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 Marked Questions can be used as Revision Questions. 

 fpfUgr iz'u nksgjkus ;ksX; iz'u gSA 

PART - I : SUBJECTIVE QUESTIONS 
 

Hkkx - I : fo"k;kRed iz'u ¼SUBJECTIVE QUESTIONS½ 
Section (A) : Definition of capacitance   
[k.M (A) : /kkfjrk dh ifjHkk"kk  
 
A-1. When 30C charge is given to an isolated conductor of capacitance 5F. Find out the following  

 tc 30µC dk vkos'k 5µF /kkfjrk ds ,d foyfxr pkyd dks fn;k tkrk gSA fuEufyf[kr Kkr dhft;s & 
 (i) Potential of the conductor pkyd dk foHko 

 (ii) Energy stored in the electric field of conductor pkyd ds fo|qr {ks=k esa laxzghr ÅtkZ 
 (iii) If this conductor is now connected to another isolated conductor by a conducting wire (at very large 

distance) of total charge 50 C and capacity 10F then  

 ;fn ;g pkyd vc 50µC dqy vkos'k ,oa 10µF /kkfjrk ds ,d foyfxr pkyd ¼vR;f/kd nwjh ij½ ls pkyd rkj 
}kjk tksM+k tkrk gS] rks  

 (a) find out the common potential of both the conductors. 

 nksuksa pkydksa dk mHk;fu"B foHko Kkr dhft;sA  
 (b) Find out the heat dissipated during the process of charge distribution. 

 vkos'k forj.k dh izfØ;k ds nkSjku O;; Å"ek Kkr dhft;sA 
 (c) Find out the ratio of final charges on conductors. 

 pkydksa ij vfUre vkos'kksa dk vuqikr Kkr dhft;sA 
 (d) Find out the final charges on each conductor. 
 izR;sd pkyd ij vfUre vkos'k Kkr dhft;sA     

Ans. (i) 6 V  (ii) 90 J (iii) (a) 
16

3
V  (b) 

5

3
J   (c) 

5 F

10 F

Q 1

Q 2





    (d) Q5F =  
80

C
3

  Q10F = 
160

C
3

  

Sol. Q1 = 30C, C1 = 5F 

 (i) V1 = 1

1

Q

C
 = 

30

5
 = 6V     Ans. 

 (ii) U = 
1

2

2Q

C
 = 

1

2

6 2

6

(30 10 )

(5 10 )








 = 90 J  Ans. 

 (iii) Q2 = 50C, C2 = 10 F, V2 = 2

2

Q

C
 =

50

10
= 5V. 

 (a) Common potential mHk;fu"B foHko  V = 1 2

1 2

Q Q

C C




 = 

30 50

5 10




 = 

16

3
V Ans. 

 (b) H =
1

2
 1 2

1 2

C C

C C
 (V1 – V2)2 = 

1

2
 

5 10

5 10




 (6 – 5)2 = 

5

3
J  Ans. 

 (c) 
'
1
'
2

Q

Q
 = 1

2

C

C
 = 

5

10
 = 

1

2
      Ans. 

 (d) Q1' = C1V = 5 × 
16

3
 = 

80

3
C      Q2' = C2V = 10 ×

16

3
 = 

160

3
C.  
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A-2.# Plate A of a parallel air filled capacitor is connected to  a nonconducting spring having force constant k 
and plate B is fixed. If a charge + q is placed on plate A and charge – q on plate B then find out 
extension in the spring in equilibrium. Assume area of plate is ‘A’.  

 ,d lekUrj iê la/kkfj=k (fuokZr) dh IysV A ,d k cy fu;rkad okyh dqpkyd fLizax ls tqM+h gSA rFkk IysV B fLFkj 
gSA ;fn +q vkos'k A IysV ij rFkk –q vkos'k B IysV ij j[kk tk;s rks lkE;koLFkk esa fLizax esa f[kapko Kkr djksA ekuk 
fd IysV dk {ks=kQy ‘A’ gSA     

 

Ans.  
2

0

q

2k A
 

Sol. Fattractionvkd"kZ.k =
2

0

q

2 A
  ; FRepulsionizfrd"kZ.k = kx 

 |Fattractionvkd"kZ.| = |FRepulsionizfrd"kZ.k|  
2

0

q

2 A
 = kx 

 x = 
2

0

q

2k A
 

 
A-3.# Two parallel plate capacitors with different distances between the plates are connected in parallel to a 

voltage source. A point positive charge Q is moved from a point 1 that is exactly in the middle between 
the plates of a capacitor C1 to a point 2 (which lie in capacitor C2) that lies at a distance from the 
negative plate of C2 equal to half the distance between the plates of C1. Is any work done in the 
process? If yes, calculate the work done by the field if potential at 1 and 2 are V1 and V2. 

 nks lekUrj iê la/kkfj=k ftudh IysVksa ds e/; nwfj;ka vyx&vyx gS] lekUrj Øe esa ,d oksYVst lzksr ls tksM+s tkrs 
gSA ,d fcUnq /kukos'k Q fcUnq 1 tksfd la/kkfj=k C1 dh IysVksa ds Bhd e/; esa gS ls fcUnq 2 (tks la/kkfj=k C2 esa fLFkr 
gS) tks fd C2 dh _.kkRed IysV ls mruh gh nwjh ij gS tks C1 dh IysVksa ds e/; nwjh ds vk/ks ds cjkcj gS] rd  ys 
tk;k tkrk gSA D;k bl çfØ;k esa dksbZ dk;Z fd;k tkrk gSA ;fn gk¡ rks {ks=k }kjk fd;s x;s dk;Z dh x.kuk djks ;fn 

1 o 2 ds foHko V1 o V2 gSA  

        
Ans.   Work done by the field = Q (V1

  V2)  

 oS|qr {ks=k }kjk fd;k x;k dk;Z  = Q (V1
  V2) 

Sol. W = qV 
 Wby field  = q (Vi – Vf) = Q (V1 – V2) 
 
A-4.# The lower plate of a parallel plate capacitor is supported on a rigid rod. The upper plate is suspended 

from one end of a balance. The two plates are joined together by a thin wire and subsequently 
disconnected. The balance is then counterpoised. Now a voltage V = 5000 volt is applied between the 
plates. The distance between the plates is d = 5 mm and the area of each plate is A = 100 cm2. Then 
find out the additional mass placed to maintain balance. [All the elements other than plates are 
massless and nonconducting]   

 lekUrj iê la/kkfj=k dh fupyh IysV ,d n`<+ NM+ ds lgkjs fLFkr gSA Åijh IysV ,d rqyk ds ,d Nksj ls yVdh gSA 
nksuksa IysVsa ,d irys rkj }kjk tksM+h tkrh gS ,oa fQj vyx dj nh tkrh gSA bl le; rqyk larqfyr gSA vc ,d 
foHkokUrj V = 5000 oksYV dk foHkokUrj IysVksa ij vkjksfir fd;k tkrk gS IysVksa ds e/; nwjh d = 5 mm vkSj çR;sd 
IysV dk {ks=kQy A = 100 cm2 gSa rks rqyk dks lUrqfyr j[kus ds fy;s vko';d vfrfjDr nzO;eku Kkr dhft,A 
¼IysVksa ds vfrfjDr lHkh vo;o nzO;ekughu o vpkyd gS½A  
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Rigid rod

( )n<̀+ NM+

 

Rigid rod 
 

Ans.  100 10
2g


 kg = 4.425 g  

Sol. The electric force between the plates will be balanced by the additional weight  

 IysVksa ds chp fo|qr cy dks vfrfjDr Hkkj }kjk larqfyr dj fn;k tkrk gSA 

 hence vr% mg = 
2

0

Q

2A 
 = 

2 2

0

C V

2A 
 

 mg = 
2

0
2

AV

2d


 

 m = 
2

0
2

AV

2d g


 =  

4 2
0

3 2

100 10 (5000)

2 (5 10 ) 10





  

 
 

 m = 4.425 g Ans.     
 
A-5. Each plate of a parallel plate air capacitor has an area S. What amount of work has to be performed by 

external agent to slowly increase the distance between the plates from x1 to x2 if:  
 (i) the charge of the capacitor, which is equal to q is kept constant in the process. 
 (ii) the voltage across the capacitor, which is equal to V is kept constant in the process. 
 lekUrj IysV ok;q la/kkfj=k dh izR;sd IysV dk {ks=kQy S gSA IysVksa ds e/; nwjh x1 ls x2 rd /khjs&/khjs c<+kus esa ckg~; 

cyksa }kjk fd;s x;s dk;Z dk eku D;k gksxk] ;fn &  

 (i) la/kkfj=k dk vkos'k] tks q ds cjkcj gS] izfØ;k esa fu;r j[kk tkrk gSA 

 (ii) la/kkfj=k ij foHko tks V ds cjkcj gS] izfØ;k esa fu;r j[kk tkrk gSA  

Ans.  (i)  
 2

2 1

0

q x x

2 S




   (ii)  (–)

 2
0

2 1

1 1
x xSV

2

 
 

 
Sol.  Work done = change in potential energy    fd;k x;k dk;Z = fLFkfrt ÅtkZ esa ifjorZu    

 (i) W = Uf – Ui = 
2

f

q

2C
–

2

i

q

2C
=

2q

2
2 1

o o

x x
–

S S

 
 

  
= 

2
2 1

o

q (x – x )

2 S
s 

 (ii) Wex + WB = Uf – Ui = o o

2 1

S S
–

x x

  
 
 

= 
2

o SV

2



2 1

1 1
–

x x

 
 
 

 

 Wex = (Uf – Ui) – WB = 
2CV

2


– CV2 = –

2CV

2


 = (–)

 2
0

2 1

1 1
x xSV

2

 
 

 
 

Section (B) : Circuits with capacitor and use of KCL and KVL 
[k.M (B) : la/kkfj=k ds lkFk ifjiFk o KCL o KVL ds mi;ksx 
 
B-1. A capacitor of capacitance C, a resistor of resistance R and a battery of emf  are connected in series 

at t = 0. What is the maximum value of  
 (a) the potential difference across the resistor.   
 (b) the current in the circuit.  
 (c) the potential difference across the capacitor.  
 (d) the energy stored in the capacitor.  
 (e) the power delivered by the battery.  
 (f) the power converted into heat. 
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 /kkfjrk C dk ,d la/kkfj=k, izfrjks/k R o fo-ok-cy  dh cSVjh dks] t = 0 ij Js.khØe esa tksM+s tkrs gSA fuEu dk 
vf/kdre eku D;k gS &  

 (a) izfrjks/k ij foHkokUrj    (b) ifjiFk esa /kkjk 
 (c) la/kkfj=k ij foHkokUrj    (d) la/kkfj=k esa laxzghr ÅtkZ 
 (e) cSVjh }kjk nh xbZ 'kfDr    (f) Å"ek esa ifjofrZr 'kfDr 

Ans. (a)   (b) 
R


  (c)   (d) 

1

2
 C2  (e) 

2

R


  (f) 

2

R


 

Sol.  

  
 at t = 0, C is replace by wire. 

 t = 0 ij] C dks rkj }kjk izfrLFkkfir djrs gSA 

 (a) Vrmax =  
 (b) i = /R 
 at t , C is replace by broken wire and now current in circuit = 0,  so  
 t ij, C dks VqVs gq;s rkj }kjk izfrLFkkfir djrs gS] vc ifjiFk eas /kkjk = 0, blfy,  
 (c) VC =  

 (d) UC = 
1

2
C2 

 (e) Pbattery = i V =  
R


  = 

2

R


 

 (f) H = 
2

R


. 

 
B-2.# Three uncharged capacitors of capacitance C1 = 1F, C2 = 2F and C3 = 3F are connected as shown 

in the figure. The potential of point A, B and D are 10 volt, 25 volt and 20 volt respectively. Determine 
the potential at point O.   

 rhu vukosf'kr la/kkfj=k] /kkfjrk C1 = 1F, C2 = 2F o C3 = 3F dks fp=k esa fn[kk;s vuqlkj ,d nwljs ls fcUnq A, 

B o D ds e/; tksM+s tkrs gSA fcUnq A, B o D ds foHko Øe'k 10 V, 25 V o 20 V gSA fcUnq O ij foHko dk eku 
Kkr djksA     

         
Ans.   Vo = 20 V 
Sol.  

  

 (VA – Vo)C1 + (VB – Vo)C2 + (VD – Vo)C3 = 0    

 Vo = A 1 B 2 D 3

1 2 3

V C V C V C

C C C

 

 
= 

10 1 25 2 20 3

1 2 3

    

 
= 20 V Ans. 
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B-3.# Find the potential difference between the points A and B (VA – VB ) as shown in  figure. (Initially all the 
capacitors are uncharged)  

      
 fp=k esa fn[kk;s x;s fcUnq A o B ds e/; foHkokUrj (VA – VB) Kkr dhft;sA ¼izkjEHk esa lHkh la/kkfj=k vukosf'kr gSa½  

 
Ans.  –22 V 

Sol.   

 Assume ekuk (VA = 0), (VB = x)  

 From conservation of charge on plates of capacitor  

 la/kkfj=k dh IysVksa ij vkos'k ds laj{k.k ls  

 4(x – 20) + (x – 10)6 + (x – 30)10 = 0 
 x = 22 
 VA – VB = 0 – 22 = –22 V. 
 
B-4._ In a circuit shown in the figure, find the potential difference between the left and right plates of each 

capacitor. 

 fp=k esa fn[kk;s ifjiFk esa çR;sd la/kkfj=k dh ck;hz ,oa nk;ha IysVksa ds e/; foHkokUrj Kkr djks \  

       

Ans. V
1
 = 2 1

1

2

( )

C
1

C



 
 

 

 
, V

2
 = 1 2

2

1

( )

C
1

C



 
 

 

 
 

Sol. 

 

 
+ – 

C1 

– + 
C2 

Q 

Q 

1 2 

 

 1 2
2 1

1 2

C C
Q ( )

C C
   


;  

1
1

Q
V

C
 = 2 1

1

2

C
1

C

  



 2
2

Q
V

C
  = 1 2

2

1

C
1

C
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Section (C) : Combination of capacitors 
[k.M (C) : la/kkfj=kksa dk la;kstu  
 
C-1.# (i)  Find out the charges on the three capacitors connected to a battery as shown in figure. Take 

C1= 1.0 F, C2 = 2.0 F, C3 = 3.0 F and V = 20 volt. 

    

C1

C2

C3

V  

 (ii)  Find out the work done by the battery during the process of charging (initially all the capacitors 
are uncharged)      

 (iii)  Find out the total energy stored in the capacitors.     

 (i) fp=k esa fn[kk;s vuqlkj cSVjh ls tqM+s rhu la/kkfj=kksa ij vkos'k Kkr dhft;s C1= 1.0 F, C2 = 2.0 F,  

C3 = 3.0 F o V = 20 oksYV ysaA 

 (ii) vkos'ku dh izfØ;k ds nkSjku cSVjh }kjk fd;k x;k dk;Z Kkr dhft;sA (izkjEHk esa lHkh la/kkfj=k vukosf'kr gS) 
 (iii) la/kkfj=kksa esa laxzghr dqy ÅtkZ dk eku Kkr dhft;sA 

     

C1

C2

C3

V   
Ans.  (i) 20 C, 40 C, 60 C (ii) 2400 J    (iii) 1200 J 
Sol.  

  
 Q1 = C1V = 1 × 20 = 20 C 
 Q2 = C2V = 2 × 20 = 40 C 
 Q3 = C3V = 3 × 20 = 60 C 
 Qt = 120 C       
 Wbattery = QtV = 120 × 20 = 2400 J 

 UC = 
1

2
C1V2 + 

1

2
C2V2 + 

1

2
C3V2 =

1

2
 (C1 + C2 + C3)V2 

 =
1

2
 (1 + 2 + 3) (20)2 = 1200 J. 

C-2. If you have several 2.0 F capacitors, each capable of withstanding 200 volts without breakdown, how 
would you assemble a combination having minimum number of capacitors and of given equivalent 
capacitance which capable of withstanding 1000 volts ;  

 ;fn vkids ikl dbZ lkjs 2.0 F ds la/kkfj=k gS] çR;sd 200 oksYV rd lgu dj ldrk gSA vki fn;s x;s fuEu rqY; 
/kkfjrk çkIr djus ds fy;s mudk la;kstu ftles U;wure la/kkfj=kksa dh vko';drk gks dks dSls la;ksftr djsaxs tks 
1000 oksYV rd lgu dj lds &   

 (a) 0.40 F   (b) 1.2 F     
Ans. (a)  five 2 F  capacitors in series    
   (b)  3 parallel rows; each consisting of five 2.0 F capacitors in series  
   (a) ik¡p 2 F  ds la/kfj=k Js.khØe esa  
    (b)  3 lekUrj ifaDr;ka] çR;sd esa ik¡p 2.0 F ds la/kkfj=k Js.khØe esaA 



Capacitance 
 

 

 

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 
ADVCP - 7 

Toll Free : 1800 258 5555  | CIN : U80302RJ2007PLC024029 
 

Sol. (a) Ceq = 0.4 F,  
 we connect five 2F capacitors in series 

   

  Ceq = 
C

5
 = 

2

5
 = 0.4 F 

 (b) Ceq = 1.2 F, capable of with standing 1000 volts 
 3 parallel rows, each consisting of five 2.0 F capacitors in series. 
gy. (a) Ceq = 0.4 F,   

 2F ds ikap la/kkfj=k dks Js.khØe esa tksM ldrs gSA  

  

  Ceq =
C

5
 = 

2

5
 = 0.4 F 

 (b) Ceq = 1.2 F,  
 tks 1000 oksYV rd lgu dj lds  

 3 lekUrj iafDr izR;sd 2.0 F /kkfjrk ds ikap la/kkfj=k Js.khØe esa j[krs gSA  

 
C-3.# Find the capacitance between the point A and B of the given assemblies.  

      
 ifjiFk ds fn;s x;s fcUnq A o B ds e/; /kkfjrk Kkr dhft,A    

      
Ans.   (a) 10 F, (b) 10F, (c) 10F 
Sol. There three circuit are equivalent and all these are balance wheat stone bridge. For all given circuits. 

 ;gka rhu ifjiFk rqY; gS vksj lHkh lUrqfyr OghV LVksu lsrq gSA lHkh fn;s x;s ifjiFk ds fy,  

 Ceq = 
5 10 10 20

5 10 10 20

 


 
 = 10F Ans. 

 
C-4.# Take the potential of the point B as shown in the figure to be 100 V. 
 (a) Find the potentials at the point C and D.  
 (b) If an uncharged capacitor is connected between C and D, then find the amount of charge that will 

appear on this capacitor       

        
 

 fp=k esa n'kkZ, x, fcUnq B ij foHko dks 100V ekusa    

 (a) fcUnq C o D ij foHko dk eku crkb;sA 

 (b) ;fn ,d vukosf'kr la/kkfj=k fcUnqvksa C o D ds e/; tksM+k tkrk gS, rks ml la/kkfj=k ij vkos'k dh ek=kk crkbZ;A  

       
Ans.   (a) 700/3 V at each point (b) zero (a) çR;sd fcUnq ij foHko 700/3 V (b) 'kwU; 
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Sol.  

   
 Charge on 30F = 200 × 20 = 4000C 
 30F ij vkos'k = 200 × 20 = 4000C 

 so vr% VC – VB =  
4000 C

30 F




  VC = 100 + 

400 700

3 3
  V 

 also charge on 20F 
 blh rjg 20F ij vkos'k  

 = 200 ×
40 8000

3 3
  C 

 so vr% VD – VB = 
8000 / 3

20
 

 VD = 100 + 
400 700

3 3
  V  VC – VD = 0  

 
 
C-5.# Consider the situation shown in the figure. The switch S is open for a long time and then closed and 

again steady state reached then     

 
 (a) Find the charge flown through the battery after the switch S is closed.  
 (b) Find the charge flown through the switch S from B to A.  
 (c) Find the work done by the battery after the switch S is closed.  
 (d) Find the change in energy stored in the system of capacitors.  
 (e) Find the heat developed in the system after the switch S is closed.    

 fp=k esa n'kkZ;h fLFkfr ij fopkj dhft,A dqath S yEcs le; rd [kqyh jgrh gS ,oa fQj cUn dj nh tkrh gS  
¼nqckjk vfUre fLFkfr rd igq¡pus ij½A   

 
 (a) tc dqath S cUn dj nh tkrh gS rks cSVjh ls çokfgr vkos'k Kkr dhft,A 
 (b) daqth S ls] B ls A dh vksj izokfgr vkos'k dh x.kuk dhft,A  
 (c) dqath S cUn djus ds i'pkr cSVjh }kjk fd;k x;k dk;Z Kkr dhft,A 

 (d) la/kkfj=kksa esa laxzghr dqy ÅtkZ esa ifjorZu Kkr dhft,A   
 (e) dqath S cUn djus ds i'pkr fudk; esa mRiUu Å"ek Kkr dhft,A 

Ans.  (a) C/2,   (b) –C,   (c) C2/2   (d) C2/4   (e) C2/4 
Sol. Situation when S is open  Situation when S is closed  
 tc dqath S [kqyh gS   tc dqath S can gS  

      
 Ceq. = C/2     Ceq. = C 
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 Charge supplied Q = Ceq. = 
C

2


  Charge on capacitor C = C  

 fn;k x;k vkos'k Q = Ceq. = 
C

2


  la/kkfj=k C ij vkos'k = C   

 After S is closed, voltage across 2C capacitor become zero, so charge on it also become zero. 

 dqath S ds can djus ds ckn] 2C la/kkfj=k ds lkis{k foHkokUrj 'kwU; gks tkrk gS] blfy, bl ij vkos'k Hkh 'kwU; gks 
tkrk gSA 

 (a) So charge flown through the battery when the switch S is closed =  C – 
C

2


 = 

C

2


  

 (a) tc S cUn gS rc cSVjh ls izokfgr vkos'k =  C – 
C

2


 = 

C

2


 

 (b) the charge flown through the switch S is  
C C

2 2

 
  = C (A to B) = – C (B to A)  

 (b) dqath S ls xqtjus okyk vkos'k gS 
C C

2 2

 
  = C (A ls B) = – C (B ls A)  

 (c) Work done by the battery = Qsupplied V = 
C

2


  =   

2C

2


  

 (c) cSVjh }kjk fd;k x;k dk;Z = Qsupplied V =  
C

2


  = 

2C

2


  

 (d) change in energy stored in the capacitors    

 energy stored in 2nd case – energy stored in 1st case = 
1

2
Ceq2 V2  – 

1

2
Ceq1V2 =

1

2
.

C
C

2

 
 

 
2 = 

2C

4


 

 (d)  la/kkfj=kksa ls laxzghr ÅtkZ esa ifjorZu  

 2nd fLFkfr esa laxzghr ÅtkZ – 1st fLFkfr esa laxzghr ÅtkZ = 
1

2
Ceq2 V2 – 

1

2
 Ceq1 V2 =

1

2
.

C
C

2

 
 

 
2 = 

2C

4


 

  
(e) Heat developed in the system = Work done by battery – change in energy in the capacitors  

  = 
2C

2


 – 

2C

4


= 

2C

4


  

 (e) fudk; esa mRiUu Å"ek = cSVjh }kjk fd;k dk;Z – la/kkfj=kksa dh ÅtkZ esa ifjorZu  

  = 
2C

2


 –

2C

4


 =  

2C

4


 

 
C-6.# Find the final charges in steady state on the four capacitors of capacitance 2F, 4F, 6F and 8F as  

shown in figure. (Assuming initially they are uncharged). Also find the current through the wire AB at  
 steady state.        

      
        



Capacitance 
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 fp=k esa n'kkZ;s x;s 2F,4F, 6F o 8F /kkfjrk ds pkj la/kkfj=kksa ij vfUre vkos'k dk eku Kkr dhft;sA ¼;g 
ekurs gq, fd izkjEHk esa os vukosf'kr gS½ LFkk;h voLFkk esa rkj AB ls izokfgr /kkjk Hkh Kkr dhft,A 

         
Ans. 4 C, 16 C, 12 C and 32 C, 1 A. 

Sol. At steady state : LFkk;h voLFkk esa  

  
 Current in wire AB at steady state = /2 = 1 amp.  
 izR;sd 'kk[kk esa /kkjk = /2 = 1 amp.  

 Charge on 2F capacitor = 2 × 2 ×10–6 = 4C 
 2F la/kkfj=k ij vkos'k = 2 × 2 ×10–6 = 4C 

 Charge on 4F capacitor = 4 × 4 ×10–6 = 16C 
 4F la/kkfj=k ij vkos'k = 4 × 4 ×10–6 = 16C 

 Charge on 6F capacitor = 2 × 6 ×10–6 = 12C 
 6F la/kkfj=k ij vkos'k = 2 × 6 ×10–6 = 12C 

 Charge on 8F capacitor = 4 × 8 ×10–6 = 32C. 
 8F la/kkfj=k ij vkos'k = 4 × 8 ×10–6 = 32C. 

 

Section (D) : Equation of charging and discharging 
vkos'ku o fujkos'ku dh lehdj.k 

 
D-1. A capacitor is connected to a 12 V battery through a resistance of 10. It is found that the potential 

difference across the capacitor rises to 4.0 V in 1s. Find the capacitance of the capacitor.   

 (Given : n3  = 1.0986, n2 = 0.693) 
 ,d la/kkfj=k 10  ds çfrjks/k ds }kjk 12 V dh cSVjh ls tksM+k tkrk gSA ;g ik;k tkrk gS fd la/kkfj=k ij foHkokUrj 

1 s esa 4.0 V rd c<+ tkrk gSA la/kkfj=k dh /kkfjrk Kkr djksA (fn;k gS % n3  = 1.0986, n2 = 0.693) 

Ans. 
710

ln(3 / 2)



F = 0.25F 

Sol. V = V0(1 – e–t/RC) 

 4 = 12(
61 10 /10C1– e

 
)  

 n
3

2
  =

710

C



  C = 
710

n3 / 2




F = 0.25 F. 

 



Capacitance 
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D-2. A capacitor of capacity 1F is connected in a closed series circuit with a resistance of 107 ohms, an 
open key and a cell of 2 V with negligible internal resistance: 

 /kkfjrk 1 F dk ,d la/kkfj=k ,d can Js.kh ifjiFk esa ,d 107 vkse ds çfrjks/k] ,d [kqyh dqath o ux.; vkUrfjd  
çfrjks/k ds 2 V ds lsy ds lkFk tqM+k gSA 

 (i) When the key is switched on at time t = 0, find; 

   tc dqath le; t = 0 ij pkyw dh tkrh gS rks Kkr dhft,  ;  

  (a)  The time constant for the circuit. ifjiFk dk le; fu;rkad  

  (b)  The charge on the capacitor at steady state. LFkk;h voLFkk ij la/kkfj=k ij vkos'k 
  (c)  Time taken to deposit charge equal to half of charge that will deposit at steady state. 
   LFkk;h voLFkk ij ftruk vkos'k gS mlds vk/ks ds cjkcj vkos'k tek djus esa yxk le;A 
 (ii) If after completely charging the capacitor, the cell is shorted by zero resistance at time t = 0, find 

the charge on the capacitor at t = 50 s. (Given : e–5 = 6.73 × 10–3, n2 = 0.693)  
  ;fn la/kkfj=k dks iw.kZ vkosf'kr djus ds ckn lsy dks le; t = 0 ij 'kwU; çfrjks/k }kjk y?kqifFkr fd;k tkrk gS 

rks t = 50 s ij la/kkfj=k ij vkos'k Kkr dhft,A (fn;k gS : e–5 = 6.73 × 10–3, n2 = 0.693)  

Ans. (i)  (a)  10 s    (b)  2 C    (c) 10 ln2 = 6.93 sec.    (ii)  q = (2 e–5 )C = 1.348 x 108 C  
Sol. (i) (a) Time constant le; fu;rkad  = t = RC = 107 × 1 × 10–6 

 = 10 sec. 
 (b) Q0 = CV = 1 × 10–6 × 2 = 2 C  

 (c) Q = 0Q

2
 = Q0(1 – e–t/Rc) 

 t/RC = n2  t = 10 n2 = 6.93 sec. 
 (ii) q = q0e–t/RC 
 = 2 × 10–6 e–50/10 = 2 × 10–6 e–5 = 1.348 × 10–8 C. 
 
D-3. A capacitor of capacitance 200 F is connected across a battery of emf 10.0 V through a resistance of 

40 k for 16.0 s. The battery is then replaced by a thick wire. What will be the charge on the capacitor 
16.0 s after the battery is disconnected ? (Given : e–2 = 0.135) 

 200 F /kkfjrk dk ,d la/kkfj=k fo-ok-cy 10.0 V dh ,d cSVjh ij 40 k ds ,d çfrjks/k }kjk 16.0 s ds fy;s 
tksM+k tkrk gSA rc cSVjh dks ,d eksVs rkj }kjk çfrLFkkfir fd;k tkrk gSA cSVjh gVkus ds 16.0 s ckn la/kkfj=k ij 
vkos'k D;k gksxk ? (fn;k gS % e–2 = 0.135)     

Ans. q = 20 × 10–4 (1 – e–2)e–2 = 233.55 C 

Sol. For charging vkos'ku ds fy,  
  q1 = CV(1 – e–t/RC) = 20 × 10–4 (1 – e–16/200 × 10–6 × 40 × 103) = 20 × 10–4 (1 – e–2) 

 For discharging fujkos'ku ds fy,  
  q2 = q1e–t/RC 
      = 20 × 10–4 (1 – e–2)  

      = 20 × 10–4 (1 – e–2) e–2 = 20 × 10–4 
2

4

(e 1)

e


 

      = 233.55 C Ans. 
 
