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fLFkjfo|qfrdh (ELECTROSTATICS) 

 
 

 
1. izLrkouk  

 HkkSfrdh dh og 'kk[kk ftlesa LFkSfrd vkos'kksa ds oS|qr çHkkoksa dk v/;;u fd;k tkrk gS] fLFkj oS|qfrdh dgykrh gSA 
 

2. fo|qr vkos'k 

 fdlh oLrq ds inkFkZ ;k d.k dk vkos'k] og çdf̀r (xzg.k dh x;h ;k çkd̀frd) gS ftlds dkj.k ;g oS|qr o pqEcdh; 

çHkko mRiUu ,oe~ vuqHko djrk gSA dqN izkÑfrd vkosf'kr d.kksa ds mnkgj.k : bysDVªkWu, çksVkWu, -d.k vkfnA 

 vkos'k ,d O;qRiUu HkkSfrd jkf'k gSA S.. i)fr esa vkos'k dwykWe eas ekik tkrk gSA vH;kl esa bls mC (10–3C),  

C (10–6C), nC(10–9C) vkfn dke esa ysrs gSaA  

 vkos'k dk C.G.S. ek=kd = fLFkj oS|qr bdkbZ = esu. 

 1 dwykWe = 3 × 109 fLFkj oS|qr bdkbZ dk vkos'k 

 vkos'k dh foek = MºLºT11  
 

2.1 vkos'k ds xq.k % 

 (i) vkos'k ,d vfn'k jkf'k gS : bls chtxf.krh; :i ls tksM+k tkrk gS rFkk bysDVªkWuksa dh U;wurk ;k vf/kdrk dks 

çnf'kZr djrk gSA  

 (ii) vkos'k nks izdkj dk gS : (i) /kukRed vkos'k (ii) _.kkRed vkos'kA fdlh oLrq dk vkos'ku ,d oLrq ls nwljh oLrq 

esa vkos'k dk LFkkukUrj.k gSA /kukRed  vkos'k ls rkRi;Z bysDVªkWuksa dh gkfu ls gS vFkkZr~ bysDVªkWuksa dh U;wurkA 

_.kkRed vkosf'kr oLrq ls rkRi;Z bysDVªkWuksa dh vf/kdrk gSA blls ;g Hkh çnf'kZr gksrk gS fd ,d _.k 

vkosf'kr oLrq dk nzO;eku  > leku /ku vkosf'kr oLrq dk nzO;ekuA 

 (iii) vkos'k lajf{kr jgrk gS : ,d foyfxr fudk; esa dqy vkos'k (/kukRed o _.kkRed dk tksM+) fu;r jgrk gS] pkgs 

ml fudk; eas dqN Hkh ifjorZu gksA 

 (iv) vkos'k DokaVhÑr gS : fdlh Hkh vkosf'kr oLrq ij vkos'k lnSo oS|qr vkos'k dh ewy bdkbZ dk iw.kZ xq.kt gksrk gSA 

;g bdkbZ ,d bysDVkWu ds vkos'k ds ifjek.k ds cjkcj gSA (1e = 1.6 × 10–19 dwykWe) vr% fdlh oLrq ij vkos'k 

Q = ± ne, tgk¡ n ,d iw.kkZad gS rFkk e ,d bysDVªkWu ij vkos'k gSA fefydu ds rsy cwan iz;ksx ls vkos'k dk 

DokUVhdj.k ;k vkos'k dh ijek.kqdrk fl) gksrh gSA 

uksV : gky gh esa ±
1

3
e o ±

2

3
e vkos'k ds d.kksa dh ifjdYiuk dh x;h gSA bu d.kksa dks DokDlZ dgrs gS fdUrq bls 

vkos'k dk DokUVe ugha ekuk x;k gS D;ksafd ;g vLFkk;h gSA  

 (v) leku çd̀fr ds vkos'k ,d nwljs dks çfrdf"kZr djrs gSa tcfd foijhr çd̀fr ds vkos'k ijLij vkdf"kZr gksrs gaSA  

 (vi) vkos'k lnSo nzO;eku ls lEc) gksrk gS vFkkZr~ nzO;eku ds fcuk vkos'k dk vfLrRo ugha gksrk ;|fi vkos'k ds 

fcuk nzO;eku dk vfLrRo lEHko gSA dqN d.k tSls QksVkWu] U;wVªhuksa budk nzO;eku ¼fojke½ ugha gksrk] vr% bu 

ij dksbZ vkos'k Hkh ugha gksrk gSA  

 (vii) vkisf{kdrk ds lUnHkZ esa vifjofrZr gS : bldk rkRi;Z ;g gS fd vkos'k funsZ'k rU=k ij fuHkZj ugha djrk gS vFkkZr~ 

fdlh oLrq dk vkos'k ifjofrZr ugha gksrk gS] pkgs bldh pky dqN Hkh gks] blds foijhr oLrq dk nzO;eku bldh 

pky ij fuHkZj djrk gS vkSj pky ds lkFk c<+rk gSA   

 (viii) ,d fLFkj vkos'k blds pkjksa vksj dsoy fo|qr {ks=k mRiUu djrk gSA ,d leku :i ls xfr djus okyk vkos'k 

blds pkjkas vksj fo|qr {ks=k o pqEcdh; {ks=k mRiUu djrk gS tcfd Rofjr xfr djrk gqvk ,d vkos'k fo|qr {ks=k, 

pqEcdh; {ks=k o fo|qr pqEcdh; rjaxs mRiUu djrk gSA 
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2.3  fdlh oLrq dks vkosf'kr djus dh fof/k;ka % 

 ,d oLrq dks (a) ?k"kZ.k (b) pkyu, (c) çsj.k, (d) Å"eh; mRltZu, (e) çdk'k oS|qr çHkko o (f) {ks=k mRltZu }kjk 

vkosf'kr fd;k tk ldrk gSA 

 (a) ?k"kZ.k }kjk vkos'ku % tc fdlh mnklhu oLrq dks fdlh nwljh mnklhu oLrq ds lkFk jxM+k tkrk gSA rks dqN 

bysDVªkWu ,d oLrq ls nwljh oLrq dh vksj pys tkrs gSaA tks oLrq bysDVªkWu xzg.k djrh gS _.kkosf'kr gks tkrh gS 

tcfd nwljh /kukosf'kr gks tkrh gSA ;g oLrq,as fdlh Hkh inkFkZ dh gks ldrh gSaA mnkgj.k ds fy, tc da?ks dks 

ckyksa esas pyk;k tkrk gS rks ;g vk;fur gks tkrk gSA 

 

  mnkg.k ds fy, : tc ,d flYd ds diMs+ dks dkap dh NM+ ls jxM+rs gSa] rks dkap dh NM+ /kukosf'kr gks tkrh 

gSA D;ksafd flYd esa bySDVªkWu T;knk etcwrh ls cans jgrs gS vkSj Xykl esa de etcwrh ls cans jgrs gSaA (budh 

jlk;fud xq.k ds dkj.k), dqN bySDVªkWu flYd ls NM+ esa pys tkrs gSA blfy, dkap dh NM+ esa bysDVªku dh 

deh gks tkrh gS rFkk flYd ds diM+s esa bySDVªkWu vf/kdrk esa gks tkrs gS vr% dkap dh /kukosf'kr rFkk flYd dk 

diM+k _.kkosf'kr gks tkrk gSaA  

 

 (b) pkyu ¼çokg½ % çd`fr eas rhu çdkj ds inkFkZ gSa 

  (i) pkyd %  pkyd os inkFkZ gS ftuesa cká bySDVkWu cgqr <hys ca/ks gksrs gS blfy, os xfr ds fy, eqDr gksrs 

gaSA os inkFkZ ftueas vf/kd la[;k eas eqDr bysDVªkWu gksrs gaSA mnkgj.k ds fy, % /kkrq,¡   

   Ex. Cu, Ag, Fe, Al.............  
 

  (ii)  dqpkyd ;k ijkoS|qr : dqpkyd os inkFkZ gaS ftuesa cká bysDVªkWu cgqr etcwrh ls ca/ks gksrs gS blfy, os xfr 

ugh dj ldrs gaSA os inkFkZ ftuesa eqDr bysDVªkWu ugha gksrs gSaA  

   mnkgj.k ds fy, % IykfLVd] jcj vkSj ydM+h 

  (iii) v)Z pkyd : og inkFkZ ftuesa eqDr bysDVªkWu gksrs gSa] ijUrq de gksrs gSaA  

   vc ge ns[krs gSa fd pkyu ls fdl rjg vkos'ku gksrk gSA bl izfØ;k esa ge ,d vkosf'kr pkyd 'A' rFkk 

,d mnklhu pkyd 'B' ysrs gSaA tc nksuksa dks tksM+k tkrk gS rks dqN vkos'k vkosf'kr pkyd ls mnklhu 

pkyd esa izokg gksrk gSA ;fn nksuksa pkyd leku rFkk vf/kd nwjh ij gSa rks nksuksa ij vkos'k cjkcj forfjr 

gksxk ojuk tc rd nksuksa dk foHko leku u gks tk;s rc rd izokg gksrk gSA  

 

vkosf'kr oLrq vuvkosf'kr oLrq 

fLop 
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 (c) izsj.k ds }kjk vkos'ku: bldks le>us ds fy, ,d iz;ksx djrs gSaA 

 
  ge ;g i<+ pqds gSa fd pkyd esa cgqr vf/kd la[;k esa eqDr bysDVªkWu gksrs gSaA ekuk ,d +Q vkos'k mnklhu 

pkyd ds ikl yk;k tkrk gSA +Q vkos'k ds vkd"kZ.k ds dkj.k dbZ bysDVªkWu ¼_.kkos'k½ fudVorhZ lrg ij vk 

tkrs gSaA  

  nwljh rjQ bysDVªkWu dh deh ds dkj.k +ve vkos'k mRiUu gksrk gSA ;g izokg tc rd pyrk gS tc rd pkyd 

ds eqDr bysDVªkWu ij ifj.kkeh cy 'kwU; u gks tk;sA bldks izsj.k dgk tkrk gS rFkk mRiUu vkos'k izsfjr vkos'k 

dgykrk gSA  

  ,d oLrq dks fuEu nks rjhds ls izsj.k }kjk vkosf'kr dj ldrs gSaA  

  Method  

  1. ,d mnklhu foyfxr pkyd xksyk yks  

 
  2. vkosf'kr NM+ blds ikl ykvksA vkosf'kr NM+ ds dkj.k xksys ij vkos'k izsfjr gksxkA  

 
  3. ,d nwljs mnklhu pkyd xksys dks blls tksM+rs gSaA NM+ ds vkd"kZ.k ds dkj.k eqDr bysDVªkWu nka;s xksys ls 

cka;h rjQ tk;saxs rFkk bysDVªkWu dh deh ds dkj.k nka;s xksys ij /kukRed vkos'k vk;sxk rFkk ck;sa xksys ij 

nk;sa xksys ls bysDVªkWu ds LFkkukUrj.k ds dkj.k bysDVªkWu vf/kd gksaxsA  

 bysDVªkWu 

LFkkukUrj.k 

 
  4. vc tksM+us okys rkj dks dkV nsa rFkk NM+ dks gVk nsaA 

 

   igyk xksyk _.kkRed rFkk nwljk xksyk /kukRed vkosf'kr gksxkA   
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  Method  

  1. ,d mnklhu foyfxr pkyd xksyk yksA  

 
 

  2. vkosf'kr NM+ blds ikl ykvksA vkosf'kr NM+ ds dkj.k xksys ij izsj.k gksxkA  

 

  3. xksys dks i`Foh ls tksM+ksA bl izfØ;k dks HkwlEifdZr djuk dgrs gSaA NM+ ds vkd"kZ.k ds dkj.k dqN eqDr 

bysDVªkWu i`Foh ls pkyd ij vk;saxs blfy, pkyd ij bysDVªkWu vf/kd gksaxs blfy;s pkyd ij _.kkRed 

vkos'k gksxkA   

 

bysDVªkWu LFkkukUrj.k 

 

  4. vc rkj dks dkV nks o NM+ dks gVk nks] vc xksys ij dqy _.kkRed vkos'k gksxkA  

 

 (d) Å"eh; mRltZu : tc /kkrq dks mPp rki rd xeZ fd;k tkrk gS rks /kkrq ds dqN bysDVªkWu /kkrq ds ckgj pys 

tkrs gSA ftlls /kkrq /kukosf'kr gks tkrh gSA 

 

Å"ek  

 (e) çdk'koS|qr çHkko : tc mi;qDr vko`fÙk dh fo|qr pqEcdh; fdj.kksa dks fdlh /kkrq i`"B ij fxjk;k tkrk gS rks 

dqN bysDVªkWu ckgj fudy vkrs gSaA ftlls /kkrq /kukosf'kr gks tkrh gSA 

 
izdk'k 
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 (f) {ks=k mRltZu : tc mPp ifjek.k dk fo|qr {ks=k /kkrq i`"B ds fudV vkjksfir fd;k tkrk gS rks /kkrq ì"B ls dqN 

bysDVªkWu ckgj vk tkrs gSa vkSj bl çdkj /kkrq /kukosf'kr gks tkrh gSA 

 

 

Example 1.  ;fn ,d vkosf'kr oLrq dks mnklhu pkyd ds ikl j[kk tkrk gS rks ;g bldks vkdf"kZr ;k izfrdf"kZr 

djsxk? 

Solution : 

 

vkd"kZ.k cy 
izfrd"kZ.k cy 

 

   ;fn ,d vkosf'kr oLrq ¼/kukRed½ dks mnklhu pkyd ds ikl cka;h vksj j[kk tkrk gS rks pkyd dh cka; h 

lrg ij _.kkos'k rFkk nka;h lrg ij /kukos'k izsfjr gksxkA +q vkos'k ds dkj.k izsfjr _.kkos'k vkd"kZ.k rFkk 

/kukos'k izfrd"kZ.k eglwl djsxkA ijUrq _.kkos'k T;knk ikl gS] vr% vkd"kZ.k cy izfrd"kZ.k cy dh rqyuk esa 

vf/kd gksxkA blfy, pkyd ij +q vkos'k ds dkj.k ifj.kkeh cy vkd"kZ.k cy gksxkA  

   mijksä mnkgj.k ls ge ;g dg ldrs gS ,d vkosf'kr oLrq mnklhu pkyd dks vkdf"kZr dj ldrh gSA 

;fn nks oLrqvksa ds chp esa vkd"kZ.k cy gS rks ,d oLrq mnklhu Hkh gks ldrh gSA ijUrq ;fn nks oLrqvksa ds 

chp izfrd"kZ.k cy gS rks nksuksa oLrq leku izdkj ds vkos'k ls vkosf'kr gksuh pkfg,A  

   blfy, "izfrd"kZ.k gh vkos'ku dk lgh ijh{k.k gS". 
 

Example 2.  ,d /kukosf'kr oLrq 'A' oLrq 'B' dks vkdf"kZr djrh gS rc oLrq B ij vkos'k gks ldrk gS % 

   (A) /kukRed   (B) _.kkRed  (C) 'kwU;   (D) dg ugha ldrs  

Solution :  B, C 
 

Example 3.  ikap xsan A, B, C, D vkSj E dks ,d ijh{k.k esa mi;ksx fd;k trk gS xsnksa ij dbZ ijh{k.k fd;s tkrs gSa rFkk 

fuEu ifj.kke izkIr fd;s tkrs gSaA  

   (i) xsan A, C dks izfrdf"kZr rFkk B dks vkdf"kZr djrh gSA  

   (ii) xsan D, B dks vkdf"kZr rFkk E ij dksbZ izHkko ugha MkyrhA 

   (iii) ,d _.kkRed NM+ A rFkk E dks vkdf"kZr djrh gSA  

   vkidh tkudkjh ds fy;s ,d mnklhu xsan vkos'k izsj.k ds fy;s laosnu'khy gS rFkk vkdf"kZr gksrh gS ;fn 

vkosf'kr oLrq ds ikl j[kh tk;sA izR;sd xsan ij ;fn vkos'k gS rks dkSulk gSA   

    A  B  C  D  E 
   (A) +  –  +  0  + 
   (B) +  –  +  +  0 
   (C) +  –  +  0  0 
   (D) –  +  –  0  0     
Answer :  C 
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Solution :  (i) ls, D;ksafd A, C dks izfrdf"kZr djrh gSA blfy, A o C ij leku vkos'k gksuk pkfg, ;k rks nksuksa ve ;k 

nksuksa –ve gksxhA D;ksafd A, B dks vkdf"kZr djrk gSA vr% B ij A dk foijhr vkos'k gks ldrk gS ;k B 

mnklhu gks ldrk gSA  

   (ii) ls] D;ksafd D, E ij dksbZ izHkko ugha Mkyrk vr% D o E nksuksa mnklhu gksuh pkfg, vkSj D;ksafd B, D dks 

vkdf"kZr djrh gSA vr% B vkosf'kr gksuh pkfg, rFkk D mnklhu gksuh pkfg,A  

   (iii) ls] ,d –ve vkosf'kr NM+ A dks vkdf"kZr djrh gSA vr% A ij ve vkos'k gksuk pkfg, rFkk (i) ls C Hkh  

ve gksuh pkfg, rFkk B, –ve gksuh pkfg,A. 
 

Example 4.  vkos'k laj{k.k dk fl)kUr ges'kk ykxw jgrk gSA D;k ;g nzO;eku ds fy, lR; gS ? 

Solution :  ugha] nzO;eku laj{k.k ds fy, ges'kk ykxw ugha gksrk gSA dqN ukfHkdh; vfHkfØ;kvkas esa nzO;eku dks ÅtkZ esa 

cnyk tk ldrk gSA 
 

Example 5.  izsj.k }kjk vkos'ku ,oa pkyu }kjk vkos'ku esa D;k vUrj gS \ 

Solution :  nksuksa fof/k;ksa esa eq[; vUrj fuEu gSa & 

   (i) izsj.k esa] nks oLrq,sa fcuk lEidZ ds ,d nwljs ds ikl gksrh gSa tcfd pkyu esa mudk lEidZ gksrk gSA 

   (ii) izsj.k esa] oLrq dk dqy vkos'k vifjofrZr gksrk gS tcfd pkyu esa ;g cny tkrk gSA 

   (iii) izsj.k esa] izsfjr vkos'k ges'kk lzksr vkos'k ds foijhr izdf̀r dk gksrk gS tc fd pkyu esa nksuksa oLrqvksa ij 

vkos'k dh izd̀fr leku gksrh gSA 

 

Example 6.  ;fn dk¡p dh NM+ dks flYd ij jxM+k tk;s rks ;g /kukosf'kr gksrh gS D;ksafd & 

   (A) blesa izksVkWu tqM+ tkrs gaSA   (B) blls izksVkWu vyx gks tkrs gaSA 

   (C) blesa bysDVªkWu tqM+ tkrs gSaA  (D) blls bysDVªkWu vyx gks tkrs gSaA 

Answer :  D 
 

 
 

  
3. dwykWe dk fu;e ¼O;qRØe oxZ fu;e½  

 ç;ksxksa ds vk/kkj ij dwykWe us fuEu ifj.kke fn;s ftUgsa lfEefyr :i ls dwykWe dk fu;e dgrs gaSA nks fcUnqor 

vkos'kksa ds chp yxus okys fLFkj oS|qr cy dk ifjek.k nksuksa vkos'kksa ds xq.kuQy ds lekuqikrh o nksuksa ds chp dh 

nwjh ds oxZ ds O;qRØekuqikrh gksrk gSA 

  F  q1q2 ; F  
2

1

r
   F  1 2

2

q q

r
    F = 1 2

2

Kq q

r
 

 (i) ;g dsoy fcUnq vkos'kksa ij gh ykxw gksrk gSA 

 (ii) lekuqikrh fu;rkad dk eku fuokZr~ esa SI i)fr esa 
0

1

4
 }kjk fn;k tkrk gS vkSj fdlh vU; ek/;e esa 

1

4
}kjkA ;fn vkos'kksa dks fdlh ek/;e esa j[kk tk;s rks fdlh ,d vkos'k ij fLFkj oS|qr cy 

0 r

1

4 

1 2

2

q q

r
  

gksxkA tgka 0 o  Øe'k% fuokZr ,oa ek/;e dh fo|qr 'khyrk gSA vuqikr /0 = r dks ek/;e dh vkisf{kd fo|qr 

'khyrk dgrs gaS tksfd ,d foekghu jkf'k gSA 

 (iii) vkisf{kd fo|qr 'khyrk r dk eku 1 ls  ds chp gksrk gSA ifjHkk"kk ls fuokZr~ ds fy, ;g  1 gksrk gSA gok ds fy, 

yxHkx 1 (x.kukvksa ds fy, 1 ds cjkcj fy;k tk ldrk gSA) /kkrqvksa ds fy, r dk eku  gksrk gSA rFkk ikuh ds 

fy, 81 gksrk gSA ftl inkFkZ esa vf/kd vkos'k izsfjr gks ldrk gS mldk r vf/kd gksxkA 
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 (iv) 
0

1

4
dk eku = 9 × 109 Nm2 coul–2  

   0 = 8.855 × 10–12 C2/Nm2. 

   dk fofe; lw=k [M–1 L–3 T4 A2] gSA 

 (v) fdlh ,d vkos'k }kjk nwljs vkos'k ij cy lnSo nksuksa vkos'kksa dks tksM+us okyh js[kk ds vuqfn'k gksrk gSA ;g 

nksuksa vkos'kksa ij leku ifjek.k esa fdUrq foijhr fn'kk esa yxrk gSA fn'kk ml  ek/;e ij vk/kkfjr ugha gS ftlesa 

os nksuksa jgrs gSaA  

 (vi) cy laj{kh gS vFkkZr~ fdlh Hkh vkd̀fr ds cUn ywi ds vuqfn'k ,d fcUnqor~ vkos'k dks xfr djkus esa fLFkj 

fo|qfrdh cy }kjk fd;k x;k dk;Z 'kwU; gksrk gSA 

 (vii) pwafd ;g cy dsUnzh; cy gS vr% cká cyksa dh mifLFkfr esa ,d d.k dk nwljs d.k ds lkis{k dks.kh; laosx  

(f}&d.k fudk;) lajf{kr jgrk gSA  

 (viii) lfn'k :i esa lw=k dks fuEu çdkj fy[kk tk ldrk gSA 

  1 2

3

0 r

q q1
F r

4 | r |


 
 = 

1 2

2

0 r

q q1
r̂

4 | r | 
 

  ;gk¡ r  = L=kksr vkos'k ¼ftlds dkj.k cy Kkr djuk gS½ ds lkis{k ijh{k.k vkos'k ¼ftl ij cy Kkr djuk gS½ 

dk fLFkfr lfn'kA 
 

 

Example 7.  ok;q esa 1 eh dh nwjh ij j[ks /kukos'kkas ¼izR;sd 1 C½ ds e/; yxus okyk cy Kkr djksA  

Solution :   Fe =  1 2

2

kq q

r
=

9

2

9 10 1 1

1

  
 = 9 × 109N  

    bl ifj.kke ls ge dg ldrs gSa fd 1C vkos'k cy vuqHko djus ds fy, cgqr cM+k gSA izdf̀r esa vkos'k 

C dh dksfV esa gksrk gSA 
 

Example 8.  nzO;eku m ,oa q1 vkos'k dk ,d d.k] ,d tM+Ro vkos'k –q2 ds pkjksa vksj r f=kT;k ds o`Rrh; iFk esa pDdj 

yxk jgk gSA bldk ifjØe.k dky rFkk pky Kkr djks &  

Solution:  
0

1

4
 1 2

2

q q

r
 = mr2 = 

2

2

4 mr

T


'  

   T2 = 
2 2

0

1 2

(4 )r (4 mr)

q q

 
  or T = 4r 0

1 2

mr

q q


 

   vkSj ge ;g Hkh dg ldrs gSa  

   1 2

2

0

q q

4 r
 = 

2mv

r
    V = 1 2

0

q q

4 mr
 

 

Example 9.  dksbZ fcUnq vkos'k q1 = + 100 µC fcUnq A (1, 0, 2) ij nwljk fcUnq vkos'k q2 = +200µC fcUnq B (4, 4, 2) 

ij gS rks  

   (i)  nksuksa ds e/; yxus okyk fLFkj oS|qr cy Kkr djksA 

   (ii) AF  (B ds dkj.k A ij cy) o BF  (A ds dkj.k B ij cy) lfn'k :i esa Kkr djksA 

Solution : 

      

   F dk eku : A B

2

kq q
| F |

r
  = 

9 6 6

2 2 2

(9 10 )(100 10 )(200 10 )

(4 1) (4 0) (2 2)

   

    
 = 7.2 N  
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   (ii)  B ij cy BF = A B

3

kq q
r

| r |
 =

9 6 6

2 2 2

(9 10 )(100 10 )(200 10 ) ˆ ˆ ˆ(4 1)i (4 0)j (2 2)k
(4 1) (4 0) (2 2)

         
 

    
 

    = 7.2 
3 4ˆ ˆi j
5 5

 
 

 
N  

    blh izdkj     AF  = 7.2
3 4ˆ ˆi j
5 5

 
  
 

N 

 

 

fØ;k ( AF ) vkSj izfrfØ;k ( BF ) leku ysfdu foijhr fn'kk esa gksrs gSaA 

_____________________________________________________  

4. v/;kjksi.k dk fl)kUr PRINCIPLE OF SUPERPOSITION 

 fLFkj oS|qr cy nks oLrqvksa ds chp vU;ksU; cy gS vFkkZr~ nks fcUnqor~ vkos'kksa ds 

chp yxus okyk cy vU; vkos'kksa dh mifLFkfr ;k vuqifLFkfr ij fuHkZj ugha 

djrk gSA blhfy, v/;kjksi.k dk fl)kUr ykxw gksrk gS vFkkZr~ fudk; ds dkj.k 

fdlh ,d vkos'k ij cy O;fDrxr vkos'kksa ds dkj.k yxs cyksa dk ifj.kkeh 

gksrk gS vFkkZr~ vusd vkos'kksa ds dkj.k ,d fcUnqor~ ijh{k.k vkos'k ij cy 

1 2 3F F F F ...........     }kjk fn;k tkrk gSA   
 

 

Example 10 rhu leku vkosf'kr d.k ftudk vkos'k +q gS] R f=kT;k ds oÙ̀k esa leku pky ls xfr dj jgs gSa] rFkk ,d 

fcUnq vkos'k –2q o`Ùk ds dsUnz ij ¼fp+=kkuqlkj½ j[kk gSA ;fn vkos'k fu;r rFkk leku pky ls ?kwe jgs gaS ] rks 

mudh pky Kkr djksA 

 
Solution :  

            

   F2 – 2F1 cos 30º = 
2mv

R
  

2

K(q) (2q)

R
 –

2

2

2(Kq )

( 3R)
cos 30 = 

2mv

R
 ; 

2kq 1
v 2

Rm 3

 
  

 
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Example 11. ok;q esa j[ks nks leku vkosf'kr le:i /kkrq ds NksVs xksys  A rFkk B ,d nwljs dks 2 × 10–5N  ds cy ls 

çfrdf"kZr djrs gSa ¼xq:Rokd"kZ.k ux.; ekus½A vU; leku vukosf'kr xksys C dks B ls Li'kZ djkrs gSa rFkk  

A rFkk B ds e/; fcUnq ij j[krs gSaA  C ij ifj.kkeh fLFkj fo|qr cy D;k gksxk? 

Solution :  ekuk çkjEHk esa çR;sd xksys ij vkos'k q rFkk muds dsUnzksa ds 

chp dh nwjh r gS rks fn;s x;s ç'u ds vuqlkj & 

   F = 
0

1

4 2

q q

r


 = 2 × 10–5 N  

 

   tc xksys C dks  B ls Li'kZ djkrs gSa rks q vkos'k B rFkk C ij 

leku :i ls forfjr gksxk vFkkZr~ vc xksyksa ij vkos'k& 

   qB = qC = (q/2) 

   vr% xksyk C cy vuqHko djsxk       

   FCA=
0

1

4 2

q(q/ 2)

(r / 2)
=2F, AB  ds vuqfn'k vkos'k  A ds dkj.k 

 

   vkSj FCB =
0

1

4 2

(q/ 2)(q/ 2)

(r / 2)
= F, BA   ds vuqfn'k vkos'k  B ds dkj.k 

   vr% C ij A rFkk B ds dkj.k ifj.kkeh cy FC gS & 

   FC = FCA – FCB = 2F – F = 2 × 10–5 N AB . ds vuqfn'k 

 

Example 12 ik¡p fcUnqor~ vkos'k q, L Hkqtk ds le"kV~Hkqt ds 'kh"kksZ ij j[ks gSaA "kV~Hkqt ds dsUnz ij j[ks vkos'k – q ij cy 

D;k gksxk? 

