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HkkSfrdh

4.1 Hkwfedk
2000 o"kZ ls Hkh igys fo|qr rFkk pqacdRo nksuksa gh osQ ckjs esa yksxksa dks Kku FkkA fiQj Hkh yxHkx
200 o"kZ iwoZ] 1820 esa* ;g Li"V vuqHko fd;k x;k fd bu nksuksa esa vVwV laca/ gSA 1820

dh xzh"e ½rq esa] Mp HkkSfrdfoKkuh gSal fØf'p;u vkWLVsZM us] vius ,d Hkk"k.k osQ nkSjku iz;ksx
izn£'kr djrs gq, ns[kk fd ,d lh/s rkj esa fo|qr /kjk izokfgr djus ij ikl j[kh gqbZ pqacdh;
lqbZ esa lqLi"V fo{ksi izkIr gksrk gSA mUgksaus bl ifj?kVuk ij 'kks/ vkjaHk fd;kA mUgksaus ik;k fd
pqacdh; lqbZ rkj osQ vfHkyacor ry esa rkj dh fLFkfr osQ osaQnzr% o`Ùk dh Li'kZ js[kk osQ lekarj
lajsf[kr gksrh gSA bl fLFkfr dks fp=k 4.1(a) esa n'kkZ;k x;k gSA ij ;g ns[kus osQ fy, rkj esa
i;kZIr /kjk izokfgr gksuh pkfg, vkSj pqacdh; lqbZ rkj osQ dkiQh fudV j[kh gksuh pkfg, rkfd
i`Foh osQ pqacdh; {ks=k dh mis{kk dh tk losQA ;fn rkj esa /kjk dh fn'kk foijhr dj nh tk,
rks pqacdh; lqbZ Hkh ?kwe dj foijhr fn'kk esa lajsf[kr gks tkrh gS ¹fp=k 4.1(b) nsf[k,ºA rkj esa
/kjk dk ifjek.k c<+kus ;k lqbZ dks rkj osQ fudV ykus ls pqacdh; lqbZ dk fo{ksi c<+ tkrk gSA
rkj osQ pkjksa vksj ;fn ykSg pw.kZ fNM+osaQ rks blosQ d.k rkj osQ pkjksa vksj laosaQnzh o`Ùkksa esa O;ofLFkr
gks tkrs gSa ¹fp=k 4.1(c) nsf[k,ºA bl ifj?kVuk ls vkWLVsZM us fu"d"kZ fudkyk fd xfreku vkos'k
(/kjk) vius pkjksa vksj ,d pqacdh; {ks=k mRiUu djrs gSaA

blosQ i'pkr iz;ksxksa dh xfr rhoz gks xbZA lu 1864 esa fo|qr rFkk pqacdRo osQ loZekU;
fu;eksa dks tsEl eSDlosy us ,dho`Qr djosQ u, fu;e cuk, vkSj ;g Li"V vuqHko fd;k fd

vè;k; 4

xfreku vkos'k vkSj
pqacdRo

* vè;k;µ1 esa i`"B 3 ij ckWDl nsf[k,A
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izdk'k okLro esa fo|qr pqacdh; rjaxsa gSaA gVZ~”k us jsfM;ks rjaxksa dh [kkst dh rFkk 19oha 'krkCnh
osQ var rd lj ts-lh- cksl rFkk ekdksZuh us bu rjaxksa dks mRiUu fd;kA 20oha 'krkCnh esa foKku
rFkk izkS|ksfxdh esa vk'p;Ztud izxfr gqbZ gSA ;g izxfr fo|qr pqacdRo osQ gekjs c<+rs Kku rFkk
fo|qr pqacdh; rjaxksa dks mRiUu] izc£/r] izsf"kr rFkk lalwfpr djus okyh ;qfDr;ksa dh [kkst osQ
dkj.k gqbZ gSA

bl vè;k; esa ge ;g ns[ksaxs fd pqacdh; {ks=k fdl izdkj vkosf'kr
d.kksa_ tSlsµbysDVªkWu] izksVkWu rFkk fo|qr /kjkokgh rkjksa ij cy vkjksfir djrs
gSaA ge ;g Hkh lh[ksaxs fd fo|qr /kjk,¡ fdl izdkj pqacdh; {ks=k mRiUu
djrh gSaaA ge ;g ns[ksaxs fd lkbDyksVªkWu esa fdl izdkj d.kksa dks vfr mPp
ÅtkZvksa rd Rofjr fd;k tk ldrk gSA ge xSYosuksehVj }kjk fo|qrèkkjkvksa
,oa oksYVrkvksa osQ lalwpu osQ fo"k; esa Hkh vè;;u djsaxsA

bl vè;k; rFkk vkxs vkus okys pqacdRo osQ vè;k;ksa esa ge fuEufyf[kr
ifjikVh dks viuk,¡xsA dkx”k osQ ry ls ckgj dh vksj fuxZr fo|qr /kjk
vFkok {ks=k (fo|qr vFkok pqacdh;) dks ,d ¯cnq (¤) }kjk O;Dr fd;k
tkrk gSA dkx”k osQ ry esa Hkhrj dh vksj tkrh fo|qr /kjk vFkok fo|qr
{ks=k dks ,d ØkWl ( ⊗ )* }kjk O;Dr fd;k tkrk gSA fp=k 4.1(a) rFkk 4.1(b)

Øe'k% bu nks fLFkfr;ksa osQ rnuq:ih gSaA

4.2 pqacdh; cy
4.2.1 lzksr vkSj {ks=k

fdlh pqacdh; {ks=k B dh vfHk/kj.kk dks izLrkfor djus ls igys ge la{ksi
esa ;g nksgjk,¡xs fd geus vè;k; 1 osQ varxZr fo|qr {ks=k E osQ fo"k; esa
D;k lh[kk gSA geus ;g ns[kk gS fd nks vkos'kksa osQ chp vU;ksU; fØ;k ij
nks pj.kksa esa fopkj fd;k tk ldrk gSA vkos'k Q tksfd fo|qr {ks=k dk lzksr
gS] ,d fo|qr {ks=k E mRiUu djrk gSµ

fp=k 4.1 ,d lh/s yacs /kjkokgh rkj osQ dkj.k mRiUu pqacdh; {ks=kA rkj] dkx”k osQ ry ij
vfHkyacor gSA rkj osQ pkjksa vksj paqcdh; lqb;ksa dh ,d eqfnzdk cukbZ xbZ gSA pqacdh; lqb;ksa dk

vfHkfoU;klµ (a) tc /kjk dkx”k osQ ry ls ckgj dh vksj izokfgr gksrh gSA
(b) tc /kjk dkx”k osQ ry ls vanj dh vksj izokfgr gksrh gSA (c) ykSg pw.kZ d.kksa dk rkj osQ pkjksa
vksj vfHkfoU;klA lqb;ksa osQ dkys fljs mÙkjh /qzo izn£'kr djrs gSaA ;gk¡ Hkw&pqacdRo osQ izHkko dh

mis{kk dh xbZ gSA

gSal fØf'p;u vkWLVsZM  (1777–

1851) MsuekoZQ osQ HkkSfrdfoKkuh ,oa
jlk;uK] dkWisugsxu esa izksi+ sQlj FksA
mUgksaus ;g ns[kk fd fdlh pqacdh; lqbZ
dks tc ,d ,sls rkj osQ ikl j[kk
tkrk gS ftlesa fo|qr /kjk izokfgr gks
jgh gks rks mlesa fo{ksi gksrk gSA bl
[kkst us oS|qr ,oa pqacdh; izØeksa osQ
chp laca/ dk igyk vkuqHkfod izek.k
izLrqr fd;kA

gSal fØ
f'p

;u v
kWLVsZM

  (1
7
7
7
–
1
8
5
1
)

* dksbZ MkV (¯cnq) vkidh vksj laosQr djrs rhj dh uksad tSlk izrhr gksrk gS rFkk
ØkWl fdlh rhj dh ia[k;qDr iw¡N tSlk izrhr gksrk gSA
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E = Q r̂ / (4πε

0
)r2 (4.1)

;gk¡ r̂ , r osQ vuqfn'k ,dkad lfn'k gS rFkk {ks=k E ,d lfn'k {ks=k gSA dksbZ
vkos'k q bl {ks=k ls vU;ksU; fØ;k djosQ ,d cy F dk vuqHko djrk gS

     F  =  q  E   = q Q r̂   / (4πε
0
) r 2 (4.2)

tSlk fd vè;k; 1 esa fu£n"V fd;k tk pqdk gS fd fo|qr {ks=k E ek=k
f'kYi rF; gh ugha gS] ijarq bldh HkkSfrd Hkwfedk Hkh gSA ;g ÅtkZ rFkk
laosx laizsf"kr dj ldrk gS rFkk ;g rR{k.k gh LFkkfir ugha gks tkrk oju
blosQ iSQyus esa ifjfer le; yxrk gSA {ks=k dh vfHk/kj.kk dks iSQjkMs }kjk
fo'ks"k egÙo fn;k x;k rFkk eSDlosy us fo|qr rFkk pqacdRo dks ,dho`Qr
djus esa bl vfHk/kj.kk dks lekosf'kr fd;kA fno~QLFkku esa izR;sd ¯cnq ij
fuHkZj gksus osQ lkFk&lkFk ;g le; osQ lkFk Hkh ifjo£rr gks ldrk gS] vFkkZr
;g le; dk iQyu gSA bl vè;k; esa ge viuh ppkZ esa] ;g ekusaxs fd
le; osQ lkFk {ks=k esa ifjorZu ugha gksrkA

fdlh fo'ks"k ̄ cnq ij fo|qr {ks=k ,d vFkok vf/d vkos'kksa osQ dkj.k
gks ldrk gSA ;fn ,d ls vf/d vkos'k gSa rks muosQ dkj.k mRiUu {ks=k
lfn'k :i ls la;ksftr gks tkrs gSaA vki igys vè;k; esa ;g lh[k gh pqosQ
gSa fd bls vè;kjksi.k dk fl¼kar dgrs gSaA ,d ckj ;fn {ks=k Kkr gS rks
ijh{k.k vkos'k ij cy dks lehdj.k (4.2) }kjk Kkr fd;k tk ldrk gSA

ftl izdkj fLFkj vkos'k fo|qr {ks=k mRiUu djrs gSa] fo|qr /kjk,¡ vFkok
xfreku vkos'k (fo|qr {ks=k osQ lkFk&lkFk) pqacdh; {ks=k mRiUu djrs gSa
ftls  B (r) }kjk fu£n"V fd;k tkrk gS rFkk ;g Hkh ,d lfn'k {ks=k gSA blosQ
fo|qr {ks=k osQ le:i cgqr ls ewy xq.k gSaA bls fno~QLFkku osQ gj ¯cnq ij
ifjHkkf"kr fd;k tkrk gS (vkSj lkFk gh le; ij fuHkZj dj ldrk gS)A
iz;ksxksa }kjk ;g ik;k x;k gS fd ;g vè;kjksi.k osQ fl¼kar dk ikyu djrk
gSA vè;kjksi.k dk fl¼kar bl izdkj gSµcgqr ls lzksrksa dk paqcdh; {ks=k
izR;sd O;f"Vxr lzksr osQ pqacdh; {ks=kksa dk lfn'k ;ksx gksrk gSA

4.2.2  pqacdh; {ks=k] yksjsat cy

eku yhft, fo|qr {ks=k E (r) rFkk pqacdh; {ks=k B (r) nksuksa dh mifLFkfr
esa dksbZ ¯cnq vkos'k q (osx  v ls xfreku rFkk fdlh fn, x, le; t ij

r ij fLFkr) fo|eku gSA fdlh vkos'k  q ij bu nksuksa {ks=kksa }kjk vkjksfir cy dks bl izdkj O;Dr
fd;k tk ldrk gSµ

F   = q [ E (r) +  v × B (r)] = Ffo|qr +Fpaqcdh; (4.3)

bl cy dks loZizFke ,p-,- yksjsat us ,sfEi;j rFkk vU; oSKkfudksa }kjk foLr̀r iSekus ij fd,
x, iz;ksxksa osQ vk/kj ij O;Dr fd;k FkkA bl cy dks vc yksjsat cy dgrs gSaA fo|qr {ks=k osQ
dkj.k yxus okys cy osQ ckjs esa rks vki foLrkj ls vè;;u dj gh pqosQ gSaA ;fn ge paqcdh;
{ks=k osQ lkFk vU;ksU; fØ;k ij è;ku nsa rks gesa fuEufyf[kr fo'ks"krk,¡ feyrh gSaµ
(i) ;g q, v rFkk B (d.k osQ vkos'k] osx rFkk pqacdh; {ks=k) ij fuHkZj djrk gSA ½.kkos'k ij

yxus okyk cy /ukos'k ij yxus okys cy osQ foijhr gksrk gSA

gsafMªd ,saVwu yksjs aT +k (1853 –

1928) yksjsaT+k MsuekoZQ osQ lS¼kafrd
HkkSfrdfoKkuh] fyMsu esa izksi+ sQlj FksA
mUgksaus fo|qr] pqacdRo rFkk ;kaf=kdh esa
laca/ dh [kkst dhA izdk'k mRltZdksa
ij paqcdh; {ks=k osQ izsf{kr izHkkoksa
(theku izHkko) dh O;k[;k djus osQ
fy, bUgksaus ijek.kq esa oS|qr vkos'kksa
osQ vfLrRo gksus dks vfHkx`ghr fd;kA
blosQ fy, bUgsa 1902 esa ukscsy iqjLdkj
iznku fd;k x;kA bUgksaus oqQN tfVy
my>u Hkjs xf.krh; rdks± osQ vk/kj
ij oqQN :ikarj.k lehdj.kksa dk ,d
leqPp; O;qRiUu fd;k ftls muosQ
lEeku esa yksjsa”k :ikarj.k lehdj.k
dgrs gSaA lehdj.kksa dks O;qRiUu djrs
le; bUgsa bl rF; osQ ckjs esa ;g Kkr
ugha Fkk fd ;s lehdj.k dky rFkk
fno~QLFkku dh u;h vfHkèkkj.kk ij
voyafcr gSaA

gsaf
M
ªd
 ,

saVwu
 y

ksj
sa”k

 (
1
8
5
3
 –

 1
9
2
8
)

2018-19



135

xfreku vkos'k vkSj pqacdRo

(ii) pqacdh; cy q [ v × B ] osx rFkk pqacdh; {ks=k dk ,d lfn'k xq.kuiQy gksrk gSA lfn'k
xq.kuiQy pqacdh; {ks=k osQ dkj.k cy dks lekIr ('kwU;) dj nsrk gSA ;g rc gksrk gS tc
cy] osx rFkk paqcdh; {ks=k nksuksa osQ yacor gksrk gS
(fdlh fn'kk esa)A tc osx rFkk pqacdh; {ks=k dh fn'kk
,d nwljs osQ lekarj ;k izfrlekarj gksrh gSA bldh fn'kk
lfn'k xq.kuiQy (Økl xq.kuiQy) osQ fy, fp=k 4.2 esa
n'kkZ, vuqlkj isap fu;e vFkok nf{k.k gLr fu;e }kjk
izkIr gksrh gSA

(iii) ;fn vkos'k xfreku ugha gS (rc |v|= 0) rks pqacdh;
cy 'kwU; gksrk gSA osQoy xfreku vkos'k gh cy dk
vuqHko djrk gSA
pqacdh; {ks=k osQ fy, O;atd pqacdh; {ks=k osQ ek=kd dh

ifjHkk"kk nsus esa gekjh lgk;rk djrk gSA ;fn cy osQ lehdj.k
esa gy q, F rFkk v lHkh dk eku ,dkad ekusa rks F = q

[v × B] =q v B sin θ n̂ ,  ;gk¡ θ  osx v rFkk pqacdh; {ks=k
B osQ chp dk dks.k gS ¹fp=k 4.2 (a) nsf[k,ºA pqacdh; {ks=k
B dk ifjek.k 1 SI ek=kd gksrk gS] tcfd fdlh ,dkad
vkos'k (1 C), tks fd B osQ yacor 1m/s osx v ls xfreku gS] ij yxk cy 1 U;wVu gksA

foeh; jhfr ls ge tkurs gSa fd [B] = [F/qv] rFkk B dk ek=kd U;wVu lsoaQM@owQykWe ehVj
gSA bl ek=kd dks VsLyk (T) dgrs gSa ftls fudksyk VsLyk (1856&1943) osQ uke ij j[kk
x;k gSA VsLyk ,d cM+k ek=kd gSA vr% ,d vis{kkòQr NksVs ek=kd xkml (=10–4 VsLyk ) dk izk;%
mi;ksx fd;k tkrk gSA fo'o osQ pqacdh; {ks=k osQ foLr̀r ifjlj dks lkj.kh 4.1 esa n'kkZ;k x;k gS

fp=k 4.2 vkosf'kr d.k ij yxs cy dh fn'kk (a) pqacdh; {ks=k
B ls θ dks.k cukrs gq, v osx ls xfreku dksbZ /ukosf'kr d.k
cy dk vuqHko djrk gS ftldh fn'kk nf{k.k gLr fu;e }kjk

izkIr gksrh gSA (b) pqacdh; {ks=k dh mifLFkfr esa xfr'khy
vkosf'kr d.k osQ fo{ksi q dh fn'kk –q osQ fo{ksi dh fn'kk osQ

foijhr gksrh gSA

4.2.3 fo|qr /kjkokgh pkyd ij pqacdh; cy

ge fdlh ,dy xfreku vkos'k ij paqcdh; {ks=k }kjk vkjksfir cy osQ fo'ys"k.k dk foLrkj
fo|qr /kjkokgh lh/h NM+ osQ fy, dj ldrs gSaA yackbZ l rFkk ,dleku vuqizLFk dkV A dh
fdlh NM+ ij fopkj djrs gSaA ge fdlh pkyd (ftlesa bysDVªkWu xfr'khy okgd gSa) dh Hkk¡fr
,d gh izdkj osQ xfr'khy okgd ekusaxsA eku yhft, bu xfr'khy vkos'k okgdksa dk la[;k ?kuRo
n gS rc pkyd esa oqQy xfr'khy vkos'k okgdksa dh la[;k nlA gqbZA bl pkyd NM+ esa vifjorhZ
fo|qr /kjk I osQ fy, ge ;g eku ldrs gSa fd izR;sd xfr'khy okgd dk viokg osx v

d
 gS

lkj.kh 4.1 fofo/ HkkSfrd ifjfLFkfr;ksa esa pqacdh; {ks=kksa ds ifjek.kksa dh dksfV

HkkSfrd ifjfLFkfr B dk ifjek.k (VsLyk, T esa)

U;wVªkWu rkjs dk i`"B 108

iz;ksx'kkyk esa izkfrfuf/d mPp {ks=k 1

NksVs NM+ pqacd ds lehi 10–2

i`Foh ds i`"B ij 10–5

ekuo raf=kdk rarq 10–10

varjkrkjdh; fno~QLFkku 10–12
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 m
nk
gj

.k
 4

.1

(vè;k; 3 nsf[k,)A fdlh cká pqacdh; {ks=k B dh mifLFkfr esa bu okgdksa ij cy
F = (nlA)q v

d
 × B

;gk¡ q fdlh okgd osQ vkos'k dk eku gSA vc ;gk¡ nq v
d
 fo|qr èkkjk ?kuRo j rFkk

|(nq v
d
)|A fo|qr èkkjk I gS (fo|qr /kjk rFkk fo|qr èkkjk ?kuRo ij ppkZ osQ fy, vè;k; 3

nsf[k,A) bl çdkj
F = [(nq v

d 
)lA] × B = [ jlA ] × B

   = Il × B (4.4)

;gk¡ l ,d lfn'k gS ftldk ifjek.k l gS tks fd NM+ dh yackbZ gS] rFkk bldh fn'kk fo|qr èkkjk
I osQ loZle gSA è;ku nhft, fo|qr èkkjk lfn'k ugha gSA lehdj.k (4.4) osQ vafre pj.k esa geus
lfn'k fpÉ dks j ls l ij LFkkukarfjr dj fn;k gSA

lehdj.k (4.4) lhèkh NM+ ij ykxw gksrh gSA bl lehdj.k esa B cká pqacdh; {ks=k gSA ;g
fo|qr èkkjkokgh NM+ }kjk mRiUu {ks=k ugha gSA ;fn rkj dh ;kǹfPNd vkÑfr gS] rks ge bl ij ykWjsat
cy dk ifjdyu] bls jsf[kd ifêð;ksa dl

j
 dk lewg ekudj rFkk ladyu }kjk dj ldrs gSa

d j

j

I= ∑F × Bl

vfèkdka'k çdj.kksa esa ladyu dks lekdyu esa ifjofrZr dj ysrs gSaA

fo|qr'khyrk (ijkoS|qrkad) rFkk pqacd'khyrk (ikjxE;rk)

xq#Rokd"kZ.k osQ lkoZf=kd fu;e esa ge ;g dgrs gSa fd nks ̄ cnq nzO;eku ,d nwljs ij cy vkjksfir djrs gSa tks mu
nzO;ekuksa] m

1
, m

2
 osQ xq.kuiQy osQ vuqØekuqikrh rFkk muosQ chp osQ nwjh r osQ oxZ osQ O;qRØekuqikrh gksrk gSA bls

ge bl çdkj F = Gm
1
m

2
/r2 O;Dr djrs gSa] ;gk¡ G xq#Rokd"kZ.k dk lkoZf=kd fu;rkad gSA blh çdkj

fLFkjoS|qfrdh esa owQykWe osQ fu;e esa] ge nks fo|qr vkos'kksa q
1
, q

2
 ftuosQ chp r i`Fkdu gS] yxus okys cy dks

F = kq
1
q

2
/r 2 }kjk O;Dr djrs gSa] ;gk¡ k ,d vuqØekuqikrh fLFkjkad gSA SI ek=kdksa esa] k 1/4πε gS] ;gk¡ ε ekè;e

dh fo|qr'khyrk gSA blh çdkj pqacdRo esa Hkh gesa ,d vU; fu;rkad çkIr gksrk gSA SI ek=kdksa esa ;g fu;rkad
µ/4π gS] ;gk¡ µ ekè;e dh pqacd'khyrk gSA