D-4. A 5.0 F capacitor having a charge of 20 C is discharged through a wire of resistance 5.0 . Find the 

heat dissipated in the wire between 25 to 50 s after the connections are made. (Given : e–2 = 0.135) 
 ,d 5.0 F dk la/kkfj=k ftl ij 20 C vkos'k gS] dks ,d 5.0  çfrjks/k ds rkj }kjk fujkosf'kr fd;k tkrk gSA 

la;kstu djus ds ckn 25 ls 50 s ds e/; rkj esa O;; Å"ek Kkr dhft,A (fn;k gS % e–2 = 0.135) 

Ans. 40(1 – e–2)e–2 J = 4.7  J.  

Sol. i0 = 
20 1

5 5
  = 

4

5
 amp. 

 i = i0e–t/RC 

 H = 2i Rdt  = 
6

50 s

2t / 25 10

25 S

16
e dt

5
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 = 
16

5
 625

10
2

 
  

 

6 50 s
2t / 25 10

25 s
e

 
 



 
  

 

 = 40 × 10–6 
2

4

e 1

e

 
 
  

 

 = 4.7 J  Ans. 
 
D-5.#_A varying voltage is applied to the clamps AB (figure a) such that the voltage across the capacitor 

plates varies as shown in figure b.   

       
 Plot the time dependence of voltage across the clamps CD. 

 fp=kkuqlkj (a) DysEi (Clamp)  AB ij ,d ifjofrZr oksYVst bl çdkj vkjksfir fd;k tkrk gS fd la/kkfj=k IysV ds 
fljksa ij oksYVst fp=k (b) ds vuqlkj ifjofrZr gksrk gS &  

       
 DysEi (Clamp) CD ds fljksa ij foHko dh le; fuHkZjrk dk foHko xzkQ [khafp,A 

Ans.  

       
Sol. It can be seen that during the time interval from 0 to t0, the voltage across the capacitor is zero, the 

charge on it is also zero, there is no current through it and hence VCD is zero during this time interval 
(fig.). During the time interval from t0 to 2t0, the voltage across the capacitor and hence the charge on 
its plates, grows linearly and hence a direct current passes through the circuit. This means that the 
voltage VCD is constant. During the time interval from 2t0 to 3t0, the voltage across the capacitor does 
not change. Hence current does not flow, and VCD is zero. Finally, during the time interval from 3t0 to 
5t0, the capacitor is discharged, the current through the resistor is negative and constant and its 
magnitude is half the value of the current during the time interval from t0 to 2t0. 

 ;g ns[kk x;k fd le;kUrjky 0 ls t0 rd la/kkfj=k ds fljks ij oksYVst 'kwU; gS] bl ij vkos'k Hkh 'kwU; gksxk] ;gka 
blls dksbZ /kkjk izokfgr ugh gksxh vksj bls le;kUrjky esa VCD 'kwU; gksxk (fp=k ns[ks)A t0 ls 2t0 le;kUrjky ds e/; 
la/kkfj=k ds fljksa ij foHko ,oa bldh IysVksa dk vkos'k js[kh; :i ls c<rk gS vr% ifjiFk ls ,d fn"V /kkjk izokfgr 
gksrh gSA bldk vFkZ gS fd oksYVst VCD fu;r gSA 2t0 ls 3t0 le; vUrjky ds e/; la/kkfj=k ds fljks ij foHko esa 
dksbZ ifjorZu ugh gksrk gS] vr% dksbZ /kkjk izokfgr ugh gksrh gSa vkSj VCD 'kwU; gSA vUrr%] 3t0 ls 5t0 le;kUrjky ds 
nkSjku la/kkfj=k fujkosf'kr gksrk gS] izfrjks/k ls xqtjus okyh /kkjk _.kkRed gS vkSj vpj gS ,oa bldk ifjek.k 
le;kUrjky t0 ls 2t0 ds le; izokfgr /kkjk ds eku ds vk/ks ifjek.k dh /kkjk izokfgr gksrh gSA  

      
 



Capacitance 
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D-6._ A capacitor of capacitance C is charged by charge q0. At t = 0, it is connected to a battery of emf V and 
internal resistance r. Find the charge on the capacitor at time t (positive plate of capacitor connected 
with positive plate of battery).   

 /kkfjrk C ds ,d l/kkafj=k dks q0 vkos'k }kjk vkosf'kr djrsa gSaA le; t = 0 ij] bldks ,d vkUrfjd izfrjks/k r ,oa fo- 
ok- cy V dh cSVjh ls tksM fn;k tkrk gSA le; t ij la/kkfj=k ij vkos'k Kkr dhft,A  (la/kkfj=k dh /kukRed IysV 
dks cSVjh dh /kukREd IysV ls tksM+k tkrk gSaA)  

Ans. CV(1 – e–t/Cr) + q0e–t/Cr 

Sol.  

 
 at time t using KVL 

 t le; ij KVL dk mi;ksx djus ij  

 – 0q q

C


 – ir + V = 0  –  0q q dq

–
C dt


 r + V = 0  

  

q t

00 0

dq dt

(CV – q ) – q rC
     

 by using integration  lekdyu ds mi;ksx ls q = CV (1– e–t/Cr) + q0 e–t/Cr  – q0  

  
  So charge on capacitor blfy, la/kkfj=k ij vkos'k = q0 + q = CV(1 – e–t/Cr) + q0e–t/Cr  
 
D-7.# Find the potential difference between the points A and B and between the points B and C of figure  in 

steady state.   

 LFkk;h voLFkk esa fp=k esa fcUnq  A o B rFkk fcUnq B o C ds e/; foHkokUrj Kkr dhft,A  

     

1 F

3 F

1 F

30  20 100 V

1 F

A C

B



3 F

 
Ans. 25 V and rFkk 75 V. 

Sol. In steady state equivalent circuit is  

 LFkkbZ voLFkk esa rqY; ifjiFk 

  

 Ceq = 
5

2
F Q = 250F 

 VA = 
150

6
 + VB      VA – VB = 25 V 

 VB = 
150

2
+ VC      VB – VC = 75 V 
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Section (E) : Capacitor with dielectric 
ijkoS|qr ds lkFk la/kkfj=k 
 
E-1. The two parallel plates of a capacitor have equal and opposite charges Q. The dielectric (which is filled 

between the capacitor plates) has a dielectric constant K and resistivity . Show that the initially 

"leakage" current carried by the dielectric is given by the relationship i =
0

Q

K  
.    

 la/kkfj=k dh nks lekUrj IysVksa ij cjkcj o foijhr vkos'k Q gSA ijkoS|qr ¼tks la/kkfj=k dh IysVksa ds e/; Hkjk tkrk gS½ 
dk ijkoS|qrkad K o çfrjks/kdrk  gSA ;g n'kkZb;s fd ijkoS|qr }kjk ys tk;h tk jgh izkjfEHkd {k; /kkjk lEcU/k i = 

0

Q

K  
}kjk nh tkrh gSA   

Sol. V = 
0

Q Q

K AC

d




; R =  
d

A


   

 (we can treat dielectric as a resistance between the capacitor plates) 

 (ijkoS|qr dks ge la/kkfj=k IysVksa ds e/; izfrjks/k ds :i esa ys ldrs gSa) 

 i = 
0

V Q A
.

K AR d

d


 

 = 
0

Q

K  
  Ans  

 
E-2. The parallel plates of a capacitor have an area 0.2 m2 and are 10-2 m apart. The original potential 

difference between them is 3000 V, and it decreases to 1000 V when a sheet of dielectric is inserted 
between the plates filling the full space. Compute:  (0 = 9 x 10-12 S. . units) 

 ,d la/kkfj=k dh lekUrj IysVksa dk {ks=kQy 0.2 m2 o 102 m nwjh ij gSA muds e/; ekSfyd foHkokUrj 3000 V gS 
,oa ;g 1000 V rd ?kV tkrk gS] tc ijkoS|qr dh ,d iêhdk IysVksa ds e/; lEiw.kZ LFkku dks Hkj nsrh gSA x.kuk 
dhft,: (0 = 9 x 1012 S. . bdkbZ)       

 (i) Original capacitance C0.    (ii)  The charge Q on each plate. 
 (iii) Capacitance C after insertion of the dielectric. (iv) Dielectric constant K. 
  (v)  Permittivity  of the dielectric. 
 (vi) The original field E0 between the plates. 
 (vii) The electric field E after insertion of the dielectric.  

 (i) ekSfyd /kkfjrk C0.     (ii)  çR;sd IysV ij vkos'k Q  

 (iii) ijkoS|qr inkFkZ Hkjus ds ckn /kkfjrk C    (iv) ijkoS|qrkad K 

 (v)  ijkoS|qr inkFkZ dh fo|qr'khyrk    (vi) IysVksa ds e/; ekSfyd {ks=k E0  

 (vii) ijkoS|qr inkFkZ Hkjus ds ckn fo|qr {ks=k E      

Ans.  (i)  200 = 180 pF  (ii) 5.4 × 10–7 C    (iii) 540 pF    (iv)  3     (v)  27 × 10–12 C2 N1 m2  
 (vi) 3 × 105 V/m     (vii) 1 × 105 V/m         

Sol. (i) C0 = 0 A

d


 = 0

2

0.2

10


 = 20 0 

          = 20 × 9 × 10–12 = 180 pF 
 (ii) Q = C0V = 180 × 10–12 × 3000 = 5.4 × 10–7 C 

 (iii) C1 = 
1

Q

V
 = 

75.4 10

1000


 = 540 pF 

 (iv) K = 1

0

C

C
= 

540

180
= 3 

 (v)  = r0 = K0 = 3 × 9 × 10–12 = 27 × 10–12 C2N–1m–2 

 (vi) E0 = 
V

d
 = 

2

3000

10
 = 3 × 105 V/m 

 (vii) E = 1V

d
 = 

2

1000

10
 = 1 × 105 V/m. 
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E-3. A parallel plate isolated condenser consists of two metal plates of area A and separation 'd'. A slab of 
thickness 't' and dielectric constant K is inserted between the plates with its faces parallel to the plates 
and having the same surface area as that of the plates. Find the capacitance of the system. If  
K = 2, for what value of t/d will the capacitance of the system be 3/2 times that of the condenser with air 
filling the full space? Calculate the ratio of the energy in the two cases and account for the energy 
change (assuming q charge on the plate to be constant).      

 ,d lekUrj iê foyfxr la/kkfj=k dh nks /kkfRod IysVksa dk {ks=kQy A o nwjh 'd' gSA 't' eksVkbZ o K ijkoS|qrkad dh ,d 
ifêdk ftlds Qyd IysVksa ds lekUrj gS o IysVksa ds leku gh i`"Bh; {ks=kQy gS] IysVksa ds e/; j[kh tkrh gSA fudk; 
dh /kkfjrk Kkr dhft,A ;fn K = 2 gS rks t/d ds fdl eku ds fy, fudk; dh /kkfjrk lEiw.kZ LFkku esa ok;q ls Hkjs 
la/kkfj=k dh /kkfjrk dh 3/2 xquh gks tk;sxhA nksuksa fLFkfr;ksa esa ÅtkZ ds vuqikr vkSj ÅtkZ esa ifjorZu dh ek=kk dh 
x.kuk djksA (ekuk fd IysV ij vkos'k q fu;r gS)     

Ans. C = 0 A

t
d t

k



 

, 
t

d
= 

2

3
, i

F

U

U
 = 

3

2
, U = – 

2

0

q d

6 A
  

Sol.  

    

 C' = o
t
k

A

d – t




 

 (i) Without dielectric fcuk ijkoS|qrkad, C = oA

d


  

  With dielectric, ijkoS|qrkad ds lkFk C´ =  o
t
2

A

d – t




 = 

2

C3
=  

3

2
oA

d


 

d

t
 =  

2

3
 

 (ii) Energy ÅtkZ = 
C2

Q2

  

 Energy in 1st case    1st fLFkfr esa ÅtkZ = E1 = 
C2

q2

    

 Energy is 2nd case   2nd fLFkfr esa ÅtkZ = E2 =  
'C2

q2

   

  1

2

E

E
=

C´

C
=

3

2
 

 (iii) E = E2 – E1 = 
2q

2C´
 – 

2q

2C
 =

2 2q 2 1 q
–

2 3C C 6C

 
  

 
= –

2

0

q d

6A 
 

 

E-4. Two parallel plate air capacitors each of capacitance C were connected in series to a battery with e.m.f. 

. Then one of the capacitors was filled up with uniform dielectric with relative permittivity k. How many 
times did the electric field strength in that capacitor decrease? What amount of charge flows through 
the battery?      

 nks lekUrj iê ok;q la/kkfj=k çR;sd dh /kkfjrk C gS] ,d fo-ok-cy   dh cSVjh ls Js.khØe esa tqM+s gSA rc ,d 
la/kkfj=k vkisf{kd fo|qr'khyrk k ds ,d le:i ijkoS|qr ls Hkj fn;k tkrk gSA ml la/kkfj=k esa fo|qr {ks=k dh rhozrk  
fdruh xquh de gks tk,xh\  cSVjh ls fdruh ek=kk esa vkos'k çokfgr gqvk\     

Ans.  i

f

E 1

E 2
  (1 + k), q = 

1

2
 C

k 1

k 1
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Sol.  

 

 V1 = 1Q

kC
 = 

k 1




  E1 = 1V

d
 = 

1
.

k 1 d




  E = 

Q

dC
 = 

2d


 

 E1 =
2

(k 1)
 E   

1

2
 (1 + k) time decrease xquk ?kV tk;sxk 

 q = Q1 – Q = 
kC C

k 1 2

 



 = 

C (2k k 1)

2(k 1)

  


  q = 

1

2
C

(k 1)

(k 1)




. 

 
E-5. A parallel-plate capacitor of plate area A and plate separation d is charged by a ideal battery of e.m.f. V 

and then the battery is disconnected. A slab of dielectric constant 2k is then inserted between the plates 
of the capacitor so as to fill the whole space between the plates. Find the change in potential energy of 
the system in the process of inserting the slab. 

 ,d lekUrj iê la/kkfj=k dh IysVksa dk {ks=kQy A o IysVksa ds e/; nwjh d gS] dks ,d vkn'kZ cSVjh ftldk fo-ok-c- V  
gS] ls vkosf'kr fd;k tkrk gS ,oa fQj cSVjh ls vyx dj fn;k tkrk gSA ijkoS|qrkad 2K dh ,d ifêdk la/kkfj=k dh 
IysVksa ds e/; lEiw.kZ fjDr LFkku esa j[kh tkrh gSA ifêdk dks IysVksa ds vUnj j[kus dh çfØ;k esa fudk; dh fLFkfrt 
ÅtkZ esa ifjorZu Kkr djksA     

Ans. 
2

0 AV

2d

 1
1

2K

 
 

 
 

Sol.  Work done on the system = change in potential energy  
 fudk; ij fd;k x;k dk;Z = fLFkfrt ÅtkZ esa ifjorZu  

 charge on plate IysV ij vkos'k  = Q = CV = oA V

d


 

 Initial potential energy izkjfEHkd fLFkfrt ÅtkZ  = 
2Q

2 C
    

 where tgk¡  C = oA

d


 

 final potential energy  vfUre fLFkfrt ÅtkZ  =  
2Q

2 C'
   

 where tgk¡ C' =  o2KA

d


 

 Charge in potential energy = final potential energy – initial potential energy,  
 fudk; ij fd;k x;k dk;Z = vfUre fLFkfrt ÅtkZ  – izkjfEHkd fLFkfrt ÅtkZ  

  =
2Q

2

1 1
–

C' C

 
 
 

=
2

0 AV

2d

 1
– 1

2K

 
 
 

   

 
E-6.# Consider the situation shown in figure. The width of each plate is b. The capacitor plates are rigidly 

clamped in the laboratory and connected to a battery of emf V. All surface are frictionless. Calculate the 
extension in the spring in equilibrium (spring is nonconducting).  

  
 fp=k esa iznf'kZr fLFkfr esa] izR;sd IysV dh pkSM+kbZ b gSA iz;ksx'kkyk esa bu IysVksa dks n`<+ lzksr ls cka/kdj fo-ok-cy V dh 

cSVjh ls tksM+k tkrk gSA lHkh lrg ?k"kZ.k jfgr gSA fLiazx dk izlkj Kkr djksa ftlds fy, ijkoS|qr ifV~Vdk 
lkE;oLFkk esa jgsaA ¼fLizax dqpkyd gS½ 

      



Capacitance 
 

 

 

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 
ADVCP - 17 

Toll Free : 1800 258 5555  | CIN : U80302RJ2007PLC024029 
 

Ans. 
2

0

S

bv (K 1)

2dK

 
 

Sol.  

 
 Potential energy fLFkfrt ÅtkZ = 1/2(C1 + C2) V2   

 = 
1

2
o oxb K( – x)b

d d

  
 

 


V2  

 F = –
U

x




 = – 

2V dC

2 dx
 

 F = 
–1

2

dC

dx
V2   where tgk¡ , 

dC

dx
=  o b

d


{1 – K} 

 F =  
1

2

2
oV b(K 1)

d

 
 

 at equilibrium  lkE;koLFkk , F = Ks x   

 x = 
s

F

k
=

2
0

S

bv (K 1)

2dK

 
 

 
E-7.# In figure shown, two parallel plate capacitors with fixed plates and connected to two batteries. The 

separation between the plates is same for the two capacitors. The plates are rectangular in shape with 

width b and lengths 1 and 2, the separation between plates is d. The left half of the dielectric slab has 
a dielectric constant K1 and the right half K2 (K2  K1). EMF of the right battery is greater then left 
battery. Neglecting any friction, find the extension in spring in equilibrium (spring is nonconducting)  
(2 >1)       

 fp=k esa fLFkj tM+Ro IysVks okys nks lekUrj iV~V la/kkfj=k iznf'kZr gS vkSj budks nks cSVfj;ksa ls tksM+k x;k gSA nksuksa 

la/kkfj=kksa dh IysVks ds e/; nwjh leku gSA IysVks dh vkd`fr vk;rkdkj gS vkSj budh pkSM+kbZ b rFkk yEckbZ Øe'k% 1 

o 2 gSA ck;sa rjQ dh ijkoS|qr ifV~dk dk ijkoS|qrkad K1 rFkk nk;s rjQ dk K2  (K2  K1) gSA lHkh esa ?k"kZ.k ux.; 
gSA nka;h cSVjh dk fo0ok0cy cka;h cSVjh ds fo0ok0cy ls vf/kd gSA lkE;koLFkk esa fLizax esa izlkj Kkr dhft,A 
¼fLizx dqpkyd gS½ (2 >1)    

     

     
K1 K2

1
2

1 2
KS

 

Ans.  
2 20

2 2 1 1
S

b
(K 1) (K 1)

2dK

      
 

 

Sol.  

 Force on dielectric ijkoS|qrkad ij cy F = 
U

x




 = – 

2V dC

2 dx
  

   F = 
2V b(K – 1)

2d


 

 At equilibrium lkE;koLFkk ij  

 F2 = F1 + Ksx 

 x = 
2 20

2 2 1 1
S

b
(K 1) (K 1)

2dK
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E-8.# The plates of the parallel plate capacitor have plate area A and are clamped in the laboratory as shown 

in figure. The dielectric slab of mass m, length 2 and width 2 is released from rest with length  inside 
the capacitor. Neglecting any effect of friction or gravity, show that the slab will execute periodic motion 

and find its time period. (Plates of capacitor are square plates of side 2)  

 
 lekUrj iV~ la/kkfj=k dh IysV dk {ks=kQy A rFkk ;s iz;ksx'kkyk esa fp=kkuqlkj tM+Ro gSA m nzO;eku] 2yEckbZ o 

pkSM+kbZ 2dh ijkoS|qr ifV~Vdk dks la/kkfj=k ds vUnj  yEckbZ ls fLFkjkoLFkk ls NksMk tkrk gSA ?k"kZ.k o xq:Ro dk 
izHkko ux.; gS rks fl) djks dh ifV~Vdk vkoZr xfr djsxh rFkk bldk vkorZdky Hkh Kkr djksA    

 ¼la/kkfj=k dh IysVsa Hkqtk 2dh oxkZdkj IysV gS½   

      

Ans. 4. 
2

0

2bm

V (K 1) 
 

Sol. When dielectric slab is released from rest constant force act on slab towards the mean position after 
mean position same opposite force is act on slab which retard it come in rest position. Therefore motion 
of slab is periodic. 

 tc ijkoS|qrkad ifV~Vdk dks fojkekoLFkk ls NksMrs gS rks ifV~Vdk ij ,d vpj cy ek/; fLFkfr dh vksj yxrk gS 
ek/; fLFkfr ds ckn leku foifjr cy ifV~Vdk ij yxrk gS bls eafnr djds fojkekoLFkk esa ysdj vkrk gSA blfy, 
ifV~Vdk dh xfr vko`fÙk gSA 

 F = 01 2

2 b

 
 (K–1) V2   a = 0

mb

 
(K–1) V2   

 by }kjk S = 
1

2
 (acc.) t2   () = 01

2 mb

 
(K–1) V2  . t2  

 t =  
2

0

2 mb

(K – 1) V




   

  t = 2  
2

0

mb

(K – 1) V
  T = 4t = 4

2
0

2bm

V (K 1) 
  

 
E-9.# A parallel plate capacitor is filled with a dielectric up to one half of the distance between the plates. The 

manner in which the potential between the plates varies with distance is illustrated in the figure. Which 
half (1 or 2) of the space between the plates is filled with the dielectric and what will be the distribution 
of the potential after the dielectric is taken out of the capacitor provided that; 

        
 (a) The charges on the plates are conserved or      
 (b) The potential difference across the capacitor is constant. 
 

 lekUrj iV~V la/kkfj=k esa IysVksa ds chp dh vk/kh nwjh esa ijkoS|qr Hkjk gqvk gSA IysVksa ds e/; foHko dk xzkQ nwjh ds 
lkFk fp=k esa iznf'kZr gSA dkSulk vk/kk Hkkx ¼1 ;k 2½ ijkoS|qr }kjk Hkjk gqvk gS rFkk ijkoS|qr dks IysVksa ds e/; ls 
gVkus ij foHko forj.k D;k gksxk tcfd & 
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 (a) IysVks dk vkos'k lajf{kr jgs ;k 
 (b) la/kkfj=k ij foHkokUrj fu;r gSA  

Ans.  

Sol. 1st part has di-electric igys Hkkx esa iSjkoS|qrkad ;      

 (a) by E = 
Q

A 
 ; Q remain constant so electric field in region 1 varies same as region 2, so now 

electric field graph of obtain by extend E of region 2 

 (a)  E = 
Q

A 
 }kjk ; Q vifjofrZr gSA blfy, ifj{ks=k 1 esa fo|qr {ks=k ifj{ks=k 2 ds leku gS blfy, vc fo|qr {ks=k 

ifj{ks=k 2 ds E vkjs[k ds  foLrkj }kjk izkIr djrk gSA 

 (b)  now V is constant so by E = V/D ; electric field graph directly obtain by joining A and B. 

 (b)  vc V vpj gS blfy, E = V/D gS; fo|qr {ks=k dk vkjs[k A o B dks lh/ks gh tksMdj izkIr dj ldrs gSA 

 
E-10. Positive charge q is given to each plate of a parallel plate air capacitor having area of each plate A and 

seperation between them, d. Then find     

 lekUrj IysV la/kkfj=k dh izR;sd IysV dks /kukRed vkos'k q fn;k tkrk gS rFkk izR;sd IysV dk {ks=kQy A gS vkSj 
IysVks ds e/; nwjh d gSA rks fuEu dk eku Kkr djksA   

 (i) Capacitance of the system. fudk; dh /kkfjrk   

 (ii) Charges appearing on each surface of plates  izR;sd IysV ij izkIr vkos'k dk eku   
 (iii) Electric field between the plates  IysVks ds e/; fo|qr {ks=k  
 (iv) Potential diffrence between the plates  IysVks ds e/; foHkokUrj  
 (v) Energy stored between the plates IysVks ds e/; laxzfgr ÅtkZ  
Ans. (i) C = e0A/d   

 (ii) on outer surfaces charge   ckg; lrg ij vkos'k  = q  

      on inner surfaces charge vkUrfjd lrg ij vkos'k  = 0 

 (iii) E = 0 (iv) V = 0 (v) U = 0 

Sol. (i) C = 0A

d


 

  Capacitance is independent of charge stored  

  /kkfjrk] laxzfgr vkos'k ij fuHkZj ugh djrh gSA 

 (ii)    

 on outer surfaces charge ckg; lrg ij vkos'k  = 1 2Q Q

2


 = 

q q

2


 = q 

 on inner surfaces charge vkUrfjd lrg ij vkos'k  = 1 2Q – Q

2
= 

q – q

2
 = 0 
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 (iii) E = 0  
  electric field due to charges on outer surfaces cancel each other 

  ckg; lrg ij vkos'k ds dkj.k fo|qr {ks=k ,d nwljs dks ijLij fujLr djsxkA  
 (iv) V = 0 
  becouse electric field between the plates is zero  

  D;ksfd IysVks ds e/; fo/kqr {ks=k 'kwU; gS  

 (v) U = 0 
  becouse electric field between the plates is zero   

  D;ksfd IysVks ds e/; fo/kqr {ks=k 'kwU; gS  
 

PART - II : ONLY ONE OPTIONS CORRECT TYPE 
 

Hkkx - II : dsoy ,d lgh fodYi izdkj ¼ONLY ONE OPTION CORRECT TYPE½ 

Section (A) : Definition of Capacitance   /kkfjrk dh ifjHkk"kk  
 
A-1. The radii of two metallic spheres are 5 cm and 10 cm and both carry equal charge of 75C. If the two 

spheres are shorted then charge will be transferred– 
 (A*) 25 C from smaller to bigger  (B) 25 C from bigger to smaller 
 (C) 50 C from smaller to bigger   (D) 50 C from bigger to smaller 
 nks /kkrq ds xksyks dh f=kT;k Øe'k% 5 cm vkSj 10 cm rFkk nksuksa ij leku vkos'k 75C gSA ;fn nksuksa xksyksa dks 

lEifdZr dj fn;k tk;s rks vkos'k çokg gksxk –  

 (A*) 25 C NksVs xksys ls cM+s xksys esa  (B) 25 C cM+s xksys ls NksVs xksys esa 
 (C) 50 C NksVs xksys ls cM+s xksys esas   (D) 50 C cM+s xksys ls NksVs xksys esas 
Sol. Qt = Q1 + Q2 = 150C 

 
'
1
'
2

Q

Q
 = 1

2

C

C
 =

1

2
     Q1 = 50C 

 Q2 = 100C 
 25C charge will flow from smaller to bigger sphere. 
 25C vkos'k NksVs xksys ls cMs xksys dh vksj izokfgr gksrs gSA  
 
A-2. Two isolated charged metallic spheres of radii R1 and R2 having charges Q1 and Q2 respectively are 

connected to each other, then there is:   

 R1 o R2 f=kT;k ds nks vkosf'kr foyfxr /kkrq ds xksyksa ij vkos'k Øe'k% Q1 rFkk Q2 gS rFkk ,d nwljs ls tqM+s gq, gS 
rks ;gk¡ ij :      

 (A) No change in the electrical energy of the system  
 fudk; dh fo|qr ÅtkZ esa dksbZ ifjorZu ugha gksxkA 

 (B) An increase in the electrical energy of the system 

 fudk; dh fo|qr ÅtkZ eas o`f) gksxhA 

 (C) A decrease in the electrical energy of the system in any case  

 fudk; dh fo|qr ÅtkZ esa izR;sd fLFkfr esa deh gksxhA 

 (D*) A decrease in electrical energy of the system if Q1 R2  Q2 R1  
 fudk; dh fo|qr ÅtkZ esa deh gksxh ;fn Q1 R2  Q2 R1 gS 
Sol. Charge is flow until potential are equal and in charge flow energy is decrease 

 vkos'k rc rd izokfgr gksrs gS tc foHko leku u gks tk;s vksj vkos'k izokg esa ÅtkZ ?kVrh gSA  

  1

1

Q

C
 = 2

2

Q

C
  Q1R2 = Q2R1 . 