Solution :  Method : I 

   "kV~Hkqt cps gq, 'kh"kZ ij ;fn NBk vkos'k gksrk rks –q vkos'k ij 

ifj.kkeh cy 'kwU; gksrk (D;ksafd vyx&vyx vkos'kksa }kjk yxk;s x;s 

cy lUrqfyr gkssaxs)  

   vc ;fn f  NBs vkos'k ds dkj.k cy gS rFkk F  'ks"k ik¡p vkos'k ds 

dkj.k cy gS rks % 

   F  + f  = 0 i.e., F  = – f    vFkkZr~ |F| = | f | = 
0

1

4 2

q q

L


  

   = 
2

2

0

1 q

4 L
     

   NetF  = ODF  = 
2

2

1 q

4 L
 OD ds vuqfn'k 

 

   Method : II  

   fp=k esa ge ns[k ldrs gSa fd F rFkk C }kjk yxk;s cy ,d  

 nwljs ds foijhr gSa   

   OFF  + OCF   = 0     .....(i) 

   blh izdkj OBF  + OEF  = 0  .....(ii) 

   vr% OFF  + OBF  + OCF  + ODF  + OEF  =   NetF  

   (i) o (ii) dk mi;ksx djus ij, NetF  = ODF = 
2

2

1 q

4 L
 OD ds vuqfn'k  
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 Example 13 fuokZr esa j[kh  yEckbZ dh ,d iryh NM+ ij q vkos'k ,d leku :i ls forfjr gSA fp=k esa fn[kk;s 

vuqlkj fcUnqor~ vkos'k 'Q' ij yxus okys oS|qr cy dk ifjek.k Kkr djksA 

 

Solution :  pwafd NM+ dk vkos'k fcUnqor~ vkos'k ugha gS vr% igys ge NM+ ds vYi Hkkx 'dy' }kjk vkos'k Q ij yxus 

okys cy dh x.kuk djsaxsA bl vYi Hkkx  'dy' dks vYika'k dgrs gSa rFkk bls fcUnqor~ vkos'k ekurs gSaA 

   vYika'k ij vkos'k   dq = dy  = 
q

dy  

   'Q' ij vYika'k ds dkj.k fo|qr cy = 
2

K.dq.Q

y
 = 

2

K.Q.q.dy

y .
  

   lHkh cy ,d gh fn'kk esa gSa 

    F = dF    bl ;ksx dks ge lekdyu fof/k }kjk Kkr dj ldrs gSa vr%  F =
a

2

y a

KQqdy

y





  

     =
KqQ

 

a

a

1

y



 
 
 

= 
KQ.q 1 1

a a

 
  

 = 
KQq

a(a )
  

Note : (1) ftl rjg ;kaf=kdh esa nzO;eku dks NM+ ds dsUnz ij eku ysrs gaSA ml rjg ;gk¡ lEiw.kZ vkos'k dks 

NM+ ds dsUnz ij ugha ekuk tk ldrk gSA 

Note : (2) ;fn  a >>  rc F = 
2

KQq

a
 vFkkZr~ NM+ dk O;ogkj fcUnqor vkos'k ln'̀; gksxkA  

_____________________________________________________   

5. fLFkj oS|qr lkE;koLFkk  

 og fcUnq tgk¡ vkosf'kr d.k ij ifj.kkeh cy 'kwU; gks tkrk gS] lkE;koLFkk ;k lUrqyu voLFkk dgykrh gSA 

5.1 LFkk;h lUrqyu :   

 ;fn vkos'k dks FkksM+k foLFkkfir djus ij ;g iqu% mlh lkE;koLFkk ij vkus dh dksf'k'k djs rks ;g LFkk;h larqyu 

dgykrk gSA  

5.2  vLFkk;h larqyu :   

 ;fn vkos'k dks FkksM+k foLFkkfir djus ij ;g mlh lkE;koLFkk ij u vk;s o ek/; fLFkfr ls nwj pyk tk;s rks ;g 

lUrqyu vLFkk;h lUrqyu dgykrk gSA  

5.3  mnklhu lkE;koLFkk :  

 ;fn vkos'k dks vYi nwjh rd foLFkkfir fd;k tk, vkSj ;g fQj Hkh lkE;koLFkk esa jgs rks bl fLFkfr dks mnklhu 

lkE;koLFkk dgrs gSaA  
 

 

Example 14 nks cjkcj /kukRed fcUnqor~ vkos'k 'Q' fcUnq A(a, 0) rFkk fcUnq B(–a, 0) ij j[ks gSaA vU; ijh{k.k vkos'k  

q0 Hkh fcUnq O(0, 0) ij j[kk gSA n'kkZ;s fd fcUnq 'O' ij lkE;koLFkk gS & 

   (i) X-v{k ds vuqfn'k foLFkkiu ds fy, LFkk;hA 

   (ii) Y-v{k ds vuqfn'k foLFkkiu ds fy, vLFkk;hA 
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Solution : 

   (i)   

    çkjEHk esa AOF  + BOF  = 0    AO| F |  = BO| F |  = 0

2

KQq

a
 

    tc vkos'k dks + x v{k ds vuqfn'k FkksM+h nwjh x ls foLFkkfir djrs gSa] rc &        

 

    AO| F |  < BO| F |  

    vr% d.k ewy fcUnq  (çkjfEHkd fLFkfr) dh rjQ xfreku gksxk] vr% lkE;koLFkk LFkk;h gSA 

   (ii)  tc vkos'k dks y v{k ds vuqfn'k foLFkkfir djrs gSaA   

 
    lHkh ?kVd djus ds i'pkr~ ifj.kkeh cy y v{k dh vksj gS vr% d.k viuh çkjfEHkd fLFkfr esa ugha 

ykSVsxkA vr% ;g vLFkk;h lkE;koLFkk gSA vUr esa vkos'k vuUr rd xfreku gksxkA  

                    

Example 15. nks fcUnqor~ vkos'k q1 rFkk q2 (leku çdf̀r) rFkk çR;sd dk nzO;eku m, dks bl çdkj j[kk x;k gS fd 

xq:Rokd"kZ.k oS|qr çfrd"kZ.k dks larqfyr dj nsrk gSA D;k os LFkk;h lkE;koLFkk eas gS \ ;fn ugha rks 

lkE;koLFkk dh çd`fr D;k gS? 

Solution :  fn;s x;s mnkgj.k esa % 1 2

2

Kq q

r
 =

2

2

Gm

r
  

   nwjh ij vfuHkZj vkos'k ges'kk lkE;koLFkk esa jgsaxsA ;fn vc nwjh c<+k ;k ?kVk nh tk;s rks lkE;koLFkk ij 

dksbZ QdZ ugha iM+sxkA vr% ;g mnklhu lkE;koLFkk gSA  
 

Example 16. m nzO;eku rFkk q vkos'k dk ,d d.k 2 nwjh ij j[ks nks fLFkj vkosf'kr d.kksa (çR;sd dk vkos'k q) ds e/; 

j[kk gSA fl) djsa fd ;fn e/;orhZ d.k dks FkksM+k lk mudks tksM+us okyh js[kk ds vuqfn'k foLFkkfir djds 

NksM+ nas rks og ljy vkorZ xfr djsxkA vkorZ xfr esa yxus okyk le; Hkh Kkr djksA  

Solution :  ekuk vkos'k q dks e/; fcUnq ls ck;ha rjQ foLFkkfir djrs gSa foLFkkfir vkos'k q ij A ij fLFkr vkos'k q 

}kjk cy    
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    F1 = 
0

1

4

2

2

q

( x)
                   

   foLFkkfir vkos'k q ij B ij vkos'k q }kjk cy   

    F2 =
0

1

4

2

2

q

( x)
     

   foLFkkfir vkos'k ij ifj.kkeh izR;ku;u cy   

    F = F2 – F1 ;k F =
0

1

4

2

2

q

( x)
–

0

1

4

2

2

q

( x)
   

 

 

   ;k F = 
2

0

q

4 2 2

1 1

( x) ( x)

 
 

  
 = 

2

0

q

4 2 2 2

4 x

( x )
   

   pwafd  >> x,    F = 
2

4

0

q x


  ;k  F = 

2

3

0

q x


 

   ge ns[krs gSa fd F  x rFkk ;g foLFkkiu ds foijhr gSA vr% xfr ljy vkorZ xfr gSA  

   T =  
m

2
k

 , ;gk¡ k = 
2

3

0

q


,     T = 

3

0

2

m
2

q


  

 

Example 17. vkos'k Q dk nzO;eku Kkr djks] ftlls og fuEu vfHkfoU;kl ds fy;s lkE;koLFkk esa jg ldsA 

q
q





h qq

Q

 

Solution :  

    

 4 Fcos = mg  
3 / 2

2
2

KQq

h
2

 
 

 

 4 × h = mg      m =  
3 / 2

2
2

4KQqh

g h
2

 
 

 

 

 
 

Example 18. nks le:i vkosf'kr xksyksa dks cjkcj yEckbZ ds /kkxksa }kjk yVdk;k tkrk gSA çR;sd /kkxk Å/okZ/kj ls   

dks.k cukrk gSA tc bls ?kuRo  = 0.8 xzke/lseh-3 ds nzo esa yVdkrs gSa] rks dks.k leku jgrk gSA nzo dk 

ijkoS|qrkad D;k gS? (xksys ds inkFkZ dk ?kuRo 1.6 xzke/lseh-3 gSA)  

Solution :  çkjEHk esa çR;sd xsan ij ruko T,  

   Hkkj mg rFkk oS|qr cy F dk;Zjr gSA bldh Å/okZ/kj fn'kk esa lkE;koLFkk ds fy, & 

    T cos  = mg    .....(1) 

   rFkk {kSfrt ds vuqfn'k 

    T sin  = F     .....(2)                   

   lehdj.k (2) dks (1) ls Hkkx nsus ij 

    tan  =  
F

mg
  .....(3) 
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   tc xsanksa dks  ?kuRo rFkk  K ijkoS|qrkad okys nzo esa yVdkrs gSa rks fo|qr cy (1/K) xquk gksrk gS vFkkZr~,  

   F' = (F/K) tcfd Hkkj 

   mg' = mg – FB = mg – Vg  [tgk¡ FB = Vg, tgk¡  xksys ds inkFkZ dk ?kuRo gSA] 

   i.e.,  mg' = mg 1
 
 
 

  
m

V
 

 
 

pwafd    

   vr% xsanksa dh lkE;koLFkk ds fy, & tan ' =
F'

mg'
= 

F

Kmg[1 ( / )]  
  ... (4) 

   nh xbZ lwpuk ds vk/kkj ij ' = ; vr% leh0 (4) rFkk (3) ls &   K = 
( )



  
 = 

1.6

(1.6 0.8)
 = 2    Ans. 

_____________________________________________________   

6. fo|qr {ks=k 

 fo|qr {ks=k fdlh vkosf'kr d.k ds pkjksa vksj og {ks=k gS ftlesa vU; vkos'k oS|qr cy vuqHko djrs gSaA ,d fcUnqor~ 

vkos'k ds dkj.k fo|qr {ks=k vuUr rd gksrk gSA 
 

6.1  fo|qr {ks=k dh rhozrk E : fdlh fcUnq ij fo|qr {ks=k dh rhozrk ml fcUnq ij j[ks ,d bdkbZ /kukRed fcUnq vkos'k 

}kjk vuqHko fd;s x;s fLFkj oS|qr cy ds cjkcj ¼ifjek.k o fn'kk nksuksa esa½ gksrh gSA 

 fo|qr {ks=k esa fdlh fcUnq ij ijh{k.k vkos'k q0 j[kk gSA rFkk ;g dqN vkos'kksa ¼L=kksr vkos'k½ }kjk cy F   vuqHko 

djrk gS rks ml fcUnq ij L=kksr vkos'kksa ds dkj.k fo|qr {ks=k dh rhozrk  E   

 
0

F
E

q
  gksrh gSA 

 ;fn E  dks izk;ksfxd :i ls Kkr djuk gks rks ijh{k.k vkos'k q0 cgqr NksVk gksuk pkfg;s vU;Fkk ;g fo|qr {ks=k 

mRiUu djus okys L=kksr vkos'k ds forj.k dks izHkkfor djsxk rFkk ftl jkf'k dks izsf{kr djuk gS mldksa ifjofrZr dj 

nsxkA 
 

 

Example 19. ,d /kukosf'kr xsan js'ke dh ,d yEch Mksjh ls yVdh gqbZ gSA ge mlh {kSfrt ry ftlesa xsan yVdh gqbZ gS] 

fdlh ,d fcUnq ij E Kkr djuk pkgrs gSA ,slk djus ds fy, ge ml fcUnq ij ,d ijh{k.k vkos'k q0 j[krs 

gSa rFkk F/q0 dk eku Kkr djrs gSaA D;k F/q0 dk eku ç'u esa fn;s x;s fcUnq ij  E ds cjkcj gksxk ? 

Solution :  tc ge P fcUnq ij fo|qr {ks=k Kkr djrs gS rks P ij ijh{k.k 

vkos'k dks j[kus ds i'pkr~ ;g lzksr vkos'k ¼yVdk gqvk vkos'k½ 

dks çfrdf"kZr djrk gS vkSj Kkr fd, x, fo|qr {ks=k dk eku 

Eçsf{kr= 
0

F

q
, okLrfod eku EokLrfod ftls ge Kkr djuk pkgrs 

gS] ls de gksxkA 
 

 

_____________________________________________________   

6.2 fo|qr {ks=k dh rhozrk ds xq.k % 

 (i)  ;g lfn'k jkf'k gSA bldh fn'kk /kukRed vkos'k }kjk vuqHko fd;s x;s cy dh fn'kk ds leku gksrh gSA 

 (ii)  /kukRed vkos'k }kjk fo|qr {ks=k dh fn'kk lnSo blls nwj tcfd _.kkos'k ds dkj.k lnSo bldh vksj gksrh gSA 

 (iii)  bldk S.. i)fr esa ek=kd U;wVu@dwyke gSA  
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 (iv)  bldk foeh; lw=k [MLT–3A–1] gSA 

 (v)  fdlh L=kksr vkos'k }kjk mRiUu fo|qr {ks=k E  esa fdlh fcUnq ij j[ks q vkos'k ij oS|qr cy F qE  gksrk gSA 

/kukRed vkos'k ij oS|qr cy fo|qr {ks=k dh fn'kk esa gksrk gS rFkk _.kkos'k ij foijhr fn'kk esa gksrk gSA 

 (vi) ;g v/;kjksi.k fl)kUr dk ikyu djrk gSA fdlh fcUnq ij fdlh vkos'k fudk; ds dkj.k fo|qr {ks=k dh rhozrk 

vkos'kksa ds dkj.k {ks=k rhozrkvksa ds lfn'k ;ksx ds cjkcj gksrh gSA 

  vFkkZr~ 1 2 3E E E E    + .... . 

 (vii) ;g L=kksr vkos'k }kjk mRiUu gksrh gSA fdlh fcUnq ij fo|qr {kS=k dk eku rc rd fLFkj jgsxk gS] tc rd dh 

ge L=kksr vkos'kksa dk forj.k ifjofrZr u dj nsaA 

 

 

Example 20. fcUnqor vkos'kksa okys fdlh fudk; S ds dkj.k P fcUnq ij fLFkr –3C vkos'k }kjk vuqHko fd;k x;k cy 

ˆ ˆF (21i 9j)µN   gSA  

 

        (i) S ds dkj.k P fcUnq ij fo|qr {ks=k dh rhozrk Kkr dhft,A 

   (ii) vc ;fn –3C dks gVkdj fcUnq P ij 2 C vkos'k j[k fn;k tk;s rks blds }kjk vuqHko fd;k x;k 

cy gksxk & 

Solution :  (i)  F qE  

    ˆ ˆ(21i 9j)µN 3µC(E)    E = – 7 î  – 3 ĵ
N

C
 

   (ii) pwafd lzksr vkos'k foLFkkfir ugha gq;s gSaA blfy, 'P' ij fo|qr {ks=k dh rhozrk ogh jgsxhA 

    F 2C = +2(E = 2(–7 î – 3 ĵ ) = (–14 î  – 6 ĵ  ) µN  

 

Example 21. –10 c vkos'k o 10 mg nzO;eku okys ,d d.k ds Hkkj dks lUrqfyr djus ds fy, i;kZIr fo|qr {ks=k dh 

rhozrk dh x.kuk dhft,A  

Solution :  fo|qr {ks=k E  esa vkos'k q ij cy 

q
E

W

A

Fe

 

   F q = qE  

   vr% ç'ukuqlkj q| F | | W |  (W = d.k dk Hkkj) 

    i.e.,  |q|E = mg      

   vFkkZr~ E = 
mg

| q |
 = 10 N/C., uhps dh vksj 
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Example 22. B( 2 m, 0, 1m) fcUnq ij fLFkr –20C fcUnq vkos'k ds dkj.k fcUnq A (0, 1m, 2m) ij fo|qr {ks=k dh 

rhozrk Kkr dhft,A 

Solution :  E =
3

KQ
r

| r |
 = 

2

KQ
r̂

| r |
 

   r  = P.V. of A – P.V. of B (P.V. = fLFkfr lfn'k) = (– 2 î  + ĵ  + k̂ ) 

   | r | = 2 2 2( 2) (1) (1)  = 2 

   E = 
9 69 10 ( 20 10 )

8

   
 (– 2 î + ĵ  + k̂ ) = – 22.5 × 103 (– 2 î  + ĵ  + k̂ ) N/C. 

 

Example  23. nks fcUnq vkos'k 2c o – 2c fp=k esa n'kkZ;s vuqlkj fcUnq A o B ij j[ks gq, gSaA C o D fcUnqvksa ij fo|qr 

{ks=k dh rhozrk Kkr dhft,A [lHkh nwfj;k¡ ehVj esa ekih tkrh gSaA] 

 
Solution :  C  ij fo|qr {ks=k (EA o  EB dsoy ifjek.k gS o rhj ds fpUg fn'kk dks O;Dr djrs gSaA) 

 
   /kukRed vkos'k ds dkj.k fo|qr {ks=k blls nwj tcfd _.kkRed vkos'k ds dkj.k ;g vkos'k dh vksj gksrk 

gSA ;g Li"V gS fd EB > EA  

    EusV = (EB – EA) _.kkRed X-v{k dh vksj    

    = 
2 2

K(2 c) K(2 c)

( 2) (3 2)

 
  _.kkRed X-v{k dh vksj = 8000 (– î ) N/C  

   D ij fo|qr {ks=k :  

 
   pwafd vkos'kksa ds ifjek.k leku gS o AD = BD gSA vr% EA = EB 

   AE o BE ds Å/okZ/kj ?kVd ,d nwljs dks fujLr dj nsrs gSaA  

   tcfd {kSfrt ?kVd ,d gh fn'kk esa gSaA   

   vr% EuSV = 2EA cos= 
2

2.K(2 c)

2


cos45° =

6K 10

2


  = 

9000
î

2
N/C. 
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Example 24 fdlh fu;fer "kVdks.k ds lHkh fdukjks ij N% vkos'k fLFkr gSA dsUnz ij E Kkr djksA 

 

Solution :   'kwU; ¼leferh ls½ 
 

———————————————————————————————————   

 

 

leku vkosf'kr oy; ds dkj.k dsUnz ij fo|qr {ks=k : 

 
Note :  (i) pkyd ij dqy vkos'k dsoy pkyd ds ckº; i`"B ij gh jgrk gSA bl xq.k ij pkyd ds ys[k (ys[k u-17) esa 

ppkZ dh tk;sxhA 

              (ii) foyfxr xksyh; pkyd dh lrg ij vkos'k ,d leku :i ls forfjr jgrk gSA 
 

6.3 leku vkosf'kr oy; rFkk pki ds dkj.k fo|qr {ks=k  

 

Example 25.  jsf[kd vkos'k ?kuRo o R f=kT;k dh ,d leku :i ls vkosf'kr v/kZo`Ùkkdkj oy; ds dsUnz ij fo|qr {ks=k 

Kkr dhft;sA 

Solution :   = jsf[kd vkos'k ?kuRo rFkk pki vla[; fcUnqor~ vkos'kksa dk ,d laxzg gSA 

 

   oy; ds ,d Hkkx dks Rd yEckbZ dk ,d vYika'k ekurs gaS tks oy; ds dsUnz ij   

   d dks.k cukrk gS rFkk ;g  o  + d ds chp vkrk gSA   

   dE  = dEx î  + dEy ĵ  

   Ex = xdE 0  (leferh ds dkj.k)  

   Ey = ydE = 
0

dEsin


  

   Ey =
K

R


 

0

sin .d


  = 
2K

R


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Example 26.  jsf[kd vkos'k ?kuRo   o R f=kT;k dh leku :i ls vkosf'kr ,d o`Ùkkdkj pki (pkSFkkbZ oy;) ds dsUnz ij 

fo|qr {ks=k dh rhozrk Kkr dhft,A 

Solution :  fiNyh lehdj.k   

   dE  = dEx î   + dEy ĵ   ds vuqlkj gy djus ij  

   Enet  = 
K ˆ ˆ(i j)
R


 ,  

———————————————————————————————————   

 

 

lefer dk mi;ksx djds vkSj vk/kh oy; }kjk fo|qr {ks=k ds lw=k ls bldk tokc fn;k tk ldrk gSA 

(ii) leku vkosf'kr R f=kT;k dh oy;] ftldk ewy vkos'k Q gS ds v{k ij dsUnz ls x nwjh ij fdlh fcUnq ij fo|qr {ks=k 

Kkr djuk&. 

 
 vkos'k dq dk dksbZ vo;o ekurs gS bl vo;o ds dkj.k v{k ij dsUnz ls x nwjh ij fdlh fcUnq ij fo|qr {ks=k dE gSA 

bl fo|qr {ks=k ds nks ?kVd gSA 

dE

dEX dEY  

 lHkh vo;oksa ds dkj.k fo|qr {ks=k dk y-?kVd] ,d&nwljs dks fujLr dj nsaxsA vr% bl fcUnq ij fo|qr {ks=k dh 

rhozrk] dsoy lHkh vo;oksa ds x-?kVd ds dkj.k gksxkA 

 Enet = xdE  = dECos = 
Q

2 2 2 2
O

K(dq) x

R x R X


 
   

 Enet =
2 2 3 / 2

KQx

[R x ]
      

 E o r ds e/; xzkQ 

 E vf/kdre gksxk tc
dE

dx
 = 0, tks fd x = 

R

2
 ij gS vkSj Emax = 

2

2KQ

3 3  R
 

 

Case (i) : ;fn  x >> R, E = 
2

KQ

x
 vr% oy; ,d fcUnq vkos'k dh rjg dk;Z djsxhA  

Case (ii) : ;fn x<<R, E = 
3

KQ x

R
 

 

Example 27 a f=kT;k dh ,d o`Ùkkdkj oy; ij /kukos'k Q ,d leku :i ls forfjr gSA m nzO;eku o _.kkos'k –q okyk 

,d fcUnqor~ d.k oy; dh v{k ds vuqfn'k dsUnz ls y nwjh ij fLFkr gSA ;fn bls ogk¡ ls NksM+k tkrk gS] rks 

d.k ij yxus okyk cy Kkr dhft,A y << a ekurs gq, d.k ds nksyuksa dk vkorZdky Kkr dhft, (xq:Ro 

dks ux.; ekusa) 
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Solution :  tc _.kkos'k dks oy; dh v{k ds vuqfn'k dsUnz ls x nwjh ij foLFkkfir fd;k tkrk gSA rks oy; ds dkj.k 

_.kkos'k ij yxus okyk cy FE = qE (dsUnz dh vksj)   

       = q 
2 2 3 / 2

KQy

(a y )

 
 

 
 

   ;fn a >>y rc a2 + y2 ~ a2      

   

    FE = 
0

1

4 3

Qqy

a
   (dsUnz dh vksj)  

 

   pwafd çR;ku;u cy FE  y, blfy, d.k dh xfr ljy vkorZ xfr gksxhA l0vk0xfr dk vkorZdky 

   T = 2
m

k
= 2

3

0

m

Qq

4 a

 
 

 

=

1/ 2
3 3

016 ma

Qq

  
 
 

  

 

Example 28.  vk/kh oy; ftl ij dqy vkos'k Q, leku :i ls forfjr gS] ds v{k ij fdlh fcUnq ij fo|qr {ks=k dh 

rhozrk Kkr djksA vk/khoy; dh f=kT;k R gSA  

Solution :  fp=kkuqlkj dks.k  ij NksVk vo;o d ekurs gSaA bl vo;o ds funZs'kkad : (R cos , R sin , 0) 

   fcUnq ds funsZ'kkad : (0, 0, x) 

   vc bl vo;o ds dkj.k fo|qr {ks=k : 

   
2 2 2 2 2 3 / 2

ˆ ˆ ˆK( Rd ) [ Rcos i Rsin j xk]
dE

(R cos R sin x )

       


   
 

     Ex = dEx = 
2

2 2 3 / 2

0

K R cos d
0

(R x )


  

 
  

 



d

(0, 0, 0)

x

y

z

 

   Ey = dEy =
2 2

2 2 3 / 2 2 2 3 / 2 2 2 3 / 2

0

K R sin d 2K R 2KQR

(R x ) (R x ) (R x )


   

  
     

   Ez = dEz =
2 2 3 / 2 2 2 3 / 2

0

K Rxd KQx

(R x ) (R x )


 


   

   Enet =
2 2 2

x y zE E E  = 
2

2

2 2 3 / 2 2

KQ 4R
x

(R x )


 
  

   Alternate solution 

z




dEy

dE

dE x

R

dEz


y

x

d

dq
 

   vk/kh oy; dh ifjf/k ij] dks.k  ij dq vkos'k dk vo;o ekurs gaSA bl vo;o ds dkj.k v{k ij fdlh 

fcUnq] tks fd oy; ds dsUnz ls x nwjh ij gS] fo|qr {ks=k dE gSA bl fo|qr {ks=k dks rhu ?kVdksa esa foHkkftr 

dj ldrs gSaA 

dE

dEX dEY dEZ 

   EZ =  
/ 2

/ 2

dEsin sin




  = 0  
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   EX =  
/ 2

/ 2

dEcos




 = 
2 2 3 / 2

KQx

[R x ]
     ....(1) 

   EY = 
/ 2

/ 2

dEsin cos




  = 
2 2

Kdq

R x sin. cos
2 2

2K Rsin

R x

 


 .... (2) 

   dq = Rd, sin  = 
2 2

R

R x
 

     Enet  = 2 2

X YE E  

 

Example 29 fcUnq 'P' ij fo|qr {ks=k dh rhozrk Kkr dhft;s tks  i`"B vkos'k ?kuRo o R f=kT;k dh ,d leku :i ls 

vkosf'kr pdrh ds v{k ij x nwjh ij fLFkr gSA fuEu fo'ks"k ifjfLFkfr;ksa ds fy;s Hkh ifj.kke O;qRiUu dhft;sA  

   (i) x >> R o   (ii) x << R   

Solution :  pdrh dks vla[; ladsUnzh; oy;ksa dk laxzg ekuk tk ldrk gSA f=kT;k r o dr pkSM+kbZ dh oy; dh vkd̀fr 

dk ,d vYika'k ysaA bl oy; ds dkj.k P ij fo|qr {ks=k gSA 

   

   dE = 
2 2 3 / 2

K. 2 r.dr.x

(r x )

 


 

   r2 + x2 = y2  j[kus ij  

     2rdr = 2ydy 

   dE = 
3

K. 2 y.dy.x

y

 
 = 2K.x 

3

ydy

y
 

   lHkh oy;ksa ds dkj.k P ij fo|qr {ks=k v{k ds vuqfn'k gS % 

    E dE    E = 2Kx 

2 2R x

2

x

1
dy

y



  = 2Kx. 

2 2R x

x

1

y



 
 
 

 

   = 2Kx
2 2

1 1

x R x

 
  
  

= 2K 
2 2

x
1

R x

 
 

  

= 
02



 2 2

x
1

R x

 
 

  

, v{k ds vuqfn'k 

   fLFkfr : (i) ;fn x >> R  

   E = 
02




  [

2

2

x
1

R
x 1

x





] = 
02




 [1 –

1/ 2
2

2

R
1

x



 
 

 
 ]     

   = 
02




 [1 – 1 + 

1

2

2

2

R

x
  + mPp dksfV ds in] = 

04





2

2

R

x
 = 

2

2

0

R

4 x




= 

2

0

Q

4 x
 

   vFkkZr~ pdrh dk O;ogkj fcUnqor~ vkos'k dh Hkkafr gSA 

  (ii) ;fn x << R   

   E =
02




  [1 – 0] = 

02




 

   vFkkZr~ pdrh dk O;ogkj vuUr IysV dh Hkkafr gSA 
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Example 30  leku vkosf'kr pdrh] ftldk {ks=kQy ?kuRo vkSj f=kT;k R gS ds dsUnz ls x nwjh ij fdlh fcUnq ij fo|qr 

{ks=k Kkr djks\ pdrh esa ldsUnzh; r f=kT;k dk ,d Nsn Hkh gSA  

Solution :  y(r < y < R) f=kT;k dh dy pkSM+kbZ dh] ldsUnzh; rFkk pdrh ds lery esa ,d oy; ekurs gSA bl oy; ds 

dkj.k fdlh fcUnq P ij fo|qr {ks=k :      

R
y

r 
x

P
dE

 

   dE = 
2 2 3 / 2

K(dq)x

[X Y ]
    

   Enet =
R

2 2 3 / 2

r

Kx. (2 y)dy

[x y ]

 

    [ dq = 2ydy]     

   Enet = 
2 kx

2


2 2

2 2

x R

3 / 2

x r

dt

t





     j[kus ij x2 + y2 = t, 2y. dy = dt  

   = 
0

x

2



 2 2 2 2

1 1

x r x R

 
 

   

  dsUnz ls nwj 

   Alternate method 

   ge bl iz'u dks v/;kjksi.k fl)kUr ls Hkh gy dj ldrs gSA  

   (i)  fcuk Nsn dh] R f=kT;k vkSj {ks=kQy vkos'k ?kuRo +  dh ,d pdrh ekurs gSA  

   (ii)  igyh pdrh ds lery esa gh ldsUnzh; r f=kT;k vkSj {ks=kQy vkos'k ?kuRo – okyh ,d vksj pdrh 

ekurs gSA  

    netE


 = RE


 + rE


 = 
0

x

2



 2 2 2 2

1 1

r x R x

 
 

   

  dsUnz ls nwj 

———————————————————————————————————   
6.4 leku vkosf'kr rkj ds dkj.k fo|qr {ks=k  

 (i) ifjfer yEckbZ ds dkj.k js[kh; vkos'k : leku js[kh; vkos'k ?kuRo okys] ifjfer vkdkj ds js[kh; vkos'k ds 

dkj.k fdlh fcUnq ij fo|qr {ks=k dh rhozrk ds O;atu dks O;qRiUu djrs gaSA js[kh; vkos'k ls fcUnq dh yEcor~ 

nwjh r gS vksj js[kh; vkos'k foHkktu ds vfUre fdukjksa dks feykus okyh js[kk] yEcor~ js[kk ls 1 vkSj 2 dks.k 

cukrh gSA  

r
P

1

2



   

r

P

 

dEY

dEX

dE

x

dx

A
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   js[kh; vkos'k forj.k ds fcUnq A ls] x nwjh ij NksVk vo;o dx ekurs gSaA bl vo;o dk vkos'k dq = dx. 

gSA bl vkos'k ds dkj.k fcUnq P ij fo|qr {ks=k dh rhozrk dE gSA  

   rc dE = 
2 2

K(dq)

r x
 =

2 2

K( dx)

r x




  

   bl {ks=k ds nks ?kVd gkasxs&    

dE

dEX dEY  

   Ex = x 2 2

K dx
dE dEcos .cos

r x


   

    

   ekuk x = r tan  dx = r sec2. d So Ex = 
1

2

2

2 2 2

K r sec cos d

r r tan





     

   

   = 
K

r

 1

2

cos .d





    =
K

r


 [sin1 + sin2]   .....(1) 

   blh rjg y-?kVd 

   Ey = 
K

r

 1

2

sin .d





    =
K

r


 [cos2 – cos1] 

   bl fcUnq ij dqy fo|qr {ks=k Enet = 2 2

x yE E  

  (ii) vuUr yEckbZ ds js[kh; vkos'k ds dkj.k fo|qr {ks=k ifjek.k dk O;qRiUu %  

   lehdj.k (1) & (2) esa 1 = 2 = 90º j[kus ij gesa vko';d ifj.kke fey tkrk gSA  

   Enet = Ex = 
2K

r


  

Er



  
  (iii) vk/ks vuUr rkj ds fy;s

   1 = 90º rFkk 2 = 0º  So,  Ex =
K

r


 , Ey = 

K

r


 

