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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 f”kanxh vkSj dk;Z'kSyh esa dki+ Qh isQjcny 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 djkus 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 fujarj 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 uoacj 2006 çf'k{k.k ifj"kn~
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izLrkouk

izLrqr iqLrd dks fo|kfFkZ;ksa] f'k{kdksa rFkk tuekul (ftldh Hkwfedk vuns[kh ugha dh tk ldrh) dks lkSairs gq, eq>s
g"kZ gks jgk gSA 2006 esa izdkf'kr d{kk 12 dh ikB~;iqLrd dh ;g LokHkkfod vuqØe gSA ;g iqLrd iwoZ izdkf'kr
ikB~;iqLrd dk ,d lqO;ofLFkr :i Hkh gSA bl iqLrd ls /kjk osQ Å"eh; rFkk jklk;fud izHkko dk vè;k; gVk fn;k
x;k gSA bl fo"k; dks lh-ch-,l-bZ- osQ ikB~;Øe ls Hkh gVk fn;k x;k gSA blh izdkj lapkj osQ vè;k; ls dkiQh
fo"k;&oLrq de dh xbZ gSA bl vè;k; dks vklkuh ls le>us ;ksX; :i esa iqu% fy[kk x;k gSA

;|fi vf/dka'k vU; vè;k; fiNys laLdj.kksa ij gh vk/kfjr gSa] fiQj Hkh cgqr ls Hkkx rFkk vuqHkkx iqu% fy[ks
x, gSaA ns'k osQ fofHkUu Hkkxksa osQ f'k{kdksa ls feys vusd lq>koksa us ikB~;iqLrd fuekZ.k lfefr dk ekxZn'kZu fd;k gSA

d{kk 11 rFkk d{kk 12 nksuksa gh d{kkvksa dh bu iqLrdksa osQ fuekZ.k esa egÙo fn, tkus okys fcanqvksa esa ewy ifjorZu
fd;k x;k gSA nksuksa gh iqLrdksa dks fo|kfFkZ;ksa dks fcuk ;g ekudj izsf"kr fd;k tk jgk gS fd os HkkSfrdh dk vè;;u
mPprj ekè;fed Lrj ls vkxs Hkh djsaxsA ;g u;k n`f"Vdks.k jk"Vªh; ikB~;p;kZ dh :ijs[kk (2005) esa fn, x, izs{k.kksa
,oa lq>koksa osQ vk/kj ij izsfjr gSA blh izdkj] vkt osQ 'kSf{kd ?kVukØe] ftlesa dksbZ fo|kFkhZ fofo/ fo"k;ksa dk dksbZ
Hkh la;kstu@p;u dj ldrk gS] ge ;g ugha eku ldrs fd HkkSfrdh dk vè;;u djus okyk fo|kFkhZ xf.kr dk vè;;u
Hkh dj jgk gSA vr% HkkSfrdh dh fo"k; oLrq dks ^,dyk pyks* :i esa izLrqr djuk gh ,d fodYi gSA

d{kk 11 dh ikB~;iqLrd dh Hkk¡fr] dbZ vè;k;ksa esa oqQN jkspd ckWDl lkexzh Hkh lfEefyr dh xbZ gSA ;s i<+kus
vFkok ijh{kk osQ fy, ugha gSA bu ckWDlksa dks ikB~;iqLrd esa lfEefyr djus oQk mís'; ikBdksa osQ è;ku dks vkdf"kZr
djuk] foKku ,oa izkS|ksfxdh osQ vU; {ks=kksa vFkok nSfud thou esa oqQN vuqiz;ksxksa dks n'kkZuk] ljy iz;ksx lq>kuk] HkkSfrdh
osQ fofHkUu {ks=kksa esa vfHk/kj.kkvksa esa laca/] ,djlrk vFkok uhjlrk dks rksM+dj iqLrd dks ltho cukuk gSA

iqLrd osQ izR;sd vè;k; osQ var esa lkjka'k] fopkj.kh; fo"k;] vH;kl rFkk vfrfjDr vH;kl ,oa mnkgj.k tSls
fof'k"V y{k.kksa dks cuk, j[kk x;k gSA ladYiukvksa  ij vk/kfjr dbZ vH;klksa dks vè;k;ksa osQ var esa fn, x, vH;klksa
ls ̂ mnkgj.k ,oa muosQ gy* osQ :i esa ikB~; lkexzh esa LFkkukarfjr fd;k x;k gSA ;g vk'kk dh tkrh gS fd ,slk djus
ls vè;k; esa nh xbZ ladYiuk,¡ vf/d cks/xE; cu tk,¡xhA cgqr ls u, mnkgj.k rFkk vH;kl tksM+s x, gSaA mu fo|kfFkZ;ksa
osQ fy, tks vkxs Hkh HkkSfrdh dk vè;;u djuk pkgrs gSa] muosQ fy, fopkj.kh; fo"k; rFkk vfrfjDr vH;kl dkI+kQh
mi;ksxh vkSj fopkj'khy fl¼ gksaxsA iqLrd ls ckgj osQ lk/u iznku djus rFkk bZ&f'k{kk dks izksRlkfgr djus dh n`f"V
ls izR;sd vè;k; esa oqQN izklafxd osclkbV osQ irs bZ&HkkSfrdh 'kh"kZd osQ varxZr iznku fd, x, gSaA ;s lkbVsa fo|kfFkZ;ksa
dks oqQN fof'k"V fo"k;ksa ij vfrfjDr lkexzh rFkk vU;ksU; fØ;kRed fun'kZu@iz;ksx iznku djrh gSaA

HkkSfrdh dh tfVy ladYiukvksa dh le>] O;kid cks/ rFkk egÙo tkuuk vko';d gSA fo|kfFkZ;ksa dks bl izdkj
osQ iz'u iwNuk@lh[kuk pkfg, fd ^ge bls D;ksa rFkk oSQls tkusa* vkfnA O;kid :i ls og ;g ik,¡xs fd HkkSfrdh rFkk
foKku osQ {ks=k esa yxHkx lnSo gh ^D;ksa* osQ iz'u dk mÙkj ugha ik;k tkrkA ijarq ;g Lo;a esa ,d lh[kus dk vuqHko
gS] D;k vki ,slk ugha le>rs! blosQ foijhr] ̂ oSQls* okys iz'uksa osQ vf/dka'k izkÑfrd ifj?kVukvksa osQ izdj.k esa HkkSfrd
foKkfu;ksa us roZQlaxr o lqfoosfpr mÙkj fn, gSaA okLro esa] ;g le>us osQ i'pkr fd ?kVuk,¡ oSQls gksrh gSa] cgqr lh
ifj?kVukvksa dk mi;ksx djosQ ekuo osQ mi;ksx osQ izkS|ksfxdh; vuqiz;ksx fodflr djuk laHko gks ik;k gSA

mnkgj.k osQ fy,] iqLrd osQ fdlh izdFku ij fopkj dhft,] tSls ̂ ½.kkosf'kr bysDVªkWu /ukosf'kr ifê ðdk }kjk
vkdf"kZr gksrk gS* vFkok ^bl iz;ksx esa izdk'k (vFkok bysDVªkWu) rjax dh Hkk¡fr O;ogkj djrk gSA* vki ;g vuqHko
djsaxs fd blosQ ̂ D;ksa* dk mÙkj nsuk laHko ugha gSA ;g iz'u ̂ n'kZu'kkL=k* vFkok ̂ rRoehekalk* osQ {ks=k osQ varxZr vkrk
gSA ijarq ge ̂ oSQls* dk mÙkj ns ldrs gSa] ge vkjksfir cy Kkr dj ldrs gSa] ge iQksVkWu (vFkok bysDVªku) dh rjaxnS?;Z
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eki ldrs gSa] ge ;g fu/kZfjr dj ldrs gSa fd fofHkUu ifjfLFkfr;ksa esa oLrq,¡ oSQls O;ogkj djrh gSa rFkk bu ifj?kVukvksa
dk mi;ksx ge vius ykHk osQ fy, midj.k fodflr djus esa dj ldrs gSaA

lfefr osQ lnL;ksa osQ lkFk mPprj ekè;fed Lrj dh bu iqLrdksa osQ fy, dk;Z djus esa eq>s izlUurk gqbZ gSA
iqLrd fuekZ.k lfefr] iqujh{k.k lfefr rFkk laiknu eaMy esa dkWyst rFkk fo'ofo|ky;ksa osQ f'k{kd] Hkkjrh; izkS|ksfxdh
laLFkkuksa osQ f'k{kd] jk"Vªh; laLFkkuksa ,oa iz;ksx'kkykvksa osQ oSKkfudksa osQ mPprj ekè;fed] lkFk&lkFk fo|ky;ksa osQ
f'k{kd lfEefyr fd, x, FksA fofHkUu lfefr;ksa esa mPprj ekè;fed fo|ky;ksa osQ f'k{kdksa ls izkIr lq>koksa ,oa
foospukRed vkykspuk vR;ar iz'kaluh; ik, x,A vf/dka'k ckWDl lkexzh fdlh u fdlh lfefr osQ lnL; }kjk fodflr
dh xbZ gS] ijarq muesa ls rhu fe=kksa ,oa fgrSf"k;ksa }kjk tks bu lfefr;ksa osQ lnL; ugha gSa] fodflr dh xbZ gSaA ge vè;k;
3] 4 (Hkkx 1) rFkk vè;k; 9 (Hkkx 2) dh ckWDl lkexzh dk mi;ksx djus dh vuqefr nsus osQ fy, Øe'k% iq.ks osQ
MkW- ih-,u- lsu] fnYyh dh izksi+ sQlj :ieatjh ?kks"k rFkk eqacbZ osQ MkW- jkts'k oh- [kkiMsZ dk vkHkkj izdV djrs gSaA ge
iqujh{k.k dk;Z'kkyk rFkk laiknu dk;Z'kkyk osQ izfrHkkfx;ksa osQ izfr Hkh vkHkkj izdV djrs gSa] ftUgksaus ikB~;iqLrd dh
izFke ikaMqfyfi ij ppkZ djosQ ifj"Ñr fd;kA ge izksi+ sQlj Ñ".k oqQekj] funs'kd ,u-lh-bZ-vkj-Vh- osQ izfr Hkh vkHkkj
izdV djrs gSa ftUgksaus foKku f'k{kk esa lqèkkj osQ jk"Vªh; iz;kl osQ ,d Hkkx osQ :i esa bl iqLrd dks izLrqr djus dk
dk;ZHkkj gesa lkSaikA eSa ,u-lh-bZ-vkj-Vh- osQ la;qDr funs'kd izksi+ sQlj th- johUnzk dk Hkh le;&le; ij lgk;rk nsus osQ
fy, /U;okn djrk gw¡A izksi+ sQlj gqoqQe flag] vè;{k] foKku ,oa xf.kr f'k{kk foHkkx] ,u-lh-bZ-vkj-Vh- Hkh gekjs bl dk;Z
esa gj laHko lgk;rk osQ fy, bPNqd jgs gSaA

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

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

ikB~;iqLrd fuekZ.k lfefr

vi
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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; osaQnzµ [kxksyfoKku vkSj [kxksyHkkSfrdh (vkbZ-;w-lh-,-,-)]
x.ks'kf[kaM] iwuk fo'ofo|ky; ifjlj] iq.ks

eq[; lykgdkj
,-MCY;w- tks'kh] gkWujsjh foft¯Vx lkbafVLV] ,u-lh-vkj-,-] iwuk fo'ofo|ky; ifjlj] iq.ks

(HkwriwoZ izksi+ sQlj] HkkSfrdh foHkkx] iwuk fo'ofo|ky;)

lnL;
vatyh {khjlkxj] jhMj] HkkSfrdh foHkkx] iwuk fo'ofo|ky;] iq.ks
vrqy eksnh] izoDrk (,l-th-)] oh-bZ-,l- dyk] foKku ,oa okf.kT; egkfo|ky;] eqacbZ
vuqjk/k ekFkqj] ih-th-Vh-] ekWMuZ LowQy] clar fogkj] u;h fnYyh
vfydk [kjs] izksi+ sQlj] HkkSfrdh foHkkx] Hkkjrh; izkS|ksfxdh laLFkku] xqokgkVh
vkj- tks'kh] izoDrk (,l-th-)] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh
,-osQ- ?kVd] besfjVl izksi+ sQlj] HkkSfrdh foHkkx] Hkkjrh; izkS|ksfxdh laLFkku] u;h fnYyh
,p-lh- iz/ku] izksi+ sQlj] gkseh HkkHkk foKku f'k{kk osaQnz] (Vh-vkbZ-,iQ-vkj-)] eaqcbZ
,u- iapiosQ'ku] izksi+ sQlj (vodk'kizkIr)] HkkSfrdh ,oa [kxksyHkkSfrdh foHkkx] fnYyh fo'ofo|ky;] fnYyh
,l-,u- izHkkdj] ih-th-Vh-] Mh-,e- LowQy] {ks=kh; f'k{kk laLFkku] ,u-lh-bZ-vkj-Vh-] eSlwj
,l-osQ- mikè;k;] ih-th-Vh-] tokgj uoksn; fo|ky;] eq”kÝ+i+ Qjuxj
,l-osQ- nk'k] jhMj] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh
,l- jk; pkS/jh] izksi+ sQlj] HkkSfrdh ,oa [kxksyHkkSfrdh foKku] fnYyh fo'ofo|ky;] fnYyh
fp=kk xks;y] ih-th-Vh-] jktdh; izfrHkk fodkl fo|ky;] R;kxjkt uxj] u;h fnYyh
ch-osQ- 'kekZ] izksi+ sQlj] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh
fo'othr oqQyd.khZ] Vhpj (xzsM I)] mPprj ekè;fed vuqHkkx] Jherh ikoZrhckbZ pksxqys egkfo|ky;] ekjxks] xksok
oh-,p- jk;ckxdj] jhMj] ukSjkslth okfM;k egkfo|ky;] iq.ks

lnL;&leUo;d (vaxzs”kh laLdj.k)
oh-ih- JhokLro] jhMj] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh

fganh vuqoknd
vkj-,l- nkl] vodk'kizkIr miiz/kukpk;Z] cyoar jk; esgrk fo|kHkou lhfu;j lsdaMjh LowQy] u;h fnYyh
dUgS;k yky] vodk'kizkIr izkpk;Z] f'k{kk funs'kky;] jk"Vªh; jkt/kuh {ks=k] fnYyh
ts-ih- vxzoky] vodk'kizkIr izkpk;Z] f'k{kk funs'kky;] jk"Vªh; jkt/kuh {ks=k] fnYyh

'kf'k izHkk] izoDrk] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh

lnL;&leUo;d
xxu xqIr] jhMj] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh
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Hkkjr dk lafo/ku
Hkkx 4d

ukxfjdksa osQ ewy drZO;
vuqPNsn 51 d
ewy drZO; & Hkkjr osQ izR;sd ukxfjd dk ;g drZO; gksxk fd og &

(d) lafo/ku dk ikyu djs vkSj mlosQ vkn'kks±] laLFkkvksa] jk"Vªèot vkSj jk"Vªxku dk vknj
djs_

([k) Lora=krk osQ fy, gekjs jk"Vªh; vkanksyu dks izsfjr djus okys mPp vkn'kks± dks ân;
esa latks, j[ks vkSj mudk ikyu djs_

(x) Hkkjr dh laizHkqrk] ,drk vkSj v[kaMrk dh j{kk djs vkSj mls v{kq..k cuk, j[ks_

(?k) ns'k dh j{kk djs vkSj vkg~oku fd, tkus ij jk"Vª dh lsok djs_

(Ä) Hkkjr osQ lHkh yksxksa esa lejlrk vkSj leku Hkzkr`Ro dh Hkkouk dk fuekZ.k djs tks
/eZ] Hkk"kk vkSj izns'k ;k oxZ ij vkèkkfjr lHkh HksnHkkoksa ls ijs gks] ,slh izFkkvksa dk
R;kx djs tks efgykvksa osQ lEeku osQ fo#n~/ gkas_

(p) gekjh lkekfld laLd̀fr dh xkSjo'kkyh ijaijk dk egRRo le>s vkSj mldk ifjj{k.k
djs_

(N) izkd̀frd i;kZoj.k dh] ftlds varxZr ou] >hy] unh vkSj oU; tho gSa] j{kk djs vkSj
mldk laoèkZu djs rFkk izkf.kek=k osQ izfr n;kHkko j[ks_

(t) oSKkfud n`f"Vdks.k] ekuookn vkSj KkuktZu rFkk lq/kj dh Hkkouk dk fodkl djs_

(>) lkoZtfud laifRr daaks lqjf{kr j[ks vkSj fgalk ls nwj jgs_

(×k) O;fDrxr vkSj lkewfgd xfrfof/;ksa osQ lHkh {ks=kksa esa mRd"kZ dh vksj c<+us dk lrr~
iz;kl djs] ftlls jk"Vª fujarj c<+rs gq, iz;Ru vkSj miyfC/ dh ubZ m¡Qpkb;ksa dks Nw
losQ_ vkSj

(V) ;fn ekrk&firk ;k laj{kd gS] Ng o"kZ ls pkSng o"kZ rd dh vk;q okys vius]
;FkkfLFkfr] ckyd ;k izfrikY; dks f'k{kk osQ volj iznku djsA
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vkHkkj

bl iqLrd dks vafre Lo:i iznku djus osQ fy, vk;ksftr dk;Z'kkyk esa Hkkx ysus okys fuEufyf[kr izfrHkkfx;ksa dh cgqewY;
fVIif.k;ksa osQ fy, ifj"kn~ fuEufyf[kr dk vkHkkj O;Dr djrh gS % vkj-,- xks;y] vodk'kizkIr izkpk;Z] f'k{kk funs'kky;]
fnYyh_ ,u-lh- tSu] ih-th-Vh-] ,l-,-lh-th- loksZn; fo|ky; ua- 2] yqMyks oSQly] u;h fnYyh_ osQ-lh- 'kekZ] izokpd]
{ks=kh; f'k{kk laLFkku (,u-lh-bZ-vkj-Vh-)] vtesj_ uhye lgxy] ih-th-Vh-] osaQnzh; fo|ky;] ts-,u-;w- ifjlj] u;h fnYyh_
Mh-lh- ikaMs;] vodk'kizkIr f'k{kk vf/dkjh] f'k{kk funs'kky;] fnYyh_ ih-,u- ok".ksZ;] vodk'kizkIr izkpk;Z] f'k{kk funs'kky;]
fnYyhA

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-] ubZ 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-] ubZ fnYyh_ jkeu uacwnjh] vkj-vkb-bZ-] eSlq:_
vkj-vkj- dksbjsax] Mh-lh-,l-] ,u-lh-bZ-vkj-Vh-] ubZ fnYyh_ 'kf'k izHkk] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] ubZ fnYyh_ vkSj
,l-oh- 'kekZ] vkj-vkb-bZ-] vtesj dk Hkh vkHkkj O;Dr djrh gSA

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

ifj"kn~ ,-ih-lh- dk;kZy; rFkk Mh-bZ-,l-,e- osQ iz'kklfud LVkWiQ dks muosQ lg;ksx osQ fy, vkHkkj izdV djrh gSA bl
iqLrd esa lg;ksx osQ fy, ifj"kn~ eqljZr ijohu] eukst eksgu dkWih ,MhVj_ j.kèkhj BkoqQj izwI+kQ jhMj_ ½rq 'kekZ] bUnz oqQekj
MhVhih vkWijsVj_ nhid diwj oaQI;wVj LVs'ku izHkkjh] Mh-bZ-,l-,e-] fot; oaQI;wVlZ (iqLrd dh Vkb¯ix osQ fy,) vkSj izdk'ku
foHkkx dk gkfnZd vkHkkj Kkfir djrh gSA
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Hkkjr dk lafo/ku
Hkkx&3 (vuqPNsn 12&35)

(vfuok;Z 'krks±] oqQN vioknksa vkSj ;qfDr;qDr fuc±/u osQ v/hu)
n~okjk iznRr

ewy vf/dkj
lerk dk vf/dkj

• fof/ osQ le{k ,oa fof/;ksa osQ leku laj{k.k_
• /eZ] ewyoa'k] tkfr] fyax ;k tUeLFkku osQ vk/kj ij_
• yksd fu;kstu osQ fo"k; esa_
• vLi`';rk vkSj mikf/;ksa dk varA

Lokra=; &vf/dkj

• vfHkO;fDr] lEesyu] la?k] lapj.k] fuokl vkSj o`fRr dk Lokra=;_
• vijk/ksa osQ fy, nks"k fln~f/ osQ laca/ esa laj{k.k_
• izk.k vkSj nSfgd Lora=krk dk laj{k.k_
• N% ls pkSng o"kZ dh vk;q osQ cPpksa dks fu%'kqYd ,oa vfuok;Z f'k{kk_
• oqQN n'kkvksa esa fxjÝrkjh vkSj fujks/ ls laj{k.kA

'kks"k.k osQ fo#n~/ vf/dkj

• ekuo osQ nqO;kZikj vkSj cykr Je dk izfr"ks/_
• ifjladVe; dk;ks± esa ckydksa osQ fu;kstu dk izfr"ks/A

/eZ dh Lora=krk dk vf/dkj

• var%dj.k dh vkSj /eZ osQ vck/ :i ls ekuus] vkpj.k vkSj izpkj dh Lora=krk_
• /kfeZd dk;ks± osQ izca/ dh Lora=krk_
• fdlh fof'k"V /eZ dh vfHko`n~f/ osQ fy, djkas osQ lank; osQ laca/ esa Lora=krk_
• jkT; fuf/ ls iw.kZr% iksf"kr f'k{kk laLFkkvksa esa /kfeZd f'k{kk ;k /kfeZd mikluk esa

mifLFkr gksus osQ laca/ esa Lora=krkA

laLo`Qfr vkSj f'k{kk laca/h vf/dkj

• vYila[;d&oxks± dks viuh Hkk"kk] fyfi ;k laLo`Qfr fo"k;d fgrksa dk laj{k.k_
• vYila[;d&oxks± n~okjk viuh f'k{kk laLFkkvksa dk LFkkiu vkSj iz'kkluA

lkafo/kfud mipkjksa dk vf/dkj

• mPpre U;k;ky; ,oa mPp U;k;ky; osQ funsZ'k ;k vkns'k ;k fjV n~okjk iznRr
vf/dkjksa dks izofrZr djkus dk mipkjA
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eq[kkoj.k
(http://nobelprize.org rFkk 2006 esa HkkSfrdh osQ ukscsy iqjLdkj ls :ikarfjr)

fo'o osQ fodkl osQ fofHkUu pj.k

i'pkoj.k
(http://www.iter.org rFkk

http://www.dae.gov.in ls :ikarfjr)

varjkZ"Vªh; rkiukfHkdh; izk;ksfxd fj,DVj (ITER) ;qfDr dk O;oPNsfnr n`';A vk/kj ij
[kM+k O;fDr LosQy n'kkZ jgk gSA

ITER ,d la;qDr varjkZ"Vªh; vuqla/ku ,oa fodkl ifj;kstuk gS ftldk mís'; lay;u
'kfDr dh oSKkfud ,oa rduhdh laHkkO;rk dk fun'kZu djuk gSA

Hkkjr bl ifj;kstuk osQ lkr iw.kZ Hkkxhnkjh jk"Vªksa esa ls ,d gSA vU; Hkkxhnkj ;wjksih; la?k
(EURATOM }kjk fu:fir)] tkiku] phu x.kjkT;] dksfj;k x.kjkT;] :l isQMsjs'ku rFkk la;qDr
jkT; vesfjdk gSaA  ITER  dk fuekZ.k ;wjksi esa izQkal osQ nf{k.k esa oSQMkjosQ esa fd;k tk,xk rFkk
blls 500 MW dh lay;u 'kfDr mRiUu gksxhA

lw;Z rFkk rkjksa dh ÅtkZ dk lzksr ukfHkdh; lay;u gSA i`Foh ij lay;u&vuqla/ku dk
mís'; ;g funf'kZr djuk gS fd bl ÅtkZ lzksr dk mi;ksx i;kZoj.k fgrS"kh rFkk lqj{kkRed :i
ls fo|qr mRiUu djus esa fd;k tk ldrk gS rFkk lalkj dh c<+rh tula[;k dh vko';drkvksa
dh iwfrZ osQ fy, blosQ izpqj b±/u HkaMkj (laink) miyC/ gSaA

Hkkjr dh Hkwfedk dks foLrkj ls tkuus osQ fy, ijek.kq ÅtkZ foHkkx (DAE) dh
mifjfyf[kr osclkbV esa miyC/ Nuclear India, Vol. 39, No. 11-12, May-June

2006 dk laLdj.k nsf[k,A
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1.1  Hkwfedk
ge lHkh dks] fo'ks"kdj 'kq"d ekSle esa] LosVj vFkok laf'y"V oL=kksa dks 'kjhj ls mrkjrs le;
pV&pV dh èofu lquus vFkok fpuxkfj;k¡ ns[kus dk vuqHko gksxkA efgykvkssa osQ oL=kksa tSls
ikWfy,LVj lkM+h osQ lkFk rks ,slh ?kVuk gksuk izk;% vfuok;Z gksrk gSA D;k vkius dHkh bl ifj?kVuk
dk Li"Vhdj.k [kkstus dk iz;kl fd;k gS\ fo|qr foltZu dk ,d vU; lkekU; mnkgj.k vkdk'k
esa xtZu osQ le; rfM+r fn[kkbZ nsuk gSA fo|qr >VosQ osQ laosnu dk vuqHko gesa ml le; Hkh
gksrk gS tc ge fdlh dkj dk njokT+kk [kksyrs gSa vFkok tc ge viuh cl dh lhV ij f[kldus
osQ i'pkr mlesa yxh yksgs dh NM+ dks idM+rs gSaaA bu vuqHkoksa osQ gksus osQ dkj.k gekjs 'kjhj
esa ls gksdj mu oS|qr vkos'kksa dk fol£tr gksuk gS tks fo|qrjks/h i`"Bksa ij jxM+ osQ dkj.k ,d=k
gks tkrs gSaA vkius ;g Hkh lquk gksxk fd ;g oS|qr vkos'k (fLFkjoS|qr) osQ mRiUu gksus osQ dkj.k
gSA bl vè;k; rFkk vxys vè;k; esa Hkh ge blh fo"k; ij ppkZ djsaxsA fLFkj ls rkRi;Z gS og
lc oqQN tks le; osQ lkFk ifjo£rr vFkok xfre; ugha gksrkA fLFkjoS|qfrdh osQ varxZr ge fLFkj
vkos'kksa }kjk mRiUu cyksa] {ks=kksa rFkk foHkoksa osQ fo"k; esa vè;;u djrs gSaA

1.2  oS|qr vkos'k
bfrgkl osQ vuqlkj yxHkx 600 bZ- iwoZ gqbZ bl rF; dh [kkst dk Js;] fd Åu vFkok
js'keh&oL=k ls jxM+k x;k ,sEcj gydh oLrqvksa dks vkd£"kr djrk gS] xzhl ns'k osQ feysVl osQ
fuoklh FksYl dks tkrk gSA ^bysfDVªflVh* 'kCn Hkh xzhl dh Hkk"kk osQ 'kCn bysDVªkWu ls O;qRiUu
gqvk gS ftldk vFkZ ,sEcj gSA ml le; inkFkks± osQ ,sls cgqr ls ;qxy Kkr Fks tks ijLij jxM+s

vè;k; 1

oS|qr vkos'k
rFkk {ks=k
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2

HkkSfrdh
tkus ij Hkwls osQ frudksa] ljoaQMs dh xksfy;ksa] dkxT+k
osQ NksVs VqdM+ksa vkfn gydh oLrqvksa dks vkd£"kr dj
ysrs FksA vki bl izdkj osQ izHkko dk vuqHko vius ?kj
ij fuEufyf[kr fØ;kdyki }kjk dj ldrs gSaA li+ sQn
dkxT+k dh yach iryh ifêð;k¡ dkVdj mu ij /hjs ls
bLrjh dhft,A bu ifêð;ksa dks Vsyhfo”ku osQ insZ
vFkok oaQI;wVj osQ ekWfuVj osQ fudV ykb,A vki
ns[ksaxs fd ifêð;k¡ insZ dh vksj vkd£"kr gks tkrh gSaA
okLro esa os oqQN {k.k rd insZ ls fpidh jgrh gSaA

;g Hkh izsf{kr fd;k x;k fd ;fn Åu vFkok
js'ke osQ diM+s ls jxM+h gqbZ nks dk¡p dh NM+ksa dks
,d&nwljs osQ fudV yk,¡ rks os ,d&nwljs dks izfrd£"kr
djrh gSa ¹fp=k 1.1(a)ºA Åu dh os yfM+;k¡ vFkok
js'ke osQ diM+s osQ os VqdM+s ftuls bu NM+ksa dks jxM+k
x;k Fkk] os Hkh ijLij ,d&nwljs dks izfrd£"kr djrs
gSa ijarq dk¡p dh NM+ rFkk Åu ,d&nwljs dks

vkd£"kr djrs gSaA blh izdkj] fcYyh dh lewj ls jxM+h gqbZ nks IykfLVd dh NM+sa ,d&nwljs dks
izfrd£"kr djrh gSa ¹fp=k 1.1(b)º ijarq lewj dks vkd£"kr djrh gSaA blosQ foijhr] IykfLVd
dh NM+sa dk¡p dh NM+ksa dks vkd£"kr djrh gSa ¹fp=k 1.1(c)º rFkk flYd vFkok Åu ftlls
dk¡p dh NM+ksa dks jxM+k x;k Fkk] dks izfrd£"kr djrh gSaA dk¡p dh NM+ lewj dks izfrd£"kr
djrh gSA

;fn lewj ls jxM+h gqbZ fdlh IykfLVd dh NM+ dks js'ke vFkok uk;ykWu osQ /kxksa ls yVdh
gqbZ nks NksVh ljoaQMs dh xksfy;ksa (vktdy ge ikWfy,LVjhu dh xksfy;k¡ Hkh mi;ksx dj ldrs
gSaa) ls Li'kZ djk nsa] rks ;s xksfy;k¡ ,d&nwljs dks izfrd£"kr djrh gSa ¹fp=k 1.1(d)º rFkk Lo;a
NM+ ls Hkh izfrd£"kr gksrh gSaA ;gh izHkko ml le; Hkh fn[kkbZ nsrk gS tc ljoaQMs dh xksfy;ksa
dks js'ke ls jxM+h dk¡p dh NM+ ls Li'kZ djkrs gSa ¹fp=k 1.1(e)ºA ;g ,d ukVdh; izs{k.k gS
fd dk¡p dh NM+ ls Li'kZ dh gqbZ ljoaQMs dh xksyh nwljh IykfLVd NM+ ls Li'kZ dh xbZ ljoaQMs
dh xksyh dks vkd£"kr djrh gS ¹fp=k 1.1(f)ºA

o"kks± osQ iz;kl rFkk lko/kuhiwoZd fd, x, iz;ksxksa ,oa muosQ fo'ys"k.kksa }kjk ljy izrhr gksus
okys ;s rF; LFkkfir gks ik, gSaA fofHkUu oSKkfudksa }kjk fd, x, cgqr ls lko/kuhiw.kZ vè;;uksa
osQ i'pkr ;g fu"d"kZ fudkyk x;k gS fd ,d jkf'k gksrh gS] ftls oS|qr vkos'k dgrs gSa vkSj
;g osQoy nks izdkj osQ gh gks ldrs gSaA oS|qr vkos'k dgykus okyh jkf'k osQ osQoy nks izdkj
gh gksrs gSaA ge dgrs gSa fd IykfLVd ,oa dk¡p dh NM+] js'ke] lewj] ljoaQMs dh xksfy;k¡ vkfn
¯iM fo|qUe; gks x, gSaA jxM+us ij ;s oS|qr vkos'k v£tr dj ysrs gSaA ljoaQMs dh xksfy;ksa ij
fd, x, ;s iz;ksx ;g lq>krs gSa fd vkos'k nks izdkj osQ gksrs gSa rFkk ge ;g ikrs gSa fd (i) ltkrh;
vkos'k ,d&nwljs dks izfrd£"kr rFkk (ii) fotkrh; vkos'k ,d&nwljs dks vkd£"kr djrs gSaA ;s iz;ksx
;g Hkh izn£'kr djrs gSa fd Li'kZ djus ij] vkos'k NM+ ls ljoaQMs dh xksyh esa LFkkukarfjr gks
tkrs gSaA ;g dgk tkrk gS fd ljoaQMs dh xksfy;k¡ Li'kZ }kjk fo|qUe; vFkok vkosf'kr (vkfo"V)
gksrh gSaA og xq.k tks nks izdkj osQ vkos'kksa esa Hksn djrk gS] vkos'k dh /qzork dgykrk gSA

tc dk¡p dh NM+ dks js'ke ls jxM+rs gSa rks NM+ ,d izdkj dk vkos'k v£tr djrh gS rFkk
js'ke nwljs izdkj dk vkos'k v£tr djrk gSA ;g mu lHkh oLrqvksa osQ ;qxy osQ fy, lR; gS tks
fo|qUe; gksus osQ fy, ijLij jxM+s tkrs gSaA vc ;fn fo|qUe; dk¡p dh NM+ dks ml js'ke osQ
laioZQ esa ykrs gSa ftlls mls jxM+k x;k Fkk] rks os vc ,d&nwljs dks vkd£"kr ugha djrsA ;s vc
vU; gydh oLrqvksa dks Hkh vkd£"kr vFkok izfrd£"kr ugha djrs tSlk fd ;s fo|qUe; gksus ij
dj jgs FksA

fp=k 1.1 NM+sa rFkk ljoaQMs dh xksfy;k¡% ltkrh; vkos'k ,d&nwljs
dks izfrd£"kr rFkk fotkrh; vkos'k ,d&nwljs dks vkd£"kr djrs gSaA

HkkSfrdh

2022-23



3

oS|qr vkos'k rFkk {ks=k

bl izdkj] jxM+us osQ i'pkr oLrqvksa }kjk v£tr vkos'k vkosf'kr oLrqvksa dks ,d&nwljs osQ
laioZQ esa ykus ij yqIr gks tkrk gSA bu izs{k.kksa ls vki D;k fu"d"kZ fudky ldrs gSa\ ;g rks osQoy
bruk crkrk gS fd oLrqvksa }kjk v£tr fotkrh; vkos'k ,d&nwljs osQ izHkko dks fu"iQy dj nsrs
gSaA blhfy, vesfjdh oSKkfud csatkfeu izsaQdfyu us vkos'kksa dks /ukRed rFkk ½.kkRed dgkA
ge tkurs gSa fd tc ge fdlh /ukRed la[;k dks mlh ifjek.k dh ½.kkRed la[;k ls tksM+rs
gSa rks ;ksxiQy 'kwU; gksrk gSA vkos'kksa dks /ukRed rFkk ½.kkRed uke nsus osQ ihNs Hkh ;gh roZQ
jgk gksxkA ifjikVh osQ vuqlkj dk¡p dh NM+ vFkok fcYyh osQ lewj ij vkos'k /ukRed dgykrk
gS rFkk IykfLVd&NM+ vFkok js'ke ij vkos'k ½.kkRed dgykrk gSA tc fdlh oLrq ij dksbZ
vkos'k gksrk gS rks og oLrq fo|qUe; vFkok vkosf'kr (vkfo"V) dgh tkrh gSA tc ml ij dksbZ
vkos'k ugha gksrk rc mls vukosf'kr dgrs gSaA

fo|qr rFkk pqacdRo dk ,dhdj.k

izkphu dky esa fo|qr rFkk pqacdRo i`FkoQ fo"k; le>s tkrs FksA fo|qr osQ varxZr dk¡p dh NM+ksa] fcYyh osQ lewj]
cSVjh] rfM+r vkfn osQ vkos'kksa ij ppkZ gksrh Fkh tcfd pqacdRo osQ varxZr pqacdksa] ykSg&Nhyu] pqacdh; lqbZ vkfn
esa vU;ksU; fØ;k dk o.kZu fd;k tkrk FkkA lu 1820 bZ- esa MsuekoZQ osQ oSKkfud vkWLVsZM us ;g ik;k fd pqacdh;
lqbZ osQ fudV j[ks rkj ls fo|qr /kjk izokfgr djus ij lqbZ fo{ksfir gks tkrh gSA ,sfEi;j rFkk iSQjkMs us bl izs{k.k
dk ;g dgdj iks"k.k fd;k fd xfr'khy vkos'k pqacdh; {ks=k mRiUu djrs gSa rFkk xfr'khy pqacd fo|qr /kjk mRiUu
djrs gSaA fo|qr rFkk pqacdRo esa ,dhdj.k rc LFkkfir gqvk tc LdkWVySaM osQ HkkSfrdfon eSDlosy rFkk gkWySaM osQ
HkkSfrdfon yksjsat us ,d fl¼kar izfrikfnr fd;k ftlesa mUgksaus ;g n'kkZ;k fd ;s nksuksa fo"k; ,d&nwljs ij fuHkZj gSaA
bl {ks=k dks oS|qrpqacdRo dgrs gSaA gekjs pkjksa vksj dh vf/dka'k ifj?kVukvksa dh O;k[;k oS|qrpqacdRo osQ varxZr
dh tk ldrh gSA oLrqr% os lHkh cy ftuosQ fo"k; esa ge fopkj djrs gSa] tSls ?k"kZ.k inkFkZ dks la;ksftr j[kus osQ
fy, muosQ ijek.kqvksa osQ chp yxus okyk jklk;fud cy ;gk¡ rd fd lthoksa dh dksf'kdkvksa esa gksus okyh izfØ;kvksa
dh O;k[;k djus okys cyksa dk mn~Hko Hkh oS|qrpqacdh; cyksa ls gqvk gSA oS|qrpqacdh; cy izo`Qfr osQ ewy cyksa esa
ls ,d gSA

eSDlosy us pkj lehdj.k izLrqr fd, ftudh Dykfldy oS|qrpqacdRo esa ogh Hkwfedk gS] tks ;kaf=kdh esa U;wVu
dh xfr oQh lehdj.kksa rFkk xq#Rokd"kZ.k fu;e dh gSA mUgksaus ;g Hkh izekf.kr fd;k fd izdk'k dh izo`Qfr
oS|qrpqacdh; gS rFkk bldh pky osQoy fo|qr rFkk pqacdh; ekiksa }kjk izkIr dh tk ldrh gSA mUgksaus ;g Hkh nkok
fd;k fd izdkf'kdh osQ foKku rFkk fo|qr ,oa pqacdRo esa izxk<+ laca/ gSA

fo|qr ,oa pqacdRo dk foKku vk/qfud izkS|ksfxd lH;rk dh uhao gSA fo|qr 'kfDr] nwjlapkj] jsfM;ks vkSj
Vsyhfo”ku rFkk nSfud thou esa mi;ksx gksus okyh foLr`r izdkj dh izk;ksfxd ;qfDr;k¡ blh foKku osQ fl¼karksa ij
vk/kfjr gaSA ;|fi xfr'khy vkosf'kr d.k fo|qr rFkk pqacdh; nksuksa cy vkjksfir djrs gSa] ijarq ,sls funsZ'k izsQe ftlesa
lHkh vkos'k fojke esa gksa] vkjksfir cy osQoy fo|qr cy gksrs gSaA vki tkurs gSa fd xq#Rokd"kZ.k cy nh?kZ&ijklh cy
gSA bldk izHkko ogk¡ Hkh vuqHko fd;k tkrk gS] tgk¡ vU;ksU; fØ;k djus okys d.kksa osQ chp dh nwjh vR;f/d gksrh
gS D;ksafd ;g cy vU;ksU; fØ;k djus okys fiaMksa osQ chp dh nwjh osQ oxZ osQ O;qRØekuqlkj ?kVrk gSA bl vè;k;
osQ varxZr ge ;g lh[ksaxs fd fo|qr cy Hkh mruk gh O;kid gS rFkk okLro esa xq#Rokd"kZ.k cy dh rqyuk esa ifjek.k
dh dksfV dbZ xquk izcy gS (HkkSfrdh ikB~;iqLrd d{kk 11 dk vè;k; 1 nsf[k,)A

vkos'kksa dh mifLFkfr osQ lalwpu osQ fy, ,d ljy midj.k Lo.kZ i=k fo|qrn'khZ gS
¹fp=k 1.2 (a)ºA blesa ,d ckWDl esa /krq dh ,d NM+ ÅèokZèkjr% yxh gksrh gS ftlosQ fupys
fljs ij lksus osQ ooZQ dh nks ifêð;k¡ c¡/h gksrh gSaA tc dksbZ vkosf'kr oLrq NM+ osQ Åijh fljs
dks Nwrh gS rks NM+ esa gksrk gqvk vkos'k lksus osQ odks± ij vk tkrk gS vkSj os ,d&nwljs ls nwj
gV tkrs gSaA vkos'k ftruk vf/d gksrk gS] odks± osQ fupys fljksa osQ chp mruh gh vf/d nwjh
gks tkrh gSA
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fo|kFkhZ uhps crk, vuqlkj ljy fo|qrn'khZ cuk ldrs gSa ¹fp=k

1.2(b)]A ijns yVdkus okyh ,syqfefu;e dh ,slh ckjhd NM+
yhft, ftlosQ nksuksa fljksa ij xksys tqM+s gksaA bldk yxHkx 20 cm
yack ,d VqdM+k bl izdkj dkfV, ftlls NM+ dk ,d fljk piVk
rFkk nwljk fljk xksys okyk cu tk,A ,d bruh cM+h cksry yhft,
ftlosQ eaq¡g ij dkWoZQ yxkdj ml dkWoZQ esa Nsn djosQ fp=k esa n'kkZ,
vuqlkj bl NM+ dks fiQV fd;k tk losQA NM+ dk xksys okyk fljk
cksry osQ ckgj rFkk dVk fljk cksry osQ Hkhrj j[kuk pkfg,A yack
iryk ,syqfefu;e i=k (yxHkx 6 cm) ysdj bls chp esa eksfM+,
vkSj bls NM+ osQ piVs fljs ij lsY;qyksl&Vsi osQ lkFk tksM+ nhft,A
bl izdkj vkiosQ fo|qrn'khZ osQ i=k cu tkrs gSaA vc dkWoZQ dks cksry
esa bl izdkj fiQV dfj, fd NM+ dk xksys okyk fljk dkWoZQ ls yxHkx
5 cm ckgj fudyk jgsA cksry osQ Hkhrj ,d dkx”k dk iSekuk igys
ls gh i=kksa dh i`Fkdrk dks ekius osQ fy, yxk;k tk ldrk gSA i=kksa
dh i`Fkdrk fo|qrn'khZ ij vkos'k dh ek=kk dh ,d eki gksrh gSA

;g le>us osQ fy, fd fo|qrn'khZ fdl izdkj dk;Z djrk gS
li+sQn dkx”k dh og ifêð;k¡ yhft, ftudk mi;ksx geus vkosf'kr
oLrqvksa }kjk vkd"kZ.k ns[kus osQ fy, fd;k FkkA iêðh dks vk/k eksfM+,
rkfd iêðh ij eksM+ dk fu'kku cu tk,A iêðh dks [kksfy, rFkk bl
ij fp=k 1.3 esa n'kkZ, vuqlkj] ioZrh; eksM+ cukdj gydh bLrjh
dhft,A bls eksM+ ij pqVdh Hkjdj idfM+,A vki ;g ik,¡xs fd nksuksa
v/ZHkkx ,d&nwljs ls nwj tkrs gSaA ;g n'kkZrk gS fd bLrjh djus ij

iêðh vkos'k v£tr dj ysrh gSA tc vki iêðh dks vk/k eksM+rs gSa rks nksuksa v/ZHkkxksa ij ltkrh;
vkos'k gksrk gS] vr% os ,d&nwljs dks izfrd£"kr djrs gSaaA i=k fo|qrn'khZ esa Hkh ;gh izHkko fn[kkbZ
nsrk gSA ijns dh NM+ osQ xksys dks fo|qUe; oLrq ls Li'kZ djkus ij ijns dh NM+ ij vkos'k
LFkkukarfjr gksdj mlosQ nwljs fljs ij tqM+s ,syqfefu;e i=kksa ij igq¡p tkrk gSA i=k osQ nksuksa vèkZHkkx
ltkrh; vkos'k v£tr djus osQ dkj.k ,d&nwljs dks izfrd£"kr djrs gSaA i=kksa dh vilkfjrk }kjk
mu ij vkos'k dh ek=kk lqfuf'pr dh tkrh gSA vkb,] vc igys ;g le>sa fd nzO; ls cuh
oLrq,¡ D;ksa vkos'k dks v£tr djrh gSaA

lHkh inkFkZ ijek.kqvksa vkSj@vFkok v.kqvksa ls cus gSaA ;|fi oLrq,¡ lkekU;r% oS|qr mnklhu
gksrh gSa] muesa vkos'k rks gksrs gSa ijarq muosQ ;s vkos'k Bhd&Bhd larqfyr gksrs gSaA v.kqvksa dks
l¡Hkkyus okyk jklk;fud cy] Bkslksa esa ijek.kqvksa dks ,dlkFk Fkkes j[kus okys cy] xksan dk
vklatd cy] i`"B ruko ls lac¼ cyµbu lHkh cyksa dh ewy izo`Qfr oS|qrh; gS] vkSj ;s
vkosf'kr d.kksa osQ chp yxus okys fo|qr cyksa ls mRiUu gksrs gSaA bl izdkj] oS|qrpqacdh; cy
loZO;kih gS vkSj ;g gekjs thou ls lac¼ izR;sd {ks=k esa lfEefyr gSA vr% ;g vko';d gS
fd ge bl izdkj osQ cy osQ fo"k; esa vf/d tkudkjh izkIr djsaA

fdlh mnklhu oLrq dks vkosf'kr djus osQ fy, gesa mlls ,d izdkj osQ vkos'k dks tksM+us
vFkok gVkus dh vko';drk gksrh gSA tc ge ;g dgrs gSa fd dksbZ oLrq vkosf'kr gS rks ge
lnSo gh bl vkos'k osQ vkf/D; vFkok vHkko dk mYys[k djrs gSaA Bkslksa esa oqQN bysDVªkWu ijek.kq
esa de dldj vkc¼ gksus osQ dkj.k] os vkos'k gksrs gSa tks ,d oLrq ls nwljh oLrq esa LFkkukarfjr
gks tkrs gSaaA bl izdkj dksbZ oLrq vius oqQN bysDVªkWu [kksdj /ukosf'kr gks ldrh gSA blh izdkj
fdlh oLrq dks bysDVªkWu nsdj ½.kkosf'kr Hkh cuk;k tk ldrk gSA tc ge dk¡p dh NM+ dks

fp=k 1.2 fo|qrn'khZ (a) Lo.kZ i=k fo|qrn'khZ
(b) ljy fo|qrn'khZ dh :ijs[kkA

fp=k 1.3 dkx”k&iê ðh iz;ksxA
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js'ke ls jxM+rs gSa rks NM+ osQ oqQN bysDVªkWu js'ke osQ diM+s esa LFkkukarfjr gks tkrs gSaA bl izdkj
NM+ /ukosf'kr rFkk js'ke ½.kkosf'kr gks tkrk gSA jxM+us dh izfØ;k esa dksbZ u;k vkos'k mRiUu
ugha gksrkA lkFk gh LFkkukarfjr gksus okys bysDVªkWuksa dh la[;k oLrq esa mifLFkr bysDVªkWuksa dh la[;k
dh rqyuk esa ,d cgqr NksVk va'k gksrh gSA vkSj osQoy oLrq osQ de dldj vkc¼ bysDVªkWu gh
jxM+dj ,d oLrq ls nwljh oLrq esa LFkkukarfjr fd, tk ldrs gSaA blhfy,] tc fdlh oLrq dks
fdlh vU; oLrq ls jxM+k tkrk gS] rks oLrq,¡ vkosf'kr gks tkrh gSa vkSj ;gh dkj.k gS fd jxM+
}kjk oLrqvksa ij vk, vkos'k dks n'kkZus osQ fy, gesa inkFkks± osQ oqQN fuf'pr ;qxyksa rd gh vVosQ
jguk iM+rk gSA

1.3  pkyd rFkk fo|qrjks/h
gkFk esa idM+h /krq dh NM+ Åu ls jxM+s tkus ij vkosf'kr gksus dk dksbZ laosQr ugha n'kkZrhA ijarq]
;fn /krq dh NM+ ij ydM+h vFkok IykfLVd dk gaSfMy yxk gS vkSj mlosQ èkkrq osQ Hkkx dks
Li'kZ ugha fd;k x;k gS] rks og vkosf'kr gksus dk laosQr ns nsrh gSA eku yhft, ge fdlh rk¡cs
osQ rkj osQ ,d fljs dks mnklhu ljoaQMs dh xksyh ls tksM+ nsrs gSa rFkk nwljs fljs dks ½.kkosf'kr
IykfLVd&NM+ ls tksM+ nsrs gSa rks ge ;g ikrs gSa fd ljoaQMs dh xksyh ½.kkosf'kr gks tkrh gSA
;fn blh iz;ksx dks ukW;yksu osQ /kxs vFkok jcj osQ NYys osQ lkFk nksgjk,¡ rks IykfLVd&NM+
ls ljoaQMs dh xksyh esa dksbZ vkos'k LFkkukarfjr ugha gksrkA NM+ ls xksyh esa vkos'k osQ LFkkukarfjr
u gksus dk D;k dkj.k gS\

oqQN inkFkZ rqjar gh vius esa ls gksdj fo|qr dks izokfgr gksus nsrs gSa tcfd oqQN vU; ,slk
ugha djrsA tks inkFkZ vklkuh ls vius esa ls gksdj fo|qr dks izokfgr gksus nsrs gSa mUgsa pkyd dgrs
gSaA muesa ,sls oS|qr vkos'k (bysDVªkWu) gksrs gSa tks inkFkZ osQ Hkhrj xfr osQ fy, vis{kko`Qr Lora=k
gksrs gSaA /krq,¡] ekuo rFkk tarq 'kjhj vkSj i`Foh pkyd gSaA dk¡p] ikWlZsysu] IykfLVd] ukW;yksu]
ydM+h tSlh vf/dka'k v/krq,¡ vius ls gksdj izokfgr gksus okyh fo|qr ij mPp izfrjks/
yxkrh gSaA bUgsa fo|qrjks/h dgrs gSaA vf/dka'k inkFkZ Åij o£.kr bu nks oxks± esa ls fdlh ,d esa
vkrs gSaA*

tc oqQN vkos'k fdlh pkyd ij LFkkukarfjr gksrk gS rks og rqjar gh ml pkyd osQ leLr
i`"B ij iSQy tkrk gSA blosQ foijhr ;fn oqQN vkos'k fdlh fo|qrjks/h dks nsa rks og ogha ij
jgrk gSA ,slk D;ksa gksrk gS] ;g vki vxys vè;k; esa lh[ksaxsA

inkFkks± dk ;g xq.k geas crkrk gS fd lw[ks ckyksa esa oaQ?kh djus vFkok jxM+us ij ukW;yksu ;k
IykfLVd dh oaQ?kh D;ksa vkosf'kr gks tkrh gS] ijarq /krq dh oLrq,¡ tSls pEep vkosf'kr D;ksa ugha
gksrh\ /krqvksa ls vkos'k dk {kj.k gekjs 'kjhj ls gksdj /jrh esa gks tkrk gS] ,slk gksus dk dkj.k
;g gS fd /krq rFkk gekjk 'kjhj nksuksa gh fo|qr osQ vPNs pkyd gSaA

tc ge fdlh vkosf'kr oLrq dks i`Foh osQ laioZQ esa ykrs gSa rks mldk vfrfjDr vkos'k
tksM+us okys pkyd (tSls gekjk 'kjhj) esa ls gksrs gq, {kf.kd fo|qr /kjk mRiUu djosQ Hkwfe esa
pyk tkrk gSA vkos'kksa osQ Hkwfe osQ lkFk caVu dh bl izfØ;k dks HkwlaioZQ.k (Hkwlai£dr djuk)
dgrs gSaA HkwlaioZQ.k fo|qr ifjiFkksa ,oa vuqiz;qfDr;ksa dh lqj{kk osQ fy, dh xbZ ,d O;oLFkk gSA
/krq dh ,d eksVh IysV dks Hkwfe esa xgjkbZ rd xkM+k tkrk gS rFkk bl IysV ls eksVs rkjksa dks
fudkydj Hkouksa esa bu rkjksa dk mi;ksx eq[; vkiw£r osQ fudV HkwlaioZQ.k osQ fy, fd;k tkrk

* ,d rhljh Js.kh ftls v/Zpkyd dgrs gSa] vkos'kksa dh xfr esa vojks/ mRiUu djrh gSA bl vojks/
dk ifjekk.k pkydksa rFkk fo|qrjksf/;ksa osQ eè;orhZ gksrk gSA
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gSA gekjs ?kjksa esa fo|qr dh vkiw£r osQ fy, rhu rkj mi;ksx fd, tkrs gSa % fo|qUe; rkj] mnklhu
rkj rFkk HkwlaioZQ rkjA buesa ls igys nks rkj fo|qr /kjk dks 'kfDr LVs'ku ls ;qfDr;ksa rd ys tkrs
gSa rFkk rhljk rkj Hkwfe esa xM+h /krq dh IysV ls tksM+k tkrk gSA fo|qr vuqiz;qfDr;ksa_ tSls µ fo|qr
bLrjh] jsfizQtjsVj] Vsyhfo”ku osQ èkkrq osQ vkoj.k HkwlaioZQ rkj ls tqM+s gksrs gSaA ifjiFk esa dksbZ =kqfV
gksus ij vFkok fo|qUe; rkj dk /krq osQ vkoj.k ls Li'kZ gksus ij vkos'k Hkwfe esa izokfgr gks tkrk
gSA bu vuqiz;qfDr;ksa dks dksbZ gkfu ugha gksrh rFkk euq";ksa dks dksbZ {kfr Hkh ugha gksrh_ ;fn HkwlaioZQ
rkj u gks rks {kfr igq¡puk@nq?kZVuk gksuk vifjgk;Z gks tk,xk] D;ksafd ekuo 'kjhj fo|qr dk vPNk
pkyd gSA

1.4  izsj.k }kjk vkos'ku
tc ge fdlh ljoaQMs dh xksyh ls fdlh vkosf'kr IykfLVd&NM+ dks Li'kZ djkrs gSa rks NM+
dk oqQN vkos'k ljoaQMs dh xksyh ij LFkkukarfjr gks tkrk gS vkSj og vkosf'kr gks tkrh gSA bl
izdkj ljoaQMs dh xksyh laioZQ }kjk vkosf'kr gksrh gSA rc ;g IykfLVd&NM+ ls izfrd£"kr gksrh
gS rFkk dk¡p dh NM+ tks fotkrh; vkosf'kr gS] dh vksj vkd£"kr gksrh gSA ijarq] dksbZ fo|qUe;
NM+ gydh oLrqvksa dks D;ksa vkd£"kr djrh gS] bl iz'u dk mÙkj vHkh Hkh ugha fey ik;k gSA
vkb,] ge ;g le>us dk iz;kl djsa fd fuEufyf[kr iz;ksx dks djus ij D;k gks ldrk gSA
(i) fo|qrjks/h LVSaMksa ij j[ks nks /krq osQ xksyksa A ,oa B dks fp=k 1.4 (a) esa n'kkZ, vuqlkj ,d

nwljs osQ laioZQ esa ykb,A
(ii) ,d /ukosf'kr NM+ bu xksyksa esa fdlh ,d (ekuk A) osQ fudV ykb, rFkk ;g lko/kuh

cjfr, fd NM+ xksys ls Li'kZ u djsA xksys osQ eqDr bysDVªkWu NM+ dh vksj vkd£"kr gksrs gSaA
xksys B osQ fiNys i`"B ij /ukos'k dk vkf/D; gks tkrk gSA nksuksa izdkj osQ vkos'k /krq osQ
xksyksa esa vkc¼ jgrs gSa] iyk;u ugha dj ikrsA vr% os i`"Bksa ij gh fp=k 1.4(b) esa n'kkZ,
vuqlkj jgrs gSaA xksys A osQ ck,¡ i`"B ij ½.kkos'k dk vkf/D; rFkk xksys osQ nk,¡ i`"B ij
/ukRed vkos'k dk vkf/D; gksrk gSA rFkkfi xksys osQ lkjs bysDVªkWu xksys A osQ ck,¡ i`"B ij
lafpr ugha gksrsA tSls gh xksys A osQ ck,¡ i`"B ij bysDVªkWu ,d=k gksus 'kq: gksrs gSa vU;
bysDVªkWu buosQ }kjk izfrd£"kr gks tkrs gSaA oqQN gh {k.k esa NM+ osQ vkd"kZ.k osQ dkj.k fØ;k
rFkk lafpr vkos'kksa osQ dkj.k izfrd"kZ.k osQ chp lkE; LFkkfir gks tkrk gSA fp=k  1.4(b)
lkE;koLFkk dks n'kkZrk gSA bl izfØ;k dks vkos'k dk izsj.k dgrs gSa rFkk ;g yxHkx
rkRdkfyd gSA tc rd dk¡p dh NM+ xksys osQ fudV jgrh gS rc rd fp=k esa n'kkZ, vuqlkj
lafpr vkos'k i`"B ij jgrk gSA ;fn NM+ dks gVk ysrs gSa rks vkos'kksa ij dksbZ cká cy dk;Z
ugha djrk rFkk os viuh mnklhu voLFkk esa okil ykSV tkrs gSaA

(iii) fp=k 1.4(c) esa n'kkZ, vuqlkj dk¡p dh NM+ dks ck,¡ xksys osQ fudV j[krs gq, nksuksa xksyksa
dks ,d&nwljs ls oqQN ìFkoQ dhft,A ,slk djus ij nksuksa xksys fotkrh; vkos'kksa }kjk vkosf'kr
gksdj ,d&nwljs dks vkd£"kr djrs gSaA

(iv) NM+ dks gVk yhft,A xksyksa ij vkos'k fp=k 1.4(d) esa n'kkZ, vuqlkj Lo;a dks iquO;ZofLFkr
dj ysrs gSaA vc nksuksa xksyksa osQ chp i`Fkdu vf/d dhft,A ,slk djus ij fp=k 1.4(e) esa
n'kkZ, vuqlkj vkos'k xksyksa ij ,dleku :i ls forfjr gks tkrk gSA
bl izfØ;k esa /krq osQ xksys vkosf'kr gks tkrs gSaA /ukosf'kr dk¡p dh NM+ osQ vkos'k dh

dksbZ {kfr ugha gksrh] tks laioZQ }kjk vkosf'kr djus dh izfØ;k osQ foijhr gSA
tc fdlh fo|qUe; NM+ dks gydh oLrqvksa osQ fudV ykrs gSa rks ;gh izHkko gksrk gSA NM+

oLrqvksa osQ ikl okys i`"B ij fotkrh; vkos'k izsfjr djrh gS rFkk ltkrh; vkos'k oLrqvksa osQ

fp=k 1.4 nks xksyksa osQ lkFk
izsj.k }kjk vkos'kuA
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 mnkgj.k 1
.1

nwj okys Hkkx ij igq¡p tkrk gS ¹,slk rc Hkh gksrk gS tc gydh oLrq pkyd ugha gksrhA ;g
izfØ;k fdl izdkj gksrh gS bldk Li"Vhdj.k ckn esa vuqPNsn 1.10 rFkk 2.10 esa fd;k x;k
gS ]A nksuksa izdkj osQ vkos'kksa osQ osaQnzksa esa oqQN i`Fkdu gksrk gSA ge tkurs gSa fd ltkrh; vkos'kksa
esa izfrd"kZ.k rFkk fotkrh; vkos'kksa esa vkd"kZ.k gksrk gSA rFkkfi] cy dk ifjek.k vkos'kksa osQ chp
nwjh ij fuHkZj djus osQ dkj.k vkd"kZ.k cy izfrd"kZ.k cy dh rqyuk esa vf/d gksrk gSA
iQyLo:i dkxT+k osQ VqdM+s] ljoaQMs dh xksyh vkfn gyosQ gksus osQ dkj.k NM+ dh vksj ¯[kp
vkrs gSaA

mnkgj.k 1.1 vki fdlh /krq osQ xksys dks Li'kZ fd, fcuk oSQls /ukosf'kr dj ldrs gSa\

gy  fp=k 1.5(a) esa fdlh fo|qrjks/h /krq osQ LVSaM ij dksbZ vukosf'kr /krq dk xksyk j[kk

n'kkZ;k x;k gSA fp=k 1.5(b) esa n'kkZ, vuqlkj bl xksys osQ fudV dksbZ ½.kkosf'kr NM+ ykb,A

xksys osQ eqDr bysDVªkWu izfrd"kZ.k osQ dkj.k nwj tkdj nwjLFk fljs ij ,d=k gks tkrs gSaA ikl

dk fljk bysDVªkWuksa dh deh osQ dkj.k /ukosf'kr gks tkrk gSA tc xksys dh /krq osQ eqDr

bysDVªkWuksa ij yxus okyk usV cy 'kwU; gks tkrk gS rks vkos'kksa osQ forj.k dh ;g izfØ;k can

gks tkrh gSA fdlh pkyd rkj }kjk xksys dks Hkwlai£dr dhft,A bysDVªkWu Hkwfe esa izokfgr gks

tk,¡xs tcfd ikl osQ fljs dk /ukos'k] NM+ osQ ½.kkos'k osQ vkd"kZ.k cy osQ dkj.k fp=k

1.5(c) esa n'kkZ, vuqlkj c¼ jgsxkA xksys dk HkwlaioZQ rksM+ nhft,A ikl osQ fljs ij /ukos'k

dh c¼rk cuh jgrh gS ¹fp=k 1.5(d)ºA fo|qUe; NM+ dks gVk yhft,A fp=k 1.5(e) esa n'kkZ,

vuqlkj /ukos'k xksys osQ i`"B ij ,dleku :i ls iSQy tkrk gSA

fp=k 1.5

bl iz;ksx esa /krq dk xksyk izsj.k dh izfØ;k }kjk vkosf'kr gks tkrk gS rFkk NM+ viuk
dksbZ vkos'k ugha [kksrhA

izsj.k }kjk /krq osQ xksys dks ½.kkosf'kr djus dh izfØ;k osQ Hkh ;s gh pj.k gksrs
gSa] blesa /ukosf'kr NM+ xksys osQ lehi ykbZ tkrh gSA bl izdj.k esa bysDVªkWu Hkwfe ls
xksys esa ml le; LFkkukarfjr (izokfgr) gksrs gSa tc rkj }kjk xksys dks Hkwlai£dr fd;k
tkrk gSA D;k vki bldk dkj.k Li"V dj ldrs gSa\

izsj.k }kjk nks xksy
ksa osQ fud

k; osQ v
kos'ku l

aca/
h izHkkoh l

t
ho fp

=k.k










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1.5  oS|qr vkos'k osQ ewy xq.k
geus ;g ns[kk gS fd nks izdkj osQ vkos'k gksrs gSaµ /ukos'k rFkk ½.kkos'k rFkk buesa ,d&nwljs
osQ izHkko dks fujLr djus dh izo`fÙk gksrh gSA vc] ge ;gk¡ oS|qr vkos'k osQ vU; xq.kksa dk o.kZu
djsaxsA

;fn vkosf'kr oLrqvksa dk lkb”k muosQ chp dh nwjh dh rqyuk esa cgqr de gksrk gS rks ge
mUgsa ̄ cnq vkos'k ekurs gSaA ;g eku fy;k tkrk gS fd oLrq dk laiw.kZ vkos'k vkdk'k esa ,d ̄ cnq
ij laosaQfnzr gSA

1.5.1  vkos'kksa dh ;ksT;rk

vc rd geus vkos'k dh ifjek.kkRed ifjHkk"kk ugha nh gS_ bls ge vxys vuqHkkx esa le>saxsA
varfje :i esa ge ;g ekusaxs fd ,slk fd;k tk ldrk gS vkSj fiQj vkxs c<+saxsA ;fn fdlh fudk;
esa nks ̄ cnq vkos'k q1 rFkk q2 gSa rks fudk; dk oqQy vkos'k q1 rFkk q2  dks chtxf.krh; jhfr ls
tksM+us ij izkIr gksrk gS] vFkkZr vkos'kksa dks okLrfod la[;kvksa dh Hkk¡fr tksM+k tk ldrk gS vFkok
vkos'k nzO;eku dh Hkk¡fr vfn'k jkf'k gSA ;fn fdlh fudk; esa n vkos'k q1, q2 

,
 
q3... qn, gSa rks

fudk; dk oqQy vkos'k q1 + q2 + q3 + …+ qn gSA vkos'k dk nzO;eku dh Hkk¡fr gh ifjek.k gksrk
gS fn'kk ugha gksrhA rFkkfi vkos'k rFkk nzO;eku esa ,d varj gSA fdlh oLrq dk nzO;eku lnSo
/ukRed gksrk gS tcfd dksbZ vkos'k ;k rks /ukRed gks ldrk gS vFkok ½.kkRedA fdlh fudk;
osQ vkos'k dk ;ksx djrs le; mlosQ mi;qDr fpÉ dk mi;ksx djuk gksrk gSA mnkgj.kkFkZ] fdlh
fudk; esa fdlh ;kn`fPNd ek=kd esa ekis x, ik¡p vkos'k +1, +2, –3, +4 rFkk –5 gSa] rc mlh
ek=kd esa fudk; dk oqQy vkos'k = (+1) + (+2) + (–3) + (+4) + (–5) = –1 gSA

1.5.2  oS|qr vkos'k lajf{kr gS

ge bl rF; dh vksj igys gh laosQr ns pqosQ gSa fd tc oLrq,¡ jxM+us ij vkosf'kr gksrh gSa rks
,d oLrq ls nwljh oLrq esa bysDVªkWuksa dk LFkkukarj.k gksrk gS] dksbZ u;k vkos'k mRiUu ugha gksrk
gS] vkSj u gh vkos'k u"V gksrk gSA oS|qr vkos'k;qDr d.kksa dks ǹf"V esa yk,¡ rks gesa vkos'k osQ laj{k.k
dh /kj.kk le> esa vk,xhA tc ge nks oLrqvksa dks ijLij jxM+rs gSa rks ,d oLrq ftruk vkos'k
izkIr djrh gS] nwljh oLrq mruk vkos'k [kksrh gSA cgqr lh vkosf'kr oLrqvksa osQ fdlh fo;qDr
fudk; osQ Hkhrj] oLrqvksa esa vU;ksU; fØ;k osQ dkj.k] vkos'k iqu% forfjr gks ldrs gSa] ijarq ;g
ik;k x;k gS fd fo;qDr fudk; dk oqQy vkos'k lnSo lajf{kr jgrk gSA vkos'k&laj{k.k dks
izk;ksfxd :i ls LFkkfir fd;k tk pqdk gSA

;|fi fdlh izfØ;k esa vkos'kokgh d.k mRiUu vFkok u"V fd, tk ldrs gSa] ijarq fdlh
fo;qDr fudk; osQ usV vkos'k dks mRiUu djuk vFkok u"V djuk laHko ugha gSA dHkh&dHkh izòQfr
vkosf'kr d.k mRiUu djrh gS % dksbZ U;wVªkWu ,d izksVkWu rFkk ,d bysDVªkWu esa :ikarfjr gks tkrk
gSA bl izdkj mRiUu izksVkWu rFkk bysDVªkWu ij] ifjek.k esa leku ,oa fotkrh; (foijhr) vkos'k
mRiUu gksrs gSa rFkk bl jpuk ls iwoZ vkSj jpuk osQ i'pkr dk oqQy vkos'k 'kwU; jgrk gSA

1.5.3  oS|qr vkos'k dk DokaVehdj.k

izk;ksfxd :i ls ;g LFkkfir fd;k x;k gS fd lHkh eqDr vkos'k ifjek.k esa vkos'k dh ewy bdkbZ]
ftls e }kjk n'kkZ;k tkrk gS] osQ iw.kk±dh xq.kt gSaA bl izdkj] fdlh oLrq osQ vkos'k q dks lnSo
bl izdkj n'kkZ;k tkrk gS µ
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q = ne

;gk¡ n dksbZ /ukRed vFkok ½.kkRed iw.kk±d gSA vkos'k dh ;g ewy bdkbZ bysDVªkWu vFkok izksVkWu
osQ vkos'k dk ifjek.k gSA ifjikVh osQ vuqlkj] bysDVªkWu osQ vkos'k dks ½.kkRed ekurs gSa_
blhfy, fdlh bysDVªkWu ij vkos'k –e rFkk izksVkWu ij vkos'k +e }kjk O;Dr djrs gSaA

oS|qr vkos'k lnSo e dk iw.kk±d xq.kt gksrk gSA bl rF; dks vkos'k dk DokaVehdj.k dgrs
gSaA HkkSfrdh esa ,slh cgqr lh vofLFkfr;k¡ gSa tgk¡ oqQN HkkSfrd jkf'k;k¡ DokaVho`Qr gSaA vkos'k osQ
DokaVehdj.k dk lq>ko loZizFke vaxzs”k iz;ksxdrkZ iSQjkMs }kjk [kksts x, fo|qr vi?kVu osQ
izk;ksfxd fu;eksa ls izkIr gqvk FkkA lu~ 1912 esa fefydu us bls okLro esa izk;ksfxd :i ls
fun£'kr fd;k FkkA

ek=kdksa dh varjkZ"Vªh; iz.kkyh (SI) esa vkos'k dk ek=kd owQykWe gS] ftldk izrhd C gSA ,d
owQykWe dks fo|qr /kjk osQ ek=kd osQ inksa esa ifjHkkf"kr fd;k tkrk gS ftlosQ fo"k; esa vki vxys
vè;k; esa lh[ksaxsA bl ifjHkk"kk osQ vuqlkj] ,d owQykWe og vkos'k gS tks fdlh rkj esa 1 A

(,ssfEi;j) /kjk 1 lsoaQM rd izokfgr djrk gS ¹HkkSfrdh dh ikB~;iqLrd d{kk 11] Hkkx 1 dk
vè;k; 2 nsf[k,ºA bl iz.kkyh esa] vkos'k dh ewy bdkbZ

e = 1.602192 × 10–19 C

bl izdkj] –1C vkos'k esa yxHkx 6 × 1018 bysDVªkWu gksrs gSaA fLFkjoS|qfrdh esa brus fo'kky
ifjek.k osQ vkos'kksa ls ;nk&dnk gh lkeuk gksrk gS vkSj blhfy, ge blosQ NksVs ek=kdksa 1 µC

(ekbØksowQykWe) = 10–6 C vFkok 1 mC (feyhowQykWe) = 10–3 C dk mi;ksx djrs gSaA
;fn osQoy bysDVªkWu rFkk izksVkWu gh fo'o esa vkos'k osQ ewy ek=kd gSa rks lHkh izsf{kr vkos'kksa

dks e dk iw.kk±d xq.kt gksuk pkfg,A bl izdkj ;fn fdlh oLrq esa n1 bysDVªkWu rFkk n2 izksVkWu gSa
rks ml oLrq ij oqQy vkos'k n2 × e + n1 × (–e) = (n2 – n1) e gSA pw¡fd n1 rFkk n2 iw.kk±d
gSa] budk varj Hkh ,d iw.kk±d gSA vr% fdlh oLrq ij vkos'k lnSo e dk iw.kk±d xq.kt gksrk gS
ftls e osQ pj.kksa esa gh ?kVk;k vFkok c<+k;k tk ldrk gSA

¯drq] ewy ek=kd e dk lkb”k cgqr NksVk gksrk gS vkSj LFkwy Lrj ij ge oqQN µC osQ vkos'kksa
dks O;ogkj esa ykrs gSa] bl iSekus ij ;g rF; n`f"Vxkspj ugha gksrk fd fdlh oLrq dk vkos'k
e osQ ek=kdksa esa ?kV vFkok c<+ ldrk gSA vkos'k dh df.kdh; izo`Qfr yqIr gks tkrh gS vkSj ;g
lrr izrhr gksrk gSA

bl fLFkfr dh rqyuk ¯cnq rFkk js[kk dh T;kferh; ifjdYiukvksa ls dh tk ldrh gSA nwj
ls ns[kus ij dksbZ ̄ cnqfdr js[kk gesa lrr izrhr gksrh gS ijarq og okLro esa lrr ugha gksrhA ftl
izdkj ,d&nwljs osQ vR;f/d fudV osQ cgqr ls ¯cnq gesa lrr js[kk dk vkHkkl nsrs gSa] mlh
izdkj ,d lkFk ysus ij cgqr ls NksVs vkos'kksa dk ladyu Hkh lrr vkos'k forj.k tSlk fn[kkbZ
nsrk gSA

LFkwy Lrj ij ge ,sls vkos'kksa ls O;ogkj djrs gSa tks bysDVªkWu e osQ vkos'k dh rqyuk esa
ifjek.k esa vR;f/d fo'kky gksrs gSaA pw¡fd e = 1.6 × 10–19 C, ifjek.k esa 1 µC vkos'k esa ,d
bysDVªkWu osQ vkos'k dk yxHkx 1013 xquk vkos'k gksrk gSA bl iSekus ij] ;g rF; fd fdlh oLrq
esa vkos'k dh deh vFkok o`f¼ osQoy e osQ ek=kdksa esa ghs gks ldrh gS] bl dFku ls loZFkk fHkUu
ugha gS fd vkos'k lrr eku xzg.k dj ldrk gSA bl izdkj] LFkwy Lrj ij vkos'k osQ DokaVhdj.k
dk dksbZ O;kogkfjd egÙo ugha gS rFkk bldh mis{kk dh tk ldrh gSA lw{e Lrj ij tgk¡ vkos'k
osQ ifjek.k e osQ oqQN n'kd vFkok oqQN 'krd dksfV osQ gksrs gSa vFkkZr ftudh x.kuk dh tk
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.k
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.k
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.2

ldrh gS] ogk¡ ij vkos'k fofoDr izrhr gksrs gSa rFkk vkos'k osQ DokaVehdj.k dh mis{kk ugha dh
tk ldrhA vr% ;g tkuuk cgqr egRoiw.kZ gS fd fdl ifjek.k osQ vkos'k dh ckr gks jgh gSA

mnkgj.k 1.2 ;fn fdlh fiaM ls ,d lsoaQM esa 109 bysDVªkWu fdlh vU; fiaM esa LFkkukarfjr
gksrs gSa rks 1C vkos'k osQ LFkkukarj.k esa fdruk le; yxsxk\

gy 1lsoaQM esa ̄ iM ls 109 bysDVªkWu fudyrs gSa] vr% ̄ iM }kjk 1s esa fn;k tkus okyk vkos'k
1.6 × 10–19 × 109 C = 1.6 × 10–10 C
rc 1 C vkos'k osQ lafpr gksus osQ le; dk vkdyu 1 C ÷ (1.6 × 10–10 C/s)

= 6.25 × 109 s = 6.25 × 109 ÷ (365  × 24 × 3600) o"kZ = 198 o"kZA bl izdkj ftl
fiaM ls 109 bysDVªkWu izfr lsoaQM dh nj ls mRltZu gks jgk gS] mlls 1 C vkos'k lafpr djus
esa yxHkx  200 o"kZ yxsaxsA vr% cgqr ls O;kogkfjd dk;ks± dh n`f"V ls ,d owQykWe vkos'k dk
,d vfr fo'kky ek=kd gSA
rFkkfi ;g tkuuk Hkh vfr egRoiw.kZ gS fd fdlh inkFkZ osQ 1 ?ku lsaVhehVj VqdM+s esa
yxHkx fdrus bysDVªkWu gksrs gSaA  1 cm Hkqtk osQ rk¡cs osQ ?ku esa yxHkx 2.5 × 1024 bysDVªkWu
gksrs gSaA

mnkgj.k 1.3 ,d di ty esa fdrus /u rFkk ½.k vkos'k gksrs gSa\

gy  eku yhft, fd ,d di ty dk nzO;eku 250 g gSA ty dk v.kq nzO;eku 18 g gSA
bl izdkj ,d eksy (= 6.02 × 1023 v.kq) ty dk nzO;eku 18 g gSA vr% ,d di ty esa
v.kqvksa dh la[;k = (250/18) × 6.02 × 1023 A
ty osQ izR;sd v.kq esa nks gkbMªkstu ijek.kq rFkk ,d vkWDlhtu ijek.kq gksrk gS] vFkkZr] 10

bysDVªkWu rFkk 10 izksVkWu gksrs gSaA vr% oqQy /u rFkk oqQy ½.k vkos'k ifjek.k esa leku gksrs
gSaA vkos'k dk ;g ifjek.k = (250/18) × 6.02 × 1023 × 10 × 1.6 × 10–19 C =
1.34 × 107 C

1.6  owQykWe fu;e
owQykWe fu;e nks ¯cnq vkos'kksa osQ chp yxs cy osQ fo"k; esa ,d ek=kkRed izdFku gSA tc
vkosf'kr oLrqvksa osQ lkb”k mudks i`Fkd djus okyh nwjh dh rqyuk esa cgqr de gksrs gSa rks ,slh
vkosf'kr oLrqvksa osQ lkb”kksa dh mis{kk dh tk ldrh gS vkSj mUgsa ¯cnq vkos'k ekuk tk ldrk
gSA owQykWe us nks ¯cnq vkos'kksa osQ chp yxs cy dh eki dh vkSj ;g ik;k fd ;g cy nksuksa
vkos'kksa osQ ifjek.kksa osQ xq.kuiQy osQ vuqØekuqikrh rFkk muosQ chp dh nwjh osQ oxZ osQ
O;qRØekuqikrh gS rFkk ;g nksuksa vkos'kksa dks feykus okyh js[kk osQ vuqfn'k dk;Z djrk gSA bl izdkj
;fn nks ¯cnq vkos'kksa q1 rFkk q2 osQ chp fuokZr esa i`Fkdu r gS] rks buosQ chp yxs cy (F) dk
ifjek.k gS

= 21
2

q q
F k

r
(1.1)

vius iz;ksxksa ls fdl izdkj owQykWe bl fu;e rd igq¡ps\ owQykWe us /krq osQ nks vkosf'kr
xksyksa osQ chp yxs cy dh eki osQ fy, ,saBu rqyk*  dk mi;ksx fd;kA tc nks xksyksa osQ chp
i`Fkdu izR;sd xksys dh f=kT;k dh rqyuk esa cgqr vf/d gksrk gS rks izR;sd vkosf'kr xksys dks
¯cnq vkos'k eku ldrs gSaA rFkkfi vkjaHk djrs le; xksyksa ij vkos'k vKkr FksA rc og fdl izdkj

* ,saBu rqyk cy ekius dh ,d lqxzkgh ;qfDr gSA bl rqyk dk mi;ksx ckn esa oSQosafM'k us nks fiaMksa osQ chp yxs
xq#Rokd"kZ.k cy dh eki osQ fy, Hkh djosQ U;wVu osQ xq#Rokd"kZ.k fu;e dks lR;kfir fd;kA

2022-23
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oS|qr vkos'k rFkk {ks=k

lehdj.k (1.1) tSls laca/ dks [kkst ik,\ owQykWe us fuEufyf[kr ljy
mik; lkspkµeku yhft, /krq osQ xksys ij vkos'k q gSA ;fn bl xksys dks
blosQ loZle fdlh vU; vukosf'kr xksys osQ laioZQ esa j[k nsa rks vkos'k q
nksuksa xksyksa ij iSQy tk,xkA lefefr osQ vuqlkj] izR;sd xksys ij q/2*

vkos'k gksxkA bl izfØ;k dks nksgjkdj ge q/2, q/4 vkfn vkos'k izkIr dj
ldrs gSaA owQykWe us vkos'kksa osQ fu;r ;qxy osQ fy, nwfj;ksa esa ifjorZu djosQ
fofHkUu nwfj;ksa osQ fy, cy dh eki dhA rRi'pkr mUgksaus izR;sd ;qxy osQ
fy, nwjh fu;r j[kdj ;qxyksa esa vkos'kksa esa ifjorZu fd;kA fofHkUu nwfj;ksa ij
vkos'kksa osQ fofHkUu ;qxyksa osQ fy, cyksa dh rqyuk djosQ owQykWe lehdj.k (1.1)
osQ laca/ ij igq¡p x,A

owQykWe fu;e tks fd ,d ljy xf.krh; dFku gS] ml rd vkjaHk esa]
Åij o£.kr iz;ksxksa osQ vk/kj ij igq¡pk x;kA ;|fi bu ewy iz;ksxksa us bls
LFkwy Lrj ij LFkkfir fd;k] voijek.kqd Lrj  (r ~ 10–10 m) rd Hkh bls
LFkkfir fd;k tk pqdk gSA

owQykWe us vius fu;e dh [kkst fcuk vkos'kksa osQ ifjek.kksa osQ lgh laKku
osQ] dh FkhA okLro esa] bls foijhr vuqiz;ksx osQ fy, mi;ksx esa yk;k tk
ldrk gSµowQykWe osQ fu;e dk mi;ksx vc ge vkos'k osQ ek=kd dks
ifjHkkf"kr djus osQ fy, dj ldrs gSaA lehdj.k (1.1) osQ laca/ esa vc rd
k dk eku ;kn`fPNd gSA ge k osQ fy, fdlh Hkh /ukRed eku dk p;u
dj ldrs gSaA k dk p;u vkos'k osQ ek=kd dk lkb”k fu/kZfjr djrk gSA SI

ek=kdksa esa k dk eku yxHkx 9 × 109 
2

2

Nm
C

 gSA bl p;u osQ iQyLo:i

vkos'k dk tks ek=kd izkIr gksrk gS mls owQykWe dgrs gSa ftldh ifjHkk"kk geus
igys vuqPNsn 1.4 esa ns nh gSA lehdj.k (1.1) esa  k dk ;g eku j[kus ij
ge ;g ikrs gSa fd q1 = q2 = 1 C rFkk r = 1 m osQ fy,

F = 9 × 109 N

vFkkZr 1 C og vkos'k gS tks fuokZr esa 1 m nwjh ij j[ks blh ifjek.k
osQ fdlh vU; ltkrh; vkos'k dks 9 × 109 U;wVu cy ls izfrd£"kr djsA
Li"V :i ls] 1 C O;kogkfjd dk;ks± osQ fy, vkos'k dk cgqr cM+k ek=kd
gSA fLFkjoS|qfrdh esa] O;ogkj esa blosQ NksVs ek=kdksa tSls 1mC rFkk 1 µC
dk mi;ksx fd;k tkrk gSA

ckn dh lqfo/k osQ fy, lehdj.k (1.1) osQ fu;rkad k dks izk;%
k = 1/4πε0 fy[krs gSa] ftlls owQykWe fu;e dks bl izdkj O;Dr fd;k
tkrk gS

0

1 2
2

1
4

q q
F

rε
=

π (1.2)

ε0 dks eqDr vkdk'k ;k fuokZr dh fo|qr'khyrk vFkok ijkoS|qrkad dgrs gSaA SI ek=kdksa esa ε0

dk eku

0
ε = 8.854 × 10–12 C2 N–1m–2

cy ,d lfn'k gS] vr% owQykWe fu;e dks lfn'k laosQru esa fy[kuk mÙke gksrk gSA eku
yhft, q1 rFkk q2 vkos'kksa osQ fLFkfr lfn'k Øe'k% r1 rFkk r2 gSa ¹fp=k 1.6(a) nsf[k,ºA ge q2

* blesa vkos'kksa dh ;ksT;'khyrk rFkk vkos'kksa osQ laj{k.k dh vo/kj.kk,¡ var£ufgr gSaA  nks vkos'kksa (izR;sd
q/2) osQ la;kstu ls oqQy vkos'k q curk gSA

pkYlZ vkWxfLVu Ms owQykWe (1736 –

1806) izQkalhlh HkkSfrdfon owQykWe
us osLVbaMht esa ,d iQkSth bathfu;j
osQ :i esa viuk oSQfj;j vkjaHk fd;kA
lu~ 1776 esa os isfjl ykSV vk, rFkk
,d NksVh lh laifÙk cukdj ,dkar esa
viuk 'kks/ dk;Z djus yxsA cy osQ
ifjek.k dks ekius osQ fy, bUgksaus ,d
,saBu rqyk dk vkfo"dkj fd;k vkSj
bldk mi;ksx bUgksaus NksVs vkosf'kr
xksyksa osQ chp yxus okys vkd"kZ.k
vFkok izfrd"kZ.k cyksa dks Kkr djus
esa fd;kA bl izdkj] lu~ 1785 esa ;s
O;qRØe oxZ fu;e dks [kkst ik, ftls
vkt owQykWe dk fu;e dgrs gSaA bl
fu;e dk iwoZ vuqeku fizLVys rFkk
oSQosafM'k us yxk fy;k Fkk ijarq oSQossafM'k
us vius ifj.kke dHkh izdkf'kr ugha
fd,A owQykWe us ltkrh; rFkk fotkrh;
pqacdh; /qzoksa osQ chp yxus okys O;qRØe
oxZ fu;e dk Hkh irk yxk;kA

p
kYlZ v

kWxfLVu Ms owQy
kWe  (1

7
3
6
 –1

8
0
6
)
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HkkSfrdh
osQ }kjk q1 ij vkjksfir cy dks F12 rFkk q1 osQ }kjk q2 ij
vkjksfir cy dks F21 }kjk O;Dr djrs gSaA nks ̄ cnq vkos'kksa q1 rFkk
q2 dks lqfo/k osQ fy, 1 rFkk 2 vad }kjk O;Dr fd;k x;k gSA lkFk
gh 1 ls 2 dh vksj tkrs lfn'k dks r21 }kjk O;Dr fd;k x;k gSµ

r21 = r2 – r1

blh izdkj 2 ls 1 dh vksj tkrs lfn'k dks r12 }kjk O;Dr
fd;k tkrk gSµ

r12 = r1 – r2 = – r21

lfn'kksa r21 rFkk r12 osQ ifjek.kksa dk laosQru Øe'k% r21 ,oa
r12 }kjk gksrk gS (rn21 = rn12)A fdlh lfn'k dh fn'kk dk fo'ks"k
mYys[k ml lfn'k osQ vuqfn'k ,dkad lfn'k }kjk fd;k tkrk gSA
¯cnq 1 ls 2 dh vksj (vFkok 2 ls 1 dh vksj) bafxr djus okys
,dkad lfn'k dh ifjHkk"kk ge bl izdkj djrs gSa %

21
21

21

ˆ
r

=
r

r , = = −12
12 21 12

12

ˆ ˆ ˆ,
r

r
r r r

ozQe'k% r1 rFkk r2 ij vofLFkr ¯cnq vkos'kksa q1 rFkk q2 osQ
chp yxs owQykWe cy fu;e dks rc bl izdkj O;Dr fd;k tkrk gS

1 2
21 212

21

1
ˆ

4 o

q q

rε
=

π
F r (1.3)

lehdj.k (1.3) osQ laca/ esa oqQN fVIif.k;k¡ izklafxd gSa %

• lehdj.k (1.3) q1 rFkk q2 osQ fdlh Hkh fpÉ] /ukRed vFkok ½.kkRed osQ fy, ekU;
gSA ;fn q1 rFkk q2 leku fpÉ osQ gSa (;k rks nksuksa gh /ukRed vFkok nksuksa gh ½.kkRed
gSa) rc F21, r̂ 21 osQ vuqfn'k gS] tks izfrd"kZ.k dks izn£'kr djrk gS tSlk ltkrh; vkos'kksa
osQ fy, gksuk gh pkfg,A ;fn q1 rFkk q2 osQ foijhr fpÉ gSa rc F21, – r̂ 21 osQ vuqfn'k gS]
tks vkd"kZ.k dks izn£'kr djrk gS rFkk fotkrh; vkos'kksa osQ fy, ge blh dh vk'kk djrs
gSaA bl izdkj gesa ltkrh; rFkk fotkrh; vkos'kksa osQ izdj.kksa osQ fy, ìFkd&ìFkd lehdj.k
fy[kus dh vko';drk ugha gSA lehdj.k (1.3) nksuksa gh izdj.kksa dks lgh&lgh izdV dj
nsrh gS ¹fp=k 1.6(b) nsf[k,ºA

• q2 osQ dkj.k q1 ij vkjksfir cy F12  dks lehdj.k (1.3) esa 1 rFkk 2 esa ljy variZfjorZu
djosQ izkIr fd;k tk ldrk gS] vFkkZr

1 2
12 12 212

0 12

1
ˆ

4
q q

rε
= = −

π
F r F

bl izdkj] owQykWe fu;e U;wVu osQ xfr osQ r`rh; fu;e osQ vuq:i gh gSA

• owQykWe fu;e (lehdj.k 1.3) ls fuokZr esa fLFkr nks vkos'kksa q1 rFkk q2 osQ chp vkjksfir
cy izkIr gksrk gSA ;fn vkos'k fdlh nzO; esa fLFkr gSa vFkok nksuksa vkos'kksa osQ chp osQ fjDr
LFkku esa dksbZ nzO; Hkjk gS] rc bl nzO; osQ vkosf'kr vo;oksa osQ dkj.k fLFkfr tfVy cu
tkrh gSA vxys vè;k; esa ge nzO; esa fLFkjoS|qfrdh ij fopkj djsaxsA

fp=k 1.6 (a) T;kfefr rFkk
(b) vkos'kksa osQ chp vkjksfir cyA
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oS|qr vkos'k rFkk {ks=k

mnkgj.k 1
.4

mnkgj.k 1.4 nks oS|qr vkos'kksa osQ chp fLFkj oS|qr cy osQ fy, owQykWe fu;e rFkk nks fLFkj
¯cnq nzO;ekuksa osQ chp xq#Rokd"kZ.k cy osQ fy, U;wVu dk fu;e nksuksa esa gh cy vkos'kksa@nzO;ekuksa
osQ chp dh nwjh osQ oxZ osQ O;qRØekuqikrh gksrk gSA (a) bu nksuksa cyksa osQ ifjek.k Kkr djosQ budh
izcyrkvksa dh rqyuk dh tk, (i) ,d bysDVªkWu rFkk ,d izksVkWu osQ fy,] (ii) nks izksVkWuksa osQ
fy,A  (b) bysDVªkWu rFkk izksVkWu esa ikjLifjd vkd"kZ.k osQ oS|qr cy osQ dkj.k bysDVªkWu
rFkk izksVkWu osQ Roj.k vkdfyr dhft, tcfd buosQ chp dh nwjh 1 Å (= 10-10 m) gSA
(m

p
 = 1.67 × 10–27 K, m

e
 = 9.11 × 10–31 kg)

gy
(a) (i) ,d bysDVªkWu rFkk ,d izksVkWu osQ chp oS|qr cy tcfd buosQ chp dh nwjh r gS %

2

2
0

1
4e

e
F

rε
= −

π

;gk¡ ij ½.kkRed fpÉ vkd"kZ.k cy dks bafxr djrk gSA blosQ rnuq:ih xq#Rokd"kZ.k cy
(tks lnSo /ukRed gS) %

2
p e

G

m m
F G

r
= −

;gk¡ m
p
 rFkk m

e
 Øe'k% izksVkWu rFkk bysDVªkWu osQ nzO;eku gSaA

2
39

0

2.4 10
4

e

G p e

F e

F Gm mε
= = ×

π

(ii) blh izdkj r nwjh ij fLFkr nks izksVkWuksa osQ chp oS|qr cy rFkk xq#Rokd"kZ.k cy osQ
ifjek.kksa dk vuqikrµ

2

04
e

G p p

F e

F Gm mε
= =

π
 1.3 × 1036

rFkkfi ;gk¡ ;g mYys[k djuk egRoiw.kZ gS fd ;gk¡ ij nks cyksa osQ fpÉksa esa varj gSA nks
izksVkWuksa osQ fy, xq#Rokd"kZ.k cy vkd"khZ gS rFkk owQykWe cy izfrd"khZ gSA ukfHkd osQ Hkhrj
bu cyksa osQ okLrfod eku (ukfHkd osQ Hkhrj nks izksVkWuksa osQ chp dh nwjh ~ 10-15 m gS)%
Fe ~ 230 N gS tcfd FG ~ 1.9 × 10–34 N gSaA
bu nksuksa cyksa dk (foekghu) vuqikr ;g n'kkZrk gS fd xq#Rokd"kZ.k cy dh rqyuk esa oS|qr
cy vR;ar izcy gksrs gSaA

 (b) ,d izksVkWu }kjk ,d bysDVªkWu ij vkjksfir oS|qr cy F ifjek.k esa ,d bysDVªkWu }kjk ,d
izksVkWu ij vkjksfir cy leku gS_ rFkkfi bysDVªkWu rFkk izksVkWu osQ nzO;eku fHkUu gksrs gSaA
bl izdkj cy dk ifjek.k gS

|F| = 

2

2
0

1
4

e

rεπ  = 8.987 × 109 Nm2/C2 × (1.6 ×10–19C)2 / (10–10m)2

        = 2.3 × 10–8 N
U;wVu osQ xfr osQ nwljs fu;e F =  ma osQ vuqlkj bysDVªkWu esa mRiUu Roj.k
a = 2.3×10–8 N / 9.11 ×10–31 kg = 2.5 × 1022 m/s2

bldh xq#Roh; Roj.k ls rqyuk djus ij ge ;g fu"d"kZ fudky ldrs gSa fd bysDVªkWu dh
xfr ij xq#Roh; {ks=k dk izHkko ux.; gS rFkk fdlh izksVkWu }kjk bysDVªkWu ij vkjksfir owQykWe
cy dh fØ;k osQ v/hu bysDVªkWu esa mRiUu Roj.k vR;f/d gSA

izksVkWu osQ fy, Roj.k dk eku

2.3 × 10–8 N / 1.67 × 10–27 kg = 1.4 × 1019 m/s2 gSA

owQy
kWe osQ fu;e d

k izHkkoh l
t
ho fp

=k.k










HkkSfrdh
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mnkgj.k 1.5 /krq dk vkosf'kr xksyk A ukbykWu osQ /kxs ls fuyafcr gSA fo|qrjks/h gRFkh }kjk
fdlh vU; /krq osQ vkosf'kr xksys B dks A osQ brus fudV yk;k tkrk gS fd fp=k 1.7(a) esa
n'kkZ, vuqlkj buosQ osaQnzksa osQ chp dh nwjh 10 cm gSA xksys A osQ ifj.kkeh izfrd"kZ.k dks uksV
fd;k tkrk gS (mnkgj.kkFkZµ xksys ij pedhyk izdk'k iqat Mkydj rFkk va'kkafdr insZ ij cuh
bldh Nk;k dk fo{ksi.k ekidj)A A rFkk B xksyksa dks fp=k 1.7(b) esa n'kkZ, vuqlkj] Øe'k%
vukosf'kr xksyksa C rFkk D ls Li'kZ djk;k tkrk gSA rRi'pkr fp=k 1.7(c) esa n'kkZ, vuqlkj C
rFkk D dks gVkdj B dks A osQ bruk fudV yk;k tkrk gS fd buosQ oasQnzksa osQ chp dh nwjh
5.0 cm gks tkrh gSA owQykWe fu;e osQ vuqlkj A dk fdruk visf{kr izfrd"kZ.k gS\ xksys A rFkk
C ,oa xksys B rFkk D osQ lkb”k loZle gSaA A rFkk B osQ osaQnzksa osQ i`Fkdu dh rqyuk esa buosQ
lkb”kksa dh mis{kk dhft,A

fp=k 1.7

gy eku yhft, xksys A ij ewy vkos'k q rFkk xksys B ij ewy vkos'k q′ gSA nksuksa xksyksa osQ osaQnzksa
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oS|qr vkos'k rFkk {ks=k

mnkgj.k 1
.5

osQ chp nwjh r ij] izR;sd ij yxs fLFkj oS|qr cy dk ifjek.k

2
0

1
4

qq
F

rε
′

=
π

;gk¡ r dh rqyuk esa xksyksa A rFkk B osQ lkb”k ux.; gSaA tc dksbZ loZle ijarq vukosf'kr xksyk
C xksys A dks Li'kZ djrk gS rks A rFkk C ij vkos'k dk iqu£orj.k gksrk gS vkSj lefefr }kjk
izR;sd xksys ij vkos'k (q/2) gksrk gSA blh izdkj] B rFkk D osQ Li'kZ osQ i'pkr buesa izR;sd
ij iqu£orfjr vkos'k (q′/2) gksrk gSA vc ;fn A rFkk B dk i`Fkdu vk/k jg tk, rks izR;sd
ij fLFkjoS|qr cy

2 2
0 0

1 ( /2)( /2) 1 ( )
4 4( /2)

q q qq
F F

r rε ε
′ ′

= = =′
π π

bl izdkj B osQ dkj.k A ij fLFkjoS|qr cy vifjo£rr jgrk gSA

1.7  cgqy vkos'kksa osQ chp cy
nks vkos'kksa osQ chp ikjLifjd oS|qr cy owQykWe fu;e }kjk izkIr gksrk gSA ml fLFkfr esa fdlh
vkos'k ij vkjksfir cy dk ifjdyu oSQls djsa] tgk¡ mlosQ fudV ,d
vkos'k u gksdj mls cgqr ls vkos'k pkjksa vksj ls ?ksjs gksa\ fuokZr esa fLFkr
n fLFkj vkos'kksa q1, q2, q3, ..., qn

 osQ fudk; ij fopkj dhft,A q1 ij
q2, q3, ..., qn 

osQ dkj.k fdruk cy yxrk gS\ bldk mÙkj nsus osQ fy,
owQykWe fu;e i;kZIr ugha gSA ;kn dhft,] ;kaf=kd ewy osQ cyksa dk
la;kstu lfn'kksa osQ la;kstu osQ lekarj prqHkqZt fu;e }kjk fd;k tkrk gSA
D;k ;gh fLFkjoS|qr ewy osQ cyksa ij Hkh ykxw gksrk gS\

iz;ksxksa }kjk ;g lR;kfir gks pqdk gS fd fdlh vkos'k ij dbZ vU;
vkos'kksa osQ dkj.k cy ml vkos'k ij yxs mu lHkh cyksa osQ lfn'k ;ksx
osQ cjkcj gksrk gS tks bu vkos'kksa }kjk bl vkos'k ij ,d&,d dj yxk;k
tkrk gSA fdlh ,d vkos'k }kjk yxk;k x;k fof'k"V cy vU; vkos'kksa
dh mifLFkfr osQ dkj.k izHkkfor ugha gksrkA bls vè;kjksi.k dk fl¼kar
dgrs gSaA

bl vo/kj.kk dks HkyhHkk¡fr le>us osQ fy, rhu vkos'kksa q1, q2

rFkk q3 osQ fudk;] ftls fp=k 1.8(a) esa n'kkZ;k x;k gS] ij fopkj
dhft,A fdlh ,d vkos'k] tSls q1 ij vU; nks vkos'kksa q2 rFkk q3 osQ
dkj.k cy dks buesa ls izR;sd vkos'k osQ dkj.k yxs cyksa dk lfn'k
la;kstu djosQ izkIr fd;k tk ldrk gSA bl izdkj ;fn q2 osQ dkj.k q1

ij cy dks F12 }kjk fu£n"V fd;k tkrk gS] rks F12 dks lehdj.k (1.3)  }kjk
vU; vkos'kksa dh mifLFkfr gksrs gq, Hkh bl izdkj O;Dr fd;k tkrk gS %

F12 
1 2

122
0 12

1
ˆ

4
q q

rε
=

π
r

blh izdkj q3 osQ dkj.k q1 ij yxk owQykWe cy ftls F13 }kjk
fu£n"V djrs gSa rFkk ftls fy[k ldrs gSa

1 3
13 132

0 13

1
ˆ

4
q q

rε
=

π
F r

fp=k 1.8 (a) rhu vkos'kksa (b) cgqy vkos'kksa osQ
fudk;A
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;g Hkh q3 osQ dkj.k q1 ij yxk owQykWe cy gh gS] tcfd vU; vkos'k q2 mifLFkr gSaA
bl izdkj q1 ij nks vkos'kksa q2 rFkk q3 osQ dkj.k oqQy cy F1 gS

1 31 2
1 12 13 12 132 2

0 012 13

1 1
ˆ ˆ

4 4
q qq q

r rε ε
= + = +

π π
F F F r r (1.4)

fp=k 1.8(b) esa n'kkZ, vuqlkj rhu ls vf/d vkos'kksa osQ fudk; osQ fy, mijksDr ifjdyu
dk O;kidhdj.k fd;k tk ldrk gSA

vè;kjksi.k osQ fl¼kar osQ vuqlkj vkos'kkas q1, q2, ..., qn 
osQ fdlh fudk; esa vkos'k q1 ij

q2 }kjk yxk cy owQykWe fu;e }kjk yxs cy osQ leku gksrk gS] vFkkZr ;g vU; vkos'kksa q3, q4,

..., q
n  
dh mifLFkfr ls izHkkfor ugha gksrkA vkos'k q1 ij lHkh vkos'kksa }kjk yxk oqQy cy F1

rc F12, F13, ...,  F1n  
dk lfn'k ;ksx gksxkA vr%

ε
=

π1 12 13 1n
0

1
 =   +  + ...+  

4
F F F F

q q

r

q q

r

q q

r

n

n

n
1 2

12
2 12

1 3

13
2 13

1

1
2 1ˆ ˆ ... ˆr r r+ + +











ε
=

π
1

04
q q

r

i

ii

n

i

1
2

2
1

=
∑ r̂ (1.5)

lfn'kksa osQ la;kstu dh lkekU; fof/] lekarj prqHkqZt osQ fu;e }kjk lfn'k ;ksx izkIr fd;k
tkrk gSA okLro esa ewy :i ls leLr fLFkjoS|qfrdh owQykWe fu;e rFkk vè;kjksi.k osQ fl¼kar
dk ,d ifj.kke gSA

mnkgj.k 1.6 rhu vkos'kksa q1, q2, q3 ij fopkj dhft, ftuesa izR;sd q osQ cjkcj gS rFkk l
Hkqtk okys leckgq f=kHkqt osQ 'kh"kks± ij fLFkr gSA f=kHkqt osQ oasQnzd ij fp=k 1.9 esa n'kkZ, vuqlkj
fLFkr vkos'k Q (tks q dk ltkrh;) ij fdruk ifj.kkeh cy yx jgk gS\

fp=k 1.9

gy  fn, x, lHkqtk osQ leckgq f=kHkqt ABC esa ;fn ge Hkqtk BC ij AD yac [khapsa rks
AD = AC cos 30º = ( 3 /2 ) l  rFkk A ls osaQnzd dh nwjh AD = (2/3) AD = (1/ 3 )l

lefefr ls AO = BO = CO
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oS|qr vkos'k rFkk {ks=k

mnkgj.k 1
.6

bl izdkj

A ij fLFkr vkos'k q osQ dkj.k Q ij cy] F
1
 = 2

0

3
4

Qq

lεπ
 AO osQ vuqfn'k

B ij fLFkr vkos'k q osQ dkj.k Q ij cy] F
2 
= 2

0

3
4

Qq

lεπ  BO osQ vuqfn'k

C ij fLFkr vkos'k q osQ dkj.k Q ij cy] F
3 

= 2
0

3
4

Qq

lεπ  CO  osQ vuqfn'k

cyksa F
2
 rFkk F

3
 dk ifj.kkeh lekarj prqHkqZt fu;e }kjk 2

0

3
4

Qq

lεπ  OA osQ vuqfn'k gSA

blhfy,] Q ij oqQy cy = ( )2
0

3
ˆ ˆ

4
Qq

lε
−

π
r r  = 0 ;gk¡ r̂ , OA osQ vuqfn'k ,dkad lfn'k gSA

lefefr }kjk Hkh ;g Li"V gS fd mu rhuksa cyksa dk ;ksx 'kwU; gksxkA

eku yhft, ifj.kkeh cy 'kwU;srj Fkk ijarq fdlh fn'kk esa FkkA fopkj dhft, fd D;k gqvk gksrk
;fn bl fudk; dks O osQ fxnZ (ifjr%) 60º ij ?kw.kZu djk;k tkrkA

mnkgj.k 1.7  fp=k 1.10 esa n'kkZ, vuqlkj fdlh leckgq f=kHkqt osQ 'kh"kks± ij fLFkr vkos'kksa
q, q, rFkk –q ij fopkj dhft,A izR;sd vkos'k ij fdruk cy yx jgk gS\

fp=k 1.10

gy  fp=k 1.10 esa n'kkZ, vuqlkj] A ij fLFkr vkos'k q ij vU; vkos'kksa tSls B ij fLFkr q

osQ dkj.k cy F12 BA osQ vuqfn'k rFkk C ij fLFkr –q osQ dkj.k cy F13  AC osQ vuqfn'k
gSA lekarj prqHkqZt fu;e }kjk A ij fLFkr q ij oqQy cy F1 gS
F1 = F 1̂r  ;gk¡ 1̂r  BC osQ vuqfn'k ,dkad lfn'k gSA
vkos'kksa osQ izR;sd ;qxy osQ fy, vkd"kZ.k vFkok izfrd"kZ.k cyksa osQ ifjek.k F leku gSa rFkk

2

2
04

q
F

lε
=

π

bl izdkj B ij fLFkr vkos'k q ij oqQy cy F2 = F r̂ 2 ;gk¡ r̂ 2 AC osQ vuqfn'k ,dkad lfn'k
gSA

 mnkgj.k 1
.7
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HkkSfrdh

 m
nk
gj

.k
 1

.7

blh izdkj] C ij fLFkr vkos'k –q ij oqQy cy F3  = 3  F n̂  gSA ;gk¡ n̂ ,dkad lfn'k gS
ftldh fn'kk ∠BCA dks lef}Hkkftr djus okyh js[kk osQ vuqfn'k gSA
;gk¡ jkspd ckr ;g gS fd rhuksa vkos'kksa ij yxs cyksa dk ;ksx 'kwU; gS] vFkkZr
F1 + F2 + F3 = 0

;g ifj.kke pkSadkus okyk ugha gSA ;g bl rF; dk vuqlj.k djrk gS fd owQykWe fu;e rFkk
U;wVu osQ r̀rh; fu;e osQ chp lkeatL; gSA bl dFku dh fu"ifÙk vkiosQ vH;kl osQ fy, NksM+h
tk jgh gSA

1.8  fo|qr {ks=k
ekuk fuokZr esa ,d ¯cnq vkos'k Q ewy ¯cnq O ij j[kk gSA ;fn ,d vU; ¯cnq vkos'k q, ¯cnq
P ij j[kk tk,] tgk¡ OP = r, rks vkos'k Q, q ij owQykWe osQ fu;ekuqlkj cy yxk,xkA ge ;g
iz'u iwN ldrs gSa % ;fn vkos'k q dks gVk ysa rks Q osQ ifjos'k esa D;k cpsxk\ D;k oqQN Hkh ugha
cpsxk\ ;fn ,slk gS rks P ij vkos'k q j[kus ij bl ij cy oSQls yxrk gS\ bl izdkj osQ iz'uksa
dk mÙkj nsus osQ fy, izkjafHkd oSKkfudksa us {ks=k dh vo/kj.kk izLrqr dhA blosQ vuqlkj ge dgrs
gSa fd vkos'k Q vius pkjksa vksj fo|qr {ks=k mRiUu djrk gS tc blesa dksbZ vU; vkos'k q ̄ cnq
P ij yk;k tkrk gS rks {ks=k bl ij cy vkjksfir djrk gSA
fdlh ¯cnq r ij vkos'k Q  }kjk mRiUu fo|qr {ks=k

( ) 2 2
0 0

1 1
ˆ ˆ

4 4
Q Q

r rε ε
= =

π π
E r r r (1.6)

;gk¡ ˆ =r  r/r , ewy ̄cnq ls ̄cnq r rd ek=kd lfn'k gSA bl izdkj] lehdj.k (1.6) fLFkfr lfn'k
r osQ izR;sd eku osQ fy, fo|qr {ks=k dk laxr eku crkrh gSA 'kCn ̂ {ks=k* ;g crkrk gS fd fdl
izdkj dksbZ forfjr jkf'k (tks lfn'k vFkok vfn'k gks ldrh gS) fLFkfr osQ lkFk ifjo£rr gksrh
gSA vkos'k osQ izHkko dks fo|qr {ks=k osQ vfLrRo esa lekfo"V fd;k x;k gSA vkos'k Q }kjk vkos'k
q ij vkjksfir cy F

 
dks ge bl izdkj izkIr djrs gSa %

2
0

1
ˆ

4
Qq

rε
=

π
F r (1.7)

è;ku nhft, vkos'k q Hkh vkos'k Q  ij ifjek.k esa leku ijarq fn'kk esa foijhr cy vkjksfir
djrk gSA Q rFkk q vkos'kksa osQ chp fLFkjoS|qr cy dks ge vkos'k q rFkk Q osQ fo|qr {ks=k osQ
chp vU;ksU; fØ;k vFkok foykser% osQ :i esa le> ldrs gSaA ;fn ge vkos'k q dh fLFkfr
dks lfn'k r }kjk fu£n"V djsa] rks ;g q dh vofLFkfr ij ,d cy F dk vuqHko djrk gS tks
vkos'k q rFkk fo|qr {ks=k E osQ xq.kuiQy osQ cjkcj gSA bl izdkj

F(r) = q E(r) (1.8)
lehdj.k (1.8) fo|qr {ks=k osQ SI ek=kd dks N/C* osQ :i esa ifjHkkf"kr djrh gSA
;gk¡ oqQN egRoiw.kZ fVIif.k;k¡ dh tk ldrh gSa%

(i) lehdj.k (1.8) ls ;g fu"d"kZ fudkyk tk ldrk gS fd ;fn q  ,dkad gS rks vkos'k Q osQ
dkj.k fo|qr {ks=k dk vkafdd eku blosQ }kjk vkjksfir cy osQ cjkcj gksrk gSA bl izdkj
fno~QLFkku esa fdlh ̄cnq ij vkos'k Q osQ dkj.k fo|qr {ks=k dks ml cy osQ :i esa ikfjHkkf"kr
fd;k tk ldrk gS ftls dksbZ ,dkad /ukos'k ml ¯cnq ij j[ks tkus ij vuqHko djrk gSA

* vxys vè;k; esa fo|qr {ks=k osQ fy, ,d vU; oSdfYid ek=kd V/m ij fopkj fd;k tk,xkA

fp=k 1.11  (a) vkos'k Q osQ
dkj.k fo|qr {ks=k] (b) vkos'k

–Q osQ dkj.k fo|qr {ks=kA
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oS|qr vkos'k rFkk {ks=k

og vkos'k Q tks fo|qr {ks=k mRiUu dj jgk gS lzksr vkos'k dgykrk gS rFkk vkos'k q tks lzksr
vkos'k osQ izHkko dk ijh{k.k djrk gS] dks ijh{k.k vkos'k dgrs gSaA è;ku nhft, lzksr vkos'k
dks viuh ewy vofLFkfr ij gh jguk pkfg,A rFkkfi] ;fn fdlh vkos'k q dks Q osQ pkjksa
vksj dgha yk;k tkrk gS] rks Q Lo;a Hkh vkos'k q osQ dkj.k oS|qr cy dk vuqHko djus osQ
fy, ckè; gS vkSj mlesa xfr djus dh izo`fÙk gksxhA blls eqfDr dk osQoy ,d gh mik;
gS fd ge q dks mis{k.kh; NksVk cuk,¡] rc cy F mis{k.kh; NksVk gksrk gS ijarq vuqikr
F/q ,d ifjfer jkf'k gksrh gS rFkk fo|qr {ks=k dks ikfjHkkf"kr djrh gS %

E
F

=




→

lim
q q0 (1.9)

bl leL;k (vkos'k Q dks vkos'k q dh mifLFkfr osQ dkj.k fo{kqC/ u gksus nsuk) ls eqfDr
dk ,d O;kogkfjd mik; ;g gS fd vkos'k Q dh fdUgha vfu£n"V cyksa }kjk viuh vofLFkfr
ij ck¡/s j[kk tk,A ;g foy{k.k izrhr gks ldrk gS] ijarq O;ogkj esa ,slk gh gksrk gSA tc ge
vkosf'kr dh lery pknj osQ dkj.k ijh{k.k vkos'k q ij yxs oS|qr cy ij fopkj djrs gSa
(vuqPNsn 1.15)] rc pknj ij vkos'k] pknj osQ Hkhrj vfu£n"V vkosf'kr vo;oksa }kjk yxs cyksa
osQ dkj.k viuh vofLFkfr;ksa ij gh c¡/s jgrs gSaA
(ii) è;ku nhft,] vkos'k Q osQ dkj.k fo|qr {ks=k E dh ifjHkk"kk ;|fi izHkkoh :i ls ijh{k.k

vkos'k q osQ inksa esa dh tkrh gS] rFkkfi ;g q ij fuHkZj ugha djrh gSA bldk dkj.k ;g gS
fd cy F vkos'k q osQ vuqØekuqikrh gS] blfy, vuqikr F/q vkos'k q ij fuHkZj ugha djrk
gSA Q osQ dkj.k q ij cy vkos'k q dh fdlh fo'ks"k vofLFkfr ls vkos'k Q osQ pkjksa vksj
osQ fno~QLFkku esa dgha Hkh gks ldrh gSA bl izdkj Q osQ dkj.k fo|qr {ks=k E fno~QLFkku
funsZ'kkad r ij Hkh fuHkZj djrk gSA lkjs fno~QLFkku esa vkos'k dh fofHkUu fLFkfr;ksa osQ fy,
gesa fo|qr {ks=k E osQ fHkUu eku izkIr gksrs gSaA fo|qr {ks=k dk vfLrRo f=kfoeh; fno~QLFkku
osQ izR;sd ¯cnq ij gksrk gSA

(iii) /ukos'k osQ dkj.k fo|qr {ks=k vkos'k ls ckgj dh vksj mUeq[k f=kT;h; gksrk gSA blosQ foijhr]
;fn lzksr vkos'k ½.kkRed gS rks fo|qr {ks=k lfn'k] gj ̄cnq ij f=kT;h;] ̄drq vanj dh vksj
mUeq[k gksrk gSA

(iv) pw¡fd vkos'k Q osQ dkj.k vkos'k q ij yxs cy F dk ifjek.k osQoy vkos'k Q ls vkos'k
q osQ chp dh nwjh r ij fuHkZj djrk gS] fo|qr {ks=k E dk ifjek.k Hkh osQoy nwjh r ij fuHkZj
djrk gSA bl izdkj] vkos'k Q ls leku nwfj;ksa ij blosQ dkj.k mRiUu fo|qr {ks=k E dk
ifjek.k leku gksrk gSA bl izdkj fdlh xksys osQ osaQnz ij fLFkr ̄ cnq vkos'k osQ dkj.k fo|qr
{ks=k E dk ifjek.k mlosQ i`"B osQ gj ̄ cnq ij leku gksrk gS_ nwljs 'kCnksa esa] og {ks=k xksyh;
:i ls lefer gksrk gSA

1.8.1  vkos'kksa osQ fudk; osQ dkj.k fo|qr {ks=k

vkb,]  q1, q2, ..., qn
 vkos'kksa osQ ,d fudk; ij fopkj djrs gSa ftuosQ fdlh ewy ¯cnq O

osQ lkis{k fLFkfr lfn'k Øe'k%  r1, r2, ..., rn
 gSaA fdlh ,dy vkos'k osQ dkj.k fno~QLFkku osQ

fdlh ¯cnq ij fo|qr {ks=k dh gh Hkk¡fr vkos'kksa osQ fudk; osQ dkj.k fno~QLFkku osQ fdlh ¯cnq
ij fo|qr {ks=k dks ml ̄ cnq ij j[ks fdlh ,dkad /ukos'k }kjk vuqHko fd, tkus okys cy }kjk
ifjHkkf"kr fd;k tkrk gSA ;gk¡ ;g ekuk tkrk gS fd ,dkad vkos'k osQ dkj.k q1, q2, ..., qn

vkos'kksa dh ewy fLFkfr;k¡ fo{kqC/ ugha gksrhaA ̄ cnq P, ftls fLFkfr lfn'k r }kjk fu£n"V fd;k tkrk
gS] ij fo|qr {ks=k dks fuèkkZfjr djus osQ fy, ge owQykWe fu;e rFkk vè;kjksi.k osQ fl¼kar dk
mi;ksx djrs gSaA
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HkkSfrdh
r1 ij fLFkr vkos'k q1 osQ dkj.k vofLFkfr r ij fo|qr {ks=k E1 bl

izdkj O;Dr fd;k tkrk gSA

E1 = 1

1P

1P

1
ˆ

4
q

r0επ
r

;gk¡ 1Pr̂  vkos'k q1 ls P dh fn'kk esa ,dkad lfn'k gS rFkk r1P vkos'k q1 rFkk
P osQ chp dh nwjh gSA blh izdkj r2 ij fLFkr vkos'k q2 osQ dkj.k
vofLFkfr r ij fo|qr {ks=k E2 dks bl izdkj O;Dr djrs gSa

E2 = 2

2P

2P

1
ˆ

4
q

r0επ
r

;gk¡ 2Pr̂  vkos'k q2 ls P dh fn'kk esa ,dkad lfn'k gS rFkk r2P vkos'k q2
 rFkk

P osQ chp dh nwjh gSA blh izdkj osQ O;atd q3, q4, ..., qn
 vkos'kksa osQ

fo|qr {ks=kksa E3, E4, ..., En 
fy[ks tk ldrs gSaA vè;kjksi.k fl¼kar }kjk

vkos'kksa osQ fudk; osQ dkj.k r ij fo|qr {ks=k (fp=k 1.12 esa n'kkZ, vuqlkj)
bl izdkj O;Dr fd;k tk ldrk gS&

E(r)  =  E1 (r) +  E2 (r)  + …  +  En(r)

        = 1 2
1P 2P P2 2 2

0 0 01P 2P P

1 1 1
ˆ ˆ ˆ...

4 4 4
n

n

n

qq q

r r rε ε ε
+ + +

π π π
r r r

E(r) 
ε

=
π 0

1
 
4

q

r

i

ii

n

P
i P2

1=
∑ r̂ (1.10)

E ,d lfn'k jkf'k gS ftldk eku fno~QLFkku esa ,d ̄ cnq ls nwljs ̄ cnq ij tkus ij ifjo£rr gks
tkrk gS rFkk ;g lzksr vkos'kksa dh fLFkfr;ksa ls fu/kZfjr gksrk gSA

1.8.2  fo|qr {ks=k dk HkkSfrd vfHkizk;

vkidks vk'p;Z gks ldrk gS fd gesa ;gk¡ fo|qr {ks=k dh /kj.kk ls ifjfpr D;ksa djk;k tk jgk
gSA oSls Hkh] vkos'kksa osQ fdlh Hkh fudk; osQ fy, ekius ;ksX; jkf'k fdlh vkos'k ij yxk cy
gS ftls lh/s gh owQykWe fu;e rFkk vè;kjksi.k fl¼kar }kjk (lehdj.k 1.5) fu/kZfjr fd;k tk
ldrk gSA fiQj fo|qr {ks=k uked bl eè;orhZ jkf'k dks izLRkkfor D;ksa fd;k tk jgk gS\

fLFkjoS|qfrdh osQ fy, fo|qr {ks=k dh vfHk/kj.kk lqxe rks gS ij okLro esa vko';d ugha
gSA fo|qr {ks=k vkos'kksa osQ fdlh fudk; osQ oS|qr i;kZoj.k dks vfHkyf{kr djus dk lq#fp laiUu
mik; gSA vkos'kksa osQ fudk; osQ pkjksa vksj osQ fno~QLFkku esa fdlh ̄ cnq ij fo|qr {ks=k vkidks ;g
crkrk gS fd fudk; dks fo{kqC/ fd, fcuk ;fn bl ̄cnq ij dksbZ ,dkad /ukRed ijh{k.k vkos'k
j[ks rks og fdruk cy vuqHko djsxkA fo|qr {ks=k vkos'kksa osQ fudk; dk ,d vfHky{k.k gS rFkk
fo|qr {ks=k osQ fu/kZj.k osQ fy, vkiosQ }kjk ml ̄ cnq ij j[ks tkus okys ijh{k.k vkos'k ij fuHkZj
ugha djrkA HkkSfrdh esa {ks=k 'kCn dk mi;ksx O;kid :i ls ml jkf'k dks fu£n"V djus osQ fy,
fd;k tkrk gS] tks fno~QLFkku osQ izR;sd ¯cnq ij ikfjHkkf"kr dh tk losQ rFkk ,d ¯cnq ls nwljs
¯cnq ij ifjo£rr gksrh gksA pw¡fd cy lfn'k jkf'k gS] vr% fo|qr {ks=k ,d lfn'k jkf'k gSA

rFkkfi fo|qr {ks=k dh vfHk/kj.kk dh okLrfod HkkSfrd lkFkZdrk rHkh izdV gksrh gS tc
ge fLFkjoS|qfrdh ls ckgj fudydj dkykfJr oS|qrpqacdh; ifj?kVukvksa ls O;ogkj djrs gSaaA
eku yhft, ge Rofjr xfr ls xfreku nks nwjLFk vkos'kksa q1 rFkk q2 osQ chp yxs cy ij fopkj
djrs gSaA vc] og vf/dre pky ftlls dksbZ laosQr vFkok lwpuk ,d LFkku ls nwljs LFkku rd

fp=k 1.12 vkos'kksa osQ fudk; osQ dkj.k fdlh
¯cnq ij oS|qr {ks=k i`Fkd&i`Fkd vkos'kksa osQ dkj.k
ml ̄ cnq ij oS|qr {ks=kksa osQ lfn'k ;ksx osQ cjkcj

gksrk gSA
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oS|qr vkos'k rFkk {ks=k

tk ldrh gS] og izdk'k dh pky c gSA bl izdkj] q2 ij q1 dh fdlh xfr dk izHkko rkR{kf.kd
mRiUu ugha gks ldrkA dkj.k (q1 dh xfr) rFkk izHkko (q2 ij cy) osQ chp oqQN u oqQN dky
foyac vo'; gksrk gSA ;gha ij lkFkZd :i esa fo|qr {ks=k (lgh vFkks± esa oS|qrpqacdh; {ks=k) dh
vo/kj.kk LokHkkfod ,oa vfr mi;ksxh gSA {ks=k dk fp=k.k bl izdkj gS% vkos'k q

1
 dh Rofjr

xfr oS|qrpqacdh; rjaxsa mRiUu djrh gS tks fiQj izdk'k dh pky ls iSQydj q
2
 rd igq¡prh gS

rFkk q
2 
ij cy yxkrh gSA {ks=k dh vo/kj.kk dky foyac dk lqpk# :i ls Li"Vhdj.k djrh

gSA bl izdkj] ;|fi oS|qr rFkk pqacdh; cyksa dh lalwpuk osQoy vkos'kksa ij buosQ izHkkoksa (cyksa)
}kjk gh dh tk ldrh gS] mUgsa HkkSfrd lRo ekuk tkrk gS] ;s ek=k xf.krh; jpuk,¡ gh ugha gSaA
budh viuh Lora=k xfrdh gS] vFkkZr ;s vius fu;eksa osQ vuqlkj fodflr gksrs gSaA ;s ÅtkZ dk
ifjogu Hkh dj ldrs gSaA bl izdkj] dkykfJr oS|qrpqacdh; {ks=kksa dk dksbZ lzksr ftls vYi le;
varjky OksQ fy, [kksydj fIkQj can fd;k tk ldrk gS] ÅtkZ ifjogu djus okys oS|qrpqacdh;
{ks=kksa dks ihNs NksM+ nsrk gSA {ks=k dh vo/kj.kk loZizFke iSQjkMs us izLrkfor dh Fkh tks HkkSfrdh
dh izeq[k vo/kj.kkvksa esa LFkku j[krh gSA

mnkgj.k 1.8 dksbZ bysDVªkWu 2.0 × 104 N C–1 ifjek.k osQ ,dleku fo|qr {ks=k esa
1.5 cm nwjh rd fxjrk gS ¹fp=k 1.13(a)ºA {ks=k dk ifjek.k leku j[krs gq, bldh
fn'kk mRØfer dj nh tkrh gS rFkk vc dksbZ izksVkWu bl {ks=k esa mruh gh nwjh rd fxjrk
gS ¹fp=k 1.13(b)ºA nksuksa izdj.kksa esa fxjus esa yxs le; dh x.kuk dhft,A bl ifjfLFkfr
dh ^xq#Ro osQ v/hu eqDr iru* ls rqyuk dhft,A

fp=k 1.13

gy fp=k 1.13(a) esa {ks=k mifjeq[kh gS] vr% ½.kkosf'kr bysDVªkWu eE ifjek.k dk
vèkkseq[kh cy vuqHko djrk gS] ;gk¡ E fo|qr {ks=k dk ifjek.k gSA vr% bysDVªkWu dk Roj.k

a
e
  =  eE/m

e

;gk¡ m
e
 bysDVªkWu dk nzO;eku gSA

fojkekoLFkk ls vkjaHk djosQ] bysDVªkWu osQ eqDr :i ls h nwjh rd fxjus esa yxk

le;
22

e

e

e

h mh
t

a e E
= =

 e = 1.6 × 10–19C, me = 9.11 × 10–31 kg,

     E = 2.0 × 104 N C–1, h = 1.5 × 10–2 m,

  te = 2.9 × 10–9s

fp=k 1.13 (b) esa {ks=k v/kseq[kh gS] vr% /ukosf'kr izksVkWu eE ifjek.k dk v/kseq[kh cy
vuqHko djrk gSA vr% izksVkWu dk Roj.k

a
p
  =  eE/m

p

;gk¡ m
p
 izksVkWu dk nzO;eku gS_ m

p
 = 1.67 × 10–27 kg A vr% izksVkWu }kjk fxjus esa fy;k

mnkgj.k 1
.8
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 m
nk
gj

.k
 1

.9
 m
nk
gj

.k
 1

.8

x;k le; –722
1 3 10 sp

p

p

h mh
t .

a e E
= = = ×

bl izdkj] leku nwjh fxjus esa Hkkjh d.k (izksVkWu) vf/d le; ysrk gSA ̂ xq#Ro osQ vèkhu
eqDr iru* vkSj bl iru esa ;gh ewy fo"kerk gS D;ksafd xq#Ro osQ v/hu iru esa le;
oLrq osQ nzO;eku ij fuHkZj ugha djrkA è;ku nhft, ;gk¡ geus iru dk le; ifjdfyr
djrs le; xq#Roh; Roj.k dh mis{kk dh gSA ;g ns[kus osQ fy, fd D;k ;g U;k;laxr
gS] vkb, fn, x, fo|qr {ks=k esa izksVkWu dk Roj.k ifjdfyr djrs gSa %

p

p

e E
a

m
=

     
19 4 1

27

(1 6 10 C) (2 0 10 N C )
1 67 10 kg

. .

.

− −

−

× × ×
=

×

     12 –21 9 10 m s.= ×

;g Roj.k xq#Roh; Roj.k (9.8 m s–2) dh rqyuk esa vR;ar fo'kky gSA bysDVªkWu dk Roj.k
rks bl Roj.k ls Hkh vf/d gSA bl izdkj] bl mnkgj.k esa xq#Roh; Roj.k osQ izHkko dh
mis{kk dh tk ldrh gSA

mnkgj.k 1.9 nks ̄ cnq vkos'k q1 rFkk q2 ftuosQ ifjek.k Øe'k% +10–8 C rFkk –10–8 C gSa ,d
nwljs ls 0.1 m nwjh ij j[ks gSaaA fp=k 1.14 esa n'kkZ, ̄cnqvksa A, B rFkk C ij fo|qr {ks=k ifjdfyr
dhft,A

fp=k 1.14

gy /ukos'k q1 osQ dkj.k A ij fo|qr {ks=k lfn'k  E1A nkb± vksj fu£n"V gS rFkk bldk ifjek.k
9 2 -2 8

1A 2

(9 10 Nm C ) (10 C)
(0.05 m)

E
−× ×

=  =  3.6 × 104  N C–1

½.kkos'k q2 osQ dkj.k A ij fo|qr {ks=k lfn'k E2A Hkh nkb± vksj fu£n"V gS rFkk bldk ifjek.k
EA osQ leku gSA vr% A ij oqQy fo|qr {ks=k EA dk ifjek.k

EA = E1A + E2A = 7.2 × 104 N C–1 (;g nkb± vksj fu£n"V gS)

/ukos'k q1 osQ dkj.k B ij fo|qr {ks=k lfn'k E1B ckb± vksj fu£n"V gS rFkk bldk ifjek.k
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oS|qr vkos'k rFkk {ks=k

9 2 –2 8

1B 2

(9 10 Nm C ) (10 C)
(0.05 m)

E
−× ×

= = 3.6 × 104 N C–1

½.kkos'k q2 osQ dkj.k B ij fo|qr {ks=k lfn'k E2B nkb± vksj fu£n"V gS rFkk bldk ifjek.k

9 2 –2 8

2B 2

(9 10 Nm C ) (10 C)
(0.15m)

E
−× ×

= =  4 × 103  N C–1

B ij oqQy fo|qr {ks=k dk ifjek.k

EB = E1B –  E2B = 3.2 × 104 N C–1 (;g ckb± vksj fu£n"V gS)

q1 rFkk q2     esa izR;sd osQ dkj.k ¯cnq C     ij fo|qr {ks=k lfn'k dk ifjek.k leku gS] vr%

     
9 2 –2 8

1C 2C 2

(9 10 Nm C ) (10 C)
(0.10 m)

E E
−× ×

= =  =  9 × 103  N C–1

bu nksuksa lfn'kksa dh fn'kk,¡ fp=k 1.14 esa n'kkZ;h xbZ gSaA bu nks lfn'kksa osQ ifj.kkeh lfn'k dk ifjek.k

π π
= + 2Ccos cos

3 3CE E E1C =  9 × 103  N C–1

E
c 
nkb± vksj fu£n"V gSA

1.9  fo|qr {ks=k js[kk,¡
fiNys vuqHkkx esa geus fo|qr {ks=k dk vè;;u fd;kA ;g ,d lfn'k jkf'k gS rFkk bls ge lfn'kksa
dh Hkk¡fr gh fu:fir dj ldrs gSaA vkb, fdlh ̄ cnq vkos'k osQ dkj.k E dks fp=kkRed fu:fir
djus dk iz;kl djrs gSaA eku yhft, ¯cnq vkos'k ewy ¯cnq ij fLFkr gSA izR;sd ¯cnq ij fo|qr
{ks=k dh fn'kk osQ vuqfn'k laosQr djrs gq, {ks=k dh rhozrk dh vkuqikfrd yackbZ osQ lfn'k
[khafp,A pw¡fd fdlh ̄ cnq ij fo|qr {ks=k dk ifjek.k vkos'k ls ml ̄cnq dh
nwjh osQ oxZ osQ O;qRØekuqlkj ?kVrk gS] ewy ¯cnq ls nwj tkus ij lfn'k dh
yackbZ fujarj ?kVrh tkrh gS rFkk bldh fn'kk lnSo cfgeqZ[kh vjh; laosQr
djrh gSA fp=k 1.15 blh fp=k.k dks n'kkZrk gSA bl fp=k.k esa izR;sd rhj
fo|qr {ks=k vFkkZr ml rhj osQ iqPN ij fLFkr bdkbZ /u vkos'k ij yxus
okyk cy n'kkZrk gSA ,d fn'kk esa laosQr djus okys rhjksa dks feykus ij izkIr
ifj.kkeh fp=k {ks=k js[kk dks fu:fir djrk gSA bl izdkj gesa cgqr lh {ks=k
js[kk,¡ izkIr gksrh gSa ftuesa lHkh ¯cnq vkos'k ls ckgj dh vksj laosQr djrh
gSaA D;k vc geus fo|qr {ks=k dh rhozrk vFkok ifjek.k osQ fo"k; esa tkudkjh
u"V dj nh gS] D;ksafd og rks rhj dh yackbZ esa lekbZ gqbZ Fkh\ ughaA vc]
{ks=k osQ ifjek.k dks {ks=k js[kkvksa osQ ?kuRo }kjk fu:fir fd;k tkrk gSA vkos'k
osQ fudV E izcy gksrk gSA vr% vkos'k osQ fudV {ks=k js[kkvksa dk ?kuRo
vf/d gksrk gS rFkk {ks=k js[kk,¡ l?ku gksrh gSaA vkos'k ls nwj tkus ij {ks=k nqcZy
gksrk tkrk gS rFkk {ks=k js[kkvksa dk ?kuRo de gksrk gS ifj.kkeLo:i js[kk,¡
Hkh nwj&nwj gksrh gSaA

dksbZ O;fDr vf/d js[kk,¡ [khap ldrk gSA ijarq js[kkvksa dh la[;k egRoiw.kZ ugha gSA okLro
esa fdlh {ks=k esa vla[; js[kk,¡ [khaph tk ldrh gSaA vr% egRoiw.kZ ;g gS fd fofHkUu {ks=kksa esa
js[kkvksa dk vkisf{kd ?kuRo D;k gS\

fp=k 1.15 ¯cnq vkos'k dk {ks=kA

 mnkgj.k 1
.9
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ge dkxT+k osQ i`"B ij fp=k [khaprs gSa vFkkZr ge f}foeh; fp=k [khaprs gSa]

ijarq ge rhu foekvksa esa jgrs gSaA vr% ;fn gesa {ks=k js[kkvksa osQ ?kuRo dk vkdyu
djuk gS rks gesa bu js[kkvksa osQ yacor vuqizLFk dkV osQ izfr ,dkad {ks=kiQy esa
{ks=k js[kkvksa dh la[;k ij fopkj djuk gksrk gSA pw¡fd fdlh ¯cnq vkos'k ls nwjh
osQ oxZ osQ vuqlkj fo|qr {ks=k de gksrk tkrk gS rFkk vkos'k dks ifjc¼ djus okyk
{ks=k nwjh osQ oxZ osQ vuqlkj c<+rk tkrk gS] ifjc¼ {ks=k ls xqtjus okyh {ks=k js[kkvksa
dh la[;k lnSo fu;r jgrh gS] pkgs vkos'k ls ml {ks=k dh nwjh oqQN Hkh gksA

geus vkjaHk esa ;g dgk Fkk fd {ks=k js[kk,¡ fno~QLFkku osQ fofHkUu ̄ cnqvksa ij
fo|qr {ks=k dh fn'kk osQ fo"k; esa lwpuk,¡ igq¡pkrh gSaA oqQN {ks=k js[kkvksa dk
leqPp; [khapus ij fofHkUu ¯cnqvksa ij {ks=k js[kkvksa dk vkisf{kd la[;k ?kuRo
(vFkkZr vR;f/d fudVrk) mu ¯cnqvksa ij fo|qr {ks=k dh vkisf{kd izcyrk
bafxr djrk gSA tgk¡ {ks=k js[kk,¡ l?ku gksrh gSa ogk¡ {ks=k izcy gksrk gS rFkk tgk¡
nwj&nwj gksrh gSa ogk¡ nqcZy gksrk gSA fp=k 1.16 esa {ks=k js[kkvksa dk leqPp; n'kkZ;k
x;k gSA ge ¯cnqvksa R rFkk S ij ogk¡ dh {ks=k js[kkvksa osQ vfHkyacor nks leku
rFkk NksVs {ks=k vo;oksa dh dYiuk dj ldrs gSaaA gekjs fp=k.k esa bu {ks=k vo;oksa

dks dkVus okyh {ks=k js[kkvksa dh la[;k bu ̄ cnqvksa ij fo|qr {ks=kksa osQ ifjek.kksa osQ vuqØekuqikrh
gSA fp=k.k ;g n'kkZrk gS fd ¯cnq R  ij {ks=k] ¯cnq S ij {ks=k dh rqyuk esa vfèkd izcy gSA

{ks=kiQy ij vFkok {ks=k vo;o }kjk varfjr ?ku dks.k* ij] {ks=k js[kkvksa dh fuHkZjrk dks
le>us osQ fy, vkb, ge {ks=kiQy vkSj ?ku dks.k (tks dks.k dk rhu foekvksa esa O;kidhdj.k
gS) osQ chp laca/ LFkkfir djus dk iz;kl djrs gSaA ;kn dhft, nks foekvksa esa fdlh (lery)
dks.k dh ifjHkk"kk fdl izdkj dh tkrh gSA eku yhft, dksbZ NksVk vuqizLFk js[kk vo;o  ∆l ̄ cnq
O ls r  nwjh ij j[kk tkrk gSA rc O ij ∆l  }kjk varfjr dks.k dk lfUudVu ∆θ = ∆l/r osQ :i
esa fd;k tk ldrk gSA blh izdkj] rhu foekvksa esa fdlh NksVs yacor {ks=k ∆S }kjk nwjh r ij
varfjr ?ku dks.k* dks ∆Ω = ∆S/r2 O;Dr fd;k tk ldrk gSA ge tkurs gSa fd fdlh fn, x,
?ku dks.k esa vjh; {ks=k js[kkvksa dh la[;k leku gksrh gSA fp=k 1.16 esa vkos'k ls  r1 rFkk r2

nwfj;ksa ij fLFkr nks ¯cnqvksa  P1 rFkk P2 osQ fy, ?ku dks.k ∆Ω }kjk P1 ij varfjr {ks=k vo;o
2

1r ∆Ω rFkk P2 ij varfjr {ks=k vo;o 2
2r ∆Ω gSA bu {ks=k vo;oksa dks dkVus okyh js[kkvksa dh

la[;k (eku yhft, n) leku gSA vr% ,dkad {ks=k vo;o dks dkVus okyh {ks=k js[kkvksa dh
la[;k P1 ij n/( 2

1r ∆Ω) rFkk P2 ij n/( 2
2r ∆Ω) gSA bl izdkj Li"V gS fd {ks=k js[kkvksa dh

la[;k vkSj blhfy, {ks=k&izcyrk Li"V :i ls 1/r 2 ij fuHkZj gSA
{ks=k js[kkvksa osQ fp=k.k dh [kkst iSQjkMs us vkosf'kr foU;klksa osQ pkjksa vksj fo|qr {ks=k dk

ekul izR;{khdj.k djus osQ ,d varnZ'khZ vxf.krh; mik; dks fodflr djus osQ fy, dh FkhA
iSQjkMs us bUgsa cy js[kk,¡ dgk FkkA ;g in fo'ks"kdj pqacdh; {ks=kksa osQ izdj.k osQ fy, oqQN Hkzked
gSA buosQ fy, vf/d mfpr in {ks=k js[kk,¡ (oS|qr vFkok pqacdh;) gS ftls geus bl iqLrd
esa viuk;k gSA

bl izdkj fo|qr {ks=k js[kk,¡ vkos'kksa osQ vfHkfoU;kl osQ pkjksa vksj fo|qr {ks=k osQ fp=kkRed
fu:i.k dk ,d mik; gSA O;kid :i esa] fo|qr {ks=k js[kk ,d ,slk oØ gksrh gS ftlosQ fdlh
Hkh ̄ cnq ij [khapk x;k Li'khZ ml ̄ cnq ij yxs usV cy dh fn'kk dks fu:fir djrk gSA bl oØ
osQ fdlh ̄ cnq ij] Li"V :i ls] Li'khZ }kjk fo|qr {ks=k dh nks laHkkfor fn'kkvksa esa ls dksbZ ,d

fp=k 1.16  fo|qr {ks=k izcyrk dh nwjh ij
fuHkZjrk rFkk bldk {ks=k js[kkvksa dh la[;k ls

laca/A

* ?ku dks.k 'kaoqQ dh ,d eki gSA R f=kT;k osQ xksys okys fn, x, 'kaoqQ osQ ifjPNsn ij fopkj dhft,A
'kaoqQ osQ ?ku dks.k ∆Ω dh ifjHkk"kk bls ∆S/R

2 osQ cjkcj ekudj djrs gSa] ;gk¡ ∆S 'kaoqQ }kjk xksys ij
dkVk x;k {ks=kiQy gSA
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fn'kk n'kkZus osQ fy, oØ ij rhj dk fpÉ vafdr djuk vko';d gSA {ks=k
js[kk ,d fno~QLFkku oØ vFkkZr rhu fn'kkvksa esa oØ gksrh gSA

fp=k 1.17 esa oqQN ljy vkos'k foU;klksa osQ pkjksa vksj {ks=k js[kk,¡ n'kkZ;h
xbZ gSaA tSlk fd igys o.kZu fd;k tk pqdk gS] ;s {ks=k js[kk,¡ rhu foeh;
fno~QLFkku esa gSa ;|fi fp=k esa bUgsa osQoy ,d ry esa n'kkZ;k x;k gSA ,dy
/ukos'k osQ dkj.k {ks=k js[kk,¡ f=kT;r% (vjh;) cfgeqZ[kh gksrh gSa tcfd
,dy ½.kkos'k osQ dkj.k {ks=k js[kk,¡ f=kT;r% vareqZ[kh gksrh gSaA nks /ukos'kksa
(q, q) osQ fudk; osQ pkjksa vksj dh {ks=k js[kk,¡ ikjLifjd izfrd"kZ.k dk ,d
ltho fp=k.k izLrqr djrh gSa tcfd ifjek.k esa leku nks fotkrh; vkos'kksa
(q, –q) osQ fudk;] vFkkZr fdlh f}/qzo osQ pkjksa vksj {ks=k js[kk,¡ vkos'kksa osQ
chp Li"V ikjLifjd vkd"kZ.k n'kkZrh gSaA {ks=k js[kk,¡ oqQN egRoiw.kZ lkekU;
xq.kksa dk ikyu djrh gSaµ
 (i) {ks=k js[kk,¡ /ukos'k ls vkjaHk gksdj ½.kkos'k ij lekIr gksrh gSaA ;fn vkos'k

,dy gS rks ;s vuar ls vkjaHk vFkok vuar ij lekIr gks ldrh gSaA
(ii) fdlh vkos'k eqDr {ks=k esa] {ks=k js[kkvksa dks ,sls larr oØ ekuk tk

ldrk gS tks dgha ugha VwVrsA
(iii) nks {ks=k js[kk,¡ ,d&nwljs dks dnkfi ugha dkVrhaA (;fn os ,slk djsa rks

izfrPNsnu ̄ cnq ij {ks=k dh osQoy ,d fn'kk ugha gksxh] tks fujFkZd gSA
(iv) fLFkjoS|qr {ks=k js[kk,¡ can ywi ugha cukrhaA ;g fo|qr {ks=k dh

laj{k.kkRed izo`Qfr ls vuq'kkflr gS (vè;k; 2 nsf[k,)A

1.10  oS|qr ÝyDl
fdlh dS {ks=kiQy osQ NksVs i`"B ls mlosQ vfHkyacor v osx ls izokfgr gksus
okys fdlh nzo osQ izokg ij fopkj dhft,A nzo osQ izokg dh nj bl {ks=k
ls izfr ,dkad le; esa xqtjus okys vk;ru     v dS }kjk izkIr gksrh gS rFkk
;g ml ry ls xqtjus okys nzo osQ ÝyDl dks fu:fir djrh gSA ;fn bl
ry (i`"B) ij vfHkyac nzo osQ izokg dh fn'kk vFkkZr v osQ lekarj ugha
gS] vkSj buosQ chp θ dks.k curk gS rks v osQ yacor ry esa iz{ksfir {ks=kiQy
dS cos θ gksxkA vr% ì"B dS ls ckgj tkus okyk ÝyDl v. n̂ dS gksrk gSA
fo|qr {ks=k osQ izdj.k osQ fy,] ge ,d lerqY; jkf'k dks ifjHkkf"kr djrs
gSa vkSj bls oS|qr ÝyDl dgrs gSaA rFkkfi gesa ;g è;ku esa j[kuk pkfg, fd
nzo&izokg osQ izdj.k osQ foijhr ;gk¡ izkòQfrd fu;eksa osQ vuqlkj izs{k.k ;ksX;
jkf'k dk dksbZ izokg ugha gSA

mijksDr o£.kr fo|qr {ks=k js[kkvksa osQ fp=k.k esa geus ns[kk fd fdlh
¯cnq ij {ks=k osQ vfHkyacor j[ks ,dkad {ks=kiQy ls xqtjus okyh {ks=k js[kkvksa
dh la[;k ml ¯cnq ij fo|qr {ks=k izcyrk dh eki gksrh gSA bldk rkRi;Z
;g gS fd ;fn ge fdlh ¯cnq ij E osQ vfHkyacor dksbZ ∆S {ks=kiQy dk
NksVk leryh; vo;o j[ksa rks blls xqtjus okyh {ks=k js[kkvksa dh la[;k E
∆S osQ vuqØekuqikrh* gSA vc eku yhft, ge {ks=kiQy vo;o dks fdlh

fp=k 1.17 fofHkUu vkos'k forj.kksa osQ dkj.k
{ks=k js[kk,¡A

* ;g dguk mfpr ugha gS fd {ks=k js[kkvksa dh la[;k E∆S osQ cjkcj gSA okLro esa
{ks=k js[kkvksa dh la[;k ,slk fo"k; gS tks ge fdruh {ks=k js[kk,¡ [khapus dk p;u djrs
gSa] ij fuHkZj gSA vr% fofHkUu ̄ cnqvksa ij fn, x, {ks=kiQy ls xqtjus okyh {ks=k js[kkvksa
dh vkisf{kd la[;k osQ Kkr gksus esa gh budh HkkSfrd lkFkZdrk gSA
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dks.k θ  ij >qdk nsrs gSaA Li"V gS vc bl {ks=kiQy vo;o ls
xqtjus okyh {ks=k js[kkvksa dh la[;k ?kV tk,xhA pw¡fd E  osQ
vfHkyacor {ks=kiQy vo;o ∆S dk iz{ksi ∆S cosθ  gS] vr%
∆S  ls xqtjus okyh {ks=k js[kkvksa dh la[;k E ∆S cosθ  osQ
vuqØekuqikrh gSA tc θ = 90° gksrk gS rks {ks=k js[kk,¡ ∆S osQ
lekarj gks tkrh gSa vkSj blls dksbZ Hkh {ks=k js[kk ugha xqtjrh
(fp=k 1.18 nsf[k,)A

cgqr ls lanHkks± esa {ks=kiQy vo;o osQ ifjek.k osQ
lkFk&lkFk mldk fno~QfoU;kl Hkh egRoiw.kZ gksrk gSA mnkgj.k
osQ fy,] fdlh ty&izokg esa fdlh ¯jx ls xqtjus okys ty
dk ifjek.k LokHkkfod :i ls bl ckr ij fuHkZj djrk gS fd
vki ty /kjk esa bls fdl izdkj idM+s gq, gSaA ;fn vki bls
ty&izokg osQ vfHkyacor j[krs gSa rks vU; lHkh fno~QfoU;klksa
dh rqyuk esa bl foU;kl esa ¯jx ls vf/dre ty xqtjsxkA
blls ;g fu"d"kZ fudyrk gS fd {ks=kiQy&vo;o dks lfn'k
osQ leku ekuuk pkfg,A blesa ifjek.k osQ lkFk fn'kk Hkh gksrh

gSA leryh; {ks=k dh fn'kk oSQls fu£n"V dh tk,\ Li"V :i ls ry ij vfHkyac ry dk
fno~QfoU;kl fu£n"V djrk gSA bl izdkj leryh; {ks=k lfn'k dh fn'kk blosQ vfHkyac osQ
vuqfn'k gksrh gSA

fdlh ofØr i`"B osQ {ks=kiQy dks fdlh lfn'k ls oSQls lac¼ fd;k tkrk gS\ ge ;g
dYiuk djrs gSa fd ofØr i`"B cgqr ls NksVs&NksVs {ks=kiQy vo;oksa esa foHkkftr gSA buesa ls
izR;sd NksVk {ks=kiQy vo;o leryh; ekuk tk ldrk gS vkSj igys Li"Vhdj.k osQ vuqlkj blls
lfn'k lac¼ fd;k tk ldrk gSA

;gk¡ ,d lafnX/rk ij è;ku nhft,A fdlh {ks=kiQy vo;o dh fn'kk mlosQ vfHkyac osQ
vuqfn'k gksrh gSA ijarq vfHkyac nks fn'kk,¡ laosQr dj ldrk gSA fdlh {ks=kiQy vo;o ls lac¼
lfn'k dh fn'kk dk p;u fdl izdkj fd;k tkrk gS\ bl leL;k dk lek/ku bl lanHkZ esa mfpr
oqQN ifjikfV;ksa osQ fu/kZj.k }kjk fd;k x;k gSA can i`"Bksa osQ izdj.kksa osQ fy, ;g ifjikVh vfr
ljy gSA fdlh can i`"B osQ izR;sd {ks=kiQy vo;o ls lac¼ lfn'k dh fn'kk cfgeqZ[kh vfHkyac
dh fn'kk ekuh tkrh gSA blh ifjikVh dk mi;ksx fp=k 1-19 esa fd;k x;k gSA bl izdkj] fdlh
can i`"B osQ fdlh ¯cnq ij {ks=kiQy vo;o lfn'k ∆S dk eku ∆S n̂  gksrk gS] ;gk¡ ∆S

{ks=kiQy lfn'k dk ifjek.k rFkk n̂  bl ¯cnq ij cfgeqZ[kh vfHkyac dh fn'kk esa ,dkad
lfn'k gSA

vc ge oS|qr ÝyDl dh ifjHkk"kk ij vkrs gSaA fdlh {ks=kiQy vo;o ∆S ls xqtjus okys
oS|qr ÝyDl ∆φ dh ifjHkk"kk bl izdkj djrs gSa %

∆φ = E.∆S = E ∆S  cosθ (1.11)

tks igys dh Hkk¡fr bl {ks=kiQy vo;o dks dkVus okyh {ks=k js[kkvksa dh la[;k osQ vuqØekuqikrh
gSA ;gk¡ θ {ks=k vo;o ∆S rFkk E osQ chp dk dks.k gSA iwoksZDr ifjikVh osQ vuqlkj can i`"B osQ
fy, θ {ks=k&vo;o ij cfgeqZ[kh vfHkyac rFkk E osQ chp dk dks.k gSA è;ku nhft,] ge O;atd
E ∆S cosθ  ij nks <ax ls fopkj dj ldrs gSa% E (∆S cosθ ) vFkkZr E ij {ks=k&vfHkyac osQ
iz{ksi dk E xquk] vFkok E⊥ ∆S vFkkZr {ks=k&vo;o ij vfHkyac osQ vuqfn'k E dk vo;o xquk
{ks=k&vo;o dk ifjek.kA oS|qr ÝyDl dk ek=kd N C–1 m2 gSA

fp=k 1.18 E rFkk n̂  osQ chp >qdko θ ij
ÝyDl dh fuHkZjrkA

fp=k 1.19 vfHkyac
n̂  rFkk ∆S dks ifjHkkf"kr

djus dh ifjikVhA
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oS|qr vkos'k rFkk {ks=k

lehdj.k (1.11) ls izkIr oS|qr ÝyDl dh ewy ifjHkk"kk dks lS¼kafrd :i esa] fdlh fn,
x, i`"B ls xqtjus okys oqQy ÝyDl dks ifjdfyr djus esa mi;ksx dj ldrs gSaA blosQ fy,
gesa ;g djuk gksrk gS fd ge igys i`"B dks NksVs&NksVs {ks=kiQy vo;oksa esa foHkkftr djrs gSa
vkSj fiQj izR;sd vo;o osQ fy, ÝyDl ifjdfyr djosQ mUgsa tksM+dj oqQy ÝyDl izkIr dj
ysrs gSaA vr% i`"B S ls xqtjus okyk oqQy ÝyDl φ gS

φ ~ Σ E.∆S (1.12)

;gk¡ lfUudVu fpÉ yxkus dk dkj.k ;g gS fd geus NksVs {ks=kiQy vo;o ij fo|qr {ks=k
E dks fu;r ekuk gSA xf.krh; :i ls ;g osQoy rHkh ;FkkFkZ gS tc vki lhek ∆S → 0  ysa
rFkk lehdj.k (1.12) esa ;ksx dks lekdyu osQ :i esa O;Dr djsaA

1.11  oS|qr f}/qzo
ifjek.k esa leku ,oa fotkrh; ¯cnq vkos'kksa q rFkk –q dk dksbZ ;qxy ftuosQ chp i`Fkdu 2a

gS] oS|qr f}/qzo dgykrk gSA nksuksa vkos'kksa dks la;ksftr djus okyh js[kk fno~QLFkku esa fdlh fn'kk
dks ifjHkkf"kr djrh gSA ifjikVh osQ vuqlkj –q ls q dh fn'kk f}/qzo dh fn'kk dgykrh gSA –q

rFkk q dh vofLFkfr;ksa dk eè; ¯cnq f}/qzo dk osaQnz dgykrk gSA
izR;{k :i ls oS|qr f}/zqo dk oqQy vkos'k 'kwU; gksrk gSA ijarq bldk ;g vFkZ ugha gS fd

f}/qzo dk fo|qr {ks=k 'kwU; gSA pw¡fd vkos'k q rFkk –q esa oqQN i`Fkdu gS] buosQ dkj.k fo|qr {ks=k
tc tksM+s tkrs gSa rc ;s ,d&nwljs dks ;FkkFkZ :i ls fujLr ugha djrsA ijarq ;fn f}/qzo cukus
okys vkos'kksa osQ ìFkdu dh rqyuk esa nwjh vf/d (r >> 2a) gS] rks q ,oa –q osQ dkj.k {ks=k yxHkx
fujLr gks tkrs gSaaA vr% vf/d nwfj;ksa ij fdlh oS|qr f}/qzo osQ dkj.k fo|qr {ks=k 1/r2 (,dy
vkos'k q osQ dkj.k fo|qr {ks=k dh r ij fuHkZjrk) ls Hkh vf/d xfr ls ean gksrk tkrk gSA ;g
xq.kkRed /kj.kk uhps fn, x, lqLi"V ifjdyu ls mRiUu gqbZ gS%

1.11.1  oS|qr f}/qzo osQ dkj.k {ks=k

vkos'kksa osQ ;qxy (–q rFkk q) osQ dkj.k fno~QLFkku esa fdlh ̄cnq ij fo|qr {ks=k owQykWe fu;e rFkk
vè;kjksi.k fl¼kar ls Kkr fd;k tk ldrk gSA fuEufyf[kr nks izdj.kksa osQ ifj.kke ljy gSa%
(i) tc ¯cnq f}/qzo osQ v{k ij gS] (ii) tc ¯cnq f}/zqo osQ fo"kqorh; ry] vFkkZr f}/qzo v{k osQ
osaQnz ls xqtjus okys f}/qzo v{k osQ yacor ry esa gSA fdlh O;kid ̄cnq P ij fo|qr {ks=k] vkos'k
–q osQ dkj.k P ij fo|qr {ks=k  E –q

 rFkk vkos'k +q osQ dkj.k P ij fo|qr {ks=k E
+q

 dks lfn'kksa
osQ lekarj prqHkqZt fu;e }kjk la;ksftr djosQ izkIr fd;k tkrk gSSA

(i) v{k ij fLFkr ¯cnqvksa osQ fy,

eku yhft, ¯cnq P f}/qzo osQ osaQnz ls q dh vksj fp=k (1.20a) esa n'kkZ, vuqlkj r nwjh ij gS]
rc

2
0

ˆ
4 ( )q

q

r aε− = −
π +

E p [1.13(a)]

;gk¡ p̂  f}/qzo v{k (–q ls q dh vksj) osQ vuqfn'k ,dkad lfn'k gSA lkFk gh

2
0

ˆ
4 ( )q

q

r aε+ =
π −

E p [1.13(b)]

P ij oqQy fo|qr {ks=k gS
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4q q

o

q

ε+ −= + =
π

E E E
1 1

2 2( ) ( )
�

r a r a−
−

+









 p

    2 2 2

4
ˆ

4 ( )o

a rq

r aε
=

π −
p (1.14)

r >> a osQ fy,

3

4
ˆ

4 o

q a

rπε
=E p                (r >> a) (1.15)

(ii) fo"kqorh; ry ij fLFkr ¯cnqvksa osQ fy,

nks vkos'kksa +q rFkk –q osQ dkj.k fo|qr {ks=kksa osQ ifjek.k

2 2

1
4q

o

q
E

r aε+ =
π + [1.16(a)]

– 2 2

1
4q

o

q
E

r aε
=

π + [1.16(b)]

leku gSaA
E+q

 rFkk E–q
 dh fn'kk,¡ fp=k 1.20(b) esa n'kkZ;h xbZ gSaA Li"V gS fd

f}/qzo v{k osQ vfHkyacor vo;o ,d&nwljs dks fujLr dj nsrs gSaA f}èkzqo
v{k osQ vuqfn'k vo;o la;ksftr gks tkrs gSaA oqQy fo|qr {ks=k p̂  osQ
foijhr gksrk gSA vr%

E = – (E +q
 + E –q

) cosθ  p̂

2 2 3/2

2
ˆ

4 ( )o

q a

r aε
= −

π +
p (1.17)

vf/d nwfj;ksa (r >> a) ij

3

2 ˆ ( )
4 o

q a
r a

rε
= − >>

π
E p (1.18)

lehdj.kksa (1.15) rFkk (1.18) ls Li"V gS fd vf/d nwfj;ksa ij f}/qzo {ks=k esa q rFkk a
i`Fkd :i ls lfEefyr ugha gksrs_ ;g buosQ la;qDr xq.kuiQy qa ij fuHkZj djrk gSA blls
f}/qzo vk?kw.kZ dh ifjHkk"kk dk laosQr feyrk gSA fdlh oS|qr f}/qzo osQ f}/qzo vk?kw.kZ lfn'k p
dh ifjHkk"kk bl izdkj dh tk ldrh gS%

p  = q × 2a p̂ (1.19)

vFkkZr ;g ,d lfn'k gS ftldk ifjek.k vkos'k q rFkk i`Fkdu 2a (vkos'kksa q, –q osQ ;qxy osQ
chp dh nwjh) rFkk fn'kk –q ls q dh vksj gksrh gSA p osQ inksa esa] fdlh f}/qzo dk fo|qr {ks=k
vfèkd nwfj;ksa ij ,d ljy :i ys ysrk gSA
f}/qzo v{k osQ fdlh ¯cnq ij

