty 20 1.0

100 0.3

jDr 37 2.7

e'khu dk rsy 16 113

38 34

fXyljhu 20 830

'kgn  200

ok;q 0 0.017

40 0.019

fiQYe
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9.5.1  LVksd dk fu;e

lkekU;r% tc ,d fi.M fdlh rjy ls fxjrk gS rks og vius
laioZQ esa rjy dh ijrksa dks Hkh [khaprk gSA rjy dh fofHkUu
ijrksa esa vkis{k xfr mRiUu gks tkrh gS vkSj ifj.kkeLo:i
fi.M ,d ifj.kkeh eand cy vuqHko djrk gSA Lora=krkiwoZd
fxjrh gqbZ ikuh dh cwansa rFkk nksyu xfr djrk gqvk yksyd
,slh xfr osQ oqQN lkekU; mnkgj.k gSaA ;g ns[kk x;k gS fd
';kurk cy fi.M dh xfr osQ vuqikrh rFkk mldh fn'kk osQ
foijhr dk;Z djrk gSA nwljh vU; jkf'k;k¡ ftl ij cy F

fuHkZj gS rjy dh ';kurk η  rFkk xksy dh f=kT;k a gSA ,d
vaxzs”kh oSKkfud lj tkWtZ th- LVksDl (1819-1903) us ';ku
d"kZ.k cy F  fuEu laca/ }kjk fu:fir fd;k gS%

η= π6F av (9.17)

bls LVksd dk fu;e dgrs gSaA ge LVksd osQ fu;e dh
O;qRifÙk ugha djsaxsA

voeanu cy dk ;g fu;e ,d jkspd mnkgj.k gS tks
osx osQ vuqikrh gSA fdlh ';ku ekè;e esa fxjrs fi.M dk
vè;;u djosQ ge bldk egÙo Kkr dj ldrs gSaA ge ok;q
esa fxjrh ,d o"kkZ dh cw¡n ij è;ku osaQfnzr djrs gSaA vkjaHk esa
;g xq#Ro cy osQ dkj.k Rofjr gksrh gSA tSls&tSls bldk osx
c<+rk tkrk gS] eand ';ku cy Hkh c<+rk tkrk gSA var esa tc
bl ij dk;Zjr ';ku cy rFkk mRIykou cy] xq#Ro cy osQ
rqY; gks tkrk gS] rks usV cy rFkk Roj.k 'kwU; gks tkrk gSA rc
o"kkZ dh cw¡n vpj osx ls uhps dh vksj fxjrh gSA lkE;
voLFkk esa lhekar osx v

t 
 fuEu }kjk fn;k tkrk gS %

6πηav
t
 = (4π/3) a3 (ρ-σ)g

tgk¡ ρ rFkk σ  cw¡n rFkk rjy osQ Øe'k% lagfr ?kuRo gSaA
gesa izkIr gksrk gS %

v
t
 = 2a2 (ρ-σ)g / (9η) (9.18)

vr% lhekar osx v
t
 xksys osQ vkdkj osQ oxZ osQ Åij fuHkZj

djrk gS rFkk ekè;e osQ ';kurk osQ O;qRØekuqikrh gksrk gSA

bl lanHkZ esa vki mnkgj.k 5-2 ij iqu% è;ku ns ldrs gSaA

mnkgj.k 9.99.99.99.99.9  2.0 mm f=kT;k okyh ,d rk¡cs dh xsan
20oC ij 6.5 cm s-1 lhekar osx ls rsy osQ Vsad esa fxj
jgh gSA  20oC ij rsy dh ';kurk dk vkdyu dhft,A
rsy dk ?kuRo 1.5 ×103 kg m-3  rFkk rk¡cs dk ?kuRo
8.9 × 103 kg m-3  gSA

gy  ;gk¡ v
t 
= 6.5 × 10-2 m s-1, a = 2 × 10-3 m, g = 9.8

m s-2,  ρ = 8.9 × 103 kg m-3,

σ =1.5 ×103 kg m-3A lehdj.k (9.20) ls

( )
23 2 2

3 3

2 1

2 10 m 9.8 m s2
7.4 10 kg m

9 6.5 10 m s

− −

−

− −

× ×
η = × × ×

×

   =  9.9 × 10-1 kg m–1 s–1 t

9.6  i`"B ruko

vkius ns[kk gksxk fd rsy rFkk ty vkil esa ugha feyrs_ ty
vkidks vkSj eq>s xhyk dj nsrk gS ijUrq cr[k dks ugha_ ikjk
dk¡p ls ugha fpidrk fdUrq ty fpid tkrk gS_ xq#Ro cy
dh mifLFkfr esa Hkh rsy #bZ dh cÙkh ls Åij p<+ tkrk gSA
jl rFkk ikuh isM+ osQ 'kh"kZ dh ifÙk;ksa rd Åij mB tkrk gS]
jax osQ czq'k osQ cky lw[ks gksus ij vkSj ikuh esa Mqcksus ij Hkh
,d nwljs ls ugha fpidrs ysfdu tc mlosQ ckgj gksrs gSa rks
,d mÙke uksd cukrs gSaA ;s vkSj ,sls gh vusd vuqHko nzoksa
dh Lora=k lrgksa ls lacaf/r gSaA nzoksa dh dksbZ fuf'pr vko`Qfr
ugha gksrh] ijUrq mudk viuk ,d fuf'pr vk;ru gksrk gSA
tc mUgsa fdlh ik=k esa mM+syrs gSa rks mudk ,d Lora=k i`"B
gksxkA bu i`"Bksa dh oqQN vfrfjDr ÅtkZ gksrh gSA bl ifj?kVuk
dks ì"B ruko dgrs gSaA ;g osQoy nzoksa esa gks ldrh gS D;ksafd
xSlksa osQ dksbZ Lora=k i`"B ugha gksrsA vc ge bl ifj?kVuk dks
le>us dk iz;Ru djrs gSaA
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fp=k 9.14 9.14 9.14 9.14 9.14  fdlh nzo esa i`"B ij v.kqvksa dk O;oLFkk vkjs[k rFkk cyksa dk larqyu (a) fdlh nzo osQ Hkhrj v.kqA v.kq ij vU; v.kqvksa
osQ dkj.k cyksa dks n'kkZ;k x;k gSA rhjksa dh fn'kk,¡ vkd"kZ.k vFkok izfrd"kZ.k dks n'kkZrh gSaA  (b) ;gh ?kVuk,¡ nzo osQ i`"B osQ fy,A
(c) vkd"khZ  (A)  rFkk izfrd"khZ  (R)  cyksa dh larqyuA

nzo osQ Hkhrjh v.kqvksa dh ÅtkZ ls oqQN vf/d gksrh gSA vr%
dksbZ nzo cká fLFkfr;ksa osQ vuqlkj] de ls de vuqer i`"B
{ks=kiQy djus dk iz;kl djrk gSA i`"B osQ {ks=kiQy esa o`f¼
djus osQ fy, ÅtkZ [kpZ djuh iM+rh gSA vf/dka'k i`"Bh;
ifj?kVukvksa dks ge blh rF; osQ inksa esa le> ldrs gSaA
fdlh v.kq dks i`"B ij j[kus esa fdruh ÅtkZ vko';d gksrh
gS\ tSlk fd Åij o.kZu fd;k tk pqdk gS ;g yxHkx v.kq
dks iw.kZ :i ls nzo ls ckgj fudkyus dh ÅtkZ osQ vk/h gksrh
gS vFkkZr~ ok"iu dh Å"ek dh vk/h ÅtkZ pkfg,A

var esa ns[ksa i`"B D;k gS\ pw¡fd nzo vfu;fer xfr'khy
v.kqvksa ls cuk gS vr% iw.kZ :i ls Li"V i`"B ugha gks ldrkA
[fp=k 9.14(c)] nzo v.kqvksa dk ?kuRo z = 0 ij oqQN gh v.kq
vkdkj dh nwjh ij rs”kh ls ?kVdj 'kwU; gks tkrk gSA

9.6.2  i`"Bh; ÅtkZ rFkk i`"B ruko

vU; lHkh dkjdksa] tSls vk;ru vkfn dks fLFkj j[krs gq, tSlk
geus igys fopkj fd;k gS fd nzo osQ i`"B osQ lkFk ÅtkZ
lac¼ gksrh gS vkSj vf/d ì"B mRiUu djuk pkgsa rks geas vkSj
vf/d ÅtkZ [kpZ djuh gksxhA bl rF; dks Bhd izdkj
le>us osQ fy, nzo dh ,d ,slh {kSfrt fiQYe ij fopkj
dhft, tks fdlh ,slh NM+ ij lekIr gksrh gS tks lekarj
funsZ'kdksa ij ljdus osQ fy, Lora=k gS [fp=k (9.15)]A

9.6.1 i`"Bh; ÅtkZ

dksbZ nzo vius v.kqvksa osQ chp vkd"kZ.k osQ dkj.k LFkk;h gSA
nzo osQ Hkhrj ,d v.kq yhft,A varjkijek.kqd nwfj;k¡ bl
izdkj dh gksrh gSa fd ;g vius ?ksjus okys lHkh ijek.kqvksa dh
vksj vkd£"kr gksrk gS [fp=k 9.14(a)]A bl vkd"kZ.k osQ
ifj.kkeLo:i v.kqvksa osQ fy, ½.kkRed fLFkfrt ÅtkZ mRiUu
gksrh gSA fLFkfrt ÅtkZ dk ifjek.k bl ckr ij fuHkZj gS fd
bl pqus gq, v.kq osQ pkjksa vksj v.kq foU;kl fdl izdkj
forfjr gS rFkk mudh la[;k D;k gSA ijUrq lHkh v.kqvksa dh
vkSlr fLFkfrt ÅtkZ leku gksrh gSA ;g bl rF; ls Li"V gS
fd bl izdkj osQ v.kqvksa osQ fdlh lap;u (nzo) dks ysus dh
vis{kk mUgsa ,d nwljs ls nwj fc[ksjus (ok"iu ;k ok"iho`Qr
djus) osQ fy, ÅtkZ dh vko';drk gksrh gSA ;g ok"iu ÅtkZ
dkiQh vf/d gksrh gSA ikuh osQ fy, ;g ÅtkZ  40 kJ/mol

osQ vklikl gksrh gSA
vc nzo osQ i`"B osQ lehi fdlh v.kq ij ge fopkj

djrs gSa  [ fp=k 9.14(b)]A nzo osQ Hkhrj osQ v.kq dh rqyuk esa
nzo osQ vk/s v.kq gh bl v.kq dks ?ksjrs gSaA bu v.kqvksa osQ
dkj.k oqQN ½.kkRed fLFkfrt ÅtkZ gksrh gSA ijUrq Li"V :i
ls ;g nzo osQ Hkhrj osQ v.kq ls vis{kko`Qr de gksrh gS vFkkZr~
tks iw.kZ:i ls vanj gSA ;g yxHkx ckn okys osQ vis{kk
vk/h gksrh gSA bl izdkj fdlh nzo osQ i`"B osQ v.kq dh ÅtkZ
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fp=k 9.15 9.15 9.15 9.15 9.15  fdlh fiQYe dks rkuukA (a) larqyu esa dksbZ fiQYe (b)

fdlh vfrfjDr nwjh rd rkfur fiQYeA

eku yhft, lkE;koLFkk esa ge fp=k esa n'kkZ;s vuqlkj NM+
dks fdlh NksVh nwjh d rd gVkrs gSaA pwafd fiQYe dk {ks=kiQy
(vFkok i`"B dk {ks=kiQy) c<+ x;k gS vr% vc fudk; esa
vf/d ÅtkZ gksxhA bldk vFkZ gS fd vkarfjd cy osQ foijhr
dk;Z fd;k x;k gSA ekuk ;g vkarfjd cy F gS rks vkjksfir
cy }kjk fd;k x;k dk;Z  F.d = Fd  gSA ÅtkZ laj{k.k osQ
vuqlkj ;g vc fiQYe esa lafpr vfrfjDr vkarfjd ÅtkZ gSA
ekuk fd fiQYe dh izfr ,dkad {ks=kiQy i`"B ÅtkZ S gS] vkSj
vfrfjDr {ks=kiQy  2dl  gSA fdlh fiQYe osQ nks ik'oZ gksrs gSa
ftuosQ chp esa nzo gksrk gS vr% fiQYe osQ nks i`"B gksrs gSaA
vr% vfrfjDr ÅtkZ

S (2dl ) = Fd (9.19)

vFkok S=Fd/2dl = F/2l (9.20)

jkf'k  S  i`"B ruko dk ifjek.k gSA ;g nzo osQ izfr
,dkad {ks=kiQy dh i`"Bh; ÅtkZ gSA ;g pkfyr NM+ dh izfr
,dkad yackbZ ij rjy }kjk vkjksfir cy gSA

vHkh rd geus osQoy ,d nzo osQ i`"B dh ppkZ dh gSA
vf/d lkekU; :i ls gesa rjy osQ nzoksa ;k Bksl i`"Bksa ij
fopkj djuk pkfg,A bu fLFkfr;ksa esa ì"Bh; ÅtkZ ì"B osQ nksuksa
vksj osQ inkFkks± ij fuHkZj gksrh gSA mnkgj.kLo:i ;fn inkFkks±
osQ v.kq vkil esa ,d nwljs dks vkd£"kr djrs gSa rks i`"Bh;
ÅtkZ de gks tk,xh ijUrq ;fn og ,d nwljs dks izfrd£"kr
djrs gSa rks i`"Bh; ÅtkZ c<+ tk,xhA bl izdkj vkSj vf/d
mi;qDr :i ls ge dg ldrs gSa fd ì"Bh; ÅtkZ nksuksa inkFkks±
osQ eè; varjki`"B dh ÅtkZ gS rFkk ;g nksuksa ij gh fuHkZj gSA

mijksDr ppkZ osQ vk/kj ij fuEufyf[kr izs{k.k izkIr
djrs gSa %

(i) i`"B ruko nzo rFkk vU; fdlh inkFkZ osQ chp varjki`"B
osQ ry esa izfr ,dkad yackbZ ij dk;Zjr cy (vFkok
izfr ,dkad {ks=kiQy dh i`"Bh; ÅtkZ) gSA ;g nzo osQ
Hkhrj osQ v.kqvksa dh rqyuk esa varjki`"B osQ v.kqvksa dh
vfrfjDr ÅtkZ gSA

(ii) varjki`"B osQ fdlh Hkh ̄ cnq ij ge i`"B ry (lhek osQ
vfrfjDr) esa ,d js[kk [khap ldrs gSa rFkk bl js[kk dh
izfr ,dkad yackbZ ij js[kk osQ yacor~ ifjek.k esa leku
rFkk fn'kk esa foijhr i`"B ruko cyksa S  dh dYiuk dj
ldrs gSaA ;g js[kk lkE;koLFkk esa gS vkSj vf/d Li"Vrk
osQ fy, i`"B ij ijek.kqvksa vFkok v.kqvksa dh ,d js[kk
dh dYiuk dhft,A bl js[kk osQ ckb± vksj ijek.kq js[kk
dks viuh vksj [khaprs gSa rFkk tks bl js[kk osQ nkb± vksj
gSa og bls viuh vksj [khaprs gSaA ruko dh fLFkfr esa ;g
ijek.kqvksa dh js[kk lkE;koLFkk esa gksrh gSA ;fn okLro esa]
js[kk varjki`"B dh lhekar js[kk dks fu£n"V djrh gS tSlk
fd fp=k 9.14 (a) rFkk (b) esa n'kkZ;k x;k gS rks osQoy vanj
dh vksj izfr ,dkad yackbZ esa yxus okyk cy S gSA

lkj.kh 9.3 esa fofHkUu nzoksa osQ fy, i`"B ruko osQ eku
fn, x, gSaA ì"B ruko dk eku rki ij fuHkZj djrk gSA ';kurk
osQ leku ì"B ruko dk eku rkiòf¼ osQ lkFk de gksrk tkrk
gSA

lkj.kh 9.3 fn, x, rkiksa ij oqQN nzoksa osQ i`"B ruko rFkk
ok"iu Å"ek

nzo rki (oC) ì"B ok"iu
ruko ÅtkZ

 (N/m)  (kJ/mol)

ghfy;e -270 0.000239 0.115

vkWDlhtu -183 0.0132 7.1

,FkkukWy 20 0.0227 40.6

ty 20 0.0727 44.16

ikjk 20 0.4355 63.2
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;fn Bksl&ok;q rFkk rjy&ok;q i`"Bh; ÅtkZvksa osQ ;ksx ls
rjy rFkk Bksl dh i`"Bh; ÅtkZ de gS rks rjy Bksl ls
fpiosQxkA Bksl rFkk nzo i`"Bksa esa vkoZQ"k.k cy gksrk gSA
fp=k 9.16 esa midj.k osQ vkjs[k osQ vuqlkj ge bls lhèks gh
eki ldrs gSaA ,d piVh {kSfrt dk¡p dh IysV ftlosQ uhps
fdlh ik=k esa nzo Hkjk gS] rqyk dh ,d Hkqtk dk;Z djrh gSA
IysV osQ {kSfrt fupys fdukjs dks ikuh ls FkksM+k Åij j[kdj]
rqyk osQ nwljh vksj ckV j[kdj larqfyr dj ysrs gSaA nzo ls
Hkjs ik=k dks FkksM+k Åij mBkrs gSa rkfd ;g dk¡p dh IysV osQ
{kSfrt fdukjksa dks Nwus Hkj yxs vkSj ì"B ruko osQ dkj.k IysV
dks uhps dh vksj [khapus yxsA vc nwljh vksj oqQN ckV j[krs
gSa tc rd fd IysV nzo ls oqQN vyx u gks tk,A

fp=k 9.16 9.16 9.16 9.16 9.16 i`"B ruko ekiukA

eku yhft, vko';d vfrfjDr Hkkj W  gSA rc lehdj.k
9.20 rFkk ogk¡ dh xbZ ppkZ ls] nzo&ok;q varjki`"B dk i`"B
ruko

S
la 

= (W/2l) = (mg/2l) (9.21)

tgk¡ m vfrfjDr lagfr rFkk l  dk¡p dh IysV osQ fupys fdukjs
dh yackbZ gS] iknk{kj (la) bl rF; dks Li"V djrk gS fd ;gk¡
nzo&ok;q varjki`"B ruko lfEefyr gSA

9.6.3  laioZQ dks.k

fdlh vU; ekè;e osQ laioZQ ry osQ fudV nzo dk i`"B]
vkerkSj ij oØh; gksrk gSA laioZQ ¯cnq ij nzo i`"B ij
Li'kZT;k rFkk nzo osQ vanj Bksl ì"B ij Li'kZT;k osQ chp dks.k
dks laioZQ dks.k dgrs gSaA bls θ  ls izn£'kr djrs gSaA nzoksa rFkk
Bkslksa osQ fofHkUu ;qXeksa osQ varjki`"Bksa ij ;g fHkUu&fHkUu gksrk
gSA laioZQ dks.k dk eku ;g n'kkZrk gS fd dksbZ nzo fdlh Bksl

(a)

osQ ì"B ij iSQysxk vFkok bl ij cwansa cuk,xkA mnkgj.kLo:i
tSlk fp=k 9.17 (a) esa n'kkZ;k x;k gS] dey osQ iÙks ij ikuh
dh cwansa curh gSa ijUrq LoPN IykfLVd IysV ij ;g iSQy
tkrh gS [fp=k 9.17(b)]A

fp=k 9.17 9.17 9.17 9.17 9.17 varjki`"Bksa esa ruko osQ lkFk ikuh dh cw¡nksa osQ fofHkUu
vkdkj (a) dey osQ ,d iÙks ij  (b) ,d LoPN IykfLVd IysV
ijA

vc ge rhu varjki`"Bh; rukoksa dk rhu varjki`"Bksa ij
fopkj djrs gSaA tSlk fd fp=k  9.17(a) rFkk (b)  esa n'kkZ;k
x;k gS fd ge nzo&ok;q] Bksl&ok;q rFkk Bksl&nzo osQ i`"B
ruko S

la
, S

sa
, S

sl 
 ls n'kkZrs gSaA rhuksa ekè;eksa osQ ì"Bksa ij yxs

cy laioZQ js[kk ij lkE;koLFkk esa gksus pkfg,A fp=k 9.17 (b)

ls ge fuEu laca/ O;qRiUu dj ldrs gSa

S
la
 cos θ  +  S

sl
 =  S

sa
(9.22)

;fn S
sl  

> S
la
 rks laioZQ dks.k c`gn dks.k gksxk tSlk fd

ikuh rFkk iÙks dk varjki`"BA tc θ  c`gn dks.k gS rks nzo osQ
v.kq ,d nwljs dh vksj etcwrh ls vkd£"kr gksrs gSa rFkk Bksl
osQ v.kqvksa osQ lkFk nqcZy :i lsA nzo&Bksl varjki`"B dks
cukus esa cgqr ÅtkZ O;; gksrh gS] vkSj rc nzo Bksl dks ugha
fHkxksrkA ,slk ekse ;k rsy yxs i`"B ij ikuh osQ lkFk gksrk gS

(b)
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,oa ikjs osQ lkFk fdlh Hkh ry ijA nwljh vksj] ;fn nzo osQ
v.kq Bksl osQ v.kqvksa dh vksj vf/d 'kfDr ls vkd£"kr gksrs
gSa] rks ;g  S

sl 
 dks de dj nsxkA blfy,] cos θ  c<+ ldrk

gS ;k θ de gks ldrk gSA rc θ U;wudks.k gksxk] ,slk ikuh osQ
dk¡p ;k IykfLVd ij gksus ls gksrk gS ;k feê ðh osQ rsy dk
fdlh Hkh oLrq ij (;g osQoy iSQy tkrk gS)A lkcqu]
viektZd rFkk j¡xus okyh oLrq,¡] xhys deZd gSaA tc bUgsa
feyk;k tkrk gS rks laioZQ dks.k NksVk gks tkrk gS ftlls ;g
HkyhHkkafr vanj ?kqldj izHkkoh gks tkrs gSaA ikuh rFkk js'kksa osQ
chp laioZQ dks.k cM+k djus osQ fy, ikuh esa ty lgdkjd
dks feyk;k tkrk gSA

9.6.4 cw¡n rFkk cqycqys

i`"B ruko dk ,d egÙo ;g Hkh gS fd ;fn xq#Ro cy osQ
izHkko dh mis{kk dh tk losQ rks nzo dh eqDr cw¡nsa rFkk
cqycqys xksykdkj gksrs gSaA vkius bl rF; dks vo'; ns[kk
gksxk% fo'ks"kdj Li"V :i ls mPp osx okys Lizs vFkok tsV
ls nzqr cuus okyh NksVh cw¡nksa eas] vFkok vius cpiu osQ le;
cuk, lkcqu osQ cqycqyksa easA cw¡nsa rFkk cqycqys xksy gh D;ksa gksrs
gSa\ lkcqu osQ cqycqys fdl dkj.k LFkk;h gSa\ tSlk fd ge
ckj&ckj ppkZ dj jgs gSa fd fdlh nzo&ok;q varjkì"B esa ÅtkZ
gksrh gSA vr% fdlh fn, x, vk;ru osQ fy, lokZf/d LFkk;h
i`"B ogh gS ftldk i`"B {ks=kiQy lcls de gksA xksys esa ;g
xq.k gksrk gSA ge bl rF; dks bl iqLrd esa lR;kfir ugha dj
ldrs ijUrq vki Lo;a ;g tk¡p dj ldrs gSa fd bl lanHkZ
esa xksyk de ls de ,d ?ku dh rqyuk esa csgrj gSA vr% ;fn
xq#Ro cy rFkk vU; cy (mnkgj.kkFkZ ok;q&izfrjks/) fu"izHkkoh
gksa rks nzo dh cw¡nsa xksy gksrh gSaA

i`"B ruko dk ,d vU; jkspd ifj.kke ;g gS fd cw¡n
osQ Hkhrj dk nkc cw¡n osQ ckgj osQ nkc ls vf/d gksrk gSA
[fp=k 9.18(a)]A eku yhft,  r f=kT;k dh dksbZ xksy cw¡n
lkE;koLFkk esa gSA ;fn bl cw¡n dh f=kT;k esa  ∆r dh o`f¼ dh
tk,] rks cw¡n esa vfrfjDr ÅtkZ gksxh]

[4π(r + ∆r) 2- 4πr2] S
la
 = 8πr ∆r S

la
(9.23)

;fn cw¡n lkE;koLFkk esa gS rks [kpZ dh xbZ ;g ÅtkZ cw¡n
osQ Hkhrj rFkk ckgj osQ nkckarj (P

i
 – P

o
) osQ izHkko esa izlkj

osQ dkj.k cw¡n }kjk izkIr dh xbZ ÅtkZ ls larqfyr gksrh gSA ;gk¡
o`Qr dk;Z

W = (P
i
 – P

o
) 4πr2∆r (9.24)

ftlls

  (P
i
 – P

o
) = (2 S

la
/ r) (9.25)

O;kid :i esa] fdlh nzo&xSl varjki`"B osQ fy,] mÙky
ik'oZ dh vksj nkc dk eku vory ik'oZ dh vksj osQ nkc osQ
eku ls vf/d gksrk gSA mnkgj.k osQ fy,] ;fn fdlh nzo osQ
Hkhrj dksbZ ok;q dk cqycqyk gS] rks ;g ok;q dk cqycqyk
vf/d nkc ij gksxk [fp=k 9.18 (b)]A

fp=k 9.18 9.18 9.18 9.18 9.18  r  f=kT;k dh cw¡n] xqfgdk rFkk cqycqykA

fdlh cqycqys [ fp=k 9.18 (c)] dh cukoV fdlh c¡wn
vFkok fdlh xqfgdk ls fHkUu gksrh gSA cqycqys esa nks varjkì"B
gksrs gSaA mijksDr roZQ osQ vk/kj ij fdlh cqycqys osQ fy,

 (P
i
 – P

o
) = (4 S

la
/ r) (9.26)

dnkfpr~ blh dkj.k lkcqu dk cqycqyk cukus osQ fy,
vkidks oqQN rs”kh ls iw¡Qduk iM+rk gS] ijUrq cgqr vf/d ughaA
vanj FkksM+k vf/d nkc vko';d gSA

9.6.5 osQf'kdh; mUu;u

,d lqizfl¼ izHkko fdlh iryh uyh esa xq#Ro osQ fo#¼ ty
dk Åij mBuk (mUu;u) fdlh ofØr nzo&ok;q varjki`"B
osQ nksuksa vksj nkc esa varj gksus osQ ifj.kkeLo:i gSA ySfVu
Hkk"kk esa 'kCn Capilla  dk vFkZ gS osQ'k vFkkZr~ ckyA ;fn dksbZ
uyh osQ'k dh Hkk¡ fr iryh gks rks ml uyh esa mUu;u cgqr
vf/d gksxkA blh rF; dks ns[kus osQ fy, fdlh ,slh òÙkkdkj

Reprint 2026-27



rjyksa osQ ;kaf=kdh xq.k 205

t

vuqizLFk dkV (f=kT;k a) dh ÅèokZ/j osQ'kuyh ij fopkj
djrs gSa ftldk ,d fljk ty ls Hkjs fdlh [kqys crZu esa Mwck
gS  (fp=k 9.19) A ikuh rFkk dk¡p esa laioZQ dks.k U;wu gksrk gSA
bl izdkj osQf'kdk esa ikuh dk i`"B vory gksrk gSA bldk
vFkZ gS fd 'kh"kZ i`"B osQ nksuksa vksj nkckarj gSA

(P
i
 – P

o
) =(2S/r) = 2S/(a sec θ )

= (2S/a) cos θ (9.27)

bl izdkj] uyh osQ Hkhrj uopanzd (ok;q&ty
varjkì"B) ij ty dk nkc ok;qe.Myh; nkc ls de gSA
fp=k 9.9.9.9.9.1919191919(a) (a) (a) (a) (a) esa nks fcanqvksa  A   A   A   A   A rFkk  B    B    B    B    B  ij è;ku osaQfnzr
dhft,] bu nksuksa ij leku nkc gksuk pkfg,] vFkkZr~

P
0
 + h ρ g = P

i
 = P

A
(9.28)

tgk¡      ρ ρ ρ ρ ρ          ty dk ?kuRo rFkk h  h  h  h  h  dks osQf'kdh; mUu;u
dgrs gSa  [ [ [ [ [fp=k 9.19(a)] 9.19(a)] 9.19(a)] 9.19(a)] 9.19(a)]A lehdj.k  (9.27) rFkk (9.28)

dk mi;ksx djosQ ge izkIr djrs gSa

h ρ g = (P
i
 – P

0
) = (2S cos θ )/a  (9.29)

;gk¡ dh xbZ bl foospuk rFkk lehdj.k (9.24) ,oa
(9.25) ls ;g Li"V gks tkrk gS fd osQf'kdh; mUu;u dk
dkj.k i`"B ruko gh gSA a  osQ y?kqekuksa osQ fy, ;g vf/d
gksxkA ckjhd ;k vR;f/d iryh osQf'kdk esa izfr:ih rkSj ls
;g oqQN cm dh dksfV dk gksrk gSA mnkgj.k osQ fy, ;fn
a = 0.05 cm gS rks ikuh osQ i`"B ruko (lkj.kh 9.3)  dk
mi;ksx djosQ ge ikrs gSa

h = 2S/(ρ g a)

  

( )
( ) ( ) ( )

1

3 3 2 4

2 0.073 N m

10 kg m 9.8 m s 5 10 m

−

− − −

×
=

×

  = 2.98 × 10–2 m = 2.98 cm

è;ku nhft,] ;fn nzo&uopanzd (esfuLdl) mÙky gS

tSlk fd ikjs esa gksrk gS vFkkZr~ cos θ  ½.kkRed gS rks

lehdj.k (9.28) ls ;g Li"V gS fd osQ'kuyh esa nzo dk ry

uhps fxj tkrk gS vFkkZr~ osQf'kdh; viu;u gksrk gSA

mnkgj.k 9.10 9.10 9.10 9.10 9.10   2.00 mm  O;kl dh fdlh osQ'kuyh
dk fupyk fljk chdj esa Hkjs ty osQ i`"B ls 8.00

cm uhps rd Mqcks;k tkrk gSA uyh osQ ty esa Mwcs fljs
ij v/Zxksyh; cqycqyk iqQykus osQ fy, uyh osQ Hkhrj
vko';d nkc Kkr dhft,A iz;ksx osQ rki ij ty dk
i`"B ruko 7.30 ×10-2 Nm-1 gSA ty dk ?kuRo =

1000 kg/m3, ok;qe.Myh; nkc = 1.01 × 105 Pa

rFkk g = 9.80 m s-2 A nkc vkf/D; Hkh ifjdfyr
dhft,A

gy  fdlh rjy osQ Hkhrj xSl osQ cqycqys osQ vanj nkc
vkf/D; = 2S/r, ;gk¡  S  nzo&xSl varjki`"B dk i`"Bruko
rFkk r  cqycqys dh f=kT;k gSA ;gk¡ è;ku nhft,] blesa osQoy
,d gh nzo i`"B gSA (fdlh xSl esa nzo dh cw¡n osQ fy, nks
nzo varjki`"B gksrs gSa] vr% ml izdj.k esa nkc vkf/D; =

4S/r ykxw gksrk gS)A cqycqys osQ ckgj nkc  P
o
 = ok;qe.Myh;

nkc + 8 cm ty LraHk dk nkcA vFkkZr~

P
o
 = (1.01 × 105 Pa + 0.08 m × 1000 kg m–3

    × 9.80 m s–2)
    = 1.01784 × 105 Pa

vr% cqycqys osQ Hkhrj nkc
  P

i 
 = P

o
 + 2S/r

= 1.01784 × 105 Pa + (2 × 7.3 × 10-2 Pa m/10-3 m)

= (1.01784 + 0.00146) × 105  Pa

= 1.02  × 105 Pa

pw¡fd cqycqyk v/Zxksyh; gS] vr% ;gk¡ osQ'kuyh dh f=kT;k
dks gh cqycqys dh f=kT;k ekuk x;k gSA (mÙkj dk fudVu rhu
lkFkZd vadksa rd fd;k x;k gSA) cqycqys osQ Hkhrj nkc
vkf/D; 146 Pa gSA t

fp=k 9.19 9.19 9.19 9.19 9.19 osQf'kdh; mUu;u (a) ty ls Hkjs [kqys crZu esa Mwch
fdlh iryh uyh dk O;oLFkk vkjs[kA

(b) varjki`"B osQ fudV dk vkof/Zr vkjs[kA
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lkjka'k

1. rjyksa dk ewyHkwr xq.k ;g gS fd og izokfgr gksrs (cgrs) gSaA viuh vko`Qfr esa ifjorZu osQ izfr rjyksa esa
dksbZ izfrjks/ ugha gksrkA vr% ik=k dh vko`Qfr rjy dh vko`Qfr dks fu/kZfjr djrh gSA

2. nzo vlaihM~; gksrk gS rFkk bldk viuk Lora=k i`"B gksrk gSA xSl laihM~; gksrh gS rFkk ;g iSQydj leLr
miyC/ vk;ru (LFkku) dks Hkj nsrh gSA

3. ;fn fdlh rjy }kjk fdlh {ks=kiQy A  ij vkjksfir vfHkyac cy F  gS rks vkSlr nkc P
av
 dks cy rFkk {ks=kiQy

osQ vuqikr osQ :i esa bl izdkj ifjHkkf"kr fd;k tkrk gS %

A

F
P

av
=

4. nkc dk ek=kd ikLdy (Pa) gSA ;g okLro esa N m-2  gh gSA nkc osQ vU; lkekU; ek=kd bl izdkj gSa %

1 atm = 1.01×105 Pa

1 bar = 105 Pa

1 torr = 133 Pa = 0.133 kPa

1 mm of Hg = 1 torr = 133 Pa

5. ikLdy dk fu;e % blosQ vuqlkj fojkekoLFkk esa rjy dk nkc mu lHkh fcanqvksa ij tks leku Å¡pkbZ ij fLFkr
gSa] leku gksrk gSA fdlh ifjc¼ rjy ij vkjksfir nkc fcuk ?kVs ml rjy osQ lHkh fcanqvksa rFkk ik=k dh nhokjksa
ij lapfjr gks tkrk gSA

6. fdlh rjy osQ Hkhrj nkc xgjkbZ h osQ lkFk bl O;atd osQ vuqlkj ifjo£rr gksrk gS

P = P
a 
+ ρgh

;gk¡  ρ rjy dk ?kuRo gS ftls ,dleku ekuk x;k gSA

7. fdlh vleku vuqizLFk dkV okys ikbi esa vifjorhZ izokgjr] vlaihM~; rjy osQ izR;sd fcanq ls ,d lsoaQM
esa izokfgr gksus okys vk;ru dk ifjek.k leku jgrk gSA

v A = fu;rkad ( v osx rFkk A vuqizLFk dkV dk {ks=kiQy )

vlaihM~; rjyksa osQ cgko esa ;g lehdj.k lagfr laj{k.k osQ fu;e osQ dkj.k gSA

8. cuwZyh dk fl¼kar % bl fl¼kar osQ vuqlkj tc ge fdlh /kjk js[kk osQ vuqfn'k xeu djrs gSa] rks nkc (P),

izfr ,dkad vk;ru xfrt ÅtkZ (ρv2/2), rFkk izfr ,dkad vk;ru fLFkfrt ÅtkZ (ρgy) dk ;ksx vpj
jgrk gS

P + ρv2/2 + ρgy = fu;rkad

;g lehdj.k] ewyr% vifjorhZ izokgjr] 'kwU; ';kurk okys rjy osQ fy, ykxw gksus okyk ÅtkZ laj{k.k fu;e
gSA 'kwU; ';kurk dk dksbZ nzo ugha gksrk vr% mijksDr dFku yxHkx lR; gSA ';kurk ?k"kZ.k dh Hkkafr gksrh
gS vkSj og xfrt ÅtkZ dks Å"ek ÅtkZ esa cny nsrh gSA

9. ;|fi rjy esa vi:i.k foo`Qfr osQ fy, vi:id izfrcy dh vko';drk ugha gksrh] ijUrq tc fdlh rjy
ij vi:i.k izfrcy yxk;k tkrk gS rks mlesa xfr vk tkrh gS] ftlosQ dkj.k blesa ,d vi:i.k foo`Qfr
mRiUu gks tkrh gS tks le; osQ c<+us osQ lkFk c<+rh gSA vi:i.k izfrcy ,oa vi:i.k foo`Qfr dh le;
nj osQ vuqikr dks ';kurk xq.kkad η  dgrs gSaA
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;gk¡ izrhdksa osQ vius lkekU; vFkZ gSa tks ikB~; lkexzh esa fn, x, gaSA

10. LVksd dk fu;e % bl fu;e osQ vuqlkj a f=kT;k dk xksyk] tks ';kurk η osQ rjy esa]  v  osx ls xfreku
gS] nzo dh ';kurk osQ dkj.k ,d ';ku d"kZ.k cy F vuqHko djrk gS tks F = 6πηav }kjk O;Dr fd;k tk
ldrk gSA

11. fdlh nzo dk i`"B ruko izfr ,dkad yackbZ ij vkjksfir cy (vFkok izfr ,dkad {ks=kiQy dh i`"Bh; ÅtkZ
gksrk gS)] tks nzo rFkk lhekar i`"B osQ chp varjki`"B osQ ry esa dk;Z djrk gSA ;g og vfrfjDr ÅtkZ gS
tks nzo osQ vH;arj (vkarfjd) osQ v.kqvksa dh vis{kk blosQ varjki`"B osQ v.kqvksa esa gksrh gSA

fopkj.kh; fo"k;

1. nkc ,d vfn'k jkf'k gSA nkc dh ifjHkk"kk ¶izfr ,dkad {ks=kiQy ij vkjksfir cy¸ ls gekjs eu esa ,slh
/kj.kk curh gS fd nkc lfn'k jkf'k gS tks fd okLro esa vlR; gSA ifjHkk"kk osQ va'k esa ftl ̂ cy* dk iz;ksx
fd;k x;k gS og okLro esa cy dk ,d ?kVd gS tks ì"B osQ {ks=kiQy ij vfHkyacor~ vkjksfir gksrk gSA rjyksa dk
o.kZu djrs le; d.k rFkk ǹ<+ fi.M ;kaf=kdh dh rqyuk esa ladYiukRed cnyko dh vko';drk gksrh gSA ;gk¡ gekjh
#fp rjy osQ mu&mu /eks± esa gS tks rjy osQ ,d fcanq ls nwljs fcanq esa ifjo£rr gks tkrs gSaA

2. gesa ;g dnkfi ugha lkspuk pkfg, fd rjy osQoy Bkslksa] tSls fdlh ik=k dh nhokjsa vFkok rjy esa Mwck Bksl
inkFkZ] ij gh nkc Mkyrs gSaA okLro esa rjy esa gj fcanq ij nkc gksrk gSA rjy dk dksbZ vo;o (tSlk fd
fp=k 9-2 (a)] esa n'kkZ;k x;k gS] mlosQ fofHkUu iQydksa ij lkekU; nkc vkjksfir gksus osQ dkj.k lkE;koLFkk
esa gksrk gSA

3. nkc osQ fy, O;atd

P = P
a 
+ ρgh

rHkh lR; gksrk gS] tc rjy vlaihM~; gksA O;kogkfjd :i ls dgsa rks ;g nzoksa ij tks vf/drj vlaihM~;
gSa] ykxw gksrk gS vkSj blhfy, ,d fu;r Å¡pkbZ osQ fy, vifjorZuh; jgrk gSA

4. xst+ nkc (;k izekih nkc) okLrfod nkc rFkk ok;qe.Myh; nkc dk varj gksrk gSA

P – P
a 
= P

g

cgqr lh nkc ekid ;qfDr;k¡ xs”k nkc gh ekirh gSaA buesa Vk;jksa osQ nkc xst+ rFkk jDrpki xst+ (LiQkbXekSeSuksehVj)
lfEefyr gSaA

5. /kjkjs[kk fdlh rjy izokg dk ekufp=k gksrh gSA LFkk;h izokg esa nks /kjkjs[kk,¡ ,d nwljs dks ugha dkVrhaA ;fn
,slk gksrk] rks ftl fcanq ij nks /kjkjs[kk,¡ ,d nwljs dks dkVrh gSa ogk¡ rjy d.k osQ nks laHko osx gksrsA

6. ftu rjyksa esa ';ku d"kZ.k gksrk gS mu ij cuwZyh&fl¼kar ykxw ugha gksrkA bl izdj.k esa {k;dkjh ';ku cy
}kjk fd;k x;k dk;Z Hkh x.kuk esa ysuk pkfg, rFkk P

2
 [fp=k 9.9] dk eku lehdj.k (9.12) esa fn, x, eku

ls de gksxkA

7. rki c<+us ij nzo osQ ijek.kq vkSj vf/d xfr'khy gks tkrs gSa rFkk ';kurk xq.kkad η  dk eku ?kV tkrk gSA
fdlh xSl esa rki c<+us ij mlosQ ijek.kqvksa dh ;kn`fPNd xfr c<+ tkrh gS vkSj η  Hkh c<+ tkrk gSA

8. i`"B ij v.kqvksa dh fLFkfrt ÅtkZ vH;arj osQ v.kqvksa dh fLFkfrt ÅtkZ dh vis{kk vf/d gksus osQ dkj.k
i`"B ruko gksrk gSA nks inkFkks± ftuesa de ls de ,d rjy gS] osQ varjki`"B ij (tks nksuksa dks i`Fkd djrk
gS) i`"B ÅtkZ gksrh gSA ;g osQoy ,d rjy dk gh xq.k ugha gSA

Reprint 2026-27



208 HkkSfrdh

vH;kl

9.1 Li"V dhft, D;ksa
(a) efLr"d dh vis{kk ekuo dk iSjksa ij jDr pki vf/d gksrk gSA
(b) 6 km Å¡pkbZ ij ok;qe.Myh; nkc leqnz ry ij ok;qe.Myh; nkc dk yxHkx vk/k gks tkrk

gS] ;|fi ok;qe.My dk foLrkj 100 km ls Hkh vf/d Å¡pkbZ rd gSA
(c) ;|fi nkc] izfr ,dkad {ks=kiQy ij yxus okyk cy gksrk gS rFkkfi nzoLFkSfrd nkc ,d vfn'k

jkf'k gSA
9.2 Li"V dhft, D;ksa

(a) ikjs dk dk¡p osQ lkFk Li'kZ dks.k vf/d dks.k gksrk gS tcfd ty dk dk¡p osQ lkFk Li'kZ
dks.k U;wu dks.k gksrk gSA

(b) dk¡p osQ LoPN lery i`"B ij ty iSQyus dk iz;kl djrk gS tcfd ikjk mlh i`"B ij cw¡nsa
cukus dk iz;kl djrk gSA (nwljs 'kCnksa esa ty dk¡p dks xhyk dj nsrk gS tcfd ikjk ,slk ugha
djrk gSA)

(c) fdlh nzo dk i`"B ruko i`"B osQ {ks=kiQy ij fuHkZj ugha djrk gSA
(d) ty esa ?kqys viektZdksa osQ Li'kZ dks.kksa dk eku de gksuk pkfg,A
(e) ;fn fdlh ckg~; cy dk izHkko u gks] rks nzo cw¡n dh vko`Qfr lnSo xksykdkj gksrh gSA

9.3 izR;sd izdFku osQ lkFk layXu lwph esa ls mi;qDr 'kCn Nk¡Vdj ml izdFku osQ fjDr LFkku dh iw£r dhft,%
(a) O;kid :i esa nzoksa dk i`"B ruko rki c<+us ij .………  gSA (c<+rk@?kVrk)
(b) xSlksa dh ';kurk rki c<+us ij ………  gS] tcfd nzoksa dh ';kurk rki c<+us ij  ………… gSA

(c<+rh@?kVrh)
(c) ǹ<+rk izR;kLFrk xq.kkad okys Bkslksa osQ fy, vi:i.k izfrcy………….., osQ vuqØekuqikrh gksrk gS]

tcfd nzoksa osQ fy, og …………….. osQ vuqØekuqikrh gksrk gSA (vi:i.k foòQfr@vi:i.k foòQfr
dh nj)

(d) fdlh rjy osQ vifjorhZ izokg esa vk, fdlh ladh.kZu ij izokg dh pky esa o`f¼ esa ---------- dk
vuqlj.k gksrk gSA (lagfr dk laj{k.k@cuwZyh fl¼kar)

(e) fdlh ok;q lqjax esa fdlh ok;q;ku osQ ekWMy esa iz{kksHk dh pky okLrfod ok;q;ku osQ iz{kksHk osQ fy,
Økafrd pky dh rqyuk esa……… gksrh gSA (vf/d@de)

9.4 fuEufyf[kr osQ dkj.k Li"V dhft, %
(a) fdlh dkx”k dh iê ðh dks {kSfrt j[kus osQ fy, vkidks ml dkx”k ij Åij dh vksj gok iw¡Qduh

pkfg,] uhps dh vksj ughaA
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(b) tc ge fdlh ty VksaVh dks viuh m¡xfy;ksa }kjk can djus dk iz;kl djrs gSa] rks m¡xfy;ksa osQ chp
dh [kkyh txg ls rhoz ty /kjk,¡ iwQV fudyrh gSaA

(c) batD'ku yxkrs le; MkWDVj osQ v¡xwBs }kjk vkjksfir nkc dh vis{kk lqbZ dk vkdkj nokbZ dh
cfg%izokgh /kjk dks vf/d vPNk fu;af=kr djrk gSA

(d) fdlh ik=k osQ ckjhd fNnz ls fudyus okyk rjy ml ij ihNs dh vksj iz.kksn vkjksfir djrk gSA
(e) dksbZ izpØeku fØosQV dh xsan ok;q esa ijoyh; iziFk dk vuqlj.k ugha djrhA

9.5 m¡Qph ,M+h osQ twrs igus 50 kg lagfr dh dksbZ ckfydk vius 'kjhj dks 1.0 cm O;kl dh ,d gh òRrkdkj
,M+h ij larqfyr fd, gq, gS A {kSfrt iQ'kZ ij ,M+h }kjk vkjksfir nkc Kkr dhft, A

9.6 VkWfjflyh osQ ok;qnkc ekih esa ikjs dk mi;ksx fd;k x;k FkkA ikLdy us ,slk gh ok;qnkc ekih
984 kg m–3 ?kuRo dh izasQp 'kjkc dk mi;ksx djosQ cuk;kA lkekU; ok;qeaMyh; nkc osQ fy, 'kjkc&LraHk
dh m¡QpkbZ Kkr dhft, A

9.7 leqnz rV ls nwj dksbZ mQèokZ/j lajpuk 109 Pa osQ vf/dre izfrcy dks lgu djus osQ fy, cukbZ xbZ
gS A D;k ;g lajpuk fdlh egklkxj osQ Hkhrj fdlh rsy owQi osQ f'k[kj ij j[ks tkus osQ fy, mi;qDr gS \
egklkxj dh xgjkbZ yxHkx 3 km gS A leqnzh /kjkvksa dh mis{kk dhft, A

9.8 fdlh nzopkfyr vkVkseksckby fyÝV dh lajpuk vf/dre 3000 kg lagfr dh dkjksa dks mBkus osQ fy,
dh xbZ gS A cks> dks mBkus okys fiLVu dh vuqizLFk dkV dk {ks=kiQy 425 cm2 gS A NksVs fiLVu dks fdruk
vf/dre nkc lgu djuk gksxk \

9.9 fdlh U-uyh dh nksuksa Hkqtkvksa esa Hkjs ty rFkk esFksysfVM fLifjV dks ikjk ,d&nwljs ls i`Fko~Q djrk gS A
tc ty rFkk ikjs osQ LraHk Øe'k% 10 cm  rFkk  12.5 cm  m¡Qps gSa] rks nksuksa Hkqtkvksa esa ikjs dk Lrj leku
gS A fLifjV dk vkisf{kd ?kuRo Kkr dhft, A

9.10 ;fn iz'u 9.9 dh leL;k esa] U&uyh dh nksuksa Hkqtkvksa esa bUgha nksuksa nzoksa dks vkSj mM+sy dj nksuksa nzoksa
osQ LraHkksa dh m¡QpkbZ 15 cm vkSj c<+k nh tk,¡] rks nksuksa Hkqtkvksa esa ikjs osQ Lrjksa esa D;k varj gksxk A (ikjs
dk vkisf{kd ?kuRo = 13.6) A

9.11 D;k cuZwyh lehdj.k dk mi;ksx fdlh unh dh fdlh f{kfizdk osQ ty&izokg dk fooj.k nsus osQ fy, fd;k
tk ldrk gS \ Li"V dhft, A

9.12 cuZwyh lehdj.k osQ vuqiz;ksx esa ;fn fujis{k nkc osQ LFkku ij izekih nkc (xs”k nkc) dk iz;ksx djsa rks
D;k blls dksbZ varj iMs+xk \ Li"V dhft, A

9.13 fdlh 1.5 m yach 1.0 cm f=kT;k dh {kSfrt uyh ls fXyljhu dk vifjorhZ izokg gks jgk gS A ;fn uyh
osQ ,d fljs ij izfr lsoaQM ,d=k gksus okyh fXyljhu dk ifjek.k 4.0 × 10–3 kg s–1 gS] rks uyh osQ nksuksa
fljksa osQ chp nkckarj Kkr dhft, A (fXyljhu dk ?kuRo = 1.3 × 103 kg m–3  rFkk fXyljhu dh ';kurk
= 0.83 Pa s)
¹vki ;g Hkh tk¡p djuk pkgsaxs fd D;k bl uyh esa Lrjh; izokg dh ifjdYiuk lgh gS Aº

9.14 fdlh vkn'kZ ok;q;ku osQ ijh{k.k iz;ksx esa ok;q&lqjax osQ Hkhrj ia[kksa osQ mQij vkSj uhps osQ i`"Bksa ij ok;q&izokg
dh xfr;k¡ Øe'k% 70 m s–1 rFkk 63 m s–1 gSa A ;fn ia[k dk {ks=kiQy 2.5 m2 gS] rks ml ij vkjksfir
mRFkkid cy ifjdfyr dhft, A ok;q dk ?kuRo 1.3 kg m–3  yhft, A

9.15 fp=k 9.20(a) rFkk (b) fdlh nzo (';kurkghu) dk vifjorhZ izokg n'kkZrs gSa A bu nksuksa fp=kksa esa ls
dkSu lgh ugha gS \ dkj.k Li"V dhft, A

fp=k 9.20 9.20 9.20 9.20 9.20
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9.16 fdlh Lizs iai dh csyukdkj uyh dh vuqizLFk dkV dk {ks=kiQy 8.0 cm2 gS A bl uyh osQ ,d fljs ij
1.0 mm O;kl osQ 40 lw{e fNnz gSa A ;fn bl uyh osQ Hkhrj nzo osQ izokfgr gksus dh nj
1.5 m min–1 gS] rks fNnzksa ls gksdj tkus okys nzo dh fu"dklu&pky Kkr dhft, A

9.17 U-vkdkj osQ fdlh rkj dks lkcqu osQ foy;u esa Mqcks dj ckgj fudkyk x;k ftlls ml ij ,d iryh
lkcqu dh fiQYe cu xbZ A bl rkj osQ nwljs fljs ij fiQYe osQ laioZQ esa ,d fiQlyus okyk gydk rkj
yxk gS tks 1.5 × 10–2 N Hkkj (ftlesa bldk viuk Hkkj Hkh lfEefyr gS) dks l¡Hkkyrk gS A fiQlyus okys
rkj dh yackbZ 30 cm gS A lkcqu dh fiQYe dk i`"B ruko fdruk gS \

9.18 fuEukafdr fp=k 9.21(a) esa fdlh iryh nzo&fiQYe dks 4.5 × 10–2 N dk NksVk Hkkj l¡Hkkys n'kkZ;k x;k
gS A fp=k (b) rFkk (c) esa cuh blh nzo dh fiQYesa blh rki ij fdruk Hkkj l¡Hkky ldrh gSa \ vius
mRrj dks izkÑfrd fu;eksa osQ vuqlkj Li"V dhft, A

fp=k 9.21

9.19 3.00 mm f=kT;k dh fdlh ikjs dh cw¡n osQ Hkhrj dejs osQ rki ij nkc D;k gS\ 20 °C rki ij ikjs dk
i`"B ruko 4.65 × 10–1 N m–1 gS A ;fn ok;qeaMyh; nkc 1.01 × 105 Pa gS] rks ikjs dh cw¡n osQ Hkhrj
nkc&vf/D; Hkh Kkr dhft, A

9.20 5.00 mm f=kT;k osQ fdlh lkcqu osQ foy;u osQ cqycqys osQ Hkhrj nkc&vkf/D; D;k gS\ 20 °C rki ij
lkcqu osQ foy;u dk i`"B ruko 2.50 × 10–2 N m–1 gS A ;fn blh foek dk dksbZ ok;q dk cqycqyk 1.20

vkisf{kd ?kuRo osQ lkcqu osQ foy;u ls Hkjs fdlh ik=k esa 40.0 cm xgjkbZ ij curk] rks bl cqycqys osQ
Hkhrj D;k nkc gksrk] Kkr dhft,A (1 ok;qeaMyh; nkc = 1.01 × 105 Pa) A
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vè;k; 10

nzO; osQ rkih; xq.k

10.1  Hkwfedk

ge lHkh esa rki rFkk Å"ek dh lgt cks/ /kj.kk gksrh gSA rki fdlh oLrq
dh rIrrk (Å".krk) dh eki gksrh gSA mcyrs ty ls Hkjh osQryh ciZQ ls Hkjs
ckWDl ls vf/d rIr gksrh gSA HkkSfrdh esa gesa Å"ek] rki] vkfn /kj.kkvksa dks
vf/d lko/kuhiwoZd ifjHkkf"kr djus dh vko';drk gksrh gSA bl vè;k; esa
vki ;g tkusaxs fd Å"ek D;k gS vkSj bls oSQls ekirs gSa] rFkk ,d oLrq ls nwljh
oLrq esa Å"ek izokg dh fofHkUu izfØ;kvksa dk vè;;u djsaxsA vè;;u djrs
vki ;g Hkh Kkr djsaxs fd fdlh ?kksM+kxkM+h osQ ydM+h osQ ifg, dh usfe ij
yksgs dh ̄ jx p<+kus ls igys yksgkj bls rIr D;ksa djrs gSa] rFkk lw;Z fNius osQ
i'pkr~ leqnz rVksa ij iou izk;% viuh fn'kk mRØfer D;ksa dj ysrh gSa\ vki
;g Hkh tkusaxs fd D;k gksrk gS tc ty mcyrk vFkok terk gS rFkk bu
izfØ;kvksa dh vof/ esa blosQ rki esa ifjorZu ugha gksrk] ;|fi dkiQh ek=kk
esa Å"ek buosQ Hkhrj@buls ckgj izokfgr gksrh gSA

10.2  rki rFkk Å"ek

ge nzO; osQ rkih; xq.kksa osQ vè;;u dk vkjaHk rki rFkk Å"ek dh ifjHkk"kk
ls dj ldrs gSaA rki rIrrk vFkok 'khryrk dh vkisf{kd eki vFkok lwpu
gksrk gSA fdlh rIr crZu osQ rki dks mPp rki rFkk ciZQ osQ ?ku osQ rki dks
fuEu rki dgrs gSaA ,d fi.M ftldk rki nwljs fi.M dh vis{kk vf/d gS]
vis{kko`Qr vf/d rIr dgk tkrk gSA è;ku nhft,] fd yacs vkSj fBxus dh
Hkkafr rIr rFkk 'khr Hkh vkisf{kd in gSaA ge Li'kZ }kjk rki dk vuqHko dj
ldrs gSaA ijUrq ;g rki cks/ oqQN&oqQN vfo'oluh; gksrk gS rFkk bldk
ifjlj bruk lhfer gS fd fdlh oSKkfud dk;ks± osQ fy, bldk dksbZ mi;ksx
ugha fd;k tk ldrkA

vius vuqHkoksa ls ge ;g tkurs gSa fd fdlh rIr xehZ osQ fnu ,d est
ij j[kk ciZQ osQ 'khry ty ls Hkjk fxykl varrksxRok xeZ gks tkrk gS tcfd
rIr pk; ls Hkjk I;kyk mlh est ij BaMk gks tkrk gSA bldk vFkZ ;g gqvk
fd tc Hkh fdlh oLrq (fudk;)] bl izdj.k esa ciZQ dk 'khry ty vFkok

10.1 Hkwfedk
10.2 rki rFkk Å"ek
10.3 rki ekiu
10.4 vkn'kZ xSl lehdj.k rFkk

ije rki
10.5 rkih; izlkj
10.6 fof'k"V Å"ek /kfjrk
10.7 Å"ekfefr
10.8 voLFkk ifjorZu
10.9 Å"ek LFkkukarj.k
10.10 U;wVu dk 'khryu fu;e

lkjka'k
fopkj.kh; fo"k;
vH;kl
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xeZ pk;] rFkk mlosQ ifjos'kh ekè;e osQ rkiksa esa varj gksxk
rks oLrq rFkk mlosQ ifjos'kh ekè;e osQ chp ml le; rd
Å"ek LFkkukarj.k gksrk gS tc rd oLrq rFkk bldk ifjos'kh
ekè;e leku rki ij ugha vk tkrsA ge ;g Hkh tkurs gSa fd
fxykl esa Hkjs 'khry ty osQ izdj.k esa Å"ek i;kZoj.k ls
fxykl esa izokfgr gksrh gS] tcfd xeZ pk; osQ izdj.k esa
Å"ek xeZ pk; osQ I;kys ls i;kZoj.k esa izokfgr gksrh gSA vr%
ge ;g dg ldrs gSa fd Å"ek ÅtkZ dk ,d :i gS
ftldk LFkkukarj.k nks (vFkok vf/d) fudk;ksa osQ
chp vFkok fdlh fudk; rFkk mlosQ ifjos'k osQ chp
rki esa varj osQ dkj.k gksrk gSA LFkkukarfjr Å"ek ÅtkZ osQ
SI  ek=kd dks twy  (J)  esa O;Dr fd;k tkrk gS tcfd rki
dk SI ek=kd osQfYou (K) gS rFkk  °C  lkekU; mi;ksx esa vkus
okyk rki dk ek=kd gSA tc fdlh oLrq dks xeZ djrs gSa rks
mlesa cgqr ls ifjorZu gks ldrs gSaA blosQ rki esa o`f¼ gks
ldrh gS] blesa izlkj gks ldrk gS vFkok voLFkk ifjorZu gks
ldrk gSA vuqorhZ vuqHkkxksa esa ge fofHkUu oLrqvksa ij Å"ek
osQ izHkko dk vè;;u djsaxsA

10.3  rki ekiu
rkiekih (FkekZehVj) dk mi;ksx djosQ rki dh ,d eki
izkIr gksrh gSA inkFkks± osQ cgqr ls HkkSfrd xq.kksa esa rki osQ lkFk
i;kZIr ifjorZu gksrs gSaA ,sls oqQN xq.kksa dks rkiekih dh jpuk
dk vk/kj ekudj mi;ksx fd;k tkrk gSA lkekU; mi;ksx esa
vkus okyk xq.k ¶rki osQ lkFk fdlh nzo osQ vk;ru esa
ifjorZu¸ gksrk gSA mnkgj.k osQ fy,] lkekU; dk¡p&esa&nzo
izdkj osQ rkiekfi;ksa esa ikjk] ,sYdksgkWy vkfn dk mi;ksx
fd;k tkrk gS] ftudk ,d cM+s ifjlj esa vk;ru rkih; izlkj
js[kh; gksrk gSA ftlls vki ifjfpr gSaA ikjk rFkk ,YdksgkWy
,sls nzo gSa ftudk mi;ksx vf/dka'k dk¡p&esa&nzo rkiekfi;ksa
esa fd;k tkrk gSA

rkiekfi;ksa dk va'kkadu bl izdkj fd;k tkrk gS fd
fdlh fn, x, rki dks dksbZ la[;kRed eku fdlh mi;qDr
ekiØe ij fu/kZfjr fd;k tk losQA fdlh Hkh ekud ekiØe
osQ fy, nks fu;r lanHkZ fcanqvksa dh vko';drk gksrh gSA pwafd
rki osQ lkFk lHkh inkFkks± dh foek,¡ ifjo£rr gksrh gSa vr%
izlkj osQ fy, dksbZ fujis{k lanHkZ miyC/ ugha gSA rFkkfi
vko';d fu;r fcanq dks lnSo leku rki ij gksus okyh
HkkSfrd ifj?kVukvksa ls lacaf/r fd;k tk ldrk gSA ty dk
fgekad rFkk Hkki&fcanq nks lqfo/ktud fu;r ¯cnq gSa] ftUgsa
fgekad rFkk DoFkukad dgrs gSaA ;s nks fu;r fcanq og rki gSa
ftu ij 'kq¼ ty ekud nkc osQ v/hu terk rFkk mcyrk
gSA iQkjsugkbV rki ekiØe rFkk lsfYl;l rki ekiØe] nks
lqifjfpr rki ekiØe gSaA iQkjsugkbV ekiØe ij fgekad rFkk

Hkki&fcanq osQ eku Øe'k% 32°F rFkk 212°F gSa tcfd lsfYl;l
ekiØe ij buosQ eku Øe'k% 0°C rFkk 100°C gSaA iQkjsugkbV
ekiØe ij nks lanHkZ fcanqvksa osQ chp 180 leku varjky gSa
rFkk lsfYl;l ekiØe ij ;s varjky 100 gSaA

fp=k 10.1 10.1 10.1 10.1 10.1 iQkjsugkbV rki (t
F
) izfr lsfYl;l rki (t

c
)  dk vkys[kuA

 nks ekiØeksa esa :ikarj.k osQ fy, vko';d laca/ dks
iQkjsugkbV rki (tF) rFkk lsfYl;l rki (tC) osQ chp xzkiQ ls
izkIr fd;k tk ldrk gSA ;g ,d ljy js[kk (fp=k 10-1)
gS ftldk lehdj.k bl izdkj gS %

t tF C– 32
180 100

= (10.1)

10.4 vkn'kZ&xSl lehdj.k rFkk ije rki

dk¡p&esa&nzo rkiekih] izlkj xq.kksa esa varj osQ dkj.k fu;r
fcanqvksa ls vU; rkiksa osQ fHkUu ikB~;kad n'kkZrs gSaA ijUrq ,sls
rkiekih ftuesa xSl dk mi;ksx gksrk gS] pkgs muesa fdlh Hkh
xSl dk mi;ksx fd;k tk,] lnSo ,d gh ikB~;kad izn£'kr
djrs gSaA iz;ksx ;g n'kkZrs gSa fd lHkh xSlsa de ?kuRo gksus ij
leku izlkj&vkpj.k n'kkZrh gSaA os pj jkf'k;k¡] tks fdlh nh
xbZ ek=kk (nzO;eku) dh xSl osQ vkpj.k dh O;k[;k djrs gSa]
nkc] vk;ru rFkk rki (P, V, rFkk T) (;gk¡ T = t+273.15;t

lsfYl;l ekiØe  °C esa rki gS)A tc rki dks fu;r j[kk
tkrk gS] rks fdlh xSl dh fuf'pr ek=kk dk nkc rFkk vk;ru
PV = fu;rkad osQ :i esa lacaf/r gksrs gSaA bl laca/ dks] ,d
vaxszt jlk;uK jkWcVZ ckW;y (1627-1691) ftUgksaus bl laca/
dh [kkst dh Fkh] osQ uke ij ckW;y&fu;e dgrs gSaA tc nkc
dks fu;r j[krs gSa] rks fdlh fuf'pr ifjek.k dh xSl
dk vk;ru mlosQ rki ls bl izdkj lacaf/r gS %

rk
i

rki
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V/T = fu;rkadA ;g laca/ isazQp oSKkfud tSDl pkYlZ
(1747&1823) osQ uke ij pkYlZ osQ fu;e ls tkuk tkrk
gSA de ?kuRo ij xSlsa bu fu;eksa dk ikyu djrh gSa ftUgsaa
,dy laca/ esa lek;ksftr fd;k tk ldrk gSA è;ku nhft;s
fd pwafd xSl dh nh gqbZ ek=kk osQ fy, PV = fu;rkad rFkk
V/T = fu;rkad] blfy,  PV/T  Hkh ,d fu;rkad gksuk
pkfg,A bl laca/ dks vkn'kZ xSl fu;e dgrs gSaA bls vkSj vf/d
O;kid :i esa fy[kk tk ldrk gS ftldk vuqiz;ksx osQoy
fdlh ,dy xSl dh nh xbZ ek=kk ij gh ugha gksrk] oju~ fdlh
Hkh de ?kuRo dh xSl dh fdlh ek=kk osQ fy, fd;k tk
ldrk gSA bl laca/ dks vkn'kZ xSl lehdj.k dgrs gSaA

PV
R

T
µ=

vFkok      PV = µRT (10.2)

;gk¡, µ xSl osQ izfrn'kZ esa eksy dh la[;k gS rFkk R  dks
lkoZf=kd xSl fu;rkad dgrs gSa %

R = 8.31 J mol–1 K–1

lehdj.k 10.2 ls geus tkuk gS fd nkc rFkk vk;ru
(dk xq.kuiQy) rki osQ vuqØekuqikrh gS % PV α T A ;g
laca/ fdlh fu;r vk;ru xSl rkiekih esa rki ekiu osQ fy,
xSl osQ mi;ksx dks Lohdkj djrs gSaA fdlh xSl dk vk;ru
fu;r j[kus ij] P αT  izkIr gksrk gSA bl izdkj] fdlh fu;r
vk;ru xSl rkiekih esa rki dks nkc osQ inksa esa ekik tkrk gSA

fp=k 10.2 esa n'kkZ, vuqlkj] bl izdj.k esa] nkc rFkk rki osQ chp
xzkiQ ,d ljy js[kk gksrk gSA

rFkkfi] fuEu rki ij okLrfod xSlksa ij yh xbZ ekiksa
rFkk vkn'kZ xSl fu;e }kjk izkxqDr ekuksa esa varj ik;k x;k gSA
ijUrq ,d foLr`r rki ifjlj esa ;g laca/ jSf[kd gS rFkk ,slk
izrhr gksrk gS fd ;fn xSl xSlh; voLFkk esa gh cuh jgs rks
rki ?kVkus ij nkc 'kwU; gks tk,xkA fp=k 10.3 esa n'kkZ,
vuqlkj] ljy js[kk dks cfgosZf'kr djosQ fdlh vkn'kZ xSl osQ
fy, ije fufEu"B rki izkIr fd;k tk ldrk gSA bl rki dk
eku – 273.150C ik;k x;k rFkk bls ije 'kwU; dgk tkrk
gSA ije 'kwU; fczfV'k oSKkfud ykWMZ osQfYou osQ uke ij
osQfYou rki ekiØe vFkok ije rki ekiØe dk vk/kj gSA
bl ekiØe ij – 273.15°C dks 'kwU; fcanq osQ :i esa] vFkkZr~
0 K  fy;k tkrk gS (fp=k 10.4)A

osQfYou rFkk lsfYl;l ekiØeksa osQ fy, ek=kd dh
vkeki va'k leku gksrs gaS] vr% bu ekiØeksa osQ rkiksa esa laca/
bl izdkj gS %

T = tC + 273.15 (10.3)

10.5  rkih; izlkj

vkius ;g ns[kk gksxk fd dHkh&dHkh /krqvksa osQ <Ddu okyh
can cksryksa osQ pwM+hnkj <Dduksa dks bruk dldj can dj fn;k
tkrk gS fd <Dduksa dks [kksyus osQ fy, mUgsa oqQN nsj rd xeZ
ty esa Mkyuk gksrk gSA ,slk djus ij <Ddu esa izlkj gksdj og
<hyk gks tkrk gS vkSj mldh pwfM+;k¡ vklkuh ls [kqy tkrh gSaA
nzoksa osQ izdj.k esa vkius ;g ns[kk gksxk fd tc fdlh rkiekih

nkc

rki

nkc xSl

xSl

xSl

rki

fp=k 10.2 10.2 10.2 10.2 10.2 fu;r vk;ru ij j[kh fdlh de ?kuRo dh xSl osQ
nkc rFkk vk;ru osQ chp xzkiQA

fp=k 10.3 10.3 10.3 10.3 10.3 nkc rFkk rki osQ chp xzkiQ dk vkys[ku rFkk de
?kuRo dh xSlksa osQ fy, js[kkvksa dk cfgosZ'ku leku
ije 'kwU; rki dks laosQr djrk gSA

fp=k 10.4 10.4 10.4 10.4 10.4 osQfYou] lsfYl;l rFkk iQkjsugkbV rki ekiØeksa esa
rqyukA

eki fcanq

fgekad

ije
'kwU;
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dks gyosQ m".k ty esa j[krs gSa] rks ml rkiekih esa ikjk oqQN
Åij p<+ tkrk gSA ;fn ge rkiekih dks m".k ty ls ckgj
fudky ysrs gSa rks rkiekih esa ikjs dk ry uhps fxj tkrk gSA
blh izdkj] xSlksa osQ izdj.k esa] BaMs dejs esa vkaf'kd :i ls
iwQyk dksbZ xqCckjk] m".k ty esa j[ks tkus ij viuh iwjh vkeki
rd iwQy ldrk gSA blosQ foijhr] tc fdlh iw.kZr% iwQys
fdlh xqCckjs dks 'khry ty esa Mqckrs gSa rks og Hkhrj dh ok;q
osQ floqQM+us osQ dkj.k floqQM+uk vkjaHk dj nsrk gSA

;g gekjk lkekU; vuqHko gS fd vf/dka'k inkFkZ rIr
gksus ij izlkfjr gksrs gSa rFkk 'khryu ij floqQM+rs gSaA fdlh
oLrq osQ rki esa ifjorZu gksus ij mldh foekvksa esa varj gks
tkrk gSA fdlh oLrq osQ rki esa o`f¼ gksus ij mldh foekvksa
esa òf¼ gksus dks rkih; izlkj dgrs gSaA yackbZ esa izlkj dks jSf[kd
izlkj dgrs gSaA {ks=kiQy esa izlkj dks {ks=k izlkj dgrs gSaA
vk;ru esa izlkj dks vk;ru izlkj dgrs gSa (fp=k 10.5)A

fp=k 10.5 10.5 10.5 10.5 10.5  rkih; izlkjA

;fn inkFkZ fdlh yach NM+ osQ :i esa gS] rks rki esa vYi
ifjorZu] ∆T, osQ fy, yackbZ esa fHkUukRed ifjorZu] ∆l/l, ∆T

osQ vuqØekuqikrh gksrk gSA

∆
= α ∆l

l
T

l
(10.4)

tgk¡ α
l dks jSf[kd izlkj xq.kkad (vFkok jSf[kd izlkjrk)

dgrs gSa rFkk ;g NM+ osQ inkFkZ dk vfHky{k.k gksrk gSA
lkj.kh 10.1 esa rki ifjlj 0 °C ls 100 °C esa oqQN inkFkks± osQ
jSf[kd izlkj xq.kkadksa osQ izfr:ih ekè; eku fn, x, gSaA
bl lkj.kh ls dk¡p rFkk rk¡cs osQ fy, α

l
 osQ ekuksa dh

rqyuk dhft,A ge ;g ikrs gSa fd leku rki o`f¼ osQ
fy, rk¡cs esa dk¡p dh rqyuk esa ik¡p xquk vf/d izlkj
gksrk gSA lkekU;r%] /krqvksa esa vf/d izlkj gksrk gS rFkk
buosQ fy,  α

l  osQ eku vis{kko`Qr vf/d gksrs gSaA

lkj.kh 10.1 oqQN inkFkks± osQ fy, jSf[kd izlkj xq.kkadksa osQ eku

inkFkZ ααααα
lllll
     (10–5 K–1)

,yqfefu;e 2.5

ihry 1.8

yksgk 1.2

rk¡ck 1.7

pk¡nh 1.9

lksuk 1.4

dk¡p (ik;jsDl) 0.32

ySM 0.29

blh izdkj] ge fdlh rki ifjorZu] ∆T  osQ fy, fdlh

inkFkZ osQ fHkUukRed vk;ru ifjorZu] 
∆V

V
, ij fopkj djrs

gSa rFkk vk;ru izlkj xq.kkad (vFkok vk;ru izlkjrk)]
αV dks bl izdkj ifjHkkf"kr djrs gSa

α
V

(10.5)

;gk¡ Hkh αV inkFkZ dk vfHky{k.k gS] ijUrq lgh vFkZ esa ;g
fu;rkad ugha gSA O;kid :i esa ;g rki ij fuHkZj djrk gS
(fp=k 10.6)A ;g ik;k x;k gS fd osQoy mPp rki ij αV

fu;rkad cu tkrk gSA

fp=k 10.6 10.6 10.6 10.6 10.6 rki osQ iQyu osQ :i esa rk¡cs dk vk;ru izlkj
xq.kkadA

lkj.kh 10.2 esa 0-100 °C  rki ifjlj esa oqQN lkekU;
inkFkks± osQ vk;ru izlkj xq.kkadksa osQ eku fn, x, gSaA vki ;g
ns[k ldrs gSa fd bu inkFkks± (Bksl rFkk nzo) osQ rkih; izlkj
de gSa] rFkk ik;jsDl dk¡p rFkk buokj (yksgs rFkk fuosQy dh

(b) {ks=k çlkj(a) jSf[kd çlkj (c) vk;ru çlkj
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fof'k"V feJ /krq) tSls inkFkks± osQ αV osQ eku fo'ks"kdj fuEu
gSaA bl lkj.kh ls ge ;g ikrs gSa fd ,YdksgkWy (,sfFky) osQ
fy,  αv  dk eku ikjs dh rqyuk esa vf/d gS] rFkk leku
rki o`f¼ osQ fy, blesa ikjs dh rqyuk esa vf/d òf¼ gksrh gSA

lkj.kh 10.2 oqQN inkFkks± osQ vk;ru izlkj xq.kkad osQ eku

inkFkZ ααααα
v
 ( K–1)

,yqfefu;e 7 × 10–5

ihry 6 × 10–5

yksgk 3.55 × 10–5

iSjkiQhu 58.8 × 10–5

dk¡p (lkekU;) 2.5 × 10–5

dk¡p (ik;jsDl) 1 × 10–5

dBksj jcM+ 2.4 × 10–4

buokj 2 × 10–6

ikjk 18.2 × 10–5

ty 20.7 × 10–5

,YdksgkWy (bFkSukWy) 110×10–5

ty vlaxr O;ogkj izn£'kr djrk gS_ ;g  0°C ls 4°C

osQ chp xeZ fd, tkus ij floqQM+rk gSA fdlh fn, x,
ifjek.k osQ ty dk vk;ru] d{k rki ls 4°C rd BaMk fd,
tkus ij] ?kVrk gS [fp=k 10.7(a)]A 4°C ls de rki ij
vk;ru c<+rk gS vr% ?kuRo ?kVrk gS [fp=k 10.7(b)]A

bldk vFkZ ;g gqvk fd ty dk ?kuRo 4°C ij
vf/dre gksrk gSA ty osQ bl xq.k dk ,d egÙoiw.kZ
i;kZoj.kh; izHkko gS % rkykcksa rFkk >hyksa tSls tyk'k;ksa dk

'kh"kZ Hkkx igys terk gSA tSls&tSls >hy 4°C rd BaMh gksrh
tkrh gS] i`"B osQ lehi dk ty viuh ÅtkZ okrkoj.k dks
nsrk tkrk gS vkSj la?kfur gksdj Mwcrk tkrk gSA ryh dk m".k]
vis{kko`Qr de la?kfur ty Åij mBrk gSA ijUrq] ,d ckj
'kh"kZHkkx osQ BaMs ty dk rki 4°C ls uhps igq¡p tkrk gS] ;g
ty de la?kfur cu tkrk gS] vkSj i`"B ij gh jgrk gS] tgk¡
;g te tkrk gSA ;fn ty esa ;g xq.k u gksrk] rks >hy rFkk
rkykc ryh ls Åij dh vksj ters ftlls mldk vf/dka'k
tyh; thou (ty tho&tUrq rFkk ikS/s) u"V gks tkrkA

lkekU; rki ij Bkslksa rFkk nzoksa dh vis{kk xSlksa esa
vis{kko`Qr vf/d izlkj gksrk gSA nzoksa osQ fy,] vk;ru izlkj
xq.kkad vis{kko`Qr rki ij fuHkZj ugha djrkA ijUrq xSlksa osQ
fy, ;g rki ij fuHkZj djrk gSA fdlh vkn'kZ xSl osQ fy,
fdlh fu;r nkc ij vk;ru izlkj xq.kkad dk eku vkn'kZ xSl
lehdj.k ls izkIr fd;k tk ldrk gS %

PV = µRT

fu;r rki ij
P∆V = µR∆T

∆ ∆V

V

T

T
=

vFkkZr~ αv
T

=
1

 vkn'kZ xSl osQ fy, (10.6)

0°C, αv = 3.7 × 10–3 K–1, tks Bkslksa rFkk nzoksa dh
vis{kk vR;f/d cM+k gSA lehdj.k (10.6)  αv   dh rki ij
fuHkZjrk dks n'kkZrh gSA bldk eku rki esa o`f¼ osQ lkFk de
gks tkrk gSA fu;r nkc rFkk d{k rki ij fdlh xSl osQ fy,
αv dk eku yxHkx  3300×10–6K–1  gS] tks fd izfr:ih
nzoksa osQ vk;ru izlkj xq.kkad dh rqyuk esa dbZ dksfV xquk
cM+k gSA

1
 k

g
t
y
 d

k 
v
k;
ru

rki rki

?ku
Ro

fp=k 10.7 10.7 10.7 10.7 10.7      ty dk rkih; izlkjA
(a) (b)
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t

t

vk;ru izlkj xq.kkad (αv) rFkk jSf[kd izlkj xq.kkad (α
l
)

esa ,d ljy laca/ gSA yackbZ l  osQ fdlh ,sls ?ku dh dYiuk
dhft, ftlesa rki esa  ∆T  dh o`f¼ gksus ij lHkh fn'kkvksa
esa leku :i ls o`f¼ gksrh gSA rc

