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fo|qr vkos'k ,oa fo|qr {ks=k

vHkh rd vkius ;kaf=kd] rkih; vkSj izdkf'kdh ra=kksa rFkk muosQ }kjk n'kkZbZ xbZ fofHkUu ?kVukvksa
osQ ckjs esa lh[kkA vc vki fo|qr vkSj pqEcdh; ?kVukvksaa osQ ckjs esa tkudkjh izkIr djsaxsA
gekjs nSfud thou eas fo|qr dk egRo Li"V gSA ge ftu HkkSfrd lqfoèkkvksa dk vkuUn mBkrs
gSa vkSj gekjs nSfud thou esaa tks ;qfDr;k¡ iz;qDr gksrh gSa os lc ÅtkZ dh miyCèkrk ij
fuHkZj djrh gSaA fo|qr ÅtkZ dk foiQyu bl ckr dks fuf'pr :i ls Li"V dj nsrk gS
fd ge bl ij fdrus vkfJr gSA fo|qr osQ fcuk vaèksjk gks tkrk gS] xfeZ;ksa esa ia[ks] owQyj
,oa okrkuqowQyu ;a=k vkSj tkM+ksa esa Å"ed (ghVj) xhtj vkfn fuf"Ø; gks tkrs gSaA blh izdkj
blosQ fcuk jsfM;ks] Vh-oh-] dEI;wVj] ekbØksosOt dks lapkfyr ugha fd;k tk ldrk gSA ikuh
osQ iEi dke djuk can dj nsrs gSa] [ksrksa esa flapkbZ ugha gks ikrhA ;gk¡ rd fd fo|qr foiQyu
ls jsy lsok,¡ Hkh izHkkfor gksrh gSaA blosQ vHkko esa vkS|ksfxd bdkb;ksa esa e'khusa ugha py
ldrhaA la{ksi esa] thou ,dne Bi gks tkrk gS vkSj blls dHkh&dHkh lkoZtfud jks"k Hkh
HkM+d mBrk gSA blfy, fo|qr vkSj pqEcdh; ?kVukvksa dk vè;;u vR;ar vko';d gSA

bl ikB esa vki nks izdkj osQ fo+|qr vkos'kksa osQ ckjs esa i<+saxs] vkSj lkFk gh vyx&vyx ifjfLFkfr;ksa
esa mudk O;ogkj] muesa dk;Zjr cy ,oa muosQ pkjksa vksj fno~Q&LFkku vkfn dk Hkh vè;;u
dj losaQxsA bls ;fn vkSj Li"V :i ls dgsa rks ge HkkSfrdh dh ml 'kk[kk dk vè;;u djuk
pkgrs gSa tks fLFkj vkos'kksaa ls lacafèkr gSA bl 'kk[kk dks fo|qr LFkSfrdh dgrs gSaA

mís';

bl ikB osQ vè;;u osQ ckn vki

fo|qr vkos'k osQ ewy xq.kksa dk dFku dj loasQxs_

DokaVhdj.k vkSj vkos'k laj{k.k dh laadYiukvksa dh O;k[;k dj losaQxs_

vkos'kksa osQ chp yxus okys cy osQ fu;e (owQykWe fu;e)  dh O;k[;k dj losaQxs_

,d fLFkj vkos'k osQ dkj.k fo|qr {ks=k dks ifjHkkf"kr dj losaQxs vkSj fo|qr&cy js[kk,¡
[khap losaQxs_
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oS|qr f}èkzqo] f}èkzqo&vk?kw.kZ vkSj f}èkqzo osQ fo|qr {ks=k dks ifjHkkf"kr dj losaQxs_

xkSl izes; dk dFku dj losaaQxs vkSj bldk mi;ksx djosQ ,d fcanq vkos'k] yacs vkosf'kr
rkj] ,d leku :i ls vkosf'kr xksykdkj dks'k o vkosf'kr iV~Vh osQ dkj.k mRiUu
fo|qr {ks=k osQ fy, O;atd izkIr dj losaQxs_ vkSj

oku Ms xzkizQ tfu=k dh dk;Z fof/ dk o.kZu dj ldsaxsA

15-1 ?k"kZ.k fo|qr

izkphu ;wukfu;ksa dks bZlk ls 600 o"kZ iwoZ Hkh fo|qr vkSj pqEcdh; ?kVukvksa osQ ckjs esa tkudkjh
izkIr FkhA mUgksaus ik;k fd dg:ok (Amber) osQ VqdM+s dks tc iQj ;k Åu ls jxM+rs gSa
rks og NksVs&NksVs ijksa dks vkdf"kZr djus yxrk gSaA xzhd Hkk"kk esa dg:ok (Amber) osQ fy,
bysDVªkWu (Electron) 'kCn iz;qDr gksrk gS] ftlls bysfDVªflVh (fo|qr) 'kCn dh O;qRifÙk gqbZ gSA

vki vkos'kksaa osQ vfLrRo vkSj muosQ chp yxus okys cyksa dks n'kkZus osQ fy, ,d ljy
iz;ksx dj ldrs gSaA ;fn vki vius lw[ks ckyksa eas oaQ?kh djsa rks ik;saxs fd oaQ?kh NksVs dkxt
osQ VqdM+ksa dks viuh vksj vkdf"kZr djus yxrh gSA D;k vki tkurs gSa fd ,slk oSQls gksrk gS\
vkb,] blosQ fy, ge nks iz;ksx djrs gSaA

fØ;kdyki 15-1

,d l[r jcM+ dh NM+ ysa vkSj bls iQj ;k Åu ls jxM+sa] fiQj ,d 'kh'ks dh NM+ ysa vkSj
mls js'ke ls jxM+saaA vc vèkkRoh; Mksfj;ksa ls mUgsa vyx&vyx yVdk,a tSlk fd fp=k 15-
1 eas n'kkZ;k x;k gSA

jcM+ dh NM+

izfrd"kZ.k

jcM+ dh NM+

dk¡p dh NM+

vkd"kZ.k

jcM+ dh NM+

(a) (b)

fp=k 15-1% vkos'kksa osQ chp vkd"kZ.k@izR;kd"kZ.k cy (a) ,d vkosf'kr jcM+ dh NM+ nwljh vkosf'kr
jcM+ dh NM+ dks izfrdf"kZr djrh gSA leku vkos'k (ltkrh; vkos'k) ,d&nwljs dks izfrd£"kr
djrs gSaA (b) ,d vkosf'kr jcM+ dh NM+ ,d vkosf'kr dk¡p dh NM+ dks vkdf"kZr djrh gSA

vleku (fotkrh;) vkos'k ,d&nwljs dks vkdf"kZr djrs gSaA
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vc ,d jcM+ dh NM+ dks Åu ls jxM+dj bu NM+ksa osQ ikl Øe'k% yk,¡aA vki voyksfdr
djsaxs fdμ

• tc ,d vkosf'kr jcM+ dh NM+ dks ,d fuyafcr vkosf'kr jcM+ dh NM+ osQ lehi
ykrs gSaasaa] rks os izfrd"kZ.k n'kkZrs gSa] [fp=k 15-(a)]

• tc ,d vkosf'kr jcM+ dh NM+ dks ,d fuyafcr vkosf'kr dk¡p dh NM+ osQ ikl ykrs gSa]
rks os vkd"kZ.k n'kkZrs gSaA blh izdkj osQ ifj.kke ,d vkosf'kr dk¡p dh NM+ dks ikl ykus
ij Hkh izkIr gksaxsμ

bu izs{k.kksa osQ vkèkkj ij ge dg ldrs gSa fdμ

• ,d vkosf'kr jcM+ dh NM+ ,d vkosf'kr dk¡p dh NM+ dks vkdf"kZr djrh gS vkSj
vkosf'kr jcM+ dh NM+ dks izfrdf"kZr djrh gSA

• ,d vkosf'kr dk¡p dh NM+ nwljh dk¡p dh vkosf'kr NM+ dks izfrdf"kZr djrh gS ysfdu
jcM+ dh NM+ dks vkdf"kZr djrh gSA

mi;qZDr fØ;kdykiksaa ls ge vuqeku yxk ldrs gSaa fd jcM+ dh NM+ us ,d izdkj dh fo|qqr
izkIr dh vkSj dk¡p dh NM+ us nwljh izdkj dhA blosQ vfrfjDr ltkrh; vkos'k ,d&nwljs
dks izfrdf"kZr djrs gSa vkSj fotkrh; vkos'k ,d&nwljs dks vkdf"kZr djrs gSaA

csatkfeu (csatkfeu Úsaadfyu] 1706&1790) us lq>ko fn;k fd dk¡p dh NM+ ij vkos'k
dks èkukRed vkSj jcM+ dh NM+ ij vkos'k dks ½.kkRed dgk tk,A ;g fpÉ ijaijk rHkh
ls pyh vk jgh gSA ,d ckj ,d oLrq ?k"kZ.k }kjk vkosf'kr gks tkrh gS] rks bldh lgk;rk
ls nwljh pkyd oLrqvksa dks nks fofèk;ksa ls vkosf'kr fd;k tk ldrk gSA

+(1) pkyu }kjk vFkkZr~ ,d vkosf'kr oLrq dks vukosf'kr oLrq ls Li'kZ djkdj

+(2) izsj.k }kjk vFkkZr~ ,d vkosf'kr oLrq dks vukosf'kr oLrq osQ lehi ykdj vkSj bls
HkwlaifdZr (earthing) djosQ rFkk ,d lkFk vkosf'kr oLrq vkSj HkwlaioZQ dks gVk djA

15-1-1 vkos'k dk laj{k.k

fØ;kdyki 5-1 easa vkius ns[kk fd tc ,d dk¡p dh NM+ dks js'ke ls jxM+k tkrk gS] rks
NM+ /ukosf'kr gks tkrh gS vkSj js'ke ½.kkosf'kr gks tkrk gSA pw¡fd nksuksa oLrq,¡ lkekU; fLFkfr
esa mnklhu (vkos'k jfgr) gSa] vr% dk¡p dh NM+ dk èkukos'k o js'ke eas ½.kkos'k ifjek.k
esa cjkcj gksus pkfg,aA vFkkZr~ ra=k (dk¡p $ js'ke) dk oqqQy vkos'k lajf{kr jgrk gSA
u rks ;g mRiUu fd;k tk ldrk gS vkSj u gh u"VA ;g osQoy ra=k (dk¡p $ js'ke)
dh ,d oLrq ls nwljh oLrq esa LFkkukarfjr gksrk gSA vkos'k dk LFkkukarj.k ra=k dh rkih;
ÅtkZ eas o`f¼ osQ dkj.k gksrk gSA dk¡p dh NM+ esaa de etcwrh ls tqM+s bysDVªkWu js'ke dh
vksj LFkkukarfjr gksrs gSaA dk¡p dh NM+ (bysDVªkWuksa dh deh osQ dkj.k) èkukosf'kr gks tkrh gSa vkSj
js'ke bysDVªkWuksa dh vfèkdrk osQ dkj.k ½.kkosf'kr gks tkrh gSA tc jcM+ dks iQj ls jxM+k tkrk
gS] rks iQj ls bysDVªkWu jcM+ dh vksj Lrkukarfjr gksrs gSa] vFkkZr~ jcM+ ½.kkos'k izkIr djrk  gS vkSj
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iQj leku ek=kk dk èkukos'k izkIr djrk gSA èkukos'k vkSj ½.kkos'k osQ vykok vkSj dksbZ vkos'k
vkt rd ugha ik;k x;kA

