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oS|qr vkos'k rFkk {ks=k

 mnkgj.k 1
.1

nwj okys Hkkx ij igq¡p tkrk gS ¹,slk rc Hkh gksrk gS tc gydh oLrq pkyd ugha gksrhA ;g
izfØ;k fdl izdkj gksrh gS bldk Li"Vhdj.k ckn esa vuqPNsn 1.10 rFkk 2.10 esa fd;k x;k
gS ]A nksuksa izdkj osQ vkos'kksa osQ osaQnzksa esa oqQN i`Fkdu gksrk gSA ge tkurs gSa fd ltkrh; vkos'kksa
esa izfrd"kZ.k rFkk fotkrh; vkos'kksa esa vkd"kZ.k gksrk gSA rFkkfi] cy dk ifjek.k vkos'kksa osQ chp
nwjh ij fuHkZj djus osQ dkj.k vkd"kZ.k cy izfrd"kZ.k cy dh rqyuk esa vf/d gksrk gSA
iQyLo:i dkxT+k osQ VqdM+s] ljoaQMs dh xksyh vkfn gyosQ gksus osQ dkj.k NM+ dh vksj ¯[kp
vkrs gSaA

mnkgj.k 1.1 vki fdlh /krq osQ xksys dks Li'kZ fd, fcuk oSQls /ukosf'kr dj ldrs gSa\

gy  fp=k 1.5(a) esa fdlh fo|qrjks/h /krq osQ LVSaM ij dksbZ vukosf'kr /krq dk xksyk j[kk

n'kkZ;k x;k gSA fp=k 1.5(b) esa n'kkZ, vuqlkj bl xksys osQ fudV dksbZ ½.kkosf'kr NM+ ykb,A

xksys osQ eqDr bysDVªkWu izfrd"kZ.k osQ dkj.k nwj tkdj nwjLFk fljs ij ,d=k gks tkrs gSaA ikl

dk fljk bysDVªkWuksa dh deh osQ dkj.k /ukosf'kr gks tkrk gSA tc xksys dh /krq osQ eqDr

bysDVªkWuksa ij yxus okyk usV cy 'kwU; gks tkrk gS rks vkos'kksa osQ forj.k dh ;g izfØ;k can

gks tkrh gSA fdlh pkyd rkj }kjk xksys dks Hkwlai£dr dhft,A bysDVªkWu Hkwfe esa izokfgr gks

tk,¡xs tcfd ikl osQ fljs dk /ukos'k] NM+ osQ ½.kkos'k osQ vkd"kZ.k cy osQ dkj.k fp=k

1.5(c) esa n'kkZ, vuqlkj c¼ jgsxkA xksys dk HkwlaioZQ rksM+ nhft,A ikl osQ fljs ij /ukos'k

dh c¼rk cuh jgrh gS ¹fp=k 1.5(d)ºA fo|qUe; NM+ dks gVk yhft,A fp=k 1.5(e) esa n'kkZ,

vuqlkj /ukos'k xksys osQ i`"B ij ,dleku :i ls iSQy tkrk gSA

fp=k 1.5

bl iz;ksx esa /krq dk xksyk izsj.k dh izfØ;k }kjk vkosf'kr gks tkrk gS rFkk NM+ viuk
dksbZ vkos'k ugha [kksrhA

izsj.k }kjk /krq osQ xksys dks ½.kkosf'kr djus dh izfØ;k osQ Hkh ;s gh pj.k gksrs
gSa] blesa /ukosf'kr NM+ xksys osQ lehi ykbZ tkrh gSA bl izdj.k esa bysDVªkWu Hkwfe ls
xksys esa ml le; LFkkukarfjr (izokfgr) gksrs gSa tc rkj }kjk xksys dks Hkwlai£dr fd;k
tkrk gSA D;k vki bldk dkj.k Li"V dj ldrs gSa\

izsj.k }kjk nks xksy
ksa osQ fud

k; osQ v
kos'ku l
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h izHkkoh l
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ho fp

=k.k
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1.5  oS|qr vkos'k osQ ewy xq.k
geus ;g ns[kk gS fd nks izdkj osQ vkos'k gksrs gSaµ /ukos'k rFkk ½.kkos'k rFkk buesa ,d&nwljs
osQ izHkko dks fujLr djus dh izo`fÙk gksrh gSA vc] ge ;gk¡ oS|qr vkos'k osQ vU; xq.kksa dk o.kZu
djsaxsA

;fn vkosf'kr oLrqvksa dk lkb”k muosQ chp dh nwjh dh rqyuk esa cgqr de gksrk gS rks ge
mUgsa ̄ cnq vkos'k ekurs gSaA ;g eku fy;k tkrk gS fd oLrq dk laiw.kZ vkos'k vkdk'k esa ,d ̄ cnq
ij laosaQfnzr gSA

1.5.1  vkos'kksa dh ;ksT;rk

vc rd geus vkos'k dh ifjek.kkRed ifjHkk"kk ugha nh gS_ bls ge vxys vuqHkkx esa le>saxsA
varfje :i esa ge ;g ekusaxs fd ,slk fd;k tk ldrk gS vkSj fiQj vkxs c<+saxsA ;fn fdlh fudk;
esa nks ̄ cnq vkos'k q1 rFkk q2 gSa rks fudk; dk oqQy vkos'k q1 rFkk q2  dks chtxf.krh; jhfr ls
tksM+us ij izkIr gksrk gS] vFkkZr vkos'kksa dks okLrfod la[;kvksa dh Hkk¡fr tksM+k tk ldrk gS vFkok
vkos'k nzO;eku dh Hkk¡fr vfn'k jkf'k gSA ;fn fdlh fudk; esa n vkos'k q1, q2 

,
 
q3... qn, gSa rks

fudk; dk oqQy vkos'k q1 + q2 + q3 + …+ qn gSA vkos'k dk nzO;eku dh Hkk¡fr gh ifjek.k gksrk
gS fn'kk ugha gksrhA rFkkfi vkos'k rFkk nzO;eku esa ,d varj gSA fdlh oLrq dk nzO;eku lnSo
/ukRed gksrk gS tcfd dksbZ vkos'k ;k rks /ukRed gks ldrk gS vFkok ½.kkRedA fdlh fudk;
osQ vkos'k dk ;ksx djrs le; mlosQ mi;qDr fpÉ dk mi;ksx djuk gksrk gSA mnkgj.kkFkZ] fdlh
fudk; esa fdlh ;kn`fPNd ek=kd esa ekis x, ik¡p vkos'k +1, +2, –3, +4 rFkk –5 gSa] rc mlh
ek=kd esa fudk; dk oqQy vkos'k = (+1) + (+2) + (–3) + (+4) + (–5) = –1 gSA

1.5.2  oS|qr vkos'k lajf{kr gS

ge bl rF; dh vksj igys gh laosQr ns pqosQ gSa fd tc oLrq,¡ jxM+us ij vkosf'kr gksrh gSa rks
,d oLrq ls nwljh oLrq esa bysDVªkWuksa dk LFkkukarj.k gksrk gS] dksbZ u;k vkos'k mRiUu ugha gksrk
gS] vkSj u gh vkos'k u"V gksrk gSA oS|qr vkos'k;qDr d.kksa dks ǹf"V esa yk,¡ rks gesa vkos'k osQ laj{k.k
dh /kj.kk le> esa vk,xhA tc ge nks oLrqvksa dks ijLij jxM+rs gSa rks ,d oLrq ftruk vkos'k
izkIr djrh gS] nwljh oLrq mruk vkos'k [kksrh gSA cgqr lh vkosf'kr oLrqvksa osQ fdlh fo;qDr
fudk; osQ Hkhrj] oLrqvksa esa vU;ksU; fØ;k osQ dkj.k] vkos'k iqu% forfjr gks ldrs gSa] ijarq ;g
ik;k x;k gS fd fo;qDr fudk; dk oqQy vkos'k lnSo lajf{kr jgrk gSA vkos'k&laj{k.k dks
izk;ksfxd :i ls LFkkfir fd;k tk pqdk gSA

;|fi fdlh izfØ;k esa vkos'kokgh d.k mRiUu vFkok u"V fd, tk ldrs gSa] ijarq fdlh
fo;qDr fudk; osQ usV vkos'k dks mRiUu djuk vFkok u"V djuk laHko ugha gSA dHkh&dHkh izòQfr
vkosf'kr d.k mRiUu djrh gS % dksbZ U;wVªkWu ,d izksVkWu rFkk ,d bysDVªkWu esa :ikarfjr gks tkrk
gSA bl izdkj mRiUu izksVkWu rFkk bysDVªkWu ij] ifjek.k esa leku ,oa fotkrh; (foijhr) vkos'k
mRiUu gksrs gSa rFkk bl jpuk ls iwoZ vkSj jpuk osQ i'pkr dk oqQy vkos'k 'kwU; jgrk gSA

1.5.3  oS|qr vkos'k dk DokaVehdj.k

izk;ksfxd :i ls ;g LFkkfir fd;k x;k gS fd lHkh eqDr vkos'k ifjek.k esa vkos'k dh ewy bdkbZ]
ftls e }kjk n'kkZ;k tkrk gS] osQ iw.kk±dh xq.kt gSaA bl izdkj] fdlh oLrq osQ vkos'k q dks lnSo
bl izdkj n'kkZ;k tkrk gS µ
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q = ne

;gk¡ n dksbZ /ukRed vFkok ½.kkRed iw.kk±d gSA vkos'k dh ;g ewy bdkbZ bysDVªkWu vFkok izksVkWu
osQ vkos'k dk ifjek.k gSA ifjikVh osQ vuqlkj] bysDVªkWu osQ vkos'k dks ½.kkRed ekurs gSa_
blhfy, fdlh bysDVªkWu ij vkos'k –e rFkk izksVkWu ij vkos'k +e }kjk O;Dr djrs gSaA

oS|qr vkos'k lnSo e dk iw.kk±d xq.kt gksrk gSA bl rF; dks vkos'k dk DokaVehdj.k dgrs
gSaA HkkSfrdh esa ,slh cgqr lh vofLFkfr;k¡ gSa tgk¡ oqQN HkkSfrd jkf'k;k¡ DokaVho`Qr gSaA vkos'k osQ
DokaVehdj.k dk lq>ko loZizFke vaxzs”k iz;ksxdrkZ iSQjkMs }kjk [kksts x, fo|qr vi?kVu osQ
izk;ksfxd fu;eksa ls izkIr gqvk FkkA lu~ 1912 esa fefydu us bls okLro esa izk;ksfxd :i ls
fun£'kr fd;k FkkA

ek=kdksa dh varjkZ"Vªh; iz.kkyh (SI) esa vkos'k dk ek=kd owQykWe gS] ftldk izrhd C gSA ,d
owQykWe dks fo|qr /kjk osQ ek=kd osQ inksa esa ifjHkkf"kr fd;k tkrk gS ftlosQ fo"k; esa vki vxys
vè;k; esa lh[ksaxsA bl ifjHkk"kk osQ vuqlkj] ,d owQykWe og vkos'k gS tks fdlh rkj esa 1 A

(,ssfEi;j) /kjk 1 lsoaQM rd izokfgr djrk gS ¹HkkSfrdh dh ikB~;iqLrd d{kk 11] Hkkx 1 dk
vè;k; 2 nsf[k,ºA bl iz.kkyh esa] vkos'k dh ewy bdkbZ

e = 1.602192 × 10–19 C

bl izdkj] –1C vkos'k esa yxHkx 6 × 1018 bysDVªkWu gksrs gSaA fLFkjoS|qfrdh esa brus fo'kky
ifjek.k osQ vkos'kksa ls ;nk&dnk gh lkeuk gksrk gS vkSj blhfy, ge blosQ NksVs ek=kdksa 1 µC

(ekbØksowQykWe) = 10–6 C vFkok 1 mC (feyhowQykWe) = 10–3 C dk mi;ksx djrs gSaA
;fn osQoy bysDVªkWu rFkk izksVkWu gh fo'o esa vkos'k osQ ewy ek=kd gSa rks lHkh izsf{kr vkos'kksa

dks e dk iw.kk±d xq.kt gksuk pkfg,A bl izdkj ;fn fdlh oLrq esa n1 bysDVªkWu rFkk n2 izksVkWu gSa
rks ml oLrq ij oqQy vkos'k n2 × e + n1 × (–e) = (n2 – n1) e gSA pw¡fd n1 rFkk n2 iw.kk±d
gSa] budk varj Hkh ,d iw.kk±d gSA vr% fdlh oLrq ij vkos'k lnSo e dk iw.kk±d xq.kt gksrk gS
ftls e osQ pj.kksa esa gh ?kVk;k vFkok c<+k;k tk ldrk gSA

¯drq] ewy ek=kd e dk lkb”k cgqr NksVk gksrk gS vkSj LFkwy Lrj ij ge oqQN µC osQ vkos'kksa
dks O;ogkj esa ykrs gSa] bl iSekus ij ;g rF; n`f"Vxkspj ugha gksrk fd fdlh oLrq dk vkos'k
e osQ ek=kdksa esa ?kV vFkok c<+ ldrk gSA vkos'k dh df.kdh; izo`Qfr yqIr gks tkrh gS vkSj ;g
lrr izrhr gksrk gSA

bl fLFkfr dh rqyuk ¯cnq rFkk js[kk dh T;kferh; ifjdYiukvksa ls dh tk ldrh gSA nwj
ls ns[kus ij dksbZ ̄ cnqfdr js[kk gesa lrr izrhr gksrh gS ijarq og okLro esa lrr ugha gksrhA ftl
izdkj ,d&nwljs osQ vR;f/d fudV osQ cgqr ls ¯cnq gesa lrr js[kk dk vkHkkl nsrs gSa] mlh
izdkj ,d lkFk ysus ij cgqr ls NksVs vkos'kksa dk ladyu Hkh lrr vkos'k forj.k tSlk fn[kkbZ
nsrk gSA

LFkwy Lrj ij ge ,sls vkos'kksa ls O;ogkj djrs gSa tks bysDVªkWu e osQ vkos'k dh rqyuk esa
ifjek.k esa vR;f/d fo'kky gksrs gSaA pw¡fd e = 1.6 × 10–19 C, ifjek.k esa 1 µC vkos'k esa ,d
bysDVªkWu osQ vkos'k dk yxHkx 1013 xquk vkos'k gksrk gSA bl iSekus ij] ;g rF; fd fdlh oLrq
esa vkos'k dh deh vFkok o`f¼ osQoy e osQ ek=kdksa esa ghs gks ldrh gS] bl dFku ls loZFkk fHkUu
ugha gS fd vkos'k lrr eku xzg.k dj ldrk gSA bl izdkj] LFkwy Lrj ij vkos'k osQ DokaVhdj.k
dk dksbZ O;kogkfjd egÙo ugha gS rFkk bldh mis{kk dh tk ldrh gSA lw{e Lrj ij tgk¡ vkos'k
osQ ifjek.k e osQ oqQN n'kd vFkok oqQN 'krd dksfV osQ gksrs gSa vFkkZr ftudh x.kuk dh tk
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ldrh gS] ogk¡ ij vkos'k fofoDr izrhr gksrs gSa rFkk vkos'k osQ DokaVehdj.k dh mis{kk ugha dh
tk ldrhA vr% ;g tkuuk cgqr egRoiw.kZ gS fd fdl ifjek.k osQ vkos'k dh ckr gks jgh gSA

mnkgj.k 1.2 ;fn fdlh fiaM ls ,d lsoaQM esa 109 bysDVªkWu fdlh vU; fiaM esa LFkkukarfjr
gksrs gSa rks 1C vkos'k osQ LFkkukarj.k esa fdruk le; yxsxk\

gy 1lsoaQM esa ̄ iM ls 109 bysDVªkWu fudyrs gSa] vr% ̄ iM }kjk 1s esa fn;k tkus okyk vkos'k
1.6 × 10–19 × 109 C = 1.6 × 10–10 C
rc 1 C vkos'k osQ lafpr gksus osQ le; dk vkdyu 1 C ÷ (1.6 × 10–10 C/s)

= 6.25 × 109 s = 6.25 × 109 ÷ (365  × 24 × 3600) o"kZ = 198 o"kZA bl izdkj ftl
fiaM ls 109 bysDVªkWu izfr lsoaQM dh nj ls mRltZu gks jgk gS] mlls 1 C vkos'k lafpr djus
esa yxHkx  200 o"kZ yxsaxsA vr% cgqr ls O;kogkfjd dk;ks± dh n`f"V ls ,d owQykWe vkos'k dk
,d vfr fo'kky ek=kd gSA
rFkkfi ;g tkuuk Hkh vfr egRoiw.kZ gS fd fdlh inkFkZ osQ 1 ?ku lsaVhehVj VqdM+s esa
yxHkx fdrus bysDVªkWu gksrs gSaA  1 cm Hkqtk osQ rk¡cs osQ ?ku esa yxHkx 2.5 × 1024 bysDVªkWu
gksrs gSaA

mnkgj.k 1.3 ,d di ty esa fdrus /u rFkk ½.k vkos'k gksrs gSa\

gy  eku yhft, fd ,d di ty dk nzO;eku 250 g gSA ty dk v.kq nzO;eku 18 g gSA
bl izdkj ,d eksy (= 6.02 × 1023 v.kq) ty dk nzO;eku 18 g gSA vr% ,d di ty esa
v.kqvksa dh la[;k = (250/18) × 6.02 × 1023 A
ty osQ izR;sd v.kq esa nks gkbMªkstu ijek.kq rFkk ,d vkWDlhtu ijek.kq gksrk gS] vFkkZr] 10

bysDVªkWu rFkk 10 izksVkWu gksrs gSaA vr% oqQy /u rFkk oqQy ½.k vkos'k ifjek.k esa leku gksrs
gSaA vkos'k dk ;g ifjek.k = (250/18) × 6.02 × 1023 × 10 × 1.6 × 10–19 C =
1.34 × 107 C

1.6  owQykWe fu;e
owQykWe fu;e nks ¯cnq vkos'kksa osQ chp yxs cy osQ fo"k; esa ,d ek=kkRed izdFku gSA tc
vkosf'kr oLrqvksa osQ lkb”k mudks i`Fkd djus okyh nwjh dh rqyuk esa cgqr de gksrs gSa rks ,slh
vkosf'kr oLrqvksa osQ lkb”kksa dh mis{kk dh tk ldrh gS vkSj mUgsa ¯cnq vkos'k ekuk tk ldrk
gSA owQykWe us nks ¯cnq vkos'kksa osQ chp yxs cy dh eki dh vkSj ;g ik;k fd ;g cy nksuksa
vkos'kksa osQ ifjek.kksa osQ xq.kuiQy osQ vuqØekuqikrh rFkk muosQ chp dh nwjh osQ oxZ osQ
O;qRØekuqikrh gS rFkk ;g nksuksa vkos'kksa dks feykus okyh js[kk osQ vuqfn'k dk;Z djrk gSA bl izdkj
;fn nks ¯cnq vkos'kksa q1 rFkk q2 osQ chp fuokZr esa i`Fkdu r gS] rks buosQ chp yxs cy (F) dk
ifjek.k gS

= 21
2

q q
F k

r
(1.1)

vius iz;ksxksa ls fdl izdkj owQykWe bl fu;e rd igq¡ps\ owQykWe us /krq osQ nks vkosf'kr
xksyksa osQ chp yxs cy dh eki osQ fy, ,saBu rqyk*  dk mi;ksx fd;kA tc nks xksyksa osQ chp
i`Fkdu izR;sd xksys dh f=kT;k dh rqyuk esa cgqr vf/d gksrk gS rks izR;sd vkosf'kr xksys dks
¯cnq vkos'k eku ldrs gSaA rFkkfi vkjaHk djrs le; xksyksa ij vkos'k vKkr FksA rc og fdl izdkj

* ,saBu rqyk cy ekius dh ,d lqxzkgh ;qfDr gSA bl rqyk dk mi;ksx ckn esa oSQosafM'k us nks fiaMksa osQ chp yxs
xq#Rokd"kZ.k cy dh eki osQ fy, Hkh djosQ U;wVu osQ xq#Rokd"kZ.k fu;e dks lR;kfir fd;kA
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lehdj.k (1.1) tSls laca/ dks [kkst ik,\ owQykWe us fuEufyf[kr ljy
mik; lkspkµeku yhft, /krq osQ xksys ij vkos'k q gSA ;fn bl xksys dks
blosQ loZle fdlh vU; vukosf'kr xksys osQ laioZQ esa j[k nsa rks vkos'k q
nksuksa xksyksa ij iSQy tk,xkA lefefr osQ vuqlkj] izR;sd xksys ij q/2*

vkos'k gksxkA bl izfØ;k dks nksgjkdj ge q/2, q/4 vkfn vkos'k izkIr dj
ldrs gSaA owQykWe us vkos'kksa osQ fu;r ;qxy osQ fy, nwfj;ksa esa ifjorZu djosQ
fofHkUu nwfj;ksa osQ fy, cy dh eki dhA rRi'pkr mUgksaus izR;sd ;qxy osQ
fy, nwjh fu;r j[kdj ;qxyksa esa vkos'kksa esa ifjorZu fd;kA fofHkUu nwfj;ksa ij
vkos'kksa osQ fofHkUu ;qxyksa osQ fy, cyksa dh rqyuk djosQ owQykWe lehdj.k (1.1)
osQ laca/ ij igq¡p x,A

owQykWe fu;e tks fd ,d ljy xf.krh; dFku gS] ml rd vkjaHk esa]
Åij o£.kr iz;ksxksa osQ vk/kj ij igq¡pk x;kA ;|fi bu ewy iz;ksxksa us bls
LFkwy Lrj ij LFkkfir fd;k] voijek.kqd Lrj  (r ~ 10–10 m) rd Hkh bls
LFkkfir fd;k tk pqdk gSA

owQykWe us vius fu;e dh [kkst fcuk vkos'kksa osQ ifjek.kksa osQ lgh laKku
osQ] dh FkhA okLro esa] bls foijhr vuqiz;ksx osQ fy, mi;ksx esa yk;k tk
ldrk gSµowQykWe osQ fu;e dk mi;ksx vc ge vkos'k osQ ek=kd dks
ifjHkkf"kr djus osQ fy, dj ldrs gSaA lehdj.k (1.1) osQ laca/ esa vc rd
k dk eku ;kn`fPNd gSA ge k osQ fy, fdlh Hkh /ukRed eku dk p;u
dj ldrs gSaA k dk p;u vkos'k osQ ek=kd dk lkb”k fu/kZfjr djrk gSA SI

ek=kdksa esa k dk eku yxHkx 9 × 109 
2

2

Nm
C

 gSA bl p;u osQ iQyLo:i

vkos'k dk tks ek=kd izkIr gksrk gS mls owQykWe dgrs gSa ftldh ifjHkk"kk geus
igys vuqPNsn 1.4 esa ns nh gSA lehdj.k (1.1) esa  k dk ;g eku j[kus ij
ge ;g ikrs gSa fd q1 = q2 = 1 C rFkk r = 1 m osQ fy,

F = 9 × 109 N

vFkkZr 1 C og vkos'k gS tks fuokZr esa 1 m nwjh ij j[ks blh ifjek.k
osQ fdlh vU; ltkrh; vkos'k dks 9 × 109 U;wVu cy ls izfrd£"kr djsA
Li"V :i ls] 1 C O;kogkfjd dk;ks± osQ fy, vkos'k dk cgqr cM+k ek=kd
gSA fLFkjoS|qfrdh esa] O;ogkj esa blosQ NksVs ek=kdksa tSls 1mC rFkk 1 µC
dk mi;ksx fd;k tkrk gSA

ckn dh lqfo/k osQ fy, lehdj.k (1.1) osQ fu;rkad k dks izk;%
k = 1/4πε0 fy[krs gSa] ftlls owQykWe fu;e dks bl izdkj O;Dr fd;k
tkrk gS

0

1 2
2

1
4

q q
F

rε
=

π (1.2)

ε0 dks eqDr vkdk'k ;k fuokZr dh fo|qr'khyrk vFkok ijkoS|qrkad dgrs gSaA SI ek=kdksa esa ε0

dk eku

0
ε = 8.854 × 10–12 C2 N–1m–2

cy ,d lfn'k gS] vr% owQykWe fu;e dks lfn'k laosQru esa fy[kuk mÙke gksrk gSA eku
yhft, q1 rFkk q2 vkos'kksa osQ fLFkfr lfn'k Øe'k% r1 rFkk r2 gSa ¹fp=k 1.6(a) nsf[k,ºA ge q2