Ey

r



Ex
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Example 31. ,d leku jsf[kd vkos'k ?kuRo  okyh cgqr yEch] vkosf'kr Mksjh ls r nwjh ij ,d fcUnq vkos'k q fLFkr gSA 

bl fcUnq vkos'k ds dkj.k jSf[kd vkos'k }kjk vuqHko fd;k x;k dqy oS|qr cy Kkr dhft,A (xq:Ro dks 

ux.; ekusaA) 

Solution :  Mksjh ds dkj.k vkos'k q ij cy F =
2K

r

 
 
 

.q  

   U;wVu ds r̀rh; fu;ekuqlkj çR;sd fØ;k dh cjkcj o foijhr çfrfØ;k gksrh gSA vr% Mksjh ij cy = 
2K

.q
r


 

(fcUnq vkos'k ls nwj) 

 
 

Example 32 fcUnq P ij fo|qr {ks=k Kkr djksA     

 

Solution :   1 =  90º vkSj 2 = 360º + 37º    

 

   so  Ex = 
K

r


 [sin1+ sin2]   ;   Ey = 

K

r


 [cos2 - cos1]      
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Example 33 vuUr leku vkosf'kr rkj] ftldk js[kh; vkos'k ?kuRo  gS vkSj z-v{k ds vuqfn'k j[kk gS esa fcUnq A, B, 

C, D ij fo|qr {ks=k Kkr djksA 

 
Solution : 

 

   EA  = 
2 K ˆ( i )

3


 EB  = 

2 K ˆ( j)
4


 ;   EC  = 

2 K 

5


  =

ˆ ˆ2 K 3i 4 j

5 5

  
 
 
 

 ED  = EC  

 

Example 34 ,d leku jsf[kd vkos'k ?kuRo  okyh cgqr yEch] vkosf'kr Mksjh ls r nwjh ij ,d fcUnq vkos'k q fLFkr gSA 

bl fcUnq vkos'k ds dkj.k jSf[kd vkos'k }kjk vuqHko fd;k x;k dqy oS|qr cy Kkr dhft,A (xq:Ro dks 

ux.; ekusaA) 

Solution :  Mksjh ds dkj.k vkos'k q ij cy F = 
2K

r

 
 
 

.q        

 

   U;wVu ds rr̀h; fu;ekuqlkj çR;sd fØ;k dh cjkcj o foijhr çfrfØ;k gksrh gSA vr% Mksjh ij cy   

= 
2K

.q
r


 (fcUnq vkos'k ls nwj) 
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———————————————————————————————————  
6.5 leku vkosf'kr vuUr ijr ds dkj.k fo|qr {ks=k  

 Enet = 
o2




 yEcor~ fn'kk esa  

 vuUr yEckbZ ds le:i vkosf'kr ijr ds dkj.k fo|qr {ks=k dh rhozrk 

 
 ,d vuUr yEckbZ dh le:i vkosf'kr ijr ysrs gSa ftldk i`"B vkos'k ?kuRo = (vkos'k / {ks=kQy) gSaA ges bl ijr 

ls yEcor~ nwjh ‘r’ ij fo|qr {ks=k Kkr djuk gSA  

 blds fy;s ge bl ijr dks iryh yEcor~ NM+kas esa foHkkftr djrs gSaA fp=kkuqlkj ,d dx pkSM+kbZ dh iryh NM+ e/; 

js[kk AB ls] x nwjh ij ysrs gSaA iryh NM+ dks ,d vuUr js[kh; vkos'k (vkosf'kr rkj) eku ldrs gaSA vr% bl iryh 

NM+ ds dkj.k fdlh fcUnq P ij fo|qr {ks=k gS :  

  dE = 
P

2k

¼ NM l s fcUnq  dh lh/kh nwjh ½
 

 tgk¡   =  (vkos'k / yEckbZ) NM+ dk =  
NM dk vkos'k

NM dh yEckbZ
 =  

( dx)
lim



 =  dx    

 vr% dE  = 
2 2

2k( dx)

r x




 

 vc dE ds ?kVd, dE cos vkSj dE singSA 

 ;fn ge nwljh leku NM+] nwljh vksj ysrs gaS] rks dE sin ?kVd] foijhr fn'kk esa gksxkA  

 vr% dE sin okys ?kVd ijLij fujLr gks tk;sxs vkSj dE cos okys ?kVd ijLij tqM+ tkrs gaSA  

 vr% fcUnq P ij 

  Enet =  dEcos  yEcor~ fn'kk esa  

  Enet =  
x

2 2
x –

2k( dx)

r x



 




   × 

2 2

r

r x
  Enet = 2 × 

o

1

4
r) 

x

2 2

x –

dx

r x



 
  

  Enet =  
o

r

2





























x

x

1

r

x
tan

r

1
    Enet = 

o2



 2 2

   
  
  

  

  Enet  = 
o2




 yEcor~ fn'kk dh vksj  

 

 Note :  (i) fo|qr {ks=k dh fn'kk lnSo vkosf'kr ijr ds yEcor~ gksrh gSA  

         (ii) vifjfer ¼vuUr½ le:i vkosf'kr ijr ds dkj.k fo|qr {ks=k leku gksrk gS] ;g nwjh ij fuHkZj ugha djrkA 
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Example 35 ,d i`"B vkos'k ?kuRo +  dh vifjfer IysV {kSfrt xy ry esa j[kh gSA ,d –q0 vkos'k vkSj nzO;eku m okys 

d.k dks ry ls u osx ls {kSfrt ds lkFk  dks.k cukrs gq;s] iz{ksfir fd;k tkrk gS] rc fuEu dks Kkr djks\   

 

   (i) d.k }kjk IysV ij okil igqpus esa yxk le;A  

   (ii) d.k fdruh vf/kdre ÅpkabZ rd igq¡psxkA   

   (iii) ;g IysV dks fdruh nwjh ij vkdj Vdjk;sxkA (d.k ij yxus okys xq:Roh; cy dks ux.; ekuuk gSA) 

Solution :  d.k ij yxus okyk fo|qr cy F = q0E  

 

   F = (qo) 
o2e

 
 
 

  (uhps dh vksj)  

   vr%] d.k dk Roj.k  a = 
F

m
 = o

o

q

2 m




 = leku  

   ;g Roj.k ‘g’ (xq:Roh;Roj.k ds leku dke djrk gSA)  

   vr%] d.k iz{ksI; xfr djsxkA  

   (i)  T =
2usin

g


  =

o

o

2usin

q

2 m



 
 

 

   (ii)   H =
2 2u sin

2g


 = 

2 2

o

o

u sin

q
2

2 m



 
 

 

 

   (iii) R = 
2u sin2

g


 = 

2

o

o

u sin2

q

2 m



 
 

 

 

 

Example 36 ,d m nzO;eku rFkk Q vkos'k ds CykWd dks ,d fLFkj yEch dqpkyd vuUr pknj ftl ij vkos'k ?kuRo –  

gS] ls d nwjh ij ?k"kZ.k jfgr ry ij fp=kkuqlkj j[kk gSA CykWd dh xfr dh O;k[;k dhft;s] ;g ekurs gq, 

dh CykWd rFkk pknj ds e/; VDdj iw.kZr;k çR;kLFk gSA D;k xfr l-vk-x- gS \    

Solution :  fLFkfr dks fp=k esa n'kkZ;k x;k gSA pknj }kjk mRiUu fd;s x;s fo|qr {ks=k ds dkj.k CykWd pknj dh vksj 

Rofjr gksrk gSA Roj.k ,d leku gksxk D;ksafd pknj ds dkj.k fo|qr {ks=k E ,d leku gSA 
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   a =  
F

m
= 

QE

m
,  tgka  E = /20              

   çkjEHk esa CykWd fojkekoLFkk esa gS rFkk Roj.k fu;r gS] xfr dh 

nwljh lehdj.k ls CykWd dks nhokj rd igq¡pus esa yxk le; 

   d =  
1

2
at2 i.e., t = 

2L

a
 = 

2md

QE
 = 04md

Q




 

 
   D;ksafd nhokj ds lkFk VDdj çR;kLFk gSA blfy, CykWd mlh leku pky ls foijhr fn'kk esa pysxk rFkk vc 

bldh xfr Roj.k ds foijhr gS] ;g leku nwjh L leku le; t esa :dsxkA vc ;g nqckjk nhokj dh vksj Rofjr 

xfr djsxk vr% CykWd nksyu xfr djsxk ftldh yEckbZ L rFkk vkorZ dky T = 2t = 2
2md

QE
 = 2 04md

Q




 

   D;ksafd izR;ku;u cy F = QE fu;r gS rFkk foLFkkiu x ds lekuqikrh ugha gS blfy;s xfr ljy vkorZ xfr ugha gSA 
 

Example 37. ;fn fdlh foyfxr vuUr ijr dh ,d lrg ij vkos'k Q1 gS vkSj nwljh lrg ij vkos'k Q2 gSA ijr ds 

lkeus fdlh fcUnq ij fo|qr {ks=k dh rhozrk 
O

Q

2A
 gksxh tgk¡ Q = Q1 + Q2 gSA 

Solution :  fcUnq P ij fo|qr {ks=k : 

   E


 =
1 2Q QE E = 1

0

Q
n̂

2A
+ 2

0

Q
n̂

2A
= 1 2

0

Q Q
n̂

2A




= 

0

Q
n̂

2A
 

 
   [;g n'kkZrk gS fd ijr ds dkj.k ifj.kkeh {ks=k dsoy dqy vkos'k ij fuHkZj djrk gS vkSj bl ckr ij fuHkZj 

ugha djrk gS fd lrg fo'ks"k ij vkos'k dk foHkktu fdl izdkj gSA  
 

Example 38. fp=kkuqlkj rhu cM+h lekUrj pkyd ifêdk,a ,d nwljs ls ifjfer nwjh ij j[kh gSA rks fcUnq A, B, C rFkk 

D ij fo|qr {ks=k dh rhozrk Kkr djks \  

Q

A

–2Q

B

3Q

C D

 

y

x  
Solution :  fcUnq A ds fy,  

Q

A

–2Q 3Q

EQ
E3Q

E–2Q

 

   E net = E Q + E 3Q + E –2Q = –
0

Q

2A
î – 

0

3Q

2A
î  + 

0

2Q

2A
î = 

0

Q
î

A



 

   fcUnq B ds fy,   

Q

B

–2Q 3Q

EQE3Q

E–2Q
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   E net = E 3Q + E –2Q + E Q = – 
0

3Q

2A
î + 

0

2Q

2A
î + 

0

Q

2A
î = 0 

   fcUnq C ds fy,  

Q

C

–2Q 3Q

EQE3Q

E–2Q

 

   E net = E Q + E 3Q + E –2Q  = +
0

Q

2A
î  – 

0

3Q

2A
î  – 

0

2Q

2A
î  = –

0

2Q

A
î  

   fcUnq D ds fy,  

Q

D

–2Q 3Q

EQ E3Q

E–2Q

 

   E net = E Q + E 3Q + E –2Q = + 
0

Q

2A
î + 

0

3Q

2A
î – 

0

2Q

2A
î  = 

0

Q

A
î  

 

Example 39. n'kkZb;s dh t eksVkbZ rFkk  le:i vk;ru vkos'k ?kuRo okyh vpkyd ifêdk ds dkj.k fo|qr {ks=k ¼lefer 

ry ls½ nwjh x dk Qyu gS rFkk bldk xzkQ Hkh cukb;sA      

   (a) x 
t

2
       (b) x  

t

2
   

Solution :  
t

x
2

 
 

 
 rFkk  

t
x

2

 
 

 
eksVkbZ dh nks ifêdk ekurs gSaA tc fcUnq ifêdk 

ds vanj gksA   

   P fcUnq ij dqy fo|qr {ks=k :  E = E1 – E2   

   = 1

0

Q

2A
– 2

0

Q

2A
[Q1:cka;h ifêdk ij vkos'k ; Q2 : nka;h ifêdk ij vkos'k]  

   =  
0

t t
A x A x

2 2

2A

   
       
   


= 

0

x


 

+x

P

E2
E1

t

2
–x

t

2

 

   ifêdk ds ckgjh fcUnq ds fy, ge t eksVkbZ dh lEiw.kZ ifêdk dks ekurs gSa  t     
0

Q

2A
 

   E = 
0

tA

2A




 = 

0

t

2




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   oSdfYid : ge ;g eku ldrs gSa fd pknj vf/kd la[;k dh iryh pknj ls 

feydj cuh gSA dx eksVkbZ dh ,d iryh ifêdk ekurs gSaA ftldh lefer ry 

ls nwjh x gSA  

   ifêdk esa vkos'k = Adx  (A : ifêdk dk {ks=k) 

   i`"B vkos'k ?kuRo  = 
Adx

A


 

   vr% vYika'k ifêdk ds dkj.k fo- {ks- dh rhozrk dE = 
0

dx

2




 

   (a) tc x < 
t

2
   EuSV =

x

0t / 2

dx

2




 – 
t / 2

0x

dx

2



  =
0

x


    

   (b)  tc x > 
t

2
 ;  ENet = 

t / 2

0t / 2

dx

2




  = 
0

t

2




 

 

 
 

Example 40. iryh vuUr ijr ftldh pkSM+kbZ w gS vkSj leku vkos'k forj.k gSA fuEu fcUnqvksa ij fo|qr {ks=k Kkr 

djksA 





 

   (a)  fdlh fcUnq tks fd blds ,d fdukjs ls d nwjh ij leku ry esa fLFkr gSA  

   (b)  ijr ds ry ds] lefer ry esa ijr ls yEcor~ nwjh d ij fLFkr fdlh fcUnq ij  

Solution :  (a)  dx pkSM+kbZ dh ,d iryh iV~Vh ekurs gSaA 

    bl iV~Vh dk js[kh; vkos'k ?kuRo : 

     = dx 

    vr% bl iV~Vh ds dkj.k fdlh fcUnq P ij fo|qr {ks=k  

    dE = 
2k dx

x


 

     Enet = 
d w

d
0

dx

2 x

 

  = 
0

d w
n

2 d

  
 

  
 





x P
dE

dx
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   (b)  dx pkSM+kbZ dh ,d iryh iV~Vh ekurs gSaA  

    iV~Vh dk js[kh; vkos'k ?kuRo :  = dx  

     Ep = 2dEcos  

    2. 
w / 2

0 2 2 2 2

0

dx d
.

2 d x d x



  
   

    = 
w / 2

2 20
0

d dx

d x



  = 
0




tan–1 

w

2d
 

 

———————————————————————————————————   
6.6 leku vkosf'kr xksyh; dks'k ds dkj.k fo|qr {ks=k  

 

 E = 
2

KQ

r
; r  R   ckgj fLFkr fcUnqvksa vkSj lrg ij fLFkr fcUnq ds fy;s leku vkosf'kr   

      xksyh; dks'k dks dsUnz ij fLFkr fcUnq vkos'k ds leku eku ldrs gSaA   

 E = 0    ; r < R  

 

 xksyh; dks'k ds ckgj fo|qr {ks=k] ges'kk js[kh; fn'kk esa gksrk gSA  

 le:i vkosf'kr xksyh; dks'k ds dkj.k fo|qr {ks=k 

 ekuk fd R f=kT;k ds xksyh; dks'k esa i`"B ij +Q vkos'k leku :i ls 

forfjr gSA ftl fcUnq P ij fo|qr {ks=k Kkr djuk gS, og xksys ds dsUnz 

ls 'r' nwjh ij gSA  

 blds fy;s ge xksyh; dks'k dks iryh oy;ksa esa foHkkftr dj ldrs gSaA 

ekuk ,d oy; v{k ds lkFk  dks.k cukrs gq;s ysrs gSa vkSj ,d NksVk 

dks.k dcukrs gSaA  

 bl oy; dh pkSM+kbZ Rd gksxh ( pki = f=kT;k × dks.k = Rd). 

 

 tc fcUnq xksyh; dks'k ds ckgj (r > R) fLFkr gS : 
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 vo;oh oy; ds dkj.k fo|qr {ks=k  

   dE =
2 2 3 / 2

Kdqx

[( ) x ]oy; dh frzT;k
    .....(1) 

 vr%] dqy fo|qr {ks=k Enet = 
2 2 3 / 2

Kdqx

[( ) x ]
oy; dh frzT;k

 

 bl vo;oh oy; dh f=kT;k = R sin  

  x = oy; ls fcUnq P dh v{kh; nwjh = r – R cos   

 

 vo;oh oy; dk {ks=kQy = (yEckbZ) (pkSM+kbZ) = (2(oy; dh f=kT;k)) Rd = (2R sinRd 

 dq = vo;oh oy; dk vkos'k  

 vc ,sfdd fu;e ls dq fudky ldrs gSaA  

 {ks=kQy  4R2  esa] vkos'k Q gSA 

 ,dkad {ks=kQy, esa vkos'k 
2

Q

4 R
. 

 vr% (2R sin Rd{ks=kQy esa] vkos'k = 
2

Q

4 R
× (2R sin Rd = dq  

 x vkSj dq dk eku equation ..(1) esa j[kus ij ge izkIr djrs gSa %  

 Eout =
2

3 / 2
2 2

0

Q
K 2 (Rsin )Rd (r Rcos )

4 R

(Rsin ) (r Rcos )





 
      

 

     

  

 ¼igyh oy;  = 0 dks.k cukrh gS vkSj vfUre oy;  = 180º dks.k 

cukrh gSA  

 vr% lhek dk eku   = 0 ls  = 180o rd gksxkA½  

 

 lekdyu ds in %  

 fn;s x;s lekdy ls  

 Eout = 
2 2 3 / 2

0

KQ (r Rcos )sin d

2 (R r 2Rr cos )


   

    

 ekuk  z2 = R2 + r2 – 2Rrcos    2 zdz = 0 + 0 – 2Rr (– sin) d  zdz = Rr sin d

 ,oa cos  = 
2 2 2R r z

zRr

 
 

 tc   = 0   z = (r – R) 

   =    z = r + R 

  Eout =

2 2 2

r R

3

r R

(R r z ) zdz
r R

2Rr RrKQ

2 z





  
 

 
   = 

r R 2 3 2 2

2 2

r R

KQ (zRr R Rr Rz )dz

2 2R r z





  
  

  = 
r R r R r R2 3

2 2 2 2

r R r R r R

KQ Rr dz R dz
Rdz

4R r z z

  

  

 
  

 
    =

R r
2 3

2 2

R r

KQ Rr R
Rz

z z4R r





 
   
 

 

 bls gy djus ij  

  Eout = 
2

KQ

r
 if r > R   
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 xksys ds vUnj fLFkr fcUnq ds fy,  

 ekuk vkosf'kr Bksl xksys ds vUnj dsUnz ls r nwjh ij vHkh"V fcUnq 'P' 

fLFkr gS ftl ij fo|qr {ks=k Kkr djuk gSA blds fy, xksys dks nks 

Hkkxksa esa foHkkftr djrs gSaA fcUnq 'P' ds ck;ha vksj fLFkr oy;sa] nk;ha vksj 

fo|qr {ks=k mRiUu djrh gSa vkSj nk;ha vksj fLFkr oy;sa] ck;ha vksj fo|qr 

{ks=k mRiUu djrh gSA vr% Enet = Eright – Eleft . blds fy;s] lekdyu 

dh lhek dks nks Hkkxksa esa foHkkftr fd;k x;k gSA  

   

1

1

r
cos

R

net

0 r
cos

R

E





 
  

 

  
  

 

   
   
    
   
      
   

 

nka;h  vksj cka;h  vksj 

fLFkr oy;ksa  fLFkr oy;ksa  

d s dkj.k u s dkV 

fo|rq {ksrz fo|rq {ksrz

 

 As z2 = R2 + r2 – 2rR cos  

 tc  = cos–1 r

R

 
 
 

    z = 2 2R r  

 tc  = 0     z = R – r 

 tc  =      z = R + r 

 çFke ifj.kke ls vksj dsoy lhekvksa dk ifjofrZr djus ij  

  Ein =  

2 2R r
2 3

R r

Rr R
Rz

z z





 
   
 

– 
2 2

R r
2 3

R r

Rr R
Rz

z z





 
   
 

 

 bls gy djus ij gesa fo|qr {ks=k izkIr gksrk gS vkSj ;fn r < R, E = 0 

 dks'k ds dkj.k fo|qr {ks=k dks lekdyu }kjk çkIr djus ij method cgqr cM+k gksrk gSA  

 vr% ge bl method dks mi;ksx esa ugha ysaxsA fn;k x;k Hand-out dsoy tkudkjh ds fy;s gSA xksyh; dks'k ds 

dkj.k fo|qr {ks=k fudkyus ds fy,] xkWl çes; dk mi;ksx djsaxs] ftldk v/;;u ge ckn esa djsaxsA  

 

Example 41. fp=k esa R f=kT;k rFkk Q vkos'k ls leku :i ls vkosf'kr xksys dks n'kkZ;k x;k gSA 

,d fcUnq vkos'k xksys ds ckgj blds dsUnz ls r nwjh ij j[kk gS rks fuEu dks crkb;sA 

   (i) xksys ds dkj.k fcUnq vkos'k q ij cy 

   (ii) fcUnq vkos'k ds dkj.k xksys ij cy 
 

Solution :  (i)  fcUnq vkos'k dh fLFkfr ij fo|qr {ks=k 
2

KQ
ˆE r

r
  vr%,  

2

KqQ
ˆF r

r
  

2

KqQ
| F |

r
  

   (ii)  D;ksafd ge tkurs gSa fd izR;sd fØ;k ds cjkcj rFkk foijhr izfrfØ;k gksrh gSA 

    F xksyk = 
2

KqQ
r̂

r
    |F xksyk | = 

2

KqQ

r
. 

 

Example 42. fp=k esa R f=kT;k rFkk Q vkos'k ds leku :i ls vkosf'kr xksys dks n'kkZ;k gSA ,d fcUnq vkos'k q Hkh xksys ds 

dszUnz ij j[kk gSA fuEu dks crkb;sA 

 

   (i) q vkos'k ij cy  (ii) A ij fo|qr {ks=k (iii) B ij fo|qr {ks=k    
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Solution :  (i)  leku :i ls vkosf'kr [kks[kys xksys ds dsUnz ij fo|qr {ks=k = 0 

     blfy;s q vkos'k ij cy F = 0 

   (ii)  A ij fo|qr {ks=k AE = qE E
xksyk

= 0 + 
2

Kq

r
 ;  r = CA 

    xksys ds dkj.k E = 0, D;ksafd fcUnq vkosf'kr [kks[kys xksys ds vUnj gSA 

   (iii)  B fcUnq ij fo|qr {ks=k BE  = qE E
xksyk

 =
2 2

KQ Kq
ˆ ˆ.r .r

r r
  =

2

K(Q q)
ˆ.r

r


;  r = CB 

 

Note : B ij fo|qr {ks=k dh x.kuk ds fy;s ge dqy vkos'k dks dsUnz ij eku ldrs gSaA 

 

Example 43. nks R1 o R2 f=kT;k okyh ladsUnzh; xksyh; dks'kksa ij Øe'k% vkos'k Q1 o Q2 gSA fuEu fLFkfr;ksa esa fo|qr {ks=k 

dk O;atd r ds Qyu esa O;qRiUu dhft;sA  

 

   (i) r < R1    (ii) R1  r < R2   (iii) r  R2           

Solution :  (i)  r < R1,  ds fy, 

    blfy;s fcUnq nksuksa xksyksa ds vUnj gS  

    EuSV = EvkUrfjd + Eckº; = 0 + 0 

   (ii)  R1  r < R2, ds fy,  

    blfy;s fcUnq ckgjh xksys ds vUnj ijUrq vUnj okys xksys ds ckgj gS 

    EuSV = EvkUrfjd + Eckº; = 1

2

KQ

r
 + 0 = 1

2

KQ
r̂

r
 

   (iii)  r  R2 ds fy, 

    fcUnq nksuksa xksyksa ds ckgj gS 

    EuSV = EvkUrfjd + Ecká = 1

2

KQ
r̂

r
 2

2

KQ
r̂

r
= 1 2

2

K(Q Q )
r̂

r


 

 

Example 44 fp=kkuqlkj +Q vkos'k okys xksyh; dks'k vkSj + q0 okys fcUnq vkos'k j[ks gq;s gaSA xksyh; dks'k vkSj fcUnq 

vkos'k ds e/; cy Kkr djks\ 

 
   (i) dks'k ds dkj.k fcUnq vkos'k ij + q0 ij yxus okyk cy  

    = q0E shell = (q0)
2

KQ
r̂

r

 
 
 

= 0

2

KQq
r̂

r
, tgk¡ r̂ OP ds vuqfn'k bdkbZ lfn'k gS   

     fØ;k izfrfØ;k fu;e ls] fcUnq vkos'k ds dkj.k xksyh; dks'k ij yxus okyk cy %  

     Fshell = 0

2

KQq ˆ( r)
r

  gksxkA 
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fu"d"kZ % ckgjh vkos'k ds dkj.k [kks[kys xksys ij cy Kkr djus ds fy;s] xksys dks dsUnz ij fcUnq vkos'k ds 

leku ekudj dj ldrs gSA 
 

Example 45. R1 o R2 ds nks xksyh; dks'k] ftu ij le:i forfjr vkos'k Øe'k% Q1 o Q2 gS rFkk buds dsUnzksa ds e/; 

nwjh r gS] buds e/; dk;Zjr cy Kkr djksA 
+ Q , R1 1

r

+ Q , R2 2

 
Solution :  dks'kkssa dks bu ds dsUnz ij fLFkr fcUnq vkos'k ls LFkkukUrfjr dj ldrs gSa vr% muds e/; yxus okyk cyA 

   F = 1 2

2

KQ Q

r
   

 

———————————————————————————————————   
6.7 Bksl xksys ds dkj.k fo|qr {ks=k  

 (i) leku vkosf'kr xksys ds fy;s : R f=kT;k ds Bksl xksys] ftldk vkos'k Q gS tks fd vk;ru esa leku :i ls forfjr 

gS] ds dsUnz ls r nwjh ij fLFkr fcUnq ij fo|qr {ks=k ds O;atu dh O;qRifÙk] fuEu nks fLFkfr;ksa ds fy;s  

 
  (i) r  R    (ii) r  R 
                

  dq vkos'k dk ldsUnzh; dks'k ekurs gSaA bl dks'k ds dkj.k fdlh fcUnq ij fo|qr {ks=k (r  R) gS 

  dE =
2

Kdq

r
   [[kks[kys xksys ds ifj.kke ls] 

   Enet = 
2 2

Kdq K

r r
 dq    Enet = 

2

KQ

r
 

  r  R, tc dks'k dh f=kT;k, r ls T;knk gS rc dks'k ds dkj.k dksbZ fo|qr {ks=k ugha 

gksxk] vr% dks'k dh f=kT;k, r ls de gS rc fdlh fcUnq ij fo|qr {ks=k fLFkr gksxkA  
 

  E´net = 
2

KQ'

r
 ;gk¡ Q' (r f=kT;k ds xksys dk vkos'k) = 3

3

Q 4
r

4 3
R

3

 



 = 
3

3

Qr

R
 = 34

r
2

   

  tgk¡ 
3

Q

4
r

3

 



 E´net = 
2 3

KQ´ KQr

r R
  dsUnz ls nwj 

3

0

KQ r
E r

3R


 


 

Note : xksys ds vUnj vkSj ckgj fo|qr {ks=k ges'kk f=kT;h; fn'kk esa gksrk gSA  
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Example 46. ,d Bksl R f=kT;k rFkk ,d leku vk;ru vkos'k ?kuRo  okys dqpkyd xksys dk dsUnz ewy fcUnq ij gSA 

fuEu fLFkfr;ksa esa fo|qr {ks=k lfn'k :i esa Kkr djksA 

   (i) (R/2, 0, 0)   (ii)  
R R

, ,0
2 2

 
 
 

 (iii) (R, R, 0)  

Solution :   (i) (R/2, 0, 0) ij : dsUnz ls nwjh = 2 2 2(R / 2) 0 0  = R/2 < R, blfy;s fcUnq xksys ds vUnj gSA 

    E  = 
0

r

3




= 

03




 [

R
î

2
 ] 

   (ii) 
R R

, , 0
2 2

 
 
 

 ij ; dsUnz ls nwjh = 2 2 2(R/ 2) (R/ 2) 0  = R = R, blfy;s fcUnq xksys dh 

lrg ij gSA  

    E  = 
3

KQ
r

R
=

3

3

4
K R

3

R

 
R Rˆ ˆi j
2 2

 
 

 
= 

03





R Rˆ ˆi j
2 2

 
 

 
 

   (iii) fcUnq xksys ds ckgj gS  

    blfy;s E  = 
3

KQ
r

r
= 

3

3

4
K R

3

( 2R)

 
ˆ ˆRi Rj 

 
= 

06 2





ˆ ˆRi Rj 
 

 

 

Example 47. ,d leku :i ls vkosf'kr R f=kT;k rFkk ,d leku vk;ru vkos'k ?kuRo  okys dqpkyd xksys esa r f=kT;k 

dh ladsUnzh; xqgk gSA fp=kkuqlkj n'kkZ;s fuEu fcUnqvksa ij fo|qr {ks=k dh rhozrk Kkr djks % 

 

   (i) fcUnq A    (ii) fcUnq B  (iii) fcUnq C       (iv) xksys ds dsUnz 

Solution :   fof/k I : 

   (i) A ds fy;s : ge ;g eku ldrs gSa xksys dk Bksl Hkkx cgqr lkjs ladsUnzh; xksyh; dks'kksa ls feydj cuk 

gS ftudh lrg ij vkos'k ,d leku :i ls forfjr gSA vc D;ksafd A lHkh xksyh; dks'k ds vUnj 

fLFkr gS blfy;s bl ij lHkh xksyh; dks'k ds dkj.k fo|qr {ks=k 'kwU; gksxkA 

    AE  = 0 

   (ii) B fcUnq ds fy;s : og lHkh xksyh; dks'k ftlds fy;s fcUnq B vUnj dh vksj gksxk og fcUnq B ij fo|qr 

{ks=k 'kwU; dj nsxkA blfy;s fo|qr {ks=k f=kT;k r ls OB rd mifLFkr vkos'k ds dkj.k gksxkA 

    vr% BE  = 

3 3

3

4
K (OB r )

3

OB

  

OB =
03





3 3

3

[OB r ]

OB


OB    

   (iii) bl rjg ge C ds fy;s dg ldrs gS fd fcUnq C lHkh xksyh; dks'k ds ckgj fLFkr gSA 

    CE  = 

3 3

3

4
K (R r )

3

[OC]

 
   

 
OC = 

03





3 3

3

R r

[OC]


OC     
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   fof/k : II   

   ge ;g eku ldrs gS fd xksyh; xqgk dks  rFkk – vkos'k ?kuRo ls Hkjk tkrk gS ifj.kke Lo:i nksuksa dks 

feykus ds ckn dqy vkos'k ?kuRo 'kwU; gksA ge ;g eku ldrs gaS fd nks Bksl xksys ,d dh f=kT;k R o 

vkos'k ?kuRo  rFkk nwljs dh f=kT;k r rFkk vkos'k ?kuRo – gSA 

 +    

   (i) AE  = E  + E  = 
0

(OA)