∆l = αl l ∆T

blhfy,]  ∆V = (l+∆l)3 – l3   3l2 ∆l                 (10.7)

lehdj.k 10.7  esa geus (∆l ) dks l  dh rqyuk esa NksVk
gksus osQ dkj.k  (∆l)2 rFkk (∆l)3  osQ inksa dks mis{k.kh; eku
fy;k gSA vr%

∆
∆

∆V
V l

l
V Tl= =

3
3 α (10.8)

blls gesa izkIr gksrk gS
αv = 3αl (10.9)

D;k gksrk gS] tc fdlh NM+ osQ nksuksa fljksa dks n`<+rk ls
tM+dj blosQ rkih; izlkj dks jksdk tkrk gSA Li"V gS fd
fljksa osQ n`<+ voyacksa }kjk iznÙk cká cyksa osQ dkj.k NM+ esa
laihMu foo`Qfr mRiUu gks tkrh gS ftlosQ rnuq:ih NM+ esa
,d izfrcy mRiUu gksrk gS ftls rkih; izfrcy dgrs gSaA
mnkgj.k osQ fy, 40 cm2  vuqizLFk dkV osQ {ks=kiQy dh
5m yach LVhy dh ,slh NM+ osQ ckjs esa fopkj dhft,
ftlosQ rkih; izlkj dks jksdk tkrk gS] tcfd mlosQ rki esa
10°C  dh o`f¼ dh xbZ gSA LVhy dk jSf[kd izlkj xq.kkad
αl(LVhy) = 1.2 × 10–5  K–1 gSA vr% ;gk¡ laihMu foo`Qfr

∆l

l
= αl(LVhy) ∆T = 1.2×10–5×10=1.2×10–4A LVhy osQ

fy, ;ax izR;kLFkrk xq.kkad Y (LVhy)
 = 2×1011 N m–2A vr%

NM+ es a mRiUu rkih; izfrcy 
∆ ∆F

A
Y

l

l
= 





=LVhy

2.4×107 N m–2, blosQ rnuq:ih cká cy

∆F = AY
LVhy

 
∆l

l






 =  2.4×107×40×10–4 j 105 N

;fn cká fljksa ij vkc¼ bl izdkj dh LVhy dh nks iVfj;ksa
osQ Hkhrjh fljs laioZQ esa gSa rks bl ifjek.k osQ cy iVfj;ksa dks
ljyrk ls eksM+ ldrs gSaA

mnkgj.k 10.1 10.1 10.1 10.1 10.1 ;g n'kkZb, fd fdlh Bksl dh
vk;rkdkj 'khV dk {ks=k izlkj xq.kkad] (∆A/A)/∆T,

blosQ jSf[kd izlkj xq.kkad α
l  dk nks xquk gksrk gSA

fp=k 10.8 10.8 10.8 10.8 10.8

gy  fdlh Bksl inkFkZ dh vk;rkdkj 'khV ftldh yackbZ
a rFkk pkSM+kbZ b (fp=k 10.8) gS] ij fopkj dhft,A tc rki
esa ∆T  dh o`f¼ dh tkrh gS rks a  eas  ∆a = αl a∆T  rFkk b
esa  ∆b = αlb ∆T   dh o`f¼ gksrh gSA fp=k 10.8  osQ vuqlkj
{ks=kiQy esa o`f¼

∆A = ∆A1 +∆A2 + ∆A3

∆A = a ∆b + b∆a + (∆a)  (∆b)
= aαlb ∆T + bαl a ∆T + (αl)

2 ab (∆T)2

= αl ab ∆T (2 + αl ∆T) = αl A ∆T (2 + αl ∆T)

pwafd  αl   10–5 K–1, rc lkj.kh 10.1 osQ vuqlkj 2 dh
rqyuk esa xq.kuiQy]   αl ∆T  dk eku cgqr NksVk gS] vr% bls
mis{k.kh; ekuk tk ldrk gSA vr%

           t

mnkgj.k 10.2 10.2 10.2 10.2 10.2 dksbZ yksgkj fdlh ?kksM+kxkM+h osQ ydM+h
osQ ifg, dh useh ij yksgs dh ¯jx tM+rk gSA  27°C

ij useh rFkk yksgs dh ̄ jx osQ O;kl Øe'k% 5.243m

rFkk 5.231 m gSaA yksgs dh ̄ jx dks fdl rki rd rIr
fd;k tk, fd og ifg, dh useh ij Bhd cSB tk,A

gy

fn;k x;k gS fd] T1 = 27°C
LT1 = 5.231 m
LT2 = 5.243 m

vr%
LT2 =LT1 [1+αl (T2–T1)]

5.243m = 5.231m [1 + 1.20 × 10–5 K–1 (T2 – 27°C]
vFkok T2 = 218°C   t

∆A3 = (∆a) (∆b)

∆Al = a (∆b)

∆A2 = b (∆a)

a

b

∆b

∆a
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10.6  fof'k"V Å"ek /kfjrk

fdlh crZu esa ty ysdj mls fdlh cuZj ij xeZ djuk vkjaHk
dhft,A 'kh?kz gh vki ty esa cqycqys Åij mBrs ns[ksaxsA tSls
gh rki esa o`f¼ dh tkrh gS] rks ty osQ d.kksa dh xfr esa
fo{kksHk gksus rd o`f¼ gksrh tkrh gS vkSj ty mcyus yxrk
gSA os dkSu ls dkjd gSa ftu ij fdlh inkFkZ dk rki c<+kus
osQ fy, vko';d Å"ek dh ek=kk fuHkZj djrh gS\ bl iz'u
dk mÙkj nsus osQ fy, izFke pj.k esa] ty dh oqQN ek=kk dks
xeZ djosQ mlosQ rki esa oqQN o`f¼] tSls  20°C dhft, vkSj
mlesa yxk le; uksV dhft,A iqu% bruk gh ty ysdj vc
blosQ rki esa Å"ek osQ mlh lzksr }kjk 40°C dh rki o`f¼
dhft, vkSj fojke ?kM+h ls le; uksV dhft,A vki ;g ik,axs
fd bl ckj yxHkx nks xquk le; yxrk gSA vr% leku ek=kk
osQ ty osQ rki esa nks xquh o`f¼ djus osQ fy, nks xquh Å"ek
dh ek=kk dh vko';drk gksrh gSA

nwljs pj.k esa] vc eku yhft, vki nks xquk ty ysdj
bls xeZ djus osQ fy, mlh lzksr dk mi;ksx djosQ blosQ rki
esa 20°C dh rki&o`f¼ djrs gSaA vki ;g ik,¡xs fd bl ckj
fiQj xeZ djus esa igys pj.k dh vis{kk yxHkx nks xquk le;
yxk gSA

rhljs pj.k esa] ty osQ LFkku ij] vc fdlh rsy] tSls
ljlksa dk rsy] dh leku ek=kk ysdj blosQ rki esa Hkh 20°C

dh o`f¼ dhft,A vc mlh fojke ?kM+h }kjk le; uksV
dhft,A vki ;g ik,¡xs fd bl ckj igys dh vis{kk de
le; yxk gSA vr% vko';d Å"ek dh ek=kk leku ek=kk osQ
ty osQ rki esa leku o`f¼ osQ fy, vko';d Å"ek dh ek=kk
ls de gSA

mijksDr izs{k.k ;g n'kkZrs gSa fd fdlh fn, x, inkFkZ dks
m".k djus osQ fy, vko';d Å"ek dh ek=kk blosQ nzO;eku
m , rki esa ifjorZu  ∆T,  rFkk inkFkZ dh izòQfr ij fuHkZj djrh
gSA fdlh inkFkZ osQ rki esa ifjorZu] tcfd Å"ek dh ,d nh
xbZ ek=kk dks og inkFkZ vo'kksf"kr djrk gS vFkok cfg"o`Qr
djrk gS] ,d jkf'k] ftls ml inkFkZ dh Å"ek /kfjrk dgrs
gSa] }kjk vfHkyf{kr dh tkrh gSA fdlh inkFkZ dh Å"ek /kfjrk
S dks ge bl izdkj ifjHkkf"kr djrs gSa %

Q
S

T

∆
=

∆
(10.10)

;gk¡  ∆Q  inkFkZ osQ rki esa T  ls T + ∆T  rd ifjorZu djus
osQ fy, vko';d Å"ek dh ek=kk gSA

vkius ;g izs{k.k fd;k gS fd tc fofHkUu inkFkks± osQ
leku nzO;ekuksa dks leku ek=kk esa Å"ek iznku dh tkrh gS]
rks muesa gksus okys ifj.kkeh rki ifjorZu leku ugha gksrsA blls
;g fu"d"kZ fudyrk gS fd fdlh inkFkZ osQ ,dkad nzO;eku
esa ,dkad rki&ifjorZu osQ fy, og inkFkZ Å"ek dh ,d
fuf'pr o vuU; ek=kk dk vo'kks"k.k vFkok cfg"dj.k djrk
gS] bl ek=kk dks inkFkZ dh fof'k"V Å"ek /kfjrk dgrs gSaA

;fn m nzO;eku osQ fdlh inkFkZ }kjk  ∆T  rki ifjorZu
osQ fy,  ∆Q  Å"ek dh ek=kk vo'kksf"kr vFkok cfg"o`Qr
djuh gksrh gS rks ml inkFkZ dh fof'k"V Å"ek /kfjrk s  dks
bl izdkj O;Dr fd;k tkrk gS

1S Q
s

m m T

∆
= =

∆
(10.11)

fof'k"V Å"ek /kfjrk fdlh inkFkZ dk og xq.k gksrk gS
tks bl inkFkZ }kjk ,d fn, x, ifjek.k dh Å"ek dks
vo'kksf"kr (vFkok cfg"òQr) djus ij (;fn izkoLFkk ifjorZu
ugha gS) ml inkFkZ osQ rki esa gksus okys ifjorZu dks fu/kZfjr
djrk gSA bls ¶Å"ek dh og ek=kk tks fdlh inkFkZ dk ,dkad
nzO;eku vius rki esa ,dkad ifjorZu osQ fy, vo'kksf"kr
vFkok cfg"o`Qr djrk gŞ  osQ :i esa ifjHkkf"kr fd;k tkrk
gSA fof'k"V Å"ek /kfjrk dk SI ek=kd  J kg–1 K–1  gSA

;fn inkFkZ dh ek=kk dk mYys[k ¶nzO;eku m fdyksxzkeksa̧
esa u djosQ eksy  µ  osQ inkas esa fd;k tkrk gS rks ge fdlh
inkFkZ dh Å"ek /kfjrk izfr eksy dks bl izdkj O;Dr
djrs gSa

(10.12)

tgk¡ C eksyj fof'k"V Å"ek /kfjrk dgykrh gSA  S  dh
Hkkafr C  Hkh inkFkZ dh izo`Qfr rFkk blosQ rki ij fuHkZj djrk
gSA eksyj fof'k"V Å"ek /kfjrk dk  SI ek=kd J mol–1 K–1 gSA

ijUrq] xSlksa dh fof'k"V Å"ek /kfjrk osQ laca/ esa  C  dks
ifjHkkf"kr djus osQ fy, vfrfjDr izfrca/ksa dh vko';drk
gksrh gSA bl izdj.k esa nkc vFkok vk;ru dks fu;r j[kdj
Hkh Å"ek LFkkukarj fd;k tk ldrk gSA ;fn Å"ek LFkkukarj.k
osQ le; xSl dk nkc fu;r j[kk tkrk gS] rks bls fu;r nkc
ij eksyj fof'k"V Å"ek /kfjrk dgrs gSa vkSj bls  Cp }kjk
fu£n"V fd;k tkrk gSA blosQ foijhr] ;fn Å"ek LFkkukarj.k
osQ le; xSl dk vk;ru fu;r j[krs gSa] rks bls fu;r
vk;ru ij eksyj fof'k"V Å"ek /kfjrk dgrs gSa vkSj bls
Cv  }kjk fu£n"V djrs gSaA blosQ foLr`r o.kZu osQ fy,

1S Q
s

Tµ µ
∆

= =
∆
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t

vè;k; 11 nsf[k,A lkj.kh 10.3 esa ok;qe.Myh; nkc rFkk
d{k rki ij oqQN inkFkks± dh fof'k"V Å"ek /kfjrk osQ ekis gq,
ekuksa dh lwph nh xbZ gS tcfd lkj.kh 10.4 esa oqQN xSlksa dh

lkj.kh 10.4 oqQN xSlksa dh eksyj fof'k"V Å"ek /kfjrk,¡

xSl CCCCC
p
 (J mol–1K–1)  CCCCC

v
(J mol–1K–1)

He 20.8 12.5

H2 28.8 20.4

N2 29.1 20.8

O2 29.4 21.1

CO2 37.0 28.5

eksyj fof'k"V Å"ek /kfjrk dh lwph nh xbZ gSA lkj.kh 10.3

ls vki ;g è;ku esa j[k ldrs gSa fd vU; inkFkks± dh rqyuk
esa ty dh fof'k"V Å"ek /kfjrk mPpre gksrh gSA ;gh dkj.k
gS fd Lopkfyr okguksa osQ jSfM,Vjksa esa ty dk mi;ksx
'khryd osQ :i esa fd;k tkrk gS rFkk fldkbZ osQ fy, mi;ksx
gksus okyh rIr ty FkSfy;ksa esa ty dk mi;ksx rkid osQ :i
esa fd;k tkrk gSA mPp fof'k"V Å"ek /kfjrk gksus osQ dkj.k
x£e;ksa esa Fky dh vis{kk ty cgqr /heh xfr ls xeZ gksrk gS
iQyLo:i leqnz dh vksj ls vkus okyh iousa 'khry gksrh gSaA
vc vki ;g crk ldrs gSa fd e#{ks=kksa esa i`Foh dk i`"B fnu
osQ le; 'kh?kz m".k rFkk jkf=k osQ le; 'kh?kz 'khry D;ksa gks
tkrk gSA

10.7  Å"ekfefr

fdlh fudk; dks fo;qDr fudk; rc dgk tkrk gS tc ml
fudk; rFkk mlosQ ifjos'k osQ chp dksbZ Å"ek fofue;
vFkok Å"ek LFkkukarj ugha gksrkA tc fdlh fo;qDr fudk;

osQ fofHkUu Hkkx fHkUu&fHkUu rki ij gksrs gSa] rc Å"ek
dh oqQN ek=kk mPp rki osQ Hkkx ls fuEu rki okys Hkkx
dks LFkkukarfjr gks tkrh gSA mPp rki osQ Hkkx }kjk yqIr
Å"ek fuEu rki osQ Hkkx }kjk Å"ek yfC/ osQ cjkcj
gksrh gSA

Å"ekfefr dk vFkZ Å"ek ekiu gSA tc dksbZ mPp rki
dh oLrq fdlh fuEu rki dh oLrq osQ laioZQ esa ykbZ tkrh
gS] rks mPp rki dh oLrq }kjk yqIr Å"ek fuEu rki dh oLrq
}kjk Å"ek yfC/ osQ cjkcj gksrh gS] c'krsZ fd fudk; ls
Å"ek dk dksbZ Hkkx Hkh ifjos'k esa iyk;u u djsA ,slh ;qfDr
ftlesa Å"ek ekiu fd;k tk losQ mls Å"ekekih dgrs gSa
(fp=k 10.20)A ;g /krq osQ ,d crZu rFkk mlh inkFkZ tSls
rk¡ck vFkok ,Y;qfefu;e osQ foMksyd ls feydj cuk gksrk
gSA bl crZu dks ,d ydM+h osQ vkoj.k osQ Hkhrj] ftlesa
Å"ekjks/h inkFkZ tSls dk¡p rarq Hkjk gksrk gS] j[kk tkrk gSA
ckgjh vkoj.k Å"ek dop dh Hkkafr dk;Z djrk gS rFkk ;g
Hkhrjh crZu ls Å"ek&gkfu dks de dj nsrk gSA ckgjh vkoj.k
esa ,d fNnz cuk;k tkrk gS ftlls gksrs gq, ikjs dk rkiekih
crZu osQ Hkhrj igq¡prk gSA fuEufyf[kr mnkgj.k }kjk vkidks
fdlh fn, x, Bksl inkFkZ dh fof'k"V Å"ek /kfjrk Kkr djus
dh ,slh fof/ fey tk,xh ftlesa yqIr Å"ek = Å"ek yfC/
osQ fl¼kar dk mi;ksx fd;k tkrk gSA

mnkgj.k 10.3 10.3 10.3 10.3 10.3  0.047 kg nzO;eku osQ fdlh
,syqfefu;e osQ xksys dks dkiQh le; osQ fy, mcyrs
ty ls Hkjs crZu esa j[kk x;k gS rkfd xksys dk rki
100°C gks tk,A blosQ i'pkr~ xksys dks rqjUr 0.14 kg
nzO;eku osQ rk¡cs osQ Å"ekekih] ftlesa 20°C dk 0.25
kg ty Hkjk gS] esa LFkkukarfjr fd;k tkrk gSA ty osQ
rki esa o`f¼ gksrh gS rFkk ;g  23°C ij LFkk;h voLFkk
xzg.k dj ysrk gSA ,syqfefu;e dh fof'k"V Å"ek
/kfjrk ifjdfyr dhft,A

lkj.kh 10.3 ok;qe.Myh; nkc rFkk d{k rki ij oqQN inkFkks± dh fof'k"V Å"ek /kfjrk,¡

inkFkZ fof'k"V Å"ek /kfjrk inkFkZ fof'k"V Å"ek /kfjrk
 (J kg–1 K–1) (J kg–1 K–1)

,yqfefu;e 900.0 ciZQ 2060

dkcZu 506.5 dk¡p 840

rk¡ck 386.4 vk;ju 450

ySM 127.7 oSQjkslhu 2118

pk¡nh 236.1 [kk| rsy 1965

VaXlVu 134.1 ikjk 140

ty 4186.0
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gy   bl mnkgj.k dks gy djrs le; ge bl rF; dk
mi;ksx djsaxs fd LFkk;h voLFkk esa ,syqfefu;e osQ xksys }kjk
nh xbZ Å"ek ty rFkk Å"ekekih }kjk vo'kksf"kr Å"ek osQ
cjkcj gksrh gSA

,syqfefu;e osQ xksys dk nzO;eku (m1) = 0.047 kg

,syqfefu;e osQ xksys dk vkjafHkd rki = 100ºC

vafre rki = 23ºC

rki esa ifjorZu (∆T) = (100ºC - 23ºC) = 77ºC

eku yhft,] ,syqfefu;e dh fof'k"V Å"ek /kfjrk = sAl

,syqfefu;e osQ xksys }kjk yqIr Å"ek dh ek=kk =
º∆ = × ×1 0.047kg 77 CAl Alm s T s

ty dk nzO;eku (m2) = 0.25 kg

Å"ekekih dk nzO;eku (m3) = 0.14 kg

ty rFkk Å"ekekih dk vkjafHkd rki = 20ºC

feJ.k dk vafre rki = 23ºC

rki esa ifjorZu (∆T2) = 23ºC–20ºC = 3ºC

ty dh fof'k"V Å"ek /kfjrk (sw)

= 4.18×103 J kg–1  ºC–1

rk¡cs osQ Å"ekekih dh fof'k"V Å"ek /kfjrk
= 0.386×103 J kg–1  ºC–1

ty rFkk Å"ekekih }kjk Å"ekyfC/ dh ek=kk
= m2 sw ∆T2 + m3scu∆T2

= (m2sw + m3scu) (∆T2)
= 0.25 kg ×4.18 × 103 J kg–1  ºC–1 + 0.14 kg ×
0.386 × 103 J kg–1  ºC–1) (23ºC – 20ºC)

LFkk;h voLFkk esa ,syqfefu;e osQ xksys }kjk yqIr Å"ek
      = ty }kjk Å"ek yfC/ + Å"ekekih }kjk Å"ek yfC/

0.047 kg × sAl × 77ºC
= (0.25 kg × 4.18 × 103 J kg–1  ºC–1+ 0.14 kg ×
0.386 × 103 J kg–1  ºC–1)(3ºC)
sAl = 0.911 kJ kg–1 ºC–1                                           t

10.8  voLFkk ifjorZu
lkekU; :i esa nzO; dh rhu voLFkk,¡ gSa % Bksl] nzo rFkk
xSlA bu voLFkkvksa esa ls fdlh ,d voLFkk ls nwljh voLFkk
esa laØe.k dks voLFkk ifjorZu dgrs gSaA nks lkekU; voLFkk
ifjorZu Bksl ls nzo rFkk nzo ls xSl (rFkk foykser%) gSaA ;s
ifjorZu rc gh gks ldrs gSa tcfd inkFkZ rFkk mlosQ ifjos'k
osQ chp Å"ek dk fofue; gksrk gSA rkiu vFkok 'khryu ij
voLFkk ifjorZu dk vè;;u djus osQ fy, vkb, fuEufyf[kr
fØ;kdyki djrs gSaA

fØ;kdyki 10.1

,d chdj esa oqQN fge D;wc yhft,A fge dk rki uksV
dhft,A bls /hjs&/hjs fdlh vpy Å"ek lzksr ij xeZ djuk
vkjaHk dhft,A gj ,d feuV osQ i'pkr~ rki uksV dhft,A
ty rFkk fge osQ feJ.k dks fujarj foMksfyr djrs
jfg,A le; vkSj rki osQ chp xzkiQ vkysf[kr dhft,
(fp=k 10.9)A vki ;g ik,¡xs fd tc rd chdj esa fge
mifLFkr gS rc rd rki esa dksbZ ifjorZu ugha gksrkA mijksDr
izfØ;k esa] fudk; dks Å"ek dh lrr vkiw£r gksus ij Hkh
mlosQ rki esa dksbZ ifjorZu ugha gksrkA ;gk¡ laHkj.k dh tk jgh
Å"ek dk mi;ksx Bksl (fge) ls nzo (ty) esa voLFkk
ifjorZu fd, tkus esa gks jgk gSA

fp=k 10.9 10.9 10.9 10.9 10.9 fge dks xeZ djus ij voLFkk esa gq, ifjorZuksa dks
rki vkSj le; osQ chp xzkiQ vkysf[kr djosQ n'kkZuk
(iSekus osQ vuqlkj ugha)A

Bksl ls nzo esa  voLFkk ifjorZu dks xyu (vFkok
fi?kyuk) rFkk nzo ls Bksl esa voLFkk ifjorZu dks fgehdj.k
dgrs gSaA ;g ik;k x;k gS fd Bksl inkFkZ dh leLr ek=kk osQ
fi?kyus rd rki fu;r jgrk gS vFkkZr~ Bksl ls nzo esa voLFkk
ifjorZu dh vof/ esa inkFkZ dh nksuksa voLFkk,¡ Bksl rFkk
nzo rkih; lkE; esa lgorhZ gksrh gSaA og rki ftl ij
fdlh inkFkZ dh Bksl rFkk nzo voLFkk,¡ ijLij rkih; lkE;
esa gksrh gSa mls ml inkFkZ dk xyukad dgrs gSaA ;g fdlh
inkFkZ dk vfHky{k.k gksrk gSA ;g nkc ij Hkh fuHkZj djrk gSA
ekud ok;qe.Myh; nkc ij fdlh inkFkZ osQ xyukad dks
izlkekU; xyukad dgrs gSaA fge osQ xyus dh izfØ;k dks
le>us osQ fy, vkb, fuEufyf[kr fØ;kdyki djsaA
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fØ;kdyki 10.2

,d fge f'kyk yhft,A ,d /krq dk rkj ysdj mlosQ nksuksa
fljksa ls leku Hkkj tSls  5 kg osQ ckV ck¡f/,A fp=k 10.10

esa n'kkZ, vuqlkj bl rkj dks fge f'kyk osQ Åij jf[k,A vki
;g ns[ksaxs fd rkj fgef'kyk esa ls ikj gks tkrk gSA ,slk gksus
dk dkj.k ;g gS fd rkj osQ Bhd uhps nkc esa o`f¼ osQ dkj.k
fge fuEu rki ij fi?ky tkrk gSA tc rkj ogk¡ ls xqtj tkrk
gS] rks rkj osQ Åij dk ty iqu% fgehHkwr gks tkrk gSA bl
izdkj rkj fge f'kyk ls ikj gks tkrk gS rFkk f'kyk foHkDr
ugha gksrhA iqu£gehHkou dh bl ifj?kVuk dks iqu£gek;u
dgrs gSaA fge ij ^LosQV* osQ uhps ty cuus osQ dkj.k gh
^LosQ¯Vx* djuk laHko gks ikrk gSA nkc esa o`f¼ osQ dkj.k ty
curk gS tks Lusgd dh Hkkafr dk;Z djrk gSA

fp=k 10.10 10.10 10.10 10.10 10.10

tc leLr fge ty esa :ikarfjr gks tkrk gS vkSj blosQ
i'pkr~ tSls gh ge vkSj vkxs xeZ djuk pkyw j[krs gSa rks ge
;g ikrs gSa fd rki esa o`f¼ gksuh vkjaHk gks tkrh gS
fp=k 10.9A rki esa ;g òf¼ fujarj yxHkx 100 °C rd gksrh
gS vkSj ;gk¡ fiQj rki fLFkj gks tkrk gSA vc fiQj ty dks
vkiwrZ Å"ek dk mi;ksx ty dks nzo voLFkk ls ok"i vFkok
xSlh; voLFkk esa :ikarfjr djus esa gksrk gSA

nzo ls ok"i (vFkok xSl) esa voLFkk ifjorZu dks
ok"iu dgrs gSaA ;g ik;k x;k gS fd leLr nzo osQ ok"i esa
:ikarfjr gksus rd rki fu;r jgrk gSA vFkkZr~] Bksl ls ok"i
esa voLFkk ifjorZu dh vof/ esa inkFkZ dh nksuksa voLFkk,¡
nzo rFkk xSl rkih; lkE; esa lgorhZ gksrh gSaA og rki ftl
ij fdlh inkFkZ dh nzo rFkk ok"i nksuksa voLFkk,¡ rkih; lkE;
esa ijLij lgorhZ gksrh gSa mls ml inkFkZ dk DoFkukad dgrs
gSaA ty osQ DoFku dh izfØ;k dks le>us osQ fy, vkb,
fuEufyf[kr fØ;kdyki djsaA

fØ;kdyki 10.3

vk/s ls vf/d ty ls Hkjk ,d xksy isanh dk ÝykLd
yhft,A fp=k 10.11 esa n'kkZ, vuqlkj ÝykLd osQ eq[k ij
yxh dkoZQ osQ os/ksa ls gksdj Hkhrj tkrs gq, ,d rkiekih rFkk
,d Hkki fudkl dkoZQ esa yxkb, vkSj ÝykLd dks cuZj osQ
Åij jf[k,A tSls gh ty xeZ gksrk gS] rks igys ;g nsf[k, fd
og ok;q] tks ty esa foyhu Fkh] NksVs&NksVs cqycqyksa osQ :i
esa ckgj vk,xhA rRi'pkr~ Hkki osQ cqycqys ÝykLd dh ryh
esa cusaxs] ijUrq tSls gh os 'kh"kZHkkx osQ ikl osQ 'khry ty dh
vksj Åij mBrs gSa] la?kfur gksdj vn`'; gks tkrs gSaA varr%
tSls gh leLr ty dk rki 100°C ij igq¡prk gS] Hkki osQ
cqycqys i`"B ij igq¡prs gSa vkSj DoFku gksus yxrk gSA ÝykLd
osQ Hkhrj Hkki fn[kkbZ ugha nsrh] ijUrq tSls gh ÝykLd ls ckgj
fudyrh gS] ;g ty dh vR;ar NksVh cw¡nksa osQ :i esa la?kfur
gksdj /qa/ osQ :i esa izdV gksrh gSA

fp=k 10.11 10.11 10.11 10.11 10.11 DoFku izfØ;kA

vc ;fn oqQN lsoaQMksa osQ fy, Hkki fudkl dks can dj
nsa] rkfd ÝykLd osQ Hkhrj nkc esa o`f¼ gks] rc vki ;g
ns[ksaxs fd DoFku #d tkrk gSA ty esa DoFku izfØ;k iqu%
vkjaHk gksus rd ty osQ rki esa o`f¼ djus osQ fy, (nkc ij
fuHkZj djrs gq,) vkSj Å"ek dh vko';drk gksrh gSA bl
izdkj nkc esa o`f¼ osQ lkFk DoFkukad esa o`f¼ gks tkrh gSA

vkb, vc ge cuZj dks gVk ysrs gSa rFkk ty dks yxHkx
80°C rd BaMk gksus nsrs gSaA ÝykLd ls rkiekih rFkk Hkki
fudkl gVkdj ÝykLd osQ eq¡g dks ok;q#¼ doZQ ls dl dj
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can dj nsrs gSaA vc ÝykLd dks LVSaM ij myVk djosQ j[krs
gSa vkSj ÝykLd ij fge'khfrr ty mM+syrs gSaA ,slk djus ij
ÝykLd osQ Hkhrj dh tyok"i la?kfur gksdj ÝykLd osQ
Hkhrj ty osQ i`"B ij nkc dks de dj nsrh gSA vc fuEu
rki ij ty esa iqu% DoFku vkjaHk gks tkrk gSA bl izdkj nkc
esa deh gksus ij DoFkukad ?kV tkrk gSA

blls ;g Li"V gks tkrk gS fd igkM+h {ks=kksa esa Hkkstu
idkuk D;ksa dfBu gksrk gSA mPp raqxrk ij ok;qe.Myh; nkc
fuEu gksrk gS] ftlosQ dkj.k ogk¡ ij leqnz rV dh rqyuk esa
ty dk DoFkukad ?kV tkrk gSA blosQ foijhr] nkc oqQdj osQ
Hkhrj nkc esa o`f¼ djosQ DoFkukad c<+k;k tkrk gSA blhfy,
ikdfØ;k rst gksrh gSA ekud ok;qe.Myh; nkc ij fdlh
inkFkZ osQ DoFkukad dks izlkekU; DoFkukad dgrs gSaA

ijUrq] lHkh inkFkZ bu rhuksa voLFkkvksa & Bksl] nzo rFkk
xSl ls ugha xqtjrsA oqQN inkFkZ ,sls Hkh gSa tks lkekU;r%

lh/s Bksl ls ok"i voLFkk esa vkSj foykser% igq¡p tkrs gSaA
fdlh inkFkZ dk Bksl voLFkk ls ok"i voLFkk esas] fcuk nzo
voLFkk ls xqtjs] igq¡puk ÅèoZikru dgykrk gS rFkk ,sls
inkFkZ dks ÅèoZikru inkFkZ dgrs gSaA 'kq"d fge (Bksl CO2)
dk ÅèoZikru gksrk gS] vk;ksMhu Hkh blh izdkj dk inkFkZ gSA
ÅèoZikru dh izfØ;k osQ le; fdlh inkFkZ dh nksuksa
voLFkk,¡ & Bksl rFkk ok"i voLFkk rkih; lkE; esa lgorhZ
gksrh gSaA

10.8.1 xqIr Å"ek

vuqHkkx 10.8 esa geus ;g lh[kk gS fd tc dksbZ inkFkZ
voLFkk ifjorZu dh fLFkfr esa gksrk gS rks inkFkZ rFkk mlosQ
ifjos'k osQ chp Å"ek dh ,d fuf'pr ek=kk LFkkukarfjr gksrh
gSA fdlh inkFkZ dh voLFkk ifjorZu dh vof/ esa] Å"ek dh
ek=kk dk izfr ,dkad nzO;eku LFkkukarj.k] ml inkFkZ dh bl

f=kd fcanq

fdlh inkFkZ dk rki mldh voLFkk ifjorZu (izkoLFkk ifjorZu) dh vof/ esa fu;r jgrk gSA fdlh inkFkZ osQ rki
T  rFkk nkc P  osQ chp vkysf[kr xzkiQ dks izkoLFkk vkjs[k vFkok P – T  vkjs[k dgrs gSaA uhps fn[kk, x, fp=k esa ty
rFkk  CO2 osQ izkoLFkk vkjs[k n'kkZ, x, gSaA bl izdkj dk izkoLFkk vkjs[k  P – T  ry dks Bksl {ks=k] ok"i {ks=k rFkk nzo
{ks=k esa foHkkftr djrk gSA bu {ks=kksa dks oØksa tSls ÅèoZikru oØ (BO), laxyu oØ (AO) rFkk ok"iu oØ (CO) }kjk
i`Fkd fd;k tkrk gSA ÅèoZikru oØ BO osQ ¯cnq ml voLFkk dks fu:fir djrs gSa ftl ij Bksl rFkk ok"i izkoLFkk,¡
lgorhZ gksrh gSaA laxyu oØ AO osQ fcanq ml voLFkk dk fu:i.k djrs gSa ftlesa Bksl rFkk nzo izkoLFkk,¡ lgorhZ gksrh
gSaA ok"iu oØ CO osQ fcanq ml voLFkk dks fu:fir djrs gSa ftlesa nzo rFkk ok"i izkoLFkk,¡ lgorhZ gksrh gSaA og rki
rFkk nkc ftl ij laxyu oØ] ok"iu oØ rFkk ÅèoZikru oØ feyrs gSa rFkk fdlh inkFkZ dh rhuksa izkoLFkk,¡ lgorhZ
gksrh gSa ml inkFkZ dk f=kd fcanq dgykrk gSA mnkgj.k osQ fy,] ty osQ f=kd fcanq dks rki 273.16K rFkk nkc
6.11×10–3 Pa  }kjk fu:fir djrs gSaA

 (a) ty rFkk (b) CO2  osQ fy, nkc&rki izkoLFkk vkjs[k (iSekus osQ vuqlkj ugha)

Bksl

nzo

ok"i
ok"i

Bksl
nzo

A

C

O

B
B

O

A

B

B
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izfØ;k osQ fy, xqIr Å"ek dgykrh gSA mnkgj.k osQ fy,]
;fn  –10°C osQ fdlh fn, x, ifjek.k osQ fge dks xeZ
fd;k tk, rks mldk rki blosQ xyukad (0°C) rd c<+rk gSA
bl rki ij vkSj Å"ek nsus ij rki esa o`f¼ ugha gksrh] ijUrq
fge fi?kyus yxrh gS vFkkZr~ voLFkk ifjorZu gksrk gSA tc
leLr fge fi?ky tkrh gS] rks vkSj Å"ek nsus ij ty osQ rki
esa o`f¼ gksrh gSA blh izdkj dh fLFkfr DoFkukad ij nzo&xSl
voLFkk ifjorZu osQ le; gksrh gSA mcyrs ty dks vkSj Å"ek
iznku djus ij rki esa o`f¼ ugha gksrh_ ok"iu gks tkrk gSA

voLFkk ifjorZu osQ le; vko';d Å"ek dk ifjek.k
ftl inkFkZ dh voLFkk esa ifjorZu gks jgk gS mlosQ nzO;eku
rFkk :ikarj.k&Å"ek ij fuHkZj djrk gSA bl izdkj] ;fn m
ml inkFkZ dk nzO;eku gS ftldk ,d voLFkk ls
nwljh voLFkk esa ifjorZu gks jgk gS] rc vko';d Å"ek dk
ifjek.k

    Q = mL

vFkok   L = Q/m

(10.13)

;gk¡ L dks xqIr Å"ek dgrs gSa rFkk ;g inkFkZ dk vfHky{k.k
gSA bldk  SI ek=kd  J kg–1 gSA  L  dk eku nkc ij Hkh fuHkZj
djrk gSA izk;% blosQ eku dk m¼j.k ekud ok;qe.Myh;
nkc ij fd;k tkrk gSA Bksl&nzo voLFkk ifjorZu osQ fy,
xqIr Å"ek dks laxyu dh xqIr Å"ek  (Lf) dgrs gSa] rFkk
nzo&xSl voLFkk ifjorZu osQ fy, xqIr Å"ek dks ok"iu dh
xqIr Å"ek  (Lv) dgrs gSaA bls ge izk;% laxyu Å"ek rFkk
ok"iu Å"ek dgrs gSaA fp=k 10.12 esa ty osQ fdlh ifjek.k

osQ fy, rki rFkk Å"ek osQ chp xzkiQ dk vkys[k n'kkZ;k x;k
gSA lkj.kh 10.5 esa oqQN inkFkks± dh xqIr Å"ek] xyukad rFkk
DoFkukad fn, x, gSaA

fp=k 10.12 10.12 10.12 10.12 10.12 ty osQ fy, rki rFkk Å"ek osQ chp xzkiQ
vkys[ku (iSekus osQ vuqlkj ugha)A

è;ku nhft, fd tc voLFkk ifjorZu osQ le; Å"ek nh
(vFkok yh) tkrh gS] rks rki fu;r jgrk gSA è;ku ls nsf[k,
fd fp=k 10.12 esa izkoLFkk js[kkvksa dh izo.krk,¡ leku ugha
gSa tks ;g laosQr nsrk gS fd fofHkUu voLFkkvksa dh fof'k"V
Å"ek /kfjrk,¡ leku ugha gSaA ty osQ fy,] laxyu rFkk
ok"iu dh xqIr Å"ek,¡ Øe'k%  Lf = 3.33×105 J kg–1 rFkk
Lv = 22.6×105 J kg–1 gSaA vFkkZr~ 1 kg  fge dks 0°C ij
xyu osQ fy,  3.33×105 J Å"ek pkfg, rFkk 1 kg ty dks
100°C  ij Hkki esa ifjorZu gksus osQ fy,  22.6×105 J Å"ek
pkfg,A vr%  100°C osQ ty dh vis{kk 100°C  dh Hkki
esa 22.6 × 105 J kg–1 Å"ek vf/d gksrh gSA ;gh dkj.k gS
fd mcyrs ty dh rqyuk esa mlh rki dh Hkki izk;%
vf/d xaHkhj tyu nsrh gSA

lkj.kh 10.5 1 atm nkc ij fofHkUu inkFkks± osQ voLFkk ifjorZu osQ rki rFkk xqIr Å"ek,¡

inkFkZ xyukad LLLLL
f

DoFkukad LLLLL
v

 (0C) (105J kg–1) (0C) (105J kg–1)

bFkSukWy –114 1.0 78 8.5

lksuk 1063 0.645 2660 15.8

ySM 328 0.25 1744 8.67

ikjk –39 0.12 357 2.7

ukbVªkstu –210 0.26 –196 2.0

vkWDlhtu –219 0.14 –183 2.1

ty 0 3.33 100 22.6

DoFkukad

rk
i

xyukad izkoLFkk
ifjorZu nzo izkoLFkk

(ty)

Å"ek

xSl izkoLFkk
(Hkki)

izkoLFkk
ifjorZu

Bksl izkoLFkk
(fge)
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t

t

mnkgj.k 10.4 10.4 10.4 10.4 10.4 tc 0°C ij j[ks 0.15 kg  fge dks
fdlh ik=k esa Hkjs  50°C osQ 0.30 kg ty esa feyk;k
tkrk gS rks feJ.k dk ifj.kkeh rki  6.7°C gks tkrk
gSA fge osQ laxyu dh Å"ek ifjdfyr dhft,A
(s

ty
 = 4186 J kg–1 0C–1)

gy : : : : :

ty }kjk yqIr Å"ek = msw (θf–θi)w
= (0.30 kg) (4186 J kg–1 °C–1) (50.0°C – 6.7°C)

= 54376.14 J

fge osQ xyu osQ fy, vko';d Å"ek
= m2Lf = (0.15 kg) Lf

fge ty osQ rki dks vafre rki rd c<+kus osQ fy,
vko';d Å"ek = m Isw (θf–θi)I

= (0.15 kg) (4186 J kg–1 °C –1) (6.7°C – 0°C)

= 4206.93 J

yqIr Å"ek = Å"ek yfC/
54376.14 J = (0.15 kg) Lf + 4206.93 J

Lf = 3.34×105 J kg–1   t

mnkgj.k 10.5 10.5 10.5 10.5 10.5 fdlh Å"ekekih esa Hkjs –12°C osQ
3 kg fge dks ok;qe.Myh; nkc ij 100°C dh Hkki
esa ifjo£rr djus osQ fy, vko';d Å"ek ifjdfyr
dhft,A fn;k x;k gS fge dh fof'k"V Å"ek /kfjrk
= 2100 J kg–1 0C–1, ty dh fof'k"V Å"ek /kfjrk
= 4186 J kg– 1 0C–1, fge osQ laxyu dh xqIr Å"ek
= 3.35×105 J kg–1 rFkk Hkki dh xqIr Å"ek
= 2.256×106 J kg–1.

gy : : : : :  fn;k gS

fge dk nzO;eku m = 3 kg

fge dh fof'k"V Å"ek /kfjrk] s
fge

= 2100 J kg–1  0C–1

ty dh fof'k"V Å"ek /kfjrk] s
ty

= 4186 J kg–1  0C–1

fge osQ laxyu dh xqIr Å"ek]  Lf fge

= 3.35×105 J kg–1

Hkki dh xqIr Å"ek]  L
Hkki

= 2.256×106 J kg–1

vc, Q = –12°C  osQ 3 kg fge dks 100°C  dh
Hkki esa ifjo£rr djus osQ fy, vko';d
Å"ek

Q1 = –12°C osQ 3 kg fge dks 0°C osQ fge
esa ifjo£rr djus osQ fy, vko';d
Å"ek

= m s
fge

 ∆T1 = (3 kg) (2100 J kg–1.

°C–1) [0–(–12)]°C = 75600 J

Q2 = 0°C osQ 3 kg fge dks 0°C osQ ty esa
laxfyr djus osQ fy, vko';d Å"ek

= m Lf fge = (3 kg) (3.35×105 J kg–1)

= 1005000 J

Q3 = 0°C osQ 3 kg ty dks 100°C osQ ty
esa ifjo£rr djus osQ fy, vko';d
Å"ek

= msw ∆T2

= (3kg) (4186J kg–1 °C–1) (100°C)

= 1255800 J

Q4 = 100°C osQ 3 kg ty dks 100°C dh
Hkki esa ifjo£rr djus osQ fy, vko';d
Å"ek

= m L
Hkki

 = (3 kg) (2.256×106 J kg–1)

= 6768000 J

vr%] Q = Q1+Q2+Q3+Q4

= 75600 J + 1005000J

+ 1255800 J + 6768000 J

= 9.1×106 J   t

10.9 Å"ek LFkkukarj.k

geus ns[kk gS fd rki esa varj osQ dkj.k ,d fudk; ls nwljs
fudk; esa vFkok fdlh fudk; osQ ,d Hkkx ls mlosQ nwljs
Hkkx esa ÅtkZ osQ LFkkukarj.k dks Å"ek dgrs gSaA bl ÅtkZ
LFkkukarj osQ fofo/ lk/u D;k gSa\ Å"ek LFkkukarj.k
dh lqLi"V rhu fof/;k¡ gSa% pkyu] laogu rFkk fofdj.k
(fp=k 10.13)A
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fp=k 10.1310.1310.1310.1310.13  pkyu] laogu rFkk fofdj.k }kjk rkiuA

10.9.1 pkyu

fdlh oLrq osQ nks layXu Hkkxksa osQ chp muosQ rkiksa esa varj
osQ dkj.k Å"ek LFkkukarj.k dh fØ;kfof/ dks pkyu dgrs
gSaA eku yhft, fdlh /krq dh NM+ dk ,d fljk vkx dh
Tokyk eas j[kk gSA 'kh?kz gh NM+ dk nwljk fljk bruk xeZ gks
tk,xk fd vki mls vius uaxs gkFkksa ls idM+ ugha losaQxsA ;gk¡
NM+ esa Å"ek LFkkukarj.k pkyu }kjk NM+ osQ rIr fljs ls NM+
osQ fofHkUu Hkkxksa ls gksdj nwljs fljs rd gksrk gSA xSlsa ghu
Å"ek pkyd gksrh gSa rFkk nzoksa dh pkydrk Bkslksa rFkk xSlksa
osQ chp dh gksrh gSA

ek=kkRed :i esa] Å"ek pkyu dk o.kZu ¶fdlh inkFkZ
esa fdlh fn, x, rkikarj osQ fy, Å"ek izokg dh nj¸ }kjk
fd;k tkrk gSA L yackbZ rFkk A ,dleku vuqizLFk dkV
{ks=kiQy dh /krq dh fdlh ,slh NM+ ij fopkj dhft,
ftlosQ nksuksa fljksa osQ chp rkikarj LFkkfir fd;k x;k gSA
mnkgj.k osQ fy,] ,slk NM+ osQ fljksa dks Øe'k%  TC  rFkk TD rki
osQ Å"ek HkaMkjksa osQ laioZQ esa j[kdj fd;k tk ldrk gS
(fp=k 10.14)A vc ge ,d ,slh vkn'kZ fLFkfr dh dYiuk
djrs gSa ftlesa NM+ osQ ik'oZ iw.kZr% Å"ekjks/h gSa rkfd ik'oks±
rFkk ifjos'k osQ chp Å"ek dk fofue; ugha gksrkA

fp=k 10.14 10.14 10.14 10.14 10.14 fdlh NM+ ftlosQ nks fljksa dks  T
C
  rFkk  T

D  
rkiksa

ij (T
C
 > T

D
)  LFkkfir fd;k x;k gS] esa pkyu }kjk

LFkk;h voLFkk Å"ek izokgA

oqQN le; osQ i'pkr~ LFkk;h voLFkk vk tkrh gS_ NM+
dk rki nwjh osQ lkFk ,dleku :i ls  TC ls TD rd ?kVrk
gS_  (TC>TD)A C ij Å"ek Hk.Mkj ,d fu;r nj ij Å"ek dh
vkiw£r djrk gS] tks NM+ ls LFkkukarfjr gksdj mlh nj ls  D
ij fLFkr Å"ek HkaMkj esa igq¡p tkrh gSA iz;ksxksa }kjk ;g ik;k
tkrk gS fd bl LFkk;h voLFkk esa] Å"ek izokg dh nj H
rkikarj (TC – TD) rFkk vuqizLFk dkV {ks=kiQy] A osQ
vuqØekuqikrh vkSj NM+ dh yackbZ  L  osQ O;qRØekuqikrh gksrh
gS%

H = KA 
–C DT T

L
(10.14)

vkuqikfrdrk fLFkjkad K dks inkFkZ dh Å"ek pkydrk
dgrs gSaA fdlh inkFkZ osQ fy, K dk eku ftruk vf/d gksrk
gS mruh gh 'kh?kzrk ls og Å"ek pkyu djrk gSA  K dk  SI

ek=kd J s–1 m–1 K–1 vFkok W m–1 K–1 gSA lkj.kh 10.6 esa
fofHkUu inkFkks± dh Å"ek pkydrk osQ eku fn, x, gSaA bu
ekuksa esa rki osQ lkFk vYi varj gksrk gS] ijUrq lkekU; rki
ifjlj esa bu ekuksa dks vpj eku ldrs gSaA

vPNs Å"ek pkydksa (/krqvksaa) dh vis{kko`Qr vf/d
Å"ek pkydrkvksa dh rqyuk oqQN vPNs Å"ekjks/h inkFkks±]
tSls ydM+h rFkk dk¡p rarq] dh vis{kko`Qr de Å"ek
pkydrkvksa ls dhft,A vkius ;g ik;k gksxk fd [kkuk idkus
osQ oqQN crZuksa dh isanh ij rk¡cs dk foysiu gksrk gSA Å"ek dk
vPNk pkyd gksus osQ dkj.k rk¡ck crZu dh isanh ij Å"ek
forj.k dks mUur djrk gS ftlls Hkkstu leku :i ls idrk
gSA blosQ foijhr] IykfLVd isQu] eq[;r% ok;q dh dksVfjdk
gksus osQ dkj.k] vPNs Å"ekjks/h gksrs gSaA ;kn dhft, xSlsa vYi
pkyd gksrh gSa rFkk lkj.kh 10.6 ls ok;q dh fuEu Å"ek
pkydrk uksV dhft,A cgqr ls vU; vuqiz;ksxksa esa Å"ek /kj.k
rFkk LFkkukarj.k egRoiw.kZ gksrs gSaA gekjs ns'k esa] oaQØhV dh
Nrksa okys ?kj x£e;ksa esa cgqr xeZ gks tkrs gSa] bldk dkj.k ;g
gS fd oaQØhV dh Å"ek pkydrk (;|fi /krqvksa dh rqyuk
dkiQh de gSA) fiQj Hkh cgqr de ugha gSA blhfy,] izk;%
yksx Nrksa ij iQksu&jks/u djkuk ilan djrs gSa rkfd Å"ek
LFkkukarj.k dks jksddj dejs dks 'khry j[kk tk losQA oqQN
fLFkfr;ksa esa Å"ek LFkkukarj.k Økafrd gksrk gSA mnkgj.k osQ
fy, ukfHkdh; fj,DVjksa esa lqfoLr`r Å"ek&LFkkukarj fudk;ksa
dks LFkkfir djus dh vko';drk gksrh gS rkfd ukfHkdh;
fj,DVj osQ ØksM esa ukfHkdh; fo[kaMu }kjk mRiUu fo'kky
ÅtkZ dk dkiQh rs”kh ls ckgj ikjxeu fd;k tk losQ rFkk
ØksM vfrrIr gksus ls cpk jgsA

Reprint 2026-27



nzO; osQ rkih; xq.k 225

t

t

lkj.kh 10.6 oqQN inkFkks± dh Å"ek pkydrk,¡

inkFkZ Å"ek pkydrk
(J s–1 m–1 K–1 )

/krq,¡

pk¡nh 406

rk¡ck 385

,syqfefu;e 205

ihry 109

LVhy 50.2

ySM 34.7

ikjk 8.3

v/krq,¡

Å"ekjks/h b±V 0.15

oaQØhV 0.8

'kjhj&olk 0.20

uenk 0.04

dk¡p 0.8

fge 1.6

dk¡p rarq 0.04

ydM+h 0.12

ty 0.8

xSlsa

ok;q 0.024

vkWxZu 0.016

gkbMªkstu 0.14

mnkgj.k  10.6 10.6 10.6 10.6 10.6  fp=k 10.15 esa n'kkZ, x, fudk; dh
LFkk;h voLFkk esa LVhy&rk¡ck laf/ dk rki D;k gS\
LVhy NM+ dh yackbZ = 15.0 cm, rk¡cs dh NM+ dh
yackbZ = 10.0 cm, Hk_h dk rki = 300°C, nwljs fljs
dk rki = 0°C_ LVhy dh NM+ dh vuqizLFk dkV dk
{ks=kiQy rk¡cs dh NM+ dh vuqizLFk dkV osQ {ks=kiQy
dk nks xquk gSA (LVhy dh Å"ek pkydrk = 50.2 J

s–1 m –1 K–1; r k ¡ c s  dh Å"e k p kydrk  =
385 J s–1m–1 K–1)

fp=k  10.15  10.15  10.15  10.15  10.15

gy :  :  :  :  :    NM+ksa dks pkjksa vksj ls ?ksjs j[kus okys Å"ekjks/h inkFkZ
NM+ksa osQ ik'oZ ls gksus okyh Å"ek {kfr dks de dj nsrs gSaA
blhfy,] Å"ek osQoy NM+ dh yackbZ osQ vuqfn'k gh
izokfgr gksrh gSA NM+ dh fdlh Hkh vuqizLFk dkV ij
fopkj dhft,A LFkk;h voLFkk esa NM+ osQ fdlh vo;o
esa izos'k djus okyh Å"ek mlls ckgj fu"dkflr gksus
okyh Å"ek osQ cjkcj gksuh pkfg,] ojuk vo;o }kjk Å"ek
dh usV yfC/ vFkok gkfu gksxh rFkk bldk rki LFkk;h
ugha jgsxkA bl izdkj LFkk;h voLFkk esa NM+ dh fdlh
vuqizLFk dkV ls izokfgr gksus okyh Å"ek dh nj la;qDr
LVhy&rk¡ck NM+ dh yackbZ osQ vuqfn'k lHkh fcanqvksa ij leku
gSA eku yhft, LVhy&rk¡ck laf/ dk LFkk;h voLFkk esa rki
T  gS] rc

( ) ( )300 01 1 2 2

1 2

K  A T K  A T –
= 

L L

−

;gk¡] 1 rFkk 2 Øe'k% LVhy rFkk rk¡cs dks lan£Hkr djrs gSaA
A1 = 2 A2, L1 = 15.0 cm, L2 = 10.0 cm, K1 = 50.2 J s–1

m–1 K –1, K2 = 385 J s–1 m–1 K –1, osQ fy,

( )50.2  2 300 385

15 10

T T
= 

× −

vFkkZr~                    T = 44.4 °C t

mnkgj.k 10.7 10.7 10.7 10.7 10.7  fp=k 10.16 esa n'kkZ, vuqlkj yksgs dh
fdlh NM+ (L1 = 0.1m, A1 = 0.02 m2, K1 = 79

W m–1 K–1) dks fdlh ihry dh NM+  (L2 = 0.1m,

A2 = 0.02 m2, K2 = 109 W m–1 K–1) osQ lkFk fljs
ls fljs dks feykdj Mkyk x;k gSA yksgs dh NM+ rFkk
ihry dh NM+ osQ Lora=k fljksa dks Øe'k%  373 K rFkk
273 K ij LFkkfir fd;k x;k gSA (i) nksuksa NM+ksa dh
laf/ ij rki] (ii) la;qDr NM+ dh rqY; Å"ek pkydrk]
rFkk (iii) la;qDr NM+ esa Å"ek izokg dh nj osQ fy,
O;atd fudkfy, rFkk ifjdfyr dhft,A

Hk h_ LVhy

Å"ekjks/h
inkFkZ

rk¡ck

fge ckWDl
° °
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gy

fp=k 10.16 10.16 10.16 10.16 10.16

fn;k x;k gS]
L1 = L2= L = 0.1m, A1 = A2= A= 0.02 m2

K1 = 79 W m–1 K–1, K2 = 109 W m–1 K–1,
T1 = 373 K, vkSj T2 = 273 K

LFkk;h voLFkk dh 'krks± osQ v/hu] yksgs dh NM+ ls
Å"ek izokg dh nj (H1) rk¡cs dh NM+ ls Å"ek izokg dh nj
(H2) osQ leku gSA
vr%] H = H1 = H2

=  
( )1 1 1 0 2 2 0 2

1 2

– ( – )K A T T K A T T

L L
=

pwafd A1 = A2 = A rFkk L1 = L2 = L

vr% mijksDr lehdj.k gksxk
K1 (T1 – T0) = K2 (T0 – T2)

vr% nksuksa NM+ksa dh laf/ dk rki T0 gksxk

T0 = 
1 1 2 2

1 2

K T K T

K K

+
+

T0 osQ bl eku dk izfrLFkkiu djus ls fdlh Hkh NM+ ls
Å"ek izokg dh nj H dk eku izkIr gksrk gS%

− −
= =1 1 0 2 0 2( ) ( )K A T T K A T T

H
L L

  

( ) ( )1 0 1 21 2

1 2

1 2

– –

1 1

A T T A T TK K

K K L
L

K K

  
= =  +    

+    

;fn yackbZ L1 + L2 = 2L dh la;qDr NM+ dh rqY;
Å"ek pkydrk  K  gS rFkk blls gksdj tkus okyh Å"ek izokg
dh nj H′ gks] rks mijksDr lehdj.k dk mi;ksx djus ij

−′
= =′ 1 2( )

2
K A T T

H H
L

rFkk K' = 
1 2

1 2

2K K

K K+

bl izdkj]

(i) T
K T K T

K K
O   =

+
+

1 1 2 2

1 2

 
( ) ( ) ( ) ( )+

=
+

–1 –1 –1 –1

–1 –1 –1 –1

79 W m K 373K 109Wm K 273K

79Wm K 109Wm K

= 315 K

(ii) ′
+
1 2

1 2

2  
 = =

K K
K

K K

= 
–1 –1 –1 –1

–1 –1 –1 –1

2×(79 W m K ) ×(109 W m K )
79 W m K +109 W m K

= 91.6 W m–1K–1

(iii) H′ = H = 
−′ 1 2( )

2
K A T T

L

  
( ) ( ) ( )

( )

–1 –1 291.6 W m K × 0.02 m  × 373K–273K

2× 0.1 m
=

= 916.1 W t

10.9.2  laogu
laogu og fof/ gS ftlesa inkFkZ dh okLrfod xfr }kjk
Å"ek LFkkukarj.k gksrk gSA ;g osQoy rjyksa esa gh laHko gSA
laogu izkòQfrd gks ldrk gS vFkok iz.kksfnr Hkh gks ldrk gSA
izko`Qfrd laogu esa xq#Ro ,d egRoiw.kZ Hkwfedk fuHkkrh gSA
tc fdlh rjy dks uhps ls xeZ fd;k tkrk gS] rks xeZ Hkkx
esa izlkj gksrk gS] iQyLo:i mldk ?kuRo ?kV tkrk gSA
mRIykouk osQ dkj.k ;g Åij mBrk gS rFkk Åijh 'khry Hkkx
bls izfrLFkkfir dj nsrk gSA ;g iqu% rIr gksrk gS] Åij mBrk
gS rFkk rjy osQ vis{kko`Qr 'khry Hkkx }kjk izfrLFkkfir gksrk
gSA ;g izfØ;k pyrh jgrh gSA Li"V :i ls Å"ek LFkkukarj
dh ;g fof/ pkyu ls fHkUu gksrh gSA laogu esa rjy osQ
fofHkUu Hkkxksa dk LFkwy vfHkxeu gksrk gSA

iz.kksfnr laogu esa inkFkZ dks fdlh iEi vFkok fdlh vU;
HkkSfrd lk/u }kjk xfr djus osQ fy, foo'k fd;k tkrk gSA ?kjksa
esa iz.kksfnr ok;q rkiu fudk;] ekuo ifjlapj.k ra=k rFkk
Lopkfyr okguksa osQ batuksa osQ 'khryu fudk; iz.kksfnr laogu
fudk;ksa osQ lkekU; mnkgj.k gSaA ekuo 'kjhj esa ân; ,d iEi
dh Hkkafr dk;Z djrk gS tks #f/j dk 'kjhj osQ fofHkUu Hkkxksa esa
lapj.k djrk gS] rFkk bl izdkj iz.kksfnr laogu }kjk Å"ek
LFkkukarfjr djosQ 'kjhj esa ,dleku rki LFkkfir djrk gSA

izko`Qfrd laogu cgqr lh lqifjfpr ifj?kVukvksa osQ fy,
mÙkjnk;h gSA fnu osQ le; cM+s tyk'k;ksa dh rqyuk esa Fky
'kh?kz rIr gks tkrk gSA ,slk nks dkj.kksa ls gksrk gS & igyk ty
dh fof'k"V Å"ek /kfjrk mPp gS rFkk nwljk fefJr /kjk,¡
vo'kksf"kr Å"ek dks fo'kky vk;ru osQ ty osQ lc Hkkxksa  esa
folkfjr dj nsrh gSaA rIr Fky osQ laioZQ okyh ok;q pkyu

yksgk ihry
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}kjk xeZ gksrh gS rFkk rIr gksdj ok;q iSQyrh gS] ftlls ifjos'k
dh 'khry ok;q dh rqyuk esa bldk ?kuRo de gks tkrk gSA
iQyLo:i m".k ok;q Åij mBrh gS (ok;q /kjk,¡)] rFkk fjDr
LFkku dks Hkjus osQ fy, vU; ok;q xfr djrh gSa (iousa) &
ftlls cM+s tyk'k;ksa osQ fudV leqnz lehj mRiUu gks tkrh
gSaA BaMh ok;q uhps vkrh gSa rFkk ,d rkih; laogu pØ cu
tkrk gS] tks Å"ek dks Fky ls nwj LFkkukarfjr dj nsrk gSA jkf=k
esa Fky dh Å"ek dk ßkl vf/d 'kh?kzrk ls gksrk gS rFkk
tyh; i`"B Fky dh rqyuk esa m".k gksrh gSA ifj.kkeLo:i
pØ mRØfer gks tkrk gS (fp=k 10.17)A

izko`Qfrd laogu dk ,d vU; mnkgj.k mÙkj iwoZ ls
fo"kqor~ o`Ùk dh vksj i`Foh ij cgus okyh LFkk;h i`"Bh; iousa
gSa] ftUgsa O;kikfjd iousa dgrs gSaA buosQ cgus dh ;Fkksfpr
O;k[;k bl izdkj gS % i`Foh osQ fo"kqorh; {ks=kksa rFkk /zqoh;
{ks=kksa dks lw;Z dh Å"ek leku ek=kk esa izkIr ugha gksrhA fo"kqor
o`Ùk osQ lehi i`Foh osQ i`"B ij ok;q rIr gksrh gS tcfd
/zqoksa osQ Åijh ok;qe.Myh; ok;q 'khry gksrh gSA fdlh vU;
dkjd dh vuqifLFkfr esa] laogu /kjk,¡ izokfgr gksus yxsaxh
ftlesa ok;q fo"kqorh; i`"B ls Åij mBdj /zqoksa dh vksj
cgsxh] fiQj uhps dh vksj tk,xh rFkk cgrh gqbZ iqu% fo"kqor
o`Ùk dh vksj tk,xhA ijUrq] i`Foh dh ?kw.kZu xfr bl laogu
/kjk esa la'kks/u dj nsrh gS ftlosQ dkj.k fo"kqor o`Ùk osQ
lehi dh ok;q dh iwoZ dh vksj pky 1600 km/h  gksrh gS
tcfd /zqoksa osQ lehi ;g pky 'kwU; gksrh gSA ifj.kkeLo:i
;g ok;q /zqoksa ij uhps dh vksj u iSQydj  30°N  (mÙkj)
v{kka'k ij iSQyrh gS vkSj fo"kqor o`Ùk ij ykSV vkrh gSA bls
O;kikfjd iousa dgrs gSaA

10.9.3  fofdj.k

pkyu rFkk laogu dks ifjogu ekè;e osQ :i esa fdlh inkFkZ
dh vko';drk gksrh gSA Å"ek LFkkukarj.k dh ;s fof/;k¡
fuokZr ls ìFkd nks oLrqvksa osQ chp fØ;k'khy ugha gks ldrhaA
ijUrq fo'kky nwjh gksus ij Hkh i`Foh lw;Z ls Å"ek izkIr dj
ysrh gSA blh izdkj] ge ikl dh vkx dh m".krk 'kh?kz gh
vuqHko dj ysrs gSa] ;|fi ok;q vYi pkyd gS rFkk brus de
le; esa laogu /kjk,¡ Hkh LFkkfir ugha gks ikrhaA Å"ek
LFkkukarj.k dh rhljh fof/ dks fdlh ekè;e dh vko';drk
ugha gksrhA bl fof/ dks fofdj.k dgrs gSa] rFkk fo|qr
pqacdh; rjaxksa }kjk bl izdkj fodfjr ÅtkZ dks fofdj.k
ÅtkZ dgrs gSaA fdlh fo|qr pqacdh; rjax esa oS|qr rFkk
pqacdh; {ks=k fnd rFkk dky esa nksyu djrs gSaA vU; fdlh
rjax dh Hkkafr fo|qr pqacdh; rjaxksa dh fofHkUu rjaxnS?;Z gks
ldrh gSa rFkk os fuokZr esa leku pky] ftls izdk'k dh pky
dgrs gSa vFkkZr~  3×108 m s–1  ls py ldrh gSaA bu rF;ksa
osQ ckjs esa foLrkj ls vki ckn esa fiQj dHkh lh[ksaxs] ijUrq vc
vki ;g tku x, gSa fd fofdj.k }kjk Å"ek LFkkukarj.k osQ
fy, ekè;e dk gksuk D;ksa vko';d ugha gS rFkk ;g bruh
rhoz xfr ls D;ksa gksrk gSA fofdj.k }kjk gh lw;Z ls Å"ek fuokZr
('kwU; varfj{k) ls gksdj i`Foh rd igq¡prh gSA lHkh rIr
fi.M pkgs os Bksl] nzo vFkok xSl gksa] fofdj.k ÅtkZ mRl£tr
djrs gSaA fdlh fi.M }kjk mlosQ rki osQ dkj.k mRl£tr
fo|qr pqacdh; fofdj.kksa tSls yky rIr yksgk ls fofdj.k
vFkok rarq ySEi ls izdk'k dks Å"ek fofdj.k dgrs gSaA

fp=k 10.17   10.17   10.17   10.17   10.17  laogu pØA
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tc ;g Å"ek fofdj.k vU; fi.Mksa ij iM+rk gS rks
bldk vkaf'kd ijkorZu rFkk vkaf'kd vo'kks"k.k gksrk gSA Å"ek
dk og ifjek.k ftls dksbZ fi.M fofdj.k }kjk vo'kksf"kr dj
ldrk gS] ml fi.M osQ o.kZ (jax) ij fuHkZj djrk gSA

ge ;g ikrs gSa fd o`Q".k fi.M fofdj.k ÅtkZ dk
vo'kks"k.k rFkk mRltZu gyosQ o.kks± osQ fi.Mksa dh vis{kk
vf/d djrs gSaaA bl rF; osQ gekjs nSfud thou esa vusd
vuqiz;ksx gSaA ge x£e;ksa esa 'osr vFkok gyosQ o.kks± osQ oL=k
igurs gSa rkfd os lw;Z dh de ls de Å"ek vo'kksf"kr djsaA
ijUrq l£n;ksa eas ge xgjs o.kZ osQ oL=k igurs gSa tks lw;Z dh
vf/d Å"ek dks vo'kksf"kr djosQ gesa m".k j[krs gSaA [kkuk
idkus osQ crZuksa dh isanh dks dkyk iksr fn;k tkrk gS rkfd
vkx ls og vf/dre Å"ek vo'kksf"kr djosQ idkbZ tkus
okyh lCth dks nsaaA

blh izdkj] M~;wvkj ÝykLd vFkok FkeZl cksry ,d
,slh ;qfDr gS tks cksry dh varoZLrq rFkk ckgjh ifjos'k osQ
chp Å"ek LFkkukarj.k dks fuEure dj nsrh gSA ;g nksgjh
nhokjksa dk dk¡p dk crZu gksrk gS ftldh Hkhrjh rFkk ckgjh
nhokjksa ij pk¡nh dk ysi gksrk gSA Hkhrjh nhokj ls fofdj.k
ijko£rr gksdj cksry dh varoZLrq esa okil ykSV tkrs gSaA blh
izdkj ckgjh nhokj Hkh ckgj ls vkus okys fdUgha Hkh fofdj.kksa
dks okil ijko£rr dj nsrh gSA nhokjksa osQ chp osQ LFkku dks
fuokZfrr djosQ pkyu rFkk laogu }kjk gksus okys Å"ek {k;
dks ?kVk;k tkrk gS rFkk ÝykLd dks Å"ek jks/h tSls dkoZQ ij
fVdk;k tkrk gSA blhfy, ;g ;qfDr rIr varoZLrq (tSls
nw/) dks BaMk gksus ls cpkus esa mi;ksxh gS] vFkok oSdfYid
:i ls BaMh varoZLrqvksa (tSls fge) dk HkaMkj.k djus esa Hkh
mi;ksxh gSA

10.9.4 òQf".kdk fofdj.k

vc rd geus m"ek fofdj.k osQ rjaxnS?;Z osQ i{k dk
mYys[k ugha fd;k gSA fdlh rki  ij m"ek fofdj.k osQ
fo"k; esa egÙoiw.kZ ckr ;g gS fd fofdj.k esa ek=k ,d gh
(;k dfri;) rjaxnS?;Z ugha gksrs gSa] cfYd blesa de
rjaxnS?;Z ls ysdj vf/d rjaxnS?;Z osQ chp mldk lrr~
LiSDVªe gksrk gSA rFkkfi fofHkUu rjaxnS?;k±s osQ fy, fofdfjr
m"ek dh mQtkZ dh ek=kk fHkUu&fHkUu gksrh gSA fp=k 10.18

fofHkUu rkiksa ij fdlh o`Qf".kdk osQ ,dkad {ks=k }kjk ,dkad
rjaxnS?;Z ij mRlftZr fofdfjr mQtkZ rFkk rjaxnS?;Z osQ eè;
izk;ksfxd oozQ n'kkZrk gSA

lw;Z dk izdk'k

vkoZQ

ySai osQ rarq
n'̀; 
izdk'k

fo
fd

fjr
 m

Qt
kZ 
izf
r 

,d
kad

 r
ajx
nS?
;Z

izf
r 

,d
kad

 {
ks=k

fp=k 10.18:  o`Qf".kdk }kjk fofHkUu rkiksa ij mRlftZr mQtkZ rFkk
rajxnS?;Z osQ eè; [khaps x, oozQA

bl ckr ij xkSj dhft, fd rjaxnS?;Z λ
m
 ftlosQ fy,

fofdfjr mQtkZ lokZf/d gS] rki c<+us ij ?kVrh gSA λ
m
 rFkk

T osQ eè; laca/ dks ohu&foLFkkiu fu;e dgrs gSa&

λ
m
 T = fu;rkad (10.15)

fu;rkad (ohu fu;rkad) dk eku 2.9 × 10–3 m K
gksrk gSA ;g fu;e bl ckr dh O;k[;k djrk gS fd tc yksgs
osQ fdlh VqoQM+s dks vfXu esa xeZ djrs gSa] rks mldk jax igys
gydk yky] fiQj jDrkHk ihyk vkSj var esa lisQn D;ksa gks tkrk
gSA ohu&fu;e dk mi;ksx [kxksyh; fiaMksa] tSls& pk¡n] lw;Z ;k
vU; rkjksa oQh lrg osQ rki dk vuqeku yxkus esa djrs gaSA panzek
ls izdk'k dh lcls vf/d rhozrk 14 µm rjaxnS?;Z osQ
vklikl gksrh gSA ohu&fu;e ls pUnzek dh lrg dk rki
200 K vuqekfur fd;k x;k gSA lkSj fofdj.k dh vf/dre
rhozrk λ

m
 = 4753 Å ij gksrh gSA blosQ vuqlkj

T = 6060 K A ;kn jf[k, fd ;g rki lw;Z dh lrg dk
gS u fd mlosQ vkarfjd (Hkhrjh) Hkkx dkA

fp=k 10.18 esa n'kkZ, x, o`Qf".kdk fofoQj.k oozQksa ls
lacaf/r lokZf/d fof'k"V ckr ;g gS fd ;s oozQ lkoZf=kd
gksrs gSaA ;s o`Qf".kdk osQ osQoy rki ij fuHkZj djrs gSa u fd
mlosQ vkdkj] vko`Qfr ;k inkFkZ ijA chloha 'krkCnh osQ izkjaHk
esa o`Qf".kdk osQ fofdj.k dks lS¼kafrd :i ls O;k[;k djus
osQ fy, tks iz;kl fd, x, mUgkasus HkkSfrdh esa DokaVe ozQkafr
dh iszj.kk nhA blosQ fo"k; esa vki vkxs vius ikB~;ozQe
esa i<+saxsA

fofdj.k }kjk mQtkZ fcuk ekè;e osQ (vFkkZr~ fuokZr esa)
cgqr nwfj;ksa rd LFkkukUrfjr dh tk ldrh gSA ije rki T ij

Reprint 2026-27



nzO; osQ rkih; xq.k 229

fdlh oLrq }kjk mRlftZr oqQy fo|qr pqEcdh; mQtkZ mlosQ
vkdkj] mldh mRlftZr djus dh {kerk (ftls mRltZdrk
dgrs gSa) vkSj fo'ks"k :i ls mlosQ rki osQ lekuqikrh gksrh
gSA ,d oLrq osQ fy, tks iw.kZ mRltZd gS] izfr bdkbZ le;
esa mRlftZr mQtkZ (H) gksxh&

H = AσT 4 (10.16)

tgk¡ A oLrq dk {ks=kiQy gS rFkk T  mldk ijerki gSA bl
lEcU/ dks igys LVsiQkWu us iz;ksxksa ls fudkyk rFkk ckn esa
cksYV~leku us lS¼kafrd :i ls fl¼ fd;kA bls LVsiQkWu
cksYV~leku fu;e  rFkk fu;rkad σ dks LVsiQkWu&cksYVleku
fu;rkad dgrs gS aA SI ek=kd i¼fr esa bldk eku
5.67 × 10–8 W m–2 K–4 gksrk gSA vf/drj oLrq,¡ lehdj.k
(A2) esa nh xbZ m"ek dh nj dk oqQN va'k gh mRlftZr djrh
gSaA nhi dTty tSls inkFkk±s }kjk mRlftZr m"ek dh nj gh bl
lhek osQ djhc gksrh gSA bl dkj.k ^,d* foekghu va'k e

ftls oLrq dh mRltZdrk dgrs gSa] dks ifjHkkf"kr djrs gSa
vkSj lehdj.k (10.16) dks fuEu izdkj ls O;Dr djrs gSaµ

H = AeσT 4 (10.17)

fdlh vkn'kZ fofdjd osQ fy, e = 1 gksrk gSA mnkgj.k osQ
rkSj ij VaxLVu ySEi osQ fy, e  dk eku yxHkx 0.4 gksrk
gSA bl rjg 0.3 cm2 i`"B {ks=kiQy rFkk 3000K rki okyk
VaxLVu ySEi fuEufyf[kr nj ls m"ek fofdfjr djsxk&

H = 0.3 × 10–4 × 0.4 × 5.67 × 10–8 (3000)4 = 60 W

T  rki okyh dksbZ oLrq ftlosQ pkjksa vksj osQ okrkoj.k dk
rki T

S
 gS] mQtkZ dk vo'kks"k.k rFkk mRltZu nksuksa djrh gSA

vr% fdlh vkn'kZ fofdjd ls fofdfjr m"ek osQ {k;
(gkfu) dh usV nj fuEufyf[kr lw=k ls O;Dr dh tk,xh µ

H = σA (T 4 – T
s
4)

ml oLrq osQ fy, ftldh mRltZdrk e gS] mijksDr lw=k fuEu
izdkj ls :ikarfjr gks tk,xk µ

H = eσ A (T4 – T
s
4) (10.18)

mnkgj.kkFkZ] vkb,] ge vius 'kjhj ls mRlftZr m"ek dh x.kuk
djsaA eku yhft, fdlh O;fDr osQ 'kjhj dk i`"B {ks=kiQy
yxHkx 1.9 m2 gS rFkk dejs dk rki 22°C gSA tSlkfd ge
tkurs gSa] 'kjhj dk vkarfjd rki 37°C gksrk gSA ekuk] Ropk
dk rki  20°C gSA izklafxd fo|qr pqEcdh; fofdj.k {ks=k

esa Ropk dh mRltZdrk 'e' yxHkx 0.97 gSA bl mnkgj.k ls
m"ek gkfu dh njµ

H = 5.67 × 10–8 × 1.9 × 0.97 × {(301)4 – (295)4}
= 66.4 W

tks fojke voLFkk esa 'kjhj }kjk mRiUu mQtkZ dh nj (120 W)

osQ vk/s ls FkksM+k vf/d gSA m"ek osQ bl {k; dks dkjxj
rjhosQ ls jksdus osQ fy, vk/qfud vkdZfVd diM+s (vke
diM+ksa ls vPNs) bl izdkj cuk, tkrs gSa fd 'kjhj dh Ropk
osQ lkFk ,d vfrfjDr iryh pednkj /krqbZ ijr gksrh gS] tks
'kjhj osQ fofdj.k dks ijkofrZr dj nsrh gSA

10.10 U;wVu dk 'khryu fu;e
ge lHkh ;g tkurs gSa fd rIr ty vFkok nw/ est ij ;fn
j[kk NksM+ nsa rks og /hjs&/hjs 'khry gksuk vkjaHk dj nsrk gSA
varr% og ifjos'k osQ rki ij igq¡p tkrk gSA dksbZ nh xbZ oLrq
vius ifjos'k ls Å"ek dk fofue; djosQ oSQls 'khry gks
ldrh gS] bldk vè;;u djus osQ fy, vkb, fuEufyf[kr
fØ;kdyki djsaA

fØ;kdyki 10.4

,d foMksyd lfgr Å"ekekih esa oqQN ty] eku ysa
300 mL yhft, vkSj bls nks fNnz okys <Ddu ls <d
nhft,A <Ddu osQ ,d fNnz esa foMksyd rFkk nwljs fNnz esa
rkiekih yxkb, rFkk ;g lqfuf'pr dhft, fd rkiekih dk
cYc ty esa Mwc tk,A rkiekih dk ikB~;kad uksV dhft,A ;g
ikB~;kad T1 ifjos'k dk rki gSA Å"ekekih osQ ty dks bruk
xeZ dhft, fd bldk rki d{k rki (vFkkZr~ ifjos'k osQ rki)
ls yxHkx 40 °C vfèkd rd igq¡p tk,A rRi'pkr~ Å"ek lzksr
dks gVkdj ty dks xeZ djuk can dhft,A fojke ?kM+h
pykb, rFkk izR;sd fu;r le; varjky tSls 1 feuV osQ
i'pkr~ foMksyd ls èkhjs&/hjs foMksfyr djrs gq, rkiekih osQ
ikB~;kad uksV dhft,A ty dk rki ifjos'k osQ rki ls yxHkx
5 °C vfèkd jgus rd ikB~;kad uksV djrs jfg,A eku yhft,
;g ikB~;kad  (T2) gSA rRi'pkr~ rki ∆T = T2 – T1 dks  y–v{k
osQ vuqfn'k ysdj blosQ izR;sd eku osQ fy, rnuq:ih  t  osQ
eku dks x-v{k osQ vuqfn'k ysdj xzkiQ vkysf[kr dfj,
(fp=k 10.19)A
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fp=k 10.19 10.19 10.19 10.19 10.19 le; osQ lkFk rIr ty osQ 'khryu dks n'kkZus
okyk oØA

xzkiQ ls vki ;g fu"d"kZ fudky ldrs gSa fd fdl izdkj
rIr ty dk 'khryu mlosQ vius rFkk vius ifjos'k osQ rkiksa
osQ chp varj ij fuHkZj djrk gSA vki ;g Hkh uksV djsaxs fd
vkjaHk esa 'khryu dh nj mPp gS rFkk oLrq osQ rki esa deh
gksus ij ;g nj ?kV tkrh gSA

mijksDr fØ;kdyki ;g n'kkZrk gS fd dksbZ rIr fi.M Å"ek
fofdj.k osQ :i esa vius ifjos'k dks Å"ek [kks nsrk gSA ;g
Å"ek&{k; dh nj fi.M rFkk mlosQ ifjos'k osQ rkiksa osQ varj ij
fuHkZj djrh gSA U;wVu ,sls igys oSKkfud Fks ftUgksaus fdlh fn,
x, var%{ks=k osQ Hkhrj j[ks fdlh fi.M }kjk yqIr Å"ek rFkk mlosQ
rki osQ chp laca/ dk ;kstukc¼ vè;;u fd;kA

