
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

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

vè;k; 5

pqacdRo ,oa nzO;
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(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 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 djsaxsA

5.2 NM+ pqacd

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 5.1 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 5.2 esa ;g
NM+ pqacd vkSj èkkjkokgh ifjukfydk] nksuksa osQ fy, n'kkZ;k x;k gSA rqyuk osQ fy, vè;k; ,d
fp=k 1.14(d) nsf[k,A fo|qr f}/qzo dh oS|qr cy js[kk,¡ fp=k 5.2(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 5.2(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

(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 5.2 (a) esa]
{ks=k   ii  osQ vklikl B dk ifjek.k {ks=k  i  dh rqyuk esa vfèkd gSA

fp=k 5.1 ,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
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(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 4.9 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

,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 5.3 (a) esa n'kkZ;h xbZ lhfer
ifjukfydk osQ v{kh; {ks=k dh x.kuk dj ldrs gSaA ge ;g çn£'kr dj ldrs gSa fd cgqr

fp=k 5.2 {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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 m
nk
gj

.k
 5

.1

vfèkd nwjh ij ;g v{kh; {ks=k NM+ pqacd osQ v{kh;
{ks=k tSlk gh gSA

ifjukfydk osQ dkj.k ¯cnq P ij pqacdh; {ks=k dk
ifjek.k

0

3

2

4

m
B

r

µ
π

= (5.1)

;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

5.2.3 ,dleku pqacdh; {ks=k esa f}/qzo

ge ,d iryh pqacdh; lqbZ dk] ftldk pqacdh; vk?kw.kZ
m Kkr gksa] bl pqacdh; {ks=k esa nksyu djkrs gSaA ;g
O;oLFkk fp=k 5.3 (b) esa n'kkZ;h xbZ gSA

pqacdh; lqbZ ij cyvk?kw.kZ ¹lehdj.k (4.23) nsf[k,º

τττττ = m × B (5.2)

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
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 (5.3)

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 (5.3) ;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

(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\

fp=k 5.3 (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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 mnkgj.k 5
.1

(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
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 (5.1), (5.2) ,oa (5.3) 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 (5.4)

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 (5.5)

lehdj.k (5.5)] lehdj.k (5.1) dk lfn'k :i gSA lkj.kh 5.1 fo|qr ,oa pqacdh; f}èkqzoksa
osQ eè; lekurk n'kkZrh gSA
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 5
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mnkgj.k 5.2  fp=k 5.4 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 5.4

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 (5.4) ,oa (5.5) }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

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
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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 5.2 (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

;g fLFkfr mu pqacdh; {ks=kksa osQ fy, iw.kZr% fHkUu gS] tks larr gSa vkSj
can ywi cukrs gSaA fp=k 5.2 (a) ;k 5.2 (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 5.5

fdlh can lrg S dk ,d NksVk lfn'k {ks=kiQy vo;o ∆S yhft,A
tSlk fd fp=k 5-5 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]

(5.6)

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

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

d
ky
Z izsQfMªd

 xkml
 (1

7
7
7
 –

 1
8
5
5
)
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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 5.3  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\

eqDr vkdk'k

fp=k 5.6
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 mnkgj.k 5
.3

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

(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 5.6(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 5.4

(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) ;fn pqacdh; ,dy èkqzoksa dk vfLrRo gksrk rks pqacdRo lacaèkh xkml dk fu;e D;k :i
xzg.k djrk\

 mnkgj.k 5
.4
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(c) 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

(d) 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\

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) 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

(c) 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

(d) 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 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

(5.7)

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]
B

0
 = µ

0
 nI (5.8)
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;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
(5.9)

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 (5.10)

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 (5.11)

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) (5.12)

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 (5.13)

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 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 (5.12) ,oa (5.13) ls ge ikrs gSa]

0(1 )µ χ= +B H (5.14)

= µ
0 

µ
r 
H

=  µ H (5.15)

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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lkj.kh 5-2

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

 m
nk
gj

.k
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.5

mnkgj.k 5.5 ,d ifjukfydk osQ ØksM esa Hkjs inkFkZ dh vkisf{kd pqacd'khyrk 400 gSA
ifjukfydk osQ fo|qrh; :i ls i`FkDo`Qr 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 ×10
3
 A/m

(b) pqacdh; {ks=k B osQ fy, lw=k gS
B = µ

r
 µ

0
 H

   = 400 × 4π ×10
–7

 (N/A
2
) × 2 × 10

3
 (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 × 10
5
 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

5.5 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 5.2 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

5.5.1 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
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fp=k 5.7 (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 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

5.5.2 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

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 B

0
 dh mifLFkfr esa ,oa

fuEu rkiksa ij vyx&vyx ijek.kqvksa ds f}/zqo vk?kw.kZ ljy js[kkvksa esa vkSj B
0
 dh fn'kk osQ

vuqfn'k lajsf[kr fd, tk ldrs gSaA fp=k 5.7 (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 ;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 fdlh vuqpqacdh; inkFkZ ds fy, χ ,oa µ

r
 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

fp=k 5.7

,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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HkkSfrdh
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 dgykrk gSA

5.5.3 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 5.8 (a) esa fn[kk;k x;k gSA tc ge cká pqacdh; {ks=k B

0
 yxkrs gSa] rks

Mksesu B
0
 osQ vuqfn'k mUeq[k gksus yxrs gSa vkSj lkFk gh os Mksesu tks B

0
 dh fn'kk esa gSa] lkb”k

esa c<+us yxrs gSaA Mksesuksa dk vfLrRo vkSj B
0
 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 dks lw{en'khZ
osQ }kjk mldh ;kn`fPNd xfr dks ns[kk tk ldrk gSA fp=k 5.7 (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

fp=k 5.8

(a) ;kn`fPNd vfHkfoU;kflr
Mksesu] (b) lajsf[kr MksesuA
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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. 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

6. 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

7. 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

8. os inkFkZ tks lkekU; rki ij yacs le; ds fy, ykSg pqacdh; xq.k n'kkZrs gSa] LFkk;h pqacd
dgykrs gSaA
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HkkSfrdh

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. 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
5. 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

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;

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

6. 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

7. 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

vH;kl

5.1 ,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\

5.2 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

5.3 ,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\

5.4 ;fn ç'u 5.3 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\

5.5 ,d NM+ pqacd ftldk pqacdh; vk?kw.kZ 1.5 J T-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\

5.6 ,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,\

5.7 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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