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18

fo|qr pqacdRo rFkk
fo|qr/kjk osQ pqacdh; izHkko

ikB 15 esa vkius ns[kk fd vkosf'kr NM+sa dkxt osQ NksVs&NksVs VqdM+ksa dks fdl izdkj vkdf"kZr
djrh gSaA vki pqacdksa ls Hkh [ksys gksaxsA ;s os inkFkZ gSa tks NksVs&NksVs yksgs osQ VqdM+ksa dks
vkdf"kZr djrs gSaA D;k vkius fo|qr rFkk pqacdRo osQ eè; fdlh laca/ osQ ckjs esa dHkh
lkspk gS\ buosQ eè; laca/ dh [kkst vkWLVsZM us 1820 esa dh FkhA vc ge fuf'pr :i
ls tkurs gSa fd pqacdRo vkSj fo|qr esa ?kfu"B laca/ gSA

bl ikB esa vki pqacdksa osQ O;ogkj vkSj muosQ iz;ksxksa rFkk fo|qr /kjk osQ pqacdh; izHkkoksa
osQ ckjs esa tkusaxsA /kjk dk ogu djus okys pkydksa rFkk pqacdh; {ks=k esa xfreku vkos'kksa
ij Hkh ppkZ dh tk,xhA bu fl¼karksa osQ vk/kj ij ge eksVjksa tSlh fo|qr ;qfDr;ksa rFkk ,sehVj]
oksYVehVj] xSYosuksehVj tSlh ekiu ;qfDr;ksa dh dk;Z i¼fr ij ppkZ djsaxsA

mn~ns';

bl ikB osQ vè;;u osQ i'pkr~ vki%

pqcadh; {ks=k vkSj mlosQ SI ek=kd dks ifjHkkf"kr dj losaQxs_

i`Foh osQ pqacdh; {ks=k osQ vo;oksa dks lwphc¼ dj losaQxs vkSj muosQ eè; laca/ n'kkZ
ik,axs_

/kjk osQ pqacdh; izHkko rFkk vkWLVZsM osQ iz;ksx dk o.kZu dj losaQxs_

ck;ks&lkoVZ fu;e dh ifjHkk"kk vkSj mlosQ vuqiz;ksx dh O;k[;k dj losaQxs_

,sfEi;j ifjiFk;h fu;e dh O;k[;k dj losaQxs vkSj mlosQ vuqiz;ksxksa dk o.kZu dj
ik,axs_

,dleku fo|qr {ks=k ,oa pqacdh; {ks=k esa vkosf'kr d.k dh xfr dk o.kZu dj losaQxs_

lkbDyksVªkWu dh jpuk ,oa dk;Zfof/ dh O;k[;k dj ldsaxs_
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,d leku pqacdh; {ks=k esa fLFkr /kjk okgd pkyd }kjk vuqHko fd, x, cy osQ
fy, O;atd O;qRiUu dj losaQxs_

ijLij lekarj fLFkr nks vuarr% yacs /kjk okgd pkydksa osQ eè; cy osQ fy, O;atd
O;qRiUu dj ik,axs_ vkSj

xSyosuksehVj] ,sehVj rFkk oksYVehVj osQ dk;Z fl¼kar dh O;k[;k dj losaQxsA

18-1 pqacd vkSj muosQ xq.k/eZ

pqacdRo dh ifj?kVuk 600 BC ls gh ;qukfu;ksa dks Kkr FkhA mUgksaus ns[kk fd eSXusVkbV (Fe
3
O

4
)

dgykus okys] oqQN iRFkj_ yksgs osQ VqdM+ksa dks vkdf"kZr djrs gSaA izo`Qfr esa ik, tkus okys
eSXusVkbV osQ ;s VqdM+s_ izko`Qfrd pqacd dgykrs gSaA izko`Qfrd pqacd nqcZy gksrs gSa ijarq yksgk]
fuosQy] oQksckYV tSls inkFkZ izcy LFkk;h pqacdksa esa ifjf.kr fd, tk ldrs gSaA lHkh pqacdksa
esa pkgs os izko`Qfrd gks ;k o`Qf=ke] leku xq.k gksrs gSaA vki pqEcdksa osQ ewyHkwr xq.k/eks± ls
ifjfpr gksaxsA iw.kZrk dh n`f"V ls ge ;gka mudh iqujko`fRr dj jgs gSa%

(i) nSf'kd xq.k/eZ : tc fdlh y?kq naM pqacd dks mlosQ nzO;eku&osQanz ls Lora=k :i
ls bl izdkj yVdk;k tkrk gS fd og mQèoZ v{k osQ izfr ?kw.kZu dj losQ rks og
lnSo yxHkx HkkSxksfyd mÙkj&nf{k.k fn'kk esa Bgjrk gSA

(ii) vkd"khZ xq.k/eZ : yksgk] fuoSQy rFkk dksckYV tSls inkFkksZa osQ NksVs&NksVs VqdM+ksa dks pqacd
vkdf"kZr djrk gSA vkd"kZ.k&cy] pqacd osQ fljksa osQ fudVLFk fcanqvksa ij vf/dre
gksrk gSA ;s fcanq pqacd osQ /zqo dgykrs gSaA Lora=k :i ls yVosQ gq, pqacd esa og
/zqo tks HkkSxksfyd mÙkj dh vksj fn"V gksrk gS] mÙkjh /zqo vkSj tks /qzo HkkSxksfyd nf{k.k
dh vksj fn"V gksrk gS og nf{k.kh /zqo dgykrk gSA D;k ;s nSf{kd vkSj vkd"khZ xq.k/
eZ ;g ugha crkrs fd gekjh i`Foh Hkh pqacd dh rjg dk;Z djrh gS\ okLro esa ,slk
gh gSA

(iii) nks pqacdksa esa foijhr /zqo ijLij vkdf"kZr rFkk leku /zqo ijLij izfrdf"kZr gksrs gSa (fp=k
18-1)A

fp=k. 18.1 : nks&pqacdksa osQ foijhr /zqo ijLij vkdf"kZr rFkk leku /qzo
ijLij izfrdf"kZr djrs gSaA



 103HkkSfrdh

fo|qr pqacdRo rFkk fo|qr/kjk osQ pqacdh; izHkko ekWM~;wy  - 5
fo|qr ,oa pqEcdRo

fVIif.k;k¡

(iv) pqacd osQ /zqoksa dks vyx ugha fd;k tk ldrk] vFkkZr pqacdh; {ks=k iznku djus okyk
ljyre Ukewuk ,d pqacdh; f}&/zqo gksrk gSA

(v) tc fdlh pqacd dks yksgs osQ VqdM+s osQ lehi yk;k tkrk gS rks yksgs osQ VqdM+s dk
lehiLFk fljk foijhr /qzork xzg.k dj ysrk gS vkSj lqnwj fljs dh /zqork ogh jgrh
gSA ;g ifj?kVuk pqacdh; izsj.k dgykrh gSA

18.1.1  pqacdh; {ks=k js[kk,a

pqacdksa osQ eè; vFkok fdlh pqacd vkSj yksgs osQ VqdM+s osQ eè; vU;ksU; fØ;k,a ewyr%
lqnwj fØ;k fujQfir djrh gSA bls pqacdh; {ks=k osQ inksa esa le>k tk ldrk gSA {ks=k dh
fn'kk vkSj ifjek.k dks Li"V :i ls ns[kus dh vR;ar lqfo/ktud fof/] {ks=k js[kkvksa dks
[khapuk gS%

• fdlh fcanq ij pqacdh; {ks=k lfn'k B dh fn'kk] ml fcanq ij {ks=k&js[kk dh Li'kZ js[kk
}kjk O;Dr dh tkrh gSA

• js[kkvksa osQ vuqyac fLFkr fdlh i`"B osQ bdkbZ {ks=kiQy ls gksdj xqtjus okyh js[kkvksa
dh la[;k] ml {ks=k esa pqacdh; {ks=k dh izcyrk osQ vkuqikfrd gksrh gSaA vr% og pqacdh;
{ks=k B izcy gksxk tgka fd {ks=k js[kk,a ijLij lehi gSa vkSj tgka ;s js[kk,a nwj&nwj gSa
ogka {ks=k nqcZy gksxkA

fp=k 18.2: nks lekarj i`"Bksa ls gksdj xqtjus okyh pqacdh; {ks=k js[kk,a

fp=k 18-2 esa oqQN {ks=k js[kk,a n'kkZbZ xbZ gSa tks lekarj i`"B S
1
 vkSj S

2
 ls gksdj xqtj

jgh gSaA S
1
 dk i`"B {ks=kiQy ogh gS tks S

2
 dk i`"B {ks=kiQy gSA ijarq S

2 
ls gksdj xqtjus

okyh js[kkvksa dh rqyuk esa S
1
 ls gksdj xqtjus okyh js[kkvksa dh la[;k vf/d gSA vr%

S
1 
ls gksdj izfr bdkbZ xqtjus okyh js[kkvksa dh la[;k] S

2
 ls gksdj izfr bdkbZ xqtjus

okyh js[kkvksa dh la[;k ls vf/d gSA  bl izdkj ge dg ldrs gSa fd Q osQ pkjks
vksj pqacdh; {ks=k dh rqyuk esa] P osQ pkjksa vksj dk pqacdh; {ks=k izcy gSA

• pqacd osQ ckgj] {ks=k js[kk,a mRrjh /zqo ls nf{k.kh /zqo dh vksj rFkk pqacd osQ vanj
;s js[kk,a nf{k.kh /zqo ls mRrjh /qzo dh vksj xeu djrh gqbZ lao`r oØ cukrh gSaA (fp=k
18-3)
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• nks pqacdh; {ks=k js[kk,a dHkh Hkh ijLij ugha dkVrhA

fp=k. 18.3 : naM pqacd dh pqacdh; {ks=k js[kk,a

ikBxr iz'u 18.1

1. vkidks ,d pqacd fn;k gqvk gSA vki mlosQ mÙkjh /zqo dk oSQls irk yxk,axs\

2. vkidks leku fn[kus okys nks yksg naM fn, gq, gSaA buesa ,d pqacd gSA osQoy bUgha
nks dk iz;ksx djosQ vki oSQls irk yxk,axs fd buesa ls pqacd dkSu lk gS\

3. vkiosQ ikl ,d /kxk vkSj nks naM pqacd gSaA bu nksuksa pqacdksa dh /zqorkvksa dks Kkr
djus dh ,d fof/ dk o.kZu dhft,A

i`Foh dk pqacdh; {ks=k

pqacdksa osQ nSf'kd xq.k/eZ dh O;k[;k ;g
eku dj dh tk ldrh gS fd i`Foh ,d
pqacd dh rjg O;ogkj djrh gS_ vFkkZr
;g eku ldrs gSa fd i`Foh osQ vanj ,d
fo'kky naM pqacd fLFkr gSA bl pqacd
dk nf{k.kh /qzo HkkSxksfyd mÙkjh /zqo osQ
fudV vkSj pqacdh; mÙkjh /zqo HkkSxksfyd
nf{k.kh /zqo osQ fudV gSA i`Foh dh
?kw.kZu&v{k RR

1
  rFkk i`Foh dh pqacdh;

v{k MM
1
 gSA

                                          fp=k. 18.4 : i`Foh dk pqacdh; {ks=k
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fØ;kdyki 18.1

pqacdh; lqbZ osQ lkFk iz;ksx dhft,A (vki okLro esa ,sls Xyksc osQ lkFk Hkh iz;ksx dj
ldrs gSa ftldh ?kw.kZu v{k osQ vuqfn'k] naM pqacd fLFkr gks rFkk ftldk mÙkjh /zqo]
nf{k.k dh vksj j[kk gksA lqbZ dks Lora=k :i ls bl izdkj yVdkb, fd ;g {kSfrt vkSj
mQèoZleryksa esa ?kw.kZu dj losQA ;fn lqbZa i`Foh osQ i`"B osQ fo"kqor o`r osQ lehi gksxh
rks ;g {kSfrt lery esa Bgj tk,xhA vc bl lqbZ dks mRrjh xksyk/Z esa fLFkr LFkkuksa
ij ys tk;k tkrk gSA tSls&tSls ge HkkSxksfyd mÙkjh /zqo dh vksj tkrs gSa pqEcdh; lqbZ
ÅèoZ lery esa ?kwe tkrh gS vkSj mldk mÙkjh èkqzo i`Foh dh vksj >qd tkrk gSA var
esa oSQusMk esa esa gMlu [kkM+h osQ lehiLFk fdlh fcanq ij lqbZ dk mÙkjh /qzo mQèoZr%
uhps dh fn'kk esa gksxkA mÙkj ls 6º iwoZ dh vksj ;g LFkku] i`Foh osQ pqacd dk nf{k.kh
/zqo ekuk tkrk gSA ;g LFkku i`Foh osQ HkkSxksfyd mRrjh /qzo ls yxHkx 650 km nwj gSA
;fn ge mlh pqacdh; lqbZ dks nf{k.kh xksyk/Z osQ LFkkuksa ij ys tk, rks lqbZ dk nf{k.kh
/zqo uhps dh vksj >qd tk,xk ;g LFkku HkkSxksfyd nf{k.k ls 650 km if'pe dh vksj
fn"V gksxkA ;g fcanq i`Foh osQ pqacd dk mRrjh /qzo ekuk tk ldrk gSA blls ;g fu"d"kZ
fudyrk gS fd i`Foh dh pqacdh; v{k] HkkSxksfyd v{k osQ laikrh ugha gSA

i`Foh dh pqacdh; v{k dk egRoiw.kZ igyw ;g gS fd ;g fLFkj ugha gSA bldk ifjek.k
vkSj fn'kk] le; osQ lkFk cnyrk jgrk gSA

i`Foh osQ pqacdh; {ks=k osQ vo;o

i`Foh osQ pqacdh; {ks=k dk o.kZu djus osQ fy, rhu ekiu ;ksX; jkf'k;ksa dk iz;ksx fd;k
tkrk gSA ;s i`Foh osQ pqacdh; {ks=k osQ vo;o dgykrs gSa%

(a) vkufr ;k ufr (δ);

(b) fnd~ikr (θ); rFkk

(c) i`Foh osQ {ks=k dk {kSfrt ?kVd (B
M

);