* blesa vkos'kksa dh ;ksT;'khyrk rFkk vkos'kksa osQ laj{k.k dh vo/kj.kk,¡ var£ufgr gSaA  nks vkos'kksa (izR;sd
q/2) osQ la;kstu ls oqQy vkos'k q curk gSA

pkYlZ vkWxfLVu Ms owQykWe (1736 –

1806) izQkalhlh HkkSfrdfon owQykWe
us osLVbaMht esa ,d iQkSth bathfu;j
osQ :i esa viuk oSQfj;j vkjaHk fd;kA
lu~ 1776 esa os isfjl ykSV vk, rFkk
,d NksVh lh laifÙk cukdj ,dkar esa
viuk 'kks/ dk;Z djus yxsA cy osQ
ifjek.k dks ekius osQ fy, bUgksaus ,d
,saBu rqyk dk vkfo"dkj fd;k vkSj
bldk mi;ksx bUgksaus NksVs vkosf'kr
xksyksa osQ chp yxus okys vkd"kZ.k
vFkok izfrd"kZ.k cyksa dks Kkr djus
esa fd;kA bl izdkj] lu~ 1785 esa ;s
O;qRØe oxZ fu;e dks [kkst ik, ftls
vkt owQykWe dk fu;e dgrs gSaA bl
fu;e dk iwoZ vuqeku fizLVys rFkk
oSQosafM'k us yxk fy;k Fkk ijarq oSQossafM'k
us vius ifj.kke dHkh izdkf'kr ugha
fd,A owQykWe us ltkrh; rFkk fotkrh;
pqacdh; /qzoksa osQ chp yxus okys O;qRØe
oxZ fu;e dk Hkh irk yxk;kA

p
kYlZ v

kWxfLVu Ms owQy
kWe  (1

7
3
6
 –1

8
0
6
)
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HkkSfrdh
osQ }kjk q1 ij vkjksfir cy dks F12 rFkk q1 osQ }kjk q2 ij
vkjksfir cy dks F21 }kjk O;Dr djrs gSaA nks ̄ cnq vkos'kksa q1 rFkk
q2 dks lqfo/k osQ fy, 1 rFkk 2 vad }kjk O;Dr fd;k x;k gSA lkFk
gh 1 ls 2 dh vksj tkrs lfn'k dks r21 }kjk O;Dr fd;k x;k gSµ

r21 = r2 – r1

blh izdkj 2 ls 1 dh vksj tkrs lfn'k dks r12 }kjk O;Dr
fd;k tkrk gSµ

r12 = r1 – r2 = – r21

lfn'kksa r21 rFkk r12 osQ ifjek.kksa dk laosQru Øe'k% r21 ,oa
r12 }kjk gksrk gS (rn21 = rn12)A fdlh lfn'k dh fn'kk dk fo'ks"k
mYys[k ml lfn'k osQ vuqfn'k ,dkad lfn'k }kjk fd;k tkrk gSA
¯cnq 1 ls 2 dh vksj (vFkok 2 ls 1 dh vksj) bafxr djus okys
,dkad lfn'k dh ifjHkk"kk ge bl izdkj djrs gSa %

21
21

21

ˆ
r

=
r

r , 
12

12 21 12
12

ˆ ˆ ˆ,
r

= =
r

r r r

r1 rFkk r2 ij vofLFkr ̄cnq vkos'kksa q1 rFkk q2 osQ chp yxs
owQykWe cy fu;e dks rc bl izdkj O;Dr fd;k tkrk gS

1 2
21 212

21

1
ˆ

4 o

q q

rε
=

π
F r (1.3)

lehdj.k (1.3) osQ laca/ esa oqQN fVIif.k;k¡ izklafxd gSa %

• lehdj.k (1.3) q1 rFkk q2 osQ fdlh Hkh fpÉ] /ukRed vFkok ½.kkRed osQ fy, ekU;
gSA ;fn q1 rFkk q2 leku fpÉ osQ gSa (;k rks nksuksa gh /ukRed vFkok nksuksa gh ½.kkRed
gSa) rc F21, r̂ 21 osQ vuqfn'k gS] tks izfrd"kZ.k dks izn£'kr djrk gS tSlk ltkrh; vkos'kksa
osQ fy, gksuk gh pkfg,A ;fn q1 rFkk q2 osQ foijhr fpÉ gSa rc F21, – r̂ 21 osQ vuqfn'k gS]
tks vkd"kZ.k dks izn£'kr djrk gS rFkk fotkrh; vkos'kksa osQ fy, ge blh dh vk'kk djrs
gSaA bl izdkj gesa ltkrh; rFkk fotkrh; vkos'kksa osQ izdj.kksa osQ fy, ìFkd&ìFkd lehdj.k
fy[kus dh vko';drk ugha gSA lehdj.k (1.3) nksuksa gh izdj.kksa dks lgh&lgh izdV dj
nsrh gS ¹fp=k 1.6(b) nsf[k,ºA

• q2 osQ dkj.k q1 ij vkjksfir cy F12  dks lehdj.k (1.3) esa 1 rFkk 2 esa ljy variZfjorZu
djosQ izkIr fd;k tk ldrk gS] vFkkZr

1 2
12 12 212

0 12

1
ˆ

4
q q

rε
= = −

π
F r F

bl izdkj] owQykWe fu;e U;wVu osQ xfr osQ r`rh; fu;e osQ vuq:i gh gSA

• owQykWe fu;e (lehdj.k 1.3) ls fuokZr esa fLFkr nks vkos'kksa q1 rFkk q2 osQ chp vkjksfir
cy izkIr gksrk gSA ;fn vkos'k fdlh nzO; esa fLFkr gSa vFkok nksuksa vkos'kksa osQ chp osQ fjDr
LFkku esa dksbZ nzO; Hkjk gS] rc bl nzO; osQ vkosf'kr vo;oksa osQ dkj.k fLFkfr tfVy cu
tkrh gSA vxys vè;k; esa ge nzO; esa fLFkjoS|qfrdh ij fopkj djsaxsA

fp=k 1.6 (a) T;kfefr rFkk
(b) vkos'kksa osQ chp vkjksfir cyA
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oS|qr vkos'k rFkk {ks=k

mnkgj.k 1
.4

mnkgj.k 1.4 nks oS|qr vkos'kksa osQ chp fLFkj oS|qr cy osQ fy, owQykWe fu;e rFkk nks fLFkj
¯cnq nzO;ekuksa osQ chp xq#Rokd"kZ.k cy osQ fy, U;wVu dk fu;e nksuksa esa gh cy vkos'kksa@nzO;ekuksa
osQ chp dh nwjh osQ oxZ osQ O;qRØekuqikrh gksrk gSA (a) bu nksuksa cyksa osQ ifjek.k Kkr djosQ budh
izcyrkvksa dh rqyuk dh tk, (i) ,d bysDVªkWu rFkk ,d izksVkWu osQ fy,] (ii) nks izksVkWuksa osQ
fy,A  (b) bysDVªkWu rFkk izksVkWu esa ikjLifjd vkd"kZ.k osQ oS|qr cy osQ dkj.k bysDVªkWu
rFkk izksVkWu osQ Roj.k vkdfyr dhft, tcfd buosQ chp dh nwjh 1 Å (= 10-10 m) gSA
(m

p
 = 1.67 × 10–27 K, m

e
 = 9.11 × 10–31 kg)

gy
(a) (i) ,d bysDVªkWu rFkk ,d izksVkWu osQ chp oS|qr cy tcfd buosQ chp dh nwjh r gS %

2

2
0

1
4e

e
F

rε
= −

π

;gk¡ ij ½.kkRed fpÉ vkd"kZ.k cy dks bafxr djrk gSA blosQ rnuq:ih xq#Rokd"kZ.k cy
(tks lnSo /ukRed gS) %

2
p e

G

m m
F G

r
= −

;gk¡ m
p
 rFkk m

e
 Øe'k% izksVkWu rFkk bysDVªkWu osQ nzO;eku gSaA

2
39

0

2.4 10
4

e

G p e

F e

F Gm mε
= = ×

π

(ii) blh izdkj r nwjh ij fLFkr nks izksVkWuksa osQ chp oS|qr cy rFkk xq#Rokd"kZ.k cy osQ
ifjek.kksa dk vuqikrµ

2

04
e

G p p

F e

F Gm mε
= =

π
 1.3 × 1036

rFkkfi ;gk¡ ;g mYys[k djuk egRoiw.kZ gS fd ;gk¡ ij nks cyksa osQ fpÉksa esa varj gSA nks
izksVkWuksa osQ fy, xq#Rokd"kZ.k cy vkd"khZ gS rFkk owQykWe cy izfrd"khZ gSA ukfHkd osQ Hkhrj
bu cyksa osQ okLrfod eku (ukfHkd osQ Hkhrj nks izksVkWuksa osQ chp dh nwjh ~ 10-15 m gS)%
Fe ~ 230 N gS tcfd FG ~ 1.9 × 10–34 N gSaA
bu nksuksa cyksa dk (foekghu) vuqikr ;g n'kkZrk gS fd xq#Rokd"kZ.k cy dh rqyuk esa oS|qr
cy vR;ar izcy gksrs gSaA

 (b) ,d izksVkWu }kjk ,d bysDVªkWu ij vkjksfir oS|qr cy F ifjek.k esa ,d bysDVªkWu }kjk ,d
izksVkWu ij vkjksfir cy leku gS_ rFkkfi bysDVªkWu rFkk izksVkWu osQ nzO;eku fHkUu gksrs gSaA
bl izdkj cy dk ifjek.k gS

|F| = 

2

2
0

1
4

e

rεπ  = 8.987 × 109 Nm2/C2 × (1.6 ×10–19C)2 / (10–10m)2

        = 2.3 × 10–8 N
U;wVu osQ xfr osQ nwljs fu;e F =  ma osQ vuqlkj bysDVªkWu esa mRiUu Roj.k
a = 2.3×10–8 N / 9.11 ×10–31 kg = 2.5 × 1022 m/s2

bldh xq#Roh; Roj.k ls rqyuk djus ij ge ;g fu"d"kZ fudky ldrs gSa fd bysDVªkWu dh
xfr ij xq#Roh; {ks=k dk izHkko ux.; gS rFkk fdlh izksVkWu }kjk bysDVªkWu ij vkjksfir owQykWe
cy dh fØ;k osQ v/hu bysDVªkWu esa mRiUu Roj.k vR;f/d gSA

izksVkWu osQ fy, Roj.k dk eku

2.3 × 10–8 N / 1.67 × 10–27 kg = 1.4 × 1019 m/s2 gSA

owQy
kWe osQ fu;e d

k izHkkoh l
t
ho fp

=k.k










HkkSfrdh
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mnkgj.k 1.5 /krq dk vkosf'kr xksyk A ukbykWu osQ /kxs ls fuyafcr gSA fo|qrjks/h gRFkh }kjk
fdlh vU; /krq osQ vkosf'kr xksys B dks A osQ brus fudV yk;k tkrk gS fd fp=k 1.7(a) esa
n'kkZ, vuqlkj buosQ osaQnzksa osQ chp dh nwjh 10 cm gSA xksys A osQ ifj.kkeh izfrd"kZ.k dks uksV
fd;k tkrk gS (mnkgj.kkFkZµ xksys ij pedhyk izdk'k iqat Mkydj rFkk va'kkafdr insZ ij cuh
bldh Nk;k dk fo{ksi.k ekidj)A A rFkk B xksyksa dks fp=k 1.7(b) esa n'kkZ, vuqlkj] Øe'k%
vukosf'kr xksyksa C rFkk D ls Li'kZ djk;k tkrk gSA rRi'pkr fp=k 1.7(c) esa n'kkZ, vuqlkj C
rFkk D dks gVkdj B dks A osQ bruk fudV yk;k tkrk gS fd buosQ oasQnzksa osQ chp dh nwjh
5.0 cm gks tkrh gSA owQykWe fu;e osQ vuqlkj A dk fdruk visf{kr izfrd"kZ.k gS\ xksys A rFkk
C ,oa xksys B rFkk D osQ lkb”k loZle gSaA A rFkk B osQ osaQnzksa osQ i`Fkdu dh rqyuk esa buosQ
lkb”kksa dh mis{kk dhft,A

fp=k 1.7

gy eku yhft, xksys A ij ewy vkos'k q rFkk xksys B ij ewy vkos'k q′ gSA nksuksa xksyksa osQ osaQnzksa
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oS|qr vkos'k rFkk {ks=k

mnkgj.k 1
.5

osQ chp nwjh r ij] izR;sd ij yxs fLFkj oS|qr cy dk ifjek.k

2
0

1
4

qq
F

rε
′

=
π

;gk¡ r dh rqyuk esa xksyksa A rFkk B osQ lkb”k ux.; gSaA tc dksbZ loZle ijarq vukosf'kr xksyk
C xksys A dks Li'kZ djrk gS rks A rFkk C ij vkos'k dk iqu£orj.k gksrk gS vkSj lefefr }kjk
izR;sd xksys ij vkos'k (q/2) gksrk gSA blh izdkj] B rFkk D osQ Li'kZ osQ i'pkr buesa izR;sd
ij iqu£orfjr vkos'k (q′/2) gksrk gSA vc ;fn A rFkk B dk i`Fkdu vk/k jg tk, rks izR;sd
ij fLFkjoS|qr cy

2 2
0 0

1 ( /2)( /2) 1 ( )
4 4( /2)

q q qq
F F

r rε ε
′ ′

= = =′
π π

bl izdkj B osQ dkj.k A ij fLFkjoS|qr cy vifjo£rr jgrk gSA

1.7  cgqy vkos'kksa osQ chp cy
nks vkos'kksa osQ chp ikjLifjd oS|qr cy owQykWe fu;e }kjk izkIr gksrk gSA ml fLFkfr esa fdlh
vkos'k ij vkjksfir cy dk ifjdyu oSQls djsa] tgk¡ mlosQ fudV ,d
vkos'k u gksdj mls cgqr ls vkos'k pkjksa vksj ls ?ksjs gksa\ fuokZr esa fLFkr
n fLFkj vkos'kksa q1, q2, q3, ..., qn

 osQ fudk; ij fopkj dhft,A q1 ij
q2, q3, ..., qn 

osQ dkj.k fdruk cy yxrk gS\ bldk mÙkj nsus osQ fy,
owQykWe fu;e i;kZIr ugha gSA ;kn dhft,] ;kaf=kd ewy osQ cyksa dk
la;kstu lfn'kksa osQ la;kstu osQ lekarj prqHkqZt fu;e }kjk fd;k tkrk gSA
D;k ;gh fLFkjoS|qr ewy osQ cyksa ij Hkh ykxw gksrk gS\

iz;ksxksa }kjk ;g lR;kfir gks pqdk gS fd fdlh vkos'k ij dbZ vU;
vkos'kksa osQ dkj.k cy ml vkos'k ij yxs mu lHkh cyksa osQ lfn'k ;ksx
osQ cjkcj gksrk gS tks bu vkos'kksa }kjk bl vkos'k ij ,d&,d dj yxk;k
tkrk gSA fdlh ,d vkos'k }kjk yxk;k x;k fof'k"V cy vU; vkos'kksa
dh mifLFkfr osQ dkj.k izHkkfor ugha gksrkA bls vè;kjksi.k dk fl¼kar
dgrs gSaA

bl vo/kj.kk dks HkyhHkk¡fr le>us osQ fy, rhu vkos'kksa q1, q2

rFkk q3 osQ fudk;] ftls fp=k 1.8(a) esa n'kkZ;k x;k gS] ij fopkj
dhft,A fdlh ,d vkos'k] tSls q1 ij vU; nks vkos'kksa q2 rFkk q3 osQ
dkj.k cy dks buesa ls izR;sd vkos'k osQ dkj.k yxs cyksa dk lfn'k
la;kstu djosQ izkIr fd;k tk ldrk gSA bl izdkj ;fn q2 osQ dkj.k q1

ij cy dks F12 }kjk fu£n"V fd;k tkrk gS] rks F12 dks lehdj.k (1.3)  }kjk
vU; vkos'kksa dh mifLFkfr gksrs gq, Hkh bl izdkj O;Dr fd;k tkrk gS %

F12 
1 2

122
0 12

1
ˆ

4
q q

rε
=

π
r

blh izdkj q3 osQ dkj.k q1 ij yxk owQykWe cy ftls F13 }kjk
fu£n"V djrs gSa rFkk ftls fy[k ldrs gSa

1 3
13 132

0 13

1
ˆ

4
q q

rε
=

π
F r

fp=k 1.8 (a) rhu vkos'kksa (b) cgqy vkos'kksa osQ
fudk;A
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;g Hkh q3 osQ dkj.k q1 ij yxk owQykWe cy gh gS] tcfd vU; vkos'k q2 mifLFkr gSaA
bl izdkj q1 ij nks vkos'kksa q2 rFkk q3 osQ dkj.k oqQy cy F1 gS

1 31 2
1 12 13 12 132 2

0 012 13

1 1
ˆ ˆ

4 4
q qq q

r rε ε
= + = +

π π
F F F r r (1.4)

fp=k 1.8(b) esa n'kkZ, vuqlkj rhu ls vf/d vkos'kksa osQ fudk; osQ fy, mijksDr ifjdyu
dk O;kidhdj.k fd;k tk ldrk gSA

vè;kjksi.k osQ fl¼kar osQ vuqlkj vkos'kkas q1, q2, ..., qn 
osQ fdlh fudk; esa vkos'k q1 ij

q2 }kjk yxk cy owQykWe fu;e }kjk yxs cy osQ leku gksrk gS] vFkkZr ;g vU; vkos'kksa q3, q4,

..., q
n  
dh mifLFkfr ls izHkkfor ugha gksrkA vkos'k q1 ij lHkh vkos'kksa }kjk yxk oqQy cy F1

rc F12, F13, ...,  F1n  
dk lfn'k ;ksx gksxkA vr%

ε
=

π1 12 13 1n
0

1
 =   +  + ...+  

4
F F F F

q q

r

q q

r

q q

r

n

n

n
1 2

12
2 12

1 3

13
2 13

1

1
2 1ˆ ˆ ... ˆr r r+ + +











ε
=

π
1

04
q q

r

i

ii

n

i

1
2

2
1

=
∑ r̂ (1.5)

lfn'kksa osQ la;kstu dh lkekU; fof/] lekarj prqHkqZt osQ fu;e }kjk lfn'k ;ksx izkIr fd;k
tkrk gSA okLro esa ewy :i ls leLr fLFkjoS|qfrdh owQykWe fu;e rFkk vè;kjksi.k osQ fl¼kar
dk ,d ifj.kke gSA

mnkgj.k 1.6 rhu vkos'kksa q1, q2, q3 ij fopkj dhft, ftuesa izR;sd q osQ cjkcj gS rFkk l
Hkqtk okys leckgq f=kHkqt osQ 'kh"kks± ij fLFkr gSA f=kHkqt osQ oasQnzd ij fp=k 1.9 esa n'kkZ, vuqlkj
fLFkr vkos'k Q (tks q dk ltkrh;) ij fdruk ifj.kkeh cy yx jgk gS\

fp=k 1.9

gy  fn, x, lHkqtk osQ leckgq f=kHkqt ABC esa ;fn ge Hkqtk BC ij AD yac [khapsa rks
AD = AC cos 30º = ( 3 /2 ) l  rFkk A ls osaQnzd dh nwjh AD = (2/3) AD = (1/ 3 )l

lefefr ls AO = BO = CO
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bl izdkj

A ij fLFkr vkos'k q osQ dkj.k Q ij cy] F
1
 = 2

0

3
4

Qq

lεπ
 AO osQ vuqfn'k

B ij fLFkr vkos'k q osQ dkj.k Q ij cy] F
2 
= 2

0

3
4

Qq

lεπ  BO osQ vuqfn'k

C ij fLFkr vkos'k q osQ dkj.k Q ij cy] F
3 

= 2
0

3
4

Qq

lεπ  CO  osQ vuqfn'k

cyksa F
2
 rFkk F

3
 dk ifj.kkeh lekarj prqHkqZt fu;e }kjk 2

0

3
4

Qq

lεπ  OA osQ vuqfn'k gSA

blhfy,] Q ij oqQy cy = ( )2
0

3
ˆ ˆ

4
Qq

lε
−

π
r r  = 0 ;gk¡ r̂ , OA osQ vuqfn'k ,dkad lfn'k gSA

lefefr }kjk Hkh ;g Li"V gS fd mu rhuksa cyksa dk ;ksx 'kwU; gksxkA

eku yhft, ifj.kkeh cy 'kwU;srj Fkk ijarq fdlh fn'kk esa FkkA fopkj dhft, fd D;k gqvk gksrk
;fn bl fudk; dks O osQ fxnZ (ifjr%) 60º ij ?kw.kZu djk;k tkrkA

mnkgj.k 1.7  fp=k 1.10 esa n'kkZ, vuqlkj fdlh leckgq f=kHkqt osQ 'kh"kks± ij fLFkr vkos'kksa
q, q, rFkk –q ij fopkj dhft,A izR;sd vkos'k ij fdruk cy yx jgk gS\

fp=k 1.10

gy  fp=k 1.10 esa n'kkZ, vuqlkj] A ij fLFkr vkos'k q ij vU; vkos'kksa tSls B ij fLFkr q

osQ dkj.k cy F12 BA osQ vuqfn'k rFkk C ij fLFkr –q osQ dkj.k cy F13  AC osQ vuqfn'k
gSA lekarj prqHkqZt fu;e }kjk A ij fLFkr q ij oqQy cy F1 gS
F1 = F 1̂r  ;gk¡ 1̂r  BC osQ vuqfn'k ,dkad lfn'k gSA
vkos'kksa osQ izR;sd ;qxy osQ fy, vkd"kZ.k vFkok izfrd"kZ.k cyksa osQ ifjek.k F leku gSa rFkk

2

2
04

q
F

lε
=

π

bl izdkj B ij fLFkr vkos'k q ij oqQy cy F2 = F r̂ 2 ;gk¡ r̂ 2 AC osQ vuqfn'k ,dkad lfn'k
gSA

 mnkgj.k 1
.7

2019-20



18

HkkSfrdh

 m
nk
gj

.k
 1

.7

blh izdkj] C ij fLFkr vkos'k –q ij oqQy cy F3  = 3  F n̂  gSA ;gk¡ n̂ ,dkad lfn'k gS
ftldh fn'kk ∠BCA dks lef}Hkkftr djus okyh js[kk osQ vuqfn'k gSA
;gk¡ jkspd ckr ;g gS fd rhuksa vkos'kksa ij yxs cyksa dk ;ksx 'kwU; gS] vFkkZr
F1 + F2 + F3 = 0

;g ifj.kke pkSadkus okyk ugha gSA ;g bl rF; dk vuqlj.k djrk gS fd owQykWe fu;e rFkk
U;wVu osQ r̀rh; fu;e osQ chp lkeatL; gSA bl dFku dh fu"ifÙk vkiosQ vH;kl osQ fy, NksM+h
tk jgh gSA

1.8  fo|qr {ks=k
ekuk fuokZr esa ,d ¯cnq vkos'k Q ewy ¯cnq O ij j[kk gSA ;fn ,d vU; ¯cnq vkos'k q, ¯cnq
P ij j[kk tk,] tgk¡ OP = r, rks vkos'k Q, q ij owQykWe osQ fu;ekuqlkj cy yxk,xkA ge ;g
iz'u iwN ldrs gSa % ;fn vkos'k q dks gVk ysa rks Q osQ ifjos'k esa D;k cpsxk\ D;k oqQN Hkh ugha
cpsxk\ ;fn ,slk gS rks P ij vkos'k q j[kus ij bl ij cy oSQls yxrk gS\ bl izdkj osQ iz'uksa
dk mÙkj nsus osQ fy, izkjafHkd oSKkfudksa us {ks=k dh vo/kj.kk izLrqr dhA blosQ vuqlkj ge dgrs
gSa fd vkos'k Q vius pkjksa vksj fo|qr {ks=k mRiUu djrk gS tc blesa dksbZ vU; vkos'k q ̄ cnq
P ij yk;k tkrk gS rks {ks=k bl ij cy vkjksfir djrk gSA
fdlh ¯cnq r ij vkos'k Q  }kjk mRiUu fo|qr {ks=k