3

2
4 orε

=
π

p
E (r >> a) (1.20)

fo"kqorh; ry osQ fdlh ¯cnq ij

34 orε
= −

π
p

E (r >> a) (1.21)

fp=k 1.20 (a) v{k ij fLFkr fdlh ¯cnq] (b) f}/zqo
osQ fo"kqorh; ry ij fLFkr fdlh ̄ cnq ij f}/qzo dk
fo|qr {ks=kA f}/qzo vk?kw.kZ p lfn'k gS ftldk ifjek.k

p = q × 2a  gS rFkk fn'kk
–q ls q dh vksj gSA
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 mnkgj.k 1
.1

0

bl egRoiw.kZ rF; ij è;ku nhft, fd f}/qzo {ks=k vf/d nwfj;ksa ij 1/r 2 osQ :i esa ugha
oju~1/r 3 osQ :i esa ean gksrk gSA blosQ vfrfjDr f}/qzo {ks=k dk ifjek.k rFkk fn'kk osQoy nwjh
r ij gh fuHkZj ugh agS oju~ ;s lfn'k r rFkk f}/qzo vk?kw.kZ p osQ chp osQ dks.k ij Hkh fuHkZj djrs gSA

ge mlosQ ckjs esa lksp ldrs gSa& tc f}/zqo vkeki 2a 'kwU; dh vksj vxzlj gksrk tkrk gS]
rc vkos'k q vuar dh vksj vxzlj bl izdkj gksrk tkrk gS fd xq.kuiQy p = q × 2a ,d fu;r
ifjfer la[;k gksrh gSA bl izdkj osQ f}/qzo dks ̄cnq f}/qzo dgrs gSaA fdlh ̄ cnq f}/qzo osQ fy,
lehdj.k (1.20) rFkk (1.21)  r osQ lHkh ekuksa osQ fy, lR; rFkk ;FkkFkZ gSaA

1.11.2  f}/qzoksa dh HkkSfrd lkFkZdrk

vf/dka'k v.kqvksa esa /ukos'kksa rFkk ½.kkos'kksa* osQ oasQnz ,d gh LFkku ij gksrs gSaA blhfy, buosQ
f}/zqo vk?kw.kZ 'kwU; gksrs gSaA CO2 rFkk CH4 v.kq blh izdkj osQ gSaA fo|qr {ks=k vkjksfir fd, tkus
ij ;s f}/qzo vk?kw.kZ fodflr dj ysrs gSaa ijarq oqQN v.kqvksa eaas /ukos'kksa rFkk ½.kkos'kksa osQ osaQnz
laikrh ugha gksrsA vr% fo|qr {ks=k dh vuqifLFkfr esa Hkh budk viuk LFkk;h f}/qzo vk?kw.kZ gksrk
gSA bl izdkj osQ v.kqvksa dks /qzfor v.kq dgrs gSaA ty dk v.kq] H2O, bl izdkj osQ v.kqvksa dk
,d mnkgj.k gSA fofo/ inkFkZ fo|qr {ks=k dh mifLFkfr vFkok vuqifLFkfr esa jkspd xq.k rFkk
egRoiw.kZ vuqiz;ksx izLrqr djrs gSaA

mnkgj.k 1.10  ±10 µC osQ nks vkos'k ,d&nwljs ls 5.0 mm nwjh ij fLFkr gSaA (a) bl f}èkqzo
osQ v{k ij f}/qzo osQ osaQnz O ls fp=k 1.21(a) esa n'kkZ, vuqlkj] /ukos'k dh vksj 15 cm nwjh
ij fLFkr fdlh ̄cnq P ij rFkk (b) f}/qzo osQ v{k osQ vfHkyacor O ls] fp=k 1.21(b) esa n'kkZ,
vuqlkj xqtjus okyh js[kk ls 15 cm nwjh ij fLFkr fdlh ¯cnq Q ij fo|qr {ks=k Kkr dhft,A

fp=k 1.21

gy %  (a) ¯cnq P ij vkos'k +10 µC osQ dkj.k {ks=k

* /ukRed ¯cnq vkos'kksa osQ laxzg dks osaQnz dh ifjHkk"kk lagfr osaQnz dh gh Hkk¡fr dh tkrh gS ftlosQ vuqlkj

r

r

cm =
∑

∑

q

q

i i
i

i
i

.
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 m
nk
gj

.k
 1

.1
0

= 
5

12 2 1 2

10 C

4 (8.854 10 C N m )

−

− − −π × 2 4 2

1

(15 0.25) 10 m−×
− ×

=  4.13 × 106  N C–1  BP osQ vuqfn'k
¯cnq P ij vkos'k –10 µC osQ dkj.k {ks=k

–5

12 2 1 2

10 C
4 (8.854 10 C N m )− − −=

π ×  2 4 2

1
(15 0.25) 10 m−×

+ ×

=  3.86 × 106  N C–1 PA osQ vuqfn'k
A rFkk B ij fLFkr nks vkos'kksa osQ dkj.k P ij ifj.kkeh fo|qr {ks=k =  2.7 × 105  N C–1

BP osQ vuqfn'k gSA
bl mnkgj.k esa vuqikr OP/OB dkiQh vf/d (=60) gSA vr%] fdlh f}/qzo osQ v{k ij
vR;fèkd nwjh ij fLFkr fdlh ̄cnq ij fo|qr {ks=k Kkr djus osQ fy, lh/s gh lw=k osQ mi;ksx }kjk
ge blh osQ lfUudV ifj.kke dh vk'kk dj ldrs gSaA 2a i`Fkdu osQ ± q vkos'kksa ls cus f}èkqzo
osQ fy, f}/qzo osQ v{k osQ oasQnz ls r nwjh ij fo|qr {ks=k dk ifjek.k

3

2

4 ε0

=
π

p
E

r
(r/a >> 1)

;gk¡ p = 2a q f}/zqo vk?kw.kZ dk ifjek.k gSA
f}/zqzo v{k ij fo|qr {ks=k dh fn'kk lnSo f}/qzo vk?kw.kZ lfn'k osQ vuqfn'k (vFkkZr –q ls q dh
vksj) gksrh gSA ;gk¡] p =10–5 C × 5 × 10–3 m  = 5 × 10–8 C m

vr%

E  =
8

12 2 1 2

2 5 10 C m

4 (8.854 10 C N m )

−

− − −

× ×
π × 3 6 3

1

(15) 10 m−×
×  = 2.6 × 105  N C–1

f}/qzo vk?kw.kZ  dh fn'kk AB osQ vuqfn'k gS] rFkk ;g ifj.kke iwoZ ifj.kke osQ dkiQh fudV gSA
(b) ¯cnq B ij fLFkr + 10 µC vkos'k osQ dkj.k ¯cnq Q ij fo|qr {ks=k

=
5

12 2 1 2

10 C
4 (8.854 10 C N m )

−

− − −π ×  2 2 4 2

1

[15 (0.25) ] 10 m−+ ×
×

=  3.99 × 106  N C–1  BQ osQ vuqfn'k

¯cnq A ij fLFkr –10 µC vkos'k osQ dkj.k Q ij fo|qr {ks=k

=
5

12 2 1 2

10 C

4 (8.854 10 C N m )

−

− − −π × 2 2 4 2

1

[15 (0.25) ] 10 m−+ ×
×

=  3.99 × 106  N C–1 QA osQ vuqfn'k
Li"V gS fd bu nks leku ifjek.k osQ cyksa osQ OQ fn'kk osQ vuqfn'k ?kVd ,d&nwljs dks fujLr
djrs gSa ijarq BA osQ lekarj fn'kk osQ vuqfn'k ?kVd la;ksftr gks tkrs gSaA vr% A rFkk B ij
fLFkr nks vkos'kksa osQ dkj.k Q ij ifj.kkeh fo|qr {ks=k

= 2 × 
6 –1

2 2

0.25
3.99 10 N C

15 (0.25)
× ×

+
BA osQ vuqfn'k

=  1.33 × 105  N C–1 BA osQ vuqfn'k
(a) dh gh Hkk¡fr f}/qzo osQ v{k osQ vfHkyacor fdlh ̄cnq ij f}/qzo fo|qr {ks=k osQ fy, lh/s gh
lw=k osQ mi;ksx }kjk ge blh ifj.kke dh vis{kk dj ldrs gSaµ
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 mnkgj.k 1
.1

0

34
p

E
r0ε

=
π (r/a >> 1)

8

12 2 –1 –2

5 10 Cm
4 (8.854 10 C N m )

−

−

×
=

π × 3 6 3

1
(15) 10 m−×

×

=  1.33 × 105  N C–1.

bl izdj.k esa fo|qr {ks=k dh fn'kk vk?kw.kZ lfn'k dh fn'kk osQ foijhr gSA rFkkfi izkIr ifj.kke
igys izkIr gq, ifj.kke osQ vuq:i gSaA

1.12  ,dleku cká {ks=k esa f}/zqo
fp=k 1.22 esa n'kkZ, vuqlkj ,dleku fo|qr {ks=k E esa j[ks f}/qzo vk?kw.kZ p osQ LFkk;h
f}èkqzo (LFkk;h f}èkqzo ls gekjk rkRi;Z ;g gS fd p dk E ls Lora=k vfLrRo gS_ ;g E
}kjk izsfjr ugha gqvk gSA) ij fopkj dhft,A

;gk¡ vkos'k q ij qE rFkk  –q ij  –qE cy yx jgs gSaA pw¡fd E ,dleku gS vr%
f}/zqo ij usV cy 'kwU; gSA ijarq vkos'kksa esa i`Fkdu gS] vr% cy fHkUu ¯cnq ij yxs gSa]
ftlosQ ifj.kkeLo:i f}/qzo ij cy vk?kw.kZ dk;Z djrk gSA tc usV cy 'kwU; gS rks cy
vk?kw.kZ (cy ;qXe) ewy ̄ cnq ij fuHkZj ugha gksrkA bldk ifjek.k izR;sd cy osQ ifjek.k
rFkk cy;qXe dh Hkqtk (nks izfrlekarj cyksa osQ chp yacor nwjh) osQ xq.kuiQy osQ cjkcj
gksrk gSA

cy vk?kw.kZ dk ifjek.k = q E × 2 a sinθ
       = 2 q a E sinθ

bldh fn'kk dkxT+k osQ ry osQ vfHkyacor blls ckgj dh vksj gSA
p × E dk ifjek.k Hkh p E sinθ gS rFkk bldh fn'kk dkxT+k osQ i`"B osQ

vfHkyacor ckgj dh vksj gSA vr%
τττττ  = p × E (1.22)

;g cy vk?kw.kZ f}/qzo dks {ks=k E osQ lkFk lajsf[kr djus dh izo`fÙk j[ksxkA
tc p {ks=k E osQ lkFk lajsf[kr gks tkrk gS rks cy vk?kw.kZ 'kwU; gksrk gSA

tc {ks=k ,dleku ugha gksrk rc D;k gksrk gS\ Li"V gS] ml izdj.k esa usV
cy 'kwU;srj gks ldrk gSA blosQ vfrfjDr] O;kid :i ls fudk; ij igys dh
gh Hkk¡fr ,d cy vk?kw.kZ dk;Z djsxkA ;gk¡ O;kid izdj.k varxzZLr gS] vr% vkb,
,slh ljy fLFkfr ij fopkj djrs gSa ftlesa p {ks=k E osQ lekarj vFkok
izfrlekarj gSA nksuksa gh izdj.kksa esa usV cy vk?kw.kZ rks 'kwU; gksrk gS ijarq ;fn E
,dleku ugha gS rks f}/qzo ij ,d usV cy yxrk gSA

fp=k 1.23 Lor% Li"Vhdj.k djrk gSA bls vklkuh ls ns[kk tk ldrk gS
fd tc p {ks=k E osQ lekarj gS rks f}/zqo ij c<+rs {ks=k dh fn'kk esa ,d usV cy
dk;Z djrk gSA tc p {ks=k osQ E izfrlekarj gksrk gS rks f}/qzo ij ?kVrs {ks=k dh
fn'kk esa ,d usV cy dk;Z djrk gSA O;kid :i esa] cy E osQ lkis{k p osQ
fno~QfoU;kl ij fuHkZj djrk gSA

blls gekjk è;ku ?k"kZ.k fo|qr osQ lkekU; izs{k.kksa ij tkrk gSA 'kq"d ckyksa
esa isQjh xbZ oaQ?kh dkx”k osQ NksVs VqdM+ksa dks vkd£"kr djrh gSA tSlkfd ge
tkurs gSa fd oaQ?kh ?k"kZ.k }kjk vkos'k v£tr djrh gSA ijarq dkx”k vkosf'kr ugha
gS rks fiQj bl vkd"kZd cy dk Li"Vhdj.k oSQls djsa\ fiNyh ppkZ ls laosQr

fp=k 1.22 ,dleku fo|qr {ks=k
esa f}/qzoA

fp=k 1.23 f}/qzo ij oS|qr cy (a) p {ks=k
E osQ lekarj (b) p {ks=k E osQ izfrlekarjA
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ikdj ge dg ldrs gSa fd vkosf'kr oaQ?kh dkx”k osQ VqdM+ksa dks /qzfor dj nsrh gS] vFkkZr dkx”k
osQ VqdM+ksa esa {ks=k dh fn'kk esa usV f}/qzo vk?kw.kZ izsfjr dj nsrh gSA blosQ vfrfjDr oaQ?kh osQ dkj.k
fo|qr {ks=k ,dleku ugha gSA bl vleku {ks=k OksQ dkj.k f}/zqo ij ,d usV cy dk;Zjr gks tkrk
gSA bl fLFkfr esa ;g vklkuh ls ns[kk tk ldrk gS fd dkx”k osQ VqdM+s oaQ?kh dh fn'kk esa xfr
djrs gSaA

1.13  larr vkos'k forj.k
vc rd geus fofoDr vkos'kksa q1, q2, ..., qn 

osQ vkos'k foU;kl osQ fo"k; esa ppkZ dh gSA bldk
dkj.k ;g gS fd ,sls foU;klksa osQ fy, xf.krh; ifjdyu ljy gksrs gSa ftuesa dyu
(oSQyoqQyl) dh vko';drk ugha gksrhA lkFk gh] cgqr ls dk;ks± osQ fy, fofoDr vkos'kksa osQ
inksa esa dk;Z djuk O;kogkfjd ugha gksrk vkSj gesa larr vkos'k forj.k dh vko';drk gksrh gSA
mnkgj.kkFkZ] fdlh vkosf'kr pkyd osQ i`"B ij lw{e vkosf'kr vo;oksa dh vofLFkfr;ksa osQ inksa
esa vkos'k forj.k dk fo'ks"k :i ls mYys[k djuk O;kogkfjd ugha gSA pkyd osQ i`"B ij fdlh
{ks=kiQy vo;o ∆S (tks LFkwy Lrj ij cgqr NksVk ijarq bysDVªkWuksa dh fo'kky la[;k dks lfEefyr
djus osQ fy, i;kZIr gS] nsf[k, fp=k 1.24) osQ fo"k; esa fopkj djosQ ml vo;o ij vkos'k ∆Q

dk ìFkd&ìFkd mYys[k djuk vf/d mi;qDr gSA blosQ ckn ge {ks=kiQy vo;o ij i`"Bh; vkos'k
?kuRo σ dh ifjHkk"kk bl izdkj djrs gSaµ

Q

S
σ

∆
=

∆ (1.23)

,slk ge pkyd osQ i`"B osQ fofHkUu ¯cnqvksa ij dj ldrs gSa vkSj bl izdkj ,d larr
iQyu σ  (ftls i`"Bh; vkos'k ?kuRo dgrs gSa) ij igq¡prs gSaA bl :i esa o£.kr i`"Bh; vkos'k
?kuRo σ vkos'k dh DokaVerk rFkk lw{en'khZ; Lrj* ij vkos'k dh vlarrk forj.k dh mis{kk
djrk gSA σ  LFkwyn'khZ; :i esa ì"Bh; vkos'k ?kuRo gS tks ,d izdkj ls] lw{en'khZ; :i esa cM+s ijarq
LFkwyn'khZ; :i esa NksVs {ks=k vo;o ∆S ij lw{en'khZ; vkos'k ?kuRo gSA σ dk ek=kd C/m2 gSA

blh izdkj osQ ǹf"Vdks.k jSf[kd vkos'k forj.kksa rFkk vk;ruh vkos'k forj.kksa ij Hkh ykxw gksrs
gSaA fdlh rkj dk jSf[kd vkos'k ?kuRo λ dh ifjHkk"kk

Q

l
λ ∆

=
∆

(1.24)

}kjk dh tkrh gSA ;gk¡ ∆l lw{e Lrj ij rkj dk jSf[kd vo;o gSA rFkkfi lw{e vkosf'kr vo;oksa
dh ,d fo'kky la[;k blesa lfEefyr gS rFkk ∆Q bl jSf[kd vo;o esa lek, vkos'k gSaA λ dk
ek=kd C/m gSA blh izdkj ls vk;ruh vkos'k ?kuRo (ljy 'kCnksa esa ftls vkos'k ?kuRo Hkh dgk
tkrk gS) dh ifjHkk"kk Hkh

Q

V
ρ ∆

=
∆

(1.25)

}kjk dh tkrh gSA ;gk¡ ∆Q LFkwy :i esa NksVs vk;ru vo;o ∆V esa lek, os vkos'k gSa tks lw{e
vkosf'kr vo;oksa dh fo'kky la[;k dks lfEefyr djrs gSaA ρ dk ek=kd C/m3 gSA

;gk¡ larr vkos'k forj.k dh gekjh /kj.kk ;kaf=kdh esa gekjs }kjk viukbZ xbZ larr lagfr
forj.k dh /kj.kk osQ gh leku gSA tc ge fdlh nzo osQ ?kuRo dk mYys[k djrs gSa rks ml

fp=k 1.24 jSf[kd] i`"Bh;]
vk;ruh ?kuRoksa dh ifjHkk"kkA
izR;sd izdj.k esa pqus x,
vo;o (∆l, ∆S, ∆V)

LFkwyn'khZ; Lrj ij NksVs gSa
ijarq buesa lw{en'khZ; Lrj osQ
vo;oksa dh ,d fo'kky la[;k

lekfgr gksrh gSA

* lw{en'khZ; Lrj ij] vkos'k forj.k vlarr gksrk gSA i`Fkd vkos'k ,d vkos'kjfgr eè;orhZ LFkku ls
i`Fko`Qr gksrs gSaA
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le; okLro esa ge mlosQ LFkwy ?kuRo dk gh mYys[k dj jgs gksrs gSaA ge nzo dks ,d larr
rjy eku ysrs gSa rFkk mldh fofoDr vk.kfod jpuk dh mis{kk dj nsrs gSaA

fofoDr vkos'kksa osQ fudk; osQ dkj.k fo|qr {ks=k izkIr djus ¹lehdj.k (1.10)º dh gh
Hkk¡fr yxHkx blh <ax ls larr vkos'k forj.k osQ dkj.k fo|qr {ks=k izkIr fd;k tk ldrk gSA eku
yhft, fdlh fno~QLFkku esa larr vkos'k forj.k dk vkos'k ?kuRo ρ gSA dksbZ lqfo/ktud ewy
¯cnq O pqfu, rFkk eku yhft, vkos'k forj.k esa fdlh ̄ cnq dk fLFkfr lfn'k r gSA vkos'k ?kuRo
ρ ,d ¯cnq ls nwljs ¯cnq ij fHkUu gks ldrk gS] vFkkZr ;g r dk iQyu gSA vkos'k forj.k dks
∆V vkeki osQ NksVs vk;ru vo;oksa esa foHkkftr dhft,A vk;ru vo;o ∆V esa vkos'k dk
ifjek.k ρ∆V  gSA

vc fLFkfr lfn'k R osQ lkFk fdlh Hkh O;kid ̄cnq P (vkos'k forj.k osQ Hkhrj vFkok ckgj)
ij fopkj dhft, (fp=k 1.24)A owQykWe fu;e }kjk vkos'k ρ∆V osQ dkj.k fo|qr {ks=k

2

1
ˆ

4
V

'
r'0

ρ
ε

∆
∆ =

π
E r (1.26)

;gk¡ r′ vkos'k vo;o rFkk P osQ chp dh nwjh gS] rFkk r̂ ′ vkos'k vo;o ls P dh fn'kk esa ,dkad
lfn'k gSA vè;kjksi.k fl¼kar }kjk vkos'k forj.k osQ dkj.k oqQy fo|qr {ks=k fofHkUu vk;ru&vo;oksa
osQ dkj.k fo|qr {ks=kksa dk ;ksx djus ij izkIr gksrk gSA

2

1
ˆ

4 V

V
'

r'0

ρ
ε ∆

∆
≅ Σ

π
E r

lHkh (1.27)

è;ku nhft, ρ, r′,  ˆ ′r  lHkh osQ eku ,d ¯cnq ls nwljs ij ifjo£rr gks ldrs gSaA ;FkkFkZ
xf.krh; fof/ esa gesa ∆V→0 ysuk pkfg, vkSj fiQj ;g ;ksx ,d lekdy cu tkrk gSA ijarq
ljyrk dh n`f"V ls bl ppkZ dks ge ;gh NksM+ jgs gSaA la{ksi esa owQykWe fu;e rFkk vè;kjksi.k
fl¼kar osQ mi;ksx }kjk fdlh Hkh vkos'k forj.k osQ fy, pkgs og fofoDr gks vFkok larr] vFkok
va'kr% fofoDr vkSj va'kr% larr gks] fo|qr {ks=k Kkr fd;k tk ldrk gSA

1.14  xkml fu;e
oS|qr ÝyDl dh vo/kj.kk osQ ljy vuqiz;ksx osQ :i esa vkb, fdlh r f=kT;k osQ ,sls xksys
ftlosQ osaQnz ij dksbZ ̄ cnq vkos'k q ifjc¼ gS] ls xqtjus okys oqQy ÝyDl ij fopkj djsaA fp=k
1.25 esa n'kkZ, vuqlkj bl xksys dks NksVs {ks=kiQy vo;oksa esa foHkkftr djrs gSaA

{ks=kiQy vo;o ∆S ls xqtjus okyk ÝyDl

2
ˆ

4 0

q

r
φ

ε
∆ = ∆ = ∆

π
E S r S  (1.28)

;gk¡ geus ,dy vkos'k q osQ dkj.k fo|qr {ks=k osQ fy, owQykWe fu;e dk mi;ksx fd;k gSA ,dkad
lfn'k r̂  osaQnz ls {ks=k vo;o dh vksj /zqokarj js[kk osQ vuqfn'k gSA vc] pw¡fd xksys osQ i`"B osQ
fdlh Hkh ¯cnq ij vfHkyac ml ¯cnq ij /qzokarj js[kk osQ vuqfn'k gksrk gS] {ks=k vo;o ∆S rFkk
r̂   nksuksa ,d gh fn'kk esa gksrs gSaA blhfy,]

24 0

q
S

r
φ

ε
∆ = ∆

π (1.29)

pw¡fd ,dkad lfn'k r dk ifjek.k 1 gSA
xksys ls xqtjus okyk oqQy ÝyLd lHkh {ks=k&vo;oksa ls xqtjus okys ÝyDlksa dk ;ksx djus

ij izkIr gksrk gS

fp=k 1.25 ml xksys ls
xqtjus okyk ÝyDl ftlosQ

osaQnz ij ̄ cnq vkos'k q
ifjc¼ gSA
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24S
o

q
S

r
φ

ε∆
= Σ ∆

πlHkh

pw¡fd xksys dk izR;sd {ks=k vo;o vkos'k ls leku nwjh r ij gS] vr%

2 24 4S
o o

q q
S S

r r
φ

ε ε∆
= Σ ∆ =

π πlHkh

vc] pw¡fd xksys dk oqQy i`"Bh; {ks=k S = 4πr 2 gS] vr%

2
2 4

4 oo

q q
r

r
φ

εε
= × π =

π (1.30)

lehdj.k (1.30) fLFkjoS|qfrdh osQ O;kid ifj.kke] ftls xkml fu;e dgrs gSa] dk ,d
ljy n`"Vkar gSA ge fcuk miifÙk osQ xkml fu;e dk bl izdkj mYys[k djrs gSa&

fdlh can i`"B S ls xqtjus okyk oS|qr ÝyDl
= q/ε0 (1.31)

;gk¡ q  i`"B S }kjk ifjc¼ oqQy vkos'k gSA

bl fu;e ls ;g miyf{kr gksrk gS fd ;fn fdlh can i`"B }kjk dksbZ vkos'k ifjc¼ ugha
fd;k x;k gS rks ml ì"B ls xqtjus okyk oqQy ÝyDl 'kwU; gksrk gSA bls ge fp=k 1.26 dh ljy
vofLFkfr esa lqLi"V ns[k ldrs gSaA

;gk¡ fo|qr {ks=k ,dleku gS rFkk ge ,d ,sls can csyukdkj i`"B osQ fo"k; esa fopkj dj
jgs gSa ftlesa csyu dk v{k ,dleku {ks=k E osQ lekarj gSA blosQ ì"B ls xqtjus okyk oqQy ÝyDl
φ  gSSA φ = φ1 + φ2 + φ3 ;gk¡ φ1 rFkk φ2 flfyaMj osQ i`"B 1 rFkk 2 (o`Ùkkdkj vuqizLFk ifjPNsn
osQ) ls xqtjus okys ÝyDl dks fu:fir djrs gSa rFkk φ3 can i`"B osQ ofØr flfyaMjh Hkkx ls
xqtjus okys ÝyDl dks fu:fir djrk gSA pw¡fd i`"B 3 osQ izR;sd ̄ cnq ij vfHkyac E osQ yacor
gS] vr% ÝyDl dh ifjHkk"kk osQ vuqlkj φ3 = 0 A blosQ vfrfjDr i`"B 2 ij cfgeqZ[kh vfHkyac
E osQ vuqfn'k gS rFkk i`"B 1 ij cfgeqZ[kh vfHkyac E dh fn'kk osQ foijhr gSA vr%

φ1 = –E S1,     φ2 = +E S2

S1 = S2 = S

;gk¡ S o`Ùkkdkj vuqizLFk dkV dk {ks=kiQy gSA bl izdkj oqQy ÝyDl 'kwU; gS] tSlk fd xkml
fu;e ls laHkkfor FkkA bl izdkj tc vki ik,¡ fd ,d can i`"B osQ vanj usV oS|qr ÝyDl 'kwU;
gS rks ge bl ifj.kke ij igq¡prs gSa fd can i`"B osQ var£o"V oqQy vkos'k 'kwU; gSA

xkml fu;e lehdj.k (1.31) dk vR;f/d egRo bl dkj.k ls Hkh gS fd ;g O;kid :i
ls lR; gS] rFkk osQoy mUgha ljy izdj.kksa ftu ij geus Åij fopkj fd;k Fkk] ykxw ugha gksrk
gS] oju~ lHkh izdj.kksa esa bldk iz;ksx fd;k tk ldrk gSA bl fu;e osQ ckjs esa] vkb, oqQN
egRoiw.kZ rF;ksa ij è;ku nsa&
(i) xkml fu;e izR;sd can ì"B] pkgs mldh vkòQfr rFkk vkeki oqQN Hkh gks] osQ fy, lR; gSA
(ii) xkml fu;e lehdj.k (1.31) osQ nf{k.k i{k osQ in q esa i`"B }kjk ifjc¼ lHkh vkos'kksa

dk ;ksx lfEefyr gSA ;s vkos'k i`"B osQ Hkhrj dgha Hkh vofLFkr gks ldrs gSaA
(iii) mu ifjfLFkfr;ksa ftuesa ,sls i`"B dk p;u fd;k tkrk gS fd oqQN vkos'k i`"B osQ Hkhrj rFkk

oqQN i`"B osQ ckgj gksrs gSa] fo|qr {ks=k [ftldk ÝyDl lehdj.k (1.31) osQ oke i{k esa
n`f"Vxkspj gksrk gSº S osQ Hkhrj rFkk ckgj fLFkr lHkh vkos'kksa osQ dkj.k gSA rFkkfi] xkml

fp=k 1.26 flfyaMj osQ i`"B ls xqtjus okys
,dleku fo|qr {ks=k osQ ÝyDl dk ifjdyuA
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 mnkgj.k 1
.1

1

fu;e osQ lehdj.k osQ nf{k.k i{k esa in q osQoy S osQ Hkhrj osQ oqQy vkos'kksa dks fu:fir
djrk gSA

(iv) xkml fu;e osQ vuqiz;ksx osQ fy, p;u fd, tkus okys i`"B dks xkmlh; i`"B dgrs gSaA
vki fdlh Hkh xkmlh; i`"B dk p;u djosQ xkml fu;e ykxw dj ldrs gSaA rFkkfi]
lkoèkku jfg, xkmlh; i`"B dks fdlh Hkh fofoDr vkos'k ls ugha xqtjuk pkfg,A bldk
dkj.k ;g gS fd fofoDr vkos'kksa osQ fudk; osQ dkj.k fo|qr {ks=k dks fdlh Hkh vkos'k dh
vofLFkfr ij HkyhHkk¡fr ifjHkkf"kr ugha fd;k x;k gSA (tSls gh vki fdlh vkos'k osQ fudV
tkrs gSa] fo|qr {ks=k lHkh e;kZnkvksa ls ckgj fodflr gksrk tkrk gS) ijarq xkmlh; i`"B larr
vkos'k forj.k ls xqtj ldrk gSA

(v) tc fudk; esa oqQN lefefr gksrh gS rks fo|qr {ks=k osQ ifjdyu dks vf/d vklku cukus
osQ fy, xkml fu;e izk;% mi;ksxh gksrk gSA mfpr xkmlh; i`"B dk p;u bls lqfoèkktud
cuk nsrk gSA

(vi) var esa] xkml fu;e owQykWe fu;e esa var£ufgr nwjh ij O;qRØe oxZ fuHkZjrk ij vk/kfjr
gSA xkml fu;e dk dksbZ mYya?ku O;qRØe oxZ fu;e ls fopyu dks laosQr djsxkA

mnkgj.k 1.11 fp=k 1.27 esa fo|qr {ks=k vo;o E
x
 = αx1/2, E

y
 = E

z
 = 0 gS] ftlesa

α = 800 N/C m1/2 gSA (a) ?ku ls xqtjus okyk ÝyDl] rFkk (b) ?ku osQ Hkhrj vkos'k
ifjdfyr dhft,A a = 0.1 m ekfu,A

fp=k 1.27

gy
(a) pw¡fd fo|qr {ks=k dk osQoy x vo;o gh gS] x fn'kk osQ yacor iQydksa osQ fy,] E rFkk ∆S

osQ chp osQ dks.k ± π/2 gSaA vr% ÝyDl  φ = E.∆S ?ku osQ osQoy nks Nk;kafdr iQydksa
dks NksM+dj 'ks"k lHkh iQydksa osQ fy, i`Fkd&i`Fkd :i ls 'kwU; gSA vc] ck,¡ iQyd ij
fo|qr {ks=k dk ifjek.k
E

L
 = αx1/2 = αa1/2

(pw¡fd ck,¡ iQyd ij x = a)

nk,¡ iQyd ij fo|qr {ks=k dk ifjek.k
E

R
 = α x1/2 = α (2a)1/2

(pw¡fd nk,¡ iQyd ij x = 2a )

buosQ rn~uq:ih ÝyDl gSa

φ
L
= E

L
.∆S = ˆ

L LS∆ E n⋅⋅⋅⋅ =E
L
 ∆S cosθ = –E

L
 ∆S, pw¡fd θ = 180°

   = –E
L
a2

φ
R
= E

R
.∆S = E

R
 ∆S cosθ  = E

R
 ∆S,   pw¡fd θ = 0°

   = E
R
a2

?ku ls xqtjus okyk usV ÝyDl
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 m
nk
gj

.k
 1

.1
2

  
mn

kg
j.
k  
1
.1

1

= φ
R 

+ φ
L
 = E

R
a2 – E

L
a2 = a2 (E

R
 – E

L
) = αa2 [(2a)1/2 – a1/2]

=  αa5/2 ( )2 –1

=  800 (0.1)5/2 ( )2 –1

= 1.05 N m2 C–1

(b) ge ?ku osQ Hkhrj oqQy vkos'k q dks Kkr djus osQ fy, xkml fu;e dk mi;ksx dj ldrs
gSaA ge tkurs gSa fd φ = q/ε

0
 vFkok q = φε

0  blfy,

  q = 1.05 × 8.854 × 10–12 C = 9.27 × 10–12 C

mnkgj.k 1.12 dksbZ fo|qr {ks=k /ukRed x osQ fy,] /ukRed x fn'kk esa ,dleku gS rFkk mlh
ifjek.k osQ lkFk ijarq ½.kkRed x osQ fy,] ½.kkRed x fn'kk esa ,dleku gSA ;g fn;k x;k
gS fd E = 200 î   N/C tcfd x > 0 rFkk E = –200 î  N/C] tcfd x < 0 gSA 20 cm
yacs 5 cm f=kT;k osQ fdlh yacòÙkh; flfyaMj dk osaQnz ewy ̄cnq ij rFkk bl v{k x osQ bl izdkj
vuqfn'k gS fd bldk ,d iQyd fp=k 1.28 esa n'kkZ, vuqlkj x = +10 cm rFkk nwljk iQyd
x = –10 cm ij gSA (a) izR;sd piVs iQyd ls xqtjus okyk usV cfgeqZ[kh ÝyDl fdruk gS\
(b) flfyaMj osQ ik'oZ ls xqtjus okyk ÝyDl fdruk gS\ (c) flfyaMj ls xqtjus okyk usV cfgeqZ[kh
ÝyDl fdruk gS\ (d) flfyaMj osQ Hkhrj usV vkos'k fdruk gS\

gy
(a) fp=k esa ge ;g ns[krs gSa fd ck,¡ iQyd ij E rFkk ∆S lekarj gSaA blfy, cfgeqZ[kh

ÝyDl gS

φ
L
= E.∆S = – 200 ˆ ∆i S

=  + 200 ∆S, pw¡fd  ˆ ∆i S = – ∆S

=  + 200 × π (0.05)2 = + 1.57 N m2 C–1

nk,¡ iQyd ij E rFkk ∆S lekarj gSa] blfy,
φ

R 
=  E.∆S =  + 1.57 N m2 C–1

(b) flfyaMj osQ ik'oZ osQ fdlh Hkh ¯cnq ij E {ks=k vo;o ∆S osQ yacor gS] blfy,
E.∆S = 0 blfy, flfyaMj osQ ik'oZ osQ ckgj ÝyDl 'kwU; gSA

(c) flfyaMj ls gksdj usV cfgeqZ[kh ÝyDl
φ

 
= (1.57 + 1.57 + 0) = 3.14 N m2 C–1

fp=k 1.28

 (d) flfyaMj osQ Hkhrj usV vkos'k dk eku xkml fu;e }kjk Kkr fd;k tk ldrk gS ftlls
gesa izkIr gksrk gS
q =  ε

0
φ

   =  3.14 × 8.854 × 10–12  C
   =  2.78 × 10–11 C
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1.15  xkml fu;e osQ vuqiz;ksx
tSlh fd ge Åij ppkZ dj pqosQ gSa fd fdlh O;kid vkos'k forj.k osQ dkj.k fo|qr {ks=k
lehdj.k (1.27) }kjk O;Dr fd;k tkrk gSA oqQN fof'k"V izdj.kksa dks NksM+dj] O;ogkj esa] bl
lehdj.k esa lfEefyr ladyu (vFkok lekdyu) dh
izfØ;k fno~QLFkku osQ lHkh ̄ cnqvksa ij fo|qr {ks=k izkIr djus
osQ fy, dk;kZfUor ugha dh tk ldrhA rFkkfi] oqQN lefer
vkos'k foU;klksa osQ fy, xkml fu;e dk mi;ksx djosQ
fo|qr {ks=k dks ljy <ax ls izkIr djuk laHko gSA oqQN
mnkgj.kksa ls bls vklkuh ls le>k tk ldrk gSA

1.15.1 vuar yackbZ osQ ,dleku vkosf'kr
lh/s rkj osQ dkj.k fo|qr {ks=k

fdlh vuar yackbZ osQ ,dleku jSf[kd vkos'k ?kuRo λ osQ
lh/s irys rkj ij fopkj dhft,A Li"V :i ls ;g rkj ,d
lefer v{k gSA eku yhft, ge O ls P dh fn'kk esa èkzqokarj
(f=kT; lfn'k) ysdj bls rkj osQ pkjksa vksj ?kw.kZu djkrs gSaaA
bl izdkj izkIr ¯cnq P, P′, P′′ vkosf'kr rkj osQ lanHkZ esa
laiw.kZ :i ls rqY; gSaA blls ;g miyf{kr gksrk gS fd bu
¯cnqvksa ij fo|qr {ks=k dk ifjek.k leku gksuk pkfg,A izR;sd
¯cnq ij fo|qr {ks=k dh fn'kk vjh; (f=kT;h;) gksuh pkfg,
(;fn λ > 0] rks cfgeqZ[kh rFkk ;fn λ < 0] rks vareqZ[kh)A
;g fp=k 1.29 ls Li"V gSA

n'kkZ, vuqlkj rkj osQ jSf[kd vo;oksa P1 rFkk P2 osQ
;qxy ij fopkj djsaA bl ;qxy osQ nks vo;oksa }kjk mRiUu
fo|qr {ks=kksa dks ladfyr djus ij izkIr ifj.kkeh fo|qr {ks=k
vjh; gksrk gS ¹èkzqokarj  osQ vfHkyacor vo;o ,d&nwljs
dks fujLr dj nsrs gSaºA ;g bl izdkj osQ lHkh ;qxyksa osQ
fy, lR; gSA vr% fdlh Hkh ¯cnq P ij oqQy fo|qr {ks=k
vjh; gSA var esa] pw¡fd rkj vuar gS] rkj dh yackbZ osQ
vuqfn'k fo|qr {ks=k ¯cnq P dh fLFkfr ij fuHkZj ugha djrkA
la{ksi esa] rkj dks vfHkyacor dkVus okys ry esa fo|qr {ks=k
gj LFkku ij vjh; gS rFkk bldk ifjek.k osQoy f=kT; nwjh r
ij fuHkZj djrk gSA

fo|qr {ks=k ifjdfyr djus osQ fy, fp=k 1.29(b) esa
n'kkZ, vuqlkj fdlh csyukdkj xkmlh; i`"B dh dYiuk
dhft,A pw¡fd fo|qr {ks=k gj LFkku ij vjh; gS] csyukdkj
xkmlh; i`"B osQ nks fljksa ls xqtjus okyk ÝyDl 'kwU; gSA
i`"B osQ csyukdkj Hkkx ij fo|qr {ks=k E i`"B osQ gj ̄cnq ij
vfHkyacor gS rFkk osQoy r ij fuHkZj gksus osQ dkj.k bldk
ifjek.k fu;r gSA ofØr Hkkx dk i`"Bh; {ks=kiQy  2πrl gS]
;gk¡ l flfyaMj dh yackbZ gSA

fp=k 1.29 (a) vuar yackbZ osQ ,dleku vkosf'kr irys lhèks
rkj osQ dkj.k fo|qr {ks=k vjh; (f=kT;h;) gksrk gSA

(b) ,dleku jSf[kd vkos'k ?kuRo osQ yacs irys rkj osQ fy,
xkmlh; i`"BA
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xkmlh; i`"B ls xq”kjus okyk ÝyDl

= i`"B osQ ofØr csyukdkj Hkkx ls xq”kjus okyk ÝyDl

= E × 2πrl

i`"B esa λ l osQ cjkcj vkos'k lfEefyr gSA rc xkml fu;e ls izkIr gksrk gS
E × 2πrl = λl/ε

0

vFkkZr E  = 2 0r

λ
επ

lfn'k :i esa fdlh Hkh ¯cnq ij fo|qr {ks=k E bl izdkj O;Dr fd;k tkrk gS

ˆ
2 r0

λ
ε

=
π

E n (1.32)

;gk¡ n̂  rkj osQ fdlh ¯cnq osQ vfHkyacor xqtjus okys ry esa f=kT; ,dkad lfn'k gSA tc λ
èkukRed gksrk gS rks E cfgeqZ[kh gksrk gS vkSj tc λ ½.kkRed gksrk gS] ;g vareqZ[kh gksrk gSA

è;ku nhft,] tc ge lfn'k A dks ,dkad lfn'k ls xqf.kr vfn'k osQ :i esa] vFkkZr
A = A â  osQ :i esa fy[krs gSa rks vfn'k A ,d chtxf.krh; la[;k gksrh gSA ;g /ukRed Hkh
gks ldrh gS vkSj ½.kkRed HkhA ;fn A > 0 gS rks A dh fn'kk ,dkad lfn'k â  osQ leku gksxh
rFkk ;fn A < 0 gS rks A dh fn'kk â  dh fn'kk osQ foijhr gksxhA tc ge ½.ksrj ekuksa rd lhfer
j[kuk pkgrs gSa rks ge izrhd A dk mi;ksx djrs gSa rFkk bls A dk ekM~;wYl (ekikad) dgrs
gSaA bl izdkj 0≥A  gksrk gSA

;g Hkh è;ku nhft, fd mijksDr ppkZ esa ;|fi i`"B (λl ) }kjk ifjc¼ vkos'k dks gh osQoy
lfEefyr fd;k x;k Fkk] ijarq fo|qr {ks=k E leLr rkj ij vkos'k osQ dkj.k gSA lkFk gh ;g
dYiuk dj ysuk fd rkj dh yackbZ vuar gS bl dYiuk osQ fcuk ge fo|qr {ks=k E dks csyukdkj
xkmlh; i`"B osQ vfHkyacor ugha ys ldrsA rFkkfi] yacs rkj osQ csyukdkj Hkkxksa osQ pkjksa vksj
tgk¡ vaR; izHkko (end effects) dh mis{kk dh tk ldrh gS] fo|qr {ks=k osQ fy, lehdj.k
(1.32) lfUudVr% lgh gSA

1.15.2  ,dleku vkosf'kr vuar lery pknj osQ dkj.k fo|qr {ks=k

eku yhft, fdlh vuar lery pknj (fp=k 1.30) dk ,dleku i`"Bh; vkos'k ?kuRo σ  gSA
ge x-v{k dks fn, x, ry osQ vfHkyacor ekurs gSaA lefefr osQ vuqlkj fo|qr {ks=k y rFkk z
funsZ'kkadksa ij fuHkZj ugha djsxk rFkk bldh izR;sd ̄ cnq ij fn'kk x-fn'kk osQ lekarj gksuh pkfg,A

ge xkmlh; i`"B dks fp=k esa n'kkZ, vuqlkj A vuqizLFkdkV
{ks=kiQy osQ vk;rkdkj lekarj "kV~iQyd tSlk ys ldrs gSa (oSls rks
csyukdkj i`"B ls Hkh ;g dk;Z gks ldrk gS)A tSlk fp=k ls
n`f"Vxkspj gksrk gS] osQoy nks iQyd 1 rFkk 2 gh ÝyDl esa ;ksxnku
nsaxs_ fo|qr {ks=k js[kk,¡ vU; iQydksa osQ lekarj gSa vkSj os blhfy,
oqQy ÝyDl esa ;ksxnku ugha nsrhaA

i`"B 1 osQ vfHkyacor ,dkad lfn'k –x fn'kk esa gS tcfd i`"B
2 osQ vfHkyacor ,dkad lfn'k +x fn'kk esa gSA vr%] nksuksa i`"Bksa ls
xqtjus okys ÝyDl E.∆S cjkcj gSa vkSj la;ksftr gks tkrs gSaA
blhfy, xkmlh; ì"B ls xqtjus okyk usV ÝyDl 2 EA gSA ì"B }kjk
ifjc¼ vkos'k σA gSA blhfy, xkml fu;e }kjk gesa ;g laca/ izkIr
gksrk gS

fp=k 1.30 ,dleku vkosf'kr vuar vkos'k pknj osQ
fy, xkmlh; i`"BA
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fp=k 1.31 fdlh ¯cnq osQ fy, tks
(a) r > R, (b) r < R ij gS] xkmlh;

i`"BA

2 EA = σA/ε0

vFkok  E = σ/2ε
0

lfn'k :i esa

ˆ
2 0

σ
ε

=E n (1.33)

;gk¡ n̂  ry osQ vfHkyacor blls nwj tkrk gqvk ,dkad lfn'k gSA
;fn σ  /ukRed gS rks E ry ls cfgeZq[kh rFkk ;fn σ ½.kkRed gS rks E ry ls vareqZ[kh

gksrk gSA è;ku nhft, xkml fu;e osQ vuqiz;ksx ls gesa ,d vfrfjDr rF; ;g izkIr gksrk gS fd
E, x ij Hkh fuHkZj ugha gSA

fdlh ifjfer cM+h leryh; pknj osQ fy, lehdj.k (1.33), fljksa ls nwj leryh; pknj
osQ eè;orhZ {ks=kksa esa lfUudVr% lR; gSA

1.15.3  ,dleku vkosf'kr irys xksyh; [kksy ds dkj.k fo|qr {ks=k

eku yhft, R f=kT;k ds irys xksyh; [kksy dk ,dleku i`"Bh; vkos'k ?kuRo σ gS
(fp=k 1.31)A Li"V :i ls bl fLFkfr esa xksyh; lefefr gSA fdlh fcanq P ij pkgs og Hkhrj
gS vFkok ckgj] fo|qr {ks=k osQoy r ij fuHkZj dj ldrk gS (;gk¡ r [kksy osQ osaQnz ls ml fcanq
rd dh f=kT; nwjh gSA)rFkk bl {ks=k dks vjh; (vFkkZr èkzqokarj osQ vuqfn'k) gksuk pkfg,A

(i) [kksy osQ ckgj fo|qr {ks=kµ[kksy osQ ckgj /zqokarj r osQ fdlh fcanq P ij fopkj
dhft,A fcanq P ij E dk ifjdyu djus osQ fy, ge osaQnz O rFkk f=kT;k r  osQ
fcanq P ls xqtjus okys xksys dks xkmlh; i`"B ekurs gSaA fn, x, vkos'k foU;kl
osQ lkis{k  bl xksys ij fLFkr izR;sd fcanq lerqY; gSA (xksyh; lefefr ls gekjk
;gh vfHkizk; gSA) blhfy, xkmlh; ì"B osQ izR;sd fcanq ij fo|qr {ks=k dk leku
ifjek.k E gS rFkk izR;sd fcanq ij /zqokarj osQ vuqfn'k gSA bl izdkj izR;sd fcanq
ij E rFkk ∆S lekarj gSa rFkk izR;sd vo;o ls xq”kjus okyk ÝyDl E ∆S gSA
lHkh ∆S dk ladyu djus ij xkmlh; ì"B ls xq”kjus okyk ÝyDl E × 4 π r2

gSA ifjc¼ vkos'k σ × 4 π R 2 gSA xkml fu;e ls

E × 4 π r 2 = 
2

0

4 R
σ
ε

π

vFkok  
2

2 2
0 04
R q

E
r r

σ
ε ε

= =
π

;gk¡ q  =  4 π R2 σ  xksyh; [kksy ij oqQy vkos'k gSA

lfn'k :i esa] 2
0

ˆ
4

q

rε
=

π
E r (1.34)

;fn q > 0 gS rks fo|qr {ks=k cfgeqZ[kh gksrk gS rFkk ;fn  q < 0 gS rks fo|qr {ks=k
vareqZ[kh gksrk gSA rFkkfi] ;g [kksy osQ osaQnz O ij fLFkr vkos'k q }kjk mRiUu fo|qr
{ks=k gSA vr% [kksy osQ ckgj fLFkr fcanqvksa ij ,dleku vkosf'kr xksyh; [kksy osQ dkj.k fo|qr
{ks=k bl izdkj dk gksrk gS] tSls fd [kksy dk leLr vkos'k mlosQ osaQnz ij fLFkr gSA

(ii) [kksy osQ Hkhrj fo|qr {ks=kµfp=k 1.31(b) esa fcanq P [kksy osQ Hkhrj gSA bl izdj.k
esa Hkh xkmlh; i`"B P ls xq”kjus okyk og xksyk gS ftldk osaQnz O gSA igys fd, x,
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 m
nk
gj

.k
 1

.1
3

ifjdyuksa dh gh Hkk¡fr xkmlh; i`"B ls xqtjus okyk ÝyDl E × 4 π r2 gSA rFkkfi bl
izdj.k esa] xkmlh; i`"B esa dksbZ vkos'k ifjc¼ ugha gSA rc xkml fu;e osQ vuqlkj
E × 4 π r2 =  0
vFkkZr  E = 0          (r < R ) (1.35)

vFkkZr ,dleku vkosf'kr irys xksyh; [kksy* osQ dkj.k mlosQ Hkhrj fLFkr lHkh fcanqvksa ij
fo|qr {ks=k 'kwU; gSA ;g egRoiw.kZ ifj.kke xkml fu;e dk izR;{k fu"d"kZ gS tks dwykWe fu;e
ls izkIr gqvk gSA bl fu;e dk izk;ksfxd lR;kiu dwykWe fu;e esa 1/r2 dh fuHkZjrk dh iqf"V
djrk gSA

mnkgj.k 1.13 ijek.kq osQ izkjafHkd izfr:i esa ;g ekuk x;k Fkk fd vkos'k Ze dk fcanq vkeki
dk /ukRed ukfHkd gksrk gS tks f=kT;k R rd ,dleku ?kuRo osQ ½.kkos'k ls f?kjk gqvk gSA
ijek.kq iw.kZ :i esa fo|qr mnklhu gSA bl izfr:i ds fy, ukfHkd ls r nwjh ij fo|qr {ks=k
fdruk gS\

fp=k 1-32 ijek.kq dk izkjafHkd izfr:iA

gy% fp=k 1-32 esa bl izfr:i dk vkos'k forj.k n'kkZ;k x;k gSA pw¡fd ijek.kq mnklhu (ukfHkd
esa vkos'k Z e + ½.kkos'k) gS] vr% R f=kT;k osQ ,dleku xksyh; vkos'k forj.k esa oqQy
½.kkRed vkos'k –Ze gksuk pkfg,A blls gesa rqjar gh ½.kkRed vkos'k ?kuRo ρ izkIr gks tkrk
gSA pw¡fd gekjs ikl dqy 'kwU; vkos'k gksuk pkfg,] vr%

34
0–

3

R
Zeρ

π
=

vFkok 3

3
4

Ze

R
ρ = −

π
ukfHkd ls r nwjh ij fLFkr fcanq P ij fo|qr {ks=k E(r) Kkr djus osQ fy, ge xkml fu;e dk
mi;ksx djrs gSaA vkos'k forj.k dh xksyh; lefefr osQ dkj.k fo|qr {ks=k E(r) dk ifj.kke osQoy
f=kT; nwjh ij fuHkZj djrk gS] ;gk¡ r dh fn'kk dk dksbZ vFkZ ugha gskrkA bldh fn'kk ewy fcanq
ls P dh vksj /zqokarj r ds vuqfn'k (vFkok foijhr) gSA Li"V :i ls bl izdj.k esa xkmlh;
ì"B ,d xksyh; ì"B gS ftldk osaQnz ukfHkd gSA ;gk¡ ge nks fLFkfr;ksa r < R rFkk r > R ij fopkj
djrs gSaA
(i) r < R : xksyh; i`"B }kjk ifjc¼ oS|qr ÝyDl
    φ  =  E (r ) × 4 π r 2

;gk¡ E (r ), r  ij fo|qr {ks=k dk ifjek.k gSA bldk dkj.k ;g gS xksyh; xkmlh; ì"B ds fdlh
Hkh fcanq ij fo|qr {ks=k dh fn'kk i`"B osQ ml fcanq ij vfHkyacor gksrh gS rFkk bldk ifjek.k
i`"B osQ lHkh fcanqvksa ij leku gksrk gSA

* bldh rqyuk HkkSfrdh ikB~;iqLrd d{kk 11 osQ vuqHkkx 8-5 esa of.kZr ,dleku nzO;eku [kksy ls
dhft,A
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 mnkgj.k 1
.1

3

;gk¡ xkmlh; i`"B }kjk ifjc¼ vkos'k q /ukRed ukfHkdh; vkos'k rFkk r f=kT;k osQ xksys esa
fo|eku ½.kkRed vkos'k gS

vFkkZr 
34

3

r
q Z e ρ

π
= +

igys izkIr vkos'k ?kuRo ρ dk eku izfrLFkkfir djus ij gesa izkIr gksrk gSA

3

3

r
q Z e Z e

R
= −

rc xkml fu;e ls gesa izkIr gksrk gSA

ε
=

π 0

( )
4
Z e

E r
1

2 3r

r

R
r R−





<;

;gk¡ fo|qr {ks=k f=kT;r% cfgeqZ[kh funf'kZr gSA

(ii) r > R : bl izdj.k esa] pw¡fd ijek.kq mnklhu gS] xksyh; xkmlh; i`"B }kjk ifjc¼ vkos'k
'kwU; gSA bl izdkj] xkml fu;e ls

E (r) × 4 π  r2 = 0  vFkok (r) = 0;    r > R

r = R, ij nksuksa izdj.kksa ls leku ifj.kke] E = 0 izkIr gksrk gSA

lefefr lafØ;kvksa ds fo"k; esa

HkkSfrdh esa gekjk izk;% fofHkUu lefefr ds fudk;ksa ls lkeuk gksrk gSA bu lefefr;ksa ij fopkj djuk lh/s&lhèkss
ifjdyuksa dh rqyuk esa dgha vf/d 'kh?kzrk ls ifj.kke rd igq¡pus esa lgk;d gksrk gSA mnkgj.k ds fy,] y-z ry
osQ vuqfn'k vuar yackbZ dh vkos'k dh ,dleku pknj (i`"Bh; vkos'k ?kuRo σ) ij fopkj dhft,A ;g fudk;
vifjofrZr jgrk gS ;fn (a) y-z ry osQ lekarj fdlh Hkh fn'kk esa LFkkukarfjr fd;k tkrk gS] (b) x-v{k osQ ifjr%
fdlh Hkh dks.k ij ?kw.kZu djk;k tkrk gSA ftl izdkj ;g fudk; bl izdkj dh lefefr lafØ;kvksa ds v/hu
vifjofrZr jgrk gS] blh izdkj blosQ xq.k/eZ Hkh vifjofrZr jgus pkfg,A fo'ks"k :i ls] bl mnkgj.k esa] fo|qr {ks=k
E vifjofrZrr gksuk pkfg,A

y-v{k ds vuqfn'k LFkkukarjh; lefefr ;g n'kkZrh gS fd fdlh fcanq (0, y1, 0) ij fo|qr {ks=k (0, y2, 0) ij
fo|qr {ks=k osQ leku gksuk pkfg,A blh izdkj z-v{k osQ vuqfn'k LFkkukarjh; lefefr ;g n'kkZrh gS fd nks fcanqvksa
(0, 0, z1) rFkk (0, 0, z2) ij fo|qr {ks=k leku gksuk pkfg,A x- v{k osQ pkjksa vksj ?kw.kZu lefefr dk mi;ksx djosQ
ge ;g fu"d"kZ fudky ldrs gSa fd E y-z ry osQ yacor gksuk pkfg,] vFkkZr ;g x- fn'kk osQ lekarj gksuk pkfg,A

vc fdlh ,slh lefefr dks lkspus dk iz;kl dhft, tks vkidks ;g crk, fd fo|qr {ks=k dk ifjek.k ,d
fu;rkad gS] tks x- funsZ'kkad ij fuHkZj ugha djrkA bl izdkj ;g dgk tk ldrk gS fd fdlh vuar yackbZ dh ,dleku
pkyd pknj osQ dkj.k mRiUu fo|qr {ks=k dk ifjek.k fno~QLFkku esa gj ̄ cnq ij leku gksrk gSA rFkkfi pknj osQ nksuksa
vksj fo|qr {ks=k dh fn'kk ,d&nwljs osQ foijhr gksrh gSA

bldh rqyuk mu ifj.kkeksa ls dhft, tks dwykWe fu;e ds mi;ksx }kjk lh/s ifjdyu dj ifj.kke ij igq¡pus
osQ fy, vko';d gksaA
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lkjka'k

1. fo|qr rFkk pqacdh; cy ijek.kqvksa] v.kqvksa rFkk LFkwy nzO; osQ xq.kèkeks± dk fuèkkZj.k
djrs gSaA

2. ?k"kZ.k fo|qr osQ ljy iz;ksxksa osQ vkèkkj ij ;g fu"d"kZ fudkyk tk ldrk gS fd izÑfr
esa nks izdkj osQ vkos'k gksrs gSaA ltkrh; vkos'kksa esa izfrd"kZ.k rFkk fotkrh; vkos'kksa esa
vkd"kZ.k gksrk gSA ifjikVh osQ vuqlkj] js'ke ls jxM+us ij dk¡p dh NM+ ij èkukos'k gksrk
gS_ rFkk iQj ls jxM+us ij IykfLVd dh NM+ ij ½.kkos'k gksrk gSA

3. pkyd vius esa ls gksdj ljyrk ls oS|qr vkos'k dh xfr gksus nsrs gSa tcfd fo|qrjksèkh
,slk ugha djrsA èkkrqvksa esa xfr'khy vkos'k bysDVªkWu gksrs gSa_ oS|qr vi?kV~;ksa esa èkuk;u
rFkk ½.kk;u nksuksa gh xfr djrs gSaA

4. oS|qr vkos'kksa osQ rhu xq.kèkeZ gksrs gSa % DokaVehdj.k] ;ksT;rk rFkk laj{k.kA
oS|qr vkos'k osQ DokaVehdj.k ls rkRi;Z gS fd fdlh oLrq dk oqQy vkos'k (q) lnSo gh
vkos'k osQ ,d ewy DokaVe (e) osQ iw.kk±dh xq.kt vFkkZr q = n e gksrk gS] tgk¡
n = 0, ±1, ±2, ±3, .... gSA izksVkWu rFkk bysDVªkWu ij Øe'k% +e rFkk –e vkos'k gksrs
gSaA LFkwy vkos'kksa ftuosQ fy, n ,d vR;fèkd cM+h la[;k gksrh gS] esa vkos'k osQ
DokaVehdj.k dh mis{kk dh tk ldrh gSA
oS|qr vkos'kksa dh ;ksT;rk ls gekjk rkRi;Z ;g gS fd fdlh fudk; dk oqQy vkos'k ml
fudk; osQ lHkh ,dkdh vkos'kksa dk chtxf.krh; ;ksx (vFkkZr ;ksx djrs le; muosQ fpÉksa
dks è;ku esa j[kdj) gksrk gSA
oS|qr vkos'kksa osQ laj{k.k ls gekjk rkRi;Z ;g gS fd fdlh fo;qDr fudk; (isolated
system) dk oqQy vkos'k le; osQ lkFk vifjofrZr jgrk gSA bldk vFkZ ;g gS fd tc
?k"kZ.k }kjk oLrq,¡ vkosf'kr dh tkrh gSa rks vkos'kksa dk ,d oLrq ls nwljh oLrq esa LFkkukarj.k
gksrk gS] ijarq bl izfØ;k esa u rks dksbZ vkos'k mRiUu gksrk gS vkSj u gh u"V gksrk gSA

5. owQykWe fu;e % nks ̄ cnq vkos'kksa q1 rFkk q2 osQ chp ikjLifjd fLFkj oS|qr cy] vkos'kksa
osQ xq.kuiQy q1q2 osQ vuqØekuqikrh rFkk muosQ chp dh nwjh r21 osQ oxZ osQ O;qRØekuqikrh
gksrk gSA xf.krh; :i esa

F21 = q2 ij q1 osQ dkj.k yxus okyk cy 212
21

21 r̂
r

)q(qk
=

;gk¡ 21r̂  vkos'k q1 ls q2 dh fn'kk esa ,dakd lfn'k gS rFkk k = 
04

1
επ

vkuqikfrdrk

fLFkjkad gSA SI ek=kdksa esa] vkos'k dk ek=kd owQykWe gSA fu;rkad ε0 dk izk;ksfxd eku gS
ε0 = 8.854 × 10–12 C2 N–1 m–2

k dk lfUudV eku k = 9 × 109 N m2 C–2 gksrk gSA
6. fdlh izksVkWu rFkk fdlh bysDVªkWu osQ chp oS|qr cy rFkk xq#Rokd"kZ.k cy dk vuqikr

gS]

39
2

1042 ×≅ .
mmG

ek

pe

7. vè;kjksi.k fl¼kar % ;g fl¼kar bl xq.kèkeZ ij vkèkkfjr gS fd nks vkos'kksa osQ chp yxus
okys vkd"khZ vFkok izfrd"khZ cy fdlh rhljs (vFkok vfèkd) vfrfjDr vkos'k dh
mifLFkfr ls izHkkfor ugha gksrsA vkos'kksa q1, q2, q3... osQ fdlh lewg osQ fy, fdlh vkos'k
(tSls q1) ij cy] q1 ij q2 osQ dkj.k cy] q1 ij q3 osQ dkj.k cy vkfn&vkfn osQ
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lfn'k ;ksx osQ cjkcj gksrk gSA izR;sd ;qxy osQ fy, ;g cy igys of.kZr nks vkos'kksa osQ
fy, owQykWe osQ fu;e }kjk gh O;Dr fd;k tkrk gSA

8. fdlh vkos'k foU;kl osQ dkj.k fdlh ̄cnq ij fo|qr {ks=k E fdlh NksVs èkukRed ijh{k.k
vkos'k (test charge) q dks ml ̄ cnq ij j[kus ij mlosQ }kjk vuqHko fd, tkus okys
cy dks ml vkos'k osQ ifjek.k }kjk foHkkftr djus ij izkIr gksrk gSA fdlh ̄ cnq vkos'k
q osQ dkj.k fo|qr {ks=k dk dksbZ ifjek.k 2

04 r/q επ  gksrk gS_ ;fn q èkukRed gS
rks ;g {ks=k vjh; (f=kT;h;) cfgeqZ[kh gksrk gS rFkk ;fn q ½.kkRed gS rks vjh;
(f=kT;h;) vareqZ[kh gksrk gSA owQykWe cy dh Hkk¡fr fo|qr {ks=k Hkh vè;kjksi.k fl¼kar dks
larq"V djrk gSA

9. fo|qr {ks=k js[kk ,slk oØ gS ftlosQ fdlh Hkh ̄ cnq ij [khapk x;k Li'khZ] oØ osQ ml ̄cnq
ij fo|qr {ks=k dh fn'kk crkrk gSA {ks=k js[kkvksa dh lkisf{kd ladqyrk fofHkUu fcanqvksa ij
fo|qr {ks=k dh lkisf{kd rhozrk dks bafxr djrh gSA izcy fo|qr {ks=k esa js[kk,¡ ikl&ikl
rFkk nqcZy {ks=k esa ;s ,d-nwljs ls dkiQh nwj gksrh gSaA ,dleku (vFkok fu;r) fo|qr {ks=k
esa {ks=k js[kk,¡ ,d-nwljs ls ,dleku nwjh ij lekarj ljy js[kk,¡ gksrh gSaA

10. {ks=k js[kkvksa dh oqQN egRoiw.kZ fo'ks"krk,¡ bl izdkj gSaµ (a) vkos'keqDr fno~QLFkku esa {ks=k
js[kk,¡ larr oØ gksrh gSa tks dgha ugha VwVrhaA (b) nks {ks=k js[kk,¡ ,d&nwljs dks dnkfi ugha
dkV ldrhaA (c) fLFkjoS|qr {ks=k js[kk,¡ èkukos'k ls vkjaHk gksdj ½.kkos'k ij lekIr gks
tkrh gSaµ ;s lao`r ik'k (can ywi) ugha cuk ldrhaA

11. oS|qr f}èkzqo ifjek.k esa leku fotkrh; nks vkos'kksa q rFkk –q, ftuosQ chp i`Fkdu 2a

gks] dk ;qXe gksrk gSA blosQ f}èkzqo vk?kw.kZ lfn'k p dk ifjek.k 2qa gksrk gS rFkk ;g
f}èkzqo v{k –q ls q dh fn'kk esa gksrk gSA

12. fdlh oS|qr f}èkzqo dk blosQ fuj{kh;@fo"kqorh; lery (vFkkZr blosQ v{k osQ yacor rFkk
blosQ osQanz ls xqtjus okys lery) ij blosQ osQanz ls r nwjh ij fo|qr {ks=kµ
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f}èkzqo v{k ij osQanz ls r nwjh ij f}èkzqo fo|qr {ks=k
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bl rF; ij è;ku nsuk pkfg, fd fdlh f}/qzo dk fo|qr {ks=k 1/r 3 ij fuHkZj gksrk gS]
tcfd fdlh ¯cnq vkos'k osQ dkj.k fo|qr {ks=k 1/r 2 ij fuHkZj gksrk gSA

13. fdlh ,dleku fo|qr {ks=k E esa dksbZ oS|qr f}èkzqo ,d cy vk?kw.kZ τττττ dk vuqHko djrk gSA
τττττ = p  × E

ijarq fdlh usV cy dk vuqHko ugha djrkA

14. fo|qr {ks=k E dk fdlh y?kq {ks=kiQy&vo;o ∆S ls xqtjus okyk ÝyDl ∆φ = E.∆S

lfn'k {ks=kiQy&vo;o ∆S = ∆S n̂

;gk¡ ∆S {ks=kiQy&vo;o dk ifjek.k rFkk n̂  {ks=kiQy&vo;o osQ yacor f=kT; ,dakd
lfn'k gS ftls dkiQh NksVs {ks=k osQ fy, leryh; ekuk tk ldrk gSA fdlh can i`"B osQ
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{ks=kiQy&vo;o osQ fy,] n̂ dks ifjikVh osQ vuqlkj cfgeZq[kh vfHkyac dh fn'kk ekuk tk
ldrk gSA

15. xkml fu;e % fdlh can ì"B S ls gksdj xq”kjus okys fdlh fo|qr {ks=k dk ÝyDl ml ì"B
S }kjk ifjc¼ oqQy vkos'k dk 1/ε0 xquk gksrk gSA ;g fu;e fo|qr {ks=k osQ fuèkkZj.k esa fo'ks"k
:i ls rc mi;ksxh gksrk gS tcfd vkos'k forj.k esa ljy lefefr gksA
(i) ,dleku jSf[kd vkos'k ?kuRo λ dk iryk vuar yackbZ dk lhèkk rkj

nE ˆ
2 0 rε

λ
π

=

;gk¡ r ¯cnq dh rkj ls yacor nwjh gS rFkk n ml ¯cnq ls xq”kjus okys rkj osQ
vfHkyacor ry esa f=kT; ,dakd lfn'k gSA

(ii) ,dleku i`"Bh; vkos'k ?kuRo σ dh iryh vuar lery pknj

nE ˆ
2 0ε
σ

=

;gk¡  n̂ lery osQ vfHkyacor ik'oZ osQ nksuksa vksj cfgeZq[kh ,dakd lfn'k gSA
(iii) ,dleku i`"Bh; vkos'k ?kuRo σ osQ irys xksyh; [kksy (;k dks'k)

)(ˆ
4 2

0

Rr
r

q
≥= rE

επ
 E = 0                (r < R)

;gk¡ r xksyh; [kksy osQ osQanz ls ̄cnq dh nwjh rFkk R [kksy dh f=kT;k gSA [kksy dk oqQy vkos'k
q gSA tgk¡ q = 4πR 2σ gSA
[kksy osQ ckgj fdlh ̄ cnq ij vkosf'kr [kksy osQ dkj.k fo|qr {ks=k bl izdkj gksrk gS tSls
fd leLr vkos'k [kksy osQ osQanz ij gh osaQfnzr gSA ;gh ifj.kke fdlh ,dleku vk;ru
vkos'k ?kuRo osQ Bksl xksys osQ fy, Hkh lR; gksrk gSA [kksy osQ vanj lHkh ̄cnqvksa ij fo|qr
{ks=k 'kwU; gksrk gSA

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

lfn'k {ks=kiQy-vo;o ∆S [L2] m2 ∆S = ∆S n̂

fo|qr {ks=k E [MLT–3A–1] V m–1

oS|qr ÝyDl φ [ML3 T –3A–1] V m ∆φ  =  E.∆S

f}/zqo vk?kw.kZ p [LT A] C m ½.kkos'k ls /ukos'k
dh vksj fufnZ"V
lfn'k

vkos'k ?kuRo%
jSf[kd λ [L–1 T A] C m–1 vkos'k@yackbZ
ì"Bh; σ [L–2 T A] C m–2 vkos'k@{ks=kiQy
vk;ru ρ [L–3 T A] C m–3 vkos'k@vk;ru
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fopkj.kh; fo"k;

1- vkidks ;g vk'p;Z gks ldrk gS fd ukfHkd esa izksVkWu ftu ij /ukos'k gS] lHkh ,d
lkFk dls jgdj dSls lek, gq, gSaA os ,d&nwljs ls nwj D;ksa ugha mM+ tkrs\ vki ;g
lh[ksaxs fd ,d rhljs izdkj dk ewy cy Hkh gS ftls izcy cy dgrs gSa vkSj ;gh
cy izksVkWuksa dks ,d lkFk ck¡/s j[krk gSA ijarq nwjh dk og ifjlj ftlesa ;g cy izHkkoh
gksrk gS] cgqr NksVk ~ 10-14 m gSA ;Fkk;Z :i esa ;gh ukfHkd dk lkb”k gSA lkFk
gh DokaVe ;kaf=kdh ds fu;eksa ds vuqlkj bysDVªkWuksa dks izksVkWuksa ds 'kh"kZ ij vFkkZr
ukfHkd ds Hkhrj cSBus dh vuqefr Hkh ugha gSA blh ls ijek.kqvksa dks mudh jpuk izkIr
gS vkSj mudk izÑfr esa vfLrRo gSA

2. owQykWe cy rFkk xq#Rokd"kZ.k cy leku O;qRØe oxZ fu;e dk ikyu djrs gSaA ijarq
xq#Rokd"kZ.k cy dk osQoy ,d gh fpÉ (lnSo vkd"khZ) gksrk gS] tcfd owQykWe cy
osQ nksuksa fpÉ (vkd"khZ rFkk çfrd"khZ) gks ldrs gSa] ftlls fo|qr cyksa dk fujlu gks
ldrk gSA ;gh dkj.k gS fd vR;ar nqcZy cy gksus ij Hkh xq#Ro cy izÑfr esa ,d
izcy rFkk vf/d O;kid cy gks ldrk gSA

3. ;fn vkos'k osQ ek=kd dks owQykWe osQ fu;e }kjk ifjHkkf"kr djuk gS rks owQykWe osQ fu;e
esa vkuqikfrdrk fLFkjkad k ,d p;u dk fo"k; gSA ijarq SI ek=kdksa esa fo|qr èkkjk osQ
ek=kd ,sfEi;j (A) dks mlh osQ pqacdh; çHkko (,sfEi;j fu;e) }kjk ifjHkkf"kr fd;k
tkrk gS rFkk vkos'k osQ ek=kd (owQykWe) dks osQoy (1C = 1A s) }kjk ifjHkkf"kr fd;k
tkrk gSA bl çdj.k esa k dk eku LoSfPNd ugha gS_ ;g yxHkx 9 × 109 N m2 C−2 gSA

4. fLFkjkad k dk vR;fèkd cM+k eku] vFkkZr fo|qr çHkko dh n`f"V ls vkos'k osQ ek=kd
(1C) dk cM+k vkdkj (eku) bl dkj.k ls gS D;ksafd (tSlk fd ̄cnq 3 esa mYys[k fd;k
tk pqdk gS) vkos'k osQ ek=kd dks pqacdh; cyksa (fo|qrokgh rkjksa ij yxs cyksa) osQ inksa
esa ifjHkkf"kr fd;k x;k gS tks fd O;kid :i ls oS|qr cyksa dh rqyuk esa cgqr nqcZy
gksrs gSaA ;gh dkj.k gS fd] 1 ,sfEi;j pqacdh; çHkkoksa osQ fy, ;qfDrlaxr ek=kd gS]
1 C = 1 A s oS|qr çHkkoksa osQ fy, ,d vR;fèkd cM+k ek=kd gSA

5. vkos'k dk ;ksT;rk xq.kèkeZ dksbZ lqLi"V xq.kèkeZ ugha gSA ;g bl rF; ls lacafèkr gS fd
oS|qr vkos'k ls dksbZ fn'kk lac¼ ugha gksrh] vkos'k ,d vfn'k jkf'k gSA

6. vkos'k osQoy ?kw.kZu osQ varxZr gh vfn'k (vFkok vpj@vifjorZuh;) ugha gS_ ;g
vkisf{kd xfr esa Hkh funsZ'k iszQeksa osQ fy, vpj gSA ;g dFku izR;sd vfn'k ds fy, lnSo
lR; ugha gSA mnkgj.kkFkZ] xfrt mQtkZ ?kw.kZu osQ varxZr vfn'k gS] ijarq ;g vkisf{kd
xfr;ksa esa funsZ'k izsQeksa osQ fy, vpj ugha gS] vFkok bl n`f"V ls rks nzO;eku Hkh vpj
ugha gSA

7. fdlh fo;qDr fudk; osQ oqQy vkos'k dk laj{k.k ,d ,slk xq.kèkeZ gS tks ̄ cnq 6 osQ varxZr
vkos'k dh vfn'k çÑfr ij fuHkZj ugha djrkA laj{k.k fdlh fn, x, funsZ'k izsQe esa le;
dh vifjorZuh;rk dh vksj laosQr djrk gSA dksbZ jkf'k vfn'k gksrs gq, Hkh lajf{kr ugha
gks ldrh (fdlh vçR;kLFk la?k^ esa xfrt ÅtkZ dh Hkk¡fr)A blosQ foijhr] lfn'k jkf'k
dk laj{k.k Hkh gks ldrk gS (mnkgj.k osQ fy, fdlh fo;qDr fudk; dk dks.kh; laosx
laj{k.k)A

8. oS|qr vkos'k dk DokaVehdj.k çÑfr dk ewy fu;e gS ftldh vHkh rd O;k[;k ugha
dh tk ldh gSA jkspd rF; ;g gS fd lagfr osQ DokaVehdj.k dk dksbZ ln`'k (vuq:i)
fu;e ugha gSA

9. vè;kjksi.k fl¼kar dks lqLi"V ugha ekuuk pkfg, vFkok bls lfn'kksa osQ ;ksx osQ fu;e
osQ leku ugha ekuuk pkfg,A ;g fl¼kar nks ckrsa crkrk gS% fdlh vkos'k ij nwljs vkos'k
osQ dkj.k cy fdUgha vU; vkos'kksa dh mifLFkfr osQ dkj.k çHkkfor ugha gksrk rFkk ;gk¡
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vH;kl
1.1 ok;q esa ,d&nwljs ls 30 cm nwjh ij j[ks nks NksVs vkosf'kr xksyksa ij Øe'k% 2 × 10−7C rFkk

3 × 10−7 C vkos'k gSaA muosQ chp fdruk cy gS\
1.2 0.4 µC vkos'k osQ fdlh NksVs xksys ij fdlh vU; NksVs vkosf'kr xksys osQ dkj.k ok;q esa 0.2 N

cy yxrk gSA ;fn nwljs xksys ij 0.8 µC vkos'k gks rks (a) nksuksa xksyksa osQ chp fdruh nwjh gS\
(b) nwljs xksys ij igys xksys osQ dkj.k fdruk cy yxrk gS\

1.3 tk¡p }kjk lqfuf'pr dhft, fd k e 2/G m
e
m

p
 foekghu gSA HkkSfrd fu;rkadksa dh lkj.kh ns[kdj

bl vuqikr dk eku Kkr dhft,A ;g vuqikr D;k crkrk gS\
1.4 (a) ¶fdlh oLrq dk oS|qr vkos'k DokaVhÑr gS]¸ bl çdFku ls D;k rkRi;Z gS\ (b) LFkwy vFkok

cM+s iSekus ij oS|qr vkos'kksa ls O;ogkj djrs le; ge oS|qr vkos'k osQ DokaVehdj.k dh mis{kk
oSQls dj ldrs gSa\

1.5 tc dk¡p dh NM+ dks js'ke osQ VqdM+s ls jxM+rs gSa rks nksuksa ij vkos'k vk tkrk gSA blh çdkj
dh ifj?kVuk dk oLrqvksa osQ vU; ;qXeksa esa Hkh çs{k.k fd;k tkrk gSA Li"V dhft, fd ;g çs{k.k
vkos'k laj{k.k fu;e ls fdl izdkj lkeatL; j[krk gSA

1.6 pkj ¯cnq vkos'k qA = 2 µC, qB = – 5 µC, qC = 2 µC rFkk qD = – 5 µC, 10 cm Hkqtk
osQ fdlh oxZ ABCD osQ 'kh"kks± ij vofLFkr gSaA oxZ osQ osQaæ ij j[ks 1 µC vkos'k ij yxus okyk
cy fdruk gS\

1.7 (a) fLFkjoS|qr {ks=k js[kk ,d larr oØ gksrh gS vFkkZr dksbZ {ks=k js[kk ,dk,d ugha
VwV ldrhA D;ksa\

(b) Li"V dhft, fd nks {ks=k js[kk,¡ dHkh Hkh ,d&nwljs dk çfrPNsnu D;ksa ugha djrha\
1.8 nks ¯cnq vkos'k qA = 3 µC rFkk qB = – 3 µC fuokZr esa ,d&nwljs ls 20 cm nwjh ij fLFkr gSaA

(a) nksuksa vkos'kksa dks feykus okyh js[kk AB osQ eè; ¯cnq O ij fo|qr {ks=k fdruk gS\
(b) ;fn 1.5 × 10−9 C ifjek.k dk dksbZ ½.kkRed ijh{k.k vkos'k bl ̄ cnq ij j[kk tk, rks

;g ijh{k.k vkos'k fdrus cy dk vuqHko djsxk\
1.9 fdlh fudk; esa nks vkos'k qA = 2.5 × 10−7 C rFkk qB = –2.5 × 10−7 C Øe'k% nks ¯cnqvksa

A : (0, 0, –15 cm) rFkk B : (0, 0, +15 cm) ij vofLFkr gSaA fudk; dk oqQy vkos'k rFkk
oS|qr f}èkzqo vk?kw.kZ D;k gS\

1.10 4 × 10−9 C m f}èkqzo vk?kw.kZ dk dksbZ oS|qr f}èkqzo 5 × 104 N C−1 ifjek.k osQ fdlh ,dleku
fo|qr {ks=k dh fn'kk ls 30° ij lajsf[kr gSA f}èkqzo ij dk;Zjr cy vk?kw.kZ dk ifjek.k ifjdfyr
dhft,A

1.11 Åu ls jxM+s tkus ij dksbZ ikWyhFkhu dk VqdM+k 3 × 10−7 C osQ ½.kkos'k ls vkosf'kr ik;k x;kA
(a) LFkkukarfjr (fdl inkFkZ ls fdl inkFkZ esa) bysDVªkWuksa dh la[;k vkdfyr dhft,A
(b) D;k Åu ls ikWyhFkhu esa lagfr dk LFkkukarj.k Hkh gksrk gS\

dksbZ vfrfjDr f=k&fiaM] prq%&fiaM vkfn cy ugha gksrs tks osQoy rHkh mRiUu gksrs gSa tc
nks ls vfèkd vkos'k gksaA

10. fdlh fofoDr vkos'k foU;kl osQ dkj.k fofoDr vkos'kksa dh vofLFkfr ij fo|qr {ks=k
ifjHkkf"kr ugha gSA larr vk;ru vkos'k forj.k osQ fy, ;g forj.k esa fdlh Hkh ̄ cnq ij
ifjHkkf"kr gksrk gSA fdlh i`"Bh; vkos'k forj.k osQ fy, fo|qr {ks=k i`"B osQ vkj&ikj
fofPNUu gksrk gSA

11. fdlh vkos'k foU;kl ftlesa oqQy vkos'k 'kwU; gS] osQ dkj.k lHkh fcanqvksa ij fo|qr {ks=k
'kwU; ugha gksrk_ mu nwfj;ksa osQ fy, tks vkos'k foU;kl osQ vkdkj dh rqyuk esa cM+h gSa]
blosQ {ks=k esa deh 1/r 2 ls Hkh vf/d rhoz xfr ls gksrh gS] tks fd fdlh ,dy vkos'k
osQ fo|qr {ks=k dh fo'ks"krk gSA ,d oS|qr f}èkqzo bl rF; dk ,d ljyre mnkgj.k gSA
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1.12 (a) nks fo|qrjksèkh vkosf'kr rk¡cs osQ xksyksa A rFkk B osQ osaQæksa osQ chp dh nwjh 50 cm gSA ;fn
nksuksa xksyksa ij i`Fkd&i`Fkd vkos'k 6.5 × 10−7 C gSa] rks buesa ikjLifjd fLFkjoS|qr
çfrd"kZ.k cy fdruk gS\ xksyksa osQ chp dh nwjh dh rqyuk esa xksyksa A rFkk B dh f=kT;k,¡
ux.; gSaA

(b) ;fn çR;sd xksys ij vkos'k dh ek=kk nks xquh rFkk xksyksa osQ chp dh nwjh vkèkh dj nh tk,
rks çR;sd xksys ij fdruk cy yxsxk\

1.13 eku yhft, vH;kl 1.12 esa xksys A rFkk B lkb”k esa loZle gSa rFkk blh lkb”k dk dksbZ rhljk
vukosf'kr xksyk igys rks igys xksys osQ laioZQ] rRi'pkr nwljs xksys osQ laioZQ esa ykdj] var
esa nksuksa ls gh gVk fy;k tkrk gSA vc A rFkk B osQ chp u;k çfrd"kZ.k cy fdruk gS\

1.14 fp=k 1.33 esa fdlh ,dleku fLFkjoS|qr {ks=k eas rhu vkosf'kr d.kksa osQ iFkfpÉ (tracks) n'kkZ,
x, gSaA rhuksa vkos'kksa osQ fpÉ fyf[k,A buesa ls fdl d.k dk vkos'k&lagfr vuqikr
(q/m) vfèkdre gS\

fp=k 1.33

1.15 ,dleku fo|qr {ks=k E = 3 × 103 î N/C ij fopkj dhft,A
(a) bl {ks=k dk 10 cm Hkqtk osQ oxZ osQ ml ik'oZ ls ftldk ry yz ry osQ lekarj gS] xqtjus

okyk ÝyDl D;k gS\
(b) blh oxZ ls xqtjus okyk ÝyDl fdruk gS ;fn blosQ ry dk vfHkyac x-v{k ls 60° dk

dks.k cukrk gS\
1.16 vH;kl 1.15 osQ ,dleku fo|qr {ks=k dk 20 cm Hkqtk osQ fdlh ?ku ls (tks bl çdkj

vfHkfoU;kflr gS fd mlosQ iQyd funsZ'kkad ryksa osQ lekarj gSa) fdruk usV ÝyDl xqtjsxk\
1.17 fdlh dkys ckWDl osQ i`"B ij fo|qr {ks=k dh lkoèkkuhiwoZd yh xbZ eki ;g laosQr nsrh gS fd

ckWDl osQ i`"B ls xqtjus okyk usV ÝyDl 8.0 × 103 Nm2/C gSA
(a) ckWDl osQ Hkhrj usV vkos'k fdruk gS\
(b) ;fn ckWDl osQ i`"B ls usV cfgeZq[kh ÝyDl 'kwU; gS rks D;k vki ;g fu"d"kZ fudkysaxs fd

ckWDl osQ Hkhrj dksbZ vkos'k ugha gS\ D;ksa] vFkok D;ksa ugha\
1.18 fp=k 1.34 esa n'kkZ, vuqlkj 10 cm Hkqtk osQ fdlh oxZ osQ osQaæ ls Bhd 5 cm Å¡pkbZ ij dksbZ

+10 µC vkos'k j[kk gSA bl oxZ ls xqtjus okys oS|qr ÝyDl dk ifjek.k D;k gS\ (laosQr %
oxZ dks 10 cm fdukjs osQ fdlh ?ku dk ,d iQyd ekfu,A)

fp=k 1.34
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1.19 2.0 µC dk dksbZ ̄ cnq vkos'k fdlh fdukjs ij 9.0 cm fdukjs okys fdlh ?kuh; xkmlh; i`"B

osQ osQaæ ij fLFkr gSA i`"B ls xqtjus okyk usV ÝyDl D;k gS\
1.20 fdlh ̄cnq vkos'k osQ dkj.k ml ̄cnq dks osQaæ ekudj [khaps x, 10 cm f=kT;k osQ xksyh; xkmlh;

i`"B ij oS|qr ÝyDl –1.0 × 103 Nm2/CA (a) ;fn xkmlh; i`"B dh f=kT;k nks xquh dj nh
tk, rks i`"B ls fdruk ÝyDl xqtjsxk\ (b) ¯cnq vkos'k dk eku D;k gS\

1.21 10 cm f=kT;k osQ pkyd xksys ij vKkr ifj.kke dk vkos'k gSA ;fn xksys osQ osaQæ ls 20 cm

nwjh ij fo|qr {ks=k 1.5 × 103 N/C f=kT;r% vareZq[kh (radially inward) gS rks xksys ij
usV vkos'k fdruk gS\

1.22 2.4 m O;kl osQ fdlh ,dleku vkosf'kr pkyd xksys dk i`"Bh; vkos'k ?kuRo
80.0 µC/m2 gSA
(a) xksys ij vkos'k Kkr dhft,A
(b) xksys osQ i`"B ls fuxZr oqQy oS|qr ÝyDl D;k gS\

1.23 dksbZ vuar jSf[kd vkos'k 2 cm nwjh ij 9 × 104 N C−1 fo|qr {ks=k mRiUu djrk gSA jSf[kd
vkos'k ?kuRo Kkr dhft,A

1.24 nks cM+h] iryh èkkrq dh IysVsa ,d&nwljs osQ lekukarj ,oa fudV gSaA buosQ Hkhrjh iQydksa ij] IysVksa
osQ i`"Bh; vkos'k ?kuRoksa osQ fpÉ foijhr gSa rFkk budk ifjek.k 17.0 × 10–22 C/m2 gSA
(a) igyh IysV osQ cká {ks=k esa] (b)  nwljh IysV osQ cká {ks=k esa] rFkk (c)  IysVksa osQ chp esa fo|qr
{ks=k E dk ifjek.k ifjdfyr dhft,A

vfrfjDr iz'u

1.25 2.55 × 104 N C−1 osQ fu;r fo|qr {ks=k osQ çHkko esa 12 bysDVªkWu vkfèkD; dh dksbZ rsy cw¡n
fLFkj j[kh tkrh gS (fefydu rsy cw¡n ç;ksx)A rsy dk ?kuRo 1.26 g cm−3 gSA cw¡n dh f=kT;k
dk vkdyu dhft, (g = 9.81 m s–2; e = 1.60 × 10–19 C)A

1.26 fp=k 1.35 esa n'kkZ, x, oØksa esa ls dkSu laHkkfor fLFkjoS|qr {ks=k js[kk,¡ fu:fir ugha djrs\
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oS|qr vkos'k rFkk {ks=k

fp=k 1.35

1.27 fno~QLFkku osQ fdlh {ks=k esa] fo|qr {ks=k lHkh txg z-fn'kk osQ vuqfn'k gSA ijarq fo|qr {ks=k dk
ifjek.k fu;r ugha gS] blesa ,dleku :i ls z-fn'kk osQ vuqfn'k 105 N C–1 çfr ehVj dh
nj ls o`f¼ gksrh gSA og fudk; ftldk ½.kkRed z-fn'kk esa oqQy f}èkqzo vk?kw.kZ 10−7 C m

osQ cjkcj gS] fdruk cy rFkk cy vk?kw.kZ vuqHko djrk gS\
1.28 (a) fdlh pkyd A ftlesa fp=k 1.36 (a) esa n'kkZ, vuqlkj dksbZ dksVj@xqgk (Cavity) gS]

dks Q vkos'k fn;k x;k gSA ;g n'kkZb, fd leLr vkos'k pkyd osQ cká i`"B ij izrhr
gksuk pkfg,A

(b) dksbZ vU; pkyd B ftl ij vkos'k q gS] dks dksVj@xqgk (Cavity) esa bl çdkj èk¡lk
fn;k tkrk gS fd pkyd B pkyd A ls fo|qrjksèkh jgsA ;g n'kkZb, fd pkyd A osQ cká
i`"B ij oqQy vkos'k Q + q gS ¹fp=k 1.36 (b)ºA

(c) fdlh lqxzkgh midj.k dks mlosQ i;kZoj.k osQ çcy fLFkjoS|qr {ks=kksa ls ifjjf{kr fd;k tkuk
gSA laHkkfor mik; fyf[k,A

fp=k 1.36

1.29 fdlh [kks[kys vkosf'kr pkyd esa mlosQ i`"B ij dksbZ fNæ cuk;k x;k gSA ;g n'kkZb, fd fNæ

esa fo|qr {ks=k (σ/2ε0) n̂  gS] tgk¡ n̂vfHkyacor fn'kk esa cfgeZq[kh ,dakd lfn'k gS rFkk σ fNæ
osQ fudV i`"Bh; vkos'k ?kuRo gSA

1.30 xkml fu;e dk mi;ksx fd, fcuk fdlh ,dleku jSf[kd vkos'k ?kuRo λ osQ yacs irys rkj
osQ dkj.k fo|qr {ks=k osQ fy, lw=k çkIr dhft, ¹laosQr % lhèks gh owQykWe fu;e dk mi;ksx djds
vko';d lekdyu dk eku fudkfy,ºA

1.31 vc ,slk fl¼ gks pqdk gS fd Lo;a çksVkWu ,oa U;wVªkWu (tks lkekU; æO; osQ ukfHkdksa dk fuekZ.k
djrs gSa) vkSj vfèkd ewy bdkb;ksa ftUgsa DokoZQ dgrs gSa] osQ cus gSaA çR;sd çksVkWu rFkk U;wVªkWu
rhu Dokdks± ls feydj curk gSA nks çdkj osQ DokoZQ gksrs gSa % ^vi* DokoZQ (u }kjk fufnZ"V)
ftu ij +(2/3) e vkos'k rFkk ̂ Mkmu* DokoZQ (d }kjk fufnZ"V) ftu ij (–1/3) e vkos'k gksrk
gS] bysDVªkWu ls feydj lkekU; æO; cukrs gSaA (oqQN vU; çdkj osQ DokoZQ Hkh ik, x, gSa
tks fHkUu vlkekU; çdkj dk æO; cukrs gSaA) çksVkWu rFkk U;wVªkWu osQ laHkkfor DokoZQ la?kVu
lq>kb,A
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HkkSfrdh
1.32 (a) fdlh ;kn`fPNd fLFkjoS|qr {ks=k foU;kl ij fopkj dhft,A bl foU;kl dh fdlh

'kwU;&fo{ksi fLFkfr (null-point, vFkkZr~ tgk¡ E = 0) ij dksbZ NksVk ijh{k.k vkos'k j[kk
x;k gSA ;g n'kkZb, fd ijh{k.k vkos'k dk larqyu vko';d :i ls vLFkk;h gSA
(b) bl ifj.kke dk leku ifjek.k rFkk fpÉksa osQ nks vkos'kksa (tks ,d&nwljs ls fdlh nwjh ij
j[ks gSa) osQ ljy foU;kl osQ fy, lR;kiu dhft,A

1.33 izkjaHk esa x-v{k osQ vuqfn'k v
x 
pky ls xfr djrh gqbZ nks vkosf'kr IysVksa osQ eè; {ks=k esa 

 
m

nzO;eku rFkk –q vkos'k dk ,d d.k izos'k djrk gS (fp=k 1-33 esa d.k 1 osQ leku)A IysVksa
dh yackbZ L gSA bu nksuksa IysVksa osQ chp ,dleku fo|qr {ks=k E cuk, j[kk tkrk gSA n'kkZb,
fd IysV osQ vafre fdukjs ij d.k dk ÅèokZ/j fo{ksi qEL2/(2m v

x

2) gSA
(d{kk 11 dh ikB~;iqLrd osQ vuqHkkx 4.10 esa o£.kr xq#Roh; {ks=k esa iz{ksI; dh xfr osQ lkFk
bl d.k dh xfr dh rqyuk dhft,)A

1.34 vH;kl 1.33 esa o£.kr d.k dh bysDVªkWu osQ :i esa dYiuk dhft, ftldks v
x
 = 2.0 × 106

m s–1 osQ lkFk iz{ksfir fd;k x;k gSA ;fn 0.5 cm dh nwjh ij j[kh IysVksa osQ chp fo|qr {ks=k
E dk eku 9.1 × 102 N/C gks rks Åijh IysV ij bysDVªkWu dgk¡ Vdjk,xk\
(|e|=1.6 × 10–19 C, m

e
 = 9.1 × 10–31 kg.)
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2.1  Hkwfedk
vè;k; 6 rFkk 8 (d{kk 11) esa fLFkfrt ÅtkZ dh èkkj.kk ls vkidks ifjfpr djk;k x;k FkkA
tc dksbZ cká cy fdlh oLrq dks ,d ¯cnq ls nwljs ¯cnq rd] fdlh vU; cy_ tSlsµfLaçx
cy] xq#Roh; cy vkfn osQ fo#¼] ys tkrk gS] rks ml cká cy }kjk fd;k x;k dk;Z ml oLrq
esa fLFkfrt ÅtkZ osQ :i esa la fpr gks tkrk gSA tc cká cy gVk fy;k tkrk gS rks oLrq xfr
djus yxrh gS vkSj oqQN xfrt ÅtkZ vftZr dj ysrh gS] rFkk ml oLrq dh mruh gh fLFkfrt
ÅtkZ de gks tkrh gSA bl çdkj oLrq dh fLFkfrt ÅtkZ rFkk xfrt ÅtkZ dk ;ksx lajf{kr jgrk
gSA bl çdkj osQ cyksa dks laj{kh cy dgrs gSaA fLaçx cy rFkk xq#Rokd"kZ.k cy laj{kh cy osQ
mnkgj.k gSaA

xq#Rokd"kZ.k cy dh Hkk¡fr nks fLFkj vkos'kksa osQ chp yxus okyk owQykWe cy Hkh laj{kh cy
gksrk gSA ;g dksbZ vk'p;Z dh ckr ugha gS] D;ksafd xf.krh; :i esa ;g cy xq#Rokd"kZ.k cy osQ
leku gS_ nksuksa esa nwjh dh O;qRØe oxZ fuHkZjrk gS vkSj çeq[k :i ls vkuqikfrdrk fLFkjkad esa
fHkUurk gSA xq#Rokd"kZ.k fu;e dh lagfr;k¡ owQykWe fu;e esa vkos'kksa }kjk çfrLFkkfir gks tkrh gSaA
bl çdkj] xq#Roh; {ks=k esa lagfr;ksa dh fLFkfrt ÅtkZ dh gh Hkk¡fr ge fdlh fLFkjoS|qr {ks=k
esa vkos'k dh fLFkjoS|qr fLFkfrt ÅtkZ dks ifjHkkf"kr dj ldrs gSaA

vkos'k foU;kl osQ dkj.k fdlh fLFkjoS|qr {ks=k E ij fopkj dhft,A ljyrk dh n`f"V ls
igys ewy ̄ cnq ij fLFkr fdlh vkos'k Q osQ dkj.k {ks=k E ij fopkj djrs gSaA dYiuk dhft,
fd ge dksbZ ijh{k.k vkos'k q dks vkos'k Q osQ dkj.k vkos'k q ij yxs çfrd"khZ cy osQ fo#¼]
¯cnq R ls ̄ cnq P rd ykrs gSaA fp=k 2.1 osQ lanHkZ esa ,slk rHkh gksxk tc Q rFkk q nksuksa èkukRed
gksa vFkok nksuksa ½.kkRed gksaA lqfuf'pr djus osQ fy,] ge Q, q > 0 ekurs gSaA

vè;k; 2

fLFkjoS|qr foHko
rFkk /kfjrk

2022-23



52

HkkSfrdh
;gk¡ nks fVIif.k;k¡ dh tk ldrh gSaA igyh] ge ;g ekurs gSa fd

ijh{k.k vkos'k q bruk NksVk gS fd ;g ewy foU;kl dks fo{kqCèk ugha
djrk] ;kuh ewy ̄cnq ij fLFkr vkos'k Q dks fo{kqCèk ugha djrk (vU;Fkk
ge fdlh vfufnZ"V cy }kjk vkos'k Q dks ewy ̄cnq ij ǹ<+ djsa)A nwljh]
vkos'k q dks R ls P rd ykus osQ fy, ge ,d cká cy Fext vkjksfir
djrs gSa tks çfrd"khZ oS|qr cy FE (vFkkZr Fext= –FE) dks ;FkkrF;
çHkkoghu dj nsrk gSA bldk vFkZ ;g gqvk fd tc vkos'k q dks R ls
P rd ykrs gSa rks ml ij dksbZ usV cy vFkok Roj.k dk;Z ugha djrkµbls
vR;ar èkheh fu;r pky ls yk;k tkrk gSA bl fLFkfr esa] cká cy }kjk
vkos'k ij fd;k x;k dk;Z oS|qr cy }kjk fd, x, dk;Z dk ½.kkRed
gksrk gS] rFkk iw.kZr% vkos'k q dh fLFkfrt ÅtkZ osQ :i esa lafpr gks tkrk
gSA ;fn P ij igq¡p dj cká cy dks gVk fn;k tk, rks oS|qr cy vkos'k

q dks Q ls nwj Hkst nsxk µ P ij lafpr ÅtkZ (fLFkfrt ÅtkZ) vkos'k q dks xfrt ÅtkZ çnku
djus esa [kpZ gks tkrh gS rFkk ;g bl <ax ls gksrk gS fd xfrt ÅtkZ rFkk fLFkfrt ÅtkZ dk
;ksx lajf{kr jgrk gSA

bl izdkj cká cy }kjk fdlh vkos'k q dks ¯cnq R ls P rd ys tkus esa fd;k x;k dk;Z

WRP =   

        =     (2.1)

;g dk;Z fLFkjoS|qr izfrd"khZ cy osQ fo#¼ fd;k x;k gS] rFkk ;g fLFkfrt ÅtkZ osQ :i
esa lafpr gks tkrk gSSA

fo|qr {ks=k osQ izR;sd ¯cnq ij q vkos'k osQ] fdlh d.k esa ,d fuf'pr fLFkjoS|qr fLFkfrt
ÅtkZ gksrh gS rFkk d.k ij fd;k x;k ;g dk;Z bldh fLFkfrt ÅtkZ esa bruh o`f¼ dj nsrk gS
tks R rFkk P ¯cnqvksa osQ chp fLFkfrt ÅtkZ osQ varj osQ cjkcj gSA

bl izdkj] fLFkfrt ÅtkZ varj

∆ = − =P R RPU U U W (2.2)

(è;ku nhft,] ;gk¡ ij ;g foLFkkiu fo|qr cy osQ foijhr gS] blfy, fo|qr {ks=k }kjk
fd;k x;k dk;Z ½.kkRed gS] vFkkZr –WRP)

vr%] nks ̄ cnqvksa osQ chp fLFkjoS|qr fLFkfrt ÅtkZ varj dks ge bl izdkj ifjHkkf"kr djrs
gSa µ fdlh ;kn`fPNd vkos'k foU;kl osQ fo|qr cy {ks=k esa ;g varj vkos'k q dks ,d ̄ cnq ls
nwljs ¯cnq rd (fcuk Rofjr fd,) ys tkus osQ fy, vko';d cká cy }kjk fd, tkus okys
U;wure dk;Z osQ cjkcj gksrk gSA

bl ?kVukØe esa nks egRoiw.kZ fVIif.k;k¡ dh tk ldrh gSaµ

(i) lehdj.k (2.2) dk nk;k¡ i{k osQoy vkos'k dh vkjafHkd rFkk vafre fLFkfr;ksa ij fuHkZj
djrk gSA bldk vFkZ ;g gS fd fdlh fLFkjoS|qr {ks=k }kjk fdlh vkos'k dks ,d ¯cnq ls
nwljs ¯cnq rd ys tkus esa fd;k x;k dk;Z osQoy vkjafHkd rFkk vafre fLFkfr;ksa (¯cnqvksa)
ij fuHkZj djrk gS] ml iFk ij fuHkZj ugha djrk ftlls gksdj og vkos'k ,d ̄ cnq ls nwljs
¯cnq rd tkrk gS (fp=k 2.2)A ;g fdlh laj{kh cy dk ewy vfHky{k.k gSA fLFkfrt ÅtkZ
dh èkkj.kk vFkZiw.kZ ugha jgsxh] ;fn fd;k x;k dk;Z iFk ij fuHkZj gks tk,xkA fdlh fLFkjoS|qr
{ks=k }kjk fd, x, dk;Z dk iFk ij fuHkZj u gksuk owQykWe osQ fu;e }kjk fl¼ fd;k tk
ldrk gSA bldh miifÙk ge ;gk¡ NksM+ jgs gSaA

fp=k 2.1 ,d ijh{k.k vkos'k q (>0) ewy ¯cnq
ij fLFkr vkos'k Q (>0) osQ dkj.k ml ij

yxs çfrd"khZ cy osQ fo#¼ ¯cnq R ls ¯cnq P

rd ys tk;k tkrk gSA
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fLFkjoS|qr foHko
rFkk /kfjrk

(ii) lehdj.k (2.2) fLFkfrt ÅtkZ varj dh ifjHkk"kk HkkSfrdh osQ fu;eksa osQ
vuqlkj vFkZiw.kZ jkf'k dk;Z osQ inksa esa djrh gSA Li"Vr%] bl çdkj ifjHkkf"kr
fLFkfrt ÅtkZ fdlh ;ksT;rk fLFkjkad osQ varxZr vfuf'pr gksrh gSA bldk ;g
vFkZ gS fd fLFkfrt ÅtkZ dk okLrfod eku HkkSfrd :i ls egRoiw.kZ ugha
gksrk_ osQoy fLFkfrt ÅtkZ osQ varj dk gh egÙo gksrk gSA ge lnSo gh dksbZ
;kn`fPNd fLFkjkad α gj ¯cnq ij fLFkfrt ÅtkZ osQ lkFk tksM+ ldrs gSa]
D;ksafd blls fLFkfrt ÅtkZ varj osQ eku esa dksbZ ifjorZu ugha gksxk %

P R P R( ) ( )U U U Uα α+ − + = −

bls bl izdkj ls Hkh O;Dr dj ldrs gSa % fLFkfrt ÅtkZ dks fdl ¯cnq ij
'kwU; ekusa] bl ̄ cnq osQ p;u dh Lora=krk gksrh gSA ,d lqfo/ktud p;u ;g gS
fd ge vuar ij fLFkjoS|qr fLFkfrt ÅtkZ dks 'kwU; ekusaA bl p;u osQ vuqlkj ;fn
ge ¯cnq R  dks vuar ij ysa] rc lehdj.k (2.2) ls gesa izkIr gksrk gS %

P P PW U U U∞ ∞= − = (2.3)

pw¡fd ;gk¡ ij ¯cnq P ;kn`fPNd gS] lehdj.k (2.3) ls gesa fdlh ¯cnq ij
vkos'k q dh fLFkfrt ÅtkZ dh ifjHkk"kk çkIr gksrh gS µ fdlh ̄ cnq ij vkos'k q
dh fLFkfrt ÅtkZ (fdlh vkos'k foU;kl osQ dkj.k {ks=k dh mifLFkfr esa) cká
cy (oS|qr cy osQ leku rFkk foijhr) }kjk vkos'k q dks vuar ls ml ̄ cnq rd
ys tkus esa fd, x, dk;Z osQ cjkcj gksrh gSA

2.2  fLFkjoS|qr foHko
fdlh O;kid fLFkj vkos'k foU;kl ij fopkj dhft,A geus fdlh ijh{k.k vkos'k
q ij fLFkfrt ÅtkZ dks fd, x, dk;Z osQ inksa esa ifjHkkf"kr fd;k FkkA ;g dk;Z
Li"V :i ls q osQ vuqØekuqikrh gS] pw¡fd vkos'k q ij fdlh Hkh ¯cnq ij q E

cy dk;Z djrk gS] ;gk¡ E vkos'k foU;kl osQ dkj.k ml ¯cnq ij fo|qr {ks=k gSA
vr% fd, x, dk;Z dks vkos'k q ls foHkkftr djuk lqfoèkktud gksrk gS] D;ksafd
ifj.kkeLo:i tks jkf'k çkIr gksrh gS og q ij fuHkZj ugha djrhA nwljs 'kCnksa esa]
çfr ,dakd vkos'k ij fd;k x;k dk;Z vkos'k foU;kl ls lac¼ fo|qr {ks=k dk
vfHkyk{kf.kd xq.k gksrk gSA blls gesa fn, x, vkos'k foU;kl osQ dkj.k fLFkjoS|qr
foHko V  dh èkkj.kk çkIr gksrh gSA lehdj.k (2.1) ls gesa çkIr gksrk gSµ

cká cy }kjk fdlh ,dkad èkukos'k dks ̄ cnq R ls P rd ykus esa fd;k x;k
dk;Z

= VP 
– VR  =

−





U U

q
P R (2.4)

;gk¡ VP rFkk VR Øe'k% ̄ cnq P rFkk R osQ fLFkjoS|qr foHko gSaA è;ku nhft,] ;gk¡ Hkh igys dh
Hkk¡fr foHko dk okLrfod eku mruk egRoiw.kZ ugha gksrk ftruk fd HkkSfrd fu;eksa osQ vuqlkj
foHkokarj egRoiw.kZ gksrk gSA ;fn igys dh Hkk¡fr] ge vuar ij foHko dks 'kwU; pqusa (ekusa)] rc
lehdj.k (2.4) ls ;g miyf{kr gksrk gS fdµ

cká cy }kjk fdlh ,dkad èkukos'k dks vuar ls fdlh ¯cnq rd ykus esa fd;k x;k
dk;Z = ml ¯cnq ij fLFkjoS|qr foHko (V)

d
kWUrs ,y

sLlSanzks oksYVk (1
7
4
5
 –1

8
2
7
)

dkWUrs ,ysLlSanzks oksYVk
(1745 – 1827) bVkfy;u
HkkSfrdhfon] ifo;k esa izksi+ sQlj
FksA oksYVk us ;g LFkkfir fd;k
fd yqbxh xSYouh 1737–1798,

}kjk] nks vleku /krqvksa osQ laioZQ
esa yVosQ esa<d osQ ekalis'kh;
Årdksa esa ns[kh xbZ ̂ tSo fo|qr*
tSo Årdksa dk dksbZ fof'k"V
xq.k ugha gS] cfYd] rc Hkh
mRiUu gks tkrh gS tc dksbZ
xhyh oLrq nks vleku /krqvksas
osQ chp j[kh tkrh gSA blls
mUgksaus izFke] oksYVh; iqat ;k
cSVjh dk fodkl fd;k ftlesa
/krq dh pdfr;ksa (fo|qnkxzksa)
osQ chp xÙks dh ue pdfr;k¡
(fo|qr vi?kV~;) j[kdj ,d
cM+k iqat cuk;k FkkA
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HkkSfrdh
nwljs 'kCnksa esa] fLFkjoS|qr {ks=k osQ izns'k osQ fdlh ¯cnq ij

fLFkjoS|qr foHko (V ) og U;wure dk;Z gS tks fdlh ,dkad èkukos'k
dks vuar ls ml ¯cnq rd ykus esa fd;k tkrk gSA

fLFkfrt ÅtkZ osQ fo"k; esa igys dh xbZ fo'ks"k fVIi.kh foHko
dh ifjHkk"kk ij Hkh ykxw gksrh gSA çfr ,dkad ijh{k.k vkos'k ij
fd;k x;k dk;Z Kkr djus osQ fy, gesa vR;Yi ijh{k.k vkos'k δq

ysuk gksrk gS] bls vuar ls ml ¯cnq rd ykus esa fd;k x;k dk;Z
δW  Kkr djosQ δW /δq vuqikr dk eku fuèkkZfjr djuk gksrk gSA
lkFk gh iFk osQ çR;sd ¯cnq ij cká cy ml ¯cnq ij ijh{k.k
vkos'k ij yxus okys fLFkjoS|qr cy osQ cjkcj rFkk foijhr gksuk
pkfg,A

2.3  ¯cnq vkos'k osQ dkj.k foHko
ewy ¯cnq ij fLFkr fdlh ¯cnq vkos'k Q ij fopkj dhft, (fp=k 2.3)A lqLi"Vrk dh n`f"V
ls Q dks èkukRed yhft,A ge ̄ cnq P ij ewy ̄ cnq ls fLFkfr lfn'k r osQ lkFk foHko fuèkkZfjr

djuk pkgrs gSaA blosQ fy, gesa ,dkad èkukos'k dks vuar ls ml
¯cnq rd ykus esa fd;k x;k dk;Z ifjdfyr djuk pkfg,A
Q > 0 osQ fy,] ijh{k.k vkos'k ij çfrd"kZ.k cy osQ fo#¼ fd;k
x;k dk;Z èkukRed gksrk gSA pw¡fd fd;k x;k dk;Z iFk ij fuHkZj
ugha djrk] ge vuar ls ̄ cnq P rd vjh; fn'kk osQ vuqfn'k dksbZ
lqxe iFk dk p;u djrs gSaA

iFk osQ fdlh eè;orhZ ¯cnq P ′ ij] fdlh ,dkad èkukos'k
ij fLFkjoS|qr cy

2

1
ˆ

4 'o

Q

rε
×

′
π

r (2.5)

;gk¡ 'r̂ , OP′ osQ vuqfn'k dksbZ ,dkad lfn'k gSA bl cy osQ fo#¼
r′ ls r′ + ∆r′ rd ,dkad èkukos'k dks ys tkus esa fd;k x;k dk;Zµ

24 'o

Q
W r

rε
∆ = − ∆ ′

π (2.6)

;gk¡ ½.kkRed fpÉ ;g n'kkZrk gS fd ∆ r ′ < 0, rFkk ∆W èkukRed gSA lehdj.k (2.6) dks
r ′ = ∞ ls r ′ = r rd lekdfyr djus ij cká cy }kjk fd;k x;k oqQy dk;Z (W ) çkIr gksxkA

ε εε ∞∞

′= − = =
′′ π ππ∫ 2 4 44

r r

o oo

Q Q Q
W dr

r rr
(2.7)

ifjHkk"kk osQ vuqlkj ;g vkos'k Q osQ dkj.k P ij foHko gS vr%

( )
4 o

Q
V r

rε
=

π (2.8)

fp=k 2.2 fdlh vkos'k foU;kl osQ dkj.k fLFkjoS|qr {ks=k
}kjk ijh{k.k vkos'k q ij fd;k x;k dk;Z iFk ij fuHkZj
ugha djrk] ;g osQoy vafre rFkk vkjafHkd fLFkfr;ksa ij

fuHkZj djrk gSA

fp=k 2.3 vkos'k Q osQ dkj.k ¯cnq P ij foHko] fdlh
,dkad èkukRed ijh{k.k vkos'k dks] vkos'k Q

(Q > 0) osQ dkj.k çfrd"kZ.k cy osQ fo#¼] vuar ls
¯cnq P rd ykus es a fd, x, dk;Z osQ cjkcj gksrk gSA
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fLFkjoS|qr foHko
rFkk /kfjrk

 mnkgj.k 2
.1

lehdj.k (2.8) vkos'k Q osQ fdlh Hkh
fpÉ osQ fy, lR; gS ;|fi geus bl lacaèk
dh O;qRifÙk osQ le; Q > 0 ekuk FkkA Q < 0,

V < 0 osQ fy,] vFkkZr~ vuar ls ml ̄ cnq rd
,dkad ijh{k.k èkukos'k dks ykus osQ fy, fd;k
x;k dk;Z (cká cy }kjk) ½.kkRed gSA ;g
bl dFku osQ rqY; gS fd ,dkad èkukos'k dks
vuar ls ¯cnq P rd ykus esa fLFkjoS|qr cy
}kjk fd;k x;k dk;Z èkukRed gS ¹;g ,slk gh
gS tSlk fd gksuk pkfg,] pw¡fd Q < 0 osQ fy,]
,dkad èkukos'k ij cy vkd"khZ gS] vr%
fLFkjoS|qr cy rFkk foLFkkiu (vuar ls P

rd) nksuksa ,d gh fn'kk esa gSaºA var esa ;fn
ge lehdj.k (2.8) ij è;ku nsa] rks ikrs gSa fd
;g lehdj.k gekjs ml p;u ls esy [kkrk gS
ftlesa geus vuar ij foHko dks 'kwU; ekuk FkkA

fp=k (2.4) esa ;g n'kkZ;k x;k gS fd fdl izdkj fLFkjoS|qr foHko (∝1/r ) rFkk fLFkjoS|qr
{ks=k (∝1/r 2 ) nwjh r osQ lkFk ifjo£rr gksrs gSaA

mnkgj.k 2.1

(a) vkos'k 4 × 10–7C osQ dkj.k blls 9 cm nwjh ij fLFkr fdlh ̄ cnq P ij foHko ifjdfyr
dhft,A

(b) vc] vkos'k 2 × 10–9 C dks vuar ls ¯cnq P rd ykus esa fd;k x;k dk;Z Kkr dhft,A
D;k mÙkj ftl iFk osQ vuqfn'k vkos'k dks yk;k x;k gS ml ij fuHkZj djrk gS\

gy

(a)  V
Q

ro

= = × ×
× −1

4
9 10

4 10
0 09

9 2 2
7

πε
Nm C

C
m

–

.

          = 4 × 104 V

(b) W qV= = × × ×−2 10 4 109 4C V
     = 8 × 10–5 J

ugha] dk;Z iFk ij fuHkZj ugha gksxkA dksbZ Hkh ;kn`fPNd vR;Yi iFk nks yacor foLFkkiuksa esa
fo;ksftr fd;k tk ldrk gS % ,d r osQ vuqfn'k rFkk nwljk r osQ yacorA ckn osQ izdj.k osQ
rnuq:ih fd;k x;k dk;Z 'kwU; gksxkA

2.4  oS|qr f}/qzo osQ dkj.k foHko
tSlk fd ge fiNys vè;k; esa tku gh pqosQ gSa fd oS|qr f}èkzqo nks ¯cnq vkos'kksa q rFkk −q ls
feydj curk gS rFkk bu vkos'kksa osQ chp (y?kq) i`Fkdu 2a gksrk gSA bldk oqQy vkos'k 'kwU;
gksrk gS rFkk ;g f}èkzqo lfn'k p ftldk ifjek.k q × 2a rFkk fn'kk –q ls q osQ vuqfn'k gksrh
gS] osQ vfHkyk{kf.kd xq.k }kjk çdV fd;k tkrk gS (fp=k 2.5)A geus ;g Hkh ns[kk fd fdlh
¯cnq ij oS|qr f}èkqzo dk fLFkfr lfn'k r lfgr fo|qr {ks=k ek=k r osQ ifjek.k ij gh fuHkZj ugha

fp=k 2.4 fdlh ¯cnq vkos'k Q osQ fy, nwjh r esa ifjorZu osQ lkFk foHko esa
ifjorZu (Q/4πε0) m

–1
 osQ ek=kdksa esa (uhyk oØ) rFkk nwjh r esa ifjorZu

osQ lkFk fo|qr {ks=k esa ifjorZu (Q/4πε0) m
–2 dkyk oØA
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HkkSfrdh
djrk oju~ r rFkk p osQ chp osQ dks.k ij Hkh fuHkZj
djrk gSA lkFk gh] oS|qr {ks=k dh rhozrk] vfèkd
nwfj;ksa ij] 1/r 2 osQ vuqlkj ugha ?kVrh (tks ,dy
vkos'k osQ dkj.k fo|qr {ks=k ds fy, iz:ih gS) oju~
1/r 3 ds vuqlkj ?kVrh gSA ;gk¡ ge fdlh f}èkzqo osQ
dkj.k oS|qr foHko dk fuèkkZj.k djsaxs rFkk bldh
rqyuk ,d vkos'k osQ dkj.k foHko ls djsaxsA

igys dh gh Hkkafr] ge f}èkzqo osQ osaQnz dks ewy
¯cnq ij j[krs gSaA vc ge ;g tkurs gSa fd fo|qr
{ks=k vè;kjksi.k fl¼kar dk ikyu djrs gSaA pw¡fd
foHko fo|qr {ks=k }kjk fd, x, dk;Z ls lacafèkr gS]
fLFkjoS|qr foHko Hkh vè;kjksi.k fl¼kar dk ikyu
djrk gSA bl çdkj fdlh oS|qr f}èkzqo osQ dkj.k
foHko vkos'kksa q rFkk –q osQ dkj.k foHkoksa dk ;ksx
gksrk gSA

ε
=

π
1

4 o

V
q

r

q

r1 2

−




 (2.9)

;gk¡ r1 rFkk r2 ¯cnq P dh Øe'k% q rFkk –q ls nwfj;k¡ gSaA vc] T;kfefr }kjk
2 2 2

1 2r r a ar= + − cosθ

2 2 2
2 2r r a ar= + +  cosθ (2.10)

ge r dks a dh rqyuk esa vR;fèkd cM+k (r >> a) ekurs gSa rFkk osQoy a/r osQ çFke dksfV
osQ inksa dks gh lfEefyr djrs gSa %

  

  (2.11)

 blh izdkj]

  (2.12)

f}in lehdj.k dk mi;ksx djosQ a/r osQ çFke dksfV osQ inksa dks lfEefyr djus ij

[2.13(a)]

[2.13(b)]

 lehdj.kksa (2.9) rFkk (2.13) rFkk p = 2qa dk mi;ksx djus ij]

2 2

2 cos cos
4 4o o

q a p
V

r r

θ θ
ε ε

= =
π π

  (2.14)

vc] cos θ =P

fp=k 2.5  f}èkzqo osQ dkj.k foHko osQ ifjdyu esa lfEefyr jkf'k;k¡A
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fLFkjoS|qr foHko
rFkk /kfjrk

fp=k 2.6 fdlh ̄ cnq ij vkos'kksa osQ fudk; osQ dkj.k foHko
ml ̄ cnq ij O;f"Vxr vkos'kksa osQ dkj.k foHkoksa osQ ;ksx osQ

cjkcj gksrk gSA

;gk¡ r̂  fLFkfr lfn'k  OP osQ vuqfn'k ,dkad lfn'k gSA
rc fdlh f}/qzo dk oS|qr foHko

2

ˆ1
4 o

V
rε

=
π

p ri
;       (r >> a)  (2.15)

tSlk fd laosQr fn;k x;k gS] lehdj.k (2.15) osQoy mu nwfj;ksa osQ fy, tks f}èkqzo osQ
vkdkj dh rqyuk esa vR;fèkd cM+h gSa] ftlosQ dkj.k a/r osQ mPp dksfV osQ inksa dh ux.;
ekudj mis{kk dj nh xbZ gS] gh lfUudVr% lR; gSA ijarq] fdlh ¯cnq f}èkzqo p osQ fy, ewy
¯cnq ij lehdj.k (2.15) ;FkkFkZ gSA

lehdj.k (2.15) ls] f}èkzqo v{k (θ = 0, π) ij foHko

2

1
4 o

p
V

rε
= ±

π (2.16)

(/ukRed fpÉ θ = 0 osQ fy, rFkk ½.kkRed fpÉ θ = π osQ fy, gS)A fuj{kh; (fo"kqor)
lery (θ = π/2) esa foHko 'kwU; gSA

fdlh f}èkqzo osQ oS|qr foHko rFkk ,dy vkos'k osQ oS|qr foHko osQ rqyukRed egRoiw.kZ
y{k.k lehdj.kksa (2.8) rFkk (2.15) ls Li"V gSa %
(i) fdlh oS|qr f}èkqzo osQ dkj.k foHko osQoy nwjh r ij gh fuHkZj ugha djrk] oju~ fLFkfr lfn'k

r rFkk f}èkzqo vk?kw.kZ p osQ chp osQ dks.k ij Hkh fuHkZj djrk gSA (rFkkfi ;g p osQ ifjr%
v{kr% lefer gksrk gSA vr% ;fn vki p osQ ifjr% fLFkfr lfn'k r dks] dks.k θ dks fu;r
j[krs gq,] ?kw.kZu djk,¡] rks ̄ cnq P osQ ln`'k ?kw.kZu osQ iQyLo:i cus 'kaoqQ ij ̄ cnqvksa ij ogh
foHko gksxk tks ¯cnq P ij gSA)

(ii) vfèkd nwfj;kas ij oS|qr f}èkzqo osQ dkj.k foHko 1/r 2 osQ vuqikr esa ?kVrk gS] u fd
1/r osQ vuqikr esa] tks fd ,dy vkos'k osQ dkj.k foHko dk ,d vfHkyk{kf.kd xq.k gSA
(blosQ fy, vki fp=k 2.4 esa n'kkZ, r o 1/r2 rFkk 1/r  o r  osQ chp oØksa dk mYys[k
dj ldrs gSa ftUgsa fdlh vU; lanHkZ esa [khapk x;k gS)A

2.5 vkos'kksa osQ fudk; osQ dkj.k foHko
fdlh vkos'kksa q1, q2,…, q

n 
osQ ,sls fudk; ij fopkj dhft, ftuosQ fdlh ewy ̄ cnq osQ lkis{k

fLFkfr lfn'k Øe'k% r1, r2,…, r
n
 gSa (fp=k 2.6)A ¯cnq P ij vkos'k q1 osQ dkj.k foHko

1
1

1P

1
4 o

q
V

rε
=

π

;gk¡ r1P ¯cnq P rFkk vkos'k q1 osQ chp dh nwjh gSA
blh izdkj ¯cnq  P  ij vkos'k q2 osQ dkj.k foHko  V2 rFkk

vkos'k q
3
 osQ dkj.k foHko V3 dks Hkh O;Dr dj ldrs gSa

2
2

2P

1
4 o

q
V

rε
=

π , 
3

3
3P

1
4 o

q
V

rε
=

π
;gk¡ r2P rFkk r3P ̄ cnq P dh Øe'k% q2 rFkk q3 ls nwfj;k¡ gSaA blh
çdkj ge vU; vkos'kksa osQ dkj.k ¯cnq P ij foHko O;Dr dj
ldrs gSaA vè;kjksi.k fl¼kar osQ vuqlkj] leLr vkos'k foU;kl
osQ dkj.k ¯cnq P ij foHko V, foU;kl osQ O;f"Vxr vkos'kksa osQ
foHkoksa osQ chtxf.krh; ;ksx osQ cjkcj gksrk gS %

V = V1 + V2 + ... + Vn  (2.17)
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 m
nk
gj

.k
 2

.2

ε
=

π
1

4 o

q

r

q

r

q

r
n

n

1

1

2

2P P P

+ + +






...... (2.18)

;fn gekjs ikl vkos'k ?kuRo ρ osQ vfHkyk{kf.kd xq.k dk dksbZ larr vkos'k forj.k gS rks
igys dh Hkk¡fr mls ge ∆v lkb”k osQ ρ∆v vkos'k;qDr y?kq vk;ru vo;oksa esa foHkkftr dj
ldrs gSaA rc ge çR;sd vk;ru vo;o osQ dkj.k foHko fuèkkZfjr djosQ vkSj leLr ;ksxnkuksa
dk ;ksx djosQ (lgh 'kCnksa esa] lekdfyr djosQ) leLr vkos'k forj.k osQ dkj.k foHko Kkr
dj ldrs gSaA

vè;k; 1 esa ge vè;;u dj pqosQ gSa fd fdlh ,dleku vkosf'kr xksyh; [kksy osQ dkj.k
fdlh ckgj fLFkr ¯cnq osQ fy, fo|qr {ks=k bl çdkj gksrk gS] ekuks [kksy dk leLr vkos'k mlosQ
osaQnz ij laosaQfnzr gksA vr% [kksy osQ ckgj fLFkr fdlh ̄ cnq ij vkosf'kr dks'k osQ dkj.k foHko

1
4 o

q
V

rε
=

π    ( )r R≥ [2.19(a)]

;gk¡ q xksyh; [kksy ij leLr vkos'k rFkk R xksyh; dks'k dh f=kT;k gSA dks'k osQ Hkhrj fo|qr
{ks=k 'kwU; gksrk gSA blls ;g èofur gksrk gS (nsf[k, vuqHkkx 2.6) fd [kksy osQ Hkhrj foHko
fu;r jgrk gS (D;ksafd [kksy osQ Hkhrj vkos'k dks xfr djkus ls dksbZ dk;Z ugha gksrk)] vkSj]
blhfy, ;g [kksy osQ i`"B osQ foHko osQ leku gksrk gSA

1
4 o

q
V

Rε
=

π [2.19(b)]

mnkgj.k 2.2  3 × 10–8C rFkk –2 × 10–8C osQ nks vkos'k ,d&nwljs ls 15 cm nwjh
ij j[ks gSaA bu nksuksa vkos'kksa dks feykus okyh js[kk osQ fdl ¯cnq ij oS|qr foHko 'kwU;
gS\ vuar ij oS|qr foHko 'kwU; yhft,A
gy eku yhft, èkukos'k ewy ¯cnq O ij j[kk gSA nksuksa vkos'kksa dks feykus okyh js[kk
x-v{k gS_ rFkk ½.kkos'k ewy ¯cnq osQ nkbZ± vksj j[kk gS (fp=k 2.7 nsf[k,)A

fp=k 2.7

eku yhft, x-v{k ij og okafNr ¯cnq P gS tgk¡ oS|qr foHko 'kwU; gSA ;fn ¯cnq P
dk x-funsZ'kkad x gS] rks Li"V :i ls x èkukRed gksuk pkfg,A (x < 0 osQ fy, ;g
laHko ugha gks ldrk fd nks vkos'kksa osQ dkj.k oS|qr foHko tqM+dj 'kwU; gks tk,A)
;fn x ewy ¯cnq O rFkk A osQ chp dgha fLFkr gS] rks

επ 0

1

4
3 10

10
2 10

15 10
0

8

2

8

2

×
×

−
×

− ×
=











–

–

–

–( )x x

;gk¡ x dks cm esa fy;k x;k gSA vFkkZr
3 2

0
15x x

− =
−

vFkok x  =  9 cm

;fn ¯cnq x foLrkfjr js[kk OA ij gS] rks okafNr 'krZ osQ vuqlkj
3 2

0
15x x

− =
−
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fLFkjoS|qr foHko
rFkk /kfjrk

 mnkgj.k 2
.3

 mnkgj.k 2
.2

vFkok
x  = 45 cm

bl çdkj] èkukos'k ls 9 cm rFkk 45 cm nwj ½.kkos'k dh vksj oS|qr foHko 'kwU; gSA
è;ku nhft,] ;gk¡ ifjdyuksa osQ fy, okafNr lw=k dks vuar ij oS|qr foHko 'kwU; ekudj
gh O;qRiUu fd;k x;k FkkA

mnkgj.k 2.3  (a) rFkk (b) esa Øe'k% ,dy /u rFkk ½.k vkos'kksa dh {ks=k js[kk,¡ n'kkZ;h
xbZ gSa

fp=k 2.8

(a) foHkokarj VP – VQ; VB – VA  osQ fpÉ crkb,A
(b) ¯cnq Q vkSj P; A vkSj B osQ chp ,d NksVs ls ½.k vkos'k dh fLFkfrt ÅtkZ osQ varj

dk fpÉ crkb,A
(c) Q ls P rd ,d NksVs /ukos'k dks ys tkus esa {ks=k }kjk fd, x, dk;Z dk fpÉ crkb,A
(d) B ls A rd ,d NksVs ls ½.k vkos'k dks ys tkus osQ fy, cká lk/u }kjk fd,

x, dk;Z dk fpÉ crkb,A

(e) B ls A rd tkus esa D;k ,d NksVs ls ½.kkos'k dh xfrt ÅtkZ c<+sxh ;k ?kVsxh\

gy

(a) pw¡fd 
1

V
r

∝ , V
P
 > V

Q
; bl izdkj] (V

P 
– V

Q
) /ukRed gSA rFkk V

A
 ls V

B
  de

½.kkRed gSA blfy,] V
B
 > V

A
 vFkok (V

B 
– V

A
) /ukRed gSA

(b) dksbZ y?kq ½.kkos'k /ukos'k dh vksj vkd£"kr gksxkA ½.kkos'k fLFkfrt mPp ÅtkZ
ls fuEu fLFkfrt ÅtkZ dh vksj xfr djrs gSaA vr% Q vkSj P osQ chp fdlh y?kq
½.kkos'k dh fLFkfrt ÅtkZ osQ varj dk fpÉ /ukRed gSA

blh izdkj] (fLFkfrt ÅtkZ)A > (fLFkfrt ÅtkZ)B
  gSA vr% fLFkfrt ÅtkZ varj dk

fpÉ èkukRed gSA

(c) fdlh y?kq /ukos'k dks Q ls P rd ys tkus esa cká ,tsalh dks fo|qr {ks=k osQ fo#¼
dk;Z djuk gksrk gSA vr%] fo|qr {ks=k }kjk fd;k x;k dk;Z ½.kkRed gSA

(d) fdlh y?kq ½.kkos'k dks B ls A rd ys tkus esa cká ,tsalh dks dk;Z djuk gksrk
gS tks /ukRed gSA

(e) ½.kkos'k ij izfrd"khZ cy yxus osQ dkj.k osx ?kVrk gS vr% B ls A rd tkus esa
xfrt ÅtkZ ?kV tkrh gSA

oS|
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fp=k 2.10  fdlh ,dleku fo|qr {ks=k osQ fy, lefoHko ì"BA

fp=k 2.9 fdlh ,dy vkos'k
q osQ fy, (a) lefoHko i`"B
laosaQnzh xksyh; i`"B gksrs gSa
ftuosQ osaQæ ij vkos'k fLFkr
gksrk gS] rFkk (b) ;fn q > 0

gS] rks {ks=k js[kk,¡ vkos'k ls
vkjaHk gksus okyh vjh; js[kk,¡

gksrh gSaA

fdlh v{k osQ vuqfn'k] eku yhft, x-v{k osQ vuqfn'k fdlh ,dleku fo|qr {ks=k E osQ
fy,] lefoHko i`"B x-v{k osQ vfHkyacor] vFkkZr y-z ry osQ lekarj ry gksrs gSa (fp=k
2.10)A fp=k 2.11 esa (a) fdlh oS|qr f}/qzo rFkk (b)  esa nks loZle /ukos'kksa osQ dkj.k
lefoHko i`"B rFkk oS|qr js[kk,¡ n'kkZbZ xbZ gSaA

fp=k 2.11(a)  fdlh oS|qr f}èkqzo rFkk
(b) nks loZle /ukos'kksa osQ {ks=k osQ fy, oqQN lefoHko i`"BA

2.6  lefoHko i`"B
dksbZ lefoHko i`"B ,slk i`"B gksrk gS ftlosQ i`"B osQ gj ̄ cnq ij foHko fu;r jgrk gSA fdlh
,dy vkos'k q osQ fy,] lehdj.k (2.8) }kjk oS|qr foHkoµ

1
4 o

q
V

rε
=

π
blls ;g çdV gksrk gS fd ;fn r fu;r gS rks V fu;r jgrk gSA bl çdkj fdlh

,dy vkos'k osQ fy, lefoHko i`"B laosaQnzh xksys gksrs gSa ftuosQ osaQnz ij og vkos'k
fLFkr gksrk gSA

vc fdlh ,dy vkos'k q osQ fy, fo|qr {ks=k js[kk,¡ vkos'k ls vkjaHk gksus okyh vFkok
ml vkos'k ij lekIr gksus okyh (;g fuHkZj djrk gS fd vkos'k q èkukRed gS vFkok
½.kkRed) vjh; js[kk,¡ gksrh gSaA Li"V gS] fdlh lefoHko i`"B osQ fdlh Hkh ̄ cnq ij fo|qr
{ks=k lnSo gh ml ̄ cnq ij vfHkyacor gksrk gSA ;g O;kid :i ls lR; gS % fdlh Hkh vkos'k
foU;kl osQ fy, fdlh Hkh ¯cnq ls xqtjus okyk lefoHko i`"B ml ¯cnq ij fo|qr {ks=k osQ
vfHkyacor gksrk gSA bl çdFku dh O;qRifÙk ljy gSA

;fn fo|qr {ks=k lefoHko i`"B osQ vfHkyacor ugha gS_ rks bl {ks=k dk i`"B osQ vuqfn'k
dksbZ 'kwU;srj ?kVd gksxkA fdlh ,dkad ijh{k.k vkos'k dk {ks=k osQ bl ?kVd dh fo#¼ fn'kk
esa xfr djkus osQ fy, oqQN dk;Z djuk vko';d gksxkA ijarq ;g fdlh lefoHko i`"B dh
ifjHkk"kk osQ fo#¼ gS % lefoHko i`"B osQ fdUgha Hkh nks ¯cnqvksa osQ chp dksbZ foHkokarj ugha
gksrk] rFkk bl i`"B ij fdlh ijh{k.k vkos'k dks xfr djkus osQ fy, dksbZ dk;Z djuk vko';d
ugha gksrkA vr% fdlh lefoHko i`"B osQ lHkh ̄ cnqvksa ij fo|qr {ks=k i`"B osQ vfHkyacor gksrk
gSA lefoHko i`"B fdlh vkos'k foU;kl osQ pkjksa vksj dh fo|qr {ks=k js[kkvksa osQ n`';ksa osQ
oSdfYid n`'; çLrqr djrs gSaA
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fLFkjoS|qr foHko
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2.6.1  fo|qr {ks=k rFkk oS|qr foHko esa laca/

,d&nwljs osQ ikl j[ks nks lefoHko i`"Bksa A rFkk B (fp=k 2.12) ftuosQ foHkoksa osQ eku Øe'k%
V rFkk V + δV gSa] ;gk¡ δV fo|qr {ks=k E dh fn'kk esa V  esa ifjorZu gSA
eku yhft, i`"B B ij dksbZ ¯cnq P gSA eku yhft, i`"B A dh ¯cnq P
ls yacor nwjh δl gSA ;g Hkh ekfu, fd fo|qr {ks=k osQ fo#¼ dksbZ ,dkad
/ukos'k bl yac osQ vuqfn'k i`"B B ls i`"B A ij ys tk;k tkrk gSA bl
izfØ;k esa fd;k x;k dk;Z |E|δ l  gSA

;g dk;Z foHkokarj  V
A
–V

B  
osQ cjkcj gSA

bl izdkj
|E|δ l = V − (V +δV )=  –δV

vFkkZr |E|= −
δ

δ

V

l
(2.20)

Li"V gS fd δ V  ½.kkRed gS] δV = – |δV| ge lehdj.k
(2.20) dks nqckjk bl çdkj fy[k ldrs gSa %

E = − = +
δ

δ

δ

δ

V

l

V

l
(2.21)

bl çdkj ge fo|qr {ks=k rFkk oS|qr foHko ls lacafèkr nks egRoiw.kZ fu"d"kks± ij igq¡prs gSa µ
(i) fo|qr {ks=k ml fn'kk esa gksrk gS tgk¡ foHko esa lokZfèkd ßkl gksrk gSA
(ii) fdlh ¯cnq ij fo|qr {ks=k dk ifjek.k] ml ¯cnq ij lefoHko i`"B osQ vfHkyacor foHko

osQ ifjek.k esa çfr ,dkad foLFkkiu ifjorZu }kjk O;Dr fd;k tkrk gSA

2.7 vkos'kksa osQ fudk; dh fLFkfrt ÅtkZ
igys ge ,d ljy çdj.k ij fopkj djrs gSa ftlesa fdlh ewy ¯cnq osQ lkis{k r1 rFkk r2

fLFkfr lfn'kksa okys nks vkos'k q1 rFkk q2 gSaA vkb, bl foU;kl osQ fuekZ.k esa fd, x, dk;Z
(cká) dk ifjdyu djsaA bldk vFkZ ;g gS fd igys vkjaHk esa ge nksuksa vkos'kksa q1 rFkk q2

dks vuar ij ekusa rFkk ckn esa cká ,tsalh }kjk mUgsa budh orZeku fLFkfr;ksa rd ykus esa fd,
x, dk;Z dk ifjdyu djsaA eku yhft,] ge igys vkos'k q1 dks vuar ls ¯cnq r1 rd ykrs
gSaA pw¡fd bl fLFkfr esa dksbZ cká {ks=k ugha gS] ftlosQ fo#¼ dk;Z djus dh vko';drk iM+s]
vr% q1 dks vuar ls r1 rd ykus esa fd;k x;k dk;Z 'kwU; gSA ;g vkos'k fno~QLFkku esa ,d foHko
V1 mRiUu djrk gS

V
q

ro

1
1

1

1
4

=
πε P

;gk¡ r1P fno~QLFkku osQ fdlh ¯cnq P dh q1 dh fLFkfr ls nwjh gSA foHko dh ifjHkk"kk ls]
vkos'k q2 dks vuar ls ¯cnq r2 rd ykus esa fd;k x;k dk;Z r2 ij q1 }kjk foHko dk q2

xquk gksrk gSµ

q2 ij fd;k x;k dk;Z  = 
1

4
1 2

12πεo

q q

r

fp=k 2.12  foHko ls {ks=k ijA
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HkkSfrdh
;gk¡ r12 ¯cnq 1 rFkk 2 osQ chp dh nwjh gSA

p¡wfd fLFkjoS|qr cy laj{kh gS] ;g dk;Z fudk; dh fLFkfrt ÅtkZ osQ :i
esa lafpr gks tkrk gSA vr% nks vkos'kksa q1 rFkk q2 osQ fudk; dh fLFkfrt ÅtkZ

U
q q

ro

=
1

4
1 2

12πε
(2.22)

Li"V gS] fd ;fn igys q2 dks mldh orZeku fLFkfr ij yk;k tkrk vkSj
rRi'pkr q1 dks yk;k tkrk] rks Hkh fLFkfrt ÅtkZ U bruh gh gksrhA vfèkd
O;kid :i esa] lehdj.k (2.22) esa n'kkZ;k x;k fLFkfrt ÅtkZ osQ fy,

O;atd] lnSo gh vifjofrZr jgrk gS] pkgs fufnZ"V LFkkuksa ij vkos'kksa dks fdlh Hkh çdkj ls yk;k
tk,A ;g fLFkjoS|qr cyksa osQ fy, dk;Z dh iFk&Lora=krk osQ dkj.k gksrk gSA

lehdj.k (2.22) q1 rFkk q2 osQ fdlh Hkh fpÉ osQ fy, lR; gSA ;fn q1 q2  > 0
gS] rks fLFkfrt ÅtkZ èkukRed gksrh gSA ;g visf{kr Hkh gS] D;ksafd ltkrh; vkos'kksa (q1 q2

> 0) osQ fy,] fLFkjoS|qr cy çfrd"khZ gksrk gS rFkk vkos'kksa dks vuar ls fdlh ifjfer nwjh
rd bl çfrd"khZ cy osQ fo#¼ ykus esa èkukRed dk;Z djuk iM+rk gSA blosQ foijhr]
fotkrh; vkos'kksa (q1 q2 < 0) osQ fy, fLFkjoS|qr cy vkd"khZ gksrk gSA bl çdj.k esa] vkos'kksa
dks mudh nh xbZ fLFkfr;ksa ls vuar rd bl vkd"khZ cy osQ fo#¼ ys tkus esa èkukRed
dk;Z djuk iM+rk gSA nwljs 'kCnksa esa] mRØfer iFk (vuar ls orZeku fLFkfr;ksa rd) osQ fy,
dk;Z osQ ½.kkRed ifjek.k dh vko';drk gksrh gS ftlosQ dkj.k fLFkfrt ÅtkZ ½.kkRed
gksrh gSA

lehdj.k (2.22) dks vklkuh ls vkos'kksa osQ fdruh Hkh la[;k osQ fudk; osQ fy,
O;kid cuk;k tk ldrk gSA vkb,] vc ge rhu vkos'kksa q1, q2 rFkk q3 tks Øe'k% r1, r2

rFkk r3 ij fLFkr gSa] osQ fudk; dh fLFkfrt ÅtkZ ifjdfyr djsaA igyss q1 dks vuar ls
r1 rd ykus esa dksbZ dk;Z ugha gksrkA rRi'pkr ge q2 dks vuar ls  r2 rd ykrs gSaA igys
dh gh Hkk¡fr bl pj.k esa fd;k x;k dk;Z

1 2
2 1 2

12

1
( )

4 o

q q
q V

rε
=

π
r (2.23)

vkos'k q1 rFkk q2 vius pkjksa vksj foHko mRiUu djrs gSa] fdlh ¯cnq P ij ;g foHko

ε
=

π1,2

1
4 o

V
q

r

q

r

1

1

2

2P P

+




 (2.24)

vkos'k q3 dks vuar ls ¯cnq r3 rd ykus esa fd;k x;k dk;Z r3 ij V1,2 dk q3 xquk gksrk gSA

vr%  
ε

=
π3 1,2 3

1
( )

4 o

q V r
q q

r

q q

r
1 3

13

2 3

23

+






  (2.25)

vkos'kksa dks mudh nh xbZ fLFkfr;ksa ij ,d=k djus esa fd;k x;k
oqQy dk;Z fofHkUu pj.kksa ¹lehdj.k (2.23) rFkk lehdj.k (2.25)º
esa fd, x, dk;ks± dk ;ksx djus ij çkIr gksrk gSA

ε
=

π
1

4 o

U q q

r

q q

r

q q

r

1 2

12

1 3

13

2 3

23

+ +






(2.26)

;gk¡ fiQj] fLFkjoS|qr cy dh laj{kh çÑfr osQ dkj.k (vFkok
rqY; :i esa] dk;Z dh iFk&Lora=krk) fLFkfrt ÅtkZ U dks vafre
O;atd] lehdj.k (2.26), foU;kl dks fdl çdkj la;ksftr fd;k
x;k gS] mlosQ Øe ij fuHkZj ugha djrkA fLFkfrt ÅtkZ foU;kl dh

fp=k 2.13 vkos'kksa q
1 
rFkk q

2 
osQ fudk; dh

fLFkfrt ÅtkZ vkos'kksa osQ xq.kuiQy osQ
vuqØekuqikrh rFkk muosQ chp dh nwjh osQ

O;qRØekuqikrh gksrh gSA

fp=k 2.14 fp=k esa fn, x, laosQrksa lfgr lehdj.k
(2.26) esa rhu vkos'kksa osQ fudk; dh fLFkfrt ÅtkZ

nh xbZ gSA
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orZeku voLFkk dk vfHkyk{kf.kd xq.k gksrk gS] ;g bl ckr ij fuHkZj ugha djrk fd bl foU;kl
dks fdl çdkj çkIr fd;k x;k gSA

mnkgj.k 2.4 fp=k 2.15 esa n'kkZ, vuqlkj pkj vkos'k Hkqtk d okys fdlh oxZ ABCD
osQ 'kh"kks± ij O;ofLFkr fd, x, gSaA (a) bl O;oLFkk dks ,d lkFk cukus esa fd;k x;k
dk;Z Kkr dhft,A (b) dksbZ vkos'k q0 oxZ osQ osaQnz E ij yk;k tkrk gS rFkk pkjksa vkos'k
vius 'kh"kks± ij n`<+ jgrs gSaA ,slk djus osQ fy, fdruk vfrfjDr dk;Z djuk iM+rk gS\

fp=k 2.15

gy
(a) pw¡fd fd;k x;k dk;Z vkos'kksa dh vafre O;oLFkk ij fuHkZj djrk gS] mUgsa fdl
çdkj ,d lkFk yk;k x;k gS] ij fuHkZj ugha djrk] ge vkos'kksa dks A, B, C, rFkk D
ij j[kus osQ ,d <ax osQ fy, vko';d dk;Z dk ifjdyu djsaxsA eku yhft, igys
vkos'k +q dks A ij yk;k tkrk gS] rRi'pkr vkos'kksa −q, +q rFkk −q dks Øe'k%
B, C rFkk D ij yk;k tkrk gSA fd, x, oqQy dk;ks± dk ifjdyu fuEufyf[kr pj.kksa
esa fd;k tk ldrk gS %
 (i) vkos'k +q dks A ij ykus esa fd;k x;k dk;Z tc dgha Hkh dksbZ vkos'k ugha gS% ;g 'kwU; gSA
(ii) vkos'k −q dks B ij ykus esa fd;k x;k dk;Z tc +q 'kh"kZ A ij gSA ;g (B ij

vkos'k) × (A ij vkos'k +q osQ dkj.k ¯cnq B ij fLFkjoS|qr foHko)

(iii) vkos'k +q dks C ij ykus esa fd;k x;k dk;Z tc +q 'kh"kZ A ij rFkk −q 'kh"kZ B
ij gSA ;g (C ij vkos'k) × (A rFkk B ij vkos'kksa osQ dkj.k C ij foHko)

      ε
−

=
π

2

4 o

q

d
1

1

2
−





(iv) vkos'k –q dks D ij ykus esa fd;k x;k dk;Z tc +q 'kh"kZ A ij] –q 'kh"kZ B ij
rFkk +q 'kh"kZ C ij gSaA ;g (D ij vkos'k) × (A, B rFkk C ij vkos'kksa osQ dkj.k
D ij foHko)

      

ε
−

=
π

2

4 o

q

d
2

1

2
−






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pkjksa pj.kksa (i), (ii), (iii) ,oa (iv) osQ dk;ks± dks tksM+us ij] vko';d oqQy dk;Z

ε
−

=
π

2

4 o

q

d
( ) ( )0 1 1

1

2
2

1

2
+ + −







+ −














 ( )
2

4 2
4 o

q

dε
−

= −
π

;g dk;Z osQoy vkos'kksa dh O;oLFkk ij fuHkZj djrk gS] bl ckr ij fuHkZj ugha djrk
fd bUgsa oSQls O;ofLFkr fd;k x;k gSA ifjHkk"kk osQ vuqlkj ;g vkos'kksa dh oqQy
fLFkjoS|qr ÅtkZ gSA
(fo|kFkhZ viuh bPNkuqlkj vkos'kksa dks fdlh Hkh vU; Øe esa ysdj blh dk;Z@ÅtkZ dks
ifjdfyr djus dk iz;kl dj ldrs gSa vkSj ;g ns[kdj vius dks larq"V dj ldrs gSa
fd gj izdj.k esa ÅtkZ leku jgrh gSA)
(b) tcfd pkjksa vkos'k A, B, C rFkk D ij gSa] vkos'k q0 dks ̄ cnq E ij ykus esa fd;k
x;k vfrfjDr dk;Z q0 × (A, B, C rFkk D ij gSa vkos'kksa osQ dkj.k E ij fLFkjoS|qr
foHko) osQ cjkcj gSA Li"V :i ls ̄ cnq E ij fLFkjoS|qr foHko 'kwU; gS] D;ksafd A rFkk
C ij vkos'kksa osQ dkj.k foHko B rFkk D }kjk fujLr gks tkrs gSaA vr% ̄ cnq E rd fdlh
Hkh vkos'k dks ykus esa dksbZ dk;Z djuk ugha iM+rk gSA

2.8  cká {ks=k esa fLFkfrt ÅtkZ

2.8.1  ,dy vkos'k dh fLFkfrt ÅtkZ

vuqHkkx 2.7 esa fo|qr {ks=k osQ Ïksr dk fo'ks"k mYys[k fd;k x;kµvkos'k rFkk mudh
fLFkfr;k¡µrFkk mu vkos'kksa osQ fudk; dh fLFkfrt ÅtkZ fuèkkZfjr dh xbZA bl vuqHkkx esa ge
blls lacafèkr ijarq fHkUu ç'u iwNrs gSaA fdlh fn, x, {ks=k esa fdlh vkos'k q dh fLFkfrt
ÅtkZ D;k gksrh gS\ okLro esa] ;g ç'u vkjaHk ¯cnq Fkk tks gesa fLFkjoS|qr foHko dh èkkj.kk
dh vksj ys x;k Fkk (nsf[k, vuqHkkx 2.1 rFkk 2.2)A ijarq ;gh ç'u ge fiQj nqckjk ;g Li"V
djus osQ fy, iwN jgs gSa fd fdl :i esa ;g vuqHkkx 2.7 esa dh xbZ ppkZ ls fHkUu gSA

;gk¡ çeq[k varj ;g gS fd vc ge ;gk¡ ij fdlh cká {ks=k eas vkos'k (vFkok vkos'kksa)
dh fLFkfrt ÅtkZ osQ fo"k; esa ppkZ dj jgs gSaA blesa cká {ks=k E mu fn, x, vkos'kksa }kjk
mRiUu ugha fd;k tkrk ftudh fLFkfrt ÅtkZ dk ge ifjdyu djuk pkgrs gSaA fo|qr {ks=k
E ml Ïksr }kjk mRiUu fd;k tkrk gS tks fn, x, vkos'k (vkos'kksa) dh n`f"V ls cká gksrk
gSA cká Ïksr Kkr gks ldrk gS ijarq çk;% ;s Ïksr vKkr vFkok vfufnZ"V gksrs gSa] tks oqQN
Hkh ;gk¡ fufnZ"V gksrk gS og gS fo|qr {ks=k E vFkok cká Ïksrksa osQ dkj.k fLFkjoS|qr foHko V A
ge ;g ekurs gSa fd vkos'k q cká {ks=k mRiUu djus okys Ïksrksa dks lkFkZd :i ls çHkkfor
ugha djrkA ;fn q vR;fèkd NksVk gS] rks ;g lR; gS vFkok oqQN vfufnZ"V cyksa osQ çHkko esa
cká Ïksrksa dks n`<+ j[kk tk ldrk gSA ;fn q ifjfer gS rks Hkh blosQ cká Ïksrksa ij izHkko dh
mu ifjfLFkfr;ksa esa mis{kk dh tk ldrh gS] ftuesa cgqr nwj vuar ij fLFkr vR;fèkd çcy Ïksr
gekjh #fp osQ {ks=k esa dksbZ ifjfer {ks=k E mRiUu djrk gSA fiQj è;ku nhft,] gekjh #fp fdlh
cká {ks=k esa] fn, x, vkos'k q (rRi'pkr vkos'kksa osQ fdlh fudk;) dh fLFkfrt ÅtkZ fuèkkZfjr djus
esa gS_ gesa cká fo|qr {ks=k mRiUu djus okys Ïksr dh fLFkfrt ÅtkZ esa dksbZ #fp ugha gSA

cká fo|qr {ks=k E rFkk rnuq:ih cká foHko V dk eku ,d ¯cnq ls nwljs ¯cnq ij tkus
esa ifjofrZr gks ldrk gSA ifjHkk"kk osQ vuqlkj] fdlh ¯cnq P ij foHko V ,dkad èkukos'k dks
vuar ls ml ̄cnq P rd ykus esa fd, x, dk;Z osQ cjkcj gksrk gS (ge fujarj gh vuar ij foHko
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dks 'kwU; ekurs jgsaxs)A vr% fdlh vkos'k q dks vuar ls cká {ks=k osQ fdlh ¯cnq P rd ykus
esa fd;k x;k dk;Z q V gksrk gSA ;g dk;Z vkos'k q esa fLFkfrt ÅtkZ osQ :i esa lafpr gks tkrk gSA
;fn ¯cnq P dk fdlh ewy ¯cnq osQ lkis{k dksbZ fLFkfr lfn'k r gS] rks ge ;g fy[k ldrs gSa fd%

fdlh cká {ks=k esa vkos'k q dh r ij fLFkfrt ÅtkZ
= qV (r) (2.27)

;gk¡ V (r) ¯cnq r ij cká foHko gSA
bl izdkj] ;fn vkos'k q = e = 1.6×10–19 C dk dksbZ bysDVªkWu fdlh foHkokUrj ∆V =1

oksYV }kjk Rofjr fd;k tkrk gS] rks og ÅtkZ q∆V = 1.6 × 10–19J v£tr djsxkA ÅtkZ osQ bl
ek=kd dks 1 bysDVªkWu oksYV] vFkkZr 1 eV=1.6 × 10–19J osQ :i esa ifjHkkf"kr djrs gSaA eV ij
vk/kfjr ek=kdksa dk lokZf/d mi;ksx vkf.od] ukfHkdh; rFkk d.k HkkSfrdh esa fd;k tkrk gS]
(1 keV = 103eV = 1.6 × 10–16J, 1 MeV = 106eV = 1.6 × 10–13J, 1 GeV = 109eV
= 1.6 × 10–10J rFkk 1 TeV = 1012eV = 1.6 × 10–7J) ¹bls HkkSfrdh Hkkx I d{kk 11 i`"B
119 lkj.kh 6.1 esa igys gh ifjHkkf"kr fd;k tk pqdk gSAº
2.8.2 fdlh cká {ks=k esa nks vkos'kksa osQ fudk; dh fLFkfrt ÅtkZ
vc ge ;g iwNrs gSa % fdlh cká {ks=k esa Øe'k% r1 rFkk r2 ij fLFkr nks vkos'kksa q1 rFkk q2

dh fLFkfrt ÅtkZ D;k gksrh gS\ bl foU;kl dk fuekZ.k djus esa fd, x, dk;Z dk ifjdyu
djus osQ fy, vkb, ;g dYiuk djsa fd igys ge vkos'k q1 dks vuar ls r1 rd ykrs gSaA
lehdj.k (2.27) osQ vuqlkj] bl pj.k esa fd;k x;k dk;Z q1 V (r1) gSA vc ge vkos'k q2 dks
r2 rd ykus esa fd, tkus okys dk;Z ij fopkj djrs gSaA bl pj.k esa osQoy cká {ks=k E osQ
fo#¼ gh dk;Z ugha gksrk] oju~ q1 osQ dkj.k {ks=k osQ fo#¼ Hkh dk;Z djuk gskrk gSA vr%

q2 ij cká {ks=k osQ fo#¼ fd;k x;k dk;Z
= q2 V (r2)

q2 ij q1 osQ dkj.k {ks=k osQ fo#¼ fd;k x;k dk;Z

1 2

124 o

q q

rε
=

π

;gk¡ r12 vkos'kksa q1 rFkk q2 osQ chp dh nwjh gSA Åij geus lehdj.k (2.27) rFkk (2.22) dk
mi;ksx fd;k gSA {ks=kksa osQ fy, vè;kjksi.k fl¼kar }kjk ge q2 ij nks {ks=kksa (E rFkk q1 osQ dkj.k
{ks=k) osQ fo#¼ fd, x, dk;ks± dks tksM+rs gSaA vr%

q2 dks r2 rd ykus esa fd;k x;k dk;Z
1 2

2 2
12

( )
4 o

q q
q V

rε
= +

π
r (2.28)

bl izdkj]
fudk; dh fLFkfrt ÅtkZ
= foU;kl osQ fuekZ.k esa fd;k x;k dk;Z

1 2
1 1 2 2

0 12

( ) ( )
4
q q

q V q V
rε

= + +
π

r r  (2.29)

mnkgj.k 2.5

(a) nks vkos'kksa 7 µC rFkk –2 µC tks Øe'k% (–9 cm, 0, 0) rFkk (9 cm, 0, 0) ij fLFkr
gSa] osQ ,sls fudk;] ftl ij dksbZ cká {ks=k vkjksfir ugha gS] dh fLFkjoS|qr fLFkfrt
dh ÅtkZ Kkr dhft,A

(b) nksuksa vkos'kksa dks ,d&nwljs ls vuar nwjh rd i`Fkd djus osQ fy, fdrus dk;Z dh
vko';drk gksxh\
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(c) ekuk fd vc bl vkos'k fudk; dks fdlh cká fo|qr {ks=k E = A (1/r 2);

A = 9 × 105 Ne–1 m2 esa j[kk x;k gSA bl foU;kl dh fLFkjoS|qr ÅtkZ dk ifjdyu
djsaA

gy

(a)
12

91 21 7 ( 2) 10
9 10

4 0.18o

q q
U

rπε

−× − ×
= = × × = –0.7 J

(b) W = U2 – U1  = 0 – U = 0 – (–0.7) = 0.7 J

(c) nks vkos'kksa dh ikjLifjd vU;ksU; ÅtkZ vifjo£rr jgrh gSA lkFk gh ;gk¡ ij nks vkos'kksa
dh cká fo|qr {ks=k osQ lkFk vU;ksU; fØ;k dh ÅtkZ Hkh gSA vr% ge ;g ikrs gSa fd

( ) ( )1 1 2 2

7 C 2 C
0.09m 0.09m

q V q V A A
µ µ−

+ = +r r

rFkk usV fLFkjoS|qr ÅtkZ dk eku gS

( ) ( ) 1 2
1 1 2 2

0 12

7 C 2 C
0.7 J

4 0.09 m 0.09m
q q

q V q V A A
r

µ µ
ε

−
+ + = + −

π
r r

         70 20 0.7 49.3 J= − − =

2.8.3  cká {ks=k esa f}/qzo dh fLFkfrt ÅtkZ

fp=k 2.16 eas n'kkZ, vuqlkj fdlh ,dleku fo|qr {ks=k E esa j[ks vkos'kksa q1 = +q rFkk
q2 = –q osQ f}/qzo ij fopkj dhft,A

tSlkfd geus fiNys vè;k; esa ns[kk] ,dleku fo|qr {ks=k esa f}èkzqo
fdlh usV cy dk vuqHko ugha djrk_ ijarq ,d cy vk?kw.kZ dk vuqHko
djrk gS tks bl izdkj gS %