U;wVu osQ 'khryu fu;e osQ vuqlkj fdlh fi.M osQ
Å"ek {k; dh nj] – dQ/dt fi.M rFkk mlosQ ifjos'k osQ rkiksa
osQ varj ∆T = (T2–T1) osQ vuqØekuqikrh gksrh gSA ;g fu;e
osQoy y?kq rkikarj osQ fy, gh oS/ gSA fofdj.k }kjk
Å"ek&{k; fi.M osQ i`"B dh izo`Qfr rFkk [kqys i`"B osQ
{ks=kiQy ij Hkh fuHkZj djrk gSA vr% ge fy[k ldrs gSa fd

– ( – )
dQ

dt
k T T= 2 1 (10.19)

;gk¡  k  ,d /ukRed fu;rkad gS tks fi.M osQ i`"B osQ
{ks=kiQy rFkk mldh izo`Qfr ij fuHkZj djrk gSA eku yhft,
m nzO;eku rFkk fof'k"V Å"ek /kfjrk s dk dksbZ fi.M T2

rki ij gSA eku yhft, ifjos'k dk rki T1  gSA eku yhft,
fi.M dk rki ,d y?kq le; varjky dt  esa dT2 de gks tkrk
gS] rc yqIr Å"ek dk ifjek.k

dQ = ms dT2

∴ Å"ek {k; dh nj

dQ

dt
ms

dT

dt
= 2 (10.20)

lehdj.kksa (10.15) rFkk (10.16) ls gesa izkIr gksrk gS

– ( – )m s
dT

dt
k T T2

2 1=

dT

T T

k

ms
dt K dt2

2 1–
– –= = (10.21)

;gk¡  K = k/(ms)

lekdfyr djus ij
loge (T2 – T1) = – Kt + c (10.22)
vFkok T2 = T1 + C′ e–Kt; ;gk¡ C′ = ec (10.23)

lehdj.k (10.23) dh lgk;rk ls ,d fof'k"V rki ifjlj
osQ vk|ksikar 'khryu dk le; ifjdfyr fd;k tk ldrk gSA

y?kq rkikarjksa osQ fy,] pkyu] laogu rFkk fofdj.k osQ
la;qDr izHkko osQ dkj.k 'khryu dh nj rkikarj osQ vuqØekuqikrh
gksrh gSA fdlh fofdjd ls dejs esa Å"ek LFkkukarj.k] dejs
dh nhokjksa ls ikj gksdj Å"ek&{kfr vFkok est ij I;kys esa
j[kh pk; osQ 'khryu esa ;g ,d oS/ lfUudVu gSA

fp=k 10.20 10.20 10.20 10.20 10.20  U;wVu osQ 'khryu fu;e dk lR;kiuA

fp=k 10.20(a) esa n'kkZ;h xbZ izk;ksfxd O;oLFkk dh
lgk;rk ls U;wVu osQ 'khryu fu;e dk lR;kiu fd;k tk
ldrk gSA blesa nksgjh nhokjksa okyk ,d crZu (V) ftldh
nhokjksa osQ chp ty Hkjk gksrk gS] fy;k tkrk gSA bl nksgjh
nhokjksa okys crZu esa rIr ty ls Hkjk rk¡cs dk Å"ekekih (C)
j[krs gSaA blesa nks rkiekfi;ksa dk mi;ksx fd;k tkrk gS] ftlesa
rkiekih T1 osQ }kjk nksgjh nhokjksa osQ chp Hkjs m".k ty dk rki]
rFkk rkiekih T2 osQ }kjk Å"ekekih esa Hkjs ty dk rki ekirs
gSaA Å"ekekih osQ rIr ty dk rki ,d fu;fer varjky osQ
i'pkr~ ekik tkrk gSA le; t  rFkk  loge (T2–T1) [;k ln
(T2–T1 )] osQ chp xzkiQ vkysf[kr fd;k tkrk gS ftldh izòQfr
fp=k 10.19(b) esa n'kkZ, vuqlkj ½.kkRed izo.krk dh ,d
ljy js[kk gksrh gSA ;g lehdj.k 10.22 dh iqf"V djrh gSA
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t

mnkgj.k  10.810.810.810.810.8  fdlh crZu esa Hkjs rIr Hkkstu dk
rki 2 feuV esa  94 °C ls 86 °C gks tkrk gS tcfd
d{k&rki 20 °C gSA 71 °C ls 69 °C rd rki osQ fxjus
esa fdruk le; yxsxk\

gy :   :   :   :   :   94 °C rFkk 86 °C dk ekè; 90 °C gS tks d{k&rki ls
70 °C vf/d gSA bu voLFkkvksa esa crZu dk rki 2  feuV esa
8 °C ?kV tkrk gSA

vr%] lehdj.k (10-21) ls]

= ∆K T
rkikarj
le;

lkjka'k

1. Å"ek ÅtkZ dk ,d :i gS tks fdlh fi.M rFkk mlosQ ifjorhZ ekè;e osQ chp muesa rkikarj osQ dkj.k izokfgr
gksrh gSA fdlh fi.M dh rIrrk dh dksfV ek=kkRed :i esa rki }kjk fu:fir gksrh gSA

2. fdlh rki ekiu ;qfDr (rkiekih) esa ekiu ;ksX; fdlh ,sls xq.k (ftls rkiekih; xq.k dgrs gSa) dk mi;ksx
fd;k tkrk gS] ftlesa rki osQ lkFk ifjorZu gksrk gSA fofHkUu rkiekih esa fHkUu&fHkUu rki ekiØe curs gSaA
dksbZ rki ekiØe cukus osQ fy, nks fu;r fcanqvksa dk p;u fd;k tkrk gS rFkk mUgsa oqQN ;kn`fPNd rki eku
fn, tkrs gSaA ;s nks la[;k,¡ ekiØe osQ ewy fcanq rFkk mlosQ ek=kd dh vkeki dks fuf'pr djrh gSaA

3. lsfYl;l rki (t
C
) rFkk iQkjsugkbV rki (t

F
) esa ;g laca/ gksrk gS % t

F
 = (9/5) t

C
 + 32

4. nkc (P), vk;ru (V) rFkk ije rki (T) esa laca/ n'kkZus okyh vkn'kZ xSl lehdj.k bl izdkj O;Dr dh tkrh
gS%

PV = µRT

;gk¡ µ eksy dh la[;k rFkk R lkoZf=kd xSl fu;rkad gSA

5. ije rki ekiØe esa] ekiØe dk 'kwU;] rki osQ ije 'kwU; dks O;Dr djrk gSA ;g og rki gS ftl ij izR;sd
inkFkZ esa U;wure laHkkfor vkf.od lfØ;rk gksrh gSA osQfYou ije rki ekiØe (T ) osQ ek=kd dk vkdkj
lsfYl;l rki ekiØe (tc ) osQ ek=kd osQ vkdkj osQ cjkcj gksrk gS ijUrq buosQ ewy fcanqvksa esa varj gksrk gS%

tC   =  T – 273.15

6. jSf[kd izlkj xq.kkad (α
l
) rFkk vk;ru izlkj xq.kkad (αv ) dks bl izdkj ifjHkkf"kr fd;k tkrk gS%

∆
α ∆

l

l
Tl=

∆
α ∆

V

V
TV=

;gk¡ ∆l  rFkk  ∆V rki esa ∆T  dk ifjorZu gksus ij Øe'k% yackbZ l rFkk vk;ru V  esa ifjorZu dks fu£n"V djrs
gSaA buesa fuEufyf[kr laca/ gS%

αv  =  3 αl

( )8°C
= 70°C

2
K

feuV

69 °C rFkk 71°C dk ekè; 70 °C gS] tks d{k&rki ls
50 °C vf/d gSA bl voLFkk esa K  ewy voLFkk osQ leku gS]
vr%

2°C
le;  = K (50°C)

nksuksa lehdj.kksa dks foHkkftr djus ij

8°C/2 (70°C)
=

2°C/ (50°C)
K

K

feuV
le;

le; = 0.7 min. = 42 s  t
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jkf'k izrhd foek,¡ ek=kd fVIi.kh

inkFkZ dh ek=kk µ (eksy) eksy (mol)

lsfYl;l rki t
c

[K] °C

osQfYou ije rki T [K] K t
c
 = T – 273.15

jSf[kd izlkj xq.kkad α
l

[K–1] K-1

vk;ru izlkj xq.kkad α
v

[K–1] K-1 α
v
 = 3α

l

fdlh fudk; dks vkiwrZ ∆Q [ML2 T–2] J Q voLFkk pj
mQ"ek ugha gS

fof'k"V Å"ek /kfjrk s [L2 T–2K–1] J kg–1 K–1

Å"ek pkydrk K [MLT–3 K–1] J s–1 m–1K–1 H = –KA 
d

d

T

x

7. fdlh inkFkZ dh fof'k"V Å"ek /kfjrk dks bl izdkj ifjHkkf"kr fd;k tkrk gS%

s
m

Q

T
=

1 ∆
∆

;gk¡ m inkFkZ dk nzO;eku rFkk  ∆Q  inkFkZ osQ rki esa  ∆T  dk ifjorZu djus osQ fy, vko';d ÅtkZ dh ek=kk
gSA fdlh inkFkZ dh eksyj fof'k"V Å"ek /kfjrk dks bl izdkj ifjHkkf"kr fd;k tkrk gS%

1 ∆
=

∆µ

Q
C

T

;gk¡ µ inkFkZ osQ eksy dh la[;k gSA

8. laxyu dh xqIr Å"ek (Lf) Å"ek dh og ek=kk gS tks fdlh inkFkZ osQ ,dkad nzO;eku dks leku rki rFkk nkc
ij Bksl voLFkk ls nzo voLFkk esa ifjo£rr djus osQ fy, vko';d gksrh gSA ok"iu dh xqIr Å"ek  (Lv) Å"ek
dh og ek=kk gS tks fdlh inkFkZ osQ ,dkad nzO;eku dks rki o nkc esa fcuk dksbZ ifjorZu fd, nzo voLFkk
ls ok"i voLFkk esa ifjo£rr djus osQ fy, vko';d gksrh gSA

9. Å"ek&LFkkukarj.k dh rhu fof/;k¡ gSa & pkyu] laogu rFkk fofdj.kA

10. pkyu esa fdlh fi.M osQ vkl&ikl osQ Hkkxksa osQ chp Å"ek dk LFkkukarj.k vkf.od la?k^uksa }kjk laiUu gksrk
gS ijUrq blesa nzO; dk izokg ugha gksrkA fdlh L yackbZ rFkk A vuqizLFk dkV {ks=kiQy dh NM+] ftlosQ nksuksa fljksa
osQ rkiksa dks T

C
 rFkk T

D  
ij LFkkfir fd;k x;k gS] }kjk izokfgr Å"ek dh nj

 C D 
T T

H = K A
L

−

;gk¡ K NM+ osQ inkFkZ dh Å"ek pkydrk gSA

11. U;wVu osQ 'khryu fu;e osQ vuqlkj fdlh fi.M osQ 'khryu dh nj ifjos'k osQ Åij oLrq osQ rki&vkf/D; osQ
vuqØekuqikrh gksrh gS

2 1( )
dQ

 = – k T  – T    
dt

;gk¡  T
1
 ifjos'kh ekè;e dk rki rFkk T

2
 fi.M dk rki gSA
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fopkj.kh; fo"k;
1. osQfYou rki (T ) rFkk lsfYl;l rki tc  dks tksM+us okyk laca/ bl izdkj gS%

T  =  t
c
 + 273.15

rFkk ty osQ f=kd fcanq osQ fy, (p;u }kjk) T = 273.16 K dk fu/kZj.k ;FkkFkZ laca/ gSA bl p;u osQ lkFk
lsfYl;l ekiØe ij fge dk xyukad rFkk ty dk DoFkukad (nksukas  1 atm nkc ij) Øe'k%  0 °C rFkk 100

°C osQ vR;f/d fudV gSa ijUrq ;FkkFkZ :i ls buosQ cjkcj ugha gSaA ewy lsfYl;l rki ekiØe esa fiNys fu;r
fcanq (p;u }kjk) rF;r% 0 °C rFkk 100 °C Fks] ijUrq vc fu;r fcanqvksa osQ p;u osQ fy, ty osQ f=kd fcanq
dks vPNk ekuk tkrk gS D;ksafd bldk rki vf}rh; gSA

2. tc dksbZ nzo ok"i osQ lkFk lkE; esa gksrk gS rks leLr fudk; dk nkc rFkk rki leku gksrk gS rFkk lkE;koLFkk
esa nksuksa izkoLFkkvksa osQ eksyj vk;ruksa eas varj (?kuRoksa esa varj) gksrk gSA ;g lHkh fudk;ksa ij ykxw gksrk gS
pkgs mlesa fdruh Hkh izkoLFkk,¡ lkE; esa gksaA

3. Å"ek LFkkukarj.k esa lnSo nks fudk;ksa vFkok ,d gh fudk; osQ nks Hkkxksa osQ chp rkikarj lfEefyr gksrk gSA ,slk
ÅtkZ LFkkukarj.k ftlesa fdlh Hkh :i esa rkikarj lfEefyr ugha gksrk] og Å"ek ugha gSA

4. laogu esa fdlh rjy osQ Hkhrj mlosQ Hkkxksa esa vleku rki gksus osQ dkj.k nzO; dk izokg lfEefyr gksrk gSA
fdlh VksaVh ls fxjrs ty osQ uhps j[kh fdlh rIr NM+ dh Å"ek dk {k; NM+ osQ i`"B rFkk ty osQ chp pkyu
osQ dkj.k gksrk gS ty osQ Hkhrj laogu }kjk ugha gksrkA

vH;kl

10.1 fuvkWu rFkk CO2 osQ f=kd fcanq Øe'k% 24.57 K rFkk 216.55 K gaSA bu rkiksa dks lsfYl;l rFkk iQkjsugkbV
ekiØeksa esa O;Dr dhft,A

10.2 nks ije rki ekiØeksa A rFkk B ij ty osQ f=kd fcanq dks  200 A  rFkk  350 B }kjk ifjHkkf"kr fd;k x;k
gSA  TA rFkk TB esa D;k laca/ gS\

10.3 fdlh rkiekih dk vkse esa fo|qr izfrjks/ rki osQ lkFk fuEufyf[kr lfUudV fu;e osQ vuqlkj ifjo£rr
gksrk gS

R = Ro [1 + α (T – To )]

;fn rkiekih dk ty osQ f=kd fcanq  273.16 K  ij izfrjks/ 101.6 Ω rFkk ySM osQ lkekU; laxyu fcanq
(600.5 K) ij izfrjks/ 165.5 Ω gS rks og rki Kkr dhft, ftl ij rkiekih dk izfrjks/ 123.4 Ω  gSA

10.4 fuEufyf[kr osQ mÙkj nhft,%

(a) vk/qfud rkifefr esa ty dk f=kd fcanq ,d ekud fu;r fcanq gS] D;ksa\ fge osQ xyukad rFkk ty
osQ DoFkukad dks ekud fu;r fcanq ekuus esa (tSlk fd ewy lsfYl;l ekiØe esa fd;k x;k FkkA)
D;k nks"k gS\

(b) tSlk fd Åij o.kZu fd;k tk pqdk gS fd ewy lsfYl;l ekiØe esa nks fu;r fcanq Fks ftudks Øe'k%
0 °C rFkk 100 °C la[;k,¡ fu/kZfjr dh xbZ FkhaA ije rki ekiØe ij nks esa ls ,d fu;r fcanq ty
dk f=kd fcanq fy;k x;k gS ftls osQfYou ije rki ekiØe ij la[;k 273.16 K fu/kZfjr dh xbZ
gSA bl ekiØe (osQfYou ije rki) ij vU; fu;r fcanq D;k gS\
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(c) ije rki (osQfYou ekiØe) T  rFkk lsfYl;l ekiØe ij rki tc esa laca/ bl izdkj gS%

tc = T – 273.15

bl laca/ esa geus  273.15 fy[kk gS 273.16 D;ksa ugha fy[kk\

(d) ml ije rki ekiØe ij] ftlosQ ,dkad varjky dk vkeki iQkjsugkbV osQ ,dkad varjky dh
vkeki osQ cjkcj gS] ty osQ f=kd fcanq dk rki D;k gksxk\

10.5 nks vkn'kZ xSl rkiekfi;ksa A rFkk B esa Øe'k% vkWDlhtu rFkk gkbMªkstu iz;ksx dh xbZ gSA buosQ izs{k.k
fuEufyf[kr gS %

rki nkc nkc
rkiekih A esa rkiekih B esa

ty dk f=kd fcanq 1.250 × 105 Pa 0.200 × 105 Pa

lYiQj dk lkekU; xyukad 1.797 × 105 Pa 0.287 × 105 Pa

(a) rkiekfi;ksa A rFkk B osQ }kjk fy, x, ikB~;kadksa osQ vuqlkj lYiQj osQ lkekU; xyukad osQ ijerki
D;k gSa\

(b) vkiosQ fopkj ls rkiekfi;ksa  A rFkk B osQ mÙkjksa esa FkksM+k varj gksus dk D;k dkj.k gS\ (nksuksa
rkiekfi;ksa esa dksbZ nks"k ugha gS)A nks ikB~;kadksa osQ chp dh folaxfr dks de djus osQ fy, bl iz;ksx
esa vkSj D;k izko/ku vko';d gSa\

10.6 fdlh 1m yacs LVhy osQ iQhrs dk ;FkkFkZ va'kkadu  27.0 °C ij fd;k x;k gSA fdlh rIr fnu tc rki
45°C Fkk rc bl iQhrs ls fdlh LVhy dh NM+ dh yackbZ 63.0 cm ekih xbZA ml fnu LVhy dh NM+ dh
okLrfod yackbZ D;k Fkh\ ftl fnu rki 27.0 °C gksxk ml fnu blh NM+ dh yackbZ D;k gksxh\ LVhy dk
js[kh; izlkj xq.kkad = 1.20 × 10–5 K–1 A

10.7 fdlh cM+s LVhy osQ ifg, dks mlh inkFkZ dh fdlh /qjh ij Bhd cSBkuk gSA  27°C ij /qjh dk ckgjh O;kl
8.70 cm rFkk ifg, osQ osaQnzh; fNnz dk O;kl 8.69 cm gSA lw[kh ciZQ }kjk /qjh dks BaMk fd;k x;k gSA
/qjh osQ fdl rki ij ifg;k /qjh ij p<+sxk\ ;g ekfu, fd vko';d rki ifjlj esa LVhy dk jSf[kd izlkj
xq.kkad fu;r jgrk gS%  α

LVhy 
= 1.20×10–5K–1A

10.8 rk¡cs dh pknj esa ,d fNnz fd;k x;k gSA 27.0 °C ij fNnz dk O;kl 4.24 cm gSA bl /krq dh pknj
dks 227 °C rd rIr djus ij fNnz osQ O;kl esa D;k ifjorZu gksxk\ rk¡cs dk js[kh; izlkj xq.kkad
= 1.70 × 10–5 K–1A

10.9 27°C ij 1.8 cm yacs fdlh rk¡cs osQ rkj dks nks n`<+ Vsdksa osQ chp vYi ruko j[kdj FkksM+k dlk x;k
gSA ;fn rkj dks  –39 °C rki rd 'khfrr djas rks rkj esa fdruk ruko mRiUu gks tk,xk\ rkj dk O;kl
2.0 mm gSA ihry dk js[kh; izlkj xq.kkad = 2.0 × 10–5 K–1, ihry dk ;ax izR;kLFkrk
xq.kkad = 0.91 × 1011 PaA

10.10 50 cm yach rFkk 3.0 mm O;kl dh fdlh ihry dh NM+ dks mlh yackbZ rFkk O;kl dh fdlh LVhy dh
NM+ ls tksM+k x;k gSA ;fn ;s ewy yackb;k¡ 40°C ij gSa] rks 250 °C ij la;qDr NM+ dh yackbZ esa D;k ifjorZu
gksxk\ D;k laf/ ij dksbZ rkih; izfrcy mRiUu gksxk\ NM+ osQ fljksa dks izlkj osQ fy, eqDr j[kk x;k gSA
(rk¡cs rFkk LVhy osQ js[kh; izlkj xq.kkad Øe'k% = 2.0 × 10–5 K–1, LVhy = 1.2 × 10–5 K–1  gSaA)

10.11 fXyljhu dk vk;ru izlkj xq.kkad 49 × 10–5 K–1 gSA rki esa 30 °C dh o`f¼ gksus ij blosQ ?kuRo esa D;k
vkaf'kd ifjorZu gksxk\
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10.12 8.0 kg  nzO;eku osQ fdlh ,syqfefu;e osQ NksVs CykWd esa fNnz djus osQ fy, fdlh 10 kW dh cjeh dk
mi;ksx fd;k x;k gSA  2.5 feuV esa CykWd osQ rki esa fdruh o`f¼ gks tk,xhA ;g ekfu, fd 50% 'kfDr
rks Lo;a cjeh dks xeZ djus esa [kpZ gks tkrh gS vFkok ifjos'k esa yqIr gks tkrh gSA ,syqfefu;e dh fof'k"V
Å"ek /kfjrk = 0.91 J g–1 K–1 gSA

10.13 2.5 kg nzO;eku osQ rk¡cs osQ xqVosQ dks fdlh Hk_h esa  500 °C rd rIr djus osQ i'pkr~ fdlh cM+s
fge&CykWd ij j[k fn;k tkrk gSA xfyr gks ldus okyh fge dh vf/dre ek=kk D;k gS\ rk¡cs dh fof'k"V
Å"ek /kfjrk = 0.39 J g–1 K–1; ciZQ dh laxyu Å"ek = 335 J g–1 A

10.14 fdlh /krq dh fof'k"V Å"ek /kfjrk osQ iz;ksx esa 0.20 kg osQ /krq osQ xqVosQ dks 150 °C ij rIr djosQ]
fdlh rk¡cs osQ Å"ekekih (ty rqY;kad = 0.025 kg), ftlesa  27 °C dk 150 cm3  ty Hkjk gS] esa fxjk;k
tkrk gSA vafre rki 40 °C gSA /krq dh fof'k"V Å"ek /kfjrk ifjdfyr dhft,A ;fn ifjos'k esa {k; Å"ek
mis{k.kh; u ekudj ifjdyu fd;k tkrk gS] rc D;k vkidk mÙkj /krq dh fof'k"V Å"ek /kfjrk osQ
okLrfod eku ls vf/d eku n'kkZ,xk vFkok de\

10.15 oqQN lkekU; xSlksa osQ d{k rki ij eksyj fof'k"V Å"ek /kfjrkvksa osQ izs{k.k uhps fn, x, gSa%

xSl eksyj fof'k"V Å"ek /kfjrk (Cv )

(cal mo1–1 K–1)

gkbMªkstu 4.87

ukbVªkstu 4.97

vkWDlhtu 5.02

ukbfVªd vkWDlkbM 4.99

dkcZu eksuksDlkbM 5.01

Dyksjhu 6.17

bu xSlksa dh ekih xbZ eksyj fof'k"V Å"ek /kfjrk,¡ ,d ijek.kqd xSlksa dh eksyj fof'k"V Å"ek /kfjrkvksa
ls lqLi"V :i ls fHkUu gSaA izrhdkRed :i esa fdlh ,d ijek.kqd xSl dh eksyj fof'k"V Å"ek /kfjrk 2.92

cal/mol K gksrh gSA bl varj dk Li"Vhdj.k dhft,A Dyksjhu osQ fy, oqQN vf/d eku ('ks"k dh vis{kk)
gksus ls vki D;k fu"d"kZ fudkyrs gSa\

10.16 101°F rki Toj ls ihfM+r fdlh cPps dks ,UVhik;fju (Toj de djus dh nok) nh xbZ ftlosQ dkj.k
mlosQ 'kjhj ls ilhus osQ ok"iu dh nj esa o`f¼ gks xbZA ;fn 20 feuV esa Toj 98 °F rd fxj tkrk gS
rks nok }kjk gksus okys vfrfjDr ok"iu dh vkSlr nj D;k gS\ ;g ekfu, fd Å"ek ßkl dk ,dek=k mik;
ok"iu gh gSA cPps dk nzO;eku 30 kg gSA ekuo 'kjhj dh fof'k"V Å"ek /kfjrk ty dh fof'k"V Å"ek
/kfjrk osQ yxHkx cjkcj gS rFkk ml rki ij ty osQ ok"iu dh xqIr Å"ek 580 cal g–1 gSA

10.17 FkeksZdksy dk cuk ^fge ckWDl* fo'ks"kdj x£e;ksa esa de ek=kk osQ iosQ Hkkstu osQ HkaMkj.k dk lLrk rFkk
n{k lk/u gSA 30 cm Hkqtk osQ fdlh fge ckWDl dh eksVkbZ  5.0 cm gSA ;fn bl ckWDl esa 4.0 kg fge
j[kk gS rks 6 h osQ i'pkr~ cps fge dh ek=kk dk vkdyu dhft,A ckgjh rki  45 °C gS rFkk FkeksZdksy
dh Å"ek pkydrk 0.01 J s–1 m–1 K–1 gSA (fge dh laxyu Å"ek = 335 × 103 J kg–1)

10.18 fdlh ihry osQ ckW;yj dh isanh dk {ks=kiQy 0.15 m2 rFkk eksVkbZ 1.0 cm gSA fdlh xSl LVkso ij j[kus
ij blesa 6.0 kg/min dh nj ls ty mcyrk gSA ckW;yj osQ laioZQ dh Tokyk osQ Hkkx dk rki vkdfyr
dhft,A ihry dh Å"ek pkydrk = 109 J s–1 m–1 K–1_ ty dh ok"iu Å"ek =  2256 × 103 J kg–1 gSA
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10.19 Li"V dhft, fd D;ksa &
(a) vf/d ijkorZdrk okys fi.M vYi mRltZd gksrs gSaA
(b) oaQioaQih okys fnu ydM+h dh Vªs dh vis{kk ihry dk fxykl dgha vf/d 'khry izrhr gksrk gSA
(c) dksbZ izdkf'kd mRrkiekih (mPp rkiksa dks ekius dh ;qfDr)] ftldk va'kkadu fdlh vkn'kZ

o`Qf".kdk osQ fofdj.kksa osQ fy, fd;k x;k gS] [kqys esa j[ks fdlh yky rIr yksgs osQ VqdM+s dk rki
dkiQh de ekirk gS] ijUrq tc mlh yksgs osQ VqdM+s dks Hkê òh esa j[krs gSa] rks og rki dk lgh eku
ekirk gSA

(d) fcuk okrkoj.k osQ i`Foh v'kj.kh; 'khry gks tk,xhA
(e) Hkki osQ ifjpkyu ij vk/kfjr rkiu fudk; rIr ty osQ ifjpkyu ij vk/kfjr fudk;ksa dh vis{kk

Hkouksa dks m".k cukus esa vf/d n{k gksrs gSaA

10.20 fdlh fi.M dk rki 5 feuV esa  80 °C ls 50 °C gks tkrk gSA ;fn ifjos'k dk rki 20°C gS] rks ml
le; dk ifjdyu dhft, ftlesa mldk rki  60 °C ls 30 °C gks tk,xkA
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vè;k; 11

mQ"ekxfrdh

11-1 Hkwfedk

11-2 rkih; lkE;

11-3 mQ"ekxfrdh dk 'kwU; dksfV
fu;e

11-4 mQ"ek] vkarfjd mQtkZ rFkk dk;Z

11-5 mQ"ekxfrdh dk izFke fu;e

11-6 fof'k"V mQ"ek /kfjrk

11-7 mQ"ekxfrdh; voLFkk pj rFkk
voLFkk dk lehdj.k

11-8 mQ"ekxfrdh; izØe

11-9 mQ"ekxfrdh dk f}rh; fu;e
11-10 mRØe.kh; o vuqRØe.kh; izØe
11-10 dkuksZ batu

lkjka'k
fopkj.kh; fo"k;
vH;kl

11.1 Hkwfedk

fiNys vè;k; esa geus nzO;ksa osQ rkih; xq.kksa dk vè;;u fd;kA bl vè;k;
esa ge mu fu;eksa dk vè;;u djsaxs tks Å"eh; ÅtkZ dks fu/kZfjr djrs gSaA ge
mu izfØ;kvksa dk vè;;u djsaxs ftuesa dk;Z mQ"ek esa ifjofrZr gksrk gS] rFkk
foykser% mQ"ek Hkh dk;Z esa ifjofrZr gksrh gS A 'khr ½rq esa tc ge gFksfy;ksa
dks ijLij jxM+rs gSa rks gesa xjeh dh vuqHkwfr gksrh gS D;ksafd bl izfØ;k esa
fd;k x;k dk;Z mQ"ek mRiUu djrk gS A blosQ foijhr] Hkki batu esa ok"i dh
mQ"ek dk mi;ksx ykHkizn dk;Z dks laiUu djus esa vFkkZr~ fiLVu dks xfr nsus
esa gksrk gS ftlosQ ifj.kkeLo:i jsyxkM+h osQ ifg, ?kwers gSaA

HkkSfrdh esa mQ"ek] rki] dk;Z vkfn dh vo/kj.kkvksa dks vf/d
lko/kuhiwoZd ifjHkkf"kr djus dh vko';drk iM+rh gS A ,sfrgkfld :i ls mQ"ek
dh lVhd vo/kj.kk rd igq¡pus osQ fy, i;kZIr le; yxk A vk/qfud vo/kj.kk
osQ iwoZ mQ"ek dks ,sls lw{e vn`'; rjy osQ :i esa le>k x;k tks fdlh inkFkZ
osQ ja/zksa esa Hkjk jgrk gS A xje o BaMs fiaMksa osQ ikjLifjd laioZQ esa vkus ij ;g rjy
(ftls oSQykWfjd dgrs Fks) BaMs fiaM ls vis{kkÑr xje fiaM esa cgus yxrk gS !
;g fcyoqQy oSlk gh gS tSlk ml le; gksrk gS tc fHkUu&fHkUu m¡Qpkb;ksa rd
ikuh ls Hkjh nks Vafd;ksa dks ,d {kSfrt uy ls tksM+ fn;k tkrk gS A ty dk cgko
ml le; rd fujarj cuk jgrk gS tc rd nksuksa Vafd;ksa esa ty osQ ry leku
u gks tk,¡A blh osQ leku mQ"ek dh ̂ oSQykWfjd* /kj.kk esa mQ"ek ml le; rd
izokfgr gksrh jgrh gS tc rd fd ^oSQykWfjd ry* (vFkkZr~ rki) leku ugha
gks tkrs A

blh chp] mQ"ek dks mQtkZ osQ :i esa dfYir djus dh vk/qfud vo/kj.kk
osQ dkj.k blosQ (mQ"ek osQ) rjy Lo:i dks udkj fn;k x;k A bl laca/ esa
1798 esa csatkfeu FkkWelu (ftUgsa dkmUV jEiQksMZ Hkh dgrs gSa) us ,d egRoiw.kZ
iz;ksx Hkh fd;k A bUgksaus ik;k fd ihry dh rksi esa Nsn djrs le; bruh vf/d
mQ"ek mRiUu gksrh gS fd mlls ikuh mcy ldrk gS A blls vf/d egRoiw.kZ
rF; ;g izkIr gqvk fd iz;ksx esa mRiUu mQ"ek dk ifjek.k ml dk;Z ij fuHkZj
djrk Fkk tks ?kksM+s fMªy dks ?kqekus esa djrs Fks u fd fMªy osQ iSusiu ij A oSQykWfjd
Lo:i osQ vuqlkj vf/d iSuh fMªy dks ja/zksa ls vf/d mQ"ek rjy ckgj fudkyuk
pkfg,] fdarq iz;ksx esa ;g lgh ugha ik;k x;k A izs{k.kksa dh lcls vf/d LokHkkfod
O;k[;k ;g Fkh fd mQ"ek mQtkZ dk gh ,d :i gS rFkk iz;ksx ls Hkh ;g izekf.kr
gks x;k fd mQtkZ ,d :i ls nwljs :i esa vFkkZr~ dk;Z ls mQ"ek esa :ikarkfjr
gks tkrh gS A
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mQ"ekxfrdh HkkSfrdh dh og 'kk[kk gS tks mQ"ek rFkk rki
dh vo/kj.kk ,oa mQ"ek osQ vU; izdkj dh mQtkZvksa esa varjk&
:ikUrj.k dk foospu djrh gS A mQ"ekxfrdh ,d LFkwy foKku
gS] D;ksafd ;g fdlh fudk; dh LFkwy izÑfr ij fopkj djrh
gS u fd nzO; dh vkf.od lajpuk ij A okLro esa] blls lacaf/r
vo/kj.kkvksa rFkk fu;eksa dk izfriknu 19oha 'krkCnh esa ml
le; gqvk Fkk tc nzO; osQ vkf.od Lo:i dks n`<+rkiwoZd
izekf.kr ugha fd;k x;k Fkk A mQ"ekxfrdh osQ o.kZu esa fudk;
osQ vis{kkÑr oqQN gh LFkwy pj lekfgr gksrs gSa tks lkekU;
vuqHko ij vk/kfjr gSa rFkk ftUgsa izR;{k :i esa ekik tk ldrk
gS A mnkgj.kkFkZ] fdlh xSl osQ lw{e o.kZu esa mldh jpuk djus
okys vxf.kr v.kqvksa osQ funsZ'kkadksa ,oa osxksa dk fu/kZj.k vko';d
gksrk gS A gkykafd xSlksa osQ v.kqxfr fl¼akr dk fooj.k cgqr foLr̀r
ugha gS fiQj Hkh blesa v.kqvksa osQ osxks± dk fooj.k lekfgr gS A
blosQ foijhr fdlh xSl osQ mQ"ekxfrdh; fooj.k esa vkf.od
o.kZu iw.kZ :i ls udkj fn;k tkrk gS A mQ"ekxfrdh esa fdlh
xSl dh voLFkk nkc] vk;ru] rki] nzO;eku rFkk laxBu tSls
,sls LFkwy pjksa }kjk fu/kZfjr gksrh gS ftUgsa ge viuh bafnz;ksa ls
vuqHko djrs gSa vkSj eki ldrs gSa*A

;kaf=kdh ,oa mQ"ekxfrdh osQ chp Hksn vkiosQ efLr"d
esa HkyhHkkafr vk tkuk pkfg, A ;kaf=kdh esa gekjh #fp cyksa rFkk
cy vk?kw.kks± osQ izHkko esa xfr dj jgs d.kksa ,oa fi.Mksa esa gksrh
gS A mQ"ekxfrdh esa laiw.kZ fudk; dh xfr ij fopkj ugha fd;k
tkrk A bldh #fp fi.M dh vkafrjd LFkwy voLFkk esa gksrh
gS A tc canwd ls xksyh nkxrs gSa rc tks ifjorZu gksrk gS og
xksyh dh ;kaf=kd voLFkk  (fo'ks"kdj xfrt mQtkZ) esa ifjorZu
gksrk gS] mlosQ rki esa ugha A tc xksyh ydM+h esa /¡ldj #d
tkrh gS rks xksyh dh xfrt mQtkZ mQ"ek esa :ikarfjr gks tkrh
gS ftlls xksyh rFkk mlosQ pkjksa vksj dh ydM+h dh lrgksa dk
rki ifjofrZr gks tkrk gS A rki xksyh dh vkarfjd xfr (tks
vO;ofLFkr gS) dh mQtkZ ls lacaf/r gksrk gS u fd xksyh dh
laiw.kZ xfr ls A

11-2 rkih; lkE;

;kaf=kdh esa lkE;koLFkk ls rkRi;Z gS fd fudk; ij usV cká
cy o cy vk?kw.kZ 'kwU; gSa A mQ"ekxfrdh esa lkE;koLFkk dk
vFkZ fHkUu lanHkZ esa n`f"Vxkspj gksrk gS % fudk; dh voLFkk dks
ge ml le; lkE;koLFkk esa dgrs gSa tc fudk; dks vfHky{kf.kr
djus okys LFkwy pj le; osQ lkFk ifjofrZr ugha gksrs A
mnkgj.kkFkZ] fdlh i;kZoj.k ls iw.kZr% mQ"ekjks/h can n`<+ ik=k

esa Hkjh dksbZ xSl mQ"ekxfrd :i ls rc lkE;koLFkk esa gksxh
tc mlosQ nkc] vk;ru] rki] nzO;eku osQ ifjek.k rFkk laxBu
le; osQ lkFk ifjofrZr u gksa A

* mQ"ekxfrdh esa vU; ,sls pj Hkh fufgr gksrs gSa tks gekjh bafnz;ksa dks brus lqLi"V ugha gksrs (mnkgj.kkFkZ] ,aVªkWih] ,aFkkYih (laiw.kZ mQ"ek)] vkfn ftuosQ fo"k; esa vki
mPp d{kkvksa esa i<+saxs)] ̄drq ;s lHkh LFkwy pj gSa A ;|fi fdlh m"ekxfrdh; voLFkk dks ik¡p voLFkk pjksa] tSls nkc] vk;ru] rki] vkarfjd ÅtkZ vkSj ,aVªkWih osQ
:i esa fu:fir fd;k tkrk gS A fdlh fudk; dh ,aVªkWih mldh vO;oLFkk dk eki gksrk gS A

fp=k 1111111111-1 1 1 1 1 (a) (nks xSlksa osQ) fudk; A o B ,d #¼ks"e nhokj
ls i`Fko~Q gSa % bl nhokj ls mQ"ek vkj&ikj ugha tk ikrh A
(b) ;gh fudk; A o B ,d mQ"ek&ikFkZ nhokj ls i`Fko~Q
n'kkZ, x, gSa A ;g ,d pkyd nhokj gksrh gS ftlls mQ"ek
,d fudk; ls nwljs esa pyh tkrh gS A bl mnkgj.k esa
rkih; lkE; ;Fkksfpr le; esa izkIr gks tkrk gS A

(a)

(b)

dksbZ fudk; lkE;koLFkk esa gS fd ugha O;kid :i esa
;g pkjksa vksj osQ ifjos'k rFkk ml nhokj dh izÑfr ij fuHkZj
djrk gS tks fudk; dks ifjos'k ls i`Fko~Q djrh gS A dYiuk
dhft, fd nks xSlsa A o B nks fHkUu&fHkUu ik=kksa esa Hkjh gSa A
iz;ksx }kjk gesa irk gS fd fdlh xSl osQ fn, gq, nzO;eku osQ
nkc o rki dks mlosQ nks Lora=k pjksa osQ :i esa pquk tk ldrk
gS A eku yhft, fd xSlksa osQ nkc o vk;ru Øe'k% (P

A
, V

A
)

rFkk (P
B
, V

B
) gSa A dYiuk dhft, fd igys nksuksa fudk;

ikl&ikl gSa ijarq mUgsa fdlh #¼ks"e nhokj (,d mQ"ekjks/h
nhokj) }kjk ,d nwljs ls i`Fko~Q j[kk x;k gS A bl nhokj osQ
dkj.k mQtkZ (mQ"ek) ,d ik=k ls nwljs ik=k esa ugha tk ikrh
gS A fudk;ksa dks Hkh 'ks"k ifjos'k ls blh izdkj dh #¼ks"e nhokj
ls i`Fko~Q j[krs gSa A bl O;oLFkk dk vkjs[kh; fp=k.k ¹11-1(a)º
esa fn;k x;k gS A ;gk¡ ;g ik;k x;k gS fd (P

A
, V

A
) osQ fdlh
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Hkh laHkkfor ;qXe dk eku (P
B
, V

B
) osQ fdlh Hkh laHko ;qXe

osQ eku osQ lkFk lkE;koLFkk esa gksxk A iqu% dYiuk dhft, fd
#¼ks"e nhokj dks ,d mQ"ek&ikFkZ&nhokj ls izfrLFkkfir dj
fn;k x;k gS & ;g nhokj (mQ"ek) mQtkZ dks ,d fudk; ls
nwljs fudk; esa tkus nsrh gS A ,slk djus esa ;g ns[kk x;k gS
fd fudk;ksa A o B osQ LFkwy pj Lor% ml le; rd ifjofrZr
gksrs gSa tc rd fd nksuksa fudk; lkE;koLFkk dh fLFkfr izkIr
ugha dj ysrs A blosQ i'pkr~ mudh voLFkk esa dksbZ ifjorZu
ugha gksrk gS A bl fLFkfr dks fp=k ¹11-1(b)º esa n'kkZ;k x;k
gS A eku yhft, fd nksuksa xSlksa osQ nkc o vk;ru laca/h pj
ifjofrZr gksdj Øe'k% (P

A
′, V ′

A
) rFkk (P

B
′, V ′

B
) gks tkrs gSa

rkfd A o B dh u;h voLFkk,¡ iqu% ,d&nwljs dh lkE;koLFkk
esa gks tkrh gSa** A ,d fudk; ls nwljs fudk; esa vc vkSj mQtkZ
dk izokg ugha gksrk A ,slh fLFkfr esa ge dgrs gSa fd fudk;
A, fudk; B osQ lkFk rkih; lkE; esa gS A

nks fudk;ksa osQ eè; dh lkE;koLFkk dh fLFkfr dks D;k
vfHkyf{kr djrh gS \ vki vius vuqHko ls mÙkj dk vuqeku
yxk ldrs gSa A rkih; lkE; esa] nks fudk;ksa osQ rki leku gksrs
gSa A ge tkusaxs fd mQ"ekxfrdh esa rki dh vo/kj.kk rd oSQls
ig¡qprs gSa \ mQ"ekxfrdh dk 'kwU; dksfV dk fu;e bldh vksj
laosQr djrk gS A

11-3 mQ"ekxfrdh dk 'kwU; dksfV fu;e

dYiuk dhft, fd nks fudk; A o B ,d #¼ks"e nhokj ls
i`Fko~Q gSa A buesa ls izR;sd ,d rhljs fudk; C ls ,d lqpkyd
nhokj }kjk laioZQ esa gSa [fp=k 11-2(a)] A fudk;ksa dh voLFkk,¡
(vFkkZr~ muosQ LFkwy pj) rc rd ifjofrZr gksaxh tc rd A
o B nksuksa fudk; C osQ lkFk rkih; lkE; esa ugha vk tkrs gSa A
tc ,slk gks tk, rks dYiuk dhft, fd A o B osQ eè; dh
#¼ks"e nhokj ,d lqpkyd nhokj ls izfrLFkkfir dj nh tkrh
gS rFkk C dks A o B ls fdlh #¼ks"e nhokj ls i`Fko~Q dj fn;k
tkrk gS ¹fp=k 11-2(b)º A ,slk ns[kk tkrk gS fd A o B dh
voLFkk,¡ vc vkSj ugha cnyrha vFkkZr~ os nksuksa vc rkih;
lkE; esa gksrh gSa A ;g izs{k.k mQ"ekxfrdh osQ 'kwU; dksfV fu;e
dk vk/kj cuk A ;g fu;e crykrk gS fd ;fn nks fudk;
fdlh rhljs fudk; osQ lkFk i`Fko~Q&i`Fko~Q :i ls rkih;
lkE; esa gSa rks os ijLij Hkh rkih; lkE; esa gksrs gSa A ;gk¡
;g ckr è;ku esa j[kuh pkfg, fd mQ"ekxfrdh osQ izFke o
f}rh; fu;e dh vfHkO;fDr rFkk muosQ Øekadu osQ cgqr le;
ckn 1931 esa vkj-,p- iQkmyj us 'kwU; dksfV fu;e dk izfriknu
fd;k FkkA

'kwU; dksfV fu;e ls ;g laosQr feyrk gS fd tc nks fudk;
A o B ijLij rkih; lkE; esa gksrs gSa] rks ,slh dksbZ HkkSfrd jkf'k
gS tks nksuksa fudk;ksa osQ fy, leku eku j[krh gS A ;g mQ"ekxfrd
pj] ftldk eku rkih; lkE; okys fudk;ksa osQ fy, leku gksrk
gS] rki (T) dgykrk gS A vr% ;fn A o B lkE;koLFkk esa rhljs
fudk; C ls i`Fko~Q gSa rks T

A
 = T

C
 rFkk T

B
 = T

C
 A bldk rkRi;Z

;g gS fd T
A 
= T

B
 vFkkZr~ fudk; A o B Lo;a Hkh rkih; lkE;

esa gSa A
'kwU; dksfV fu;e osQ ekè;e ls geus fof/or rki dh

vo/kj.kk fodflr dh gS A gekjs lkeus iqu% ,d iz'u mRiUu
gksrk gS % fHkUu&fHkUu fiaMksa osQ rki osQ fy, ge vafdd ekuksa
dk fu/kZj.k oSQls djsa\ nwljs 'kCnksa esa] ge rki ekiØe oSQls
cuk,¡\ rkifefr bl ekSfyd iz'u ls laca/ j[krh gS ftlosQ
fo"k; esa ge vxys vuqHkkx esa vè;;u djsaxs A

** ;g vko';d ugha gS fd nksuksa pj  cnysa A ,slk izfrca/ksa ij fuHkZj djrk gS A mnkgj.k osQ fy,] ;fn xSl fLFkj vk;ru okys ik=k esa Hkjh gks rks rkih; lkE; osQ fy,
osQoy xSlksa osQ nkc dks ifjofrZr gksuk pkfg, A

fp=k 1111111111-2 2 2 2 2 (a) fudk; A o B tks ,d #¼ks"e nhokj ls i`Fkd gSa
tcfd buesa ls izR;sd ,d rhljs fudk; C ls ,d
lqpkyd nhokj }kjk laioZQ esa gS A (b) A o B osQ eè;
dh #¼ks"e nhokj dks fdlh lqpkyd nhokj ls izfrLFkkfir
fd;k x;k gS tcfd C dks A o B ls #¼ks"e nhokj ls
i`Fkd n'kkZ;k x;k gS A

(b)

(a)
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11-4 mQ"ek] vkarfjd mQtkZ rFkk dk;Z

mQ"ekxfrdh osQ 'kwU; dksfV fu;e ls rki dh vo/kj.kk dh
mRifÙk gqbZ tks gekjs lkekU; Kku osQ vuqowQy gS A rki fdlh
fi.M dh m".krk dk |ksrd gS A tc nks fi.M mQ"eh; laioZQ
esa yk, tkrs gSa rks blls mQ"ek osQ izokg dh fn'kk fu/kZfjr gksrh
gS A mQ"ek mPp rki okys fi.M ls fuEu rki okys fi.M dh
vksj izokfgr gksrh gS A tc rki leku gks tkrs gSa rks izokg #d
tkrk gS A ,slh fLFkfr esa nksuksa fi.M rkih; lkE; esa gksrs gSa A
ge ;g foLrkj ls i<+ pqosQ gSa fd Hkkafr&Hkkafr osQ fi.Mksa osQ
rki osQ fu/kZj.k osQ fy, rki ekiØe oSQls cuk, tkrs gSa A vc
ge mQ"ek rFkk rRlacaf/r jkf'k;ksa_ tSlsµvkarfjd mQtkZ rFkk dk;Z
dh vo/kj.kkvksa dk o.kZu djsaxs A

fdlh fudk; dh vkarfjd mQtkZ dh vo/kj.kk dks le>uk
dfBu ugha gS A ge tkurs gSa fd izR;sd LFkwy fudk; vla[;
v.kqvksa ls fufeZr gS A vkarfjd mQtkZ bu v.kqvksa dh fLFkfrt
o xfrt mQtkZvksa dk ;ksx gS A geus ;g fVIi.kh dh gS fd
mQ"ekxfrdh esa fudk; dh lexz :i ls xfrt mQtkZ izklafxd
ugha gksrh A bl izdkj] funsZ'k izsQe esa vkarfjd mQtkZ v.kq dh
xfrt o fLFkfrt mQtkZ osQ ;ksx osQ cjkcj gksrh gS ftlosQ lkis{k
fudk; dk nzO;eku&osaQnz fojkekoLFkk esa gksrk gS A bl izdkj]
blesa osQoy fudk; osQ v.kqvksa dh ;kn`fPNd xfr ls lacaf/r
(vO;ofLFkr) mQtkZ gh lekfgr gksrh gS A fudk; dh vkarfjd
mQtkZ dks U ls fpfÉr djrs gSa A

;|fi geus vkarfjd mQtkZ osQ vFkZ dks le>us osQ fy,
vkf.od fp=k izLrqr fd;k gS  rFkkfi tgk¡ rd mQ"ekxfrdh
dk laca/ gS] U  fudk; dk osQoy ,d LFkwy pj gh gS A vkarfjd
mQtkZ osQ laca/ esa ,d egRoiw.kZ rF; ;g gS fd ;g osQoy
fudk; dh voLFkk ij fuHkZj djrh gS u fd bl ckr ij fd
;g voLFkk fdl izdkj izkIr gqbZ A fudk; dh vkarfjd mQtkZ
U  mQ"ekxfrdh; ̂ voLFkk pj* dk ,d mnkgj.k gS A bldk
eku  fudk; dh nh gqbZ voLFkk ij fuHkZj djrk gS u fd mlosQ
bfro`fRRk (History) (vFkkZr~ ml fLFkfr rd igq¡pus osQ fy,
vuqlj.k fd, x, iFk) ijA vr% fdlh xSl osQ fn, x, nzO;eku
osQ fy, vkarfjd mQtkZ mldh fLFkfr ij fuHkZj djrh gS A ;g
fLFkfr nkc] vk;ru o rki osQ fof'k"V ekuksa ls of.kZr gksrh
gS A ;g bl ckr ij fuHkZj ugha djrh fd xSl dh ;g fLFkfr
fdl izdkj izkIr gqbZ A nkc] vk;ru] rki rFkk vkarfjd mQtkZ
fudk; (xSl) osQ mQ"ekxfrdh; voLFkk pj dgykrs gSa (vuqHkkx
11-7 ns[ksa) A ;fn xSl osQ vYiizHkkoh varjkf.od cyksa dh
mis{kk dj nsa rks xSl dh vkarfjd mQtkZ mlosQ v.kqvksa dh vusd
;kn`fPNd xfr;ksa ls lac¼ xfrt mQtkZvksa osQ ;ksx osQ Bhd cjkcj

gksrh gS A vxys vè;k; esa ge i<+saxs fd fdlh xSl esa ;g xfr
osQoy LFkkuakrjh; gh ugha gksrh (blesa xfr ik=k osQ vk;ru
esa ,d fcanq ls nwljs fcanq osQ eè; gksrh gS)] oju~ blesa v.kq
dh ?kw.khZ rFkk daiu xfr Hkh gksrh gS (fp=k 11-3) A

fp=k 1111111111-33333  (a) tc ckWDl fojkekoLFkk esa gS rks xSl dh vkarfjd
mQtkZ U  mlosQ v.kqvksa dh xfrt o fLFkfrt mQtkZ osQ
;ksx osQ cjkcj gksrh gS A fofHkUu izdkj dh xfr;ksa
(LFkkukarjh;] ?kw.khZ] daiu) osQ dkj.k xfrt mQtkZ dks
U esa lekfgr fd;k tkrk gS A (b) ;fn ;gh lexz ckWDl
oqQN osx ls xfreku gS] rks ckWDl dh xfrt mQtkZ dks
U esa lfEefyr ugha djuk gS A

fp=k 1111111111-44444 mQ"ek o dk;Z fdlh fudk; esa mQtkZ LFkkuakrj.k dh
nks fofHkUu fof/;k¡ gSa ftuls mldh vkarfjd mQtkZ esa
ifjorZu gksrk gS A (a) fudk; rFkk ifjos'k osQ chp
rkikarj osQ dkj.k mQ"ek dks mQtkZ osQ LFkkukarj.k osQ :i
esa ifjHkkf"kr djrs gSa A (b) dk;Z mu lk/uksa (mnkgj.kkFkZ]
fiLVu ls tqMs+ Hkkjksa dks mQij uhps djosQ fiLVu dks xfr
nsuk) }kjk mRiUu mQtkZ dk LFkkukarj.k gS ftuesa rkikarj
lekfgr ugha gksrk A
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fdlh fudk; dh vkarfjd mQtkZ esa fdu mik;ksa ls ifjorZu
fd, tk ldrs gSa \ lqfo/k dh n`f"V ls iqu% dYiuk dhft,
fd fp=k 11-4 osQ vuqlkj fudk; fdlh fn, x, nzO;eku dh
,d xSl gS tks ,d fl¯yMj esa Hkjh gS ftlesa xfr'khy fiLVu
yxk gS A vuqHko ;g crkrk gS fd xSl dh voLFkk (rFkk bl
izdkj mldh vkarfjd mQtkZ) ifjofrZr djus osQ nks mik; gksrs
gSa A ,d mik; gS fd fl¯yMj dks ml fi.M osQ laioZQ esa j[ksa
tks xSl dh vis{kk mPp rki ij gS A rkikarj osQ dkj.k mQtkZ
(mQ"ek) xje fi.M ls xSl esa izokfgr gksxh A blls xSl dh
vkarfjd mQtkZ c<+ tk,xh A nwljk mik; gS fd fiLVu dks uhps
dh vksj nck;k tk, (vFkkZr~ fudk; ij dk;Z fd;k tk,) A
blesa Hkh xSl dh vkarfjd mQtkZ c<+ tkrh gS A fu%lansg ;s nksuksa
ckrsa foijhr fn'kk esa Hkh laHko gksrh gSa A ;fn pkjksa vksj osQ ifjos'k
dk rki de gS rks mQ"ek xSl ls ifjos'k esa izokfgr gksxh A blh
izdkj] xSl fiLVu dks mQij dh vksj /Ddk ns ldrh gS vkSj
ifjos'k ij dk;Z dj ldrh gS A la{ksi esa] mQ"ek vkSj dk;Z nks
fHkUu&fHkUu fof/;k¡ gSa ftuls mQ"eh; fudk; dh fLFkfr ifjofrZr
gksrh gS rFkk mldh vkarfjd mQtkZ esa ifjorZu gksrk gS A

mQ"ek ,oa vkarfjd mQtkZ dh /kj.kkvksa esa varj dks
lko/kuhiwoZd le>uk vko';d gS A mQ"ek fuf'pr :i ls mQtkZ
gS ijarq ;g mQtkZ ikjxeu esa gS A ;g ek=k 'kCnksa dk [ksy ugha
gS A nksuksa esa varj ewy egÙo dk gS A fdlh mQ"ekxfrdh fudk;
dh fLFkfr mldh vkarfjd mQtkZ ls vfHkyf{kr gksrh gS u fd
mQ"ek ls A bl izdkj dk izdFku fd ^fdlh nh
gqbZ voLFkk esa xSl esa mQ"ek dh oqQN ek=kk gksrh gS* mruk
gh fujFkZd gS ftruk fd ;g izdFku fd ̂ fdlh nh gqbZ fLFkfr
esa xSl esa oqQN dk;Z fufgr gksrk gS A*  blosQ foijhr] ̂ fdlh
nh gqbZ voLFkk esa xSl esa vkarfjd mQtkZ dh oqQN ek=kk gksrh
gS* iwjh rjg ls ,d lkFkZd izdFku gS A blh izdkj ls] ,sls izdFku
tSls ^fudk; dks ,d fuf'pr ek=kk dh mQ"ek nh xbZ gS*
;k ̂ fudk; }kjk ,d fuf'pr ek=kk dk dk;Z fd;k x;k*
iw.kZr% vFkZiw.kZ lkFkZd izdFku gSa A

la{ksi esa] mQ"ek o dk;Z mQ"ekxfrdh esa fLFkfr pj ugha
gksrs A ;s fdlh fudk; esa mQtkZ LFkkukarj.k dh fof/;k¡ gksrh
gSa ftlls mldh vkarfjd mQtkZ ifjofrZr gksrh gSA tks] tSlk fd
igys o.kZu dj pqosQ gSa] ,d voLFkk pj gksrk gS A

lk/kj.k Hkk"kk esa gesa izk;% mQ"ek rFkk vkarfjd mQtkZ esa
Hkze cuk jgrk gS A oqQN izkFkfed HkkSfrdh dh iqLrdksa esa
dHkh&dHkh bl Hksn dh mis{kk dj nh tkrh gS A rFkkfi mQ"ekxfrdh
dks HkyhHkkafr le>us osQ fy, ;g foHksn vko';d gS A

11-5 mQ"ekxfrdh dk izFke fu;e

ge ;g ns[k pqosQ gSa fd fdlh fudk; dh vkarfjd mQtkZ U
nks fof/;ksa ls mQtkZ LFkkukarj.k osQ dkj.k ifjofrZr gks ldrh
gS A ;s fof/;k¡ gSa % mQ"ek rFkk dk;Z A dYiuk dhft, fd

∆Q = ifjos'k }kjk fudk; dks nh xbZ mQ"ek

∆W = fudk; }kjk ifjos'k ij fd;k x;k dk;Z

∆U = fudk; dh vkarfjd mQtkZ esa ifjorZu

mQtkZ laj{k.k osQ lkekU; fu;e esa ;g var£ufgr gS fd

∆Q =  ∆U + ∆W (11.1)

bldk rkRi;Z ;g gS fd tks mQtkZ (∆Q) fudk; dks nh tkrh
gS] mldk oqQN va'k fudk; dh vkarfjd mQtkZ esa o`f¼ djrk
gS (∆U) rFkk 'ks"k ifjos'k ij fd;k x;k dk;Z (∆W) gS A lehdj.k
(11-1) dks mQ"ekxfrdh osQ izFke fu;e osQ :i esa tkuk
tkrk gS A ;g mQtkZ laj{k.k dk osQoy lkekU; fu;e gS ftls
fdlh Hkh ml fudk; ij ykxw fd;k tk ldrk gS ftlesa ifjos'k
dks vFkok ifjos'k ls mQ"ek LFkkukarj.k ij è;ku fn;k tkrk gS A

eku yhft, fd ge lehdj.k (11-1) dks oSdfYid
:i esa izLrqr djrs gSa]

∆Q – ∆W = ∆U (11.2)

vc eku yhft, fd fudk; fdlh vkjafHkd voLFkk ls
vafre voLFkk esa dbZ izdkj ls vkrk gS A mnkgj.kkFkZ] xSl dh
voLFkk (P

1
, V

1
) ls ifjofrZr djosQ (P

2
, V

2
) dj nh tk, rks

ge igys xSl osQ nkc dks fLFkj j[kdj mlosQ vk;ru dks V
1

ls V
2
  esa ifjofrZr djrs gSa vFkkZr~ igys ge voLFkk (P

1
, V

2
)

esa tk ldrs gSa vkSj fiQj xSl osQ vk;ru dks fLFkj j[krs gq,
blosQ nkc dks P

1
 ls P

2
 esa ifjofrZr djrs gSa A blls xSl (P

2
,

V
2
) voLFkk esa igq¡p tkrh gS A fodYir% ge igys vk;ru dks

fLFkj j[k ldrs gSa vkSj fiQj ncko fLFkj j[krs gSaA pwafd U ,d
voLFkk pj gS] ∆U  osQoy izkjafHkd o vafre voLFkkvksa ij
fuHkZj djsxk u fd ml iFk ij ftlls xSl ,d voLFkk ls nwljh
voLFkk esa igq¡prh gS A ;|fi] ∆Q rFkk ∆W  nksuksa] lkekU;r;k]
ml iFk ij fuHkZj djrs gSa ftlls xSl izkjafHkd voLFkk ls vafre
voLFkk esa tkrh gS A mQ"ekxfrdh osQ izFke fu;e] lehdj.k
(11.2)] ls ;g Li"V gS fd la;kstu ∆Q – ∆W  iFk ij fuHkZj
ugha djrk A blls irk pyrk gS fd ;fn dksbZ fudk; ,slh izfØ;k
viukrk gS ftlesa ∆U = 0 (mnkgj.kkFkZ] vkn'kZ xSl dk lerkih;
izlkj] vuqHkkx 11-8 nsf[k,)] rks

∆Q = ∆W
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vFkkZr~ fudk; dks nh xbZ mQ"ek fudk; }kjk ifjos'k ij dk;Z
djus esa iw.kZ :i ls mi;ksx esa vk tkrh gS A

;fn fudk; fl¯yMj esa Hkjh xSl gS rFkk fl¯yMj esa
xfr'khy fiLVu yxk gS rks fiLVu dks xfr nsus esa xSl dks dk;Z
djuk iM+rk gS A pwafd cy dks nkc × {ks=kiQy osQ :i esa ifjHkkf"kr
djrs gSa rFkk {ks=kiQy × foLFkkiu dks vk;ru dgrs gSa rks fLFkj
nkc P  osQ fo#¼ fudk; }kjk laikfnr dk;Z fuEufyf[kr gksxk]

∆W = P∆V

;gk¡ ∆V  xSl esa vk;ru osQ ifjorZu dks O;Dr djrk gS A vr%
bl mnkgj.k osQ fy,] lehdj.k (11-20) fuEu izdkj ls fy[kh
tk,xh

∆Q = ∆U + P∆V (11.3)

lehdj.k (11-3) osQ vuqiz;ksx osQ :i esa gesa 1g ty dh
vkarfjd mQtkZ osQ ifjorZu ij fopkj djuk gksxk tc ;g viuh
nzo izkoLFkk ls ok"i izkoLFkk esa ifjofrZr gksrk gS A ty dh ekih
xbZ xqIr mQ"ek 2256 J/g gS vFkkZr~ ty osQ 1 xzke osQ fy,
∆Q = 2256 J gksrk gS A ok;qeaMyh; nkc ij] 1 g ty dk
vk;ru nzo izkoLFkk esa 1 cm3 rFkk ok"i izkoLFkk esa 1671 cm3

gksrk gS A vr%

∆W = P (V
g
– V

1
) =1.013 × 105 × (1671×10–6) = 169.2 J

lehdj.k (11-3) ls gesa vkarfjd mQtkZ dk eku izkIr gksrk gS]

∆U = 2256 – 169.2 = 2086.8 J

bl izdkj] ge ns[krs gSa fd mQ"ek dk vf/dka'k Hkkx ty
dh vkarfjd mQtkZ esa o`f¼ djus esa O;; gksrk gS A bl izfØ;k
esa ty nzo ls ok"i izkoLFkk esa ifjofrZr gksrk gS A

11-6 fof'k"V mQ"ek /kfjrk

dYiuk dhft, fd fdlh inkFkZ dks nh xbZ mQ"ek dh ek=kk
∆Q mlosQ rki dks T  ls c<+kdj T + ∆T  dj nsrh gS A ge inkFkZ
dh mQ"ek /kfjrk dks fuEufyf[kr izdkj ls ifjHkkf"kr djrs gSa A

S = 
∆
∆

Q

T
(11.4)

ge vk'kk djrs gSa fd ∆Q vkSj bl izdkj ls mQ"ek /kfjrk
S  inkFkZ osQ nzO;eku osQ vuqØekuqikrh gksrh gS A blosQ vfrfjDr
;g rki ij Hkh fuHkZj dj ldrh gS A vFkkZr~ fHkUu&fHkUu rkiksa
ij inkFkZ osQ rki esa ,dkad o`f¼ osQ fy, mQ"ek osQ fHkUu&fHkUu
ifjek.kksa dh vko';drk iM+ ldrh gS A inkFkZ osQ fdlh fu;r
vfHky{k.k dks ifjHkkf"kr djus rFkk mls mlosQ ifjek.k ls Lora=k

j[kus osQ fy, ge S dks inkFkZ osQ nzO;eku m (kg esa) ls
foHkkftr dj nsrs gSa %

s = 
S

m m

Q

T
=

1 ∆
∆

(11.5)

s dks inkFkZ dh fof'k"V mQ"ek /kfjrk dgrs gSa A ;g inkFkZ
dh izÑfr vkSj mlosQ rki ij fuHkZj djrh gS A fof'k"V mQ"ek
dk ek=kd J kg-1 K-1 gSA

;fn inkFkZ osQ ifjek.k dk fu/kZj.k µ eksy (nzO;eku m
dks kg esa O;Dr djus osQ LFkku ij) osQ inksa esa djsa rks ge
inkFkZ dh mQ"ek /kfjrk izfr eksy dks bl izdkj ls O;Dr dj
ldrs gSa

C = 
S Q

Tµ µ
= =

1 ∆
∆ (11.6)

C dks inkFkZ dh eksyj fof'k"V mQ"ek /kfjrk dgrs gSa A s dh
Hkkafr C Hkh inkFkZ osQ ifjek.k ij fuHkZj ugha djrk  rFkk iznÙk
Å"ek dh ifjfLFkfr;ksa] inkFkZ dh izÑfr] mlosQ rki ij fuHkZj
djrk gS A C dk ek=kd J mol-1 K-1 gS A tSlk fd ge ckn esa
ns[ksaxs (xSl dh fof'k"V mQ"ek osQ laca/ esa) C  ;k s  dks ifjHkkf"kr
djus osQ fy, vfrfjDr 'krksZ dh vko';drk iM+ ldrh gS A C
dks ifjHkkf"kr djus osQ ihNs ;g fopkj gS fd eksyj fof'k"V
mQ"ekvksa osQ laca/ esa ljy Hkfo";okf.k;k¡ dh tk ldrh gSaA

lkj.kh 11-1 esa dejs osQ rki rFkk ok;qeaMyh; nkc ij
oqQN Bkslksa dh fof'k"V Å"ek /kfjrk rFkk eksyj fof'k"V Å"ek
/kfjrk nh xbZ gSaA

ge vè;k; 12 esa i<+saxs fd xSlksa dh fof'k"V mQ"ekvksa osQ
laca/ esa dh xbZ Hkfo";okf.k;k¡ lkekU;r;k iz;ksx ls esy [kkrh gSa A
ge mlh mQtkZ le foHkktu fu;e dk mi;ksx dj ldrs gSa A tSlk
fd geus ogk¡ Bkslksa dh eksyj fof'k"V mQ"ek dh Hkfo";ok.kh esa
fd;k gS ([kaM 12.5 vkSj 12.6 ns[ksa)A N ijek.kqvksa okys fdlh
Bksl ij fopkj djsa A izR;sd ijek.kq viuh ekè; fLFkfr osQ nksuksa
vksj oaQiu djrk gS A ,d foek esa fdlh nksyd dh ekè; mQtkZ
2 × ½ k

B
T = k

B
T  gksxh A rhu foekvksa esa ekè; mQtkZ 3 k

B
T

gksxh A Bksl osQ ,d eksy osQ fy, oqQy mQtkZ

U = 3 k
B
T × N

A
 = 3 RT  ( k

B 
N

A 
= R )

vc fLFkj nkc ij] ∆Q = ∆U + P∆ V ≅ ∆U  gksxk] D;ksafd fdlh
Bksl osQ fy, ∆V ux.; gksxk A vr%

∆ Q ∆ U
C =

∆T
=

∆T
= 3  R (11.7)
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tSlk fd lkj.kh ls Li"V gS fd Hkfo";okf.k;k¡ lkekU;r;k
lk/kj.k rkiksa ij izk;ksfxd ekuksa ls esy [kkrh gSa (dkcZu ,d
viokn gS) A ;g Kkr gS fd ;g esy fuEu rkiksa ij Hkax gks
tkrk gS A

ty dh fof'k"V mQ"ek /kfjrk

mQ"ek dk iqjkuk ek=kd oSQyksjh FkkA 1 oSQyksjh dks mQ"ek osQ
ml ifjek.k osQ :i esa ifjHkkf"kr djrs Fks tks 1g ty osQ rki
esa 1°C dh o`f¼ dj ns A vf/d ifj'kq¼ ekiksa ls ;g ik;k x;k
gS fd ty dh fof'k"V mQ"ek esa rki osQ lkFk fdafprek=k ifjorZu
gksrk gS A fp=k 11-5 esa rki ifjlj 0-100 °C  esa ;g ifjorZu
n'kkZ;k x;k gS A

fp=k 1111111111-55555 rki osQ lkFk ty dh fof'k"V mQ"ek /kfjrk esa ifjorZu

blfy,  oSQyksjh dh ;FkkFkZ ifjHkk"kk osQ fy, ;g vko';d
le>k x;k fd ,dkad rki varjky dks fu/kZfjr fd;k tk, A
mQ"ek dk og ifjek.k tks 1 g ty osQ rki esa 1 °C (14.5

°C ls 15.5 °C) dh o`f¼ dj ns] mls 1 oSQyksjh osQ :i esa
ifjHkkf"kr fd;k x;k A pawfd mQ"ek mQtkZ dk gh ,d :i gS]
blfy, ek=kd twy] J osQ mi;ksx dks izkFkfedrk nsuk vf/d
mi;qDr gS A SI ek=kdksa esa] ty dh fof'k"V mQ"ek /kfjrk 4186

J kg-1K-1 vFkkZr~ 4.186 J g-1 K-1 gS A rFkkdfFkr mQ"ek dk

;kaf=kd rqY;kad] ftls 1 oSQyksjh mQ"ek mRiUu djus osQ fy,
vko';d dk;Z osQ :i esa ifjHkkf"kr djrs gSa] okLro esa mQtkZ
osQ nks fHkUu ek=kdksa (oSQyksjh ls twy) osQ eè; ,d ifjorZu
xq.kd gS A pwafd SI ek=kd i¼fr esa mQ"ek dk;Z ;k mQtkZ osQ
fdlh vU; :i osQ fy, twy ek=kd dk mi;ksx djrs gSa] vr%
^;kaf=kd rqY;kad* in vc fujFkZd gks x;k gS vkSj bls mi;ksx
esa ykus dh vko';drk ugha gS A

tSlk fd igys o.kZu fd;k tk pqdk gS fd fof'k"V mQ"ek
/kfjrk] izfØ;k ;k mu ifjfLFkfr;ksa ij fuHkZj djrh gS ftuosQ
varxZr mQ"ek dk LFkkukarj.k gksrk gS A mnkgj.kkFkZ] xSlksa osQ fy,
ge nks fof'k"V mQ"ekvksa dks ifjHkkf"kr djrs gaS % fLFkj vk;ru
ij fof'k"V mQ"ek /kfjrk rFkk fLFkj nkc ij fof'k"V
mQ"ek  /kfjrkA fdlh vkn'kZ xSl osQ fy, gekjs ikl ,d
ljy laca/ gksrk gS ftls ge fuEufyf[kr izdkj ls O;Dr
djrs gSa %

C
P
 – C

V
 = R (11.8)

;gk¡ C
P
 o C

V
 vkn'kZ xSl dh Øe'k% fLFkj nkc o fLFkj vk;ru

ij eksyj fof'k"V mQ"ek /kfjrk,¡ gSa rFkk R lkoZf=kd xSl fu;rkad
gS A bls fl¼ djus osQ fy, ge 1 eksy xSl osQ fy, lehdj.k
(11.3) ij fopkj djrs gSa %

∆Q = ∆U + P∆V

;fn ∆Q dk fLFkj vk;ru ij vo'kks"k.k gksrk gS rks
∆V = 0  gksxk A

C
Q

T

U

T

U

T
v v

v = = ≡

















∆
∆

∆
∆

∆
∆   (11-9)

;gk¡ v/ksfyf[kr V dks vafre in esa NksM+ fn;k x;k gS
D;ksafd vkn'kZ xSl osQ fy, U dk eku ek=k rki ij fuHkZj djrk
gS A (v/ksfyf[kr ;g O;Dr djrk gS fd rRlacaf/r jkf'k fLFkj
gS A) blosQ foijhr] ;fn ∆Q dk fLFkj nkc ij vo'kks"k.k gksrk
gS rks

∆ ∆ ∆
= = +

∆ ∆ ∆
      
            P

P P P

Q U V
C P

T T T
  (11-10)

v/ksfyf[kr P dks izFke in esa NksM+k tk ldrk gS D;ksafd
vkn'kZ xSl osQ fy, U  dk eku ek=k T  ij fuHkZj djrk gS A
vkn'kZ xSl osQ 1 eksy osQ fy,

PV = RT

tks fuEufyf[kr ifj.kke nsrk gS %

P
T

V
P 









∆
∆

= R (11.11)

fo
f'
k"V
 Å

"e
k 
/k
fjr

k@

rki

lkj.kh 11-1 dejs osQ rki rFkk ok;qeaMyh; nkc ij oqQN Bkslksa dh
fof'k"V mQ"ek /kfjrk rFkk eksyj fof'k"V Å"ek /kfjrk

inkFkZ fof'k"V mQ"ek eksyj fof'k"V mQ"ek
/kfjrk (Jkg-1K-1) /kfjrk (J mol-1K-1)

,syqfefu;e 900.0 24.4

dkcZu 506.5 6.1

rk¡ck 386.4 24.5

lhlk 127.7 26.5

pk¡nh 236.1 25.5

VaxLVu 134.4 24.9
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* tSlk igys Hkh n'kkZ;k x;k gS Q voLFkk pj ugha gS fdUrq ∆Q fudk; dh oqQy ek=kk lekuqikfrd gSA vr% ;g foLrh.kZ pj gSA

lehdj.kksa (11-9) ls (11-11) rd osQ mi;ksx ls gesa
okafNr laca/ (11-8) izkIr gksrk gS A

11-7 mQ"ekxfrdh; voLFkk pj rFkk voLFkk dk lehdj.k

fdlh Hkh mQ"ekxfrdh; fudk; dh izR;sd lkE; voLFkk dks
oqQN LFkwy pjksa osQ fof'k"V ekuksa osQ mi;ksx }kjk iwjh rjg ls
of.kZr dj ldrs gSa A mnkgj.kkFkZ] fdlh xSl dh lkE; voLFkk
mlosQ nkc] vk;ru] rki o nzO;eku (rFkk laxBu ;fn xSlksa
dk lfEeJ.k gS) osQ ekuksa }kjk iwjh rjg ls fu/kZfjr gksrh gS A
dksbZ mQ"ekxfrd fudk; lnSo lkE; fLFkfr esa ugha gksrk A
mnkgj.kkFkZ] fdlh xSl dks fuokZr osQ fo#¼ ;fn iSQyus fn;k
tkrk gS rks ;g lkE; voLFkk ugha gksrh ¹fp=k 11-6(a)º A nzqrz
izlj.k dh vof/ esa xSl dk nkc laHko gS fd lHkh LFkkuksa ij
,dleku u gks A blh izdkj] xSlksa dk og lfEeJ.k ftlesa
foLiQksVd jklk;fud vfHkfØ;k gksrh gS (mnkgj.kkFkZ] isVªksy
dh ok"i rFkk ok;q dk feJ.k ftls ,d fpaxkjh ls izTTofyr
fd;k tkrk gS) ,d lkE; voLFkk ugha gS_ blosQ vfrfjDr blosQ
rki o nkc ,dleku ugha gSa ¹fp=k 11-6(b)ºA varr%] xSl
dk rki o nkc ,dleku gks tkrk gS rFkk og ifjos'k osQ lkFk
rkih; o ;kaf=kd lkE; esa vk tkrh gS A

la{ksi esa] mQ"ekxfrdh; voLFkk pj fudk;ksa dh
lkE;koLFkk dk fooj.k nsrs gSa A ;g vko';d ugha gS fd fofHkUu
voLFkk pj Lora=k gksa A voLFkk pjksa osQ ikjLifjd laca/ dks

fp=k 1111111111-6 6 6 6 6  (a) ckWDl osQ foHkktd dks vpkud gVk fn;k x;k
gS ftlls xSl dk eqDr izlj.k gksrk gSA (b) xSlksa dk
feJ.k ftlesa foLiQksVd jklk;fud vfHkfØ;k laiUu
gksrh gS A nksuksa fLFkfr;ksa esa xSl lkE;koLFkk esa ugha gS rFkk
pjksa ls bldk fooj.k ugha fn;k tk ldrk A

voLFkk dk lehdj.k dgrs gSa A mnkgj.kkFkZ] fdlh vkn'kZ xSl
osQ fy, voLFkk dk lehdj.k vkn'kZ xSl laca/ gksrk gS]

P V = µ R T

xSl dh fuf'pr ek=kk osQ fy, vFkkZr~ fn, x, µ osQ fy, bl
izdkj ls osQoy nks gh Lora=k pj gksrs gSa A eku yhft, fd os
P vkSj V ;k T vkSj V  gSa A fuf'pr rki ij nkc vk;ru oØ
dks lerkih dgrs gSa A okLrfod xSlksa osQ fy, voLFkk dk
lehdj.k vf/d tfVy gks ldrk gS A

Å"ekxfrdh; voLFkk pj nks izdkj osQ gksrs gSa %
foLrh.kZ rFkk xguA foLrh.kZ pj fudk; osQ vkdkj dk laosQr
nsrs gSa tcfd xgu pj tSls nkc rFkk rki ls ,slk ugha djrs A
;g fu.kZ; ysus osQ fy, fd dkSu&lk pj foLrh.kZ gS rFkk
dkSu&lk xgu gS] fdlh izklafxd fudk; ij fopkj dhft,
rFkk dYiuk dhft, fd mls nks leku Hkkxksa eas ck¡V fn;k x;k
gS A os pj tks gj Hkkx eas vifjo£rr jgrs gSa xgu pj dgykrs
gSa ¯drq ftu pjksa dk eku gj Hkkx eas vk/k gks tkrk gS] mUgsa
foLrh.kZ pj dgrs gSa A mnkgj.kkFkZ] ;g vklkuh ls ns[kk tk
ldrk gS fd vkarfjd ÅtkZ U, vk;ru V, oqQy nzO;eku M
foLrh.kZ pj gSa tcfd nkc P, rki T o ?kuRo ρ xgu pj gSa A
;g ,d vPNh vknr gksxh ;fn pjksa osQ bl izdkj osQ oxhZdj.k
osQ }kjk Å"ekxfrdh; lehdj.kksa dh izklafxdrk dk ijh{k.k
dj fy;k tk, A mnkgj.kkFkZ] lehdj.k]

∆Q = ∆U + P∆V

eas nksuksa vksj dh jkf'k;k¡ foLrh.kZ gS* (fdlh xgu pj tSls P
rFkk foLrh.kZ jkf'k ∆V dk xq.kuiQy foLrh.kZ jkf'k gS) A