;|fi G, ε rFkk µ vuqØekuqikrh fu;rkad osQ :i esa çdV gksrs gSa] ijarq xq#Rokd"kZ.k cy rFkk fo|qr pqacdh;
cy esa ,d varj gSA tcfd xq#Rokd"kZ.k cy nks oLrqvksa osQ chp osQ ekè;e dh çÑfr ij fuHkZj ugha djrk] fo|qr
pqacdh; cy] nks vkos'kksa vFkok pqacdksa osQ chp osQ ekè;e ij fuHkZj djrk gSA vr% G ,d lkoZf=kd fLFkjkad gS]
ε rFkk µ ekè;e ij fuHkZj djrs gaSA buosQ fofHkUu ekè;eksa osQ fy, fHkUu&fHkUu eku gSaA xq.kuiQy εµ dk fo|qr pqacdh;
fofdj.kksa dh pky v ls ,d lacaèk εµ =1/ v 2 gSA

fo|qr ijkoS|qrkad ε ,d HkkSfrd jkf'k gS tks ;g Li"V djrh gS fd dksbZ fo|qr {ks=k ekè;e dks rFkk ekè;e }kjk
fdl çdkj çHkkfor gksrk gSA bldk fuèkkZj.k vuqç;qDr {ks=k osQ çR;qÙkj esa ekè; osQ èkzqfor gksus osQ xq.k] ftlosQ }kjk
;g fdlh inkFkZ osQ Hkhrj osQ {ks=k dks vkaf'kd :i ls fujflr djrk gS] ls fd;k tkrk gSA blh çdkj pqacdh; ikjxE;rk
µ fdlh inkFkZ dh pqacdh; {ks=kksa esa pqacdu vftZr djus dh lkeF;Z gksrh gSA bldh eki pqacdh; {ks=kksa }kjk inkFkZ
dks osèku djus dh lhek ls dh tkrh gSA

mnkgj.k 4.1 200 g nzO;eku rFkk 1.5 m yackbZ osQ fdlh lhèks rkj ls 2 A fo|qr èkkjk
çokfgr gks jgh gSA ;g fdlh ,dleku {kSfrt B pqacdh; {ks=k }kjk ok;q osQ chp esa fuyafcr
gS (fp=k 4.3)A pqacdh; {ks=k dk ifjek.k Kkr dhft,A
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 mnkgj.k 4
.2

  mnkgj.k 4
.1

fp=k 4.3

gy lehdj.k (4.4) osQ vuqlkj] rkj chp&ok;q esa fuyafcr gS blosQ fuyafcr jgus osQ fy, bl
ij ,d mifjeq[kh cy F ftldk ifjek.k IlB  yxuk pkfg, tks blosQ Hkkj mg dks larqfyr
dj losQA vr%

m g = I lB

  
m g

B
I l

=

     
0.2 9.81

0.65 T
2 1.5

×
= =

×

è;ku nhft,] ;gk¡ ij m/l vFkkZr rkj dk çfr ,dkad yackbZ nzO;eku crkuk i;kZIr gSA i`Foh
osQ pqacdh; {ks=k dk eku yxHkx 4 × 10–5 T gS ftldh geus ;gk¡ mis{kk dh gSA

mnkgj.k 4.2 ;fn pqacdh; {ks=k èkukRed y-v{k osQ lekUrj gS rFkk vkosf'kr d.k èkukRed
x-v{k osQ vuqfn'k xfreku gS (fp=k 4.4 nsf[k, ), rks yksjsat cy fdl vksj yxsxk tcfd xfreku
d.k (a) bysDVªkWu (½.k vkos'k) (b) çksVkWu (èku vkos'k) gSA

fp=k 4.4

gy  d.k osQ osx v dh fn'kk x-v{k osQ vuqfn'k gS tcfd pqacdh; {ks=k B dh fn'kk y-v{k osQ
vuqfn'k gS] vr% yksjsat cy v × B dh fn'kk z-v{k osQ vuqfn'k (isap fu;e vFkok nf{k.k gLr
vaxq"B fu;e) gSA vr% (a) bysDVªkWu osQ fy, ;g cy –z v{k osQ vuqfn'k rFkk (b) èkukos'k
(izksVkWu) osQ fy, ;g +z v{k osQ vuqfn'k gSA

4.3 pqacdh; {ks=k esa xfr
vc ge vkSj vf/d foLrkj ls pqacdh; {ks=k esa xfr'khy vkos'k osQ fo"k; esa vè;;u djsaxsA geus
;kaf=kdh (d{kk 11 dh ikB~;iqLrd dk vè;k; 6 nsf[k,) esa ;g lh[kk gS fd ;fn fdlh cy
dk d.k dh xfr dh fn'kk esa (vFkok mlosQ foijhr) dksbZ vo;o gS rks og cy ml d.k

p
aqcd

h; {ks=k esa xfreku v
kosf'kr d
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ij dk;Z djrk gSA pqacdh; {ks=k esa vkos'k dh xfr osQ izdj.k esa] pqacdh; cy d.k
osQ osx dh fn'kk osQ yacor gksrk gSA vr% dksbZ dk;Z ugha gksrk rFkk osx osQ ifjek.k
esa Hkh dksbZ ifjorZu ugha gksrk (;|fi laosx dh fn'kk esa ifjorZu gks ldrk gSA [è;ku
nhft,] ;g fo|qr {ks=k osQ dkj.k cy] qE, ls fHkUu gS] ftldk xfr osQ lekarj
(vFkok izfrlekarj) vo;o gks ldrk gS vkSj bl izdkj laosx osQ lkFk&lkFk ÅtkZ
dks Hkh LFkkukarfjr dj ldrk gSAº

ge fdlh ,dleku pqacdh; {ks=k esa vkosf'kr d.k dh xfr ij fopkj djsaxsA
igys ml fLFkfr ij fopkj dhft, ftlesa osx v pqacdh; {ks=k B osQ yacor gSA
yacor cy q v × B vfHkosaQnz cy dh Hkk¡fr dk;Z djrk gS rFkk pqacdh; {ks=k osQ
yacor orqZy xfr mRiUu djrk gSA ;fn v rFkk B ,d nwljs osQ yacor gSa] rks d.k
(vFkkZr fdlh o`Ùk osQ vuqfn'k) orqZy xfr djsxk (fp=k 4.5)A

;fn osx v dk dksbZ vo;o gS] B osQ vuqfn'k rks ;g vo;o vifjofrZr jgrk
gS] D;ksafd pqacdh; {ks=k osQ vuqfn'k xfr dks pqacdh; {ks=k
izHkkfor ugha djsxkA B osQ yacor fdlh ry esa xfr] igys dh
Hkk¡fr] orqZy xfr gh gS ftlls ;g vo;o oqQaMfyuh xfr mRiUu
djrk gS (fp=k 4.6)A

vkius fiNyh d{kkvksa esa ;g lh[k fy;k gS (nsf[k,
vè;k; 4 d{kk 11) fd ;fn fdlh d.k osQ o`Ùkkdkj iFk dh
f=kT;k r gS rks ml d.k ij ,d cy m v2 / r o`Ùk osQ osaQnz dh
vksj rFkk iFk osQ yacor dk;Z djrk gS ftls vfHkosaQnz cy dgrs
gSaA ;fn osx v pqacdh; {ks=k B osQ yacor gS] rks pqacdh; cy
osx v rFkk pqacdh; {ks=k B osQ yacor gksrk gS rFkk vfHkosaQnz cy
dh Hkk¡fr bldk ifjek.k q v B gksrk gSA nksuksa vfHkosaQnz cy osQ
O;atdksa dks lehdj.k osQ :i esa fy[kus ij

m v 2/r = q v B,

r =  m v / qB (4.5)

ftruk vf/d laosx gksxk mruh gh vf/d fufeZr o`Ùk dh
f=kT;k gksxh rFkk fu£er o`Ùk Hkh cM+k gksxkA ;fn dks.kh; vko`fÙk ω gS rks v = ωr  vr%

ω  = 2π ν =  q B/ m [4.6(a)]

dks.kh; vko`fÙk ω osx vFkok ÅtkZ ij fuHkZj ugha djrhA ;gk¡ ν ?kw.kZu dh vko`fÙk gSA ν osQ ÅtkZ
ij fuHkZj u djus dk lkbDyksVªkWu osQ fM”kkbu esa ,d egRoiw.kZ vuqiz;ksx gS (vuqHkkx 4.4.2

nsf[k,)A

,d ifjØek iwjh djus esa yxk le; T= 2π/ω  ≡ 1/ν, ;fn pqacdh; {ks=k osQ lekarj osx
dk dksbZ vo;o (v

||
 }kjk fufnZ"V) gS] d.k dk iFk oqaQMfyuh (lfiZykdkj) tSlk gksxkA ,d

?kw.kZu esa d.k }kjk pqacdh; {ks=k osQ vuqfn'k pyh xbZ nwjh dks fip ;k pwM+h varjky dgrs gSaA
lehdj.k [4.6 (a)] dk mi;ksx djus ij gesa izkIr gksrk gSA

p =   v
 ||

T  =  2πm v
 ||

 / q B [4.6(b)]

xfr osQ o`Ùkh; vo;o dh f=kT;k dks oqaQMfyuh dh f=kT;k dgrs gSaA

fp=k 4.5 orqZy xfr

fp=k 4.6 oqaQMfyuh xfr

pwM+h varjky (fip)

f=kT;k
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 mnkgj.k 4
.3

mnkgj.k 4.3 6 × 10–4 T osQ pqacdh; {ks=k osQ yacor 3 ×107 m/s dh pky ls xfreku
fdlh bysDVªkWu (nzO;eku 9 × 10-31 kg rFkk vkos'k 1.6 × 10–19 C) osQ iFk dh f=kT;k D;k gS\
bldh D;k vkòfÙk gksxh\ bldh ÅtkZ KeV esa ifjdfyr dhft,A  ( 1 eV = 1.6 × 10–19 J)

gy lehdj.k (4.5) dk mi;ksx djus ij ge ikrs gSa
r  = m v / (qB)  = 9 ×10–31 kg × 3 × 107  m s–1 / ( 1.6 × 10–19 C × 6 × 10–4 T )

                      = 26 × 10–2 m = 26 cm

ν = v / (2 πr) = 2×106 s–1   = 2×106  Hz =2 MHz.

E = (½ )mv 2   = (½ ) 9 × 10–31 kg × 9 × 1014 m2/s2  = 40.5 ×10–17 J

  ≈  4×10–16 J = 2.5 KeV

vkosf'kr d.kksa dh oqaQMfyuh xfr rFkk mÙkj /zqoh; T;ksfr

èkqzoh; {ks=kksa tSls vykLdk rFkk mÙkjh dukMk esa vkdk'k esa o.kks± dk vR;ar oSHko'kkyh n`'; fn[kkbZ nsrk gSA u`R; djrs
gjs xqykch izdj.kksa dk n`f"Vxkspj gksuk ftruk euksgkjh o fpÙkkd"kZd gS mruk gh my>u iw.kZ Hkh gSA HkkSfrdh esa vc
bl izkÑfrd ifj?kVuk dk Li"Vhdj.k izkIr gks x;k gS ftldk bl vè;k; osQ varxZr ge vè;;u dj jgs gSa mlls
lacaèk j[krk gSA

eku yhft, nzO;eku m rFkk vkos'k q dk dksbZ d.k vkjafHkd osx v ls fdlh pqacdh; {ks=k B esa izos'k djrk gSA
eku yhft, bl osx dk pqacdh; {ks=k osQ lekarj vo;o v

p
 rFkk bl {ks=k osQ vfHkyacor vo;o v

n 
gSA vkosf'kr d.k

ij pqacdh; {ks=k osQ vuqfn'k dksbZ cy ugha gSA osx v
p
 ls fujarj pqacdh; {ks=k osQ lekarj xfreku jgrk gSA d.k ij

dk;Zjr osx osQ vfHkyacor vo;o osQ dkj.k bl ij yksjsat cy (v
n
 × B) dk;Z djrk gS ftldh fn'kk v

n
 rFkk B nksuksa

osQ yacor gksrh gSA tSlk fd vuqHkkx 4.3.1 esa ns[k pqosQ gSa] bl izdkj d.k esa orqZy xfr djus dh izo`fÙk mRiUu gks
tkrh gS rFkk og orqZy xfr pqacdh; {ks=k osQ yacor ry esa gksrh gSA tc ;g xfr pqacdh; {ks=k osQ lekarj d.k dh
xfr ls ;qfXer gks tkrh gS rks ifj.kkeh iz{ksi iFk js[kkvksa osQ pqacdh; {ks=k osQ vuqfn'k oqaQMfyuh gksrk gS tSlk fd ;gk¡
fp=k (a) esa n'kkZ;k x;k gSA ;fn {ks=k js[kk,¡ eqM+ Hkh tkrh gSa rks Hkh oqaQMfyuh iFk ij xfr'khy d.k ik'k esa i¡Qldj
pqacdh; {ks=k osQ pkjksa vksj xfr djus osQ fy, funsZf'kr gksrk gSA pw¡fd yksjsat cy izR;sd ¯cnq ij osx osQ yacor gS]
{ks=k d.k ij dksbZ dk;Z ugha djrk rFkk osx dk ifjek.k leku jgrk gSA

lkSj izToky osQ le; lw;Z ls fo'kky la[;k esa bysDVªkWu rFkk izksVkWu ckgj mRlftZr gksrs gSaA muesa ls oqQN i`Foh osQ
pqacdh; {ks=k osQ ik'k esa i¡Ql tkrs gSa rFkk {ks=k js[kkvksa osQ vuqfn'k oqaQMfyuh iFk ij xfr djrs gSaA i`Foh osQ pqacdh;
{ks=k dh {ks=k js[kk,¡ pqacdh; èkzqoksa ij cgqr ikl&ikl vk tkrh gSa [nsf[k, fp=k (b)] vr% èkqzoksa osQ fudV vkos'kksa dk
?kuRo c<+ tkrk gSA ;s vkosf'kr d.k ok;qeaMy osQ v.kqvksa ls rFkk ijek.kqvksa ls Vdjkrs gSaA mÙksftr vkWDlhtu ijek.kq
gjk izdk'k mRlftZr djrs gSa rFkk mÙksftr ukbVªkstu ijek.kq xqykch izdk'k mRlftZr djrs gSaA HkkSfrdh esa bl ifj?kVuk
dks mÙkj èkqzoh; T;ksfr dgrs gSaA
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4.4 la;qDr fo|qr rFkk pqacdh; {ks=kksa esa xfr
4.4.1 osx oj.kdrkZ

vki tkurs gSa fd fo|qr rFkk pqacdh; nksuksa {ks=kksa dh mifLFkfr esa v osx ls xfreku q vkos'k osQ d.k
ij lehdj.k (4.3) osQ vuqlkj ,d cy dk;Z djrk gS ftls bl izdkj O;Dr djrs gSa%

F = q (E + v × B) = F
E
 + F

B

ge ;gk¡ fp=k 4.7 esa n'kkZ, vuqlkj ,d ljy fLFkfr ij fopkj djsaxs ftlesa fo|qr
{ks=k rFkk pqacdh; {ks=k ,d nwljs osQ yacor gSa rFkk d.k dk osx bu nksuksa {ks=kksa osQ yacor
gSA rc

E j B k v i= = =E B vˆ ˆ ˆ, ,

( )ˆ ˆ ˆ ˆ, , –E Bq qE q q v B qB= = = = =F E j F v × B i × k j

vr% ( )ˆ–q E vB=F j

bl izdkj fp=k esa n'kkZ, vuqlkj fo|qr cy rFkk pqacdh; cy ,d nwljs osQ foijhr
fn'kk esa gSaA eku yhft, ge E rFkk B osQ ekuksa dks bl izdkj lek;ksftr djrs gSa fd bu
cyksa osQ ifjek.k leku gks tk,¡ rks vkos'k ij oqQy cy 'kwU; gks tk,xk rFkk vkos'k bu {ks=kksa
esa fcuk fo{ksfir gq, xeu djsxkA ;g rc gksxk tc

E
qE qvB v

B
= =vFkok (4.7)

bl 'krZ dk mi;ksx fofHkUu xfr ls xfreku vkos'kksa (pkgs muosQ vkos'k rFkk nzO;eku oqQN
Hkh gksa) osQ iqat ls fdlh fo'ks"k osx osQ vkosf'kr d.kksa dks pquus esa fd;k tkrk gSA vr% ØkWflr
pqacdh; o fo|qr {ks=k osx oj.kdrkZ osQ leku dk;Z djrs gSaA osQoy E/B dh pky okys d.k
gh bl ØkWflr {ks=kksa okys LFkku ls fcuk fo{ksfir gq, xq”kjrs gSaA bl fof/ dk mi;ksx lu 1897

esa ts- ts- Fkkelu us bysDVªkWu dk vkos'k&nzO;eku vuqikr (e/m) ekius esa fd;k FkkA bl fl¼kar
dk mi;ksx nzO;eku LisDVªksehVj esa Hkh fd;k tkrk gSA ;g ,slh ;qfDr gS tks vkosf'kr d.kksa dks]
izk;% vk;uksa] muosQ vkos'k&nzO;eku vuqikr osQ vuqlkj i`Fkd djrh gSA

4.4.2 lkbDyksVªkWu
lkbDyksVªkWu vkosf'kr d.kksa vFkok vk;uksa dk mPp ÅtkZvksa rd Rofjr djus okyk ;a=k gSA bldk
vkfo"dj ukfHkdh; lajpuk osQ vUos"k.k osQ fy, lu~ 1934 esa bZ-vks- yksjsa”k rFkk ,e- ,l-
fy¯oXLVkWu us fd;k FkkA vkosf'kr d.kksa dh ÅtkZ esa o`f¼ djus osQ fy, lkbDyksVªkWu esa la;qDr
:i esa fo|qr {ks=k rFkk pqacdh; {ks=k nksuksa dk mi;ksx fd;k tkrk gSA pw¡fd ;s nksuksa {ks=k ,d nwljs
osQ yacor yxk, tkrs gSa] bUgsa ØkWflr {ks=k dgrs gSaA lkbDyksVªkWu esa bl rF; dk mi;ksx fd;k
tkrk gS fd ¶pqacdh; {ks=k esa ifjØe.k djus okys vkosf'kr d.kksa dh ifjØe.k dh vko`fÙk d.k
dh ÅtkZ ij fuHkZj ugha djrhA¸ d.k vf/dka'k le; rd nks v/Zo`Ùkkdkj pfØdk tSls /krq osQ
ik=kksa] D1 rFkk D2 osQ chp xfr djrs gSaA bu /krq osQ ik=kksa dks ^Mht* (Dees) dgrs gSa D;ksafd
;s vaxzs”kh osQ o.kZekyk osQ v{kj 'D' tSls fn[kkbZ nsrs gSaA fp=k 4.8 esa lkbDyksVªkWu dk O;oLFkk
vkjs[k n'kkZ;k x;k gSA /krq osQ ckWDlksa osQ Hkhrj d.k ifjjf{kr jgrs gSa rFkk bu ij fo|qr {ks=k dk;Z
ugha djrkA rFkkfi d.k ij pqacdh; {ks=k dk;Z djrk gS ftlosQ dkj.k og ,d ^Mh* osQ vaanj
orqZy xfr djrk gSA izR;sd ckj tc d.k ,d ^Mh* ls nwljh ^Mh* esa tkrk gS rks gj ckj ml
ij fo|qr {ks=k dk;Z djrk gSA izR;korhZ :i ls fo|qr {ks=k dk fpÉ ifjofrZr gksrk jgrk gS rFkk
bldk d.k dh orZqy xfr osQ lkFk lkeatL; gksrk gSA blls ;g lqfuf'pr gksrk gS fd d.k lnSo
fo|qr {ks=k }kjk Rokfjr gksrk gSA gj ckj Roj.k ls d.k dh ÅtkZ esa o`f¼ gksrh gSA tSls&tSls ÅtkZ

fp=k 4.7
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esa o`f¼ gksrh tkrh gS mlosQ òÙkkdkj iFk dh f=kT;k esa Hkh òf¼ gksrh gSA vr% d.k dk iFk lfiZykdkj
gksrk gSA

bl lkjs la;kstu dks fuokZfrr fd;k tkrk gS rkfd vk;uksa rFkk ok;q osQ v.kqvksa osQ chp la?kêð
U;wure gks tk,A Mh”k ij ,d mPp izR;korhZ oksYVrk vuqiz;qDr dh tkrh gSA fp=k 4.8 esa n'kkZ,
x, vkjs[k esa /uk;u vFkok èkukosf'kr d.k (d.k izksVkWu) osaQnz P ij eqDr fd, tkrs gSaA ;s fdlh
,d ^Mh* esa v/Zo`Ùkkdj iFk ij xeu djrs gq, T/2 le; varjky esa Mh”k osQ chp osQ fjDr
LFkku esa vkrs gSaA ;gk¡ T ifjØe.k dky gS ftldk eku lehdj.k (4.6) osQ vuqlkj

 
1 2

c

m
T

qB

π
ν

= =

vFkok 
2

c

qB

m
ν

π
= (4.8)

izR;{k rdks± osQ vk/kj ij bl vko`fÙk dks lkbDyksVªkWu vko`fÙk dgrs gSa rFkk bls ν
c 
}kjk

fufnZ"V fd;k tkrk gSA
lkbDyksVªkWu esa vuqiz;qDr oksYVrk dh vko`fÙk ν

a
 dks bl izdkj lek;ksftr fd;k tkrk gS fd

ftrus le; esa vk;u viuk vk/k ifjØe.k iwjk djrk gS mrus gh le; esa Mh”k dh /zqork
ifjofrZr gks tkrh gSA blosQ fy, vko';d 'krZ ν

a
 = ν

c
 dks vuqukn dh 'krZ dgrs gSaA lzksr dk

dyk dk lek;kstu bl izdkj fd;k tkrk gS fd tc /uk;u D
1
 osQ Nksj ij igq¡prk gS rks ml

le; D
2
 fuEu foHko ij gksrk gS rFkk vk;u bl fjDr LFkku esa Rofjr gksrs gSaA Mh”k osQ Hkhrj

d.k ,sls {ks=k esa xeu djrs gSa tgk¡ fo|qr {ks=k ugha gksrkA gj ckj d.k ,d Mh ls nwljh Mh ij
tkus esa d.k dh ÅtkZ esa qV dh o`f¼ gksrh gS (;gk¡ V MhT+k osQ
chp ml le; dh oksYVrk gSA) lehdj.k (4.5) ls ;g Li"V gS
fd d.kksa osQ iFkksa dh f=kT;k esa gj ckj] xfrt ÅtkZvksa esa òf¼ gksus
osQ dkj.k òf¼ gksrh tkrh gSA vk;u Mh”k osQ chp ckjackj ml le;
rd Rofjr gksrs jgrs gSa tc rd fd os yxHkx Mh”k osQ cjkcj
f=kT;k ikus osQ fy, vko';d ÅtkZ izkIr ugha dj ysrsA ml le;
fiQj ls pqacdh; {ks=k }kjk fo{ksfir gksdj fuxZe f>jh }kjk fudk;
ls ckgj fudy tkrs gSaA lehdj.k (4.5) ls] gesa izkIr gksrk gSµ

qBR
v

m
= (4.9)

;gk¡ R fuxZe ij iz{ksi dh f=kT;k gS rFkk ;g MhT+k dh f=kT;k osQ
cjkcj gSA

vr% vk;uksa dh xfrt ÅtkZ

2 2 2
21

2 2

q B R
m

m
=v (4.10)

lkbDyksVªkWu dk izpkyu bl rF; ij vk/kfjr gS fd fdlh
vk;u osQ ,d ifjØe.k dk le; vk;u dh pky vFkok d{kk dh
f=kT;k ij fuHkZj ugha gSA lkbDyksVªkWu dk mi;ksx blesa Rofjr
ÅtkZ;qDr d.kksa }kjk ukfHkd ij ceckjh djosQ ifj.kkeh ukfHkdh;
vfHkfØ;kvksa dk vè;;u djus osQ fy, fd;k tkrk gSA bldk
mi;ksx Bkslksa esa vk;uksa dks jksfir djosQ muosQ xq.kksa esa lq/kj djus
vkSj ;gk¡ rd fd u, inkFkks± dks la'ysf"kr djus esa Hkh fd;k tkrk

fp=k 4.8 lkbDyksVªkWu dk O;oLFkk vkjs[kA ¯cnq P ij
vkosf'kr d.kksa vFkok vk;uksa dk Ïksr gSA ;s vkosf'kr d.k
;k vk;u ,dleku yacor pqacdh; {ks=k B osQ dkj.k D

1

rFkk D
2
 MhT+k ds Hkhrj&o`Ùkkdkj iFk ij xeu djrs gSaA ,d

izR;korhZ oksYVrk Ïksr bu vkosf'kr d.kksa dks mPp pkyksa
rd Rofjr djrk gSA varr% vkosf'kr d.k ckgjh }kj ls

fudky fn, tkrs gSaA
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 m
nk
gj

.k
 4

.4

gSA bldk mi;ksx jsfM;ks,fDVo inkFkks± dks mRiUu djus esa fd;k tkrk gSA bu jsfM;ks,fDVo inkFkks±
dks vLirkyksa esa jksxh osQ funku rFkk mipkj esa fd;k tkrk gSA

mnkgj.k 4.4 lkbDyksVªkWu dh nksfy=k vko`fÙk 10 MHz gSA izksVkWuksa dks Rofjr djus osQ fy,
izpkyu pqacdh; {ks=k dk eku fdruk gksuk pkfg,A ;fn Mh”k dh f=kT;k 60 cm gS rks Rojd
}kjk mRiUu izksVkWu iqat dh xfrt ÅtkZ MeV esa ifjdfyr dhft,A
(e =1.60 × 10–19 C, m

p
 = 1.67 × 10–27 kg,  1 MeV = 1.6 × 10–13 J).

gy nksfy=k vko`fÙk izksVkWu osQ lkbDyksVªkWu osQ cjkcj gksuh pkfg,A
lehdj.kksa (4.5) rFkk [4.6 (a)] dk mi;ksx djus ij gesa izkIr gksrk gS
B  = 2π m ν/q  = 6.3 ×1.67 × 10–27 ×  107 / (1.6 × 10–19) = 0.66 T

izksVkWu dk vafre osx
v =  r × 2π ν = 0.6 m × 6.3 ×107 = 3.78 × 107  m/s.