15-1-2 vkos'k dk DokUVehdj.k

+1909 esa fefydu (jkWcVZ fefydu] 1886&1953) us iz;ksx }kjk ;g fl¼ fd;k fd dksbZ
Hkh vkos'k ,d fuf'pr U;wure vkos'k (ewyHkwr ek=kd) dk iw.kk±dh; xq.kt gksrk gS A ;g
ewyHkwr ek=kd bysDVªkWu dk vkos'k gS] bldk eku 1.6 ×10–19 owQykWe gSA bldk vk'k; ;g
gS fd fdlh oLrq dk vkos'k Q gks rks bls Q = Ne dh Hkkafr fy;k tk ldrk gS tgk¡ N

,d iw.kk±d gS vkSj e bysDVªkWu dk vkos'k gSA bldk vFkZ ;g gqvk fd fdlh vkosf'kr oLrq
esa 2.5 e ;k 6.4 e ek=kk dk vkos'k ugh agks ldrkA fefydkWu osQ le; esa oqqQN iz;ksxksa esa
;g n'kkZ;k x;k fd vkos'k bysDVªkWu esa –e vkSj izksVkWu esa +e gksrk gSA U;wVªkWu esa dksbZ vkos'k
ugha gksrk gSA izR;sd ijek.kq esa leku la[;k esa bysDVªkWu vkSj  izksVªkWu gksrs gSa vkSj blfy,
;g mnklhu gksrk gSA

• izÑfr esaa osQoy nks izdkj osQ vkos'k ik, tkrs gSaμèkukRed vkSj ½.kkRedA

• ltkrh; vkos'k ,d&nwljs dks izfrdf"kZr djrs gSa vkSj fotkrh; vkos'k ,d&nwljs dks vkdf"kZr
djrs gSaA

• vkos'k lajf{kr jgrk gSA

• vkos'k DokUVehÑr gksrk gSA

ikBxr iz'u 15-1

1. ,d dk¡p dh NM+ js'keh diM+s ls jxM+s tkus ij ,d vkos'k q = +3.2×10–17 C izkIr
djrh gSA

(i) D;k js'ke dk diM+k Hkh vkosf'kr gksrk gS\

(ii) js'ke osQ diM+s esa vkos'k dh izÑfr vkSj ek=kk D;k gS\

2. nks leku /kRoh; xksys A vkSj B gSA A dks +Q vkos'k fn;k tkrk gSA nksuksa xksys rc laioZQ
easa yk, tkrs gSa vkSj vyx dj fn;s tkrs gSaa%

(i) D;k B esa dksbZ vkos'k gksxk\

(ii) ;fn ;g A osQ laioZQ esa ykus ls vkosf'kr gksrk gS rks blesa vkos'k dh ek=kk D;k
gksxh\

3. ,d vkosf'kr oLrq dk vkos'k  q = 4.8 ×10–16 C gSA oLrq esa ewyHkwr vkos'k dh fdruh
bdkb;k¡ gSa\ ( e = 1.6 ×10–19 C  ys ldrs gSa)
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15-2 owQykWe dk fu;e

vkius lh[kk fd nks fLFkj vkos'k ;k rks ,d&nwljs dks vkdf"kZr djrs gSaa ;k izfrdf"kZrA muosQ
chp esa mudh izÑfr osQ vuqlkj vkd"kZ.k ;k izfrd"kZ.k cy dk;Z djrk gSA owQykWe us 1785
esa bl cy dh izÑfr dk vè;;u fd;k vkSj bldks fuèkkZfjr djus okys ,d fu;e dh
LFkkiuk dhA muosQ izk;ksfxd izs{k.k n'kkZrs gSa fd nks fLFkj fcanq vkos'kksa q

1
 vkSj q

2
 osQ chp

dk;Z djus okyk fo|qr cyμ

muosQ ifjek.k osQ xq.ku osQ vuqØekuqikrh gS_

muosQ chp dh nwjh r oQs oxZ osQ izfryksekuqikrh gksrk gSA

nksuksa vkos'kksa dks tksM+us okyh js[kk osQ vuqfn'k dk;Z djrk gSA

ltkrh; vkos'kksa osQ fy;s izfrd"khZ (/ukRed) vkSj fotkrh; vkos'kksa osQ fy;s vkd"khZ
(½.kkRed) gksrk gSA

cy F dh ek=kk bl izdkj O;Dr dh tk ldrh gS%

F = k 1 2

2

q q

r

×
(15.1)

fuokZr osQ fy, F = 
0

1

4πε  × 1 2

2

q q

r

×
(15.2)

tgk¡ ij k fu;rkad gS_ (fuokZr osQ fy,)  k = 
0

1

4πε
vkSj ,d nzO; ekè;e osQ fy, k =

1

4πε
  ;gk¡ ε

0 
 fuokZr dh ,oa ε ekè;e dh fo|qr'khyrk gSA bldk vk'k; ;g gS fd ;fn

vkos'kksa osQ ,d gh ra=k dks fHkUu nzO; ekè;eksa esaa j[kk tk,] rks owQykWe cy dk ifjek.k
fHkUu gksxkA

fLFkjkad k dk eku lacafèkr jkf'k;ksaa osQ ek=kdksa ij fuHkZj djrk gSA SI i¼fr esa vkos'k ek=kd
owQykWe (C) gSA owQykWe dks èkkjk osQ ek=kd ,Eih;j osQ inksa eas ifjHkkf"kr fd;k tkrk gS] ftldk
mYys[k ckn eas fd;k tk,xkA SI i¼fr eas k dk eku

k = 
0

1

4πε
 = 9 × 109  

2

2

N m

C
(15.3)

pw¡fd ε
0
 = 8.85 × 10–12

   
C² N–1 m–2.

bl izdkj 1 owQykWe vkos'k dks bl izdkj ifjHkkf"kr fd;k tk ldrk gS% ;fn 1 ehVj nwjh
ls i`FkDÑr nks leku ek=kk osQ ltkrh; fcUnq vkos'kksa osQ chp  9 × 109  N dk izfrd"kZ.k
cy yxrk gS] rks izR;sd vkos'k dk ifjek.k 1 owQykWe gksrk gSA

bysDVªkWu osQ vkos'k dk eku 1.60 ×  10–19 C gksrk gSA
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è;ku nsa

fd owQykWe dk fu;e Hkh U;wVu osQ xq#Rokd"kZ.k fu;e (ftls vki vè;k; 6 eas i<+
pqosQ gSa) dh Hkkafr O;qRØe oxZ fu;e gSA

owQykWe dk fu;e osQoy fcUnq vkos'kksa osQ fy, ykxw gksrk gSA

;kaf=kd cyksa osQ foijhr owQykWe cy nwjh ij ykxw gksrk gSA

,d owQykWe fdruk cM+k gksrk gS\

fo|qr vkos'k dk ek=kd owQykWe gSA D;k vkius dHkh lkspk gS fd ,d owQykWe fdruk
cM+k gksrk gS\ bldk irk yxkus osQ fy;s ge ,d owQykWe ifjek.k osQ nks vkos'kksa osQ
chp yxus okys cy dk ifjek.k Kkr djrs gSaa] ftudks ,d&nwljs ls 1 ehVj dh nwjh
ij j[kk x;k gSA

F = k × 1 2

2

q q

r

×

= 9.0 × 109 × 2

1 1

1

×

= 9.0 × 109 ≈  1010 N

;fn ;kf=k;ksa ls Hkjh cl dk nzO;eku 5000 kg gS] cl dk Hkkj  mg = (5000 × 10)

N (;gk¡ g dk eku 10 m s–²  eku fy;k x;k gS) = 5 × 104 N

vc eku yssrs gSa fd fnYyh eas ,slh 10]000 Hkkjh clsa gSaA bu lHkh clksaa dk oqQy
Hkkj 5 × 104 × 10,000 = 5 × 108 N gksxk ;fn 10 'kgjksa eas bruh gh la[;k esa clsa
gksa] rks bu clksa dk oqQy Hkkj 5 × 109 N gksxkA  ;g Hkkj ml cy dk vk/k gS tks
1 m dh nwjh ij j[ks 1C osQ nks fcUnq vkos'kksa osQ chp yxrk gSA

pkYlZ vkxfLVu Ms owQykWe
(1736–1806)

Úkalhlh HkkSfrd 'kkL=kh] owQykWe us viuk oSQfj;j ,d lSU;
vfHk;Urk osQ  :i esa osLVbaMht esa izkjaHk fd;kA mUgksaus ,d ,saBu
rqyk (VkWlZu cSysal) dk vkfo"dkj fd;k vkSj bldk mi;ksx

vkos'kksa vkSj pqEcdksa osQ chp dh var%fØ;k dh izo`Qfr osQ fuèkkZj.k laca/h iz;ksxksa esa
fd;kA mUgksaus bu iz;ksxksa osQ ifj.kkeksa dks owQykWe osQ fLFkj oS|qrh; o fLFkj pqEcdh;
fu;eksa osQ :i esa fu:fir fd;kA

vc vki tkurs gS fd fuokZr eas r nwjh ls i`FkDÑr vkos'kksa q
1
 vkSj q

2
 osQ chp fuokZr esa

,oa nzO; ekè;e esa cyksa dk vuqikr ε/ε
0 
gSA
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0 ( )

(

F

F

fuokrZ  eas
ekè;e  eas ) r

0

ε= =ε
ε

tgk¡ ij ε
r
 dks vkisf{kd fo|qr'khyrk ;k ijkoS|qrkad dgrs gSaA bldk eku ges'kk 1 ls vfèkd

gksrkgSA ge ijkoS|qrkad dks nwljs :i esa vkxs pydj ifjHkkf"kr djsaxsA

15-2-1 owQykWe osQ fu;e dk lfn'k :i

vki tkurs gSa fd cy ,d lfn'k jkf'k gSA bldk vFkZ ;g gqvk fd nks vkos'kksa osQ chp osQ cy
dks ,d lfn'k }kjk n'kkZ;k tkuk pkfg,A vFkkZr~ lehdj.k (15-1) dks lfn'k :i esa O;Dr fd;k
tkuk pkfg,A vkidks ;g Hkh ;kn j[kuk pkfg, fd owQykWe dk fu;e osQoy fcanq vkos'kksa osQ
fy, gh leqfpr gSA

ekuk nks vkos'k  q
1
 vkSj q

2
 ,d&nwljs ls r nwjh ls i`FkDÑr gSa (fp=k 15-2)A ekuk F

12
 vkos'k

q
1
 ij vkos'k  q

2
 osQ dkj.k cy dks bafxr djrk gS vkSj F

21 
vkso'k q

2
 ij vkos'k q

1 
osQ dkj.k

cy dks bafxr djrk gSA ekuk ge ,d bdkbZ lfn'k dks] tks fd q
1
 ls q

2
 fn'kk esa gS] 12r̂ ls

n'kkZrs gSaA rc fp=k [15-2 (a)] ls

F
12

= k 1 2
122

12

ˆ
| |

q q

r
r (15.4)

blh izdkj fp=k 15.2(b) esa n'kkZ, x;s vkos'kksa osQ fy,

F12 = – k 1 2
122

12

ˆ
| |

q q

r
r (15.5)

fp=k 15-2% r nwjh }kjk i`FkDdÑr nks fcanq vkos'k q
1
 rFkk q

2
 (a) nks èkukRed vkos'kksa osQ chp izfrd"kZ.k

cyksa dh fn'kk] (b) èkukRed ,oa ½.kkRed vkos'kksa osQ chp vkd"kZ.k cyksa dh fn'kkA

lehdj.k (15-4) dk /ukRed fpg~u n'kkZrk gS fd nks èkukRed vkos'kksa osQ chp cy izfrd"khZ
gS] vkSj leh- (15-5) dk ½.kkRed fpg~u n'kkZrk gS fd èkukRed ,oa ½.kkRed vkos'kksa
osQ chp cy vkd"khZ gSA
owQykWe dk fu;e nks vkos'kksa q

