
3.1  Hkwfedk
vè;k; 1 esa lHkh vkos'kksa dks pkgs os Lora=k gksa vFkok ifjc¼] fojkekoLFkk esa ekuk x;k FkkA
xfreku vkos'k fo|qr /kjk dk fuekZ.k djrs gSaA ,slh gh /kjk izo`Qfr esa cgqr&lh fLFkfr;ksa esa ikbZ
tkrh gSA rfM+r ,d ,slh ifj?kVuk gS ftlesa vkos'k cknyksa ls ìFoh rd ok;qeaMy ls gksdj igq¡prs
gSa] ftudk ifj.kke dHkh&dHkh Hk;adj gksrk gSA rfM+r esa vkos'k dk izokg LFkk;h ugha gksrk] ijarq
ge vius nSfud thou esa cgqr&lh ;qfDr;ksa esa vkos'kksa dks mlh izdkj izokfgr gksrs gq, ns[krs gSa
ftl izdkj ufn;ksa esa ty izokfgr gksrk jgrk gSA VkWpZ rFkk lsy ls pyus okyh ?kM+h bl izdkj
dh ;qfDr;ksa osQ oqQN mnkgj.k gSaaA bl vè;;u esa ge vifjorhZ vFkok LFkk;h fo|qr /kjk ls
lacafèkr oqQN ewy fu;eksa dk vè;;u djsaxsA

3.2  fo|qr /kjk
vkos'k izokg osQ yacor ,d y?kq {ks=kiQy dh dYiuk dhft,A bl {ks=k ls gksdj /ukRed vkSj
½.kkRed nksuksa gh izdkj osQ vkos'k vxz vFkok i'p fn'kk esa izokfgr gks ldrs gSaA eku yhft,]
fdlh dky&varjky t esa bl {ks=k ls izokfgr gksus okyk usV vxzxkeh /ukos'k  q

+
 (vFkkZr vxzxkeh

rFkk i'pxkeh dk varj) gSA blh izdkj] eku yhft, blh {ks=k ls izokfgr gksus okyk usV vxzxkeh
½.kkos'k q

–
 gSA rc bl dky varjky t esa bl {ks=k ls izokfgr gksus okyk usV vkos'k

q = q
+
– q

–
 gSA LFkk;h /kjk osQ fy, ;g t osQ vuqØekuqikrh gS vkSj HkkxiQy

vè;k; 3

fo|qr /kjk
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q

I
t

= (3.1)

{ks=k ls gksdj vxzxkeh fn'kk esa izokfgr fo|qr èkkjk dks ifjHkkf"kr djrk gSA (;fn ;g la[;k
½.kkRed gS rks blls ;g laosQr izkIr gksrk gS fd fo|qr èkkjk i'pfn'kk esa gSA)

fo|qr èkkjk,¡ lnSo vifjorhZ ugha gksrha] blfy, vf/d O;kid :i esa ge fo|qr èkkjk dks
fuEu izdkj ls ifjHkkf"kr djrs gSaA eku yhft, dky&varjky ∆t ¹vFkkZr dky t rFkk (t + ∆t)

osQ chp ] esa fdlh pkyd dh vuqizLFk dkV ls izokfgr gksus okyk usV vkos'k ∆Q gSA rc dky
t ij pkyd osQ bl vuqizLFk dkV ls izokfgr fo|qr /kjk dks ∆Q ;k ∆t osQ vuqikr osQ eku osQ
:i esa bl izdkj ifjHkkf"kr fd;k tkrk gS ftlesa ∆t dh lhek 'kwU; dh vksj izo`Ùk gS]

( )
0

lim
t

Q
I t

t∆ →

∆
≡

∆
(3.2)

S I ek=kdksa esa fo|qr èkkjk dk ek=kd ,sfEi;j gSA ,d ,sfEi;j dks fo|qr èkkjk osQ pqacdh;
izHkko }kjk ifjHkkf"kr fd;k tkrk gS ftldk ge vxys vuqPNsn esa vè;;u djsaxsA ?kjsyw
oS|qr&lkfèk=kksa esa izokfgr gksus okyh izfr:ih fo|qr /kjk osQ ifjek.k dh dksfV ,d ,sfEi;j
gksrh gSA tgk¡ ,d vksj fdlh vkSlr rfM+r esa g”kkjksa ,sfEi;j dksfV dh /kjk izokfgr gks tkrh
gS] ogha nwljh vksj gekjh raf=kdkvksa ls izokfgr gksus okyh /kjk,¡ oqQN ekbØks,sfEi;j dksfV dh
gksrh gSaA

3.3  pkyd esa fo|qr èkkjk
;fn fdlh oS|qr vkos'k ij dksbZ fo|qr {ks=k dks vuqiz;qDr fd;k tk, rks og ,d cy dk vuqHko
djsxkA ;fn ;g xfr djus osQ fy, Lora=k gS rks ;g Hkh xfreku gksdj fo|qr èkkjk mRiUu djsxkA
ok;qeaMy osQ Åijh Lrj ftls vk;ueaMy dgrs gSa] dh Hkk¡fr izo`Qfr esa eqDr vkosf'kr d.k ik,
tkrs gSaA rFkkfi] v.kqvksa rFkk ijek.kqvksa esa ½.kkosf'kr bysDVªkWu rFkk èkukosf'kr bysDVªkWu ,d&nwljs
ls ifjc¼ gksus osQ dkj.k xfr djus osQ fy, Lora=k ugha gksrs gSaA LFkwy inkFkZ vusd v.kqvksa ls
fufeZr gksrs gSa] mnkgj.k osQ fy,] ,d xzke ty esa yxHkx 10

22
 v.kq gksrs gSaA ;s v.kq brus laoqQfyr

gksrs gSa fd bysDVªkWu vc ,d O;f"Vxr ukfHkd ls gh tqM+k ugha jgrkA oqQN inkFkks± esa bysDVªkWu
vHkh Hkh ifjc¼ gksrs gSa] vFkkZr fo|qr&{ks=k vuqiz;qDr djus ij Hkh Rofjr ugha gksrsA oqQN nwljs
inkFkks± esa fo'ks"kdj èkkrqvksa esa oqQN bysDVªkWu LFkwy inkFkZ osQ Hkhrj okLrfod :i ls] xfr djus
osQ fy, Lora=k gksrs gSaA bu inkFkks± ftUgsa lkekU;r% pkyd dgrs gSa] esa fo|qr {ks=k vuqiz;qDr djus
ij fo|qr /kjk mRiUu gks tkrh gSA

;fn ge Bksl pkyd ij fopkj djsa rks okLro esa buesa ijek.kq vkil esa fudV :i ls] dl
dj vkc¼ gksrs gSa ftlosQ dkj.k ½.k vkosf'kr bysDVªkWu fo|qr /kjk dk ogu djrs gSaA rFkkfi]
vU; izdkj osQ pkyd Hkh gksrs gSa tSls fo|qr vi?kVuh foy;u] ftuesa /ukos'k rFkk ½.kkos'k nksuksa
xfr dj ldrs gSaA ge viuh ppkZ dks Bksl pkydksa ij gh osaQfnzr j[ksaxs ftlesa fLFkj èkuk;uksa
dh i`"BHkwfe esa ½.k vkosf'kr bysDVªkWu fo|qr /kjk dk ogu djrs gSaA

igys ge ,slh fLFkfr ij fopkj djrs gSa tgk¡ dksbZ fo|qr {ks=k mifLFkr ugha gSA bysDVªkWu
rkih; xfr djrs le; vkc¼ vk;uksa ls la?k^ djrs gSaA la?k^ osQ i'pkr bysDVªkWu dh pky
vifjo£rr jgrh gSA vr% Vdjkus osQ ckn pky dh fn'kk iw.kZr;k ;kn`fPNd gksrh gSA fdlh fn,
gq, le; ij bysDVªkWuksa dh pky dh dksbZ vfèkekfud fn'kk ugha gksrh gSA vr% vkSlr :i ls
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fdlh ,d fo'ks"k fn'kk esa xeu djus okys bysDVªkWuksa dh
la[;k] ml fn'kk osQ Bhd foijhr fn'kk esa xeu djus okys
bysDVªkWuksa dh la[;k osQ Bhd cjkcj gksrh gSA vr% dksbZ usV
fo|qr /kjk ugha gksxhA

vkb, vc ge ;g ns[ksa fd bl izdkj osQ pkyd osQ
fdlh VqdM+s ij dksbZ fo|qr {ks=k vuqiz;qDr djus ij D;k gksrk
gSA vius fopkjksa dks osaQfnzr djus osQ fy, R f=kT;k osQ
csyukdkj pkyd dh dYiuk dhft, (fp=k 3-1)A eku
yhft, ijkoS|qr inkFkZ dh cuh nks iryh o`Ùkkdkj fMLd ysrs
gSa ftudh f=kT;k,¡ pkyd osQ leku gSa vkSj ftuesa ,d ij /ukos'k +Q  rFkk nwljs ij ½.kkos'k
–Q  ,dleku :i ls forfjr gSaA bu nksuksa fMLdksa dks csyu dh nks piVh i`"Bksa ls tksM+ nsrs gSaA
,slk djus ij ,d fo|qr {ks=k mRiUu gks tk,xk ftldh fn'kk /ukos'k ls ½.kkos'k dh vksj gksxhA
bl {ks=k osQ dkj.k bysDVªkWu +Q dh rjiQ Rofjr gksaxsA bl izdkj os vkos'kksa dks mnklhu djus
osQ fy, xfr djsaxsA tc rd bysDVªkWu dk izokg cuk jgsxk] fo|qr /kjk cuh jgsxhA bl izdkj
fopkjk/hu ifjfLFkfr esa cgqr vYi le; osQ fy, fo|qr /kjk cgsxh vkSj mlosQ i'pkr dksbZ èkkjk
ugha gksxhA

ge ,slh ;qfDr;ksa dh Hkh dYiuk dj ldrs gSa tks csyu osQ fljksa ij] pkyd osQ vanj
xfreku bysDVªkWuksa }kjk mnklhu lHkh vkos'kksa dh u, vkos'kksa ls iqu% iw£r djk,¡A ml izdk'k esa
pkyd esa ,d LFkk;h fo|qr {ks=k LFkkfir gksxk] ftlosQ ifj.kkeLo:i tks /kjk mRiUu gksxh og
vYikofèk dh u gksdj] lrr fo|qr èkkjk gksxhA bl izdkj LFkk;h fo|qr {ks=k mRiUu djus okyh
;qfDr;k¡ fo|qr lsy vFkok cSVfj;k¡ gksrh gSa ftuosQ fo"k; esa ge bl vè;k; esa vkxs vè;;u
djsaxsA vxys vuqHkkxksa esa ge pkydksa esa LFkk;h fo|qr&{ks=kksa ls izkIr LFkk;h fo|qr /kjk dk vè;;u
djsaxsA

3.4  vkse dk fu;e
fo|qr /kjk osQ izokg osQ fy, mÙkjnk;h HkkSfrd ;qfDr;ksa dh [kkst ls dkiQh igys th- ,l- vkse
us lu~ 1828 esa èkkjk izokg ls lac¼ ,d ewy fu;e dh [kkst dj yh FkhA ,d pkyd dh
ifjdYiuk dhft, ftlls èkkjk I izokfgr gks jgh gS vkSj eku yhft, V,  pkyd osQ fljksa osQ eè;
foHkokUrj gSA rc vkse osQ fu;e dk dFku gS fd

     V ∝ I

vFkok V = R I (3.3)

;gk¡ vkuqikfrdrk fLFkjkad R, pkyd dk izfrjksèk dgykrk gSA izfrjksèk dk SI ek=kd vkse gS vkSj
;g izrhd Ω }kjk fu£n"V fd;k tkrk gSA izfrjksèk R pkyd osQ osQoy inkFkZ ij gh ugha cfYd
pkyd osQ foLrkj ij Hkh fuHkZj djrk gSA izfrjksèk dh pkyd osQ foLrkj ij fuHkZjrk uhps fn,
vuqlkj vklkuh ls Kkr dh tk ldrh gSA

yackbZ l rFkk vuqizLFk dkV {ks=kiQy A dh fdlh vk;rkdkj flYyh ij fopkj dhft, tks
lehdj.k (3.3) dks larq"V djrk gS [fp=k 3.2 ]A dYiuk dhft, ,slh nks loZle flfYy;k¡ fljs
ls fljs dks feykrs gq, bl izdkj j[kh gqbZ gSa fd la;kstu dh yackbZ 2l gSA bl la;kstu ls mruh
gh èkkjk izokfgr gksxh ftruh fd nksuksa esa ls fdlh ,d flYyh ls gksxhA ;fn igyh flYyh osQ

fp=k 3.1 /kfRod csyu osQ fljksa ij j[ks +Q vkSj –Q vkos'kA
vkos'kksa dks mnklhu djus osQ fy, mRiUu fo|qr {ks=k osQ dkj.k
bysDVªkWuksa dk viokg gksxkA ;fn vkos'k +Q vkSj –Q dh iqu%
iw£r lrr u dh xbZ rks oqQN nsj esa fo|qr /kjk izokg lekIr gks

tk,xkA

fp=k 3.2 yackbZ l rFkk
vuqizLFk dkV {ks=kiQy A dh
vk;rkdkj flYyh osQ laca/
R = ρl/A dk fun'kZ fp=kA
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fljksa osQ eè; foHkokarj V gS] rc nwljh flYyh osQ fljksa osQ eè; Hkh
foHkokarj V gksxk] D;ksafd nwljh flYyh igyh osQ leku gS vkSj nksuksa ls
leku èkkjk izokfgr gks jgh gSA Li"Vr;k la;kstu osQ fljksa osQ eè; foHkokarj]
nks i`Fkd flfYy;ksa osQ eè; foHkokarjksa dk ;ksx gS] vr% 2V osQ cjkcj gSA
la;kstu ls gksdj izokfgr èkkjk I gS rc lehdj.k (3.3) ls la;kstu dk
izfrjksèk R

C

2
2C

V
R R

I
= = (3.4)

pw¡fd V/I = R, nksuksa esa ls fdlh ,d flYyh dk izfrjksèk gSA bl izdkj
pkyd dh yackbZ nksxquh djus ij bldk izfrjksèk nksxquk gks tkrk gSA rc
O;kid :i ls izfrjksèk yackbZ osQ vuqØekuqikrh gksrk gS

R l∝ (3.5)

blosQ ckn bl flYyh dks yackbZ esa nks leku Hkkxksa esa foHkkftr djus
dh dYiuk dhft, ftlls fd flYyh dks yackbZ l  dh nks loZle flfYy;ksa
ftuesa izR;sd dk vuqizLFk dkV {ks=kiQy A/2 gS] osQ la;kstu tSlk le>k
tk losQ ¹fp=k 3.2 (c)ºA

flYyh osQ fljksa osQ eè; fn, x, foHkokarj V osQ fy, ;fn iwjh flYyh
ls izokfgr gksus okyh èkkjk I gS rks Li"Vrk izR;sd vk/h flYyh ls izokfgr
gksus okyh èkkjk I/2 gksxhA pw¡fd vkèkh flYyh osQ fljksa osQ eè; foHkokarj

V gS] vFkkZr mruk gh gS ftruk fd iwjh flYyh osQ fljksa osQ eè; foHkokarj gS] blfy, izR;sd
vk/h flYyh dk izfrjks/ R

1 
bl izdkj O;Dr fd;k tk ldrk gS

= = =1 2 2
( /2)

V V
R R

I I
(3.6)

bl izdkj pkyd dh vuqizLFk dkV osQ {ks=kiQy dks vkèkk djus ij izfrjksèk nksxquk gks tkrk
gSA O;kid :i ls rc izfrjksèk R, vuqizLFk dkV {ks=kiQy (A) osQ O;qRØekuqikrh gksrk gS] vFkkZr

1
R

A
∝ (3.7)

lehdj.k (3.5) vkSj (3.7) osQ la;kstu ls

l
R

A
∝ (3.8)

vr%] fdlh fn, x, pkyd osQ fy,

l
R

A
ρ= (3.9)

;gk¡ ρ ,d vkuqikfrdrk fLFkjkad gS tks pkyd osQ inkFkZ dh izo`Qfr ij fuHkZj djrk gS] blosQ
foLrkj ij ughaA ρ dks izfrjksèkdrk dgrs gSaA

lehdj.k (3.9) dk iz;ksx djus ij] vkse osQ fu;e dks bl izdkj O;Dr dj ldrs gSa

I l
V I R

A

ρ
= × = (3.10)

fo|qr èkkjk izfr ,dkad {ks=k (èkkjk osQ vfHkyacor yh xbZ) I/A èkkjk ?kuRo dgykrk gS vkSj

tkWtZ lkbeu vkse  (1787–1854)

teZu HkkSfrdfoKkuh] E;wfu[k esa izksi+ sQlj
FksA vkse us vius fu;e dh [kkst
Å"ek&pkyu ls ln`'; osQ vkèkkj ij
dhµ fo|qr {ks=k rki&izo.krk osQ rqY;
gS vkSj fo|qr /kjk Å"ek&izokg osQAt

kWt
Z l

kb
eu

 v
kse

 (
1
7
8
7
–
1

8
5
4
)
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j }kjk fufnZ"V fd;k tkrk gSA èkkjk ?kuRo dk SI ek=kd A/m2 gSA blosQ vfrfjDr ;fn ,dleku
fo|qr {ks=k E osQ fdlh pkyd dh yackbZ l gS rks bl pkyd osQ fljksa osQ chp foHkokarj dk
ifj.kke El gksrk gSA bldk mi;ksx djus ij lehdj.k (3.10) dks bl izdkj O;Dr djrs gSa

        E l = j ρ l

vFkok   E = j ρ (3.11)

E rFkk j osQ ifjek.k osQ fy, mijksDr lehdj.k dks vo'; gh lfn'k :i esa O;Dr fd;k
tk ldrk gSA /kjk ?kuRo (ftls geus èkkjk osQ vfHkyacor izfr ,dkad {ks=kiQy osQ :i esa
ifjHkkf"kr fd;k gS) Hkh E dh vksj fufnZ"V gS vkSj j (≡ jE/E)  ,d lfn'k Hkh gSA bl izdkj
lehdj.k (3.11) dks bl izdkj ls O;Dr djrs gSa

        E = jρ (3.12)

vFkok   j = σ E (3.13)

tgk¡ σ =1/ρ dks pkydrk dgrs gSaA vkse osQ fu;e dks izk;% lehdj.k (3.3) osQ vykok
lehdj.k (3.13) }kjk Hkh lerqY; :i esa O;Dr fd;k tkrk gSA vxys vuqPNsn esa ge vkse osQ
fu;e osQ mn~xe dks bl :i esa le>us dk iz;kl djsaxs tSls fd ;g bysDVªkWuksa osQ viokg osQ
vfHky{k.kksa ls mRiUu gqvk gSA