11-8 Å"ekxfrdh; izØe

11-8.1 LFkSfrddYi izØe

,slh xSl ij fopkj dhft, tks vius ifjos'k ls rkih; rFkk
;kaf=kd :i ls lkE; eas gks A ,slh fLFkfr eas xSl dk nkc cká
nkc osQ cjkcj gksxk rFkk bldk rki ogh gksxk tks ifjos'k dk
gS A dYiuk dhft, fd cká nkc dks ;dk;d de dj nsrs
gSa (eku yhft, fd crZu eas yxs xfr'khy fiLVu ls Hkkj gVk
ysrs gSa) A fiLVu ckgj dh vksj Rofjr gksxk A izØe dh vof/
eas xSl mu voLFkkvksa ls xqtjrh gS tks lkE;koLFkk,¡ ugha gSa A
vlkE; voLFkkvksa dk lqfuf'pr nkc o rki ugha gksrk A blh
izdkj] ;fn xSl o mlosQ ifjos'k osQ eè; lhfer rkikarj gS]
rks Å"ek dk fofue; nzqr xfr ls gksrk gS A bl izØe eas xSl
vlkE;koLFkk ls xqtjrh gS A ;Fkkle;] xSl larqyu dh voLFkk
eas ig¡qp tk,xh ftlesa lqqfuf'pr rki o nkc ifjos'k osQ rki
o nkc osQ cjkcj gks tk,xk A fuokZr eas xSl dk Lora=k izlkj
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rFkk foLiQksVd jklk;fud vfHkfØ;k iznf'kZr djus okyh xSlksa
dk lfEeJ.k (ftldk [kaM (11-7) eas o.kZu fd;k x;k gS)
Hkh ,sls mnkgj.k gSa ftleas fudk; vlkE;koLFkk ls xqtjrk gSA

fdlh fudk; dh vlkE;koLFkk ls O;ogkj djuk dfBu
gksrk gS A blfy, ,d vkn'khZo`Qr izØe dh dYiuk djuk
ljy gksrk gS ftlosQ gj pj.k eas fudk; ,d lkE;koLFkk eas
gS A ,slk izØe fl¼kar% vuar :i ls /hek gksrk gS A bl dkj.k
bl izØe dks LFkSfrddYi (yxHkx fLFkj) izØe dgrs gSaA
;g fudk; vius pjksa (P, T,V) dks bruh /heh xfr ls
ifjofrZr djrk gS fd ;g iwjh vof/ eas vius ifjos'k ls rkih;
o ;kaf=kd lkE; eas jgrk gS A fdlh LFkSfrddYi izØe osQ gj
pj.k eas fudk; osQ nkc rFkk mlosQ cká nkc dk varj vR;ar
NksVk gksrk gS A ;gh ckr fudk; rFkk mlosQ ifjos'k osQ eè;
rkikarj ij Hkh ykxw gksrh gS A LFkSfrddYi izØe osQ ekè;e
ls fdlh xSl dks mldh voLFkk (P, T) ls vU; voLFkk
(P ′, T′ ) eas ys tkrs gSa rks ge cká nkc dks vR;Yi ek=kk ls
ifjofrZr djrs gSa rFkk blosQ nkc dks ifjos'k osQ nkc osQ cjkcj
gks tkus nsrs gSa A izØe dks vfr /heh xfr ls pyus nsrs gSa tc
rd fd fudk; dk nkc P′ u gks tk, A blh izdkj] rki
cnyus osQ fy, ge fudk; rFkk ifjos'k osQ Å"ek HkaMkj osQ
eè; vR;Ur lw{e rkikarj mRiUu djrs gSa rFkk Å"ek HkaMkjksa dk
p;u mÙkjksÙkj fHkUu rkiksa T ls T′ dk djrs gSaA bl izdkj
fudk; dk rki T′ gks tkrk gS A

Li"V :i ls] LFkSfrddYi izØe dkYifud jpuk gSA
O;ogkj :i ls mu izØeksa dks] tks cgqr gh /hes gSa] ftuds
fiLVu esa Rofjr xfr ugha gksrh rFkk ftuesa vf/d rki izo.krk
ugha gksrh] bUgsa vkn'kZ LFkSfrddYi izØe ekuuk rdZlaxr gSA
;fn vU; ckr dk o.kZu u fd;k tk, rks ge vc LFkSfrddYi
izØeksa ds fo"k; esa gh vè;;u djsaxsA

fp=k 1111111111-77777 LFkSfrddYi izØe eas ifjos'k osQ ik=k dk rki rFkk
cká nkc ,oa fudk; osQ rki o nkc dk varj
vR;Yi gS A

og izØe ftldh iwjh vofèk esa fudk; dk rki fLFkj
j[kk tkrk gS] lerkih; izØe dgykrk gS A fLFkj rki osQ
fdlh fo'kky mQ"ek HkaMkj esa j[ks /kfRod fl¯yMj esa izlfjr
gks jgh xSl lerkih; izØe dk ,d mnkgj.k gS A (mQ"ek
HkaMkj ls fudk; esa mQ"ek osQ LFkkuakrj.k ls mQ"ek'k; dk rki
;FkkFkZ :i ls izHkkfor ugha gksrk] D;ksafd mldh mQ"ekèkkfjrk
vR;fèkd gksrh gS) A lenkch; izØe esa nkc fLFkj jgrk gS
tcfd levk;rfud izØe esa vk;ru fLFkj jgrk gS A
varr%] ;fn fudk; dks ifjos'k ls mQ"ek#¼ dj fn;k tk,
rFkk fudk; o ifjos'k osQ eè; mQ"ek izokfgr u gks] rks izØe
#¼ks"e gksrk gS A bu fo'ks"k izØeksa dh ifjHkk"kkvksa dk lkj
lkj.kh 11-2 esa izLrqr fd;k x;k gS A

vc ge bu izØeksa osQ fo"k; esa foLrkj ls vè;;u
djsaxsA

11-8.2     lerkih; izØe

fdlh lerkih; izØe esa (ftlesa T fLFkj gS) vkn'kZ xSl
lehdj.k ls fuEufyf[kr lw=k izkIr gksrk gS

PV = fu;rkad

vFkkZr~ fdlh fuf'pr nzO;eku dh xSl dk nkc mlosQ vk;ru
dk O;qRØekuqikrh gksrk gS A ;g vkSj oqQN ugha oju~ ckW;y dk
fu;e gS A

dYiuk dhft, fd dksbZ vkn'kZ xSl lerkih; (rki T
ij) :i ls viuh izkjafHkd (P

1
, V

1
) ls vafre voLFkk

(P
2
, V

2
) esa igq¡prh gS A chp osQ fdlh pj.k esa tc nkc P

gks rFkk vk;ru esa ifjorZu V ls V + ∆V (∆V de) gks] rks
∆W = P∆V

∆V→0 ysrs gq, jkf'k ∆W dks laiw.kZ izØe esa tksM+dj dk;Z dh
oqQy ek=kk fuEufyf[kr :i ls Kkr dj ysrs gSa]

W = ∫
2

1V

V

P dV

= µRT ∫
2

1

V

V
V

dV

= µRT ln 
1

2

V

V
(11-12)

lkj.kh 11-2 oqQN fof'k"V mQ"ekxfrdh; izØe
izØeksa dk izdkj fo'ks"krk

lerkih; fLFkj rki

lenkch; fLFkj nkc

levk;rfud fLFkj vk;ru

#¼ks"e fudk; o ifjos'k osQ eè; mQ"ek izokg
ughsa (∆ Q = 0)
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nwljs pj.k esa geus vkn'kZ xSl lehdj.k PV = µRT dk mi;ksx
fd;k gS rFkk vpjksa dks lekdyu ls ckgj ys fy;k gS A vkn'kZ
xSl osQ fy, vkarfjd mQtkZ rki ij fuHkZj djrh gS A bl izdkj]
fdlh vkn'kZ xSl osQ lerkih; izØe esa vkarfjd mQtkZ esa dksbZ
ifjorZu ugha gksrk A blfy, mQ"ekxfrdh osQ izFke fu;e osQ
vuqlkj] xSl dks nh xbZ mQ"ek dh ek=kk xSl }kjk laikfnr fd,
x, dk;Z osQ cjkcj gksrh gS % Q=W A  lehdj.k (11-12)
esa è;ku nhft, fd tc V

2 
> V

1
 rks W > 0_ rFkk V

2
 < V

1

osQ fy, W < 0 gksrk gS A bldk rkRi;Z ;g gS fd lerkih;
izlkj esa xSl mQ"ek vo'kksf"kr djosQ oqQN dk;Z laikfnr djrh
gS tcfd lerkih; laihMu esa xSl ij ifjos'k }kjk dk;Z gksrk
gS rFkk mQ"ek dk fu"dklu gksrk gS A

11-8.3 #¼ks"e izØe

#¼ks"e izØe esa fudk; dks ifjos'k ls mQ"ek#¼ dj nsrs gSa
iQyLo:i vo'kksf"kr ;k fu"dkflr mQ"ek 'kwU; gksrh gS A
lehdj.k (11-1) ls irk pyrk gS fd xSl }kjk laikfnr dk;Z
osQ iQyLo:i vkarfjd mQtkZ de gks tkrh gS (vkSj bl izdkj
vkn'kZ xSl osQ fy, mldk rki) A ;gk¡ ge fcuk miifÙk osQ
bl rF; dk mYys[k dj jgs gSa (ftldk vki mPp d{kkvksa
esa vè;;u djsaxs) fd vkn'kZ xSl osQ fy, #¼ks"e izØe esa

PV
γ
  = fu;rkad (11-13)

tgk¡ γ xSl dh nks fof'k"V mQ"ekvksa (lkekU; vFkok eksyj)]
fLFkj nkc ij fof'k"V mQ"ek C

p
 rFkk fLFkj vk;ru ij fof'k"V

mQ"ek C
v
 dk vuqikr gS A vFkkZr~

γ =
Cp

Cv

vr% ;fn dksbZ vkn'kZ xSl #¼ks"e <ax ls (P
1
, V

1
) voLFkk

ls (P
2
, V

2
) voLFkk esa igq¡p tkrh gS] rks

P
1
V

1

γ
= P

2
V

2

γ (11-14)
fp=k 11-8 esas vkn'kZ xSl osQ fy,  P-V oØksa dks nks #¼ks"e
ls tksM+us okys nks lerkih; dks n'kkZ;k x;k gS A

fp=k 1111111111-88888 vkn'kZ xSl osQ lerkih; o #¼ks"e izØeksa osQ fy,
P-V  oØ A

fdlh vkn'kZ xSl dh voLFkk (P
1
, V

1
, T

1
) ls voLFkk

(P
2
, V

2
, T

2
) esa #¼ks"e ifjorZu esa gksus okys dk;Z dks ge

igys gh dh Hkkafr ifjdfyr dj ldrs gSa A vFkkZr~]

W = P V
V

V

d
1

2

∫

= fu;rkad × 
d

1

2 V

VV

V

γ∫  = fu;rkad × 

γ +

γ

2

1

V
– 1

V
1 –

V

= 
fu;rkad
1 – γ  × γ γ

  
  
  

–1 –1

2 1

1 1
–

V V
(11.15)

lehdj.k (11-14)] ls fu;rkad P
1 
V

1

γ gS vFkok P
2 
V

2

γ

∴ W =
γ–1

1
 ×












− −1γ

1

γ

1-γ

2

γ

V

VP

V

VP
1122

  =
γ–1

1
 [P

2
V

2
 – P

1
V

1
] =

1–

)–(
21

γ

TTµR
(11-16)

tSlk visf{kr gS] ;fn #¼ks"e izØe esa dk;Z xSl }kjk laiUu
gksrk gS (W  > 0)] rc lehdj.k (11-16) ls T

2
>T

1
 A blosQ

foijhr] ;fn dk;Z xSl ij laikfnr gksrk gS (W < 0) rks] gesa
T

2 
> T

1
 izkIr gksrk gS] vFkkZr~ xSl dk rki c<+rk gS A

11-8.4 levk;rfud izØe

fdlh levk;rfud izØe esa V fu;r jgrk gS A bl izozQe
esa u rks xSl ij dksbZ dk;Z gksrk gS vkSj u gh xSl }kjk dksbZ
dk;Z laikfnr gksrk gS A lehdj.k (11-1) ls xSl }kjk vo'kksf"kr
mQ"ek iw.kZ :i ls mldh vkarfjd mQtkZ rFkk mlosQ rki dks
ifjo£rr djus esa O;; gksrh gS A fdlh nh xbZ mQ"ek dh ek=kk
osQ fy, rki esa ifjorZu fu;r vk;ru ij xSl dh fof'k"V mQ"Ekk
}kjk fu/kZfjr dh tkrh gSA

11-8.5 lenkch; izØe

lenkch; izØe esa nkc P fu;r jgrk gS A xSl }kjk fd;k x;k
dk;Z

W = P (V
2
–V

1
) = µR (T

2
–T

1
) (11-17)

pwafd rki ifjo£rr gksrk gS] vr% vkarfjd mQtkZ Hkh
ifjo£rr gksrh gS A vo'kksf"kr mQ"Ekk vkaf'kd :i ls vkarfjd
mQtkZ esa o`f¼ djus esa rFkk vkaf'kd :i ls dk;Z djus esa O;;
gksrh gS A  fdlh fu;r mQ"ek dh ek=kk osQ fy, rki esa ifjorZu
fu;r nkc ij xSl dh fof'k"V mQ"ek }kjk fu/kZfjr fd;k
tkrk gS A
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11-8.6 pØh; izØe

pØh; izØe esa fudk; viuh izkjafHkd voLFkk esa okil ykSV
vkrk gS A pwafd vkarfjd mQtkZ voLFkk pj gS] pØh; izØe
osQ fy, ∆U=0 A lehdj.k (11-1) ls] vo'kksf"kr mQ"ek dh
oqQy ek=kk fudk; }kjk fd, x, dk;Z osQ cjkcj gksrh gS A

11-9 mQ"ekxfrdh dk f}rh; fu;e

mQ"ekxfrdh dk izFke fu;e mQtkZ laj{k.k fu;e gS A lkekU;
vuqHko ;g crykrk gS fd ,sls cgqr ls euksxE; izØe gSa tks
mQ"ekxfrdh osQ izFke fu;e ls iw.kZr;k vuqer gSa rFkkfi dHkh
Hkh gksrs gq, fn[kkbZ ugha nsrs A mnkgj.kkFkZ] ,sslk fdlh us dHkh
ugha ns[kk fd est ij iM+h dksbZ iqLrd Lor% mNydj fdlh
m¡QpkbZ ij igq¡p tk, A ¯drq ,slh ckr rHkh laHko gks ldrh
gS ;fn osQoy mQtkZ laj{k.k fu;e dk gh fu;a=k.k gks A est Lor%
BaMh gksdj viuh vkarfjd mQtkZ dk oqQN va'k iqLrd dh leku
ek=kk dh ;kaf=kd mQtkZ esa :ikarfjr djus esa djs vkSj bl ;kaf=kd
mQtkZ osQ dkj.k iqLrd ml m¡QpkbZ rd mNys ftldh fLFkfrt
mQtkZ iqLrd }kjk izkIr ;kaf=kd mQtkZ osQ cjkcj gks A ijarq ,slk
dnkfi ugha gksrkA Li"V gS fd izÑfr osQ fdlh vkarfjd ewy
fu;e osQ dkj.k ;g fu"ks/ gSA ;|fi ;g mQtkZ laj{k.k fu;e
dk vuqikyu djrk gSA og fu;e tks mQ"ekxfrdh osQ izFke fu;e
ls laxr vusd ifj?kVukvksa dks LohÑfr ugha nsrk] mQ"ekxfrdh
dk f}rh; fu;e dgykrk gS A

mQ"ekxfrdh dk f}rh; fu;e fdlh mQ"ek batu dh n{krk
rFkk fdlh iz'khrd osQ fu"iknu xq.kkad dh ewy lhek fu/kZfjr
djrk gSA ljy Hkk"kk esa] ;g fu;e crkrk gS fd mQ"ek batu
dh n{krk dnkfi 1 ugha gks ldrhA BaMs mQ"ek HkaMkj dh eqDr
mQ"ek dks dHkh Hkh 'kwU; ugha fd;k tk ldrkA iz'khrd osQ
fy, f}rh; fu;e ;g crkrk gS fd fu"iknu xq.kkad dnkfi vuar
ugha gks ldrkA iz'khrd ij cká dk;Z (W) dHkh Hkh 'kwU; ugha
gks ldrkA v/ksfyf[kr nksuksa izdFku] bu izs{k.kksa dk ,d laf{kIr
lkj gSA muesa ls ,d osQfYou rFkk IySad osQ }kjk fn;k x;k gS
ftlosQ vuqlkj] fdlh vkn'kZ mQ"ek batu dh laHkkouk dk [kaMu
fd;k x;k gS] rFkk nwljk Dykfl;l }kjk fn;k x;k gS ftlosQ
vuqlkj] fdlh vkn'kZ iz'khrd vFkok mQ"ek iai dh laHkkouk
dk [kaMu fd;k x;k gSA

osQfYou&IySad dk izdFku
,slk dksbZ izØe laHko ugha gS ftldk ,dek=k ifj.kke
fdlh mQ"ek HkaMkj ls mQ"ek dk vo'kks"k.k djuk rFkk ml mQ"ek
dks iw.kZr;k dk;Z esa :ikarfjr djuk gks A

Dykfl;l dk izdFku

,slk dksbZ Hkh izØe laHko ugha gS ftldk ,dek=k ifj.kke fdlh
BaMs fiaM ls fdlh xeZ fiaM esa mQ"ek LFkkukarj.k gks A

mPp d{kkvksa osQ ikB~;ozQeksa esa vki bldh miifRRk i<+saxs
fd nksuksa izdFku iw.kZr;k lerqY; gSa A

11-10 mRØe.kh; o vuqRØe.kh; izØe

fdlh ,sls izØe dh dYiuk dhft, ftlesa dksbZ mQ"ekxfrdh;
fudk; vkjafHkd voLFkk i ls vafre voLFkk f  esa igq¡prk gSA
izØe esa fudk; ifjos'k ls Q mQ"ek vo'kksf"kr djrk gS rFkk
ml ij W  dk;Z laikfnr djrk gSA D;k ge bl izØe dks myV
ldrs gSa rFkk fudk; o ifjos'k nksuksa dks] dgha Hkh dksbZ vU;
izHkko iM+s fcuk] vkjafHkd voLFkk esa okil yk ldrs gSa\ vuqHko
crkrk gS fd izÑfr osQ vf/dka'k izØeksa esa ,slk gksuk laHko
ugha gSA izÑfr esa lHkh uSl£xd izØe vuqRØe.kh; gSaA buosQ
vusd mnkgj.k fxuk;s tk ldrs gSaA pwYgs ij j[ks crZu dk vk/kj
nwljs Hkkxksa dh vis{kk vf/d xje gksrk gSA tc crZu dks gVkrs
gSa rks mQ"ek vk/kj ls nwljs Hkkxksa esa LFkkukarfjr gksrh gS ftlls
crZu dk rki ,dleku gks tkrk gS (;Fkksfpr le; esa ;g ifjos'k
osQ rki osQ cjkcj BaMk gks tkrk gS)A bl izØe dks mRØfer
ugha fd;k tk ldrk] crZu dk dksbZ Hkkx Lor% BaMk gksdj vk/kj
dks xeZ ugha djsxkA ;fn ,slk gksrk gS rks mQ"ekxfrdh osQ f}rh;
fu;e dk mYya?ku gksxkA xSl dk eqDr izlkj vuqRØe.kh; gksrk
gSA ok;q rFkk isVªksy osQ feJ.k esa LiqQfyax }kjk izTofyr ngu
vfHkfØ;k dks mRozQfer ugha fd;k tk ldrkA jlksbZ?kj esa fdlh
xSl fl¯yMj ls fjl jgh Hkkstu idkus dh xSl iwjs dejs esa folfjr
gks tkrh gSA folj.k izØe Lor% mRØfer ugha gksxk ftlls xSl
okil fl¯yMj esa Hkj tk,A fdlh mQ"ek HkaMkj osQ mQ"eh; laioZQ
esa vkus okys nzo dk foyksM+u laikfnr gks jgs dk;Z dks mQ"ek
esa :ikarfjr dj nsxk ftlls m"ek'k; dh vkarfjd mQtkZ c<+
tkrh gSA izØe dks iw.kZr;k mRØfer ugha dj ldrs] vU;Fkk
bldk vFkZ gksxk fd mQ"ek iw.kZr;k dk;Z esa ifjofrZr gks xbZ
gSA ;g mQ"ekxfrdh osQ nwljs fu;e dk mYya?ku gSA
vuqRØe.kh;rk ,d fu;e gS u fd izÑfr esa dksbZ vioknA

vuqRØe.kh;rk eq[;r% nks dkj.kksa ls mRiUu gksrh gS %
igyk] vusd izØe (tSls eqDr izlj.k ;k foLiQksVd jklk;fud
vfHkfØ;k) fudk; dks vlarqyu dh voLFkkvksa esa ys tkrs
gSa_ nwljk] vusd izØeksa esa ?k"kZ.k] ';kurk rFkk vU; {k; laca/h
izHkko fufgr gksrs gSa (blosQ mnkgj.k gSa µ fdlh xfreku fiaM
dk #duk ftlesa fiaM viuh ;kaf=kd mQtkZ dks iQ'kZ o Lo;a
viuh mQ"ek osQ :i esa ns nsrk gS_ nzo esa ?kwers gq, CysM dk
';kurk osQ dkj.k #d tkuk ftlesa ;g viuh ;kaf=kd mQtkZ
dks nzo dh vkarfjd mQtkZ osQ :i esa ns nsrk gS)A pawfd {k;dkjh
izHkko lHkh LFkkuksa ij mifLFkr jgrs gSaA bUgsa de rks fd;k
tk ldrk gS ij iw.kZr;k lekIr ugha fd;k tk ldrkA ftu
izØeksa ls gekjk vf/drj lkeuk gksrk gS os lHkh vuqRØe.kh;
gksrs gSaA
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fp=k 1111111111-99999 fdlh Å"ek batu osQ fy, dkuksZ pØ ftlesa dk;Zdkjh
inkFkZ osQ :i eas vkn'kZ xSl dk mi;ksx gksrk gS A

dksbZ mQ"ekxfrdh; izØe (voLFkk i 6  voLFkk f ) rHkh
mRØe.kh; gksrk gS ;fn mls bl izdkj okil ykSVk;k tk losQ
fd fudk; o ifjos'k nksuksa viuh izkjafHkd voLFkkvksa esa okil
vk tk,¡ rFkk ifjos'k esa dgha Hkh fdlh Hkh izdkj dk vU; ifjorZu
u gks A iwoZ foospuk osQ vuqlkj dksbZ mRØe.kh; izØe ,d vkn'kZ
/kj.kk gS A dksbZ izØe mRØe.kh; rHkh gksrk gS tc og
LFkSfrddYi gksrk gS (ifjos'k osQ lkFk izR;sd pj.k ij lkE;
fudk;) rFkk fudk; esa dksbZ {k;dkjh izHkko ugha gksrs gSa A
mnkgj.kkFkZ] ?k"kZ.kghu xfr'khy fiLVu yxs fl¯yMj Hkjh fdlh
vkn'kZ xSl dk LFkSfrddYi lerkih; izlj.k mRØe.kh; izØe gS A

mRØe.kh;rk mQ"ekxfrdh dh ,slh ewy /kj.kk D;ksa gS \
tSlk fd ge ns[k pqosQ gS] mQ"ekxfrdh osQ egÙoksa esa ls ,d
egÙo n{krk dk gS ftlls mQ"ek dk;Z esa :ikarfjr dh tk ldrh
gS A mQ"ekxfrdh dk nwljk fu;e 100» n{krk osQ vkn'kZ mQ"ek
batu dh laHkkouk dks fu;e fo#¼ crkrk gS A T

1
 o T

2
 osQ nks

mQ"ek HkaMkjksa osQ chp dk;Z djus okys fdlh mQ"ek batu dh
laHkkfor vf/dre n{krk fdruh gksxh \ ;g ns[kk tkrk gS fd
vkn'kZ mRØe.kh; izØeksa ij vk/kfjr Å"ek batu vf/dre
laHkkfor n{krk izkIr djrk gS A vU; nwljs batuksa ftueas fdlh
u fdlh :i esa vuqRØe.kh;rk fufgr gksrh gS (tSlk fd
O;kogkfjd batuksa eas gksrk gS) dh n{krk bl lhekar n{krk ls
de gksrh gS A

11-11 dkuksZ  batu

dYiuk dhft, fd gekjs ikl rki T
1
 ij ,d m".k mQ"ek

HkaMkj o rki T
2 
ij ,d BaMk Å"ek HkaMkj gS A bu nksuksa

Å"ek HkaMkjksa osQ chp dk;Z djus okys fdlh Å"ek batu dh
vf/dre n{krk fdruh gksxh rFkk lokZf/d n{krk izkIr
djus osQ fy, izdeks± osQ fdl pozQ dks viukuk pkfg, \
izsaQPk bathfu;j] lkMh dkuksZ us 1824 eas loZizFke bl iz'u
ij fopkj fd;k A fnypLi ckr ;g gS fd dkuksZ us bl iz'u
dk lgh mRRkj ik fy;k Fkk ;|fi Å"ek vkSj Å"ekxfrdh dh
ekSfyd vo/kj.kk dks rc rd n`<+rkiwoZd LFkkfir ugha fd;k
tk ldk Fkk A

ge ;g vk'kk djrs gSa fd nks rkiksa osQ chp dk;Z djus
okyk vkn'kZ batu mRØe.kh; batu gS A tSlk fd igys vuqHkkxksa
esa crk;k tk pqdk gS] vuqRØe.kh;rk ls n{krk dks de djus
okys {k;dkjh izHkko lac¼ gksrs gSa A dksbZ izØe rHkh mRØe.kh;
gksrk gS ;fn og LFkSfrddYi rFkk ÅtkZ&laj{kh gks A ge ;g
ns[k pqosQ gSa fd og izØe LFkSfrddYi ugha gksrk gS  ftlesa
fudk; o Å"ek HkaMkj osQ chp rkikarj i;kZIr gks A bldk
rkRi;Z ;g gS fd nks rkiksa osQ eè; dk;Z dj jgs fdlh
mRozQe.kh; Å"ek batu eas Å"ek dk vo'kks"k.k (xje Å"ek
HkaMkj ls) lerkih; fof/ }kjk gksuk pkfg, rFkk (vis{kkÑr

BaMs Å"ek HkaMkj dks) lerkih; fof/ }kjk mQ"ek eqDr gksuh
pkfg, A bl izdkj] geus mRØe.kh; batu osQ nks pj.kksa dh
igpku dh % rki T

1
 ij lerkih; izØe ftleas xje Å"ek

HkaMkj ls Q
1 
Å"ek vo'kksf"kr gksrh gS rFkk rki T

2
 ij nwljk

lerkih; izØe ftleas BaMs Å"ek HkaMkj dks Q
2 
Å"ek eqDr

gksrh gS A pØ iwjk gksus osQ fy, bl ckr dh vko';drk gS
fd ge fudk; dks rki T

1
 ls T

2
 rd ys tk,¡ fiQj mls rki

T
2
 ls T

1 
 ij okil ys tk,¡ A iz'u ;g gS fd bl mís'; osQ

fy, geas fdu izØeksa dk mi;ksx djuk pkfg, tks mRØe.kh;
gksa \ FkksMs+ fparu ls ;g irk py tkrk gS fd ml mís'; osQ
fy, ge osQoy mRØe.kh; #¼ks"e izØe gh viuk ldrs gSa
ftleas fdlh Hkh Å"ek HkaMkj ls Å"ek dk izokg lfEefyr ugha
gksrk A fudk; dks ,d rki ls nwljs rki rd ys tkus osQ fy,
;fn ge dksbZ vU; izØe viukrs gSa tks #¼ks"e ugha gS] eku
yhft, levk;rfud izØe] rks gesa rki ifjlj T

2
 ls T

1
 esa

Å"ek HkaMkj dh ,d  Ükà[kyk dh vko';drk gksxh rkfd ;g
fuf'pr fd;k tk losQ fd gj pj.k eas izØe LFkSfrddYi esa
gS A (ge vkidks iqu% ;kn fnykrs gSa fd fdlh LFkSfrddYi
o mRØe.kh; izØe eas fudk; o mQ"ek HkaMkj osQ chp cgqr
rkikarj ugha gksuk pkfg,) A ijarq ge ;gk¡ ,d ,sls mRØe.kh;
batu ij fopkj dj jgs gSa tks osQoy nks rkiksa osQ chp dk;Z
djrk gS A bl izdkj] #¼ks"e izØeksa }kjk fudk; osQ rki eas T

1

ls T
2
 rFkk bl batu osQ rki esa T

2
 ls T

1
 dk ifjorZu ykuk

pkfg, A
nks rkiksa osQ eè; dk;Z djus okyk dksbZ mRØe.kh; Å"ek

batu dkuksZ batu dgykrk gS A geus vHkh foospuk dh gS fd
bl batu eas pj.kksa dk Øe fuEufyf[kr gksuk pkfg,] tks fp=k
11.11 eas n'kkZ, vuqlkj ,d pØ dk fuekZ.k djrs gSa] ftls
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dkuksZ pØ dgrs gSa A geus dkuksZ batu dk dk;Zdkjh inkFkZ ,d
vkn'kZ xSl fy;k gS A
(a) pj.k 1→2 xSl dk lerkih izlkj ftleasa xSl voLFkk

(P
1
, V

1
, T

1
) ls (P

2
, V

2
, T

1
) eas igq¡p tkrh

gS A

rki T
1
 ij Å"ek'k; ls vo'kksf"kr Å"ek (Q

1
) dk eku

lehdj.k (11-12) ls fn;k tkrk gS A ;g xSl }kjk ifjos'k
ij laikfnr fd, x, dk;Z W 

1→2 osQ cjkcj gksrk gS A

W
1→2 = Q

1
= µRT

1
 ln 









1

2

V

V
(11.18)

(b) pj.k 2→ 3 (P
2
, V

2
, T

1
) ls (P

3
, V

3
, T

2
) voLFkk eas

xSl dk #¼ks"e izlkj A lehdj.k (11-16)
ls xSl }kjk laikfnr gqvk dk;Z gksxk

( )
( )1γ

21
32 −

−
=→

TTµR
W (11-19)

(c) pj.k 3→ 4xSl dh voLFkk (P
3
, V

3
, T

2
) ls (P

4
, V

4
,

T
2
) eas lerkih laihMu A

rki T
2
 ij xSl }kjk Å"ek'k; dks eqDr dh xbZ Å"ek dh

ek=kk lehdj.k (11-12) ls izkIr gksrh gS A ;g ifjos'k }kjk
xSl ij laikfnr dk;Z W

3→ 4
 osQ Hkh cjkcj gksrh gS

W
3→ 4

 = Q
2
 = µRT

2
 ln 









4

3

V

V
(11.20)

(d) pj.k 4→ 1xSl dh voLFkk (P
4
, V

4
, T

2
) ls (P

1
, V

1
,

T
1
) es a #¼ks"e laihMu A lehdj.k

(11-16) ls xSl ij fd;k x;k dk;Z

1 2
4 1

( )

( 1)
→

−
=

−
T T

W Rµ
γ (11.21)

lehdj.kksa (11-18)ls (11-21) osQ mi;ksx ls ,d
iwjs pØ eas xSl }kjk laikfnr oqQy dk;Z dh ek=kk]

W = W
1→ 2 

+ W
2→ 3 

– W
3→ 4 

– W
4→ 1

= µ  RT
1
 ln 








−








4

3
2

1

2 ln 
V

V
RTµ

V

V
 (11-22)

dkuksZ batu dh n{krk

η =
QW

Q Q
= − 2

1 1

1

= −

  
                
    

In

1

In

3

42

1 2

1

V

VT

T V

V

(11.23)

vc pwafd pj.k 2→3 ,d #¼ks"e izØe gS] blfy,

T
1
 V

2

γ -1 = T
2
 V

3

γ -1

vFkok 
1/( 1)

2 2

3 1

V T
=  

V T

γ −
  

      
(11.24)

blh izdkj] pawfd pj.k 4→1  Hkh ,d #¼ks"e izØe gS]
blfy,

T
2
 V

4

γ -1 = T
1
 V

1

γ -1

 vFkok 
γ −

  
    

1/( 1)

1 2

4 1

V T
= 

V T
(11.25)

lehdj.kksa (11-24) rFkk (11-25) ls]

1

2

4

3

V

V
= 

V

V
(11.26)

lehdj.k (11-26) osQ mi;ksx ls lehdj.k (11-23) ls η
dk fuEufyf[kr lw=k izkIr gksrk gS %

1 2

1

T

T
η =   - (dkuksZ batu) (11.27)

ge tkurs gSa fd dkuksZ batu ,d mRØe.kh; batu gSA
okLro esa ;gh ,dek=k ,slk batu laHko gS tks fHkUu rkiksa osQ
nks mQ"ek HkaMkjksa osQ eè; dk;Z djrk gSA fp=k 11.9 esas n'kkZ,
dkuksZ pØ dk gj pj.k mRozQfer fd;k tk ldrk gSA ;g ml
izØe osQ leku gksrk gS] ftlesa T

2
 rki ij BaMs mQ"ek HkaMkj

ls Q
2
 mQ"ek yh tkrh gS] fudk; ij W dk;Z fd;k tkrk gS]

rFkk xje mQ"ek HkaMkj dks Q
1
 mQ"ek LFkkukarfjr dj nh tkrh

gSA ;g ;qfDr ,d mRØe.kh; iz'khrd gksxhA

vc ge egRoiw.kZ ifj.kke fl¼ djsaxs (ftls dHkh&dHkh
dkuksZ izes; dgrs gSa) (a) fn, gq, xje rFkk BaMs mQ"ek'k;ksa
osQ Øe'k% nks rkiksa T

1
 rFkk T

2
 osQ chp dk;Zjr fdlh Hkh batu

dh n{krk dkuksZ batu dh n{krk ls vf/d ugha gks ldrh gS
rFkk (b) dkuksZ batu dh n{krk dk;Zdkjh inkFkZ dh izo`Qfr ij
fuHkZj ugha djrhA

ifj.kke (a) dks fl¼ djus osQ fy, ge dYiuk djrs
gSa fd ,d mRozQe.kh; (dkuksZ) batu R rFkk ,d vuqRozQe.kh;
batu I ,d gh Ïksr (xje mQ"ek HkaMkj) rFkk vfHkxe
(Sink) (BaMk mQ"ek HkaMkj) osQ chp dk;Zjr gSa A vc ge bu
nksuksa batuksa dks bl izdkj la;ksftr djrs gSa fd I mQ"ek batu
dh Hkkafr rFkk R iz'khrd dh Hkkafr dk;Z djsa A dYiuk dhft,
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fp=k 11.1011.1011.1011.1011.10 mRØe.kh; iz'khrd (R) ls la;qDr ,d vuqRØe.kh;
batu (I) A ;fn W ′ > W, rks bldk vk'k; ;g gqvk
fd vo'kks"kd ls W1 – W  mQ"ek fudkydj mls
iw.kZr% dk;Z esa :ikarfjr dj fn;k x;k gS] tks mQ"ekxfrdh
osQ nwljs fu;e osQ foijhr gS A

I

R

W

lkjka'k

1. mQ"ekxfrdh dk 'kwU;ok¡ fu;e ;g vfHkO;Dr djrk gS fd ¶nks fudk; tks fdlh rhljs fudk; osQ lkFk Lora=k :i ls rkih;
lkE; esa gSa] os ,d&nwljs osQ lkFk Hkh rkih; lkE; esa gksrs gSa̧ A 'kwU;ok¡ fu;e rki dh vo/kj.kk dk lw=kikr djrk gS A

2. fudk; dh vkarfjd mQtkZ mlosQ vkf.od ?kVdksa dh xfrt ,oa fLFkfrt mQtkZvksa osQ ;ksx osQ cjkcj gksrh gS A blesa
fudk; dh laiw.kZ xfrt mQtkZ lfEefyr ugha gksrh A mQ"ek vkSj dk;Z fdlh fudk; esa mQtkZ LFkkuakrj.k osQ nks :i gSa A
fudk; o mlosQ ifjos'k osQ chp rkikarj osQ dkj.k mQtkZ dk LFkkuakrj.k mQ"ek osQ :i esa gksrk gS A dk;Z vU; lk/uksa
(tSls xSl Hkjs fl¯yMj osQ fiLVu ftlls oqQN Hkkj lac¼ gS] dks mQij uhps djus esa) }kjk mRiUUk mQtkZ dk
LFkkukarj.k gS A blesa rkikarj lekfgr ugha gksrk gS A

3. mQ"ekxfrdh dk izFke fu;e mQtkZ laj{k.k dk O;kid fu;e gS] tks ml fudk; esa ykxw gksrk gS ftlesa ifjos'k dks ;k
ifjos'k ls (mQ"ek o dk;Z }kjk) mQtkZ LFkkukarj.k gks A ;g crkrk gS fd

∆Q = ∆U + ∆W

fd I Ïksr ls Q
1
 mQ"ek vo'kksf"kr djrk gS] W′ dk;Z iznku

djrk gS rFkk Q
1
 – W′ mQ"ek vfHkxe dks eqDr djrk gS A ge

,slk lek;kstu djrs gSa fd R vf/xe ls Q
2
 mQ"ek ysdj

rFkk ml ij tks dk;Z W = Q
1
 – Q

2
 fd;k tkuk gS] mls

djkdj mruh gh mQ"ek Q
1
 Ïksr dks okil djrk gS A eku

yhft, fd η
R 
< η

I
 gS A vFkkZr~ ;fn R batu dh Hkkafr dk;Z

djrk rks og I dh vis{kk de dk;Z fuxZr djrkA vFkkZr~ fdlh
nh xbZ mQ"ek Q

1
 osQ fy, W < W ′ A ;fn R iz'khrd osQ :i

esa dk;Z djrk] rks bldk rkRi;Z ;g gksrk fd Q
2
 = Q

1
 – W

> Q
1
 – W ′ A bl izdkj] ;qfDriw.kZ la;ksftr I – R fudk; BaMs

mQ"ek HkaMkj ls (Q
1
 – W) – (Q

1
 – W ′) = W ′ – W mQ"ek

fudkyrk gS rFkk ,d pØ eas bruh gh ek=kk dk dk;Z mls lkSai
nsrk gS (bl iwjs pozQ esa Ïksr ;k vU;=k dksbZ ifjorZu ugha
gksrk)A ;g mQ"ekxfrdh osQ f}rh; fu;e ls lacaf/r
osQfYou&IySad osQ izdFku ls loZFkk foijhr gS A blfy, ;g
fu'p;iwoZd dguk fd η

I 
 > η

R
 vuqfpr gS A vr% leku rkiksa

osQ eè; dk;Zjr fdlh Hkh batu dh n{krk dkuksZ batu dh
n{krk ls vf/d ugha gks ldrh A blh izdkj osQ ,d roZQ dh
jpuk ;g n'kkZus osQ fy, Hkh dh tk ldrh gS fd ,sls
mRØe.kh; batu dh n{krk ftlesa ,d fo'ks"k dk;Zdkjh inkFkZ
gS] ml batu dh n{krk ls vf/d ugha gks ldrh ftlesa dksbZ
vU; inkFkZ mi;ksx gksrk gS A dkuksZ batu dh vf/dre n{krk
tks lehdj.k (11.27) ls nh tkrh gS] dkuksZ pØ dh izfØ;k
dks laikfnr djus okys fudk; dh izo`Qfr ij fuHkZj ugha djrh
gS A vr% gekjs fy, dkuksZ batu dh n{krk η osQ ifjdyu osQ
fy, dk;Zdkjh inkFkZ osQ :i eas vkn'kZ xSl dk mi;ksx
U;k;laxr gS A vkn'kZ xSl dh voLFkk lehdj.k ljy gksrh gS
ftlosQ dkj.k η

 
 dk ifjdyu ljy gks tkrk gS] ̄ drq η

 
 osQ

fy, vafre ifj.kke] lehdj.k (11.27)] fdlh Hkh dkuksZ
batu osQ fy, lgh gS A

;g vafre fVIi.kh n'kkZrh gS fd dkuksZ batu osQ fy,]

2

1

2

1

T

T

Q

Q
= (11.28)

,d O;kid laca/ gS tks fudk; dh izo`Qfr ij fuHkZj ugha
djrkA ;gk¡ Q

1
 o Q

2
 dkuksZ batu esa Øe'k% xje o BaMs mQ"ek

HkaMkjksa }kjk lerkih; <ax ls vo'kksf"kr o eqDr dh xbZ mQ"ek,¡
gSaA fdlh okLrfod loZO;kid mQ"ekxfrdh; rki ekiozQe
dks ifjHkkf"kr djus osQ fy, ge lehdj.k (11.28) dk ,d
lw=k osQ :i esa mi;ksx dj ldrs gSa A ;g rkiozQe dkuksZ pØ
esa iz;qDr fudk; osQ fdUgha fo'ks"k xq.k/eksZa ij fuHkZj ugha
djrkA okLro esa] dk;Zdkjh inkFkZ osQ :i esa fdlh vkn'kZ xSl
osQ fy, bl rki dk eku ogh gS tks [kaM 11.9 esa mYysf[kr
vkn'kZ xSl rki dk gS A
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;gk¡ ∆Q fudk; dks nh xbZ mQ"ek gS] ∆W fudk; ij fd;k x;k dk;Z gS rFkk ∆U fudk; dh vkarfjd mQtkZ esa
ifjorZu gS A

4. inkFkZ dh fof'k"V mQ"Ekk /kfjrk dks ge fuEufyf[kr lw=k }kjk ifjHkkf"kr djrs gSa

T

Q

m
s

∆

∆
 

1
=

;gk¡ m inkFkZ dk nzO;eku gS rFkk ∆Q og mQ"ek gS ftlosQ }kjk inkFkZ osQ rki esa ∆T dh o`f¼ gks tkrh gS A inkFkZ
dh eksyh; fof'k"V mQ"ek /kfjrk fuEuakfdr lw=k ls ifjHkkf"kr dh tkrh gS

T

Q
 
µ

C
∆

∆1
=

µ inkFkZ osQ eksy dh la[;k dks O;Dr djrk gS A fdlh Bksl osQ fy, mQtkZ osQ le foHkktu osQ fu;e ls

C = 3 R

tks lkekU;r;k lk/kj.k rkiksa ij fd, tkus okys iz;ksxksa ls izkIr ifj.kkeksa ls esy [kkrk gS A

oSQyksjh mQ"ek dk iqjkuk ek=kd gS A 1 oSQyksjh mQ"ek dh og ek=kk gS tks 1g ty ds rki esa 14.5 °C ls 15.5 °C
rd o``f¼ dj nsrh gS A 1 cal = 4.186 J

5. fdlh vkn'kZ xSl osQ fy, fLFkj rki rFkk fLFkj nkc ij eksyh; fof'k"V mQ"ek /kfjrk,¡ fuEufyf[kr laca/ dk ikyu
djrh gSa

C
P 
–

 
C

V
 = R

;gk¡ R xSl dk lkoZf=kd fu;rkad gS A

6. fdlh mQ"ekxfrdh; fudk; dh lkE;koLFkk dk fooj.k voLFkk pjksa }kjk gksrk gS A fdlh voLFkk pj dk eku
osQoy mldh fdlh fo'ks"k voLFkk ij fuHkZj djrk gS u fd ml iFk ij ftlls ;g voLFkk izkIr gksrh gS A voLFkk
pjksa osQ mnkgj.k gSa % nkc (P)] vk;ru (V)] rki (T)] rFkk nzO;eku (m)A mQ"ek vkSj dk;Z voLFkk pj ugha gSa A dksbZ
voLFkk lehdj.k (tSls vkn'kZ xSl lehdj.k PV = µ RT) fofHkUu voLFkk pjksa osQ eè; ,d laca/ dks O;Dr
djrk gS A

7- dksbZ LFkSfrddYi izØe vR;ar /heh xfr ls laiUu gksus okyk izØe gS ftlesa fudk; ifjos'k osQ lkFk iwjs le; rkih;
o ;kaf=kd lkE; esa jgrk gSa A LFkSfrddYi izØe esa ifjos'k osQ nkc o rki rFkk fudk; osQ nkc o rki esa vuar lw{e
varj gks ldrk gS A

8. fdlh vkn'kZ xSl osQ rki T  ij vk;ru V
1
 ls V

2
 rd gksus okys fdlh lerkih; izlkj esa vo'kksf"kr mQ"ek (Q) dk

eku xSl }kjk fd, x, dk;Z (W) osQ cjkcj gksrk gS A izR;sd dk eku fuEufyf[kr gS %

Q = W = µ RT  ln 








1

2

V

V

9. fdlh vkn'kZ xSl osQ #¼ks"e izØe esa

PV 
γ
 =  fu;rakd

γ = P

V

C

C
tgk¡

fdlh vkn'kZ xSl }kjk voLFkk (P
1
, V

1
, T

1
) ls voLFkk (P

2
, V

2
, T

2
) esa #¼ks"e izØe ls ifjorZu esa laikfnr

dk;Z gS %
     µ R(T

1
–T

2
)

    W = 
           γ – 1
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10. mQ"ekxfrdh dk f}rh; fu;e oqQN mu izØeksa dh LohÑfr ugha nsrk tks mQ"ekxfrdh osQ izFke fu;e osQ vuqdwy gSa A
blosQ nks izdFku bl izdkj gSa %

osQfYou&IySad dk izdFku
,slk dksbZ izØe laHko ugha gS ftldk ek=k ifj.kke osQoy fdlh mQ"ek HkaMkj ls mQ"ek dk vo'kks"k.k djosQ mls iw.kZr;k
dk;Z esa :ikarfjr djuk gks A

DykWfl;l dk izdFku

,slk dksbZ izØe laHko ugha gS ftldk ek=k ifj.kke mQ"ek dk fdlh BaMs fiaM ls vis{kkÑr xje fiaM esa LFkkukarj.k gks A

bls ljy <ax ls dgk tk, rks f}rh; fu;e ;g crkrk gS fd fdlh Hkh mQ"ek batu dh n{krk η = 1 ugha gks
ldrh vFkok fdlh iz'khrd dk fu"iknu xq.kkad α vuar osQ cjkcj ugha gks ldrk A

11- dksbZ izØe mRØe.kh; gksrk gS ;fn mls bl izdkj mRozQfer fd;k tk, fd fudk; o ifjos'k nksuksa viuh izkjafHkd voLFkkvksa
esa okil igq¡p tk,¡ vkSj ifjos'k esa dgha Hkh dksbZ ifjorZu u gks A izÑfr osQ uSl£xd izØe vuqRØe.kh; gksrs gSa A vkn'khZÑr
mRØe.kh; izØe LFkSfrddYi izØe gksrk gS ftlesa dksbZ Hkh {k;dkjh ?kVd_ tSls – ?k"kZ.k] ';kurk vkfn fo|eku ugha jgrs A

12. fdUgha nks rkiksa T
1
 (Ïksr ) rFkk T

2
 (vfHkxe) osQ eè; dk;Z djus okyk dkuksZ batu mRØe.kh; batu gS A nks #¼ks"e

izØeksa ls la;qDr nks lerkih izØe dkuksZ pØ dk fuekZ.k djrs gSa A dkuksZ batu dh n{krk fuEufyf[kr lw=k ls O;Dr dh
tkrh gS %

η = − 2

1

1
T

T
(dkuksZ batu)

fdUgha nks rkiksa osQ eè; dk;Z djus okys batu dh n{krk dkuksZ batu dh n{krk ls vf/d ugha gks ldrh A

13. ;fn Q > 0, fudk; dks Å"ek nh xbZA
;fn Q < 0, fudk; ls Å"ek fudkyh xbZA
;fn W > 0, fudk; }kjk dk;Z fd;k x;kA
;fn W < 0, fudk; ij dk;Z fd;k x;kA

jkf'k                        izrhd foek,¡ ek=kd fVIi.kh

1- vk;ru izlkj xq.kkad    α
v
          [K–1] K–1 α

v
 = 3 α

l

2- fdlh fudk; dks iznr mQ"ek ∆Q [ML2T-2] J Q voLFkk
pj ugha gS A

 3- fof'k"V mQ"ek /kfjrk s [L2T-2K-1] J kg-1 K-1

   mQ"ek batu dh n{krk η foekghu &

   iz'khrd dk fu"iknu xq.kkad α foekghu &

4- rkih; pkydrk K [MLT–3 K–1] J s–1 K–1 H = KA 
d

d

t

x

  fopkj.kh; fo"k;

1. fdlh fiaM dk rki mldh ekè; vakrfjd ÅtkZ ls lacaf/r gS u fd mlosQ nzO;eku osaQnz dh xfrt ÅtkZ ls A canwd
ls nkxh xbZ fdlh xksyh dk mPp rki mldh vf/d pky osQ dkj.k ugha gksrk A

2- Å"ekxfrdh esa lkE; ml ifjfLFkfr dh vksj funsZ'k djrk gS tc fudk; dh Å"ekxfrdh; voLFkk dk o.kZu djus
okys LFkwy pj] le; ij fuHkZj ugha djrs A ;kaf=kdh eas fdlh fudk; dh lkE;koLFkk ls vfHkizk; gS fd fudk; ij
dk;Z djus okys usV cy rFkk cy vk?kw.kZ nksuksa 'kwU; gksrs gSa A

3. Å"ekxfrdh; lkE; eas fudk; osQ lw{e la?kVd lkE;koLFkk eas ugha gksrs (;kaf=kdh osQ izlax eas)A
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4. Å"ek/kfjrk] O;kid :i esa ml izØe ij fuHkZj djrh gS ftlls fudk; rc xqtjrk gS tc og Å"ek xzg.k
djrk gS A

5. lerkih; LFkSfrddYi izØeksa eas] fudk; }kjk Å"ek vo'kksf"kr ;k fuxZr gksrh gS ;|fi gj pj.k eas xSl dk rki ogh
gksrk gS tks ifjos'kh; Å"ek HkaMkj gksrk gS A fudk; rFkk Å"ek HkaMkj osQ eè; vR;ar lw{e rkikarj osQ dkj.k ,slk laHko
gks ikrk gS A

vH;kl

11.1 dksbZ xht+j 3.0 yhVj izfr feuV dh nj ls cgrs gq, ty dks 27 ºC ls 77 ºC rd xeZ djrk gS A ;fn
xh”kj dk ifjpkyu xSl cuZj }kjk fd;k tk, rks bZèku osQ O;; dh D;k nj gksxh \ cuZj osQ b±/u dh ngu&mQ"ek

4.0×104 J g-1 gS \

11.2 fLFkj nkc ij 2.0×10–2 kg ukbVªkstu (dejs osQ rki ij) osQ rki esa 45 ºC o`f¼ djus osQ fy, fdruh mQ"ek dh vkiwfrZ

dh tkuh pkfg, \ (N
2
 dk v.kqHkkj = 28; R = 8.3 J mol-1 K-1) A

11.3 O;k[;k dhft, fd ,slk D;ksa gksrk gS %

(a) fHkUu&fHkUu rkiksa T
1
 o T

2
 osQ nks fi.Mksa dks ;fn Å"eh; laioZQ esa yk;k tk, rks ;g vko';d ugha fd mudk

vafre rki (T
1
 + T

2
)/2 gh gksA

(b) jklk;fud ;k ukfHkdh; la;=kksa esa 'khryd (vFkkZr~ nzo tks la;=k osQ fHkUu&fHkUu Hkkxksa dks vf/d xeZ gksus ls

jksdrk gS) dh fof'k"V Å"ek vf/d gksuh pkfg,A

(c) dkj dks pykrs&pykrs mlosQ Vk;jksa esa ok;qnkc c<+ tkrk gSA

(d) fdlh canjxkg osQ lehi osQ 'kgj dh tyok;q] leku v{kka'k osQ fdlh jsfxLrkuh 'kgj dh tyok;q ls vf/d

'khrks".k gksrh gSA

11.4 xfr'khy fiLVu yxs fdlh fl¯yMj esa ekud rki o nkc ij 3 eksy gkbMªkstu Hkjh gS A fl¯yMj dh nhokjsa mQ"ekjksèkh

inkFkZ dh cuh gSa rFkk fiLVu dks ml ij ckyw dh ijr yxkdj mQ"ekjksèkh cuk;k x;k gS A ;fn xSl dks mlosQ vkjafHkd

vk;ru osQ vkèks vk;ru rd laihfMr fd;k tk, rks xSl dk nkc fdruk c<+sxk \

11.5 #¼ks"e fofèk }kjk fdlh xSl dh voLFkk ifjorZu djrs le; mldh ,d lkE;koLFkk A ls nwljh lkE;koLFkk B rd

ys tkus esa fudk; ij 22-3 J dk;Z fd;k tkrk gS A ;fn xSl dks nwljh izfØ;k }kjk voLFkk A ls voLFkk B esa ykus

esa fudk; }kjk vo'kksf"kr usV mQ"ek 9.35 cal gS rks ckn ds izdj.k esa fudk; }kjk fd;k x;k usV dk;Z fdruk gS\

(1 cal = 4.19 J)A

11.6 leku èkkfjrk okys nks fl¯yMj A rFkk B ,d&nwljs ls LVkWidkWd osQ }kjk tqM+s gSa A A esa ekud rki o nkc ij xSl

Hkjh gS tcfd B iw.kZr% fuokZfrr gS A LVkWidkWd ;dk;d [kksy nh tkrh gS A fuEufyf[kr dk mRRkj nhft, %

(a) fl¯yMj A rFkk B esa vafre nkc D;k gksxk \

(b) xSl dh vakrfjd mQtkZ esa fdruk ifjorZu gksxk \

(c) xSl osQ rki esa D;k ifjorZu gksxk \

(d) D;k fudk; dh ekè;fed voLFkk,¡ (vafre lkE;koLFkk izkIr djus osQ iwoZ) blosQ P-V-T i`"B ij gksaxh \

11.7 ,d ghVj fdlh fudk; dks 100 W dh nj ls Å"ek iznku djrk gSA ;fn fudk; 75 J s–1 dh nj ls dk;Z djrk

gS] rks vkarfjd ÅtkZ dh o`f¼ fdl nj ls gksxh\

11.8 fdlh Å"ekxfrdh; fudk; dks ewy voLFkk ls eè;orhZ voLFkk rd fp=k (11-11) esa n'kkZ;s vuqlkj ,d js[kh;

izØe }kjk ys tk;k x;k gSA
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vk;ru (m3)

nk
c 

(N
/
m

2
)

fp=k 11-11

,d lenkch izØe }kjk blosQ vk;ru dks E ls F rd ys tkdj ewy eku rd de dj nsrs gSaA xSl }kjk D ls
E rFkk ogk¡ ls F rd oqQy fd, x, dk;Z dk vkdyu dhft,A
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vè;k;     12

v.kqxfr fl¼kar

12.1 Hkwfedk

ckW;y us 1661 esa ,d fu;e dh [kkst dh] ftls muosQ uke ls tkuk tkrk
gSA ckW;y] U;wVu ,oa vU; dbZ oSKkfudksa us xSlksa osQ O;ogkj dks ;g ekudj
le>kus dh ps"Vk dh fd xSlsa vR;ar lw{e ijek.oh; d.kksa ls cuh gSaA
okLrfod ijek.kq fl¼kar rks blosQ 150 ls Hkh vf/d o"kZ ckn gh LFkkfir
gks ik;kA v.kqxfr fl¼kar bl /kj.kk osQ vk/kj ij xSlksa osQ O;ogkj dh O;k[;k
djrk gS fd xSlksa esa vR;ar rhoz xfr ls xfreku ijek.kq vFkok v.kq gksrs gSaA
;g laHko Hkh gS] D;ksafd Bkslksa rFkk nzoksa osQ ijek.kqvksa osQ chp varjkijek.kqd
cy] tks fd y?kq ijklh cy gS] ,d egRoiw.kZ Hkwfedk fuHkkrk gS tcfd xSlksa
esa bl cy dks mis{k.kh; ekuk tk ldrk gSA v.kqxfr fl¼kar] 19oha 'krkCnh
esa] eSDlosy] cksYV~”keku vkSj vU; oSKkfudksa }kjk fodflr fd;k x;k FkkA ;g
vlk/kj.k :i ls liQy fl¼kar jgk gSA ;g nkc ,oa rki dh ,d vkf.od
O;k[;k izLrqr djrk gS rFkk vkoksxknzks dh ifjdYiuk vkSj xSl fu;eksa osQ
vuq:i gSA ;g cgqr lh xSlksa dh fof'k"V Å"ek /kfjrk dh Bhd&Bhd O;k[;k
djrk gSA ;g ';kurk] pkydrk] folj.k tSls xSlksa osQ ekiuh; xq.kksa dks
vkf.od izkpyksa ls tksM+rk gS vkSj v.kqvksa dh vkekiksa ,oa nzO;ekuksa dk
vkdyu laHko cukrk gSA bl vè;k; esa v.kqxfr fl¼kar dk vkjafHkd Kku
fn;k x;k gSA

12.2  nzO; dh vkf.od izo`Qfr

chloha 'krkCnh osQ egku oSKkfudksa esa ,d fjpMZ iQhuesu] bl [kkst dks fd
^nzO; ijek.kqvksa ls cuk gS* vR;ar egRoiw.kZ ekurs gSaA ;fn ge foosd ls dke
ugha ysaxs] rks (ukfHkdh; foèoal osQ dkj.k) ekuork dk fouk'k gks ldrk gS]
;k fiQj og (i;kZoj.kh; foinkvksa osQ dkj.k) foyqIr gks ldrh gSA ;fn oSlk
gksrk gS vkSj laiw.kZ oSKkfud Kku osQ u"V gksus dh fLFkfr mRiUu gks tkrh gS
rks iQhuesu fo'o dh vxyh ih<+h osQ izkf.k;ksa dks ijek.kq ifjdYiuk laizsf"kr
djuk pkgsaxsA ijek.kq ifjdYiuk % lHkh oLrq,¡ ijek.kqvksa ls cuh gSa] tks vuojr

12.1 Hkwfedk

12.2 nzO; dh vkf.od izÑfr

12.3 xSlksa dk O;ogkj
12.4 vkn'kZ xSlksa dk v.kqxfr fl¼kar

12.5 ÅtkZ osQ lefoHkktu dk fu;e

12.6 fof'k"V Å"ek /kfjrk

12.7 ekè; eqDr iFk

lkjka'k

fopkj.kh; fo"k;

vH;kl
vfrfjDr vH;kl
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xfreku vR;ar lw{e d.k gSa] chp eas vYi nwjh gksus ij ;s ,d
nwljs dks vkd£"kr djrs gSa ij ,d nwljs esa fu"ihfMr fd,
tkus ij izfrd£"kr djus yxrs gSaA

;g fparu fd nzO; lrr ugha gks ldrk] dbZ LFkkuksa vkSj
laLo`Qfr;ksa esa fo|eku FkkA Hkkjr esa d.kkn vkSj ;wuku esa
MseksfØVl us ;g lq>ko fn;k Fkk fd nzO; vfoHkkT; vo;oksa
dk cuk gks ldrk gSSA izk;% oSKkfud vkf.od fl¼kar dh
[kkst dk Js; MkYVu dks nsrs gSaA rRoksa osQ la;kstu }kjk ;kSfxd
cuus dh izfØ;k esa ikyu fd, tkus okys fuf'pr vuqikr
vkSj cgqxq.kd vuqikr osQ fu;eksa dh O;k[;k djus osQ fy,
MkYVu us ;g fl¼kar izLrkfor fd;k FkkA igyk fu;e crkrk
gS fd fdlh ;kSfxd esa vo;oksa osQ nzO;ekuksa dk vuqikr
fu;r jgrk gSA nwljs fu;e dk dFku gS fd tc nks rRo
feydj nks ;k vf/d ;kSfxd cukrs gSa rks ,d rRo osQ
fuf'pr nzO;eku ls la;ksftr gksus okys nwljs rRo osQ nzO;ekuksa
esa ,d ljy iw.kk±dh; vuqikr gksrk gSA

bu fu;eksa dh O;k[;k djus osQ fy,] yxHkx 200 o"kZ
iwoZ MkYVu us lq>k;k fd fdlh rRo osQ lw{ere vo;o
ijek.kq gSaA ,d rRo osQ lHkh ijek.kq loZle gksrs gSa ij ;s
nwljs rRoksa osQ ijek.kqvksa ls fHkUu gksrs gSaA vYi la[;k esa rRoksa
osQ ijek.kq la;ksx djosQ ;kSfxd dk v.kq cukrs gSaA 19oha
'krkCnh osQ vkjaHk esa fn, x, xS&yqlSd osQ fu;e osQ vuqlkj%
tc xSlsa jklk;fud :i ls la;kstu djosQ dksbZ vU; xSl
cukrh gSa] rks muosQ vk;ru y?kq iw.kk±dksa osQ vuqikr esa gksrs gSaA
vkoksxknzks dk fu;e (;k ifjdYiuk) crkrk gS fd leku rki
vkSj nkc ij xSlksa osQ leku vk;ruksa esa v.kqvksa dh la[;k
leku gksrh gSA vkoksxknzks fu;e dks MkYVu osQ fl¼kar ls
tksM+us ij xS&yqlSd osQ fu;e dh O;k[;k dh tk ldrh gSA
D;ksafd] rRo izk;% v.kqvksa osQ :i esa gksrs gSa] MkYVu osQ
ijek.kq fl¼kar dks nzO; dk vkf.od fl¼kar Hkh dgk tk
ldrk gSA bl fl¼kar dks vc oSKkfudksa }kjk ekU;rk gSA
rFkkfi] mUuhloha 'krkCnh osQ var rd Hkh ,sls dbZ izfl¼

izkphu Hkkjr ,oa ;wuku esa ijek.oh; ifjdYiuk

;|fi] vk/qfud foKku ls ijek.oh; n`f"Vdks.k dk ifjp; djkus dk Js; tkWu MkYVu dks fn;k tkrk gS] rFkkfi] izkphu
Hkkjr vkSj ;wuku osQ fo}kuksa us cgqr igys gh ijek.kqvksa vkSj v.kqvksa osQ vfLrRo dk vuqeku yxk fy;k FkkA Hkkjr esa
oS'ksf"kd n'kZu] ftlosQ iz.ksrk d.kkn Fks (NBh 'krkCnh bZ-iw-)] eas ijek.oh; izk:i dk foLr`r fodkl gqvk A mUgksaus
ijek.kqvksa dks vfoHkkT;] lw{e rFkk nzO; dk vfoHkkT; va'k ekuk A ;g Hkh roZQ fn;k x;k fd ;fn nzO; dks foHkkftr
djus osQ Øe dk dksbZ vUr u gks rks fdlh ljlksa osQ nkus rFkk es# ioZr esa dksbZ varj ugha jgsxk A pkj izdkj osQ ijek.kqvksa
(laLo`Qr esa lw{ere d.k dks ijek.kq dgrs gSa) dh dYiuk dh xbZ ftudh viuh vfHkyk{kf.kd lagfr rFkk vU;
fo'ks"krk,¡ Fkha tks bl izdkj gSa % Hkwfe (i`Foh)] vi~ (ty)] rst (vfXu) rFkk ok;q (gok) A mUgksaus vkdk'k (varfj{k)
dks lrr~ rFkk vfØ; ekuk vkSj ;g crk;k fd bldh dksbZ ijek.oh; lajpuk ugha gS A ijek.kq la;ksx djosQ fofHkUu
v.kqvksa dk fuekZ.k djrs gSa (tSls nks ijek.kq la;ksx djosQ ,d f}ijek.kqd v.kq ^}S.kqd*] rhu ijek.kqvksa osQ la;ksx ls
^=kljs.kq* vFkok f=kijek.kqd v.kq cukrs gSa)] buosQ xq.k la?kVd v.kqvksa dh izòQfr ,oa vuqikr ij fuHkZj djrs gSa A vuqekuksa
}kjk vFkok mu fof/;ksa }kjk tks gesa Kkr ugha gSa] mUgksaus ijek.kqvksa osQ vkdkj dk vkdyu Hkh fd;k A bu vkdyuksa
esa fofo/rk gS A yfyr foLrkj & cq¼ dh ,d izfl¼ thouh ftls eq[; :i ls bZlk iwoZ f}rh; 'krkCnh esa fy[kk x;k]
esa ijek.kq dk vkdkj 10-10 m dh dksfV dk crk;k x;k gS A ;g vkdyu ijek.kq osQ vkdkj osQ vk/qfud vkdyuksa osQ
fudV gS A

iqjkru xzhl esa] MseksfØVl (prqFkZ 'krkCnh bZ-iw-) dks mudh ijek.oh; ifjdYiuk osQ fy, loZJs"B ekuk tkrk gSA
xzhd Hkk"kk esa 'Atom' 'kCn dk vFkZ gS ^vfoHkkT;* A muosQ vuqlkj ijek.kq ,d nwljs ls HkkSfrd :i esa] vko`Qfr esa]
vkdkj esa rFkk vU; xq.kksa esa fHkUu gksrs gSa rFkk blh osQ ifj.kkeLo:i muosQ la;ksx }kjk fufeZr inkFkks± osQ fHkUu&fHkUu
xq.k gksrs gSaA muosQ fopkjksa osQ vuqlkj ty osQ v.kq fpdus rFkk xksy gksrs gSa rFkk os ,d nwljs osQ lkFk tqM+us ;ksX; ugha
gksrs] ;gh dkj.k gS fd ty vklkuh ls izokfgr gksus yxrk gSA Hkwfe osQ ijek.kq [kqjnjs rFkk dk¡Vsnkj gksrs gSa ftlosQ dkj.k os
,d nwljs dks tdM+s jgrs gSa rFkk dBksj inkFkZ fufeZr djrs gSa A muosQ fopkj ls vfXu osQ ijek.kq d¡Vhys gksrs gSa ftlosQ dkj.k
os ihM+knk;d tyu mRiUu djrs gSaA ;s /kj.kk,¡ fpÙkkd"kZd gksrs gq, Hkh] vkSj vkxs fodflr u gks ldhaA bldk dnkfpr ;g
dkj.k gks ldrk gS fd ;s fopkj mu nk'kZfudksa dh varnZ'khZ dYiuk,a ,oa vuqeku ek=k Fks] ftudk u rks ijh{k.k fd;k
x;k Fkk vkSj u gh ek=kkRed iz;ksxksa (tks fd vk/qfud foKku dk izek.k&fpÉ gSa) }kjk la'kks/u A
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oSKkfud Fks tks ijek.kq fl¼kar esa fo'okl ugha djrs FksA
vk/qfud dky esa] cgqr ls izs{k.kksa ls] vc ge ;g tkurs

gSa fd inkFkZ v.kqvksa (,d ;k vf/d ijek.kqvksa ls cus) ls
feydj cuk gksrk gSA bysDVªkWu lw{en'khZ ,oa Øeoh{k.k
lqjaxd lw{en'khZ dh lgk;rk ls vc ge mudks ns[k ldrs
gSaA ijek.kq dk vkeki yxHkx ,d ,saXLVªkWe (1Å) (10–10m)  gSA
Bkslksa esa] tgk¡ d.k dldj ,d nwljs ls tqM+s gSa] ijek.kqvksa osQ
chp oqQN ,saXLVªkWe (2 Å) dh nwjh gSA nzoksa esa Hkh ijek.kqvksa osQ
chp bruh gh nwjh gSA nzoksa eas ijek.kq ,d nwljs osQ lkFk mruh
n`<+rk ls ugha c¡/s gksrs ftrus Bkslksa esa] vkSj] blfy, b/j&
m/j xfr dj ldrs gSaA blhfy,] nzoksa esa izokg gksrk gSA xSlksa
esa varjijek.kqd nwjh nlksa ,aXLVªkWe esa gksrh gSA og vkSlr nwjh
tks dksbZ v.kq fcuk la?kê ð fd, py ldrk gS mldh vkSlr
eqDr iFk dgykrh gSA xSlksa esa vkSlr eqDr iFk gtkjksa ,aXLVªkWe
dh dksfV dk gksrk gSA vr% xSlksa esa ijek.kq vR;f/d Lora=k
gksrs gSa vkSj cM+h&cM+h nwfj;ksa rd fcuk la?kê ð fd, tk ldrs
gSaA ;fn can djosQ u j[kk tk,] rks xSlsa folfjr gks tkrh gSaA
Bkslksa vkSj nzoksa esa ikl&ikl gksus osQ dkj.k ijek.kqvksa osQ chp
osQ varj ijek.kqd cy egRoiw.kZ gks tkrs gSaA ;s cy vf/d
nwfj;ksa ij vkd"kZ.k vkSj vYi nwjh ij izfrd"kZ.k cy gksrs gSaA
tc ijek.kq ,d nwljs ls oqQN ,aXLVªkWe dh nwjh ij gksrs gSa rks
os ,d nwljs dks vkd£"kr djrs gSa ij cgqr ikl yk, tkus ij
izfrd£"kr djus yxrs gSaA xSl dk LFkSfrd fn[kkbZ iM+uk
Hkzked gSA xSl lfØ;rk ls Hkjiwj gS vkSj budk larqyu xfrd
larqyu gSA xfrd larqyu esa v.kq ,d nwljs ls la?kV ð djrs gSa
vkSj la?kV ð dh vof/ eas mudh pkyksa esa ifjorZu gksrk gSA
osQoy vkSlr xq.k fu;r jgrs gSaA

ijek.kq fl¼kar gekjh [kkstksa dk var ugha gS cfYd ;g
rks bldk ,d vkjaHk gSA vc ge tkurs gSa fd ijek.kq
vfoHkkT; ;k ewy d.k ugha gSaA muesa ,d ukfHkd vkSj
bysDVªkWu gksrs gSaA ukfHkd Lo;a izksVkWuksa vkSj U;wVªkWuksa ls cus gksrs
gSaA ;gh ugha izksVkWu rFkk U;wVªkWu Dokdks±  ls feydj cus gksrs
gSaA gks ldrk gS fd DokoZQ Hkh bl dgkuh dk var u gksaA ;g
Hkh gks ldrk gS fd fLVªax (rarq) tSlh dksbZ izkFkfed lÙkk gksA
izo`Qfr gekjs fy, lnSo gh foy{k.k Hkjh gS] ij] lR; dh
[kkst vkuannk;d gksrh gS vkSj gj vkfo"dkj esa viuk lkSan;Z
gksrk gSA bl vè;k; esa ge viuk vè;;u xSlksa osQ (vkSj FkksM+k
cgqr Bkslksa osQ) O;ogkj rd gh lhfer j[ksaxsA blosQ fy, ge
mUgsa vuojr xfr djrs xfreku d.kksa dk lewg ekusaxsA

12.3   xSlksa dk O;ogkj
Bkslksa ,oa nzoksa dh rqyuk esa xSlksa osQ xq.kksa dks le>uk vklku
gSA ;g eq[;r% bl dkj.k gksrk gS] D;ksafd] xSl esa v.kq ,d

nwljs ls nwj&nwj gksrs gSa vkSj nks v.kqvksa osQ la?kê ð dh fLFkfr
dks NksM+dj muosQ chp ikjLifjd vU;ksU; fØ;k,¡ mis{k.kh;
gksrh gSa tSls fuEu nkc o muosQ nzfor (;k ?kuhHkwr) gksus osQ rkiksa
dh vis{kk vR;f/d mPp rki ij vius rki] nkc vkSj vk;ru
esa yxHkx fuEufyf[kr laca/ n'kkZrh gSa (nsf[k, vè;k; 10)

PV = KT (12.1)

;g laca/ xSl osQ fn, x, uewus osQ fy, gSA ;gk¡ T  osQfYou
(;k ije) iSekus ij rki gS]  K  fn, x, uewus osQ fy,
fu;rkad gS ijarq vk;ru osQ lkFk ifjo£rr gksrk gS ;fn vc
ge ijek.kq ;k v.kq dh /kj.kk ykxw djsa rks]  K  fn, x, uewus
esa v.kqvksa dh la[;k N  osQ vuqØekuqikrh gSA ge fy[k ldrs
gSa] K = N kA iz;ksx gesa crkrs gSa fd k dk eku lHkh xSlksa osQ
fy, leku gSA bldks cksYV~leku fu;rkad dgk tkrk gS vkSj
k

B  
}kjk fu£n"V fd;k tkrk gSA

  =1 1 2 2

1 1 2 2

P V P V

N T N T  = fu;rkad = kB (12.2)

;fn P, V  ,oa T  leku gksa rks N  Hkh lHkh xSlksa osQ fy, leku
gksxkA ;gh vkoksxknzks ifjdYiuk gS fd leku rki ,oa nkc ij
lHkh xSlksa osQ izfr ,dkad vk;ru esa v.kqvksa dh la[;k leku
gksrh gSA fdlh xSl osQ 22-4 yhVj vk;ru eas ;g la[;k
6-02 × 1023 gSA bl la[;k dks vkoksxknzks la[;k dgk tkrk gS
vkSj laosQr NA }kjk fpfÉr fd;k tkrk gSA fdlh xSl osQ
22-4 yhVj vk;ru dk  STP (ekud rki = 273K ,oa
ekud nkc = 1 ,VekSfLiQ;j) ij nzO;eku ml xSl osQ xzke
esa O;Dr v.kq nzO;eku osQ cjkcj gSA inkFkZ dh ;g ek=kk eksy
(mole) dgykrh gS (vf/d ifj'kq¼ ifjHkk"kk osQ fy,
vè;k; 1 nsf[k,)A vkoksxknzks us jklk;fud vfHkfØ;kvksa osQ
vè;;u osQ vk/kj ij ;g vuqeku yxk fy;k Fkk fd leku
rki vkSj nkc ij xSlksa osQ leku vk;ru esa v.kqvksa dh la[;k
leku gksxhA v.kqxfr fl¼kar bl ifjdYiuk dks U;k;laxr
Bgjkrk gSA

vkn'kZ xSl lehdj.k dks ge bl izdkj fy[k ldrs gSa]
PV = µ RT (12.3)

tgk¡  µ   eksyksa dh la[;k gS ,oa R  = NA kB ,d lkoZf=kd
fu;rkad gSA rki T, ije rki gSA ije rki osQ fy, osQfYou
iSekuk pqusa] rks  R = 8.314 J mol–1K–1A ;gk¡

µ = =
0 A

M N

M N (12.4)

tgk¡] M xSl dk nzO;eku gS ftlesa N  v.kq gSa] M0 eksyj nzO;eku
gS ,oa NA vkoksxknzks la[;k gSA lehdj.k (12-4) dk mi;ksx
djosQ lehdj.k (12-3) dks bl izdkj O;Dr dj ldrs gSa %

PV = kB NT    vFkok P = kB nT
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fp=k 12 12 12 12 12.3.3.3.3.3 rhu fHkUu nkcksa osQ fy, CO
2  
osQ izk;ksfxd

T-V oØksa dh (iw.kZ js[kkvksa }kjk izn£'kr) pkYlZ
fu;ekuqlkj izkIr lS¼kafrd oØksa ls (fcanqfdr js[kkvksa
}kjk izn£'kr) rqyukA  T , 300 K osQ ek=kdksa esa ,oa
V, 0.13 yhVj osQ ek=kdksa esa gSA

P (atm)

fp=k 12.112.112.112.112.1 fuEu nkc vkSj mPp rkiksa ij okLrfod xSlksa dk
O;ogkj vkn'kZ xSlksa osQ ln`'k gksus yxrk gSA

tgk¡ n la[;k ?kuRo] vFkkZr~ izfr ,dkad vk;ru esa v.kqvksa dh
la[;k gSA kB mifjo£.kr cksYV~”keku fu;rkad gSaA  SI ek=kdksa esa
bldk eku 1-38 × 10&23 J K–1  gSA

lehdj.k (12-3) dk nwljk mi;ksxh :i gS]

ρ
=

0

RT
P

M (12.5)

tgk¡  ρ  xSl dk nzO;eku ?kuRo gSA
dksbZ xSl] tks lehdj.k (12-3) dk] lHkh rkiksa vkSj

nkcksa ij iw.kZr% ikyu djrh gS vkn'kZ xSl dgykrh gSA vr%
vkn'kZ xSl fdlh xSl dk ljy lS¼kafrd fun'kZ gSA dksbZ Hkh
okLrfod xSl lgh vFkks± esa vkn'kZ xSl ugha gksrhA fp=k
12-1 esa rhu fHkUu rkiksa ij fdlh okLrfod xSl dk vkn'kZ
xSl ls fopyu n'kkZ;k x;k gSA è;ku nhft,] fuEu nkcksa vkSj
mPp rkiksa ij lHkh oØ vkn'kZ xSl O;ogkj osQ ln`'k gksus
yxrs gSaA

fuEu nkcksa vkSj mPp rkiksa ij v.kq nwj&nwj gksrs gSa vkSj
muosQ chp oQh vkf.od vU;ksU; fØ;k,¡ mis{k.kh; gksrh gSaA
vU;ksU; fØ;kvksa dh vuqifLFkfr esa xSl ,d vkn'kZ xSl dh
rjg O;ogkj djrh gSA

lehdj.k 12-3 esa ;fn ge µ  ,oa T  dks fuf'pr dj nsa]
rks]

PV = fu;rkad (12.6)

vFkkZr~] fu;r rki ij] xSl osQ fdlh fn, x, nzO;eku dk
nkc mlosQ vk;ru osQ O;qRØekuqikrh gksrk gSA ;gh izfl¼
ckW;y dk fu;e gSA fp=k 12-2 esa izk;ksfxd P-V  oØ ,oa
ckW;y osQ fu;ekuqlkj Hkfo";okph lS¼kafrd oØ] rqyuk osQ
fy, ,d lkFk n'kkZ;s x, gSaA ,d ckj fiQj vki ns[k ldrs
gSa fd fuEu nkc vkSj mPp rki ij izk;ksfxd ,oa lS¼kafrd

oØksa esa laxfr Li"V n`f"Vxkspj gksrk gSA vc] ;fn vki P  dks
fu;r j[ksa rks lehdj.k (12-1) n'kkZrh gS fd V ∝  T
vFkkZr~] fu;r nkc ij fdlh nh xbZ xSl dk vk;ru mlosQ
ije rki T  osQ vuqØekuqikrh gksrk gS (pkYlZ dk fu;e)A
fp=k 12-3 nsf[k,A

fp=k 12.2 12.2 12.2 12.2 12.2 Hkki osQ fy,] rhu fHkUu rkiksa ij izk;ksfxd P-V oØksa
(Bksl js[kk,¡) dh ckW;y osQ fu;e (¯cnqfdr js[kk,¡)
ls rqyukA  P  dk eku 22 atm osQ ek=kdksa esa gS vkSj
V  dk eku 0-09 yhVj osQ ek=kdksa esa gSA

vkn'kZ xSl
(

)
–1

–1
J

m
ol

K
p
V T

µ
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t

t

t

t

var esa] ge ,d crZu esa j[ks x,] ijLij vU;ksU; fØ;k,¡
u djus okyh vkn'kZ xSlksa osQ feJ.k ij fopkj djrs gSa]
ftlesa µ