(a)  vkufr ;k ufr

;fn vki pqacdh; lqbZ dks fdlh LFkku ij Lora=k
:i ls yVdk,a rks vki ns[ksaxs fd lqbZ {kSfrt
lery esa ugha BgjrhA ;g i`Foh osQ {ks=k dh
ifj.kkeh rhozrk dh vksj fn"V gksxhA

fp=k 18-5 esa lery PCDE n'kkZ;k x;k gS tks
i`Foh osQ i`"B ij fLFkr fcanq P ij pqacdh;
;kE;ksÙkj (vFkkZr i`Foh osQ pqacd osQ mÙkjh vkSj
nf{k.kh /zqoksa ls gksdj xqtjus okyk mQèoZ lery)

fp=k 18-5% i`Foh osQ pqEcdh; {ks=k osQ
vo;o
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gSA mlh izdkj PABC HkkSxksfyd ;kE;ksÙkj (vFkkZr HkkSxksfyd mÙkjh vkSj nf{k.kh /zqoksa
ls gksdj xqtjus okyk mQèoZ lery) gSA PR, fcanq P ij i`Foh osQ pqacdh; {ks=k dk
ifjek.k vkSj fn'kk fu:fir djrk gSA è;ku nsa fd PR, {kSfrt fn'kk osQ lkFk δ dks.k
cukrk gSA ;g dks.k i`Foh osQ i`"B ij fLFkr P ij vkufr ;k ufr dgykrk gSA og
dks.k tks i`Foh dk pqacdh; {ks=k] pqcadh; ;kE;ksÙkj esa {kSfrt fn'kk osQ lkFk cukrk gS
ufr ;k vkufr dgykrk gSA

(b)  fnd~ikr%

fp=k 18-5 dk iqu% voyksdu djsaA lery PCDE esa i`Foh osQ pqacdh; {ks=k lfn'k
(PR) 'kkfey gSA leryksa PCDE rFkk PABC osQ eè; dks.k_ fcanq P ij fnd~ikr dgykrk
gSA ;g dks.k θ }kjk n'kkZ;k x;k gSA

og dks.k tks pqacdh; ;kE;ksRrj fdlh LFkku ij HkkSxksfyd ;kE;ksRrj osQ lkFk
cukrk gS] ml LFkku ij fnd~ikr dgykrk gSA

(c)  {kSfrt ?kVd%

fp=k 18-5 esa fcanq P ij PR ifj.kkeh pqacdh; {ks=k gSA ifjek.k vkSj fn'kk esa i`Foh
osQ paqcdh; {ks=k dk {kSfrt ?kVd PH osQ }kjk vkSj mQèoZ ?kVd PF osQ }kjk fu:fir
fd;k x;k gSA eku yhft, fd fcanq P ij pqacdh; {ks=k B gSA vc {kSfrt ?kVd]

B
H

= B cos δ (18.1)
rFkk mQèoZ ?kVd]

B
V

= B sin δ (18.2)

lehdj.kksa (18-1) vkSj (18-2) dk oxZ djosQ tksM+us ij]

2
HB  + 2

VB = B2 cos2δ + B2 sin2δ = B2 (18.3)

lehdj.k (18-2) dks lehdj.k (18-1)ls foHkkftr djus ij]

V

H

B

B = tan δ (18.4)

18.2  fo|qr rFkk pqacdRo% ekSfyd ladYiuk,a

vki tkurs gSa fd pkyd osQ fljksa osQ eè; foHkokarj osQ dkj.k pkyd esa bysDVªkWuksa osQ izokg
ls fo|qr /kjk curh gSA pkyd esa izokfgr gksus okyh /kjk mlosQ vklikl osQ {ks=k esa fLFkr
eqDr pqacdh; lqbZ ij cy yxkrh gSA pqacdh; lqbZ ,d pqacd osQ }kjk Hkh izHkkfor gksrh
gS vr% ge dgrs gSa fd /kjk okgd pkyd osQ pkjksa vksj pqacdh; {ks=k B n`f"Vxr gksrk
gSA bl ikB esa ckn esa vki buosQ ckjs esa rFkk pqacd'khyrk tSls 'kCnksa osQ ckjs esa tkusaxsA

18-2-1 fo|qr /kjk osQ pkjks vksj pqacdh; {ks=k

,d ljy iz;ksx dhft,A
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1-5 oksYV dh ,d cSVjh] yxHkx 1 m yEck rkj] dEikl lqbZa (fnd~lwpd) vkSj ,d fn;klykbZ
dh fMCch yhft,A bl fMCch osQ vk/kj ij rkj osQ 60&65 yisVsa oqQaMfyr dhft,A oqQaMyuksa
osQ uhps fp=k 18&6 esa n'kkZ, x, vuqlkj dEikl lqbZa dks j[k nhft,A vc bl fn;klykbZ
dh fMCch dks est ij bl izdkj jf[k, rkfd rkj mÙkj&nf{k.k fn'kk esa jgsA rkj osQ eqDr
fljksa dks cSVjh ls tksM+ nhft,A nsf[k, vc lqbZ D;k djrh gS\ vki ns[ksaxs fd lqbZ fo{ksi
n'kkZ jgh gSA bldk ;g vFkZ gqvk fd dqaMyh esa vkSj mlosQ pkjksa vksj pqacdh; {ks=k gSA
cSVjh osQ VfeZuyksa dks cnyus ij fo{ksi] foijhr fn'kk esa gks tk,xkA tc rkj esa dksbZ /
kjk ugha gksrh rks dEikl lqbZa mRrj&nf{k.k fn'kk n'kkZrh gS (nsf[k, fp=k 18-7a, b ,oa c)

fp=k. 18.6 : fon~;qr /kjk osQ dkj.k pqacdh; {ks=k dk fun'kZu

tc dEikl lqbZ dks mQèoZ /kjk okgd rkj osQ lehi yk;k tkrk gS rks pqacdh; {ks=k js[kk,a
rkj osQ pkjksa vksj losaQnzh o`r osQ :i esa gksrh gS tSlk fd fp=k 18.7 (d) esa n'kkZ;k x;k gSA

(a) dksbZ /kjk ugha dksbZ fo{ksi.k ugha                 (b) /kjk mÙkj dh vksj] mÙkjh /zqo dk fo{ksi.k if'pe dh vksj

(c) /kjk dh fn'kk mRØfer djus ij fo{ksi.k (d) lh/h /kjk okgd pkyd osQ pkjks vksj o`Rrkdkj
fn'kk Hkh mRØfer {ks=k js[kk,a

fp=k. 18.7 :  /kjk okgd pkyd osQ pkjks vksj pqacdh; {ks=k
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dkisugxsu MsuekdZ esa HkkSfrdh osQ izksisQlj gal fØf'p;u vkWjLVsM us 1820 esa blh izdkj
osQ iz;ksxksa }kjk fln~/ fd;k fd /kjk okgd pkyd osQ pkjks vksj pqacdh; {ks=k gksrk gSA

18.3  ck;ks&lkoVZ fu;e

ck;ks&lkoVZ fu;e pkyd esa /kjk vkSj vkdk'k esa fLFkr fdlh fcanq osQ pkjksa vksj ifj.kkeh
pqacdh; {ks=k osQ eè; ek=kkRed laca/ O;Dr djrk gSA /kjk okgd pkyd dk izR;sd Hkkx_
fcanq osQ pkjksa vksj pqacdh; {ks=k esa viuk ;ksxnku nsrk gSA bl izdkj fcanq ij B dk usVeku]
pkyd osQ vyx&vyx Hkkxksa dk la;qDr izHkko gksrk gSA tSlk fd fp=k 18-8 esa n'kkZ;k x;k
gS fd fdlh /kjk okgd pkyd osQ dkj.k usV pqacdh; {ks=k] Δ l yEckbZ osQ izR;sd vR;Ur
lw{e vo;o ls mRiUu ;ksxnkuksa dk lfn'k ;ksxiQy gksrk gSA

iz;ksx n'kkZrs gSa fd fdlh vo;o Δ l  osQ dkj.k {ks=k B fuEufyf[kr ij fuHkZj djrk gS%&

(a) pkyd ls gksdj izokfgr /kjk], I osQ lekuqikrh_
(b) vo;o dh yEckbZ Δ l osQ lekuqikrh_
(c) vo;o Δ l ls izs{k.k fcanq  P rd dh nwjh (r) osQ oxZ osQ O;qRØekuqikrh gksrk gS_ vkSj
(d) vo;o vkSj vo;o dks izs{k.k fcanq ls feykus okyh js[kk osQ eè; dks.k θ dh sin osQ

lekuqikrh gksrk gSA
bl izdkj ge fy[k ldrs gSa%

| B |Δ 0 α 2

I sinΔ θl

r

= 0μ
4π

 2

sinθlI d

r
(18.5)

tc fd μ
0
 fuokZr dh ikjxE;rk gSA bldk eku 4π × 10–7 WA–1m–1 gksrk gSA ok;q dh ijxE;rk

dk eku Hkh yxHkx μ
0 
osQ cjkcj gksrk gSA

;fn pkyd dks ok;q osQ vfrfjDr fdlh vU;
ekè;e esa j[kk tk, rks {ks=k osQ eku esa ifjorZu

gks tkrk gS vkSj ;g  B  = μ 0B  osQ }kjk O;Dr

fd;k tkrk gSA ;gka μ ekè;e dh ikjxE;rk gSA

B dh fn'kk: fdlh fcanq ij pqacdh; {ks=k] lfn'k
jkf'k gksrh gSA B dh fn'kk nf{k.k gLr idM+
fu;e ykxw djosQ Kkr dh tk ldrh gSA bl
fu;e dks ykxw djus osQ fy,] oqQN ljy
mnkgj.kksa esa mRiUu {ks=k dh fn'kk ij fopkj
djuk pkfg,A tSlk fd fp=k 18-9 (a) esa fn[kk;k
x;k gS rkj dks vius lh/s gkFk ls bl izdkjfp=k 18-8% èkkjk vo;o ΔΔΔΔΔ l osQ dkj.k

fcUnq P ij pqEcdh; {ks=k
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idfM+, rkfd vaxwBk] /kjk dh fn'kk esa jgsA rc gkFk dh eqM+h gqbZ maxfy;ka] pqacdh; {ks=k
dh fn'kk esa fn"V gksaxhA dkxt ij pqacdh; {ks=k fujQfir djus osQ fy, fopkj dhft, fd
/kjk] dkxt osQ lery esa izokfgr gks jgh gSA rc nf{k.k gLr fu;e osQ vuqlkj {ks=k&js[kk,a]
dkxt osQ lery esa gksxhA [fp=k 18-9 (b )]

(a) (b)
fp=k. 18.9 :pqacdh; {ks=k dh fn'kk : (a) nf{k.k gLr fu;e% vaxwBk /kjk dh fn'kk esa gS] {ks=k js[kk,a

eqM+h gqbZ maxfy;ksa dh fn'kk esa gSa rFkk  (b) tc /kjk dkxt osQ lery osQ yEcor~ fn'kk
esa gksrh gS rks nf{k.k gLr fu;e osQ vuqlkj] {ks=k js[kk,a] dkxt osQ lery esa gksaxhA

18.3.1  ck;ks&lkoVZ fu;e osQ vuqiz;ksx%

vc vkidks Kkr gks x;k gksxk fd ck;ks&lkoVZ fu;e ls pqacdh; {ks=k dk ifjek.k izkIr gksrk
gSA vc ge bl fu;e dk vuqiz;ksx] fofHkUu vkdkj osQ pkydksa osQ pkjksa vksj {ks=k Kkr djus
osQ fy, djsaxsA è;ku nsa fd pkyd osQ fofHkUu [kaMksa ls mRiUu fuoy (usV) {ks=k dks ifjdfyr
djus osQ fy, gesa izR;sd [kaM ls mRiUu {ks=k&;ksxnkuksa dks tksM+uk gksxkA ge igys /kjk okgd
òRrkdkj oqqQaMyh ij fopkj djsaxs vkSj mlosQ osQanz ij pqacdh; {ks=k ifjdfyr djsaxsA

(a)  /kjk okgd o`Rrkdkj oqqaQMyh osQ osQanz ij pqacdh; {ks=k : fp=k 18-10 dk voyksdu
dhft,A blesa /kjk I osQ ogu djus okyh f=kT;k r dh o`Rrkdkj oqaQMyh n'kkZbZ xbZ gSA blosQ
osaQUnz O ij pqacdh; {ks=k ifjdfyr djus osQ fy,] ge igys bl o`Rrkdkj oqqaQMyh esa /
kjk okgd vYi vo;o ij fopkj djsaxsA /kjk vo;o Δ l vkSj r osQ eè; dks.k 90º gSA gesa
lehdj.k (18-5) ls irk gS fd Δl  osQ dkj.k osQanz O ij {ks=k fuEufyf[kr gksxk%

|ΔB| = 0

4

μ
π  I 2r

Δl
 sin 90º

= 0

4

μ
π

 I 2r

Δl
(as sin 90º = 1)

fp=k. 18.10: /kjk okgd o`Ùkkdkj oqaQMyh
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ΔB dh fn'kk] oqQaMyh osQ lery osQ vfHkyac gSA pwafd o`Ùkkdkj oqaQMyh osQ izR;sd vo;o
osQ dkj.k {ks=k ,d gh fn'kk esa gksxk] vr% ywi osQ osaQnz ij lHkh ;ksxnkuksa dks tksM+dj ifj.kkeh
{ks=k izkIr fd;k tkrk gSA vr%

B =    B  = 0
24

μ
π

I

r
 Σ  Δl = 0

24

μ
π

I

r
 . 2πr

bl izdkj r f=kT;k dh /kjkokgh oqQaMyh osQ osaQnz ij pqacdh; {ks=k]

B = 0

2

μ
I

r
(18.6)

;fn oqaQMyh esa rkj osQ ,d ls vf/d ik'k gks (eku yhft, n yisVs gSa) rks {ks=k fuEufyf[kr
osQ }kjk O;Dr fd;k tk,xkA

|B| = 
0

2

μ nI

r

fp=k 18-7 esa fn, x, fu;e dk iz;ksx dj vki usV {ks=k dh fn'kk dh tkap dj ldrs
gSaA vki oqaQMyh osQ fdlh Hkh [kaM esa nf{k.k gLr fu;e dk mi;ksx dj ogh ifj.kke izkIr
dj ldrs gSaA /kjkokgd oqaQMyh osQ dkj.k pqacdh; {ks=k dh fn'kk osQ vfHkfu/kZj.k dh ,d
vU; ljy fof/ rFkkdfFkr Nksj fu;e gS tks fp=k 18-11 (a, b) esa n'kkZ;k x;k gSA

fp=k 18.11: pqacdh; {ks=k dh fn'kk% Nksj fu;e

tc dksbZ izs{kd fdlh Hkh fljs ls o`Rrkdkj oqaQMyh dks ns[krk gS rks mls /kjk nf{k.kkorhZ
fn'kk esa izokfgr gksrh ekywe gksrh gS vkSj oqaQMyh dk iQyd] rqY; pqacd osQ nf{k.k /zqo
dh Hkkafr vkpj.k djrk gS vFkkZr~ B dh vksj fn"V gksrk gSA blosQ foijhr ;fn /kjk okekorhZ
fn'kk esa izokfgr gksrh izrhr gks rks oqaQMyh dk iQyd rqY; pqacd osQ mRrjh /zqo dh Hkkafr
vkpj.k djrk gS] vFkkZr {ks=k ml fljs ls ckgj dh vksj fn"V gksrk gSA

ikBxr iz'u 18.2

1. fuEufyf[kr osQ }kjk mRiUu {ks=k osQ ckjs esa vki D;k dgsaxs\

(i) vpy bysDVªkWu\

(ii) xfreku bysDVªkWu
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2. fdlh pkyd esa bysDVªkWu rkih; mQtkZ osQ dkj.k yxkrkj xfreku jgrs gSaA os pqacdRo
D;ksa ugha n'kkZrs] tc rd muosQ eè; foHkokarj ugha yxk;k tkrk\