3.5 bysDVªkWu dk viokg ,oa izfrjks/drk dk mn~xe
geus igys ns[kk gS fd tc dksbZ bysDVªkWu fdlh Hkkjh vk;u ls la?kêð djrk gS rks la?kêð osQ ckn
mlh pky ls pyrk gS ysfdu bldh fn'kk ;kn`fPNd gks tkrh gSA ;fn ge lHkh bysDVªkWuksa ij
fopkj djsa rks mudk vkSlr osx 'kwU; gksxk] D;ksafd mudh fn'kk,¡ ;kǹfPNd
gSaA bl izdkj ;fn ith bysDVkWu (i = 1, 2, 3, ... N) dk osx fdlh fn,
le; esa v

i
 gks rks

1

1
0

N

i

iN =

=v (3.14)

vc ,slh fLFkfr ij fopkj djsa tc ;g pkyd fdlh fo|qr {ks=k esa
mifLFkr gSA bl {ks=k osQ dkj.k bysDVªkWu esa Roj.k mRiUu gksxk

–e

m
=

E
a (3.15)

tgk¡ –e bysDVªkWu dk vkos'k rFkk m bldk nzO;eku gSA fn, x, le; t esa
ith bysDVªkWu ij iqu% fopkj djsaA ;g bysDVªkWu t osQ oqQN le; igys vafre
ckj la?kêð djsxk vkSj eku yhft,] t

i
 blosQ vafre la?kê ð osQ ckn O;rhr

le; gSA ;fn v
i 
 vafre la?kê ð osQ rqjar i'pkr dk osx Fkk rc le; t

ij bldk osx

–i i i

e
t

m
=

E
V v (3.16)

pw¡fd vius vafre la?kê ð ls vkjaHk djus osQ i'pkr ;g bysDVªkWu fdlh
le; varjky t

i 
osQ fy, lehdj.k (3.15) }kjk fn, x, Roj.k osQ lkFk

Rofjr gqvk FkkA lHkh bysDVªkWuksa dk le; t ij vkSlr osx lHkh V
i
 dk vkSlr

fp=k 3.3 fdlh ¯cnq A ls nwljs ¯cnq B rd
ckjEckj la?kê ðksa osQ }kjk bysDVªkWu dh xfr rFkk
la?kê ðksa osQ chp jSf[kd xfr dk vkjs[kh; fp=k.k

(lrr js[kk,¡)A ;fn n'kkZ, vuqlkj dksbZ fo|qr {ks=k
yxk;k tkrk gS rks bysDVªkWu B' ij #d tkrk gS
(¯cnqÑr js[kk,¡)A fo|qr {ks=k osQ foijhr fn'kk  esa

ekewyh viokg fn[kykbZ ns jgk gSA
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gSA v

i
 dk vkSlr 'kwU; gS ¹lehdj.k (3.14)º D;ksafd la?kê ð osQ rqjar ckn ,d bysDVªkWu osQ osx

dh fn'kk iw.kZr;k ;kn`fPNd gksrh gSA bysDVªkWuksa osQ la?kê ð fu;fer dky&varjkyksa ij u gksdj
;kn`fPNd le; esa gksrs gSaA ;fn yxkrkj (Øfed) la?kê ðksa osQ chp vkSlr le; dks ge yksx τ
ls fu£n"V djsa rks fdlh fn, x, le; esa oqQN bysDVªkWu τ ls T;knk vkSj oqQN τ ls de le;
O;rhr fd, gksaxsA nwljs 'kCnksa esa] tSls&tSls ge i = 1, 2 ..... N fofHkUu eku nsrs gSa rks gesa lehdj.k
(3.16) osQ vuqlkj le; t

i
 osQ eku oqQN osQ fy, τ ls T;knk gksaxs rFkk oqQN osQ fy, τ ls de

gksaxsA rc t
i
 dk vkSlr eku τ gksxk (ftls foJkafr dky dgrs gSa)A bl izdkj fdlh fn, le;

t ij N bysDVªkWuksa osQ fy, lehdj.k (3.16) dk vkSlr ysus ij gesa vkSlr osx v
d 
izkIr gksrk gS

( ) ( ) ( )≡ = −d i i i

e
t

m

E
v V v

vkSlr vklS r vklS r

0 –
e e

m m
τ τ= = −

E E
(3.17)

;g vafre ifj.kke vk'p;Ztud gSA ;g gesa crkrk gS fd bysDVªkWu]
;|fi Rofjr gS] ,d vkSlr osx ls xfreku gS tks le; ij fuHkZj ugha
djrk gSA ;g ifj?kVuk viokg dh gS vkSj lehdj.k (3.17) dk osx v

d

viokg osx dgykrk gSA
viokg osQ dkj.k] fo|qr {ks=k E osQ yacor fdlh {ks=k ls gksdj

vkos'kksa dk usV ifjogu gksxkA pkyd osQ vanj ,d leryh; {ks=k ij
fopkj djsa tks fd E osQ lekarj {ks=k ij vfHkyac gS (fp=k 3.4)A rc

viokg osQ dkj.k] vR;.kq le; ∆t esa] {ks=k dh ck;ha vksj osQ lHkh bysDVªkWu |v
d
|∆t nwjh ikj

dj fy, gksaxsA ;fn pkyd esa izfr ,dkad vk;ru eqDr bysDVªkWuksa dh la[;k n gS rks
n ∆t|v

d
|A ,sls bysDVªkWu gksaxsA pw¡fd izR;sd bysDVªkWu vkos'k –e ogu djrk gS] ∆t le; esa {ks=k

A dh nk;ha vksj ifjofgr oqQy vkos'k –ne A|v
d
|∆t gSA E ck;ha vksj fu£n"V gS] vr% bl {ks=k

ls gksdj E  osQ vuqfn'k ifjofgr oqQy vkos'k blosQ ½.kkRed gksxkA ifjHkk"kkuqlkj ¹lehdj.k
(3.2)º {ks=k A dks le; ∆t esa ikj djus okys vkos'k I ∆t gksaxs] ;gk¡ I /kjk dk ifjek.k gSA vr%

dI t n e A t∆ = + ∆v (3.18)

|v
d
| osQ eku dks lehdj.k (3.17) ls izfrLFkkfir djus ij

2e A
I t n t

m
τ∆ = ∆ E (3.19)

ifjHkk"kkuqlkj] /kjk ?kuRo osQ ifjek.k |j| ls I  lacaf/r gS
I = |j|A (3.20)

vr% lehdj.k (3.19) rFkk (3.20) ls]
2ne

m
τ=j E (3.21)

lfn'k j, E  osQ lekarj gS] blfy, ge lehdj.k (3.21) dks lfn'k :i esa fy[k ldrs gSa
2ne

m
τ=j E (3.22)

vxj ge pkydrk σ dk rknkRE; LFkkfir djsa
2ne

m
σ τ=

fp=k 3.4 èkkfRod pkyd esa fo|qr èkkjkA èkkrq esa
èkkjk ?kuRo dk ifjek.k ,dkad {ks=kiQy rFkk v

d

Å¡pkbZ osQ csyu esa var£o"V vkos'k osQ ifjek.k osQ
cjkcj gSA
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mnkgj.k 3
.1

rks lehdj.k (3.13) ls rqyuk djus ij ;g O;Dr gksrk gS fd lehdj.k (3.22) rF;r% vkse

dk fu;e gSA ;fn ge pkydrk dks σ }kjk fu£n"V djsa rks 
2ne

m
σ τ= (3.23)

bl izdkj ge ns[krs gSa fd fo|qr pkydrk dk ,d cgqr ljy fp=k.k vkse osQ fu;e dh
izfròQfr rS;kj djrk gSA vo'; gh geus ;g iwoZ/kj.kk cukbZ gS fd τ  vkSj n, E ls Lora=k fLFkjkad
gSaA vxys vuqPNsn esa ge vkse osQ fu;e dh lhekvksa dk foospu djsaxsA

mnkgj.k 3.1 (a) 1.0 × 10−7 m2 vuqçLFk dkV {ks=kiQy okys rk¡cs osQ rkj esa 1.5 A èkkjk
çokfgr gks jgh gSA blesa pkyd bysDVªkWuksa dh vkSlr viokg pky dk vkdyu dhft,A eku
yhft, fd rk¡cs dk çR;sd ijek.kq èkkjk osQ çokg esa ,d pkyd bysDVªkWu dk ;ksxnku djrk
gSA rk¡cs dk ?kuRo 9.0 × 103 kg/m3 rFkk bldk ijek.kq æO;eku 63.5 u gSA (b) Åij
fudkyh xbZ viokg pky dh fuEufyf[kr mnkgj.kksa ls rqyuk dhft,A (i) lkekU; rkiksa ij rk¡cs
osQ ijek.kqvksa dh rkih; pky (ii) pkyd osQ vuqfn'k fo|qr {ks=k dh lapj.k pky tks viokg
xfr mRiUu djrh gSA

gy
(a) pkyd bysDVªkWu osQ viokg osx dh fn'kk fo|qr {ks=k dh fn'kk osQ foijhr gS vFkkZr

bysDVªkWu c<+rs gq, foHko dh fn'kk esa viokg djrs gSaA viokg pky v
d
 lehdj.k

(3.18) ls O;Dr gksxh]

v
d
  = (I/neA)

vc e = 1.6 × 10–19 C, A = 1.0 × 10–7m2, I = 1.5 A gSA pkyd bysDVªkWuksa dk
?kuRo] n çfr ?ku ehVj esa ijek.kqvksa dh la[;k osQ cjkcj gS (eku yhft, fd çfr rk¡cs
osQ ijek.kq esa ,d pkyd bysDVªkWu gS tks la;kstdrk bysDVªkWu dh la[;k 1 osQ vuqlkj
;Fkksfpr gS)A ,d ?ku ehVj rk¡cs dk æO;eku 9.0 × 103 kg gSA pw¡fd 6.0 × 1023

rk¡cs osQ ijek.kqvksa dk æO;eku 63.5 g gS] vr%

n =
×

× ×
6 0 10

63 5
9 0 10

23

6.

.
.   = 8.5 × 1028 m–3

ftlls gesa viokg pky dk fuEu eku çkIr gksrk gS%

v
d

=
× × × × ×

15

85 10 16 10 10 1028

.

. . .–19 –7

    = 1.1 × 10–3 m s–1

    = 1.1 mm s–1

(b) (i) rki T ij M æO;eku osQ rk¡cs osQ ,d ijek.kq dh rkih; pky* fof'k"V :i ls

k T MB /  dh dksfV dh gSA ftls [<(1/2) Mv2 > = (3/2) k
B
T ] ls izkIr

fd;k x;k gSA ;gk¡ k
B
 cksYV~t+eSu fu;rkad gSA 300 K ij rk¡cs osQ fy, ;g yxHkx

2 × 102 m/s gSA ;g fdlh pkyd esa rk¡cs osQ ijek.kqvksa dh ;kn`fPNd oaQiu pkyksa
dks bafxr djrk gSA è;ku nhft, fd bysDVªkWuksa dh viokg pky cgqr de gSA lkèkkj.k
rki ij ;g bysDVªkWuksa dh izfr:ih rkih; pky dh yxHkx 10−5 xquh gksrh gSA
(ii) pkyd osQ vuqfn'k xfr'khy fo|qr {ks=k dh pky fdlh fo|qr pqacdh; rjax dh pky
vFkkZr 3.0 × 108 m s–1 osQ cjkcj gSA (blosQ fu;e esa vki vè;k; 8 esa i<+saxs)A
bldh rqyuk esa viokg pky cgqr gh de gS] 10–11 xq.kd }kjk deA

* HkkSfrdh ikB~;iqLrd] d{kk 11] vè;k; 13 dk lehdj.k (13-23) nsf[k,A
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mnkgj.k 3.2

(a) mnkgj.k 3.1 esa oqQN ,sfEi;j èkkjk osQ ifjlj esa fdlh bysDVªkWu dh viokg xfr osQoy
oqQN mm s−1 gh vkdfyr dh xbZ gSA rc ifjiFk can djrs gh yxHkx mlh {k.k èkkjk
oSQls LFkkfir gks tkrh gS\

(b) fdlh pkyd osQ vanj bysDVªkWu viokg fo|qr {ks=k esa bysDVªkWuksa }kjk vuqHko fd, x,
cy osQ dkj.k mRiUu gksrk gSA ysfdu cy }kjk Roj.k mRiUu gksuk pkfg,A rc bysDVªkWu
vifjorhZ vkSlr viokg osx D;ksa çkIr dj ysrs gSa\

(c) ;fn bysDVªkWu dk viokg osx bruk de gS vkSj bysDVªkWu dk vkos'k Hkh de gS rks fiQj
fdlh pkyd esa ge vfèkd ek=kk esa èkkjk oSQls çkIr dj ldrs gSa\

(d) tc fdlh èkkrq esa bysDVªkWu de foHko ls vfèkd foHko dh vksj viokg djrs gSa rks D;k
bldk rkRi;Z ;g gS fd èkkrq esa lHkh eqDr bysDVªkWu ,d gh fn'kk esa xfreku gaS\

(e) D;k mRrjksRrj la?kê ðksa (èkkrq osQ èkuk;uksa osQ lkFk) osQ chp bysDVªkWuksa osQ iFk (i) fo|qr {ks=k
dh vuqifLFkfr esa] (ii) fo|qr {ks=k dh mifLFkfr esa] ljy js[kh; gSa\

gy

(a) iw.kZ ifjiFk esa fo|qr {ks=k yxHkx rRdky LFkkfir gks tkrk gS (çdk'k osQ osx ls) tks
çR;sd fcanq ij LFkkuh; bysDVªkWu viokg mRiUu djrk gSA ifjiFk esa fo|qr /kjk LFkkfir
gksus osQ fy, ;g izrh{kk ugha djuh iM+rh fd bysDVªkWu pkyd esa ,d fljs ls nwljs fljs
rd tk,axsA fiQj Hkh] èkkjk LFkk;h eku çkIr djus esa vYi le; vo'; ysrh gSA

(b) çR;sd eqDr bysDVªkWu Rofjr gksrk gS ftlls mldh viokg pky rc rd c<+rh gS tc
rd og /krq osQ /uk;uksa ls la?kêð ugha djrkA la?kê ð osQ i'pkr ;g viuh viokg pky
[kks nsrk gSA ij ;g iqu% Rofjr gksrk gS rFkk iqu% blosQ viokg osx esa rc rd o`f¼
gksrh gS tc ;g iqu% la?kê ð ugha djrk vkSj ;g Øe pyrk jgrk gSA vr% vkSlru
bysDVªkWu osQoy viokg pky çkIr dj ikrk gSA

(c) ljy gS] D;ksafd pkyd esa bysDVªkWu la[;k ?kuRo vR;fèkd (~ 1029 m–3) gSA
(d) fdlh çdkj ughaA bysDVªkWuksa dh viokg pky muosQ vR;fèkd ;kn`fPNd osx ij

vè;kjksfir gksrh gSA
(e) fo|qr {ks=k dh vuqifLFkfr esa iFk ½tq&js[kh; gSa tcfd fo|qr {ks=k dh mifLFkfr esa iFk

O;kid :i ls ofØr gksrs gSaA

3.5.1 xfr'khyrk

tSlk fd ge ns[k pqosQ gSa] pkydrk xfreku vkos'k okgdksa ls mRiUu gksrh gSA /krqvksa esa ;g
xfreku vkos'k okgd bysDVªkWu gSa] vk;fur xSl esa ;s bysDVªkWu rFkk /u vkosf'kr vk;u gSa] fo|qr
vi?kV~; esa ;s /uk;u rFkk ½.kk;u nksuksa gks ldrs gSaaA

,d egRoiw.kZ jkf'k xfr'khyrk µ gS ftls izfr ,dkad fo|qr {ks=k osQ viokg osx osQ ifjek.k
osQ :i esa ifjHkkf"kr djrs gSa

| |d

E
µ =

v
(3.24)

xfr'khyrk dk SI ek=kd m2/Vs gS vkSj blosQ izk;ksfxd ek=kd (cm2/Vs) dk 104 xquk gSA
xfr'khyrk /ukRed gksrh gSA lehdj.k (3.17) esa]
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v
d
 = 

e E

m

τ

vr%

dv e

E m

τ
µ = = (3.25)

tgk¡ τ  bysDVªkWu osQ fy, la?k^u dk vkSlr le; gSA

3.6  vkse osQ fu;e dh lhek,¡
;|fi vkse dk fu;e inkFkks± osQ foLr`r oxZ osQ fy, ekU; gS] fo|qr ifjiFkksa esa
mi;ksx gksus okys oqQN ,sls inkFkZ ,oa ;qfDr;k¡ fo|eku gSa tgk¡  V  rFkk I dh
vkuqikfrdrk ykxw ugha gksrh gSA eksVs rkSj ij] ;g fopyu fuEufyf[kr ,d ;k
vf/d izdkj dk gks ldrk gS
(a) V dh I ls vkuqikfrdrk lekIr gks tkrh gS (fp=k 3.5)
(b) V rFkk I osQ eè; laca/ V  osQ fpÉ ij fuHkZj djrk gSA nwljs 'kCnksa esa] ;fn oqQN V osQ fy,

/kjk I gS] rks V  dk ifjek.k fLFkj j[k dj bldh fn'kk cnyus ij] foijhr fn'kk esa I  osQ
leku ifjek.k dh /kjk mRiUu ugha gksrh gS (fp=k 3.6)A mnkgj.k osQ fy,] Mk;ksM esa ,slk
gksrk gS ftldk vè;;u ge vè;k; 14 esa djsaxsA

(c) V rFkk I osQ eè; laca/ ,dek=k laca/ ugha gS vFkkZr mlh /kjk I osQ fy, V  osQ ,d ls
vfèkd eku gks ldrs gSa (fp=k 3.7)A
inkFkZ rFkk ;qfDr;k¡ tks lehdj.k (3.3) osQ :i esa vkse osQ fu;e dk ikyu ugha djrh gSa]

;FkkFkZ esa] bysDVªkWfud ifjiFk esa O;kid :i ls mi;ksx dh tkrh gaSA rFkkfi bl vè;k; rFkk
ijorhZ vè;k; esa] ge ml inkFkZ esa fo|qr /kjk dk vè;;u djasxs tks vkse osQ fu;e dk ikyu
djrs gSaA