( ) 2 2
0 0

1 1
ˆ ˆ

4 4
Q Q

r rε ε
= =

π π
E r r r (1.6)

;gk¡ ˆ =r  r/r , ewy ̄cnq ls ̄cnq r rd ek=kd lfn'k gSA bl izdkj] lehdj.k (1.6) fLFkfr lfn'k
r osQ izR;sd eku osQ fy, fo|qr {ks=k dk laxr eku crkrh gSA 'kCn ̂ {ks=k* ;g crkrk gS fd fdl
izdkj dksbZ forfjr jkf'k (tks lfn'k vFkok vfn'k gks ldrh gS) fLFkfr osQ lkFk ifjo£rr gksrh
gSA vkos'k osQ izHkko dks fo|qr {ks=k osQ vfLrRo esa lekfo"V fd;k x;k gSA vkos'k Q }kjk vkos'k
q ij vkjksfir cy F

 
dks ge bl izdkj izkIr djrs gSa %

2
0

1
ˆ

4
Qq

rε
=

π
F r (1.7)

è;ku nhft, vkos'k q Hkh vkos'k Q  ij ifjek.k esa leku ijarq fn'kk esa foijhr cy vkjksfir
djrk gSA Q rFkk q vkos'kksa osQ chp fLFkjoS|qr cy dks ge vkos'k q rFkk Q osQ fo|qr {ks=k osQ
chp vU;ksU; fØ;k vFkok foykser% osQ :i esa le> ldrs gSaA ;fn ge vkos'k q dh fLFkfr
dks lfn'k r }kjk fu£n"V djsa] rks ;g q dh vofLFkfr ij ,d cy F dk vuqHko djrk gS tks
vkos'k q rFkk fo|qr {ks=k E osQ xq.kuiQy osQ cjkcj gSA bl izdkj

F(r) = q E(r) (1.8)
lehdj.k (1.8) fo|qr {ks=k osQ SI ek=kd dks N/C* osQ :i esa ifjHkkf"kr djrh gSA
;gk¡ oqQN egRoiw.kZ fVIif.k;k¡ dh tk ldrh gSa%

(i) lehdj.k (1.8) ls ;g fu"d"kZ fudkyk tk ldrk gS fd ;fn q  ,dkad gS rks vkos'k Q osQ
dkj.k fo|qr {ks=k dk vkafdd eku blosQ }kjk vkjksfir cy osQ cjkcj gksrk gSA bl izdkj
fno~QLFkku esa fdlh ̄cnq ij vkos'k Q osQ dkj.k fo|qr {ks=k dks ml cy osQ :i esa ikfjHkkf"kr
fd;k tk ldrk gS ftls dksbZ ,dkad /ukos'k ml ¯cnq ij j[ks tkus ij vuqHko djrk gSA

* vxys vè;k; esa fo|qr {ks=k osQ fy, ,d vU; oSdfYid ek=kd V/m ij fopkj fd;k tk,xkA

fp=k 1.11  (a) vkos'k Q osQ
dkj.k fo|qr {ks=k] (b) vkos'k

–Q osQ dkj.k fo|qr {ks=kA
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oS|qr vkos'k rFkk {ks=k

og vkos'k Q tks fo|qr {ks=k mRiUu dj jgk gS lzksr vkos'k dgykrk gS rFkk vkos'k q tks lzksr
vkos'k osQ izHkko dk ijh{k.k djrk gS] dks ijh{k.k vkos'k dgrs gSaA è;ku nhft, lzksr vkos'k
dks viuh ewy vofLFkfr ij gh jguk pkfg,A rFkkfi] ;fn fdlh vkos'k q dks Q osQ pkjksa
vksj dgha yk;k tkrk gS] rks Q Lo;a Hkh vkos'k q osQ dkj.k oS|qr cy dk vuqHko djus osQ
fy, ckè; gS vkSj mlesa xfr djus dh izo`fÙk gksxhA blls eqfDr dk osQoy ,d gh mik;
gS fd ge q dks mis{k.kh; NksVk cuk,¡] rc cy F mis{k.kh; NksVk gksrk gS ijarq vuqikr
F/q ,d ifjfer jkf'k gksrh gS rFkk fo|qr {ks=k dks ikfjHkkf"kr djrh gS %

E
F

=




→

lim
q q0 (1.9)

bl leL;k (vkos'k Q dks vkos'k q dh mifLFkfr osQ dkj.k fo{kqC/ u gksus nsuk) ls eqfDr
dk ,d O;kogkfjd mik; ;g gS fd vkos'k Q dh fdUgha vfu£n"V cyksa }kjk viuh vofLFkfr
ij ck¡/s j[kk tk,A ;g foy{k.k izrhr gks ldrk gS] ijarq O;ogkj esa ,slk gh gksrk gSA tc ge
vkosf'kr dh lery pknj osQ dkj.k ijh{k.k vkos'k q ij yxs oS|qr cy ij fopkj djrs gSa
(vuqPNsn 1.15)] rc pknj ij vkos'k] pknj osQ Hkhrj vfu£n"V vkosf'kr vo;oksa }kjk yxs cyksa
osQ dkj.k viuh vofLFkfr;ksa ij gh c¡/s jgrs gSaA
(ii) è;ku nhft,] vkos'k Q osQ dkj.k fo|qr {ks=k E dh ifjHkk"kk ;|fi izHkkoh :i ls ijh{k.k

vkos'k q osQ inksa esa dh tkrh gS] rFkkfi ;g q ij fuHkZj ugha djrh gSA bldk dkj.k ;g gS
fd cy F vkos'k q osQ vuqØekuqikrh gS] blfy, vuqikr F/q vkos'k q ij fuHkZj ugha djrk
gSA Q osQ dkj.k q ij cy vkos'k q dh fdlh fo'ks"k vofLFkfr ls vkos'k Q osQ pkjksa vksj
osQ fno~QLFkku esa dgha Hkh gks ldrh gSA bl izdkj Q osQ dkj.k fo|qr {ks=k E fno~QLFkku
funsZ'kkad r ij Hkh fuHkZj djrk gSA lkjs fno~QLFkku esa vkos'k dh fofHkUu fLFkfr;ksa osQ fy,
gesa fo|qr {ks=k E osQ fHkUu eku izkIr gksrs gSaA fo|qr {ks=k dk vfLrRo f=kfoeh; fno~QLFkku
osQ izR;sd ¯cnq ij gksrk gSA

(iii) /ukos'k osQ dkj.k fo|qr {ks=k vkos'k ls ckgj dh vksj mUeq[k f=kT;h; gksrk gSA blosQ foijhr]
;fn lzksr vkos'k ½.kkRed gS rks fo|qr {ks=k lfn'k] gj ̄cnq ij f=kT;h;] ̄drq vanj dh vksj
mUeq[k gksrk gSA

(iv) pw¡fd vkos'k Q osQ dkj.k vkos'k q ij yxs cy F dk ifjek.k osQoy vkos'k Q ls vkos'k
q osQ chp dh nwjh r ij fuHkZj djrk gS] fo|qr {ks=k E dk ifjek.k Hkh osQoy nwjh r ij fuHkZj
djrk gSA bl izdkj] vkos'k Q ls leku nwfj;ksa ij blosQ dkj.k mRiUu fo|qr {ks=k E dk
ifjek.k leku gksrk gSA bl izdkj fdlh xksys osQ osaQnz ij fLFkr ̄ cnq vkos'k osQ dkj.k fo|qr
{ks=k E dk ifjek.k mlosQ i`"B osQ gj ̄ cnq ij leku gksrk gS_ nwljs 'kCnksa esa] og {ks=k xksyh;
:i ls lefer gksrk gSA

1.8.1  vkos'kksa osQ fudk; osQ dkj.k fo|qr {ks=k

vkb,]  q1, q2, ..., qn
 vkos'kksa osQ ,d fudk; ij fopkj djrs gSa ftuosQ fdlh ewy ¯cnq O

osQ lkis{k fLFkfr lfn'k Øe'k%  r1, r2, ..., rn
 gSaA fdlh ,dy vkos'k osQ dkj.k fno~QLFkku osQ

fdlh ¯cnq ij fo|qr {ks=k dh gh Hkk¡fr vkos'kksa osQ fudk; osQ dkj.k fno~QLFkku osQ fdlh ¯cnq
ij fo|qr {ks=k dks ml ̄ cnq ij j[ks fdlh ,dkad /ukos'k }kjk vuqHko fd, tkus okys cy }kjk
ifjHkkf"kr fd;k tkrk gSA ;gk¡ ;g ekuk tkrk gS fd ,dkad vkos'k osQ dkj.k q1, q2, ..., qn

vkos'kksa dh ewy fLFkfr;k¡ fo{kqC/ ugha gksrhaA ̄ cnq P, ftls fLFkfr lfn'k r }kjk fu£n"V fd;k tkrk
gS] ij fo|qr {ks=k dks fuèkkZfjr djus osQ fy, ge owQykWe fu;e rFkk vè;kjksi.k osQ fl¼kar dk
mi;ksx djrs gSaA
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HkkSfrdh
r1 ij fLFkr vkos'k q1 osQ dkj.k vofLFkfr r ij fo|qr {ks=k E1 bl

izdkj O;Dr fd;k tkrk gSA

E1 = 1

1P

1P

1
ˆ

4
q

r0επ
r

;gk¡ 1Pr̂  vkos'k q1 ls P dh fn'kk esa ,dkad lfn'k gS rFkk r1P vkos'k q1 rFkk
P osQ chp dh nwjh gSA blh izdkj r2 ij fLFkr vkos'k q2 osQ dkj.k
vofLFkfr r ij fo|qr {ks=k E2 dks bl izdkj O;Dr djrs gSa

E2 = 2

2P

2P

1
ˆ

4
q

r0επ
r

;gk¡ 2Pr̂  vkos'k q2 ls P dh fn'kk esa ,dkad lfn'k gS rFkk r2P vkos'k q2
 rFkk

P osQ chp dh nwjh gSA blh izdkj osQ O;atd q3, q4, ..., qn
 vkos'kksa osQ

fo|qr {ks=kksa E3, E4, ..., En 
fy[ks tk ldrs gSaA vè;kjksi.k fl¼kar }kjk

vkos'kksa osQ fudk; osQ dkj.k r ij fo|qr {ks=k (fp=k 1.12 esa n'kkZ, vuqlkj)
bl izdkj O;Dr fd;k tk ldrk gS&

E(r)  =  E1 (r) +  E2 (r)  + …  +  En(r)

        = 1 2
1P 2P P2 2 2

0 0 01P 2P P

1 1 1
ˆ ˆ ˆ...

4 4 4
n

n

n

qq q

r r rε ε ε
+ + +

π π π
r r r

E(r) 
ε

=
π 0

1
 
4

q

r

i

ii

n

P
i P2

1=
∑ r̂ (1.10)

E ,d lfn'k jkf'k gS ftldk eku fno~QLFkku esa ,d ̄ cnq ls nwljs ̄ cnq ij tkus ij ifjo£rr gks
tkrk gS rFkk ;g lzksr vkos'kksa dh fLFkfr;ksa ls fu/kZfjr gksrk gSA

1.8.2  fo|qr {ks=k dk HkkSfrd vfHkizk;

vkidks vk'p;Z gks ldrk gS fd gesa ;gk¡ fo|qr {ks=k dh /kj.kk ls ifjfpr D;ksa djk;k tk jgk
gSA oSls Hkh] vkos'kksa osQ fdlh Hkh fudk; osQ fy, ekius ;ksX; jkf'k fdlh vkos'k ij yxk cy
gS ftls lh/s gh owQykWe fu;e rFkk vè;kjksi.k fl¼kar }kjk (lehdj.k 1.5) fu/kZfjr fd;k tk
ldrk gSA fiQj fo|qr {ks=k uked bl eè;orhZ jkf'k dks izLRkkfor D;ksa fd;k tk jgk gS\

fLFkjoS|qfrdh osQ fy, fo|qr {ks=k dh vfHk/kj.kk lqxe rks gS ij okLro esa vko';d ugha
gSA fo|qr {ks=k vkos'kksa osQ fdlh fudk; osQ oS|qr i;kZoj.k dks vfHkyf{kr djus dk lq#fp laiUu
mik; gSA vkos'kksa osQ fudk; osQ pkjksa vksj osQ fno~QLFkku esa fdlh ̄ cnq ij fo|qr {ks=k vkidks ;g
crkrk gS fd fudk; dks fo{kqC/ fd, fcuk ;fn bl ̄cnq ij dksbZ ,dkad /ukRed ijh{k.k vkos'k
j[ks rks og fdruk cy vuqHko djsxkA fo|qr {ks=k vkos'kksa osQ fudk; dk ,d vfHky{k.k gS rFkk
fo|qr {ks=k osQ fu/kZj.k osQ fy, vkiosQ }kjk ml ̄ cnq ij j[ks tkus okys ijh{k.k vkos'k ij fuHkZj
ugha djrkA HkkSfrdh esa {ks=k 'kCn dk mi;ksx O;kid :i ls ml jkf'k dks fu£n"V djus osQ fy,
fd;k tkrk gS] tks fno~QLFkku osQ izR;sd ¯cnq ij ikfjHkkf"kr dh tk losQ rFkk ,d ¯cnq ls nwljs
¯cnq ij ifjo£rr gksrh gksA pw¡fd cy lfn'k jkf'k gS] vr% fo|qr {ks=k ,d lfn'k jkf'k gSA

rFkkfi fo|qr {ks=k dh vfHk/kj.kk dh okLrfod HkkSfrd lkFkZdrk rHkh izdV gksrh gS tc
ge fLFkjoS|qfrdh ls ckgj fudydj dkykfJr oS|qrpqacdh; ifj?kVukvksa ls O;ogkj djrs gSaaA
eku yhft, ge Rofjr xfr ls xfreku nks nwjLFk vkos'kksa q1 rFkk q2 osQ chp yxs cy ij fopkj
djrs gSaA vc] og vf/dre pky ftlls dksbZ laosQr vFkok lwpuk ,d LFkku ls nwljs LFkku rd

fp=k 1.12 vkos'kksa osQ fudk; osQ dkj.k fdlh
¯cnq ij oS|qr {ks=k i`Fkd&i`Fkd vkos'kksa osQ dkj.k
ml ̄ cnq ij oS|qr {ks=kksa osQ lfn'k ;ksx osQ cjkcj

gksrk gSA
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oS|qr vkos'k rFkk {ks=k

tk ldrh gS] og izdk'k dh pky c gSA bl izdkj] q2 ij q1 dh fdlh xfr dk izHkko rkR{kf.kd
mRiUu ugha gks ldrkA dkj.k (q1 dh xfr) rFkk izHkko (q2 ij cy) osQ chp oqQN u oqQN dky
foyac vo'; gksrk gSA ;gha ij lkFkZd :i esa fo|qr {ks=k (lgh vFkks± esa oS|qrpqacdh; {ks=k) dh
vo/kj.kk LokHkkfod ,oa vfr mi;ksxh gSA {ks=k dk fp=k.k bl izdkj gS% vkos'k q

1
 dh Rofjr

xfr oS|qrpqacdh; rjaxsa mRiUu djrh gS tks fiQj izdk'k dh pky ls iSQydj q
2
 rd igq¡prh gS

rFkk q
2 
ij cy yxkrh gSA {ks=k dh vo/kj.kk dky foyac dk lqpk# :i ls Li"Vhdj.k djrh

gSA bl izdkj] ;|fi oS|qr rFkk pqacdh; cyksa dh lalwpuk osQoy vkos'kksa ij buosQ izHkkoksa (cyksa)
}kjk gh dh tk ldrh gS] mUgsa HkkSfrd lRo ekuk tkrk gS] ;s ek=k xf.krh; jpuk,¡ gh ugha gSaA
budh viuh Lora=k xfrdh gS] vFkkZr ;s vius fu;eksa osQ vuqlkj fodflr gksrs gSaA ;s ÅtkZ dk
ifjogu Hkh dj ldrs gSaA bl izdkj] dkykfJr oS|qrpqacdh; {ks=kksa dk dksbZ lzksr ftls vYi le;
varjky OksQ fy, [kksydj fIkQj can fd;k tk ldrk gS] ÅtkZ ifjogu djus okys oS|qrpqacdh;
{ks=kksa dks ihNs NksM+ nsrk gSA {ks=k dh vo/kj.kk loZizFke iSQjkMs us izLrkfor dh Fkh tks HkkSfrdh
dh izeq[k vo/kj.kkvksa esa LFkku j[krh gSA

mnkgj.k 1.8 dksbZ bysDVªkWu 2.0 × 104 N C–1 ifjek.k osQ ,dleku fo|qr {ks=k esa
1.5 cm nwjh rd fxjrk gS ¹fp=k 1.13(a)ºA {ks=k dk ifjek.k leku j[krs gq, bldh
fn'kk mRØfer dj nh tkrh gS rFkk vc dksbZ izksVkWu bl {ks=k esa mruh gh nwjh rd fxjrk
gS ¹fp=k 1.13(b)ºA nksuksa izdj.kksa esa fxjus esa yxs le; dh x.kuk dhft,A bl ifjfLFkfr
dh ^xq#Ro osQ v/hu eqDr iru* ls rqyuk dhft,A

fp=k 1.13

gy fp=k 1.13(a) esa {ks=k mifjeq[kh gS] vr% ½.kkosf'kr bysDVªkWu eE ifjek.k dk
vèkkseq[kh cy vuqHko djrk gS] ;gk¡ E fo|qr {ks=k dk ifjek.k gSA vr% bysDVªkWu dk Roj.k

a
e
  =  eE/m

e

;gk¡ m
e
 bysDVªkWu dk nzO;eku gSA

fojkekoLFkk ls vkjaHk djosQ] bysDVªkWu osQ eqDr :i ls h nwjh rd fxjus esa yxk

le;
22

e

e

e

h mh
t

a e E
= =

 e = 1.6 × 10–19C, me = 9.11 × 10–31 kg,

     E = 2.0 × 104 N C–1, h = 1.5 × 10–2 m,

  te = 2.9 × 10–9s

fp=k 1.13 (b) esa {ks=k v/kseq[kh gS] vr% /ukosf'kr izksVkWu eE ifjek.k dk v/kseq[kh cy
vuqHko djrk gSA vr% izksVkWu dk Roj.k

a
p
  =  eE/m

p

;gk¡ m
p
 izksVkWu dk nzO;eku gS_ m

p
 = 1.67 × 10–27 kg A vr% izksVkWu }kjk fxjus esa fy;k

mnkgj.k 1
.8
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HkkSfrdh

 m
nk
gj

.k
 1

.9
 m
nk
gj

.k
 1

.8

x;k le; –722
1 3 10 sp

p

p

h mh
t .

a e E
= = = ×

bl izdkj] leku nwjh fxjus esa Hkkjh d.k (izksVkWu) vf/d le; ysrk gSA ̂ xq#Ro osQ vèkhu
eqDr iru* vkSj bl iru esa ;gh ewy fo"kerk gS D;ksafd xq#Ro osQ v/hu iru esa le;
oLrq osQ nzO;eku ij fuHkZj ugha djrkA è;ku nhft, ;gk¡ geus iru dk le; ifjdfyr
djrs le; xq#Roh; Roj.k dh mis{kk dh gSA ;g ns[kus osQ fy, fd D;k ;g U;k;laxr
gS] vkb, fn, x, fo|qr {ks=k esa izksVkWu dk Roj.k ifjdfyr djrs gSa %

p

p

e E
a

m
=

     
19 4 1

27

(1 6 10 C) (2 0 10 N C )
1 67 10 kg

. .

.

− −

−

× × ×
=

×

     12 –21 9 10 m s.= ×

;g Roj.k xq#Roh; Roj.k (9.8 m s–2) dh rqyuk esa vR;ar fo'kky gSA bysDVªkWu dk Roj.k
rks bl Roj.k ls Hkh vf/d gSA bl izdkj] bl mnkgj.k esa xq#Roh; Roj.k osQ izHkko dh
mis{kk dh tk ldrh gSA

mnkgj.k 1.9 nks ̄ cnq vkos'k q1 rFkk q2 ftuosQ ifjek.k Øe'k% +10–8 C rFkk –10–8 C gSa ,d
nwljs ls 0.1 m nwjh ij j[ks gSaaA fp=k 1.14 esa n'kkZ, ̄cnqvksa A, B rFkk C ij fo|qr {ks=k ifjdfyr
dhft,A

fp=k 1.14

gy /ukos'k q1 osQ dkj.k A ij fo|qr {ks=k lfn'k  E1A nkb± vksj fu£n"V gS rFkk bldk ifjek.k
9 2 -2 8

1A 2

(9 10 Nm C ) (10 C)
(0.05 m)

E
−× ×

=  =  3.6 × 104  N C–1

½.kkos'k q2 osQ dkj.k A ij fo|qr {ks=k lfn'k E2A Hkh nkb± vksj fu£n"V gS rFkk bldk ifjek.k
EA osQ leku gSA vr% A ij oqQy fo|qr {ks=k EA dk ifjek.k

EA = E1A + E2A = 7.2 × 104 N C–1 (;g nkb± vksj fu£n"V gS)

/ukos'k q1 osQ dkj.k B ij fo|qr {ks=k lfn'k E1B ckb± vksj fu£n"V gS rFkk bldk ifjek.k
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oS|qr vkos'k rFkk {ks=k

9 2 –2 8

1B 2

(9 10 Nm C ) (10 C)
(0.05 m)

E
−× ×

= = 3.6 × 104 N C–1

½.kkos'k q2 osQ dkj.k B ij fo|qr {ks=k lfn'k E2B nkb± vksj fu£n"V gS rFkk bldk ifjek.k

9 2 –2 8

2B 2

(9 10 Nm C ) (10 C)
(0.15m)

E
−× ×

= =  4 × 103  N C–1

B ij oqQy fo|qr {ks=k dk ifjek.k

EB = E1B –  E2B = 3.2 × 104 N C–1 (;g ckb± vksj fu£n"V gS)

q1 rFkk q2 esa izR;sd osQ dkj.k ¯cnq C ij fo|qr {ks=k lfn'k dk ifjek.k leku gS] vr%

     
9 2 –2 8

1C 2C 2

(9 10 Nm C ) (10 C)
(0.10 m)

E E
−× ×

= =  =  9 × 103  N C–1

bu nksuksa lfn'kksa dh fn'kk,¡ fp=k 1.14 esa n'kkZ;h xbZ gSaA bu nks lfn'kksa osQ ifj.kkeh lfn'k dk ifjek.k