E = ½ mv 2 = 1.67 × 10–27 × 14.3 × 1014 / (2 × 1.6 × 10–13)  = 7 MeV

Hkkjr esa Rojd

Hkkjr Rojd&vkèkkfjr vuqlaèkku osQ {ks=k esa ços'k djus okyk vxz.kh ns'k gSA MkW- es?kukn lkgk dh nwjnf'kZrk osQ dkj.k
lu~ 1953 esa dksydkrk osQ lkgk ukfHkdh; HkkSfrdh laLFkku us 37" lkbDyksVªkWu LFkkfir dj fy;k FkkA blosQ i'pkr
rks 'kh?kz gh Hkkjr osQ fofHkUu laLFkkuksa_ tSlsµVkVk HkkSfed vuqla/ku laLFkku (TIFR), eqacbZ_ vyhx<+ eqfLye
fo'ofo|ky;, vyhx<+_ cksl baLVhV~;wV] dksydkrk rFkk vkaèkzk fo'ofo|ky;] okYVs;j esa dksdjksÝV&okYVu çdkj osQ
dbZ Rojd LFkkfir gks x,A

lkB osQ n'kd esa rks dbZ oku Ms xzkiQ Rojd LFkkfir gq,µ 5.5 MV VfeZuy e'khu HkkHkk ijek.kq vuqlaèkku osaQnz
(BARC), eqacbZ (1963)_ 2 MV VfeZuy e'khu Hkkjrh; çkS|ksfxdh laLFkku] dkuiqj_ 400 kV VfeZuy e'khu cukjl
¯gnw fo'ofo|ky;] okjk.klh rFkk iatkch fo'ofo|ky;] ifV;kykA vesfjdk osQ jks'ksLVj fo'ofo|ky; }kjk çnku fd,
x, 66 cm lkbDyksVªkWu dks iatkc fo'ofo|ky;] paMhx<+ esa LFkkfir fd;k x;kA ,d y?kq bysDVªkWu Rojd iwuk
fo'ofo|ky;] iq.ks esa Hkh LFkkfir fd;k x;kA

lÙkj rFkk vLlh osQ n'kdksa esa ,d çeq[k lw=kikr ifjorhZ ÅtkZ lkbDyksVªkWu osaQnz (VECC), dksydkrk }kjk iw.kZr%
Hkkjrh; lalkèkuksa dk mi;ksx djosQ ifjorhZ ÅtkZ lkbDyksVªkWu fufeZr djosQ fd;k x;k_ HkkHkk ijek.kq vuqlaèkku osaQnz
(BARC) eqacbZ us 2 MV VSaMse oku Ms xzkiQ Rojd fodflr ,oa fufeZr fd;k rFkk VkVk HkkSfed vuqla/ku laLFkku
esa14 MV VSaMse isYysVªkWu Rojd LFkkfir fd;k x;kA

blosQ i'pkr 'kh?kz gh fo'ofo|ky; vuqnku vk;ksx (UGC), u;h fnYyh us varj fo'ofo|ky; lqfoèkk osQ :i
esa varjfo'ofo|ky; Rojd osaQnz (IUAC), u;h fnYyh esa ,d 15 MV VSaMse isYysVªkWu_ HkkSfrdh laLFkku] Hkqous'oj
esa ,d 3 MV VSaMse isYysVªkWu_ vUos"k.k] HkUos"k.k o vuqlaèkku dk ijek.kq [kfut funs'kky;] gSnjkckn rFkk bafnjk xkaèkh
ijek.kq vuqlaèkku osaQnz] dyiDde esa nks 1.7 MV VS.MsVªkWu LFkkfir djk,A TIFR rFkk IUAC nksuksa gh viuh lqfoèkk,¡]
vfrpkyd LINAC ekWM~;wy ftudk mi;ksx vk;uksa dks mPp ÅtkZvksa rd Rofjr djus esa fd;k tkrk gS] osQ lkFk
vkxs c<+k jgs gSaA

bu Rojdksa osQ vfrfjDr ijek.kq ÅtkZ foHkkx us Hkh cgqr ls bysDVªkWu Rojd fodflr fd, gSaA jktk jkeUuk vxzorhZ
çkS|ksfxdh osaQnz] bankSj esa ,d 2 GeV flaØksVªkWu fofdj.k lzksr fufeZr fd;k tk jgk gSA

ijek.kq ÅtkZ foHkkx Hkfo"; esa fodYi osQ :i esa 'kfDr mRiknu rFkk fo[kaMuh; inkFkZ osQ çtuu osQ fy, Rojd
çpkfyr la;a=kksa ij fopkj dj jgk gSA
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4.5 fo|qr /kjk vo;o osQ dkj.k pqacdh; {ks=k]
ck;ks&lkoVZ fu;e

ftrus pqacdh; {ks=k gesa Kkr gSa os lHkh fo|qr /kjkvksa (vFkok xfr'khy vkos'kksa) rFkk d.kksa osQ
uSt pqacdh; vk?kw.kks± osQ dkj.k mRiUu gq, gSaA ;gk¡ vc ge fo|qr /kjk rFkk mlosQ
}kjk mRiUu pqacdh; {ks=k osQ chp laca/ osQ ckjs esa vè;;u djsaxsA ;g laca/ ck;ks
lkoVZ fu;e }kjk izkIr gksrk gSA fp=k 4.9 esa ,d ifjfer fo|qr /kjk pkyd XY

n'kkZ;k x;k gS] ftlesa fo|qr /kjk I izokfgr gks jgh gSA pkyd osQ vfrvYi vo;o
dl  ij fopkj dhft,A eku yhft, gesa bl vo;o }kjk blls r nwjh ij fLFkr fdlh
¯cnq P ij pqacdh; {ks=k dB dk eku fu/kZfjr djuk gSA eku yhft, foLFkkiu lfn'k
r rFkk dl osQ chp θ dks.k curk gSA rc ck;ks&lkoVZ fu;e osQ vuqlkj pqacdh; {ks=k
dB dk ifjek.k fo|qr /kjk I, yackbZ vo;o |dl|osQ vuqØekuqikrh rFkk nwjh r osQ
oxZ osQ O;qRØekuqikrh gSA bl {ks=k dh fn'kk* dl rFkk r osQ ryksa osQ yacor gksxhA vr%
lfn'k laosQr i¼fr esa

3

I d
d

r

×
∝

r
B

l

           
0

34

I d

r

µ ×
=

π

rl
 [4.11(a)]

;gk¡ µ
0
/4π vuqØekuqikfrd fu;rkad gSA mijksDr lehdj.k rc ykxw gksrk gS tcfd

ekè;e fuokZr gksrk gSA
bl {ks=k dk ifjek.k

0

2

d sin
d

4

I l

r

µ θ
=

π
B [4.11(b)]

;gk¡ geus lfn'k&xq.kuiQy osQ xq.k/eZ |dl × r|= dl r sinθ dk mi;ksx fd;k gSA pqacdh; {ks=k

osQ fy, lehdj.k [4.11(a)] ewy lehdj.k gSA vuqØekuqikrh fu;rkad 0

4π

µ
 dk ;FkkFkZ eku gSµ

70 10 Tm/A
4

µ −=
π

[4.11(c)]

jkf'k µ
0
 dks eqDr vkdk'k (;k fuokZr) dh pqacd'khyrk fu;rkad dgrs gSaA

pqacdh; {ks=k osQ ck;ks&lkoVZ fu;e vkSj fLFkjoS|qfrdh osQ owQykWe fu;e esa oqQN lekurk,¡
gSa rFkk oqQN vlekurk,¡A blesa ls oqQN fuEu izdkj gSa&
(i) nksuksa nh?kZ&ijklh gSa] D;ksafd nksuksa gh lzksr ls ijh{k.k fcanq rd dh nwjh osQ oxZ osQ

O;qRØekuqikrh gksrs gSaA nksuksa gh {ks=kksa ij vè;kjksi.k fl¼kar ykxw gksrk gS [bl laca/ esa ;g
è;ku nhft, fd lzksr I dl esa pqacdh; {ks=k jSf[kd gS tSls fd vius lzksr] fo|qr vkos'k esa
fLFkj oS|qr {ks=k jSf[kd gSA]

* dl × r dh fn'kk nf{k.k gLr isap fu;e }kjk Hkh izkIr gksrh gSA dl rFkk r osQ ryksa dks nsf[k,A dYiuk
dhft, fd vki igys lfn'k ls nwljs lfn'k dh vksj xeu dj jgs gSaA ;fn xfr okekorZ gS rks ifj.kkeh
vkidh vksj ladsr djsxkA ;fn ;g nf{k.kkorZ gS rks ifj.kkeh vkils nwj dh vksj gksxkA

fp=k 4.9 ck;ks&lkoVZ fu;e dk fun'kZ
fp=kA fo|qr/kjk&vo;o I dl, r nwjh ij
fLFkr fcanq ij {ks=k dB mRiUu djrk gSA

⊗ fpÉ ;g bafxr djrk gS fd {ks=k
dkx”k osQ ry osQ vfHkyacor uhps dh

vksj izHkkoh gSA
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(ii) fLFkjoS|qr {ks=k vkfn'k lzksr] tSls oS|qr vkos'k] }kjk mRiUu gksrk gS tcfd pqacdh; {ks=k ,d
lfn'k lzksr tSls] I dl }kjk mRiUu gksrk gSA

(iii) fLFkjoS|qr {ks=k lzksr dks {ks=k osQ ¯cnq ls feykus okys foLFkkiu lfn'k osQ vuqfn'k gksrk gS
tcfd pqacdh; {ks=k foLFkkiu lfn'k r rFkk fo|qr /kjk vo;o I dl nksuksa osQ ryksa osQ yacor
gksrk gSA

(iv) ck;ks&lkoVZ fu;e esa dks.k ij fuHkZjrk gS tks fLFkj oS|qr {ks=k esa ugha gksrhA fp=k 4.9 esa] fn'kk
dl (MS'k ;qDr js[kk esa fdlh Hkh ¯cnq ij pqacdh; {ks=k 'kwU; gSA bl fn'kk osQ vuqfn'k
θ = 0, sin θ = 0 rFkk lehdj.k [4.11(a)], |dB| = 0

eqDr fno~QLFkku dh fo|qr'khyrk] eqDr fno~QLFkku dh pqacd'khyrk rFkk fuokZr esa izdk'k osQ
osx esa ,d jkspd laca/ gSA

ε µ ε
µ

0 0 0
0

4
= ( )





4π
π  =

×




 ( )−1

9 10
10

9

7

8 2 2

1 1

(3 10 ) c
= =

×

bl laca/ osQ fo"k; esa ge fo|qr pqacdh; rjaxksa osQ vè;k; 8 esa ppkZ djsaxsA pw¡fd fuokZr
esa izdk'k dk osx fu;r gS] xq.kuiQy µ

0
ε

0
 ifjek.k esa fuf'pr gSA ε

0
 rFkk µ

0
 esa ls fdlh Hkh ,d

eku dk p;u djus ij vU; dk eku Lor% fuf'pr gks tkrk gSA SI ek=kdksa esa µ
0
 dk ,d fuf'pr

ifjek.k 4π × 10–7
  gSA

mnkgj.k 4.5 dksbZ fo|qr /kjk vo;o ˆx∆ = ∆l i  ftlls ,d mPp /kjk I = 10A izokfgr

gks jgh gS] ewy ̄ cnq ij fLFkr gS (fp=k 4-10)] y-v{k ij 0.5 m nwjh ij fLFkr fdlh ̄ cnq ij
blosQ dkj.k pqacdh; {ks=k dk D;k eku gSA ∆x = 1 cm

fp=k 4.10

gy

 
0

2

d sin
|d |

4

I l

r

µ θ
π

=B  [lehdj.k (4.11}kjk )]

2d 10 ml x −= ∆ = , I = 10 A,  r = 0.5 m = y, 7
0

T m
/4 10

A
µ −π =

θ = 90° ; sin θ = 1
7 2

2

10 10 10
d

25 10

− −

−

× ×
=

×
B = 4 × 10–8 T

bl pqacdh; {ks=k dh fn'kk +z fn'kk esa gSA bldk dkj.k ;g gS fd
ˆ ˆd x y= ∆× i × jl r ( )ˆ ˆy x= ∆ i × j ˆy x= ∆ k

;gk¡ ge vkidks lfn'k xq.kuiQyksa osQ fuEufyf[kr pØh; xq.kksa dks ;kn djkrs gSa
ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ; ;× = × = × =i j k j k i k i j

è;ku nhft, bl {ks=k dk ifjek.k y?kq gSA
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vxys vuqHkkx esa ge o`Ùkkdkj ik'k osQ dkj.k pqacdh; {ks=k ifjdfyr djus osQ fy,
ck;ks&lkoVZ fu;e dk mi;ksx djsaxsA

4.6 fo|qr /kjkokgh o`Ùkkdkj ik'k osQ v{k ij pqacdh; {ks=k
bl vuqHkkx esa ge fo|qr /kjkokgh o`Ùkkdkj ik'k osQ dkj.k mlosQ v{k osQ vuqfn'k pqacdh; {ks=k
dk ewY;kadu djsaxsA bl ewY;kadu esa fiNys vuqHkkx esa of.kZr vR;Yi fo|qr /kjk vo;okas (I dl)

osQ izHkko dks la;ksftr fd;k tk,xkA ge ;g ekurs gSa fd izokfgr fo|qr /kjk vifjorhZ gS rFkk
ewY;kadu eqDr fno~QLFkku (fuokZr) esa fd;k x;k gSA

fp=k 4.11 esa o`Ùkkdkj ik'k esa LFkk;h fo|qr /kjk I izokfgr gksrs gq,
n'kkZbZ xbZ gSA ik'k dks ewy ¯cnq ij x y ry esa fLFkr n'kkZ;k x;k gS rFkk
ik'k dk f=kT;k R gSA x-v{k gh ywi dk v{k gSA gesa blh v{k osQ ¯cnq
P ij pqacdh; {ks=k ifjdfyr djuk gS] eku yhft, ¯cnq P ik'k osQ osaQnz
ls x nwjh ij fLFkr gSA

ik'k osQ pkyd vo;o dl ij fopkj dhft,] bls fp=k 4.11 esa
n'kkZ;h xbZ gSA dl  osQ dkj.k pqacdh; {ks=k dk ifjek.k ck;ks&lkoVZ fu;e
[lehdj.k 4.11(a)] osQ vuqlkj

0

34

I d
dB

r

µ
π

=
× rl

(4.12)

vc r2 = x2 + R2A lkFk gh] ik'k dk dksbZ Hkh vo;o] bl vo;o
ls v{kh; ¯cnq osQ foLFkkiu lfn'k osQ yacor gksxkA mnkgj.k osQ fy,]
fp=k 4.11 esa vo;o dl y-z fn'kk esa gS tcfd foLFkkiu lfn'k r vo;o
dl ls v{kh; ̄cnq P rd x-y ry esa gSA vr% |dl × r|=r dl, bl izdkj

( )π

0

2 2

d
d

4

I l
B

x R

µ
=

+ (4.13)

dB
 
dh fn'kk fp=k 4.11 esa n'kkZ;h xbZ gSA ;g dl rFkk r }kjk cus ry osQ yacor gSA bldk

,d x- vo;o dB
x 
rFkk x- v{k osQ yacor vo;o dB⊥ gSA tc x- v{k osQ yacor vo;oksa

dks la;ksftr djrs gSa rks os fujLr gks tkrs gSa rFkk gesa 'kwU; ifj.kke izkIr gksrk gSA mnkgj.k osQ
fy,] fp=k 4.11 esa n'kkZ, vuqlkj dl osQ dkj.k vo;o dB⊥ blosQ f=kT;r% foijhr dl vo;o
osQ dkj.k ;ksxnku }kjk fujflr gks tkrk gSA bl izdkj osQoy x-vo;o gh cp ikrk gSA x-fn'kk
osQ vuqfn'k usV ;ksxnku ik'k osQ Åij dB

x
  = dB cos θ dks lekdfyr djosQ izkIr fd;k tk

ldrk gSA

fp=k 4.11 osQ fy,

2 2 1/2
cos

( )

R

x R
θ =

+  (4.14)

lehdj.kksa (4.13) vkSj (4.14),

( )π

0

3/22 2

d
d

4
x

I l R
B

x R

µ
=

+

fp=k 4.11 f=kT;k R fo|qr /kjkokgh o`Ùkkdkj ik'k
osQ v{k ij pqacdh; {ks=kA bl fp=k esa js[kk vo;o
dl ds dkj.k pqacdh; {ks=k dB rFkk v{k ds yacor

dk;Zjr blosQ vo;oksa dks n'kkZ;k x;k gSA
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leLr ik'k ij dl vo;oksa dk ladyu] 2πR, izkIr gksrk gS tks ik'k dh ifjf/ gSA bl izdkj

( )
2

0

3/22 2

ˆ ˆ

2
x

I R
B

x R

µ
= =

+
B i i (4.15)

mijksDr ifj.kke oQh ,d fo'ks"k fLFkfr osQ :i esa ge ik'k osQ osaQnz ij pqacdh; {ks=k izkIr
dj ldrs gSaA bl izdkj ;gk¡ x = 0, rFkk gesa izkIr gksrk gS]

0
0

ˆ
2

I

R

µ
=B i (4.16)

o`Ùkkdkj rkj osQ dkj.k pqacdh; {ks=k js[kk,¡ can o`Ùkkdkj ik'k cukrh gaS ftUgsa fp=k 4.12 esa
n'kkZ;k x;k gSA pqacdh; {ks=k dh fn'kk (,d vU;) nf{k.k gLr vaxq"B fu;e }kjk gksrh gSA ;g
fu;e uhps fn;k x;k gS]

o`Ùkkdkj rkj osQ pkjksa vksj vius nk,¡ gkFk dh gFksyh dks bl izdkj eksfM+, fd m¡xfy;k¡ fo|qr
/kjk dh fn'kk dh vksj laosQr djsa] rc bl gkFk dk iSQyk gqvk v¡xwBk pqaacdh; {ks=k dh fn'kk
crkrk gSA

mnkgj.k 4.6 fp=k 4.13 esa n'kkZ, vuqlkj fdlh lh/s rkj ftlesa 12 A fo|qr /kjk izokfgr
gks jgh gS] dks 2.0 cm f=kT;k osQ v/ZòÙkkdkj pki esa eksM+k x;k gSA bl pki osQ osaQnz ij pqacdh;
{ks=k B dks ekusaA

fp=k 4.13

(a) lh/s [kaMksa osQ dkj.k pqacdh; {ks=k fdruk gS\
(b) fdl :i esa v/ZòÙk }kjk B dks fn;k x;k ;ksxnku òÙkkdkj ik'k osQ ;ksxnku ls fHkUu gS vkSj

fdl :i esa ;s ,d nwljs osQ leku gSaA
(c) D;k vkiosQ mÙkj esa dksbZ ifjorZu gksxk ;fn rkj dks mlh f=kT;k osQ v/Zo`Ùk esa igys dh

rqyuk esa fp=k 4.13 (b) esa n'kkZ, vuqlkj myVh fn'kk esa eksM+ nsaA

fp=k 4.12 fdlh fo|qrokgh ik'k dk pqacdh; {ks=kA ikB dh fo"k; oLrq esa of.kZr nf{k.k gLr
vaxq"B fu;e }kjk mRiUu pqacdh; {ks=k dh fn'kk fu/kZfjr gksrh gSA ik'k ds Åijh ik'oZ dks mÙkj /zqo

rFkk fupys ik'oZ dks nf{k.k /qzo ekuk tk ldrk gSA
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 mnkgj.k 4
.6

gy
(a) lh/s [kaMksa osQ izR;sd vo;o osQ fy, dl rFkk r lekarj gSaA vr% dl × r = 0A bl izdkj

lh/s [kaM |B| dks dksbZ ;ksxnku ugha nsrsA
(b) v/Zo`Ùkkdkj pki osQ lHkh [kaMksa osQ fy,] dl × r lHkh ,d nwljs osQ lekarj gSa (dkx”k osQ

ry esa Hkhrj dks tkrs gq,)A bl izdkj osQ lHkh ;ksxnku ifjek.k esa la;ksftr gks tkrs gSaA
vr% v/Zo`Ùkkdkj pki osQ fy, B dh fn'kk nf{k.k gLr fu;e }kjk izkIr gksrh gSA bldk

ifjek.k òÙkkdkj ik'k osQ fy, B dk vk/k gksrk gSA bl izdkj B dk eku 1.9 × 10–4 T

gS rFkk fn'kk dkx”k osQ ry osQ vfHkyacor mlosQ Hkhrj tkrs gq, gSA

(c) B dk ifjek.k rks ogh gS tks (b) esa gS ij fn'kk foijhr gSA

mnkgj.k 4.7 10 cm f=kT;k dh 100 dldj yisVs x, isQjksa dh fdlh ,slh oqaQMyh ij fopkj
dhft, ftlls 1 A fo|qr /kjk izokfgr gks jgh gSA oqaQMyh osQ osaQnz ij pqacdh; {ks=k dk ifjek.k
D;k gS\

gy pw¡fd oqaQMyh dldj yisVh xbZ gS vr% ge izR;sd òÙkkdkj vo;o dh f=kT;k R = 10 cm

= 0.1 m eku ldrs gSaA isQjksa dh la[;k N = 100 gS] vr% pqacdh; {ks=k dk ifjek.k
–7 2

0

–1

4 10 10 1

2 2 10

NI
B

R

µ π × × ×
= =

×
42 10π −= ×  T 46 28 10 T. −= × .