τ = τ = τ = τ = τ = p×E (2.30)
;g blesa ?kw.kZu dh izo`fÙk mRiUu djsxk (tc rd p rFkk E ,d&nwljs osQ
lekarj vFkok izfrlekarj ugha gSa)A eku yhft, dksbZ cká cy vk?kw.kZ
τττττcká bl izdkj yxk;k tkrk gS fd og bl cy vk?kw.kZ dks Bhd&Bhd
mnklhu dj nsrk gS vkSj bls dkx”k osQ ry fcuk fdlh dks.kh; Roj.k osQ
vR;ar lw{e dks.kh; pky ls dks.k θ0 ls dks.k θ1 ij ?kw£.kr dj nsrk gSA
bl cká cy vk?kw.kZ }kjk fd;k x;k dk;Z

( )cos cospE θ θ0 1= − (2.31)

;g dk;Z fudk; esa fLFkfrt ÅtkZ osQ :i esa lafpr gks tkrk gSA rc ge fLFkfrt ÅtkZ U(θ )

dks f}/qzo osQ fdlh >qdko θ  ls lac¼ dj ldrs gSaA vU; fLFkfrt ÅtkZvksa dh Hkk¡fr ;gk¡ gesa
ml dks.k osQ p;u dh Lora=krk gS ftl ij foHko fLFkfrt ÅtkZ U 'kwU; ekuk tk,A izko`Qfrd
p;u osQ vuqlkj θ0 = π / 2 fy;k tkuk pkfg,A (bldk Li"Vhdj.k ppkZ osQ var esa fn;k x;k
gSA) rc ge ;g fy[k ldrs gSa]

(2.32)

fp=k 2.16  fdlh fo|qqr f}èkqzo dh ,dleku
cká {ks=k esa fLFkfrt ÅtkZA
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oSdfYid :i ls bl O;atd dks lehdj.k (2.29) ls Hkh le>k tk ldrk gSA ge lehdj.k
(2.29) dk iz;ksx nks vkos'kksa +q rFkk –q osQ orZeku fudk; osQ fy, djrs gSaA rc fLFkfrt ÅtkZ
osQ O;atd dks bl izdkj O;Dr fd;k tk ldrk gS %

( ) ( ) ( )
2

1 2[ ]
4 2

q
U q V V

a
θ

ε0

= − −′
π ×

r r (2.33)

;gk¡  r
1
 rFkk r

2
 nks vkos'kksa +q rFkk –q osQ fLFkfr lfn'kksa dks n'kkZrs gSaA vc r

1
 rFkk r

2
 osQ

chp foHkokarj ,dkad /ukos'k dks {ks=k osQ fo#¼  r
2
 ls r

1 
rd ykus esa fd, x, dk;Z osQ cjkcj

gSA cy osQ lekarj foLFkkiu 2a cosθ gSA bl izdkj [V(r1)–V (r2)] = –E × 2a cosθ ] bl
izdkj] gesa izkIr gksrk gSA pw¡fd ,d fu;rkad fLFkfrt ÅtkZ osQ fy, ux.; gS] ge lehdj.k
(2.34) esa nwljs in dks NksM+ ldrs gSaA rc ;g lehdj.k (2.32) cu tkrk gSA

( )
2 2

cos
4 2 4 2

q q
U pE

a a
θ θ

ε ε0 0

= − − = − −′
π × π ×

p Ei (2.34)

è;ku nhft, fd U′ (θ ) rFkk U (θ ) esa ,d jkf'k dk varj gS tks fdlh fn, x, f}/qzo osQ fy,
ek=k ,d fu;rkad gSA fLFkfrt ÅtkZ osQ fy, fu;rkad egRoiw.kZ ugha gS] vr% lehdj.k (2-34)
ls ge f}rh; in dks NksM+ ldrs gSaA bl izdkj ls ;g lehdj.k (2-32) osQ :i esa vk tkrk gSA

vc ge ;g le> ldrs gSa fd geus θ0=π/2 D;ksa fy;k FkkA bl izdj.k esa +q rFkk –q dks
cká {ks=k E osQ fo#¼ ykus esa fd, tkus okys dk;Z leku rFkk foijhr gSa vkSj fujkflr gks tkrs
gSa] vFkkZr q [V (r1)  – V (r2)] = 0

mnkgj.k 2.6 ,d inkFkZ osQ v.kq esa 10–29 cm dk LFkk;h oS|qr f}/qzo vk?kw.kZ gSA
106 V m–1 ifjek.k osQ ,d 'kfDr'kkyh fLFkjoS|qr {ks=k dks yxkdj bl inkFkZ osQ ,d
eksy (fuEu rki ij) dks /zqfor fd;k x;k gSA vpkud {ks=k dh fn'kk 60º dks.k ls cny
nh tkrh gSA {ks=k dh u;h fn'kk esa f}/qzoksa dks iafDrc¼ djus esa mUeqDr Å"ek ÅtkZ dk
vkdyu dhft,A lqfo/k osQ fy, uewus dk /zqo.k 100% ekuk tk ldrk gSA

gy   ;gk¡ izR;sd v.kq dk f}/qzo vk?kw.kZ = 10–29 C m

pw¡fd fdlh inkFkZ osQ ,d eksy esa 6 × 1023 v.kq gksrs gSa] vr% lkjs v.kqvksa dk oqQy
f}èkzqo vk?kw.kZ] p = 6 × 1023 × 10–29 C m  = 6 × 10–6

 C m

vkjafHkd fLFkfrt ÅtkZ U
i
 = –pE cos θ = –6×10–6×106 cos 0° = –6 J

vafre fLFkfrt ÅtkZ (tc θ = 60°)] U
f
 = –6 × 10–6 × 106 cos 60° = –3 J

fLFkfrt ÅtkZ esa varj = –3 J – (–6J) = 3 J

vr%] ;gk¡ ÅtkZ dh gkfu gksrh gSA inkFkZ }kjk f}/qzoksa dks iafDrc¼ djus esa Å"ek osQ :i
esa ;g ÅtkZ eqDr gksuh pkfg,A

2.9 pkyd&fLFkjoS|qfrdh
vè;k; 1 esa pkydksa rFkk fo|qrjksèkh inkFkks± dk la{ksi esa o.kZu fd;k x;k FkkA pkydksa
esa xfr'khy vkos'k okgd gksrs gSaA èkkfRod pkydksa esa ;s okgd bysDVªkWu gksrs gSaA èkkrqvksa
esa] cká (la;ksth) bysDVªkWu vius ijek.kq ls vyx gksdj xfr djus osQ fy, eqDr gksrs
gSaA ;s bysDVªkWu /krq osQ vanj xfr djus osQ fy, eqDr gksrs gSa ijarq /krq ls eqDr ugha
gks ldrsA ;s eqDr bysDVªkWu ,d çdkj dh ^xSl* dh Hkk¡fr vkil esa ijLij rFkk vk;uksa
ls Vdjkrs gSa rFkk fofHkUu fn'kkvksa esa ;kn`fPNd xfr djrs gSaA fdlh cká fo|qr {ks=k
esa] ;s {ks=k dh fn'kk osQ foijhr cgrs gSaA ukfHkdksa osQ bl çdkj èku vk;u rFkk ifjc¼
bysDVªkWu viuh fu;r fLFkfr;ksa ij gh n`<+ jgrs gSaA vi?kVuh pkydksa esa èkuk;u rFkk
½.kk;u nksuks a gh vkos'k okgd gksrs gSa_ ijarq bl çdj.k esa fLFkfr vfèkd tfVy
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gksrh gSµvkos'k okgdksa dh xfr cká fo|qr {ks=k osQ lkFk&lkFk jklk;fud cyksa (vè;k;
3 nsf[k,) }kjk Hkh çHkkfor gksrh gSA ;gk¡ ge viuh ppkZ Bksl èkkfRod pkydksa rd
gh lhfer j[ksaxsA vkb, pkyd&fLFkjoS|qfrdh ls lacafèkr oqQN egRoiw.kZ ifj.kkeksa ij
è;ku nsaA

1. pkyd osQ Hkhrj fLFkjoS|qr {ks=k 'kwU; gksrk gS
fdlh mnklhu vFkok vkosf'kr pkyd ij fopkj dhft,A ;gk¡ dksbZ cká fLFkjoS|qr {ks=k Hkh gks
ldrk gSA LFkSfrd fLFkfr esa] tc pkyd osQ Hkhrj vFkok mlosQ i`"B ij dksbZ fo|qr èkkjk ugha
gksrh] rc pkyd osQ Hkhrj gj LFkku ij fLFkjoS|qr {ks=k 'kwU; gksrk gSA bl rF; dks fdlh pkyd
dks ifjHkkf"kr djus osQ xq.k osQ :i esa ekuk tk ldrk gSA pkyd esa eqDr bysDVªkWu gksrs gSaA tc
rd fo|qr {ks=k 'kwU; ugha gS] eqDr vkos'k okgd ,d cy dk vuqHko djsaxs vkSj muesa cgko gksxkA
LFkSfrd fLFkfr esa eqDr bysDVªkWu Lo;a dks bl çdkj forfjr dj ysrs gSa fd pkyd osQ Hkhrj
gj LFkku ij fo|qr {ks=k 'kwU; gksrk gSA fdlh pkyd osQ Hkhrj fLFkjoS|qr {ks=k 'kwU; gksrk gSA

2. vkosf'kr pkyd osQ i`"B ij] i`"B osQ izR;sd ¯cnq ij fLFkjoS|qr {ks=k
vfHkyacor gksuk pkfg,

;fn E ì"B osQ vfHkyacor ugha gS rks mldk ì"B osQ vuqfn'k dksbZ 'kwU;srj ?kVd gksxkA rc ì"B
osQ eqDr bysDVªkWu ì"B ij fdlh cy dk vuqHko djsaxs vkSj xfr djsaxsA vr%] LFkSfrd fLFkfr esa
E dk dksbZ Li'kZ js[kh; ?kVd ugha gksuk pkfg,A bl çdkj] fdlh vkosf'kr pkyd osQ ì"B ij
fLFkjoS|qr {ks=k ì"B osQ gj ̄cnq ij ì"B osQ vfHkyacor gksuk pkfg,A (fdlh pkyd osQ fy, ftl
ij dksbZ ì"Bh; vkos'k ?kuRo ugha gS] mlosQ ì"B rd ij Hkh {ks=k 'kwU; gksrk gSA) ifj.kke 5 nsf[k,A

3. LFkSfrd fLFkfr esa fdlh pkyd osQ vH;arj esa dksbZ vfrfjDr vkos'k ugha
gks ldrk

fdlh mnklhu pkyd osQ çR;sd y?kq vk;ru vFkok i`"Bh; vo;o esa èkukRed rFkk ½.kkRed
vkos'k leku ek=kk esa gksrs gSaA tc fdlh pkyd dks vkosf'kr fd;k tkrk gS] rks LFkSfrd fLFkfr
esa vfrfjDr vkos'k osQoy mlosQ i`"B ij fo|eku jgrk gSA ;g xkml fu;e ls Li"V gSA fdlh
pkyd osQ Hkhrj fdlh ;kn`fPNd vk;ru vo;o v ij fopkj dhft,A vk;ru vo;o v dks
ifjc¼ djus okys fdlh can i`"B S ij fLFkjoS|qr {ks=k 'kwU; gksrk gSA bl çdkj] S ls xqtjus
okyk oqQy ÝyDl 'kwU; gSA vr% xkml fu;e osQ vuqlkj S ij ifjc¼ dksbZ usV vkos'k ugha gSA
ijarq i`"B S dks vki ftruk NksVk pkgsa] mruk NksVk cuk ldrs gSa] vFkkZr vk;ru v dks vR;Yi
(yksih ̄ cnq rd NksVk) cuk;k tk ldrk gSA bldk vfHkçk; ;g gqvk fd pkyd osQ Hkhrj dksbZ
usV vkos'k ugha gS rFkk ;fn dksbZ vfrfjDr vkos'k gS rks mls i`"B ij fo|eku gksuk pkfg,A

4. pkyd osQ leLr vk;ru esa fLFkjoS|qr foHko fu;r jgrk gS rFkk
bldk eku blosQ ì"B ij Hkh leku (Hkhrj osQ cjkcj) gksrk gS

;g mijksDr ifj.kke 1 rFkk 2 dk vuqorhZ gSA pw¡fd fdlh pkyd osQ Hkhrj E = 0 rFkk bldk
i`"B ij dksbZ Li'kZ js[kh; ?kVd ugha gksrk vr% blosQ Hkhrj vFkok i`"B ij fdlh NksVs ijh{k.k
vkos'k dks xfr djkus esa dksbZ dk;Z ugha gksrkA vFkkZr] pkyd osQ Hkhrj vFkok mlosQ i`"B ij
nks ¯cnqvksa osQ chp dksbZ foHkokarj ugha gksrkA ;gh okafNr ifj.kke gSA ;fn pkyd vkosf'kr gS
rks pkyd osQ i`"B osQ vfHkyacor fo|qr {ks=k gksrk gS_ bldk ;g vfHkçk; gS fd pkyd osQ
i`"B osQ fdlh ¯cnq dk foHko pkyd ls rqjar ckgj osQ ¯cnq osQ foHko ls fHkUu gksxkA
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fdlh ;kn`fPNd vkdkj] vkÑfr rFkk vkos'k foU;kl osQ pkydksa osQ fudk; esa çR;sd
pkyd dk viuk ,d fu;r eku dk vfHkyk{kf.kd foHko gksxk] ijarq ;g fu;r eku ,d pkyd
ls nwljs pkyd dk fHkUu gks ldrk gSA

5. vkosf'kr pkyd osQ i`"B ij fo|qr {ks=k

0

ˆσ
ε

=E n (2.35)

;gk¡ σ i`"Bh; vkos'k ?kuRo rFkk n̂ i`"B osQ vfHkyacor cfgeqZ[kh fn'kk esa ,dkad lfn'k gSA

bl ifj.kke dks O;qRiUu djus osQ fy,] dksbZ fMfc;k (,d NksVk csyukdkj [kks[kyk crZu)
fp=k 2.17 esa n'kkZ, vuqlkj] i`"B osQ fdlh ¯cnq P osQ ifjr% xkmlh; i`"B osQ :i esa pqfu,A
bl fMfc;k dk oqQN Hkkx pkyd osQ i`"B osQ ckgj rFkk oqQN Hkkx pkyd osQ i`"B osQ Hkhrj
gSA bldh vuqçLFk dkV dk {ks=kiQy δS cgqr NksVk rFkk bldh Å¡pkbZ ux.; gSA

i`"B osQ rqjar Hkhrj fLFkjoS|qr {ks=k 'kwU; gS_ i`"B osQ rqjar ckgj fo|qr {ks=k i`"B osQ
vfHkyacor gSA vr% fMfc;k ls xq”kjus okyk oqQy ÝyDl osQoy fMfc;k dh ckgjh (o`Ùkh;)
vuqçLFk dkV ls vkrk gSA ;g ± E δS (σ > 0 osQ fy, /ukRed, σ < 0 osQ fy, ½.kkRed) osQ
cjkcj gS] pw¡fd pkyd osQ NksVs {ks=k δS ij fo|qr {ks=k E

dks fu;r ekuk tk ldrk gS rFkk E vkSj δS lekarj vFkok çfrlekarj
gSaA fMfc;k }kjk ifjc¼] vkos'k σ δS gSA xkml fu;e osQ
vuqlkj

EδS = 
o

Sσ δ
ε

E = 
o

σ
ε

(2.36)

bl rF; dks lfEefyr djrs gq, fd fo|qr {ks=k i`"B osQ
vfHkyacor gS] ge lehdj.k (2.35) osQ :i esa lfn'k lacaèk ikrs gSaA
è;ku nhft,] lehdj.k (2.35) vkos'k ?kuRo σ osQ nksuksa fpÉksa osQ fy,
lR; gSA σ > 0 osQ fy,] fo|qr {ks=k i`"B osQ cfgeqZ[kh vfHkyacor gS_
rFkk σ < 0 osQ fy,] fo|qr {ks=k i`"B osQ vareqZ[kh vfHkyacor gSA

2.9.1 fLFkjoS|qr ifjj{k.k

fdlh ,sls pkyd osQ fo"k; esa fopkj dhft, ftlesa dksbZ dksVj
(xqgk) gks rFkk ml dksVj osQ Hkhrj dksbZ vkos'k u gksA ,d fof'k"V
ifj.kke ;g ns[kus dks feysxk fd pkgs dksVj dh dksbZ Hkh vkÑfr ,oa vkdkj D;ksa u gks] rFkk
pkgs ml pkyd ij fdrus Hkh ifjek.k dk vkos'k gks vkSj fdruh Hkh rhozrk osQ cká {ks=k
esa mls D;ksa u j[kk x;k gks] dksVj osQ Hkhrj fo|qr {ks=k 'kwU; gksrk gSA blh ifj.kke osQ ,d
ljy çdj.k dks ge igys Hkh fl¼ dj pqosQ gSa % fdlh xksyh; dks'k osQ Hkhrj fo|qr {ks=k
'kwU; gksrk gSA dks'k osQ fy, ifj.kke dh O;qRifÙk esa geus dks'k dh xksyh; lefefr dk mi;ksx
fd;k Fkk (vè;k; 1 nsf[k,)A ijarq fdlh pkyd dk (vkos'k eqDr) dksVj esa fo|qr {ks=k
dk foyksiu] tSlk fd igys o.kZu fd;k tk pqdk gS] ,d vR;fèkd O;kid ifj.kke gSA blls
lacafèkr ,d ifj.kke ;g Hkh gS fd ;fn pkyd vkosf'kr Hkh gS] vFkok fdlh cká fo|qr
{ks=k }kjk mnklhu pkyd ij vkos'k çsfjr D;ksa u fd, x, gksa] leLr vkos'k osQoy pkyd
ij dksVj lfgr mlosQ cká i`"B ij fo|eku jgrk gSA

fp=k 2.17 fdlh vkosf'kr pkyd osQ i`"B ij fo|qr
{ks=k osQ fy, lehdj.k (2.35) O;qRiUu djus osQ fy,]

pquk x;k xkmlh; i`"B (dksbZ fMfc;k)A
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fp=k 2.18 fdlh Hkh pkyd dh dksVj (xqgk) osQ
Hkhrj fo|qr {ks=k 'kwU; gksrk gSA pkyd dk leLr

vkos'k dksVj lfgr ml pkyd osQ osQoy cká i`"B ij
gh fo|eku jgrk gS (dksVj osQ Hkhrj dksbZ vkos'k ugha

j[ks x, gSa)A

fp=k 2.18 esa fn, x, ifj.kkeksa dh O;qRifÙk dks ;gk¡ ge NksM+
jgs gSa] ijarq gesa budh egRoiw.kZ my>uksa dk è;ku gSA ckgj pkgs
fdruk Hkh vkos'k rFkk oSQlk Hkh fo|qr {ks=k foU;kl D;ksa u gks] ml
pkyd esa dksbZ Hkh dksVj cká fo|qr {ks=kksa osQ çHkko ls lnSo
ifjjf{kr jgrh gS_ dksVj osQ Hkhrj fo|qr {ks=k lnSo gh 'kwU; gksrk
gSA bls fLFkjoS|qr ifjj{k.k dgrs gSaA bl çHkko dk mi;ksx
laosnu'khy midj.kksa dks cká fo|qr çHkkoksa ls cpkus esa fd;k tkrk
gSA fp=k 2.19 esa fdlh pkyd osQ egRoiw.kZ fLFkjoS|qr xq.kèkeks± dk
lkjka'k fn;k x;k gSA

mnkgj.k 2.7

(a) lw[ks ckyksa esa da?kk ?kqekus osQ ckn og dkx”k osQ VqdM+ksa dks vkdf"kZr dj ysrk gS] D;ksa\
;fn cky Hkhxs gksa ;k o"kkZ dk fnu gks rks D;k gksrk gS\ ¹è;ku jgs fd dkx”k fo|qr pkyd
ugha gSAº

(b) lkèkkj.k jcj fo|qrjksèkh gSA ijarq ok;q;ku osQ fo'ks"k jcj osQ ifg, gyosQ pkyd cuk, tkrs
gSaA ;g D;ksa vko';d gS\

(c) tks okgu Toyu'khy inkFkZ ys tkrs gSa mudh èkkrq dh jfLl;k¡ (”kathjsa) okgu osQ xfre;
gksus ij èkjrh dks Nwrh jgrh gSa] D;ksa\

(d) ,d fpfM+;k ,d mPp 'kfDr osQ [kqys (vjf{kr) fctyh osQ rkj ij cSBh gS] vkSj mldks
oqQN ugha gksrkA èkjrh ij [kM+k ,d O;fDr mlh rkj dks Nwrk gS vkSj mls lka?kkfrd (?kkrd)
èkDdk yxrk gS] D;ksa\

gy
 (a) bldk dkj.k ;g gS fd oaQ?kk ?k"kZ.k }kjk vkosf'kr gksrk gSA vkosf'kr oaQ?ks }kjk dkx”k osQ

v.kq /qzfor gks tkrs gSa] ifj.kkeLo:i ,d usV vkd"khZ cy izkIr gksrk gSA ;fn ckyksa esa ueh
gS vFkok o"kkZ dk fnu gS rks oaQ?ks vkSj ckyksa osQ chp ?k"kZ.k de gks tkrk gS rFkk oaQ?kk
vkosf'kr ugha gksrkA vr% og dkx”k osQ NksVs VqdM+ksa dks vkd£"kr ugha djrkA

fp=k 2.19  fdlh pkyd osQ oqQN egRoiw.kZ fLFkjoS|qr xq.kèkeZA
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  mnkgj.k 2
.7

(b) ftlls ?k"kZ.k }kjk mRiUu vkos'k dk Hkwfe esa pkyu gks losQA pw¡fd fLFkjoS|qr vkos'k
vR;fèkd ek=kk esa Vk;jksa osQ i`"B ij lafpr gksdj fpuxkjh (LikoZQ) iSnk djrk gS ftlls
vkx yx ldrh gSA

(c) dkj.k (b) osQ leku ghA

(d) fo|qr /kjk osQoy rc gh izokfgr gksrh gS tc foHkokarj gksrk gSA

2.10  ijkoS|qr rFkk /qzo.k
ijkoS|qr vpkyd inkFkZ gksrs gSaA pkydksa dh rqyuk esa buesa dksbZ vkos'k okgd ugha (vFkok
ux.;) gksrkA vuqHkkx (2.9) dks ;kn dhft,] D;k gksrk gS tc fdlh
pkyd dks fdlh cká fo|qr {ks=k esa j[kk tkrk gS\ pkyd esa eqDr
vkos'k okgd xfr djosQ vius dks bl çdkj lek;ksftr dj ysrs gSa
fd çsfjr vkos'kksa osQ dkj.k fo|qr {ks=k cká {ks=k dk fojksèk djrk gSA
;g ml le; rd gksrk jgrk gS tc rd fd fLFkj fLFkfr esa nksuksa
{ks=k ,d-nwljs dk fujlu dj nsrs gSa rFkk pkyd osQ Hkhrj usV
fLFkjoS|qr {ks=k 'kwU; gksrk gSA fdlh ijkoS|qr esa vkos'k dh ;g eqDr
xfr laHko ugha gksrhA fiQj Hkh ;g ik;k tkrk gS fd cká {ks=k
ijkoS|qr osQ i`"B ij oqQN vkos'k çsfjr dj nsrk gS tks ,d ,slk {ks=k
mRiUu djrk gS tks cká {ks=k dk fojksèk djrk gSA ijarq pkyd ls
fHkUu] bl çdkj dk çsfjr fo|qr {ks=k cká {ks=k dks ;FkkFkZ :i esa
fujf{kr ugha djrkA ;g osQoy {ks=k dks ?kVk nsrk gSA bl çHkko dh
lhek ijkoS|qr dh çÑfr ij fuHkZj djrh gSA bl çHkko dks le>us
osQ fy, gesa fdlh ijkoS|qr inkFkZ esa vkf.od Lrj ij vkos'k forj.k
osQ vè;;u dh vko';drk gksxhA

fdlh inkFkZ osQ v.kq èkzqoh vFkok vèkzqoh gks ldrs gSaA
fdlh vèkqzoh v.kq esa èkukos'k rFkk ½.kkos'k osQ osaQnz laikrh
gksrs gSaA rc v.kq dk dksbZ LFkk;h (vFkok vkarfjd) f}èkzqo
vk?kw.kZ ugha gksrkA vkWDlhtu (O2) rFkk gkbMªkstu (H2) v.kq
vèkzqoh v.kqvksa osQ mnkgj.k gSa ftuesa lefefr osQ dkj.k dksbZ
f}èkzqo vk?kw.kZ ugha gksrkA blosQ foijhr dksbZ èkqzoh v.kq og gksrk
gS ftlesa èkukos'kksa rFkk ½.kkos'kksa osQ osaQnz i`Fkd&i`Fkd (ml
fLFkfr esa Hkh tc dksbZ cká {ks=k ugha gS) gksrs gSaA ,sls v.kqvksa esa
LFkk;h f}èkzqo vk?kw.kZ gksrk gSA HCl tSlk vk;uh v.kq vFkok
ty (H2O) dk dksbZ v.kq èkzqoh v.kqvksa osQ mnkgj.k gSaA

fdlh cká fo|qr {ks=k esa vèkqzoh v.kq osQ èkukos'k rFkk
½.kkos'k foijhr fn'kkvksa esa foLFkkfir gks tkrs gSaA ;g
foLFkkiu rc #drk gS tc v.kq osQ vo;oh vkos'kksa ij cká
cy çR;ku;u cy (v.kq esa vkarfjd {ks=kksa osQ dkj.k) }kjk
larqfyr gks tkrk gSA vr% vèkqzoh v.kq ,d çsfjr f}èkzqo
vk?kw.kZ fodflr dj ysrk gSA ml fLFkfr esa ijkoS|qr dks cká {ks=k }kjk èkqzfor dgk tkrk gSA ge

fp=k 2.20 fdlh cká fo|qr {ks=k esa fdlh pkyd rFkk
ijkoS|qr osQ O;ogkj esa va rjA

fp=k 2.21 èkzqoh rFkk vèkzqoh v.kqvksa osQ oqQN mnkgj.kA

v/zqoh v.kq

/zqoh v.kq
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osQoy ml ljy fLFkfr ij gh fopkj djsaxs ftlesa
çsfjr f}èkzqo vk?kw.kZ {ks=k dh fn'kk esa gksrk gS rFkk {ks=k
dh rhozrk osQ vuqØekuqikrh gksrk gSA (inkFkZ ftuosQ
fy, ;g vfHk/kj.kk lR; gS mUgsa jSf[kd lenSf'kd
ijkoS|qr dgrs gSa) fofHkUu v.kqvksa osQ çsfjr f}èkzqo
vk?kw.kZ ,d-nwljs ls tqM+dj cká {ks=k dh mifLFkfr esa
ijkoS|qr dk usV f}èkqzo vk?kw.kZ çnku djrs gSaA

èkzqoh v.kqvksa dk dksbZ ijkoS|qr fdlh cká {ks=k esa
,d usV f}èkqzo vk?kw.kZ Hkh fodflr dj ysrk gS] ijarq
bldk dkj.k fHkUu gksrk gSA fdlh cká {ks=k dh
vuqifLFkfr esa] fofHkUu LFkk;h f}èkzqo rkih; fo{kksHk
osQ dkj.k ;kn`fPNd vfHkfoU;kflr gksrs gaS_ vr%
oqQy f}èkzqo vk?kw.kZ 'kwU; gksrk gSA tc dksbZ cká {ks=k
vuqç;qDr fd;k tkrk gS rks O;f"Vxr f}èkzqo vk?kw.kZ
{ks=k osQ lkFk la jsf[kr gksus yxrs gSaA tc lc v.kqvksa
ij bldk ;ksx fd;k tkrk gS] rks cká {ks=k dh fn'kk
esa ,d usV f}èkqzo vk?kw.kZ ik;k tkrk gS] vFkkZr]
ijkoS|qr èkqzfor gks tkrk gSA èkqzo.k dh lhek nks ijLij
fojksèkh dkjdksa dh vkisf{kd rhozrk ij fuHkZj djrh
gS] tks bl çdkj gSa % fo|qr {ks=k esa f}èkzqo fLFkfrt
ÅtkZ tks f}èkqzo dks {ks=k ds lkFk la jsf[kr djus dk
iz;kl djrh gS] rFkk rkih; mQtkZ tks la js[k.k dks

fcxkM+us dk ç;kl djrh gSA blosQ vfrfjDr vèkzqoh v.kqvksa dh Hkk¡fr ;gk¡ Hkh çsfjr f}èkzqo vk?kw.kZ
çHkko gks ldrk gS] ijarq O;kid :i esa la js[k.k çHkko èkqzoh v.kqvksa osQ fy, vfèkd egRoiw.kZ
gksrk gSA

bl çdkj nksuksa gh çdj.kksa esa] pkgs èkqzoh gks vFkok vèkzqoh] ijkoS|qr fdlh cká {ks=k dh
mifLFkfr esa ,d usV f}èkqzo vk?kw.kZ fodflr dj ysrs gSaA fdlh inkFkZ dk çfr ,dkad vk;ru
f}èkqzo vk?kw.kZ mldk èkqzo.k dgykrk gS rFkk bls P }kjk fufnZ"V fd;k tkrk gSA jSf[kd lenSf'kd
ijkoS|qrksa osQ fy,

χ= o eEP E (2.37)

;gk¡ χe ijkoS|qr dk fLFkj vfHky{k.k gS ftls ijkoS|qr ekè;e dh oS|qr ço`fÙk (electric

susceptibility) dgrs gSaA
bldks (χe dks) inkFkZ osQ vkf.od xq.k ls lacafèkr djuk laHko gS] ijarq ge ;gk¡ bl ij

ppkZ ugha djsaxsA
vc ç'u ;g gS fd dksbZ èkzqfor ijkoS|qr vius Hkhrj fdlh ewy cká {ks=k dks

:ikarfjr oSQls djrk gS\ ljyrk dh n`f"V ls ge fdlh ,sls vk;rkdkj ijkoS|qr xqVosQ
ij fopkj djrs gSa tks fdlh ,sls ,dleku cká {ks=k Eo esa j[kk gS] tks xqVosQ osQ nks
iQydksa osQ lekarj gSA {ks=k osQ dkj.k ijkoS|qr esa ,dleku èkzqo.k P gksrk gSA bl çdkj
xqVosQ osQ çR;sd vk;ru vYika'k ∆v dk {ks=k dh fn'kk esa ,d f}èkzqo vk?kw.kZ P ∆v gksrk
gSA LFkwy :i ls vk;ru vYika'k ∆v NksVk gksrk gS] ijarq blesa vR;f/d la[;k esa

fp=k 2.22 fdlh cká fo|qr {ks=k esa dksbZ ijkoS|qr fdl çdkj ,d usV
f}èkqzo vk?kw.kZ fodflr djrk gSA  (a) vèkqzoh v.kq] (b) èkqzoh v.kqA

v/zqoh v.kq

/zqoh v.kq
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vkf.od f}èkzqo gksrs gSaA ijkoS|qr ds Hkhrj fdlh Hkh LFkku ij vk;ru
vYika'k ∆v ij dksbZ usV vkos'k ugha gksrk (;|fi bldk usV f}èkzqo
vk?kw.kZ gksrk gS)A bldk dkj.k ;g gS fd ,d f}èkzqo osQ èkukos'k vius
ls layXu f}èkzqo osQ ½.kkos'k osQ fudV gksrs gSaA ijarq] ijkoS|qr osQ i`"B
ij fo|qr {ks=k osQ vfHkyacor Li"V :i ls ,d usV vkos'k ?kuRo gksrk
gSA tSlk fd fp=k 2.23 esa n'kkZ;k x;k gS] nk,¡ i`"B ij f}èkzqoksa osQ
èkukRed fljs rFkk ck,¡ i`"B ij f}èkqzoksa osQ ½.kkRed fljs vuqnkflr jg
tkrs gSaA vlarqfyr vkos'k cká {ks=k osQ dkj.k çsfjr vkos'k gksrs gSaA

vr% èkqzfor ijkoS|qr nks vkosf'kr i`"Bksa osQ rqY; gksrk gS] ftuosQ
çsfjr i`"Bh; vkos'k ?kuRo] σp rFkk –σp gSaA Li"V gS fd bu i`"Bh;
vkos'kksa }kjk mRiUu fo|qr {ks=k cká {ks=k dk fojksèk djrs gSaA bl çdkj
ijkoS|qr esa oqQy {ks=k] ml çdj.k dh rqyuk esa ftlesa dksbZ ijkoS|qr
ugha gS] de gks tkrk gSA ;gk¡ è;ku nsus ;ksX; ckr ;g gS fd] i`"Bh;
vkos'k ?kuRo ± σp ijkoS|qr esa eqDr vkos'kksa osQ dkj.k ugha oju~ ifjc¼
vkos'kksa ls mRiUu gksrk gSA

2.11  la/kfj=k rFkk /kfjrk
dksbZ laèkkfj=k fo|qrjksèkh }kjk i`Fkd nks pkydksa dk ,d fudk; gksrk gS (fp=k 2.24)A pkydksa
ij vkos'k Q1 rFkk Q2 rFkk muosQ foHko Øe'k% V1 rFkk V2 gSaA çk;%] O;ogkj esa] nks pkydksa
ij vkos'k Q rFkk −Q gksrs gSa rFkk muesa foHkokarj V = V1 − V2 gksrk gSA ge osQoy blh çdkj
osQ foU;kl osQ laèkkfj=k ij fopkj djsaxsA (,d ljy pkyd dks Hkh la/kfj=k dh Hkk¡fr iz;ksx
fd;k tk ldrk gS] ;fn nwljs dks vuar ij ekus) nksuksa pkydksa dks fdlh cSVjh osQ nks VfeZuyksa
ls la;ksftr djosQ vkosf'kr djk;k tk ldrk gSA Q dks laèkkfj=k dk vkos'k dgrs gSa] ;|fi]
okLro esa ;g laèkkfj=k osQ ,d pkyd ij vkos'k gksrk gSµlaèkkfj=k dk oqQy vkos'k 'kwU; gksrk gSA

pkydksa osQ chp osQ {ks=k esa fo|qr {ks=k vkos'k Q osQ vuqØekuqikrh gksrk gSA vFkkZr] ;fn
laèkkfj=k ij vkos'k nksxquk dj fn;k tk, rks gj ¯cnq ij fo|qr {ks=k nksxquk gks tk,xkA (;g
owQykWe osQ fu;e rFkk vè;kjksi.k fl¼kar }kjk varfuZfgr fo|qr {ks=k rFkk vkos'k osQ chp
vuqØekuqikr dk vuqxkeh gSA) vc] foHkokarj V fdlh y?kq ijh{k.k vkos'k dks {ks=k osQ
fo#¼ pkyd 2 ls 1 rd ys tkus esa çfr ,dkad èkukos'k }kjk fd, x, dk;Z osQ cjkcj
gksrk gSA blosQ iQyLo:i] V Hkh Q osQ vuqØekuqikrh gS] rFkk vuqikr  Q/V ,d fu;rkad gS µ

Q
C

V
= (2.38)

;gk¡ C ,d fu;rkad gS ftls laèkkfj=k dh èkkfjrk  dgrs gSaA tSlk
fd igys o.kZu fd;k tk pqdk gS èkkfjrk C vkos'k Q vFkok
foHkokarj V ij fuHkZj ugha djrhA èkkfjrk C osQoy nks pkydksa osQ
fudk; osQ T;kferh; foU;kl (vkdkj] vkÑfr] i`Fkdu) ij fuHkZj
djrh gSA ¹tSlk fd ge vkxs ns[ksaxs] ;g nksuksa pkydksa dks i`Fkd
djus okys ekè;e vFkkZr fo|qrjksèkh (ijkoS|qr) dh çÑfr ij fuHkZj
djrh gSºA èkkfjrk dk SI ,dkad 1 iSQjM = 1 owQykWe çfr oksYV
vFkok 1F = 1 C V–1 gSA fu;r èkkfjrk osQ laèkkfj=k dk çrhd
--||--] tcfd ifjorhZ èkkfjrk osQ laèkkfj=k dk çrhd  gSA

fp=k 2.23 dksbZ ,dleku èkqzfor ijkoS|qr
i`"Bh; vkos'k ?kuRo osQ leku gksrk gS] ijarq

fdlh vk;ruh vkos'k ?kuRo osQ ughaA

fp=k 2.24 fo|qrjksèkh ls i`Fkd nks pkydksa dk dksbZ fudk;
laèkkfj=k dk fuekZ.k djrk gSA

pkyd 1 pkyd 2
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lehdj.k (2.38) ;g n'kkZrh gS fd cM+s C osQ fy, ;fn Q fu;r gS rks V y?kq gksrk gSA bldk

vFkZ ;g gS fd cM+k laèkkfj=k y?kq foHko V ij vis{kkÑr vkos'k Q osQ cM+s ifjek.k dks ifjc¼
dj ldrk gSA bldh O;kogkfjd mi;ksfxrk gSA mPp foHkokarj esa pkyd osQ pkjksa vksj çcy
fo|qr {ks=k dh mifLFkfr varfuZfgr gSA dksbZ çcy fo|qr {ks=k pkjksa vksj dh ok;q dks vk;uhÑr
djosQ mRiUu vkos'kksa dks Rofjr dj ldrk gS tks fotkrh; vkosf'kr ifêðdkvksa ij igq¡pdj mUgsa
vkaf'kd mnklhu dj ldrs gSaA nwljs 'kCnksa esa] laèkkfj=k dk vkos'k nksuksa ifêðdkvksa osQ chp osQ
ekè;e dh fo|qrjksèkh {kerk esa ßkl osQ dkj.k {kfjr gks ldrk gSA

og vfèkdre fo|qr {ks=k ftls dksbZ ijkoS|qr ekè;e fcuk Hkatu (mlosQ fo|qrjksèkh xq.kèkeZ)
osQ lgu dj ldrk gS] ml ekè;e dh ijkoS|qr lkeF;Z dgykrh gSA ok;q osQ fy, ;g yxHkx
3  × 106  V m–1 gSA nks pkydksa osQ chp 1 cm dksfV osQ i`Fkdu osQ fy, ;g {ks=k pkydksa osQ chp
3 × 104 V foHkokarj osQ rnuq:ih gksrk gSA vr% fdlh laèkkfj=k osQ fy, fcuk fdlh {kj.k osQ
vR;fèkd ek=kk esa vkos'k dks lafpr djus osQ fy, mldh èkkfjrk dks bruk vfèkd mPp vo';
gksuk pkfg, fd muosQ chp foHkokarj vFkok fo|qr {ks=k mldh Hkatu lhek ls vfèkd u gksA bls
fHkUu 'kCnksa esa bl çdkj Hkh dg ldrs gSa fd fdlh fn, x, laèkkfj=k dh fcuk fdlh lkFkZd
{kj.k osQ vkos'k dks lafpr djus dh ,d lhek gksrh gSA O;ogkj esa] 1 iSQjM] èkkfjrk dk cgqr cM+k
ek=kd gS] èkkfjrk osQ vfèkd lkekU; ek=kd] bl ek=kd (vFkkZr iSQjM) osQ viorZd gSa% 1 µF =
10−6 F, 1 nF = 10−9 F, 1 pF = 10−12 F vkfnA vkos'kksa dks lafpr djus osQ vfrfjDr laèkkfj=k
vfèkdka'k çR;korhZ èkkjk ifjiFkksa (ac ifjiFkksa) esa çeq[k vo;oksa osQ :i esa mi;ksx gksrs gSaA
vè;k; 7 esa ac ifjiFkksa esa laèkkfj=kksa osQ egRoiw.kZ çdk;ks± dk o.kZu fd;k x;k gSA

2.12 lekarj if^̂̂̂̂dk la/kfj=k
fdlh lekarj ifê ðdk laèkkfj=k esa nks cM+h lery ,d-nwljs osQ lekarj pkyd ifêðdk,¡ gksrh gSa]
ftuosQ chp i`Fkdu de gksrk gS (fp=k 2.25)A ge loZçFke nks ifêðdkvksa osQ chp ekè;e osQ
:i esa fuokZr dks ysrs gSaA vxys vuqHkkx esa ifêðdkvksa osQ chp ijkoS|qr ekè;e osQ çHkko dk
o.kZu fd;k x;k gSA eku yhft, çR;sd ifêðdk dk {ks=kiQy A rFkk muosQ chp i`Fkdu d gSA
nksuksa ifêðdkvksa ij vkos'k Q rFkk −Q gSA pw¡fd ifêðdkvksa dh jSf[kd foekvksa dh rqyuk esa d
cgqr NksVk gS (d2 << A), ge ,dleku vkosf'kr i`"Bh; ?kuRo σ dh vuar lery pknj osQ

fo|qr {ks=k osQ ifj.kke dk mi;ksx dj ldrs gSa (nsf[k, vuqHkkx

1.15)A ifêðdk 1 dk i`"Bh; vkos'k ?kuRo σ =
Q

A
 rFkk ifêðdk

2 dk ì"Bh; vkos'k ?kuRo −σ gSA fofHkUu {ks=kksa esa lehdj.k (1.33)

dk mi;ksx djus ij fo|qr {ks=kµ

cká {ks=k I (ifêðdk 1 osQ Åij dk {ks=k)

0 0

0
2 2

E
σ σ
ε ε

= − = (2.39)

cká {ks=k II (ifêðdk 2 osQ uhps dk {ks=k)

0 0

0
2 2

E
σ σ
ε ε

= − = (2.40)

ifêðdkvksa 1 rFkk 2 osQ Hkhrjh {ks=k esa] nks vkosf'kr ifêðdkvksa osQ
dkj.k fo|qr {ks=k tqM+ tkrs gSa vkSj gesa çkIr gksrk gSµ

fp=k 2.25 lekarj ifêðdk laèkkfj=kA
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0 0 0 02 2
Q

E
A

σ σ σ
ε ε ε ε

= + = = (2.41)

fo|qr {ks=k dh fn'kk èkukosf'kr ifêðdk ls ½.kkosf'kr ifêðdk dh vksj gSA
bl çdkj] nks ifêðdkvksa osQ chp fo|qr {ks=k LFkkuhÑr gks tkrk gS rFkk ;g ,d fljs ls nwljs

fljs rd ,dleku gksrk gSA ifjfer {ks=kiQy dh ifêðdkvksa osQ fy, ifêðdkvksa dh ckgjh lhek
osQ fudV ;g ykxw ugha gksrkA ifêðdkvksa osQ fdukjksa ij {ks=k js[kk,¡ ckgj dh vksj eqM+ tkrh gSaµbl
çHkko dks ^{ks=k dk mikar çHkko* dgrs gSaA blls ;g laosQr feyrk gS fd leLr ifêðdk ij
i`"Bh; vkos'k ?kuRo σ ;FkkFkZ :i ls ,dleku ugha gksrk ¹E rFkk σ lehdj.k (2.35) }kjk
lacafèkr gSaºA rFkkfi] d2 << A osQ fy, ;s çHkko fdukjksa ls dkiQh nwj osQ {ks=kksa osQ fy, mis{k.kh;
gSa_ rFkk ogk¡ {ks=k lehdj.k (2.41) osQ vuqlkj gksrk gSA vc ,dleku fo|qr {ks=kksa osQ fy,
foHkokarj] fo|qr {ks=k rFkk ifêðdkvksa osQ chp dh nwjh osQ xq.kuiQy osQ cjkcj gksrk gSA vFkkZr

0

1 Qd
V Ed

Aε
= = (2.42)

rc lekarj ifêðdk laèkkfj=k C dh èkkfjrk

Q
C

V
=  = 0 A

d

ε
= (2.43)

tks fd] vis{kkuqlkj] fudk; dh T;kfefr ij fuHkZj djrk gSA çk:ih ekuksa] tSls A = 1 m2,
d = 1 mm osQ fy,

12 2 –1 –2 2
9

3

8.85 10 C N m 1m
8.85 10 F

10 m
C

−
−

−

× ×
= = × (2.44)

¹vki ;g tk¡p dj ldrs gSa fd 1 F = 1 C V–1 = 1 C    (N C−1m)−1 = 1C2 N−1 m−1ºA
blls çdV gksrk gS fd tSlk igys o.kZu fd;k tk pqdk gS fd 1 F O;ogkj esa /kfjrk dk
,d cgqr cM+k ,dkad gSA 1 F dh ̂ fo'kkyrk* dks ns[kus dk ,d <ax vkSj Hkh gS fd ge ;g
Kkr djsa fd 1F èkkfjrk osQ lekarj ifêðdk laèkkfj=k dh ifêðdkvksa dk {ks=kiQy]
;fn muosQ chp nwjh 1 cm gS] fdruk gksuk pkfg,A vc pw¡fd

0

Cd
A

ε
= =

2
9 2

12 2 –1 –2

1F 10 m
10 m

8.85 10 C N m

−

−

×
=

×
(2.45)

vFkkZr ifêðdk dh yackbZ o pkSM+kbZ yxHkx 30 km gksuh pkfg,!

2.13  /kfjrk ij ijkoS|qr dk izHkko
fdlh cká {ks=k esa ijkoS|qrksa osQ O;ogkj osQ ckjs esa tkudkjh osQ i'pkr vkb, vc ge
;g ns[ksa fd fdlh lekarj ifêðdk laèkkfj=k dh èkkfjrk fdlh ijkoS|qr dh mifLFkfr }kjk
fdl çdkj :ikarfjr gksrh gSA igys dh gh Hkk¡fr ;gk¡ Hkh gekjs ikl nks cM+h ifêðdk,¡]
ftuesa izR;sd dk {ks=kiQy A gS] ,d-nwljs ls d nwjh }kjk i`Fkd gSaA ifêðdkvksa ij vkos'k
± Q gS] tks fd vkos'k ?kuRo ± σ (tgk¡ σ = Q/A) osQ rnuq:ih gSA tc nksuksa ifêðdkvksa
osQ chp fuokZr gS] rc

0
0

E
σ
ε

=

rFkk foHkokarj V0 gS]

/
kfjrk] d

k;Zjr l
a/
kfj=k d

ks izHkkfor d
jus oky

s d
kjd

izHkkoh t
kok f'k{kd

h; l
kexzh
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V0 = E0d

bl çdj.k esa èkkfjrk Co gS]

0 0
0

Q A
C

V d
ε= = (2.46)

blosQ i'pkr ge ml çdj.k ij fopkj djrs gSa ftlesa nksuksa ifêðdkvksa osQ chp osQ leLr
{ks=k dks fdlh ijkoS|qr }kjk Hkj fn;k x;k gSA {ks=k }kjk leLr ijkoS|qr èkzqfor gks tkrk gS] rFkk
tSlk fd Åij Li"V fd;k tk pqdk gS] ;g çHkko nks vkosf'kr pknjksa (ijkoS|qr osQ i`"Bksa ij {ks=k
osQ vfHkyacor) osQ lerqY; gS ftuosQ i`"Bh; vkos'k ?kuRo σp rFkk –σp gSaA bl fLFkfr esa
ijkoS|qr esa fo|qr {ks=k ml çdj.k osQ rnuq:ih gksrk gS ftlesa ifêðdkvksa ij usV vkos'k ?kuRo
± (σ – σp) gksrk gSA vFkkZr

P

0

E
σ σ

ε
−

= (2.47)

vr% ifêðdkvksa osQ fljksa ij foHkokarj

P

0

V Ed d
σ σ

ε
−

= = (2.48)

jSf[kd ijkoS|qrksa osQ fy,] ge vis{kk djrs gSa fd σp, E0
 vFkkZr σ osQ vuqØekuqikrh gksA bl çdkj

(σ − σp), σ osQ vuqØekuqikrh gS rFkk ge fy[k ldrs gSa fdµ

P
K

σσ σ− = (2.49)

;gk¡ K ijkoS|qr dk ,d fLFkj vfHky{k.k gSA Li"V gS fd  K > 1, rc

0 0

d Qd
V

K A K

σ
ε ε

= = (2.50)

ifêðdkvksa osQ chp ijkoS|qr gksus ij] èkkfjrk C

0KAQ
C

V d

ε
= = (2.51)

xq.kuiQy ε0 K dks ekè;e dk ijkoS|qrkad dgrs gSa rFkk bls ε osQ }kjk fufnZ"V fd;k tkrk gSA
ε = ε0 K (2.52)
fuokZr osQ fy, K = 1, rFkk ε = ε0; ε0 dks fuokZr dk ijkoS|qrkad dgrs gSaA foekghu vuqikr

0

K
ε
ε

= (2.53)

dks inkFkZ dk ijkoS|qrkad dgrs gSaA tSlh fd igys fVIi.kh dh tk pqdh gS] lehdj.k (2.49)

ls] ;g Li"V gS fd K > 1 vFkkZr K dk eku 1 ls vfèkd gSA lehdj.kksa (2.46) rFkk (2.51) ls

0

C
K

C
= (2.54)

bl çdkj fdlh inkFkZ dk ijkoS|qrkad ,d dkjd (> 1) gS ftlosQ }kjk tc fdlh
laèkkfj=k dh ifêðdkvksa osQ chp dksbZ ijkoS|qr inkFkZ iw.kZr% Hkj fn;k tkrk gS] rks mlosQ
èkkfjrk osQ eku esa fuokZr osQ eku ls o`f¼ gks tkrh gSA ;|fi ge lekarj ifêðdk laèkkfj=k osQ
çdj.k osQ fy, lehdj.k (2.54) ij igq¡ps gSa] rFkkfi ;g gj çdkj osQ laèkkfj=kksa ij ykxw
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 mnkgj.k 2
.8

gksrk gS rFkk okLro esa bls O;kid :i esa fdlh inkFkZ osQ ijkoS|qrkad dh ifjHkk"kk osQ :i
esa ns[kk tk ldrk gSA

oS|qr foLFkkiu

geus ijkoS|qrkad dh èkkj.kk ls vkidks ifjfpr djk;k rFkk çsfjr vkos'k ?kuRo σp rFkk èkqzo.k P esa fcuk dksbZ
lqLi"V lacaèk crk, gh lehdj.k (2.54) ij igq¡p x,A

ge fcuk O;qRifÙk osQ ifj.kke dks ysrs gSa tks bl çdkj gS

n.P ˆ
p =σ

;gk¡ n̂ i`"B osQ cfgeqZ[kh vfHkyacor dk ,dkad lfn'k gSA Åij fn;k x;k lehdj.k O;kid gS] ;g lHkh
vkÑfr;ksa osQ ijkoS|qrks a ij ykxw gksrh gSA fp=k 2.23 esa xqVosQ osQ fy, P nkfgus i`"B ij n̂ osQ vuqfn'k gS
rFkk ck,¡ i`"B ij n̂ ds foijhr gSA bl çdkj nkfgus i`"B ij çsfjr vkos'k ?kuRo èkukRed rFkk ck,¡ i`"B ij
;g ½.kkRed gS] tSlk fd ge igys dh xq.kkRed ppkZ esa vuqeku yxk pqosQ gSaA fo|qr {ks=k osQ fy, lfn'k
:i esa lehdj.k fy[kus ij

0

ˆ
ˆ

ε
σ n.P

n.E
−

=

vFkok  (ε0 E + P) n̂i =σ

jkf'k ε0 E + P dks oS|qr foLFkkiu dgrs gSa rFkk bls D }kjk fufnZ"V djrs gSaA D ,d lfn'k jkf'k gSA bl çdkj

D = ε0 E + P, D n̂i  = σ,

D dh lkFkZdrk ;g gS fd fuokZr esa E eqDr vkos'k ?kuRo σ ls lacafèkr gSA tc dksbZ ijkoS|qr ekè;e fo|eku gksrk
gS] rks rnuq:ih Hkwfedk D }kjk xzg.k dj yh tkrh gSA fdlh ijkoS|qr ekè;e osQ fy, eqDr vkos'k ?kuRo σ ls D
dk çR;{k lacaèk gS] E ls ughaA pw¡fd P rFkk E dh fn'kk,¡ leku gSa] lHkh rhuksa lfn'k P, E rFkk D ,d-nwljs osQ
lekarj gSaA
D rFkk E osQ ifjek.kksa dk vuqikr

0
0

P

D
K

E

σε
ε

σ σ
= =

−

bl izdkj]
D = ε0 K E

rFkk] P = D –ε0E = ε0 (K –1)E

;g lehdj.k (2.37) esa ifjHkkf"kr oS|qr ço`fÙk χe osQ fy, nsrh gS
χ

e
 = (K–1)

mnkgj.k 2.8 K ijkoS|qrkad osQ inkFkZ osQ fdlh xqVosQ dk {ks=kiQy lekarj ifêðdk
laèkkfj=k dh ifêðdkvksa osQ {ks=kiQy osQ leku gS ijarq xqVosQ dh eksVkbZ (3/4)d gS] ;gk¡
d ifêðdkvksa osQ chp i`Fkdu gSA ifêðdkvksa osQ chp xqVosQ dks j[kus ij laèkkfj=k dh
èkkfjrk esa D;k ifjorZu gks tk,xk\
gy  eku yhft, tc ifêðdkvksa osQ chp dksbZ ijkoS|qr ugha gS rks ifêðdkvksa osQ chp
fo|qr {ks=k E0 = V0/d gS rFkk foHkokarj V0 gSA ;fn vc dksbZ ijkoS|qr inkFkZ j[k fn;k
tkrk gS rks ijkoS|qr esa fo|qr {ks=k E = E0 / K gksxkA rc foHkokarj gksxk
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0
0

1 3
( ) ( )
4 4

E
V E d d

K
= +

0 0

1 3 3
( )
4 4 4

K
E d V

K K

+
= + =

foHkokarj (K + 3)/4K osQ xq.kt }kjk de gks tkrk gS tcfd ifêðdkvksa ij vkos'k Q0

vifjofrZr jgrk gSA bl çdkj laèkkfj=k dh èkkfjrk esa o`f¼ gks tkrh gS

0 0
0

0

4 4
3 3

Q QK K
C C

V K V K
= = =

+ +

2.14  la/kfj=kksa dk la;kstu
ge dbZ laèkkfj=kksa ftudh èkkfjrk,¡ C1, C2,..., Cn gSa] osQ la;kstu }kjk ,d çHkkoh èkkfjrk C dk
fudk; çkIr dj ldrs gSaA ;g çHkkoh èkkfjrk O;f"Vxr laèkkfj=kksa dks la;ksftr djus osQ <ax ij
fuHkZj djrh gSA nks laHkkfor ljy la;kstu bl çdkj gSa %

2.14.1  la/kfj=kksa dk Js.khØe la;kstu
fp=k 2.26 esa nks laèkkfj=k C1 rFkk C2 Js.khØe esa la;ksftr n'kkZ, x, gSaA

C1 dh ckb± rFkk C2 dh nkb± ifêðdk cSVjh osQ nks VfeZuyksa ls la;ksftr gSa rFkk mu ij Øe'k%
Q rFkk −Q vkos'k gSA bldk vFkZ ;g gS fd C1 dh nkb± ifêðdk ij −Q rFkk C2 dh ckbZ± ifêðdk

ij vkos'k +Q gSA ;fn ,slk ugha gS] rks laèkkfj=k dh nksuksa ifêðdkvksa
ij usV vkos'k 'kwU; ugha gksxkA blosQ ifj.kkeLo:i C1 rFkk C2 dks
la;ksftr djus okys pkyd esa dksbZ fo|qr {ks=k gksxk rFkk C1 ,oa C2

esa vkos'k ml le; rd çokfgr gksrk jgsxk] tc rd fd çR;sd
laèkkfj=k C1 rFkk C2 ij usV vkos'k 'kwU; ugha gks tkrk rFkk C1 ,oa
C2 dks la;ksftr djus okys pkyd esa fo|qr {ks=k 'kwU; ugha gksrkA
vr% Js.khØe la;kstu esa çR;sd laèkkfj=k dh nksuksa ifêðdkvksa ij
vkos'k (±Q) leku gksrk gSA la;kstu osQ fljksa ij foHkoikr V

laèkkfj=kksa C1 rFkk C2 osQ fljksa ij Øe'k% foHkoikrksa V1 rFkk V2 dk
;ksx gksrk gSµ

V = V1 + V2 = 
1 2

Q Q

C C
+ (2.55)

vFkkZr]  
1 2

1 1V

Q C C
= + , (2.56)

ge bl la;kstu dks ,d ,slk çHkkoh laèkkfj=k eku ldrs gSa
ftl ij vkos'k Q rFkk ftlosQ fljksa osQ chp foHkokarj V gksA
rc la;kstu dh çHkkoh èkkfjrkµ

Q
C

V
= (2.57)

lehdj.k (2.57) dh lehdj.k (2.56) ls rqyuk djus ij
gesa fuEufyf[kr laca/ izkIr gksrk gSµ

1 2

1 1 1
C C C

= + (2.58)

Li"V gS fd bl O;qRifÙk dks ge fdrus Hkh laèkkfj=k ysdj] mUgsa blh çdkj la;ksftr djosQ
n laèkkfj=kksa osQ fy, lehdj.k (2.55) dk O;kidhdj.k dj ldrs gSaµ

fp=k 2.26 nks laèkkfj=kksa dk Js.khØe la;kstuA

fp=k 2.27  n laèkkfj=kksa dk Js.khØe la;kstuA
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1 2
1 2

... ...n

n

Q Q Q
V V V V

C C C
= + + + = + + + (2.59)

ftu pj.kksa dk geus nks laèkkfj=kksa osQ çdj.k esa mi;ksx fd;k Fkk] mUgha
pj.kksa dk mi;ksx n laèkkfj=kksa osQ la;kstu osQ fy, djosQ] ge n laèkkfj=kksa
osQ Js.khØe la;kstu osQ fy, çHkkoh èkkfjrk dk O;kid lw=k çkIr dj ldrs
gSa %

1 2 3

1 1 1 1 1
...

nC C C C C
= + + + + (2.60)

2.14.2  la/kfj=kksa dk ik'oZØe la;kstu
fp=k 2.28(a) esa nks laèkkfj=k ik'oZØe esa la;ksftr n'kkZ, x, gSaA bl çdj.k
esa nksuksa laèkkfj=kksa ij leku foHkokarj vuqç;qDr fd;k x;k gSA ijarq laèkkfj=k
1 dh ifêðdkvksa ij vkos'k (± Q

1
 ) dk ifjek.k laèkkfj=k 2 dh ifêðdkvksa ij

vkos'k (± Q
2
 ) osQ leku gksuk vko';d ugha gS %

Q1 = C1V, Q2 = C2V (2.61)
;fn bl la;kstu osQ rqY; fdlh laèkkfj=k ij vkos'k
Q = Q1 + Q2 (2.62)
rFkk foHkokarj V gS %
Q = CV = C1V + C2V (2.63)
rks lehdj.k (2.63) ls çHkkoh èkkfjrk C
C = C1 + C2 (2.64)
n laèkkfj=kksa osQ ik'oZØe la;kstu osQ fy, çHkkoh èkkfjrk C osQ fy,

O;kid lw=k] blh çdkj çkIr fd;k tk ldrk gS ¹fp=k 2.28(b)º %
Q = Q1 + Q2 + ... + Q

n
(2.65)

vFkkZr] CV = C1V + C2V + ... C
n
V (2.66)

blls izkIr gksrk gS
C = C1 + C2 + ... C

n
(2.67)

mnkgj.k 2.9 fp=k 2.29 esa n'kkZ, vuqlkj 10 µF osQ pkj laèkkfj=kksa osQ fdlh usVooZQ
dks 500 V osQ Ïksr ls la;ksftr fd;k x;k gSA (a) usVooZQ dh rqY; èkkfjrk] rFkk (b)
çR;sd laèkkfj=k ij vkos'k Kkr dhft,A (uksV% fdlh laèkkfj=k ij vkos'k mldh mPp
foHko dh ifêðdk ij vkos'k osQ cjkcj gksrk gS rFkk og vkos'k fuEu foHko dh ifêðdk
ij vkos'k osQ ifjek.k esa leku] ijarq fotkrh; gksrk gS)A

fp=k 2.28 (a) nks laèkkfj=kksa] (b) n laèkkfj=kksa dk
ik'oZØe la;kstuA

fp=k 2.29
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gy
(a) fn, x, usVooZQ esa rhu laèkkfj=k C1, C2 rFkk C3 Js.khØe esa la;ksftr gSaA bu rhuksa
laèkkfj=kksa dh çHkkoh èkkfjrk C' bl izdkj O;Dr dh tkrh gS %

1 2 3

1 1 1 1
C C C C

= + +
′

  C1 = C2 = C3 = 10 µF,  C′ = (10/3) µF

usVooZQ esa C
4
 dks C' osQ ik'oZØe esa la;ksftr fd;k x;k gSA vr%] leLr usVooZQ dh rqY;

èkkfjrk
C = C′ + C4 = 10

3
10+





 µF =13.3µF

(b) fp=k ls Li"V gS fd C1, C2 rFkk C3 çR;sd ij vkos'k leku gS] eku yhft, ;g
vkos'k Q gSA eku yhft, C4 ij vkos'k Q' gSA vc pw¡fd AB osQ fljksa osQ chp
foHkokarj Q/C1, BC osQ fljksa ij Q/C2 rFkk CD osQ fljksa ij Q/C3 gS] vr%

1 2 3

500 V
Q Q Q

C C C
+ + =                               .

rFkk Q′/C4 = 500 V
blls gesa la/kfj=kksa dh fofHkUu /kfjrkvksa osQ fn, x, ekuksa osQ fy,

310
500 F 1.7 10 C

3
Q V µ −= × = ×  rFkk

3500 10 F 5.0 10 CQ V µ −= × = ×′

2.15  la/kfj=k esa lafpr ÅtkZ
tSlk fd geus Åij ppkZ esa vè;;u fd;k] laèkkfj=k nks pkydksa dk ,d ,slk fudk; gksrk gS
ftl ij vkos'k Q  rFkk −Q gksrs gSa rFkk ftuesa oqQN i`Fkdu gksrk gSA bl foU;kl esa lafpr ÅtkZ
Kkr djus osQ fy, vkjaHk esa nks vukosf'kr pkydksa 1 rFkk 2 ij fopkj dhft,A vc pkyd 2

ls pkyd 1 ij vkos'k dks NksVs&NksVs VqdM+ksa esa LFkkukarfjr djus dh
fdlh çfØ;k dh dYiuk dhft,] rkfd var esa pkyd 1 ij Q vkos'k
vk tk,A vkos'k laj{k.k fu;e osQ vuqlkj var esa pkyd 2 ij −Q

vkos'k gksrk gS (fp=k 2.30)A
vkos'k dks 2 ls 1 ij LFkkukarfjr djus esa cká dk;Z djuk gksrk

gS] pw¡fd gj pj.k esa pkyd 2 dh rqyuk esa pkyd 1 vfèkd
foHko ij gksrk gSA fd, x, oqQy dk;Z dk ifjdyu djus osQ fy,
igys ge NksVs&NksVs pj.kksa esa vkos'k dh vR;Yi (vFkkZr yksi ¯cnq
rd NksVh) ek=kk dks LFkkukarfjr djus esa fd;k x;k dk;Z ifjdfyr
djrs gSaA ml ekè; fLFkfr ij fopkj dhft, ftlesa pkydksa 1 rFkk
2 ij Øe'k% vkos'k Q' rFkk −Q' gSaA bl fLFkfr esa] pkydksa 1 rFkk
2 osQ chp foHkokarj V′ = Q′/C gksrk gS] ;gk¡ C fudk; dh èkkfjrk
gSA vc ;g dYiuk dhft, fd y?kq vkos'k δQ' pkyd 2 ls 1 esa
LFkkukarfjr fd;k tkrk gSA bl pj.k esa fd;k x;k dk;Z (δw), ftlosQ
ifj.kkeLo:i pkyd 1 ij vkos'k Q' ls c<+dj Q' + δQ' gks tkrk
gS] bl çdkj O;Dr fd;k tkrk gS %

Q
W V Q Q

C
δ δ δ′

= =′ ′ ′ (2.68)

fp=k 2.30 (a) pkyd 1 ij Q' ls Q' + δQ'

rd y?kq pj.kksa esa vkos'k fu£er djus esa fd;k
x;k dk;ZA (b) laèkkfj=k dks vkosf'kr djus esa
fd;k x;k oqQy dk;Z dk voyksdu nksuksa

ifê ðdkvksa osQ chp fo|qr {ks=k esa lafpr ÅtkZ osQ
:i esa fd;k tk ldrk gSA
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pw¡fd δQ' dks ge ftruk pkgsa NksVk cuk ldrs gSa] lehdj.k (2.68) dks ge bl çdkj
Hkh fy[k ldrs gSa

2 21
[( ) ]

2
W Q Q Q

C
δ δ= + −′ ′ ′ (2.69)

lehdj.k (2.69) esa δQ' dh f}rh; dksfV osQ in vFkkZr δQ′2/2C dh δQ' osQ ;kn`fPNd
NksVs gksus osQ dkj.k ux.; ekudj mis{kk dh tk ldrh gSA vr% lehdj.k (2.68) rFkk (2.69)
loZle gSaA oqQy fd;k x;k dk;Z (W), vkos'k Q' dks 'kwU; ls Q rd c<+kus esa vR;fèkd pj.kksa
esa fd, x, y?kq dk;ks± (δW ) dk ;ksx gksrk gSµ

δ= ∑W W
lHkh pj.kk sa dk ; kxs

     = δ′ ′ ′+ −∑ 2 21
[( ) ]

2
Q Q Q

ClHkh pj.kksa dk ;ksx
(2.70)

     = 
2 2 21

[{ 0} {(2 ) }
2

Q Q Q
C

δ δ δ− + −′ ′ ′ 2 2{(3 ) (2 ) } ...Q Qδ δ+ − +′ ′

     δ+ − −2 2{ ( ) }]Q Q Q' (2.71)

     
2

21
[ 0]

2 2
Q

Q
C C

= − = (2.72)

;gh ifj.kke lhèks gh] lehdj.k (2.68) ls lekdyu }kjk çkIr fd;k tk ldrk gS%

blesa vk'p;Z dh dksbZ ckr ugha gS D;ksafd lekdyu cgqr ls NksVs inksa dk ;ksx gh gksrk gSA
vafre ifj.kke] lehdj.k (2.72)] dks ge fHkUu&fHkUu çdkj ls O;Dr dj ldrs gSa %

2
21 1

2 2 2
Q

W CV QV
C

= = = (2.73)

pw¡fd fLFkjoS|qr cy laj{kh cy gS] ;g dk;Z fudk; esa fLFkfrt ÅtkZ osQ :i esa lafpr
gks tkrk gSA ;gh dkj.k gS fd fLFkfrt ÅtkZ dk vafre ifj.kke] lehdj.k (2.73), ftl <ax
ls la/kfj=k dk vkos'k foU;kl fufeZr fd;k x;k gS] ml <ax ij fuHkZj ugha djrkA tc dksbZ
laèkkfj=k fujkosf'kr gksrk gS rks mlesa lafpr ÅtkZ eqDr gks tkrh gSA laèkkfj=k dh ifêðdkvksa osQ
chp fo|qr {ks=k esa ^lafpr* gqbZ fLFkfrt ÅtkZ osQ :i esa le>uk laHko gSA bls ns[kus osQ fy,]
ljyrk dh n`f"V ls] fdlh lekarj ifêðdk (çR;sd dk {ks=kiQy A) laèkkfj=k ftldh ifêðdkvksa
osQ chp i`Fkdu d gS] ij fopkj dhft,A

laèkkfj=k esa lafpr ÅtkZ

= 
2 2

0

1 ( )
2 2

Q A d

C A

σ
ε

= × (2.74)

i`"Bh; vkos'k ?kuRo σ ifêðdkvksa osQ chp fo|qr {ks=k E ls lacafèkr gSµ

0

E
σ
ε

= (2.75)

lehdj.kksa (2.74) rFkk (2.75) ls izkIr gksrk gSµ
laèkkfj=k esa lafpr ÅtkZ

U = ( ) 2
01/2 E A dε × (2.76)
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è;ku nhft,] Ad nksuksa ifêðdkvksa osQ chp osQ {ks=k dk vk;ru gS (blh {ks=k esa osQoy fo|qr
{ks=k gksrk gS)A ;fn ge ÅtkZ ?kuRo dks fnDLFkku osQ çfr ,dkad vk;ru esa lafpr ÅtkZ osQ :i
esa ifjHkkf"kr djsa rks] lehdj.k (2.76) osQ vuqlkj

fo|qr {ks=k dk ÅtkZ ?kuRo u =(1/2)ε0E
2 (2.77)

;|fi geus lehdj.k (2.77) lekarj ifêðdk laèkkfj=k osQ çdj.k esa O;qRiUu dh gS]
fdlh fo|qr {ks=k dk ÅtkZ ?kuRo ls lacafèkr ifj.kke okLro esa] vR;ar O;kid gS rFkk ;g
fdlh Hkh vkos'k foU;kl osQ dkj.k fo|qr {ks=k ij ykxw gksrk gSA

mnkgj.k 2.10 (a) 900 pF osQ fdlh laèkkfj=k dks 100 V cSVjh ls vkosf'kr fd;k
x;k [fp=k 2-31(a)]A laèkkfj=k esa lafpr oqQy fLFkjoS|qr ÅtkZ fdruh gS\ (b) bl
laèkkfj=k dks cSVjh ls fo;ksftr djosQ fdlh vU; 900 pF osQ laèkkfj=k ls la;ksftr fd;k
x;kA fudk; }kjk lafpr fLFkjoS|qr ÅtkZ fdruh gS\

fp=k 2.31

gy
(a) la/kfj=k ij vkos'k
      Q = CV = 900 × 10–12 F × 100 V = 9 × 10–8 C

la/kfj=k }kjk lafpr ÅtkZ
      = (1/2) CV2 = (1/2) QV

= (1/2) × 9 × 10–8C × 100 V = 4.5 × 10–6 J

(b) LFkk;h fLFkfr esa] nksuksa laèkkfj=kksa dh èkukRed ifêðdk,¡ leku foHko ij gSa] rFkk
mudh ½.kkRed ifêðdk,¡ mlh leku foHko ij gSaA eku yhft, mHk;fu"B foHkokarj
V ′ gSA rc] çR;sd laèkkfj=k ij vkos'k Q ′ = CV ′A vkos'k laj{k.k }kjk] Q ′ = Q/

2, blesa ;g varfuZfgr gS fd] V ′ = V/2A rc fudk; dh oqQy ÅtkZ

61 1
2 ' ' 2.25 10 J

2 4
Q V QV −= × = = ×
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lkjka'klkjka'klkjka'klkjka'klkjka'k

1. fLFkjoS|qr cy ,d laj{kh cy gSA fdlh cká cy (fLFkjoS|qr cy osQ leku ,oa foijhr) }kjk
vkos'k q dks ¯cnq R ls ¯cnq P rd ykus esa fd;k x;k dk;Z q (VP − VR) gksrk gS] tks fd
vafre ¯cnq rFkk çkjafHkd ¯cnq osQ chp vkos'k dh fLFkfrt ÅtkZvksa dk varj gksrk gSA

2. fdlh ̄ cnq ij foHko (fdlh cká ,tsalh) çfr ,dkad èkukos'k ij fd;k x;k og dk;Z gksrk
gS tks ml vkos'k dks vuar ls ml ̄cnq rd ykus esa fd;k tkrk gSA fdlh ̄cnq ij foHko fdlh
;ksT;rk fLFkjkad osQ varxZr ;kn`fPNd gksrk gS] pw¡fd tks jkf'k HkkSfrd :i ls egRoiw.kZ gS og
nks ¯cnqvksa osQ chp foHkokarj gSA ;fn vuar ij fdlh vkos'k osQ dkj.k foHko dks 'kwU; pqusa
(vFkok ekusa) rks ewy ̄ cnq ij j[ks fdlh vkos'k Q osQ dkj.k fLFkfr lfn'k r okys ̄ cnq ij
oS|qr foHko

1
( )

4 o

Q
V

rε
=

π
r

3. ewy ̄cnq ij fLFkr p f}èkzqo vk?kw.kZ osQ ̄ cnq f}èkzqo osQ dkj.k fLFkfr lfn'k r osQ fdlh ̄cnq ij
fLFkjoS|qr foHko

2

ˆ1
( )

4 o

V
rε

=
π

p r
r

i

;g ifj.kke fdlh f}èkqzo (ftl ij vkos'k –q rFkk q ,d-nwljs ls 2a nwjh ij gksa) osQ fy,
r >> a 'krZ osQ lkFk ykxw gksrk gSA

4. fLFkfr lfn'k r
1
, r

2
, ..., r

n
 osQ vkos'kksa q1, q2, ..., qn osQ vkos'k foU;kl dk vè;kjksi.k

fl¼kar }kjk fdlh ̄ cnq P ij foHko

1 2

1P 2P P

1
( ... )

4
n

o n

qq q
V

r r rε
= + + +

π

;gk¡ ij r1P vkos'k q1 rFkk P osQ chp] r2P vkos'k q2 rFkk P osQ chp dh nwjh gS] rFkk
vU; nwfj;k¡ blh izdkj gSaA

5. lefoHko i`"B ,d ,slk i`"B gksrk gS ftlosQ lHkh ̄ cnqvksa ij foHko dk leku eku gksrk gSA
fdlh ̄ cnq vkos'k osQ fy,] ml vkos'k dks osaQnz ekudj [khaps x, laosaQnzh xksys lefoHko i`"B
gksrs gSaA lefoHko i`"B osQ fdlh ̄ cnq ij fo|qr {ks=k E ml ̄ cnq ls xq”kjus okys vfHkyac osQ
vuqfn'k gksrk gSA E dh fn'kk ogh gksrh gS ftl fn'kk esa oS|qr foHko rhozrk ls ?kVrk gSA

 m
nk
gj
.k

mn
kg
j.
k

mn
kg
j.
k

mn
kg
j.
k

mn
kg
j.
k 2

.1
0

vr% (a) ls (b) esa tkus ij ;|fi vkos'k dh dksbZ gkfu ugha gksrh] rFkkfi vafre
ÅtkZ vkjafHkd ÅtkZ dh osQoy vkèkh gksrh gSA rc 'ks"k ÅtkZ dgk¡ pyh tkrh gS\

fudk; dks fLFkfr (b) rd O;ofLFkr gksus esa oqQN le; yxrk gSA bl vofèk esa
igys laèkkfj=k ls nwljs laèkkfj=k esa ,d vLFkk;h fo|qr èkkjk çokfgr gksrh gSA bl
vofèk esa Å"ek rFkk fo|qr pqacdh; fofdj.kksa osQ :i esa oqQN ÅtkZ&{k; gks tkrh gSA
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6. fdlh vkos'kksa osQ fudk; esa lafpr fLFkfrt ÅtkZ (fdlh cká cy }kjk) vkos'kksa dks mudh
fLFkfr;ksa ij ykdj ,d=k djus esa fd, tkus okys dk;Z osQ cjkcj gksrh gSA nks vkos'kksa q1 rFkk
q2 dh r1 rFkk r2 ij fLFkfrt ÅtkZ

1 2

12

1
4 o

q q
U

rε
=

π

;gk¡ r12 nks vkos'kksa q1 rFkk q2 osQ chp dh nwjh gSA

7. fdlh cká foHko V (r) esa vkos'k q dh fLFkfrt ÅtkZ q V(r) gksrh gSA ,dleku fo|qr {ks=k
E esa fdlh f}èkqzo p dh fLFkfrt ÅtkZ –p.E gksrh gSA

8. fdlh pkyd osQ vH;arj esa fLFkjoS|qr {ks=k E 'kwU; gksrk gSA fdlh vkosf'kr pkyd osQ i`"B
osQ rqjar ckgj E i`"B osQ vfHkyacor~ gksrk gSA

0

ˆ
σ
ε

=E n] ;gk¡ n̂ cfgeZq[kh vfHkyac osQ vuqfn'k ,dkad lfn'k rFkk σ ì"Bh; vkos'k ?kuRo

gSA fdlh pkyd osQ vkos'k osQoy mlosQ i`"B ij gh fo|eku jg ldrs gSaA fdlh pkyd osQ
varxZr (Hkhrj) rFkk mlosQ i`"B ij foHko gj ̄ cnq ij fu;r jgrk gSA pkyd osQ Hkhrj fdlh
vkos'kfoghu dksVj (xqgk) esa fo|qr {ks=k 'kwU; gksrk gSA

9. laèkkfj=k nks ,sls pkydksa dk fudk; gksrk gS tks fdlh fo|qrjksèkh }kjk ,d-nwljs ls i`Fkd jgrs
gSaA bldh èkkfjrk C dks C = Q/V }kjk ifjHkkf"kr fd;k tkrk gS] ;gk¡ Q rFkk −Q blosQ
nks pkydksa osQ vkos'k gSa rFkk V bu nksuksa osQ chp foHkokarj gSA C dk fuèkkZj.k iw.kZr;k laèkkfj=k
dh T;kferh; vkÑfr] vkdkj] nks pkydksa dh vkisf{kd fLFkfr;ksa }kjk fd;k tkrk gSA èkkfjrk
dk ,dkad iSQjM gS% 1 F = 1 C V–1

fdlh lekarj ifê ðdk laèkkfj=k (ifê ðdkvksa osQ chp fuokZr) osQ fy,

C  = εo A/d

;gk¡ A çR;sd ifê ðdk dk {ks=kiQy rFkk d buosQ chp dk i`Fkdu gSA

10. ;fn fdlh laèkkfj=k dh nks ifê ðdkvksa osQ chp dksbZ fo|qrjksèkh inkFkZ (ijkoS|qr) Hkjk gS] rks
vkosf'kr ifê ðdkvksa osQ fo|qr {ks=k osQ dkj.k ijkoS|qr esa usV f}èkqzo vk?kw.kZ çsfjr gks tkrk gSA
bl çHkko] ftls èkqzo.k dgrs gSa] osQ dkj.k foijhr fn'kk esa ,d fo|qr {ks=k mRiUu gksrk gSA blls
ijkoS|qr osQ Hkhrj usV fo|qr {ks=k] rFkk blhfy, ifê ðdkvksa osQ chp foHkokarj ?kV tkrk gSA
ifj.kkeLo:i laèkkfj=k dh èkkfjrk C, C0 (tcfd ifê ðdkvksa osQ chp dksbZ ekè;e ugha vFkkZr
fuokZr gS) ls c<+ tkrh gSA C = K C0

tgk¡ K fo|qrjksèkh inkFkZ dk ijkoS|qrkad gSA

11. laèkkfj=kksa osQ Js.khØe la;kstu osQ fy,] oqQy èkkfjrk C fuEufyf[kr lacaèk }kjk n'kkZbZ
tkrh gS

..........
1111

321

+++=
CCCC

ik'oZØe la;kstu osQ fy, oqQy èkkfjrk C gksrh gSµ

C  =  C
1
  +  C

2
  +  C

3
  + ....

tgk¡ C1, C2, C3 ...... O;f"Vxr èkkfjrk,¡ gSaA
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12. vkos'k Q, oksYVrk V rFkk èkkfjrk C osQ fdlh laèkkfj=k esa lafpr ÅtkZ E fuEufyf[kr lacaèkksa
}kjk O;Dr dh tkrh gSµ

2
21 1 1

2 2 2
Q

U QV CV
C

= = =

fdlh fo|qr {ks=k osQ LFkku ij oS|qr vkos'k ?kuRo (çfr ,dkad vk;ru ÅtkZ)
(1/2)ε0E

2 gksrk gSA

fopkj.kh; fo"k;

1. fLFkjoS|qfrdh esa fLFkj vkos'kksa osQ chp yxus okys cyksa dk vè;;u fd;k tkrk gSA ijarq
tc fdlh vkos'k ij cy vkjksfir gS rks og fojke esa oSQls gks ldrk gS\ vr% tc nks
vkos'kksa osQ chp yxus okys fLFkjoS|qr cy osQ fo"k; esa ppkZ djrs gSa] rks ;g le>k tkuk
pkfg, fd çR;sd vkos'k oqQN vfufnZ"V cyksa] tks ml vkos'k ij yxs usV owQykWe cy dk
fojksèk djrs gSa] osQ çHkko ls fojke esa gSA

2. dksbZ laèkkfj=k bl çdkj foU;kflr gksrk gS fd og fo|qr {ks=k js[kkvksa dks ,d NksVs {ks=k rd
gh lhfer fd, j[krk gSA bl çdkj] ;|fi fo|qr {ks=k dkiQh çcy gks ldrk gS ijarq laèkkfj=k
dh nks ifê ðdkvksa osQ chp foHkokarj de gksrk gSA

3. fdlh xksyh; vkosf'kr dks'k osQ i`"B osQ vkj&ikj fo|qr {ks=k larr ugha gksrkA xksys osQ Hkhrj
;g 'kwU; rFkk ckgj ;g σ

ε0
n̂  gksrk gSA ijarq oS|qr foHko ì"B osQ vkj&ikj larr gksrk gS] bldk

eku i`"B ij q/4πε0R gksrk gSA

4. fdlh f}èkqzo ij yxk cy vk?kw.kZ p × E blesa E osQ ifjr% nksyu mRiUu djrk gSA osQoy
rHkh tc çfØ;k {k;dkjh gS rks nksyu voea fnr gksrs gSa rFkk f}èkqzo varr% E osQ la jsf[kr gks
tkrk gSA

5. fdlh vkos'k q osQ dkj.k viuh fLFkfr ij foHko vifjHkkf"kr gSµ;g vuar gksrk gSA

HkkSfrd jkf'k  çrhd foek,¡ ek=kd fVIi.kh

foHko φ  vFkok V [M1 L2 T–3 A–1] V foHkokarj HkkSfrd n`f"V

ls egRoiw.kZ gksrk gSA

/kfjrk C [M–1 L–2 T–4 A2] F

/qzo.k P [L–2 AT] C m-2 f}/qzo vk?kw.kZ izfr
,dkad vk;ru

ijkoS|qrkad K ¹foekghuº
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vH;kl

2.1 5 × 10−8 C rFkk –3 × 10−8 C osQ nks vkos'k 16 cm nwjh ij fLFkr gSaA nksuksa vkos'kksa dks
feykus okyh js[kk osQ fdl ¯cnq ij oS|qr foHko 'kwU; gksxk\ vuar ij foHko 'kwU; yhft,A

2.2 10 cm Hkqtk okys ,d le&"kV~Hkqt osQ çR;sd 'kh"kZ ij 5 µC dk vkos'k gSA "kV~Hkqt osQ osaQnz
ij foHko ifjdfyr dhft,A

2.3 6 cm dh nwjh ij vofLFkr nks ̄ cnqvksa A ,oa B ij nks vkos'k 2 µC rFkk −2 µC j[ks gSaA

(a) fudk; osQ le foHko i`"B dh igpku dhft,A

(b) bl i`"B osQ çR;sd ¯cnq ij fo|qr {ks=k dh fn'kk D;k gS\

2.4 12 cm f=kT;k okys ,d xksyh; pkyd osQ i`"B ij 1.6 × 10−7C dk vkos'k ,dleku :i
ls forfjr gSA

(a) xksys osQ vanj

(b) xksys osQ Bhd ckgj

(c) xksys osQ osaQnz ls 18 cm ij vofLFkr] fdlh ̄ cnq ij fo|qr {ks=k D;k gksxk\

2.5 ,d lekarj ifê ðdk laèkkfj=k] ftldh ifêðdkvksa osQ chp ok;q gS] dh èkkfjrk 8pF

(1pF = 10 –12 F) gSA ;fn ifê ðdkvksa osQ chp dh nwjh dks vkèkk dj fn;k tk, vkSj buosQ chp
osQ LFkku esa 6 ijkoS|qrkad dk ,d inkFkZ Hkj fn;k tk, rks bldh èkkfjrk D;k gksxh\

2.6 9 pF èkkfjrk okys rhu laèkkfj=kksa dks Js.khØe esa tksM+k x;k gSA

(a) la;kstu dh oqQy èkkfjrk D;k gS\

(b) ;fn la;kstu dks 120 V osQ laHkj.k (lIykbZ) ls tksM+ fn;k tk,] rks çR;sd laèkkfj=k ij
D;k foHkokarj gksxk\

2.7 2 pF, 3 pF vkSj 4 pF èkkfjrk okys rhu laèkkfj=k ik'oZØe esa tksM+s x, gSaA

(a) la;kstu dh oqQy èkkfjrk D;k gS\

(b) ;fn la;kstu dks 100 V osQ laHkj.k ls tksM+ nsa rks çR;sd laèkkfj=k ij vkos'k Kkr dhft,A

6. fdlh vkos'k q dh fLFkfrt ÅtkZ osQ O;atd qV (r) esa] V (r) cká vkos'kksa osQ dkj.k foHko
gS rFkk q osQ dkj.k foHko ugha gSA tSlk fd ̄cnq 5 esa ns[kk] ;g O;atd ml fLFkfr esa] tcfd
Lo;a vkos'k q osQ dkj.k foHko dks V (r) esa lfEefyr dj ysa] lgh :i esa ifjHkkf"kr ugha
gksxkA

7. fdlh pkyd osQ Hkhrj dksVj (xqgk) cká oS|qr çHkkoksa ls ifjjf{kr jgrk gSA ;gk¡ ;g ckr
è;ku nsus ;ksX; gS fd fLFkjoS|qr ifjj{k.k ml ifjfLFkfr esa çHkkoh ugha jgrk ftlesa vki dksVj
esa Hkhrj vkos'k j[k nsrs gSa] rc rks pkyd dk cfgHkkZx Hkhrj osQ vkos'kksa osQ fo|qr {ks=kksa ls
ifjjf{kr ugha jgrkA
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2.8 ifêðdkvksa osQ chp ok;q okys ,d lekarj ifêðdk laèkkfj=k dh çR;sd ifê ðdk dk {ks=kiQy
6 × 10−3 m2 rFkk muosQ chp dh nwjh 3 mm gSA laèkkfj=k dh èkkfjrk dks ifjdfyr dhft,A
;fn bl laèkkfj=k dks 100 V osQ laHkj.k ls tksM+ fn;k tk, rks laèkkfj=k dh çR;sd ifê ðdk ij
fdruk vkos'k gksxk\

2.9 vH;kl 2.8 esa fn, x, laèkkfj=k dh ifêðdkvksa osQ chp ;fn 3 mm eksVh vHkzd dh ,d 'khV
(iÙkj) (ijkoS|qrkad = 6) j[k nh tkrh gS rks Li"V dhft, fd D;k gksxk tc

(a) foHko (oksYVst) laHkj.k tqM+k gh jgsxkA

(b) laHkj.k dks gVk fy;k tk,xk\

2.10 12 pF dk ,d laèkkfj=k 50 V dh cSVjh ls tqM+k gSA laèkkfj=k esa fdruh fLFkjoS|qr ÅtkZ lafpr
gksxh\

2.11 200 V laHkj.k (lIykbZ) ls ,d 600 pF osQ laèkkfj=k dks vkosf'kr fd;k tkrk gSA fiQj bldks
laHkj.k ls fo;ksftr dj nsrs gSa rFkk ,d vU; 600 pF okys vukosf'kr laèkkfj=k ls tksM+ nsrs
gSaA bl çfØ;k esa fdruh ÅtkZ dk ßkl gksrk gS\

vfrfjDr vH;kl

2.12 ewy ¯cnq ij ,d 8 mC dk vkos'k vofLFkr gSA −2 ×10−9 C osQ ,d NksVs ls vkos'k dks
¯cn q  P (0, 0, 3 cm) ls] ¯cn q R (0, 6 cm, 9 cm) ls gk sdj] ¯cn q
Q (0, 4 cm, 0) rd ys tkus esa fd;k x;k dk;Z ifjdfyr dhft,A

2.13 b Hkqtk okys ,d ?ku osQ çR;sd 'kh"kZ ij q vkos'k gSA bl vkos'k foU;kl osQ dkj.k ?ku osQ
osaQnz ij fo|qr foHko rFkk fo|qr {ks=k Kkr dhft,A

2.14 1.5 µC vkSj 2.5 µC vkos'k okys nks lw{e xksys 30 cm nwj fLFkr gSaA

(a) nksuksa vkos'kksa dks feykus okyh js[kk osQ eè; ¯cnq ij] vkSj

(b) eè; ̄ cnq ls gksdj tkus okyh js[kk osQ vfHkyac ry esa eè; ̄ cnq ls 10 cm nwj fLFkr
fdlh ̄ cnq ij foHko vkSj fo|qr {ks=k Kkr dhft,A

2.15 vkarfjd f=kT;k r1 rFkk cká f=kT;k r2 okys ,d xksyh; pkyd [kksy (dks'k) ij Q vkos'k gSA

(a) [kksy osQ osaQnz ij ,d vkos'k q j[kk tkrk gSA [kksy osQ Hkhrjh vkSj ckgjh i`"Bksa ij i`"B
vkos'k ?kuRo D;k gS\

(b) D;k fdlh dksVj (tks vkos'k foghu gS) esa fo|qr {ks=k 'kwU; gksrk gS] pkgs [kksy xksyh;
u gksdj fdlh Hkh vfu;fer vkdkj dk gks\ Li"V dhft,A

2.16 (a) n'kkZb, fd vkosf'kr i`"B osQ ,d ik'oZ ls nwljs ik'oZ ij fLFkjoS|qr {ks=k osQ vfHkyac
?kVd esa vlkarR; gksrk gS] ftls

σ
εο

}kjk O;Dr fd;k tkrk gSA tgk¡ n̂  ,d ̄cnq ij i`"B osQ vfHkyac ,dkad lfn'k gS rFkk
σ ml ̄ cnq ij i`"B vkos'k ?kuRo gS ( n̂  dh fn'kk ik'oZ 1 ls ik'oZ 2 dh vksj gSA)A
vr% n'kkZb, fd pkyd osQ Bhd ckgj fo|qr {ks=k σ n̂/ε0 gSA
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(b) n'kkZb, fd vkosf'kr i`"B osQ ,d ik'oZ ls nwljs ik'oZ ij fLFkjoS|qr {ks=k dk Li'khZ;

?kVd larr gSA

¹laosQr% (a) osQ fy, xkml&fu;e dk mi;ksx dhft,A (b) osQ fy, bl lR; dk mi;ksx djsa fd
lao`r ik'k ij ,d fLFkjoS|qr {ks=k }kjk fd;k x;k dk;Z 'kwU; gksrk gS)A

2.17 jSf[kd vkos'k ?kuRo λ okyk ,d yack vkosf'kr csyu ,d [kks[kys lek{kh; pkyd csyu }kjk
f?kjk gSA nksuksa csyuksa osQ chp osQ LFkku esa fo|qr {ks=k fdruk gS\

2.18 ,d gkbMªkstu ijek.kq esa bysDVªkWu rFkk çksVkWu yxHkx 0.53 Å nwjh ij ifjc¼ gSa %

(a) fudk; dh fLFkfrt ÅtkZ dk eV esa ifjdyu dhft,] tcfd çksVkWu ls bysDVªku osQ
eè; dh vuar nwjh ij fLFkfrt ÅtkZ dks 'kwU; ekuk x;k gSA

(b) bysDVªkWu dks Lora=k djus esa fdruk U;wure dk;Z djuk iM+sxk] ;fn ;g fn;k x;k gS
fd bldh d{kk esa xfrt ÅtkZ (a) esa çkIr fLFkfrt ÅtkZ osQ ifjek.k dh vkèkh gS\

(c) ;fn fLFkfrt ÅtkZ dks 1.06 Å i`FkDdj.k ij 'kwU; ys fy;k tk, rks] mi;qZDr (a) vkSj
(b) osQ mÙkj D;k gksaxs\

2.19 ;fn H2 v.kq osQ nks esa ls ,d bysDVªkWu dks gVk fn;k tk, rks gesa gkbMªkstu vk.kfod vk;u
)H( 2

+  çkIr gksxkA )H( 2
+  dh fuEure voLFkk (ground state) esa nks çksVkWu osQ chp nwjh

yxHkx1.5Å gS vkSj bysDVªkWu çR;sd çksVkWu ls yxHkx 1 Å dh nwjh ij gSA fudk; dh fLFkfrt
ÅtkZ Kkr dhft,A fLFkfrt ÅtkZ dh 'kwU; fLFkfr osQ p;u dk mYys[k dhft,A

2.20 a vkSj b f=kT;kvksa okys nks vkosf'kr pkyd xksys ,d rkj }kjk ,d-nwljs ls tksM+s x, gSaA nksuksa
xksyksa osQ i`"Bksa ij fo|qr {ks=kksa esa D;k vuqikr gS\ çkIr ifj.kke dks] ;g le>kus esa ç;qDr
dhft, fd fdlh ,d pkyd osQ rh{.k vkSj uqdhys fljksa ij vkos'k ?kuRo] piVs Hkkxksa dh
vis{kk vfèkd D;ksa gksrk gSA

2.21 ¯cnq (0, 0, −a) rFkk (0, 0, a) ij nks vkos'k Øe'k% −q vkSj + q fLFkr gSaA

(a) ¯cnqvksa (0, 0, z) vkSj (x, y, 0) ij fLFkjoS|qr foHko D;k gS\

(b) ewy ̄cnq ls fdlh ̄cnq dh nwjh r ij foHko dh fuHkZjrk Kkr dhft,] tcfd r/a >> 1 gSA

(c) x-v{k ij ̄ cnq (5, 0, 0) ls ̄ cnq (−7, 0,0) rd ,d ijh{k.k vkos'k dks ys tkus esa
fdruk dk;Z djuk gksxk\ ;fn ijh{k.k vkos'k osQ mUgha ̄ cnqvksa osQ chp x-v{k ls gksdj
u ys tk,¡ rks D;k mÙkj cny tk,xk\

2.22 uhps fn, x, fp=k 2.32 esa ,d vkos'k foU;kl ftls  fo|qr prqèkqzZoh  dgk tkrk gS] n'kkZ;k x;k gSA
prqèkzqZoh osQ v{k ij fLFkr fdlh ¯cnq osQ fy, r ij foHko dh fuHkZjrk çkIr dhft, tgk¡
r/a >> 1A vius ifj.kke dh rqyuk ,d fo|qr f}èkzqo o fo|qr ,dy èkzqo (vFkkZr~ fdlh ,dy
vkos'k) osQ fy, izkIr ifj.kkeksa ls dhft,A

fp=k 2.32
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2.23 ,d oS|qr VSDuhf'k;u dks 1 kV foHkokarj osQ ifjiFk esa 2 µF laèkkfj=k dh vko';drk gSSA
1 µF osQ laèkkfj=k mls çpqj la[;k esa miyCèk gSa tks 400 V ls vfèkd dk foHkokarj ogu
ugha dj ldrsA dksbZ laHko foU;kl lq>kb, ftlesa U;wure laèkkfj=kksa dh vko';drk gksA

2.24 2 F okys ,d lekarj ifê ðdk laèkkfj=k dh ifêðdk dk {ks=kiQy D;k gS] tcfd ifê ðdkvksa
dk i`Fkdu 0.5 cm gS\ ¹vius mÙkj ls vki ;g le> tk,¡xs fd lkekU; laèkkfj=k
µF ;k de ifjlj osQ D;ksa gksrs gSa\ rFkkfi fo|qr&vi?kVu laèkkfj=kksa (Electrolytic

capacitors) dh èkkfjrk dgha vfèkd (0.1 F) gksrh gS D;ksafd pkydksa osQ chp vfr
lw{e i`Fkdu gksrk gSºA

2.25 fp=k 2.33 osQ usVooZQ (tky) dh rqY; èkkfjrk çkIr dhft,A 300 V laHkj.k (lIykbZ) osQ
lkFk çR;sd laèkkfj=k dk vkos'k o mldh oksYVrk Kkr dhft,A

fp=k 2.33

2.26 fdlh lekarj ifêðdk laèkkfj=k dh çR;sd ifêðdk dk {ks=kiQy 90 cm2 gS vkSj muosQ chp ìFkdu
2.5 mm gSA 400 V laHkj.k ls laèkkfj=k dks vkosf'kr fd;k x;k gSA

(a) laèkkfj=k fdruk fLFkjoS|qr ÅtkZ lafpr djrk gS\

(b) bl ÅtkZ dks ifêðdkvksa osQ chp fLFkjoS|qr {ks=k esa lafpr le>dj çfr ,dkad vk;ru
ÅtkZ u  Kkr dhft,A bl izdkj] ifêðdkvksa osQ chp fo|qr {ks=k E osQ ifjek.k vkSj
u esa lacaèk LFkkfir dhft,A

2.27 ,d 4 µF osQ laèkkfj=k dks 200 V laHkj.k (lIykbZ) ls vkosf'kr fd;k x;k gSA fiQj laHkj.k
ls gVkdj bls ,d vU; vukosf'kr 2 µF osQ laèkkfj=k ls tksM+k tkrk gSA igys laèkkfj=k dh
fdruh fLFkjoS|qr ÅtkZ dk Å"ek vkSj oS|qr&pqacdh; fofdj.k osQ :i esa ßkl gksrk gS\

2.28 n'kkZb, fd ,d lekarj ifêðdk laèkkfj=k dh çR;sd ifêðdk ij cy dk ifjek.k 
1

2
QE gS]

tgk¡ Q laèkkfj=k ij vkos'k gS vkSj E ifêðdkvksa osQ chp fo|qr {ks=k dk ifjek.k gSA ?kVd ½
osQ ewy dks le>kb,A
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2.29 nks laosaQnzh xksyh; pkydksa ftudks mi;qDr fo|qrjksèkh vkyacksa ls mudh fLFkfr esa jksdk x;k

gS] ls feydj ,d xksyh; laèkkfj=k cuk gS (fp=k 2-34)A n'kkZb, fd xksyh; laèkkfj=k dh
èkkfjrk C bl izdkj O;Dr dh tkrh gS %

0 1 2

1 2

4
–

r r
C

r r

επ
=

fp=k 2.34

;gk¡ r1 vkSj r2 Øe'k% ckgjh rFkk Hkhrjh xksyksa dh f=kT;k,¡ gSaA

2.30 ,d xksyh; laèkkfj=k osQ Hkhrjh xksys dh f=kT;k 12 cm rFkk ckgjh xksys dh f=kT;k
13 cm gSA ckgjh xksyk Hkw&laifoZQr gS rFkk Hkhrjh xksys ij 2.5 µC dk vkos'k fn;k x;k gSA
laosaQnzh xksyksa osQ chp osQ LFkku esa 32 ijkoS|qrkad dk æo Hkjk gSA

(a) laèkkfj=k dh èkkfjrk Kkr dhft,A

(b) Hkhrjh xksys dk foHko D;k gS\

(c) bl laèkkfj=k dh èkkfjrk dh rqyuk ,d 12 cm f=kT;k okys fdlh fo;qDr xksys dh èkkfjrk
ls dhft,A O;k[;k dhft, fd xksys dh èkkfjrk bruh de D;ksa gSA

2.31 lkoèkkuhiwoZd mÙkj nhft,%

(a) nks cM+s pkyd xksys ftu ij vkos'k Q1 vkSj Q2 gSa] ,d-nwljs osQ lehi yk, tkrs gSaA
D;k buosQ chp fLFkjoS|qr cy dk ifjek.k rF;r%

Q1Q2/4πε0 r2

}kjk n'kkZ;k tkrk gS] tgk¡ r buosQ osaQnzksa osQ chp dh nwjh gS\

(b) ;fn owQykWe osQ fu;e esa 1/r 3 fuHkZjrk dk lekos'k (1/r 2 osQ LFkku ij) gks rks D;k
xkml dk fu;e vHkh Hkh lR; gksxk\

(c) fLFkjoS|qr {ks=k foU;kl esa ,d NksVk ijh{k.k vkos'k fdlh ̄ cnq ij fojke esa NksM+k tkrk
gSA D;k ;g ml ¯cnq ls gksdj tkus okyh {ks=k js[kk osQ vuqfn'k pysxk\
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(d) bysDVªkWu }kjk ,d o`Ùkh; d{kk iwjh djus esa ukfHkd osQ {ks=k }kjk fdruk dk;Z
fd;k tkrk gS\ ;fn d{kk nh?kZo`Ùkkdkj gks rks D;k gksxk\

(e) gesa Kkr gS fd ,d vkosf'kr pkyd osQ i`"B osQ vkj&ikj fo|qr {ks=k vlarr
gksrk gSA D;k ogk¡ oS|qr foHko Hkh vlarr gksxk\

(f) fdlh ,dy pkyd dh èkkfjrk ls vkidk D;k vfHkçk; gS\

(g) ,d laHkkfor mÙkj dh dYiuk dhft, fd ikuh dk ijkoS|qrkad (= 80),

vHkzd osQ ijkoS|qrkad (=6) ls vf/d D;ksa gksrk gS\

2.32 ,d csyukdkj laèkkfj=k esa 15 cm yackbZ ,oa f=kT;k,¡ 1.5 cm rFkk 1.4 cm osQ
nks lek{k csyu gSaA ckgjh csyu Hkw&laifoZQr gS vkSj Hkhrjh csyu dks 3.5 µC dk
vkos'k fn;k x;k gSA fudk; dh èkkfjrk vkSj Hkhrjh csyu dk foHko Kkr dhft,A
vaR; çHkko (vFkkZr~ fljksa ij {ks=k js[kkvksa dk eqM+uk) dh mis{kk dj ldrs gSaA

2.33 3 ijkoS|qrkad rFkk 107 V m−1 dh ijkoS|qr lkeF;Z okys ,d inkFkZ ls 1 kV

oksYVrk vuqerkad osQ lekarj ifê ðdk laèkkfj=k dh vfHkdYiuk djuh gSA ¹ijkoS|qr
lkeF;Z og vfèkdre fo|qr {ks=k gS ftls dksbZ inkFkZ fcuk Hkax gq, vFkkZr~ vkaf'kd
vk;uu }kjk fcuk oS|qr lapj.k vkjaHk fd, lgu dj ldrk gSº lqj{kk dh n`f"V ls
{ks=k dks dHkh Hkh ijkoS|qr lkeF;Z osQ 10% ls vfèkd ugha gksuk pkfg,A 50 pF

èkkfjrk osQ fy, ifê ðdkvksa dk fdruk U;wure {ks=kiQy gksuk pkfg,\

2.34 O;oLFkkRedr% fuEufyf[kr esa laxr lefoHko i`"B dk o.kZu dhft,%

(a) z-fn'kk esa vpj fo|qr {ks=k

(b) ,d {ks=k tks ,dleku :i ls c<+rk gS] ijarq ,d gh fn'kk (eku yhft, z-

fn'kk) esa jgrk gSA

(c) ewy ¯cnq ij dksbZ ,dy èkukos'k] vkSj

(d) ,d lery esa leku nwjh ij lekarj yacs vkosf'kr rkjksa ls cus ,dleku
tkyA

2.35 r1 f=kT;k rFkk q1 vkos'k okyk ,d NksVk xksyk] r2 f=kT;k vkSj q2 vkos'k osQ xksyh;
[kksy (dks'k) ls f?kjk gSA n'kkZb, ;fn q1 èkukRed gS rks (tc nksuksa dks ,d rkj
}kjk tksM+ fn;k tkrk gS) vko';d :i ls vkos'k] xksys ls [kksy dh rjiQ gh çokfgr
gksxk] pkgs [kksy ij vkos'k q2 oqQN Hkh gksA

2.36 fuEu dk mÙkj nhft, %

(a) i`Foh osQ i`"B osQ lkis{k ok;qeaMy dh Åijh ijr yxHkx 400 kV ij gS]
ftlosQ  laxr fo|qr {ks=k Å¡pkbZ c<+us osQ lkFk de gksrk gSA i`Foh osQ i`"B osQ
lehi fo|qr {ks=k yxHkx 100 V m−1 gSA rc fiQj tc ge ?kj ls ckgj [kqys
esa tkrs gSa] rks gesa fo|qr vk?kkr D;ksa ugha yxrk\ (?kj dks yksgs dk ̄ itjk eku
yhft,] vr% mlosQ vanj dksbZ fo|qr {ks=k ugha gS !)

(b) ,d O;fDr 'kke osQ le; vius ?kj osQ ckgj 2 m Å¡pk vojksèkh iêð j[krk
gS ftlosQ f'k[kj ij ,d 1 m2 {ks=kiQy dh cM+h ,syqfefu;e dh pknj gSA
vxyh lqcg og ;fn èkkrq dh pknj dks Nwrk gS rks D;k mls fo|qr vk?kkr yxsxk\
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(c) ok;q dh FkksM+h&lh pkydrk osQ dkj.k lkjs lalkj esa vkSlru ok;qeaMy esa foltZu

èkkjk 1800 A ekuh tkrh gSA rc ;Fkkle; okrkoj.k Lo;a iw.kZr% fujkosf'kr
gksdj fo|qr mnklhu D;ksa ugha gks tkrk\ nwljs 'kCnksa esa] okrkoj.k dks dkSu
vkosf'kr j[krk gS\

(d) rfM+r osQ nkSjku okrkoj.k dh fo|qr ÅtkZ] ÅtkZ osQ fdu :iksa esa {kf;r gksrh
gS\

¹laosQr% i`"B vkos'k ?kuRo =10−9 C m−2 osQ vuq:i i`Foh osQ (i`"B) ij uhps
dh fn'kk esa yxHkx 100 V m−1 dk fo|qr {ks=k gksrk gSA yxHkx 50 km Å¡pkbZ
rd (ftlosQ ckgj ;g vPNk pkyd gS) okrkoj.k dh FkksM+h lh pkydrk osQ dkj.k
yxHkx +1800 C dk vkos'k çfr lsoaQM lexz :i ls i`Foh esa iai gksrk jgrk gSA
rFkkfi] i`Foh fujkosf'kr ugha gksrh] D;ksafd lalkj esa gj le; yxkrkj rfM+r rFkk
rfM+r->a>k gksrh jgrh gS] tks leku ek=kk esa ½.kkos'k i`Foh esa iai dj nsrh gSAº
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3.1  Hkwfedk
vè;k; 1 esa lHkh vkos'kksa dks pkgs os Lora=k gksa vFkok ifjc¼] fojkekoLFkk esa ekuk x;k FkkA
xfreku vkos'k fo|qr /kjk dk fuekZ.k djrs gSaA ,slh gh /kjk izo`Qfr esa cgqr&lh fLFkfr;ksa esa ikbZ
tkrh gSA rfM+r ,d ,slh ifj?kVuk gS ftlesa vkos'k cknyksa ls ìFoh rd ok;qeaMy ls gksdj igq¡prs
gSa] ftudk ifj.kke dHkh&dHkh Hk;adj gksrk gSA rfM+r esa vkos'k dk izokg LFkk;h ugha gksrk] ijarq
ge vius nSfud thou esa cgqr&lh ;qfDr;ksa esa vkos'kksa dks mlh izdkj izokfgr gksrs gq, ns[krs gSa
ftl izdkj ufn;ksa esa ty izokfgr gksrk jgrk gSA VkWpZ rFkk lsy ls pyus okyh ?kM+h bl izdkj
dh ;qfDr;ksa osQ oqQN mnkgj.k gSaaA bl vè;;u esa ge vifjorhZ vFkok LFkk;h fo|qr /kjk ls
lacafèkr oqQN ewy fu;eksa dk vè;;u djsaxsA

3.2  fo|qr /kjk
vkos'k izokg osQ yacor ,d y?kq {ks=kiQy dh dYiuk dhft,A bl {ks=k ls gksdj /ukRed vkSj
½.kkRed nksuksa gh izdkj osQ vkos'k vxz vFkok i'p fn'kk esa izokfgr gks ldrs gSaA eku yhft,]
fdlh dky&varjky t esa bl {ks=k ls izokfgr gksus okyk usV vxzxkeh /ukos'k  q

+
 (vFkkZr vxzxkeh

rFkk i'pxkeh dk varj) gSA blh izdkj] eku yhft, blh {ks=k ls izokfgr gksus okyk usV vxzxkeh
½.kkos'k q

–
 gSA rc bl dky varjky t esa bl {ks=k ls izokfgr gksus okyk usV vkos'k

q = q
+
– q

–
 gSA LFkk;h /kjk osQ fy, ;g t osQ vuqØekuqikrh gS vkSj HkkxiQy

vè;k; 3

fo|qr /kjk
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q

I
t

= (3.1)

{ks=k ls gksdj vxzxkeh fn'kk esa izokfgr fo|qr èkkjk dks ifjHkkf"kr djrk gSA (;fn ;g la[;k
½.kkRed gS rks blls ;g laosQr izkIr gksrk gS fd fo|qr èkkjk i'pfn'kk esa gSA)

fo|qr èkkjk,¡ lnSo vifjorhZ ugha gksrha] blfy, vf/d O;kid :i esa ge fo|qr èkkjk dks
fuEu izdkj ls ifjHkkf"kr djrs gSaA eku yhft, dky&varjky ∆t ¹vFkkZr dky t rFkk (t + ∆t)

osQ chp ] esa fdlh pkyd dh vuqizLFk dkV ls izokfgr gksus okyk usV vkos'k ∆Q gSA rc dky
t ij pkyd osQ bl vuqizLFk dkV ls izokfgr fo|qr /kjk dks ∆Q ;k ∆t osQ vuqikr osQ eku osQ
:i esa bl izdkj ifjHkkf"kr fd;k tkrk gS ftlesa ∆t dh lhek 'kwU; dh vksj izo`Ùk gS]

( )
0

lim
t

Q
I t

t∆ →

∆
≡

∆ (3.2)

S I ek=kdksa esa fo|qr èkkjk dk ek=kd ,sfEi;j gSA ,d ,sfEi;j dks fo|qr èkkjk osQ pqacdh;
izHkko }kjk ifjHkkf"kr fd;k tkrk gS ftldk ge vxys vuqPNsn esa vè;;u djsaxsA ?kjsyw
oS|qr&lkfèk=kksa esa izokfgr gksus okyh izfr:ih fo|qr /kjk osQ ifjek.k dh dksfV ,d ,sfEi;j
gksrh gSA tgk¡ ,d vksj fdlh vkSlr rfM+r esa g”kkjksa ,sfEi;j dksfV dh /kjk izokfgr gks tkrh
gS] ogha nwljh vksj gekjh raf=kdkvksa ls izokfgr gksus okyh /kjk,¡ oqQN ekbØks,sfEi;j dksfV dh
gksrh gSaA

3.3  pkyd esa fo|qr èkkjk
;fn fdlh oS|qr vkos'k ij dksbZ fo|qr {ks=k dks vuqiz;qDr fd;k tk, rks og ,d cy dk vuqHko
djsxkA ;fn ;g xfr djus osQ fy, Lora=k gS rks ;g Hkh xfreku gksdj fo|qr èkkjk mRiUu djsxkA
ok;qeaMy osQ Åijh Lrj ftls vk;ueaMy dgrs gSa] dh Hkk¡fr izo`Qfr esa eqDr vkosf'kr d.k ik,
tkrs gSaA rFkkfi] v.kqvksa rFkk ijek.kqvksa esa ½.kkosf'kr bysDVªkWu rFkk èkukosf'kr bysDVªkWu ,d&nwljs
ls ifjc¼ gksus osQ dkj.k xfr djus osQ fy, Lora=k ugha gksrs gSaA LFkwy inkFkZ vusd v.kqvksa ls
fufeZr gksrs gSa] mnkgj.k osQ fy,] ,d xzke ty esa yxHkx 10

22
 v.kq gksrs gSaA ;s v.kq brus laoqQfyr

gksrs gSa fd bysDVªkWu vc ,d O;f"Vxr ukfHkd ls gh tqM+k ugha jgrkA oqQN inkFkks± esa bysDVªkWu
vHkh Hkh ifjc¼ gksrs gSa] vFkkZr fo|qr&{ks=k vuqiz;qDr djus ij Hkh Rofjr ugha gksrsA oqQN nwljs
inkFkks± esa fo'ks"kdj èkkrqvksa esa oqQN bysDVªkWu LFkwy inkFkZ osQ Hkhrj okLrfod :i ls] xfr djus
osQ fy, Lora=k gksrs gSaA bu inkFkks± ftUgsa lkekU;r% pkyd dgrs gSa] esa fo|qr {ks=k vuqiz;qDr djus
ij fo|qr /kjk mRiUu gks tkrh gSA

;fn ge Bksl pkyd ij fopkj djsa rks okLro esa buesa ijek.kq vkil esa fudV :i ls] dl
dj vkc¼ gksrs gSa ftlosQ dkj.k ½.k vkosf'kr bysDVªkWu fo|qr /kjk dk ogu djrs gSaA rFkkfi]
vU; izdkj osQ pkyd Hkh gksrs gSa tSls fo|qr vi?kVuh foy;u] ftuesa /ukos'k rFkk ½.kkos'k nksuksa
xfr dj ldrs gSaA ge viuh ppkZ dks Bksl pkydksa ij gh osaQfnzr j[ksaxs ftlesa fLFkj èkuk;uksa
dh i`"BHkwfe esa ½.k vkosf'kr bysDVªkWu fo|qr /kjk dk ogu djrs gSaA

igys ge ,slh fLFkfr ij fopkj djrs gSa tgk¡ dksbZ fo|qr {ks=k mifLFkr ugha gSA bysDVªkWu
rkih; xfr djrs le; vkc¼ vk;uksa ls la?k^ djrs gSaA la?k^ osQ i'pkr bysDVªkWu dh pky
vifjo£rr jgrh gSA vr% Vdjkus osQ ckn pky dh fn'kk iw.kZr;k ;kn`fPNd gksrh gSA fdlh fn,
gq, le; ij bysDVªkWuksa dh pky dh dksbZ vfèkekfud fn'kk ugha gksrh gSA vr% vkSlr :i ls
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fdlh ,d fo'ks"k fn'kk esa xeu djus okys bysDVªkWuksa dh
la[;k] ml fn'kk osQ Bhd foijhr fn'kk esa xeu djus okys
bysDVªkWuksa dh la[;k osQ Bhd cjkcj gksrh gSA vr% dksbZ usV
fo|qr /kjk ugha gksxhA

vkb, vc ge ;g ns[ksa fd bl izdkj osQ pkyd osQ
fdlh VqdM+s ij dksbZ fo|qr {ks=k vuqiz;qDr djus ij D;k gksrk
gSA vius fopkjksa dks osaQfnzr djus osQ fy, R f=kT;k osQ
csyukdkj pkyd dh dYiuk dhft, (fp=k 3-1)A eku
yhft, ijkoS|qr inkFkZ dh cuh nks iryh o`Ùkkdkj fMLd ysrs
gSa ftudh f=kT;k,¡ pkyd osQ leku gSa vkSj ftuesa ,d ij /ukos'k +Q  rFkk nwljs ij ½.kkos'k
–Q  ,dleku :i ls forfjr gSaA bu nksuksa fMLdksa dks csyu dh nks piVh i`"Bksa ls tksM+ nsrs gSaA
,slk djus ij ,d fo|qr {ks=k mRiUu gks tk,xk ftldh fn'kk /ukos'k ls ½.kkos'k dh vksj gksxhA
bl {ks=k osQ dkj.k bysDVªkWu +Q dh rjiQ Rofjr gksaxsA bl izdkj os vkos'kksa dks mnklhu djus
osQ fy, xfr djsaxsA tc rd bysDVªkWu dk izokg cuk jgsxk] fo|qr /kjk cuh jgsxhA bl izdkj
fopkjk/hu ifjfLFkfr esa cgqr vYi le; osQ fy, fo|qr /kjk cgsxh vkSj mlosQ i'pkr dksbZ èkkjk
ugha gksxhA

ge ,slh ;qfDr;ksa dh Hkh dYiuk dj ldrs gSa tks csyu osQ fljksa ij] pkyd osQ vanj
xfreku bysDVªkWuksa }kjk mnklhu lHkh vkos'kksa dh u, vkos'kksa ls iqu% iw£r djk,¡A ml izdk'k esa
pkyd esa ,d LFkk;h fo|qr {ks=k LFkkfir gksxk] ftlosQ ifj.kkeLo:i tks /kjk mRiUu gksxh og
vYikofèk dh u gksdj] lrr fo|qr èkkjk gksxhA bl izdkj LFkk;h fo|qr {ks=k mRiUu djus okyh
;qfDr;k¡ fo|qr lsy vFkok cSVfj;k¡ gksrh gSa ftuosQ fo"k; esa ge bl vè;k; esa vkxs vè;;u
djsaxsA vxys vuqHkkxksa esa ge pkydksa esa LFkk;h fo|qr&{ks=kksa ls izkIr LFkk;h fo|qr /kjk dk vè;;u
djsaxsA

3.4  vkse dk fu;e
fo|qr /kjk osQ izokg osQ fy, mÙkjnk;h HkkSfrd ;qfDr;ksa dh [kkst ls dkiQh igys th- ,l- vkse
us lu~ 1828 esa èkkjk izokg ls lac¼ ,d ewy fu;e dh [kkst dj yh FkhA ,d pkyd dh
ifjdYiuk dhft, ftlls èkkjk I izokfgr gks jgh gS vkSj eku yhft, V,  pkyd osQ fljksa osQ eè;
foHkokUrj gSA rc vkse osQ fu;e dk dFku gS fd

     V ∝ I

vFkok V = R I (3.3)

;gk¡ vkuqikfrdrk fLFkjkad R, pkyd dk izfrjksèk dgykrk gSA izfrjksèk dk SI ek=kd vkse gS vkSj
;g izrhd Ω }kjk fu£n"V fd;k tkrk gSA izfrjksèk R pkyd osQ osQoy inkFkZ ij gh ugha cfYd
pkyd osQ foLrkj ij Hkh fuHkZj djrk gSA izfrjksèk dh pkyd osQ foLrkj ij fuHkZjrk uhps fn,
vuqlkj vklkuh ls Kkr dh tk ldrh gSA

yackbZ l rFkk vuqizLFk dkV {ks=kiQy A dh fdlh vk;rkdkj flYyh ij fopkj dhft, tks
lehdj.k (3.3) dks larq"V djrk gS [fp=k 3.2 ]A dYiuk dhft, ,slh nks loZle flfYy;k¡ fljs
ls fljs dks feykrs gq, bl izdkj j[kh gqbZ gSa fd la;kstu dh yackbZ 2l gSA bl la;kstu ls mruh
gh èkkjk izokfgr gksxh ftruh fd nksuksa esa ls fdlh ,d flYyh ls gksxhA ;fn igyh flYyh osQ

fp=k 3.1 /kfRod csyu osQ fljksa ij j[ks +Q vkSj –Q vkos'kA
vkos'kksa dks mnklhu djus osQ fy, mRiUu fo|qr {ks=k osQ dkj.k
bysDVªkWuksa dk viokg gksxkA ;fn vkos'k +Q vkSj –Q dh iqu%
iw£r lrr u dh xbZ rks oqQN nsj esa fo|qr /kjk izokg lekIr gks

tk,xkA

fp=k 3.2 yackbZ l rFkk
vuqizLFk dkV {ks=kiQy A dh
vk;rkdkj flYyh osQ laca/
R = ρl/A dk fun'kZ fp=kA
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fljksa osQ eè; foHkokarj V gS] rc nwljh flYyh osQ fljksa osQ eè; Hkh
foHkokarj V gksxk] D;ksafd nwljh flYyh igyh osQ leku gS vkSj nksuksa ls
leku èkkjk izokfgr gks jgh gSA Li"Vr;k la;kstu osQ fljksa osQ eè; foHkokarj]
nks i`Fkd flfYy;ksa osQ eè; foHkokarjksa dk ;ksx gS] vr% 2V osQ cjkcj gSA
la;kstu ls gksdj izokfgr èkkjk I gS rc lehdj.k (3.3) ls la;kstu dk
izfrjksèk R

C

2
2C

V
R R

I
= = (3.4)

pw¡fd V/I = R, nksuksa esa ls fdlh ,d flYyh dk izfrjksèk gSA bl izdkj
pkyd dh yackbZ nksxquh djus ij bldk izfrjksèk nksxquk gks tkrk gSA rc
O;kid :i ls izfrjksèk yackbZ osQ vuqØekuqikrh gksrk gS

R l∝ (3.5)

blosQ ckn bl flYyh dks yackbZ esa nks leku Hkkxksa esa foHkkftr djus
dh dYiuk dhft, ftlls fd flYyh dks yackbZ l  dh nks loZle flfYy;ksa
ftuesa izR;sd dk vuqizLFk dkV {ks=kiQy A/2 gS] osQ la;kstu tSlk le>k
tk losQ ¹fp=k 3.2 (c)ºA

flYyh osQ fljksa osQ eè; fn, x, foHkokarj V osQ fy, ;fn iwjh flYyh
ls izokfgr gksus okyh èkkjk I gS rks Li"Vrk izR;sd vk/h flYyh ls izokfgr
gksus okyh èkkjk I/2 gksxhA pw¡fd vkèkh flYyh osQ fljksa osQ eè; foHkokarj

V gS] vFkkZr mruk gh gS ftruk fd iwjh flYyh osQ fljksa osQ eè; foHkokarj gS] blfy, izR;sd
vk/h flYyh dk izfrjks/ R

1 
bl izdkj O;Dr fd;k tk ldrk gS

= = =1 2 2
( /2)

V V
R R

I I
(3.6)

bl izdkj pkyd dh vuqizLFk dkV osQ {ks=kiQy dks vkèkk djus ij izfrjksèk nksxquk gks tkrk
gSA O;kid :i ls rc izfrjksèk R, vuqizLFk dkV {ks=kiQy (A) osQ O;qRØekuqikrh gksrk gS] vFkkZr

1
R

A
∝ (3.7)

lehdj.k (3.5) vkSj (3.7) osQ la;kstu ls

l
R

A
∝ (3.8)

vr%] fdlh fn, x, pkyd osQ fy,

l
R

A
ρ= (3.9)

;gk¡ ρ ,d vkuqikfrdrk fLFkjkad gS tks pkyd osQ inkFkZ dh izo`Qfr ij fuHkZj djrk gS] blosQ
foLrkj ij ughaA ρ dks izfrjksèkdrk dgrs gSaA

lehdj.k (3.9) dk iz;ksx djus ij] vkse osQ fu;e dks bl izdkj O;Dr dj ldrs gSa

I l
V I R

A

ρ
= × = (3.10)

fo|qr èkkjk izfr ,dkad {ks=k (èkkjk osQ vfHkyacor yh xbZ) I/A èkkjk ?kuRo dgykrk gS vkSj

tkWtZ lkbeu vkse  (1787–1854)

teZu HkkSfrdfoKkuh] E;wfu[k esa izksi+ sQlj
FksA vkse us vius fu;e dh [kkst
Å"ek&pkyu ls ln`'; osQ vkèkkj ij
dhµ fo|qr {ks=k rki&izo.krk osQ rqY;
gS vkSj fo|qr /kjk Å"ek&izokg osQAt

kWt
Z l

kb
eu

 v
kse

  
(1

7
8
7
–
1

8
5
4
)
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j }kjk fufnZ"V fd;k tkrk gSA èkkjk ?kuRo dk SI ek=kd A/m2 gSA blosQ vfrfjDr ;fn ,dleku
fo|qr {ks=k E osQ fdlh pkyd dh yackbZ l gS rks bl pkyd osQ fljksa osQ chp foHkokarj dk
ifj.kke El gksrk gSA bldk mi;ksx djus ij lehdj.k (3.10) dks bl izdkj O;Dr djrs gSa

        E l = j ρ l

vFkok   E = j ρ (3.11)

E rFkk j osQ ifjek.k osQ fy, mijksDr lehdj.k dks vo'; gh lfn'k :i esa O;Dr fd;k
tk ldrk gSA /kjk ?kuRo (ftls geus èkkjk osQ vfHkyacor izfr ,dkad {ks=kiQy osQ :i esa
ifjHkkf"kr fd;k gS) Hkh E dh vksj fufnZ"V gS vkSj j (≡ jE/E)  ,d lfn'k Hkh gSA bl izdkj
lehdj.k (3.11) dks bl izdkj ls O;Dr djrs gSa

        E = jρ (3.12)

vFkok   j = σ E (3.13)

tgk¡ σ =1/ρ dks pkydrk dgrs gSaA vkse osQ fu;e dks izk;% lehdj.k (3.3) osQ vykok
lehdj.k (3.13) }kjk Hkh lerqY; :i esa O;Dr fd;k tkrk gSA vxys vuqPNsn esa ge vkse osQ
fu;e osQ mn~xe dks bl :i esa le>us dk iz;kl djsaxs tSls fd ;g bysDVªkWuksa osQ viokg osQ
vfHky{k.kksa ls mRiUu gqvk gSA

3.5 bysDVªkWu dk viokg ,oa izfrjks/drk dk mn~xe
geus igys ns[kk gS fd tc dksbZ bysDVªkWu fdlh Hkkjh vk;u ls la?kêð djrk gS rks la?kêð osQ ckn
mlh pky ls pyrk gS ysfdu bldh fn'kk ;kn`fPNd gks tkrh gSA ;fn ge lHkh bysDVªkWuksa ij
fopkj djsa rks mudk vkSlr osx 'kwU; gksxk] D;ksafd mudh fn'kk,¡ ;kǹfPNd
gSaA bl izdkj ;fn ith bysDVkWu (i = 1, 2, 3, ... N) dk osx fdlh fn, le;
esa v

i
 gks rks

1
0

1N
i

i

N

v =
=
∑ (3.14)

vc ,slh fLFkfr ij fopkj djsa tc ;g pkyd fdlh fo|qr {ks=k esa
mifLFkr gSA bl {ks=k osQ dkj.k bysDVªkWu esa Roj.k mRiUu gksxk

–e

m
=

E
a (3.15)

tgk¡ –e bysDVªkWu dk vkos'k rFkk m bldk nzO;eku gSA fn, x, le; t esa
ith bysDVªkWu ij iqu% fopkj djsaA ;g bysDVªkWu t osQ oqQN le; igys vafre
ckj la?kêð djsxk vkSj eku yhft,] t

i
 blosQ vafre la?kê ð osQ ckn O;rhr

le; gSA ;fn v
i 
 vafre la?kê ð osQ rqjar i'pkr dk osx Fkk rc le; t

 
ij

bldk osx

V v
E

i i i

e

m
t= + −



 (3.16)

pw¡fd vius vafre la?kê ð ls vkjaHk djus osQ i'pkr ;g bysDVªkWu fdlh le;
varjky t

i 
osQ fy, lehdj.k (3.15) }kjk fn, x, Roj.k osQ lkFk Rofjr

gqvk FkkA lHkh bysDVªkWuksa dk le; t ij vkSlr osx lHkh V
i
 dk vkSlr gSA

fp=k 3.3 fdlh ̄ cnq A ls nwljs ̄ cnq B rd ckjEckj
la?kê ðksa osQ }kjk bysDVªkWu dh xfr rFkk la?kê ðksa osQ
chp jSf[kd xfr dk vkjs[kh; fp=k.k (lrr js[kk,¡)A
;fn n'kkZ, vuqlkj dksbZ fo|qr {ks=k yxk;k tkrk gS
rks bysDVªkWu B' ij #d tkrk gS (¯cnqÑr js[kk,¡)A
fo|qr {ks=k osQ foijhr fn'kk esa ekewyh viokg
fn[kykbZ ns jgk gSA
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v

i
 dk vkSlr 'kwU; gS ¹lehdj.k (3.14)º D;ksafd la?kê ð osQ rqjar ckn ,d bysDVªkWu osQ osx dh

fn'kk iw.kZr;k ;kn`fPNd gksrh gSA bysDVªkWuksa osQ la?kê ð fu;fer dky&varjkyksa ij u gksdj
;kn`fPNd le; esa gksrs gSaA ;fn yxkrkj (Øfed) la?kê ðksa osQ chp vkSlr le; dks ge yksx τ
ls fu£n"V djsa rks fdlh fn, x, le; esa oqQN bysDVªkWu τ ls T;knk vkSj oqQN τ ls de le;
O;rhr fd, gksaxsA nwljs 'kCnksa esa] tSls&tSls ge i = 1, 2 ..... N fofHkUu eku nsrs gSa rks gesa lehdj.k
(3.16) osQ vuqlkj le; t

i
 osQ eku oqQN osQ fy, τ ls T;knk gksaxs rFkk oqQN osQ fy, τ ls de

gksaxsA rc t
i
 dk vkSlr eku τ gksxk (ftls foJkafr dky dgrs gSa)A bl izdkj fdlh fn, le;

t ij N bysDVªkWuksa osQ fy, lehdj.k (3.16) dk vkSlr ysus ij gesa vkSlr osx v
d 
izkIr gksrk gS

( ) ( ) ( )≡ = −d i i i

e
t

m

E
v V v

vkSlr vklS r vklS r

0 –
e e

m m
τ τ= = −

E E
(3.17)

;g vafre ifj.kke vk'p;Ztud gSA ;g gesa crkrk gS fd bysDVªkWu]
;|fi Rofjr gS] ,d vkSlr osx ls xfreku gS tks le; ij fuHkZj ugha
djrk gSA ;g ifj?kVuk viokg dh gS vkSj lehdj.k (3.17) dk osx v

d

viokg osx dgykrk gSA
viokg osQ dkj.k] fo|qr {ks=k E osQ yacor fdlh {ks=k ls gksdj

vkos'kksa dk usV ifjogu gksxkA pkyd osQ vanj ,d leryh; {ks=k ij
fopkj djsa tks fd E osQ lekarj {ks=k ij vfHkyac gS (fp=k 3.4)A rc

viokg osQ dkj.k] vR;.kq le; ∆t esa] {ks=k dh ck;ha vksj osQ lHkh bysDVªkWu |v
d
|∆t nwjh ikj

dj fy, gksaxsA ;fn pkyd esa izfr ,dkad vk;ru eqDr bysDVªkWuksa dh la[;k n gS rks
n ∆t|v

d
|A ,sls bysDVªkWu gksaxsA pw¡fd izR;sd bysDVªkWu vkos'k –e ogu djrk gS] ∆t le; esa {ks=k

A dh nk;ha vksj ifjofgr oqQy vkos'k –ne A|v
d
|∆t gSA E ck;ha vksj fu£n"V gS] vr% bl {ks=k

ls gksdj E  osQ vuqfn'k ifjofgr oqQy vkos'k blosQ ½.kkRed gksxkA ifjHkk"kkuqlkj ¹lehdj.k
(3.2)º {ks=k A dks le; ∆t esa ikj djus okys vkos'k I ∆t gksaxs] ;gk¡ I /kjk dk ifjek.k gSA vr%

dI t n e A t∆ = + ∆v (3.18)

|v
d
| osQ eku dks lehdj.k (3.17) ls izfrLFkkfir djus ij

2e A
I t n t

m
τ∆ = ∆ E (3.19)

ifjHkk"kkuqlkj] /kjk ?kuRo osQ ifjek.k |j| ls I  lacaf/r gS
I = |j|A (3.20)

vr% lehdj.k (3.19) rFkk (3.20) ls]
2ne

m
τ=j E (3.21)

lfn'k j, E  osQ lekarj gS] blfy, ge lehdj.k (3.21) dks lfn'k :i esa fy[k ldrs gSa
2ne

m
τ=j E (3.22)

vxj ge pkydrk σ dk rknkRE; LFkkfir djsa
2ne

m
σ τ=

fp=k 3.4 èkkfRod pkyd esa fo|qr èkkjkA èkkrq esa
èkkjk ?kuRo dk ifjek.k ,dkad {ks=kiQy rFkk v

d

Å¡pkbZ osQ csyu esa var£o"V vkos'k osQ ifjek.k osQ
cjkcj gSA
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 mnkgj.k 3
.1

rks lehdj.k (3.13) ls rqyuk djus ij ;g O;Dr gksrk gS fd lehdj.k (3.22) rF;r% vkse

dk fu;e gSA ;fn ge pkydrk dks σ }kjk fu£n"V djsa rks 
2ne

m
σ τ= (3.23)

bl izdkj ge ns[krs gSa fd fo|qr pkydrk dk ,d cgqr ljy fp=k.k vkse osQ fu;e dh
izfròQfr rS;kj djrk gSA vo'; gh geus ;g iwoZ/kj.kk cukbZ gS fd τ  vkSj n, E ls Lora=k fLFkjkad
gSaA vxys vuqPNsn esa ge vkse osQ fu;e dh lhekvksa dk foospu djsaxsA

mnkgj.k 3.1 (a) 1.0 × 10−7 m2 vuqçLFk dkV {ks=kiQy okys rk¡cs osQ rkj esa 1.5 A èkkjk
çokfgr gks jgh gSA blesa pkyd bysDVªkWuksa dh vkSlr viokg pky dk vkdyu dhft,A eku
yhft, fd rk¡cs dk çR;sd ijek.kq èkkjk osQ çokg esa ,d pkyd bysDVªkWu dk ;ksxnku djrk
gSA rk¡cs dk ?kuRo 9.0 × 103 kg/m3 rFkk bldk ijek.kq æO;eku 63.5 u gSA (b) Åij
fudkyh xbZ viokg pky dh fuEufyf[kr mnkgj.kksa ls rqyuk dhft,A (i) lkekU; rkiksa ij rk¡cs
osQ ijek.kqvksa dh rkih; pky (ii) pkyd osQ vuqfn'k fo|qr {ks=k dh lapj.k pky tks viokg
xfr mRiUu djrh gSA

gy
(a) pkyd bysDVªkWu osQ viokg osx dh fn'kk fo|qr {ks=k dh fn'kk osQ foijhr gS vFkkZr

bysDVªkWu c<+rs gq, foHko dh fn'kk esa viokg djrs gSaA viokg pky v
d
 lehdj.k

(3.18) ls O;Dr gksxh]

v
d
  = (I/neA)

vc e = 1.6 × 10–19 C, A = 1.0 × 10–7m2, I = 1.5 A gSA pkyd bysDVªkWuksa dk
?kuRo] n çfr ?ku ehVj esa ijek.kqvksa dh la[;k osQ cjkcj gS (eku yhft, fd çfr rk¡cs
osQ ijek.kq esa ,d pkyd bysDVªkWu gS tks la;kstdrk bysDVªkWu dh la[;k 1 osQ vuqlkj
;Fkksfpr gS)A ,d ?ku ehVj rk¡cs dk æO;eku 9.0 × 103 kg gSA pw¡fd 6.0 × 1023

rk¡cs osQ ijek.kqvksa dk æO;eku 63.5 g gS] vr%

n =
×

× ×
6 0 10

63 5
9 0 10

23

6.

.
.   = 8.5 × 1028 m–3

ftlls gesa viokg pky dk fuEu eku çkIr gksrk gS%

v
d

=
× × × × ×

15

85 10 16 10 10 1028

.

. . .–19 –7

    = 1.1 × 10–3 m s–1

    = 1.1 mm s–1

(b) (i) rki T ij M æO;eku osQ rk¡cs osQ ,d ijek.kq dh rkih; pky* fof'k"V :i ls

k T MB /  dh dksfV dh gSA ftls [<(1/2) Mv2 > = (3/2) k
B
T ] ls izkIr

fd;k x;k gSA ;gk¡ k
B
 cksYV~t+eSu fu;rkad gSA 300 K ij rk¡cs osQ fy, ;g yxHkx

2 × 102 m/s gSA ;g fdlh pkyd esa rk¡cs osQ ijek.kqvksa dh ;kn`fPNd oaQiu pkyksa
dks bafxr djrk gSA è;ku nhft, fd bysDVªkWuksa dh viokg pky cgqr de gSA lkèkkj.k
rki ij ;g bysDVªkWuksa dh izfr:ih rkih; pky dh yxHkx 10−5 xquh gksrh gSA
(ii) pkyd osQ vuqfn'k xfr'khy fo|qr {ks=k dh pky fdlh fo|qr pqacdh; rjax dh pky
vFkkZr 3.0 × 108 m s–1 osQ cjkcj gSA (blosQ fu;e esa vki vè;k; 8 esa i<+saxs)A
bldh rqyuk esa viokg pky cgqr gh de gS] 10–11 xq.kd }kjk deA

* HkkSfrdh ikB~;iqLrd] d{kk 11] vè;k; 13 dk lehdj.k (13-23) nsf[k,A
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mnkgj.k 3.2

(a) mnkgj.k 3.1 esa oqQN ,sfEi;j èkkjk osQ ifjlj esa fdlh bysDVªkWu dh viokg xfr osQoy
oqQN mm s−1 gh vkdfyr dh xbZ gSA rc ifjiFk can djrs gh yxHkx mlh {k.k èkkjk
oSQls LFkkfir gks tkrh gS\

(b) fdlh pkyd osQ vanj bysDVªkWu viokg fo|qr {ks=k esa bysDVªkWuksa }kjk vuqHko fd, x,
cy osQ dkj.k mRiUu gksrk gSA ysfdu cy }kjk Roj.k mRiUu gksuk pkfg,A rc bysDVªkWu
vifjorhZ vkSlr viokg osx D;ksa çkIr dj ysrs gSa\

(c) ;fn bysDVªkWu dk viokg osx bruk de gS vkSj bysDVªkWu dk vkos'k Hkh de gS rks fiQj
fdlh pkyd esa ge vfèkd ek=kk esa èkkjk oSQls çkIr dj ldrs gSa\

(d) tc fdlh èkkrq esa bysDVªkWu de foHko ls vfèkd foHko dh vksj viokg djrs gSa rks D;k
bldk rkRi;Z ;g gS fd èkkrq esa lHkh eqDr bysDVªkWu ,d gh fn'kk esa xfreku gaS\

(e) D;k mRrjksRrj la?kê ðksa (èkkrq osQ èkuk;uksa osQ lkFk) osQ chp bysDVªkWuksa osQ iFk (i) fo|qr {ks=k
dh vuqifLFkfr esa] (ii) fo|qr {ks=k dh mifLFkfr esa] ljy js[kh; gSa\

gy

(a) iw.kZ ifjiFk esa fo|qr {ks=k yxHkx rRdky LFkkfir gks tkrk gS (çdk'k osQ osx ls) tks
çR;sd fcanq ij LFkkuh; bysDVªkWu viokg mRiUu djrk gSA ifjiFk esa fo|qr /kjk LFkkfir
gksus osQ fy, ;g izrh{kk ugha djuh iM+rh fd bysDVªkWu pkyd esa ,d fljs ls nwljs fljs
rd tk,axsA fiQj Hkh] èkkjk LFkk;h eku çkIr djus esa vYi le; vo'; ysrh gSA

(b) çR;sd eqDr bysDVªkWu Rofjr gksrk gS ftlls mldh viokg pky rc rd c<+rh gS tc
rd og /krq osQ /uk;uksa ls la?kêð ugha djrkA la?kê ð osQ i'pkr ;g viuh viokg pky
[kks nsrk gSA ij ;g iqu% Rofjr gksrk gS rFkk iqu% blosQ viokg osx esa rc rd o`f¼
gksrh gS tc ;g iqu% la?kê ð ugha djrk vkSj ;g Øe pyrk jgrk gSA vr% vkSlru
bysDVªkWu osQoy viokg pky çkIr dj ikrk gSA

(c) ljy gS] D;ksafd pkyd esa bysDVªkWu la[;k ?kuRo vR;fèkd (~ 1029 m–3) gSA
(d) fdlh çdkj ughaA bysDVªkWuksa dh viokg pky muosQ vR;fèkd ;kn`fPNd osx ij

vè;kjksfir gksrh gSA
(e) fo|qr {ks=k dh vuqifLFkfr esa iFk ½tq&js[kh; gSa tcfd fo|qr {ks=k dh mifLFkfr esa iFk

O;kid :i ls ofØr gksrs gSaA

3.5.1 xfr'khyrk

tSlk fd ge ns[k pqosQ gSa] pkydrk xfreku vkos'k okgdksa ls mRiUu gksrh gSA /krqvksa esa ;g
xfreku vkos'k okgd bysDVªkWu gSa] vk;fur xSl esa ;s bysDVªkWu rFkk /u vkosf'kr vk;u gSa] fo|qr
vi?kV~; esa ;s /uk;u rFkk ½.kk;u nksuksa gks ldrs gSaaA

,d egRoiw.kZ jkf'k xfr'khyrk µ gS ftls izfr ,dkad fo|qr {ks=k osQ viokg osx osQ ifjek.k
osQ :i esa ifjHkkf"kr djrs gSa

| |d

E
µ =

v
(3.24)

xfr'khyrk dk SI ek=kd m2/Vs gS vkSj blosQ izk;ksfxd ek=kd (cm2/Vs) dk 104 xquk gSA
xfr'khyrk /ukRed gksrh gSA lehdj.k (3.17) esa]
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v
d
 = 

e E

m

τ

vr%

dv e

E m

τµ = = (3.25)

tgk¡ τ  bysDVªkWu osQ fy, la?k^u dk vkSlr le; gSA

3.6  vkse osQ fu;e dh lhek,¡
;|fi vkse dk fu;e inkFkks± osQ foLr`r oxZ osQ fy, ekU; gS] fo|qr ifjiFkksa esa
mi;ksx gksus okys oqQN ,sls inkFkZ ,oa ;qfDr;k¡ fo|eku gSa tgk¡  V  rFkk I dh
vkuqikfrdrk ykxw ugha gksrh gSA eksVs rkSj ij] ;g fopyu fuEufyf[kr ,d ;k
vf/d izdkj dk gks ldrk gS
(a) V dh I ls vkuqikfrdrk lekIr gks tkrh gS (fp=k 3.5)
(b) V rFkk I osQ eè; laca/ V  osQ fpÉ ij fuHkZj djrk gSA nwljs 'kCnksa esa] ;fn oqQN V osQ fy,

/kjk I gS] rks V  dk ifjek.k fLFkj j[k dj bldh fn'kk cnyus ij] foijhr fn'kk esa I  osQ
leku ifjek.k dh /kjk mRiUu ugha gksrh gS (fp=k 3.6)A mnkgj.k osQ fy,] Mk;ksM esa ,slk
gksrk gS ftldk vè;;u ge vè;k; 14 esa djsaxsA

(c) V rFkk I osQ eè; laca/ ,dek=k laca/ ugha gS vFkkZr mlh /kjk I osQ fy, V  osQ ,d ls
vfèkd eku gks ldrs gSa (fp=k 3.7)A
inkFkZ rFkk ;qfDr;k¡ tks lehdj.k (3.3) osQ :i esa vkse osQ fu;e dk ikyu ugha djrh gSa]

;FkkFkZ esa] bysDVªkWfud ifjiFk esa O;kid :i ls mi;ksx dh tkrh gaSA rFkkfi bl vè;k; rFkk
ijorhZ vè;k; esa] ge ml inkFkZ esa fo|qr /kjk dk vè;;u djasxs tks vkse osQ fu;e dk ikyu
djrs gSaA

3.7  fofHkUu inkFkks± dh izfrjks/drk
fofo/ lkekU; inkFkks± dh izfrjks/drk lkj.kh 3.1 esa lwphc¼ gSaA izfrjks/drk ij fuHkZjrk rFkk

fp=k 3.5 ¯cnqfdr js[kk jSf[kd vkse&fu;e
dks fu:fir djrh gSA lrr js[kk vPNs
pkyd osQ fy, V rFkk I osQ lacaèk dks

n'kkZrh gSA

fp=k 3.6 Mk;ksM osQ vfHkyk{kf.kd oØA
oksYVrk rFkk èkkjk osQ ½.k o èku ekuksa osQ fy,

fofHkUu iSekuksa dks uksV dhft,A

fp=k 3.7 GaAs esa oksYVrk osQ lkis{k èkkjk esa ifjorZuA
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muosQ c<+rs gq, eku osQ vuqlkj inkFkks± dk oxhZdj.k pkyd] v/Zpkyd rFkk fo|qrjks/h esa fd;k
tkrk gSA /krqvksa dh izfrjks/drk 10–8 Ωm ls 10–6 Ωm osQ ifjlj esa gksrh gSA blosQ foijhr
e`fÙkdk (fljsfed)] jcj rFkk IykfLVd tSls fo|qrjks/h inkFkZ Hkh gSa ftudh izfrjks/drk] /krqvksa
dh rqyuk esa 1018 xquh ;k vf/d gSA bu nksuksa osQ eè; v/Zpkyd gSaA budh izfrjks/drk] rFkkfi
rki c<+kus ij vfHkyk{kf.kd :i ls ?kVrh gSA v/Zpkyd dh izfrjks/drk mi;qDr v'kqf¼;ksa dks
vYi ek=kk esa feykus ij de dh tk ldrh gSA bl vafre fof'k"Vrk dk ykHk] bysDVªkWfud
;qfDr;ksa esa mi;ksx gksus okys v/Zpkydksa osQ fuekZ.k esa fd;k tkrk gSA

lkj.kh 3-1 oqQN inkFkks± dh izfrjks/drk

inkFkZ izfrjks/drk] ρ izfrjks/drk dk rki xq.kkad

 0°C ij (Ω m) α (°C) –1; 
  

°    

1 d
  0 C

dT

ρ

ρ
 ij

pkyd
pk¡nh (flYoj) 1.6 × 10–8 0.0041

rk¡ck (dkWij) 1.7 × 10–8 0.0068

,syqfefu;e 2.7 × 10–8 0.0043

VaxLVu 5.6 × 10–8 0.0045

yksgk (vk;ju) 10 × 10–8 0.0065

IySfVue 11 × 10–8 0.0039

ikjk (eoZQjh) 98 × 10–8 0.0009

fuØkse ~100 × 10–8 0.0004

(Ni, Fe rFkk Cr dh feJkrq)
eSaxfuu 48 × 10–8 0.002 × 10–3

v/Zpkyd
dkcZu (xzSiQkbV) 3.5 × 10–5 – 0.0005

tesZfu;e 0.46 – 0.05

flfydkWu 2300 – 0.07

fo|qrjks/h
'kq¼ ty 2.5 × 105

dk¡p (Xykl) 1010 – 1014

dBksj jcj 1013 – 1016

lksfM;e DyksjkbM (NaCl) ~1014

la;qDr LiQfVd (Ý;w”M DokV~Z”k) ~1016

?kjsyw ;k iz;ksx'kkykvksa esa iz;ksx gsrq O;kikfjd ǹf"Vdks.k ls cuk, tkus okys izfrjks/d eq[;r%
nks izdkj osQ gksrs gSaµrkj vkc¼ izfrjks/d rFkk dkcZu izfrjks/dA rkj vkc¼ izfrjks/d fdlh
feJkrq] tSls eSaxfuu] dkUlVsUVu] fuØkse ;k muosQ tSls rkjksa dks yisV dj cuk, tkrs gSaA cgqèkk
bu inkFkks± dk p;u bl rF; ls fu/kZfjr gksrk gS fd budh izfrjks/drk ij rki dk izHkko
vis{kko`Qr ux.; gSA
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bu izfrjks/ksa dk ifjlj ,d vkse osQ fdlh va'k ls ysdj oqQN lkS vkse rd gksrk gSA mPprj
ifjlj osQ izfrjks/d eq[;r% dkcZu ls cuk, tkrs gSaA dkcZu osQ izfrjks/d lqlagr vkSj lLrs gksrs
gSa] blfy, bysDVªkWfud ifjiFkksa esa O;kid :i ls mi;ksx fd, tkrs gSaA dkcZu izfrjksèkd vkeki
esa NksVs gksrs gSa] vr% muosQ eku o.kZ dksM osQ }kjk O;Dr fd, tkrs gSaA

lkj.kh 3-2 izfrjks/d o.kZ dksM

jax vad xq.kd lárk (%)

dkyk 0 1

Hkwjk 1 101

yky 2 102

ukjaxh 3 103

ihyk 4 104

gjk 5 105

uhyk 6 106

cSaxuh 7 107

/wlj (xzs) 8 108

lisQn 9 109

lqugjk 10–1 5

pk¡nh jax dk 10–2 10

o.kZghu 20

izfrjks/d ij lek{k jaxhu oy;ksa dk lewg gksrk gS ftudh lkFkZdrk
lkj.kh 3.2 esa lwphc¼ dh xbZ gSA fljs ls igyh nks /kfj;k¡ vkse esa izfrjks/
osQ igys nks lkFkZd vadksa dks funsZf'kr djrh gSaA rhljh /kjh n'keyo
xq.kd dks funsZf'kr djrh gS (tSlk fd lkj.kh 3.2 esa lwphc¼ gS) rFkk
vafre /kjh lárk vFkok funsZf'kr eku osQ izfr'kr esa laHkkfor fopj.k dks
O;Dr djrh gSA dHkh&dHkh ;g vafre /kjh ugha gksrh gS ftldk vk'k;
;g gS fd lárk 20% gS (fp=k 3.8)A mnkgj.k osQ fy,] ;fn pkj jax
ukjaxh] uhyk] ihyk vkSj lqugjk gaS] rks izfrjks/ dk eku 5% lárk eku osQ
lkFk 36 × 104 Ω gksxkA

3.8  izfrjks/drk dh rki ij fuHkZjrk
inkFkZ dh izfrjks/drk rki ij fuHkZj ikbZ tkrh gSA fofHkUu inkFkZ ,d tSlh
fuHkZjrk izn£'kr ugha djrsA ,d lhfer rki ifjlj esa] tks cgqr vfèkd ugha
gksrk] fdlh /kfRod pkyd dh yxHkx izfrjks/drk dks bl izdkj O;Dr
djrs gSa

ρ
T
 = ρ

0
 [1 + α (T–T

0
)] (3.26)

tgk¡ ρ
T
 rki T ij izfrjks/drk gS rFkk ρ

0
 lanHkZ rki T

0  
ij bldk eki gSA

α dks izfrjks/drk rki&xq.kkad dgrs gSa vkSj lehdj.k (3.26) ls α dh foek (rki)–1 gSA /krqvksa
osQ fy, α  dk eku /ukRed gksrk gS rFkk T

0
 = 0°C ij oqQN /krqvksa osQ fy, α dk eku

lkj.kh 3.1 esa lwphc¼ gSA

fp=k 3.8 o.kZ dksM;qDr çfrjksèkd
(a) 22 × 102Ω ± 10%
(b) (47 × 10Ω) ± 5%
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lehdj.k (3.26) osQ laca/ ls ;g èofur gksrk gS fd T vkSj ρ

T
  osQ chp xzkiQ ,d ljy

js[kk gksrh gSA rFkkfi] 0°C ls cgqr de rkiksa ij] xzkiQ ,d ljy js[kk ls dkiQh fopfyr gks tkrk gSA

vr% lehdj.k (3.26) dks fdlh lanHkZ rki T
0
 osQ yxHkx fdlh lhfer ifjlj esa mi;ksx

dj ldrs gSsa] tgk¡ xzkiQ djhc&djhc ,d ljy js[kk gksxhA

oqQN inkFkZ tSls fd fuØkse (tks fd fuoSQy] yksgk rFkk Øksfe;e dh feJkrq gS) cgqr nqcZy
rki&fuHkZjrk izn£'kr djrk gS (fp=k 3.10)A eSaxuhu rFkk dkalVsaVu esa Hkh blh izdkj osQ xq.k
gaSA pw¡fd buosQ izfrjks/ dh rki&fuHkZjrk cgqr de gS] blfy, ;s inkFkZ rkj vkc¼ ekud
izfrjksèkdksa osQ fuekZ.k esa O;kid :i ls mi;ksx fd, tkrs gSaA

/krqvksa osQ foijhr] v/Zpkydksa dh izfrjks/drk rki esa o`f¼ gksus ij de gks tkrh gSA bl
izk:fid fuHkZjrk dks fp=k 3.11 esa n'kkZ;k x;k gSA

ge lehdj.k (3.23) esa O;qRiUu ifj.kkeksa osQ vk/kj ij izfrjks/drk dh rki&fuHkZjrk
dks xq.kkRed :i esa le> ldrs gSaA bl lehdj.k ls fdlh inkFkZ dh izfrjks/drk O;Dr dh
tkrh gS

2

1 m

n e
ρ

σ τ
= = (3.27)

fdlh inkFkZ dh izfrjks/drk izfr ,dkad vk;ru esa bysDVªkWuksa dh la[;k rFkk mlesa gksus okys
la?kêðksa ij izfrykseh :i ls fuHkZj djrh gSA tSls&tSls ge rki c<+krs gSa] fo|qr /kjk ogus djus
okys bysDVªkWuksa dh vkSlr pky c<+rh tkrh gS ftlosQ ifj.kkeLo:i la?kê ð dh vko`fÙk Hkh c<+rh
tkrh gSA blfy, la?kê ðksa dk vkSlr le; τ, rki osQ lkFk ?kVrk gSA

/krqvksa esa n dh rki fuHkZjrk mis{k.kh; gS] blfy, rki c<+us ls τ  osQ eku osQ ?kVus osQ
dkj.k ρ c<+rk gS] tSlk fd geus izs{k.k fd;k gSA

rFkkfi] fo|qrjksf/;ksa ,oa v/Zpkydksa esa rki esa o`f¼ osQ lkFk n esa Hkh o`f¼ gksrh gSA ;g
o`f¼ lehdj.k (3.23) esa τ esa gksus okyh fdlh Hkh deh ls Hkh vf/d dh {kfriw£r djrh gS
ftlosQ iQyLo:i ,sls inkFkks± osQ fy, izfrjks/drk ρ dk eku rki osQ lkFk ?kV tkrk gSA

fp=k 3.9 rki T osQ iQyu
osQ :i eas rk¡cs dh
çfrjksèkdrk Tρ A

fp=k 3.10 ije rki T osQ iQyu osQ :i esa
fuØkse dh çfrjksèkdrkA

fp=k 3.11 fof'k"V v¼Zpkyd osQ
fy, çfrjksèkdrk dh

rki&fuHkZjrkA

ρ
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 mnkgj.k 3
.4

 mnkgj.k 3
.3

mnkgj.k 3.3  fdlh fo|qr VksLVj esa fuØkse osQ rkiu vo;o dk mi;ksx gksrk gSA tc
blls ,d ux.; y?kq fo|qr /kjk izokfgr gksrh gS rks d{k rki ij (27.0 °C) bldk
çfrjksèk 75.3 Ω ik;k tkrk gSA tc bl VksLVj dks 230 V vkiwfrZ ls la;ksftr djrs gSa
rks oqQN lsoaQM esa ifjiFk esa 2.68 A dh LFkk;h /kjk LFkkfir gks tkrh gSA fuØkse&vo;o
dk LFkk;h rki D;k gS\ fuØkse dks lfEefyr rki ifjlj esa çfrjksèk rki xq.kkad
1.70 × 10– 4 °C–1 gSA
gy
tc vo;o esa èkkjk cgqr de gS rks rkih; çHkkoksa dh mis{kk dh tk ldrh gS vkSj rc
vo;o dk rki T

1 
dejs osQ rki osQ cjkcj gks tkrk gSA tc VksLVj dks vkiwfrZ ls la;ksftr

fd;k tk,xk] rks çkjafHkd èkkjk LFkk;h eku 2.68 A ls oqQN vfèkd gks tk,xhA ijarq
fo|qr /kjk osQ rkih; çHkko osQ dkj.k rki c<+sxkA ;g çfrjksèk dks c<+k,xk iQyLo:i
ifjiFk dh fo|qr /kjk esa oqQN deh mRiUu gksxhA oqQN lsoaQM esa LFkk;h voLFkk çkIr
gks tk,xh rFkk rki vkSj ugha c<+sxkA vo;o dk çfrjksèk rFkk vkiw£r ls yh xbZ fo|qr
èkkjk nksuksa LFkk;h eku çkIr dj ysaxsA rc LFkk;h rki T

2
 ij çfrjksèk R

2
 dk eku

R2 
= =

230

2 68
85 8

V

A.
. Ω

lacaèk R2 = R1 [1 + α (T2 – T1)] dk mi;ksx laca/
α = 1.70 × 10–4 °C–1  osQ lkFk djus ij gesa izkIr gksrk gS

T2 – T1 ?

?
=

× × 4

(85 8 75 3)

(75 3) 1 70 10

. .

. .
 = 820 °C

vFkkZr, T2= (820 + 27.0) °C = 847 °C

bl çdkj] rkiu vo;o dk rki (tc èkkjk osQ dkj.k rkih; çHkko çfros'k esa gq, Å"ek
{k; osQ cjkcj gS) 847 °C gSA

mnkgj.k 3.4 IySfVue çfrjksèk rkiekih osQ IySfVue osQ rkj dk çfrjksèk fgekad ij
5 Ω rFkk Hkki ̄cnq ij 5.23 Ω gSA tc rkiekih dks fdlh rIr&Å"ed esa çfo"V djk;k
tkrk gS rks IySfVue osQ rkj dk çfrjksèk 5.795 Ω gks tkrk gSA Å"ed dk rki ifjdfyr
dhft,A
gy R

0 
= 5 Ω, R

100
 = 5.23 Ω rFkk R

t 
= 5.795 Ω

vc, t = 
R R

R R
R R t

t o

o

t o

−

−
× = +

100

100 1, ( )α

= 
5 795 5

5 23 5
100

.

.

−

−
×

= 
0 795

0 23
100

.