1 2cos cos
3 3CE E E
π π

= + =  9 × 103  N C–1

E
c 
nkb± vksj fu£n"V gSA

1.9  fo|qr {ks=k js[kk,¡
fiNys vuqHkkx esa geus fo|qr {ks=k dk vè;;u fd;kA ;g ,d lfn'k jkf'k gS rFkk bls ge lfn'kksa
dh Hkk¡fr gh fu:fir dj ldrs gSaA vkb, fdlh ̄ cnq vkos'k osQ dkj.k E dks fp=kkRed fu:fir
djus dk iz;kl djrs gSaA eku yhft, ¯cnq vkos'k ewy ¯cnq ij fLFkr gSA izR;sd ¯cnq ij fo|qr
{ks=k dh fn'kk osQ vuqfn'k laosQr djrs gq, {ks=k dh rhozrk dh vkuqikfrd yackbZ osQ lfn'k
[khafp,A pw¡fd fdlh ̄ cnq ij fo|qr {ks=k dk ifjek.k vkos'k ls ml ̄cnq dh
nwjh osQ oxZ osQ O;qRØekuqlkj ?kVrk gS] ewy ¯cnq ls nwj tkus ij lfn'k dh
yackbZ fujarj ?kVrh tkrh gS rFkk bldh fn'kk lnSo cfgeqZ[kh vjh; laosQr
djrh gSA fp=k 1.15 blh fp=k.k dks n'kkZrk gSA bl fp=k.k esa izR;sd rhj
fo|qr {ks=k vFkkZr ml rhj osQ iqPN ij fLFkr bdkbZ /u vkos'k ij yxus
okyk cy n'kkZrk gSA ,d fn'kk esa laosQr djus okys rhjksa dks feykus ij izkIr
ifj.kkeh fp=k {ks=k js[kk dks fu:fir djrk gSA bl izdkj gesa cgqr lh {ks=k
js[kk,¡ izkIr gksrh gSa ftuesa lHkh ¯cnq vkos'k ls ckgj dh vksj laosQr djrh
gSaA D;k vc geus fo|qr {ks=k dh rhozrk vFkok ifjek.k osQ fo"k; esa tkudkjh
u"V dj nh gS] D;ksafd og rks rhj dh yackbZ esa lekbZ gqbZ Fkh\ ughaA vc]
{ks=k osQ ifjek.k dks {ks=k js[kkvksa osQ ?kuRo }kjk fu:fir fd;k tkrk gSA vkos'k
osQ fudV E izcy gksrk gSA vr% vkos'k osQ fudV {ks=k js[kkvksa dk ?kuRo
vf/d gksrk gS rFkk {ks=k js[kk,¡ l?ku gksrh gSaA vkos'k ls nwj tkus ij {ks=k nqcZy
gksrk tkrk gS rFkk {ks=k js[kkvksa dk ?kuRo de gksrk gS ifj.kkeLo:i js[kk,¡
Hkh nwj&nwj gksrh gSaA

dksbZ O;fDr vf/d js[kk,¡ [khap ldrk gSA ijarq js[kkvksa dh la[;k egRoiw.kZ ugha gSA okLro
esa fdlh {ks=k esa vla[; js[kk,¡ [khaph tk ldrh gSaA vr% egRoiw.kZ ;g gS fd fofHkUu {ks=kksa esa
js[kkvksa dk vkisf{kd ?kuRo D;k gS\

fp=k 1.15 ¯cnq vkos'k dk {ks=kA

 mnkgj.k 1
.9
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HkkSfrdh
ge dkxT+k osQ i`"B ij fp=k [khaprs gSa vFkkZr ge f}foeh; fp=k [khaprs gSa]

ijarq ge rhu foekvksa esa jgrs gSaA vr% ;fn gesa {ks=k js[kkvksa osQ ?kuRo dk vkdyu
djuk gS rks gesa bu js[kkvksa osQ yacor vuqizLFk dkV osQ izfr ,dkad {ks=kiQy esa
{ks=k js[kkvksa dh la[;k ij fopkj djuk gksrk gSA pw¡fd fdlh ¯cnq vkos'k ls nwjh
osQ oxZ osQ vuqlkj fo|qr {ks=k de gksrk tkrk gS rFkk vkos'k dks ifjc¼ djus okyk
{ks=k nwjh osQ oxZ osQ vuqlkj c<+rk tkrk gS] ifjc¼ {ks=k ls xqtjus okyh {ks=k js[kkvksa
dh la[;k lnSo fu;r jgrh gS] pkgs vkos'k ls ml {ks=k dh nwjh oqQN Hkh gksA

geus vkjaHk esa ;g dgk Fkk fd {ks=k js[kk,¡ fno~QLFkku osQ fofHkUu ̄ cnqvksa ij
fo|qr {ks=k dh fn'kk osQ fo"k; esa lwpuk,¡ igq¡pkrh gSaA oqQN {ks=k js[kkvksa dk
leqPp; [khapus ij fofHkUu ¯cnqvksa ij {ks=k js[kkvksa dk vkisf{kd la[;k ?kuRo
(vFkkZr vR;f/d fudVrk) mu ¯cnqvksa ij fo|qr {ks=k dh vkisf{kd izcyrk
bafxr djrk gSA tgk¡ {ks=k js[kk,¡ l?ku gksrh gSa ogk¡ {ks=k izcy gksrk gS rFkk tgk¡
nwj&nwj gksrh gSa ogk¡ nqcZy gksrk gSA fp=k 1.16 esa {ks=k js[kkvksa dk leqPp; n'kkZ;k
x;k gSA ge ¯cnqvksa R rFkk S ij ogk¡ dh {ks=k js[kkvksa osQ vfHkyacor nks leku
rFkk NksVs {ks=k vo;oksa dh dYiuk dj ldrs gSaaA gekjs fp=k.k esa bu {ks=k vo;oksa

dks dkVus okyh {ks=k js[kkvksa dh la[;k bu ̄ cnqvksa ij fo|qr {ks=kksa osQ ifjek.kksa osQ vuqØekuqikrh
gSA fp=k.k ;g n'kkZrk gS fd ¯cnq R  ij {ks=k] ¯cnq S ij {ks=k dh rqyuk esa vfèkd izcy gSA

{ks=kiQy ij vFkok {ks=k vo;o }kjk varfjr ?ku dks.k* ij] {ks=k js[kkvksa dh fuHkZjrk dks
le>us osQ fy, vkb, ge {ks=kiQy vkSj ?ku dks.k (tks dks.k dk rhu foekvksa esa O;kidhdj.k
gS) osQ chp laca/ LFkkfir djus dk iz;kl djrs gSaA ;kn dhft, nks foekvksa esa fdlh (lery)
dks.k dh ifjHkk"kk fdl izdkj dh tkrh gSA eku yhft, dksbZ NksVk vuqizLFk js[kk vo;o  ∆l ̄ cnq
O ls r  nwjh ij j[kk tkrk gSA rc O ij ∆l  }kjk varfjr dks.k dk lfUudVu ∆θ = ∆l/r osQ :i
esa fd;k tk ldrk gSA blh izdkj] rhu foekvksa esa fdlh NksVs yacor {ks=k ∆S }kjk nwjh r ij
varfjr ?ku dks.k* dks ∆Ω = ∆S/r2 O;Dr fd;k tk ldrk gSA ge tkurs gSa fd fdlh fn, x,
?ku dks.k esa vjh; {ks=k js[kkvksa dh la[;k leku gksrh gSA fp=k 1.16 esa vkos'k ls  r1 rFkk r2

nwfj;ksa ij fLFkr nks ¯cnqvksa  P1 rFkk P2 osQ fy, ?ku dks.k ∆Ω }kjk P1 ij varfjr {ks=k vo;o
2

1r ∆Ω rFkk P2 ij varfjr {ks=k vo;o 2
2r ∆Ω gSA bu {ks=k vo;oksa dks dkVus okyh js[kkvksa dh

la[;k (eku yhft, n) leku gSA vr% ,dkad {ks=k vo;o dks dkVus okyh {ks=k js[kkvksa dh
la[;k P1 ij n/( 2

1r ∆Ω) rFkk P2 ij n/( 2
2r ∆Ω) gSA bl izdkj Li"V gS fd {ks=k js[kkvksa dh

la[;k vkSj blhfy, {ks=k&izcyrk Li"V :i ls 1/r 2 ij fuHkZj gSA
{ks=k js[kkvksa osQ fp=k.k dh [kkst iSQjkMs us vkosf'kr foU;klksa osQ pkjksa vksj fo|qr {ks=k dk

ekul izR;{khdj.k djus osQ ,d varnZ'khZ vxf.krh; mik; dks fodflr djus osQ fy, dh FkhA
iSQjkMs us bUgsa cy js[kk,¡ dgk FkkA ;g in fo'ks"kdj pqacdh; {ks=kksa osQ izdj.k osQ fy, oqQN Hkzked
gSA buosQ fy, vf/d mfpr in {ks=k js[kk,¡ (oS|qr vFkok pqacdh;) gS ftls geus bl iqLrd
esa viuk;k gSA

bl izdkj fo|qr {ks=k js[kk,¡ vkos'kksa osQ vfHkfoU;kl osQ pkjksa vksj fo|qr {ks=k osQ fp=kkRed
fu:i.k dk ,d mik; gSA O;kid :i esa] fo|qr {ks=k js[kk ,d ,slk oØ gksrh gS ftlosQ fdlh
Hkh ̄ cnq ij [khapk x;k Li'khZ ml ̄ cnq ij yxs usV cy dh fn'kk dks fu:fir djrk gSA bl oØ
osQ fdlh ̄ cnq ij] Li"V :i ls] Li'khZ }kjk fo|qr {ks=k dh nks laHkkfor fn'kkvksa esa ls dksbZ ,d

fp=k 1.16  fo|qr {ks=k izcyrk dh nwjh ij
fuHkZjrk rFkk bldk {ks=k js[kkvksa dh la[;k ls

laca/A

* ?ku dks.k 'kaoqQ dh ,d eki gSA R f=kT;k osQ xksys okys fn, x, 'kaoqQ osQ ifjPNsn ij fopkj dhft,A
'kaoqQ osQ ?ku dks.k ∆Ω dh ifjHkk"kk bls ∆S/R

2 osQ cjkcj ekudj djrs gSa] ;gk¡ ∆S 'kaoqQ }kjk xksys ij
dkVk x;k {ks=kiQy gSA
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oS|qr vkos'k rFkk {ks=k

fn'kk n'kkZus osQ fy, oØ ij rhj dk fpÉ vafdr djuk vko';d gSA {ks=k
js[kk ,d fno~QLFkku oØ vFkkZr rhu fn'kkvksa esa oØ gksrh gSA

fp=k 1.17 esa oqQN ljy vkos'k foU;klksa osQ pkjksa vksj {ks=k js[kk,¡ n'kkZ;h
xbZ gSaA tSlk fd igys o.kZu fd;k tk pqdk gS] ;s {ks=k js[kk,¡ rhu foeh;
fno~QLFkku esa gSa ;|fi fp=k esa bUgsa osQoy ,d ry esa n'kkZ;k x;k gSA ,dy
/ukos'k osQ dkj.k {ks=k js[kk,¡ f=kT;r% (vjh;) cfgeqZ[kh gksrh gSa tcfd
,dy ½.kkos'k osQ dkj.k {ks=k js[kk,¡ f=kT;r% vareqZ[kh gksrh gSaA nks /ukos'kksa
(q, q) osQ fudk; osQ pkjksa vksj dh {ks=k js[kk,¡ ikjLifjd izfrd"kZ.k dk ,d
ltho fp=k.k izLrqr djrh gSa tcfd ifjek.k esa leku nks fotkrh; vkos'kksa
(q, –q) osQ fudk;] vFkkZr fdlh f}/qzo osQ pkjksa vksj {ks=k js[kk,¡ vkos'kksa osQ
chp Li"V ikjLifjd vkd"kZ.k n'kkZrh gSaA {ks=k js[kk,¡ oqQN egRoiw.kZ lkekU;
xq.kksa dk ikyu djrh gSaµ
 (i) {ks=k js[kk,¡ /ukos'k ls vkjaHk gksdj ½.kkos'k ij lekIr gksrh gSaA ;fn vkos'k

,dy gS rks ;s vuar ls vkjaHk vFkok vuar ij lekIr gks ldrh gSaA
(ii) fdlh vkos'k eqDr {ks=k esa] {ks=k js[kkvksa dks ,sls larr oØ ekuk tk

ldrk gS tks dgha ugha VwVrsA
(iii) nks {ks=k js[kk,¡ ,d&nwljs dks dnkfi ugha dkVrhaA (;fn os ,slk djsa rks

izfrPNsnu ̄ cnq ij {ks=k dh osQoy ,d fn'kk ugha gksxh] tks fujFkZd gSA
(iv) fLFkjoS|qr {ks=k js[kk,¡ can ywi ugha cukrhaA ;g fo|qr {ks=k dh

laj{k.kkRed izo`Qfr ls vuq'kkflr gS (vè;k; 2 nsf[k,)A

1.10  oS|qr ÝyDl
fdlh dS {ks=kiQy osQ NksVs i`"B ls mlosQ vfHkyacor v osx ls izokfgr gksus
okys fdlh nzo osQ izokg ij fopkj dhft,A nzo osQ izokg dh nj bl {ks=k
ls izfr ,dkad le; esa xqtjus okys vk;ru v dS }kjk izkIr gksrh gS rFkk
;g ml ry ls xqtjus okys nzo osQ ÝyDl dks fu:fir djrh gSA ;fn bl
ry (i`"B) ij vfHkyac nzo osQ izokg dh fn'kk vFkkZr v osQ lekarj ugha
gS] vkSj buosQ chp θ dks.k curk gS rks v osQ yacor ry esa iz{ksfir {ks=kiQy
v dS cos θ gksxkA vr% ì"B dS ls ckgj tkus okyk ÝyDl v. n̂ dS gksrk gSA
fo|qr {ks=k osQ izdj.k osQ fy,] ge ,d lerqY; jkf'k dks ifjHkkf"kr djrs
gSa vkSj bls oS|qr ÝyDl dgrs gSaA rFkkfi gesa ;g è;ku esa j[kuk pkfg, fd
nzo&izokg osQ izdj.k osQ foijhr ;gk¡ izkòQfrd fu;eksa osQ vuqlkj izs{k.k ;ksX;
jkf'k dk dksbZ izokg ugha gSA

mijksDr o£.kr fo|qr {ks=k js[kkvksa osQ fp=k.k esa geus ns[kk fd fdlh
¯cnq ij {ks=k osQ vfHkyacor j[ks ,dkad {ks=kiQy ls xqtjus okyh {ks=k js[kkvksa
dh la[;k ml ¯cnq ij fo|qr {ks=k izcyrk dh eki gksrh gSA bldk rkRi;Z
;g gS fd ;fn ge fdlh ¯cnq ij E osQ vfHkyacor dksbZ ∆S {ks=kiQy dk
NksVk leryh; vo;o j[ksa rks blls xqtjus okyh {ks=k js[kkvksa dh la[;k E
∆S osQ vuqØekuqikrh* gSA vc eku yhft, ge {ks=kiQy vo;o dks fdlh

fp=k 1.17 fofHkUu vkos'k forj.kksa osQ dkj.k
{ks=k js[kk,¡A

* ;g dguk mfpr ugha gS fd {ks=k js[kkvksa dh la[;k E∆S osQ cjkcj gSA okLro esa
{ks=k js[kkvksa dh la[;k ,slk fo"k; gS tks ge fdruh {ks=k js[kk,¡ [khapus dk p;u djrs
gSa] ij fuHkZj gSA vr% fofHkUu ̄ cnqvksa ij fn, x, {ks=kiQy ls xqtjus okyh {ks=k js[kkvksa
dh vkisf{kd la[;k osQ Kkr gksus esa gh budh HkkSfrd lkFkZdrk gSA
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HkkSfrdh
dks.k θ  ij >qdk nsrs gSaA Li"V gS vc bl {ks=kiQy vo;o ls
xqtjus okyh {ks=k js[kkvksa dh la[;k ?kV tk,xhA pw¡fd E  osQ
vfHkyacor {ks=kiQy vo;o ∆S dk iz{ksi ∆S cosθ  gS] vr%
∆S  ls xqtjus okyh {ks=k js[kkvksa dh la[;k E ∆S cosθ  osQ
vuqØekuqikrh gSA tc θ = 90° gksrk gS rks {ks=k js[kk,¡ ∆S osQ
lekarj gks tkrh gSa vkSj blls dksbZ Hkh {ks=k js[kk ugha xqtjrh
(fp=k 1.18 nsf[k,)A

cgqr ls lanHkks± esa {ks=kiQy vo;o osQ ifjek.k osQ
lkFk&lkFk mldk fno~QfoU;kl Hkh egRoiw.kZ gksrk gSA mnkgj.k
osQ fy,] fdlh ty&izokg esa fdlh ¯jx ls xqtjus okys ty
dk ifjek.k LokHkkfod :i ls bl ckr ij fuHkZj djrk gS fd
vki ty /kjk esa bls fdl izdkj idM+s gq, gSaA ;fn vki bls
ty&izokg osQ vfHkyacor j[krs gSa rks vU; lHkh fno~QfoU;klksa
dh rqyuk esa bl foU;kl esa ¯jx ls vf/dre ty xqtjsxkA
blls ;g fu"d"kZ fudyrk gS fd {ks=kiQy&vo;o dks lfn'k
osQ leku ekuuk pkfg,A blesa ifjek.k osQ lkFk fn'kk Hkh gksrh

gSA leryh; {ks=k dh fn'kk oSQls fu£n"V dh tk,\ Li"V :i ls ry ij vfHkyac ry dk
fno~QfoU;kl fu£n"V djrk gSA bl izdkj leryh; {ks=k lfn'k dh fn'kk blosQ vfHkyac osQ
vuqfn'k gksrh gSA

fdlh ofØr i`"B osQ {ks=kiQy dks fdlh lfn'k ls oSQls lac¼ fd;k tkrk gS\ ge ;g
dYiuk djrs gSa fd ofØr i`"B cgqr ls NksVs&NksVs {ks=kiQy vo;oksa esa foHkkftr gSA buesa ls
izR;sd NksVk {ks=kiQy vo;o leryh; ekuk tk ldrk gS vkSj igys Li"Vhdj.k osQ vuqlkj blls
lfn'k lac¼ fd;k tk ldrk gSA

;gk¡ ,d lafnX/rk ij è;ku nhft,A fdlh {ks=kiQy vo;o dh fn'kk mlosQ vfHkyac osQ
vuqfn'k gksrh gSA ijarq vfHkyac nks fn'kk,¡ laosQr dj ldrk gSA fdlh {ks=kiQy vo;o ls lac¼
lfn'k dh fn'kk dk p;u fdl izdkj fd;k tkrk gS\ bl leL;k dk lek/ku bl lanHkZ esa mfpr
oqQN ifjikfV;ksa osQ fu/kZj.k }kjk fd;k x;k gSA can i`"Bksa osQ izdj.kksa osQ fy, ;g ifjikVh vfr
ljy gSA fdlh can i`"B osQ izR;sd {ks=kiQy vo;o ls lac¼ lfn'k dh fn'kk cfgeqZ[kh vfHkyac
dh fn'kk ekuh tkrh gSA blh ifjikVh dk mi;ksx fp=k 1-19 esa fd;k x;k gSA bl izdkj] fdlh
can i`"B osQ fdlh ¯cnq ij {ks=kiQy vo;o lfn'k ∆S dk eku ∆S n̂  gksrk gS] ;gk¡ ∆S

{ks=kiQy lfn'k dk ifjek.k rFkk n̂  bl ¯cnq ij cfgeqZ[kh vfHkyac dh fn'kk esa ,dkad
lfn'k gSA

vc ge oS|qr ÝyDl dh ifjHkk"kk ij vkrs gSaA fdlh {ks=kiQy vo;o ∆S ls xqtjus okys
oS|qr ÝyDl ∆φ dh ifjHkk"kk bl izdkj djrs gSa %

∆φ = E.∆S = E ∆S  cosθ (1.11)

tks igys dh Hkk¡fr bl {ks=kiQy vo;o dks dkVus okyh {ks=k js[kkvksa dh la[;k osQ vuqØekuqikrh
gSA ;gk¡ θ {ks=k vo;o ∆S rFkk E osQ chp dk dks.k gSA iwoksZDr ifjikVh osQ vuqlkj can i`"B osQ
fy, θ {ks=k&vo;o ij cfgeqZ[kh vfHkyac rFkk E osQ chp dk dks.k gSA è;ku nhft,] ge O;atd
E ∆S cosθ  ij nks <ax ls fopkj dj ldrs gSa% E (∆S cosθ ) vFkkZr E ij {ks=k&vfHkyac osQ
iz{ksi dk E xquk] vFkok E⊥ ∆S vFkkZr {ks=k&vo;o ij vfHkyac osQ vuqfn'k E dk vo;o xquk
{ks=k&vo;o dk ifjek.kA oS|qr ÝyDl dk ek=kd N C–1 m2 gSA

fp=k 1.18 E rFkk n̂  osQ chp >qdko θ ij
ÝyDl dh fuHkZjrkA

fp=k 1.19 vfHkyac
n̂  rFkk ∆S dks ifjHkkf"kr

djus dh ifjikVhA
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oS|qr vkos'k rFkk {ks=k

lehdj.k (1.11) ls izkIr oS|qr ÝyDl dh ewy ifjHkk"kk dks lS¼kafrd :i esa] fdlh fn,
x, i`"B ls xqtjus okys oqQy ÝyDl dks ifjdfyr djus esa mi;ksx dj ldrs gSaA blosQ fy,
gesa ;g djuk gksrk gS fd ge igys i`"B dks NksVs&NksVs {ks=kiQy vo;oksa esa foHkkftr djrs gSa
vkSj fiQj izR;sd vo;o osQ fy, ÝyDl ifjdfyr djosQ mUgsa tksM+dj oqQy ÝyDl izkIr dj
ysrs gSaA vr% i`"B S ls xqtjus okyk oqQy ÝyDl φ gS

φ ~ Σ E.∆S (1.12)

;gk¡ lfUudVu fpÉ yxkus dk dkj.k ;g gS fd geus NksVs {ks=kiQy vo;o ij fo|qr {ks=k
E dks fu;r ekuk gSA xf.krh; :i ls ;g osQoy rHkh ;FkkFkZ gS tc vki lhek ∆S → 0  ysa
rFkk lehdj.k (1.12) esa ;ksx dks lekdyu osQ :i esa O;Dr djsaA

1.11  oS|qr f}/qzo
ifjek.k esa leku ,oa fotkrh; ¯cnq vkos'kksa q rFkk –q dk dksbZ ;qxy ftuosQ chp i`Fkdu 2a

gS] oS|qr f}/qzo dgykrk gSA nksuksa vkos'kksa dks la;ksftr djus okyh js[kk fno~QLFkku esa fdlh fn'kk
dks ifjHkkf"kr djrh gSA ifjikVh osQ vuqlkj –q ls q dh fn'kk f}/qzo dh fn'kk dgykrh gSA –q

rFkk q dh vofLFkfr;ksa dk eè; ¯cnq f}/qzo dk osaQnz dgykrk gSA
izR;{k :i ls oS|qr f}/zqo dk oqQy vkos'k 'kwU; gksrk gSA ijarq bldk ;g vFkZ ugha gS fd

f}/qzo dk fo|qr {ks=k 'kwU; gSA pw¡fd vkos'k q rFkk –q esa oqQN i`Fkdu gS] buosQ dkj.k fo|qr {ks=k
tc tksM+s tkrs gSa rc ;s ,d&nwljs dks ;FkkFkZ :i ls fujLr ugha djrsA ijarq ;fn f}/qzo cukus
okys vkos'kksa osQ ìFkdu dh rqyuk esa nwjh vf/d (r >> 2a) gS] rks q ,oa –q osQ dkj.k {ks=k yxHkx
fujLr gks tkrs gSaaA vr% vf/d nwfj;ksa ij fdlh oS|qr f}/qzo osQ dkj.k fo|qr {ks=k 1/r2 (,dy
vkos'k q osQ dkj.k fo|qr {ks=k dh r ij fuHkZjrk) ls Hkh vf/d xfr ls ean gksrk tkrk gSA ;g
xq.kkRed /kj.kk uhps fn, x, lqLi"V ifjdyu ls mRiUu gqbZ gS%

1.11.1  oS|qr f}/qzo osQ dkj.k {ks=k

vkos'kksa osQ ;qxy (–q rFkk q) osQ dkj.k fno~QLFkku esa fdlh ̄cnq ij fo|qr {ks=k owQykWe fu;e rFkk
vè;kjksi.k fl¼kar ls Kkr fd;k tk ldrk gSA fuEufyf[kr nks izdj.kksa osQ ifj.kke ljy gSa%
(i) tc ¯cnq f}/qzo osQ v{k ij gS] (ii) tc ¯cnq f}/zqo osQ fo"kqorh; ry] vFkkZr f}/qzo v{k osQ
osaQnz ls xqtjus okys f}/qzo v{k osQ yacor ry esa gSA fdlh O;kid ̄cnq P ij fo|qr {ks=k] vkos'k
–q osQ dkj.k P ij fo|qr {ks=k  E –q

 rFkk vkos'k +q osQ dkj.k P ij fo|qr {ks=k E
+q

 dks lfn'kksa
osQ lekarj prqHkqZt fu;e }kjk la;ksftr djosQ izkIr fd;k tkrk gSSA

(i) v{k ij fLFkr ¯cnqvksa osQ fy,

eku yhft, ¯cnq P f}/qzo osQ osaQnz ls q dh vksj fp=k (1.20a) esa n'kkZ, vuqlkj r nwjh ij gS]
rc