3. fdlh yacs rkj esa /kjk izokfgr gks jgh gSA igys bls ,d yisVs dk o`Rrkdkj :i fn;k
x;k gS vkSj fiQj mls vis{kko`Qr de f=kT;k osQ nks yisVksa dh oqaQMyh esa ifjf.kr fd;k
x;k gSA D;k oqaQMyh osQ osaQUnz ij pqacdh; {ks=k esa ifjorZu gksxk\ ;fn gk¡] rks fdruk\

18.4 ,sfEi;j dk ifjiFkh; fu;e

oqQN ljy ifjfLFkfr;ksa esa /kjk okgd pkyd osQ pkjks
vksj pqacdh; {ks=k ifjdfyr djus osQ fy, ,sfEi;j dk
ifjiFkh; fu;e ,d vU; izHkko'kkyh fof/ gSA

,sfEi;j ifjiFkh; fu;e osQ vuqlkj fdlh lao`r ywi
osQ pkjksa vksj pqacdh; {ks=k dk js[kk&lekdy] oqQy /
kjk I dk  μ

0
 xquk gksrk gSA xf.krh;r% ge fy[k ldrs

gSa fd]

∫ B . dl = μ
o 
I         (18.7)

è;ku nsa fd ;g eku] lao`r ik'k osQ vkeki vkSj vkdkj ij fuHkZj ugha djrkA

,UMªs esjh ,sfEi;j
(1775 – 1836)

izaQklhlh HkkSfrdhfon~] xf.krK ,oa jlk;uK ,sfEi;j ,d
izfrHkk'kkyh ckyd FksA mUgksaus 12 o"kZ dh vk;q esa mUur xf.kr
esa izoh.krk izkIr dhA muesa izk;ksfxd dkS'ky vkSj lS¼kafrd
oqQ'kkxzrk dk vn~Hkqr feJ.k FkkA ,sfEi;j us ;FkkFkZ iz;ksx fd, vkSj

vius ifj.kkeksa dks oS|qr xfrdh osQ fl¼kar osQ :i esa izLrqr fd;k tks fo|qr vkSj
mlosQ pqacdh; izHkkoksa dk xf.krh; la:i.k gSA /kjk osQ ek=kd dks ,sfEi;j uke mUgha
osQ lEeku esa fn;k x;k gSA og vius dk;Z vkSj fopkjksa esa rYyh; jgrs Fks vkSj mUgksaus
lEekuksa vkSj iqjLdkjksa dh dHkh ijokg ugha dhA ,d ckj og lezkV uSiksfy;u osQ
jkf=k Hkkst osQ fuea=k.k dks Hkwy x;sA muosQ lekf/ izLrj ij fy[kk gS% ̂ ^Tendun felix"

(var esa izlUu) ftlls izrhr gksrk gS fd mUgksaus vR;ar Jelkè; vkSj ijs'kkuh dk
thou O;rhr fd;kA ijarq blls mudh l`tukRedrk esa dksbZ deh ugha vkbZA

fp=k. 18.12 : ,sfEi;j dk ifjiFkh;
fu;e
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18.4.1 ,sfEi;j osQ ifjiFkh; fu;e osQ vuqiz;ksx

vc ge nks ljy voLFkkvksa esa pqacdh; {ks=k izkIr djus
osQ fy, ,sfEi;j osQ ifjiFkh; fu;e dk vuqiz;ksx djsaxsA

(a)  vuar yEckbZ osQ /kjk okgd pkyd osQ
dkj.k pqacdh; {ks=k

fp=k 18-13 dk voyksdu djsaA blesa vuar yEckbZ osQ
/kjk okgd pkyd POQ dks n'kkZ;k x;k gS tks /kjk I
dk ogu dj jgk gSA pkyd osQ pkjks vksj fp=k esa n'kkZ,
x, lery esa f=kT;k r osQ o`Rrkdkj ywi ij fopkj dhft,A
rc]

ΣB.dlllll = B 2πr

,ssfEi;j osQ ifjiFkh; fu;e dks ykxw djus ij] ge fy[k
ldrs gSa%

B  2πr = μ
o 
I

vFkok B = 0

2

μ
π
I

r
(18.8)

;g O;atd vuar yEckbZ osQ /kjk okgd pkyd osQ pkjks vksj pqacdh; {ks=k O;Dr djrk
gSA eksVjksa] tsujsVjksa] f[kykSuksa] ia[kk okbfUMxksa] VªkaliQkeZjksa rFkk oSn~;qrpqacdksa vkfn esa
ifjukfydkvksa vkSj VksjkWbMksa dk izpqjrk ls iz;ksx gksrk gSA budk mi;ksx ,d leku pqacdh;
{ks=k miyC/ djkus esa gksrk gSA tc gesa vf/d {ks=k dh vko';drk gksrh gS rks oq aQMyh
osQ vanj ,d e`nq yksgk j[k fn;k tkrk gSA

(b) ifjukfydk ls mRiUu pqacdh; {ks=k%

ifjukfydk ,d ,slh lh/h oqaQMyh gS ftlesa lkoZ v{k
ij ,d lh/h js[kk esa vusd ywi O;ofLFkr jgrs gSa
tSlk fd fp=k 18-14 esa fn[kk;k x;k gSA ge tkurs
gSa fd fdlh rkj ls gksdj izokfgr /kjk I mlosQ pkjks
vksj ,d pqacdh; {ks=k LFkkfir djrh gSA eku yhft,
fd fdlh ifjukfydk dh yEckbZ lvkSj mlesa isQjksa
dh la[;k N gSaA mldh v{k osQ vuqfn'k (fp=k 18-
14) ifjukfydk osQ vanj pqacdh; {ks=k ifjdfyr djus osQ fy,] ge bls vR;f/d f=kT;k
okys VksjkWbMh ifjukfydk dk ,d ifjPNsn eku ldrs gSaA bl izdkj

|B| = μ
o 
 nI

{ks=k dh fn'kk ifjukfydk dh v{k osQ vuqfn'k gSA lh/h ifjukfydk ifjfer gksrh gSA vr%
|B|  = μ

o 
 nI, ifjukfydk osQ vanj mlosQ osaQnz osQ lehi gksxkA vYi f=kT;k okyh ifjukfydkvksa

osQ fy,] fljksa ij] B dk ifjek.k bl izdkj O;Dr fd;k tk ldrk gS%

fp=k. 18.13: vuar yEckbZ dk /kjk
okgd pkyd

fp=k. 18.14 : ifjukfydk
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|B| = 0

2

μ nI

ifjukfydk ,d naM pqacd dh Hkkafr O;ogkj djrh gS vkSj bldk pqacdh; {ks=k fp=k 18-
15 esa n'kkZ, vuqlkj gSA

(a) (b)

/kjk Åij ys tkus okys isQj

/kjk uhps ys tkus okys isQj

fp=k. 18.15: ifjukfydk naM pqacd dh Hkkafr O;ogkj djrh gS : (a) naM pqacd }kjk mRiUu pqacdh;
{ks=k rFkk; (b) /kjk okgd ifjukfydk }kjk mRiUu pqacdh; {ks=k

18-4-2 ,sfEi;j ds ifjiFkh; fu;e ds vuqiz;ksx

(b) ½tqjs[kh; ifjukfydk esa mRiUu pqEcdh; {ks=k

ifjukfydk ,d lkoZf=kd ljy js[kh; v{k ds Åij vusd o`Ùkkdkj isQjs yisV dj cukbZ
xbZ dq.Myh gksrh gSa (ns[ksa fp=k 18.16)A ge tkurs gSa fd tc fdlh pkyd esa /kjk I
izokfgr gksrh gS rks blds pkjksa vksj ,d pqEcdh; {ks=k mRiUu gks tkrk gSA ekuk fd ifjukfydk
dh yEckbZ  gS vkSj blesa N isQjs gSaA

ifjukfydk ds vUnj blds eè; esa pqEcdh; {ks=k ,dleku vkSj v{k ds lekUrj gSA fdUrq
ifjukfydk ds ckgj {ks=k bruk {kh.k gS fd ge mls ux.; eku ldrs gSaA ;s dFku fo'ks"kdj
,d ,slh ifjukfydk ds fy, lR; dgs tk,aaxs ftldh yEckbZ mlds O;kl dh rqyuk esa
cgqr vf/d gSA ,d yEch ifjukfydk ds fy,] ftlds isQjs cgqr lVk lVkdj vkSj ,d
leku :i ls yisVs x, gSa] blds vUnj pqEcdh; {ks=k lHkh txg dkiQh gn rd ,d leku
gS vkSj ckgj 'kwU; gSA

fp=k 18.16
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ge ,d vk;rkdkj ywi abcd ysrs gSa tSlk fd fp=k 18.4.2 esa n'kkZ;k x;k gSA iFk ab ds
vuqfn'k pqEcdh; {ks=k ,d leku gSA blfy,] bl iFk ds fy, B.d  = B  iFk cd ds vuqfn'k
{ks=k 'kwU; ys ldrs gSa D;ksafd ;g vR;Ur {kh.k gSA vr% bl iFk ds vuqfn'k B.d  = 0A
nksuksa NksVh Hkqtk,a bc ,oa da B .d  esa ;ksxnku ugha djrha D;ksafd ;k rks B  'kwU; gS (ifjukfydk
ds ckgj) ;k d  ds yEcor~ (ifjukfydk ds vUnj)A

;fn ifjukfydk dh izfr yEckbZ bdkbZ esa isQjksa dh la[;k n gks rks  yEckbZ ds vk;rkdkj
ywi esa isQjksa dh la[;k n  gksxhA ;fn ifjukfydk ds izR;sd ywi esa /kjk i gks rks ywi esa ls
gksdj ikj tkus okyh dqy /kjk n i gksxhA ,sfEi;j ds ifjiFkh; fu;e ds vuqlkj]

0( )d nli⋅ = μ∑B

vFkok 0B nli= μ

vFkok 0= μB ni

(c) fdlh Vksjks;M dk pqEcdh; {ks=k

Vksjks;M ewyr% ,d fljk foghu ifjukfydk gS vkSj bls ,d ½tqjs[kh; ifjukfydk dks o`Ùkkdkj
:i esa eksM+dj fufeZr fd;k tkrk gSA

fp=k 18.17

ekuk fd ge Vksjks;M ds vUnj fcUnq P ij pqEcdh; {ks=k Kkr djuk pkgrs gSa ftldh dsUnz
O ls nwjh r gSA fcUnq P ls gksdj xqtjus okyk ,d o`Ùk [khafp, tks Vksjks;M ds lkFk ledsfUnzd
gksA gj txg pqEcdh; {ks=k dh fn'kk bl o`Ùk ds gj fcUnq ij Li'kZ js[kk }kjk O;Dr gksxh
rFkk bldk ifjek.k lHkh fcUnqvksa ij leku gksxkA blfy, ge bls ,sls fy[k ldrs gSa%

d Bd B d⋅ = =∑ ∑ ∑B

ijUrq 2d r= π∑  = o`Ùkkdkj iFk dh ifjf/

blfy,] 2d rB⋅ = π∑B
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;fn N isQjksa dh dqy la[;k rFkk i Vksjks;M ds izR;sd isQjs esa izokfgr gksus okyh /kjk gks rks
o`Ùkh; iFk ls f?kjs {ks=k ds vkj ikj tkus okyh dqy /kjk Ni gksxhA vr% ,sfEi;j ds ifjiFkh;
fu;e ls

0d Ni⋅ = μ∑B

vFkok 02π = μrB Ni

vFkok 0

2

μ=
π
Ni

B
r

18-4-3 fo|qr pqEcd vkSj mudh izcyrk dks izHkkfor djus okys dkjd

ge ns[k pqds gSa fd ,d /kjkokgh ifjukfydk ,d pqEcd dh Hkkafr O;ogkj djrh gS ftldk
,d fljk] blesa izokfgr gksus okyh /kjk ds vuq:i mÙkj&/zqo dh Hkk¡fr O;ogkj djrk vkSj
nwljk fljk nf{k.kh /zqo dh Hkk¡frA bl izdkj ds pqEcdksa dh /zqork dk fu/kZj.k fljksa ds
fu;e }kjk fd;k tkrk gS vkSj pqEcdh; {ks=k dh izcyrk dk lw=k gS%

0nI= μB

tgk¡ 0μ  eqDr vkdk'k dh izcyrk gS] n bdkbZ yEckbZ esa isQjksa dh la[;k gS rFkk I ifjukfydk

esa izokfgr gksus okyh /kjk gSA

Li"Vr% ifjukfydk rHkh rd pqEcd jgrh gS tc rd blesa /kjk izokfgr gksrh gSA vr%

,d /kjkokgh ifjukfydk fo|qr pqEcd dgykrh gSA

bldh izcyrk fuEufyf[kr dkjdksa ij fuHkZj djrh gS%

(i) ifjukfydk dh izfr bdkbZ yEckbZ esa isQjksa dh la[;k_ vkSj

(ii) blesa izokfgr gksus okyh /kjk

;g Hkh è;ku fn;k tkuk pkfg, fd fdlh fo|qr pqEcd ds pqEcdh; {ks=k dh izcyrk blds
vUnj e`nq ykSg ØksM izfo"V djkus ls c<+ tkrh gSA

18-4-4 foLFkkiu /kjk dh ladYiuk

foLFkkiu /kjk dh ladYiuk eSDlosy }kjk izLrkfor dh xbZ FkhA tSlk fd ge tkurs gSa pkyu
/kjk pqEcdh; {ks=k mRiUu djrh gSA rFkkfi] eSDlosy ds vuqlkj] [kkyh LFkku esa (tgk¡ pkyu
/kjk fo|eku ugha gksrh) pqEcdh; {ks=k foLFkkiu /kjk ds dkj.k mRiUu gksrk gS] ftlesa pkyu
/kjk dh rjg vkos'kksa dk izokg ugha gksrkA
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,d ljy ifjiFk ij fopkj dhft, ftlesa ,d NksVk lk lekUrj IysV la/kfj=k /kjk I }kjk
vkosf'kr fd;k tk jgk gSA