.
× = 345.65 oC

3.9 fo|qr ÅtkZ] 'kfDr
fdlh pkyd AB  ij fopkj dhft, ftlesa A ls B dh vksj I /kjk izokfgr gks jgh gSA A rFkk
B ij fo|qr foHko Øe'k%  V (A) ,oa V(B) ls fu:fir fd, x, gSaA pw¡fd /kjk A ls B dh
vksj izokfgr gks jgh gS] V(A) > V (B) vkSj pkyd AB osQ fljksa osQ chp foHkokarj
V = V(A) – V(B) > 0 gSA
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∆t dky varjky esa] vkos'k dh ,d ek=kk ∆Q = I ∆t  A ls B dh vksj pyrh gSA

ifjHkk"kkuqlkj ̄ cnq A ij vkos'k dh fLFkfrt ÅtkZ Q V (A) Fkh rFkk blh izdkj ̄ cnq B ij vkos'k
dh fLFkfrt ÅtkZ Q V(B) gSA blfy, fLFkfrt ÅtkZ esa ;g ifjorZu ∆U

pot
 gS

∆U
pot

 = vafre fLFkfrt ÅtkZ – izkjafHkd fLFkfrt ÅtkZ

         = ∆Q[(V (B) – V (A)] = –∆Q V

         = –I V∆t < 0 (3.28)

;fn vkos'k pkyd osQ vanj fcuk la?kêð fd, xfreku gSa rks mudh xfrt ÅtkZ Hkh ifjo£rr
gksrh gS ftlls fd leLr ÅtkZ vifjo£rr jgsA leLr ÅtkZ osQ laj{k.k ls ;g ifj.kke fudyrk
gS fd

∆K =  –∆U
pot

(3.29)

vFkok
∆K = I V∆t > 0 (3.30)

vr% pkyd osQ vanj fo|qr {ks=k osQ izHkko ls vxj vkos'k eqDr :i ls xfreku jgrs rks
mudh xfrt ÅtkZ c<+ tkrhA rFkkfi] geus igys le>k gS fd lkekU; rkSj ij] vkos'k Rofjr xfr
ls xeu ugha djrs gSa cfYd vifjorhZ viokg osx ls pyrs gSaA ;g ikjxeu dh vof/ esa vk;uksa
rFkk ijek.kqvksa ls la?kêð osQ dkj.k gksrk gSA la?kêðksa osQ le; vkos'kksa }kjk izkIr dh xbZ ÅtkZ]
ijek.kqvksa osQ lkFk vkil esa ck¡V yh tkrh gSA ijek.kq T;knk izcy :i ls oaQiu djrs gSa vFkkZr
pkyd xeZ gks tkrs gSaA bl izdkj ,d okLrfod pkyd esa dky varjky ∆t esa Å"ek osQ :i
esa {kf;r ÅtkZ dk ifjek.k

∆W = I V∆t (3.31)

izfr ,dkad le; esa {k; gqbZ ÅtkZ {kf;r 'kfDr osQ cjkcj gS P = ∆W/∆t  vkSj ge izkIr
dj ldrs gSa

P = I V (3.32)

vkse osQ fu;e V = IR dk mi;ksx djus ij ge ikrs gSa
P = I 2 R = V 2/R (3.33)

tks fd R  izfrjks/ osQ pkyd ftlls I  fo|qr /kjk izokfgr gks jgh gS] esa gksus okyk 'kfDr {k;
(vkseh {k;) gSA ;g ogh 'kfDr gS tks] mnkgj.k osQ fy, fdlh rkinhIr fo|qr ySai dh oqaQMyh
dks iznhIr djrh gS] ftlosQ dkj.k og Å"ek rFkk izdk'k dks fofdj.k djrk gSA

;g 'kfDr dgk¡ ls vkrh gS\ tSlk fd ge igys Li"V dj pqosQ
gSa fd fdlh pkyd esa LFkk;h /kjk dk izokg cuk, j[kus osQ fy,
geas ,d cká lzksr dh vko';drk gksrh gSA Li"Vr;k ;gh Ïksr gS
ftls bl 'kfDr dh vkiw£r djuh pkfg,A fp=k (3.12) esa fo|qr
lsy osQ lkFk n'kkZ, x, ,d ljy ifjiFk esa ;g lsy dh gh
jklk;fud ÅtkZ gS tks bl 'kfDr dh vkiw£r tc rd dj losQ]
djrh gSA

lehdj.kksa (3.32) rFkk (3.33) esa 'kfDr osQ fy, fn, x,
O;atd ls ;g Li"V gksrk gS fd fdlh izfrjks/d R esa {kf;r 'kfDr
ml pkyd esa izokfgr /kjk rFkk mlosQ fljksa ij oksYVrk ij fdl izdkj
fuHkZj djrh gSA

lehdj.k (3.33) dk fo|qr 'kfDr lapj.k esa egRoiw.kZ vuqiz;ksx
gSA fo|qr 'kfDr dk lapj.k ikoj LVs'ku ls ?kjksa rFkk dkj[kkuksa esa

fp=k 3.12 lsy osQ V£euyksa ls la;ksftr izfrjks/d esa
R Å"ek mRiUu gksrh gSA izfrjksèkd R esa {kf;r ÅtkZ
fo|qr vi?kV~; dh jklk;fud ÅtkZ ls vkrh gSA
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lapj.k osQcy }kjk fd;k tkrk gS tks fd lSdM+ksa ehy nwj gks ldrs gSaA Li"V gS fd ge ikoj
LVs'kuksa ls ?kjksa rFkk dkj[kkuksa ls tksM+us okys lapj.k osQfcy esa gksus okys 'kfDr {k; dks U;wure
djuk pkgsaxsA vc le>saxs fd blesa ge oSQls liQy gks ldrs gSaaA ,d ;qfDr R ij fopkj djsa
ftlesa R

c
 izfrjks/ okys lapj.k osQfcy ls gksdj 'kfDr  P dks igq¡pkuk gS] ftls vafrer% {kf;r

gksuk gS ;fn R  osQ fljksa osQ chp oksYVrk V gS vkSj mlls I fo|qr /kjk izokfgr gks jgh gS rks
P = V I (3.34)

ikoj LVs'ku ls ;qfDr dks la;ksftr djus okys la;ksth rkjksa dk izfrjks/ ifjfer gS vkSj ;g
R

c 
 gSA la;kstd rkjksa esa ÅtkZ {k; P

c
  tks fd O;FkZ O;; gksrk gS

P
c
 = I 2 R

c

=
2

2

cP R

V
(3.35)

lehdj.k (3.32) lsA vr% 'kfDr P dh fdlh ;qfDr dks lapkfyr djus osQ fy,] la;kstd rkj
esa 'kfDr viO;; V 2 osQ O;qRØekuqikrh gSA ikoj LVs'ku ls vkus okys lapj.k osQcy lSdM+ksa ehy
yacs gksrs gSa rFkk  mudk izfrjks/ R

c
 dkiQh vf/d gksrk gSA lapj.k esa gksus okys 'kfDr&{k; P

c

dks de djus osQ fy, bu fo|qrokgh rkjksa esa c`gr oksYVrk V ij fo|qr /kjk izokfgr dh tkrh
gSA ;gh dkj.k gS fd bu 'kfDr lapj.k ykbuksa ij mPp oksYVrk osQ [krjs dk fpÉ cuk gksrk gS]
tks fd vkcknh okys {ks=k ls nwj tkus ij ,d lkekU; n`'; gksrk gSA bruh mPp oksYVrk ij fo|qr
dk iz;ksx lqjf{kr ugha gSA vr% bl /kjk dh oksYVrk dks mi;ksx osQ fy, mi;qDr eku rd ,d
;qfDr }kjk ftls VªkaliQkeZj dgrs gSa] de fd;k tkrk gSA

3.10 izfrjks/dksa dk la;kstu&Js.kh la;kstu rFkk
ik'oZ la;kstu

vkse osQ fu;e ls] ,d ,dy izfrjks/d R ftlosQ fljksa osQ eè; foHkokarj V gS] ls izokfgr èkkjk
I = V/R O;Dr dh tkrh gSA dHkh&dHkh  izfrjks/d ,d nwljs ls la;ksftr jgrs gSa rFkk bl izdkj
la;kstuksa osQ rqY; izfrjks/ osQ ifjdyu osQ fy, oqQN ljy fu;e gSaA

fp=k 3.13 nks izfrjks/dksa R
1
 ,oa R

2 
dk Js.kh la;kstuA

nks izfrjks/d Js.khØe esa dgs tkrs gSa ;fn muesa ls osQoy ,d vaR; ¯cnq la;ksftr gksrk gS
(fp=k 3.13)A ;fn ,d rhljk izfrjks/d] nksuksa osQ Js.kh la;kstu ls tksM+k tkrk gS (fp=k 3.14)]
rks rhuksa dks Js.khØe esa la;ksftr dgrs gSaA Li"Vr% ge bl ifjHkk"kk dk foLrkj vusd izfrjksèkdksa
osQ Js.kh la;kstu osQ fy, dj ldrs gSaA

fp=k 3.14 rhu izfrjks/dksa R
1
, R

2 
,oa R

3 
dk Js.kh la;kstuA

nks ;k vf/d izfrjks/d ik'oZ esa la;ksftr dgs tkrs gSa ;fn lHkh izfrjks/dksa osQ ,d fljs
vkil esa tqM+s gksa vkSj mlh rjg nwljs fljs Hkh vkil esa lacaf/r gksa (fp=k 3.15)A

fp=k 3.15 nks izfrjks/dksa R
1
 rFkk R

2
 dk ik'oZ la;kstuA
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nks izfrjks/dksa R

1
 rFkk R

2
 osQ Js.kh la;kstu ij fopkj djrs gSaA tks vkos'k R

1
 ls izLFkku dj

jgk gS mls R
2 
esa izos'k djuk pkfg,A pw¡fd fo|qr /kjk] vkos'k osQ izokg nj dh eki gS] bldk

vFkZ ;g gS fd ;gh /kjk R
1
 rFkk R

2 
ls gksdj izokfgr gks jgh gSA vkse osQ fu;e lsµ

R
1 
osQ eè; foHkokarj = V

1
 = I R

1
, rFkk

R
2 
osQ eè; foHkokarj = V

2
 = I R

2

la;kstu osQ eè; foHkokarj V, V
1
+V

2 
osQ cjkcj gSA vr%

V = V
1
+ V

2
 = I (R

1
 + R

2
) (3.36)

;g ,slk gS tSls fd la;kstu dk rqY; izfrjks/ R
eq
 Fkk] tks fd vkse osQ fu;e ls

R
eq

 
V

I
≡  = (R

1
 + R

2
) (3.37)

;fn gekjs ikl rhu izfrjks/d Js.khØe esa la;ksftr gksrs rks blh izdkj
V = I R

1
 + I R

2
 + I R

3
 = I (R

1
+ R

2
+ R

3
) (3.38)

Li"V :i ls bls izfrjks/dksa dh fdlh Hkh la[;k n, R
1
, R

2
 ....., R

n 
osQ Js.khØe esa la;kstu

osQ fy, foLrkj dj ldrs gSaA rqY; izfrjks/ R
eq

 gksxk
R

eq
 = R

1
 + R

2
 + . . . + R

n
(3.39)

vc nks izfrjks/dksa osQ ik'oZ la;kstu ij fopkj djrs gSa (fp=k 3.15)A tks vkos'k A dh ck;ha
vksj ls vanj izokfgr gksrk gS] vkaf'kd :i ls R

1
 ls gksdj rFkk vkaf'kd :i ls R

2 
ls gksdj ckgj

izokfgr gksrk gSA fp=k esa n'kkZ;h fo|qr /kjk,¡ I, I
1
, I

2
 fu£n"V ̄cnqvksa ij vkos'k izokg dh nj gaSA vr%

I = I
1
 + I

2
(3.40)

R
1 
ij vkse dk fu;e ykxw djus ij] A rFkk B osQ eè; foHkokarj

V = I
1
 R

1
(3.41)

blh rjg] R
2
 ij vkse dk fu;e ykxw djus ij

V = I
2
 R

2
(3.42)

∴ I = I
1
 + I

2
 = + =

1 2

V V
V

R R

1 1

1 2R R
+







(3.43)

;fn la;kstu dks ,d rqY; çfrjksèk R
eq

 ls izfrLFkkfir djsa rks vkse osQ fu;e ls gesa çkIr
gksxk

=
eq

V
I

R (3.44)

vr%

= +
1 2

1 1 1

eqR R R (3.45)

ge vklkuh ls ;g le> ldrs gSa fd rhu çfrjksèkdksa osQ ik'oZØe esa bls oSQls foLr`r dj
ldrs gSa fp=k ( 3.16)A

fp=k 3.16 rhu izfrjks/dksa R
1
, R

2
 rFkk R

3 
dk ik'oZ la;kstuA
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Bhd igys dh rjg
I = I

1
 + I

2
 + I

3
(3.46)

vkSj R
1
, R

2
 rFkk R

3
 ij vkse dk fu;e ykxw djus ij ge ikrs gSa

V = I
1
 R

1
, V = I

2
 R

2
, V = I

3
 R

3
(3.47)

ftlls fd]

I = I
1
 + I

2
 + I

3
 =V

R R R

1 1 1

1 2 3

+ +






(3.48)

,d lerqY; çfrjksèk R
eq

 tks fd la;kstu dks izfrLFkkfir djrk gS] bl izdkj gksxk fd

=
eq

V
I

R (3.49)

vr%

= + +
1 2 3

1 1 1 1

eqR R R R (3.50)

ik'oZ esa la;ksftr izfrjks/dksa dh fdlh Hkh la[;k osQ fy, blh vk/kj ij ge O;atd fy[k
ldrs gSaA ik'oZ esaa tqM+s n çfrjksèkdksa R

1
, R

2
 . . . ,R

n
 dk rqY; çfrjksèk gS

= + + +
1 2 3

1 1 1 1
...

eqR R R R (3.51)

rqY; çfrjksèkdksa osQ bu lw=kksa ¹lehdj.k (3.39) rFkk lehdj.k (3.51)º dks vf/d
tfVy ifjiFkksa dh /kjk ,oa oksYVrk Kkr djus osQ fy,
mi;ksx dj ldrs gSaA mnkgj.k osQ fy, fp=k (3.17) osQ
ifjiFk ij fopkj dhft,] tgk¡ rhu çfrjksèkd R

1
, R

2

rFkk R
3
 gSaA R

2
 rFkk R

3
 ik'oZØe esa gSa] vr% ge mUgsa

¯cnq B ,oa C osQ eè; ,d rqY; çfrjksèk 23
eqR  ls

izfrLFkkfir dj ldrs gSa

= +
23

2 3

1 1 1

eq R RR

vFkok,  =
+

23 2 3

2 3

eq

R R
R

R R
(3.52)

ifjiFk esa vc R
1
 rFkk 23

eqR  Js.kh la;kstu esa gSa] vr%

muosQ la;kstu dks ,d rqY; çfrjksèk 123
eqR  ls izfrLFkkfir

dj ldrs gSa

= +123 23
1eq eqR R R (3.53)

;fn A rFkk C osQ eè; oksYVrk V gS] rks izkIr fo|qr èkkjk dk eku

I
V

R

V

R R R R Req

= =
+ +( ) 

123

1 2 3 2 3/

fp=k 3.17  rhu izfrjks/dksa R
1
, R

2
 rFkk R

3 
dk la;kstuA

≡ izfrjks/d R
1
 osQ lkFk Js.khØe esa la;ksftr R

2 
rFkk R

3
 osQ

ik'oZØe dk rqY; izfrjks/d 
23
eqR

≡ izfrjks/dksa R
1
, R

2
 rFkk R

3
 dk rqY; izfrjks/d 123

eqR
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( )2 3

1 2 1 3 2 3

V R R

R R R R R R

+
=

+ + (3.54)

3.11  lsy] fo|qr okgd cy (emf), vkarfjd çfrjksèk
geus igys gh mYys[k fd;k gS fd fo|qr vi?kVuh lsy fo|qr ifjiFk esa LFkk;h èkkjk
dks cuk, j[kus osQ fy, ,d ljy ;qfDr gSA tSlk fd fp=k 3.18 esa fn[kk;k x;k gS]
ewy :i ls ,d lsy osQ nks bySDVªksM gksrs gSa] tks fd èkukRed (P) rFkk ½.kkRed (N)

dgykrs gSaA ;s ,d fo|qr vi?kVuh foy;u esa Mwcs jgrs gSaA foy;u esa Mwcs bySDVªksM
fo|qr vi?kV~; osQ lkFk vkos'kksa dk vknku&iznku djrs gSaA blosQ iQyLo:i /ukRed
bySDVªksM osQ Bhd ikl fo|qr vi?kVuh foy;u osQ fdlh ̄ cnq A ij ¹fp=k (3.18(a)º
rFkk Lo;a bl bySDVªksM osQ chp ,d foHkokarj V

+
 (V

+ 
> 0) gksrk gSA blh izdkj

½.kkRed bySDVªksM vius Bhd ikl osQ fo|qr vi?kVuh foy;u osQ fdlh ¯cnq B osQ
lkis{k ,d ½.kkRed foHko – (V

–
 ) (V

–
 ≥  0) ij gks tkrk gSA tc dksbZ fo|qr èkkjk ugha

izokfgr gksrh gS rks leLr fo|qr vi?kVuh foy;u dk leku foHko gksrk gS] ftlls fd
P rFkk N  osQ eè; foHkokarj V

+
 – (–V

–
) = V

+
 + V

–
 jgrk gSA bl varj dks lsy dk

fo|qr okgd cy (emf) dgrs gSa vkSj bls ε ls fufnZ"V djrs gSaA bl çdkj
ε = V

+
+V

–
 > 

 
0 (3.55)

è;ku nhft, fd ε okLro esa ,d foHkokarj gS] cy ughaA rFkkfi] blosQ uke osQ fy,
fo|qr okgd cy dk mi;ksx ,sfrgkfld dkj.kksa ls djrs gSa vkSj ;g uke ml le; fn;k
x;k Fkk tc ;g ifj?kVuk mfpr :i ls le>h ugha xbZ FkhA

ε dk egÙo le>us osQ fy,] lsy ls la;ksftr ,d çfrjksèkd R ij fopkj dhft,
(fp=k 3.18)A R ls gksdj ,d fo|qr /kjk C ls D dh vksj çokfgr gksrh gSA tSlh fd
igys O;k[;k dh tk pqdh gS] ,d LFkk;h èkkjk cuk, j[kh tkrh gS] D;ksafd fo|qr èkkjk]
fo|qr vi?kV~; ls gksdj N ls P dh vksj çokfgr gksrh gSA Li"Vr% fo|qr vi?kV~; ls
gksdj ;gh èkkjk N ls P dh vksj izokfgr gksrh gS tcfd R ls gksdj ;gh èkkjk P ls N
dh vksj çokfgr gksrh gSA

ftl fo|qr vi?kV~; ls gksdj ;g èkkjk çokfgr gksrh gS mldk ,d ifjfer çfrjksèk
r gksrk gS] ftls lsy dk vkarfjd çfrjksèk dgrs gSaA igys ge ,slh fLFkfr ij fopkj djsa
tc R vuar gS ftlls fd I = V/R = 0, tgk¡ V, P rFkk N osQ eè; foHkokarj gSA

vc]
V = P rFkk A osQ eè; foHkokarj
       + A rFkk B osQ eè; foHkokarj
       + B rFkk N osQ eè; foHkokarj

   = ε (3.56)

vr% fo|qr okgd cy ε ,d [kqys ifjiFk esa (vFkkZr tc lsy ls gksdj dksbZ èkkjk ugha çokfgr
gks jgh gS) èkukRed rFkk ½.kkRed bySDVªksM osQ eè; foHkokarj gSA

rFkkfi] ;fn R ifjfer gS rks I 'kwU; ugha gksxkA ml fLFkfr esa P rFkk N osQ eè; foHkokarj
V = V

+
+ V

–
 – I r

   = ε – I r (3.57)

A rFkk B osQ eè; foHkokarj osQ fy, O;tad (I r) esa ½.kkRed fpÉ ij è;ku nhft,A ;g
blfy, gS fd fo|qr vi?kV~; esa èkkjk I, B ls A dh vksj çokfgr gksrh gSA

çk;ksfxd ifjdyuksa esa] tc èkkjk I ,slh gS fd ε >> I r, rc ifjiFk esa lsy osQ vkarfjd
çfrjksèk dks ux.; ekuk tk ldrk gSA lsy osQ vkarfjd çfrjksèk osQ okLrfod eku] fofHkUu lsyksa

fp=k 3.18 (a) /ukRed V£euy P

rFkk ½.kkRed V£euy N osQ lkFk
,d fo|qr vi?kVuh; lsy dk js[kk
fp=kA Li"Vrk osQ fy, bySDVªksMksa osQ
eè; varjky c<+k, x, gSaA fo|qr
vi?kV~; esa A rFkk B ¯cnq izk:fid

rkSj ij P ,oa N osQ fudV gSaA
(b) ,d lsy dk laosQrA

+ fpÉ P dks rFkk
– dk fpÉ N bySDVªksM dks bafxr
djrk gSA lsy osQ lkFk fo|qrh;

la;kstu P rFkk N ij cuk, tkrs gSaA
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cknyksa esa vkos'k

iqjkru dky esa rfM+r dks vykSfyd mn~xe dh ok;qeaMyh; LiqQj {k.knhfIr le>k x;kA bls bZ'oj dk egku
gfFk;kj ekuk x;kA fdUrq vkt rfM+r dh ifj?kVuk dh] HkkSfrdh osQ çkFkfed fl¼karksa }kjk] oSKkfud :i ls O;k[;k
dh tk ldrh gSA

ok;qeaMyh; fo|qr] fo|qr vkos'kksas osQ i`FkDdj.k osQ dkj.k mRiUu gksrh gSA vk;ueaMy rFkk pqacdeaMy esa lkSj
ikfFkZo ikjLifjd fØ;k ls izcy fo|qr èkkjk iSnk gksrh gSA fupys ok;qeaMy esa èkkjk nqcZy gksrh gS rFkk rfM+r >a>kor
}kjk iksf"kr dh tkrh gSA

cknyksa esa ciZQ osQ d.k gksrs gSa tks fodflr gksrs gaS] Vdjkrs gSa] VwVrs gSa rFkk VqdM+s&VqdM+s gksdj i`Fkd gks tkrs gSaA
NksVs okys d.k èkukRed vkos'k rFkk cM+s okys ½.kkRed vkos'k çkIr djrs gSaA ;s vkosf'kr d.k cknyksa osQ ÅèoZokg
,oa xq#Ro osQ dkj.k i`Fkd gks tkrs gSaA ckny osQ Åijh Hkkx èkukRed rFkk eè; Hkkx ½.kkRed vkosf'kr gks tkrs gSa
ftlosQ dkj.k f}èkzqo dh lajpuk gksrh gSA dHkh&dHkh cknyksa osQ ry ij ,d vR;ar nqcZy /ukos'k ik, tkrs gSaA rfM+r
>a>kokr dh ifjo`f¼ osQ le; èkjrh èkukosf'kr gks tkrh gSA lkFk gh] varfj{k rFkk jsfM;ksèkehZ fofdj.ksas ok;q dks èku
rFkk ½.k vk;uksa esa vk;fur djrh gSa vkSj gok oS|qr pkyd (nqcZy :i ls) gks tkrh gSA èkjrh rFkk ckny osQ eè;
osQ vfrfjDr vkos'kksa dk i`FkDdj.k ckny osQ vanj Hkh fo'kky ek=kk esa fo|qr foHko mRiUu djrk gSA ;g nlksa yk[k
oksYV osQ cjkcj gks ldrk gS vkSj varr% ok;q esa fo|qr çfrjksèk] Hkax gks tkrk gS rFkk rfM+r LiqQj {k.knhfIr çkjaHk gks
tkrh gS ,oa g”kkjksa ,sfEi;j dh èkkjk çokfgr gksrh gSA fo|qr {ks=k 105 V/m dh dksfV dk gksrk gSA ,d rfM+r LiqQj
{k.knhfIr vkSlr :i ls pkj otzikrksa dh  Ükà[kykvksa ls laxfBr gksrk gS rFkk çR;sd LiqQj {k.knhfIr dh vofèk yxHkx
30 s gksrh gSA çfr otzikr dk vkSlr 'kh"kZ lkeF;Z yxHkx 1012 W gksrk gSA

'kq"d ekSle esa Hkh ok;qeaMy esa vkos'k gksrs gaSA 'kq"d ekSle dk fo|qr {ks=k] vk;ueaMy ls èkjrh osQ i`"B ij
/kjk çokg (tks fd ihdks,sfEi;j çfr oxZehVj dh dksfV dk gksrk gS) osQ vfrfjDr èkjrh ij i`"Bh; vkos'k ?kuRo
osQ vfLrRo rFkk ok;qeaMyh; pkydrk osQ dkj.k mRiUu gksrk gSA èkjrh ij i`"Bh; vkos'k ½.kkRed gksrk gS_ fo|qr
{ks=k v/kseq[kh fu£n"V gksrk gSA /jrh ij vkSlr fo|qr {ks=k yxHkx 120 V/m gksrk gS tks –1.2 × 10–9 C/m2

i`"Bh; vkos'k ?kuRo osQ laxr gSA /jrh osQ leLr i`"B lrg ij] oqQy ½.kkRed vkos'k dh ek=kk yxHkx 600 kC

gSA ok;qeaMy esa cjkcj ek=kk esa èkukRed vkos'k gksrs gSaA bl fo|qr {ks=k dks ge vius nSfud thou esa vuqHko ugha
dj ikrsA bldk dkj.k ;g gS fd okLro esa gekjs 'kjhj lfgr] lHkh oLrq,¡ ok;q dh rqyuk esa pkyd gaSA

osQ fy, fHkUu&fHkUu gksrs gSaA rFkkfi] 'kq"d lsy osQ fy, vkarfjd çfrjksèk] lkekU; fo|qr vi?kVuh
lsy ls cgqr vf/d gksrk gSA

geus ;g Hkh voyksdu fd;k gS fd tc R ls gksdj foHkokarj V gS rks vkse osQ fu;e ls
V = I  R (3.58)

lehdj.k (3.57) rFkk (3.58) dks la;ksftr djus ij]
I  R   =  ε – I  r

vFkok I
R r

=
+
ε

(3.59)

R = 0 osQ fy, lsy ls vfèkdre èkkjk çkIr dh tk ldrh gS Ivf/dre = ε/r rFkkfi vfèkdka'k
lsyksa esa vfèkdre vuqer èkkjk blls cgqr de gksrh gS ftlls lsy dks LFkk;h {kfr ls cpk;k tk losQA
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 m
nk
gj

.k
 3

.5

mnkgj.k 3.5 fp=k 3.17 esa fn[kk, x, vuqlkj 1 Ω vkarfjd çfrjksèk osQ 16 V dh ,d cSVjh
ls çfrjksèkksa osQ ,d usVooZQ dks tksM+k x;k gSA (a) usVooZQ osQ rqY; çfrjksèk ifjdfyr dhft,A
(b) çR;sd çfrjksèkd esa èkkjk dk eku Kkr dhft, rFkk (c) oksYVrk ikr V

AB, 
V

BC
 rFkk V

CD
 Kkr

dhft,A

fp=k 3.19

gy
(a) usVooZQ Js.kh rFkk ik'oZØe esa lac¼ çfrjksèkdksa dk ,d ljy la;kstu gSA igys 4Ω osQ

ik'oZØe esa nks çfrjksèkksa dk lerqY; çfrjksèk = [(4 × 4)/(4 + 4)] Ω = 2 Ω gSA
blh çdkj] 12 Ω rFkk 6 Ω osQ ik'oZØe esa lac¼ çfrjksèkdksa dk lerqY; çfrjksèk gS
[(12 × 6)/(12 + 6)] Ω = 4 Ω
bu nksuksa rqY; çfrjksèkksa (2 Ω rFkk 4 Ω) dks 1 Ω çfrjksèkd osQ lkFk Js.khØe esa la;ksftr
djosQ usVooZQ dk lerqY; çfrjksèk R Kkr dj ysrs gSa] vFkkZr
R = 2 Ω + 4 Ω + 1 Ω = 7 Ω

(b) ifjiFk esa oqQy èkkjk

 I
R r

V

W
A= =

16

(7+1)
=2

ε

+
A o B osQ eè; çfrjksèkdksa ij fopkj dhft,A ;fn 4 Ω osQ çfrjksèkdksa esa ls fdlh ,d
esa èkkjk I

1
 gS rFkk nwljs esa  I

2
 gS rks

I
1
 × 4 = I

2
 × 4

vFkkZr I
1
 = I

2
 tks Hkqtkvksa dh lefefr ls Hkh Li"V gSA ̄ drq  I

1
 + I

2
 = I = 2 AA blfy,

I
1
 = I

2
 = 1 A vFkkZr çR;sd 4 Ω çfrjksèkd esa èkkjk 1 A gSA ̄ cnqvksa B rFkk C osQ chp

la;ksftr 1 Ω osQ izfrjksèkd ls izokfgr gksus okyh èkkjk dk eku 2A gSA
iqu% C o D osQ eè; çfrjksèkdksa ij fopkj dhft,A ;fn 12 Ω çfrjksèkd esa èkkjk I

3
 rFkk

6 Ω çfrjksèkd esa èkkjk I
4
 gks] rks

I
3
 × 12 = I

4
 × 6,  vFkkZr  I

4
 = 2I

3

¯drq I
3
 + I

4
 = I = 2 A

bl çdkj I
3
 = 

2

3







 A, I
4 
=

 

4

3







  A

vFkkZr 12 Ω çfrjksèkd esa èkkjk (2/3) A tcfd 6 Ω çfrjksèkd esa èkkjk (4/3) A gSA
(c) AB osQ eè; oksYVrk ikr

V
AB

 = I
1
 × 4 Ω = 1 A × 4 Ω = 4 V

ftls A o B osQ eè; laiw.kZ èkkjk dks A o B osQ eè; lerqY; çfrjksèk osQ xq.kuiQy ls Hkh
çkIr dj ldrs gSaA vFkkZr
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V
AB

 = 2 A × 2 Ω = 4 V

BC osQ eè; oksYVrk ikr

V
BC

 =  2 A × 1 Ω = 2 V

var esa] CD osQ eè; oksYVrk ikr

V
CD

 = 12 Ω × I
3
 = 12 Ω × 

2

3









  A = 8 V

ftls C o D osQ eè; laiw.kZ /kjk dks C o D osQ eè; lerqY; izfrjks/ osQ xq.kuiQy
ls Hkh izkIr dj ldrs gSaA vFkkZr

V
CD

 =  2 A × 4 Ω = 8 V

è;ku nhft, fd A D osQ eè; oqQy oksYVrk ikr 4 V + 2 V + 8 V = 14 V gSA bl izdkj
ls cSVjh osQ fljksa osQ eè; oksYVrk 14 V gS tcfd fo|qr okgd cy 16 V gSA oksYVrk esa {kfr
(= 2 V) cSVjh osQ vkarfjd çfrjksèk =1 Ω osQ }kjk gksrh gS] 2 A × 1 Ω = 2 VA

3.12  Js.kh rFkk ik'oZØe esa lsy
çfrjksèkdksa dh Hkk¡fr] fo|qr ifjiFk esa lsyksa dks Hkh la;ksftr fd;k tk ldrk gSA çfrjksèkdksa dh
gh Hkk¡fr ifjiFk esa èkkjk rFkk foHkokarj osQ ifjdyu osQ fy, lsyksa osQ la;kstu dks ,d rqY; lsy
ls izfrLFkkfir fd;k tk ldrk gSA

fp=k 3.20 fo|qr okgd cy ε
1
 rFkk ε

2
 osQ nks lsy Js.khØe esa la;ksftr gSaA r

1
 rFkk r

2
 muosQ

vkarfjd çfrjksèk gSaA A rFkk C osQ eè; lacaèku osQ fy, la;kstu dks fo|qr okgd cy ε
eq

 rFkk
vkarfjd çfrjksèk r

eq
 osQ ,d lsy osQ tSlk le>k tk ldrk gSA

igys] Js.khØe esa nks lsyksa ij fopkj djsa (fp=k 3.20), tgk¡ çR;sd osQ ,d VfeZuy dks
eqDr NksM+dj] nksuksa lsyksa osQ ,d VfeZuy ,d nwljs ls la;ksftr gSaA ε

1
, ε

2
 nksuksa lsyksa osQ fo|qr

okgd cy gSa] rFkk r
1
, r

2
 Øe'k% muosQ vkarfjd çfrjksèk gSaA

fp=k 3.20 esa n'kkZ, vuqlkj ekfu, ̄cnq A, B rFkk C ij] foHko Øe'k% V (A), V (B) rFkk
V (C) gSaA rc V (A) – V (B) igys lsy osQ èkukRed rFkk ½.kkRed VfeZuy osQ eè; foHkokarj
gSA lehdj.k (3.57) esa bls geus igys gh ifjdfyr fd;k gS] vr%

ε≡ − = −1 1(A) (B)ABV V V I r (3.60)

blh çdkj

ε≡ − = −2 2(B) (C)BCV V V I r (3.61)

vr% la;kstu osQ VfeZuy A rFkk C osQ eè; foHkokarj

( ) ( ) ( ) ( )≡ − = − + −      (A) (C) A B B CACV V V V V V V

       ( ) ( )1 2 1 2– I r rε ε= + + (3.62)
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;fn ge la;kstu dks A rFkk C osQ eè; fdlh ,dy lsy ls izfrLFkkfir djuk pkgsa ftldk

fo|qr okgd cy ε
eq

 rFkk vkarfjd çfrjksèk r
eq

 gks] rc gesa çkIr gksrk gS
V

AC
 = ε

eq
– Ir

eq
(3.63)

lehdj.kksa (3.62)  rFkk (3.63) dks la;ksftr djus ij
  ε

eq
 = ε

1
 + ε

2
(3.64)

rFkk  r
eq

 = r
1
 + r

2
(3.65)

fp=k 3.20 esa geus igys lsy osQ ½.kkRed bySDVªksM dks nwljs lsy osQ èkukRed bySDVªksM
ls lac¼ fd;k gSA blosQ LFkku ij ;fn ge nksuksa lsyksa osQ ½.kkRed V£euyksa dks lac¼ djsa]
rks lehdj.k (3.61) ls V

BC
 = –ε

2
–Ir

2

vkSj gesa çkIr gksrk gS%
ε

eq
 = ε

1
 – ε2  (ε1

 > ε
2
) (3.66)

Li"Vr% Js.kh la;kstu osQ fu;e dks lsyksa dh fdlh Hkh la[;k osQ fy, foLrkfjr fd;k tk
ldrk gS%
(i) n lsyksa osQ Js.kh la;kstu dk rqY; fo|qr okgd cy muosQ O;f"Vxr fo|qr okgd cyksa dk

;ksx ek=k gS] rFkk
(ii) n lsy osQ Js.kh la;kstu dk rqY; vkarfjd çfrjksèk muosQ vkarfjd çfrjksèkksa dk
;ksx ek=k gSA

,slk rc gS] tc èkkjk çR;sd lsy osQ /ukRed bySDVªksM ls fudyrh gSA ;fn bl
la;kstu esa /kjk fdlh lsy osQ ½.kkRed bySDVªksM ls fudys rks ε

eq
 osQ O;atd esa]

lsy dk fo|qr okgd cy ½.kkRed fpÉ osQ lkFk lfEefyr gksrk gS] tSlk fd
lehdj.k (3.66) esa gqvk gSA

vc ge lsyksa osQ ik'oZ la;kstu ij fopkj djrs gSaA I
1
 rFkk I

2
 lsy osQ /ukRed

bySDVªksM ls fudyus okyh èkkjk,¡ gSaA nks fo|qr /kjk,¡ I
1
 rFkk I

2
 ¯cnq B

1
 ij izos'k

djrh gSa tcfd bl ¯cnq ls I /kjk ckgj fudyrh gSA
pw¡fd mrus gh vkos'k vUnj çokfgr gksrs gSa ftrus fd ckgj] gesa çkIr gksrk gS
I = I

1
 + I

2
(3.67)

eku yhft, ¯cnqvksa B
1
 rFkk B

2
 ij foHko Øe'k% V (B

1
) rFkk V (B

2
) gaSA rc

igys lsy ij fopkj djus ij blosQ V£euyksa osQ eè; foHkokarj ( ) ( )−1 2B BV V

gksxkA vr% lehdj.k (3.57) ls
( ) ( ) ε≡ − = −1 2 1 1 1B BV V V I r (3.68)

¯cnq B
1
 rFkk B

2
 blh izdkj Bhd&Bhd nwljs lsy ls Hkh lac¼ gSaA vr% ;gk¡ nwljs lsy ij

fopkj djus ls gesa çkIr gksrk gS
( ) ( ) ε≡ − = −1 2 2 2 2B BV V V I r (3.69)

fiNys rhuksa lehdj.kksa dks la;ksftr djus ij

1 2    I I I= +

    = + = +






+






ε ε ε ε1

1

2

2

1

1

2

2 1 2

1 1– –
–

V

r

V

r r r
V

r r
(3.70)

bl izdkj V  dk eku gS

1 2 2 1 1 2

1 2 1 2

–
r r r r

V I
r r r r

ε ε+
=

+ + (3.71)

fp=k 3.21 nks lsyksa dk ik'oZ la;kstu
A rFkk C osQ chp bl la;kstu dks

vkarfjd izfrjks/ r
eq

 rFkk fo|qr okgd
cy ε

eq 
(ftuosQ eku lehdj.k

(3.73 rFkk (3.74) esa fn, x, gaS)
osQ fdlh ,dy lsy ls izfrLFkkfir

dj ldrs gSaA
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;fn lsyksa osQ bl la;kstu dks ge ̄ cnq B
1
 vkSj B

2
 osQ chp fdlh ,sls

,dy lsy ls izfrLFkkfir djsa ftldk fo|qr okgd cy ε
eq

 rFkk vkarfjd
izfrjks/ r

eq 
gks rks gesa izkIr gksrk gS

V = ε
eq 

– I r
eq

(3.72)

lehdj.k (3.71) rFkk (3.72)
 
leku gksus pkfg,] vr%

ε eq =
1 2 2 1

1 2

r r

r r

+
+

ε ε
(3.73)

r
eq =

1 2

1 2

r r

r r+
(3.74)

bu lehdj.kksa dks ge vkSj ljy :i esa rjhosQ ls çLrqr dj ldrs gSa

= +
1 2

1 1 1

eqr r r (3.75)

= +1 2

1 2

eq

eqr r r

ε ε ε
(3.76)

fp=k (3.21) esa geus nksuksa V£euyksa dks ,d lkFk rFkk blh izdkj nksuksa
½.k V£euyksa dks Hkh ,d lkFk lac¼ fd;k gS ftlls fo|qr /kjk,¡ I

1 
rFkk

I
2
 èku VfeZuyksa ls ckgj fudyrh gSaA ;fn nwljs dk ½.kkRed VfeZuy igys

osQ èkukRed VfeZuy ls lac¼ dj fn;k tk,] rc Hkh lehdj.k (3.75) rFkk
(3.76) ε

 2
 → –ε

2 
osQ lkFk ekU; gksaxsA

lehdj.k (3.75) rFkk (3.76) dks vklkuh ls foLrkfjr fd;k tk
ldrk gSA ;fn gekjs ikl n lsy gSa ftuosQ fo|qr okgd cy ε

1
, ... ε

n
 rFkk vkarfjd çfrjksèk

r
1
, . . . r

n
 gSa vkSj os ik'oZ laca/u esa gSa rks ;g la;kstu ml ,dy lsy osQ rqY; gksxk ftldk

fo|qr okgd cy ε
eq

 rFkk vkarfjd çfrjksèk r
eq

 gS ftlls fd

= + +

1

1 1 1

eq nr r r (3.77)

= + +
1

1

eq n

eq nr r r

ε εε
(3.78)

3.13 fdj[kksiQ osQ fu;e
fo|qr ifjiFkksa esa dHkh&dHkh dbZ izfrjks/d ,oa lsy tfVy <ax ls lac¼ gksrs gSaA Js.kh ,oa ik'oZ
la;kstu osQ fy, tks lw=k geus igys O;qRiUu fd, gSa] os ifjiFk osQ lHkh fo|qr èkkjkvksa rFkk
foHkokarjksa osQ fy, ges'kk i;kZIr ugha gksrsA nks fu;e] ftUgsa fdj[kksiQ osQ fu;e dgrs gSa] fo|qr
ifjiFkksa osQ fo'ys"k.k esa cgqr mi;ksxh gksrs gSaA

fn, x, ifjiFk esa ge izR;sd izfrjks/d esa izokfgr /kjk dks fdlh izrhd tSls I ls ukekafdr
djrs gq, vkSj rhj osQ fpÉ }kjk izfrjks/ osQ vuqfn'k /kjk osQ izokg dks fu£n"V djrs gq, vkxs
c<+rs gSaA ;fn varr% I èkukRed fuèkkZfjr gksrk gS rks çfrjksèkd esa fo|qr èkkjk dh okLrfod fn'kk]
rhj dh fn'kk esa gSA ;fn ;g ½.kkRed fudyrk gS] rks okLro esa fo|qr èkkjk rhj dh fn'kk osQ
foijhr çokfgr gks jgh gSA blh çdkj] çR;sd lzksr (vFkkZr lsy ;k fo|qr 'kfDr dk dksbZ nwljk
Ïksr) osQ fy, /ukRed rFkk ½.kkRed bySDVªksM dks] lsy esa çokg gks jgh èkkjk osQ laosQr osQ

xqLrko jkWcVZ fdj[kksiQ (1824 –

1887) teZuh osQ HkkSfrdfoKkuh
ghMycxZ ,oa cfyZu esa izksis+Qlj
jgsA eq[;r% LisDVªfedh osQ fodkl
osQ fy, tkus tkrs gSaA mUgksaus xf.krh;
HkkSfrdh esa Hkh dkiQh egRoiw.kZ
;ksxnku fd;k ftlesa ifjiFkksa osQ
fy, izFke ,oa f}rh; fu;e 'kkfey
gSaA

xqLrko jkWcVZ fd
j[kksiQ (1

8
2
4
 –

 1
8
8
7
)
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vykok ,d funsZf'kr rhj ls fpfÉr djrs gSaA ;g gesa /ukRed V£euy P rFkk ½.kkRed V£euy
N osQ chp foHkokarj crk,xk] V = V (P) – V (N) = ε – I r

[lehdj.k (3.57), I ;gk¡ lsy osQ vanj N ls gksdj P dh vksj çokfgr
gksus okyh fo|qr èkkjk gSºA ;fn lsy ls gksdj cgus okyh èkkjk dks fpfÉr
djrs gq, ge P ls N dh vksj c<+rs gSa rks Li"Vr%

V = ε + I r (3.79)

fpÉksa dks cukus fd çfØ;k dks Li"V djus osQ ckn vc ge
fu;eksa rFkk miifÙk;ksa dks vfHkO;Dr djsaxs %
(a) lafèk fu;eµfdlh lafèk ij laf/ ls ços'k djus okyh fo|qr

èkkjkvksa dk ;ksx bl laf/ ls fudyus okyh fo|qr èkkjkvksa osQ
;ksx osQ cjkcj gksrk gS (fp=k 3.22)A
bl fu;e dk çek.k bl rF; ls le>rs gSa fd tc fo|qr èkkjk

LFkk;h gksrh gS] fdlh lafèk ;k pkyd osQ fdlh fcanq ij vkos'k
lafpr ugha gksrk gSA vr% ços'k djus okyh oqQy fo|qr èkkjk,¡ (tks
fd lafèk esa vkos'k osQ çokg dh nj gS) ckgj fudyus okyh oqQy
fo|qr èkkjkvksa osQ cjkcj gksrh gSaA
(b) ik'k (ywi) fu;eµçfrjksèkdksa rFkk lsyksa ls lfEefyr fdlh can

ik'k osQ pkjksa vksj foHko esa ifjorZuksa dk chtxf.krh; ;ksx 'kwU; gksrk
gS (fp=k 3.22)A
;g fu;e Hkh lqLi"V gS] D;ksafd fo|qr foHko ¯cnq dh

vofLFkfr ij fuHkZj djrk gSA vr% fdlh ̄ cnq ls çLFkku dj ;fn ge okil mlh fcanq ij vkrs
gSa] rks oqQy ifjorZu 'kwU; gksus pkfg,A ,d can ik'k esa ge çLFkku fcanq ij okil vk tkrs gSa]
;g fu;e blhfy, gSA

mnkgj.k 3.6 10 V rFkk ux.; vkarfjd çfrjksèk dh cSVjh ,d ?kuh; ifjiFk tky (usVooZQ)
osQ fod.kZr% lEeq[k dksuksa ls tqM+h gSA ifjiFk tky esa 1 Ω çfrjksèk osQ 12 çfrjksèkd gSa
(fp=k 3.23)A ifjiFk tky dk lerqY; çfrjksèk rFkk ?ku osQ çR;sd fdukjs osQ vuqfn'k fo|qr
èkkjk Kkr dhft,A

fp=k  3.23

fp=k 3.22 laf/ a ij fudyus okyh fo|qr /kjk
I
1
 + I

2
 rFkk izos'k djus okyh fo|qr /kjk I

3
 gSA laf/ osQ

fu;ekuqlkj I
3
 = I

1
 + I

2
. ¯cnq h ij izos'k djus okyh

èkkjk I
1
 gSA h ls fudyus okyh Hkh ,d gh /kjk gS vkSj

laf/ fu;e ls] ;s Hkh I
1 
gksxkA nks ik'kksa ‘ahdcba’ rFkk

‘ahdefga’ osQ fy, ik'k fu;e iznÙk djrs gSa –30I
1

– 41I
3
 + 45 = 0 rFkk –30I

1
 + 21I

2
 – 80 = 0
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gy ifjiFk tky dks çfrjksèkdksa osQ ljy Js.kh ,oa ik'oZ la;kstu esa ifjoR;Z ugha fd;k tk ldrk
rFkkfi ç'u esa Li"V lefefr gS ftlosQ mi;ksx }kjk ifjiFk tky osQ lerqY; çfrjksèk dks Kkr
fd;k tk ldrk gSA
AA', AD rFkk AB iFkksa dks ifjiFk tky esa leferh; fofèk ls j[kk x;k gSA blfy, çR;sd esa
leku fo|qr /kjk] eku yhft, I izokfgr gksuh pkfg,A blosQ vfrfjDr A', B o D fljksa ij
vkxr èkkjk I dks nks leku fuxZr 'kk[kkvksa esa VwVuk pkfg,A bl çdkj] ?ku osQ lHkh 12 fdukjksa
esa èkkjk dks ljyrkiwoZd I osQ in esa fy[k ldrs gSaA blesa fdj[kksiQ osQ çFke fu;e rFkk ç'u
dh lefefr dk mi;ksx djrs gSaA
vkxs ,d can ik'k tSls  ABCC' EA yhft, vkSj ml ij fdj[kksiQ dk f}rh; fu;e ykxw
dhft, %
–IR – (1/2)IR – IR + ε = 0

;gk¡ çR;sd fdukjs dk çfrjksèk R gS rFkk cSVjh dk fo|qr okgd cy ε gSA
bl çdkj]

ε = 
5

2
I R

ifjiFk tky (usVooZQ) dk lerqY; çfrjksèk R
eq
 fuEuor~ gS%

R
eq

 =  
I3

ε
 = 

5

6
 R

R = 1 Ω osQ fy, R
eq

 = (5/6) Ω rFkk ε = 10 V osQ fy,] ifjiFk tky (usVooZQ) esa oqQy
èkkjk gS
3I = 10 V/(5/6) Ω = 12 A vFkkZr I = 4 A

çR;sd fdukjs esa çokfgr gksus okyh èkkjk dks vc fp=k 3.23 ls tkuk tk ldrk gSA

bl ckr ij è;ku fn;k tkuk pkfg, fd ifjiFk usVooZQ dh lefefr osQ dkj.k mnkgj.k
3.6 esa fdj[kksiQ osQ fu;eksa dh fo'kky 'kfDr dk mi;ksx ugha fd;k x;k gSA ,d lkekU; ifjiFk
usVooZQ esa lefefr osQ dkj.k bl çdkj dk ljyhdj.k ugha gksrkA blfy, lafèk;ksa ,oa can ik'kksa
esa (budh la[;k mruh gksuh pkfg, ftruh fd usVooZQ esa vKkr jkf'k;k¡ gSa) fdj[kksiQ osQ fu;eksa
osQ mi;ksx }kjk leL;k dks gy dj ldrs gSaA ;g mnkgj.k 3.7 esa Li"V fd;k x;k gSA

mnkgj.k 3.7 fp=k 3.24 esa fn[kyk, x, usVooZQ dh çR;sd 'kk[kk esa èkkjk Kkr dhft,A

fp=k 3.24

 mnkgj.k 3
.7

fd
j[kksiQ osQ fu;eksa osQ v

uqiz;ksx osQ v
uqd

kj








HkkSfrdh
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gy
usVooZQ dh çR;sd 'kk[kk osQ fy, ,d vKkr èkkjk fuèkkZfjr dh x;h gS ftls fdj[kksiQ osQ fu;e
dks ykxw dj Kkr djuk gSA çkjaHk esa gh vKkrksa dh la[;k de djus osQ fy, çR;sd 'kk[kk esa
vKkr fo|qr èkkjk dks fufnZ"V djus gsrq fdj[kksiQ osQ çFke fu;e dk mi;ksx djrs gSaA bl çdkj]
gekjs ikl rhu vKkr èkkjk,¡ I

1
, I

2
 rFkk I

3
 gSa ftUgsa rhu fofHkUu can ik'kksa esa fdj[kksiQ osQ f}rh;

fu;e osQ mi;ksx ls Kkr dj ldrs gSaA
can ik'k ADCA esa fdj[kksiQ osQ f}rh; fu;e osQ mi;ksx ls gesa fuEufyf[kr O;atd çkIr gksrk gSµ
10 – 4(I

1
– I

2
) + 2(I

2
 + I

3
 – I

1
) – I

1
 = 0 [3.80 (a)]

vFkkZr 7I
1
– 6I

2
 – 2I

3
 = 10

can ik'k ABCA osQ fy, gesa çkIr gksrk gS
10 – 4I

2
– 2 (I

2 
+ I

3
) – I

1 
= 0

vFkkZr I
1 
+ 6I

2 
+ 2I

3 
=10 [3.80 (b)]

can ik'k BCDEB osQ fy, gesa çkIr gS
5 – 2 (I

2 
+ I

3
) – 2 (I

2 
+ I

3 
– I

1
) = 0

vFkkZr 2I
1 
– 4I

2 
– 4I

3
 = –5 [3.80 (c)]

lehdj.k (a), (b) o (c) rhu ;qxir lehdj.k gSa ftuesa rhu jkf'k;k¡ vKkr gSa] bUgsa lkekU;
fofèk ls gy fd;k tk ldrk gSA bl çdkj]

I
1
 = 2.5A,   I

2
 = 

5

8
 A,   I

3
 = 

7
1

8
  A

ifjiFk tky dh fofHkUu 'kk[kkvksa esa èkkjk,¡ bl çdkj gSa%

AB : 
5

8
 A,   CA : 

1
2

2
 A,   DEB : 

7
1

8
  A

AD : 
7

1
8

 A,   CD : 0 A,   BC : 
1

2
2

 A

;g vklkuh ls lR;kfir fd;k tk ldrk gS fd ;fn fdj[kksiQ osQ fu;e dks 'ks"k can ik'kksa esa
mi;ksx fd;k tk, rks gesa dksbZ vU; Lora=k lehdj.k ugha çkIr gksxk vFkkZr èkkjkvksa osQ mijksDr
eku usVooZQ osQ gj can ik'k osQ fy, f}rh; fu;e dks larq"V djsaxsA mnkgj.k osQ rkSj ij can ifjiFk
BADEB osQ fy, oqQy oksYVrk ikr

5
5

8
4

15

8
4V V V+ ×





− ×





'kwU; gksxk] tSlk fd fdj[kksiQ osQ f}rh; fu;e }kjk visf{kr gSA

3.14 OghVLVksu lsrq
fdj[kksiQ osQ ,d vuqç;ksx osQ :i esa fp=k 3.25 esa fn[kk, ifjiFk ij fopkj dhft,] tks fd
OghVLVksu lsrq dgykrk gSA lsrq esa pkj çfrjksèkd R

1
, R

2
, R

3
 rFkk R

4
 gksrs gSaA fod.kZr% foijhr

fcanqvksa (fp=k esa A rFkk C) osQ ,d ;qXe ls dksbZ fo|qr lzksr lac¼ gSA ;g (vFkkZr AC) cSVjh
Hkqtk dgykrh gSA nwljs nks 'kh"kZ ¯cnqvksa] B rFkk D osQ eè; ,d xSYosuksehVj (tks fo|qr èkkjk
osQ lalwpu dh ,d ;qfDr gS) lac¼ gSA ;g ykbu] ftls fp=k esa BD ls fn[kk;k x;k gS]
xSYosuksehVj Hkqtk dgykrh gSA

ljyrk osQ fy, ge dYiuk djrs gSa fd lsy esa dksbZ vkarfjd çfrjksèk ugha gSA lkekU;r%
G ls gksdj fo|qr èkkjk I

g
 rFkk lHkh çfrjksèkdksa ls gksdj Hkh èkkjk çokfgr gksxhA ml larqfyr lsrq

dk mnkgj.k ,d fo'ks"k egRo j[krk gS ftlesa çfrjksèkd ,sls gksa fd  I
g
 = 0A ge vklkuh ls

,slh larqyu voLFkk çkIr dj ldrs gSa ftlls G ls gksdj dksbZ èkkjk izokfgr ugha gksrhA ,sls
izdj.k esa] lafèk D rFkk B osQ fy, (fp=k nsf[k,) fdj[kksiQ osQ lafèk fu;e dks vuqç;qDr djus
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ij gesa lacaèk I
1
 = I

3
 rFkk I

2
 = I

4
 rqjar izkIr gks tkrs gSaA mlosQ ckn] ge can ik'kksa ADBA rFkk

CBDC ij fdj[kksiQ osQ ik'k fu;e dks vuqç;qDr djrs gSaA igys ik'k ls izkIr gksrk gS
–I

1
 R

1
 + 0 + I

2
 R

2
 = 0        (I

g
 = 0)  (3.81)

rFkk I
3
 = I

1
, I

4
 = I

2 
dks mi;ksx djus ij f}rh; ik'k ls izkIr gksrk gS

I
2
 R

4
 + 0 – I

1
 R

3
 = 0        (3.82)

lehdj.k (3.81) ls ge çkIr djrs gSa

1 2

2 1

I R

I R
=

tcfd lehdj.k (3.82) ls ge çkIr djrs gSa

1 4

2 3

I R

I R
=

vr% ge çfrcaèk çkIr djrs gSaA

2 4

1 3

R R

R R
= [3.83(a)]

 pkj çfrjksèkdksa esa lacaèk fn[kykus okys lehdj.k [3.83(a)] dks xSYosuksehVj esa
'kwU; vFkok ux.; fo{ksi osQ fy, larqyu çfrcaèk dgrs gSaA

OghVLVksu lsrq rFkk bldk larqyu çfrcaèk vKkr çfrjksèk osQ fuèkkZj.k osQ fy, ,d
çk;ksfxd fofèk nsrk gSA dYiuk dhft, fd gekjs ikl dksbZ vKkr çfrjksèk gS ftls ge pkSFkh Hkqtk
esa yxkrs gSa_ bl çdkj R

4
 Kkr ugha gSA Kkr çfrjksèkdksa R

1
 rFkk R

2
 dks lsrq dh igyh rFkk nwljh

Hkqtk esa j[krs gq,] ge R
3
 dks rc rd ifjofrZr djrs tkrs gSa tc rd xSYosuksehVj ux.; fo{ksi

ugha fn[kykrk gSA lsrq rc larqfyr gS rFkk larqyu çfrcaèk ls vKkr çfrjksèk R
4
 dk eku çkIr gksrk gS]

2
4 3

1

.
R

R R
R

= [3.83(b)]

bl fl¼kar dks mi;ksx djus okyh çk;ksfxd ;qfDr ehVj lsrq dgykrh gSA bldh foospuk
vxys vuqPNsn esa dh tk,xhA

mnkgj.k 3.8 OghVLVksu lsrq dh pkj Hkqtkvksa (fp=k 3.26) osQ çfrjksèk fuEuor gSa%
AB = 100 Ω, BC = 10 Ω, CD = 5 Ω rFkk DA = 60 ΩA

fp=k 3.26

fp=k 3.25 OghVLVksu lsrq

 mnkgj.k 3
.8
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15 Ω çfrjksèk osQ ,d xSYosuksehVj dks BD osQ chp tksM+k x;k gSA xSYosuksehVj ls çokfgr gksus
okyh èkkjk dks ifjdfyr dhft,A AC osQ eè; 10 V foHkokarj gSA
gy

ik'k BADB ij fopkj djus ij

100 I
1
 + 15 I

g
 – 60 I

2
 = 0

vFkok 20 I
1
 + 3 I

g
 – 12 I

2
= 0 [3.84(a)]

ik'k BCDB ij fopkj djus ij

10 (I – I
g
) – 15 I

g
 – 5 (I

2
 + I

g
) = 0

10 I
1
 – 30 I

g
 – 5 I

2
 = 0

2 I
1
 – 6 I

g
 – I

2
 = 0 [3.84(b)]

ik'k ADCEA ij fopkj djus ij

60 I
2
 + 5 (I

2
 + I

g
) = 10

65 I
2
 + 5 I

g
 = 10

13 I
2
 + I

g
 = 2 [3.84(c)]

lehdj.k [3.84(b)] dks 10 ls xq.kk djus ij

20 I
1
 – 60 I

g
 – 10 I

2
 = 0 [3.84(d)]

lehdj.kksa [3.84(d)] o [3.84 (a)] ls gesa fuEufyf[kr O;atd çkIr gksrk gS
63 I

g
 – 2 I

2
 = 0

I
2
 = n =

×
× ×

6 0 10

63 5
9 0 10

23
6.

.
.  I

g
 = 31.5I

g
[3.84(e)]

I
2
 osQ eku dks lehdj.k [3.84(c)] esa LFkkukiUu djus ij

13 (31.5I
g 
) + I

g
 = 2

410.5 I
g
 = 2

I
g
 = 4.87 mA

3.15  ehVj lsrq
ehVj lsrq dks fp=k 3.27 esa fn[kk;k x;k gSA ;g ,d ehVj yacs
,dleku vuqçLFk dkV {ks=kiQy okys rkj ls fufeZr gksrk gS ftls
yacor /krq dh nks eksVh ifêðdkvksa osQ eè; dl fn;k tkrk gS] tSlk
fd fn[kk;k x;k gSA èkkfRod ifêðdk esa nks fjfDr;k¡ gksrh gSa ftuosQ eè;
çfrjksèkdksa dks la;ksftr fd;k tk ldrk gSA vaR; ¯cnq tgk¡ rkj dls
jgrs gSa] ,d oqaQth }kjk lsy ls tqM+s jgrs gSaA xSYosuksehVj dk ,d fljk
fjfDr;ksa osQ eè; chpkschp èkkfRod if^dk ls tqM+k jgrk gSA xSYosuksehVj
dk nwljk fljk tkWdh ls tqM+k jgrk gSA tkWdh] rRor% ,d èkkfRod NM+
gksrh gS ftldk ,d fljk {kqj&èkkj gksrk gS rFkk ftls fo|qr la;kstu
cukus osQ fy, rkj osQ Åij ljdk ldrs gSaA

R ,d vKkr çfrjksèk gS ftldk eku ge Kkr djuk pkgrs gSaA bls nksuksa esa ls fdlh ,d
fjfDr esa la;ksftr dj nsrs gSaA nwljh fjfDr osQ eè; ,d ekud Kkr çfrjksèk S la;ksftr djrs gSaA

fp=k 3.27 ,d ehVj lsrq rkj AC ,d ehVj yack
gSA R ,d izfrjks/ gS ftldk ekiu djuk gS rFkk S

,d ekid izfrjks/ gSA
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tkWdh osQ rkj ij fdlh ¯cnq D tks fd fljs A ls l cm dh nwjh ij gS] Li'kZ djrs gSaA tkWdh
dks rkj osQ vuqfn'k ljdk ldrs gSaA rkj osQ AD Hkkx dk çfrjksèk R

cm
l gS tgk¡ R

cm
 rkj dk çfr

,dkad cm çfrjksèk gSA bl çdkj DC Hkkx dk çfrjksèk R
cm 

(100– l ) gSA
pkj Hkqtk,¡ AB, BC, DA rFkk CD  [ftuosQ çfrjksèk Øe'k% R, S, R

cm
 l rFkk R

cm

(100– l ) gSa ] Li"Vr%] AC cSVjh Hkqtk rFkk BD xSYosuksehVj Hkqtk osQ lkFk ,d OghVLVksu lsrq
dk fuekZ.k djrs gSaA ;fn tkWdh dks rkj osQ vuqfn'k ljdk;k tkrk gS rks ,d LFkku (larqyu ̄cnq)
,slk vk,xk tgk¡ xSYosuksehVj dksbZ èkkjk ugha n'kkZ,xkA eku yhft, fd larqyu ¯cnq ij fljs ls
tkWdh dh nwjh l= l

1
 gS] rc larqyu ¯cnq ij lsrq osQ pkj çfrjksèkksa osQ eku R, S,  R

cm
 l

1
 rFkk

R
cm

(100– l
1
) gaSA larqyu çfrcaèk osQ fy, lehdj.k [3.83(a)] osQ vuqlkj

( )
1 1

1 1100 – 100 –
cm

cm

R l lR

S R l l
= = (3.85)

vr% tSls gh ge l
1 
dk eku Kkr djrs gSa] ekud Kkr çfrjksèk S osQ inksa esa vKkr çfrjksèk

R dk eku izkIr gks tkrk gSA

1

1100 –

l
R S

l
= (3.86)

S osQ fofHkUu ekuksa dks pquus ij gesa l
1
 osQ fofHkUu eku izkIr gksrs gSa vkSj gj ckj R dk

ifjdyu djrs gSaA fuLlansg l
1
 osQ ekiu esa =kqfV osQ ifj.kkeLo:i R esa =kqfV vk tk,xhA ;g

fn[kk;k tk ldrk gS fd laryqu ̄ cnq dks lsrq osQ rkj osQ eè; osQ lehi vFkkZr l
1
 dks 50 cm

osQ fudV j[kdj lek;ksftr djus ls (blosQ fy, S dk mfpr pquko djuk vko';d gS) R
esa izfr'kr =kqfV dks U;wure fd;k tk ldrk gSA

mnkgj.k 3.9 fp=k 3.27 esa n'kkZ, x, ehVj lsrq esa fcanq A ls 33.7 cm dh nwjh ij 'kwU; fo{ksi
¯cnq çkIr gksrk gSA S çfrjksèk osQ ik'oZ esa 12 Ω osQ ,d vU; çfrjksèk la;ksftr djus ij 'kwU;
fo{ksi ¯cnq 51.9 cm dh nwjh ij çkIr gksrk gSA R rFkk S osQ eku ifjdfyr dhft,A

gy  çFke 'kwU; fo{ksi ¯cnq ls_

33.7

66.3

R

S
= (3.87)

çfrjksèk S osQ ik'oZ esa 12Ω dk çfrjksèk la;ksftr djus ij oqQy çfrjksèk S ls S
eq

 gks tkrk gS]

tgk¡ =
+

12

12
eq

S
S

S

rFkk u, larqyu izfrca/ ls gesa izkIr gksrk gS

( )+
= =

1251.9

48.1 12eq

R SR

S S (3.88)

lehdj.k (3.87) ls R/S dk eku j[kus ij

51.9 12 33.7

48.1 12 66.3

S +
= 

S = 13.5Ω lehdj.k (3.87) esa S dk eku j[kus ij] R = 6.86 Ω

 mnkgj.k 3
.9
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3.16 iksVsaf'k;ksehVj (foHkoekih)
;g ,d loZrkseq[kh midj.k gSA ekSfyd :i ls ;g ,dleku rkj dk ,d yack VqdM+k gS] cgqèkk
rkj dh yackbZ oqQN ehVj gksrh gS ftls fdlh ekud lsy (B) osQ fljksa ls lac¼ djrs gSaA
okLrfod cukoV esa rkj dks dHkh&dHkh ,d lkFk vxy&cxy j[k dj dbZ VqdM+ksa esa dkV fn;k
tkrk gS rFkk fljksa ij ,d eksVh èkkfRod i^h tksM+ nh tkrh gS (fp=k 3.28) A fp=k esa rkj
A ls C rd iSQyh gqbZ gSA NksVk ÅèokZdkj fgLlk /krq dh eksVh iêðh gS tks rkj osQ fofHkUu [kaMksa
dks tksM+rh gSA

rkj ls gksdj dksbZ èkkjk I izokfgr gksrh gS tks ifjiFk esa ,d èkkjk fu;a=kd }kjk ifjo£rr dh
tk ldrh gSA pw¡fd rkj ,dleku gS vr% vaR; A rFkk A ls l dh nwjh ij fLFkr fdlh ̄ cnq osQ
chp foHkokarj

( )ε φ=l l (3.89)

tgk¡ φ, çfr ,dkad yackbZ oksYVrk ikr gSA
fp=k 3.28 (a) nks lsyksa osQ fo|qr okgd cy ε

1
 rFkk ε

2
 dh rqyuk osQ fy, iksVsaf'k;ksehVj

dk vuqç;ksx fn[kkrk gSA ̄ cnq 1, 2, 3 f}xkeh oaqQth dh jpuk djrs gSaA igys oaqQth dh ml fLFkfr
ij fopkj djsa tgk¡ 1 vkSj 3 la;ksftr gSa ftlls fd xSYosuksehVj ε

1
 ls lac¼ gSA tkWdh dks rkj

osQ vuqfn'k rc rd ljdk;k tkrk gS tc rd A ls l
1
 dh nwjh ij] fdlh

¯cnq N
1
ij] xSYosuksehVj esa dksbZ fo{ksi ugha gksrk gSA can ik'k

AN
1
 G 31A ij fdj[kksiQ dk fu;e ykxw djus ij ge izkIr djrs gSa
φ l

1
 + 0 – ε

1
 = 0 (3.90)

blh çdkj ;fn nwljs fo|qr okgd cy ε
2
 osQ fy, rkj dh yackbZ

AN
2
 = l

2
 ij larqfyr gksrk gS rks

φ l
2
 + 0 – ε

2
 = 0 (3.91)

fiNys nks lehdj.kksa ls

1 1

2 2

l

l

ε
ε

= (3.92)

bl çdkj dh ljy izk;ksfxd O;oLFkk ls nks lzksrksa (ε
1,

ε
2
)
 
osQ fo|qr

okgd cy dh rqyuk dj ldrs gSaA O;ogkj esa] nksuksa esa ls ,d lsy dk pquko
ekud lsy osQ :i esa fd;k tkrk gSA bl ekud lsy dk ftldk fo|qr okgd
cy mPp dksfV dh ifj'kq¼rk ls Kkr djrs gSaA rc lehdj.k (3.92) ls nwljs
lsy osQ fo|qr okgd cy dks vklkuh ls ifjdfyr fd;k tk ldrk gSA

foHkoekih dks ge fdlh lsy osQ vkarfjd çfrjksèk osQ ekiu osQ fy,
Hkh mi;ksx dj ldrs gSa [fp=k 3.28 (b)] A blosQ fy, lsy (emf ε ),
ftldk vkarfjd çfrjksèk (r) Kkr djuk gS] dks ,d oqaQth K

2
 dks [kqyk j[k

dj] yackbZ AN
1
 = l

1
 ij larqyu çkIr djrs gSaA rc]

ε = φ l
1

[3.93(a)]

tc K
2
 dks can djrs gSa rks lsy çfrjksèk ckWDl (R) ls gksdj ,d èkkjk

I çsf"kr djrk gSA ;fn  V lsy dk VfeZuy foHkokarj gS rFkk larqyu fcanq
yackbZ AN

2
 = l

2
 ij çkIr gksrk gS]

V = φ l
2

[3.93(b)]

vr% ge ikrs gSa] ε/V = l
1
/l

2
[3.94(a)]

fp=k 3.28 ,d iksVasf'k;ksehVj] G ,d
xSYouksehVj rFkk R ,d èkkjk fu;a=kd gSA

1, 2, 3 f}ekxhZ oqaQth osQ fljs gSa
(a) nks lsy osQ fo|qr okgd cyksa dh rqyuk osQ
fy, ifjiFk (b) lsy dk vkarfjd çfrjksèk Kkr

djus osQ fy, ifjiFkA
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¯drq, ε = I (r + R) rFkk V = IR. geas izkIr gksrk gS
ε/V = (r+R)/R [3.94(b)]

lehdj.k [3.94(a)] rFkk [3.94(b)] ls ge çkIr djrs gSa
(R+r)/R = l

1
/l

2

r R
l

l
=







1

2

1– (3.95)

lehdj.k (3.95) dk mi;ksx djosQ ge fn, x, lsy osQ vkarfjd çfrjksèk Kkr dj ldrs gSaA
iksVasf'k;ksehVj dks mi;ksx djus dk ,d ykHk ;g gS fd ;g ekiu fd, tk jgs foHko lzksr ls
dksbZ èkkjk çkIr ugha djrk gSA blfy, blosQ }kjk fd, x, ekiu lzksr osQ vkarfjd izfrjks/ }kjk
izHkkoh ugha gksrsA

mnkgj.k 3.10 R Ω dk dksbZ çfrjksèk ,d iksVasf'k;ksehVj ls fo|qr /kjk izkIr dj jgk gS
iksVsaf'k;ksehVj dk oqQy izfrjks/ R

0
 Ω gS (fp=k 3.29)A iksVasf'k;ksehVj dks oksYVrk V dh vkiwfrZ

dh x;h gSA tc lihZ laioZQ (ljdus okyk Hkkx ;k LykbM) iksVsaf'k;ksehVj osQ rkj osQ eè; esa gks
rks R osQ fljksa ij oksYVrk osQ fy, O;atd çkIr dhft,A

fp=k 3.29

gy
tc tkWdh iksVasf'k;ksehVj osQ rkj osQ eè; esa gS rks bl rkj dh vk/h yackbZ dk oqQy izfrjks/
(R

0
/2) gksxkA vc pw¡fd A o B osQ chp R

0 
rFkk R ik'oZØe esa gSa] vr% muosQ chp dk

rqY; izfrjks/ R
1
 ̄ cnqvksa A o B osQ eè; osQoy mlosQ vk/s chp dk oqQy izfrjks/ (R

0
/2)

gksxkA R
1
 fuEufyf[kr O;atd }kjk fn;k tk,xk]

1 1 1

2
= +

1 0( / )R R R

0
1

0 2

R R
R

R R
=

+

bl çdkj A o C osQ eè; oqQy çfrjksèk A o B osQ eè; rFkk B o C osQ eè; osQ çfrjksèkksa osQ
;ksx osQ cjkcj gksxk vFkkZr ;g R

1
 + R

0
/2 gksxkA

iksVasf'k;ksehVj ls çokfgr gksus okyh èkkjk fuEufyf[kr gksxh

2

2 2
= =

+ +1 0 1 0/

V V
I

R R R R

iksVasf'k;ksehVj ls yh x;h oksYVrk V
1
 èkkjk I rFkk çfrjksèk R

1
 osQ xq.kuiQy osQ cjkcj gksrh gS

V
1
 = I R

1
 = 

 mnkgj.k 3
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lkjka'k

1. fdlh pkyd osQ fn, x, {ks=kiQy ls çokfgr èkkjk ml {ks=kiQy ls çfr ,dkad le; esa
xq”kjus okyk usV vkos'k gksrk gSA

2. ,d LFkk;h èkkjk cuk, j[kus osQ fy, gesa ,d can ifjiFk pkfg, ftlesa ,d cká Ïksr
fo|qr vkos'k dks fuEu ls mPp fLFkfrt ÅtkZ dh vksj çokfgr djkrk gSA vkos'k dks fuEu
ls mPp fLFkfrt ÅtkZ (vFkkZr Ïksr osQ ,d VfeZuy ls nwljs rd) dh vksj ys tkus esa
Ïksr }kjk çfr ,dkad vkos'k ij fd;k x;k dk;Z Ïksr dk fo|qr okgd cy (electromotive

force) ;k emf dgykrk gSA è;ku nhft, fd emf ,d cy ugha gS] cfYd ;g [kqys
ifjiFk esa Ïksr osQ nksuksa VfeZuyksa osQ chp oksYVrk dk varj gSA

3. vkse dk fu;eµ fdlh pkyd esa izokfgr èkkjk I mlosQ fljksa osQ chp foHkokarj V osQ
vuqØekuqikfrd gS vFkkZr V ∝ I vFkok V = RI, tgk¡ R dks pkyd dk çfrjksèk dgrs
gSaA çfrjksèk dk ek=kd vkse gSµ 1 Ω = 1 V A−1

4. pkyd osQ çfrjksèk R, lacaèk
l

R
A

ρ
=

osQ }kjk pkyd dh yackbZ vkSj vuqçLFk dkV ij fuHkZj gS] tgk¡ ρ, ftls çfrjksèkdrk dgrs
gSa] inkFkZ dk xq.k gS tks rki vkSj nkc ij fuHkZj djrk gSA

5. inkFkks± dh fo|qr çfrjksèkdrk foLr`r ifjlj esa ifjofrZr gksrh gSA èkkrqvksa dh çfrjksèkdrk
de (10−8 Ω m ls 10−6 Ω m ifjlj esa) gksrh gSA fo|qrjksèkh tSls dk¡p ;k jcj dh
çfrjksèkdrk 1022 ls 1024 xquk gksrh gS] y?kqx.kdh; iSekus ij] v¼Zpkydksa tSls Si vkSj
Ge dh izfrjksèkdrk mlosQ eè; ifjlj esa gksrh gSA

6. vfèkdrj inkFkks± esa èkkjk osQ okgd bysDVªkWu gksrs gSa] oqQN fLFkfr;ksa mnkgj.kkFkZ] vk;uh
fØLVyksa vkSj fo|qr vi?kV~;] esa èkkjk ogu èkuk;uksa rFkk ½.kk;uksa }kjk gksrk gSA

7. èkkjk ?kuRo j çfr lsoaQM çfr ,dkad çokg osQ vfHkyac] {ks=kiQy ls çokfgr vkos'k dh ek=kk
nsrk gS

j = nqvd

tgk¡ n vkos'k okgdksa] ftuesa çR;sd dk vkos'k q gS] dh la[;k ?kuRo (çfr ,dkad
vk;ru esa la[;k) rFkk vkos'k okgdksa dk viokg osx vd gSA bysDVªkWu osQ fy,
q = −e gSA ;fn j ,d vuqçLFk dkV A osQ vfHkyac gS vkSj {ks=kiQy ij ,dleku gS rks
{ks=kiQy esa èkkjk dk ifjek.k I  (= nevd A) gSA

8. E = V/l, I = nevd A vkSj vkse osQ fu;e dk mi;ksx djrs gq, fuEu O;atd çkIr
gksrk gS

R
1
 dk eku j[kus ij gesa fuEufyf[kr eku feyrk gS

V
V

R R

R R
R

R R

R R
1

0

0

0

0

0

2

2
2

2
=

×
+







+
×

×
+

1

0

2

2 2

VR
V

R R R
=

+ +   vFkok   V
1

0

2

4

VR

R R
=

+
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2

d

eE ne
v

m m
ρ=

;fn ge eku ysa fd bysDVªkWu èkkrq osQ vk;uksa ls la?kêð djrs (Vdjkrs) gSa tks mUgsa
;kn`fPNdr% fo{ksfir dj nsrs gSa rks cká cy E osQ dkj.k èkkrq esa bysDVªkWuksa ij yxus
okys cy eE vkSj viokg osx vd (Roj.k ugha) esa vkuqikfrdrk dks le>k tk ldrk
gSA ;fn ,sls la?kêð vkSlr dky varjky τ esa gksrs gSa rks

v
d
 = aτ = eEτ/m

tgk¡ a bysDVªkWu dk Roj.k gSA vr%

2

m

ne
ρ

τ
=

9. ml rki ifjlj esa ftlesa çfrjksèkdrk rki osQ lkFk jSf[kd :i ls c<+rh gS] çfrjksèkdrk osQ
rki xq.kkad α dks çfr ,dkad rki òf¼ ls çfrjksèkdrk esa fHkUukRed òf¼ osQ :i esa
ifjHkkf"kr fd;k tkrk gSA

10. vkse osQ fu;e dk ikyu cgqr ls inkFkZ djrs gSa ijarq ;g çÑfr dk ewyHkwr fu;e ugha
gSA ;g vliQy gS ;fn
(a) V vjSf[kd :i ls I ij fuHkZj gSA
(b) V osQ mlh ije eku osQ fy, V vkSj I esa lacaèk V osQ fpÉ ij fuHkZj gSA
(c) V vkSj I esa lacaèk vf}rh; ugha gSA

(a) dk ,d mnkgj.k ;g gS fd tc ρ, I osQ lkFk c<+rk gS (;|fi rki dks fLFkj
j[krs gSa)A ,d fn"Vdkjh (rectifier) (a) rFkk (b) y{k.kksa dks la;ksftr djrk gSA
Ga As (c) y{k.k dks n'kkZrk gSA

11. tc ε fo|qr okgd cy osQ ,d Ïksr dks cká çfrjksèk R ls la;ksftr fd;k tkrk gS rks
R ij oksYVrk Vcká fuEu }kjk nh tkrh gS

V
cká 

= IR = R
R r+

ε

tgk¡ r, Ïksr dk vkarfjd çfrjksèk gSA
12. (a) Js.kh esa la;ksftr n çfrjksèkksa dk oqQy çfrjksèk R

R = R
1
 + R

2 
+..... + R

n

(b) ik'oZ esa la;ksftr n çfrjksèkkas dk oqQy çfrjksèk R

1 2

1 1 1 1
......

n
R R R R

= + + +

}kjk fn;k tkrk gSA
13. fdj[kksiQ osQ fu;eµ

(a) çFke fu;e (lafèk fu;e)µ ifjiFk osQ vo;oksa dh fdlh lafèk ij vkxr èkkjkvksa
dk ;ksx fuxZr èkkjkvksa osQ ;ksx osQ rqY; gksuk pkfg,A

(b) f}rh; fu;e ¹ik'k fu;eºµ fdlh can ik'k (ywi) osQ pkjksa vksj foHko esa ifjorZu
dk chtxf.krh; ;ksx 'kwU; gksuk pkfg,A

14. OghVLVksu lsrq tSlk fd ikB~;iqLrd esa fn[kk;k x;k gS] pkj çfrjksèkksa µ R1, R2, R3,

R4 dk foU;kl gS rFkk 'kwU; fo{ksi voLFkk esa

31

2 4

RR

R R
=

}kjk ;fn rhu çfrjksèk Kkr gksa rks pkSFks çfrjksèk osQ vKkr eku dks fuèkkZfjr fd;k tk ldrk gSA
15. iksVsaf'k;ksehVj foHkoksa dh rqyuk djus okyh ,d ;qfDr gSA pw¡fd bl fofèk esa dksbZ èkkjk

çokfgr u gksus okyh fLFkfr gksrh gS] ;g ;qfDr foHkokarj ekius_ fdlh lsy dk vkarfjd
izfrjks/ ekius rFkk nks lzksrksa osQ fo|qr okgd cy emf  dh rqyuk djus esa ç;qDr gksrk gSA
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fopkj.kh; fo"k;
1. ;|fi ge èkkjk dh fn'kk dks ifjiFk esa ,d rhj ls n'kkZrs gSa ijarq ;g ,d vfn'k jkf'k

gSA èkkjk,¡ lfn'k ;ksx osQ fu;e dk ikyu ugha djrhaA èkkjk ,d vfn'k gS] bls bldh
ifjHkk"kk ls Hkh le> ldrs gSa % fdlh vuqçLFk dkV ls izokfgr fo|qr èkkjk I nks lfn'kksa
osQ vfn'k xq.kuiQy }kjk O;Dr dh tkrh gS

I =  j . ∆S

tgk¡ j rFkk ∆S lfn'k gSaA
2. ikB~; esa çnf'kZr fdlh çfrjksèkd vkSj fdlh Mk;ksM osQ V-I oØ ij è;ku nhft,A

çfrjksèkd vkse osQ fu;e dk ikyu djrk gS tcfd Mk;ksM ugha djrk gSA ;g n`<+dFku
fd V = IR vkse osQ fu;e dk çdFku gS] lR; ugha gSA ;g lehdj.k çfrjksèk dks
ifjHkkf"kr djrk gS vkSj bls lHkh pkyd ;qfDr;ksa esa ç;qDr dj ldrs gSa pkgs og vkse
osQ fu;e dk ikyu djrh gSa ;k ughaA vkse dk fu;e nkok djrk gS fd V rFkk I osQ
chp xzkiQ jSf[kd gS vFkkZr R, V ij fuHkZj ugha djrk gSA vkse osQ fu;e dk lehdj.k

E = ρρρρρ j
vkse osQ fu;e osQ nwljs çdFku dh vksj ys tkrk gS] vFkkZr dksbZ pkyd inkFkZ rHkh vkse
osQ fu;e dk ikyu djrk gS tc ml inkFkZ dh çfrjksèkdrk yxk, x, fo|qr {ks=k osQ
ifjek.k vkSj fn'kk ij fuHkZj ugha djrhA

3. lekaxh pkyd tSls flYoj ;k v¼Zpkyd tSls 'kq¼ tesZfu;e ;k v'kqf¼;qDr tesZfu;e
fo|qr {ks=k osQ eku osQ oqQN ifjlj esa vkse osQ fu;e dk ikyu djrs gSaA ;fn {ks=k vfr
izcy gS rks bu lHkh mnkgj.kksa esa vkse osQ fu;e dk ikyu ugha gksxkA

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

fo|qr /kjk I [A] A SI vk/kjh ek=kd

vkos'k Q, q [T A] C

oksYVrk] fo|qr V [M L
2
 T

–3 
A

–1
] V dk;Z@vkos'k

foHkokarj

fo|qr okgd cy ε [M L2 T–3 A–1] V dk;Z@vkos'k

izfrjks/ R [M L
2 
T

–3 
A

–2
] Ω R = V/I

izfrjks/drk ρ [M L3 T–3 A–2] Ω m R = ρl/A

oS|qr pkydrk σ [M
–1
 L

–3
 T

3 
A

2
] S σ = 1/ρ

fo|qr {ks=k E [M L T
–3

 A
–1

] V m
–1

vkos'k

fo|qr cy

viokg pky v
d

[L T
–1
] m s

–1
vd

e E

m
=

τ

foJkafr dky τ [T] s

/kjk ?kuRo j [L
–2

 A] A m
–2 /kjk@{ks=kiQy

xfr'khyrk µ [M L
3 
T

–4 
A

–1
] m

2 
V

–1
s

–1 /dv E
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vH;kl
3.1 fdlh dkj dh lapk;d cSVjh dk fo|qr okgd cy 12 V gSA ;fn cSVjh dk vkarfjd çfrjksèk

0.4 Ω gks] rks cSVjh ls yh tkus okyh vfèkdre èkkjk dk eku D;k gS\
3.2 10 V fo|qr okgd cy okyh cSVjh ftldk vkarfjd çfrjksèk 3 Ω gS] fdlh çfrjksèkd ls

la;ksftr gSA ;fn ifjiFk esa èkkjk dk eku 0.5 A gks] rks çfrjksèkd dk çfrjksèk D;k gS\ tc
ifjiFk can gS rks lsy dh VfeZuy oksYVrk D;k gksxh\

3.3 (a) 1 Ω, 2 Ω vkSj 3 Ω osQ rhu çfrjksèkd Js.kh esa la;ksftr gSaA çfrjksèkdksa osQ la;kstu dk
oqQy çfrjksèk D;k gS\

(b) ;fn çfrjksèkdksa dk la;kstu fdlh 12 V dh cSVjh ftldk vkarfjd çfrjksèk ux.; gS]
ls lac¼ gS] rks çR;sd çfrjksèkd osQ fljksa ij oksYVrk ikr Kkr dhft,A

3.4 (a) 2 Ω, 4 Ω vkSj 5 Ω osQ rhu izfrjks/d ik'oZ esa la;ksftr gSaA la;kstu dk oqQy çfrjksèk
D;k gksxk\

(b) ;fn la;kstu dks 20 V osQ fo|qr okgd cy dh cSVjh ftldk vkarfjd çfrjksèk ux.;
gS] ls lac¼ fd;k tkrk gS] rks çR;sd çfrjksèkd ls çokfgr gksus okyh èkkjk rFkk cSVjh
ls yh xbZ oqQy èkkjk dk eku Kkr dhft,A

3.5 dejs osQ rki (27.0 °C) ij fdlh rkiu&vo;o dk çfrjksèk 100 Ω gSA ;fn rkiu&vo;o
dk çfrjksèk 117 Ω gks rks vo;o dk rki D;k gksxk\ çfrjksèkd osQ inkFkZ dk rki&xq.kkad
1.70 × 10−4 °C−1 gSA

3.6 15 ehVj yacs ,oa 6.0 × 10−7 m2 vuqçLFk dkV okys rkj ls mis{k.kh; èkkjk çokfgr dh xbZ
vkSj bldk çfrjksèk 5.0 Ω ekik x;kA çk;ksfxd rki ij rkj osQ inkFkZ dh çfrjksèkdrk D;k gksxh\

3.7 flYoj osQ fdlh rkj dk 27.5 °C ij çfrjksèk 2.1 Ω vkSj 100 °C ij çfrjksèk 2.7 Ω gSA
flYoj dh çfrjksèkdrk rki&xq.kkad Kkr dhft,A

3.8 fuØkse dk ,d rkiu&vo;o 230 V dh lIykbZ ls la;ksftr gS vkSj 3.2 A dh çkjafHkd èkkjk
ysrk gS tks oqQN lsoaQM esa 2.8 A ij LFkk;h gks tkrh gSA ;fn dejs dk rki 27.0 °C gS rks

4. fo|qr {ks=k E esa bysDVªkWu dh xfr (i) ;kn`fPNd la?kê ðksa osQ dkj.k (ii) E osQ dkj.k mRiUu
xfr;ksa osQ ;ksx osQ cjkcj gSA ;kn`fPNd la?kê ðksa osQ dkj.k xfr dk vkSlr 'kwU; gks tkrk
gS vkSj v

d 
(viokg pky) esa ;ksxnku ugha djrk (nsf[k, vè;k; 11, d{kk XI dh

ikB~;iqLrd)A bl çdkj bysDVªkWu dh viokg pky v
d
 osQoy bysDVªkWu ij yxk, x,

fo|qr {ks=k osQ dkj.k gh gSA
5. lacaèk j = ρ v çR;sd çdkj osQ vkos'k okgd ij vyx&vyx ç;qDr gksuk pkfg,A fdlh

pkyd rkj esaa oqQy èkkjk rFkk /kjk ?kuRo èku vkSj ½.k nksuksa izdkj osQ vkos'kksa ls mRiUu
gksrh gSA

j = ρ
+
v

+
 + ρ− v−

ρ = ρ
+
 + ρ−

,d mnklhu rkj ftlesa èkkjk çokfgr gks jgh gS] esa
ρ

+
 = – ρ−

blosQ vfrfjDr] v+ ~ 0 gS ftlosQ dkj.k gesa izkIr gksrk gS
ρρρρρ = 0

j = ρ
–
 v

bl çdkj lacaèk j = ρ v oqQy èkkjk vkos'k ?kuRo ij ykxw ugha gksrkA
6. fdj[kksiQ dk laf/ fu;e vkos'k laj{k.k fu;e ij vkèkkfjr gS % fdlh lafèk ij fuxZr

èkkjkvksa dk ;ksx laf/ ij vkxr èkkjkvksa osQ ;ksx osQ rqY; gksrk gSA rkjksa dks eksM+us ;k iqu%
vfHkfoU;flr djus osQ dkj.k fdj[kksiQ osQ laf/ fu;e dh oSèkrk ugha cnyrhA
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rkiu&vo;o dk LFkk;h rki D;k gksxk\ fn, x, rki&ifjlj esa fuØkse dk vkSlr çfrjksèk
dk rki&xq.kkad 1.70 × 10-4 °C−1 gSA

3.9 fp=k 3.30 esa n'kkZ, usVooZQ dh çR;sd 'kk[kk esa izokfgr èkkjk Kkr dhft,A

fp=k 3.30

3.10 (a) fdlh ehVj&lsrq esa ¹fp=k 3.27º tc çfrjksèkd S = 12.5Ω gks rks larqyu ̄ cnq] fljs
A ls 39.5 cm dh yackbZ ij çkIr gksrk gSA R dk çfrjksèk Kkr dhft,A OghVLVksu
lsrq ;k ehVj lsrq esa çfrjksèkdksa osQ la;kstu osQ fy, eksVh dkWij dh ifÙk;k¡ D;ksa ç;ksx
esa ykrs gSa\

(b) R rFkk S dks varcZny djus ij mijksDr lsrq dk larqyu ¯cnq Kkr dhft,A
(c) ;fn lsrq osQ larqyu dh voLFkk esa xSYosuksehVj vkSj lsy dks varcZny dj fn;k tk, rc

D;k xSYosuksehVj dksbZ èkkjk n'kkZ,xk\
3.11 8 V fo|qr okgd cy dh ,d lapk;d cSVjh ftldk vkarfjd çfrjksèk 0.5 Ω gS] dks Js.khØe

esa 15.5 Ω osQ çfrjksèkd dk mi;ksx djosQ 120 V osQ dc lzksr }kjk pktZ fd;k tkrk gSA pktZ
gksrs le; cSVjh dh VfeZuy oksYVrk D;k gS\ pktZdkjh ifjiFk esa çfrjksèkd dks Js.khØe esa
lac¼ djus dk D;k mís'; gS\

3.12 fdlh iksVsaf'k;ksehVj O;oLFkk esa] 1.25 V fo|qr okgd cy osQ ,d lsy dk larqyu ̄cnq rkj osQ
35.0 cm yackbZ ij çkIr gksrk gSA ;fn bl lsy dks fdlh vU; lsy }kjk çfrLFkkfir dj
fn;k tk, rks larqyu ̄ cnq 63.0 cm ij LFkkukarfjr gks tkrk gSA nwljs lsy dk fo|qr okgd
cy D;k gS\

3.13 fdlh rk¡cs osQ pkyd esa eqDr bysDVªkWuksa dk la[;k ?kuRo mnkgj.k 3.1 esa 8.5 × 1028 m3

vkdfyr fd;k x;k gSA 3 m yacs rkj osQ ,d fljs ls nwljs fljs rd viokg djus esa bysDVªkWu
fdruk le; ysrk gS\ rkj dh vuqçLFk&dkV 2.0 × 10−6 m2 gS vkSj blesa 3.0 A èkkjk
çokfgr gks jgh gSA

vfrfjDr vH;kl
3.14 i`Foh osQ i`"B ij ½.kkRed i`"B&vkos'k ?kuRo 10−9 C cm−2 gSA ok;qeaMy osQ Åijh Hkkx

vkSj i`Foh osQ i`"B osQ chp 400 kV foHkokarj (uhps osQ ok;qeaMy dh de pkydrk osQ
dkj.k) osQ ifj.kker% lewph i`Foh ij osQoy 1800 A dh èkkjk gSA ;fn ok;qeaMyh; fo|qr
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{ks=k cuk, j[kus gsrq dksbZ çfØ;k u gks rks ìFoh osQ ì"B dks mnklhu djus gsrq (yxHkx) fdruk
le; yxsxk\ (O;kogkfjd :i esa ;g dHkh ugha gksrk gS D;ksafd fo|qr vkos'kksa dh iqu% iw£r
dh ,d çfØ;k gS ;Fkk i`Foh osQ fofHkUu Hkkxksa esa yxkrkj rfM+r >a>k ,oa rfM+r dk gksuk)A
(i`Foh dh f=kT;k = 6.37 × 106 m)A

3.15 (a) N% ysM ,flM lapk;d lsyksa dks ftuesa çR;sd dk fo|qr okgd cy 2 V rFkk vkarfjd
çfrjksèk 0.015 Ω gS] osQ la;kstu ls ,d cSVjh cukbZ tkrh gSA bl cSVjh dk mi;ksx
8.5 Ω izfrjks/d tks blosQ lkFk Js.kh lac¼ gS] esas /kjk dh vkiw£r osQ fy, fd;k tkrk
gSA cSVjh ls fdruh èkkjk yh xbZ gS ,oa bldh VfeZuy oksYVrk D;k gS\

(b) ,d yacs le; rd mi;ksx esa yk, x, lapk;d lsy dk fo|qr okgd cy 1.9 V

vkSj fo'kky vkarfjd çfrjksèk 380 Ω gSA lsy ls fdruh vfèkdre èkkjk yh tk ldrh
gS\ D;k lsy ls çkIr ;g èkkjk fdlh dkj dh çorZd&eksVj dks LVkVZ djus esa l{ke
gksxh\

3.16 nks leku yackbZ dh rkjksa esa ,d ,syqfefu;e dk vkSj nwljk dkWij dk cuk gSA buosQ çfrjksèk
leku gSaA nksuksa rkjksa esa ls dkSu&lk gydk gS\ vr% le>kb, fd Åij ls tkus okyh fctyh
osQfcyksa esa ,syqfefu;e osQ rkjksa dks D;ksa ilan fd;k tkrk gS\ (ρ

Al
 = 2.63 × 10−8 Ωm,

ρ
Cu

= 1.72 × 10−8 Ωm, Al dk vkisf{kd ?kuRo = 2.7, dkWij dk vkisf{kd ?kuRo =
8.9)

3.17 feJkrq eaSxfuu osQ cus çfrjksèkd ij fy, x, fuEufyf[kr çs{k.kksa ls vki D;k fu"d"kZ fudky
ldrs gSa\

/kjk oksYVrk /kjk oksYVrk
A V A V

0.2 3.94 3.0 59.2

0.4 7.87 4.0 78.8

0.6 11.8 5.0 98.6

0.8 15.7 6.0 118.5

1.0 19.7 7.0 138.2

2.0 39.4 8.0   158.0

3.18 fuEufyf[kr ç'uksa osQ mÙkj nhft,µ
(a) fdlh vleku vuqçLFk dkV okys èkkfRod pkyd ls ,dleku èkkjk çokfgr gksrh gSA

fuEufyf[kr esa ls pkyd esa dkSu&lh vpj jgrh gSµ/kjk] /kjk ?kuRo] fo|qr {ks=k]
viokg pkyA

(b) D;k lHkh ifjiFkh; vo;oksa osQ fy, vkse dk fu;e lkoZf=kd :i ls ykxw gksrk gS\ ;fn
ugha] rks mu vo;oksa osQ mnkgj.k nhft, tks vkse osQ fu;e dk ikyu ugha djrsA

(c) fdlh fuEu oksYVrk laHkj.k ftlls mPp èkkjk nsuh gksrh gS] dk vkarfjd çfrjksèk cgqr
de gksuk pkfg,] D;ksa\

(d) fdlh mPp foHko (H.T) laHkj.k] eku yhft, 6 kV, dk vkarfjd çfrjksèk vR;f/d
gksuk pkfg,] D;ksa\

3.19 lgh fodYi Nk¡fV,µ
(a) èkkrqvksa dh feJkrqvksa dh çfrjksèkdrk çk;% mudh vo;o èkkrqvksa dh vis{kk (vfèkd@de)

gksrh gSA
(b) vkerkSj ij feJkrqvksa osQ çfrjksèk dk rki&xq.kkad] 'kq¼ èkkrqvksa osQ çfrjksèk osQ

rki&xq.kkad ls cgqr de@vfèkd gksrh gSA
(c) feJkrq eSaxfuu dh çfrjksèkdrk rki esa o`f¼ osQ lkFk yxHkx (Lora=k gS@rsth ls

c<+rh gS)A
(d) fdlh çk:ih fo|qrjksèkh (mnkgj.kkFkZ] vacj) dh çfrjksèkdrk fdlh èkkrq dh çfrjksèkdrk

dh rqyuk esa  (1022/1023) dksfV osQ xq.kd ls cM+h gksrh gSA
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3.20 (a) vkidks R çfrjksèk okys n çfrjksèkd fn, x, gSaA (i) vfèkdre (ii) U;wure çHkkoh

çfrjksèk çkIr djus osQ fy, vki bUgsa fdl çdkj la;ksftr djsaxs\ vfèkdre vkSj U;wure
çfrjksèkksa dk vuqikr D;k gksxk\

(b) ;fn 1 Ω, 2 Ω, 3 Ω osQ rhu çfrjksèk fn, x, gksa rks mudks vki fdl çdkj la;ksftr djsaxs
fd çkIr rqY; çfrjksèk gksa % (i) (11/3) Ω (ii) (11/5) Ω, (iii) 6 Ω, (iv) (6/11) Ω ?

(c) fp=k 3.31 esa fn[kk, x, usVodks± dk rqY; çfrjksèk çkIr dhft,A

fp=k 3.31

3.21 fdlh 0.5 Ω vkarfjd çfrjksèk okys 12 V osQ ,d laHkj.k (supply)  ls fp=k 3.32 esa n'kkZ,
x, vuar usVooZQ }kjk yh xbZ èkkjk dk eku Kkr dhft,A çR;sd çfrjksèk dk eku 1 Ω gSA

fp=k 3.32

3.22 fp=k 3.33 esa ,d iksVasf'k;ksehVj n'kkZ;k x;k gS ftlesa ,d 2.0 V vkSj vkarfjd çfrjksèk
0.40 Ω dk dksbZ lsy] iksVasf'k;ksehVj osQ izfrjks/d rkj AB ij oksYVrk ikr cuk, j[krk gSA
dksbZ ekud lsy tks 1.02 V dk vpj fo|qr okgd cy cuk, j[krk gS (oqQN mA dh cgqr
lkekU; èkkjkvksa osQ fy,) rkj dh 67.3 cm yackbZ ij larqyu ¯cnq nsrk gSA ekud lsy ls
vfr U;wu èkkjk ysuk lqfuf'pr djus osQ fy, blosQ lkFk ifjiFk esa Js.kh 600 kΩ dk ,d
vfr mPp çfrjksèk blosQ lkFk lac¼ fd;k tkrk gS] ftlosQ larqyu ̄ cnq çkIr gksus osQ fudV
y?kqifFkr (shorted) dj fn;k tkrk gSA blosQ ckn ekud lsy dks fdlh vKkr fo|qr okgd
cy ε osQ lsy ls çfrLFkkfir dj fn;k tkrk gS ftlls larqyu ̄ cnq rkj dh 82.3 cm yackbZ
ij çkIr gksrk gSA
(a) ε dk eku D;k gS\
(b) 600 kΩ osQ mPp çfrjksèk dk D;k ç;kstu gS\
(c) D;k bl mPp çfrjksèk ls larqyu ¯cnq çHkkfor gksrk gS\
(d) mijksDr fLFkfr esa ;fn iksVasf'k;ksehVj osQ ifjpkyd lsy dk fo|qr okgd cy 2.0 V

osQ LFkku ij 1.0 V gks rks D;k ;g fofèk fiQj Hkh liQy jgsxh\

(e) D;k ;g ifjiFk oqQN mV dh dksfV osQ vR;Yi fo|qr okgd cyksa (tSls fd fdlh izk:ih
rkioS|qr ;qXe dk fo|qr okgd cy) osQ fu/kZj.k esa liQy gksxh\ ;fn ugha rks vki blesa
fdl izdkj la'kks/u djsaxs\
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fo|qr /kjk

fp=k 3.33

3.23 fp=k 3.34 esa fdlh 1.5 V osQ lsy dk vkarfjd çfrjksèk ekius osQ fy, ,d 2.0 V dk
iksVsaf'k;ksehVj n'kkZ;k x;k gSA [kqys ifjiFk esa lsy dk larqyu ̄ cnq 76.3 cm ij feyrk gSA
lsy osQ cká ifjiFk esa 9.5 Ω çfrjksèk dk ,d çfrjksèkd la;ksftr djus ij larqyu ¯cnq
iksVasf'k;ksehVj osQ rkj dh 64.8 cm yackbZ ij igq¡p tkrk gSA lsy osQ vkarfjd çfrjksèk dk
eku Kkr dhft,A

fp=k 3.34
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4.1 Hkwfedk
2000 o"kZ ls Hkh igys fo|qr rFkk pqacdRo nksuksa gh osQ ckjs esa yksxksa dks Kku FkkA fiQj Hkh yxHkx
200 o"kZ iwoZ] 1820 esa* ;g Li"V vuqHko fd;k x;k fd bu nksuksa esa vVwV laca/ gSA 1820

dh xzh"e ½rq esa] Mp HkkSfrdfoKkuh gSal fØf'p;u vkWLVsZM us] vius ,d Hkk"k.k osQ nkSjku iz;ksx
izn£'kr djrs gq, ns[kk fd ,d lh/s rkj esa fo|qr /kjk izokfgr djus ij ikl j[kh gqbZ pqacdh;
lqbZ esa lqLi"V fo{ksi izkIr gksrk gSA mUgksaus bl ifj?kVuk ij 'kks/ vkjaHk fd;kA mUgksaus ik;k fd
pqacdh; lqbZ rkj osQ vfHkyacor ry esa rkj dh fLFkfr osQ osaQnzr% o`Ùk dh Li'kZ js[kk osQ lekarj
lajsf[kr gksrh gSA bl fLFkfr dks fp=k 4.1(a) esa n'kkZ;k x;k gSA ij ;g ns[kus osQ fy, rkj esa
i;kZIr /kjk izokfgr gksuh pkfg, vkSj pqacdh; lqbZ rkj osQ dkiQh fudV j[kh gksuh pkfg, rkfd
i`Foh osQ pqacdh; {ks=k dh mis{kk dh tk losQA ;fn rkj esa /kjk dh fn'kk foijhr dj nh tk,
rks pqacdh; lqbZ Hkh ?kwe dj foijhr fn'kk esa lajsf[kr gks tkrh gS ¹fp=k 4.1(b) nsf[k,ºA rkj esa
/kjk dk ifjek.k c<+kus ;k lqbZ dks rkj osQ fudV ykus ls pqacdh; lqbZ dk fo{ksi c<+ tkrk gSA
rkj osQ pkjksa vksj ;fn ykSg pw.kZ fNM+osaQ rks blosQ d.k rkj osQ pkjksa vksj laosaQnzh o`Ùkksa esa O;ofLFkr
gks tkrs gSa ¹fp=k 4.1(c) nsf[k,ºA bl ifj?kVuk ls vkWLVsZM us fu"d"kZ fudkyk fd xfreku vkos'k
(/kjk) vius pkjksa vksj ,d pqacdh; {ks=k mRiUu djrs gSaA

blosQ i'pkr iz;ksxksa dh xfr rhoz gks xbZA lu 1864 esa fo|qr rFkk pqacdRo osQ loZekU;
fu;eksa dks tsEl eSDlosy us ,dho`Qr djosQ u, fu;e cuk, vkSj ;g Li"V vuqHko fd;k fd

vè;k; 4

xfreku vkos'k vkSj
pqacdRo

* vè;k;µ1 esa i`"B 3 ij ckWDl nsf[k,A
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izdk'k okLro esa fo|qr pqacdh; rjaxsa gSaA gVZ~”k us jsfM;ks rjaxksa dh [kkst dh rFkk 19oha 'krkCnh
osQ var rd lj ts-lh- cksl rFkk ekdksZuh us bu rjaxksa dks mRiUu fd;kA 20oha 'krkCnh esa foKku
rFkk izkS|ksfxdh esa vk'p;Ztud izxfr gqbZ gSA ;g izxfr fo|qr pqacdRo osQ gekjs c<+rs Kku rFkk
fo|qr pqacdh; rjaxksa dks mRiUu] izc£/r] izsf"kr rFkk lalwfpr djus okyh ;qfDr;ksa dh [kkst osQ
dkj.k gqbZ gSA

bl vè;k; esa ge ;g ns[ksaxs fd pqacdh; {ks=k fdl izdkj vkosf'kr
d.kksa_ tSlsµbysDVªkWu] izksVkWu rFkk fo|qr /kjkokgh rkjksa ij cy vkjksfir djrs
gSaA ge ;g Hkh lh[ksaxs fd fo|qr /kjk,¡ fdl izdkj pqacdh; {ks=k mRiUu
djrh gSaaA ge ;g ns[ksaxs fd lkbDyksVªkWu esa fdl izdkj d.kksa dks vfr mPp
ÅtkZvksa rd Rofjr fd;k tk ldrk gSA ge xSYosuksehVj }kjk fo|qrèkkjkvksa
,oa oksYVrkvksa osQ lalwpu osQ fo"k; esa Hkh vè;;u djsaxsA

bl vè;k; rFkk vkxs vkus okys pqacdRo osQ vè;k;ksa esa ge fuEufyf[kr
ifjikVh dks viuk,¡xsA dkx”k osQ ry ls ckgj dh vksj fuxZr fo|qr /kjk
vFkok {ks=k (fo|qr vFkok pqacdh;) dks ,d ¯cnq () }kjk O;Dr fd;k
tkrk gSA dkx”k osQ ry esa Hkhrj dh vksj tkrh fo|qr /kjk vFkok fo|qr
{ks=k dks ,d ØkWl ( ⊗ )* }kjk O;Dr fd;k tkrk gSA fp=k 4.1(a) rFkk 4.1(b)

Øe'k% bu nks fLFkfr;ksa osQ rnuq:ih gSaA

4.2 pqacdh; cy
4.2.1 lzksr vkSj {ks=k

fdlh pqacdh; {ks=k B dh vfHk/kj.kk dks izLrkfor djus ls igys ge la{ksi
esa ;g nksgjk,¡xs fd geus vè;k; 1 osQ varxZr fo|qr {ks=k E osQ fo"k; esa
D;k lh[kk gSA geus ;g ns[kk gS fd nks vkos'kksa osQ chp vU;ksU; fØ;k ij
nks pj.kksa esa fopkj fd;k tk ldrk gSA vkos'k Q tksfd fo|qr {ks=k dk lzksr
gS] ,d fo|qr {ks=k E mRiUu djrk gSµ

fp=k 4.1 ,d lh/s yacs /kjkokgh rkj osQ dkj.k mRiUu pqacdh; {ks=kA rkj] dkx”k osQ ry ij
vfHkyacor gSA rkj osQ pkjksa vksj paqcdh; lqb;ksa dh ,d eqfnzdk cukbZ xbZ gSA pqacdh; lqb;ksa dk

vfHkfoU;klµ (a) tc /kjk dkx”k osQ ry ls ckgj dh vksj izokfgr gksrh gSA
(b) tc /kjk dkx”k osQ ry ls vanj dh vksj izokfgr gksrh gSA (c) ykSg pw.kZ d.kksa dk rkj osQ pkjksa
vksj vfHkfoU;klA lqb;ksa osQ dkys fljs mÙkjh /qzo izn£'kr djrs gSaA ;gk¡ Hkw&pqacdRo osQ izHkko dh

mis{kk dh xbZ gSA

gSal fØf'p;u vkWLVsZM  (1777–

1851) MsuekoZQ osQ HkkSfrdfoKkuh ,oa
jlk;uK] dkWisugsxu esa izksi+ sQlj FksA
mUgksaus ;g ns[kk fd fdlh pqacdh; lqbZ
dks tc ,d ,sls rkj osQ ikl j[kk
tkrk gS ftlesa fo|qr /kjk izokfgr gks
jgh gks rks mlesa fo{ksi gksrk gSA bl
[kkst us oS|qr ,oa pqacdh; izØeksa osQ
chp laca/ dk igyk vkuqHkfod izek.k
izLrqr fd;kA

gSal fØ
f'p

;u v
kWLVsZM

  (1
7
7
7
–
1
8
5
1
)

* dksbZ MkV (¯cnq) vkidh vksj laosQr djrs rhj dh uksad tSlk izrhr gksrk gS rFkk
ØkWl fdlh rhj dh ia[k;qDr iw¡N tSlk izrhr gksrk gSA
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E = Q r̂ / (4πε

0
)r2 (4.1)

;gk¡ r̂ , r osQ vuqfn'k ,dkad lfn'k gS rFkk {ks=k E ,d lfn'k {ks=k gSA dksbZ
vkos'k q bl {ks=k ls vU;ksU; fØ;k djosQ ,d cy F dk vuqHko djrk gS

     F  =  q  E   = q Q r̂   / (4πε
0
) r 2 (4.2)

tSlk fd vè;k; 1 esa fu£n"V fd;k tk pqdk gS fd fo|qr {ks=k E ek=k
f'kYi rF; gh ugha gS] ijarq bldh HkkSfrd Hkwfedk Hkh gSA ;g ÅtkZ rFkk
laosx laizsf"kr dj ldrk gS rFkk ;g rR{k.k gh LFkkfir ugha gks tkrk oju
blosQ iSQyus esa ifjfer le; yxrk gSA {ks=k dh vfHk/kj.kk dks iSQjkMs }kjk
fo'ks"k egÙo fn;k x;k rFkk eSDlosy us fo|qr rFkk pqacdRo dks ,dho`Qr
djus esa bl vfHk/kj.kk dks lekosf'kr fd;kA fno~QLFkku esa izR;sd ¯cnq ij
fuHkZj gksus osQ lkFk&lkFk ;g le; osQ lkFk Hkh ifjo£rr gks ldrk gS] vFkkZr
;g le; dk iQyu gSA bl vè;k; esa ge viuh ppkZ esa] ;g ekusaxs fd
le; osQ lkFk {ks=k esa ifjorZu ugha gksrkA

fdlh fo'ks"k ̄ cnq ij fo|qr {ks=k ,d vFkok vf/d vkos'kksa osQ dkj.k
gks ldrk gSA ;fn ,d ls vf/d vkos'k gSa rks muosQ dkj.k mRiUu {ks=k
lfn'k :i ls la;ksftr gks tkrs gSaA vki igys vè;k; esa ;g lh[k gh pqosQ
gSa fd bls vè;kjksi.k dk fl¼kar dgrs gSaA ,d ckj ;fn {ks=k Kkr gS rks
ijh{k.k vkos'k ij cy dks lehdj.k (4.2) }kjk Kkr fd;k tk ldrk gSA

ftl izdkj fLFkj vkos'k fo|qr {ks=k mRiUu djrs gSa] fo|qr /kjk,¡ vFkok
xfreku vkos'k (fo|qr {ks=k osQ lkFk&lkFk) pqacdh; {ks=k mRiUu djrs gSa
ftls  B (r) }kjk fu£n"V fd;k tkrk gS rFkk ;g Hkh ,d lfn'k {ks=k gSA blosQ
fo|qr {ks=k osQ le:i cgqr ls ewy xq.k gSaA bls fno~QLFkku osQ gj ¯cnq ij
ifjHkkf"kr fd;k tkrk gS (vkSj lkFk gh le; ij fuHkZj dj ldrk gS)A
iz;ksxksa }kjk ;g ik;k x;k gS fd ;g vè;kjksi.k osQ fl¼kar dk ikyu djrk
gSA vè;kjksi.k dk fl¼kar bl izdkj gSµcgqr ls lzksrksa dk paqcdh; {ks=k
izR;sd O;f"Vxr lzksr osQ pqacdh; {ks=kksa dk lfn'k ;ksx gksrk gSA

4.2.2  pqacdh; {ks=k] yksjsat cy

eku yhft, fo|qr {ks=k E (r) rFkk pqacdh; {ks=k B (r) nksuksa dh mifLFkfr
esa dksbZ ¯cnq vkos'k q (osx  v ls xfreku rFkk fdlh fn, x, le; t ij

r ij fLFkr) fo|eku gSA fdlh vkos'k  q ij bu nksuksa {ks=kksa }kjk vkjksfir cy dks bl izdkj O;Dr
fd;k tk ldrk gSµ

F   = q [ E (r) +  v × B (r)] = Ffo|qr +Fpaqcdh; (4.3)

bl cy dks loZizFke ,p-,- yksjsat us ,sfEi;j rFkk vU; oSKkfudksa }kjk foLr̀r iSekus ij fd,
x, iz;ksxksa osQ vk/kj ij O;Dr fd;k FkkA bl cy dks vc yksjsat cy dgrs gSaA fo|qr {ks=k osQ
dkj.k yxus okys cy osQ ckjs esa rks vki foLrkj ls vè;;u dj gh pqosQ gSaA ;fn ge paqcdh;
{ks=k osQ lkFk vU;ksU; fØ;k ij è;ku nsa rks gesa fuEufyf[kr fo'ks"krk,¡ feyrh gSaµ
(i) ;g q, v rFkk B (d.k osQ vkos'k] osx rFkk pqacdh; {ks=k) ij fuHkZj djrk gSA ½.kkos'k ij

yxus okyk cy /ukos'k ij yxus okys cy osQ foijhr gksrk gSA

gsafMªd ,saVwu yksjs aT+k (1853 –

1928) yksjsaT+k MsuekoZQ osQ lS¼kafrd
HkkSfrdfoKkuh] fyMsu esa izksi+ sQlj FksA
mUgksaus fo|qr] pqacdRo rFkk ;kaf=kdh esa
laca/ dh [kkst dhA izdk'k mRltZdksa
ij paqcdh; {ks=k osQ izsf{kr izHkkoksa
(theku izHkko) dh O;k[;k djus osQ
fy, bUgksaus ijek.kq esa oS|qr vkos'kksa
osQ vfLrRo gksus dks vfHkx`ghr fd;kA
blosQ fy, bUgsa 1902 esa ukscsy iqjLdkj
iznku fd;k x;kA bUgksaus oqQN tfVy
my>u Hkjs xf.krh; rdks± osQ vk/kj
ij oqQN :ikarj.k lehdj.kksa dk ,d
leqPp; O;qRiUu fd;k ftls muosQ
lEeku esa yksjsa”k :ikarj.k lehdj.k
dgrs gSaA lehdj.kksa dks O;qRiUu djrs
le; bUgsa bl rF; osQ ckjs esa ;g Kkr
ugha Fkk fd ;s lehdj.k dky rFkk
fno~QLFkku dh u;h vfHkèkkj.kk ij
voyafcr gSaA

gsaf
M
ªd
 ,

saVwu
 y

ksj
sa”k

 (
1
8
5
3
 –

 1
9
2
8
)
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(ii) pqacdh; cy q [ v × B ] osx rFkk pqacdh; {ks=k dk ,d lfn'k xq.kuiQy gksrk gSA lfn'k
xq.kuiQy pqacdh; {ks=k osQ dkj.k cy dks lekIr ('kwU;) dj nsrk gSA ;g rc gksrk gS tc
cy] osx rFkk paqcdh; {ks=k nksuksa osQ yacor gksrk gS
(fdlh fn'kk esa)A tc osx rFkk pqacdh; {ks=k dh fn'kk
,d nwljs osQ lekarj ;k izfrlekarj gksrh gSA bldh fn'kk
lfn'k xq.kuiQy (Økl xq.kuiQy) osQ fy, fp=k 4.2 esa
n'kkZ, vuqlkj isap fu;e vFkok nf{k.k gLr fu;e }kjk
izkIr gksrh gSA

(iii) ;fn vkos'k xfreku ugha gS (rc |v|= 0) rks pqacdh;
cy 'kwU; gksrk gSA osQoy xfreku vkos'k gh cy dk
vuqHko djrk gSA
pqacdh; {ks=k osQ fy, O;atd pqacdh; {ks=k osQ ek=kd dh

ifjHkk"kk nsus esa gekjh lgk;rk djrk gSA ;fn cy osQ lehdj.k
esa gy q, F rFkk v lHkh dk eku ,dkad ekusa rks F = q

[v × B] =q v B sin θ n̂ ,  ;gk¡ θ  osx v rFkk pqacdh; {ks=k
B osQ chp dk dks.k gS ¹fp=k 4.2 (a) nsf[k,ºA pqacdh; {ks=k
B dk ifjek.k 1 SI ek=kd gksrk gS] tcfd fdlh ,dkad
vkos'k (1 C), tks fd B osQ yacor 1m/s osx v ls xfreku gS] ij yxk cy 1 U;wVu gksA

foeh; jhfr ls ge tkurs gSa fd [B] = [F/qv] rFkk B dk ek=kd U;wVu lsoaQM@owQykWe ehVj
gSA bl ek=kd dks VsLyk (T) dgrs gSa ftls fudksyk VsLyk (1856&1943) osQ uke ij j[kk
x;k gSA VsLyk ,d cM+k ek=kd gSA vr% ,d vis{kkòQr NksVs ek=kd xkml (=10–4 VsLyk ) dk izk;%
mi;ksx fd;k tkrk gSA fo'o osQ pqacdh; {ks=k osQ foLr̀r ifjlj dks lkj.kh 4.1 esa n'kkZ;k x;k gS

fp=k 4.2 vkosf'kr d.k ij yxs cy dh fn'kk (a) pqacdh; {ks=k
B ls θ dks.k cukrs gq, v osx ls xfreku dksbZ /ukosf'kr d.k
cy dk vuqHko djrk gS ftldh fn'kk nf{k.k gLr fu;e }kjk

izkIr gksrh gSA (b) pqacdh; {ks=k dh mifLFkfr esa xfr'khy
vkosf'kr d.k osQ fo{ksi q dh fn'kk –q osQ fo{ksi dh fn'kk osQ

foijhr gksrh gSA

4.2.3 fo|qr /kjkokgh pkyd ij pqacdh; cy

ge fdlh ,dy xfreku vkos'k ij paqcdh; {ks=k }kjk vkjksfir cy osQ fo'ys"k.k dk foLrkj
fo|qr /kjkokgh lh/h NM+ osQ fy, dj ldrs gSaA yackbZ l rFkk ,dleku vuqizLFk dkV A dh
fdlh NM+ ij fopkj djrs gSaA ge fdlh pkyd (ftlesa bysDVªkWu xfr'khy okgd gSa) dh Hkk¡fr
,d gh izdkj osQ xfr'khy okgd ekusaxsA eku yhft, bu xfr'khy vkos'k okgdksa dk la[;k ?kuRo
n gS rc pkyd esa oqQy xfr'khy vkos'k okgdksa dh la[;k nlA gqbZA bl pkyd NM+ esa vifjorhZ
fo|qr /kjk I osQ fy, ge ;g eku ldrs gSa fd izR;sd xfr'khy okgd dk viokg osx v

d
 gS

lkj.kh 4.1 fofo/ HkkSfrd ifjfLFkfr;ksa esa pqacdh; {ks=kksa ds ifjek.kksa dh dksfV

HkkSfrd ifjfLFkfr B dk ifjek.k (VsLyk, T esa)

U;wVªkWu rkjs dk i`"B 108

iz;ksx'kkyk esa izkfrfuf/d mPp {ks=k 1

NksVs NM+ pqacd ds lehi 10–2

i`Foh ds i`"B ij 10–5

ekuo raf=kdk rarq 10–10

varjkrkjdh; fno~QLFkku 10–12
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 m
nk
gj

.k
 4

.1

(vè;k; 3 nsf[k,)A fdlh cká pqacdh; {ks=k B dh mifLFkfr esa bu okgdksa ij cy
F = (nlA)q v

d
 × B

;gk¡ q fdlh okgd osQ vkos'k dk eku gSA vc ;gk¡ nq v
d
 fo|qr èkkjk ?kuRo j rFkk

|(nq v
d
)|A fo|qr èkkjk I gS (fo|qr /kjk rFkk fo|qr èkkjk ?kuRo ij ppkZ osQ fy, vè;k; 3

nsf[k,A) bl çdkj
F = [(nq v

d 
)lA] × B = [ jlA ] × B

   = Il × B (4.4)

;gk¡ l ,d lfn'k gS ftldk ifjek.k l gS tks fd NM+ dh yackbZ gS] rFkk bldh fn'kk fo|qr èkkjk
I osQ loZle gSA è;ku nhft, fo|qr èkkjk lfn'k ugha gSA lehdj.k (4.4) osQ vafre pj.k esa geus
lfn'k fpÉ dks j ls l ij LFkkukarfjr dj fn;k gSA

lehdj.k (4.4) lhèkh NM+ ij ykxw gksrh gSA bl lehdj.k esa B cká pqacdh; {ks=k gSA ;g
fo|qr èkkjkokgh NM+ }kjk mRiUu {ks=k ugha gSA ;fn rkj dh ;kǹfPNd vkÑfr gS] rks ge bl ij ykWjsat
cy dk ifjdyu] bls jsf[kd ifêð;ksa dl

j
 dk lewg ekudj rFkk ladyu }kjk dj ldrs gSa

d j

j

I= ∑F × Bl

vfèkdka'k çdj.kksa esa ladyu dks lekdyu esa ifjofrZr dj ysrs gSaA

fo|qr'khyrk (ijkoS|qrkad) rFkk pqacd'khyrk (ikjxE;rk)

xq#Rokd"kZ.k osQ lkoZf=kd fu;e esa ge ;g dgrs gSa fd nks ¯cnq nzO;eku ,d nwljs ij cy vkjksfir djrs gSa tks mu
nzO;ekuksa] m

1
, m

2
 osQ xq.kuiQy osQ vuqØekuqikrh rFkk muosQ chp osQ nwjh r osQ oxZ osQ O;qRØekuqikrh gksrk gSA bls

ge bl çdkj F = Gm
1
m

2
/r2 O;Dr djrs gSa] ;gk¡ G xq#Rokd"kZ.k dk lkoZf=kd fu;rkad gSA blh çdkj

fLFkjoS|qfrdh esa owQykWe osQ fu;e esa] ge nks fo|qr vkos'kksa q
1
, q

2
 ftuosQ chp r i`Fkdu gS] yxus okys cy dks

F = kq
1
q

2
/r 2 }kjk O;Dr djrs gSa] ;gk¡ k ,d vuqØekuqikrh fLFkjkad gSA SI ek=kdksa esa] k 1/4πε gS] ;gk¡ ε ekè;e

dh fo|qr'khyrk gSA blh çdkj pqacdRo esa Hkh gesa ,d vU; fu;rkad çkIr gksrk gSA SI ek=kdksa esa ;g fu;rkad
µ/4π gS] ;gk¡ µ ekè;e dh pqacd'khyrk gSA

;|fi G, ε rFkk µ vuqØekuqikrh fu;rkad osQ :i esa çdV gksrs gSa] ijarq xq#Rokd"kZ.k cy rFkk fo|qr pqacdh;
cy esa ,d varj gSA tcfd xq#Rokd"kZ.k cy nks oLrqvksa osQ chp osQ ekè;e dh çÑfr ij fuHkZj ugha djrk] fo|qr
pqacdh; cy] nks vkos'kksa vFkok pqacdksa osQ chp osQ ekè;e ij fuHkZj djrk gSA vr% G ,d lkoZf=kd fLFkjkad gS]
ε rFkk µ ekè;e ij fuHkZj djrs gaSA buosQ fofHkUu ekè;eksa osQ fy, fHkUu&fHkUu eku gSaA xq.kuiQy εµ dk fo|qr pqacdh;
fofdj.kksa dh pky v ls ,d lacaèk εµ =1/ v 2 gSA

fo|qr ijkoS|qrkad ε ,d HkkSfrd jkf'k gS tks ;g Li"V djrh gS fd dksbZ fo|qr {ks=k ekè;e dks rFkk ekè;e }kjk
fdl çdkj çHkkfor gksrk gSA bldk fuèkkZj.k vuqç;qDr {ks=k osQ çR;qÙkj esa ekè; osQ èkzqfor gksus osQ xq.k] ftlosQ }kjk
;g fdlh inkFkZ osQ Hkhrj osQ {ks=k dks vkaf'kd :i ls fujflr djrk gS] ls fd;k tkrk gSA blh çdkj pqacdh; ikjxE;rk
µ fdlh inkFkZ dh pqacdh; {ks=kksa esa pqacdu vftZr djus dh lkeF;Z gksrh gSA bldh eki pqacdh; {ks=kksa }kjk inkFkZ
dks osèku djus dh lhek ls dh tkrh gSA

mnkgj.k 4.1 200 g nzO;eku rFkk 1.5 m yackbZ osQ fdlh lhèks rkj ls 2 A fo|qr èkkjk
çokfgr gks jgh gSA ;g fdlh ,dleku {kSfrt B pqacdh; {ks=k }kjk ok;q osQ chp esa fuyafcr
gS (fp=k 4.3)A pqacdh; {ks=k dk ifjek.k Kkr dhft,A
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 mnkgj.k 4
.2

  mnkgj.k 4
.1

fp=k 4.3

gy lehdj.k (4.4) osQ vuqlkj] rkj chp&ok;q esa fuyafcr gS blosQ fuyafcr jgus osQ fy, bl
ij ,d mifjeq[kh cy F ftldk ifjek.k IlB  yxuk pkfg, tks blosQ Hkkj mg dks larqfyr
dj losQA vr%

m g = I lB

  
m g

B
I l

=

     
0.2 9.81

0.65 T
2 1.5

×
= =

×

è;ku nhft,] ;gk¡ ij m/l vFkkZr rkj dk çfr ,dkad yackbZ nzO;eku crkuk i;kZIr gSA i`Foh
osQ pqacdh; {ks=k dk eku yxHkx 4 × 10–5 T gS ftldh geus ;gk¡ mis{kk dh gSA

mnkgj.k 4.2 ;fn pqacdh; {ks=k èkukRed y-v{k osQ lekUrj gS rFkk vkosf'kr d.k èkukRed
x-v{k osQ vuqfn'k xfreku gS (fp=k 4.4 nsf[k, ), rks yksjsat cy fdl vksj yxsxk tcfd xfreku
d.k (a) bysDVªkWu (½.k vkos'k) (b) çksVkWu (èku vkos'k) gSA

fp=k 4.4

gy  d.k osQ osx v dh fn'kk x-v{k osQ vuqfn'k gS tcfd pqacdh; {ks=k B dh fn'kk y-v{k osQ
vuqfn'k gS] vr% yksjsat cy v × B dh fn'kk z-v{k osQ vuqfn'k (isap fu;e vFkok nf{k.k gLr
vaxq"B fu;e) gSA vr% (a) bysDVªkWu osQ fy, ;g cy –z v{k osQ vuqfn'k rFkk (b) èkukos'k
(izksVkWu) osQ fy, ;g +z v{k osQ vuqfn'k gSA

4.3 pqacdh; {ks=k esa xfr
vc ge vkSj vf/d foLrkj ls pqacdh; {ks=k esa xfr'khy vkos'k osQ fo"k; esa vè;;u djsaxsA geus
;kaf=kdh (d{kk 11 dh ikB~;iqLrd dk vè;k; 6 nsf[k,) esa ;g lh[kk gS fd ;fn fdlh cy
dk d.k dh xfr dh fn'kk esa (vFkok mlosQ foijhr) dksbZ vo;o gS rks og cy ml d.k

p
aqcd

h; {ks=k esa xfreku v
kosf'kr d

.k µ
 v

U;ksU; fØ
;k izn'kZu










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ij dk;Z djrk gSA pqacdh; {ks=k esa vkos'k dh xfr osQ izdj.k esa] pqacdh; cy d.k
osQ osx dh fn'kk osQ yacor gksrk gSA vr% dksbZ dk;Z ugha gksrk rFkk osx osQ ifjek.k
esa Hkh dksbZ ifjorZu ugha gksrk (;|fi laosx dh fn'kk esa ifjorZu gks ldrk gSA [è;ku
nhft,] ;g fo|qr {ks=k osQ dkj.k cy] qE, ls fHkUu gS] ftldk xfr osQ lekarj
(vFkok izfrlekarj) vo;o gks ldrk gS vkSj bl izdkj laosx osQ lkFk&lkFk ÅtkZ
dks Hkh LFkkukarfjr dj ldrk gSAº

ge fdlh ,dleku pqacdh; {ks=k esa vkosf'kr d.k dh xfr ij fopkj djsaxsA
igys ml fLFkfr ij fopkj dhft, ftlesa osx v pqacdh; {ks=k B osQ yacor gSA
yacor cy q v × B vfHkosaQnz cy dh Hkk¡fr dk;Z djrk gS rFkk pqacdh; {ks=k osQ
yacor orqZy xfr mRiUu djrk gSA ;fn v rFkk B ,d nwljs osQ yacor gSa] rks d.k
(vFkkZr fdlh o`Ùk osQ vuqfn'k) orqZy xfr djsxk (fp=k 4.5)A

;fn osx v dk dksbZ vo;o gS] B osQ vuqfn'k rks ;g vo;o vifjofrZr jgrk
gS] D;ksafd pqacdh; {ks=k osQ vuqfn'k xfr dks pqacdh; {ks=k
izHkkfor ugha djsxkA B osQ yacor fdlh ry esa xfr] igys dh
Hkk¡fr] orqZy xfr gh gS ftlls ;g vo;o oqQaMfyuh xfr mRiUu
djrk gS (fp=k 4.6)A

vkius fiNyh d{kkvksa esa ;g lh[k fy;k gS (nsf[k,
vè;k; 4 d{kk 11) fd ;fn fdlh d.k osQ o`Ùkkdkj iFk dh
f=kT;k r gS rks ml d.k ij ,d cy m v2 / r o`Ùk osQ osaQnz dh
vksj rFkk iFk osQ yacor dk;Z djrk gS ftls vfHkosaQnz cy dgrs
gSaA ;fn osx v pqacdh; {ks=k B osQ yacor gS] rks pqacdh; cy
osx v rFkk pqacdh; {ks=k B osQ yacor gksrk gS rFkk vfHkosaQnz cy
dh Hkk¡fr bldk ifjek.k q v B gksrk gSA nksuksa vfHkosaQnz cy osQ
O;atdksa dks lehdj.k osQ :i esa fy[kus ij

m v 2/r = q v B,

r =  m v / qB (4.5)

ftruk vf/d laosx gksxk mruh gh vf/d fufeZr o`Ùk dh
f=kT;k gksxh rFkk fu£er o`Ùk Hkh cM+k gksxkA ;fn dks.kh; vko`fÙk ω gS rks v = ωr  vr%

ω  = 2π ν =  q B/ m [4.6(a)]

dks.kh; vko`fÙk ω osx vFkok ÅtkZ ij fuHkZj ugha djrhA ;gk¡ ν ?kw.kZu dh vko`fÙk gSA ν osQ ÅtkZ
ij fuHkZj u djus dk lkbDyksVªkWu osQ fM”kkbu esa ,d egRoiw.kZ vuqiz;ksx gS (vuqHkkx 4.4.2

nsf[k,)A

,d ifjØek iwjh djus esa yxk le; T= 2π/ω  ≡ 1/ν, ;fn pqacdh; {ks=k osQ lekarj osx
dk dksbZ vo;o (v

||
 }kjk fufnZ"V) gS] d.k dk iFk oqaQMfyuh (lfiZykdkj) tSlk gksxkA ,d

?kw.kZu esa d.k }kjk pqacdh; {ks=k osQ vuqfn'k pyh xbZ nwjh dks fip ;k pwM+h varjky dgrs gSaA
lehdj.k [4.6 (a)] dk mi;ksx djus ij gesa izkIr gksrk gSA

p =   v
 ||

T  =  2πm v
 ||

 / q B [4.6(b)]

xfr osQ o`Ùkh; vo;o dh f=kT;k dks oqaQMfyuh dh f=kT;k dgrs gSaA

fp=k 4.5 orqZy xfr

fp=k 4.6 oqaQMfyuh xfr

pwM+h varjky (fip)

f=kT;k
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 mnkgj.k 4
.3

mnkgj.k 4.3 6 × 10–4 T osQ pqacdh; {ks=k osQ yacor 3 ×107 m/s dh pky ls xfreku
fdlh bysDVªkWu (nzO;eku 9 × 10-31 kg rFkk vkos'k 1.6 × 10–19 C) osQ iFk dh f=kT;k D;k gS\
bldh D;k vkòfÙk gksxh\ bldh ÅtkZ KeV esa ifjdfyr dhft,A  ( 1 eV = 1.6 × 10–19 J)

gy lehdj.k (4.5) dk mi;ksx djus ij ge ikrs gSa
r  = m v / (qB)  = 9 ×10–31 kg × 3 × 107  m s–1 / ( 1.6 × 10–19 C × 6 × 10–4 T )

                      = 28 × 10–2 m = 28 cm

ν = v / (2 πr) = 17×106 s–1   = 17×106  Hz =17 MHz.

E = (½ )mv 2   = (½ ) 9 × 10–31 kg × 9 × 1014 m2/s2  = 40.5 ×10–17 J

  ≈  4×10–16 J = 2.5 KeV

vkosf'kr d.kksa dh oqaQMfyuh xfr rFkk mÙkj /zqoh; T;ksfr

èkqzoh; {ks=kksa tSls vykLdk rFkk mÙkjh dukMk esa vkdk'k esa o.kks± dk vR;ar oSHko'kkyh n`'; fn[kkbZ nsrk gSA u`R; djrs
gjs xqykch izdj.kksa dk n`f"Vxkspj gksuk ftruk euksgkjh o fpÙkkd"kZd gS mruk gh my>u iw.kZ Hkh gSA HkkSfrdh esa vc
bl izkÑfrd ifj?kVuk dk Li"Vhdj.k izkIr gks x;k gS ftldk bl vè;k; osQ varxZr ge vè;;u dj jgs gSa mlls
lacaèk j[krk gSA

eku yhft, nzO;eku m rFkk vkos'k q dk dksbZ d.k vkjafHkd osx v ls fdlh pqacdh; {ks=k B esa izos'k djrk gSA
eku yhft, bl osx dk pqacdh; {ks=k osQ lekarj vo;o v

p
 rFkk bl {ks=k osQ vfHkyacor vo;o v

n 
gSA vkosf'kr d.k

ij pqacdh; {ks=k osQ vuqfn'k dksbZ cy ugha gSA osx v
p
 ls fujarj pqacdh; {ks=k osQ lekarj xfreku jgrk gSA d.k ij

dk;Zjr osx osQ vfHkyacor vo;o osQ dkj.k bl ij yksjsat cy (v
n
 × B) dk;Z djrk gS ftldh fn'kk v

n
 rFkk B nksuksa

osQ yacor gksrh gSA tSlk fd vuqHkkx 4.3.1 esa ns[k pqosQ gSa] bl izdkj d.k esa orqZy xfr djus dh izo`fÙk mRiUu gks
tkrh gS rFkk og orqZy xfr pqacdh; {ks=k osQ yacor ry esa gksrh gSA tc ;g xfr pqacdh; {ks=k osQ lekarj d.k dh
xfr ls ;qfXer gks tkrh gS rks ifj.kkeh iz{ksi iFk js[kkvksa osQ pqacdh; {ks=k osQ vuqfn'k oqaQMfyuh gksrk gS tSlk fd ;gk¡
fp=k (a) esa n'kkZ;k x;k gSA ;fn {ks=k js[kk,¡ eqM+ Hkh tkrh gSa rks Hkh oqaQMfyuh iFk ij xfr'khy d.k ik'k esa i¡Qldj
pqacdh; {ks=k osQ pkjksa vksj xfr djus osQ fy, funsZf'kr gksrk gSA pw¡fd yksjsat cy izR;sd ¯cnq ij osx osQ yacor gS]
{ks=k d.k ij dksbZ dk;Z ugha djrk rFkk osx dk ifjek.k leku jgrk gSA

lkSj izToky osQ le; lw;Z ls fo'kky la[;k esa bysDVªkWu rFkk izksVkWu ckgj mRlftZr gksrs gSaA muesa ls oqQN i`Foh osQ
pqacdh; {ks=k osQ ik'k esa i¡Ql tkrs gSa rFkk {ks=k js[kkvksa osQ vuqfn'k oqaQMfyuh iFk ij xfr djrs gSaA i`Foh osQ pqacdh;
{ks=k dh {ks=k js[kk,¡ pqacdh; èkzqoksa ij cgqr ikl&ikl vk tkrh gSa [nsf[k, fp=k (b)] vr% èkqzoksa osQ fudV vkos'kksa dk
?kuRo c<+ tkrk gSA ;s vkosf'kr d.k ok;qeaMy osQ v.kqvksa ls rFkk ijek.kqvksa ls Vdjkrs gSaA mÙksftr vkWDlhtu ijek.kq
gjk izdk'k mRlftZr djrs gSa rFkk mÙksftr ukbVªkstu ijek.kq xqykch izdk'k mRlftZr djrs gSaA HkkSfrdh esa bl ifj?kVuk
dks mÙkj èkqzoh; T;ksfr dgrs gSaA
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4.4 la;qDr fo|qr rFkk pqacdh; {ks=kksa esa xfr
4.4.1 osx oj.kdrkZ

vki tkurs gSa fd fo|qr rFkk pqacdh; nksuksa {ks=kksa dh mifLFkfr esa v osx ls xfreku q vkos'k osQ d.k
ij lehdj.k (4.3) osQ vuqlkj ,d cy dk;Z djrk gS ftls bl izdkj O;Dr djrs gSa%

F = q (E + vvvvv ××××× B) = F
E
 + F

B

ge ;gk¡ fp=k 4.7 esa n'kkZ, vuqlkj ,d ljy fLFkfr ij fopkj djsaxs ftlesa fo|qr
{ks=k rFkk pqacdh; {ks=k ,d nwljs osQ yacor gSa rFkk d.k dk osx bu nksuksa {ks=kksa osQ yacor
gSA rc

E j B k v i= = =E B vˆ ˆ ˆ, ,

( )ˆˆ ˆ ˆ, ,= = = = = −F E j F v × B i × k jE Bq qE q q v B qvB

vr% ( )ˆ–q E vB=F j

bl izdkj fp=k esa n'kkZ, vuqlkj fo|qr cy rFkk pqacdh; cy ,d nwljs osQ foijhr
fn'kk esa gSaA eku yhft, ge E rFkk B osQ ekuksa dks bl izdkj lek;ksftr djrs gSa fd bu
cyksa osQ ifjek.k leku gks tk,¡ rks vkos'k ij oqQy cy 'kwU; gks tk,xk rFkk vkos'k bu {ks=kksa
esa fcuk fo{ksfir gq, xeu djsxkA ;g rc gksxk tc

E
qE qvB v

B
= =vFkok (4.7)

bl 'krZ dk mi;ksx fofHkUu xfr ls xfreku vkos'kksa (pkgs muosQ vkos'k rFkk nzO;eku oqQN
Hkh gksa) osQ iqat ls fdlh fo'ks"k osx osQ vkosf'kr d.kksa dks pquus esa fd;k tkrk gSA vr% ØkWflr
pqacdh; o fo|qr {ks=k osx oj.kdrkZ osQ leku dk;Z djrs gSaA osQoy E/B dh pky okys d.k
gh bl ØkWflr {ks=kksa okys LFkku ls fcuk fo{ksfir gq, xq”kjrs gSaA bl fof/ dk mi;ksx lu 1897

esa ts- ts- Fkkelu us bysDVªkWu dk vkos'k&nzO;eku vuqikr (e/m) ekius esa fd;k FkkA bl fl¼kar
dk mi;ksx nzO;eku LisDVªksehVj esa Hkh fd;k tkrk gSA ;g ,slh ;qfDr gS tks vkosf'kr d.kksa dks]
izk;% vk;uksa] muosQ vkos'k&nzO;eku vuqikr osQ vuqlkj i`Fkd djrh gSA

4.4.2 lkbDyksVªkWu
lkbDyksVªkWu vkosf'kr d.kksa vFkok vk;uksa dk mPp ÅtkZvksa rd Rofjr djus okyk ;a=k gSA bldk
vkfo"dj ukfHkdh; lajpuk osQ vUos"k.k osQ fy, lu~ 1934 esa bZ-vks- yksjsa”k rFkk ,e- ,l-
fy¯oXLVkWu us fd;k FkkA vkosf'kr d.kksa dh ÅtkZ esa o`f¼ djus osQ fy, lkbDyksVªkWu esa la;qDr
:i esa fo|qr {ks=k rFkk pqacdh; {ks=k nksuksa dk mi;ksx fd;k tkrk gSA pw¡fd ;s nksuksa {ks=k ,d nwljs
osQ yacor yxk, tkrs gSa] bUgsa ØkWflr {ks=k dgrs gSaA lkbDyksVªkWu esa bl rF; dk mi;ksx fd;k
tkrk gS fd ¶pqacdh; {ks=k esa ifjØe.k djus okys vkosf'kr d.kksa dh ifjØe.k dh vko`fÙk d.k
dh ÅtkZ ij fuHkZj ugha djrhA¸ d.k vf/dka'k le; rd nks v/Zo`Ùkkdkj pfØdk tSls /krq osQ
ik=kksa] D1 rFkk D2 osQ chp xfr djrs gSaA bu /krq osQ ik=kksa dks ^Mht* (Dees) dgrs gSa D;ksafd
;s vaxzs”kh osQ o.kZekyk osQ v{kj 'D' tSls fn[kkbZ nsrs gSaA fp=k 4.8 esa lkbDyksVªkWu dk O;oLFkk
vkjs[k n'kkZ;k x;k gSA /krq osQ ckWDlksa osQ Hkhrj d.k ifjjf{kr jgrs gSa rFkk bu ij fo|qr {ks=k dk;Z
ugha djrkA rFkkfi d.k ij pqacdh; {ks=k dk;Z djrk gS ftlosQ dkj.k og ,d ^Mh* osQ vaanj
orqZy xfr djrk gSA izR;sd ckj tc d.k ,d ^Mh* ls nwljh ^Mh* esa tkrk gS rks gj ckj ml
ij fo|qr {ks=k dk;Z djrk gSA izR;korhZ :i ls fo|qr {ks=k dk fpÉ ifjofrZr gksrk jgrk gS rFkk
bldk d.k dh orZqy xfr osQ lkFk lkeatL; gksrk gSA blls ;g lqfuf'pr gksrk gS fd d.k lnSo
fo|qr {ks=k }kjk Rokfjr gksrk gSA gj ckj Roj.k ls d.k dh ÅtkZ esa o`f¼ gksrh gSA tSls&tSls ÅtkZ

fp=k 4.7
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esa o`f¼ gksrh tkrh gS mlosQ òÙkkdkj iFk dh f=kT;k esa Hkh òf¼ gksrh gSA vr% d.k dk iFk lfiZykdkj
gksrk gSA

bl lkjs la;kstu dks fuokZfrr fd;k tkrk gS rkfd vk;uksa rFkk ok;q osQ v.kqvksa osQ chp la?kêð
U;wure gks tk,A Mh”k ij ,d mPp izR;korhZ oksYVrk vuqiz;qDr dh tkrh gSA fp=k 4.8 esa n'kkZ,
x, vkjs[k esa /uk;u vFkok èkukosf'kr d.k (d.k izksVkWu) osaQnz P ij eqDr fd, tkrs gSaA ;s fdlh
,d ^Mh* esa v/Zo`Ùkkdj iFk ij xeu djrs gq, T/2 le; varjky esa Mh”k osQ chp osQ fjDr
LFkku esa vkrs gSaA ;gk¡ T ifjØe.k dky gS ftldk eku lehdj.k (4.6) osQ vuqlkj

 
1 2

c

m
T

qB

π
ν

= =

vFkok 
2

c

qB

m
ν

π
= (4.8)

izR;{k rdks± osQ vk/kj ij bl vko`fÙk dks lkbDyksVªkWu vko`fÙk dgrs gSa rFkk bls ν
c 
}kjk

fufnZ"V fd;k tkrk gSA
lkbDyksVªkWu esa vuqiz;qDr oksYVrk dh vko`fÙk ν

a
 dks bl izdkj lek;ksftr fd;k tkrk gS fd

ftrus le; esa vk;u viuk vk/k ifjØe.k iwjk djrk gS mrus gh le; esa Mh”k dh /zqork
ifjofrZr gks tkrh gSA blosQ fy, vko';d 'krZ ν

a
 = ν

c
 dks vuqukn dh 'krZ dgrs gSaA lzksr dk

dyk dk lek;kstu bl izdkj fd;k tkrk gS fd tc /uk;u D
1
 osQ Nksj ij igq¡prk gS rks ml

le; D
2
 fuEu foHko ij gksrk gS rFkk vk;u bl fjDr LFkku esa Rofjr gksrs gSaA Mh”k osQ Hkhrj

d.k ,sls {ks=k esa xeu djrs gSa tgk¡ fo|qr {ks=k ugha gksrkA gj ckj d.k ,d Mh ls nwljh Mh ij
tkus esa d.k dh ÅtkZ esa qV dh o`f¼ gksrh gS (;gk¡ V MhT+k osQ
chp ml le; dh oksYVrk gSA) lehdj.k (4.5) ls ;g Li"V gS
fd d.kksa osQ iFkksa dh f=kT;k esa gj ckj] xfrt ÅtkZvksa esa òf¼ gksus
osQ dkj.k òf¼ gksrh tkrh gSA vk;u Mh”k osQ chp ckjackj ml le;
rd Rofjr gksrs jgrs gSa tc rd fd os yxHkx Mh”k osQ cjkcj
f=kT;k ikus osQ fy, vko';d ÅtkZ izkIr ugha dj ysrsA ml le;
fiQj ls pqacdh; {ks=k }kjk fo{ksfir gksdj fuxZe f>jh }kjk fudk;
ls ckgj fudy tkrs gSaA lehdj.k (4.5) ls] gesa izkIr gksrk gSµ

qBR
v

m
= (4.9)

;gk¡ R fuxZe ij iz{ksi dh f=kT;k gS rFkk ;g MhT+k dh f=kT;k osQ
cjkcj gSA

vr% vk;uksa dh xfrt ÅtkZ

2 2 2
21

2 2

q B R
m

m
=v (4.10)

lkbDyksVªkWu dk izpkyu bl rF; ij vk/kfjr gS fd fdlh
vk;u osQ ,d ifjØe.k dk le; vk;u dh pky vFkok d{kk dh
f=kT;k ij fuHkZj ugha gSA lkbDyksVªkWu dk mi;ksx blesa Rofjr
ÅtkZ;qDr d.kksa }kjk ukfHkd ij ceckjh djosQ ifj.kkeh ukfHkdh;
vfHkfØ;kvksa dk vè;;u djus osQ fy, fd;k tkrk gSA bldk
mi;ksx Bkslksa esa vk;uksa dks jksfir djosQ muosQ xq.kksa esa lq/kj djus
vkSj ;gk¡ rd fd u, inkFkks± dks la'ysf"kr djus esa Hkh fd;k tkrk

fp=k 4.8 lkbDyksVªkWu dk O;oLFkk vkjs[kA ¯cnq P ij
vkosf'kr d.kksa vFkok vk;uksa dk Ïksr gSA ;s vkosf'kr d.k
;k vk;u ,dleku yacor pqacdh; {ks=k B osQ dkj.k D

1

rFkk D
2
 MhT+k ds Hkhrj&o`Ùkkdkj iFk ij xeu djrs gSaA ,d

izR;korhZ oksYVrk Ïksr bu vkosf'kr d.kksa dks mPp pkyksa
rd Rofjr djrk gSA varr% vkosf'kr d.k ckgjh }kj ls

fudky fn, tkrs gSaA
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gSA bldk mi;ksx jsfM;ks,fDVo inkFkks± dks mRiUu djus esa fd;k tkrk gSA bu jsfM;ks,fDVo inkFkks±
dks vLirkyksa esa jksxh osQ funku rFkk mipkj esa fd;k tkrk gSA

mnkgj.k 4.4 lkbDyksVªkWu dh nksfy=k vko`fÙk 10 MHz gSA izksVkWuksa dks Rofjr djus osQ fy,
izpkyu pqacdh; {ks=k dk eku fdruk gksuk pkfg,A ;fn Mh”k dh f=kT;k 60 cm gS rks Rojd
}kjk mRiUu izksVkWu iqat dh xfrt ÅtkZ MeV esa ifjdfyr dhft,A
(e =1.60 × 10–19 C, m

p
 = 1.67 × 10–27 kg,  1 MeV = 1.6 × 10–13 J).

gy nksfy=k vko`fÙk izksVkWu osQ lkbDyksVªkWu osQ cjkcj gksuh pkfg,A
lehdj.kksa (4.5) rFkk [4.6 (a)] dk mi;ksx djus ij gesa izkIr gksrk gS
B  = 2π m ν/q  = 6.3 ×1.67 × 10–27 ×  107 / (1.6 × 10–19) = 0.66 T

izksVkWu dk vafre osx
v =  r × 2π ν = 0.6 m × 6.3 ×107 = 3.78 × 107  m/s.