1
  eksy xSl&1 osQ]  µ

2
 eksy xSl&2 osQ vkSj blh izdkj

vU; xSlksa osQ fofHkUu eksy gSaA crZu dk vk;ru V  gS] xSl
dk ije rki T ,oa nkc P  gSA feJ.k dh voLFkk dk
lehdj.k fy[ksa rks]

       PV = ( µ1 + µ2 +…  ) RT (12.7)

vFkkZr~ µ µ= + +1 2 ...
RT RT

P
V V

(12.8)

= P1 + P2 + … (12.9)

Li"Vr%] P1 =  µ1 R T/V   og nkc gS tks rki vkSj
vk;ru dh leku voLFkkvksa esa vU; lHkh xSlksa dh vuqifLFkfr
esa osQoy xSl&1 osQ dkj.k gksrkA bl nkc dks xSl dk vkaf'kd
nkc dgrs gSaA vr% vkn'kZ xSlksa osQ fdlh feJ.k dk oqQy nkc
feJ.k esa fo|eku xSlksa osQ vkaf'kd nkcksa osQ ;ksx osQ cjkcj
gksrk gSA ;g MkYVu dk vkaf'kd nkcksa dk fu;e gSA

vc ge oqQN ,sls mnkgj.kksa ij fopkj djsaxs ftuls gesa
v.kqvksa }kjk ?ksjs x, vk;ru vkSj ,d v.kq osQ vk;ru osQ
fo"k; esa tkudkjh izkIr gksxhA

mnkgj.k 12.1 12.1 12.1 12.1 12.1 ty dk ?kuRo  1000 kg m–3  gSA
100 °C vkSj 1 atm nkc ij tyok"i dk ?kuRo 0.6

kg m–3  gSaA ,d v.kq osQ vk;ru dks oqQy v.kqvksa dh
la[;k ls xq.kk djus ij gesa vkf.od vk;ru izkIr gksrk
gSA rki vkSj nkc dh mijksDr voLFkk esa tyok"i osQ
oqQy vk;ru vkSj blosQ vkf.od vk;ru dk vuqikr
Kkr dhft,A

gy %  ty osQ fdlh fn, x, nzO;eku osQ fy, ;fn ?kuRo
de gks] rks vk;ru vf/d gksxkA vr%] ok"i dk vk;ru
1000/0.6  = 1/(6 ×10-4 )  xq.kk vf/d gSA ;fn LFkwy ty
vkSj ty osQ v.kqvksa osQ ?kuRo leku gSa] rks xSl osQ v.kqvksa
okys Hkkx osQ vk;ru] rFkk mUgha v.kqvkssa dk nzfor gksdj ty
dh voLFkk esa vk;ru] dk vuqikr 1 gksxkA pwafd ok"i
voLFkk esa vk;ru c<+ x;k gS] vr% vkaf'kd vk;ru mlh
vuqikr (;kfu  6×10-4  xq.kk) esa de gks tk,xkA t

mnkgj.k 12.212.212.212.212.2  mnkgj.k 12-1 esa fn, x, vkadM+ksa dk
mi;ksx djosQ ty osQ ,d v.kq dk vk;ru Kkr
dhft,A

gy %  nzo(;k Bksl) izkoLFkk esa] ty osQ v.kq cgqr ikl&ikl
laoqQfyr gksrs gSaA vr% ty osQ v.kqvksa dk ?kuRo] eksVs rkSj ij
LFkwy ty osQ ?kuRo = 1000 kg m–3  ys ldrs gSaA ty osQ
,d v.kq dk vk;ru Kkr djus osQ fy, gesa bldk nzO;eku
tkuus dh vko';drk gksxhA gesa Kkr gS fd ,d eksy ty
dk nzO;eku yxHkx

(2 + 16)  = 18 g  =  0.018 kg

pwafd 1 eksy esa yxHkx   6 × 1023 v.kq (vkoksxknzks
la[;k) gksrs gSa] ty osQ ,d v.kq dk nzO;eku = (0.018)/
(6 × 1023) kg  = 3 × 10–26 kg  gSA vr% ty osQ ,d v.kq
osQ vk;ru dk :{k vkdyu bl izdkj fd;k tkrk gS %

ty osQ ,d v.kq dk vk;ru
= (3 × 10–26 kg)/ (1000 kg m–3)
= 3 × 10–29 m3

= (4/3) π  (f=kT;k)3

ty osQ v.kq dh f=kT;k ≈ 2 ×10-10  m

           = 2 Å t

mnkgj.k 12.312.312.312.312.3   ty osQ v.kqvksas osQ chp vkSlr nwjh
(varj ijek.kqd nwjh) fdruh gS\ blosQ fy, vki
mnkgj.k (12-1) ,oa (12-2) esa fn, x, vkadM+ksa dk
mi;ksx dj ldrs gSaA

gy :   ty osQ fdlh nzO;eku dk vk;ru] ok"i izkoLFkk esa]
nzo izkoLFkk esa blh nzO;eku osQ vk;ru dk 1.67×103  xquk
gksrk gS (mnkgj.k 12-1)A brus xquk gh ty osQ izR;sd v.kq
}kjk ?ksjs x, vk;ru esa o`f¼ gks tkrh gSA tc vk;ru esa 103

xquh o`f¼ gks tkrh gS] rks f=kT;k V1/3 vFkkZr~ 10 xquk gks tkrh
gSA bl rjg f=kT;k  10 × 2 Å  = 20 Å  gks tkrh gS vFkkZr~
v.kqvksa osQ chp dh nwjh 2 × 20 = 40  Å  gks tkrh gSA t

mnkgj.k 12.412.412.412.412.4 ,d crZu esa nks vfØ; xSlsa % fuvkWu
(,dijek.kqd) vkSj vkWDlhtu (f}ijek.kqd) Hkjh gSaA
buosQ vkaf'kd nkcksa dk vuqikr 3% 2 gSA vkdyu
dhft,] (i) muosQ v.kqvksa dh la[;k dk vuqikr]
(ii) crZu esa fuvkWu ,oa vkWDlhtu osQ nzO;eku ?kuRoksa
dk vuqikrA Ne  dk ijek.kq nzO;eku 20.2 u  ,oa
vkWDlhtu dk v.kq nzO;eku = 32.0 u A

gy %  fdlh fn, x, rki ij xSlksa osQ feJ.k esa] fdlh ,d
xSl dk vkaf'kd nkc og nkc gS tks mlh rki ij crZu esa Hkjh
gksus ij ;g vosQyh xSl vkjksfir djrh (vfØ; xSlksa osQ ,d
feJ.k dk oqQy nkc] vo;oh xSlksa osQ vkaf'kd nkcksa osQ ;ksx
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fp=k 12.4 12.4 12.4 12.4 12.4 xSl osQ ,d v.kq dk /kjd dh nhokj ls izR;kLFk
la?kê ðA

osQ cjkcj gksrk gSA)A izR;sd xSl (vkn'kZ xSl ekurs gq,) xSl
fu;e dk ikyu djrh gSA pwafd nks xSlksa osQ feJ.k eas V  ,oa
T  nksuksa osQ fy, leku gSa , P1V = µ 1 RT  ,oa P2V = µ2 RT,

vFkkZr~  (P1/P2) = (µ1 / µ2) A ;gk¡ 1 ,oa 2 Øe'k% fuvkWu ,oa
vkWDlhtu dks bafxr djrs gSaA

(P1/P2) = (3/2) (fn;k gS), (µ1/ µ2) = 3/2

(i) ifjHkk"kk osQ vuqlkj] µ1 = (N1/NA ) ,oa µ2 = (N2/NA)

tgk¡ N1 ,oa N2 Øe'k% xSl&1 ,oa xSl&2 esa v.kqvksa dh
la[;k gS rFkk NA vkoksxknzks la[;k gSA
bl izdkj, (N1/N2) = (µ1 / µ2)  = 3/2

(ii) ge ;g Hkh fy[k ldrs gSa fd µ1 = (m1/M1) ,oa
µ2 = (m2/M2) tgk¡  m1 ,oa m2 xSl&1 rFkk
xSl&2 osQ nzO;eku gSa vkSj M1 rFkk M2 muosQ vkf.od
nzO;eku gSaA (m1 ,oa M1  rFkk m2 ,oa M2 dks ,d gh
ek=kd esa O;Dr fd;k tkuk pkfg,)A ;fn  ρ1 ,oa ρ2

Øe'k% xSl&1 ,oa xSl&2 osQ nzO;eku ?kuRo gksa rks]

ρ µ

ρ µ

 
= = = ×  

 

1 1 1 1 1

2 2 2 2 2

/
/

m V m M

m V m M

= × =
3 20.2

0.947
2 32.0 t

12.4  vkn'kZ xSlksa dk v.kqxfr fl¼kar

xSlksa dk v.kqxfr fl¼kar bl ekU;rk ij vk/kfjr gS fd nzO;
v.kqvksa dk cuk gSA xSl osQ fdlh fn, x, nzO;eku esa vfr
fo'kky (izk:fid eku vkoksxknzks la[;k dh dksfV dk) la[;k
esa v.kq gksrs gSa tks yxkrkj ;kn`fPNd xfr djrs gSaA lkekU;
rki vkSj nkc ij v.kqvksa osQ chp dh nwjh v.kq osQ vkdkj
(2 Å) dh rqyuk esa 10 xqus ls Hkh vf/d gksrh gSA blfy,
v.kqvksa osQ chp mis{k.kh; vU;ksU; fØ;k gksrh gS vkSj ,slk ge
eku ldrs gSa os U;wVu osQ xfr osQ izFke fu;e osQ vuqlkj
Lora=k :i ls ljy js[kk esa pyrs gSa] rFkkfi] dHkh&dHkh os
,d nwljs osQ vR;f/d fudV vk tkrs gSa] rc os varj&vkf.od
cy dk vuqHko djrs gSa vkSj muosQ osx ifjo£rr gks tkrs gSaA
v.kqvksa osQ chp dh bl vU;ksU; fØ;k dks la?kV ð dgrs gSaA
bl izdkj v.kq yxkrkj ijLij vkSj /kjd ik=k dh nhokjksa ls
la?kV ð djosQ vius osx ifjo£rr djrs jgrs gSaA ;s lHkh la?kê ð

izR;kLFk gksrs gSaA v.kqxfr fl¼kar osQ vk/kj ij ge xSl osQ
nkc osQ fy, ,d O;atd O;qRiUu dj ldrs gSaA

ge bl ewy /kj.kk ls izkjaHk djrs gSa fd xSl osQ v.kq
lrr ;kǹfPNd xfr esa gSa vkSj os ,d nwljs ls vkSj /kjd ik=k
dh nhokjksa ls la?kê ð djrs jgrs gSaaA v.kqvksa osQ la?kê ð pkgs
ikjLifjd gksa] ;k /kjd ik=k dh nhokj ls ;s lHkh la?kê ð
izR;kLFk gksrs gSaA bldk vFkZ gS fd budh oqQy xfrt ÅtkZ
lajf{kr jgrh gSA oqQy laosx Hkh] tSlk izk;% gksrk gS] lajf{kr
jgrk gSA

12.4.1 fdlh vkn'kZ xSl dk nkc

ekuk fd l  Hkqtk osQ fdlh ?kukdkj crZu esa dksbZ vkn'kZ xSl
Hkjh gSA fp=k 12-4 esa n'kkZ, vuqlkj crZu dh Hkqtk,¡ lanHkZ
v{kksa osQ lekarj gSaA ,d v.kq ftldk osx (v

x
, v

y
, v

z
 ) gS] yz-

ry osQ lekarj nhokj] ftldk {ks=kiQy A (= l2) gS] ij la?kkr
djrk gSA D;kasfd la?kê ð izR;kLFk gS] ;g v.kq nhokj ls
Vdjkdj mlh osx ls okil ykSVrk gSA la?kê ð osQ iQyLo:i
blosQ osx osQ y  vkSj z  ?kVd rks ifjo£rr ugha gksrs ijarq
x-?kVd dk fpÉ mRØfer gks tkrk gSA vFkkZr~ la?kêð osQ
i'pkr osx (-v

x
, v

y
, v

z
 ) gks tkrk gSA bl v.kq osQ laosx esa

ifjorZu  –mv
x
 – (mv

x
) = – 2mv

x  
gksxkA laosx laj{k.k osQ

fu;ekuqlkj bruk gh laosx = 2mv
x
  la?kê ð esa nhokj dks iznku

fd;k tk,xkA
nhokj ij vkjksfir cy (,oa nkc) dk ifjdyu djus

osQ fy,] gesa izfr ,dkad le; esa nhokj ij iznku fd, tkus
okys laosx dk ifjdyu djuk gksxkA ,d vYi dky&varjky
∆t  esa dksbZ v.kq ftlosQ osx dk x-vo;o v

x
 gS nhokj ls la?kêð

djsxk ;fn ;g nhokj ls v
x
 ∆t  nwjh osQ Hkhrj gSA vFkkZr~ og
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lHkh v.kq] tks nhokj osQ ikl  Av
x 

∆t vk;ru esa gSa_ ∆t  le;
esa osQoy ogh nhokj ls la?kkr dj losaQxsA ijarq vkSlru bu
v.kqvksa esa ls vk/s nhokj dh vksj xfr djrs gSa vkSj vk/s
nhokj ls nwj xfr djrs gSaA vr% (v

x
, v

y
, v

z
 )  osx ls pyrs gq,

v.kqvksa esa ls  ½A v
x  ∆t n  v.kq  ∆t  le; esa nhokj ls la?kkr

djsaxs] ;gk¡ n izfr ,dkad vk;ru eas v.kqvksa dh la[;k gSA rc
∆t  le; esa v.kqvksa }kjk nhokj dks iznku fd;k x;k laosx
gksxk]

Q = (2mv
x
) (– n A v

x
 ∆t ) (12.10)

nhokj ij yxk cy laosx gLrkarj.k dh nj Q/∆t  ,oa nkc
izfr ,dkad {ks=kiQy ij yxk cy gS]

P =  Q /(A ∆t)  =  n m v
x
2 (12.11)

okLro esa] xSl osQ lHkh v.kqvksa dk osx leku ugha gksrk]
osx v.kqvksa ij forfjr jgrs gSaA vr%] mijksDr lehdj.k
v.kqvksa osQ ml lewg osQ dkj.k nkc dks O;Dr djrh gS
ftudh x-fn'kk esa pky v

x  
gS vkSj

 
 n bl gh v.kq lewg dk

la[;k ?kuRo gSA oqQy nkc Kkr djus osQ fy, lHkh lewgksa osQ
;ksxnkuksa dk ladyu djuk gksxkA rc]

P = n m 2v (12.12)

tgk¡ 2
xv , v

x
2  dk vkSlr gSA vc] D;ksafd xSl lenSf'kd

gS] vFkkZr~ /kjd ik=k esa v.kqvkas osQ osx dh dksbZ ojh; fn'kk
ugha gS] blfy, lefefr osQ vuqlkj]

   2
xv  = 2

yv  = 2
3v  =

(1/3) [ 2
xv +  2

yv  + 2
3v  ]  =  (1/3) 2v (12.13)

tgk¡ v pky gS] vkSj 2v   oxhZo`Qr pkyksa dk ekè;e gSA vr%]

 P = (1/3) n m 2v (12.14)

bl O;qRifÙk ij oqQN fVIif.k;k¡ % (i) izFke] ;|fi geus
?kukdkj crZu dk p;u fd;k gS] ijarq okLro esa] crZu dh
vkòQfr ls oqQN varj ugha iM+rk gSA crZu fdlh Hkh ;kǹfPNd
vko`Qfr dk gks] ge ,d vR;ar lw{e lery ysdj ml ij
mijksDr O;qRifÙk osQ pj.k ykxw dj ldrs gSaA è;ku nhft,]
A ,oa ∆t nksukas gh vafre ifj.kke esa izdV ugha gksrs gSaA vè;k;
10 esa fn, x, ikLdy osQ fu;e osQ vuqlkj ;fn dksbZ xSl
lkE;koLFkk esa gks] rks mlosQ ,d Hkkx ij ftruk nkc gksrk gS
mruk gh nkc fdlh nwljs Hkkx ij Hkh gksrk gSA  (ii) f}rh;]

bl O;qRifÙk esa geus fdUgha Hkh la?kê ðksa dks mis{k.kh; ekudj
ifjdyuksa esa lfEefyr ugha fd;k gSA ;|fi] bl iwoZ/kj.kk
dk dksbZ iDdk vkSfpR; crkuk rks dfBu gS] ijarq xq.kkRed
:i ls ge ;g ns[k ldrs gSa fd blls vafre ifj.kke esa =kqfV
ugha vkrhA ∆t lsoaQM esa  nhokj ls la?kkr djus okys v.kqvksa
dh vkSlr la[;k – n Av

x
 ∆t ikbZ tkrh gSA vc] pwafd la?kê ð

;kn`fPNd gS vkSj xSl ,d LFkk;h izkoLFkk esa gS] ;fn
(v

x
, v

y
, v

z
 ) osx okys v.kq dh] la?kê ð osQ dkj.k] xfr cny

Hkh tk,xh rks fHkUu izkjafHkd osx okyk dksbZ d.k la?kê ð osQ
ckn ;g osx  (v

x
, v

y
, v

z
 )  izkIr dj ysxkA D;ksafd ;fn ,slk

ugha gksxk rks osxksa dk forj.k LFkk;h ugha jg ik,xkA lHkh
izdj.kksa esa ge 2

xv  dk eku izkIr djsaxsA vkSj bl izdkj v.kqvksa
osQ la?kê ð (tc rd fd os cgqr tYnh&tYnh ugha gks jgs gSa
vkSj ,d la?kê ð esa yxk le; nks la?kê ðksa osQ chp osQ le; dh
rqyuk esa mis{k.kh; gS) ls mijksDr ifjdyu izHkkfor ugha
gksrkA

12.4.2  rki dh v.kq xfrd O;k[;k

lehdj.k (12-14) dks bl izdkj Hkh fy[kk tk ldrk gS]
PV   =  (1/3) nV m 2v (12.15a)

PV   =   (2/3) [N x – m 2v ] (12.15b)

;gk¡ N (= nV) xSl osQ uewus esa v.kqvksa dh oqQy la[;k gSA
nh?kZ dks"Bd esa fy[kh jkf'k xSl osQ v.kqvksa dh vkSlr

LFkkukarjh; xfrt ÅtkZ gSA D;ksafd fdlh vkn'kZ xSl dh
vkarfjd ÅtkZ iw.kZr% xfrt ÅtkZ* gh gS]

E = N × (1/2) m 2v (12.16)

lehdj.k (12-15b) ls rc gesa izkIr gksrk gS]
PV = (2/3) E (12.17)
vc ge rki dh v.kqxfrd O;k[;k osQ fy, rS;kj gSaA

lehdj.k (12-17) dk vkn'kZ xSl lehdj.k (12-3) ls
la;ksftr djus ij

    E = (3/2)  k
B  NT                              (12.18)

;k  E/ N = –  m 2v    =   (3/2) k
B
T (12.19)

vFkkZr~] fdlh v.kq dh vkSlr xfrt ÅtkZ] xSl osQ ije rki
osQ vuqØekuqikrh gksrh gS % ;g vkn'kZ xSl dh izo`Qfr] nkc
;k vk;ru ij fuHkZj ugha djrhA ;g ,d ekSfyd fu"d"kZ gS]
tks fdlh xSl osQ rki] tks xSl dk ,d LFkwy] es;] izkpy
(ftls Å"ekxfrdh pj dgk tkrk gS) gS] dks fdlh vkf.od

* laosQr E vkarfjd ÅtkZ  U, ftlesa vU; Lokra=; dksfV;ksa osQ dkj.k Hkh ÅtkZ,¡ lfEefyr gks ldrh gSa (nsf[k;s vuqHkkx 12-5)] dk
osQoy LFkkukarjh; Hkkx gh O;Dr djrk gSA
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t

t

jkf'k] ftls v.kq dh vkSlr xfrt ÅtkZ dgrs gSa ls lac¼
djrk gSA cksYV~”keku fu;rkad bu nks izHkko {ks=kksa dks tksM+rk
gSA è;ku ls ns[ksa rks lehdj.k (12-18) ;g Li"V djrh gS
fd vkn'kZ xSl dh vkarfjd ÅtkZ osQoy mlosQ rki ij fuHkZj
djrh gS] nkc ;k vk;ru ij ughaA rki dh bl O;k[;k ls
Li"V gS fd vkn'kZ xSlksa dk v.kqxfr fl¼kar vkn'kZ xSl
lehdj.k vkSj bl ij vk/kfjr fofHkUu xSl fu;eksa osQ iw.kZr%
laxr gSA

vfØ; vkn'kZ xSlksa osQ feJ.k osQ fy, oqQy nkc feJ.k dh
izR;sd xSl osQ nkc dk ;ksxnku gksrk gSA lehdj.k (12-14) dks
u, :i esa bl izdkj fy[k ldrs gSa]

P = (1/3) [n1m1
2
1v  + n2 m2 

2
2v +…  ]      (12.20)

lkE;koLFkk esa fofHkUu xSlksa osQ v.kqvksa dh vkSlr xfrt
ÅtkZ leku gks tk,xhA vFkkZr~

–  m1 
2
1v  = – m2 

2
2v = (3/2) k

B
 T

vr%] P = (n1 + n2 +…  ) k
B
 T (12.21)

;gh MkYVu dk vkaf'kd nkcksa dk fu;e gSA

lehdj.k (12-19) ls ge fdlh xSl esa v.kqvksa dh
izk:fid pky dk vuqeku yxk ldrs gSaA ukbVªkstu osQ ,d

v.kq dh  T = 300 K, rki ij ekè; oxZ pky gksxh %

;gk¡]  
2 – 26

26

28
4.65 10

6.02 10
= = = ×

×

N

A

M
m

N
 kg

2v   =  3 k
B
 T / m    =    (516)2 m2s-2

2v  dk oxZewy bldh oxZ ekè; ewy (rms) pky
dgykrh gS vkSj bls vrms  }kjk fu£n"V djrs gSaA

( 2v     dks ge   < v2 > Hkh fy[k ldrs gSa )
vrms   =    516 m s-1

bl pky dh dksfV ok;q esa èofu osQ osx osQ leku gSA
lehdj.k (12-19) ls ge bl fu"d"kZ ij igq¡prs gSa fd
leku rki ij gyosQ v.kqvksa dh rms pky vf/d gksrh gSA

mnkgj.k 12.5 12.5 12.5 12.5 12.5  fdlh ÝykLd esa vkxZu ,oa Dyksjhu
xSl Hkjh gS ftuosQ nzO;eku 2% 1 osQ vuqikr esa gSaA
feJ.k dk rki 27°C gSA nksuksa xSlksa osQ  (i) izfr v.kq dh
vkSlr xfrt ÅtkZ dk vuqikr (ii) nksuksa xSlksa osQ v.kqvksa
dh oxZ ekè; ewy pkyksa vrms dk vuqikr Kkr dhft,A
vkxZu dk ijek.kq nzO;eku  = 39.9 u, Dyksjhu dk v.kq
nzO;eku = 70.9u

gy   ;gk¡ ;kn j[kus ;ksX; egRoiw.kZ ckr ;g gS fd fdlh
(vkn'kZ) xSl dh (izfr v.kq) vkSlr xfrt ÅtkZ (pkgs og
vkxZu dh rjg ,d ijek.kqd gks] Dyksjhu dh rjg f}ijek.kqd
gks] vFkok cgqijek.kqd Hkh D;ksa u gks) lnSo gh (3/2) k

B
T

osQ cjkcj gksrh gS] xSl osQ rki ij fuHkZj djrh gS vkSj xSl
dh izo`Qfr ij fuHkZj ugha djrhA
(i) pwafd ÝykLd esa vkxZu vkSj Dyksjhu nksuksa dk rki leku

gS] vr% bu nks xSlksa dh (izfr v.kq) vkSlr xfrt
ÅtkZvksa dk vuqikr 1% 1 gSA

(ii) vc  – m vrms
2  =  izfr v.kq vkSlr xfrt ÅtkZ =

(3/2) ) kBT  ;gk¡  m  xSl osQ ,d v.kq dk nzO;eku gSA

( )

( )
( )

( )

( )

( )
= =

2

Cl ClAr
2

Ar ArCl

rms

rms

v m M

m Mv
= 

70.9
39.9

 =1.77

;gk¡ M  xSl dk v.kq&nzO;eku gS (vkxZu dk ijek.kq gh
mldk v.kq gSA) nksuksa i{kksa dk oxZewy ysus ij

( )

( )
Ar

Cl

rms

rms

v

v
 =  1.33

vkius bl rF; ij è;ku fn;k gksxk fd mijksDr ifjdyuksa esa
feJ.k osQ nzO;ekuksa osQ vk/kj ij la?kVu dh dksbZ izklafxdrk
ugha gSA ;fn rki dk eku vifjo£rr jgrk gS rks vkxZu vkSj
Dyksjhu osQ nzO;eku fdlh vU; vuqikr esa gksrs] rc Hkh
(i) ,oa (ii) osQ mÙkj ;gh gksrsA   t

mnkgj.k 12.6 12.6 12.6 12.6 12.6   ;wjsfu;e osQ nks leLFkkfudksa osQ
nzO;eku 235 u ,oa 238 u gSaA ;fn ;wjsfu;e
gsDlkÝyksjkbM xSl esa ;s nksuksa leLFkkfud fo|eku gksa]
rks fdldh vkSlr pky vf/d gksxh\ ;fn Ýyksjhu
dk ijek.kq nzO;eku 19 u gks] rks fdlh Hkh rki ij]
budh pkyksa esa izfr'kr varj vkdfyr dhft,A

gy %   fdlh fu;r rki ij vkSlr ÅtkZ  = ½ m <v2 > fu;r
jgrh gSA vr% v.kq dk nzO;eku ftruk de gksxk] mruh gh
vf/d rhoz mldh xfr gksxhA pkyksa dk vuqikr] nzO;ekuksa osQ
vuqikr osQ oxZewy osQ O;qRØekuqikrh gSA pwafd ;gk¡ nzO;eku
349u ,oa 352 bdkb;k¡ gSa] blfy,

v349 / v352  =   ( 352/ 349)1/2 = 1.0044

pkyksa osQ varj dk izfr'kr 
∆V

V
= 0.44 %
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t

235U  og leLFkkfud gS ftldh vko';drk ukfHkdh;
fo[kaMu esa gksrh gSA bldks vf/d ek=kk esa ik, tkus okys
leLFkkfud 238U  ls i`Fkd djus osQ fy, feJ.k dks ,d
lja/z fl¯yMj }kjk pkjksa vksj ls ?ksj nsrs gSaA lja/z fl¯yMj
eksVh nhokj dk ysfdu ladjk gksuk pkfg, rkfd v.kq yacs
ja/zksa dh nhokjksa ls la?kê ð djrs gq, ,d ,d dj tk losaQA èkhes
v.kqvks a dh rqyuk esa rhozxfr ls pyus okys v.kq
vf/d la[;k esa fjl dj ckgj vk,axs vkSj bl izdkj
lja/z fl¯yMj osQ ckgj gyosQ v.kq vf/d ek=kk esa ik, tk,¡xs
(lao/Zu) (nsf[k, fp=k 12.5)A ;g fof/ vR;ar izHkkoh
ugha gS vkSj i;kZIr lao/Zu osQ fy, bls dbZ ckj nksgjkuk
iM+rk gSA t

tc xSlsa folfjr gksrh gSa] rks muosQ folj.k dh
nj muosQ v.kqvksa osQ nzO;eku osQ oxZewy osQ O;qRØekuqikrh
gksrh gS (nsf[k, vH;kl 12.12)A D;k mijksDr mÙkj
osQ vk/kj ij vki bl rF; dh O;k[;k dk vuqeku yxk
ldrs gSa\

fp=k 12.5  12.5  12.5  12.5  12.5  ,d lja/z nhokj ls xq”kjrs gq, v.kqA

mnkgj.k 12.7 12.7 12.7 12.7 12.7  (a)  tc dksbZ v.kq (;k izR;kLFk xsan)
fdlh (Hkkjh) nhokj ls Vdjkrk gS] rks Vdjkus osQ
i'pkr~ ;g mlh pky ls foijhr fn'kk esa okil ykSVrk
gSA tc dksbZ xaasn n`<+rkiwoZd idM+s x, Hkkjh cYys ls
Vdjkrh gS] rks Hkh ,slk gh gksrk gSA rFkkfi] tc xasn
viuh vksj vkrs gq, cYys ls Vdjkrh gS] rks ;g fHkUu
pky ls okil ykSVrh gSA ml fLFkfr esa xasn dh pky
vis{kko`Qr de gksrh gS ;k vf/d\ (vè;k; 6
izR;kLFk la?kê ðksa ls lacaf/r vkidh ;kn rktk dj

losQxk)A  (b) fiLVu yxs fl¯yMj esa fiLVu dks vanj
dh vksj /osQy dj tc fdlh xSl dks laihfMr fd;k
tkrk gS] rks ml xSl dk rki c<+ tkrk gSA Åij (a) esa
iz;qDr v.kqxfr fl¼kar osQ vk/kj ij bl izs{k.k dh
O;k[;k dhft,A (c) fiLVu yxs flfyaMj esa laihfMr
xSl tc fiLVu dks ckgj /osQydj iSQyrh gS rks D;k
gksrk gS\ rc vki D;k isz{k.k djsaxs\ (d) [ksyrs le;
lfpu rsanqydj ,d Hkkjh cYys dk mi;ksx djrs gSaA blls
D;k mudks fdlh izdkj dh dksbZ lgk;rk feyrh gS\

gy   (a)  ekuk fd cYys osQ ihNs yxs fofdVksa osQ lkis{k xsan dh
pky u  gSA ;fn fofdVksa osQ lkis{k cYyk V  pky ls xsan dh vksj
vk jgk gks rks cYys osQ lkis{k xsan dh pky V + u  gksxh] tks cYys
dh vksj izHkkoh gksxhA Hkkjh cYys ls Vdjkdj tc xsan okil
ykSVrh gS rks cYys osQ lkis{k bldh pky V + u  cYys ls nwj dh
vksj gksxhA vr% fofdV osQ lkis{k] ykSVrh gqbZ xsan dh pky]
V + (V + u) = 2V + u, fofdV ls ijs tkrh gqbZ gksxhA vr% bl
izdkj xfreku cYys ls la?kêð osQ i'pkr~ xsan dh pky c<+ tkrh
gSA ;fn cYyk Hkkjh ugha gS rks izfris{k pky u ls de gksxhA v.kq
osQ fy, bldk vFkZ rki esa òf¼ gksxkA

(a) osQ mÙkj osQ vk/kj ij] vc vki] (b) (c), (d) osQ
mÙkj ns ldrs gSaA
(laosQr: bl laxrrk ij è;ku nsa] fiLVu à cYyk] flfyaMj
à fofdV] v.kq à xsan )A t

12.5  ÅtkZ osQ lefoHkktu dk fu;e
fdlh ,dy v.kq dh xfrt ÅtkZ gksrh gS %

ε = + +2 2 21 1 1
      

2 2 2t x y zmv mv mv      (12.22)

T  rki ij] rkih; lkE; esa fdlh xSl dh vkSlr ÅtkZ
dk eku < tε > }kjk fu£n"V fd;k tkrk gS] vr%

ε = + + =2 2 21 1 1 3
2 2 2 2t x y z Bmv mv mv k T   (12.23)

D;ksafd ;gk¡ dksbZ ojh; fn'kk ugha gS] vr% lehdj.k (12.23)

ls bafxr gksrk gS fd

=21 1
    

2 2x Bmv k T  ; =21 1
    

2 2y Bmv k T ;

=21 1
    

2 2z Bmv k T (12.24)
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* ijek.kqvksa dks feykus okyh js[kk osQ ifjr% ?kw.kZu dk tM+Ro vk?kw.kZ cgqr de gksrk gS vkSj DokaVe ;kaf=kdh; dkj.kksa ls izHkkoh ugha
gks ikrkA vuqHkkx 12.6  dk vafre Hkkx nsf[k,A

fno~QLFkku esa xfr osQ fy, Lora=k fdlh v.kq dh fLFkfr
n'kkZus osQ fy, gesa rhu funsZ'kkadksa dh vko';drk gksrh gSA
;fn bldh xfr fdlh ,d lery esa ckè; dj nh tk,] rks
nks funsZ'kkadksa dh] vkSj ;fn bls fdlh ljy js[kk osQ vuqfn'k
xfr osQ fy, ckè; dj fn;k tk,] rks osQoy ,d funsZ'kkad
dh vko';drk gksxhA bls ,d nwljs <ax ls Hkh O;Dr fd;k
tk ldrk gSA ge dgrs gSa fd ljy js[kh; xfr osQ fy,
bldh Lokra=; dksfV ,d gS] lery xfr dh Lokra=; dksfV
nks rFkk fno~QLFkku esa xfr osQ fy, Lokra=; dksfV rhu gSA
fdlh laiw.kZ fi.M dh ,d fcanq ls nwljs fcanq rd xfr dks
LFkkukarjh; xfr dgrs gSaA vr%] fno~QLFkku esa xfr osQ fy,
Lora=k v.kq dh rhu Lokra=; dksfV gksrh gSaA izR;sd LFkkukarjh;
Lora=krk dh ,d Lokra=; dksfV gksrh gS] ftlesa xfr osQ fdlh
pj dk oxZ lfEefyr gksrk gS] mnkjg.kkFkZ ;gk¡ – mv

x
2  vkSj

blh osQ ln`'k in v
y
  ,oa v

z 
gSaA lehdj.k (12.24) esa ge

ns[krs gSa fd rkih; lkE; esa bl izdkj osQ izR;sd in dk
vkSlr eku  – k

B
T  gSA

vkxZu tSlh ,dijek.kqd xSl osQ v.kqvksa esa osQoy
LFkkukarjh; Lokra=; dksfV gksrh gSA ysfdu  O2 ;k  N2  tSlh
f}ijek.kqd xSlksa osQ fo"k; esa D;k dg ldrs gSa\  O2 osQ v.kq
esa 3 LFkkukarjh; Lokra=; dksfV rks gksrh gh gSa] ij] buosQ
vfrfjDr ;g v.kq vius nzO;eku osaQnz osQ ifjr% ?kw.kZu xfr Hkh
dj ldrs gSaA fp=k 12.6  esa] vkWDlhtu osQ nks ijek.kqvksa dks
tksM+us okyh js[kk osQ yacor~ nks Lora=k ?kw.kZu v{k 1 ,oa 2
n'kkZ, x, gSa ftuosQ ifjr% v.kq ?kw.kZu xfr dj ldrk gS*A
vr% bu v.kqvksa esa izR;sd dh nks ?kw.khZ Lokra=; dksfV gksrh gSaA
bl izdkj oqQy ÅtkZ esa LFkkukarjh; ÅtkZ tε  ,oa ?kw.khZ ÅtkZ εr

nksuksa dk ;ksxnku gksrk gSA

ε ε ω ω+ = + + + +2 2 2 2 2
1 1 2 2

1 1 1 1 1
2 2 2 2 2t r x y zmv mv mv I I (12.25)

fp=k 12.6 12.6 12.6 12.6 12.6 f}ijek.kqd v.kq osQ nks Lora=k ?kw.kZu v{kA

;gk¡ ω1  ,oa ω2  Øe'k% v{kksa 1 ,oa 2 osQ ifjr% dks.kh; pky
rFkk I1  ,oa  I2  muosQ laxr tM+Ro&vk?kw.kZ gSaA è;ku nhft,]
izR;sd ?kw.khZ Lokra=; dksfV ÅtkZ esa ,d in dk ;ksxnku djrh
gS ftlesa ?kw.khZ xfr osQ fdlh pj dk oxZ lfEefyr gksrk gSA

Åij geus ;g eku fy;k gS] fd O2 v.kq ,d ¶n`<+
?kw.khZ̧  gS] vFkkZr~] ;g v.kq oaQiu ugha djrkA O2  osQ fy, ;g
iwoZ/kj.kk] ;|fi (lkekU; rki ij) lgh ikbZ xbZ gS] ij lnSo
ekU; ugha gksrhA CO tSls oqQN v.kq] lkekU; rki ij Hkh oqQN
oaQiu djrs gSa] vFkkZr~ buosQ ijek.kq] varjkijek.kqd v{k osQ
vuqfn'k ,dfoeh; oaQiu djrs gSa (Bhd oSls gh tSls
,dfoeh; yksyd) vkSj ifj.kker% oqQy ÅtkZ esa ,d in] ε

v

oaQiu ÅtkZ dk Hkh gksrk gS] ;gk¡]

ε
 

= + 
 

2
21 d 1

2 d 2v

y
m ky

t

tgk¡  k  yksyd dk cy fu;rkad ,oa  y bldk oaQiu funsZ'kkad
gSA vc]

ε ε ε= + + εt r v (12.26)

iqu% è;ku nhft,] lehdj.k (12.26) esa fn, x,
oaQiu&ÅtkZ in esa] xfr osQ oaQiu pjksa y  ,oa dy/dt  osQ oxZ
lfEefyr gSaA

;g Hkh nsf[k, fd izR;sd LFkkukarjh; ,oa ?kw.khZ Lokra=;
dksfV us rks ,d gh ¶o£xr in¸ dk ;ksxnku fd;k gS] ij
lehdj.k (12.26) esa fn, x, oaQiu Lokra=; dksfV osQ lkis{k
in esa xfrt ,oa fLFkfrt ÅtkZ O;Dr djus okys nks o£xr
in gSaA

ÅtkZ osQ O;atd esa izR;sd f}?kkrh in v.kq }kjk ÅtkZ
vo'kksf"kr djus dk ,d <ax crkrk gSA ge ns[k pqosQ gSa fd
ije rki  T  ij rkih; lkE;koLFkk esa LFkkukarjh; xfr osQ
izR;sd <ax osQ fy, vkSlr ÅtkZ ½ k

B
T  gSA loZizFke eSDlosy

}kjk fl¼ fd, x, fpj izfrf"Br lkaf[;dh; ;kaf=kdh osQ
lokZf/d ifj"òQr fl¼kar osQ vuqlkj ÅtkZ osQ foHkktu osQ
izR;sd <ax esa ,slk gh gksrk gS pkgs ÅtkZ LFkkukarjh; gks] ?kw.khZ gks
;k oaQiu ÅtkZ gksA vFkkZr~ rkih; lkE; esa] ÅtkZ leku :i ls
lHkh laHko ÅtkZ :iksa ij cafVr gksrh gS vkSj izR;sd :i eas
vkSlr ÅtkZ ½ k

B
T  ikbZ tkrh gSA ;gh ÅtkZ dk lefoHkktu

fu;e gSA rnuqlkj] fdlh v.kq dh LFkkukarjh; ,oa ?kw.khZ
Lokra=; dksfV;ksa esa izR;sd ½ k

B
T  ÅtkZ dk ;ksxnku nsrh gS
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tcfd izR;sd oaQiu vko`fÙk  2 × ½ k
B
T  = k

B
T  ÅtkZ dk

;ksxnku nsrh gS] D;ksafd] oaQiu :i esa xfrt vkSj fLFkfrt
nksuksa izdkj dh ÅtkZvksa dk ;ksxnku gksrk gSA

ÅtkZ osQ lefoHkktu fu;e dh miifÙk bl iqLrd dh
fo"k; oLrq ls ckgj gSA ;gk¡ ge lS¼kafrd :i ls xSlksa dh
fof'k"V Å"ek /kfjrk Kkr djus osQ fy, bl fu;e dk
mi;ksx djsaxsA ckn esa Bkslksa dh fof'k"V Å"ek /kfjrk osQ fy,
Hkh blosQ mi;ksx dk laf{kIr fooj.k nsaxsA

12.6  fof'k"V Å"ek /kfjrk

12.6.1 ,dijek.kqd xSlksa osQ fy,

,dijek.kqd xSl osQ v.kq esa osQoy rhu LFkkukarjh; Lokra=;
dksfV gksrh gSaA vr% buosQ ,d v.kq dh T  rki ij vkSlr
ÅtkZ (3/2)kBT  gksxhA bl izdkj dh xSl osQ 1 eksy dh oqQy
vkarfjd ÅtkZ]

= × =
3 3

 
2 2B AU k T N RT (12.27)

fu;r vk;ru ij eksyj fof'k"V Å"ek /kfjrk C
v  
dk eku gS]

 C
v
 (,dijek.kqd xSl osQ fy,) = 

d
d
U

T
 =

3
2

RT

(12.28)
vkn'kZ xSl osQ fy,
C

p
 – C

v
 = R (12.29)

tgk¡] C
p
 fu;r nkc ij eksyj fof'k"V Å"ek/kfjrk gSA

vr%] C
p
 = 5

2
 R (12.30)

bu nks fof'k"V Å"ek /kfjrkvksa dk vuqikr

γ = =
5
3

p

v

C

C
(12.31)

12.6.2 f}ijek.kqd xSlksa osQ fy,
tSlk igys Li"V fd;k tk pqdk gS fd f}ijek.kqd v.kq dh
vko`Qfr Macykdkj gksrh gS vkSj ;fn bl vko`Qfr dks n`<+ ?kw.khZ
ekusa] rks bldh  5  Lokra=; dksfV gSa : 3 LFkkukarjh; ,oa  2
?kw.khZA ÅtkZ lefoHkktu osQ fu;ekuqlkj bl  izdkj dh xSl
osQ ,d eksy dh] T rki ij oqQy vkarfjd ÅtkZ]

= × =
5 5
2 2B AU k T N RT (12.32)

vr% eksyj fof'k"V Å"ek /kfjrk,¡

C
v
 (n`<+ f}ijek.kqd) = 5

2
R, C

p
 = 7

2
R (12.33)

γ (n`<+ f}ijek.kqd) = 7

5
(12.34)

;fn f}ijek.kqd v.kq n`<+ ugha gS] oju~ blesa ,d
vfrfjDr oaQiu :i Hkh lfEefyr gS] rks

B B A

5 7
U k T k T N  RT

2 2

 
= + = 
 

γ= = =
7 9 9

, ,  
2 2 7v pC R C R R (12.35)

12.6.3 cgqijek.kqd xSlksa osQ fy,
O;kid :i esa fdlh cgqijek.kqd v.kq esa  3  LFkkukarjh;] 3
?kw.khZ Lokra=; dksfV ,oa oqQN fuf'pr la[;k (f ) osQ oaQiu
:i gksrs gSaA ÅtkZ lefoHkktu osQ fu;ekuqlkj ;g lqxerk ls
le>k tk ldrk gS fd bl izdkj dh xSl osQ 1 eksy dh
oqQy vkarfjd ÅtkZ

 U = ( 3

2
 k

B
T + 3

2
 k

B
T + f k

B
T ) N

A

vFkkZr~ C
v
 = (3 + f ) R;     C

p
 = (4 + f ) R,

 

( )

( )
γ

4 +
=

3 +

f

f
(12.36)

è;ku nhft,]  C
p
 – C

v
 = R  lHkh vkn'kZ xSlksa osQ fy,

lR; gS] fiQj pkgs og xSl ,dijek.kqd gks] f}ijek.kqd gks
vFkok cgqijek.kqd Hkh D;ksa u gksA

lkj.kh (12.1) esa] xSlksa esa] oaQiu :iksa dh mis{kk djrs
gq,] mudh fof'k"V Å"ek /kfjrkvksa osQ fo"k; esa lS¼kafrd
iwokZuqekuksa dks lwphc¼ fd;k x;k gSA ;s eku lkj.kh (12.2)

esa fn, x, dbZ xSlksa osQ fy, fof'k"V Å"ek /kfjrkvksa osQ
izk;ksfxd ekuksa ls dkiQh esy [kkrs gSaA ;g lR; gS] fd ,slh
dbZ xSls gSa (tks lkj.kh esa ugha n'kkZbZ xbZ gSa)] tSls Cl

2
, C

2
H

6

vkSj cgqr lh cgqijek.kqd xSlsa] ftuosQ izk;ksfxd vkSj lS¼kafrd

xSl dh
izo`Qfr

,dijek.kqd

f}ijek.kqd

f=kijek.kqd

lkj.kh 12.1 xSlksa dh fof'k"V Å"ek /kfjrkvksa osQ iwokZuqekfur
eku (oaQiu :iksa dh mis{kk djrs gq,)
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t

ekuksa esa cgqr varj ik;k x;k gSA lk/kj.kr% bu xSlksa dh
fof'k"V Å"ek /kfjrkvksa osQ eku lkj.kh (12.1) eas fn, x,
lS¼kafrd ekuksa ls vf/d ik, x, gSaA bldk vFkZ ;g gqvk fd
;fn ge ifjdyuksa esa oaQiu :iksa osQ ;ksxnku dks Hkh
lfEefyr djsa] rks izk;ksfxd ,oa lS¼kafrd ekuksa esa vf/d
laxfr ǹf"Vxkspj gksxhA vr%] lkekU; rki ij ÅtkZ lefoHkktu
dk fu;e] izk;ksfxd :i ls vPNh rjg iq"V gksrk gSA

mnkgj.k 12.8 12.8 12.8 12.8 12.8  44.8 yhVj fu;r /kfjrk osQ ,d
csyukdkj crZu esa STP ij ghfy;e xSl Hkjh gSA bl
xSl osQ rki esa 15.0 °C  o`f¼ djus osQ fy, fdruh
Å"ek dh vko';drk gksxh\  (R = 8.31 J mo1–1 K–1)

gy %  xSl fu;e PV = µRT  dk mi;ksx djosQ vki ;g
vklkuh ls n'kkZ ldrs gSa fd fdlh Hkh vkn'kZ xSl osQ 1 eksy
dk] ekud rki (273 K) ,oa nkc (1 atm = 1.01 × 105

Pa) ij vk;ru  22.4 yhVj gksrk gSA bl lkoZf=kd vk;ru
dks ^eksyj vk;ru* dgrs gaSA vr% bl mnkgj.k esa crZu osQ
Hkhrj ghfy;e osQ 2  eksy gSaA D;ksafd ghfy;e ,dijek.kq xSl
gS] bldh fu;r vk;ru ij fof'k"V Å"ek /kfjrk
C

v
 = (3/2) R, rFkk fu;r nkc ij fof'k"V Å"ek /kfjrk

C
P
 = (5/2) R  gSA D;ksafd crZu dk vk;ru fu;r gS]

vko';d Å"ek Kkr djus osQ fy, C
v 
dk mi;ksx djsaxsA vr%

vko';d Å"ek = eksyksa dh la[;k × eksyj fof'k"V Å"ek
/kfjrk × rkio`f¼

= 2 × 1.5 R × 15.0 = 45 R

= 45 × 8.31 = 374 J t

12.6.4   Bkslksa dh fof'k"V Å"ek /kfjrk

Bkslksa dh fof'k"V Å"ek/kfjrk Kkr djus osQ fy, Hkh ge ÅtkZ
lefoHkktu dk fu;e ykxw dj ldrs gSaA fdlh Bksl osQ
fo"k; esa fopkj dhft,] tks N ijek.kqvksa dk cuk gSA izR;sd
ijek.kq viuh ekè; fLFkfr osQ b/j&m/j oaQiu dj jgk gSA
fdlh ,dfoeh; oaQiu dh vkSlr ÅtkZ  2 ×½ k

B
T

= k
B
T  gSA f=kfoeh; oaQiuksa osQ fy, vkSlr ÅtkZ  3 k

B
T  gSA

Bksl osQ 1 eksy osQ fy, N = N
A  
vkSj bldh oqQy vkarfjd

ÅtkZ
U =  3  k

B
T  × N

A
  = 3 RT

vc] fu;r nkc ij ∆Q = ∆U + P∆V = ∆U,  D;ksafd
fdlh Bksl osQ fy,  ∆V  mis{k.kh; gSA vr%

∆ ∆
= = =

∆ ∆
 3

Q U
C R

T T
(12.37)

lkj.kh 12.3 dejs osQ rki ,oa ok;qeaMyh; nkc ij oqQN
Bkslksa dh fof'k"V Å"ek /kfjrkvksa osQ eku

lkj.kh 12.3 n'kkZrh gS fd O;kid :i ls] lkekU; rki
ij izkIr izk;ksfxd eku izkxqDr ekuksa ls esy [kkrs gSaA (dkcZu
,d viokn gS)A

12.7 ekè; eqDr iFk

xSlksa esa v.kqvksa dh xfr dkiQh vf/d] ok;q esa èofu osQ osx
dh dksfV osQ cjkcj gksrh gSA rks Hkh] jlksbZ?kj esa fl¯yMj ls
yhd gqbZ xSl dks dejs osQ nwljs dksus rd folfjr gksus esa
dkiQh vf/d le; yxrk gSA ok;qeaMy esa /q,¡ dk ckny ?kaVksa
rd cuk jgrk gSA ,slk blfy, gksrk gS] D;ksafd] xSl osQ v.kq
,d ifjfer] ij vR;ar NksVh vkeki osQ gksrs gSaA blhfy, os
ijLij Vdjkrs jgus osQ fy, ckè; gSaA ifj.kkeLo:i] os
vckè; :i ls] ljy js[kk esa pyrs ugha jg ldrs] mudk iFk
fujarj ifjo£rr jgrk gSA

xSl dh
izo`Qfr

xSl

,dijek.kqd
,dijek.kqd
,dijek.kqd

f}ijek.kqd
f}ijek.kqd

f}ijek.kqd

f=kijek.kqd

cgqijek.kqd

lkj.kh 12.2 oqQN xSlksa dh fof'k"V Å"ek /kfjrkvksa osQ
ekfir eku
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t

fp=k 12.7 12.7 12.7 12.7 12.7 ∆t le; esa fdlh v.kq }kjk izl£ir vk;ru ftleas
dksbZ nwljk v.kq blls Vdjk,xkA

eku yhft,] fdlh xSl osQ v.kq d  O;kl osQ xksys gSaA
;gk¡ ge viuk è;ku fdlh ,sls xfreku v.kq ij osaQfnzr djsaxs
ftldh ekè; pky <v>   gSA ;g fdlh Hkh ,sls nwljs v.kq ls
la?kê ð djsxk tks bu nks v.kqvksa osQ osaQnzksa osQ chp dh nwjh d
osQ vanj vk tk,xkA ∆t le; esa ;g vk;ru (πd2 <v> ∆t) r;
djrk gS ftlesa vkus okyk dksbZ v.kq blls Vdjk,xk (ns[ksa
fp=k 12.7)A ;fn izfr ,dkad vk;ru esa v.kqvksa dh la[;k
n gks rks dksbZ v.kq  ∆t  le; esa nπd2 <v> ∆t  la?kê ð djsxkA
bl izdkj la?kê ðkas dh nj   nπd2 <v> gSA vFkok nks Øfed
la?kê ðksa osQ chp vkSlr varjky]

τ  = 1/(nπ <v> d2 ) (12.38)
fdUgha nks Øfed la?kê ðksa osQ chp dh vkSlr nwjh] ftls

ekè; eqDr iFk (l ) dgrs gSa] gksxk :
l  = <v> τ = 1/(nπd2) (12.39)
bl O;qRifÙk esa geus ;g dYiuk dh gS fd nwljs lHkh

v.kq fojkekoLFkk esa gSaA ijarq okLro esa lHkh v.kq xfreku gSa
vkSj la?kê ð nj v.kqvksa osQ vkSlr vkisf{kd osx }kjk fu/kZfjr
dh tkrh gSA vr% gesa lehdj.k (12-38) esa <v> dks <v

r
>

ls izfrLFkkfir djuk gksxkA vr% vf/d ;FkkFkZ O;qRifÙk }kjk

( )21/ 2l n dπ= (12.40)

vkb;s] vc ge ok;q osQ v.kqvksa osQ fy,] STP  ij vkSlr osx
<v>  = ( 485m/s) ysdj l  ,oa T  dk vkdyu djrs gSaA

n = 
( )
( )

3

–

2

3

0.02 10

22.4 10

×

×

=  2.7 × 10 25 m–3

d = 2 × 10–10 m ysus ij]
τ = 6.1 × 10–10 s

rFkk] l = 2.9 × 10–7 m ≈ 1500d (12.41)

tSlh vis{kk Fkh] lehdj.k (12.40) }kjk fn;k x;k ekè;
eqDr iFk dk eku v.kq dh vkeki ,oa la[;k ?kuRo ij
izfrykser% fuHkZj djrk gSA fdlh vR;f/d fuokZfrr uyh esa
pkgs n fdruk Hkh de D;ksa u gks] ekè; eqDr iFk dk eku
uyh dh yackbZ osQ cjkcj gks ldrk gSA

mnkgj.k 12.9 12.9 12.9 12.9 12.9  373 K ij] ty ok"i esa] ty osQ
v.kq osQ ekè; eqDr iFk dk vkdyu dhft,A mnkgj.k
12.1 vkSj lehdj.k (12.41) esa nh xbZ lwpukvksa dk
mi;ksx dhft,A

gy   ty ok"i osQ fy, d  dk eku] bldk ok;q osQ fy, eku
cjkcj gksrk gSA la[;k ?kuRo ije rki osQ O;qRØekuqikrh gSA

blfy, – 325 25273
2.7 10 2 10 m

373
= × × = ×n

vr% ekè; eqDr iFk –74 10 ml = ×  t

è;ku nhft,] ekè; eqDr iFk] iwoZ ifjdyuksa }kjk Kkr
varjkijek.kqd nwjh ~ 40 Å = 4 ×10-9 m  dh rqyuk esa 100

xquh gSA ekè; eqDr iFk dk ;g cM+k eku gh xSlksa osQ izk:fid
O;ogkj dk ekxZn'kZd gSA fcuk fdlh /kjd ik=k osQ xSlksa dks
lhfer ugha fd;k tk ldrk gSA

v.kqxfr fl¼kar dk mi;ksx djosQ] ';kurk] Å"ek&pkydrk]
,oa folj.k tSls LFkwy es; xq.kksa dks vkf.od vkeki tSls
vfrlw{e izkpyksa ls lacaf/r fd;k tk ldrk gSA blh rjg osQ
laca/ksa ls gh loZizFke v.kqvksa dh vkeki dk vkdyu fd;k
x;k FkkA

t

d

d

v

lkjka'k

1. nkc (P ), vk;ru (V ) vkSj ije rki (T ) eas laca/ LFkkfir djus okyh vkn'kZ xSl lehdj.k gS]
                                         PV = µ RT  = k

B
 NT

;gk¡ µ xSl esa eksyksa dh la[;k vkSj N v.kqvksa dh la[;k gSA R  rFkk k
B
  Øe'k% lkoZf=kd xSl fu;rkad ,oa

cksYV~”keku fu;rkad gSaA
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R = 8.314 J mol–1 K–1,     k
B
  = 

A

R

N    = 1.38 × 10–23 J K–1

okLrfod xSlsa] vkn'kZ xSl lehdj.k dk vf/dkf/d ikyu osQoy mPp rki rFkk fuEu nkc ij gh djrh gSaA
2. vkn'kZ xSl osQ v.kqxfr fl¼kar osQ vuqlkj

                                        = 21
3

P   n m v

;gk¡ n v.kqvksa dk la[;k ?kuRo] m v.kq dk nzO;eku ,oa  2v   budh ekè; oxZ pky gSA bldks vkn'kZ xSl

lehdj.k osQ lkFk feykus ls rki dh ,d v.kqxfrd O;k[;k izkIr gksrh gS]

=21 3
2 2 B m v    k  T ,  ( )=

1/2
2 rmsv v =

3 Bk T

m

blls gesa ;g Kkr gksrk gS fd fdlh xSl dk rki mlosQ fdlh v.kq dh vkSlr xfrt ÅtkZ dh eki gS vkSj
;g xSl ;k v.kq dh izo`Qfr ij fuHkZj ugha djrkA ,d fu;r rki ij xSlksa osQ feJ.k esa Hkkjh v.kq dh vkSlr
pky vis{kko`Qr de gksrh gSA

3. LFkkukarjh; xfrt ÅtkZ

E = 

2

3
 k

B 
NT

blls gesa ;g lw=k izkIr gksrk gS&

PV = 
2

3
 E

4. ÅtkZ lefoHkktu dk fu;e crkrk gS fd ;fn ,d fudk; ijerki T  ij lkE;koLFkk esa gS rks oqQy ÅtkZ leku
:i ls fofHkUu ÅtkZ :iksa esa c¡V dj vo'kksf"kr gksrh gS vkSj gj :i osQ lkFk tqM+h ;g ÅtkZ  – k

B
 T  gksrh

gSA izR;sd LFkkukarjh; ,oa ?kw.khZ Lokra=; dksfV osQ laxr vo'kks"k.k dk ,d ÅtkZ :i gksrk gS vkSj blls tqM+h
ÅtkZ  – k

B
 T  gksrh gSA izR;sd oaQiu vko`fÙk osQ lkFk ÅtkZ osQ nks :i (xfrt ,oa fLFkfrt) tqM+rs gSa blfy,

blosQ laxr ÅtkZ = 2 × – k
B
 T = k

B
 T

5. ÅtkZ lefoHkktu dk fu;e ykxw djosQ ge xSlksa dh eksyj fof'k"V Å"ek /kfjrk Kkr dj ldrs gSa vkSj bl
izdkj izkIr fof'k"V Å"ek /kfjrkvksa osQ eku dbZ xSlksa osQ iz;ksxksa }kjk izkIr fof'k"V Å"ek /kfjrkvksa osQ ekuksa
ls feyrs gSaA ;fn xfr osQ oaQiu :iksa dks Hkh ifjdyuksa esa lfEefyr djsa rks ;g lkE;rk vkSj Hkh lVhd cSBsxhA

6. ekè; eqDr iFk l v.kq osQ nks Øfed la?kê ðksa osQ chp mlosQ }kjk pfyr vkSlr nwjh gS

2

1

2
l

 n  dπ
 = 

tgk¡ n la[;k ?kuRo ,oa d  v.kq dk O;kl gSA

fopkj.kh; fo"k;
1. fdlh rjy dk nkc osQoy /kjd dh nhokjksa ij gh vkjksfir ugha gksrk] cfYd ;g rjy esa gj txg fo|eku

jgrk gSA crZu esa j[ks xSl osQ vk;ru esa dksbZ ijr lkE;koLFkk esa gksrh gS D;ksafd bl ijr osQ nksuksa vksj leku
nkc gksrk gSA

2. xSl esa varjkijek.kqd nwjh osQ laca/ esa gesa cgqr c<+k&p<+k dj dksbZ /kj.kk ugha cukuh pkfg,A lkekU; rki
vkSj nkc ij ;g Bkslksa vkSj nzoksa eas varjkijek.kqd nwjh osQ yxHkx nl xqus osQ cjkcj gSA cgqr fHkUu vxj oqQN
gS rks og ekè; eqDr iFk gS tks fdlh xSl esa varjkijek.kqd nwjh dk 100 xquk vkSj v.kq dh vkeki dk
1000 xquk gksrk gSA
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3. ÅtkZ lefoHkktu osQ fu;e dks ge bl izdkj dg ldrs gSaµ rkih; lkE; esa izR;sd Lokra=; dksfV osQ lkFk
½ k

B
 T  ÅtkZ tqM+h gksrh gSA v.kq dh oqqQy ÅtkZ osQ O;atd esa izR;sd f}?kkrh in ,d Lokra=; dksfV fxuk

tkuk pkfg,A vr%] izR;sd oaQiu&fo/k esa nks Lokra=; dksfV (u fd ,d) gksrs gSa (xfrt ,oa fLFkfrt :iksa
osQ laxr) ftudh ÅtkZ 2 × ½ k

B
 T = k

B
 T  gksrh gSA

4. fdlh dejs esa ok;q osQ lc v.kq uhps ugha fxj tkrs (xq#Ro osQ dkj.k) rFkk iQ'kZ ij vkdj ugha Bgj tkrs
D;ksafd og cgqr osx ls xfreku gksrs gSa vkSj fujarj la?kê ð djrs jgrs gSaA lkE;koLFkk esa de Å¡pkb;ksa ij ?kuRo
FkksM+k vf/d gksrk gS (tSls ok;qe.My esa)A bldk izHkko de gS] D;ksafd lkekU; Å¡pkb;ksa osQ fy, fLFkfrt
ÅtkZ (mgh) dk eku v.kq dh vkSlr xfrt ÅtkZ 1/2 mv2 dh rqyuk esa dkiQh de gSA

5. < v2 >  lnSo ( < v >)2  osQ cjkcj ugha gksrkA fdlh jkf'k osQ oxZ dk ekè; vko';d ugha gS fd ml jkf'k osQ
ekè; osQ oxZ osQ cjkcj gksA D;k vki bl dFku dh iqf"V osQ fy, mnkgj.k crk ldrs gSa\

vH;kl

12.1 vkWDlhtu osQ v.kqvksa osQ vk;ru vkSj STP ij buosQ }kjk ?ksjs x, oqQy vk;ru dk vuqikr Kkr dhft,A
vkWDlhtu osQ ,d v.kq dk O;kl 3 Å yhft,A

12.2 eksyj vk;ru] STP ij fdlh xSl (vkn'kZ) osQ 1 eksy }kjk ?ksjk x;k vk;ru gSA (STP : 1 atm nkc]
0 °C)A n'kkZb;s fd ;g 22.4 yhVj gSA

12.3 fp=k 12.8 esa vkWDlhtu osQ  1.00×10–3 kg nzO;eku osQ fy,  PV/T  ,oa P eas] nks vyx&vyx rkiksa ij
xzkiQ n'kkZ;s x, gSaA

fp=k     12.8

(a) fcanqfdr js[kk D;k n'kkZrh gS\
(b) D;k lR; gS % T1 > T2 vFkok  T1 < T2?

(c) y-v{k ij tgk¡ oØ feyrs gSa ogk¡ PV/T  dk eku D;k gS\
(d) ;fn ge ,sls gh xzkiQ 1.00×10–3 kg gkbMªkstu osQ fy, cuk,¡ rks Hkh D;k ml fcanq ij tgk¡ oØ
y-v{k ls feyrs gSa PV/T  dk eku ;gh gksxk\ ;fn ugha rks gkbMªkstu osQ fdrus nzO;eku osQ fy, PV/

T  dk eku (de nkc vkSj mPp rki osQ {ks=k osQ fy, ogh gksxk\  H2  dk v.kq nzO;eku = 2.02 u, O2

dk v.kq nzO;eku = 32.0 u, R = 8.31 J mo1–1 K–1)

12.4 ,d vkWDlhtu flfyaMj ftldk vk;ru 30 yhVj gS] esa vkWDlhtu dk vkjafHkd nkc 15 atm ,oa rki
27 °C gSA bleas ls oqQN xSl fudky ysus osQ ckn izekih (xst) nkc fxj dj 11 atm ,oa rki fxj dj
17 °C gks tkrk gSA Kkr dhft, fd flfyaMj ls vkWDlhtu dh fdruh ek=kk fudkyh xbZ gSA (R = 8.31

J mol–1 K–1, vkWDlhtu dk v.kq nzO;eku O2 = 32 u)A

PV
T

(J K   )
–1

P

T1
T2

x

y
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12.5 ok;q dk ,d cqycqyk] ftldk vk;ru 1.0 cm3 gS] 40 m xgjh >hy dh ryh ls tgk¡ rki 12 °C gS] mBdj
Åij i`"B ij vkrk gS tgk¡ rki 35 °C gSA vc bldk vk;ru D;k gksxk\

12.6 ,d dejs esa] ftldh /kfjrk 25.0 m3 gS]  27 °C rki vkSj 1 atm nkc ij] ok;q osQ oqQy v.kqvksa (ftueas
ukbVªkstu] vkWDlhtu] tyok"i vkSj vU; lHkh vo;oksa osQ d.k lfEefyr gSa) dh la[;k Kkr dhft,A

12.7 ghfy;e ijek.kq dh vkSlr rkih; ÅtkZ dk vkdyu dhft, (i) dejs osQ rki (27 °C) ijA (ii) lw;Z osQ
i`"Bh; rki (6000 K) ijA (iii) 100 yk[k osQfYou rki (rkjs osQ ØksM dk izk:fid rki) ijA

12.8 leku /kfjrk osQ rhu crZuksa esa ,d gh rki vkSj nkc ij xSlsa Hkjh gSaA igys crZu esa fu;kWu (,dijek.kqd)
xSl gS] nwljs esa Dyksjhu (f}ijek.kqd) xSl gS vkSj rhljs esa ;wjsfu;e gsDlkÝyksjkbM (cgqijek.kqd) xSl
gSA D;k rhuksa crZuksa esa xSlksa osQ laxr v.kqvksa dh la[;k leku gS\ D;k rhuksa izdj.kkas esa v.kqvksa dh vrms

(oxZ ekè; ewy pky) leku gSA
12.9 fdl rki ij vkxZu xSl flfyaMj esa v.kqvksa dh v

rms 
, – 20 °C  ij ghfy;e xSl ijek.kqvksa dh v

rms
 osQ

cjkcj gksxhA (Ar dk ijek.kq nzO;eku = 39.9 u, ,oa ghfy;e dk ijek.kq nzO;eku = 4.0 u)A

12.10 ukbVªkstu xSl osQ ,d flfyaMj esa] 2.0 atm nkc ,oa 17 0C rki ij] ukbVªkstu v.kqvksa osQ ekè; eqDr iFk
,oa la?kê ð vko`fÙk dk vkdyu dhft,A ukbVªkstu v.kq dh f=kT;k yxHkx 1.0 Å  yhft,A la?kê ð&dky dh
rqyuk v.kqvksa }kjk nks la?kê ðksa osQ chp Lora=krkiwoZd pyus esa yxs le; ls dhft,A (ukbVªkstu dk vkf.od
nzO;eku = 28.0 u)A
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13.1 Hkwfedk
13.2 nksyu vkSj vkorhZ xfr
13.3 ljy vkorZ xfr
13.4 ljy vkorZ xfr rFkk ,dleku

orZqy xfr
13.5 ljy vkorZ xfr eas osx rFkk

Roj.k
13.6 ljy vkorZ xfr osQ fy, cy
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13.7 ljy vkorZ xfr eas ÅtkZ
13.8 ljy vkorZ xfr fu"ikfnr djus

okys oqQN fudk;

lkjka'k
fopkj.kh; fo"k;
vH;kl

13.1 Hkwfedk

ge vius nSfud thou eas fofHkUu izdkj dh xfr;k¡ ns[krs gSa A buesa ls OkqQN tSls
ljy jSf[kd xfr vkSj fdlh iz{ksI; dh xfr osQ fo"k; eas rks vki vè;;u dj
gh pqosQ gSa A ;s nksuksa gh xfr;k¡ vukorhZ gksrh gSa A geus ,dleku orqZy xfr RkFkk
lkSj ifjokj eas xzgksa dh d{kh; xfr;ksa osQ fo"k; eas Hkh vè;;u dj fy;k gSA
bu mnkgj.kksa eas fuf'pr le;&varjky osQ i'pkr~ xfr dh iqujko`fÙk gksrh gS]
vFkkZr~ ;g vkorhZ gksrh gS A vkius cpiu eas vius ikyus vFkok >wys ij >wyus
dk vkUkUn fy;k gksxk A ;g nksuksa xfr;k¡ iqujkorhZ gksrh gSa] ijarq fdlh xzg dh
vkorhZ xfr ls fHkUUk gksrh gSa A ;gk¡ oLrq fdlh ekè; fLFkfr osQ b/j&m/j xfr
djrh gS A nhokj&?kM+h dk yksyd Hkh blh izdkj dh xfr djrk gSA bl izdkj
dh vxz&i'p (vkxs&ihNs) vkorhZ xfr osQ izpqj mnkgj.k gSaµ unh esa
Mwcrh&mrjrh gqbZ uko] ok"i batu esa vxz vkSj i'p pyrk gqvk fiLVu vkfnA
bl izdkj dh xfr dks nksyu xfr dgrs gSa A bl vè;k; eas ge bl xfr osQ
ckjs eas vè;;u djsaxs A

nksyu xfr dk vè;;u HkkSfrdh osQ fy, vk/kjHkwr gS_ cgqr&lh HkkSfrd
ifj?kVukvksa dks le>us osQ fy, bldh ladYiuk dh vko';drk gksrh gS A ok|
;a=kksa_ tSls&flrkj] fxVkj vFkok ok;fyu eas ge oaQik;eku Mksfj;ksa }kjk jkspd
èofu;k¡ mRiUu gksrs gq, ns[krs gSa A <ksyksa eas f>fYy;k¡ rFkk VsyhiQksu vkSj èofu
foLrkjdksa osQ Lihdjksa esa Mk;izQke viuh ekè; fLFkfr osQ b/j&m/j daiu djrs
gSa A ok;q osQ v.kqvksa osQ daiuksa }kjk gh èofu&lapj.k laHko gks ikrk gSA ,d Bksl
inkFkZ esa v.kq viuh ekè; fLFkfr;ksa osQ ifjr% dEiu djrs gSa] dEiu dh vkSlr
ÅtkZ rkieku osQ lekuqikrh gksrh gSA AC ikoj ,slh oksYVrk dk laHkj.k djrk
gS tks ekè; eku ('kwU;) osQ /ukRed rFkk ½.kkRed vksj ,dkarj Øe ls
nksyk;eku jgrk gSA

fdlh vkorhZ xfr osQ O;kid RkFkk nksyu xfr osQ fo'ks"k fooj.k osQ fy,
oqQN ewy ladYiukvksa_ tSlsµvkorZdky] vko`fÙk] foLFkkiu] vk;ke vkSj dyk
dh vko';drk gksrh gS A vxys vuqHkkx eas bu ladYiukvksa dks fodflr fd;k
x;k gS A
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13.2  nksyu vkSj vkorhZ xfr
fp=k 13-1 esa oqQN vkorhZ xfr;k¡ n'kkZbZ xbZ gSaA eku yhft,
dksbZ dhV fdlh jSEi ij p<+rk gS vkSj fxj tkrk gSA og vius
izkjafHkd LFkku ij vk tkrk gS vkSj bl izfØ;k dks ckj&ckj
nksgjkrk gSA ;fn vki tehu ls Åij bldh Å¡pkbZ rFkk le;
osQ chp xzkiQ [khapsa rks ;g fp=k 13-1(a) dh rjg fn[ksxkA ;fn
dksbZ ckyd fdlh lh<+h ij p<+s vkSj mrjs rFkk bl izfØ;k dks
leku :i ls ckj&ckj nksgjk;s rks mldh Å¡pkbZ rFkk le; osQ
chp xzkiQ fp=k 13-1(b) osQ tSlk fn[ksxkA tc vki fdlh xsan
dks viuh gFksyh ls tehu dh rjiQ ckj&ckj ekjrs gSa rks
bldh Å¡pkbZ vkSj le; osQ chp xzkiQ 13-1(c) osQ tSlk
fn[ksxkA è;ku nhft, fd fp=k 13-1(c) esa nksuksa oØh; Hkkx
U;wVu dh xfr lehdj.k osQ vuqlkj ijoy; osQ va'k gSa]
vuqHkkx (2-6) nsf[k,A

21

2
 + gth = ut v/kseq[kh xfr osQ fy,] rFkk

21

2
 – gth = ut  mifjeq[kh xfr osQ fy,]

bu lehdj.kksa esa u  dk eku vyx ifjfLFkfr;ksa osQ fy, fHkUu
gksxkA ;s lHkh vkorhZ xfr osQ mnkgj.k gSaA vr% dksbZ xfr tks
fuf'pr varjky osQ ckn iqujko`fÙk djrh gS vkorhZ xfr
dgykrh gSA

fp=k 13.1 13.1 13.1 13.1 13.1 vkòfÙk xfr osQ mnkgj.kA izR;sd voLFkk esa vkorZdky
T  n'kkZ;k x;k gSA

lkekU;r% vkorhZ xfr djus okys fi.M dh ,d larqyu
voLFkk gksrh gS tks mlosQ xfr osQ iFk esa fLFkr gksrk gSA tc
fi.M bl larqyu voLFkk esa gksrk gS rks ml ij yxus okyk
oqQy cká cy 'kwU; gksrk gSA vr% ;fn fi.M dks bl voLFkk
esa fojke dh fLFkfr esa NksM+ nsa rks ;g lnSo fojkekoLFkk esa
jgsxkA ;fn fi.M dks bl voLFkk ls FkksM+k lk foLFkkfir djsa
rks fi.M ij ,d cy dk;Z djus yxrk gS tks fi.M dks iqu%
mldh larqyu&voLFkk dh vksj ys tkus dk iz;kl djrk gS
vkSj iQyLo:i fi.M esa nksyu ;k oaQiu mRiUu gks tkrk gSA
mnkgj.k osQ fy, ;fn fdlh dVksjs esa ,d xsan j[k nsa rks xsan
dVksjs dh ryh ij larqyu voLFkk esa gksrh gSA ;fn bldks bl
fcanq ls FkksM+k foLFkkfir djsa rks xsan dVksjs esa nksyu djus yxrh
gSA izR;sd nksyu xfr vkorhZ gksrh gS ijarq izR;sd vkorhZ xfr
nksyuh; ugha gksrhA orqZy xfr Hkh vkorhZ gksrh gS] ijarq nksyuh;
ugha gksrh gSA

nksyu ,oa oaQiu eas dksbZ eq[; vaarj ugha gSA lk/kj.kr%
tc vkòfÙk dk eku de gksrk gS rks ge xfr dks nksyuh; dgrs
gSaa (tSls fdlh o`{k dh Vguh dh nksyu xfr)A blosQ foijhr
tc xfr dh vko`fÙk vf/d gksrh gS rks ge xfr dks oaQiu
dgrs gSaA tSls fdlh laxhr ok| osQ rkj dk oaQiuA

ljy vkorhZ xfr nksyuh; xfr dk ,d ljy :i gSA ;g
rc gksrk gS tc fdlh nksyuh; oLrq osQ Åij yxus okyk cy
larqyu voLFkk esa blosQ foLFkkiu osQ lekuqikrh gksrk gSA iqu%
oLrq osQ nksyu osQ nkSjku ;g cy lnSo bl larqyu voLFkk dh
rjiQ funsf'kr gksrk gSA ;g larqyu voLFkk oLrq dh xfr dh
ekè; fLFkfr Hkh gksrh gSA

O;kogkfjd :i esa lHkh nksyuh; oLrq,¡ varrksxRok viuh
larqyu voLFkk dks izkIr dj ysrh gSaA D;ksafd budh xfr esa
?k"kZ.k rFkk vU; {k;dkjh cyksa osQ dkj.k voeanu mRiUu gksrk
gSA ijarq dksbZ cká vkorhZ cy yxkdj ge oLrq dks nksyuh;
voLFkk esa j[k ldrs gSaA bl ikB osQ vafre vuqHkkxksa esa ge
voeafnr rFkk iz.kksfnr nksyuksa dk vè;;u djsaxsA

fdlh Hkh nzO;kRed ekè;e dks ge ;qfXer nfy=kksa dk ,d
cM+k lewg eku ldrs gSaA bu nfy=kksa osQ lkewfgd nksyu rjax
dk :i ysrs gSaA ty rjax] HkwdfEir rjaxsa] fo|qr pqacdh; rjaxsa
bu rjaxksa osQ mnkgj.k gSaA rjaxh; ?kVukvksa osQ fo"k; esa ge
vxys vè;k; esa vè;;u djsaxsA

13.2.1 vkorZdky rFkk vko`fÙk

geus ns[kk gS fd dksbZ xfr ftldh fdlh fu;fer le;
varjky ij Lo;a iqujko`fÙk gksrh gS vkorhZ xfr dgykrh gSA
og U;wure le; varjky ftlosQ i'pkr~ xfr dh iqujkòfÙk
gksrh gS] bldk vkorZdky dgykrk gSA vr% le; dks ge
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T }kjk n'kkZrs gSaA bldk SI ek=kd lsoaQM gS A mu vkorhZ
xfr;ksa osQ fy,] tks lsoaQMksa osQ iSekus ij ;k rks cgqr rhoz
vFkok cgqr ean gksrh gSa] le; osQ vU; lqfo/ktud ek=kd
mi;ksx eas yk, tkrs gSa A fdlh DokVZ~”k fØLVy dk oaQiu
dky ekbØkslsoaQM (10–6 s) osQ ek=kdksa] ftldk izrhd µs gS]
eas O;Dr fd;k tkrk gS A blosQ foijhr cq/ xzg dh d{kh;
vof/ 88 Hkw&fnol gksrh gS A gsyh /weosQrq gj 76 o"kZ osQ
i'pkr~ iqu% n`f"Vxkspj gksrk gS A

vkorZdky ‘T’ osQ O;qRØe ls gesa izfr bdkbZ le; esa
nksyuksa dh la[;k izkIr gksrh gSA ;g jkf'k vkorhZ xfr dh
vko`fÙk dgykrh gS A bls izrhd v }kjk fu:fir fd;k tkrk
gS A ν rFkk T osQ eè; fuEufyf[kr ikjLifjd laca/ gksrk gS%

ν = 
1

T
(13.1)

bl izdkj ν dk ek=kd (s–1) gS A jsfM;ks rjaxksa osQ
vkfo"dkjd gsufj[k #MksYiQ gV~Z”k (1857-1894) osQ uke ij
vko`fÙk osQ ek=kd dks ,d fo'ks"k uke fn;k x;k A bls gV~Z”k
(hertz izrhd Hz) dgrs gSa A bl izdkj]
1 gV~Z”k = 1 Hz = 1 nksyu izfr lsoaQM = 1s–1 (13.2)

è;ku nhft,] vkòfÙk dk lnSo gh iw.kk±d gksuk vko';d
ugha gS A

• mnkgj.k 13.113.113.113.113.1 dksbZ ekuo ân; ,d feuV eas vkSlru
75 ckj /M+du djrk ik;k tkrk gS A bldh vko`fÙk
rFkk vkorZdky ifjdfyr dhft, A

gy ân; dh /M+du dh vko`fÙk = 75/(1 feuV)
= 75/(60 s)