I

S2

S1

I

C

la/kfj=k dh IysVsa

fp=k 18.18

ifjjs[kk C vkSj i`"B S1 ij ,sfEi;j dk ifjiFkh; fu;e ykxw djsa rks ge ikrs gSa&

0d I⋅ =μ∫ B

fdUrq ;fn ge ,sfEi;j dk ifjiFkh; fu;e ifjjs[kk C vkSj i`"B S2 ij ykxw djsa rks bl
i`"B ds ikj tkus okyh dksbZ /kjk ugha gS blfy, gesa izkIr gksrk gS

0d⋅ =∫ B

mi;ZqDr nks lehdj.kksa esa ijLij fojks/kHkkl gSA bl fojks/kHkkl dks nwj djus ds fy, eSDlosy
us ekuk fd la/kfj=k dh nksuksa IysVksa ds chp Hkh ,d izdkj dh /kjk dk vfLrRo gksrk gSA
mUgksus bl /kjk dks foLFkkiu /kjk dgk vkSj n'kkZ;k fd ;g /kjk le; ds lkFk fo|qr {ks=k
esa gksus okys ifjorZuksa ds dkj.k vfLrRo esa vkrh gSA

foLFkkiu /kjk dk ,d ljy O;×td uhps fn, vuqlkj O;qRiUu fd;k tk ldrk gSA lekUrj
IysV la/kfj=k ij fopkj dhft,A ekuk fd la/kfj=k dh IysVksa ij fdlh {k.k t ij vkos'k
q gS

la/kfj=k ds vUnj fo|qr {ks=k gksxk&

0

q
E

A
=

ε

;gk¡ A IysVksa ds i`"B dk {ks=kiQy gSA blfy, la/kfj=k ls xqtjus okyk oS|qr&ÝyDl gS%

0
E

q
EAφ = =

ε

rkR{kf.kd ÝyDl ds ifjorZu dh nj dks fy[kk tk ldrk gS

0 0

1E q I

t t

Δφ Δ= =
Δ ε Δ ε

vr%] ge fy[k ldrs gSa

0
E I
t

Δφε =
Δ
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;g n'kkZrk gS fd ck¡bZ vksj dk O;×td /kjk ds lerqY; gS] tks gkykafd pkyu /kjk I ds
cjkcj rks gS ysfdu blls fHkUu gSa D;ksafd ;g eqDr vkos'kksa dh xfr ls lac¼ ugha gSA bls
foLFkkiu /kjk dgk tkrk gSA pkyu /kjk I ds foijhr foLFkkiu /kjk rc mRiUu gksrh gS
tc fo|qr {ks=k vkSj blfy, oS|qr ÝyDl le; ds lkFk ifjofrZr gksrk gSA

foLFkkiu /kjk dks pkyu /kjk I esa tksM+ dj] eSDlosy us ,sfEi;j ds ifjiFkh fu;e dks ifjof¼Zr
fd;k vkSj bls fuEufyf[kr :i esa O;Dr fd;k%

00
Ed I
t

Δφ⎛ ⎞⋅ =μ + ε∑ ⎜ ⎟Δ⎝ ⎠
B

,sfEi;j ds fu;e dk eSDlsosy }kjk fd;k x;k ifjo¼Zu crkrk gS fd pkyu /kjk ds vfrfjDr
le; ds lkFk ifjofrZr gksrk fo|qr {ks=k Hkh pqEcdh; {ks=k mRiUu dj ldrk gSA

mnkgj.k 18.1 : 50 cm yach fdlh ifjukfydk esa oqQaMyuksa dh rhu ijrs gSa vkSj izR;sd
ijr esa 250 isQjs gSaA lcls fupyh ijr dh f=kT;k 2cm gSA ;fn blls gksdj izokfgr /
kjk 4.0 A gks rks B dk ifjek.k ifjdfyr dhft,%

a) ifjukfydk osQ osQanz osQ lehi v{k ij vkSj mldh v{k osQ vuqfn'k_

b) v{k ij fljksa osQ lehi_ rFkk

c) eè; osQ lehi ifjukfydk osQ ckgj

gy:

a) osQanz ij ;k mlosQ lehi]

B = μ
o 
nI = 4π × 10–7 × 

3 250

0.5

×
 × 4 = 16π × 1500 × 10–7 T = 24π × 10–4 T

b) fljksa ij]

B
fljs

= 
1

2
  B

osQUnz
 = 12π × 10–4 T

c) ifjukfydk osQ ckgj {ks=k 'kwU; gksxkA

mnkgj.k 18.2 12A osQ /kjk okgd yacs lh/s&rkj ls og nwjh ifjdfyr dhft, tgka pqacdh;
{ks=k 3 × 10–5   T gksxkA

gy : B = 0

2

μ
π
I

r
   ⇒ r = 0

2

μ
π

I

B

∴ r =  
–7

–5

2 10 12

3 10

× ×
×  = 0.25 m
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ikBxr iz'u 18-3

1. pqacdh; {ks=k dh cy js[kkvksa dks [khap dj gesa fuEufyf[kr osQ ckjs esa tkudkjh feyrh
gS%

a) osQoy {ks=k dh fn'kk

b) osQoy {ks=k dk ifjek.k

c) {ks=k dh fn'kk rFkk ifjek.k nksuksa_

d) {ks=k dk cy_

2. ck;ks&lkoVZ fu;e vkSj ,sfEi;j ifjiFkh; fu;e esa D;k lekurk gS\

3. fdlh vleku pqacdh; {ks=k dh fuEufyf[kr vkjsf[kr cyjs[kkvksa esa fdl fcanq ij {ks=k

i) ,dleku?  ii) lcls nqcZy?   iii) lcls izcy gksxk?

fp=k. 18.19 : ,d iz:ih pqacdh; {ks=k

4. 10 cm yach fdlh ifjukfydk osQ vanj 0.002T dk pqacdh; {ks=k LFkkfir fd;k tkuk
gS tcfd mlls gksdj 3A dh /kjk izokfgr gks jgh gSA visf{kr isQjksa dh la[;k ifjdfyr
dhft,A

4. ,fEi;j ifjiFkh; fu;e dk iz;ksx djds fdlh Vksjks;M ds dkj.k pqEcdh; {ks=k dk
O;atd izkIr dhft,A

18-5  fdlh pqacdh; {ks=k esa xfreku vkos'k ij cy

dksbZ vkosf'kr fiaM tc fdlh pqacdh; {ks=k esa xfr djrk gS rks og cy dk vuqHko djrk
gSA xfreku vkos'k }kjk vuqHko fd;k x;k ;g cy yksjsUV~l cy dgykrk gSA pqacdh; {ks=k
B esa osx v  ls xfreku] vkos'k +q okys fdlh d.k ij yksjsUV~l cy bl izdkj O;Dr fd;k
tk ldrk gS%

F = q (v × ΒΒΒΒΒ ) (18.9)

|F| = q v B sin θ (18.10)

tcfd θ ] v vkSj B dh fn'kkvksa osQ eè; dks.k gSA F dh fn'kk Ýysfeax oke gLr fu;e
}kjk n'kkZbZ tk ldrh gSA Ýysfeax oke gLr fu;e osQ vuqlkj ;fn ge rtZuh dks mQij dh
vksj mBk, rFkk oke gLr dh eè; maxyh vkSj v¡xwBs ijLij ledks.k cukrs gq, bl izdkj
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j[ks fd rtZuh] pqacdh; {ks=k dh fn'kk dh vksj vkSj eè; m¡axyh
/u vkosf'kr d.k dh fn'kk dh vksj fn"V gksa rks vaxwBk yksjsUV~l
cy dh vksj fn"V gksxkA (fp=k. 18.20)A

è;ku nsus ;ksX; oqQN egRoiw.kZ fcanq%

1. F ,d ;kaf=kd cy gS ftlosQ ifj.kkeLo:i d"kZ (f[kapko)
vkSj vid"kZ (èkDdk) mRiUu gksrk gSA

2. cy dh fn'kk Ýysfeax oke gLr fu;e }kjk O;Dr dh tkrh
gSA

3. vkos'k ½.kkRed gksus ij eè; m¡xyh] xfr dh fn'kk osQ
foijhr fn"V gksxhA

5. ;fn vkos'k #d tkrk gS rks cy rRdky 'kwU; gks tkrk gSA

6. tc vkos'k {ks=k B osQ vuqfn'k xeu djrs gSa rks cy 'kwU; gks tkrk gSA

7. tc vkos'k] {ks=k osQ vuqyac xfr djrs gSa rks cy vf/dre gksrk gS : F = qvB

18-5-1 ,dleku pqacdh; {ks=k esa /kjk okgd pkyd ij cy

yksjsUV~l cy dh ladYiuk dks ,d leku pqacdh; {ks=k B esa j[ks /kjk okgd pkydksa ij
Hkh vklkuh ls foLrkfjr fd;k tk ldrk gSA eku yhft, fd pqacdh; {ks=k] dkxt osQ lery
osQ lekarj gS vkSj /kjk I dk ogu djus okyk yEckbZ Δl  dk pkyd] {ks=k osQ vfHkyacor~
fLFkr gSA ;g Hkh eku yhft, fd èkkjk viokg osx vd osQ lkFk uhps dh vksj izokfgr gks
jgh gSA vr% /kjk osQ fy, mÙkjnk;h izR;sd eqDr bysDVªkWu yksjsUV~l cy F = e v

d
. B dk

vuqHko djrk gSA

;fn pkyd esa N eqDr bysDVªkWu gksa rks bl ij fuoy (usV) cy gksxk]
F = N e v

d
 B = nA Δl  ev

d
 B (18.11)

tcfd n izfr bdkbZ vk;ru esa eqDr bysDVªkWuksa dh la[;k O;Dr djrk gSA ijarq] neAv
d 
=

I gSA vr%
F = I Δl  B (18.12)

;fn pkyd B osQ lkFk dks.k θ cukrk gS rks |F| = I Δl B sinθ

(a) (b) (c)

fp=k 18.21: (a) ,d leku pqacdh; {ks=k, (b) /kjk okgd izsjd osQ }kjk rFkk
(c) /kjk okgd pkyd ij cy

fp=k 18.20: Ýysfeax dk
ck,a gkFk dk fu;e

B

i
F
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cy dh fn'kk dks iqu% Ýysfeax oke gLr fu;e }kjk O;Dr fd;k tk ldrk gSA

lehdj.k (18-12) dk iz;ksx] /kjk okgd pkyd }kjk vuqHko fd, x, cy osQ inksa esa
pqacdh; {ks=k osQ ek=kd dks ifjHkkf"kr djus esa fd;k tk ldrk gSA inksa oQks iqu% O;ofLFkr djus
ij ge fy[k ldrs gS%

B = 
F

IΔl

pawfd F U;wVu esa] I ,sfEi;j esa vkSj Δl  ehVj esa gSa vr% B dk ek=kd NA–1 m–1 gksxk tks
Vslyk T dgykrk gSA

18-5-2 nks lekarj /kjk okgd rkjksa osQ eè; cy

vc vki tku x, gSa fd izR;sd /kjk okgd pkyd osQ ifjos'k esa pqacdh; {ks=k gksrk gSA
bldk ;g vFkZ gqvk fd ;g fudVorhZ /kjk okgd pkyd ij cy MkysxkA ijLij lekarj
fLFkr nks /kjk okgd pkydksa osQ eè; cy] ikjLifjd gksrk gS vkSj bldh izo`Qfr pqacdh;
gksrh gSA /kjk okgd pkyd ij dksbZ usV fo|qr vkos'k ugha gksrk vr% ;g ,sls nwljs rkj
osQ lkFk fo|qr vU;ksU;fØ;k ugha dj ldrkA

fp=k 18.22: /kjk okgd nks lekarj rkjksa osQ eè; cy dk izk;ksfxd fun'kZu

fp=k 18-22 esa Øe'k% I
1
 vkSj I

2 
/kjkvksa dk ogu djus okys nks lekarj rkj n'kkZ, x, gSa

tks nwjh r ls i`Fkfdr gSaA ,d rkj ls nwjh r ij pqacdh; {ks=k B
1
= 0 1

2

μ
π
I

r
gksxkA blh izdkj nwljs

rkj ls nwjh r ij pqacdh; {ks=k  B
2
 = 0 2

2

μ
π
I

r
 gksxkA

;s {ks=k] rkjksa dh yEckbZ osQ vuqyac gSa vr% nwljs /kjk okgd pkyd dh yEckbZ l ij cy
fuEufyf[kr osQ }kjk O;Dr fd;k tk,xk%

F = B I l = 0 1

2

μ
π
I

r
 I

2  
l

vFkok izfr bdkbZ yEckbZ cy]= 0 1 2

2

μ
π
I I

r

(a) (b)
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l

F
= 0 1 2

2

μ
π
I I

r
 gksxk (18.13)

tc /kjk ,d gh fn'kk esa gksa rks cy vkd"khZ vkSj /kjkvksa osQ foijhr fn'kk esa gksus ij ;s
cy izfrd"khZ gksrs gSaA lehdj.k (18-13) dk iz;ksx /kjk osQ ek=kd dks ifjHkkf"kr djus
esa fd;k tk ldrk gSA ;fn

If I
1
 = I

2
 = 1A,  l = 1m rFkk r = 1m, gks rks

F = 0

2

μ
π

 = 2 × 10–7 N

bl izdkj ;fn nks rkj leku /kjk dk ogu dj jgs gksa vkSj os fuokZr vFkok ok;q
esa 1 m dh nwjh ij j[ks tk,a vkSj os  2 ××××× 10–7 Nm–1 osQ ikjLifjd cy dk vuqHko
djsa rks izR;sd rkj esa izokfgr /kjk ,d ,sfEi;j gksxhA