3




 + 

0

[ (OA)]

3




 = 0 

   (ii) BE =E +E =
0

(OB)

3




+

3

3

4
K r ( )

3
OB

(OB)

 
  

  =
3

3

0 0

r
OB

3 3 (OB)

  
 

  
= 

3

3

0

r
1 OB

3 OB

 
 

  
 

   (iii) CE  = E  +  E  = 

3

3

4
K R

3

OC

 
  

  OC  + 

3

3

4
K r ( )

3

OC

 
  

  OC  = 
3

03 (OC)





3 3[R r ]OC  

   (iv) OE  = E  + E  = 0 + 0 = 0 

 

Example 48. mijksä iz'u esa ;fn xqgk ladsUnzh; u gks vkSj bldk dsanz P ij gks rks lHkh inksa dks nksgjkb;sA 

Solution :  iqu% xqgk esa  vkSj – ekuas (iwoZ mnkgj.k dh rjg)     

 

   (i)  AE  = E  + E = 
0

[OA]

3




 + 

0

( )PA

3




 = 

03




 [OA –PA ] =

03




[OP]    

    uksV % ge ;gk¡ ns[k ldrs gS fd fcUnq A ij fo|qr {ks=k xqgk esa fcUnq A dh fLFkfr ij fuHkZj ugha djrkA 

fo|qr {ks=k dh fn'kk xksys ds dsUnz rFkk xksyh; xqgk ds dsUnz dks feykus okyh js[kk ds vuqfn'k gSA 

   (ii) BE  = E  + E  = 
0

(OB)

3




 +

34
3

3

K[ r ( )]

[PB]

 
PB    

   (iii) CE  = E  + E  = 
34

3

3

K[ R ]

[OC]

 
 OC + 

34
3

3

K[ r ( )]

[PC]

 
PC   

   (iv) OE  =  E + E  = 0  + 
34

3

3

K[ r ( )]

[PO]

 
PO     

 

Example 49 ,d dqpkyd xksys dk vk;ru vkos'k ?kuRo  = 0r, ds vuqlkj ifjofrZr gksrk gS tgk¡ 0 fu;rkad gS rFkk  

r dsanz ls nwjh gSA fuEu fLFkfr;ksa esa fo|qr {ks=k Kkr djksA 

   (i) r < R    (ii) r  R 

Solution :  fof/k I :  

   (i) r < R ds fy;s    

   xksys dks vf/kd la[;k esa xksyh; dks'k ls feydj cuk eku ldrs gSaA izR;sd dks'k dh lrg ij ,d leku 

vkos'k ?kuRo gSA blfy;s ge xksyh; dks'k dk igys fudkyk x;k ifj.kke mi;ksx esa ys ldrs gaSA ,d  

x f=kT;k rFkk dx eksVkbZ dk xksyh; dks'k ekusa rks dks'k ij vkos'k dq = (4x2dx)0x 
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   fcUnq P ij dks'k ds dkj.k fo|qr {ks=k 

   dE = 
2

Kdq

x
         

   D;ksafd lHkh dks'k dk fo|qr {ks=k ,d fn'kk esa gksxkA 

   
R

0

E dE   = 
r

0

dE + 
R

r

dE  

P

®   ¬
x

dx

 

   {ks=k  r < x  R ds e/; mifLFkr dks'k ds dkj.k P fcUnq ij fo|qr {ks=k 'kwU; gksxkA 

   
r

2

0

Kdq
E 0

r
  = 

r 2

0

2

0

K.4 x dx x

r

 
 = 0

2

4 K

r

 
r

4

0

x

4

 
 
 

 = 
2

0

0

r
r̂

4




 

  (ii) r  R E = 
R

0

dE = 
R 2

0

2

0

K.4 x dx x

r

 
 =

4

0

2

0

R
r̂

4 r




  

  fof/k II : 

  (i)  xksys dks vf/kd la[;k esa xksyh; dks'k ls feydj cuk eku ldrs gSaA izR;sd dks'k dh lrg ij ,d leku 

vkos'k ?kuRo gSA blfy;s ge xksyh; dks'k dk igys fudkyk x;k ifj.kke mi;ksx esa ys ldrs gSA ge dg 

ldrs gS fd lHkh dks'k ftuds fy;s fcUnq vUnj fLFkr gS fo|qr {ks=k ml fcUnq ij 'kwU; gksxkA 

   vr% (r R)E   = 

r

2

0

0

2

K (4 x dx) x

r

 
 = 

2

0

0

r
r̂

4




 

  (ii) blh izdkj r  R ds fy;s lHkh dks'k fo- {ks- esa ;ksxnku nsaxs]  

   vr%  (r R)E  = 

R

2

0

0

2

K (4 x dx) x

r

 
= 

4

0

2

0

R
r̂

4 r




 

———————————————————————————————————   

7. fo|qr foHko (ELECTRIC POTENTIAL) 

 fLFkj fo|qr {ks=k esa fdlh fcUnq ij fo|qr foHko ¼vkos'k L=kksrksa ds dkj.k½] ,dkad /ku vkos'k dks funsZ'k fcUnq 

¼lk/kkj.kr;k vuUr ij ekuk tkrk gSA½ ls ml fcUnq rd] fcuk Rofjr fd, ykus esa ckº; dÙkkZ }kjk fd;k x;k dk;Z 

ml fcUnq dk fo|qr foHko dgykrk gSA  

7.1 xf.krh; fu:i.k : 

 ;fn fdlh fcUnq vkos'k q dks vuUr ls P fcUnq rd ys tkus esa vko';d dk;Z (W  P)ckº; gks rks fcUnq P ij fo|qr 

foHko gSA 

  
p ext ele p

p

K 0

W ) W )
V

q q

  

 


 


 

Note :   (i)  (W P)ext  dks L=kksr vkos'kksa }kjk mRiUu fo|qr {ks=k ds fo:) cká dkjd }kjk fd;k x;k dk;Z Hkh 

dgk tk ldrk gSA 

             (ii) W o q nksuksa dks fpUg ds lkFk fy[ksaA 
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7.2 xq.k % 

 (i) foHko ,d vfn'k jkf'k gS] bldk eku /kukRed] _.kkRed ;k 'kwU; gks ldrk gSA 

 (ii) foHko dk S.. ek=kd oksYV = 
twy

dwykWe
 gS rFkk bldk foeh; lw=k [M1L2T–3–1] gSA 

 (iii) fdlh fcUnq ij fo|qr foHko funsZ'k fcUnq (vuUr) ls ml fcUnq rd bdkbZ /kukos'k dks ys tkus esa fo|qr {ks=k }kjk 

fd;s x;s dk;Z ds _.kkRed ds cjkcj Hkh gksrk gSA 

 (iv) ,d /kukos'k ds dkj.k foHko lnSo /kukRed rFkk _.kkos'k ds dkj.k lnSo _.kkRed ¼vuUr ij NksM+dj½ gksrk gSA 

(v = 0 ysrs gq;s). 

 (v) fo|qr {ks=k dh fn'kk esa foHko ?kVrk gSA 

 (vi) V = V1 + V2 + V3 + ....... 
 

 7.3 foHko dk mi;ksx % 

 ;fn fdlh fcUnq ij gesa foHko Kkr gks (vakfdd eku ;k lw=k ds :i esa) rks ge fuEu lw=k }kjk q vkos'k dks 'P' fcUnq ls 

vuUr rd ys tkus esa fo|qr cy }kjk fd;k x;k dk;Z Kkr dj ldrs gSA  

  Wel )p    = qVp 
 

 

Example 50. ,d 2C vkos'k dks fo|qr {ks=k esa vuUr ls fdlh fcUnq rd fcuk osx esa ifjorZu ds yk;k tkrk gSA ;fn 

fLFkj oS|qr cy ds fo:) fd;k x;k dk;Z –40J gS rks bl fcUnq ij fo|qr foHko Kkr djksA 

Solution :  V = extW

q
 = 

40 J

2 C

 


= – 20 V 

 

Example 51. ,d 10 C vkos'k dks fo|qr {ks=k esa vuUr ls fdlh fcUnq rd ykus esa fd;k x;k dk;Z 10 J gSA ;fn blls 

nqxus vkos'k dks vuUr ls mlh fcUnq rd fcuk Roj.k ds yk;k tkrk gS rks fo|qr {ks=k ds }kjk fd;k x;k 

dk;Z Kkr djksA 

Solution :  Wext)p = –wel)p = wel)p  = 10 J 

   D;ksafd KE = 0 

   Vp = 
pW )

q

cká
= 

10 J

10 C




 = 1V 

   blfy;s ;fn vc nqxus vkos'k dks vuUr ls yk;k tkrk gS 

   1 = 
ext pw )

20 C




 

    Wext)  p = 20 J  Wel ) p = –20 J 
 

Example 52. ,d 3C vkos'k dks fcUnq P tgk¡ fo|qr foHko 20 V gS] ls eqDr fd;k tkrk gS rks tc ;g vuUr ij igq¡prk 

gS rks bldh xfrt ÅtkZ gSA 

Solution :  Wel = K = Kf – 0   

   Wel)P = qVP  = 60 J   

   vr%, Kf = 60 J 
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———————————————————————————————————   
  7.4 fdlh fcUnq vkos'k ds dkj.k foHko : 

 fdlh fcUnq vkos'k Q, ds dkj.k bl fcUnq vkos'k ls r nwjh ij fLFkr fdlh fcUnq P ij foHko ds O;atu dk O;qRiUu 

r PQ  

 foHko dh ifjHkk"kk ls  

  V = 

r

0

ext( p)

o o

(q E) dr
W

q q

 

 




 = 
r

E dr


     V = –
r

2

KQ

r


 .dr = 
KQ

r
 

 

Example 53. Hkqtk okys oxZ ds dksuksa ij pkj fcUnq vkos'k j[ks gSa oxZ ds dsUnz ij foHko Kkr djks\ 

 

Solution :  V  = 0 at 'C'. (V = 
kq

r
 dk mi;ksx djds) 

 

Example 54. nks fcUnq vkos'k 2C vkSj – 4C Øe'k% (–2m, 0m) rFkk (2 m, 0 m) ij fLFkr gSA fcUnq C (4 m, 0 m) rFkk 

D (0 m, 5  m) ij foHko Kkr djksA  

 

Solution :  C fcUnq ij foHko 

   VC = 
1 2q qV V  = 

K(2 C)

6


 +

K( 4 C)

2

 
= 

9 69 10 2 10

6

  
 – 

9 69 10 4 10

2

  
 = –15000 V. 

   blh çdkj,  VD = 
1 2q qV V = 

2 2

K(2 C)

( 5) 2




+

2 2

K( 4 C)

( 5) 2

 


= 

K(2 C)

3


 + 

K( 4 C)

3

 
 = – 6000 V. 

———————————————————————————————————   
lrr~ vkos'k ds dkj.k foHko Kkr djuk 

 

 ;fn E dk lw=k dfBu gS rc ,d NksVk    ;fn E dk lw=k ljy gS rc  

  vo;o ekurs gSa vkSj lekdyu djrs gSa    V = –



 


r r

r

E · dr     

 V = dv        (mnkgj.k ds fy, xksyk] IysV] vuUr rkj vkfn) 
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Example 55. vkosf'kr NM+ ds dkj.k fdlh fcUnq P ij : 

+ + + + + +

, q
dq

r P

dxx
 

   ck;sa fljs ls x nwjh ij] ,d NksVk vo;o ysrs gSaA bl NksVs vo;o ds dkj.k foHko  

   dV = 
K(dq)

( – x r)
   dqy foHko V = 

x

x 0

kdq

( – x r)




  

   tgk¡ dq = 
q

dx    V = 

x

x 0

q
K dx

( – x r)





 
 
 

  = e

Kq
log

r

r

 
 
 

 

   ;fn fcUnq P ij q0 vkos'k j[kk gS] rc bldh fLFkfrt ÅtkZ  

 

   U = q0V = (q0) 
Kq

 log
r

r

 
 
 

 

———————————————————————————————————  
7.5 oy; ds dkj.k foHko : 

 (i) leku vkosf'kr oy; ds dsUnz ij foHko :  

  NksVs vo;o dq  ds dkj.k foHko  

  dV = 
Kdq

R
        

  dqy foHko  V = 
Kdq

R  

  V =
K

R
dq  = 

Kq

R
 

 
 (ii) vleku vkosf'kr oy; ds dsUnz ij foHko                         

 

  V = 
Kq

R

dqy
    

 (iii) vk/kh oy; ds dsUnz ij foHko : 

 

  
Kq

V
R

          
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 (iv)  oy; ds v{k ij foHko : 

  R f=kT;k dh leku vkosf'kr oy; ftldk dqy vkos'k Q gS ds 

dsUnz ls nwjh x nwjh ij v{k ij fLFkr fdlh fcUnq ij foHko dh 

x.kuk djrs gSaA  

  oy; ij dksbZ dq vkos'k dk NksVk vo;o ekurs gSaA  

  fcUnq P ij vkos'k dq ds dkj.k foHko gS &   

  dV = 
2 2

K(dq)

R x
  

R

dq

x P

 

   fcUnq P ij bu lHkh vo;oksa ds dkj.k dqy foHko gksxk %  

  V =  
2 2

KQ
dv

R x



  

 
 

 
Example 56. 

      (AB = R) 

   A vkSj B ds chp foHkokUrj Kkr djks\ : VA - VB 

Solution :  VA = 
KQ

R
+ 

   
2 2

K( 5Q)

2R R





;  VB = 
K( 5Q)

2R


+ 

   
2 2

K(Q)

R R

 

   blls ge ljyrk ls VA – VB  izkIr dj ldrs gSaA  
 

Example 57. ,d fcUnq vkos'k q0 dks Q vkos'k ls ,d leku :i ls vkosf'kr R f=kT;k okyh oy; ds dsUnz ij j[kk tkrk 

gS ;fn fcUnq vkos'k dks oy; dh v{k ds vuqfn'k ux.; cy ls FkksM+k lk ljdk;k tkrk gS rks tc ;g dsUnz 

ls cgqr vf/kd nwjh ij igq¡prk gS rks bldh pky Kkr djksA  

Solution :  q0 ij dsoy fo|qr cy yx jgk gS  

     Wel = K = 
1

2
mv2 – 0   vc Wel)c= q0 Vc = q0 . 

KQ

R
 

    0Kq Q

R
 =

1

2
mv2       v = 02Kq Q

mR
 

 

———————————————————————————————————  

7.6 leku vkosf'kr pdrh ds dkj.k foHko : (Derivation is given in hand out) 

    2 2

0

σ
V R x x
2ε

, tgk¡  vkos'k ?kuRo gS vkSj R, pdrh dh f=kT;k gSA x, v{k ij pdrh ds dsUnz ls fcUnq 

dh nwjh gSA  
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 le:i vkosf'kr pdrh ds dkj.k foHko :  

 'R' f=kT;k vkSj i`"B vkos'k ?kuRo (vkos'k/{ks=kQy) =  okyh ,d pdrh 

gSA gesa bl pdrh dh v{k ls fcUnq 'P' ij foHko Kkr djuk gS tksfd 

pdrh ds dsUnz ls x nwjh ij gSA  

 blds fy;s ge pdrh dks iryh oy;ksa esa foHkkftr djrs gSa vkSj 'R' 

f=kT;k rFkk dr eksVkbZ dh ,d iryh oy; ysrs gSaA ekuk bl vo;oh 

oy; ij vkos'k dq gSA bl oy; ds dkj.k fcUnq 'P' ij foHko gSA 

   =     

 dV =
2 2

Kdq

r   x
   vr% dqy foHko :   Vnet = 

2 2

Kdq

r +x
  

 ;gk¡,  = vkos'k/{ks=kQy = 
dq

d( ){ksrzQy
 vr%, dq =  × d ({ks=kQy) =  2 rdr   

 (;gk¡ d ({ks=kQy) = vo;oh oy; dk {ks=kQy = (oy; dh yEckbZ) × (oy; dh pkSM+kbZ) = (2r).(dr) 

 vr%, Vnet = 
 r R

2 2
r 0

K 2 r dr

r   x





 


  

 bls lekdfyr djus ds fy, r2 + x2 = y2  

  2r dr = 2y dy, eku j[kus ij ge izkIr djrs gSa % 

 
r R

net

0r 0

1 (2 )ydy
V

4 y





 


   
r R

net r 0
0

V y
2






   


 

  
r R

2 2

net
r 0

0

V r x
2






 


     2 2

net

0

V R x x
2


  


 

 ;fn fcUnq P ij ,d ,dkad vkos'k q0 j[kk tk;s , rc pdrh ds dkj.k bl vkos'k q0  dh fLFkfrt ÅtkZ U = q0V 

  U =  2 2

0

0

q R x x
2

 
  

 
 

 foHko V vkSj x ds e/; xzkQ : 

  V =  2 2

0

R x x
2


 


  x = 0 ij V = 

0

R

2




 

 foHko V, x ds lkFk c<+ jgk gS ;k ?kV jgk gSA bls tkuus ds fy,] la;qXeh ls xq.kk o Hkkx djus ij  

  V =  2 2

0

R x x
2


 


 × 

 
 

2 2

2 2

R x x

R x x

 

 
  

  V = 

 

2

2 2
0

R 1

2 R x x

 
  

    
 

 

 vr% vc ge dg ldrs gaS fd x   V  

 vr% (xzkQ) bl rjg ls gksxkA   

 

 

7.7 le:i vkosf'kr xksyh; dks'k ds dkj.k foHko :  

 fuEu fLFkfr;ksa ds fy, dsUnz ls r nwjh ij fdlh fcUnq ij le:i vkosf'kr [kks[kys xksys ftldh f=kT;k R o 

dqy vkos'k Q gS ds dkj.k foHko ds O;atd dk O;qRiUuA  

 (i) r > R     (ii) r < R 
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 x v{k ls  dks.k ij Rd pkSM+kbZ dh ,d oy; ekurs gSa (fp=kkuqlkj) 

 oy; ds dkj.k fcUnq P ij foHko gksxk %     

  dV = 
2 2

K(dq)

(r Rcos ) (Rsin )   
 

 tgk¡ dq = 2R sin (Rd)  

 tgk¡   Q, = 4R2  


d

dq

P

r – R cos

 

 rc ifj.kkeh foHko V =  
KQ

dV
2

 2 2
0

sin .d

(r Rcos ) (Rsin )


 

   
  

 bl lehdj.k dks gy djus ij ge izkIr djrs gSA 

  V = 
KQ

r
 (for r > R)   &  V = 

KQ

R
 for (r < R) 

 D;ksafd E dk lw=k ljy gS vr% ge dg ldrs gSa &    V = 

r r

r

– E·dr



 

  

 (i)  ckgj fLFkr fcUnq ds fy;s (r > R) :    

  
R 2

0

K 4 x dx
V

r

  
   =  

KQ

r
  Vout=  

KQ KQ

r ( )


dsUn z l s nwjh
 

  ckgj fLFkr fcUnq ds fy;s [kks[kyk xksyk] ,d fcUnq vkos'k dh rjg dke djrk gSA  

 (ii)  xksys ds dsUnz ij foHko (r = 0) : 

  D;ksafd lHkh vkos'k dsUnz ls R nwjh ij gSa vr%, VdsUnz = 
 

KQ KQ

R


xksy s dh frzT;k
 

 

 (iii) xksys ds vUnj fLFkr fcUnq ij foHko (r < R) :  

  ekuk gesa xksys ds vUnj fLFkr fcUnq P ij foHko fudkyuk gSA 

  P vkSj O ds e/; foHkokUrj  :  

   VP – VO  =
P

in

O

– E ·dr  tgk¡ Ein = 0  

  vr% VP – VO  = 0  

    VP  = VO  = 
KQ

 
R

     VIN =
KQ KQ

R ( )


xksy s dh frzT;k
 

+Q, R

r

P

O

 

 

7.8 le:i vkosf'kr Bksl xksys ds dkj.k foHko :  

 leku vkosf'kr Bksl xksyk ftldh f=kT;k R gS vkSj dqy vkos'k Q gS tks fd lEiw.kZ vk;ru esa foHkkftr gS] ds dsUnz 

ls r nwjh ij fLFkr fuEu nks fLFkfr;ksa ds fy;s foHko ds O;atd dks O;qRiUu djrs gSa -  

 x f=kT;k vkSj dx eksVkbZ dh ,d vo;oh dks'k dh dYiuk djrs gSaA  

 (i) r  R     (ii) r  R 
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 (i)  r  R ds fy,  

  x f=kT;k vkSj dx eksVkbZ dh ,d vo;oh dks'k dh dYiuk djrs gSa fLFkfr;ksaA  

  
R 2

0

K 4 x dx
V

r

  
   = 

KQ

r
 

 (ii)  r  R  ds fy,    

  
r R2 2

0 r

K 4 x dx K4 x dx
V

r x

    
    =

3

KQ

2R
(3R2 – r2)  

    = 
3

Q

4
R

3


 

dx

x

 
  foHko dh ifjHkk"kkuqlkj  

  (i)  r   R  ;   V = 
r

2

KQ KQ
r̂ dr

rr


     

  (ii)  r   R 

   V =–
R

2

KQ
.dr

r


 – 
r

3

R

KQr
dr

R
 V = 

KQ

R
–

3

KQ

2R
 [r2 – R2] = 

3

KQ

2R
 [2R2 – r2 + R2] =

3

KQ

2R
 (3R2 – r2) 

 

Example 58. nks R1 o R2 (R2 > R1) f=kT;k ds ldsUnzh; xksyh; dks'kksa ij ,d leku :i ls Øe'k%  

Q1 vkSj Q2 vkos'k forfjr gaSA rks fuEu fcUnqvksa ij foHko Kkr djksA 

   (i) fcUnq A ij     (ii) NksVs dks'k dh lrg ij (fcUnq B ij) 

   (iii) cM+s dks'k dh lrg ij (fcUnq C ij) (iv) r  R1 ij  

   (v) R1  r  R2 ij   (vi) r  R2 ij  

 

Solution :  lkj.kh 7.4 esa fn;s x;s [kks[kys xksys ds ifj.kkeksa dk mi;ksx djus ij  

   (i) VA = 1

1

KQ

R
+  2

2

KQ

R
    (ii) VB = 1

1

KQ

R
 + 2

2

KQ

R
 

   (iii) VC = 1

2

KQ

R
+ 2

2

KQ

R
     (iv) r  R1 ds fy, V =  1

1

KQ

R
+ 2

2

KQ

R
 

   (v) R1  r  R2 ds fy, V = 1KQ

r
 + 2

2

KQ

R
   

   (vi) r  R2  ds fy,    V = 1KQ

r
 + 2KQ

r
  

 

Example 59. nks a o b (a > b) f=kT;k ds nks ladsUnzh; dqpkyd xksykas ij vkos'k Øe'k% Qa vkSj Qb gaaSA fl) dhft;s fd 

nksuksa xksyksa ds e/; fo|qr foHkokUrj ckgj okys xksys ds vkos'k ij fuHkZj ugha djrkA ;fn cká xksys dks 

vfrfjDr vkos'k fn;k tk;s rks D;k fo|qr foHkokUrj esa dksbZ vUrj vkrk gSA 

Solution :  VvkUrfjd xksyk = bKQ

b
+ aKQ

a
 Vckº; xksyk = bKQ

a
 + aKQ

a
  

   VvkUrfjd xksyk – Vcká xksyk  = bKQ

b
 – bKQ

a
  

   V = KQb 
1 1

b a

 
 

 
 

   tks fd cká xksys ds vkos'k ij fuHkZj ugha djrkA ;fn cká xksys dks vfrfjDr 

vkos'k fn;k tk;s rks blls fo|qr foHkokUrj esa dksbZ vUrj ugh vk,xkA 
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———————————————————————————————————  

8. foHkokUrj  

 nks fcUnqvksa A o B ds chp foHkokUrj ,d bdkbZ /kukos'k dks A ls B rd fcuk Roj.k ds (;k KE fu;r j[krs gq, ;k  

Ki = Kf ) fo|qr {ks=k ds fo:) cká dkjd }kjk ys tkus esa fd, x, dk;Z ds cjkcj gksrk gSA  
 

   (a) xf.krh; fu:i.k % ;fn (WBA)cká = ,d bdkbZ /kukos'k q dks A ls B rd fo|qr {ks=k ds fo:) ys tkus eas cká 

dkjd }kjk fd;k x;k dk;Z gks rks  

  VB – VA = A B ext

K 0

(W )

q



 





 = A B electric(W )

q


 = B AU U

q


 = 

B

e

A

F .dr

q


= 

B

A

E.dr  

  uksV % W o q nksuksa dks fpUg lfgr fy[ksaA  

 (b) xq.k % 

  (a) nks fcUnqvksa ds chp foHkoksa dk vUrj foHkokUrj dgykrk gSA bls oksYVrk Hkh dgrs gSA 

  (b) foHkokUrj ,d vfn'k jkf'k gSA bldk ek=kd Hkh oksYV gSA  

  (c) ;fn VA o VB nks fcUnqvksa A o B, ds foHko gS rks vkos'k  q dks cká dkjd }kjk A ls B rd ys tkus  esa 

fd;k x;k dk;Z gSA 

   (Wcká)AB= q (VB – VA) ;k (W{ks=k) AB = q (VA – VB) . 

  (d) nks fcUnqvksa ds chp foHkokUrj funsZ'k fcUnq ij fuHkZj ugha djrk gSA 

  8.1 ,d leku fo|qr {ks=k esa foHkokUrj % 

  VB – VA = – E AB  

  VB – VA = – |E| |AB| cos  = – |E| d = – Ed  

 tgk¡ d = fo|qr {ks=k ds vuqfn'k A o B ds chp çHkkoh nwjhA  

 ge ;g Hkh dg ldrs gSa E = 
V

d




 

 

 
 fo'ks"k ifjfLFkfr;k¡ % 

 fLFkfr 1.  js[kk AB fo|qr {ks=k ds lekUrj gSA 

 

    VA – VB = Ed  

 fLFkfr 2.  js[kk AB fo|qr {ks=k ds yEcor~ gS   



    VA – VB = 0  VA = VB     

 

 uksV % fo|qr {ks=k dh fn'kk esa foHko lnSo ?kVrk gSA 

 

Example 60. ,d 1C vkos'k dks A ls B rd ys tkus esa cká cy }kjk fLFkj fo|qr cy ds foijhr fd;k x;k dk;Z 40J 

gS rks VA – VB foHkokUrj Kkr djksA    

Solution :  (WAB)ext = q(VB – VA) 

   40 J = 1C (VB – VA)  VA – VB = – 40 
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Example 61. x-fn'kk esa ,d leku fo|qr {ks=k mifLFkr gSA ;fn bldh rhozrk 5 N/C gS rks fcUnq A (0m, 2 m) rFkk  

B(5 m ,3 m)  ds e/; foHkokUrj Kkr djksA 

Solution :  VB – VA = – E . AB


 = – (5 î ) . (5 î + ĵ ) = –25V. 

   ,d leku fo|qr {ks=k esa {ks=k dh rhozrk  E = 
V

d




 

   tgk¡ V = nks fcUnqvksa ds e/; foHkokUrj  

   d = nks fcUnqvksa ds e/; okLrfod nwjh (fo+|qr {ks=k dh fn'kk esa foLFkkiu dk ?kVd) 
 

Example 62. fuEu Kkr djksA 

 

,dleku fo|qr {ks=k 

 
   (i) VA – VB    (ii) VB – VC   (iii) VC – VA   (iv) VD – VC   

   (v) VA – VD    (vi) A, B, C vkSj D ds foHko dks Øe esa crkb;sA 

Solution :  (i) ABV Ed   = 20 × 2 × 10–2 = 0.4  

    vr% VA – VB = 0.4 V 

    D;ksafd fo|qr {ks=k dh fn'kk esa foHko ges'kk ?kVrk gSA 

   (ii)  BCV Ed   = 20 × 2 × 10–2 = 0.4 vr% VB – VC = 0.4 V    

   (iii) CAV Ed  = 20 × 4 × 10–2 = 0.8 vr% VC – VA = – 0.8 V 

    D;ksafd fo|qr {ks=k dh fn'kk esa foHko ges'kk ?kVrk gSA 

   (iv) DCV Ed   = 20 × 0 = 0   vr% VD – VC = 0  

    D;ksafad D vkSj C ds chp izHkkoh nwjh 'kwU; gSA 

   (v) ADV Ed   = 20 × 4 × 10–2 = 0.8 vr% VA – VD = 0.8 V 

    D;ksafd fo|qr {ks=k dh fn'kk esa foHko ges'kk ?kVrk gSA 

   (vi) foHko dk Øe  vr% VA > VB > VC = VD . 

———————————————————————————————————  
8.2 vuUr yEckbZ ds rkj ds dkj.k foHkokUrj  

 leku js[kh; vkos'k ?kuRo okys yEcs js[kh; vkos'k ls yEcor~ nwjh rA vkSj rB ij fLFkr nks fcUnqvksa ds e/; foHkokUrj 

ds O;tad dk O;qRiUu djuk & 

 

 foHkokUrj dh ifjHkk"kk ls  VAB = VB – VA = 
B

A

r

r

E dr 
B

A

r

r

2 K
r̂ dr

r


     ;  VAB = –2K n B

A

r

r

 
 
 
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8.3 vuUr yEch iryh ijr ds dkj.k foHkokUrj  

 yEch leku vkosf'kr iryh ijr ftldk ,d leku ì"B vkos'k ?kuRo  gS ds yEcor d nwjh ij fLFkr fdUgh nks 

fcUnqvks ds e/; foHkokUrj ds O;atd dks O;qRiUu djuk gSA       

 

 ekuk fcUnq  A vkSj B dh yEcor~ nwjh  rA vkSj rB  gS rc foHkokUrj  dh ifjHkk"kkuqlkj  

  VAB = VB – VA = 
B

A

r

r

E dr 
B

A

r

0r

r̂ dr
2


  

  VAB = – 
o2




(rB – rA) = –

o

d

2




 

9. lefoHko i`"B % 

9.1 ifjHkk"kk : ;fn lEiw.kZ ì"B ij foHko ,d leku gS rks ,sls i`"B dks lefoHko i`"B dgrs gSaA   

9.2  lefoHko i`"B ds xq.k 

 (a)  tc lefoHko i`"B ij fdlh vkos'k dks ,d fcUnq ls nwljs fcUnq rd foLFkkfir fd;k tkrk gS rks fLFkj oS|qr cy 

ds fo:) fd;k x;k dk;Z 'kwU; gksrk gSA 

 (b)  fo|qr {ks=k lefoHko i`"B ds yEcor~ gksrk gSA 

 (c)  nks lefoHko i`"B dHkh&Hkh ,d&nwljs dks ugha dkVrs gSaA  
 

 9.3  lefoHko i`"B ds mnkgj.k : 

 (i) fcUnq vkos'k % fp=kkuqlkj xksyh; rFkk ldsUnzh; lefoHko i`"B iznf'kZr gSA fp=k esa ge ns[k ldrs gaS fd R1 f=kT;k 

ds xksys ds iwjs i`"B ij foHko V1 gS rFkk blh çdkj vU; ladsUnzh; xksys ds fy, Hkh foHko leku gSA 

 

 (ii) js[kh; vkos'k %  jSf[k; vkos'k ds fy, lefoHko i`"B vyx&vyx f=kT;kvksa ds lek{kh; csyu gksrs gSaA 
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 (iii)  ,d leku :i ls vkosf'kr cM+h pkyd@dqpkyd ifV~Vdk % lefoHko i`"B lekukUrj ry gksrs gSaA 

 

  uksV : ,d leku fo|qr {ks=k es lefoHko ì"B lnSo lekUrj ry gksrs gSA 

 

Example 63 dqN lefoHko lrg fp=k esa çnf'kZr gSa rks ge fo|qr {ks=k ds ifjek.k o fn'kk ds ckjs esa D;k dg ldrs gSa ? 