1
 vkSj q

2
 osQ chp fØ;k vkSj izfrfØ;k osQ fu;e dk ikyu djrk

gSA vr%
F12 = – F21 (15.6)

vr% owQykWe osQ fu;e dks O;kid :i ls bl izdkj fy[kk tk ldrk gS%

F12 =  k × 1 2
2

q q

r 12r̂ = – k × 1 2 r̂21 212
F

q q
= –

r
(15.7)

(a) (b)
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15-2-2 vè;kjksi.k dk fl¼kUr

;fn vkos'k nks ls vfèkd gksa rks fdUgha nks vkos'kksa osQ chp dk;Z djus okyk cy lehdj.k
(15-7) }kjk O;Dr fd;k tkrk gSA vc eku ysa fd vusd vkos'k q

1
, q

2
, q

3
, q

4
 vkfn gSaA

q
1
 ij lHkh vU; vkos'kksa }kjk vkjksfir cy leh- (15-7) ls

F
12

= k 
1 2

122
12

ˆ
| |

q q

r
r

F13 = k 
1 3

132
13

ˆ
| |

q q

r
r

and F14 = k 
1 4

142
14

ˆ
| |

q q

r
r        (15.8)

bu lHkh cyksa dk ifj.kkeh F bu lHkh cyksa dk lfn'k ;ksx gksxkA

;Fkk    F = F12 + F13 + F14 + … (15.9)

;g vè;kjksi.k dk fl¼kUr dgykrk gSA

mnkgj.k 15.1 : q
1
 = +12μ C dk ,d vkos'k nwljs vkos'k q

2
 = 6μC ls 4-0 ehVj dh nwjh

ij gS] tSlk fd fp=k 15-4 es n'kkZ;k x;k gSaA dksbZ rhljk vkos'k q
3
] vkos'kksa q

1
 ,oa q

2

dks tksM+us okyh jss[kk ij fdl LFkku ij j[kk tk, fd blij dksbZ cy u yxs\

gy% ekuk fd q
3
 dks q

1
 vkSj  q

2
 osQ chp q

1 
ls x ehVj dh nwjh ij j[kk tkrk gSA (;g vklkuh

ls ns[kk tk ldrk gS fd  q
3 
dh fLFkfr q

1
 osQ ckb± vksj ;k q

2
 osQ nkfguh vksj ;k q

1
 vkSj

q
2
 osQ eè; 1 osQ vykok fdlh vU; fLFkfr ij dk;Zdkjh ifj.kkeh cy 'kwU; ugha ldrk

gSA)  q
3 
ij q

1
 }kjk vkjksfir cy gksxkμ

31F  
= k 1 3

2
31

q q

r 31r̂  q
1 
dh vksj

∴ 31F = k 3 1
2

q q

x
q

3 
ij q

2 
 osQ dkj.k cy dk ifjek.k gksxk

32F = k 
3 2

2(4 – )

q q

x   q
2 
dh vksj

fp=k 15-4% ,d ljy js[kh; fLFkfr esa rhu vkos'k  q
1 
, q

2
 vkSj q

3

fp=k 15-3 % vè;kjksi.k
dk fl¼kar
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 q
3
 ij yxus okyhk ifj.kkeh cy 'kwU; gksxk ;fn F

31
 = F

32 
A vr% vkafdd eku j[kus ij

k × 3
2

12q

x
= k × 

3
2

6

(4 – )

q

x

è;ku nhft, fd 6q
3
k nksuksa i{kksa esa mHk;fu"B gksus osQ dkj.k dkVk tk ldrk gSA vr%

2

2

x
= 2

1

(4 – )x

;k 2(4 – x)² = x²

⇒ x² – 16x + 32 = 0

bl lehdj.k dks gy djus ij ge ikrs gSa fd x osQ nks eku x = 2.35 m vkSj x =13.65

m. gSaA buesa ls x = 13.65 m vLohdk;Z gS] vr% vkos'k q
2 
dks

 
q

1
 ls 2.35 m dh nwjh ij j[kuk

pkfg,A

;g xq.kkRed :i ls Hkh mfpr gy gSA pwafd vkos'k q
1
 vkos'k  q

2 
ls cM+k gS] blfy,  q

1

vkSj q
2
 osQ chp nwjh q

2 
o q

3
 osQ chp dh nwjh ls vfèkd gksuh pkfg,A

mnkgj.k 15-2% nks 6.0 × 10–10 C osQ vkos'k ,d&nwljs ls 2.0 m dh nwjh ij gSaaA muosQ
chp yxus okys owQykWe cy dk ifjek.k Kkr dhft,A

gy% ge tkurs gSaa fd nks vkos'kksa osQ chp yxus okys owQykWe cy dk ifjek.k leh- (15-
2) }kjk fn;k tkrk gS %

F = k 1 2
2

.q q

r

fn;k gS% q
1
 = q

2
 = 6.0 × 10–10C vkSj r = 2.0 mA vr% eku izfrLFkkfir djus ij

F  =  
 9 2  – 2 – 10 2

2  2

(9 × 10  N m C )× (6 .0 × 10 C)

2  m
 = 

9 –209 × 10 × 36.0 × 10

4
N

           = 81 × 10–11 N

ikBxr iz'u 15-2

1. nks vkos'kksa q
1
 = 16µC vkSj q

2
 = 9 µC osQ chp dh

nwjh 12 ehVj gSA q
1
 ij  q

2
 osQ }kjk vkjksfir cy

dk eku vkSj bl cy dh fn'kk Kkr dhft,A q
2

ij q
1 
osQ dkj.k vkjksfir cy dh fn'kk D;k gS\

2. q vkos'keku osQ rhu fcUnq vkos'k ,d ledks.k
f=kHkqqt osQ rhu 'kh"kks± ij j[ksa gSa] tSlk fd
fp=k 15-5 esa n'kkZ;k x;k gSA  AB = AC gSA –q

vkos'k ij vkjksfir cy dh fn'kk D;k gksxh\

fp=k 15-5% ledks.k f=kHkqt osQ rhu
fljksa ij fLFkr vkos'k
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15-3 fo|qr {ks=k

,d&nwljs ls oqQN nwjh ij j[ks x, nks vkos'kksa osQ chp vU;ksU;fØ;k dh O;k[;k djus osQ
fy, iSQjkMs us fo|qr {ks=k dh voèkkj.kk izLrkfor dhA fdlh fcanq ij fo|qr {ks=k E ml cy
osQ :i esa ifjHkkf"kr fd;k tkrk gS tks fd ,d èkuksosf'kr ijh{k.k vkos'k q

0
 ij yxus okys

cy dks bl ijh{k.k vkos'k osQ ifjek.k ls foHkkftr djus ij izkIr gksrk gSA

vFkkZr~ E = 
0q

F
(15.10)

;g xq#Ro tfur Roj.k dh ifjHkk"kk osQ rqY; gS] (g = F/m
0
) tks fd m

0
 nzO;eku osQ d.k

ija F ifj.kke osQ xq#Roh; cy osQ dkj.k gksrk gSA

fo|qr {ks=k E ,d lfn'k jkf'k gS] ftldh fn'kk fo|qr cy F dh fn'kk osQ leku gSA ;gk¡
;g le>uk vko';d gS fd fo|qr {ks=k ,d cká vkos'k osQ dkj.k gS u fd ijh{k.k vkos'k
osQ dkj.kA vr% ijh{k.k vkos'k q

0
 ifj.kke esa bruk de gksuk pkfg, fd ;g cká vkos'k

osQ dkj.k mRiUu {ks=k dks izHkkfor u djsA (O;ogkj esa ,d lw{ere ijh{k.k vkos'k Hkh cká
{ks=k dks izHkkfor djsxkA) vr% lgh ek;us esa uhps nh xbZ xf.krh; ifjHkk"kk vfèkd lgh
gS %

E = 
0 0
lim
q →

0q

F
(15.11)

SI i¼fr esa cy dk ek=kd U;wVu vkSj vkos'k dk ek=kd owQykWe gSA vr% leh- (15-11)
osQ vuqlkj fo|qr {ks=k dk ek=kd U;wVu@owQykWe gSA E o F dh fn'kk leku gSaA ;kaf=kd cy
osQ foijhr] fo|qr cy nwjh ij yxus okyk cy gksrk gSA

(a) (b)

fp=k 15-6% (a) ,d leku :i ls vkosf'kr /kRoh; xksyk vkSj ,d ijh{k.k vkos'k (b) xksys esa vkos'k dk
iqufoZrj.k tcfd nwljk vkos'k blosQ lehi yk;k tkrk gSA

vc ge bl ckr ij fopkj djrs gSa fd q
0
 dk eku vR;Ur lw{e D;ksa gksuk pkfg,\

fp=k 15-6 osQ vuqlkj  q
0
(< < q) ,d Ïksr vkos'k gS tks fd ,d èkkRoh; ry dh lrg

ij leku :i ls iSQyk gqvk gS vkSj q
0
 ijh{k.k vkos'k gSA bldk vk'k; ;g gS fd A,B,C
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,oa D pkjksa fcUnqvksa osQ pkjksa vksj izfr bdkbZ {ks=kiQy vkos'k ?kuRo leku gSA ijh{k.k vkos'k
q

0
 fcuk vkos'k forj.k dks cnys gq, gh cy dk ekiu djrk gSA  fp=k 15-6 (b) ml fLFkfr

dks n'kkZrk gSA tc q ~ q
0 
 ,slh fLFkfr esa mi;ZqDr fcaanqvksa ij vkos'k ?kuRo ifjofrZr gks tkrk

gS ftlosQ iQyLo:i ijh{k.k vkos'k q
0
 }kjk vuqHkwr fo|qr cy Hkh cny tk,xkA ekuk fd

;g F ls F′ gks tkrk gSA bldk vFkZ gqvk fd ijh{k.k vkos'k dh mifLFkfr eas cy dk eku
bldh vuqifLFkfr esa cy osQ eku ls fHkUu gSA ysfdu q

0
 osQ fcuk cy dk ekiu ugha fd;k

tk ldrk gSA ;fn q
0
 dk eku q dh rqyuk eas vR;fèkd U;wu gks] rks xksys esa vkos'k forj.k

cgqr gh de (ux.;) izHkkfor gksxkA ,slh fLFkfr esa ekiu osQ ifj.kke fn, x, cy osQ
okLrfod eku osQ vR;Ur lfUudV gksaxsA blls ;g rF; fl¼ gksrk gS fd ijh{k.k vkos'k
vR;ar U;wu gksuk pkfg,A

eku yhft, gekjs ikl ,d vkos'k q gSA ,d ijh{k.k vkos'k q
0
 dks q ls r nwjh ij j[kk x;k

gSA ijh{k.k vkos'k }kjk vuqHkwr cyμ

F =  k 0
2

qq

r r̂ (15.12)

fo|qr {ks=k dks izfr bdkbZ vkos'k cy osQ  :i eas ifjHkkf"kr fd;k tkrk gSA vr%

E = k × 2

q

r r̂ (15.13)