= 1.25 s–1

vkorZdky] T = 1/(1.25 s–1)

= 0.8 s ¶

13.2.2 foLFkkiu

vuqHkkx 3.2 esa geus fdlh d.k osQ foLFkkiu dks mlosQ
fLFkfr lfn'k eas ifjorZu osQ :i eas ifjHkkf"kr fd;k Fkk A bl
vè;k; eas ge foLFkkiu uked bl in dk mi;ksx vf/d
O;kid vFkks± eas djsaxs A ;g fdlh Hkh fopkj.kh; HkkSfrd xq.k
eas le; osQ LkkFk ifjorZu dks fu:fir djsxk A mnkgj.k osQ
fy,] ,d i`"B ij fdlh LVhy ckWy dh ljy js[kh; xfr osQ
fy,] le; osQ iQyu osQ :i eas vkjaHk fcanq ls ckWy dh nwjh
bldk fLFkfr&foLFkkiu gS A ewy fcanq dk pquko lqfo/kuqlkj
fd;k tk ldrk gS A eku yhft, dksbZ xqVdk fdlh dekuh ls
tqM+k gS ftldk nwljk fljk fdlh n`<+ nhokj ls lac¼ gS
¹nsf[k, fp=k 13.2 (a)º lk/kj.kr% fdlh fi.M dk foLFkkiu
bldh larqyu voLFkk ls ekiuk ljy gksxkA fdlh nksyk;eku

ljy yksyd osQ fy,] le; osQ iQyu osQ :i eas ÅèokZ/j
ls dks.k dks foLFkkiu&pj osQ :i eas fu:fir fd;k tk
ldrk gS [nsf[k, fp=k 13.2(b)]A ^foLFkkiu* in dk
mYys[k lnSo fLFkfr osQ lanHkZ eas gh ugha fd;k tkrk A
foLFkkiu pj dbZ vU; izdkj osQ Hkh gks ldrs gSa A fdlh
a.c. ifjiFk esa la;ksftr la/kfj=k osQ fljksa osQ chp le; osQ
lkFk ifjo£rr gks jgh ¶oksYVrk¸ dks Hkh ,d foLFkkiu pj osQ
:i esa fy;k tk ldrk gS A blh izdkj] èofu rjaxksa osQ lapj.k
esa le; osQ lkFk ̂ nkc* esa ifjorZu] izdk'k rjaxksa esa ifjo£rr
gks jgs oS|qr rFkk pqacdh; {ks=k vU; lanHkksZ esa foLFkkiu osQ
mnkgj.k gSaA foLFkkiu pj dk eku /ukRed ;k ½.kkRed gks
ldrk gSA nksyuksa osQ iz;ksxksa esa] fHkUu le;ksa osQ fy, foLFkkiu
pjksa dh eki yh tkrh gS A

foLFkkiu dks lnSo gh le; osQ xf.krh; iQyu }kjk
fu:fir fd;k tk ldrk gS A vkorhZ xfr;ksa esa ;g iQyu
le; dk vkorhZ gksrk gS A vkorhZ iQyuksa esa ls ,d ljyre
vkorhZ iQyu dks fuEu izdkj ls O;Dr dj ldrs gSa]

fp=k 13.2(a)13.2(a)13.2(a)13.2(a)13.2(a) dksbZ xqVdk fdlh dekuh ls layXu] ftldk nwljk
fljk fdlh n`<+ nhokj ls lac¼ gS A xqVdk ?k"kZ.k
jfgr i`"B ij xfr djrk gS A xqVosQ dh xfr dks
nhokj ls nwjh] vFkok foLFkkiu x osQ inksa eas O;Dr
fd;k tk ldrk gS A

fp=k 13.213.213.213.213.2(bbbbb) ,d nksyk;eku ljy yksyd] bldh xfr dks
mQèokZ/j ls dks.kh; foLFkkiu θ osQ inksa esa O;Dr
fd;k tk ldrk gS A
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f (t) = A cos ωt                           (13.3a)

;fn bl iQyu osQ dks.kkad] ωt, esa 2π jsfM;u ;k blosQ fdlh
iw.kk±d xq.kt dh o`f¼ dj nh tk,] rks iQyu dk eku
ogh f jgrk gS A rc Hkh iQyu f (t) vkorhZ gh jgrk gS ftldk
vkorZdky] T  fuEufyf[kr gksxk]

ω

π
=

2
T                           (13.3b)

vr% dksbZ iQyu f (t) dky T dk vkorhZ gksrk gS]

f (t) = f  (t+T)

;fn ge T;k (sin) iQyu] f (t) = A sin ωt Hkh ysa rks
Li"V :i ls ;gh ifj.kke lgh gksrk gS A lkFk gh T;k (sin)

,oa dksT;k (cos) iQyuksa dk ,d ?kkr lap;] tSls

f (t) = A sin ωt + B cos ωt (13.3c)

Hkh vkorhZ iQyu gksrk gS] ftldk vkorZdky T gksrk gS A ;fn
ge

A = D cos φ  rFkk B = D sin φ

ysa] rks lehdj.k (13.3c) dks bl izdkj fy[k ldrs gSa

f (t) = D sin (ωt + φ ) ,                        (13.3d)

;gk¡ vpj D vkSj φ  fn, x, gSa

φ
 

 =   
 

-1tan2 2 B
D = A + B    

A
rFkk

vkorhZ T;k vkSj dksT;k iQyuksa dk fo'ks"k egÙo izQaklhlh
xf.krK thu ckifVLV tkslsiQ iwQfj, (1768–1830) }kjk fl¼
vlk/kj.k ifj.kke osQ dkj.k gS] tks bl izdkj gS % fdlh Hkh
vkorhZ iQyu dks mfpr xq.kkad okys fofHkUu vkorZdky
osQ T;k o dksT;k iQyuksa osQ vè;kjksi.k }kjk O;Dr fd;k
tk ldrk gS A

• mnkgj.k 13.213.213.213.213.2 fuEufyf[kr le; osQ iQyuksa esa dkSu
(a) vkorhZ rFkk (b) vukorhZ xfr dks fu:fir djrs
gSa \ izR;sd vkorhZ xfr dk vkorZdky fyf[k,
¹ω dksbZ /ukRed fu;rkad gSº A

(i) sin ωt + cos ωt

(ii) sin ωt + cos 2ωt + sin 4 ωt

(iii) e–ωt

(iv) log (ωt)

gy (i) sin ωt + cos ωt ,d vkorhZ iQyu gSA bls

ω
π 

+ 
 

2 sin t
4

 osQ :i esa Hkh O;Dr fd;k tk ldrk gSA

vc] 2  sin (ωt + π/4) = 2 sin (ωt + π/4+2π)

= ω
ω

π π  
+ +  

  

2
2 sin t

4

bl iQyu dk vkorZdky 
ω

π2
 gS A

(ii) ;g vkorhZ xfr dk ,d mnkgj.k gS A è;ku nhft,] ;gk¡
izR;sd in ,d fofHkUu dks.kh; vko`fÙk osQ vkorhZ iQyu dks
fu:fir djrk gS A pw¡fd vkorZdky og U;wure le; varjky
gksrk gS ftlosQ i'pkr~ iQyu vius eku dh Lo;a iqujko`fÙk
djrk gS] sin ωt dk vkorZdky T

0
 = 2π/ω; cos 2ωt dk

vkorZdky π/ω = T
0
/2; rFkk sin 4 ωt dk vkorZdky 2π/

4 ω = T
0
/4 gksrk gS A izFke in dk vkorZdky vafre nks inksa

osQ vkorZdkyksa dk xq.kuiQy gksrk gSA vr% vafre le; dk
fuEu varjky ftlosQ mijkar rhuksa inksa dk ;ksx iqujko`fÙk djrk
gS T

0 
gksrk gS ftldk vkorZ dky 2π/ω  gSA

(iii) iQyu e–ωt vukorhZ gS] ;g le; esa o`f¼ osQ lkFk ,d
fn"Vr% ?kVrk gS rFkk t→∞ gksus ij 'kwU; dh vksj izòÙk gksrk gS
vkSj bl izdkj dHkh Hkh vius eku dh iqujko`fÙk ugha djrk A
(iv) iQyu log (ωt) le; osQ lkFk ,dfn"Vr% c<+rk gS A vr%
;g vius eku dh dHkh Hkh iqujko`fÙk ugha djrk vkSj ;g ,d
vukorhZ iQyu gS A è;ku nhft,] t→∞ gksus ij log ωt

vilkfjr gksdj ∞ rd igq¡p tkrk gSA vr% ;g fdlh Hkh
izdkj osQ HkkSfrd foLFkkiu dks fu:fir ugha dj ldrk A ¶

13.3 ljy vkorZ xfr

ge fp=k 13.3 osQ vuqlkj x-v{k osQ ewy fcanq ij +A vkSj
–A pje lhekvksa osQ eè; vxz vkSj i'p oaQiu djus okys
fdlh d.k ij fopkj djsa A bl nksyk;eku xfr dks ljy

fp=k 13.313.313.313.313.3 x-v{k osQ ewy fcanq ij +A vkSj –A lhekvksa osQ
Hkhrj vxz vkSj i'p oaQiu djrs gq, dksbZ d.k A

vkorZ xfr dgrs gSa] ;fn ewy fcUnq ls d.k dk foLFkkiu x
le; osQ lkFk fuEu lehdj.k osQ vuqlkj ifjofrZr gks%

x (t)  = A cos (ωt + φ)                          (13.4)
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;gk¡ A, ω rFkk φ fLFkjkad gSaA vr% çR;sd vkorZ xfr ljy
vkorZ xfr (SHM) ugha gS_ osQoy ,slh vkorZ xfr ftlesa
foLFkkiu&le; dk iQyu T;koØh; gS] ljy vkorZ xfr gksrh
gSA fp=k 13-4 esa ljy vkorZ xfr djrs gq, ,d d.k dh

le; osQ vlrr~ ekuksa ij fLFkfr n'kkZ;h xbZ gSA izR;sd le;
vUrjky T/4 gS tgk¡ T xfr dk vkorZdky gSA

fp=k 13.413.413.413.413.4 ljy vkorZ xfr djrs gq, le; osQ vlrr eku t =
0. T/4, T/2, 3T/4, T, 5T/4 ij d.k dh
fLFkfrA og le; ftlosQ i'pkr xfr dh iqujko`fÙk
gksrh gS] T dgykrh gSA izkjafHkd fLFkfr (t = 0) vki
oqQN Hkh pqusa] T dk eku fLFkj jgsxkA d.k dh pky
'kwU; foLFkkiu (x = 0 ij) ij vfèkdre rFkk xfr
dh pje fLFkfr;ksa ij 'kwU; gksrh gSA

fp=k 13.513.513.513.513.5 ljy vkorZ xfr djrs gq, d.k dk foLFkkiu le;
osQ lrr iQyu osQ :i esa

fo
LF
kki
u

fp=k 13.7 (a)13.7 (a)13.7 (a)13.7 (a)13.7 (a) lehdj.k (13.4) ls izkIr φ = 0 ij le; osQ
iQyu osQ :i esa foLFkkiu dk vkys[k A oØ 1 vkSj
2 nks fHkUu vk;keksa A

 
rFkk A

 
osQ fy, gSa A

tc fdlh fn, x, vkorZ xfr dk vk;ke A fu;r gS]
fdlh le; t ij d.k dh xfr dh vkoLFkk dks dksT;k iQyu
osQ dks.kkad (ωt + φ) osQ }kjk n'kkZ;k tkrk gSA le; ij
vkfJr jgus okyh bl jkf'k (ωt + φ) dks xfr dh dyk
dgrs gSaA t = 0 ij dyk dk ifjek.k φ gksrk gS ftls dyk
fu;rkad (vFkok dyk&dks.k) dgrs gSaA ;fn vk;ke Kkr gks
rks t = 0 ij osQ foLFkkiu eku ls φ Kkr fd;k tk ldrk
gSA nks ljy vkorZ xfr;ksa osQ A rFkk ω leku ysfdu
dyk&dks.k φ fofHkUu gks ldrs gSa] tSlk fd fp=k 13.7 (b)

esa n'kkZ;k x;k gSA

fp=k 13-5 esa x osQ lkFk t dk xzkiQ vkysf[kr gS tks le; osQ
lrr iQyu osQ :i esa d.k osQ foLFkkiu dk eku nsrh gSA
jkf'k;k¡ A, ω rFkk φ tks nh xbZ vkorZ xfr dh fo'ks"krk crkrh

x (t) : foLFkkiu x, le; t osQ iQyu osQ :i esa
A : vk;ke
ω : dks.kh; vko`fÙk
ωt + φ : dyk (le; ij vkfJr)
φ : dyk fLFkjkad

fp=k 13.613.613.613.613.6 lehdj.k (13.4) esa fn, ekud laosQrksa dk vFkZ

gSa] osQ ekud uke gSa] tSlk fd fp=k 13-6 esa laf{kIr fd;k x;k
gSA vkb,] bu jkf'k;ksa dks ge le>saA

SHM dk vk;ke A, d.k osQ vfèkdre foLFkkiu dk
ifjek.k gksrk gSA [è;ku nsa] O;kidhÑdrk osQ fcuk fdlh
uqdlku osQ] A dks èkukRed fy;k tk ldrk gS]A pwafd le;
dk dksT;k iQyu +1 ls –1 osQ chp fopj.k djrk gS]
blfy, foLFkkiu pje fLFkfr +A ls –A osQ chp fopj.k
djsxkA nks ljy vkorZ xfr;ksa osQ ω rFkk φ leku] ysfdu
vk;ke vyx gks ldrs gSa] tSlk fd fp=k 13.7(a) esa fn[kk;k
x;k gSA

fo
LF
kki

u
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fp=k 13.913.913.913.913.9 fdukjs ls ns[ks x, ,d lery esa ckWy dh o`Ùkh; xfr
ljy vkorZ xfr gSA

varr% jkf'k ω dks xfr osQ vkorZdky T ls lacafèkr
ns[kk tk ldrk gSA ljyrk osQ fy, lehdj.k (13-4) esa φ
= 0 rad ysus ij gesa izkIr gksrk gSµ

x(t) = A
 
cos ωt (13.5)

pwafd xfr dk vkorZdky T gS] x(t) dk eku x(t+T) osQ
leku gksxkA vFkkZr~]

A cos ωt = A cos ω(t+T) (13.6)
vc pw¡fd 2π vkorZ dky okyk dksT;k iQyu vkorhZ

gS] vFkkZr~ tc dks.kkad 2π jsfM;u ls ifjofrZr gksrk gS] ;g
izFke ckj Lo;a dh iqujko`fÙk djrk gSA vr%

ω(t+T) = ωt + 2π

vFkkZr~ ω = 2π/T (13.7)

ω  dks SHM dh dks.kh; vko`fÙk dgrs gSaA bldk S.I.

ek=kd jsfM;u izfr lsosQaM gSA pwafd nksyu dh vko`fÙk ek=k 1/

T gS] ω nksyu dh vko`fÙk dk 2π xq.kk gksrk gSA nks ljy vkorZ
xfr osQ A rFkk φ leku] fdUrq ω fofHkUu gks ldrs gSa] tSlk
fd fp=k 13-8 esa ns[kk tk ldrk gSA bl vkys[k esa oØ b
dk vkorZ dky oØ a osQ vkorZ dky dk vkèkk gS tcfd
bldh vko`fÙk oØ a dh vko`fÙk dh nqxquh gSA

• mnkgj.k 13.3  13.3  13.3  13.3  13.3  le; osQ fuEufyf[kr iQyuksa esa ls dkSu
(a) ljy vkorZ xfr rFkk (b) vkorhZ xfr dks fu:fir
djrk gS ijarq ljy vkorZ xfr ugha \ izR;sd dk vkorZdky
fudkfy, A
(a) sin ωt – cos ωt

(b) sin2 ωt

gy  (a) sin ωt – cos ωt

= sin ωt – sin (π/2 – ωt)

= 2 cos (π/4) sin (ωt – π/4)

= 2  sin (ωt – π/4)

;g iQyu ljy vkorZ xfr dk fu:i.k djrk gS] ftldk
vkorZdky T = 2π/ω rFkk dyk&dks.k (–π/4) rad vFkok
(7π/4) rad gS A

(b) sin2 ωt = ½ – ½ cos 2 ωt

;g iQyu vkorhZ gS] ftldk vkorZdky T=π/ω gS A ;s larqyu fcanq
'kwU; osQ cnys ½ ij ljy vkorZ xfr dks Hkh n'kkZrk gSA ¶

13.4 ljy vkorZ xfr rFkk ,dleku orqZy xfr
bl vuqHkkx esa ge ns[ksaxs fd o`Ùk osQ O;kl ij ,dleku orqZy
xfr dk iz{ksi ljy vkorZ xfr djrk gSA ,d ljy iz;ksx (fp=k
13-9) bl lacaèk dh ltho dYiuk djus esa gekjh enn djrk
gSA ,d xsan dks fdlh Mksjh osQ fljs ls ck¡èkdj {kSfrt ry esa
mls fdlh fuf'pr fcanq osQ ifjr% vpj dks.kh; pky ls xfr
djkb;sA rc xsan {kSfrt ry esa ,dleku orqZy xfr djsxhA viuh
vka[k dks xfr osQ ry ij osQfUnzr j[krs gq, frjNh vksj ls vFkok
lkeus ls xsan dk voyksdu dhft,A ?kw.kZu fcUnq dks ;fn ge
eè; fcUnq ekusa rks ;g xsan ,d {kSfrt ry osQ vuqfn'k bèkj&mèkj
xfr djrh gqbZ izrhr gksxhA fodYir% vki xsan dh ijNkb± o`Ùk
osQ ry osQ yacor~ fdlh nhokj ij Hkh ns[k ldrs gSaA bl izfØ;k
esa ge tks oqQN voyksdu djrs gSa] okLro esa og gekjh n`f"V
dh fn'kk osQ vfHkyacor~ O;kl ij ckWy dh xfr gksrh gSA

fo
LF
kki
u

fp=k 13.7(b)13.7(b)13.7(b)13.7(b)13.7(b)     lehdj.k (13.4) ls izkIr (x-t) vkys[k A oØ
3 rFkk 4 Øe'k% dyk dks.k φ = 0 rad rFkk
φ = − π /4 rad osQ fy, gSa A nksuksa vkys[kksa osQ fy,
vk;ke A leku gSA

fp=k 13.813.813.813.813.8 lehdj.k (14.4) osQ φ = 0 rad ij nks fHkUu
vkorZdkyksa osQ fy, vkys[kA

fo
LF
kki

u
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fp=k 13-10 blh fLFkfr dks xf.krh; :i esa o.kZu djrk
gSA eku yhft, dksbZ d.k P] f=kT;k A osQ ,d o`Ùk ij dks.kh;
pky ω ls ,dlekuh; xfr dj jgk gSA ?kweus dh fn'kk okekorZ
gSA d.k dh izkjafHkd ̂ fLFkfr lfn'k* vFkkZr~ t = 0 ij lfn'k
OP ] èkukRed x v{k osQ lkFk dks.k φ cukrk gSA

t le; osQ ckn ;g vxyk dks.k ωt iwjk djrk gS vkSj
bldh ̂ fLFkfr lfn'k* +ve x-v{k osQ lkFk ,d dks.k ωt+φ

cukrh gSA vc x-v{k ij ̂ fLFkfr lfn'k* OP osQ iz{ksi ij fopkj
djsaA ;g OP′ gksxkA tc d.k P o`Ùk ij xfr djrk gS rks x-

v{k ij P′ dh fLFkfr iznÙk dh tkrh gS
x(t) = A cos (ωt + φ)

tks fd SHM dk ikfjHkkf"kd lehdj.k gSA ;g n'kkZrk gS fd
;fn P fdlh o`̀Ùk ij ,dlekuh; xfr djrk gS rks bldk iz{ksi
P′ o`Ùk osQ O;kl ij ljy vkorZ xfr djrk gSA d.k P rFkk
og o`Ùk ftlij ;g xfr djrk gS mls Øe'k% lanHkZ d.k rFkk
lanHkZ o`Ùk dgrs gSaA

P dh xfr osQ iz{ksi dks ge fdlh Hkh O;kl] tSls fd
y-v{k ij ys ldrs gSaA bl fLFkfr esa y-v{k ij P′ dk foLFkkiu
y(t) gksxkA

y(t) = A sin (ωt + φ)

;g Hkh ,d SHM gS ftldk vk;ke x-v{k ij iz{ksi osQ leku
gh gS] ysfdu bldh dyk π/2 ls fHkUu gSA

orqZy xfr rFkk SHM osQ chp bl lacaèk osQ ckotwn
jSf[kd ljy vkorhZ xfr esa fdlh d.k ij yxrk gqvk cy fdlh

d.k dks ,dleku orqZy xfr esa j[kus osQ fy, vko';d
vfHkosQUnzh; cy ls dkiQh vyx gSA
• mnkgj.k 13.4  13.4  13.4  13.4  13.4  uhps fn;s fp=k esa nks orZqy xfr;k¡ n'kkZ;h

xbZ gSa A bu fp=kksa ij o`Ùk dh f=kT;k] ?kw.kZu dk vkorZdky]
vkjafHkd fLFkfr rFkk ?kw.kZu dh fn'kk vafdr dh xbZ gS A
izR;sd fLFkfr esa ?kw.khZ d.k P osQ f=kT;k lfn'k osQ
x-iz{ksi dh ljy vkorZ xfr izkIr dhft, A

gy

(a) t = 0 ij] OP x-v{k (dh /ukRed fn'kk) ls 45°

= π/4 rad dk dks.k cukrk gS A t le; i'pkr~ ;g

okekorZ fn'kk esa 
π2

t
T

rad dks.k iwjk djrk gS] rFkk

x-v{k ls 
π π 

+ 
 

2

4
t

T
 rad dks.k cukrk gS A le; t

ij x-v{k ij OP osQ iz{ksi bl izdkj O;Dr djrs gSa %

x(t) = A cos 
π π 

+ 
 

2

4
t

T

T = 4 s osQ fy,

x(t) = A cos 
π π 

+ 
 

2

4 4
t

tks fd A vk;ke] 4 s vkorZdky rFkk izkjafHkd dyk*

4

π
 dh ljy vkorZ xfr gS A

(b) bl fLFkfr esa t = 0 ij] OP x-v{k ls 90° = π/2

dk dks.k cukrk gS A ;g nf{k.kkorZ fn'kk esa π2
t

T
  dks.k

* dks.k dh izko`Qfrd bdkbZ jsfM;u gS ftls f=kT;k dh pki osQ vuqikr }kjk ifjHkkf"kr djrs gSaA dks.k vfn'k jkf'k gSA tc ge π dks mlosQ
cgqxq.k ;k viorZd fy[krs gSa rks jsfM;u bdkbZ dk mYys[k djuk vko';d ugha gSA jsfM;u vkSj fMxzh osQ chp :ikarj.k] ehVj] lsaVhehVj
;k ehy osQ chp :ikarj.k osQ le:i ugha gSA ;fn fdlh f=kdks.kferh; iQyu osQ dks.kkad esa bdkbZ ugha fn;k gS rks ekuuk pkfg, fd
bdkbZ jsfM;u gSA ;fn dks.k dh bdkbZ fMxzh gS rks mldks Li"Vr% n'kkZuk gksxkA mnkgj.k osQ fy, sin(150) dk vFkZ gS  15 fMxzh dk
sinA ijUrq sin (15) dk rkRi;Z 15 jsfM;u dk sin gSA vkxs ls 'rad' bdkbZ ugha n'kkZ;k tk,xkA tc Hkh dks.k dk vafdd eku fcuk
bdkbZ osQ fn;k gqvk gS rks bdkbZ okLro esa jsfM;u gSA

fp=k 13.1013.1013.1013.1013.10
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iwjk djrk gS] rFkk x-v{k ls 
π π 

− 
 

2

2
t

T
   dks.k cukrk

gS A le; t ij x-v{k ij OP iz{ksi dks bl izdkj O;Dr
djrs gSa %

x(t) = B cos π π 
− 

 

2

2
t

T

   = B sin 
π 

 
 

2
t

T

T = 30 s osQ fy,]

x(t) = B sin 
π 

 
 15

t

bls bl izdkj  x(t) = B cos 
π π 

− 
 15 2

t  fy[kdj

bldh lehdj.k (13.4) ls rqyuk djus ij gesa ;g
Kkr gksrk gS fd ;g B vk;ke]  30 s vkorZdky rFkk

izkjafHkd dyk 
2

π
− rad dh ljy vkorZ xfr dks

fu:fir djrk gS A ¶

13.5 ljy vkorZ xfr esa osx rFkk Roj.k
,dlekuh; orqZy xfr djrs gq, fdlh d.k dh pky bldh
dks.kh; pky xq.kk o`Ùk dh f=kT;k A osQ cjkcj gksrh gSA

v = ω A (13.8)

fdlh le; t ij] osx v dh fn'kk o`Ùk osQ ml fcUnq ij Li'kZT;k
osQ vuqfn'k gksrh gS tgk¡ d.k ml {k.k ij vofLFkr jgrk gSA
fp=k 13-11 dh T;kfefr ls ;g Li"V gS fd le; t ij iz{ksi
d.k P′ dk osx gS

v(t) = –ω A sin (ωt + φ) (13.9)

;gk¡ ½.kkRed fpÉ ;g n'kkZrk gS fd v(t) dh fn'kk x-v{k dh
/ukRed fn'kk osQ foijhr gSA lehdj.k (13-9)] ljy vkorZ
xfr djrs gq, d.k dh rkR{kf.kd osx iznÙk djrk gS] tgk¡ foLFkkiu
lehdj.k (13-4) ls izkIr gksrk gSA fuLlansg bl lehdj.k dks
ge fcuk T;kferh; dks.kkad osQ Hkh izkIr dj ldrs gSaA
blosQ fy, lhèks lehdj.k (13-4) dks t osQ lkis{k vodfyr
djrs gSa %

v(t) = 
d

( )
d

x t
t

(13.10)

ljy vkorZ xfr djrs gq, d.k osQ rkR{kf.kd Roj.k dks
izkIr djus osQ fy, lanHkZ o`Ùk dh fofèk dks blh izdkj iz;ksx
esa yk;k tk ldrk gSA

gesa Kkr gS fd ,dlekuh; orqZy xfr esa d.k osQ
vfHkosQUnzh; Roj.k dk ifjek.k v2/A vFkok ω2A gS  rFkk ;g
osQUnz dh vksj fufnZ"V gS] vFkkZr bldh fn'kk PO dh vksj gSA
iz{ksi d.k P′ dk rkR{kf.kd Roj.k rc gksxk (fp=k 13-12 ns[ksa)

a(t) = – ω2A
 
cos (ωt + φ)

a(t) = – ω2x (t) (13.11)

fp=k 13.1213.1213.1213.1213.12 fcanq P' dk Roj.k a(t), lanHkZ fcanq P osQ Roj.k a dk
iz{ksi gksrk gS A

lehdj.k (13-11) ljy vkorZ xfr djrs gq, d.k dk
Roj.k O;Dr djrk gSA blh lehdj.k dks] lehdj.k (13-9)
ls iznÙk osx v(t) dks le; osQ lkis{k vodfyr djosQ lhèks
izkIr fd;k tk ldrk gS%

 a(t) = 
d

( )
d

v t
t

(13.12)

lehdj.k (13-11) ls ge ,d egÙoiw.kZ ifj.kke ij è;ku
nsrs gSa fd ljy vkorZ xfr esa d.k dk Roj.k blosQ foLFkkiu
osQ vuqØekuqikrh gksrk gSA x(t) > 0 osQ fy, a(t) < 0 rFkk
x(t) < 0 osQ fy, a(t) > 0 gksrk gSA vr% –A rFkk A osQ

fp=k 13.1113.1113.1113.1113.11 d.k P′ dk osx v(t) lanHkZ d.k P osQ osx v dk
iz{ksi gS A
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chp x dk eku oqQN Hkh gks] Roj.k a(t) ges'kk osQUnz dh vksj
fufnZ"V jgrk gSA

ljyrk osQ fy, ge φ = 0 j[k dj x(t), v(t) vkSj
a(t) osQ O;atd dks fy[krs gSa
x(t)=A cos ωt, v(t)=–ωA sin ωt, a(t)=–ω2A cos ωt

laxr vkys[k dks fp=k 13-13 esa n'kkZ;k x;k gSA lHkh jkf'k;k¡
le; osQ lkFk T;koØh; fopj.k djrh gSa_ osQoy mudh mfPp"B
(maxima) esa vUrj gksrk gS rFkk muosQ vkys[kksa esa dykvksa
dh fHkUurk gksrh gSA x, –A rFkk A osQ eè; fopj.k djrk
gS_ v(t), –ωA rFkk ωA osQ eè; fopj.k djrk gS ,oa
a(t), –ω2A rFkk ω2A osQ eè; fopj.k djrk gSA foLFkkiu
vkys[k osQ lkis{k] osx vkys[k dh dyk esa π/2 dk varj gS
rFkk Roj.k vkys[k dh dyk esa π dk varj gSA

fp=k 13.1313.1313.1313.1313.13 ljy vkorZ xfr esa fdlh d.k dk foLFkkiu] osx rFkk
Roj.k dk vkorZdky T leku gksrk gS] ysfdu mudh
dykvksa esa fHkUurk gksrh gSA

• mnkgj.k 13.513.513.513.513.5 : dksbZ ̄ iM fuEufyf[kr lehdj.k osQ
vuqlkj ljy vkorZ xfr ls nksyu djrk gS]

x = (5.0 m) cos [(2π rad/s) t + π/4]

t = 1.5 s ij] fiaM dk (a) foLFkkiu] (b) osx rFkk (c)

Roj.k ifjdfyr dhft, A

gy  fiaM dh dks.kh; vkòfÙk ω   = 2π s–1  rFkk bldk vkorZdky
T = 1 s

t = 1.5 s ij]

(a) foLFkkiu = (5.0 m) cos  [(2π s–1) × 1.5 s +
4

π
]

= (5.0 m) cos [(3π + 
4

π
)]

= – 5.0 × 0.707 m
= – 3.535 m

(b) lehdj.k (13.9) dk mi;ksx djus ij fiaM dk osx

= – (5.0 m) (2π s–1) sin [(2π s–1) ×

(1.5 s +
4

π
) ]

= – (5.0 m) (2π s–1) sin [(3π +
4

π
)]

=  10π × 0.707 m s–1

= 22 m s–1

(c) lehdj.k (13.10) dk mi;ksx djus ij fiaM dk Roj.k

= – (2π s–1)2 × foLFkkiu
= – (2π s–1)2 × (–3.535 m)

= 130 m s–2 ¶

13.6  ljy vkorZ xfr osQ fy, cy dk fu;e

U;wVu dh xfr osQ nwljs fu;e rFkk vkorZ xfr djrs fdlh d.k
osQ fy, Roj.k osQ O;atd (lehdj.k 13-11) iz;ksx djus ij

F (t) = ma

    = – mω2x (t)

vFkok] F (t) = – k x(t) (13.13)

;gk¡ k = mω2 (13.14a)

vFkok]
k

m
ω = (13.14b)

Roj.k dh rjg] cy ges'kk ekè; fLFkfr dh vksj fufnZ"V
jgrk gS µ blfy, ;g ljy vkorZ xfr esa izR;ku;u cy dgykrk
gSA vc rd dh xbZ ppkZvksa dks laf{kIr djus ij ge ikrs gSa
fd ljy vkorZ xfr dks nks izdkj ls ifjHkkf"kr fd;k tk ldrk
gS] ;k rks foLFkkiu osQ fy, lehdj.k (13-4) }kjk vFkok
lehdj.k (13-13) }kjk tks fd cy osQ fu;e iznku djrk gSA
lehdj.k (13-4) ls lehdj.k (13-13) izkIr djus osQ fy,
gesa bls nks ckj vodfyr djuk iM+kA blh izdkj cy osQ fu;e]
lehdj.k (13-13) dks nks ckj lekdfyr djus ij gesa okil
lehdj.k (13-4) izkIr gks ldrk gSA

è;ku nhft, fd lehdj.k (13-13) esa cy x(t) osQ
jSf[kdh; lekuqikrh gSA vr% bl rjg osQ cy osQ izHkko ls nksyu
djrs gq, fdlh d.k dks jSf[kd vkorhZ nksyd dgrs gSaA okLro
esa] cy osQ O;atd esa x2, x3 vkfn osQ lekuqikrh oqQN in gks
ldrs gSaA vr% bUgsa vjSf[kd nksyd dgrs gSaA
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• mnkgj.k 13.613.613.613.613.6  dekuh fLFkjkad k dh nks loZle
dekfu;k¡ M lagfr osQ fdlh xqVosQ rFkk fLFkj vk/kjksa
ls fp=k 13-14 esa n'kkZ, x, vuqlkj tqM+h gqbZ gSa A

fp=k 13.1413.1413.1413.1413.14

;g n'kkZb, fd tc xqVosQ dks viuh lkE;koLFkk dh fLFkfr
ls fdlh vksj foLFkkfir fd;k tkrk gS] rc ;g ljy
vkorZ xfr djrk gS A nksyu dk vkorZdky Kkr dhft, A

gy  eku yhft, xqVosQ dks viuh lkE;koLFkk dh fLFkfr ls
nkb± vksj x nwjh rd foLFkkfir fd;k tkrk gS A bls fp=k
13-15 esa fn[kk;k x;k gSA bl fLFkfr esa ckb± vksj dh dekuh
x yackbZ }kjk nhf?kZr gks tkrh gS rFkk nkb± vksj dh dekuh Hkh
mruh gh yackbZ }kjk laihfMr gks tkrh gS A rc xqVosQ ij dk;Zjr
cy

F
1 
= – k x (dekuh }kjk ckb± vksj vkjksfir cy] tks

xqVosQ dks ekè; fLFkfr dh vksj [khapus
dk iz;kl djrk gS A)

F
2
 = – k x (dekuh }kjk nkb± vksj vkjksfir cy] tks

xqVosQ dks ekè; fLFkfr dh vksj /osQyus
dk iz;kl djrk gS A)

fp=k 13.1513.1513.1513.1513.15

rc xqVosQ ij vkjksfir usV cy]

F = –2 kx

vr%] xqVosQ ij vkjksfir cy foLFkkiu osQ vuqØekuqikrh
rFkk ekè;&fLFkfr dh vksj fufnZ"V gksrk gS_ blfy,] xqVosQ dh
xfr ljy vkorZ xfr gS A blesa nksyu dk vkorZdky]

2
2

m
T

k
π=  gS A ¶

13.7 ljy vkorZ xfr eas ÅtkZ

ljy vkorZ xfr djrs gq, d.k dh fLFkfrt rFkk xfrt ÅtkZ,¡
nksuksa 'kwU; rFkk vius vfèkdre ifjek.k osQ chp fopj.k djrh gSaA

vuqHkkx 13.5 eas geus ns[kk gS fd ljy vkorZ xfr djrs
fdlh d.k dk osx le; dk vkorhZ iQyu gksrk gS A foLFkkiu
dh pje fLFkfr;ksa eas ;g 'kwU; gksrk gS A vr% ,sls d.k dh
xfrt ÅtkZ (K), ftls ge bl izdkj ifjHkkf"kr djrs gSa]

21

2
K =  mv

ω ω φ2 2 21
sin ( + )

2
= m A  t  

ω φ2
 

1
sin ( + )

2

2=  k A t     (13.15)

Hkh le; dk vkorhZ iQyu gksrh gS ftldk ifjek.k foLFkkiu
vf/dre gksus ij 'kwU; rFkk d.k osQ ekè; fLFkfr ij gksus ij
vf/dre gksrk gS A è;ku nhft,] pw¡fd xfrt ÅtkZ K eas] v
osQ fpÉ dk dksbZ vFkZ ugha gksrk] vr% K dk vkorZdky
T/2 gSA

ljy vkorZ xfr djus okys fdlh d.k dh fLFkfrt
ÅtkZ fdruh gksrh gS \ vè;k; 5 eas geus ns[kk gS fd fLFkfrt
ÅtkZ dh ladYiuk osQoy laj{kh cyksa osQ fy, gh gksrh gS A
dekuh cy F = – kx ,d laj{kh cy gS ftlls fLFkfrt ÅtkZ
la;qDr gksrh gS A

21

2
U = k x (13.16)

vr% ljy vkorZ xfr djrs fdlh d.k dh fLFkfrt ÅtkZ]

 U(x)  =   21

2
 k x

         
2 2

 
1

cos ( + )
2

= k A t ω φ                        (13.17)

bl izdkj] ljy vkorZ xfr djrs fdlh d.k dh fLFkfrt
ÅtkZ Hkh vkorhZ gksrh gS ftldk vkorZdky T/2 gksrk gS] ;g
ÅtkZ ekè; fLFkfr eas 'kwU; rFkk pje foLFkkiuksa ij vfèkdre
gksrh gS A vr% lehdj.kksa (13.15) rFkk (13.17) ls geass
fudk; dh oqQy ÅtkZ E, izkIr gksrh gS]

E  = U + K
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lehdj.k esa xqIr fu;rkad osQ p;u osQ dkj.k fLFkfrt ÅtkZ
èkukRed gksrh gSA xfrt rFkk fLFkfrt nksuksa ÅtkZ,¡ SHM osQ
izR;sd vkorZdky esa nks ckj viuh pje fLFkfr dks izkIr djrh
gSaA x = 0 osQ fy,] ÅtkZ xfrt gS_ pje fLFkfr x = ± A ij
;g iwjs rkSj ij fLFkfrt ÅtkZ gSA bu lhekvksa osQ chp xfr djrs
gq,] fLFkfrt ÅtkZ osQ ?kVus ls xfrt ÅtkZ c<+rh gS rFkk xfrt
ÅtkZ osQ ?kVus ls fLFkfrt ÅtkZ c<+rh gSA

• mnkgj.k 13.13.13.13.13.77777  1kg  lagfr osQ fdlh xqVosQ dks ,d
dekuh ls ck¡/k x;k gS A dekuh dk dekuh fLFkjkad
50N m–1 gS A xqVosQ dks mldh lkE;koLFkk dh fLFkfr
x = 0 ls t = 0 ij fdlh ?k"kZ.kghu i`"B ij oqQN nwjh
x = 10 cm rd [khapk tkrk gS A tc xqVdk viuh
ekè;&fLFkfr ls 5 cm nwj gS] rc mldh xfrt]
fLFkfrt rFkk oqQy ÅtkZ,¡ ifjdfyr dhft, A

gy

xqVdk ljy vkorZ xfr djrk gS A lehdj.k [13.14(b)] ls
bldh dks.kh; vko`fÙk

ω = k m

= 
–1

50 N m

1 kg

=  7.07 rad s–1 gksxh]

rc fdlh le; t ij bldk foLFkkiu

x(t) = 0.1 cos (7.07t) gksxk A

vr%] tc d.k viuh ekè; fLFkfr ls 5 cm nwj gS] rc

0.05 = 0.1 cos (7.07t)

vFkok cos (7.07t) = 0.5,

vr%]  sin (7.07t)   
3

 =  
2

= 0.866

rc xqVosQ dk x = 5 cm ij osx = 0.1× 7.07 × 0.866m s–1

= 0.61m s–1

vr%] xqVosQ dh xfrt ÅtkZ = 
21

2
mv

= 
− × 
1 21

1 (0.6123ms )
2

kg

                    = 0.19 J

    ω φ ω φ2 2 2 2
  

1 1
cos ( + ) + sin ( + )

2 2
=  k A t  k A t 

    ω φ ω φ  
2 2 21

cos ( + ) + sin ( + )
2

=  k A t t 

f=kdks.kferh dh lkekU; rknkRed dks iz;ksx djus ij dks"Bd
esa nh xbZ jkf'k dk eku ,d izkIr gksrk gSA vr%

   
21

2
E =  k A   (13.18)

tSlk fd laj{kh cyksa osQ v/hu xfr;ksa osQ fy, vk'kk dh tkrh
gS fdlh Hkh ljy vkorhZ nksyd dh oqQy ;kaf=kd ÅtkZ
dkykfJr ugha gksrh A fdlh jSf[kd ljy vkorhZ nksyd dh
xfrt rFkk fLFkfrt ÅtkZvksa dh le; vkSj foLFkkiu ij
fuHkZjrk fp=k 13.16 eas n'kkZ;h xbZ gS A

fp=k 13.1613.1613.1613.1613.16 xfrt ÅtkZ] fLFkfrt ÅtkZ rFkk oqQy ÅtkZ le; osQ
iQyu osQ :i esa [(a) esa nf'kZr] rFkk ljy vkorZ xfr

djrs gq, d.k dk foLFkkiu [(b) esa nf'kZr]A xfrt
ÅtkZ rFkk fLFkfrt ÅtkZ nksuksa vkorZdky T/2 osQ
i'pkr iqujko`fÙk djrs gSaA t rFkk x osQ lHkh ekuksa
osQ fy, oqQy ÅtkZ fu;r jgrh gSA

Å
t
kZ

Å
t
kZ

è;ku nhft, fd ljy vkorZ xfr esa fLFkfrt rFkk
xfrt nksuksa ÅtkZ,¡ fp=k 13-16 esa ges'kk èkukRed ekuh xbZ gSaA
fuLlUnsg xfrt ÅtkZ dHkh ½.kkRed ugha gks ldrh] D;ksafd
;g pky osQ oxZ osQ lekuqikrh gksrh gSA fLFkfrt ÅtkZ osQ
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 (b)

fp=k 13.1713.1713.1713.1713.17 (a) ekè; fLFkfr osQ lkis{k nksyu djrk dksbZ ljy
yksyd] (b) f=kT; cy T–mg cosθ vfHkosQUnz cy
iznku djrk gS ijarq /qjkxz osQ lkis{k bldk dksbZ
cy&vk?kw.kZ ugha gksrkA Li'kZ js[kh; cy mg sinθ

izR;ku;u cy iznku djrk gSA

(a)

/qjkxz ¯cnq

rFkk xqVosQ dh fLFkfrt ÅtkZ = 
21

2
kx

= ( )− × ×11
50 N m 0.05 0.05 m

2

= 0.0625 J

∴ x = 5 cm ij xqVosQ dh oqQYk ÅtkZ
= (0.19 + 0.0625)J

= 0.25 J

ge ;g Hkh tkurs gSa fd vf/dre foLFkkiu ij] xfrt ÅtkZ
'kwU; gksrh gS] vr% fudk; dh oqQYk ÅtkZ fLFkfrt mQtkZ osQ
cjkcj gksrh gS A vr% fudk; dh oqQYk ÅtkZ]

                               = 
1

2
(50 N m-1 × 0.1 m ×0.1 m)

                              = 0.25 J

;g ÅtkZ 5 cm foLFkkiu ij nksuksa ÅtkZvksa osQ ;ksx osQ cjkcj gh
gS A ;g ÅtkZ laj{k.k fl¼kar osQ vuqowQy gSA   ¶

13.8 ljy vkorZ xfr fu"ikfnr djus okys oqQN fudk;

fujis{kr% 'kq¼ ljy vkorZ xfr osQ dksbZ HkkSfrd mnkgj.k ugha
gSa A vius O;kogkfjd thou eas ge ,sls fudk; ns[krs gSa tks
fdUgh fuf'pr ifjfLFkfr;ksa eas yxHkx ljy vkorZ xfr djrs
gSa A bl vuqHkkx eas blosQ i'pkr~ ge ,sls gh oqQN fudk;ksa dh
xfr;ksa dh ppkZ djsaxs A

13.8.1 ljy yksyd

;g dgk tkrk gS fd xSyhfy;ks us fdlh ppZ esa ,d
nksyk;eku >kM+iQkuwl dk vkorZdky viuh ukM+h dh Lian
xfr }kjk ekik Fkk A mlus ;g fu"d"kZ fudkyk fd >kM+iQkuwl
dh xfr vkorhZ gS A ;g fudk; yksyd dk gh ,d izdkj gksrk
gS A yxHkx 1 ehVj yacs u f[kapus okys /kxs dks ysdj mlosQ
,d fljs ls iRFkj dk VqdM+k ck¡/dj vki Hkh viuk ,d yksyd
cuk ldrs gSa A vius yksyd dks fdlh mfpr Vsd ls ck¡/dj
bl izdkj yVdkb, fd og Lora=krkiwoZd nksyu dj losQ A
iRFkj osQ VqdM+s dks de nwjh rd foLFkkfir djosQ NksM+ nhft, A
iRFkj b/j&m/j xfr djus yxrk gS A iRFkj dh ;g xfr vkorhZ
gksrh gS ftldk vkorZdky yxHkx 2 lsoaQM gksrk gSA

ge ;g LFkkfir djsaxs fd eè;eku fLFkfr ls y?kq
foLFkkiuksa osQ fy, bl yksyd dh vkorZ xfr ljy vkorZ
xfr gksrh gSA fdlh ,sls ljy yksyd ij fopkj dhft, ftlesa
m nzO;eku dk dksbZ y?kq vkeki dk xksyd L yEckbZ osQ
nzO;ekughu rFkk u f[akpus ;ksX; Mksjh osQ ,d fljs ls caèkk gksA
Mksjh dk nwljk fljk fdlh n`<+ Vsd ls tqM+k gSA xksyd bl
ÅèokZèkj n`<+ Vsd ls gksdj tkus okyh js[kk osQ vuqfn'k ry esa

nksyu djrk gSA ;g O;oLFkk fp=k 13-17(a) }kjk n'kkZbZ xbZ gSA
fp=k 13-17(b) esa nksyd ij dk;Zjr cy iznf'kZr fd, x, gSa
tks ,d izdkj dk cy&funsZ'kd vkjs[k gSA

ekuk fd Mksjh ÅèokZèkj ls θ dks.k cukrh gSA tc xksyd
ekè; fLFkfr esa gksrk gS rks θ = 0

xksyd ij osQoy nks cy dk;Zjr gSa % Mksjh dh yackbZ
osQ vuqfn'k ruko T rFkk xq#Ro osQ dkj.k ÅèokZèkj cy
(=mg)A ge cy mg dk fo;kstu Mksjh osQ vuqfn'k ?kVd
mg

     
cos θ rFkk mlosQ yacor~ mg

     
sin θ osQ :i esa dj ldrs

gSaA pw¡fd xksyd dh xfr L f=kT;k osQ fdlh o`Ùk osQ vuqfn'k gS
ftldk osQUnz /qjkxz fcUnq ij fLFkr gS] vr% xksyd dk dksbZ
f=kT; Roj.k (ω2L) rFkk lkFk gh Li'kZjs[kh; Roj.k gksxkA
Li'kZjs[kh; Roj.k dk dkj.k o`Ùk osQ pki osQ vuq:i xfr dk
,dleku u gksuk gSA f=kT; Roj.k usV f=kT; cy T – mg cosθ

osQ dkj.k gksrk gS tcfd Li'kZjs[kh; Roj.k mg sinθ osQ
dkj.k mRiUu gksrk gSA /qjkxz osQ lkis{k cy vk?kw.kZ ij fopkj
djuk vfèkd lqfoèkktud gksrk gS D;ksafd rc f=kT; cy dk
vk?kw.kZ 'kwU; gks tkrk gSA bl izdkj vkèkkj osQ lkis{k cy vk?kw.kZ
τ cy osQ Li'kZjs[kh; ?kVd }kjk gh iw.kZr;k izkIr gksrk gSA

τ = –L (mg
 
sin θ) (13.19)
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xf.krh; :i esa lehdj.k (13-24) lehdj.k (13-11) osQ
rqY; gS] varj osQoy ;g gS fd ;gk¡ pj jkf'k dks.kh; Roj.k
gSA vr% geus ;g fl¼ dj fn;k gS fd θ osQ y?kq ekuksa osQ
fy, xksyd dh xfr ljy vkorZ xfr gSA

lehdj.k (13.24) rFkk lehdj.k (13.11) ls ge
;g ns[krs gSa fd

ω =
mgL

I

rFkk yksyd dk vkorZdky

π= 2
I

T
mgL

(13.25)

vc D;ksafd yksyd dh Mksjh nzO;ghu gS] vr% tM+Ro vk?kw.kZ
I  osQoy mL2 osQ rqY; gksxkA blls gesa ljy yksyd osQ vkorZ
dky osQ fy, lqifjfpr lw=k fey tkrk gS

2π
L

T
g

= (13.26)

• mnkgj.k 13.813.813.813.813.8 ml ljy yksyd dh yackbZ D;k gS]
tks gj lsoaQM osQ ckn fVd djrk gS \

gy  lehdj.k (13.26) ls fdlh ljy yksyd dk vkorZdky]

2π
L

T
g

=

bl laca/ ls gesa izkIr gksrk gS]
2

2
4π

gT
L =

gj ,d lsdaM osQ ckn fVd djus okys ljy yksyd dk
vkorZdky T, 2 s gksrk gS A vr% g = 9.8 m s–2 rFkk
T = 2 s osQ fy, ljy yksyd dh yackbZ

2 2

2

9.8 (m s )  4 (s )

4π
L

− ×
=

= 1 m ¶

;g ,d izR;ku;u cy vk?kw.kZ gS tks foLFkkiu osQ ifj.kke dks
de djus dk iz;kl djrk gS_ blh dkj.k bls ½.kkRed fpÉ
}kjk O;Dr fd;k x;k gSA ?kw.khZ xfr osQ fy, U;wVu osQ fu;e
osQ vuqlkj

τ = I α (13.20)

;gk¡ I /qjkxz fcanq osQ ifjr% yksyd dk ?kw.khZ tM+Ro gS rFkk α

mlh fcanq osQ ifjr% dks.kh; Roj.k gS A bl izdkj
Iα = –mgL sin θ (13.21)

vFkok 
θ

α = −
sinmgL

I
(13.22)

;fn ge ;g ekusa fd foLFkkiu θ NksVk gS] rks lehdj.k
(13.22) dks ljy cuk ldrs gSa A ge tkurs gSa fd sin θ

dks  bl izdkj O;Dr fd;k tk ldrk gS]

sin θ = θ – 
3 5

3! 5!

θ θ
+  – ...... (13.23)

;gk¡ θ  jsfM;u esa gSA
vc ;fn θ NksVk gS] rks sin θ dk lfUudVu θ }kjk

fd;k tk ldrk gS A ,slh ifjfLFkfr osQ lehdj.k (13.22)

dks bl izdkj Hkh fy[k ldrs gSa]

α θ= −
mgL

I
(13.24)

lkj.kh 13.1 esa geus dks.k θ dks va'kksa esa] blosQ rqY;kad
jsfM;uksa esa] rFkk iQyu sin θ osQ eku lwphc¼ fd, gSa A
lkj.kh ls ;g ns[kk tk ldrk gS fd θ osQ 20 va'k rd cM+s
ekuksa osQ fy, sin θ osQ eku yxHkx ogh gksrs gSa tSls θ dks
jsfM;uksa esa O;Dr djus ij feyrs gSa

lkj.kh 13.1 sin θ  dks.k θ osQ iQyu osQ :i esa

θθθθθ     (va'kksa esa) θθθθθ (jsfM;uksa esa) sin θθθθθ

0 0 0

5 0.087 0.087

10 0.174 0.174

15 0.262 0.259

20 0.349 0.342

lkjka'k

1. og xfr tks Lo;a dks nksgjkrh gS vkorhZ xfr dgykrh gS]

2. ,d nksyu vFkok pØ dks iwjk djus osQ fy, vko';d le; T dks vkorZdky dgrs gSa A ;g vko`fÙk ls bl izdkj
lacaf/r gS]

ν
=

1
T
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fdlh vkorhZ vFkok nksyuh xfr dh vko`fÙk mlosQ }kjk 1 lsdaM esa iwjs fd, x, nksyuksa dh la[;k gksrh gS A SI ek=kd
i¼fr esa bls gV~Z”k esa ekik tkrk gS_

1 gV~Z”k = 1Hz = 1 nksyu izfr lsoaQM = 1s–1

3. ljy vkorZ xfr esa] fdlh d.k dk mldh lkE;koLFkk dh fLFkfr ls foLFkkiu x(t) bl izdkj O;Dr fd;k tkrk gS]

x(t) = x
m
 cos (ωt + φ)  (foLFkkiu)

;gk¡ x
m
 foLFkkiu dk vk;ke (ωt + φ) xfr dh dyk] rFkk φ dyk fLFkjkad gS A dks.kh; vko`fÙk ω xfr osQ vkorZdky

rFkk vko`fÙk ls bl izdkj lacaf/r gksrh gS

ω = 
π2

T
 = 2πν (dks.kh; vko`fÙk)

4. ljy vkorZ xfr] ,dleku orqZy xfr osQ ml o`Ùk osQ O;kl ij iz{ksi gksrh gS] ftl ij xfr gks jgh gS A

5. ljy vkorZ xfr osQ le; d.k osQ osx rFkk Roj.k dks le; t osQ iQyu osQ :i esa bl izdkj O;Dr djrs gSa]

v (t) =  –ωA
m
 sin (ωt + φ ) (osx)

a (t) = –ω2A
m
 cos (ωt + φ )

= –ω2x (t) (Roj.k)

le;dkfyd fØ;k vkSj ljy vkorZ xfr }kjk ge osx vkSj xfr dks bl izdkj ns[k ldrs gSaA

6. ljy vkorZ xfr fdlh d.k dh og xfr gksrh gS ftlesa ml d.k ij dksbZ ,slk cy vkjksfir jgrk gS] tks d.k osQ
foLFkkiu osQ vuqØekuqikrh] rFkk lnSo xfr osQ osaQnz dh vksj fu£n"V gksrk gS A

7. ljy vkorZ xfr djrs fdlh d.k esa] fdlh Hkh {k.k] xfrt mQtkZ K = 
1

2
mv2 rFkk fLFkfrt mQtkZ U = 

1

2
kx2 gksrh

gS A ;fn dksbZ ?k"kZ.k u gks] rks fudk; dh oqQy ;kaf=kd mQtkZ] E = K+U lnSo gh vpj jgrh gS ;|fi K vkSj U ifjo£rr
gksrs gSa A

8. m nzO;eku dk dksbZ d.k tks gqd osQ fu;e osQ vuqlkj yxs izR;ku;u cy F = – kx  osQ izHkko eas nksyu djrk gS]
ljy vkorZ xfr n'kkZrk gS ftlosQ fy,]

k

m
ω =  (dks.kh; vko`fÙk)

rFkk T = 2π
m

k
 (vkorZdky)

,sls fudk; dks jSf[kd nksyd Hkh dgrs gSa A

9. y?kq dks.kksa eas nksyu djrs ljy yksyd dh xfr lfUudV ljy vkorZ xfr gksrh gS A bldk vkorZdky]

π= 2
L

T
g

HkkSfrd jkf'k izrhd foek,¡ ek=kd fVIi.kh

vkorZdky T [T] s xfr dh Lo;a iqujko`fRr osQ fy,
U;wure le;

vko`fÙk  f  ;k ν [T–1] s–1
1

v
T

=

dks.kh; vko`fÙk ω [T–1] s–1 = 2πν

dyk fu;rkad φ foekghu jsfM;u ljy vkorZ xfr esa foLFkkiu dh dyk
dk vkjafHkd eku

cy fu;rkad k [MT–2] N m–1 ljy vkorZ xfr esa
F = – k x

Reprint 2026-27



285nksyu

fopkj.kh; fo"k;

1. vkorZdky T og U;wure le; gksrk gS ftlosQ i'pkr~ xfr dh Lo;a iqujko`fÙk gksrh gS A bl izdkj] le; varjky
nT osQ i'pkr~ xfr dh Lo;a iqujko`fÙk gksrh gS] ;gk¡ n dksbZ iw.kk±d gS A

2. izR;sd vkorhZ xfr ljy vkorZ xfr ugha gksrh A osQoy ogh vkorhZ xfr tks cy&fu;e F = –k x }kjk fu;af=kr
gksrh gS] ljy vkorZ xfr gksrh gS A

3. orqZy xfr O;qRØe&oxZ fu;e cy (tSls xzgh; xfr esa) rFkk f}foek esa ljy vkorZ cy –mω2r osQ dkj.k mRiUu
gks ldrh gS A ckn osQ izdj.k esa] xfr  dh dyk,¡] nks yacor~ fn'kkvksa (x rFkk y) esa π/2 rad }kjk fHkUu
gksuh pkfg, A bl izdkj] dksbZ d.k ftldh vkjafHkd fLFkfr (0, a) rFkk osx (ωA, 0) gS –m ω2r cy vkjksfir
fd, tkus ij A f=kT;k osQ o`Ùk esa ,dleku orqZy xfr djsxk A

4. ω osQ fdlh fn, x, eku dh jSf[kd ljy vkorZ xfr osQ fy, nks vkjafHkd 'krs± vko';d gSa vkSj ;s 'krs± xfr
dks iw.kZr% fu/kZfjr djus osQ fy, i;kZIr gSa A ;s vko';d 'krs± gks ldrh gSa (i) vkjafHkd fLFkfr rFkk vkjafHkd
osx] vFkok (ii) vk;ke rFkk dyk] vFkok (iii) mQtkZ rFkk dyk A

5. mijksDr fcanq (4) ls] fn, x, vk;ke vFkok mQtkZ xfr dh dyk dk fu/kZj.k vkjafHkd fLFkfr vFkok vkjafHkd
osx }kjk fd;k tkrk gS A

6. ;kn`fPNd vk;keksa rFkk dykvksa okyh nks ljy vkorZ xfr;ksa dk la;kstu O;kid :i esa vkorhZ ugha gksrk A ;g
osQoy rHkh vkorhZ gksrk gS tc ,d xfr dh vko`fÙk nwljh xfr dh vko`fÙk dh iw.kk±d xq.kt gks A rFkkfi] fdlh
vkorhZ xfr dks lnSo gh mi;qDr vk;keksa dh vuar ljy vkorZ xfr;ksa osQ :i esa O;Dr fd;k tk ldrk gSA

7. ljy vkorZ xfr dk vkorZdky vk;ke vFkok mQtkZ vFkok dyk fu;rkad ij fuHkZj ugha djrk A xq#Rokd"kZ.k
osQ v/hu xzgh; d{kksa osQ vkorZdky blosQ foijhr gSa (osQIyj dk r`rh; fu;e) A

8. fdlh ljy yksyd dh xfr y?kq dks.kh; foLFkkiu osQ fy, gh ljy vkorZ xfr gksrh gSA

9. fdlh d.k dh xfr ;fn ljy vkorZ xfr gS] rks mlosQ foLFkkiu dks fuEu :iksa esa ls fdlh ,d :i esa O;Dr
fd;k tkuk pkfg, %

x = A cos ωt  +  B sin ωt;

x = A cos (ωt + α ); x =  B sin (ωt + β )

;s rhuksa :i iw.kZr% lerqY; gSa (fdlh Hkh ,d :i dks vU; nks :iksa osQ inksa esa O;Dr fd;k tk ldrk gS A)

vH;kl

13.1 uhps fn, x, mnkgj.kksa esa dkSu vkorhZ xfr dks fu:fir djrk gS \

(i) fdlh rSjkd }kjk unh osQ ,d rV ls nwljs rV rd tkuk vkSj viuh ,d okilh ;k=kk iwjh djuk A

(ii) fdlh Lora=krkiwoZd yVdk, x, naM pqacd dks mldh N-S fn'kk ls foLFkkfir dj NksM+ nsuk A

(iii) vius nzO;eku osaQnz osQ ifjr% ?kw.khZ xfr djrk dksbZ gkbMªkstu v.kq A

(iv) fdlh deku ls NksM+k x;k rhj A

13.2 uhps fn, x, mnkgj.kksa esa dkSu (yxHkx) ljy vkorZ xfr dks rFkk dkSu vkorhZ ijarq ljy vkorZ xfr ugha fu:fir
djrs gSa \

(i) i`Foh dh vius v{k osQ ifjr% ?kw.kZu xfr A

(ii) fdlh U–uyh esa nksyk;eku ikjs osQ LraHk dh xfr A

(iii) fdlh fpdus oØh; dVksjs osQ Hkhrj ,d ckWy cs;fjax dh xfr tc mls fuEure fcanq ls oqQN mQij osQ fcanq
ls eqDr :i ls NksM+k tk, A

(iv) fdlh cgqijek.kqd v.kq dh viuh lkE;koLFkk dh fLFkfr osQ ifjr% O;kid daiu A
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fp=k 13.1813.1813.1813.1813.18

13.3 fp=k 13.18 esa fdlh d.k dh jSf[kd xfr osQ fy, pkj x-t vkjs[k fn, x, gSa A buesa ls dkSu&lk vkjs[k vkorhZ xfr
dk fu:i.k djrk gS \ ml xfr dk vkorZdky D;k gS (vkorhZ xfr okyh xfr dk) A

13.4 uhps fn, x, le; osQ iQyuksa esa dkSu (a) ljy vkorZ xfr (b) vkorhZ ijarq ljy vkorZ xfr ugha] rFkk (c) vukorhZ
xfr dk fu:i.k djrs gSa A izR;sd vkorhZ xfr dk vkorZdky Kkr dhft, % (ω dksbZ /ukRed vpj gS A)

(a) sin ωt – cos ωt

(b) sin3 ωt

(c) 3 cos (
4

π
 – 2 ωt)

(d) cos ωt + cos 3 ωt + cos 5 ωt

(e) exp (–ω2t2)

(f) 1 + ωt + ω2t2

13.5 dksbZ d.k ,d nwljs ls 10 cm nwjh ij fLFkr nks fcanqvksa A rFkk B osQ chp jSf[kd ljy vkorZ xfr dj jgk gS A A

ls B dh vksj dh fn'kk dks /ukRed fn'kk ekudj osx] Roj.k rFkk d.k ij yxs cy osQ fpÉ Kkr dhft, tcfd

;g d.k

(a) A fljs ij gS]

(b) B fljs ij gS]

(c) A dh vksj tkrs gq, AB osQ eè; fcanq ij gS]

(d) A dh vksj tkrs gq, B ls 2 cm nwj gS]
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(e) B dh vksj tkrs gq, A ls 3 cm nwj gS] rFkk

(f) A dh vksj tkrs gq, B ls 4 cm nwj gS A

13.6 uhps fn, x, fdlh d.k osQ Roj.k a rFkk foLFkkiu x osQ chp laca/ksa esa ls fdlls ljy vkorZ xfr lac¼ gS %

(a) a = 0.7 x

(b) a = – 200 x2

(c) a = – 10 x

(d) a = 100 x3

13.7 ljy vkorZ xfr djrs fdlh d.k dh xfr dk o.kZu uhps fn, x, foLFkkiu iQyu }kjk fd;k tkrk gS]

x(t) = A cos (ωt + φ)

;fn d.k dh vkjafHkd (t = 0) fLFkfr 1 cm rFkk mldk vkjafHkd osx π cm s–1 gS] rks d.k dk vk;ke rFkk vkjafHkd
dyk dks.k D;k gS \ d.k dh dks.kh; vko`fÙk π s–1 gS A ;fn ljy vkorZ xfr dk o.kZu djus osQ fy, dksT;k (cos)

iQyu osQ LFkku ij ge T;k (sin) iQyu pqusa_ x = B sin (ωt + α), rks mijksDr vkjafHkd izfrca/ksa esa d.k dk vk;ke
rFkk vkjafHkd dyk dks.k D;k gksxk \

13.8 fdlh dekuhnkj rqyk dk iSekuk 0 ls 50 kg rd vafdr gS vkSj iSekus dh yackbZ 20 cm gS A bl rqyk ls yVdk;k
x;k dksbZ fai.M] tc foLFkkfir djosQ eqDr fd;k tkrk gS] 0.6 s osQ vkorZdky ls nksyu djrk gS A fiaM dk Hkkj fdruk gS \

13.9 1200 N m–1 dekuh&fLFkjkad dh dksbZ dekuh fp=k 13.19 esa n'kkZ, vuqlkj fdlh {kSfrt est ls tM+h gS A dekuh
osQ eqDr fljs ls 3 kg nzO;eku dk dksbZ fi.M tqM+k gS A bl fi.M dks ,d vksj 2.0 cm nwjh rd [khap dj eqDr fd;k
tkrk gS]

fp=k 13.1913.1913.1913.1913.19

(i) fi.M osQ nksyu dh vko`fÙk]

(ii) fi.M dk vf/dre Roj.k] rFkk

(iii) fi.M dh vf/dre pky Kkr dhft, A

13.10 vH;kl 13.9 esa] eku yhft, tc dekuh vrkfur voLFkk esa gS rc fi.M dh fLFkfr x = 0 gS rFkk ck,¡ ls nk,¡

dh fn'kk x-v{k dh /ukRed fn'kk gS A nksyu djrs fi.M osQ foLFkkiu x dks le; osQ iQyu osQ :i es n'kkZb,]

tcfd fojke ?kM+h dks vkjaHk (t = 0) djrs le; fi.M]

(a) viuh ekè; fLFkfr]

(b) vf/dre rkfur fLFkfr] rFkk

(c) vf/dre laihMu dh fLFkfr ij gS A

ljy vkorZ xfr osQ fy, ;s iQyu ,d nwljs ls vko`fÙk esa] vk;ke esa vFkok vkjafHkd dyk esa fdl :i esa fHkUu gSa \

13.11 fp=k 13.20 esa fn, x, nks vkjs[k nks orqZy xfr;ksa osQ rnuq:ih gSa A izR;sd vkjs[k ij o`Ùk dh f=kT;] ifjØe.k&dky]

vkjafHkd fLFkfr vkSj ifjØe.k dh fn'kk n'kkZ;h xbZ gS A izR;sd izdj.k esa] ifjØe.k djrs d.k osQ f=kT;&lfn'k osQ

x-v{k ij iz{ksi dh rnuq:ih ljy vkorZ xfr Kkr dhft, A
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fp=k 13.2113.2113.2113.2113.21

fp=k 13.2013.2013.2013.2013.20

13.12 uhps nh xbZ izR;sd ljy vkorZ xfr osQ fy, rnuq:ih funsZ'k o`Ùk dk vkjs[k [khafp, A ?kw.khZ d.k dh vkjafHkd
(t = 0) fLFkfr] o`Ùk dh f=kT;k rFkk dks.kh; pky n'kkZb, A lqxerk osQ fy, izR;sd izdj.k esa ifjØe.k dh fn'kk
okekorZ yhft, A (x dks cm esa rFkk t dks s esa yhft, A)

(a) x = – 2 sin (3t + π/3)

(b) x = cos (π/6 – t)

(c) x = 3 sin (2πt + π/4)

(d) x = 2 cos πt

13.13 fp=k 13.21(a) eas k cy&fLFkjkad dh fdlh dekuh osQ ,d fljs dks fdlh n`<+ vk/kj ls tdM+k rFkk nwljs eqDr
fljs ls ,d nzO;eku m tqM+k n'kkZ;k x;k gS A dekuh osQ eqDr fljs ij cy F vkjksfir djus ls dekuh ru tkrh
gS A fp=k 13.21(b) eas mlh dekuh osQ nksuksa eqDr fljksa ls nzO;eku m tqM+k n'kkZ;k x;k gS A dekuh osQ nksuksa fljksa
dks fp=k 13.21 eas leku cy F }kjk rkfur fd;k x;k gS A

(a) nksuksa izdj.kksa eas dekuh dk vf/dre foLrkj D;k gS \

(b) ;fn (a)  dk nzO;eku rFkk (b)  osQ nksuksa nzO;ekuksa dks eqDr NksM+ fn;k tk,] rks izR;sd izdj.k esa nksyu dk
vkorZdky Kkr dhft, A
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13.14 fdlh jsyxkM+h osQ batu osQ fl¯yMj gSM eas fiLVu dk LVªksd (vk;ke dk nks xquk) 1.0 m  dk gS A ;fn fiLVu
200 rad/min dh dks.kh; vko`fÙk ls ljy vkorZ xfr djrk gS] rks mldh vf/dre pky fdruh gS \

13.15 panzek osQ i`"B ij xq#Roh; Roj.k 1.7 m s–2 gS A ;fn fdlh ljy yksyd dk i`Foh osQ i`"B ij vkorZdky 3.5s

gS] rks mldk panzek osQ i`"B ij vkorZdky fdruk gksxk \ (i`Foh osQ i`"B ij g = 9.8m s–2)

13.16 fdlh dkj dh Nr ls l yackbZ dk dksbZ ljy yksyd] ftlosQ yksyd dk nzO;eku M gS] yVdk;k x;k gS A dkj

R f=kT;k dh o`Ùkh; iFk ij ,dleku pky v ls xfreku gS A ;fn yksyd f=kT; fn'kk eas viuh lkE;koLFkk dh

fLFkfr osQ b/j&m/j NksVs nksyu djrk gS] rks bldk vkorZdky D;k gksxk \

13.17 vk/kj {ks=kiQy A rFkk Å¡pkbZ h osQ ,d dkWoZQ dk csyukdkj VqdM+k ρ
l
 ?kuRo osQ fdlh nzo eas rSj jgk gS A dkWoZQ

dks FkksM+k uhps nckdj Lora=k NksM+ nsrs gSa] ;g n'kkZb, fd dkWoZQ Åij&uhps ljy vkorZ nksyu djrk gS ftldk

vkorZdky

1

2π
h

T
g

ρ

ρ
=  gS A

;gk¡ ρ dkWoZQ dk ?kuRo gS (nzo dh ';kurk osQ dkj.k voeanu dks ux.; ekfu,) A

13.18 ikjs ls Hkjh fdlh U uyh dk ,d fljk fdlh pw"k.k iai ls tqM+k gS] RkFkk nwljk fljk ok;qeaMy eas [kqyk NksM+ fn;k

x;k gS A nksuksa LraHkksa eas oqQN nkckarj cuk, j[kk tkrk gS A ;g n'kkZb, fd tc pw"k.k iai dks gVk nsrs gSa] rc U

uyh eas ikjs dk LraHk ljy vkorZ xfr djrk gS A
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rjaxsa

14.1 Hkwfedk

14.2 vuqizLFk rFkk vuqnS?;Z rjaxsa

14.3 izxkeh rjaxksa esa foLFkkiu laca/

14.4 izxkeh rjax dh pky

14.5 rjaxksa osQ vè;kjksi.k dk fl¼kar

14.6 rjaxksa dk ijkorZu

14.7 foLiansa

lkjka'k

fopkj.kh; fo"k;

vH;kl

14.1 Hkwfedk

fiNys vè;k; esa geus ,sls fi.Mksa dh xfr osQ ckjs esa vè;;u fd;k tks ,dkdh
nksyu djrs gSaA ;fn dksbZ fudk; blh izdkj osQ fi.Mksa dk lewg gS] rks ml fudk;
esa D;k gksxk\ ,d nzO;eku ;qDr ekè;e blh izdkj osQ fudk; dk mnkgj.k gSA
bl izdkj osQ ekè;e esa izR;kLFk cy ekè;e osQ vo;oksa dks ,d&nwljs ls ck¡/
j[krs gSa ftlosQ dkj.k fdlh ,d vo;o dh xfr nwljs vo;o dh xfr dks izHkkfor
djrh gSA ;fn vki ,d NksVs oaQdM+ dks fdlh rkykc osQ 'kkar ty esa /hjs ls
fxjk,¡] rks ty dk i`"B fo{kqC/ gks tkrk gS A ;g fo{kksHk fdlh ,d LFkku rd
gh lhfer ugha jgrk] oju~ ,d o`Ùk osQ vuqfn'k ckgj dh vksj lapfjr gksrk gSA
;fn vki blh izdkj rkykc esa fujarj oaQdM+ fxjkrs jgsa] rks vki ;g ns[ksaxs foQ
rkykc osQ i`"B osQ ftl ̄ cnq ij fo{kksHk mRiUu gqvk gS ogk¡ ls ;g fo{kksHk o`Ùkksa
osQ :i esa rhozrk ls ckgj dh vksj xfr djrk gS A gesa ,slk izrhr gksrk gS tSls
fo{kksHk ̄ cnq ls ty Lo;a ckgj dh vksj xfr dj jgk gks A ;fn vki fo{kqC/ i`"B
ij oqQN NksVs&NksVs dkWdZ osQ VqdM+s /hjs ls j[k nsa] rks vki ik,¡xs foQ ;s dkWdZ
osQ VqdM+s vius&vius LFkkuksa ij gh mQij&uhps xfr djrs gSa] ijarq fo{kksHk osQ osaQnz
¯cnq ls nwj ugha tkrs vFkkZr~ mudh fo{kksHk osQ osaQnz ls nwjh fu;r cuh jgrh gSA
blls ;g izn£'kr gksrk gS fd ty dk nzO;eku Lo;a o`Ùkksa osQ lkFk ckgj dh vksj
xfr ugha djrk] cl] ,d xfr'khy fo{kksHk mRiUu gks tkrk gS A blh izdkj tc
ge cksyrs gSa] rks èofu gok (ekè;e) esa gels nwj tkrh gS A ijarq bl izfØ;k esa
(ok;q) ,d Hkkx ls nwljs Hkkx esa izokfgr ugha gksrh A ok;q esa mRiUu gq, fo{kksHk
gesa Li"V :i ls fn[kkbZ ugha nsrs] gekjs dkuksa vFkok ekbØksiQksuksa }kjk gh ge budks
tku ikrs gSaA bl izdkj ds fo{kksHkksa osQ izfr:i ;k iSVuZ tks nzO; osQ okLrfod
HkkSfrd LFkkukarj.k vFkok lewps nzO; osQ izokg osQ fcuk gh ekè;e osQ ,d LFkku ls
nwljs LFkku rd xfr djrs gSa] rjax dgykrs gSa A bl vè;k; esa ge  rjaxksa osQ
fo"k; esa vè;;u djsaxs A

rjaxksa }kjk ,d ̄cnq ls nwljs ̄ cnq rd mQtkZ rFkk fo{kksHk osQ iSVuZ dh lwpuk
dk lapj.k gksrk gSA gekjk leLr lapkj&ra=k rjaxksa }kjk laosQrksa osQ lapj.k ij fuHkZj
djrk gSA oko~Q (ckrphr) dk vFkZ gS ok;q esa èofu rjaxsa mRiUu djuk rFkk Jo.k
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muosQ lalwpu dks O;Dr djrk gSA lwpuk dk vknku&iznku izk;%
fofHkUu izdkj dh rjaxksa osQ ekè;e }kjk gksrk gSA mnkgj.k osQ
fy, èofu rjaxksa dks loZizFke fo|qr laosQrksa osQ :i esa ifjofrZr
fd;k tk ldrk gS ftuls fo|qr&pqacdh; rjaxsa tfur dh tk
ldrh gSa ftudk lapj.k izdkf'kd js'kksa dh osQfcy vFkok mixzg
}kjk gks ldrk gSA ewy laosQr osQ lalwpu esa lekU;r;k ;gh pj.k
O;qRØe Øe esa viuk, tkrs gSaA

lHkh rjaxksa dks lapj.k osQ fy, ekè;e dh vko';drk
ugha gksrh A ge tkurs gSa fd izdk'k rjaxsa fuokZr ls xeu dj
ldrh gSa A gels lSdM+ksa izdk'k o"kZ dh nwjh ij fLFkr rkjksa ls
mRl£tr izdk'k varjrkjdh; varfj{k] tks O;kogkfjd :i ls
fuokZr gh gS] ls xeu djrk gqvk ge rd igq¡prk gS A

fdlh Mksjh rFkk ty esa mRiUu rjaxksa] èofu rjaxksa] HkwoaQih
rjaxksa tSlh lqifjfpr rjaxsa ;kaf=kd rjaxksa osQ :i esa tkuh tkrh
gSaA bu lHkh rjaxksa osQ lapj.k osQ fy, ekè;e dh vko';drk
gksrh gS] ;s fcuk ekè;e osQ lapfjr ugha gks ldrhaA budk lapj.k
ekè;e osQ d.kksa osQ nksyuksa osQ dkj.k laHko gks ikrk gS rFkk
ekè;e osQ izR;kLFk xq.kksa ij fuHkZj djrk gSA fo|qr&pqacdh; rjaxsa
loZFkk fHkUu izdkj dh rjaxsa gksrh gSa ftuosQ fo"k; esa vki d{kk
12 esa vè;;u djsaxsA fo|qr&pqacdh; rjaxksa osQ lapj.k osQ fy,
ekè;e dk gksuk vko';d ugha gSµ budk lapj.k fuokZr esa Hkh
gksrk gSA izdk'k] jsfM;ks rjaxsa] X&fdj.ksa lHkh fo|qr&pqacdh;
fdj.ksa gSaA fuokZr esa lHkh fo|qr&pqacdh; rjaxksa dh pky] c]
leku gksrh gS ftldk eku gS%

c = 29,97,92,458 m s-1 (14-1)

rhljh izdkj dh ,d vU; rjax gS ftls nzO; rjax osQ uke ls
tkuk tkrk gSA ;g nzO; osQ bysDVªkWu] izksVku] U;wVªku] ijek.kq rFkk
v.kq tSls ?kVdksa ls lac¼ gSaA ;s rjaxsa izÑfr osQ DokaVe ;kaf=kdh;
fooj.k esa izdV gksrh gSa ftlosQ fo"k; esa vki vxyh d{kkvksa
esa i<+saxs A ;|fi ;s rjaxsa ladYiukRed :i esa ;kaf=kd rFkk fo|qr
pqacdh; rjaxksa dh rqyuk esa vf/d vewrZ gSa] rFkkfi budk
vuqiz;ksx vk/qfud izkS|ksfxdh dh cgqr lh ewy ;qfDr;ksa esa ik;k
tkrk gS_ bysDVªkWu ls lac¼ nzO; rjaxksa dk mi;ksx bysDVªWku
lw{en'khZ esa fd;k tkrk gS A

bl vè;k; esa ge osQoy ;kaf=kd rjaxksa osQ ckjs esa] ftuosQ
lapj.k osQ fy, nzO;kRed ekè;e vko';d gS] vè;;u djsaxs A

iqjkru dky ls gh gekjh dyk rFkk lkfgR; ij rjaxksa dk
lkSan;Zcks/kRed izHkko n`f"Vxkspj gksrk gS] fiQj Hkh rjax xfr dk

oSKkfud fo'ys"k.k loZizFke l=kgoha 'krkCnh easa fd;k x;k Fkk A
fØf'p;u gkbxsUl (1629-1695)] jkcVZ gqd rFkk vkb”kd
U;wVu oqQN ,sls izfl¼ HkkSfrdfon gSa ftuosQ uke rjax xfr dh
HkkSfrdh ls lac¼ gSa A dekuh ls c¡/s fi.Mksa osQ nksyuksa dh HkkSfrdh
rFkk ljy yksyd dh HkkSfrdh osQ i'pkr~ gh rjaxksa dh HkkSfrdh
dks le>k x;k A izR;kLFk ekè;eksa esa rjaxksa dk vkorhZ nksyuksa
osQ lkFk varjax laca/ gksrk gS A (rkfur Mksfj;k¡] oqQaMfyr
dekfu;k¡] ok;q vkfn izR;kLFk ekè;eksa osQ mnkgj.k gSa A) bl
laca/ dh O;k[;k ge ljy mnkgj.kksa }kjk djsaxs A

fp=k 14.1 esa n'kkZ, vuqlkj ,d nwljs ls lac¼ dekfu;ksa
dh O;oLFkk ij fopkj dhft, A ;fn blosQ ,d fljs dh dekuh
dks ;dk;d [khapdj NksM+ nsa] rks mRiUu fo{kksHk nwljs fljs rd
xeu djrk gS A bl izfØ;k esa D;k gksrk gS \ ;dk;d [khapus
ij igyh dekuh viuh lkE;koLFkk dh yackbZ ls fo{kksfHkr gksrh
gS A pw¡fd nwljh dekuh igyh dekuh ls lac¼ gS] vr% mlesa
ruko vFkok laihMu gksrk gS vkSj bl izdkj ;g izfØ;k vkxs
c<+rh tkrh gS A ;gk¡ fo{kksHk rks ,d fljs ls nwljs rd lapfjr
gks tkrk gS] ijarq izR;sd dekuh viuh lkE;koLFkk dh fLFkfr
osQ b/j&m/j gh y?kq nksyu djrh jgrh gS A ,sls gh ,d
O;kogkfjd mnkgj.k osQ :i esa jsyos LVs'ku ij fojke dh fLFkfr
esa [kM+h fdlh jsyxkM+h ij fopkj dhft, A jsyxkM+h osQ fofHkUu

fp=k 14.114.114.114.114.1 ,d&nwljs ls lac¼ dekfu;ksa dk laxzg A fljs A dks
;dk;d [khapk tkrk gS_ rc fo{kksHk nwljs fljs rd lapfjr
gks tkrk gS A

fMCcs] dekuh ;qXedksa }kjk ,d&nwljs ls ;qfXer gksrs gSa A tc
bu fMCcksa osQ fdlh ,d fljs ls fdlh batu dks tksM+rs gSa] rks
og vius ls vxys fMCcs dks /Ddk nsrk gS rFkk ;g /Ddk
,d fMCcs ls nwljs fMCcs esa] nwljs ls fiQj rhljs esa] blh izdkj
vkxs lapfjr gksrs gq, vkf[kjh fMCcs rd igq¡p tkrk gS] ysfdu
leLr jsyxkM+h vius gh LFkku ij [kM+h jgrh gS A

vkb,] vc ge ok;q esa èofu rjaxksa osQ lapj.k ij fopkj
djrs gSa A tSls gh dksbZ èofu rjax ok;q ls gksdj xqtjrh gS] rks
og ml LFkku dh ok;q osQ NksVs ls {ks=k dks laihfMr vFkok
foLrkfjr djrh gS A blosQ dkj.k ml NksVs {ks=k  dh ok;q osQ
?kuRo esa] eku yhft, (δρ), ifjorZu gksrk gS A nkc] izfr ,dkad
{ks=kiQy ij vkjksfir cy gksrk gS] vr% dekuh dh gh Hkk¡fr
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bl fLFkfr esa Hkh fo{kksHk osQ vuqØekuqikr esa ̂ izR;ku;u cy*
mRiUu gks tkrk gS A ;gk¡ bl izdj.k esa] ?kuRo esa ifjorZu] dekuh
esa mRiUu laihMu vFkok foLrkj.k osQ le:i gS A ;fn fdlh
{ks=k dks laihfMr fd;k tkrk gS] rks ml {ks=k osQ v.kq ckgj
fudydj lehiorhZ {ks=k esa tkus dk iz;kl djrs gSa A bl izdkj]
lehiorhZ {ks=k esa ?kuRo c<+rk gS] vFkok ml {ks=k esa ̂ laihMu*
mRiUu gksrk gS ftlosQ iQyLo:i iwoZorhZ {ks=k esa ̂ fojyu* mRiUu
gks tkrk gS A ;fn dksbZ {ks=k vius pkjksa vksj osQ {ks=kksa dh rqyuk
esa fojfyr gks] rks ml {ks=k osQ pkjksa vksj osQ ifjos'k dh ok;q
ml {ks=k esa izos'k djosQ fojyu dks lehiorhZ {ks=k dh vksj
/osQy nsrh gS A bl izdkj] laihMu vFkok fojyu ,d {ks=k
ls nwljs {ks=k dh vksj xfr djrs gSa] ftlosQ dkj.k ok;q esa fo{kksHk
dk lapj.k laHko gks ikrk gS A