4.7 ,sfEi;j dk ifjiFkh; fu;e
ck;ks&lkoVZ fu;e dks vfHkO;Dr djus dk ,d vU; oSdfYid rFkk #fpdj mik; Hkh gSA
,sfEi;j osQ ifjiFkh; fu;e esa fdlh [kqys i`"B ftldh dksbZ lhek gks] ij fopkj fd;k
tkrk gSA bl i`"B ls fo|qr /kjk izokfgr gksrh gSA ge ;g fopkj djrs gSa fd lhek js[kk
cgqr ls vYi js[kk vo;oksa ls feydj cuh gSA ,sls gh ,d js[kk vo;o dl ij fopkj
dhft,A ge bl vo;o ij pqacdh; {ks=k osQ Li'kZjs[kh; ?kVd B

t
 dk eku ysaxs rFkk bls

vo;o dl dh yackbZ ls xq.kk djsaxsA [è;ku nhft, B
t
dl=B.d l]A bl izdkj osQ lHkh

xq.kuiQy ,d nwljs osQ lkFk la;ksftr fd, tkrs gSaA ge lhek ij fopkj djrs gSa D;ksafd
tSls&tSls vo;oksa dh yackbZ ?kVrh gS budh la[;k c<+rh gSA rc budk ;ksx ,d
lekdyu cu tkrk gSA ,sfEi;j dk fu;e ;g dgrk gS fd ;g lekdyu i`"B ls
izokfgr gksus okyh oqQy fo|qr /kjk dk µ

0
 xquk gksrk gS] vFkkZr

0i� d Iµ=∫ B l [4.17(a)]

;gk¡ I i`"B ls xq”kjus okyh oqQy fo|qr /kjk gSA bl lekdyu dks i`"B dh lhekjs[kk C osQ laikrh
can osQ Åij fy;k x;k gSA mijksDr laca/ esa fn'kk lfEefyr gS tks nf{k.k gLr fu;e ls izkIr
gksrh gSA vius nk,¡ gkFk dh m¡xfy;ksa dks ml fn'kk esa eksfM+, ftl fn'kk esa ik'k lekdy “B.dl

esa lhek js[kk eqM+h gSA rc v¡xwBs dh fn'kk ml fn'kk dks crkrh gS ftlesa fo|qr /kjk dks èkukRed
ekuk x;k gSA

cgqr ls vuqiz;ksxksa osQ fy, lehdj.k [4.17 (a)] dk dgha vf/d ljyhÑr :i i;kZIr
fl¼ gksrk gSA ge ;g ekusaxs fd] bl izdkj osQ izdj.kksa esa ,sls ik'k (ftls ,sfEi;jh; ik'k dgrs
gSaA) dk p;u laHko gS tks bl izdkj dk gS fd ik'k osQ izR;sd ¯cnq ij ;k rks

fp=k 4.14

 mnkgj.k 4
.7
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(i) B ik'k osQ Li'kZjs[kh; gS rFkk 'kwU;srj fu;rkad B gS] vFkok
(ii) B ik'k osQ vfHkyacor gS] vFkok
(iii) B u"V gks tkrk gSA

vc eku yhft, L ik'k dh og yackbZ (Hkkx) gS ftlosQ fy, B

Li'kZjs[kh; gSA eku yhft, ik'k esa ifjo¼ fo|qr /kjk I
e
 gSA rc lehdj.k

(4.17) dks bl izdkj O;Dr dj ldrs gSa
BL =µ

0
I
e

[4.17(b)]

tc fdlh fudk; esa bl izdkj dh lefefr gks tSls fd fp=k 4.15

esa lh/s fo|qr /kjkokgh vuar rkj osQ fy, gS] rc ,sfEi;j dk fu;e gesa
pqacdh; {ks=k dk ,d ljy ewY;kadu djus ;ksX; cukrk gS tks Bhd mlh
izdkj gS tSls fd xkml fu;e fo|qr {ks=k dks fu/kZfjr djus esa gekjh lgk;rk
djrk gSA bls uhps fn, x, mnkgj.k 4.9 esa n'kkZ;k x;k gSA ik'k dh lhek
js[kk dk p;u ,d o`Ùk gS rFkk pqacdh; {ks=k o`Ùk dh ifjf/ osQ Li'kZjs[kh;
gSA lehdj.k [4.17 (b)] osQ oke i{k osQ fy, bl fu;e ls izkIr eku
B. 2πr gSA ge ;g ikrs gSa fd rkj osQ ckgj r nwjh ij pqacdh; {ks=k
Li'kZjs[kh; gS rFkk bls bl izdkj O;Dr fd;k tk ldrk gSA

B × 2πr  =  µ
0 
I,

B = µ
0 
 I/ (2πr) (4.18)

mijksDr ifj.kke vuar yackbZ osQ rkj osQ fy, gS tks dbZ n`f"Vdks.kksa ls
jkspd gSµ
(i) blesa ;g var£ufgr gS fd r f=kT;k osQ o`Ùk osQ izR;sd ̄ cnq ij (rkj

dks v{k osQ vuqfn'k j[krs gq,) {ks=k dk ifjek.k leku gSA nwljs
'kCnksa esa pqacdh; {ks=k esa csyukdkj lefefr gS tks {ks=k lkekU;r%
rhu funsZ'kkadksa ij fuHkZj dj ldrk gS osQoy ,d gh funsZ'kkad r
ij fuHkZj gSA tgk¡ dgha Hkh lefefr gksrh gS leL;kvksa osQ gy ljy
gks tkrs gSaA

(ii) bl o`Ùk osQ fdlh Hkh ¯cnq ij {ks=k dh fn'kk blosQ Li'kZjs[kh; gSA
bl izdkj pqacdh; {ks=k dh fu;r ifjek.k dh js[kk,¡ laosaQnzh o`Ùk
cukrh gSaA vc fp=k 4.1(c) ij è;ku nhft,] ykSg pw.kZ o`Ùk laosaQnzh
esa O;ofLFkr gqvk gSA ;s js[kk,¡ ftUgsa ge pqacdh; {ks=k js[kk,¡ dgrs
gS] can ik'k cukrh gSaA ;g fLFkjoS|qr {ks=k js[kkvksa ls fHkUu gSaA
fLFkjoS|qr {ks=k js[kk,¡ èku vkos'kksa ls vkjaHk rFkk Í.k vkos'kksa ij
lekIr gksrh gSaA lh/s fo|qr /kjkokgh pkyd osQ pqacdh; {ks=k osQ
fy, O;atd vksLVsZM iz;ksx dk lS¼kafrd Li"Vhdj.k djrk gSA

(iii) ,d vU; è;ku nsus ;ksX; jkspd ckr ;g gS fd ;|fi rkj vuar
yackbZ dk gS] rFkkfi 'kwU;srj nwjh ij blosQ dkj.k pqacdh; {ks=k vuar
ugha gSA ;g osQoy rkj osQ vR;f/d ikl vkus ij foLiqQfVr gksrk
gSA ;g {ks=k fo|qr /kjk osQ vuqØekuqikrh gS rFkk fo|qr /kjk lzksr
(vuar yackbZ osQ) ls nwjh osQ O;qRØekuqikrh gSA

vkanzs ,sfEi;j (1775 –1836) vkanzs

eSjh ,sfEi;j ,d Úkalhlh HkkSfrd foKkuh]

xf.krK ,oa jlk;uK Fks ftUgks aus

fo|qrxfrdh foKku dh vkèkkjf'kyk j[khA

,sfEi;j ,d cky izfrHkk Fks ftlus 12

o"kZ dh vk;q esa mPp xf.kr esa egkjr

gkfly dj yh FkhA ,sfEi;j us vkWLVsZM

dh [kkst dk egÙo le>k vkSj èkkjk

fo|qr ,oa pqacdRo esa lacaèk [kkstus osQ

fy, iz;ksxksa dh ,d yach  Üka`[kyk ikj

dhA bu [kkstksa dh ifj.kfr 1827 esa]

Mathematical theory of

Electrodynamic Phenomena

Deduced Solely from

Experiments uked iqLrd osQ

izdk'ku osQ :i esa gqbZA mUgksaus ifjdYiuk

dh fd lHkh pqacdh; izØe] o`Ùkokgh

fo|qr èkkjkvksa osQ dkj.k gksrs gSaA ,sfEi;j

LoHkko ls cgqr fouez vkSj HkqyDdM+ FksA

,d ckj og lezkV usiksfy;u dk jkf=kHkkst

dk fuea=k.k Hkh Hkwy x, FksA 61 o"kZ dh

mez esa U;weksfu;k ls mudh e`R;q gks xbZA

mudh dcz osQ iRFkj ij ;g lekfèk ys[k

mRdhf.kZr gS µ Tandem felix (var

esa izlUu)A

v
kan
zs ,

sfEi
;j

 (
1
7
7
5
 –

1
8
3
6
)
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  mnkgj.k 4
.8

(iv) yacs rkj osQ dkj.k mRiUu pqacdh; {ks=k dh fn'kk dks fu/kZfjr djus dk ,d ljy fu;e
gSA bl fu;e dks nf{k.k gLr fu;e* dgrs gSaA ;g bl izdkj gS

rkj dks vius nk,¡ gkFk esa bl izdkj idfM+, fd vkidk ruk gqvk v¡xwBk fo|qr /kjk dh fn'kk
dh vksj laosQr djsA rc vkidh v¡xqfy;ksa osQ eqM+us dh fn'kk pqacdh; {ks=k dh fn'kk esa gksxhA

,sfEi;j dk ifjiFkh; fu;e ck;ks&lkoVZ fu;e ls fHkUu ugha gSA nksuksa gh fu;e fo|qr /kjk
rFkk pqacdh; {ks=k esa laca/ O;Dr djrs gSa rFkk nksuksa gh LFkk;h fo|qr /kjk ds leku HkkSfrd
ifj.kkeksa dks O;Dr djrs gSaA tks laca/ ,sfEi;j ds fu;e rFkk ck;ks&lkoVZ fu;e ds chp gS Bhd
ogh laca/ xkml fu;e rFkk owQykWe fu;e ds chp esa gSA ,sfEi;j dk fu;e rFkk xkml dk fu;e
nksuksa gh ifjjs[kk vFkok ifji`"B ij fdlh HkkSfrd jkf'k (pqacdh; vFkok fo|qr {ks=k) dk laca/
fdlh vU; HkkSfrd jkf'k tSls vUr% {ks=k esa mifLFkr lzksr (fo|qr /kjk vFkok vkos'k) ds chp
laca/ O;Dr djrs gSaA ;gk¡ è;ku nsus ;ksX; ckr ;g Hkh gS fd ,sfEi;j dk ifjiFkh; fu;e dsoy
mu LFkk;h fo|qr /kjkvksa ij ykxw gksrk gS tks le; ds lkFk ifjofrZr ugha gksrhaA fuEufyf[kr
mnkgj.k gesa ifjc¼ fo|qr /kjk dk vFkZ le>us esa lgk;rk djsxkA

mnkgj.k 4.8 fp=k 4.15 esa ,d yack lh/k o`Ùkkdkj vuqizLFk dkV dk (ftldh f=kT;k a gS)
fo|qr /kjkokgh rkj ftlls LFkk;h fo|qr /kjk I izokfgr gks jgh gks] n'kkZ;k x;k gSA LFkk;h fo|qr
èkkjk bl vuqizLFk dkV ij ,dleku :i ls forfjr gSA {ks=kksa r < a rFkk r > a esa pqacdh; {ks=k
ifjdfyr dhft,

fp=k 4.15

gy (a) izdj.k r > a ij fopkj dhft,A ftl ik'k ij 2 vafdr gS og vuqizLFk dkV osQ lkFk
laosaQnzh o`Ùk osQ :i esa ,sfEi;j ik'k gSA bl ik'k osQ fy,
L  = 2 π r

I
e
 = ik'k }kjk ifjc¼ fo|qr /kjk = I

;g ifj.kke fdlh lh/s yacs rkj osQ fy, lqifjfpr O;atd gSA
B (2π r) = µ

0
I

π 

0

2

I
B

r

µ
= [4.19(a)]

1
B

r
∝ (r > a)

(b) izdj.k r < a ij fopkj dhft,A blosQ fy, ,sfEi;j ik'k og o`Ùk gS ftl ij 1 vafdr gSA

* Ñi;k è;ku nhft,µnks lqLi"V (i`Fkd) fu;e gaS ftUgsa nf{k.k gLr fu;e dgrs gSaA buesa ls ,d fu;e
fo|qr /kjk ik'k ds v{k ij pqacdh; {ks=k B dh fn'kk nsrk gS rFkk nwljk lh/s fo|qr /kjkokgh pkyd
rkj ds fy, B dh fn'kk gSA bu fu;eksa esa v¡xwBs rFkk v¡xqfy;ksa dh fHkUu Hkwfedk gSA
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mn

kg
j.
k 4

.8

bl ik'k osQ fy, o`Ùk dh f=kT;k r  ysus ij]
  L  = 2 π r

vc ;gk¡ ifjc¼ fo|qr /kjk I
e
 dk eku I ugha gS ijarq ;g bl eku ls de gSA pw¡fd fo|qr èkkjk

dk fooj.k ,dleku gS] ifjc¼ fo|qr /kjk osQ va'k dk eku

I I
r

a
e =







π
π

2

2  
2

2

Ir

a
=

,sfEi;j osQ fu;e dk mi;ksx djus ij π

2

0 2
(2 )

I r
B r

a
µ=

[4.19(b)]

B ∝ r      (r < a)

fp=k 4.16

fp=k (4.16) esa  B osQ ifjek.k rFkk rkj osQ osaQnz ls nwjh r  osQ chp xzkiQ n'kkZ;k x;k gSA pqacdh;
{ks=k dh fn'kk vius&vius o`Ùkkdkj ik'kksa (1 vFkok 2) osQ Li'kZjs[kh; gS rFkk ;g blh vuqHkkx
esa igys o.kZu fd, tk pqosQ nf{k.k gLr fu;e ls fu/kZfjr dh xbZ gSA bl mnkgj.k esa vko';d
lefefr fo|eku gS blfy, blh ij ,sfEi;j dk fu;e vklkuh ls ykxw fd;k tk ldrk gSA

;gk¡ è;ku nsus ;ksX; ckr ;g gS fd tcfd ,sfEi;j osQ ifjiFkh; fu;e dks fdlh Hkh ik'k
ij ykxw fd;k tk ldrk gS ijarq ;g gj izdj.k esa pqacdh; {ks=k dk ewY;kadu lnSo gh vklku
ugha cukrkA mnkgj.k osQ fy,] vuqHkkx 4.6 esa o.kZu fd, x, o`Ùkkdkj ik'k osQ izdj.k esa] bls ljy
O;atd B = µ

0
I/2R [lehdj.k (4.16)] dks] tksfd ik'k osQ osaQnz ij pqacdh; {ks=k osQ fy, gS] izkIr

djus osQ fy, ykxw ugha fd;k tk ldrkA rFkkfi ,slh cgqr lh ifjfLFkfr;k¡ gSa ftuesa mPp lefefr gksrh
gS rFkk bl fu;e dks lqfo/kiwoZd ykxw fd;k tk ldrk gSA vxys vuqHkkx esa ge bldk mi;ksx nks
lkekU;r% mi;ksx gksus okys vR;ar mi;ksxh pqacdh; fudk;ksaµifjukfydk ,oa VksjkWbM }kjk mRiUu pqacdh;
{ks=kksa dks ifjdfyr djus esa djsaxsA

4.8 ifjukfydk rFkk VksjkWbM
ifjukfydk rFkk VksjkWbM ,sls nks midj.k gSa tks pqacdh; {ks=k mRiUu djrs gSaA Vsyhfo”ku esa
vko';d pqacdh; {ks=k mRiUu djus osQ fy, ifjukfydk dk mi;ksx gksrk gSA ¯lØksVªkWu esa
vko';d pqacdh; {ks=k mRiUu djus osQ fy, bu nksuksa dk la;qDr :i ls mi;ksx fd;k tkrk gSA
ifjukfydk rFkk VksjkWbM nksuksa essa gh gesa mPp lefefr dh ,slh fLFkfr ns[kus dks feyrh gS ftuesa
,sfEi;j&fu;e vklkuh ls ykxw fd;k tk ldrk gSA
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4.8.1 ifjukfydk
ge ;gk¡ ,d yach ifjukfydk osQ fo"k; esa ppkZ djsaxsA yach ifjukfydk ls gekjk rkRi;Z ;g gS
fd ifjukfydk dh yackbZ mldh f=kT;k dh rqyuk esa vf/d gSA ifjukfydk esa ,d yack rkj
l£iy osQ vkdkj esa fyiVk gksrk gS ftlesa izR;sd isQjk vius fudV osQ isQjs osQ lkFk dki+Qh lVk
gksrk gSA bl izdkj isQjs dks ,d o`Ùkkdkj ik'k ekuk tk ldrk gSA fdlh ifjukfydk osQ lHkh isQjksa
osQ dkj.k mRiUu oqQy pqacdh; {ks=k izR;sd isQjs osQ paqcdh; {ks=kksa dk lfn'k ;ksx gksrk gSA
ifjukfydk ij yisVus osQ fy, buSefyr rkjksa dk mi;ksx fd;k tkrk gS rkfd isQjs ,d nwljs ls
fo|qrjks/h jgsaA

fp=k 4.17 esa fdlh ifjfer ifjukfydk dk pqacdh; {ks=k n'kkZ;k x;k gSA fp=k 4.17 (a)

esa geus bl ifjukfydk osQ ,d [kaM dks foLrkfjr djosQ fn[kk;k gSA fp=k 4.17 (b) esa o`Ùkkdkj
ik'k ls ;g Li"V gS fd nks ikl&ikl osQ isQjksa osQ chp pqacdh; {ks=k u"V gks tkrk gSA fp=k 4.17

(b) esa ge ;g ns[krs gSa fd vUr%Hkkx osQ eè; ¯cnq  P ij pqacdh; {ks=k ,dleku] izcy rFkk
ifjukfydk osQ v{k osQ vuqfn'k gSA cká Hkkx osQ eè; ̄cnq Q ij paqcdh; {ks=k nqcZy gS vkSj lkFk
gh ;g ifjukfydk osQ v{k osQ vuqfn'k gS rFkk bldk yacor vFkok vfHkyacor dksbZ ?kVd Hkh
ugha gSA tSls&tSls ifjukfydk dh yackbZ esa o`f¼ gksrh gS og yach csyukdkj /krq osQ iVy tSlh
fn[kkbZ nsus yxrh gSA fp=k 4.18 esa ;g vkn'khZo`Qr fp=k.k fu:fir fd;k x;k gSA ifjukfydk osQ
ckgj pqacdh; {ks=k 'kwU; gksus yxrk gSA ifjukfydk osQ Hkhrj gj ¯cnq ij pqacdh; {ks=k v{k osQ
lekarj gksrk gSA

fp=k 4.18 vR;f/d yach ifjukfydk dk pqacdh; {ks=kA pqacdh; {ks=k dks fu/kZfjr djus osQ fy,
ge ,d vk;rkdkj ,sfEi;j&ik'k a, b, c, d ij fopkj djrs gSaA

fp=k 4.17 (a) ifjukfydk osQ fdlh Hkkx ftls Li"Vrk dh n`f"V ls ckgj [khapk n'kkZ;k x;k gS] osQ dkj.k pqacdh; {ks=kA
osQoy cká v/Zo`Ùkkdkj Hkkx n'kkZ;k x;k gSA è;ku ls nsf[k,] fdl izdkj ikl&ikl fLFkr isQjksa osQ chp pqacdh; {ks=k ,d

nwljs dks fujflr dj nsrs gSaA (b) fdlh ifjfer ifjukfydk dk pqacdh; {ks=kA
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fdlh vk;rkdkj ,sfEi;j&ik'k abcd ij fopkj dfj,A tSlk fd mQij roZQ fn;k tk pqdk

gS cd osQ vuqfn'k {ks=k 'kwU; gSA vuqizLFk [kaMksa bc rFkk ad osQ vuqfn'k pqacdh; {ks=k dk ?kVd 'kwU;
gSA bl izdkj ;s nksuksa [kaM pqacdh; {ks=k esa dksbZ ;ksxnku ugha nsrsA eku yhft, ab osQ vuqfn'k
pqacdh; {ks=k B gS] bl izdkj] ,sfEi;j&ik'k dh izklafxd yackbZ L = h A

eku yhft, izfr ,dkad yackbZ isQjksa dh la[;k n gS] rc isQjksa dh oqQy la[;k nh gSA bl
izdkj ifjc¼ fo|qr /kjk gS  I

e
 = I (n h), ;gk¡ I  ifjukfydk esa izokfgr fo|qr /kjk gSA ,sfEi;j

osQ ifjiFkh; fu;e osQ vuqlkj ¹lehdj.k 4.17 (b) lsº
BL =  µ

0
I
e
,    B h = µ

0
I (n h)

B = µ
0
 n I  (4.20)

{ks=k dh fn'kk nf{k.k gLr fu;e ls izkIr gksrh gSA ifjukfydk dk lkekU;r% mi;ksx ,dleku
pqacdh; {ks=k izkIr djus osQ fy, fd;k tkrk gSA vxys vè;k; esa ge ;g ns[ksaxs fd ifjukfydk
esa Hkhrj ueZ ykSg ØksM j[kdj fo'kky pqacdh; {ks=k mRiUu djuk laHko gSA

4.8.2 VksjkWbM
;g ,d o`Ùkkdkj [kks[kyk NYyk gksrk gS ftl ij fdlh rkj osQ vR;f/d isQjs
ikl&ikl lVkdj yisVs tkrs gSaA bls ,d ,slh ifjukfydk osQ :i esa Hkh ns[kk
tk ldrk gS ftls can djus osQ fy, o`Ùkkdkj eksM+ fn;k x;k gSA bls fp=k
4.19 (a) esa n'kkZ;k x;k gSA blls  I fo|qr /kjk izokfgr gks jgh gSA ge ;g
ns[ksaxs fd VksjkWbM osQ Hkhrj [kqys fnd~LFkku esa (¯cnq P) rFkk VksjkWbM osQ ckgj
(¯cnq Q) ij pqacdh; {ks=k 'kwU; gSA fdlh vkn'kZ VksjkWbM ftlosQ isQjs lVkdj
fyiVs gksrs gSa] osQ fy, VksjkWbM osQ Hkhrj pqacdh; {ks=k B fu;r jgrk gSA

fp=k 4.19 (b) esa VksjkWbM dh vuqizLFk dkV n'kkZ;h xbZ gSA o`Ùkkdkj&ik'kksa
osQ fy, nf{k.k gLr fu;e osQ vuqlkj VksjkWbM osQ Hkhrj pqacdh; {ks=k dh fn'kk
nf{k.kkorZ gSA [kafMr js[kk,¡ ftu ij 1, 2, 3 vafdr gSa] blosQ rhu ,sfEi;j&ik'k
gSaA lefefr osQ vuqlkj pqacdh; {ks=k bu ik'kksa esa izR;sd osQ Li'kZjs[kh; gksuk
pkfg, rFkk izR;sd ik'k osQ fy, bldk ifjek.k fu;r gksuk pkfg,A ik'k 2 rFkk
3 bu nksuksa }kjk ?ksjs x, o`Ùkkdkj {ks=k VksjkWbM dks dkVrs gSa_ bl izdkj fo|qr
èkkjkokgh rkj dks izR;sd isQjk ik'k 2 dks ,d rFkk ik'k 3 dks nks ckj dkVrk gSA

eku yhft, ik'k 1 osQ vuqfn'k pqacdh; {ks=k dk ifjek.k B
1
 gSA rc

,sfEi;j osQ ifjiFkh; fu;e esa ¹lehdj.k 4.17 (a)º L = 2π r
1

rFkkfi] ;g ik'k dksbZ fo|qr /kjk ifjc¼ ugha djrk] vr% I
e
 = 0A bl izdkj

B
1
 (2 π r

1
) = µ

0
(0),    B

1
 = 0

bl izdkj VksjkWbM osQ Hkhrj [kqys {ks=k esa fdlh Hkh ̄ cnq P ij paqcdh; {ks=k
'kwU; gksrk gSA

vc ge ;g n'kkZ,¡xs fd blh izdkj Q ij Hkh pqacdh; {ks=k 'kwU; gSA eku
yhft, ik'k 3 osQ vuqfn'k pqacdh; {ks=k B