2
0

ˆ
4 ( )q

q

r aε− = −
π +

E p [1.13(a)]

;gk¡ p̂  f}/qzo v{k (–q ls q dh vksj) osQ vuqfn'k ,dkad lfn'k gSA lkFk gh

2
0

ˆ
4 ( )q

q

r aε+ =
π −

E p [1.13(b)]

P ij oqQy fo|qr {ks=k gS
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4q q

o

q

ε+ −= + =
π

E E E
1 1

2 2( ) ( )
�

r a r a−
−

+









 p

    2 2 2

4
ˆ

4 ( )o

a rq

r aε
=

π −
p (1.14)

r >> a osQ fy,

3

4
ˆ

4 o

q a

rπε
=E p                (r >> a) (1.15)

(ii) fo"kqorh; ry ij fLFkr ¯cnqvksa osQ fy,

nks vkos'kksa +q rFkk –q osQ dkj.k fo|qr {ks=kksa osQ ifjek.k

2 2

1
4q

o

q
E

r aε+ =
π + [1.16(a)]

– 2 2

1
4q

o

q
E

r aε
=

π + [1.16(b)]

leku gSaA
E+q

 rFkk E–q
 dh fn'kk,¡ fp=k 1.20(b) esa n'kkZ;h xbZ gSaA Li"V gS fd

f}/qzo v{k osQ vfHkyacor vo;o ,d&nwljs dks fujLr dj nsrs gSaA f}èkzqo
v{k osQ vuqfn'k vo;o la;ksftr gks tkrs gSaA oqQy fo|qr {ks=k p̂  osQ
foijhr gksrk gSA vr%

E = – (E +q
 + E –q

) cosθ  p̂

2 2 3/2

2
ˆ

4 ( )o

q a

r aε
= −

π +
p (1.17)

vf/d nwfj;ksa (r >> a) ij

3

2 ˆ ( )
4 o

q a
r a

rε
= − >>

π
E p (1.18)

lehdj.kksa (1.15) rFkk (1.18) ls Li"V gS fd vf/d nwfj;ksa ij f}/qzo {ks=k esa q rFkk a
i`Fkd :i ls lfEefyr ugha gksrs_ ;g buosQ la;qDr xq.kuiQy qa ij fuHkZj djrk gSA blls
f}/qzo vk?kw.kZ dh ifjHkk"kk dk laosQr feyrk gSA fdlh oS|qr f}/qzo osQ f}/qzo vk?kw.kZ lfn'k p
dh ifjHkk"kk bl izdkj dh tk ldrh gS%

p  = q × 2a p̂ (1.19)

vFkkZr ;g ,d lfn'k gS ftldk ifjek.k vkos'k q rFkk i`Fkdu 2a (vkos'kksa q, –q osQ ;qxy osQ
chp dh nwjh) rFkk fn'kk –q ls q dh vksj gksrh gSA p osQ inksa esa] fdlh f}/qzo dk fo|qr {ks=k
vfèkd nwfj;ksa ij ,d ljy :i ys ysrk gSA
f}/qzo v{k osQ fdlh ¯cnq ij

3

2
4 orε

=
π

p
E (r >> a) (1.20)

fo"kqorh; ry osQ fdlh ¯cnq ij

34 orε
= −

π
p

E (r >> a) (1.21)

fp=k 1.20 (a) v{k ij fLFkr fdlh ¯cnq] (b) f}/zqo
osQ fo"kqorh; ry ij fLFkr fdlh ̄ cnq ij f}/qzo dk
fo|qr {ks=kA f}/qzo vk?kw.kZ p lfn'k gS ftldk ifjek.k

p = q × 2a  gS rFkk fn'kk
–q ls q dh vksj gSA
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 mnkgj.k 1
.1

0

bl egRoiw.kZ rF; ij è;ku nhft, fd f}/qzo {ks=k vf/d nwfj;ksa ij 1/r 2 osQ :i esa ugha
oju~1/r 3 osQ :i esa ean gksrk gSA blosQ vfrfjDr f}/qzo {ks=k dk ifjek.k rFkk fn'kk osQoy nwjh
r ij gh fuHkZj ugh agS oju~ ;s lfn'k r rFkk f}/qzo vk?kw.kZ p osQ chp osQ dks.k ij Hkh fuHkZj djrs gSA

ge mlosQ ckjs esa lksp ldrs gSa& tc f}/zqo vkeki 2a 'kwU; dh vksj vxzlj gksrk tkrk gS]
rc vkos'k q vuar dh vksj vxzlj bl izdkj gksrk tkrk gS fd xq.kuiQy p = q × 2a ,d fu;r
ifjfer la[;k gksrh gSA bl izdkj osQ f}/qzo dks ̄cnq f}/qzo dgrs gSaA fdlh ̄ cnq f}/qzo osQ fy,
lehdj.k (1.20) rFkk (1.21)  r osQ lHkh ekuksa osQ fy, lR; rFkk ;FkkFkZ gSaA

1.11.2  f}/qzoksa dh HkkSfrd lkFkZdrk

vf/dka'k v.kqvksa esa /ukos'kksa rFkk ½.kkos'kksa* osQ oasQnz ,d gh LFkku ij gksrs gSaA blhfy, buosQ
f}/zqo vk?kw.kZ 'kwU; gksrs gSaA CO2 rFkk CH4 v.kq blh izdkj osQ gSaA fo|qr {ks=k vkjksfir fd, tkus
ij ;s f}/qzo vk?kw.kZ fodflr dj ysrs gSaa ijarq oqQN v.kqvksa eaas /ukos'kksa rFkk ½.kkos'kksa osQ osaQnz
laikrh ugha gksrsA vr% fo|qr {ks=k dh vuqifLFkfr esa Hkh budk viuk LFkk;h f}/qzo vk?kw.kZ gksrk
gSA bl izdkj osQ v.kqvksa dks /qzfor v.kq dgrs gSaA ty dk v.kq] H2O, bl izdkj osQ v.kqvksa dk
,d mnkgj.k gSA fofo/ inkFkZ fo|qr {ks=k dh mifLFkfr vFkok vuqifLFkfr esa jkspd xq.k rFkk
egRoiw.kZ vuqiz;ksx izLrqr djrs gSaA

mnkgj.k 1.10  ±10 µC osQ nks vkos'k ,d&nwljs ls 5.0 mm nwjh ij fLFkr gSaA (a) bl f}èkqzo
osQ v{k ij f}/qzo osQ osaQnz O ls fp=k 1.21(a) esa n'kkZ, vuqlkj] /ukos'k dh vksj 15 cm nwjh
ij fLFkr fdlh ̄cnq P ij rFkk (b) f}/qzo osQ v{k osQ vfHkyacor O ls] fp=k 1.21(b) esa n'kkZ,
vuqlkj xqtjus okyh js[kk ls 15 cm nwjh ij fLFkr fdlh ¯cnq Q ij fo|qr {ks=k Kkr dhft,A

fp=k 1.21

gy %  (a) ¯cnq P ij vkos'k +10 µC osQ dkj.k {ks=k

* /ukRed ¯cnq vkos'kksa osQ laxzg dks osaQnz dh ifjHkk"kk lagfr osaQnz dh gh Hkk¡fr dh tkrh gS ftlosQ vuqlkj

r

r

cm =
∑

∑

q

q

i i
i

i
i

.
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 m
nk
gj

.k
 1

.1
0

= 
5

12 2 1 2

10 C

4 (8.854 10 C N m )

−

− − −π × 2 4 2

1

(15 0.25) 10 m−×
− ×

=  4.13 × 106  N C–1  BP osQ vuqfn'k
¯cnq P ij vkos'k –10 µC osQ dkj.k {ks=k

–5

12 2 1 2

10 C
4 (8.854 10 C N m )− − −=

π ×  2 4 2

1
(15 0.25) 10 m−×

+ ×

=  3.86 × 106  N C–1 PA osQ vuqfn'k
A rFkk B ij fLFkr nks vkos'kksa osQ dkj.k P ij ifj.kkeh fo|qr {ks=k =  2.7 × 105  N C–1

BP osQ vuqfn'k gSA
bl mnkgj.k esa vuqikr OP/OB dkiQh vf/d (=60) gSA vr%] fdlh f}/qzo osQ v{k ij
vR;fèkd nwjh ij fLFkr fdlh ̄cnq ij fo|qr {ks=k Kkr djus osQ fy, lh/s gh lw=k osQ mi;ksx }kjk
ge blh osQ lfUudV ifj.kke dh vk'kk dj ldrs gSaA 2a i`Fkdu osQ ± q vkos'kksa ls cus f}èkqzo
osQ fy, f}/qzo osQ v{k osQ oasQnz ls r nwjh ij fo|qr {ks=k dk ifjek.k

3

2

4 ε0

=
π

p
E

r
(r/a >> 1)

;gk¡ p = 2a q f}/zqo vk?kw.kZ dk ifjek.k gSA
f}/zqzo v{k ij fo|qr {ks=k dh fn'kk lnSo f}/qzo vk?kw.kZ lfn'k osQ vuqfn'k (vFkkZr –q ls q dh
vksj) gksrh gSA ;gk¡] p =10–5 C × 5 × 10–3 m  = 5 × 10–8 C m

vr%

E  =
8

12 2 1 2

2 5 10 C m

4 (8.854 10 C N m )

−

− − −

× ×
π × 3 6 3

1

(15) 10 m−×
×  = 2.6 × 105  N C–1

f}/qzo vk?kw.kZ  dh fn'kk AB osQ vuqfn'k gS] rFkk ;g ifj.kke iwoZ ifj.kke osQ dkiQh fudV gSA
(b) ¯cnq B ij fLFkr + 10 µC vkos'k osQ dkj.k ¯cnq Q ij fo|qr {ks=k

=
5

12 2 1 2

10 C
4 (8.854 10 C N m )

−

− − −π ×  2 2 4 2

1

[15 (0.25) ] 10 m−+ ×
×

=  3.99 × 106  N C–1  BQ osQ vuqfn'k

¯cnq A ij fLFkr –10 µC vkos'k osQ dkj.k Q ij fo|qr {ks=k

=
5

12 2 1 2

10 C

4 (8.854 10 C N m )

−

− − −π × 2 2 4 2

1

[15 (0.25) ] 10 m−+ ×
×

=  3.99 × 106  N C–1 QA osQ vuqfn'k
Li"V gS fd bu nks leku ifjek.k osQ cyksa osQ OQ fn'kk osQ vuqfn'k ?kVd ,d&nwljs dks fujLr
djrs gSa ijarq BA osQ lekarj fn'kk osQ vuqfn'k ?kVd la;ksftr gks tkrs gSaA vr% A rFkk B ij
fLFkr nks vkos'kksa osQ dkj.k Q ij ifj.kkeh fo|qr {ks=k

= 2 × 
6 –1

2 2

0.25
3.99 10 N C

15 (0.25)
× ×

+
BA osQ vuqfn'k

=  1.33 × 105  N C–1 BA osQ vuqfn'k
(a) dh gh Hkk¡fr f}/qzo osQ v{k osQ vfHkyacor fdlh ̄cnq ij f}/qzo fo|qr {ks=k osQ fy, lh/s gh
lw=k osQ mi;ksx }kjk ge blh ifj.kke dh vis{kk dj ldrs gSaµ
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 mnkgj.k 1
.1

0

34
p

E
r0ε

=
π (r/a >> 1)

8

12 2 –1 –2

5 10 Cm
4 (8.854 10 C N m )

−

−

×
=

π × 3 6 3

1
(15) 10 m−×

×

=  1.33 × 105  N C–1.

bl izdj.k esa fo|qr {ks=k dh fn'kk vk?kw.kZ lfn'k dh fn'kk osQ foijhr gSA rFkkfi izkIr ifj.kke
igys izkIr gq, ifj.kke osQ vuq:i gSaA

1.12  ,dleku cká {ks=k esa f}/zqo
fp=k 1.22 esa n'kkZ, vuqlkj ,dleku fo|qr {ks=k E esa j[ks f}/qzo vk?kw.kZ p osQ LFkk;h
f}èkqzo (LFkk;h f}èkqzo ls gekjk rkRi;Z ;g gS fd p dk E ls Lora=k vfLrRo gS_ ;g E
}kjk izsfjr ugha gqvk gSA) ij fopkj dhft,A

;gk¡ vkos'k q ij qE rFkk  –q ij  –qE cy yx jgs gSaA pw¡fd E ,dleku gS vr%
f}/zqo ij usV cy 'kwU; gSA ijarq vkos'kksa esa i`Fkdu gS] vr% cy fHkUu ¯cnq ij yxs gSa]
ftlosQ ifj.kkeLo:i f}/qzo ij cy vk?kw.kZ dk;Z djrk gSA tc usV cy 'kwU; gS rks cy
vk?kw.kZ (cy ;qXe) ewy ̄ cnq ij fuHkZj ugha gksrkA bldk ifjek.k izR;sd cy osQ ifjek.k
rFkk cy;qXe dh Hkqtk (nks izfrlekarj cyksa osQ chp yacor nwjh) osQ xq.kuiQy osQ cjkcj
gksrk gSA

cy vk?kw.kZ dk ifjek.k = q E × 2 a sinθ
       = 2 q a E sinθ

bldh fn'kk dkxT+k osQ ry osQ vfHkyacor blls ckgj dh vksj gSA
p × E dk ifjek.k Hkh p E sinθ gS rFkk bldh fn'kk dkxT+k osQ i`"B osQ

vfHkyacor ckgj dh vksj gSA vr%
τττττ  = p × E (1.22)

;g cy vk?kw.kZ f}/qzo dks {ks=k E osQ lkFk lajsf[kr djus dh izo`fÙk j[ksxkA
tc p {ks=k E osQ lkFk lajsf[kr gks tkrk gS rks cy vk?kw.kZ 'kwU; gksrk gSA

tc {ks=k ,dleku ugha gksrk rc D;k gksrk gS\ Li"V gS] ml izdj.k esa usV
cy 'kwU;srj gks ldrk gSA blosQ vfrfjDr] O;kid :i ls fudk; ij igys dh
gh Hkk¡fr ,d cy vk?kw.kZ dk;Z djsxkA ;gk¡ O;kid izdj.k varxzZLr gS] vr% vkb,
,slh ljy fLFkfr ij fopkj djrs gSa ftlesa p {ks=k E osQ lekarj vFkok
izfrlekarj gSA nksuksa gh izdj.kksa esa usV cy vk?kw.kZ rks 'kwU; gksrk gS ijarq ;fn E
,dleku ugha gS rks f}/qzo ij ,d usV cy yxrk gSA

fp=k 1.23 Lor% Li"Vhdj.k djrk gSA bls vklkuh ls ns[kk tk ldrk gS
fd tc p {ks=k E osQ lekarj gS rks f}/zqo ij c<+rs {ks=k dh fn'kk esa ,d usV cy
dk;Z djrk gSA tc p {ks=k osQ E izfrlekarj gksrk gS rks f}/qzo ij ?kVrs {ks=k dh
fn'kk esa ,d usV cy dk;Z djrk gSA O;kid :i esa] cy E osQ lkis{k p osQ
fno~QfoU;kl ij fuHkZj djrk gSA

blls gekjk è;ku ?k"kZ.k fo|qr osQ lkekU; izs{k.kksa ij tkrk gSA 'kq"d ckyksa
esa isQjh xbZ oaQ?kh dkx”k osQ NksVs VqdM+ksa dks vkd£"kr djrh gSA tSlkfd ge
tkurs gSa fd oaQ?kh ?k"kZ.k }kjk vkos'k v£tr djrh gSA ijarq dkx”k vkosf'kr ugha
gS rks fiQj bl vkd"kZd cy dk Li"Vhdj.k oSQls djsa\ fiNyh ppkZ ls laosQr

fp=k 1.22 ,dleku fo|qr {ks=k
esa f}/qzoA

fp=k 1.23 f}/qzo ij oS|qr cy (a) p {ks=k
E osQ lekarj (b) p {ks=k E osQ izfrlekarjA
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ikdj ge dg ldrs gSa fd vkosf'kr oaQ?kh dkx”k osQ VqdM+ksa dks /qzfor dj nsrh gS] vFkkZr dkx”k
osQ VqdM+ksa esa {ks=k dh fn'kk esa usV f}/qzo vk?kw.kZ izsfjr dj nsrh gSA blosQ vfrfjDr oaQ?kh osQ dkj.k
fo|qr {ks=k ,dleku ugha gSA bl fLFkfr esa ;g vklkuh ls ns[kk tk ldrk gS fd dkx”k osQ VqdM+s
oaQ?kh dh fn'kk esa xfr djrs gSaA

1.13  larr vkos'k forj.k
vc rd geus fofoDr vkos'kksa q1, q2, ..., qn 

osQ vkos'k foU;kl osQ fo"k; esa ppkZ dh gSA bldk
dkj.k ;g gS fd ,sls foU;klksa osQ fy, xf.krh; ifjdyu ljy gksrs gSa ftuesa dyu
(oSQyoqQyl) dh vko';drk ugha gksrhA lkFk gh] cgqr ls dk;ks± osQ fy, fofoDr vkos'kksa osQ
inksa esa dk;Z djuk O;kogkfjd ugha gksrk vkSj gesa larr vkos'k forj.k dh vko';drk gksrh gSA
mnkgj.kkFkZ] fdlh vkosf'kr pkyd osQ i`"B ij lw{e vkosf'kr vo;oksa dh vofLFkfr;ksa osQ inksa
esa vkos'k forj.k dk fo'ks"k :i ls mYys[k djuk O;kogkfjd ugha gSA pkyd osQ i`"B ij fdlh
{ks=kiQy vo;o ∆S (tks LFkwy Lrj ij cgqr NksVk ijarq bysDVªkWuksa dh fo'kky la[;k dks lfEefyr
djus osQ fy, i;kZIr gS] nsf[k, fp=k 1.24) osQ fo"k; esa fopkj djosQ ml vo;o ij vkos'k ∆Q

dk ìFkd&ìFkd mYys[k djuk vf/d mi;qDr gSA blosQ ckn ge {ks=kiQy vo;o ij i`"Bh; vkos'k
?kuRo σ dh ifjHkk"kk bl izdkj djrs gSaµ

Q

S
σ

∆
=

∆ (1.23)

,slk ge pkyd osQ i`"B osQ fofHkUu ¯cnqvksa ij dj ldrs gSa vkSj bl izdkj ,d larr
iQyu σ  (ftls i`"Bh; vkos'k ?kuRo dgrs gSa) ij igq¡prs gSaA bl :i esa o£.kr i`"Bh; vkos'k
?kuRo σ vkos'k dh DokaVerk rFkk lw{en'khZ; Lrj* ij vkos'k dh vlarrk forj.k dh mis{kk
djrk gSA σ  LFkwyn'khZ; :i esa ì"Bh; vkos'k ?kuRo gS tks ,d izdkj ls] lw{en'khZ; :i esa cM+s ijarq
LFkwyn'khZ; :i esa NksVs {ks=k vo;o ∆S ij lw{en'khZ; vkos'k ?kuRo gSA σ dk ek=kd C/m2 gSA

blh izdkj osQ ǹf"Vdks.k jSf[kd vkos'k forj.kksa rFkk vk;ruh vkos'k forj.kksa ij Hkh ykxw gksrs
gSaA fdlh rkj dk jSf[kd vkos'k ?kuRo λ dh ifjHkk"kk

Q

l
λ

∆
=

∆ (1.24)

}kjk dh tkrh gSA ;gk¡ ∆l lw{e Lrj ij rkj dk jSf[kd vo;o gSA rFkkfi lw{e vkosf'kr vo;oksa
dh ,d fo'kky la[;k blesa lfEefyr gS rFkk ∆Q bl jSf[kd vo;o esa lek, vkos'k gSaA λ dk
ek=kd C/m gSA blh izdkj ls vk;ruh vkos'k ?kuRo (ljy 'kCnksa esa ftls vkos'k ?kuRo Hkh dgk
tkrk gS) dh ifjHkk"kk Hkh

Q

V
ρ ∆

=
∆

(1.25)

}kjk dh tkrh gSA ;gk¡ ∆Q LFkwy :i esa NksVs vk;ru vo;o ∆V esa lek, os vkos'k gSa tks lw{e
vkosf'kr vo;oksa dh fo'kky la[;k dks lfEefyr djrs gSaA ρ dk ek=kd C/m3 gSA

;gk¡ larr vkos'k forj.k dh gekjh /kj.kk ;kaf=kdh esa gekjs }kjk viukbZ xbZ larr lagfr
forj.k dh /kj.kk osQ gh leku gSA tc ge fdlh nzo osQ ?kuRo dk mYys[k djrs gSa rks ml

fp=k 1.24 jSf[kd] i`"Bh;]
vk;ruh ?kuRoksa dh ifjHkk"kkA
izR;sd izdj.k esa pqus x,
vo;o (∆l, ∆S, ∆V)

LFkwyn'khZ; Lrj ij NksVs gSa
ijarq buesa lw{en'khZ; Lrj osQ
vo;oksa dh ,d fo'kky la[;k

lekfgr gksrh gSA

* lw{en'khZ; Lrj ij] vkos'k forj.k vlarr gksrk gSA i`Fkd vkos'k ,d vkos'kjfgr eè;orhZ LFkku ls
i`Fko`Qr gksrs gSaA
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le; okLro esa ge mlosQ LFkwy ?kuRo dk gh mYys[k dj jgs gksrs gSaA ge nzo dks ,d larr
rjy eku ysrs gSa rFkk mldh fofoDr vk.kfod jpuk dh mis{kk dj nsrs gSaA

fofoDr vkos'kksa osQ fudk; osQ dkj.k fo|qr {ks=k izkIr djus ¹lehdj.k (1.10)º dh gh
Hkk¡fr yxHkx blh <ax ls larr vkos'k forj.k osQ dkj.k fo|qr {ks=k izkIr fd;k tk ldrk gSA eku
yhft, fdlh fno~QLFkku esa larr vkos'k forj.k dk vkos'k ?kuRo ρ gSA dksbZ lqfo/ktud ewy
¯cnq O pqfu, rFkk eku yhft, vkos'k forj.k esa fdlh ̄ cnq dk fLFkfr lfn'k r gSA vkos'k ?kuRo
ρ ,d ¯cnq ls nwljs ¯cnq ij fHkUu gks ldrk gS] vFkkZr ;g r dk iQyu gSA vkos'k forj.k dks
∆V vkeki osQ NksVs vk;ru vo;oksa esa foHkkftr dhft,A vk;ru vo;o ∆V esa vkos'k dk
ifjek.k ρ∆V  gSA

vc fLFkfr lfn'k R osQ lkFk fdlh Hkh O;kid ̄cnq P (vkos'k forj.k osQ Hkhrj vFkok ckgj)
ij fopkj dhft, (fp=k 1.24)A owQykWe fu;e }kjk vkos'k ρ∆V osQ dkj.k fo|qr {ks=k

2

1
ˆ

4
V

'
r'0

ρ
ε

∆
∆ =

π
E r (1.26)

;gk¡ r′ vkos'k vo;o rFkk P osQ chp dh nwjh gS] rFkk r̂ ′ vkos'k vo;o ls P dh fn'kk esa ,dkad
lfn'k gSA vè;kjksi.k fl¼kar }kjk vkos'k forj.k osQ dkj.k oqQy fo|qr {ks=k fofHkUu vk;ru&vo;oksa
osQ dkj.k fo|qr {ks=kksa dk ;ksx djus ij izkIr gksrk gSA

2

1
ˆ

4 V

V
'

r'0

ρ
ε ∆

∆
≅ Σ

π
E r

lHkh (1.27)

è;ku nhft, ρ, r′,  ˆ ′r  lHkh osQ eku ,d ¯cnq ls nwljs ij ifjo£rr gks ldrs gSaA ;FkkFkZ
xf.krh; fof/ esa gesa ∆V→0 ysuk pkfg, vkSj fiQj ;g ;ksx ,d lekdy cu tkrk gSA ijarq
ljyrk dh n`f"V ls bl ppkZ dks ge ;gh NksM+ jgs gSaA la{ksi esa owQykWe fu;e rFkk vè;kjksi.k
fl¼kar osQ mi;ksx }kjk fdlh Hkh vkos'k forj.k osQ fy, pkgs og fofoDr gks vFkok larr] vFkok
va'kr% fofoDr vkSj va'kr% larr gks] fo|qr {ks=k Kkr fd;k tk ldrk gSA