 

Solution :  ;gka ge dg ldrs gSa fd fo|qr {ks=k dh fn'kk lefoHko lrg ds yEcor~ gksrh gSA 

   ,oe~ | E |  = 
V

d




  

   tgk¡ V = nks lefoHko lrgksa ds e/; foHkokUrj gSA 

    d = nks lefoHko lrgksa ds e/; yEcor~ nwjhA       

   vr% | E |  = 
2

60

(10sin37º ) 10
 = 1000 V/m 

   fp=k esa nks yEcor~ fn'kk;sa 1 rFkk 2 iznf'kZr gSaA fn'kk  

1 vkSj 2 tks fd fp=k esa çnf'kZr gSA ijUrq ge tkurs gSa fd 

fo|qr {ks=k dh fn'kk esa fo|qr foHko ?kVrk gSA vr% fo|qr 

{ks=k dh lgh fn'kk uEcj 2  fn'kk gksxhA  

   vr% E = 1000 V/m, x-v{k ls 127° ds dks.k ij gSA 

 fn'kk 

fn'kk 
 

 

Example 64. fp=k esa dqN vkos'kksa }kjk mRiUu lefoHko i`"Bsa iznf'kZr gSaA rks fdl fcUnq ij fo|qr {ks=k vf/kdre gksxk\ 

(5
0
 V

)

(4
0
 V

)
(3

0
 V

)

(2
0
 V

)

A

B

C

 

Solution :  tgk¡ ij lefoHko lrg ikl&ikl gksrh gSaA ogka ij fo|qr {ks=k vf/kdre gksrk gSA fo|qr cy js[kk,sa 

(ELOF) lefoHko lrgksa ds yEcor~ gksrh gSaA fp=k esa ge ns[k ldrs gS fd fcUnq B ij ;s ikl&ikl gaSA vr% 

fcUnq B ij  E vf/kdre gksxkA  
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10. fo|qr fLFkfrt ÅtkZ 

10.1 vusd vkos'kksa ds dkj.k fdlh fcUnq vkos'k dh fo|qr fLFkfrt ÅtkZ % 

 fo|qr {ks=k es fdlh fcUnq ij ,d fcUnq vkos'k dh fLFkfrt ÅtkZ] vkos'k dks 

Rofjr fd;s fcuk (KE dks fu;r j[krs gq, ;k Ki = Kf ) funsZ'k fcUnq (vuUr 

ij) ls ml fcUnq rd ys tkus esa fd;s x;s dk;Z ds cjkcj gksrk gSA bldk 

xf.krh; lw=k gSA  

  U = WP)ext|K = 0 = qV = – WP)ele 

 ;gka q og vkos'k gS ftldh oS|qr fLFkfrt ÅtkZ Kkr djuh gS rFkk  

V vkos'k q dh fLFkfr ij lzksr vkos'kksa ds dkj.k fo|qr foHko gSA 

lzksr vkos'k

ijh{k.k vkos'k

 

 Note : q o V dks fpUg lfgr fy[ksaA 
 

 10.2 xq.k % 

 (i) oS|qr fLFkfrt ÅtkZ ,d vfn'k jkf'k gSA fdUrq ;g /kukRed]_.kkRed ;k 'kwU; gks ldrh gSA 

 (ii) bldk ek=kd dk;Z ;k ÅtkZ ds ek=kd ds leku gksrk gS vFkkZr~ twy (S.. i)fr) gksrk gSA 

  dbZ ckj ÅtkZ bysDVªkWu&oksYV esa nh gksrh gSA   1eV = 1.6 × 10–19 J 

 (iii) oS|qr fLFkfrt ÅtkZ funsZ'k fcUnq ij fuHkZj djrh gSA (lkekU;r% r =  ij fLFkfrt ÅtkZ 'kwU; yh tkrh gSA) 

 
Example 65. a Hkqtk okys oxZ ds dksuksa ij pkj le:i vkos'k q fLFkr gSaA fdlh ,d vkos'k dh vU; vkos'kksa ds dkj.k 

fLFkfrt ÅtkZ Kkr djks \   

 

Solution :  fcUnq A ij fLFkr vkos'k ij fcUnqvksa B, C vkSj D ij vkos'kksa ds dkj.k fo|qr foHko  

   V = 
0

1

4

q

a
 + 

0

1

4

q

2a
+ 

0

1

4

q

a
= 

0

1

4

1
2

2

 
 

 

q

a
 

    fcUnq  A ij fLFkr vkos'k dh fLFkfrt ÅtkZ = qV = 
0

1

4

1
2

2

 
 

 

2q

a
. 

 

Example 66 ,d d.k dk nzO;eku 40 mg vkSj vkos'k 5 × 10–9 C gS ;g 10–8 C ifjek.k ds fLFkj fcUnqor vkos'k dh 

rjQ xfr'khy gSA tc bldh fLFkj vkos'k ls nwjh 10 cm gS rc bldh pky 50 cm/s gSA fLFkj vkos'k ls 

fdruh nwjh ij vkdj ;g d.k dqN nsj ds fy, :d tk;sxk \ D;k xfr ds nkSjku Roj.k fu;r jgsxk\ 

Solution :  ;fn fLFkj vkos'k ls r nwjh ij d.k dqN nsj ds fy, :d tkrk gks rks ÅtkZ laj{k.k ls  

   21
mu

2
 + 

0

1

4

Qq

a
 =

0

1

4

Qq

r
 

   fn;s x;s eku j[kus ij  
1

2
 × 40 × 10–6 × 

1

2
 × 

1

2
 = 9 × 109 × 5 × 10–8 ×10–9 

1
10

r

 
 

 
 

   ;k 
1

r
–10 = 

6

8

5 10 100

99 5 10








 
  

1

r
 = 

190

9
   r = 

9

190
m  

   ;k i.e., r = 4.7 × 10–2 m  vkSj  F = 
0

1

4 2

Qq

r
 blfy, Roj.k  = 

F

m
  

2

1

r
 

   vFkkZr xfr ds nkSjku Roj.k fu;r ugha jgrk gSA 
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Example 67. ,d izksVkWu u m/s pky ls vR;f/kd nwjh ls eqä fLFkj izksVkWu dh rjQ xfr'khy gS rks nksuksa izksVkWu dh 

vf/kdre igqap dh nwjh nzO;eku vkSj blds vkos'k e ds inksa esa Kkr djksA  

Solution :  ;gk¡ ij fLFkj vkos'k xfr djus ds fy, LorU=k gSA tc ,d d.k nwljs ds ikl vk jgk gksxk rks fLFkj fo|qr 

izfrd"kZ.k ds dkj.k nwljk xfr djuk izkjEHk dj nsrk gSA bl dkj.k igys d.k dk osx ?kVus yxrk gS vkSj 

nwljs d.k dk osx c<+us yxrk gS vkSj muds chp igqap dh fudVre nwjh ds ckn nksuksa leku osx ls xfr 

djrs gSaA bl izdkj ;fn v la;qDr osx gks rks nksuksa izksVkWu fudk;ksa ds laosx laj{k.k ls & 

    mu = mv + mv  i.e.,  v = 1/2 u 

   vkSj ÅtkZ laj{k.k ls  

   
1

2
 mu2 = 

1

2
 mv2 + 

1

2
mv2 + 

0

1

4

2e

r
   

1

2
mu2 – m

2
u

2

 
 
 

  = 
0

1

4

2e

r
 [as v = 

u

2
] 

    
1

4
mu2 = 

2

0

e

4 r
      r = 

2

2

0

e

m u 
 

———————————————————————————————————  

11. vkos'kksa ds fudk; dh oS|qr fLFkfrt ÅtkZ  

 ¼bldk mi;ksx rc fd;k tk;sxk tcfd ,d ls vf/kd vkos'k xfr djrs gaS½ 

 ;g vkos'kksa ds ,d fudk; dks vuUr ìFkDdj.k ls fdlh ,d fo'ks"k foU;kl esa xkfrt ÅtkZ esa ifjorZu fd;s fcuk 

ykus ds fy, vkUrfjd fo|qr {ks=k ds fo:) cká dkjd ds }kjk fd;s x;s dk;Z ds cjkcj gksrk gSA  
 

11.1 vkos'kksa ds fudk; ds çdkj 

 (i)   fcUnq vkos'k fudk;   (ii)  lrr~ vkosf'kr fudk; 
 

11.2 fcUnq vkos'kksa ds fudk; ds fy, O;qRifÙk % 

 Method : 1  

 lHkh vkos'kksa dks vuUr ij j[ksaA vc ,d&,d djds vkos'kksa dks budh fLFkfr ij ykrs gSa vkSj vko';d dk;Z Kkr 

djrs gSaA fudk; dh fLFkfrt ÅtkZ lHkh dk;ksZ ds chtxf.krh; ;ksx ds cjkcj gksrh gSA  

 W1 = çFke vkos'k dks ykus es fd;k x;k dk;ZA 

 W2 = çFke vkos'k ds dkj.k cy ds fo:) f}Ùkh; vkos'k dks ykus esa fd;k x;k dk;ZA 

 W3 = çFke o f}rh; vkos'kksa ds dkj.k cy ds fo:) r`rh; vkos'k dks ykus esa fd;k x;k dk;Z   

 PE = W1 + W2 + W3 + ...... . (blesa 
n(n 1)

2


 = nC2 in gSA)  

 

Example 68 ,d nwljs ls r nwjh ij fLFkr nks fcUnqor~ vkos'kksa q1 o q2 ds fudk; ds fy, fLFkfrt ÅtkZ Kkr djksA 

Solution :  ekuk izkjEHk esa nksuksa vR;f/kd nwjh ij j[ks gSaA 

    W1 = q2 dh vuqifLFkfr esa vkos'k q1 dks ykus esas fd;k x;k dk;Z = q (Vf – Vi) = 0 

   W2 = q1 dh mifLFkfr esa q2 vkos'k dks ykus esa fd;k x;k dk;Z = q(Vf – Vi) = q1(Kq2/r – 0) 

   fLFkfrt ÅtkZ = W1 + W2  = 0 + Kq1q2 / r =  Kq1q2 / r  
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Example 69. rhu fcUnqor~ vkos'kksa dh fLFkfr fp=k esa iznf'kZr gSA bl O;oLFkk dh dqy fLFkfrt ÅtkZ 'kwU; gSA 
q

Q
 dk 

vuqikr Kkr djksA   

-Q
+q+q

2r

r

 

Solution :  Ufudk; = 
0

1

4

qQ ( q)( q) Q( q)

r 2r r

    
  

 
= 0 

   –Q + 
q

2
 – Q = 0  ;k  2Q =

q

2
   ;k 

q

Q
 = 

4

1
. 

 

Example 70. m nzO;eku rFkk q vkos'k ds nks fcUnq vkos'k ds e/; dh nwjh r gS] bUgsa ;gk¡ ls eqDr fd;k tkrk gSA tc nksuksa 

fcUnq vkos'kksa ds e/; nwjh 2r gS rks izR;sd vkos'k dk osx D;k gksxk\ 

Solution :  laosx laj{k.k ds fu;ekuqlkj nksuksa vkos'k leku pky ls xfr djsaxs ÅtkZ laj{k.k ds fu;e ls   

VV

2r  

   0 + 0 + 
2Kq

r
 = 2

1

2
 mv2 + 

2Kq

2r
  v =  

2Kq

2rm
 

 

Example 71. 2 × 10–6 C okys nks le vkosf'kr d.kksa dks vuUr ls 10 cm nwjh rd yk;k tkrk gSA  bl izØe ds fy, 

vko';d dk;Z o fLFkfrt ÅtkZ esa of̀) Kkr djks 

Solution :  U = Uf – Ui  = Uf – 0 = Uf  

    fn;s x;s vkos'kkas ds fudk; dh fo|qr fLFkfrt ÅtkZ dh ljy rjhds ls x.kuk djrs gSaA  

   U = Uf = 
0

1

4

1 2q q

r
 = 

9 5 59 10 2 10 2 10 100

10

      
 J = 36 J      

    vko';d dk;Z = 36 J. fudk; dh fLFkfrt ÅtkZ esa ifjorZu ds cjkcj 
 

Example 72. a Hkqtk okys leckgq f=kHkqt ds dksuksa ij leku vkos'k q fLFkr gSA  

   (i) vkos'k fudk; dh fLFkfrt ÅtkZ Kkr djksA      

   (ii) f=kHkqt dh Hkqtk dks a/2 djus ds fy, vko';d dk;Z Kkr djksA  

   (iii) ;fn vkos'kksa dks iznf'kZr fLFkfr ls NksM+k tk;s vkSj izR;sd dk nzO;eku m gks rks 

2a Hkqtk dk f=kHkqt cuus ij budh pky Kkr djksA 

A

CB
q q

q

a  
Solution :  (i)   fof/k I (O;qRiUu) 

    ekuk lHkh vkos'k izkjEHk esa vuUr ij gSA  

    vkos'k q dks dksus A ij j[kus esa fd;k x;k dk;Z gSA  

    W1 = q (vf – vi) = q (0 – 0)    

    pwafd vkos'kkas dh vuqifLFkfr esa A fcUnq ij foHko 'kwU; gksrk gSA  

 

A

CB  

    A ij vkos'k dh mifLFkfr esa q vkos'k dks dksus B ij j[kus esa fd;k x;k dk;Z  

     W2 = 
Kq

0
a

 
 

 
 = 

2Kq

a
 

    blh rjg A o B ij vkos'k dh mifLFkfr esa dksus C ij q vkos'k dks ykus esa fd;k x;k dk;Z  

    W3 = q(vf  – vi) = q
Kq Kq

0
a a

  
   

  
 = 

22kq

a
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   vr% dqy fLFkfrt ÅtkZ PE = W1 + W2 + W3  = 0 + 
2Kq

a
 + 

22Kq

a
 = 

23Kq

a
  

   fof/k II  (lh/ks lw=k ds iz;ksx ls)  U = U12 + U13 + U23  = 
2Kq

a
 + 

2Kq

a
 + 

2Kq

a
= 

23Kq

a
 

  (ii)  Hkqtkvksa dks de djus esa vko';d dk;Z W = Uf – Ui =
23Kq

a / 2
  –

23Kq

a
= 

23Kq

a
 

  (iii) fo|qr cy }kjk fd;k x;k dk;Z = d.kksa dh xfrt ÅtkZ esa ifjorZu Ui – Uf = Kf – Ki  

    
23Kq

a
 – 

23Kq

2a
 = 3(

1

2
mv2) – 0   v = 

2Kq

am
 

 

Example 73 a Hkqtk ds oxZ ds pkjksa dksuksa ij pkj le:i vkos'k izR;sd q j[ks gSaA vkos'k fudk; dh fLFkfrt ÅtkZ Kkr 

djksA  

4 3

21q q

qq

 
Solution :  fof/k 1 :  (lh/ks lw=k ls ) : U = U12 + U13 + U14 + U23 + U24 + U34  

    = 
2Kq

a
+ 

2Kq

a 2
+ 

2Kq

a
 + 

2Kq

a
 + 

2Kq

a 2
+  

2Kq

a
= 

2 24Kq 2Kq

a a 2

 
 

 
= 

22Kq 1
2

a 2

 
 

 
 

   fof/k 2 : [U = 
1

2
 (U1 + U2 + ......) ds iz;ksx ls] : 

   U1 = dksus 1 ij fLFkr vkos'k dh nwljs vkos'kks ds dkj.k dqy fLFkfrt ÅtkZ  

   U2 = dksus 2 ij fLFkr vkos'k dh nwljs vkos'kks ds dkj.k dqy fLFkfrt ÅtkZ  

   U3 = dksus 3 ij fLFkr vkos'k dh nwljs vkos'kks ds dkj.k dqy fLFkfrt ÅtkZ  

   U4 = dksus 4 ij fLFkr vkos'k dh nwljs vkos'kks ds dkj.k dqy fLFkfrt ÅtkZ    

   leferrk ls U1 = U2 = U3 = U4  

   UNet = 1 2 3 4U U U U

2

  
 = 2U1 = 2

2 2 2Kq Kq Kq

a a 2a

 
  

 
 = 

22Kq

a
 

1
2

2

 
 

 
 

 

Example 74 ,d a Hkqtk okys le&"kBHkqt ds dksuksa ij N% leku vkos'k izR;sd q fLFkr gSA vkos'k fudk; dh fLFkfrt 

ÅtkZ Kkr djksA   

 
 

Solution :  UNet =  1 2 3 4 5 6U U U U U U

2

    
 

   leferrk ds dkj.k U1 = U2 = U3 = U4 = U5 = U6  blfy, Unet  = 3U1 = 
23Kq 2 1

2
a 23

 
  

 
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11.3 lrr~ vkosf'kr fudk; ds fy;s fo|qr fLFkfrt ÅtkZ dh O;qRifÙk 

 bl ÅtkZ dks Lo ÅtkZ Hkh dgrs gSA 

 (i)  leku vkosf'kr xksyh; dks'k ds fy, Lo ÅtkZ Kkr djuk : blds fy;s fof/k 1 dk iz;ksx djrs gSaA ,d vukosf'kr 

dks'k ysrs gSa vkSj vc dks'k dh lrg ij ,d&,d djds vuUr ls vkos'kksa dks yk;k tkrk gSA bl izfØ;k esa 

vko';d dk;Z] fLFkfrt ÅtkZ ds :i esa lafpr gks tkrk gSA 

 

  ekuk xksys ij vkos'k q gS vkSj  ge bls vfrfjDr vkos'k dq nsrs gSaA vkos'k dq dks vuUr ls bl dks'k rd ykus 

es fd;k x;k dk;Z gSA 

R

dq

++

+

+

+

+ +
+

+

+

q

 
  dw = (dq) (Vf – Vi) 

   dW = (dq) (
Kq

R
 – 0) = 

Kq

R
dq 

    Q vkos'k nsus ds fy;s vko';d dqy dk;Z W gSA 

q Q

q o

Kq

R





 = dq  = 
2KQ

2R
 

  ;g dk;Z fLFkfrt ÅtkZ ds :i esa lafpr gksrk gSA vr% vkosf'kr xksyh; dks'k ds dkj.k fLFkfrt ÅtkZ U = 
2KQ

2R
 

 (ii)  le:i vkosf'kr Bksl xksys ds dkj.k Lo ÅtkZ :  bl fLFkfr esa ge ,d Bksl vkosf'kr xksys dh dYiuk 

djrs gSaA ge vuUr ls ,d&,d djds vkos'kksa dks xksys rd ykrs gSa ftlls xksys dk vkdkj c<+ tkrk gSA 

  ekuk q vkos'k xksys ij fn;k x;k gS vkSj bldh f=kT;k ‘x’ gS vc ge bls vfrfjDr vkos'k dq nsrs gSa ftlls 

 bldh f=kT;k ‘dx’ ls c<+ tkrh gSA dq vkos'k dks vuUr ls xksys rd ykus esa vko';d dk;Z  

  = dq (Vf – Vi) = (dq) 
Kq

0
x

 
 

 
 = 

Kqdq

x
 

  xksys dks Q vkos'k nsus ds fy;s vko';d dqy dk;Z W = 
Kqdq

x , tgk¡ q =  34
x

3

 
 

 
 

  rFkk dq =  (4 x2 dx)  W =

3 2

x R

x o

4
x (4 x dx)

3
K

x





 
    
 

  

  bls gy djus ij  

  W = 
23 KQ

5 R
 = Bksl xksys ds fy, Uself gSA  
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Example 75 R f=kT;k ds xksyh; dks'k ij q vkos'k leku :i ls forfjr gS] bls 2R f=kT;k rd foLrkfjr fd;k tkrk gSA 

rks bl izfØ;k esa fo|qr cyksa ds fo:) fo|qr cy rFkk cká drkZ }kjk fd;k x;k dk;Z Kkr djksA 

Solution :  Wcká = Uf – Ui = 
2

0

q

16 R
 –

2

0

q

8 R
 = – 

2

0

q

16 R
 

   Wfo|qr = Ui – Uf = 
2

0

q

8 R
 – 

2

0

q

16 R
 = 

2

0

q

16 R
 

 

Example 76 R1 o R2 f=kT;k ds nks vpkyd [kks[kys xksyksa ij Øe'k% Q1 o 

Q2 vkos'k leku :i ls forfjr gS rFkk ;g ,d nwljs ls r nwjh 

ij fLFkr gSA fudk; dh dqy ÅtkZ Kkr djksA 

Solution :  Udqy = ULo;a + UvU;ksU;  = 
2

1

0 1

Q

8 R
 + 

2

2

0 2

Q

8 R
 + 1 2

0

Q Q

4 r
 

 

 

Example 77 R1 rFkk R2 (R2 > R1) f=kT;k ds nks ladsUnzh; xksyh; dks'k ij Øe'k% Q1 rFkk Q2 vkos'k forjhr gS rks fudk; 

dh dqy ÅtkZ Kkr djks\  

Q1

R1

R2

Q2

 

Solution :  Udqy = ULoa; 1 + ULoa; 2 + UvU;ksU; = 
2

1

0 1

Q

8 R
+

2

2

0 2

Q

8 R
+ 1 2

0 2

Q Q

4 R
 

———————————————————————————————————   
11.4 ÅtkZ ?kuRo % 

 ifjHkk"kk : fdlh fo|qr {ks=k ds ,dkad vk;ru esa fufgr ÅtkZ dks ÅtkZ ?kuRo dgrs gS aA bldk xf.krh; lw=k fuEu gSA  

 ÅtkZ ?kuRo = 
1

2
E2  

 tgka E = ml fcUnq ij fo|qr {ks=k dh rhozrk  = 0r ek/;e dh fo|qr 'khyrk 

 

 

Example 78. vuUr vpkyd le:i vkos'k ?kuRo dh ifV~Vdkvksa ds lkeus j[ks a Hkqtk okys dkYifud ?ku ds vk;ru 

esa lafpr ÅtkZ Kkr djks\ 

Solution :  lafpr ÅtkZ   

   U = 2

0

1
E dV

2
   ;gkWa dV vYi vk;ru gSA  

    U = 2

0

1
E

2
 dV     E fu;r gSA  

    U = 
2

0 2

0

1

2 4





. a3 . ;k U = 

2 3

0

a

8




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Example 79. dqy vkos'k Q rFkk R f=kT;k ds ,d irys ,d leku :i ls vkosf'kr xksfy; dks'k ds fo|qr {ks=k esa laxzfgr 

ÅtkZ Kkr dhft,A  

Solution :  ge tkurs gS fd dks'k ds vUnj fo|qr {ks=k 'kwU; gksrk gS] vr% ÅtkZ dsoy dks'k ds ckgj gh laxzfgr g ksxhA 

tks ÅtkZ ?kuRo ds lw=k }kjk Kkr dh tk ldrh gSA  

    Uself = 
x

2

0
x R

1
E dV

2




  

   x(x > R) f=kT;k rFkk dx eksVkbZ ds vYika'k dks'k ij fopkj djrs gS   

   dks'k dk vk;ru = (4x2dx) = dV 

   U =  

2

0 2R

1 KQ

2 x

  
  
 

 . 4x2 dx = 0

1

2
 2 2K Q 4

R



 2

1

x
dx  

      = 04

2

 2

2

0

Q

(4 )
.

1

R

 
 
 

= 
2

0

Q

8 R
 = 

2KQ

2R
. 

 

 

Example 80. Q vkos'k rFkk R f=kT;k ds vpkyd Bksl xksys ds vanj lapf;r ÅtkZ Kkr djksA ¼ekuuk gS vkos'k blds 

vk;ru esa leku :i ls forfjr gSA½ 

Solution :   ge ;g eku ldrs gaS fd Bksl xksyk cgqr lkjs ladsUnzh; xksyh; dks'kksa ls feydj cuk gSA rFkk fdlh Hkh 

xksyh; dks'k dh fLFkfr ij fo|qr {ks=k fu;r jgrk gSA 

    Uvanj  = 
R

2

0
0

1
E dV

2
  

   lw{e eksVkbZ dx rFkk x f=kT;k dk xksyh; dks'k ekurs gSaA 

   dks'k dk vk;ru = (4x2dx)  

        U  =  

2
R

0 30

1 KQx

2 R

 
  
 

 . 4x2 dx = 0

1

2


2 2

6

K Q 4

R


 

R
4

0
x dx  

   = 0

6

4

2R

 2

2

0

Q

(4 )
.

5R

5
= 

2

0

Q

40 R
 = 

2KQ

10R
. 

_____________________________________________________  

12. fo|qr {ks=k dh rhozrk rFkk fo|qr foHko ds chp esa lEcU/k 

12.1 le:i fo|qr {ks=k ds fy, :  

 (i) nks fcUnqvksa A rFkk B ds chp foHkokUrj   

 

  VB  – VA  = – E . AB


 

 12.2 vle:i fo|qr {ks=k 

 (i) Ex = –
V

x




, Ey = –

V

y




,  Ez = –

V

z




E = Ex î  + Ey ĵ   + Ez k̂  

     = – ˆ ˆ ˆi V j V k V
x y z

   
  

   
= – ˆ ˆ ˆi j k V

x y z

   
  

   
= – V = – V dh izo.krk  

  tgk¡ 
V

x




= V dk x ds lkis{k vodyu (y vkSj z dks fu;r j[krs gq,)  

   
V

y




= V dk y ds lkis{k vodyu (z vkSj x dks fu;r j[krs gq,)  

   
V

z




= V dk z ds lkis{k vodyu (x vkSj y dks fu;r j[krs gq,)  
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 12.3 ;fn fo|qr foHko vkSj fo|qr {ks=k dsoy ,d funsZ'kkad r ij fuHkZj djs rks :  

 (i) E  = – 
V

r̂
r




 tgk¡ r̂ , r dh c<+rh gqbZ fn'kk ds vuqfn'k ,dkad lfn'k gSA  

 (ii) dV  = – E dr    VB – VA = – 
B

A

r

r

E.dr


    

  dr , r dh c<+rh gqbZ fn'kk esa lfn'k gSA 

 (iii) fdlh fcUnq ij foHko V = – 
r

E.dr




  

 

Example 81. ,d leku fo0{ks0 x-v{k ds vuqfn'k gSA nks fcUnqvksa A(2m, 3m) o B(4m, 8m) ds chp foHkokUrj  

VA – VB = 10 V gSA fo|qr {ks=k dh rhozrk Kkr dhft,A 

Solution :   E = 
V

d




= 

10

2
= 5 V / m.  

   ;g /kukRed x-v{k ds vuqfn'k gSA  

 

Example 82.  ;fn V = x2 + y gks, rks  Kkr dhft,A 

Solution :   
V

x




= 2x,  

V
1

y





 rFkk  

V
0

z





 

   E = –
V V Vˆ ˆ ˆi j k
x y z

   
  

   
= – (2x î  + ĵ ) 

   fo|qr {ks=k ,d leku ugha gSA 

 

Example 83. ;fn ewy fcUnq ij V = 5 oksYV gS rks E  = ˆ ˆ2xi 3yj  ds fy, (x, y) fcUnq ij foHko Kkr dhft,A  

Solution :    
v

5

dV E dr    = – 
x

x

0

E dx  – 

y

y

0

E dy    V – 5 = – 
2 22x 3y

2 2
   V = – 

2 22x 3y

2 2
  + 5. 

———————————————————————————————————  

13. fo|qr f}&/kzqo 

13.1 f}&/kzqo vk?kw.kZ (ifjHkk"kk) 

  ;fn leku ifjek.k q o foijhr fpUg ds nks fcUnq vkos'k ,d nwljs ls 'a' nwjh ij bl çdkj j[ks gq, gks dh {ks=kh; 

fcUnq dh nwjh r >> a gS rks bl fudk; dks oS|qr f}/kzqo dgrs gSaA f}/kzqo vk?kw.kZ dks p = (q × a) ifjek.k okyh lfn'k 

jkf'k ds :i esa  ifjHkkf"kr fd;k tkrk gS ftldh fn'kk _.kkos'k ls /kukos'k dh vksj gksrh gSA 

 Note: [jlk;u foKku esa f}/kzqo vk?kw.kZ dh fn'kk /kukos'k ls _.kkos'k dh vksj ekuh tkrh gSA] fo|qr f}/kzqo dk C.G.S 

ek=kd fMckbZ gksrk gSA nks leku rFkk 10–10 Qzsadfyu vkos'k okys fcUnq vkos'k ,d nwljs ls 1 Å nwjh ij j[ks gksa rks 

,sls fudk; ds f}/kzqo vk?kw.kZ dks fMckbZ dgrs gSaA  

 1 fMckbZ (D) = 10–10 × 10–8 = 10–18 Fr × cm 

 1 D = 10–18 ×
9

C

3 10
× 10–2 m = 3.3 × 10–30 C × m.  