3 
gSA ,d ckj fiQj ,sfEi;j osQ fu;e

osQ vuqlkj L = 2 π r
3
] rFkkfi vuqizLFk dkV ls ge ;g ns[krs gSa fd dkx”k

osQ ry ls ckgj fudyrh fo|qr /kjk dkx”k osQ ry osQ Hkhrj tkrh fo|qr
èkkjk ls Bhd&Bhd fujflr gks tkrh gSA vr% I

e
= 0, rFkk B

3
 = 0 A eku yhft,

VksjkWbM osQ Hkhrj pqacdh; {ks=k B  gSA vc ge  S  ij pqacdh; {ks=k osQ ckjs esa
fopkj djsaxsA ,d ckj fiQj ge ,sfEi;j osQ fu;e dk mi;ksx ¹lehdj.k
[4.17 (a)º osQ :i esa djrs gSaA ge ikrs gSa fd L = 2π r

ifjc¼ fo|qr /kjk I
e
 dk eku (VksjkWbMh oqaQMyh osQ N isQjksas osQ fy,)

N I  gSA

fp=k 4.19  (a) VksjkWbM ls fo|qr /kjk I
izokfgr gksrs gq, (b) VksjkWbM dh vuqizLFk dkV
dk n`';A ,sfEi;j&ifjiFkh; fu;e }kjk VksjkWbM
osQ osaQnz O ls fdlh ;kn`fPNd nwjh r ij pqacdh;

{ks=k izkIr fd;k tk ldrk gSA 1, 2, 3

}kjk vafdr [kafMr js[kk,¡ buosQ o`Ùkkdkj
,sfEi;j&ik'k gSaA
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B (2πr) = µ
0
NI

0

2

NI
B

r

µ
=

π
(4.21)

ge vc VksjkWbM rFkk ifjukfydk osQ fy, izkIr bu nks ifj.kkeksa dh rqyuk djsaxsA ge
lehdj.k (4.21) osQ O;atd dh ifjukfydk osQ fy, lehdj.k (4.20) esa fn, x, O;atd ls
rqyuk djus osQ fy, lehdj.k (4.21) dks nqckjk u, :i esa O;Dr djsaxsA eku yhft, VksjkWbM
dh vkSlr f=kT;k r gS rFkk blesa izfr ,dkad yackbZ isQjksa dh la[;k n gS] rc

N = 2πr n  = VksjkWbM dh (vkSlr) ifjf/
                    × izfr ,dkad yackbZ isQjksa dh la[;k

rFkk] bl izdkj
B = µ0 n I, (4.22)

vFkkZr] ;gh ifj.kke gesa ifjukfydk osQ fy, izkIr gqvk FkkA
vkn'kZ VksjkWbM esas oqaQMfy;k¡ iw.kZr% o`Ùkkdkj gksrh gSaA okLro esa VksjkWbM osQ isQjs l£iykdkj

oqaQMyh cukrs gSa rFkk blosQ ckgj lnSo gh ,d {kh.k pqacdh; {ks=k ik;k tkrk gSA

pqacdh; ifjjks/u

geus vuqHkkx 4-3 esa ;g ns[kk gS (bl vè;k; osQ vkjaHk esa ckWDl vkosf'kr d.kksa dh l£iykdkj xfr ns[ksa) fd vkosf'kr
d.kksa dh d{kk,¡ l£iykdkj gksrh gSaA ;fn pqacdh; {ks=k vleku gS] ijarq ,d orqZy d{kk esa ftldk vf/d ifjorZu ugha
gksrk gS rc l£iy dh f=kT;k izcy pqacdh; {ks=k esa izos'k djus ij ?kVsxh rFkk nqcZy {ks=k esa izos'k djus ij c<+sxhA ge
nks ifjukfydkvksa ij fopkj djrs gSa tks ,d nwljs ls oqQN nwjh ij gSa rFkk fuokZfrr ik=k esa ifjc¼ gSaA (uhps fn, x,
fp=k dks ns[ksa ftlesa geus ik=k dks ugha n'kkZ;k gS)A ifjukfydkvksa osQ eè; {ks=k esa xfr djus okys vkosf'kr d.k viuh
viuh xfr NksVh f=kT;k ls vkjaHk djsaxsA tSls {ks=k de gksxk] f=kT;k esa o`f¼ gksxh rFkk f=kT;k esa fiQj deh gksxh tc
ifjukfydk 2 osQ dkj.k pqacdh; {ks=k esa o`f¼ gksxhA ifjukfydk,¡ niZ.k vFkok ijkorZd dh Hkk¡fr dk;Z djrh gSa ¹tSls
gh d.k ifjukfydk 2 dh rji+Q igq¡prk gS fp=k esa cy F dh fn'kk ns[ksaA bldk {kSfrt ?kVd vxzfn'k xfr osQ fo#¼
gSAº ftlosQ dkj.k d.k nwljh ifjukfydk 2 osQ ikl igq¡prs gh okil Hkst fn;k tkrk gSA bl izdkj dh O;oLFkk ,d
pqacdh; cksry vFkok pqacdh; ik=k dh Hkk¡fr dk;Z djsxhA d.k ik=k osQ nksuksa rji+Q dh lhekvksa dks dHkh Li'kZ ugha djsxkA
,slh pqacdh; cksry lay;u iz;ksxksa esa mPp ÅtkZ ^IykTek* dks ifjjksf/r djus esa cgqr mi;ksxh gSA vius mPp rki osQ
dkj.k ^IykTek* fdlh Hkh inkFkZ dh vU; voLFkk dks u"V dj nsxkA ,d vU; mi;ksxh la;kstu VksjkWbM gSA VksdkeSd
esa VksjkWbM dh izeq[k Hkwfedk fuHkkus dh vk'kk dh tkrh gSA VksdkeSd lay;u 'kfDr fj,DVjksa esa Iyk”ek ifjjksèku osQ fy,
mi;ksxh midj.k gSA ;gk¡ ,d varjkZ"Vªh; lg;ksx varjkZ"Vªh; rki&ukfHkdh; iz;ksxkRed fj,DVj (ITER) fu;af=kr lay;u
izkIr djus osQ fy, izQkal esa LFkkfir gks jgk gS ftldk Hkkjr ,d lg;ksxh jk"Vª gSA ITER ls lg;ksx ,oa ifj;kstuk lacaèkh
foLr`r tkudkjh osQ fy, ns[ksa http://www.iter.org.
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mnkgj.k 4.9 dksbZ ifjukfydk ftldh yackbZ 0.5 m rFkk f=kT;k 1 cm gS] esa 500 isQjs gSaA
blesa 5 A fo|qr /kjk izokfgr gks jgh gSA ifjukfydk osQ Hkhrj pqacdh; {ks=k dk ifjek.k D;k gS\

gy  izfr ,dkad yackbZ isQjksa dh la[;k

500
1000

0.5
n = =    isQjs izfr ehVj

yackbZ l = 0.5 m rFkk f=kT;k r = 0.01 mA bl izdkj] l/a = 50 vFkkZr l >> a

vr% ge yach ifjukfydk dk lw=k ¹lehdj.k (4.20)º dk mi;ksx dj ldrs gSa
B = µ

0
n I

   = 4π × 10–7 × 103 × 5

   = 6.28 × 10–3 T

4.9 nks lekarj fo|qr /kjkvksa osQ chp cyµ,sfEi;j
ge ;g lh[k pqosQ gSa fd fdlh fo|qr /kjkokgh pkyd osQ dkj.k pqacdh; {ks=k mRiUu gksrk gS
rks ck;ks&lkoVZ fu;e dk ikyu djrk gSA lkFk gh geus ;g Hkh lh[kk gS fd fo|qr /kjkokgh
pkyd ij cká paqcdh; {ks=k cy vkjksfir djrk gSA ;g yksjsat cy lw=k dk vuqxeu djrk gSA

vr% ;g vk'kk djuk roZQlaxr gS fd ,d&nwljs osQ ikl fLFkr nks fo|qr
/kjkokgh pkyd ,d nwljs ij (pqacdh;) cy vkjksfir djsaxsA lu~ 1820-

25 dh vof/ esa ,sfEi;j us bl pqacdh; cy dh izo`Qfr] bldh fo|qr
èkkjk osQ ifjek.k] pkyd dh vko`Qfr rFkk vkeki ij fuHkZjrk osQ lkFk bu
pkydksa osQ chp dh nwjh ij fuHkZjrk dk vè;;u fd;kA bl vuqHkkx esa ge
nks lekarj fo|qr /kjkokgh pkydksa osQ ljy mnkgj.k ij gh ppkZ djsaxs tks
dnkfpr ,sfEi;j osQ Je lkè; dk;ks± osQ izfr vkHkkj izdV djus esa gekjh
lgk;rk djsaxsA

fp=k 4.20 esa nks yacs lekarj pkyd a rFkk b n'kkZ, x, gSa ftuosQ chp
ìFkdu d gS rFkk ftuls (lekarj) Øe'k% I

a
 rFkk I

b
 fo|qr /kjk,¡ izokfgr gks

jgh gSaA pkyd  ‘a’ pkyd ‘b’ osQ vuqfn'k izR;sd ¯cnq ij leku pqacdh;
{ks=k B

a
 yxk jgk gSA rc nf{k.k gLr fu;e osQ vuqlkj bl pqacdh; {ks=k dh

fn'kk v/kseq[kh (tc pkyd {kSfrtr% j[ks gksrs gSa) gSA ,sfEi;j osQ ifjiFkh;
fu;e vFkok ¹lehdj.k [4.19 (a)º osQ vuqlkj bl pqacdh; {ks=k dk
ifjek.k

0

2
a

a

I
B

d

µ
=

π

pkyd ‘b’ ftlls fo|qr /kjk I
b
 izokfgr gks jgh gS  B

a 
osQ dkj.k ik'oZr% ,d cy dk vuqeku

djrk gSA bl cy dh fn'kk pkyd  ‘a’ dh vksj gksrh gSA (vki bldh iqf"V Lo;a dj ldrs gSa)
ge bl cy dks F

ba 
}kjk ukekafdr djrs gSa] tksfd  ‘a’ osQ dkj.k ‘b’ osQ [kaM L ij yxk cy

gSA lehdj.k (4.4) ls bl cy dk ifjek.k

F
ba

 = I
b
 L B

a

fp=k 4-20 nks yacs lhèks] lekarj pkyd ftuesa
vifjorhZ èkkjk i

a
 ,oa i

b
 izokfgr gks jgh gS vkSj

tks ,d&nwljs ls d nwjh ij j[ks gSaA pkyd ‘a’ osQ
dkj.k pkyd ‘b’ ij mRiUu pqacdh; {ks=k B

a
 gSA
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0

2
a bI I

L
d

µ
=

π (4.23)

okLro esa ‘b’ osQ dkj.k ‘a’ ij cy dks ifjdfyr djuk laHko gSA ftl izdkj geus Åij
fopkj fd;k Fkk mlh izdkj osQ fopkjksa osQ }kjk ge ‘b’ esa izokfgr fo|qr /kjk osQ dkj.k ‘a’ osQ
[kaM L ij cy F

ab 
osQ cjkcj rFkk ‘b’ dh vksj fu£n"V Kkr dj ldrs gSaA ;g ifjek.k esa F

ba

osQ cjkcj rFkk ‘b’ dh vksj fu£n"V gksrk gSA bl izdkj
F

ba
 = –F

ab
(4.24)

è;ku nhft,] ;g U;wVu osQ rhljs xfr osQ fu;e osQ vuq:i gSA bl izdkj geus lekarj
pkydksa rFkk vifjorhZ fo|qr /kjkvksa osQ fy, ;g rks n'kkZ gh fn;k gS fd ck;ks&lkoVZ fu;e rFkk
yksjsat cy }kjk izkIr ifj.kke U;wVu osQ xfr osQ rhljs fu;e osQ vuq:i gSA*

geus Åij izkIr ifj.kkeksa ls ;g ik;k fd leku fn'kk esa izokfgr gksus okyh fo|qr /kjk,¡
,d nwljs dks vkd£"kr djrh gSaA ge ;g Hkh n'kkZ ldrs gSa fd foijhr fn'kkvksa esa izokfgr gksus
okyh fo|qr /kjk,¡ ,d nwljs dks izfrd£"kr djrh gSaA bl izdkj

lekarj /kjk,¡ vkd£"kr rFkk izfrlekarj /kjk,¡ izfrd£"kr djrh gSaA
;g fu;e ml fu;e osQ foijhr gS ftldk geus fLFkjoS|qfrdh esa vè;;u fd;k Fkkµ

¶ltkrh; vkos'kksa esa izfrd"kZ.k rFkk fotkrh; vkos'kksa esa vkd"kZ.k gksrk gSA¸ ijarq ltkrh;
(lekarj) /kjk,¡ ,d nwljs dks vkd£"kr djrh gSaA

eku yhft,  f
ba

 cy F
ba

 osQ izfr ,dkad yackbZ ij vkjksfir cy osQ ifjek.k dks fu:fir
djrk gSA rc lehdj.k (4.23) ls]

π

0

2
a b

ba

I I
f

d

µ
= (4.25)

mijksDr O;atd dk mi;ksx fo|qr /kjk osQ ek=kd ,sfEi;j (A) dh ifjHkk"kk dks izkIr djus
esa fd;k tk ldrk gSA ;g lkr SI ewy ek=kdksa esa ls ,d gSA

,d ,sfEi;j og vifjorhZ fo|qr /kjk gS tks nks yacs] lh/s mis{k.kh; vuqizLFk dkV osQ fuokZr
esa ,d nwljs ls 1m nwjh ij fLFkr lekarj pkydksa esa izokfgr gks] rks buesa ls izR;sd pkyd dh
izfr ehVj yackbZ ij 2 × 10–7N dk cy mRiUu gksrk gSA

^,sfEi;j* dh ;g ifjHkk"kk lu~ 1946 esa viuk;h xbZ FkhA ;g ,d lS¼kafrd ifjHkk"kk gSA
O;ogkj esa gesa i`Foh osQ pqacdh; {ks=k osQ izHkko dks foyqIr djuk pkfg, rFkk cgqr yacs rkjksa
osQ LFkku ij mfpr T;kfefr dh cgqisQjksa dh oqaQMfy;k¡ ysuh pkfg,A ,d midj.k] ftls ^èkkjk
rqyk* dgrs gSa] dk mi;ksx bl ;kaf=kd cy dh eki osQ fy, fd;k tkrk gSA

vkos'k osQ SI ek=kd] vFkkZr owQykWe dks vc ge ,sfEi;j osQ inksa esa ifjHkkf"kr dj ldrs gSaA
tc fdlh pkyd esa 1A dh vifjorhZ fo|qr /kjk izokfgr gksrh gS rks mldh vuqizLFk dkV

ls ,d lsoaQM esa izokfgr vkos'k dh ek=kk ,d owQykWe (1C) gksrh gSA

* blls ;g vFkZ fudyrk gS fd tc gekjs ikl le; fuHkZj fo|qr /kjk,¡@vFkok xfr'khy vkos'k gksrh gSa
rc vkos'kksa@pkydksa osQ chp cyksa osQ fy, U;wVu dk rhljk fu;e ykxw ugha gksrkA U;wVu osQ rhljs fu;e
dk vko';d ifj.kke ;kaf=kdh esa fdlh fo;qDr fudk; osQ laosx dk laj{k.k gSA rFkkfi ;g fo|qr pqacdh;
{ks=kksa osQ lkFk le; fuHkZj fLFkfr;ksa osQ izdj.k ij ykxw gksrh gS] ijarq bl 'krZ osQ lkFk fd {ks=kksa }kjk ogu
laosx dks Hkh lfEefyr fd;k tk,A
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mnkgj.k 4.10 fdlh fu/kZfjr LFkku ij i`Foh osQ pqacdh; {ks=k dk {kSfrt ?kVd
3.0 ×10–5 T gS] rFkk bl {ks=k dh fn'kk HkkSxksfyd nf{k.k ls HkkSxksfyd mÙkj dh vksj gSA fdlh
vR;f/d yacs lh/s pkyd ls 1A dh vifjorhZ /kjk izokfgr gks jgh gSA tc ;g rkj fdlh {kSfrt
es”k ij j[kk gS rFkk fo|qr /kjk osQ izokg dh fn'kk,¡ (a) iwoZ ls if'pe dh vksj_ (b)  nf{k.k
ls mÙkj dh vksj gSa rks rkj dh izR;sd ,dkad yackbZ ij cy fdruk gS\

gy  F = Il × B

F = IlB sinθ
izfr ,dkad yackbZ ij cy
f = F/l = I B sinθ
(a) tc fo|qr /kjk iwoZ ls if'pe dh vksj izokfgr gksrh gS] rc

θ = 90°

vr%
f = I B

  = 1 × 3 × 10–5 = 3 × 10–5 N m–1

lekarj fo|qr /kjkvksa osQ chp vkd"kZ.k osQ fy, jkxsV dk l£iy

pqacdh; izHkko lkekU;r% fo|qr izHkkoksa ls de izHkkoh gksrs gSaA blosQ ifj.kkeLo:i fo|qr /kjkvksa osQ chp cy] dkjd
µ osQ vYieku osQ dkj.k] vYi ifjek.k osQ gksrs gSaA blhfy, fo|qr /kjkvksa osQ chp vkd"kZ.k vFkok izfrd"kZ.k osQ
cyksa dks fun£'kr djuk dfBu gSA bl izdkj izR;sd rkj ls 5 A fo|qr /kjk rFkk 1 cm i`Fkdu osQ fy, izfr ehVj
cy 5 × 10–4 N gksrk gS tks fd yxHkx 50 mg Hkkj gksrk gSA ;g bl izdkj gksxk tSls fd fdlh f?kjuh ls Mksjh }kjk
yVdk 50 mg Hkkj ml Mksjh ls c¡/s rkj dks [khap jgk gksA bl Hkkj osQ dkj.k rkj esa gqvk foLFkkiu yxHkx vn`';
gksxkA

dksey dekuh dk mi;ksx djosQ ge lekarj fo|qr /kjkvksa dh izHkkoh yackbZ esa o`f¼ dj ldrs gSa rFkk ikjs
(ejdjh) dk mi;ksx djosQ ge oqQN feyhehVj osQ foLFkkiuksa dks Hkh izHkko'kkyh <ax ls izs{k.kh; cuk ldrs gSaA

vkidks ,slh fo|qr /kjk vkiw£r dh vko';drk Hkh gksxh tks yxHkx 5 A

dh vpj fo|qr /kjk iznku djsA
,d ,slh dksey dekuh yhft, ftldk izko`Qfrd nksyu dky yxHkx

0.5 – 1 s gksA bls ÅèokZ/j yVdkdj blosQ fupys fljs ij fp=k esa n'kkZ,
vuqlkj ,d uksad tksfM+,A I;kyh esa FkksM+h ejdjh yhft, rFkk dekuh dks
bl izdkj lek;ksftr dhft, fd bldh uksd ejdjh osQ i`"B osQ Bhd
Åij gksA fn"V fo|qr /kjk (DC lzksr) lzksr ysdj blosQ ,d V£euy dks
dekuh osQ Åijh fljs ls la;ksftr dhft, rFkk nwljs V£euy dks ejdjh
esa Mqcksb,A ;fn dekuh dh uksad ejdjh dks Li'kZ djrh gS rks ejdjh ls
gksrs gq, fo|qr ifjiFk iwjk gks tkrk gSA

eku yhft, izkjaHk esa DC lzksr ̂ vkWiQ* gSA eku yhft, dekuh dh uksad bl izdkj lek;ksftr gS fd og ejdjh
osQ i`"B dks Li'kZ dj jgh gSA vc vpj fo|qr /kjk lzksr dks ̂ vkWu* dhft, rFkk ea=k&eqX/ djus okyk ifj.kke nsf[k,A
dekuh ,d >VosQ osQ lkFk floqQM+rh gS] uksad ejdjh ls ckgj vk tkrh gS (yxHkx 1mm)] ifjiFk VwV tkrk gS]
fo|qr /kjk izokfgr gksuk #d tkrk gS] dekuh f'kfFky gks tkrh gS rFkk viuh ewy fLFkfr esa vkus dk iz;kl djrh gS] dekuh
dh uksad iqu% ejdjh osQ ì"B dks Nwrh gS rFkk ifjiFk esa fo|qr /kjk izokfgr gksus yxrh gS vkSj ;g pØ fVd] fVd] fVd
osQ lkFk pyrk jgrk gSA vkjaHk esa vkidks vPNk izHkko ikus osQ fy, oqQN lek;kstu dh vko';drk gksrh gSA

D;ksafd ejdjh dh ok"i ”kgjhyh gksrh gS] vr% iz;ksx djrs le; viuk psgjk ejdjh ls nwj jf[k,A dki+Qh le;
rd ejdjh dh ok"i osQ ikl lk¡l er [khafp,A
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;g ,sfEi;j dh ifjHkk"kk esa o£.kr cy osQ eku 2×10–7 Nm–1 ls cM+k gSA vr% ,sfEi;j
dk ekudhdj.k djus osQ fy, i`Foh osQ paqcdh; {ks=k rFkk vU; Hkwys&HkVosQ {ks=kksa osQ izHkkoksa
dks lekIr djuk egRoiw.kZ gSA cy dh fn'kk v/kseq[kh gSA
bl fn'kk dks ^lfn'kksa osQ lfn'k xq.kuiQy* osQ nSf'kd xq.k osQ }kjk izkIr fd;k tk
ldrk gSA

(b) tc fo|qr /kjk osQ izokg dh fn'kk nf{k.k ls mÙkj dh vksj gS] rks
θ = 0o

f = 0

vr% pkyd ij dksbZ cy dk;Z ugha djrkA

4.10 fo|qr /kjk ik'k ij cy vk?kw.kZ] pqacdh; f}/zqo
4.10.1 ,dleku pqacdh; {ks=k esa vk;rkdkj fo|qr /kjk ik'k ij cy vk?kw.kZ

vc ge vkidks ;g fn[kk,¡xs fd ,dleku pqacdh; {ks=k esa fLFkr dksbZ vk;rkdkj ik'k ftlls
vifjorhZ fo|qr /kjk I izokfgr gks jgh gS] ,d cy vk?kw.kZ dk vuqHko djrk gSA bl ij dksbZ usV
cy vkjksfir ugha gksrkA ;g O;ogkj ml f}/qzo osQ O;ogkj osQ le:ih gS tks ;g ,dleku fo|qr
{ks=k esa n'kkZrk gS (vuqHkkx 1.12 nsf[k,)A

igys ge ml ljy izdj.k ij fopkj djrs gSa ftlesa vk;rkdkj ik'k
bl izdkj fLFkr gS fd ,dleku pqacdh; {ks=k B ik'k osQ ry esa gSA bls
fp=k 4.21 (a) esa n'kkZ;k x;k gSA

pqacdh; {ks=k ik'k dh nks Hkqtkvksa AD rFkk BC ij dksbZ cy vkjksfir
ugha djrkA ;g ik'k dh Hkqtk AB osQ yacor gS rFkk bl ij cy F