1.14  xkml fu;e
oS|qr ÝyDl dh vo/kj.kk osQ ljy vuqiz;ksx osQ :i esa vkb, fdlh r f=kT;k osQ ,sls xksys
ftlosQ osaQnz ij dksbZ ̄ cnq vkos'k q ifjc¼ gS] ls xqtjus okys oqQy ÝyDl ij fopkj djsaA fp=k
1.25 esa n'kkZ, vuqlkj bl xksys dks NksVs {ks=kiQy vo;oksa esa foHkkftr djrs gSaA

{ks=kiQy vo;o ∆S ls xqtjus okyk ÝyDl

2
ˆ

4 0

q

r
φ

ε
∆ = ∆ = ∆

π
E S r S  (1.28)

;gk¡ geus ,dy vkos'k q osQ dkj.k fo|qr {ks=k osQ fy, owQykWe fu;e dk mi;ksx fd;k gSA ,dkad
lfn'k r̂  osaQnz ls {ks=k vo;o dh vksj /zqokarj js[kk osQ vuqfn'k gSA vc] pw¡fd xksys osQ i`"B osQ
fdlh Hkh ¯cnq ij vfHkyac ml ¯cnq ij /qzokarj js[kk osQ vuqfn'k gksrk gS] {ks=k vo;o ∆S rFkk
r̂   nksuksa ,d gh fn'kk esa gksrs gSaA blhfy,]

24 0

q
S

r
φ

ε
∆ = ∆

π (1.29)

pw¡fd ,dkad lfn'k r dk ifjek.k 1 gSA
xksys ls xqtjus okyk oqQy ÝyLd lHkh {ks=k&vo;oksa ls xqtjus okys ÝyDlksa dk ;ksx djus

ij izkIr gksrk gS

fp=k 1.25 ml xksys ls
xqtjus okyk ÝyDl ftlosQ

osaQnz ij ̄ cnq vkos'k q
ifjc¼ gSA
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24S
o

q
S

r
φ

ε∆
= Σ ∆

πlHkh

pw¡fd xksys dk izR;sd {ks=k vo;o vkos'k ls leku nwjh r ij gS] vr%

2 24 4S
o o

q q
S S

r r
φ

ε ε∆
= Σ ∆ =

π πlHkh

vc] pw¡fd xksys dk oqQy i`"Bh; {ks=k S = 4πr 2 gS] vr%

2
2 4

4 oo

q q
r

r
φ

εε
= × π =

π (1.30)

lehdj.k (1.30) fLFkjoS|qfrdh osQ O;kid ifj.kke] ftls xkml fu;e dgrs gSa] dk ,d
ljy n`"Vkar gSA ge fcuk miifÙk osQ xkml fu;e dk bl izdkj mYys[k djrs gSa&

fdlh can i`"B S ls xqtjus okyk oS|qr ÝyDl
= q/ε0 (1.31)

;gk¡ q  i`"B S }kjk ifjc¼ oqQy vkos'k gSA

bl fu;e ls ;g miyf{kr gksrk gS fd ;fn fdlh can i`"B }kjk dksbZ vkos'k ifjc¼ ugha
fd;k x;k gS rks ml ì"B ls xqtjus okyk oqQy ÝyDl 'kwU; gksrk gSA bls ge fp=k 1.26 dh ljy
vofLFkfr esa lqLi"V ns[k ldrs gSaA

;gk¡ fo|qr {ks=k ,dleku gS rFkk ge ,d ,sls can csyukdkj i`"B osQ fo"k; esa fopkj dj
jgs gSa ftlesa csyu dk v{k ,dleku {ks=k E osQ lekarj gSA blosQ ì"B ls xqtjus okyk oqQy ÝyDl
φ  gSSA φ = φ1 + φ2 + φ3 ;gk¡ φ1 rFkk φ2 flfyaMj osQ i`"B 1 rFkk 2 (o`Ùkkdkj vuqizLFk ifjPNsn
osQ) ls xqtjus okys ÝyDl dks fu:fir djrs gSa rFkk φ3 can i`"B osQ ofØr flfyaMjh Hkkx ls
xqtjus okys ÝyDl dks fu:fir djrk gSA pw¡fd i`"B 3 osQ izR;sd ̄ cnq ij vfHkyac E osQ yacor
gS] vr% ÝyDl dh ifjHkk"kk osQ vuqlkj φ3 = 0 A blosQ vfrfjDr i`"B 2 ij cfgeqZ[kh vfHkyac
E osQ vuqfn'k gS rFkk i`"B 1 ij cfgeqZ[kh vfHkyac E dh fn'kk osQ foijhr gSA vr%

φ1 = –E S1,     φ2 = +E S2

S1 = S2 = S

;gk¡ S o`Ùkkdkj vuqizLFk dkV dk {ks=kiQy gSA bl izdkj oqQy ÝyDl 'kwU; gS] tSlk fd xkml
fu;e ls laHkkfor FkkA bl izdkj tc vki ik,¡ fd ,d can i`"B osQ vanj usV oS|qr ÝyDl 'kwU;
gS rks ge bl ifj.kke ij igq¡prs gSa fd can i`"B osQ var£o"V oqQy vkos'k 'kwU; gSA

xkml fu;e lehdj.k (1.31) dk vR;f/d egRo bl dkj.k ls Hkh gS fd ;g O;kid :i
ls lR; gS] rFkk osQoy mUgha ljy izdj.kksa ftu ij geus Åij fopkj fd;k Fkk] ykxw ugha gksrk
gS] oju~ lHkh izdj.kksa esa bldk iz;ksx fd;k tk ldrk gSA bl fu;e osQ ckjs esa] vkb, oqQN
egRoiw.kZ rF;ksa ij è;ku nsa&
(i) xkml fu;e izR;sd can ì"B] pkgs mldh vkòQfr rFkk vkeki oqQN Hkh gks] osQ fy, lR; gSA
(ii) xkml fu;e lehdj.k (1.31) osQ nf{k.k i{k osQ in q esa i`"B }kjk ifjc¼ lHkh vkos'kksa

dk ;ksx lfEefyr gSA ;s vkos'k i`"B osQ Hkhrj dgha Hkh vofLFkr gks ldrs gSaA
(iii) mu ifjfLFkfr;ksa ftuesa ,sls i`"B dk p;u fd;k tkrk gS fd oqQN vkos'k i`"B osQ Hkhrj rFkk

oqQN i`"B osQ ckgj gksrs gSa] fo|qr {ks=k [ftldk ÝyDl lehdj.k (1.31) osQ oke i{k esa
n`f"Vxkspj gksrk gSº S osQ Hkhrj rFkk ckgj fLFkr lHkh vkos'kksa osQ dkj.k gSA rFkkfi] xkml

fp=k 1.26 flfyaMj osQ i`"B ls xqtjus okys
,dleku fo|qr {ks=k osQ ÝyDl dk ifjdyuA
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 mnkgj.k 1
.1

1

fu;e osQ lehdj.k osQ nf{k.k i{k esa in q osQoy S osQ Hkhrj osQ oqQy vkos'kksa dks fu:fir
djrk gSA

(iv) xkml fu;e osQ vuqiz;ksx osQ fy, p;u fd, tkus okys i`"B dks xkmlh; i`"B dgrs gSaA
vki fdlh Hkh xkmlh; i`"B dk p;u djosQ xkml fu;e ykxw dj ldrs gSaA rFkkfi]
lkoèkku jfg, xkmlh; i`"B dks fdlh Hkh fofoDr vkos'k ls ugha xqtjuk pkfg,A bldk
dkj.k ;g gS fd fofoDr vkos'kksa osQ fudk; osQ dkj.k fo|qr {ks=k dks fdlh Hkh vkos'k dh
vofLFkfr ij HkyhHkk¡fr ifjHkkf"kr ugha fd;k x;k gSA (tSls gh vki fdlh vkos'k osQ fudV
tkrs gSa] fo|qr {ks=k lHkh e;kZnkvksa ls ckgj fodflr gksrk tkrk gS) ijarq xkmlh; i`"B larr
vkos'k forj.k ls xqtj ldrk gSA

(v) tc fudk; esa oqQN lefefr gksrh gS rks fo|qr {ks=k osQ ifjdyu dks vf/d vklku cukus
osQ fy, xkml fu;e izk;% mi;ksxh gksrk gSA mfpr xkmlh; i`"B dk p;u bls lqfoèkktud
cuk nsrk gSA

(vi) var esa] xkml fu;e owQykWe fu;e esa var£ufgr nwjh ij O;qRØe oxZ fuHkZjrk ij vk/kfjr
gSA xkml fu;e dk dksbZ mYya?ku O;qRØe oxZ fu;e ls fopyu dks laosQr djsxkA

mnkgj.k 1.11 fp=k 1.27 esa fo|qr {ks=k vo;o E
x
 = αx1/2, E

y
 = E

z
 = 0 gS] ftlesa

α = 800 N/C m1/2 gSA (a) ?ku ls xqtjus okyk ÝyDl] rFkk (b) ?ku osQ Hkhrj vkos'k
ifjdfyr dhft,A a = 0.1 m ekfu,A

fp=k 1.27

gy
(a) pw¡fd fo|qr {ks=k dk osQoy x vo;o gh gS] x fn'kk osQ yacor iQydksa osQ fy,] E rFkk ∆S

osQ chp osQ dks.k ± π/2 gSaA vr% ÝyDl  φ = E.∆S ?ku osQ osQoy nks Nk;kafdr iQydksa
dks NksM+dj 'ks"k lHkh iQydksa osQ fy, i`Fkd&i`Fkd :i ls 'kwU; gSA vc] ck,¡ iQyd ij
fo|qr {ks=k dk ifjek.k
E

L
 = αx1/2 = αa1/2

(pw¡fd ck,¡ iQyd ij x = a)

nk,¡ iQyd ij fo|qr {ks=k dk ifjek.k
E

R
 = α x1/2 = α (2a)1/2

(pw¡fd nk,¡ iQyd ij x = 2a )

buosQ rn~uq:ih ÝyDl gSa

φ
L
= E

L
.∆S = ˆ

L LS∆ E n⋅⋅⋅⋅ =E
L
 ∆S cosθ = –E

L
 ∆S, pw¡fd θ = 180°

   = –E
L
a2

φ
R
= E

R
.∆S = E

R
 ∆S cosθ  = E

R
 ∆S,   pw¡fd θ = 0°

   = E
R
a2

?ku ls xqtjus okyk usV ÝyDl
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 m
nk
gj

.k
 1

.1
2

  
mn

kg
j.
k  
1
.1

1

= φ
R 

+ φ
L
 = E

R
a2 – E

L
a2 = a2 (E

R
 – E

L
) = αa2 [(2a)1/2 – a1/2]

=  αa5/2 ( )2 –1

=  800 (0.1)5/2 ( )2 –1

= 1.05 N m2 C–1

(b) ge ?ku osQ Hkhrj oqQy vkos'k q dks Kkr djus osQ fy, xkml fu;e dk mi;ksx dj ldrs
gSaA ge tkurs gSa fd φ = q/ε

0
 vFkok q = φε

0  blfy,

  q = 1.05 × 8.854 × 10–12 C = 9.27 × 10–12 C

mnkgj.k 1.12 dksbZ fo|qr {ks=k /ukRed x osQ fy,] /ukRed x fn'kk esa ,dleku gS rFkk mlh
ifjek.k osQ lkFk ijarq ½.kkRed x osQ fy,] ½.kkRed x fn'kk esa ,dleku gSA ;g fn;k x;k
gS fd E = 200 î   N/C tcfd x > 0 rFkk E = –200 î  N/C] tcfd x < 0 gSA 20 cm
yacs 5 cm f=kT;k osQ fdlh yacòÙkh; flfyaMj dk osaQnz ewy ̄cnq ij rFkk bl v{k x osQ bl izdkj
vuqfn'k gS fd bldk ,d iQyd fp=k 1.28 esa n'kkZ, vuqlkj x = +10 cm rFkk nwljk iQyd
x = –10 cm ij gSA (a) izR;sd piVs iQyd ls xqtjus okyk usV cfgeqZ[kh ÝyDl fdruk gS\
(b) flfyaMj osQ ik'oZ ls xqtjus okyk ÝyDl fdruk gS\ (c) flfyaMj ls xqtjus okyk usV cfgeqZ[kh
ÝyDl fdruk gS\ (d) flfyaMj osQ Hkhrj usV vkos'k fdruk gS\

gy
(a) fp=k esa ge ;g ns[krs gSa fd ck,¡ iQyd ij E rFkk ∆S lekarj gSaA blfy, cfgeqZ[kh

ÝyDl gS

φ
L
= E.∆S = – 200 ˆ ∆i S

=  + 200 ∆S, pw¡fd  ˆ ∆i S = – ∆S

=  + 200 × π (0.05)2 = + 1.57 N m2 C–1

nk,¡ iQyd ij E rFkk ∆S lekarj gSa] blfy,
φ

R 
=  E.∆S =  + 1.57 N m2 C–1

(b) flfyaMj osQ ik'oZ osQ fdlh Hkh ¯cnq ij E {ks=k vo;o ∆S osQ yacor gS] blfy,
E.∆S = 0 blfy, flfyaMj osQ ik'oZ osQ ckgj ÝyDl 'kwU; gSA

(c) flfyaMj ls gksdj usV cfgeqZ[kh ÝyDl
φ

 
= (1.57 + 1.57 + 0) = 3.14 N m2 C–1

fp=k 1.28

 (d) flfyaMj osQ Hkhrj usV vkos'k dk eku xkml fu;e }kjk Kkr fd;k tk ldrk gS ftlls
gesa izkIr gksrk gS
q =  ε

0
φ

   =  3.14 × 8.854 × 10–12  C
   =  2.78 × 10–11 C
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1.15  xkml fu;e osQ vuqiz;ksx
tSlh fd ge Åij ppkZ dj pqosQ gSa fd fdlh O;kid vkos'k forj.k osQ dkj.k fo|qr {ks=k
lehdj.k (1.27) }kjk O;Dr fd;k tkrk gSA oqQN fof'k"V izdj.kksa dks NksM+dj] O;ogkj esa] bl
lehdj.k esa lfEefyr ladyu (vFkok lekdyu) dh
izfØ;k fno~QLFkku osQ lHkh ̄ cnqvksa ij fo|qr {ks=k izkIr djus
osQ fy, dk;kZfUor ugha dh tk ldrhA rFkkfi] oqQN lefer
vkos'k foU;klksa osQ fy, xkml fu;e dk mi;ksx djosQ
fo|qr {ks=k dks ljy <ax ls izkIr djuk laHko gSA oqQN
mnkgj.kksa ls bls vklkuh ls le>k tk ldrk gSA

1.15.1 vuar yackbZ osQ ,dleku vkosf'kr
lh/s rkj osQ dkj.k fo|qr {ks=k

fdlh vuar yackbZ osQ ,dleku jSf[kd vkos'k ?kuRo λ osQ
lh/s irys rkj ij fopkj dhft,A Li"V :i ls ;g rkj ,d
lefer v{k gSA eku yhft, ge O ls P dh fn'kk esa èkzqokarj
(f=kT; lfn'k) ysdj bls rkj osQ pkjksa vksj ?kw.kZu djkrs gSaaA
bl izdkj izkIr ¯cnq P, P′, P′′ vkosf'kr rkj osQ lanHkZ esa
laiw.kZ :i ls rqY; gSaA blls ;g miyf{kr gksrk gS fd bu
¯cnqvksa ij fo|qr {ks=k dk ifjek.k leku gksuk pkfg,A izR;sd
¯cnq ij fo|qr {ks=k dh fn'kk vjh; (f=kT;h;) gksuh pkfg,
(;fn λ > 0] rks cfgeqZ[kh rFkk ;fn λ < 0] rks vareqZ[kh)A
;g fp=k 1.29 ls Li"V gSA

n'kkZ, vuqlkj rkj osQ jSf[kd vo;oksa P1 rFkk P2 osQ
;qxy ij fopkj djsaA bl ;qxy osQ nks vo;oksa }kjk mRiUu
fo|qr {ks=kksa dks ladfyr djus ij izkIr ifj.kkeh fo|qr {ks=k
vjh; gksrk gS ¹èkzqokarj  osQ vfHkyacor vo;o ,d&nwljs
dks fujLr dj nsrs gSaºA ;g bl izdkj osQ lHkh ;qxyksa osQ
fy, lR; gSA vr% fdlh Hkh ¯cnq P ij oqQy fo|qr {ks=k
vjh; gSA var esa] pw¡fd rkj vuar gS] rkj dh yackbZ osQ
vuqfn'k fo|qr {ks=k ¯cnq P dh fLFkfr ij fuHkZj ugha djrkA
la{ksi esa] rkj dks vfHkyacor dkVus okys ry esa fo|qr {ks=k
gj LFkku ij vjh; gS rFkk bldk ifjek.k osQoy f=kT; nwjh r
ij fuHkZj djrk gSA

fo|qr {ks=k ifjdfyr djus osQ fy, fp=k 1.29(b) esa
n'kkZ, vuqlkj fdlh csyukdkj xkmlh; i`"B dh dYiuk
dhft,A pw¡fd fo|qr {ks=k gj LFkku ij vjh; gS] csyukdkj
xkmlh; i`"B osQ nks fljksa ls xqtjus okyk ÝyDl 'kwU; gSA
i`"B osQ csyukdkj Hkkx ij fo|qr {ks=k E i`"B osQ gj ̄cnq ij
vfHkyacor gS rFkk osQoy r ij fuHkZj gksus osQ dkj.k bldk
ifjek.k fu;r gSA ofØr Hkkx dk i`"Bh; {ks=kiQy  2πrl gS]
;gk¡ l flfyaMj dh yackbZ gSA

fp=k 1.29 (a) vuar yackbZ osQ ,dleku vkosf'kr irys lhèks
rkj osQ dkj.k fo|qr {ks=k vjh; (f=kT;h;) gksrk gSA

(b) ,dleku jSf[kd vkos'k ?kuRo osQ yacs irys rkj osQ fy,
xkmlh; i`"BA
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xkmlh; i`"B ls xq”kjus okyk ÝyDl

= i`"B osQ ofØr csyukdkj Hkkx ls xq”kjus okyk ÝyDl

= E × 2πrl

i`"B esa λ l osQ cjkcj vkos'k lfEefyr gSA rc xkml fu;e ls izkIr gksrk gS
E × 2πrl = λl/ε

0

vFkkZr E  = 2 0r

λ
επ

lfn'k :i esa fdlh Hkh ¯cnq ij fo|qr {ks=k E bl izdkj O;Dr fd;k tkrk gS

ˆ
2 r0

λ
ε

=
π

E n (1.32)

;gk¡ n̂  rkj osQ fdlh ¯cnq osQ vfHkyacor xqtjus okys ry esa f=kT; ,dkad lfn'k gSA tc λ
èkukRed gksrk gS rks E cfgeqZ[kh gksrk gS vkSj tc λ ½.kkRed gksrk gS] ;g vareqZ[kh gksrk gSA

è;ku nhft,] tc ge lfn'k A dks ,dkad lfn'k ls xqf.kr vfn'k osQ :i esa] vFkkZr
A = A â  osQ :i esa fy[krs gSa rks vfn'k A ,d chtxf.krh; la[;k gksrh gSA ;g /ukRed Hkh
gks ldrh gS vkSj ½.kkRed HkhA ;fn A > 0 gS rks A dh fn'kk ,dkad lfn'k â  osQ leku gksxh
rFkk ;fn A < 0 gS rks A dh fn'kk â  dh fn'kk osQ foijhr gksxhA tc ge ½.ksrj ekuksa rd lhfer
j[kuk pkgrs gSa rks ge izrhd A dk mi;ksx djrs gSa rFkk bls A dk ekM~;wYl (ekikad) dgrs
gSaA bl izdkj 0≥A  gksrk gSA

;g Hkh è;ku nhft, fd mijksDr ppkZ esa ;|fi i`"B (λl ) }kjk ifjc¼ vkos'k dks gh osQoy
lfEefyr fd;k x;k Fkk] ijarq fo|qr {ks=k E leLr rkj ij vkos'k osQ dkj.k gSA lkFk gh ;g
dYiuk dj ysuk fd rkj dh yackbZ vuar gS bl dYiuk osQ fcuk ge fo|qr {ks=k E dks csyukdkj
xkmlh; i`"B osQ vfHkyacor ugha ys ldrsA rFkkfi] yacs rkj osQ csyukdkj Hkkxksa osQ pkjksa vksj
tgk¡ vaR; izHkko (end effects) dh mis{kk dh tk ldrh gS] fo|qr {ks=k osQ fy, lehdj.k
(1.32) lfUudVr% lgh gSA

1.15.2  ,dleku vkosf'kr vuar lery pknj osQ dkj.k fo|qr {ks=k

eku yhft, fdlh vuar lery pknj (fp=k 1.30) dk ,dleku i`"Bh; vkos'k ?kuRo σ  gSA
ge x-v{k dks fn, x, ry osQ vfHkyacor ekurs gSaA lefefr osQ vuqlkj fo|qr {ks=k y rFkk z
funsZ'kkadksa ij fuHkZj ugha djsxk rFkk bldh izR;sd ̄ cnq ij fn'kk x-fn'kk osQ lekarj gksuh pkfg,A

ge xkmlh; i`"B dks fp=k esa n'kkZ, vuqlkj A vuqizLFkdkV
{ks=kiQy osQ vk;rkdkj lekarj "kV~iQyd tSlk ys ldrs gSa (oSls rks
csyukdkj i`"B ls Hkh ;g dk;Z gks ldrk gS)A tSlk fp=k ls
n`f"Vxkspj gksrk gS] osQoy nks iQyd 1 rFkk 2 gh ÝyDl esa ;ksxnku
nsaxs_ fo|qr {ks=k js[kk,¡ vU; iQydksa osQ lekarj gSa vkSj os blhfy,
oqQy ÝyDl esa ;ksxnku ugha nsrhaA

i`"B 1 osQ vfHkyacor ,dkad lfn'k –x fn'kk esa gS tcfd i`"B
2 osQ vfHkyacor ,dkad lfn'k +x fn'kk esa gSA vr%] nksuksa i`"Bksa ls
xqtjus okys ÝyDl E.∆S cjkcj gSa vkSj la;ksftr gks tkrs gSaA
blhfy, xkmlh; ì"B ls xqtjus okyk usV ÝyDl 2 EA gSA ì"B }kjk
ifjc¼ vkos'k σA gSA blhfy, xkml fu;e }kjk gesa ;g laca/ izkIr
gksrk gS

fp=k 1.30 ,dleku vkosf'kr vuar vkos'k pknj osQ
fy, xkmlh; i`"BA
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fp=k 1.31 fdlh ¯cnq osQ fy, tks
(a) r > R, (b) r < R ij gS] xkmlh;

i`"BA

2 EA = σA/ε0

vFkok  E = σ/2ε
0

lfn'k :i esa

ˆ
2 0

σ
ε

=E n (1.33)

;gk¡ n̂  ry osQ vfHkyacor blls nwj tkrk gqvk ,dkad lfn'k gSA
;fn σ  /ukRed gS rks E ry ls cfgeZq[kh rFkk ;fn σ ½.kkRed gS rks E ry ls vareqZ[kh

gksrk gSA è;ku nhft, xkml fu;e osQ vuqiz;ksx ls gesa ,d vfrfjDr rF; ;g izkIr gksrk gS fd
E, x ij Hkh fuHkZj ugha gSA

fdlh ifjfer cM+h leryh; pknj osQ fy, lehdj.k (1.33), fljksa ls nwj leryh; pknj
osQ eè;orhZ {ks=kksa esa lfUudVr% lR; gSA