3.7  fofHkUu inkFkks± dh izfrjks/drk
fofo/ lkekU; inkFkks± dh izfrjks/drk lkj.kh 3.1 esa lwphc¼ gSaA izfrjks/drk ij fuHkZjrk rFkk

fp=k 3.5 ¯cnqfdr js[kk jSf[kd vkse&fu;e
dks fu:fir djrh gSA lrr js[kk vPNs
pkyd osQ fy, V rFkk I osQ lacaèk dks

n'kkZrh gSA

fp=k 3.6 Mk;ksM osQ vfHkyk{kf.kd oØA
oksYVrk rFkk èkkjk osQ ½.k o èku ekuksa osQ fy,

fofHkUu iSekuksa dks uksV dhft,A

fp=k 3.7 GaAs esa oksYVrk osQ lkis{k èkkjk esa ifjorZuA
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muosQ c<+rs gq, eku osQ vuqlkj inkFkks± dk oxhZdj.k pkyd] v/Zpkyd rFkk fo|qrjks/h esa fd;k
tkrk gSA /krqvksa dh izfrjks/drk 10–8 Ωm ls 10–6 Ωm osQ ifjlj esa gksrh gSA blosQ foijhr
e`fÙkdk (fljsfed)] jcj rFkk IykfLVd tSls fo|qrjks/h inkFkZ Hkh gSa ftudh izfrjks/drk] /krqvksa
dh rqyuk esa 1018 xquh ;k vf/d gSA bu nksuksa osQ eè; v/Zpkyd gSaA budh izfrjks/drk] rFkkfi
rki c<+kus ij vfHkyk{kf.kd :i ls ?kVrh gSA v/Zpkyd dh izfrjks/drk v'kqf¼;ksa dh vYi
ek=kk esa mifLFkfr ls Hkh izHkkfor gksrh gSA bl vafre fof'k"Vrk dk ykHk] bysDVªkWfud ;qfDr;ksa
esa mi;ksx gksus okys v/Zpkydksa osQ fuekZ.k esa fd;k tkrk gSA

lkj.kh 3-1 oqQN inkFkks± dh izfrjks/drk

inkFkZ izfrjks/drk] ρ izfrjks/drk dk rki xq.kkad

0°C ij (Ω m) α (°C) –1; °
1 d

  0 C
dT

ρ

ρ
ij

pkyd
pk¡nh (flYoj) 1.6 × 10–8 0.0041

rk¡ck (dkWij) 1.7 × 10–8 0.0068

,syqfefu;e 2.7 × 10–8 0.0043

VaxLVu 5.6 × 10–8 0.0045

yksgk (vk;ju) 10 × 10–8 0.0065

IySfVue 11 × 10–8 0.0039

ikjk (eoZQjh) 98 × 10–8 0.0009

fuØkse ~100 × 10–8 0.0004

(Ni, Fe rFkk Cr dh feJkrq)
eSaxfuu 48 × 10–8 0.002 × 10–3

v/Zpkyd
dkcZu (xzSiQkbV) 3.5 × 10–5 – 0.0005

tesZfu;e 0.46 – 0.05

flfydkWu 2300 – 0.07

fo|qrjks/h
'kq¼ ty 2.5 × 105

dk¡p (Xykl) 1010 – 1014

dBksj jcj 1013 – 1016

lksfM;e DyksjkbM (NaCl) ~1014

la;qDr LiQfVd (Ý;w”M DokV~Z”k) ~1016

?kjsyw ;k iz;ksx'kkykvksa esa iz;ksx gsrq O;kikfjd ǹf"Vdks.k ls cuk, tkus okys izfrjks/d eq[;r%
nks izdkj osQ gksrs gSaµrkj vkc¼ izfrjks/d rFkk dkcZu izfrjks/dA rkj vkc¼ izfrjks/d fdlh
feJkrq] tSls eSaxfuu] dkUlVsUVu] fuØkse ;k muosQ tSls rkjksa dks yisV dj cuk, tkrs gSaA cgqèkk
bu inkFkks± dk p;u bl rF; ls fu/kZfjr gksrk gS fd budh izfrjks/drk ij rki dk izHkko
vis{kko`Qr ux.; gSA



103

fo|qr /kjk

bu izfrjks/ksa dk ifjlj ,d vkse osQ fdlh va'k ls ysdj oqQN lkS vkse rd gksrk gSA mPprj
ifjlj osQ izfrjks/d eq[;r% dkcZu ls cuk, tkrs gSaA dkcZu osQ izfrjks/d lqlagr vkSj lLrs gksrs
gSa] blfy, bysDVªkWfud ifjiFkksa esa O;kid :i ls mi;ksx fd, tkrs gSaA dkcZu izfrjksèkd vkeki
esa NksVs gksrs gSa] vr% muosQ eku o.kZ dksM osQ }kjk O;Dr fd, tkrs gSaA

lkj.kh 3-2 izfrjks/d o.kZ dksM

jax vad xq.kd lárk (%)

dkyk 0 1

Hkwjk 1 101

yky 2 102

ukjaxh 3 103

ihyk 4 104

gjk 5 105

uhyk 6 106

cSaxuh 7 107

/wlj (xzs) 8 108

lisQn 9 109

lqugjk 10–1 5

pk¡nh jax dk 10–2 10

o.kZghu 20

izfrjks/d ij lek{k jaxhu oy;ksa dk lewg gksrk gS ftudh lkFkZdrk
lkj.kh 3.2 esa lwphc¼ dh xbZ gSA fljs ls igyh nks /kfj;k¡ vkse esa izfrjks/
osQ igys nks lkFkZd vadksa dks funsZf'kr djrh gSaA rhljh /kjh n'keyo
xq.kd dks funsZf'kr djrh gS (tSlk fd lkj.kh 3.2 esa lwphc¼ gS) rFkk
vafre /kjh lárk vFkok funsZf'kr eku osQ izfr'kr esa laHkkfor fopj.k dks
O;Dr djrh gSA dHkh&dHkh ;g vafre /kjh ugha gksrh gS ftldk vk'k;
;g gS fd lárk 20% gS (fp=k 3.8)A mnkgj.k osQ fy,] ;fn pkj jax
ukjaxh] uhyk] ihyk vkSj lqugjk gaS] rks izfrjks/ dk eku 5% lárk eku osQ
lkFk 36 × 104 Ω gksxkA

3.8  izfrjks/drk dh rki ij fuHkZjrk
inkFkZ dh izfrjks/drk rki ij fuHkZj ikbZ tkrh gSA fofHkUu inkFkZ ,d tSlh
fuHkZjrk izn£'kr ugha djrsA ,d lhfer rki ifjlj esa] tks cgqr vfèkd ugha
gksrk] fdlh /kfRod pkyd dh yxHkx izfrjks/drk dks bl izdkj O;Dr
djrs gSa

ρ
T
 = ρ

0
 [1 + α (T–T

0
)] (3.26)

tgk¡ ρ
T
 rki T ij izfrjks/drk gS rFkk ρ

0
 lanHkZ rki T

0  
ij bldk eki gSA

α dks izfrjks/drk rki&xq.kkad dgrs gSa vkSj lehdj.k (3.26) ls α dh foek (rki)–1 gSA /krqvksa
osQ fy, α  dk eku /ukRed gksrk gS rFkk T

0
 = 0°C ij oqQN /krqvksa osQ fy, α dk eku

lkj.kh 3.1 esa lwphc¼ gSA

fp=k 3.8 o.kZ dksM;qDr çfrjksèkd
(a) 22 × 102

Ω ± 10%
(b) (47 × 10Ω) ± 5%
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lehdj.k (3.26) osQ laca/ ls ;g èofur gksrk gS fd T vkSj ρ

T
  osQ chp xzkiQ ,d ljy

js[kk gksrh gSA rFkkfi] 0°C ls cgqr de rkiksa ij] xzkiQ ,d ljy js[kk ls dkiQh fopfyr gks tkrk gSA

vr% lehdj.k (3.26) dks fdlh lanHkZ rki T
0
 osQ yxHkx fdlh lhfer ifjlj esa mi;ksx

dj ldrs gSsa] tgk¡ xzkiQ djhc&djhc ,d ljy js[kk gksxhA

oqQN inkFkZ tSls fd fuØkse (tks fd fuoSQy] yksgk rFkk Øksfe;e dh feJkrq gS) cgqr nqcZy
rki&fuHkZjrk izn£'kr djrk gS (fp=k 3.10)A eSaxuhu rFkk dkalVsaVu esa Hkh blh izdkj osQ xq.k
gaSA pw¡fd buosQ izfrjks/ dh rki&fuHkZjrk cgqr de gS] blfy, ;s inkFkZ rkj vkc¼ ekud
izfrjksèkdksa osQ fuekZ.k esa O;kid :i ls mi;ksx fd, tkrs gSaA

/krqvksa osQ foijhr] v/Zpkydksa dh izfrjks/drk rki esa o`f¼ gksus ij de gks tkrh gSA bl
izk:fid fuHkZjrk dks fp=k 3.11 esa n'kkZ;k x;k gSA

ge lehdj.k (3.23) esa O;qRiUu ifj.kkeksa osQ vk/kj ij izfrjks/drk dh rki&fuHkZjrk
dks xq.kkRed :i esa le> ldrs gSaA bl lehdj.k ls fdlh inkFkZ dh izfrjks/drk O;Dr dh
tkrh gS

2

1 m

n e
ρ

σ τ
= = (3.27)

fdlh inkFkZ dh izfrjks/drk izfr ,dkad vk;ru esa bysDVªkWuksa dh la[;k rFkk mlesa gksus okys
la?kêðksa ij izfrykseh :i ls fuHkZj djrh gSA tSls&tSls ge rki c<+krs gSa] fo|qr /kjk ogus djus
okys bysDVªkWuksa dh vkSlr pky c<+rh tkrh gS ftlosQ ifj.kkeLo:i la?kê ð dh vko`fÙk Hkh c<+rh
tkrh gSA blfy, la?kê ðksa dk vkSlr le; τ, rki osQ lkFk ?kVrk gSA

/krqvksa esa n dh rki fuHkZjrk mis{k.kh; gS] blfy, rki c<+us ls τ  osQ eku osQ ?kVus osQ
dkj.k ρ c<+rk gS] tSlk fd geus izs{k.k fd;k gSA

rFkkfi] fo|qrjksf/;ksa ,oa v/Zpkydksa esa rki esa o`f¼ osQ lkFk n esa Hkh o`f¼ gksrh gSA ;g
o`f¼ lehdj.k (3.23) esa τ esa gksus okyh fdlh Hkh deh ls Hkh vf/d dh {kfriw£r djrh gS
ftlosQ iQyLo:i ,sls inkFkks± osQ fy, izfrjks/drk ρ dk eku rki osQ lkFk ?kV tkrk gSA

fp=k 3.9 rki T osQ iQyu
osQ :i eas rk¡cs dh
çfrjksèkdrk Tρ A

fp=k 3.10 ije rki T osQ iQyu osQ :i esa
fuØkse dh çfrjksèkdrkA

fp=k 3.11 fof'k"V v¼Zpkyd osQ
fy, çfrjksèkdrk dh

rki&fuHkZjrkA

ρ
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mnkgj.k 3
.3

mnkgj.k 3.3  fdlh fo|qr VksLVj esa fuØkse osQ rkiu vo;o dk mi;ksx gksrk gSA tc
blls ,d ux.; y?kq fo|qr /kjk izokfgr gksrh gS rks d{k rki ij (27.0 °C) bldk
çfrjksèk 75.3 Ω ik;k tkrk gSA tc bl VksLVj dks 230 V vkiwfrZ ls la;ksftr djrs gSa
rks oqQN lsoaQM esa ifjiFk esa 2.68 A dh LFkk;h /kjk LFkkfir gks tkrh gSA fuØkse&vo;o
dk LFkk;h rki D;k gS\ fuØkse dks lfEefyr rki ifjlj esa çfrjksèk rki xq.kkad
1.70 × 10– 4 °C–1 gSA
gy
tc vo;o esa èkkjk cgqr de gS rks rkih; çHkkoksa dh mis{kk dh tk ldrh gS vkSj rc
vo;o dk rki T

1 
dejs osQ rki osQ cjkcj gks tkrk gSA tc VksLVj dks vkiwfrZ ls la;ksftr

fd;k tk,xk] rks çkjafHkd èkkjk LFkk;h eku 2.68 A ls oqQN vfèkd gks tk,xhA ijarq
fo|qr /kjk osQ rkih; çHkko osQ dkj.k rki c<+sxkA ;g çfrjksèk dks c<+k,xk iQyLo:i
ifjiFk dh fo|qr /kjk esa oqQN deh mRiUu gksxhA oqQN lsoaQM esa LFkk;h voLFkk çkIr
gks tk,xh rFkk rki vkSj ugha c<+sxkA vo;o dk çfrjksèk rFkk vkiw£r ls yh xbZ fo|qr
èkkjk nksuksa LFkk;h eku çkIr dj ysaxsA rc LFkk;h rki T

2
 ij çfrjksèk R

2
 dk eku

R2 
= =

230

2 68

V
85 8

A.
. Ω

lacaèk R2 = R1 [1 + α (T2 – T1)] dk mi;ksx laca/
α = 1.70 × 10–4 °C–1  osQ lkFk djus ij gesa izkIr gksrk gS

T2 – T1 ?

?
=

× ×
4

(85 8 75 3)

(75 3) 1 70 10

. .

. .
 = 820 °C

vFkkZr, T2= (820 + 27.0) °C = 847 °C

bl çdkj] rkiu vo;o dk rki (tc èkkjk osQ dkj.k rkih; çHkko çfros'k esa gq, Å"ek
{k; osQ cjkcj gS) 847 °C gSA

mnkgj.k 3.4 IySfVue çfrjksèk rkiekih osQ IySfVue osQ rkj dk çfrjksèk fgekad ij
5 Ω rFkk Hkki ̄cnq ij 5.23 Ω gSA tc rkiekih dks fdlh rIr&Å"ed esa çfo"V djk;k
tkrk gS rks IySfVue osQ rkj dk çfrjksèk 5.795 Ω gks tkrk gSA Å"ed dk rki ifjdfyr
dhft,A
gy R

0 
= 5 Ω, R

100
 = 5.23 Ω rFkk R

t 
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vc, t = 
R R

R R
R R t
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.
100
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−

−
×

= 
0 795

0 23

.
100

.
× = 345.65 oC

3.9 fo|qr ÅtkZ] 'kfDr
fdlh pkyd AB  ij fopkj dhft, ftlesa A ls B dh vksj I /kjk izokfgr gks jgh gSA A rFkk
B ij fo|qr foHko Øe'k%  V (A) ,oa V(B) ls fu:fir fd, x, gSaA pw¡fd /kjk A ls B dh
vksj izokfgr gks jgh gS] V(A) > V (B) vkSj pkyd AB osQ fljksa osQ chp foHkokarj
V = V(A) – V(B) > 0 gSA
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∆t dky varjky esa] vkos'k dh ,d ek=kk ∆Q = I ∆t  A ls B dh vksj pyrh gSA

ifjHkk"kkuqlkj ̄ cnq A ij vkos'k dh fLFkfrt ÅtkZ Q V (A) Fkh rFkk blh izdkj ̄ cnq B ij vkos'k
dh fLFkfrt ÅtkZ Q V(B) gSA blfy, fLFkfrt ÅtkZ esa ;g ifjorZu ∆U

pot
 gS

∆U
pot

 = vafre fLFkfrt ÅtkZ – izkjafHkd fLFkfrt ÅtkZ

         = ∆Q[(V (B) – V (A)] = –∆Q V

         = –I V∆t < 0 (3.28)

;fn vkos'k pkyd osQ vanj fcuk la?kêð fd, xfreku gSa rks mudh xfrt ÅtkZ Hkh ifjo£rr
gksrh gS ftlls fd leLr ÅtkZ vifjo£rr jgsA leLr ÅtkZ osQ laj{k.k ls ;g ifj.kke fudyrk
gS fd

∆K =  –∆U
pot

(3.29)

vFkok
∆K = I V∆t > 0 (3.30)

vr% pkyd osQ vanj fo|qr {ks=k osQ izHkko ls vxj vkos'k eqDr :i ls xfreku jgrs rks
mudh xfrt ÅtkZ c<+ tkrhA rFkkfi] geus igys le>k gS fd lkekU; rkSj ij] vkos'k Rofjr xfr
ls xeu ugha djrs gSa cfYd vifjorhZ viokg osx ls pyrs gSaA ;g ikjxeu dh vof/ esa vk;uksa
rFkk ijek.kqvksa ls la?kêð osQ dkj.k gksrk gSA la?kêðksa osQ le; vkos'kksa }kjk izkIr dh xbZ ÅtkZ]
ijek.kqvksa osQ lkFk vkil esa ck¡V yh tkrh gSA ijek.kq T;knk izcy :i ls oaQiu djrs gSa vFkkZr
pkyd xeZ gks tkrs gSaA bl izdkj ,d okLrfod pkyd esa dky varjky ∆t esa Å"ek osQ :i
esa {kf;r ÅtkZ dk ifjek.k

∆W = I V∆t (3.31)

izfr ,dkad le; esa {k; gqbZ ÅtkZ {kf;r 'kfDr osQ cjkcj gS P = ∆W/∆t  vkSj ge izkIr
dj ldrs gSa

P = I V (3.32)

vkse osQ fu;e V = IR dk mi;ksx djus ij ge ikrs gSa
P = I 2 R = V 2/R (3.33)

tks fd R  izfrjks/ osQ pkyd ftlls I  fo|qr /kjk izokfgr gks jgh gS] esa gksus okyk 'kfDr {k;
(vkseh {k;) gSA ;g ogh 'kfDr gS tks] mnkgj.k osQ fy, fdlh rkinhIr fo|qr ySai dh oqaQMyh
dks iznhIr djrh gS] ftlosQ dkj.k og Å"ek rFkk izdk'k dks fofdj.k djrk gSA

;g 'kfDr dgk¡ ls vkrh gS\ tSlk fd ge igys Li"V dj pqosQ
gSa fd fdlh pkyd esa LFkk;h /kjk dk izokg cuk, j[kus osQ fy,
geas ,d cká lzksr dh vko';drk gksrh gSA Li"Vr;k ;gh Ïksr gS
ftls bl 'kfDr dh vkiw£r djuh pkfg,A fp=k (3.12) esa fo|qr
lsy osQ lkFk n'kkZ, x, ,d ljy ifjiFk esa ;g lsy dh gh
jklk;fud ÅtkZ gS tks bl 'kfDr dh vkiw£r tc rd dj losQ]
djrh gSA

lehdj.kksa (3.32) rFkk (3.33) esa 'kfDr osQ fy, fn, x,
O;atd ls ;g Li"V gksrk gS fd fdlh izfrjks/d R esa {kf;r 'kfDr
ml pkyd esa izokfgr /kjk rFkk mlosQ fljksa ij oksYVrk ij fdl izdkj
fuHkZj djrh gSA

lehdj.k (3.33) dk fo|qr 'kfDr lapj.k esa egRoiw.kZ vuqiz;ksx
gSA fo|qr 'kfDr dk lapj.k ikoj LVs'ku ls ?kjksa rFkk dkj[kkuksa esa

fp=k 3.12 lsy osQ V£euyksa ls la;ksftr izfrjks/d esa
R Å"ek mRiUu gksrh gSA izfrjksèkd R esa {kf;r ÅtkZ
fo|qr vi?kV~; dh jklk;fud ÅtkZ ls vkrh gSA
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lapj.k osQcy }kjk fd;k tkrk gS tks fd lSdM+ksa ehy nwj gks ldrs gSaA Li"V gS fd ge ikoj
LVs'kuksa ls ?kjksa rFkk dkj[kkuksa ls tksM+us okys lapj.k osQfcy esa gksus okys 'kfDr {k; dks U;wure
djuk pkgsaxsA vc le>saxs fd blesa ge oSQls liQy gks ldrs gSaaA ,d ;qfDr R ij fopkj djsa
ftlesa R

c
 izfrjks/ okys lapj.k osQfcy ls gksdj 'kfDr  P dks igq¡pkuk gS] ftls vafrer% {kf;r

gksuk gS ;fn R  osQ fljksa osQ chp oksYVrk V gS vkSj mlls I fo|qr /kjk izokfgr gks jgh gS rks
P = V I (3.34)

ikoj LVs'ku ls ;qfDr dks la;ksftr djus okys la;ksth rkjksa dk izfrjks/ ifjfer gS vkSj ;g
R

c 
 gSA la;kstd rkjksa esa ÅtkZ {k; P

c
  tks fd O;FkZ O;; gksrk gS

P
c
 = I 2 R

c

=
2

2

cP R

V
(3.35)

lehdj.k (3.32) lsA vr% 'kfDr P dh fdlh ;qfDr dks lapkfyr djus osQ fy,] la;kstd rkj
esa 'kfDr viO;; V 2 osQ O;qRØekuqikrh gSA ikoj LVs'ku ls vkus okys lapj.k osQcy lSdM+ksa ehy
yacs gksrs gSa rFkk  mudk izfrjks/ R

c
 dkiQh vf/d gksrk gSA lapj.k esa gksus okys 'kfDr&{k; P

c

dks de djus osQ fy, bu fo|qrokgh rkjksa esa c`gr oksYVrk V ij fo|qr /kjk izokfgr dh tkrh
gSA ;gh dkj.k gS fd bu 'kfDr lapj.k ykbuksa ij mPp oksYVrk osQ [krjs dk fpÉ cuk gksrk gS]
tks fd vkcknh okys {ks=k ls nwj tkus ij ,d lkekU; n`'; gksrk gSA bruh mPp oksYVrk ij fo|qr
dk iz;ksx lqjf{kr ugha gSA vr% bl /kjk dh oksYVrk dks mi;ksx osQ fy, mi;qDr eku rd ,d
;qfDr }kjk ftls VªkaliQkeZj dgrs gSa] de fd;k tkrk gSA