Bkslksa esa Hkh blh osQ ln`'k roZQ fn;k tk ldrk gS A
fØLVyh; Bkslksa esa ijek.kq vFkok ijek.kqvksa osQ lewg vkorhZ
tkydksa esa O;ofLFkr gksrs gSa A buesa] izR;sd ijek.kq vFkok
ijek.kqvksa dk lewg] vius pkjksa vksj osQ ijek.kqvksa }kjk vkjksfir
cyksa osQ dkj.k] lkE;koLFkk esa gksrk gS A ;fn vU; ijek.kqvksa
dks fLFkj j[krs gq, fdlh ,d ijek.kq dks foLFkkfir fd;k tk,]
rks Bhd mlh izdkj tSlk fd dekuh osQ izdj.k esa Fkk] bl
fLFkfr esa Hkh ,d izR;ku;u cy mRiUu gks tkrk gS A vr% ge
tkyd (lattice) osQ ijek.kqvksa dks vaR; fcanqvksa dh Hkk¡fr
ys ldrs gSa rFkk ijek.kq&;qxyksa osQ chp dekfu;k¡ yxh eku
ldrs gSa A

vc ge bl vè;k; osQ vxys vuqHkkxksa esa rjaxksa osQ fofHkUu
vfHkyk{kf.kd xq.kksa dh ppkZ djasxs A

14.2 vuqizLFk rFkk vuqnS?;Z rjaxsa

ge tkurs gSa fd ;kaf=kd rjaxksa dh xfr esa ekè;e osQ ?kVd nksyu
djrs gSaA ;fn ekè;e osQ ?kVd rjax dh xfr dh fn'kk osQ yacor~
nksyu djrs gSa rks ,slh rjax dks ge vuqizLFk rjax dgrs gSaA ;fn
ekè;e osQ ?kVd rjax dh xfr dh fn'kk osQ vuqfn'k nksyu djrs
gSa rks rjax dks vuqnS?;Z rjax osQ :i esa tkuk tkrk gSA

fp=k 14.2 esa fdlh Mksjh osQ vuqfn'k ,d ,sls Lian dks
xfr djrs fn[kk;k x;k gS ftls Mksjh dks ,d ckj Åij&uhps
>Vdus osQ ckn mRiUu fd;k x;k gSA ;fn Lian osQ vkeki dh
rqyuk esa Mksjh dh yackbZ vR;fèkd gks rks mlosQ nwljs fljs rd
igq¡pus ls igys gh Lian dk voeanu gks tk,xkA vr% nwljs fljs
ij Lian osQ ijkorZu dks vuns[kk fd;k tk ldrk gSA fp=k 14.3

esa Hkh ,slh gh ,d fLFkfr iznf'kZr dh xbZ gS varj osQoy bruk
gS fd blesa cká dkjd }kjk Mksjh osQ ,d fljs ij Åij&uhps
dh vksj lrr vkorhZ T;koØh; >VosQ iznku fd, tk jgs gSaA
bl izdkj ls Mksjh esa mRiUu fo{kksHk dk ifj.kke mlesa izxzkeh

fp=k 14.214.214.214.214.2 tc fdlh rkfur Mksjh osQ vuqfn'k (x-v{k) dksbZ ,dy
Lian xfr'khy gksrk gS  rks Mksjh dk dksbZ izfr:ih
vo;o mQij&uhps (y-v{k) nksyu djrk gS A

Lian

fp=k 14.314.314.314.314.3 fdlh Mksjh osQ vuqfn'k izsf"kr dksbZ vkorZ (T;koØh;)
rjax vuqizLFk rjax dk ,d mnkgj.k gSA rjax osQ {ks=k esa
Mksjh dk dksbZ izfr:ih vo;o rjax dh xeu fn'kk osQ
yacor~ viuh lkE;koLFkk osQ lkis{k nksyu djrk gSA

vkorZ rjax

T;koØh; rjax gksrk gSA nksuksa gh ifjfLFkfr;ksa esa ekè;e osQ vo;o
viuh ekè; lkE;koLFkk osQ bnZ&fxnZ nksyu djrs gSa tcfd Lian
vFkok rjax muls lapfjr gksrh gSA nksyu Mksjh esa rjax dh xfr
dh fn'kk osQ yacor~ gSa] vr% ;g vuqizLFk rjax dk ,d
mnkgj.k gSA

ge fdlh rjax ij nks izdkj ls fopkj dj ldrs gSaA ge
fdlh fuf'pr dky&{k.k ij vkdk'k esa rjax dk fp=k.k dj
ldrs gSaA blls gesa fdlh dky&{k.k ij rjax dh vkÑfr fey
tk,xhA ,d vU; fofèk rjax dh fdlh LFkku fo'ks"k ij fopkj
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lHkh izR;kLFk ekè;eksa esa djk;k tk ldrk gS A mnkgj.k osQ fy,]
LVhy tSls ekè;eksa esa vuqizLFk ,oa vuqnSè;Z nksuksa izdkj dh rjaxsa
lapfjr gks ldrh gSa] tcfd ok;q esa osQoy vuqnSè;Z ;kaf=kd rjaxksa
dk gh lapj.k laHko gS A ty osQ i`"B ij nks izdkj dh rjax
gksrh gSa % osQf'kdkRohp (vFkok i`"B rukoh) rjaxsa rFkk xq#Ro
rjaxsa A igys izdkj dh rjaxsa dkiQh de rjaxnSè;Z dh mfeZdk,a
gksrh gSa ftudh rjaxnSè;Z oqQN lasVhehVj ls vf/d ugha gksrh
rFkk buosQ cuus dk dkj.k ty osQ i`"B ruko osQ dkj.k izR;ku;u
cy gksrk gS A xq#Ro rjaxksa dh rjaxnSè;Z dk izk:fid ifjlj dbZ
ehVj ls dbZ lkS ehVj rd gksrk gS A ;s rjaxsa xq#Roh; f[kapko
osQ :i esa yxus okys izR;ku;u cy }kjk curh gSa tks ty osQ
i`"B dks vius U;wure Lrj ij j[kus dk iz;kl djrh gSaA

bu rjaxksa esa d.kksa osQ nksyu i`"B rd gh lhfer ugha jgrs
cfYd budk foLrkj ?kVrs vk;ke osQ lkFk ryh rd gksrk gS
ty&rjaxksa esa d.k&xfr osQ lkFk ,d tfVy xfr lfEefyr gksrh
gS] os u osQoy Åij&uhps xfr djrs gSa cfYd mudh i'p rFkk
vxz&xfr Hkh gksrh gSA leqnz esa mRiUu rjaxsa vuqizLFk rjaxksa rFkk
vuqnSè;Z rjaxksa dk la;kstu gksrh gSaA

O;kid :i esa ;g ik;k x;k gS fd ,d gh ekè;e esa vuqizLFk
rjaxksa rFkk vuqnSè;Z rjaxksa dh pky fHkUu&fHkUu gksrh gSA

• mnkgj.k 14.114.114.114.114.1 uhps rjax xfr osQ oqQN mnkgj.k fn,
x, gSa] izR;sd fLFkfr esa ;g crkb, fd D;k rjax xfr
vuqizLFk gS] vuqnS?;Z gS vFkok nksuksa dk la;kstu gS %
(a) fdlh yach oqaQMfyr dekuh osQ ,d fljs dks ,d

vksj foLFkkfir djus ij ml dekuh dh fdlh
foHkax (,saBu) dh xfr A

(b) nzo ls Hkjs fdlh fl¯yMj esa blosQ fiLVu dks
vkxs&ihNs djosQ fl¯yMj esa mRiUu rjaxsa A

(c) ty osQ i`"B ij pyrh eksVjcksV }kjk mRiUu rjaxsa A

(d) fdlh daik;eku DokVZ~ïk fØLVy }kjk ok;q esa mRiUu
ijkJO; rjaxsa A

gy

(a) vuqizLFk

(b) vuqnS?;Z

(c) vuqizLFk rFkk vuqnS?;Z

(d) vuqnS?;Z ¶

14.3 izxkeh rjaxksa esa foLFkkiu laca/

fdlh izxkeh rjax osQ xf.krh; fooj.k osQ fy,] gesa fLFkfr x
rFkk le; t nksuksa osQ fdlh iQyu dh vko';drk gksrh gSA izR;sd

djuk gS vFkkZr~ ge viuk è;ku Mksjh osQ fdlh fuf'pr vo;o
ij osaQfnzr djsa rFkk le; osQ lkFk blosQ nksyuksa dks ns[ksaA

fp=k 14-4 esa vuqnS?;Z rjaxksa osQ lcls lkekU; mnkgj.k èofu
rjaxksa dh fLFkfr iznf'kZr dh xbZ gSA ok;q ls Hkjs fdlh yacs ikbi
osQ ,d fljs ij ,d fiLVu yxk gSA fiLVu dks ,d ckj vanj
dh vksj èkosQyrs vkSj fiQj ckgj dh vksj [khapus ls laihMu

fp=k 14.414.414.414.414.4 fiLVu dks vkxs&ihNs xfr djkdj ok;q ls Hkjh uyh
esa èofu rjax mRiUu dh tkrh gS A pw¡fd ok;q&vo;o
osQ nksyu rjax xfr  dh fn'kk osQ lekarj gSa] vr% ;g
vuqnS?;Z rjax gS A

ok;q

(mPp ?kuRo) rFkk fojyu (U;wu ?kuRo) dk Lian mRiUu gks
tk,xkA ;fn fiLVu dks vanj dh vksj èkosQyus rFkk ckgj dh
vksj [khapus dk Øe lrr rFkk vkorhZ (T;koØh;) gks rks ,d
T;koØh; rjax mRiUu gksxh tks ikbi dh yackbZ osQ vuqfn'k ok;q
esa xeu djsxhA Li"V :i ls ;g vuqnS?;Z rjax dk mnkgj.k gSA

mijksDr of.kZr rjaxsa] pkgs og vuqizLFk gksa vFkok vuqnS?;Z]
izxkeh rjaxsa gSa D;ksafd og ekè;e osQ ,d fcUnq ls nwljs fcanq
rd xeu djrh gSaA tSlk fd igys crk;k x;k gS] og nzO; ftlls
rjax lapfjr gksrh gS] xfr ugha djrk gSA mnkgj.kkFkZ] fdlh èkkjk
esa ty dh iw.kZ :i ls xfr gksrh gSA ijUrq] fdlh ty rjax
esa fo{kksHk xfr djrs gSa u fd iw.kZ :i ls tyA blh izdkj]
iou (ok;q dk iw.kZ :i ls xfr) rFkk èofu rjax dks ,d ugha
le>uk pkfg,µ èofu rjax esa fo{kksHk (nkc ?kuRo esa) dk ok;q
esa lapj.k gksrk gS ok;q ekè;e iw.kZ :is.k xfr ugha djrk gSA

vuqizLFk rjaxksa esa d.kksa dh xfr rjax lapj.k dh fn'kk osQ
yacor~ gksrh gS A vr% rjax lapj.k osQ le; ekè;e osQ izR;sd
vo;o esa vi:i.k foo`Qfr gksrh gS A vr% vuqizLFk rjaxksa dk
lapj.k osQoy mUgha ekè;eksa] tSls Bkslksa esa gks ldrk gS tks
vi:id izfrcyksa dk ifjikyu dj losaQ tcfd rjyksa esa ;g
lapj.k ugha gks ldrk A rjyksa osQ lkFk&lkFk Bksl Hkh laihMu
foòQfr dk izfrikyu dj ldrs gSa] vr% vuqnSè;Z rjaxksa dk lapj.k
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fp=k 14.614.614.614.614.6 fHkUu le;ksa ij x-v{k dh èkukRed fn'kk osQ vuqfn'k
xfr'khy dksbZ vkorhZ rjax

{k.k ij ;g iQyu rjax dh ml {k.k ij vkÑfr dk fooj.k nsrk
gSA lkFk gh nh gqbZ izR;sd fLFkfr ij ;g iQyu ml fLFkfr ij ekè;e
dh vo;o dh xfr dk fooj.k Hkh nsrk gSA ;fn ge fdlh T;koØh;
izxkeh rjax (,slh ,d rjax fp=k 14-3 esa n'kkZ;h xbZ gS) dk o.kZu
djuk pkgrs gSa rks layXu iQyu Hkh T;koØh; gksuk pkfg,A lqfoèkk
osQ fy, ge fdlh vuqizLFk rjax ij fopkj djsaxs ftlls ;fn ekè;e
osQ fdlh vo;o dh fLFkfr dks x ls fu:fir djsa rks vo;o dh
ekè; fLFkfr ls foLFkkiu dks y ls fu:fir djuk gksxkA fdlh
T;koØh; izxkeh rjax dks rc fuEu :i ls of.kZr djrs gSa

y (x, t) = a sin (k x – ωt + φ) (14.2)

T;k iQyu osQ dks.kkad esa in φ dk rkRi;Z gS fd ge
T;k vkSj dksT;k iQyuksa osQ jSf[kd la;kstu ij fopkj dj jgs
gSa %

y(x, t) = A sin (kx – ωt) + B cos (kx – ωt)        (14.3)

rc lehdj.k (14.2) ,oa (14.3) ls

a = +2 2A B  rFkk φ = tan-1 
 
 
 

B

A

lehdj.k (14.2) D;ksa T;koØh; izxkeh rjax fu:fir djrk gS
;g le>us osQ fy, fdlh fuf'pr {k.k] eku yhft, t = t

0
,

ij fopkj djsaA rc lehdj.k (14.2) esa T;k iQyu dk dks.kkad
(kx + fLFkjkad) gksxkA vr% rjax dk vkdkj (fdlh fuf'pr {k.k
ij) x osQ iQyu osQ :i esa T;k rjax gSA blh izdkj] fdlh fuf'pr
fLFkfr x = x

0
 ij fopkj djsaA rc lehdj.k (14.2) esa T;k iQyu

dk dks.kkad ,d fLFkjkad –ωt gSA vr% fdlh fuf'pr fLFkfr ij
foLFkkiu y le; osQ lkFk T;koØh; :i ls ifjofrZr gksrk gSA
vFkkZr] fofHkUu fLFkfr;ksa ij ekè;e osQ vo;o ljy vkorZ xfr
djrs gSaA è;ku nhft, fd tSls t dk eku c<+rk gS] x dk eku Hkh
/ukRed fn'kk esa c<+sxk ftlls kx –ωt + φ  dk eku vpj jgsA
vr% lehdj.k (14.2) x - v{k osQ èkukRed fn'kk osQ vuqfn'k
T;koØh; (vkorZ) rjax fu:fir djrk gSA blosQ foijhr] iQyu

y(x, t) = a
 
sin (kx + ωt + φ) (14.4)

x-v{k dh ½.kkRed fn'kk osQ vuqfn'k xfr'khy rjax dks fu:fir

fp=k 14.514.514.514.514.5 lehdj.k (14.2) osQ ekud fpÉksa dh ifjHkk"kkA

y(x,t) : fLFkfr x rFkk le; t osQ iQyu osQ :i esa
foLFkkiu

a : rjax dk vk;ke
ω : rjax dh dks.kh; vko`fÙk
k : dks.kh; rjax la[;k
kx–ωt+φ : vkjafHkd dyk dks.k  (a+x = 0, t = 0)

djrk gS A fp=k 14-5 lehdj.k (14-2) osQ fofHkUu HkkSfrd
jkf'k;ksa osQ uke n'kkZrk gS ftldks ge vc ifjHkkf"kr djsaxsA

fp=k 14.6  leku varjky ij ik¡p fHkUu ekuksa osQ fy,
lehdj.k (14.2) osQ vkys[k n'kkZrk gSA fdlh rjax esa vfèkdre
èkukRed foLFkkiu okys fcanq dks 'kh"kZ dgrs gSa rFkk vfèkdre
½.kkRed foLFkkiu okys fcanq dks xrZ dgrs gSaA ;g ns[kus osQ fy,
fd dksbZ rjax oSQls xfr djrh gS ge 'kh"kZ ij è;ku osQfUnzr dj
ldrs gSa vkSj fiQj ns[ksa fd ;g 'kh"kZ le; osQ lkFk oSQls xfr

djrk gSA fp=k esa bls 'kh"kZ ij Økl (×) ls n'kkZ;k x;k gSA blh
izdkj ge ekè;e osQ fdlh fuf'pr fLFkfr] eku yhft,  x v{k
osQ ewy fcanq ij fdlh vo;o dh xfr ij fopkj dj ldrs
gSaA bls fp=k ij Bksl fcUnq (•) ls n'kkZ;k x;k gSA fp=k 14-6
osQ vkys[k n'kkZrs gSa fd ewy fcanq ij Bksl fcanq (•) le; osQ
lkFk vkorhZ :i ls xfr djrk gSA vFkkZr] rjax osQ xfr osQ lkFk
ewy fcanq ij fLFkr d.k viuh ekè; fLFkfr osQ ikfjr% nksyu
djrk gSA ;g fdlh vU; fLFkfr osQ d.k osQ fy, Hkh lR; gSA
ge ;g Hkh ns[krs gSa fd ftrus le; esa Bksl fcanq (•) ,d iw.kZ
nksyu djrk gS mrus esa 'kh"kZ ,d fuf'pr nwjh py ysrk gSA
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fp=k 14-6 osQ vkys[kksa osQ vkèkkj ij vc ge lehdj.k
(14-2) dh fofHkUu jkf'k;ksa dks ifjHkkf"kr djsaxs

14.3.1 vk;ke rFkk dyk

lehdj.k (14-2) esa] pwafd T;k iQyu dk eku +1 rFkk –1

osQ chp ifjofrZr gksrk gS] foLFkkiu y (x,t) dk eku a rFkk
–a osQ chp ifjofrZr gksrk gSA ge ;fn a dks èkukRed vpj
ekusa rks O;kidrk dk dksbZ gzkl ugha gksrk gSA rc a ekè;d osQ
fdlh vo;o dk vius ekè; fLFkfr ls vfèkdre foLFkkiu
n'kkZrk gSA è;ku nsa fd foLFkkiu y èkukRed ;k ½.kkRed gks
ldrk gS ijarq a èkukRed gSA a oQks rjax dk vk;ke dgrs gSaA

lehdj.k (14-2) osQ dks.kkad dh jkf'k (kx – ωt + φ)

dks rjax dh dyk dgrs gSaA fn;s gq, vk;ke a osQ fy,] fdlh
fLFkfr ,oa le; ij dyk rjax dk foLFkkiu fuèkkZfjr djrk
gSA Li"Vr% x = 0 rFkk t = 0 ij dyk φ  gSA vr% φ dks vkjafHkd
dyk dks.k dgrs gSaA x- v{k ij ewy fcanq rFkk vkjafHkd {k.k
dk bl izdkj pquko lnSo gh laHko gksrk gS fd φ  =     0 A vr%
lehdj.k (14-2) esa φ = 0 ysus ij O;kidrk dk dksbZ gzkl
ugha gksrk gSA

14.3.2 rjaxnS?;Z rFkk dks.kh; rjax la[;k

leku dyk osQ nks fcanqvksa osQ chp dh U;wure nwjh dks rjaxnS?;Z
dgrs gSa vkSj bls lkekU;r% λ ls n'kkZrs gSaA lqfoèkk osQ fy,
ge leku dyk okys fcanqvksa dks 'kh"kZ ;k xrZ ys ldrs gSaA rc
rjaxnS?;Z nks Øekxr 'kh"kks± vFkok xrks± osQ chp dh nwjh gSA
lehdj.k (14-2) esa φ = 0 ysus ij] t = 0 ij foLFkkiu gksxk

y(x, 0) = a sin kx (14.5)

pwafd dks.k esa 2π ls izR;sd ifjorZu ij T;k iQyu dk eku
ogh jgrk gS %

sin kx = sin (kx + 2nπ) = sin k
π 

+  

2n
x

k

vFkkZr fcanqvksa x rFkk 
π

+
2n

x a
k

 ij foLFkkiu  leku gksrs gSa µ

;gk¡  n = 1, 2, 3, ..... A leku foLFkkiu fdlh fn;s gq, {k.k ij
okys fcanqvksa osQ eè; U;wure nwjh n = 1 ysus ij izkIr gksrh gSA λ
rc fn;k tkrk gS lehdj.k

π
λ =

2

k
] ;k 

π

λ
=

2
k (14.6)

k dks lapj.k fLFkjkad vFkok dks.kh; rjax la[;k dgrs gSa A
bldk SI ek=kd jsfM;u izfr ehVj vFkok rad m-1 gSA*

14.3.3 vkorZdky] dks.kh; vko`fÙk rFkk vko`fÙk

fp=k 14.7 esa ,d T;koØh; vkys[k fn[kk;k x;k gSA ;g
fdlh fuf'pr {k.k ij rjax dk vkdkj ugha n'kkZrk gS cfYd
ekè;e osQ ,d vo;o (fdlh fuf'pr fLFkfr ij) dk le;
osQ lkFk foLFkkiu n'kkZrk gSA lqfoèkk osQ fy, ge lehdj.k
(14.2) esa φ =0 ysrs gSa vkSj vo;o (eku yhft, x=0 ij)
dh xfr ij è;ku nsrs gSaA rc gesa izkIr gksrk gS

y (0,t) = a sin (–ωt)

= –a sin ωt

*;gk¡ Hkh rad dks NksM+ ldrs gSa vkSj ek=kd dks osQoy m–1 ls O;Dr dj ldrs gSaA vr%] k, bdkbZ yackbZ esa lek ldus okyh rjaxksa dh la[;k
dk 2π ls xq.kk djus ij izkIr gksus okyh m–1 SI ek=kd esa ekih tkus okyh jkf'k gSA

fp=k 14.714.714.714.714.7 tc rjax Mksjh esa ls xqtjrh gS rks fdlh fuf'pr fLFkfr
ij Mksjh dk vo;o vk;ke a ls le; osQ lkFk nksyu
djrk gSA

a

rjax osQ nksyu dk vkorZ dky Mksjh osQ fdlh vo;o
}kjk ,d iw.kZ nksyu esa fy;k x;k le; gSA vFkkZr~
–a sin ωt = –a sin ω(t

 
+ T)

= –a sin (ωt
 
+ ωT)

pwafd T;k iQyu izR;sd 2π dks.k ij iqujko`fÙk djrk gS]

ωΤ = 2π, ;k 
2

ω
T

π
= (14.7)

ω dks rjax dh dks.kh; vko`fÙk dgrs gSa A bldk SI ek=kd
jsfM;u izfr lsdaM vFkok rad s-1 gSA fdlh rjax dh vko`fÙk
ν izfr lsoaQM nksyuksa dh la[;k gSA vr%

ν = 
1

T
 = 

π2

ω
(14.8)
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ν dks gV~Zt (Hz) esa ekirs gSaA

mi;qZDr ppkZ esa lnSo gh fdlh Mksjh osQ vuqfn'k
xfr'khy rjax vFkok vuqizLFk rjax dk lanHkZ fy;k x;k gS A
vuqnS?;Z rjax esa ekè;e osQ fdlh vo;o esa rjax lapj.k dh
fn'kk osQ lekarj foLFkkiu gksrk gS A lehdj.k (14.2)

esa fdlh vuqnS?;Z rjax osQ fy, foLFkkiu iQyu bl izdkj
fy[kk tkrk gS]

s(x, t) = a sin (kx – ωt + φ) (14.9)

;gk¡ s(x, t) fLFkfr x rFkk le; t ij ekè;e osQ fdlh
vo;o dk rjax lapj.k dh fn'kk esa foLFkkiu gSA lehdj.k
(14.9) esa a foLFkkiu vk;ke gSA vU; lHkh jkf'k;ksa osQ ogh vFkZ
gSa tks vuqizLFk rjax osQ izdj.k esa FksA osQoy ,d gh varj gS fd
foLFkkiu iQyu y (x, t) osQ LFkku ij iQyu s (x, t) fy;k
x;k gSA

• mnkgj.k 14.2 :14.2 :14.2 :14.2 :14.2 : fdlh Mksjh osQ vuqfn'k xeu djrh
rjax dk fooj.k bl izdkj fn;k x;k gS]

y(x, t) = 0.005 sin (80.0 x – 3.0 t)

;gk¡ vkafdd fLFkjkad SI ek=kdksa esa gSa (0.005 m,

80.0 rad/m rFkk 3.0 rad/s)A rj ax dk
(a) vk;ke] (b) rjaxnS?;Z (c) vkorZdky ,oa
vko`fÙk ifjdfyr dhft, A nwjh x = 30.0 cm rFkk
le; t = 20 s ij rjax dk foLFkkiu y Hkh ifjdfyr
dhft, A

gy  bl foLFkkiu dh rqyuk lehdj.k (14.2) ls djus ij

y (x, t) = a sin (kx – ωt)

gesa fuEufyf[kr eku izkIr gksrs gSa]

(a) rjax dk vk;ke = 0.005 m = 5 mm

(b) dks.kh; rjax la[;k = 80.0 m–1 rFkk dks.kh; vko`fÙk
ω = 30 s–1

vc ge lehdj.k (14.6) osQ }kjk rjaxnS?;Z λ rFkk k
esa lacaèk fy[krs gSa

λ =
2π

k

= –1

2π

80.0 m

= 7.85 cm

(c) vc ge uhps fn, x, T rFkk ω esa lacaèk }kjk T dk
eku Kkr djrs gSa]

T = 2π/ω

= –1

2π 

3.0 s

= 2.09 s

vc pw¡fd vko`fÙk v = 1/T

 = 0.48 Hz

nwjh x = 30.0 cm rFkk le; t = 20 s ij foLFkkiu

y = 0.005m sin ( )0.380.0 3.0 20× − ×

= 0.005m sin (–36  + 12π) = (0.005 m) sin (1.699)

= (0.005 m) sin (97°) ~ 5 mm ¶

14.4 izxkeh rjax dh pky

fdlh izxkeh rjax dh pky fu:fir djus osQ fy, ge rjax
osQ fdlh fcUnq (fdlh dyk dks.k }kjk vfHkyf{kr) ij è;ku
osaQfnzr dj ldrs gSa vkSj ns[krs gSa fd ;g fcanq le; osQ lkFk
fdl rjg xeu djrk gSA rjax osQ 'kh"kZ dh xfr ij è;ku nsuk
lqfoèkktud gksrk gSA fp=k 14-8 esa nks fofHkUu le;ksa] ftuosQ
chp ∆ t dk y?kq le; varjky gS] ij rjax dk vkdkj n'kkZ;k
x;k gSA leLr rjax iSVuZ nkb± vksj (x-v{k dh èkukRed
fn'kk) ∆ x nwjh pyrk gSA okLro esa] fcUnq (•) }kjk n'kkZ;k
'kh"kZ le; ∆ t esa nwjh ∆ x pyrk gSA bl izdkj rjax dh pky
∆ x@∆ t gSA fdlh vU; dyk okys fcanq ij Hkh ge fcUnq (•)
yxk ldrs gSaA ;g mlh osx v ls xeu djsxk (vU;Fkk rjax
iSVuZ vifjofrZr ugha jgsxk)A rjax ij fdlh fuf'pr dyk
fcanq dh xfr dks fn;k tkrk gS

kx – ωt ¾ fu;rkad (14.10)

vr% tc le; t cnyrk gS] rks fuf'pr dyk fcanq dh fLFkfr
x Hkh bl izdkj cnyrh gS fd dyk dks.kkad vpj jgsA vr%

kx – ωt = k (x+∆ x)–ω(t + ∆ t)

;k k∆ x – ω∆ t = 0

∆ x, ∆ t dk vYire eku ysus ij

ω
= =

d

d

x
v

t k
(14.11)

ω dks T ls rFkk k dks λ ls lacafèkr djus ij gesa izkIr gksrk gS

πω λ
λν

π
= = =

2

2
v

k T
(14.12)

lehdj.k (14.12) lHkh izxkeh rjaxksa osQ fy, ,d O;kid
lacaèk gSA ;g crkrh gS fd ekè;e osQ fdlh vo;o osQ ,d

Reprint 2026-27



297rjaxsa

iw.kZ nksyu dky esa rjax iSVuZ ,d rjaxnS?;Z osQ cjkcj nwjh r;
djrh gSA è;ku nhft, fd fdlh ;kaf=kd rjax dh pky
ekè;e osQ tM+Roh; xq.kksa (Mksjh osQ fy, jSf[kd nzO;eku
?kuRo] lkekU;r;k nzO;eku ?kuRo) rFkk izR;kLFk xq.kksa (jSf[kd
fudk;ksa osQ fy, ;ax çR;kLFkrk xq.kkad@vi:i.k xq.kkad]
vk;ru izR;kLFkrk xq.kkad) }kjk fu/kZfjr gksrk gSA ekè;e pky
fu/kZfjr djrk gSA ;Fkk lehdj.k (14.2) ,d fuf'pr pky
osQ fy, rjaxnS?;Z vkSj vko`fÙk dk lacaèk nsrk gSA okLro esa]
tSlk igys crk;k tk pqdk gS] ekè;e esa vuqizLFk rFkk vuqnS?;Z
nksuksa rjaxsa laHko gSa rFkk budh pky mlh ekè;e esa vyx&vyx
gksxhA bl vè;k; osQ vuqorhZ miHkkxksa esa oqQN ekè; ;kaf=kd
rjaxksa dh pky osQ fy, ge fof'k"V O;atd izkIr djsaxsA

fp=k 14.814.814.814.814.8 le; t ls t+∆t rd fdlh vko`fÙk rjax dk xeu]
tgk¡ ∆t y?kq le; varjky gSA rjax iSVuZ leLr :i
ls nkb± vksj LFkkukarfjr gks tkrk gSA rjax dk 'kh"kZ (;k
fuf'pr dyk okyk dksbZ vkSj fcanq) le; ∆t esa nwjh
∆x xeu djrk gSA

t ij rjax = 0

t = ∆t ij rjax

14.4.1 rfur Mksjh ij vuqizLFk rjax dh pky

fdlh ;kaf=kd rjax dh pky fo{kksHk osQ dkj.k ekè;e esa
mRiUu izR;ku;u cy vkSj tM+Roh; xq.kksa (nzO;eku ?kuRo) }kjk
fu/kZfjr gksrh gSA pky izFke dkjd ls vuqykse :i ls rFkk
nwljs dkjd ls izfrykse :i ls lacafèkr gksrh gSA fdlh Mksjh
ij rjax osQ fy, izR;ku;u cy Mksjh esa ruko T iznku djrk
gSA bl lanHkZ esa tM+Roh; xq.k jSf[kd nzO;eku ?kuRo µ gS tks
Mksjh osQ nzO;eku m dks mldh yackbZ l ls foHkkftr djus ij
izkIr gksrk gSA U;wVu osQ xfrdh; fu;eksa dk mi;ksx djosQ
fdlh Mksjh ij rjax dh pky osQ fy, ;FkkFkZ lw=k izkIr fd;k
tk ldrk gS ijUrq ;g mRifÙk bl iqLrd dh lhek osQ ckgj
gSA vr% ge foeh; fo'ys"k.k dk mi;ksx djsaxsA ijUrq ge ;g
tku pqosQ gSa fd osQoy foeh; fo'ys"k.k ls ;FkkFkZ lw=k ugha
izkIr gks ldrk gSA bl fofèk ls izkIr lacaèk esa fLFkjkad lacaèkh
vfuf'prrk jgrh gSA µ dh foek [ML–1] gS rFkk T dh cy
dh] vFkkZr [MLT–2] gSA gesa bu foekvksa dks bl izdkj

la;ksftr djuk gS fd pky dh foek [LT–1] izkIr gksA ge
vklkuh ls ns[k ldrs gSa fd vuqikr T/µ esa ;gh foek gS

2

2 2

1

[MLT ]
[L T ]

[ML ]

−
−

−
=

vr%] ;fn T RkFkk µ gh izklafxd HkkSfrd jkf'k;k¡ gSa rks

v T
v C

µ
= (14.13)

tgk¡ C foekghu fLFkjkad gS] ftls foeh; fo'ys"k.k }kjk
fu/kZfjr djuk laHko ugha gS A okLro esa ;FkkFkZ lw=k esa C dk
eku 1 gSA vr% rkfur Mksjh eas vuqizLFk rjax dh pky

µ
=

T
v (14.14)

è;ku nhft, fd pky v ekè;e osQ xq.k T vkSj µ (T ckgjh
cy osQ dkj.k rkfur Mksjh dk vfHky{k.k gS) ij rjax dh
rjaxnS?;Z ;k vko`fÙk ij Lor% fuHkZj ugha djrh gSA vkxs dh
d{kkvksa esa vki ,slh rjaxksa osQ ckjs esa i<+saxs ftudh pky
vko`fÙk ls Lora=k ugha gSA nks dkjdksa λ rFkk ν mRiUu rjax dh
vko`fÙk fo{kksHk osQ lzksr ij fuHkZj djrk gSA ekè;e esa fdlh
fuf'pr pky rFkk vko`fÙk osQ fy,] lehdj.k (14.12)

rjaxnS?;Z dk fuèkkZj.k djrk gS%

λ
ν

=
v

(14.15)

• mnkgj.k 14.3 :14.3 :14.3 :14.3 :14.3 : 0.72 m yacs fdlh LVhy osQ rkj
dk nzO;eku 5.0×10-3kg gS A ;fn rkj ij ruko 60N

gS] rks rkj ij vuqizLFk rjaxksa dh pky D;k gS \

gy% rkj dh izfr ,dkad yackbZ dk nzO;eku

µ =
-35.0×10 kg

0.72 m

= 6.9×10-3 kg m-1

ruko] T = 60 N

rkj ij vuqizLFk rjaxksa dh pky]

υ
µ − −

= =
× 3 1

60 N

6.9 10 kg m

T
= 93 m s-1 ¶
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14.4.2 vuqnS?;Z rjax dh pky & èofu dh pky

fdlh vuqnS?;Z rjax eas ekè;e osQ vo;o rjax lapj.k dh fn'kk
eas viuh fLFkfr osQ vkxs&ihNs nksyu djrs gSa A ge igys Hkh
ns[k pqosQ gSa fd èofu rjaxsa ok;q osQ y?kq vk;ru&vo;oksa osQ
laihMUkksa rFkk fojyuksa osQ :i eas xeu djrh gSa A laihMu
foÑfr esa izfrcy dk fuèkkZj.k  djus okyh izR;kLFk xq.kèkeZ
ekè;e dk vk;ru izR;kLFkrk xq.kkad gS ftls bl izdkj
ifjHkkf"kr djrs gSa]

∆
=

∆
–

P
B

V V (14.16)

;gk¡ nkc esa ifjorZu ∆ P vk;ru foÑfr ∆V/V mRiUu
djrk gSA B dh foek ogh gS tks nkc dh gS vkSj SI ek=kd
esa bls ikLdy (Pa) esa O;Dr djrs gSaA rjax osQ lapj.k osQ
fy, izklafxd tM+Roh; xq.k nzO;eku ?kuRo ρ gS ftldh foek
[ML-3] gS A ge vklkuh ls ns[k ldrs gSa fd jkf'k B/ρ esa
misf{kr foek gS %

1 2
2 2

3

[M L  T ]
[L  T ]

[M L ]

− −
−

−
= (14.17)

vr%] ;fn B rFkk ρ  gh izklafxd HkkSfrd jkf'k;k¡ gSa rks

v = C ρ
B

(14.18)

;gk¡ C ,d fLFkjkad gS ftls foeh; fo'ys"k.k }kjk fuèkkZfjr
djuk laHko ugha gSA ;FkkFkZ mRifÙk ls C=1 izkIr gksrk gS A vr%
fdlh ekè;e esa vuqnS?;Z rjaxksa dh pky osQ fy, O;kid lw=k gS%

v = 
B

ρ
(14.19)

fdlh Bksl NM+ tSls jS[kh; ekè;e osQ fy,] NM+ esa
ik'ohZ; izlkj ux.; gksrk gS vkSj gesa NM+ dks osQoy vuqnS?;Z
foÑfr ij fopkj djus dh vko';drk gksrh gSA bl izdj.k
esa] izklafxd izR;kLFkrk xq.kkad ^;ax xq.kkad* gS ftldh foek
vk;ru&izR;kLFkrk xq.kkad dh foek gSA bl izdj.k osQ fy,
foeh; fo'ys"k.k igys tSlk gS vkSj gesa lehdj.k (14.18)

tSlh lehdj.k izkIr gksrh gS ftlesa vfuèkkZfjr fLFkjkad C gksrk
gS ftldk eku ;FkkFkZ mRifÙk ls 1 izkIr gksrk gSA bl izdkj
fdlh Bksl NM+ esa vuqnS?;Z rjax dh pky fuEufyf[kr lacaèk
}kjk O;Dr dh tkrh gS%

v = 
Y

ρ
(14.20)

;gk¡ Y  NM+ osQ inkFkZ dk ;ax izR;kLFkrk xq.kkad gSA lkj.kh
14.1 esa fofHkUUk ekè;eksa eas èofu dh pky n'kkZ;h
xbZ gSA

lkj.kh 14.1 oqQN ekè;eksa eas èofu dh pky

ekè;e pky (ms-1)

xSlsa
ok;q (0°C) 331

ok;q (20°C) 343

ghfy;e 965

gkbMªkstu 1284

nzo
ty (0°C) 1402

ty (20°C) 1482

leqnz&ty 1522

Bksl
,syqfefu;e 6420

dkWij (rk¡ck) 3560

LVhy 5941

xzsukbV 6000

oYosQukbTM jcj 54

nzoksa rFkk Bkslksa esa èofu dh pky xSlksa dh rqyuk esa vfèkd
gSA [è;ku nsa fd Bkslksa osQ izdj.k esa] izklafxd pky Bksl esa
vuqnS?;Z rjax dh pky gS]A bldk dkj.k ;g gS fd nzoksa o Bkslksa
dks xSlksa dh rqyuk esa laihfMr djuk vfèkd dfBu gksrk gSA
vr% buosQ vk;ru izR;kLFkrk xq.kkad osQ eku vfèkd gksrs gSaA
lehdj.k (14.19) ns[ksa A Bkslksa vkSj nzoksa dk xSlksa dh rqyuk
esa nzO;eku ?kuRo vf/d gksrk gS A ijUrq muesa vuq:ih vk;ru
izR;kLFkrk xq.kkadksa esa o`f¼ dgha vf/d gksrh gS A ;gh dkj.k
gS fd Bkslksa vkSj nzoksa esa èouh dh rhoz xfr gksrh gS A

fdlh xSl esa èofu osQ pky dk vkdyu ge vkn'kZ xSl
lfUudVu esa dj ldrs gSaA fdlh vkn'kZ xSl (ns[ksa vè;k;
10) osQ fy, nkc P] vk;ru V rFkk rki T osQ uhps lacaèk
bl izdkj O;Dr fd;k tkrk gS%

PV = Nk
B
T (14.21)

;gk¡ N xSl eas v.kqvksa dh la[;k] k
B
 cksYV~”keku fu;rkad rFkk

T xSl dk osQfYou eas rki gS A vr% fdlh lerkih ifjorZu
osQ fy, lehdj.k (14.21) ls geas fuEufyf[kr laca/ izkIr
gksrk gS

V∆P + P∆V = 0

vFkok –
P

P
V V

∆
=

∆
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vr% lehdj.k (14.16) esa ;g eku izfrLFkkfir djus ij]
B = P

vr% lehdj.k (14.19) ls fdlh vkn'kZ xSl esa vuqnS?;Z rjaxksa
dh pky]

 
ρ

=
P

v (14.22)

bl laca/ dks loZizFke U;wVu us LFkkfir fd;k Fkk] vr%
bls U;wVu dk lw=k Hkh dgrs gSa A

• mnkgj.k 14.414.414.414.414.4 U;wVu osQ lw=k dk mi;ksx djosQ ekud
rki ,oa nkc (STP) ij ok;q esa èofu dh pky
dk vkdyu dhft, A ok;q osQ 1 eksy dk nzO;eku
29.0 × 10–3 kg gS A

gy % ge tkurs gSa fd fdlh Hkh xSl osQ 1 eksy dk  STP

ij vk;ru 22.4 yhVj gksrk gS A vr% ok;q dk  STP ij
?kuRo

1 eksy ok;q dk nzO;eku
ρ

0 
=

STP ij 1 eksy ok;q dk vk;ru

  =
–3

–3 3

29.0 × 10 kg

22.4 × 10 m

 = 1.29 kg m–3

fdlh ekè;e ls èofu dh pky osQ fy, U;wVu osQ lw=k
osQ vuqlkj geas STP ij ok;q essa èofu osQ osx dk fuEufyf[kr
eku izkIr gksrk gS]

½
5

11.01  10
280 m s

1.29

− ×
= = 
  

–2

–3

N m
  

 kg m
v     (14.23)    ¶

lehdj.k (14.23) ls izkIr ok;q esa èofu dh pky dk
eku] lkj.kh 14.1 esa fn, x, iz;ksxksa }kjk izkIr ok;q esa èofu
dh pky osQ eku 331 m s-1 dh rqyuk esas 15% de gSA
vkf[kj gels dgk¡ xyrh gqbZ\ ;fn ge U;wVu dh bl ewy
dYiuk dk ijh{k.k djsa ftlesa U;wVu us èofu lapj.k osQ le;
ekè;e esa nkc esas gksus okys ifjorZu dks lerkih ekuk] rks ge
;g ikrs gSa fd mudh ;g dYiuk lgh ugha Fkh A ykIykl us
;g crk;k fd èofu lapj.k osQ le; ekè;e esa nkc&ifjorZu
bruh rhoz xfr ls gksrs gSa fd mQ"ek izokg osQ fy, rki dks
LFkk;h cuk, j[kus dk vko';d le; miyC/ ugha gks ikrkA
iQyLo:i ;g ifjorZu lerkih ugha gksrs oju~ #¼ks"e

(adiabatic) gksrs gSa A #¼ks"e izfØ;kvksa osQ fy, vkn'kZ xSlksa ij
fuEu laca/ ykxw gksrk gS ([k.M 11.8 ns[ksa)

PV
γ
 = fLFkjkad

vFkok ∆ (PV
γ
) = 0

PγV
γ-1

 ∆V + V
γ
 ∆P = 0

;gk¡ γ xSl dh nks fof'k"V mQ"ekvks a dk vuqikr
C

p
/C

v
 gS A

bl izdkj] vkn'kZ xSl osQ fy, #¼ks"e vk;ru izR;kLFkrk xq.kkad

∆

∆ /
ad

P
B

V V
= −  = Pγ

vr% ok;q esa èofu dh pky [lehdj.k (14.19)]]

ρ

γ
=

 P
v (14.24)

U;wVu osQ lw=k esa bl la'kqf¼ dks ykIykl la'kks/u dgrs gSa A
ok;q osQ fy, γ = 7/5, vr% vc ;fn ge STP ij ok;q esa
èofu dh pky osQ vkdyu osQ fy, lehdj.k (14.24) dk
iz;ksx djsa rks èofu dh pky dk eku 331.3 m s-1 izkIr gksrk
gS] tks ekfir pky ls esy [kkrk gS A

14.5 rjaxksa osQ vè;kjksi.k dk fl¼kar

tc foijhr fn'kkvksa esa xeu djrh nks rjax Lian ,d nwljs dks
ikj djrs gSa rks D;k gksrk gS (fp=k 14.9)\ ;g ns[kk tkrk gS
fd ikj djus osQ ckn Hkh rjax Lian viuk O;f"VRo cuk,
j[krh gSA ijarq] vfrO;kiu osQ nkSjku] rjax iSVuZ nksuksa rjax Lianksa
ls fHkUu gksrk gSA fp=k 14.9 cjkcj ,oa foijhr vkdkjksa okys
nks rjax Lianksa osQ ,d nwljs dh vksj xeu dh fLFkfr n'kkZrk
gSA tc Lian vfrO;kfIr gksrs gSa rks ifj.kkeh foLFkkiu ìFkd&ìFkd
Lianksa osQ dkj.k foLFkkiuksa dk chtxf.krh; ;ksx gksrk gSA bl
izdkj tksM+uk rjaxksa dk vè;kjksi.k dk fl¼kar dgykrk gSA
bl fl¼kar osQ vuqlkj] izR;sd Lian bl izdkj xeu djrk gS
ekuks nwljs Lian fo|eku ugha gSaA vr% ekè;e osQ vo;o nksuksa
osQ dkj.k foLFkkfir gksrs gSa vkSj pwafd foLFkkiu èkukRed ;k
½.kkRed gks ldrs gSa] usV foLFkkiu nksuksa foLFkkiuks dk
chtxf.krh; ;ksx gksrk gSA fp=k 14.9 fofHkUu le;ksa ij rjax
vkdkj dk vkys[k n'kkZrk gSA vkys[k (c) esa fo'ks"k izHkko ij
è;ku nsa % nksuksa Lianksa osQ dkj.k i`Fkd&i`Fkd mRiUu foLFkkiu
,d nwljs dks Bhd ls fujLr dj nsrs gSa rFkk izR;sd fcanq ij
oqQy foLFkkiu 'kwU; gSA

vè;kjksi.k osQ fl¼kar dks xf.krh; :i esa O;Dr djus osQ
fy,] eku yhft, y

1
(x, t) rFkk y

2
 (x, t) ekè;e osQ fdlh
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fp=k 14.914.914.914.914.9 leku ,oa foijhr foLFkkiu okyh foijhr fn'kk esa
xeu djrh nks LianA vkys[k (c) esa nksuksa Lianksa osQ
vfrO;kiu ls 'kwU; foLFkkiu gksrk gSA

vo;o osQ foLFkkiu gSa] tks ;fn rjax vyx&vyx xeu djrh
rks ml vo;o osQ gksrsA ;fn nks rjaxsa fdlh {ks=k esa ,d lkFk
igqaprh gSa vkSj vfrO;kfir gksrh gSa rks usV foLFkkiu  y(x, t)

gksxk
y (x, t) = y

1
 (x, t) + y

2
 (x, t) (14.25)

y
 
= f

1
 (x – vt) + f

2
 (x – vt) + ............ + f

n
 (x – vt)

n

i=1

 ( )=∑ –if x  vt (14.26)

vè;kjksi.k dk fl¼kar O;frdj.k dh ifj?kVuk dk
ewy gSA

ljyrk osQ fy,] fdlh rkfur Mksjh osQ vuqfn'k xeu
djrh nks vkorhZ izxkeh rjaxksa ij fopkj dfj;sA nksuksa rjaxksa dh
dks.kh; vko`fÙk;k¡ ω leku gSa rFkk dks.kh; rjax la[;k k Hkh
leku gSA vr% buosQ rjaxnS?;Z Hkh leku gSaA budh rjax pky
Hkh leku gksxhA eku yhft, fd buosQ vk;ke leku gSa rFkk
nksuksa x-v{k osQ èkukRed fn'kk esa xeu djrh gSaA bu rjaxksa esa
vUrj osQoy vkjafHkd dyk esa gSA lehdj.k (14.2) osQ
vuqlkj bu nksuksa rjaxksa dks bl izdkj O;Dr djrs gSa %

y
1
 (x, t) = a sin (kx – ωt) (14.27)

vkSj  y
2
 (x, t) = a sin (kx – ωt + φ) (14.28)

vc vè;kjksi.k osQ fl¼kar dk iz;ksx djus ij] usV
foLFkkiu bl izdkj O;Dr fd;k tkrk gS %

y (x, t) = a sin (kx – ωt) + a sin (kx – ωt + φ)   (14.29)

( ) ( )
 

ω ω φ φ
α
 + + 
  
   

– –
2sin cos

2 2

kx t kx t
(14.30)

;gk¡ geus (sin A + sin B) osQ fy, f=kdks.kfefr osQ
lqifjfpr lw=k dk iz;ksx fd;k gSA vr%

( )
1 1

2  cos  sin  –   
2 2

φ ω φ
   

= +     
 y x,t a kx t  (14.31)

lehdj.k (14.31) ;g n'kkZrk gS fd ifj.kkeh rjax Hkh]
x-v{k dh /ukRed fn'kk esas xeu djrh vkorhZ rjax gS
ftldh vko`fÙk rFkk rjaxnS?;Z nksuksa rjaxksa osQ leku gSA ijUrq
bldk dykUrj φ/2 gSA egRoiw.kZ rF; ;g gS fd bldk
vk;ke nksuksa ?kVd rjaxksa osQ chp dykUrj φ dk iQyu gS %

1
( )  2  cos 

2
A aφ φ= (14.32)

;fn φ = 0] vFkkZr~ nksuksa rjaxsa leku dyk esa gSa]

y (x,t) = 2 a sin (kx – ωt) (14.33)

;fn fdlh ekè;e esa ,d gh {k.k nks vFkok vf/d
rjaxsa xeu dj jgha gSa rks mudk ifj.kkeh rjax :i nksuksa rjaxksa
osQ i`FkoQ&i`FkoQ rjax iQyuksa dk ;ksx gksrk gS A vFkkZr ;fn
xfr'khy rjaxksa osQ rjax iQyu bl izdkj gSa]

y
1
 = f

1
 (x – vt),

y
2
 = f

2
 (x – vt),

......................

......................

y
n
 = f

n
 (x – vt),

rc ekè;e esas fo{kksHk dk o.kZu djus okyk rajx iQyu bl
izdkj O;Dr fd;k tkrk gS]
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vFkkZr~ ifj.kkeh rjax dk vk;ke 2a
 
 gS] tks A osQ

laHkkfor ekuksa esa vf/dre gSA φ = π osQ fy,] nksuksa rjaxsa iw.kZr%
,d nwljs ls foijhr dykvksa esa gksrh gSa rFkk ifj.kkeh rjax dk
vk;ke loZ=k gj {k.k 'kwU; gksrk gS %

y (x, t) = 0 (14.34)

ifjlhek ls ijkorZu dk mnkgj.k gSA ;fn ifjlhek iw.kZr% n`<+
ugha gS] vFkok og fdUgha nks fHkUu izR;kLFk ekè;eksa osQ chp
varjki`"B gS] rks fLFkfr oqQN tfVy gks tkrh gSA bl fLFkfr esa
vkifrr rjax dk oqQN Hkkx ijkofrZr gks tkrk gS rFkk oqQN Hkkx
nwljs ekè;e esa ikjxfer gks tkrk gSA ;fn dksbZ rjax nks fHkUu
ekè;eksa dh ifjlhek ij frjNh vkifrr gksrh gS rks ikjxfer
rjax dks viofrZr rjax dgrs gSaA vkifrr ,oa vio£rr rjaxsa
Lusy osQ viorZu osQ fu;eksa dk ikyu djrh gSa] rFkk
vkifrr ,oa ijkofrZr rjaxsa ijkorZu osQ lkekU; fu;eksa dk
ikyu djrh gSaA

fp=k 14.11 fdlh rkfur Mksjh osQ vuqfn'k xeu djrh
rFkk ifjlhek ls ijkofrZr gksrh rjax n'kkZrk gSA ;fn eku ysa fd
ifjlhek }kjk ÅtkZ dk dksbZ vo'kks"k.k ugha gksrk gS rks ijkofrZr
rjax dk vkdkj ogh gksrk gS tks vkifrr Lian dk gS ijarq
ijkorZu ls blosQ dyk esa π ;k 180º dk dykarj mRiUu gks
tkrk gSA bldk dkj.k ;g gS fd ifjlhek n`<+ gS rFkk ifjlhek
ij lHkh {k.kksa ij fo{kksHk dk foLFkkiu 'kwU; gksuk pkfg,A
vè;kjksi.k osQ fl¼kar osQ vuqlkj] ;g rHkh laHko gS tc
vkifrr ,oa ijkofrZr rjaxksa esa π dykarj gks rkfd ifj.kkeh
foLFkkiu 'kwU; gksA ;g roZQ n`<+ nhokj esa ifjlhek izfrcaèk ij
vkèkkfjr gSA bl ifj.kke dks ge xfrdh; n`f"V ls Hkh izkIr
dj ldrs gSaA tc Lian nhokj ij igq¡prk gS rks og nhokj ij
cy vkjksfir djrk gSA U;wVu osQ rhljs fu;e osQ vuqlkj nhokj
Mksjh ij ifj.kke esa leku rFkk fn'kk esa foijhr cy vkjksfir

fp=k 14.1014.1014.1014.1014.10 vè;kjksi.k osQ fl¼kar osQ vuqlkj leku vk;ke
rFkk rjaxnS?;Z okys nks vko`fÙk rjaxksa dk ifj.kkeh
rjaxA ifj.kkeh rjax dk vk;ke dykarj φ ij fuHkZj
djrk gSA ;g dykarj (a) osQ fy, 'kwU; gS rFkk (b)

osQ fy, πA

lehdj.k (14.33) nks rjaxksa dk laiks"kh O;frdj.k
n'kkZrk gSA bl izdj.k esa nksuksa vk;ke tqM+ tkrs gSaA lehdj.k
(14.34)  nks rjaxksa dk fouk'kh O;frdj.k n'kkZrk gS ftlesa
ifj.kkeh rjax esa nksuksa vk;ke dk varj gksrk gSA fp=k 14.10

O;frdj.k osQ bu nksuksa izdj.kksa dks n'kkZrk gS tks vè;kjksi.k osQ
fl¼kar dk ifj.kke gSA

14.6 rjaxksa dk ijkorZu
fiNys vuqHkkxksa eas geus vifjc¼ ekè;eksa esa rjax lapj.k dh
ppkZ dh A D;k gksrk gS tc dksbZ Lian vFkok rjax fdlh
ifjlhek dk lkeuk djrh gS \ ;fn ifjlhek n`<+ gS rks Lian
vFkok rjax ijkofrZr gks tkrh gSA izfrèofu dh ifj?kVuk n`<+ fp=k 14.1114.1114.1114.1114.11 fdlh n`<+ ifjlhek ls Lian dk ijkorZuA
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y
1
 (x, t) = a sin (kx – ωt)

y
2
 (x, t) = a sin (kx + ωt)

rc] vè;kjksi.k osQ fl¼kar osQ vuqlkj izkIr ifj.kkeh rjax bl
izdkj O;Dr dh tkrh gS]

y (x, t) = y
1
 (x, t) + y

2
 (x, t)

= a [sin (kx – ωt) + sin (kx + ωt)]

lqifjfpr f=kdks.kferh; rRled

sin (A + B) + sin (A – B) = 2 sin A cos B, dk mi;ksx
djus ij

y (x,t) =2 a sin kx cos ωt (14.37)

lehdj.k (14.37) }kjk fu:fir rjax iSVuZ rFkk lehdj.k
(14.2) vFkok lehdj.k (14.4) }kjk fu:fir rjaxksa osQ chp
egRoiw.kZ varj ij è;ku nsaA lehdj.k (14.37) esa in kx ,oa
ωt vyx&vyx fo|eku gSa] u fd (kx – ωt) osQ la;kstu osQ
:i esaA bl rjax dk vk;ke 2a sin kx gSA vr% bl rjax iSVuZ
esa] vk;ke izR;sd fcanq ij fHkUu gksrk gS ijUrq Mksjh dk izR;sd
vo;o leku dks.kh; vko`fÙk ω ;k vkorZ dky ls nksyu
djrk gSA rjax osQ fofHkUu vo;oksa osQ nksyu esa dksbZ dykarj
ugha gksrk gSA Mksjh iw.kZ :i ls fofHkUu fcanqvksa ij fofHkUu
vk;keksa ls ,d gh dyk esa nksyu djrh gSA rjax iSVuZ u rks
ckb± vkSj vkSj u nkb± vksj xeu djrk gSA vr% bUgsa vizxkeh rjaxsa
dgrs gSaA fdlh fuf'pr fLFkfr ij bldk vk;ke fuf'pr gksrk
gS ijarq tSlk igys crk;k x;k gS fofHkUu fLFkfr;ksa ij vk;ke
fHkUu gksrk gSA ftu fcanqvksa ij vk;ke 'kwU; gksrk gS mUgsa fuLian
dgrs gSa rFkk ftu fcanqvksa ij vfèkdre gksrk gS mUgsa izLian
dgrs gSaA fp=k 14-12 foijhr fn'kkvksa esa xeu djrh nks rjaxksa
osQ vè;kjksi.k osQ iQyLo:i ifj.kkeh vizxkeh rjax n'kkZrk gSA

vizxkeh rjaxksa dk lcls egRoiw.kZ y{k.k ;g gS fd
fudk; osQ nksyu dh laHkkfor rjax nS?;ks± ;k vkòfÙk;ksa osQ eku]
ifjlhek izfrca/ osQ dkj.k] izfrcaf/r gksrs gSaA fudk; fdlh
LosPN vko`fÙk ls nksyu ugha dj ldrk gS (bldh rqyuk
vkorhZ izxkeh rjax ls djsa) oju~ bldh nksyu dh vko`fÙk;k¡
LokHkkfod vko`fÙk;ksa dk ,d leqPp; gksrh gSaA bu vko`fÙk;ksa
dks nksyu dk izlkekU; fo/k dgrs gSaA vc ge nksuksa fljksa ij
ifjc¼ fdlh rkfur Mksjh osQ fy, izlkekU; fo/k dk fuèkkZj.k
djsaxsA

djrh gSA ifj.kkeLo:i ijkofrZr Lian mRiUu gksrk gS ftldh
dyk esa π dk varj gksrk gSA

blosQ foijhr] ;fn ifjlhek fcanq n`<+ ugha gS vkSj xfr
osQ fy, iw.kZ :i ls Lora=k gS (tSls ,d Mksjh ,d ,sls NYys
ls ca/h gS tks fdlh NM+ ij Lora=k :i ls xfr dj losQ)
rks ijkofrZr Lian dh dyk rFkk vk;ke (eku ysa ÅtkZ gzkl u
gks) ogh gSa tks vkifrr Lian osQ gSaA usV ifjlhek ij vfèkdre
foLFkkiu rc izR;sd Lian osQ vk;ke dk nks xquk gSA vn`<+
ifjlhek dk mnkgj.k vkxZu ikbi dk [kqyk fljk gSA

la{ksi esa] fdlh izxkeh rjax ;k Lian dh fdlh n`<+
ifjlhek ls ijkorZu esa π dykarj mRiUu gksrk gS rFkk [kqys
ifjlhek ls ijkorZu esa dksbZ dykarj mRiUu ugha gksrk gSA bl
dFku dks xf.krh; :i esa O;Dr djus osQ fy,] eku yhft,
vkifrr rjax dks bl izdkj fu:fir djrs gSa %

y
i
 (x, t)  = a sin (kx – ωt)

rc] n`<+ ifjlhek ls ijkorZu osQ fy,] ijkofrZr rjax dks bl
izdkj fu:fir djrs gSa]

y
r
 (x, t) = a sin (kx + ωt + π)

= –a sin (kx + ωt) (14.35)

fdlh [kqyh ifjlhek ls ijkorZu osQ fy,] ijkofrZr rjax
dks bl izdkj fu:fir djrs gSa]

y
r
 (x, t) =a sin (kx + ωt ) (14.36)

Li"Vr% ǹ<+ ifjlhek ij y = y
i
 + y

r
 = 0 lHkh cyksa ijA

14.6.1 vizxkeh rjaxsa rFkk izlkekU; fo/k,¡

fiNys vuqHkkx eas geus ,d fljs ij ifjlhfer fudk; ij
fopkj fd;k A ijarq ,slh dbZ lqifjfpr fLFkfr;k¡ gSa (tSls nksuksa
fljksa ij ifjc¼ Mksjh vFkok ifjfer yEckbZ dk ok;q dkWye)
ftlesa ijkorZu nks ;k vfèkd fljksa ij gksrk gSA mnkgj.k osQ
y,] fdlh Mksjh esa ,d fn'kk esa xeu djrh rjax ,d fljs ls
ijkofrZr gksrh gSA ;g ijkofrZr rjax nwljh fn'kk esa xeu djosQ
nwljs fljs ls ijkofrZr gksrh gSA ;g izfØ;k rc rd pyrh jgrh
gS tc rd Mksjh esa ,d vifjorhZ rjax iSVuZ u cu tk;A ,sls
rjax iSVuZ vizxkeh rjaxsa dgykrs gSaA xf.krh; :i esa bls O;Dr
djus osQ fy,] x&v{k dh èkukRed fn'kk esa xeu djrh fdlh
rjax rFkk x&v{k dh ½.kkRed fn'kk esa xeu djrh leku
vk;ke ,oa rjaxnS?;Z okyh ijkofrZr rjax ij fopkj dhft,A φ
= 0 osQ fy, lehdj.k (14.2) vkSj (14.4) ls
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lehdj.k (14.37) ls fuLian dh fLFkfr;ksa (tgk¡
vk;ke 'kwU; gksrk gS) esa

sin kx = 0

vFkkZr~ kx = nπ,     n = 0, 1, 2, 3...

pwafd k = 2π/λ gS] vr%

x = n
2

λ
]       n = 0, 1, 2, 3... (14.38)

Li"Vr% nks Øekxr fuLianksa osQ chp dh nwjh 
2

λ
 gksrh gSA

mlh izdkj Lianksa dh fLFkfr;ksa (tgk¡ vk;ke vfèkdre gksrs
gSa) esa sin kx dk eku vfèkdre gksrk gS %

| sin kx | = 1

vFkkZr~ kx = (n + 
1

2
)π ,    n = 0, 1, 2, 3...

k = 2π/λ ysus ij

x = (n +
2

1
)

2

λ
]    n = 0, 1, 2, 3... (14.39)

i q u % n k s  Øe kxr i z Li a n k s a  o s Q  c hp dh n w j h
λ/2 gksrh gSA lehdj.k (14.38) dk mi;ksx nksuksa fljksa ij
ifjc¼ L  yackbZ osQ rkfur Mksjh osQ fy, dj ldrs gSaA ;fn

,d fljs ijx = 0 eku ysa rks ifjlhek izfrcaèk gksaxs
x = 0 rFkk x = L ij fuLian gksaxsA x = 0 izfrcaèk dh igys ls
larqf"V gksrh gSA x = L fuLian izfrcaèk osQ fy, vko';d gS fd
yackbZ L rjaxnS?;Z λ ls fuEu izdkj ls lacafèkr gks

L = n 
2

λ
,         n = 1, 2, 3... (14.40)

vr% L yackbZ dh Mksjh ij lhfer rjaxnS?;Z dh vizxkeh
rjaxsa cu ldrh gSa ftudk eku fuEufyf[kr laca/ }kjk izkIr
fd;k tkrk gS]

λ = 
2L

n
,        n = 1, 2, 3... (14.41)

rnuq:ih vko`fÙk;ksa osQ eku gksaxs

ν =
2

v
n

L
,      n = 1, 2, 3... (14.42)

bl izdkj geus fudk; osQ nksyu dh LokHkkfod vko`fÙk;k¡
vFkok lkekU; fo/k fuèkkZfjr dj fy;k gSA fdlh fudk; dh
U;wure laHkkfor LokHkkfod vko`fÙk dks fudk; dh ewy foèkk
;k izFke xq.kko`fÙk dgrs gSaA nksuksa fljksa ij ifjc¼ L yackbZ osQ

rkfur Mksjh osQ fy, ν =
2

v

L
 tks lehdj.k (14.42) esa

fp=k 14.1214.1214.1214.1214.12 foijhr fn'kkvksa esa xeu djrh nks vkorhZ rjaxksa osQ vè;kjksi.k ls mRiUu vizxkeh rjaxsaA è;ku nsa fd fuLianksa ('kwU; foLFkkiu
okys fcanq) dh fLFkfr lHkh le;ksa ij vifjofrZr jgrh gSA
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ν =
 

+ 
 

1

2 2

v
n

L
, n = 0, 1, 2, 3... (14.44)

ewy foèkk n = 0 osQ laxr gS vkSj ;g 
4

v

L
 gSA vU;

mPp vko`fÙk;k¡ ewy vko`fÙk dh fo"ke xq.kko`fÙk;k¡ vFkkZr~

3
4

v

L
, 5

4

v

L
 vkfn gksrh gSa A

fp=k 14-14 ,d fljs ij [kqys rFkk nwljs fljs ij can
ok;q dkWye osQ izFke N% fo"ke xq.kkòfÙk;k¡ n'kkZrk gSA nksuksa fljksa
ij [kqys ikbi osQ fy, izR;sd fljs ij izLian gksrk gSA bl izdkj
;g Li"V gS fd nksuksa fljksa ij [kqys ok;q dkWye esa lHkh
xq.kkòfÙk;k¡ mRiUu gksrh gSa (ns[ksa fp=k 14-15)A mijksDr of.kZr
fudk;ksa] Mksjh ,oa ok;q dkWye esa iz.kksfnr nksyu (vè;k; 13)

n =1 osQ laxr gSA ;gk¡ v ekè;e osQ y{k.kksa ij
vkèkkfjr rjax dh pky gSA n = 2 dh nksyu
foèkk dks f}rh; xq.kko`fÙk dgrs gSaA n = 3 osQ
rnuq:ih r`rh; xq.kko`fÙk gksrh gS vkSj blh izdkj
vxyh xq.kko`fÙk;k¡ gksrh gSa A bu fo/kvksa ls lac¼
vko`fÙk;ksa dks ν

n
 (n = 1, 2, ...) }kjk fpfÉr fd;k

tkrk gSA

fp=k 14.13 eas nksuksa fljksa ij ifjc¼
rkfur Mksjh eas izFke N% xq.kkòfÙk;k¡ n'kkZ;h xbZ gSaA

;g vko';d ugha gS fd dksbZ rkfur Mksjh
bu foèkkvksa esa ls fdlh foèkk esa oaQiu djsA
lkekU;r;k fdlh Mksjh dk oaQiu fofHkUu foèkkvksa
dk vè;kjksi.k gksrk gSA oqQN foèkk,¡ vfèkd
izcyrk ls mÙksftr gks ldrh gSa vkSj oqQN de
izcyrk lsA flrkj o ok;fyu tSls ok| ;a=k bl
fl¼kar ij vkèkkfjr gSaA dkSu lh foèkk nwljh
foèkk ls vfèkd mÙksftr gS ;g bl ckr ij fuHkZj
djrk gS fd Mksjh dks fdl fcanq ij >aÑr fd;k
x;k gSA

vc ge fdlh ,sls fudk; osQ oaQiuksa dh
foèkkvksa dk vè;;u djsaxs ftudk ,d fljk can
gS tcfd nwljk fljk eqDr gSA va'kr% ty ls Hkjh
yEch dk¡p dh ufydk dk ok;q dkWye ,sls
fudk; dk ,d mnkgj.k gSA ok;q dkWye esa ty
dks Nwus okys fljs ij fuLian gksrk gS rFkk [kqys
fljs ij izLian gksrk gSA fuLian ij nkc esa ifjorZu
vfèkdre gksrs gSa tcfd foLFkkiu U;wure ('kwU;)
gksrk gSA blosQ foijhr [kqys fljs ij tgk¡ izLian gksrs gSa] U;wure
nkc ifjorZu gksrs gSa rFkk foLFkkiu dk vk;ke vfèkdre gksrk
gSA ty osQ laioZQ okys fljs dks x = 0 ysus ij fuLian izfrcaèk
(lehdj.k 14-38) dh Lor% larqf"V gksrh gSA ;fn nwljk fljk
x = L izLian gks rks lehdj.k (14.39) ls ;g ifj.kke
fudyrk gS fd

L = 
1

2 2
n

λ 
+ 

 
,       n = 0, 1, 2, 3...

laHkkfor rjaxnS?;Z fuEufyf[kr lacaèk ls izfrcafèkr gksxh

( )
λ

2
=

+1/2

L

n ,  n = 0, 1, 2, 3... (14.43)

fudk; dh lkekU; foèkk,¡ LokHkkfod vko`fÙk;k¡ bl izdkj
O;Dr dh tkrh gSa %

fp=k 14.1314.1314.1314.1314.13 nksuksa fljksa ij ifjc¼ rkfur Mksjh esa nksyu dh izFke N%
xq.kko`fÙk;k¡A

(a)

ewy vFkok izFke
xq.kkòfÙk

(b)

f}rh; xq.kko`fÙk

(c)

r`rh; xq.kko`fÙk

(d)

pkSFkh xq.kko`fÙk

(e)

ik¡poha xq.kkòfÙk

(f)

NBh xq.kko`fÙk
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mRiUu gks ldrs gSaA ;fn cká vkòfÙk fudk; dh LokHkkfod
vkòfÙk osQ cjkcj gksrh gS rks fudk; esa vuqukn mRiUu gksrk gSA

fdlh ik=k dh ifjf/ ls n`<+rkiwoZd ifjc¼ o`Ùkkdkj
f>Yyh] mnkgj.kkFkZ] rcys dh f>Yyh osQ oaQiuksa dh izlkekU;
fo/kvksa dk fu/kZj.k bl ifjlhek 'krZ osQ }kjk fd;k tkrk gS
fd f>Yyh dh ifjf/ ij fLFkr dksbZ Hkh fcanq daiu ugha
djrkA bl fudk; osQ oaQiu dh izlkekU; fo/kvksa dh
vko`fÙk;ksa dk vkdyu vf/d tfVy dk;Z gS A bl leL;k eas
nks foekvksa eas rjax lapj.k lfEefyr gksrk gS A fIkQj Hkh blesa
vUrfuZfgr HkkSfrdh ogh gS A

• mnkgj.k 14.514.514.514.514.5  nksuksa fljksa ls [kqys fdlh ikbi dh
yackbZ 30.0 cm gS A 1.1 kHz vko`fÙk osQ lzksr }kjk
bl ikbi dh dkSu&lh xq.kko`fÙk fo/k dks vuqukn }kjk
mÙksftr fd;k tkrk gS \ ;fn bl ikbi osQ ,d fljs dks
can dj fn;k tk, rks D;k ge fIkQj Hkh blh Ïksr }kjk
vuqukn lqu ldrs gSa \ ok;q eas èofu dh pky
330 m s-1 gS A

gy% [kqys ikbi osQ oaQiu dh igyh oqQN fo/k,¡ fp=k
14.15 eas n'kkZ;h xbZ gSa A igyh xq.kko`fÙk dh vko`fÙk]

ν
λ

= =1
1 2

v v

L  ([kqyk ikbi)

;gk¡ L ikbi dh yackbZ gS A n oha xq.kko`fÙk dh vko`fÙk

ν =
2

n

nv

L
  (n = 1, 2, 3...) ([kqyk ikbi)

;gk¡ L = 30.0 cm, v = 330 m s-1

1
1330 m s

550n s
2 0.3 m

ν
−

−×
= =

×
n

n

Li"V gS fd 1.1 kHz vkòfÙk dk lzksr] vuqukn }kjk ν
2

vko`fÙk vFkkZr~ f}rh; xq.kko`fÙk dks mÙksftr djsxk A
vc ;fn ikbi dk ,d fljk can gS rc lehdj.k (14.40)

ls ;g ifj.kke fudyrk gS fd bl ikbi dh ewy vko`fÙk]

ν
λ

= =1
4

v v

L
  (,d fljs ij can ikbi)

bl ikbi eas osQoy fo"ke la[;k dh xq.kko`fÙk;k¡ gh fo|eku
gksrh gSa %

ν =3

3

4

v

L
] ν =5

5

4

v

L
 rFkk blh izdkj vkxs Hkh---A

L = 30 cm rFkk v = 300 m s-1 osQ fy,] ,d fljs
ls can ikbi dh ewy vko`fÙk 275 Hz gS rFkk lzksr dh vko`fÙk

lkroha xq.kko`fÙk ukSoha xq.kko`fÙk X;kjgoha
xq.kkòfÙk

fp=k 14.1414.1414.1414.1414.14 ,d fljs ls [kqys rFkk nwljs fljs ij can fdlh
ok;q&dkWye dh oqQN izlkekU; foèkk,¡A osQoy fo"ke
foèkk,¡ laHko gSaA

ewy vFkok izFke
xq.kkòfÙk

r`rh; xq.kko`fÙk ik¡poha xq.kko`fÙk

fp=k 14.1514.1514.1514.1514.15 fdlh [kqys ikbi eas vizxkeh rjaxsa A igyh pkj
xq.kko`fÙk;k¡ n'kkZ;h xbZ gSa A

r`rh; xq.kko`fÙk pkSFkh xq.kko`fÙk

ewy vFkok izFke xq.kko`fÙk f}rh; xq.kko`fÙk

Reprint 2026-27



306 HkkSfrdh

laxhr LraHk

eafnjksa esa] LraHkksa ij
cuh laxhr ok|
ctkrh ekuoew£r;k¡
vDlj ns[kus es a
vkrh gSa] ysfdu] ;s
LraHk] Lo;a laxhr
'kk;n gh dgha mRiUu
djrs gksaA rfeyukMq
osQ usYY;kIij eafnj
eas ,dy f'kyk esa

mRdh£.kr ,sls LraHkksa dk lewg gS ftudks /hjs ls
VdVdkus ij] Hkkjrh; 'kkL=kh; laxhr osQ ewy Loj&lk]
js] xk] ek] ik] /k] uh] lk] mRiUu gksrs gSaA bu LraHkksa
osQ oaQiu muesa bLrseky fd, x, iRFkj dh izR;kLFkrk]
?kuRo vkSj LraHk osQ vkdkj ij fuHkZj djrs gSaA

laxhr LraHkksa dks rhu Jsf.k;ksa esa ck¡Vk tk ldrk
gS % igyh Js.kh esa gS Jqfr LraHk tks izkFkfed
Loj&ljxe mRiUu djrs gSa] nwljh Js.kh gS x.k&Fkwaxy
dh tks jkxksa dh ewy /qusa mRiUu djrs gSa vkSj rhljh
Js.kh gS y; Fkwaxy dh] ;g og LraHk gS tks Fkki yxkus
ij rky mRiUu djrs gSaA usYY;kIij eafnj osQ LraHk Jqfr
,oa y; Js.kh osQ gSaA

iqjkrRoosÙkk ekurs gSa fd usYY;kIij eafnj ik.M;u
oqQy osQ 'kkldksa }kjk lkroha 'krkCnh esa cuok;s x, FksA

usYY;kIij eafnj rFkk nf{k.k Hkkjr esa cus dbZ
nwljs eafnjksa (tSls gEih (nsf[k;s fp=k)] dU;koqQekjh
vkSj fr#vuUriqje~ osQ eafnj) esa yxs laxhr&LraHk gekjs
ns'k dh gh fof'k"Vrk gS vkSj nqfu;k osQ fdlh Hkh Hkkx
esa ;s ugha ik, tkrsA

prqFkZ xq.kkòfÙk osQ rnuq:ih gSA pw¡fd ;g xq.kkòfÙk ikbi osQ o aQiu
dh laHkkfor fo/k ugha gS] vr% bl lzksr osQ lkFk ikbi dk ,d
fljk can djus ij dksbZ vuqukn lqukbZ ugha nsxk A ¶