18-5-3 ,dleku {ks=k esa vkosf'kr d.k dh xfr

vc ge ,slh fofHkUu ifjfLFkfr;ksa osQ ckjs esa lksp ldrs
gSa ftuesa dksbZ xfreku vkosf'kr d.k vFkok /kjk okgd
pkyd] fdlh pqacdh; {ks=k esa yksjsUV~l cy dk vuqHko
djsA fdlh fiaM ij cy }kjk fd;k x;k dk;Z] xfr dh
fn'kk osQ vuqyac gksrk gS rks dgk tk,xk fd dksbZ dk;Z
ugha gqvk gSA vr% d.k dh pky v vkSj mldh xfrt
mQtkZ mruh gh cuh jgsxh ftruh {ks=k esa xfr djrs le;
Fkh ;|fi mldk fo{ksi.k gks x;k gSA blosQ foijhr {ks=k
esa vkosf'kr d.k dh pky vkSj mQtkZ] d.k ij {ks=k }kjk
cy osQ dkj.k lnSo izHkkfor gksxhA dksbZ vkosf'kr d.k pqacdh; {ks=k osQ vuqyac xfr djrs
le; orqZy iFk dk vuqlj.k djrk gS (fp=k 18-23)A D;ksafd ;g izR;sd fLFkfr esa xfr
dh fn'kk ls ledks.k ij cy dk vuqHko djrk gSA gesa Kkr gS fd pqacdh; cy qvB d.k
dks vfHkosQanzh cy (mv2/R) iznku djrk gS ftlosQ dkj.k og o`Rr esa xfr djrk jgrk gSA
vr% ge fy[k ldrs gSa fd]

q v B = 
2m

R

v

iqu% O;ofLFkr djus ij] R = 
m

q B

v
 (18.14)

fdlh ,d leku pqacdh; {ks=k esa vkosf'kr d.k }kjk vuqjsf[kr iFk dh f=kT;k] blosQ laosx
(mv) osQ vuqØekuqikrh vkSj mlosQ vkos'k rFkk pqacdh; {ks=k osQ O;qRØekuqikrh gksrh gSA bldk
;g vFkZ gqvk fd laosx ftruk vf/d gksxk] o`Rr mruk gh cM+k gksxk vkSj {ks=k ftruk vf/
d izcy gksxk o`Rr mruk gh NksVk gksxkA orqZy iFk esa d.k osQ ?kw.kZu dk vkorZdky fuEufyf[kr
osQ }kjk O;Dr fd;k tk ldrk gS%

fp=k 18.23: ,d leku pqacdh; {ks=k
esa vkosf'kr d.k dk
iFk

υ
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T = 
2πR

v
 = 

2π m

Bq (18.14 a)

è;ku nsa fd vkorZdky d.k osQ osx vkSj d{kk dh f=kT;k ij fuHkZj ugha djrkA bldk ;g
vFkZ gqvk fd d.k ;fn ,d ckj pqacdh; {ks=k esa gks rks og mruh gh f=kT;k osQ o`r osQ
vuqfn'k pDdj yxkrk jgsxkA ;fn m, B, q, vifjorhZ jgsa rks v vkSj R eas ifjorZu gksus ij
Hkh vkorZdky ifjofrZr ugha gksrkA vc fopkj dhft, fd fuEufyf[kr voLFkkvksa esa R

vkSj T dk D;k gksxk%  a) {ks=k B dks izcy dj fn;k tk,_ b) {ks=k B dks nqcZy dj fn;k tk,_
c) {ks=k B dk vfLrRo u gks_ d) B dh fn'kk ifjofrZr dj nh tk,_ e) pqacdh; {ks=k esa d.k]
mPprj pky ls izos'k djsa_ f) B osQ lkFk dks.k cukrk gqvk d.k izos'k djsa_ rFkk g) vkosf'kr
d.k ij vkos'k lekIr gks tk,A

18-5-4 ,dleku fo|qr rFkk pqEcdh; {ks=kksa esa vkosf'kr d.k dh xfr

(a) fo|qr {ks=k esa xfr

fdlh ,d leku fo|qr {ks=k esa E esa q vkos'k ;qDr d.k ij yxus okyk cy]

F = qE

vr%] bl cy ds izHkko ls ;g vkosf'kr d.k Rofjr gksxkA bl Roj.k dk eku gksxk]

q

m m
= =F E

a

;g Roj.k cy dh fn'kk esa gksxkA ;fn vkos'k /ukRed gS rks bldk Roj.k {ks=k dh fn'kk
esa gksxk vkSj ;fn vkos'k ½.kkRed gS rks Roj.k {ks=k dh foijhr fn'kk esa gksxkA xfr ds lehdj.kksa
ds mi;ksx }kjk vkosf'kr d.k ds osx rFkk foLFkkiu dk ifjdyu fd;k tk ldrk gS%

qE
v u t

m
⎛ ⎞= + ⎜ ⎟
⎝ ⎠

1 2
2
⎛ ⎞= + ⎜ ⎟
⎝ ⎠

qE
s ut t

m

tgk¡ t le; dks fufnZ"V djrk gSA

(b) pqEcdh; {ks=k esa xfr

vuqPNsn 18.5.3 (i`"B 104, iqLrd 2) ds vuqlkj fdlh pqEcdh; {ks=k esa vkosf'kr d.k ij
yxus okys cy dk eku gksrk gS

F = qBνsinθ

tgk¡ θ] osx rFkk pqEcdh; {ks=k ds chp dk dks.k gSA
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;fn θ = 0, rks F = 0 vkSj vkosf'kr d.k ljy js[kk ds vuqfn'k fdlh fLFkj pkyls xeu
djsxkA

;fn θ = 90°, rks F dk eku vf/dre gksxk vkSj bl cy dh fn'kk] Ýysfeax ds oke gLr
fu;e ds vuqlkj ml lery ds yEcor~ gksxh ftlesa v ,oa B fo|eku gS] rFkk vkosf'kr
d.k ,d o`Ùkkdkj iFk esa fLFkj pky rFkk vko`fÙk ls ?kw.kZu djsxkA

;fn θ ≠ 0° ≠ 90°, rks d.k dk osx {ks=k dh yEcor~ fn'kk esa vsinθ rFkk {ks=k dh lekUrj
fn'kk esa vcosθ gksxkA vr% d.k lfiZy iFk esa xfr djsxkA

mijksDr foospu ls gesa ;g Kkr gksrk gS fd] pqEcdh; {ks=k fdlh xfreku vkos'k dh pky
esa ifjorZu ugha djrk] ;g dsoy d.k dh xfr dh fn'kk esa ifjorZu djrk gSA

fp=k 18.24

18-5-5 lkbDyksVªkWu

lkbDyksVªkWu] bZ- vks- ykWjsUl }kjk 1929 esa vkfo"Ñr ,d ,slh ;qfDr gS ftldk mi;ksx vkosf'kr
d.kksa (tSls izksVkWu] M~;wVªkWu ;k ,YiQk d.kksa) dks Rofjr djus ds fy;s fd;k tkrk gSA blesa
/krq dh nks v/Zo`Ùkkdkj [kks[kyh fMLd DD gksrh gSaA budk vkdkj vaxzsth ds v{kj 'D'
ls feyrk tqyrk gS] blfy, bUgsa ^Mh* dgk tkrk gSA buds chp esa dqN fjDr LFkku gksrk
gS] ftlls ;s ,d&nwljs ls i`FkDÑr jgrh gSaA bu ^Mh* dks ,d ok;qfjDr d{k esa j[kk tkrk
gSA

fp=k 18.25
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^Mh* ds ry dh yEcor~ fn'kk esa ,d fo|qr pqEcd }kjk (ftlds /zqo likV gksrs gSa)  pqEcdh;
{ks=k mRiUu fd;k tkrk gS (vkjs[k esa ;g i`"B ls ckgj dh vksj n'kkZ;k x;k gS)A ,d nksfy=k
ds }kjk nks ^Mh* ds chp esa nzqr nksyuh foHkokUrj vkjksfir fd;k tkrk gSA blls nksuksa ^Mh*
ds chp ds fjDr LFkku esa ,d nksyuh fo|qr {ks=k mRiUu gks tkrk gSA

nks ^Mh* ds chp ds fjDr LFkku esa  q vkos'k ;qDr  m nzO;eku  ds ,d d.k ij fopkj
dhft,A fo|qr {ks=k ds dkj.k ;g d.k fdlh ,d ^Mh* dh vksj Rofjr gksrk gSA ^Mh ds
Hkhrj ;g d.k v/Z o`Ùkkdkj iFk esa nf{k.kkorZ fn'kk esa ,d fLFkj pky ls xfr djrk gSA
;fn nksfy=k dh vko`fÙk] vkosf'kr d.k ds ifjØe.k dh vko`fr ds cjkcj gks rks] ;g d.k
nks ^Mh* ds chp fjDr LFkku esa ml {k.k igq¡psxk tc fo|qr {ks=k dh fn'kk ds myV tkus
ds dkj.k lkeus okyk ^Mh* ½.kkRed gks tkrk gSA

vkosf'kr d.k ds ifjØe.k dh vko`fr lehd.k 18.14a ds vuqlkj]

1
2 2

v Bq
v

T R m
= = =

π π

tgk¡] B pqEcdh; {ks=k gSA

bls lkbDyksVªkWu vko`fÙk Hkh dgk tkrk gS vkSj vc ls fufnZ"V fd;k tkrk gSA tc vc = vo =
nksfy=k dh vko`fr] rks d.k fjDr LFkku esa ml {k.k igq¡prk gS tc lkeus okys ̂ Mh* ds foHko
dk fpUg mYVk gks tkrk gSA bl fLFkfr dks lkbDyksVªkWu vuqukn fLFkfr dgk tkrk gSA bl
ds dkj.k] d.k ÅtkZ izkIr djrk gS ftlls ;g vkSj vfèkd f=kT;k ds o`Ùk esa xfr djus
yxrk gSA ÅtkZ esa bl o`f¼ dks vusd ckj nksgjk;k tk ldrk gSA

bl izdkj] d.k dh ÅtkZ rFkk mlds iFk (ekxZ) dh f=kT;k yxkrkj c<+rh tkrh gSA fdUrq]
bl iFk dh vf/dre f=kT;k ^Mh dh f=kT;k R ds }kjk ifjlhfer gksrh gSA mPp ÅtkZ ds
vkosf'kr d.k vUrr% ^Mh* esa cus }kj ls ckgj fudy vkrs gSaA

mnkgj.k 18.3 : fp=k 18-21 dk voyksdu dj] /kjk 10A rFkk 15A, dk ogu djus okys
rkjksa osQ eè; cy ifjdfyr dhft, ;fn bu rkjksa dh yEckbZ 5m gSA bl cy dh izo`Qfr
oSQlh gksxh\

gy : tc nks yacs lekarj rkjksa esa ,d gh fn'kk esa /kjk izokfgr gks rks rkj ijLij vkdf"kZr
gksrs gSa vkSj vkd"kZ.k cy fuEufyf[kr osQ }kjk O;Dr fd;k tk,xkA

l

F
= 0 1 2

2

μ
π
I I

r
 = 

–72 10 10 15

3

× × ×
 = 10–4 N m–1

∴ F = 5 × 10–4 N

cy dh izo`Qfr vkd"khZ gSA

fp=k 18.26
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mnkgj.k 18.4 : 3 ×107 m s–1 osQ osx ls dksbZ bysDVªkWu vius vuqyac] 0.2 T, osQ ,d leku
pqacdh; {ks=k esa orqZy iFk r; djrk gSA bl iFk dh f=kT;k ifjdfyr dhft,A

gy :

gesa Kkr gS fd] R = 
m

Bq

v

;gka,  m
e
 = 9 × 10-31 kg,  e = 1.6 × 10-19 C,  v = 3 × 107 m s–1 rFkk B = 0.2 T. vr%

R = 
–31 7

–19

9 10 3 10

0.2 1.6 10

× × ×
× ×

= 0.85 × 10–3

= 8.5 × 10–4 m

ikBxr iz'u 18-4

1. izksVkWuksa dh dksbZ /kjk bysDVªkWuksa dh /kjk osQ lekarj ijarq foijhr fn'kk esa xfr dj jgh
gSA buosQ eè; cy dh izo`Qfr oSQlh gS\

2. fo|qr rFkk pqacdh; {ks=k nksuksa fdlh bysDVªkWu dks fo{ksfir djrs gSaA buesa D;k varj
gS\

3. dksbZ fiaM fdlh mQèoZ fLizax ls yVdk gSA ;fn bl fLiazx ls gksdj /kjk izokfgr dh
tk, rks fiaM dh fLFkfr ij D;k izHkko iM+sxk\

4. lkbDyksVªkWu fdl izdkj vkosf'kr d.kksa dks Rofjr djrk gS\

18-6 f}/zqo osQ :i esa /kjk ik'k

vkidks è;ku gksxk fd oqaQMyh osQ osaQnz ij {ks=k lehdj.k (18-6) osQ }kjk fuEufyf[kr izdkj
ls O;Dr fd;k tk ldrk gS%

B = 0

2

μ I

r

va'k vkSj gj dks  2πr2, ls xq.kk djus ij ge bls bl izdkj fy[k ldrs gSa%

B = 
2

0
3

2 .μ π
4π

I r

r
 = 0

3

2

4

μ
π

I A

r
 = 0

3

2

4

μ
π

M

r

tcfd A oqaQMyh dk {ks=kiQy rFkk M pqacdh; vk?kw.kZ gSA ;g n'kkZrk gS fd /kjk dk ogu
djus okyh oqQaMyh] ,d pqacdh; f}/zqo dh Hkkafr O;ogkj djrh gS ftlesa mÙkj o nf{k.k
/zqo gSaA ik'k dk ,d iQyd mÙkj /zqo vkSj nwljk iQyd nf{k.k /zqo dh Hkkafr O;ogkj djrk
gSA vkb,] ,d ljy fØ;k dyki djsa%
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fØ;kdyki 18.3

naM pqacd dks fdlh v'ouky pqacd osQ /zqo&[kaMksa osQ eè;] /kxs }kjk yVdkb, tSlk fd
fp=k 18-27 osQ }kjk n'kkZ;k x;k gSA

fp=k. 18.27 : v'o uky pqacd osQ eè; fuyafcr naM pqacd

;fn naM pqacd dks fp=k 18-27 (a) esa n'kkZ, x, vuqlkj FkksM+k lk vyx&cxy foLFkkfir
fd;k tk, rks D;k gksxk\ pwafd ln`'k /zqo] izfrdf"kZr gksrs gSa vr% naM pqacd ,d cyk?kw.kZ
dk vuqHko djsxk vkSj 180º osQ dks.k ls ?kwedj fp=k 18-27 esa n'kkZ, vuqlkj lajsf[kr gks
tk,xkA pwafd /kjk ik'k ,d pqacd dh Hkkafr O;ogkj djrk gS vr% ;g ckg~; {ks=k esa mlh
izdkj lajsf[kr gks tk,xkA vki fLFkj oS|qfrdh osQ vè;k; esa fuEufyf[kr lehdj.kksa dk vè;;u
dj pqosQ gSaA fdlh f}/zqo ls mldh v{k ij fLFkr lqnwj fcanq ij fo|qr {ks=k bl izdkj
O;Dr fd;k tk ldrk gS%