E = ½ mv 2 = 1.67 × 10–27 × 14.3 × 1014 / (2 × 1.6 × 10–13)  = 7 MeV

Hkkjr esa Rojd

Hkkjr Rojd&vkèkkfjr vuqlaèkku osQ {ks=k esa ços'k djus okyk vxz.kh ns'k gSA MkW- es?kukn lkgk dh nwjnf'kZrk osQ dkj.k
lu~ 1953 esa dksydkrk osQ lkgk ukfHkdh; HkkSfrdh laLFkku us 37" lkbDyksVªkWu LFkkfir dj fy;k FkkA blosQ i'pkr
rks 'kh?kz gh Hkkjr osQ fofHkUu laLFkkuksa_ tSlsµVkVk HkkSfed vuqla/ku laLFkku (TIFR), eqacbZ_ vyhx<+ eqfLye
fo'ofo|ky;, vyhx<+_ cksl baLVhV~;wV] dksydkrk rFkk vkaèkzk fo'ofo|ky;] okYVs;j esa dksdjksÝV&okYVu çdkj osQ
dbZ Rojd LFkkfir gks x,A

lkB osQ n'kd esa rks dbZ oku Ms xzkiQ Rojd LFkkfir gq,µ 5.5 MV VfeZuy e'khu HkkHkk ijek.kq vuqlaèkku osaQnz
(BARC), eqacbZ (1963)_ 2 MV VfeZuy e'khu Hkkjrh; çkS|ksfxdh laLFkku] dkuiqj_ 400 kV VfeZuy e'khu cukjl
¯gnw fo'ofo|ky;] okjk.klh rFkk iatkch fo'ofo|ky;] ifV;kykA vesfjdk osQ jks'ksLVj fo'ofo|ky; }kjk çnku fd,
x, 66 cm lkbDyksVªkWu dks iatkc fo'ofo|ky;] paMhx<+ esa LFkkfir fd;k x;kA ,d y?kq bysDVªkWu Rojd iwuk
fo'ofo|ky;] iq.ks esa Hkh LFkkfir fd;k x;kA

lÙkj rFkk vLlh osQ n'kdksa esa ,d çeq[k lw=kikr ifjorhZ ÅtkZ lkbDyksVªkWu osaQnz (VECC), dksydkrk }kjk iw.kZr%
Hkkjrh; lalkèkuksa dk mi;ksx djosQ ifjorhZ ÅtkZ lkbDyksVªkWu fufeZr djosQ fd;k x;k_ HkkHkk ijek.kq vuqlaèkku osaQnz
(BARC) eqacbZ us 2 MV VSaMse oku Ms xzkiQ Rojd fodflr ,oa fufeZr fd;k rFkk VkVk HkkSfed vuqla/ku laLFkku
esa14 MV VSaMse isYysVªkWu Rojd LFkkfir fd;k x;kA

blosQ i'pkr 'kh?kz gh fo'ofo|ky; vuqnku vk;ksx (UGC), u;h fnYyh us varj fo'ofo|ky; lqfoèkk osQ :i
esa varjfo'ofo|ky; Rojd osaQnz (IUAC), u;h fnYyh esa ,d 15 MV VSaMse isYysVªkWu_ HkkSfrdh laLFkku] Hkqous'oj
esa ,d 3 MV VSaMse isYysVªkWu_ vUos"k.k] HkUos"k.k o vuqlaèkku dk ijek.kq [kfut funs'kky;] gSnjkckn rFkk bafnjk xkaèkh
ijek.kq vuqlaèkku osaQnz] dyiDde esa nks 1.7 MV VS.MsVªkWu LFkkfir djk,A TIFR rFkk IUAC nksuksa gh viuh lqfoèkk,¡]
vfrpkyd LINAC ekWM~;wy ftudk mi;ksx vk;uksa dks mPp ÅtkZvksa rd Rofjr djus esa fd;k tkrk gS] osQ lkFk
vkxs c<+k jgs gSaA

bu Rojdksa osQ vfrfjDr ijek.kq ÅtkZ foHkkx us Hkh cgqr ls bysDVªkWu Rojd fodflr fd, gSaA jktk jkeUuk vxzorhZ
çkS|ksfxdh osaQnz] bankSj esa ,d 2 GeV flaØksVªkWu fofdj.k lzksr fufeZr fd;k tk jgk gSA

ijek.kq ÅtkZ foHkkx Hkfo"; esa fodYi osQ :i esa 'kfDr mRiknu rFkk fo[kaMuh; inkFkZ osQ çtuu osQ fy, Rojd
çpkfyr la;a=kksa ij fopkj dj jgk gSA
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4.5 fo|qr /kjk vo;o osQ dkj.k pqacdh; {ks=k]
ck;ks&lkoVZ fu;e

ftrus pqacdh; {ks=k gesa Kkr gSa os lHkh fo|qr /kjkvksa (vFkok xfr'khy vkos'kksa) rFkk d.kksa osQ
uSt pqacdh; vk?kw.kks± osQ dkj.k mRiUu gq, gSaA ;gk¡ vc ge fo|qr /kjk rFkk mlosQ
}kjk mRiUu pqacdh; {ks=k osQ chp laca/ osQ ckjs esa vè;;u djsaxsA ;g laca/ ck;ks
lkoVZ fu;e }kjk izkIr gksrk gSA fp=k 4.9 esa ,d ifjfer fo|qr /kjk pkyd XY

n'kkZ;k x;k gS] ftlesa fo|qr /kjk I izokfgr gks jgh gSA pkyd osQ vfrvYi vo;o
dl  ij fopkj dhft,A eku yhft, gesa bl vo;o }kjk blls r nwjh ij fLFkr fdlh
¯cnq P ij pqacdh; {ks=k dB dk eku fu/kZfjr djuk gSA eku yhft, foLFkkiu lfn'k
r rFkk dl osQ chp θ dks.k curk gSA rc ck;ks&lkoVZ fu;e osQ vuqlkj pqacdh; {ks=k
dB dk ifjek.k fo|qr /kjk I, yackbZ vo;o |dl|osQ vuqØekuqikrh rFkk nwjh r osQ
oxZ osQ O;qRØekuqikrh gSA bl {ks=k dh fn'kk* dl rFkk r osQ ryksa osQ yacor gksxhA vr%
lfn'k laosQr i¼fr esa

3

I d
d

r

×
∝

r
B

l

           
0

34

I d

r

µ ×
=

π

rl
 [4.11(a)]

;gk¡ µ
0
/4π vuqØekuqikfrd fu;rkad gSA mijksDr lehdj.k rc ykxw gksrk gS tcfd

ekè;e fuokZr gksrk gSA
bl {ks=k dk ifjek.k

0

2

d sin
d

4

I l

r

µ θ
=

π
B [4.11(b)]

;gk¡ geus lfn'k&xq.kuiQy osQ xq.k/eZ |dl × r|= dl r sinθ dk mi;ksx fd;k gSA pqacdh; {ks=k

osQ fy, lehdj.k [4.11(a)] ewy lehdj.k gSA vuqØekuqikrh fu;rkad 0

4π

µ
 dk ;FkkFkZ eku gSµ

70 10 Tm/A
4

µ −=
π

[4.11(c)]

jkf'k µ
0
 dks eqDr vkdk'k (;k fuokZr) dh pqacd'khyrk fu;rkad dgrs gSaA

pqacdh; {ks=k osQ ck;ks&lkoVZ fu;e vkSj fLFkjoS|qfrdh osQ owQykWe fu;e esa oqQN lekurk,¡
gSa rFkk oqQN vlekurk,¡A blesa ls oqQN fuEu izdkj gSa&
(i) nksuksa nh?kZ&ijklh gSa] D;ksafd nksuksa gh lzksr ls ijh{k.k fcanq rd dh nwjh osQ oxZ osQ

O;qRØekuqikrh gksrs gSaA nksuksa gh {ks=kksa ij vè;kjksi.k fl¼kar ykxw gksrk gS [bl laca/ esa ;g
è;ku nhft, fd lzksr I dl esa pqacdh; {ks=k jSf[kd gS tSls fd vius lzksr] fo|qr vkos'k esa
fLFkj oS|qr {ks=k jSf[kd gSA]

* dl × r dh fn'kk nf{k.k gLr isap fu;e }kjk Hkh izkIr gksrh gSA dl rFkk r osQ ryksa dks nsf[k,A dYiuk
dhft, fd vki igys lfn'k ls nwljs lfn'k dh vksj xeu dj jgs gSaA ;fn xfr okekorZ gS rks ifj.kkeh
vkidh vksj ladsr djsxkA ;fn ;g nf{k.kkorZ gS rks ifj.kkeh vkils nwj dh vksj gksxkA

fp=k 4.9 ck;ks&lkoVZ fu;e dk fun'kZ
fp=kA fo|qr/kjk&vo;o I dl, r nwjh ij
fLFkr fcanq ij {ks=k dB mRiUu djrk gSA

⊗ fpÉ ;g bafxr djrk gS fd {ks=k
dkx”k osQ ry osQ vfHkyacor uhps dh

vksj izHkkoh gSA
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(ii) fLFkjoS|qr {ks=k vkfn'k lzksr] tSls oS|qr vkos'k] }kjk mRiUu gksrk gS tcfd pqacdh; {ks=k ,d
lfn'k lzksr tSls] I dl }kjk mRiUu gksrk gSA

(iii) fLFkjoS|qr {ks=k lzksr dks {ks=k osQ ¯cnq ls feykus okys foLFkkiu lfn'k osQ vuqfn'k gksrk gS
tcfd pqacdh; {ks=k foLFkkiu lfn'k r rFkk fo|qr /kjk vo;o I dl nksuksa osQ ryksa osQ yacor
gksrk gSA

(iv) ck;ks&lkoVZ fu;e esa dks.k ij fuHkZjrk gS tks fLFkj oS|qr {ks=k esa ugha gksrhA fp=k 4.9 esa] fn'kk
dl (MS'k ;qDr js[kk esa fdlh Hkh ¯cnq ij pqacdh; {ks=k 'kwU; gSA bl fn'kk osQ vuqfn'k
θ = 0, sin θ = 0 rFkk lehdj.k [4.11(a)], |dB| = 0

eqDr fno~QLFkku dh fo|qr'khyrk] eqDr fno~QLFkku dh pqacd'khyrk rFkk fuokZr esa izdk'k osQ
osx esa ,d jkspd laca/ gSA

ε µ ε
µ

0 0 0
0

4
= ( )





4π
π  =

×




 ( )−1

9 10
10

9

7

8 2 2

1 1

(3 10 ) c
= =

×

bl laca/ osQ fo"k; esa ge fo|qr pqacdh; rjaxksa osQ vè;k; 8 esa ppkZ djsaxsA pw¡fd fuokZr
esa izdk'k dk osx fu;r gS] xq.kuiQy µ

0
ε

0
 ifjek.k esa fuf'pr gSA ε

0
 rFkk µ

0
 esa ls fdlh Hkh ,d

eku dk p;u djus ij vU; dk eku Lor% fuf'pr gks tkrk gSA SI ek=kdksa esa µ
0
 dk ,d fuf'pr

ifjek.k 4π × 10–7
  gSA

mnkgj.k 4.5 dksbZ fo|qr /kjk vo;o ˆx∆ = ∆l i  ftlls ,d mPp /kjk I = 10A izokfgr

gks jgh gS] ewy ̄ cnq ij fLFkr gS (fp=k 4-10)] y-v{k ij 0.5 m nwjh ij fLFkr fdlh ̄ cnq ij
blosQ dkj.k pqacdh; {ks=k dk D;k eku gSA ∆x = 1 cm

fp=k 4.10

gy

 
0

2

d sin
|d |

4

I l

r

µ θ
π

=B  [lehdj.k (4.11}kjk )]

2d 10 ml x −= ∆ = , I = 10 A,  r = 0.5 m = y, 7
0

T m
/4 10

A
µ −π =

θ = 90° ; sin θ = 1
7 2

2

10 10 10
d

25 10

− −

−

× ×
=

×
B = 4 × 10–8 T

bl pqacdh; {ks=k dh fn'kk +z fn'kk esa gSA bldk dkj.k ;g gS fd
ˆ ˆd x y= ∆× i × jl r ( )ˆ ˆy x= ∆ i × j ˆy x= ∆ k

;gk¡ ge vkidks lfn'k xq.kuiQyksa osQ fuEufyf[kr pØh; xq.kksa dks ;kn djkrs gSa
ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ; ;× = × = × =i j k j k i k i j

è;ku nhft, bl {ks=k dk ifjek.k y?kq gSA
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vxys vuqHkkx esa ge o`Ùkkdkj ik'k osQ dkj.k pqacdh; {ks=k ifjdfyr djus osQ fy,
ck;ks&lkoVZ fu;e dk mi;ksx djsaxsA

4.6 fo|qr /kjkokgh o`Ùkkdkj ik'k osQ v{k ij pqacdh; {ks=k
bl vuqHkkx esa ge fo|qr /kjkokgh o`Ùkkdkj ik'k osQ dkj.k mlosQ v{k osQ vuqfn'k pqacdh; {ks=k
dk ewY;kadu djsaxsA bl ewY;kadu esa fiNys vuqHkkx esa of.kZr vR;Yi fo|qr /kjk vo;okas (I dl)

osQ izHkko dks la;ksftr fd;k tk,xkA ge ;g ekurs gSa fd izokfgr fo|qr /kjk vifjorhZ gS rFkk
ewY;kadu eqDr fno~QLFkku (fuokZr) esa fd;k x;k gSA

fp=k 4.11 esa o`Ùkkdkj ik'k esa LFkk;h fo|qr /kjk I izokfgr gksrs gq,
n'kkZbZ xbZ gSA ik'k dks ewy ¯cnq ij x y ry esa fLFkr n'kkZ;k x;k gS rFkk
ik'k dk f=kT;k R gSA x-v{k gh ywi dk v{k gSA gesa blh v{k osQ ¯cnq
P ij pqacdh; {ks=k ifjdfyr djuk gS] eku yhft, ¯cnq P ik'k osQ osaQnz
ls x nwjh ij fLFkr gSA

ik'k osQ pkyd vo;o dl ij fopkj dhft,] bls fp=k 4.11 esa
n'kkZ;h xbZ gSA dl  osQ dkj.k pqacdh; {ks=k dk ifjek.k ck;ks&lkoVZ fu;e
[lehdj.k 4.11(a)] osQ vuqlkj

0

34

I d
dB

r

µ
π

=
× rl

(4.12)

vc r2 = x2 + R2A lkFk gh] ik'k dk dksbZ Hkh vo;o] bl vo;o
ls v{kh; ¯cnq osQ foLFkkiu lfn'k osQ yacor gksxkA mnkgj.k osQ fy,]
fp=k 4.11 esa vo;o dl y-z fn'kk esa gS tcfd foLFkkiu lfn'k r vo;o
dl ls v{kh; ̄cnq P rd x-y ry esa gSA vr% |dl × r|=r dl, bl izdkj

( )
0

2 2

d
d

4

I l
B

x R

µ
=

+ (4.13)

dB
 
dh fn'kk fp=k 4.11 esa n'kkZ;h xbZ gSA ;g dl rFkk r }kjk cus ry osQ yacor gSA bldk

,d x- vo;o dB
x 
rFkk x- v{k osQ yacor vo;o dB⊥ gSA tc x- v{k osQ yacor vo;oksa

dks la;ksftr djrs gSa rks os fujLr gks tkrs gSa rFkk gesa 'kwU; ifj.kke izkIr gksrk gSA mnkgj.k osQ
fy,] fp=k 4.11 esa n'kkZ, vuqlkj dl osQ dkj.k vo;o dB⊥ blosQ f=kT;r% foijhr dl vo;o
osQ dkj.k ;ksxnku }kjk fujflr gks tkrk gSA bl izdkj osQoy x-vo;o gh cp ikrk gSA x-fn'kk
osQ vuqfn'k usV ;ksxnku ik'k osQ Åij dB

x
  = dB cos θ dks lekdfyr djosQ izkIr fd;k tk

ldrk gSA

fp=k 4.11 osQ fy,

2 2 1/2
cos

( )

R

x R
θ =

+  (4.14)

lehdj.kksa (4.13) vkSj (4.14),

( )
0

3/22 2

d
d

4
x

I l R
B

x R

µ
=

+

fp=k 4.11 f=kT;k R fo|qr /kjkokgh o`Ùkkdkj ik'k
osQ v{k ij pqacdh; {ks=kA bl fp=k esa js[kk vo;o
dl ds dkj.k pqacdh; {ks=k dB rFkk v{k ds yacor

dk;Zjr blosQ vo;oksa dks n'kkZ;k x;k gSA
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leLr ik'k ij dl vo;oksa dk ladyu] 2πR, izkIr gksrk gS tks ik'k dh ifjf/ gSA bl izdkj

( )
2

0

3/22 2

ˆ ˆ

2
x

I R
B

x R

µ
= =

+
B i i (4.15)

mijksDr ifj.kke oQh ,d fo'ks"k fLFkfr osQ :i esa ge ik'k osQ osaQnz ij pqacdh; {ks=k izkIr
dj ldrs gSaA bl izdkj ;gk¡ x = 0, rFkk gesa izkIr gksrk gS]

0
0

ˆ
2

I

R

µ
=B i (4.16)

o`Ùkkdkj rkj osQ dkj.k pqacdh; {ks=k js[kk,¡ can o`Ùkkdkj ik'k cukrh gaS ftUgsa fp=k 4.12 esa
n'kkZ;k x;k gSA pqacdh; {ks=k dh fn'kk (,d vU;) nf{k.k gLr vaxq"B fu;e }kjk gksrh gSA ;g
fu;e uhps fn;k x;k gS]

o`Ùkkdkj rkj osQ pkjksa vksj vius nk,¡ gkFk dh gFksyh dks bl izdkj eksfM+, fd m¡xfy;k¡ fo|qr
/kjk dh fn'kk dh vksj laosQr djsa] rc bl gkFk dk iSQyk gqvk v¡xwBk pqaacdh; {ks=k dh fn'kk
crkrk gSA

mnkgj.k 4.6 fp=k 4.13 esa n'kkZ, vuqlkj fdlh lh/s rkj ftlesa 12 A fo|qr /kjk izokfgr
gks jgh gS] dks 2.0 cm f=kT;k osQ v/ZòÙkkdkj pki esa eksM+k x;k gSA bl pki osQ osaQnz ij pqacdh;
{ks=k B dks ekusaA

fp=k 4.13

(a) lh/s [kaMksa osQ dkj.k pqacdh; {ks=k fdruk gS\
(b) fdl :i esa v/ZòÙk }kjk B dks fn;k x;k ;ksxnku òÙkkdkj ik'k osQ ;ksxnku ls fHkUu gS vkSj

fdl :i esa ;s ,d nwljs osQ leku gSaA
(c) D;k vkiosQ mÙkj esa dksbZ ifjorZu gksxk ;fn rkj dks mlh f=kT;k osQ v/Zo`Ùk esa igys dh

rqyuk esa fp=k 4.13 (b) esa n'kkZ, vuqlkj myVh fn'kk esa eksM+ nsaA

fp=k 4.12 fdlh fo|qrokgh ik'k dk pqacdh; {ks=kA ikB dh fo"k; oLrq esa of.kZr nf{k.k gLr
vaxq"B fu;e }kjk mRiUu pqacdh; {ks=k dh fn'kk fu/kZfjr gksrh gSA ik'k ds Åijh ik'oZ dks mÙkj /zqo

rFkk fupys ik'oZ dks nf{k.k /qzo ekuk tk ldrk gSA
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 mnkgj.k 4
.6

gy
(a) lh/s [kaMksa osQ izR;sd vo;o osQ fy, dl rFkk r lekarj gSaA vr% dl × r = 0A bl izdkj

lh/s [kaM |B| dks dksbZ ;ksxnku ugha nsrsA
(b) v/Zo`Ùkkdkj pki osQ lHkh [kaMksa osQ fy,] dl × r lHkh ,d nwljs osQ lekarj gSa (dkx”k osQ

ry esa Hkhrj dks tkrs gq,)A bl izdkj osQ lHkh ;ksxnku ifjek.k esa la;ksftr gks tkrs gSaA
vr% v/Zo`Ùkkdkj pki osQ fy, B dh fn'kk nf{k.k gLr fu;e }kjk izkIr gksrh gSA bldk

ifjek.k òÙkkdkj ik'k osQ fy, B dk vk/k gksrk gSA bl izdkj B dk eku 1.9 × 10–4 T

gS rFkk fn'kk dkx”k osQ ry osQ vfHkyacor mlosQ Hkhrj tkrs gq, gSA

(c) B dk ifjek.k rks ogh gS tks (b) esa gS ij fn'kk foijhr gSA

mnkgj.k 4.7 10 cm f=kT;k dh 100 dldj yisVs x, isQjksa dh fdlh ,slh oqaQMyh ij fopkj
dhft, ftlls 1 A fo|qr /kjk izokfgr gks jgh gSA oqaQMyh osQ osaQnz ij pqacdh; {ks=k dk ifjek.k
D;k gS\

gy pw¡fd oqaQMyh dldj yisVh xbZ gS vr% ge izR;sd òÙkkdkj vo;o dh f=kT;k R = 10 cm

= 0.1 m eku ldrs gSaA isQjksa dh la[;k N = 100 gS] vr% pqacdh; {ks=k dk ifjek.k
–7 2

0

–1

4 10 10 1

2 2 10

NI
B

R

µ π × × ×
= =

×
42 10π −= ×  T 46 28 10 T. −= × .

4.7 ,sfEi;j dk ifjiFkh; fu;e
ck;ks&lkoVZ fu;e dks vfHkO;Dr djus dk ,d vU; oSdfYid rFkk #fpdj mik; Hkh gSA
,sfEi;j osQ ifjiFkh; fu;e esa fdlh [kqys i`"B ftldh dksbZ lhek gks] ij fopkj fd;k
tkrk gSA bl i`"B ls fo|qr /kjk izokfgr gksrh gSA ge ;g fopkj djrs gSa fd lhek js[kk
cgqr ls vYi js[kk vo;oksa ls feydj cuh gSA ,sls gh ,d js[kk vo;o dl ij fopkj
dhft,A ge bl vo;o ij pqacdh; {ks=k osQ Li'kZjs[kh; ?kVd B

t
 dk eku ysaxs rFkk bls

vo;o dl dh yackbZ ls xq.kk djsaxsA [è;ku nhft, B
t
dl=B.d l]A bl izdkj osQ lHkh

xq.kuiQy ,d nwljs osQ lkFk la;ksftr fd, tkrs gSaA ge lhek ij fopkj djrs gSa D;ksafd
tSls&tSls vo;oksa dh yackbZ ?kVrh gS budh la[;k c<+rh gSA rc budk ;ksx ,d
lekdyu cu tkrk gSA ,sfEi;j dk fu;e ;g dgrk gS fd ;g lekdyu i`"B ls
izokfgr gksus okyh oqQy fo|qr /kjk dk µ

0
 xquk gksrk gS] vFkkZr

0 d Iµ=∫ B l [4.17(a)]

;gk¡ I i`"B ls xq”kjus okyh oqQy fo|qr /kjk gSA bl lekdyu dks i`"B dh lhekjs[kk C osQ laikrh
can osQ Åij fy;k x;k gSA mijksDr laca/ esa fn'kk lfEefyr gS tks nf{k.k gLr fu;e ls izkIr
gksrh gSA vius nk,¡ gkFk dh m¡xfy;ksa dks ml fn'kk esa eksfM+, ftl fn'kk esa ik'k lekdy B.dl

esa lhek js[kk eqM+h gSA rc v¡xwBs dh fn'kk ml fn'kk dks crkrh gS ftlesa fo|qr /kjk dks èkukRed
ekuk x;k gSA

cgqr ls vuqiz;ksxksa osQ fy, lehdj.k [4.17 (a)] dk dgha vf/d ljyhÑr :i i;kZIr
fl¼ gksrk gSA ge ;g ekusaxs fd] bl izdkj osQ izdj.kksa esa ,sls ik'k (ftls ,sfEi;jh; ik'k dgrs
gSaA) dk p;u laHko gS tks bl izdkj dk gS fd ik'k osQ izR;sd ¯cnq ij ;k rks

fp=k 4.14

 mnkgj.k 4
.7
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(i) B ik'k osQ Li'kZjs[kh; gS rFkk 'kwU;srj fu;rkad B gS] vFkok
(ii) B ik'k osQ vfHkyacor gS] vFkok
(iii) B u"V gks tkrk gSA

vc eku yhft, L ik'k dh og yackbZ (Hkkx) gS ftlosQ fy, B

Li'kZjs[kh; gSA eku yhft, ik'k esa ifjo¼ fo|qr /kjk I
e
 gSA rc lehdj.k

(4.17) dks bl izdkj O;Dr dj ldrs gSa
BL =µ

0
I
e

[4.17(b)]

tc fdlh fudk; esa bl izdkj dh lefefr gks tSls fd fp=k 4.15

esa lh/s fo|qr /kjkokgh vuar rkj osQ fy, gS] rc ,sfEi;j dk fu;e gesa
pqacdh; {ks=k dk ,d ljy ewY;kadu djus ;ksX; cukrk gS tks Bhd mlh
izdkj gS tSls fd xkml fu;e fo|qr {ks=k dks fu/kZfjr djus esa gekjh lgk;rk
djrk gSA bls uhps fn, x, mnkgj.k 4.9 esa n'kkZ;k x;k gSA ik'k dh lhek
js[kk dk p;u ,d o`Ùk gS rFkk pqacdh; {ks=k o`Ùk dh ifjf/ osQ Li'kZjs[kh;
gSA lehdj.k [4.17 (b)] osQ oke i{k osQ fy, bl fu;e ls izkIr eku
B. 2πr gSA ge ;g ikrs gSa fd rkj osQ ckgj r nwjh ij pqacdh; {ks=k
Li'kZjs[kh; gS rFkk bls bl izdkj O;Dr fd;k tk ldrk gSA

B × 2πr  =  µ
0 
I,

B = µ
0 
 I/ (2πr) (4.18)

mijksDr ifj.kke vuar yackbZ osQ rkj osQ fy, gS tks dbZ n`f"Vdks.kksa ls
jkspd gSµ
(i) blesa ;g var£ufgr gS fd r f=kT;k osQ o`Ùk osQ izR;sd ̄ cnq ij (rkj

dks v{k osQ vuqfn'k j[krs gq,) {ks=k dk ifjek.k leku gSA nwljs
'kCnksa esa pqacdh; {ks=k esa csyukdkj lefefr gS tks {ks=k lkekU;r%
rhu funsZ'kkadksa ij fuHkZj dj ldrk gS osQoy ,d gh funsZ'kkad r
ij fuHkZj gSA tgk¡ dgha Hkh lefefr gksrh gS leL;kvksa osQ gy ljy
gks tkrs gSaA

(ii) bl o`Ùk osQ fdlh Hkh ¯cnq ij {ks=k dh fn'kk blosQ Li'kZjs[kh; gSA
bl izdkj pqacdh; {ks=k dh fu;r ifjek.k dh js[kk,¡ laosaQnzh o`Ùk
cukrh gSaA vc fp=k 4.1(c) ij è;ku nhft,] ykSg pw.kZ o`Ùk laosaQnzh
esa O;ofLFkr gqvk gSA ;s js[kk,¡ ftUgsa ge pqacdh; {ks=k js[kk,¡ dgrs
gS] can ik'k cukrh gSaA ;g fLFkjoS|qr {ks=k js[kkvksa ls fHkUu gSaA
fLFkjoS|qr {ks=k js[kk,¡ èku vkos'kksa ls vkjaHk rFkk Í.k vkos'kksa ij
lekIr gksrh gSaA lh/s fo|qr /kjkokgh pkyd osQ pqacdh; {ks=k osQ
fy, O;atd vksLVsZM iz;ksx dk lS¼kafrd Li"Vhdj.k djrk gSA

(iii) ,d vU; è;ku nsus ;ksX; jkspd ckr ;g gS fd ;|fi rkj vuar
yackbZ dk gS] rFkkfi 'kwU;srj nwjh ij blosQ dkj.k pqacdh; {ks=k vuar
ugha gSA ;g osQoy rkj osQ vR;f/d ikl vkus ij foLiqQfVr gksrk
gSA ;g {ks=k fo|qr /kjk osQ vuqØekuqikrh gS rFkk fo|qr /kjk lzksr
(vuar yackbZ osQ) ls nwjh osQ O;qRØekuqikrh gSA

vkanzs ,sfEi;j (1775 –1836) vkanzs

eSjh ,sfEi;j ,d Úkalhlh HkkSfrd foKkuh]

xf.krK ,oa jlk;uK Fks ftUgks aus

fo|qrxfrdh foKku dh vkèkkjf'kyk j[khA

,sfEi;j ,d cky izfrHkk Fks ftlus 12

o"kZ dh vk;q esa mPp xf.kr esa egkjr

gkfly dj yh FkhA ,sfEi;j us vkWLVsZM

dh [kkst dk egÙo le>k vkSj èkkjk

fo|qr ,oa pqacdRo esa lacaèk [kkstus osQ

fy, iz;ksxksa dh ,d yach  Üka`[kyk ikj

dhA bu [kkstksa dh ifj.kfr 1827 esa]

Mathematical theory of

Electrodynamic Phenomena

Deduced Solely from

Experiments uked iqLrd osQ

izdk'ku osQ :i esa gqbZA mUgksaus ifjdYiuk

dh fd lHkh pqacdh; izØe] o`Ùkokgh

fo|qr èkkjkvksa osQ dkj.k gksrs gSaA ,sfEi;j

LoHkko ls cgqr fouez vkSj HkqyDdM+ FksA

,d ckj og lezkV usiksfy;u dk jkf=kHkkst

dk fuea=k.k Hkh Hkwy x, FksA 61 o"kZ dh

mez esa U;weksfu;k ls mudh e`R;q gks xbZA

mudh dcz osQ iRFkj ij ;g lekfèk ys[k

mRdhf.kZr gS µ Tandem felix (var

esa izlUu)A

v
kan
zs ,

sfEi
;j

 (
1
7
7
5
 –

1
8
3
6
)
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  mnkgj.k 4
.8

(iv) yacs rkj osQ dkj.k mRiUu pqacdh; {ks=k dh fn'kk dks fu/kZfjr djus dk ,d ljy fu;e
gSA bl fu;e dks nf{k.k gLr fu;e* dgrs gSaA ;g bl izdkj gS

rkj dks vius nk,¡ gkFk esa bl izdkj idfM+, fd vkidk ruk gqvk v¡xwBk fo|qr /kjk dh fn'kk
dh vksj laosQr djsA rc vkidh v¡xqfy;ksa osQ eqM+us dh fn'kk pqacdh; {ks=k dh fn'kk esa gksxhA

,sfEi;j dk ifjiFkh; fu;e ck;ks&lkoVZ fu;e ls fHkUu ugha gSA nksuksa gh fu;e fo|qr /kjk
rFkk pqacdh; {ks=k esa laca/ O;Dr djrs gSa rFkk nksuksa gh LFkk;h fo|qr /kjk ds leku HkkSfrd
ifj.kkeksa dks O;Dr djrs gSaA tks laca/ ,sfEi;j ds fu;e rFkk ck;ks&lkoVZ fu;e ds chp gS Bhd
ogh laca/ xkml fu;e rFkk owQykWe fu;e ds chp esa gSA ,sfEi;j dk fu;e rFkk xkml dk fu;e
nksuksa gh ifjjs[kk vFkok ifji`"B ij fdlh HkkSfrd jkf'k (pqacdh; vFkok fo|qr {ks=k) dk laca/
fdlh vU; HkkSfrd jkf'k tSls vUr% {ks=k esa mifLFkr lzksr (fo|qr /kjk vFkok vkos'k) ds chp
laca/ O;Dr djrs gSaA ;gk¡ è;ku nsus ;ksX; ckr ;g Hkh gS fd ,sfEi;j dk ifjiFkh; fu;e dsoy
mu LFkk;h fo|qr /kjkvksa ij ykxw gksrk gS tks le; ds lkFk ifjofrZr ugha gksrhaA fuEufyf[kr
mnkgj.k gesa ifjc¼ fo|qr /kjk dk vFkZ le>us esa lgk;rk djsxkA

mnkgj.k 4.8 fp=k 4.15 esa ,d yack lh/k o`Ùkkdkj vuqizLFk dkV dk (ftldh f=kT;k a gS)
fo|qr /kjkokgh rkj ftlls LFkk;h fo|qr /kjk I izokfgr gks jgh gks] n'kkZ;k x;k gSA LFkk;h fo|qr
èkkjk bl vuqizLFk dkV ij ,dleku :i ls forfjr gSA {ks=kksa r < a rFkk r > a esa pqacdh; {ks=k
ifjdfyr dhft,

fp=k 4.15

gy (a) izdj.k r > a ij fopkj dhft,A ftl ik'k ij 2 vafdr gS og vuqizLFk dkV osQ lkFk
laosaQnzh o`Ùk osQ :i esa ,sfEi;j ik'k gSA bl ik'k osQ fy,
L  = 2 π r

I
e
 = ik'k }kjk ifjc¼ fo|qr /kjk = I

;g ifj.kke fdlh lh/s yacs rkj osQ fy, lqifjfpr O;atd gSA
B (2π r) = µ

0
I

 
0

2

I
B

r

µ
= [4.19(a)]

1
B

r
∝ (r > a)

(b) izdj.k r < a ij fopkj dhft,A blosQ fy, ,sfEi;j ik'k og o`Ùk gS ftl ij 1 vafdr gSA

* Ñi;k è;ku nhft,µnks lqLi"V (i`Fkd) fu;e gaS ftUgsa nf{k.k gLr fu;e dgrs gSaA buesa ls ,d fu;e
fo|qr /kjk ik'k ds v{k ij pqacdh; {ks=k B dh fn'kk nsrk gS rFkk nwljk lh/s fo|qr /kjkokgh pkyd
rkj ds fy, B dh fn'kk gSA bu fu;eksa esa v¡xwBs rFkk v¡xqfy;ksa dh fHkUu Hkwfedk gSA
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mn

kg
j.
k 4

.8

bl ik'k osQ fy, o`Ùk dh f=kT;k r  ysus ij]
  L  = 2 π r

vc ;gk¡ ifjc¼ fo|qr /kjk I
e
 dk eku I ugha gS ijarq ;g bl eku ls de gSA pw¡fd fo|qr èkkjk

dk fooj.k ,dleku gS] ifjc¼ fo|qr /kjk osQ va'k dk eku

I I
r

a
e =







π
π

2

2  
2

2

Ir

a
=

,sfEi;j osQ fu;e dk mi;ksx djus ij 
2

0 2
(2 )

I r
B r

a
µ=

[4.19(b)]

B ∝ r      (r < a)

fp=k 4.16

fp=k (4.16) esa  B osQ ifjek.k rFkk rkj osQ osaQnz ls nwjh r  osQ chp xzkiQ n'kkZ;k x;k gSA pqacdh;
{ks=k dh fn'kk vius&vius o`Ùkkdkj ik'kksa (1 vFkok 2) osQ Li'kZjs[kh; gS rFkk ;g blh vuqHkkx
esa igys o.kZu fd, tk pqosQ nf{k.k gLr fu;e ls fu/kZfjr dh xbZ gSA bl mnkgj.k esa vko';d
lefefr fo|eku gS blfy, blh ij ,sfEi;j dk fu;e vklkuh ls ykxw fd;k tk ldrk gSA

;gk¡ è;ku nsus ;ksX; ckr ;g gS fd tcfd ,sfEi;j osQ ifjiFkh; fu;e dks fdlh Hkh ik'k
ij ykxw fd;k tk ldrk gS ijarq ;g gj izdj.k esa pqacdh; {ks=k dk ewY;kadu lnSo gh vklku
ugha cukrkA mnkgj.k osQ fy,] vuqHkkx 4.6 esa o.kZu fd, x, o`Ùkkdkj ik'k osQ izdj.k esa] bls ljy
O;atd B = µ

0
I/2R [lehdj.k (4.16)] dks] tksfd ik'k osQ osaQnz ij pqacdh; {ks=k osQ fy, gS] izkIr

djus osQ fy, ykxw ugha fd;k tk ldrkA rFkkfi ,slh cgqr lh ifjfLFkfr;k¡ gSa ftuesa mPp lefefr gksrh
gS rFkk bl fu;e dks lqfo/kiwoZd ykxw fd;k tk ldrk gSA vxys vuqHkkx esa ge bldk mi;ksx nks
lkekU;r% mi;ksx gksus okys vR;ar mi;ksxh pqacdh; fudk;ksaµifjukfydk ,oa VksjkWbM }kjk mRiUu pqacdh;
{ks=kksa dks ifjdfyr djus esa djsaxsA

4.8 ifjukfydk rFkk VksjkWbM
ifjukfydk rFkk VksjkWbM ,sls nks midj.k gSa tks pqacdh; {ks=k mRiUu djrs gSaA ¯lØksVªkWu esa
vko';d pqacdh; {ks=k mRiUu djus osQ fy, bu nksuksa dk la;qDr :i ls mi;ksx fd;k tkrk gSA
ifjukfydk rFkk VksjkWbM nksuksa essa gh gesa mPp lefefr dh ,slh fLFkfr ns[kus dks feyrh gS ftuesa
,sfEi;j&fu;e vklkuh ls ykxw fd;k tk ldrk gSA
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4.8.1 ifjukfydk
ge ;gk¡ ,d yach ifjukfydk osQ fo"k; esa ppkZ djsaxsA yach ifjukfydk ls gekjk rkRi;Z ;g gS
fd ifjukfydk dh yackbZ mldh f=kT;k dh rqyuk esa vf/d gSA ifjukfydk esa ,d yack rkj
l£iy osQ vkdkj esa fyiVk gksrk gS ftlesa izR;sd isQjk vius fudV osQ isQjs osQ lkFk dki+Qh lVk
gksrk gSA bl izdkj isQjs dks ,d o`Ùkkdkj ik'k ekuk tk ldrk gSA fdlh ifjukfydk osQ lHkh isQjksa
osQ dkj.k mRiUu oqQy pqacdh; {ks=k izR;sd isQjs osQ paqcdh; {ks=kksa dk lfn'k ;ksx gksrk gSA
ifjukfydk ij yisVus osQ fy, buSefyr rkjksa dk mi;ksx fd;k tkrk gS rkfd isQjs ,d nwljs ls
fo|qrjks/h jgsaA

fp=k 4.17 esa fdlh ifjfer ifjukfydk dk pqacdh; {ks=k n'kkZ;k x;k gSA fp=k 4.17 (a)

esa geus bl ifjukfydk osQ ,d [kaM dks foLrkfjr djosQ fn[kk;k gSA fp=k 4.17 (b) esa o`Ùkkdkj
ik'k ls ;g Li"V gS fd nks ikl&ikl osQ isQjksa osQ chp pqacdh; {ks=k u"V gks tkrk gSA fp=k 4.17

(b) esa ge ;g ns[krs gSa fd vUr%Hkkx osQ eè; ¯cnq  P ij pqacdh; {ks=k ,dleku] izcy rFkk
ifjukfydk osQ v{k osQ vuqfn'k gSA cká Hkkx osQ eè; ̄cnq Q ij paqcdh; {ks=k nqcZy gS vkSj lkFk
gh ;g ifjukfydk osQ v{k osQ vuqfn'k gS rFkk bldk yacor vFkok vfHkyacor dksbZ ?kVd Hkh
ugha gSA tSls&tSls ifjukfydk dh yackbZ esa o`f¼ gksrh gS og yach csyukdkj /krq osQ iVy tSlh
fn[kkbZ nsus yxrh gSA fp=k 4.18 esa ;g vkn'khZo`Qr fp=k.k fu:fir fd;k x;k gSA ifjukfydk osQ
ckgj pqacdh; {ks=k 'kwU; gksus yxrk gSA ifjukfydk osQ Hkhrj gj ¯cnq ij pqacdh; {ks=k v{k osQ
lekarj gksrk gSA

fp=k 4.18 vR;f/d yach ifjukfydk dk pqacdh; {ks=kA pqacdh; {ks=k dks fu/kZfjr djus osQ fy,
ge ,d vk;rkdkj ,sfEi;j&ik'k a, b, c, d ij fopkj djrs gSaA

fp=k 4.17 (a) ifjukfydk osQ fdlh Hkkx ftls Li"Vrk dh n`f"V ls ckgj [khapk n'kkZ;k x;k gS] osQ dkj.k pqacdh; {ks=kA
osQoy cká v/Zo`Ùkkdkj Hkkx n'kkZ;k x;k gSA è;ku ls nsf[k,] fdl izdkj ikl&ikl fLFkr isQjksa osQ chp pqacdh; {ks=k ,d

nwljs dks fujflr dj nsrs gSaA (b) fdlh ifjfer ifjukfydk dk pqacdh; {ks=kA
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fdlh vk;rkdkj ,sfEi;j&ik'k abcd ij fopkj dfj,A tSlk fd mQij roZQ fn;k tk pqdk

gS cd osQ vuqfn'k {ks=k 'kwU; gSA vuqizLFk [kaMksa bc rFkk ad osQ vuqfn'k pqacdh; {ks=k dk ?kVd 'kwU;
gSA bl izdkj ;s nksuksa [kaM pqacdh; {ks=k esa dksbZ ;ksxnku ugha nsrsA eku yhft, ab osQ vuqfn'k
pqacdh; {ks=k B gS] bl izdkj] ,sfEi;j&ik'k dh izklafxd yackbZ L = h A

eku yhft, izfr ,dkad yackbZ isQjksa dh la[;k n gS] rc isQjksa dh oqQy la[;k nh gSA bl
izdkj ifjc¼ fo|qr /kjk gS  I

e
 = I (n h), ;gk¡ I  ifjukfydk esa izokfgr fo|qr /kjk gSA ,sfEi;j

osQ ifjiFkh; fu;e osQ vuqlkj ¹lehdj.k 4.17 (b) lsº
BL =  µ

0
I
e
,    B h = µ

0
I (n h)

B = µ
0
 n I  (4.20)

{ks=k dh fn'kk nf{k.k gLr fu;e ls izkIr gksrh gSA ifjukfydk dk lkekU;r% mi;ksx ,dleku
pqacdh; {ks=k izkIr djus osQ fy, fd;k tkrk gSA vxys vè;k; esa ge ;g ns[ksaxs fd ifjukfydk
esa Hkhrj ueZ ykSg ØksM j[kdj fo'kky pqacdh; {ks=k mRiUu djuk laHko gSA

4.8.2 VksjkWbM
;g ,d o`Ùkkdkj [kks[kyk NYyk gksrk gS ftl ij fdlh rkj osQ vR;f/d isQjs
ikl&ikl lVkdj yisVs tkrs gSaA bls ,d ,slh ifjukfydk osQ :i esa Hkh ns[kk
tk ldrk gS ftls can djus osQ fy, o`Ùkkdkj eksM+ fn;k x;k gSA bls fp=k
4.19 (a) esa n'kkZ;k x;k gSA blls  I fo|qr /kjk izokfgr gks jgh gSA ge ;g
ns[ksaxs fd VksjkWbM osQ Hkhrj [kqys fnd~LFkku esa (¯cnq P) rFkk VksjkWbM osQ ckgj
(¯cnq Q) ij pqacdh; {ks=k 'kwU; gSA fdlh vkn'kZ VksjkWbM ftlosQ isQjs lVkdj
fyiVs gksrs gSa] osQ fy, VksjkWbM osQ Hkhrj pqacdh; {ks=k B fu;r jgrk gSA

fp=k 4.19 (b) esa VksjkWbM dh vuqizLFk dkV n'kkZ;h xbZ gSA o`Ùkkdkj&ik'kksa
osQ fy, nf{k.k gLr fu;e osQ vuqlkj VksjkWbM osQ Hkhrj pqacdh; {ks=k dh fn'kk
nf{k.kkorZ gSA [kafMr js[kk,¡ ftu ij 1, 2, 3 vafdr gSa] blosQ rhu ,sfEi;j&ik'k
gSaA lefefr osQ vuqlkj pqacdh; {ks=k bu ik'kksa esa izR;sd osQ Li'kZjs[kh; gksuk
pkfg, rFkk izR;sd ik'k osQ fy, bldk ifjek.k fu;r gksuk pkfg,A ik'k 2 rFkk
3 bu nksuksa }kjk ?ksjs x, o`Ùkkdkj {ks=k VksjkWbM dks dkVrs gSa_ bl izdkj fo|qr
èkkjkokgh rkj dks izR;sd isQjk ik'k 2 dks ,d rFkk ik'k 3 dks nks ckj dkVrk gSA

eku yhft, ik'k 1 osQ vuqfn'k pqacdh; {ks=k dk ifjek.k B
1
 gSA rc

,sfEi;j osQ ifjiFkh; fu;e esa ¹lehdj.k 4.17 (a)º L = 2π r
1

rFkkfi] ;g ik'k dksbZ fo|qr /kjk ifjc¼ ugha djrk] vr% I
e
 = 0A bl izdkj

B
1
 (2 π r

1
) = µ

0
(0),    B

1
 = 0

bl izdkj VksjkWbM osQ Hkhrj [kqys {ks=k esa fdlh Hkh ̄ cnq P ij paqcdh; {ks=k
'kwU; gksrk gSA

vc ge ;g n'kkZ,¡xs fd blh izdkj Q ij Hkh pqacdh; {ks=k 'kwU; gSA eku
yhft, ik'k 3 osQ vuqfn'k pqacdh; {ks=k B

3 
gSA ,d ckj fiQj ,sfEi;j osQ fu;e

osQ vuqlkj L = 2 π r
3
] rFkkfi vuqizLFk dkV ls ge ;g ns[krs gSa fd dkx”k

osQ ry ls ckgj fudyrh fo|qr /kjk dkx”k osQ ry osQ Hkhrj tkrh fo|qr
èkkjk ls Bhd&Bhd fujflr gks tkrh gSA vr% I

e
= 0, rFkk B

3
 = 0 A eku yhft,

VksjkWbM osQ Hkhrj pqacdh; {ks=k B  gSA vc ge  S  ij pqacdh; {ks=k osQ ckjs esa
fopkj djsaxsA ,d ckj fiQj ge ,sfEi;j osQ fu;e dk mi;ksx ¹lehdj.k
[4.17 (a)º osQ :i esa djrs gSaA ge ikrs gSa fd L = 2π r

ifjc¼ fo|qr /kjk I
e
 dk eku (VksjkWbMh oqaQMyh osQ N isQjksas osQ fy,)

N I  gSA

fp=k 4.19  (a) VksjkWbM ls fo|qr /kjk I
izokfgr gksrs gq, (b) VksjkWbM dh vuqizLFk dkV
dk n`';A ,sfEi;j&ifjiFkh; fu;e }kjk VksjkWbM
osQ osaQnz O ls fdlh ;kn`fPNd nwjh r ij pqacdh;

{ks=k izkIr fd;k tk ldrk gSA 1, 2, 3

}kjk vafdr [kafMr js[kk,¡ buosQ o`Ùkkdkj
,sfEi;j&ik'k gSaA
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B (2πr) = µ
0
NI

0

2

NI
B

r

µ
=

π
(4.21)

ge vc VksjkWbM rFkk ifjukfydk osQ fy, izkIr bu nks ifj.kkeksa dh rqyuk djsaxsA ge
lehdj.k (4.21) osQ O;atd dh ifjukfydk osQ fy, lehdj.k (4.20) esa fn, x, O;atd ls
rqyuk djus osQ fy, lehdj.k (4.21) dks nqckjk u, :i esa O;Dr djsaxsA eku yhft, VksjkWbM
dh vkSlr f=kT;k r gS rFkk blesa izfr ,dkad yackbZ isQjksa dh la[;k n gS] rc

N = 2πr n  = VksjkWbM dh (vkSlr) ifjf/
                    × izfr ,dkad yackbZ isQjksa dh la[;k

rFkk] bl izdkj
B = µ0 n I, (4.22)

vFkkZr] ;gh ifj.kke gesa ifjukfydk osQ fy, izkIr gqvk FkkA
vkn'kZ VksjkWbM esas oqaQMfy;k¡ iw.kZr% o`Ùkkdkj gksrh gSaA okLro esa VksjkWbM osQ isQjs l£iykdkj

oqaQMyh cukrs gSa rFkk blosQ ckgj lnSo gh ,d {kh.k pqacdh; {ks=k ik;k tkrk gSA

pqacdh; ifjjks/u

geus vuqHkkx 4-3 esa ;g ns[kk gS (bl vè;k; osQ vkjaHk esa ckWDl vkosf'kr d.kksa dh l£iykdkj xfr ns[ksa) fd vkosf'kr
d.kksa dh d{kk,¡ l£iykdkj gksrh gSaA ;fn pqacdh; {ks=k vleku gS] ijarq ,d orqZy d{kk esa ftldk vf/d ifjorZu ugha
gksrk gS rc l£iy dh f=kT;k izcy pqacdh; {ks=k esa izos'k djus ij ?kVsxh rFkk nqcZy {ks=k esa izos'k djus ij c<+sxhA ge
nks ifjukfydkvksa ij fopkj djrs gSa tks ,d nwljs ls oqQN nwjh ij gSa rFkk fuokZfrr ik=k esa ifjc¼ gSaA (uhps fn, x,
fp=k dks ns[ksa ftlesa geus ik=k dks ugha n'kkZ;k gS)A ifjukfydkvksa osQ eè; {ks=k esa xfr djus okys vkosf'kr d.k viuh
viuh xfr NksVh f=kT;k ls vkjaHk djsaxsA tSls {ks=k de gksxk] f=kT;k esa o`f¼ gksxh rFkk f=kT;k esa fiQj deh gksxh tc
ifjukfydk 2 osQ dkj.k pqacdh; {ks=k esa o`f¼ gksxhA ifjukfydk,¡ niZ.k vFkok ijkorZd dh Hkk¡fr dk;Z djrh gSa ¹tSls
gh d.k ifjukfydk 2 dh rji+Q igq¡prk gS fp=k esa cy F dh fn'kk ns[ksaA bldk {kSfrt ?kVd vxzfn'k xfr osQ fo#¼
gSAº ftlosQ dkj.k d.k nwljh ifjukfydk 2 osQ ikl igq¡prs gh okil Hkst fn;k tkrk gSA bl izdkj dh O;oLFkk ,d
pqacdh; cksry vFkok pqacdh; ik=k dh Hkk¡fr dk;Z djsxhA d.k ik=k osQ nksuksa rji+Q dh lhekvksa dks dHkh Li'kZ ugha djsxkA
,slh pqacdh; cksry lay;u iz;ksxksa esa mPp ÅtkZ ^IykTek* dks ifjjksf/r djus esa cgqr mi;ksxh gSA vius mPp rki osQ
dkj.k ^IykTek* fdlh Hkh inkFkZ dh vU; voLFkk dks u"V dj nsxkA ,d vU; mi;ksxh la;kstu VksjkWbM gSA VksdkeSd
esa VksjkWbM dh izeq[k Hkwfedk fuHkkus dh vk'kk dh tkrh gSA VksdkeSd lay;u 'kfDr fj,DVjksa esa Iyk”ek ifjjksèku osQ fy,
mi;ksxh midj.k gSA ;gk¡ ,d varjkZ"Vªh; lg;ksx varjkZ"Vªh; rki&ukfHkdh; iz;ksxkRed fj,DVj (ITER) fu;af=kr lay;u
izkIr djus osQ fy, izQkal esa LFkkfir gks jgk gS ftldk Hkkjr ,d lg;ksxh jk"Vª gSA ITER ls lg;ksx ,oa ifj;kstuk lacaèkh
foLr`r tkudkjh osQ fy, ns[ksa http://www.iter.org.
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mnkgj.k 4.9 dksbZ ifjukfydk ftldh yackbZ 0.5 m rFkk f=kT;k 1 cm gS] esa 500 isQjs gSaA
blesa 5 A fo|qr /kjk izokfgr gks jgh gSA ifjukfydk osQ Hkhrj pqacdh; {ks=k dk ifjek.k D;k gS\

gy  izfr ,dkad yackbZ isQjksa dh la[;k

500
1000

0.5
n = =    isQjs izfr ehVj

yackbZ l = 0.5 m rFkk f=kT;k r = 0.01 mA bl izdkj] l/a = 50 vFkkZr l >> a

vr% ge yach ifjukfydk dk lw=k ¹lehdj.k (4.20)º dk mi;ksx dj ldrs gSa
B = µ

0
n I

   = 4π × 10–7 × 103 × 5

   = 6.28 × 10–3 T

4.9 nks lekarj fo|qr /kjkvksa osQ chp cyµ,sfEi;j
ge ;g lh[k pqosQ gSa fd fdlh fo|qr /kjkokgh pkyd osQ dkj.k pqacdh; {ks=k mRiUu gksrk gS
rks ck;ks&lkoVZ fu;e dk ikyu djrk gSA lkFk gh geus ;g Hkh lh[kk gS fd fo|qr /kjkokgh
pkyd ij cká paqcdh; {ks=k cy vkjksfir djrk gSA ;g yksjsat cy lw=k dk vuqxeu djrk gSA

vr% ;g vk'kk djuk roZQlaxr gS fd ,d&nwljs osQ ikl fLFkr nks fo|qr
/kjkokgh pkyd ,d nwljs ij (pqacdh;) cy vkjksfir djsaxsA lu~ 1820-

25 dh vof/ esa ,sfEi;j us bl pqacdh; cy dh izo`Qfr] bldh fo|qr
èkkjk osQ ifjek.k] pkyd dh vko`Qfr rFkk vkeki ij fuHkZjrk osQ lkFk bu
pkydksa osQ chp dh nwjh ij fuHkZjrk dk vè;;u fd;kA bl vuqHkkx esa ge
nks lekarj fo|qr /kjkokgh pkydksa osQ ljy mnkgj.k ij gh ppkZ djsaxs tks
dnkfpr ,sfEi;j osQ Je lkè; dk;ks± osQ izfr vkHkkj izdV djus esa gekjh
lgk;rk djsaxsA

fp=k 4.20 esa nks yacs lekarj pkyd a rFkk b n'kkZ, x, gSa ftuosQ chp
ìFkdu d gS rFkk ftuls (lekarj) Øe'k% I

a
 rFkk I

b
 fo|qr /kjk,¡ izokfgr gks

jgh gSaA pkyd  ‘a’ pkyd ‘b’ osQ vuqfn'k izR;sd ¯cnq ij leku pqacdh;
{ks=k B

a
 yxk jgk gSA rc nf{k.k gLr fu;e osQ vuqlkj bl pqacdh; {ks=k dh

fn'kk v/kseq[kh (tc pkyd {kSfrtr% j[ks gksrs gSa) gSA ,sfEi;j osQ ifjiFkh;
fu;e vFkok ¹lehdj.k [4.19 (a)º osQ vuqlkj bl pqacdh; {ks=k dk
ifjek.k

0

2
a

a

I
B

d

µ
=

π

pkyd ‘b’ ftlls fo|qr /kjk I
b
 izokfgr gks jgh gS  B

a 
osQ dkj.k ik'oZr% ,d cy dk vuqeku

djrk gSA bl cy dh fn'kk pkyd  ‘a’ dh vksj gksrh gSA (vki bldh iqf"V Lo;a dj ldrs gSa)
ge bl cy dks F

ba 
}kjk ukekafdr djrs gSa] tksfd  ‘a’ osQ dkj.k ‘b’ osQ [kaM L ij yxk cy

gSA lehdj.k (4.4) ls bl cy dk ifjek.k

F
ba

 = I
b
 L B

a

fp=k 4-20 nks yacs lhèks] lekarj pkyd ftuesa
vifjorhZ èkkjk i

a
 ,oa i

b
 izokfgr gks jgh gS vkSj

tks ,d&nwljs ls d nwjh ij j[ks gSaA pkyd ‘a’ osQ
dkj.k pkyd ‘b’ ij mRiUu pqacdh; {ks=k B

a
 gSA
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0

2
a bI I

L
d

µ
=

π (4.23)

okLro esa ‘b’ osQ dkj.k ‘a’ ij cy dks ifjdfyr djuk laHko gSA ftl izdkj geus Åij
fopkj fd;k Fkk mlh izdkj osQ fopkjksa osQ }kjk ge ‘b’ esa izokfgr fo|qr /kjk osQ dkj.k ‘a’ osQ
[kaM L ij cy F

ab 
osQ cjkcj rFkk ‘b’ dh vksj fu£n"V Kkr dj ldrs gSaA ;g ifjek.k esa F

ba

osQ cjkcj rFkk ‘b’ dh vksj fu£n"V gksrk gSA bl izdkj
F

ba
 = –F

ab
(4.24)

è;ku nhft,] ;g U;wVu osQ rhljs xfr osQ fu;e osQ vuq:i gSA bl izdkj geus lekarj
pkydksa rFkk vifjorhZ fo|qr /kjkvksa osQ fy, ;g rks n'kkZ gh fn;k gS fd ck;ks&lkoVZ fu;e rFkk
yksjsat cy }kjk izkIr ifj.kke U;wVu osQ xfr osQ rhljs fu;e osQ vuq:i gSA*

geus Åij izkIr ifj.kkeksa ls ;g ik;k fd leku fn'kk esa izokfgr gksus okyh fo|qr /kjk,¡
,d nwljs dks vkd£"kr djrh gSaA ge ;g Hkh n'kkZ ldrs gSa fd foijhr fn'kkvksa esa izokfgr gksus
okyh fo|qr /kjk,¡ ,d nwljs dks izfrd£"kr djrh gSaA bl izdkj

lekarj /kjk,¡ vkd£"kr rFkk izfrlekarj /kjk,¡ izfrd£"kr djrh gSaA
;g fu;e ml fu;e osQ foijhr gS ftldk geus fLFkjoS|qfrdh esa vè;;u fd;k Fkkµ

¶ltkrh; vkos'kksa esa izfrd"kZ.k rFkk fotkrh; vkos'kksa esa vkd"kZ.k gksrk gSA¸ ijarq ltkrh;
(lekarj) /kjk,¡ ,d nwljs dks vkd£"kr djrh gSaA

eku yhft,  f
ba

 cy F
ba

 osQ izfr ,dkad yackbZ ij vkjksfir cy osQ ifjek.k dks fu:fir
djrk gSA rc lehdj.k (4.23) ls]


0

2
a b

ba

I I
f

d

µ
= (4.25)

mijksDr O;atd dk mi;ksx fo|qr /kjk osQ ek=kd ,sfEi;j (A) dh ifjHkk"kk dks izkIr djus
esa fd;k tk ldrk gSA ;g lkr SI ewy ek=kdksa esa ls ,d gSA

,d ,sfEi;j og vifjorhZ fo|qr /kjk gS tks nks yacs] lh/s mis{k.kh; vuqizLFk dkV osQ fuokZr
esa ,d nwljs ls 1m nwjh ij fLFkr lekarj pkydksa esa izokfgr gks] rks buesa ls izR;sd pkyd dh
izfr ehVj yackbZ ij 2 × 10–7N dk cy mRiUu gksrk gSA

^,sfEi;j* dh ;g ifjHkk"kk lu~ 1946 esa viuk;h xbZ FkhA ;g ,d lS¼kafrd ifjHkk"kk gSA
O;ogkj esa gesa i`Foh osQ pqacdh; {ks=k osQ izHkko dks foyqIr djuk pkfg, rFkk cgqr yacs rkjksa
osQ LFkku ij mfpr T;kfefr dh cgqisQjksa dh oqaQMfy;k¡ ysuh pkfg,A ,d midj.k] ftls ^èkkjk
rqyk* dgrs gSa] dk mi;ksx bl ;kaf=kd cy dh eki osQ fy, fd;k tkrk gSA

vkos'k osQ SI ek=kd] vFkkZr owQykWe dks vc ge ,sfEi;j osQ inksa esa ifjHkkf"kr dj ldrs gSaA
tc fdlh pkyd esa 1A dh vifjorhZ fo|qr /kjk izokfgr gksrh gS rks mldh vuqizLFk dkV

ls ,d lsoaQM esa izokfgr vkos'k dh ek=kk ,d owQykWe (1C) gksrh gSA

* blls ;g vFkZ fudyrk gS fd tc gekjs ikl le; fuHkZj fo|qr /kjk,¡@vFkok xfr'khy vkos'k gksrh gSa
rc vkos'kksa@pkydksa osQ chp cyksa osQ fy, U;wVu dk rhljk fu;e ykxw ugha gksrkA U;wVu osQ rhljs fu;e
dk vko';d ifj.kke ;kaf=kdh esa fdlh fo;qDr fudk; osQ laosx dk laj{k.k gSA rFkkfi ;g fo|qr pqacdh;
{ks=kksa osQ lkFk le; fuHkZj fLFkfr;ksa osQ izdj.k ij ykxw gksrh gS] ijarq bl 'krZ osQ lkFk fd {ks=kksa }kjk ogu
laosx dks Hkh lfEefyr fd;k tk,A
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mnkgj.k 4.10 fdlh fu/kZfjr LFkku ij i`Foh osQ pqacdh; {ks=k dk {kSfrt ?kVd
3.0 ×10–5 T gS] rFkk bl {ks=k dh fn'kk HkkSxksfyd nf{k.k ls HkkSxksfyd mÙkj dh vksj gSA fdlh
vR;f/d yacs lh/s pkyd ls 1A dh vifjorhZ /kjk izokfgr gks jgh gSA tc ;g rkj fdlh {kSfrt
es”k ij j[kk gS rFkk fo|qr /kjk osQ izokg dh fn'kk,¡ (a) iwoZ ls if'pe dh vksj_ (b)  nf{k.k
ls mÙkj dh vksj gSa rks rkj dh izR;sd ,dkad yackbZ ij cy fdruk gS\

gy  F = Il × B

F = IlB sinθ
izfr ,dkad yackbZ ij cy
f = F/l = I B sinθ
(a) tc fo|qr /kjk iwoZ ls if'pe dh vksj izokfgr gksrh gS] rc

θ = 90°

vr%
f = I B

  = 1 × 3 × 10–5 = 3 × 10–5 N m–1

lekarj fo|qr /kjkvksa osQ chp vkd"kZ.k osQ fy, jkxsV dk l£iy

pqacdh; izHkko lkekU;r% fo|qr izHkkoksa ls de izHkkoh gksrs gSaA blosQ ifj.kkeLo:i fo|qr /kjkvksa osQ chp cy] dkjd
µ osQ vYieku osQ dkj.k] vYi ifjek.k osQ gksrs gSaA blhfy, fo|qr /kjkvksa osQ chp vkd"kZ.k vFkok izfrd"kZ.k osQ
cyksa dks fun£'kr djuk dfBu gSA bl izdkj izR;sd rkj ls 5 A fo|qr /kjk rFkk 1 cm i`Fkdu osQ fy, izfr ehVj
cy 5 × 10–4 N gksrk gS tks fd yxHkx 50 mg Hkkj gksrk gSA ;g bl izdkj gksxk tSls fd fdlh f?kjuh ls Mksjh }kjk
yVdk 50 mg Hkkj ml Mksjh ls c¡/s rkj dks [khap jgk gksA bl Hkkj osQ dkj.k rkj esa gqvk foLFkkiu yxHkx vn`';
gksxkA

dksey dekuh dk mi;ksx djosQ ge lekarj fo|qr /kjkvksa dh izHkkoh yackbZ esa o`f¼ dj ldrs gSa rFkk ikjs
(ejdjh) dk mi;ksx djosQ ge oqQN feyhehVj osQ foLFkkiuksa dks Hkh izHkko'kkyh <ax ls izs{k.kh; cuk ldrs gSaA

vkidks ,slh fo|qr /kjk vkiw£r dh vko';drk Hkh gksxh tks yxHkx 5 A

dh vpj fo|qr /kjk iznku djsA
,d ,slh dksey dekuh yhft, ftldk izkòQfrd nksyu dky yxHkx

0.5 – 1 s gksA bls ÅèokZ/j yVdkdj blosQ fupys fljs ij fp=k esa n'kkZ,
vuqlkj ,d uksad tksfM+,A I;kyh esa FkksM+h ejdjh yhft, rFkk dekuh dks
bl izdkj lek;ksftr dhft, fd bldh uksd ejdjh osQ i`"B osQ Bhd
Åij gksA fn"V fo|qr /kjk (DC lzksr) lzksr ysdj blosQ ,d V£euy dks
dekuh osQ Åijh fljs ls la;ksftr dhft, rFkk nwljs V£euy dks ejdjh
esa Mqcksb,A ;fn dekuh dh uksad ejdjh dks Li'kZ djrh gS rks ejdjh ls
gksrs gq, fo|qr ifjiFk iwjk gks tkrk gSA

eku yhft, izkjaHk esa DC lzksr ̂ vkWiQ* gSA eku yhft, dekuh dh uksad bl izdkj lek;ksftr gS fd og ejdjh
osQ ì"B dks Li'kZ dj jgh gSA vc vpj fo|qr /kjk lzksr dks ̂ vkWu* dhft, rFkk ea=k&eqX/ djus okyk ifj.kke nsf[k,A
dekuh ,d >VosQ osQ lkFk floqQM+rh gS] uksad ejdjh ls ckgj vk tkrh gS (yxHkx 1mm)] ifjiFk VwV tkrk gS]
fo|qr /kjk izokfgr gksuk #d tkrk gS] dekuh f'kfFky gks tkrh gS rFkk viuh ewy fLFkfr esa vkus dk iz;kl djrh gS] dekuh
dh uksad iqu% ejdjh osQ ì"B dks Nwrh gS rFkk ifjiFk esa fo|qr /kjk izokfgr gksus yxrh gS vkSj ;g pØ fVd] fVd] fVd
osQ lkFk pyrk jgrk gSA vkjaHk esa vkidks vPNk izHkko ikus osQ fy, oqQN lek;kstu dh vko';drk gksrh gSA

D;ksafd ejdjh dh ok"i ”kgjhyh gksrh gS] vr% iz;ksx djrs le; viuk psgjk ejdjh ls nwj jf[k,A dki+Qh le;
rd ejdjh dh ok"i osQ ikl lk¡l er [khafp,A

2022-23



157

xfreku vkos'k vkSj pqacdRo

;g ,sfEi;j dh ifjHkk"kk esa o£.kr cy osQ eku 2×10–7 Nm–1 ls cM+k gSA vr% ,sfEi;j
dk ekudhdj.k djus osQ fy, ìFoh osQ paqcdh; {ks=k rFkk vU; Hkwys&HkVosQ {ks=kksa osQ izHkkoksa
dks lekIr djuk egRoiw.kZ gSA cy dh fn'kk v/kseq[kh gSA
bl fn'kk dks ^lfn'kksa osQ lfn'k xq.kuiQy* osQ nSf'kd xq.k osQ }kjk izkIr fd;k tk
ldrk gSA

(b) tc fo|qr /kjk osQ izokg dh fn'kk nf{k.k ls mÙkj dh vksj gS] rks
θ = 0o

f = 0

vr% pkyd ij dksbZ cy dk;Z ugha djrkA

4.10 fo|qr /kjk ik'k ij cy vk?kw.kZ] pqacdh; f}/zqo
4.10.1 ,dleku pqacdh; {ks=k esa vk;rkdkj fo|qr /kjk ik'k ij cy vk?kw.kZ

vc ge vkidks ;g fn[kk,¡xs fd ,dleku pqacdh; {ks=k esa fLFkr dksbZ vk;rkdkj ik'k ftlls
vifjorhZ fo|qr /kjk I izokfgr gks jgh gS] ,d cy vk?kw.kZ dk vuqHko djrk gSA bl ij dksbZ usV
cy vkjksfir ugha gksrkA ;g O;ogkj ml f}/qzo osQ O;ogkj osQ le:ih gS tks ;g ,dleku fo|qr
{ks=k esa n'kkZrk gS (vuqHkkx 1.12 nsf[k,)A

igys ge ml ljy izdj.k ij fopkj djrs gSa ftlesa vk;rkdkj ik'k
bl izdkj fLFkr gS fd ,dleku pqacdh; {ks=k B ik'k osQ ry esa gSA bls
fp=k 4.21 (a) esa n'kkZ;k x;k gSA

pqacdh; {ks=k ik'k dh nks Hkqtkvksa AD rFkk BC ij dksbZ cy vkjksfir
ugha djrkA ;g ik'k dh Hkqtk AB osQ yacor gS rFkk bl ij cy F

1

vkjksfir djrk gS ftldh fn'kk ik'k osQ ry esa Hkhrj dh vksj gSA bl cy
dk ifjek.k gS %

F
1
 = I b B

blh izdkj] pqacdh; {ks=k Hkqtk CD ij ,d cy F
2
 vkjksfir djrk gS

tks ik'k osQ ry osQ ckgj dh vksj gSA bl cy dk ifjek.k gS %
F

2
 = I b B = F

1

blh izdkj ik'k ij vkjksfir usV cy 'kwU; gSA cyksa F
1
 rFkk F

2 
osQ

;qxy osQ dkj.k ik'k ij ,d cy vk?kw.kZ dk;Z djrk gSA fp=k 4.21 (b)

esa AD fljs ls ik'k dk ,d n`'; fn[kk;k x;k gSA ;g Li"V djrk gS fd
;g cy vk?kw.kZ ik'k esa okekorZ ?kw.kZu dh izo`fÙk mRiUu djrk gSA bl cy
vk?kw.kZ dk ifjek.k gS %

1 2
2 2

a a
F Fτ = +

   ( )
2 2

a a
IbB IbB I ab B= + =

   = I A B (4.26)

;gk¡ A = ab vk;r dk {ks=kiQy gSA
vc ge vkxs ml izdj.k ij fopkj djsaxs ftlesa ik'k dk ry pqacdh;

{ks=k osQ vuqfn'k ugha gS] ijarq buosQ chp dksbZ dks.k curk gSA ge pqacdh;

?kw.kZu v{k

cqz'k

�

fp=k 4.21 (a) ,dleku pqacdh; {ks=k esa fLFkr
dksbZ fo|qr /kjkokgh vk;rkdkj oqaQMyhA pqacdh;
vk?kw.kZ m v/kseq[kh laosQr djrk gSA cy vk?kw.kZ τττττ
v{k osQ vuqfn'k gS rFkk bldh izo`fÙk oqaQMyh dks
okekorZ ?kw.kZu djkus dh gSA (b) oaqQMyh ij cy

;qXe dk;Z djrs gq,A

  mnkgj.k 4
.1

0
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{ks=k B rFkk oqaQMyh ij vfHkyac osQ chp dk dks.k θ  ysrs gSa
(igyk izdj.k θ = π/2 osQ rnuq:ih gS)A fp=k 4.22 esa ;g
O;kid izdj.k n'kkZ;k x;k gSA

Hkqtkvksa BC rFkk DA ij dk;Zjr cy ifjek.k esa leku fn'kk
esa foijhr rFkk oqaQMyh osQ v{k osQ vuqfn'k dk;Z djrs gSaA ;s cy
BC rFkk DA osQ lagfr osaQnzksa dks la;ksftr djrs gSaA v{k osQ
vuqfn'k lajsf[kr gksus osQ dkj.k ;s ,d nwljs dks fujLr djrs gSa]
ifj.kkeLo:i dksbZ usV cy vFkok cy vk?kw.kZ ugha gSA Hkqtkvksa AB

rFkk CD ij dk;Zjr cy F
1
 rFkk F

2 
gSaA ;s Hkh ifjek.k lfgr leku

,oa foijhr gSaA
F

1
 = F

2
 = I b B

ijarq ;s lajs[k ugha gSaA blosQ ifj.kkeLo:i igys dh rjg ,d
cy ;qXe mRiUu gksrk gSA rFkkfi] fiNys izdj.k ftlesa ik'k dk ry
pqacdh; {ks=k osQ vuqfn'k Fkk] dh rqyuk esa cy vk?kw.kZ dk ifjek.k
vc de gSA bldk dkj.k ;g gS fd cy;qXe cukus okys cyksa osQ
chp dh yacor nwjh de gks xbZ gSA fp=k  4.22(b) esa fljs AD

ls bl O;oLFkk dk n`'; fn[kk;k x;k gSA blesa ;g n'kkZ;k x;k gS
fd ;s nks cy ,d cy;qXe cukrs gSaA ik'k ij cy vk?kw.kZ dk
ifjek.k gS %

1 2sin sin
2 2

a a
F Fτ θ θ= +

= I ab B sin θ

   = I A B sin θ (4.27)

tSls&tSls θ  0, cy;qXe osQ cyksa osQ chp yacor nwjh Hkh
'kwU; dh vksj c<+rh gSA blls cy lajs[k cu tkrs gSa rFkk usV cy rFkk cy vk?kw.kZ 'kwU; gks tkrs
gSaA lehdj.kksa (4.26) rFkk (4.27) osQ cy vk?kw.kks± dks oqaQMyh osQ paqcdh; vk?kw.kZ rFkk pqacdh;
{ks=k osQ lfn'k xq.kuiQy osQ :i esa O;Dr dj ldrs gSaA fo|qr /kjk ik'k osQ pqacdh; vk?kw.kZ dks
ge bl izdkj ifjHkkf"kr djrs gSa

m = I A (4.28)

;gk¡ {ks=k lfn'k A dh fn'kk nf{k.k gLr vaxq"B fu;e osQ vuqlkj dkx”k osQ ry osQ Hkhrj dh
vksj fu£n"V gS (fp=k 4.21 nsf[k,) pw¡fd m rFkk B osQ chp dk dks.k θ  gS] lehdj.kksa  (4.26)

rFkk (4.27) dks osQoy ,d O;atd }kjk O;Dr fd;k tk ldrk gS

= ×m Bττττ (4.29)

;g fLFkjoS|qfrdh osQ izdj.k osQ ln`'k gSA ¹fo|qr {ks=k E esa f}/zqo vk?kw.kZ p
e
 dk oS|qr

f}èkqzoº

ττ = ×p Ee

tSlk fd lehdj.k (4.28) ls Li"V gS] paqcdh; {ks=k dh foek,¡ [AL2] gSa rFkk bldk ek=kd Am2

gSA
lehdj.k (4.29) ls Li"V gS fd tc     m pqacdh; {ks=k B osQ lekarj vFkok izfrlekarj gksrk

gS rks cy vk?kw.kZ τ τ τ τ τ foyqIr gks tkrk gSA tc oaqQMyh ij cy vk?kw.kZ ugha gksrk rks ;g lkE;koLFkk
dh vksj bafxr djrk gS (;g pqacdh; vk?kw.kZ m dh fdlh oLrq ij Hkh ykxw gksrk gS)A tc m

fp=k 4.22 (a) ik'k ABCD dk {ks=k lfn'k pqacdh; {ks=k
ls dksbZ ;kn`fPNd dks.k θ cukrk gSA (b) ik'k dk Åijh
n`';A Hkqtkvksa AB rFkk CD ij dk;Zjr cy F

1
 rFkk F

2

n'kkZ, x, gSaA
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  mnkgj.k 4
.1

1

rFkk B lekarj gksrs gSa rks lkE;koLFkk LFkk;h gksrh gSA oqaQMyh esa dksbZ Hkh ?kw.kZu gksus ij cy vk?kw.kZ
mRiUu gksrk gS tks oaqQMyh dks okil mldh ewy fLFkfr esa yk nsrk gSA tc ;s izfrlekarj gksrs
gSa rks lkE;koLFkk vLFkk;h gksrh gS D;ksafd oaqQMyh esa dksbZ ?kw.kZu gksus ij ,d cy vk?kw.kZ mRiUu
gksrk gS tks bl ?kw.kZu esa o`f¼ dj nsrk gSA bl cy vk?kw.kZ dh mifLFkfr osQ dkj.k gh y?kq pqacd
vFkok dksbZ pqacdh; f}/qzo cká pqacdh; {ks=k osQ lkFk Lo;a dks lajsf[kr dj ysrk gSA

;fn ik'k esa ikl&ikl lVs gq, N isQjs gSa rks cy vk?kw.kZ osQ fy, O;atd] lehdj.k (4.29)

vc Hkh ykxw gksrk gSA rc ;g O;atd bl izdkj O;Dr fd;k tkrk gS
m = N I A (4.30)

mnkgj.k 4.11 10 cm f=kT;k dh fdlh oqaQMyh ftlesa ikl&ikl lVs 100 isQjs gSa] esa 3.2 A

fo|qr /kjk izokfgr gks jgh gSA (a) oaqQMyh osQ osaQnz ij pqacdh; {ks=k fdruk gS\
(b) bl oaqQMyh dk pqacdh; vk?kw.kZ D;k gS\

;g oqaQMyh ÅèokZ/j ry esa j[kh gS rFkk fdlh {kSfrt v{k tks mlosQ O;kl ls lajsf[kr gS]
osQ ifjr% ?kw.kZu djus osQ fy, Lora=k gSA ,d 2T dk ,dleku pqacdh; {ks=k {kSfrt fn'kk esa gS
tks bl izdkj gS fd vkjaHk esa oqaQMyh dk v{k pqacdh; {ks=k dh fn'kk esa gSA paqcdh; {ks=k osQ
izHkko esa oaqQMyh 90º osQ dks.k ij ?kw.kZu dj tkrh gSA (c) vkjafHkd rFkk vafre fLFkfr esa oqaQMyh
ij cy vk?kw.kZ osQ ifjek.k D;k gSa\ (d) 90º ij ?kw.kZu djus osQ i'pkr oaqQMyh }kjk v£tr
dks.kh; pky fdruh gS\ oaqQMyh dk tM+Ro vk?kw.kZ 0.1 kg m2  gSA

gy
(a) lehdj.k (4.16) ls

0

2

NI
B

R

µ
=

;gk¡] N = 100; I = 3.2 A, rFkk R = 0.1 m blfy,
7 2

1

4 10 10 3.2

2 10
B

−

−

π × × ×
=

×
 

5

1

4 10 10

2 10

−

−

× ×
=

×
   (π × 3.2 = 10 dk mi;ksx djus ij)

    = 2 × 10–3 T

B dh fn'kk nf{k.k gLr vaxq"B fu;e }kjk izkIr gksrh gSA
(b) lehdj.k (4.30) ls pqacdh; vk?kw.kZ

m = N I A = N I π r2 = 100 × 3.2 × 3.14 × 10–2 = 10 A m2

bl ckj fiQj fn'kk nf{k.k gLr vaxq"B fu;e }kjk izkIr gksrh gSA

(c) τ = ×m B      [lehdj.k (4.29) ls]

   sinm B θ=

vkjaHk essa θ = 0, bl izdkj vkjafHkd cy vk?kw.kZ τ
i
 = 0, var esa θ = π/2 (vFkok 90º)

bl izdkj vafre cy vk?kw.kZ τ
f
 = m B = 10 × 2 = 20 N m

(d) U;wVu osQ f}rh; fu;e ls

  
d

d

ω

t
m= sinθ

;gk¡  oaqQMyh dk tM+Ro vk?kw.kZ gSA  Ük`a[kyk fu;e osQ vuqlkj

 

d

d

d

d

d

d

d

d

ω ω ω
ω

t t t
= =

θ

θ

bldk mi;ksx djus ij]

  m B sinθ θd
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mn

kg
j.
k 4

.1
2

  
mn

kg
j.
k  4

.1
1

θ = 0 ls θ = π/2 rd lekdyu djus ij]

2
/2

0
cos

2

f
m B

ω
θ π

= −   = m B

 
=

×



−

2 20

10 1

1 2/

 
= 20 s–1

mnkgj.k 4.12

(a) fdlh fpdus {kSfrt ry ij dksbZ fo|qr /kjkokgh o`Ùkkdkj ik'k j[kk gSA D;k bl ik'k osQ
pkjksa vksj ,slk pqacdh; {ks=k LFkkfir fd;k tk ldrk gS fd ;g ik'k vius v{k osQ pkjksa
vksj Lo;a pDdj yxk, (vFkkZr ÅèokZ/j v{k osQ pkjksa vksj)A

(b) dksbZ fo|qr okgh òÙkkdkj ik'k fdlh ,dleku cká pqacdh; {ks=k esa fLFkr gSA ;fn ;g ik'k
?kweus osQ fy, Lora=k gS] rks blosQ LFkk;h larqyu dk fno~QfoU;kl D;k gksxkA ;g n'kkZb, fd
blesa oqQy {ks=k (cká {ks=k $ ik'k }kjk mRiUu {ks=k) dk ÝyDl vf/dre gksxkA

(c) vfu;fer vko`Qfr dk dksbZ fo|qr /kjkokgh ik'k fdlh cká pqacdh; {ks=k esa fLFkr gSA ;fn
rkj yphyk gS rks ;g o`Ùkkdkj vko`Qfr D;ksa xzg.k dj ysrk gS\

gy
(a) ugha] D;ksafd blosQ fy, ÅèokZ/j fn'kk esa cy vk?kw.kZ τττττ dh vko';drk gksxhA ijarq

τττττ = I A × B, vkSj pw¡fd {kSfrt ik'k dk {ks=kiQy lfn'k A ÅèokZ/j fn'kk esa gS] τ  dks B
osQ fdlh eku osQ fy, ik'k osQ ry esa gksuk pkfg,A

(b) LFkk;h larqyu okyk fno~QfoU;kl og gS ftlesa ik'k dk {ks=kiQy lfn'k  A  cká pqacdh;
{ks=k dh fn'kk esa gksrk gSA bl fno~QfoU;kl esa ik'k }kjk mRiUu pqacdh; {ks=k cká {ks=k dh
fn'kk esa gh gSA bl izdkj] nksuksa {ks=k ik'k osQ ry osQ yacor gksus osQ dkj.k oqQy {ks=k dk
vf/dre ÝyDl iznku djrs gSaA

(c) ;g {ks=k osQ yacor ry esa o`Ùkkdkj ik'k dk :i blfy, xzg.k dj ysrk gS rkfd blls
gksdj vf/dre ÝyDl izokfgr gks losQA D;ksafd fdlh nh xbZ ifjfefr osQ fy, o`Ùk dk
{ks=kiQy fdlh Hkh vU; vko`Qfr dh rqyuk esa vf/dre gksrk gSA

4.10.2 o`Ùkkdkj fo|qr /kjk ik'k pqacdh; f}/zqo

bl vuqHkkx esa ge ekSfyd pqacdh; rRo osQ :i esa fdlh fo|qr /kjk ik'k osQ fo"k; esa fopkj
djsaxsA ge ;g n'kkZ,¡xs fd o`Ùkkdkj fo|qr /kjk ik'k osQ dkj.k pqacdh; {ks=k (vf/d nwfj;ksa ij)
O;ogkj esa oS|qr f}/qzo osQ fo|qr {ks=k ls cgqr oqQN leku gksrk gSA vuqHkkx 4.6 esa geus R f=kT;k
osQ òÙkkdkj ik'k ftlls vifjorhZ fo|qr /kjk I izokfgr gks jgh gS] osQ dkj.k ik'k osQ v{k pqacdh;
{ks=k dk ewY;kadu fd;k FkkA bl pqacdh; {ks=k dk ifjek.k ¹lehdj.k (4.15)º]

( )
2

0

3/22 22

I R
B

x R

µ
=

+

rFkk bldh fn'kk v{k osQ vuqfn'k Fkh ftls nf{k.k gLr vaxq"B fu;e }kjk izkIr fd;k x;k Fkk
(fp=k 4.12)A ;gk¡ ij x ik'k osQ osaQnz ls mlosQ v{k osQ vuqfn'k nwjh gSA ;fn x >> R gS] rks
ge mijksDr O;atd osQ gj ls R2 dh mis{kk dj ldrs gSaA bl izdkj
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µ
=

2
0

32

IR
B

x

è;ku nhft,] ik'k dk {ks=kiQy A = πR2 , bl izdkj

0

32

IA
B

x

µ
=

π

tSlk fd igys geus pqacdh; vk?kw.kZ m osQ ifjek.k dh ifjHkk"kk
m  = I A osQ :i esa dh Fkh


0

32 x

µ m
B 

    
0

3

2

4 x

µ
=

m
[4.31(a)]

lehdj.k [4.31(a)] dk ;g O;atd fdlh fLFkjoS|qr f}/qzo osQ fo|qr {ks=k osQ fy, igys
izkIr fd, tk pqosQ O;atd ls dki+Qh esy [kkrk gSA bl lekurk dks ns[kus osQ fy, ge izfrLFkkfir
djrs gSa

 0 01/µ ε→

e→m p  (fLFkjoS|qr f}/qzo)

 →B E   (fLFkjoS|qrh; {ks=k)
rc gesa izkIr gksrk gS]

3
0

2

4
e

xε
=

π

p
E

tks fd ;FkkFkZ :i ls fdlh oS|qr f}/qzo dk mlosQ v{k ij fo|qr {ks=k gSA blosQ fo"k; esa geus
vè;k; 1 vuqHkkx 1.10 [lehdj.k (1.20)] esa vè;;u fd;k FkkA

;g n'kkZ;k tk ldrk gS fd mijksDr ln`'krk dks vkxs Hkh ys tk;k tk ldrk gSA geus ;g
ik;k Fkk fd f}/qzo osQ yacor f}foHkktd ij fo|qr {ks=k ¹lehdj.k (1.21) nsf[k,º

3
04
e

xε
≈

π

p
E

;gk¡ x f}/qzo ls nwjh gSA ;fn ge mijksDr laca/ esa p  m rFkk 0 01/µ ε→  ls izfrLFkkfir

djsa] rks gesa ik'k osQ ry esa fdlh ¯cnq ftldh osaQnz ls nwjh x gS] osQ fy, B osQ ifj.kke izkIr
gks ldrs gSaA x >>R  osQ fy,

0

3
;

4
x R

x

µ
≈ >>

π

m
B [4.31(b)]

fdlh ¯cnq pqacdh; f}/qzo osQ fy, lehdj.kksa [4.31(a)] rFkk [4.31(b)] }kjk fn, x,
ifj.kke ;FkkFkZ cu tkrs gSaA

mijksDr ifj.kke fdlh Hkh lery ik'k ij ykxw gksrs n'kkZ, tk ldrs gSaA lery fo|qr èkkjk
ik'k fdlh v{k pqacdh; f}/qzo osQ rqY; gksrk gS ftldk pqacdh; vk?kw.kZ m = I A gS tks fd
oS|qr f}/qzo vk?kw.kZ p osQ ln`'k gSA è;ku nhft,] bruk gksrs gq, Hkh ,d ewy varj ;g gS fd dksbZ
oS|qr f}/qzo nks ewy bdkb;ksa µ vkos'kksa (vFkok fo|qr ,d/zqoksa) ls feydj curk gSA tcfd
pqacdRo esa dksbZ pqacdh; f}/qzo (vFkok fo|qr /kjk ik'k) ,d vR;ar ewy rRo gSA pqacdRo esa
fo|qr vkos'kksa osQ lerqY; vFkkZr pqacdh; ,d/qzoksa] dk vfLrRo vc rd vKkr gSA
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geus ;g n'kkZ;k fd dksbZ fo|qr /kjk ik'k (i) pqacdh; {ks=k mRiUu djrk gS (fp=k 4-12

nsf[k,) rFkk vf/d nwfj;ksa ij ,d pqacdh; f}/qzo dh rjg O;ogkj djrk gS rFkk (ii) ij ,d
cy vk?kw.kZ dk;Z djrk gS tSls pqacdh; lqbZA blosQ vk/kj ij ,sfEi;j us ;g lq>ko fn;k Fkk fd
leLr pqacdRo izokfgr fo|qr /kjkvksa osQ dkj.k gSA ;g vkaf'kd :i ls lR; izrhr gksrk gS rFkk
vc rd dksbZ Hkh pqacdh; ,d/qzo ugha ns[kk tk ldk gSA rFkkfi ewy d.k tSls bysDVªkWu vFkok
izksVkWu osQ Hkh uSt pqacdh; vk?kw.kZ gSa tks izokfgr fo|qr /kjkvksa osQ dkj.k ugha gSaA

4.10.3 ifjØeh bysDVªkWu dk pqacdh; f}/qzo vk?kw.kZ

vè;k; 12 esa ge gkbMªkstu ijek.kq osQ cksj ekWMy osQ fo"k; esa vè;;u djsaxsA
dnkfpr vkius bl ekWMy osQ ckjs esa lquk gksxkA ftls MsuekoZQ osQ HkkSfrd foKkuh
uhy cksj us lu~ 1911 esa izLrkfor fd;k Fkk vkSj tks u, izdkj dh ;kaf=kdh ftls
DokaVe ;kaf=kdh dgrs gSa] osQ fy, ehy dk ,d iRFkj FkkA cksj ekWMy esa] bysDVªkWu
(,d ½.kkosf'kr d.k) fdlh /ukosf'kr ukfHkd osQ pkjksa vksj Bhd mlh izdkj
ifjØek djrk gS ftl izdkj dksbZ xzg lw;Z dh ifjØek djrk gSA bysDVªkWu osQ
izdj.k esa cy fLFkjoS|qr (owQykWe cy) gksrk gS tcfd lw;Z xzg izdj.k esa ;g
xq#Rokd"kZ.k cy gksrk gSA fp=k 4.23 esa cksj ekWMy n'kkZ;k x;k gSA

fdlh fLFkj Hkkjh ukfHkd ftldk vkos'k +Ze gS] osQ pkjksa vksj (–e) vkos'k
dk bysDVªkWu (e = + 1.6 × 10–19 C) ,dleku orqZy xfr djrk jgrk gSA blls
fo|qr /kjk I curh gSA ;gk¡

e
I

T
= (4.32)

;gk¡ T  ifjØe.k dk vkorZdky gSA ;fn bysDVªkWu dh d{kk dh f=kT;k r  rFkk
d{kh; pky v gS] rks

2 r
T =

v
(4.33)

lehdj.k esa T dk eku izfrLFkkfir djus ij I = ev/2πr

bl ifjlapkjh fo|qr /kjk osQ lkFk ,d pqacdh; vk?kw.kZ lac¼ gksxk ftls izk;% µ
l 
}kjk fu£n"V

djrs gSaA lehdj.k (4.28) ls bldk ifjek.k gS µ
l
 = Iπr2 = evr/2

fp=k 4.23 esa bl pqacdh; vk?kw.kZ dh fn'kk dkx”k osQ ry esa Hkhrj dh vksj gSA ¹bl
ifj.kke ij gessa igys o.kZu fd, tk pqosQ nf{k.k gLr fu;e rFkk bl rF; osQ vk/kj ij igqaps
gSa fd ½.kkosf'kr bysDVªkWu okekorZ xfr dj jgk gS ftlosQ iQyLo:i fo|qr /kjk nf{k.kkorZ gSAº
mijksDr O;atd osQ nf{k.k i{k dks bysDVªkWu osQ nzO;eku m

e 
ls xq.kk ,oa Hkkx djus ij gesa izkIr

gksrk gS

( )
2

l e

e

e
m vr

m
µ =

    2 e

e
l

m
= [4.34(a)]

;gk¡] l osaQnzh; ukfHkd osQ ifjr% bysDVªkWu osQ dks.kh; laosx dk ifjek.k gSA lfn'k :i esa

2
l

e

e

m
= − lµµµµ [4.34(b)]

fp=k 4.23 gkbMªkstu tSls ijek.kqvksa osQ cksj
ekWMy esa] ½.kkos'k ;qDr bysDVªkWu osaQnzLFk
èkukos'k ;qDr (+Z e) ukfHkd osQ pkjksa vksj
,dleku pky ls ?kwe jgk gSA bysDVªkWu dh
,dleku orqZy xfr ,d /kjk ywi cukrh gSA
paqcdh; vk?kw.kks± dh fn'kk dkx”k osQ ry osQ
yacor Hkhrj dh vksj gS rFkk bls i`Fkd :i

fpÉ ⊗ }kjk fu£n"V fd;k x;k gSA

µ
i
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;gk¡ ½.kkRed fpÉ ;gk¡ ;g laosQr nsrk gS fd bysDVªkWu osQ dks.kh; laosx dh fn'kk pqacdh;
vk?kw.kZ dh fn'kk osQ foijhr gSA ;fn geus bysDVªkWu (ftl ij vkos'k –e gS) osQ LFkku ij (+q) vkos'k
dk dksbZ d.k fy;k gksrk rks dks.kh; laosx rFkk paqcdh; vk?kw.kZ nksuksa dh ,d gh fn'kk gksrhA vuqikr

l

2 e

e

l m

µ
= (4.35)

bls ?kw.kZ pqacdh; vuqikr dgrs gSa rFkk ;g ,d fu;rkad gSA bysDVªkWu osQ fy, bl vuqikr dk
eku 8.8 × 1010 C /kg gS ftls iz;ksxksa }kjk lR;kfir fd;k tk pqdk gSA

;g rF; fd ijekf.od Lrj rd Hkh pqacdh; vk?kw.kZ fo|eku gS ijekf.od vk?kw.kZ lacaèkh
,sfEi;j dh lkgliw.kZ ifjdYiuk dh iqf"V djrk gSA ,sfEi;j osQ vuqlkj] ;g inkFkks± osQ pqacdh;
xq.kksa dks Hkyh&Hkk¡fr Li"V djus esa lgk;d gSA D;k ge ml ijek.koh; f}/qzo vk?kw.kZ dks dksbZ
fuf'pr eku ns ldrs gSa\ bldk mÙkj gS µ gk¡A cksj ekWMy dh ifjf/ esa ,slk fd;k tkuk laHko
gSA cksj us ;g ifjdYiuk dh Fkh fd dks.kh; laosx ,d fofoDr ekukas dk leqPp; gh gks ldrk
gSA vFkkZr

2

n h
l

π
= (4.36)

;gk¡ n ,d izko`Qr la[;k] n = 1, 2, 3, ... gS rFkk h ,d fu;rkad gS ftls oSKkfud eSDl Iykad
osQ uke ij (Iykad fu;rkad) dgrs gSa rFkk bldk eku h = 6.626 × 10–34 J s gSA dks.kh;
osx dh fofoDrrk laca/h bl 'krZ dks cksj DokaVhdj.k&'krZ dgrs gSaA blosQ fo"k; esa ge vè;k;
12 esa foLrkj ls ppkZ djsaxsA ;gk¡ gekjk mís'; ek=k izkFkfed f}/qzo vk?kw.kZ dks ifjdfyr djus
esa bldk mi;ksx djuk gSA n = 1 ysus ij lehdj.k (4.34) ls gesa izkIr gksrk gS]

min( )
4

l

e

e
h

m
µ =

π

    
19 34

31

1.60 10 6.63 10

4 3.14 9.11 10

− −

−

× × ×
=

× × ×
    = 9.27 × 10–24 Am2 (4.37)

;gk¡ v/ksfyf[kr min dk mi;ksx U;wure osQ fy, fd;k x;k gSA bl U;wure eku dks cksj eSXusVkWu
dgrs gSaA

,dleku orZqy xfr djus okys izR;sd vkos'k osQ ikl dksbZ pqacdh; vk?kw.kZ vo'; gh lac¼
gksrk gS ftls lehdj.k (4.34) osQ leku fdlh O;atd ls O;Dr fd;k tkrk gSA bl f}èkzqo vk?kw.kZ
dks d{kh; pqacdh; vk?kw.kZ dgrs gSaA blhfy, µ

l 
esa vèkksfyf[kr ‘l’ yxk gSA d{kh; pqacdh; vk?kw.kZ

osQ vfrfjDr bysDVªkWu dk ,d uSt pqacdh; vk?kw.kZ Hkh gksrk gS ftldk vkafdd eku ogh gS tSlk
lehdj.k (4.37) esa n'kkZ;k x;k gSA bl vk?kw.kZ dks pØ.k pqacdh; vk?kw.kZ dgrs gSaA ijarq ge rqjar
gh ;g Li"V dj nsuk pkgrs gSa fd bldk ;g vFkZ ugha gS fd bysDVªkWu ?kw.kZu xfr djrk gSA
bysDVªkWu ,d ewy d.k gS rFkk izpØeku yV~Vw vFkok i`Foh dh Hkk¡fr bldk viuk dksbZ ?kw.kZu
v{k ugha gS ftl ij ;g ?kw.kZu dj losQA bruk gksus ij Hkh bldk ,d uSt pqacdh; vk?kw.kZ gksrk
gSA yksgs rFkk vU; pqacdh; inkFkks± esa pqacdu dh lw{e tM+sa blh uSt pØ.k pqacdh; vk?kw.kZ ls
fudyrh izrhr gksrh gSaA

4.11 py oqaQMyh xSYosuksehVj
vè;k; 3 osQ varxZr fo|qr ifjiFkksa esa izokfgr /kjkvksa rFkk oksYVrkvksa osQ fo"k; esa foLrkj ls ppkZ
dh tk pqdh gSA ijarq ge bUgsa fdl izdkj ekirs gSaA ge ;g oSQls dgrs gSa fd fdlh ifjiFk
esa 1.5 A fo|qr /kjk izokfgr gks jgh gS vFkok fdlh izfrjks/d osQ fljksa osQ chp 1.2 V foHkokarj

xSYosuksehVj d
k ,sehVj v

Fkok oksYVehVj esa :
ikarj.k









HkkSfrdh
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gSA fp=k 4.24 esa blh mís'; osQ mi;ksx ls fd;k tkus okyk mi;ksxh midj.k n'kkZ;k x;k gS ftls py
oqaQMyh xSYosuksehVj (moving coil galvanometer — MCG) dgrs gSaA ;g ,d ,slh ;qfDr gS
ftlosQ fl¼kar dks gekjs }kjk vuqHkkx esa 4.10 esa dh xbZ ppkZ osQ vk/kj ij le>k tk ldrk gSA

py oqaQMyh xSYosuksehVj esa fdlh ,dleku f=kT; (vjh;) pqacdh; {ks=k esa fdlh v{k ij
?kw.kZu djus osQ fy, vusd isQjksa okyh ,d oqaQMyh gksrh gS (fp=k 4.24)A bl oaqQMyh osQ Hkhrj
,d csyukdkj ueZ yksg ØksM tks osQoy pqacdh; {ks=k dks f=kT; gh ugha cukrk oju pqacdh; {ks=k
dh izcyrk esa Hkh òf¼ dj nsrk gSA tc bl oqaQMyh ls dksbZ fo|qr /kjk izokfgr dh tkrh gS rks bl
ij ,d cy vk?kw.kZ dk;Z djrk gSA lehdj.k (4.26) osQ vuqlkj bl cy vk?kw.kZ τ dk eku gksrk gS

τ = NI AB

;gk¡] HkkSfrd jkf'k;ksa osQ izrhdksa osQ vius lkekU; vFkZ gSaA pw¡fd fM”kkbu osQ vuqlkj pqacdh; {ks=k
f=kT; gS] geus cy vk?kw.kZ osQ fy, fn, x, mijksDr O;atd esa sin θ = 1 fy;k gSA ;g pqacdh;
cy vk?kw.kZ NIAB oqaQMyh esa ?kw.kZu dh izo`fÙk mRiUu djrk gS ftlosQ iQyLo:i oqaQMyh vius
v{k ij ?kw.kZu djrh gSA oqaQMyh ls tqM+h dekuh S

p
 esa oaqQMyh osQ ?kw.kZu osQ fojks/ esa cy vk?kw.kZ

kφ mRiUu gks tkrk gS tks oqaQMyh osQ cy vk?kw.kZ NIAB dks larqfyr djrk gS_ iQyLo:i oqaQMyh
esa φ dks.k dk LFkk;h dks.kh; fo{ksi vk tkrk gSA lkE;koLFkk esa

kφ = NI AB

;gk¡ k dekuh dk ,saBu fu;rkad gS] vFkkZr izfr ,dkad ,saBu izR;ku;u cy vk?kw.kZ gSA fo{ksi φ
dk ikB~;kad dekuh osQ lkFk tqM+s laosQrd }kjk iSekus ij fy;k tk ldrk gSA mijksDr O;atd

osQ vuqlkj φ dk eku gS

φ =
NAB

k
I





 (4.38)

dks"Bd dh jkf'k dk eku fdlh fn, x, xSYosuksehVj osQ fy, ,d
fu;rkad gSA xSYosuksehVj dk mi;ksx dbZ izdkj ls fd;k tk ldrk gSA
bldk mi;ksx ,d lalwpd osQ :i esa ;g Kkr djus osQ fy, fd;k tk
ldrk gS fd ifjiFk esa dksbZ fo|qr /kjk izokfgr gks jgh gS vFkok ughaA
bl izdkj dk mi;ksx geus OghVLVksu lsrq O;oLFkk esa fd;k FkkA tc
xSYosuksehVj dk mi;ksx lalwpd osQ :i esa djrs gSa rks bldk laosQrd
lkE;koLFkk ('kwU; fo{ksi fLFkfr vFkkZr tc oqaqQMyh esa dksbZ fo|qr èkkjk
izokfgr ugha gksrh) iSekus osQ eè; esa gksrk gS u fd ckb± vksj tSlk fd
fp=k 4.24 esa n'kkZ;k x;k gSA izokfgr fo|qr /kjk osQ vuqlkj xSYosuksehVj
dk laosQrd fo|qr /kjk dh fn'kk osQ vuq:i ck,¡ vFkok nk,¡ fo{ksfir
gks tkrk gSA

xSYosuksehVj dk mi;ksx blh :i esa fdlh ifjiFk esa izokfgr fo|qr
èkkjk dks ekius osQ fy, ,sehVj dh Hkk¡fr ugha fd;k tk ldrkA blosQ nks
dkj.k gSa (i) xSYosuksehVj ,d vR;ar lqxzkgh ;qfDr gS] ;g µA dksfV dh
fo|qr /kjk osQ fy, iw.kZ iSekuk fo{ksi nsrh gSA (ii) fo|qr /kjk dks ekius osQ
fy, xSYosuksehVj dks ifjiFk esa Js.khØe esa tksM+uk gksrk gSA D;ksafd bldk
izfrjks/ vfèkd gksrk gS tks ifjiFk esa izokfgr gksus okyh fo|qr èkkjk osQ eku
dks ifjo£rr dj nsrk gSA bl ijs'kkuh dks nwj djus osQ fy, ,d vYi&eku
okyk izfrjks/ r

s 
ftls 'kaV dgrs gSa] xSYosuksehVj dh oqaQMyh osQ ik'oZØe

esa la;ksftr fd;k tkrk gS ftlls vf/dka'k fo|qr èkkjk bl 'kaV ls izokfgr
gks tkrh gSA bl izdkj bl O;oLFkk dk izfrjks/ gks tkrk gSµ

fp=k 4.24 py oqaQMyh xSYosuksehVjA blosQ vo;oksa
dk o.kZu ikB esa fd;k x;k gSA vko';drkuqlkj bl
midj.k dk mi;ksx ge èkkjk dk irk yxkus ;k
èkkjk (,sehVj)] ;k fiQj oksYVrk (oksYVehVj) dk

eku Kkr djus osQ fy, djrs gSaA

,dleku f=kT;
pqacdh; {ks=k

ueZ ykSg
ØksM

/qjh

oqaQMyh

LFkk;h pqacdlaosQru

iSekuk
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oksYVehVj

fp=k 4.25

,d vR;Yi eku dk 'kaV
izfrjksèk r

s
 ik'oZØe esa

yxkdj fdlh xSYosuksehVj
(G) dks ,sehVj (A) esa

:ikarfjr djukA

,sehVj

fp=k 4.26  Js.khØe esa ,d
cM+k izfrjksèk R yxkdj
xSYosuksehVj (G) dks

oksYVehVj (V) esa ifjofrZr
djukA

  mnkgj.k 4
.1

3

R
G
 r

s 
/ (R

G
  + r

s
)    ~  r

s
         ;fn   R

G
 >>  r

s

;fn ifjiFk osQ izfrjks/ R
e 
dh rqyuk esa r

s 
dk eku de gS rks ekid ;a=k dks ifjiFk esa tksM+us

dk izHkko Hkh de gksxk ftldh mis{kk dh tk ldrh gSA bl O;oLFkk dk ,d ;kstuk vkjs[k
fp=k 4.25 esa fn[kk;k x;k gSA bl izdkj cus ,sehVj osQ iSekus dk va'kkadu dj fn;k tkrk gS
rkfd vklkuh ls èkkjk dk eku i<+k tk losQA ,sehVj dh lqxzkfgrk dh ifjHkk"kk ge fo{ksi izfr
bdkbZ èkkjk osQ :i esa djrs gSaA lehdj.k (4.38) osQ vuqlkj èkkjk lqxzkfgrk gS]

NAB

I k

φ
= (4.39)

fdlh Hkh mRiknd osQ fy, xSYosuksehVj dh lqxzkfgrk esa o`f¼ djus dk ljy mik; ;g gS
fd og oqaQMyh esa isQjksa dh la[;k N esa o`f¼ dj nsA ge vius iz;ksx dh vko';drk osQ vuqlkj
xSYosuksehVj dk p;u djrs gSaA

/kjkekih dk mi;ksx ifjiFk osQ fdlh va'k osQ fljksa osQ chp foHkokarj Kkr djus osQ fy,
oksYVrkekih osQ :i esa Hkh gks ldrk gSA bl mís'; osQ fy, bldks ifjiFk osQ ml va'k osQ
ik'oZØe esa yxkuk gksxkA vkSj fiQj] blesa ls vR;Yi /kjk izokfgr gksuh pkfg,] vU;Fkk] oksYVrk
dh eki ewy O;oLFkk dks vR;f/d fo{kqC/ dj nsxhA izk;% ge ekid ;a=kksa }kjk mRiUu fo{kksHk
dks ,d izfr'kr ls de j[krs gSaA  eki dh ifj'kq¼rk cuk, j[kus osQ fy,] xSYosuksehVj osQ
Js.khØe esa ,d cM+k izfrjksèk R tksM+k tkrk gSA bl O;oLFkk dk ;kstuk vkjs[k fp=k 4.26 esa
n'kkZ;k x;k gSA è;ku nhft, fd vc oksYVehVj dk oqQy izfrjksèk]

R
G
 + R   R :  vFkkZr izfrjks/ cgqr vf/d gSA

oksYVehVj osQ iSekus dks va'kkafdr dj fn;k tkrk gS rkfd vklkuh ls oksYVrk dk eku i<+k
tk losQA fdlh oksYVekih dh oksYVrk lqxzkfgrk dh ifjHkk"kk ge fo{ksi izfr ,dkad oksYVrk ls
djrs gSaA lehdj.k (4.38) ls

φ
=

V

NAB

k

I

V

NAB

k R







= 





1
(4.40)

;gk¡ ,d jkspd rF; è;ku nsus ;ksX; ;g gS fd èkkjk lqxzkfgrk esa òf¼ djus ij ;g vko';d
ugha gS fd oksYVrk lqxzkfgrk esa Hkh o`f¼ gks tk,xhA vkb, lehdj.k (4.39) ij fopkj djsa tks
èkkjk lqxzkfgrk dk eki crkrh gSA ;fn N → 2N vFkkZr ;fn isQjksa dh la[;k nksxquh dj nh tk,] rks

2
I I

φ φ
→

vFkkZr èkkjk lqxzkfgrk Hkh nksxquh gks tkrh gSA foaQrq] xSYosuksehVj dk izfrjksèk Hkh nks
xquk gks tkus dh laHkkouk gS D;ksafd ;g rkj dh yackbZ osQ vuqØekuqikrh gSA lehdj.k
(4.40) esa N→2N ,oa R→2R, vr% oksYVrk lqxzkfgrk]

V V

φ φ
→

vifjo£rr jgrh gSA vr% O;kid :i ls xSYosuksehVj ls ,sehVj esa :ikarfjr djus osQ fy, tks
la'kks/u fd, tkrs gSa xSYosuksehVj dks oksYVehVj esa ifjo£rr djus osQ fy, buls fHkUu la'kksèku
fd, tkus pkfg,A

mnkgj.k 4.13  uhps fn[kk, x, ifjiFk esa èkkjk dk eku D;k gS ;fn fn[kk;k x;k
,sehVj] (a) R

G
 = 60.00 Ω izfrjksèk dk xSYosuksehVj gSA (b) Hkkx (a) esa crk;k x;k

xSYosuksehVj gh gS ijarq bldks r
s
 = 0.02 Ω dk 'kaV izfrjksèk yxkdj ,sehVj esa ifjo£rr

fd;k x;k gSA  (c) 'kwU; izfrjksèk dk ,d vkn'kZ ,sehVj gSA
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mn
kg
j.
k 4

.1
3

lkjka'k
1. pqacdh; {ks=k B ij fo|qr {ks=k E dh mifLFkfr esa v osx ls xfreku fdlh vkos'k q ij

yxus okys oqQy cy dks yksjsat cy dgrs gSaA bls uhps fn, x, O;atd }kjk O;Dr fd;k
tkrk gSA
F = q (v × B + E)

pqacdh; {ks=k q (v × B), v osQ vfHkyacor gS rFkk fd;k x;k dk;Z 'kwU; gSA
2. l yackbZ osQ fdlh lh/s pkyd ftlls LFkk;h fo|qr /kjk I izokfgr gks jgh gS] fdlh

,dleku cká pqacdh; {ks=k esa cy F dk vuqHko djrk gS]
F = I l × B

;gk¡ |l| = l rFkk l dh fn'kk fo|qr /kjk dh fn'kk }kjk iznku dh tkrh gSA
3. fdlh ,dleku pqacdh; {ks=k esa] dksbZ vkos'k q, B osQ vfHkyacor ry esa o`Ùkkdkj d{kk

esa xfreku gSA bldh ,dleku orZqy xfr dh vko`fÙk dks lkbDyksVªkWu vko`fÙk dgrs gSa
ftls bl izdkj O;Dr fd;k tkrk gSµ

2
c

q B

m
ν =

π

;g vko`fÙk d.k dh pky rFkk f=kT;k ij fuHkZj ugha djrhA bl rF; dk mi;ksx
lkbDyksVªkWu uked e'khu esa fd;k tkrk gS tks vkosf'kr d.kksa dks Rofjr djus esa mi;ksxh
gksrk gSA

4. ck;ks&lkoVZ fu;e osQ vuqlkj dl yackbZ osQ fdlh vo;o ftlls vifjorhZ fo|qr /kjk I
izokfgr gks jgh gS] osQ dkj.k r lfn'k nwjh ij fLFkr fdlh ̄ cnq P ij pqacdh; {ks=k dB

bl izdkj O;Dr fd;k tkrk gSµ

3

d
d

4
o I

r

µ ×
=

π
l r

B

fp=k 4.27

gy
(a) ifjiFk esa oqQy izfrjks/ gS

3 63GR + = Ω  blfy, I = 3/63 = 0.048 A

(b) ,sehVj esa :ikarfjr xSYosuksehVj dk izfrjks/

60 0.02
- 0.02

(60 0.02)
G s

G s

R r

R r

Ω × Ω
= Ω

+ + Ω


ifjiFk esa oqQy izfrjks/
0.02 3 3.02Ω + Ω = Ω  vr% I = 3/3.02 = 0.99 A

(c) 'kwU; izfrjks/ osQ vkn'kZ ,sehVj osQ fy,
 I =  3/3 = 1.00 A
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P ij oqQy {ks=k izkIr djus osQ fy, gesa bl lfn'k O;atd dks pkyd dh leLr yackbZ
osQ fy, lekdfyr djuk pkfg,A

5. f=kT;k R dh o`Ùkkdkj oqaQMyh ftlls I /kjk izokfgr gks jgh gS] osQ dkj.k osaQnz ls v{kh;
nwjh x ij pqacdh; {ks=k dk ifjek.k

2
0

2 2 3/22( )

IR
B

x R

µ
=

+

oqaQMyh osQ osaQnz ij bl {ks=k dk ifjek.k

0

2

I
B

R

µ
=

6. ,sfEi;j dk ifjiFkh; fu;e % eku yhft, dksbZ [kqyk i`"B S fdlh ik'k C }kjk ifjc¼
gSA rc ,sfEi;j osQ fu;e osQ vuqlkj   ;gk¡ I i`"B S ls izokfgr fo|qr

èkkjk gSA I dk fpÉ nf{k.k gLr fu;e }kjk fu/kZfjr fd;k tkrk gSA geus ;gk¡ bl fu;e
osQ ljyho`Qr :i ij ppkZ dh gSA ;fn B can oØ dh ifjf/ L osQ gj ̄ cnq ij Li'khZ osQ
vuqfn'k fu£n"V gS rFkk ifjf/ osQ vuqfn'k bldk ifjek.k fu;r gS rks
BL = µ

0
 I

e

;gk¡ I
e
 can ifjiFk }kjk ifjc¼ usV fo|qr /kjk gSA

7. fdlh yacs lh/s rkj ftlls I fo|qr /kjk izokfgr gks jgh gS] ls R  nwjh ij fLFkr fdlh ̄cnq
ij pqacdh; {ks=k dk ifjek.k


0

2

I
B

R

µ
=

{ks=k js[kk,¡ rkj osQ lkFk laosaQnzh o`Ùk gksrh gSaA

8. fdlh yach ifjukfydk ftlls I fo|qr /kjk izokfgr gks jgh gS] osQ Hkhrj pqacdh; {ks=k B
dk ifjek.k
B = µ

0
nI

;gk¡ n ifjukfydk dh izfr ,dkad yackbZ esa isQjksa dh la[;k gSA fdlh VksjkWbM osQ fy,
pqacdh; {ks=k B dk ifjek.k

0

2

NI
B

r

µ
π

=

;gk¡ n isQjksa dh oqQy la[;k rFkk r vkSlr f=kT;k gSA

9. lekarj fo|qr /kjk,¡ vkd£"kr rFkk izfrlekarj fo|qr /kjk,¡ izfrd£"kr djrh gSaA

10. cgqr ikl fyiVs  N isQjksa rFkk A {ks=kiQy osQ leryh; ik'k ftlls fo|qr /kjk I esa izokfgr
gks jgh gS] dk ,d pqacdh; vk?kw.kZ m gksrk gS
m = N I A

rFkk m dh fn'kk nf{k.k gLr vaxq"B fu;e ls fu/kZfjr gksrh gSA bl fu;e osQ vuqlkj]
¶vius nk,¡ gkFk dh gFksyh dks bl izdkj ik'k osQ vuqfn'k eksfM+, fd m¡xfy;k¡ fo|qr èkkjk
dh fn'kk esa laosQr djsa rks] ckgj dh vksj ¯[kpk v¡xwBk m (vkSj A) dh fn'kk crkrk gSA
tc ;g ik'k fdlh ,dleku pqacdh; {ks=k B esa j[kk tkrk gS rks bl ij vkjksfir cy
F = 0

rFkk bl ij cy vk?kw.kZ
τττττ = m × B

fdlh py oqaQMyh xSYosuksehVj esa bl cy vk?kw.kZ dks dekuh }kjk yxk;k izfr cy vk?kw.kZ
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larqfyr dj ysrk gS vkSj rc gesa izkIr gksrk gS
kφ = NI AB

;gk¡ φ  larqyu fo{ksi gS rFkk k dekuh dk ,saBu fu;rkad gSA
11. osaQnzh; ukfHkd osQ pkjksa vksj xfreku fdlh bysDVªkWu dk ,d pqacdh; vk?kw.kZ µ

l
  gksrk gS

ftls bl izdkj O;Dr djrs gSa %

2
l

e
l

m
µ =

;gk¡ l osaQnzh; ukfHkd osQ ifjr% ifjlapkjh bysDVªkWu dk dks.kh; laosx dk ifjek.k gSA µ
l
 osQ

y?kqre eku dks cksgj esXusVkWu µ
B
 dgrs gSa (µ

B
 = 9.27×10–24 J/T)A

12. fdlh py oaqQMyh xSYosuksehVj dks mldh oaqQMyh osQ ik'oZØe esa dksbZ vYi ifjek.k dk
'kaV izfrjks/ r

s 
lac¼ djosQ ,sehVj esa :ikarfjr fd;k tk ldrk gSA xSYosuksehVj dh oaqQMyh

osQ lkFk Js.khØe esa vf/d ifjek.k dk izfrjks/ lac¼ djosQ mls oksYVehVj esa :ikarfjr
fd;k tk ldrk gSA

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

eqDr vkdk'k dh pqacd'khyrk µ
0

vfn'k [MLT –2A–2] T m A–1 4π × 10–7 T m A–1

paqcdh; {ks=k B lfn'k [M T–2A–1] T (VsLyk)

paqcdh; vk?kw.kZ m lfn'k [L2A] A m2 vFkok J/T

,saBu fu;rkad k   vfn'k [M L2T –2]     N m rad–1 xSYosuksehVj esa n`f"Vxkspj

fopkj.kh; fo"k;

1. fLFkjoS|qr {ks=k js[kk,¡ /ukos'k ls vkjaHk gksdj ½.kkos'k ij lekIr gks tkrh gSa vFkok vuar
ij yqIr ;k foyhu gks tkrh gSaA pqacdh; {ks=k js[kk,¡ lnSo can ik'k cukrh gSaA

2. bl vè;k; esa of.kZr fopkj  osQoy vifjorhZ fo|qr /kjkvksa (tks le; osQ lkFk ifjo£rr
ugha gksrh)osQ fy, gh ykxw gSA
le; osQ lkFk ifjofrZr gksus okyh fo|qr /kjkvksa osQ fy, U;wVu dk rhljk fu;e oS|qrpqacdh;
{ks=k osQ laosx dk laKku djus ij gh oSèk gksrk gSA

3. yksjsat cy osQ lehdj.k dk Lej.k dhft,]

F = q (v × B + E)

osx fuHkZj bl cy us oqQN egkure oSKkfud fopkjdksa dk è;ku vkd£"kr fd;kA ;fn dksbZ
iszs{kd ,d ,sls izsQe esa igq¡p tk, tgk¡ mldk {kf.kd ossx v gks rks cy dk pqacdh; Hkkx
'kwU; gks tkrk gSA rc vkosf'kr d.k dh xfr ;g ekudj le>kbZ tk ldrh gS fd bl u,
izsQe esa ,d mfpr fo|qr {ks=k fo|eku gSA bl ;kaf=kdh osQ foLrkj esa ge ugha tk,¡xsA blosQ
fo"k; esa vki vkxs dh d{kkvksa esa i<+saxsA ysfdu bl ckr ij ge ”kksj nsuk pkgsaxs fd bl
fojks/kHkkl dk lek/ku bl rF; esa fufgr gS fd fo|qr vkSj pqacdRo ,d&nwljs ls tqM+s gq,
izØe gSa (fo|qrpqacdRo) vkSj yksjsat cy dk O;atd] izo`Qfr esa fdlh lkoZHkkSe ojh; lanHkZ
izsQe esa var£ufgr ugha gSA

4. ,sfEi;j dk ifjiFkh; fu;e] ck;ks&lkoVZ fu;e ls vyx ugha gSA ;g ck;ks&lkoVZ fu;e ls
O;qRiUu fd;k tk ldrk gSA bldk ck;ks&lkoVZ fu;e ls oSlk gh lacaèk gS tSlk fd xkml
fu;e dk owWQyke fu;e lsA
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vH;kl

4.1 rkj dh ,d òÙkkdkj oqaQMyh esa 100 isQjs gSa] izR;sd dh f=kT;k 8.0 cm gS vkSj buesa 0.40 A

fo|qr èkkjk izokfgr gks jgh gSA oqaQMyh osQ osaQæ ij pqacdh; {ks=k dk ifjek.k D;k gS\

4.2 ,d yacs] lhèks rkj esa 35 A fo|qr èkkjk izokfgr gks jgh gSA rkj ls 20 cm nwjh ij fLFkr
fdlh ¯cnq ij pqacdh; {ks=k dk ifjek.k D;k gS\

4.3 {kSfrt ry esa j[ks ,d yacs lhèks rkj esa 50 A fo|qr èkkjk mÙkj ls nf{k.k dh vksj izokfgr
gks jgh gSA rkj osQ iwoZ esa 2.5 m nwjh ij fLFkr fdlh ̄ cnq ij pqacdh; {ks=k B dk ifjek.k
vkSj mldh fn'kk Kkr dhft,A

4.4 O;kseLFk ¯[kps {kSfrt fctyh osQ rkj esa 90 A fo|qr èkkjk iwoZ ls if'pe dh vksj izokfgr
gks jgh gSA rkj osQ 1.5 m uhps fo|qr èkkjk osQ dkj.k mRiUu pqacdh; {ks=k dk ifjek.k vkSj
fn'kk D;k gS\

4.5 ,d rkj ftlesa 8 A fo|qr èkkjk izokfgr gks jgh gS] 0.15 T osQ ,dleku pqacdh; {ks=k esa]
{ks=k ls 30° dk dks.k cukrs gq, j[kk gSA bldh ,dkad yackbZ ij yxus okys cy dk ifjek.k
vkSj bldh fn'kk D;k gS\

4.6 ,d 3.0 cm yack rkj ftlesa 10 A fo|qr èkkjk izokfgr gks jgh gS] ,d ifjukfydk osQ Hkhrj
mlosQ v{k osQ yacor j[kk gSA ifjukfydk osQ Hkhrj pqacdh; {ks=k dk eku 0.27 T gSA rkj
ij yxus okyk pqacdh; cy D;k gSA

4.7 ,d&nwljs ls 4.0 cm dh nwjh ij j[ks nks yacs] lhèks] lekarj rkjksa A ,oa B ls Øe'k% 8.0 A

,oa 5.0 A dh fo|qr èkkjk,¡ ,d gh fn'kk esa izokfgr gks jgh gSaA rkj A osQ 10 cm [kaM ij
cy dk vkdyu dhft,A

4.8 ikl&ikl isQjksa okyh ,d ifjukfydk 80 cm yach gS vkSj blesa 5 ijrsa gSa ftuesa ls izR;sd
esa 400 isQjs gSaA ifjukfydk dk O;kl 1.8 cm gSA ;fn blesa 8.0 A fo|qr èkkjk izokfgr gks
jgh gS rks ifjukfydk osQ Hkhrj osaQæ osQ ikl pqacdh; {ks=k B osQ ifjek.k ifjdfyr dhft,A

4.9 ,d oxkZdkj oqaQMyh ftldh izR;sd Hkqtk 10 cm gS] esa 20 isQjs gSa vkSj mlesa 12 A fo|qr
èkkjk izokfgr gks jgh gSA oqaQMyh ÅèokZ/jr% yVdh gqbZ gS vkSj blosQ ry ij [khapk x;k vfHkyac
0.80 T osQ ,dleku pqacdh; {ks=k dh fn'kk ls 30° dk ,d dks.k cukrk gSA oqaQMyh ij yxus
okys cy;qXe vk?kw.kZ dk ifjek.k D;k gS\

4.10 nks py oqaQMyh xSYosuksehVj ehVjksa M
1
 ,oa M

2
 osQ fooj.k uhps fn, x, gSa %

R
1
 = 10 Ω,  N

1
 = 30,

A
1
 = 3.6 × 10–3 m2, B

1
 = 0.25 T

R
2
 = 14 Ω,  N

2
 = 42,

A
2
 = 1.8 × 10–3 m2, B

2
 = 0.50 T (nksuksa ehVjksa osQ fy, ̄ Lizx fu;rkad leku gSa)A

(a) M
2
 ,oa M

1
 dh èkkjk&lqxzkfgrkvksa] (b) M

2
 ,oa M

1
 dh oksYVrk&lqxzkfgrkvksa dk vuqikr

Kkr dhft,A

4.11 ,d izdks"B esa 6.5 G (1 G = 10–4 T) dk ,dleku pqacdh; {ks=k cuk, j[kk x;k gSA bl
pqacdh; {ks=k esa ,d bysDVªkWu 4.8×106 m s–1 osQ osx ls {ks=k osQ yacor Hkstk x;k gSA O;k[;k
dhft, fd bl bysDVªkWu dk iFk o`Ùkkdkj D;ksa gksxk\ o`Ùkkdkj d{kk dh f=kT;k Kkr dhft,A

(e = 1.6 ×10–19 C, m
e
 = 9.1×10–31 kg)

2022-23



170

HkkSfrdh
4.12 iz'u 4.11 esa] o`Ùkkdkj d{kk esa bysDVªkWu dh ifjØe.k vko`fÙk izkIr dhft,A D;k ;g mÙkj

bysDVªkWu osQ osx ij fuHkZj djrk gS\ O;k[;k dhft,A

4.13 (a) 30 isQjksa okyh ,d òÙkkdkj oqaQMyh ftldh f=kT;k 8.0 cm gS vkSj ftlesa 6.0 A fo|qr
èkkjk izokfgr gks jgh gS] 1.0 T osQ ,dleku {kSfrt pqacdh; {ks=k esa ÅèokZèkjr% yVdh
gSA {ks=k js[kk,¡ oqaQMyh osQ vfHkyac ls 60° dk dks.k cukrh gSaA oqaQMyh dks ?kweus ls jksdus
osQ fy, tks izfrvk?kw.kZ yxk;k tkuk pkfg, mlosQ ifjek.k ifjdfyr dhft,A

(b) ;fn (a) esa crk;h xbZ o`Ùkkdkj oqaQMyh dks mlh {ks=kiQy dh vfu;fer vko`Qfr dh
leryh; oqaQMyh ls izfrLFkkfir dj fn;k tk, ('ks"k lHkh fooj.k vifjofrZr jgsa) rks
D;k vkidk mÙkj ifjo£rr gks tk,xk\

vfrfjDr vH;kl

4.14 nks leosaQfæd o`Ùkkdkj oqaQMfy;k¡ X vkSj Y ftudh f=kT;k,¡ Øe'k% 16 cm ,oa 10 cm gaS]
mÙkj&nf{k.k fn'kk esa leku ÅèokZèkj ry esa vofLFkr gSaA oqaQMyh X esa 20 isQjs gSa vkSj blesa
16 A fo|qr èkkjk izokfgr gks jgh gS] oqaQMyh Y esa 25 isQjs gSa vkSj blesa 18 A fo|qr èkkjk
izokfgr gks jgh gSA if'pe dh vksj eq[k djosQ [kM+k ,d izs{kd ns[krk gS fd X esa èkkjk izokg
okekorZ gS tcfd Y esa nf{k.kkorZ gSA oqaQMfy;ksa osQ osaQæ ij] muesa izokfgr fo|qr èkkjkvksa osQ
dkj.k mRiUu oqQy pqacdh; {ks=k dk ifjek.k ,oa fn'kk Kkr dhft,A

4.15 10 cm yackbZ vkSj 10–3 m2 vuqizLFk dkV osQ ,d {ks=k esa 100 G (1 G = 10–4 T) dk
,dleku pqacdh; {ks=k pkfg,A ftl rkj ls ifjukfydk dk fuekZ.k djuk gS mlesa vfèkdre
15 A fo|qr èkkjk izokfgr gks ldrh gS vkSj ØksM ij vfèkdre 1000 isQjs izfr ehVj yisVs
tk ldrs gSaA bl mn~ns'; osQ fy, ifjukfydk osQ fuekZ.k dk fooj.k lq>kb,A ;g eku yhft,
fd ØksM yksg&pqacdh; ugha gSA

4.16 I èkkjkokgh] N isQjksa vkSj R f=kT;k okyh o`Ùkkdkj oqaQMyh osQ fy,] blosQ v{k ij] osaQæ ls x
nwjh ij fLFkr fdlh ¯cnq ij pqacdh; {ks=k osQ fy, fuEu O;atd gS %

( ) 2/322

2

0

2 Rx

NIR
B

+
=

µ

(a) Li"V dhft,] blls oqaQMyh osQ osaQæ ij pqacdh; {ks=k osQ fy, lqifjfpr ifj.kke oSQls izkIr
fd;k tk ldrk gSA

(b) cjkcj f=kT;k R, ,oa isQjksa dh la[;k N, okyh nks òÙkkdkj oqaQMfy;k¡ ,d&nwljs ls R nwjh
ij ,d&nwljs osQ lekarj] v{k feyk dj j[kh xbZ gSaA nksuksa esa leku fo|qr èkkjk ,d gh
fn'kk esa izokfgr gks jgh gSA n'kkZb, fd oqaQMfy;ksa osQ v{k osQ yxHkx eè;¯cnq ij {ks=k]
,d cgqr NksVh nwjh osQ fy, tks fd R ls de gS] ,dleku gS vkSj bl {ks=k dk yxHkx
eku fuEu gS %

R

NI
B 072.0

µ
=

¹cgqr NksVs ls {ks=k ij ,dleku pqacdh; {ks=k mRiUu djus osQ fy, cuk;h xbZ Åij
o£.kr O;oLFkk gsYegksYV~t oqaQMfy;ksa osQ uke ls tkuh tkrh gSAº

4.17 ,d VksjkWbM osQ (vykSg pqacdh;) ØksM dh vkarfjd f=kT;k 25 cm vkSj cká f=kT;k 26 cm

gSA blosQ Åij fdlh rkj osQ 3500 isQjs yisVs x, gSaA ;fn rkj esa izokfgr fo|qr èkkjk 11 A

2022-23



171

xfreku vkos'k vkSj pqacdRo

gks rks pqacdh; {ks=k dk eku D;k gksxkA (i) VksjkWbM osQ ckgj (ii) VksjkWbM osQ ØksM esa (iii) VksjkWbM
}kjk f?kjh gqbZ [kkyh txg esaA

4.18 fuEufyf[kr iz'uksa osQ mÙkj nhft, %

(a) fdlh izdks"B esa ,d ,slk pqacdh; {ks=k LFkkfir fd;k x;k gS ftldk ifjek.k rks ,d
¯cnq ij cnyrk gS] ij fn'kk fuf'pr gS (iwoZ ls if'pe)A bl izdks"B esa ,d vkosf'kr
d.k izos'k djrk gS vkSj vfopfyr ,d ljy js[kk esa vpj osx ls pyrk jgrk gSA vki
d.k osQ izkjafHkd osx osQ ckjs esa D;k dg ldrs gSaA

(b) ,d vkosf'kr d.k] ,d ,sls 'kfDr'kkyh vleku pqacdh; {ks=k esa izos'k djrk gS ftldk
ifjek.k ,oa fn'kk nksuksa ,d ̄cnq ls nwljs ̄ cnq ij cnyrs tkrs gSa] ,d tfVy iFk ij pyrs
gq, blosQ ckgj vk tkrk gSA ;fn ;g eku ysa fd pqacdh; {ks=k esa bldk fdlh Hkh nwljs
d.k ls dksbZ la?kê ð ugha gksrk rks D;k bldh vafre pky] izkjafHkd pky osQ cjkcj gksxh\

(c) if'pe ls iwoZ dh vksj pyrk gqvk ,d bysDVªkWu ,d ,sls izdks"B esa izos'k djrk gS
ftlesa mÙkj ls nf{k.k fn'kk dh vksj ,dleku ,d oS|qr {ks=k gSA og fn'kk crkb, ftlesa
,dleku pqacdh; {ks=k LFkkfir fd;k tk, rkfd bysDVªkWu dks vius ljy js[kh; iFk ls
fopfyr gksus ls jksdk tk losQA

4.19 Åf"er oSQFkksM ls mRlftZr vkSj 2.0 kV osQ foHkokarj ij Rofjr ,d bysDVªkWu] 0.15 T osQ
,dleku pqacdh; {ks=k esa izos'k djrk gSA bysDVªkWu dk xeu iFk Kkr dhft, ;fn pqacdh;
{ks=k (a) izkjafHkd osx osQ yacor gS (b) izkjafHkd osx dh fn'kk ls 30° dk dks.k cukrk gSA

4.20 iz'u 4.16 esa o£.kr gsYegksYVt oaqQMfy;ksa dk mi;ksx djosQ fdlh y?kq{ks=k esa 0.75 T dk
,dleku paqcdh; {ks=k LFkkfir fd;k gSA blh {ks=k esa dksbZ ,dleku fLFkjoS|qr {ks=k oqaQMfy;ksa
osQ mHk;fu"B v{k osQ yacor yxk;k tkrk gSA (,d gh izdkj osQ) vkosf'kr d.kksa dk 15 kV

foHkokarj ij Rofjr ,d ladh.kZ fdj.k iqat bl {ks=k esa nksuksa oaqQMfy;ksa osQ v{k rFkk fLFkjoS|qr
{ks=k dh yacor fn'kk osQ vuqfn'k izos'k djrk gSA ;fn ;g fdj.k iqat 9.0 × 10–5 V m–1,

fLFkjoS|qr {ks=k esa vfo{ksfir jgrk gS rks ;g vuqeku yxkb, fd fdj.k iqat esa dkSu ls d.k
gSaA ;g Li"V dhft, fd ;g mÙkj ,dek=k mÙkj D;ksa ugha gSA

4.21 ,d lhèkh] {kSfrt pkyd NM+ ftldh yackbZ 0.45 m ,oa æO;eku 60 g gS blosQ fljksa ij
tqM+s nks ÅèokZèkj rkjksa ij yVdh gqbZ gSA rkjksa ls gksdj NM+ esa 5.0 A fo|qr èkkjk izokfgr gks
jgh gSA
(a) pkyd osQ yacor fdruk pqacdh; {ks=k yxk;k tk, fd rkjksa esa ruko 'kwU; gks tk,A
(b) pqacdh; {ks=k dh fn'kk ;Fkkor j[krs gq, ;fn fo|qr èkkjk dh fn'kk mRØfer dj nh

tk, rks rkjksa esa oqQy ruko fdruk gksxk\ (rkjksa osQ æO;eku dh mis{kk dhft,)
g = 9.8 m s–2A

4.22 ,d Lopkfyr okgu dh cSVjh ls bldh pkyu eksVj dks tksM+us okys rkjksa esa 300 A fo|qr èkkjk (vYi
dky osQ fy,) izokfgr gksrh gSA rkjksa osQ chp izfr ,dkad yackbZ ij fdruk cy yxrk gS ;fn budh
yackbZ 70 cm ,oa chp dh nwjh 1.5 cm gksA ;g cy vkd"kZ.k cy gS ;k izfrd"kZ.k cy\

4.23 1.5 T dk ,d ,dleku pqacdh; {ks=k] 10.0 cm f=kT;k osQ csyukdkj {ks=k esa fo|eku gSA
bldh fn'kk v{k osQ lekarj iwoZ ls if'pe dh vksj gSA ,d rkj ftlesa 7.0 A fo|qr èkkjk
izokfgr gks jgh gS bl {ks=k esa gksdj mÙkj ls nf{k.k dh vksj xq”kjrh gSA rkj ij yxus okys
cy dk ifjek.k vkSj fn'kk D;k gS] ;fn
(a) rkj v{k dks dkVrk gks]
(b) rkj N-S fn'kk ls ?kqekdj mÙkj iwoZ&mÙkj if'pe fn'kk esa dj fn;k tk,]
(c) N-S fn'kk esa j[krs gq, gh rkj dks v{k ls 6.0 cm uhps mrkj fn;k tk,A
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4.24 /ukRed z-fn'kk esa 3000 G dk ,d ,dleku pqacdh; {ks=k yxk;k x;k gSA ,d vk;rkdkj

ywi ftldh Hkqtk,¡ 10 cm ,oa 5 cm vkSj ftlesa 12 A èkkjk izokfgr gks jgh gS bl {ks=k
esa j[kk gSA fp=k 4.28 esa fn[kk;h xbZ ywi dh fofHkUu fLFkfr;ksa esa bl ij yxus okyk cy;qXe
vk?kw.kZ D;k gS\ gj fLFkfr esa cy D;k gS\ LFkk;h larqyu okyh fLFkfr dkSu&lh gS\

fp=k 4.28

4.25 ,d o`Ùkkdkj oqaQMyh ftlesa 20 isQjs gSa vkSj ftldh f=kT;k 10 cm gS] ,dleku pqacdh;

{ks=k esa j[kh gS ftldk ifjek.k 0.10 T gS vkSj tks oqaQMyh osQ ry osQ yacor gSA ;fn oqaQMyh

esa 5.0 A fo|qr èkkjk izokfgr gks jgh gks rks]

(a) oqaQMyh ij yxus okyk oqQy cy;qXe vk?kw.kZ D;k gS\

(b) oqaQMyh ij yxus okyk oqQy ifj.kkeh cy D;k gS\

(c) pqacdh; {ks=k osQ dkj.k oqaQMyh osQ izR;sd bysDVªkWu ij yxus okyk oqQy vkSlr cy

D;k gS\

(oqaQMyh 10–5 m2 vuqizLFk {ks=k okys rk¡cs osQ rkj ls cuh gS] vkSj rk¡cs esa eqDr bysDVªkWu

?kuRo 1029 m–3 fn;k x;k gS)

4.26 ,d ifjukfydk tks 60 cm yach gS] ftldh f=kT;k 4.0 cm gS vkSj ftlesa 300 isQjksa

okyh 3 ijrsa yisVh xbZ gSaA blosQ Hkhrj ,d 2.0 cm yack] 2.5 g æO;eku dk rkj blosQ

(osaQæ osQ fudV) v{k osQ yacor j[kk gSA rkj ,oa ifjukfydk dk v{k nksuksa {kSfrt ry esa

gSaA rkj dks ifjukfydk osQ lekarj nks okgh la;kstdksa }kjk ,d cká cSVjh ls tksM+k x;k gS

tks blesa 6.0 A fo|qr èkkjk iznku djrh gSA fdl eku dh fo|qr èkkjk (ifjogu dh mfpr

fn'kk osQ lkFk) bl ifjukfydk osQ isQjksa esa izokfgr gksus ij rkj dk Hkkj l¡Hkky losQxh\

g = 9.8 m s–2

4.27 fdlh xSYosuksehVj dh oaqQMyh dk izfrjks/ 12 Ω gSA 4 mA dh fo|qr /kjk izokfgr gksus ij
;g iw.kZLosQy fo{ksi n'kkZrk gSA vki bl xSYosuksehVj dks 0 ls 18 V ijkl okys oksYVehVj esa
oSQls :ikarfjr djsaxs\

4.28 fdlh xSYosuksehVj dh oqaQMyh dk izfrjks/ 15 Ω gSA 4 mA dh fo|qr /kjk izokfgr gksus ij

;g iw.kZLosQy fo{ksi n'kkZrk gSA vki bl xSYosuksehVj dks 0 ls 6 A ijkl okys ,sehVj esa oSQls

:ikarfjr djsaxs\

2022-23



5.1 Hkwfedk
pqacdh; ifj?kVuk çÑfr esa lkoZHkkSfed gSA fo'kky nwjLFk xSysfDl;k¡] vfrlw{e vn`'; ijek.kq]
euq"; vkSj tkuoj] lcesa Hkk¡fr&Hkk¡fr osQ Ïksrksa ls mRiUu Hkk¡fr&Hkk¡fr osQ pqacdh; {ks=k O;kIr gSaA
Hkw&pqacdRo] ekuoh; fodkl ls Hkh iwoZ ls vfLrRo esa gSA ^pqacd* 'kCn ;wuku osQ ,d }hi
eSXusf'k;k osQ uke ls O;qRiUu gS] tgk¡ cgqr igys 600 bZlk iwoZ pqacdh; v;Ldksa osQ HkaMkj feys
FksA bl }hi osQ xM+fj;ksa us f'kdk;r dh fd muosQ ydM+h osQ twrs (ftuesa dhysa yxh gqbZ Fkha)]
dbZ ckj tehu ls fpid tkrs FksA yksgs dh Vksih p<+h mudh ykBh Hkh blh çdkj çHkkfor gksrh
FkhA pqacdks a osQ bl vkdf"kZr djus okys xq.k us mudk ?kweuk&fiQjuk nwHkj cuk
fn;k FkkA

pqacdksa dk nSf'kd xq.k Hkh çkphu dky ls Kkr FkkA pqacd dk ,d iryk yack VqdM+k]
Lora=krkiwoZd yVdk, tkus ij] ges'kk mÙkj&nf{k.k fn'kk osQ vuqfn'k Bgjrk FkkA ,slk gh O;ogkj
rc Hkh ns[kus esa vkrk Fkk tc bldks ,d dkWoZQ osQ Åij j[k dj] mldks Bgjs gq, ikuh esa rSjk;k
tkrk FkkA izko`Qfrd :i ls ik, tkus okys yksgs osQ ,d v;Ld eSXusVkbV dk ,d uke yksMLVksu
gS] ftldk vFkZ gS yhfMax LVksu vFkkZr ekxZn'kZd iRFkjA bl xq.k osQ rduhdh mi;ksx dk Js;
vkerkSj ij phfu;ksa dks fn;k tkrk gSA 400 bZlk iwoZ dh phuh ikB~;iqLrdksa esa ukSdk;u esa fn'kk
Kku osQ fy, pqacdh; lqb;ksa osQ mi;ksx dk f”kØ gSA xksch jsfxLrku dks ikj djus okys dkfI+kQys
Hkh pqacdh; lqb;ksa dk mi;ksx djrs FksA

,d phuh vk[;ku esa] yxHkx 4000 o"kZ iqjkuh] lezkV àsax&rh dh fot; xkFkk gS] ftlesa
mldks vius f'kYidkjksa (ftUgsa vkt dh Hkk"kk esa vki bathfu;j dgrs gSa) osQ dkj.k fot; çkIr

vè;k; 5

pqacdRo ,oa nzO;
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gqbZ FkhA bu ̂ bathfu;jksa* us ,d jFk cuk;k ftl ij mUgksaus pqacd dh cuh
gqbZ ,d çfrek yxkbZ] ftldk ,d gkFk ckgj iSQyk gqvk FkkA fp=k 5.1

esa bl jFk dk ,d fp=kdkj }kjk fn;k x;k fooj.k gSA jFk ij yxh gqbZ
çfrek bl rjg ?kwe tkrh Fkh fd mldh v¡xqyh ges'kk nf{k.k dh vksj
laosQr djsA bl jFk osQ lgkjs] ?kus dksgjs esa àsax&rh dh I+kQkStsa nq'eu osQ
ihNs igq¡p xb± vkSj vkØe.k dj mUgsa gjk fn;kA

fiNys vè;k; esa geus lh[kk fd xfr'khy vkos'k ;k fo|qr èkkjk
pqacdh; {ks=k mRiUu djrh gSA ;g [kkst tks mUuhloha 'krkCnh osQ
iwokZ¼Z esa dh xbZ Fkh] bldk Js; vkWLVsZM] ,sfEi;j] ck;ks ,oa lkoVZ rFkk
vU; oqQN yksxksa dks fn;k tkrk gSA

çLrqr vè;k; esa ge pqacdRo ij ,d Lora=k fo"k; osQ :i esa n`f"V
MkysaxsA
pqacdRo lacaèkh oqQN vke fopkj bl çdkj gSaµ

(i) i`Foh ,d pqacd dh Hkk¡fr O;ogkj djrh gS ftldk pqacdh; {ks=k
yxHkx HkkSxksfyd nf{k.k ls mÙkj dh vksj laosQr djrk gSA

(ii) tc ,d NM+ pqacd dks Lora=krkiwoZd yVdk;k ;k 'kkar ikuh ij
rSjk;k tkrk gS rks ;g mÙkj&nf{k.k fn'kk esa Bgjrk gSA bldk og fljk tks HkkSxksfyd mÙkj dh
vksj laosQr djrk gS] mÙkjh èkqzo vkSj tks HkkSxksfyd nf{k.k dh vksj laosQr djrk gS] pqacd dk
nf{k.kh èkqzo dgykrk gSA

(iii) nks i`Fkd&i`Fkd pqacdksa osQ nks mÙkjh èkqzo (;k nks nf{k.kh èkzqo) tc ikl&ikl yk, tkrs gSa
rks os ,d&nwljs dks fod£"kr djrs gSaA blosQ foijhr] ,d pqacd osQ mÙkj vkSj nwljs osQ
nf{k.k èkqzo ,d&nwljs dks vkd£"kr djrs gSaA

(iv) fdlh pqacd osQ mÙkj vkSj nf{k.k èkqzoksa dks vyx&vyx ugha fd;k tk ldrkA ;fn fdlh
NM+ pqacd dks nks Hkkxksa esa foHkkftr fd;k tk, rks gesa nks NksVs vyx&vyx NM+ pqacd fey
tk,¡xs] ftudk pqacdRo {kh.k gksxkA oS|qr vkos'kksa dh rjg] foyfxr pqacdh; mÙkjh rFkk
nf{k.kh /zqoksa ftUgsa pqacdh; ,dèkqzo dgrs gSa] dk vfLrRo ugha gSA

(v) ykSg vkSj bldh feJ&èkkrqvksa ls pqacd cukus laHko gSaA
bl vè;k; esa ge ,d NM+ pqacd vkSj ,d cká pqacdh; {ks=k esa blosQ O;ogkj osQ o.kZu

ls çkjaHk djsaxsA ge pqacdRo lacaèkh xkml dk fu;e crk,¡xsA blosQ ckn i`Foh osQ pqacdh; {ks=k
dk fooj.k nsaxsA mlosQ ckn ;g crk,¡xs fd pqacdh; xq.kksa osQ vkèkkj ij inkFkks± dk oxhZdj.k oSQls
fd;k tkrk gS vkSj fiQj vuqpqacdRo] çfrpqacdRo rFkk ykSg&pqacdRo dk o.kZu djsaxs vkSj var
esa oS|qr&pqacd ,oa LFkk;h pqacdksa ij ,d vuqHkkx osQ lkFk bldk lekiu djsaxsA

5.2 NM+ pqacd
çfl¼ HkkSfrd foKkuh vYcVZ vkbalVhu osQ vfr çkjafHkd cpiu dh Le`fr;ksa esa ls ,d ml
pqacd ls tqM+h Fkh] tks mUgsa muosQ ,d lacaèkh us HksaV fd;k FkkA vkbalVhu mlls peRÑr gks x,
Fks vkSj mlls [ksyrs gq, dHkh Fkdrs ugha FksA mudks vk'p;Z gksrk Fkk fd oSQls ,d pqacd mu
dhyksa vkSj fiuksa dks viuh vksj [khap ysrh Fkh] tks mlls nwj j[ks Fks vkSj fdlh ¯Lçx ;k èkkxs
}kjk mlls tqM+s Hkh ugha FksA

fp=k 5.1 jFk ij LFkkfir çfrek dk gkFk ges'kk
nf{k.k dh vksj laosQr djrk gSA ;g ,d dykdkj
}kjk cuk;k x;k vkjs[k gS] ftlesa ,d çkphure

Kkr daikl fn[kk;k x;k gS] tks gtkjksa lky iqjkuk gSA
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ge vius vè;;u dh 'kq#vkr ykSg jsru ls djrs gSa tks ,d NksVs NM+ pqacd osQ Åij j[kh
xbZ dk¡p dh 'khV ij fNM+dk x;k gSA ykSg jsru dh ;g O;oLFkk fp=k 5.2 esa n'kkZ;h xbZ gSA

ykSg jsru osQ iSVuZ ;g bafxr djrs gSa fd pqacd osQ nks èkqzo gksrs gSa] oSls gh tSls oS|qr f}èkzqo
osQ èkukRed ,oa ½.kkRed vkos'kA tSlk fd igys Hkwfedk esa crk;k tk pqdk gS] ,d èkzqo dks
mÙkj vkSj nwljs dks nf{k.k èkqzo dgrs gSaA tc NM+ pqacd dks Lora=krkiwoZd yVdk;k tkrk gS rks
;s èkqzo Øe'k% yxHkx HkkSxksfyd mÙkjh ,oa nf{k.kh èkqzoksa dh vksj laosQr djrs gSaA ykSg jsru dk
blh ls feyrk&tqyrk iSVuZ ,d èkkjkokgh ifjukfydk osQ bnZ&fxnZ Hkh curk gSA

5.2.1 pqacdh; {ks=k js[kk,¡

ykSg jsru osQ cus iSVuks± osQ vkèkkj ij ge pqacdh; {ks=k js[kk,¡* [khap ldrs gSaA fp=k 5.3 esa ;g
NM+ pqacd vkSj èkkjkokgh ifjukfydk] nksuksa osQ fy, n'kkZ;k x;k gSA rqyuk osQ fy, vè;k; ,d
fp=k 1.17(d) nsf[k,A fo|qr f}/qzo dh oS|qr cy js[kk,¡ fp=k 5.3(c) esa Hkh  n'kkZ;h xbZ gSaA
pqacdh; {ks=k js[kk,¡] pqacdh; {ks=k dk n`'; vkSj varnZ̀f"Vijd çLrqrhdj.k gaSA buosQ xq.k gSa%

(i) fdlh pqacd (;k /kjkokgh ifjukfydk) dh pqacdh; {ks=k js[kk,¡ larr can ywi cukrh gSaA
;g oS|qr&f}èkqzo osQ tSlh ugha gS] tgk¡ ;s js[kk,¡ èkukos'k ls 'kq: gksdj ½.kkos'k ij [kRe
gks tkrh gSa [fp=k 5.3(c) nsf[k,] ;k fiQj vuar dh vksj pyh tkrh gSaA

(ii) {ks=k js[kk osQ fdlh ¯cnq ij [khaph xbZ Li'kZ js[kk ml ¯cnq ij ifj.kkeh pqacdh; {ks=k B
dh fn'kk crkrh gSA

fp=k 5.2 ,d NM+ pqacd osQ
bnZ&fxnZ ykSg jsru dh

O;oLFkkA  ;g iSVuZ pqacdh;
{ks=k js[kkvksa dh vuqÑfr gSA
;s bafxr djrs gSa fd NM+

pqacd ,d pqacdh; f}èkqzo gSA

* oqQN ikB~;iqLrdksa esa pqacdh; {ks=k js[kkvksa dks pqacdh; cy js[kk,¡ dgk x;k gSA bl ukekoyh ls cpuk
mfpr gksxk D;ksafd ;g Hkzked gSA fLFkjoS|qr ds foijhr pqacdRo esa {ks=k js[kk,¡ (xfreku) vkos'k ij
cy dh fn'kk dh lwpd ugha gSaA

fp=k 5.3 {ks=k js[kk,¡ (a) ,d NM+ pqacd dh (b) ,d lhfer vkdkj okyh èkkjkokgh ifjukfydk dh] vkSj (c) ,d oS|qr f}èkqzo dhA
cgqr vfèkd nwjh ij rhuksa js[kk leqPp; ,d ls gSaA  i  ,oa  ii  vafdr oØ] can xkmlh; i`"B gSaA
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(iii) {ks=k osQ yacor j[ks x, ry osQ çfr bdkbZ {ks=kiQy ls ftruh vfèkd {ks=k js[kk,¡ xqtjrh

gSa] mruk gh vfèkd ml LFkku ij pqacdh; {ks=k B dk ifjek.k gksrk gSA fp=k 5.3 (a) esa]
{ks=k   ii  osQ vklikl B dk ifjek.k {ks=k  i  dh rqyuk esa vfèkd gSA

(iv) pqacdh; {ks=k js[kk,¡ ,d&nwljs dks dkVrh ugha gSaA ,slk blfy, gS D;ksafd bl fLFkfr esa
dVku ¯cnq ij pqacdh; {ks=k dh fn'kk ,d gh ugha jg tkrhA
vki pkgsa rks dbZ rjg ls pqacdh; {ks=k js[kk,¡ vkysf[kr dj ldrs gSaA ,d rjhdk ;g gS

fd fHkUu&fHkUu txgksa ij ,d NksVh pqacdh; daikl lqbZ jf[k, vkSj blosQ fno~QfoU;kl dks
vafdr dhft,A bl rjg vki pqacd osQ vkl&ikl fofHkUu ¯cnqvksa ij pqacdh; {ks=k dh fn'kk
tku losaQxsA

5.2.2 NM+ paqcd dk ,d /kjkokgh ifjukfydk dh rjg O;ogkj

fiNys vè;k; esa geus ;g le>k;k gS fd fdl çdkj ,d èkkjk ywi ,d pqacdh; f}èkqzo dh
rjg O;ogkj djrk gS (vuqHkkx 4.10 nsf[k,)A geus ,sfEi;j dh bl ifjdYiuk dk ftØ Hkh

fd;k Fkk fd lHkh pqacdh; ifj?kVukvksa dks ifjokgh
èkkjkvksa osQ çHkkoksa osQ :i esa le>k;k tk ldrk gSA ;kn
dhft, fd fdlh èkkjkokgh ywi ls tqM+s pqacdh; f}èkqzo
vk?kw.kZ m dh ifjHkk"kk m = NIA ls nh tkrh gS] tgk¡ N
ywi esa isQjksa dh la[;k] I èkkjk ,oa A {ks=kiQy&lfn'k gS
¹lehdj.k (4.30) nsf[k,ºA

,d NM+ pqacd dh pqacdh; {ks=k js[kkvksa dh] ,d
èkkjkokgh ifjukfydk dh pqacdh; {ks=k js[kkvksa ls lkE;rk
;g lq>krh gS fd tSls ifjukfydk cgqr&lh ifjokgh
èkkjkvksa dk ;ksx gS oSls gh NM+ pqacd Hkh cgqr&lh
ifjlapkjh èkkjkvksa dk ;ksx gks ldrk gSA ,d NM+ pqacd
osQ nks cjkcj VqdM+s djuk oSlk gh gS tSls ,d ifjukfydk
dks dkVukA ftlls gesa nks NksVh ifjukfydk,¡ fey tkrh
gSa ftuosQ pqacdh; {ks=k vis{kkÑr {kh.k gksrs gSaA {ks=k js[kk,¡
larr cuh jgrh gSa] ,d fljs ls ckgj fudyrh gSa vkSj
nwljs fljs ls vanj ços'k djrh gSaA ,d NksVh pqacdh;
oaQikl lqbZ dks ,d NM+ pqacd ,oa ,d èkkjkokgh lhfer
ifjukfydk osQ ikl ,d txg ls nwljh txg ys tkdj
;g ns[kk tk ldrk gS fd nksuksa osQ fy, pqacdh; lqbZ esa
fo{ksi.k ,d tSlk gS vkSj bl rjg bl lkE;rk dk ijh{k.k
vklkuh ls fd;k tk ldrk gSA

bl lkE;rk dks vkSj vfèkd lqn`<+ djus osQ fy,
ge fp=k 5.4 (a) esa n'kkZ;h xbZ lhfer ifjukfydk osQ

v{kh; {ks=k dh x.kuk djrs gSaA ge ;g çn£'kr djsaxs fd cgqr vfèkd nwjh ij ;g v{kh;
{ks=k NM+ pqacd osQ v{kh; {ks=k tSlk gh gSA

ekuk fd fp=k 5.4 (a) esa n'kkZ;h xbZ èkkjkokgh ifjukfydk dh çfr bdkbZ yackbZ esa n iQsjs
gSa vkSj bldh f=kT;k ‘a’ gSA ekuk bldh yackbZ 2l gSA ifjukfydk osQ osaQæ ls r nwjh ij (¯cnq
P) ge v{kh; {ks=k Kkr dj ldrs gSaA ;g djus osQ fy,] ifjukfydk dk ,d NksVk o`Ùkkdkj
va'k dx eksVkbZ dk ysrs gSa tks blosQ osaQæ ls x nwjh ij gSA blesa n dx isQjs gSaA ekuk fd ifjukfydk
esa I èkkjk çokfgr gks jgh gSA fiNys vè;k; osQ vuqHkkx 4.6 esa geus ,d o`Ùkkdkj ywi osQ v{k

fp=k 5.4 (a) ,d lhfer ifjukfydk osQ v{kh; {ks=k dk ifjdyu]
rkfd bldh NM+ pqacd ls lkE;rk izn£'kr dh tk losQA (b) ,d
leku pqacdh; {ks=k B esa j[kh gqbZ pqacdh; lwbZA ;g izca/ pqacdh;
{ks=k B vFkok pqacdh; vk?kw.kZ m dk vkdyu djus esa lgk;d gSA
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ij pqacdh; {ks=k dh x.kuk dh FkhA lehdj.k (4.17) osQ vuqlkj] o`Ùkkdkj va'k osQ dkj.k
¯cnq P ij pqacdh; {ks=k dk ifjek.k

2
0

3
2 2 22[( ) ]

n dx I a
dB

r x a

µ
=

− +

oqQy {ks=k dk ifjek.k çkIr djus osQ fy, ,sls lHkh va'kksa osQ ;ksxnku tksM+us gksaxsA nwljs 'kCnksa
esa  x = – l  ls x = + l  rd lekdyu djuk gksxkA

2
0

2

nIa
B

µ
=

;g lekdyu f=kdks.kferh; çfrLFkkiu }kjk fd;k tk ldrk gSA ¯drq] gekjk mn~ns'; iwjk
djus osQ fy, ,slk djuk vko';d ugha gSA è;ku nsa fd x dk ijkl −l ls +l rd gSA èkkjkokgh
ifjukfydk osQ cgqr nwj fLFkr v{kh; ¯cnq osQ fy, r >> a ,oa  r >> l A rc fHkUu esa gj dk
yxHkx eku gks tk,xk %

3
2 2 32[( ) ]r x a r− + ≈

vkSj   

      =  
2

0

3

2

2

n I l a

r

µ
 (5.1)

è;ku nhft, fd èkkjkokgh ifjukfydk osQ pqacdh; vk?kw.kZ dk ifjek.k m = n (2l ) I (πa2)

¹vFkkZr oqQy iQsjksa dh la[;k × èkkjk × vuqçLFk dkV dk {ks=kiQyºA vr%

0

3

2

4

m
B

r

µ
π

= (5.2)

;gh lehdj.k NM+ pqacd dh v{k ij nwj fLFkr ¯cnq osQ fy, Hkh gS ftls dksbZ Hkh
ç;ksxkRed fofèk ls çkIr dj ldrk gSA bl çdkj] NM+ pqacd vkSj èkkjkokgh ifjukfydk ,d
tSls pqacdh; {ks=k mRiUu djrs gSaA vr% ,d NM+ pqacd dk pqacdh; vk?kw.kZ] mruk gh pqacdh;
{ks=k mRiUu djus okyh lerqY; èkkjkokgh ifjukfydk osQ pqacdh; vk?kw.kZ osQ cjkcj gSA

oqQN ikB~;iqLrosaQ 2l yackbZ ds ,d NM+ pqacd osQ mÙkj èkqzo osQ fy, ,d pqacdh; vkos'k +q
m

,oa nf{k.k (bls /zqo 'kfDr dgrs gSa) èkqzo osQ fy, –q
m
 fu;r djosQ bldk pqacdh; vk?kw.kZ

+q
m
(2l) fu;r djrh gaSA r nwjh ij q

m
 osQ dkj.k {ks=k dh rhozrk µ

0
q

m
/4πr2 gksxh vkSj rc

v{kh; ,oa vuqçLFk nksuksa fLFkfr;ksa esa bl NM+ pqacd osQ dkj.k pqacdh; {ks=k mlh çdkj Kkr
fd;k tk ldrk gS tSlk fd oS|qr f}èkqzo osQ fy, fd;k x;k Fkk (nsf[k, vè;k; 1)A ;g
rjhdk ljy Hkh gS vkSj vkd"kZd HkhA ijarq] pqacdh; ,dèkqzoksa dk vfLrRo rks gksrk ugha]
blfy,] geus bl çLrqfr&fofèk dk mi;ksx ugha fd;k gSA

5.2.3 ,dleku pqacdh; {ks=k esa f}/qzo

ykSg jsru (iron filling) ls cus iSVuZ vFkkZr pqacdh; {ks=k js[kk,¡ gesa pqacdh; {ks=k B dk ,d
lfUudV eku crkrs gSaA izk;% gesa B dk lgh&lgh eku tkuus dh vko';drk gksrh gSA blosQ
fy, ge ,d iryh pqacdh; lqbZ dk] ftldk pqacdh; vk?kw.kZ m ,oa tM+Rok?kw.kZ Kkr gksa]
bl pqacdh; {ks=k esa nksyu djkrs gSaA ;g O;oLFkk fp=k 5.4 (b) esa n'kkZ;h xbZ gSA

pqacdh; lqbZ ij cyvk?kw.kZ ¹lehdj.k (4.29) nsf[k,º
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 m
nk
gj

.k
 5

.1

τττττ = m × B (5.3)

ftldk ifjek.k τ = mB sinθ
;gk¡ τττττ  izR;ku;u vk?kw.kZ gS rFkk dks.k θ,  m vkSj B  osQ chp dk dks.k gSA

vr%] larqyukoLFkk esa 
2

2
sin

d
mB

dt

θ θ= −

mB sinθ osQ lkFk ½.kkRed fpÉ ;g fu£n"V djrk gS fd izR;ku;u vk?kw.kZ foLFkkiudkjh
vk?kw.kZ osQ foijhr fn'kk esa gSA jsfM;u esa cgqr NksVs dks.k osQ fy, ge sin  θ ≈ θ  ysrs gSaA vr%]

2

2
–

d
mB

dt

θ θ≈

vFkok  
2

2

d mB

dt

θ θ= −


;g ljy vkorZ xfr n'kkZrk gS] ftlosQ fy,] dks.kh; vkòfÙk dk oxZ ω2 = mB/  rFkk nksyu
dky gS]

(5.4)

vFkok     (5.5)

pqacdh; fLFkfrt ÅtkZ osQ fy, O;atd izkIr djus osQ fy, ge mlh fof/ dk vuqlj.k
dj ldrs gSa tks geus oS|qr fLFkfrt ÅtkZ dk O;atd izkIr djus osQ fy, viuk;h FkhA

fdlh pqacdh; f}/qzo dh pqacdh; fLFkfrt ÅtkZ U
m 
bl izdkj gS

       cosmB θ= −

      = − m B (5.6)

bl ckr dks geus igys Hkh dkiQh tksj nsdj dgk Fkk fd fLFkfrt ÅtkZ dk 'kwU; ge viuh
lqfo/kuqlkj fu/kZfjr dj ldrs gSaA lekdyu fu;arkd dks 'kwU; ysus dk vFkZ gS fd geus
fLFkfrt ÅtkZ dk 'kwU; θ = 90o ij] vFkkZr ml fLFkfr dks ys fy;k gS ftl ij lqbZ {ks=k osQ yacor
gSA lehdj.k (5.6) ;g n'kkZrh gS fd U;wure fLFkfrt ÅtkZ (= –mB) (vFkkZr lokZf/d LFkk;h
voLFkk) θ = 0o ij gksrh gS ,oa vf/dre fLFkfrt ÅtkZ (= +mB) (vFkkZr vf/dre vLFkk;h
voLFkk) θ = 180o ij gksrh gSA

mnkgj.k 5.1 fp=k 5.4 (b) esa] pqacdh; lqbZ dk pqacdh; vk?kw.kZ 6.7 × 10–2 A m2 vkSj
tM+Rok?kw.kZ  = 7.5 × 10–6 kg m2 gSA ;g 6.70 s esa 10 iwjs nksyu djrh gSA pqacdh; {ks=k
dk ifjek.k D;k gS\

gy  nksyudky
6.70

0.67s
10

T = =

lehdj.k (5.5) ls izkIr gksrk gS

2

24
B

mT

π
=



= 

2 6

–2 2

4 (3.14) 7.5 10

6.7 10 (0.67)

−× × ×
× ×

= 0.01 T
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 mnkgj.k 5
.2

mnkgj.k 5.2 ,d NksVs NM+ pqacd dks tc 800 G osQ cká pqacdh; {ks=k esa bl rjg j[kk
tkrk gS fd bldh v{k {ks=k ls 30o dk dks.k cuk,] rks ;g 0.016 N m dk cyvk?kw.kZ vuqHko
djrk gSA (a) pqacd dk pqacdh; vk?kw.kZ fdruk gS\ (b) lokZfèkd LFkk;h fLFkfr ls lokZfèkd
vLFkk;h fLFkfr rd bldks ?kqekus esa fdruk dk;Z djuk iM+sxk\ (c) NM+ pqacd dks ;fn ,d
ifjukfydk ls çfrLFkkfir dj nsa ftlesa 1000 isQjs gksa] ftlosQ vuqçLFk dkV dk {ks=kiQy
2 × 10–4 m2 gks vkSj ftldk pqacdh; vk?kw.kZ mruk gh gks ftruk NM+ pqacd dk gS] rks
ifjukfydk esa çokfgr gksus okyh èkkjk Kkr dhft,A

gy
(a) lehdj.k (5.3) osQ vuqlkj τ = m B sin θ, θ = 30o, blfy, sinθ =1/2

vr%]         0.016 = m × (800 × 10–4 T) × (1/2)

m = 160 × 2/800 = 0.40 A m2

(b) lehdj.k (5.6) osQ vuqlkj lokZfèkd LFkk;h fLFkfr rc gS tc θ = 0o ,oa lokZfèkd vLFkk;h
fLFkfr rc gS tc θ =180o

( 180 ) ( 0 )m mW U Uθ θ= = ° − = °
     = 2 m B = 2 × 0.40 × 800 × 10–4 = 0.064 J

(c) lehdj.k (4.30) osQ vuqlkj m
s
 = NIA Hkkx (a) esa geus Kkr fd;k gS fd m

s
 = 0.40 A m2

                       0.40 = 1000 × I × 2 × 10–4

I = 0.40 × 104/(1000 × 2) = 2A

mnkgj.k 5.3

(a) D;k gksrk gS tcfd ,d pqacd dks nks [kaMksa esa foHkkftr djrs gSa (i) bldh yackbZ osQ yacor
(ii) yackbZ osQ vuqfn'k\

(b) ,dleku pqacdh; {ks=k esa j[kh xbZ fdlh paqcdh; lqbZ ij cy vk?kw.kZ rks izHkkoh gksrk gS
ij bl ij dksbZ ifj.kkeh cy ugha yxrkA rFkkfi] ,d NM+ pqacd osQ ikl j[kh yksgs dh
dhy ij cy vk?kw.kZ osQ lkFk&lkFk ifj.kkeh cy Hkh yxrk gSA D;ksa\

(c) D;k izR;sd pqacdh; foU;kl dk ,d mÙkjh vkSj ,d nf{k.kh /qzo gksuk vko';d gS\ ,d
VksjkW;M osQ paqcdh; {ks=k osQ laca/ esa bl fo"k; esa viuh fVIi.kh nhft,A

(d) nks ,d tSlh fn[kkbZ iM+us okyh NM+sa A ,oa B nh xbZ gSa ftuesa dksbZ ,d fuf'pr :i ls
pqacdh; gS] ;g Kkr gS (ij] dkSu lh ;g Kkr ugha gS)A vki ;g oSQls lqfuf'pr djsaxs
fd nksuksa NM+sa pqacfdr gSa ;k osQoy ,d\ vkSj ;fn osQoy ,d NM+ pqacfdr gS rks ;g oSQls
irk yxk,¡xs fd og dkSu lh gSA ¹vkidks NM+ksa A ,oa B osQ vfrfjDr vU; dksbZ pht iz;ksx
ugha djuh gSAº

gy
(a) nksuksa gh izdj.kksa esa vkidks nks pqacd izkIr gksrs gSa ftuesa ls izR;sd esa ,d mÙkjh vkSj ,d

nf{k.kh /zqo gksrk gSA
(b) ;fn {ks=k ,dleku gksa osQoy rHkh pqacd ij dksbZ cy ugha yxrkA ijarq NM+ pqacd osQ dkj.k

dhy ij vleku {ks=k vkjksfir gksrk gS ftlosQ dkj.k dhy esa pqacdh; vk?kw.kZ izsfjr gksrk
gSA vr% bl ij ifj.kkeh cy Hkh yxrk gS vkSj cy vk?kw.kZ HkhA ifj.kkeh cy vkd"kZ.k
cy gksrk gS] D;ksafd dhy esa izsfjr nf{k.k /zqo (ekuk) blesa izsfjr mÙkjh /qzo dh vis{kk
paqcd osQ vf/d fudV gksrk gSA