;fn q èkukRed gks] rks {ks=k E vius ls nwj dh vksj funsZf'kr gksxk ,oa ;fn  q ½.kkRed
gks] rks E bldh vksj funsZf'kr gksxkA ;g fp=k 15-7 esa n'kkZ;k x;k gSA

fp=k 15-7% èkukRed ,oa ½.kkRed vkos'kksa osQ dkj.k fo|qr {ks=k dh fn'kk

vè;kjksi.k dk fl¼kUr fo|+qr {ks=k ij Hkh ykxw gksrk gSA ;fn cgqr ls vkos'k q
1
, q

2
, q

3 
vkfn

gksa rks buosQ dkj.k fcanq P ij {ks=k dk eku leh- (15-13) osQ vuqlkj

E
1 
= k × 1

2
1

q

r
 �1r , E

2
= k × 2

2
2

q

r
 �2r

 
 and  E

3 
= k × 3

2
3

q

r
 �3r

vr% fcanq P ij lHkh vkos'kksa osQ dkj.k cy lHkh {ks=kksa dk lfn'k ;ksx gSA vr%

E = E1 + E2 + E3 + …

;k E = 
N

i i
2

i 1 i

ˆq
k

r=
∑ r

(15.15)



ekWM~;wy  - 5 fo|qr vkos'k ,oa fo|qr {ks=k

fo|qr ,oa pqEcdRo

fVIif.k;k¡

HkkSfrdh 12

tgk¡ ij ri  P dh  q
i
 ls nwjh vkSj îr î

q  ls P dh vksj funsZf'kr bdkbZ lfn'k gSA ,d  q vkos'k

dks E dkj.k fo|qr {ks=k esa j[kus ij ml ij yxus okyk cy%

F = q E (15.16)

mnkgj.k 15-3% fdlh fcanq ij j[ks ,d 3-5 μC ijek.k osQ fcanq vkos'k q ij 8.5×10–

4 N dk cy yx jgk gSA bl fcanq ij fo|qr {ks=k dh x.kuk djsaA

gy% lehdj.k (15-16) dh lgk;rk ls ge fy[k ldrs gSa %

E = 
F

q
= 

– 4

– 6

8.5 10  N

3.5 10  C

×
×  = 2.43 ×102 NC –1

mnkgj.k 15-4% rhu leku èkukos'k ,d lef=kckgq (leckgq) f=kHkqt osQ rhu dksuksa ij j[ks
x, gSa] tSlk fd fp=k 15-8 esa n'kkZ;k x;k gSA f=kHkqt osQ osQUnzd ij fo|qr {ks=k D;k gksxk\

gy% ekuk fd ijh{k.k vkos'k  q
0
 ij j[kk x;k gSA ijh{k.k vkos'k rhuksa dks ,d&nwljs ls

leku dks.k cukrh gqbZ fn'kkvksa esa cy dk vuqHko djsxkA budk ifj.kkeh cy P  'kwU; (0)
gksxkA vr% fcaanq O ij {ks=k 'kwU; (0) gksxkA

fp=k 15-8% rhu leku ek=kk osQ vkos'k ,d leckgq f=kHkqt osQ dksuksa ij j[ks x, gSaA

ikBxr iz'u 15-3

1. ,d vkos'k + Q dks v{kksa osQ funsZ'kkad osQUnz (ewy fcanq) ij j[kk x;k gSA ,d fcanq P

ij {ks=k dh fn'kk d;k gksxh tc fd P

a) + x-v{k b) + y-v{k

c) x = 4 bdkbZ vkSj  y = 4 bdkbZ ij fLFkr gSA

2. Δ ABC esa AB = AC = 40 cm. vkSj A ij cuk dks.k
30° gSA 8 × 10–6 C  owQykWe ek=kk osQ nks foijhr vkos'k
fcanq B vkSj C ij j[ks x, gSa] tSlk fd fp=k esa n'kkZ;k
x;k gSA A ij {ks=k dk ifj.kke vkSj fn'kk Kkr djsa%

fp=k  15.9
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3. ,d ½.kkos'k varfj{k eas fLFkr gSa] tgk¡ ij fo|qr {ks=k i`Foh dh vksj funsZf'kr gSA vkos'k
ij yxus okys cy dh fn'kk D;k gksxh\

4. nks leku vkos'k ,d lery ij d nwjh ls i`FkDÑr gSaA ml fcanq dks Kkr dhft, tgk¡
ij ifj.kkeh {ks=k 'kwU; gksxkA

15-3-1 ,d f}èkzqo osQ dkj.k fo|qr {ks=k

;fn nks leku ek=kk esa foijhr vkos'k ,d NksVh nwjh ls i`FkDÑr gksa rks ;g ra=k ,d f}èkzqo
dk fuekZ.k djrk gSA bldk lokZfèkd lqifjfpr mnkg.k
gS H

2
O v.kqA fp=k 15.10  2l nwjh ls i`FkDÑr nks vkos'kksa

+q vkSj – q dks n'kkZrk gSA vkos'k dh ek=kk ,oa i`FkDÑr
nwjh dk xq.kuiQy f}èkqo&vk?kw.kZ p dgykrk gSa

∴ p = q × 2l (15.17)

bldk SI ek=kd owQykWe&ehVj gSA

f}èkqzo&vk?kw.kZ p ,d lfn'k jkf'k gSA bldk ifjek.k
lehdj.k (15-17) }kjk ifjHkkf"kr gS vkSj bldh fn'k ½.kkos'k ls èkukos'k dh vksj rFkk
mudks tksM+us okyh js[kk osQ vuqfn'k gS (f}èkzqo dk v{k)A f}èkzqo vkSj f}èkzqo&vk?kw.kZ dks
ifjHkkf"kr djus osQ ckn vc ge ,d f}èkqzo osQ dkj.k fo|qr {ks=k dk ifjdyu djus dh
fLFkfr esa gSa]

fLFkfr I : fo|qr f}èkqzo osQ dkj.k bldh v{kh; fLFkfr eas fo|qr {ks=k

f}èkzqo osQ v{k ij fLFkr fcanq ij fo|+qr {ks=k
osQ fy, O;atd izkzIr djus osQ fy;s fp=k
15-11 ij è;ku nsaA bls v{kh; fLFkfr (End-

on)  fLFkfr dgrs gSaA A ,oa B fLFkfr;ksa ij
fo|eku fcanq vkos'k – q vkSj +q ijLij  2l

nwjh ls i`FkDÑr gSaA fcaanq O muosQ chp esa fLFkr
gS (AB osQ eè; esa fLFkr gS)A eku yhft, fd fcanq P fcanq O ls  r nwjh ij fLFkr gS] rc
+q osQ dkj.k fcanq  P ij {ks=k E

1
 bl izdkj gksrk gS&

E1 = k ×  2( – )

q

r l  AP dh fn'kk esa

blh izdkj – q  osQ dkj.k fcanq P ij {ks=k bl izdkj gksrk gS&

E
2

= k × 2( )

q

r l+  PA dh fn'kk esa

fp=k 15-10% ,d NksVh nwjh ls i`FkDÑr
nks leku ek=kk osQ foijhr
vkos'k ,d f}èkzqo cukrs gSaA

fp=k 15-11% f}/zqo v{k ij fLFkr fcUnq P ij {ks=k
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fcanq P ij ifj.kkeh {ks=k E, E
1
 dh fn'kk esa gS D;ksafd E

1
 > E

2
 [pwafd (r – l) < (r + l)]A vr%

E =  
2( – )

kq

r l
 –   2( )

kq

r l+  = kq 2 2

1 1

( ) ( )
⎡ ⎤−⎢ ⎥− +⎣ ⎦r l r l

= kq 
2 2

2 2 2

( ) ( )

( )

⎡ ⎤+ − −
⎢ ⎥−⎣ ⎦

r l r l

r l  = kq × 2 2 2

4

( – )

lr

r l  = k 2 2 2

(2 ) 2

( – )

lq r

r l

= 2 2 2

2

( – )

r
k

r l

p

tgk¡ ij  p = 2lq f}èkzqo vk?kw.kZ gS pwafd k = 1/4πε
0
 , ge bls bl izdkj Hkh fy[k ldrs gSa %

E = 
0

2

4πε
p

 ×  4 2 2 2(1 – / )

r

r l r

;fn r >> l gks rks  1 dh rqyuk easa l²/r² vR;ar NksVk gksxk vkSj bls ux.; ekuk tk ldrk
gSA rc gesa fo|qr {ks=k osQ fy, ,d ljyhÑr O;atd izkIr gks tkrk gS%

E =   3
0

2

4 rπε
p

(15.18)

;g n'kkZrk gS fd v{kh; fLFkfr es fLFkr fdlh isz{k.k fcanq ij fo|qr {ks=k] p osQ vuqfn'k
rFkk f}èkzqo osQ osQUnz ls izs{k.k fcanq rd dh nwjh dh rhljh ?kkr dk izfryksekuqikrh gksrk gSA

fLFkfr II : ,d f}èkqzo osQ eè; foHkktd vfHkyEc (fuj{kh; fLFkfr) ij fLFkr fdlh
fcanq ij f}èkqo osQ dkj.k dkj.k fo|qr {ks=k%

eku yhft, fd fcanq P nks vkos'kksa dks tksM+us okyh js[kk osQ vfHkyEc le f}Hkktd ij
fLFkr gSA è;ku nsa   AB = 2l, OP = r,  AO = OB = l .

fp=k 15-12% (a) nks vkos'kksa dks tksM+us okyh js[kk osQ vfHkyEc le f}Hkktd ij fLFkr
fcanq P ij {ks=k (b) {ks=kksa dk ?kVdksa esa fo;kstu
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dks.k θ fp=k 15.12(a) esaa n'kkZ;k x;k gSA ledks.k f=kHkqtksa Δs PAO vkSj PBO ls ge fy[k ldrs
gSaa &

AP = BP = 2 2l r+
fcanq P ij B ij fLFkr + q vkos'k osQ dkj.k {ks=k BP dh fn'kk esa gS vkSj bls fy[kk tkrk gSμ

E
1

= k 2 2

q

l r+
blh izdkj fcanq  P ij fcUnq  A ij fLFkr vkos'k –q osQ dkj.k {ks=k PA fn'kk eas gS vkSj bls
fy[k ldrs gSaμ

E
2

=  k 2 2

q

l r+

è;ku nsa fd E
1
 vkSj E

2
 nksuksa osQ ifjek.k leku gSa]

ge E
1
 o E

2
 {ks=kks a dks AB osQ lekukUrj vkSj yEcor~ fo;ksftr djrs gSaA  AB osQ lekUrj

?kVdE
1
cos θ vkSj E

2
cos θ ,d gh fn'kk esa gSaA

 AB osQ vfHkyacor~ ?kVd E
1
sin θ vkSj E

2
sin θ ,d&nwljs dh foijhr fn'kk esaa gSaaA pwafd ;s

?kVd ifj.kke esa ,d&nwljs osQ cjkcj gSa] ysfdu foijhr fn'kk esa gSa blfy, ;s ,d&nwljs
dks fujLr djrs gSaaaA vr% fcanq P  ij ifj.kkeh fo|qr {ks=k dk ifjek.kμ