E = 
0

1

4πμ  3

2

x

P
(18.15 b)

/kjk okgd oqaQMyh osQ dkj.k pqacdh; {ks=k]

B = 0

4

μ
π

 3

2 NI

x

A
 = 0

4

μ
π

 3

2

x

M
(18.15 c)

tcfd M pqacdh; f}/zqo vk?kw.kZ gSA

bu O;atdksa dh rqyuk ls gesa fuEufyf[kr vuqjQirk,a izkIr gksrh gSa%

/kjk ywi ,d pqacdh; f}/zqo dh Hkkafr O;ogkj djrk gS ftldk pqacdh; vk?kw.kZ
fuEufyf[kr gS%

M = NIA (18.15 (d)

pqacdh; f}/zqo osQ /zqoksa dh Hkkafr /kjk ik'k osQ nksuksa ik'oksZa dks vyx&vyx ugha fd;k
tk ldrkA
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,d leku pqacdh; {ks=k esa dksbZ pqacdh; f}/zqo fdlh ,dleku fo|qr {ks=k esa fo|qr
f}/zqo dh Hkkafr gh O;ogkj djrk gSA

pqacdh; f}/zqo esa f}/zqo dh Hkkafr gh pkjks vksj pqacdh; {ks=k gksrk gSA

bl izdkj] fdlh v{kh; fcanq ij pqacdh; f}/zqo osQ dkj.k mRiUu pqacdh; {ks=k] fuEufyf[kr
O;atd osQ }kjk O;Dr fd;k tk,xk%

B = 0

4

μ
π

 3

2

x

M
(18.16)

tcfd fdlh eè;orhZ fcanq ij {ks=k fuEufyf[kr gksxk%

B = 0

4

μ
π

 3x

M
(18.17)

nzO; esa pqacdRo

pqacdh; {ks=k esa lkexzh osQ O;ogkj osQ vk/kj ij ge mUgsa eksVs rkSj ij rhu laoxksZa
esa foHkkftr dj ldrs gSa% (i) izfr pqacdh; inkFkZ esa pqacd }kjk {kh.k izfrd"kZ.k gksrk
gS_ (ii) vuqpqacdh; inkFkZ esa pqacd }kjk {kh.k vkd"kZ.k gksrk gS_ (iii) yksg pqacdh;
inkFkZ] pqacd }kjk izcy :i ls vkdf"kZr gksrs gSaA yksg] fuoSQy vkSj dksckYV tSls inkFkZ
yksg pqacdh; dgykrs gSaA vc ge inkFkZ osQ yksg pqacdh;] O;ogkj osQ ckjs esa foLrkj
ls vè;;u djsaxsA yksg pqacdh; inkFkZ nqcZy pqacdh; {ks=k esa j[ks tkus ij Hkh pqacd
cu tkrs gSaA D;ksafd muosQ ijek.kq] LFkk;h pqacdh; f}/qzo dh Hkkafr O;ogkj djrs gSaA
bu ijek.kq f}/zqoksa dh izo`fRr fdlh ckg~; {ks=k esa ijLij lekarj lajsf[kr gksus dh gksrh
gSA ;s f}/zqo ijLij Lora=k ugha gksrsA izR;sd f}/zqo vius ifjos'kh f}èkzqo dh mifLFkfr
dk vuqHko djrk gSA bl vU;ksU; fØ;k dh lgh O;k[;k osQoy DokaVe ;kaf=kdh osQ
vk/kj ij dh tk ldrh gSA gkykafd] fuEufyf[kr fooj.k osQ vk/kj ij yksg pqacdh;
inkFkZ esa NksVs&NksVs {ks=k gksrs gSa tks Mksesu dgykrs gSaA fdlh Mksesu esa lHkh pqacdh;
f}/zqo lajsf[kr jgrs gSa vkSj Mksesuksa dk pqEcdRo vf/dre gksrk gSA ijarq Mksesu
;kn`fPNdr% vfHkfoU;Lr jgrs gSaA ifj.kke Lo:i fdlh izfrn'kZ dk oqQy pqacdh; vk?kw.kZ
'kwU; gksrk gSA tc ge ckg~; pqacdh; {ks=k yxkrs gSa rks ;s Mksesu FkksM+k lk ?kw.kZu dj
Loa;] {ks=k dh fn'kk esa lajsf[kr gks tkrs gSa ftlls ifj.kkeh pqacdh; vk?kw.kZ izkIr gksrk
gSA ;g izØe uhps fp=k 18-28 esa n'kkZ, x, ljy vkjs[k }kjk vklkuh ls le>k tk
ldrk gSA

fp=k 18.28 : yksg pqqacdh; inkFkZ esa Mksesu
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fp=k 18-28 (a) esa nl Mksesu n'kkZ, x, gSaA ljyrk dks è;ku esa j[kdj ge ,d f}foeh;
mnkgj.k ysrs gSaA lHkh Mksesu bl izdkj fn"V gSa fd izfrn'kZ dk oqQy pqacdu 'kwU;
gSA vko`Qfr 18-28 (b) esa ckg~; pqacdh; {ks=k ykxw djus osQ ckn dh fLFkfr n'kkZbZ xbZ
gSA Mksesuksa dh ifjlhek,a (Mksesu dh nhokjsa) bl izdkj iquxZfBr gks tkrh gSa fd {ks=k
dh fn'kk esa pqacdh; vk?kw.kZ okys Mksesu dk vkeki] vU; Mksesu nhokjksa dh dher
ij cM+k gks tkrk gSA ckg~; {ks=k dh izcyrk c<+kus ij] vuqdwy Mksesuksa osQ vkeki esa
o`f¼ gks tkrh gS vkSj Mksesu osQ vfHkfoU;kl esa fdafpr ifjorZu gks tkrk ftlosQ
iQyLo:i vf/d pqacdu gks tkrk fp=k [18-28 (c)] gSA vfr izcy vuqiz;qDr {ks=k
osQ izHkko esa yxHkx lexz vk;ru] ,dy Mksesu osQ :i esa O;ogkj djrk gS ftlls
lar`Ir pqacdu izkIr gksrk gSA tc ckg~; {ks=k gVk fy;k tkrk gS rks izfrn'kZ esa usV pqacdRo
cuk jgrk gSA yksg pqacdh; izfrn'kksZa esa Mksesuksa dks mPp 'kfDr lw{en'khZ }kjk vklkuh
ls ns[kk tk ldrk gSA

tc yksg pqacdh; inkFkZ osQ rki esa fdlh fu;r Økafrd eku ls vf/d o`f¼ dh tkrh
gS rks inkFkZ vuqpqacdh; cu tkrk gSA ;g Økafrd rki] D;wjh rki Te dgykrk gSA lkj.kh
18-1 esa yksg pqacdh; inkFkZ vkSj muosQ D;wjh rki fn;s x;s gSaA

mnkgj.k 18.5 : pqaacdh; vk?kw.kZ dk vYire eku cksj eSXusVkWu μ
B
 =

4π
eh

m
 dgykrk gSA ;g

,d ewy fu;rkad gSA bldk eku ifjdfyr dhft,%

gy% μ
B

= 
4π
eh

m

= 
–19 –34

–31

(1.6 10 C) (6.6 10 Js)

4 3.14 (9 10 kg)

× × ×
× × ×

= 9.34 × 10–24 J T–1

18-6-1 /kjk ywi ij cy&vk?kw.kZ

/kjk dk ogu djus okys rkj osQ ywi dks fdlh ,dleku pqacdh; {ks=k (B) esa j[kk x;k
gSA ;g fdlh usV cy dk vuqHko ugha djrkA ijarq bl ij ,d cy&vk?kw.kZ fØ;k djrk
gSA bl cy&vk?kw.kZ dh izo`fRr ik'k dks ?kwf.kZr dj blosQ lery dks] {ks=k dh fn'kk osQ
vuqyac ykus dh gksrh gSA blh fl¼kar osQ vkèkkj ij lHkh fo|qr eksVj rFkk ehVj vkfn
dk;Z djrs gSaA

ge vk;rkdkj /kjkokgd ywi dh izR;sd Hkqtk ij cy dh tkap djrs gSa tgka lery] ,dleku
pqacdh; {ks=k B osQ lekarj (fp=k 18-29 (a) gSA

lkj.kh 18-1% yksg
pqEcdh; inkFkZ vkSj

muosQ D;wjh rki

inkFkZ D;wjh rki

ĉT  (K)

yksgk 1043

fuosQy 631

dksckYV 1394

xSMksfyfu;e 317

Fe
2
O

3
893



 129HkkSfrdh

fo|qr pqacdRo rFkk fo|qr/kjk osQ pqacdh; izHkko ekWM~;wy  - 5
fo|qr ,oa pqEcdRo

fVIif.k;k¡

fp=k 18.29 : vk;rkdkj ywi dh Hkqtk ij cy ”kc (a) ik'k] {ks=k osQ lekarj gS] vkSj tc  (b) oqaQMyh]
{ks=k osQ vuqyac gSA

ad vkSj bc Hkqtk,¡ B osQ lekarj gSaA vr% mu ij dksbZ cy fØ;k ugha djsxkA Hkqtk,a ab rFkk
cd gkykafd B osQ vuqyac gS vr% ;s vf/dre cy dk vuqHko djsaxhA ge ab vkSj cd

ij cy dh fn'kk vklkuh ls Kkr dj ldrs gSaA

okLro esa] ab cd|F |=|F | vkSj ;s foijhr fn'kkvksa esa fØ;k djrs gSaA vr% ywi ij dksbZ usV

cy ugha gSA pwafd Fab vkSj Fcd ,d gh js[kk osQ vuqfn'k fØ;k ugha djrs vr% os ywi ij
cy vk?kw.kZ Mkyrs gSa blh dkj.k og ?kwe tkrk gSA ;g ckr pqacdh; {ks=k esa fdlh Hkh vkdkj
osQ /kjk ywi ij ykxw gksrh gSA

;fn ywi dk lery pqacdh; {ks=k osQ vuqyac gks rks ml ij u rks dksbZ usV cy vkSj uk
gh dksbZ cy vk?kw.kZ (nsf[k, fp=k 18-29 (b) ) gksxkA

cy vk?kw.kZ ¾ cy × cy osQ eè; ykafcd nwjh

= B IL. b sin θ

fp=k 18-30 dk voyksdu djsa ftlesa /kjk I dks ogu djus okyk ywi PQRS n'kkZ;k x;k
gSA pqacdh; {ks=k B vkSj oqaQMyh n osQ lery osQ vfHkyac osQ eè; dks.k θ gSA rc] cy
vk?kw.kZ]

τττττ = NBIL b sin θ

tcfd N oqaQMyh ij isQjksa dh la[;k gSA ge iqu% fuEufyf[kr :i esa fy[k ldrs gS%

|τττττ| = NBI A sin θ (18.18)

tcfd A, oqaQMyh dk {ks=kiQy = L x b

|τττττ| = |B| | |M  sin θ (18.19)

tcfd M = NIA gS tks /kjk okgd oqaQMyh dk pqacdh; vk?kw.kZ dgykrk gSA bl izdkj ge
ns[krs gSa fd cy&vk?kw.kZ B,A,I,N RkFkk θ ij fuHkZj djrk gSA
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fp=k 18.30 : /kjkokgd ik'k ij cy vk?kw.kZ

;fn pqacdh; {ks=k esa ywi dk ,d leku ?kw.kZu okaNuh; gks rks gesa vifjorhZ cy vk?kw.kZ
pkfg,A ;fn oqaQMyh dk lery lnSo pqacdh; {ks=k osQ vuqfn'k ;k lekarj gks cy;qXe yxHkx
vifjorhZ gksxkA ,slk djus osQ fy, pqacd osQ /zqoh; VqdM+ksa dh eksM+ dj vkSj mlosQ osaQnz
ij e`nq yksg ØksM j[kk tkrk gS rkfd f=kT; {ks=k izkIr gksA

ywi osQ vanj fLFkr e`nq yksg ØksM ls Hkh pqacdh; {ks=k izcy vkSj ,d leku gks tkrk gS
ftlls vfèkd cy&vk?kw.kZ izkIr gksrk gS (fp=k 18-30)A

fp=k 18.31: f=kT; {ks=k esa fdlh oqaQMyh ij vifjorhZ cy&vk?kw.kZ

18-6-1-1 pqEcdh; f}/zqo

pqEcdh; f}/zqo ls rkRi;Z gS

(i) rkj dh /kjkokgh o`Ùkkdkj dq.Myh] rFkk

(ii) ,d NksVk NM+ pqEcd

fdlh fcUnq ij pqEcdh; f}/zqo ds dkj.k pqEcdh; {ks=k&

(i) f}/qzo dh v{k ij blds dsUnz ls r nwjh ij fLFkr fcUnq ij gksxk%

0
3

2
4 r

μ=
π

M
B

(ii) f}/zqo dh lef}Hkktd js[kk ij r nwjh ij fLFkr fdlh fcUnq ij gksxk%

0
34 r

μ=
π

M
B

bldk vFkZ gS fd pqEcdh; {ks=k dh v{k ds ifjr% csyukdkj (flfyafMfjdy) lefefr
gSA
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18-6-1-2 ,dleku pqEcdh; {ks=k esa fLFkr pqEcdh; f}/zqo ij cy&vk?kw.kZ

vuqHkkx 18]6 esa ge ns[k pqds gSa fd /kjk ik'k (ywi) pqEcdh; f}/zqo dh Hkk¡fr O;ogkj
djrk gSA 18-6-1 esa geus ;g Hkh ns[kk gS fd fdlh ,dleku pqEcdh; {ks=k esa fLFkr èkkjkik'k
ij ,d cy&vk?kw.kZ yxrk gS ftldk eku gksrk gS_