1

vkjksfir djrk gS ftldh fn'kk ik'k osQ ry esa Hkhrj dh vksj gSA bl cy
dk ifjek.k gS %

F
1
 = I b B

blh izdkj] pqacdh; {ks=k Hkqtk CD ij ,d cy F
2
 vkjksfir djrk gS

tks ik'k osQ ry osQ ckgj dh vksj gSA bl cy dk ifjek.k gS %
F

2
 = I b B = F

1

blh izdkj ik'k ij vkjksfir usV cy 'kwU; gSA cyksa F
1
 rFkk F

2 
osQ

;qxy osQ dkj.k ik'k ij ,d cy vk?kw.kZ dk;Z djrk gSA fp=k 4.21 (b)

esa AD fljs ls ik'k dk ,d n`'; fn[kk;k x;k gSA ;g Li"V djrk gS fd
;g cy vk?kw.kZ ik'k esa okekorZ ?kw.kZu dh izo`fÙk mRiUu djrk gSA bl cy
vk?kw.kZ dk ifjek.k gS %

1 2
2 2

a a
F Fτ = +

   ( )
2 2

a a
IbB IbB I ab B= + =

   = I A B (4.26)

;gk¡ A = ab vk;r dk {ks=kiQy gSA
vc ge vkxs ml izdj.k ij fopkj djsaxs ftlesa ik'k dk ry pqacdh;

{ks=k osQ vuqfn'k ugha gS] ijarq buosQ chp dksbZ dks.k curk gSA ge pqacdh;

?kw.kZu v{k

cqz'k

t

fp=k 4.21 (a) ,dleku pqacdh; {ks=k esa fLFkr
dksbZ fo|qr /kjkokgh vk;rkdkj oqaQMyhA pqacdh;
vk?kw.kZ m v/kseq[kh laosQr djrk gSA cy vk?kw.kZ τττττ
v{k osQ vuqfn'k gS rFkk bldh izo`fÙk oqaQMyh dks
okekorZ ?kw.kZu djkus dh gSA (b) oaqQMyh ij cy

;qXe dk;Z djrs gq,A

  mnkgj.k 4
.1

0
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{ks=k B rFkk oqaQMyh ij vfHkyac osQ chp dk dks.k θ  ysrs gSa
(igyk izdj.k θ = π/2 osQ rnuq:ih gS)A fp=k 4.22 esa ;g
O;kid izdj.k n'kkZ;k x;k gSA

Hkqtkvksa BC rFkk DA ij dk;Zjr cy ifjek.k esa leku fn'kk
esa foijhr rFkk oqaQMyh osQ v{k osQ vuqfn'k dk;Z djrs gSaA ;s cy
BC rFkk DA osQ lagfr osaQnzksa dks la;ksftr djrs gSaA v{k osQ
vuqfn'k lajsf[kr gksus osQ dkj.k ;s ,d nwljs dks fujLr djrs gSa]
ifj.kkeLo:i dksbZ usV cy vFkok cy vk?kw.kZ ugha gSA Hkqtkvksa AB

rFkk CD ij dk;Zjr cy F
1
 rFkk F

2 
gSaA ;s Hkh ifjek.k lfgr leku

,oa foijhr gSaA
F

1
 = F

2
 = I b B

ijarq ;s lajs[k ugha gSaA blosQ ifj.kkeLo:i igys dh rjg ,d
cy ;qXe mRiUu gksrk gSA rFkkfi] fiNys izdj.k ftlesa ik'k dk ry
pqacdh; {ks=k osQ vuqfn'k Fkk] dh rqyuk esa cy vk?kw.kZ dk ifjek.k
vc de gSA bldk dkj.k ;g gS fd cy;qXe cukus okys cyksa osQ
chp dh yacor nwjh de gks xbZ gSA fp=k  4.22(b) esa fljs AD

ls bl O;oLFkk dk n`'; fn[kk;k x;k gSA blesa ;g n'kkZ;k x;k gS
fd ;s nks cy ,d cy;qXe cukrs gSaA ik'k ij cy vk?kw.kZ dk
ifjek.k gS %

1 2sin sin
2 2

a a
F Fτ θ θ= +

= I ab B sin θ

   = I A B sin θ (4.27)

tSls&tSls θ à 0, cy;qXe osQ cyksa osQ chp yacor nwjh Hkh
'kwU; dh vksj c<+rh gSA blls cy lajs[k cu tkrs gSa rFkk usV cy rFkk cy vk?kw.kZ 'kwU; gks tkrs
gSaA lehdj.kksa (4.26) rFkk (4.27) osQ cy vk?kw.kks± dks oqaQMyh osQ paqcdh; vk?kw.kZ rFkk pqacdh;
{ks=k osQ lfn'k xq.kuiQy osQ :i esa O;Dr dj ldrs gSaA fo|qr /kjk ik'k osQ pqacdh; vk?kw.kZ dks
ge bl izdkj ifjHkkf"kr djrs gSa

m = I A (4.28)

;gk¡ {ks=k lfn'k A dh fn'kk nf{k.k gLr vaxq"B fu;e osQ vuqlkj dkx”k osQ ry osQ Hkhrj dh
vksj fu£n"V gS (fp=k 4.21 nsf[k,) pw¡fd m rFkk B osQ chp dk dks.k θ  gS] lehdj.kksa  (4.26)

rFkk (4.27) dks osQoy ,d O;atd }kjk O;Dr fd;k tk ldrk gS

= ×m Bττττ (4.29)

;g fLFkjoS|qfrdh osQ izdj.k osQ ln`'k gSA ¹fo|qr {ks=k E esa f}/zqo vk?kw.kZ p
e
 dk oS|qr

f}èkqzoº

ττ = ×p Ee

tSlk fd lehdj.k (4.28) ls Li"V gS] paqcdh; {ks=k dh foek,¡ [AL2] gSa rFkk bldk ek=kd Am2

gSA
lehdj.k (4.29) ls Li"V gS fd tc     m pqacdh; {ks=k B osQ lekarj vFkok izfrlekarj gksrk

gS rks cy vk?kw.kZ τ τ τ τ τ foyqIr gks tkrk gSA tc oaqQMyh ij cy vk?kw.kZ ugha gksrk rks ;g lkE;koLFkk
dh vksj bafxr djrk gS (;g pqacdh; vk?kw.kZ m dh fdlh oLrq ij Hkh ykxw gksrk gS)A tc m

fp=k 4.22 (a) ik'k ABCD dk {ks=k lfn'k pqacdh; {ks=k
ls dksbZ ;kn`fPNd dks.k θ cukrk gSA (b) ik'k dk Åijh
n`';A Hkqtkvksa AB rFkk CD ij dk;Zjr cy F

1
 rFkk F

2

n'kkZ, x, gSaA
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  mnkgj.k 4
.1

1

rFkk B lekarj gksrs gSa rks lkE;koLFkk LFkk;h gksrh gSA oqaQMyh esa dksbZ Hkh ?kw.kZu gksus ij cy vk?kw.kZ
mRiUu gksrk gS tks oaqQMyh dks okil mldh ewy fLFkfr esa yk nsrk gSA tc ;s izfrlekarj gksrs
gSa rks lkE;koLFkk vLFkk;h gksrh gS D;ksafd oaqQMyh esa dksbZ ?kw.kZu gksus ij ,d cy vk?kw.kZ mRiUu
gksrk gS tks bl ?kw.kZu esa o`f¼ dj nsrk gSA bl cy vk?kw.kZ dh mifLFkfr osQ dkj.k gh y?kq pqacd
vFkok dksbZ pqacdh; f}/qzo cká pqacdh; {ks=k osQ lkFk Lo;a dks lajsf[kr dj ysrk gSA

;fn ik'k esa ikl&ikl lVs gq, N isQjs gSa rks cy vk?kw.kZ osQ fy, O;atd] lehdj.k (4.29)

vc Hkh ykxw gksrk gSA rc ;g O;atd bl izdkj O;Dr fd;k tkrk gS
m = N I A (4.30)

mnkgj.k 4.11 10 cm f=kT;k dh fdlh oqaQMyh ftlesa ikl&ikl lVs 100 isQjs gSa] esa 3.2 A

fo|qr /kjk izokfgr gks jgh gSA (a) oaqQMyh osQ osaQnz ij pqacdh; {ks=k fdruk gS\
(b) bl oaqQMyh dk pqacdh; vk?kw.kZ D;k gS\

;g oqaQMyh ÅèokZ/j ry esa j[kh gS rFkk fdlh {kSfrt v{k tks mlosQ O;kl ls lajsf[kr gS]
osQ ifjr% ?kw.kZu djus osQ fy, Lora=k gSA ,d 2T dk ,dleku pqacdh; {ks=k {kSfrt fn'kk esa gS
tks bl izdkj gS fd vkjaHk esa oqaQMyh dk v{k pqacdh; {ks=k dh fn'kk esa gSA paqcdh; {ks=k osQ
izHkko esa oaqQMyh 90º osQ dks.k ij ?kw.kZu dj tkrh gSA (c) vkjafHkd rFkk vafre fLFkfr esa oqaQMyh
ij cy vk?kw.kZ osQ ifjek.k D;k gSa\ (d) 90º ij ?kw.kZu djus osQ i'pkr oaqQMyh }kjk v£tr
dks.kh; pky fdruh gS\ oaqQMyh dk tM+Ro vk?kw.kZ 0.1 kg m2  gSA

gy
(a) lehdj.k (4.16) ls

0

2

NI
B

R

µ
=

;gk¡] N = 100; I = 3.2 A, rFkk R = 0.1 m blfy,
7 2

1

4 10 10 3.2

2 10
B

−

−

π × × ×
=

×
 

5

1

4 10 10

2 10

−

−

× ×
=

×
   (π × 3.2 = 10 dk mi;ksx djus ij)

    = 2 × 10–3 T

B dh fn'kk nf{k.k gLr vaxq"B fu;e }kjk izkIr gksrh gSA
(b) lehdj.k (4.30) ls pqacdh; vk?kw.kZ

m = N I A = N I π r2 = 100 × 3.2 × 3.14 × 10–2 = 10 A m2

bl ckj fiQj fn'kk nf{k.k gLr vaxq"B fu;e }kjk izkIr gksrh gSA

(c) τ = ×m B      [lehdj.k (4.29) ls]

   sinm B θ=

vkjaHk essa θ = 0, bl izdkj vkjafHkd cy vk?kw.kZ τ
i
 = 0, var esa θ = π/2 (vFkok 90º)

bl izdkj vafre cy vk?kw.kZ τ
f
 = m B = 10 × 2 = 20 N m

(d) U;wVu osQ f}rh; fu;e ls

IIIII  
d

d

ω

t
m= sinθ

;gk¡ IIIII oaqQMyh dk tM+Ro vk?kw.kZ gSA  Ük`a[kyk fu;e osQ vuqlkj

 

d

d

d

d

d

d

d

d

ω ω ω
ω

t t t
= =

θ

θ

bldk mi;ksx djus ij]

IIIII  m B sinθ θd
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mn

kg
j.
k 4

.1
2

  
mn

kg
j.
k  4

.1
1

θ = 0 ls θ = π/2 rd lekdyu djus ij]

2
/2

0
cos

2

f
m B

ω
θ π

= −I   = m B

 
=

×



−

2 20

10 1

1 2/

 
= 20 s–1

mnkgj.k 4.12

(a) fdlh fpdus {kSfrt ry ij dksbZ fo|qr /kjkokgh o`Ùkkdkj ik'k j[kk gSA D;k bl ik'k osQ
pkjksa vksj ,slk pqacdh; {ks=k LFkkfir fd;k tk ldrk gS fd ;g ik'k vius v{k osQ pkjksa
vksj Lo;a pDdj yxk, (vFkkZr ÅèokZ/j v{k osQ pkjksa vksj)A

(b) dksbZ fo|qr okgh òÙkkdkj ik'k fdlh ,dleku cká pqacdh; {ks=k esa fLFkr gSA ;fn ;g ik'k
?kweus osQ fy, Lora=k gS] rks blosQ LFkk;h larqyu dk fno~QfoU;kl D;k gksxkA ;g n'kkZb, fd
blesa oqQy {ks=k (cká {ks=k $ ik'k }kjk mRiUu {ks=k) dk ÝyDl vf/dre gksxkA

(c) vfu;fer vko`Qfr dk dksbZ fo|qr /kjkokgh ik'k fdlh cká pqacdh; {ks=k esa fLFkr gSA ;fn
rkj yphyk gS rks ;g o`Ùkkdkj vko`Qfr D;ksa xzg.k dj ysrk gS\

gy
(a) ugha] D;ksafd blosQ fy, ÅèokZ/j fn'kk esa cy vk?kw.kZ τττττ dh vko';drk gksxhA ijarq

τττττ = I A × B, vkSj pw¡fd {kSfrt ik'k dk {ks=kiQy lfn'k A ÅèokZ/j fn'kk esa gS] τ  dks B
osQ fdlh eku osQ fy, ik'k osQ ry esa gksuk pkfg,A

(b) LFkk;h larqyu okyk fno~QfoU;kl og gS ftlesa ik'k dk {ks=kiQy lfn'k  A  cká pqacdh;
{ks=k dh fn'kk esa gksrk gSA bl fno~QfoU;kl esa ik'k }kjk mRiUu pqacdh; {ks=k cká {ks=k dh
fn'kk esa gh gSA bl izdkj] nksuksa {ks=k ik'k osQ ry osQ yacor gksus osQ dkj.k oqQy {ks=k dk
vf/dre ÝyDl iznku djrs gSaA

(c) ;g {ks=k osQ yacor ry esa o`Ùkkdkj ik'k dk :i blfy, xzg.k dj ysrk gS rkfd blls
gksdj vf/dre ÝyDl izokfgr gks losQA D;ksafd fdlh nh xbZ ifjfefr osQ fy, o`Ùk dk
{ks=kiQy fdlh Hkh vU; vko`Qfr dh rqyuk esa vf/dre gksrk gSA

4.10.2 o`Ùkkdkj fo|qr /kjk ik'k pqacdh; f}/zqo

bl vuqHkkx esa ge ekSfyd pqacdh; rRo osQ :i esa fdlh fo|qr /kjk ik'k osQ fo"k; esa fopkj
djsaxsA ge ;g n'kkZ,¡xs fd o`Ùkkdkj fo|qr /kjk ik'k osQ dkj.k pqacdh; {ks=k (vf/d nwfj;ksa ij)
O;ogkj esa oS|qr f}/qzo osQ fo|qr {ks=k ls cgqr oqQN leku gksrk gSA vuqHkkx 4.6 esa geus R f=kT;k
osQ òÙkkdkj ik'k ftlls vifjorhZ fo|qr /kjk I izokfgr gks jgh gS] osQ dkj.k ik'k osQ v{k pqacdh;
{ks=k dk ewY;kadu fd;k FkkA bl pqacdh; {ks=k dk ifjek.k ¹lehdj.k (4.15)º]

( )
2

0

3/22 22

I R
B

x R

µ
=

+

rFkk bldh fn'kk v{k osQ vuqfn'k Fkh ftls nf{k.k gLr vaxq"B fu;e }kjk izkIr fd;k x;k Fkk
(fp=k 4.12)A ;gk¡ ij x ik'k osQ osaQnz ls mlosQ v{k osQ vuqfn'k nwjh gSA ;fn x >> R gS] rks
ge mijksDr O;atd osQ gj ls R2 dh mis{kk dj ldrs gSaA bl izdkj
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µ
=

2
0

32

IR
B

x

è;ku nhft,] ik'k dk {ks=kiQy A = πR2 , bl izdkj

0

32

IA
B

x

µ
=

π

tSlk fd igys geus pqacdh; vk?kw.kZ m osQ ifjek.k dh ifjHkk"kk
m  = I A osQ :i esa dh Fkh

π

0

32 x

µ m
B �

    
π

0

3

2

4 x

µ
=

m
[4.31(a)]

lehdj.k [4.31(a)] dk ;g O;atd fdlh fLFkjoS|qr f}/qzo osQ fo|qr {ks=k osQ fy, igys
izkIr fd, tk pqosQ O;atd ls dki+Qh esy [kkrk gSA bl lekurk dks ns[kus osQ fy, ge izfrLFkkfir
djrs gSa

 0 01/µ ε→

e→m p  (fLFkjoS|qr f}/qzo)

 →B E   (fLFkjoS|qrh; {ks=k)
rc gesa izkIr gksrk gS]

3
0

2

4
e

xε
=

π

p
E

tks fd ;FkkFkZ :i ls fdlh oS|qr f}/qzo dk mlosQ v{k ij fo|qr {ks=k gSA blosQ fo"k; esa geus
vè;k; 1 vuqHkkx 1.10 [lehdj.k (1.20)] esa vè;;u fd;k FkkA

;g n'kkZ;k tk ldrk gS fd mijksDr ln`'krk dks vkxs Hkh ys tk;k tk ldrk gSA geus ;g
ik;k Fkk fd f}/qzo osQ yacor f}foHkktd ij fo|qr {ks=k ¹lehdj.k (1.21) nsf[k,º

3
04
e

xε
≈

π

p
E

;gk¡ x f}/qzo ls nwjh gSA ;fn ge mijksDr laca/ esa p à m rFkk 0 01/µ ε→  ls izfrLFkkfir

djsa] rks gesa ik'k osQ ry esa fdlh ¯cnq ftldh osaQnz ls nwjh x gS] osQ fy, B osQ ifj.kke izkIr
gks ldrs gSaA x >>R  osQ fy,

0

3
;

4
x R

x

µ
≈ >>

π

m
B [4.31(b)]

fdlh ¯cnq pqacdh; f}/qzo osQ fy, lehdj.kksa [4.31(a)] rFkk [4.31(b)] }kjk fn, x,
ifj.kke ;FkkFkZ cu tkrs gSaA

mijksDr ifj.kke fdlh Hkh lery ik'k ij ykxw gksrs n'kkZ, tk ldrs gSaA lery fo|qr èkkjk
ik'k fdlh v{k pqacdh; f}/qzo osQ rqY; gksrk gS ftldk pqacdh; vk?kw.kZ m = I A gS tks fd
oS|qr f}/qzo vk?kw.kZ p osQ ln`'k gSA è;ku nhft,] bruk gksrs gq, Hkh ,d ewy varj ;g gS fd dksbZ
oS|qr f}/qzo nks ewy bdkb;ksa µ vkos'kksa (vFkok fo|qr ,d/zqoksa) ls feydj curk gSA tcfd
pqacdRo esa dksbZ pqacdh; f}/qzo (vFkok fo|qr /kjk ik'k) ,d vR;ar ewy rRo gSA pqacdRo esa
fo|qr vkos'kksa osQ lerqY; vFkkZr pqacdh; ,d/qzoksa] dk vfLrRo vc rd vKkr gSA
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geus ;g n'kkZ;k fd dksbZ fo|qr /kjk ik'k (i) pqacdh; {ks=k mRiUu djrk gS (fp=k 4-12

nsf[k,) rFkk vf/d nwfj;ksa ij ,d pqacdh; f}/qzo dh rjg O;ogkj djrk gS rFkk (ii) ij ,d
cy vk?kw.kZ dk;Z djrk gS tSls pqacdh; lqbZA blosQ vk/kj ij ,sfEi;j us ;g lq>ko fn;k Fkk fd
leLr pqacdRo izokfgr fo|qr /kjkvksa osQ dkj.k gSA ;g vkaf'kd :i ls lR; izrhr gksrk gS rFkk
vc rd dksbZ Hkh pqacdh; ,d/qzo ugha ns[kk tk ldk gSA rFkkfi ewy d.k tSls bysDVªkWu vFkok
izksVkWu osQ Hkh uSt pqacdh; vk?kw.kZ gSa tks izokfgr fo|qr /kjkvksa osQ dkj.k ugha gSaA

4.10.3 ifjØeh bysDVªkWu dk pqacdh; f}/qzo vk?kw.kZ

vè;k; 12 esa ge gkbMªkstu ijek.kq osQ cksj ekWMy osQ fo"k; esa vè;;u djsaxsA
dnkfpr vkius bl ekWMy osQ ckjs esa lquk gksxkA ftls MsuekoZQ osQ HkkSfrd foKkuh
uhy cksj us lu~ 1911 esa izLrkfor fd;k Fkk vkSj tks u, izdkj dh ;kaf=kdh ftls
DokaVe ;kaf=kdh dgrs gSa] osQ fy, ehy dk ,d iRFkj FkkA cksj ekWMy esa] bysDVªkWu
(,d ½.kkosf'kr d.k) fdlh /ukosf'kr ukfHkd osQ pkjksa vksj Bhd mlh izdkj
ifjØek djrk gS ftl izdkj dksbZ xzg lw;Z dh ifjØek djrk gSA bysDVªkWu osQ
izdj.k esa cy fLFkjoS|qr (owQykWe cy) gksrk gS tcfd lw;Z xzg izdj.k esa ;g
xq#Rokd"kZ.k cy gksrk gSA fp=k 4.23 esa cksj ekWMy n'kkZ;k x;k gSA

fdlh fLFkj Hkkjh ukfHkd ftldk vkos'k +Ze gS] osQ pkjksa vksj (–e) vkos'k
dk bysDVªkWu (e = + 1.6 × 10–19 C) ,dleku orqZy xfr djrk jgrk gSA blls
fo|qr /kjk I curh gSA ;gk¡

e
I

T
= (4.32)

;gk¡ T  ifjØe.k dk vkorZdky gSA ;fn bysDVªkWu dh d{kk dh f=kT;k r  rFkk
d{kh; pky v gS] rks

π2 r
T =

v
(4.33)

lehdj.k esa T dk eku izfrLFkkfir djus ij I = ev/2πr

bl ifjlapkjh fo|qr /kjk osQ lkFk ,d pqacdh; vk?kw.kZ lac¼ gksxk ftls izk;% µ
l 
}kjk fu£n"V

djrs gSaA lehdj.k (4.28) ls bldk ifjek.k gS µ
l
 = Iπr2 = evr/2

fp=k 4.23 esa bl pqacdh; vk?kw.kZ dh fn'kk dkx”k osQ ry esa Hkhrj dh vksj gSA ¹bl
ifj.kke ij gessa igys o.kZu fd, tk pqosQ nf{k.k gLr fu;e rFkk bl rF; osQ vk/kj ij igqaps
gSa fd ½.kkosf'kr bysDVªkWu okekorZ xfr dj jgk gS ftlosQ iQyLo:i fo|qr /kjk nf{k.kkorZ gSAº
mijksDr O;atd osQ nf{k.k i{k dks bysDVªkWu osQ nzO;eku m

e 
ls xq.kk ,oa Hkkx djus ij gesa izkIr

gksrk gS

( )
2

l e

e

e
m vr

m
µ =

    2 e

e
l

m
= [4.34(a)]

;gk¡] l osaQnzh; ukfHkd osQ ifjr% bysDVªkWu osQ dks.kh; laosx dk ifjek.k gSA lfn'k :i esa