E = E
1
cos θ + E

2
cos θ

= k 2 2

q

l r+
 cosΘ  +  k 2 2

q

l r+
cos θ

ysfdu cos θ = 
2 2( )

l

l r+
A bl O;atd dks Åij osQ ifj.kke esa iz;qDr djus ij P fcanq ij

fo|qr {ks=k&

E =  2 2( )

kq

l r+  × 2 2

2

( )

l

l r+

= k 2 2 3/ 2

2

( )

lq

l r+

= k 3 2 2 3/ 2

2

(1 / )

lq

r l r+

ysfdu p = 2lq vkSj ;fn  r 2 >> l 2  rks l2/r2 dks 1 dh rqyuk eas ux.; eku ldrs gSaA vr%

E = 3
04

p

rπε (15.19)

è;ku nhft, fd f}èkqzo osQ dkj.k] fuj{kh; fLFkfr ij fLFkr fdlh fcanq ij fo|qr {ks=k Hkh
yaacor~ nwjh osQ rhljh ?kkr dk izfryksekuqikrh gksrk gSA
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;fn ge lehdj.k (15.18) vkSj lehdj.k (15.19) dh rqyuk djsa rks ikrs gSa fd nksuksa fLFkfr;ksa
esa fo|qr ++{ks=k 1/r3 osQ vuqØekuqikrh gSA ysfdu buosQ chp oqQN vUrj Hkh gSaA

v{kh; fLFkfr eas fo|qqr {ks=k dk ifjek.k fuj{kh; fLFkfr esa blosQ ifjek.k dh vis{kk nksxquk
gksrk gSA

v{kh; fLFkfr esa fo|qr {ks=k dh fn'kk f}èkzqo vk?kw.kZ osQ vuqfn'k gksrh gS] tcfd fuj{kh;
fLFkfr esa ;s foijhr fn'kh; gkssrs gSaA

15-3-2 ,dleku {ks=k eas fo|qr f}èkqzo

,dleku fo|qr {ks=k dk fLFkj ifjek.k ,oa fu;r fn'kk gksrh gSA ,slk {ks=k vkosf'kr lekUrj
iV~Vh laèkkfj=k osQ chp esa mRiUu gksrk gSA fp=k :i esa bls leku nwjh ij fLFkr lekUrj
js[kkvksa }kjk n'kkZ;k tkrk gSA

vc ge ,dleku fo|qr {ks=k eas j[ks x, fo|qr
f}èkqzo osQ O;ogkj dk fo'ys"k.k djrs gSa (fp=k
15-13)A ekuk fd fo|qr {ks=k +x osQ vuqfn'k gSA
eku ysa fd f}èkqzo dk v{k] {ks=k dh fn'kk ls θ
dks.k cukrk gSA +q vkos'k ij qE cy +x fn'kk
esa vkSj –q ij leku cy –x fn'kk esa dk;Z djrk
gSA nks cjkcj ,oa foijhr lekUrj cy ,d ;qXe
cukrs gSaa vkSj f}èkzqo dks ?kM+h dh lwbZ osQ ?kweus
dh fn'kk esaa ?kqekus dk iz;Ru djrs gSaaA ;g ;qXe f}èkzqo
dks cká fo|qr cy osQ vuqfn'k ykus dk iz;kl djrk
gSA cy vk?kw.kZ dk ifjek.k fuEu lw=k }kjk O;Dr fd;k tkrk gS %

τ = cy × ;qXe dh Hkqtk

= qE × y

= qE × 2l sin θ

= pE sin θ

lfn'k :i esa
τττττ = p × E (15.20)

ge ns[krs gSa fd

tc θ = 0, cy&vk?kw.kZ 'kwU; gS] vkSj

θ = 90° osQ fy, f}èkzqo ij cy&vk?kw.kZ vfèkdre gSA ;g  pE  osQ cjkcj gSA vr% ge
;g fu"d"kZ fudkyrs gSa fd fo|qr {ks=k f}èkqzo dks vius vuqfn'k djus dk iz;kl djrk
gSA

mnkgj.k 15.5 : 6.0 × 10–6  owQykWe osQ nks vkos'k +q vkSj – q ,d ;qXe dk fuekZ.k djrs
gSaA nksuksa vkos'kksa dk i`FkDdj.k 4 × 10–10  ehVj gSA f}èkqzo vk?kw.kZ dk eku D;k gS\ ;fn bl

fp=k 15-13 % ,d leku fo|qr&{ks=k esa fo|qr
f}èkzqoA f}èkzqo ij yxus okys cy
,d ;qXe dh jpuk djrs gSa vkSj
bls ?kqekus dh vksj izo`Ùk
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f}èkqzo dks ,d  E = 3.0 × 102
 
N C–1 ifjek.k osQ fo|qr {ks=k esa 30º dk dks.k cukrs gq, j[kk

tk, rks f}èkzqo ij yxus okys cy vk?kw.kZ dk eku Kkr djsaA

gy : f}èkqzo vk?kw.kZ p = qd

= (6.0 × 10–6 C ) × (4.0 × 10–10
 
m)

= 24 × 10–16
 
cm.

pwafd τ = pE sin θ,  vr% ge fy[k ldrs gSa&

τ = (24 × 10–16cm)
  
× 3.0 × 102

 
 NC–1) sin 30º

= 
72

2
 × 10–14  N m

= 36 × 10–14 N m

;fn ,d f}èkzqo dks ,d vleku fo|qr {ks=k esa j[kk tk,] rks nks vkos'kksa – q vkSj + q ij yxus
okys cy vleku gksaxsA ,slk fo|qr {ks=k u osQoy f}èkqzo dks ?kqek,xk cfYd {ks=k dh fn'kk
esa foLFkkfir Hkh dj nsxkA

15-3-3 fo|qr cy js[kk,¡ ({ks=k js[kk,¡)

fo|qr {ks=k (;k cy) dks n'kkZus dk ,d cgqr ljy rjhdk {ks=k dh fn'kk n'kkZus okyh
cy js[kk,¡ [khapuk gSA fo|qr {ks=k js[kkvksa dk js[kkfp=k gesaa fo|qr {ks=k dh fn'kk ,oa
ifjek.k dk vuqeku djkrk gSA {ks=k dh fn'kk osQ yEcor~ j[ks x, ,d lery osQ bdkbZ
{ks=k ls xqtjus okyh {ks=k js[kkvksa dh la[;k {ks=k dh 'kfDr osQ lekuqikrh gksrh gSA {ks=k
osQ fdlh Hkh fcaanq ij ,d Li'kZ js[kk ml fcaanq ij {ks=k dh fn'kk n'kkZrh gSA

;kn j[kssa fd fo|qr {ks=k js[kk,a fo|qr {ks=k dks n'kkZus osQ fy, dkYifud js[kk,¡ ek=k gSaA okLrfodrk
essa ,slh js[kkvksa dk dksbZ vfLrRo ugha gSA ysfdu {ks=k esa vkos'kksa dk O;ogkj vkSj vkos'kksa osQ
chp vU;ksU;fØ;k dks {ks=k js[kkvksa dh lgk;rk ls izHkko'kkyh <ax ls le>k tk ldrk gSA

fp=k 15-14% ,dy fcanq vkos'k dh fo|qr {ks=k js[kk,a % (a)+q  vkos'k dh fo|qr {ks=k js[kk,a q ls
izkjaHk gksdj vuUr rd tkrh gSa (b) ½.kkRed fcanq vkos'k (–q) dh {ks=k js[kk,a vuUr ls

pydj f=kT; fn'kk esa (–q) ij igqaprh gSaA

(a) (b)
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fp=k 15.14(a) ,d fLFkj /ukos'k dh fo|qr js[kkvksa dks n'kkZ jgk gS vkSj fp=k 15-4 (b)

,d fLFkj ½.kkos'k dh fo|qqr js[kkvksaa dks n'kkZ jgk gSA vkidks ;g le> ysuk pkfg, fd
nkssuksa fLFkfr;ksa esa fo|qr js[kk,¡ varfj{k esa lHkh fn'kkvksa esa gSaA ;gk¡ osQoy dkxt osQ ry ij
fLFkr oqQN js[kkvksa dks n'kkZ;k x;k gSA

fp=k 15-15(a) leku ifjek.k osQ nks lehiorhZ ltkrh; vkos'kksa osQ {ks=k dk js[kkfp=k gSA vkos'kksa
osQ vR;ar fudV ;s js[kk,a yxHkx f=kT; gSa vkSj blosQ ckn ,d&nwljs dks izfrdf"kZr djrh gqbZ
nwj ckgj dh vksj gVrh gSaA buosQ chp esa ,d fcanq P (tks fd nks vkos'kksa dh chp dh nwjh dk
eè; fcanq gS) ij dksbZ js[kk,¡ ekStwn ugha gSaA bl fcanq  P ij nks&vkos'kksa osQ {ks=k ,d&nwljs dks fujLr
djrs gSa] vr% ;gk¡ ifj.kkeh {ks=k 'kwU; gSA

fp=k 15.15(b) ,d f}èkqzo dh {ks=k js[kkvksa dks n'kkZrk gSA èkukos'k dks NksM+us okyh js[kkvksa
o ½.kkos'k esa lekIr gksus okyh js[kkvksa dh la[;k cjkcj gSA

fp=k 15.15 : nks vkos'kksa osQ ra=k dh fo|qr {ks=k js[kk,¡ % ( a) fojke voLFkk esa nks èkukos'kA P fcanq ij dksbZ
Hkh cy jss[kk,¡ ugha igqaprh gS] ( b) f}èkqzo osQ dkj.k mRiUu {ks=k js[kk,¡ èkukos'k ls pydj ½.kkos'k
esa lekIr gks tkrh gSaA

vkidks fo|qr {ks=k js[kkvksa osQ fuEu xq.kèkeks± dks ;kn j[kuk pkfg,%

• ,d f}èkqzo eas {ks=k js[kk,¡ /ukos'k ls pydj (izkjaHk gksdj) ½.kkos'k esa lekIr gks tkrh gSaA

• {ks=k js[kkvksa osQ fdlh fcanq ij Li'kZ js[kk] ml fcanq ij fo|qr {ks=k dh fn'kk n'kkZrh gSA

• {ks=k js[kkvksa osQ yacor~ ry osQ izfr bdkbZ {ks=kiQy ls gksdj xqtjus okyh js[kkvksa dh
la[;k ml ry ij {ks=k dh 'kfDr osQ lekuqikrh gksrh gaSA

• nks {ks=k js[kk,¡ ,d&nwljs dks dHkh ugha dkVrhaA

15-4 fo|qr ÝyDl vkSj xkml dk fu;e

r f=kT;k osQ ,d xksys osQ osQUnz ij +q  vkos'k dh dYiuk djsaA blosQ ry osQ izR;sd fcanq
ij fo|qr {ks=k dk ifjek.k&

E = k × 2

q

r
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bl fo|qr {ks=k dh fn'kk ry osQ vfHkyEcor~ ckgj dh vksj gksrh gSA ge blosQ ry ij
Δs {ks=k dk ,d NksVk&lk vo;o ysrs gSaA ΔΔΔΔΔs ,d lfn'k gS ftldk ifjek.k Δs osQ {ks=kiQy
osQ cjkcj gS vkSj bldh fn'kk ΔΔΔΔΔs vo;o ls yEcor~ gSA (fp=k 15-16) fo|qr ÝyDl
(vfHkokg) φ Δs vkSj E osQ lfn'k xq.ku osQ :i esa ifjHkkf"kr fd;k tkrk gS %