 

A-3.  A parallel plate capacitor is charged up to a potential of 300 volts. Area of the plates is 100 cm2 and 
spacing between them is 2 cm. If the plates are moved apart to a distance of 2.5 cm without 
disconnecting the power source, then (0 = 9 × 10–12 C2 N–1 m–2): 

  (i)   Electric field inside the capacitor when distance is 2.5 cm :  
    (A) 15 × 102 V/m       (B) 3 × 103 V/m    
    (C*) 12 × 103 V/m       (D) 6 × 103 V/m 
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  (ii)  Change in energy of the capacitor is : 
    (A) 6 × 10–8 J        (B) – 1215 × 10–10 J  
    (C) 1215 × 10–10 J       (D*) – 405 × 10–10 J 
  (iii)  If the distance is increased after disconnecting the power source, then electric field inside the 

capacitor is :  
    (A) 6 × 103 V/m        (B) 3 × 103 V/m    
    (C) 12 × 103 V/m       (D*) 15 × 103 V/m 
  (iv)  Change in energy of the capacitor in above case is :  
    (A) 303.75 × 10–9 J       (B) – 1215 × 10–10 J   
    (C*) 5.06 × 10–8  J       (D) – 303.75 × 10–9 J 

    ,d lekUrj iV~V la/kkfj=k dks 300 oksYV foHko rd vkosf'kr fd;k tkrk gS IysVks dk {ks=kQy 100 cm2 rFkk 
muds e/; nwjh 2 cm gSA ;fn IysVks dks fcuk L=kksr gVk;s 2.5 cm dh nwjh rd ys tk;k tkrk gS] rc  

    (0 = 9 × 10–12 C2 N–1 m–2): 
  (i)  la/kkfj=k ds vUnj fo|qr {ks=k D;k gksxk  tc nwjh 2.5 cm gS :  
    (A) 15 × 102 V/m       (B) 3 × 103 V/m    
    (C*) 12 × 103 V/m       (D) 6 × 103 V/m 
 

  (ii)  la/kkfj=k dh ÅtkZ esa ifjorZu gksxkA 

    (A) 6 × 10–8 J        (B) – 1215 × 10–10 J  
    (C) 1215 × 10–10 J       (D*) – 405 × 10–10 J 
 

  (iii)  ;fn L=kksr gVkus ds ckn nwjh c<+kbZ tk;s rks la/kkfj=k ds vUnj fo|qr {ks=k gksxk 
    (A) 6 × 103 V/m        (B) 3 × 103 V/m    
    (C) 12 × 103 V/m       (D*) 15 × 103 V/m 
 

  (iv)  mijksDr fLFkfr esa la/kkfj=k dh ÅtkZ esa ifjorZu gksxk 
    (A) 303.75 × 10–9 J        (B) – 1215 × 10–10 J   
    (C*) 5.06 × 10–8  J        (D) – 303.75 × 10–9 J 

Sol. (i) (C) E =
V

d
 =

2

300

2.5 10
 = 12 × 103 V/m 

 (ii) (D) U = Uf – Ui = 
1

2
CfV2 – 

1

2
CiV2 

    = 0 0

f i

1 A A

2 d d

  
 

 
 V2 

  =  
1 1 1

2 2.5 2

 
 

 

12 4

2

9 10 100 10

10

 



  
(300)2 = – 405 × 10–10J. 

 (iii) (D) E = 
0

Q

A
 = Constant vpj 

           = 
i

V

d
 = 

2

300

2 10
 = 15 × 103 V/m. 

 (iv) (C) Q = 0

i

A

d


V = constant vpj 

  U = 
2 2

f i

1 Q Q

2 C C
  = 

1

2
A 0 V2 f i

2 2
ii

d d

dd

 
 

 
 

 

       =
1

2
0

2
i

A

d


V2(df – di) =

1

2

4 12 2 2

2 2

100 10 9 10 (300) (2.5 2) 10

(2 10 )

  



     


= 5.0625 × 10–8J Ans. 
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A-4. A parallel plate capacitor is charged and then isolated. On increasing the plate separation: 

 lekUrj iV~V la/kkfj=k dks vkosf'kr djds foyfxr dj fn;k tkrk gSA IysVksa ds chp dh nwjh c<+kus ij  
  Charge   Potential  Capacitance 

  vkos'k   foHko   /kkfjrk 
 (A) remains constant remains constant decreases 

  vifjofrZr  vifjofrZr   ?kVsxh 
 (B*) remains constant increases  decreases 

  vifjofrZr  c<+sxk   ?kVsxh 
 (C)  remains constant decreases  increases 
  vifjofrZr  ?kVsxk   c<+sxh 
 (D) increases  increases  decreases 
  c<+sxk   c<+sxk   ?kVsxh 
Sol. (B) Isolated capacitor   Q = constant 
 separation d increase  C = decrease 
 Q = CV    V = increase 
gy. (B) foyfxr la/kkfj=k   Q = vpj  

 nwjh d c<kus ij    C = ?kVsxk  

 Q = CV    V = c<sxk  
 
A-5. A parallel plate capacitor is charged and the charging battery is then disconnected. The plates of the 

capacitor are now moved, farther apart. The following things happen :  
 (,d lekUrj iê la/kkfj=k dks vkosf'kr djds cSVjh gVk yh tkrh gSA vc la/kkfj=k dh IysVks dks ,d nwljs ls nwj xfr 

djkrs gSA rks fuEu esa D;k gksxk \)      

 (A)  The charge on the capacitor increases  (la/kkfj=k ij vkos'k c<+ tk,xk) 
 (B*)  The electrostatics energy stored in the capacitor increases 

  (la/kkfj=k esa laxzfgr fLFkj oS|qr ÅtkZ c<+sxh)  
 (C)  The voltage between the plates decreases (IysVks ds e/; foHko ?kVsxk)  
 (D)  The capacitance increases. (/kkfjrk c<+sxh)    
Sol. The charge on the capacitot remains constants  

 la/kkfj=k ij vkos'k ,d leku jgsxkA  

 Capacitance /kkfjrk  C  =  0A

d


   d  C      

 Energy ÅtkZ  U =  
1

2

2Q

C
  C  U         

 Potential foHko    V =  
Q

C
   C  V    

 
Section (B) : Circuits with capacitor and use of KCl and KVL 
la/kkfj=k ds lkFk ifjiFk o KCL o  KVL ds mi;ksx  
 

B-1. The work done against electric forces in increasing the potential difference of a condenser from 20V to 
40V is W. The work done in increasing its potential difference from 40V to 50V will be (consider 
capacitance of capacitor remain constant)   

 la/kkfj=k dk foHko 20 V ls 40 V rd c<+kus esa fo|qr cykas ds fo:) fd;k x;k dk;Z W gS rks la/kkfj=k dk foHko  
40 V ls 50 V c<+kus esa fd;k x;k dk;Z gksxk ¼ekfu;s fd la/kkfj=k dh /kkfjrk vifjofrZr gS½  

 (A) 4W    (B*)
3W

4
   (C) 2W   (D) 

W

2
  

Sol. W = Uf – Ui = 2 2
f i

1 1
CV – CV

2 2
= 

1

2
C (402 – 202)  W = 600 C  

 W1 = 
1

2
 C (502 – 402) = 

900

2
 C  W1 = 

900 W 3
.

2 600 4
  W  Ans   
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B-2.# The magnitude of charge in steady state on either of the plates of condenser C in the adjoining circuit 
is-   

 O;ofLFkr fp=k esa la/kkfj=k C dh izR;sd IysV ij mifLFkr vkos'k dk ifjek.k LFkk;h voLFkk esa gS & 

 

 (A) CE   (B) 2

1

CER

(R r)
  (C*) 2

2

CER

(R r)
  (D) 1

2

CER

(R r)
 

Sol. Charge on capacitor = CV = capacitance × (voltage across it) 
 In steady state, there will be no current through capacitor.   
 la/kkfj=k ij vkos'k = CV = /kkfjrk × (bldk foHko)  

 LFkk;h voLFkk esa] la/kkfj=k esa dksbZ /kkjk ugha gSA  

 

 voltage across capacitor  la/kkfj=k ij foHko  V = iR2  = 2

2

E R

R r
 

 Charge on capacitor  la/kkfj=k ij vkos'k  = CiR2 =  2

2

C E R

R r
 

 
B-3. The plate separation in a parallel plate condenser is d and plate area is A. If it is charged to V volt & 

battery is disconnected then the work done in increasing the plate separation to 2d will be– 

 lekUrj iV~V la/kkfj=k dh IysVksa ds chp nwjh d rFkk IysV {ks=kQy A gSA ;fn bldks V oksYV rd vkosf'kr djds cSVjh 
dks gVk fn;k tk;s rFkk vc IysVks ds chp dh nwjh dks 2d djus esa fd;k x;k dk;Z gksxk & 

 (A) 
3

2

2
0 AV

d


  (B) 

2
0 AV

d


  (C) 

2
02 AV

d


   (D*) 

2
0 AV

2d


 

Sol.  As battery is disconnected, charge remains constant in the work process.  
 Work done = final potential energy – initial potential energy   
 tSls gh cSVjh dks gVk fn;k tkrk gS] dk;Z izfØ;k esa vkos'k fu;r jgrk gSA 

 fd;k x;k dk;Z = vfUre fLFkfrt ÅtkZ – izkjfEHkd fLFkfrt ÅtkZ  

 = 
2Q

2 C´
 – 

2Q

2 C
= 

2Q

2

1 1
–

C´ C

 
 
 

 

 Where tgk¡ , Q = CV  =  oA V

d


, C = oA

d


  & C´ =  oA

2 d


 

 Now, work done vc fd;k x;k dk;Z  =
2

0 AV

2d


   Ans. is  (D)   

 
B-4. A parallel plate condenser of capacity C is connected to a battery and is charged to potential V. Another 

condenser of capacity 2C is connected to another battery and is charged to potential 2V. The charging 
batteries are removed and now the condensers are connected in such a way that the positive plate of 
one is connected to negative plate of another. The final energy of this system is– 

 C /kkfjrk ds lekUrj iV~V la/kkfj=k dks cSVjh ls tksM+k tkrk gS vkSj V foHko rd vkosf'kr djrs gSA ,d vU; 2C 

/kkfjrk ds la/kkfj=k dks cSVjh ls tksM+dj 2V foHko rd vkosf'kr djrs gSA vkos'ku cSVfj;ksa dks gVkrs gS vkSj la/kkfj=kksa 
dks bl izdkj tksM+rs gS fd ,d /kukRed IysV nwljs dh _.kkRed IysV ls tqM+ tk;sA fudk; dh vfUre ÅtkZ gS & 

 (A) zero 'kwU;  (B) 
225CV

6
   (C*) 

23CV

2
  (D) 

29CV

2
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Sol.   

  
    
 Total charge = 4 CV – CV = 3 CV  
 Now, let it is distributed as shown, potential across the capacitors is same   
 dqy vkos'k = 4 CV – CV = 3 CV  

 vc] ekuk ;g fp=kkuqlkj forjhr gksrs gS rFkk la/kkfj=k ij foHko leku gS  

 So, vr%]  
q

2C
 = 

3CV – q

C
   q = 2 CV 

     

 Total potential energy  dqy fLFkfrt ÅtkZ = 
2
1

1

Q

2C
 + 

2
2

2

Q

2C
=

2 2C V

2C
+ 

2 24C V

2 2C
= 

23CV

2
   

B-5. A capacitor of capacitance C is charged to a potential difference V0. The charging battery is 
disconnected and the capacitor is connected to a capacitor of unknown capacitance CX. The potential 
difference across the combination is V. The value of Cx should be  

 ,d C /kkfjrk dk la/kkfj=k V0 foHkokUrj rd vkosf'kr fd;k x;kA cSVjh gVkdj la/kkfj=k dks vKkr /kkfjrk CX ds  
la/kkfj=k ds lkFk tksM+k x;kA ;fn la;kstu ds fljksa ij foHkokUrj V gS rks CX dk eku gksxk½ 

 (A*) 0C(V V)

V


  (B) 0C(V V )

V


  (C) 

0

CV

V
  (D) 0CV

V
 

Sol. Common potential  mHk;fu"B foHko  

 V =  0

x

V C 0

C C




 

 

+ V –0 

C

Cx

  
 V (C + Cx) = V0C  

 C + Cx = 0V

V
C 

 Cx = C   

 Cx = 0C(V V)

V


  

 
Section (C) : Combination of capacitors  la/kkfj=kksa dk la;kstu 
   
C-1.# In the adjoining circuit, the capacity between the points A and B will be   

 fuEu ifjiFk esa fcUnqvksa A o B ds chp rqY; /kkfjrk gksxh &    

      
 (A) C   (B*) 2C   (C) 3C   (D) 4C 
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Sol.   

 

 Ceq = 
4C

2
 = 2C. 

 

C-2.# The resultant capacity between the points A and B in the adjoining circuit will be - 

 fuEu ifjiFk esa fcUnqvksa A o B ds chp rqY; /kkfjrk gksxh & 

 
 (A) C   (B) 2C   (C*) 3C   (D) 4C 
Sol.  

  

 Ceq = C + 2C/2 + C = 3C. 
 
C-3.# The effective capacity in the following figure between the points P and Q will be  

 fuEu ifjiFk esa fcUnqvksa P o Q ds chp rqY; /kkfjrk gksxh &      

 
 (A) 3F   (B) 5F   (C) 2F   (D*) 1F 

Sol. 
1

1 1 1 1

C 3 3 3
      

  C1 = 1 F, C2 = 2 + 1 = 3 F  
  Ceq = 1F. 
 
C-4.# The equivalent capacitance between the terminals X and Y in the figure shown will be– 

 çnf'kZr fp=k esa fcUnqvksa X o Y ds chp rqY; /kfjrk gksxh &  

 
 (A) 100 pF  (B*) 200 pF  (C) 300 pF  (D) 400 pF 
Sol.  
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 solving by parallel series combinations,    lekUrj Øe la;kstu ls gy djus ij   

       

         

 Ceq = 200 pF  Ans. 
 
C-5. The minimum number of condensers each of capacitance of 2F, in order to obtain resultant 

capacitance of 5F will be :   
 2µF /kkfjrk ds la/kkfj=kksa dh U;wure la[;k D;k gksuh pkfg, fd buds la;kstu dh rqY; /kkfjrk 5µF gks tk;as & 
 (A*) 4   (B) 5   (C) 6   (D) 10 

Sol.    

 Minimum 4 capacitors required as shown in figure  
 fp=k esa n'kkZ;s vuqlkj U;wure 4 la/kkfj=kksa dh vko';drk gksxh 
 
C-6.# The charge on the condenser of capacitance 2F in the following circuit will be  

 çnf'kZr fp=k esa 2F /kkfjrk ds la/kkfj=k ij vkos'k gksxk –    

       
 (A) 4.5 C  (B*) 6.0 C  (C) 7 C  (D) 30 C 
Sol.  

  

 Ceq = 
15

8
 + 4 = 

47

8
F 

 
q q

3 5
  = 8  q = 15C 

 Charge on 2F (2F ij vkos'k)  

 1 1q 15 – q

2 3
   q1 =

30

5
 = 6.0C  Ans. 
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C-7. Two parallel plate condensers of capacity of 20µF and 30µF are charged to the potentials of 30V and 
20V respectively. If likely charged plates are connected together then the common potential difference 
will be-     

 20 µF o 30µF /kkfjrk ds nks lekUrj iV~V la/kkfj=k dks Øe'k% 30 V o 20 V rd vkosf'kr djrs gSA ;fn leku 
çd`fÙk dh vkosf'kr IysVksa dks vkil esa tksM+ fn;k tk; rks la;qDr foHkokUrj gksxk & 

 (A) 100 V  (B) 50 V  (C*) 24 V  (D) 10 V 
Sol.  

  
 Common potential  mHk;fu"B foHko V = 1 1 2 2

1 2

C V C V

C C




 = 

600 600

20 30




 = 24 V     

 
C-8. How the seven condensers, each of capacity 2F, should be connected in order to obtain a resultant  

capacitance of 
10

11
F?        

 2µF /kkfjrk ds lkr la/kkfj=kksa dks dSls la;ksftr djs dh rqY; /kkfjrk 
10

11
F gks tk;sa &  

 (A)  (B)  (C*)  (D)  

Sol.   
eq

1

C
 =  

1

8
 + 

1

2
 + 

1

2
 +

1

2
  

    = 
1

8
 +  

3 4

2 4




 

     
eq

1

C
 =  

13

8
  Ceq. = 

8

13
F    

   
eq

1

C
 = 

1

6
 + 

1

2
 + 

1

2
 + 

1

4
 

     
eq

1

C
 = 

17

12
   Ceq. = 

12

17
 

    
eq

1

C
 = 

1

6
 + 

1

2
 × 4  

     
eq

1

C
 = 

13

6
  Ceq = 

6

13
F   



Capacitance 
 

 

 

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 
ADVCP - 28 

Toll Free : 1800 258 5555  | CIN : U80302RJ2007PLC024029 
 

    
eq

1

C
 = 

1

10
 + 

1

2
 + 

1

2
 

     
eq

1

C
 =  

10

11
F   

 
 

Section (D) : Equation of charging and discharging 
vkos'ku o fujkos'ku dh lehdj.k 
 

D-1. A 3 mega ohm resistor and  an uncharged 1 F capacitor are connected in a single loop circuit with a 
constant source of 4 volt. At one second after the connection is made what are the rates at which; 

 ,d 3 esxk vkse dk izfrjks/k rFkk 1µF dk la/kkfj=k ,d lkFk ,d 4V ds L=kksr ds lkFk ifjiFk esa tqM+s gSA la;kstu ds 
,d lSd.M ckn fuEu dh nj D;k gksxh \ 

 (i)      the charge on the capacitor is increasing. 

  la/kkfj=k ij vkos'k ds c<+us dh   

  (A) 1/34(1 e )  C/s   (B) 
1/34e

 C/s   

  (C*) 1/ 34
e

3
   C/s   (D) 1/ 34

(1 e )
3

  C/s  

 (ii) energy is being stored in the capacitor. 

  la/kkfj=k esa ÅtkZ ds lafapr gksus dh  

  (A*) 1/ 3 1/316
(1 e )e

3
   J/s  (B) 2/ 316

(1 e )
3

  J/s  

  (C) 2/ 316
e

3
  J/s   (D) None of these buesa ls dksbZ ugha 

 (iii)  joule heat is appearing in the resistor. 

  izfrjks/k esa twy Å"ek mRiUu gksus dh  

  (A) 1/316
e

3
   J/s   (B) 1/ 31

e
2

   J/s  

  (C*) 2/ 316
(e )

3
  J/s   (D) 1/3 216

(1 e )
3

   J/s 

 (iv) energy is being delivered by the source. 

  L=kksr }kjk ÅtkZ iznku djus dh 

  (A) 1/316 (1 e )  J/s   (B) 16 J/s   

  (C*) 1/ 316
e

3
   J/s   (D) 1/ 316

(1 e )
3

   J/s 

Sol. (i) (C)  q0 = 4C 

   i = 
dq

dt
 = 0q

RC
 e–t/RC =

6
1/ 3

6 6

4 10
e

1 10 3 10








  
 = –1/ 34

e
3

 C/sec 

 (ii) (A) U = 
2
0q

2C
 (1 – e–t/RC)2 

  
dU

dt
 = 

2
0

2

q

RC
 (1 – e–t/RC) e–t/RC 

  = 
6 2

6 6 2

(4 10 )

3 10 (1 10 )







  
 (1 – e–1/3) e–1/3 = 16/3 (1 – e–1/3) e–1/3 J/sec. 

 (iii) (C) H = 2i Rdt    
dH

dt
 = i2R 
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dH

dt
 = 2 2t /RC

0i Re  = 

2

6

4

3 10

 
 

 
 3 × 106 e–2/3 = 16/3 e–2/3 J /s 

 (iv) (C) U = qV    
dU

dt
 =  V 0dq

dt
 (1 – e–t/RC) 

  
dU

dt
 = 0q V

RC
e–t/RC 

  = 
6

6 6

4 10 4

3 10 1 10

 

  
e–1/3 = 

16

3
e–1/3 J/sec. 

 
D-2. An uncharged capacitor of capacitance 8.0 F is connected to a battery of emf 6.0 V through a 

resistance of 24 , then     
 8.0 F /kkfjrk ds la/kkfj=k dks 24  çfrjks/k ds lkFk 6.0 V cSVjh ls tksM+k tkrk gS rks  

 (i) the current in the circuit just after the connections are made is :  

 la;kstu ds rqjUr i'pkr~ ifjiFk esa /kkjk gksxh &  

 (A*) 0.25 A  (B) 0.5 A  (C) 0.4 A   (D) 0 A 
 (ii) the current in the circuit at one time constant after the connections are made is : 

 la;kstu ds ,dkad le; fu;rkad le; i'pkr~ ifjiFk esa /kkjk gS & 

 (A) 0.25 A  (B*) 0.09 A  (C) 0.4 A   (D) 0 A 

Sol. (i) (A) i0 = 
V

R
 =

6

24
 = 0.25 A 

 (ii) (B) i = i0 e–t/RC 
 = 0.25 e–1 

 = 
0.25

e
 = 0.09 A. 

 
D-3. An uncharged capacitor of capacitance 100F is connected to a battery of emf 20V at t = 0 through a 

resistance 10, then     
 100F /kkfjrk ds la/kkfj=k dks t = 0 ij 10 çfrjks/k o 20V fo-ok-cy dh cSVjh ls tksM+rs gS rks & 

 (i) the maximum rate at which energy is stored in the capacitor is : 

 la/kkfj=k eas ÅtkZ lap;u dh vf/kdre nj gksxh & 

 (A*) 10J/s  (B) 20 J/s  (C) 40J/s  (D) 5J/s 
 (ii) time at which the rate has this maximum value is  

 vf/kdre nj ds laxr le; dk eku gksxk & 

 (A) (4 ln 2) ms   (B) (2 ln 2) ms   (C*) (ln 2) ms   (D) (3 ln 2) ms  
Sol.  

  

 Energy stored in capacitor  la/kkfj=k esa laxzghr ÅtkZ = 
2Q

2 C
 

 Rate at which energy is stored  og nj ftlls ÅtkZ laxzghr gS  =
d

dt

2Q

2 C

 
  
 

  = 
Q

C
 . 

dQ

dt
 = 

Qi

C
 

 Q = C {1 – e–t/RC }   

 i = 
t /RCe

R


 

 Rate of energy storage  ÅtkZ lap;u dh nj = 
2

R


 {1 –e–t/RC} {e–t/RC}= 

2

R


 {e–t/RC – e–2t/RC}   ......... (1) 

 It will be maximum when, e–t/RC –e–2tRC will be maximum let y(t) = e–t/RC   –  e–2t/RC   
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 for maximum ,   y´ (t) = 0    
 tc e–t/RC –e–2tRC mPpre gksrk gS] rc ;g vf/kdre gksxhA ekuk y(t) = e–t/RC –  e–2t/RC   

 mPpre ds fy;s,  y´ (t) = 0   

   y´(t) =  
t /RCe

R C


 +  

2t /RC2 e

R C



 

   
t /RCe

 =  
1

2
 

 Putting it back in eq. (1)   bls lehdj.k (1) esa j[kus ij       
 (i) Maximum rate of energy storage  ÅtkZ lap;u dh vf/kdre nj   

= 
2

R


2

1 1
–

2 2

   
  

   

 = 
2

4 R


=

2(20)

4 10
 =10 J/s   Ans. is (A)  

 (ii) This will occur when,   rc ;g izkIr gksxh e–t/RC = 1/2  

 
t

RC


 = n 

1

2
  

 t = RC n 2  = 10 × 100 × 10–6 × n2 = (n 2) ms   Ans. is (C)   
 
 
 

D-4.# The charge on each of the capacitors 0.16 ms after the switch S is closed in figure is :  

 fuEu ifjiFk esa dqath S dks can djus ds 0.16 ms le; i'pkr~ çR;sd la/kkfj=k ij vkos'k gksxk & 

      
 (A) 24 C  (B) 26.8 C  (C*) 25.2 C  (D) 40 C 

Sol. q = 1q

2
 =  

68 10 10

2

 
3

6

0.16 10

8 10 201 e








 

 
 
  
 

 

 q = 40(1 – e–1)C = 40 (1 – 0.37) = 25.2C Ans. 
 
D-5. The plates of a capacitor of capacitance 10 F, charged to 60 C, are joined together by a wire of 

resistance 10  at t = 0, then 
 10 F /kkfjrk ds la/kkfj=k dh IysVksa dks 60 C vkos'k rd vkosf'kr djds t = 0 ij 10  çfrjks/k ds rkj ls ,d&nwljs 

dks tksM+k tkrk gS rks  
 (i) the charge on the capacitor in the circuit at t = 0 is : 
 t = 0 ij ifjiFk ds la/kkfj=k ij vkos'k gksxk &  

 (A) 120 C   (B*) 60 C  (C) 30 C  (D) 44 C 
 (ii) the charge on the capacitor in the circuit at t = 100 s is : 
 t = 100 s ij ifjiFk ds la/kkfj=k ij vkos'k gksxk  : 
 (A) 120 C   (B) 60 C  (C*) 22 C  (D) 18 C 
 (iii) the charge on the capacitor in the circuit at t = 1.0 ms is : (take e10 = 20000) 
 t = 1.0 ms ij ifjiFk ds la/kkfj=k ij vkos'k gksxk : (e10 = 20000) 

 (A*) 0.003 C   (B) 60 C  (C) 44 C  (D) 18 C 
Sol. (i) (B) at t0 ij ; q = q0 = 60 C 

 (ii) (C) q = q0e–t/RC = 60 × 10–6 
6 6100 10 /10 10 10e

    
 = 

60

e
C = 22 C. 

 (iii) (A) q = q0e–t/RC = 60 × 10–6 
3 61 10 /10 10 10e

    
= 

10

60

e
C = 0.003 C. 
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D-6.# The switch S shown in figure is kept closed for a long time and then opened at t = 0, then the current in 

the middle 20  resistor at t = 0.25 ms is :   
 iznf'kZr fp=k esa dqath s yEcs le; ls can gS vkSj t = 0 ij [kksyh tkrh gS rks e/; esa fLFkr 20 izfrjks/k esa t = 0.25 

ms  ij /kkjk gksxh &     

     

25 F

20 

20 12 V

S

     
 (A) 0.629 A  (B) 0.489 A  (C*) 0.189 A  (D) 23 mA  
Sol. (C)      

  

25 F

20 

20 12 V   
 Switch is kept closed for a long time,  
 dqath yEcs le; rd can j[kh tkrh gSA  

 Current through 20 resistor i =  
12

40
 

 20 izfrjks/k ls /kkjk i = 
12

40
   

 Charge on the capacitor at steady state,  

 fLFkj voLFkk ij la/kkfj=k ij vkos'k 

 q0 = 25 × 
12

40
 × 20 = 150 µC    

 at t = 0 , switch is opened, i = i0 e–t/    
 t = 0 ij, daqth [kksyus ij i = i0 e–t/    

  = RC =  20 × 25  =  500 µS  

   

 Current /kkjk   i = 0q



3

6

0.25 x 10

500 10e







   

 i = 
150

500

1/ 2e
 = 0.189 A    

 
D-7.# In the adjoining diagram, (assuming the battery to be ideal) the condenser C will be charged to potential 

V if -        
 O;ofLFkr fp=k esa ¼cSVjh vkn'kZ gS½ la/kkfj=k C, foHko V rd vkosf'kr gks tk,xk ;fn &  

     

C
+

–
V

S2S1

 
 (A) S1 and S2 both are open   (B) S1 and S2 both are closed 
 (C*) S1 is closed and S2 is open   (D) S1 is open and S2 is closed. 
 (A) S1 rFkk S2 nksuksa [kqys gS   (B) S1 rFkk S2 nksuksa can gSA   
 (C*) S1 can rFkk S2 [kqyk gS   (D) S1 [kqyk rFkk S2 can gSA   
Sol. If S1 is closed and S2 is open then, condenser C is fully charged at potential V. 

 ;fn S1 cUn gS vksj S2 [kqyk gS rc] la/kkfj=k C foHko V rd iw.kZ vkosf'kr gksxkA  
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D-8.# n the following figure, the charge on each condenser in the steady state will be–   

 iznf'kZr fp=k esa] lkE;kfLFkfr esa izR;sd la/kkfj=k ij vkos'k gksxk &      

       
 (A) 3C   (B) 6C   (C) 9C   (D*) 12C 
Sol.  Charge on each capacitor will be same. In steady state current through capacitor will be zero  
 izR;sd la/kkfj=k ij vkos'k leku gSA LFkk;h voLFkk esa la/kkfj=k ls ikfjr /kkjk 'kwU; gksxhA  

      
 current in steady state LFkk;h voLFkk esa /kkjk = i = 10/5 = 2 amp   

 potential across  AB ij foHko = iR = 2 × 4 = 8 V.     

 Potential across each capacitor = 4V 
 izR;sd la/kkfj=k ds lkis{k foHkokUrj = 4V 

 on each plate   izR;sd IysV ij Q = C V  = 3 × 4 = 12 C   

 

D-9._ In the circuit shown below the switch is closed at t = 0. For 0 < t < R (C1 + C2), the current 1 in the 
capacitor C1 in terms of total current  is    

 uhps n'kkZ;s x;s ifjiFk esa t = 0 ij fLop cUn fd;k tkrk gSA 0 < t < R (C1 + C2) ds fy, la/kkfjr C1 esa /kkjk 1 

dqy /kkjk ds inksa esa Kkr dhft,A    

 

C1 

E 


2

1

C2 

R 

 

 (A) 1

2

C

C

 
 
 

   (B) 2

1

C

C

 
 
 

  (C*) 1

1 2

C

C C

 
 

 
  (D) 2

1 2

C

C C

 
 

 
  

Sol. 1 2

1 2

q q

C C
  

 1 2

1 2C C

 
   C1 = C2 

  = 1 + 2  1 = 1

1 2

C

C C




 

  
Section (E) : Capacitor with dielectric 
ijkoS|qr ds lkFk la/kkfj=k 
 
E-1. The distance between the plates of a parallel plate condenser is d. If a copper plate of same area but 

thickness d/2 is placed between the plates then the new capacitance will become : 

 lekUrj iê la/kkfj=k dh IysVksa ds chp dh nwjh d gSA ;fn leku {ks=kQy dh rk¡cs dh d/2 eksVh ifêdk dks IysVksa ds 
chp j[k fn;k tk; rks ubZ /kkfjrk gksxh &        

 (A) half   (B*) double  (C) one fourth  (D) unchanged 

 (A) vk/kh   (B*) nqxquh  (C) pkSFkkbZ  (D) vifjofrZr 
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Sol. C = 0 A

d/ 2


 = 02 A

d


 = 2C. 