1.15.3  ,dleku vkosf'kr irys xksyh; [kksy ds dkj.k fo|qr {ks=k

eku yhft, R f=kT;k ds irys xksyh; [kksy dk ,dleku i`"Bh; vkos'k ?kuRo σ gS
(fp=k 1.31)A Li"V :i ls bl fLFkfr esa xksyh; lefefr gSA fdlh fcanq P ij pkgs og Hkhrj
gS vFkok ckgj] fo|qr {ks=k osQoy r ij fuHkZj dj ldrk gS (;gk¡ r [kksy osQ osaQnz ls ml fcanq
rd dh f=kT; nwjh gSA)rFkk bl {ks=k dks vjh; (vFkkZr èkzqokarj osQ vuqfn'k) gksuk pkfg,A

(i) [kksy osQ ckgj fo|qr {ks=kµ[kksy osQ ckgj /zqokarj r osQ fdlh fcanq P ij fopkj
dhft,A fcanq P ij E dk ifjdyu djus osQ fy, ge osaQnz O rFkk f=kT;k r  osQ
fcanq P ls xqtjus okys xksys dks xkmlh; i`"B ekurs gSaA fn, x, vkos'k foU;kl
osQ lkis{k  bl xksys ij fLFkr izR;sd fcanq lerqY; gSA (xksyh; lefefr ls gekjk
;gh vfHkizk; gSA) blhfy, xkmlh; ì"B osQ izR;sd fcanq ij fo|qr {ks=k dk leku
ifjek.k E gS rFkk izR;sd fcanq ij /zqokarj osQ vuqfn'k gSA bl izdkj izR;sd fcanq
ij E rFkk ∆S lekarj gSa rFkk izR;sd vo;o ls xq”kjus okyk ÝyDl E ∆S gSA
lHkh ∆S dk ladyu djus ij xkmlh; ì"B ls xq”kjus okyk ÝyDl E × 4 π r2

gSA ifjc¼ vkos'k σ × 4 π R 2 gSA xkml fu;e ls

E × 4 π r 2 = 
2

0

4 R
σ
ε

π

vFkok  
2

2 2
0 04
R q

E
r r

σ
ε ε

= =
π

;gk¡ q  =  4 π R2 σ  xksyh; [kksy ij oqQy vkos'k gSA

lfn'k :i esa] 2
0

ˆ
4

q

rε
=

π
E r (1.34)

;fn q > 0 gS rks fo|qr {ks=k cfgeqZ[kh gksrk gS rFkk ;fn  q < 0 gS rks fo|qr {ks=k
vareqZ[kh gksrk gSA rFkkfi] ;g [kksy osQ osaQnz O ij fLFkr vkos'k q }kjk mRiUu fo|qr
{ks=k gSA vr% [kksy osQ ckgj fLFkr fcanqvksa ij ,dleku vkosf'kr xksyh; [kksy osQ dkj.k fo|qr
{ks=k bl izdkj dk gksrk gS] tSls fd [kksy dk leLr vkos'k mlosQ osaQnz ij fLFkr gSA

(ii) [kksy osQ Hkhrj fo|qr {ks=kµfp=k 1.31(b) esa fcanq P [kksy osQ Hkhrj gSA bl izdj.k
esa Hkh xkmlh; i`"B P ls xq”kjus okyk og xksyk gS ftldk osaQnz O gSA igys fd, x,
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 m
nk
gj

.k
 1

.1
3

ifjdyuksa dh gh Hkk¡fr xkmlh; i`"B ls xqtjus okyk ÝyDl E × 4 π r2 gSA rFkkfi bl
izdj.k esa] xkmlh; i`"B esa dksbZ vkos'k ifjc¼ ugha gSA rc xkml fu;e osQ vuqlkj
E × 4 π r2 =  0
vFkkZr  E = 0          (r < R ) (1.35)

vFkkZr ,dleku vkosf'kr irys xksyh; [kksy* osQ dkj.k mlosQ Hkhrj fLFkr lHkh fcanqvksa ij
fo|qr {ks=k 'kwU; gSA ;g egRoiw.kZ ifj.kke xkml fu;e dk izR;{k fu"d"kZ gS tks dwykWe fu;e
ls izkIr gqvk gSA bl fu;e dk izk;ksfxd lR;kiu dwykWe fu;e esa 1/r2 dh fuHkZjrk dh iqf"V
djrk gSA

mnkgj.k 1.13 ijek.kq osQ izkjafHkd izfr:i esa ;g ekuk x;k Fkk fd vkos'k Ze dk fcanq vkeki
dk /ukRed ukfHkd gksrk gS tks f=kT;k R rd ,dleku ?kuRo osQ ½.kkos'k ls f?kjk gqvk gSA
ijek.kq iw.kZ :i esa fo|qr mnklhu gSA bl izfr:i ds fy, ukfHkd ls r nwjh ij fo|qr {ks=k
fdruk gS\

fp=k 1-32 ijek.kq dk izkjafHkd izfr:iA

gy% fp=k 1-32 esa bl izfr:i dk vkos'k forj.k n'kkZ;k x;k gSA pw¡fd ijek.kq mnklhu (ukfHkd
esa vkos'k Z e + ½.kkos'k) gS] vr% R f=kT;k osQ ,dleku xksyh; vkos'k forj.k esa oqQy
½.kkRed vkos'k –Ze gksuk pkfg,A blls gesa rqjar gh ½.kkRed vkos'k ?kuRo ρ izkIr gks tkrk
gSA pw¡fd gekjs ikl dqy 'kwU; vkos'k gksuk pkfg,] vr%

34
0–

3

R
Zeρ

π
=

vFkok 3

3
4

Ze

R
ρ = −

π
ukfHkd ls r nwjh ij fLFkr fcanq P ij fo|qr {ks=k E(r) Kkr djus osQ fy, ge xkml fu;e dk
mi;ksx djrs gSaA vkos'k forj.k dh xksyh; lefefr osQ dkj.k fo|qr {ks=k E(r) dk ifj.kke osQoy
f=kT; nwjh ij fuHkZj djrk gS] ;gk¡ r dh fn'kk dk dksbZ vFkZ ugha gskrkA bldh fn'kk ewy fcanq
ls P dh vksj /zqokarj r ds vuqfn'k (vFkok foijhr) gSA Li"V :i ls bl izdj.k esa xkmlh;
ì"B ,d xksyh; ì"B gS ftldk osaQnz ukfHkd gSA ;gk¡ ge nks fLFkfr;ksa r < R rFkk r > R ij fopkj
djrs gSaA
(i) r < R : xksyh; i`"B }kjk ifjc¼ oS|qr ÝyDl
    φ  =  E (r ) × 4 π r 2

;gk¡ E (r ), r  ij fo|qr {ks=k dk ifjek.k gSA bldk dkj.k ;g gS xksyh; xkmlh; ì"B ds fdlh
Hkh fcanq ij fo|qr {ks=k dh fn'kk i`"B osQ ml fcanq ij vfHkyacor gksrh gS rFkk bldk ifjek.k
i`"B osQ lHkh fcanqvksa ij leku gksrk gSA

* bldh rqyuk HkkSfrdh ikB~;iqLrd d{kk 11 osQ vuqHkkx 8-5 esa of.kZr ,dleku nzO;eku [kksy ls
dhft,A
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 mnkgj.k 1
.1

3

;gk¡ xkmlh; i`"B }kjk ifjc¼ vkos'k q /ukRed ukfHkdh; vkos'k rFkk r f=kT;k osQ xksys esa
fo|eku ½.kkRed vkos'k gS

vFkkZr 
34

3

r
q Z e ρ

π
= +

igys izkIr vkos'k ?kuRo ρ dk eku izfrLFkkfir djus ij gesa izkIr gksrk gSA

3

3

r
q Z e Z e

R
= −

rc xkml fu;e ls gesa izkIr gksrk gSA

ε
=

π 0

( )
4
Z e

E r
1

2 3r

r

R
r R−





<;

;gk¡ fo|qr {ks=k f=kT;r% cfgeqZ[kh funf'kZr gSA

(ii) r > R : bl izdj.k esa] pw¡fd ijek.kq mnklhu gS] xksyh; xkmlh; i`"B }kjk ifjc¼ vkos'k
'kwU; gSA bl izdkj] xkml fu;e ls

E (r) × 4 π  r2 = 0  vFkok (r) = 0;    r > R

r = R, ij nksuksa izdj.kksa ls leku ifj.kke] E = 0 izkIr gksrk gSA

lefefr lafØ;kvksa ds fo"k; esa

HkkSfrdh esa gekjk izk;% fofHkUu lefefr ds fudk;ksa ls lkeuk gksrk gSA bu lefefr;ksa ij fopkj djuk lh/s&lhèkss
ifjdyuksa dh rqyuk esa dgha vf/d 'kh?kzrk ls ifj.kke rd igq¡pus esa lgk;d gksrk gSA mnkgj.k ds fy,] y-z ry
osQ vuqfn'k vuar yackbZ dh vkos'k dh ,dleku pknj (i`"Bh; vkos'k ?kuRo σ) ij fopkj dhft,A ;g fudk;
vifjofrZr jgrk gS ;fn (a) y-z ry osQ lekarj fdlh Hkh fn'kk esa LFkkukarfjr fd;k tkrk gS] (b) x-v{k osQ ifjr%
fdlh Hkh dks.k ij ?kw.kZu djk;k tkrk gSA ftl izdkj ;g fudk; bl izdkj dh lefefr lafØ;kvksa ds v/hu
vifjofrZr jgrk gS] blh izdkj blosQ xq.k/eZ Hkh vifjofrZr jgus pkfg,A fo'ks"k :i ls] bl mnkgj.k esa] fo|qr {ks=k
E vifjofrZrr gksuk pkfg,A

y-v{k ds vuqfn'k LFkkukarjh; lefefr ;g n'kkZrh gS fd fdlh fcanq (0, y1, 0) ij fo|qr {ks=k (0, y2, 0) ij
fo|qr {ks=k osQ leku gksuk pkfg,A blh izdkj z-v{k osQ vuqfn'k LFkkukarjh; lefefr ;g n'kkZrh gS fd nks fcanqvksa
(0, 0, z1) rFkk (0, 0, z2) ij fo|qr {ks=k leku gksuk pkfg,A x- v{k osQ pkjksa vksj ?kw.kZu lefefr dk mi;ksx djosQ
ge ;g fu"d"kZ fudky ldrs gSa fd E y-z ry osQ yacor gksuk pkfg,] vFkkZr ;g x- fn'kk osQ lekarj gksuk pkfg,A

vc fdlh ,slh lefefr dks lkspus dk iz;kl dhft, tks vkidks ;g crk, fd fo|qr {ks=k dk ifjek.k ,d
fu;rkad gS] tks x- funsZ'kkad ij fuHkZj ugha djrkA bl izdkj ;g dgk tk ldrk gS fd fdlh vuar yackbZ dh ,dleku
pkyd pknj osQ dkj.k mRiUu fo|qr {ks=k dk ifjek.k fno~QLFkku esa gj ̄ cnq ij leku gksrk gSA rFkkfi pknj osQ nksuksa
vksj fo|qr {ks=k dh fn'kk ,d&nwljs osQ foijhr gksrh gSA

bldh rqyuk mu ifj.kkeksa ls dhft, tks dwykWe fu;e ds mi;ksx }kjk lh/s ifjdyu dj ifj.kke ij igq¡pus
osQ fy, vko';d gksaA
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lkjka'k

1. fo|qr rFkk pqacdh; cy ijek.kqvksa] v.kqvksa rFkk LFkwy nzO; osQ xq.kèkeks± dk fuèkkZj.k
djrs gSaA

2. ?k"kZ.k fo|qr osQ ljy iz;ksxksa osQ vkèkkj ij ;g fu"d"kZ fudkyk tk ldrk gS fd izÑfr
esa nks izdkj osQ vkos'k gksrs gSaA ltkrh; vkos'kksa esa izfrd"kZ.k rFkk fotkrh; vkos'kksa esa
vkd"kZ.k gksrk gSA ifjikVh osQ vuqlkj] js'ke ls jxM+us ij dk¡p dh NM+ ij èkukos'k gksrk
gS_ rFkk iQj ls jxM+us ij IykfLVd dh NM+ ij ½.kkos'k gksrk gSA

3. pkyd vius esa ls gksdj ljyrk ls oS|qr vkos'k dh xfr gksus nsrs gSa tcfd fo|qrjksèkh
,slk ugha djrsA èkkrqvksa esa xfr'khy vkos'k bysDVªkWu gksrs gSa_ oS|qr vi?kV~;ksa esa èkuk;u
rFkk ½.kk;u nksuksa gh xfr djrs gSaA

4. oS|qr vkos'kksa osQ rhu xq.kèkeZ gksrs gSa % DokaVehdj.k] ;ksT;rk rFkk laj{k.kA
oS|qr vkos'k osQ DokaVehdj.k ls rkRi;Z gS fd fdlh oLrq dk oqQy vkos'k (q) lnSo gh
vkos'k osQ ,d ewy DokaVe (e) osQ iw.kk±dh xq.kt vFkkZr q = n e gksrk gS] tgk¡
n = 0, ±1, ±2, ±3, .... gSA izksVkWu rFkk bysDVªkWu ij Øe'k% +e rFkk –e vkos'k gksrs
gSaA LFkwy vkos'kksa ftuosQ fy, n ,d vR;fèkd cM+h la[;k gksrh gS] esa vkos'k osQ
DokaVehdj.k dh mis{kk dh tk ldrh gSA
oS|qr vkos'kksa dh ;ksT;rk ls gekjk rkRi;Z ;g gS fd fdlh fudk; dk oqQy vkos'k ml
fudk; osQ lHkh ,dkdh vkos'kksa dk chtxf.krh; ;ksx (vFkkZr ;ksx djrs le; muosQ fpÉksa
dks è;ku esa j[kdj) gksrk gSA
oS|qr vkos'kksa osQ laj{k.k ls gekjk rkRi;Z ;g gS fd fdlh fo;qDr fudk; (isolated
system) dk oqQy vkos'k le; osQ lkFk vifjofrZr jgrk gSA bldk vFkZ ;g gS fd tc
?k"kZ.k }kjk oLrq,¡ vkosf'kr dh tkrh gSa rks vkos'kksa dk ,d oLrq ls nwljh oLrq esa LFkkukarj.k
gksrk gS] ijarq bl izfØ;k esa u rks dksbZ vkos'k mRiUu gksrk gS vkSj u gh u"V gksrk gSA

5. owQykWe fu;e % nks ̄ cnq vkos'kksa q1 rFkk q2 osQ chp ikjLifjd fLFkj oS|qr cy] vkos'kksa
osQ xq.kuiQy q1q2 osQ vuqØekuqikrh rFkk muosQ chp dh nwjh r21 osQ oxZ osQ O;qRØekuqikrh
gksrk gSA xf.krh; :i esa

F21 = q2 ij q1 osQ dkj.k yxus okyk cy 212
21

21 r̂
r

)q(qk
=

;gk¡ 21r̂  vkos'k q1 ls q2 dh fn'kk esa ,dakd lfn'k gS rFkk k = 
04

1
επ

vkuqikfrdrk

fLFkjkad gSA SI ek=kdksa esa] vkos'k dk ek=kd owQykWe gSA fu;rkad ε0 dk izk;ksfxd eku gS
ε0 = 8.854 × 10–12 C2 N–1 m–2

k dk lfUudV eku k = 9 × 109 N m2 C–2 gksrk gSA
6. fdlh izksVkWu rFkk fdlh bysDVªkWu osQ chp oS|qr cy rFkk xq#Rokd"kZ.k cy dk vuqikr

gS]

39
2

1042 ×≅ .
mmG

ek

pe

7. vè;kjksi.k fl¼kar % ;g fl¼kar bl xq.kèkeZ ij vkèkkfjr gS fd nks vkos'kksa osQ chp yxus
okys vkd"khZ vFkok izfrd"khZ cy fdlh rhljs (vFkok vfèkd) vfrfjDr vkos'k dh
mifLFkfr ls izHkkfor ugha gksrsA vkos'kksa q1, q2, q3... osQ fdlh lewg osQ fy, fdlh vkos'k
(tSls q1) ij cy] q1 ij q2 osQ dkj.k cy] q1 ij q3 osQ dkj.k cy vkfn&vkfn osQ
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lfn'k ;ksx osQ cjkcj gksrk gSA izR;sd ;qxy osQ fy, ;g cy igys of.kZr nks vkos'kksa osQ
fy, owQykWe osQ fu;e }kjk gh O;Dr fd;k tkrk gSA

8. fdlh vkos'k foU;kl osQ dkj.k fdlh ̄cnq ij fo|qr {ks=k E fdlh NksVs èkukRed ijh{k.k
vkos'k (test charge) q dks ml ̄ cnq ij j[kus ij mlosQ }kjk vuqHko fd, tkus okys
cy dks ml vkos'k osQ ifjek.k }kjk foHkkftr djus ij izkIr gksrk gSA fdlh ̄ cnq vkos'k
q osQ dkj.k fo|qr {ks=k dk dksbZ ifjek.k 2

04 r/q επ  gksrk gS_ ;fn q èkukRed gS
rks ;g {ks=k vjh; (f=kT;h;) cfgeqZ[kh gksrk gS rFkk ;fn q ½.kkRed gS rks vjh;
(f=kT;h;) vareqZ[kh gksrk gSA owQykWe cy dh Hkk¡fr fo|qr {ks=k Hkh vè;kjksi.k fl¼kar dks
larq"V djrk gSA

9. fo|qr {ks=k js[kk ,slk oØ gS ftlosQ fdlh Hkh ̄ cnq ij [khapk x;k Li'khZ] oØ osQ ml ̄cnq
ij fo|qr {ks=k dh fn'kk crkrk gSA {ks=k js[kkvksa dh lkisf{kd ladqyrk fofHkUu fcanqvksa ij
fo|qr {ks=k dh lkisf{kd rhozrk dks bafxr djrh gSA izcy fo|qr {ks=k esa js[kk,¡ ikl&ikl
rFkk nqcZy {ks=k esa ;s ,d-nwljs ls dkiQh nwj gksrh gSaA ,dleku (vFkok fu;r) fo|qr {ks=k
esa {ks=k js[kk,¡ ,d-nwljs ls ,dleku nwjh ij lekarj ljy js[kk,¡ gksrh gSaA

10. {ks=k js[kkvksa dh oqQN egRoiw.kZ fo'ks"krk,¡ bl izdkj gSaµ (a) vkos'keqDr fno~QLFkku esa {ks=k
js[kk,¡ larr oØ gksrh gSa tks dgha ugha VwVrhaA (b) nks {ks=k js[kk,¡ ,d&nwljs dks dnkfi ugha
dkV ldrhaA (c) fLFkjoS|qr {ks=k js[kk,¡ èkukos'k ls vkjaHk gksdj ½.kkos'k ij lekIr gks
tkrh gSaµ ;s lao`r ik'k (can ywi) ugha cuk ldrhaA

11. oS|qr f}èkzqo ifjek.k esa leku fotkrh; nks vkos'kksa q rFkk –q, ftuosQ chp i`Fkdu 2a

gks] dk ;qXe gksrk gSA blosQ f}èkzqo vk?kw.kZ lfn'k p dk ifjek.k 2qa gksrk gS rFkk ;g
f}èkzqo v{k –q ls q dh fn'kk esa gksrk gSA

12. fdlh oS|qr f}èkzqo dk blosQ fuj{kh;@fo"kqorh; lery (vFkkZr blosQ v{k osQ yacor rFkk
blosQ osQanz ls xqtjus okys lery) ij blosQ osQanz ls r nwjh ij fo|qr {ks=kµ

2/322 )(
1

4 rao +π
−

=
ε
p

E

    
roπ

−
≅ ,

4 3ε
p

(r >> a osQ fy,)

f}èkzqo v{k ij osQanz ls r nwjh ij f}èkzqo fo|qr {ks=k

222
0 )(4
2

ar

r

−π
=

ε
p

E

       
rπ

≅ 3
04

2
ε
p (r >> a osQ fy,)

bl rF; ij è;ku nsuk pkfg, fd fdlh f}/qzo dk fo|qr {ks=k 1/r 3 ij fuHkZj gksrk gS]
tcfd fdlh ¯cnq vkos'k osQ dkj.k fo|qr {ks=k 1/r 2 ij fuHkZj gksrk gSA

13. fdlh ,dleku fo|qr {ks=k E esa dksbZ oS|qr f}èkzqo ,d cy vk?kw.kZ τττττ dk vuqHko djrk gSA
τττττ = p  × E

ijarq fdlh usV cy dk vuqHko ugha djrkA

14. fo|qr {ks=k E dk fdlh y?kq {ks=kiQy&vo;o ∆S ls xqtjus okyk ÝyDl ∆φ = E.∆S

lfn'k {ks=kiQy&vo;o ∆S = ∆S n̂

;gk¡ ∆S {ks=kiQy&vo;o dk ifjek.k rFkk n̂  {ks=kiQy&vo;o osQ yacor f=kT; ,dakd
lfn'k gS ftls dkiQh NksVs {ks=k osQ fy, leryh; ekuk tk ldrk gSA fdlh can i`"B osQ
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{ks=kiQy&vo;o osQ fy,] n̂ dks ifjikVh osQ vuqlkj cfgeZq[kh vfHkyac dh fn'kk ekuk tk
ldrk gSA

15. xkml fu;e % fdlh can ì"B S ls gksdj xq”kjus okys fdlh fo|qr {ks=k dk ÝyDl ml ì"B
S }kjk ifjc¼ oqQy vkos'k dk 1/ε0 xquk gksrk gSA ;g fu;e fo|qr {ks=k osQ fuèkkZj.k esa fo'ks"k
:i ls rc mi;ksxh gksrk gS tcfd vkos'k forj.k esa ljy lefefr gksA
(i) ,dleku jSf[kd vkos'k ?kuRo λ dk iryk vuar yackbZ dk lhèkk rkj

nE ˆ
2 0 rε

λ
π

=

;gk¡ r ¯cnq dh rkj ls yacor nwjh gS rFkk n ml ¯cnq ls xq”kjus okys rkj osQ
vfHkyacor ry esa f=kT; ,dakd lfn'k gSA

(ii) ,dleku i`"Bh; vkos'k ?kuRo σ dh iryh vuar lery pknj

nE ˆ
2 0ε
σ

=

;gk¡  n̂ lery osQ vfHkyacor ik'oZ osQ nksuksa vksj cfgeZq[kh ,dakd lfn'k gSA
(iii) ,dleku i`"Bh; vkos'k ?kuRo σ osQ irys xksyh; [kksy (;k dks'k)

)(ˆ
4 2

0

Rr
r

q
≥= rE

επ
 E = 0                (r < R)

;gk¡ r xksyh; [kksy osQ osQanz ls ̄cnq dh nwjh rFkk R [kksy dh f=kT;k gSA [kksy dk oqQy vkos'k
q gSA tgk¡ q = 4πR 2σ gSA
[kksy osQ ckgj fdlh ̄ cnq ij vkosf'kr [kksy osQ dkj.k fo|qr {ks=k bl izdkj gksrk gS tSls
fd leLr vkos'k [kksy osQ osQanz ij gh osaQfnzr gSA ;gh ifj.kke fdlh ,dleku vk;ru
vkos'k ?kuRo osQ Bksl xksys osQ fy, Hkh lR; gksrk gSA [kksy osQ vanj lHkh ̄cnqvksa ij fo|qr
{ks=k 'kwU; gksrk gSA

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

lfn'k {ks=kiQy-vo;o ∆S [L2] m2 ∆S = ∆S n̂

fo|qr {ks=k E [MLT–3A–1] V m–1

oS|qr ÝyDl φ [ML3 T –3A–1] V m ∆φ  =  E.∆S

f}/zqo vk?kw.kZ p [LT A] C m ½.kkos'k ls /ukos'k
dh vksj fufnZ"V
lfn'k

vkos'k ?kuRo%
jSf[kd λ [L–1 T A] C m–1 vkos'k@yackbZ
ì"Bh; σ [L–2 T A] C m–2 vkos'k@{ks=kiQy
vk;ru ρ [L–3 T A] C m–3 vkos'k@vk;ru
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fopkj.kh; fo"k;