τ = ×M B

⇒ sinτ = × θM B

τ dh fn'kk ml lery ds vfHkyEcor~ gksrh gS ftlesa M rFkk B fLFkr gSa] ;g fn'kk nf{k.k&gLr
LØw fu;e }kjk Kkr dh tk ldrh gSA

uksV dhft;s fd bu O;atdksa esa] .NI=M A

tgk¡ A dh fn'kk nf{k.k gLr fu;e }kjk Kkr dh tkrh gSA

18-6-2 xSYosuksehVj

vc rd vkius tks oqQN lh[kk gS blls fdlh ,sls ;a=k osQ ckjs esa lksp ldrs gS ftlls
fdlh Hkh ifjiFk esa /kjk dk
lalwpu fd;k tk losQA
ifj' k q¼r% , slh ; q fDr
xSYosuksehVj dgykrh gS tks
bl fl¼kar ij vk/kfjr gS fd
/kjk dk ogu djus okyh
oqaQMyh dks tc pqacdh; {ks=k
esa j[kk tkrk rks cy vk?kw.kZ dk
vuqHko djrh gSA xSYosuksehVj
esa vpqacdh; izsQe ij yisVh
gqbZ ,d oqaQMyh gksrh gSA bl
oqaQMyh osQ vanj ,d e`nq yksgs
dk flfyaMj j[kk tkrk gSA bl
O;oLFkk dks ,sls nks dhydksa
ij vk/kj iznku fd;k tkrk gS tks lwpd ;qDr fLizaxksa ls tqM+s jgrs gSaA bls v'ouky pqacd
osQ /zqo VqdM+ksa osQ eè; j[kk tkrk gS tks f=kT; {ks=k iznku djrs gSA py oqaQMyh xSYosuksehVj
osQ dk;Z fl¼kar dks le>us osQ fy, Lej.k djas fd tc fdlh oqaQMyh ls gksdj /kjk izokfgr
gksrh gS rks ml ij fØ;k djus okys cy vk?kw.kZ osQ izHkko esa og ?kwe tkrh gSA fLiazx ls
izR;ku;u cy vkSj bl izdkj izR;ku;u cy vk?kw.kZ LFkkfir gks tkrk gSA ;fn O;korZu dks.k
(Angle of twist) α vkSj k izfr bdkbZ O;korZ izR;ku;u cyvk?kw.kZ gks] (tks O;korZuh fLFkjkad
dgykrk gS]) rks

ge fy[k ldrs gS_  NBIA sinθ = k α

fp=k 18.32 : py oqaQMyh xSYosuksehVj

N S

LosQy

LFkk;h pqacdlwpd

oqaQMyh

fLaizx
dhyd

e`nq yksg ØksM

,d leku f=kT; pqEcdh; {ks=k
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pwafd θ = 90º, sinθ = 1. vr%

NBIA = kα

vFkok
INBA

k
= α (18.20)

vkSj I = 
αk

INBA
,

tcfd] 
k

INBA
 xSYosuksehVj fLFkjkad dgykrk gSA blls ;g fu"d"kZ fudyrk gS fd]

α ∝ I

vFkkZr_ xSyosuksehVj esa mRiUu fo{ksi.k mlls gksdj izokfgr /kjk osQ vkuqikfrd gksxk c'krsZa
fd  N, B A vkSj k vifjorhZ gksaA vuqikr α/I  xSYosuksehVj dh lqxzkfgrk dgykrk gSA bls]
izfr bdkbZ /kjk ls mRiUu oqaQMyh esa fo{ksi.k ls ifjHkkf"kr fd;k tkrk gSA /kjk ftruh izcy
gksxh cy vk?kw.kZ Hkh mruk gh izcy gksxk vkSj oqaQMyh vf/d ?kwesxhA vR;Yi (cgqr gh
de) (vFkkZr  0.1μA dksfV) /kjk dks izfr mRrfjr djus osQ fy, xSYosuksehVj fufeZr fd,
tk ldrs gSaA

xSYosuksehVj dh lqxzkfgrk : vf/d lqxzkgh xSYosuksaehVj izkIr djus osQ fy,_

• N dk eku vf/d gksuk pkfg,_

• B dk eku vf/d] ,dleku vkSj f=kT; gksuk pkfg,;

• oqaQMyh dk {ks=kiQy vf/d gksuk pkfg,_ vkSj

• O;korZuh fLFkjkad vYi gksuk pkfg,_

N vkSj A osQ eku ,d lhek ls vf/d ugha c<+k, tk loQrsA N vkSj A osQ vf/d ekuksa
ls oS|qrh; rFkk tM+Roh; izfrjks/ vkSj xSYosuksehVj osQ vkeki esa o`f¼ gks tk,xhA izcy v'ouky
pqacy dk iz;ksx dj vkSj oqaQMyh dks e`nq yksg ØksM ij vkjksfir dj B osQ eku esa o`f¼
dh tk ldrh gSA DokV~tZ vkSj iQWkLiQj czkUt tSlh lkexzh dk iz;ksx dj α osQ eku esa deh
dh tk ldrh gSA

18-6-3 ,sehVj rFkk oksYVehVj

(a) ,sehVj : ,sehVj] leqfpr <ax ls 'kaV fd;k x;k xSYosuksehVj gksrk gSA bldk LosQy va'kkafdr
gksrk gS tks ifjiFk esa /kjk dk eku n'kkZrk gSA fdlh xSYosuksehVj dks ,sehVj esa ifj.kr djus
osQ fy, vYi izfrjks/h rkj dks xSYosuksehVj osQ lkFk ik'oZ&la;ksftr fd;k tkrk gSA 'kaV dk
izfrjks/] ,sehVj osQ ijkl ij fuHkZj djrk gS vkSj fuEufyf[kr izdkj ls ifjdfyr fd;k
tk ldrk gS%
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eku yhft, xSYosuksehVj dk izfrjks/ G vkSj xSYosuksehVj esa LosQy&foHkktuksa dh la[;k N

gSA k n{krk vad vFkok xSYosoksehVj esa ,d LosQy fo{ksi.k osQ fy, /kjk gSA xSYosuksa ehVj
osQ iwjs LosQy ij fo{ksi.k mRiUu djus osQ fy, /kjk I

g
 = Nk gksxhA

;fn xSYosuksehVj }kjk ekih tkus okyh vf/dre /kjk I gS rks fp=k 18-28 osQ vuqlkj fcanqvksa
A vkSj B osQ eè; oksYVrk bl izdkj O;Dr dh tk,xhA

V
AB

= Ig G = (I – I
g
) S

rkfd S = 
Ig G

I – Ig (18.21)

tcfd S 'kaV izfrjks/ gSA

fp=k 18.33 : ,sehVj osQ :i esa dk;Z djus okyk 'kaV ;qDr xSYosuksehVj-

pwafd G vkSj S ik'oZ Øe esa la;ksftr gSa vr% ,sehVj dk izHkkoh izfrjks/ R bl izdkj O;Dr

fd;k tk,xk%
GS

R =
G + S

.

pwafd 'kaV izfrjks/ vYi gS vr% xSYosuksehVj vkSj 'kaV dk la;qDr izfrjks/ cgqr de gksrk
gS vr% xSYosuksehVj osQ izfrjks/ dh rqyuk esa ,sehVj dk izfrjks/ de gksrk gSA vkn'kZ ,sehVj
dk izfrjks/ yxHkx ux.; gksrk gSA blh dkj.k tc bls fdlh ifjiFk esa Js.khØe esa la;ksftr
fd;k tkrk gS rks fcuk fdlh izs{k.kh; deh osQ lexz /kjk blls gksdj izokfgr gks tkrh
gSA

(b) oksYVehVj : oksYVehVj dk iz;ksx fdlh ifjiFk esa nks fcanqvksa osQ eè; foHkokarj osQ ekiu
esa fd;k tkrk gSA xSYosuksehVj oqaQMyh osQ lkFk mPp izfrjks/ dks Js.kh Øe esa la;ksftr dj
xSYosuksehVj dks oksYVehVj esa ifj.kr fd;k tk ldrk gS tSlk fd fp=k 18-29 esa n'kkZ;k
x;k gSA izfrjks/ dk eku oksYVehVj osQ ijkl ij fuHkZj djrk gS vkSj fuEufyf[kr izdkj
ls ifjdfyr fd;k tk ldrk gS%

xSYosuksehVj oqaQMyh osQ lkFk mPp izfrjks/ R Js.kh Øe esa la;ksftr gS%

fp=k 18.34 : oksYVehVj osQ :i esa xSYosuksehVj
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;fn AB osQ eè; foHkokUrj V oksYV gks rks oksYVehVj dk oqqQy izfrjks/ G+R gksxkA vkse
fu;e osQ vuqlkj ge fy[k ldrs gSa_

I
g
 (G + R) = V

vFkok G + R = 
g

V

I

⇒ R = 
g

V

I
 – G (18.22)

bldk ;g vFkZ gqvk fd ;fn xSYosuksehVj dh oqaQMyh osQ lkFk izfrjks/ R dks Js.kh Øe
esa la;ksftr dj fn;k tk, rks ;g oksYVehVj dh Hkkafr dk;Z djsxk ftldk ijkl 0-V oksYV
gksxkA

vc xSYosuksehVj dh ogh ekiuh tks :ikUrj.k ls igys vf/dre foHko I
g
 × G  dk ekiu

dj jgh Fkh] oksYVehVj esa :ikUrj.k osQ ckn foHko V dk ekiu djsxhA bldk rnuqlkj va'kkdu
fd;k tk ldrk gSA oksYVehVj dk izfrjks/] xSYosuksehVj osQ izfrjks/ ls vf/d gksrk gSA
oksYVehVj dk izHkkoh izfrjks/ bl izdkj O;Dr fd;k tk ldrk gS_

R
V

= R + G

vkn'kZ oksYVehVj dk izfrjks/ vuar gksrk gSA ifjiFk esa ftu fcanqvksa osQ eè; foHkoikr dk
ekiu djuk gks bls ik'oZ la;ksftr fd;k tkrk gSA ;g fdlh /kjk dk vkgj.k ugha djsxkA
ijarq xSYosuksehVj dh oqaQMyh fo{ksfir gksxhA ,slk vlaHko yxrk gSA tjk lksfp,_

mnkgj.k 18.6 : 8.0 cm, f=kT;k vkSj 30 isQjksa dh dksbZ o`Ùkkdkj oqaQMyh 6-0 A  dh /kjk
dk ogu dj jgh gSA ;g oqaQMyh 1.0 T osQ ,dleku {kSfrt pqacdh; {ks=k esa mQèokZ/jr%
fuyafcr gSA {ks=k js[kk,a] oqaQMyh osQ vfHkyac osQ lkFk 90º dk dks.k cukrh gSaA oqaQMyh dks
eqM+us ls jksdus osQ fy, yxk, x, izfr cy&vk?kw.kZ osQ ifjek.k dks ifjdfyr dhft,A

gy : ;gka] N= 30, I = 6.0 A,  B = 1.0 T,

θ = 90º, r = 8.0 cm = 8 × 10–2 m

oqaQMyh dk {ks=kiQy (A)  = πr2 = 
22

7
 × (8 × 10–2)2 = 2.01 × 10–2 m2

cy vk?kw.kZ = N I B A sinθ

= 30 × 6 × 1: 0 × (2.01 × 10–2) × sin90º

= 30 × 6 × (2.01 × 10–2)

= 3.61 N m
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mnkgj.k 18.7 : 12.0 Ω izfrjks/ dh oqaQMyh ;qDr dksbZ xSYosuksehVj 2.5 mA dh /kjk ij
iwjs LosQy ij fo{ksi.k n'kkZrk gSA vki bls

(a) 0 – 2A ijkl osQ ,sehVj vkSj ?

(b) 0 – 10 oksYV ijkl osQ oksYVehVj esa oSQls :ikUrfjr djsaxs ?

gy : (a) ;gka G = 12.0 Ω, I
g
 = 2.5 mA = 2.5 × 10–3 A,

rFkk I = 2 A, S = ?

lehdj.k (18-21) ls gesa Kkr gS]

S = 
g

g

I G

I – I  = 
–3

–3

2.5 10 12

2 – 2.5 10

× ×
×  = 15 × 10–3 Ω

vr%0–2V, iBu osQ ,sehVj esa xSYosuksehVj dks :ikUrfjr djus osQ fy, mldh oqaQMyh
osQ lkFk

15 × 10–3 Ω izfrjks/ 'kaV oQks ik'oZ&la;ksftr fd;k tkuk pkfg,A

(b) oksYVehVj esa :ikUrj.k osQ fy, eku yhft, izfrjks/ R dks Js.kh&la;ksftr fd;k x;k
gSA

rc R = 
g

V

I  – G = –3

10

2.5 10×
 – 12 = 4000 – 12 = 3988 Ω

bl izdkj xSYosuksehVj dks oksYVehVj esa #ikUrfjr djus osQ fy, 3988 Ω osQ izfrjks/
dks Js.khØe esa la;ksftr fd;k tkuk pkfg,A

ikBxr iz'u 18-5

1. f=kT; pqacdh; {ks=k D;k gksrk gS\

2. fdlh py oqaQMyh xSYosuksehVj esa e`nq yksg ØksM dk eq[; dk;Z D;k gksrk gS\

3. ,sehVj] oksYVehVj vFkok xSYosuksehVj esa ls fuEure izfrjks/ fdldk gksrk gS\ O;k[;k
dhft,A

4. 20 Ω izfrjks/ dh oqaQMyh osQ xSYosuksehVj esa iwjs LosQy ij fo{ksi.k osQ fy, 20 mA

/kjk dh vko';drk gSA bl xSYosuksehVj ls gksdj 3A dh vf/dre /kjk izokfgr djus
osQ fy,] fdrus izfrjks/ dks fdl izdkj la;ksftr fd;k tkuk pkfg,\
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vkius D;k lh[kk

izR;sd pqacd esa nks /zqo gksrs gSaA bUgsa vyx ugha fd;k tk ldrkA

pqacdh; f}/zqo ls rkRi;Z (i) ,slk pqacd gS ftldk f}/zqo vk?kw.kZ M = ml (ii) ,slh /
kjkokgd oqaQMyh ftldk f}/zqo vk?kw.kZ M = NIA gSA

pqacdh; f}/zqo osQ v{k ij pqacdh; {ks=k]  B = 0
3

2

4 x

μ
π

M
 osQ }kjk fo"kqor js[kk ij pqacdh;

{ks=k] B = 0
3

2

4 x

μ
π

M
 osQ }kjk O;Dr fd;k tkrk gSA

,dleku pqacdh; {ks=k esa paqcdh; f}/zqo mlh izdkj O;ogkj djrk gS ftl izdkj
,dleku fo|qr {ks=k esa fo|qr f}/zqo O;ogkj djrk gS vFkkZr~ ;g fdlh usV cy dk
vuqHko u djosQ cy&vk?kw.kZ]

τ =  M × B dk vuqHko djrk gSA

i`Foh dk pqacdh; {ks=k rhu ewy jkf'k;ksa osQ }kjk iw.kZr% of.kZr fd;k tk ldrk gS tks
i`Foh osQ pqacdh; {ks=k osQ vo;o dgykrs gSa%

– vkufr dks.k

– fnd~ikr dks.k rFkk

– i`Foh osQ {ks=k dk {kSfrt ?kVd

izR;sd /kjk okgd pkyd vius pkjksa vksj ,d pqacdh; {ks=k fodflr djrk gSA ;g
pqacdh; {ks=k ck;ks&lkoVZ fu;e osQ }kjk O;Dr fd;k tkrk gS_