 
E-2. On placing a dielectric slab between the plates of an isolated charged condenser its–  

 foyfxr vkosf'kr la/kkfj=k dh IysVksa ds chp ijkoS|qr ifêdk j[kh tkrh gS &   

  Capacitance   Charge  Potential Difference Energy stored  Electric field 
 (A) decreases  remains  decreases  increases  increases 
    unchanged 
 (B) increases  remains  increases  increases  decreases 
    unchanged    
 (C*) increases  remains  decreases  decreases  decreases 
    unchanged  
 (D) decreases  remains  decreases  increases  remains  
    unchanged       unchanged 
  /kkfjrk    vkos'k   foHkokUrj   lafpr ÅtkZ   fo|qr {ks=k 
 (A) ?kVsxh  vifjofrZr ?kVsxk   c<+sxh   c<+sxk 
 (B) c<+sxh  vifjofrZr c<+sxk   c<+sxh   ?kVsxk 
 (C*) c<+sxh  vifjofrZr ?kVsxk   ?kVsxh   ?kVsxk 
 (D) ?kVsxh  vifjofrZr ?kVsxk   c<+sxh   vifjofrZr 
Sol. Q = constant vpj  

 New capacitance ubZ /kkfjrk  = KC (increases c<sxkk) 

 V = 
V

K
 (decreases ?kVsxk)  

 U’ = 
2Q

2CK
 (decreases ?kVsxk)    

 E =
0

Q

A
     E = 

0

Q

KA
  (decreases ?kVsxk) 

 
E-3.# The effective capacitance of the system in adjoining figure will be - 

 O;ofLFkr fp=k esa fudk; dh çHkkoh /kkfjrk gksxh &     

     

 (A*) C = 0

1 2 3 4

1 2 3 4

A

d d d d

K K K K



 
   

 

   (B) C =  0A

4d


 

 (C) C =  
0

4d

A
     (D) C =  1 2 4 3K K K K

4d
 

Sol.  

        C1 C2 C3 C4  

 C1 =  1 0

1

K A

d


, C2 =  2 0

2

K A

d


 , C3 = 3 0

3

K A

d


,  C4 =  4 0

4

K A

d


 



Capacitance 
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eq

1

C
 =  

1

1

C
 + 

2

1

C
 + 

3

1

C
 +  

4

1

C
  

 
eq

1

C
 = 1

1 0

d

K A
+ 2

2 0

d

K A
+ 3

3 0

d

K A
+ 4

4 0

d

K A
 

 Ceq =  0

1 2 3 4

1 2 3 4

A

d d d d

K K K K



 
   

 

  

 
E-4.# In the adjoining diagram two geometrically identical capacitors A and B are connected to a battery. Air 

is filled between the plates of C1 and a dielectric is filled between the plates of C2, then - 

 
 (A*) q1 < q2  (B) q1 > q2  (C) q1 = q2  (D) None of these  

 O;ofLFkr fp=k esa nks T;kfefr; :i ls le:i la/kkfj=k A o  B ,d cSVjh ls tqM+s gSA C1 dh IysVksa ds e/; gok rFkk 
C2 dh IysVksa ds e/; ijkoS|qr Hkjk gS] rks  – 

 
 (A*) q1 < q2  (B) q1 > q2  (C) q1 = q2  (D) buesa ls dksbZ ugha  
Sol. 

2 2C CV V V   

 C1 = C 
 C2 = KC 
 q1 = 

11 CC V  = CV 

 q2 = C2
2CV = KCV 

 q1 < q2. 
 
 

E-5. A parallel plate condenser is connected to a battery of e.m.f. 4 volt. If a plate of dielectric constant 8 is 
inserted into it, then the potential difference on the condenser will be-  

 lekUrj iê la/kkfj=k 4 oksYV fo-ok-cy dh cSVjh ls tqM+k gSA ;fn 8 ijkoS|qrkad dh IysV dks blds vUnj j[kk tk;s 
rks la/kkfj=k ij foHkokUrj gksxk &    

 (A) 1/2 V  (B) 2V   (C*) 4V   (D) 32V 

Sol.   

 Here, Potential difference on the capacitor will depend on emf of battery i.e., 4V  (C)  
 ;gk¡] la/kkfj=k ij foHkokUrj] cSVjh ds fo-ok-cy] 4V ij fuHkZj djrk gS (C)  

 
E-6. In the above problem if the battery is disconnected before inserting the dielectric, then potential 

difference will be-     

 mijksDr ç'u esa ;fn ijkoS|qr IysV dks j[kus ls igys cSVjh gVk yh tk; rks foHkokUrj gksxk &  

 (A*) 1/2 V  (B) 2V   (C) 4V   (D) 32V 
Sol. Charge on battery = Q = CV = 4 C 
 Now charge remains same, as battery is disconnected new capacitance = C´ = KC = 8C   
 cSVjh ij vkos'k = Q = CV  = 4 C 

 vc tSls gh cSVjh dh gVk;k tkrk gS] vkos'k leku jgrk gS vkSj u;h /kkfjrk = C´ = KC = 8C   

 C´V´ = Q V´ =  
Q

C'
 = 

4C

8C
 = 

1

2
 V  (A)   

 



Capacitance 
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E-7. A parallel plate condenser with plate separation d is charged with the help of a battery so that U0 
energy is stored in the system. A plate of dielectric constant K and thickness d is placed between the 
plates of condenser while battery remains connected. The new energy of the system will be- 

 IysVksa ds chp d nwjh okyk lekUrj iê la/kkfj=k cSVjh dh lgk;rk ls bl çdkj vkosf'kr fd;k tkrk gS] fd fudk; esa 
laxzfgr ÅtkZ U0 gSA K ijkoS|qrkad o d eksVkbZ dh ifêdk la/kkfj=k dh IysVksa ds chp j[kh tkrh gSA tcfd cSVjh vHkh 
Hkh tqM+h gS rks fudk; dh ubZ ÅtkZ gksxh &   

 (A*) KU0  (B) K2U0  (C) 0U

K
   (D) 0

2

U

K
 

Sol.  U0 = 21
CV

2
 (given fn;k gS) Now energy  vc ÅtkZ  = U´ = 21

C´V
2

 

 C´ = CK     

 U´ = 21
CV K

2
 = UoK    Ans. is (A)   

 
E-8. In the above problem if the battery is disconnected before placing the plate, then new energy will be– 

 mijksDr ç'u esa ;fn ifêdk j[kus ds igys cSVjh gVk nh tk; rks ubZ ÅtkZ gksxh &  

 (A) K2U0  (B) 0
2

U

K
   (C*) 0U

K
  (D) KU0  

Sol. Now, charge remains same on the plates.    D;ksafd] IysVksa ij vkos'k leku jgrk gS -  

 U0 = 
2Q

2C
 (given)   ¼fn;k gS½  

 Now energy  vr% ÅtkZ  = U´ = 
2Q

2C´
 = 

2Q

2CK
= oU

K
  (C)  Ans 

PART - III : MATCH THE COLUMN 

Hkkx - III : dkWye dks lqesfyr dhft, (MATCH THE COLUMN ) 

 

Section (A) : Circuits with capacitor and use of KCL and KVL 
[k.M (A) : la/kkfj=k ds lkFk ifjiFk o KCL o KVL ds mi;ksx 
1.# The circuit involves two ideal cells connected to a 1 F capacitor via a key K. Initially the key K is in 

position 1 and the capacitor is charged fully by 2V cell. The key is then pushed to position 2. Column  
gives physical quantities involving the circuit after the key is pushed from position 1. Column II gives 

corresponding results. Match the statements in Column  with the corresponding values in Column .  
 ifjiFk esa nks vkn'kZ lSy gSa tks dqath K }kjk 1 F la/kkfj=k ls tksM+s tk ldrs gSA izkjEHk esa dqath K fLFkfr 1 esa gS 

vkSj la/kkfj=k 2V lsy }kjk iw.kZr;k vkosf'kr gks tkrk gSA vc dqath dks fLFkfr 2 ij /kdsyk tkrk gSA LrEHk  esa dqath 
dks fLFkfr 1 ls /kdsyus ds ckn ifjiFk ls lEcfU/kr HkkSfrd jkf'k;k gSA LrEHk II esa mlds laxr ifj.kke fn;s x;s gSaA 
LrEHk  esa dFkuksa dks LrEHk  esa fn;s x;s laxr ekuksa ls lqesfyr dhft,A 

C=1 F

1 2

2V 4V

K

 
Column      Column 

   LrEHk I      LrEHk II 

 (A) The net charge crossing the 4 volt cell in C is  (p) 2 
 (B) The magnitude of work done by 4 Volt cell in J is  (q) 6 
 (C) The gain in potential energy of capacitor in J is  (r) 8 
 (D) The net heat produced in circuit in J is   (s) 16 



Capacitance 
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 (A) 4 V cSVjh ls gksdj tkus okyk dqy vkos'k C esa gSA  (p) 2 

 (B) 4 V cSVjh }kjk fd;s x;s dk;Z dk ifjek.k J esa gSA  (q) 6 

 (C) la/kkfj=k dh fLFkfrt ÅtkZ esa o`f) J esa gSA   (r) 8 

 (D) ifjiFk esa mRiUu dqy Å"ek J esa gSA    (s) 16 

Ans. (A) p  (B) r  (C) q  (D) p 
 
Sol.  The initial charge on capacitor = CVi = 2 × 1 C = 2 C 
 The final charge on capacitor = CVf = 4 × 1 C = 4 C 
   Net charge crossing the cell of emf 4V is  
  qf – qi = 4 – 2 = 2 C 
 The magnitude of work done by cell of emf 4V is 
  W = (qf – qi) 4 = 8 J 
 The gain in potential energy of capacitor is  

  U = 2 2
f i

1
C(V V )

2
  = 

1

2
 1 × [42 – 22] J = 6 J 

 Net heat produced in circuit is  

  H = 2 2
f i

1
C(V V )

2
  W – U   = 8 – 6 = 2 J 

 la/kkfj=k ij izkjfEHkd vkos'k = CVi = 2 × 1 C = 2 C 

 la/kkfj=k ij vafre vkos'k = CVf = 4 × 1 C = 4 C 

  4V dh cSVjh ls xqtjus okyk vkos'k 
 qf – qi = 4 – 2 = 2 C 
 4V fo-ok- cy dh cSVjh }kjk fd;s x;s dk;Z dk ifjek.k 
  W = (qf – qi) 4  = 8 J 
 la/kkfj=k dh fLFkfrt ÅtkZ esa o`f) 

  U = 2 2
f i

1
C(V V )

2
  = 

1

2
1 × [42 – 22] J = 6 J 

 ifjiFk esa mRiUu uSV Å"ek 
  H = W – U = 8 – 6 = 2 J 
 
SECTION (D) : EQUATION OF CHARGING AND DISCHARGING 

vkos'ku o fujkos'ku dh lehdj.k 

 
2. In each situation of column-I, a circuit involving two non-ideal cells of unequal emf E1 and E2 (E1 > E2) 

and equal internal resistance r are given. A resistor of resistance R is connected in all four situations 
and a capacitor of capacitance C is connected in last two situations as shown. Assume battery can 
supply infinity charge to the circuit (r, R  0, E1, E2  0). Four statements are given in column-II. Match 
the situation of column-I with statements in column-II.   

 LrEHk-I dh izR;sd fLFkfr esa] vleku fo-ok-cy E1 rFkk E2 (E1 > E2) vkSj leku vkUrfjd izfrjks/k r ds nks vukn'kZ 
(non ideal) lsyksa dk ,d ifjiFk fn;k x;k gSA R izfrjks/k lHkh pkj fLFkfr;ksa esa tqM+k gqvk gS rFkk C /kkfjrk dk ,d 
la/kkfj=k fp=kkuqlkj nks vfUre fLFkfr;ksa esa tqM+k gqvk gSA ;g ekfu, fd cSVjh ifjiFk dks vuUr vkos'k çnku dj 
ldrh gS (r, R  0, E1,E2  0)A LrEHk-II esa pkj dFku fn;s x;s gSA LrEHk-I dh fLFkfr;ks dks LrEHk-II esa fn;s x;s 
dFkkuksa ls lqesfyr dhft;sA       



Capacitance 
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   Column- I     Column -II  

 (A)   (p) magnitude of potential difference across  
    both cells can never be same. 

 (B)    (q) cell of lower emf absorbs energy,  
    that is, it gets charged up as long  
    as current flows in circuit 
 (C) The capacitor is initially uncharged.  (r) potential difference across cell of  
  After the key K is closed  lower emf may be zero. 

     
 (D) The capacitor is initially uncharged.  (s) current in the circuit can never be zero  
  After the key K is closed.  (even after steady state is reached). 

     
   LrEHk-I              LrEHk-II  

 (A)   (p) nksuksa lsyksa ds fljksa ij foHkokUrj dk  
    ifjek.k dHkh Hkh leku ugh gks ldrkA 

 (B)   (q) fuEu (lower) fo-ok- cy dk lsy ÅtkZ 
    vo'kksf"kr djrk gSA vFkkZr bldk vkos'ku 
    (charge up) rc rd gksxk tc rd ifjiFk  
    esa /kkjk cgrh jgrh gSA    
 (C) la/kkfj=k izkjEHk esa vukosf'kr gSA dqath  (r) fuEu (lower) fo-ok- cy ds lsy ds fljksa 
  K dks cUn djus ds ckn  ij foHkokUrj 'kwU; gks ldrk gSA 

   
 (D) la/kkfj=k izkjEHk esa vukosf'kr gSA dqath (s) LFkkbZ voLFkk igq¡pus ds mijkUr Hkh ifjiFk  
  K dks cUn djus ds ckn  esa /kkjk dHkh 'kwU; ugh gks ldrh gSA 

   
Ans. (A) p,q,s  (B) p,r,s  (C) p,q  (D) p,r 
 
Sol. (A) For potential difference across each cell to be same  

  E1 – ir = E2 + ir   or   i =  1 2E E

2r

 1 2E E

2 r R

 
 

 
  

 Hence potential difference across both cells cannot be same. 
 Cell of lower emf charges up. 
 For  potential difference across cell of lower emf to be zero 
  E2 + ir = 0  which is not possible. 



Capacitance 
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 Current in the circuit cannot be zero    E1  E2 . 
 (B) For potential difference across each cell to be same 
  E1 – ir  = E2 – ir   which is not possible 
 No cell charges up. 
 For  potential difference across cell of lower emf to be zero  
   E2 – ir = 0 and  E1 – i (r + R) = 0 

  or 1 2E E

r R r



 which is possible.   E1 > E2 . 

 Current in the circuit  cannot be zero. 

 (C) Situation is same as in (A) except current decreases from 1 2E E

2r R




 to zero. 

 Hence the only option that shall changes is 'current shall finally be zero.' 

 (D) Situation is same as in (B) except current decreases from 1 2E E

2r R




 to zero. 

 Hence the only option that shall changes is 'current shall finally be zero.' 

gy% (Tough) (A) nksuksa lsyksa ds fljksa ij foHkokUrj leku gksus ds fy, & 

  E1 – ir  = E2 + ir   or   i = 1 2E E

2r

 1 2E E

2 r R

 
 

 
   

 blfy;s nksuksa lsyksa ds fljksa ij foHkokUrj leku ugh gks ldrk gSA 
 fuEu (lower) fo-ok- cy dk lsy vkosf'kr gks tkrk gSA 
 fuEu (lower) fo-ok- cy ds fljksa ij foHkokUrj 'kwU; gksus ds fy, 

  E2 + ir = 0  tks fd lEHko ugh gSA 

 ifjiFk esa /kkjk 'kwU; ugh gks ldrh gSA   E1  E2 . 

 (B) izR;sd lsy ds fljksa ij foHkokUrj leku gksus ds fy, 

  E1 – ir  = E2 – ir   tks fd lEHko ugh gSA 

 dksbZ Hkh lsy vkosf'kr ugh gksrk gSA 
 fuEu (lower) fo-ok- cy ds lsy ds fljksa ij foHkokUrj 'kwU; gksus ds fy, 

   E2 – ir = 0 rFkk E1 – i (r + R) = 0 

  ;k 1 2E E

r R r



 tks lEHko gS   E1 > E2 . 

 ifjiFk esa /kkjk 'kwU; ugh gks ldrh gSA 

 (C) fLFkfr] (A) ds leku gS flok; blds fd /kkjk  1 2E E

2r R




 ls 'kwU; rd ?kVrh gSA 

 blfy;s dsoy ,d fodYi tks fd ifjorZu djsxk ^/kkjk vUr esa 'kwU; gks tk;sxh* gSA 

(D) fLFkfr] (B) ds leku gS flok; blds fd /kkjk 1 2E E

2r R




  ls 'kwU; rd ?kVrh gSA blfy;s dsoy ,d fodYi tks fd 

ifjorZu djsxk ^/kkjk vUr esa 'kwU; gks tk;sxh] gSA 
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 Marked Questions can be used as Revision Questions. 

 fpfUgr iz'u nksgjkus ;ksX; iz'u gSA 

PART - I : ONLY ONE OPTION CORRECT TYPE  
Hkkx-I : dsoy ,d lgh fodYi çdkj (ONLY ONE OPTION CORRECT TYPE) 

Section (A) : Definition of capacitance   
[k.M (A) : /kkfjrk dh ifjHkk"kk  
1. The plates of a parallel plate condenser are being moved away with a constant speed v. If the plate 

separation at any instant of time is d then the rate of change of capacitance with time is proportional to– 
          

 lekUrj iV~V la/kkfj=k dh IysVksa dks fu;r pky v ls nwj&nwj ys tk;k tkrk gSA  ;fn fdlh {k.k IysVksa ds chp dh 
nwjh d gSa rks le; ds lkFk /kkfjrk esa ifjorZu dh nj gksxhA   

 (A) 
1

d
    (B*) 

2

1

d
  (C) d2   (D) d 

Sol. x = Vt   dt  C = 0 A

Vt


 0

2

dc A 1
–

dt V t


   

2

dc 1

dt d
     Ans  

 
2. Choose Graph between potential and time for an isolated conductor of finite capacitance C, if its charge 

varies according to the formula Q = (t + Q0) coulomb, where Q0 and  are positive constant. 
 ifjfer /kkfjrk C ds foyfxr pkyd ds foHko o le; ds e/; xzkQ pqfu;s] ;fn bldk vkos'k lw=k Q = (t + Q0) 

dwykWe ds vuqlkj ifjofrZr gksrk gSA tgka Q0 o  /kukRed fu;rkad gSA   

 (A*)  (B)  (C)  (D)   

Sol. Given fn;k x;k gS Q = (t + Q0) 

 V = 
Q

C
 = 0t Q

C

 
 =  0t Q

C C


  

  

 

 
C

Q0  

V 

t 

tan=
C


 

 
 
3.# A parallel plate capacitor of capacitance C is as shown. A thin metal plate A is placed between the 

plates of the given capacitor in such a way that its edges touch the two plates as shown. The capacity  
a cross P and Q now becomes.  

      

 

P Q 

 
 (A) 0   (B) 3C   (C) 4C   (D*)   
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 n'kkZ;s vuqlkj ,d C /kkfjrk ds lekUrj iê la/kkfj=k dh IysVksa ds chp ds ,d iryh /kkrq dh IysV A dks bl izdkj 
j[kk tkrk gS fd blds fdukjs nksuks IysVksa dks Li'kZ djrs gSA vc ubZ /kkfjrk gks tk;sxh      

      

 

P Q 

 
 (A) 0   (B) 3C   (C) 4C   (D*)  
Sol. Theoritical capacitance = , because d become zero 

 lS)kfUrd /kkfjrk =  D;ksfd d 'kwU; gks tk,xhA 

 
4.# Two spherical conductors A1 and A2 of radii r1 and r2 are placed concentrically in air. The two are 

connected by a copper wire as shown in figure. Then the equivalent capacitance of the system is: 

 ¼nks xksyh; ladsUnzh; pkyd xksys A1 rFkk A2 (f=kT;k r1 vkSj r2) dks gok esa j[kk x;k gSA nksuksa dks ,d rkacsa ds rkj ls 
fp=kkuqlkj tksM+k x;kA rks fudk; dh rqY; /kkfjrk gksxh½    

 

 (A) 0 1 2

2 1

4 k r .r

r r




 (B) 40 (r1 + r2) (C*) 40r2 (D) 40r1 

Sol.  
 All given charge of A1 goes to A2  

  A1 dks fn;k x;k lHkh vkos'k A2 ij pyk tk;sxkA 

 Therefore blfy, C = 40r2   
 
5.#_ There are two conducting  spheres of radius a and b (b > a ) carrying equal and opposite charges.  
 They are placed at a separation d (>>> a and b). The capacitance of system is  

 f=kT;k a rFkk b (b > a ) ds nks pkyd xksyksa ij leku ifjek.k o foijhr izd`fr ds vkos'k gSA os d (>>> a o b) nwjh 
ij j[ks gSaA fudk; dh /kkfjrk gSA  

 

 (A) 04

a – b – d


    (B) 04

1 1 1
– –

a b d


  (C) 04

1 1 1
–

a b d





  (D*) 04

1 1 2
–

a b d





 

Sol.  

 

  VB = 
KQ KQ

d b
      

  VA = 
KQ KQ

a d
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  VA – VB = 
1 1 2

KQ
a b d

 
  

 
 

         = 
0

Q 1 1 2

4 a b d

 
    

 

 or 
A B

Q

V V
 = C = 04

1 1 2

a b d



 
  

 

 

 
SECTION (B) : Circuits with capacitor and use of KCL and KVL 
[k.M (B) : la/kkfj=k ds lkFk ifjiFk o KCL o KVL ds mi;ksx 
 
6. A capacitor of capacitance C0 is charged to a voltage V0 and then isolated. An uncharged capacitor C is 

then charged from C0, discharged and charged again ; the process is repeated n times. Due to this, 
potential of the C0 is decreased to V, then value of C is :   

 ¼,d C0 /kkfjrk dk la/kkfj=k] V0 oksYVst rd vkosf'kr djus ds ckn cSVjh ls foyfxr dj fy;k tkrk gSA ,d nwljk C  
/kkfjrk dk vukosf'kr la/kkfj=k] C0 la/kkfj=k ls vkosf'kr fd;k tkrk gS fQj fujkosf'kr djds iqu% vkosf'kr fd;k tkrk gSA 
vkos'ku rFkk fujkos'ku dh fØ;k dks n ckj nksgjk;k tkrk gS ftlds dkj.k C0 dk foHko fxjdj V gks tkrk gSA rks C 

dk eku gksxk½ 
 (A) C0 [V0/V]1/n (B*) C0[(V0/V)1/n – 1] (C) C0 [(V0/V) – 1] (D) C0 [(V/V0)n + 1] 

Sol. Charge on C0 ij vkos'k, Q1 = C0V0, 

 Initial charge on C1 ij izkfEHkd vkos'k, Q2 = 0  

 Common potential mH;fu"B foHko V1 = 1 2 0 0

1 2 0

Q Q C V

C C C C




 
  Q1 = C0V1 = 

2
0

0

C

C C
 V0  

 Similarly blh izdkj V2 =

2

0 1 0

0 0

C V C

C C C C

 
  

  
 V0  Q2 = C0V2 =

3
0

2
0

C

(C C )
 V0  

 for n times n xquk ds fy, Vn = 

n

0

0

C

C C

 
 

 
V0 = V            C = 

1/n
0V

– 1
V

  
  
   

 C0  Ans  

 
7.# A network of uncharged capacitors and resistances is as shown   

 fp=k esa vukosf'kr la/kkfj=kks o izfrjks/kks dk la;kstu fn[kk;k x;k gSA   

        
 Current through the battery immediately after key K is closed and after a long time interval is :  

 dqath K dks can djus ds rqjUr i'pkr~ ,oa vR;f/kd le;kUrjky ds ckn ifjiFk esa /kkjk gksxhA 

 (A*) 
1

E

R
, 

1 3

E

R R
     (B) 

1 3

E

R R
,

2 3
1

2 3

E

R R
R

R R




   

 (C) Zero 'kwU; , 
1

E

R
    (D)  

2 3
1

2 3

E

R R
R

R R




, 
1

E

R
 

Sol. Immediately after the key is closed, capacitor behave like a conducting wire, therefore. 

 dqath ds cUn djus ds Bhd ckn la/kkfj=k pkyd rkj dh rjg O;ogkj djrk gS vr%  
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 i = 
1

E

R
  Ans  

 After a long time interval, capacitor behave like a open circuit. Therefore. 

 yEcs le; vUrjky ds ckn, la/kkfj=k [kqys ifjiFk dh rjg O;ogkj djrk gS vr% 

      

 i =
1 3

E

R R
   Ans  

 

8.    (i) A 3F capacitor is charged up to 300 volt and 2F is charged up to 200 volt. The capacitor are 
connected so that the plates of same polarity are connected together. The final potential difference 
between the plates of the capacitor after they are connected is :  

,d 3F /kkfjrk ds la/kkfj=k dks 300 oksYV rd rFkk 2F /kkfjrk ds la/kkfj=k dks 200 oksYV rd vkosf'kr fd;k tkrk 
gSA bu la/kkfj=kksa dks bl izdkj tksM+k tkrk gS fd mudh leku /kzqfor IysVs ,d nwljs ls tqM+h jgsA rks muds la;kstu 
ds i'pkr~ la/kkfj=k ds fljks ij foHkokUrj gksxk \ 

(A) 220 V  (B) 160 V  (C) 280 V  (D*) 260 V 
  (ii) If instead of this, the plates of opposite polarity were joined together, then amount of charge that 

flows is : 

(;fn blds LFkku ij foijhr /kzqork okyh ifêdkvksa dks vkil esa tksM+ fn;k tk; rks izokfgr gksus okys vkos'k dh 
ek=kk gksxh \) 

(A*) 6 × 10–4 C  (B) 1.5 × 10–4 C  (C) 3 × 10–4 C      (D) 7.5 × 10–4 C 
Sol.  

  Q1 = C1V1 = 900C 

  Q2 = C2V2 = 400C 

(i) (D)   V = 1 2

1 2

Q Q 900 400

C C 3 2

 


 
 = 260V 

(i) (A)    V = 1 2

1 2

Q Q 900 – 400

C C 3 2




 
 = 100V 

 Charge on  3F ij vkos'k = C1V= 300C  

 amount of charge flow is izokfgr vkos'k dh ek=kk = 900C – 300C = 600C  = 6 × 10–4 C 
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9.#_ In the circuit shown in figure the capacitors are initially uncharged. The current through resistor PQ just 
after closing the switch is :  

 n'kkZ;s x;s ifjiFk esa çkjfEHkd voLFkk esa la/kkfj=k vukosf'kr gSA dqath dks cUn djus ds rqjUr ckn çfrjks/k PQ ls 
çokfgr /kkjk dk eku gS :   

      
 (A) 2A from P to Q (B) 2A from Q to P (C) 6A from P to Q (D*) zero 
 (A) 2A, P ls Q   (B) 2A, Q ls P  (C) 6A, P ls Q  (D*) 'kwU; 

Sol. Just after switch closing dqath dks cUn djus ds rqjUr ckn 

  
 current through resistor PQ is zero just after closing the switch. 

 dqath dks cUn ds rqjUr ckn PQ izfrjks/k esa /kkjk 'kwU; gSA 

 
10.#_ Six capacitors each of capacitance 'C' is connected as shown in the figure and initially all the capacitors 

are uncharged. Now a battery of emf =  is connected. How much charge will flow through the battery if 
the switch is on :   

 'C'  /kkfjrk ds N% la/kkfj=k fp=kkuqlkj tqMs gS rFkk izkjEHk esa lHkh la/kkfj=k vukosf'kr gSA vc fo|qr okgd cy dh 
cSVjh tksMh tkrh gSA cSVªh ls fdruk vkos'k izokfgr gksxk ;fn fLop pkyw gSA  

        

 (A) 
9C

5


  (B*) 

11 C

5


  (C) 

13 C

5


  (D) 

7 C

5


  

Sol.  

   
 Get izkIr gksrk gS   

 Ceq = 
11c

5
 

 izokfgr vkos'k Charge flow = Ceq  = 
11 c

5


. 