2
l

e

e

m
= − lµµµµ [4.34(b)]

fp=k 4.23 gkbMªkstu tSls ijek.kqvksa osQ cksj
ekWMy esa] ½.kkos'k ;qDr bysDVªkWu osaQnzLFk
èkukos'k ;qDr (+Z e) ukfHkd osQ pkjksa vksj
,dleku pky ls ?kwe jgk gSA bysDVªkWu dh
,dleku orqZy xfr ,d /kjk ywi cukrh gSA
paqcdh; vk?kw.kks± dh fn'kk dkx”k osQ ry osQ
yacor Hkhrj dh vksj gS rFkk bls i`Fkd :i

fpÉ ⊗ }kjk fu£n"V fd;k x;k gSA

µ
i
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;gk¡ ½.kkRed fpÉ ;gk¡ ;g laosQr nsrk gS fd bysDVªkWu osQ dks.kh; laosx dh fn'kk pqacdh;
vk?kw.kZ dh fn'kk osQ foijhr gSA ;fn geus bysDVªkWu (ftl ij vkos'k –e gS) osQ LFkku ij (+q) vkos'k
dk dksbZ d.k fy;k gksrk rks dks.kh; laosx rFkk paqcdh; vk?kw.kZ nksuksa dh ,d gh fn'kk gksrhA vuqikr

l

2 e

e

l m

µ
= (4.35)

bls ?kw.kZ pqacdh; vuqikr dgrs gSa rFkk ;g ,d fu;rkad gSA bysDVªkWu osQ fy, bl vuqikr dk
eku 8.8 × 1010 C /kg gS ftls iz;ksxksa }kjk lR;kfir fd;k tk pqdk gSA

;g rF; fd ijekf.od Lrj rd Hkh pqacdh; vk?kw.kZ fo|eku gS ijekf.od vk?kw.kZ lacaèkh
,sfEi;j dh lkgliw.kZ ifjdYiuk dh iqf"V djrk gSA ,sfEi;j osQ vuqlkj] ;g inkFkks± osQ pqacdh;
xq.kksa dks Hkyh&Hkk¡fr Li"V djus esa lgk;d gSA D;k ge ml ijek.koh; f}/qzo vk?kw.kZ dks dksbZ
fuf'pr eku ns ldrs gSa\ bldk mÙkj gS µ gk¡A cksj ekWMy dh ifjf/ esa ,slk fd;k tkuk laHko
gSA cksj us ;g ifjdYiuk dh Fkh fd dks.kh; laosx ,d fofoDr ekukas dk leqPp; gh gks ldrk
gSA vFkkZr

2

n h
l

π
= (4.36)

;gk¡ n ,d izko`Qr la[;k] n = 1, 2, 3, ... gS rFkk h ,d fu;rkad gS ftls oSKkfud eSDl Iykad
osQ uke ij (Iykad fu;rkad) dgrs gSa rFkk bldk eku h = 6.626 × 10–34 J s gSA dks.kh;
osx dh fofoDrrk laca/h bl 'krZ dks cksj DokaVhdj.k&'krZ dgrs gSaA blosQ fo"k; esa ge vè;k;
12 esa foLrkj ls ppkZ djsaxsA ;gk¡ gekjk mís'; ek=k izkFkfed f}/qzo vk?kw.kZ dks ifjdfyr djus
esa bldk mi;ksx djuk gSA n = 1 ysus ij lehdj.k (4.34) ls gesa izkIr gksrk gS]

min( )
4

l

e

e
h

m
µ =

π

    
19 34

31

1.60 10 6.63 10

4 3.14 9.11 10

− −

−

× × ×
=

× × ×
    = 9.27 × 10–24 Am2 (4.37)

;gk¡ v/ksfyf[kr min dk mi;ksx U;wure osQ fy, fd;k x;k gSA bl U;wure eku dks cksj eSXusVkWu
dgrs gSaA

,dleku orZqy xfr djus okys izR;sd vkos'k osQ ikl dksbZ pqacdh; vk?kw.kZ vo'; gh lac¼
gksrk gS ftls lehdj.k (4.34) osQ leku fdlh O;atd ls O;Dr fd;k tkrk gSA bl f}èkzqo vk?kw.kZ
dks d{kh; pqacdh; vk?kw.kZ dgrs gSaA blhfy, µ

l 
esa vèkksfyf[kr ‘l’ yxk gSA d{kh; pqacdh; vk?kw.kZ

osQ vfrfjDr bysDVªkWu dk ,d uSt pqacdh; vk?kw.kZ Hkh gksrk gS ftldk vkafdd eku ogh gS tSlk
lehdj.k (4.37) esa n'kkZ;k x;k gSA bl vk?kw.kZ dks pØ.k pqacdh; vk?kw.kZ dgrs gSaA ijarq ge rqjar
gh ;g Li"V dj nsuk pkgrs gSa fd bldk ;g vFkZ ugha gS fd bysDVªkWu ?kw.kZu xfr djrk gSA
bysDVªkWu ,d ewy d.k gS rFkk izpØeku yV~Vw vFkok i`Foh dh Hkk¡fr bldk viuk dksbZ ?kw.kZu
v{k ugha gS ftl ij ;g ?kw.kZu dj losQA bruk gksus ij Hkh bldk ,d uSt pqacdh; vk?kw.kZ gksrk
gSA yksgs rFkk vU; pqacdh; inkFkks± esa pqacdu dh lw{e tM+sa blh uSt pØ.k pqacdh; vk?kw.kZ ls
fudyrh izrhr gksrh gSaA

4.11 py oqaQMyh xSYosuksehVj
vè;k; 3 osQ varxZr fo|qr ifjiFkksa esa izokfgr /kjkvksa rFkk oksYVrkvksa osQ fo"k; esa foLrkj ls ppkZ
dh tk pqdh gSA ijarq ge bUgsa fdl izdkj ekirs gSaA ge ;g oSQls dgrs gSa fd fdlh ifjiFk
esa 1.5 A fo|qr /kjk izokfgr gks jgh gS vFkok fdlh izfrjks/d osQ fljksa osQ chp 1.2 V foHkokarj

xSYosuksehVj d
k ,sehVj v

Fkok oksYVehVj esa :
ikarj.k
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gSA fp=k 4.24 esa blh mís'; osQ mi;ksx ls fd;k tkus okyk mi;ksxh midj.k n'kkZ;k x;k gS ftls py
oqaQMyh xSYosuksehVj (moving coil galvanometer — MCG) dgrs gSaA ;g ,d ,slh ;qfDr gS
ftlosQ fl¼kar dks gekjs }kjk vuqHkkx esa 4.10 esa dh xbZ ppkZ osQ vk/kj ij le>k tk ldrk gSA

py oqaQMyh xSYosuksehVj esa fdlh ,dleku f=kT; (vjh;) pqacdh; {ks=k esa fdlh v{k ij
?kw.kZu djus osQ fy, vusd isQjksa okyh ,d oqaQMyh gksrh gS (fp=k 4.24)A bl oaqQMyh osQ Hkhrj
,d csyukdkj ueZ yksg ØksM tks osQoy pqacdh; {ks=k dks f=kT; gh ugha cukrk oju pqacdh; {ks=k
dh izcyrk esa Hkh òf¼ dj nsrk gSA tc bl oqaQMyh ls dksbZ fo|qr /kjk izokfgr dh tkrh gS rks bl
ij ,d cy vk?kw.kZ dk;Z djrk gSA lehdj.k (4.26) osQ vuqlkj bl cy vk?kw.kZ τ dk eku gksrk gS

τ = NI AB

;gk¡] HkkSfrd jkf'k;ksa osQ izrhdksa osQ vius lkekU; vFkZ gSaA pw¡fd fM”kkbu osQ vuqlkj pqacdh; {ks=k
f=kT; gS] geus cy vk?kw.kZ osQ fy, fn, x, mijksDr O;atd esa sin θ = 1 fy;k gSA ;g pqacdh;
cy vk?kw.kZ NIAB oqaQMyh esa ?kw.kZu dh izo`fÙk mRiUu djrk gS ftlosQ iQyLo:i oqaQMyh vius
v{k ij ?kw.kZu djrh gSA oqaQMyh ls tqM+h dekuh S

p
 esa oaqQMyh osQ ?kw.kZu osQ fojks/ esa cy vk?kw.kZ

kφ mRiUu gks tkrk gS tks oqaQMyh osQ cy vk?kw.kZ NIAB dks larqfyr djrk gS_ iQyLo:i oqaQMyh
esa φ dks.k dk LFkk;h dks.kh; fo{ksi vk tkrk gSA lkE;koLFkk esa

kφ = NI AB

;gk¡ k dekuh dk ,saBu fu;rkad gS] vFkkZr izfr ,dkad ,saBu izR;ku;u cy vk?kw.kZ gSA fo{ksi φ
dk ikB~;kad dekuh osQ lkFk tqM+s laosQrd }kjk iSekus ij fy;k tk ldrk gSA mijksDr O;atd

osQ vuqlkj φ dk eku gS

φ =
NAB

k
I





 (4.38)

dks"Bd dh jkf'k dk eku fdlh fn, x, xSYosuksehVj osQ fy, ,d
fu;rkad gSA xSYosuksehVj dk mi;ksx dbZ izdkj ls fd;k tk ldrk gSA
bldk mi;ksx ,d lalwpd osQ :i esa ;g Kkr djus osQ fy, fd;k tk
ldrk gS fd ifjiFk esa dksbZ fo|qr /kjk izokfgr gks jgh gS vFkok ughaA
bl izdkj dk mi;ksx geus OghVLVksu lsrq O;oLFkk esa fd;k FkkA tc
xSYosuksehVj dk mi;ksx lalwpd osQ :i esa djrs gSa rks bldk laosQrd
lkE;koLFkk ('kwU; fo{ksi fLFkfr vFkkZr tc oqaqQMyh esa dksbZ fo|qr èkkjk
izokfgr ugha gksrh) iSekus osQ eè; esa gksrk gS u fd ckb± vksj tSlk fd
fp=k 4.24 esa n'kkZ;k x;k gSA izokfgr fo|qr /kjk osQ vuqlkj xSYosuksehVj
dk laosQrd fo|qr /kjk dh fn'kk osQ vuq:i ck,¡ vFkok nk,¡ fo{ksfir
gks tkrk gSA

xSYosuksehVj dk mi;ksx blh :i esa fdlh ifjiFk esa izokfgr fo|qr
èkkjk dks ekius osQ fy, ,sehVj dh Hkk¡fr ugha fd;k tk ldrkA blosQ nks
dkj.k gSa (i) xSYosuksehVj ,d vR;ar lqxzkgh ;qfDr gS] ;g µA dksfV dh
fo|qr /kjk osQ fy, iw.kZ iSekuk fo{ksi nsrh gSA (ii) fo|qr /kjk dks ekius osQ
fy, xSYosuksehVj dks ifjiFk esa Js.khØe esa tksM+uk gksrk gSA D;ksafd bldk
izfrjks/ vfèkd gksrk gS tks ifjiFk esa izokfgr gksus okyh fo|qr èkkjk osQ eku
dks ifjo£rr dj nsrk gSA bl ijs'kkuh dks nwj djus osQ fy, ,d vYi&eku
okyk izfrjks/ r

s 
ftls 'kaV dgrs gSa] xSYosuksehVj dh oqaQMyh osQ ik'oZØe

esa la;ksftr fd;k tkrk gS ftlls vf/dka'k fo|qr èkkjk bl 'kaV ls izokfgr
gks tkrh gSA bl izdkj bl O;oLFkk dk izfrjks/ gks tkrk gSµ

fp=k 4.24 py oqaQMyh xSYosuksehVjA blosQ vo;oksa
dk o.kZu ikB esa fd;k x;k gSA vko';drkuqlkj bl
midj.k dk mi;ksx ge èkkjk dk irk yxkus ;k
èkkjk (,sehVj)] ;k fiQj oksYVrk (oksYVehVj) dk

eku Kkr djus osQ fy, djrs gSaA

,dleku f=kT;
pqacdh; {ks=k

ueZ ykSg
ØksM

/qjh

oqaQMyh

LFkk;h pqacdlaosQru

iSekuk
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oksYVehVj

fp=k 4.25

,d vR;Yi eku dk 'kaV
izfrjksèk r

s
 ik'oZØe esa

yxkdj fdlh xSYosuksehVj
(G) dks ,sehVj (A) esa

:ikarfjr djukA

,sehVj

fp=k 4.26  Js.khØe esa ,d
cM+k izfrjksèk R yxkdj
xSYosuksehVj (G) dks

oksYVehVj (V) esa ifjofrZr
djukA

  mnkgj.k 4
.1

3

R
G
 r

s 
/ (R

G
  + r

s
)    ~  r

s
         ;fn   R

G
 >>  r

s

;fn ifjiFk osQ izfrjks/ R
e 
dh rqyuk esa r

s 
dk eku de gS rks ekid ;a=k dks ifjiFk esa tksM+us

dk izHkko Hkh de gksxk ftldh mis{kk dh tk ldrh gSA bl O;oLFkk dk ,d ;kstuk vkjs[k
fp=k 4.25 esa fn[kk;k x;k gSA bl izdkj cus ,sehVj osQ iSekus dk va'kkadu dj fn;k tkrk gS
rkfd vklkuh ls èkkjk dk eku i<+k tk losQA ,sehVj dh lqxzkfgrk dh ifjHkk"kk ge fo{ksi izfr
bdkbZ èkkjk osQ :i esa djrs gSaA lehdj.k (4.38) osQ vuqlkj èkkjk lqxzkfgrk gS]

NAB

I k

φ
= (4.39)

fdlh Hkh mRiknd osQ fy, xSYosuksehVj dh lqxzkfgrk esa o`f¼ djus dk ljy mik; ;g gS
fd og oqaQMyh esa isQjksa dh la[;k N esa o`f¼ dj nsA ge vius iz;ksx dh vko';drk osQ vuqlkj
xSYosuksehVj dk p;u djrs gSaA

/kjkekih dk mi;ksx ifjiFk osQ fdlh va'k osQ fljksa osQ chp foHkokarj Kkr djus osQ fy,
oksYVrkekih osQ :i esa Hkh gks ldrk gSA bl mís'; osQ fy, bldks ifjiFk osQ ml va'k osQ
ik'oZØe esa yxkuk gksxkA vkSj fiQj] blesa ls vR;Yi /kjk izokfgr gksuh pkfg,] vU;Fkk] oksYVrk
dh eki ewy O;oLFkk dks vR;f/d fo{kqC/ dj nsxhA izk;% ge ekid ;a=kksa }kjk mRiUu fo{kksHk
dks ,d izfr'kr ls de j[krs gSaA  eki dh ifj'kq¼rk cuk, j[kus osQ fy,] xSYosuksehVj osQ
Js.khØe esa ,d cM+k izfrjksèk R tksM+k tkrk gSA bl O;oLFkk dk ;kstuk vkjs[k fp=k 4.26 esa
n'kkZ;k x;k gSA è;ku nhft, fd vc oksYVehVj dk oqQy izfrjksèk]

R
G
 + R �  R :  vFkkZr izfrjks/ cgqr vf/d gSA

oksYVehVj osQ iSekus dks va'kkafdr dj fn;k tkrk gS rkfd vklkuh ls oksYVrk dk eku i<+k
tk losQA fdlh oksYVekih dh oksYVrk lqxzkfgrk dh ifjHkk"kk ge fo{ksi izfr ,dkad oksYVrk ls
djrs gSaA lehdj.k (4.38) ls

φ
=

V

NAB

k

I

V

NAB

k R







= 





1
(4.40)

;gk¡ ,d jkspd rF; è;ku nsus ;ksX; ;g gS fd èkkjk lqxzkfgrk esa òf¼ djus ij ;g vko';d
ugha gS fd oksYVrk lqxzkfgrk esa Hkh o`f¼ gks tk,xhA vkb, lehdj.k (4.39) ij fopkj djsa tks
èkkjk lqxzkfgrk dk eki crkrh gSA ;fn N → 2N vFkkZr ;fn isQjksa dh la[;k nksxquh dj nh tk,] rks

2
I I

φ φ
→

vFkkZr èkkjk lqxzkfgrk Hkh nksxquh gks tkrh gSA foaQrq] xSYosuksehVj dk izfrjksèk Hkh nks
xquk gks tkus dh laHkkouk gS D;ksafd ;g rkj dh yackbZ osQ vuqØekuqikrh gSA lehdj.k
(4.40) esa N→2N ,oa R→2R, vr% oksYVrk lqxzkfgrk]

V V

φ φ
→

vifjo£rr jgrh gSA vr% O;kid :i ls xSYosuksehVj ls ,sehVj esa :ikarfjr djus osQ fy, tks
la'kks/u fd, tkrs gSa xSYosuksehVj dks oksYVehVj esa ifjo£rr djus osQ fy, buls fHkUu la'kksèku
fd, tkus pkfg,A

mnkgj.k 4.13  uhps fn[kk, x, ifjiFk esa èkkjk dk eku D;k gS ;fn fn[kk;k x;k
,sehVj] (a) R

G
 = 60.00 Ω izfrjksèk dk xSYosuksehVj gSA (b) Hkkx (a) esa crk;k x;k

xSYosuksehVj gh gS ijarq bldks r
s
 = 0.02 Ω dk 'kaV izfrjksèk yxkdj ,sehVj esa ifjo£rr

fd;k x;k gSA  (c) 'kwU; izfrjksèk dk ,d vkn'kZ ,sehVj gSA
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mn
kg
j.
k 4

.1
3

lkjka'k
1. pqacdh; {ks=k B ij fo|qr {ks=k E dh mifLFkfr esa v osx ls xfreku fdlh vkos'k q ij

yxus okys oqQy cy dks yksjsat cy dgrs gSaA bls uhps fn, x, O;atd }kjk O;Dr fd;k
tkrk gSA
F = q (v × B + E)

pqacdh; {ks=k q (v × B), v osQ vfHkyacor gS rFkk fd;k x;k dk;Z 'kwU; gSA
2. l yackbZ osQ fdlh lh/s pkyd ftlls LFkk;h fo|qr /kjk I izokfgr gks jgh gS] fdlh

,dleku cká pqacdh; {ks=k esa cy F dk vuqHko djrk gS]
F = I l × B

;gk¡ |l| = l rFkk l dh fn'kk fo|qr /kjk dh fn'kk }kjk iznku dh tkrh gSA
3. fdlh ,dleku pqacdh; {ks=k esa] dksbZ vkos'k q, B osQ vfHkyacor ry esa o`Ùkkdkj d{kk

esa xfreku gSA bldh ,dleku orZqy xfr dh vko`fÙk dks lkbDyksVªkWu vko`fÙk dgrs gSa
ftls bl izdkj O;Dr fd;k tkrk gSµ

2
c

q B

m
ν =

π

;g vko`fÙk d.k dh pky rFkk f=kT;k ij fuHkZj ugha djrhA bl rF; dk mi;ksx
lkbDyksVªkWu uked e'khu esa fd;k tkrk gS tks vkosf'kr d.kksa dks Rofjr djus esa mi;ksxh
gksrk gSA

4. ck;ks&lkoVZ fu;e osQ vuqlkj dl yackbZ osQ fdlh vo;o ftlls vifjorhZ fo|qr /kjk I
izokfgr gks jgh gS] osQ dkj.k r lfn'k nwjh ij fLFkr fdlh ̄ cnq P ij pqacdh; {ks=k dB

bl izdkj O;Dr fd;k tkrk gSµ

3

d
d

4
o I

r

µ ×
=

π
l r

B

fp=k 4.27

gy
(a) ifjiFk esa oqQy izfrjks/ gS

3 63GR + = Ω  blfy, I = 3/63 = 0.048 A

(b) ,sehVj esa :ikarfjr xSYosuksehVj dk izfrjks/

60 0.02
- 0.02

(60 0.02)
G s

G s

R r

R r

Ω × Ω
= Ω

+ + Ω
�

ifjiFk esa oqQy izfrjks/
0.02 3 3.02Ω + Ω = Ω  vr% I = 3/3.02 = 0.99 A

(c) 'kwU; izfrjks/ osQ vkn'kZ ,sehVj osQ fy,
 I =  3/3 = 1.00 A
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P ij oqQy {ks=k izkIr djus osQ fy, gesa bl lfn'k O;atd dks pkyd dh leLr yackbZ
osQ fy, lekdfyr djuk pkfg,A

5. f=kT;k R dh o`Ùkkdkj oqaQMyh ftlls I /kjk izokfgr gks jgh gS] osQ dkj.k osaQnz ls v{kh;
nwjh x ij pqacdh; {ks=k dk ifjek.k

2
0

2 2 3/22( )

IR
B

x R

µ
=

+

oqaQMyh osQ osaQnz ij bl {ks=k dk ifjek.k

0

2

I
B

R

µ
=

6. ,sfEi;j dk ifjiFkh; fu;e % eku yhft, dksbZ [kqyk i`"B S fdlh ik'k C }kjk ifjc¼
gSA rc ,sfEi;j osQ fu;e osQ vuqlkj   ;gk¡ I i`"B S ls izokfgr fo|qr

èkkjk gSA I dk fpÉ nf{k.k gLr fu;e }kjk fu/kZfjr fd;k tkrk gSA geus ;gk¡ bl fu;e
osQ ljyho`Qr :i ij ppkZ dh gSA ;fn B can oØ dh ifjf/ L osQ gj ̄ cnq ij Li'khZ osQ
vuqfn'k fu£n"V gS rFkk ifjf/ osQ vuqfn'k bldk ifjek.k fu;r gS rks
BL = µ

0
 I

e

;gk¡ I
e
 can ifjiFk }kjk ifjc¼ usV fo|qr /kjk gSA

7. fdlh yacs lh/s rkj ftlls I fo|qr /kjk izokfgr gks jgh gS] ls R  nwjh ij fLFkr fdlh ̄cnq
ij pqacdh; {ks=k dk ifjek.k

π

0

2

I
B

R

µ
=

{ks=k js[kk,¡ rkj osQ lkFk laosaQnzh o`Ùk gksrh gSaA

8. fdlh yach ifjukfydk ftlls I fo|qr /kjk izokfgr gks jgh gS] osQ Hkhrj pqacdh; {ks=k B
dk ifjek.k
B = µ

0
nI

;gk¡ n ifjukfydk dh izfr ,dkad yackbZ esa isQjksa dh la[;k gSA fdlh VksjkWbM osQ fy,
pqacdh; {ks=k B dk ifjek.k

0

2

NI
B

r

µ
π

=

;gk¡ n isQjksa dh oqQy la[;k rFkk r vkSlr f=kT;k gSA

9. lekarj fo|qr /kjk,¡ vkd£"kr rFkk izfrlekarj fo|qr /kjk,¡ izfrd£"kr djrh gSaA

10. cgqr ikl fyiVs  N isQjksa rFkk A {ks=kiQy osQ leryh; ik'k ftlls fo|qr /kjk I esa izokfgr
gks jgh gS] dk ,d pqacdh; vk?kw.kZ m gksrk gS
m = N I A

rFkk m dh fn'kk nf{k.k gLr vaxq"B fu;e ls fu/kZfjr gksrh gSA bl fu;e osQ vuqlkj]
¶vius nk,¡ gkFk dh gFksyh dks bl izdkj ik'k osQ vuqfn'k eksfM+, fd m¡xfy;k¡ fo|qr èkkjk
dh fn'kk esa laosQr djsa rks] ckgj dh vksj ¯[kpk v¡xwBk m (vkSj A) dh fn'kk crkrk gSA
tc ;g ik'k fdlh ,dleku pqacdh; {ks=k B esa j[kk tkrk gS rks bl ij vkjksfir cy
F = 0

rFkk bl ij cy vk?kw.kZ
τττττ = m × B

fdlh py oqaQMyh xSYosuksehVj esa bl cy vk?kw.kZ dks dekuh }kjk yxk;k izfr cy vk?kw.kZ
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larqfyr dj ysrk gS vkSj rc gesa izkIr gksrk gS
kφ = NI AB