0
2

I sin
| |

4

μ θ=
π

dl
dB

r

pqacdh; {ks=k dk ek=kd Vslyk gSA

/kjkokgh likV oqaQMyh osQ osaQnz ij {ks=k] |B| = 0

2

μ I

r
 osQ }kjk O;Dr fd;k tkrk gSA ,sfEi;j

dk ifjiFkh; fu;e fdlh pkyd osQ pkjksa vksj pqacdh; {ks=k dk ifjek.k O;Dr djrk

gS%  0. d I= μ∫ B l

xfreku vkos'k q ij ykjsUV~t cy F =q (v × B) gksrk gS vkSj bldh fn'kk Ýysfeax
oke gLr fu;e }kjk n'kkZbZ tkrh gSA

yEckbZ L vkSj pqacdh; {ks=k B esa /kjk I dk ogu djus okys rkj ij ;kaf=kd cy] F = B

I L gksrk gSA
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/kjkvksa I
1
  vkSj I

2
 dk ogu djus okys lekarj lh/s pkydksa osQ eè; izfr bdkbZ ikjLifjd

cy] 0 1 2

2

μ=
π
I IF

L r
 gksrk gSA

fdlh Vksjks;M ds dkj.k pqEcdh; {ks=k] 0 iN

2
B 

r

μ=
π

vkosf'kr d.k ,d o`Rrkdkj iFk dk vuqjs[k.k djrk gS ftldh f=kT;k R = 
mv

Bq
 gksrh

gSA
lkbDyksVªkWu vkosf'kr d.kksa dks rhoz xfr ls Rofjr djus dh ,d ;qfDr gSA

lkbDyksVªkWu dh vko`fÙk] c
Bq

2m
 ν =

π

/kjk ywi ,d pqacdh; f}/zqo dh Hkkafr O;ogkj djrk gSA

pqacdh; {ks=k esa fLFkr dksbZ /kjk okgd oqaQMyh] cy vk?kw.kZ dk vuqHko djrh gS ftls
fuEufyf[kr osQ }kjk O;Dr fd;k tkrk gS%

τ = N B  I A sinθ

= N B I A, (if θ = 90º)

xSYosuksehVj dk iz;ksx ifjiFk esa fo|qr /kjk osQ lalwpu esa gksrk gSA

,sehVj ,d 'kaV ;qDr xSYosuksehVj gksrk gS vkSj oksYVehVj ,slk xSYoksuksehVj gksrk gS
ftlesa mPp izfrjks/ Js.kh Øe esa la;ksftr jgrk gSA /kjk] ,sehVj osQ }kjk vkSj foHkokarj]
oksYVehVj osQ }kjk ekik tkrk gSA

ikBkar iz'u

1. lkexzh dk ,d NksVk VqdM+k paqcd osQ lehi yk;k x;k gSA lkexzh osQ lkeus ̂ gk¡* vFkok
^ugha* fy[kdj fjDr LFkkuksa dks Hkjdj fuEufyf[kr lkj.kh dks iwjk dhft,%

lkexzh izfrd"kZ.k vkd"kZ.k

nqcZy izcy nqcZy izcy

izfrpqacdh;

vuqpqacdh;

yksg pqacdh;

2. vkidks nks naM pqacdksa dks ijLij ,d lkFk fdlh fMCcs esa iSd djuk gSA bUgsa vki
oSQls iSd djsaxs vkSj D;ksa\

N       S vFkok N S

N       S S N
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3. nks /zqoksa osQ eè; pqacdh; cy 80 bdkbZ gSA bu /zqoksa osQ eè; nwjh nqxuh dj nh xbZ
gSA vc blosQ eè; cy fdruk gksxk\

4. naM pqacd dh yEckbZ 10 cm vkSj mldh vuqizLFk dkV {ks=kiQy 1.0 cm2 gSA pqEcdu
rhozrk I = 102 A/m gSA /zqo izcyrk ifjdfyr dhft,A

5. nks loZle pqacdksa esa ,d osQ fljs dks nwljs osQ fljs osQ lkFk feykdj ,d lh/h js[kk
esa bl izdkj j[kk x;k gSa fd nksuksa osQ mRrjh/zqo vkeus lkeus gSaA cy js[kk,a [khafp,
tcfd dksbZ vU; {ks=k mifLFkr ugha gSA

6. os fcanq mnklhu fcanq dgykrs gSa tgka pqacd dk pqacdh; {ks=k] i`Foh osQ pqacdh; {ks=k
osQ {kSfrt ?kVd osQ cjkcj vkSj foijhr gksrk gS\

(a) tc naM pqacd dks pqacdh; ;kE;ksRrj esa bl izdkj j[kk tkrk gS fd mRrjh èkzqo
mÙkj dh vksj fn"V gks rks mnklhu fcanqvksa dh fLFkfr Kkr dhft,A

(b) tc naM pqacd dks pqacdh; ;kE;ksÙkj esa bl izdkj j[kk tkrk gS fd mRrjh èkzqo
nf{k.k dh vksj fn"V gks rks mnklhu fcanqvksa dh fLFkfr Kkr dhft,A

7. ;fn 10 cm yacs naM pqacd dks nks VqdM+ksa esa bl izdkj dkVk tkrk gS fd izR;sd VqdM+s
dh yEckbZ 5 cm gks rks iqjkus naM pqacd dh rqyuk esa u, naM pqacd dh /zqo izcyrk
oSQlh gksxh\

8. fdlh 10 cm yacs naM pqacd dh /zqo izcyrk 10 A m gSA naM pqacd osQ oasQnz ls 30

cm dh nwjh ij v{k ij fLFkr fdlh fcanq ij pqacdh; {ks=k ifjdfyr dhft,A

9. vki oSQls n'kkZ,axs fd /kjkokgd pkyd osQ pkjks vksj pqacdh; {ks=k gksrk gSA fdlh
LFkku fo'ks"k ij vki mldk ifjek.k vkSj fn'kk oSQls Kkr djsaxs\

10. fdlh pqacdh; {ks=k esa xfreku vkosf'kr d.k ij dksbZ cy fØ;k djrk gS ijarq bl
cy ls d.k dh pky esa dksbZ ifjorZu ugha gksrkA ,slk D;ksa gS\

11. /kjk dk ogu djus okys yacs lh/s rkj osQ lekarj xfreku vkosf'kr d.k] D;k fdlh
{k.k cy dk vuqHko djrk gS\

12. fdlh rkj ls gksdj 10 ,sfEi;j dh /kjk izokfgr gks jgh gSA ;g 5T osQ paqcdh; {ks=k
osQ vuqyac j[kk x;k gSA bldh 1/10 m yEckbZ ij cy ifjdfyr dhft,A

13. ,d yack lh/k rkj 12 ,sfEi;j dh /kjk izokfgr dk dj jgk gSA bl rkj ls 48 cm

dh nwjh ij pqacdh; {ks=k dh izcyrk ifjdfyr dhft,A

14. nks lekarj rkj ijLij 0-05m dh nwjh ij fLFkr gSa vkSj izR;sd dh yackbZ 3 m gSA izR;sd
rkj esa ,d fn'kk esa 5A dh /kjk izokfgr gks jgh gSA rkjksa ij fØ;k djus okyk cy
ifjdfyr dhft,A bl cy dh izo`Qfr ij Hkh fVIi.kh nhft,A

15. 50cm yach ifjukfydk osQ oasQUnz ij pqacdh; {ks=k 4.0 × 10–2 NA–1 m–1 gS tc mlls
gksdj 8.0A dh /kjk izokfgr gksrh gSA ifjukfydk esa yisVksa dh la[;k ifjdfyr dhft,A

16. nks loZle xSYosuksehVj esa ls ,d ,sehVj esa vkSj nwljk feyh,sehVj esa ifjf.kr fd;k
x;k gSA buesa fdl osQ 'kaV dk izfrjks/ vf/d gksxk\
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17. fdlh xSYosuksehVj dk izfrjks/ 20 vkse gS vkSj ;g 0.005A dh /kjk ij iwjs LosQy
dk fo{ksi.k nsrk gSA 1 A dh /kjk dks ekius osQ fy, bls ,sehVj esa #ikUrfjr djus
osQ fy, 'kaV dk eku ifjdfyr dhft,A ,sehVj dk izfrjks/ D;k gksxk\

18. dksbZ bysDVªkWu 5 × 10–11 f=kT;k dh o`Rrkdkj d{kk esa 7.0 × 1015 ifjØe.k izfr lsoaQM
dh nj ls xfreku gSA d{kk osQ osaQnz ij pqacdh; {ks=k B ifjdfyr dhft,A

19. 200 isQjksa vkSj 0-16m f=kT;k dh likV o`Rrkdkj oqaQMyh osQ osaQnz ij pqacdh; {ks=k
ifjdfyr dhft, tc fd ;g 4.8 ,sfEi;j dh /kjk dk ogu dj jgh gksA

20. fp=k 18-30 dk voyksdu dj A, B vkSj C ij pqacdh; {ks=k ifjdfyr dhft,A

fp=k. 18.35

ikBkar iz'uksa osQ mÙkj

18-1

1. /kxs dh lgk;rk ls fdlh pqacd dks mlosQ nzO;eku osQanz ls fuyafcr dhft,A bls lkE;
esa vkus nhft,A HkkSxksfyd mÙkj dh vksj fnIV djus okyk pqacd dk fljk mldk mÙkjh
/zqo dgykrk gSA

2. nks naMksa osQ fljksa dks ikl&ikl ykb,A ;fn muosQ eè; vkd"kZ.k gksrk gS rks buesa naM
pqacd vkSj nwljh yksgs dh naM gSA buesa ls ,d naM dks est ij fyVkb, vkSj mldh
yackbZ osQ vuqfn'k nwljs naM dks ,d fljs ls nwljs fljs rd Li'kZ djrs gq, ys tkb,A
;fn ,d leku cy dk vuqHko gks rks gkFk esa idM+k gqvk naM] pqacd gksxk vkSj est
ij fyVk;k x;k naM] yksg dk VqdM+k gksxkA ;fn ,dleku cy dk vuqHko u gks rks
fLFkfr foijhr gksxhA

3. fdlh ,d naM pqacd dks /kxs ls yVdk dj ge mldk nf{k.kh /zqo Kkr dj ldrs
gSaA rc nwljs pqacd dk fljk tks igys naM }kjk izfrdf"kZr gqvk gS mldk nf{k.kh
/zqo gksxkA

18-2

1. (i) fo|qr (ii) pqacdh; rFkk fo|qr

2. lkE; esa dksbZ pkyd mnklhu gksrk gS vFkkZr ml ij usV fo|qr /kjk ugha gksrhA viuh
lkn`fPNd xfr osQ dkj.k rkih; bysDVªkWuksa esa mRiUu pqacdh; {ks=k jn~n gks tkrk gSA
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3. igys mnkgj.k esa rkj dh yEckbZ l
1
 = 2 πr  gSA ijarq l

2
 = (2π r

2
)2.

ysfdu  l
1
 = l

2
 

∴   2πr  = 4πr
2
    ⇒   r

2
 = 

2

r

dk iz;ksx  | B | =  0 I

2

n

r

μ
 dk iz;ksx djosQ

| B
1
|  =  0 I

2r

μ
, | B

2
| = 0 .2 . I

2
2
r

μ

×
  = 0 I

2r

μ
 = 4 B

vFkkZr 2 isQjksa okyh oqqaQMyh osQ osaQnz ij pqacdh; {ks=k] igys mnkgj.k esa pqacdh; {ks=k
dh vis{kk pkj xquk izcy gksxkA

18-3

1. c

2. nksuksa fu;e /kjk okgd pkydksa osQ dkj.k pqacdh; {ks=k fofufnZ"V djrs gSaA

3. (i) B, (ii) A, (iii) C.

4. B = μ
0
 

n

l
I  ⇒  4π × 

–710

0.1

× n

m
 × 3A = 0.002 vFkok n = 

7.0002 10

12

×
π

 = 50 turns

18-4

1.  cy dh izo`Qfr vkd"khZ gksxh D;ksafd izksVkWuksa dh /kjk] foijhr fn'kk esa bysDVªkWuksa osQ
rqY; gSA

2. fdlh xfreku vkos'k ij pqacdh; {ks=k }kjk yxk;k x;k cy] vkos'k dh xfr osQ vuqyac
gksxk vkSj vkos'k ij cy }kjk fd;k x;k dk;Z 'kwU; gksxkA bl dkj.k vkos'k dh xfrt
mQtkZ esa dksbZ ifjorZu ugha gksrkA fo|qr {ks=k esa fo{ksi.k] {ks=k dh fn'kk esa gksrk gSA vr%
{ks=k js[kkvksa dh fn'kk esa vkos'k Rofjr gks tkrk gSA

3. fLiazx osQ izR;sd isQjs esa /kjk dh fn'kk leku gksrh gSa pwafd ,d gh fn'kk esa ik'oZ /
kjk,a vkd"kZ.k cy Mkyrh gSa vr% isQjs lehi vk tkrs gSa vkSj fiaM mQij dh vksj mB
tkrk gS pkgs fLizax esa èkkjk dh fn'kk dksbZ Hkh gksA

18-5

1. f=kT; pqacdh; {ks=k og gS ftlesa oqaQMyh dk lery] pqacdh; {ks=k osQ lekarj gksrk gSA

2. ,slk djus ls e`nq yksg ØksM ls gksdj izcyrk esa o`f¼ gks tkrh gS ftlls xSYosuksehVj
dh lqxzkfgrk esa Hkh o`f¼ gks tkrh gSA
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3. ,sehVj dk izfrjks/ fuEure tcfd oksYVehVj dk izfrjks/ vf/dre gksrk gSA ,sehVj
esa fuEu izfrjks/ xSYoksuksehVj dh oqaQMyh osQ lkFk ik'oZ la;ksftr tcfd oksYVehVj esa
xSYosuksehVj dh oqaQMyh osQ lkFk mPp izfrjks/ Js.kh la;ksftr jgrk gSA

4. fuEu izfrjks/ R
s
 oqaQMyh osQ lkFk ik'oZ Øe esa la;ksftr gksuk pkfg,%

R
s 
= 

g

g

G I

I – I
 = 

–3

–3

20 20 10

3 – 20 10

× ×
×  = 0.13 Ω

ikBxr iz'uksa osQ mÙkj

1. 10–2 T m–1

7. mruk gh

8. 2.3 × 10–6T

12. 5 N

13. 5 μN

14. 10–4 N m–1 dk vkd"khZ cy

15. 
625

π
 isQjs

17. 0.1Ω.

18. 4.48 πT

19. 1.2π mT

20. B
A
 = 2 × 10–7 T, B

B
 = π  × 10–7 T rFkk B

C
 = 10–7 T.