1- vkidks ;g vk'p;Z gks ldrk gS fd ukfHkd esa izksVkWu ftu ij /ukos'k gS] lHkh ,d
lkFk dls jgdj dSls lek, gq, gSaA os ,d&nwljs ls nwj D;ksa ugha mM+ tkrs\ vki ;g
lh[ksaxs fd ,d rhljs izdkj dk ewy cy Hkh gS ftls izcy cy dgrs gSa vkSj ;gh
cy izksVkWuksa dks ,d lkFk ck¡/s j[krk gSA ijarq nwjh dk og ifjlj ftlesa ;g cy izHkkoh
gksrk gS] cgqr NksVk ~ 10-14 m gSA ;Fkk;Z :i esa ;gh ukfHkd dk lkb”k gSA lkFk
gh DokaVe ;kaf=kdh ds fu;eksa ds vuqlkj bysDVªkWuksa dks izksVkWuksa ds 'kh"kZ ij vFkkZr
ukfHkd ds Hkhrj cSBus dh vuqefr Hkh ugha gSA blh ls ijek.kqvksa dks mudh jpuk izkIr
gS vkSj mudk izÑfr esa vfLrRo gSA

2. owQykWe cy rFkk xq#Rokd"kZ.k cy leku O;qRØe oxZ fu;e dk ikyu djrs gSaA ijarq
xq#Rokd"kZ.k cy dk osQoy ,d gh fpÉ (lnSo vkd"khZ) gksrk gS] tcfd owQykWe cy
osQ nksuksa fpÉ (vkd"khZ rFkk çfrd"khZ) gks ldrs gSa] ftlls fo|qr cyksa dk fujlu gks
ldrk gSA ;gh dkj.k gS fd vR;ar nqcZy cy gksus ij Hkh xq#Ro cy izÑfr esa ,d
izcy rFkk vf/d O;kid cy gks ldrk gSA

3. ;fn vkos'k osQ ek=kd dks owQykWe osQ fu;e }kjk ifjHkkf"kr djuk gS rks owQykWe osQ fu;e
esa vkuqikfrdrk fLFkjkad k ,d p;u dk fo"k; gSA ijarq SI ek=kdksa esa fo|qr èkkjk osQ
ek=kd ,sfEi;j (A) dks mlh osQ pqacdh; çHkko (,sfEi;j fu;e) }kjk ifjHkkf"kr fd;k
tkrk gS rFkk vkos'k osQ ek=kd (owQykWe) dks osQoy (1C = 1A s) }kjk ifjHkkf"kr fd;k
tkrk gSA bl çdj.k esa k dk eku LoSfPNd ugha gS_ ;g yxHkx 9 × 109 N m2 C−2 gSA

4. fLFkjkad k dk vR;fèkd cM+k eku] vFkkZr fo|qr çHkko dh n`f"V ls vkos'k osQ ek=kd
(1C) dk cM+k vkdkj (eku) bl dkj.k ls gS D;ksafd (tSlk fd ̄cnq 3 esa mYys[k fd;k
tk pqdk gS) vkos'k osQ ek=kd dks pqacdh; cyksa (fo|qrokgh rkjksa ij yxs cyksa) osQ inksa
esa ifjHkkf"kr fd;k x;k gS tks fd O;kid :i ls oS|qr cyksa dh rqyuk esa cgqr nqcZy
gksrs gSaA ;gh dkj.k gS fd] 1 ,sfEi;j pqacdh; çHkkoksa osQ fy, ;qfDrlaxr ek=kd gS]
1 C = 1 A s oS|qr çHkkoksa osQ fy, ,d vR;fèkd cM+k ek=kd gSA

5. vkos'k dk ;ksT;rk xq.kèkeZ dksbZ lqLi"V xq.kèkeZ ugha gSA ;g bl rF; ls lacafèkr gS fd
oS|qr vkos'k ls dksbZ fn'kk lac¼ ugha gksrh] vkos'k ,d vfn'k jkf'k gSA

6. vkos'k osQoy ?kw.kZu osQ varxZr gh vfn'k (vFkok vpj@vifjorZuh;) ugha gS_ ;g
vkisf{kd xfr esa Hkh funsZ'k iszQeksa osQ fy, vpj gSA ;g dFku izR;sd vfn'k ds fy, lnSo
lR; ugha gSA mnkgj.kkFkZ] xfrt mQtkZ ?kw.kZu osQ varxZr vfn'k gS] ijarq ;g vkisf{kd
xfr;ksa esa funsZ'k izsQeksa osQ fy, vpj ugha gS] vFkok bl n`f"V ls rks nzO;eku Hkh vpj
ugha gSA

7. fdlh fo;qDr fudk; osQ oqQy vkos'k dk laj{k.k ,d ,slk xq.kèkeZ gS tks ̄ cnq 6 osQ varxZr
vkos'k dh vfn'k çÑfr ij fuHkZj ugha djrkA laj{k.k fdlh fn, x, funsZ'k izsQe esa le;
dh vifjorZuh;rk dh vksj laosQr djrk gSA dksbZ jkf'k vfn'k gksrs gq, Hkh lajf{kr ugha
gks ldrh (fdlh vçR;kLFk la?k^ esa xfrt ÅtkZ dh Hkk¡fr)A blosQ foijhr] lfn'k jkf'k
dk laj{k.k Hkh gks ldrk gS (mnkgj.k osQ fy, fdlh fo;qDr fudk; dk dks.kh; laosx
laj{k.k)A

8. oS|qr vkos'k dk DokaVehdj.k çÑfr dk ewy fu;e gS ftldh vHkh rd O;k[;k ugha
dh tk ldh gSA jkspd rF; ;g gS fd lagfr osQ DokaVehdj.k dk dksbZ ln`'k (vuq:i)
fu;e ugha gSA

9. vè;kjksi.k fl¼kar dks lqLi"V ugha ekuuk pkfg, vFkok bls lfn'kksa osQ ;ksx osQ fu;e
osQ leku ugha ekuuk pkfg,A ;g fl¼kar nks ckrsa crkrk gS% fdlh vkos'k ij nwljs vkos'k
osQ dkj.k cy fdUgha vU; vkos'kksa dh mifLFkfr osQ dkj.k çHkkfor ugha gksrk rFkk ;gk¡
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vH;kl
1.1 ok;q esa ,d&nwljs ls 30 cm nwjh ij j[ks nks NksVs vkosf'kr xksyksa ij Øe'k% 2 × 10−7C rFkk

3 × 10−7 C vkos'k gSaA muosQ chp fdruk cy gS\
1.2 0.4 µC vkos'k osQ fdlh NksVs xksys ij fdlh vU; NksVs vkosf'kr xksys osQ dkj.k ok;q esa 0.2 N

cy yxrk gSA ;fn nwljs xksys ij 0.8 µC vkos'k gks rks (a) nksuksa xksyksa osQ chp fdruh nwjh gS\
(b) nwljs xksys ij igys xksys osQ dkj.k fdruk cy yxrk gS\

1.3 tk¡p }kjk lqfuf'pr dhft, fd k e 2/G m
e
m

p
 foekghu gSA HkkSfrd fu;rkadksa dh lkj.kh ns[kdj

bl vuqikr dk eku Kkr dhft,A ;g vuqikr D;k crkrk gS\
1.4 (a) ¶fdlh oLrq dk oS|qr vkos'k DokaVhÑr gS]¸ bl çdFku ls D;k rkRi;Z gS\ (b) LFkwy vFkok

cM+s iSekus ij oS|qr vkos'kksa ls O;ogkj djrs le; ge oS|qr vkos'k osQ DokaVehdj.k dh mis{kk
oSQls dj ldrs gSa\

1.5 tc dk¡p dh NM+ dks js'ke osQ VqdM+s ls jxM+rs gSa rks nksuksa ij vkos'k vk tkrk gSA blh çdkj
dh ifj?kVuk dk oLrqvksa osQ vU; ;qXeksa esa Hkh çs{k.k fd;k tkrk gSA Li"V dhft, fd ;g çs{k.k
vkos'k laj{k.k fu;e ls fdl izdkj lkeatL; j[krk gSA

1.6 pkj ¯cnq vkos'k qA = 2 µC, qB = – 5 µC, qC = 2 µC rFkk qD = – 5 µC, 10 cm Hkqtk
osQ fdlh oxZ ABCD osQ 'kh"kks± ij vofLFkr gSaA oxZ osQ osQaæ ij j[ks 1 µC vkos'k ij yxus okyk
cy fdruk gS\

1.7 (a) fLFkjoS|qr {ks=k js[kk ,d larr oØ gksrh gS vFkkZr dksbZ {ks=k js[kk ,dk,d ugha
VwV ldrhA D;ksa\

(b) Li"V dhft, fd nks {ks=k js[kk,¡ dHkh Hkh ,d&nwljs dk çfrPNsnu D;ksa ugha djrha\
1.8 nks ¯cnq vkos'k qA = 3 µC rFkk qB = – 3 µC fuokZr esa ,d&nwljs ls 20 cm nwjh ij fLFkr gSaA

(a) nksuksa vkos'kksa dks feykus okyh js[kk AB osQ eè; ¯cnq O ij fo|qr {ks=k fdruk gS\
(b) ;fn 1.5 × 10−9 C ifjek.k dk dksbZ ½.kkRed ijh{k.k vkos'k bl ̄ cnq ij j[kk tk, rks

;g ijh{k.k vkos'k fdrus cy dk vuqHko djsxk\
1.9 fdlh fudk; esa nks vkos'k qA = 2.5 × 10−7 C rFkk qB = –2.5 × 10−7 C Øe'k% nks ¯cnqvksa

A : (0, 0, –15 cm) rFkk B : (0, 0, +15 cm) ij vofLFkr gSaA fudk; dk oqQy vkos'k rFkk
oS|qr f}èkzqo vk?kw.kZ D;k gS\

1.10 4 × 10−9 C m f}èkqzo vk?kw.kZ dk dksbZ oS|qr f}èkqzo 5 × 104 N C−1 ifjek.k osQ fdlh ,dleku
fo|qr {ks=k dh fn'kk ls 30° ij lajsf[kr gSA f}èkqzo ij dk;Zjr cy vk?kw.kZ dk ifjek.k ifjdfyr
dhft,A

1.11 Åu ls jxM+s tkus ij dksbZ ikWyhFkhu dk VqdM+k 3 × 10−7 C osQ ½.kkos'k ls vkosf'kr ik;k x;kA
(a) LFkkukarfjr (fdl inkFkZ ls fdl inkFkZ esa) bysDVªkWuksa dh la[;k vkdfyr dhft,A
(b) D;k Åu ls ikWyhFkhu esa lagfr dk LFkkukarj.k Hkh gksrk gS\

dksbZ vfrfjDr f=k&fiaM] prq%&fiaM vkfn cy ugha gksrs tks osQoy rHkh mRiUu gksrs gSa tc
nks ls vfèkd vkos'k gksaA

10. fdlh fofoDr vkos'k foU;kl osQ dkj.k fofoDr vkos'kksa dh vofLFkfr ij fo|qr {ks=k
ifjHkkf"kr ugha gSA larr vk;ru vkos'k forj.k osQ fy, ;g forj.k esa fdlh Hkh ̄ cnq ij
ifjHkkf"kr gksrk gSA fdlh i`"Bh; vkos'k forj.k osQ fy, fo|qr {ks=k i`"B osQ vkj&ikj
fofPNUu gksrk gSA

11. fdlh vkos'k foU;kl ftlesa oqQy vkos'k 'kwU; gS] osQ dkj.k lHkh fcanqvksa ij fo|qr {ks=k
'kwU; ugha gksrk_ mu nwfj;ksa osQ fy, tks vkos'k foU;kl osQ vkdkj dh rqyuk esa cM+h gSa]
blosQ {ks=k esa deh 1/r 2 ls Hkh vf/d rhoz xfr ls gksrh gS] tks fd fdlh ,dy vkos'k
osQ fo|qr {ks=k dh fo'ks"krk gSA ,d oS|qr f}èkqzo bl rF; dk ,d ljyre mnkgj.k gSA
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1.12 (a) nks fo|qrjksèkh vkosf'kr rk¡cs osQ xksyksa A rFkk B osQ osaQæksa osQ chp dh nwjh 50 cm gSA ;fn
nksuksa xksyksa ij i`Fkd&i`Fkd vkos'k 6.5 × 10−7 C gSa] rks buesa ikjLifjd fLFkjoS|qr
çfrd"kZ.k cy fdruk gS\ xksyksa osQ chp dh nwjh dh rqyuk esa xksyksa A rFkk B dh f=kT;k,¡
ux.; gSaA

(b) ;fn çR;sd xksys ij vkos'k dh ek=kk nks xquh rFkk xksyksa osQ chp dh nwjh vkèkh dj nh tk,
rks çR;sd xksys ij fdruk cy yxsxk\

1.13 eku yhft, vH;kl 1.12 esa xksys A rFkk B lkb”k esa loZle gSa rFkk blh lkb”k dk dksbZ rhljk
vukosf'kr xksyk igys rks igys xksys osQ laioZQ] rRi'pkr nwljs xksys osQ laioZQ esa ykdj] var
esa nksuksa ls gh gVk fy;k tkrk gSA vc A rFkk B osQ chp u;k çfrd"kZ.k cy fdruk gS\

1.14 fp=k 1.33 esa fdlh ,dleku fLFkjoS|qr {ks=k eas rhu vkosf'kr d.kksa osQ iFkfpÉ (tracks) n'kkZ,
x, gSaA rhuksa vkos'kksa osQ fpÉ fyf[k,A buesa ls fdl d.k dk vkos'k&lagfr vuqikr
(q/m) vfèkdre gS\

fp=k 1.33

1.15 ,dleku fo|qr {ks=k E = 3 × 103 î N/C ij fopkj dhft,A
(a) bl {ks=k dk 10 cm Hkqtk osQ oxZ osQ ml ik'oZ ls ftldk ry yz ry osQ lekarj gS] xqtjus

okyk ÝyDl D;k gS\
(b) blh oxZ ls xqtjus okyk ÝyDl fdruk gS ;fn blosQ ry dk vfHkyac x-v{k ls 60° dk

dks.k cukrk gS\
1.16 vH;kl 1.15 osQ ,dleku fo|qr {ks=k dk 20 cm Hkqtk osQ fdlh ?ku ls (tks bl çdkj

vfHkfoU;kflr gS fd mlosQ iQyd funsZ'kkad ryksa osQ lekarj gSa) fdruk usV ÝyDl xqtjsxk\
1.17 fdlh dkys ckWDl osQ i`"B ij fo|qr {ks=k dh lkoèkkuhiwoZd yh xbZ eki ;g laosQr nsrh gS fd

ckWDl osQ i`"B ls xqtjus okyk usV ÝyDl 8.0 × 103 Nm2/C gSA
(a) ckWDl osQ Hkhrj usV vkos'k fdruk gS\
(b) ;fn ckWDl osQ i`"B ls usV cfgeZq[kh ÝyDl 'kwU; gS rks D;k vki ;g fu"d"kZ fudkysaxs fd

ckWDl osQ Hkhrj dksbZ vkos'k ugha gS\ D;ksa] vFkok D;ksa ugha\
1.18 fp=k 1.34 esa n'kkZ, vuqlkj 10 cm Hkqtk osQ fdlh oxZ osQ osQaæ ls Bhd 5 cm Å¡pkbZ ij dksbZ

+10 µC vkos'k j[kk gSA bl oxZ ls xqtjus okys oS|qr ÝyDl dk ifjek.k D;k gS\ (laosQr %
oxZ dks 10 cm fdukjs osQ fdlh ?ku dk ,d iQyd ekfu,A)

fp=k 1.34

2019-20



48

HkkSfrdh
1.19 2.0 µC dk dksbZ ̄ cnq vkos'k fdlh fdukjs ij 9.0 cm fdukjs okys fdlh ?kuh; xkmlh; i`"B

osQ osQaæ ij fLFkr gSA i`"B ls xqtjus okyk usV ÝyDl D;k gS\
1.20 fdlh ̄cnq vkos'k osQ dkj.k ml ̄cnq dks osQaæ ekudj [khaps x, 10 cm f=kT;k osQ xksyh; xkmlh;

i`"B ij oS|qr ÝyDl –1.0 × 103 Nm2/CA (a) ;fn xkmlh; i`"B dh f=kT;k nks xquh dj nh
tk, rks i`"B ls fdruk ÝyDl xqtjsxk\ (b) ¯cnq vkos'k dk eku D;k gS\

1.21 10 cm f=kT;k osQ pkyd xksys ij vKkr ifj.kke dk vkos'k gSA ;fn xksys osQ osaQæ ls 20 cm

nwjh ij fo|qr {ks=k 1.5 × 103 N/C f=kT;r% vareZq[kh (radially inward) gS rks xksys ij
usV vkos'k fdruk gS\

1.22 2.4 m O;kl osQ fdlh ,dleku vkosf'kr pkyd xksys dk i`"Bh; vkos'k ?kuRo
80.0 µC/m2 gSA
(a) xksys ij vkos'k Kkr dhft,A
(b) xksys osQ i`"B ls fuxZr oqQy oS|qr ÝyDl D;k gS\

1.23 dksbZ vuar jSf[kd vkos'k 2 cm nwjh ij 9 × 104 N C−1 fo|qr {ks=k mRiUu djrk gSA jSf[kd
vkos'k ?kuRo Kkr dhft,A

1.24 nks cM+h] iryh èkkrq dh IysVsa ,d&nwljs osQ lekukarj ,oa fudV gSaA buosQ Hkhrjh iQydksa ij] IysVksa
osQ i`"Bh; vkos'k ?kuRoksa osQ fpÉ foijhr gSa rFkk budk ifjek.k 17.0 × 10–22 C/m2 gSA
(a) igyh IysV osQ cká {ks=k esa] (b)  nwljh IysV osQ cká {ks=k esa] rFkk (c)  IysVksa osQ chp esa fo|qr
{ks=k E dk ifjek.k ifjdfyr dhft,A

vfrfjDr iz'u

1.25 2.55 × 104 N C−1 osQ fu;r fo|qr {ks=k osQ çHkko esa 12 bysDVªkWu vkfèkD; dh dksbZ rsy cw¡n
fLFkj j[kh tkrh gS (fefydu rsy cw¡n ç;ksx)A rsy dk ?kuRo 1.26 g cm−3 gSA cw¡n dh f=kT;k
dk vkdyu dhft, (g = 9.81 m s–2; e = 1.60 × 10–19 C)A

1.26 fp=k 1.35 esa n'kkZ, x, oØksa esa ls dkSu laHkkfor fLFkjoS|qr {ks=k js[kk,¡ fu:fir ugha djrs\
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fp=k 1.35

1.27 fno~QLFkku osQ fdlh {ks=k esa] fo|qr {ks=k lHkh txg z-fn'kk osQ vuqfn'k gSA ijarq fo|qr {ks=k dk
ifjek.k fu;r ugha gS] blesa ,dleku :i ls z-fn'kk osQ vuqfn'k 105 N C–1 çfr ehVj dh
nj ls o`f¼ gksrh gSA og fudk; ftldk ½.kkRed z-fn'kk esa oqQy f}èkqzo vk?kw.kZ 10−7 C m

osQ cjkcj gS] fdruk cy rFkk cy vk?kw.kZ vuqHko djrk gS\
1.28 (a) fdlh pkyd A ftlesa fp=k 1.36 (a) esa n'kkZ, vuqlkj dksbZ dksVj@xqgk (Cavity) gS]

dks Q vkos'k fn;k x;k gSA ;g n'kkZb, fd leLr vkos'k pkyd osQ cká i`"B ij izrhr
gksuk pkfg,A

(b) dksbZ vU; pkyd B ftl ij vkos'k q gS] dks dksVj@xqgk (Cavity) esa bl çdkj èk¡lk
fn;k tkrk gS fd pkyd B pkyd A ls fo|qrjksèkh jgsA ;g n'kkZb, fd pkyd A osQ cká
i`"B ij oqQy vkos'k Q + q gS ¹fp=k 1.36 (b)ºA

(c) fdlh lqxzkgh midj.k dks mlosQ i;kZoj.k osQ çcy fLFkjoS|qr {ks=kksa ls ifjjf{kr fd;k tkuk
gSA laHkkfor mik; fyf[k,A

fp=k 1.36

1.29 fdlh [kks[kys vkosf'kr pkyd esa mlosQ i`"B ij dksbZ fNæ cuk;k x;k gSA ;g n'kkZb, fd fNæ

esa fo|qr {ks=k (σ/2ε0) n̂  gS] tgk¡ n̂vfHkyacor fn'kk esa cfgeZq[kh ,dakd lfn'k gS rFkk σ fNæ
osQ fudV i`"Bh; vkos'k ?kuRo gSA

1.30 xkml fu;e dk mi;ksx fd, fcuk fdlh ,dleku jSf[kd vkos'k ?kuRo λ osQ yacs irys rkj
osQ dkj.k fo|qr {ks=k osQ fy, lw=k çkIr dhft, ¹laosQr % lhèks gh owQykWe fu;e dk mi;ksx djds
vko';d lekdyu dk eku fudkfy,ºA

1.31 vc ,slk fo'okl fd;k tkrk gS fd Lo;a çksVkWu ,oa U;wVªkWu (tks lkekU; æO; osQ ukfHkdksa dk
fuekZ.k djrs gSa) vkSj vfèkd ewy bdkb;ksa ftUgsa DokoZQ dgrs gSa] osQ cus gSaA çR;sd çksVkWu rFkk
U;wVªkWu rhu Dokdks± ls feydj curk gSA nks çdkj osQ DokoZQ gksrs gSa % ^vi* DokoZQ (u }kjk
fufnZ"V) ftu ij +(2/3) e vkos'k rFkk ̂ Mkmu* DokoZQ (d }kjk fufnZ"V) ftu ij (–1/3) e

vkos'k gksrk gS] bysDVªkWu ls feydj lkekU; æO; cukrs gSaA (oqQN vU; çdkj osQ DokoZQ Hkh ik,
x, gSa tks fHkUu vlkekU; çdkj dk æO; cukrs gSaA) çksVkWu rFkk U;wVªkWu osQ laHkkfor DokoZQ la?kVu
lq>kb,A

2019-20



50

HkkSfrdh
1.32 (a) fdlh ;kn`fPNd fLFkjoS|qr {ks=k foU;kl ij fopkj dhft,A bl foU;kl dh fdlh

'kwU;&fo{ksi fLFkfr (null-point, vFkkZr~ tgk¡ E = 0) ij dksbZ NksVk ijh{k.k vkos'k j[kk
x;k gSA ;g n'kkZb, fd ijh{k.k vkos'k dk larqyu vko';d :i ls vLFkk;h gSA
(b) bl ifj.kke dk leku ifjek.k rFkk fpÉksa osQ nks vkos'kksa (tks ,d&nwljs ls fdlh nwjh ij
j[ks gSa) osQ ljy foU;kl osQ fy, lR;kiu dhft,A

1.33 izkjaHk esa x-v{k osQ vuqfn'k v
x 
pky ls xfr djrh gqbZ nks vkosf'kr IysVksa osQ eè; {ks=k esa 

 
m

nzO;eku rFkk –q vkos'k dk ,d d.k izos'k djrk gS (fp=k 1-33 esa d.k 1 osQ leku)A IysVksa
dh yackbZ L gSA bu nksuksa IysVksa osQ chp ,dleku fo|qr {ks=k E cuk, j[kk tkrk gSA n'kkZb,
fd IysV osQ vafre fdukjs ij d.k dk ÅèokZ/j fo{ksi qEL2/(2m v

x

2) gSA
(d{kk 11 dh ikB~;iqLrd osQ vuqHkkx 4.10 esa o£.kr xq#Roh; {ks=k esa iz{ksI; dh xfr osQ lkFk
bl d.k dh xfr dh rqyuk dhft,)A

1.34 vH;kl 1.33 esa o£.kr d.k dh bysDVªkWu osQ :i esa dYiuk dhft, ftldks v
x
 = 2.0 × 106

m s–1 osQ lkFk iz{ksfir fd;k x;k gSA ;fn 0.5 cm dh nwjh ij j[kh IysVksa osQ chp fo|qr {ks=k
E dk eku 9.1 × 102 N/C gks rks Åijh IysV ij bysDVªkWu dgk¡ Vdjk,xk\
(|e|=1.6 × 10–19 C, m

e
 = 9.1 × 10–31 kg.)

2019-20