(c) vko';d ugha gSA ;g rHkh lR; gksxk tc pqacdh; {ks=k osQ lzksr dk ifj.kkeh pqacdh; vk?kw.kZ
'kwU; ugha gksxkA VksjkW;M ;k vuar yackbZ dh ifjukfydk osQ fy, ,slk ugha gksrkA

(d) pqacdksa osQ vyx&vyx fljksa dks ,d&nwljs osQ ikl ykus dh dksf'k'k dhft,A ;fn fdlh
fLFkfr esa izfrd"kZ.k cy dk vuqHko gks rks nksuksa NM+sa pqacfdr gSaA ;fn ges'kk vkd"kZ.k cy
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gh yxs rks muesa ls ,d NM+ paqcfdr ugha gSA ;g ns[kus osQ fy, fd dkSu&lh NM+ pqacfdr
gS] ,d NM+ A eku yhft, vkSj bldk ,d fljk uhps dhft,_ igys nwljh NM+ B osQ fljs
osQ ikl ykb, vkSj fiQj chp esaA vxj vki ik,¡ fd B osQ chp esa NM+ A vkd"kZ.k cy
vuqHko ugha djrh rks B pqacfdr gSA vkSj ;fn vki ik,¡ fd fljs ij vkSj chp esa vkd"kZ.k
cy cjkcj gS] rks NM+ A pqacfdr gSA

5.2.4 fLFkjoS|qr vuq:i

lehdj.kksa (5.2), (5.3) ,oa (5.4) osQ laxr fo|qr f}èkqzo osQ lehdj.kksa (vè;k; 1 nsf[k,) ls
rqyuk djus ij ge bl ifj.kke ij igq¡prs gSa fd m pqacdh; vk?kw.kZ okys NM+ pqacd dk
pqacdh; {ks=k] blls cgqr nwjh ij fLFkr fdlh ¯cnq ij Kkr djus osQ fy,] gesa f}èkqzo vk?kw.kks±
okys fo|qr f}èkqzo osQ dkj.k mRiUu fo|qr {ks=k osQ lehdj.k esa] osQoy fuEufyf[kr çfrLFkkiu
djus gksaxsµ

→E B , →p m , 
0

0

1

4 4

µ
πε π

→

fo'ks"kr%] r nwjh (r >> l osQ fy,] tgk¡ l pqacd dh yackbZ gS)ij ,d NM+ pqacd dk fo"kqorh; pqacdh; {ks=k

0

34
E

r

µ
π

= −
m

B (5.7)

blh çdkj] r nwjh (r >> l osQ fy,) ij ,d NM+ pqacd dk v{kh; pqacdh; {ks=k

0

3

2

4
A

r

µ
π

=
m

B (5.8)

lehdj.k (5.8)] lehdj.k (5.2) dk lfn'k :i gSA lkj.kh 5.1 fo|qr ,oa pqacdh; f}èkqzoksa
osQ eè; lekurk n'kkZrh gSA

fLFkj oS|qr pqacdh;

1/ε
0

µ
0

f}/qzo vk?kw.kZ p m

fo"kqorh; {ks=k –p/4πε
0
r3 – µ

0
 m / 4π r3

v{kh; {ks=k 2p/4πε
0
r3 µ

0
 2m / 4π r3

cká {ks=kµcy vk?kw.kZ p × E m × B

cká {ks=kµfLFkfrt ÅtkZ –p.E –m.B

lkj.kh 5.1 f}/qzoksa dh lkn`';rk

mnkgj.k 5.4  5 cm yackbZ osQ NM+ pqacd osQ osaQæ ls 50 cm dh nwjh ij fLFkr ¯cnq
ij] fo"kqqorh; ,oa v{kh; fLFkfr;ksa osQ fy, pqacdh; {ks=k dk ifjdyu dhft,A NM+
pqacd dk pqacdh; vk?kw.kZ 0.40 A m2] tSlk fd mnkgj.k 5.2 esa gSA
gy  lehdj.k (5.7) osQ vuqlkj]

0

34
E

m
B

r

µ
π

=
( )

7 7

3

10 0.4 10 0.4

0.1250.5

− −× ×
= = 73.2 10 T−= ×

lehdj.k (5.8) osQ vuqlkj] 
0

3

2

4
A

m
B

r

µ
π

= 76.4 10 T−= ×
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.5

mnkgj.k 5.5  fp=k 5.5 esa O ¯cnq ij j[kh xbZ ,d NksVh pqacdh; lqbZ P fn[kkbZ xbZ
gSA rhj blosQ pqacdh; vk?kw.kZ dh fn'kk n'kkZrk gSA vU; rhj] nwljh le:i pqacdh; lqbZ
Q dh fofHkUu fLFkfr;ksa (,oa pqacdh; vk?kw.kZ osQ fno~QfoU;klksa) dks çn£'kr djrs gSaA

(a) fdl foU;kl esa ;g fudk; larqyu esa ugha gksxk\
(b) fdl foU;kl esa fudk; (i) LFkk;h (ii) vLFkk;h larqyu esa gksaxs\
(c) fn[kk, x, lHkh foU;klksa esa fdlesa U;wure fLFkfrt ÅtkZ gS\

fp=k 5.5

gy
fdlh foU;kl dh fLFkfrt ÅtkZ] ,d pqacdh; f}/qzo (ekuk Q) dh] nwljs pqacdh; f}èkzqo (ekuk
P) osQ pqacdh; {ks=k osQ dkj.k mRiUu fLFkfrt ÅtkZ gSA vki lehdj.k (5.7) ,oa (5.8) }kjk
O;Dr fuEufyf[kr ifj.kke iz;ksx esa yk ldrs gSaµ

0 P
P 34 r

µ
π

= −
m

B      (yac lef}Hkktd ij)

0 P
P 3

2

4 r

µ
π

=
m

B      (v{k ij)

tgk¡ m
P
 f}/qzo P dk pqacdh; vk?kw.kZ gSA

larqyu rc LFkk;h gksxk tc m
Q
 ,oa B

P 
,d&nwljs osQ lekarj gksaxh vkSj larqyu vLFkk;h rc gksxk

tc os izfrlekarj gksaxhA
mnkgj.kkFkZ] foU;kl Q

3
 esa] ftlosQ fy, Q f}/qzo P osQ yac lef}Hkktd osQ vuqfn'k gS] Q dk

pqacdh; vk?kw.kZ] fLFkfr 3 esa] pqacdh; {ks=k osQ lekarj gS] vr% Q
3
 LFkk;h gS

bl izdkj]
(a) PQ

1
 ,oa PQ

2

(b) (i) PQ
3
, PQ

6
 (LFkk;h); (ii) PQ

5
, PQ

4
 (vLFkk;h)

(c) PQ
6

5.3 pqacdRo ,oa xkml fu;e
vè;k; 1 esa geus fLFkjoS|qr osQ fy, xkml osQ fu;e dk vè;;u fd;k FkkA fp=k 5.3 (c) esa
ge ns[krs gSa fd  i  }kjk vafdr can xkmlh; lrg ls {ks=k js[kkvksa dh ftruh la[;k ckgj vkrh
gS] mruh gh blosQ vanj ços'k djrh gSA bl ckr dh bl rF; ls laxfr cSBrh gS fd lrg }kjk
ifjosf"Br oqQy vkos'k dk ifjek.k 'kwU; gSA ̄drq] mlh fp=k esa] can lrg  ii  tks fdlh èkukos'k
dks ?ksjrh gS] osQ fy, ifj.kkeh fuxZr ÝyDl gksrk gSA

2022-23



182

HkkSfrdh

dkyZ izsQfMªd xkml (1777 –

1855) os ,d foy{k.k cky&izfrHkk
FksA xf.kr] HkkSfrdh] vfHk;kaf=kdh]
[kxksy'kkL=k vkSj ;gk¡ rd fd Hkw&losZ{k.k
esa Hkh mudks izÑfr dh vuqie nsu
FkhA la[;kvksa osQ xq.k mudks yqHkkrs Fks
vkSj muosQ dk;Z esa muosQ ckn vkus
okys tekus osQ izeq[k xf.krh; fodkl
dk iwokZHkkl gksrk gSA 1833 esa foYgse
osylj osQ lkFk feydj mUgksaus igyk
fo|qrh; VsfyxzkiQ cuk;kA oØ&ì"Bksa ls
lacaf/r muosQ xf.krh; fl¼kar us ckn
esa jheu }kjk fd, x, dk;Z dh
vkèkkjf'kyk j[khA

 m
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;g fLFkfr mu pqacdh; {ks=kksa osQ fy, iw.kZr% fHkUu gS] tks larr gSa vkSj
can ywi cukrs gSaA fp=k 5.3 (a) ;k 5.3 (b) esa  i  ;k  ii  }kjk vafdr
xkmlh; lrgksa dk fujh{k.k dhft,A vki ik,¡xs fd lrg ls ckgj vkus okyh
cy js[kkvksa dh la[;k blosQ vanj ços'k djus okyh la[;k osQ cjkcj gSA
nksuksa gh lrgksa osQ fy, oqQy pqacdh; ÝyDl 'kwU; gS vkSj ;g ckr fdlh
Hkh can lrg osQ fy, lR; gSA

fp=k 5.6

fdlh can lrg S dk ,d NksVk lfn'k {ks=kiQy vo;o ∆S yhft,A
tSlk fd fp=k 5-6 esa n'kkZ;k x;k gSA ∆S ls xqtjus okyk pqacdh; ÝyDl
∆φ

B
 = B.∆S gS] tgk¡ B, ∆S ij pqacdh; {ks=k gSA ge S dks dbZ NksVs&NksVs

vo;oksa esa ck¡V ysrs gSa vkSj muesa ls çR;sd ls xqtjus okys ÝyDlksa osQ eku
vyx&vyx fudkyrs gSaA rc] oqQy ÝyDl φ

B
 dk eku gS]

(5.9)

tgk¡ ^lHkh* dk vFkZ gS lHkh {ks=kiQy vo;o ∆S A bldh rqyuk oS|qrfLFkfrdh osQ xkml osQ
fu;e ls dhft,A tgk¡ ,d can lrg ls xqtjus okyk oS|qr ÝyDl

tgk¡ q can lrg }kjk ifjc¼ vkos'k gSA

pqacdRo ,oa fLFkjoS|qfrdh osQ xkml fu;eksa osQ chp dk varj blh rF; dh vfHkO;fDr
gS fd i`FkDÑr pqacdh; èkqzoksa (ftUgsa ,dèkqzo Hkh dgrs gSa) dk vfLrRo ugha gksrkA B dk dksbZ
mn~xe ;k vfHkxe ugha gksrk gSA ljyre pqacdh; vo;o ,d f}èkqzo ;k èkkjk ywi gSA lHkh
pqacdh; ifj?kVuk,¡ ,d èkkjk ywi ,oa@;k f}èkqzo O;oLFkk osQ :i esa le>k;h tk ldrh gSaA

pqacdRo osQ fy, xkml dk fu;e gSµ

fdlh Hkh can lrg ls xq”kjus okyk oqQy pqacdh; ÝyDl ges'kk 'kwU; gksrk gSA

mnkgj.k 5.6  uhps fn, x, fp=kksa esa ls dbZ esa pqacdh; {ks=k js[kk,¡ xyr n'kkZ;h xbZ gSa ¹fp=kksa
esa eksVh js[kk,¡ºA igpkfu, fd muesa xyrh D;k gS\ buesa ls oqQN esa oS|qr {ks=k js[kk,¡ Bhd&Bhd
n'kkZ;h xbZ gSaA crkb,] os dkSu ls fp=k gSa\

d
ky
Z i

zsQfM
ªd
 x

km
l 

(1
7
7
7
 –

 1
8
5
5
)
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.6

fp=k 5.7

gy
(a) xyr gSA pqacdh; cy js[kk,¡ ,d fcanq ls bl çdkj ugha fudy ldrha tSlk fd fp=k esa

fn[kk;k x;k gSA fdlh can lrg ij B dk oqQy ÝyDl ges'kk 'kwU; gh gksuk pkfg, vFkkZr]
fp=k esa ftruh {ks=k js[kk,¡ lrg esa ços'k djas mruh gh blls ckgj fudyuh pkfg,A fn[kk;h
xbZ {ks=k js[kk,¡] okLro esa] ,d yacs èkukosf'kr rkj dk fo|qr {ks=k çnf'kZr djrh gSaA lgh
pqacdh; {ks=k js[kk,¡ tSlk vè;k; 4 esa crk;k x;k gS] lhèks rkj dks pkjksa vksj ls ?ksjus okys
o`Ùkksa osQ :i esa gSaA

eqDr vkdk'k
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(b) xyr gSA pqacdh; {ks=k js[kk,¡ (fo|qr {ks=k js[kkvksa dh rjg gh) dHkh Hkh ,d&nwljs dks dkV
ugha ldrhaA D;ksafd] vU;Fkk dVku fcanq ij {ks=k dh fn'kk lafnXèk gks tk,xhA fp=k esa ,d
xyrh vkSj Hkh gSA fLFkj&pqacdh; {ks=k js[kk,¡ eqDr vkdk'k esa dHkh Hkh can oØ ugha cuk
ldrhaA fLFkj&pqacdh; {ks=k js[kk osQ can ywi dks fuf'pr :i ls ,d ,sls çns'k dks ?ksjuk
pkfg, ftlesa ls gksdj èkkjk çokfgr gks jgh gks ¹blosQ foijhr oS|qr {ks=k js[kk,¡ dHkh
Hkh can ywi ugha cuk ldrha] u rks eqDr vkdk'k esa vkSj u gh rc tc ywi vkos'k dks
?ksjrs gSaAº

(c) Bhd gSA pqacdh; js[kk,¡ iw.kZr% ,d VksjkWbM esa lekfgr gSaA ;gk¡ pqacdh; {ks=k js[kkvksa }kjk
can ywi cukus esa dksbZ =kqfV ugha gS] D;ksafd çR;sd ywi ,d ,sls {ks=k dks ?ksjrk gS ftlesa
ls gksdj èkkjk xqtjrh gSA è;ku nhft, fd fp=k esa Li"Vrk ykus osQ fy, gh VksjkWbM osQ vanj
ek=k oqQN {ks=k js[kk,¡ fn[kk;h xbZ gSaA rF; ;g gS fd VksjkWbM osQ isQjksa osQ vanj osQ laiw.kZ Hkkx
esa pqacdh; {ks=k ekStwn jgrk gSA

(d) xyr gSA ifjukfydk dh {ks=k js[kk,¡] blosQ fljksa ij vkSj blosQ ckgj iw.kZr% lhèkh vkSj fleVh
gqbZ ugha gks ldrh gSaA ,slk gksus ls ,sfEi;j dk fu;e Hkax gksrk gSA ;s js[kk,¡ fljksa ij ofØr
gks tkuh pkfg, vkSj budks var esa fey dj can ik'k cukus pkfg,A

(e) lgh gSA ,d NM+ pqacd osQ vanj ,oa ckgj nksuksa vksj pqacdh; {ks=k gksrk gSA vanj {ks=k dh
fn'kk ij vPNh rjg è;ku nhft,A lHkh {ks=k js[kk,¡ mÙkj èkqzo ls ugha fudyrha (vkSj u gh
nf{k.k èkqzo ij lekIr gksrh gSa)A N-èkqzo ,oa S-èkqzo osQ pkjksa rjiQ {ks=k osQ dkj.k oqQy ÝyDl
'kwU; gksrk gSA

(f) xyr gSA laHkkouk ;gh gS fd ;s {ks=k js[kk,¡ pqacdh; {ks=k çnf'kZr ugha djrhaA Åijh Hkkx
dks nsf[k,A lHkh {ks=k js[kk,¡ Nkf;r IysV ls fudyrh tku iM+rh gSaA bl IysV dks ?ksjus okyh
lrg ls xqtjus okys {ks=k dk oqQy ÝyDl 'kwU; ugha gSA pqacdh; {ks=k osQ lanHkZ esa ,slk gksuk
laHko ugha gSA fn[kk;h xbZ {ks=k js[kk,¡] okLro esa] èkukosf'kr Åijh IysV ,oa ½.kkosf'kr
fupyh IysV osQ chp fLFkjoS|qr {ks=k js[kk,¡ gSaA ¹fp=k 5.7(e) ,oa (f)º osQ chp osQ varj dks
è;kuiwoZd xzg.k djuk pkfg,A

(g) xyr gSA nks èkqzoksa osQ chp pqacdh; {ks=k js[kk,¡] fljksa ij] Bhd ljy js[kk,¡ ugha gks ldrhaA
js[kkvksa esa oqQN iSQyko vo';EHkkoh gS vU;Fkk] ,sfEi;j dk fu;e Hkax gksrk gSA ;g ckr
oS|qr {ks=k js[kkvksa osQ fy, Hkh ykxw gksrh gSA

mnkgj.k 5.7

(a) pqacdh; {ks=k js[kk,¡ (gj ̄ cnq ij) og fn'kk crkrh gSa ftlesa (ml ̄cnq ij j[kh) pqacdh;
lqbZ laosQr djrh gSA D;k pqacdh; {ks=k js[kk,¡ çR;sd ¯cnq ij xfreku vkosf'kr d.k ij
vkjksfir cy js[kk,¡ Hkh gSa\

(b) ,d VksjkWbM esa rks pqacdh; {ks=k iw.kZr% ØksM osQ vanj lhfer jgrk gS] ij ifjukfydk esa
,slk ugha gksrkA D;ksa\

(c) ;fn pqacdh; ,dy èkqzoksa dk vfLrRo gksrk rks pqacdRo lacaèkh xkml dk fu;e D;k :i
xzg.k djrk\

(d) D;k dksbZ NM+ pqacd vius {ks=k dh otg ls vius Åij cy vk?kw.kZ vkjksfir djrh gS\
D;k fdlh èkkjkokgh rkj dk ,d vo;o mlh rkj osQ nwljs vo;o ij cy vkjksfir djrk
gSA

(e) xfreku vkos'kksa osQ dkj.k pqacdh; {ks=k mRiUu gksrs gSaA D;k dksbZ ,slh ç.kkyh gS ftldk
pqacdh; vk?kw.kZ gksxk] ;|fi mldk usV vkos'k 'kwU; gS\
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 mnkgj.k 5
.7

gy
(a) ughaA pqacdh; cy lnSo B osQ yacor gksrk gS (D;ksafd pqacdh; cy = q (v × B) vr%

B dh {ks=k js[kkvksa dks cy js[kk,¡ dguk Hkzked oDrO; gSA
(b) ;fn {ks=k js[kk,¡ fliQZ lhèkh ifjukfydk osQ nks fljksa osQ chp lhfer gksrha rks çR;sd fljs osQ

vuqçLFk dkV ls xq”kjus okyk ÝyDl 'kwU; u gksrkA ysfdu] {ks=k B dk fdlh can lrg
ls xq”kjus okyk ÝyDl rks lnSo 'kwU; gh gksrk gSA VksjkWbM osQ fo"k; esa ;g leL;k gh [kM+h
ugha gksrh D;ksafd blosQ dksbZ fljs ugha gksrsA

(c) pqacdRo lacaèkh xkml dk fu;e ;g dgrk gS fd {ks=k
 
B osQ dkj.k] fdlh can lrg ls xq”kjus

okyk oqQy ÝyDl lnSo 'kwU; gksrk gSA fdlh can lrg S osQ fy, 

;fn ,dy èkqzoksa dk vfLrRo gksrk rks (fLFkjoS|qfrdh osQ xkml fu;e osQ vuq:i) lehdj.k
osQ nk;ha vksj lrg S ls f?kjs ,dy èkqzoksa (pqacdh; vkos'kksa) q

m
 dk ;ksx vkrkA vFkkZr

lehdj.k dk :i gksrk

 tgk¡ q
m
 , S ls f?kjk pqacdh; vkos'k (,dy èkqzo) gSA

(d) ughaA rkj osQ vYika'k }kjk mRiUu pqacdh; {ks=k osQ dkj.k blosQ Lo;a osQ Åij dksbZ cy
;k cy vk?kw.kZ ugha yxrkA ysfdu blosQ dkj.k mlh rkj osQ nwljs vYika'k ij cy (;k cy
vk?kw.kZ) yxrk gSA (lhèks rkj osQ fo'ks"k ekeys esa] ;g cy 'kwU; gh gksrk gS)A

(e) gk¡A laiw.kZ O;oLFkk dks ns[ksa rks lHkh vkos'kksa dk vkSlr 'kwU; gks ldrk gSA fiQj Hkh] ;g
gks ldrk gS fd fofHkUu èkkjk ywiksa osQ dkj.k mRiUu pqacdh; vk?kw.kks± dk vkSlr 'kwU; u
gksA gekjs le{k vuqpqacdh; inkFkks± osQ lanHkZ esa ,sls dbZ mnkgj.k vk,¡xs tgk¡ ijek.kqvksa
dk vkos'k 'kwU; gS ysfdu mudk f}/qzo&vk?kw.kZ 'kwU; ugha gSA

5.4 Hkw&pqacdRo
geus i`Foh osQ pqacdh; {ks=k dk ftØ igys Hkh fd;k gSA i`Foh osQ pqacdh; {ks=k dh rhozrk]
bldh lrg ij] fHkUu LFkkuksa ij fHkUu gksrh gS] ij bldk eku 10–5 T dh dksfV dk gksrk gSA

i`Foh osQ pqacdh; {ks=k dk dkj.k D;k gS] ;g cgqr Li"V ugha gSA izkjaHk esa ;g lkspk x;k
fd i`Foh dk pqacdh; {ks=k blosQ vanj cgqr xgjkbZ esa j[ks ,d fo'kky pqacd osQ dkj.k gS tks
yxHkx i`Foh osQ ?kw.kZu v{k osQ vuqfn'k j[kk gSA ijarq] ;g ljyho`Qr fp=k fuf'pr :i ls lgh
ugha gSA vc ;g ekuk tkrk gS fd i`Foh dk pqacdh; {ks=k blosQ cká ØksM osQ /kfRod rjyksa
(tks vf/dka'kr% fi?kyk yksgk ,oa fufdy gS) dh laokgd xfr osQ dkj.k mRiUu fo|qr /kjkvksa
osQ ifj.kkeLo:i vfLrRo esa vkrk gSA bldks Mk;useks izHkko dgk tkrk gSA

i`Foh dh pqacdh; {ks=k js[kk,¡] i`Foh osQ osaQnz ij j[ks (dkYifud) pqacdh; f}/qzo osQ tSlh
gh gksrh gSaA bl f}/qzo dh v{k i`Foh osQ ?kw.kZu v{k osQ laikrh ugha gksrh gS] cfYd orZeku esa
;g blls yxHkx 11.3° ij >qdh gqbZ gSA bl n`f"V ls ns[ksa rks pqqacdh; /qzo ogk¡ vofLFkr gS
tgk¡ pqacdh; cy js[kk,¡ i`Foh esa izos'k djrh gSa vFkok blls ckgj fudyrh gSaA i`Foh osQ mÙkjh
pqacdh; /qzo dh fLFkfr 79.74° N v{kka'k ,oa 71.8° W ns'kkarj ij gSA ;g LFkku mÙkjh
dukMk esa gSA pqacdh; nf{k.kh /qzo vaVkoZQfVdk esa] 79.74° S v{kka'k ,oa 108.22° E ns'kkarj
ij gSA

og /zqo tks i`Foh osQ HkkSxksfyd mÙkjh /qzo osQ fudV gS mÙkjh pqacdh; /qzo dgykrk gSA
blh izdkj i`Foh osQ HkkSxksfyd nf{k.k /qzo osQ fudV fLFkr /zqo nf{k.kh pqacdh; /zqo dgykrk
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gSA /zqoksa osQ ukedj.k osQ laca/ esa oqQN laHkze gSaA ;fn vki i`Foh dh
pqacdh; {ks=k js[kkvksa dks ns[ksa (fp=k 5.8), rks NM+ pqacd osQ foijhr {ks=k
js[kk,¡ mÙkjh pqacdh; /qzo (N

m
) ls i`Foh osQ vanj izos'k djrh gSa vkSj nf{k.kh

pqacdh; /qzo (S
m

) ls ckgj vkrh gaSA ;g ifjikVh blfy, 'kq: gqbZ D;ksafd
pqacdh; mÙkj og fn'kk Fkh ftlesa pqacdh; lqbZ dk mÙkjh fljk laosQr djrk
Fkk_ pqacd osQ /qzo dks mÙkjh /qzo blfy, dgk x;k D;ksafd ;g mÙkj fn'kk
dk Kku djkus esa lgk;d FkkA bl izdkj] okLro esa] mÙkjh pqacdh; /qzo ìFoh
osQ vanj osQ NM+ pqacd osQ nf{k.kh /qzo dh rjg O;ogkj djrk gS ,oa nf{k.kh
pqacdh; /qzo bl NM+ pqacd osQ mÙkjh /qzo dh rjgA

mnkgj.k 5.8 fo"kqor js[kk ij i`Foh osQ pqacdh; {ks=k dk ifjek.k yxHkx 0.4 G gSA i`Foh osQ
pqacd osQ f}/qzo vk?kw.kZ dh x.kuk dhft,A

gy lehdj.k (5.7) osQ vuqlkj fo"kqorh; pqacdh; {ks=k dk ifjek.k]

0

34
E

m
B

r

µ
π

=

fn;k gS% B
E
 ~ 0.4 G = 4 × 10–5 T, r ;gk¡ i`Foh dh f=kT;k gS] 6.4 × 106 m vr%

5 6 3

0

4 10 (6.4 10 )

/4
m

µ π

−× × ×
= =4 × 102 × (6.4 × 106)3    (µ

0
/4π = 10–7)

= 1.05 × 1023 A m2

;g eku Hkw&pqacdRo laca/h iqLrdksa esa fn, x, eku 8 × 1022 A m2 osQ cgqr fudV gSA

 5.4.1 pqacdh; fno~Qikr ,oa ufr

i`Foh dh lrg ij dksbZ ¯cnq yhft,A bl ¯cnq ls xq”kjus okyk ns'kkarj o`Ùk
HkkSxksfyd mÙkj&nf{k.k fn'kk fu£n"V djrk gS ftldh mÙkjh /qzo dh vksj tkus
okyh js[kk ;FkkFkZ mÙkj dh vksj bafxr djrh gSA ns'kkarj o`Ùk ,oa i`Foh osQ ?kw.kZu
v{k esa ls xqtjus okyk ÅèokZèkj ry HkkSxksfyd ;kE;ksÙkj dgykrk gSA blh izdkj
vki fdlh LFkku fo'ks"k ij pqacdh; ;kE;ksÙkj Hkh ml LFkku vkSj pqacdh; mÙkjh
,oa nf{k.kh /qzoksa dks fey tkus okyh dkYifud js[kk ls xq”kjus okys ÅèokZ/j ry
osQ :i esa ifjHkkf"kr dj ldrs gSaA ;g ry Hkh i`Foh dh lrg dks ns'kkarj tSls
gh ,d o`Ùk esa dkVsxkA ,d pqacdh; lqbZ tks {kSfrt ry esa ?kweus osQ fy, Lora=k
gS] rc pqacdh; ;kE;ksÙkj esa jgsxh vkSj bldk mÙkjh /qzo i`Foh osQ pqacdh; mÙkjh
/qzo dh vksj laosQr djsxkA pw¡fd pqacdh; /zqoksa dks feykus okyh js[kk] i`Foh osQ
HkkSxksfyd v{k dh rqyuk esa fdlh dks.k ij >qdh jgrh gS] fdlh LFkku ij
pqacdh; ;kE;ksÙkj] HkkSxksfyd ;kE;ksÙkj ls ,d dks.k cukrh gSA ;gh og dks.k gS
tks ;FkkFkZ HkkSxksfyd mÙkj ,oa pqacdh; lqbZ }kjk bafxr mÙkj osQ chp curk gSA bl
dks.k dks pqacdh; fno~Qikr vFkok osQoy fno~Qikr dgrs gSa (fp=k 5.9)A

fno~Qikr mPprj v{kka'kks a ij vf/d ,oa fo"kqor js[kk osQ ikl de gksrk
gS] Hkkjr esa fno~Qikr dk eku de gS] ;g fnYyh esa 0o 41′ E ,oa eqacbZ

fp=k 5.8 i`Foh] ,d fo'kky pqacdh;
f}/qzo dh Hkk¡frA

fp=k 5.9 {kSfrt ry esa ?kweus osQ fy,
Lora=k pqacdh; lqbZ] pqacdh; mÙkj&nf{k.k

fn'kk esa bafxr djrh gSA
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esa 0°58′ W gSA vr% nksuksa gh LFkkuksa ij pqacdh; lqbZ dki+ Qh gn rd lgh mÙkj fn'kk
n'kkZrh gSA

,d vU; egRoiw.kZ jkf'k Hkh gS ftlesa vkidh #fp gks ldrh gSA ;fn dksbZ pqacdh; lqbZ]
,d {kSfrt v{k ij bl izdkj iw.kZ larqyu esa gks fd pqacdh; ;kE;ksÙkj osQ ry esa ?kwe losQ rks
;g lqbZ {kSfrt ls ,d dks.k cuk,xh (fp=k 5.10)A ;g ueu dks.k (;k vkufr) dgykrk gSA
vr% vkufr og dks.k gS tks i`Foh dk oqQy pqacdh; {ks=k B

E
 i`Foh dh lrg ls cukrk gSA

fp=k (5.11) i`Foh dh lrg osQ fdlh ̄cnq  P ij pqacdh; ;kE;ksÙkj ry n'kkZrk gSA ;g ry i`Foh
ls xqtjus okyk ,d [kaM gSA ¯cnq P ij oqQy
pqacdh; {ks=k dks ge ,d {kSfrt vo;o H

E
 ,oa

,d ÅèokZ/j vo;o Z
E 
esa fo;ksftr dj ldrs gSaA

B
E
, H

E
 ls tks dks.k cukrk gS ogh ueu dks.k I  gSA

vf/drj mÙkjh xksyk/Z esa ueu o`Ùk dh lqbZ dk mÙkjh /qzo uhps dh vksj >qdrk gSA blh
izdkj vf/dka'k nf{k.kh xksyk/Z esa ueu lqbZ dk nf{k.kh /qzo uhps >qdrk gSA

i`Foh dh lrg ij fLFkr fdlh ¯cqn ij pqacdh; {ks=k dks iwjh rjg fu£n"V djus osQ fy,
gesa rhu jkf'k;ksa dk fooj.k nsuk gksrk gS] ;s gSa& fno~Qikr dks.k D, vkufr ;k ueu dks.k I ,oa
i`Foh osQ paqcdh; {ks=k dk {kSfrt vo;o H

E 
A ;s i`Foh osQ pqacdh; {ks=k osQ ?kVd dgykrs gSaA

;gk¡ ÅèokZ/j ?kVd]

Z
E
 = B

E
 sinI

{kSfrt ?kVd] [5.10(a)]

H
E
 = B

E
 cosI [5.10(b)]

ftlls gesa izkIr gksrk gS

tan E

E

Z
I

H
= [5.10(c)]

fp=k 5.10 n'kkZ;k x;k o`Ùk] i`Foh ls
xq”kjus okyk pqacdh; ;kE;ksÙkj dk [kaM gSA
B

E
 ,oa {kSfrt vo;o H

E
 osQ chp cuk

dks.k vkufr gSA

fp=k 5.11 i`Foh dk pqacdh; {ks=k B
E
, ,oa

blosQ {kSfrt ,oa ÅèokZ/j vo;o H
E
 ,oa

Z
E
A fno~Qikr dks.k D ,oa ueu dks.k I Hkh

n'kkZ, x, gSaA
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/qzoksa ij gekjh paqcdh; lqbZ dks D;k gks tkrk gS\

pqacdh; fnOk~Qlwpd esa ,d pqacdh; lqbZ ,d /qjh ij Lora=krkiwoZd ?kwe ldrh gSA tc fndlwpd dks lery esa j[kk
tkrk gS rks bldh pqacdh; lqbZ ml LFkku ij i`Foh osQ pqacdh; {ks=k osQ {kSfrt vo;o dh fn'kk esa Bgjrh gSA i`Foh
ij oqQN LFkkuksa ij pqacdh; [kfutksa osQ HkaMkj ik, tkrs gSa ftuosQ dkj.k fno~Qlwpd lqbZ pqacdh; ;kE;ksÙkj ls gV tkrh
gSA fdlh LFkku ij fno~Qikr dk Kku] gesa ml LFkku ij fno~Qlwpd lqbZ osQ eku esa la'kks/u dj ;FkkFkZ mÙkj fn'kk tkuus
esa lgk;rk djrk gS

vr% pqacdh; lqbZ dks /zqo ij ys tkus dk ifj.kke D;k gksxk\ /qzo ij] ;k rks pqacdh; {ks=k js[kk,¡ ÅèokZ/jr%
vfHklfjr gksaxh ;k vilfjr gksaxh blls {kSfrt ?kVd dk eku mis{k.kh; gksxkA ;fn lqbZ osQoy {kSfrt ry esa gh ?kweus
osQ fy, Lora=k gksxh rks ;g fdlh Hkh fn'kk esa laosQr dj ldrh gS vkSj bl dkj.k fno~Qlwpd osQ :i esa bldh dksbZ
mi;ksfxrk ugha jg tk,xhA bl fLFkfr esa ftl oLrq dh gesa vko';drk gS og gS ueun'khZ lqbZ tks ,d ,slh fno~Qlwpd
lqbZ gS ftldks i`Foh osQ pqacdh; {ks=k ls ;qDr ÅèokZ/j ry esa ?kweus osQ fy, /qjh ij j[kk x;k gSA rc bl fno~Qlwpd
dh lqbZ og dks.k n'kkZrh gS tks pqacdh; {ks=k ÅèokZ/j ls cukrk gSA pqacdh; /qzoksa ij ;g lqbZ lh/s uhps dh vksj bafxr
djrh gSA

mnkgj.k 5.9 fdlh LFkku osQ pqacdh; ;kE;ksÙkj esa i`Foh osQ pqacdh; {ks=k dk {kSfrt
vo;o 0.26 G gS ,oa ueu dks.k 60o gSA bl LFkku ij ìFoh dk pqacdh; {ks=k D;k gS\

gy
;g fn;k x;k gS fd H

E
 = 0.26 G] fp=k 5.11 ls ge ikrs gSa fdµ

0cos60 E

E

H

B
=

0cos60
E

E

H
B =

      =
0.26

0.52G
(1/2)

=
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5.5 pqacdhdj.k ,oa pqacdh; rhozrk

i`Foh rRoksa ,oa ;kSfxdksa dh foLe;dkjh fofHkUurkvksa ls Hkjiwj gSA blosQ vfrfjDr] ge u,&u,
feJèkkrq] ;kSfxd] ;gk¡ rd fd rRo Hkh la'ysf"kr djrs tk jgs gSaA vki bu lc inkFkks± dks
pqacdh; xq.kksa osQ vkèkkj ij oxhZÑr djuk pkgsaxsA çLrqr vuqHkkx esa ge ,sls oqQN inksa dh ifjHkk"kk
nsaxs vkSj muosQ ckjs esa le>k,¡xs tks bl oxhZdj.k esa gekjh lgk;rk djsaxsA

ge ;g ns[k pqosQ gSa fd ijek.kq esa ifjØe.k djrs bysDVªkWu dk ,d pqacdh; vk?kw.kZ gksrk
gSA inkFkZ osQ fdlh cM+s VqdM+s esa ;s pqacdh; vk?kw.kZ lfn'k :i ls lekdfyr gksdj 'kwU;srj
ifj.kkeh pqacdh; vk?kw.kZ iznku dj ldrs gSaA fdlh fn, x, uewus dk pqacdu  M ge bl izdkj
mRiUu gq, izfr bdkbZ vk;ru ifj.kkeh pqacdh; vk?kw.kZ osQ :i esa ifjHkkf"kr dj ldrs gSa]

=
V

m
M uVs

(5.11)

M ,d lfn'k jkf'k gS ftldk foeh; lw=k L–1 A ,oa ek=kd A m–1 gSA
,d yach ifjukfydk yhft, ftldh izfr bdkbZ yackbZ esa n isQjs gksa] vkSj ftlesa I /kjk

izokfgr gks jgh gksA bl ifjukfydk osQ vanj pqacdh; {ks=k dk ifjek.k gS]

i`Foh dk pqacdh; {ks=k

;g ugha ekuuk pkfg, fd i`Foh osQ vanj xgjkbZ esa dksbZ fo'kky NM+ pqacd j[kk gS tks i`Foh osQ pqacdh; {ks=k osQ fy,
mÙkjnk;h gSA ;|fi i`Foh osQ vanj yksgs osQ izpqj HkaMkj gaS rFkkfi bldh laHkkouk cgqr gh de gS fd yksgs dk dksbZ
fo'kky Bksl [kaM pqacdh; mÙkjh /qzo ls pqacdh; nf{k.kh /qzo rd iSQyk gksA i`Foh dk ØksM cgqr xeZ rFkk fi?kyh gqbZ
voLFkk esa gS rFkk yksgs ,oa fufdy osQ vk;u i`Foh osQ pqacdh; {ks=k osQ fy, mÙkjnk;h gaSA ;g ifjdYiuk laHkkfor
tku iM+rh gSA panzek ftlesa dksbZ nzohHkwr ØksM ugha gS] bldk dksbZ pqacdh; {ks=k Hkh ugha gSA 'kqØ xzg ftldh ?kw.kZu
xfr vR;ar ean gS bldk pqacdh; {ks=k Hkh cgqr {kh.k gS] tcfd c`gLifr] ftldh ?kw.kZu xfr xzgksa esa lokZf/d gS] bldk
pqacdh; {ks=k Hkh i;kZIr 'kfDr'kkyh gSA ̄ drq] bu ifjokgh /kjkvksa dh mRifÙk osQ lgh dkj.k vkSj mudks cuk, j[kus osQ
fy, vko';d ÅtkZ vkfn dks cgqr vPNh rjg ls le>k ugha tk ldk gSA ;s ,sls iz'u gSa tks lrr 'kks/ osQ fy, ,d
egRoiw.kZ {ks=k iznku djrs gSaA

LFkku ifjorZu osQ lkFk i`Foh osQ pqacdh; {ks=k esa gksus okys ifjorZu Hkh vè;;u dk jkspd fo"k; gSA lw;Z ls mRl£tr
gksus okys vkosf'kr d.k ,d izokg osQ :i esa i`Foh dh vksj vkrs gSa ftls lkSj iou dgk tkrk gSA bu d.kksa dh xfr
i`Foh osQ pqacdh; {ks=k ls izHkkfor gksrh gS vkSj ;s Lo;a i`Foh dh pqaqcdh; {ks=k O;oLFkk esa cnyko yk nsrs gSaA /qzoksa
osQ fudV i`Foh osQ pqacdh; {ks=k dh lajpuk vU; Hkkxksa ls fcyoqQy vyx gksrh gSA

le; osQ lkFk i`Foh osQ pqacdh; {ks=k esa gksus okys ifjorZu Hkh dksbZ de yqHkkous ugha gSaA buesa vYidkfyd ifjorZu
Hkh 'kkfey gSa tks 'krkfCn;ksa esa utj vkus yxrs gSa vkSj nh?kZdkyhu ifjorZu Hkh tks yk[kksa o"kks± osQ nh?kZdky esa n`f"Vxr
gksrs gSaaA Kkr lzksrksa osQ vuqlkj] 1580 bZ- ls 1820 bZ- osQ chp osQ 240 o"kks± osQ le; dky esa yanu esa pqacdh; fno~Qikr
osQ eku esa 3.5

o dk varj fjdkMZ fd;k x;k] ftlls ;g laosQr feyrk gS fd i`Foh dk pqacdh; {ks=k le; osQ lkFk
ifjo£rr gksrk gSA ;g ik;k x;k gS fd 10 yk[k o"kks± esa i`Foh osQ pqacdh; {ks=k dh fn'kk myV tkrh gSA vflrk'e
(Basalt) esa yksgk gksrk gS vkSj vflrk'e Tokykeq[kh foLiQksV esa ckgj fudyrk gSA tc ;g BaMk gksdj Bksl esa cnyrk
gS rks blosQ vanj osQ NksVs&NksVs ykSg&pqacd pqacdh; {ks=k dh fn'kk osQ lekarj lejsf[kr gks tkrs gSaA ,sls pqacdh; {ks=kksa
ls ;qDr vflrk'e HkaMkjksa osQ HkwoSKkfud vè;;uksa ls bl ckr osQ izek.k feys gSa fd i`Foh osQ pqacdh; {ks=k dh fn'kk
vrhr esa dbZ ckj myV pqdh gSA
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B

0
 = µ

0
 nI (5.12)

;fn ifjukfydk osQ vanj 'kwU;srj pqacdu dk dksbZ inkFkZ Hkjk gks rks ;gk¡ {ks=k B
0 
ls vfèkd

gksxkA ifjukfydk osQ vanj ifj.kkeh {ks=k B dks fy[k ldrs gSa
B = B

0
 + B

m
(5.13)

tgk¡ B
m
 ØksM osQ inkFkZ }kjk iznÙk {ks=k gSA ;g ik;k x;k gS fd ;g vfrfjDr {ks=k B

m
 inkFkZ osQ

paqcdu M osQ vuqØekuqikrh gksrk gS vkSj bldks ge fuEuor O;Dr dj ldrs gSa
B

m
 = µ

0
M (5.14)

tgk¡ µ
0
 ogh fu;arkd gS (fuokZr dh ikjxE;rk) tks ck;ks&lkoVZ osQ fu;e esa mi;ksx fd;k x;k

FkkA
lqfo/k osQ fy, ge ,d vU; lfn'k {ks=k H dh ckr djrs gSa ftls pqacdh; rhozrk dgk

tkrk gS vkSj ftldks fuEufyf[kr lehdj.k }kjk ifjHkkf"kr fd;k tkrk gS

0

–
µ

=
B

H M (5.15)

tgk¡ H dh foek,¡ ogha gSa tks M dh vkSj bldk ek=kd Hkh A m–1 gh gSA
bl izdkj oqQy pqacdh; {ks=k B dks fy[k ldrs gSa
B = µ

0
 (H + M) (5.16)

mijksDr fooj.k esa vk, inksa dks O;qRiUu djus esa geus ftl i¼fr dk ç;ksx fd;k gS mldks
nksgjkrs gSaA ifjukfydk osQ vanj osQ oqQy pqacdh; {ks=k dks geus nks vyx&vyx ;ksxnkuksa osQ :i
esa çLrqr fd;kµ igyk cká dkjd] tSls fd ifjukfydk esa çokfgr gksus okyh èkkjk dk ;ksxnkuA
;g H }kjk O;Dr fd;k x;k gS_ vkSj nwljk pqacdh; inkFkZ dh fo'ks"k çÑfr osQ dkj.k vFkkZr
M A ckn okyh jkf'k (M) cká dkjdksa }kjk çHkkfor dh tk ldrh gSA ;g çHkko xf.krh; :i
esa bl çdkj O;Dr dj ldrs gSa%

χ=M H (5.17)

tgk¡ χ ,d foekfoghu jkf'k gS vkSj bls pqacdh; ço`fÙk dgrs gSaA ;g fdlh pqacdh; inkFkZ
ij cká pqacdh; {ks=k osQ çHkko dk eki gSA lkj.kh 5.2 esa oqQN rRoksa dh pqacdh; ço`fÙk dks
lwphc¼ fd;k x;k gSA ge ns[krs gSa fd χ cgqr NksVs ifjek.k okyh jkf'k gSA oqQN inkFkks± osQ fy,
bldk eku NksVk vkSj èkukRed gS ftUgsa vuqpqacdh; inkFkZ dgrs gSaA oqQN inkFkks± osQ fy, bldk
eku NksVk ,oa ½.kkRed gS ftUgsa çfrpqacdh; inkFkZ dgrs gSaA çfrpqacdh; inkFkks± esa M ,oa H
foijhr fn'kkvksa esa gksrs gSaA lehdj.k (5.16) ,oa (5.17) ls ge ikrs gSa]

0(1 )µ χ= +B H (5.18)

= µ
0 

µ
r 
H

=  µ H (5.19)

tgk¡] µ
r
 = (1 + χ) ,d foekfoghu jkf'k gS ftls ge inkFkZ dh vkisf{kd pqacd'khyrk ;k ̂ vkis{k

pqacdh; ikjxE;rk* dgrs gSaA ;g fLFkjoS|qfrdh osQ ijkoS|qrkad osQ lerqY; jkf'k gSA inkFkZ dh
pqacd'khyrk µ gS vkSj bldh foek,¡ rFkk ek=kd ogh gSa tks µ0 osQ gSaA

µ = µ
0
µ

r
 = µ

0
 (1+χ)

χ, µ
r
 ,oa µ esa rhu jkf'k;k¡ ijLij lacafèkr gSaA ;fn buesa ls fdlh ,d dk eku Kkr gks

rks ckdh nksuksa osQ eku Kkr fd, tk ldrs gSaA
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 mnkgj.k 5
.1

0

mnkgj.k 5.10 ,d ifjukfydk osQ ØksM esa Hkjs inkFkZ dh vkisf{kd pqacd'khyrk 400 gSA
ifjukfydk osQ fo|qrh; :i ls ìFkDòQr isQjksa esa 2A dh /kjk izokfgr gks jgh gSA ;fn bldh izfr
1m yackbZ esa isQjksa dh la[;k 1000 gS rks (a) H, (b) M, (c) B ,oa (d) pqacddkjh /kjk I

m 
dh

x.kuk dhft,A
gy
(a) {ks=k H ØksM osQ inkFkZ ij fuHkZj djrk gS vkSj blosQ fy, lw=k gS

H = nI = 1000 × 2.0 = 2 ×103 A/m

(b) pqacdh; {ks=k B osQ fy, lw=k gS
B = µ

r
 µ

0
 H

   = 400 × 4π ×10–7 (N/A2) × 2 × 103 (A/m)

   = 1.0 T

(c) pqacdu
M = (B– µ

0
 H )/ µ

0

    = (µ
r
 µ

0
 H–µ

0
 H )/µ

0
 = (µ

r
 – 1)H = 399 × H

     ≅ 8 × 105 A/m

(d) pqacdu /kjk I
M
 og vfrfjDr /kjk gS tks ØksM dh vuqifLFkfr esa ifjukfydk osQ isQjksa esa

izokfgr fd, tkus ij blosQ vanj mruk gh {ks=k B mRiUu djsxh ftruk ØksM dh mifLFkfr
esa gksrkA vr% B = µ

r
 n (I + I

M
) ysus ij I = 2 A, B = 1 T  gesa izkIr gksrk gS

I
M
 = 794 A

5.6 inkFkks± osQ pqacdh; xq.k

fiNys vuqHkkx esa o£.kr fopkj gesa inkFkks± dks çfrpqacdh;] vuqpqacdh; ,oa yksgpqacdh; Jsf.k;ksa
esa oxhZÑr djus esa lgk;rk çnku djrs gSaA pqacdh; ço`fÙk χ dh n`f"V ls ns[ksa rks dksbZ inkFkZ
çfrpqacdh; gS ;fn blosQ fy, χ ½.kkRed gS] vuqpqacdh; gksxk ;fn χ èkukRed ,oa vYi eku
okyk gS] vkSj yksgpqacdh; gksxk ;fn χ /ukRed ,oa vfèkd eku okyk gSA

vfèkd ewrZ :i esa lkj.kh 5.3 ij ,d n`f"V gesa bu inkFkks± dk ,d vPNk vuqHko çnku
djrh gSA ;gk¡ ε ,d NksVh èku la[;k gS tks vuqpqacdRo dk ifjek.k fuèkkZfjr djus osQ fy, ykbZ
xbZ gSA vc ge bu inkFkks± osQ ckjs esa oqQN foLrkj ls ppkZ djsaxsA

lkj.kh 5.2  300 K ij oqQN rRoksa dh pqacdh; ço`fÙk

çfrpqacdh; inkFkZ χχχχχ vuqpqacdh; inkFkZ χχχχχ

fcLeFk −1.66 × 10−5 ,syqfefu;e 2.3 × 10−5

rk¡ck −9.8 × 10−6 oSQfY'k;e 1.9 × 10−5

ghjk −2.2 × 10−5 Øksfe;e 2.7 × 10−4

lksuk −3.6 × 10−5 fyfFk;e 2.1 × 10−5

lhlk −1.7 × 10−5 eSXuhf'k;e 1.2 × 10−5

ikjk −2.9 × 10−5 fu;ksfc;e 2.6 × 10−5

ukbVªkstu (STP) −5.0 × 10−9 vkWDlhtu (STP) 2.1 × 10−6

pk¡nh −2.6 × 10−5 IySfVue 2.9 × 10−4

flfydu −4.2 × 10−6 VaxLVu 6.8 × 10−5
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5.6.1 izfrpqacdRo

izfrpqacdh; inkFkZ og gksrs gSa ftuesa cká pqacdh; {ks=k esa vf/d rhozrk okys Hkkx ls de
rhozrk okys Hkkx dh vksj tkus dh izo`fÙk gksrh gSA nwljs 'kCnksa esa dgsa rks pqacd yksgs tSlh èkkrqvksa
dks rks viuh vksj vkdf"kZr djrk gS] ijarq ;g izfrpqacdh; inkFkks± dks fodf"kZr djsxkA

fp=k 5.12 (a), cká pqacdh; {ks=k esa j[kh izfrpqacdh; inkFkZ dh ,d NM+ n'kkZrk gSA {ks=k
js[kk,¡ fodf"kZr gksrh gSa ;k nwj gVrh gSa blfy, inkFkZ ds vUnj {ks=k de gks tkrk gS lkj.kh
5.2 ls ;g Li"V gS fd vf/dka'k ekeyksa esa {ks=k dh rhozrk esa ;g deh vR;Yi gksrh gS (105

Hkkxksa esa ,d Hkkx)A NM+ dks fdlh vleku pqacdh; {ks=k esa j[kus ij bldh izo`fÙk vf/d {ks=k
ls de {ks=k dh vksj tkus dh gksrh gSA

izfrpqacdRo dh ljyre O;k[;k bl izdkj gSµukfHkd osQ pkjksa vksj ?kwers bysDVªkWuksa osQ
dkj.k d{kh; dks.kh; laosx gksrk gSA ;s izfjØe.k djrs bysDVªkWu ,d /kjkokgh ywi osQ lerqY;
gksrs gSa vkSj bl dkj.k budk d{kh; pqacdh; vk?kw.kZ gksrk gS] izfrpqacdh; inkFkZ os gksrs gSa
ftuosQ ijek.kq esa ifj.kkeh pqacdh; vk?kw.kZ 'kwU; gksrk gSA tc dksbZ cká pqacdh; {ks=k vkjksfir
fd;k tkrk gS rks ftu bysDVªkWuksa ds d{kh; pqacdh; vk?kw.kZ {ks=k dh fn'kk esa gksrs gSa mudh xfr
ean gks tkrh gS vkSj ftuosQ pqqacdh; vk?kw.kZ {ks=k osQ foijhr fn'kk esa gksrs gSa mudh xfr c<+
tkrh gSA ,slk ysat ds fu;e osQ vuqlkj izsfjr /kjk osQ dkj.k gksrk gS ftlosQ fo"k; esa vki
vè;k; 6 esa vè;;u djsaxsA bl izdkj inkFkZ esa ifj.kkeh pqacdh; vk?kw.kZ vkjksfir {ks=k osQ
foijhr fn'kk esa fodflr gksrk gS vkSj bl dkj.k ;g izfrdf"kZr gksrk gSA

dqN izfrpqacdh; inkFkZ gSaµ fcLeFk] rk¡ck] lhlk] flfydu] ukbVªkstu (STP ij), ikuh ,oa
lksfM;e DyksjkbMA izfr pqacdRo lHkh inkFkks± esa fo|eku gksrk gSA ijarq] vf/dka'k inkFkks± osQ fy,
;g bruk {kh.k gksrk gS fd vuqpqacdRo ,oa ykSg pqacdRo tSls izHkko bl ij gkoh gks tkrs gSaA

lcls vf/d vlkekU; izfrpqacdh; inkFkZ gaS vfr pkydA ;s ,slh /krq,¡ gSa] ftudks ;fn
cgqr fuEu rki rd BaMk dj fn;k tkrk gS rks ;s iw.kZ pkydrk ,oa iw.kZ izfrpqacdRo nksuksa iznf'kZr

djrh gSaA pqacdh; {ks=k js[kk,¡ iw.kZr% buosQ ckgj jgrh gSa] χ = –1 ,oa  µ
r
 = 0A ,d vfrpkyd]

,d pqacd dks izfrdf"kZr djsxk vkSj (U;wVu ds r`rh; fu;ekuqlkj) Lo;a blosQ }kjk izfrdf"kZr
gksxkA vfrpkydksa esa iw.kZ izfrpqacdRo dh ;g ifj?kVuk blosQ vkfo"dkjd ds uke ij ekbLuj
izHkko dgykrh gSA vusd fHkUu ifjfLFkfr;ksa esa tSls fd] pqacdhÑr v/jxkeh vfr rhoz
jsyxkfM+;ksa dks pykus esa vfrpkyd pqacdksa dk ykHk mBk;k tk ldrk gSA

5.6.2 vuqpqacdRo
vuqpqacdh; inkFkZ ,sls inkFkZ gksrs gSa tks cká pqacdh; {ks=k esa j[ks tkus ij {kh.k pqacdRo izkIr
dj ysrs gSaA muesa {kh.k pqacdh; {ks=k ls l'kDr pqacdh; {ks=k dh vksj tkus dh izo`fÙk gksrh gS
vFkkZr ;s pqacd dh vksj {kh.k cy }kjk vkdf"kZr gksrs gSaA

lkj.kh 5-3

izfrpqacdh; vuqpaqcdh; yksgpqacdh;

–1 ≤ χ < 0 0 < χ <  ε χ >> 1

0 ≤ µ
r
 < 1 1< µ

r
 < 1+ ε µ

r
 >> 1

µ < µ
0

µ > µ
0

µ >> µ
0

fp=k 5.12

,d (a) izfrpqacdh;
(b) vuqpqacdh; inkFkZ osQ
fudV fdlh cká pqacdh;
{ks=k osQ dkj.k paqcdh; {ks=k

js[kkvksa dk O;ogkjA
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fdlh vuqpqacdh; inkFkZ ds ijek.kqvksa (;k vk;uksa ;k v.kqvksa) dk viuk Lo;a dk LFkk;h
pqacdh; f}/zqo vk?kw.kZ gksrk gSA ijek.kqvksa dh lrr ;kǹfPNd rkih; xfr ds dkj.k dksbZ ifj.kkeh
paqcdhdj.k n`f"Vxr ugha gksrkA i;kZIr 'kfDr'kkyh cká pqacdh; {ks=k B0 dh mifLFkfr esa ,oa
fuEu rkiksa ij vyx&vyx ijek.kqvksa ds f}/zqo vk?kw.kZ ljy js[kkvksa esa vkSj B0 dh fn'kk osQ
vuqfn'k lajsf[kr fd, tk ldrs gSaA fp=k 5.12 (b) cká pqacdh; {ks=k esa j[kh gqbZ vuqpqacdh;
inkFkZ dh ,d NM+ iznf'kZr djrk gSA pqacdh; {ks=k js[kk,¡ inkFkZ osQ vanj ladsafnzr gks tkrh gSa
vkSj vanj pqacdh; {ks=k c<+ tkrk gSA vf/drj ekeykas esa] tSlk lkj.kh 5.2 ls izdV gS fd ;g
o`f¼ vfr U;wu gS] 105 Hkkxksa esa ,d HkkxA vleku pqacdh; {ks=k esa j[kus ij ;g NM+ fuEu {ks=k
ls mPp {ks=k dh vksj pyus dh ps"Vk djsxhA

dqN vuqpqacdh; inkFkZ gSaμ,syqfefu;e] lksfM;e] dSfY'k;e] vkWDlhtu (STP ij) ,oa
dkWij DyksjkbMA iz;ksxkRed :i ls fdlh vuqpqacdh; inkFkZ dk pqacdu yxk, x, pqacdh; {ks=k
ds vuqØekuqikrh ,oa ije rki T  osQ O;qRØekuqikrh gksrk gSA

0BM C
T

= [5.20(a)]

;k nwljs lerqY; :i esa] lehdj.k (5.12) ,oa (5.17) osQ iz;ksx ls

0C
T

μχ = [5.20(b)]

;g blosQ 'kks/drkZ fi;js D;wjh (1859-1906) osQ lEeku esa D;wjh dk fu;e dgykrk gSA
fu;rkad C dks D;wjh fu;rkad dgrs gSaA vr% fdlh vuqpqacdh; inkFkZ ds fy, χ ,oa μr nksuksa
dk eku u osQoy inkFkZ ij fuHkZj djrk gS] oju~ (,d ljy :i esa) blosQ rki ij Hkh fuHkZj
djrk gSA cgqr mPp paqcdh; {ks=kksa esa ;k cgqr fuEu rki ij] pqacdu viuk vf/dre eku xzg.k
djus yxrk gS] tcfd lHkh ijek.oh; f}/qzo vk?kw.kZ pqacdh; {ks=k esa js[kkvksa ds vuqfn'k lajsf[kr
gks tkrs gSaA ;g lar`Ir pqacdu eku Ms dgykrk gSA blosQ ijs] D;wjh dk fu;e [lehdj.k
(5.20)] ekU; ugha jg tkrk gSA

5.6.3 ykSg pqacdRo

ykSg pqacdh; inkFkZ ,sls inkFkZ gksrs gSa tks cká pqacdh; {ks=k esa j[ks tkus ij 'kfDr'kkyh pqacd
cu tkrs gSaA muesa pqacdh; {ks=k osQ {kh.k Hkkx 'kfDr'kkyh Hkkx dh vksj pyus dh rhoz izo`fÙk
gksrh gS vFkkZr os pqacd dh vksj Hkkjh vkd"kZ.k cy dk vuqHko djrs gSaA fdlh ykSg pqacdh;
inkFkZ osQ ,dy ijek.kqvksa (;k vk;uksa ;k v.kqvksa) dk Hkh vuqpqacdh; inkFkks± dh rjg gh
pqacdh; f}/zqo vk?kw.kZ gksrk gSA ijarq] os ,d&nwljs osQ lkFk bl çdkj vU;ksU; fØ;k djrs gSa fd
,d LFkwy vk;ru esa (ftls Mksesu dgrs gSa) lc ,d lkFk ,d fn'kk esa lajsf[kr gks tkrs gSaA
bl lgdkjh çHkko dh O;k[;k osQ fy, DokaVe ;kaf=kdh dh vko';drk gksrh gS] tks bl
ikB~;iqLrd osQ {ks=k ls ckgj gSA çR;sd Mksesu dk viuk ifj.kkeh pqacdu gksrk gSA çk:ih Mksesu
dk vkdkj 1 mm gS] vkSj ,d Mksesu esa yxHkx 1011 ijek.kq gksrs gSaA çFken`"V;k pqacdu ,d
Mksesu ls nwljs Mksesu rd tkus ij ;kn`fPNd :i ls cnyrk gS rFkk oqQy inkFkZ esa dksbZ pqacdu
ugha gksrkA ;g fp=k 5.13 (a) esa fn[kk;k x;k gSA tc ge cká pqacdh; {ks=k B0 yxkrs gSa]
rks Mksesu B0 osQ vuqfn'k mUeq[k gksus yxrs gSa vkSj lkFk gh os Mksesu tks B0 dh fn'kk esa gSa]
lkb”k esa c<+us yxrs gSaA Mksesuksa dk vfLrRo vkSj B0 osQ vuqfn'k muosQ gksus okyh xfr osQoy
vuqeku ugha gSA ykSg pqacdh; inkFkZ osQ ikmMj dks fdlh nzo esa fNM+d dj mlosQ fuyacu

fp=k 5.13

(a) ;kn`fPNd vfHkfoU;kflr
Mksesu] (b) lajsf[kr MksesuA

HkkSfrdh
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gj

.k
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.1
1

dks lw{en'khZ osQ }kjk mldh ;kn`fPNd xfr dks ns[kk tk ldrk gSA fp=k 5.12 (b) og fLFkfr
n'kkZrk gS tc lHkh Mksesu iafDrc¼ gks x, gSa vkSj mUgksaus ?kqy&feydj ,d vosQyk fo'kky
Mksesu cuk fy;k gSA

bl çdkj ,d ykSg pqacdh; inkFkZ esa pqacdh; {ks=k js[kk,¡ cgqr vfèkd laosaQfær gks tkrh
gSaA ,d vleku pqacdh; {ks=k esa bl inkFkZ dk uewuk vfèkd 'kfDr'kkyh pqacdh; {ks=k okys Hkkx
dh vksj pyus dks ço`Ùk gksrk gSA ge ;g lksp ldrs gSa fd cká {ks=k gVk ysus ij D;k gksxk\
oqQN pqacdh; inkFkks± esa pqacdu cuk jg tkrk gSA ,sls inkFkks± dks dBksj pqacdh; inkFkZ ;k dBksj
ykSg pqacd dgk tkrk gSA ,yfudks (yksgs] ,syqfefu;e] fudy] dksckYV ,oa rk¡cs dk ,d
feJkrq) ,slk gh ,d inkFkZ gS vkSj çkÑfrd :i esa miyCèk yksMLVksu nwljkA bu inkFkks± ls LFkk;h
pqacd curs gSa vkSj budk mi;ksx pqacdh; lqbZ cukus osQ vykok vU; dk;ks± esa Hkh gksrk gSA nwljh
vksj ykSg pqacdh; inkFkks± dh ,d Js.kh ,slh gS ftudk pqacdu cká {ks=k dks gVkrs gh [kRe gks
tkrk gSA ueZ yksgk ,slk gh ,d inkFkZ gSA mfpr :i ls gh] ,sls inkFkks± dks ueZ ykSg pqacdh;
inkFkZ dgk tkrk gSA cgqr ls rRo ykSg pqacdh; gSa_ tSlsµyksgk] dksckYV] fudy] xSMksfyfu;e
vkfnA budh vkisf{kd pqacd'khyrk 1000 ls vf/d gSA

ykSg pqacdh; xq.k Hkh rki ij fuHkZj djrk gSA i;kZIr mPp rki ij ,d ykSg pqacd] vuqpqacd
cu tkrk gSA rki c<+us ij Mksesu lajpuk,¡ fo?kfVr gksus yxrh gSaA rki c<+us ij pqacdu dk
foyksiu èkhjs&èkhjs gksrk gSA ;g ,d rjg dk çkoLFkk (Phase) ifjorZu gS oSls gh tSls fdlh
Bksl ef.kHk (fØLVy) dk fi?kyukA og rki ftl ij dksbZ ykSg pqacd] vuqpqacd esa ifjofrZr
gks tkrk gS D;wjh rki (T

c 
) dgykrk gSA lkj.kh 5.4 oqQN ykSg pqacdksa osQ D;wjh rki n'kkZrh gSA

D;wjh rki ls mPprj rki ij vFkkZr vuqpqacdh; çkoLFkk esa pqacdh; ço`fÙk]

( )c

c

C
T T

T T
χ = >

− (5.21)

lkj.kh 5.4 oqQN ykSg pqacdh; inkFkks± osQ D;wjh rki T
C

inkFkZ dk uke       T
c
 (K)

dksckYV       1394

yksgk       1043

Fe
2
O

3
        893

fudy         631

xSMksfyfu;e         317

mnkgj.k 5.11 ykSg pqacdh; inkFkZ yksgs esa dksbZ Mksesu 10–4m Hkqtk okys ?ku osQ :i esa gSA
Mksesu esa ykSg ijek.kqvksa dh la[;k] vfèkdre laHkkfor pqacdh; f}èkqzo vk?kw.kZ vkSj blosQ pqacdu
dk eku Kkr dhft,A yksgs dk ijekf.od æO;eku 55 g/mole vkSj bldk ?kuRo
7.9 g/cm3 gSA ;g eku yhft, fd çR;sd ykSg ijek.kq dk pqacdh; f}èkqzo vk?kw.kZ
9.27 × 10−24 A m2 gSA
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 mnkgj.k 5
.1

1

gy  ?kuh; Mksesu dk vk;ru gksxk
V = (10–6 m)3 = 10–18 m3 = 10–12 cm3

bldk æO;eku = vk;ru × ?kuRo = 7.9 g cm–3 × 10–12 cm3= 7.9 × 10–12 g

;g fn;k x;k gS fd ,d ,oksxknzks la[;k (6.023 × 1023) osQ cjkcj ykSg ijek.kqvksa dk æO;eku
55 g gSA vr% Mksesu esa ijek.kqvksa dh la[;k]

55

10023.6109.7 2312 ×××
=

−

N

= 8.65 × 1010  ijek.kq
vfèkdre laHkkfor pqacdh; f}èkqzo vk?kw.kZ m

vf/dre
 rc çkIr gksrk gS (;|fi ;g ,d vokLrfod

fLFkfr gS)] tc lHkh ijekf.od vk?kw.kZ iw.kZr% iafDrc¼ gks tkrs gSaA vr%
m

vf/dre
 = (8.65 × 1010) × (9.27 × 10–24)

   = 8.0 × 10–13 A m2

ifj.kkeh pqacdu dk eku
M

vf/dre
 = m

vf/dre
/Mksesu vk;ru

                 = 8.0 × 10–13 A m2/10–18 m3

                 = 8.0 × 105 A m–1

ykSg&pqacdh; inkFkks± esa B ,oa H dk lacaèk cgqr tfVy gSA çk;% ;g jSf[kd lacaèk ugha gksrk
,oa uewus osQ pqacdh; vrhr ij fuHkZj djrk gSA fp=k 5.14 pqacdu osQ ,d pØ esa inkFkZ dk
O;ogkj fpf=kr djrk gSA ekuk fd inkFkZ 'kq: esa fcyoqQy fopqacfdr gSA ge bldks ifjukfydk
esa j[krs gSa vkSj ifjukfydk esa èkkjk dk eku c<+krs gSaA inkFkZ esa pqacdh; {ks=k B dk eku c<+rk
gS vkSj var esa laar`Ir gks tkrk gS tSlk fd oØ Oa esa fpf=kr gSA ;g O;ogkj
n'kkZrk gS fd Mksesu rc rd iafDrc¼ vkSj ,d&nwljs esa foyhu gksrs jgrs gSa
tc rd fd vkxs o`f¼ vlaHko u gks tk,A blls vkxs èkkjk (vkSj bl dkj.k
pqacdh; rhozrk H) dks c<+kus dk dksbZ mi;ksx ugha gSA fiQj] ge H dks ?kVkrs
gq, 'kwU; ij ys vkrs gSaA H = 0 ij B ≠ 0 gSA ;g oØ ab }kjk iznf'kZr gSA
H = 0 ij B dk eku inkFkZ dh pqacdh; èkkj.k'khyrk ;k pqacdRoko'ks"k
dgykrk gSA fp=k 5.14 esa B

R
 ~ 1.2 T gS] ;gk¡ fuEu"B R /kj.k'khyrk dks

bafxr djrk gSA cká pqacdudkjh {ks=k gVk ysus ij Hkh Mksesu iw.kZr% csrjrhc
foU;kl xzg.k ugha dj ikrsA vc] ifjukfydk esa èkkjk dh fn'kk myV nsrs gSa
vkSj èkhjs&èkhjs bldk eku c<+krs gSaA iQyLo:i oqQN Mksesu iyVdj viuk
foU;kl cny ysrs gSa] tc rd fd vanj ifj.kkeh {ks=k 'kwU; u gks tk,A ;g
oØ bc }kjk n'kkZ;k x;k gSA c ̄cnq ij H dk eku] inkFkZ dh fuxzkfgrk dgykrh
gSA fp=k 5.14 esa] H

c 
∼ −90 A m−1A çfrykse èkkjk dk ifjek.k c<+krs tkus ij

ge ,d ckj fiQj lar`Irrk dh fLFkfr çkIr dj ysrs gSaA oØ cd ;gh n'kkZrk
gSA lar`Ir pqacdh; {ks=k B

s
 ~ 1.5 T gSA ,d ckj fiQj] èkkjk dks de fd;k

tkrk gS (oØ de) vkSj fiQj myV fn;k tkrk gS (oØ ea)A ;g pØ nksgjk;k
tkrk jgrk gSA bl fo"k; esa ge fuEufyf[kr çs{k.k ysrs gSa% (i) tc H dks de fd;k tkrk gS]
rks oØ Oa iqu% vuqjsf[kr ugha gksrkA H osQ fn, x, eku osQ fy,] B dk dksbZ vf}rh; eku
yCèk ugha gksrk] cfYd ;g uewus osQ iwoZ bfrgkl ij fuHkZj djrk gSA ;g ifj?kVuk pqacdh; 'kSfFkY;
(Hysterisis) dgykrh gSA 'kCn fgLVsfjfll dk vFkZ pqacdh; i'prk gS (^bfrgkl* ugha)A

5.7 LFkk;h pqacd ,oa fo|qr pqacd
og inkFkZ tks dejs osQ rki ij vius ykSg&pqacdh; xq.k nh?kZ dky osQ fy, cuk, j[k ldrs
gSa] LFkk;h pqacd dgykrs gSaA LFkk;h pqacd fofHkUu rjhdksa ls cuk, tk ldrs gSaA yksgs dh ,d

fp=k 5.14 pqacdh; 'kSfFkY; ik'k ykSg&pqacdh;
inkFkks± ds fy, B-H oØ gSA
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NM+ dks mÙkj&nf{k.k fn'kk esa j[k dj ckj&ckj bl ij gFkkSM+s ls çgkj djrs gSa rks
og pqacd cu tkrh gSA ;g fofèk fp=k 5.15 esa n'kkZ;h xbZ gSA ;g fp=k ,d 400

lky iqjkuh iqLrd ls ;g n'kkZus osQ fy, fy;k x;k gS fd LFkk;h pqacd cukus dh
dyk dkiQh iqjkuh gSA LFkk;h pqacd cukus osQ fy, ,d LVhy dh NM+ dks idM+
dj mlosQ Åij fdlh NM+ pqacd dk ,d fljk ,d vksj ls nwljh vksj Li'kZ djkrs
gq, ckj&ckj ys tkrs gSaA

LFkk;h pqacd cukus dk ,d çHkkoh rjhdk ;g gS fd fdlh ifjukfydk osQ
vanj ,d ykSg pqacdh; inkFkZ dh NM+ j[kh tk, vkSj ml ifjukfydk esa fu;r
fn"V èkkjk çokfgr dh tk,A ifjukfydk dk pqacdh; {ks=k NM+ dks pqacfdr dj
nsrk gSA

pqacdh; 'kSfFkY; oØ (fp=k 5.14) gesa LFkk;h pqacdksa osQ fy, mfpr
inkFkZ pquus esa lgk;rk djrs gSaA 'kfDr'kkyh pqacd cukus osQ fy, inkFkZ dh
mPp pqacdh; èkkj.k'khyrk vkSj mPp fuxzkfgrk gksuh pkfg, rkfd bèkj&mèkj osQ
pqacdh; {ks=kksa ;k rkih; mrkj&p<+koksa ;k {kqæ ;kaf=kd gkfu;ksa osQ dkj.k bldk
pqacdRo vklkuh ls [kRe u gks tk,A

blosQ vykok inkFkZ dh mPp pqacd'khyrk gksuh pkfg,A LVhy ,slk gh ,d
inkFkZ gSA bldh èkkj.k'khyrk ueZ yksgs ls oqQN de gS ij ueZ yksgs dh fuxzkfgrk
bruh de gS fd lc xq.kksa dks lkspsa rks LFkk;h pqacd cukus osQ fy, LVhy ueZ
yksgs ls csgrj gSA LFkk;h pqacdksa osQ fy, mi;qDr vU; inkFkks± osQ uke gSaµ,syfudks

(yksgs] ,yqfefu;e] fudy] dksckYV ,oa rk¡cs dk ,d feJkrq)] dksckYV&LVhy ,oa fVdksuyA
fo|qr pqacd ,sls ykSg pqacdh; inkFkks± osQ cus gksrs gSa ftudh pqacd'khyrk cgqr vfèkd ,oa

èkkj.k'khyrk cgqr de gksrh gSA ueZ yksgk fo|qr pqacdksa osQ fy, ,d mi;qDr inkFkZ gSA fdlh
ifjukfydk osQ vanj ueZ yksgs dh NM+ j[k dj ge mlesa fu;r fn"V èkkjk çokfgr djrs gSa] rks
ifjukfydk dk pqacdh; {ks=k g”kkj xquk c<+ tkrk gSA tc ge ifjukfydk esa èkkjk çokfgr djuk
can dj nsrs gSa rks pqacdh; {ks=k Hkh oLrqr% lekIr gks tkrk gS D;ksafd ueZ yksgs okys ØksM dh
pqacdh; èkkj.k'khyrk cgqr de gSA ;g O;oLFkk fp=k 5,16 esa n'kkZ;h xbZ gSA

fp=k 5.15 ,d yksgkj] mRrj&nf{k.k
fn'kk esa j[kh ,d yky xeZ yksgs dh NM+
dks gFkkSM+s ls ihV dj pqacd esa cnyrs
gq,A ;g vkjs[k lu 1600 esa çdkf'kr]
MkW- fofy;e fxYcVZ (tks baXySaM dh

egkjkuh ,fytkcsFk osQ 'kkgh fpfdRld
Fks) dh iqLrd] Ms eSXusVs
(De Magnete) ls gSA

fp=k 5.16  ,d ueZ ykSg&ØksM ;qDr ifjukfydk fo|qr pqacd dh rjg O;ogkj djrh gSA

oqQN vuqç;ksxksa esa inkFkZ ,d yacs le; rd pqacdu osQ çR;korhZ pØ ls xqtjrk gSA VªkaliQkWeZj
osQ ØksM ,oa VsyhiQksu osQ Mk;Úke esa ,slk gh gksrk gSA buesa ç;qDr inkFkks± osQ pqacdh; 'kSfFkY;
oØ ladh.kZ gksus pkfg,A ifj.kkeLo:i buesa Å"ek {k; ,oa rki o`f¼ de gksxhA bu inkFkks± dh
çfrjksèkdrk Hkh de gksuh pkfg, rkfd Hk¡oj èkkjkvksa osQ dkj.k ÅtkZ {k; esa deh jgsA Hk¡oj èkkjkvksa
osQ fo"k; esa ge vè;k; 6 esa vè;;u djsaxsA

fo|qr pqacdksa dk vuqç;ksx fo|qr ?kafV;ksa] èofu foLrkjd ,oa nwjHkk"k ;a=kksa esa gksrk gSA
fo'kkydk; fo|qr pqacdksa dk ozsQukas esa e'khuksa ;k yksgs ,oa LVhy dh Hkkjh oLrqvksa dks mBkus osQ
fy, bLrseky fd;k tkrk gSA
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pqacdRo ,oa nzO;

lkjka'k

1. pqacdRo foKku ,d çkphu foKku gSA ;g vR;ar çkphu dky ls Kkr jgk gS fd pqacdh;
inkFkks± esa mÙkj&nf{k.k fn'kk esa laosQr djus dh ço`fÙk gksrh gSA leku èkqzo ,d&nwljs dks
çfrdf"kZr djrs gSa vkSj foijhr èkqzo vkdf"kZrA fdlh NM+ pqacd dks dkVdj nks Hkkxksa esa
foHkkftr djsa rks nks NksVs pqacd cu tkrs gSaA pqacd osQ èkqzo vyx ugha fd, tk ldrsA

2. tc m pqacdh; f}èkqzo vk?kw.kZ okys NM+ pqacd dks lekax pqacdh; {ks=k B esa j[krs gSa] rks

(a) bl ij yxus okyk oqQy cy 'kwU; gksrk gSA
(b) cy vk?kw.kZ m × B gksrk gSA
(c) bldh fLFkfrt ÅtkZ –m .B gksrh gS] tgk¡ geus 'kwU; ÅtkZ dks ml foU;kl esa

fy;k gS tc m pqacdh; {ks=k B osQ yacor gSA

3. yackbZ l ,oa pqacdh; vk?kw.kZ m dk ,d NM+ pqacd yhft,A blosQ eè; ¯cnq ls r nwjh
ij] tgk¡ r >> l, bl NM+ osQ dkj.k pqacdh; {ks=k B dk eku gksxk]

3
0

2 rπ
=

m
B

µ
(v{k osQ vuqfn'k)

   3
0

4 rπ
−=

mµ
(fo"kqor o`Ùk osQ vuqfn'k)

4. pqacdRo lacaèkh xkml osQ fu;ekuqlkj] fdlh can i`"B esa ls xqtjus okyk oqQy pqacdh;
ÝyDl ges'kk 'kwU; gksrk gSA

 = 0

5. ìFoh dk pqacdh; {ks=k] ìFoh osQ osaQnz ij j[ks ,d pqacdh; f}/qzo (ifjdfYir) osQ lerqY;
gSA i`Foh osQ HkkSxksfyd mÙkjh /qzo osQ lehi osQ /zqo dks mÙkjh pqacdh; /qzo dgrs gSaA blh
izdkj ls] ìFoh osQ HkkSxksfyd nf{k.kh /qzo osQ lehi osQ /qzo dks nf{k.k pqacdh; /qzo dgrs
gSaA ;g f}èkqzo ìFoh osQ ?kw.kZu v{k ls ,d NksVk dks.k cukrk gSA ìFoh dh lrg ij pqacdh;
{ks=k dk ifjek.k ≈ 4 × 10–5 T gSA

Hkkjr osQ pqacdh; {ks=k dk ekufp=k.k

vUos"k.k] lapkj ,oa ukfodh esa O;kogkfjd vuqç;ksxksa osQ dkj.k nqfu;k osQ vfèkdrj ns'kksa us i`Foh osQ pqacdh; {ks=k
osQ ,sls uD'ks cuk, gSa ftudh ifj'kq¼rk HkkSxksfyd uD'kksa osQ lkFk rqyuh; gSA Hkkjr esa] nf{k.k esa f=kosaæe ls mRrj
esa xqyexZ rd ,d ntZu ls vfèkd osèk'kkyk,¡ gSaA ;s osèk'kkyk,¡ eqacbZ osQ dksykck esa fLFkr] Hkkjrh; Hkw&pqacdRo
laLFkku (IIG) osQ vèkhu dk;Z djrh gSaA Hkkjrh; Hkw&pqacdRo laLFkku] dksykck ,oa vyhckx osèk'kkykvksa osQ foLrkj
Lo:i] vkSipkfjd :i ls 1971 esa LFkkfir fd;k x;kA Hkkjrh; Hkw&pqacdRo laLFkku viuh ns'kO;kih osèk'kkykvksa
osQ ekè;e ls Hkw] leqæ ry ,oa varfj{k osQ pqacdh; {ks=k ,oa muesa gksus okys mrkj&p<+koksa ij fuxkg j[krk gSA bldh
lsok,¡ rsy ,oa çkÑfrd xSl vk;ksx (ONGC), jk"Vªh; leqæ&foKku laLFkku (NIO) ,oa Hkkjrh; varfj{k vuqlaèkku
laxBu (ISRO) }kjk ç;ksx dh tkrh gSaA ;g ml fo'oO;kih O;oLFkk dk vax gS tks yxkrkj ç;RuiwoZd Hkw&pqacdh;
vkadM+ksa dks lqèkkjrh jgrh gSA vc Hkkjr dk ^xaxks=kh* uked ,d LFkk;h osaQnz gSA
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6. ìFoh dh lrg ij blosQ pqacdh; {ks=k dk fooj.k nsus osQ fy, rhu jkf'k;k¡ vko';d gSaµ
pqacdh; {ks=k dk {kSfrt vo;o] pqacdh; fno~Qikr ,oa pqacdh; ufrA ;s ìFoh osQ pqacdh;
{ks=k ds vo;o gSaA

7. ekuk fd dksbZ inkFkZ ,d cká pqacdh; {ks=k B
0
 esa j[kk gSA pqacdh; rhozrk dh ifjHkk"kk gS]

0

0

µ
B

H =

inkFkZ dk pqacdu M bldk f}èkqzo vk?kw.kZ çfr bdkbZ vk;ru gSA inkFkZ osQ vanj pqacdh; {ks=k
)(

0
MHB += µ

8. jSf[kd inkFkZ osQ fy,]
M = χ H ftlls fd B = µ H
,oa χ inkFkZ dh pqacdh; ço`fÙk dgykrh gSA jkf'k;ksa χ] vkisf{kd pqacd'khyrk µ

r
 ,oa

pqacd'khyrk µ esa fuEufyf[kr lacaèk gSaµ

r
µµµ

0
=

χµ += 1
r

9. pqacdh; inkFkks± dks eksVs rkSj ij rhu Jsf.k;ksa esa foHkkftr djrs gSa % çfrpqacdh;]
vuqpqacdh; ,oa ykSg pqacdh;A çfrpqacdh; inkFkks± osQ fy, χ dk eku ½.kkRed vkSj
çk;% cgqr de gksrk gS] vuqpqacdh; inkFkks± osQ fy, χ èkukRed ,oa cgqr de gSA ykSg
pqacdksa osQ fy, χ èkukRed ,oa cgqr vfèkd eku okyk gS vkSj ;s B ,oa H osQ jSf[kd
lacaèkksa ls Hkh igpkus tkrs gSaA os 'kSfFkY;rk dk xq.k çnf'kZr djrs gSaA

10. os inkFkZ tks lkekU; rki ij yacs le; ds fy, ykSg pqacdh; xq.k n'kkZrs gSa] LFkk;h pqacd
dgykrs gSaA

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

fuokZr dh pqacd'khyrk µ
0

vfn'k [M L T–2 A–2] T m A–1 µ
0
/4π = 10–7

pqacdh; {ks=k_ B lfn'k [M T–2 A–1] T (VsLyk) 104 G (xkml) = 1 T

pqacdh; çsj.k_
pqacdh; ÝyDl ?kuRo

pqacdh; vk?kw.kZ m lfn'k [L–2 A] A m2

pqacdh; ÝyDl φ
B

vfn'k [M L2 T –2 A–1] W (oscj) W = T m2

pqacdu M lfn'k [L–1A] A m–1
pcqa dh; vk?k.w kZ

vk;ru

pqacdh; rhozrk H lfn'k [L–1A] A m–1 )(
0

MHB += µ

pqacdh; {ks=k lkeF;Z

pqacdh; ço`fÙk χ vfn'k - - M = χH

vkisf{kd pqacd'khyrk µ
r

vfn'k - - HB
r

µµ
0

=

pqacd'khyrk µ vfn'k [M L T–2A–2] T m A–1

r
µµµ

0
=

N A–2 HB µ=
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pqacdRo ,oa nzO;

fopkj.kh; fo"k;

1. xfreku vkos'kksa@èkkjkvksa osQ ekè;e ls pqacdh; çØeksa dh larks"ktud le> lu 1800 bZ-
osQ ckn iSnk gqbZA ysfdu] pqacdksa osQ nSf'kd xq.kksa dk izkS|ksfxdh; mi;ksx bl oSKkfud le>
ls nks gtkj o"kZ iwoZ gksus yxk FkkA vr% vfHk;akf=kd vuqç;ksxksa osQ fy,] oSKkfud le> dk
gksuk dksbZ vko';d 'krZ ugha gSA vkn'kZ fLFkfr ;g gS fd foKku vkSj vfHk;akf=kdh ,d&nwljs
ls lg;ksx djrs gq, pyrs gSaA dHkh foKku vfHk;akf=kdh dks vkxs c<+krk gS rks dHkh
vfHk;akf=kdh foKku dksA

2. ,dy pqacdh; èkqzoksa dk vfLrRo ugha gksrkA ;fn vki ,d pqacd dks dkV dj nks VqdM+s djrs
gSa rks vkidks nks NksVs pqacd çkIr gksrs gSaA blosQ foijhr i`FkDÑr èkukRed ,oa ½.kkRed
fo|qr vkos'kksa dk vfLrRo gSA ,d bysDVªkWu ij vkos'k dk ifjek.k e = 1.6 × 10–19 C

gksrk gS tks vkos'k dk lw{ere eku gSA vU; lHkh vkos'k bl U;wure bdkbZ vkos'k osQ iw.kZ
xq.kkad gksrs gSaA nwljs 'kCnksa esa] vkos'k DokaVhÑr gksrs gSaA gesa Kkr ugha gS fd ,dy pqacdh;
/zqoksa dk vfLrRo D;ksa ugha gS vFkok fo|qr vkos'k DokaVho`Qr D;ksa gksrk gS\

3. bl rF; dk fd pqacdh; ,dy èkqzoksa dk vfLrRo ugha gksrk] ,d ifj.kke ;g gS fd pqacdh;
{ks=k js[kk,¡ larr gSa vkSj can ywi cukrh gSaA blosQ foijhr] oS|qr cy js[kk,¡ èkukos'k ls 'kq:
gksdj ½.kkos'k ij lekIr gks tkrh gSa (;k vuar esa yhu gks tkrh gSa)A

4. i`Foh dk pqacdh; {ks=k blosQ vanj j[ks ,d fo'kky NM+ pqacd osQ dkj.k ugha gSA i`Foh dk
ØksM xeZ ,oa fi?kyh gqbZ voLFkk esa gSA 'kk;n bl ØksM esa çokfgr gksus okyh laogu èkkjk,¡
gh ìFoh osQ pqacdh; {ks=k osQ fy, ftEesnkj gSaA ge ugha tkurs fd og dkSu&lk ̂ tfu=k* çHkko
gS tks bu èkkjkvksa dks cuk;s j[krk gS vkSj i`Foh dk pqacdh; {ks=k yxHkx gj nl yk[k lkyksa
esa viuh èkqzork D;ksa myV ysrk gSA

5. pqacdh; ço`fÙk χ osQ eku esa vR;Yi varj ls inkFkZ osQ O;ogkj esa ewyHkwr varj ik;k tkrk
gS] tSls çfrpqacd vkSj vuqpqacd osQ O;ogkjksa esa varjA çfrpqacdh; inkFkks± osQ fy, χ = –10–5

tcfd vuqpqacdh; inkFkks± osQ fy, χ = +10–5A
6. vfrpkyd] ifjiw.kZ izfrpaqcd (perfect diamagnetic) Hkh gksrs gSaA blosQ fy, χ = –1,

µ
r
 = 0, µ = 0A cká pqacdh; {ks=k iw.kZr% blosQ ckgj gh jgrk gSA ,d euksjatd rF; ;g

gS fd ;g inkFkZ ,d ifjiw.kZ pkyd Hkh gSA ijarq] ,slk dksbZ fpjlEer fl¼kar ugha gS tks
bu nksuksa xq.kksa esa ,d lw=krk yk losQA ckMhZu] owQij ,oa JhiQj us ,d DokaVe ;kaf=kdh; fl¼kar
(BCS fl¼kar) fn;k gS] tks bu çHkkoksa dh O;k[;k dj ldrk gSA BCS fl¼kar 1957

esa çLrkfor fd;k x;k Fkk vkSj ckn esa] 1970 esa] HkkSfrdh osQ ukscsy iqjLdkj osQ :i esa bldks
ekU;rk çkIr gqbZA

7. pqacdh; 'kSfFkY;rk dh ifj?kVuk] inkFkks± osQ çR;kLFkrk lacaèkh feyrs&tqyrs O;ogkj dh ;kn
fnykrk gSA tSlsµçfrcy] foÑfr osQ vuqØekuqikrh gksuk vko';d ugha gS oSls gh ;gk¡ H
,oa B (;k M) esa jSf[kd lacaèk ugha gSA çfrcy&foÑfr oØ 'kSfFkY;rk dk çn'kZu djrk gS
vkSj blls f?kjk gqvk {ks=kiQy çfr bdkbZ vk;ru esa gksus okyk ÅtkZ {k; O;Dr djrk gSA
B-H pqacdh; 'kSfFkY; oØ dh Hkh blh rjg dh O;k[;k dh tk ldrh gSA

8. çfrpqacdRo lkoZf=kd gSA ;g lHkh inkFkks± esa fo|eku gSA ijarq vuqpqacdh; ,oa ykSg pqacdh;
inkFkks± esa ;g cgqr {kh.k gksrk gS vkSj bldk irk yxkuk cgqr dfBu gSA

9. geus inkFkks± dk çfrpqacdh;] vuqpqacdh; ,oa ykSg pqacdh; :iksa esa oxhZdj.k fd;k gSA
ysfdu pqacdh; inkFkks± osQ buosQ vykok Hkh oqQN çdkj gSa_ tSlsµy?kq ykSg paqcdh; (isQjh
pqacdh;)] çfrykSg pqacdh;] fLiu&dk¡p vkfn ftuosQ xq.k cgqr gh vlkekU; ,oa
jgL;e; gSaA
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vH;kl

5.1 Hkw&pqacdRo lacaèkh fuEufyf[kr ç'uksa osQ mÙkj nhft,µ

(a) ,d lfn'k dks iw.kZ :i ls O;Dr djus osQ fy, rhu jkf'k;ksa dh vko';drk gksrh gSA
mu rhu Lora=k jkf'k;ksa osQ uke fyf[k, tks ijaijkxr :i ls i`Foh osQ pqacdh; {ks=k dks
O;Dr djus osQ fy, ç;qDr gksrh gSaA

(b) nf{k.k Hkkjr esa fdlh LFkku ij ufr dks.k dk eku yxHkx 18o gSA fczVsu esa vki blls
vfèkd ufr dks.k dh vis{kk djsaxs ;k de dh\

(c) ;fn vki vkWLVsªfy;k osQ esYcksuZ 'kgj esa Hkw&pqacdh; {ks=k js[kkvksa dk uD'kk cuk,¡ rks ;s
js[kk,¡ i`Foh osQ vanj tk,¡xh ;k blls ckgj vk,¡xh\

(d) ,d pqacdh; lqbZ tks ÅèokZ/j ry esa ?kweus osQ fy, Lora=k gS] ;fn Hkw&pqacdh; mÙkj ;k
nf{k.k èkqzo ij j[kh gks rks ;g fdl fn'kk esa laosQr djsxh\

(e) ;g ekuk tkrk gS fd i`Foh dk pqacdh; {ks=k yxHkx ,d pqacdh; f}èkqzo osQ {ks=k tSlk
gS tks i`Foh osQ osaQæ ij j[kk gS vkSj ftldk f}èkqzo vk?kw.kZ 8 × 1022 JT–1 gSA dksbZ <ax
lq>kb, ftlls bl la[;k osQ ifjek.k dh dksfV tk¡ph tk losQA

(f) Hkw&xHkZ'kkfL=k;ksa dk ekuuk gS fd eq[; N-S pqacdh; èkqzoksa osQ vfrfjDr] i`Foh dh lrg
ij dbZ vU; LFkkuh; èkqzo Hkh gSa] tks fofHkUu fn'kkvksa esa foU;Lr gSaA ,slk gksuk oSQls
laHko gS\

5.2 fuEufyf[kr ç'uksa osQ mÙkj nhft,µ

(a) ,d txg ls nwljh txg tkus ij i`Foh dk pqacdh; {ks=k cnyrk gSA D;k ;g le; osQ
lkFk Hkh cnyrk gS\ ;fn gk¡] rks fdrus le; varjky ij blesa i;kZIr ifjorZu gksrs gSa\

(b) i`Foh osQ ØksM esa yksgk gS] ;g Kkr gSA fiQj Hkh HkwxHkZ'kkL=kh bldks ìFoh osQ pqacdh; {ks=k
dk Ïksr ugha ekursA D;ksa\

(c) ìFoh osQ ØksM osQ ckgjh pkyd Hkkx esa çokfgr gksus okyh vkos'k èkkjk,¡ Hkw&pqacdh; {ks=k
osQ fy, mÙkjnk;h le>h tkrh gSaA bu èkkjkvksa dks cuk, j[kus okyh cSVjh (ÅtkZ Ïksr)
D;k gks ldrh gS\

(d) vius 4-5 vjc o"kks± osQ bfrgkl esa i`Foh vius pqacdh; {ks=k dh fn'kk dbZ ckj myV
pqdh gksxhA HkwxHkZ'kkL=kh] brus lqnwj vrhr osQ i`Foh osQ pqacdh; {ks=k osQ ckjs esa oSQls tku
ikrs gSa\

(e) cgqr vfèkd nwfj;ksa ij (30,000 km ls vfèkd) ìFoh dk pqacdh; {ks=k viuh f}èkqzoh;
vkÑfr ls dkiQh fHkUu gks tkrk gSA dkSu ls dkjd bl foÑfr osQ fy, mÙkjnk;h gks
ldrs gSa\

(f) varjkrkjdh; varfj{k esa 10-12 T dh dksfV dk cgqr gh {kh.k pqacdh; {ks=k gksrk gSA
D;k bl {kh.k pqacdh; {ks=k osQ Hkh oqQN çHkkoh ifj.kke gks ldrs gSa\ le>kb,A

¹fVIi.kh % ç'u 5.2 dk mn~ns'; eq[;r% vkidh ftKklk txkuk gSA mijksDr dbZ ç'uksa
osQ mÙkj ;k rks dke pykÅ gSa ;k vKkr gSaA ftruk laHko gks ldk] ç'uksa osQ laf{kIr
mÙkj iqLrd osQ var esa fn, x, gSaA foLr`r mÙkjksa osQ fy, vkidks Hkw&pqacdRo ij dksbZ
vPNh ikB~;iqLrd ns[kuh gksxhAº

5.3 ,d NksVk NM+ pqacd tks ,dleku cká pqacdh; {ks=k 0.25 T osQ lkFk 30o dk dks.k cukrk
gS] ij 4.5 × 10-2 J dk cy vk?kw.kZ yxrk gSA pqacd osQ pqacdh; vk?kw.kZ dk ifjek.k
D;k gS\
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5.4 pqacdh; vk?kw.kZ m = 0.32 JT-1 okyk ,d NksVk NM+ pqacd] 0.15 T osQ ,dleku cká
pqacdh; {ks=k esa j[kk gSA ;fn ;g NM+ {ks=k osQ ry esa ?kweus osQ fy, Lora=k gks] rks {ks=k osQ fdl
foU;kl esa ;g (i) LFkk;h larqyu vkSj (ii) vLFkk;h larqyu esa gksxk\ çR;sd fLFkfr esa pqacd
dh fLFkfrt ÅtkZ dk eku crkb,A

5.5 ,d ifjukfydk esa ikl&ikl yisVs x, 800 iQsjs gSa] rFkk bldk vuqizLFk dkV dk {ks=kiQy
2.5 × 10-4 m2 gS vkSj blesa 3.0 A èkkjk çokfgr gks jgh gSA le>kb, fd fdl vFkZ esa ;g
ifjukfydk ,d NM+ pqacd dh rjg O;ogkj djrh gS\ blosQ lkFk tqM+k gqvk pqacdh; vk?kw.kZ
fdruk gS\

5.6 ;fn ç'u 5.5 esa crkbZ xbZ ifjukfydk ÅèokZèkj fn'kk osQ ifjr% ?kweus osQ fy, Lora=k gks vkSj
bl ij {kSfrt fn'kk esa ,d 0.25 T dk ,dleku pqacdh; {ks=k yxk;k tk,] rks bl
ifjukfydk ij yxus okys cy vk?kw.kZ dk ifjek.k ml le; D;k gksxk] tc bldh v{k
vkjksfir {ks=k dh fn'kk ls 30o dk dks.k cuk jgh gks\

5.7 ,d NM+ pqacd ftldk pqacdh; vk?kw.kZ 1.5 JT-1 gS] 0.22 T osQ ,d ,dleku pqacdh;
{ks=k osQ vuqfn'k j[kk gSA

(a) ,d cká cy vk?kw.kZ fdruk dk;Z djsxk ;fn ;g pqacd dks pqacdh; {ks=k osQ (i) yacor
(ii) foijhr fn'kk esa lajsf[kr djus osQ fy, ?kqek nsA

(b) fLFkfr (i) ,oa (ii) esa pqacd ij fdruk cy vk?kw.kZ gksrk gS\

5.8 ,d ifjukfydk ftlesa ikl&ikl 2000 iQsjs yisVs x, gSa rFkk ftlosQ vuqçLFk dkV dk
{ks=kiQy 1.6 × 10-4 m2 gS vkSj ftlesa 4.0 A dh èkkjk çokfgr gks jgh gS] blosQ osaQæ ls
bl çdkj yVdk;h xbZ gS fd ;g ,d {kSfrt ry esa ?kwe losQA

(a) ifjukfydk osQ pqacdh; vk?kw.kZ dk eku D;k gS\

(b) ifjukfydk ij yxus okyk cy ,oa cy vk?kw.kZ D;k gS] ;fn bl ij] bldh v{k ls 30o

dk dks.k cukrk gqvk 7.5 × 10-2 T dk ,dleku {kSfrt pqacdh; {ks=k yxk;k tk,\

5.9 ,d o`Ùkkdkj oqQaMyh ftlesa 16 iQsjs gSa] ftldh f=kT;k 10 cm gS vkSj ftlesa 0.75 A èkkjk
çokfgr gks jgh gS] bl çdkj j[kh gS fd bldk ry] 5.0 × 10-2 T ifjek.k okys cká {ks=k
osQ yacor gSA oqQaMyh] pqacdh; {ks=k osQ yacor vkSj blosQ vius ry esa fLFkr ,d v{k osQ
pkjksa rjiQ ?kweus osQ fy, Lora=k gSA ;fn oqQaMyh dks tjk&lk ?kqek dj NksM+ fn;k tk, rks ;g
viuh LFkk;h larqyukoLFkk osQ bèkj&mèkj 2.0 s-1 dh vko`fÙk ls nksyu djrh gSA oqQaMyh dk
vius ?kw.kZu v{k osQ ifjr% tM+Ro&vk?kw.kZ D;k gS\

5.10 ,d pqacdh; lqbZ pqacdh; ;kE;ksÙkj osQ lekarj ,d ÅèokZèkj ry esa ?kweus osQ fy, Lora=k gSA
bldk mÙkjh èkqzo {kSfrt ls 22o osQ dks.k ij uhps dh vksj >qdk gSA bl LFkku ij pqacdh;
{ks=k osQ {kSfrt vo;o dk eku 0.35 G gSA bl LFkku ij i`Foh osQ pqacdh; {ks=k dk ifjek.k
Kkr dhft,A

5.11 nf{k.k vÚhdk esa fdlh LFkku ij ,d pqacdh; lqbZ HkkSxksfyd mÙkj ls 12o if'pe dh vksj
laosQr djrh gSA pqacdh; ;kE;ksÙkj esa lajsf[kr ufr&o`Ùk dh pqacdh; lqbZ dk mÙkjh èkqzo {kSfrt
ls 60o mÙkj dh vksj laosQr djrk gSA i`Foh osQ pqacdh; {ks=k dk {kSfrt vo;o ekius ij
0.16 G ik;k tkrk gSA bl LFkku ij i`Foh osQ {ks=k dk ifjek.k vkSj fn'kk crkb,A

5.12 fdlh NksVs NM+ pqacd dk pqacdh; vk?kw.kZ 0.48 JT-1 gSA pqacd osQ osaQæ ls 10 cm dh nwjh
ij fLFkr fdlh ̄cnq ij blosQ pqacdh; {ks=k dk ifjek.k ,oa fn'kk crkb, ;fn ;g ̄cnq (i) pqacd
osQ v{k ij fLFkr gks (ii) pqacd osQ vfHkyac lef}Hkktd ij fLFkr gksA
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5.13 {kSfrt ry esa j[ks ,d NksVs NM+ pqacd dk v{k] pqacdh; mÙkj&nf{k.k fn'kk osQ vuqfn'k gSA

larqyu ̄ cnq pqacd osQ v{k ij] blosQ osaQæ ls 14 cm nwj fLFkr gSA bl LFkku ij i`Foh dk
pqacdh; {ks=k 0.36 G ,oa ufr dks.k 'kwU; gSA pqacd osQ vfHkyac lef}Hkktd ij blosQ osaQæ
ls mruh gh nwj (14 cm) fLFkr fdlh ¯cnq ij ifj.kkeh pqacdh; {ks=k D;k gksxk\

5.14 ;fn ç'u 5.13 esa of.kZr pqacd dks 180o ls ?kqek fn;k tk, rks larqyu ̄cnqvksa dh u;h fLFkfr
D;k gksxh\

5.15 ,d NksVk NM+ pqacd ftldk pqacdh; vk?kw.kZ 5.25 × 10-2 JT-1 gS] bl çdkj j[kk gS fd
bldk v{k i`Foh osQ {ks=k dh fn'kk osQ yacor gSA pqacd osQ osaQæ ls fdruh nwjh ij] ifj.kkeh
{ks=k i`Foh osQ {ks=k dh fn'kk ls 45

o dk dks.k cuk,xk] ;fn ge (a) vfHkyac lef}Hkktd ij
ns[ksa] (b) v{k ij ns[ksaA bl LFkku ij i`Foh osQ pqacdh; {ks=k dk ifjek.k 0.42 G gSA ç;qDr
nwfj;ksa dh rqyuk esa pqacd dh yackbZ dh mis{kk dj ldrs gSaA

vfrfjDr vH;kl
5.16 fuEufyf[kr ç'uksa osQ mÙkj nhft,µ

(a) BaMk djus ij fdlh vuqpqacdh; inkFkZ dk uewuk vfèkd pqacdu D;ksa çnf'kZr djrk gS\
(,d gh pqacddkjh {ks=k osQ fy,)

(b) vuqpqacdRo osQ foijhr] çfrpqacdRo ij rki dk çHkko yxHkx ugha gksrkA D;ksa\
(c) ;fn ,d VksjkWbM esa fcLeFk dk ØksM yxk;k tk, rks blosQ vanj pqacdh; {ks=k ml fLFkfr

dh rqyuk esa (¯dfpr) de gksxk ;k (¯dfpr) T;knk gksxk] tcfd ØksM [kkyh gks\
(d) D;k fdlh ykSg pqacdh; inkFkZ dh pqacd'khyrk pqacdh; {ks=k ij fuHkZj djrh gS\ ;fn

gk¡] rks mPp pqacdh; {ks=kksa osQ fy, bldk eku de gksxk ;k vfèkd\
(e) fdlh ykSg pqacd dh lrg osQ çR;sd ̄ cnq ij pqacdh; {ks=k js[kk,¡ lnSo yacor gksrh gSa

¹;g rF; mu fLFkjoS|qr {ks=k js[kkvksa osQ lǹ'k gS tks fd pkyd dh lrg osQ çR;sd ̄cnq
ij yacor gksrh gSaºA D;ksa\

(f) D;k fdlh vuqpqacdh; uewus dk vfèkdre laHko pqacdu] ykSg pqacd osQ pqacdu osQ
ifjek.k dh dksfV dk gksxk\

5.17 fuEufyf[kr ç'uksa osQ mÙkj nhft,µ
(a) ykSg pqacdh; inkFkZ osQ pqacdu oØ dh vuqRØe.kh;rk] Mksesuks osQ vkèkkj ij xq.kkRed

n`f"Vdks.k ls le>kb,A
(b) ueZ yksgs osQ ,d VqdM+s osQ 'kSfFkY; ywi dk {ks=kiQy] dkcZu&LVhy osQ VqdM+s osQ 'kSfFkY;

ywi osQ {ks=kiQy ls de gksrk gSA ;fn inkFkZ dks ckj&ckj pqacdu pØ ls xqtkjk tk, rks
dkSu lk VqdM+k vfèkd Å"ek ÅtkZ dk {k; djsxk\

(c) ykSg pqacd tSlk 'kSfFkY; ywi çnf'kZr djus okyh dksbZ ç.kkyh Le`fr laxzg.k dh ;qfDr gSA
bl dFku dh O;k[;k dhft,A

(d) oSQlsV osQ pqacdh; iQhrksa ij irZ p<+kus osQ fy, ;k vkèkqfud daI;wVj esa Le`fr laxzg.k osQ
fy,] fdl rjg osQ ykSg pqacdh; inkFkks± dk bLrseky gksrk gS\

(e) fdlh LFkku dks pqacdh; {ks=k ls ifjjf{kr djuk gSA dksbZ fofèk lq>kb,A
5.18 ,d yacs] lhèks] {kSfrt osQcy esa] 2.5 A èkkjk] 10

o nf{k.k&if'pe ls 10
o mÙkj&iwoZ dh vksj

çokfgr gks jgh gSA bl LFkku ij pqacdh; ;kE;ksÙkj HkkSxksfyd ;kE;ksÙkj osQ 10
o if'pe esa gSA

;gk¡ ìFoh dk pqacdh; {ks=k 0.33 G ,oa ufr dks.k 'kwU; gSA mnklhu ̄cnqvksa dh js[kk fuèkkZfjr
dhft,A (osQcy dh eksVkbZ dh mis{kk dj ldrs gSa)A
(mnklhu ̄cnqvksa ij] /kjkokgh osQcy }kjk pqacdh; {ks=k] ìFoh osQ {kSfrt ?kVd osQ pqacdh; {ks=k
osQ leku ,oa foijhr fn'kk esa gksrk gSA)
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5.19 fdlh LFkku ij ,d VsfyiQksu osQcy esa pkj yacs] lhèks] {kSfrt rkj gSa ftuesa ls çR;sd esa
1.0 A dh èkkjk iwoZ ls if'pe dh vksj çokfgr gks jgh gSA bl LFkku ij i`Foh dk pqacdh;
{ks=k 0.39 G ,oa ufr dks.k 35

o gSA fno~Qikr dks.k yxHkx 'kwU; gSA osQcy osQ 4.0 cm uhps
vkSj 4.0 cm Åij ifj.kkeh pqacdh; {ks=kksa osQ eku D;k gksaxs\

5.20 ,d pqacdh; lqbZ tks {kSfrt ry esa ?kweus osQ fy, Lora=k gS] 30 iQsjksa ,oa 12 cm f=kT;k okyh
,d oqQaMyh osQ osaQæ ij j[kh gSA oqQaMyh ,d ÅèokZèkj ry esa gS vkSj pqacdh; ;kE;ksÙkj ls 45

o

dk dks.k cukrh gSA tc oqQaMyh esa 0.35 A èkkjk çokfgr gksrh gS] pqacdh; lqbZ if'pe ls
iwoZ dh vksj laosQr djrh gSA
(a) bl LFkku ij i`Foh osQ pqacdh; {ks=k osQ {kSfrt vo;o dk eku Kkr dhft,A
(b) oqQaMyh esa èkkjk dh fn'kk myV nh tkrh gS vkSj bldks viuh ÅèokZèkj v{k ij okekorZ

fn'kk esa (Åij ls ns[kus ij) 90
o osQ dks.k ij ?kqek fn;k tkrk gSA pqacdh; lqbZ fdl

fn'kk esa Bgjsxh\ bl LFkku ij pqacdh; fno~Qikr 'kwU; yhft,A
5.21 ,d pqacdh; f}èkqzo nks pqacdh; {ks=kksa osQ çHkko esa gSA ;s {ks=k ,d&nwljs ls 60

o dk dks.k cukrs
gSa vkSj muesa ls ,d {ks=k dk ifjek.k 1.2 × 10-2 T gSA ;fn f}èkqzo LFkk;h larqyu esa bl {ks=k
ls 15

o dk dks.k cuk,] rks nwljs {ks=k dk ifjek.k D;k gksxk\
5.22 ,d leksthZ 18 keV okys bysDVªkWuksa osQ fdj.k iqat ij tks 'kq: esa {kSfrt fn'kk esa xfreku

gS] 0.04 G dk ,d {kSfrt pqacdh; {ks=k] tks fdj.k iaqt dh çkjafHkd fn'kk osQ yacor gS]
yxk;k x;k gSA vkdyu dhft, 30 cm dh {kSfrt nwjh pyus esa fdj.k iaqt fdruh nwjh Åij
;k uhps foLFkkfir gksxk\ (m

e
 = 9.11 × 10–31 kg, e = 1.60 × 10–19 C)A

¹uksV% bl ç'u esa vk¡dM+s bl çdkj pqus x, gSa fd mÙkj ls vkidks ;g vuqeku gks] fd TV

lsV esa bysDVªkWu xu ls insZ rd bysDVªkWu fdj.k iqat dh xfr Hkw&pqacdh; {ks=k ls fdl çdkj
çHkkfor gksrh gSºA

5.23 vuqpqacdh; yo.k osQ ,d uewus esa 2.0 × 1024 ijek.kq f}èkqzo gSa ftuesa ls çR;sd dk f}èkqzo
vk?kw.kZ 1.5 × 10–23 J T–1 gSA bl uewus dks 0.64 T osQ ,d ,dleku pqacdh; {ks=k esa
j[kk x;k vkSj 4.2 K rki rd BaMk fd;k x;kA blesa 15% pqacdh; lar`Irrk vk xbZA ;fn
bl uewus dks 0.98 T osQ pqacdh; {ks=k esa 2.8 K rki ij j[kk gks rks bldk oqQy f}èkqzo vk?kw.kZ
fdruk gksxk\ (;g eku ldrs gSa fd D;wjh fu;e ykxw gksrk gSA)

5.24 ,d jksySaM fjax dh vkSlr f=kT;k 15 cm gS vkSj blesa 800 vkisf{kd pqacd'khyrk osQ ykSg
pqacdh; ØksM ij 3500 iQsjs fyiVs gq, gSaA 1.2 A dh pqacddkjh èkkjk osQ dkj.k blosQ ØksM
esa fdruk pqacdh; {ks=k (B) gksxk\

5.25 fdlh bysDVªkWu osQ uSt pØ.kh dks.kh; laosx S ,oa d{kh; dks.kh; laosx l osQ lkFk tqM+s pqacdh;
vk?kw.kZ Øe'k% µµµµµ

s
 vkSj µµµµµ

l
 gSA DokaVe fl¼kar osQ vkèkkj ij (vkSj ç;ksxkRed :i ls vR;ar

ifj'kq¼rkiwoZd iq"V) buosQ eku Øe'k% fuEu çdkj fn, tkrs gSaµ
µ

S
 = –(e/m)S, ,oa µ

l
 = –(e/2m)l

buesa ls dkSu&lk O;atd fpjlEer fl¼karksa osQ vkèkkj ij çkIr djus dh vk'kk dh tk ldrh gS\
ml fpjlEer vkèkkj ij çkIr gksus okys O;atd dks O;qRiUu dhft,A
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6.1 Hkwfedk
fo|qr rFkk paqcdRo dkiQh yacs le; rd vyx&vyx rFkk vlac¼ ifj?kVuk,¡ ekuh tkrh jgh
gSaA mUuhloha 'krkCnh osQ izkjafHkd n'kdksa esa vkWLVsZM] ,sfEi;j rFkk oqQN vU; oSKkfudksa }kjk fo|qr
èkkjk ij fd, x, iz;ksxksa us ;g izekf.kr fd;k fd fo|qr rFkk paqcdRo ijLij lacafèkr gSaA mUgksaus
Kkr fd;k fd xfreku fo|qr vkos'k pqacdh; {ks=k mRiUu djrs gSaA mnkgj.k osQ fy,] fo|qr èkkjk
vius ikl j[kh gqbZ ,d pqacdh; lqbZ dks fo{ksfir djrh gSA blls ,d LokHkkfod iz'u mRiUu
gksrk gS µ D;k bldk foijhr izHkko laHko gS\ D;k xfreku pqacd fo|qr èkkjk mRiUu dj ldrs
gSa\ D;k izo`Qfr fo|qr rFkk pqacdRo osQ chp bl izdkj osQ lacaèk dh vuqefr nsrh gS\ bldk
mÙkj ,d fuf'pr ̂ gk¡* gSA yxHkx lu 1830 esa ekbdy iSQjkMs }kjk baXySaM esa rFkk tkslsiQ gsujh
}kjk vesfjdk esa fd, x, iz;ksxksa us Li"V :i ls n'kkZ;k fd ifjorZu'khy pqacdh; {ks=k can
oqaQMfy;ksa esa fo|qr èkkjk mRiUu djrk gSA bl vè;k; esa ge ifjorZu'khy paqcdh; {ks=kksa ls
lacafèkr ifj?kVukvksa osQ ckjs esa vè;;u djsaxs rFkk buesa fufgr fl¼karksa dks le>saxsA og ifj?kVuk
ftlesa pqacdh; {ks=kksa }kjk fo|qr èkkjk mRiUu gksrh gS] mls mfpr :i ls gh oS|qrpqacdh; izsj.k

dgrs gSaA
tc iSQjkMs us izFke ckj viuh bl [kkst dks lkoZtfud fd;k fd ^pkyd rkj ls cus ywi

rFkk naM paqcd osQ chp lkis{k xfr djkus ij ywi esa {kh.k èkkjk mRiUu gksrh gS*] rc muls iwNk
x;k fd ̂ bldk D;k mi;ksx gS*\ iSQjkMs dk mÙkj Fkk] ̂ uotkr f'k'kq dk D;k mi;ksx gksrk gS\*

vè;k; 6

oS|qrpqacdh;
izsj.k
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oS|qrpqacdh; izsj.k osQoy lS¼kafrd ;k 'kSf{kd :i ls gh mi;ksxh ifj?kVuk
ugha gS oju O;kogkfjd n`f"V ls fo|qr u gks rks fo|qr izdk'k u gks] Vªsu
u gks] VsyhI+kQksu u gks vkSj oaQI;wVj u gksA iSQjkMs ,oa gsujh osQ bu iqjksxkeh
(pioneering) iz;ksxksa us gh vk/qfud tfu=kksa ,oa VªkaliQkeZjksa osQ fodkl
dks laHko cuk;kA vkt dh lH;rk osQ fodkl esa oS|qrpqacdh; izsj.k dh
[kkst us ,d vge Hkwfedk fuHkkbZ gSA

6.2 iSQjkMs ,oa gsujh osQ iz;ksx
oS|qrpqacdh; izsj.k dh [kkst rFkk mldh le> iSQjkMs ,oa gsujh }kjk fd,
x, vusd iz;ksxksa ij vkèkkfjr gSA ge muesa ls oqQN iz;ksxksa dk o.kZu ;gk¡
djsaxsA

iz;ksx6.1

fp=k 6.1 esa èkkjkekih G ls tqM+h gqbZ ,d oaqQMyh C
1
* n'kkZ;h xbZ gSA tc

,d naM pqacd osQ mÙkjh èkzqo dks bl oqaQMyh dh vksj èkosQyk tkrk gS rks
èkkjkekih dk laosQrd fo{ksfir gksrk gS tks oqqaQMyh esa fo|qr èkkjk dh
mifLFkfr dks n'kkZrk gSA ;g fo{ksi rHkh rd jgrk gS tc rd naM pqacd
xfr esa jgrk gSA tc pqacd fLFkj gksrk gS rks èkkjkekih dksbZ fo{ksi ugha
n'kkZrkA tc pqacd dks oqqaQMyh ls nwj ys tkrs gSa rks èkkjkekih foijhr fn'kk
esa fo{ksi n'kkZrk gS] tks èkkjk izokg dh fn'kk osQ foijhr gksus dks n'kkZrk gSA
blosQ vfrfjDr] tc naM pqacd osQ nf{k.kh èkqzo dks oqqaQMyh dh vksj ;k
blls nwj ys tkrs gSa rks èkkjkekih esa fo{ksi dh fn'kk,a¡ mÙkjh èkqzo dh blh
izdkj dh xfr dh vis{kk foijhr gks tkrh gSaA blosQ vfrfjDr] tc
pqacd dks oqaQMyh dh vksj ;k blls nwj rsth ls xfreku fd;k tkrk
gS rks fo{ksi vkSj blfy, èkkjk vfèkd izkIr gksrk gSA ;g Hkh ns[kk x;k
gS fd ;fn naM pqacd dks fLFkj j[kk tk, rFkk blosQ ctk; oqaQMyh
C

1
 dks pqacd dh vksj ;k blls nwj xfreku fd;k tk, rks Hkh blh

izdkj dk izHkko mRiUu gksrk gSA ;g n'kkZrk gS fd oqaQMyh esa fo|qr èkkjk dh
mRifÙk (izsj.k) pqacd rFkk oqaQMyh osQ eè; lkis{k xfr dk izfriQy gSA

iz;ksx6.2

fp=k 6.2 esa naM pqacd dks cSVjh ls tqM+h gqbZ ,d nwljh oaqQMyh C
2
 ls

izfrLFkkfir fd;k x;k gSA oqaQMyh C
2
 esa vifjorhZ èkkjk vifjorhZ

paqcdh; {ks=k mRiUu djrh gSA tSls gh oqaQMyh C
2
 dks oqaQMyh  C

1 
dh

vksj ykrs gSa] èkkjkekih ,d fo{ksi n'kkZrk gSA ;g oqaQMyh C
1 
esa izsfjr

fo|qr èkkjk dks fun£'kr djrk gSA tc C
2
 dks nwj ys tkrs gSa rks èkkjkekih

fiQj ls fo{ksi n'kkZrk gS] ysfdu bl ckj ;g fo{ksi foijhr fn'kk esa
gksrk gSA ;g fo{ksi rHkh rd jgrk gS tc rd oqaQMyh C

2
 xfr esa jgrh gSA tc oqaQMyh C

2 
dks

* tc Hkh oqaQMyh ;k ^ywi* 'kCn dk mi;ksx fd;k tkrk gS rks ;g eku fy;k tkrk gS fd os pkyd
inkFkks± ls cus gSa rFkk bUgsa ftu rkjksa ls cuk;k x;k gS mu ij vojks/d inkFkks± dh ijr p<+h gSA

fp=k 6.1 tc naM pqacd dks oqaQMyh dh vksj /osQyrs
gSa] /kjkekih G dk laosQrd fo{ksfir gksrk gSA

tkslsiQ gsujh [1797 – 1878]

tkslsiQ gsujh vesfjdh izk;ksfxd HkkSfrd&
'kkL=kh] ¯izLVu fo'ofo|ky; esa izksI +ksQlj
rFkk fLeFklksfu;u baLVhV~;w'ku osQ izFke
funs'kd FksA yksgs osQ /zqoksa osQ pkjksa vksj
i`FkDo`Qr naM pqacd dks fLFkj j[kdj
rFkk blosQ LFkku ij rkj dh oqaQMfy;k¡
yisVdj mUgksaus fo|qr pqacdksa esa egRoiw.kZ
lq/kj fd, ,oa ,d fo|qr pqacdh;
eksVj rFkk ,d u, n{k VsyhxzkI+kQ dk
vkfo"dkj fd;kA mUgksaus Loizsj.k dh
[kkst dh rFkk bl ckr dk irk yxk;k
fd oSQls ,d ifjiFk esa izokfgr /kjk
nwljs ifjiFk esa /kjk izsfjr djrh gSA

t
kslsiQ gsujh (1

7
9
7
 –

 1
8
7
8
)
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fLFkj j[kk tkrk gS rFkk C1 xfreku gksrk gS rks mUgha izHkkoksa dks fiQj ls ns[kk tk
ldrk gSA ;gk¡ Hkh oqaQMfy;ksa osQ eè; lkis{k xfr fo|qr èkkjk izsfjr djrh gSA

i z ; k s x 6.3

mijksDr nksuksa iz;ksxksa esa pqacd rFkk oaqQMyh osQ chp rFkk nks oqaQMfy;ksa osQ chp
lkis{k xfr 'kkfey gSA ,d vU; iz;ksx }kjk iSQjkMs us n'kkZ;k fd ;g lkis{k xfr
dksbZ vfr vko';d vfuok;Zrk ugha gSA fp=k 6.3 esa nks oqaQMfy;k¡ C1 rFkk C2

n'kkZ;h xbZ gSa tks fLFkj j[kh xbZ gSaA oqaQMyh C1 dks ,d èkkjkekih G ls tksM+k x;k
gS tcfd nwljh oaqQMyh C2 dks ,d nkc&oaqQth K ls gksdj ,d cSVjh ls tksM+k
tkrk gSA

;g ns[kk tkrk gS fd nkc&oaqQth K dks nckus ij èkkjkekih ,d {kf.kd fo{ksi
n'kkZrk gS vkSj fiQj bldk laosQrd rRdky 'kwU; ij okil vk tkrk gSA ;fn oqaQth

fp=k 6.2  /kjk;qDr oqaQMyh C2 dh xfr osQ
dkj.k oaqQMyh C1 esa izsfjr /kjk mRiUu

gksrh gSA

fp=k 6.3  iz;ksx 6.3 osQ fy, iz;ksxkRed O;oLFkk

dks yxkrkj nckdj j[kk tk, rks èkkjkekih esa dksbZ fo{ksi ugha gksrkA tc oaqQth dks NksM+k tkrk
gS rks fiQj ls ,d {kf.kd fo{ksi ns[kk tkrk gS] ysfdu ;g fo{ksi foijhr fn'kk esa gksrk gSA ;g
Hkh ns[kk x;k gS fd ;fn oqaQMfy;ksa esa muosQ v{k osQ vuqfn'k ,d yksgs dh NM+ j[k nh tk,
rks fo{ksi ukVdh; :i ls c<+ tkrk gSA

6.3 paqcdh; ÝyDl
iSQjkMs dh fo'kky varnZ̀f"V osQ dkj.k oS|qrpqacdh; izsj.k ij muosQ }kjk fd, x, iz;ksxksa dh
Ükà[kyk dh O;k[;k djus okys ,d ljy xf.krh; lacaèk dh [kkst djuk laHko gqvkA rFkkfi]
blosQ igys fd ge og fu;e crk,¡ rFkk mldh iz'kalk esa oqQN dgsa] gesa pqacdh; ÝyDl Φ B
dh voèkkj.kk ls ifjfpr gks tkuk vko';d gSA pqacdh; ÝyDl dks Hkh Bhd mlh izdkj
ifjHkkf"kr fd;k tkrk gS ftl izdkj fo|qrh; ÝyDl dks vè;k; 1 esa ifjHkkf"kr fd;k x;k gSA

HkkSfrdh
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;fn {ks=kiQy A okys lery dks ,dleku pqacdh; {ks=k B (fp=k 6-4) esa j[kk tkrk gS
rks pqacdh; ÝyDl dks O;Dr fd;k tk ldrk gS µ

Φ 
B
  = B A  = BA cos θ (6.1)

tgk¡ ij θ  B rFkk A osQ chp dk dks.k gSA ,d lfn'k jkf'k osQ :i esa {ks=kiQy dh
voèkkj.kk dk foospu igys gh vè;k; 1 esa fd;k tk pqdk gSA lehdj.k (6.1) dks oØ
i`"Bksa ,oa vleku {ks=kksa osQ fy, foLrkfjr fd;k tk ldrk gSA

;fn fp=k 6.5 esa n'kkZ, vuqlkj fdlh lrg osQ fofHkUu Hkkxksa ij pqacdh; {ks=k osQ
ifjek.k rFkk fn'kk,¡ fHkUu&fHkUu gksa] rks lrg ls gksdj xqtjus okyk pqacdh; ÝyDl gksxk

Φ
1 1 2 2

d d
B

B A B A    ... = di iB A
lHkh
  (6.2)

tgk¡ ^lHkh* dk vFkZ gS lrg osQ lHkh lw{e {ks=k vo;oksa dA
i
 osQ fy, ;ksx rFkk B

i
 {ks=k

vo;o dA
i 
ij pqacdh; {ks=k gSA pqacdh; ÝyDl dk SI ek=kd oscj (Wb) gSA bls VsLyk

oxZ ehVj (T m2) }kjk Hkh O;Dr fd;k tkrk gSA pqacdh; ÝyDl ,d vfn'k jkf'k gSA

6.4 iSQjkMs dk izsj.k dk fu;e
izk;ksfxd izs{k.kksa osQ vkèkkj ij iSQjkMs bl fu"d"kZ ij igq¡ps fd tc fdlh oaqQMyh
esa pqacdh; ÝyDl le; osQ lkFk ifjo£rr gksrk gS rc oqaQMyh esa fo|qr okgd cy
izsfjr gksrk gSA vuqHkkx 6.2 esa p£pr izk;ksfxd izs{k.kksa dh bl voèkkj.kk dk mi;ksx
djosQ O;k[;k dj ldrs gSaA

iz;ksx 6.1 esa oqaQMyh C
1
 dh vksj vFkok blls nwj pqacd dh xfr rFkk iz;ksx

6.2 esa oqaQMyh C
1
 dh vksj vFkok blls nwj ,d èkkjk okgd oaqQMyh C

2
 dh xfr]

oqaQMyh C
1 
dh vksj vFkok blls nwj ,d èkkjk okgd oqaQMyh C

2 
dh xfr] oqaQMyh

C
1 
ls lac¼ pqacdh; ÝyDl dks ifjo£rr djrh gSA pqacdh; ÝyDl esa ifjorZu

ls oqaQMyh C
1
 esa fo|qr okgd cy izsfjr gksrk gSA blh izsfjr fo|qr okgd cy osQ

dkj.k oaqQMyh C
1
 rFkk èkkjkekih esa fo|qr èkkjk izokfgr gksrh gSA iz;ksx

6.3 esa fd, x, izs{k.kksa dk ,d ;qfDr;qDr Li"Vhdj.k fuEu izdkj gSµ tc nkc
oqaQth K dks nckrs gSa rks oqaQMyh C

2
 esa fo|qr èkkjk (rFkk blosQ dkj.k pqacdh; {ks=k)vYi le;

eas 'kwU; ls vfèkdre eku rd c<+rh gSA ifj.kkeLo:i] lehiLFk oaqQMyh C
1
 esa Hkh pqacdh;

ÝyDl c<+rk gSA oqaQMyh C
1 
esa gksus okys paqcdh; ÝyDl osQ bl ifjorZu osQ dkj.k oqaQMyh C

1

essa izsfjr fo|qr okgd cy mRiUu gksrk gSA tc oqaQth dks nckdj j[kk tkrk gS rks oaqQMyh  C
2

eas èkkjk fLFkj jgrh gSA blhfy, oaqQMyh C
1 
esa  pqacdh; ÝyDl esa dksbZ ifjorZu ugha gksrk rFkk

oqaQMyh C
1
 esa èkkjk 'kwU; gks tkrh gSA tc oqaQth dks NksM+rs gSa rks oaqQMyh C

2 
esa fo|qr èkkjk rFkk

blosQ dkj.k mRiUu gksus okyk pqacdh; {ks=k vYi le; esa vfèkdre eku ls ?kVdj 'kwU; gks
tkrk gSA blosQ ifj.kkeLo:i oaqQMyh C

1
* esa pqacdh; ÝyDl ?kVrk gS vkSj bl  izdkj oaqQMyh

C
1
 esa iqu% izsfjr fo|qr èkkjk mRiUu gksrh gSA bu lHkh izs{k.kksa esa ,d loZfu"B ckr ;g gS fd

fdlh ifjiFk esa pqacdh; ÝyDl osQ ifjorZu nj osQ dkj.k izsfjr fo|qr okgd cy mRiUu gksrk
gSA iSQjkMs us izk;ksfxd izs{k.kksa dks ,d fu;e osQ :i esa O;Dr fd;k ftls iSQjkMs dk oS|qrpaqcdh;

fp=k 6.4  ,dleku paqcdh; {ks=k
B esa j[kk i`"B {ks=kiQy A okyk

,d leryA

fp=k 6.5 os vo;o {ks=k ij pqacdh; {ks=k
B

i 
A dA

i 
,
 
i
 
osa {ks=k vo;o dk {ks=k lfn'k
fu:fir djrk gSA

* uksV dhft, fd fo|qr pqacd osQ lehi j[ks lqxzkgh fo|qr ;a=k fo|qr pqacd dks vkWu (ON)  ;k vkWI+kQ
(OFF) djus ij mRiUu gksus okyh /kjkvksa osQ dkj.k {kfrxzLr gks tkrs gSaA
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 m
nk
gj

.k
 6

.1

izsj.k dk fu;e dgrs gSaA bl fu;e dks fuEu izdkj ls vfHkO;Dr fd;k
x;k gSA

izsfjr fo|qr okgd cy dk ifjek.k pqacdh; ÝyDl esa le; osQ lkFk
gksus okys ifjorZu dh nj osQ cjkcj gksrk gSA

xf.krh; :i eas izsfjr fo|qr èkkjk cy dks

Φε =
d

–
d

B

t
(6.3)

½.k fpÉ ε dh fn'kk rFkk ifj.kker% can ywi esa èkkjk dh fn'kk O;Dr djrk
gSA bldh foLr`r ppkZ ge vxys vuqPNsn esa djsaxsA

ikl&ikl yisVs gq, N isQjksa okyh fdlh oaqQMyh osQ izR;sd isQjs ls lac¼
ÝyDl esa ,dleku ifjorZu gksrk gSA blfy, oqQy izsfjr fo|qr okgd cy
dk O;atd gksxk&

d
–

d
BN
t

Φ
ε = (6.4)

can oqaQMyh esa isQjksa dh la[;k N c<+k dj izsfjr fo|qr okgd cy dks
c<+k;k tk ldrk gSA

lehdj.k (6.1) rFkk (6.2), ls gesa Kkr gksrk gS fd ÝyDl esa ifjorZu
B, A rFkk θ  esa ls fdlh ,d ;k vfèkd inksa dks cny dj fd;k tk ldrk
gSA vuqPNsn 6.2 osQ iz;ksxksa  6.1 rFkk 6.2 esa ÝyDl dks B esa ifjo£rr
djosQ cnyk x;k gSA ÝyDl esa ifjorZu pqacdh; {ks=k esa blh oqaQMyh osQ

vkdkj esa ifjorZu djosQ (tSls bls fldksM+ dj ;k [khap dj) ;k oqaQMyh dks pqacdh; {ks=k esa
bl izdkj ?kw.kZu djkdj fd B rFkk A osQ chp esa dks.k θ  cny tk,] Hkh fd;k tk ldrk gSA
bu voLFkkvksa esa Hkh Øekuqlkj oqaQMfy;ksa esa ,d fo|qr okgd cy izsfjr gksrk gSA

mnkgj.k 6.1  iz;ksx 6.2 ij fopkj djsaA (a) èkkjkekih esa vfèkd fo{ksi izkIr djus osQ fy,
vki D;k djsaxs\ (b) èkkjkekih dh vuqifLFkfr esa vki izsfjr èkkjk dh mifLFkfr fdl izdkj
n'kkZ,¡xs\

gy
(a) vfèkd fo{ksi izkIr djus osQ fy, fuEu esa ls ,d ;k vfèkd mik; fd, tk ldrs gSaµ

(i) oaqQMyh C
2 
osQ vanj ueZ yksgs dh NM+ dk mi;ksx djsaxs] (ii) oaqQMyh dks ,d mPp 'kfDr

dh cSVjh ls tksM+saxs] (iii) ijh{k.k oqaQMyh C
1 
dh vksj la;kstu dks vf/d rsth ls ys tk,¡xsA

(b) èkkjkekih dks VkWpZ esa mi;ksx fd, tkus okys NksVs cYc ls cny nsaxsA nksuksa oqaQMfy;ksa osQ chp
lkis{k xfr ls cYc {kf.kd vof/ osQ fy, peosQxk tks izsfjr èkkjk osQ mRiUu gksus dk |ksrd gSA
iz;ksxkRed HkkSfrdh esa gesa uohurk ykus dk iz;kl djuk pkfg,A mPpre Js.kh osQ iz;ksx
oSKkfud ekbdy iSQjkMs iz;ksxksa esa fofoèkrk ykus osQ fy, izfl¼ gSaA

mnkgj.k 6.2 ,d oxkZdkj ywi ftldh ,d Hkqtk 10 cm yach gS rFkk ftldk izfrjksèk
0.5 Ω gS] iwoZ&if'pe ry esa ÅèokZèkj j[kk x;k gSA 0.10 T osQ ,d ,dleku pqacdh; {ks=k
dks mÙkj&iwoZ fn'kk esa ry osQ vkj&ikj LFkkfir fd;k x;k gSA pqacdh; {ks=k dks ,dleku nj
ls 0.70 s esa ?kVkdj 'kwU; rd yk;k tkrk gSA bl le; varjky esa izsfjr fo|qr okgd cy rFkk
èkkjk dk eku Kkr dhft,A m

nk
gj

.k
 6

.2

ekbdy iSQjkMs  [1791–1867]

ekbdy iSQjkMs us foKku osQ {ks=k esa

egRoiw.kZ ;ksxnku fd;k] mnkgj.k osQ

fy, oS|qrpqacdh; izsj.k dh [kkst] fo|qr

vi?kVu osQ fu;e] csathu rFkk ;g rF;

fd /zqo.k ry fo|qr {ks=k esa ?kw.kZu dj

ldrk gSA fo|qr eksVj] fo|qr tfu=k

rFkk VªkaliQkeZj dh [kkst dk Js; Hkh

iSQjkMs dks gh tkrk gSA mUgsa mUuhloha

'krkCnh dk egkure iz;ksxkRed oSKkfud

ekuk tkrk gSA

ek
bd

y
 i

SQj
kM
s (1

7
9
1
–
1
8
6
7
)
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 mnkgj.k 6
.2

gy oaqQMyh dk {ks=kiQy&lfn'k] pqacdh; {ks=k osQ lkFk θ  = 45° dks.k cukrk gSA lehdj.k
(6.1) ls] izkjafHkd pqacdh; ÝyDl gS

Φ
 
= BA cos θ

–20.1 10
Wb

2

×
=

vafre ÝyDl, ΦU;wure 
= 0

ÝyDl esa ifjorZu 0.70 s esa gqvkA lehdj.k (6.3) ls] izsjd fo|qr okgd cy gksxk

( )– 0
B

t t

ΦΦ
ε

∆
= =

∆ ∆
 

–310
= 1.0 mV

2 0.7
=

×

vkSj èkkjk dk ifjek.k gksxk
–310 V

2 mA
0.5

I
R

ε
= = =

Ω

è;ku nsa fd i`Foh dk pqacdh; {ks=k Hkh ywi esa oqQN ÝyDl mRiUu djrk gSA fdUrq i`Foh dk
paqcdh; {ks=k fLFkj gS (tks fd iz;ksx dh vYi vofèk esa ifjo£rr ugha gksrk) vkSj dksbZ fo|qr
okgd cy izsfjr ugha djrkA

mnkgj.k 6.3

10 cm f=kT;k] 500 isQjksa rFkk 2 Ω izfrjksèk dh ,d o`Ùkkdkj oaqQMyh dks blosQ ry osQ yacor
i`Foh osQ paqcdh; {ks=k osQ {kSfrt ?kVd esa j[kk x;k gSA bls vius ÅèoZ O;kl osQ ifjr%
0.25 s esa 180º ls ?kqek;k x;k oaqQMyh esa izsfjr fo|qr okgd cy rFkk fo|qr èkkjk dk vkdyu
dhft,A fn, x, LFkku ij i`Foh osQ pqacdh; {ks=k osQ {kSfrt ?kVd dk eku
3.0 × 10–5 T gSA

gy
oqaQMyh esa izkjafHkd ÝyDl]

Φ
B (izkjafHkd) = BA cos θ

= 3.0 × 10–5 × (π ×10–2) × cos 0°

= 3π × 10–7 Wb.