 S.I. ek=kd dwykWe × ek=kd = C.m  
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Example 84 ,d fudk; esa nks vkos'k qA = 2.5 × 10–7 C vkSj qB = – 2.5 × 10–7 C Øe'k% fcUnqvksa A : (0, 0, – 0.15 m) 

vkSj B; (0, 0, + 0.15 m) ij fLFkr gSA rks fudk; dk dqy vkos'k o fo|qr f}/kzqo vk?kw.kZ D;k gksxk \  

Solution :   dqy vkos'k = 2.5 × 10–7 – 2.5 × 10–7 = 0 

   fo/kqr f}/kqzo vk?kw.kZ]  

   P = (vkos'k dk ifjek.k) × (vkos'kksa ds chp dh nwjh) 

       = 2.5 × 10–7
 [0.15 + 0.15] Cm = 7.5 × 10–8 C m 

   f}/kzqo vk?kw.kZ dh fn'kk B ls A gksxhA  

———————————————————————————————————   
 13.2 f}/kqzo ds dkj.k fo|qr {ks=k dh rhozrk  

 (i)  v{kh; fcUnq ij  

  =  
Kq Kq

E –  P  
22

a a
r r

2 2



   
    

   

d s vuqfn'k    

 

  ;fn r >> a rc E  = 
Kq2ra

P̂
4r

= 
3

2KP

r
, v{kh; fcUnq ij fo|qr {ks=k rhozrk dh fn'kk f}/kzqo vk?kw.kZ (P



) dh fn'kk 

esa gksxhA vr% axialE


 = 
3

2KP

r



 

 (ii)   yEcor~&foHkktd ij ¼fuj{k ij) fo|qr {ks=k rhozrk 

  Enet = 2 E cos  (along – P̂ ) 

  netE  = 2 
2 2

2
2

2

a
Kq 2 ˆ( P)

aa rr 22

 
 
 
 

 
                
  

 = 
3 / 2

2

2

Kqa ˆ( P)

a
r

2


  

     

         

  ;fn r >> a, rc netE  = 
3

KP ˆ( P)
r

  

  D;kasfd fuj{k ij E


 dh fn'kk] P


 dh fn'kk esa foijhr gS vr% lfn'k :i esa & 

   

  eqtE


 = –
3

KP

r



 

 

 (iii)  fdlh O;kid fcUnq (r, )  ij fo|qr {ks=k  

 

  blds fy, f}/kzqo vk?kwZ.k P


 dks ?kVdksa esa foHkkftr djrs gSaA 
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  ,d ?kVd P cos  f=kT;h; js[kk ds vuqfn'k gS vkSj ,d ?kVd Psin f=kT;h; js[kk  ds yEcor gSA 

  Enet = 

2 2

2 2

r t 3 3

2KPcos KPsin
E E

r r

    
     

   
 = 2

3

KP
1 3cos

r
   

  tan  = 
3

t

r
3

KPsin
E r

2KPcosE

r






=  

tan

2


 

  Enet = 2

3

KP
1 3cos

r
   ;  tan  = 

tan

2


 

 

Example 85. ,d NksVs f}/kzqo dh v{kh; js[kk ij f}/kzqo ds e/; fcUnq ls r nwjh ij fo|qr {ks=k ogh gS tks bldh fuj{k ij 

f}/kzqo ds e/; fcUnq ls r' nwjh ij gS rks 
r

r´
 dk vuqikr Kkr djks\  

Solution :   
0

1

4 3

2p

r
= 

0

1

4 3

p

r '
  rFkk 

3

2

r
 = 

3

1

r´
  

   rFkk 
3

3

r

r´
 = 2    rFkk 

r

r´
 = 21/3  

 

Example 86. nks foijhr vkos'k ftudk ifjek.k 5 C gS ,d nwljs ls 4 cm nwjh ij fLFkfr gS rks bl f}z/kqo ds v{k ij 

blds e/; fcUnq ls 4 cm dh nwjh ij fo|qr {ks=k dh rhozrk Kkr djks\  

Solution :   ge vYi f}/zkqo ds lw=k dk iz;ksx ugha dj ldrs gaSA D;ksafd ;gka ij fcUnq dh nwjh] nks fcUnqor~ vkos'kksa ds 

e/; dh nwjh ds rqY; gSA   

   q = 5 × 10–6 C, a = 4 ×10–2 m, r = 4 × 10–2 m  

   Eifj.kkeh = E+ + E–   = 
 

2

K(5 C)

2cm


 –
 

2

K(5 C)

6cm


 

   = 
8

144

144 10
 NC–1 = 108 N C–1 
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Example 87 ± 10 C ds nks vkos'k ,d nwljs ls 5 × 10–3 m dh nwjh ij fp=kkuqlkj fLFkr gSaA bldh lefoHko js[kk ij 

O ls 0.15m dh nwjh ij fcUnq Q ij fo|qr {ks=k Kkr djks\  

Solution :   

 

   fn;s x;s iz'u esa] r >> a         

    E = 
0

1

4 3

p

r
  =

0

1

4 3

q(a)

r
       

   rFkk E = 9 × 109  
6 310 10 5 10

0.15 0.15 0.15

   

 
NC–1 = 1.33 ×105 NC–1     

———————————————————————————————————  

13.3 NksVs f}/kzqo ds }kjk fo|qr foHko  

 (i)  v{kh; fLFkfr ij foHko V =
Kq K( q)

a a
r r

2 2




   
    

   

   

  V = 
2

2

Kqa

a
r

2

  
     

 

  ;fn r >> a rc  V =  
2

Kqa

r
 tgk¡ qa = p 

   Vv{kh; = 
2

KP

r
 

 

 

 (ii)  fuj{k dh fLFkfr ij foHko 

 

  V = 
2 2

2

Kq K( q)

a a
r2 r

2 2




   
    
   

 = 0    

  Veqt = 0 
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 (iii) O;kid fcUnq ij foHko  (r,)  

 ekuk f}/kzqo vk?kw.kZ P


 dks nks ?kVd f=kT;h js[kk ds vuqfn'k Pcos vkSj f=kT;h; js[kk ds yEcor~ Psin ?kVdksa esa 

rksM+rs gSaA 

 

  Pcos ?kVd ds fy;s fcUnq A  v{kh; fcUnq gS vr% A ij Pcos  ?kVd ds dkj.k foHko = 
 

2

K Pcos

r


 

  vkSj Psin ?kVd ds fy;s fcUnq A fuj{k ij fLFkr fcUnq gS vr%  

  Psin ?kVd ds dkj.k A ij foHko = 0 

  Vnet = 
 

2

K Pcos

r


 

  lfn'k :i esa  

   V = 
3

K P. r

r

  
 
   

 

Example 88.  (i) ewy fcUnq ds ikl fLFkj NksVs vkos'k fudk; ds dkj.k fcUnq A  vkSj B ij foHko Kkr djks\ 

   (ii) fdlh izs{k.k vkos'k q0 dks A ls fcUnq B rd] /khjs&/khjs ykus esa fd;k x;k dk;Z Kkr djks\  

 

Solution :  (i)  fudk; dk f}/kzqo vk?kw.kZ gS 

    P  = (qa) î  + (qa) ĵ  

    f}/kzqo ds dkj.k fcUnq A ij foHko VA = 
3

(P·r )

r
K = 

3

ˆ ˆ ˆ ˆK[(qa)i (qa)j]·(4i 3 j)

5

 
 =  

k(qa)
7

125
 

      VB =
 

3

ˆ ˆ ˆ ˆK (qa)i (qa)j · 3i – 4 j

(5)

 
 

 = 
K(qa)

125
 

   (ii) WA B = UB – UA = q0 (VB – VA) = q0 
K(qa) K(qa)(7)

– –
125 125

  
  

  
   WA B =  0Kqq a

(8)
125
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13.4 le:i fo|qr {ks=k es f}/kzqo  

 (i) f}/kzqo ;fn fo|qr {ks=k ds vuqfn'k j[kk gS\  

 

  bl fLFkfr esa Fnet = 0, net = 0 vr% ;g lkE;koLFkk gS vkSj ;g LFkk;h lkE;koLFkk gSA 

 (ii) ;fn f}/kzqo E


 ls dks.k   ij j[kk gSA  

  bl fLFkfr esa Fnet = 0  

  dqy cyk?kw.kZ  = (qEsin)  (a)     

  ;gk¡ qa = P     = PE sin  

  lfn'k :i esa  P E    

 
 

 

Example 89. ,d f}/kzqo nks fcUnq vkos'k ftudk vkos'k – q vkSj + q gS vkSj izR;sd dk nzO;eku m gS, ls cuk gSA nksuksa 

fcUnq vkos'k  yEckbZ vkSj m nzO;eku dh NM+ ls tqMs+ gq;s gSaA ;g f}/kzqo leku fo|qr {ks=k E  esa j[kk gSA 

;fn f}/kzqo dks LFkk;h lkE;oLFkk ls  dks.k ls fo{ksfir fd;k tkrk gS rks fl) djks fd bldh xfr yxHkx  

S.H.M. gksxhA bldk dykUrj Hkh Kkr djksA 

Solution : 

 

   ;fn f}/kzqo dks   dks.k ls fo{ksfir djsa rc & 

   net = – PE sin   (;gk¡ – ve fpUg ;g n'kkZrk gS fd cyk?kw.kZ  ds foijhr gSA   

   ;fn   cgqr NksVk gS rks  sin      

   net = – (PE)   

   net  (–) vr] xfr ljy vkorZ xfr gSA  

   T = 2
C


  &  C = PE (tgk¡ P = q)

     T = 2

2
m

2m
12 2

P.E

 
  

   = 2

2
m m

12 2

q E



 

    = 2
27m

12q E
= 2

7m

12qE
   T = 

7m

3qE
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———————————————————————————————————  

 (iii) le:i fo|qr {ks=k esa fLFkr f}/kzqo dh fLFkfrt fo|qr ÅtkZ  

  UB – UA = –
B

A

F . dr  ¼LFkkukUrjh; xfr ds fy,½ ;gk¡  UB – UA = –
B

A

.d


   ¼?kw.kZu xfr ds fy,½ 

  f}/kzqo dh fLFkfr esa]  = 90° fLFkfrt ÅtkZ 'kwU; gksxhA 

  U – U90° = –
90

( PEsin )(d )


 

     

  (D;kasfd cyk?kw.kZ dh fn'kk] eas foijhr gS) 

   U – 0 = – PE cos   

    funsZ'k ds fy;s = 90° pquk gS  

  ftlls fuEu lhek 'kwU; gks tk;sxh                    

   U = – P E  

  fLFkfrt ÅtkZ oØ ls ge dg ldrs gSa 

 



U

 = 0  = 180°

 = 90°

 

  (i)  fLFkfrt ÅtkZ oØ ls ge dg ldrs gSa  = 0, ij P.E. U;wure gS vr% ;g LFkk;h lkE;koLFkk gsa  

  (ii)  = 180° ij P.E. vf/kdre gS vr% ;g vLFkk;h lkE;koLFkk gSA  

 

Example 90. nks fcUnq nzO;eku m o leku ifjek.k q ds foijhr vkos'k]  

m nzO;eku dh ,d vpkyd le:i NM+ ds dksuksa ij j[ks gSa 

,oa fudk; dks le:i fo|qr {ks=k E esa  = 53° ds dks.k ls 

fp=kkuqlkj NksM+k tkrk gSa rks    

   (i)  NksM+us ds rqjUr ckn dks.kh; Roj.k Kkr djks\ 
 

   (ii)  tc ;g LFkk;h lkE;koLFkk dks ikj djrk gS] rc bldk dks.kh; osx D;k gksxk\ 

   (iii)  bls 180° ls ?kw.kZu djus ds fy;s vko';d dk;Z dh x.kuk djks \ 

Solution :  (i) tnet = PE sin53° = I        = 
2 22

4
(q )E

3

m
m m

12 2 2

 
 
 

   
    

   

 

   (ii)  ÅtkZ laj{k.k ls Ki + Ui = Kf + Uf  

    0 + (– PE (cos 53°) = 
1

2
2 + (– PE cos 0°)  

    tgk¡ I =
2m

12
 + m

2

2

 
 
 

 + m

2

2

 
 
 

 =
27m

12
 

       
1

2
 2  = PE (1– 3/5) = 

2

5
PE  

    
1

2
 × 

27m

12
 ×2 = 

2

5
qE  ;k   = 

48 qE

35 m
 

   (iii)    Wext = Uf – Ui    

    Wext = (–PE cos(180° + 53°)  – (–PEcos 53°)   

    Wext = (q)E
3

5

 
 
 

 + (q)E 
3

5

 
 
 

    Wus = 
6

5

 
 
 

qE    
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13.5 vleku fo|qr {ks=k esa f}&/kzqo  

 (;fn f}/kzqo E


 dh fn'kk esa fp=kkuqlkj j[kk gS) 

 f}/kzqo ij yxus okyk dqy cy Fnet = qE(x + dx)–qE(x) 

 Fnet = q 
E(x dx) – E(x)

dx


 (dx) ;g q (dx) = P 

  Fnet = P
dE

dx

 
 
 

  

 

 

 

Example 91. ,d NksVk f}/kzqo ,d le:i vkosf'kr oy; ¼dqy vkos'k Q, f=kT;k R½ dh v{k ij oy; ds dsUnz ls 
R

2
 

nwjh ij fp=kkuqlkj j[kk gSA oy; ds dkj.k f}/kzqo ij yxus okyk cy Kkr djksA 

+q
P

+Q,R

x = 
R

2

 

Solution :  F = P 
dE

dx

 
 
 

  F = P
d

dx 2 2 3 / 2

KQx

(R x )

 
 

 
   l  ( at x = 

R

2
) 

   bls gy djus ij ge izkIr djrs gSa F = 0 
 

———————————————————————————————————  

13.6 f}/kzqo vkSj fcUnq vkos'k ds e/; cy 

 

Example 92. f}/kzqo vk?kw.kZ P dk ,d NksVk f}/kzqo ,d fcUnq vkos'k Q ds ikl fp=kkuqlkj j[kk gSA fcUnq vkos'k ds dkj.k 

f}/kzqo ij cy Kkr djks  

 

Solution :  f}/kzqo ds dkj.k fcUnq vkos'k ij cy 

   F = (Q) Edipole 

   F = (Q) 
3

2KP

r

 
 
 

 (nka;ha vksj) 
 

   fØ;k izfrfØ;k fu;e ls] fcUnq vkos'k ds dkj.k f}/kzqo ij cy f}/kzqo ds dkj.k fcUnq vkos'k ij cy ds cjkcj 

ifjek.k dk gksxkA 

   F = 
3

2KPQ

r
 (cka;ha vksj)  

   ;g fcUnq vkos'k ds dkj.k f}/kzqo ij cy gSA 
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13.7 f}/kzqo vkSj f}/kzqo ds e/; cy ;k nks f}/kzqoks ds e/; cy 
 

 
Example 93 fcUnq vkos'k +Q ds dkj.k f}/kzqo ij yxus okyk cy Kkr djks \  

 
Solution :  f}/kzqo ds dkj.k] fcUnq vkos'k ij yxus okyk cy  

   F = (Q) (Edipole)       

   F = (Q) 
3

KP

r

 
 
 

     

   vr% fcUnq vkos'k  ds dkj.k f}/kzqo ij yxus okyk cy Hkh ;gh 

gksxk  

   F = 
3

KPQ

r

 
 
 

    ysfdu foijhr fn'kk esa 
 

 

Example 94. ,d NksVs f}/kqzo P2 ij nwljs NksVs f}/kqzo P1 ds dkj.k cy Kkr djks] ;fn os fp=kkuqlkj r nwjh ij j[ks gSA  

 
Solution :  P1  ds dkj.k P2 ij yxus okyk cy  

   F2 = (P2) 1dE

dr

 
 
 

       

   F2 = (P2) 1

3

2kPd

dr r

  
  

  
  F2 = – 1 2

4

6KPP

r
 

 

   _.kkRed fpUg crkrk gS fd ;g cy vkd"kZ.k cy gSA 
 

Example 95 ,d NksVs f}/kqzo P2 ij nwljs NksVs f}/kqzo P1 ds dkj.k cy Kkr djks] ;fn os fp=kkuqlkj r nwjh ij j[ks gSA  

 
Solution : 

 
   Fnet = q2 E (r + dr) – q2 E (r)  

   Fnet = q2 
E(q dr) E(r)

dr

  
 
 

 dr Fnet = (P2) 
dE

dr

 
 
 

 

   lkekU;r% ;g lw=k tc f}/kzqo dks E


 ds vuqfn'k j[kk gSa rc ykxw gksrk gS] fQj Hkh bl fLFkfr esa Hkh ge 

leku lw=k izkIr djrs gSaA 

   Fnet = (P2) 1

3

KPd

dr r

  
  

  
  Fnet = 1 2

4

3KPP

r
  (fn'kk Åij dh vksj)  
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14. fo|qr cy js[kk,sa (ELOF) 

 fo|qr {ks=k esa cy j[kk,sa] dkYifud js[kk,sa gksrh gSA bl iznf'kZr djus okyh js[kk ij [khaph xbZ Li'kZ js[kk] ml fcUnq 

ij fo|qr {ks=k dh fn'kk dks iznf'kZr djrh gSaA 

14.1 xq.k % 

 (i) cy js[kk,sa /kukos'k ls ckgj dh vksj fudyrh gS rFkk ,d _.kkos'k ij lekIr gksrh gSA ;fn dsoy ,d /kukos'k gS 

rks cy js[kk,sa /kukos'k ls fudydj  ij tkrh gSa vkSj dsoy ,d _.kkos'k gS rks cy js[kk,sa   ls çkjEHk gksdj 

_.kkos'k ij feyrh gSaA 

      
 

      

 (ii)  nks cy js[kk,a vkil esa dHkh ,d&nwljs dks ugh dkVrh gSa D;ksafd fdlh ,d fcUnq ij E


 dh nks fn'kk lEHko ugha 

gks ldrh gSA  

 
 (iii)  fLFkj vkos'k }kjk cuus okyh fo|qr cy js[kk,a] cUn ywi dk fuekZ.k 

ugha djrh gSaA ;fn cy js[kk,a fdlh can ywi dk fuekZ.k djrh gS] 

rc +q vkos'k dks ywi ds vuqfn'k xfr djkus ij fd;k dk;Z v'kwU; 

gksxkA vr% ;g lajf{kr {ks=k ugha gSA vr% bl rjg dh cy js[kk,a 

lEHko ugh gSA 
 

 (iv) ,dkad {ks=kQyu ls xqtjus okyh js[kkvks dh la[;k (js[kk ?kuRo) 

fo|qr {ks=k ds ifj.kke dks n'kkZrk gSA  

  ;fn js[kk,a l?ku gS     rks E vf/kd gksxkA 

  ;fn js[kk,a fojy gSA     rks E de gksxkA 

  vkSj ;fn  E = 0 gS] rc dksbZ Hkh cy js[kk izkIr ugh gksxhA  
 (v) fudyus okyh ;k lekIr gksus okyh js[kkvksa dh la[;k] vkos'k ds lekuqikrh gksrh gSA 

 

  +3q  ds vkos'k ls fudyus okyh dqy js[kkvksa dh la[;k = 9 gS       

  –q ij lekIr gksus okyh dqy cy js[kk,a = 3 
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Example 96. ;fn vkos'k q ls fudyus okyh fo|qr {ks=k dh cy js[kkvksa dh la[;k 10 gS rks vkos'k 2q ls fudyus okyh 

cy js[kkvksa dh la[;k Kkr djksA 

Solution :  ELOF dh la[;k  vkos'k 

    10  q 

    20  2q 

   blfy, ELOF dh la[;k 20 gksxhA 

———————————————————————————————————  
 (vi) fo|qr cy js[kkvksa dk izkjEHk ;k vUr] pkyd dh lrg ds yEcor~ gksrk gSA  

 (vii) fo|qr cy js[kk,a dHkh Hkh pkyd esa izos'k ugha djrh gSA  

 

Example 97. fp=kkuqlkj dqN cy js[kk;sa fcUnq A  vkSj B ds fy;s iznf'kZr gSa      

A

B

 

   (A) EA > EB    (B) EB > EA  (C) VA > VB  (D) VB > VA 

Solution :  fcUnq A ij js[kk,sa l?kfur gS vr% EA > EB fo|qr {ks=k dh fn'kk esa foHko de gksrk gS vr% VA > VB 

  

Example 98. ;fn fdlh vkos'k dks fo|qr {ks=k esa NksM+k tkrk gS rks] D;k ;g cy js[kkvkas dk vuqlj.k djsxk 

Solution :  Case I : ;fn fo|qr cy js[kk,sa lekUrj gSA  

 

   bl rjg ds fo|qr {ks=k esa ;fn vkos'k dks NksM+k tkrk gS rc bl ij yxus okyk cy qoE  gksxk vkSj bldh 

fn'kk  ds vuqfn'k gksxh vr% vkos'k ljy js[kk es cy js[kkvkas ds vuqfn'k xfr djsxk  

   Case II : - ;fn cy js[kk,s oØ gS rks  

 

   vkos'k cy js[kkvksa dk vuqlj.k ugha djsxk  

 

 

mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx


Electrostatics  
 

 

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVES - 68 

Toll Free : 1800 258 5555  | CIN : U80302RJ2007PLC024029 
 

Example 99. ,d vkos'k +Q vuUr yEckbZ dh /kkfRod ifV~Vdk ls d nwjh ij fLFkr gSA fo|qr cy js[kkvksa dh lgh fn'kk 

iznf'kZr djksA  

 

Solution :  ;gka ij ifV~Vdk ij vkos'k izsfjr gks tkrk gSA vr% fo/kqr cy js[kk,a +Q ls izkjEHk gksdj pkyd ij [kRe 

gksrh gS vkSj okil pkyd dh nwljh lrg ls izkjEHk gks tkrh gSA    

———————————————————————————————————  

15. fo|qr ¶yDl 

 fo|qr {ks=k E  esa dksbZ lrg ekuh tk, ,oa bl lrg ij NksVs {ks=kQy dS  dk vYika'k pquk  tk, rks bl vYika'k ls 

lEcaf/kr ¶yDl dE = E.dS  gSA 

 dS  dh fn'kk ry ds yEocr~ gksrh gSA ;g n̂  ds vuqfn'k gSA  

 ;k dE = EdS cos 

 ;k dE = (E cos ) dS 

 ;k dE = En dS 

ds E

 
 tgk¡ En, dS dh fn'kk esa fo|qr {ks=k dk ?kVd gSA 

 lEiw.kZ {ks=kQy ls xqtjus okyk ¶yDl E = 
S
E.dS  = n

S
E dS  

 ;fn lEiw.kZ {ks=kQy esa fo|qr {ks=k ,d leku gks rks E = E S  
 

 Special Cases : 

 Case I :  ;fn fo|qr {ks=k lrg ds yEcor~ gS rc fo|qr {ks=k E


  dk yEc ds lkFk dks.k 'kwU; gS  

 So   = ES cos 0  

    = ES        

S

E

 

 Case II : ;fn fo|qr {ks=k lrg ds lekUrj gS] E


yEc ds lkFk cuk dks.k = 90º      

 So  = ES cos 90º = 0   

S

E  
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15.1 HkkSfrd vFkZ % 

 fo|qr {ks=k esa j[kh gqbZ lrg ls] lrg ds vfHkyEc fn'kk ls xqtjus okyh fo|qr cy js[kkvksa dh dqy la[;k dks fo|qr 

¶yDl dgrs gSA ;g fo|qr {ks=k dk xq.k gSA  
 

15.2 ek=kd % 

 (i) fo|qr ¶yDl dk SI ek=kd N m2 C–1 (xkml) gksrk gS ;k  J m C–1  

 (ii) fo|qr ¶yDl ,d vfn'k jkf'k gS (;g /kukRed] _.kkRed ;k 'kwU; gks ldrh gS)A) 
 

 

Example 100. fdlh {ks=k esa fo|qr {ks=k 0 0

3 4
E E i E j

5 5
   ls O;Dr fd;k tkrk gS] tgk¡  E0 = 2.0 × 103 N/C gSA  

Y-Z ry ds lekukUrj 0.2m2  {ks=kQy okys vk;rkdkj lrg ls xqtjus okyk ¶yDl Kkr djksA 

Solution :  E = E S  = 0 0

3 4
E i E j

5 5

 
 

 
.  ˆ0.2i  = 

2N m
240

C


 

Example 101. a Hkqtk okys oxZ ds ,d dksus ij ,d fcUnq vkos'k Q j[kk gS rks oxZ esa ls xqtjus okys ¶yDl dk eku Kkr djksA 

 
Solution :   vkos'k Q ds dkj.k oxZ ds fdlh Hkh fcUnq ij fo|qr {ks=k oxZ ds ry ds vuqfn'k gksxk vkSj fo|qr cy js[kk,a 

oxZ ds yEcor~ gksaxh  blfy,  = 0 vr% ge dg ldrs gsa fd oxZ ls dksbZ Hkh cy js[kk ugha xqtjrh gSA 

blfy, ¶yDl = 0 
 

Example 102. R f=kT;k ds o`Ùkh; {ks=k ls fcUnq vkos'k 'Q'  ds dkj.k ikfjr gksus okys fo|qr QyDl Kkr djks\ 

 
Solution :  o`Ùkh; {ks=k dks ge NksVh oy;kas esa foHkkftr djrs gSaA r f=kT;k vkSj dr eksVkbZ dh ,d oy; ysrs gSA 

 
   bl NksVs vo;o ls fudyus okyk ¶yDl d = E ds cos   

   net =  E ds cos =  
r R

r o





 2 2

KQ

(x r )
 (2rdr) 

2 2

x

x r

 
  

 

=
2 2

0

Q x
1

2 x R

 
 

   

 

   Case-III : le:i fo+|qr {ks=k esa oØh; lrg  

   (i)  ekuk R f=kT;k dh o`Ùkh; lrg dks fp=kkuqlkj le:i fo|qr {ks=k esa j[kk x;k gSA  

E

R  
    lrg ls ikj gksus okyk ¶yDl  = E (R2) 
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   (ii)  ekuk dksbZ v)Zxksyh; lrg dks fo|qr {ks=k esa j[kk x;k gs rc bl v)Zxksyh; lrg ls ikfjr ¶yDl   

     =  Eds cos         

     = E  ds cos      

    tgk¡  ds cos  is  

    xksyh; lrg ds {ks=kQy dk vk/kkj ij iz{ksi.k  

     ds cos = R2 

    vr%  = E(R2) = igys okys o`Ùk ds leku gSA  

    vr% ge dg ldrs gaS fd 

ds

E

R

E

 

     ;fn nks lrgksa ls ikj gksus okyh fo|qr {ks=k js[kkvksa dh la[;k leku gS] rks bu lrgksa ls ikj gksus okyk 

¶yDl lrgksa ds vkdkj ls vizHkkfor jgdj leku gksrk gSA  

 

        1  =  2  = 3 = E(R2) 

   Case-IV : cUn lrg ls ikfjr ¶yDl :  

   ,d xksyh; lrg ekurs gaS vkSj ekuk 'q' vkos'k blds dsUnz ij fLFkr gSA xksyh; lrg ls ikfjr ¶yDl 

 

    = E .  ds


= E.ds    (D;ksafd E , ds


ds vuqfn'k gSA)  

    = 
1

4  2

Q
dS

R     tgk¡ ds  = 4R2  

    =  
2

0

1 Q

4 R

 
 

 
 24 R    = 

Q


 

   vc ;fn vkos'k Q vU; cUn lrg ls f?kjk gqvk gS] rc Hkh ;s lHkh cy js[kk,sa lrg ls ikj gksxhA  

   vr% ;g xkWl izes; ls ;g ¶yDl  = 
Q


, gksxkA  

        

    = 
Q


          = 

Q


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———————————————————————————————————  
16. fLFkj oS|qfrdh esa xkml dk fu;e ;k xkml dk çes; 

 ;g fu;e xf.krK Karl F Gauss }kjk fn;k x;k gSA xkml dk fu;e fdlh can i`"B ij fLFkr fcUnq ij fo|qr {ks=k 

rFkk can i`"B ls ifjc) dqy vkos'k ds e/; lEca/k crkrk gsA bl lrg dks xkmlh; ì"B dgrs gSaA ;g ,d dkYifud 

cUn ì"B gksrk gSA bldh oS/krk iz;ksxksa }kjk fl) dh tk ldrh gSA bldk mi;ksx lefer vkos'k forj.k ds dkj.k 

fo|qr {ks=k Kkr djus ds fy, fd;k tkrk gSA 

16.1 dFku vkSj fooj.k % 

 xkml dk fu;e fuEu çdkj ls fy[kk tkrk gSA 

 fdlh cUn dkYifud i`"B ¼xkmlh; i`"B½ ls xqtjus okys fo|qr {ks=k dh rhozrk dk i`"Bh; lekdyu] fuokZr esa ml 

cUn i`"B ds vUnj dqy vkos'k dk 
0

1


 xquk gksrk gSA ;gk¡ ij 0 eqDr vkdk'k ¼fuokZr~½ dh fo|qr 'khyrk gSA 

 ;fn  S xkmlh; i`"B gS vkSj 
n

i

i 1

q


  xkmlh; i`"B ds vUnj dqy vkos'k gS rks xkml ds fu;e ds vuqlkj 

   E =  dS.E


= 
0

1



n

i

i 1

q


 . 

 lekdyu fpUg ij o`Ùk O;Dr djrk gS fd lEiw.kZ can i`"B dk lekdyu fd;k x;k gSA 
 

Note :  

(i) xkmlh; i`"B ls xqtjus okyk ¶yDl bldh vkd̀fr ij fuHkZj ugha djrk gSA  

(ii) xkmlh; i`"B ls xqtjus okyk ¶yDl dsoy i`"B ds vUnj dqy vkos'k ij fuHkZj djrk gSA  

(iii) xkmlh; i`"B ls xqtjus okyk ¶yDl xkmlh; i`"B ds vanj vkos'k dh fLFkfr ij fuHkZj ugha djrk gSA 

(iv) xkmlh; i`"B ij fo|qr {ks=k dh rhozrk xkmlh; i`"B ds vanj rFkk ckgj mifLFkr lHkh vkos'kksa ds dkj.k gksrh gSA  

(v) fdlh cUn i`"B esa vkus okys ¶yDl dks _.kkRed vkSj ckgj tkus okys ¶yDl dks /kukRed ekuk tkrk gSA 

D;ksafd n̂  dks ckgj dh fn'kk esa /kukRed fy;k tkrk gSA 

(vi) fdlh xkmlh; i`"B esa  = 0 dk vFkZ ;g ugha gS fd çR;sd fcUnq ij E = 0 gS ysfdu çR;sd fcUnq ij E = 0 dk 

vFkZ  = 0 gksrk gSA 
 

 
Example 103. nh xbZ xkmlh; i`"B ls xqtjus okys ¶yDl dh x.kuk dhft,A  

q =2 C

q =–3 C

q =4 C

1

2

3

m

m

m

q =2 C5 m

q =3 C6 m

q =–6 C4 m

xkmlh; i"̀B  
     

Solution :   = in

0

Q


 = 

0

2 C 3 C 4 C    


 = 

6

0

3 10


 Nm2/C 

 

Example 104. fdlh ?ku ds dsUnz ij fcUnq vkos'k q j[kk gS rks oxZ ds fdlh Hkh lrg ls xqtjus okys ¶yDl ds eku dh 

x.kuk dhft,A 

Solution :   lHkh 6 i`"Bksa ls gksdj xqtjus okyk dqy ¶yDl =
0

q


    

   pwafd lHkh i`"B lefer gSA  

   blfy,, ,d i`"B ls gksdj xqtjus okyk ¶yDl = 
1

6 0

q


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———————————————————————————————————   

16.2 xkml izes; dk mi;ksx djds [kqyh lrg ls ikfjr ¶yDl :  

 

Solved Examples 
 

Example 105. ,d fcUnq vkos'k +q, v)Zxksys dh oØrk ds dsUnz esa fLFkr gSA v)Zxksys ds ì"B ls fuxZr QyDl Kkr djksA  

 

Solution :  ekuk ,d +q vkos'k v)Zxksys dh lrg ij j[kk gSA vc lEiw.kZ xksys ls fuxZr QyDl =
0

q


    

 

   D;ksafd vkos'k q Åij v)Z vkSj fupys v)Zxksys esa lefer gS] blfy;s vk/kk&vk/kk ¶yDl nksuksa lrgksa ls 

mRlftZr gksxkA  

  

Example 106. ,d a Hkqtk okys oxZ ds dsUnz ls a/2  Åij ,d vkos'k Q dks fp=kkuqlkj j[kk tkrk gSA oxZ ds Qyd ls 

ikfjr fo|qr {ks=k dk ¶yDl Kkr djks\    

 
Solution :  

 
   ge ,d ?ku ds Qydksa dh dYiuk dj ldrs gSa rkfd vkos'k Q bl ?ku ds dsUnz ij gksA leferrk ds 

vk/kkj ij ge dg ldrs gaS fd fdlh fn, gq, {ks=kQy ls xqtjus okyk ¶yDl (tksfd ?ku dh ,d Qyd 

gSA)  = 
0

Q

6
 gksxkA 
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Example 107. v)Zxksys dh lrg ls xqtjus okyk ¶yDl Kkr djksA  

 

Solution :  (i) v)Zxksys dh lrg ls +q vkos'k ds dkj.k xqtjus okyk ¶yDl = 
0

q

2
 (bls ge igys ds mnkgj.k ls 

dj pqds gSa)   

   (ii) +q0 vkos'k ds dkj.k v)Xksys ls xqtjus okyk ¶yDl = 0, D;ksafd +q0 vkos'k ds dkj.k lrg ds vUnj 

ls xqtjus okyh {ks=k js[kk,sa = lrg ls ckgj fudyus okyh {ks=k js[kk,saA  

 

———————————————————————————————————  

16.3 ¶yDl ls q
vUnj

 Kkr djuk : 

 

Example 108. fp=kkuqlkj cUn lrg ls ckgj tkus okys rFkk vUnj vkus okys ¶yDl (SI ek=kd esa) dks fn[kk;k x;k gS \ 

cUn lrg ds }kjk f?kjs gq;s vkos'k dks Kkr djksA  

10 20

30

15  

Solution :  cUn lrg ls xqtjus okyk dqy ¶yDl = + 20 + 30 + 10 -15 = 45 N.m2/c 

   xkml izes; ls  

   net = in

0

q


    45 = in

0

q


   qin = (45) 

———————————————————————————————————  

16.4 xkml izes; ls fo|qr {ks=k dh x.kuk djuk : 

 xkml izes; ls] ge dg ldrs gSa Eds
 

  net = in

0

q


 

 E,  esa fn;k gS ijUrq ;g vfn'k xq.kuQy vkSj lekdyu ls ck/; gSA blfy;s E dks Kkr djus ds fy;s ge bls bu  

c)rkvksa ls eqDr dj ldrs gSaA  
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 (i)  loZizFke ge dks E


 vfn'k xq.kuQy ls eqDr djuk pkgasxsA blds blds fy;s ,d lrg dk pquko djrs gSa] tks 

fd E


 ds yEcor~ gSA blfy;s E


. ds


, E ds cu tkrk gSA  

 (ii) bl izdkj dh lrg dk pquko djrs gSa fd E dk eku ml ij fu;r cuk jgs ftlls Eds = ds E. 