3.10 izfrjks/dksa dk la;kstu&Js.kh la;kstu rFkk
ik'oZ la;kstu

vkse osQ fu;e ls] ,d ,dy izfrjks/d R ftlosQ fljksa osQ eè; foHkokarj V gS] ls izokfgr èkkjk
I = V/R O;Dr dh tkrh gSA dHkh&dHkh  izfrjks/d ,d nwljs ls la;ksftr jgrs gSa rFkk bl izdkj
la;kstuksa osQ rqY; izfrjks/ osQ ifjdyu osQ fy, oqQN ljy fu;e gSaA

fp=k 3.13 nks izfrjks/dksa R
1
 ,oa R

2 
dk Js.kh la;kstuA

nks izfrjks/d Js.khØe esa dgs tkrs gSa ;fn muesa ls osQoy ,d vaR; ¯cnq la;ksftr gksrk gS
(fp=k 3.13)A ;fn ,d rhljk izfrjks/d] nksuksa osQ Js.kh la;kstu ls tksM+k tkrk gS (fp=k 3.14)]
rks rhuksa dks Js.khØe esa la;ksftr dgrs gSaA Li"Vr% ge bl ifjHkk"kk dk foLrkj vusd izfrjksèkdksa
osQ Js.kh la;kstu osQ fy, dj ldrs gSaA

fp=k 3.14 rhu izfrjks/dksa R
1
, R

2 
,oa R

3 
dk Js.kh la;kstuA

nks ;k vf/d izfrjks/d ik'oZ esa la;ksftr dgs tkrs gSa ;fn lHkh izfrjks/dksa osQ ,d fljs
vkil esa tqM+s gksa vkSj mlh rjg nwljs fljs Hkh vkil esa lacaf/r gksa (fp=k 3.15)A

fp=k 3.15 nks izfrjks/dksa R
1
 rFkk R

2
 dk ik'oZ la;kstuA
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nks izfrjks/dksa R

1
 rFkk R

2
 osQ Js.kh la;kstu ij fopkj djrs gSaA tks vkos'k R

1
 ls izLFkku dj

jgk gS mls R
2 
esa izos'k djuk pkfg,A pw¡fd fo|qr /kjk] vkos'k osQ izokg nj dh eki gS] bldk

vFkZ ;g gS fd ;gh /kjk R
1
 rFkk R

2 
ls gksdj izokfgr gks jgh gSA vkse osQ fu;e lsµ

R
1 
osQ eè; foHkokarj = V

1
 = I R

1
, rFkk

R
2 
osQ eè; foHkokarj = V

2
 = I R

2

la;kstu osQ eè; foHkokarj V, V
1
+V

2 
osQ cjkcj gSA vr%

V = V
1
+ V

2
 = I (R

1
 + R

2
) (3.36)

;g ,slk gS tSls fd la;kstu dk rqY; izfrjks/ R
eq
 Fkk] tks fd vkse osQ fu;e ls

R
eq

 
V

I
≡  = (R

1
 + R

2
) (3.37)

;fn gekjs ikl rhu izfrjks/d Js.khØe esa la;ksftr gksrs rks blh izdkj
V = I R

1
 + I R

2
 + I R

3
 = I (R

1
+ R

2
+ R

3
) (3.38)

Li"V :i ls bls izfrjks/dksa dh fdlh Hkh la[;k n, R
1
, R

2
 . ..., R

n 
osQ Js.khØe esa la;kstu

osQ fy, foLrkj dj ldrs gSaA rqY; izfrjks/ R
eq

 gksxk
R

eq
 = R

1
 + R

2
 + . . . + R

n
(3.39)

vc nks izfrjks/dksa osQ ik'oZ la;kstu ij fopkj djrs gSa (fp=k 3.15)A tks vkos'k A dh ck;ha
vksj ls vanj izokfgr gksrk gS] vkaf'kd :i ls R

1
 ls gksdj rFkk vkaf'kd :i ls R

2 
ls gksdj ckgj

izokfgr gksrk gSA fp=k esa n'kkZ;h fo|qr /kjk,¡ I, I
1
, I

2
 fu£n"V ̄cnqvksa ij vkos'k izokg dh nj gaSA vr%

I = I
1
 + I

2
(3.40)

R
1 
ij vkse dk fu;e ykxw djus ij] A rFkk B osQ eè; foHkokarj

V = I
1
 R

1
(3.41)

blh rjg] R
2
 ij vkse dk fu;e ykxw djus ij

V = I
2
 R

2
(3.42)

∴ I = I
1
 + I

2
 = 

1 2 1 2

1 1V V
V

R R R R
+ = + (3.43)

;fn la;kstu dks ,d rqY; çfrjksèk R
eq

 ls izfrLFkkfir djsa rks vkse osQ fu;e ls gesa çkIr
gksxk

=
eq

V
I

R (3.44)

vr%

= +
1 2

1 1 1

eqR R R (3.45)

ge vklkuh ls ;g le> ldrs gSa fd rhu çfrjksèkdksa osQ ik'oZØe esa bls oSQls foLr`r dj
ldrs gSa fp=k ( 3.16)A

fp=k 3.16 rhu izfrjks/dksa R
1
, R

2
 rFkk R

3 
dk ik'oZ la;kstuA
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Bhd igys dh rjg
I = I

1
 + I

2
 + I

3
(3.46)

vkSj R
1
, R

2
 rFkk R

3
 ij vkse dk fu;e ykxw djus ij ge ikrs gSa

V = I
1
 R

1
, V = I

2
 R

2
, V = I

3
 R

3
(3.47)

ftlls fd]

I = I
1
 + I

2
 + I

3
 =

1 2 3

1 1 1
V

R R R
+ + (3.48)

,d lerqY; çfrjksèk R
eq

 tks fd la;kstu dks izfrLFkkfir djrk gS] bl izdkj gksxk fd

=
eq

V
I

R (3.49)

vr%

= + +
1 2 3

1 1 1 1

eqR R R R (3.50)

ik'oZ esa la;ksftr izfrjks/dksa dh fdlh Hkh la[;k osQ fy, blh vk/kj ij ge O;atd fy[k
ldrs gSaA ik'oZ esaa tqM+s n çfrjksèkdksa R

1
, R

2
 . . . ,R

n
 dk rqY; çfrjksèk gS

= + + +
1 2 3

1 1 1 1
...

eqR R R R (3.51)

rqY; çfrjksèkdksa osQ bu lw=kksa ¹lehdj.k (3.39) rFkk lehdj.k (3.51)º dks vf/d
tfVy ifjiFkksa dh /kjk ,oa oksYVrk Kkr djus osQ fy,
mi;ksx dj ldrs gSaA mnkgj.k osQ fy, fp=k (3.17) osQ
ifjiFk ij fopkj dhft,] tgk¡ rhu çfrjksèkd R

1
, R

2

rFkk R
3
 gSaA R

2
 rFkk R

3
 ik'oZØe esa gSa] vr% ge mUgsa

¯cnq B ,oa C osQ eè; ,d rqY; çfrjksèk 23
eqR ls

izfrLFkkfir dj ldrs gSa

= +
23

2 3

1 1 1

eq R RR

vFkok,  =
+

23 2 3

2 3

eq

R R
R

R R
(3.52)

ifjiFk esa vc R
1
 rFkk 23

eqR Js.kh la;kstu esa gSa] vr%

muosQ la;kstu dks ,d rqY; çfrjksèk 123
eqR ls izfrLFkkfir

dj ldrs gSa

= +
123 23

1eq eqR R R (3.53)

;fn A rFkk C osQ eè; oksYVrk V gS] rks izkIr fo|qr èkkjk dk eku

( )
= =

+ +
123

1 2 3 2 3/eq

V V
I

R R R R R R

fp=k 3.17  rhu izfrjks/dksa R
1
, R

2
 rFkk R

3 
dk la;kstuA

≡ izfrjks/d R
1
 osQ lkFk Js.khØe esa la;ksftr R

2 
rFkk R

3
 osQ

ik'oZØe dk rqY; izfrjks/d 
23
eqR

≡ izfrjks/dksa R
1
, R

2
 rFkk R

3
 dk rqY; izfrjks/d 123

eqR
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( )2 3

1 2 1 3 2 3

V R R

R R R R R R

+
=

+ +
(3.54)

3.11  lsy] fo|qr okgd cy (emf), vkarfjd çfrjksèk
geus igys gh mYys[k fd;k gS fd fo|qr vi?kVuh lsy fo|qr ifjiFk esa LFkk;h èkkjk
dks cuk, j[kus osQ fy, ,d ljy ;qfDr gSA tSlk fd fp=k 3.18 esa fn[kk;k x;k gS]
ewy :i ls ,d lsy osQ nks bySDVªksM gksrs gSa] tks fd èkukRed (P) rFkk ½.kkRed (N)

dgykrs gSaA ;s ,d fo|qr vi?kVuh foy;u esa Mwcs jgrs gSaA foy;u esa Mwcs bySDVªksM
fo|qr vi?kV~; osQ lkFk vkos'kksa dk vknku&iznku djrs gSaA blosQ iQyLo:i /ukRed
bySDVªksM osQ Bhd ikl fo|qr vi?kVuh foy;u osQ fdlh ̄ cnq A ij ¹fp=k (3.18(a)º
rFkk Lo;a bl bySDVªksM osQ chp ,d foHkokarj V

+
 (V

+ 
> 0) gksrk gSA blh izdkj

½.kkRed bySDVªksM vius Bhd ikl osQ fo|qr vi?kVuh foy;u osQ fdlh ¯cnq B osQ
lkis{k ,d ½.kkRed foHko – (V

–
 ) (V

–
 ≥  0) ij gks tkrk gSA tc dksbZ fo|qr èkkjk ugha

izokfgr gksrh gS rks leLr fo|qr vi?kVuh foy;u dk leku foHko gksrk gS] ftlls fd
P rFkk N  osQ eè; foHkokarj V

+
 – (–V

–
) = V

+
 + V

–
 jgrk gSA bl varj dks lsy dk

fo|qr okgd cy (emf) dgrs gSa vkSj bls ε ls fufnZ"V djrs gSaA bl çdkj
ε = V

+
+V

–
 > 

 
0 (3.55)

è;ku nhft, fd ε okLro esa ,d foHkokarj gS] cy ughaA rFkkfi] blosQ uke osQ fy,
fo|qr okgd cy dk mi;ksx ,sfrgkfld dkj.kksa ls djrs gSa vkSj ;g uke ml le; fn;k
x;k Fkk tc ;g ifj?kVuk mfpr :i ls le>h ugha xbZ FkhA

ε dk egÙo le>us osQ fy,] lsy ls la;ksftr ,d çfrjksèkd R ij fopkj dhft,
(fp=k 3.18)A R ls gksdj ,d fo|qr /kjk C ls D dh vksj çokfgr gksrh gSA tSlh fd
igys O;k[;k dh tk pqdh gS] ,d LFkk;h èkkjk cuk, j[kh tkrh gS] D;ksafd fo|qr èkkjk]
fo|qr vi?kV~; ls gksdj N ls P dh vksj çokfgr gksrh gSA Li"Vr% fo|qr vi?kV~; ls
gksdj ;gh èkkjk N ls P dh vksj izokfgr gksrh gS tcfd R ls gksdj ;gh èkkjk P ls N
dh vksj çokfgr gksrh gSA

ftl fo|qr vi?kV~; ls gksdj ;g èkkjk çokfgr gksrh gS mldk ,d ifjfer çfrjksèk
r gksrk gS] ftls lsy dk vkarfjd çfrjksèk dgrs gSaA igys ge ,slh fLFkfr ij fopkj djsa
tc R vuar gS ftlls fd I = V/R = 0, tgk¡ V, P rFkk N osQ eè; foHkokarj gSA

vc]
V = P rFkk A osQ eè; foHkokarj
       + A rFkk B osQ eè; foHkokarj
       + B rFkk N osQ eè; foHkokarj

   = ε (3.56)

vr% fo|qr okgd cy ε ,d [kqys ifjiFk esa (vFkkZr tc lsy ls gksdj dksbZ èkkjk ugha çokfgr
gks jgh gS) èkukRed rFkk ½.kkRed bySDVªksM osQ eè; foHkokarj gSA

rFkkfi] ;fn R ifjfer gS rks I 'kwU; ugha gksxkA ml fLFkfr esa P rFkk N osQ eè; foHkokarj
V = V

+
+ V

–
 – I r

   = ε – I r (3.57)

A rFkk B osQ eè; foHkokarj osQ fy, O;tad (I r) esa ½.kkRed fpÉ ij è;ku nhft,A ;g
blfy, gS fd fo|qr vi?kV~; esa èkkjk I, B ls A dh vksj çokfgr gksrh gSA

çk;ksfxd ifjdyuksa esa] tc èkkjk I ,slh gS fd ε >> I r, rc ifjiFk esa lsy osQ vkarfjd
çfrjksèk dks ux.; ekuk tk ldrk gSA lsy osQ vkarfjd çfrjksèk osQ okLrfod eku] fofHkUu lsyksa

fp=k 3.18 (a) /ukRed V£euy P

rFkk ½.kkRed V£euy N osQ lkFk
,d fo|qr vi?kVuh; lsy dk js[kk
fp=kA Li"Vrk osQ fy, bySDVªksMksa osQ
eè; varjky c<+k, x, gSaA fo|qr
vi?kV~; esa A rFkk B ¯cnq izk:fid

rkSj ij P ,oa N osQ fudV gSaA
(b) ,d lsy dk laosQrA

+ fpÉ P dks rFkk
– dk fpÉ N bySDVªksM dks bafxr
djrk gSA lsy osQ lkFk fo|qrh;

la;kstu P rFkk N ij cuk, tkrs gSaA
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cknyksa esa vkos'k

iqjkru dky esa rfM+r dks vykSfyd mn~xe dh ok;qeaMyh; LiqQj {k.knhfIr le>k x;kA bls bZ'oj dk egku
gfFk;kj ekuk x;kA fdUrq vkt rfM+r dh ifj?kVuk dh] HkkSfrdh osQ çkFkfed fl¼karksa }kjk] oSKkfud :i ls O;k[;k
dh tk ldrh gSA

ok;qeaMyh; fo|qr] fo|qr vkos'kksas osQ i`FkDdj.k osQ dkj.k mRiUu gksrh gSA vk;ueaMy rFkk pqacdeaMy esa lkSj
ikfFkZo ikjLifjd fØ;k ls izcy fo|qr èkkjk iSnk gksrh gSA fupys ok;qeaMy esa èkkjk nqcZy gksrh gS rFkk rfM+r >a>kor
}kjk iksf"kr dh tkrh gSA

cknyksa esa ciZQ osQ d.k gksrs gSa tks fodflr gksrs gaS] Vdjkrs gSa] VwVrs gSa rFkk VqdM+s&VqdM+s gksdj i`Fkd gks tkrs gSaA
NksVs okys d.k èkukRed vkos'k rFkk cM+s okys ½.kkRed vkos'k çkIr djrs gSaA ;s vkosf'kr d.k cknyksa osQ ÅèoZokg
,oa xq#Ro osQ dkj.k i`Fkd gks tkrs gSaA ckny osQ Åijh Hkkx èkukRed rFkk eè; Hkkx ½.kkRed vkosf'kr gks tkrs gSa
ftlosQ dkj.k f}èkzqo dh lajpuk gksrh gSA dHkh&dHkh cknyksa osQ ry ij ,d vR;ar nqcZy /ukos'k ik, tkrs gSaA rfM+r
>a>kokr dh ifjo`f¼ osQ le; èkjrh èkukosf'kr gks tkrh gSA lkFk gh] varfj{k rFkk jsfM;ksèkehZ fofdj.ksas ok;q dks èku
rFkk ½.k vk;uksa esa vk;fur djrh gSa vkSj gok oS|qr pkyd (nqcZy :i ls) gks tkrh gSA èkjrh rFkk ckny osQ eè;
osQ vfrfjDr vkos'kksa dk i`FkDdj.k ckny osQ vanj Hkh fo'kky ek=kk esa fo|qr foHko mRiUu djrk gSA ;g nlksa yk[k
oksYV osQ cjkcj gks ldrk gS vkSj varr% ok;q esa fo|qr çfrjksèk] Hkax gks tkrk gS rFkk rfM+r LiqQj {k.knhfIr çkjaHk gks
tkrh gS ,oa g”kkjksa ,sfEi;j dh èkkjk çokfgr gksrh gSA fo|qr {ks=k 105 V/m dh dksfV dk gksrk gSA ,d rfM+r LiqQj
{k.knhfIr vkSlr :i ls pkj otzikrksa dh  Ükà[kykvksa ls laxfBr gksrk gS rFkk çR;sd LiqQj {k.knhfIr dh vofèk yxHkx
30 s gksrh gSA çfr otzikr dk vkSlr 'kh"kZ lkeF;Z yxHkx 1012 W gksrk gSA