?kw.kZu osQ i'pkr vafre ÝyDl]

Φ
B (vafre)    

= 3.0 × 10–5 × (π ×10–2) × cos 180°

= –3π × 10–7 Wb

blfy, izsfjr fo|qr okgd cy dk vkdfyr eku gS]

N
t

Φε ∆
=

∆

    = 500 × (6π × 10–7)/0.25

   = 3.8  × 10–3  V

I = ε/R = 1.9 × 10–3 A

è;ku nsa fd ;s ε rFkk I  osQ ifjek.kksa osQ vkdfyr eku gSaA buosQ rkR{kf.kd eku fHkUu gSa rFkk
os fdlh fo'ks"k le; ij ?kw.kZu xfr ij fuHkZj djrs gSaA

 mnkgj.k 6
.3
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6.5 ysat dk fu;e rFkk ÅtkZ laj{k.k
lu 1834 esa teZu HkkSfrdfon gsufjd izsQMfjp ysat (1804-1865) us ,d fu;e dk fuxeu

fd;k ftls ysat dk fu;e  osQ uke ls tkuk tkrk gSA ;g fu;e izsfjr fo|qr okgd cy dh

èkzqork (fn'kk) dk Li"V ,oa laf{kIr :i esa o.kZu djrk gSA bl fu;e dk izdFku gSµ

izsfjr fo|qr okgd cy dh èkzqork (polarity) bl izdkj gksrh gS fd og ml fn'kk esa èkkjk

izokg izo`Ùk djs tks mls mRiUu djus okys dkjd (pqacdh; {ks=k ifjorZu) dk fojksèk djsA

lehdj.k (6.3) esa ½.k fpÉ bl izHkko dks fu:fir djrk gSA vuqPNsn 6.2.1 osQ iz;ksx 6.1

dk fujh{k.k djosQ ge ysat osQ fu;e dks le> ldrs gSaA fp=k 6.1 esa ge ns[krs gSa fd naM

pqacd dk mÙkjh&èkzqo can oaaqQMyh dh vksj ys tk;k tk jgk gSA tc naM pqacd dk mÙkjh èkzqo

oaqQMyh dh vksj xfr djrk gS rc oaqQMyh esa pqacdh; ÝyDl c<+rk gSA bl izdkj oaqQMyh esa

izsfjr èkkjk ,slh fn'kk esa mRiUu gksrh gS ftlls fd ;g ÝyDl osQ c<+us dk fojksèk dj losQA

;g rHkh laHko gS tc pqacd dh vksj fLFkr isz{kd osQ lkis{k oaqQMyh esa èkkjk okekorZ fn'kk esa

gksA è;ku nhft,] bl èkkjk ls lac¼ pqacdh; vk?kw.kZ dh èkzqork mÙkjh gS tcfd bldh vksj pqacd

dk mÙkjh èkzqo vk jgk gksA blh izdkj] ;fn oqaQMyh esa pqacdh; ÝyDl ?kVsxkA pqacdh; ÝyDl

osQ bl ?kVus dk fojksèk djus osQ fy, oaqQMyh esa izsfjr èkkjk nf{k.kkorZ fn'kk esa cgrh gS rFkk

bldk  nf{k.kh èkzqo nwj gVrs naM pqacd osQ mÙkjh èkzqo dh vksj gksrk gSA blosQ iQyLo:i ,d

vkd"kZ.k cy dke djsxk tks pqacd dh xfr rFkk blls lac¼ ÝyDl osQ ?kVus dk fojksèk djsxkA

mijksDr mnkgj.k esa ;fn can ywi osQ LFkku ij ,d [kqyk ifjiFk mi;ksx fd;k tk, rks D;k

gksxk\ bl n'kk esa Hkh] ifjiFk osQ [kqys fljksa ij ,d izsfjr fo|qr okgd cy mRiUu gksxkA

izsfjr fo|qr okgd cy dh fn'kk ysat osQ fu;e dk mi;ksx djosQ Kkr dh tk ldrh gSA

fp=k 6.6 (a) rFkk (b) ij fopkj djsaA ;s izsfjr èkkjkvksa dh fn'kk dks le>us osQ fy, ,d

ljy fofèk lq>krs gSaA è;ku nhft, fd  rFkk  }kjk n'kkZ;h xbZ fn'kk,¡ izsfjr èkkjk dh

fn'kk,¡ fu:fir djrh gSaA

bl fo"k; ij FkksM+s ls xaHkhj ¯pru ls ge ysat osQ fu;e dh lR;rk dks Lohdkj dj

ldrs gSaA ekuk fd izsfjr fo|qr èkkjk dh fn'kk fp=k 6.6(a) esa n'kkZ;h xbZ fn'kk osQ foijhr

gSA ml n'kk esa] izsfjr èkkjk osQ dkj.k nf{k.kh èkqzo ikl vkrs gq, paqcd osQ mÙkjh èkzqo dh

vksj gksxkA blosQ dkj.k naM pqacd oaqQMyh dh vksj yxkrkj c<+rs gq, Roj.k ls vkd£"kr

gksxkA pqacd dks fn;k x;k gydk&lk èkDdk bl izfØ;k dks izkjaHk dj nsxk rFkk fcuk fdlh

ÅtkZ fuos'k osQ bldk osx ,oa xfrt ÅtkZ lrr :i ls c<+rh tk,xhA ;fn ,slk gks losQ

rks mfpr izcaèk }kjk ,d 'kk'or xfrd e'khu (perpetual motion machine) dk

fuekZ.k fd;k tk ldrk gSA ;g ÅtkZ osQ laj{k.k fu;e dk mYya?ku gS vkSj blhfy, ,slk

ugha gks ldrkA

vc fp=k 6.6(a) esa n'kkZ;h xbZ lgh fLFkfr ij fopkj djsaA bl fLFkfr esa naM pqacd

izsfjr fo|qr èkkjk osQ dkj.k ,d izfrd"kZ.k cy dk vuqHko djrk gSA blfy, pqacd dks xfr

nsus osQ fy, gesa dk;Z djuk iM+sxkA gekjs }kjk [kpZ dh xbZ ÅtkZ dgk¡ xbZ\ og ÅtkZ izsfjr

èkkjk }kjk mRiUu twy Å"eu osQ :i esa {kf;r gksrh gSA

fp=k 6.6

ysat osQ fu;e dk fp=k.k
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fp=k 6.7 esa fofHkUu vkdkj osQ lery ywi tks pqacdh; {ks=k esa izos'k dj jgs gSa vFkok {ks=k ls
ckgj fudy jgs gSa] fn[kk, x, gSaA pqacdh; {ks=k ywi osQ ry osQ vfHkyacor ̄drq izs{kd ls nwj
tkrs gq, gSaA ysat osQ fu;e dk mi;ksx djrs gq, izR;sd ywi esa izsfjr fo|qr èkkjk dh fn'kk Kkr
dhft,A

fp=k 6.7

gy
(i) vk;rkdkj ywi abcd esa pqacdh; ÝyDl] ywi osQ paqcdh; {ks=k osQ Hkkx dh vksj xfr djus

osQ dkj.k c<+rk gSA izsfjr èkkjk iFk bcdab osQ vuqfn'k izokfgr gksuh pkfg, ftlls fd
;g c<+rs gq, ÝyDl dk fojksèk dj losQA

(ii) ckgj dh vksj xfr djus osQ dkj.k] f=kHkqtkdkj ywi abc esa pqacdh; ÝyDl ?kVrk gS ftlosQ
dkj.k iszsfjr èkkjk bacb osQ vuqfn'k izokfgr gksrh gS] ftlls fd ;g ÝyDl ifjorZu dk
fojksèk dj losQA

(iii) pqacdh; {ks=k ls ckgj dh vksj xfr djus osQ dkj.k vfu;fer vkdkj osQ ywi abcd esa
pqacdh; ÝyDl ?kVrk gS ftlosQ dkj.k izsfjr èkkjk cdabc osQ vuqfn'k izokfgr gksrh gS
ftlls fd ;g ÝyDl dk fojksèk dj losQA
uksV dhft, fd tc rd ywi iwjh rjg ls pqacdh; {ks=k osQ vanj ;k blls ckgj jgrk gS
rc dksbZ izsfjr èkkjk mRiUu ugha gksrhA

mnkgj.k 6.5

(a) ,d can ywi] nks fLFkj j[ks x, LFkk;h pqacdksa osQ mÙkjh rFkk nf{k.kh èkqzoksa osQ chp pqacdh;
{ks=k esa fLFkj j[kk x;k gSA D;k ge vR;ar izcy pqacdksa dk mi;ksx djosQ ywi esa èkkjk mRiUu
gksus dh vk'kk dj ldrs gSaA

(b) ,d can ywi fo'kky laèkkfj=k dh IysVksa osQ chp fLFkj fo|qr {ks=k osQ vfHkyacor xfr djrk
gSA D;k ywi esa izsfjr èkkjk mRiUu gksxh (i) tc ywi laèkkfj=k dh IysVksa osQ iw.kZr% vanj gks
(ii) tc ywi vkaf'kd :i ls IysVksa osQ ckgj gks\ fo|qr {ks=k ywi osQ ry osQ vfHkyacor gSA

(c) ,d vk;rkdkj ywi ,oa ,d o`Ùkkdkj ywi ,dleku pqacdh; {ks=k esa ls (fp=k 6.8) {ks=k
foghu Hkkx esa ,dleku osx  v ls fudy jgs gSaA pqacdh; {ks=k ls ckgj fudyrs le;] vki

mnkgj.k 
6
.5
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fdl ywi esa iszfjr fo|qr okgd cy osQ fLFkj gksus dh vis{kk djrs gSa\ {ks=k] ywiksa osQ ry
osQ vfHkyacor gSA

fp=k 6.8

(d) fp=k 6.9 esa o£.kr fLFkfr osQ fy, laèkkfj=k dh èkzqork dh izkxqfDr (Predict) dhft,A

fp=k 6.9

gy
(a) ughaA pqacd pkgs fdruk Hkh izcy gks] izsfjr èkkjk rHkh mRiUu gksxh tc ywi esa ls pqacdh;

ÝyDl ifjo£rr gksA

(b) ughaA fo|qr ÝyDl ifjo£rr djosQ izsfjr èkkjk izkIr ugha gks ldrhA

(c) vk;rkdkj ywi osQ fy, iszfjr fo|qr okgd cy osQ fLFkj jgus dh vis{kk dj ldrs gSaA
o`Ùkkdkj ywi esa {ks=k osQ izHkko ls ckgj fudyrs le; ywi osQ {ks=kiQy osQ ifjorZu dh nj
fLFkj ugha gS] vr% izsfjr fo|qr okgd cy rnuqlkj cnysxkA

(d) laèkkfj=k dh IysV ‘A’ dh èkzqork IysV ‘B’ osQ lkis{k èkukRed gksxhA

6.6 xfrd fo|qr okgd cy
fdlh ,dleku] dky Lora=k (time independent) pqacdh; {ks=k esa ,d xfreku ½tq pkyd
ij fopkj dhft,A fp=k 6.10 esa ,d vk;rkdkj pkyd PQRS n'kkZ;k x;k gS ftlesa pkyd

PQ Lora=k :i ls xfr dj ldrk gSA NM+ PQ dks fLFkj osx
v  ls ckb± vksj] fp=k esa n'kkZ, vuqlkj] pyk;k tkrk gSA eku
yhft, fd ?k"kZ.k osQ dkj.k fdlh izdkj dk ÅtkZ dk {k; ugha
gks jgk gSA PQRS ,d can ifjiFk cukrk gS ftlls f?kjk
{ks=kiQy PQ dh xfr osQ dkj.k ifjo£rr gksrk gSA
bls ,dleku pqacdh; {ks=k B esa bl izdkj j[kk tkrk gS fd
bldk ry pqacdh; {ks=k osQ vfHkyacor gksA ;fn yackbZ
RQ = x rFkk RS = l, rks ywi PQRS ls f?kjk pqacdh; ÝyDl
 Φ

B 
gksxk
Φ

B
 = Blx

D;ksafd x le; osQ lkFk cny jgk gS] ÝyDl Φ
B 
osQ

ifjorZu dh nj osQ dkj.k ,d izsfjr fo|qr okgd cy mRiUu
gksxk ftldk eku gksxk

fp=k 6.10  Hkqtk PQ ckb± vksj xfreku gS ftlls vk;rkdkj
ywi dk {ks=kiQy ?kV tkrk gSA bl xfr osQ dkj.k n'kkZ, vuqlkj

izsfjr /kjk I mRiUu gksrh gSA
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( )– d d
–

d d
B Blx

t t

Φ
ε = =

= 
d

–
d

x
Bl Blv

t
= (6.5)

tgk¡ geus dx/dt = –v  fy;k gS tks fd pkyd PQ dh pky gSA izsfjr fo|qr okgd cy Blv

dks xfrd fo|qr okgd cy dgrs gSaA bl izdkj ge pqacdh; {ks=k dks ifjo£rr djus dh ctk;
fdlh pkyd dks xfreku djosQ] fdlh ifjiFk }kjk f?kjs pqacdh; ÝyDl esa ifjorZu djosQ izsfjr
fo|qr okgd cy mRiUu dj ldrs gSaA

lehdj.k (6.5) esa n'kkZ, x, xfrd fo|qr okgd cy osQ O;atd dks pkyd PQ osQ Lora=k
vkos'kksa ij dk;Z djus okys yksjsat cy dh lgk;rk ls Hkh le>kuk laHko gSA pkyd PQ esa dksbZ
;kn`fPNd (arbitrary) vkos'k q ij fopkj djsaA tc NM+ pky v ls xfr djrh gS rks vkos'k Hkh
pqacdh; {ks=k B esa pky v ls xfr djsxkA bl vkos'k ij yksjsat cy dk ifjek.k qvB gS rFkk
bldh fn'kk Q osQ vuqfn'k gksxhA izR;sd vkos'k ifjek.k rFkk fn'kk esa] NM+  PQ esa mudh fLFkfr
osQ fujis{k] leku cy dk vuqHko djsaxsA

vkos'k dks P ls Q rd ys tkus esa fd;k x;k dk;Z gS] W = qvBl

pw¡fd izfr bdkbZ vkos'k ij fd;k x;k dk;Z gh fo|qr okgd cy gS] vr%

W
Blv

q
ε = =

;g lehdj.k NM+ PQ osQ fljksa osQ chp izsj.k }kjk mRiUu gq, fo|qr okgd cy dk eku
crkrh gS rFkk lehdj.k (6.5) osQ rqY; gSA ge bl ckr dks tksj nsdj dguk pkgrs gSa fd gekjh
;g izLrqfr iw.kZr% ;FkkFkZ ugha gSA ijarq ;g fdlh ,dleku ,oa le; osQ lkFk u cnyus okys
pqacdh; {ks=k esa xfreku pkyd osQ fy, iSQjkMs osQ fu;e dk vk/kj le>us esa gekjh lgk;rk
djrh gSA

nwljh vksj] ;g Li"V ugha gksrk gS fd tc pkyd fLFkj gks vkSj pqacdh; {ks=k ifjo£rr gks
jgk gks rks blesa emf oSQls izsfjr gksrk gS & tks ,d ,slk rF; gS tks iSQjkMs osQ vusd iz;ksx }kjk
iq"V gksrk gSA fLFkj pkyd osQ fy, blosQ vkos'kksa ij yxus okyk cy]

F = q (E + v ××××× B) = qE (6.6)

D;ksafd v = 0 gS] vr% vkos'k ij yxus okyk dksbZ Hkh cy osQoy fo|qr {ks=k E osQ dkj.k gksxkA
blfy, izsfjr fo|qr okgd cy ;k izsfjr èkkjk osQ vfLrRo dh O;k[;k djus osQ fy, gesa ;g
eku ysuk pkfg, fd le; osQ lkFk ifjrorZu'khy pqacdh; {ks=k ,d fo|qrh; {ks=k Hkh mRiUu
djrk gSA rFkkfi] lkFk gh ge ;g Hkh dguk pkgsaxs fd fLFkj fo|qr vkos'kksa }kjk mRiUu fo|qr
{ks=k le; osQ lkFk cnyrs pqacdh; {ks=kksa }kjk mRiUu fo|qr {ks=kksa ls fHkUu xq.k j[krs gSaA
vè;k; 4 esa geus vè;;u fd;k fd xfreku vkos'k (fo|qr èkkjk) fLFkj pqacd ij cy@cy
;qXe vkjksfir dj ldrs gSaA blosQ foijhr ,d xfreku naM pqacd (;k vfèkd O;kid :i esa
dgsa rks ,d ifjorZu'khy pqacdh; {ks=k) fLFkj vkos'k ij ,d cy vkjksfir dj ldrk gSA ;gh iSQjkMs
dh [kkst dh ewyHkwr egÙkk gSA fo|qr ,oa pqacdRo ijLij lacaf/r gksrs gSaA

mnkgj.k 6.6  ,d ehVj yach èkkrq dh ,d NM+ dks 50 pDdj@lasdM dh vko`fÙk ls ?kqek;k
x;k gSA NM+ dk ,d fljk o`Ùkkdkj èkkfRod oy; ftldh f=kT;k 1 ehVj gS] osQ osQUnz ij rFkk
nwljk fljk oy; dh ifjfèk ij dC”ks ls bl izdkj tqM+k gS fd NM+ dh xfr oy; osQ osQUnz ls
tkus okys rFkk oy; osQ ry esa vfHkyacor v{k osQ ifjr% gS (fp=k 6-11)A v{k osQ vuqfn'k
,d fLFkj rFkk ,dleku pqacdh; {ks=k 1 T loZ=k mifLFkr gSA osQUnz rFkk èkkfRod oy; osQ chp
fo|qr okgd cy D;k gksxk\

mnkgj.k
mnkgj.k 

6
.6
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fp=k 6.11

gy
izFke fofèk %
tc NM+ ?kw.kZu djrh gS rks NM+ esa eqDr bysDVªkWu yksjsat cy osQ dkj.k ckgjh fljs dh vksj xfr
djrs gSa rFkk oy; osQ Åij forfjr gks tkrs gSaA bl izdkj] vkos'kksa osQ ifj.kkeh i`FkDdj.k osQ
dkj.k NM+ osQ fljksa osQ chp ,d fo|qr okgd cy mRiUu gksrk gSA fo|qr okgd cy osQ ,d
fuf'pr eku osQ fy, bysDVªkWuksa dk vkSj vfèkd izokg ugha gksrk rFkk ,d LFkk;h n'kk igq¡p tkrh
gSA lehdj.k (6-5) dk mi;ksx djus ij] tc NM+ pqacdh; {ks=k osQ yacor xfreku gS rks bldh
yackbZ dr osQ vkj&ikj mRiUu fo|qr okgd cy dk ifjek.k izkIr gksxk
d dBv rε =  vr%]

 = =∫ B r r
B R

R

ω
ω

d
2

0
2

uksV dhft, fd geus v = ω r mi;ksx fd;k gSA blls izkIr gksrk gS

ε 21
1.0 2 50 (1 )

2
= × × π × ×

= 157 V

f}rh; fofèkµ
fo|qr okgd cy dh x.kuk djus osQ fy, ge ,d can ywi OPQ  dh dYiuk djrs gSa ftlesa
¯cnq O rFkk P dks izfrjksèk R ls tksM+k x;k gS rFkk OQ ?kwerh gqbZ NM+ gSA izfrjksèk osQ vkj&ikj
foHkokUrj izsfjr fo|qr okgd cy osQ cjkcj gksxk rFkk ;s B × (ywi osQ {ks=kiQy ifjorZu dh nj)
osQ cjkcj gksxkA ;fn t le; ij NM+ rFkk P ij o`Ùk dh f=kT;k osQ chp dk dks.k θ gS] rks [kaM
OPQ dk {ks=kiQy izkIr gksxk

2 21

2 2
R R

θ θπ × =
π

tgk¡ ij R o`Ùk dh f=kT;k gSA vr% izsfjr fo|qr okgd cy gS

ε = B
t

R× 





d

d

1

2
2
θ  = 

2
21 d

2 d 2

B R
BR

t

θ ω
=

[uksV dhft, : 
d

2
dt

θ ω ν= = π ]

;g O;atd izFke fofèk }kjk izkIr O;atd osQ vuq:i gh gS vkSj ge ε dk leku eku ikrs gSaA
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,d ifg;k ftleas 0.5 m yacs 10 èkkfRod Liksd (spokes) gSa] dks 120 pØ izfr feuV dh
nj ls ?kqek;k tkrk gSA ifg;s dk ?kw.kZu ry ml LFkku ij i`Foh osQ pqacdh; {ks=k osQ {kSfrt ?kVd
H

E
 osQ vfHkyacor gSA ml LFkku ij ;fn H

E
 = 0.4 G gS rks ifg;s dh èkqjh (axle) rFkk fje

osQ eè; LFkkfir izsfjr fo|qr okgd cy dk eku D;k gksxk\ uksV dhft, 1 G = 10–4 T

gy

izsfjr fo|qr okgd cy = (1/2) ω B R2

= (1/2) × 4π × 0.4 × 10–4 × (0.5)2

= 6.28 × 10–5 V

D;ksafd Liksd osQ vkjikj fo|qr okgd cy lekarj gSa blfy, mudh la[;k dk dksbZ izHkko ugha
iM+rkA

6.7 ÅtkZ n`f"V % ,d ifjek.kkRed vè;;u

vuqPNsn  6.5 osQ varxZr geus xq.kkRed foospu }kjk ;g n'kkZ;k fd ysat dk fu;e ÅtkZ laj{k.k fl¼kar
osQ vuq:i ;k lqlaxr gSA vc ge blh i{k dks vfèkd Bksl mnkgj.k }kjk ns[kasxsA

eku yhft, fd fp=k 6.10 esa n'kkZ, vk;rkdkj pkyd dh py Hkqtk (movable arm)

PQ dk izfrjksèk r gSA geus ;g eku fy;k gS fd vU; Hkqtkvksa QR, RS rFkk SP dk izfrjksèk  r
dh rqyuk esa ux.; gSA bl izdkj vk;rkdkj ywi dk usV izfrjksèk r  gksxk rFkk PQ dh xfr ls
Hkh ;g ugha cnysxkA ywi esa èkkjk I gS]

I
r

ε
=

   = 
B l v

r
(6.7)

pqacdh; {ks=k dh mifLFkfr osQ dkj.k] Hkqtk PQ ij ,d cy dk;Z djsxkA ;g cy
I (l ××××× B) NM+ osQ osx dh fn'kk osQ foijhr cfgeqZ[kh fu£n"V gksxkA bl cy dk ifjek.k gS

F = I l B = 
2 2B l v

r
;gk¡ geus lehdj.k (6.7) dk mi;ksx fd;k gSA uksV dhft, fd ;g cy NM+ osQ vuqfn'k (èkkjk
osQ fy, mÙkjnk;h) vkos'kksa osQ viokg osx (drift velocity) rFkk muosQ ifj.kkeLo:i izHkkoh
gksus okys yksjsat cyksa osQ dkj.k mRiUu gksrk gSA

D;ksafd Hkqtk PQ dks ,d fLFkj pky v ls èkosQyk tkrk gS]
bl fØ;k esa iz;qDr 'kfDr
P F v=

   =
2 2 2B l v

r
(6.8)

bl dk;Z dks djus okyk ,tsaV ;kaf=kd gSA bl ;kaf=kd ÅtkZ dk D;k gqvk\ mÙkj gS fd ;g
;kaf=kd ÅtkZ twy Å"ek osQ :i esa {kf;r gks xbZ rFkk bldk eku gS

2
JP I r=  = 





Blv

r
r

2 2 2 2B l v

r
=

tks lehdj.k (6.8) osQ loZle gSA
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bl izdkj Hkqtk PQ dks pykus esa iz;qDr gqbZ ;kaf=kd ÅtkZ fo|qrh; ÅtkZ esa ifjo£rr gqbZ
(izsfjr fo|qr okgd cy) rFkk varr% Å"eh; ÅtkZ esa cny xbZA

ifjiFk esa vkos'k izokg rFkk pqacdh; ÝyDl osQ ifjorZu esa Hkh ,d jkspd lacaèk gSA iSQjkMs
osQ fu;e ls] geus lh[kk gS fd izsfjr fo|qr okgd cy dk ifjek.k gS

B

t

Φε ∆
=

∆
ijarq]

Q
Ir r

t
ε ∆

= =
∆

blfy,]

BQ
r

Φ∆
∆ =

mnkgj.k 6.8  fp=k 6.12 (a) dks nsf[k,A vk;rkdkj pkyd dh Hkqtk PQ dks x = 0 ls nk;ha
vksj pyk;k tkrk gSA ,dleku pqacdh; {ks=k ry osQ yacor gS rFkk x = 0 ls x = b rd foLrkfjr
gS rFkk x > b osQ fy, 'kwU; gSA osQoy Hkqtk PQ esa gh i;kZIr izfrjksèk r gSA ml fLFkfr dh dYiuk
dhft, tc Hkqtk PQ dks x = 0 ls x = 2b rd] ckgj dh vksj [khapk tkrk gS rFkk iqu% fLFkj
pky v ls x = 0 rd okil ys tkrs gSaA ÝyDl] izsfjr fo|qr okgd cy] Hkqtk dks [khapus osQ
fy, vko';d cy rFkk twy Å"ek osQ :i esa {kf;r 'kfDr osQ fy, O;atd izkIr dhft,A bu
jkf'k;ksa esa nwjh osQ lkFk gksus okys ifjorZu dk xzkiQ Hkh [khafp,A

fp=k 6.12 (a)

gy loZizFke vxz xfr x = 0 ls x = 2b ij fopkj djrs gSaA
ifjiFk SPQR ls lac¼ ÝyDl gS]

B 0Bl x x bΦ = ≤ <
     2Bl b b x b= ≤ <
izsfjr fo|qr okgd cy gS]

Bd

dt

Φε = −

0Blv x b= − ≤ <

0 2b x b= ≤ <
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tc izsfjr fo|qr okgd cy 'kwU; ugha gS] rc èkkjk I (dk ifjek.k) 
Bl v

I
r

=  gSA

fp=k 6.12 (b)

Hkqtk PQ dks fLFkj xfr nsus gsrq vko';d cy I lB gksxkA bldh fn'kk ckb± vksj gksxhA bldk ifjek.k
2 2

0

0 2

B l v
F x b

r

b x b

= ≤ <

= ≤ <

twy Å"eu {k; gS
2

JP I r=

2 2 2

0

0 2

B l v
x b

r

b x b

= ≤ <

= ≤ <

blh izdkj dk O;atd Hkqtk PQ osQ vanj dh vksj x = 2b ls x = 0 rd dh xfr osQ fy, izkIr
gksrk gSA fp=k 6.12 (b) esa izn£'kr fofHkUu jkf'k;ksa osQ vkjs[k dks ns[kdj dksbZ Hkh laiw.kZ izfØ;k
dks le> ldrk gSA

le; µ t
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6.8 Hk¡oj èkkjk,¡
vHkh rd geus pkydksa ls cus o`Ùkkdkj ywiksa tSls lqifjHkkf"kr iFkksa esa] izsfjr gqbZ fo|qr èkkjkvksa
osQ fo"k; esa vè;;u fd;k gSA ysfdu tc pkydksa osQ LFkwy VqdM+ksa dks ifjorZu'khy pqacdh;

ÝyDl osQ izHkko esa j[krs gSa rks muesa Hkh izsfjr /kjk,¡ mRiUu gksrh gSaA rFkkfi] muosQ
izokg dk iSVuZ ikuh esa pDdj [kkrs Hk¡ojksa ls feyrk gSA bl izHkko dks HkkSfrdfon
iQksdks (1819-1868) us [kkstk rFkk bu èkkjkvksa dks Hk¡oj èkkjk,¡ dgrs gSaA

fp=k 6.13 esa n'kkZ, midj.k ij fopkj djsaA blesa ,d rkez ifêðdk dks ,d
'kfDr'kkyh pqacd osQ èkqzoksa osQ chp ljy yksyd dh Hkk¡fr nksfyr djkrs gSaA ;g
ns[kk x;k fd ifê ðdk dh xfr voeafnr gS rFkk oqQN gh {k.kksa esa og pqacdh;
{ks=k esa fojke voLFkk esa vk tkrh gSA bl ifj?kVuk dh O;k[;k ge fo|qr pqacdh;
izsj.k osQ vkèkkj ij dj ldrs gSaA tc ifê ðdk pqacdh; èkzqoksa osQ {ks=k esa vanj vkSj
ckgj xfr djrh gS rks if^dk ls lac¼ pqacdh; ÝyDl ifjo£rr gksrk jgrk gSA
ÝyDl esa ifjorZu if^dk esa Hk¡oj /kjk,¡ izsfjr djrk gSA tc ifê ðdk nksyu djrs
gq, èkqzoksa osQ {ks=k osQ chp esa izos'k djrh gS rFkk tc ;g ml {ks=k ls ckgj
fudyrh gS rks Hk¡oj èkkjkvksa dh fn'kk foijhr gksrh gSA

;fn rk¡cs dh ifê ðdk esa fp=k 6.14 esa n'kkZ, vuqlkj vk;rkdkj [kk¡ps cuk,
tkrs gSa rks Hk¡oj èkkjkvksa osQ izokg osQ fy, miyCèk {ks=kiQy de gks tkrk gSA bl
izdkj yksyd if^dk esa fNnz vFkok [kk¡ps fo|qr pqacdh; voeanu dks de dj
nsrs gSa rFkk if^dk vfèkd Lora=krkiwoZd nksyu djrh gSA uksV dhft, fd izsfjr
èkkjkvksa dk pqacdh; vk?kw.kZ (tks xfr dk fojksèk djrk gS) èkkjkvksa }kjk ifjc¼
{ks=kiQy ij fuHkZj gS (vè;k; 4 esa lehdj.k m = IA dk Lej.k dhft,)A

;g rF; VªkaliQkeZjksa dh èkkfRod ØksM esa] fo|qr eksVjksa rFkk nwljh ,slh vU; ;qfDr;ksa esa
ftuesa fdlh èkkfRod ØksM ij oqqaQMyh dks yisVuk gksrk gS] Hk¡oj èkkjkvksa dks de djus esa

lgk;d gSA Hk¡oj /kjk,¡ vokaNuh; gSa D;ksafd ;s ØksM dks xeZ djrh gSa rFkk fo|qr ÅtkZ
dk Å"ek osQ :i esa {k; djrh gaSA èkkfRod ØksM cukus osQ fy, Lrfjr èkkrq
(Laminated) dk mi;ksx djosQ Hk¡oj èkkjkvksa dks de fd;k tk ldrk gSA Lrjksa dks
oqQPkkyd inkFkZ] tSls ySdj (lacquer) ls] i`FkDo`Qr djrs gSaA Lrjksa osQ ry dks
pqacdh; {ks=k osQ lekarj O;ofLFkr djuk vko';d gS ftlls fd os Hk¡oj èkkjkvksa osQ
iFkksa dks vkjikj dkV losaQA ;g izcaèk Hk¡oj èkkjkvksa dh izcyrk dks ?kVk nsrk gSA D;ksafd
fo|qr ÅtkZ dk Å"ek esa {k; fo|qr èkkjk dh izcyrk osQ oxZ ij fuHkZj gS blfy,
Å"ek&gkfu i;kZIr ek=kk esa de gks tkrh gSA

Hk¡oj /kjk,¡ oqQN vuqiz;ksxksa esa mi;ksx dh tkrh gSa] tSls —

(i) jsyxkfM+;ksa esa pqacdh; czsd esaµ oqQN fo|qr pkfyr jsyxkfM+;ksa esa iVfj;ksa osQ Åij
izcy fo|qr pqacd fLFkr gksrs gSaA tc fo|qr pqacdksa dks lfØf;r fd;k tkrk gS
rks iVfj;ksa esa izsfjr Hk¡oj /kjk,¡ jsyxkM+h dh xfr dk fojksèk djrh gSaA D;ksafd ;gk¡
dksbZ ;kaf=kd la;kstu ugha gS blfy, czsd osQ dkj.k fdlh izdkj osQ >VosQ ugha
yxsaxsA

(ii) fo|qr pqacdh; voeanuµ oqQN èkkjkekfi;ksa dh ØksM fLFkj gksrh gS rFkk vpqacdh;
èkkfRod inkFkks± dh cuh gksrh gSA tc oqaQMyh nksyu djrh gS rks ØksM esa mRiUu
gksus okyh Hk¡oj /kjk,¡ bldh xfr dk fojksèk djrh gSa rFkk oqaQMyh dks rsth ls
fojkekoLFkk esa ys vkrh gSaA

fp=k 6.13 rkez ifê ðdk tc pqacdh; {ks=k
esa vanj ckgj vkrh&tkrh gS rks blesa Hk¡oj

/kjk,¡ mRiUu gksrh gSaA

S

pwy

I

I

N

fp=k 6.14 rkez ifê ðdk esa [kk¡ps
cukus ls blesa Hk¡oj /kjkvksa dk izHkko

de gks tkrk gSA
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(iii) izsj.k Hk^hµ izsj.k Hk^h mPp rki mRiUu djus osQ fy, mi;ksx dh tk ldrh gS rFkk ?kVd
èkkrqvksa dks fi?kyk dj feJ èkkrq rS;kj djus osQ dke vk ldrh gSA ,d oaqQMyh esa mPp
vko`fÙk dh izR;korhZ èkkjk (alternating current) izokfgr dh tkrh gSA ;g oaqQMyh mu
èkkrqvksa dks ?ksjs gksrh gS ftudks fi?kykuk gksrk gSA èkkrqvksa esa mRiUu gksus okyh Hk¡oj /kjk,¡
mPp rki mRiUu djrh gSa tks mu èkkrqvksa dks fi?kykus osQ fy, i;kZIr gksrk gSA

(iv) fo|qr 'kfDr ehVjµ fo|qr 'kfDr ehVj (vuq:i izdkj) esa èkkrq dh pednkj fMLd Hk¡oj
èkkjkvksa osQ dkj.k gh ?kw.kZu djrh gSA oqaQMyh esa T;koØh; (sinusoidally) ifjorhZ èkkjkvksa
ls mRiUu pqacdh; {ks=kksa ls fMLd esa izsfjr fo|qr /kjk,¡ mRiUu gksrh gSaA
vki vius ?kj osQ fctyh osQ ehVj esa ?kw.kZu djrh pednkj fMLd dks ns[k ldrs gSaA

fo|qr pqacdh; voeanu

,syqfefu;e rFkk ihohlh (PVC) osQ cus leku vkarfjd O;klksa osQ nks irys [kks[kys csyukdkj ikbi yhft,A bUgsa DySai dh

lgk;rk ls fjVkWVZ LVSaM ij ÅèokZ/jr% yxkb,A ,d NksVk csyukdkj pqacd yhft, ftldk O;kl ikbiksa osQ vkarfjd O;kl ls

FkksM+k&lk de gksA bls izR;sd ikbi esa bl izdkj fxjkb, fd fxjrs le; pqacd ikbiksa dh nhokjksa dks u Nq,A uksV dhft, fd

izR;ssd n'kk esa ikbi ls ckgj vkus esa ;g fdruk le; ysrk gSA vki ns[ksaxs fd ihohlh (PVC) osQ cus ikbi esa fxjrs le;

pqacd ikbi ls ckgj vkus esa mruk gh le; ysrk gS ftruk fd og mlh Å¡pkbZ rd fcuk ikbi osQ fxjrs le; ysrkA vki

;g Hkh ns[ksaxs fd ,syqfefu;e osQ ikbi esa fxjrs le; pqacd vis{kko`Qr dkiQh le; ysrk gSA ,slk D;ksa gS\ ;g mu Hk¡oj èkkjkvksa

osQ dkj.k gS tks fd ,syqfefu;e osQ ikbi esa mRiUu gksdj] tks pqacdh; ÝyDl esa] ifjorZu dk vFkkZr pqacd dh xfr dk fojksèk

djrh gSA Hk¡oj /kjkvksa osQ dkj.k mRiUu eand cy pqacd dh xfr dk fujks/ djrk gSA bl izdkj dh ifj?kVukvksa dks fo|qr

pqacdh; voeanu dgrs gSaA uksV dhft, fd ihohlh (PVC) ikbi esa Hk¡oj /kjk,¡ mRiUu ugha gksrha D;ksafd bldk inkFkZ fo|qr

jks/h gS tcfd ,syqfefu;e pkyd gSA

6.9  izsjdRo
,d oqaQMyh osQ fudV j[kh nwljh oqaQMyh esa ÝyDl ifjorZu ls vFkok mlh oqaQMyh esa ÝyDl
ifjorZu ls] ml oqaQMyh esa fo|qr èkkjk izsfjr gks ldrh gSA ;s nksuksa fLFkfr;k¡ vxys nks mi[kaMksa
esa vyx&vyx o£.kr dh xbZ gSaA rFkkfi] bu nksuksa fLFkfr;ksa esa] oqqaQMyh esa ÝyDl èkkjk osQ
lekuqikrh gSA vFkkZr~  Φ

B
 α I

blosQ vfrfjDr ;fn le; osQ lkFk oqaQMyh dh T;kfefr ugha cnyrh] rc

d d

d d
B I

t t

Φ α

lehi&lehi fyiVs  N  isQjksa (turns) okyh oqaQMyh osQ lHkh isQjksa ls leku pqacdh; ÝyDl
lac¼ gksrk gSA tc oqaQMyh esa ÝyDl Φ

B
 ifjo£rr gksrk gS rks izR;sd isQl izsfjr fo|qr okgd

cy esa ;ksxnku djrk gSA blfy, ,d in ÝyDl&ca/rk (flux linkage) dk mi;ksx gksrk gS tks
fd ikl&ikl fyiVh oqaQMyh osQ fy,  NΦ

B
  osQ cjkcj gS rFkk bl fLFkfr esa

NΦ
B ∝  I

bl lacaèk esa lekuqikfrd fLFkjkad dks izsjdRo dgrs gSaA ge ns[ksaxs fd izsjdRo dk eku
oqaQMyh dh T;kfefr rFkk mlosQ inkFkZ osQ uSt (intrinsic) xq.kèkeks± ij fuHkZj djrk gSA ;g i{k
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èkkfjrk dh izo`Qfr osQ leku gS tks lekarj IysV laèkkfj=k osQ fy, IysV osQ {ks=kiQy rFkk
IysV&i`FkDdj.k (T;kfefr) rFkk muosQ chp mifLFkr ekè;e osQ ijkoS|qrkad K (inkFkZ osQ uSt
xq.kèkeZ) ij fuHkZj djrh gSA

izsjdRo ,d vfn'k jkf'k gSA bldh foek,¡ [M L2 T–2 A–2] gSa tks fd ÝyDl dh foekvksa
rFkk èkkjk dh foekvksa osQ vuqikr }kjk O;Dr dh tkrh gSaA izsjdRo dh SI ek=kd gsujh gS rFkk
bls H }kjk O;Dr fd;k tkrk gSA ;g uke tkslsiQ gsujh osQ lEeku esa j[kk x;k gS ftUgksaus baXySaM
osQ oSKkfud iSQjkMs ls vyx vesfjdk esa oS|qr paqcdh; izsj.k dh [kkst dhA

6.9.1 vU;ksU; izsjdRo

fp=k 6.15 esa n'kkZ;h xbZ nks yach lek{kh (co-axial) ifjukfydkvksa (solenoids) ftudh
izR;sd dh yackbZ l gS] ij fopkj dhft,A ge var% ifjukfydk S

1
 dh f=kT;k r

1
 rFkk mldh bdkbZ

yackbZ esa isQjksa dh la[;k dks n
1 
}kjk O;Dr djrs gSaA cká ifjukfydk S

2 
osQ fy, laxr jkf'k;k¡

Øe'k% r
2 
rFkk n

2 
gSaA eku yhft, N

1
 rFkk N

2
 Øe'k% oqaQMfy;ksa S

1
 rFkk S

2
 esa isQjksa dh oqQy

la[;k gSA
tc S

2
 esa èkkjk I

2 
izokfgr djrs gSa rks ;g S

1 
esa ,d pqacdh; ÝyDl LFkkfir djrh gSA ge

bls Φ
1 
ls fu£n"V djrs gSaA ifjukfydk S

1
 esa laxr ÝyDl&ca/rk gS

N
1 

Φ
1
 = M

12
I
2

(6.9)

M
12

 dks ifjukfydk S
1
 dk ifjukfydk  S

2 
osQ lkis{k vU;ksU; izsjdRo dgrs gSaA bls vU;ksU;

izsjd xq.kkad Hkh dgk tkrk gSA
bu ljy lek{kh ifjukfydkvksa osQ fy, M

12 
dh x.kuk laHko gSA ifjukfydk S

2 
esa LFkkfir fo|qr

èkkjk I
2
 }kjk mRiUu pqacdh; {ks=k gS µ

0
n

2
I
2 
A oqaQMyh S

1 
osQ lkFk ifj.kkeh ÝyDl&ca/rk gS

( ) ( ) ( )2
1 1 1 1 0 2 2N n l r n IΦ π µ=

         2
0 1 2 1 2n n r l Iµ π= (6.10)

tgk¡ n
1
l  ifjukfydk  S

1 
esa oqQy isQjksa dh la[;k gSA bl izdkj] lehdj.k (6.9) rFkk lehdj.k

(6.10) ls

M
12

 = µ
0
n

1
n

2
πr2

1
l (6.11)

è;ku nhft, fd geus ;gk¡ ij dksj&izHkkoksa dks ux.; eku fy;k gS rFkk
pqacdh; {ks=k  µ

0
n

2
I
2
 dks ifjukfydk S

2 
dks yackbZ rFkk pkSM+kbZ esa loZ=k

,dleku ekuk gSA ;g è;ku j[krs gq, fd ifjukfydk yach gS] ftldk vFkZ
gS l  >> r

2  
;g ,d vPNk lfUudVu (approximation) gSA

vc ge foijhr fLFkfr ij fopkj djrs gSaA ifjukfydk S
1 
ls ,d

fo|qr èkkjk I
1 
izokfgr dh tkrh gS rFkk ifjukfydk S

2 
ls ÝyDl&ca/rk gS]

N
2
Φ

2
 = M

21
 I

1
(6.12)

M
21

 dks ifjukfydk S
2
 dk ifjukfydk S

1  
osQ lkis{k vU;ksU; izsjdRo

dgrs gSaA

S
1 
esa èkkjk I

1
 osQ dkj.k ÝyDl iwjh rjg S

1
 osQ vanj lhfer ekuk tk

ldrk gS D;ksafd ifjukfydk,¡ cgqr yach gaSA vr%] ifjukfydk S
2 
osQ lkFk

ÝyDl&ca/rk gS

( ) ( ) ( )2
2 2 2 1 0 1 1N n l r n IΦ π µ=

;gk¡ ij n
2
l, S

2  
esa isQjksa dh oqQy la[;k gSA lehdj.k (6.12) ls]

fp=k 6.15 leku yackbZ l  dh nks lek{kh
nh?kZ ifjukfydk,¡A

S
1

S
2

r
2

r
1

N
1
isQjs

N
2
isQjs

l
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mnkgj.k 6
.9

M
21

 = µ
0
n

1
n

2
πr2

1
l (6.13)

lehdj.k (6.11) rFkk lehdj.k (6.12) dk mi;ksx djosQ gesa izkIr gksrk gS

M
12 

= M
21

= M (ekuk) (6.14)

geus ;g lekurk nh?kZ yackbZ dh lek{kh ifjukfydkvksa osQ fy, n'kkZ;h gSA rFkkfi] ;g lacaèk
O;kid :i ls lR; gSA uksV dhft, fd ;fn var%ifjukfydk cká ifjukfydk ls cgqr NksVh
gksrh (rFkk cká ifjukfydk esa Bhd izdkj vanj j[kh gksrh) rc Hkh ge ÝyDl xzafFkdk N

1
Φ

1

dh x.kuk dj ikrs] D;ksafd var%ifjukfydk cká ifjukfydk osQ dkj.k izHkkoh <ax ls ,dleku
pqacdh; {ks=k esa fuefTtr gSA bl fLFkfr esa] M

12
 dh x.kuk ljy gksxhA rFkkfi] cká ifjukfydk

ls vkc¼ ÝyDl dh x.kuk djuk vR;ar dfBu gksxk D;ksafd var%ifjukfydk osQ dkj.k pqacdh;
{ks=k cká ifjukfydk dh yackbZ rFkk lkFk&gh&lkFk vuqizLFk dkV osQ vkj&ikj ifjo£rr gksxkA
blhfy, bl fLFkfr esa M

21
 dh x.kuk Hkh vR;ar dfBu gksxhA ,slh fLFkfr;ksa esa M

12
=M

21
 tSlh

lekurk vR;ar ykHkdkjh gksxhA
mijksDr mnkgj.k dh O;k[;k geus ;g eku dj dh gS fd ifjukfydkvksa osQ vanj ekè;e

ok;q gSA blosQ LFkku ij ;fn µ
r
 lkis{k pqacd'khyrk dk ekè;e ekStwn gksrk rks vU;ksU; izsjdRo

dk eku gksrk
M =µ

r 
µ

0 
n

1
n

2
π r2

1 
l

;g tkuuk Hkh egRoiw.kZ gS fd oqaQMfy;ksa] ifjukfydkvksa vkfn osQ ;qXe dk vU;ksU; izsjdRo
muosQ i`FkDdj.k ,oa lkFk&gh&lkFk muosQ lkis{k fno~QfoU;kl (orientation) ij fuHkZj gSA

mnkgj.k 6.9 nks laosQUnzh o`Ùkkdkj oqaQMfy;k¡] ,d de f=kT;k r
1
 dh rFkk nwljh vfèkd f=kT;k

r
2 
dh] ,slh fd r

1
 << r

2
,
 
 lek{kh j[kh gSa rFkk nksuksa osQ osQUnz laikrh gSaA bl O;oLFkk osQ fy,

vU;ksU; izsjdRo Kkr dhft,A

gy  ekuk fd cká o`Ùkkdkj oqaQMyh esa ls I
2
 èkkjk izokfgr gksrh gSA oqaQMyh osQ osQUnz ij pqacdh;

{ks=k gS B
2
 = µ

0
I
2
 / 2r

2 
A D;ksafd nwljh lek{kh oqaQMyh dh f=kT;k vR;ar vYi gS] mlosQ vuqizLFk

dkV {ks=kiQy ij B
2
 dk eku fLFkj ekuk tk ldrk gSA vr%]

Φ
1
 = πr 2

1
B

2

     

2
0 1

2

22

r
I

r

µ π
=

     = M
12 

I
2

bl izdkj]
2

0 1
12

22

r
M

r

µ π
=

lehdj.k (6.14) ls

2

2

10

2112 2r

r
MM

πµ
==

è;ku nhft, fd geus M
12

 dh x.kuk Φ
1  
osQ lfUudV eku ls ;g ekurs gq, dh gS fd pqacdh;

{ks=k B
2
 dk eku {ks=kiQy π r

1
2  ij ,dleku gSA rFkkfi] ge bl eku dks Lohdkj dj ldrs gSa

D;ksafd r
1 
<< r

2 
A
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vc] vuqPNsn 6.2 osQ iz;ksx 6.3 dks Lej.k djsaA ml iz;ksx esa] tc Hkh oaqQMyh C

2
 esa èkkjk

ifjo£rr gksrh gS] oqaQMyh C
1 
esa fo|qr okgd cy izsfjr gksrk gSA eku yhft, oaqQMyh C

1 
(ekuk

N
1
 isQjksa okyh) esa ÝyDl Φ

1 
gS] tcfd oaqQMyh C

2
 esa èkkjk I

2  
gSA

rc lehdj.k (6.9) ls gesa izkIr gksxk
N

1
Φ

1
 = MI

2

le; osQ lkFk ifjorZu'khy èkkjkvksa osQ fy,

( ) ( )1 1 2d d

d d

N MI

t t

Φ
=

D;ksafd oaaqQMyh C
1
 esa izsjd fo|qr okgd cy dk eku gS

( )1 1d
–

d

Φ
ε1 =

N

t

gesa izkIr gksxk]

2d
–

d
ε1 =

I
M

t

;g n'kkZrk gS fd fdlh oaqQMyh esa ifjorhZ èkkjk lehiLFk oaqQMyh esa fo|qr okgd cy izsfjr
dj ldrh gSA izsjd fo|qr okgd cy dk ifjek.k èkkjk ifjorZu dh nj rFkk nksuksa oaqQMfy;ksa
osQ vU;ksU; izsjdRo ij fuHkZj gSA

6.9.2 Lo&izsjdRo

fiNys mi&ifjPNsn esa geus ,d ifjukfydk esa cgus okyh èkkjk osQ dkj.k nwljh ifjukfydk esa
mRiUu gksus okys ÝyDl osQ ckjs esa fopkj fd;kA fdlh ,dy fo;qDr oqaQMyh esa Hkh mlh oaqQMyh
esa èkkjk ifjo£rr djus ij oaqQMyh esa gksus okys ÝyDl ifjorZu osQ dkj.k] fo|qr okgd cy
iszfjr djuk laHko gSA bl ifj?kVuk dks Lo&izsj.k dgrs gSaA bl fLFkfr esa] N isQjksa okyh oaqQMyh
esa ÝyDl&ca/rk] oaqQMyh esa cgus okyh èkkjk osQ lekuqikfrd gS rFkk bls O;Dr dj ldrs gSa]

BN IΦ ∝

B LN IΦ = (6.15)

;gk¡ lekuqikfrd fLFkjkad L dks oaqQMyh dk Lo&izsjdRo dgrs gSaA bls oqaQMyh dk Lo&izsj.k
xq.kkad Hkh dgrs gSaA tc èkkjk ifjo£rr gksrh gS] oaqQMyh ls lac¼ ÝyDl Hkh ifjo£rr gksrk gSA
lehdj.k (6.15) dk mi;ksx djus ij izsfjr fo|qr okgd cy gksxk

( )Bd
–

d

N

t

Φ
ε =

d
–

d

I
L

t
ε = (6.16)

bl izdkj] Lo&izsfjr fo|qr okgd cy lnSo oaqQMyh esa fdlh Hkh èkkjk ifjorZu (c<+uk ;k
?kVuk) dk fojksèk djrk gSA

ljy T;kfefr;ksa ls fdlh ifjiFk osQ fy, Lo&iszjdRo dh x.kuk djuk laHko gSA vkb, ,d
yach ifjukfydk osQ Lo&izsjdRo dh x.kuk djsa] ftlosQ vuqizLFk dkV dk {ks=kiQy A rFkk yackbZ
l gS] rFkk blh ,dkad yackbZ esa isQjksa dh la[;k n gSA ifjukfydk esa izokfgr gksus okyh èkkjk I osQ
dkj.k pqacdh; {ks=k B = µ

0
 n I  gS (igys dh Hkk¡fr dksj izHkkoksa dks ux.; ekurs gq,)A

ifjukfydk ls lac¼ oqQy ÝyDl gSa
( )( )( )0BN nl n I AΦ µ=

IAln2

0
µ=

2022-23



223

oS|qrpqacdh; izsj.k

;gk¡ ij nl isQjksa dh oqQy la[;k gSA vr%] Lo&izsjdRo gS]

L
I

ΒΝΦ
=

   2
0n Alµ= (6.17)

;fn ge ifjukfydk dh var%èkkjk dks µ
r
 vkisf{kd pqacd'khyrk okys inkFkZ ls Hkj nsa

(mnkgj.k osQ fy, ueZ yksgk] ftldh vkisf{kd pqacd'khyrk dk eku mPp gS)] rc]
2

0rL n Alµ µ= (6.18)

oaqQMyh dk LoizsjdRo mldh T;kferh; lajpuk rFkk ekè;e dh pqacd'khyrk ij fuHkZj gSA
Loizsfjr fo|qr okgd cy dks fojksèkh fo|qr okgd cy (back emf ) Hkh dgrs gSa D;ksafd

;g ifjiFk esa fdlh Hkh èkkjk&ifjorZu dk fojksèk djrk gSA HkkSfrd n`f"V ls Lo&izsjdRo tM+Ro
dk dk;Z djrk gSA ;g ;kaf=kdh esa nzO;eku dk fo|qrpqacdh; vuq:i gSA vr%] èkkjk LFkkfir djus
osQ fy,] fojksèkh fo|qr okgd cy  (ε ) osQ fo#¼ dk;Z djuk iM+rk gSA ;g fd;k x;k dk;Z
paqcdh; fLFkfrt ÅtkZ osQ :i esa lafpr gks tkrk gSA fdlh ifjiFk esa fdlh {k.k èkkjk I osQ fy,
dk;Z djus dh nj gS]

d

d

W
I

t
ε=

;fn ge izfrjksèkd {k;ksa dks ux.; eku ysa rFkk osQoy izsjf.kd izHkko ij gh fopkj djsa]
rc lehdj.k (6.16) dk mi;ksx djus ij]

d d

d d

W I
L I

t t
=

èkkjk I  LFkkfir djus esa fd;k x;k oqQy dk;Z gS]

vr%] èkkjk I  LFkkfir djus esa vko';d ÅtkZ gksxh]

21

2
W LI= (6.19)

;g O;atd gesa m nzO;eku osQ fdlh d.k dh xfrt ÅtkZ (;kaf=kd) osQ O;atd
mv 2/2 dh ;kn fnykrk gS rFkk n'kkZrk gS fd L, m osQ vuq:i gS (vFkkZr L  fo|qr tM+Ro gS
rFkk fdlh ifjiFk esa ftlesa ;g la;ksftr gS] èkkjk osQ c<+us rFkk ?kVus dk fojksèk djrk gS)A

nks lehiLFk oaqQMfy;ksa esa lkFk&lkFk izokfgr gksus okyh èkkjkvksa dh lkekU; fLFkfr ij fopkj
djsaA ,d oaqQMyh osQ lkFk lac¼ ÝyDl] Lora=k :i ls fo|eku nks ÝyDlksa osQ ;ksx osQ cjkcj
gksxkA lehdj.k (6.9) fuEu :i esa :ikrafjr gks tk,xhA

N
1 1 11 1 12 2M I M IΦ = +

;gk¡ M
11

 mlh oqaQMyh osQ izsjdRo dks fu:fir djrk gSA
vr%] iSQjkMs dk fu;e mi;ksx djus ij]

1 2
1 11 12

d d

d d

I I
M M

t t
ε = − −
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mn
kg
j.
k 
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.1

0

M
11 

Lo&izsjdRo gS rFkk bls L
1 
}kjk fy[kk tkrk gSA blfy,]

1 2
1 1 12

d d

d d

I I
L M

t t
ε = − −

mnkgj.k 6.10 (a) ifjukfydk esa lafpr pqacdh; ÅtkZ dk O;atd ifjukfydk osQ pqacdh;
{ks=k B, {ks=kiQy A rFkk yackbZ l osQ inksa esa Kkr dhft,A (b) ;g pqacdh; ÅtkZ rFkk laèkkfj=k esa
lafpr fLFkjoS|qr ÅtkZ fdl :i esa rqyuh; gS\

gy
(a) lehdj.k (6.19) ls] pqacdh; ÅtkZ gS

21

2
BU LI=

2

1

2

 
=  

 0

B
L

nµ ( ) = 0B nIµD;ksafd  ifjukfydk osQ fy,] 

=






1

2
0

2

0

2

( )µ
µ

n Al
B

n
        [lehdj.k (6.17) ls ]

2

0

1

2
B Al

µ
=

(b) izfr ,dkad vk;ru paqcdh; ÅtkZ gS]
B

B

U
u

V
=             (;gk¡ V vk;ru gS ftlesa ÝyDl fo|eku gS)

      
BU

Al
=

      

2

02

B

µ
= (6.20)

ge igys gh lekarj IysV laèkkfj=k osQ ,dkad vk;ru esa lafpr fLFkjoS|qr ÅtkZ dk lacaèk
izkIr dj pqosQ gSa ¹vè;k; 2 lehdj.k 2-77 nsf[k,ºA

2
0

1

2
u EΕ ε= (2.77)

nksuksa n'kkvksa esa ÅtkZ {ks=k dh rhozrk osQ lekuqikrh gSA lehdj.k (6.20) rFkk (2.77) fo'ks"k
fLFkfr;ksa Øe'k% ,d ifjukfydk rFkk ,d lekarj IysV laèkkfj=k osQ fy, O;qRiUu fd, x, gSaA
ysfdu os O;kid gSa rFkk fo'o osQ fdlh Hkh ,sls LFkku osQ fy, lR; gS ftlesa dksbZ pqacdh; {ks=k
vFkok@vkSj fo|qrh; {ks=k fo|eku gSA

6.10 izR;korhZ èkkjk tfu=k
fo|qr paqcdh; izsj.k ifj?kVuk dk izkS|ksfxd :i ls dbZ izdkj ls mi;ksx fd;k x;k gSA ,d
vlkèkkj.k rFkk egRoiw.kZ mi;ksx izR;korhZ èkkjk (ac) mRiknu gSA 100 MW lkeF;Z dk vkèkqfud
izR;korhZ èkkjk tfu=k ,d vR;ar fodflr e'khu gSA bl vuqPNsn esa] ge bl e'khu osQ ewy
fl¼karksa dk o.kZu djsaxsA bl e'khu osQ fodkl dk Js; ;wxksLyko oSKkfud fudksyk VsLyk dks
tkrk gSA tSlk fd vuqPNsn 6.3 esa laosQr fd;k x;k Fkk] fdlh ywi esa fo|qr okgd cy ;k èkkjk
izsfjr djus osQ fy,] ,d fofèk ;g gS fd ywi osQ vfHkfoU;kl esa vFkok blosQ izHkkoh {ks=kiQy

izR
;k
or

hZ 
/
kj
k 
t
fu
=k 

d
k 
izH

kko
h 
l
t
ho
 f
p
=k.

k











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

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

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esa ifjorZu fd;k tk,A tc oaqQMyh ,d pqacdh; {ks=k B esa
?kw.kZu djrh gS rks ywi dk ({ks=k osQ vfHkyacor) izHkkoh
{ks=kiQy A cos θ gS] ;gk¡ θ, A rFkk B osQ chp dk dks.k gSA
ÝyDl ifjorZu djus dh ;g fofèk] ,d ljy izR;korhZ èkkjk
tfu=k dk dk;Z fl¼kar gSA tfu=k ;kaf=kd ÅtkZ dks fo|qr ÅtkZ
esa ifjo£rr djrk gSA

izR;korhZ èkkjk tfu=k osQ ewy vo;o fp=k 6.16 esa n'kkZ,
x, gSaA blesa ,d oqaQMyh gksrh gS tks jksVj 'kSÝV (roter

shaft) ij vkjksfir gksrh gSA oqaQMyh dk ?kw.kZu v{k pqacdh;
{ks=k dh fn'kk osQ yacor gSA oqaQMyh (ftls vkesZpj dgrs gSa)
dks fdlh ,dleku paqcdh; {ks=k esa fdlh cká lkèku }kjk
;kaf=kd fof/ ls ?kw.kZu djk;k tkrk gSA oqaQMyh osQ ?kweus ls]
blesa pqacdh; ÝyDl ifjo£rr gksrk gS] ftlls fd oaqQMyh esa
,d fo|qr okgd cy izsfjr gksrk gSA oaqQMyh osQ fljksa dks lihZ
oy;ksa (slip rings) rFkk cqz'kksa (brushes) dh lgk;rk ls
,d cká ifjiFk ls tksM+k tkrk gSA

tc oqaQMyh dks ,dleku dks.kh; pky ω ls ?kw.kZu djk;k
tkrk gS rks pqacdh; {ks=k lfn'k B rFkk {ks=kiQy lfn'k A osQ
chp dks.k θ  dk eku fdlh le; t ij θ  = ωt gS (;g ekurs
gq, fd tc t = 0 , θ = 0°) gSA ifj.kkeLo:i] oaqQMyh dk izHkkoh {ks=kiQy] ftlesa pqacdh;
{ks=k js[kk,¡ gksdj xqtjrh gSa] le; osQ lkFk ifjo£rr gksrk gSA lehdj.k (6.1) osQ vuqlkj fdlh le;
t ij ÝyDl gS %

Φ
B
 = BA cos θ = BA cos ωt

iSQjkMs osQ fu;e ls] N isQjksa okyh ?kw.khZ oaqQMyh osQ fy, izsfjr fo|qr okgd cy gksxk

d d
– – (cos )

dt d
BN NBA t

t

Φ
ε ω= =

vr%] fo|qr okgd cy dk rkR{kf.kd eku gS
sin= NBA tε ω ω (6.21)

;gk¡ NBAω fo|qr okgd cy dk vfèkdre eku gS] tks  sin ωt = ±1 ij izkIr gksrk gSA ;fn
ge NBAω dks ε

0  
ls n'kkZ,¡] rc

ε = ε
0
 sin ωt (6.22)

D;ksafd T;k iQyu (sine function) dk eku +1 ls –1 osQ chp cnyrk gS] fo|qr okgd
cy dk fpÉ ;k èkzqork le; osQ lkFk ifjo£rr gksrk gSA fp=k 6.17 ls uksV dhft, fd tc
θ = 90° ;k θ = 270° gksrk gS rks fo|qr okgd cy vius pje eku ij gksrk gS D;ksafd bu
¯cnqvksa ij ÝyDl esa ifjorZu vfèkdre gSA

D;ksafd èkkjk dh fn'kk vkorhZ :i ls ifjo£rr gksrh gS blfy, èkkjk dks izR;korhZ èkkjk  (ac)

dgrs gSaA D;ksafd ω=2πν, lehdj.k (6.22) dks ge fuEu izdkj ls fy[k ldrs gSaµ
ε = ε

0
sin 2π ν t (6.23)

;gk¡] ν, tfu=k dh oaqQMyh (vkesZpj) osQ ifjØe.k dh vko`fÙk gSA
è;ku jf[k, fd lehdj.k (6.22)  rFkk (6.23) fo|qr okgd cy dk rkR{kf.kd eku

crykrs gSa rFkk ε, +ε
0
 rFkk –ε

0
 osQ chp vkorhZ :i ls ifjo£rr gksrk gSA ge vè;k; 7 esa lh[ksaxs

fd izR;korhZ oksYVrk rFkk èkkjk dk dky vkSlr eku oSQls Kkr djrs gSaA

fp=k 6.16 izR;korhZ /kjk tfu=kA

oqaQMyh /qjh

izR;korhZ

dkcZu
cz'k

lihZ
oy;
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O;kolkf;d tfu=kksa esa] vkesZpj dks ?kqekus osQ fy, vko';d ;kaf=kd ÅtkZ Å¡pkbZ ls fxjrs
gq, ikuh }kjk izkIr dh tkrh gS] mnkgj.k osQ fy,] ck¡èkksa }kjkA bUgsa ty&fo|qr tfu=k (hydro-

electric generator) dgrs gSaA fodYir%] dks;yk ;k vU; lzksrksa dk mi;ksx djosQ] ikuh dks
xeZ djosQ Hkki iSnk djrs gSaA mPp nkc ij Hkki dks vkesZpj dks ?kqekus osQ fy, iz;ksx esa ykrs
gSaA bUgsa rkih; tfu=k (thermal generator) dgrs gSaA dks;ys osQ LFkku ij ;fn ukfHkdh;
b±èku dk iz;ksx fd;k tkrk gS rks gesa ukfHkdh; 'kfDr izkIr gksrh gSA vkèkqfud tfu=k 500 MW

mPp fo|qr 'kfDr mRiUu dj ldrs gSa] vFkkZr~ buls 100 W osQ 50 yk[k cYc ,d lkFk tyk,
tk ldrs gSaA vfèkdka'k tfu=kksa esa oqaQMfy;ksa dks vpj j[kk tkrk gS rFkk fo|qr pqacdksa dks ?kqek;k
tkrk gSA Hkkjr esa tfu=kksa esa ?kw.kZu vko`fÙk 50 Hz gSA oqQN ns'kksa esa] tSls vesfjdk (USA) esa ;g
vko`fÙk 60 Hz gSA

mnkgj.k 6.11 deyk ,d fLFkj lkbfdy osQ iSMy dks ?kqekrh gSA iSMy dk lacaèk 100 isQjksa
rFkk 0.10 m2 {ks=kiQy okyh ,d oqaQMyh ls gSA oqaQMyh izfr lsoaQM vkèkk ifjØe.k (pDdj)
dj ikrh gS rFkk ;g ,d 0.01 T rhozrk okys ,dleku paqcdh; {ks=k eas] tks oqaQMyh osQ ?kw.kZu
v{k osQ yacor gS] j[kh gSA oqaQMyh esa mRiUu gksus okyh vfèkdre oksYVrk D;k gksxh\

gy  ;gk¡  ν = 0.5 Hz; N =100, A = 0.1 m2 rFkk B = 0.01 TA lehdj.k (6.21) yxkus ij
ε0 = NBA (2 π ν)

   = 100 × 0.01 × 0.1 × 2 × 3.14 × 0.5

   = 0.314 V

vfèkdre oksYVrk 0.314 V gSA

ge vkils vkxzg djrs gSa fd fo|qr 'kfDr mRiknu osQ fy, oSdfYid laHkkoukvksa dk irk yxk,¡A

n

fp=k 6.17 ,d pqacdh; {ks=k esa ?kw.kZu djrs rkj osQ ywi esa ,d izR;korhZ fo|qr okgd cy mRiUu gksrk gSA
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lkjka'k
1. {ks=kiQy A dh fdlh lrg dks ,dleku pqacdh; {ks=k B esa j[kus ij mlesa ls xqtjus okys

pqacdh; ÝyDl dks fuEu izdkj ifjHkkf"kr dj ldrs gSaA

Φ
B
 = B A  = BA cos θ

;gk¡ θ , B ,oa A  osQ chp dk dks.k gSA
2. iSQjkMs osQ fo|qr pqacdh; izsj.k osQ fu;e osQ vuqlkj N  isQjs ;qDr oqaQMyh esa izsfjr fo|qr

okgd cy mlls xqtjus okys pqacdh; ÝyDl esa ifjorZu dh nj osQ rqY; gksrk gS

Bd

d
N

t

Φε = −

;gk¡ ΦΒ ,d isQjs ls lac¼ pqacdh; ÝyDl gSA ;fn ifjiFk ,d can ifjiFk gks rks mlesa
,d èkkjk I = ε/R LFkkfir gks tkrh gS] tgk¡ R ifjiFk dk izfrjksèk gSA

3. ysat osQ fu;e osQ vuqlkj] iszfjr fo|qr okgd cy dh èkzqork bl izdkj gksrh gS fd og
ml fn'kk esa èkkjk izokfgr djs] tks mlh ifjorZu dk fojksèk djs ftlosQ dkj.k mldh
mRifÙk gqbZ gSA iSQjkMs }kjk fu"ikfnr O;atd esa ½.k fpÉ blh ckr dk |ksrd gSA

4. ;fn ,d l  yackbZ dh èkkfRod NM+ dks ,dleku pqacdh; {ks=k B osQ yacor j[ksa rFkk bls
{ks=k osQ yacor v osx ls pyk,¡ rks blosQ fljksa osQ chp izsfjr fo|qr okgd cy (ftls xfrd
fo|qr okgd cy dgrs gSa) dk eku gS
ε = Bl v

5. ifjorhZ pqacdh; {ks=k osQ fudV fLFkr èkkrq (dksbZ pkyd) dh oLrqvksa esa èkkjk ywi LFkkfir
gks tkrs gSaA bu ywiksa esa Å"ek osQ :i esa fo|qr ÅtkZ {kf;r gksrh gSA ,slh èkkjk,a Hk¡oj
/kjk,¡ gSaA

6. izsjdRo] ÝyDl ca/rk rFkk èkkjk dk vuqikr gSA bldk eku NΦ/I gksrk gSA

if{k;ksa dk izolu

if{k;ksa dk izolu (Migration) iSVuZ tho foKku osQ {ks=k esa vkSj okLro esa foKku osQ lHkh {ks=kksa esa ,d jgL; cuk gqvk
gSA mnkgj.k osQ fy,] izR;sd lnhZ esa lkbcsfj;k ls i{kh Hkkjrh; miegk}hi osQ ty&LFkyksa esa fcuk dksbZ xyrh fd, mM+rs gq,
igq¡p tkrs gSaaA oqQN ¯prdksa us ;g lq>ko fn;k gS fd bl izolu iSVuZ osQ ihNs fo|qr pqacdh; iszj.k gks ldrk gSA i`Foh dk
pqacdh; {ks=k i`Foh osQ fodklh; bfrgkl esa lnSo mifLFkr ekuk tkrk jgk gSA izolu djus okys if{k;ksa osQ fy, fn'kk Kkr djus
esa ;g pqacdh; {ks=k vR;ar ykHkdkjh gks ldrk gSA tgka¡ rd geas Kkr gS if{k;ksa esa fdlh izdkj osQ ykSg pqacdh; inkFkZ osQ
ik, tkus dh iqf"V ugha gqbZ gSA vr% fo|qr pqacdh; izsj.k gh izolu dh fn'kk fu/kZj.k esa ;qfDrlaxr izØe gks ldrk gSA ,d
b"Vre (optimal) fLFkfr ij fopkj djsa% ekuk if{k;ksa osQ ekxZ esa i`Foh osQ pqacdRo dh rhozrk B gS] i{kh dh xfr v gS rFkk
i{kh osQ 'kjhj esa nks fof'k"V fcUnqvksa dh nwjh l  gS rFkk ;s rhuksa lfn'k vU;ksU; :i ls ,d&nwljs osQ yacor gSaA rc xfrd fo|qr
okgd cy osQ lehdj.k  (6.5) ls

ε = Blv

vc B = 4 × 10–5 T, l = 2 cm pkSM+k] rFkk v = 10 m/s ysus ij gesa izkIr gksxk

ε  = 4 × 10–5 × 2 × 10–2 × 10 V = 8 × 10–6 V

   = 8 µV

;g vR;ar de foHkokarj lq>krk gS fd gekjh ifjdYiuk dh oS/rk lansgkLin gSA oqQN izdkj dh eNfy;k¡ vo'; brus
vYi foHkokarj dks lalwfpr dj ldrh gSaA rFkkfi] bu eNfy;ksa esa oqQN fo'ks"k dksf'kdkvksa (cells) dh igpku dh xbZ gS] tks
vR;Yi foHkokarj dk lalwpu dj ldrh gSaA if{k;ksa esa bl izdkj dh dksf'kdkvksa dh igpku ugha dh tk ldh gSA vr% if{k;ksa
esa izolu vkt Hkh ,d xqRFkh gh gSSA
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fopkj.kh; fo"k;
1. fo|qr ,oa pqacdRo dk ,d&nwljs osQ lkFk ?kfu"B laca/ gSA mUuhloha 'krkCnh osQ izkjaHk esa

vkLVsZM] ,sfEi;j ,oa vU; }kjk fd, x, iz;ksxksa us fl¼ dj fn;k fd xfreku vkos'k (èkkjk)
pqacdh; {ks=k dh mRifÙk djrs gSaA oqQN le; i'pkr lu 1830 osQ vklikl iSQjkMs rFkk gsujh
}kjk fd, x, iz;ksxksa us Li"V :i ls izn£'kr fd;k fd xfreku pqacd fo|qr /kjk iszsfjr
(mRiUu) djrs gSaaA xq#Roh;] fo|qr pqacdh;] {kh.k rFkk izcy ukfHkdh; cy ,d&nwljs ls
lacaf/r gSa\

2. fdlh can ifjiFk esa] fo|qr /kjk bl izdkj mRiUu gksrh gS ftlls fd ;g ifjorhZ pqacdh;
ÝyDl dk fojks/ dj losQA ;g ÅtkZ laj{k.k osQ fl¼kar osQ vuq:i gSA rFkkfi] ,d [kqys

7. fdlh oaqQMyh (oqaQMyh 2) esa èkkjk ifjorZu fudV fLFkr oqaQMyh (oqaQMyh 1) esa izsfjr fo|qr
okgd cy mRiUu dj ldrk gSA bl lacaèk dks

2
1 12

d

d

I
M

t
ε = −

}kjk O;Dr djrs gSaA ;gk¡ jkf'k M
12 
oqaQMyh 1 dk oqaQMyh 2 osQ lkis{k vU;ksU; izsjdRo gSA

M
21  

dks Hkh blh izdkj ifjHkkf"kr fd;k tk ldrk gSA bu nks izsjdRoksa esa ,d lkekU;
rqY;rk gksrh gSA
M

12
 = M

21

8. tc fdlh oqaQMyh esa èkkjk ifjorZu gksrk gS rks og ifjorZu oaqQMyh esa ,d fojksèkh fo|qr
okgd cy dks mRiUu djrk gSA bl Lo&izsfjr fo|qr okgd cy dk eku fuEufyf[kr
lehdj.k }kjk O;Dr fd;k tkrk gS %

d

d

I
L

t
ε = −

;gk¡ L oqaQMyh dk Lo&izsjdRo gSA ;g oqaQMyh osQ tM+Ro dh eki gS tks ifjiFk esa fdlh
Hkh èkkjk ifjorZu dk fojksèk djrk gSA

9. fdlh yach ifjukfydk ftldh ØksM µ
r  
lkis{k pqacd'khyrk osQ inkFkZ dh gS] dk

Lo&izsjdRo fuEufyf[kr lehdj.k }kjk O;Dr fd;k tkrk gS]
L = µ

r  
µ

0 
n2 Al

;gk¡ A ifjukfydk dk vuqizLFk dkV] l  mldh yackbZ rFkk n mldh bdkbZ yackbZ esa yisVksa
dh la[;k dks O;Dr djrs gSaA

10. fdlh izR;korhZ èkkjk tfu=k esa fo|qr pqacdh; izsj.k }kjk ;kaf=kd ÅtkZ dks fo|qr ÅtkZ esa
:ikarfjr djrs gSaA ;fn N  isQjksa okyh rFkk A vuqizLFk dkV okyh oqaQMyh ,dleku pqacdh;
{ks=k Β  esa izfr lsoaQM ν  pDdj yxk, rks xfrd fo|qr okgd cy dk eku
ε = NBA (2πν) sin (2πνt)

}kjk O;Dr fd;k tkrk gSA ;gk¡ geus eku fy;k gS fd t = 0 s, ij oqaQMyh pqacdh; {ks=k
osQ vfHkyacor gSA

jkf'k izrhd ek=kd foek,¡ lehdj.k

pqacdh; ÝyDl Φ
B

Wb (oscj) [M L2 T–2 A–1] Φ
B
 = B A

fo|qr okgd cy (emf) ε V (oksYV) [M L2 T–3 A–1] ε = Bd( )/dN tΦ−

vU;ksU; izsjdRo M H (gsujh) [M L2 T–2 A–2] ε
1
 ( )12 2d /dM I t= −

Lo&izsjdRo L H (gsujh) [M L2 T–2 A–2] ( )d /dL I tε = −
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vH;kl
6.1 fp=k 6.18 (a) ls (f) esa o£.kr fLFkfr;ksa osQ fy, izsfjr /kjk dh fn'kk dh izkxqfDr (predict)

dhft,A

ifjiFk esa izsfjr fo|qr okgd cy blosQ fljksa ij mRiUu gksrk gSA ;g ÝyDl ifjorZu ls fdl
izdkj lacaf/r gSA

3. vuqPNsn 6.5 esa xfrd fo|qr okgd cy dh foospuk dh xbZ gSA bl vo/kj.kk dk fu"iknu
ge xfreku vkos'k ij yxus okys yksjsa”k cy dk iz;ksx djrs gq, iSQjkMs osQ fu;e ls Hkh
Lora=krkiwoZd dj ldrs gSaA rFkkfi] ;fn vkos'k fLFkj Hkh gksa ¹rFkk yksjsa”k cy dk
q (v × B) in fØ;kRed ugha gSº rc Hkh le; osQ lkFk ifjorhZ pqacdh; {ks=k osQ dkj.k ,d
izsfjr fo|qr okgd cy mRiUu gksrk gSA vr% fLFkj pqacdh; {ks=k esa xfreku vkos'k ,oa le;
osQ lkFk ifjorhZ pqacdh; {ks=k esa fLFkj vkos'k iSQjkMs osQ fu;e osQ fy, lefer fLFkfr esa izrhr
gksrs gSaA ;g iSQjkMs osQ fu;e osQ fy, lkis{krk osQ fl¼kar dh izklafxdrk ij yypkus okyk
laosQr nsrk gSA

4. tc ,d rkez ifêðdk dks pqacd osQ /zqoksa osQ chp nksfyr djk;k tkrk gS rks if^dk dh xfr
voeafnr gks tkrh gSA Hk¡oj /kjkvksa }kjk voeanu cy oSQls mRiUu gksrk gS\

mHk;fu"B v{k mHk;fu"B v{k

/kjk fu;a=kd dk
leatu cnyrs gq,(nkc oaqQth rqjar can djus osQ ckn fLFkfr)

/kjk   esa ,d
vpj nj ij deh

(nkc oqaQth [kksyus osQ rqjar ckn dh fLFkfr)

fp=k 6.18
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6.2 fp=k 6.19 esa o£.kr fLFkfr;ksa osQ fy, ysat osQ fu;e dk mi;ksx djrs gq, izsfjr fo|qr /kjk

dh fn'kk Kkr dhft,A
(a) tc vfu;fer vkdkj dk rkj o`Ùkkdkj ywi esa cny jgk gks_
(b) tc ,d o`Ùkkdkj ywi ,d lh/s ckjhd rkj esa fo:fir fd;k tk jgk gksA

fp=k 6.19

6.3 ,d yach ifjukfydk osQ bdkbZ lsaVhehVj yackbZ esa 15 isQjs gSaA mlosQ vanj 2.0 cm2  dk ,d
NksVk&lk ywi ifjukfydk dh v{k osQ yacor j[kk x;k gSA ;fn ifjukfydk esa cgus okyh èkkjk
dk eku 2.0 A esa 4.0 A ls 0.1 s dj fn;k tk, rks /kjk ifjorZu osQ le; izsfjr fo|qr okgd
cy fdruk gksxk\

6.4 ,d vk;rkdkj ywi ftldh Hkqtk,¡ 8 cm ,oa 2 cm gSa] ,d LFkku ij FkksM+k dVk gqvk gSA
;g ywi vius ry osQ vfHkyacor 0.3 T osQ ,dleku pqacdh; {ks=k ls ckgj dh vksj fudy
jgk gSA ;fn ywi osQ ckgj fudyus dk osx 1 cm s–1 gS rks dVs Hkkx osQ fljksa ij mRiUu fo|qr
okgd cy fdruk gksxk] tc ywi dh xfr vfHkyacor gks (a) ywi dh yach Hkqtk osQ (b) ywi
dh NksVh Hkqtk osQA izR;sd fLFkfr esa mRiUu izsfjr oksYVrk fdrus le; rd fVosQxh\

6.5 1.0 m yach /krq dh NM+ mlosQ ,d fljs ls tkus okys vfHkyacor v{k osQ ifjr%
400 rad s–1

 
dh dks.kh; vko`fÙk ls ?kw.kZu dj jgh gSA NM+ dk nwljk fljk ,d /kfRod oy;

ls lai£dr gSA v{k osQ vuqfn'k lHkh txg 0.5 T dk ,dleku pqacdh; {ks=k mifLFkr gSA oy;
rFkk v{k osQ chp LFkkfir fo|qr okgd cy dh x.kuk dhft,A

6.6 ,d o`Ùkkdkj oqaQMyh ftldh f=kT;k 8.0 cm rFkk isQjksa dh la[;k 20 gS vius ÅèokZ/j O;kl
osQ ifjr% 50 rad s–1 dh dks.kh; vko`fÙk ls 3.0 × 10–2 T osQ ,dleku pqacdh; {ks=k esa ?kwe
jgh gSA oqaQMyh esa mRiUu vf/dre rFkk vkSlr izsfjr fo|qr okgd cy dk eku Kkr dhft,A
;fn oqaQMyh 10 Ω  izfrjks/ dk ,d can ywi cuk, rks oqaQMyh esa /kjk osQ vf/dre eku dh
x.kuk dhft,A twy Å"eu osQ dkj.k {kf;r vkSlr 'kfDr dh x.kuk dhft,A ;g 'kfDr dgk¡
ls izkIr gksrh gS\

6.7 iwoZ ls if'pe fn'kk esa foLr̀r ,d 10 m yack {kSfrt lh/k rkj 0.30 × 10–4 Wb m–2 rhozrk
okys i`Foh osQ pqacdh; {ks=k osQ {kSfrt ?kVd ls yacor  5.0 m s–1 dh pky ls fxj jgk gSA
(a) rkj esa izsfjr fo|qr okgd cy dk rkR{kf.kd eku D;k gksxk\
(b) fo|qr okgd cy dh fn'kk D;k gS\
(c) rkj dk dkSu&lk fljk mPp fo|qr foHko ij gS\

6.8 fdlh ifjiFk esa 0.1 s esa /kjk 5.0 A ls 0.0 A rd fxjrh gSA ;fn vkSlr izsfjr fo|qr okgd
cy 200 V gS rks ifjiFk esa LoizsjdRo dk vkdyu dhft,A

6.9 ikl&ikl j[ks oqaQMfy;ksa osQ ,d ;qXe dk vU;ksU; izsjdRo 1.5 H gSA ;fn ,d oqaQMyh esa 0.5 s

esa /kjk 0 ls 20 A ifjo£rr gks] rks nwljh oqaQMyh dh ÝyDl ca/rk esa fdruk ifjorZu gksxk\
6.10 ,d tsV Iysu if'pe dh vksj 1800 km/h osx ls xfreku gSA Iysu osQ ia[k  25 m yacs

gSaA buosQ fljksa ij fdruk foHkokarj mRiUu gksxk\ i`Foh osQ pqacdh; {ks=k dk eku ml LFkku
ij 5 × 10–4 T rFkk ufr dks.k (dip angle) 30° gSA
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vfrfjDr vH;kl
6.11 eku yhft, fd vH;kl 6.4 esa mfYyf[kr ywi fLFkj gS fdUrq pqacdh; {ks=k mRiUu djus okys

fo|qr pqacd esa /kjk dk eku de fd;k tkrk gS ftlls pqacdh; {ks=k dk eku vius izkjafHkd
eku 0.3 T ls 0.02 T s–1 dh nj ls ?kVrk gSA vc ;fn ywi dk dVk Hkkx tksM+ nsa ftlls
izkIr can ywi dk izfrjks/ 1.6 Ω gks rks bl ywi esa Å"eu osQ :i esa 'kfDr ál D;k gS\ bl
'kfDr dk lzksr D;k gS\

6.12 12 cm Hkqtk okyk oxkZdkj ywi ftldh Hkqtk,¡  X ,oa Y v{kksa osQ lekarj gSa]  x-fn'kk esa
8 cm

 
s–1 dh xfr ls pyk;k tk jgk gSA ywi rFkk mldh xfr dk ifjos'k /ukRed z-fn'kk osQ

pqacdh; {ks=k dk gSA pqacdh; {ks=k u rks ,dleku gS vkSj u gh le; osQ lkFk fu;r gSA bl {ks=k
dh ½.kkRed fn'kk esa izo.krk 10 – 3  T cm–1

 
gS (vFkkZr ½.kkRed x-v{k dh fn'kk esa bdkbZ

lsaVhehVj nwjh ij {ks=k osQ eku esa 10 – 3  T cm–1
 
dh o`f¼ gksrh gS)] rFkk {ks=k osQ eku esa

10–3 T s–1 dh nj ls deh Hkh gks jgh gSA ;fn oqaQMyh dk izfrjks/  4.50 mΩ  gks rks izsfjr èkkjk
dk ifjek.k ,oa fn'kk Kkr dhft,A

6.13 ,d 'kfDr'kkyh ykmMLihdj osQ pqacd osQ /zqoksa osQ chp pqacdh; {ks=k dh rhozrk osQ ifjek.k
dk ekiu fd;k tkuk gSA bl gsrq ,d NksVh piVh 2 cm2 {ks=kiQy dh vUos"kh oqaQMyh
(search coil) dk iz;ksx fd;k x;k gSA bl oaqQMyh esa ikl&ikl fyiVs 25 isQjs gSa rFkk bls
pqacdh; {ks=k osQ yacor O;ofLFkr fd;k x;k gS vkSj rc bls nzqr xfr ls {ks=k osQ ckgj fudkyk
tkrk gSA rqY;r% ,d vU; fof/ esa vUos"kh oqaQMyh dks 90° ls rsth ls ?kqek nsrs gSa ftlls oaqqQMyh
dk ry pqacdh; {ks=k osQ lekarj gks tk,A bu nksuksa ?kVukvksa esa oqQy 7.5 mC vkos'k dk izokg
gksrk gS (ftls ifjiFk esa iz{ksi /kjkekih (ballistic galvanometer) yxkdj Kkr fd;k
tk ldrk gS)A oqaQMyh rFkk /kjkekih dk la;qDr izfrjks/ 0.50 Ω gSA pqacd dh {ks=k rhozrk
dk vkdyu dhft,A

6.14 fp=k 6.20 esa ,d /krq dh NM+ PQ dks n'kkZ;k x;k gS tks iVfj;ksa AB ij j[kh gS rFkk ,d
LFkk;h pqacd osQ /zqoksa osQ eè; fLFkr gSA iVfj;k¡] NM+ ,oa pqacdh; {ks=k ijLij vfHkyacor
fn'kkvksa esa gSaA ,d xSYosuksehVj (/kjkekih) G dks iVfj;ksa ls ,d fLop K dh lgk;rk ls
la;ksftr fd;k x;k gSA NM+ dh yackbZ = 15 cm, B = 0.50 T rFkk iVfj;ksa] NM+ rFkk
èkkjkekih ls cus can ywi dk izfrjks/ = 9.0 mΩ gSA {ks=k dks ,dleku eku ysaA
(a) ekuk oqaQth K [kqyh (open) gS rFkk NM+ 12 cm s–1 dh pky ls n'kkZ;h xbZ fn'kk esa

xfreku gSA izsfjr fo|qr okgd cy dk eku ,oa /qzo.krk (polarity) crkb,A

fp=k 6.20

(b) D;k oqaQth K [kqyh gksus ij NM+ osQ fljksa ij vkos'k dk vkf/D; gks tk,xk\ D;k gksxk
;fn oqaQth K can (close) dj nh tk,\

(c) tc oqaQth K [kqyh gks rFkk NM+ ,dleku osx ls xfr esa gks rc Hkh bysDVªkWuksa ij dksbZ
ifj.kkeh cy dk;Z ugha djrk ;|fi mu ij NM+ dh xfr osQ dkj.k pqacdh; cy dk;Z
djrk gSA dkj.k Li"V dhft,A

(d) oqaQth can gksus dh fLFkfr esa NM+ ij yxus okys voeanu cy dk eku D;k gksxk\
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(e) oqaQth can gksus dh fLFkfr esa NM+ dks mlh pky (=12 cm s–1) ls pykus gsrq fdruh 'kfDr

(cká dkjd osQ fy,) dh vko';drk gksxh\
( f ) can ifjiFk esa fdruh 'kfDr dk Å"ek osQ :i esa {k; gksxk\ bl 'kfDr dk Ïksr

D;k gS\
(g) xfreku NM+ esa mRiUu fo|qr okgd cy dk eku D;k gksxk ;fn pqacdh; {ks=k dh fn'kk

iVfj;ksa osQ yacor gksus dh ctk; muosQ lekarj gks\
6.15 ok;q osQ ØksM okyh ,d ifjukfydk esa] ftldh yackbZ 30 cm rFkk vuqizLFk dkV dk {ks=kiQy

25 cm2 rFkk oqQy isQjs 500 gSa] 2.5 A /kjk izokfgr gks jgh gSA /kjk dks 10–3 s osQ vYidky
esa vpkud can dj fn;k tkrk gSA ifjiFk esa fLop osQ [kqys fljksa osQ chp mRiUu vkSlr fo|qr
okgd cy dk eku D;k gksxk\ ifjukfydk osQ fljksa ij pqacdh; {ks=k osQ ifjorZu dh mis{kk
dj ldrs gSaA

6.16 (a) fp=k 6.21 esa n'kkZ, vuqlkj ,d yacs] lh/s] rkj rFkk ,d oxkZdkj ywi ftldh ,d Hkqtk
dh yackbZ a gS] osQ fy, vU;ksU; izsjdRo dk O;atd izkIr dhft,A

(b) vc eku yhft, fd lh/s rkj esa 50 A dh /kjk izokfgr gks jgh gS rFkk ywi ,d fLFkj
osx v = 10 m/s ls nkb± vksj dks xfr dj jgk gSA ywi esa izsfjr fo|qr okgd cy dk
ifjdyu ml {k.k ij dhft, tc x = 0.2 m gksA ywi osQ fy, a = 0.1 m yhft, rFkk
;g eku yhft, fd mldk izfrjks/ cgqr vf/d gSA

fp=k 6.21

6.17 fdlh M nzO;eku rFkk R f=kT;k okys ,d ifg, osQ fdukjs (rim) ij ,d jSf[kd vkos'k LFkkfir
fd;k x;k gS ftldh izfr bdkbZ yackbZ ij vkos'k dk eku λ gSA ifg, osQ Liksd (slope)

gyosQ ,oa oqQpkyd gSa rFkk og viuh v{k osQ ifjr% ?k"kZ.k jfgr ?kw.kZu gsrq Lora=k gS tSlk
fd fp=k 6.22 esa n'kkZ;k x;k gSA ifg, osQ o`Ùkh; Hkkx ij] fje osQ vanj ,dleku pqacdh;
{ks=k foLrfjr gSA bls bl izdkj ifjHkkf"kr fd;k x;k gS]
B = – B

0 
k (r ≤ a; a < R)

   = 0       (vU;Fkk)
pqacdh; {ks=k dks vpkud ̂ vkWI+kQ* (switched off) djus osQ i'pkr] ifg, dk dks.kh; osx
Kkr dhft,A

fp=k 6.22
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7.1 Hkwfedk
vc rd geus fn"V/kjk (dc) lzksrksa ,oa fn"V/kjk lzksrksa ls ;qDr ifjiFkksa ij fopkj fd;k gSA le;
osQ lkFk bu /kjkvksa dh fn'kk esa ifjorZu ugha gksrkA rFkkfi] le; osQ lkFk ifjo£rr gksus okyh
/kjkvksa vkSj oksYVrkvksa dk feyuk ,d vke ckr gSA gekjs ?kjksas ,oa nÝrjksa esa ik;k tkus okyk
eq[; fo|qr iznk; (electric mains supply) ,d ,slh gh oksYVrk dk lzksr gS tks le; osQ
lkFk T;k iQyu (sine function) dh Hkk¡fr ifjo£rr gksrk gSA ,slh oksYVrk dks izR;korhZ (ac)

oksYVrk rFkk fdlh ifjiFk esa blosQ }kjk vpkfyr /kjk dks izR;korhZ /kjk (ac /kjk)* dgrs gSaA
vktdy ftu oS|qr ;qfDr;ksa dk ge mi;ksx djrs gSa muesa ls vf/dka'k osQ fy, ac oksYVrk dh
gh vko';drk gksrh gSA bldk eq[; dkj.k ;g gS fd vf/dka'k fo|qr daifu;ksa }kjk csph tk
jgh fo|qr ÅtkZ izR;korhZ /kjk osQ :i esa gh laizsf"kr ,oa forfjr gksrh gSA dc ij ac osQ mi;ksx
dks ojh;rk fn, tkus dk eq[; dkj.k ;g gS fd ac oksYVrkvksa dks VªkaliQkWeZjksa }kjk vklkuh ls
,oa n{krk osQ lkFk ,d oksYVrk ls nwljh oksYVrk esa cnyk tk ldrk gSA blosQ vfrfjDr ac

osQ :i esa yach nwfj;ksa rd oS|qr ÅtkZ dk laizs"k.k Hkh vis{kko`Qr de [kphZyk gksrk gSA izR;korhZ
èkkjk ifjiFk ,sls vfHky{k.k izn£'kr djrk gS ftudk mi;ksx nSfud thou esa dke vkus okyh
vusd ;qfDr;ksa esa fd;k tkrk gSA mnkgj.kkFkZ] tc ge vius jsfM;ks dks vius euilan LVs'ku ls
leLofjr djrs gSa rks ac ifjiFkksa osQ ,d fof'k"V xq.k dk ykHk mBkrs gSa tks mu vusd xq.kksa esa
ls ,d gS ftudk vè;;u vki bl vè;k; esa djsaxsA

vè;k; 7

izR;korhZ /kjk

* ac oksYVrk ,oa ac /kjk] ;s okD;ka'k vlaxr ,oa vuqiz;qDr gSa] D;ksafd budk 'kkfCnd vFkZ gS Øe'k%
^izR;korhZ /kjk oksYVrk* ,oa ^izR;korhZ /kjk /kjk*A rc Hkh laosQrk{kj ac le; osQ vuqlkj ljy vkorhZ
Øe esa ifjo£rr gksus okyh oS|qr jkf'k dks O;Dr djus osQ fy, bruh lkoZHkkSfed Loho`Qfr ik pqdk gS fd
blosQ iz;ksx esa ge izpfyr ifjikVh dk gh vuqlj.k djsaxsA blosQ vfrfjDr] lkekU;r% iz;qDr gksus okys
'kCn oksYVrk dk vFkZ nks fcanqvksa ds chp foHkokarj gksrk gSA
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fudksyk VsLyk  (1856 – 1943)

lfcZ;k&vesfjdk osQ oSKkfud] vkfo"drkZ
,oa izfrHkkoku O;fDrA pqacdh; {ks=k
dks ?kqekus dk mudk fopkj gh
O;kogkfjd :i esa lc izR;korhZ /kjk
e'khuksa dk vk/kj cuk ftlosQ dkj.k
fo|qr 'kfDr osQ ;qx esa izos'k fd;k tk
ldkA vU; oLrqvksa osQ vfrfjDr] izsj.k
eksVj] ac 'kfDr dh cgqisQ”k iz.kkyh_
jsfM;ks] Vsyhfotu rFkk vU; oS|qr
midj.kksa ij yxus okyh mPp vko`fÙk
izsj.k oaqQMyh (VsLyk oaqQMyh) dk
vkfo"dkj Hkh mUgksaus fd;kA pqacdh;
{ks=k osQ SI ek=kd dk uke muosQ lEeku
esa j[kk x;k gSA

7.2 izfrjks/d ij iz;qDr ac oksYVrk
fp=k 7.1 esa ac oksYVrk lzksr ε ls tqM+k izfrjks/d R n'kkZ;k x;k gSA ifjiFk
vkjs[k esa ac lzksr dk laosQr fpÉ ~  gSA ;gk¡ ge ,d ,sls lzksr dh ckr
dj jgs gSa tks vius fljksa osQ chp T;koØh; :i esa ifjorZu'khy foHkokarj
mRiUu djrk gS] ekuk fd ;g foHkokarj ftls ac oksYVrk Hkh dgk tkrk
gS] fuEufyf[kr izdkj ls O;Dr fd;k tk,

sinmv v tω= (7.1)

;gk¡ v
m
 nksyk;eku foHkokarj dk vk;ke ,oa ω bldh dks.kh; vko`fÙk gSA

izfrjks/d esa izokfgr gksus okyh /kjk dk eku izkIr djus osQ fy, ge

fp=k 7-1 esa n'kkZ, x, ifjiFk ij fdj[kksiQ dk ywi fu;e ε( )t =∑ 0 ,

([k.M 3-13 ns[ksa) ykxw djrs gSa ftlls gesa izkIr gksrk gS %
=sinmv t i Rω

vFkok   sinmv
i t

R
ω=

pw¡fd R ,d fu;rkad gS] ge bl lehdj.k dks bl izdkj O;Dr dj ldrs gSa %
sinmi i tω= (7.2)

;gk¡ /kjk vk;ke i
m
 osQ fy, lw=k gS %

m
m

v
i

R
= (7.3)

lehdj.k (7.3) vkse dk fu;e gS tks izfrjks/dksa osQ izdj.k esa ac ,oa  dc nksuksa
izdkj dh oksYVrkvksa osQ fy, leku :i ls ykxw gksrk gSA lehdj.k (7.1) ,oa
lehdj.k (7.2) }kjk O;Dr fdlh 'kq¼ izfrjks/d osQ fljksa osQ chp yxkbZ xbZ oksYVrk
,oa blesa izokfgr gksus okyh /kjk dks fp=k 7.2 esa le; osQ iQyu osQ :i esa vkysf[kr
fd;k x;k gSA bl rF; ij fo'ks"k è;ku nhft, fd v ,oa i  nksuksa gh 'kwU;] U;wure ,oa
vf/dre ekuksa dh fLFkfr;k¡ lkFk&lkFk gh izkIr djrh gSaA vr% Li"V gS fd oksYVrk
,oa /kjk ,d nwljs osQ lkFk leku dyk esa gSaA

ge ns[krs gSa fd iz;qDr oksYVrk dh Hkk¡fr gh /kjk Hkh T;k&oØh; :i esa ifjo£rr
gksrh gS vkSj rnuqlkj gh izR;sd pØ esa blosQ /ukRed ,oa ½.kkRed eku izkIr gksrs
gSaA vr% ,d laiw.kZ pØ esa rkR{kf.kd /kjk ekuksa dk ;ksx 'kwU; gksrk gS rFkk ekè; èkkjk
'kwU; gksrh gSA rFkkfi ekè; /kjk 'kwU; gS bl rF; dk ;g vFkZ ugha gS fd O;; gksus
okyh ekè; 'kfDr Hkh 'kwU; gS] vkSj fo|qr ÅtkZ dk {k; ugha gks jgk gSA tSlk fd vki

fp=k 7.1  izfrjks/d ij iz;qDr ac oksYVrkA

fp=k 7.2 'kq¼ izfrjks/d esa oksYVrk
,oa /kjk ,d gh dyk esa gSaA fufEu"B]
'kwU; rFkk mfPp"B Øe'k% ,d gh

le; esa curs gSaA
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tkurs gSa twy i2R }kjk O;Dr gksrk gS vkSj i2 (tks lnSo èkukRed gh gksrk
gS pkgs i /ukRed gks ;k ½.kkRed) ij fuHkZj djrk gS] u fd i ijA vr%
tc fdlh izfrjks/d ls ac /kjk izokfgr gksrh gS rks twy rkiu ,oa oS|qr
ÅtkZ dk {k; gksrk gSA
izfrjks/drk osQ {kf;r gksus okyh rkR{kf.kd 'kfDr gksrh gS

2 2 2sin= = mp i R i R tω (7 .4)

,d le; pØ esa p dk ekè; eku gS *
2 2 2sinmp i R i R tω= < > = < > [7.5(a)]

tgk¡ fdlh v{kj osQ Åij yxh js[kk (;gk¡ p) mldk ekè; eku fu£n"V
djrh gS ,oa <......> ;g lwfpr djrk gS fd dks"Bd osQ vanj dh jkf'k dk
ekè; fy;k x;k gSA pw¡fd  i2

m 
 ,oa R fu;r jkf'k;k¡ gSa

2 2sinmp i R tω= < > [7.5(b)]

f=kdks.kferh; loZlfedk sin2 ωt = (1/2) (1– cos 2ωt ), dk mi;ksx
djus ij < sin2 ωt > = (1/2) (1– < cos 2ωt >) vkSj pw¡fd < cos2ωt >

= 0**, blhfy,

2 1
sin

2
tω< > =

vr%]

21

2
mp i R= [7.5(c)]

ac 'kfDr dks mlh :i esa O;Dr djus osQ fy, ftlesa dc 'kfDr
(P = i2R) dks O;Dr fd;k tkrk gS /kjk osQ ,d fof'k"V eku dk mi;ksx
fd;k tkrk gS ftls oxZ ekè; ewy (rms) vFkok izHkkoh (effective) èkkjk
(fp=k 7.3) dgrs gSa vkSj bls I

rms
 vFkok I }kjk fu£n"V fd;k tkrk gSA

* fdlh iQyu F (t) dk le;kof/ T esa ekè;eku Kkr djus osQ fy, lw=k gS F t
T

F t t

T

( ) ( )= ∫1

0

d

** < > = ∫ =cos cos2
1

2
0

ω ωt
T

t td
T 1 2

2
0

T

t
Tsin ω

ω







= [ ]ω
ω

− =
1

sin 2 0 0
2

T
T

fp=k 7.3 rms èkkjk I] f'k[kj/kjk i
m
 ls lw=k I = / 2

m
i  = 0.707 i

m

}kjk lacaf/r gSA

t
kWt
Z os̄LVxgkml

 (1
8
4
6
 –

 1
9
1
4
)

tkWtZ os̄ LVxgkml  (1846 – 1914)

fn"V/kjk dh rqyuk esa izR;korhZ /kjk

osQ izeq[k i{kèkjA vr% fn"V/kjk osQ

leFkZd FkkWel vYok ,Mhlu ls mudk

lh/k la?k"kZ gqvkA os̄ LVxgkml dk iw.kZ

fo'okl Fkk fd izR;korhZ /kjk izkS|ksfxdh

osQ gkFk esa gh oS|qrh; Hkfo"; dh oqaQth

gSA mUgksaus vius uke okyh izfl¼

dEiuh dh LFkkiuk dh vkSj fudksyk

VsLyk ,oa vU; vkfo"dkjdksa dks izR;korhZ

/kjk eksVjksa ,oa mPp oksYVrk ij fo|qr

èkkjk osQ laizs"k.k laca/h midj.kksa osQ

fodkl osQ fy, fu;qDr fd;k] ftlls

cM+s iSekus ij izdk'k izkIr djus dk

ekxZ [kqykA
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bls bl izdkj O;Dr fd;k tkrk gS

2 21

2 2

m
m

i
I i i= = =

= 0.707 I
m

(7.6)

I  osQ inksa esa O;Dr djsa rks P }kjk fu£n"V ekè; 'kfDr

2 21

2
m

pP i R I R= = = (7.7)

blh izdkj] rms oksYVrk vFkok izHkkoh oksYVrk dks ge O;Dr djrs gSa %

V = 
2

mv
 = 0.707 v

m
(7.8)

lehdj.k (7.3) osQ vk/kj ij
v

m
 = i

m
R

vFkok  
2 2

m mv i
R=

vFkok  V = IR (7.9)

lehdj.k (7.9) ac /kjk ,oa ac oksYVrk osQ chp laca/ crkrh gS tks dc esa bu jkf'k;ksa osQ
laca/ osQ leku gh gSA ;g rms ekuksa dh vo/kj.kk osQ ykHk n'kkZrh gSA rms ekuksa osQ inksa esa]
ac ifjiFkksa osQ fy, 'kfDr dk lehdj.k (7.7) ,oa /kjk rFkk oksYVrk dk laca/ ogh gS tks dc

osQ fy, gksrk gSA

ijaijk ;g fd ac jkf'k;ksa dks muosQ rms ekuksa osQ inksa esa ekik vkSj O;Dr fd;k tk,A mnkgj.kkFkZ]
?kjsyw vkiw£r esas 220 V oksYVrk dk rms eku gS ftldk f'k[kj eku gS

v
m
 = 2  V =  (1.414)(220 V) = 311 V

okLro esa] I vFkok rms /kjk ml dc /kjk osQ lerqY; gS tks ogh ekè; 'kfDr gzkl djsxh
tks izR;korhZ /kjk djrh gSA lehdj.k (7.7) dks fuEufyf[kr :i esa Hkh izLrqr dj ldrs gSaµ

P = V2 / R = I V    (pw¡fd V = I R)

mnkgj.k 7.1 ,d fo|qr cYc 220V vkiw£r ij 100W 'kfDr nsus osQ fy, cuk;k x;k gSA
(a) cYc dk izfrjks/_ (b) lzksr dh f'k[kj oksYVrk ,oa (c) cYc esa izokfgr gksus okyh rms èkkjk
Kkr dhft,A

gy
(a) fn;k gS P = 100 W ,oa V = 220 VA cYc dk izfrjks/ gS %

( )2
2 220 V

484
100 W

V
R

P
= = = Ω

(b) lzksr dh f'k[kj oksYVrk

V2 311
m

v V= =

(c) pw¡fd] P = I V

100 W
0.450A

220 V

P
I

V
= = =

 m
nk
gj

.k
 7

.1

2022-23



237

izR;korhZ /kjk

7.3 ac /kjk ,oa oksYVrk dk ?kw.khZ lfn'k }kjk fu:i.kµ
dykleatd (isQtlZ)
fiNys vuqHkkx esa geus lh[kk fd fdlh izfrjks/d esa izokfgr gksus okyh /kjk rFkk ac oksYVrk
leku dyk esa jgrs gSaA ijUrq izsjd] la/kfj=k vFkok buosQ la;kstu ;qDr ifjiFkksa esas ,slk ugha gksrk
gSA ac ifjiFk esa /kjk ,oa oksYVrk osQ chp dyk laca/ n'kkZus
osQ fy, ge isQtlZ dh /kj.kk dk mi;ksx djrs gSaA isQtj fp=k
osQ mi;ksx ls ac ifjiFk dk fo'ys"k.k ljyrkiwoZd gks tkrk gSA
isQtj* tSlk fd fp=k 7.4 esa n'kkZ;k x;k gS] ,d lfn'k gS tks
ewy ̄ cnq osQ ifjr% dks.kh; osx ω ls ?kw.kZu djrk gSA isQtlZ  V
,oa I osQ ÅèokZ/j ?kVd T;koØh; :i ls ifjorZu'khy jkf'k;k¡
v ,oa i fu:fir djrs gSaA isQtlZ  V ,oa I osQ ifjek.k bu
nksyk;eku jkf'k;ksa osQ vk;ke vFkok f'k[kjeku v

m
 ,oa i

m

fu:fir djrs gSaA fp=k 7.4(a) fp=k 7.1 osQ laxr fdlh
izfrjksèkd osQ fljksa ls tqM+h ac oksYVrk dh] fdlh {k.k t

1
 ij]

oksYVrk ,oa /kjk osQ isQtlZ vkSj mudk ikjLifjd laca/ n'kkZrk
gSA oksYVrk ,oa /kjk osQ ÅèokZ/j v{k ij iz{ksi vFkkZr v

m

sinω t  ,oa  i
m
 sin ω t, Øe'k%] ml {k.k fo'ks"k ij oksYVrk

,oa /kjk osQ eku fu:fir djrs gSaA T;ksa&T;ksa os vko`fÙk ω ls ?kw.kZu djrs gSa fp=k 7.4(b) esa n'kkZ,
x, oØ tSls gksrs gSaA

fp=k 7.4(a) ls ge ;g le> ldrs gSa fd izfrjks/d osQ fy, isQtlZ  V ,oa  I ,d gh fn'kk
esa gksrs gSaA ,slk gj le; gksrk gSA bldk vFkZ gS fd oksYVrk ,oa /kjk osQ chp dyk dks.k 'kwU;
gksrk gSA

7.4 izsjd ij iz;qDr ac oksYVrk
fp=k 7.5 ,d iszjd osQ fljksa ij yxk ac lzksr n'kkZrk gSA izk;% izsjd osQ
yisVksa esa yxs rkj dk vPNk [kklk izfrjks/ gksrk gS] ysfdu ;gk¡ ge ;g
ekusaxs fd bl izsjd dk izfrjks/ ux.; gSA vr% ;g ifjiFk fo'kq¼
izsjf.kd ac ifjiFk gSA ekuk fd lzksr osQ fljksa osQ chp oksYVrk v = v

m

sinω t  gS D;ksafd ifjiFk esa dksbZ izfrjks/d ugha gSA fdj[kksiQ ywi fu;e
ε ( )t =∑ 0 , dk mi;ksx djus ls

d
0

d

i
v L

t
− = (7.10)

;gk¡ lehdj.k dk nwljk in izsjd esa Loizsfjr iSQjkMs emf gS] ,oa L izsjd
dk Lo&izsjdRo gSA ½.kkRed fpÉ ysat osQ fu;e dk vuqlj.k djus ls

fp=k 7.4 (a) fp=k 7.1 esa n'kkZ, x, ifjiFk osQ fy, isQtj
vkjs[k (b) v ,oa  i rFkk ωt osQ chp xzkiQA

fp=k 7.5  izsjd ls tqM+k ,d ac ÏksrA

* ;|fi ac ifjiFk esa oksYVrk ,oa /kjk dks ?kw.kZu djrs lfn'kksa&isQtlZ }kjk fu:fir fd;k tkrk gS] vius
vki esa os lfn'k ugha gSaA os vfn'k jkf'k;k¡ gSaA gksrk ;g gS] fd vkorhZ :i ls ifjo£rr gksrs vfn'kksa dh
dyk,¡ ,oa vk;ke xf.krh; :i ls mlh izdkj la;ksftr gksrs gSa tSls fd mUgha ifjek.k ,oa fn'kkvksa okys
?kw.kZu lfn'kksa osQ iz{ksiA vkorhZ :i ls ifjo£rr gksus okyh vfn'k jkf'k;ksa dks] ?kw.kZu lfn'kksa }kjk fu:fir
djus ls ge bu jkf'k;ksa dk la;kstu ,d ljy fof/ }kjk] ,d igys ls gh Kkr fu;e dk iz;ksx djosQ]
dj ldrs gSaA
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lekfo"V gksrk gS (vè;k; 6)A lehdj.k (7.1) ,oa lehdj.k (7.10) dks la;ksftr djus ij

(7.11)

lehdj.k (7.11) esa ;g lfUufgr gS fd /kjk i(t) osQ fy, lehdj.k le; dk ,slk iQyu
gksuk pkfg, fd bldh izo.krk] di/dt ,d T;koØh; :i esa ifjorZu'khy jkf'k gks tks lzksr
oksYVrk osQ lkFk leku dyk esa jgrh gks vkSj ftldk vk;ke v

m
/L }kjk izkIr gksrk gksA /kjk dk

eku izkIr djus osQ fy,] ge di/dt dks le; osQ lkis{k lekdfyr djrs gSa]

d

d
d d

i

t
t

v

L
t tm∫ ∫= sin( )ω

blls gesa izkIr gksrk gS %

= − ω +
ω

cos( )mv
i t

L
fu;rkda

;gk¡ lekdyu fu;rkad dh foek] /kjk dh foek gksrh gS vkSj ;g le; ij fuHkZj ugha djrhA
pw¡fd] lzksr dk emf 'kwU; osQ ifjr% leferh; :i ls nksyu djrk gS_ og /kjk] tks blosQ dkj.k
cgrh gS] Hkh leferh; :i ls nksyu djrh gSA vr% u rks /kjk dk dksbZ fu;r] u gh le;
ij fuHkZj djus okyk vo;o] vfLrRo esa vkrk gSA blfy,] lekdyu fu;rkad dk eku 'kwU;
gksrk gSA

− = −





cos( ) sinω ω
π

t t
2

, fy[ksa rks

i i tm= −





sin ω
π

2
(7.12)

;gk¡ m
m

v
i

L
=

ω /kjk dk vk;ke gSA jkf'k ω L izfrjks/ osQ ln`'k gS] bls izsjdh; izfr?kkr dgk tkrk

gS ,oa bls X
L
 }kjk O;Dr djrs gSaA

X
L
 = ω L (7.13)

rc] /kjk dk vk;ke gS %

m
m

L

v
i

X
= (7. 14)

izsjdh; izfr?kkr dh foek,¡ ogh gSa rks izfrjks/ dh vkSj bldk SI ek=kd vkse (Ω) gSA izsjdh;
izfr?kkr ,d 'kq¼ izsjf.kd ifjiFk esa /kjk dks oSls gh fu;af=kr djrk gS tSls izfrjks/ ,d
'kq¼ izfrjks/d ifjiFk esaA izsjdh; izfr?kkr] izsjdRo ,oa /kjk dh vko`fÙk osQ vuqØekuqikrh
gksrk gSA

lzksr oksYVrk ,oa izsjd esa izokfgr gksus okyh /kjk osQ lehdj.k (7.1) ,oa (7.12) dh rqyuk ls
;g Kkr gksrk gS fd /kjk oksYVrk ls π/2 vFkok (1/4) pØ ihNs jgrh gSA fp=k 7.6 (a) izLrqr
izdj.k osQ t

1 
{k.k ij] oksYVrk ,oa /kjk isQtlZ n'kkZrk gSA /kjk isQtj I oksYVrk isQtj V ls π/2 ihNs

gSA tc mUgsa ω vkòfÙk ls okekorZ fn'kk esa ?kw.kZu djkrs gSa rks ;s oksYVrk ,oa /kjk tfur djrs gSa tks
Øe'k% lehdj.k (7.1) ,oa (7.12) }kjk O;Dr dh tkrh gS vkSj ftls fp=k 7.6 (b) esa n'kkZ;k
x;k gSA

a
c
 i
fj
iF

k 
osQ
 v

o;
o]
 R

, 
L

r
Fk
k 

C
 
,o

a R
L

C
 J

s.k
h&
if
ji

Fk
 d

s i
sQ”
kj
 v

kj
s[k
ksa 
l
s l

ac
af/

r 
izH

kko
h 
l
t
ho
 f
p
=k.

k






























HkkSfrdh

2022-23



239

izR;korhZ /kjk

 mnkgj.k 7
.2

ge ns[krs gSa fd /kjk] oksYVrk dh vis{kk pkSFkkbZ vkorZ dky 
T

4

2=





π/

ω
 osQ i'pkr vius

vf/dre eku dks izkIr djrh gSA vkius ns[kk fd ,d izsjd esa izfr?kkr gksrk gS tks èkkjk dks mlh
izdkj fu;af=kr djrk gS tSls dc ifjiFk esa izfrjks/ djrk gSA ij] D;k izfrjks/ dh rjg gh blesa
Hkh 'kfDr O;; gksrh gS\ vkb,] bldk irk yxkus dk iz;kl djsaA

izsjd dks vkiwrZ rkR{kf.kd 'kfDr

( )sin sin
2

π = = − ×  L m mp i v i t v tω ω

( ) ( )cos sinm mi v t tω ω= −

( )sin 2
2

m mi v
tω= −

vr% ,d iwjs pØ esa ekè; 'kfDr

( )L sin 2
2

m mi v
P tω= −

( )sin 2
2

m mi v
tω= − = 0

D;ksafd] ,d iwjs pØ esa sin(2ωt) dk ekè; 'kwU; gksrk gS
blfy, ,d iwjs pØ esa fdlh izsjd dks vkiwrZ ekè; 'kfDr Hkh 'kwU; gksrh gSA
fp=k 7.7 esa bl rF; dks foLrkj esa le>k;k x;k gSA

mnkgj.k 7.2  25.0 mH dk ,d 'kq¼ izsjd 220 V osQ ,d lzksr ls tqM+k gSA ;fn lzksr dh
vko`fÙk 50 Hz gks rks ifjiFk dk izsjdh; izfr?kkr ,oa rms /kjk Kkr dhft,A

gy  izsjdh; izfr?kkr
–

= .
32 2 3 14 50 25 10νπ × × × × ΩLX L =

      = 7.85Ω
ifjiFk esa rms /kjk

V
A

220
28

7.85L

V
I

X
= = =

Ω

fp=k 7.6 (a) fp=k 7.5 esa n'kkZ, x, ifjiFk dk isQtj vkjs[k
(b) v ,oa i rFkk ωt osQ chp xzkI+kQA
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0-1 oqaQMyh esa izokfgr gksus okyh /kjk i, tks oqaQMyh esa fcanq
A ij izos'k djrh gS] 'kwU; ls vf/dre eku rd c<+rh
gSA ÝyDl js[kk,¡ LFkkfir gksrh gSa vFkkZr ØksM pqacfdr gksrk
gSA n'kkZ;h xbZ /zqo fLFkfr osQ fy,] oksYVrk ,oa /kjk nksuksa
èkukRed gksrs gSa] vr% budk xq.kuiQy p /ukRed gksrk gSA
lzksr ls ÅtkZ vo'kksf"kr gksrh gSA

1-2 oaqQMyh esa izokfgr gksus okyh /kjk vHkh Hkh èkukRed
gS ijUrq de gks jgh gSA vk/s pØ osQ var esa ØksM
fopqacfdr gks tkrk gS vkSj oqQy ÝyDl 'kwU; gks tkrk gSA
oksYVrk v ½.kkRed gS (D;ksafd di/dt dk eku ½.kkRed
gksrk gS) oksYVrk ,oa /kjk dk xq.kuiQy ½.kkRed gksrk
gS vkSj ÅtkZ lzksr dks ykSVkbZ tkus yxrh gSA

oksYVrk@/kjk dk ,d iw.kZ pØA è;ku nhft, fd /kjk oksYVrk ls ihNs gSA

2-3 /kjk i ½.kkRed gks tkrh gS vFkkZr ;g fcanq B ls izos'k
dj fcanq A ls ckgj vkrh gSA D;ksafd /kjk dh fn'kk cny
xbZ gS] pqacd osQ /zqo Hkh cny tkrs gSaaA /kjk vkSj oksYVrk
nksuksa ½.kkRed gks tkrs gSa vr% mudk xq.kuiQy p èkukRed
gSA ÅtkZ vo'kksf"kr gksrh gSA

3-4 /kjk i de gksrh gS vkSj 4 ij /kjk 'kwU; gks tkrh gSA
4 ij ØksM fopqacfdr gks tkrk gS rFkk ÝyDl 'kwU; gSA
oksYVrk /ukRed ,oa /kjk ½.kkRed gSaA vr% 'kfDr
½.kkRed gSA tks ÅtkZ 2-3 pØ osQ nkSjku vo'kksf"kr gqbZ
Fkh ÅtkZ lzksr dks okil ykSVk nh tkrh gSA

fp=k 7.7 fdlh izsjd dk paqcdu ,oa fopqacduA

2022-23



241

izR;korhZ /kjk

7.5  la/kfj=k ij iz;qDr ac oksYVrk
fp=k 7.8 esa ,d la/kfj=kh; ac ifjiFk n'kkZ;k x;k gS ftlesa osQoy ,d la/kfj=k ,d ,sls ac lzksr
ε ls tqM+k gS tks oksYVrk v = v

m
 sin ωt iznku djrk gSA

tc dc ifjiFk esa oksYVrk lzksr ls fdlh la/kfj=k dks tksM+k tkrk
gS rks blesaa /kjk] ml vYidky osQ fy, gh izokfgr gksrh gS tks laèkkfj=k
dh IysVksa ij ,df=kr gksrk gS] muosQ chp foHkokarj c<+rk gS] tks èkkjk
dk fojks/ djrk gSA vFkkZr dc ifjiFk esa T;ksa&T;ksa la/kfj=k vkosf'kr
gksrk gS ;g ifjiFk /kjk dks lhfer djrk gS vFkok mlosQ izokg dk
fojks/ djrk gSA tc la/kfj=k iwjh rjg vkosf'kr gks tkrk gS rks ifjiFk
esa /kjk fxj dj 'kwU; gks tkrh gSA

tc la/kfj=k dks ac lzksr ls tksM+k tkrk gS] tSlk fd fp=k 7.8 esa
n'kkZ;k x;k gS rks ;g /kjk dks fu;af=kr rks djrk gS] ij vkos'k osQ izokg
dks iwjh rjg jksdrk ugha gSA D;ksafd /kjk izR;sd v¼Z pØ esa izR;ko£rr
gksrh gS la/kfj=k Hkh ,dkarj Øe esa vkosf'kr ,oa vukosf'kr gksrk gSA ekuk fd fdlh {k.k t  ij
la/kfj=k ij vkos'k q  gSA rks la/kfj=k osQ fljksa osQ chp rkR{kf.kd oksYVrk gS]

q
v

C
= (7.15)

fdj[kksiQ osQ ywi fu;e osQ vuqlkj] lzksr ,oa la/kfj=k osQ fljksa osQ chp oksYVrk,¡ leku gSa] vr%

sinm

q
v t

C
ω =

/kjk dk eku Kkr djus osQ fy, ge laca/ 
d

d

q
i

t
=  dk mi;ksx djrs gSa

( )d

d
sin cos( )m mi v C t C v t

t
ω ω ω= =

laca/] ω =cos( )t sin ω t +





π
2

, dk mi;ksx djus ls ge ikrs gSa]

= sinmi i ω t +





π
2

(7.16)

;gk¡] nksyk;eku /kjk dk vk;ke i
m
 = ωCv

m  
gSA bldks ge

(1/ )
m

m

v
i

Cω
=

osQ :i esa fy[ksa vkSj fo'kq¼ izfrjks/dh; ifjiFk osQ rnuq:ih lw=k i
m
= v

m
/R  ls rqyuk djsa rks

ge ikrs gsa fd (1/ωC)  dh Hkwfedk izfrjks/ tSlh gh gSA bldks la/kfj=k izfr?kkr dgrs gSa vkSj
X

c  
ls fu:fir djrs gSaA
X

c
= 1/ωC (7.17)

vr% /kjk dk vk;ke gS]

m
m

C

v
i

X
= (7.18)

fp=k 7.8  ,d la/kfj=k ls tqM+h ac oksYVrkA
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 7

.3

fp=k 7.9 (a) fp=k 7.7 esa n'kkZ, x, ifjiFk dk isQtj vkjs[k
(b) v ,oa i dk le; osQ lkis{k xzkI+kQA

la/kfj=kh; izfr?kkr dh foek,¡ ogh gSa tks izfrjks/ dh vkSj
bldk SI ek=kd vkse (Ω) gSA la/kfj=kh; izfr?kkr mlh izdkj
fo'kq¼ la/kfj=kh; ifjiFk esa /kjk dks fu;af=kr djrk gS tSls
fo'kq¼ izfrjks/dh; ifjiFk esa izfrjks/] ijarq bldk eku vkòfÙk
,oa /kfjrk osQ O;qRØekuqikrh gksrk gSA

lehdj.k (7.16) dh lzksr oksYVrk dh lehdj.k (7.1)

ls rqyuk djus ij ge ikrs gSa fd /kjk] oksYVrk ls π/2

vxzxkeh gksrh gSA fp=k 7.9 (a) fdlh {k.k t
1 
ij isQtj vkjs[k

n'kkZrk gSA ;gk¡ /kjk isQtj I , oksYVrk isQtj V ls π/2 dks.k
vxzxkeh gS tc os okekorZ ?kw.kZu djrs gSaA fp=k 7.9 (b),

oksYVrk ,oa /kjk esa le; osQ lkFk gksus okyk ifjorZu n'kkZrk gSA ge ns[krs gSa fd /kjk] oksYVrk
dh rqyuk esa pkSFkkbZ le;dky igys vf/dre eku xzg.k djrh gSA

la/kfj=k dks vkiwrZ rkR{kf.kd 'kfDr]
p

c
 = i v = i

m
 cos(ωt)v

m
 sin(ωt)

    = i
m
v

m
 cos(ωt) sin(ωt)

    sin(2 )
2

m mi v
tω= (7.19)

vr% la/kfj=k osQ izdj.k esa] ekè; 'kfDr

P sin(2 ) sin(2 ) 0
2 2

m m m m
C

i v i v
t tω ω= = =

D;ksafd ,d iw.kZ pØ ij <sin (2ωt)> = 0, fp=k 7.10 bldh foLrkj ls O;k[;k djrk gSA
bl izdkj ge ns[krs gSa fd izsjd osQ izdj.k esa /kjk] oksYVrk ls π/2 dks.k i'pxkeh ,oa la/kfj=k
osQ izdj.k esa /kjk] oksYVrk ls π/2 dks.k vxzxkeh gksrh gSA

mnkgj.k 7.3 ,d ySai fdlh la/kfj=k osQ lkFk Js.khØe esa tqM+k gSA dc ,oa ac la;kstuksa osQ
fy, vius izs{k.kksa dh izkxqfDr dhft,A izR;sd izdj.k esa crkb, fd la/kfj=k dh /kfjrk de
djus dk D;k izHkko gksxk\

gy tc la/kfj=k osQ lkFk fdlh dc lzksr dks tksM+rs gSa rks la/kfj=k vkosf'kr gksrk gS vkSj mlosQ
iw.kZ vkos'ku osQ ckn ifjiFk esa dksbZ /kjk izokfgr ugha gksrh vkSj ySai izdkf'kr ugha gksrk gSA
bl ekeys esa C dks de djus ls dksbZ ifjorZu ugha vk,xkA ac lzksr osQ lkFk] la/kfj=k
(1/ωC) la/kfj=kh; izfr?kkr yxkrk gS vkSj ifjiFk esa /kjk izokfgr gksrh gSA ifj.kker% ySai
izdk'k nsxkA C dks de djus ls izfr?kkr c<+sxk vkSj ySai igys dh rqyuk esa nhfIr ls izdkf'kr
gksxkA

mnkgj.k 7.4 15.0 µF dk ,d la/kfj=k]  220 V, 50 Hz lzksr ls tksM+k x;k gSA ifjiFk dk
la/kfj=kh; izfr?kkr vkSj blesa izokfgr gksus okyh (rms ,oa f'k[kj) /kjk dk eku crkb,A
;fn vko`fÙk dks nksxquk dj fn;k tk, rks la/kfj=kh; izfr?kkr vkSj /kjk osQ eku ij D;k izHkko
gksxk\

gy  la/kfj=kh; izfr?kkr gS]

Hz F
6

1 1
212

2 2 (50 )(15.0 10 )
CX

Cν −= = = Ω
π π ×
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0-1 /kjk i n'kkZ, vuqlkj izokfgr gksrh gS ,oa 0 ij vf/dre eku
ls 1 ij 'kwU; gks tkrh gSA IysV A /ukosf'kr gksrh gS tcfd IysV B

ij ½.kkRed vkos'k q c<+rk gS tks 1 ij vf/dre gks tkrk gS
tgk¡ /kjk 'kwU; gks tkrh gSA oksYVrk vc = q/C vkos'k q osQ lkFk
leku dyk esa jgrh gS vkSj 1 ij 'kwU; gks tkrh gSA èkkjk vkSj
oksYVrk nksuksa /ukRed gksrh gSaA vr% p = vci /ukRed gSA bl
pkSFkkbZ pØ esa tSls&tSls la/kfj=k vkosf'kr gksrk gS] ;g lzksr ls
ÅtkZ vo'kksf"kr djrk gSA

1-2 /kjk i  dh fn'kk myV tkrh gSA lax̀fgr vkos'k lekIr gks tkrk
gS vFkkZr la/kfj=k bl pkSFkkbZ pØ esa folftZr gks tkrk gSA oksYVrk
de gksrh tkrh gS ij /ukRed cuh jgrh gSA /kjk ½.kkRed gSA
vr% 'kfDr tks budk xq.kuiQy gS] ½.kkRed gksrh gSA 0-1 pkSFkkbZ
pØ esa vo'kksf"kr ÅtkZ bl pkSFkkbZ pØ esa okil fey tkrh gSA

oksYVrk@/kjk@vkos'k@'kfDr dk ,d iw.kZ pØA è;ku nhft, fd /kjk oksYVrk dh rqyuk esa vxzxkeh gSA

2-3 D;ksafd /kjk i  A ls B dh vksj cgrh gS] la/kfj=k foijhr èkqzork
osQ lkFk vkosf'kr gksrk gS] vFkkZr IysV  B ij /ukRed ,oa IysV
A ij ½.kkRed vkos'k vkus yxrk gSA /kjk ,oa oksYVrk nksuksa gh
½.kkRed gksrs gSaA mudk xq.kuiQy p /ukRed gSA bl pkSFkkbZ pØ
esa la/kfj=k ÅtkZ vo'kksf"kr djrk gSA

3-4 {k.k 3 ij /kjk i dh fn'kk esa mRØe.k gks tkrk gS vkSj ;g
B ls A dh vksj izokfgr gksus yxrh gSA laxzfgr vkos'k lekIr gks
tkrk gS vkSj oksYVrk vc dk ifjek.k de gks tkrk gSA tc 4 ij
la/kfj=k iw.kZr% vkosf'kr gks tkrk gS rks v

c
 dk eku 'kwU; gks tkrk

gSA 'kfDr ½.kkRed gksrh gS vkSj 2-3 esa vo'kksf"kr ÅtkZ lzksr dks
okil ykSVk nh tkrh gSA oqQy vo'kksf"kr ÅtkZ 'kwU; gSA

fp=k 7.10 ,d la/kfj=k dk vkos'ku ,oa fujkos'kuA
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rms /kjk gS

V
A

220
1.04

212C

V
I

X
= = =

Ω

f'k[kj /kjk gS

2 (1.41)(1.04 ) 1.47mi I A A= = =

;g /kjk +1.47A ,oa –1.47 A osQ chp nksyu djrh gS vkSj oksYVrk ls π/2 dks.k vxzxkeh
gksrh gSA
;fn vko`fÙk nksxquh gks tk, rks la/kfj=kh; izfr?kkr vk/k jg tkrk gS] ifj.kker% /kjk nksxquh
gks tkrh gSA

mnkgj.k 7.5 ,d izdk'k cYc vkSj ,d ljy oqaQMyh izsjd] ,d oqaQth lfgr] fp=k esa n'kkZ,
vuqlkj] ,d ac lzksr ls tksM+s x, gSaA fLop dks can dj fn;k x;k gS vkSj oqQN le; i'pkr
,d yksgs dh NM+ izsjd oqaQMyh osQ vanj izfo"V djkbZ tkrh gSA

fp=k 7.11

NM+ dks izfo"V djkrs le; izdk'k cYc dh ped (a) c<+rh gS (b) ?kVrh gS (c) vifjo£rr jgrh
gSA dkj.k lfgr mÙkj nhft,A

gy  tSls&tSls yksgs dh NM+ oqaQMyh esa izos'k djrh gS oqaQMyh osQ vanj dk pqacdh; {ks=k bls
pqacfdr dj nsrk gS ftlls oqaQMyh osQ vanj pqacdh; {ks=k c<+ tkrk gSA vr% oqaQMyh dk izsjdRo
c<+ tkrk gSA ifj.kker% oqaQMyh dk izsjdh; izfr?kkr c<+ tkrk gSA bl izdkj iz;qDr ac oksYVrk
dk vf/dka'k Hkkx iszjd osQ fljksa osQ chp izHkkoh gks tkrk gS vkSj cYc osQ fljksa osQ chp oksYVrk
de jg tkrh gSA vr% cYc dh nhfIr de gks tkrh gSA

7.6 Js.khc¼ LCR ifjiFk ij iz;qDr ac oksYVrk

fp=k 7.12, ac lzksr ε ls tqM+k Js.khc¼ LCR ifjiFk n'kkZrk gSA igys dh gh Hkk¡fr ge ac lzksr
dh oksYVrk v = v

m 
sin ωt ysrs gSaA

;fn la/kfj=k ij vkos'k q ,oa fdlh {k.k t ij ifjiFk esa
izokfgr /kjk i  gS rks fdj[kksI+kQ ik'k fu;e ls

d

d
+ + =i q

L i R v
t C

(7.20)

ge rkR{kf.kd /kjk i  vkSj iz;qDr izR;korhZ oksYVrk v osQ lkFk
bldk dyk laca/ Kkr djuk pkgrs gSaA ge bl leL;k dks gy
djus osQ fy, nks fof/;ksa dk mi;ksx djsaxsA igyh fof/ esa ge
isQtlZ rduhd dk mi;ksx djsaxs vkSj nwljh fof/ esa ge lehdj.k
(7.20) dks fo'ys"k.kkRed :i ls gy djosQ i  dh dkykfJrrk
izkIr djsaxsA

fp=k 7.12 fdlh ac lzksr ls la;ksftr Js.khc¼ LCR
ifjiFkA
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7.6.1 isQtj vkjs[k }kjk gy

fp=k 7.12 esa n'kkZ, x, ifjiFk esa izfrjks/d] izsjd ,oa la/kfj=k Js.khØe esa tqM+s gSaA vr% fdlh
{k.k fo'ks"k ij ifjiFk osQ gj ?kVd esa ac /kjk] mlosQ vk;ke ,oa dyk leku gSaA ekuk fd

i = i
m
 sin(ωt+φ) (7.21)

;gk¡ φ lzksr dh oksYVrk vkSj ifjiFk esa izokfgr gksus okyh /kjk esa dyk&varj gSA fiNys vuqHkkxksa
esa geus tks lh[kk gS mlosQ vk/kj ij ge orZeku izdj.k dk ,d isQtj vkjs[k cuk,¡xsA

eku yhft, fd lehdj.k (7.21) }kjk iznÙk ifjiFk dh /kjk dks isQtj I }kjk O;Dr djsaA
vkSj izsjd] izfrjks/d] la/kfj=k ,oa lzksr osQ fljksa osQ chp oksYVrkvksa dks Øe'k%  V

L
, V

R
, V

C
,

,oa V ls fu:fir djsa rks fiNys vuqHkkx ls ge tkurs gSa fd  V
R
, I osQ lekraj gS] V

C
 /kjk I

ls π/2 jsfM;u ihNs gS rFkk V
L
 , I ls π/2 jsfM;u vkxs gSA fp=k

7.13(a) esa V
L
, V

R
, V

C
 ,oa I dks leqfpr dyk laca/ksa osQ lkFk

n'kkZ;k x;k gSA
bu isQtlZ dh yackbZ vFkkZr  V

R
, V

C
 ,oa V

L
 osQ vk;ke gSa %

v
Rm

 = i
m

 R, v
Cm

 = i
m

 X
C
,
 
v

Lm 
=

 
i
m 

X
L

(7.22)

ifjiFk osQ fy, oksYVrk lehdj.k (7.20) dks bl izdkj fy[kk
tk ldrk gS

v
L
 + v

R
 + v

C
 = v (7.23)

og isQtj laca/ ftlosQ ÅèokZ/j ?kVdksa }kjk mijksDr lehdj.k
curh gS] og gS

V
L
 + V

R
 + V

C
 = V (7.24)

bl laca/ dks fp=k 7.13 (b) esa izLrqr fd;k x;k gSA pw¡fd]
V

C
  ,oa V

L
 lnSo ,d gh ljy js[kk esa vkSj ,d nwljs dh foijhr

fn'kkvksa esa gksrs gSa] mudks ,d ,dy isQtj (V
C
 + V

L
) osQ :i esa la;ksftr fd;k tk ldrk gS

ftldk ifjek.k v
Cm

 – v
Lm

 gksrk gSA pw¡fd V ml ledks.k f=kHkqt osQ d.kZ ls fu:fir fd;k
x;k gS ftldh Hkqtk,¡ V

R
 ,oa (V

C
 + V

L
) gSa] ikbFkkxksjl izes; }kjk]

( )22 2
m Rm Cm Lmv v v v= + −

lehdj.k (7.22) ls v
Rm

, v
Cm

, ,oa v
Lm

 osQ eku izR;sd lehdj.k esa j[kus ij
2 2 2( ) ( )m m m C m Lv i R i X i X= + −

     = + − i R X Xm C L
2 2 2( )

vFkok 2 2( )

m
m

C L

v
i

R X X
=

+ − [7.25(a)]

fdlh ifjiFk esas izfrjks/ ls lerqY;rk osQ vk/kj ij ge ac ifjiFk osQ fy, izfrck/k] Z  in
dks mi;ksx esa yk,¡ rks

m
m

v
i

Z
= [7.25(b)]

;gk¡ 2 2( )C LZ R X X= + − (7.26)

fp=k 7.13 (a) isQtlZ V
L
, V

R
, V

C
, ,oa I osQ chp ikjLifjd

laca/ (b) isQtlZ V
L
, V

R
, ,oaa (V

L
 + V

C
)

osQ chp 7.12 esa n'kkZ, x, ifjiFk osQ fy, laca/A
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pw¡fd isQtj I lnSo isQtj  V

R  
osQ lekarj gksrk gS] dyk dks.k φ  V

R
 ,oa V osQ chp

cuk dks.k gS vkSj fp=k 7.14 osQ vk/kj ij bldk eku Kkr fd;k tk ldrk gS

tan Cm Lm

Rm

v v

v
φ −

=

lehdj.k (7.22) dk mi;ksx djus ij]

tan C LX X

R
φ −

= (7.27)

lehdj.kksa (7.26) ,oa (7.27) dk xzkiQh; fu:i.k fp=k (7.14) esa izLrqr fd;k x;k
gSA ;g izfrck/k vkjs[k dgykrk gSA ;g ,d ledks.k f=kHkqt gS ftldk d.kZ Z gSA

lehdj.k 7.25(a) /kjk dk vk;ke crkrh gS ,oa lehdj.k (7.27) ls dykdks.k
dk eku izkIr gksrk gSA buosQ lkFk feydj lehdj.k (7.21) iw.kZr% fu£n"V gks tkrh gSA

;fn X
C
 > X

L
, φ  /ukRed gksrk gS rFkk ifjiFk dk /kfjrkRed O;ogkj iz/ku gks tkrk gSA

ifj.kker% ifjiFk esa /kjk lzksr oksYVrk ls vxz gks tkrh gSA ;fn X
C
 < X

L
, φ  ½.kkRed gksrk gS

rFkk ifjiFk dk izsjdh; O;ogkj izeq[k gks tkrk gSA ifj.kker% ifjiFk esa /kjk lzksr oksYVrk ls i'p
gks tkrh gSA

fp=k 7.15, X
C
 > X

L  
osQ izdj.k osQ fy, isQtj vkjs[k gS vkSj ;g

 
 ω t osQ lkFk v ,oa i

esa gksus okys ifjorZu dks n'kkZrk gSA
bl izdkj] isQtlZ rduhd dk mi;ksx djosQ] geus

Js.khc¼ LCR ifjiFk esa /kjk dk vk;ke ,oa dyk Kkr
dj yh gSA ysfdu ac ifjiFkksa osQ fo'ys"k.k dh bl fofèk
esa oqQN dfe;k¡ gSaA izFke rks ;g fd isQ”kj vkjs[k izkjafHkd
fLFkfr;ksa osQ fo"k; esa dksbZ lwpuk ugha nsrsA vki t dk dksbZ
Hkh ;kn`fPNd eku (tSlk fd bl vè;k; esa lc txg t

1

fy;k x;k gS) ys ldrs gSa vkSj fofHkUu isQtlZ osQ chp
lkisf{kd dks.k n'kkZrs gq, vyx&vyx isQtlZ vkjs[k cuk
ldrs gSaA bl izdkj izkIr gy dks LFkk;h voLFkk gy dgrs
gSaA ;g dksbZ O;kid gy ugha gSA blosQ vfrfjDr ,d
{kf.kd gy Hkh gksrk gS tks v = 0 osQ fy, Hkh ykxw gksrk
gSA O;kid gy] {kf.kd gy ,oa LFkk;h voLFkk gy osQ

;ksx ls izkIr gksrk gSA i;kZIr nh?kZdky osQ i'pkr {kf.kd gy osQ izHkko fu"izHkkoh gks tkrs gSa vkSj
ifjiFk osQ vkpj.k dk o.kZu LFkk;h voLFkk }kjk gh gy fd;k tkrk gSA

7.6.2 fo'ys"k.kkRed gy

ifjiFk osQ fy, oksYVrk lehdj.k gS]

d

d

i q
L R i v

t C
+ + =

                 = v
m
 sin ωt

ge tkurs gSa fd i = dq/dt blfy,] di/dt = d2q/dt2 vr%] q osQ inksa esa] oksYVrk lehdj.k
dks fy[k ldrs gSa]

fp=k 7.14 izfrck/k vkjs[kA

fp=k 7.15 (a) V ,oa I osQ fy, isQtj vkjs[k
(b) Js.khc¼ LCR ifjiFk osQ fy, ω t osQ lkFk v ,oa i esa

ifjorZu n'kkZus okys xzkiQ (;gk¡ X
C
 > X

L
)A
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2

2

d d
sin

dd
m

q q q
L R v t

t Ct
ω+ + = (7.28)

;g fdlh iz.kksfnr voeafnr nksyd osQ lehdj.k tSlh gh gSA ¹nsf[k, lehdj.k (14.37(b)

d{kk 11 HkkSfrdh ikB~;iqLrdºA eku fy;k fd bldk ,d gy gS]
q = q

m
 sin (ω t + θ) [7.29(a)]

rkfd] 
d

cos( )
d

m

q
q t

t
ω ω θ= + [7.29(b)]

,oa 
2

2

2

d
sin( )

d
m

q
q t

t
ω ω θ= − + [7.29(c)]

bu ekuksa dks lehdj.k (7.28) esa j[kus ij] ge ikrs gSa

[ ]cos( ) ( )sin( )m C Lq R t X X tω ω θ ω θ+ + − + = sinmv tω (7.30)

;gk¡ geus X
c
= 1/ωC ,oa X

L
 = ω L laca/ksa dk mi;ksx fd;k gSA lehdj.k (7.30) osQ oke i{k

dks ( )22
c LZ R X X= + −  ls xq.kk ,oa foHkkftr djus ij]

q Z
R

Z
t

X X

Z
tm

C L
ω ω θ ω θcos( )

( )
sin( )+ +

−
+





sinmv tω= (7.31)

vc] ekuk fd cos
R

Z
φ=

rFkk       
( )

sinC LX X

Z
φ−

=

rkfd    
1tan C LX X

R
φ − −

= (7.32)

lehdj.k (7.31) esa ;g eku izfrLFkkfir djosQ ljyhdj.k djus ij]
cos( ) sinm mq Z t v tω ω θ φ ω+ − = (7.33)

bl lehdj.k osQ nksuksa i{kksa dh rqyuk djus ij ge ikrs gSa fd]

m m mv q Z i Zω= =

;gk¡
m mi q ω= [7.33 (a)]

,oa 
2

θ φ π− = −  vFkok   
2

θ φπ= − + [7.33 (b)]

blfy, ifjiFk esa /kjk dk laca/ gS

d

d
cos( )m

q
i q t

t
ω ω θ= = +

      = i
m
 cos(ωt + θ)

vFkok        i = i
m
sin(ωt + φ) (7.34)

;gk¡       
2 2( )

m m
m

C L

v v
i

Z R X X
= =

+ −
[7.34 (a)]

,oa         1tan C LX X

R
φ − −

=
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HkkSfrdh
vr% ifjiFk esa /kjk osQ vk;ke ,oa dyk osQ fy, fo'ys"k.kkRed gy isQtlZ rduhd ls izkIr
gy ls esy [kkrk gSA

7.6.3 vuqukn

Js.khc¼ RLC  ifjiFk dk ,d jkspd vfHky{k.k vuqukn dh ifj?kVuk gSA vuqukn ,sls lHkh
fudk;ksa dh ,d lkekU; ifj?kVuk gS ftuesa ,d fof'k"V vko`fÙk ls nksyu dh izo`fÙk gksrh gSA ;g
vko`fÙk ml fudk; dh izko`Qfrd vko`fÙk dgykrh gSA ;fn bl izdkj dk dksbZ fudk; fdlh ,sls
ÅtkZ lzksr }kjk lapkfyr gks ftldh vko`fÙk fudk; dh izko`Qfrd vko`fÙk osQ lfUudV gks rks
fudk; cgqr vf/d vk;ke osQ lkFk nksyu djrk gqvk ik;k tkrk gSA bldk ,d lqifjfpr
mnkgj.k >wys ij cSBk gqvk cPpk gSA >wys dh] yksyd dh gh rjg ewy fcUnq osQ b/j&m/j nksyu
dh ,d izko`Qfrd vko`fÙk gksrh gSA ;fn cPpk jLlh dks fu;fer le;&varjkyksa ij [khaprk gS
vkSj [khapus dh vko`fÙk yxHkx >wys osQ nksyuksa dh izko`Qfrd vko`fÙk osQ cjkcj gks rks >wyus dk
vk;ke vf/d gksxk (nsf[k, d{kk 11 dk vè;k; 14)A

v
m
 vk;ke ,oa ω vko`fÙk dh oksYVrk }kjk lapkfyr RLC ifjiFk osQ fy, ge ikrs gSa fd

/kjk vk;ke]

= =
+ −2 2( )

m m
m

C L

v v
i

Z R X X

;gk¡ X
c
 = 1/ωC  ,oa  X

L
 = ω L vr% ;fn ω dks ifjo£rr fd;k tk, rks ,d fof'k"V vko`fÙk

ω
0 
ij X

c
 = X

L  
,oa izfrck/k  Z dk eku U;wure ( )2 20Z R R= + =  gks tkrk gSA ;g vkòfÙk

vuquknh vko`fÙk dgykrh gS %

0

0

1= =c LX X L
C

ω
ω

;k

;k   0

1

LC
ω = (7.35)

vuquknh vko`fÙk ij /kjk dk vk;ke vf/dre gksrk gS vkSj
bldk eku gS] i

m
 = v

m
/R

fp=k 7.16 fdlh RLC Js.khØe ifjiFk osQ fy, ω  osQ
lkFk I

m
 dk ifjorZu n'kkZrk gSA ;gk¡ L = 1.00 mH, C =

1.00 nF gS rFkk R  osQ nks vyx&vyx eku (i) R = 100

Ω ,oa (ii) R = 200 Ω fy, x, gSaA iz;qDr lzksr osQ fy, V
m

= 100 V, bl izdj.k esa ω
0
 = (

1

LC
) = 1.00×106

rad/s A
ge ns[krs gSa fd vuquknh vko`fÙk ij /kjk dk vk;ke

vfèkdre gksrk gSA pw¡fd i
m 

= v
m 

/ R vuqukn dh fLFkfr esa]
izdj.k (i) esa /kjk dk ifjek.k izdj.k (ii) dh fLFkfr esa /kjk
osQ ifjek.k ls nksxquk gSA

vuquknh ifjiFkksa osQ rjg&rjg osQ vuqiz;ksx gksrs gSa
mnkgj.kkFkZ] jsfM;ks ,oa Vhoh lsVksa osQ leLoj.k dh fØ;kfofèkA
fdlh jsfM;ks dk ,safVuk vusd izlkjd LVs'kuksa ls laosQrksa dk

0.5

0.5

1.5 2.01.0

1.0

0.0

I m
,�
A

,�M�rad/s

(i)

(ii)

0

fp=k 7.16 nks izdj.kksa (i) R = 100 Ω ,oa (ii) R = 200 Ω
osQ fy,. ω osQ lkFk l

m
 dk ifjorZuA nksuksa izdj.kksa esa

L = 1.00 mH
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izR;korhZ /kjk

vfHkxzg.k djrk gSA ,safVuk }kjk vfHkxzfgr laosQr] jsfM;ks osQ leLoj.k ifjiFk esa lzksr dk dk;Z
djrs gSa] blfy, ifjiFk vusd vko`fÙk;ksa ij lapkfyr fd;k tk ldrk gSA ijarq fdlh fof'k"V
jsfM;ks LVs'ku dks lquus osQ fy, ge jsfM;ks dks leLofjr djrs gSaA leLoj.k osQ fy, ge
leLoj.k ifjiFk esa yxs la/kfj=k dh /kfjrk dks ifjo£rr dj ifjiFk dh vko`fÙk dks ifjo£rr
dj bl fLFkfr esa ykrs gSa fd mldh vuquknh vko`fÙk vfHkx`fgr jsfM;ks laosQrksa dh vko`fÙk osQ
yxHkx cjkcj gks tk,A tc ,slk gksrk gS rks ifjiFk esa ml fof'k"V jsfM;ks LVs'ku ls vkus okys
laosQrksa dh vko`fÙk osQ /kjk vk;ke dk eku vf/dre gks tkrk gSA

,d egRoiw.kZ ,oa è;ku nsus ;ksX; rF; ;g gS fd vuqukn dh ifj?kVuk osQoy mUgha ifjiFkksa
}kjk izn£'kr dh tkrh gS ftuesa L ,oa C nksuksa fo|eku gksrs gSaA D;ksafd osQoy rHkh  L ,oa C osQ
fljksa osQ chp dh oksYVrk (foijhr dyk esa gksus osQ dkj.k) ,d nwljs dks fujLr djrh gSa vkSj
/kjk vk;ke v

m
/R gksrk gS rFkk oqQy lzksr oksYVrk R osQ fljksa osQ chp gh izHkkoh ik;h tkrh gSA

bldk vFkZ ;g gqvk fd RL ;k RC ifjiFk esa vuqukn ughaA

vuqukn dh rh{.krk

Js.khc¼  LCR  ifjiFk esa /kjk dk vk;ke]

i
v

R L
C

m
m=

+ −






2

2
1

ω
ω

vkSj bldk eku vf/dre gksrk gS] tc 0 1/ L Cω ω= =  rFkk ;g vf/dre eku gksrk gS

/=m mi v Rvf/dre

ω osQ ω
0 
osQ vfrfjDr lHkh ekuksa osQ fy, /kjk dk vk;ke] blosQ vf/dre eku ls de

gksrk gSA eku yhft, fd ge ω dk ,d ,slk eku pqurs gSa ftlosQ fy, /kjk vk;ke] vf/dre
eku dk 1/ 2  xquk gSA bl eku osQ fy, ifjiFk esa gksus okyk 'kfDr {k; vk/k gks tkrk gSA
fp=k (7.16) osQ oØ esa ge ns[krs gSa fd ω osQ ,sls nks eku gSa] ω

1
 ,oa ω

2
, ftuesa ,d ω

0
 ls de

gS vkSj nwljk ω
0 
ls vf/dA ;s nksuksa eku ω

0 
osQ b/j&m/j lefer :i esa fLFkr gksrs gSaA ge fy[k

ldrs gSa %
ω

1
 = ω

0
 + ∆ω

ω
2
 = ω

0
 – ∆ω

bu nksuksa vkòfÙk;ksa osQ chp dk varj ω
1
 – ω

2
 = 2∆ω izk;% ifjiFk dk cSaM&foLrkj dgykrk

gSA jkf'k (ω
0
 / 2∆ω) dks vuqukn dh rhozrk dk eki ekuk tkrk gSA ∆ω ftruk NksVk gksxk] vuqukn

mruk gh rh{.k ;k ladh.kZ gksxkA
∆ω  osQ fy, O;atd izkIr djus osQ fy,] è;ku nsa fd /kjk&vk;ke i

m
 = ( )1/ 2

m
ivf/dre rc

gksrk gS tc ω
1
 = ω

0
 + ∆ω, blfy,

ω1

2
1

1

2

1

ij , i
v

R L
C

m
m=

+ −








ω

ω

2 2
= =m mi v

R

vf/dre
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vFkok R L
C

R2
1

1

2
1

2+ −






=ω
ω

vFkok R L
C

R2
1

1

2

21
2+ −







=ω
ω

1

1

1
L R

C
ω

ω
− =

ftldks fy[k ldrs gSa

0

0

1
( )

( )
L R

C
ω ω

ω ω
+ ∆ − =

+ ∆

ω
ω

ω
ω

ω

ω

0

0
0

0

1
1

1

L

C

R+






−
+







=∆
∆

okei{k osQ nwljs in esa 2
0

1

L C
ω =  dk mi;ksx djus ij

ω
ω

ω

ω

ω

ω

0

0

0

0

1

1

L
L

R+






−
+







=∆
∆

pw¡fd 
0

ω
ω
∆

<<1, 1
0

1

+






−
∆ω

ω
 dk lfUudV eku 1

0

−






∆ω

ω
 j[k ldrs gSaA blfy,]

ω
ω

ω
ω

ω

ω
0

0

0

0

1 1L L R+






− −






=∆ ∆

vFkok 0

0

2
L R

ωω
ω
∆

=

2

R

L
ω∆ = [7.36 (a)]

vr%] vuqukn dh rh{.krk

0 0

2

L

R

ω ω
ω

=
∆ [7.36 (b)]

vuqikr 0L

R

ω
 dks ifjiFk dk xq.koÙkk xq.kkad  Q  Hkh dgrs gSa 0L

Q
R

ω
= [7.36 (c)]

lehdj.k [7.36 (b)] ,oa [7.36 (c)] ls ge ns[krs gSa fd 02
Q

ωω∆ =  vr%] Q  dk eku ftruk

vf/d gksxk] 2∆ω vFkkZr cSaM foLrkj dk eku mruk gh de gksxk vkSj vuqukn mruk gh rh{.k
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 mnkgj.k 7
.6

gksxkA 2
0 1/L Cω =  dk mi;ksx djosQ lehdj.k [7.36(c)] dks lerqY;rkiwoZd fuEu izdkj ls

O;Dr dj ldrs gSa Q = 1/ω
0
CR

fp=k 7.15 ls ge ns[krs gSa fd ;fn vuqukn dh rh{.krk de gks rks u osQoy f'k[kj /kjk
de gksrh gS] ifjiFk vf/d cM+s vko`fÙk ifjlj ∆ω osQ fy, vuqukn osQ fudV jgrk gS vkSj
blfy, ifjiFk dk leLoj.k vPNk ugha gks ik,xkA vr% vuqukn ftruk de rh{.k gksxk ifjiFk
dh p;u {kerk Hkh mruh gh de gksxhA blosQ foijhr ;fn vuqukn rh{.k gS rks ifjiFk dh p;u
{kerk Hkh vf/d gksxhA lehdj.k (7.36) ls ge ns[krs gSa fd ;fn xq.koÙkk xq.kkad vf/d gS]
vFkkZr  R  de ;k L vf/d gS rks ifjiFk dh p;u {kerk vf/d gksrh gSA

mnkgj.k 7.6 ,d 200 Ω izfrjks/d ,oa ,d 15.0 µF la/kfj=k] fdlh 220 V, 50 Hz ac

lzksr ls Js.khØe esa tqM+s gSaaA (a) ifjiFk esa /kjk dh x.kuk dhft,_ (b) izfrjks/d ,oa la/kfj=k
osQ fljksa osQ chp (rms) oksYVrk dh x.kuk dhft,A D;k bu oksYVrkvksa dk chtxf.krh; ;ksx lzksr
oksYVrk ls vf/d gS\ ;fn gk¡] rks bl fojks/kHkkl dk fujkdj.k dhft,A

gy

fn;k gS

F
6200 , 15.0 15.0 10 FR C −= Ω = µ = ×

220 V, 50HzV ν= =

(a) /kjk dh x.kuk djus osQ fy,] gesa ifjiFk dh izfrck/k dh vko';drk gksrh gSA ;g gksrk gSµ

2 2 2 2(2 )CZ R X R Cπ ν −= + = +

   F
2 6 2(200 ) (2 3.14 50 15.0 10 )− −= Ω + × × × ×

   = Ω + Ω2 2(200 ) (212.3 )

   = Ω291.67

blfy,] ifjiFk esa /kjk gS]

V220
0.755 A

291.5

V
I

Z
= = =

Ω

(b) pw¡fd iwjs ifjiFk esa leku /kjk izokfgr gks jgh gS] blfy,

(0.755 A)(200 ) 151VRV I R= = Ω =

(0.755 A)(212.3 ) 160.3 VC CV I X= = Ω =

nksuksa oksYVrkvksa V
R
 ,oa V

C
 dk chtxf.krh; ;ksx 311.3 V gS tks lzksr oksYVrk 220 V ls

vfèkd gSA bl fojks/kHkkl dk fujkdj.k fdl izdkj fd;k tk,\ tSlk fd vkius ikB esa i<+k
gS] nksuksa oksYVrk,¡ leku dyk esa ugha gksrh gSaA blfy, mudks lk/kj.k la[;kvksa dh rjg ugha
tksM+k tk ldrk gSA bu oksYVrkvksa esa 90º dk dyk&varj gksrk gSA blfy, buosQ ;ksx dk
ifjek.k ikbFkkxksjl osQ izes; dk mi;ksx djosQ Kkr fd;k tk ldrk gSA vr%]

2 2
R C R CV V V+ = +

= 220 V

bl izdkj] ;fn nks oksYVrkvksa osQ chp osQ dyk&varj dks x.kuk esa ykrs gq, izfrjks/d ,oa laèkkfj=k
osQ fljksa osQ chp oqQy oksYVrk Kkr dh tk, rks ;g lzksr oksYVrk osQ cjkcj gh ik;h tk,xhA
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nk
gj

.k
 7

.7

7.7 ac ifjiFkksa esa 'kfDr % 'kfDr xq.kkad

ge ns[k pqosQ gSa fd Js.khc¼ RLC ifjiFk esa iz;qDr dksbZ oksYVrk v = v
m
 sinωt bl ifjiFk esa

èkkjk i = i
m
 sin(ωt + φ) izokfgr djrh gSA ;gk¡]

m
m

v
i

Z
=   ,oa φ −= 1tan

X X

R

C L−





blfy, lzksr }kjk vkiwrZ rkR{kf.kd 'kfDr p gS]

( ) [ ]sin sin( )m mp v i v t i tω ω φ= = × +

[ ]cos cos(2 )
2

m mv i
tφ ω φ= − + (7.37)

,d iw.kZ pØ esa ekè; 'kfDr lehdj.k (7.37) osQ nk,¡ i{k osQ nksuksa inksa dk ekè; ysus ls izkIr
gks ldrh gSA buesa osQoy nwljk in gh le; ij fuHkZj djrk gS] vkSj bldk ekè; 'kwU; gS (dksT;k
(cosine) dk /ukRed v¼Z blosQ ½.kkRed v¼Z dks fujLr dj nsrk gSA) blfy,]

cos
2

m mv i
P φ= cos

2 2

m mv i φ=

cosV I φ= [7.38(a)]

bldks bl izdkj Hkh fy[kk tk ldrk gS

2 cosP I Z φ= [7.38(b)]

vr% {kf;r ekè; 'kfDr] u osQoy oksYVrk ,oa /kjk ij fuHkZj djrh gS cfYd muosQ chp osQ
dyk&dks.k dh dksT;k (cosine) ij Hkh fuHkZj djrh gSA jkf'k cos φ dks 'kfDr xq.kkad dgk tkrk
gSA vkb, fuEufyf[kr izdj.kksa ij ppkZ djsa %

izdj.k (i) izfrjks/dh; ifjiFk % ;fn ifjiFk esa osQoy 'kq¼ R gS rks ;g ifjiFk izfrjks/dh;
ifjiFk dgykrk gSA bl ifjiFk osQ fy, φ = 0, cos φ = 1 blesa vf/dre 'kfDr {k; gksrh gSA

izdj.k (ii) 'kq¼ izsjdh; vFkok /kfjrh; ifjiFk % ;fn ifjiFk esa osQoy ,d izsjd vFkok
laèkkfj=k gks rks ge tkurs gSa fd /kjk ,oa oksYVrk osQ chp dyk varj π/2 gksrk gSA blfy,
cos φ = 0 vkSj blfy, ;|fi ifjiFk esa /kjk izokfgr gksrh gS rks Hkh dksbZ 'kfDr {k; ugha gksrhA
bl /kjk dks dHkh&dHkh okVghu /kjk Hkh dgk tkrk gSA

izdj.k (iii) Js.khc¼ LCR ifjiFk % fdlh LCR ifjiFk esa 'kfDr {k; lehdj.k (7.38) osQ
vuqlkj gksrk gSA ;gk¡ φ = tan–1 (X

c 
– X

L 
)/ R vr% fdlh RL ;k RC ;k RCL ifjiFk esa  φ

'kwU;srj gks ldrk gSA bu ifjiFkksa esa Hkh 'kfDr osQoy izfrjks/d esa gh {kf;r gksrh gSA

izdj.k (iv) LCR ifjiFk esa vuqukn fLFkfr esa 'kfDr {k; % vuqukn dh fLFkfr esa X
c
 – X

L
= 0

,oa φ = 0 blfy, cosφ = 1 ,oa P = I2Z = I 2 R  vFkkZr ifjiFk esa vf/dre 'kfDr (R osQ
ekè;e ls) vuqukn dh fLFkfr esa {kf;r gksrh gSA

mnkgj.k 7.7 (a) fo|qr 'kfDr osQ ifjogu osQ fy, iz;qDr gksus okys ifjiFkksa esa fuEu 'kfDr
xq.kkad] laizs"k.k esa vf/d ÅtkZ dk {k; gksxk] fu£n"V djrk gSA bldk dkj.k le>kb,A

(b) ifjiFk dk 'kfDr xq.kkad] izk;% ifjiFk esa mi;qDr eku osQ la/kfj=k dk mi;ksx djosQ lqèkkjk
tk ldrk gSA ;g rF; le>kb,A
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 mnkgj.k 7
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gy (a) ge tkurs gSa fd P = I V cos φ ;gk¡ cos φ 'kfDr xq.kkad gSA nh xbZ oksYVrk ij okafNr
'kfDr dh vkiw£r osQ fy, ;fn cos φ dk eku de gksxk rks gesa mlh vuqikr esa /kjk dk eku
c<+kuk iM+sxkA ijUrq blls laizs"k.k esa vf/d 'kfDr {k; (I2R) gksxkA

(b) ekuk fd fdlh ifjiFk esa /kjk I oksYVrk ls φ dks.k ihNs jgrh gS rks bl ifjiFk osQ fy,
cos φ =R/Z

ge 'kfDr xq.kkad dk lq/kj dj bldk eku 1 dh vksj izo`Ùk dj ldrs gSa ftlosQ fy,  Z  dk
eku R gks ;g iz;kl djuk iM+sxkA ;g miyfC/ oSQls gksrh gS] vkb, fp=k }kjk bls le>us dk
iz;kl djsaA /kjk I dks ge nks ?kVdksa esa fo;ksftr djrs gSaµ I

p
 iz;qDr oksYVrk V dh fn'kk esa ,oa

I
q
 oksYVrk dh yacor fn'kk esaA I

q
 tSlk vki vuqHkkx 7.7 esa i<+ pqosQ gSa] okVghu ?kVd dgykrk

gS D;ksafd èkkjk osQ bl ?kVd osQ laxr dksbZ 'kfDr {k; ugha gksrkA I
P
  dks 'kfDr ?kVd dgk tkrk

gS] D;ksafd ;g oksYVrk osQ lkFk leku dyk esa gS vkSj blh osQ lkFk ifjiFk esa 'kfDr {k; gksrh gSA

bl fo'ys"k.k ls ;g Li"V gS fd ;fn ge 'kfDr xq.kkad esa lq/kj ykuk pkgsa rks i'pxkeh okVghu
/kjk I

q
 dks mlh osQ cjkcj vxzxkeh okVghu /kjk I′′′′′q  

}kjk mnklhu djuk iM+sxkA blosQ fy,
mi;qDr eku dk la/kfj=k lekarj Øe esa la;ksftr djuk gksxk rkfd I

q
 ,oa I′′′′′q ,d&nwljs dks

fujLr dj losaQ vkSj P izHkkoh :i ls I
p
 V  gks losQA

mnkgj.k 7.8 283 V f'k[kj oksYVrk ,oa 50 Hz vko`fÙk dh ,d T;koØh; oksYVrk ,d
Js.khc¼ LCR ifjiFk ls tqM+h gS ftlesa R = 3 Ω, L = 25.48 mH, ,oa C = 796 µF gSA
Kkr dhft, (a) ifjiFk dh izfrck/k_ (b) lzksr osQ fljksa osQ chp yxh oksYVrk ,oa ifjiFk esa
izokfgr gksus okyh /kjk osQ chp dyk&varj_ (c) ifjiFk esa gksus okyk 'kfDr&{k;_ ,oa (d) 'kfDr
xq.kkadA

gy
(a) ifjiFk dh izfrck/k Kkr djus osQ fy, igys ge X

L
 ,oa X

C 
dh x.kuk djsaxsA

X
L
 = 2 πνL

    = 2 × 3.14 × 50 × 25.48 × 10–3 Ω = 8 Ω
1

2
CX

Cπ ν
=

fp=k 7.17

 mnkgj.k 7
.8
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.9

6

1
4

2 3.14 50 796 10−= = Ω
× × × ×

blfy,]
2 2 2 2( ) 3 (8 4)L CZ R X X= + − = + −

    = 5 Ω

(b) dyk&varj] φ = tan–1 C LX X

R

−

=
−





= − °−tan .1 4 8

3
53 1

pw¡fd φ dk eku ½.kkRed gS] ifjiFk esa /kjk lzksr osQ fljksa osQ chp oksYVrk ls ihNs jgrh gS]
(c) ifjiFk esa 'kfDr {k;]

2P I R=

vc] = =
1

2 2

miI
283

5
40







= A

vr%] A W
2(40 ) 3 4800P = × Ω =

(d) 'kfDr xq.kkad = φ = − ° =cos cos( 53.1 ) 0.6

mnkgj.k 7.9 ekuk fd iwoZ mnkgj.k esa o£.kr lzksr dh vko`fÙk ifjorZu'khy gSA (a) lzksr dh
fdl vko`fÙk ij vuqukn gksxkA (b) vuqukn dh voLFkk esa izfrck/k] /kjk ,oa {kf;r 'kfDr dh
x.kuk dhft,A

gy

(a) og vko`fÙk ftl ij vuqukn gksxk]

0
3 6

1 1

25.48 10 796 10LC
ω

− −
= =

× × ×

     222.1rad/s=

0 221.1
Hz 35.4Hz

2 2 3.14
r

ων = = =
π ×

(b) vuqukn dh fLFkfr esa  izfrck/k] Z izfrjks/] R osQ cjkcj gksrh gS vr%

3Z R= = Ω

vuqukn fLFkfr esa rms /kjk

= = =V V

Z R

283

2

1

3
66 7







= . A

vuqukn fLFkfr esa 'kfDr {k;

2 2(66.7) 3 13.35 kWP I R= × = × =

izLrqr izdj.k esa vki ns[k ldrs gSa fd vuqukn fLFkfr esa 'kfDr {k; mnkgj.k 7.8 esa gq,
'kfDr {k; ls vf/d gSA

 m
nk
gj

.k
 7

.8
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 mnkgj.k 7
.1

0

mnkgj.k 7.10 fdlh gokbZ vM~Ms ij lqj{kk dkj.kksa ls] fdlh O;fDr dks /krq&lalwpd osQ }kj
iFk ls xqtkjk tkrk gSA ;fn mlosQ ikl dksbZ /krq ls cuh oLrq gS] rks /krq lalwpd ls ,d èofu
fudyus yxrh gSA ;g lalwpd fdl fl¼kar ij dk;Z djrk gS\

gy  /krq lalwpd ac ifjiFkksa eas vuqukn osQ fl¼kar ij dk;Z djrk gSA tc vki fdlh /krq
lalwpd ls xqtjrs gS rks okLro esa vki vusd isQjksa okyh ,d oqaQMyh ls gksdj xqtjrs gSaA ;g
oqaQMyh ,d ,slh leLofjr la/kfj=k ls tqM+h gksrh gS ftlosQ dkj.k ifjiFk vuqukn dh fLFkfr
esa gksrk gSA tc vki tsc esa /krq ysdj oqaQMyh ls xqtjrs gSa rks ifjiFk dh izfrck/k ifjo£rr
gks tkrh gS] ifj.kkeLo:i ifjiFk esa izokfgr gksus okyh /kjk esa lkFkZd ifjorZu gksrk gSA /kjk
dk ;g ifjorZu lalwfpr gksrk gS ,oa bysDVªkWfud ifjifFkdh osQ dkj.k psrkouh dh èofu mRiUu
gksrh gSA

7.8 LC nksyu
ge tkurs gSa fd ,d la/kfj=k ,oa ,d izsjd Øe'k% oS|qr ,oa pqacdh; ÅtkZ lafpr dj ldrs
gSaA tc ,d (igys ls vkosf'kr) la/kfj=k ,d izsjd osQ lkFk tksM+k tkrk gS rks
la/kfj=k ij vkos'k ,oa ifjiFk esa /kjk] oS|qr nksyuksa dh oSlh gh ifj?kVuk
izn£'kr djrs gSa tSlh ;kaf=kd iz.kkfy;ksa osQ nksyuksa esa ns[kh tkrh gS (vè;k;
14, d{kk 11)A

ekuk fd fdlh la/kfj=k ij (t = 0) ij q
m  
vkos'k gS vkSj bls ,d izsjd

ls tksM+k x;k gS tSlk fp=k 7.18 eas n'kkZ;k x;k gSA
tSls gh ifjiFk iw.kZ gksrk gS] la/kfj=k ij vkos'k de gksuk izkjaHk gks tkrk

gS ftlls ifjiFk esa /kjk izokfgr gksus yxrh gSA ekuk fd fdlh {k.k t ij vkos'k
q ,oa ifjiFk esa /kjk i gSA pw¡fd di/dt /ukRed gS] L esa izsfjr emf dh èkqzork
ogh gksxh tks fp=k esa n'kkZ;h xbZ gS] vFkkZr v

b 
< v

a 
A fdj[kksiQ osQ ywi fu;e

osQ vuqlkj]

d
0

d

q i
L

C t
− = (7.39)

i = – (dq/dt), D;ksafd izLrqr izdj.k esa q de gks jgk gS] i  c<+ jgk gS
vr% lehdj.k (7.39) dks fy[k ldrs gSa %

2

2

d 1
0

d

q
q

LCt
+ = (7.40)

bl lehdj.k dk Lo:i ljy vkorZ xfr dh lehdj.k 
2

2
02

d
0

d

x
x

t
ω+ =  tSlk gSA vr%]

la/kfj=k dk vkos'k ljy vkorZ nksyu djrk gS ftudh izko`Qfrd vko`fÙk gS]

0

1

LC
ω = (7.41)

vkSj blosQ ifjek.k esa le; osQ lkFk T;koØh; :i ls ifjorZu gksrk gS ftldks ge fuEufyf[kr
lw=k }kjk O;Dr dj ldrs gSa %

( )0cosmq q tω φ= + (7.42)

fp=k 7.18 n'kkZ, x, {k.k ij /kjk
c<+ jgh gS vr% izsjd esa izsj.k }kjk
mRiUu dh xbZ /zqork oSlh gh gksrh gS

tSlh fp=k esa n'kkZ;h xbZ gSA
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;gk¡ q

m
 vkos'k q dk vf/dre eku gS ,oa φ ,d dyk fu;rkad gSA pwa¡fd]  t = 0 ij q = q

m
,

cos φ =1 ;k φ = 0 A blfy,] izLrqr izdj.k esa

0cos( )mq q tω= (7.43)

rc /kjk i q

t
= −





d

d
 dks O;Dr dj losaQxs]

0sin( )mi i tω= (7.44)

;gk¡ 0m mi qω=

vkb, vc ;g ns[kus dh ps"Vk djsa fd ifjiFk esa ;g nksyu gksrs oSQls gSa\
fp=k 7.19(a) esa izkjafHkd vkos'k q

m
 ;qDr ,d la/kfj=k ,d vkn'kZ izsjd ls tqM+k fn[kk;k

x;k gSA vkosf'kr la/kfj=k esa lafpr oS|qr ÅtkZ gS 
21

2
m

E

q
U

C
= A D;ksafd] ifjiFk esa dksbZ èkkjk

izokfgr ugha gks jgh gS] izsjd esa ÅtkZ 'kwU; gSA vr%  LC  ifjiFk dh oqQy ÅtkZ gS]
21

2
m

E

q
U U

C
= =

fp=k 7.19 LC ifjiFk osQ nksyu ¯Lizx osQ fljs ij yxs xqVosQ osQ nksyuksa osQ lerqY; gSaA
fp=k esa nksyuksa osQ vk/s pØ dks n'kkZ;k x;k gSA

t = 0 ij fLop can dj fn;k tkrk gS vkSj la/kfj=k fol£tr gksus yxrk gS ¹fp=k 7.19

(b)ºA tSls&tSls /kjk c<+rh gS izsjd esa pqacdh; {ks=k LFkkfir gksus yxrk gS vkSj izsjd esa pqacdh;
ÅtkZ osQ :i esas ÅtkZ lafpr gksus yxrh gS ftldk eku gS  U

B
 = (1/2) Li2A tc i

m
,

(t = T/4 ij) /kjk dk eku vf/dre i
m 
gksrk gS] tSlk fp=k 7.19 (c) esa n'kkZ;k x;k gS rks oqQy

ÅtkZ pqacdh; {ks=k osQ :i esa lafpr gksrh gS ftldk eku gSµ U
B
 = (1/2) Li2

m 
A vki ;g

vklkuh ls tk¡p ldrs gSa fd vf/dre oS|qr ÅtkZ] vf/dre pqacdh; ÅtkZ osQ cjkcj gksrh
gSA bl fLFkfr esa la/kfj=k ij dksbZ vkos'k vkSj blfy, dksbZ ÅtkZ ugha gksrhA vc] tSlk fp=k
7.19 (d) esa n'kkZ;k x;k gS] /kjk la/kfj=k dks vkosf'kr djus yxrh gSA ;g izfØ;k rc rd
pyrh jgrh gS tc rd fd (t = T/2 ij) la/kfj=k iwjh rjg vkosf'kr ugha gks tkrk gS ¹fp=k
7.19 (e)ºA ysfdu] vc bldk vkos'ku] fp=k 7.19 (a) esa n'kkZ;h xbZ izkjafHkd fLFkfr dh
èkzqork dks foijhr /qzork osQ lkFk gksrk gSA Åij crkbZ xbZ izfØ;k vc fiQj ls nksgjkbZ tk,xh
ftlls iz.kkyh viuh ewy voLFkk esa ykSV vk,xhA vr% bl iz.kkyh esa ÅtkZ la/kfj=k ,oa izsjd
osQ chp nksyu djrh gSA
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LC nksyu ̄ Lizx ls tqM+s ̄ iM osQ ;kaf=kd nksyuksa dh gh rjg gSA fp=k 7.19 esa izR;sd vko`Qfr
dk uhps dk Hkkx ;kaf=kd iz.kkyh (¯Lizx ls tqM+s ̄ iM) dh laxr voLFkk iznf'kZr djrk gSA tSlk
igys ns[kk x;k gS] m æO;eku osQ ω

0
 vko`fÙk ls nksyu djrs ¯iM osQ fy,] lehdj.k gS

2
2

2 0

d
0

d

x
x

t
ω+ =

;gk¡] 
0 /k mω = , ,oa k ̄ Lizx fu;rkad gSA blfy,] x osQ laxr jkf'k q gSA ;kaf=kd iz.kkyh osQ

fy,] F = ma = m(dv/dt) = m(d2x/dt2)A fo|qrh; iz.kkyh osQ fy, ε = –L(di/dt) =

–L(d2q/dt2)A bu nks lehdj.kksa dh rqyuk djus ij] ge ns[krs gSa fd  L nzO;eku m osQ lerqY;

gS % L /kjk esa ifjorZu osQ izfrjks/ dk eki gSA  LC ifjiFk osQ izdj.k esa] 
0 1/ LCω =  ,oa

¯Lizx ij nksyu djrs nzO;eku osQ fy,] 
0 /k mω =  A blfy, 1/C ¯Lizx fu;rkad k

osQ lerqY; gSA fu;rkad] k (=F/x) O;Dr djrk gS bdkbZ foLFkkiu osQ fy, vko';d
(cká) cy] tcfd 1/C (=V/q) O;Dr djrk gS bdkbZ vkos'k lafpr djus osQ fy, vko';d
foHkokarjA
lkj.kh 7.1 esa ;kaf=kd ,oa oS|qr jkf'k;ksa dh lkn`';rk izLrqr dh xbZ gSA
è;ku nsa fd LC nksyuksa osQ laca/ esa mijksDr ppkZ nks dkj.kksa ls ;FkkFkZ ugha gS µ

lkj.kh 7.1 ;kaf=kd ,oa oS|qr jkf'k;ksa esa lerqY;rk

;kaf=kd fudk; oS|qr fudk;

nzO;eku m izsjdRo L

cy fu;rkad k O;qRØe /kfjrk
1/C

foLFkkiu x vkos'k q

osx v = dx/dt /kjk i = dq/dt

;kaf=kd ÅtkZ fo|qr pqacdh; ÅtkZ

2 21 1

2 2
E kx mv= +

2
21 1

2 2

q
U L i

C
= +

(i) izR;sd izsjd esa oqQN u oqQN izfrjks/ vo'; gksrk gSA ;g izfrjks/ vkos'k ,oa ifjiFk esa
izokfgr /kjk ij voeand izHkko Mkyrk gS ftlls varr% nksyu lekIr gks tkrs gSaA

(ii) ;fn izfrjks/ 'kwU; gks rks Hkh fudk; dh oqQy ÅtkZ fu;r ugha jgsxhA ;g fudk; ls fo|qr
pqacdh; rjaxksa osQ :i esa fofdfjr gks tk,xh (vxys vè;k; esa bl fo"k; esa foLrkj ls ppkZ
dh xbZ gS)A okLro esa jsfM;ks ,oa Vhoh laizs"kdksa dh dk;Z iz.kkyh bUgha fofdj.kksa osQ Åij
fuHkZj djrh gSA
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nks vyx&vyx ifj?kVuk,¡] leku xf.krh; O;ogkj

laHkor% vki d{kk 11 dh HkkSfrdh dh ikB~;iqLrd osQ vuqHkkx 14.10 esa o£.kr iz.kksfnr voeafnr nksyd dh rqyuk
ac ls tqM+s LCR ifjiFk ls djuk pkgsaA ge ;g fVIi.kh igys gh dj pqosQ gSa fd d{kk 11 dh ikB~;iqLrd esa nh
xbZ lehdj.k [14.37 (b)] vkSj bl vè;k; esa nh xbZ lehdj.k (7.28) esa ;|fi vyx&vyx laosQr fpÉ ,oa izkpy
iz;qDr fd, x, gSa] fiQj Hkh os ,d nwljs ls fcyoqQy feyrh&tqyrh gSaA vkb,] bu nks fLFkfr;ksa esa fofHkUu jkf'k;ksa
dh lerqY;rk lwphc¼ djsaµ

iz.kksfnr nksyu lapkfyr LCR ifjiFk

cos
2

d
2

d x dxm b kx F
dtdt

tω+ + =
2

2

d d
sin

dd
m

q q q
L R v t

t Ct
ω+ + =

foLFkkiu] x la/kfj=k ij vkos'k] q

le;] t le;] t

nzO;eku] m LoizsjdRo] L

voeanu fu;rkad] b izfrjks/] R

¯Lizx fu;rkad] k O;qRØe /kfjrk] 1/C

lapkyd vko`fÙk] ω
d

lapkyd vko`fÙk] ω

nksyd dh izko`Qfrd vko`fÙk] ω LCR ifjiFk dh izko`Qfrd vko`fÙk] ω
0

iz.kksfnr nksyuksa dk vk;ke] A lafpr vf/dre vkos'k] q
m

lapkyd cy dk vk;ke] F
0

yxkbZ xbZ oksYVrk dk vk;ke] v
m

è;ku nsa fd pw¡fd foLFkkiu (x), vkos'k (q) osQ laxr gksrk gS] vk;ke (vf/dre foLFkkiu) A osQ laxr
vfèkdre lafpr vkos'k] q

m 
gksxkA d{kk 11 dh lehdj.k [14.39 (a)] vU; izkpyksa osQ inksa esa nksyuksa dk vk;ke

fu£n"V djrh gS tks lqfo/k osQ fy, ;gk ¡ ge izLrqr djrs gSa %

{ }
0

1/22 2 2 2 2 2( )d d

F
A

m bω ω ω
=

− +

mijksDr lehdj.k esa izR;sd izkpy dks mlosQ laxr oS|qr jkf'k ls izfrLFkkfir djsa vkSj ns[ksa fd D;k gksrk gSA
blls] L, C, ω ,oa ω

0
, dks] laca/ksa X

L
= ωL, X

C
 = 1/ωC, ,oa ω

0
2 = 1/LC dk mi;ksx djosQ gVk,¡A tc vki

lehdj.k (7.33) ,oa (7.34) dk mi;ksx djsaxs rks vki ik,¡xs fd muesa iwjk rkyesy gSA

HkkSfrdh esa ,slh vusd fLFkfr;ksa ls vkidk lkeuk gksxk tgk¡ fcyoqQy vyx HkkSfrd ifj?kVukvksa dks ,d tSlh xf.krh;
lehdj.kksa }kjk O;Dr fd;k tkrk gSA ;fn vki muesa ls ,d dks lqy>k pqosQ gSa rks nwljh dks lqy>kus osQ fy, vki osQoy
laxr jkf'k;ksa dks izfrLFkkfir djosQ u, lanHkZ esa ifj.kke dh O;k[;k djsaA gekjk lq>ko gS fd vki HkkSfrdh osQ fofHkUu
{ks=kksa ls bl izdkj dh leku ifjfLFkfr;ksa dks [kkstsaA gesa bu fLFkfr;ksa osQ varjksa ls Hkh voxr gksuk pkfg,A
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 mnkgj.k 7
.1

1

mnkgj.k 7.11 n'kkZb, fd LC ifjiFk osQ eqDr nksyuksa esa] la/kfj=k ,oa izsjd esa lafpr ÅtkZvksa
dk ;ksx] le; osQ cnyus ij Hkh ugha cnyrkA

gy eku yhft, fd fdlh la/kfj=k ij izkjafHkd vkos'k q
0
 gS rFkk ;g la/kfj=k L izsjdRo osQ fdlh

izsjd osQ lkFk tksM+k x;k gSA tSlk vkius vuqHkkx 7.8 esa i<+k gS] bl LC ifjiFk esa vko`fÙk (ω)

;gk¡ ω = =





2
1

π ν
LC

  osQ nksyu cus jgsaxsA

fdlh {k.k t ij] la/kfj=k ij vkos'k q  ,oa ifjiFk esa /kjk i gSa]
q (t) = q

0
 cos ωt

i (t)  =  – q
0
 ω sin ωt

le; t ij] izsjd esa lafpr ÅtkZ

2
2

2
20

1 1

2 2

cos ( )
2

= =

=

E

q
U C V

C

q
t

C
ω

le; t ij izsjd esa lafpr ÅtkZ

21

2
MU L i=

2 2 2
0

1
sin ( )

2
L q tω ω=

( )ω ω= =
2

20 sin ( ) 1/
2

q
t LC

C


ÅtkZvksa dk ;ksx

+ =
2
0

2
E M

q
U U

C
cos sin2 2

ω ωt t+ 

  

2
0

2

q

C
=

D;ksafd q
o
 ,oa C nksuksa gh le; ij fuHkZj ugha djrs blfy, ;g ;ksx le; osQ lkFk ugha cnyrkA

è;ku nsus ;ksX; ckr ;g gS fd ÅtkZvksa dk ;g ;ksx la/kfj=k dh izkjafHkd ÅtkZ osQ cjkcj gSA ,slk D;ksa
gS\ fopkj dhft,!