Δφ = E . ΔΔΔΔΔs

iw.kZ xksyh; ry ij ÝyDl dk eku ,sls lHkh inksa dks tksM+dj izkIr gksrk gS%

φ
E

= s 0iΔ →
   Ei . ΔΔΔΔΔsi (15.21)

pwafd E o Δs  osQ chp dk dks.k 'kwU; gSA vr% iwjs xksys osQ ry ls xqtjus okyk ÝyDl&

φ
E

= k × 2

q

r
 Σ Δs

xksyh; ry ij lHkh {ks=k&vo;oksa dk ;ksx 4π
 
r2  gksrk gSA

vr% xksyh; ry ls xqtjus okyk oqQy ÝyDl%

φ
E

= k  × 2

q

r
 × 4π

 
r2 = 4 π k × q

k osQ LFkku ij 1/4πε
0 
j[kus ij

φ
E

= 
0

1

4πε
 × 4πq = q/ε

0
(15.22)

xksys dk oØ i`"B ry xkmfl;u ry dgykrk gSA lehdj.k (15-22) dks xkml dk fu;e
dgrs gSa_ ftlosQ vuqlkj] ,d can xkml i`"B ls xqtjus okyk usV ÝyDl] ry osQ vUnj
osQ oqQy vkos'k dks ε

0 
ls Hkkx nsus ij izkIr gks tkrk gSA

xkml dk fu;e fo|qr {ks=k osQ fuèkkZj.k osQ fy, ,d mi;ksxh lkèku gSA vki ;g Hkh è;ku
nsa fd xkml lrg ,d dkYifud xf.krh; lrg gSA ;g fdlh okLrfod lrg ij fuf'pr
:i ls laikrh ugha Hkh gks ldrh gSA

dkyZ ÚsMfjd xkml
(1777 – 1855)

teZuh osQ izfrHkk'kkyh fo}ku xkml HkkSfrdh vkSj xf.kr osQ {ks=k
esa lokZfèkd izHkko'kkyh xf.krKksa esa ls ,d FksA mUgksaus fofHkUu {ks=kksa]
tSls izdkf'kdh] fo|qr ,oa pqEcdÙo] [kxksfydh] la[;k izes;]
vodyu T;kfefr vkSj xf.krh; fo'ys"k.k osQ {ks=kksa esa egRoiw.kZ
;ksxnku fn;kA

Fig. 15.16

+

E
�s

r
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osQoy rhu o"kZ dh mez esa gh bUgksaus vius firk osQ vk;&O;; osQ ys[kk esa ,d xyrh
Bhd dj viuh vn~Hkqr izfrHkk dk ifjp; fn;kA izkFkfed d{kk esa mUgksaus vius vè;kid
dks 1 ls 100 rd osQ vadksa dk ;ksx oqQN gh lsoaQMksa esa djosQ vk'p;Zpfdr dj
fn;kA

;|fi og oSKkfud leqnk; ls nwj jguk ilan djrs Fks vkSj i<+kuk ilan ugha djrs
Fks] rFkkfi muosQ cgqr&ls f'k"; Å¡ps Lrj osQ xf.krK cusA fjpkMZ MsfdUM] cjgkMZ
jheu] ÚsMfjd cslsy vkSj lksiQh tjesu muessa ls oqQN gSaA teZuh us rhu Mkd fVdV
vkSj 10 ekoZQ dk cSad uksV muosQ lEeku eas tkjh fd,A pUnzek esa ,d xrZ dks
xkml xrZ osQ uke ls tkuk tkrk gS vkSj {kqnz xzg 100 dks muosQ lEeku esa xkmfl;k
dgk tkrk gSA

15-4-1 fcaanq vkos'k osQ dkj.k fo|qr {ks=k

ge xkml osQ fu;e dk iz;ksx djosQ ,d fcanq vkos'k osQ dkj.k fo|qr {ks=k dh x.kuk djrs
gSaA vkos'k q dks osQUnz ekudj r f=kT;k dk xksyk [khapsa] tSlk fd fp=k (15-17) esa n'kkZ;k
x;k gSA

fp=k 15-17% ,d xksykdkj lrg ij blosQ osQUnz ij fLFkr +q vkos'k
osQ dkj.k fo|qr ÝyDl

fo|qr {ks=k E f=kT; fn'kk esa (osQUnz ls ckgj dh vksj) vkSj lHkh txg ry osQ yEcor~ gSA
ΔΔΔΔΔs ij vfHkyEc E osQ vuqfn'k gSA xkml osQ fu;e osQ vuqlkj]

φ
E

= 
i
∑   E

i
.ΔΔΔΔΔs

i 
= q/ε

0

pwafd cos θ = 1 vkSj E, lrg osQ lHkh fcanqvksa ij leku gS] vr%

φ
E

= E × 4πr²

;k q/ε
0

= E × 4πr²

⇒ E = 2
04

q

rπε
(15.23)
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;fn ,d nwljk vkos'k q
0
 bldh lrg ij j[kk tk; rks] bl ij yxus okys cy dk ifjek.k

gksxkμ
F = q

0
 × E

vr%

F = 
0

2
04

qq

rπε (15.24)

D;k vki bl ifj.kke dks igpku dj ik jgs gSa\ ;g nks fLFkj fcanqvksa osQ chp yxus
okyk owQykWe cy gSA

15-4-2 ,d yacs js[kh; vkos'k osQ dkj.k mRiUu {ks=k

dksbZ js[kh; vkos'k ,d vuar yackbZ osQ
leku js[kh; ?kuRo  (izfr bdkbZ yackbZ
vkos'k) lσ  okys irys rkj osQ :i esa
gksrk gSA ekuk fd rkj ij  vkos'k +q

gSA gesa r nwjh ij fLFkr ,d fcanq P ij
fo|qr {ks=k osQ eku dh x.kuk djuh gSA
rkj dks v{k ekurs gq, r f=kT;k dk ,d
csyu [khapsaA ;g nksuksaa fljksa ij can gSA
;g ry xkml ry gS] tSlk fd fp=k
(15-18) esasa n'kkZ;k x;k gSA oØ ry
osQ leLr fcaaanqvksa ij fo|qr {ks=k E  dk
eku leku gS D;ksafd lHkh fcanq
vkosf'kr rkj ls leku nwjh ij gSaA fo|qr
{ks=k dh fn'kk o {ks=k vo;o Δs ij
vfHkyEc lekUrj gSaA

eku ysa fd xkml csyu dh yEckbZ l

gSS] csyu esa f?kjk oqQy vkos'k q = lσ l ,

csyu osQ oØh; i`"B dk {ks=kiQy 2 πrl gSA

csyu osQ Åij vkSj uhps dh nks lery lrgksa ij
vfHkyac fo|qr {ks=k osQ vfHkyacor~ gS  (cos 90° =

0)A blfy, bu ryksa dk oqqQy ÝyDl esa dksbZ ;ksxnku
ugha gksrk vr%

    φ
E
 = Σ E. ΔΔΔΔΔs  = E × 2 πrl

xkml osQ fu;e osQ vuqlkj  φ
E 

= q/ε
0 
, vr%

E × 2 πrl = q/ε
0
 = lσ l/ε

0

fp=k 15-18% ,d leku js[kh; vkos'k ?kuRo dh vuar js[k osQ
dkj.k fo|qr {ks=kA xkml ry ,d òÙkeq[kh csyu
gSA

fp=k 15-19 ,d js[kh; vkos'k osQ fy,
E dk r osQ lkFk ifjorZu
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;k E = 
02πε

l

r

σ
(15.25)

;g n'kkZrk gS fd fo|qr {ks=k nwjh osQ izfryksekuqikrh gksrk gS tSlk fd fp=k (15-19)
esa fn[kk;k x;k gSA

fLFkj oS|qr vo{ksid

vkius rki fo|qqr 'kfDr osQUnz ;k b±V HkV~Bs dh fpeuh ls ckgj fudyrs gq, dkys
/q,¡ vkSj èkwy osQ d.kksa dks ns[kk gksxkA /q,a esa u osQoy xSlsa gksrh gSa] oju Hkkjh ek=kk
eas NksVs&NksVs èkwy (dks;ys) osQ d.k Hkh gksrs gSaA /q,a vkSj èkwy osQ d.kksa dks fpefu;ksa
ls ok;qe.My esa NksM+k tkrk gSA

èkwy osQ d.k ”kehu ij iM+rs gSa vkSj ok;q
dks iznwf"kr djrs gSaaA ;s thfor izkf.k;ksa
osQ LokLF; osQ fy, vR;ar ?kkrd gSaA
vr% ok;qeaMy esa NksM+s tkus ls igys
xSl esa ls èkwy gVk ysuk vR;ar vko';d
gksrk gSA mPp fo|qr {ks=k }kjk xSlksa esa
fo|qr foltZu dk ,d egRoiw.kZ
vuqiz;ksx fLFkj oS|qr vo{ksid dk
fuekZ.k gSA

lS¼kfUrd fp=k ;gk¡ n'kkZ;k x;k gSA ,d
èkkRoh; èkkjd esasa ,d osQUnzh; rkj dks cgqr
vfèkd ½.kkRed foHko (yxHkx 100 kV) ij j[kk tkrk gSA /kjd dh nhokj dks
,d mPp oksYVrk dh cSVjh ls tksM+k vkSj HkwlaifoZQr (earthed) fd;k tkrk gSA ,d
Hkkj W  osQUnzh; Hkkx esa rkj dks lhèkk j[krk gSA xanh xSlksa dks èkkjd osQ vUnj ls
izokfgr djk;k tkrk gSA rkj osQ lehi mPp {ks=k osQ dkj.k fo|qr foltZu gksrk gSA
xSl esa èkukRed vkos'k] ½.kkRed vkos'k ,oa bysDVªkWu mRiUu gksrs gSaA ½.kkosf'kr
d.k nhokj dh vksj Rofjr gksrs gSaA os èkwy osQ d.kksa ls la?kV~V djrs gSa vkSj mUgsa vkosf'kr
djrs gSaA cgqr ls èkwy osQ d.k ½.kkosf'kr gks tkrs gSa D;ksafd os bysDVªkWuksa vkSj ½.kkRed
vk;uksa dks idM+ ysrs gSaA os èkkjd dh nhokj dh vksj vkdf"kZr gksrs gSaA èkkjd dks
le;&le; ij fgyk;k tkrk gS ftlls èkwy osQ d.k nhokjksa ls fxjdj èkkjd osQ
iQ'kZ ij ,df=kr gks tkrs gSaA bUgsa fudkl uyh }kjk fudky fy;k tkrk gSA

bl izdkj vokafNr èkwy osQ d.kksa dks xSlksa ls vyx dj fn;k tkrk gS vkSj 'kq¼ ok;q
ok;qe.My esa pyh tkrh gSA bl izdkj osQ lcls vfèkd {kerk okys ra=k] èkq,a ls 98»
jk[k vkSj èkwy dks vyx dj ikus eas l{ke gksrs gSaA
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15-4-3 fdlh vkosf'kr ,dleku xksyh; dks'k ds dkj.k fo|qr {ks=k

vR;Yi eksVkbZ ds [kks[kys xksys dks xksyh; dks'k dgk tkrk gSA eku yhft;s fd R f=kT;k
ds fdlh xksyh; dks'k ds i`"B ij Q vkos'k ,dleku :i ls forfjr gSA ge bl vkos'k
ds dkj.k] bl dks'k ds ckgj rFkk Hkhrj fLFkr fcUnqvksa ij fo|qr {ks=k dk ifjdyu djsaxsA