'kq"d ekSle esa Hkh ok;qeaMy esa vkos'k gksrs gaSA 'kq"d ekSle dk fo|qr {ks=k] vk;ueaMy ls èkjrh osQ i`"B ij
/kjk çokg (tks fd ihdks,sfEi;j çfr oxZehVj dh dksfV dk gksrk gS) osQ vfrfjDr èkjrh ij i`"Bh; vkos'k ?kuRo
osQ vfLrRo rFkk ok;qeaMyh; pkydrk osQ dkj.k mRiUu gksrk gSA èkjrh ij i`"Bh; vkos'k ½.kkRed gksrk gS_ fo|qr
{ks=k v/kseq[kh fu£n"V gksrk gSA /jrh ij vkSlr fo|qr {ks=k yxHkx 120 V/m gksrk gS tks –1.2 × 10–9 C/m2

i`"Bh; vkos'k ?kuRo osQ laxr gSA /jrh osQ leLr i`"B lrg ij] oqQy ½.kkRed vkos'k dh ek=kk yxHkx 600 kC

gSA ok;qeaMy esa cjkcj ek=kk esa èkukRed vkos'k gksrs gSaA bl fo|qr {ks=k dks ge vius nSfud thou esa vuqHko ugha
dj ikrsA bldk dkj.k ;g gS fd okLro esa gekjs 'kjhj lfgr] lHkh oLrq,¡ ok;q dh rqyuk esa pkyd gaSA

osQ fy, fHkUu&fHkUu gksrs gSaA rFkkfi] 'kq"d lsy osQ fy, vkarfjd çfrjksèk] lkekU; fo|qr vi?kVuh
lsy ls cgqr vf/d gksrk gSA

geus ;g Hkh voyksdu fd;k gS fd tc R ls gksdj foHkokarj V gS rks vkse osQ fu;e ls
V = I  R (3.58)

lehdj.k (3.57) rFkk (3.58) dks la;ksftr djus ij]
I  R   =  ε – I  r

vFkok I
R r

=
+

ε
(3.59)

R = 0 osQ fy, lsy ls vfèkdre èkkjk çkIr dh tk ldrh gS Ivf/dre = ε/r rFkkfi vfèkdka'k
lsyksa esa vfèkdre vuqer èkkjk blls cgqr de gksrh gS ftlls lsy dks LFkk;h {kfr ls cpk;k tk losQA
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mnkgj.k 3.5 fp=k 3.17 esa fn[kk, x, vuqlkj 1 Ω vkarfjd çfrjksèk osQ 16 V dh ,d cSVjh
ls çfrjksèkksa osQ ,d usVooZQ dks tksM+k x;k gSA (a) usVooZQ osQ rqY; çfrjksèk ifjdfyr dhft,A
(b) çR;sd çfrjksèkd esa èkkjk dk eku Kkr dhft, rFkk (c) oksYVrk ikr V

AB, 
V

BC
 rFkk V

CD
 Kkr

dhft,A

fp=k 3.19

gy
(a) usVooZQ Js.kh rFkk ik'oZØe esa lac¼ çfrjksèkdksa dk ,d ljy la;kstu gSA igys 4Ω osQ

ik'oZØe esa nks çfrjksèkksa dk lerqY; çfrjksèk = [(4 × 4)/(4 + 4)] Ω = 2 Ω gSA
blh çdkj] 12 Ω rFkk 6 Ω osQ ik'oZØe esa lac¼ çfrjksèkdksa dk lerqY; çfrjksèk gS
[(12 × 6)/(12 + 6)] Ω = 4 Ω

bu nksuksa rqY; çfrjksèkksa (2 Ω rFkk 4 Ω) dks 1 Ω çfrjksèkd osQ lkFk Js.khØe esa la;ksftr
djosQ usVooZQ dk lerqY; çfrjksèk R Kkr dj ysrs gSa] vFkkZr
R = 2 Ω + 4 Ω + 1 Ω = 7 Ω

(b) ifjiFk esa oqQy èkkjk

I A

A o B osQ eè; çfrjksèkdksa ij fopkj dhft,A ;fn 4 Ω osQ çfrjksèkdksa esa ls fdlh ,d
esa èkkjk I

1
 gS rFkk nwljs esa  I

2
 gS rks

I
1
 × 4 = I

2
 × 4

vFkkZr I
1
 = I

2
 tks Hkqtkvksa dh lefefr ls Hkh Li"V gSA ̄drq  I

1
 + I

2
 = I = 2 AA blfy,

I
1
 = I

2
 = 1 A vFkkZr çR;sd 4 Ω çfrjksèkd esa èkkjk 1 A gSA ̄ cnqvksa B rFkk C osQ chp

la;ksftr 1 Ω osQ izfrjksèkd ls izokfgr gksus okyh èkkjk dk eku 2A gSA
iqu% C o D osQ eè; çfrjksèkdksa ij fopkj dhft,A ;fn 12 Ω çfrjksèkd esa èkkjk I

3
 rFkk

6 Ω çfrjksèkd esa èkkjk I
4
 gks] rks

I
3
 × 12 = I

4
 × 6,  vFkkZr  I

4
 = 2I

3

¯drq I
3
 + I

4
 = I = 2 A

bl çdkj I
3
 = 

2

3









  A, I

4 
=

 

4

3









  A

vFkkZr 12 Ω çfrjksèkd esa èkkjk (2/3) A tcfd 6 Ω çfrjksèkd esa èkkjk (4/3) A gSA
(c) AB osQ eè; oksYVrk ikr

V
AB

 = I
1
 × 4 Ω = 1 A × 4 Ω = 4 V

ftls A o B osQ eè; laiw.kZ èkkjk dks A o B osQ eè; lerqY; çfrjksèk osQ xq.kuiQy ls Hkh
çkIr dj ldrs gSaA vFkkZr
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V
AB

 = 2 A × 2 Ω = 4 V

BC osQ eè; oksYVrk ikr

V
BC

 =  2 A × 1 Ω = 2 V

var esa] CD osQ eè; oksYVrk ikr

V
CD

 = 12 Ω × I
3
 = 12 Ω × 

2

3









  A = 8 V

ftls C o D osQ eè; laiw.kZ /kjk dks C o D osQ eè; lerqY; izfrjks/ osQ xq.kuiQy
ls Hkh izkIr dj ldrs gSaA vFkkZr

V
CD

 =  2 A × 4 Ω = 8 V

è;ku nhft, fd A D osQ eè; oqQy oksYVrk ikr 4 V + 2 V + 8 V = 14 V gSA bl izdkj
ls cSVjh osQ fljksa osQ eè; oksYVrk 14 V gS tcfd fo|qr okgd cy 16 V gSA oksYVrk esa {kfr
(= 2 V) cSVjh osQ vkarfjd çfrjksèk =1 Ω osQ }kjk gksrh gS] 2 A × 1 Ω = 2 VA

3.12  Js.kh rFkk ik'oZØe esa lsy
çfrjksèkdksa dh Hkk¡fr] fo|qr ifjiFk esa lsyksa dks Hkh la;ksftr fd;k tk ldrk gSA çfrjksèkdksa dh
gh Hkk¡fr ifjiFk esa èkkjk rFkk foHkokarj osQ ifjdyu osQ fy, lsyksa osQ la;kstu dks ,d rqY; lsy
ls izfrLFkkfir fd;k tk ldrk gSA

fp=k 3.20 fo|qr okgd cy ε
1
 rFkk ε

2
 osQ nks lsy Js.khØe esa la;ksftr gSaA r

1
 rFkk r

2
 muosQ

vkarfjd çfrjksèk gSaA A rFkk C osQ eè; lacaèku osQ fy, la;kstu dks fo|qr okgd cy ε
eq

 rFkk
vkarfjd çfrjksèk r

eq
 osQ ,d lsy osQ tSlk le>k tk ldrk gSA

igys] Js.khØe esa nks lsyksa ij fopkj djsa (fp=k 3.20), tgk¡ çR;sd osQ ,d VfeZuy dks
eqDr NksM+dj] nksuksa lsyksa osQ ,d VfeZuy ,d nwljs ls la;ksftr gSaA ε

1
, ε

2
 nksuksa lsyksa osQ fo|qr

okgd cy gSa] rFkk r
1
, r

2
 Øe'k% muosQ vkarfjd çfrjksèk gSaA

fp=k 3.20 esa n'kkZ, vuqlkj ekfu, ̄cnq A, B rFkk C ij] foHko Øe'k% V (A), V (B) rFkk
V (C) gSaA rc V (A) – V (B) igys lsy osQ èkukRed rFkk ½.kkRed VfeZuy osQ eè; foHkokarj
gSA lehdj.k (3.57) esa bls geus igys gh ifjdfyr fd;k gS] vr%

ε≡ − = −1 1(A) (B)ABV V V I r (3.60)

blh çdkj

ε≡ − = −2 2(B) (C)BCV V V I r (3.61)

vr% la;kstu osQ VfeZuy A rFkk C osQ eè; foHkokarj

( ) ( ) ( ) ( )≡ − = − + −      (A) (C) A B B CACV V V V V V V

       ( ) ( )1 2 1 2– I r rε ε= + + (3.62)
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;fn ge la;kstu dks A rFkk C osQ eè; fdlh ,dy lsy ls izfrLFkkfir djuk pkgsa ftldk

fo|qr okgd cy ε
eq

 rFkk vkarfjd çfrjksèk r
eq

 gks] rc gesa çkIr gksrk gS
V

AC
 = ε

eq
– Ir

eq
(3.63)

lehdj.kksa (3.62)  rFkk (3.63) dks la;ksftr djus ij
 ε

eq
 = ε

1
 + ε

2
(3.64)

rFkk  r
eq

 = r
1
 + r

2
(3.65)

fp=k 3.20 esa geus igys lsy osQ ½.kkRed bySDVªksM dks nwljs lsy osQ èkukRed bySDVªksM
ls lac¼ fd;k gSA blosQ LFkku ij ;fn ge nksuksa lsyksa osQ ½.kkRed V£euyksa dks lac¼ djsa]
rks lehdj.k (3.61) ls V

BC
 = –ε

2
–Ir

2

vkSj gesa çkIr gksrk gS%
ε

eq
 = ε

1
 – ε

2
  (ε

1
 > ε

2
) (3.66)

Li"Vr% Js.kh la;kstu osQ fu;e dks lsyksa dh fdlh Hkh la[;k osQ fy, foLrkfjr fd;k tk
ldrk gS%
(i) n lsyksa osQ Js.kh la;kstu dk rqY; fo|qr okgd cy muosQ O;f"Vxr fo|qr okgd cyksa dk

;ksx ek=k gS] rFkk
(ii) n lsy osQ Js.kh la;kstu dk rqY; vkarfjd çfrjksèk muosQ vkarfjd çfrjksèkksa dk
;ksx ek=k gSA

,slk rc gS] tc èkkjk çR;sd lsy osQ /ukRed bySDVªksM ls fudyrh gSA ;fn bl
la;kstu esa /kjk fdlh lsy osQ ½.kkRed bySDVªksM ls fudys rks ε

eq
 osQ O;atd esa]

lsy dk fo|qr okgd cy ½.kkRed fpÉ osQ lkFk lfEefyr gksrk gS] tSlk fd
lehdj.k (3.66) esa gqvk gSA

vc ge lsyksa osQ ik'oZ la;kstu ij fopkj djrs gSaA I
1
 rFkk I

2
 lsy osQ /ukRed

bySDVªksM ls fudyus okyh èkkjk,¡ gSaA nks fo|qr /kjk,¡ I
1
 rFkk I

2
 ¯cnq B

1
 ij izos'k

djrh gSa tcfd bl ¯cnq ls I /kjk ckgj fudyrh gSA
pw¡fd mrus gh vkos'k vUnj çokfgr gksrs gSa ftrus fd ckgj] gesa çkIr gksrk gS
I = I

1
 + I

2
(3.67)

eku yhft, ¯cnqvksa B
1
 rFkk B

2
 ij foHko Øe'k% V (B

1
) rFkk V (B

2
) gaSA rc

igys lsy ij fopkj djus ij blosQ V£euyksa osQ eè; foHkokarj ( ) ( )−1 2B BV V

gksxkA vr% lehdj.k (3.57) ls
( ) ( ) ε≡ − = −1 2 1 1 1B BV V V I r (3.68)

¯cnq B
1
 rFkk B

2
 blh izdkj Bhd&Bhd nwljs lsy ls Hkh lac¼ gSaA vr% ;gk¡ nwljs lsy ij

fopkj djus ls gesa çkIr gksrk gS
( ) ( ) ε≡ − = −1 2 2 2 2B BV V V I r (3.69)

fiNys rhuksa lehdj.kksa dks la;ksftr djus ij

1 2I I I= +

    
1 2 1 2

1 2 1 2 1 2

– – 1 1
–

V V
V

r r r r r r

ε ε ε ε
= + = + + (3.70)

bl izdkj V  dk eku gS

1 2 2 1 1 2

1 2 1 2

–
r r r r

V I
r r r r

ε ε+
=

+ +
(3.71)

fp=k 3.21 nks lsyksa dk ik'oZ la;kstu
A rFkk C osQ chp bl la;kstu dks

vkarfjd izfrjks/ r
eq

 rFkk fo|qr okgd
cy ε

eq 
(ftuosQ eku lehdj.k

(3.73 rFkk (3.74) esa fn, x, gaS)
osQ fdlh ,dy lsy ls izfrLFkkfir

dj ldrs gSaA
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;fn lsyksa osQ bl la;kstu dks ge ̄ cnq B
1
 vkSj B

2
 osQ chp fdlh ,sls

,dy lsy ls izfrLFkkfir djsa ftldk fo|qr okgd cy ε
eq

 rFkk vkarfjd
izfrjks/ r

eq 
gks rks gesa izkIr gksrk gS

V = ε
eq 

– I r
eq

(3.72)

lehdj.k (3.71) rFkk (3.72)
 
leku gksus pkfg,] vr%

ε eq =
1 2 2 1

1 2

r r

r r

+

+

ε ε
(3.73)

r
eq =

1 2

1 2

r r

r r+
(3.74)

bu lehdj.kksa dks ge vkSj ljy :i esa rjhosQ ls çLrqr dj ldrs gSa

= +
1 2

1 1 1

eqr r r (3.75)

= +1 2

1 2

eq

eqr r r

ε ε ε
(3.76)

fp=k (3.21) esa geus nksuksa V£euyksa dks ,d lkFk rFkk blh izdkj nksuksa
½.k V£euyksa dks Hkh ,d lkFk lac¼ fd;k gS ftlls fo|qr /kjk,¡ I

1 
rFkk

I
2
 èku VfeZuyksa ls ckgj fudyrh gSaA ;fn nwljs dk ½.kkRed VfeZuy igys

osQ èkukRed VfeZuy ls lac¼ dj fn;k tk,] rc Hkh lehdj.k (3.75) rFkk
(3.76) ε

 2
 → –ε

2 
osQ lkFk ekU; gksaxsA

lehdj.k (3.75) rFkk (3.76) dks vklkuh ls foLrkfjr fd;k tk
ldrk gSA ;fn gekjs ikl n lsy gSa ftuosQ fo|qr okgd cy ε

1
, ... ε

n
 rFkk vkarfjd çfrjksèk

r
1
, . . . r

n
 gSa vkSj os ik'oZ laca/u esa gSa rks ;g la;kstu ml ,dy lsy osQ rqY; gksxk ftldk

fo|qr okgd cy ε
eq

 rFkk vkarfjd çfrjksèk r
eq

 gS ftlls fd

= + +�

1

1 1 1

eq nr r r (3.77)

= + +1
�

1

eq n

eq nr r r

ε εε
(3.78)

3.13 fdj[kksiQ osQ fu;e
fo|qr ifjiFkksa esa dHkh&dHkh dbZ izfrjks/d ,oa lsy tfVy <ax ls lac¼ gksrs gSaA Js.kh ,oa ik'oZ
la;kstu osQ fy, tks lw=k geus igys O;qRiUu fd, gSa] os ifjiFk osQ lHkh fo|qr èkkjkvksa rFkk
foHkokarjksa osQ fy, ges'kk i;kZIr ugha gksrsA nks fu;e] ftUgsa fdj[kksiQ osQ fu;e dgrs gSa] fo|qr
ifjiFkksa osQ fo'ys"k.k esa cgqr mi;ksxh gksrs gSaA

fn, x, ifjiFk esa ge izR;sd izfrjks/d esa izokfgr /kjk dks fdlh izrhd tSls I ls ukekafdr
djrs gq, vkSj rhj osQ fpÉ }kjk izfrjks/ osQ vuqfn'k /kjk osQ izokg dks fu£n"V djrs gq, vkxs
c<+rs gSaA ;fn varr% I èkukRed fuèkkZfjr gksrk gS rks çfrjksèkd esa fo|qr èkkjk dh okLrfod fn'kk]
rhj dh fn'kk esa gSA ;fn ;g ½.kkRed fudyrk gS] rks okLro esa fo|qr èkkjk rhj dh fn'kk osQ
foijhr çokfgr gks jgh gSA blh çdkj] çR;sd lzksr (vFkkZr lsy ;k fo|qr 'kfDr dk dksbZ nwljk
Ïksr) osQ fy, /ukRed rFkk ½.kkRed bySDVªksM dks] lsy esa çokg gks jgh èkkjk osQ laosQr osQ

xqLrko jkWcVZ fdj[kksiQ (1824 –

1887) teZuh osQ HkkSfrdfoKkuh
ghMycxZ ,oa cfyZu esa izksis+Qlj
jgsA eq[;r% LisDVªfedh osQ fodkl
osQ fy, tkus tkrs gSaA mUgksaus xf.krh;
HkkSfrdh esa Hkh dkiQh egRoiw.kZ
;ksxnku fd;k ftlesa ifjiFkksa osQ
fy, izFke ,oa f}rh; fu;e 'kkfey
gSaA

xqLrko jkWcVZ fd
j[kksiQ (1

8
2
4
 –

 1
8
8
7
)
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vykok ,d funsZf'kr rhj ls fpfÉr djrs gSaA ;g gesa /ukRed V£euy P rFkk ½.kkRed V£euy
N osQ chp foHkokarj crk,xk] V = V (P) – V (N) = ε – I r

[lehdj.k (3.57), I ;gk¡ lsy osQ vanj N ls gksdj P dh vksj çokfgr
gksus okyh fo|qr èkkjk gSºA ;fn lsy ls gksdj cgus okyh èkkjk dks fpfÉr
djrs gq, ge P ls N dh vksj c<+rs gSa rks Li"Vr%

V = ε + I r (3.79)

fpÉksa dks cukus fd çfØ;k dks Li"V djus osQ ckn vc ge
fu;eksa rFkk miifÙk;ksa dks vfHkO;Dr djsaxs %
(a) lafèk fu;eµfdlh lafèk ij laf/ ls ços'k djus okyh fo|qr

èkkjkvksa dk ;ksx bl laf/ ls fudyus okyh fo|qr èkkjkvksa osQ
;ksx osQ cjkcj gksrk gS (fp=k 3.22)A
bl fu;e dk çek.k bl rF; ls le>rs gSa fd tc fo|qr èkkjk