7.9 VªkaliQkWeZj
vusd mís';ksa osQ fy, ac oksYVrk dks ,d eku ls nwljs vf/d ;k de eku esa ifjo£rr djuk
(;k :ikarfjr djuk) vko';d gks tkrk gSA ,slk vU;ksU; izsj.k osQ fl¼kar ij vk/kfjr ,d ;qfDr
osQ }kjk fd;k tkrk gS ftls VªkaliQkWeZj dgrs gSaA

VªkaliQkeZj esa nks oqaQMfy;k¡ gksrh gSa tks ,d nwljs ls fo|qr#¼ gksrh gSaA os ,d dksey&ykSg&ØksM
ij fyiVh gksrh gSaA yisVus dh fof/ ;k rks fp=k 7.20 (a) dh Hkk¡fr gksrh gS] ftlesa ,d oqaQMyh
nwljh osQ Åij fyiVh gksrh gS] ;k fiQj fp=k 7.20 (b) dh Hkk¡fr ftlesa nksuksa oqaQMfy;k¡ ØksM
dh vyx&vyx Hkqtkvksa ij fyiVh gksrh gSaA ,d oqaQMyh dks izkFkfed oqaQMyh (primary coil)

dgrs gSa blesa N
p
 yisVs gksrs gSaA nwljh oqaQMyh dks f}rh;d oqaQMyh  (secondary coil) dgrs
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gSa] blesa N
s
 yisVs gksrs gSaA izk;% izkFkfed oqaQMyh fuos'kh oqaQMyh gksrh gS ,oa f}rh;d oqaQMyh

VªkaliQkeZj dh fuxZr oqaQMyh gksrh gSA
tc izkFkfed oqaQMyh osQ fljksa osQ chp izR;korhZ oksYVrk yxkbZ tkrh gS rks ifj.kkeh /kjk

,d izR;korhZ pqacdh; ÝyDl mRiUu djrh gS tks f}rh;d oqaQMyh ls la;ksftr gksdj blosQ fljksa
osQ chp ,d emf izsfjr djrk gSA bl emf dk eku f}rh;d oqaQMyh esa isQjksa dh la[;k ij fuHkZj
djrk gSA ge eku ysrs gSa fd gekjk VªkaliQkWeZj ,d vkn'kZ VªkaliQkWeZj gS ftldh izkFkfed oqaQMyh
dk izfrjks/ ux.; gS] vkSj ØksM dk laiw.kZ ÝyDl izkFkfed ,oa f}rh;d nksuksa oqqaQMfy;ksa ls
xqtjrk gSA izkFkfed oqqaQMyh osQ fljksa osQ chp oksYVrk v

p
 yxkus ls] ekuk fdlh {k.k  t ij] bl

oaqQMyh dk izR;sd isQjk ØksM esa φ ÝyDl mRiUu djrk gSA
rc N

s 
yisVksa okyh f}rh;d oqaQMyh osQ fljksa osQ chp izsfjr emf ;k oksYVrk ε

s 
gS

d

d
s sN

t

φε = − (7.45)

izR;korhZ ÝyDl] φ izkFkfed oqaQMyh esa Hkh ,d emf izsfjr djrk gS ftls i'p fo|qr okgd
cy dgrs gSaA ;g gS]

d

d
p pN

t

φε = − (7.46)

ysfdu] ε
p
 = v

p 
;fn ,slk ugha gksrk rks izkjafHkd oqaQMyh (ftldk izfrjks/ geus 'kwU; ekuk

gS) esa vuar ifjek.k dh /kjk izokfgr gksrhA ;fn f}rh;d oqaqQMyh osQ fljs eqDr gksa vFkok blls
cgqr de /kjk yh tk jgh gks rks i;kZIr lfUudV eku rd

ε
s
 = v

s

;gk¡ v
s
 f}rh;d oqaQMyh osQ fljksa osQ chp oksYVrk gSA vr% lehdj.kksa (7.45) ,oa (7.46) dks

ge bl izdkj fy[k ldrs gSa µ

s s

d
v N

d t

φ
= − [7.45(a)]

p p

d
v N

d t

φ
= − [7.46(a)]

lehdj.k [7.45 (a)] ,oa [7.46 (a)] ls]

s s

p p

v N

v N
= (7.47)

fp=k 7.20 fdlh VªkaliQkWeZj esa izkFkfed ,oa f}rh;d oqaQMfy;ksa dks yisVus dh nks O;oLFkk,¡ %
(a) ,d nwljs osQ Åij yisVh xbZ nks oqaQMfy;k¡ (b) ØksM dh vyx&vyx Hkqtkvksa ij fyiVh oqaQMfy;k¡
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è;ku nhft, fd mijksDr laca/ dh O;qRifÙk esa geus rhu ifjdYiukvksa dk mi;ksx fd;k
gS tks bl izdkj gSaµ (i) izkFkfed oqaQMyh dk izfrjks/ ,oa blesa izokfgr gksus okyh /kjk de gS_
(ii) izkFkfed ,oa f}rh;d oqaQMyh ls leku ÝyDl ckgj fudy ikrk gS_ ,oa (iii) f}rh;d
oqaQMyh esa cgqr de /kjk izokfgr gksrh gSA

;fn ;g eku fy;k tk, fd VªkaliQkWeZj dh n{krk 100% gS (dksbZ ÅtkZ {k; ugha gksrk)_
rks fuos'kh 'kfDr] fuxZr 'kfDr osQ cjkcj gksxh vkSj pw¡fd  p = i v,

i
p
v

p
 = i

s
v

s
(7.48)

;|fi oqQN u oqQN ÅtkZ {k; rks lnSo gksrk gh gS] fiQj Hkh ;g ,d vPNk lfUudVu gS]
D;ksafd ,d Hkyh izdkj vfHkdfYir VªkaliQkWeZj dh n{krk 95% ls vf/d gksrh gSA lehdj.k
(7.47) ,oa (7.48) dks la;ksftr djus ij]

p s s

s p p

i v N

i v N
= = (7.49)

D;ksafd i  ,oa v nksuksa dh nksyu vko`fÙk ogh gS tks ac lzksr dh] lehdj.k (7.49) ls laxr
jkf'k;ksa osQ vk;keksa vFkok rms ekuksa dk vuqikr Hkh izkIr gksrk gSA

vc] ge ns[k ldrs gSa fd VªkaliQkWeZj fdl izdkj oksYVrk ,oa /kjk osQ ekuksa dks izHkkfor
djrk gSA ge tkurs gSa fd %

V
N

N
Vs

s

p

p=








    rFkk I

N

N
Is

p

s

p=




 (7.50)

vFkkZr ;fn f}rh;d oqaQMyh esa izkFkfed oaqQMyh ls vf/d isQjs gSa (N
s
 > N

p
) rks oksYVrk

c<+ tkrh gS (V
s
 > V

p
) A bl izdkj dh O;oLFkk dks mPpk;h VªkaliQkWeZj (step-up

transformer) dgrs gSaaA rFkkfi] bl O;oLFkk esa] f}rh;d oqaQMyh esa /kjk izkFkfed oaqQMyh
ls de gksrh gS (N

p
/N

s
 < 1 ,oa I

s
 < I

p
)A mnkgj.kkFkZ] ;fn fdlh VªkaliQkWeZj dh izkFkfed oqaQMyh

esa 100 ,oa f}rh;d oaqQMyh esa 200 isQjs gksa rks  N
s
/N

p
 = 2 ,oa N

p
/N

s
=1/2 A vr% 220V,

10A dk fuos'k] c<+dj  440 V dk fuxZe 5.0 A ij nsxkA
;fn f}rh;d oqaQMyh esa izkFkfed oaqQMyh ls de isQjs gSa (N

s
 < N

p
) rks ;g VªkaliQkWeZj

vip;h (step-down transformer) gSA bl VªkaliQkeZj esa V
s
 < V

p
 ,oa I

s
 > I

p 
vFkkZr oksYVrk

de gks tkrh gS rFkk /kjk c<+ tkrh gSA
Åij izkIr dh xbZ lehdj.k vkn'kZ VªkaliQkWeZjksa osQ fy, gh ykxw gksrh gS (ftuesa dksbZ ÅtkZ

{k; ugha gksrk)A ijarq okLrfod VªkWliQkWeZjksa esa fuEufyf[kr dkj.kksa ls vYi ek=kk esa ÅtkZ {k; gksrk
gSµ
(i) ÝyDl {kj.kµlnSo oqQN u oqQN ÝyDl rks {kfjr gksrk gh gS] vFkkZr ØksM osQ [kjkc

vfHkdYiu ;k blesa jgh ok;q fjfDr osQ dkj.k] izkFkfed oqaQMyh dk leLr ÝyDl f}rh;d
oqaQMyh ls ugha xqtjrkA izkFkfed ,oa f}rh;d oqaQMfy;ksa dks ,d nwljs osQ Åij yisV dj
ÝyDl {kj.k dks de fd;k tkrk gSA

(ii) oqaQMyuksa dk izfrjks/µ oaqQMfy;k¡ cukus esa yxs rkjksa dk oqQN u oqQN izfrjks/ rks gksrk gh gS vkSj
blfy, bu rkjksa esa mRiUu Å"ek (I 2R) osQ dkj.k ÅtkZ {k; gksrk gSA mPp /kjk] fuEu oksYVrk
oaqQMyuksa esa eksVs rkj dk mi;ksx djosQ] buesa gksus okys ÅtkZ {k; dks de fd;k tkrk gSA

(iii) Hk¡oj /kjk,¡µizR;korhZ pqacdh; ÝyDl] ykSg&ØksM esa Hk¡oj /kjk,¡ izsfjr djosQ] bls xeZ dj
nsrk gSA Lrfjr ØksM dk mi;ksx djosQ bl izHkko dks de fd;k tkrk gSA

(iv) 'kSfFkY; (Hysteresis)µizR;korhZ pqacdh; {ks=k }kjk ØksM dk pqacdu ckj&ckj mRØfer
gksrk gSA bl izfØ;k esa O;; gksus okyh ÅtkZ ØksM esa Å"ek osQ :i esa izdV gksrh gSA de
'kSfFkY; okys inkFkZ dk ØksM esa mi;ksx djosQ bl izHkko dks de j[kk tkrk gSA
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fo|qr ÅtkZ dk yach nwfj;ksa rd] cM+s iSekus ij laisz"k.k ,oa forj.k djus osQ fy, VªkaliQkWeZjksa

dk mi;ksx fd;k tkrk gSA tfu=k dh fuxZr oksYVrk dks mPpkf;r fd;k tkrk gS (rkfd /kjk de
gks tkrh gS vkSj ifj.kkeLo:i I2R gkfu ?kV tkrh gSA bldh yach nwjh osQ miHkksDrk osQ lehi
fLFkr {ks=kh; mi&LVs'ku rd laizsf"kr fd;k tkrk gSA ogk¡ oksYVrk dks vipf;r fd;k tkrk gSA
forj.k mi&LVs'kuksa ,oa [kaHkksa ij fiQj ls vipf;r djosQ 240 V dh 'kfDr vkiw£r gekjs ?kjksa
dks igq¡pk;h tkrh gSA

lkjka'k

1. tc fdlh izfrjksèkd R ds fljksa ij dksbZ izR;korhZ oksYVrk sin
m

v v t= ω yxkbZ tkrh

gS rks mlesa èkkjk i = i
m
 sinωt lapkfyr gksrh gS tgk¡] m

m

v
i

R
= . ;g èkkjk iz;qDr

oksYVrk dh dyk esa gksrh gSA
2. fdlh izfrjksèkd R ls izokfgr izR;korhZ èkkjk i = i

m
 sinωt osQ fy, twy rkiu osQ dkj.k

ekè; 'kfDr {k; ( 1/2 )i2
m
R gksrk gSA bls mlh :i esa O;Dr djus osQ fy, ftlesa

dc 'kfDr (P = I 2R), dks O;Dr djrs gSa] èkkjk osQ ,d fof'k"V eku dk mi;ksx fd;k
tkrk gSA bls oxZ ekè; ewy (rms) èkkjk dgrs gSa rFkk I ls O;Dr djrs gSa %

0.707
2

m
m

i
I i= =

blh izdkj] rms oksYVrk

0.707
2

m
m

v
V v= =

ekè; 'kfDr osQ fy, O;atd P = IV = I 2R

3. fdlh 'kq¼ izsjd L ds fdlh ij iz;qDr ac oksYVrk v = v
m
 sinωt blesa i = i

m
 sin

(ωt – π/2), /kjk lapkfyr djrk gS] ;gk¡

m
m

L

v
i =

X
 tgk¡  X ω=

L
L

X
L
 dks izsjf.kd izfr?kkr dgrs gSaA izsjd esa /kjk oksYVrk ls π/2 jsfM;u ls ihNs gksrh

gSA ,d iwjs pØ esa fdlh izsfjd dks vkiwfrZ ekè; 'kfDr 'kwU; gksrh gSA
4. fdlh laèkkfj=k osQ fljksa ij iz;qDr ac oksYVrk v = v

m
 sinωt mlesa i = i

m
 sin (ωt +

π/2) èkkjk lapkfyr djrk gSA ;gk¡

= =
1

,m
m C

C

v
i X

X Cω
X

C
 dks èkkfjrk izfr?kkr dgrs gSaA laèkkfj=k esa izokfgr èkkjk iz;qDr oksYVrk ls π/2

jsfM;u  vkxs gksrh gSA izsjd osQ leku gh ,d iwjs pØ esa laèkkfj=k dks vkiwrZ ekè;
'kfDr 'kwU; gksrh gSA

5. oksYVrk v = v
m
 sinωt, }kjk lapkfyr fdlh Js.khc¼ LCR ifjiFk esa èkkjk dk eku

fuEufyf[kr O;atd ls fn;k tkrk gS]

;gk¡
( )22

m
m

C L

v
i

R X X
=

+ −
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rFkk 1tan C LX X

R
φ − −

=

gksrk gSA

( )22
C LZ R X X= + −   dks ifjiFk dh izfrckèkk dgrs gSaA

,d iwjs pØ esa ekè; 'kfDr {k; dks fuEu lw=k ls O;Dr djrs gSa]
P = V I cosφ

in cosφ dks 'kfDr xq.kkad dgrs gSaA
6. fdlh fo'kq¼ izsjf.kd vFkok èkkfjrk ifjiFk osQ fy, cosφ  = 0A ,sls ifjiFk esa ;|fi

èkkjk rks izokfgr gksrh gS rFkkfi 'kfDr {k; ugha gksrk gSA ,sls mnkgj.kksa esa èkkjk dks okVghu
(Wattless) èkkjk dgrs gSaA

7. fdlh ac ifjiFk esa èkkjk o oksYVrk osQ eè; dyk osQ lacaèk dks lqxerk ls O;Dr fd;k
tk ldrk gSA blesa oksYVrk rFkk èkkjk dks ?kw.khZ lfn'kksa ls fu:fir djrs gSaA ?kw.khZ lfn'k
dks isQtj dgrs gSaA isQtj ,d lfn'k osQ leku gS tks ω  pky ls ewy fcanq osQ prqfnZ'k
?kw.kZu djrk gSA isQtj dk ifjek.k isQtj }kjk fu:fir jkf'k (oksYVrk ;k èkkjk) osQ vk;ke
;k f'k[kj eku dks O;Dr djrk gSA
isQtj&vkjs[k osQ mi;ksx ls fdlh ac ifjiFk dk fo'ys"k.k vklku gks tkrk gSA

8. vuqukn dh ?kVuk fdlh Js.khc¼ LCR ifjiFk dh ,d jkspd fof'k"Vrk gSA ifjiFk vuqukn

dks izn£'kr djrk gS vFkkZr vuquknh vko`fÙk 
0

1

LC
ω =  ij èkkjk dk vk;ke vfèkdre

gksrk gSA 0L
Q

R

ω
=

0

1

CRω
=  }kjk ifjHkkf"kr xq.krk dkjd (Quality Factor) Q

vuqukn dh rh{.krk dk laosQrd gSA Q dk vfèkd eku ;g laosQr djrk gS fd èkkjk

dk f'k[kj vis{kkÑr vfèkd rh{.k gSA
9. ac Ïksr rFkk izfrjksèkd foghu dksbZ ,slk ifjiFk ftlesa dksbZ izsjd L rFkk laèkkfj=k C

(izkjaHk esa vkosf'kr) gSa] eqDr nksyu iznf'kZr djrk gSA laèkkfj=k dk vkos'k q ,d ljy
vkorZ xfr djrk gS%

2

2

d 1
0

q
q

LCdt
+ =

bl izdkj eqDr nksyuksa dh vko`fÙk 
0 1/ LCω =  gksrh gSA fudk; dh ÅtkZ laèkkfj=k rFkk

izsjd osQ eè; nksyu djrh gS] fdarq mudk ;ksx vFkok oqQy ÅtkZ le; osQ lkFk fu;r
jgrh gSA

10. VªkaliQkeZj esa ,d yksgs dk ØksM gksrk gS ftlesa isQjksa dh la[;k N
p
 dh ,d izkFkfed

oqaQMyh rFkk isQjksa dh la[;k N
s
 dh ,d f}rh;d oqaQMyh fyiVh jgrh gSA ;fn izkFkfed

oqaQMyh dks fdlh ac Ïksr ls tksM+ nsa] rks izkFkfed ,oa f}rh;d oksYVrk fuEufyf[kr
O;atd }kjk lacafèkr gksrh gSa]

V
N

N
Vs

s

p

p=










rFkk nksuksa èkkjkvksa osQ eè; osQ lacaèk dks fuEufyf[kr lw=k ls O;Dr djrs gSa

I
N

N
Is

p

s

p=






;fn izkFkfed dh rqyuk esa f}rh;d oqaQMyh esa isQjksa dh la[;k vfèkd gS rks oksYVrk mPp
gks tkrh gS (V V

s p
> )A bl izdkj dh ;qfDr dks mPpk;h VªkaliQkeZj dgrs gSaA fdarq ;fn

izkFkfed dh rqyuk esa f}rh;d esa isQjksa dh la[;k de gS rks VªkaliQkeZj vip;h gksrk gSA
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HkkSfrd jkf'k izrhd foek ek=kd fVIi.kh

rms oksYVrk V
rms

[M L2 T–3 A–1] V V
rms

 = 
2

m
V

, V
m
 ac oksYVrk

dk vk;ke gSA

rms èkkjk I
rms

[ A] A I
rms

= 
2

m
I

, I
m
 ac èkkjk dk

vk;ke gSA

izfr?kkr %

   izsjf.kd X
L

[M
 
L

2 
T

–3 
A

–2
] Ω X

L
 = ω L

   èkkfjrkRed X
C

[M
 
L

2 
T

–3 
A

–2
] Ω X

C
 = 1/ω C

izfrckèkk Z [M
 
L

2 
T

–3 
A

–2
] Ω ifjiFk esa fo|eku vo;oksa

ij fuHkZj djrk gSA

vuquknh ω
r
 ;k ω

0
[T

–1
] Hz ω

r 
LC

1=  ,d Js.khc¼
vkòfÙk

LCR ifjiFk osQ fy,

xq.krk dkjd Q foekghu Q
L

R C R

r

r

= =
ω

ω

1
 Js.khc¼

LCR ifjiFk osQ fy,

'kfDr dkjd foekghu = cos φ, φ  ifjiFk esa vkjksfir

oksYVrk rFkk èkkjk esa dykarj gS

fopkj.kh; fo"k;

1. tc ac oksYVrk ;k èkkjk dks dksbZ eku fn;k tkrk gS rks ;g izk;% èkkjk vFkok oksYVrk dk
rms eku gksrk gSA vkiosQ dejs esa yxs fo|qr fLop osQ VfeZuyksa osQ chp oksYVrk lkekU;r;k
240 V gksrh gSA ;g oksYVrk osQ rms eku dks fufnZ"V djrh gSA bl oksYVrk dk vk;ke

V V
m rms

= = =2 2 240 340( ) V gSA

2. fdlh ac ifjiFk esa iz;qDr vo;o dh 'kfDr lafuèkkZj.k ekè; 'kfDr ls fuèkkZj.k dks bafxr
djrh gSA

3. fdlh ac ifjiFk esa mi;qDr 'kfDr dHkh Hkh ½.kkRed ugha gksrhA

4. izR;korhZ ,oa fn"V èkkjk,¡ nksuksa ,sfEi;j esa ekih tkrh gSaA fdarq izR;korhZ èkkjk osQ fy, ,sfEi;j
dks fdl izdkj HkkSfrd :i ls ifjHkkf"kr fd;k tk,\ ftl izdkj dc ,sfEi;j dks ifjHkkf"kr
djrs gSa mlh izdkj bls (ac ,sfEi;j dks) ac èkkjkvksaa dks ogu djus okys nks lekarj rkjksa
osQ vU;ksU; vkd"kZ.k osQ :i esa ifjHkkf"kr ugha dj ldrsA ac èkkjk Ïksr dh vko`fÙk osQ lkFk
fn'kk ifjofrZr djrh gS ftlls ekè; vkd"kZ.k cy 'kwU; gks tkrk gSA vr% ac ,sfEi;j dks
fdlh ,sls xq.k osQ lacaèk esa ifjHkkf"kr djuk pkfg, tks èkkjk dh fn'kk ij fuHkZj u djrk gksA
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twy rkiu ,d ,slk gh xq.k gS] rFkk fdlh ifjiFk esa izR;korhZ èkkjk osQ rms eku dks ,d
,sfEi;j osQ :i esa ifjHkkf"kr djrs gSa ;fn ;g èkkjk ogh vkSlr Å"eh; izHkko mRiUu djrh
gS] tSlk fd dc èkkjk dh ,d ,sfEi;j mUgha ifjfLFkfr;ksa esa djrh gSA

5. fdlh ac ifjiFk esa fofHkUu vo;oksa osQ fljksa osQ chp oksYVrkvksa dk ;ksx djrs le; mudh
dykvksa dk mfpr è;ku j[kuk pkfg,A mnkgj.kkFkZ] ;fn fdlh RC ifjiFk esa V

R
 vkSj V

C
 Øe'k%

R o C osQ fljkas osQ chp oksYVrk gS rks RC la;kstu osQ fljksa osQ chp oksYVrk V V VRC R C= +2 2

gksxh u fd V
R
 + V

C
 D;ksafd V

C
 rFkk V

R
 osQ chp dyk&varj

π

2
 gSA

6. ;|fi fdlh isQtj&vkjs[k esa oksYVrk rFkk èkkjk dks lfn'kksa ls fu:fir djrs gSa rFkkfi ;s jkf'k;k¡
okLro esa lfn'k ugha gaSA ;s vfn'k jkf'k;k¡ gSaA ,slk gksrk gS fd ljy vkorZ :i ls ifjofrZr
gksus okys vfn'kksa dh dyk,¡ xf.krh; :i ls mlh izdkj la;ksx djrh gSa] tSls fd rnuqlkj
ifjek.kksa o fn'kkvksa osQ ?kw.khZ lfn'kksa osQ iz{ksi djrs gSaA ^?kw.khZ lfn'k*] tks ljy vkorZ :i
ls ifjorZu'khy vfn'k jkf'k;ksa dk fu:i.k djrs gSa] gesa bu jkf'k;ksa osQ tksM+us dh ljy fofèk
iznku djus osQ fy, lfUufo"V fd, tkrs gSaA blosQ fy, ge ml fu;e dk mi;ksx djrs gSa
ftls ge lfn'kksa osQ la;kstu osQ fu;e osQ :i esa igys gh ls tkurs gSaA

7. fdlh ac ifjiFk esa 'kq¼ laèkkfj=kksa rFkk izsjdksa ls dksbZ 'kfDr&{k; lac¼ ugha gksrkA ;fn ac

ifjiFk esa fdlh vo;o }kjk 'kfDr&{k; gksrk gS rks og izfrjksèkd vo;o gSA

8. fdlh LCR ifjiFk esa vuqukn dh ifj?kVuk rc gksrh gS tc X
L
 = X

C
 ;k ω

0

1
=

LC
A

vuqukn gksus osQ fy, ifjiFk esa L o C nksuksa vo;oksa dk gksuk vko';d gSA buesa ls ek=k
,d (L vFkok C) osQ gksus ls oksYVrk osQ fujLr gksus dh laHkkouk ugha gksrh vkSj bl izdkj
vuqukn laHko ugha gSA

9. fdlh LCR ifjiFk esa 'kfDr xq.kkad (Power Factor) bl ckr dks ekirk gS fd ifjiFk
vfèkdre 'kfDr O;; djus osQ fdrus lehi gSA

10. tfu=kksa ,oa eksVjksa esa fuos'k rFkk fuxZr dh Hkwfedk,¡ ,d&nwljs osQ foijhr gksrh gSaA ,d eksVj
esa oS|qr ÅtkZ fuos'k gS rFkk ;kaf=kd ÅtkZ fuxZr gS_ tfu=k esa ;kaf=kd ÅtkZ fuos'k gS rFkk oS|qr
ÅtkZ fuxZr gSA nksuksa ;qfDr;k¡ ÅtkZ dks ,d izdkj ls nwljs esa :ikarfjr djrh gSaA

11. ,d VªkaliQkWeZj (mPpk;h) fuEu oksYVrk dks mPp oksYVrk esa ifjofrZr djrk gSA ;g ÅtkZ osQ
laj{k.k osQ fu;e dk mYya?ku ugha djrk gSA èkkjk mlh vuqikr esa ?kV tkrh gSA

12. ;g p;u djuk fd nksyu xfr dk fooj.k T;k (sine) ;k dksT;k (cosine) osQ }kjk fn;k
tkrk gS vFkok buosQ jSf[kd la;ksx }kjk] egRoghu gS D;ksafd 'kwU;&le; fLFkfr esa ifjorZu
,d dks nwljs esa :ikarfjr dj nsrk gSA
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vH;kl

7.1 ,d 100 Ω dk izfrjksèkd 200 V, 50 Hz vkiwfrZ ls la;ksftr gSA

(a) ifjiFk esa èkkjk dk rms eku fdruk gS\

(b) ,d iwjs pØ esa fdruh usV 'kfDr O;; gksrh gSA

7.2 (a) ac vkiwfrZ dk f'k[kj eku 300 V gSA rms oksYVrk fdruh gS\

(b) ac ifjiFk esa èkkjk dk rms eku 10 A gSA f'k[kj èkkjk fdruh gS\

7.3 ,d 44 mH dk izsfj=k 220 V, 50 Hz vkiwfrZ ls tksM+k x;k gSA ifjiFk esa èkkjk osQ rms

eku dks Kkr dhft,A

7.4 ,d 60 µF dk laèkkfj=k 110 V, 60 Hz  ac vkiwfrZ ls tksM+k x;k gSA ifjiFk esa èkkjk osQ
rms eku dks Kkr dhft,A

7.5 vH;kl 7.3 o 7.4 esa ,d iwjs pØ dh vofèk esa izR;sd ifjiFk esa fdruh usV 'kfDr
vo'kksf"kr gksrh gS\ vius mÙkj dk fooj.k nhft,A

7.6 ,d LCR ifjiFk dh] ftlesa L = 2.0 H, C = 32 µF rFkk R = 10 Ω vuqukn vko`fÙk
ω

r
 ifjdfyr dhft,A bl ifjiFk osQ fy, Q dk D;k eku gS\

7.7 30 µF dk ,d vkosf'kr laèkkfj=k 27 mH osQ izsfj=k ls tksM+k x;k gSA ifjiFk osQ eqDr nksyuksa
dh dks.kh; vko`fÙk fdruh gS\

7.8 dYiuk dhft, fd vH;kl 7.7 esa laèkkfj=k ij izkjafHkd vkos'k 6 mC gSA izkjaHk esa ifjiFk esa
oqQy fdruh ÅtkZ lafpr gksrh gSA ckn esa oqQy ÅtkZ fdruh gksxh\

7.9 ,d Js.khc¼ LCR ifjiFk dks] ftlesa R = 20 Ω, L = 1.5 H rFkk C = 35 µF, ,d
ifjorhZ vko`fÙk dh 200 V ac vkiwfrZ ls tksM+k x;k gSA tc vkiwfrZ dh vko`fÙk ifjiFk dh
ewy vko`fÙk osQ cjkcj gksrh gS rks ,d iwjs pØ esa ifjiFk dks LFkkukarfjr dh xbZ ekè; 'kfDr
fdruh gksxh\

7.10 ,d jsfM;ks dks MW izlkj.k cSaM osQ ,d [kaM osQ vko`fÙk ijkl osQ ,d vksj ls nwljh vksj
(800 kHz ls 1200 kHz) rd leLofjr fd;k tk ldrk gSA ;fn blosQ LC ifjiFk dk
izHkkodkjh izsjdRo 200 µH gks] rks mlosQ ifjorhZ laèkkfj=k dh ijkl fdruh gksuh pkfg,\

¹laosQr % leLofjr djus osQ fy, ewy vkòfÙk vFkkZr LC ifjiFk osQ eqDr nksyuksa dh vkòfÙk
jsfM;ks rjax dh vko`fÙk osQ leku gksuh pkfg,Aº

7.11 fp=k 7.21 esa ,d Js.khc¼ LCR ifjiFk fn[kyk;k x;k gS ftls ifjorhZ vko`fÙk osQ 230

V osQ Ïksr ls tksM+k x;k gSA L = 5.0 H, C = 80 µF, R = 40 Ω

(a) Ïksr dh vko`fÙk fudkfy, tks ifjiFk esa vuqukn mRiUu djsA
(b) ifjiFk dh izfrckèkk rFkk vuquknh vko`fÙk ij èkkjk dk vk;ke fudkfy,A
(c) ifjiFk osQ rhuksa vo;oksa osQ fljksa ij foHkoikr osQ rms ekuksa dks fudkfy,A fn[kykb,

fd vuquknh vko`fÙk ij LC la;ksx osQ fljksa ij foHkoikr 'kwU; gSA

fp=k 7.21
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7.12 fdlh LC ifjiFk esa 20 mH dk ,d izsjd rFkk 50 µF dk ,d laèkkfj=k gS ftl ij izkjafHkd
vkos'k 10 mC gSA ifjiFk dk izfrjksèk ux.; gSA eku yhft, fd og {k.k ftl ij ifjiFk
can fd;k tkrk gS t = 0 gSA
(a) izkjaHk esa oqQy fdruh ÅtkZ lafpr gS\ D;k ;g LC nksyuksa dh vofèk esa lajf{kr gS\
(b) ifjiFk dh ewy vko`fÙk D;k gS\
(c) fdl le; ij lafpr ÅtkZ

(i) iwjh rjg ls oS|qr gS (vFkkZr og laèkkfj=k esa lafpr gS)\
(ii) iwjh rjg ls pqacdh; gS (vFkkZr izsjd esa lafpr gS)\

(d) fdu le;ksa ij laiw.kZ ÅtkZ izsjd ,oa laèkkfj=k osQ eè; leku :i ls foHkkftr gS\
(e) ;fn ,d izfrjksèkd dks ifjiFk esa yxk;k tk, rks fdruh ÅtkZ varr% Å"ek osQ :i esa

{kf;r gksxh\
7.13 ,d oqaQMyh dks ftldk izsj.k 0.50 H rFkk izfrjksèk 100 Ω gS] 240 V o 50 Hz dh ,d

vkiwfrZ ls tksM+k x;k gSA
(a) oqaQMyh esa vfèkdre èkkjk fdruh gS\
(b) oksYVst 'kh"kZ o èkkjk 'kh"kZ osQ chp le;&i'prk (time lag) fdruh gS\

7.14 ;fn ifjiFk dks mPp vko`fÙk dh vkiwfrZ (240 V, 10 kHz) ls tksM+k tkrk gS rks vH;kl
7.13 (a) rFkk (b) osQ mÙkj fudkfy,A blls bl dFku dh O;k[;k dhft, fd vfr mPp
vkòfÙk ij fdlh ifjiFk esa izsjd yxHkx [kqys ifjiFk osQ rqY; gksrk gSA fLFkj voLFkk osQ i'pkr
fdlh dc ifjiFk esa izsjd fdl izdkj dk O;ogkj djrk gSA

7.15 40 Ω izfrjksèk osQ Js.khØe esa ,d 100 µF osQ laèkkfj=k dks 110 V, 60 Hz dh vkiwfrZ
ls tksM+k x;k gSA
(a) ifjiFk esa vfèkdre èkkjk fdruh gS\
(b) èkkjk 'kh"kZ o oksYVs”k 'kh"kZ osQ chp le;&i'prk fdruh gS\

7.16 ;fn ifjiFk dks 110 V, 12 kHz vkiwfrZ ls tksM+k tk, rks vH;kl (a) o (b) dk mÙkj
fudkfy,A blls bl dFku dh O;k[;k dhft, fd vfr mPp vkòfÙk;ksa ij ,d laèkkfj=k pkyd
gksrk gSA bldh rqyuk ml O;ogkj ls dhft, tks fdlh dc ifjiFk esa ,d laèkkfj=k iznf'kZr
djrk gSA

7.17 Ïksr dh vko`fÙk dks ,d Js.khc¼ LCR ifjiFk dh vuquknh vko`fÙk osQ cjkcj j[krs gq, rhu
vo;oksa L, C rFkk R dks lekarjØe esa yxkrs gSaA ;g n'kkZb, fd lekarj LCR ifjiFk esa
bl vko`fÙk ij oqQy èkkjk U;wure gSA bl vko`fÙk osQ fy, vH;kl 7.11 esa fufnZ"V Ïksr rFkk
vo;oksa osQ fy, ifjiFk dh gj 'kk[kk esa èkkjk osQ rms eku dks ifjdfyr dhft,A

7.18 ,d ifjiFk dks ftlesa 80 mH dk ,d izsjd rFkk 60 µF dk laèkkfj=k Js.khØe esa gS]
230 V, 50 Hz dh vkiwfrZ ls tksM+k x;k gSA ifjiFk dk izfrjksèk ux.; gSA
(a) èkkjk dk vk;ke rFkk rms ekuksa dks fudkfy,A
(b) gj vo;o osQ fljksa ij foHkoikr osQ rms ekuksa dks fudkfy,A
(c) izsjd esa LFkkukarfjr ekè; 'kfDr fdruh gS\
(d) laèkkfj=k esa LFkkukarfjr ekè; 'kfDr fdruh gS\
(e) ifjiFk }kjk vo'kksf"kr oqQy ekè; 'kfDr fdruh gS\

¹^ekè; esa ;g lekfo"V gS* fd bls ^iwjs pØ* osQ fy, fy;k x;k gSºA

7.19 dYiuk dhft, fd vH;kl 7.18 esa izfrjksèk 15 Ω gSA ifjiFk osQ gj vo;o dks LFkkukarfjr
ekè; 'kfDr rFkk laiw.kZ vo'kksf"kr 'kfDr dks ifjdfyr dhft,A
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7.20 ,d Js.khc¼ LCR ifjiFk dks ftlesa L = 0.12 H, C = 480 nF, R = 23 Ω, 230 V

ifjorhZ vko`fÙk okys Ïksr ls tksM+k x;k gSA
(a) Ïksr dh og vko`fÙk fdruh gS ftl ij èkkjk vk;ke vfèkdre gSA bl vfèkdre eku

dks fudkfy,A
(b) Ïksr dh og vkòfÙk fdruh gS ftlosQ fy, ifjiFk }kjk vo'kksf"kr ekè; 'kfDr vfèkdre

gSA
(c) Ïksr dh fdl vko`fÙk osQ fy, ifjiFk dks LFkkukarfjr 'kfDr vuquknh vko`fÙk dh 'kfDr

dh vkèkh gSA
(d) fn, x, ifjiFk osQ fy, Q dkjd fdruk gS\

7.21 ,d Js.khc¼ LCR ifjiFk osQ fy, ftlesa L = 3.0 H, C = 27 µF rFkk R = 7.4 Ω
vuquknh vkòfÙk rFkk Q dkjd fudkfy,A ifjiFk osQ vuqukn dh rh{.krk dks lqèkkjus dh bPNk
ls ¶vèkZ mfPp"B ij iw.kZ pkSM+kbZ̧  dks 2 xq.kd }kjk ?kVk fn;k tkrk gSA blosQ fy, mfpr mik;
lq>kb,A

7.22 fuEufyf[kr iz'uksa osQ mÙkj nhft,µ
(a) D;k fdlh ac ifjiFk esa iz;qDr rkR{kf.kd oksYVrk ifjiFk esa Js.khØe esa tksM+s x,

vo;oksa osQ fljksa ij rkR{kf.kd oksYVrkvksa osQ chtxf.krh; ;ksx osQ cjkcj gksrk gS\ D;k
;gh ckr rms oksYVrkvksa esa Hkh ykxw gksrh gS\

(b) izsj.k oqaQMyh osQ izkFkfed ifjiFk esa ,d laèkkfj=k dk mi;ksx djrs gSaA
(c) ,d iz;qDr oksYVrk laosQr ,d dc oksYVrk rFkk mPp vko`fÙk osQ ,d ac oksYVrk osQ

vè;kjksi.k ls fufeZr gSA ifjiFk ,d Js.khc¼ izsjd rFkk laèkkfj=k ls fufeZr gSA n'kkZb,
fd dc laosQr C rFkk ac laosQr L osQ fljs ij izdV gksxkA

(d) ,d ySai ls Js.khØe esa tqM+h pksd dks ,d dc ykbu ls tksM+k x;k gSA ySai rsth ls
pedrk gSA pksd esa yksgs osQ ØksM dks izos'k djkus ij ySai dh nhfIr esa dksbZ varj ugha
iM+rk gSA ;fn ,d ac ykbu ls ySai dk la;kstu fd;k tk, rks rnuqlkj izs{k.kksa dh
izkxqfDr dhft,A

(e) ac esal osQ lkFk dk;Z djus okyh ÝyksjkslsaV V~;wc esa iz;qDr pksd oqaQMyh dh vko';drk
D;ksa gksrh gS\ pksd oqaQMyh osQ LFkku ij lkekU; izfrjks/d dk mi;ksx D;ksa ugha gksrk\

7.23 ,d 'kfDr laizs"k.k ykbu vip;h VªkaliQkeZj esa ftldh izkFkfed oqaQMyh esa 4000 isQjs gSa]
2300 oksYV ij 'kfDr fuosf'kr djrh gSA 230 V dh fuxZr 'kfDr izkIr djus osQ fy, f}rh;d
esa fdrus isQjs gksus pkfg,\

7.24 ,d ty fo|qr 'kfDr la;a=k esa ty nkc 'kh"kZ 300 m dh Å¡pkbZ ij gS rFkk miyCèk ty
izokg 100 m

3
s

–1 gSA ;fn VckZbu tfu=k dh n{krk 60% gks rks la;a=k ls miyCèk fo|qr 'kfDr
dk vkdyu dhft,] g = 9.8 m s–2 A

7.25 440 V ij 'kfDr mRiknu djus okys fdlh fo|qr la;a=k ls 15 km nwj fLFkr ,d NksVs ls
dLcs esa 220 V ij 800 kW 'kfDr dh vko';drk gSA fo|qr 'kfDr ys tkus okyh nksuksa
rkj dh ykbuksa dk izfrjksèk 0.5 Ω izfr fdyksehVj gSA dLcs dks mi&LVs'ku esa yxs
4000 – 220 V vip;h VªkaliQkeZj ls ykbu }kjk 'kfDr igq¡prh gSA
(a) Å"ek osQ :i esa ykbu ls gksus okyh 'kfDr osQ {k; dk vkdyu dhft,A
(b) la;a=k ls fdruh 'kfDr dh vkiwfrZ dh tkuh pkfg,] ;fn {kj.k }kjk 'kfDr dk {k; ux.; gSA
(c) la;a=k osQ mPpk;h VªkaliQkeZj dh fo'ks"krk crykb,A

7.26 Åij fd, x, vH;kl dks iqu% dhft,A blesa igys osQ VªkaliQkeZj osQ LFkku ij 40,000 –

220 V dk vip;h VªkaliQkeZj gSA ¹iwoZ dh Hkk¡fr {kj.k osQ dkj.k gkfu;ksa dks ux.; ekfu,]
;|fi vc ;g lfUudVu mfpr ugha gS D;ksafd blesa mPp oksYVrk ij laizs"k.k gksrk gSºA vr%
le>kb, fd D;ksa mPp oksYVrk laizs"k.k vfèkd ojh; gS\
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vè;k; 8

oS|qrpqacdh;
rjaxsa

8.1 Hkwfedk

vè;k; 4 esa geus lh[kk gS fd fo|qr èkkjk paqcdh; {ks=k mRiUu djrh gS rFkk nks èkkjkokgh rkj
ijLij ,d&nwljs ij paqcdh; cy vkjksfir djrs gSaA blosQ vfrfjDr] vè;k; 6 esa ge ;g ns[k
pqosQ gSa fd le; osQ lkFk ifjorZu'khy pqacdh; {ks=k fo|qr {ks=k mRiUu djrk gSA ijarq] D;k bldk
foykse Hkh lR; gS\ D;k le; osQ lkFk ifjo£rr gksrk gqvk fo|qr {ks=k pqacdh; {ks=k dks mRiUu
djrk gS\ tsEl DykoZQ eSDlosy (1831-1879) us ;g roZQ izLrqr fd;k fd okLro esa ,slk
gh gksrk gSA u osQoy fo|qr èkkjk oju le; osQ lkFk ifjorZu'khy fo|qr {ks=k Hkh paqcdh; {ks=k
mRiUu djrk gSA le; osQ lkFk ifjorZu'khy èkkjk ls tqM+s laèkkfj=k osQ ckgj fdlh ¯cnq ij
paqcdh; {ks=k Kkr djus osQ fy, ,sfEi;j dk fu;e yxkrs le;] eSDlosy dk è;ku bl fu;e
lacaèkh ,d vlaxfr dh vksj x;kA bl vlaxfr dks nwj djus osQ fy, mUgksaus ,d vfrfjDr èkkjk
osQ vfLrRo dk lq>ko fn;k ftldks mUgksaus foLFkkiu èkkjk uke fn;kA

mUgksaus fo|qr o paqcdh; {ks=kksa rFkk muosQ lzksrksaµvkos'k ,oa èkkjk&?kuRo dks lfEefyr dj]
lehdj.kksa dk ,d leqPp; lw=kc¼ fd;kA bu lehdj.kksa dks eSDlosy lehdj.k dgrs gSaA yksjsat
dk cy lw=k (vè;k; 4) vkSj feyk ysa rks ;s lehdj.k fo|qr&paqcdRp osQ lHkh vkèkkjHkwr
fu;eksa dks xf.krh; :i esa O;Dr djrs gSaA

eSDlosy osQ lehdj.kksa ls mHkjus okyh lcls egRoiw.kZ izkxqfDr oS|qrpaqcdh; rjaxksa dk
vfLrRo gksuk gS tks varfj{k esa lapfjr le; osQ lkFk cnyrs (;qfXer) fo|qrh; ,oa paqcdh;
{ks=k gSaA eSDlosy osQ lehdj.kksa osQ vuqlkj] bu rjaxksa dh pky] izdk'kh; ekiu }kjk izkIr izdk'k
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dh pky ( 3 ×108 m/s) osQ yxHkx cjkcj gksrh gSA blls ge bl
egRoiw.kZ fu"d"kZ ij igq¡ps fd izdk'k ,d oS|qrpaqcdh; rjax gSA bl izdkj]
eSDlosy osQ dk;Z us fo|qr] paqcdRo ,oa izdk'k osQ {ks=kksa dks ,dho`Qr dj
fn;kA 1885 esa] gVZ~”k us iz;ksx }kjk oS|qrpaqcdh; rjaxksa osQ vfLrRo dks
izn£'kr fd;kA ekdksZuh ,oa vU; vkfo"drkZvksa us ;Fkkle;] blosQ rduhdh
mi;ksx esa lapkj osQ {ks=k esa tks Økafr dh] mlosQ vkt ge izR;{kn'khZ gSaaA

bl vè;k; esa] igys ge foLFkkiu èkkjk dh vko';drk ,oa mlosQ
ifj.kkeksa osQ fo"k; esa ppkZ djasxsA fiQj ge oS|qrpaqcdh; rjaxksa dk ,d
fooj.kkRed fp=k izLrqr djsaxsA oS|qrpaqcdh; rjaxksa dk laiw.kZ o.kZØe] tks
xkek fdj.kksa (rjaxnS?;Z ~10–12 m) ls nh?kZ jsfM;ks rjaxksa (rjaxnS?;Z ~106 m)
rd iSQyk gS] mlosQ fo"k; esa ppkZ dh tk,xhA lapkj iz.kkyh esa
oS|qrpaqcdh; rjaxsa fdl izdkj laizsf"kr ,oa vfHkx̀ghr dh tkrh gSa bl fo"k;
esa vè;k; 15 esa ppkZ djsaxsA

8.2 foLFkkiu èkkjk

vè;k; 4 esa ge ns[k pqosQ gSa fd fo|qr èkkjk vius pkjksa vksj ,d paqcdh;
{ks=k mRiUu djrh gSA eSDlosy us n'kkZ;k fd rk£dd laxfr osQ fy, ;g
vko';d gS fd ifjorZu'khy fo|qr {ks=k Hkh paqcdh; {ks=k mRiUu djsA ;g
izHkko cgqr gh egÙo dk gS] D;ksafd ;g jsfM;ks rjaxksa] xkek fdj.kksa] ,oa
ǹ'; izdk'k osQ vfrfjDr Hkh vU; lHkh oS|qrpaqcdh; rjaxksa osQ vfLrRo dh
O;k[;k djrk gSA

;g ns[kus osQ fy, fd ifjorZu'khy fo|qr {ks=k fdl izdkj paqcdh;
{ks=k osQ mn~Hko dk dkj.k curk gSA vkb, ge fdlh laèkkfj=k osQ vkos'ku
dh izfØ;k ij fopkj djsa vkSj la/kfj=k osQ ckgj fdlh ¯cnq ij pqacdh;
{ks=k Kkr djus osQ fy, ,sfEi;j osQ ifjiFkh; fu;e (vè;k; 4)

B l.d =∫�  µ0 i (t )           (8.1)

dk mi;ksx djsaA

¹fp=k  8.1(a)º esa ,d lekarj IysV laèkkfj=k C n'kkZ;k x;k gS tks ,d
,sls ifjiFk dk Hkkx gS ftlesa le; osQ lkFk ifjorZu'khy èkkjk i (t) izokfgr
gks jgh gSA vkb,] lekarj IysV laèkkfj=k osQ cká {ks=k esa fLFkr fdlh ¯cnq
tSls fd P ij paqcdh; {ks=k Kkr djsaA blosQ fy,] ge r f=kT;k dk ,d
lery o`Ùkkdkj ywi ysrs gSa ftldk ry èkkjkokgh rkj dh fn'kk osQ yacor
gS vkSj ftldk osaQnz rkj osQ Åij gS ¹fp=k 8.1(a)ºA lefefr osQ vkèkkj
ij ge dg ldrs gSa fd paqcdh; {ks=k dh fn'kk o`Ùkkdkj ywi dh ifjfèk
osQ vuqfn'k gS vkSj ywi osQ izR;sd ¯cnq ij bldk ifjek.k leku gSA bl
dkj.k] ;fn {ks=k dk ifjek.k B gS rks lehdj.k (8.1) dk oke i{k
B (2π r) gSA

B(2πr) = µ0i (t) (8 .2)
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tsEl DykoZQ  eSDlosy
(1831 – 1879) LdkWVySaM osQ
,fMucxZ esa tUes] mUuhloha 'krh
osQ egkure HkkSfrdfonksa esa ls ,dA
mUgksaus xSl osQ v.kqvksa dh rkih;
xfr;ksa osQ forj.k osQ fy, O;atd
O;qRiUu fd;k vkSj os mu igys
yksxksa esa ls ,d Fks ftUgksaus ';kurk
vkfn ekiu ;ksX; jkf'k;ksa dk mi;ksx
dj vkf.od izkpyksa osQ fo'oluh;
vkdyu izkIr fd,A eSDlosy dh
lcls cM+h miyfCèk] fo|qr ,oa
pqacdRo osQ (owQykWe] vkWLVsZM]
,sfEi;j ,oa iSQjkMs }kjk [kksts x,)
fu;eksa osQ ,dhdj.k }kjk laxr
lehdj.kksa dk ,d leqPp; izLrqr
djuk Fkk] ftUgsa vkt ge eSDlosy
osQ lehdj.kksa osQ uke ls tkurs gSaA
buosQ vkèkkj ij os bl lokZfèkd
egRoiw.kZ fu"d"kZ ij igq¡ps fd
izdk'k] oS|qrpqacdh; rjax gh gSA
ets dh ckr ;g gS fd eSDlosy]
iSQjkMs osQ oS|qr vi?kVu osQ fu;eksa
ls mRiUu bl fopkj ls lger
ugha Fks fd fo|qr dh izÑfr d.k
:i esa gSA
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vc blh ifjlhek okyh ,d vU; lrg ij fopkj dhft,A ;g ?kM+s osQ vkdkj dh ,d
lrg gS tks èkkjk dks dgha Hkh ugha Nwrh gS ¹fp=k 8.1(b)º ij bldh ryh laèkkfj=k dh nksuksa
IysVksa osQ chp esa gS vkSj mldk eq¡g Åij o£.kr o`Ùkkdkj ywi gSA nwljh ,slh lrg (fcuk <Ddu
osQ) fVfiQu ckWDl osQ vkdkj dh gS ¹fp=k 8.1(c)ºA leku izkpyksa okyh ,slh lrgksa osQ fy,
,sfEi;j dk fu;e yxkus ij] ge ikrs gSa fd lehdj.k (8.1) osQ ckb± vksj dk eku rks ugha cnyrk
gS ij nkb± vksj dk eku 'kwU; gS u fd µ

0
i (t), D;ksafd fp=k 8.1(b) ,oa (c) esa n'kkZ;h xbZ lrgksa

ls dksbZ èkkjk ugha xqtjrh gSA blfy,] gekjk lkeuk ,d fojksèkkHkkl ls gksrk gSA ,d izdkj ls x.kuk
djsa rks ¯cnq P ij paqcdh; {ks=k gS_ nwljh izdkj x.kuk djsa rks P ij paqcdh; {ks=k 'kwU; gksrk gSA
D;ksafd ;g fojksèkkHkkl gekjs }kjk ykxw fd, x, ,sfEi;j osQ ifjiFkh; fu;e osQ dkj.k mRiUu
gksrk gSA bl fu;e esa laHkor% dksbZ in NwV x;k gSA NwVk gqvk ;g in ,slk gksuk pkfg, fd pkgs
ge fdlh Hkh lrg dk mi;ksx djsa ¯cnq P ij paqcdh; {ks=k dk leku eku izkIr gksA

;fn ge fp=k 8.1(c) dks è;kuiwoZd ns[ksa rks NwVs gq, in dk vuqeku yxk;k tk ldrk gSA
D;k laèkkfj=k dh IysVksa osQ chp dh lrg S ls xqtjrh gqbZ fdlh jkf'k osQ eku esa ifjorZu gks
jgk gSA th gk¡] okLro esa muosQ chp fo|qr {ks=k cny jgk gSA ;fn laèkkfj=k dh IysVksa dk {ks=kiQy
A gks ,oa bl ij oqQy vkos'k Q gks rks IysVksa osQ chp fo|qr {ks=k E dk ifjek.k (Q/A)/ε0 gksrk
gS ¹nsf[k, lehdj.k (2.41)ºA ;g {ks=k fp=k 8.1(c) dh lrg S osQ yacor gksrk gSA bldk
ifjek.k laèkkfj=k dh IysVksa osQ {ks=kiQy A ij leku jgrk gS ij buosQ ckgj 'kwU; gks tkrk gSA
blfy,] lrg S ls xqtjus okyk fo|qr ÝyDl] xkml osQ fu;e osQ mi;ksx ls gksrk gS

E
0 0

1
= =

Q Q
A A
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ε ε
=E (8.3)

vc ;fn laèkkfj=k dh IysVksa ij vkos'k Q le; osQ lkFk ifjo£rr gks rks ;gk¡ ,d èkkjk
i = (dQ/dt) gksxhA blfy, lehdj.k (8.3) ls
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;g fu£n"V djrk gS fd ,sfEi;j osQ fu;e esa laxfr osQ fy,]
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;gh ,sfEi;j osQ ifjiFkh; fu;e dk NwVk gqvk in gSA ;fn ge fdlh Hkh lrg ls gksdj
pkydksa }kjk okfgr oqQy èkkjk esa]  ε0 xq.kk fo|qr ÝyDl osQ ifjorZu dh nj tksM+sa rks ge ,sfEi;j
osQ ifjiFkh; fu;e dk lkekU;hdj.k dj ldrs gSaA rc lHkh lrgksa osQ fy, èkkjk dk eku i leku
gksxkA rc dgha ij Hkh ,sfEi;j dk lkekU;ho`Qr fu;e yxkus ij B osQ izkIr eku esa dksbZ folaxfr
ugha vk,xhA ¯cnq P ij] B dk eku 'kwU;srj gh gksxk pkgs bldh x.kuk djus osQ fy, ge dksbZ
Hkh lrg ysaA IysVksa osQ ckgj] fdlh ¯cnq P ij B dk eku ogh gksxk tks Bhd blosQ vanj ¯cnq
M ij gksuk pkfg, ¹fp=k 8.1(a)ºA vkos'kksa osQ izokg osQ dkj.k pkydksa esa tks èkkjk izokfgr gksrh
gS mls pkyu èkkjk dgk tkrk gSA lehdj.k (8.4) }kjk O;Dr èkkjk ,d uohu in gSA tks
ifjorZu'khy fo|qr {ks=k (;k fo|qrh; foLFkkiu] tks vHkh Hkh dHkh mi;ksx esa vkrk gS) osQ dkj.k
vfLrRo esa vkrk gSA bldks blfy, foLFkkiu èkkjk vFkok eSDlosy dh foLFkkiu èkkjk dgk tkrk
gSA fp=k 8.2, Åij o£.kr lekarj IysV laèkkfj=k osQ vanj fo|qr ,oa paqcdh; {ks=k n'kkZrk gSA

fp=k 8.1 ,d lekarj IysV
laèkkfj=k C, tks ,d ,sls
ifjiFk dk Hkkx gS ftlesa
le; osQ lkFk ifjorZu'khy
èkkjk i (t) izokfgr gks jgh gS_
rFkk]  (a) esa r f=kT;k dk ,d
ywi n'kkZ;k x;k gS tks ywi ij
fLFkr P ̄ cnq ij paqcdh; {ks=k
Kkr djus osQ fy, cuk;k x;k
gS_ (b) esa ,d ?kV&vkdkj]
lrg n'kkZ;h xbZ gS tks

laèkkfj=k osQ vanj bldh IysVksa
osQ chp ls xqtjrh gS ,oa

(a) esa n'kkZ;k x;k ywi bldk
fje gS_ (c) esa (fVfiQu dh
vko`Qfr dh) ,d vU; lrg
n'kkZ;h xbZ gS] o`Ùkkdkj ywi
ftldk fje gS ,oa lery
o`Ùkkdkj ryh S laèkkfj=k dh
IysVksa osQ chp esa gSA rhj
laèkkfj=k IysVksa osQ chp ,d
le; fo|qr {ks=k n'kkZrs gSaA
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eSDlosy }kjk fd;k x;k O;kidhdj.k fuEu gSA paqcdh; {ks=k dk lzksr osQoy
izokgeku vkos'kksa ls fu£er pkyu fo|qr èkkjk gh ugha gksrh] vfirq le; osQ lkis{k fo|qr
{ks=k esa ifjorZu dh nj Hkh bldk dkj.k cu ldrh gSA vfèkd Li"Vrk ls bl ckr dks
dgsa rks oqQy èkkjk i, i

c 
}kjk fu£n"V pkyu èkkjk ,oa id (= ε0 (dΦ

E
/dt)) }kjk fu£n"V

foLFkkiu èkkjk osQ ;ksx osQ cjkcj gksrh gSA vr%

Φ
ε= + = + 0

d
d

E
c d ci i i i

t
(8.5)

lqLi"V 'kCnksa esa bldk vFkZ gS fd laèkkfj=k dh IysVksa osQ ckgj osQoy pkyu èkkjk
ic = i gksrh gS] rFkk dksbZ foLFkkiu èkkjk ugha gksrh] vFkkZr~ i

d
 = 0 A nwljh vksj laèkkfj=k

osQ vanj dksbZ pkyu èkkjk ugha gksrh] vFkkZr~ ic = 0 vkSj osQoy foLFkkiu èkkjk gksrh gS
ftlls i

d
 = i A

O;kidhÑr (,oa ;FkkFkZ) ,sfEi;j osQ ifjiFkh; fu;e dk Lo:i lehdj.k (8.1)
tSlk gSSA cl osQoy ,d varj gS ¶,slh fdlh Hkh lrg] ftldh ifjfefr can ywi gS ls
xqtjus okyh oqqQy èkkjk pkyu èkkjk ,oa foLFkkiu èkkjk dk ;ksx gksrh gSA¸ O;kid :i esa
;g fu;e

(8.6)

rFkk bls ,sfEi;j eSDlosy fu;e dgrs gSaA
fdlh Hkh n`f"V ls foLFkkiu èkkjk osQ HkkSfrd izHkko pkyu èkkjk osQ leku gSaA oqQN

fLFkfr;ksa esa] mnkgj.kkFkZ] fdlh pkyd rkj esa fu;r fo|qr {ks=k osQ fy, foLFkkiu èkkjk
dk eku 'kwU; gks ldrk gS D;ksafd fdlh fo|qr {ks=k E le; osQ lkFk ifjo£rr ugha gksrkA
oqQN nwljh fLFkfr;ksa esa] tSls fd Åij crk, x, vkosf'kr gksrs laèkkfj=k esa pkyu ,oa
foLFkkiu èkkjk nksuksa gh mifLFkr gks ldrs gSa ij vyx&vyx fno~QLFkkuksa esaA ijarq
vfèkdrj fLFkfr;ksa esa nksuksa ,d gh LFkku ij fo|eku gks ldrs gSa D;kasfd dksbZ Hkh ekè;e
iw.kZ pkyd ;k iw.kZ fo|qrjksèkh ugha gksrkA lokZfèkd jkspd rF; ;g gS fd fdlh fo'kky
{ks=k esa tgk¡ dksbZ Hkh pkyu èkkjk ugha gksrh] le; osQ lkFk ifjorZu'khy fo|qr {ks=k osQ
dkj.k osQoy foLFkkiu èkkjk gh gksrh gSA ,sls {ks=k esa] vklikl dksbZ (pkyu) èkkjk lzksr
ugha gksus ij Hkh paqcdh; {ks=k fo|eku gksxkA bl foLFkkiu èkkjk osQ vfLrRo dh izkxqfDr

iz;ksx }kjk iq"V dh tk ldrh gSA mnkgj.k osQ fy,] fp=k 8.2(a) osQ laèkkfj=k dh IysVksa osQ chp
(ekuk ̄cnq M ij) paqcdh; {ks=k ekik tk ldrk gSA ;g Bhd mruk gh ik;k tk,xk ftruk fd ckgj
osQ fdlh ¯cnq (ekuk P) ijA

foLFkkiu èkkjk osQ ('kCn'k%) nwjxkeh ifj.kke gSaA ,d rF; ftldh vksj gekjk è;ku ,dne
vkd£"kr gksrk gS] og ;g gS fd fo|qr ,oa paqcdRo vc vkSj vfèkd leferh;* gks x, gSaaSA iSQjkMs
dk iszj.k lacaèkh fu;e ;g crkrk gS fd izsfjr fo|qr okgd cy paqcdh; ÝyDl ifjorZu dh
nj osQ cjkcj gksrk gSA vc] pw¡fd nks ¯cnqvksa 1 ,oa 2 osQ chp fo|qr okgd cy] ¯cnq 1 ls ̄ cnq
2 rd bdkbZ vkos'k dks ys tkus esa fd;k x;k dk;Z gSA fo|qr okgd cy dh mifLFkfr ,d fo|qr
{ks=k dh mifLFkfr dks bafxr djrh gSA iSQjkMs osQ fo|qr paqcdh; izsj.k lacaèkh fu;e dks ge nwljs
'kCnksa esa bl izdkj Hkh dg ldrs gSa fd le; osQ lkFk ifjorZu'khy paqcdh; {ks=k] fo|qr {ks=k
mRiUu djrk gSA ;g rF; fd le; osQ lkFk ifjorZu'khy fo|qr {ks=k] paqcdh; {ks=k mRiUu djrk

fp=k 8.2 (a) laèkkfj=k dh IysVksa
osQ chp fLFkr ̄ cnq M ij fo|qr

{ks=k E ,oa paqcdh; {ks=k B (b) fp=k
(a) dk ifjPNsnh; vkjs[kA

* ;s vHkh Hkh iw.kZr% leferh; ugha gSaA fo|qr {ks=k dks mRiUu djus osQ fy, fo|qr vkos'kksa osQ lkn`';
pqacdh; {ks=k osQ lzksr (pqacdh; ,dy /qzo] magnetic monopole) Kkr ugha gSaA
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 mnkgj.k 8
.1

gS] iSQjkMs osQ fu;e dk leferh; izfr:i gS vkSj foLFkkiu èkkjk osQ paqcdh; {ks=k dk lzksr gksus
dk ifj.kke gSA vr% le; ij fuHkZj oS|qr ,oa paqcdh; {ks=k ,d&nwljs dh mRifÙk osQ dkj.k gSaA
iSQjkMs dk fo|qr paqcdh; izsj.k dk fu;e ,oa eSDlosy&,sfEi;j dk ifjiFkh; fu;e bl dFku
dh ifjek.kkRed vfHkO;fDr gSA tgk¡ èkkjk] oqQy èkkjk gS tSlk fd lehdj.k (8.5) ls Li"V gSA
bl lefefr dh ,d vR;ar egRoiw.kZ fu"ifÙk fo|qr paqcdh; rjaxksa dk vfLrRo gS ftlosQ fo"k;
esa ge vxys vuqHkkx esa ppkZ djaasxsA

fuokZr esa eSDlosy osQ lehdj.k

1.  (fo|qr lacaèkh xkml fu;e)

2. (paqcdRo lacaèkh xkml fu;e)

3. 
–d
d
ΦB

t
(iSQjkMs fu;e)

4.  d
d
ΦE

t
(,sfEi;j&eSDlosy fu;e)

mnkgj.k 8.1 ,d lekarj IysV laèkkfj=k ftldh o`Ùkkdkj IysVksa dh f=kT;k 1 m gS] èkkfjrk
1 nF gSA le;  t = 0 ij bldks vkosf'kr djus osQ fy, R = 1 MΩ osQ ,d izfrjksèkd osQ lkFk
Js.khØe esa 2V dh cSVjh ls tksM+k x;k gS (fp=k 8.3)A 10–3s osQ i'pkr laèkkfj=k osQ chp esa
nksuksa IysVksa osQ osaQnz ,oa mudh ifjfefr osQ Bhd eè; esa fLFkr ¯cnq  P ij paqcdh; {ks=k dk
ifjdyu dhft,A ¹{k.k t ij laèkkfj=k ij vkos'k q(t) = CV [1 – exp (–t/τ)] gksrk gS] tgk¡
le; fu;rakd τ = CR gSºA

fp=k 8.3

gy   CR ifjiFk dk le; fu;rakd τ = CR = 10–3 s A vr%
q(t) = CV [1 – exp (–t/τ)]
     = 2 × 10–9 [1– exp (–t/10–3)]
t {k.k ij IysVksa osQ chp fo|qr {ks=k]

( )
= =

0 0

q t q
E

Aε πε ; D;ksafd A = π (1)2 m2 = izR;sd IysV dk {ks=kiQy

vc ¯cnq P ls xqtjrs gq, IysVksa osQ lekarj ,d (1/2) m f=kT;k osQ o`Ùkkdkj ywi dh dYiuk
dhft,A ywi osQ izR;sd ̄ cnq ij paqcdh; {ks=k B dk ifjek.k leku gS vkSj bldh fn'kk ywi osQ
vuqfn'k gSA ywi ls xqtjus okys ÝyDl ΦE dk eku gSµ
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ΦE  = E × ywi dk {ks=kiQy

= 

foLFkkiu èkkjk

0
d
d

E
di

t

Φε=

( )–61 d
0.5 10 exp –1

4 d
q

t
= = × ,

t = 10–3s j[kus ijA vc ywi osQ fy, ,sfEi;j dk fu;e ykxw djus ij]

 = 0.5×10–6 µ0exp(–1)

vFkok] B = 0.74 × 10–13 T

8.3 oS|qrpaqcdh; rjaxsa
8.3.1 rjaxksa osQ lzksr
oS|qrpaqcdh; (electromagnetic, la{ksi esa em) rjaxsa mRiUu oSQls gksrh gSa\ u rks fLFkj
vkos'k] u gh ,dleku xfr ls pyrs gq, vkos'k (fLFkj èkkjk)] oS|qrpqacdh; rjaxksa osQ lzksr gks
ldrs gSaA D;ksafd] fLFkj vkos'k rks osQoy fLFkjoS|qr {ks=k mRiUu djrs gSa tcfd xfreku vkos'k
paqcdh; {ks=k Hkh mRiUu djrs gSa ij og le; osQ lkFk ifjo£rr ugha gksrkA eSDlosy osQ fl¼kar
dh ;g ,d egRoiw.kZ fu"ifÙk gS fd Rofjr vkos'k oS|qrpaqcdh; rjaxsa fofdfjr djrs gSaA bl
ekSfyd fu"ifÙk dk izek.k izLrqr iqLrd osQ foLrkj {ks=k ls ijs gS] ijarq ge bldks ,d vifj"òQr]
xq.kkRed foospu osQ vkèkkj ij Lohdkj dj ldrs gSaA eku yhft, fd ,d vkos'k gS tks fdlh
fuf'pr vko`fÙk ls nksyu dj jgk gS (dksbZ nksyu djrk gqvk vkos'k Hkh ,d Rofjr vkos'k dk
mnkgj.k gS)A ;g ml {ks=k esa ,d nksfyr fo|qr {ks=k mRiUu djrk gS tks iqu% ,d nksfyr paqcdh;
{ks=k dks tUe nsrk gS tks iqu% ,d nksfyr fo|qr {ks=k dh mRifÙk dk dkj.k curk gS vkSj ;g izfØ;k
pyrh jgrh gSA vr% nksfyr fo|qr ,oa paqcdh; {ks=k ,d&nwljs dks laiksf"kr djrs gSa ;k dgas fd
rjax xeu djrh gSA LokHkkfod :i ls oS|qrpaqcdh; rjaxksa dh vko`fÙk] vkos'k osQ nksyuksa dh
vko`fÙk osQ cjkcj gksrh gSA xeudkjh rjaxksa ls tqM+h ÅtkZ] lzksr vFkkZr Rofjr vkos'k dh ÅtkZ ls
gh izkIr gksrh gSA

iwoksZDr ppkZ osQ vkèkkj ij gks ldrk gS fd bl izkxqfDr dk ijh{k.k fd izdk'k fo|qr
paqcdh; rjax gS] lgt gks ldrk gSA ge fopkj dj ldrs gSa fd n`'; izdk'k (ekuk fd ihyk)
mRiUu djus osQ fy, gesa cl ,d vkos'k dks ml izdk'k dh vko`fÙk ls nksyu djkus osQ fy,
,d ac ifjiFk dh vko';drk gSA ysfdu viQlksl dh ckr ;g gS fd ,slk laHko ugha gSA ihys
izdk'k dh vko`fÙk yxHkx 6 × 1014 Hz gS tcfd vR;fèkd vkèkqfud bySDVªkWfud ifjiFkksa ls
Hkh tks vfèkdre vko`fÙk ge izkIr dj ikrs gSa og yxHkx 1011 Hz gksrh gSA ;gh dkj.k gS fd
tc oS|qrpaqcdh; rjaxksa dk izk;ksfxd izn'kZu gqvk rks og fuEu vko`fÙk dh rjaxksa (jsfM;ks rjaxksa
osQ ifjlj esa) osQ fy, gh gqvk] tSlk fd gV~Z”k osQ iz;ksx (1887) osQ izdj.k esa ns[k ldrs gSaA

eSDlosy osQ fl¼kar osQ ijh{k.k osQ fy, fd, x, gVZ~”k osQ liQy iz;ksx us luluh iSQyk
nh rFkk ;s iz;ksx bl {ks=k esa vU; egRoiw.kZ dk;ks± osQ fy, izsj.kk dk vkèkkj cusA bl lacaèk esa

 m
nk
gj

.k
 8

.1
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nks egRoiw.kZ miyfCèk;k¡ mYys[k fd, tkus ;ksX; gSaA gVZ~”k osQ iz;ksx osQ
lkr lky ckn] txnh'k panz clq us dydÙkk esa dk;Z djrs gq, dkiQh de
rjaxnS?;Z  (25 mm ls 5 mm) dh oS|qrpaqcdh; rjaxsa mRiUu djus vkSj
mUgsa izsf{kr djus esa liQyrk izkIr dhA mudk iz;ksx Hkh gV~Z”k osQ iz;ksx dh
Hkk¡fr gh iz;ksx'kkyk rd gh lhfer jgkA

yxHkx mlh le; bVyh esa xqxyhvks ekdksZuh us gV~Z”k osQ dk;Z dk
vuqlj.k djrs gq, dbZ fdyksehVj rd dh nwfj;ksa rd oS|qrpaqcdh; rjaxsa
laiszf"kr djus esa liQyrk izkIr dhA ekdksZuh osQ iz;ksx ls lapkj osQ {ks=k esa
oS|qrpqacdh; rjaxksa osQ mi;ksx dk izkjaHk gqvkA

8.3.2 oS|qrpaqcdh; rjaxksa dh izo`Qfr

eSDlosy osQ lehdj.kksa osQ vkèkkj ij ;g n'kkZ;k tk ldrk gS fd fdlh
oS|qrpaqcdh; rjax esa fo|qrh; ,oa paqcdh; {ks=k ,d&nwljs osQ yacor gksrs
gSa vkSj blosQ xeu dh fn'kk osQ HkhA foLFkkiu /kjk ij fn, x, foospu
osQ vk/kj ij Hkh ;g roZQlaxr izrhr gksrk gSA fp=k 8.2 ij fopkj dhft,A
la/kfj=k esa IysVksa osQ chp fo|qr {ks=k IysVksa osQ yacor gSA foLFkkiu /kjk
osQ }kjk mRiUu pqacdh; {ks=k la/kfj=k dh IysVksa osQ lekarj o`Ùk osQ vuqfn'k
gSA vr% bl fLFkfr esa B rFkk E ijLij yacor gSaA ;g ,d lkekU;
y{k.k gSA

fp=k (8.4) esa geus z fn'kk esa xeu djrh gqbZ ,d lery oS|qrpaqcdh;
rjax dk izk:fid mnkgj.k izn£'kr  fd;k gS (fdlh {k.k t ij] {ks=kksa dks
z-funsZ'kkad osQ iQyu osQ :i esa n'kkZ;k x;k gS)A fo|qr {ks=k E

x
, x-v{k

osQ vuqfn'k gS vkSj fdlh {k.k t ij z osQ lkFk T;koØh; :i esa ifjo£rr
gksrk gSA paqcdh; {ks=k B

y
, y-v{k osQ vuqfn'k gS vkSj ;g Hkh z osQ lkFk

T;koØh; :i esa ifjo£rr gksrk gSA fo|qr {ks=k E
x
 ,oa paqcdh; {ks=k B

y
 ,d

nwljs osQ yacor gSa ,oa xeu fn'kk] z osQ Hkh yacor gSA E
x
 ,oa B

y
 dks ge

fuEuor fy[k ldrs gSa %
E

x
= E0 sin (kz–ωt) [8.7(a)]

B
y
= B0 sin (kz–ωt) [8.7(b)]

;gk¡ k ,oa rjax dh rjaxnS?;Z λ esa fuEufyf[kr lkekU; lacaèk gS

2
k

π
λ

= (8.8)

rFkk ;gk¡ ω dks.kh; vko`fÙk gS] k rjax lfn'k
(;k xeu lfn'k) k dk ifjek.k gSA k dh
fn'kk rjax osQ xeu dh fn'kk fu£n"V djrh
gSA rjax dh xeu pky (ω/k) gSA E

x
 ,oa B

y

osQ fy, lehdj.kksa [8.7(a) ,oa (b)] rFkk
eSDlosy osQ lehdj.kksa dk mi;ksx djosQ
vki fuEu ifj.kke ij igq¡p ldrs gSa µ

gsufjp :MksYiQ gVZ~”k
(1857 – 1894)  te Z u
HkkSfrdfon] ftUgksaus igyh ckj jsfM;ks
rjaxksa dks izlkfjr fd;k vkSj xzg.k
fd;kA mUgksaus oS|qrpqacdh; rjaxsa
iSnk dha] mUgsa vkdk'k esa Hkstk vkSj
mudk rjaxnS?;Z rFkk pky Kkr
fd;kA mUgksaus n'kkZ;k fd oS|qrpqacdh;
rjaxksa osQ daiuksa dh izÑfr] ijkorZu
,oa viorZu Bhd oSls gh Fks tSls
izdk'k ,oa Å"ek rjaxksa esa] vkSj bl
izdkj igyh ckj budh vfHkUurk
fl¼ dhA mUgksaus xSlksa esa fo|qr
foltZu lacaèkh 'kksèk dh vxqokbZ
dh vkSj izdk'k&fo|qr izHkko dh
[kkst dhA

gsufjp
 :

MksYiQ gV~Z”k (1
8
5
7
–1

8
9
4
)

fp=k 8.4 ,d js[kh; èkqzfor oS|qrpaqcdh; rjax tks z-fn'kk esa xeu dj jgh gS vkSj
ftldk nksyudkjh fo|qr {ks=k E, x- fn'kk osQ vuqfn'k ,oa nksyudkjh paqcdh; {ks=k

B, y-fn'kk osQ vuqfn'k gSA
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ω = ck, ;gk¡, c = 1/ 0 0µ ε [8.9(a)]

lehdj.k ω = ck, lHkh rjaxksa osQ fy, izkekf.kd lacaèk gS (nsf[k, d{kk 11 HkkSfrdh ikB~;iqLrd]
vuqHkkx 15.4)A izk;% bl lacaèk dks vko`fÙk] ν (=ω/2π) ,oa rjaxnS?;Z] λ (=2π/k) osQ inksa esa
bl :i esa fy[kk tkrk gSµ

2
2 c

ππν
λ

 =       vFkok

νλ = c [8.9(b)]
eSDlosy osQ lehdj.kksa osQ vkèkkj ij bl fu"d"kZ ij Hkh igq¡pk tk ldrk gS fd fdlh

oS|qrpaqcdh; rjax esa fo|qr ,oa paqcdh; {ks=k ijLij fuEufyf[kr lehdj.k }kjk lacafèkr gS µ
B

0
 = (E

0
/c) (8.10)

vc ge oS|qrpaqcdh; rjaxksa osQ oqQN vfHky{k.kksa ij fVIif.k;k¡ djrs gSaA os eqDr LFkku ;k
fuokZr esa] fo|qr ,oa paqcdh; {ks=kksa osQ Lo%laiksf"kr nksyu gSaA os bl vFkZ esa vHkh rd gekjs }kjk
vè;;u dh xbZ vU; rjaxksa ls fHkUu gaS fd buesa fo|qr ,oa paqcdh; {ks=kksa osQ nksyuksa osQ fy,
fdlh HkkSfrd ekè;e dh vko';drk ugha gksrhA ok;q esa èofu rjaxsa vuqnS?;Z rjaxsa gksrh gSa tks xeu
fn'kk esa laihMuksa ,oa fojyuksa osQ :i esa pyrh gSaA n`<+ ,oa fo:i.k dk fojksèk djus okys Bksl
esa Hkh vuqizLFk izR;kLFk rjaxsa xeu dj ldrh gSaA mUuhloha 'krkCnh osQ oSKkfud bl ;kaf=kd fp=k
osQ ,sls vH;Lr gks x, Fks fd mUgksaus ,d ,sls loZO;kih ekè;e dh dYiuk dh tks lc txg
vkSj lc inkFkks± esa fo|eku Fkk vkSj tks fo|qr ,oa paqcdh; {ks=kksa osQ izfr oSls gh fØ;k&izfrfØ;k
djrk Fkk tSls dksbZ Hkh izR;kLFk ekè;e djrk gSA mUgksaus bl ekè;e dks bZFkj uke fn;kA os bl
bZFkj ekè;e dh lR;rk osQ fy, brus vk'oLr Fks fd lj vkFkZj dkWuu MkW;y (tks fd izfl¼
tklwl 'kjyd gksYEl osQ l`f"VdrkZ) us n ikWbT+ku cSYV (Poison Belt)uked miU;kl dh
jpuk dh ftlesa lkSjeaMy ,d fo"kSys bZFkj okys {ks=k ls xqtjrk ekuk x;k gSA vc ge tkurs
gSa fd bl izdkj osQ fdlh HkkSfrd ekè;e dh vko';drk ugha gSA ekbdYlu ,oa eksjys
osQ 1887 esa fd, x, izfl¼ iz;ksx us bZFkj dh izkDdYiuk dks iwjh rjg èkjk'kk;h dj fn;kA
fno~Qdky esa nksyu djrs fo|qr ,oa paqcdh; {ks=k] fuokZr esa Hkh ,d&nwljs dks laiksf"kr
djosQ cuk, j[k ldrs gSaA

ysfdu] vxj ,d HkkSfrd ekè;e okLro esa fo|eku gks rks mnkgj.k osQ fy, ge tkurs gSa
fd izdk'k tks oS|qrpaqcdh; rjaxsa gh gSa_ dk¡p esa ls xeu djrk gSA ;g ge igys gh ns[k pqosQ
gSa fd fdlh ekè;e esa oqQy fo|qr ,oa paqcdh; {ks=kksa dks ml ekè;e dh vkisf{kd fo|qr'khyrk
ε ,oa vkisf{kd paqcd'khyrk µ osQ inksa esa o£.kr fd;k tkrk gS (;g jkf'k;k¡ crkrh gSa fd cká
{ks=k dh rqyuk esa oqQy {ks=k fdrus xquk gS)A eSDlosy lehdj.kksa esa fo|qr ,oa paqcdh; {ks=kksa osQ
fooj.k esas ε0 ,oa µ0 dk LFkku ;g jkf'k;k¡ ys ysrh gSaA vkisf{kd fo|qr'khyrk ε ,oa vkisf{kd
paqcd'khyrk µ  okys fdlh ekè;e esa] izdk'k dk osx gks tkrk gS

1
v

µε
= (8.11)

vr% fdlh ekè;e esa izdk'k dk osx ml ekè;e osQ oS|qr ,oa paqcdh; xq.kksa ij fuHkZj djrk
gSA vxys vè;k; esa ge ns[ksaxs fd ,d ekè;e osQ lkis{k nwljs ekè;e dk viorZukad bu nks
ekè;eksa esa izdk'k osQ osx osQ vuqikr esa gksrk gSA

eqDr vkdk'k vFkok fuokZr esa oS|qrpaqcdh; rjaxksa dk osx ,d egRoiw.kZ] ekSfyd fu;rkad
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gSA fofHkUu rjaxnS?;Z dh oS|qrpaqcdh; rjaxksa ij fd, x, iz;ksxksa us ;g n'kkZ;k gS fd ;g osx (tks
rjaxnS?;Z ij fuHkZj ugha gS) lHkh osQ fy, leku gksrk gS vkSj bldk eku 3×108 m/s ls oqQN
ehVj izfr lsoaQM de ;k vfèkd gksrk gSA fuokZr esa oS|qrpqacdh; rjaxksa osQ osx dk fu;r gksuk]
iz;ksxksa }kjk bruh n`<+rk ls iq"V gks pqdk gS vkSj bldk eku bruh vfèkd ;FkkFkZrk ls Kkr fd;k
tk pqdk gS fd bldks yackbZ osQ ekud osQ :i esa Lohdkj dj fy;k x;k gSA vFkkZr ehVj dks
vc ml nwjh osQ :i esa ifjHkkf"kr fd;k tkrk gS fd tks nwjh izdk'k }kjk 1/c le; esa r; dh
tkrh gS [(1/c) lsoaQM = (2.99792458 × 108)–1 lsoaQM]A ;g ifjHkk"khdj.k fuEu dkj.k ls
fd;k x;k gSA le; osQ ewy ek=kd dks oqQN ijek.kq vko`fÙk;ksa vFkkZr fdlh fof'k"V izfØ;k esa
ijek.kq }kjk mRl£tr izdk'k dh vko`fÙk osQ inksa esa cgqr vf/d ;FkkFkZrk ls ifjHkkf"kr fd;k
tk ldrk gSA ysfdu yackbZ osQ ewy ek=kd dks lhèks&lhèks bruh gh ;FkkFkZrk ls ifjHkkf"kr djuk
dfBu gSA izdk'k dh pky c osQ fy, iwoZ osQ ekiuksa esa] rkRdkfyd yackbZ dk ek=kd (ehVj NM+)
iz;ksx djosQ Kkr fd, x, eku yxHkx 2.9979246 × 108 m/s izkIr gq,A D;ksafd c dk eku
fu;r la[;k gS vr% yackbZ dks c ,oa le; osQ ek=kd osQ inksa esa ifjHkkf"kr fd;k tk ldrk gS!

gVZ~”k us u osQoy oS|qrpqacdh; rjaxksa dk vfLrRo izn£'kr fd;k cfYd mUgksaus ;g Hkh n'kkZ;k
fd izdk'k rjaxksa dh rqyuk esa ,d djksM+ xquk rjaxnS?;Z dh rjaxsa foo£rr] vio£rr ,oa èkqzfor
gks ldrh gSaA bl izdkj] mUgksaus fofdj.kksa dh rjax izo`Qfr dks fu.kkZ;d :i ls LFkkfir dj fn;kA
blosQ vfrfjDr mUgksaus vizxkeh oS|qrpaqcdh; rjaxsa mRiUu dha vkSj nks Øekxr izLianksa osQ chp
dh nwjh eki dj mudk rjaxnS?;Z Kkr fd;kA D;ksafd rjax dh vko`fÙk (nksfy=k dh vko`fÙk osQ
leku gksus osQ dkj.k) Kkr Fkh] mUgksaus lw=k v = νλ dk mi;ksx dj bu rjaxksa dh pky Kkr dh
vkSj ik;k fd ;g rjaxsa Hkh mruh gh pky ls pyrh gSa ftlls fd izdk'k pyrk gSA

bl rF; dks fd oS|qrpaqcdh; rjaxsa èkqzfor gksrh gSa fdlh lqcká AM jsfM;ks osQ LVs'ku osQ
izfr O;ogkj }kjk lqxerk ls ij[kk tk ldrk gSA ;fn fdlh AM jsfM;ks esa nwjn'khZ ,saVhuk yxk
gS rks ;g flXuy osQ fo|qrh; Hkkx osQ izfr izfrfØ;k n'kkZrk gSA tc ,asVhuk dks {kSfrt dj nsrs
gSa rks flXuy vR;fèkd ?kV tkrk gSA oqQN lqcká jsfM;ks esa {kSfrt ,saVhuk yxs gksrs gSa tks
oS|qrpaqcdh; rjaxksa osQ paqcdh; ?kVd osQ izfr laosnu'khy gksrs gSaA bl izdkj osQ jsfM;ks osQ ,saVhuk
dks flXuy izkIr djus osQ fy, {kSfrt jguk pkfg,A bu fLFkfr;ksa esa flXuy dh izHkkoh xzkárk
jsfM;ks osQ izlkj.k LVs'ku osQ lkis{k foU;kl ij Hkh fuHkZj djsxhA

D;k vU; rjaxksa dh rjg oS|qrpaqcdh; rjaxsa Hkh ÅtkZ ,oa laosx ogu djrh gaS\ th gk¡] os ÅtkZ
,oa laosx ogu djrh gSaA vè;k; 2 esa geus vè;;u fd;k Fkk fd fdlh eqDr ;k fuokZfrr {ks=k esa
;fn fo|qr {ks=k E fo|eku gksrk gS rks ml {ks=k esa ÅtkZ ?kuRo (ε0E

2/2) gksrk gSA blh izdkj paqcdh;
{ks=k B ls lacaf/r pqacdh; ÅtkZ ?kuRo (B2/2µ0) gksrk gSA D;ksafd oS|qrpaqcdh; rjax esa oS|qr ,oa
paqcdh; {ks=k nksuksa gh gksrs gSa blosQ lkFk ,d 'kwU;srj ÅtkZ ?kuRo tqM+k gksrk gSA vc eku yhft, fd
oS|qrpaqcdh; rjax dh xeu fn'kk osQ yacor dksbZ ry gS (fp=k 8.4)A ;fn bl ry esa dksbZ oS|qr
vkos'k gksaxs rks os oS|qrpaqcdh; rjaxksa osQ fo|qr ,oa paqcdh; {ks=kksa osQ dkj.k xfr esa vkdj ml
xR;koLFkk esa cus jgsaxsA bl izdkj og vkos'k rjaxksa ls ÅtkZ ,oa laosx izkIr djrs gSaA blls ;gh rF;
Li"V gksrk gS fd (vU; rjaxksa dh Hkk¡fr) oS|qrpaqcdh; rjaxsa Hkh ÅtkZ ,oa laosx ogu djrh gSaA pw¡fd
;g laosx ogu djrh gSa blfy, ,d oS|qrpaqcdh; rjax nkc Mkyrh gS ftls fofdj.k nkc dgrs gSaA

;fn t le; esa fdlh lrg ij LFkkukarfjr oqQy ÅtkZ U gks rks ;g n'kkZ;k tk ldrk gS fd
bl lrg dks iznku fd;k x;k oqQy laosx (;g ekurs gq, fd lrg }kjk oqQy ÅtkZ vo'kksf"kr
dh xbZ gS) gksxk]

U
p

c
= (8.12)
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tc rst èkwi vkiosQ gkFk ij iM+rh gS rks vki vuqHko djrs gSa fd vkiosQ gkFk }kjk
oS|qrpaqcdh; rjaxsa vo'kksf"kr dh tk jgh gSa (vkidk gkFk xeZ gks tkrk gS)A oS|qrpqacdh; rjaxsa
vkiosQ gkFk ij laosx Hkh LFkkukarfjr djrh gSa] ij D;ksafd c dk eku vR;fèkd gS] vr% LFkkukarfjr
laosx dk ifjek.k cgqr NksVk gksrk gS vkSj vkidks nkc dk vuqHko ugha gksrkA 1903 esa] vesfjdh
oSKkfudksa fudksYl ,oa gqy us n`'; izdk'k dk fofdj.k nkc ekius esa liQyrk izkIr dh rFkk
lehdj.k (8.12) dh iqf"V dhA ;g 7 × 10–6 N/m2 dh dksfV dk ik;k x;kA bl izdkj]
10 cm2 {ks=kiQy dh lrg ij fofdj.k osQ dkj.k cy osQoy 7 × 10–9 N gksrk gSA

oS|qrpqacdh; rjaxksa dk cM+k izkS|ksfxdh; egÙo] buosQ }kjk ,d LFkku ls nwljs LFkku rd
ÅtkZ ogu djus dh {kerk ls gh izLiqQfVr gksrk gSA jsfM;ks ,oa Vhoh flXuyksa osQ :i esa izlkj.k
LVs'kuksa ls ;gh ÅtkZ vfHkxzkgdksa rd igq¡p dj mUgsa fØ;k'khy cukrh gSA izdk'k osQ :i esa lw;Z
ls ÅtkZ i`Foh rd igq¡prh gS ftlosQ dkj.k i`Foh ij thou laHko gqvk gSA

mnkgj.k 8.2 25 MHz vko`fÙk dh ,d lery oS|qrpaqcdh; rjax fuokZr esa x-fn'kk osQ
vuqfn'k xfreku gSA fno~Qdky (space) esa fdlh fof'k"V ¯cnq ij bldk E = 6.3 ĵ  V/m
gSA bl ¯cnq ij B dk eku D;k gS\
gy   B ,oa E osQ ifjek.k ,d&nwljs ls fuEufyf[kr lehdj.k }kjk lacafèkr gSaµ

–8
8

6.3 V/m
2.1 10 T

3 10 m/s

E
B

c
=

= = ×
×

bldh fn'kk osQ lacaèk esa ge tkurs gSa fd E y-fn'kk osQ vuqfn'k gS vkSj rjax x-fn'kk osQ vuqfn'k
xeu dj jgh gSA vr%  B x- ,oa y-v{kksa nksuksa osQ yacor fn'kk esa gksuk pkfg,A lfn'k chtxf.kr
dk mi;ksx djus ij] E × B dks x-fn'kk esa gksuk pkfg,A pw¡fd (+ ĵ ) × (+ k̂ ) = î , B z-fn'kk
osQ vuqfn'k gSA
vr%  B = 2.1 × 10–8 k̂ T

mnkgj.k 8.3 fdlh lery oS|qrpaqcdh; rjax esa paqcdh; {ks=k
B

y
 = (2 × 10–7) T sin (0.5×103x +1.5×1011t)  gS

(a) rjax dh vko`fÙk rFkk rjaxnS?;Z D;k gS\
(b) fo|qr {ks=k osQ fy, O;atd fyf[k,A

gy
(a) fn, x, lehdj.k dh fuEu lehdj.k

B
y
 = B0 sin 2π

λ

x t

T
+












ls rqyuk djus ij

3

2
0.5 10

πλ =
×

 m = 1.26 cm

rFkk  ( )111
1.5 10 /2 23.9 GHz= = × =

T
ν π

(b) E0 = B0c = 2×10–7 T × 3 × 108 m/s = 6 × 101 V/m
fo|qr {ks=k ?kVd rjax dh xeu fn'kk ,oa paqcdh; {ks=k dh fn'kk osQ yacor gksrk gSA vr%]
fo|qr {ks=k ?kVd z-v{k osQ vuqfn'k fuEufyf[kr lehdj.k }kjk O;Dr gksxk
E

z
 = 60 sin (0.5 × 103x + 1.5 × 1011 t) V/m
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 mnkgj.k 8
.5

 mnkgj.k 8
.4

mnkgj.k 8.4 18 W/cm2 osQ ÅtkZ ÝyDl dk izdk'k fdlh vijkorZd lrg ij vfHkyacor
vkifrr gksrk gSA ;fn lrg dk {ks=kiQy 20 cm2 gks rks 30 feuV dh le;kofèk esa lrg ij
yxus okys vkSlr cy dk ifjdyu dhft,A

gy  lrg ij iM+us okyh oqQy ÅtkZ

U = (18 W/cm2) × (20 cm2) × (30 × 60) ∆
= 6.48 × 105

 J

blfy,] bl lrg dks iznÙk oqQy laosx (laiw.kZ vo'kks"k.k osQ fy,)%

p = 
5

8

6.48 10 J
3 10 m/s

U
c

×
=

×
= 2.16 × 10–3 kg m/s

vr% lrg ij yxk vkSlr cy gS]

F = 
−

−×
= = ×

×

3
6

4

2.16 10
1.2 10 N

0.18 10
p

t

;fn lrg iw.kZ ijkorZd gksrh rks vkidk mÙkj D;k gksrk\

mnkgj.k 8.5  3 m dh nwjh ij fLFkr fdlh 100 W cYc ls vk jgs fofdj.k }kjk mRiUu fo|qr
,oa paqcdh; {ks=kksa dh x.kuk dhft,A vki ;g tkurs gSa fd cYc dh n{krk 2.5% gS vkSj ;g
,d ¯cnq lzksr gSA

gy  ̄ cnq lzksr osQ :i esa cYc lHkh fn'kkvksa esa leku :i ls izdk'k fofdfjr djrk gSA 3 m
dh nwjh ij bldks ?ksjus okyh xksykdkj lrg dk {ks=kiQy

2 2 24 4 (3) 113mA r= π = π =

vr%] bl nwjh ij izdk'k dh rhozrk

×
= = 2

100 W 2.5 %
113 m

I
'kfDr

{ks= kiQy

= 0.022 W/m2

bl rhozrk esa vkèkk ;ksxnku fo|qr {ks=k dk gS vkSj vkèkk paqcdh; {ks=k dk

( )

( )

2
0

2

1 1
2 2

1
0.022 W/m

2

rmsI E cε=

=

( )( )12 8

0.022
V/m

8.85 10 3 10
rmsE

−
=

× ×

       = 2.9 V/m
fo|qr {ks=k E dk ;g eku oxZ ekè; ewy eku gSA D;ksafd fdlh izdk'k iqat esa fo|qr {ks=k T;koØh;
gksrk gSA E0 dk eku gS]

E0 = rms2 2 2.9 V/mE = ×
       = 4.07 V/m

bl izdkj] vki ns[krs gSa fd og izdk'k ftldk mi;ksx vki i<+us osQ fy, djrs gSa mldk fo|qr
{ks=k dkiQh 'kfDr'kkyh gSA bldh rqyuk Vh-oh- vFkok FM rjaxksa osQ fo|qr {ks=k dh 'kfDr ls
dhft, tks dqN ekbØksoksYV izfr ehVj dh dksfV osQ gksrs gSaA
vc] vkb, ge paqcdh; {ks=k dh rhozrk dk ifjdyu djsa]
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 m
nk
gj

.k
 8

.5

1

8 1

2.9 V m
3 10 m s

rms
rms

E
B

c

−

−= =
×

       = 9.6 × 10–9 T
izdk'k iqat esa {ks=k T;koØh; gSa] f'k[kj paqcdh; {ks=k] B0 = 2  B

rms
 = 1.4 × 10–8  T A

è;ku nsus ;ksX; ckr ;g gS fd ;|fi pqacdh; {ks=k esa ÅtkZ fo|qr {ks=k esa ÅtkZ osQ cjkcj gS]
Li"Vr% paqcdh; {ks=k dh rhozrk cgqr de gSA

8.4 oS|qrpaqcdh; LisDVªe
ftl le; eSDlosy us oS|qrpaqcdh; rjaxksa lacaèkh viuk fl¼kar izLrqr fd;k Fkk rks n`'; izdk'k
rjaxsa gh ,d ek=k lqifjfpr oS|qrpqacdh; (em) rjaxas FkhaA ijkcSxuh ,oa vojDr rjaxksa dk vfLrRo
vHkh eqf'dy ls lkfcr gks ik;k FkkA mUuhloha 'krkCnh osQ var rd X- fdj.ksa ,oa xkek fdj.ksa
Hkh [kkst yh xbZ FkhaA vc ge tkurs gSa fd ǹ'; izdk'k rjaxsa] X- fdj.ksa] xkek fdj.ksa] jsfM;ks rjaxsa]
lw{e (ekbØks) rjaxas] ijkcSaxuh ,oa vojDr rjaxsa ;s lHkh em rjaxsa gSaA rjaxksa dk vko`fÙk osQ Øe
esa oxhZdj.k (fp=k 8.5) oS|qrpaqcdh; LisDVªe dgykrk gSA ,d izdkj dh rjax vkSj mlosQ
fudVorhZ nwljs izdkj dh rjax osQ chp dksbZ Li"V foHkktu js[kk ugha gSA oxhZdj.k eksVs rkSj ij
bl ckr ij vkèkkfjr gS fd rjaxsa fdl izdkj mRiUu ,oa@vFkok lalwfpr dh tkrh gSaA

vc ge oS|qrpaqcdh; rjaxksa osQ bu fofHkUu izdkjksa dk mudh ?kVrh gqbZ rjaxnS?;ks± osQ Øe
esa o.kZu djasxsA

fp=k 8-5 oS|qrpaqcdh; LisDVªe ftlosQ fofHkUu Hkkxksa osQ lkekU; uke n'kkZ, x, gSaA fofHkUu Hkkxksa
osQ chp dksbZ Li"V foHkktu js[kk ugha gSA
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ge bu fofHkUu izdkj dh oS|qrpqacdh; rjaxksa dk vojksgh rjaxnS?;Z osQ Øe esa] la{ksi esa o.kZu
dj jgs gSaA

8.4.1 jsfM;ks rjaxas

jsfM;ks rjaxsa pkyd rkjksa esa vkos'kksa dh Rofjr xfr ls mRiUu gksrh gaSA budk mi;ksx jsfM;ks ,oa
nwjn'kZu dh lapkj iz.kkfy;ksa esa fd;k tkrk gSA budk vkòfÙk ijkl lkekU;r% 500 kHz ls yxHkx
1000 MHz osQ chp gksrk gSA AM (vk;ke ekWM~;wfyr) cSaM 530 kHz ls 1710 kHz osQ
chp gksrk gSA blls mPprj 54 MHz rd dh vko`fÙk;k¡ y?kqrajx cSaMkas osQ :i esa mi;ksx dh
tkrh gaSA Vh-oh- rjaxksa dk ijkl 54 MHz ls 890 MHz osQ chp gksrk gSA FM (vko`fÙk
ekWM~;wfyr) jsfM;ks cSaM 88 MHz ls 108 MHz osQ chp iSQyk gksrk gSA lsY;wyj iQksuksa esa
vR;qPp vkòfÙk (UHF) caSM dh jsfM;ks rjaxksa dk mi;ksx djosQ èofu lans'kksa osQ vknku&iznku dh
O;oLFkk dh tkrh gSA ;s rjaxsa fdl izdkj izlkfjr ,oa vfHkx̀fgr dh tkrh gS] bldk o.kZu vè;k;
15  esa fd;k x;k gSA
8.4.2 lw{e rjaxsa
lw{e rjaxksa (y?kq rjaxnS?;Z dh jsfM;ks rjaxsa) dh vko`fÙk;k¡ fxxk gV~Z”k (GHz) osQ ijkl esa gksrh
gSa ;s fo'ks"k izdkj dh fuokZr ufydkvksa (vacuum tubes) ftUgsa DykbLVªkWu] esxusVªkWu vFkok
xu Mk;ksM dgrs gSa] }kjk mRiUu gksrh gaSA vius y?kq rjaxnS?;Z osQ dkj.k foeku lapkyu esa jMkj
iz.kkyh osQ fy, mi;qDr gSaA jMkj] rst xsnksa tSls fd Vsful esa loZ dh xbZ xsanksa ;k okguksa dh
xfr Kkr djus osQ fy, mi;ksx esa yk, tkus okys ;a=k] pky&xuksa (speed guns), xuksa dh dk;Z
iz.kkyh dk Hkh vkèkkj gSaA ekbØksoso vkWou bu rjaxksa dk ,d jkspd ?kjsyw vuqiz;ksx gSA bu vkWouksa
esa lw{e rjaxksa dh vko`fÙk bl izdkj pquh tkrh gS fd os ty osQ v.kqvksa dh vuqukn vko`fÙk ls
esy [kk losaQ] rkfd rjaxksa dh ÅtkZ izHkkoh :i ls v.kqvksa dh xfrt ÅtkZ c<+kus osQ fy,
LFkkukarfjr dh tk losQA blls fdlh Hkh ty;qDr [kk| inkFkZ dk rki c<+ tkrk gSA

ekbØksoso vkWou

oS|qrpaqcdh; fofdj.kksa osQ LisDVªe dk ,d Hkkx lw{e rjax dgykrk gSA bu rjaxksa dh vko`fÙk ,oa ÅtkZ n`'; izdk'k
ls de ,oa rjaxnS?;Z blls vfèkd gksrh gSA ekbØksoso vkWou dk fl¼kar D;k gS] vkSj ;g oSQls dk;Z djrk gS\

gekjk mís'; Hkkstu dks idkuk ;k bls xeZ djus dk gksrk gSA lHkh HkksT; oLrqvksa_ tSls & iQyksa] lfCt;ksa] ekal]
vukt bR;kfn dk ,d vo;o ty Hkh gksrk gSA tc ge dgrs gSa fd dksbZ fiaM xeZ gks x;k gS rks blls gekjk D;k
vk'k; gksrk gS\ tc fdlh oLrq dk rki c<+rk gS rks blosQ ijek.kqvksa ,oa v.kqvksa dh ;kn`fPNd xfr dh ÅtkZ c<+
tkrh gS vkSj os vfèkd ÅtkZ ls pyus] nksyu djus ;k ?kw.kZu djus yxrs gSaA ty osQ v.kqvksa osQ ?kw.kZu dh vko`fÙk
yxHkx 2.45  fxxk gV~Z”k (GHz) gSA ;fn ty dks bl vkòfÙk dh lw{e rjaxsa fey tk,¡ rks mlosQ v.kq bu fofdj.kksa
dks vo'kksf"kr dj yasxs tks ty  dks xeZ djus osQ rqY; gh gSaA ;s v.kq bl ÅtkZ dks fudVorhZ Hkkstu&v.kqvksa osQ
lkFk ck¡V ysrs gSa vkSj bl izdkj Hkkstu xeZ gks tkrk gSA

ekbØksoso vkWou esa vkidks phuh feê ðh osQ crZuksa dk mi;ksx djuk pkfg,] èkkrq osQ crZuksa dk ugha vU;Fkk lafpr
fo|qr vkos'kksa osQ dkj.k vkidks >Vdk yx ldrk gSA èkkrq,¡ vR;fèkd Å"ek osQ dkj.k fi?ky Hkh ldrh gSaA phuh
feê ðh dk ik=k vizHkkfor vkSj BaMk cuk jgrk gSA D;ksafd blosQ fo'kky v.kq vis{kkÑr cgqr de vko`fÙk ls ?kw.kZu
,oa daiu djrs gSa vkSj bl dkj.k lw{e rjaxksa dks vo'kksf"kr ugha dj ikrsA vr% os xeZ ugha gksrsA

bl izdkj] ekbØksoso vkWou dk ewy fl¼kar ;g gS fd blosQ ftl LFkku ij ge Hkkstu j[krs gSa ogk¡ mi;qDr
vko`fÙk dh lw{e rjaxsa mRiUu dh tk,¡A bl izdkj crZu dks xeZ djus esa ÅtkZ O;FkZ ugha gksrhA ikjaifjd fofèk esa igys
cuZj ij j[kk gqvk ik=k xeZ gksrk gS] fiQj blls ÅtkZ ik=k esa j[ks Hkkstu dks LFkkukarfjr gksrh gS] tcfd ekbØksoso
vkWou ÅtkZ lhèks ty osQ v.kqvksa dks vkSj muls laiw.kZ Hkkstu dks izkIr gksrh gSA
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8.4.3 vojDr rjaxas

vojDr rjaxas (Infrared Waves) xeZ fiaMksa ,oa v.kqvksa ls mRiUu gksrh gaSA ;g cSaM n`'; LisDVªe
osQ fuEu vko`fÙk ;k nh?kZ rjaxnS?;Z fljs ls layfXur gksrk gSA vojDr rjaxksa dks dHkh&dHkh Å"ek
rjaxsa Hkh dgk tkrk gSA ,slk blfy, gS D;ksafd vfèkdka'k inkFkks± esa fo|eku ty osQ v.kq vojDr
rjaxksa dks rqjar vo'kksf"kr dj ysrs gSa (dbZ vU; v.kq] tSls] CO2, NH3, vkfn Hkh vojDr rjaxksa
dks vo'kksf"kr dj ysrs gSaA) vo'kks"k.k osQ i'pkr mudh rkih; xfr c<+ tkrh gS] vFkkZr os xeZ
gks tkrs gaS vkSj vius ifjos'k dks xeZ djus yxrs gSaA vojDr ySEiksa dk mi;ksx dk;fpfdRlk esa
fd;k tkrk gSA vojDr fofdj.k dh i`Foh dh xehZ vFkkZr ekè; rki cuk, j[kus esa Hkh gfjr
x`g izHkko osQ }kjk ,d vge Hkwfedk gSA i`Foh ij vkus okyk n`'; izdk'k (tks vis{kkÑr
ljyrkiwoZd ok;qeaMy ls xqtj tkrk gS] i`Foh osQ i`"B }kjk vo'kksf"kr gks tkrk gS vkSj nh?kZ
rjaxnS?;Z dh vojDr rjaxksa osQ :i esa iqufoZfdfjr gks tkrk gSA ;g fofdj.k] dkcZu MkbvkWDlkbM
,oa ty ok"i tSls gfjr x`g izHkkodkjh xSlksa osQ }kjk ok;qeaMy esa jksd fy;k tkrk gSA mixzgksa
esa yxs vojDr lalwpdksa dk mi;ksx lSfud mís';ksa ,oa iQlyksa dh o`f¼ dk izs{k.k djus osQ fy,
fd;k tkrk gSA bySDVªkWfud ;qfDr;k¡ (mnkgj.k osQ fy, izdk'k mRltZd Mk;ksM) Hkh vojDr rjaxsa
mRlftZr djrh gaS vkSj ?kjsyw bySDVªkWfud iz.kkfy;ksa tSls Vh-oh- lSV] ohfM;ks fjdkWMZj ,oa gkbZ&iQkbZ
iz.kkfy;ksa osQ fjeksV fu;a=kdksa esa ;s cgqyrk ls iz;ksx dh tkrh gSaA

8.4.4 n`'; izdk'k rjaxsa

;g oS|qrpaqcdh; rjaxksa dk lokZfèkd lqifjfpr :i gSA ;g ml LisDVªe dk Hkkx gS ftlosQ fy,
ekuoh; us=k laosnu'khy gksrs gSaSA bldk vkòfÙk ijkl yxHkx 4 × 1014 gV~Z”k ls 7 × 1014

 gVZ~”k
;k rjaxnSè;Z ijkl yxHkx 700 – 400 nm gksrk gSA gekjs pkjksa vksj dh oLrqvksa ls mRlftZr ;k
ijkofrZr gksus okyk n`'; izdk'k txr osQ fo"k; esa lHkh lwpuk,¡ gesa miyCèk djkrk gSA gekjs us=k
rjaxnS?;ks± osQ bl ijkl osQ fy, laosnu'khy gSaA fofHkUu tarq rjaxnS?;ks± osQ fofHkUu ijklksa osQ fy,
laosnu'khy gSaA mnkgj.kkFkZ] liZ vojDr rjaxksa dks lalwfpr dj ldrs gSaA dbZ dhVksa dk ǹ'; ijkl
ijkcSaxuh rjaxksa rd ig¡qprk gSA

8.4.5 ijkcSaxuh rjaxsa

blesa yxHkx 4 × 10–7 m (400 nm) ls 6 × 10–10m (0.6 nm) rjaxnS?;Z ijkl dh rjaxas
lfEefyr gSaA ijkcSaxuh (UV) fofdj.k fof'k"V ySaiksa ,oa cgqr xeZ ¯iMksa ls mRiUu gksrs gSaA lw;Z
ijkcSaxuh izdk'k dk ,d egRoiw.kZ lzksr gSA ijarq] lkSHkkX; ls bldk vfèkdka'k Hkkx ok;qeaMy dh
yxHkx 40 – 50 km dh Å¡pkbZ ij fLFkr vkstksu ijr esa vo'kksf"kr gks tkrk gSA vfèkd ifjek.k
esa UV izdk'k osQ laioZQ esa vkus dk ekuoksa ij gkfudkjd izHkko gksrk gSA UV fofdj.kksa osQ iM+us
ls Ropk esa vfèkd esykfuu dk mRiknu gksrk gS ftlls Ropk rkez jax dh gks tkrh gSA UV
fofdj.k lkekU; dk¡p }kjk vo'kksf"kr gks tkrs gSaA vr% dk¡p yxh f[kM+fd;ksa ls Nu dj vkus
okys izdk'k osQ dkj.k èkwi&rkezrk (sunburn) ugha gksrh gSA

os̄ YMx djus okys yksx] os̄ YMx fpuxkfj;ksa ls fudyus okyh UV fdj.kksa ls viuh vk¡[kksa dh
lqj{kk osQ fy, fof'k"V dk¡p ;qDr èkwi osQ p'es igurs gSa ;k dk¡p dh f[kM+fd;ksa ls ;qDr eq[kkSVs
vius psgjs ij yxkrs gaSA viuh NksVh rjaxnS?;ks± osQ dkj.k] ijkcSaxuh fdj.kksa dks vfr ifj'kq¼ vuqiz;ksxksa]
tSls ykfld (LASIK – Laser-assisted in situ keratomileusis) us=k 'kY;rk esa mi;ksx
gsrq vR;ar ladh.kZ fdj.k&iqatksa esa I+kQksdflr fd;k tk ldrk gSA ty 'kksèkd esa ijkcSaxuh (UV) ySaiksa
dk mi;ksx thok.kqvksa dks ekjus esa gksrk gSA

pw¡fd vkstksu ijr ,d laj{kd dh Hkwfedk vnk djrh gS blfy, DyksjksÝyksjks&dkcZu
(CFCs) xSlksa (tSls ÚhvkWu) }kjk bldk ßkl varjkZ"Vªh; Lrj ij ¯prk dk fo"k; gSA
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8.4.6 X&fdj.ksa

oS|qrpqacdh; LisDVªe osQ UV Hkkx osQ i'pkr X-fdj.kksa dk {ks=k gSA fpfdRlh; mi;ksfxrk osQ
dkj.k ge X-fdj.kksa ls ifjfpr gSaA bldk ijkl rjaxnS?;Z 10–8 m (10 nm) ls ysdj uhps
10–13 m (10–4nm) rd iSQyk gSA X-fdj.kksa osQ mRiknu dh ,d lkekU; fofèk fdlh èkkRoh;
y{; ij mPp ÅtkZ osQ bysDVªkWuksa dh ckSNkj djuk gSA fpfdRlk esa X-fdj.kksa dks uSnkfud lkèku
osQ :i esa rFkk oqQN izdkj osQ oSaQlj osQ mipkj osQ fy, mi;ksx esa ykrs gSaA pw¡fd
X-fdj.ksa ltho Årdksa rFkk thoksa dks gkfu igq¡pkrh gSa ;k u"V dj nsrh gSa blfy, buls
vuko';d vFkok vfèkd mn~Hkklu (exposure) ls cpus dh lkoèkkuh cjruh pkfg,A

8.4.7 xkek fdj.ksa

;s oS|qrpqacdh; LisDVªe osQ Åijh vko`fÙk osQ {ks=k esa gksrh gSa rFkk budh rjaxnS?;Z yxHkx
10–10 m ls ysdj 10–14 m ls Hkh de gksrh gSA mPp vko`fÙk dk ;g fofdj.k ukfHkdh;
vfHkfØ;kvksa esa mRiUu gksrk gSA ;g jsfM;ksèkehZ ukfHkdksa }kjk Hkh mRl£tr gksrk gSA ;s fpfdRlk
esa oSaQlj dksf'kdkvksa dks u"V djus osQ fy, Hkh mi;ksxh gSaA

lkj.kh 8.1 esa fofHkUu izdkj dh oS|qrpaqcdh; rjaxksa] muosQ mRiknu ,oa lalwpu dks lkj
:i esa izLrqr fd;k x;k gSA tSlk fd igys crk;k x;k gS] fofHkUu fdj.kksa osQ {ks=kksa osQ eè; dksbZ
rh{.k lhek,¡ ugha gSa rFkk ;s nwljs {ks=kksa esa Hkh O;kfir gksrs gSaA

lkj.kh 8-1 fofHkUu oS|qrpaqcdh; rjaxksa osQ vfHky{k.k

izdkj rjaxnS?;Z dk ijkl mRiknu lalwpu

jsfM;ks rjaxsa > 0.1 m ,fj;y (aerial) esa bysDVªkWuksa dk vfHkxzkgd osQ ,fj;y

nzqr Roj.k ;k eanu

lw{e rjaxsa 0.1m ls 1 mm DysLVªkWu ;k esXukVªkWu okYo ¯cnq laioZQ Mk;ksM

vojDr rjaxsa 1mm ls 700 nm ijek.kqvksa ,oa v.kqvksa osQ oaQiu FkeksZikby] cksyksehVj]

vojDr iQksVksxzkfiQd fiQYe

izdk'k rjaxsa 700 nm ls 400 nm ijek.kq esa bysDVªkWu] tc mPprj ÅtkZ ekuoh; us=k]

Lrj ls fuEurj ÅtkZ Lrj ij iQksVks lsy]

laØe.k djrs gSa iQksVksxzkfiQd fiQYe

ijkcSaxuh izdk'k rjaxsa 400 nm ls 1 nm ijek.kq osQ vkarfjd 'kSyksa esa bysDVªkWuksa dk iQksVks lsy

,d ÅtkZ Lrj ls nwljs ÅtkZ Lrj iQksVksxzkfiQd fiQYe

ij laØe.k

X&fdj.ksa 1nm ls 10–3 nm X-fdj.k ufydk vFkok vkarfjd 'kSyksa iQksVksxzkfiQd fiQYe] xhxj
osQ bysDVªkWu V~;wc] vk;uhdj.k izdks"B

xkek fdj.ksa  <10–3 nm ukfHkdksa dk jsfM;ks,sfDVo {k; iQksVksxzkfiQd fiQYe] xhxj
V~;wc] vk;uhdj.k izdks"B
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lkjka'k

1. eSDlosy us ,sfEi;j osQ fu;e esa ,d folaxfr ikbZ rFkk bl folaxfr dks nwj djus  osQ fy,
,d vfrfjDr èkkjk osQ vfLrRo dk lq>ko fn;k ftls foLFkkiu èkkjk dgrs gSaA foLFkkiu èkkjk
le; osQ lkFk ifjofrZr gksus okys fo|qr {ks=k osQ dkj.k mRiUu gksrh gS vkSj bldks bl izdkj
fy[k ldrs gSa

0
d
ddi

t

Φε Ε=

;g Bhd mlh izdkj paqcdh; {ks=k osQ lzksr dk dk;Z djrh gS tSls fd pkyu èkkjkA
2. ,d Rofjr vkos'k oS|qrpqacdh; rjaxsa mRiUu djrk gSA vkorhZ; :i ls] ν vko`fÙk ls nksyu

djrk ,d fo|qr vkos'k mlh vko`fÙk ν dh oS|qrpqacdh; rjaxksa dks mRiUu djrk gSA ,d oS|qr
f}èkzqo oS|qrpqacdh; rjaxksa dk ekSfyd Ïksr gSA

3. oqQN ehVj dksfV rjaxnS?;Z okyh oS|qrpqacdh; rjaxsa iz;ksx'kkyk esa lcls igys 1887 esa gV~Z”k
}kjk mRiUu o lalwfpr dh xb±A bl izdkj mUgksaus eSDlosy dh ekSfyd Hkfo";ok.kh dh iqf"V dhA

4. fdlh oS|qrpqacdh; rjax esa fo|qr rFkk pqacdh; {ks=k] fno~Qdky esa T;koØh; <ax ls nksyu djrs
gSaA nksyu'khy fo|qr o pqacdh; {ks=k E rFkk B ijLij rFkk oS|qrpqacdh; rjax osQ lapj.k dh
fn'kk osQ yacor gksrs gSaA z-v{k osQ vuqfn'k lapfjr vko`fÙk ν rFkk rjaxnS?;Z λ dh fdlh rjax
osQ fy, gesa fuEufyf[kr lw=k miyCèk gS %
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;s ijLij fuEufyf[kr lw=k }kjk lacafèkr gSa % E0/B0 = c

5. fuokZr esa oS|qrpqacdh; rjax dh pky c, µ0 rFkk ε0 (pqacd'khyrk rFkk fo|qr'khyrk) ls bl

izdkj lacafèkr gSa % c = 1 0 0/ µ ε  A  c dk eku izdk'kh; ekiksa }kjk izkIr izdk'k dh pky

osQ cjkcj gksrk gSA
izdk'k ,d oS|qrpqacdh; rjax gS blfy, c izdk'k dh Hkh pky gSA izdk'k osQ vfrfjDr lHkh
oS|qrpqacdh; rjaxksa dh eqDr vkdk'k esa ogh pky c gSA

izdk'k ;k oS|qrpqacdh; rjaxksa dh fdlh HkkSfrd ekè;e esa pky v = 1/ µ ε  gksrh gSA ;gk¡

µ ekè;e dh pqacd'khyrk rFkk ε fo|qr'khyrk gSA
6. oS|qrpqacdh; rjaxsa tc fno~QLFkku (space) esa lapfjr gksrh gSa rks vius lkFk ÅtkZ ogu djrh

gSa rFkk ;g ÅtkZ fo|qr rFkk pqacdh; {ks=k esa foHkkftr gksrh gSA
oS|qrpqacdh; rjaxsa laosx dk Hkh ogu djrh gSaA tc ;s rjaxsa fdlh i`"B ij iM+rh gSa rks os i`"B
ij nkc Mkyrh gSaA ;fn t le; esa i`"B dks LFkkukarfjr laiw.kZ ÅtkZ U gks rks i`"B dks fn;k x;k
oqQy laosx p = U/c gksxkA

7. oS|qrpqacdh; rjaxksa dk LisDVªe fl¼karr% rjaxksa osQ vuar ifjlj esa foLr`r gksrk gSA
10–2 Å ;k 10–12

 m ls 106 m rd rjaxnS?;Z osQ c<+rs gq, Øe esa lek;ksftr djus ij fofHkUu
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fopkj.kh; fo"k;

1. fofHkUu izdkj dh oS|qrpqacdh; rjaxksa dk ekSfyd varj mudh rjaxnS?;ks± vFkok vko`fÙk;ksa
esa fufgr gS D;ksafd ;s lHkh fuokZr esa ,d gh pky ls xqtjrh gSaA ifj.kkeLo:i] rjaxsa inkFkZ
ls viuh ikjLifjd fØ;k djus dh fofèk esa cgqr fHkUu gSaA

2. Rofjr vkosf'kr d.k oS|qrpqacdh; ÅtkZ fofdfjr djrs gSaA oS|qrpqacdh; rjax dh rjaxnS?;Z
izk;% rjax fodh.kZd fudk; osQ vkeki (lkb”k) ij fuHkZj djrh gSA bl izdkj ls γ-fdj.k
ftldh rjaxnS?;Z 10–14 m ls 10–15 m osQ eè; gS] fof'k"V :i ls ijek.kq&ukfHkd
ls mRiUu gksrh gSA X-fdj.ksa Hkkjh ijek.kqvksa ls mRlftZr gksrh gSaA fdlh ifjiFk esa Rofjr
bysDVªkWuksa ls jsfM;ks rjaxsa mRiUu gksrh gSaA ,d laizs"kd ,saVhuk vfr n{krkiwoZd mu rjaxksa
dks fofdfjr dj ldrk gS ftudh rjaxnS?;Z mlh ifjek.k dh gSa] ftl ifjek.k dk ,saVhuk
gS rFkkfi ijek.kqvksa }kjk mRlftZr n`'; fofdj.k dh rjaxnS?;Z ijek.kq osQ vkdkj ls dkiQh
vfèkd gksrh gSA

3. oS|qrpqacdh; rjax dk nksyu'khy {ks=k vkos'kksa dks Rofjr dj ldrk gS rFkk ;g nksyu'khy
èkkjk mRiUu dj ldrk gSA blfy, oS|qrpqacdh; rjaxksa dk irk yxkus osQ fy, tks midj.k
fufeZr gksrk gS og blh rF; ij vkèkkfjr gSA gV~Z”k dk ekSfyd ̂ vfHkxzkgh* Bhd blh izdkj
dke djrk FkkA lHkh vkèkqfud O;kogkfjd ;qfDr;ksa esa blh ewy fl¼kar dk mi;ksx gksrk
gSA mPp vko`fÙk dh oS|qrpqacdh; rjaxksa dk irk nwljh fofèk ls yxkrs gSa tks mu HkkSfrd
izHkkoksa ij vkèkkfjr gSa] ftUgsa os æO; osQ lkFk ijLij fØ;k }kjk mRiUu djrs gSaA

4. vojDr rjaxsa ftudh vko`fÙk n`'; izdk'k ls de gksrh gS] u osQoy bysDVªkWuksa dks dafir
djrh gSa oju~ inkFkZ osQ lHkh ijek.kqvksa vFkok v.kqvksa dks Hkh dafir djrh gSaA ;g daiu
vkarfjd ÅtkZ dks c<+krk gS rFkk ifj.kkeLo:i rki dks HkhA ;gh dkj.k gS fd vojDr
rjaxksa dks izk;% Å".krk rjaxsa dgrs gSaA

5. gekjh vk¡[k dh laosnu'khyrk dk osaQæ lw;Z osQ rjaxnS?;Z forj.k osQ osaQæ ij iM+rk gSA ,slk
blfy, gqvk gS D;ksafd ekuo bl izdkj fodflr gqvk gS fd mldh n`f"V mu rjaxnS?;ks±
osQ izfr lcls vfèkd laosnu'khy gS tks lw;Z osQ fofdj.kksa esa lokZfèkd izcy gSaA

vH;kl

8-1 fp=k 8-6 esa ,d laèkkfj=k n'kkZ;k x;k gS tks 12 cm f=kT;k dh nks o`Ùkkdkj IysVksa dks
5.0 cm dh nwjh ij j[kdj cuk;k x;k gSA laèkkfj=k dks ,d cká lzksr (tks fp=k esa ugha
n'kkZ;k x;k gS) }kjk vkosf'kr fd;k tk jgk gSA vkos'kdkjh èkkjk fu;r gS vkSj bldk eku
0.15A gSA
(a) èkkfjrk ,oa IysVksa osQ chp foHkokarj ifjorZu dh nj dk ifjdyu dhft,A

(b) IysVksa osQ chp foLFkkiu èkkjk Kkr dhft,A

Hkkx vyx&vyx uke ls bl izdkj tkus tkrs gSa] γ-fdj.ksa] X-fdj.ksa] ijkcSaxuh fdj.ksa] n`';
izdk'k] vojDr izdk'k] lw{e rjaxsa rFkk jsfM;ks rjaxsaA
;s æO; ls fo|qr rFkk pqacdh; {ks=kksa osQ }kjk ikjLifjd fØ;k djrh gSa ftlls lHkh æO;ksa esa
fo|eku vkos'k nksyu izkjaHk dj nsrs gSaA foLr`r ikjLifjd fØ;k rFkk bl izdkj vo'kks"k.k]
izdh.kZu vkfn dh fØ;k fofèk em rjax dh rjaxnS?;Z rFkk ekè;e osQ ijek.kq ,oa v.kqvksa dh
izÑfr ij fuHkZj djrh gSA
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(c) D;k fdj[kksiQ dk izFke fu;e laèkkfj=k dh izR;sd IysV ij ykxw gksrk gS\ Li"V dhft,A

fp=k 8.6

8.2 ,d lekarj IysV laèkkfj=k (fp=k 8.7)] R = 6.0 cm  f=kT;k dh nks o`Ùkkdkj IysVksa ls cuk
gS vkSj bldh èkkfjrk C = 100 pF gSA laèkkfj=k dks 230 V, 300 rad s–1 dh (dks.kh;)
vko`fÙk osQ fdlh lzksr ls tksM+k x;k gSA
(a) pkyu èkkjk dk rms eku D;k gS\
(b) D;k pkyu èkkjk foLFkkiu èkkjk osQ cjkcj gS\
(c) IysVksa osQ chp] v{k ls 3.0 cm dh nwjh ij fLFkr ̄ cnq ij B dk vk;ke Kkr dhft,A

fp=k 8.7

8.3 10–10 m rjaxnS?;Z dh X-fdj.kksa] 6800 Å rjaxnS?;Z osQ izdk'k] rFkk 500 m dh
jsfM;ks rjaxksa osQ fy, fdl HkkSfrd jkf'k dk eku leku gS\

8.4 ,d lery oS|qrpqacdh; rjax fuokZr esa z-v{k osQ vuqfn'k py jgh gSA blosQ fo|qr
rFkk pqacdh; {ks=kksa osQ lfn'k dh fn'kk osQ ckjs esa vki D;k dgsaxs\ ;fn rjax dh vkòfÙk
30 MHz gks rks mldh rjaxnS?;Z fdruh gksxh\

8.5 ,d jsfM;ks 7.5 MHz ls 12 MHz cSaM osQ fdlh LVs'ku ls leLofjr gks ldrk gSA
laxr rjaxnS?;Z cSaM D;k gksxk\

8.6 ,d vkosf'kr d.k viuh ekè; lkE;koLFkk osQ nksuksa vksj 109 Hz vko`fÙk ls nksyu
djrk gSA nksyd }kjk tfur oS|qrpqacdh; rjaxksa dh vko`fÙk fdruh gS\

8.7 fuokZr esa ,d vkorZ oS|qrpqacdh; rjax osQ pqacdh; {ks=k okys Hkkx dk vk;ke
B0 = 510 nT gSA rjax osQ fo|qr {ks=k okys Hkkx dk vk;ke D;k gS\

8.8 dYiuk dhft, fd ,d oS|qrpqacdh; rjax osQ fo|qr {ks=k dk vk;ke E
0
 = 120 N/C

gS rFkk bldh vko`fÙk ν = 50.0 MHz gSA (a) B0, ω, k rFkk λ Kkr dhft,] (b) E
rFkk B osQ fy, O;atd izkIr dhft,A

8.9 oS|qrpqacdh; LisDVªe osQ fofHkUu Hkkxksa dh ikfjHkkf"kdh ikB~;iqLrd esa nh xbZ gSA lw=k
E = hν (fofdj.k osQ ,d DokaVe dh ÅtkZ osQ fy, % iQksVkWu) dk mi;ksx dhft,
rFkk em o.kZØe osQ fofHkUu Hkkxksa osQ fy, eV osQ ek=kd esa iQksVkWu dh ÅtkZ
fudkfy,A iQksVkWu ÅtkZ osQ tks fofHkUu ifjek.k vki ikrs gSa os oS|qrpqacdh; fofdj.k
osQ Ïksrksa ls fdl izdkj lacafèkr gSa\

8.10 ,d lery em rjax esa fo|qr {ks=k] 2.0 × 1010 Hz vko`fÙk rFkk 48 V m–1 vk;ke
ls T;koØh; :i ls nksyu djrk gSA
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oS|qrpqacdh; rjaxsa

(a) rjax dh rjaxnS?;Z fdruh gS\
(b) nksyu'khy pqacdh; {ks=k dk vk;ke D;k gS\
(c) ;g n'kkZb, fd E {ks=k dk vkSlr ÅtkZ ?kuRo] B {ks=k osQ vkSlr ÅtkZ ?kuRo osQ

cjkcj gSA [c = 3 × 108 m s–1]

vfrfjDr vH;kl
8.11 dYiuk dhft, fd fuokZr esa ,d oS|qrpqacdh; rjax dk fo|qr {ks=k

E = {(3.1 N/C) cos [(1.8 rad/m) y + (5.4 × 106 rad/s)t]} î gSA
(a) rjax lapj.k dh fn'kk D;k gS\
(b) rjaxnS?;Z λ fdruh gS\
(c) vko`fÙk ν fdruh gS\
(d) rjax osQ pqacdh; {ks=k lfn'k dk vk;ke fdruk gS\
(e) rjax osQ pqacdh; {ks=k osQ fy, O;atd fyf[k,A

8.12 100 W fo|qr cYc dh 'kfDr dk yxHkx 5% n`'; fofdj.k esa cny tkrk gSA
(a) cYc ls 1 m dh nwjh ij]
(b) 10 m dh nwjh ij n`'; fofdj.k dh vkSlr rhozrk fdruh gS\
;g ekfu, fd fofdj.k lenSf'kdr% mRlftZr gksrk gS vkSj ijkorZu dh mis{kk dhft,A

8.13 em o.kZØe osQ fofHkUu Hkkxksa osQ fy, yk{kf.kd rki ifjljksa dks Kkr djus osQ
fy, λm T = 0.29 cm K lw=k dk mi;ksx dhft,A tks la[;k,¡ vkidks feyrh gSa os D;k
crykrh gSa\

8.14 oS|qrpqacdh; fofdj.k ls lacafèkr uhps oqQN izfl¼ vad] HkkSfrdh esa fdlh vU; izlax esa
oS|qrpqacdh; fn, x, gSaA LisDVªe osQ ml Hkkx dk mYys[k dhft, ftlls buesa ls izR;sd lacafèkr
gSA
(a) 21 cm (varjkrkjdh; vkdk'k esa ijek.oh; gkbMªkstu }kjk mRlftZr rjaxnS?;Z)
(b) 1057 MHz (ySac&fopyu uke ls izfl¼] gkbMªkstu esa] ikl tkus okys nks lehiLFk

ÅtkZ Lrjksa ls mRiUu fofdj.k dh vko`fÙk)
(c) 2.7 K ¹laiw.kZ varfj{k dks Hkjus okys lenSf'kd fofdj.k ls lacafèkr rkiµ,slk fopkj

tks fo'o esa cM+s èkekosQ ^fcx cSax* osQ mn~Hko dk vo'ks"k ekuk tkrk gSºA
(d) 5890 Å - 5896 Å (lksfM;e dh f}d js[kk,¡)
(e) 14.4 keV ¹57Fe ukfHkd osQ ,d fof'k"V laØe.k dh ÅtkZ tks izfl¼ mPp foHksnu

dh LisDVªeh fofèk ls lacafèkr gS (ekWlckSj LisDVªksLdkWih)ºA
8.15 fuEufyf[kr iz'uksa dk mÙkj nhft, %

(a) yach nwjh osQ jsfM;ks izsf"k=k y?kq&rjax cSaM dk mi;ksx djrs gSaA D;ksa\
(b) yach nwjh osQ TV izs"k.k osQ fy, mixzgksa dk mi;ksx vko';d gSA D;ksa\
(c) izdk'kh; rFkk jsfM;ks nwjn'khZ i`Foh ij fufeZr fd, tkrs gSa ̄ drq X-fdj.k [kxksyfoKku

dk vè;;u i`Foh dk ifjHkze.k dj jgs mixzgksa }kjk gh laHko gSA D;ksa\
(d) lerkieaMy osQ Åijh Nksj ij NksVh&lh vkst+ksu dh ijr ekuo thou osQ fy, fu.kkZ;d gSA

D;ksa\
(e) ;fn ìFoh ij ok;qeaMy ugha gksrk rks mlosQ èkjkry dk vkSlr rki orZeku rki ls vfèkd

gksrk ;k de\
(f) oqQN oSKkfudksa us Hkfo";ok.kh dh gS fd i`Foh ij ukfHkdh; fo'o ;q¼ osQ ckn ^izpaM

ukfHkdh; 'khrdky* gksxk ftldk i`Foh osQ thoksa ij foèoaldkjh izHkko iM+sxkA bl
Hkfo";ok.kh dk D;k vkèkkj gksxk\
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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 f”kanxh vkSj dk;Z'kSyh esa dki+ Qh isQjcny 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 djkus 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 fujarj 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 uoacj 2006 çf'k{k.k ifj"kn~
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izLrkouk

izLrqr iqLrd dks fo|kfFkZ;ksa] f'k{kdksa rFkk tuekul (ftldh Hkwfedk vuns[kh ugha dh tk ldrh) dks lkSairs gq, eq>s
g"kZ gks jgk gSA 2006 esa izdkf'kr d{kk 12 dh ikB~;iqLrd dh ;g LokHkkfod vuqØe gSA ;g iqLrd iwoZ izdkf'kr
ikB~;iqLrd dk ,d lqO;ofLFkr :i Hkh gSA bl iqLrd ls /kjk osQ Å"eh; rFkk jklk;fud izHkko dk vè;k; gVk fn;k
x;k gSA bl fo"k; dks lh-ch-,l-bZ- osQ ikB~;Øe ls Hkh gVk fn;k x;k gSA blh izdkj lapkj osQ vè;k; ls dkiQh
fo"k;&oLrq de dh xbZ gSA bl vè;k; dks vklkuh ls le>us ;ksX; :i esa iqu% fy[kk x;k gSA

;|fi vf/dka'k vU; vè;k; fiNys laLdj.kksa ij gh vk/kfjr gSa] fiQj Hkh cgqr ls Hkkx rFkk vuqHkkx iqu% fy[ks
x, gSaA ns'k osQ fofHkUu Hkkxksa osQ f'k{kdksa ls feys vusd lq>koksa us ikB~;iqLrd fuekZ.k lfefr dk ekxZn'kZu fd;k gSA

d{kk 11 rFkk d{kk 12 nksuksa gh d{kkvksa dh bu iqLrdksa osQ fuekZ.k esa egÙo fn, tkus okys fcanqvksa esa ewy ifjorZu
fd;k x;k gSA nksuksa gh iqLrdksa dks fo|kfFkZ;ksa dks fcuk ;g ekudj izsf"kr fd;k tk jgk gS fd os HkkSfrdh dk vè;;u
mPprj ekè;fed Lrj ls vkxs Hkh djsaxsA ;g u;k n`f"Vdks.k jk"Vªh; ikB~;p;kZ dh :ijs[kk (2005) esa fn, x, izs{k.kksa
,oa lq>koksa osQ vk/kj ij izsfjr gSA blh izdkj] vkt osQ 'kSf{kd ?kVukØe] ftlesa dksbZ fo|kFkhZ fofo/ fo"k;ksa dk dksbZ
Hkh la;kstu@p;u dj ldrk gS] ge ;g ugha eku ldrs fd HkkSfrdh dk vè;;u djus okyk fo|kFkhZ xf.kr dk vè;;u
Hkh dj jgk gSA vr% HkkSfrdh dh fo"k; oLrq dks ^,dyk pyks* :i esa izLrqr djuk gh ,d fodYi gSA

d{kk 11 dh ikB~;iqLrd dh Hkk¡fr] dbZ vè;k;ksa esa oqQN jkspd ckWDl lkexzh Hkh lfEefyr dh xbZ gSA ;s i<+kus
vFkok ijh{kk osQ fy, ugha gSA bu ckWDlksa dks ikB~;iqLrd esa lfEefyr djus oQk mís'; ikBdksa osQ è;ku dks vkdf"kZr
djuk] foKku ,oa izkS|ksfxdh osQ vU; {ks=kksa vFkok nSfud thou esa oqQN vuqiz;ksxksa dks n'kkZuk] ljy iz;ksx lq>kuk] HkkSfrdh
osQ fofHkUu {ks=kksa esa vfHk/kj.kkvksa esa laca/] ,djlrk vFkok uhjlrk dks rksM+dj iqLrd dks ltho cukuk gSA

iqLrd osQ izR;sd vè;k; osQ var esa lkjka'k] fopkj.kh; fo"k;] vH;kl rFkk vfrfjDr vH;kl ,oa mnkgj.k tSls
fof'k"V y{k.kksa dks cuk, j[kk x;k gSA ladYiukvksa  ij vk/kfjr dbZ vH;klksa dks vè;k;ksa osQ var esa fn, x, vH;klksa
ls ̂ mnkgj.k ,oa muosQ gy* osQ :i esa ikB~; lkexzh esa LFkkukarfjr fd;k x;k gSA ;g vk'kk dh tkrh gS fd ,slk djus
ls vè;k; esa nh xbZ ladYiuk,¡ vf/d cks/xE; cu tk,¡xhA cgqr ls u, mnkgj.k rFkk vH;kl tksM+s x, gSaA mu fo|kfFkZ;ksa
osQ fy, tks vkxs Hkh HkkSfrdh dk vè;;u djuk pkgrs gSa] muosQ fy, fopkj.kh; fo"k; rFkk vfrfjDr vH;kl dkI+kQh
mi;ksxh vkSj fopkj'khy fl¼ gksaxsA iqLrd ls ckgj osQ lk/u iznku djus rFkk bZ&f'k{kk dks izksRlkfgr djus dh n`f"V
ls izR;sd vè;k; esa oqQN izklafxd osclkbV osQ irs bZ&HkkSfrdh 'kh"kZd osQ varxZr iznku fd, x, gSaA ;s lkbVsa fo|kfFkZ;ksa
dks oqQN fof'k"V fo"k;ksa ij vfrfjDr lkexzh rFkk vU;ksU; fØ;kRed fun'kZu@iz;ksx iznku djrh gSaA

HkkSfrdh dh tfVy ladYiukvksa dh le>] O;kid cks/ rFkk egÙo tkuuk vko';d gSA fo|kfFkZ;ksa dks bl izdkj
osQ iz'u iwNuk@lh[kuk pkfg, fd ^ge bls D;ksa rFkk oSQls tkusa* vkfnA O;kid :i ls og ;g ik,¡xs fd HkkSfrdh rFkk
foKku osQ {ks=k esa yxHkx lnSo gh ^D;ksa* osQ iz'u dk mÙkj ugha ik;k tkrkA ijarq ;g Lo;a esa ,d lh[kus dk vuqHko
gS] D;k vki ,slk ugha le>rs! blosQ foijhr] ̂ oSQls* okys iz'uksa osQ vf/dka'k izkÑfrd ifj?kVukvksa osQ izdj.k esa HkkSfrd
foKkfu;ksa us roZQlaxr o lqfoosfpr mÙkj fn, gSaA okLro esa] ;g le>us osQ i'pkr fd ?kVuk,¡ oSQls gksrh gSa] cgqr lh
ifj?kVukvksa dk mi;ksx djosQ ekuo osQ mi;ksx osQ izkS|ksfxdh; vuqiz;ksx fodflr djuk laHko gks ik;k gSA

mnkgj.k osQ fy,] iqLrd osQ fdlh izdFku ij fopkj dhft,] tSls ̂ ½.kkosf'kr bysDVªkWu /ukosf'kr ifê ðdk }kjk
vkdf"kZr gksrk gS* vFkok ^bl iz;ksx esa izdk'k (vFkok bysDVªkWu) rjax dh Hkk¡fr O;ogkj djrk gSA* vki ;g vuqHko
djsaxs fd blosQ ̂ D;ksa* dk mÙkj nsuk laHko ugha gSA ;g iz'u ̂ n'kZu'kkL=k* vFkok ̂ rRoehekalk* osQ {ks=k osQ varxZr vkrk
gSA ijarq ge ̂ oSQls* dk mÙkj ns ldrs gSa] ge vkjksfir cy Kkr dj ldrs gSa] ge iQksVkWu (vFkok bysDVªku) dh rjaxnS?;Z
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eki ldrs gSa] ge ;g fu/kZfjr dj ldrs gSa fd fofHkUu ifjfLFkfr;ksa esa oLrq,¡ oSQls O;ogkj djrh gSa rFkk bu ifj?kVukvksa
dk mi;ksx ge vius ykHk osQ fy, midj.k fodflr djus esa dj ldrs gSaA

lfefr osQ lnL;ksa osQ lkFk mPprj ekè;fed Lrj dh bu iqLrdksa osQ fy, dk;Z djus esa eq>s izlUurk gqbZ gSA
iqLrd fuekZ.k lfefr] iqujh{k.k lfefr rFkk laiknu eaMy esa dkWyst rFkk fo'ofo|ky;ksa osQ f'k{kd] Hkkjrh; izkS|ksfxdh
laLFkkuksa osQ f'k{kd] jk"Vªh; laLFkkuksa ,oa iz;ksx'kkykvksa osQ oSKkfudksa osQ mPprj ekè;fed] lkFk&lkFk fo|ky;ksa osQ
f'k{kd lfEefyr fd, x, FksA fofHkUu lfefr;ksa esa mPprj ekè;fed fo|ky;ksa osQ f'k{kdksa ls izkIr lq>koksa ,oa
foospukRed vkykspuk vR;ar iz'kaluh; ik, x,A vf/dka'k ckWDl lkexzh fdlh u fdlh lfefr osQ lnL; }kjk fodflr
dh xbZ gS] ijarq muesa ls rhu fe=kksa ,oa fgrSf"k;ksa }kjk tks bu lfefr;ksa osQ lnL; ugha gSa] fodflr dh xbZ gSaA ge vè;k;
3] 4 (Hkkx 1) rFkk vè;k; 9 (Hkkx 2) dh ckWDl lkexzh dk mi;ksx djus dh vuqefr nsus osQ fy, Øe'k% iq.ks osQ
MkW- ih-,u- lsu] fnYyh dh izksi+ sQlj :ieatjh ?kks"k rFkk eqacbZ osQ MkW- jkts'k oh- [kkiMsZ dk vkHkkj izdV djrs gSaA ge
iqujh{k.k dk;Z'kkyk rFkk laiknu dk;Z'kkyk osQ izfrHkkfx;ksa osQ izfr Hkh vkHkkj izdV djrs gSa] ftUgksaus ikB~;iqLrd dh
izFke ikaMqfyfi ij ppkZ djosQ ifj"Ñr fd;kA ge izksi+ sQlj Ñ".k oqQekj] funs'kd ,u-lh-bZ-vkj-Vh- osQ izfr Hkh vkHkkj
izdV djrs gSa ftUgksaus foKku f'k{kk esa lqèkkj osQ jk"Vªh; iz;kl osQ ,d Hkkx osQ :i esa bl iqLrd dks izLrqr djus dk
dk;ZHkkj gesa lkSaikA eSa ,u-lh-bZ-vkj-Vh- osQ la;qDr funs'kd izksi+ sQlj th- johUnzk dk Hkh le;&le; ij lgk;rk nsus osQ
fy, /U;okn djrk gw¡A izksi+ sQlj gqoqQe flag] vè;{k] foKku ,oa xf.kr f'k{kk foHkkx] ,u-lh-bZ-vkj-Vh- Hkh gekjs bl dk;Z
esa gj laHko lgk;rk osQ fy, bPNqd jgs gSaA

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

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

ikB~;iqLrd fuekZ.k lfefr

vi
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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; osaQnzµ [kxksyfoKku vkSj [kxksyHkkSfrdh (vkbZ-;w-lh-,-,-)]
x.ks'kf[kaM] iwuk fo'ofo|ky; ifjlj] iq.ks

eq[; lykgdkj
,-MCY;w- tks'kh] gkWujsjh foft¯Vx lkbafVLV] ,u-lh-vkj-,-] iwuk fo'ofo|ky; ifjlj] iq.ks

(HkwriwoZ izksi+ sQlj] HkkSfrdh foHkkx] iwuk fo'ofo|ky;)

lnL;
vatyh {khjlkxj] jhMj] HkkSfrdh foHkkx] iwuk fo'ofo|ky;] iq.ks
vrqy eksnh] izoDrk (,l-th-)] oh-bZ-,l- dyk] foKku ,oa okf.kT; egkfo|ky;] eqacbZ
vuqjk/k ekFkqj] ih-th-Vh-] ekWMuZ LowQy] clar fogkj] u;h fnYyh
vfydk [kjs] izksi+ sQlj] HkkSfrdh foHkkx] Hkkjrh; izkS|ksfxdh laLFkku] xqokgkVh
vkj- tks'kh] izoDrk (,l-th-)] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh
,-osQ- ?kVd] besfjVl izksi+ sQlj] HkkSfrdh foHkkx] Hkkjrh; izkS|ksfxdh laLFkku] u;h fnYyh
,p-lh- iz/ku] izksi+ sQlj] gkseh HkkHkk foKku f'k{kk osaQnz] (Vh-vkbZ-,iQ-vkj-)] eaqcbZ
,u- iapiosQ'ku] izksi+ sQlj (vodk'kizkIr)] HkkSfrdh ,oa [kxksyHkkSfrdh foHkkx] fnYyh fo'ofo|ky;] fnYyh
,l-,u- izHkkdj] ih-th-Vh-] Mh-,e- LowQy] {ks=kh; f'k{kk laLFkku] ,u-lh-bZ-vkj-Vh-] eSlwj
,l-osQ- mikè;k;] ih-th-Vh-] tokgj uoksn; fo|ky;] eq”kÝ+i+ Qjuxj
,l-osQ- nk'k] jhMj] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh
,l- jk; pkS/jh] izksi+ sQlj] HkkSfrdh ,oa [kxksyHkkSfrdh foKku] fnYyh fo'ofo|ky;] fnYyh
fp=kk xks;y] ih-th-Vh-] jktdh; izfrHkk fodkl fo|ky;] R;kxjkt uxj] u;h fnYyh
ch-osQ- 'kekZ] izksi+ sQlj] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh
fo'othr oqQyd.khZ] Vhpj (xzsM I)] mPprj ekè;fed vuqHkkx] Jherh ikoZrhckbZ pksxqys egkfo|ky;] ekjxks] xksok
oh-,p- jk;ckxdj] jhMj] ukSjkslth okfM;k egkfo|ky;] iq.ks

lnL;&leUo;d (vaxzs”kh laLdj.k)
oh-ih- JhokLro] jhMj] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh

fganh vuqoknd
vkj-,l- nkl] vodk'kizkIr miiz/kukpk;Z] cyoar jk; esgrk fo|kHkou lhfu;j lsdaMjh LowQy] u;h fnYyh
dUgS;k yky] vodk'kizkIr izkpk;Z] f'k{kk funs'kky;] jk"Vªh; jkt/kuh {ks=k] fnYyh
ts-ih- vxzoky] vodk'kizkIr izkpk;Z] f'k{kk funs'kky;] jk"Vªh; jkt/kuh {ks=k] fnYyh

'kf'k izHkk] izoDrk] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh

lnL;&leUo;d
xxu xqIr] jhMj] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] u;h fnYyh
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Hkkjr dk lafo/ku
Hkkx 4d

ukxfjdksa osQ ewy drZO;
vuqPNsn 51 d
ewy drZO; & Hkkjr osQ izR;sd ukxfjd dk ;g drZO; gksxk fd og &

(d) lafo/ku dk ikyu djs vkSj mlosQ vkn'kks±] laLFkkvksa] jk"Vªèot vkSj jk"Vªxku dk vknj
djs_

([k) Lora=krk osQ fy, gekjs jk"Vªh; vkanksyu dks izsfjr djus okys mPp vkn'kks± dks ân;
esa latks, j[ks vkSj mudk ikyu djs_

(x) Hkkjr dh laizHkqrk] ,drk vkSj v[kaMrk dh j{kk djs vkSj mls v{kq..k cuk, j[ks_

(?k) ns'k dh j{kk djs vkSj vkg~oku fd, tkus ij jk"Vª dh lsok djs_

(Ä) Hkkjr osQ lHkh yksxksa esa lejlrk vkSj leku Hkzkr`Ro dh Hkkouk dk fuekZ.k djs tks
/eZ] Hkk"kk vkSj izns'k ;k oxZ ij vkèkkfjr lHkh HksnHkkoksa ls ijs gks] ,slh izFkkvksa dk
R;kx djs tks efgykvksa osQ lEeku osQ fo#n~/ gkas_

(p) gekjh lkekfld laLd̀fr dh xkSjo'kkyh ijaijk dk egRRo le>s vkSj mldk ifjj{k.k
djs_

(N) izkd̀frd i;kZoj.k dh] ftlds varxZr ou] >hy] unh vkSj oU; tho gSa] j{kk djs vkSj
mldk laoèkZu djs rFkk izkf.kek=k osQ izfr n;kHkko j[ks_

(t) oSKkfud n`f"Vdks.k] ekuookn vkSj KkuktZu rFkk lq/kj dh Hkkouk dk fodkl djs_

(>) lkoZtfud laifRr daaks lqjf{kr j[ks vkSj fgalk ls nwj jgs_

(×k) O;fDrxr vkSj lkewfgd xfrfof/;ksa osQ lHkh {ks=kksa esa mRd"kZ dh vksj c<+us dk lrr~
iz;kl djs] ftlls jk"Vª fujarj c<+rs gq, iz;Ru vkSj miyfC/ dh ubZ m¡Qpkb;ksa dks Nw
losQ_ vkSj

(V) ;fn ekrk&firk ;k laj{kd gS] Ng o"kZ ls pkSng o"kZ rd dh vk;q okys vius]
;FkkfLFkfr] ckyd ;k izfrikY; dks f'k{kk osQ volj iznku djsA
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vkHkkj

bl iqLrd dks vafre Lo:i iznku djus osQ fy, vk;ksftr dk;Z'kkyk esa Hkkx ysus okys fuEufyf[kr izfrHkkfx;ksa dh cgqewY;
fVIif.k;ksa osQ fy, ifj"kn~ fuEufyf[kr dk vkHkkj O;Dr djrh gS % vkj-,- xks;y] vodk'kizkIr izkpk;Z] f'k{kk funs'kky;]
fnYyh_ ,u-lh- tSu] ih-th-Vh-] ,l-,-lh-th- loksZn; fo|ky; ua- 2] yqMyks oSQly] u;h fnYyh_ osQ-lh- 'kekZ] izokpd]
{ks=kh; f'k{kk laLFkku (,u-lh-bZ-vkj-Vh-)] vtesj_ uhye lgxy] ih-th-Vh-] osaQnzh; fo|ky;] ts-,u-;w- ifjlj] u;h fnYyh_
Mh-lh- ikaMs;] vodk'kizkIr f'k{kk vf/dkjh] f'k{kk funs'kky;] fnYyh_ ih-,u- ok".ksZ;] vodk'kizkIr izkpk;Z] f'k{kk funs'kky;]
fnYyhA

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-] ubZ 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-] ubZ fnYyh_ jkeu uacwnjh] vkj-vkb-bZ-] eSlq:_
vkj-vkj- dksbjsax] Mh-lh-,l-] ,u-lh-bZ-vkj-Vh-] ubZ fnYyh_ 'kf'k izHkk] Mh-bZ-,l-,e-] ,u-lh-bZ-vkj-Vh-] ubZ fnYyh_ vkSj
,l-oh- 'kekZ] vkj-vkb-bZ-] vtesj dk Hkh vkHkkj O;Dr djrh gSA

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

ifj"kn~ ,-ih-lh- dk;kZy; rFkk Mh-bZ-,l-,e- osQ iz'kklfud LVkWiQ dks muosQ lg;ksx osQ fy, vkHkkj izdV djrh gSA bl
iqLrd esa lg;ksx osQ fy, ifj"kn~ eqljZr ijohu] eukst eksgu dkWih ,MhVj_ j.kèkhj BkoqQj izwI+kQ jhMj_ ½rq 'kekZ] bUnz oqQekj
MhVhih vkWijsVj_ nhid diwj oaQI;wVj LVs'ku izHkkjh] Mh-bZ-,l-,e-] fot; oaQI;wVlZ (iqLrd dh Vkb¯ix osQ fy,) vkSj izdk'ku
foHkkx dk gkfnZd vkHkkj Kkfir djrh gSA
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Hkkjr dk lafo/ku
Hkkx&3 (vuqPNsn 12&35)

(vfuok;Z 'krks±] oqQN vioknksa vkSj ;qfDr;qDr fuc±/u osQ v/hu)
n~okjk iznRr

ewy vf/dkj
lerk dk vf/dkj

• fof/ osQ le{k ,oa fof/;ksa osQ leku laj{k.k_
• /eZ] ewyoa'k] tkfr] fyax ;k tUeLFkku osQ vk/kj ij_
• yksd fu;kstu osQ fo"k; esa_
• vLi`';rk vkSj mikf/;ksa dk varA

Lokra=; &vf/dkj

• vfHkO;fDr] lEesyu] la?k] lapj.k] fuokl vkSj o`fRr dk Lokra=;_
• vijk/ksa osQ fy, nks"k fln~f/ osQ laca/ esa laj{k.k_
• izk.k vkSj nSfgd Lora=krk dk laj{k.k_
• N% ls pkSng o"kZ dh vk;q osQ cPpksa dks fu%'kqYd ,oa vfuok;Z f'k{kk_
• oqQN n'kkvksa esa fxjÝrkjh vkSj fujks/ ls laj{k.kA

'kks"k.k osQ fo#n~/ vf/dkj

• ekuo osQ nqO;kZikj vkSj cykr Je dk izfr"ks/_
• ifjladVe; dk;ks± esa ckydksa osQ fu;kstu dk izfr"ks/A

/eZ dh Lora=krk dk vf/dkj

• var%dj.k dh vkSj /eZ osQ vck/ :i ls ekuus] vkpj.k vkSj izpkj dh Lora=krk_
• /kfeZd dk;ks± osQ izca/ dh Lora=krk_
• fdlh fof'k"V /eZ dh vfHko`n~f/ osQ fy, djkas osQ lank; osQ laca/ esa Lora=krk_
• jkT; fuf/ ls iw.kZr% iksf"kr f'k{kk laLFkkvksa esa /kfeZd f'k{kk ;k /kfeZd mikluk esa

mifLFkr gksus osQ laca/ esa Lora=krkA

laLo`Qfr vkSj f'k{kk laca/h vf/dkj

• vYila[;d&oxks± dks viuh Hkk"kk] fyfi ;k laLo`Qfr fo"k;d fgrksa dk laj{k.k_
• vYila[;d&oxks± n~okjk viuh f'k{kk laLFkkvksa dk LFkkiu vkSj iz'kkluA

lkafo/kfud mipkjksa dk vf/dkj

• mPpre U;k;ky; ,oa mPp U;k;ky; osQ funsZ'k ;k vkns'k ;k fjV n~okjk iznRr
vf/dkjksa dks izofrZr djkus dk mipkjA
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eq[kkoj.k
(http://nobelprize.org rFkk 2006 esa HkkSfrdh osQ ukscsy iqjLdkj ls :ikarfjr)

fo'o osQ fodkl osQ fofHkUu pj.k

i'pkoj.k
(http://www.iter.org rFkk

http://www.dae.gov.in ls :ikarfjr)

varjkZ"Vªh; rkiukfHkdh; izk;ksfxd fj,DVj (ITER) ;qfDr dk O;oPNsfnr n`';A vk/kj ij
[kM+k O;fDr LosQy n'kkZ jgk gSA

ITER ,d la;qDr varjkZ"Vªh; vuqla/ku ,oa fodkl ifj;kstuk gS ftldk mís'; lay;u
'kfDr dh oSKkfud ,oa rduhdh laHkkO;rk dk fun'kZu djuk gSA

Hkkjr bl ifj;kstuk osQ lkr iw.kZ Hkkxhnkjh jk"Vªksa esa ls ,d gSA vU; Hkkxhnkj ;wjksih; la?k
(EURATOM }kjk fu:fir)] tkiku] phu x.kjkT;] dksfj;k x.kjkT;] :l isQMsjs'ku rFkk la;qDr
jkT; vesfjdk gSaA  ITER  dk fuekZ.k ;wjksi esa izQkal osQ nf{k.k esa oSQMkjosQ esa fd;k tk,xk rFkk
blls 500 MW dh lay;u 'kfDr mRiUu gksxhA

lw;Z rFkk rkjksa dh ÅtkZ dk lzksr ukfHkdh; lay;u gSA i`Foh ij lay;u&vuqla/ku dk
mís'; ;g funf'kZr djuk gS fd bl ÅtkZ lzksr dk mi;ksx i;kZoj.k fgrS"kh rFkk lqj{kkRed :i
ls fo|qr mRiUu djus esa fd;k tk ldrk gS rFkk lalkj dh c<+rh tula[;k dh vko';drkvksa
dh iwfrZ osQ fy, blosQ izpqj b±/u HkaMkj (laink) miyC/ gSaA

Hkkjr dh Hkwfedk dks foLrkj ls tkuus osQ fy, ijek.kq ÅtkZ foHkkx (DAE) dh
mifjfyf[kr osclkbV esa miyC/ Nuclear India, Vol. 39, No. 11-12, May-June

2006 dk laLdj.k nsf[k,A
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