 

16.4.1  xksyh; dks'k ds dkj.k fo|qr {ks=k : 

r

+ +

+

+

+
+

++
+

+
+

+
+

q,R

 

 xksys ds ckgj fo|qr {ks=k : 

 D;ksafd ge tkurs gS fd dks'k ds dkj.k fo|qr {ks=k] f=kT;h; ckgj dh vksj gksxkA blfy;s ge ,d xksyh; xkWlh;u 

lrg dk p;u djrs gSA xkWl izes; dk bl xkWlh;u lrg ds fy;s mi;ksx djus ij  

  Eds
 

  = net = inq


 = 

q


 

      

  Eds
 

 (D;ksfd E


lrg ds yEcor gS)

  

  E ds  (D;ksfd E dk eku lrg ij fu;r gS) 

  E (4r2) ( ds xksyh; lrg dk dqy {kS=kQy = 4 r2) 

    E (4r2) = 
q


  Eout = 

2

q

4 r
 

 xksyh; dks'k ds vUnj fo|qr {ks=k : 

r

+ +

+

+

+
+

++
+

+
+

+
+

q,R

r
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 dks'k ds vUnj xksyh; xkWlh;u lrg dk p;u djrs gS vkSj bl lrg ds fy;s izes; dk mi;ksx djasxs 

  Eds
 

  = net = inq


 = 0 

     

  Eds
 

   

  

   E ds  

     

  E  (4r2)  E = (4r2) = 0   Ein = 0 
 

16.4.2 Bksl xksys ds dkj.k fo|qr {ks=k (le:i forfjr vkos'k Q o f=kT;k R): 

+
+ +

+

+

+
+

+

+

+

+

Q,R

 

 xksys ds ckgj fo|qr {ks=k : fo|qr {ks=k dh fn'kk f=kT;h; ckgj dh vksj gksrh gSA vr% ge ,d xksyh; xkWlh;u lrg 

dk p;u djrs gaS] vkSj xkml izes; dk mi;ksx djus ij  

  Eds
 

  = net
 = in

0

q


 = 

0

Q


 

     

  Eds 

  

  E ds 

  

  E (4r2)   E (4r2) = 
0

Q


  Eout = 

2

0

Q

4 r
 

 Bksl xksys ds vUnj fo|qr {ks=k :   

 
 Bksl xksys ds vUnj xksyh; xkWlh;u lrg dk p;u djrs gaS] vkSj bl lrg ds fy;s xkWl izes; dk mi;ksx djrs gSaA 

  Eds
 

  = net = inq


 = 

3

3

q 4
r

4 3
R

3




 




 = 

3

3

qr

R
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     

  Eds 

  

  E (4r2)  E(4r2) = 
3

3

Qr

R
 

  E = 
3

Qr

4 R
   Ein = 

3

kQ

R
 r 

16.4.3 vuUr yEcs vkos'k ds dkj.k fo|qr {ks=k (js[kh; vkos'k ?kuRo  ls le:i forfjr vkos'k): 

 
 vuUr rkj ds }kjk fo|qr {ks=k f=kT;h; gS vr% fp=kkuqlkj ge ,d csyukdkj xkWlh;u lrg dk p;u djrs gSA 

   = inq


 = 






 

  3 = E.ds
 

 = E ds = E ds = E (2r) ;  E (2r) =





    E = 

2 r




 = 

2k

r


 

16.4.4 vuUr yEch vkosf'kr ufydk ds dkj.k fo|qr {ks=k (le:i i`"Bh; vkos'k ?kuRo ): 

 

 (i)  ufydk ds ckgj  E : ,d csyukdkj xkWlh;u lrg dk p;u djrs gSaA 

   net = inq


 = 

2 R



 


  Eout × 2r = 

2 R



 


  E = 

0

R

r 




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 (ii)  ufydk ds vUnj E :  ufydk ds vUnj csyukdkj xkWlh;u lrg dk p;u djrs gSaA 

 

  net = inq


 = 0  vr%   Ein = 0      

16.4.5 R f=kT;k ds vuUr yEckbZ ds Bksl csyu ds dkj.k E (le:i vk;ru vkos'k ?kuRo ) 

r

 
 (i)  ckgj fLFkr fcUnq ds fy;s E  

  ,d csyukdkj xkWlh;u lrg dk p;u djrs gSa vkSj xkWl izes; dk mi;ksx djrs gSa 

  E × 2r = inq


 = 

2R






   Eout = 

2

0

R

2r 




 

 (ii)  vUnj fLFkr fcUnq ij E     

  Bksl csyu ds vUnj csyukdkj xkmlh;u lrg dk p;u djrs gSa vkSj xkWl izes; dk mi;ksx djrs gSaA 

rr

 

  E × 2r = inq


=

2r



 


  ;  Ein = 

0

r

2




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17. pkyd vkSj mlds xq.k (fLFkj fo|qr ifjfLFkrh ds fy;s) 

 (i)  pkyd os inkFkZ gksrs gaS ftuds vUnj eqDr bysDVªkWuksa dh la[;k cgqr vf/kd gksrh gS tks pkyd ds vUnj eqDr 

:i ls xfr dj ldrs gSaA  

 (ii)  fLFkj fo|qfrdh pkyd ges'kk lefoHko i`"B gksrs gSaA  

 (iii)  vkos'k ges'kk pkyd ds ckgjh i`"B ij jgrk gSA 

 (iv) ;fn pkyd ds vUnj dksbZ xqgk gS rFkk blesa dksbZ vkos'k ugha gS rks vkos'k ges'kk pkyd dh ckgjh lrg ij jgsxkA  

 (v)  fo|qr {ks=k ges'kk pkyd i`"B ds yEcor~ gksrk gSA 

 (vi)  fo|qr cy js[kk,sa pkyd ds vUnj dHkh ços'k ugha djrh gSA 

 (vii) pkyd i`"B ds ikl fo|qr {ks=k dh rhozrk dk lw=k E =
0




n̂  

  A
A

0

ˆE n





  ; B
B

0

ˆE n





 vkSj  C
C

0

ˆE n





  

 (viii) tc fdlh pkyd dks HkwlEifdZr fd;k tkrk gS rks bldk foHko 'kwU; gks tkrk gSA  

 
 (ix) tc ,d foyfxr pkyd dks HkwlEifdZr fd;k tkrk gS rks bl ij vkos'k 'kwU; gks tkrk gSA 

 (x) tc nks pkydksa dks tksM+k tkrk gS rks muesa vkos'k dk çokg rc rd gk srk gS tc rd mudk foHko ,d leku u 

gks tk;sA 

 (xi) oS|qr nkc : fdlh pkyd ds i`"B ij oS|qr nkc dk lw=k P = 
2

02




 

  tgka   ì"Bh; vkos'k ?kuRo gSA 
 

 fdlh pkyd }kjk fo|qr {ks=k Kkr djuk 

 ekuk fdlh pkyd dh lrg 'A' ij {ks=kQy vkos'k ?kuRo = gSA gesa pkyd dh lrg ds ckgj fo|qr {ks=k Kkr djuk gSA  

 

 blds fy, fp=kkuqlkj ekuk ,d NksVk csyukdkj xkWlh;u lrg ftldk vkaf'kd Hkkx lrg ds vUnj vkSj dqN Hkkx 

lrg ds ckgj fLFkr gSA ekuk bldk dkV {ks=kQy ds NksVk gS vkSj bldh Å¡pkbZ ux.; gSA  

csyukdkj 

xkWlh;u lrg

  
 bl lrg ds fy;s xkWl izes; yxkus ij  
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 vr%,  Eds = 
0

ds


   E = 

0




 

 pkyd dh lrg ds ckgj fo|qr {ks=k % E = 
0




 ¼lrg ds yEcor~ fn'kk esa½  

 lfn'k :i esa 
0

ˆE n





 (;gk¡ n̂  = pkyd dh lrg ds yEcor~ ,dkad lfn'k gSA) 

 pkyd dh lrg ij fLFkj oS|qr nkc 

 ekuk fdlh pkyd dks dqN vkos'k fn;k tkrk gSA izfrd"kZ.k ds dkj.k] lHkh vkos'k pkyd 

dh lrg ij igq¡p tkrs gSa] ysfdu vkos'k vHkh Hkh ,d nwljs dks izfrdf"kZr djrs gSaA vr% 

izR;sd vkos'k ij nwljs vkos'kksa ds dkj.k ,d ckgjh cy yxrk gqvk izrhr gksrk gSA bl 

cy ds dkj.k] lrg ij dqN nkc yxrk gS] ftls fLFkj oS|qr nkc dgrs gSaA  

 fLFkj oS|qr nkc dks izkIr djus ds fy;s] ,d NksVk lrgh vo;o ftldk {ks=kQy 'ds' gS] 

ysrs gSaA  

 bl vo;o ij 'ks"k vkos'kksa ds dkj.k yxus okyk cy 

 dF = 
















{ksrz rq|fo

 ijbl LFkku

 dkj.k ds vkos'kksak s"k'

 

 

 














dk vkos'k

o vo;NksVs  
 

 

 ekuk 'ks"k vkos'kksa ds dkj.k bl fcUnq ij fo|qr {ks=k = Er   gSA  

 vkSj NksVs vo;o dk vkos'k dq = ds 

  dF = (Er) (dq) = (Er) (ds) 

 blfy;s bl NksVs vo;o ij nkc  

  r(E )( ds)dF
P

ds ds


     

  P = (Er) ()       ......(1) 

 

 vc nkc izkIr djus ds fy;s] gesa fo|qr {ks=k Er  izkIr djuk gSA (Er ] ml fcUnq ij 'ks"k 

vkos'kksa ds dkj.k fo|qr {ks=k gS) 

 ekuk lrg ds ikl NksVs vo;o ds dkj.k fo|qr {ks=k = Es   

 lrg ds ikl 'ks"k Hkkx ¼NksVs vo;o dks NksM+dj½ ds dkj.k fo|qr {ks=k = Er    

 lrg ds ckgj fdlh fcUnq ij] NksVs vo;o ds dkj.k fo|qr {ks=k (Es) yEcor~ ckgj dh 

vksj gksrk gS] vkSj 'ks"k Hkkx ds dkj.k fo|qr {ks=k (Er) Hkh yEcor~ ckgj dh vksj gksrk gSA 
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 vr% dqy fo|qr {ks=k lrg ds ckgj dh vksj gksxk vkSj dqy fo|qr {ks=k = Es + Er gSA ge ;g fl) dj pqds gSa fd 

pkyd lrg ds ckgj fo|qr {ks=k = 
o




 gksrk gS  

  Es + Er = 
o




      ......(2)  

 vc ge /kkfRod lrg (metal surface) ds vUnj fo|qr {ks=k fudkyrs gSaA ;gk¡ 'ks"k vkos'kksa ds 

dkj.k fo|qr {ks=k (Er) leku fn'kk esa yEcor~ ckgj dh vksj gksxk] ysfdu NksVs vo;o ds dkj.k 

fo|qr {ks=k] foijhr fn'kk esa yEcor~ vUnj dh vksj gksxkA 

 vr% /kkfRod lrg ds vUnj dqy fo|qr {ks=k = Er – Es  gksxk ge tkurs gSa fd fdlh pkyd ds 

vUnj fo|qr {ks=k] 'kwU; gksrk gS] vr% 

 

  Er – Es = 0   Er = Es    .....(3) 

 lehdj.k (2) vkSj lehdj.k (3) ls ge dg ldrs gSa fd  

  2Er  =
o




     Er = 

o2




 

 lehdj.k (1) ls nkc fudkyus ij  

  P = (Er)() =
o2




  () = 

2

o2




 

 vr% pkyd dh lrg ij fLFkjoS|qr nkc  P =  
2

o2




 

 tgk¡ = {ks=kQy vkos'k ?kuRo  

 
Example 109. fl) dhft, fd ,d foyfxr (isolated) (foyfxr vFkkZr~ ifV~Vdk ds vkl&ikl dksbZ vkos'k ugha gSA) yEch 

pkyd ifV~Vdk dks nsus ij ;g vkos'k nksuksa lrg ij cjkcj ek=kk esa caV tk,xkA  

Solution :   ekuk fd ifV~Vdk ds cka;h vksj vkos'k x gS rFkk nk;ha vkSj  

Q–x vkos'k gSA 

   pwafd fcUnq P pkyd ds vUnj mifLFkr gS blfy, 

   EP = O 

  
O

x

2A
 – 

O

Q x

2A




 = 0   

O

2x

2A
 = 

O

Q

2A
    x = 

Q

2
  

   Q – x = 
Q

2
 

   blfy, vkos'k nksuksa rjQ cjkcj ek=kk esa caV tkrk gSA 

 

 

Example 110. ;fn fdlh foyfxr vuUr yEckbZ okyh ifV~Vdk ds ,d lrg ij vkos'k Q1  rFkk nwljh lrg ij vkos'k Q2 gS rks 

fl) dhft, fd ifV~Vdk ds lkeus fdlh fcUnq ij {ks=k dh rhozrk 
O

Q

2A
 gksrh gSA tgk¡ Q = Q1 + Q2 

Solution :  fdlh fcUnq P ij fo|qr {ks=k : 

   E  = 
1 2Q QE E       

   = 1

0

Q
n̂

2A
 + 2

0

Q
n̂

2A
 = 1 2

0

Q Q
n̂

2A




 = 

0

Q
n̂

2A
  

   [;g fl) djrk gS fd ifV~Vdk ds dkj.k fo|qr {ks=k ifV~Vdk ij dqy vkos'k ij fuHkZj djrk gSA ;g 

vyx&vyx lrg ij mifLFkr vkos'k forj.k ij fuHkZj ugha djrk gSA] 
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Example 111. rhu yEch pkyd ifV~Vdk,a ,d nwljs ls dqN fuf'pr nwjh ij lekukUrj :i ls j[kh gqbZ gSA bl ij vkos'k 

Øe'k% Q, –2Q, 3Q gSA fcUnq  A, B, C rFkk D  ij fo|qr {ks=k ds eku dh x.kuk dhft,A 

 
Solution :   EA = EQ + E–2Q + E3Q. 

   ;gka EQ  dk eryc ‘Q’ ds dkj.k fo|qr {ks=k gSA 

   EA = 
0

(Q 2Q 3Q)

2A

 


 = 

0

2Q

2A
 = 

0

Q

A
, ck¡;aha vksj 

   (ii) EB = 
0

Q ( 2Q 3Q)

2A

  


 , nk¡;h vksj 

        = 0  

   (iii)  EC = 
0

(Q 2Q) (3Q)

2A

 


= 

0

4Q

2A




 = 

0

2Q

A




, nk¡;ha vksj   

0

2Q

A
 ck¡;ha vksj 

   (iv) ED =
0

(Q 2Q 3Q)

2A

 


 = 

0

2Q

2A
 = 

0

Q

A
, nk¡;ha vksj 

 

Example 112. nks pkyd ifV~Vdk A rFkk B ,d nwljs ds lekukUrj j[kh gqbZ gSA  A dks vkos'k Q1 rFkk  B dks vkos'k Q2 

fn;k tkrk gSA fl) dhft, dh vUnj okyh lrgksa ij vkos'k dk eku cjkcj rFkk foijhr fpUg dk gksxkA 

Solution :   fp=kkuqlkj ,d xkmlh; i`"B dh dYiuk djus ijA bl i`"B ds nks Hkkx pkyd ds vUnj iwjh rjg mifLFkr 

gSA tgk¡ ij fo|qr {ks=k dh rhozrk 'kwU; gSA blfy, buesa ls xqtjus okys ¶yDl dk eku 'kwU; gksxkA cUn 

i`"Bksa dk nwljk Hkkx tks fd pkyd ds ckgj gSA ;g fo|qr {ks=k dh rhozrk ds lekukUrj gSA blfy, bl Hkkx 

ls ¶yDl 'kwU; gksxkA blfy, can i`"B ls xqtjus okyk dqy fo|qr ¶yDl 'kwU; gSA xkml ds fu;ekuqlkj 

can i`"B ds vanj dqy vkos'k 'kwU; gksuk pkfg,A A dh vkUrfjd lrg ij vkos'k B dh vkUrfjd lrg ij 

fLFkr vkos'k ds cjkcj rFkk foijhr gksuk pkfg,A 

   

   vkos'k dk forj.k fp=k esa iznf'kZr gS] q dk eku Kkr djus ds fy,  A ds vUnj fdlh fcUnq p dh dYiuk 

djrs gSA ekuk fd A dh lrg dk {ks=kQy (,d vksj dk) A gSA lehdj.k E =  / (20), dk mi;ksx djus ij 

fcUnq  P ij fo|qr {ks=k 

   Q1 – q vkos'k ds dkj.k = 1

0

Q q

2A




   (uhps dh vksj) 

   + q vkos'k ds dkj.k =  
0

q

2A
  (Åij dh vksj) 

   – q vkos'k ds dkj.k =  
0

q

2A
  (uhps dh vksj) 
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   Q2 + q vkos'k ds dkj.k = 2

0

Q q

2A




 (Åij dh vksj) 

   fcUnq P ij pkjksa lrg ds dkj.k dqy fo|qr {ks=k (uhps dh fn'kk esa) 

   Ep = 1 2

0 0 0 0

Q q Q qq q

2A 2A 2A 2A

 
  

   
  

   pwafd fcUnq  P pkyd ds vUnj gS] blfy, bl fcUnq ij {ks=k dk eku 'kwU; gksxkA vr% 

   Q1 – q – q + q – Q2 – q = 0 ;k 1 2Q Q
q

2


   

   ;g ifj.kke fuEu ifj.kke dh fof'k"V fLFkfr gSA tc vkosf'kr pkyd ifV~Vdk dks ,d nwljs ds lekukUrj 

j[kk tkrk gS rks nksuksa ckgjh lrgkas ij cjkcj vkos'k vk tkrk gS vkSj lkeus okyh lrg ij cjkcj fdUrq  

foijhr izd`fr dk vkos'k vk tkrk gSA 

Example 113. nks yEch lekukUrj pkyd ifV~Vdkvksa (nksuksa ,d nwljs ls ifjfer nwjh ij gSaA) dks Øe'k% Q rFkk 2Q vkos'k 

fn;k tkrk gSA rks lHkh i`"Bksa ij mifLFkr vkos'k dh x.kuk dhft,A   

 

Solution :   ekuk dh igyh ifV~Vdk ds ck;ha vksj vkos'k dh ek=kk x gS rks nk¡;ha vksj vkos'k dh ek=kk Q–x  gksxhA blh 

rjg ;fn nwljh IysV ds ck¡;aha vksj y vkos'k gS rks nk¡;ha vksj 2Q – y vkos'k gksxkA    

   Ep = 0  ( pkyd ds xq.k ls)    

   
o

x

2A
 – 

o o o

Q x y 2Q y

2A 2A 2A

   
  

    
= 0     

   ge dg ldrs gaS fd P ds ck¡;aha vksj vkos'k = P ds nk¡;aha vksj vkos'k 

   x = Q – x + y + 2Q – y  

     x = 
3Q

2
, Q – x = 

Q

2


            

   blh rjg fcUnq Q ds fy, : 

   x + Q – x + y = 2Q – y 

      y = Q/2, 2Q – y = 3Q/2 

   vr% vkos'kksa dk vfUre forj.k fp=kkuqlkj gksxkA 

 

 

Example 114 fp=k esa – Q, 3Q vkSj Q vkos'k okyh rhu cM+h pkyd ifV~Vdk,a n'kkZ;h xbZ gSaA  
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Solution :   ekuk i`"B 2 ij vkos'k x gSA vkos'k laj{k.k ds vuqlkj i`"B 1 ij vkos'k (– Q – x) gksxkA pkyd IysV ds 

vUnj fo|qr {ks=k 'kwU; gksrk gSA vr% P ij fo|qr {ks=k 'kwU; gSA P ij ifj.kkeh {ks=k -  

    EP = 0  

    
0

Q x

2A

 


 =

0

x 3Q Q

2A

 


   –Q – x = x + 4Q 

 

    x = 
5Q

2


   

   uksV : ge ns[krs gSa fd ifV~Vdkvksa ds ,d nwljs ds lEeq[k i"̀Bksa ij vkos'k leku ifjek.k o foijhr fpUg 

dk gSA bls xkml çes; }kjk O;kid :i esa Hkh fl) fd;k tk ldrk gSA ;g egRoiw.kZ ifj.kke gS bls ;kn 

j[ksA  bl izdkj lHkh lrgksa ij vfUre vkos'k forj.k fp=kkuqlkj gSA 

  

    

Example 115. Q vkos'k o A {ks=kQy dh ,d foyfxr pkyd ifV~Vdk ,d le:i fo|qr {ks=k E esa bl çdkj j[kh gqbZ gS 

fd fo|qr {ks=k IysV ds yEcor~ gS o lEiw.kZ ifV~Vdk ij fo|eku gS rks blds nksuksa i`"Bksa ij mRiUu vkos'kksa 

dks Kkr dhft,A        

 
Solution :   ekuk IysV ds ck¡;ha vksj x vkos'k gS o IysV ds nk¡;ha vksj Q – x vkos'k gSA 

    EP = 0       

    
0

x

2A
+ E =

0

Q x

2A




  ;k    

0

x

A
= 

0

Q

2A
 – E   

      x  = 
Q

2
– EA0   vkSj   Q – x = 0

Q
EA

2
   

   vr% ,d vksj vkos'k  
Q

2
– EA0 gS rFkk nwljh vksj 

Q

2
+ EA0 gSA    

uksV : bl ç'u dks mijksDr mÙkj dk mi;ksx fd;s fcuk Q = 0 ds fy, gy dhft, rFkk çkIr mÙkj dk 

feyku dhft,A ;g mÙkj mijksDr mÙkj esa Q = 0 j[kus ij izkIr gksxkA 
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_____________________________________________________ 

17.1 cUn pkyd ds fy, dqN vU; egRoiw.kZ ifj.kke % 

 (i) ;fn vkos'k q fdlh xqgk esa gS rks xqgk ds Hkhrjh ry ij  –q rFkk pkyd ds ckgjh ry ij +q vkos'k mRiUu 

gksxkA (xkml ds fu;e ls bldks fl) fd;k tk ldrk gSA) 

 

 (ii) ;fn fdlh pkyd ds vUnj fLFkr xqgk esa vkos'k q j[kk tk;s vkSj pkyd dks vkos'k Q fn;k tk;s rks Hkhrjh i`"B 

ij ij –q vkos'k rFkk pkyd ds ckgjh ry ij q + Q vkos'k mRiUu gksxkA (bldks xkml ds fu;e ls fl) fd;k 

tk ldrk gSA) 

 

 (iii) S1 ds ckgj fdlh fcUnq ¼tSls B,C) ij vkos'k q ¼xqgk ds vUnj) rFkk S1 ij çsfjr vkos'k ds dkj.k ifj.kkeh oS|qr 

{ks=k 'kwU; gksrk gSA S2 i`"B ds vanj fLFkr fdlh fcUnq ¼tSls A, B) ij i`"B S2 ij mifLFkr vkos'k q + Q rFkk 

i`"B S2 ds ckgj mifLFkr vkos'k ds dkj.k ifj.kkeh fo|qr {ks=k 'kwU; gksrk gSA  

 

 (iv) fdlh cUn pkyd ds vUnj vkos'kfoghu xqgk esa ifj.kkeh fo|qr {ks=k 'kwU; gksrk gSA pkyd dh i`"B ij rFkk i`"B 

ds ckgj vkos'k gks ldrk gSA rc Hkh ;g ifj.kke lR; gSA pkyd dh lcls Hkhrjh i`"B ij dksbZ vkos'k izsfjr ugha 

gksxkA 

 

dksbZ vkos'k ugha 

 

 (v) pkydksa ds vUnj fofHkUu izdkj dh xqgkvksa ds vUnj vkUrfjd lrg vkSj ckgjh lrg ij fdldk vkos'k ?kuRo 

leku gS ;k vleku bldk fu.kZ; djksA  
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  (A)    (B) 

 tc vkos'k mHk;fu"B dsUæ ij ugha gSA 

S1, S2  xksyh;  

  

  (C)       (D)   

  (E)     (F)   

  (G)     (H)  

 

fLFkfr A B C D E F G H

S1 le:i vle:i vle:i vle:i le:i vle:i vle:i vle:i

S2 le:i le:i le:i le:i vle:i vle:i vle:i vle:i
  

uksV :  bu lHkh fLFkfr esa vUnj okyh lrg (S1), ij vkos'k = –q vkSj ckgjh lrg (S2) ij vkos'k = q gSA ;fn pkyd ij 

vkos'k j[k fn;k tk;s rc Hkh ‘S1’ ij vkos'k dk forj.k ugh cnyrk gSA ysfdu ;fn pkyd ds ckgj dqN vkos'k j[k 

fn;k tk;s rks S2 ij vkos'k forj.k cny ldrk gSA  
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Example 116. fp=kkuqlkj ,d vukosf'kr pkyd xksyk ftldh vkUrfjd f=kT;k R1 o cká f=kT;k R2 gSA blds dsUnz ij 

,d fcUnq vkos'k q j[kk gqvk gSA rks   

 

   (i)  A, B vkSj C fcUnqvksa ij E  o V Kkr dhft,A      

   (ii) ;fn xksys ds ckgj ‘r’ (>>R2) nwjh ij ,d fcUnq vkos'k Q j[k fn;k tk;s rks Q o q ij ifj.kkeh cy 

Kkr dhft,A 

Solution :  A fcUnq ij : 

   VA = 
Kq

OA
+ 

2

Kq

R
+ 

1

K( q)

R


,  

   AE = 
3

Kq
OA

OA
        

   Note : A ij] S1  ij fLFkr vkos'k –q rFkk S2 ij fLFkr vkos'k +q ds dkj.k fo|qr 

{ks=k 'kwU; gksxk D;ksafd ;g ,d leku :i ls forfjr gSA 

 

   B fcUnq ij : 

   VB = 
Kq

OB
 + 

K( q)

OB


 + 

2

Kq

R
 = 

2

Kq

R
, EB = 0 

   C fcUnq ij : 

   VC = 
Kq

OC
, CE = 

3

Kq
OC

OC
 

   (ii) fcUnq vkos'k Q ij cy : 

   Note : ;gka ‘Q’ ij cy dsoy S2 ij fLFkr vkos'k ‘q’ ds dkj.k gh gksxk ifj.kke (iii) ns[ksaA  

   QF  = 
2

KqQ
r̂

r
 (r = dsUnz ‘O’ ls ‘Q’ dh nwjh)  

   fcUnq vkos'k q ij cy : qF   = 0  (ifj.kke (iii) rFkk S1 ij le:i vkos'k ds mi;ksx ls) 

 

Example 117. ,d fujkosf'kr pkyd xksys dh vkUrfjd f=kT;k R1 o cká f=kT;k R2 gSA  fp=kkuqlkj ,d fcUnq p ¼dsUnz ij 

ugha½ ij j[kk gS\ fuEu Kkr djks \       

 
   (i)  VC     (ii)  VA   (iii)  VB   (iv)  EA   

   (v)  EB     (vi) ;fn vkos'k Q dks B ij j[kk tkrk gS] rks bl ij cyA          
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Solution :  (i)  VC = 
Kq

CP
+ 

1

K( q)

R


 + 

2

Kq

R
 

    Note : S1 ij –q vkos'k vleku :i ls forfjr gSA fQj Hkh C ij bldk foHko 
1

K( q)

R


 D;ksafd S1 ds 

çR;sd fcUnq ls C dh nwjh R1 gSA  

   (ii)  VA = 
2

Kq

R
   (iii) VB = 

Kq

CB
  (iv) EA = O  (fcUnq /kkfRod pkyd ds vUnj gSA) 

   (v) EB = 
2

Kq

CB

^

CB   (vi) FQ = 
^

2

KQq
CB

CB
  

———————————————————————————————————  
 (vi) vkos'kksa dk forj.k % R1 vkSj R2 f=kT;k ds nks lqpkyd [kks[kys xksyksa ij vkos'k Øe'k% Q1 rFkk Q2 gS rFkk muds 

chp dh nwjh vR;f/kd gSA budks ,d lqpkyd rkj ls tksM+rs gSaA 

  ekuk xksyksa ij vfUre vkos'k Øe'k% q1 rFkk q2  gSA   

  tksM+us ds i'pkr~ nksuksa xksyh; dks'kksa dk foHko leku gksxkA vr% 

    1

1

Kq

R
 = 2

2

Kq

R
  1

2

q

q
 = 1

2

R

R
    ......(i)  

  rFkk,  q1 + q2 = Q1 + Q2     ......(ii) 

 

 

  leh0 (i) rFkk (ii) ls  q1 = 1 2 1

1 2

(Q Q )R

R R




 q2 = 1 2 2

1 2

(Q Q )R

R R




 

  vkos'kksa dk vuqikr  1

2

q

q
= 1

2

R

R
   

2

1 1

2

2 2

4 R

4 R

 

 
 = 1

2

R

R
 

  i`"Bh; vkos'k ?kuRoksa dk vuqikr    1

2




=  2

1

R

R
 

  vfUre vkos'kksa dk vuqikr    1

2

q

q
 = 1

2

R

R
 

  vfUre i`"Bh; vkos'k ?kuRoksa dk vuqikr 1

2




 = 2

1

R

R
  

 

Example 118. Q vkos'k o R f=kT;k ds ,d foyfxr pkyd xksys dks ,d nwljs le:i fujkosf'kr xksys ls (;g nksuksa vf/kd 

nwjh ij j[ks gS) mPp çfrjks/k okys rkj }kjk tksM+k tkrk gSA yEcs le;kUrjky ckn Å"eh; gkfu D;k gksxh  ? 