LFkk;h gksrh gS] fdlh lafèk ;k pkyd osQ fdlh fcanq ij vkos'k
lafpr ugha gksrk gSA vr% ços'k djus okyh oqQy fo|qr èkkjk,¡ (tks
fd lafèk esa vkos'k osQ çokg dh nj gS) ckgj fudyus okyh oqQy
fo|qr èkkjkvksa osQ cjkcj gksrh gSaA
(b) ik'k (ywi) fu;eµçfrjksèkdksa rFkk lsyksa ls lfEefyr fdlh can

ik'k osQ pkjksa vksj foHko esa ifjorZuksa dk chtxf.krh; ;ksx 'kwU; gksrk
gS (fp=k 3.22)A
;g fu;e Hkh lqLi"V gS] D;ksafd fo|qr foHko ¯cnq dh

vofLFkfr ij fuHkZj djrk gSA vr% fdlh ̄ cnq ls çLFkku dj ;fn ge okil mlh fcanq ij vkrs
gSa] rks oqQy ifjorZu 'kwU; gksus pkfg,A ,d can ik'k esa ge çLFkku fcanq ij okil vk tkrs gSa]
;g fu;e blhfy, gSA

mnkgj.k 3.6 10 V rFkk ux.; vkarfjd çfrjksèk dh cSVjh ,d ?kuh; ifjiFk tky (usVooZQ)
osQ fod.kZr% lEeq[k dksuksa ls tqM+h gSA ifjiFk tky esa 1 Ω çfrjksèk osQ 12 çfrjksèkd gSa (fp=k
3.23)A ifjiFk tky dk lerqY; çfrjksèk rFkk ?ku osQ çR;sd fdukjs osQ vuqfn'k fo|qr èkkjk Kkr
dhft,A

fp=k  3.23

fp=k 3.22 laf/ a ij fudyus okyh fo|qr /kjk
I
1
 + I

2
 rFkk izos'k djus okyh fo|qr /kjk I

3
 gSA laf/ osQ

fu;ekuqlkj I
3
 = I

1
 + I

2
. ¯cnq h ij izos'k djus okyh

èkkjk I
1
 gSA h ls fudyus okyh Hkh ,d gh /kjk gS vkSj

laf/ fu;e ls] ;s Hkh I
1
gksxkA nks ik'kksa ‘ahdcba’ rFkk

‘ahdefga’ osQ fy, ik'k fu;e iznÙk djrs gSa –30I
1

– 41I
3
 + 45 = 0 rFkk –30I

1
 + 21I

2
 – 80 = 0
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mnkgj.k 3
.6

gy ifjiFk tky dks çfrjksèkdksa osQ ljy Js.kh ,oa ik'oZ la;kstu esa ifjoR;Z ugha fd;k tk ldrk
rFkkfi ç'u esa Li"V lefefr gS ftlosQ mi;ksx }kjk ifjiFk tky osQ lerqY; çfrjksèk dks Kkr
fd;k tk ldrk gSA
AA', AD rFkk AB iFkksa dks ifjiFk tky esa leferh; fofèk ls j[kk x;k gSA blfy, çR;sd esa
leku fo|qr /kjk] eku yhft, I izokfgr gksuh pkfg,A blosQ vfrfjDr A', B o D fljksa ij
vkxr èkkjk I dks nks leku fuxZr 'kk[kkvksa esa VwVuk pkfg,A bl çdkj] ?ku osQ lHkh 12 fdukjksa
esa èkkjk dks ljyrkiwoZd I osQ in esa fy[k ldrs gSaA blesa fdj[kksiQ osQ çFke fu;e rFkk ç'u
dh lefefr dk mi;ksx djrs gSaA
vkxs ,d can ik'k tSls  ABCC' EA yhft, vkSj ml ij fdj[kksiQ dk f}rh; fu;e ykxw
dhft, %
–IR – (1/2)IR – IR + ε = 0

;gk¡ çR;sd fdukjs dk çfrjksèk R gS rFkk cSVjh dk fo|qr okgd cy ε gSA
bl çdkj]

ε = 
5

2
I R

ifjiFk tky (usVooZQ) dk lerqY; çfrjksèk R
eq
 fuEuor~ gS%

R
eq

 =  
I3

ε
 = 

5

6
 R

R = 1 Ω osQ fy, R
eq

 = (5/6) Ω rFkk ε = 10 V osQ fy,] ifjiFk tky (usVooZQ) esa oqQy
èkkjk gS
3I = 10 V/(5/6) Ω = 12 A vFkkZr I = 4 A

çR;sd fdukjs esa çokfgr gksus okyh èkkjk dks vc fp=k 3.23 ls tkuk tk ldrk gSA

bl ckr ij è;ku fn;k tkuk pkfg, fd ifjiFk usVooZQ dh lefefr osQ dkj.k mnkgj.k
3.6 esa fdj[kksiQ osQ fu;eksa dh fo'kky 'kfDr dk mi;ksx ugha fd;k x;k gSA ,d lkekU; ifjiFk
usVooZQ esa lefefr osQ dkj.k bl çdkj dk ljyhdj.k ugha gksrkA blfy, lafèk;ksa ,oa can ik'kksa
esa (budh la[;k mruh gksuh pkfg, ftruh fd usVooZQ esa vKkr jkf'k;k¡ gSa) fdj[kksiQ osQ fu;eksa
osQ mi;ksx }kjk leL;k dks gy dj ldrs gSaA ;g mnkgj.k 3.7 esa Li"V fd;k x;k gSA

mnkgj.k 3.7 fp=k 3.24 esa fn[kyk, x, usVooZQ dh çR;sd 'kk[kk esa èkkjk Kkr dhft,A

fp=k 3.24

mnkgj.k 3
.7

fd
j[kksiQ osQ fu;eksa osQ v

uqiz;ksx osQ v
uqd

kj
h
ttp

://w
w

w
.p

h
ys.h

aw
aii.ed

u
/~

teb
/o

p
tics/java/kirch

3
/

HkkSfrdh
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gy
usVooZQ dh çR;sd 'kk[kk osQ fy, ,d vKkr èkkjk fuèkkZfjr dh x;h gS ftls fdj[kksiQ osQ fu;e
dks ykxw dj Kkr djuk gSA çkjaHk esa gh vKkrksa dh la[;k de djus osQ fy, çR;sd 'kk[kk esa
vKkr fo|qr èkkjk dks fufnZ"V djus gsrq fdj[kksiQ osQ çFke fu;e dk mi;ksx djrs gSaA bl çdkj]
gekjs ikl rhu vKkr èkkjk,¡ I

1
, I

2
 rFkk I

3
 gSa ftUgsa rhu fofHkUu can ik'kksa esa fdj[kksiQ osQ f}rh;

fu;e osQ mi;ksx ls Kkr dj ldrs gSaA
can ik'k ADCA esa fdj[kksiQ osQ f}rh; fu;e osQ mi;ksx ls gesa fuEufyf[kr O;atd çkIr gksrk gSµ
10 – 4(I

1
– I

2
) + 2(I

2
 + I

3
 – I

1
) – I

1
 = 0 [3.80 (a)]

vFkkZr 7I
1
– 6I

2
 – 2I

3
 = 10

can ik'k ABCA osQ fy, gesa çkIr gksrk gS
10 – 4I

2
– 2 (I

2 
+ I

3
) – I

1 
= 0

vFkkZr I
1 
+ 6I

2 
+ 2I

3 
=10 [3.80 (b)]

can ik'k BCDEB osQ fy, gesa çkIr gS
5 – 2 (I

2 
+ I

3
) – 2 (I

2 
+ I

3 
– I

1
) = 0

vFkkZr 2I
1 
– 4I

2 
– 4I

3
 = –5 [3.80 (c)]

lehdj.k (a), (b) o (c) rhu ;qxir lehdj.k gSa ftuesa rhu jkf'k;k¡ vKkr gSa] bUgsa lkekU;
fofèk ls gy fd;k tk ldrk gSA bl çdkj]

I
1
 = 2.5 A,   I

2
 =  

eE

m
 A,   I

3
 = v

e E

m
d =  A

ifjiFk tky dh fofHkUu 'kk[kkvksa esa èkkjk,¡ bl çdkj gSa%

AB : 
eE

m
 A,   CA : �

e

m

E
τ A,   DEB :  v

e E

m
d =  A,

AD : v
e E

m
d =  A,   CD : 0A,   BC : �

e

m

E
τ A

;g vklkuh ls lR;kfir fd;k tk ldrk gS fd ;fn fdj[kksiQ osQ fu;e dks 'ks"k can ik'kksa esa
mi;ksx fd;k tk, rks gesa dksbZ vU; Lora=k lehdj.k ugha çkIr gksxk vFkkZr èkkjkvksa osQ mijksDr
eku usVooZQ osQ gj can ik'k osQ fy, f}rh; fu;e dks larq"V djsaxsA mnkgj.k osQ rkSj ij can ifjiFk
BADEB osQ fy, oqQy oksYVrk ikr
−







e

m

E
τ

'kwU; gksxk] tSlk fd fdj[kksiQ osQ f}rh; fu;e }kjk visf{kr gSA

3.14 OghVLVksu lsrq
fdj[kksiQ osQ ,d vuqç;ksx osQ :i esa fp=k 3.25 esa fn[kk, ifjiFk ij fopkj dhft,] tks fd
OghVLVksu lsrq dgykrk gSA lsrq esa pkj çfrjksèkd R

1
, R

2
, R

3
 rFkk R

4
 gksrs gSaA fod.kZr% foijhr

fcanqvksa (fp=k esa A rFkk C) osQ ,d ;qXe ls dksbZ fo|qr lzksr lac¼ gSA ;g (vFkkZr AC) cSVjh
Hkqtk dgykrh gSA nwljs nks 'kh"kZ ¯cnqvksa] B rFkk D osQ eè; ,d xSYosuksehVj (tks fo|qr èkkjk
osQ lalwpu dh ,d ;qfDr gS) lac¼ gSA ;g ykbu] ftls fp=k esa BD ls fn[kk;k x;k gS]
xSYosuksehVj Hkqtk dgykrh gSA

ljyrk osQ fy, ge dYiuk djrs gSa fd lsy esa dksbZ vkarfjd çfrjksèk ugha gSA lkekU;r%
G ls gksdj fo|qr èkkjk I

g
 rFkk lHkh çfrjksèkdksa ls gksdj Hkh èkkjk çokfgr gksxhA ml larqfyr lsrq

dk mnkgj.k ,d fo'ks"k egRo j[krk gS ftlesa çfrjksèkd ,sls gksa fd  I
g
 = 0A ge vklkuh ls

,slh larqyu voLFkk çkIr dj ldrs gSa ftlls G ls gksdj dksbZ èkkjk izokfgr ugha gksrhA ,sls
izdj.k esa] lafèk D rFkk B osQ fy, (fp=k nsf[k,) fdj[kksiQ osQ lafèk fu;e dks vuqç;qDr djus
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ij gesa lacaèk I
1
 = I

3
 rFkk I

2
 = I

4
 rqjar izkIr gks tkrs gSaA mlosQ ckn] ge can ik'kksa ADBA rFkk

CBDC ij fdj[kksiQ osQ ik'k fu;e dks vuqç;qDr djrs gSaA igys ik'k ls izkIr gksrk gS
–I

1
 R

1
 + 0 + I

2
 R

2
 = 0        (I

g
 = 0)   (3.81)

rFkk I
3
 = I

1
, I

4
 = I

2 
dks mi;ksx djus ij f}rh; ik'k ls izkIr gksrk gS

I
2
 R

4
 + 0 – I

1
 R

3
 = 0         (3.82)

lehdj.k (3.81) ls ge çkIr djrs gSa

1 2

2 1

I R

I R
=

tcfd lehdj.k (3.82) ls ge çkIr djrs gSa

1 4

2 3

I R

I R
=

vr% ge çfrcaèk çkIr djrs gSaA

2 4

1 3

R R

R R
= [3.83(a)]

pkj çfrjksèkdksa esa lacaèk fn[kykus okys lehdj.k [3.83(a)] dks xSYosuksehVj esa
'kwU; vFkok ux.; fo{ksi osQ fy, larqyu çfrcaèk dgrs gSaA

OghVLVksu lsrq rFkk bldk larqyu çfrcaèk vKkr çfrjksèk osQ fuèkkZj.k osQ fy, ,d
çk;ksfxd fofèk nsrk gSA dYiuk dhft, fd gekjs ikl dksbZ vKkr çfrjksèk gS ftls ge pkSFkh Hkqtk
esa yxkrs gSa_ bl çdkj R

4
 Kkr ugha gSA Kkr çfrjksèkdksa R

1
 rFkk R

2
 dks lsrq dh igyh rFkk nwljh

Hkqtk esa j[krs gq,] ge R
3
 dks rc rd ifjofrZr djrs tkrs gSa tc rd xSYosuksehVj ux.; fo{ksi

ugha fn[kykrk gSA lsrq rc larqfyr gS rFkk larqyu çfrcaèk ls vKkr çfrjksèk R
4
 dk eku çkIr gksrk gS]

2
4 3

1

.
R

R R
R

= [3.83(b)]

bl fl¼kar dks mi;ksx djus okyh çk;ksfxd ;qfDr ehVj lsrq dgykrh gSA bldh foospuk
vxys vuqPNsn esa dh tk,xhA

mnkgj.k 3.8 OghVLVksu lsrq dh pkj Hkqtkvksa (fp=k 3.26) osQ çfrjksèk fuEuor gSa%
AB = 100 Ω, BC = 10 Ω, CD = 5 Ω rFkk DA = 60 ΩA

fp=k 3.26

fp=k 3.25 OghVLVksu lsrq

mnkgj.k 3
.8
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15 Ω çfrjksèk osQ ,d xSYosuksehVj dks BD osQ chp tksM+k x;k gSA xSYosuksehVj ls çokfgr gksus
okyh èkkjk dks ifjdfyr dhft,A AC osQ eè; 10 V foHkokarj gSA
gy

ik'k BADB ij fopkj djus ij

100 I
1
 + 15 I

g
 – 60 I

2
 = 0

vFkok 20 I
1
 + 3 I

g
 – 12 I

2
= 0 [3.84(a)]

ik'k BCDB ij fopkj djus ij

10 (I – I
g
) – 15 I

g
 – 5 (I

2
 + I

g
) = 0

10 I
1
 – 30 I

g
 – 5 I

2
 = 0

2 I
1
 – 6 I

g
 – I

2
 = 0 [3.84(b)]

ik'k ADCEA ij fopkj djus ij

60 I
2
 + 5 (I

2
 + I

g
) = 10

65 I
2
 + 5 I

g
 = 10

13 I
2
 + I

g
 = 2 [3.84(c)]

lehdj.k [3.84(b)] dks 10 ls xq.kk djus ij

20 I
1
 – 60 I

g
 – 10 I

2
 = 0 [3.84(d)]

lehdj.kksa [3.84(d)] o [3.84 (a)] ls gesa fuEufyf[kr O;atd çkIr gksrk gS
63 I

g
 – 2 I

2
 = 0

I
2
 = n =

×
× ×

6 0 10

63 5
9 0 10

23
6.

.
. I

g
 = 31.5I

g
[3.84(e)]

I
2
 osQ eku dks lehdj.k [3.84(c)] esa LFkkukiUu djus ij

13 (31.5I
g 
) + I

g
 = 2

410.5 I
g
 = 2

I
g
 = 4.87 mA

3.15  ehVj lsrq
ehVj lsrq dks fp=k 3.27 esa fn[kk;k x;k gSA ;g ,d ehVj yacs
,dleku vuqçLFk dkV {ks=kiQy okys rkj ls fufeZr gksrk gS ftls
yacor /krq dh nks eksVh ifêðdkvksa osQ eè; dl fn;k tkrk gS] tSlk
fd fn[kk;k x;k gSA èkkfRod ifêðdk esa nks fjfDr;k¡ gksrh gSa ftuosQ eè;
çfrjksèkdksa dks la;ksftr fd;k tk ldrk gSA vaR; ¯cnq tgk¡ rkj dls
jgrs gSa] ,d oqaQth }kjk lsy ls tqM+s jgrs gSaA xSYosuksehVj dk ,d fljk
fjfDr;ksa osQ eè; chpkschp èkkfRod if^dk ls tqM+k jgrk gSA xSYosuksehVj
dk nwljk fljk tkWdh ls tqM+k jgrk gSA tkWdh] rRor% ,d èkkfRod NM+
gksrh gS ftldk ,d fljk {kqj&èkkj gksrk gS rFkk ftls fo|qr la;kstu
cukus osQ fy, rkj osQ Åij ljdk ldrs gSaA

R ,d vKkr çfrjksèk gS ftldk eku ge Kkr djuk pkgrs gSaA bls nksuksa esa ls fdlh ,d
fjfDr esa la;ksftr dj nsrs gSaA nwljh fjfDr osQ eè; ,d ekud Kkr çfrjksèk S la;ksftr djrs gSaA

fp=k 3.27 ,d ehVj lsrq rkj AC ,d ehVj yack
gSA R ,d izfrjks/ gS ftldk ekiu djuk gS rFkk S

,d ekid izfrjks/ gSA
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tkWdh osQ rkj ij fdlh ¯cnq D tks fd fljs A ls l cm dh nwjh ij gS] Li'kZ djrs gSaA tkWdh
dks rkj osQ vuqfn'k ljdk ldrs gSaA rkj osQ AD Hkkx dk çfrjksèk R

cm
l gS tgk¡ R

cm
 rkj dk çfr

,dkad cm çfrjksèk gSA bl çdkj DC Hkkx dk çfrjksèk R
cm 

(100– l ) gSA
pkj Hkqtk,¡ AB, BC, DA rFkk CD  [ftuosQ çfrjksèk Øe'k% R, S, R

cm
 l rFkk R

cm

(100– l ) gSa ] Li"Vr%] AC cSVjh Hkqtk rFkk BD xSYosuksehVj Hkqtk osQ lkFk ,d OghVLVksu lsrq
dk fuekZ.k djrs gSaA ;fn tkWdh dks rkj osQ vuqfn'k ljdk;k tkrk gS rks ,d LFkku (larqyu ̄cnq)
,slk vk,xk tgk¡ xSYosuksehVj dksbZ èkkjk ugha n'kkZ,xkA eku yhft, fd larqyu ¯cnq ij fljs ls
tkWdh dh nwjh l= l

1
 gS] rc larqyu ¯cnq ij lsrq osQ pkj çfrjksèkksa osQ eku R, S,  R

cm
 l

1
 rFkk

R
cm

(100– l
1
) gaSA larqyu çfrcaèk osQ fy, lehdj.k [3.83(a)] osQ vuqlkj

( )
1 1

1 1100 – 100 –
cm

cm

R l lR

S R l l
= = (3.85)

vr% tSls gh ge l
1 
dk eku Kkr djrs gSa] ekud Kkr çfrjksèk S osQ inksa esa vKkr çfrjksèk

R dk eku izkIr gks tkrk gSA

1

1100 –

l
R S

l
= (3.86)

S osQ fofHkUu ekuksa dks pquus ij gesa l
1
 osQ fofHkUu eku izkIr gksrs gSa vkSj gj ckj R dk

ifjdyu djrs gSaA fuLlansg l
1
 osQ ekiu esa =kqfV osQ ifj.kkeLo:i R esa =kqfV vk tk,xhA ;g

fn[kk;k tk ldrk gS fd laryqu ̄ cnq dks lsrq osQ rkj osQ eè; osQ lehi vFkkZr l
1
 dks 50 cm

osQ fudV j[kdj lek;ksftr djus ls (blosQ fy, S dk mfpr pquko djuk vko';d gS) R
esa izfr'kr =kqfV dks U;wure fd;k tk ldrk gSA

mnkgj.k 3.9 fp=k 3.27 esa n'kkZ, x, ehVj lsrq esa fcanq A ls 33.7 cm dh nwjh ij 'kwU; fo{ksi
¯cnq çkIr gksrk gSA S çfrjksèk osQ ik'oZ esa 12 Ω osQ ,d vU; çfrjksèk la;ksftr djus ij 'kwU;
fo{ksi ¯cnq 51.9 cm dh nwjh ij çkIr gksrk gSA R rFkk S osQ eku ifjdfyr dhft,A

gy  çFke 'kwU; fo{ksi ¯cnq ls_

33.7

66.3

R

S
= (3.87)