 
Section (C) : Combination of capacitors and  
[k.M (C) : la/kkfj=kksa dk la;kstu  
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11.# The equivalent capacitance between point A and B is   

 (A vkSj B fcUnqvksa ds chp rqY; /kkfjrk gksxhA   

       
 (A) C/4 (B) C/2 (C) C (D*) 2C 

Sol.                           Ceq = 2C 
  
12.# In the arrangement of the capacitors shown in the figure, each C1 capacitor has capacitance of 3F and 

each C2 capacitor has capacitance of 2F then,   
 (fp=k esa fn[kk;s x;s la/kkfj=kksa ds lewg esa izR;sd la/kkfj=k C1 dk eku 3F rFkk izR;sd la/kkfj=k C2 dk eku 2F gS 

rks)     

       
   (i)  Equivalent capacitance of the network between the points a and b is :  

 (a rFkk b ds e/; ifjiFk dh rqY; /kkfjrk gksxh) 

 (A*) 1F  (B)2F   (C) 4F   (D) 
3

2
 F 

   (ii)  If Vab = 900 V, the charge on each capacitor nearest to the points 'a' and 'b' is : 
 (vxj Vab = 900 V, gS rks 'a' rFkk 'b' fcUnqvksa ds lcls utnhdh la/kkfj=k ij vkos'k gksxkA) 
 

 (A) 300 C  (B) 600 C  (C) 450 C  (D*) 900 C 
 

   (iii)  If Vab = 900 V, then potential difference across points c and d is : 
 (vxj Vab = 900 V gS rks c rFkk d fcUnqvks ds e/; foHkokUrj gksxkA) 

 (A) 60 V  (B*) 100 V  (C) 120 V  (D) 200 V  

Sol. (i) 
1 1 1 2

1 1 1 1

C C C C
  


   C1

 = 1F  

  C2
 = C2 + C1

 = 3F  Ceq = 1F  Ans  

 (ii)  

 Ceq = 1F Q = Ceq V = 900F  
 charge on nearest capacitor utnhdh la/kkfj=k ij vkos'k = 900F Ans   

 (iii) from point potential method fcUnq foHko rdfud ls 

    Vc – Vd = 100V   Ans  
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13.# A combination arrangement of the capacitors is shown in the figure   

 (fp=k esa la/kkfj=kksa dk lek;kstu fn[kk;k x;k gSA)     

 (i) C1 = 3 F, C2 = 6 F and C3 = 2 F then equivalent capacitance between 'a' and 'b' is : 
  (C1 = 3 F, C2 = 6 F rFkk C3 = 2 F gSa rks a rFkk b fcUnqvksa ds chp rqY; /kkfjrk gksxh &  

       
  (A*) 4 F  (B) 6 F  (C) 1 F  (D) 2 F 
 
 (ii) If a potential difference of 48 V is applied across points a and b, then charge on the  

 capacitor C3 at steady state condition will be :  

  vxj a rFkk b fcUnqvks ds e/; 48 V foHkokUrj yxk;k tk, rks LFkkbZ voLFkk esa la/kkfj=k C3 ij vkos'k gksxk %  

  (A) 8 C  (B) 16 C  (C) 32 C  (D*) 64 C  

Sol. (i)   

  Cac = 6 +  6 = 12F Ccb =  
6.3

2 2
6 3

 
  

 = 6F 

   Ceq = 
12 6

12 6




 = 4F Ans   

 (ii)    
 Charge on 2F capacitor   Q = CV  Q = 2 × 32 = 64C  Ans   

 2F la/kkfj=k ij vkos'k    
 

14.#_ The V versus x plot for six identical metal plates of cross-sectional area A is as shown. The equivalent 
capacitance between 2 and 5 is (Adjacent plates are placed at a separation d) :  

 V vkSj x ds e/; dk xzkQ esa A vuqçLFk dkV {ks=kQy dh N% le:i /kkfRod IysVksa ds fy, fp=k eaas n'kkZ;k x;k gSA  
2 vkSj 5 ds e/; dh rqY; /kkfjrk gS  (la;qXeh IysVkas ds e/; nwjh d gS ) :   

     

 (A) 02 A

d


  (B*) 0 A

d


  (C) 03 A

d


  (D) 0 A

2d


 

Sol.  

 

 Ceq. = 
C C

2 2
  = C = 0 A

d


  Ans. 
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15.# Each edge of the cube contains a capacitance C. The equivalent capacitance between the points A and 
B will be –          

C

C

C

C

B
C

C

C

C

C

C

C
A

C

 

 (A*) 
6C

5
  (B) 

5C

6
   (C) 

12C

7
  (D) 

7C

12
 

 ?ku dh izR;sd Hkqtk esa C la/kkfj=k fLFkr gS] rks fcUnqvksa A o B ds chp rqY; /kkfjrk gksxh & 

 

 (A*) 
6C

5
  (B) 

5C

6
   (C) 

12C

7
  (D) 

7C

12
 

Sol.  

 
 Due to symmetric charge distribution as shown 

 leehfr ds dkj.k vkos'k forj.k n'kkZ;s vuqlkj gSA 

 for loop ACDB ywi ACDB ds fy, 

 VA – 
q q q

– –
3C 6C 3C

 = VB   VA – VB =
5q

6C
    VA – VB = 

eq

q

C
    Ceq = 

6C

5
 Ans  

 
16.# The potential difference between the points P and Q in the adjoining circuit will be-   

 O;ofLFkr fp=k esa fcUnqvksa P o Q ds chp foHkokUrj gksxk & 

       

 (A) 1 4 2 3

1 3 2 4

(C C C C ) E

(C C ) (C C )



 
(B) 2 3

1 2 3 4

C C E

C C (C C )
 (C*) 2 3 1 4

1 2 3 4

(C C C C ) E

(C C ) (C C )



 
  (D) 2 3 1 4

1 2 3 4

(C C C C ) E

(C C C C )



  
 

Sol. 

E

– +
C4

C2C1

O E

E

E

O

Q

P

VP

VQ

C3

  

 C1 and C2 are in series, charge on each will remain same.  
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 C1 rFkk C2 Js.kh Øe esa gS vr% izR;sd la/kkfj=k ij vkos'k ,d leku jgsxkA 

  (VP – 0) . C1 = (E – VP) C2     

  VP =  2

1 2

C E

C C
 

 C3 & C4 are in series, charge on each will remain same,  

 C3 rFkk C4 Js.kh Øe esa gS vr% izR;sd la/kkfj=k ij vkos'k ,d leku jgsxkA 

  (VQ – 0) . C3 = (E – VQ) . C4   

  VQ = 4

3 4

C E

(C C )
   

 Hence blfy, VP – VQ = 2 3 1 4

1 2 3 4

(C C – C C ) E

(C C ) (C C ) 
  

 

SECTION (D) : EQUATION OF CHARGING AND DISCHARGING 

vkos'ku o fujkos'ku dh lehdj.k 

 

17.# The time constant of the circuit shown is : (fn;s x;s ifjiFk dk le; fu;rkad gSaA) 

      

 (A*) 
RC

2
  (B) 

3RC

5
   (C) 

RC

3
   (D) 

RC

4
 

Sol.  

  E = 

1 2

1 2 2 11 2

1 2

1 2

E E
E r E rr r

1 1 r r

r r







 = 
2 R 0

0 R

   


  

  E = 2 , req = 1 2

1 2

r r

r r
 = 0  

 Equivalent battery rqY; cSVjh    

 imax = 
2

R


    

 for Qmax ds fy,    

  i = 
2 3

2R / 3 R

 
   i2 = 

R


,  i1 = 

2

R


, i3 = i4 = 

2R


 

 potential on C = potential on 2R resistance  = i3 × 2R =   
  C ij foHko = 2R izfrjks/k ij foHko  = i3 × 2R =   

 charge on capacitor la/kkfj=k ij vkos'k, Qmax  = CV = C    = max

max

Q C RC

i 2 /R 2


 


 Ans  



Capacitance 
 

 

 

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 
ADVCP - 10 

Toll Free : 1800 258 5555  | CIN : U80302RJ2007PLC024029 
 

18.#_ n resistances each of resistance R are joined with capacitors of capacity C (each) and a battery of emf 
E as shown in the figure. In steady state condition ratio of charge stored in the first and last  capacitor is 
: 

 n izfrjks/kksa ftuesa izR;sd dk izfrjks/k R gS dks /kkfjrk C ds la/kkfj=kksa (izR;sd ) rFkk fo|qr okgd cy E ds ,d cSVjh 
ls tksMk tkrk gSa (fp=kkuqlkj)A LFkkbZ voLFkk vkus ij çFke o vfUre la/kkfj=k ij mifLFkr vkos'kksa dk vuqikr gS :  

      
 (A) n : 1  (B) (n – 1) : (n + 1) (C) (n2 + 1) : (n2 – 1)  (D*) 1 : 1 

Sol.  
 Qfirst = Qlast = CE 

 Ratio  vuqikr = first

last

Q

Q
 = 1. 

 

19._ A fresh dry cell of 1.5 volt and two resistors of 10 k each are connected in series. An analog voltmeter 
measures a voltage of 0.5 volt across each of the resistors. A 100F capacitor is fully charged using the 
same source. The same voltmeter is now used to measure the voltage across it. The initial value of the 
current and the time in which the voltmeter reading falls to 0.5 volt are respectively. 

 1.5 oksYV dk ,d u;k 'kq"d lsy ,oa izR;sd 10k ds nks izfrjks/k Js.khØe esa tqM+s gq, gSA ,d ,ukykWx oksYVehVj 
izR;sd izfrjks/k ds fljksa ij 0.5 oksYV dk foHkokUrj ekirk gSA leku L=kksr ls ,d 100F /kkfjrk ds la/kkfj=k dks iw.kZ  
vkosf'kr fd;k tkrk gSA vc leku oksYVehVj dk blds fljksa ij foHkokUrj ekiu esa mi;ksx fd;k tkrk gSA /kkjk dk 
izkjfEHkd eku ,oa og le; D;k gksxk ftlesa oksYVehVj dk ikB~;kad ?kVdj 0.5 oksYV gks tkrk gS &  

 (A) 60A, 11s (B) 120A, 15s  (C) 150A, 15s (D*) 150A, 1.1 s  
Sol. (D) 

From the given conditions, resistance of analog voltmeter = 10 k
nh xbZ 'krZ ls ,ukykWx oksYVehVj dk izfrjks/k = 10 k

Initial current izkjfEHkd /kkjk = 
1.5

mA
10

 

1500
A

10
   150 A   

Using, mi;ksx ls 0.5 = 1.5 e–t/RC  = 1.5 e–t/10 

   10

t

e
3

1 
  

   n 3 = t 
   t = n 3 
   

20._ Refer to the circuit given below. Initially the switch S is in position 1 for 1.5 s. Then the switch is 

changed to position 2. After a time t (measured from the change over of the switch) the voltage across 

5 k   resistance is found to be about 1.226 volt. Then, t is   

 uhps fn;s x;s ifjiFk ds funsZ'kkuqlkj, izkjEHk esa fLoap S, fLFkfr 1 ij 1.5 lsd.M+ ds fy, j[kk tkrk gSA vc fLoap dh 

fLFkfr ifjofrZr djds 2 dh tkrh gSA t le; i'pkr~ (fLoap fLFkfr ifjofrZr djus ds ckn ls ekik x;k le;) 5 

kizfrjks/k ds fljks ij foHkokUrj 1.226 oksYV ik;k tkrk gSA rc t gksxk & 
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10V 5k 

2 

10k 

22F 

1 

S 

 

 (A*) 330 ms (B) 500 ms (C) 33 ms (D) data insufficient vkadM+s 

vi;kZIr gSA 

Sol. (A) 

   

  

3 6RC 10 22 10  

 

  

3 6 3RC 10 22 10 22 10 sec     

 
   At t = 1.5 sec ij 
  steady state LFkk;h voLFkk VC = 10V 

While discharging tc fujkosf'kr gks jgk gS  

3t 10

15V 10e 1.226
 

   

  

310 t

15e 0.1226


  

  
 

15
t ln 0.1226

100




 
  = 330 ms. 

 
SECTION (E) : CAPACITOR WITH DIELECTRIC 

  ijkoS|qr ds lkFk la/kkfj=k 
 
21. The capacitance of a parallel plate condenser is C0. If a dielectric of relative permittivity r and thickness 

equal to one fourth the plate separation is placed between the plates, then its capacity becomes C. 

Then value of 
0

C

C
 will be-  

 lekUrj iê la/kkfj=k dh /kkfjrk C0 gSA vkisf{kd fo|qr'khyrk r rFkk IysVksa ds chp dh nwjh ds ,d pkSFkkbZ Hkkx ds 

cjkcj eksVh ifêdk dks bu IysVksa ds chp j[kk tkrk gS rks /kkfjrk C gks tkrh gS rks 
0

C

C
 dk eku gksxk – 

 (A) r

r

5

4 1



 
   (B*) r

r

4

3 1



 
  (C) r

r

3

2 1



 
  (D) r

r

2

1



 
 

Sol. (B) 

d/4 3d/4

  Capacitance of capacitor without dielectric, C0 = 0A

d
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    la/kkfj=k dh /kkfjrk tc ijkoS|qr mifLFkr ugha gks] C0 = 0A

d


   

    Capacitance of capacitor with dielectric, C  

     C = 0

r

A

3d d

4 4






  =  0 r

r

4 A.

((3 1)d

 

 
   

0

C

C
 = r

r

4

(3 1)



 
  

    la/kkfj=k dh /kkfjrk tc ijkoS|qr mifLFkr gks] C  

     C =  0

r

A

3d d

4 4






 = 0 r

r

4 A.

((3 1)d

 

 
  

0

C

C
 = r

r

4

(3 1)



 
  

 
22.# A parallel plate capacitor without any dielectric has capacitance C0. A dielectric slab is made up of two 

dielectric slabs of dielectric constants K and 2K and is of same dimensions as that of capacitor plates 
and both the parts are of equal dimensions arranged serially as shown. If this dielectric slab is 
introduced (dielectric K enters first) in between the plates at constant speed, then variation of 
capacitance with time will be best represented by:     

 ,d lekukUrj iê la/kkfj=k dh /kkfjrk (fcuk ijkoS|qrkad ds) C0 gSA ,d ijkoS|qrkad ifêdk tks fd nks ijkoS|qrkad 
ifêdkvksa ls cuh gqbZ gSA ftuds ijkoS|qrkad K rFkk 2K gS rFkk mudh foek;sa la/kkfj=k dh foekvksa ds cjkcj gSa] dks 
,d ds ckn ¼K igys½ ,d fp=kkuqlkj la/kkfj=k dh IysVksa ds chp esa leku pky V ls izos'k djkrs gSA rks /kkfjrk C dk 
le; t ds lkFk ifjorZu lcls vPNh rjg iznf'kZr djus okyk ys[kkfp=k gksxkA  

 

 (A)   (B*)   (C)   (D)  

Sol. Case – I When dielectric slab of dielectric constant K enters in to the capacitor.  

 fLFkfr – I tc ijkoS/kqrkad K dh ijkoS/kqrkad ifVVdk la/kkfj=k esa izos'k djrh gSA  

   
 At any time t, there will be two capacitors are in parallel combination - one with air and other with 

dielectric slab. 

 fdlh le; t ij] ;gka nks la/kkfj=k lekUrj Øe esa gS ,d ok;q o nwljk ijkoS/kqrkd ifV~Vdk ds lkFk  

  C(t) = Cair + Cslab   

        = 0 0A (L – Vt) K A (Vt)

Ld Ld

 
  

        = 0 A

Ld


 [ L – (K – 1) Vt] (linear function of t ) (t ds jsf[kr Qyu :i esa) 

 Its slope bldk <ky  = M C(t) = 0 A

Ld


 (K – 1) V 

 Case – II When dielectric slab of dielectric constant 2K also enters into the capacitor. 

 fLFkfr – II tc ijkoS/kqrkad 2K dh ijkoS/kqrkad ifV~Vdk la/kkfj=k esa izos'k djrh gSA  
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 C' (t) = Cslab 1 + Cslab 2  

         = 0 0AK (L – Vt) A2K Vt

Ld Ld

 
  

         = 0K A

Ld


  [L + Vt]   (linear function of t) (t ds jsf[k; Qyu :i esa) 

 Its slope bldk <ky  = MC' (t) = 0 AKV

Ld


 

 As = M C' (t) > MC (t)  
 and both C(t) and C'(t) are linear function of 't' hence variation of capacitance with time be best 

represented by  (B)  

 vkSj C(t) o C'(t) nksuks 't'  ds js[kh; Qyu gS vr% le; ds lkFk la/kkfj=k ds ifjorZu dk lgh iznf'kZr (B) }kjk gSA   

      
 

23._ An isolated metallic object is charged in vacuum to a potential V0 using a suitable source, its 

electrostatic energy being W0. It is then disconnected from the source and immersed in a large volume 

of dielectric with dielectric constant K. The electrostatic energy of the sphere in the dielectric is :   

 ,d foyfxr /kkfRod oLrq dks fuokZr esa ,d foHko V0 ls ,d mi;qDr L=kksr dke esa ysdj vkosf'kr fd;k tkrk gS 

bldh fLFkjoS|qfrd ÅtkZ W0 gks tkrh gSA rc bls L=kksr ls gVk fy;k tkrk gS rFkk K ijkoS|qrkad ds lkFk okys ,d 

cM+s ijkoS|qrkad ds vk;ru esa Mwcks;k tkrk gSA ijkoS|qr esa xksys dh fLFkjoS|qfrd ÅtkZ gS : 

 (A) K2 W0  (B) K W0  (C) 0
2

W

K
  (D*) 0W

K
 

Ans. (D) 

Sol. U = 
2Q

2C
 since C will become k times  

So U will become 
1

k
 times   

24._ Consider a parallel plate capacitor. When half of the space between the plates is filled with some 

dielectric material of dielectric constant K as shown in Fig. (1) below, the capacitance is C1. However, if 

the same dielectric material fills half the space as shown in Fig. (2), the capacitance is C2. Therefore, 

the ratio C1 : C2 is        

,d lekUrj IysV la/kkfj=k dks fyft,A IysVksa ds chp dh vk/kh txg dks fp=kkuqlkj K ijkoS|qr fLFkjkad ds ijkoS|qr 

inkFkZ ls Hkjk tkrk gSA fp=k (1) /kkfjrk C1 gSA fQj Hkh ;fn mlh ijkoS|qr inkFkZ dks fp=k (2) ds vuqlkj vk/kh txg 

esa Hkjrs gS, rks /kkfjrk C2 gSA blfy, C1 : C2 dk vuqikr gS & 
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Fig. (1) 

   

 

Fig. (2) 

  

(A) 1   (B) 
2K

K 1
  (C*) 

 
2

4K

K 1
  (D) 

K 1

2


 

Ans. (C)  

Sol. 
eq 1 2

1 1 1

C C C
   

 
0 0

1 1

A KA

d d

2 2


 

 

 = 
0 0

d d

2A 2KA


 
 

 
eq 0

1 d K 1

C 2A K

 
    

 

 0
eq

2KA
C

d(K 1)





 

 
eq 0

2
eq 0

C 2KA 2d 4K

C d(K 1) A (K 1) (K 1)


  

    
 

25._ A network of six identical capacitors, each of capacitance C is formed as shown below. The equivalent 

capacitance between the point A and B is     

N% le:i la/kkfj=kksa ds ,d tky dks izR;sd dh /kkfjrk C uhps n'kkZ;suqlkj cuk;k x;k gSA fcUnq A rFkk B ds chp 

rqY; /kkfjrk gS &s 

 
 

B

A 

 

 (A) 3C   (B) 6C   (C) 3C/2  (D*) 4C/3 

Ans. (D)  
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Sol. Rearrange the circuit  

  

 

C 2C 

C 2C 
A A 

 

Ceq = 
2C

2
3

  

PART - II : NUMERICAL VALUE 

Hkkx - II : la[;kRed iz'u  (NUMERICAL VALUE) 

 

Section (A) : Definition of capacitance   
[k.M (A) : /kkfjrk dh ifjHkk"kk   
 
1.# Both the capacitors shown in figure are made of square plates of edge a. The separations between the 

plates of the capacitors are d1 and d2 as shown in the figure. A battery of V volt and a resistance R are 
connected as shown in figure. At steady state an electron is projected between the plates of the lower 
capacitor from its lower plate along the plate as shown. Minimum speed should the electron be 

projected is given by 

1/ 2
2

2

1 Vea

mdn

 
  
 

 so that it does not collide with any plate? Consider only the electric 

forces then  find the value of n.   

       
 fp=k esa n'kkZ, gq, nksuksa la/kkfj=k oxkZdkj Hkqtk a okyh IysV ds cus gq, gSA la/kkfj=kksa dh IysVksa ds chp dh nwjh d1 rFkk 

d2 gS] tks fp=k esa n'kkZbZ gqbZ gSA V oksYV dh ,d cSVjh o R  izfrjks/k dks fp=k esa n'kkZ;s vuqlkj tksMk tkrk gSA lkE; 
voLFkk ij fupys la/kkfj=k dh fupyh IysV ds vuqfn'k ,d bySDVªkWu dks fp=kkuqlkj iz{ksfir fd;k tkrk gSA U;wure 

pky 
1/ 2

2

2

1 Vea

mdn

 
  
 

 ls bySDVªkWu dks iz{ksfir fd;k tk; fd og fdlh Hkh IysV ls uk Vdjk,A dsoy oS|qr cy 

dk;Zjr ekfu,A rc n dk eku Kkr dhft,A 

       
Ans.  06.00 

Sol.  Ceq. can be written as   Ceq dks fuEu :i esa fy[kk tk ldrk gS &  Ceq. = 1 2

1 2

C C

C C
 = 

2
oa

3d


   

 charge on plate   IysVksa ij vkos'k  Q = CeqV = 
2

oa V

3d
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 surface charge density  {ks=kQy vkos'k ?kuRo  =  = 
2

Q

a
 = o V

3d


 

 electric field fo|qr {ks=k   = 
o2




 + 

o2




= 

o




 =

V

3d
   

 electric force fo|qr cy  = 
Ve

3d
 

 acceleration of electrons bysDVªkWu dk Roj.k  =  
 

Ve

3d m
 

  
  

 in X axis   X v{k ij  a = ut  t = 
a

u
 

 in Y axis    
1

2
 × acceleration  × t2 = d 

 Y v{k ij    
1

2
 × Roj.k × t2 = d  

 
2Vet

2(3d)m
 = d    

2

2

Vea

6dmu
 = d    

 u = 

1
22

2

Vea

6md

  
 
  

 

 
2.# The particle P shown in the figure has a mass m and a charge –q. Each horizontal plate has a surface 

area A potential difference V = 0mg A
n

2qc

 
 
 

 should be applied to the combination to hold the particle P 

in equilibrium then find the value of n.    

 fp=k esa n'kkZ;s x;s d.k P dk nzO;eku m o vkos'k –q gSA çR;sd {kSfrt IysV ds ,d Qyd dk i`"Bh; {ks=kQy A gSA 

d.k P dks lkE;koLFkk esa j[kus ds fy;s la;kstu ij foHkokUrj V= 0mg A
n

2qc

 
 
 

vkjksfir fd;k tkrk gS rks n  Kkr 

djksA        

         
Ans.  03.00 

Sol. Ceq. = 
2C

3
   

 Q = 
2CV

3
  

 surface charge density   {ks=kQy vkos'k ?kuRo   =  = 
Q

A
 = 

2CV

3A
 

 Electric field between the plates of capacitor la/kkfj=k dh IysVksa ds e/; fo|qr {ks=k    

 = 
o2




 + 

o2




 = 

o




 = 

o

2CV

3A 
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 Force cy = qE = 
o

2CVq

3A 
 

 for equilibrium this electrostatic force must be equal to mg    
o

2CVq

3A 
 = mg  

 lkE;koLFkk ds fy;s ;g fLFkj oS|qr cy] mg ds rqY; gksuk pkfg;s     
o

2CVq

3A 
 = mg  

 V = o3mgA

2Cq


 

 
3. A capacitor of capacitance 2.0 F is charged to a potential difference of 12 V. It is then connected to an 

uncharged capacitor of capacitance 4.0 F. Find (a) the charge flow through connecting wire upto study 
strate on each of the two capacitors after the connection in C (b) The total electrostatic energy stored 
in both capacitors in J (c) the heat produced during the charge transfer from one capacitor to the other 
in J.  

 2.0 F /kkfjrk dk ,d la/kkfj=k 12 V foHkokUrj rd vkosf'kr fd;k tkrk gSA vc ;g fp=kkuqlkj 4.0 F /kkfjrk ds 
vukosf'kr la/kkfj=k ls tksM+k tkrk gSA Kkr dhft, & (a) la;kstu ds ckn çR;sd la/kkfj=k }kjk LFkk;h voLFkk izkIr 
djus rd rkj ls izokfgr vkos'k ¼C es½ (b) nksuksa la/kkfj=kksa esa laxzfgr dqy LFkSfrd oS|qr ÅtkZ ¼ J esa½ (c) ,d 
la/kkfj=k ls nwljs ij vkos'k LFkkukUrfjr djus ds nkSjku mRiUu Å"ek ¼J esa½A     

Ans.  (a) 16.00 (b) 48.00 (c) 96.00  
Sol. Q = CV = 2 × 12 = 24C 

 1 1

2 2

Q C 1

Q C 2
  ,  Q1 + Q2 = 24C , V = 1 2

1 2

Q Q

C C




 = 4 Volt 

 (a) Q1 = 8C, Q2 = 16C  
 initial charge on 4F = 0 
 4F ij izkjfEHkd vkos'k  = 0 

 the charge flow from connecting wire = 16 C  
 la;kstu rkj ls xqtjus okyk vkos'k  = 16 C  

 Ans 16  

 (b) U1 = 
1

2
 C1V2 = 

1

2
 × 2 × (4)2 = 16J  

      U2 = 
1

2
 C2V2 = 

1

2
 × 4 × (4)2 = 32J  

 Total energy stored  =  48 J 
 dqy ÅtkZ =  48 J 

 Ans 48 

 (c) H = (Ui)system fudk; – (Uf) system fudk; = 
1

2
 × 2 × 122 – (16 + 32) = 96J  

 Ans 96  
 
4.# Three conducting plates of area 500 cm2

  area kept fixed as shown. Distance between adjacent plates 
is 8.85 mm. A charge of 1.0 nC is placed on the middle plate. (a) The charge on the outer surface of the 
upper plate is given by n×10–11C then find the valu of n.(b) Find the potential difference (inV)  developed 
between the upper and the middle plates.      

 fp=k esa çnf'kZr tM+or rhu pkyd IysVksa eas izR;sd dk {ks=kQy 500 cm2 gSA la;qXeha IysVksa ds e/; nwjh 8.85 mm gSA 
e/;orhZ IysV ij 1.0 nC vkos'k mifLFkr gSA (a) Åijh IysV ds Åijh lrg ij vkos'k n×10–11C vk,xk rks n gksxk \ 

(b) Åijh rFkk e/;orhZ IysVksa ds e/; mRiUu foHkokUrj (oksYV esa) dk eku crkb;s \ 

       
Ans.  (a) 50.00  (b) 10.00 
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Sol. Charge after distribution forj.k ds ckn vkos'k 

   

 Charge on outer plate ckgjh IysV ij vkos'k = 
q 1

nC
2 2


 ; 

  C = 
– 4 –12

0
–3

A 500 10 8.85 10

d 8.85 10

   



 = 50 pF 

 charge on outer surface of upper plate is Åijh IysV dh ckgjh lrg ij vkos'k = 
1

nC
2

 =  0.5nC  Ans    

 V = 
–9

–12

q 0.5 10

C 50 10





 = 10V Ans   

 
5. Consider the arrangement of parallel plates of the previous problem. If 1.0nC charge is given to the 

upper plate instead of the middle, what will be the potential difference (in V) between (a) the upper and 
the middle plates and (b) the middle and the lower plates? 

 fiNys iz'u esa fn;s x;s lekUrj IysV dh O;oLFkk dks yhft,A ;fn 1.0nC vkos'k dks e/;orhZ IysV dh txg Åijh 
okyh IysV dks fn;k tkrk gS] rc fuEu fLFkfr;ksa ds fy, IysVksa ds e/; foHkokUrj (oksYV esa)  D;k gksxk (a) Åijh rFkk 
e/;orhZ IysV ds e/; (b) e/;orhZ rFkk uhps okyh IysV ds e/; \  

Ans.    (a) 10.00  (b) 10.00  

Sol. a  charge on outer most plate lcls ckgjh IysV ij vkos'k = 
q 1

nC
2 2


  

 b  Vab = 
q 1/ 2nC

C 50pF
  = 10 V Ans  

 c  Vcd =  
q 1/ 2nC

C 50pF
  = 10V Ans   

 
 

Section (B) :   Circuits with capacitor and use of KCL and KVL 
 la/kkfj=k ds lkFk ifjiFk o KCL o KVL ds mi;ksx  
 

6.# Four capacitors of capacitance 10 F and a battery of 2V are arranged as shown. How much µC  
charge will flow through AB after the switch S is closed ?  