14.7 foLiansa

foLian rjaxksa osQ O;frdj.k ls mRiUu ,d jkspd ifj?kVuk gSA
tc yxHkx lfUudV vko`fÙk (ijarq cjkcj ugha) okyh nks
vkorZ èofu rjaxsa ,d gh le; lqukbZ nsrh gSa rks gesa leku
vko`fÙk (nksuksa lfUudV vko`fÙk;ksa dk vkSlr) lqukbZ nsrk gS
ijUrq gesa oqQN vkSj Hkh lqukbZ nsrk gSA gesa èofu dh rhozrk esa
èkhjs&èkhjs ?kVko vkSj c<+ko lqukbZ nsrk gS ftldh vko`fÙk nks
lfUudV vko`fÙk;ksa osQ varj osQ cjkcj gksrh gSA laxhrK bl
ifj?kVuk dk mi;ksx vius ok|ksa osQ leLoj.k esa djrs gSaA os
vius ;a=k dks rc rd leLojd djrs jgrs gSa tc rd muosQ
lqxzkgh dkuksa dks dksbZ foLian lqukbZ u nsA

bl ?kVuk dh xf.krh; foospuk osQ fy,] ge nks yxHkx
cjkcj dks.kh; vkòfÙk;ksa ω

1
 ,oa ω

2
 dh vkorhZ èofu rjaxksa ij

fopkj djrs gSa rFkk lqfoèkk osQ fy, fLFkfr dks x = 0 eku ysaA
lehdj.k (14.2) esa dyk dk ,d leqfpr eku (φ = π/2

izR;sd rjax osQ fy,) rFkk cjkcj vk;ke ysus ij gesa izkIr
gksrk gS%

s
1 
= a cos ω

1
t rFkk s

2
 = a cos ω

2
t (14.45)

;gk¡ ij geus izrhd y osQ LFkku ij s dk mi;ksx fd;k gS
D;ksafd ge vuqnS?;Z u fd vuqizLFk foLFkkiu dh ckr dj jgs
gSaA eku yhft, fd nksuksa vko`fÙk;ksa esa ω

1
 FkksM+h cM+h gSA

vè;kjksi.k osQ fl¼kar osQ vuqlkj] ifj.kkeh foLFkkiu dks ge
bl izdkj O;Dr djrs gSa %

s = s
1 
+ s

2
 = a

 
(cos ω

1
t +cos ω

2
t)

cos A + cos B osQ lqifjfpr f=kdks.kferh; loZlfedk
dk mi;ksx djus ij

s = 2 a cos 
( )ω ω1 2–

2

t
 cos 

( )ω ω+1 2

2

t
     (14.46)

;fn ge ω
b
 = 

ω ω−1 2

2
 rFkk 1 2ω ω

ω
+

=
2

a  fy[kas rc

lehdj.k (14.46) dks bl izdkj fy[k ldrs gSa %
s = [2 a cos ω

b 
t] cos ω

a 
t (14.47)

;fn |ω
1
- ω

2
| << ω

1
, ω

2
_ ω

a 
>> ω

b 
 gS] rc lehdj.k

(14.47) ls fu"d"kZ fudyrk gS] ifj.kkeh rjax vkSlr dks.kh;
vko`fÙk  ω

a
 ls nksyu djrk gS ijUrq bldk vk;ke le; osQ

lkFk vpj ugha gS tSlk fd ,d 'kq¼ vkoRkZ rjax osQ çdj.k
esa gksrk gSA tc Hkh cos ω

b 
 t dk eku + 1 vFkok –1 gksrk

gS vk;ke vfèkdre gksrk gSA nwljs 'kCnksa esa] ifj.kkeh rjax dh

rhozrk esa vkòfÙk 2 ω
b
 = ω

1
 – ω

2
 ls mrkj&p<+ko gksrk gSA pwafd

ω = 2πν  foLian ν
beat

 dks bl izdkj O;Dr djrs gSa]
v

beat
 = ν

1 
–

 
ν

2
(14.48)

11 Hz rFkk 9 Hz osQ nks vko`fÙk rjaxksa ls mRiUu foLian
dh ifj?kVuk fp=k 14.16 n'kkZrk gSA ifj.kkeh rjax dk vk;ke
2Hz dh vko`fÙk ij foLian n'kkZrk gSA
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fp=k 14.1614.1614.1614.1614.16 (a) 11 Hz vko`fÙk dh xq.kko`fÙk rjax dk vkys[k
(b) 9 Hz vko`fÙk dh xq.kko`fÙk rjax dk vkys[k
(c) rjaxksa (a) rFkk (b) dk vè;kjksi.k ls mRiUu
2 Hz vko`fÙk dk foLian n'kkZrk gSA

• mnkgj.k 14.614.614.614.614.6 nks flrkjksa dh Mksfj;k¡ A rFkk B ,d
lkFk ̂ /k* Loj ctk jgha gSa rFkk Lojksa esa FkksM+k varj gksus
osQ dkj.k 5 Hz vko`fÙk osQ foLian mRiUu dj jgh gSa A
Mksjh B osQ ruko eas oqQN o`f¼ djus ij foLian dh
vko`fÙk ?kVdj 3 Hz  jg tkrh gS A ;fn A  dh vko`fÙk
427 Hz gS] rks B dh ewy vko`fÙk Kkr dhft, A

gy % Mksjh eas ruko c<+kus ij mldh oaQiu dh vko`fÙk c<+
tkrh gS A ;fn Mksjh B  dh ewy vko`fÙk (ν

B
) A dh vko`fÙk

(ν
A
) ls vf/d gS] rc ν

B 
 eas vkSj òf¼ gksus ij foLianksa dh

vko`fÙk c<+uh pkfg,] ijarq foLian&vko`fÙk eas fxjkoV ikbZ
xbZ A vr% ;g fu"d"kZ fudyrk gS fd ν

B 
< ν

A 
A p¡wfd

ν
A 
– ν

B 
 = 5Hz, rFkk ν

A 
= 427 Hz, vr% Mksjh B dh ewy

vko`fÙk ν
B 
= 422 Hz ¶

lkjka'k

1. ;akf=kd rjaxsa nzO;kRed ekè;eksa esa fo|eku jg ldrh gSa rFkk ;s U;wVu osQ xfr osQ fu;eksa }kjk lafu;fer gksrh gSa A

2. vuqizLFk rjaxsa os rjaxsa gksrh gSa ftuesa ekè;e osQ d.k rjax lapj.k dh fn'kk osQ yacor~ nksyu djrs gSa A

3. vuqnS?;Z rjaxsa os rajxsa gksrh gSa ftuesa ekè;e osQ d.k rjax lapj.k dh fn'kk osQ vuqfn'k nksyu djrs gSa A
4. izxkeh rjax og rjax gksrh gS tks ekè;e osQ ,d fcanq ls nwljs fcanq rd xeu djrh gS A

5. /ukRed x-fn'kk esa lapfjr T;koØh; rjax dk foLFkkiu bl izdkj O;Dr fd;k tkrk gS&

y (x, t) = a sin (kx – ωt + φ)

;gk¡ a rjax dk vk;ke] k dks.kh; rjax la[;k] ω dks.kh; vko`fÙk] (kx – ωt + φ) dyk] rFkk φ dyk&fu;rkad vFkok
izkjafHkd dyk dks.k gS A

6. fdlh izxkeh rjax dk rjaxnS?;Z λ, mlds fdUgha ,sls nks Øekxr fcanqvksa osQ chp dh nwjh osQ cjkcj gksrh gS tks fdlh
{k.k ij leku dyk esa gksrs gSa A vizxkeh rjaxksa osQ fy, ;g nks Øekxr fuLianksa vFkok izLianksa osQ chp dh nwjh osQ nksxqus
osQ cjkcj gksrh gS A

7. fdlh rjax osQ vkorZdky T dks ml le; }kjk ifjHkkf"kr fd;k tkrk gS ftlesa ekè;e dk dksbZ vo;o viuk ,d
nksyu iw.kZ djrk gS A ;g rjax dh dks.kh; vko`fÙk ω ls bl izdkj lacf/r gksrk gS

2π
T

ω
=

8. fdlh rjax dh vko`fÙk ν dks 1/T osQ :i esa ifjHkkf"kr fd;k tkrk gS rFkk vko`fÙk o dks.kh; vko`fÙk esas fuEufyf[kr
laca/ gksrk gS %

2π
ν =

ω
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9. izxkeh rjax dh pky 
k T

ω λ
λν= = =v

10. fdlh rkfur Mksjh ij vuqizLFk rjax dh pky ml Mksjh osQ xq.kksa ls fu/kZfjr gksrh gS A ;fn fdlh Mksjh esa ruko T gS
rFkk Mksjh dk jSf[kd nzO;eku ?kuRo µ gS rks ml Mksjh esas vuqizLFk rjax dh pky]

µ
=

T
v

11. èofu rjaxsa vuqnS?;Z ;akf=kd rjaxsa gksrh gSa tks Bkslksa] nzoksa rFkk xSlksa esa xeu dj ldrh gSa A ;fn fdlh ekè;e dk vk;ru
izR;kLFkrk xq.kkad B rFkk ?kuRo ρ gS rks ml ekè;e eas èofu rjaxksa dh pky

ρ
=

B
v

/krq dh NM+ esa vuqnS?;Z rjaxksa dh pky

ρ
=

Y
v

fdlh xSl esas] pw¡fd B = γP, vr% èofu dh pky

γ

ρ
=

P
v

;gk¡ γ xSl dh nks fof'k"V mQ"ekvksa dk vuqikr (γ = C
p
/C

v
), ρ xSl dk ?kuRo rFkk P xSl dk nkc gS A

12. tc nks ;k vf/d rjaxsa fdlh ekè;e esa ,d lkFk xeu djrh gSa] rc ekè;e osQ fdlh vo;o dk foLFkkiu izR;sd
rjax osQ foLFkkiuksa dk chtxf.krh; ;ksx gksrk gS A bls rjaxksa osQ vè;kjksi.k dk fl¼kar dgrs gSa A

i=1

 ( )

n

if=∑y x – vt

13. ,d gh Mksjh ij xeu djrh nks T;koØh; rjaxsa vè;kjksi.k osQ fl¼kar osQ vuqlkj ladyu vFkok fujlu }kjk O;frdj.k

dh ifj?kVuk iznf'Zkr djrh gSa A ;fn leku vk;ke a rFkk leku vko`fÙk okyh ijarq dyk esa dyk&fu;rkad φ osQ varj

okyh nks rjaxsa ,d gh fn'kk eas xfreku gSa rks muosQ O;frdj.k dk ifj.kke ,d ,dy rjax gksrh gSa ftldh vko`fÙk Hkh

muosQ leku gksrh gS %

( )
1 1

, 2 cos sin  -   
2 2

y x t a kx tφ ω φ
   

= +  
   

;fn φ = 0 vFkok 2π dk iw.kk±d xq.kt gks rks rjaxsa ,dne leku dyk esas gksrh gSa rFkk O;frdj.k laiks"kh gksrk gS_ ;fn
φ = π vFkok π jsfM;u dk fo"ke xq.kt gks rks rjaxsa ,dne foijhr dykvksa esas gksrh gS rFkk O;frdj.k fouk'kh
gksrk gS A

14. fdlh izxkeh rjax dk fdlh n`<+ ifjlhek vFkok can fljs ij ijkorZu dyk&mRØe.k osQ lkFk gksrk gS] ijarq fdlh [kqyh
ifjlhek ij ;g ijkorZu fcuk fdlh dyk&ifjorZu osQ gksrk gS A

fdlh vkifrr rjax osQ fy,

y
i
 (x, t) = a sin (kx – ωt)

n`<+ ifjlhek ls ijkofrZr rjax osQ fy,

y
r
 (x, t) = – a sin (kx + ωt)
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[kqyh ifjlhek ls ijkofrZr rjax osQ fy,

y
r
  (x, t) = a sin (kx + ωt)

15. foijhr fn'kkvksa esa xfr'khy nks loZle rjaxksa osQ O;frdj.k ls vizxkeh rjaxsa mRiUu gksrh gSa A nksuksa fljksa ij ifjc¼ rkfur
Mksjh esa mRiUu vizxkeh rjaxksa dks bl izdkj O;Dr fd;k tkrk gS

y (x, t) = [2 a sin kx] cos ωt

vizxkeh rjaxksa dk ,d vfHky{k.k ;g gS fd buesa 'kwU; foLFkkiu dh fuf'pr vofLFkfr;k¡ ftUgsa fuLian dgrs gSa rFkk
vf/dre foLFkkiu dh fuf'pr vofLFkfr;k¡ ftUgas izLian dgrs gSa] gksrh gSa A nks Øekxr fuLianksa vFkok nks Øekxr izLianksa
osQ chp dh nwjh gksrh gS A

L yackbZ dh rkfur Mksjh tks nksuksa fljksa ij ifjc¼ gks] fuEufyf[kr vko`fÙk;ksa ls daiu djrh gS %

ν =
2

v
n

L
] n = 1, 2, 3....

;gk¡ v rjax dh Mksjh ij xeu dh pky gS A bl laca/ ls izkIr vko`fÙk;ksa dks lsV fudk; osQ daiu vFkok nksyu dh
izlkekU; fo/k,¡ dgrs gS A fuEure vko`fÙk ls nksyu dh fo/k ewy fo/k vFkok izFke xq.kko`fÙk dgykrh gS A n = 2

dh nksyu fo/k dks f}rh; xq.kko`fÙk dgrs gSa] vkSj blh izdkj Øe c<+rk tkrk gS A

L yackbZ dh dksbZ uyh ftldk ,d fljk can rFkk nwljk fljk [kqyk gks] tSls ok;q&dkWye] fuEufyf[kr vko`fÙk;ksa ls daiu
djrk gS %

ν
 

= + 
 

1

2 2

v
n

L
, n = 0, 1, 2, 3....

mijksDr laca/ }kjk fu:fir vkòfÙk;ksa dk lsV bl izdkj osQ fudk; osQ nksyu dh izlkekU; fo/k,¡ gksrh gSa A bl laca/ }kjk

n = 0 osQ fy, izkIr fuEure vkòfÙk 4
v

L  gS] tks bl izdkj osQ fudk; dh ewy fo/k vFkok izFke xq.kkòfÙk gksrh gS A

16. nksuksa fljksa ls ifjc¼ L yackbZ dh rkfur Mksjh vFkok ,d fljs ls can rFkk nwljs fljs ij eqDr vFkok nksuksa fljksa ij
eqDr ok;q&dkWye ftu fu;r vko`fÙk;ksa ls daiu djrs gSa mUgsa bu fudk;ksa dh izlkekU; fo/k,¡ dgrs gSa A buesa ls izR;sd
vko`fÙk fudk; dh vuqukn vko`fÙk gksrh gS A

17. foLian rc mRiUu gksrs gSa tc cgqr de varj dh nks vko`fÙk;ksa ν
1
rFkk ν

2
 dh rjaxsa ,d lkFk lalwfpr dh tkrh gSaA foLian

vko`fÙk bl izdkj O;Dr dh tkrh gS]

ν
beat 

= ν
1 
~ ν

2

HkkSfrd jkf'k izrhd foek,¡ ek=kd fVIi.kh

rjaxnS?;Z λ [ L ] m ,d gh {k.k ij leku dyk osQ nks Øekxr
fcanqvksa osQ chp dh nwjh

lapj.k fu;rkad k [ L-1 ] m-1 k = 
λ

2π

rjax pky v [LT-1] m s-1 ν = vλ

foLian vko`fÙk ν
beat

[T-1] s-1 nks fudV vko`fÙk;ksa dh vè;kjksfir rjaxksa
dh vko`fÙk;ksa dk varj
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fopkj.kh; fo"k;

1. rjax fdlh ekè;e esa lewps nzO; dh xfr ugha gS A iou ok;q eas èofu rjax ls fHkUu gksrh gS A iou esa ,d LFkku
ls nwljs LFkku rd ok;q dh xfr lfEefyr gksrh gS A èofu rjaax esa ok;q dh ijrksa dk laihMu rFkk fojyu lfEefyr
gksrk gSA

2. rjax esa ,d LFkku ls nwljs LFkku rd mQtkZ LFkkukarfjr gksrh gS u fd nzO;A
3. fdlh ;akf=kd rjax esa] ekè;e osQ fudVre nksyuh Hkkxksa osQ chp vk|ksikar ('kq: ls var rd) izR;kLFk cyksa osQ

;qXeu osQ dkj.k mQtkZ LFkkukarj.k gksrk gSA
4. vuqizLFk rjaxksa dk lapj.k osQoy mUgha ekè;eksa esa gks ldrk gS ftuesa vi:i.k izR;kLFkrk xq.kkad gks] mnkgj.kkFkZ

Bksl A vuqnS?;Z rjaxksa dks vk;ru izR;kLFkrk xq.kkad dh vko';drk gksrh gS] vr% ;ss rjaxsa lHkh ekè;eksa&Bksl]
nzo rFkk xSl esa laHko gksrh gSaA

5. nh xbZ vko`fÙk dh fdlh ljy vkorZ izxkeh rjax eas lHkh d.kksa dk vk;ke leku gksrk gS] ijarq fdlh fn, x,
fu;r le; ij mudh dyk,¡ fHkUu gksrh gSa A fdlh vizxkeh rjax esas fdlh fuf'pr {k.k ij lHkh d.kksa dh dyk,¡
leku gksrh gSa ijarq muosQ vk;ke fHkUu gksrs gSaA

6. fdlh ekè;e esas fojke dh fLFkfr okys izs{kd osQ lkis{k ml ekè;e esa fdlh ;akf=kd rjax dh pky (v) osQoy
ekè;e osQ izR;kLFk rFkk vU; xq.kksa (tSls nzO;eku ?kuRo) ij fuHkZj djrh gS A ;g èofu&lzksr osQ osx ij fuHkZj
ugha djrhA

vH;kl

14.1 2.50 kg nzO;eku dh 20 cm yach rkfur Mksjh ij 200 N cy dk ruko gS A ;fn bl Mksjh osQ ,d fljs dks vuqizLFk
>Vdk fn;k tk, rks mRiUu fo{kksHk fdrus le; esa nwljs fljs rd igq¡psxk \

14.2 300 m mQ¡ph ehukj osQ 'kh"kZ ls fxjk;k x;k iRFkj ehukj osQ vk/kj ij cus rkykc osQ ikuh ls Vdjkrk gS A ;fn ok;q
esas èofu dh pky 340 m s-1 gS rks iRFkj osQ Vdjkus oQh èofu ehukj osQ 'kh"kZ ij iRFkj fxjkus osQ fdruh nsj ckn lqukbZ
nsxh \ (g = 9.8 m s-2)

14.3 12.0 m yacs LVhy osQ rkj dk nzO;eku 2.10 kg gS A rkj esa ruko fdruk gksuk pkfg, rkfd ml rkj ij fdlh vuqizLFk
rjax dh pky 20 °C ij 'kq"d ok;q essa èofu dh pky (343 m s-1) osQ cjkcj gks A

14.4 lw=k 





P
v  dk mi;ksx djosQ Li"V dhft, fd ok;q esa èofu dh pky D;ksa

(a) nkc ij fuHkZj ugha djrh]

(b) rki osQ lkFk c<+ tkrh gS] rFkk

(c) vknzZrk osQ lkFk c<+ tkrh gS \

14.5 vkius ;g lh[kk gS fd ,d foek esa dksbZ izxkeh rjax iQyu y = f (x, t) }kjk fu:fir dh tkrh gS ftlesa x rFkk t
dks x - vt vFkok x + vt vFkkZr~ y = f (x ± vt)  la;kstu esa izdV gksuk pkfg, A D;k bldk izfrykse Hkh lR; gS \
uhps fn, x, y osQ izR;sd iQyu dk ijh{k.k djosQ ;g crkb, fd og fdlh izxkeh rjax dks fu:fir dj ldrk gS%

(a) (x - vt)2

(b) log [(x+vt)/x
0
]

(c) 1/(x + vt)

14.6 dksbZ pexknM+ ok;q esas 1000 k Hz vko`fÙk dh ijkJO; èofu mRlftZr djrk gS A ;fn ;g èofu ty osQ i`"B ls Vdjkrh
gS] rks (a) ijkofrZr èofu rFkk (b) ikjxfer èofu dh rjaxnS?;Z Kkr dhft, A ok;q rFkk ty esa èofu dh pky Øe'k%
340 m s-1 rFkk 1486 m s-1 gS A

14.7 fdlh vLirky eas mQrdksa esa V~;wejksa dk irk yxkus osQ fy, ijkJO; LoSQuj dk iz;ksx fd;k tkrk gS A ml mQrd esa
èofu esa rjaxnS?;Z fdruh gS ftlesa èofu dh pky 1.7 k m s-1 gS \ LoSQuj dh izpkyu vko`fÙk 4.2 MHz gS A

14.8 fdlh Mksjh ij dksbZ vuqizLFk xq.kko`fÙk rjax dk o.kZu

y (x, t) = 3.0 sin (36 t + 0.018 x + p/4)
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}kjk fd;k tkrk gS A ;gk¡ x rFkk y lsaVhehVj esa rFkk t lsoaQM esas gS A x dh /ukRed fn'kk ck,¡ ls nk,¡ gS A

(a) D;k ;g izxkeh rjax gS vFkok vizxkeh \ ;fn ;g izxkeh rjax gS rks bldh pky rFkk lapj.k dh fn'kk D;k gS \

(b) bldk vk;ke rFkk vko`fÙk D;k gS \

(c) mn~xe osQ le; bldh vkjafHkd dyk D;k gS \

(d) bl rjax esa nks Øekxr f'k[kjksa osQ chp dh U;wure nwjh D;k gS \

14.9 iz'u 14.8 esa o£.kr rjax osQ fy, x  = 0 cm, 2 cm rFkk 4 cm osQ fy, foLFkkiu (y) vkSj le; (t) osQ chp xzkiQ
vkysf[kr dhft, A bu xzkiQkas dh vkÑfr D;k gS \ vk;ke] vko`fÙk vFkok dyk esa ls fdu igyqvksa esa izxkeh rjax esa

nksyuh xfr ,d fcanq ls nwljs fcanq ij fHkUu gS \

14.10 izxkeh xq.kko`fÙk rjax

y (x, t) = 2.0 cos 2π (10 t – 0.0080 x + 0.35)

ftlesa x rFkk y dks m esa rFkk t dks s esa fy;k x;k gS] osQ fy, mu nks nksyuh fcanqvksa osQ chp dykarj fdruk gS ftuosQ

chp dh nwjh gS

(a) 4 m

(b) 0.5 m

(c) λ/2

(d)
4

3λ

14.11 nksuksa fljksa ij ifjc¼ fdlh rkfur Mksjh ij vuqizLFk foLFkkiu dks bl izdkj O;Dr fd;k x;k gS

y(x, t) = 0.06 sin 
2π

3
x

 
 
 

 cos (120 π t)

ftlesa x rFkk y dks m rFkk t dks s esa fy;k x;k gS A blesa Mksjh dh yackbZ 1.5 m gS ftldh lagfr 3.0 × 10–2 kg

gS A fuEufyf[kr dk mÙkj nhft, %

(a) ;g iQyu izxkeh rjax vFkok vizxkeh rjax esa ls fdls fu:fir djrk gS \

(b) bldh O;k[;k foijhr fn'kkvksa esa xeu djrh nks rjaxksa osQ vè;kjksi.k osQ :i esa djrs gq, izR;sd rjax dh rjaxnS?;Z]

vko`fÙk rFkk pky Kkr dhft, A

(c) Mksjh esa ruko Kkr dhft, A

14.12 (i)iz'u 14.11 esa o£.kr Mksjh ij rjax osQ fy, crkb, fd D;k Mksjh osQ lHkh fcanq leku (a) vko`fÙk] (b) dyk]

(c) vk;ke ls oaQiu djrs gSa \ vius mÙkjksa dks Li"V dhft, A

(ii),d fljs ls 0.375 m nwj osQ fcanq dk vk;ke fdruk gS \

14.13 uhps fdlh izR;kLFk rjax (vuqizLFk vFkok vuqnS?;Z) osQ foLFkkiu dks fu:fir djus okys x rFkk t osQ iQyu fn, x,

gSa A ;g crkb, fd buesa ls dkSu (i) izxkeh rjax dks] (ii) vizxkeh rjax dks] (iii) buesa ls fdlh Hkh rjax dks ugha fu:fir

djrk gS

(a) y = 2 cos (3x) sin 10 t

(b) y = 2  tvx−

(c) y = 3 sin (5x - 0.5 t) + 4 cos (5x – 0.5t)

(d) y = cos x sin t + cos 2x sin 2t

 14.14 nks n`<+ Vsdksa osQ chp rkfur rkj viuh ewy fo/k esa 45 Hz vko`fÙk ls daiu djrk gS A bl rkj dk nzO;eku

3.5 × 10–2 kg rFkk jSf[kd nzO;eku ?kuRo 4.0 × 10–2 kg m–1 gS A (a) rkj ij vuqizLFk rjax dh pky D;k gS] rFkk

(b) rkj esa ruko fdruk gS \

Reprint 2026-27



312 HkkSfrdh

14.15 ,d fljs ij [kqyh rFkk nwljs fljs ij pyk;eku fiLVu yxh 1 m yach ufydk] fdlh fu;r vko`fÙk osQ lzksr (340

Hz vko`fÙk dk Lofj=k f}Hkqt) osQ lkFk] tc ufydk esa ok;q dkWye 25.5 cm vFkok 79.3 cm gksrk gS rc vuqukn

n'kkZrh gS A iz;ksx'kkyk osQ rki ij ok;q esa èofu dh pky dk vkdyu dhft, A dksj&izHkko dks ux.; eku ldrs gSa A

14.16 100 cm yach LVhy&NM+ vius eè; fcanq ij ifjc¼ gS A blosQ vuqnS?;Z daiuksa dh ewy vko`fÙk 2.53 kHz gS A LVhy

esa èofu dh pky D;k gS \

14.17 20 cm yackbZ osQ ikbi dk ,d fljk can gS A 430 Hz vko`fÙk osQ lzksr }kjk bl ikbi dh dkSu&lh xq.kko`fÙk fo/k

vuqukn }kjk mÙksftr dh tkrh gS \ ;fn bl ikbi osQ nksuksa fljs [kqys gksa rks Hkh D;k ;g lzksr bl ikbi osQ lkFk vuqukn

djsxk \ ok;q esa èofu dh pky 340 m s-1 gS A

14.18 flrkj dh nks Mksfj;k¡ A rFkk B ,d lkFk ^xk* Loj ctk jgh gSa rFkk FkksM+h&lh cslqjh gksus osQ dkj.k 6 Hz vko`fÙk osQ

foLian mRiUu dj jgh gSa A Mksjh A dk ruko oqQN ?kVkus ij foLian dh vko`fÙk ?kVdj 3 Hz jg tkrh gS A ;fn A dh

ewy vko`fÙk 324 Hz gS rks B dh vko`fÙk D;k gS \

14.19 Li"V dhft, D;ksa (vFkok oSQls) %

(a) fdlh èofu rjax esa foLFkkiu fuLian nkc izLian gksrk gS vkSj foLFkkiu izLian nkc fuLian gksrk gS A

(b) vk¡[k u gksus ij Hkh pexknM+ vojks/dksa dh nwjh] fn'kk] izÑfr rFkk vkdkj lqfuf'pr dj ysrs gS A

(c) ok;fyu rFkk flrkj osQ Lojksa dh vko`fÙk;k¡ leku gksus ij Hkh ge nksuksa ls mRiUu Lojksa esa Hksn dj ysrs gSa A

(d) Bksl vuqnS?;Z rFkk vuqizLFk nksuksa izdkj dh rjaxksa dk iks"k.k dj ldrs gSa tcfd xSlksa esa osQoy vuqnS?;Z rjaxsa

gh lapfjr gks ldrh gSa] rFkk

(e) ifj{ksih ekè;e esa lapj.k osQ le; Lian dh vkÑfr foÑr gks tkrh gS A
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vH;kl rFkk vfrfjDr vH;klksa osQ mÙkj

vè;k; 8

8.1 1.8

8.2 (a) fn, x, xzkiQ osQ vuqlkj 150 × 106 N m–2 izfrcy osQ fy, foÑfr 0.002 gS A vr% inkFkZ dk ;ax izR;kLFkrk xq.kkad
= 7.5 × 1010 N m–2

(b) inkFkZ dh lfUudV ijkHko lkeF;Z = 3 × 108 N m–2

8.3 (a) inkFkZ A

(b) inkFkZ A vf/d rU; inkFkZ gS D;ksafd blesa izR;kLFkrk lhek rFkk foHkatu fcanq osQ eè; vizR;kLFk fo:i.k
inkFkZ B dh vis{kk vf/d gS A

8.4 (a) xyr

(b) lR;

8.5 1.5 × 10–4 m (LVhy)_ 1.3 × 10–4 m (ihry)

8.6 foLFkkiu = 4×10–6 m

8.7 2.8×10–6

8.8 0.127

8.9 7.07×10
4 

N

8.10 D
copper

/D
iron

 = 1.25

8.11 1.539 × 10-4 m

8.12 2.026 × 109 Pa

8.13 1.034 × 103 kg/m3
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8.14 0.0027

8.15 0.058 cm3

8.16 2.2 × 106 N/m2

vè;k; 9
9.3 (a) ?kVrk gS]  (b) c<+rh] ?kVrh]  (c) vo:i.k foo`Qfr]  vo:i.k foo`Qfr dh nj  (d) nzO;eku laj{k.k fu;e] cuwZyh osQ

lehdj.k ls (e) vf/d
9.5 6.2 × 106 Pa

9.6 10.5 m

9.7 leqnz eas ml xgjkbZ ij nkc yxHkx 3 × 107 Pa gS A ;g lajpuk mi;qDr gS D;kasfd ;g blls dgha vf/d izfrcy@nkc
dks l¡Hkky ldrh gS A

9.8 6.92 × 105 Pa

9.9 0.800

9.10 fLifjV okyh Hkqtk esas ikjs dk Lrj mQij mBsxk_ ikjs osQ Lrjksa esa varj = 0.221 cm

9.11 ugha] cuwZyh dk fu;e osQoy /kjkjs[kh; izokgksa ij gh ykxw gksrk gS A

9.12 ugha] ftu nks fcanqvksa ij cuwZyh osQ lehdj.k dk vuqiz;ksx djuk gS muosQ chp ok;qeaMyh; nkcksa esa lkFkZd varj gksuk
pkfg, A

9.13 9.8 × 102 Pa (jsuYM~l la[;k yxHkx 0.3 gS] vr% izokg Lrjh; gS A)

9.14 1.5 × 103 N

9.15 fp=k (a) lgh ugha gS ¹dkj.k % ladh.kZu ij (tgk¡ uyh dh vuqizLFk dkV dk {ks=kiQy de gS) nzO;eku lja{k.k fu;e
osQ dkj.k izokg dh pky vf/d gS A ifj.kkeLo:i] cuwZyh osQ fl¼kar osQ vuqlkj ogk¡ ij nkc de gS A geus ;g
ifjdYiuk dh gS fd rjy vlaihM~; gS Aº

9.16 0.64 m s–1

9.17 2.5 × 10–2 N m–1

9.18 (b) rFkk (c) osQ fy, 4.5 × 10–2 N vFkkZr~ Bhd mruk gh ftruk (a) esssa gS A

9.19 nkc&vkf/D; = 310 Pa , oqQy nkc = 1.031 × 105 Pa A rFkkfi] pwafd iz'u esa fn;k x;k vkadM+k rhu vadksa rd ;FkkFkZ
gS] gesa cw¡n osQ Hkhrj oqQy nkc dks 1.01× 105 Pa fy[kuk pkfg, A

9.20 lkcqu osQ cqycqys osQ Hkhrj nkc&vkf/D; = 20.0 Pa _ lkcqu osQ foy;u esas Mwcs ok;q osQ cqycqys osQ Hkhrj nkc&vkf/D;
= 10.0 Pa A ok;q osQ cqycqys osQ fy, ckgj dk nkc = 1.01 × 105 + 0.4 × 103 × 9.8 × 1.2 = 1.06 × 105 Pa A nkc vkf/D;
bruk de gS fd rhu lkFkZd vadksa rd ok;q osQ cqycqys osQ Hkhrj oqQy nkc = 1.06 × 105 Pa A

vè;k; 10

10.1 fu;kWu % – 248.58 °C = – 415.44 °F

CO
2
 :  –56.60 °C = – 69.88 °F  [t

F
 = 

9
32

5

tc + ] mi;ksx dhft, A

10.2 A B

4

7
T  T

 =  
 

10.3 384.8 K
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10.4 (a) f=kd fcanq ,d vf}rh; rkikad gksrk gS_ xyu fcanq rFkk DoFku fcanq osQ rkikad nkc ij fuHkZj djrs gSa_
(b) ,d vU; fu;r rkikad Lo;a fujis{k 'kwU; gksrk gS_ (c) f=kd fcanq 0.01 °C gS 0 °C ugha gS_ (d) 491.69

10.5 (a) T
A
 = 392.69 K, T

B
 = 391.98 K ; (b) ;g folaxfr blfy, mRiUu gksrh gS D;ksfd xSlsa iw.kZr% vkn'kZ xSlsa ugha gksrha A

bl folaxfr dks de djus osQ fy, ikB~;kad de ls de nkcksa ij ysus pkfg, vkSj ekis x, rkiksa rFkk xSl osQ f=kd
fcanq ij ije nkc osQ chp [khaps x, vkjs[k dks tcfd nkc 'kwU; dh vksj vxzflr gksrk gS rks vU; rkiksa dks izkIr djus
osQ fy, cfgosZf'kr (extrapolate) djuk pkfg, A bu ifjfLFkfr;ksa esa xSlsa vkn'kZ xSl tSlk O;ogkj djus yx tkrh gSa A

10.6 NM+ dh 45.0 °C ij okLrfod yackbZ = 63.0 + 0.0136 = 63.0136 cm (rFkkfi gesa ;g dguk pkfg, fd rhu lkFkZd vadksa
ij yackbZ esa varj 0.0136 cm gS] ijarq oqQy yackbZ rhu lkFkZd vadksa rd 63.0 cm gh gS A blh NM+ dh 27.0 °C ij
yackbZ = 63.0 cm

10.7 tc /qjh dks –69 °C rd BaMk fd;k tkrk gS rks ifg;k /qjh ij p<+rk gSA

10.8 O;kl esa o`f¼ dk ifjek.k = 1.44 × 10–2 cm

10.9 3.8 × 102 N

10.10 pwafd la;ksftr NM+ osQ fljs f'kaoQts esa tdM+s ugha gSa vr% nksuksa esas eqDr :i ls izlkj gksxk A

∆l
ihry

 = 0.21 cm ; ∆l
LVhy

 = 0.126 cm = 0.13 cm

yackbZ esa oqQy ifjorZu = 0.34 cm A pwafd NM+sa izlkj osQ fy, Lora=k gSa] muesa dksbZ rkih; izfrcy mRiUu ugha gksrk A

10.11 0.0147 = 1.5 × 10–2

10.12 103 °C

10.13 1.5 kg

10.14 0.43 J g–1 K–1 ; derj

10.15 xSlsa f}ijek.kqd gSa] rFkk LFkkukarj.k dh Lokra=; dksfV osQ vfrfjDr mudh vU; Lokra=; dksfV (vFkkZr~ xfr dh vU;
fo/k,¡) Hkh laHko gSa A xSl osQ rki esaa oqQN o`f¼ osQ fy, lHkh fo/kvksa dh ekè; mQtkZ esa o`f¼ djus osQ fy, mQ"ek
dh vkiwfrZ djuh gksrh gS A iQyLo:i] ,d ijek.kqd xSlksa dh rqyuk esa f}ijek.kqd xSlksa dh eksyj fof'k"V mQ"ek vf/d
gksrh gS A ;g n'kkZ;k tk ldrk gS fd ;fn ge osQoy xfr dh ?kw.khZ fo/k ij gh fopkj djsa rks f}ijek.kqd xSlksa dh
eksyj fof'k"V mQ"ek (5/2)R gksrh gS tks osQoy Dyksjhu dks NksM+dj lkj.kh esas fn, x, lHkh xSlksa osQ izs{k.kksa osQ fy, lR;
gS A Dyksjhu dh eksyj fof'k"V mQ"ek dk vf/d eku ;g n'kkZrk gS fd Dyksjhu osQ v.kq esa dejs osQ rki ij ?kw.khZ fo/k
osQ vfrfjDr daiu fo/k Hkh mifLFkr gS A

10.16 4.3 g/min

10.17 3.7 kg

10.18 238 °C

10.20 9 min

vè;k; 11

11.1  16 g/min

11.2   934 J

11.4   (2)7/5 = 2.64

11.5  16.9 J

11.6 (a) 0.5 atm (b) 'kwU; (c) 'kwU; (xSl dks vkn'kZ ekurs gq,) (d) ugha] pwafd izfØ;k (ftls eqDr izlkj dgrs gSa) rhoz gS
rFkk fu;af=kr ugha dh tk ldrh A varj voLFkk,¡ lkE; voLFkk,¡ ugha gksrha rFkk xSl lehdj.k dk ikyu ugha djrha A
oqQN le; osQ i'pkr~ xSl lkE;koLFkk esa ykSV vkrh gsS tks mlosQ P-V-T i`"B ij fLFkr gksrh gS A

vH;kl rFkk vfrfjDr vH;klksa osQ mÙkj 315
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vè;k; 12

12.1 4 × 10–4

12.3 (a) fcanqfdr vkjs[k ̂ vkn'kZ* xSl O;ogkj osQ rnuq:ih gS_ (b) T
1
 > T

2
_ (c) 0.26 J K–1 ; (d) ugha, 6.3 × 10–5 kg H

2
 ls leku

eku izkIr gksxk A
12.4 0.14 kg

12.5 5.3 × 10–6 m3

12.6 6.10 × 1026

12.7 (a) 6.2 × 10–21 J ; (b) 1.24 × 10–19 J ; (c) 2.1 × 10–16 J

12.8 gka¡] vkoksxknzks fu;e osQ vuqlkj A ugha] rhuksa xSlksa esa lcls gydh xSl osQ fy, v
rms
 lokZf/d gS_ fu;kWu A

12.9 2.52 × 103 K

12.10 ekè; eqDr iFk osQ fy, fuEufyf[kr lw=k dk mi;ksx dfj,

2

1

2π 
l

n d
=

;gk¡ d v.kq dk O;kl gS A fn, x, rki rFkk nkc osQ fy, N/V = 5.0×1025 m–3 rFkk l  = 1.0 × 10–7 m ; v
rms 

= 5.1 × 102 m s–1

la?kê ð vko`fRr rmsv

l
= = 5.1 × 109 s–1 A la?kê ð }kjk fy;k x;k le; = 

rm s

d

v
= 4 × 10–13 s A ozQekxr la?kê ðksa osQ chp fy;k

x;k le; 
10

2 10 s

rms

−
= = ×

l

v
A bl izdkj] Øekxr la?kê ðksa osQ chp dk le; 1 la?kê ð esa yxs le; dk 500 xquk gS A

bl izdkj fdlh xSl dk dksbZ v.kq vo'; gh vf/dak'k le; eqDr xfr djrk gS A

vè;k; 13

13.1 (b), (c)

13.2 (b) rFkk (c) ljy vkorZ xfr_ (a) rFkk (d) vkorhZ xfr dks fu:fir djrs gSa ijarq ljy vkorZ xfr dk fu:i.k ugha djrs
¹fdlh cgqijek.kqd v.kq dh dbZ izko`Qfrd vko`fRr;k¡ gksrh gSa_ vr% O;kid :i esa] bldk daiu fofHkUu vko`fRr;ksa dh
dbZ ljy vkorZ xfr;ksa dk vè;kjksi.k gksrk gS A ;g vè;kjksi.k vkorhZ rks gksrk gS] ijarq ljy vkorZ xfr ugha gksrkºA

13.3 (b) rFkk (d) vkorhZ gSa ftuesa izR;sd dk vkorZdky 2 s gS_ (a) rFkk (c) vkorhZ ugha gSa ¹è;ku nhft,] fdlh xfr osQ
vkorhZ gksus osQ fy, osQoy fdlh ,d fLFkfr dh iqujko`fÙk gksuk gh i;kZIr ugh gksrk_ ,d vkorZdky dh leLr xfr
dh Øekxr iqujko`fÙk gksuh pkfg,º A

13.4 (a) ljy vkorZ xfr] T = 2π/ω _ (b) vkorhZ] T = 2π/ω ijarq ljy vkorZ xfr ugha_ (c) ljy vkorZ xfr] T = π/ω_
(d) vkorhZ] T = 2π/ω ijarq ljy vkorZ xfr ugha_ (e) vukorhZ_ (f) vukorhZ (izko`Qfrd fu;eksa osQ vuqlkj Lohdkj djus
;ksX; ugha D;ksafd tSls gh t → ∞] iQyu → ∞)

13.5 (a) 0, +, + ; (b) 0, –, – ; (c) –, 0, 0 ; (d) –, –, – ; (e) +, +, + ; (f) –, –, –

13.6 (c) ljy vkorZ xfr dk fu:i.k djrk gS A
13.7 A = 2  cm, φ = 7π/4 ; B = 2  cm, α = π/4

13.8 219 N

13.9 vko`fÙk = 3.2 s-1_ nzO;eku dk vf/dre Roj.k = 8.0 m s-2_ nzO;eku dh vf/dre pky = 0.4 m s-1

13.10 (a) x = 2 sin 20 t (b) x = 2 cos 20 t

(c) x = –2 cos 20 t

;gk¡ x cm esa gS A bu iQyuksa osQ u rks vk;ke esa dksbZ varj gS] vkSj u gh vko`fÙk esa dksbZ varj gS A budh izkjafHkd dykvksa
esa varj gS A
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13.11 (a) x = –3 sin π t, ;gk¡ x dks cm esa ekik x;k gS A

(b) x = –2 cos π/2 t, ;gk¡ x dks cm esa ekik x;k gS A

13.13 (a) (a) rFkk (b) nksuksa osQ fy, F/k

(b) (a) osQ fy, T
m

k

  2= π  rFkk (b) osQ fy, T
m

k

  2

2 

= π

13.14 100 ehVj@feuV

13.15 8.4 s

13.16 π=T 2
g2 4 2

l

+ v /R
_ laosQr% {kSfrt ry esa dk;Zjr f=kT; (vjh;) Roj.k osQ 

2
v

R
 osQ dkj.k izHkkoh xq#Roh; Roj.k ?kV

tk,xk A

13.17 lkE;koLFkk esa] dkWoZQ dk Hkkj mRIykou cy osQ cjkcj gksrk gS A tc dkWoZQ dks x nwjh rd uhps nck;k tkrk gS] rc ml

ij usV mRIykou cy Axρ
l
g dk;Z djrk gS A vr% cy fLFkjkad k = Aρ

l
g A vc m = Ahρ rFkk 2

m
T

k
π=  dk mi;ksx

djosQ ge vko';d lw=k izkIr dj ldrs gSa A

13.18 tc nksuksa fljs ok;qeaMy dh vksj [kqys gSa rFkk nksuksa Hkqtkvksa esa Hkjs nzoksa osQ ryksa esa varj h gS] rc nzo&LraHk ij vkjksfir
usV cy Ahρg gS] ;gk¡ A uyh dh vuqizLFk dkV dk {ks=kiQy rFkk ρ uyh esa Hkjs nzo dk ?kuRo gS A pwafd izR;ku;u cy
h osQ vuqØekuqikrh gS] vr% xfr ljy vkorZ gS A

vè;k; 14

14.1 0.5 s

14.2 8.7 s

14.3 2.06 × 104 N

14.4 vkn'kZ xSl fu;e eku yhft, % 
ρRT

P
M

=

;gk¡ ρ  xSl dk ?kuRo M vkf.od nzO;eku rFkk T  rki gS A

blls gesa γ
=

RT
v

M
 izkIr gksrk gS A

blls ;g iznf'kZr gksrk gS fd rjax dh pky v

(a) nkc ij fuHkZj ugha djrhA

(b) rki osQ lkFk √
—
T  osQ vuqlkj c<+rh gS A

(c) ty dk vkf.od nzO;eku (18), N
2
 osQ vkf.od nzO;eku (28) rFkk vkWDlhtu osQ vkf.od nzO;eku (32) ls de

gS] vr% vknzZrk esa o`f¼ gksus ij ok;q dk vkf.od nzO;eku ?kV tkrk gS] iQyLo:i pky v c<+ tkrh gS A

14.5 bldk foykse lR; ugha gS A fdlh izxkeh rjax osQ Lohdkj djus ;ksX; iQyu osQ fy, ,d izR;{k vko';drk ;g gS
fd ;g gj le; rFkk gj LFkku ij ifjfer gksuh pkfg, A fn, x, iQyuksa esa ls osQoy iQyu (c) gh bl 'krZ dks larq"V
djrk gS A 'ks"k iQyu laHkor;k fdlh izxkeh rjax dks fu:fir ugha dj ldrs A

14.6 (a) 3.4 × 10–4 m (b) 1.49 × 10–3m

14.7 4.1 × 10–4m

14.8 (a) ;g izxkeh rjax gS] tks 20 m s–2 pky ls nk,¡ ls ck,¡ xfr'khy gS A
(b) 3.0 cm, 5.7 s–1 Hz

vH;kl rFkk vfrfjDr vH;klksa osQ mÙkj 317
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318 HkkSfrdh

(c)  π/4

(d) 3.5 m

14.9 lHkh xzkiQ T;koØh; gSa A bu lHkh osQ vk;ke rFkk vko`fÙk;k¡ leku gSa] ijarq izkjafHkd dyk,¡ fHkUu gSa A
14.10 (a) 6.4 π rad

(b) 0.8 π rad

(c) π rad

(d) (π/2) rad

14.11 (a) vizxkeh rjaxas
(b) lHkh rjaxksa osQ fy, l = 3 m, n = 60 Hz rFkk v  = 180 m s-1

(c) 648 N

14.12 (a) fuLianksa dks NksM+dj Mksjh osQ vU; lHkh fcanqvksa dh vko`fRr rFkk dyk leku gSa] ijarq vk;ke leku ugha gSa A
(b) 0.042 m

14.13 (a) ;g iQyu vizxkeh rjax dks fu:fir djrk gS A
(b) fdlh Hkh rjax osQ fy, Lohdkj djus ;ksX; iQyu ugha A
(c) izxkeh xq.kko`fRr rjax A
(d) nks vizxkeh rjaxksa dk vè;kjksi.k A

14.14 (a) 79 m s–1

(b) 248 N

14.15 347 m s–1

laosQr % v
n
 = 

(2 1)

4

n v

l

−
; fdlh ,d fljs ls can ikbi osQ fy,  n = 1, 2, 3,......

14.16 5.06 km s–1

14.17 izFke xq.kko`fRr (ewy Lojd)] ugha
14.18 318  Hz
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xzaFk lwph

ikB~;iqLrosaQ

bl iqLrd esas ftu fo"k;ksa dks lfEefyr fd;k x;k gS] mu fo"k;ksa osQ vfrfjDr vè;;u osQ fy, vki fuEufyf[kr iqLrdksa
eas ls ,d ;k vf/d iqLrosaQ i<+uk pkgsaxs A ;|fi bu iqLrdksa esa ls oqQN mPp Lrj dh gSa vkSj muesa ,sls vusd fo"k; fn,
x;s gSa tks bl iqLrd esa ugha gSa A

1 Ordinary Level Physics, A.F. Abbott, Arnold-Heinemann (1984).

2 Advanced Level Physics, M. Nelkon and P. Parker, 6th Edition Arnold-Heinemann (1987).

3 Advanced Physics, Tom Duncan, John Murray (2000).

4 Fundamentals of Physics, David Halliday, Robert Resnick and Jearl Walker, 7th Edition John

Wily (2004).

5 University Physics, H.D. Young, M.W. Zemansky and F.W. Sears, Narosa Pub. House (1982).

6 Problems in Elementary Physics, B. Bukhovtsa, V. Krivchenkov, G. Myakishev and V. Shalnov,

Mir Publishers, (1971).

7 Lectures on Physics (3 volumes), R.P. Feynman, Addision – Wesley (1965).

8 Berkeley Physics Course (5 volumes) McGraw Hill (1965).

a. Vol. 1 – Mechanics: (Kittel, Knight and Ruderman)

b. Vol. 2 – Electricity and Magnetism (E.M. Purcell)

c. Vol. 3 – Waves and Oscillations (Frank S. Craw-ford)

d. Vol. 4 – Quantum Physics (Wichmann)

e. Vol. 5 – Statistical Physics (F. Reif)

9 Fundamental University Physics, M. Alonso and E. J. Finn, Addison – Wesley (1967).

10 College Physics, R.L. Weber, K.V. Manning, M.W. White and G.A. Weygand, Tata McGraw

Hill (1977).

11 Physics: Foundations and Frontiers, G. Gamow and J.M. Cleveland, Tata McGraw Hill (1978).

12 Physics for the Inquiring Mind, E.M. Rogers, Princeton University Press (1960)

13 PSSC Physics Course, DC Heath and Co. (1965) Indian Edition, NCERT (1967)

14 Physics Advanced Level, Jim Breithampt, Stanley Thornes Publishers (2000).

15 Physics, Patrick Fullick, Heinemann (2000).

16 Conceptual Physics, Paul G. Hewitt, Addision-Wesley (1998).

17 College Physics, Raymond A. Serway and Jerry S. Faughn, Harcourt Brace and Co. (1999).

18 University Physics, Harris Benson, John Wiley (1996).

19 University Physics, William P. Crummet and Arthur B. Western, Wm.C. Brown (1994).

20 General Physics, Morton M. Sternheim and Joseph W. Kane, John Wiley (1988).
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21 Physics, Hans C. Ohanian, W.W. Norton (1989).

22 Advanced Physics, Keith Gibbs, Cambridge University Press (1996).

23 Understanding Basic Mechanics, F. Reif, John Wiley (1995).

24 College Physics, Jerry D. Wilson and Anthony J. Buffa, Prentice-Hall (1997).

25 Senior Physics, Part – I, I.K. Kikoin and A.K. Kikoin, Mir Publishers (1987).

26 Senior Physics, Part – II, B. Bekhovtsev, Mir Publishers (1988).

27 Understanding Physics, K. Cummings, Patrick J. Cooney, Priscilla W. Laws and Edward

F. Redish, John Wiley (2005)

28 Essentials of Physics, John D. Cutnell and Kenneth W. Johnson, John wiley (2005)

lkekU; iqLrosaQ

foKku osQ vuqnsf'kr rFkk euksjatd lkekU; vè;;u osQ fy, vki fuEufyf[kr iqLrdksa esa ls oqQN iqLrosQa i<+uk pkgasxs A rFkkfi
è;ku jf[k,] buesa ls oqQN iqLrdksa dks fy[kus dk Lrj vkidh izLrqr iqLrd osQ Lrj ls dkiQh mPp j[kk x;k gS A

1 Mr. Tompkins in paperback, G. Gamow, Cambridge University Press (1967).

2 The Universe and Dr. Einstein, C. Barnett, Time Inc. New York (1962).

3 Thirty years that Shook Physics, G. Gamow, Double Day, New York (1966).

4 Surely You’re Joking, Mr. Feynman, R.P. Feynman, Bantam books (1986).

5 One, Two, Three…  Infinity, G. Gamow, Viking Inc. (1961).

6 The Meaning of Relativity, A. Einstein, (Indian Edition) Oxford and IBH Pub. Co (1965).

7 Atomic Theory and the Description of Nature, Niels Bohr, Cambridge (1934).

8 The Physical Principles of Quantum Theory, W. Heisenberg, University of Chicago Press

(1930).

9 The Physics- Astronomy Frontier, F. Hoyle and J.V. Narlikar, W.H. Freeman (1980).

10 The Flying Circus of Physics with Answer, J. Walker, John Wiley and Sons (1977).

11 Physics for Everyone (series), L.D. Landau and A.I. Kitaigorodski, Mir Publisher (1978).

Book 1: Physical Bodies

Book 2: Molecules

Book 3: Electrons

Book 4: Photons and Nuclei.

12 Physics can be Fun, Y. Perelman, Mir Publishers (1986).

13 Power of Ten, Philip Morrison and Eames, W.H. Freeman (1985).

14 Physics in your Kitchen Lab., I.K. Kikoin, MIR Publishers (1985).

15 How Things Work : The Physics of Everyday Life, Louis A. Bloomfield, John Wiley (2005)

16 Physics Matters : An Introduction to Conceptual Physics, James Trefil and Robert

M. Hazen, John Wiley (2004).
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ikfjHkkf"kd 'kCnkoyh

<k¡pk Framework

;kaf=kdh Mechanics

ijekf.od Atomic

vkf.od Molecular

izdk'k oS|qr izHkko Photo electric effect

DokaVe Quantum

izfrd.k Antiparticle

fo"k; Discipline

izfr&bysDVªkWu Anti-electron

,dhdj.k Unification

U;wuhdj.k Reduction

vo;o Constituent

LFkwy Macroscopic

èkkj.kk] ladYiuk Concept

lkoZf=kd Universal

izHkko{ks=k Domain

xq#Rokd"kZ.k Gravitation

oS|qr pqacd Electromagnet

v.kqxfr fl¼kar Kinetic theory

lkaf[;dh; ;kaf=kdh Statistical mechanics

rki Temperature

vkSlr Average

ekè; Mean

ik£Fko Terrestrial

vkdk'kh; fiaM Celestial Object

xzg.k Eclipse

TokjHkkVk Tide

Tokykeq[kh Volcano

bUnzèkuq"k Rainbow

ifj?kVuk Phenomena

vU;ksU; fØ;k Interaction

izkS|ksfxdh Technology

izs{k.k Observation

xq.kkRed Qualitative

ek=kkRed Quantitative

iwokZuqeku Prediction

izfr:i.k Modelling

lR;kiu Verification

ifjdYiuk Speculation

vVdyckth Conjecture

;FkkFkZrk Accuracy

ifj'kq¼rk Precision

nh?kZòRRkh; Elliptical

lw;Z&dsanzh; Heliocentric

xzgh; Planetary

d{kk Orbit

izdh.kZu Scattering

ikjLifjd fØ;k Interplay

[kxksyh; Astronomical

fo?kVukfHkd] jsfM;ks,sfDVo Radioactive

ukfHkd Nucleus

ukfHkdh; lay;u Nuclear fusion

ukfHkdh; fo[kaMu Nuclear fission

Ükà[kyk vfHkfØ;k Chain reaction

caèku ÅtkZ Binding energy

foyksiu Annihilation

fpjlEer HkkSfrdh Classical Physics

larqyu] lkE;koLFkk Equilibrium

oS|qrxfrdh] fo|qr~&xfrdh Electrodynamics

izdkf'kdh Optics

Å"ekxfrdh Thermodynamics

pqacdh; {ks=k Magnetic field

fudk; System

vk;ueaMy Ionosphere

n{krk Efficiency

ijkl Range
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n`<+ fiaM Rigid body

fo|qr~okgh pkyd Current carrying conductor

ewy d.k Elementary particles

ok;q izfrjksèk Air resistance

fuokZfrr Evacuated

eqDr iru Free fall

vkdk'kxaxk Galaxy

fo'o Universe

HkkSfrd jkf'k Physical quantity

vuqiz;qDr HkkSfrdh Applied Physics

ekiu Measurement

lfUudVu Approximation

Roj.k Acceleration

xq#Roh; Roj.k Acceleration due to gravity

izfrjksèk Resistance

lapkj Communication

vuqiz;ksx Applications

vkf.od 'kL=k Nuclear Weapon

vkf.od 'kfDr fj,DVj Nuclear power reactor

U;wVªkWu&izsfjr fo[kaMu Neutron induced fission

oSdfYid ÅtkZ lzksr Alternative energy source

thok'eh b±èku Fossil fuel

lkSj ÅtkZ Solar energy

Hkwrkih; mQtkZ Geothermal energy

vkuqoaf'kd vfHk;kaf=kdh Genetic engineering

vk?kkr Impact

pozQnksyk (xksy pozQ) Merry go round

is'kh; cy Muscular force

Li'khZ; cy Contact force

?k"kZ.k Friction

dekuh spring

ruko tension

mRIykodrk buoyancy

';kurk Viscous force

i`"B ruko Surface tension

lw{e izHkko {ks=k Microscopic domain

varjkf.od Intermolecular

varjijekf.od Interatomic

ewy cy Fundamental force

izR;kLFk cy Elastic force

O;qRiUu cy Derived force

vkuqHkfod fu;e Empirical law

vuqØekuqikrh Directly proportional

O;qRØekuqikrh Inversely proportional

Ñf=ke mixzg Artificial satellites

eankfduh; xqPNs Galactic cluster

fotkrh; vkos'k Unlike charges

ltkrh; vkos'k Like charges

izfrd"kZ.k cy Repulsive force

vkos'k;qDr la?kVu Charged constituents

rkR{kf.kd Instantaneous

vfHkyacor~ Normally

ÅèokZ/j Vertical

yacor~ Perpendicularly

{kSfrt Horizontal

ekè;e Medium

xfrdh Dynamics

rjax fl¼kar Wave theory

fofdj.k Radiation

czkmuh xfr Brownian motion

vkisf{kdrk dk fof'k"V fl¼kar Special theory of relativity

HkkSfrdfon~ Physicist

nzO;eku&ÅtkZ rqY;rk Mass-energy equivalence

vkisf{kdrk dk O;kid fl¼kar General theory of relativity

míhfir mRltZu Stimulated emission

Ñf".kdk Black body

czãkafMdh Cosmology

LFkwy ckslkWu Massive boson

Økafrd Critical

mnklhu Neutral

fujLr Cancel

vkarfjd Intrinsic

mRlftZr] fuxZr Emitted

cksl&vkbaLVkbu lkaf[;dh Bose-Einstein Statistics

iQehZ&fMjkWd lkaf[;dh Fermi-Dirac Statistics

eSDloSy&cksYV~”keku lkaf[;dh Maxwell-Boltzamann

Statistics

ikmyh viotZu fl¼kar Pauli exclusion principle

izpozQ.k Spin

v/Ziw.kk±d Half integer

mPp ÅtkZ la?kê ð High energy collision

ukfHkdh; izfØ;k Nuclear process

{k; Decay

fofue; Exchange

laosx Momentum

vkosx Impulse
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laj{k.k Conservation

izfr{ksi Recoil

vuar Infinity

;kaf=kd ÅtkZ Mechanical energy

xfrt ÅtkZ Kinetic energy

fLFkfrt ÅtkZ Potential energy

fo;qDr fudk; Isolated system

Å"ekxfrdh dk izFke fu;e First law of

    thermodynamics

:ikarj.k transformation

vfHkdkjd Reactant

mRikn Product

vfouk'kh Indestructible

iquO;ZoLFkk Rearrangement

Å"ek{ksih Exothermic

Å"ek'kks"kh Endothermic

nzO;eku&{kfr Mass defect

vkafdd :i ls Numerically

vfn'k Scalar

lfn'k Vector

jSf[kd Linear

dks.kh; Angular

lerk Parity

fofp=krk Strangeness

vfLrRo Existence

lefefr Symmetry

le:i Identical

LFkkukarjh; Translational

foLFkkiu Displacement

fnDdky Space and time

lenSf'kdrk Isotropy

vewrZ Abstract

ewrZ Concrete

ewy ek=kd Fundamental unit

O;qRiUu ek=kd Derived unit

xq.kt (vioR;Z) Multiples

viorZd Submultiples

iwoZyXu Prefix

Å"ekxfrd rki Thermodynamic

     temperature

LosPNx`ghr Arbitraily chosen

yacu] iSjsySDl Parallax

dks.kh; O;kl Angular diameter

varxzZg Inferior planets

izlj dks.k Elongation

[kxksyh; ek=kd Astronomical unit

lalwpd Detector

laxzg.k Reception

izfrèofu Echo

cká xzg Exterior planets

v/Znh?kZ v{k Semi major axis

d{kh; vof/ Orbital period

foHksnu Resolution

iqat Beam

lqjaxu lw{enf'kZdk Tunnelling microscopy

,dhÑr ijkek.oh; nzO;eku Unified atomic mass unit

    (lagfr) ek=kd
tM+Roh; nzO;eku Inertial mass

xq#Roh; nzO;eku Gravitational mass

lkFkZd vad Significant figures

foeh; lw=k Dimensional formulae

foeh; lehdj.k Dimensional equation

;kn`fPNd =kqfV;k¡ Random errors

vYiRekad =kqfV;k¡ Least count error

lqcká Portable

ifjØek] ifjozQe.k Revolution

iFk yackbZ Path length

laikrh Coincide

ewy ̄ cnq Origin

ifjek.k Magnitude

fn'kk Direction

ljy js[kh; xfr Rectilinear motion

,d&foeh; xfr One dimensional motion

i'pxkeh Backward

vxzorhZ Forward

ÅèoZxkeh] mifjeq[kh Upward

v/ksxkeh] v/kseq[kh Downward

rn~uq:i Corresponding

vkSlr osx Average velocity

vkSlr pky Average speed

ekud vadu Standard notation

izo.krk Slope

rkR{kf.kd osx Instanteneous velocity

vuar% lw{e Infinitesimally small

lac¼ Connecting

ikfjHkkf"kd 'kCnkoyh 323
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vody xf.kr Differential calculus

vody xq.kkad Differential coefficient

Li'kZ js[kk Tangent

lhekar izfØ;k Limiting process

vkadM+s Data

;FkkFkZ O;atd Exact expression

le; dk iQyu Function of time

ur lery Inclined plane

rkR{kf.kd Roj.k Instantaneous acceleration

vkSlr Roj.k Average acceleration

jkspd y{k.k Interesting feature

fu"dks.k Smooth

vadh; vkSlr Arithmetic average

fo"ke vad Odd number

Øfed varjky Successive interval of time

jks/u nwjh Stopping distance

czs̄ dx nwfj;k¡ Braking distances

izfrfØ;k dky Reaction time

mHk;fu"B Common point

ijoy; Parabola

chtxf.kr Algebra

ngu mRikn Products of combustion

fu;r fn'kk Constant direction

fLFkj fyÝV Stationary lift

izs{kd Observer

'kq¼ xfrd Kinematic

'kq¼ xfrdh Kinematics

?kw.kZu Rotation

vkys[kh fofèk Graphical Method

fo'ys"k.kkRed fof/ Analytical method

vfn'k xq.kuiQy Scalar Product or dot

product

lfn'k xq.kuiQy Vector-product or cross

product

iz{ksI; Projectile

,dleku o`RRkh; xfr Uniform circular motion

fn'kkRed n`f"Vdks.k Directional aspect

fnd~LFkku Space

lery Plane

ifjeki Perimeter

ije eku Absolute value

lfn'kksa dk ;ksx lacaèkh& Triangle law of vector-

f=kHkqt dk fu;e addition

lfn'kksa dk ;ksx laca/h Parallelogram law of vector-

prqHkqZt dk fu;e addition

¶'kh"kZ ,oa iqPN¸ fu;e "Head and Tail" rule

fLFkfr lfn'k Position vector

foLFkkiu lfn'k Displacement vector

osx lfn'k Velocity vector

Roj.k lfn'k Acceleration vector

,dkad lfn'k Unit vectors

lfn'kksa ds tksM+ dk Associative law of vector-

lkgp;Z fu;e addition

Øe&fofues; fu;e Commutative law

forj.k dk fu;e Distributive law

laikrh Coincide

lerqY;rk Equality

'kwU;srj Non-zero

nf{k.kkorhZ fu;e Right hand rule

f=kdks.kfefr Trigonometry

funsZ'kkad Co-ordinates

mUu;u dks.k Angle of elevation

voueu dks.k Angle of declination

O;atd Expression

T;k&fu;e Law of sine

dksT;k&fu;e Law of cosine

f=kT;h; Radial

funsZ'k&ra=k Frame of reference

iQyu Function

ledkfyd Simultaneous

mM~M;u dky Time of flight

pê ðku Cliff

vfHkosaQnz cy Centripetal force

vfHkosaQnz Roj.k Centripetal acceleration

vkorZ dky Time period

vko`fRRk Frequency

dks.kh; pky Angular speed

[kk¡pk Groove

vè;kjksi.k Superposition

xq#Roh; foHko Gravitational potential

Hkzkedrk Fallacy

laosx laj{k.k Conservation of momentum

lkE;koLFkk Equilibrium

tM+Roh; Úse Inertial frame

Nn~e cy Pseduo-force
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ifjorhZ Variable

vkur ry Inclined plane

vjLrw Aristotle

;qxkarjh; Epochal

lkoZHkkSfed Universal

usV Net

la?kê ð] VDdj Collision

tM+Ro Inertia

vk?kw.kZ Moment

vkarfjd cy Internal force

lkSj ifjokj Solar system

mixzg Satellite

fo:i.k Deformation

;qXe Pair

varjkrkjdh; Interstellar space

{kf.kd] {k.k Instant

izR;kLFk Elastic

vizR;kLFk Inelastic

xfrd izfrfØ;k Kinetic reaction

xfrt ?k"kZ.k Kinetic friction

foyfxr] fo;qDr] i`Fkd Isolated

cgqHkqt Polygon

izfr{ksi] izfrf{kIr Recoil

dqa Mfyr dekuh Coiled Spring

mRIykou] mRIykodrk Buoyancy

mRIykou cy Buoyant force

laihMu Compression

izR;ku;u cy Restoring force

izlj dks.k nS?;Zo`f¼ Elongation

';ku cy Viscous force

dekuh cy Spring force

foU;kl] la:i.k Configuration

vforkU; Inextensible

lw{e] lw{en'kZuh;] Microscopic

lw{en'khZ;
LFkSfrd ?k"kZ.k Static friction

leqifLFkr xfr Impending motion

xfrd ?k"kZ.k Dynamic friction

lihZ ?k"kZ.k Sliding friction

lhekar eku Limiting value

yksVfud ?k"kZ.k Rolling friction

ckWy&cs;fjax Ball-bearing

Lusgd Lubricant

Lusgu Lubrication

Rofjr Úse Accelerated frame

dksfjvkWfyl cy Coriolis force

fujis{k fojke Absolute rest

rqY;rk Equivalence

iz.kksn Thrust

ngu'khy xSl Combustion gas

fu"dkflr xSl Ejected gas

cy funsZ'kd vkjs[k Free body diagram

O;kidhdj.k Generalisation

ladqpu Contraction

vkarfjd ÅtkZ Internal energy

vlaj{kh Non-conservative

iz{ksi iFk Trajectory

la:i.k Configuration

eand Moderator

izfr{ksighu mRltZu Recoilless emission

tkyd (ySfVl) Lattice

dks.kh; laosx Angular momentum

okekorZ Anticlockwise

dks.kh; Roj.k Angular acceleration

{ks=kh; osx Areal velocity

lefer v{k Axis of symmetry

f}vaxh fudk; Binary system

nf{k.kkorZ Clockwise

cy;qXe Couple

osaQnzd Centroid

vkyac Fulcrum

xfrikyd pØ Fly wheel

iVy Lamina

mRRkksyd&Hkqtk Lever arm

laioZQ js[kk Line of contact

tM+Rok?kw.kZ Moment of inertia

vfHkfoU;kl Orientation

n`<+ oLrq Rigid body

ifjHkze.k f=kT;k Radius of gyration

?kw.khZ; xfrt ÅtkZ Rotational  kinetic energy

cy vk?kw.kZ Torque

izes; Theorem

ruko Tension

Li'kZ js[kh; Tangential

v{kh; ?kw.kZu Axial rotation

m¡QpkbZ Altitude
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Ñf=ke Artificial

f'kyk[kaM] [kaMk'; Boulder

Ñ".k fooj Black hole

Ñf".kdk Black body

jlHkjh Berry

caèku ÅtkZ Binding energy

rkjkeaMy Constellations

funsZ'kkad fudk; Coordinate system

osaQnzkfHkeq[kh Centripetal

laizs"k.k Communication

vkadM+s Data base

vf/pØ Epicycle

nh?kZòRRk Ellipse

Hkweè;orhZ mHkkj Equational bulge

iyk;u pky Escape speed

fyÝV Elevator

ukfHk Foci

HkwosaQnzh Geocentric

HkwLFkSfrd Geostationary

Hkwledkfyd Geosynchronous

v/Zxksyh; Hemisphere

vfrifjoy; Hyperbola

rknE; Identity

O;qRØe Inverse

c̀gLifr Jupiter

v{kka'k Latitude

eaxy Mars

cq/ Mercury

d{kk Orbit

vkofrZrk Periodicity

IywVks Pluto

vè;kjksi.k Superposition

lkoZf=kd fu;e Universal law

'kqØ Venus

Hkkjghurk Weightlessness

Hkkj Weight

vkarfjd lajpuk Internal structure

vfHkyk{kf.kd xq.k Characteristic properties

bekjrh [kaM Building blocks

i`Fkdu Separation

vfrO;kiu Overlapping

?kkrkad Power

vlkFkZd Inaccurate

rjy ;kaf=kdh Machanics of fluids

ògn.kq Macromolecule

variZfjf{kIr Inter-dispersed

vfØLVyh; Amorphous

fØLVyk.kq Crystallite

va'k fØLVyh; Bksl Semi-crystalline solid

foÑfr (vi:i.k) Strain

mHk;fu"B Common to two

loZfu"B Common to all

fp=kkadu Picturisation

ijh{k.k fun'kZ (izkn'kZ) Experimental sample

Hkaxqj Brittle

ijkHko fcanq Yield point

ijkHko lkeF;Z Yield strength

pje lkeF;Z Ultimate strength

ruu lkeF;Z Tensile strength

vk?kkroè;Z Ductile

lq?kV~; {ks=k Plastic region

izR;kLFk 'kSfFkY; Elastic hysteresis

fØ;kRed Operational

O;korZu (,saBu) Twist

py nzoh; Hydraulic

fefJr Composite

ok;qeaMyh; Atmospheric

ok;qxfrdh Aerodynamics

cfg%lzko Efflux

rqY;kad Equivalent

cqycqyk Bubble

rjy Fluid

rjyxfrdh Fluid Dynamics

Iyou Floatation

va'kkafdr Calibrated

laihM~; Compressible

dsf'kdk Capillary

;qfDr Device

xs”k nkc Gauge pressure

v?kw.khZ Irrotational

/kjkjs[kh izokg Streamline flow

i`"B ruko Surface tension

i`"B mQtkZ Surface energy

iz{kksHk Turbulence
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vafre osx Terminal velocity

lajpuk Constitution

folj.k Diffusion

Lokra=;&dksfV Degree of freedom

f}&ijek.kqd Diatomic

lefoHkktu Equipartition

ifjdYiuk Hypothesis

v.kqd Molar

,d&ijek.kqd Monatomic

vkSlreqDr iFk Mean free path

lw{en'khZ Microscope

vkfoHkkZo Manifestation

izkoLFkk laozQe.k Phase transition

cgq&ijek.kqd Polyatomic

ijkx d.k Pollen grain

oxZ&ekè;ewy pky Root mean square speed

ǹ<+&?kw.khZ Rigid rotator

fof'k"V Å"ek Specific heat

nwjchu] nwjn'khZ Telescope

oaQiuh; ÅtkZ Vibrational energy

Vs<+k&es<+k Zig zag

Å"eh; Thermal

Å"ek Heat

ije rki ekiozQe Absolute scale of

     temperature

ije 'kwU; Absolute zero

vkn'kZ xSl Ideal gas

js[kh; izlkj xq.kkad Coefficient of linear

     expansion

vk;ru izlkj xq.kkad Coefficient of volume

expansion

izfros'k Surroundings (of the

system)

ÅtkZ osQ lefoHkktu dk fu;e Law of equipartition of

energy

lerkih; Isothermal

#¼ks"e Adiabatic

izkoLFkk,¡ Phases (solid, liquid, gas)

vuar lw{e Infinitesimal

lkE; js[kk Equilibrium line

;kaf=kd lkE;rk Mechanical equilibrium

Å"eh; lkE;rk Thermal equilibrium

lg&vfLrRo Co-existence

Å"ek'k; Reservoir (of heat)

vfHkxe Sink (of heat)

iz'khrd Refrigerator

fu"iknu xq.kkad Coefficient of performance

vkn'khZÑr mRØe.kh; izØe Idealised reversible process

vlefefr Asymmetry

v/Z fLFkj Semi-static

v{k;dkjh cy Conservative force

dkuksZ batu Carnot engine

dkuksZ pØ Carnot cycle

{k;dkjh cy Dissipative force

lw{e la?kVd Microscopic constituent

Å"ek/kfjrk Thermal capacity, Heat

capacity

xzke&v.kqd vk;ru Molar volume (22.4 L at

STP)

vo'kksf"kr Absorbed

DoFkukad Boiling point

xyukad Melting point

Å"ekjks/h Heat Insulator

#¼ks"e fHkfRr (nhokj) Adiabatic wall

rkifefr Thermometry

rki;qXe Thermocouple

Å"eh; izlkj Thermal expansion

fLFkj vk;ru rkiekih Constant volume

      thermometer

vlaihM~;rk Incompressibility

la?kfur Condensed

;ax xq.kkad@;ax izR;kLFkrk Young's Modulus

    xq.kkad
lfUudVu Approximation

Å"eh; izfrcy Thermal stress

laihMu foÑfr Compressive strain

vuqizLFk dkV Cross section

mQ"ekekih] oSQyksjhehVj Calorimeter

eksyh; fof'k"V Å"ek Molar specific heat

rkiLFkk;h Thermostat

lqLi"V Distinct

lerki js[kk Isotherm

LFkSfrddYi Quasi-static

osQfYou ekiØe Kelvin scale

levk;rfud Isochoric

lapj.k Conduction

laogu Convection

fofdj.k Radiation
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Å"ek lapj.k Thermal conduction

Å"ek laogu] laogu Thermal convection

Å"ek fofdj.k Thermal Radiation

Å"eh; laioZQ Thermal contact

LFkk;h voLFkk Stationary state

Å"ek pkydrk Thermal conductivity

rki izo.krk Temperature gradient

mRltZu Emission

vo'kks"k.k Absorption

ijkorZu Reflection

ikjxeu Transmission

vo'kks"kdrk Absorptivity

mRltZdrk Emissivity

ijkorZdrk Reflectivity

fdj[kksiQ dk fu;e Kirchhoff's law

cksYV~”keku&LVsiQkWu dk fu;e Boltzmann-Stefan's law

ohu&foLFkkiu fu;e Wein's displacement law

'khryu Cooling

nhi dTty Lamp black

mRrkiekih Pyrometer

lkSj mQ"ekad Solar constant

izdhj.k Scattered

vkorhZ xfr Periodic motion

ljy vkorZ xfr Simple harmonic motion

voeafnr xfr Damped motion

iz.kksfnr nksyu Forced oscillations

;qfXer nksyd Coupled oscillator

xksyd Bob

dks.kkad Argument

oaQiu Vibration

dky Period

HkwoaQih rjaxsa Seismic wave

oS|qr pqacdh; rjaxsa Electromagnetic wave

nzO; rjaxsa Matter wave

pj Variable

lanHkZ (d.k) Reference (particle)

iz{ksi Projection

f=kT; (?kVd) Radial (component)

y;] rky Rhythm

foLian Beats

Lokra=; dksfV Degree of freedom

fo/k Mode

ekMqyu Modulation

d"kZ.k Drag

,saBu dks.k Angle of twist

(iQwfj;s) fo'ys"k.k (Fourier) Analysis

vuqizLFk rjax Transverse wave

vuqnS?;Z rjax Longitudinal wave

izxkeh rjax Progressive wave

O;frdj.k Interference

nksyu Oscillation

fo{kksHk Disturbance

oko~Q&rarq Vocal cords

varj&rkjdh; vkdk'k Inter-stellar space

lw{e rjaxsa Microwaves

ijkcSaxuh izdk'k Ultraviolet light

DokaVe ;kaf=kdh; Quantum mechanical

vkorhZ nksyu Harmonic oscillation

Lian Pulse

T;koØh; iQyu Sinusoidal function

dksT;k oØ Cosine curve

vizxkeh rjax Stationary wave

vi:i.k foÑfr Shearing strain

osQf'kdkRoh; rjaxsa Capillary waves

xq#Ro rjaxsa Gravity waves

dks.kh; rjax la[;k Angular wave number

dks.kh; vko`fÙk Angular frequency

dyk&dks.k Phase angle

rjax iQyu Wave function

rjaxnS?;Z Wavelength

xrZ Trough

'kh"kZ] f'k[kj Crest

rkfur Mksjh Stretched string

vk;ru izR;kLFkrk xq.kkad Bulk modulus

laiks"kh O;frdj.k Constructive interference

fouk'kh O;frdj.k Destructive interference

fuLian Nodes

izLian Antinodes

ewy fo/k Fundamental mode

izFke xq.kko`fÙk First harmonic

f}rh; xq.kko`fÙk Second harmonic

xq.kko`fRRk Js.kh Harmonic series

xq.kko`fRRk la[;k Harmonic number

vuqukn Resonance
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