(a) fdlh ckgjh fcUnq ij {ks=k

eku yhft;s fd fdlh dks'k ds dsUnz O ls r nwjh ij dks'k ls ckgj fLFkr ,d fcUnq P gSA
P ls xqtjrk gqvk ,d xksyh; i`"B cukb;s tks vkos'k forj.k ds ledsfUnzd gSA (bl i`"B
dks xkmlh&i`"B dgk tkrk gS)A lefefr ds vuqlkj] fo|qr {ks=k f=kT; gS vkSj bldh fn'kk
vkjs[k 15-20 esa n'kkZ;s vuqlkj ckgj dh vksj gSA

fp=k 15-20

fo|qr {ks=k 
→
E  izR;sd fcUnq ij i`"B ds vfHkyEcor~ gSA xkmlh i`"B ds izR;sd fcUnq ij

bldk eku E gSA

xkml ds fu;ekuqlkj]

0
cos 0

Q
E sΣ Δ ° =

ε

vFkok    2

0
4

Q
E rΔ ⋅ π =

ε

;k
2

04
=

πε
Q

E
r

blls ge bl ifj.kke ij igq¡prs gSa fd xksyh; dks'k ds ckgj fLFkr fdlh fcUnq ds fy;s
dks'k ij dqy vkos'k dks mlds dsUnz O ij vofLFkr ekuk tk ldrk gSA

;fn xksyh; dks'k ds LFkku ij ,d Bksl] vkosf'kr xksyk fy;k tkrk rc Hkh gesa ;gh ifj.kke
izkIr gksrkA bldk dkj.k ;g gS fd fdlh pkyd ij vkos'k lnSo mlds ckgjh i`"B ij
jgrk gSA
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(b) dks'k ds Hkhrj fdlh fcUnq ij {ks=k

dks'k ds dsUnz ls r nwjh ij ,d fcUnq P′ dh dYiuk dhft;s tks dks'k ds vUnj fLFkr gSA
bl fcUnq P′ ls xqtjrk gqvk ,d ladsanz xksyk cukb;sA

xkml ds fu;ekuqlkj]

0
cos 0

Q
E sΣ Δ ° =

ε

;k
2

0
4

Q
E r⋅ π =

ε

⇒   E = 0 D;ksafd Q = 0 ('kwU;)

vFkkZr~] fdlh xksyh; dks'k ds Hkhrj fdlh Hkh fcUnq ij fo|qr {ks=k dk eku 'kwU; gksrk gSA
;gh ifj.kke fdlh vkosf'kr Bksl] pkyd xksys ds fy;s Hkh lR; gSA

f=kT; nwjh r ds lkFk fo|qr {ks=k ds ifjorZu dks vkjs[k 15.20 esa n'kkZ;k x;k gSA

E =
1

4��
o

Q

R
2

–R–

E

r=R

fp=k 15.21

15-4-4 lery vkosf'kr 'khV ds dkj.k fo|qr {ks=k

,dleku :i ls vkosf'kr fdlh vuUr {ks=k dh lery 'khV ABCD ij fopkj dhft;s ftldk
i`"Bh; vkos'k ?kuRo σ gSA
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fp=k 15-22

;fn σ > 0 rks] lefefr ds dkj.k fo|qr {ks=k 'khV ds yEcor~ gksxk vkSj bldh fn'kk 'khV
ds ckgj dh vksj gksxhA eku yhft;s fd gesa 'khV ds lkeus fLFkr fdlh fcUnq P ij fo|qr
{ks=k dk eku Kkr djuk gSA flfyUMj (csyu) ds vkdkj dk xkmlh i`"B cukb;s] ftldh
v{k {ks=k dh fn'kk ds lekUrj gS vkSj ftldk ,d o`Ùkkdkj 'kh"kZ (fljk) P ls xqtjrk gSA
flfyUMj dk nwljk o`Ùkkdkj 'kh"kZ leferh; foijhr fcUnq P′ ls xqtjrk gSA tks 'khV ds nwljh
vksj gS vkSj ftldh nwjh fcanq P dh nwjh ds cjkcj gSA

nksuksa o`Ùkkdkj 'kh"kks± ls xqtjusokyk fo|qr ÝyDl gS]

2

→ →→ →
⋅Δ + ⋅ Δ = Δ + Δ

= Δ

E s E s E s E s

E s

xkmlh i`"B ds ofØr i`"B ls xqtjus okyk fo|qr ÝyDl gS% cos90 0.
→ →

⋅Δ = Δ ° =E s E s
vr% xkmlh flfy.Mj ls xqtjus okyk dqy ÝyDl gS%

2

→ →
φ = ⋅Δ

= Δ
∑E E s

E s

D;ksafd xkmlh flfy.Mj esa ifjc¼ vkos'k σΔs gS] xkml ds fu;e dk mi;ksx djds ge
fy[k ldrs gSa%

0

1
2 Δ = σΔ

ε
E s s

vFkok      
02

σ=
ε

E

è;ku nsa fd fo|qr {ks=k 'khV ls nwjh ij fuHkZj ugha djrk gSA
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15-5 oku Ms xzkiQ tfu=k

oku Ms xzkiQ tfu=k ,d fLFkj fo|qr ;qfDr gS tks nl yk[k oksYV dksfV dk foHkokUrj mRiUu
djrk gSA bldk uke blds vfHkdYid jkWcVZ ts- oku Ms xzkiQ ds uke ij j[kk x;k gSA

blesa ,d fo'kky [kks[kyk /krq dk xksyk S gksrk gS tks fo|qr jks/h LVS.M ij yxk gksrk gSA
jcj ;k js'ke tSls fdlh fo|qrjks/h inkFkZ dh cuh ,d yEch ladjh isVh (csYV) nks f?kfjZ;ksa
P1 rFkk P2 ij ?kweus ds fy, fp=k 15.23 esa n'kkZ, vuqlkj bu ij p<+h gksrh gSaA f?kjhZ P2

xksys S ds dsUnz ij yxh gksrh gS vkSj P1 ryh ds fudV yxh gksrh gSA f?kjhZ P1 dks ,d
fo|qr eksVj M }kjk ?kqek dj isVh dks yxkrkj xfr esa j[kk tkrk gSA da?kh ds vkdkj ds
nks pkyd] C1 ,oa C2 ftlesa vusd uqdhys fcUnq gksrs gSa&oSls gh tSls /krq dh lqbZ;ksa esa gksrs
gSa] ;s f?kfjZ;ksa ds fudV yxs gksrs gSaA

fp=k 15-23

lqb;ksa dh uksdsa isVh dh vksj gksrh gSaA da?kh ds vkdkj ds pkyd C1 dks ,d mPpoksYVrk
'kfDr lzksr dh lgk;rk ls i`Foh dh rqyuk esa vR;qPp foHko (~104 V) ij cuk, j[kk tkrk
gSA Åijh da?kh C2 dks /krq ds xksys S dh vkarfjd lrg ls tksM+dj j[kk tkrk gSA

da?kh dh vkÑfr ds pkyd C1 ds uqdhys fljksa ds fudV vkos'k ?kuRo vkSj fLFkj fo|qr
{ks=k vR;qPp gksrs gSaA muds uqdhys fljksa ds fudV izcy fLFkj fo|qr {ks=k] ok;q dh fo|qr'khyrk
dks Hkax dj nsrk gS vkSj bl izØe esa vk;u (/u ,oa ½.k nksuksa izdkj ds) mRiUu dj
nsrk gSA ;g ifj?kVuk ifjeaMy fujkos'ku (dksjksuk fMLpktZ) dgykrh gSA ok;q dk ½.k vkos'k
lqb;ksa dh vksj ,oa /u vkos'k isVh dh vksj xfr djrk gSA ½.k vkos'k da?kh C1 ds dqN
/u vkos'k dks mnklhu cuk nsrk gSA fdUrq C1 dks vkSj vf/d vkos'k iznku djds 'kfDr
iznk; blds /u vkos'k dks cuk, j[krk gS] tSls gh /u vkos'k xzg.k djds isVh C2 dh
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vksj tkrh gSA blds vkl&ikl dh ok;q dksjksuk fMLpktZ ds dkj.k pkyd gks tkrh gSA ok;q
ds ½.k vkos'k isVh esa fufgr /u vkos'kksa dks mnklhu cukus ds fy, isVh dh vksj vkrs
gSa tcfd ok;q ds /u vkos'k da?kh C2 dh lqb;ksa dh vksj pyrs gSaA bl rjg ;s /u vkos'k
pkyd xksys S dh vkUrfjd i`"B ij tkrs gSa vkSj ogk¡ ls rqjar blds ckÞ; i`"B ij vk
tkrs gSaA

;g izØe pyrk jgrk gS] blls xksys ds Åij /u vkos'k c<+rk tkrk gS vkSj bldk foHko
vR;qPp gks tkrk gSA

D;ksafd vkl&ikl dh gok lkekU; nkc ij gS blfy, xksys ls vkos'k dk {kj.k gksus yxrk
gSA bl {kj.k dks jksdus ds fy, e'khu dks ,d HkwlEifdZr /krq ds psEcj T ls ?ksj dj
j[krs gSa vkSj blds vUnj mPp nkc ij ok;q Hkj nsrs gSaA

oku Ms xzkiQ tfu=k dk mi;ksx djds 50 yk[k oksYV (5 MV) rd dk foHko izkIr fd;k
tk pqdk gSA dqN tfu=k rks 20 MV rd dk mPp foHko Hkh mRiUu dj ysrs gSaA

oku Ms xzkiQ tfu=k dk mi;ksx vk;u iaqtksa dks Rofjr djds mudh ÅtkZ c<+kus ds fy,
fd;k tkrk gS vkSj bu mPp ÅtkZ vkosf'kr d.kksa dk mi;ksx ukfHkdh; vfHkfØ;kvksa ds vè;;u
ds fy, fd;k tkrk gSA

ikBxr iz'u 15-4

1. ;fn fdlh xkml ry ls xqtjus okyk fo|qr ÝyDl 'kwU; gS] rks D;k bldk vFkZ vo';
gh ;g gqvk fdμ

(a) lrg osQ vUnj oqQy vkos'k 'kwU; gS\

(b) lrg osQ izR;sd fcanq ij fo|qr {ks=k 'kwU; gS\

(c) lrg ij igqapus vkSj lrg ls ckgj fudyus okyh fo|qr cy js[kkvksa dh la[;k
leku gSA

2. ;fn fo|qr {ks=k 3.0 × 106 N C–1 ls vfèkd gks tkrk gS rks gok esaa LiqQfyax mRiUu gksaxs
(Likfd±x gksxh)A ,d xksyk ftldh f=kT;k 5.0 cm gks fcuk Likfd±x iSnk fd, vfèkdre
fdruk vkos'k èkkj.k dj ldrk gS\

3. ,d fo|qr f}/qzo ij yxus okys usV cy osQ ifjek.k vkSj fn'kk ,oa cy vk?kw.kZ dh
x.kuk djsa tcfd ;g