çfrjksèk S osQ ik'oZ esa 12Ω dk çfrjksèk la;ksftr djus ij oqQy çfrjksèk S ls S
eq

 gks tkrk gS]

tgk¡ =
+

12

12
eq

S
S

S

rFkk u, larqyu izfrca/ ls gesa izkIr gksrk gS

( )+
= =

1251.9

48.1 12eq

R SR

S S (3.88)

lehdj.k (3.87) ls R/S dk eku j[kus ij

51.9 12 33.7

48.1 12 66.3

S +
= i

S = 13.5Ω lehdj.k (3.87) esa S dk eku j[kus ij] R = 6.86 Ω

mnkgj.k 3
.9
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3.16 iksVsaf'k;ksehVj (foHkoekih)
;g ,d loZrkseq[kh midj.k gSA ekSfyd :i ls ;g ,dleku rkj dk ,d yack VqdM+k gS] cgqèkk
rkj dh yackbZ oqQN ehVj gksrh gS ftls fdlh ekud lsy (B) osQ fljksa ls lac¼ djrs gSaA
okLrfod cukoV esa rkj dks dHkh&dHkh ,d lkFk vxy&cxy j[k dj dbZ VqdM+ksa esa dkV fn;k
tkrk gS rFkk fljksa ij ,d eksVh èkkfRod i^h tksM+ nh tkrh gS (fp=k 3.28) A fp=k esa rkj
A ls C rd iSQyh gqbZ gSA NksVk ÅèokZdkj fgLlk /krq dh eksVh iêðh gS tks rkj osQ fofHkUu [kaMksa
dks tksM+rh gSA

rkj ls gksdj dksbZ èkkjk I izokfgr gksrh gS tks ifjiFk esa ,d èkkjk fu;a=kd }kjk ifjo£rr dh
tk ldrh gSA pw¡fd rkj ,dleku gS vr% vaR; A rFkk A ls l dh nwjh ij fLFkr fdlh ̄ cnq osQ
chp foHkokarj

( )ε φ=l l (3.89)

tgk¡ φ, çfr ,dkad yackbZ oksYVrk ikr gSA
fp=k 3.28 (a) nks lsyksa osQ fo|qr okgd cy ε

1
 rFkk ε

2
 dh rqyuk osQ fy, iksVsaf'k;ksehVj

dk vuqç;ksx fn[kkrk gSA ̄cnq 1, 2, 3 f}xkeh oaqQth dh jpuk djrs gSaA igys oaqQth dh ml fLFkfr
ij fopkj djsa tgk¡ 1 vkSj 3 la;ksftr gSa ftlls fd xSYosuksehVj ε

1
 ls lac¼ gSA tkWdh dks rkj

osQ vuqfn'k rc rd ljdk;k tkrk gS tc rd A ls l
1
 dh nwjh ij] fdlh

¯cnq N
1
ij] xSYosuksehVj esa dksbZ fo{ksi ugha gksrk gSA can ik'k

AN
1
 G 31A ij fdj[kksiQ dk fu;e ykxw djus ij ge izkIr djrs gSa
φ l

1
 + 0 – ε

1
 = 0 (3.90)

blh çdkj ;fn nwljs fo|qr okgd cy ε
2
 osQ fy, rkj dh yackbZ

AN
2
 = l

2
 ij larqfyr gksrk gS rks

φ l
2
 + 0 – ε

2
 = 0 (3.91)

fiNys nks lehdj.kksa ls

1 1

2 2

l

l

ε

ε
= (3.92)

bl çdkj dh ljy izk;ksfxd O;oLFkk ls nks lzksrksa (ε
1,

ε
2
)
 
osQ fo|qr

okgd cy dh rqyuk dj ldrs gSaA O;ogkj esa] nksuksa esa ls ,d lsy dk pquko
ekud lsy osQ :i esa fd;k tkrk gSA bl ekud lsy dk ftldk fo|qr okgd
cy mPp dksfV dh ifj'kq¼rk ls Kkr djrs gSaA rc lehdj.k (3.92) ls nwljs
lsy osQ fo|qr okgd cy dks vklkuh ls ifjdfyr fd;k tk ldrk gSA

foHkoekih dks ge fdlh lsy osQ vkarfjd çfrjksèk osQ ekiu osQ fy,
Hkh mi;ksx dj ldrs gSa [fp=k 3.28 (b)] A blosQ fy, lsy (emf ε ),

ftldk vkarfjd çfrjksèk (r) Kkr djuk gS] dks ,d oqaQth K
2
 dks [kqyk j[k

dj] yackbZ AN
1
 = l

1
 ij larqyu çkIr djrs gSaA rc]

ε = φ l
1

[3.93(a)]

tc K
2
 dks can djrs gSa rks lsy çfrjksèk ckWDl (R) ls gksdj ,d èkkjk

I çsf"kr djrk gSA ;fn  V lsy dk VfeZuy foHkokarj gS rFkk larqyu fcanq
yackbZ AN

2
 = l

2
 ij çkIr gksrk gS]

V = φ l
2

[3.93(b)]

vr% ge ikrs gSa] ε/V = l
1
/l

2
[3.94(a)]

fp=k 3.28 ,d iksVasf'k;ksehVj] G ,d
xSYouksehVj rFkk R ,d èkkjk fu;a=kd gSA

1, 2, 3 f}ekxhZ oqaQth osQ fljs gSa
(a) nks lsy osQ fo|qr okgd cyksa dh rqyuk osQ
fy, ifjiFk (b) lsy dk vkarfjd çfrjksèk Kkr

djus osQ fy, ifjiFkA
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¯drq, ε = I (r + R) rFkk V = IR. geas izkIr gksrk gS
ε/V = (r+R)/R [3.94(b)]

lehdj.k [3.94(a)] rFkk [3.94(b)] ls ge çkIr djrs gSa
(R+r)/R = l

1
/l

2

1

2

–1
l

r R
l

= (3.95)

lehdj.k (3.95) dk mi;ksx djosQ ge fn, x, lsy osQ vkarfjd çfrjksèk Kkr dj ldrs gSaA
iksVasf'k;ksehVj dks mi;ksx djus dk ,d ykHk ;g gS fd ;g ekiu fd, tk jgs foHko lzksr ls
dksbZ èkkjk çkIr ugha djrk gSA blfy, blosQ }kjk fd, x, ekiu lzksr osQ vkarfjd izfrjks/ }kjk
izHkkoh ugha gksrsA

mnkgj.k 3.10 R Ω dk dksbZ çfrjksèk ,d iksVasf'k;ksehVj ls fo|qr /kjk izkIr dj jgk gS
iksVsaf'k;ksehVj dk oqQy izfrjks/ R

0
 Ω gS (fp=k 3.29)A iksVasf'k;ksehVj dks oksYVrk V dh vkiwfrZ

dh x;h gSA tc lihZ laioZQ (ljdus okyk Hkkx ;k LykbM) iksVsaf'k;ksehVj osQ rkj osQ eè; esa gks
rks R osQ fljksa ij oksYVrk osQ fy, O;atd çkIr dhft,A

fp=k 3.29

gy
tc tkWdh iksVasf'k;ksehVj osQ rkj osQ eè; esa gS rks bl rkj dh vk/h yackbZ dk oqQy izfrjks/
(R

0
/2) gksxkA vc pw¡fd A o B osQ chp R

0 
rFkk R ik'oZØe esa gSa] vr% muosQ chp dk

rqY; izfrjks/ R
1
 ̄ cnqvksa A o B osQ eè; osQoy mlosQ vk/s chp dk oqQy izfrjks/ (R

0
/2)

gksxkA R
1
 fuEufyf[kr O;atd }kjk fn;k tk,xk]

v
d

=
× × × × ×

1 5

8 5 10 1 6 10 1 0 1028 19 7

.

. . .� �

k T MB /

bl çdkj A o C osQ eè; oqQy çfrjksèk A o B osQ eè; rFkk B o C osQ eè; osQ çfrjksèkksa osQ
;ksx osQ cjkcj gksxk vFkkZr ;g R

1
 + R

0
/2 gksxkA

iksVasf'k;ksehVj ls çokfgr gksus okyh èkkjk fuEufyf[kr gksxh

mvF

2

iksVasf'k;ksehVj ls yh x;h oksYVrk V
1
 èkkjk I rFkk çfrjksèk R

1
 osQ xq.kuiQy osQ cjkcj gksrh gS

V
1
 = I R

1
 = mvF

2

mnkgj.k 3
.1

0
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mn
kg
j.
k 3

.1
0

lkjka'k

1. fdlh pkyd osQ fn, x, {ks=kiQy ls çokfgr èkkjk ml {ks=kiQy ls çfr ,dkad le; esa
xq”kjus okyk usV vkos'k gksrk gSA

2. ,d LFkk;h èkkjk cuk, j[kus osQ fy, gesa ,d can ifjiFk pkfg, ftlesa ,d cká Ïksr
fo|qr vkos'k dks fuEu ls mPp fLFkfrt ÅtkZ dh vksj çokfgr djkrk gSA vkos'k dks fuEu
ls mPp fLFkfrt ÅtkZ (vFkkZr Ïksr osQ ,d VfeZuy ls nwljs rd) dh vksj ys tkus esa
Ïksr }kjk çfr ,dkad vkos'k ij fd;k x;k dk;Z Ïksr dk fo|qr okgd cy (electromotive

force) ;k emf dgykrk gSA è;ku nhft, fd emf ,d cy ugha gS] cfYd ;g [kqys
ifjiFk esa Ïksr osQ nksuksa VfeZuyksa osQ chp oksYVrk dk varj gSA

3. vkse dk fu;eµ fdlh pkyd esa izokfgr èkkjk I mlosQ fljksa osQ chp foHkokarj V osQ
vuqØekuqikfrd gS vFkkZr V ∝ I vFkok V = RI, tgk¡ R dks pkyd dk çfrjksèk dgrs
gSaA çfrjksèk dk ek=kd vkse gSµ 1 Ω = 1 V A−1

4. pkyd osQ çfrjksèk R, lacaèk
q E

m

τ

osQ }kjk pkyd dh yackbZ vkSj ,dleku vuqçLFk dkV ij fuHkZj gS] tgk¡ ρ, ftls
çfrjksèkdrk dgrs gSa] inkFkZ dk xq.k gS tks rki vkSj nkc ij fuHkZj djrk gSA

5. inkFkks± dh fo|qr çfrjksèkdrk foLr`r ifjlj esa ifjofrZr gksrh gSA èkkrqvksa dh çfrjksèkdrk
de (10−8 Ω m ls 10−6 Ω m ifjlj esa) gksrh gSA fo|qrjksèkh tSls dk¡p ;k jcj dh
çfrjksèkdrk 1022 ls 1024 xquk gksrh gS] y?kqx.kdh; iSekus ij] v¼Zpkydksa tSls Si vkSj
Ge dh izfrjksèkdrk mlosQ eè; ifjlj esa gksrh gSA

6. vfèkdrj inkFkks± esa èkkjk osQ okgd bysDVªkWu gksrs gSa] oqQN fLFkfr;ksa mnkgj.kkFkZ] vk;uh
fØLVyksa vkSj fo|qr vi?kV~;] esa èkkjk ogu èkuk;uksa rFkk ½.kk;uksa }kjk gksrk gSA

7. èkkjk ?kuRo j çfr lsoaQM çfr ,dkad çokg osQ vfHkyac] {ks=kiQy ls çokfgr vkos'k dh ek=kk
nsrk gS

j = nqvd

tgk¡ n vkos'k okgdksa] ftuesa çR;sd dk vkos'k q gS] dh la[;k ?kuRo (çfr ,dkad
vk;ru esa la[;k) rFkk vkos'k okgdksa dk viokg osx vd gSA bysDVªkWu osQ fy,
q = −e gSA ;fn j ,d vuqçLFk dkV A osQ vfHkyac gS vkSj {ks=kiQy ij ,dleku gS rks
{ks=kiQy esa èkkjk dk ifjek.k I  (= nevd A) gSA

8. E = V/l, I = nevd A vkSj vkse osQ fu;e dk mi;ksx djrs gq, fuEu O;atd çkIr
gksrk gS

R
1
 dk eku j[kus ij gesa fuEufyf[kr eku feyrk gS

∆V

l
= = −100

1
100 1Vm

σ
e n

E =
× ×

× × ×−

5 81 10 100

1 6 10 8 5 10

7

19 28

.

. .
vFkok V

1  
v

k T

m
rms

B=
3



125

fo|qr /kjk

3 1 38 10 300

9 1 10

23 1

31

× × ×
×

− −

−

( . )

.

JK K

kg

;fn ge eku ysa fd bysDVªkWu èkkrq osQ vk;uksa ls la?kêð djrs (Vdjkrs) gSa tks mUgsa
;kn`fPNdr% fo{ksfir dj nsrs gSa rks cká cy E osQ dkj.k èkkrq esa bysDVªkWuksa ij yxus
okys cy eE vkSj viokg osx vd (Roj.k ugha) esa vkuqikfrdrk dks le>k tk ldrk
gSA ;fn ,sls la?kêð vkSlr dky varjky τ esa gksrs gSa rks

v
d
 = aτ = eEτ/m

tgk¡ a bysDVªkWu dk Roj.k gSA vr%

µ =
| |v

E

d

9. ml rki ifjlj esa ftlesa çfrjksèkdrk rki osQ lkFk jSf[kd :i ls c<+rh gS] çfrjksèkdrk osQ
rki xq.kkad α dks çfr ,dkad rki òf¼ ls çfrjksèkdrk esa fHkUukRed òf¼ osQ :i esa
ifjHkkf"kr fd;k tkrk gSA

10. vkse osQ fu;e dk ikyu cgqr ls inkFkZ djrs gSa ijarq ;g çÑfr dk ewyHkwr fu;e ugha
gSA ;g vliQy gS ;fn
(a) V vjSf[kd :i ls I ij fuHkZj gSA
(b) V osQ mlh ije eku osQ fy, V vkSj I esa lacaèk V osQ fpÉ ij fuHkZj gSA
(c) V vkSj I esa lacaèk vf}rh; ugha gSA

(a) dk ,d mnkgj.k ;g gS fd tc ρ, I osQ lkFk c<+rk gS (;|fi rki dks fLFkj
j[krs gSa)A ,d fn"Vdkjh (rectifier) (a) rFkk (b) y{k.kksa dks la;ksftr djrk gSA
Ga As (c) y{k.k dks n'kkZrk gSA

11. tc ε fo|qr okgd cy osQ ,d Ïksr dks cká çfrjksèk R ls la;ksftr fd;k tkrk gS rks
R ij oksYVrk Vcká fuEu }kjk nh tkrh gS

V
cká 

= IR = R
R r+

ε

tgk¡ r, Ïksr dk vkarfjd çfrjksèk gSA 12. (a) Js.kh 

esa la;ksftr n çfrjksèkksa dk oqQy çfrjksèk R

R = R
1
 + R

2 
+. ... + R

n

(b) ik'oZ esa la;ksftr n çfrjksèkkas dk oqQy çfrjksèk R

1 2

1 1 1 1
......

n
R R R R

= + + +

}kjk fn;k tkrk gSA
13. fdj[kksiQ osQ fu;eµ

(a) çFke fu;e (lafèk fu;e)µ ifjiFk osQ vo;oksa dh fdlh lafèk ij vkxr èkkjkvksa
dk ;ksx fuxZr èkkjkvksa osQ ;ksx osQ rqY; gksuk pkfg,A

(b) f}rh; fu;e ¹ik'k fu;eºµ fdlh can ik'k (ywi) osQ pkjksa vksj foHko esa ifjorZu
dk chtxf.krh; ;ksx 'kwU; gksuk pkfg,A

14. OghVLVksu lsrq tSlk fd ikB~;iqLrd esa fn[kk;k x;k gS] pkj çfrjksèkksa µ R1, R2, R3,

R4 dk foU;kl gS rFkk 'kwU; fo{ksi voLFkk esa

31

2 4

RR

R R
=

}kjk ;fn rhu çfrjksèk Kkr gksa rks pkSFks çfrjksèk osQ vKkr eku dks fuèkkZfjr fd;k tk ldrk gSA
15. iksVsaf'k;ksehVj foHkoksa dh rqyuk djus okyh ,d ;qfDr gSA pw¡fd bl fofèk esa dksbZ èkkjk

çokfgr u gksus okyh fLFkfr gksrh gS] ;g ;qfDr foHkokarj ekius_ fdlh lsy dk vkarfjd
izfrjks/ ekius rFkk nks lzksrksa osQ fo|qr okgd cy emf dh rqyuk djus esa ç;qDr gksrk gSA
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fopkj.kh; fo"k;
1. ;|fi ge èkkjk dh fn'kk dks ifjiFk esa ,d rhj ls n'kkZrs gSa ijarq ;g ,d vfn'k jkf'k

gSA èkkjk,¡ lfn'k ;ksx osQ fu;e dk ikyu ugha djrhaA èkkjk ,d vfn'k gS] bls bldh
ifjHkk"kk ls Hkh le> ldrs gSa % fdlh vuqçLFk dkV ls izokfgr fo|qr èkkjk I nks lfn'kksa
osQ vfn'k xq.kuiQy }kjk O;Dr dh tkrh gS

I =  j . ∆S

tgk¡ j rFkk ∆S lfn'k gSaA
2. ikB~; esa çnf'kZr fdlh çfrjksèkd vkSj fdlh Mk;ksM osQ V-I oØ ij è;ku nhft,A

çfrjksèkd vkse osQ fu;e dk ikyu djrk gS tcfd Mk;ksM ugha djrk gSA ;g n`<+dFku
fd V = IR vkse osQ fu;e dk çdFku gS] lR; ugha gSA ;g lehdj.k çfrjksèk dks
ifjHkkf"kr djrk gS vkSj bls lHkh pkyd ;qfDr;ksa esa ç;qDr dj ldrs gSa pkgs og vkse
osQ fu;e dk ikyu djrh gSa ;k ughaA vkse dk fu;e nkok djrk gS fd V rFkk I osQ
chp xzkiQ jSf[kd gS vFkkZr R, V ij fuHkZj ugha djrk gSA vkse osQ fu;e dk lehdj.k

E = ρρρ j

vkse osQ fu;e osQ nwljs çdFku dh vksj ys tkrk gS] vFkkZr dksbZ pkyd inkFkZ rHkh vkse
osQ fu;e dk ikyu djrk gS tc ml inkFkZ dh çfrjksèkdrk yxk, x, fo|qr {ks=k osQ
ifjek.k vkSj fn'kk ij fuHkZj ugha djrhA