 

Solution :  tc leku f=kT;k ds nks pkyd xksyksa dks tksM+k tkrk gS rks mues vkos'k cjkcj forfjr gksrk gSA vr% fudk; 

dh Å"eh; gkfu 

   H = Ui – Uf 
2

0

Q
0

8 R

 
  

 
 –

2 2

0 0

Q / 4 Q / 4

8 R 8 R

 
 

  
=

2

0

Q

16 R
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Example 119.  ,d pkyd rkj }kjk lcls vanj okys dks'k rFkk cká dks'k dks tksM+ fn;s tkus ds ckn çR;sd xksyh; dks'k 

ij vkos'k Kkr dhft,A çR;sd ì"B ij vkos'k Kkr dhft,A 

 

Solution :  ekuk vkUrfjd dks'k ij vkos'k x gSA vUr esa dks'k 1 dk foHko = dks'k 3 dk foHko   

 

   
Kx

R
+

K( 2Q)

2R


+ 

K(6Q x)

3R


 =

Kx K( 2Q) K(6Q x)

3R 3R 3R

 
    

   3x –3Q +  6Q – x = 4Q ;  2x = Q ; x = 
Q

2
 

   vkUrfjd dks'k ij vkos'k = 
Q

2
 ckº; dks'k ij vkos'k = 

5Q

2
 

   e/; dks'k ij vkos'k = –2Q  

   vfUre vkos'k forj.k fp=k esa iznf'kZr gSA 
 

 

Example 120. R rFkk 2R  f=kT;kvksa ds nks pkyd [kks[kys xksyh; dks'kksa ij vkos'k Øe'k% – Q o 3Q gSA ;fn vkUrfjd dks'k 

dks Hkw&lEifdZr dj fn;k tk;s rks i`Foh esa fdruk vkos'k çokfgr gksxk? 

 
Solution :  tc vkUrfjd dks'k dks Hkw&lEifdZr fd;k tkrk gS rks vkUrfjd 

dks'k dk foHko 'kwU; gks tkrk gS D;ksafd i`Foh dk foHko 'kwU; 

ekuk tkrk gSA  

   
Kx

R
 + 

K3Q

2R
 = 0  

   x = 
3Q

2


, vkos'k tks c< tkrk gSA   

   = 
3Q

2


 – (–Q) = 

Q

2


  vr% i`Foh esa çokfgr vkos'k = 

Q

2
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Example 121. Q vkos'k o R f=kT;k ds ,d foyfxr pkyd xksys dks ,d nwljs le:i fujkosf'kr xksys ls (;g nksuksa vf/kd 

nwjh ij j[ks  gaS) mPp çfrjks/k okys rkj }kjk tksM+k tkrk gSA yEcs le;kUrjky ckn Å"eh; gkfu D;k gksxh  ? 

Solution :  tc leku f=kT;k ds nks pkyd xksyksa dks tksM+k tkrk gS rks muesa vkos'k cjkcj forfjr gksrk gSA vr% fudk; 

dh Å"eh; gkfu   

   H = Ui – Uf = 
2

0

Q
0

8 R

 
 

 
 – 

2 2

0 0

Q / 4 Q / 4

8 R 8 R

 
 

  
= 

2

0

Q

16 R
  

 

 
 

Problem 1.  nks leku /kukRed fcUnq vkos'k ftudk vkos'k 'Q' gS fcUnq B(a, 0) vkSj A(–a, 0). ij j[ks gaS ,d _.kkRed 

fcUnq  vkos'k  q0 ewyfcUnq O(0, 0) ij lkE;koLFkk esa j[kk gS rc fl) djks fd  

   (i)  Y-fn'kk esa foLFkkiu ds fy;s LFkk;h lkE;koLFkk  gSA 

   (ii) X-fn'kk esa foLFkkiu fd fy;s vLFkk;h lkE;koLFkk gSA 

Solution :   (i)  tc vkos'k y-fn'kk esa foLFkkfir gksrk gSa 

    ekuk x-y fn'kk bl rjg gS    

   

    ?kVdkas esa foHkkftr djus ij dqy cy _.kkRed y-v{k ds vuqfn'k gS ftlls d.k viuh okLrfod 

fLFkfr ij okil vk tkrk gSA vr% ;g LFkk;h lkE;koLFkk gSA 
 

   (ii) tc _.kkRed vkos'k q0, x-v{k vuqfn'k foLFkkfir gksrk gSA izkjEHk esa  

     AO BOF F 0   0
AO BO 2

KQq
F F

d
     

    tc vkos'k q0 dks + x v{k dh vkSj NksVh nwjh x ls gYdk ls foLFkkfir fd;k tk;s rc 

     BO AOF F  

    ;s cy vkd"kZ.k cy gS (_.kRed vkos'k ds dkj.k) 

  blfy;s d.k /kukRed x-v{k dh vksj xfr dj jgk gS vkSj ;g viuh okLrfod fLFkfr ij okil ugha 

igqaprk gS vr%] ;g _.kkRed vkos'k ds fy, vLFkk;h voLFkk gSA   
 

Problem 2.  m nzO;eku vkSj vkos'k –q okyk d.k] nks fLFkj vkosf'kr d.k ftuesa izR;sd dk vkos'k q gS rFkk ftuds e/; 

dh nwjh 2gS] ds e/; fLFkr gSA fl) djks fd d.k dh xfr SHM gksxh ;fn bls yEcor~ foHkktd }kjk 

FkksM+k ls foLFkkfir fd;k tk;s vkSj NksM+ fn;k tk;sA vkorZdky Hkh Kkr djks\ 

Solution :   ekuk x-y fn'kk bl rjg gS :    
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   tc d.k dks y-v{k ds vuqfn'k NksVs ls foLFkkiu }kjk foLFkkfir djrs gSa vkSj vkos'k q vkSj –q ds e/; yxus 

okys cy dks ?kVdksa esa foHkkftr djus ij] fp=kkuqlkj x-v{k esa yxus okyk Fnet  'kwU; gksxk [Fnet = –q vkos'k 

ij yxus okyk ewy vkos'k] 

    q vkos'k ij y fn'kk esa yxus okyk dqy cy = –2F cos  

   = –2. 
2 2

kQq

(x )
. 

2 2 1/ 2

x

(x )
    | F |  = 

2

2 2 3/ 2

2Kq x

(x )
 

    ma =
2

3

2Kq x
   (x << ds fy,)     (a = – q vkos'k dk Roj.k)    

    a = –
2

3

2Kq

m
. x     ;g S.H.M. dk lehdj.k gSA (a = – 2x)  

   vr% bl (–q) vkos'k dk dykUrj :-  T = 
3

2

m
2

2Kq
   Ans.  

 

Problem 3.  Q vkos'k ds nks vkos'kksa dks fdlh oxZ ds fdUnh nks fdukjksa ij j[kk x;k gSA q vkos'k] vU; nks fdukjksa ij 

j[kk x;k gSA  

   (a)  ;fn Q ij ifj.kkeh vkos'k 'kwU; gS rks] Q vkSj q fdl rjg ls lEcfU/kr gSa\  

   (b)  izR;sd vkos'k ij ifj.kkeh cy dks 'kwU; djus ds fy, q ds fy, fdl eku dk D;k p;u djsa\ 

Solution :  (a)  ekuk fp=kkuqlkj fdlh oxZ ABCD ij] vkos'kksa dks j[kk tkrk gSA  

 
    fcUnq A ij] vkos'k Q  ij] vU; vkos'kksa ds dkj.k yxus okyk cy fp=kkuqlkj QQF , QqF  vkSj FQq  gSA  

    Fnet on Q =  Q.Q Qq QqF F F      

    (fcUnq A ij) ysfdu Fnet = 0  vr%, Fx = 0  

    Fx = – FQQ cos45° – FQq   
2

22

KQ 1 KQq
.

a( 2a) 2
 = 0     q = – 

Q

2 2
   Ans.  

   (b) izR;sd vkos'k ds fy;s ifj.kkeh cy 'kwU; gksxkA 

    fn;s x;s vkadM+ksa ¼x.kukvksa½ ls Q vkos'k ij cy 'kwU; gS] tc q = –
Q

2 2
 gS ;fn vkos'k q, ds bl eku 

ds fy;s q ij cy 'kwU; gS rc vkSj dsoy rc q dk eku tks vfLrRo esa gksxk ftlds fy;s] izR;sd vkos'k 

ij cy 'kwU; gSA  

    q ij cy] vU; rhu vkos'kksa ds dkj.k fp=kkuqlkj qQF ,  qqF rFkk qQF  gSA      

    q vkos'k ij dqy cy :  net qq qQ qQF F F F     

    ysfdu   netF  = 0    vr%, Fx = 0  ; Fx =  –
2

2

Kq

( 2a)
.

1

2
 – 

2

KQq

(a)
       q = – 2 2 Q   

    ysfdu Åij fn;s x;s 'krkZuqlkj = –
Q

2 2
  

    vr% q dk dksbZ Hkh eku] izR;sd vkos'k ij ifj.kkeh cy dk eku 'kwU; ugha dj ldrkA  
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Problem 4.  teksVkbZ rFkk  le:i vk;ru vkos'k ?kuRo okyh vuUr vpkud ifêsdk ds dkj.k] ftldk fd cka;s vk/ksa 

Hkkx vkos'k ?kuRo  rFkk nka;s vk/ks Hkkx dk vkos'k ?kuRo 2 gS rks lefer ry ij fo|qr {ks=k crkb;s\  

Solution :  
t

x
2

 
 

 
 rFkk 

t
x

2

 
 

 
 eksVkbZ dh nks ifêdk ekurs gSaS] tc fcUnq ifêdk ds vUnj gSA  

   P fcUnq ij dqy fo|qr {ks=k :     

   E = E1 – E2  = 1 2

0 0

Q Q

2A 2A


 
 

   [Q1 : cka;h ifêdk ij vkos'k ; Q2 = nka;h ifêdk ij vkos'k] 

   = 
0 0

t t t
A x 2 A x 3x

2 2 2

2A 2

     
           

     


 
 

   lefer ry ij,  x = 0  vr%, E =  
0

t

4





 Ans. 

 

 

Problem 5.  fp=k esa le:i vkosf'kr] iryk vpkyd xksyk ftldk dqy vkos'k Q o f=kT;k R iznf'kZr gSA ;fn fcUnq 

vkos'k q, A ij gks tks xksys ds dsUnz ls r < R nwjh ij gS rks fuEu Kkr djksA 

 
   (i) vkos'k q ij cy   (ii) xksys ds dsUnz ij fo|qr {ks=k  (iii) fcUnq B ij fo|qr {ks=k 

Solution :  (i)  [kks[kys xksys ds vUnj fo|qr {ks=k = 0 

     vkos'k q ij cy F = qE = q × 0 = 0 

   (ii) xksys ds dsUnz ij dqy fo|qr {ks=k Enet =  1E  + 2E   

    E1 = xksys ds dkj.k fo|qr {ks=k = 0   

    E2 = bl vkos'k ds dkj.k fo|qr {ks=k = 
2

Kq

r
 

    Enet = 
2

Kq

r
 

 

   (iii) xksys ij fLFkr vkos'k ds dkj.k B ij fo|qr {ks=k 1E  = 12

1

KQ
r̂

r
 

    A ij fLFkr vkos'k q ds dkj.k 2E  = 22

2

Kq
r̂

r
   

    vr%, netE = 1E  + 2E  = 12

1

KQ
r̂

r
 + 22

2

Kq
r̂

r
 tgk¡ r1 = CB  vkSj r2 = AB   

 

Problem 6.  fp=k esa nks R1 o R2 (R2 > R1) f=kT;k ds ladsUnzh; xksys n'kkZ;s gSa ftu ij Øe'k% Q o – Q vkos'k leku :i 

ls forfjr gSA fuEu ij fo|qr {ks=k djksA 

 

   (i) r < R1    (ii) R1  r < R2   (iii) r  R2              
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Solution :  dqy fo|qr {ks=k = E1 + E2  

   E1 = R1 f=kT;k ds xksys ds dkj.k fo|qr {ks=k 

   E2 = R2 f=kT;k ds xksys ds dkj.k {ks=k 

   (i) E1 = 0, E2 = 0   ;   Enet = 0   

   (ii) E1 = 
2

KQ

r
, E2 = 0      

2

Kq
ˆE r

r
  

   (iii) 1E


 = 
2

Kq
r̂

r
 2E


 = 
2

Kq

r
 (– r̂ )  netE



 =  1E


 + 2E


= 0 

 

  

Problem 7.  R f=kT;k rFkk ,d leku vk;ru vkos'k ?kuRo  okys Bksl dqpkyd xksys dk dsUnz ewy fcUnq ij gSA fuEu 

fLFkfr;ksa esa fo|qr {ks=k lfn'k :i esa Kkr djksA 

   (i) (R, 0, 0)    (ii) (0, 0, R/2)  (iii) (R, R, R) 

Solution :  leku vkosf'kr vpkyd xksys ds vUnj fo|qr {ks=k  

   E


 = k
3

Qr

R
  = 

o

r

3




 for r < R   vkSj xksys ds ckgj fo|qr {ks=k  

        oE = 
2

KQ

r
. r̂  = 

o

1

4
. 

3

2

4
R

3

r



r̂   =
3

2

o

R

3 r




 . r̂  for r  R 

   (i) (R, 0, 0 ) vFkkZr~ ;g lrg ij fLFkr fcUnq gS 

    r  = R r̂  vkSj r̂  = î  ;   oE  =
3

2

o

R

3 R




 ( î ) = 

o

R

3




.  î  

   (ii)  (0, 0 
R

2
)  vFkkZr~ ;g fcUnq lrg ds vUnj gS 

     r =
R

2
k̂      E = 

o

R

6




k̂   

   (iii) fLFkfr (R, R , R)  ds fy,   

    r  = R( î  + ĵ  + k̂ )  r̂  = 
ˆ ˆ ˆi j k

3

 
, r = R 3 vFkkZr~ (R,R,R), xksys ds ckgj fLFkr fcUnq gSA  

    E =
3

2

o

R

3 (3R )




.

ˆ ˆ ˆ( i j k)

3

 
=

o

R

9 3





ˆ ˆ ˆ(i j k)     Ans.   

 

Problem 8.  rhu le:i xksys çR;sd ij fcUnqor vkos'k q (leku :i ls forfjr) rFkk f=kT;k R bl çdkj j[ks gq, gSa fd 

çR;sd xksyk 'ks"k nks xksyksa dks Li'kZ djrk gSA fdlh Hkh ,d xksys ij 'ks"k nks xksyksa ds dkj.k yxus okys 

oS|qr cy dk ifjek.k Kkr dhft,A 

Solution :  fp=kkuqlkj rhu leku] R f=kT;k ds xksys ftudk izR;sd dk vkos'k 

q gS fn;s x;s gSA fdlh ckgjh fcUnq ds fy;s xksys fcUnq vkos'k dh 

rjg O;ogkj djasxs vr% ;g ,d f=kHkqt cusxk ftlesa lHkh fdukjs 

ij fcUnq vkos'k fLFkr gSA   

   qq| F |  = 
2

2

kq

4R
  

 

   vr% dqy cy (F) = 2. 
2

2

kq

4R
.cos 

60

2


= 2. 

2

2

kq

4R

3

2
=

3

4
.

2

2

kq

R
  Ans.  
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Problem 9.  20 N/C dk ,d leku fo|qr {ks=k m/okZ/kj uhps dh vksj gS dksbZ O;fä 40 cm Å¡pkbZ ij tkrk gS rks foHko 

fdruk c<+rk gSA Kkr djksA        

Solution :   E = – 
dV

dr
    dV = – E . dr  

   E  = fu;rkad ds fy, 

   V = –E . r


    V = – 20 (– ĵ ). (40 × 10–2) ĵ  = 8 volts. 
 

Problem 10.  x v{k ds vuqfn'k 10 N/C dk fo|qr {ks=k gSA foHkokUrj VB – VA dh x.kuk djks tgk¡ fcUnq A o B fn;s x;s gSaA 

   (a) A = (0, 0) ; B = (8m, 3m)  (b) A = (8m, 3m) ; B = (12m, 6m)  (c) A = (0, 0) ; B = (12m, 6m)   

Solution :   x-v{k ij fo|qr {ks=k E


 = 10 î  

   
 

   (a) ABV = E.d  = 10 î  . 8 î  = 80 V     VB – VA = – 80V  

   (b) BCV = E.d  = 10 î  . 4 î  = 40 volt     VC – VB = – 40V  

   (c) ACV = E.d  = 10 î  . 12 î  = 120 volt     VC – VA = – 120 V    
 

Problem 11. dqN lefoHko lrg fp=k esa çnf'kZr gS rks ge rFkk fo|qr {ks=k dh fn'kk o ifjek.k ds ckjs esa D;k dg ldrs gSa\ 

 
Solution :   ge tkurs gSa fd] fo|qr {ks=k lefoHko i`"B ds ges'kk yEcor~ gksrk gSA vr% 

fo|qr {ks=k js[kkvksa dks lrg ds yEcor~ cukrs gS vkSj ;s j[kk,sa dsUnz ls 

'kq: gksrh gSA vr% ;g {ks=k] dsUnz ij fLFkr fcUnq vkos'k ds dkj.k fo|qr 

{ks=k ds leku gSA vr% fn;s x;s foHko dk] fcUnq vkos'k ds dkj.k foHko ls 

rqyuk djus ij izkIr djsaxsA 

   V = 
KQ

r
    KQ = VA rA = VBrB = VCrC  =  6 V-m  

   vr%] r f=kT;k dh nwjh ij fo|qr {ks=k E = 
2

KQ

r
= 

2

6

r
 V/m 

 

   D;ksfd fo|qr {ks=k js[kk,sa] ?kVrs foHko dh vksj gksrh gSA vr% fo|qr {ks=k f=kT;h; ckgj dh fn'kk esa gksxkA 
 

Problem 12. R f=kT;k dh fLFkj oy; ij Q vkos'k leku :i ls forfjr gS] bldh v{k ij 3R  nwjh ls –q vkos'k rFkk 

m nzO;eku dk fcUnq vkos'k ux.; pky ls NksM+k tkrk gSA tc og oy; ds dsUnz ij igaqp tkrk gS rks 

bldk osx Kkr djks\                                                   
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Solution :   leku vkosf'kr oy; ds dkj.k bldh v{k ij foHko (x nwjh ij)  

   V =  
2 2

kQ

R x
;  vr% oy; ds dkj.k fcUnq A ij foHko 

   V1 = 
2 2

kQ

R 3R
 =

kQ

2R
  

   vr% –q vkos'k dh A ij fLFkfrt ÅtkZ P.E.1 =
kQq

2R


 

   vkSj fcUnq B ij foHko  V2 = 
kQ

R
 

 

   vr% –q vkos'k dh fcUnq B ij fLFkfrt ÅtkZ P.E.2 =
kQq

R


 

   vc ÅtkZ lja{k.k ls P.E.1 + K.E.1 = P.E2 + K.E2    
kQq

2R


+ 0 = 

kQq

R


+

1

2
 mv2    

   v2 = 
kQq

mR
 vr% fcUnq B ij – q vkos'k dk osx v = 

kQq

mR
   Ans.    

 

Problem 13. a Hkqtk okys leprq"Qyd ds pkjksa dksuks dk leku ifjek.k q ds vkos'k j[ks gS rks fudk; dh fLFkfrt ÅtkZ Kkr djksA 

–q

q

q

–q

 
Solution :   fudk; dh fLFkfrt ÅtkZ : U = U12 + U13 + U14 + U23 + U24 + U34 

 

   U = 
2kq

a


 +

2kq

a
+

2kq

a


+

2kq

a


+

2kq

a
+

2kq

a


 bl vkos'k fudk; ds fy;s fLFkfrt ÅtkZ U = 

22kq

a


       

 

Problem 14. ;fn V = x2y + y2z gks rks fcUnq (x, y, z) ij E  Kkr djksA 

Solution :   fn;k gS V = x2y + y2z    vkSj E  =–
v

r




 ; E



 = –
V V Vˆ ˆ ˆi j k
x y z

   
  

   
  E



 = – [2xy î + (x2+2yz) ĵ + y2 k̂ ] 

Problem 15. fn;k gS E  = 
2

20

x
î  V/m, fo|qr {ks=k dk ifjek.k dsoy x-funsZ'kkad ij fuHkZj djrk gS rks Kkr dhft, & 

   (i)  nks fcUnqvksa A (5m, 0) o B (10m, 0) ds chp foHkokUrjA  

   (ii)  ;fn  ij V dk eku 10 oksYV gS rks x = 5  ij foHkoA 

   (iii)  Hkkx (i) esa A o B ds chp foHkokUrj D;k bl ckr ij fuHkZj djrk gS fd  ij foHko 10 oksYV gSA 

Solution :   fn;k x;k gS E


 = 
2

20

x
î  V/m   ;    ge tkurs gSa fd  dV E.dr

 

   ; 
2 2 2

1 11

V x x

x 2

V x x

20
dV E dx dx

x
       

   foHkokUrj V =
20

x
2

1

x

x       V2 – V1 = 
2 1

20 20

x x
  
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   (i) fcUnq A vkSj B ds e/; foHkokUrj (V for  A to B)  VB – VA =  
20 20

10 5
  = – 2 volt  

   (ii) x =  ls x = 5 ds fy;s V   ;    V5 – V =  
20

5
– 

20


 ;   V5 = 10 + 4 = 14 volt 

   (iii) fdUgha nks fcUnqvksa ds e/; foHkokUrj] foHko ds funsZ'k eku dj fuHkZj ugha djrk gS vr% A vkSj B ds e/; 

foHkokUrj bl ckr ij fuHkZj ugha djsxk fd  ij foHko 10 oksYV gS ;k dqN vU;A 
 

Problem 16. ;fn E = 2r2 gks rks  V(r) Kkr dhft,A 

Solution :   fn;k gS E = 2r2     

   ge tkurs gSa fd  dv = –
.

E.dr


 = – 22r dr V(r) = 
32r

3


+ c    Ans.    

 

Problem 17.  yEckbZ dh NM+ ij Q vkos'k ,d leku :i ls forfjr gSA Hkqtk okys ,d ?ku dh dYiuk djsa ftldk 

dsUnz NM+ ds ,d fljs ij gksA ?ku dh lEiw.kZ ì"B ls fudyus okys U;wure fo|qr ¶yDl dh x.kuk djksA 

Solution :   xkWl fu;e ls : cUn dkYifud lrg ds vUnj fLFkr vkos'k ij ¶yDl fuHkZj djrk gSA  

   vr% U;wure lEHko ¶yDl tks fd ?ku dss lEiw.kZ lrg ls ikfjr gksxk] ds fy;s ?ku ds vUnj vkos'k U;wure gksxk  

   NM+ dk js[kh; vkos'k ?kuRo = 
Q

 

   vkSj ?ku ds vUnj] NM+ dh U;wure yEckbZ =  
2

    

   vr% ?ku ds vUnj vkos'k = 
2

.
Q

=
Q

2
   

   vr% ?ku dh lEiw.kZ lrg ls ikfjr ¶yDl =
o

q


=

0

Q

2
 

 

 

Problem 18. ,d vkos'k  Q ?ku ds dksus ij j[kk gSA ?ku dh N% Qydksa ls fuxZr ¶yDl dh x.kuk djksA 

Solution :    xkml fu;e ls  = in

0

q


; ;gk¡] D;ksafd Q fdukjs ij j[kk gS vr% ?ku ds vUnj 

dsoy 
Q

8
 vkos'k gSA D;kasfd iwjk vkos'k bl rjg ds 8 ?kuksa ls f?kjk gqvk gSA   

     qin = 
Q

8
 vr%,  =  in

0

q


= 

0

Q

8
   Ans. 

 

 

Problem 19. ,d Q vkos'k o R f=kT;k dk foyfxr pkyd xksyk mPp izfrjks/kd rkj ls HkwlEifdZr fd;k tkrk gSA blesa 

Å"ek gkfu fdruh gksrh gSA  

Solution :  tc xksys dks Hkw lEifdZr fd;k tkrk gS rks bldk foHko] 'kwU; 

gks tkrk gSA ftldk eryc gS lHkh vkos'k] /kjkry esa pys x;s 

gSA D;ksfd xksyk pkfyr vkSj foyfxr gSA   

   vr% xksys dh lHkh ÅtkZ] Å"ek esa ifjofrZr gks tk;sxhA  

   vr%] dqy Å"ek gkfu = 
2kQ

2R
  

               

 

Problem 20. ,d foyfxr pkyd ijr] ftldk {ks=kQy A vkSj vkos'k Q gS dks 

leku fo|qr {ks=k E esa j[kk x;k gSA ijr dks bl rjg j[kk gS fd 

fo|qr {ks=k] ijr ds yEcor~ gS vkSj ;g lEiw.kZ ijr ij vkifrr 

pkyd ijr esa cka;s rjQ vkSj nka;h rjQ izdV] vkos'k dks Kkr 

djksA ijr ds cka;h rjQ vkSj nka;h rjQ dk ifj.kkeh fo|qr {ks=k 

Hkh Kkr djksA  
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Solution :   ekuk ;gk¡ IysV ds cka;h vksj x vkos'k gS vkSj nka;h vksj Q – x 

vkos'k gSA 

   EP = 0  

   
0

x

2A
+ E =

0

Q x

2A




    

0

x

A
 = 

0

Q

2A
 – E   

      x = 
Q

2
– EA0 vkSj Q – x = 0

Q
EA

2
   

 

   vr% ,d rjQ vkos'k 
Q

2
 – EAo vkSj nwljh rjQ vkos'k 

Q

2
 + EAo gSA 

   vkosf'kr ijr ds dkj.k] ijr ds ckgj fLFkr fcUnq ij fo|qr {ks=k = net

o

Q

2A
 = 

o

Q

2A
  

   vkSj fn'kk IysV ds ckgj dh vksj gksrh gSA E1 vkSj E2 Øe'k% IysV ds cka;h vksj vkSj nka;ha vksj fLFkr vkos'k 

ds dkj.k fo|qr {ks=k gSA  

   vc Eleft = E – E1 – E2  = E – 
o o

o

Q Q
EA EA

2 2

2A

    


  

   = E–
o

Q

2A
(cka;ha rjQ) ; Eright E + E1 + E2 = E +

o

Q

2A
 (nka;ha rjQ)   

 
 

Problem 21. nks vukosf'kr rFkk lekUrj pkyd ifV~Vdk,a ¼izR;sd dk 

{ks=kQy A gSA½ le:i fo|qr {ks=k E esa ,d nwljs ls ifjfer 

nwjh ij j[kh gsa fo|qr {ks=k ifV~Vdkvksa ds yEcor~ gS rFkk 

lEiw.kZ ifV~Vdk,a bl {ks=k ls <dh gSaA rks blds nksuksa i`"Bksa ij 

mifLFkr vkos'k Kkr djks\  

Solution :   IysVs] pkfyr gS vr% bu IysVksa ds vUnj fo|qr {ks=k 'kwU; gSA 

vr% izsfjr vkos'kA ¼IysVksa dh lrg ij½ ds dkj.k fo|qr {ks=k 

ckgjh fo|qr {ks=k ls larqfyr gks tkrk gSA  

   ;gk¡ iE  = izsfjr fo|qr {ks=k  

   nksuksa IysVksa ds fy;s  iE  + E  = 0  

     iE = – E        .....(1)    

   ekuk lrgksa ij izsfjr vkos'k +Q vkSj – Q  gS rc 

   | iE | = 
0

Q

A
   

   lehdj.k (1)  ls 

   
0

Q

A
 = E    Q = AE0    Ans.  

 
 

Problem 22. ,d Bksl pkyd ?ku ds dsUnz ls d nwjh ij (?ku ds lkeus) ,d /kukRed vkos'k q j[kk gqvk gSA ?ku ds i`"B 

ij çsfjr gksus okys vkos'kksa ds dkj.k ?ku ds dsUnz ij fo0{ks0 Kkr dhft,A 

Solution :   ;gk¡ Ei = izsfjr vkos'k ds dkj.k fo|qr {ks=k  

   vkSj Eq = vkos'k q ds dkj.k fo|qr {ks=k 

   ge tkurs gS pkfyr xqgk ds vUnj fo|qr {ks=k] 'kwU; gksrk gS   

   vFkkZr] ?ku ds dsUnz ij E   = 0  

     E i + E q = 0     E i = – E q                           

    E i  = – 
2

kq

d
PO =

2

kq
OP

d
   Ans. 

 

 

mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