 10µF /kkfjrk ds pkj la/kkfj=k o 2V dh ,d cSVjh fp=k esa n'kkZ;s vuqlkj O;ofLFkr gSA dqath S dks can djus ij 
fdruk µC vkos'kAB ls izokfgr gksxkA  

        
Ans. 45.00 

Sol. When switch is open tc daqth [kqyh gqbZ gks rks rqY; /kkfjrk = Ceq. = 
15

2
µ F   

 qi = Ceq. V = 
15

2
 × 2 = 15 µC  

 When switch is closed  tc dqth can gks rqY; /kkfjrk  
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 Ceq. = 30 µF  
 qf = 30 × 2 = 60 µC  
 Charge flow through AB = qf – qi = 45µC  
 AB ls izokfgr vkos'k = qf – qi = 45 µC  

 
7.# A part of circuit in a steady state along with the current flowing in the branches, the values of resistance 

etc., is shown in the figure. How much energy (J) stored in the capacitor C (0.4F)  
 LFkk;h voLFkk ds fdlh ifjiFk ds ,d Hkkx dks 'kk[kkvksa esa izokfgr /kkjk] izfrjks/kksa ds eku vkfn ds lkFk fp=k esa 

n'kkZ;k x;k gSA C (0.4F) la/kkfj=k esa laxzfgr ÅtkZ (J esa) Kkr dhft;sA       

 
Ans. 45.00 
Sol. Using Kirchhoff’s first law at junctions a and b, we have found the current in other wires of the circuit on 

which currents were not shown.  
 taD'ku a vkSj b ij fdjpkWQ dk izFke fu;e dk mi;ksx djus ij ifjiFk ds vU; rkjksa ij] ftu ij /kkjk dks iznf'kZr 

ugha fd;k x;k gS] /kkjk dks izkIr dj ldrs gSaA  

 
 Now, to calculate the energy stored in the capacitor we will have to first find the potential difference Vab 

across it.  
 vc] la/kkfj=k ij lafpr ÅtkZ dh x.kuk ds fy;s] gesa igys bl ij foHkokUrj Vab dh x.kuk djuh gksxhA   
  Va – 3 × 5 – 3 × 2 + 3 × 2 = Vb    
  Va – Vb = Vab = 15 volt  

  U = 
1

2
CV2

ab  

  = 1/2 (0.4 × 10–6) (15)2 J = 45 J    Ans. 
 
8.# Five capacitors are connected as shown in the figure. Initially S is opened and all the capacitors are 

uncharged. When S is closed and steady state is obtained. Then find out potential difference between 
the points A and B in volt.  

 fp=k esa n'kkZ;s vuqlkj ik¡p la/kkfj=k tqM+s gSA çkjEHk esa dqath S [kqyh gS o lHkh la/kkfj=k vukosf'kr gSA dqath S dks cUn 
djus ds ckn LFkk;h voLFkk çkIr dh tkrh gSA rc fcUnq A o  B ds e/; foHkokUrj oksYV esa Kkr dhft,A 

      
Ans. 24.00 
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Sol.  

  

 38 – 
q q q q q

– – – 9 – –
6 3 2 8 12

 = 0   q = 24C 

 VA – 
24

2
 – 9 – 

24

8
 = VB  VA – VB = 24 V Ans  

 
9.# In steady state, find the charge on the capacitor in (C) shown in figure. 

 fp=k esa n'kkZ;s la/kkfj=k ij LFkk;h voLFkk esa vkos'k (C esa )Kkr dhft;sA  

     

 

10  20 

2 V 

20 6F

 
Ans. 06.00  

Sol. at steady state LFkk;h voLFkk esa 

   
 Req = 20  i1 = 0  Ans  

 i3 = i2 = 
2 1

20 10
  amp  Ans  

 i4 = i5 = 3i 1

2 20
  amp  Ans  

 charge on capacitor  6F is = 6 × 10–6 × 
1

10
 × 10 = 6C   Ans     

 6F /kkfjrk ds la/kkfj=k ij vkos'k = 6 × 10–6 × 
1

10
 × 10 = 6C   

 
 
10.# Calculate the steady state current (in A) in the 2  resistor shown in the circuit (see figure). The internal 

resistance of the battery is negligible and the capacitance of the condenser C is 0.2 F.   
 fp=k esa n'kkZ;s x;s 2  izfrjks/k esa LFkk;h /kkjk  ,Eih;j es Kkr dhft;sA cSVjh dk vkUrfjd izfrjks/k ux.; gS vkSj 

la/kkfj=k C dh /kkfjrk 0.2 F gSA     

 
Ans. 09.00  
Sol. In steady state situation no current will flow through the capacitor, 2 and 3 are in parallel. 
 Therefore, their combined resistance will be   
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 LFkk;h voLFkk esa] la/kkfj=kksa ls dksbZ /kkjk izokfgr ugh gksrh gS] 2 o 3 lekUrj esa gS  
 vr% mudk la;qDr izfrjks/k gksxk -   

  R = 
2 3

2 3




 = 1.2 

 Net current through the battery :  cSVjh ls izokfgr dqy /kkjk %  

  i = 
60

1.2 2.8
 = 15 A   

 This current will distribute in inverse ratio of their resistance 2 and 3.  
 ;g /kkjk] buds izfrjks/k 2 vkSj 3 ds O;qRØekuqikrh vuqikr esa foHkkftr gksrh gSA   

  2

3

i

i
 = 

3

2
 

 or  vr%  i2 = 
3

3 2

 
  

 (15) = 9 A   

 

11.# Find the potential difference between points A and B  (in V) of the system shown in figure if the emf is 

equal to E = 110 V and the capacitance ratio C2/C1 =  = 2.0. 

 fp=k ea n'kkZ, x, ifjiFk ds fcUnqvksa A o B ds e/; foHkokUrj dh x.kuk  (oksYV esa) dhft, ;fn  E = 110 V rFkk 
C2/C1 =  = 2.0         

 
Ans. 10.00 
Sol.  

 

The distribution of charges is shown in figure In closed loop (CDEFC) 

 can ywi CDEFC esa vkos'k dk forj.k fp=kkuqlkj n'kkZ;k x;k gS 

  1

1 2

q (q – q )
E – – 0

C C
     .....(i) 

 In closed loop (ABCFA) 1 1 1

1 2 2

q q q – q
– – 0

C C C
    

 can ywi (ABCFA) esa  

 or ;k 1 1 1

1 2 2 2

q q q q
– – – 0

C C C C
   

 or ;k 1
2 2 1

q 2 1
q

C C C

 
  

 
     

 or ;k 1 2
1

1

2C C
q q

C

 
  

 
  .....(ii) 

 From Eq.(i), we get  1

1 2 2

q q q
E – – 0

C C C
   

 lehdj.k (i) ls  1

1 2 2

q q q
E – – 0

C C C
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 or ;k 1 1 2

2 1 2

q C C
E q

C C C

 
   

 
  

 or ;k 1 1 2 1 2
1

2 1 1 2

q 2C C C C
E q

C C C C

    
     

   
    

 or ;k 1 2 1 2 1
2 1 2

1

(2C C ) (C C ) q
EC q

C

 
   

 or ;k 
2 2
1 1 2 1 2 2 1

2 12
1

(2C 2C C C C C ) q
EC – q

C

  
  

  
2 2 2
1 1 2 2 1

2 12
1

2C 3C C C – C
EC q

C

   
  

  
 

  q1 = 
2

2 1
2 2
1 1 2 2

EC C

C 3C C C 
 

  VA – VB = 1 1

2 2

–q q

C C
  

   = 
2
1

2 2
1 1 2 2

EC

C 3C C C 
 = 

2
2 2

2
1 1

E

C C
1 3

C C
 

= 
2

E

1 3  
 = 10V 2

1

C
2

C

 
   

 
  

   . 

12.#_ (i) What is the final potential (in V) of point b with respect to ground in steady state after switch S is 
closed ?       

    dqath S cUn djus ds i'pkr~ lkE;koLFkk dh fLFkfr esa fcUnq b dk iF̀oh ds lkis{k foHko (oksYV esa) D;k gS \ 

 (ii) How much charge flows through switch S from b to a after it is closed in C? 

     dqath S cUn djus ds ckn b ls a fdruk vkos'k C esa izokfgr gksrk gS\   

 

      
Ans. (i) 6.00 (ii) 54.00 

Sol.  

 

 (i) When switch s is closed potential at b point is same as potential at a point 

 tc dqath s cUn gS fcUnq b o fcUnq a ij foHko leku gS 
  Vb = Va = 6.0 Volt  
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 (ii) Final charge on 6.0F is q = 6 × 12 = 72C Therefore charge flow through wire b to a is  

= 72 –  36 =  54 C  

  6.0F ij vkos'k q = 6 × 12 = 72C gSA vr% rkj esa b ls a fd vksj izokfgr vkos'k = 72– 36 = 54 C gSA 

 

Section (C) : Combination of capacitors 
[k.M (C) : la/kkfj=kksa dk la;kstu  
 
13.# Find the equivalent capacitance in (F) of the infinite ladder shown in the figure between the points A 

and B.       

 
 fp=k esa n'kkZ;h vuUr lh<+h dk fcUnq A o B ds e/; rqY; /kkfjrk (F esa) Kkr dhft,A 

 
Ans.  12.00  

Sol. Let equivalent capacitance = Ceq.    ekuk rqY; /kkfjrk Ceq  gSA  
 Infinite ladder can be shown as :     vuUr lh<+h fuEu fp=kkuqlkj gS &  

  
 Now Ceq of this ladder,      vr% Ceq lh<+h fuEu fp=kkuqlkj gS -   

 Ceq =  
eq

eq

6 C

6 C
 + 8  

 by solving it,   bls gy djus ij]  
  Ceq

2 – 8 Ceq – 48 = 0   
  Ceq = 12 F  or  –4 F    
 neglecting –ve  answer,    _.kkRed mÙkj dks ux.; djus ij  
  Ceq = 12 F.  
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14.# The equivalent capacitance of the combination shown in the figure between the indicated points is 

given by 
n

7
F. then find the value of n.    

 çnf'kZr fp=k esa /kkfjrkvksa ds la;kstu esa n'kkZ;s fcUnqvksa ds chp rqY; /kkfjrk 
n

7
F gS rks n Kkr djksA   

 
Ans.  20.00F      
Sol. Charge on capacitor is assume as according to reverse symmetry. 

 la/kkfj=k ij vkos'k O;qRØe leferh ds vuqlkj ekuus ij 

   
 q1 + q2 = Ceq V      .....(i) 

 from loop AB EFA  ywi AB EFA ls   

 – 1 2 1 2q q – q q

2 4 4
   = 0 2q2 – 3 q1 = 0   .....(ii) 

 from loop ABCA ywi AB CA ls   

 – 1 2q q
–

2 4
 + V = 0   4V = 2q1 + q2    .....(iii) 

 from (i), (ii) and (iii) we get lehdj.k (i), (ii) o (iii) ls ge izkIr djrs gSA 

 q1 + 13q

2
 = Ceq 

1
1

3q
2q

2
4

 
 

 
 
  

   Ceq = 
20

7
 F  Ans  

 
SECTION (D) : EQUATION OF CHARGING AND DISCHARGING 

vkos'ku o fujkos'ku dh lehdj.k 

15. The electric field between the plates of a parallel–plate capacitance 2.0 F drops to one third of its 
initial value in 4.4 s when the plates are connected by a thin wire. Find the resistance of the wire in .  

 (Given : n3 = 1.0986)      
 ,d 2.0 F /kkfjrk ds lekUrj iê la/kkfj=k dh IysVsa ,d irys rkj }kjk tksM+h tkrh gS rks bldh IysVksa ds e/; 

fo|qr {ks=k 4.4 s esa blds çkjfEHkd eku dk ,d frgkbZ jg tkrk gSA rkj dk çfrjks/k  esa Kkr djksA (fn;k gS % 
n3 = 1.0986) 

Ans. 
11

5 n3
 = 02.00 . 

Sol. E = E0 
t /RCe

  0E

3
 = E0

t /RCe
 

 
1

3
 = 

6 64.4 10 /R 2 10e
    

 

 n 3 = 
11

R5
  R = 

11

5 n3
 = 2.0 . 
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16._ A capacitor of capacitance C charged by battery at V volt and then disconnected. At t = 0, it is 
connected to an uncharged capacitor of capacitance 2C through a resistance R. The charge on the 

second capacitor as a function of time is given by q =  















 


RC

t3

e1
3

CV
 then find the value of /. 

 /kkfjrk C ds ,d l/kkafj=k dks V oksYV dh cSVjh }kjk vkosf'kr djrs gSa vkSj bls foPNsfnr (disconnected) dj nsrsa 
gSaA le; t = 0 ij] ;g ,d vukosf'kr /kkfjrk 2C ds la/kkfj=k ls izfrjks/k R }kjk tksM fn;k tkrk gSA nwljs la/kkfj=k 

ij vkos'k q = 















 


RC

t3

e1
3

CV
 le; ds Qyu ds :i esa fn;k tkrk gS rks 




  dk eku Kkr djksA   

Ans. 01.00 

Sol.  

 

 At time t using KVL 
Q – q q

–
C 2C

 –iR = 0  

 t le; ij KVL dk mi;ksx djus ij   
Q – q q

–
C 2C

 –iR = 0   

 
2Q – 3q dq

–
2C dt

 R = 0     

q t

0 0

dq dt

2Q – 3q 2RC
   

  
1 2Q – 3q t

n
–3 2Q 2RC

 
 

 
    

3t
–

2RC2Q – 3q
e

2Q
   q = 

3t
–

2RC2Q
1– e

3

 
 
 
 

 

 

SECTION (E) : CAPACITOR WITH DIELECTRIC 

     ijkoS|qr ds lkFk la/kkfj=k 
 
17. Hard rubber has a dielectric constant of 2.8 and a dielectric strength (maximum electric field) of  

18 × 106 volt/meter. If it is used as the dielectric material filling the full space in a parallel plate 
capacitor.  Minimum area may the plates of the capacitor have in order that the capacitance be  

7.0 × 102 F is equal to 
n


m2. What should be the value of n if capacitor be able to withstand a 

potential difference of 4000 volts. (0 = 
–910

36
 S.I unit)  

 dBksj jcj dk ijkoS|qr fu;rkad 2.8 gS o ijkoS|qr lkeF;Z ¼vf/kdre oS|qr {ks=k½ 18 x 106 oksYV/ehVj gSA ;fn ;g 
lekUrj iê la/kkfj=k ds lEiw.kZ fjDr LFkku esa ijkoS|qr inkFkZ dh rjg Hkjk tkrk gS rks la/kkfj=k dh /kkfjrk 7.0 x 

102 F gksus ds fy;s IysVksa dk U;wure {ks=kQy 
n


m2 ds cjkcj gS rks n fdruk gksuk pkfg, ;fn la/kkfj=k 4000 

oksYV foHkokUrj rd lgu djus ;ksX; gksuk pkfg,A (0 = 
–910

36
S.I bdkbZ)  

Ans.  05.00 
Sol. Let distance between the plates = d    
 ekuk IysVksa ds e/; nwjh d  gSA  

 18 × 106 × d = 4000   

 d = 
6

4000

18 10
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 Now vc,  C = r oA

d

 
 

 7.0 × 10–2 × 10–6 = 
6

–9

4000
18 10

10
A 2.8

36



 
  

 Solving, We get   gy djus ij gesa ;fn  A = 
5


 izkIr gksrk gSA  

 

18. Two square metal plates of side 1 m are kept 0.01 m apart like a parallel plate capacitor in air in such a 
way that one of their edges is perpendicular to an oil surface in a tank filled with an insulating oil.  The 
plates are connected to a battery of 500 V. The plates are then lowered vertically into the oil at a speed 
of 0.001 ms–1. The current n×10–9A drawn from the battery during the process. Then find the value of n.  

  (Dielectric constant of oil = 11],  (0 = 8 × 10–12 C2 N–1 m–1)      
 1 m Hkqtk dh nks oxkZdkj IysVsa lekUrj iê ok;q la/kkfj=k dh rjg ,d nwljs ls 0.01 m dh nwjh ij bl izdkj j[kh 

gqbZ gS] fd izR;sd dh ,d dksj fdlh VSad esa Hkjs gq, dqpkyd rsy dh lrg ds yEcor~ gSA IysVksa dks 500 V dh cSVjh 
ls tksMk tkrk gSA IysVksa dks rsy esa Å/okZ/kj uhps dh vksj 0.001 ms–1 ds osx ls yk;k tkrk gSA bl izfØ;k ds 
nkSjku cSVjh ls yh xbZ fo|qr /kkjk dk eku n×10–9A gS rks n Kkr dhft;sA (rsy dk ijkoS|qrkad = 11],  

(0 = 8 × 10–12 C2 N–1 m–1)    
Ans. 04.00  

Sol. Let a be the side of the square plate.   ekuk a, oxkZdkj IysV dh Hkqtk gSA     
 As shown in figure, C1 and C2 are in parallel. Therefore, total capacity of capacitors in the position 

shown is  

 fp=kkuqlkj C1 vkSj C2 lekUrj Øe esa gS] vr% n'kkZ;h x;h fLFkfr esa la/kkfj=kksa dh dqy /kkfjrk  
  C = C1 + C2  

  C = 
 0 0

a a x K ax

d d

  
  

  q = CV = 0 aV

d


 (a – x + Kx) 

 As plates are lowered in the oil, C increases hence charge stored will increase.  

 tc IysVksa dks rsy esa j[kk tkrk gS] rks C c<+rk gS] vr% laxzghr vkos'k Hkh c<+rk gSA   

 Therefore vr% , i =
dq

dt
 = 0 aV

d


 (K–1) · 

dx

dt
 

 Substituting the values   ¼eku j[kus ij½  
  0 = 8 × 10–12 C2/N–m2 

 a = 1m, V = 500 volt, d = 0.01m, K = 11 and vkSj 
dx

dt
 = speed of plate IysV dk osx = 0.001 m/s   

 We get current  gesa /kkjk izkIr gksxh  

  i = 
12(8 10 )1 (500) (11 1) (0.001)

(0.01)

 
 Amp. 

  i = 4 
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PART - III : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE 
Hkkx - III : ,d ;k ,d ls vf/kd fodYi izdkj 

 

Section (A) : Definition of capacitance   
[k.M (A) : /kkfjrk dh ifjHkk"kk  
 

1.# For a charged parallel plate capacitor shown in the figure, the force experienced by an alpha particle will 
be :        

 fp=k esa n'kkZ;s x;s vkosf'kr lekUrj iê la/kkfj=k ds fy, ,d ,YQk d.k }kjk vuqHko fd;k x;k cy gksxk :  

       

C

B

A  
 (A) maximum at C (B*) zero at A  (C*) same at B and C (D) zero at C   
 (A) C ij vf/kdre  (B*) A ij 'kwU;   (C*) B o C ij leku  (D) C ij 'kwU;  
Sol. Electric field in the capacitor is same at every where which is equal to V/d. so that force at C and B point 

is same.  
 Electric field out side the capacitor is zero so that force at A point is zero.  

 la/kkfj=k esa lHkh txg fo|qr {ks=k leku gSA tks V/d ds rqY; gSA blfy, C o B fcUnq ij cy leku gksxkA.  

 la/kkfj=k ds ckgj fo|qr {ks=k 'kwU; gSA blfy, A fcUnq ij cy Hkh 'kwU; gksxkA  
 

2.# In an isolated parallel plate capacitor of capacitance C the four surfaces have charges Q1,Q2,Q3 and Q4 
as shown in the figure. The potential difference between the plates is :   

 ,d foyfxr la/kkfj=k dh pkjksa IysVksa ij vkos'k Q1, Q2, Q3 o Q4 fp=k esa n'kkZ;s vuqlkj gSaA la/kkfj=k dh /kkfjrk C gSA 
IysVksa ds chp foHkokUrj gS :  

Q1
Q3

Q2 Q4

 

 (A) 1 2Q Q

C


  (B*) 2Q

C
  (C*) 3Q

C
  (D) 1 2 3 4

1
[(Q Q ) (Q Q )]

C
    

Sol.   
 Charge on outer surfaces are equal so Q1 = Q3 + Q2 + Q4    .........(i) 
 cká lrg ij vkos'k cjkcj gksrk gS blfy, Q1 = Q3 + Q2 + Q4     .........(i) 

 and rFkk Q1 + Q2 + Q3 = Q4       .........(ii) 

  V = 2Q

C
 or ;k V = 1 3 4Q – Q – Q

C
 

  V = 3Q

C
  or ;k V = 1 2 4Q – Q – Q

C
 

 Adding (i) and (ii)  
 (i) o (ii) dks tksMus ij 

 Q1 = Q4  and  Q2 = – Q3  
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3.# In the figure shown the plates of a parallel plate capacitor have unequal charges. Its capacitance is 'C'. 
P is a point outside the capacitor and close to the plate of charge –Q. The distance between the plates 
is 'd'.    

 fp=k esa fn[kk;s vuqlkj lekUrj iê la/kkfj=k dh IysVksa ij vleku vkos'k gSA bldh /kkfjrk 'C' gSA P fcUnq la/kkfj=k 
ds ckgj fLFkr gS rFkk vkos'k –Q okyh IysV ds ikl gSA IysVksa ds chp dh nwjh 'd' gS &     

       
 (A*)  A point charge at point 'P' will experience electric force due to capacitor  

  P fcUnq ij fcUnqor~ vkos'k] la/kkfj=k ds dkj.k cy vuqHko djsxkA 

  (B*)  The potential difference between the plates will be 
3Q

2C
   

  IysVksa ds chp foHkokUrj 
3Q

2C
 gksxkA 

 (C*)  The energy stored in the electric field in the region between the plates is  
29Q

8C
  

 IysVksa ds e/; fo|qr {ks=k esa lafpr ÅtkZ 
29Q

8C
 gSA 

 

 (D)  The force on one plate due to the other plate is 
2

2
0

Q

2 d
 

  ,d IysV }kjk nwljh IysV ij vkjksfir cy 
2

2
0

Q

2 d
 gSA 

Sol. (i) E0 = 
0 0

2Q Q

2 A 2 A


 
 =

0

Q

2 A
 

  Ein = 
2 Q Q

2A 2A 


 

   Ein = 
3 Q

2A 
 

  Ein = 
3 Q

2 Cd
   Eind = 

3 Q

2C
 = V 

 (ii)  F = EQ 

       F = 
2 Q

2A 

 
 

 
 × (– Q) =  

2Q

A 




    

  F = 
2Q

A 
 

 (iii)  Energy ÅtkZ   = 
1

2
0 E2 Ad = 

2

0

1 3Q
A d

2 2C d

 
  

 
 = 

29 Q

8 C
. 

 

Section (B) :   Circuits with capacitor and use of KCL and KVL 
 la/kkfj=k ds lkFk ifjiFk o KCL o KVL ds mi;ksx  
 
4.# In the circuit shown in figure, each capacitor has a capacitance C. The emf of the cell is E and circuit 

already in steady state. If the switch S is closed.    
 fp=k esa n'kkZ;s x;s ifjiFk esa izR;sd la/kkfj=k dh /kkfjrk C gSA lsy dk fo|qr okgd cy E gS rFkk ifjiFk LFkk;h voLFkk 

esa gSA ;fn dqath S dks cUn dj fn;k tk;s rks &    
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+ –
E

C
C

C S

 
 (A*) some positive charge will flow out of the positive terminal of the cell 
 (B) some positive charge will enter the positive terminal of the cell 
 (C) the amount of charge flowing through the cell will be CE 

 (D*) the amount of charge flowing through the cell will be 
4

3

 
 
 

CE   

 (A*) lsy ds /kukRed VfeZuy ls dqN /kukRed vkos'k ckgj izokfgr gksxkA  
 (B) lsy ds /kukRed VfeZuy ij dqN /kukRed vkos'k izos'k djsxkA 

 (C) lsy ls izokfgr gksus okys vkos'k dh ek=kk CE gSA  

 (D*) lsy ls izokfgr gksus okys vkos'k dh ek=kk 
4

3

 
 
 

 CE gSA 

Sol. equivalent capacitance before switch closed is Ceq = 
2C

3
, 

 Total charge flow through the cell is q = 
2CE

3
 

 equivalent capacitance after switch S closed is Ceq = 2C 
 Total charge flow through the cell is q = 2CE 
 Therefore some positive charge flow through the cell after closing the switch is = qf – qi = 2CE – 

2CE 4CE

3 3
  

 dqath cUn djus ds igys rqY; /kkfjrk gSA Ceq =  
2C

3
, 

 lsy ls izokfgr dqy vkos'k q = 
2CE

3
 

 dqath cUn djus ds ckn esa rqY; /kkfjrk gSA Ceq = 2C 

 lsy ls izokfgr dqy vkos'k  q = 2CE 

 vr% dqath cUn djus ds ckn dqN /kukRed vkos'k lsy ls izokfgr gksxk, og gS = qf – qi = 2CE –
2CE 4CE

3 3
  

 
5.# Two similar condensers are connected in parallel and are charged to a potential V. Now these are 

separated out and are connected in series. Then   

 nks le:i la/kkfj=kksa dks lekUrj Øe esa tksM+dj V foHko rd vkosf'kr dj fn;k tkrk gSA vc budks gVkdj Js.kh 
Øe esa tksM+ fn;k tkrk gS rks &    

 
 (A) the energy stored in the system increases 
 fudk; esa laxzfgr ÅtkZ c<+sxh  

 (B*) the potential difference between end points may becomes zero.  

 lhekUr fcUnqvksa ds chp foHkokUrj 'kwU; gks ldrk gSA  

 (C*) the potential difference between end points may becomes 2V. 

 lhekUr fcUnqvksa ds chp foHkokUrj 2V gks ldrk gSA  

 (D) the charge on the plates mutually connected nullifies. 

 vkil esa tqM+h gqbZ IysVksa ij vkos'k ,d nwljs dks fujLr djrs gSA  
Sol. the potential difference between end points may becomes zero.  

 eqDr fljkas IysVksa ds chp foHkokUrj 'kwU; gks ldrk gSA  

 the potential difference between end points may becomes 2V. 
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 eqDr fljkaas IysVksa ds chp foHkokUrj 2V gks ldrk gSA  

 

V

A B

+ –

   

V

C D

+ –

   
 When terminal B is connected with terminal C 
 tc fcUnq B dks fcUnq C ls tksM+k tkrk gS  

 (B,C)A

+V– +V–

D        VA – VD = 2V  
 When terminal B is connected with terminal D  

 tc fcUnq B dks fcUnq D ls tksM+k tkrk gS  

 (B,D)A

+V– –V+

C    VA – VC = 0  
 The energy stored in the system remains same.   

 fudk; esa lafpr mtkZ ,d leku jgrh gSA  

 
 

6.# We have a combination as shown in following figure. Choose the correct options :  

 
 (A*) The charge on each capacitor is 600 C 
 (B*) The potential difference between the plates of C1 is 30 V 
 (C*) The potential difference between the plates of C2 is 20 V 
 (D*) The potential difference between the plates of C3 is 40 V  
 fp=k esa n'kkZ;s x;s la;kstu ds fy, lgh fodYi pqfu;s :  

 
 (A*) izR;sd la/kkfj=k ij vkos'k 600 C gSA   (B*) C1 dh IysVksa ds chp foHkokUrj 30 V gSA  

 (C*) C2 dh IysVksa ds chp foHkokUrj 20 V gSA   (D*) C3 dh IysVksa ds chp foHkokUrj 40 V gSA  

Sol.  
eq

1 1 1 1 3 2 4

C 20 30 15 60

 
       

 Ceq = 
60 20

F
9 3

   

  Total charge in this series combination is = 
20

3
 × 90   

 q = 600C 

 Potential difference between the plate of C1 is = 
1

q

C
  

600

20
 = 30V 

 Potential difference between the plate of C2 is = 
2

q

C
 = 

600

30
 = 20V 

 Potential difference between the plate of C3 is = 
3

q

C
 = 

600

15
 = 40V 

 
eq

1 1 1 1 3 2 4

C 20 30 15 60

 
        

 Ceq = 
60 20

F
9 3

   

 Js.kh Øe la;kstu esa dqy vkos'k = 
20

3
 × 90  q = 600C 

 C1 dh IysVksa ds chp foHkokUrj = 
1

q

C
   

600

20
 = 30V 
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 C2 dh IysVksa ds chp foHkokUrj = 
2

q

C
 = 

600

30
 = 20V 

 C3 dh IysVksa ds chp foHkokUrj = 
3

q

C
 = 

600

15
 = 40V 

7.# Two capacitors of 2 F & 3 F are charged to 150 volt & 120 volt respectively. The plates of a capacitor 

are connected as shown in the fig. A discharged capacitor of capacity 1.5 F falls to the free ends of 
the wire and connected through the free ends of the wire. Then : 

 2 F o 3 F /kkfjrk okys nks la/kkfj=k dks 150 oksYV ,oa 120 oksYV rd vkosf'kr fd;k tkrk gSA la/kkfj=k dh 

ifêdkvksa dks fuEukuqlkj tksM+k tkrk gSA ,d vukosf'kr la/kkfj=k ftldh /kkfjrk 1.5 F gS] dks [kqys fljksa ij fxjrk 
gS vkSj rkj ds eqDr fljksa ls tqM+ tkrk gSA rks  

     
 (A*)  Charge on the 1.5 F capacitor will become 180 C at steady state.  

        (1.5 F /kkfjrk okys la/kkfj=k ij LFkk;h voLFkk esa vkos'k 180 C gksxk)   

 (B*)  Charge on the 2 F capacitor will become 120 C at steady state. 

        (2 F /kkfjrk okys la/kkfj=k ij LFkk;h voLFkk esa vkos'k 120 C gksxkA) 

 (C*)  Positive charge flows through point A from left to right.  
        (/kukRed vkos'k fcUnq A esa ls cka;h ls nk;ha vksj cgrk gSA)  

 (D)  Positive charge flows through point A from right to left. 
       (/kukRed vkos'k fcUnq A esa ls nk;ha ls ck;ha vkSj cgrk gSA)  

Sol.  