(a) ,dleku fo|qr {ks=k osQ lekarj j[kk gS] vkSj

(b) vleku fo|qr {ks=k osQ lekarj j[kk gSA
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vkius D;k lh[kk

dk¡p dh NM+ dks js'ke ls jxM+us vkSj jcM+ dks iQj ls jxM+us ij fo|qr vkos'k mRiUu
gksrk gSA

ijaijkuqlkkj] dk¡p dh NM+ ij vkos'k èkukRed vkSj jcM+ ij vkos'k ½.kkRed fy;k
tkrk gSA

vkos'k lajf{kr vkSj DokaVhÑr (bySDVªkWu osQ vkos'k osQ xq.kdksa osQ :i esa) jgrk gSA

ltkrh; vkos'k ,d&nwljs dks izfrdf"kZr djrs gSa vkSj fotkrh; vkos'k ,d&nwljs dks vkdf"kZr
djrs gSaA

owQykWe dk fu;e nks fcanq vkos'ksa osQ chp dk;Z djus okys cy dk ifjek.k o fn'kk
crykrk gS %

F = k 1 2
2

q q

r

×
 r̂

tgk¡ ij  k =  
0

1

4πε
 = 9.0 × 109  N m² C–².

izÑfr esa vkos'k dk lcls NksVk ek=kd bysDVªkWu dk vkos'k gksrk gSA

e = 1.60 × 10–19  (owQykWe)

fdlh vkos'k q osQ dkj.k fno~Q&LFkku essa fdlh fcanq ij fo|qr {ks=k E ml LFkku ij bdkbZ
ijh{k.k vkos'k ij yxus okys cy osQ cjkcj gksrk gSA

E = F/ q
0   

 = k × 2

q

r
r̂

vè;kjksi.k dk fl¼kUr vkos'kksa osQ ,d lewg osQ dkj.k ,d vU; vkos'k ij yxs fo|qr
cy dh x.kuk djus esa dke vk ldrk gSA ;g cgqr&ls vkos'kksa osQ dkj.k ,d fcaanq
ij fo|qr {ks=k osQ fy, Hkh ykxw gksrk gSA

fo|qr f}èkzqo nks leku ifjek.k okys foijhr vkos'kksa okys ra=k dks dgrs gSa] tks ,d&nwljs
ls ,d NksVh nwjh ls i`FkdÑr gksaA bldk f}èkqzo vk?kw.kZ | p | = qr gksrk gSA – q o +q ij
yxus okys cyksa dh fn'kk ,d nwljs osQ foijhr gksrh gSA

,d f}èkqzo }kjk v{kh; fLFkfr esa fo|qr {ks=k fuEu lw=k ls fu:fir fd;k tkrk gS_

E = 3
0

1 2

4 rπε
p

vkSj fuj{kh; fLFkfr eas_ E = 3
0

1
–

4 rπ ε
p

.
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fo|qr cy&js[kk,a {ks=k osQ fu:i.k dh js[kkfp=kh; i¼fr gSa A
fo|qr ÝyDl fdlh {ks=k ls xqtjus okyh oqQy fo|qr js[kkvksa dh la[;k gSA bls Eφ = E . A

lw=k ls ifjHkkf"kr fd;k tkrk gSA

xkml osQ fu;e osQ vuqlkj ,d ry ls vkc¼ vkos'k osQ dkj.k ry ls xqtjrk ÝyDl]

vkos'k dks 
0

1

ε
 ls xq.kk djus ij izkIr gksrk gSA

,d js[kh; vkos'k osQ dkj.k fo|qr {ks=k osQ fy, O;atd 
02

E
r

σ=
πε
l  gksrk gSA

ikBkar iz'u

1. ,d + 12 μ C vkos'k nwljk –18 μ C vkos'k x  v{k ij Øe'k% x = 20 cm vkSj  x =

29 cm dh fLFkfr ij gSA – 18 μC osQ vkos'k ij yxus okys cy dk ifjek.k ,oa fn'kk
Kkr djsaA 12 μC osQ vkos'k ij yxus okys cy dh fn'kk D;k gS\

2. 3 ehVj nwjh ls i`FkDÑr nks fcanq vkos'kksa q
1
 vkSj q

2
 osQ chp yxus okyk cy  16 ×

10–15 N gSA q
1
 = q

2
 = q dh fLFkfr esa cy dk ifjek.k Kkr djsaA ;fn i`FkDdj.k nwjh

6-0 ehVj dj nh tk, rks cy dk ifjek.k D;k gksxk\

3. nks fcanq vkos'k ,d&nwljs ls x nwjh ls i`FkDÑr gSaA izR;sd vkos'k dk eku +q gS vkSj
muosQ chp yxus okyk cy F gSA vc fcanq vkos'kksa osQ LFkku ij nks leku +q

 
vkos'k

ifjek.k osQ xksys j[k fn, tkrs gSa ftuosQ osQUnzksa dh nwjh Hkh x gh gSA D;k muosQ chp
yxus okys cy osQ eku esa ifjorZu gksxk\ vius mÙkj dh iqf"V eas dkj.k nsaA

4. 16 cm nwj j[ks nks fcanq vkos'kksa osQ chp fuokZr esa yxus okyk izfrd"kZ.k cy 7.5 ×

10–10 N gSA muosQ chp ijkoS|qrkad K = 2.5 dk ekè;e j[k nsus ij yxus okys cy
dk eku D;k gksxk\

5. nks x nwjh ls i`FkDÑr izksVkWuksa osQ chp yxus okys fo|qr cy o xq#Roh; cy dh rqyuk
djsaA fn;k gS izksVkWu dk vkos'k = 1.60 × 10–19 C, izksVkWu dk nzO;eku = 1.67 × 10–27

kg ,oa xq#Roh; fLFkjkad G = 6.67 × 10 –11 N m2 kg–2.

6. pkj +q vkos'k ,d oxZ osQ pkjksa dksuksa ij j[ks x, gSaA oxZ osQ osQUnz ij j[ks +q
0
 ek=kk

osQ ijh{k.k vkos'k ij ifj.kkeh cy dk ifjek.k ,oa fn'kk D;k gksaxs\

7. fo|qr {ks=k js[kk,¡ ijLij lekarj dc gksrh gSa\

8. ,d èkkRoh; xksys dks + 6.4 × 10–7 C vkos'k iznku djus osQ fy;s fdrus bysDVªkWuksa dks
gVkuk iM+sxk\

9. ,d q = 3.0 × 10–6 C o 2l = 4 × 10–10 m osQ f}èkqzo ij fopkj djsa vkSj bldk f}èkzo
vk?kw.kZ dk ifjek.k Kkr djsaaaA fo"kqorjs[kh; ry ij r = 6 × 10–6 m nwjh ij fo|qr {ks=k
dh x.kuk djsaA
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10. ,d –q = 15 × 10-6 C vkos'k ,d R=3.0 mm f=kT;k osQ /kRoh; xksys ij j[kk tkrk
gSA xksys osQ osQUnz ls r =15 cm dh nwjh ij fo|qr {ks=k dk ifjek.k vkSj mldh fn'kk
Kkr djsaA ;fn bl xksys dks 9.0 mm f=kT;k osQ leku vkos'k okys xksys ls cny fn;k
tk, rks mi;qZDr fcanq (r = 15 cm) ij {ks=k dk ifjek.k ,oa fn'kk D;k gksxh\

11. ,d +15 μC dk vkos'k 20 cm f=kT;k osQ ,d xksys osQ osQUnz ij fLFkr gSA xksys dh lrg
ls xqtjus okys fo|qr ÝyDl dk eku Kkr dhft,A

12. fdlh izksVkWu dks ,dleku fo|qr {s=k E = 8.0 × 104 N C–1 esa j[kk x;k gSA izksVkWu dk
Roj.k Kkr djsaA

13. nks fcanq vkos'k  q
1
 vkSj q

2
  3.0 cm nwj gSaA ;fn (q

1
 + q

2
) = 20 μC vkSj muosQ chp yxus

okyk  izfrd"kZ.k cy 750 N gks] rks q
1
vkSj q

2 
osQ eku Kkr djsaA

      ikBxr iz'uksa osQ mÙkj

15-1

1. (i) gk¡ (ii) vkos'k = 3.2 × 10–17 C.

2. A osQ ikl + Q vkos'k gSA tc A vkSj B laioZQ esa yk, tk;saxs rks vkos'k leku :i ls
forfjr gks tk,xkA

(i) gk¡ (ii)  + Q/2

3. q = 4.8 × 10–16

pwafd Ne = q :

N = 
–16

–19

4.8×10

1.6×10
 = 3.0 × 103  vkos'k

15-2

1. Q
1 
= 16 μC, Q

2
 = 12 µC vkSj r = 12 m

pawfd

F = 
0

1

4πε  1 2
2

q q

r

= 
9 2 -2 –6 –6

2

(9×10  N m  C )(16×10  C)×(12×10  C)

144 m

 = 9× 10–3 N
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(i) fn'kk q
2
 ls q

1 
dh vksj

(ii) fn'kk q
1
 ls q

2 
dh vksj

2. fcanq A ij fcanq B osQ vkos'k osQ dkj.k cy  F
1
 = k 

2

2

q

a
 tgk¡ AB = a

pwafd AD = AC, blfy, A ij fcUnq B ij fo|eku vkos'k osQ dkj.k cy

F
2
  = k 

2

2

q

a

R2 = 2 2
1 2+F F  = 2 F 2

R = 2F  gS vkSj F ls 45° dk dks.k curk gS

15-3

1.  (a) E  + x v{k dh fn'kk esa

 (b) E + y v{k dh fn'kk esa

 (c) x v{k ls 45º osQ dks.k ij

 2. AB = AC = 40 cm

1 22
| | | |= =kq

r
E E  = 

9 2 –2 –6
5 –1

2

9×10  N m  C ×(2×10  C)
=1.125×10  N C

(0.40 m)

E
1
 vkSj E

2
 dk ifj.kkeh BC osQ lekUrj gksxkA vr%

R2 = 2
1E  + 2

2E  + 2E
1
 E

2
 cos 150

= 2 E 2 + 2 E 2 cos (180-30)

= 2 E 2 – 2 E 2 × cos 30 = 2 E 2 
3

1+
2

⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠

= 4.723 × 1010 N2 C–2.

bldh fn'kk BC osQ lekUrj (B ls C dh vksj) gksxhA

fp=k 15-24
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3. E i`Foh dh vksj funsZf'kZr gSA ½.kkRed vkos'k ij ÅèokZèkjr% Åij dh vksj cy yxsxkA

4. nks vkos'ksa osQ chp eè; fcanq ij {ks=k 'kwU; gksxkA

15-4

1.  (i) gk¡ (ii) vko';d :i ls ugha (iii) gk¡

2. 2
04

=
πε

Q
E

r

∴ Q = 2
04πε r E

= (3 × 106 N C–1) × 9 2 –2

1

(9 10  N m  C )× × (25 × 10–4 m2)

= 8.3 × 10 – 7 C

3. (a) F  = 0, τττττ = 0

(b) F ≠ 0 τττττ = 0

ikBkUr iz'uksa osQ mÙkj

1. 240 N cy ½.kkRed x- v{k dh fn'kk esa_ +12 µC vkos'k ij cy èkukRed  x-fn'kk
esa gksxkA

2. q = 4 × 10–3 C 4. 3 × 10–10 N

5. oS|qr cy xq#Roh; cy dk yxHkx  1036 xquk gSA

6. 'kwU; 8. 4 × 1012 bysDVªkWu

9. 12 × 10–16 cm,  0.5 × 1015 ;k N C–1

10. 6 × 106 N C–1 osQUnz dh vksj] leku {ks=k

11. 1.7 × 106 V m 12. 7.6 × 1012 m s–2

13. 15 µC vkSj 5 µC.
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