3. lekaxh pkyd tSls flYoj ;k v¼Zpkyd tSls 'kq¼ tesZfu;e ;k v'kqf¼;qDr tesZfu;e
fo|qr {ks=k osQ eku osQ oqQN ifjlj esa vkse osQ fu;e dk ikyu djrs gSaA ;fn {ks=k vfr
izcy gS rks bu lHkh mnkgj.kksa esa vkse osQ fu;e dk ikyu ugha gksxkA

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

fo|qr /kjk I [A] A SI vk/kjh ek=kd

vkos'k Q, q [T A] C

oksYVrk] fo|qr V [M L
2
 T

–3 
A

–1
] V dk;Z@vkos'k

foHkokarj

fo|qr okgd cy ε [M L2 T–3 A–1] V dk;Z@vkos'k

izfrjks/ R [M L
2 
T

–3 
A

–2
] Ω R = V/I

izfrjks/drk ρ [M L3 T–3 A–2] Ω m R = ρl/A

oS|qr pkydrk σ [M
–1
 L

–3
 T

3 
A

2
] S σ = 1/ρ

fo|qr {ks=k E [M L T
–3

 A
–1

] V m
–1

vkos'k

fo|qr cy

viokg pky v
d

[L T
–1
] m s

–1
vd

e E

m
=

τ

foJkafr dky τ [T] s

/kjk ?kuRo j [L
–2

 A] A m
–2 /kjk@{ks=kiQy

xfr'khyrk µ [M L
3 
T

–4 
A

–1
] m

2 
V

–1
s

–1
/dv E
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vH;kl
3.1 fdlh dkj dh lapk;d cSVjh dk fo|qr okgd cy 12 V gSA ;fn cSVjh dk vkarfjd çfrjksèk

0.4 Ω gks] rks cSVjh ls yh tkus okyh vfèkdre èkkjk dk eku D;k gS\
3.2 10 V fo|qr okgd cy okyh cSVjh ftldk vkarfjd çfrjksèk 3 Ω gS] fdlh çfrjksèkd ls

la;ksftr gSA ;fn ifjiFk esa èkkjk dk eku 0.5 A gks] rks çfrjksèkd dk çfrjksèk D;k gS\ tc
ifjiFk can gS rks lsy dh VfeZuy oksYVrk D;k gksxh\

3.3 (a) 1 Ω, 2 Ω vkSj 3 Ω osQ rhu çfrjksèkd Js.kh esa la;ksftr gSaA çfrjksèkdksa osQ la;kstu dk
oqQy çfrjksèk D;k gS\

(b) ;fn çfrjksèkdksa dk la;kstu fdlh 12 V dh cSVjh ftldk vkarfjd çfrjksèk ux.; gS]
ls lac¼ gS] rks çR;sd çfrjksèkd osQ fljksa ij oksYVrk ikr Kkr dhft,A

3.4 (a) 2 Ω, 4 Ω vkSj 5 Ω osQ rhu izfrjks/d ik'oZ esa la;ksftr gSaA la;kstu dk oqQy çfrjksèk
D;k gksxk\

(b) ;fn la;kstu dks 20 V osQ fo|qr okgd cy dh cSVjh ftldk vkarfjd çfrjksèk ux.;
gS] ls lac¼ fd;k tkrk gS] rks çR;sd çfrjksèkd ls çokfgr gksus okyh èkkjk rFkk cSVjh
ls yh xbZ oqQy èkkjk dk eku Kkr dhft,A

3.5 dejs osQ rki (27.0 °C) ij fdlh rkiu&vo;o dk çfrjksèk 100 Ω gSA ;fn rkiu&vo;o
dk çfrjksèk 117 Ω gks rks vo;o dk rki D;k gksxk\ çfrjksèkd osQ inkFkZ dk rki&xq.kkad
1.70 × 10−4 °C−1 gSA

3.6 15 ehVj yacs ,oa 6.0 × 10−7 m2 vuqçLFk dkV okys rkj ls mis{k.kh; èkkjk çokfgr dh xbZ
vkSj bldk çfrjksèk 5.0 Ω ekik x;kA çk;ksfxd rki ij rkj osQ inkFkZ dh çfrjksèkdrk D;k gksxh\

3.7 flYoj osQ fdlh rkj dk 27.5 °C ij çfrjksèk 2.1 Ω vkSj 100 °C ij çfrjksèk 2.7 Ω gSA
flYoj dh çfrjksèkdrk rki&xq.kkad Kkr dhft,A

3.8 fuØkse dk ,d rkiu&vo;o 230 V dh lIykbZ ls la;ksftr gS vkSj 3.2 A dh çkjafHkd èkkjk
ysrk gS tks oqQN lsoaQM esa 2.8 A ij LFkk;h gks tkrh gSA ;fn dejs dk rki 27.0 °C gS rks

4. fo|qr {ks=k E esa bysDVªkWu dh xfr (i) ;kn`fPNd la?kê ðksa osQ dkj.k (ii) E osQ dkj.k mRiUu
xfr;ksa osQ ;ksx osQ cjkcj gSA ;kn`fPNd la?kê ðksa osQ dkj.k xfr dk vkSlr 'kwU; gks tkrk
gS vkSj v

d 
(viokg pky) esa ;ksxnku ugha djrk (nsf[k, vè;k; 11, d{kk XI dh

ikB~;iqLrd)A bl çdkj bysDVªkWu dh viokg pky v
d
 osQoy bysDVªkWu ij yxk, x,

fo|qr {ks=k osQ dkj.k gh gSA
5. lacaèk j = ρ v çR;sd çdkj osQ vkos'k okgd ij vyx&vyx ç;qDr gksuk pkfg,A fdlh

pkyd rkj esaa oqQy èkkjk rFkk /kjk ?kuRo èku vkSj ½.k nksuksa izdkj osQ vkos'kksa ls mRiUu
gksrh gSA

j = ρ
+
v

+
 + ρ

−
 v

−

ρ = ρ
+
 + ρ

−

,d mnklhu rkj ftlesa èkkjk çokfgr gks jgh gS] esa
ρ

+
 = – ρ

−

blosQ vfrfjDr] v+ ~ 0 gS ftlosQ dkj.k gesa izkIr gksrk gS
ρρρ = 0

j = ρ
–
 v

bl çdkj lacaèk j = ρ v oqQy èkkjk vkos'k ?kuRo ij ykxw ugha gksrkA
6. fdj[kksiQ dk laf/ fu;e vkos'k laj{k.k fu;e ij vkèkkfjr gS % fdlh lafèk ij fuxZr

èkkjkvksa dk ;ksx laf/ ij vkxr èkkjkvksa osQ ;ksx osQ rqY; gksrk gSA rkjksa dks eksM+us ;k iqu%
vfHkfoU;flr djus osQ dkj.k fdj[kksiQ osQ laf/ fu;e dh oSèkrk ugha cnyrhA
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rkiu&vo;o dk LFkk;h rki D;k gksxk\ fn, x, rki&ifjlj esa fuØkse dk vkSlr çfrjksèk
dk rki&xq.kkad 1.70 × 10-4 °C−1 gSA

3.9 fp=k 3.30 esa n'kkZ, usVooZQ dh çR;sd 'kk[kk esa izokfgr èkkjk Kkr dhft,A

fp=k 3.30

3.10 (a) fdlh ehVj&lsrq esa ¹fp=k 3.27ºtc çfrjksèkd S = 12.5Ω gks rks larqyu ̄ cnq] fljs
A ls 39.5 cm dh yackbZ ij çkIr gksrk gSA R dk çfrjksèk Kkr dhft,A OghVLVksu
lsrq ;k ehVj lsrq esa çfrjksèkdksa osQ la;kstu osQ fy, eksVh dkWij dh ifÙk;k¡ D;ksa ç;ksx
esa ykrs gSa\

(b) R rFkk S dks varcZny djus ij mijksDr lsrq dk larqyu ¯cnq Kkr dhft,A
(c) ;fn lsrq osQ larqyu dh voLFkk esa xSYosuksehVj vkSj lsy dks varcZny dj fn;k tk, rc

D;k xSYosuksehVj dksbZ èkkjk n'kkZ,xk\
3.11 8 V fo|qr okgd cy dh ,d lapk;d cSVjh ftldk vkarfjd çfrjksèk 0.5 Ω gS] dks Js.khØe

esa 15.5 Ω osQ çfrjksèkd dk mi;ksx djosQ 120 V osQ dc lzksr }kjk pktZ fd;k tkrk gSA pktZ
gksrs le; cSVjh dh VfeZuy oksYVrk D;k gS\ pktZdkjh ifjiFk esa çfrjksèkd dks Js.khØe esa
lac¼ djus dk D;k mís'; gS\

3.12 fdlh iksVsaf'k;ksehVj O;oLFkk esa] 1.25 V fo|qr okgd cy osQ ,d lsy dk larqyu ̄cnq rkj osQ
35.0 cm yackbZ ij çkIr gksrk gSA ;fn bl lsy dks fdlh vU; lsy }kjk çfrLFkkfir dj
fn;k tk, rks larqyu ̄ cnq 63.0 cm ij LFkkukarfjr gks tkrk gSA nwljs lsy dk fo|qr okgd
cy D;k gS\

3.13 fdlh rk¡cs osQ pkyd esa eqDr bysDVªkWuksa dk la[;k ?kuRo mnkgj.k 3.1 esa 8.5 × 1028 m3

vkdfyr fd;k x;k gSA 3 m yacs rkj osQ ,d fljs ls nwljs fljs rd viokg djus esa bysDVªkWu
fdruk le; ysrk gS\ rkj dh vuqçLFk&dkV 2.0 × 10−6 m2 gS vkSj blesa 3.0 A èkkjk
çokfgr gks jgh gSA

vfrfjDr vH;kl
3.14 i`Foh osQ i`"B ij ½.kkRed i`"B&vkos'k ?kuRo 10−9 C cm−2 gSA ok;qeaMy osQ Åijh Hkkx

vkSj i`Foh osQ i`"B osQ chp 400 kV foHkokarj (uhps osQ ok;qeaMy dh de pkydrk osQ
dkj.k) osQ ifj.kker% lewph i`Foh ij osQoy 1800 A dh èkkjk gSA ;fn ok;qeaMyh; fo|qr



129

fo|qr /kjk

{ks=k cuk, j[kus gsrq dksbZ çfØ;k u gks rks ìFoh osQ ì"B dks mnklhu djus gsrq (yxHkx) fdruk
le; yxsxk\ (O;kogkfjd :i esa ;g dHkh ugha gksrk gS D;ksafd fo|qr vkos'kksa dh iqu% iw£r
dh ,d çfØ;k gS ;Fkk i`Foh osQ fofHkUu Hkkxksa esa yxkrkj rfM+r >a>k ,oa rfM+r dk gksuk)A
(i`Foh dh f=kT;k = 6.37 × 106 m)A

3.15 (a) N% ysM ,flM lapk;d lsyksa dks ftuesa çR;sd dk fo|qr okgd cy 2 V rFkk vkarfjd
çfrjksèk 0.015 Ω gS] osQ la;kstu ls ,d cSVjh cukbZ tkrh gSA bl cSVjh dk mi;ksx
8.5 Ω izfrjks/d tks blosQ lkFk Js.kh lac¼ gS] esas /kjk dh vkiw£r osQ fy, fd;k tkrk
gSA cSVjh ls fdruh èkkjk yh xbZ gS ,oa bldh VfeZuy oksYVrk D;k gS\

(b) ,d yacs le; rd mi;ksx esa yk, x, lapk;d lsy dk fo|qr okgd cy 1.9 V

vkSj fo'kky vkarfjd çfrjksèk 380 Ω gSA lsy ls fdruh vfèkdre èkkjk yh tk ldrh
gS\ D;k lsy ls çkIr ;g èkkjk fdlh dkj dh çorZd&eksVj dks LVkVZ djus esa l{ke
gksxh\

3.16 nks leku yackbZ dh rkjksa esa ,d ,syqfefu;e dk vkSj nwljk dkWij dk cuk gSA buosQ çfrjksèk
leku gSaA nksuksa rkjksa esa ls dkSu&lk gydk gS\ vr% le>kb, fd Åij ls tkus okyh fctyh
osQfcyksa esa ,syqfefu;e osQ rkjksa dks D;ksa ilan fd;k tkrk gS\ (ρ

Al
 = 2.63 × 10−8 Ωm,

ρ
Cu

= 1.72 × 10−8 Ωm, Al dk vkisf{kd ?kuRo = 2.7, dkWij dk vkisf{kd ?kuRo =
8.9)

3.17 feJkrq eaSxfuu osQ cus çfrjksèkd ij fy, x, fuEufyf[kr çs{k.kksa ls vki D;k fu"d"kZ fudky
ldrs gSa\

/kjk oksYVrk /kjk oksYVrk
A V A V

0.2 3.94 3.0 59.2

0.4 7.87 4.0 78.8

0.6 11.8 5.0 98.6

0.8 15.7 6.0 118.5

1.0 19.7 7.0 138.2

2.0 39.4 8.0   158.0

3.18 fuEufyf[kr ç'uksa osQ mÙkj nhft,µ
(a) fdlh vleku vuqçLFk dkV okys èkkfRod pkyd ls ,dleku èkkjk çokfgr gksrh gSA

fuEufyf[kr esa ls pkyd esa dkSu&lh vpj jgrh gSµ/kjk] /kjk ?kuRo] fo|qr {ks=k]
viokg pkyA

(b) D;k lHkh ifjiFkh; vo;oksa osQ fy, vkse dk fu;e lkoZf=kd :i ls ykxw gksrk gS\ ;fn
ugha] rks mu vo;oksa osQ mnkgj.k nhft, tks vkse osQ fu;e dk ikyu ugha djrsA

(c) fdlh fuEu oksYVrk laHkj.k ftlls mPp èkkjk nsuh gksrh gS] dk vkarfjd çfrjksèk cgqr
de gksuk pkfg,] D;ksa\

(d) fdlh mPp foHko (H.T) laHkj.k] eku yhft, 6 kV, dk vkarfjd çfrjksèk vR;f/d
gksuk pkfg,] D;ksa\

3.19 lgh fodYi Nk¡fV,µ
(a) èkkrqvksa dh feJkrqvksa dh çfrjksèkdrk çk;% mudh vo;o èkkrqvksa dh vis{kk (vfèkd@de)

gksrh gSA
(b) vkerkSj ij feJkrqvksa osQ çfrjksèk dk rki&xq.kkad] 'kq¼ èkkrqvksa osQ çfrjksèk osQ

rki&xq.kkad ls cgqr de@vfèkd gksrh gSA
(c) feJkrq eSaxfuu dh çfrjksèkdrk rki esa o`f¼ osQ lkFk yxHkx (Lora=k gS@rsth ls

c<+rh gS)A
(d) fdlh çk:ih fo|qrjksèkh (mnkgj.kkFkZ] vacj) dh çfrjksèkdrk fdlh èkkrq dh çfrjksèkdrk

dh rqyuk esa  (1022/1023) dksfV osQ xq.kd ls cM+h gksrh gSA
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3.20 (a) vkidks R çfrjksèk okys n çfrjksèkd fn, x, gSaA (i) vfèkdre (ii) U;wure çHkkoh

çfrjksèk çkIr djus osQ fy, vki bUgsa fdl çdkj la;ksftr djsaxs\ vfèkdre vkSj U;wure
çfrjksèkksa dk vuqikr D;k gksxk\

(b) ;fn 1 Ω, 2 Ω, 3 Ω osQ rhu çfrjksèk fn, x, gksa rks mudks vki fdl çdkj la;ksftr djsaxs
fd çkIr rqY; çfrjksèk gksa % (i) (11/3) Ω (ii) (11/5) Ω, (iii) 6 Ω, (iv) (6/11) Ω ?

(c) fp=k 3.31 esa fn[kk, x, usVodks± dk rqY; çfrjksèk çkIr dhft,A

fp=k 3.31

3.21 fdlh 0.5 Ω vkarfjd çfrjksèk okys 12 V osQ ,d laHkj.k (supply)  ls fp=k 3.32 esa n'kkZ,
x, vuar usVooZQ }kjk yh xbZ èkkjk dk eku Kkr dhft,A çR;sd çfrjksèk dk eku 1 Ω gSA

fp=k 3.32

3.22 fp=k 3.33 esa ,d iksVasf'k;ksehVj n'kkZ;k x;k gS ftlesa ,d 2.0 V vkSj vkarfjd çfrjksèk
0.40 Ω dk dksbZ lsy] iksVasf'k;ksehVj osQ izfrjks/d rkj AB ij oksYVrk ikr cuk, j[krk gSA
dksbZ ekud lsy tks 1.02 V dk vpj fo|qr okgd cy cuk, j[krk gS (oqQN mA dh cgqr
lkekU; èkkjkvksa osQ fy,) rkj dh 67.3 cm yackbZ ij larqyu ¯cnq nsrk gSA ekud lsy ls
vfr U;wu èkkjk ysuk lqfuf'pr djus osQ fy, blosQ lkFk ifjiFk esa Js.kh 600 kΩ dk ,d
vfr mPp çfrjksèk blosQ lkFk lac¼ fd;k tkrk gS] ftlosQ larqyu ̄ cnq çkIr gksus osQ fudV
y?kqifFkr (shorted) dj fn;k tkrk gSA blosQ ckn ekud lsy dks fdlh vKkr fo|qr okgd
cy ε osQ lsy ls çfrLFkkfir dj fn;k tkrk gS ftlls larqyu ̄ cnq rkj dh 82.3 cm yackbZ
ij çkIr gksrk gSA
(a) ε dk eku D;k gS\
(b) 600 kΩ osQ mPp çfrjksèk dk D;k ç;kstu gS\
(c) D;k bl mPp çfrjksèk ls larqyu ¯cnq çHkkfor gksrk gS\
(d) mijksDr fLFkfr esa ;fn iksVasf'k;ksehVj osQ ifjpkyd lsy dk fo|qr okgd cy 2.0 V

osQ LFkku ij 1.0 V gks rks D;k ;g fofèk fiQj Hkh liQy jgsxh\

(e) D;k ;g ifjiFk oqQN mV dh dksfV osQ vR;Yi fo|qr okgd cyksa (tSls fd fdlh izk:ih
rkioS|qr ;qXe dk fo|qr okgd cy) osQ fu/kZj.k esa liQy gksxh\ ;fn ugha rks vki blesa
fdl izdkj la'kks/u djsaxs\
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fp=k 3.33

3.23 fp=k 3.34 esa fdlh 1.5 V osQ lsy dk vkarfjd çfrjksèk ekius osQ fy, ,d 2.0 V dk
iksVsaf'k;ksehVj n'kkZ;k x;k gSA [kqys ifjiFk esa lsy dk larqyu ̄ cnq 76.3 cm ij feyrk gSA
lsy osQ cká ifjiFk esa 9.5 Ω çfrjksèk dk ,d çfrjksèkd la;ksftr djus ij larqyu ¯cnq
iksVasf'k;ksehVj osQ rkj dh 64.8 cm yackbZ ij igq¡p tkrk gSA lsy osQ vkarfjd çfrjksèk dk
eku Kkr dhft,A

fp=k 3.34