    

 VA + 
(300 – q) q 360 – q

–
2 1.5 3

  = VA    ..........(i) 

 by solve this equation we get   
  q = 180C 
 Charge on 1.5F capacitor is = 150C 
 Charge on 2F capacitor is = 300 – 180 = 120C 
 Therefore charge flows through A from left to right .   

 bl lehdj.k dks gy djus ij ge izkIr djrs gS  
  q = 180C 
 1.5F la/kkfj=k ij vkos'k= 150C 

 2F la/kkfj=k ij vkos'k = 300 – 180 = 120C 

 vr% vkos'k fcUnq A esa ls cka;h ls nk;ha vksj cgrk gS 
 
8. When a charged capacitor is connected with an uncharged capacitor, then which of the following is/are 

correct option/options.    

 tc vkosf'kr la/kkfj=k dks fujkosf'kr la/kkfj=k ls tksM+k tkrk gS rks fuEu esa ls dkSulk dFku lR; gSaA  
 (A*)   the magnitude of charge on the charged capacitor decreases. 

  vkosf'kr la/kkfj=k ds vkos'k dk ifjek.k ?kVsxkA 

 (B*)   a steady state is obtained after which no further flow of charge occurs. 
  tc vUr esa dksbZ Hkh vkos'k izokg ugha gksxk rc blds i'pkr~ lkE;koLFkk feysxhA 

 (C)    the total potential energy stored in the capacitors remains conserved. 
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  la/kkfj=kksa esa lafpr dqy fLFkfrt ÅtkZ lajf{kr jgsxhA  
 (D*)  the charge conservation is always true.  

  vkos'k dk laj{k.k ges'kk lR; gSA  
Sol. Magnitude of charge on the charged capacitor decreases and total charge is conserved.  

 At V1 = V2    no further flow of charge occurs i.e. condition of steady state. 
 In charge flow energy is consumed in heat. 
 vkosf'kr la/kkfj=k dk laxzfgr vkos'k dk ifjek.k ?kVsxk vksj dqy vkos'k lajf{kr jgsxk  

 V1 = V2 ij   dksbZ vksj vkos'k dk izokg ugh gksxkA vFkkZr LFkkbZ lkE;koLFkk dh fLFkfr gSA  

 vkos'k izokg esa ÅtkZ Å"ek ds :i esa O;; gksrh gSA  

 
Section (C) : Combination of capacitors 
[k.M (C) : la/kkfj=kksa dk la;kstu  

 
9.# Rows of capacitors containing 1,2,4,8,.......... capacitors, each of capacitance 2F, are connected in 

parallel as shown in figure. The potential difference across AB = 10 volt, then :  
 1,2,4,8,.......... la/kkfj=kksa okyh iafDr;ksa dks fp=kkuqlkj lekUrj Øe esa tksM+k tkrk gSA izR;sd la/kkfj=k dh /kkfjrk 2F 

gSA AB ij foHkokUrj 10 volt gS rc :  

       

Row1A B

Row2

Row3

 
 (A*) Total capacitance across AB is 4F  AB ij rqY; /kkfjrk 4F gS      
 (B)  Charge of each capacitor will be same    izR;sd la/kkfj=k ij vkos'k leku gksxk      
 (C*) Charge on the capacitor in the first row is more than on any other capacitor   
     igyh iafDr esa fLFkr la/kkfj=k ij vkos'k fdlh Hkh nwljs la/kkfj=k ds vkos'k ls vf/kd gksxkA     
 (D) Energy of all the capacitors is 50 J lHkh la/kkfj=kksa dh ÅtkZ 50 J gS      
Sol. C = 2F 

 Ceq = C + 
C C C C

2 4 8 16
    + ...... 

 Ceq = C 
1 1

2
1– 1/ 2 1/ 2

   
   

   
 = 4F Ans  

 Charge on first row capacitor is q1 = 2 × 10C = 20C 
 Charge on second row capacitor is q2 = 1 × 10C = 10C 
 Charge on third row capacitor is q3 = 1/2 × 10C = 5C 
 Therefore charge on the capacitor in the first row is more than on any other capacitor. 
 Energy stored in all capacitor is = 1/2 Ceq V2  = 1/2 × 4 × 10–6 × (10)2 = 0.2 mJ  Ans  

 C = 2F 

 Ceq = C + 
C C C C

2 4 8 16
    + ...... 

 Ceq = C 
1 1

2
1– 1/ 2 1/ 2

   
   

   
 = 4F Ans  

 izFke iafDr ds la/kkfj=k ij vkos'k q1 = 2 × 10C = 20C 

 f}rh; iafDr ds la/kkfj=k ij vkos'k q2 = 1 × 10C = 10C 

 r`rh; iafDr ds la/kkfj=k ij vkos'k q3 = 1/2 × 10C = 5C 

 blfy, igyh iafDr esa fLFkr la/kkfj=k ij vkos'k fdlh Hkh nwljs la/kkfj=k ds vkos'k ls vf/kd gksxkA     
 lHkh la/kkfj=k esa laxzfgr ÅtkZ = 1/2 Ceq V2   

 = 1/2 × 4 × 10–6 × (10)2 = 0.2 mJ  
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10.# The figure shows a diagonal symmetric arrangement of capacitors and a battery. If the potential of C is 
zero, then (All the capacitors are initially uncharged).   

 fp=k esa fod.kZ leferrk okys la/kkfj=kks ,oa cSVjh dk la;kstu n'kkZ;k x;k gSA ;fn C ij foHko 'kwU; gS rks (izkjEHk esa 
lHkh la/kkfj=k vuvkosf'kr gS)A       

       
 (A*) VA = + 20 V     (B*) 4(VA – VB) + 2(VD – VB) = 2VB  
 (C*) 2(VA – VD) + 2(VB – VD) = 4VD   (D*) VA = VB + VD 

Sol.  

 

 given fn;k gqvk gS VC = 0  in AEFC esa  

VA – 20 = VC    VA = 20 V  Ans  

 by KCL, at point D fcUnq D ij KCL yxkus ij 
 2 (VA – VD) + 2 (VB – VD) + 4 (VC – VD) = 0  
 2 (VA – VD) + 2 (VB – VD) = 4 VD     ..... (i)   Ans  

 by KCL, at point B fcUnq B ij KCL yxkus ij 

 4 (VA – VB) + 2 (VD – VB) + 2 (VC – VB) = 0  

 4 (VA – VB) + 2 (VB – VD) = 2VB     ......(ii)  Ans 
 Adding eq (i) and (ii)  
 lehdj.k (i) o (ii) dks tksMus ij 
 2 (VA – VD) + 2 (VB – VD) + 4 (VA – VB) + 2 (VB – VD) = 4VD + 2 VB   
  6VA = 6 VD + 6VB  
  VA = VD + VB   
  
 

11.# In the adjoining diagram all the capacitors are initially uncharged, they are connected with a battery as 
a shown in figure. Then         

 
 iznf'kZr fp=k esa lHkh la/kkfj=k çkjEHk esa vukosf'kr gSA budks fp=kkuqlkj cSVjh ls tksM+k tkrk gS rc % 

 

 (A*) Q1 = Q2 + Q3 and V = V1 + V2   (B*) Q1 = Q2 + Q3 and V = V1 + 2 3V V

2


 

 (C*) Q1 = Q2 + Q3 and V = V1 + V3  (D) Q2 = Q3 and V = V2 + V3  

 (A*) Q1 = Q2 + Q3 vkSj V = V1 + V2   (B*) Q1 = Q2 + Q3 vkSj V = V1 + 2 3V V

2


 

 (C*) Q1 = Q2 + Q3 vkSj V = V1 + V3  (D) Q2 = Q3 vkSj V = V2 + V3  
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Sol. In shown fig. C2 and C3 are parallel capacitor therefore V2 = V3 . 

 n'kkZ;s x;s fp=k esa C2 o C3 lekUrj la/kkfj=k gS vr% V2 = V3 . 

 Charge Q1 flow through battery and gone to C1 and divided into C2 and C3  

 cSVjh ls Q1 vkos'k izokfgr gksrk gS vksj C1 tkrk gS vkSj C2 o C3  esa cV tkrk gSA 

 Q1 = Q2 + Q3, 

 Total potential dqy foHko V = V1 + V2  = V1 + V3 = V1 +  2 3V V

2


 

 
SECTION (D) : EQUATION OF CHARGING AND DISCHARGING 

vkos'ku o fujkos'ku dh lehdj.k 
 
12.# The charge on capacitor in two different RC circuits 1 and 2 are plotted as shown in figure. 

 (fn, x, fp=k esa nks vyx-vyx RC ifjiFkks 1 rFkk 2 esa la/kkfj=k ij vkos'k fuEu xzkQ }kjk fn[kk;k x;k gSA) 

     
 Choose the correct statement(s) related to the two circuits.  

 (nksuks ifjiFkks ls lEcaf/kr lgh dFkuks dks pqfu,) 

 (A*)  Both the capacitors are charged to the same magnitude of charge 

  (nksuks la/kkfj=k ,d gh ifjek.k rd vkosf'kr gksaxsA) 

 (B)  The emf's of cells in both the circuits are equal.  

  (nksuks ifjiFk esa cSVjh dk fo- ok- cy cjkcj gksxkA) 

 (C*)  The emf's of the cells may be different 

  (cSVjh dk fo- ok- cy vyx gks ldrk gSA) 

 (D)  The emf E1 is more than E2 

  (E1 fo- ok- cy] E2 ls cMk gksxkA) 

Sol. (A,C)  
 qmax  = q01 = q02 = Both capacitors are charged up to the same magnitude of charge 

 qmax  = q01 = q02 = nksuks la/kkfj=k leku ifjek.k ds vkos'k rd vkosf'kr gksxas  
  t2 > t1 
  R2C2 > R1C1 
  q01 = C1V1 = q02 = C2 V2 
  C1  C2  
 So blfy, V1  V2. 

 
13.# The instantaneous charge on capacitor in two discharging RC circuits is plotted with respect to time in 

figure. Choose the correct statement(s) (where E1 and E2 are emfs of two DC sources in two different 
charging circuits and capacitors are fully charged). 

 nks fujkosf'kr RC ifjiFk esa la/kkfj=k ij rkR{kf.kd vkos'k dks le; ds lkFk oØ 1 o 2 ls n'kkZ;k x;k gSA rks lgh 
dFkuksa dks pqfu;s ¼;gk¡ E1 vkSj E2 nks fn"V /kkjk lzksr ds fo-ok-cy] nks fofHkUu vkos'ku ifjiFk ds fy, gS vkSj la/kkfj=k 
lEiw.kZ vkosf'kr gS½A   

      t
2

1

q

qmax

O  

 (A*) R1C1 > R2C2  (B) 1 2

2 1

R C

R C
  (C*) R1 > R2 if ;fn E1 = E2  (D) C2 > C1 if ;fn E1 = E2  

Sol. t1 > t2 

 R1C1 > R2C2 for same qmax leku ds fy,   

 q01 = q02   E1C1 = E2C2  If ;fn E1 = E2   C1 = C2  R1 = R2 . 
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14. Capacitor C1 of the capacitance 1 microfarad and capacitor C2 of capacitance 2 microfarad are 
separately charged fully by a common battery. The two capacitors are then separately allowed to 
discharge through equal resistors at time t = 0.   

 (A) the current in each of the two discharging circuits is zero at t = 0. 
 (B*) the current in the two discharging circuits at t = 0 are equal but non zero. 
 (C) the current in the two discharging circuits at t = 0 are unequal 
 (D*) capacitor C1 loses 50% of its initial charge sooner than C2 loses 50% of its initial charge 

 la/kkfj=k C1 dh /kkfjrk 1 ekbØksQsjM rFkk la/kkfj=k C2 dh /kkfjrk 2 ekbØksQsjM gSA nksuksa dks vyx&vyx leku 
cSVjh }kjk lEiw.kZ vkosf'kr djrs gSaA t = 0 ij nksuksa la/kkfj=kksa dks leku izfrjks/k }kjk vyx&vyx fujkosf'kr fd;k 
tkrk gSA     

 (A) izR;sd nksuksa fujkosf'kr ifjiFkksa esa t = 0 ij /kkjk 'kwU; gSA   
 (B*) nksuksa fujkosf'kr ifjiFkksa esa t = 0 ij cjkcj ijUrq v'kwU; /kkjk gSA  

 (C) nksuksa fujkosf'kr ifjiFkksa esa t = 0 ij /kkjk vleku gSA  

 (D*) la/kkfj=k C1 izkjfEHkd vkos'k dk 50%, la/kkfj=k C2 }kjk izkjfEHkd vkos'k dk 50% R;kxus dh vis{kk tYnh R;kx 
nsxk  

Sol. During decay of charge in RC circuit 

 RC ifjiFk esa {k; ds nkSjku  
   I = I0e–t/RC  

 where tgka 0
0

q

RC
   

 when tc t = 0, I = 0
0

q

RC
   

   
 Since potential difference between the plates is same initially therefore I same in both the cases at t = 0 

and is equal to  
 pqafd izkjEHk esa IysVks ds e/; foHkokUrj leku gSA blfy, t = 0 dk nksuks fLFkfr esa I leku gksxh vkSj ;g gSA  

  0q V

RC R
    

 Also vr% q = q0e–t/RC. When tc  q = 0q

2
 then rd 0q

2
 = q0 e–t/RC  

  e+t/RC = 2.  

  
t

RC
 = n2 

  t = RC loge 2 
  t  C. Therefore time taken for the first capacitor (1F) for discharging 50% of Initial charge will 

 be less.  

  t  C, vr% izFke la/kkfj=k (1F) ds izkjfEHkd vkos'k ds 50% rd fujksof'kr gksus esa de le; ysxkA  

  (B), (D) are the correct options.  

  (B), (D) lgh fodYi gS  

 
15.# In the circuit shown in figure the switch S is closed at t = 0.  

 fn, x, fp=k esa t = 0 ij dqath S dks cUn dj fn;k tkrk gS & 

      
 A long time after closing the switch (yEcs le; rd dqath dks cUn djus ds ckn)  
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 (A)  voltage drop across the capacitor is E  
  (la/kkfj=k ij foHko iru E gksxk) 

 (B*)  current through the battery is 
1 2 3

E

R R R 
  

  (cSVjh esa ls /kkjk 
1 2 3

E

R R R 
 gksxh) 

 (C*)  energy stored in the capacitor is 

2

2 3

1 2 3

1 (R R )E
C

2 R R R

 
 

  
 

  (la/kkfj=k esa laxzfgr ÅtkZ 
2

2 3

1 2 3

1 (R R )E
C

2 R R R

 
 

  
) 

 (D*)  current through the resistance R4 becomes zero  

  R4 çfrjks/k esa ls çokfgr /kkjk 'kwU; gks tk;sxh 
Sol. A long time after closing the switch, system comes in steady state and no current flow through 

capacitor. 
 Circuit  :    
 yEcs le; rd dath dks cUn djus ds ckn] fudk; LFkk;h voLFkk esa vk tkrk gS la/kkfj=k ls dksbZ /kkjk izokfgr ugha 

gksrhA  

 

  i =  
1 2 3

E

R R R 
   

 energy stored in battery  cSVjh esa laxzghr ÅtkZ  = 
1

2
 CV2 = 

1

2
 C

2

3 2

1 2 3

E (R R )

R R R

 
 

  
 

 
 

SECTION (E) : CAPACITOR WITH DIELECTRIC ijkoS|qr ds lkFk la/kkfj=k 
 
16. The terminals of a battery of emf V are connected to the two plates of a parallel plate capacitor. If the 

space between the plates of the capacitor is filled with an insulator of dielectric constant K, then : 

 ,d V fo- ok- cy dh cSVjh ds fljs ,d lekUrj iê la/kkfj=k dh IysVks ls tqM+s gSA ;fn IysVks ds e/; LFkku esa K 

ijkoS|qrkad dk vpkyd inkFkZ Hkj fn;k tk; rks     

 (A*) the electric field in the space between the plates does not change  

        (IysVks ds e/; mifLFkr fo|qr {ks=k dk eku ifjofrZr ugh gksxk) 
  (B*) the capacitance of the capacitor increases  

        (la/kkfj=k dh /kkfjrk c<+ tk;sxh)  

 (C*) the charge stored in the capacitor increases 

        (la/kkfj=k esa laxzfgr vkos'k c<+ tk;sxk)  
 (D) the electrostatic energy stored in the capacitor decreases 

      (la/kkfj=k esa laxzfgr fLFkj oS|qr ÅtkZ ?kV tk,xh) 
Sol. (A,B,C) 

 E = 
V

d
   remains constant vifjofrZr jgsxk 

 C = KC   Increase c<sxk 
 Q’ = KQ   Increase c<sxk 

 U = 
1

2
 KCV2 = KU   Increase c<sxk 
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17. A parallel plate capacitor of plate area A & plate separation d is charged to a potential difference  
V & then the battery disconnected. A slab of dielectric constant K is then inserted between the plates of 
the capacitor so as to fill the space between the plates. If Q, E and W denote respectively, the 
magnitude of the charge on each plate, the magnitude of the electric field between the plates (after the 
slab is inserted) & the magnitude of the work done on the system, in the process of inserting the slab, 
then : 

 ,d lekUrj iê la?kkfj=k ftldh IysV dk {ks=kQy A rFkk nksuks IysVksa ds chp nwjh d gS] dks V foHkokUrj rd vkosf'kr 
djus ds ckn cSVjh dks gVk fy;k tkrk gS] rFkk IysaVks ds chp ijkoS|qrkad K dk inkFkZ Hkj fn;k tkrk gSA ;fn Q,E, 

vkSj W Øe'k% izR;sd IysV ij vkos'k dk ifjek.k, IysVksa ds chp oS|qr {ks=k dk ifjek.k (ifêdk j[kus ds ckn) vkSj 
ifêdk j[kus dh çfØ;k esa fudk; ij fd;k x;k dk;Z dk ifjek.k gks] rks & 

 (A*)  Q = 0 AV

d


  (B) Q = 0 KAV

d


  (C*) E = 

V

Kd
      (D*) W =

2
0 AV 1

1
2d K

  
 

 
 

Sol. (A, C, D)  

 C = 0 A

d


, C' = 0K A

d


  Q = CV = 0 KAV

d


  Ans  

 Q = CV = C1V1    V1 = 
V

K
  E = 1V V

d Kd
   Ans  

 W = Uf – Ui = 
1

2
 CV2 – 

1

2
C1V1

2 = 

22
0 0

2

1 AV 1 K A V
–

2 2 d Kd

   
 
 

 = 
2

0 AV 1
1–

2d K

  
 
 

 Ans  

 

18. The plates of a parallel plate capacitor with no dielectric are connected to a voltage source. Now a 
dielectric of dielectric constant K is inserted to fill the whole space between the plates with voltage 
source remaining connected to the capacitor.  

 ,d lekUrj iê la/kkfj=k ftlesa dksbZ ijkoS|qrkad ugh gS fd IysVksa dks foHko L=kksr ls tksM+k tkrk gSA vc K 

ijkoS|qrkad ds inkFkZ dks IysVksa ds e/; lEiw.kZ LFkku esa Hkj fn;k tkrk gS rFkk foHko L=kksr vHkh Hkh tqM+k gqvk gSA rks  

 (A*)  the energy stored in the capacitor will become Ktimes 

  la/kkfj=k esa lafpr ÅtkZ K-xquk c<+ tk;sxhA 

 (B) the electric field inside the capacitor will decrease to K-times 

  la/kkfj=k ds vUnj fo|qr {ks=k K xquk de gks tk,xkA 

 (C*)  the force of attraction between the plates will increase to K2 – times 

  IysVksa ds e/; vkdf"kZr cy K2 xquk c<+ tk;sxkA 

 (D*)  the charge on the capacitor will increase to K-times 

  la/kkfj=k ij vkos'k K-xquk c<+ tk;sxkA 

Sol. (A,C,D)  
 Battery connected V = constant  

 cSVjh tqMh gqbZ gS V = vpj  

 U = 
1

2
 KCV2 = KU  Increase by K–times  K–xquk c< tk;sxk  

 E = 
V

d
 = constant vpj  

 F = 
2

0

Q

2 A
   F = 

2 2

0

C V

2 A
  F’ = 

2 2 2

0

K C V

2 A
 = K2F  

  Increase by K2–times K2– xquk de gks tk;sxk  

 Q = CV   Q’ = KCV = KQ  Increase by K–times. K–xquk c< tk;sxk  
 
19. A parallel plate capacitor has a dielectric slab in it. The slab just fills the space inside the capacitor. The 

capacitor is charged by a battery and the battery is disconnected. Now the slab is started to pull out 
uniformly at t = 0. If at time t, capacitance of the capacitor is C, potential difference across plate is V, and 
energy stored in it is U, then which of the following graphs are correct ?  
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 ,d lekUrj iê la/kkfj=k dh IysVksa ds chp ijkoS|qr ifêdk fLFkr gSA ifêdk IysVksa ds chp ds LFkku dks iw.kZ:i ls Hkj 
nsrh gSA la/kkfj=k dks ,d cSVjh ls vkosf'kr fd;k tkrk gS vkSj cSVjh dks gVk fn;k tkrk gSA vc t = 0 ij ifêdk dks 
,d leku :i ls ckgj dh vksj [khapk tkrk gSA ;fn fdlh le; t ij la/kkfj=k dh /kkfjrk C, IysVksa ds e/; foHkokUrj 
V vkSj laxzghr ÅtkZ U gks rks fuEu esa ls dkSuls xzkQ lgh gS &   

 (A*)  (B*)  (C*)  (D*)  

Sol. Capacitance of capacitor is la/kkfj=k dh /kkfjrk gS = C0 = 0k a.L

d


 

  

 C = 0 0ax k a (L – x)

d d

 
  

 C = 
a

x k(L – x)
d


     = 

a
kL – (k – 1)x

d


     = 
a

kL – (k – 1)vt
d


    

 So, C decreases linearly with time blfy, C le; ds lkFk js[kh; :i ls ?kVrk gSA 

 Charge on capacitor la/kkfj=k ij vkos'k Q = C0V0 =  0k aL

d


 V0 = constant.fu;r 

 Potential difference across plate is IysVksa ds fljksa ij foHkokUrj gS  

 V = 0 0Q C V

C C
   V  

1

C
 

  V = 0V

a
[kL – (k – 1)vt]

d


 

 Potential energy fLFkfrt ÅtkZ U = 
1

2
 QV = 

1

2
 C0V0-V  U  V Ans  

 
20. A parallel plate air capacitor is connected to a battery. The quantities charge, electric field and energy 

associated with this capacitor are given by Q0, V0, E0 and U0 respectively. A dielectric slab is now 
introduced to fill the space between the plates with the battery still in connection. The corresponding 
quantities now given by Q, V, E and U are related to the previous one as ;  

 (A*) Q > Q0  (B) V > V0  (C) E > E0   (D*) U > U0  

 lekUrj iê ok;q la/kkfj=k dks cSVjh ls tksM+k tkrk gSA bl la/kkfj=k ls lacaf/kr jkf'k;k¡] vkos'k] foHko] fo|qr {ks=k rFkk 
ÅtkZ Øe'k% Q0, V0, E0 rFkk U0 gSaA cSVjh dks tqM+h gqbZ fLFkfr esa j[krs gq, vc IysVksa ds e/; LFkku dks ijkoS|qrkad 
inkFkZ }kjk Hkjk tkrk gS] rks lacaf/kr jkf'k;ka Q, V, E rFkk U gks tkrh gSA rks igys okyh jkf'k;ksa ls D;k laca/k gksxkA 

 (A*) Q > Q0  (B) V > V0  (C) E > E0   (D*) U > U0  

Sol.  

 Potential difference = V0   Potential difference = V0 
 Capacitance = C   Capacitance = KC 
      [K is the dielectric constant of Slab K > 1] 
 Q0 = CV0    New charge = KC V0  

 Potential Energy  = 
1

2
 CV0

2   New potential energy = 
1

2
 KC V0

2 

 foHkokUrj = V0     foHkokUrj = V0 

 /kkfjrk = C    /kkfjrk = KC 
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      [K ifV~Vdk dk ijkoS|qrakd gSA K > 1] 

 Q0 = CV0    u;k vkos'k = KC V0  

 fLFkfrt ÅtkZ  = 
1

2
 CV0

2    ubZ fLFkfrt ÅtkZ = 
1

2
 KC V0

2 

 Correct options are  (A), (D). fodYi (A) o (D) lgh gSA 

 
21. On a parallel plate capacitor following operations can be performed.   
 P – connect the capacitor to a battery of emf V 
 Q – disconnect the battery 
 R – reconnect the battery with polarity reversed 
 S – insert a dielectric slab in the capacitor  
 ,d la/kkfj=k ds fy, fuEu izfØ;k;sa dh tkrh gSA      

 P – la/kkfj=k dks fdlh fo|qr okgd cy dh cSVjh ls tksM+k tkrk gSA  

 Q – cSVjh dks gVk;k tkrk gSA  

 R – foifjr /kzqo.krk ds lkFk cSVjh dks iqu% tksM+k tkrk gSA  

 S – la/kkfj=k esa ,d ijkoS|qr ifêdk Mkyh tkrh gSA      

 (A) In PQR (perform P, then Q, then R), the stored electric energy remains unchanged and no thermal 
energy is developed     

 (B*) The charge appearing on the capacitor is greater after the action PSQ then after the action PQS 
 (C*) The electric energy stored in the capacitor is greater after the action SPQ then after the action PQS 
 (D*) The electric field in the capacitor after the action PS is the same as that after SP  
 (A) PQR (igys P, fQj Q, fQj R), esa laxzghr ÅtkZ vifjofrZr jgrh gS vkSj dksbZ rkih; ÅtkZ mRiUu ugha gksrh gSA  
 (B*) PQS izfØ;k ds ckn dh rqyuk esa izfØ;k PSQ ds ckn la/kkfj=k ij vkos'k vf/kd gksrk gSA   
 (C*) PQS izfØ;k ds ckn dh rqyuk esa izfØ;k SPQ ds ckn la/kkfj=k esa laxzghr ÅtkZ vf/kd gksrh gSA  

 (D*) izfØ;k PS vkSj izfØ;k SP esa la/kkfj=k dh IysVksa ds chp fo|qr {ks=k leku gksrk gSA  
Sol. In PQS process charge on capacitor is Q = CV  

 In PSQ process charge on capacitor is Q = KCV  

 Electric energy stored in PQS is = 
1

2
 CV2  

 Electric energy stored in PSQ is = 
1

2
 KCV2  

 UPSQ > UPQS  

 Electric field in PS is E = 
V

d
 

 Electric field in SP is E = 
V

d
 

  EPS  = ESP   

 PQS izfØ;k esa la/kkfj=k ij vkos'k Q = CV  

 PSQ  izfØ;k esa la/kkfj=k ij vkos'k Q = KCV  

 PQS esa laxzghr esa fo|qr ÅtkZ = 
1

2
 CV2  

 PSQ esa laxzghr esa fo|qr ÅtkZ = 
1

2
 KCV2  

 UPSQ > UPQS  

  PS esa fo|qr {ks=k E = 
V

d
 

 SP  esa fo|qr {ks=k E = 
V

d
 

  EPS  = ESP   
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PART - IV : COMPREHENSION 
Hkkx - IV : vuqPNsn (COMPREHENSION) 

 

Section (C) : Combination of capacitors 
[k.M (C) : la/kkfj=kksa dk la;kstu  
 

Comprehension # 1  vuqPNsn  
 

 Capacitor C3 in the circuit is a variable capacitor (its capacitance can be varied). Graph is plotted 
between potential difference V1 (across capacitor C1) versus C3. Electric potential V1 approaches on 
asymptote of 10 V as C3 .  

 ifjiFk esa la/kkfj=k  C3 ifjorZuh; la/kkfj=k gS (bldh /kkfjrk cnyh tk ldrh gS)A foHkokUrj V1 (la/kkfj=k C1 ij) o 
C3  ds e/; xzkQ [khapk tkrk gSA fo|qr foHko V1 , 10 V ds vuUr Li'khZ dh vksj igq¡prk gS tc C3 

  

C1

C2 C3

V

        

1. EMF of the battery is equal to :    

 cSVjh dk fo0ok0cy cjkcj gS &  

 (A*) 10 V  (B) 12 V  (C) 16 V  (D) 20 V 
 
2. The capacitance of the capacitor C1 has value : 

 la/kkfj=k C1 dh /kkfjrk dk eku gS & 

 (A) 2 F   (B) 6 F  (C*) 8 F  (D) 12 F 
 
3. The capacitance of C2 is equal to : 

 la/kkfj=k C2 dh /kkfjrk cjkcj gS & 

 (A*) 2 F  (B) 6 F  (C) 8 F  (D) 12 F 
 
Sol. When C3 =  , there will be no charge on C2   

 tc C3 =  , gS rc C2 ij dksbZ vkos'k ugha gSA   

  
V C1

 
 As D;ksafd  V1 = 10 V     therefore vr% V = 10 V 

 From graph when xzkQ ls tc C3 = 10 F, gS rc  V1 = 6 V 

 

C1

C2 4V

6V

10 F
10V

 
 Charge on C1 = Charge on C2 + Charge on C3   
 C1 ij vkos'k  =  C2 ij vkos'k  + C3  ij vkos'k  

 6C1 = 4C2 + 40 C .... (1)    
 Also when vkSj tc  C3 = 6 F, V1 = 5V   

 Again using charge equation  iqu% vkos'k lehdj.k dk mi;ksx djus ij  



Capacitance 
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C1

C2 5V

5V

6 F

10V

 
 5C1 = 5C2 + 30 C  ....(2) 

 Solving (1) and (2)    lehdj.k (1) vkSj (2) dks gy djus ij    
  C1 = 8  F 
  C2 = 2  F. 
 