;gk¡ φ  larqyu fo{ksi gS rFkk k dekuh dk ,saBu fu;rkad gSA
11. osaQnzh; ukfHkd osQ pkjksa vksj xfreku fdlh bysDVªkWu dk ,d pqacdh; vk?kw.kZ µ

l
  gksrk gS

ftls bl izdkj O;Dr djrs gSa %

2
l

e
l

m
µ =

;gk¡ l osaQnzh; ukfHkd osQ ifjr% ifjlapkjh bysDVªkWu dk dks.kh; laosx dk ifjek.k gSA µ
l
 osQ

y?kqre eku dks cksgj esXusVkWu µ
B
 dgrs gSa (µ

B
 = 9.27×10–24 J/T)A

12. fdlh py oaqQMyh xSYosuksehVj dks mldh oaqQMyh osQ ik'oZØe esa dksbZ vYi ifjek.k dk
'kaV izfrjks/ r

s 
lac¼ djosQ ,sehVj esa :ikarfjr fd;k tk ldrk gSA xSYosuksehVj dh oaqQMyh

osQ lkFk Js.khØe esa vf/d ifjek.k dk izfrjks/ lac¼ djosQ mls oksYVehVj esa :ikarfjr
fd;k tk ldrk gSA

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

eqDr vkdk'k dh pqacd'khyrk µ
0

vfn'k [MLT –2A–2] T m A–1 4π × 10–7 T m A–1

paqcdh; {ks=k B lfn'k [M T –2A–1] T (VsLyk)

paqcdh; vk?kw.kZ m lfn'k [L2A] A m2 vFkok J/T

,saBu fu;rkad k   vfn'k [M L2T –2]     N m rad–1 xSYosuksehVj esa n`f"Vxkspj

fopkj.kh; fo"k;

1. fLFkjoS|qr {ks=k js[kk,¡ /ukos'k ls vkjaHk gksdj ½.kkos'k ij lekIr gks tkrh gSa vFkok vuar
ij yqIr ;k foyhu gks tkrh gSaA pqacdh; {ks=k js[kk,¡ lnSo can ik'k cukrh gSaA

2. bl vè;k; esa of.kZr fopkj  osQoy vifjorhZ fo|qr /kjkvksa (tks le; osQ lkFk ifjo£rr
ugha gksrh)osQ fy, gh ykxw gSA
le; osQ lkFk ifjofrZr gksus okyh fo|qr /kjkvksa osQ fy, U;wVu dk rhljk fu;e oS|qrpqacdh;
{ks=k osQ laosx dk laKku djus ij gh oSèk gksrk gSA

3. yksjsat cy osQ lehdj.k dk Lej.k dhft,]

F = q (v × B + E)

osx fuHkZj bl cy us oqQN egkure oSKkfud fopkjdksa dk è;ku vkd£"kr fd;kA ;fn dksbZ
iszs{kd ,d ,sls izsQe esa igq¡p tk, tgk¡ mldk {kf.kd ossx v gks rks cy dk pqacdh; Hkkx
'kwU; gks tkrk gSA rc vkosf'kr d.k dh xfr ;g ekudj le>kbZ tk ldrh gS fd bl u,
izsQe esa ,d mfpr fo|qr {ks=k fo|eku gSA bl ;kaf=kdh osQ foLrkj esa ge ugha tk,¡xsA blosQ
fo"k; esa vki vkxs dh d{kkvksa esa i<+saxsA ysfdu bl ckr ij ge ”kksj nsuk pkgsaxs fd bl
fojks/kHkkl dk lek/ku bl rF; esa fufgr gS fd fo|qr vkSj pqacdRo ,d&nwljs ls tqM+s gq,
izØe gSa (fo|qrpqacdRo) vkSj yksjsat cy dk O;atd] izo`Qfr esa fdlh lkoZHkkSe ojh; lanHkZ
izsQe esa var£ufgr ugha gSA

4. ,sfEi;j dk ifjiFkh; fu;e] ck;ks&lkoVZ fu;e ls vyx ugha gSA ;g ck;ks&lkoVZ fu;e ls
O;qRiUu fd;k tk ldrk gSA bldk ck;ks&lkoVZ fu;e ls oSlk gh lacaèk gS tSlk fd xkml
fu;e dk owWQyke fu;e lsA
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vH;kl

4.1 rkj dh ,d òÙkkdkj oqaQMyh esa 100 isQjs gSa] izR;sd dh f=kT;k 8.0 cm gS vkSj buesa 0.40 A

fo|qr èkkjk izokfgr gks jgh gSA oqaQMyh osQ osaQæ ij pqacdh; {ks=k dk ifjek.k D;k gS\

4.2 ,d yacs] lhèks rkj esa 35 A fo|qr èkkjk izokfgr gks jgh gSA rkj ls 20 cm nwjh ij fLFkr
fdlh ¯cnq ij pqacdh; {ks=k dk ifjek.k D;k gS\

4.3 {kSfrt ry esa j[ks ,d yacs lhèks rkj esa 50 A fo|qr èkkjk mÙkj ls nf{k.k dh vksj izokfgr
gks jgh gSA rkj osQ iwoZ esa 2.5 m nwjh ij fLFkr fdlh ̄ cnq ij pqacdh; {ks=k B dk ifjek.k
vkSj mldh fn'kk Kkr dhft,A

4.4 O;kseLFk ¯[kps {kSfrt fctyh osQ rkj esa 90 A fo|qr èkkjk iwoZ ls if'pe dh vksj izokfgr
gks jgh gSA rkj osQ 1.5 m uhps fo|qr èkkjk osQ dkj.k mRiUu pqacdh; {ks=k dk ifjek.k vkSj
fn'kk D;k gS\

4.5 ,d rkj ftlesa 8 A fo|qr èkkjk izokfgr gks jgh gS] 0.15 T osQ ,dleku pqacdh; {ks=k esa]
{ks=k ls 30° dk dks.k cukrs gq, j[kk gSA bldh ,dkad yackbZ ij yxus okys cy dk ifjek.k
vkSj bldh fn'kk D;k gS\

4.6 ,d 3.0 cm yack rkj ftlesa 10 A fo|qr èkkjk izokfgr gks jgh gS] ,d ifjukfydk osQ Hkhrj
mlosQ v{k osQ yacor j[kk gSA ifjukfydk osQ Hkhrj pqacdh; {ks=k dk eku 0.27 T gSA rkj
ij yxus okyk pqacdh; cy D;k gSA

4.7 ,d&nwljs ls 4.0 cm dh nwjh ij j[ks nks yacs] lhèks] lekarj rkjksa A ,oa B ls Øe'k% 8.0 A

,oa 5.0 A dh fo|qr èkkjk,¡ ,d gh fn'kk esa izokfgr gks jgh gSaA rkj A osQ 10 cm [kaM ij
cy dk vkdyu dhft,A

4.8 ikl&ikl isQjksa okyh ,d ifjukfydk 80 cm yach gS vkSj blesa 5 ijrsa gSa ftuesa ls izR;sd
esa 400 isQjs gSaA ifjukfydk dk O;kl 1.8 cm gSA ;fn blesa 8.0 A fo|qr èkkjk izokfgr gks
jgh gS rks ifjukfydk osQ Hkhrj osaQæ osQ ikl pqacdh; {ks=k B osQ ifjek.k ifjdfyr dhft,A

4.9 ,d oxkZdkj oqaQMyh ftldh izR;sd Hkqtk 10 cm gS] esa 20 isQjs gSa vkSj mlesa 12 A fo|qr
èkkjk izokfgr gks jgh gSA oqaQMyh ÅèokZ/jr% yVdh gqbZ gS vkSj blosQ ry ij [khapk x;k vfHkyac
0.80 T osQ ,dleku pqacdh; {ks=k dh fn'kk ls 30° dk ,d dks.k cukrk gSA oqaQMyh ij yxus
okys cy;qXe vk?kw.kZ dk ifjek.k D;k gS\

4.10 nks py oqaQMyh xSYosuksehVj ehVjksa M
1
 ,oa M

2
 osQ fooj.k uhps fn, x, gSa %

R
1
 = 10 Ω,  N

1
 = 30,

A
1
 = 3.6 × 10–3 m2, B

1
 = 0.25 T

R
2
 = 14 Ω,  N

2
 = 42,

A
2
 = 1.8 × 10–3 m2, B

2
 = 0.50 T (nksuksa ehVjksa osQ fy, ̄ Lizx fu;rkad leku gSa)A

(a) M
2
 ,oa M

1
 dh èkkjk&lqxzkfgrkvksa] (b) M

2
 ,oa M

1
 dh oksYVrk&lqxzkfgrkvksa dk vuqikr

Kkr dhft,A

4.11 ,d izdks"B esa 6.5 G (1 G = 10–4 T) dk ,dleku pqacdh; {ks=k cuk, j[kk x;k gSA bl
pqacdh; {ks=k esa ,d bysDVªkWu 4.8×106 m s–1 osQ osx ls {ks=k osQ yacor Hkstk x;k gSA O;k[;k
dhft, fd bl bysDVªkWu dk iFk o`Ùkkdkj D;ksa gksxk\ o`Ùkkdkj d{kk dh f=kT;k Kkr dhft,A

(e = 1.6 ×10–19 C, m
e
 = 9.1×10–31 kg)
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4.12 iz'u 4.11 esa] o`Ùkkdkj d{kk esa bysDVªkWu dh ifjØe.k vko`fÙk izkIr dhft,A D;k ;g mÙkj

bysDVªkWu osQ osx ij fuHkZj djrk gS\ O;k[;k dhft,A

4.13 (a) 30 isQjksa okyh ,d òÙkkdkj oqaQMyh ftldh f=kT;k 8.0 cm gS vkSj ftlesa 6.0 A fo|qr
èkkjk izokfgr gks jgh gS] 1.0 T osQ ,dleku {kSfrt pqacdh; {ks=k esa ÅèokZèkjr% yVdh
gSA {ks=k js[kk,¡ oqaQMyh osQ vfHkyac ls 60° dk dks.k cukrh gSaA oqaQMyh dks ?kweus ls jksdus
osQ fy, tks izfrvk?kw.kZ yxk;k tkuk pkfg, mlosQ ifjek.k ifjdfyr dhft,A

(b) ;fn (a) esa crk;h xbZ o`Ùkkdkj oqaQMyh dks mlh {ks=kiQy dh vfu;fer vko`Qfr dh
leryh; oqaQMyh ls izfrLFkkfir dj fn;k tk, ('ks"k lHkh fooj.k vifjofrZr jgsa) rks
D;k vkidk mÙkj ifjo£rr gks tk,xk\

vfrfjDr vH;kl

4.14 nks leosaQfæd o`Ùkkdkj oqaQMfy;k¡ X vkSj Y ftudh f=kT;k,¡ Øe'k% 16 cm ,oa 10 cm gaS]
mÙkj&nf{k.k fn'kk esa leku ÅèokZèkj ry esa vofLFkr gSaA oqaQMyh X esa 20 isQjs gSa vkSj blesa
16 A fo|qr èkkjk izokfgr gks jgh gS] oqaQMyh Y esa 25 isQjs gSa vkSj blesa 18 A fo|qr èkkjk
izokfgr gks jgh gSA if'pe dh vksj eq[k djosQ [kM+k ,d izs{kd ns[krk gS fd X esa èkkjk izokg
okekorZ gS tcfd Y esa nf{k.kkorZ gSA oqaQMfy;ksa osQ osaQæ ij] muesa izokfgr fo|qr èkkjkvksa osQ
dkj.k mRiUu oqQy pqacdh; {ks=k dk ifjek.k ,oa fn'kk Kkr dhft,A

4.15 10 cm yackbZ vkSj 10–3 m2 vuqizLFk dkV osQ ,d {ks=k esa 100 G (1 G = 10–4 T) dk
,dleku pqacdh; {ks=k pkfg,A ftl rkj ls ifjukfydk dk fuekZ.k djuk gS mlesa vfèkdre
15 A fo|qr èkkjk izokfgr gks ldrh gS vkSj ØksM ij vfèkdre 1000 isQjs izfr ehVj yisVs
tk ldrs gSaA bl mn~ns'; osQ fy, ifjukfydk osQ fuekZ.k dk fooj.k lq>kb,A ;g eku yhft,
fd ØksM yksg&pqacdh; ugha gSA

4.16 I èkkjkokgh] N isQjksa vkSj R f=kT;k okyh o`Ùkkdkj oqaQMyh osQ fy,] blosQ v{k ij] osaQæ ls x
nwjh ij fLFkr fdlh ¯cnq ij pqacdh; {ks=k osQ fy, fuEu O;atd gS %

( ) 2/322

2

0

2 Rx

NIR
B

+
=

µ

(a) Li"V dhft,] blls oqaQMyh osQ osaQæ ij pqacdh; {ks=k osQ fy, lqifjfpr ifj.kke oSQls izkIr
fd;k tk ldrk gSA

(b) cjkcj f=kT;k R, ,oa isQjksa dh la[;k N, okyh nks òÙkkdkj oqaQMfy;k¡ ,d&nwljs ls R nwjh
ij ,d&nwljs osQ lekarj] v{k feyk dj j[kh xbZ gSaA nksuksa esa leku fo|qr èkkjk ,d gh
fn'kk esa izokfgr gks jgh gSA n'kkZb, fd oqaQMfy;ksa osQ v{k osQ yxHkx eè;¯cnq ij {ks=k]
,d cgqr NksVh nwjh osQ fy, tks fd R ls de gS] ,dleku gS vkSj bl {ks=k dk yxHkx
eku fuEu gS %

R

NI
B 072.0

µ
=

¹cgqr NksVs ls {ks=k ij ,dleku pqacdh; {ks=k mRiUu djus osQ fy, cuk;h xbZ Åij
o£.kr O;oLFkk gsYegksYV~t oqaQMfy;ksa osQ uke ls tkuh tkrh gSAº

4.17 ,d VksjkWbM osQ (vykSg pqacdh;) ØksM dh vkarfjd f=kT;k 25 cm vkSj cká f=kT;k 26 cm

gSA blosQ Åij fdlh rkj osQ 3500 isQjs yisVs x, gSaA ;fn rkj esa izokfgr fo|qr èkkjk 11 A
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gks rks pqacdh; {ks=k dk eku D;k gksxkA (i) VksjkWbM osQ ckgj (ii) VksjkWbM osQ ØksM esa (iii) VksjkWbM
}kjk f?kjh gqbZ [kkyh txg esaA

4.18 fuEufyf[kr iz'uksa osQ mÙkj nhft, %

(a) fdlh izdks"B esa ,d ,slk pqacdh; {ks=k LFkkfir fd;k x;k gS ftldk ifjek.k rks ,d
¯cnq ij cnyrk gS] ij fn'kk fuf'pr gS (iwoZ ls if'pe)A bl izdks"B esa ,d vkosf'kr
d.k izos'k djrk gS vkSj vfopfyr ,d ljy js[kk esa vpj osx ls pyrk jgrk gSA vki
d.k osQ izkjafHkd osx osQ ckjs esa D;k dg ldrs gSaA

(b) ,d vkosf'kr d.k] ,d ,sls 'kfDr'kkyh vleku pqacdh; {ks=k esa izos'k djrk gS ftldk
ifjek.k ,oa fn'kk nksuksa ,d ̄cnq ls nwljs ̄ cnq ij cnyrs tkrs gSa] ,d tfVy iFk ij pyrs
gq, blosQ ckgj vk tkrk gSA ;fn ;g eku ysa fd pqacdh; {ks=k esa bldk fdlh Hkh nwljs
d.k ls dksbZ la?kê ð ugha gksrk rks D;k bldh vafre pky] izkjafHkd pky osQ cjkcj gksxh\

(c) if'pe ls iwoZ dh vksj pyrk gqvk ,d bysDVªkWu ,d ,sls izdks"B esa izos'k djrk gS
ftlesa mÙkj ls nf{k.k fn'kk dh vksj ,dleku ,d oS|qr {ks=k gSA og fn'kk crkb, ftlesa
,dleku pqacdh; {ks=k LFkkfir fd;k tk, rkfd bysDVªkWu dks vius ljy js[kh; iFk ls
fopfyr gksus ls jksdk tk losQA

4.19 Åf"er oSQFkksM ls mRlftZr vkSj 2.0 kV osQ foHkokarj ij Rofjr ,d bysDVªkWu] 0.15 T osQ
,dleku pqacdh; {ks=k esa izos'k djrk gSA bysDVªkWu dk xeu iFk Kkr dhft, ;fn pqacdh;
{ks=k (a) izkjafHkd osx osQ yacor gS (b) izkjafHkd osx dh fn'kk ls 30° dk dks.k cukrk gSA

4.20 iz'u 4.16 esa o£.kr gsYegksYVt oaqQMfy;ksa dk mi;ksx djosQ fdlh y?kq{ks=k esa 0.75 T dk
,dleku paqcdh; {ks=k LFkkfir fd;k gSA blh {ks=k esa dksbZ ,dleku fLFkjoS|qr {ks=k oqaQMfy;ksa
osQ mHk;fu"B v{k osQ yacor yxk;k tkrk gSA (,d gh izdkj osQ) vkosf'kr d.kksa dk 15 kV

foHkokarj ij Rofjr ,d ladh.kZ fdj.k iqat bl {ks=k esa nksuksa oaqQMfy;ksa osQ v{k rFkk fLFkjoS|qr
{ks=k dh yacor fn'kk osQ vuqfn'k izos'k djrk gSA ;fn ;g fdj.k iqat 9.0 × 10–5 V m–1,

fLFkjoS|qr {ks=k esa vfo{ksfir jgrk gS rks ;g vuqeku yxkb, fd fdj.k iqat esa dkSu ls d.k
gSaA ;g Li"V dhft, fd ;g mÙkj ,dek=k mÙkj D;ksa ugha gSA

4.21 ,d lhèkh] {kSfrt pkyd NM+ ftldh yackbZ 0.45 m ,oa æO;eku 60 g gS blosQ fljksa ij
tqM+s nks ÅèokZèkj rkjksa ij yVdh gqbZ gSA rkjksa ls gksdj NM+ esa 5.0 A fo|qr èkkjk izokfgr gks
jgh gSA
(a) pkyd osQ yacor fdruk pqacdh; {ks=k yxk;k tk, fd rkjksa esa ruko 'kwU; gks tk,A
(b) pqacdh; {ks=k dh fn'kk ;Fkkor j[krs gq, ;fn fo|qr èkkjk dh fn'kk mRØfer dj nh

tk, rks rkjksa esa oqQy ruko fdruk gksxk\ (rkjksa osQ æO;eku dh mis{kk dhft,)
g = 9.8 m s–2A

4.22 ,d Lopkfyr okgu dh cSVjh ls bldh pkyu eksVj dks tksM+us okys rkjksa esa 300 A fo|qr èkkjk (vYi
dky osQ fy,) izokfgr gksrh gSA rkjksa osQ chp izfr ,dkad yackbZ ij fdruk cy yxrk gS ;fn budh
yackbZ 70 cm ,oa chp dh nwjh 1.5 cm gksA ;g cy vkd"kZ.k cy gS ;k izfrd"kZ.k cy\

4.23 1.5 T dk ,d ,dleku pqacdh; {ks=k] 10.0 cm f=kT;k osQ csyukdkj {ks=k esa fo|eku gSA
bldh fn'kk v{k osQ lekarj iwoZ ls if'pe dh vksj gSA ,d rkj ftlesa 7.0 A fo|qr èkkjk
izokfgr gks jgh gS bl {ks=k esa gksdj mÙkj ls nf{k.k dh vksj xq”kjrh gSA rkj ij yxus okys
cy dk ifjek.k vkSj fn'kk D;k gS] ;fn
(a) rkj v{k dks dkVrk gks]
(b) rkj N-S fn'kk ls ?kqekdj mÙkj iwoZ&mÙkj if'pe fn'kk esa dj fn;k tk,]
(c) N-S fn'kk esa j[krs gq, gh rkj dks v{k ls 6.0 cm uhps mrkj fn;k tk,A
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4.24 /ukRed z-fn'kk esa 3000 G dk ,d ,dleku pqacdh; {ks=k yxk;k x;k gSA ,d vk;rkdkj

ywi ftldh Hkqtk,¡ 10 cm ,oa 5 cm vkSj ftlesa 12 A èkkjk izokfgr gks jgh gS bl {ks=k
esa j[kk gSA fp=k 4.28 esa fn[kk;h xbZ ywi dh fofHkUu fLFkfr;ksa esa bl ij yxus okyk cy;qXe
vk?kw.kZ D;k gS\ gj fLFkfr esa cy D;k gS\ LFkk;h larqyu okyh fLFkfr dkSu&lh gS\

fp=k 4.28

4.25 ,d o`Ùkkdkj oqaQMyh ftlesa 20 isQjs gSa vkSj ftldh f=kT;k 10 cm gS] ,dleku pqacdh;

{ks=k esa j[kh gS ftldk ifjek.k 0.10 T gS vkSj tks oqaQMyh osQ ry osQ yacor gSA ;fn oqaQMyh

esa 5.0 A fo|qr èkkjk izokfgr gks jgh gks rks]

(a) oqaQMyh ij yxus okyk oqQy cy;qXe vk?kw.kZ D;k gS\

(b) oqaQMyh ij yxus okyk oqQy ifj.kkeh cy D;k gS\

(c) pqacdh; {ks=k osQ dkj.k oqaQMyh osQ izR;sd bysDVªkWu ij yxus okyk oqQy vkSlr cy

D;k gS\

(oqaQMyh 10–5 m2 vuqizLFk {ks=k okys rk¡cs osQ rkj ls cuh gS] vkSj rk¡cs esa eqDr bysDVªkWu

?kuRo 1029 m–3 fn;k x;k gS)

4.26 ,d ifjukfydk tks 60 cm yach gS] ftldh f=kT;k 4.0 cm gS vkSj ftlesa 300 isQjksa

okyh 3 ijrsa yisVh xbZ gSaA blosQ Hkhrj ,d 2.0 cm yack] 2.5 g æO;eku dk rkj blosQ

(osaQæ osQ fudV) v{k osQ yacor j[kk gSA rkj ,oa ifjukfydk dk v{k nksuksa {kSfrt ry esa

gSaA rkj dks ifjukfydk osQ lekarj nks okgh la;kstdksa }kjk ,d cká cSVjh ls tksM+k x;k gS

tks blesa 6.0 A fo|qr èkkjk iznku djrh gSA fdl eku dh fo|qr èkkjk (ifjogu dh mfpr

fn'kk osQ lkFk) bl ifjukfydk osQ isQjksa esa izokfgr gksus ij rkj dk Hkkj l¡Hkky losQxh\

g = 9.8 m s–2

4.27 fdlh xSYosuksehVj dh oaqQMyh dk izfrjks/ 12 Ω gSA 4 mA dh fo|qr /kjk izokfgr gksus ij
;g iw.kZLosQy fo{ksi n'kkZrk gSA vki bl xSYosuksehVj dks 0 ls 18 V ijkl okys oksYVehVj esa
oSQls :ikarfjr djsaxs\

4.28 fdlh xSYosuksehVj dh oqaQMyh dk izfrjks/ 15 Ω gSA 4 mA dh fo|qr /kjk izokfgr gksus ij

;g iw.kZLosQy fo{ksi n'kkZrk gSA vki bl xSYosuksehVj dks 0 ls 6 A ijkl okys ,sehVj esa oSQls

:ikarfjr djsaxs\
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