SECTION (D) : EQUATION OF CHARGING AND DISCHARGING 

vkos'ku o fujkos'ku dh lehdj.k 
 
Comprehension # 2  
 In the shown circuit involving a resistor of resistance R , capacitor of capacitance C farad and an ideal 

cell of emf E volts, the capacitor is initially uncharged and the key is in position 1. At t = 0 second the 
key is pushed to position 2 for t0 = RC seconds and then key is pushed back to position 1 for t0 = RC 
seconds. This process is repeated again and again. Assume the time taken to push key from position 1 
to 2 and vice versa to be negligible.     

 fp=k esa fn[kk, x, ifjiFk esa izfrjks/k (R)] la/kkfj=k /kkfjrk (C) o ,d vkn'kZ lsy (fo0 ok0 cy E oksYV )gS] la/kkfj=k 
izkjEHk esa vukosf'kr gS rFkk dqath fLFkfr 1 esa gSA t = 0 le; ij dqath dks fLFkfr 2 ij t0 = RC lsd.M ds fy, /kdsyk 
tkrk gS rFkk fQj dqath dks fLFkfr 1 ij t0 = RC lsd.M ds fy, fQj ls /kdsyk tkrk gSA bl izØe dks ckj&ckj 
iqujkorZ fd;k tkrk gSA ;g ekfu, fd fLFkfr 1 ls fLFkfr 2 esa dqath dks /kdsyus esa ;k fLFkfr 2 ls fLFkfr 1 esa /kdsyus 
esa fy;k x;k le; ux.; gSA  

R
C

E2

K
1  

4. The charge on capacitor at t = 2RC second is     

 t = 2RC lsd.M ij la/kkfj=k ij vkos'k gksxk & 

 (A) CE   (B) CE 
1

1
e

 
 

 
  (C*) CE

2

1 1

e e

 
 

 
 (D) CE

2

1 1
1

e e

 
  

 
 

  
5. The current through the resistance at t = 1.5 RC seconds is  

 t = 1.5 RC lsd.M ij izfrjks/k esa izokfgr /kkjk gksxhA 

 (A) 
2

E 1
(1 )

ee R
   (B) 

E 1
(1 )

eR e
   (C) 

E 1
(1 )

R e
   (D*) 

E 1
(1 )

eeR
  

6. Then the variation of charge on capacitor with time is best represented by  

 la/kkfj=k ij le; ds lkFk vkos'k dk ifjorZu fuEu gksxkA 

 (A) t

q

   (B) t

q

 

 (C*) t

q

    (D) t

q

 
Sol. For t = 0 to to = RC seconds, the circuit is of charging type. The charging equation for this time is  

  

t

RCq CE (1 e )


     

 Therefore the charge on capacitor at time t0 = RC is o

1
q CE(1 )

e
   



Capacitance 
 

 

 

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 
ADVCP - 42 

Toll Free : 1800 258 5555  | CIN : U80302RJ2007PLC024029 
 

 For t = RC to t = 2RC seconds, the circuit is of discharging type. The charge and current equation for 
this time are 

  
ot t

RC
oq q e




  and  
ot t

o RCq
i e

RC




  

 Hence charge at t = 2 RC and current at t = 1.5 RC are 

   t

q

 

  

2RC RC

oRC
o

q 1 1
q q e CE(1 )

e e e




        

 and  

1.5RC RC

o oRCq q E 1
i e (1 )

RC eeRC eR




     respectively 

 Since the capacitor gets more charged up from t = 2RC to t = 3RC than in the interval t = 0 to t = RC, 
the graph representing the charge variation is as shown in figure 

Sol. t = 0 ls to = RC le; ds fy,] ifjiFk vkos'khdj.k dh rjg dk gSA bl le; ds fy, vkos'khdj.k dh lehdj.k gksxh 

 

t

RCq CE (1 e )


      

 blfy, la/kkfj=k ij vkos'k dk eku t0 = RC ij gS] o

1
q CE(1 )

e
   

 t = RC ls t = 2RC lsd.M rd ifjiFk fujkosf'kdj.k rjg dk gSA vr% vkos'k o /kkjk dk lehdj.k bl le; ds fy, 
gksxk 

  
ot t

RC
oq q e




  vkSj   
ot t

o RCq
i e

RC




   

 vr% t = 2 RC ij vkos'k rFkk t = 1.5 RC ij /kkjk Øe'k% gSA  

   t

q

 

  

2RC RC

oRC
o

q 1 1
q q e CE(1 )

e e e




         

 vkSj  
1.5RC RC

o oRCq q E 1
i e (1 )

RC eeRC eR




     gSA 

pwafd la/kkfj=k t = 2RC ls t= 3RC le; vUrjky esa] t = 0 ls t = RC le;kUrjky dh rqyuk esa vf/kd vkos'k xzg.k 
fd;s gq, gksrk gS vr% vkos'k forj.k xzkQ esa fn[kk;k x;k gSA 
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 Marked Questions can be used as Revision Questions. 

 fpfUgr iz'u nksgjkus ;ksX; iz'u gSA 
* Marked Questions may have more than one correct option. 

* fpfUgr iz'u ,d ls vf/kd lgh fodYi okys iz'u gS - 

PART - I : JEE (ADVANCED) / IIT-JEE PROBLEMS (PREVIOUS YEARS) 
Hkkx - I : JEE (ADVANCED) / IIT-JEE ¼fiNys o"kksZ½ ds iz'u 

 

1.# At time t = 0, a battery of 10 V is connected across points A and B in the given circuit. If the capacitors 
have no charge initially, at what time (in seconds) does the voltage across them become 4 V? 

 [Take : n 5 = 1.6, n 3 = 1.1]        [JEE' 2010 ; 3/163 ]  

 ,d 10 oksYV dh cSVjh A vkSj B fcUnqvksa ij uhps fn;s x;s ifjiFk esa le;  t = 0 ij tksMh tkrh gSA ;fn la/kkfj=k ij 
çkjEHk esa dksbZ Hkh vkos'k u gks rks fdrus le; ¼lsd.M esa½ esa la/kkfj=k ij oksYVrk 4V gksxh \  

 [yhft, : n 5 = 1.6, n 3 = 1.1]   

       
Ans. t = 2 sec  
Sol. Equation of charging of capacitor, 

 la/kkfj=k ds vkos'ku dh lehdj.k 

  V =  eq eqt /R C
0V 1 e


  

  Ceq = 2 + 2 = 4 F 
  Req = 1 M 

  4 = 
6 6

t

10 4 1010 1 e



 

 
 
 
 

  

  e–t/4 = 0.6 

  et/4 = 
5

3
  

t

4
 = n 5 – n 3 

  t = 0.5 × 4 
  t = 2 sec. Ans. 
 
2.# A 2F capacitor is charged as shown in figure. The percentage of its stored energy dissipated after the 

switch S is turned to position 2 is      [JEE' 2010 ; 3/160, –1] 

     
 (A) 0%   (B) 20%  (C) 75%  (D*) 80% 

 ,d 2 F la/kkfj=k dks fp=k esa fn[kk;s vuqlkj vkosf'kr fd;k x;k gSA la/kkfj=k esa lafpr ÅtkZ ds fdrus çfr'kr dk 
âkl fLop S dks fLFkfr 2 esa cnyus ds ckn gksxkA    [JEE' 2010 ; 3/160, –1] 
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 (A) 0 %   (B) 20 %  (C) 75 %  (D) 80 % 
Ans. (D) 
 

Sol.    

Ui = 21
(2)V

2
, Vcommon = 

V

5
    

 Uf = 
1

2
 (2 + 8) 

2
V

5

 
 
 

 

 i f

i

U U
100

U


  =  

2
2

2

V
V

5 100
V


  

 
4

100
5
  = 80% Ans.      

 
3.# In the given circuit, a charge of +80 C is given to the upper plate of the 4F capacitor. Then in the 

steady state, the charge on the upper plate of the 3F capacitor is : [IIT-JEE-2012, Paper-2; 3/66, –1] 

 fn;s x;s ifjiFk esa 4f  ds la/kkfj=k dh Åijh IysV ij +80 C vkos'k fn;k tkrk gSA rc fLFkj voLFkk esa] 3F 

la/kkfj=k dh Åijh IysV ij vkos'k gksxk     [IIT-JEE-2012, Paper-2; 3/66, –1] 

      
 (A) +32 C  (B) +40 C   (C*) +48 C  (D) +80 C 
Ans. (C)  

Sol. q3 = 3

2 3

C

C C
.Q 

 q3 = 
3

3 2
 × 80 = 

3

5
 × 80 = 48 C 

 
4.*# In the circuit shown in the figure, there are two parallel plate capacitors each of capacitance C. The 

switch S1 is pressed first to fully charge the capacitor C1 and then released. The switch S2 is then 
pressed to charge the capacitor C2. After some time, S2 is released and then S3 is pressed. After some 
time. 

 fp=k eas n'kkZ;s ifjiFk eas] nks lekukUrj IysVksa okys la/kkfj=kksa esa çR;sd dh /kkfjrk C gSA çkjEHk eas fLop S1 dks nck;k 
tkrk gS rkfd la/kkfj=k C1 iw.kZ :i ls vkosf'kr gks tk,A blds ckn S2 dks NksM+ fn;k tkrk gSA blds i'pkr~ la/kkfj=k 
C2 dks vkosf'kr djus ds fy;s fLop S2 dks nck;k tkrk gSA dqN le; ds ckn S2 dks NksM+k fn;k tkrk gS rFkk S 3 

dks nck;k tkrk gSA dqN le; ckn &      
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[JEE (Advanced) 2013, 3/60] 

 
 (A) the charge on the upper plate of C1 is 2CV0 (B*) the charge on the upper plate of C1 is CV0  
 (C) the charge on the upper plate of C2 is 0 (D*) the charge on the upper plate of C2 is –CV0 

 (A) C1 dh Åijh IysV ij 2CV0 vkos'k gSA  (B*) C1 dh Åijh IysV ij CV0 gSA   

 (C) C2 dh Åijh IysV ij 'kwU; vkos'k gSA  (D*) C2 dh Åijh IysV ij –CV0 vkos'k gSA 

Ans. (B,D) 
Sol. When switch S1 is released charge on C1 is 2CV0 (on upper plate ) 
 When switch S2 is pressed charge on C1 is CV0 (on upper plate ) and charge on C2 is CV0 (on upper 

plate) 
 When switch S2 is released and switch S3 pressed charge on C1 is CV0 (on upper plate ) and charge on 

C2 is –CV0 (on upper plate) 

Hindi. tc dqath S1 [kksyh tkrh gS] C1 ij vkos'k  2CV0 gS (Åijh IysV ij ) 
 tc dqath S2 nck;h tkrh gS] C1 ij vkos'k  CV0 gS (Åijh IysV ij ) rFkk C2 ij vkos'k CV0 gS (Åijh IysV ij) 

 tc dqath S2[kksyh o S3 nck;h tkrh gS] C1 ij vkos'k  CV0 gS (Åijh IysV ij ) rFkk C2 ij vkos'k –CV0 gS (Åijh 
IysV ij) 

 
5.*# A parallel plate capacitor has a dielectric slab of dielectric constant K between its plates that covers 1/3 

of the area of its plates, as shown in the figure. The total capacitance of the capacitor is C while that of 
the portion with dielectric in between is C1. When the capacitor is charged, the plate area covered by 
the dielectric gets charge Q1 and the rest of the area gets charge Q2. Choose the correct option/options, 
igonoring edge effects. 

 fp=k esa n'kkZ, x, ,d lekUrj ifV~Vdk la/kkfj=k dh ifV~Vdkvksa ds chp j[kk ijkoS|qrkad K dk ,d ijkoS|qr 
(Dielectric) xqVdk ifêdkvksa ds {ks=kQy dk 1/3 Hkkx <drk gSA la/kkfj=k dh dqy /kkfjrk C gS] tcfd og Hkkx] tgk¡ 
ijkoS|qr xqVdk j[kk gS] dh /kkfjrk C1 gSA la/kkfj=k dks vkosf'kr djus ij ifêdkvksa ds ml Hkkx esa tgk¡ ijkoS|qr j[kk 
gS] vkos'k Q1 rFkk 'ks"k {ks=kQy esa vkos'k Q2 lekxzfgr gksrk gS ijkoS|qr esa fo|qr {ks=k E1 rFkk 'ks"k Hkkx esa fo|qr {ks=k 
E2 gSA dksj izHkko (edge effects) dh mis{kk djrs gq, lgh fodYi@fodYiksa dks pqfu,A    

 [JEE (Advanced) 2014,P-1, 3/60] 

        

 (A*) 1

2

E
1

E
   (B) 1

2

E 1

E K
   (C) 1

2

Q 3

Q K
   (D*) 

1

C 2 K

C K


  

Ans. (A), (D)  

Sol. C = 0 0K A 2 A

3d 3d

 
  

 C1 = 0K A

3d


 

 
1

C 2 K

C K


   Ans. (D) 

 E1 = E2 = 
V

d
  

    1

2

E
1

E
   Ans. (A) 
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  Q1 = C1V = 0K A
V

3d


 

  Q2 = C2V = 02 A
V

3d


 

   1

2

Q K

Q 2
  

 
6.# A parallel plate capacitor having plates of area S and plate separation d, has capacitance C1 in air. 

When two dielectrics of different relative permittivities (1 = 2 and 2 = 4) are introduced between the 

two plates as shown in the figure, the capacitance becomes C2. The ratio 2

1

C

C
 is    

 ,d lekUrj ifV~Vdk la/kkfj=k dh ifV~Vdkvksa dk {ks=kQy S rFkk ifV~Vdkvksa ds chp esa nwjh d gS rFkk bldh ok;q esa 
/kkfjrk C1 gSA tc ifV~Vdkvksa ds e/; nks vyx&vyx lkis{k ijkoS|qrkadksa (1 = 2 rFkk 2 = 4) ds ijkoS|qr inkFkZ 
n'kkZ;s fp=kkuqlkj j[ks tkrs gS rc bl izdkj cus u;s la/kkfr=k dh /kkfjrk C2 gks tkrh gSA rc vuqikr  gSA  

 [JEE (Advanced) 2015 ; P-2, 4/88, –2] 

      
 (A) 6/5   (B) 5/3   (C) 7/5   (D*) 7/3 
Ans. (D) 

Sol.      

 C1 = 0 A

d


; C = 

0
s

2
2

d

2


 = 02 s

d


     

 C' = 
0

s
4

2
d

2


 = 04 s

d


 ; C" = 

0
s

2
2

d


 = 0 s

d


   

 C2 = 
C C'

C C'
 + C'' = 04 s

3 d


 + 0 s

d


 = 07 s

3 d


 

 2

1

C 7

C 3
   

7.* In the circuit shown below, the key is pressed at time t = 0. Which of the following statement(s) is (are) 

true?         

 uhps fn[kk;s x, ifjiFk esa le; t = 0 ij cVu (key) dks nck;k x;k gSA fuEufyf[kr esa ls dkSulk@dkSuls dFku 

lR; gS@gSa\   

[JEE (Advanced) 2016 ; P-2, 4/62, –2] 
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 40F 

A 

5V 

V 
– 

+ 

25k 

20F 50k

+ – 

key  
 (A*) The voltmeter displays –5 V as soon as the key is pressed, and displays +5 V after a long time  

(B*) The voltmeter will display 0 V at time t = n 2 seconds     

(C*) The current in the ammeter becomes 1/e of the initial value after 1 second     

(D*) The current in the ammeter becomes zero after a long time  

(A*) cVu dks nckrs gh oksYVehVj –5 V fn[kkrk gS tcfd yEcs le; ds ckn oks +5 V fn[kkrk gS  

(B*) le; t = n 2 seconds ij oksYVehVj 'kwU; oksYV fn[kkrk gS     

(C*) 1 second ds ckn vehVj esa /kkjk izkjfEHkd /kkjk dk 1/e xq.kk gksrh gS  

(D*) yacs le; ds ckn vehVj esa /kkjk 'kwU; gks tkrh gS 

Ans. (ABCD) 

Sol.  

 

 Q1

A 

5V 

V 
– 

+ 

25k

50k

+ – 

key 

 



Q2 

 

 q1 = (200 × 10–3) 

t
–

11– e
 
 
  

 

 q2 = (100 × 10–3) 

t
–

11– e
 
 
  

 

 1q

C
 = (50 × 103) 2dq

dt
 

 
  –3 –t

–6

200 10 1– e

40 10




 = (50 × 103)(100 × 10–3)[e–t] 

 (1 – e–t) 
610

20
 = 50 × 103(e–t)   

 
1

2
 = e–t  

 t = n2 

 I = I1+ I2 = (200 × 10–3)(e–t) + (100 × 10–3)e–t  

 = 100 × 10–3[2e–t + e–t] 

 = (300 × 10–3) e–t  
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 = 
–3300 10

e

 
  
 

   

 At t =  ij I = 0  

 

8. An infinite line charge of uniform electric charge density  lies along the axis of an electrically 

conducting infinite cylindrical shell of radius R. At time t = 0, the space inside the cylinder is filled with a 

material of permittivity  and electrical conductivity . The electrical conduction in the material follows 

Ohm's law. Which one of the following graphs best describes the subsequent variation of the magnitude 

of current density j (t) at any point in the material?  [JEE (Advanced) 2016 ; P-1, 3/62, –1 ] 

,d csyukdkj vuar fo|qrpkyd dop dh f=kT;k R gSA csyu ds v{k ij ,d vuar js[kh; fo|qr vkos'k fLFkr gS 

ftldk ,dleku js[kh; ?kuRo gSA csyu ds vanj dh txg dks le; t = 0 ij ,d inkFkZ ls Hkjk tkrk gS] ftldk 

ijkfo|qrkad ,oa fo|qrpkydrk gSA inkFkZ esa fo|qr vkos'k dh pkydrk vkse~ ds fu;e (Ohm's law) dk ikyu 

djrh gSA ijorhZ le; esa inkFkZ esa fdlh Hkh fcUnq ij fo|qr /kkjk ?kuRo j (t) ds ifjek.k esa ifjorZu dk lcls vPNk 

o.kZu dkSulk ys[kkfp=k djrk gS\ 

 (A) 

  j (t) 

(0, 0) 
t 

   (B) 

  j (t) 

(0, 0) 
t 

  

(C*) 

  j (t) 

(0, 0) 
t

   (D) 

  j (t) 

(0, 0) 
t

 

Ans. (C) 

Sol.  

 

 

 

Suppose charge per unit length  at any instant is  and initially it is 0 

 electric field at a distance r any instant is  



Capacitance 
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ekuk fdlh {k.k bdkbZ yEckbZ ij vkos'k rFkk izkjEHk esa ;g 0 gS 

 fdlh {k.k r nwjh ij fo|qr {ks=k  

 E = 
2 r




 

 J = 
2 r




  

 
dq

dt
= J(A) = – J ×2r  

 
d

– 2 r
dt 2 r

 
  




  

  = 0

– t
e




 

 J = J0

– t
e




 

PARAGRAPH -1 

vuqPNsn-1 

 Consider a simple RC circuit as shown in figure 1. 

 Process 1 : In the circuit the switch S is closed at t = 0 and the capacitor is fully charged to voltage V0 

(i.e., charging continues for time T>> RC). In the process some dissipation (ED) occurs across the 

resistance R. The amount of energy finally stored in the fully charged capacitor is EC. 

 Process 2 : In a different process the voltage is first set to 0V

3
 and maintained for a charging time  

T >>RC. Then the voltage is raised to 02V

3
 without discharging the capacitor and again maintained for 

a time T >> RC. The process is repeated one more time by raising the voltage to V0 and the capacitor is 

charged to the same final voltage V0 as in Process 1.     

 These two processes are depicted in figure 2. 

 ,d lk/kkj.k RC ifjiFk dks nsf[k;s] tSlk fp=k 1 (Figure 1) esa n'kkZ;k x;k gSA  

 izØe 1 (Process 1): t = 0 ij fLop S }kjk ifjiFk iw.kZ fd;k tkrk gS ,oa la/kkfj=k iw.kZ :i ls oksYVrk V0 ls 

vkosf'kr gks tkrk gS (T>> RC le; rd vkos"k.k pyrk jgrk gS) bl izØe esa izfrjks/k R ds }kjk dqN fo|qr&ÅtkZ 

{k;– (energy dissipated) ED  gksrh gSA iw.kZ :i ls vkosf'kr la/kkfj=k es lafpr ÅtkZ (stored energy in a charged 

capacitor ) dk eku EC gSA  

 izØe 2 (Process 2) : ,d vyx izØe es igys 0V

3
 oksYVrk dks vkosf'kr le; T >>RC ds fy, vuqjf{kr fd;k 

tkrk gS vkSj fcUkk la/kkfj=k vkos'k foltZu ds le; dks  T >> RC  ds fy, vuqjf{kr djds oksYVrk dks 02V

3
 rd 

c<k;k tkrk gSA oksYVrk dks V0 rd c<kus ds fy, ;g izØe ,d vkSj ckj nksgjk;k tkrk gSA la/kkfj=k dks vafre 

oksYVrk V0  ¼tSls fd izØe 1 esa½ rd vkosf'kr fd;k tkrk gSA     

nksukas izØe fp=k 2 (figure 2) esa fn[kk;k x, gSA  
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V + 
– 

R 

S 

C 

Figure 1   

 

t 2T T 

2V0/3 

V0 

V 

Process1 

Process2 
V0/3 

T>>RC 

Figure 2 
 

9. In process 1, the energy stored in the capacitor EC and heat dissipated across resistance ED are related 
by :   

[JEE (Advanced) 2017 ; P-2, 3/61] 

 izØe 1, esa la/kkfj=k esa lafpr ÅtkZ EC vkSj izfrjks/k R }kjk ÅtkZ {k; ED esa lEcU/k gSA  

 (A) C D

1
E E

2
    (B) EC = ED ln 2   (C)  EC = 2ED  (D) EC = ED 

Ans. (D) 

Sol. EC = 2
0

1
CV

2
  ;  ED = V0CV0 – 2

0

1
CV

2
 

            = 2
0

1
CV

2
 

  EC = ED 
 
10. In process 2, total energy dissipated across the resistance ED is :   

 izØe 2 ds nkSjku izfrjks/k ds }kjk dqy {k; ÅtkZ ED gSA [JEE (Advanced) 2017 ; P-2, 3/61] 

 (A) ED = 3 2
0

1
CV

2

 
 
 

   (B) 2
D 0

1 1
E CV

3 2

 
  

 
   

(C) 2

D 0E 3CV     (D) 2

D 0

1
E CV

2
  

Ans. (B) 

Sol. 
1

2 2 2
0 0 0 0 0

D

V CV V CV CV1
E C.

3 3 2 3 9 18

   
      

   
 

             = 
2
0CV

18
 

 
2

2 2
0 0 0 0 0

D

2V 2CV CV 2V V1 1
E C C.

3 3 3 2 3 2 3

      
        
       

 

        = 
2 2

0 0 0 02V CV 4V V1
C

3 3 2 9 9

  
   

    
 

        = 2 2 2
0 0 0

2 1 2 1 12 9
3 CV CV CV

9 2 9 9 6 9 6

     
               

 

 
2

2
D 0

1
E CV

18
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3

2
20 0

D 0 0 0

2CV 2V1 1
E V CV CV C

3 2 2 3

    
       
     

 

         = 2 2
0 0

1 1 4
CV CV 1

3 2 9

 
  

 
 

          = 2 2 2
0 0 0

1 5 6 5 1
CV CV CV

3 18 18 18

     
       

     
 

 Total dqy = 2
0

1 1 1
CV

18 18 18

 
  

 
 

            = 2
0

3
CV

18
 

 ED = 2 2
0 0

3 1 1 1
CV CV

9 2 3 2

   
   

   
 

  
     
11. Three identical capacitors C1, C2 and C3 have a capacitance of 1.0 F each and they are uncharged 

initially.  They are connected in a circuit as shown in the figure and C1 is then filled completely with a 

dielectric material of relative permittivity r. The cell electromotive force (emf) V0 = 8V. First the switch 

S1 is closed while the switch S2 is kept open. When the capacitor C3 is fully charged, S1 is opened and 

S2 is closed simultaneously. When all the capacitors reach equilibrium, the charge on C3 is found to be 

5C.  The value of r =____________.    

 rhu ,dleku la/kkfj=kksa (identical capacitors) C1, C2 vkSj C3 eas çR;sd dh /kkfjrk 1.0 F gS vkSj 'kq:vkr eas rhuksa 

la/kkfj=kksa vukosf'kr (uncharged) gSA rhuksa la/kkfj=kksa dks] tSlk fd fp=k esa n'kkZ;k x;k gS] ,d ifjiFk (circuit) esa 

tksM+k x;k gS vkSj mlds ckn  C1 eas r lkis{k ijkoS|qrkad (relative permittivity) dk ,d ijkoS|qr (dielectric) inkFkZ 

iw.kZr% Hkjk tkrk gSA lsy (cell) dk fo|qr okgd cy (electromotive force, emf), V0 = 8V gSA 'kq:vkr eas dqath 

(switch) S1 cUn gS vkSj dqath S2 [kqyh gSA la/kkfj=k C3 ds iwjh rjg vkosf'kr (charged) gksus ds ckn] ,d gh iy ls 

,d lkFk (simultaneously) dqath S1 dks [kksy fn;k tkrk gS vkSj dqath S2 dks cUn dj fn;k tkrk gSA tc lHkh 

la/kkfj=k lkE;koLFkk (equilibrium) eas vk tkrs gS] rc la/kkfj=k C3 ij  5C dk vkos'k ik;k tkrk gSA r  dk eku 

____________ gSA   [JEE (Advanced) 2018 ; P-1, 3/60] 

 
Ans. 1.50 

Sol.  
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V0 = 8V 

r 

S2 

V0 

 
 

 

 

CV0 – q 

q 

–q 

q 

–q 

q 

 

 0

r

CV q q q

C C C


 


 = 0    0CV q
5

C


  

 5 = 
r

q 1
1

C

 
 
 

    8C – q = 5C 

 = 3 
r

1
1
 
 
 

    q = 3C 

 
5

3
 = 1 + 

r

1


  

r

1


 = 

2

3
   

 r = 
3

2
 = 1.5 

 

12.* In the circuit shown, initially there is no charge on capacitors and keys S1 and S2 are open. The values 

of the capacitors are C1 = 10F, C2 = 30F, and C3 = C4 = 80F. Which statements is/are correct :  

 iznf'kZr ifjiFk esa] vkjEHk esa la/kkfj=kksa ij dksbZ vkos'k ugh gS vkSj dqqth S1 vkSj S2 [kqyh gSA la/kkfj=kksa ds eku  

C1 = 10F, C2 = 30F, vkSj C3 = C4 = 80F gSA fuEufyf[kr dFkuksa esas ls dkSulk (ls) lgh gS(gSa)? 

[JEE (Advanced) 2019 ; P-1, 3/62] 

 

C3

S1 P 

Q

S2 

C2

30 

10V 

70 

C1

100 

30 
5V C4

 
 (A) The key S1 is kept closed for long time such that capacitors are fully charged. Now key S2 is closed, 

at this time the instantaneous current across 30 resistor (between points P & Q) will be 0.2A (round 

off to 1st decimal place). 

 (B*) If key S1 is kept closed for long time such that capacitors are fully charged, the voltage across C1 

will be 4V. 



Capacitance 
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(C*) At time t = 0, if the key S1 is closed, the instantaneous current in the closed circuit will be 25 mA 

 (D) if S1 is kept closed for long time such that capacitors are fully charged, the voltage difference 

between P and Q will be 10V.  

 (A) daqth S1 dks yacs le; ds fy, bl izdkj can j[kk tkrk gS fd lHkh la/kkfj=k iw.kZ vkosf'kr gks tkrs gSA vc daqth 

S2 dks can fd;k tkrk gS rc bl le; ij 30 ds izfrjks/k (P vkSj Q ds e/;) esa rkR{kf.kd (instantaneous) /kkjk 

dk eku 0.2A gksxkA (n'keyo ds izFke LFkku rd jkmaM vkWQ (round off)  

 (B) ;fn dqath S1 dks yacs le; ds fy, bl izdkj can fd;k tk, fd lHkh la/kkfj=k iw.kZ vkosf'kr gks tk, rc la/kkfj=k 

C1 ij 4V dk foHko gksxkA 

(C) le; t = 0 ij, tc dqath S1 dks can fd;k tkrk gS] rc can ifjiFk esa rkR{kf.kd (instantaneous) /kkjk dk eku 

25 mA gksxkA 

 (D) ;fn dqath S1 dks yacs le; ds fy, bl izdkj can fd;k tk, fd lHkh la/kkfj=k iw.kZ vkosf'kr gks tk, rc fcUnq P 

vkSj Q ds e/; 10V dk foHkokarj gksxk 

Ans. (BC) 

Sol. 

 

 

 
 Just after closing of switch S1 charge on capacitors is zero. 
  Replace all capacitors with wire.  
 dqath S1 cUn djus ds rqjUr i'pkr~ la/kkfj=kksa ij vkos'k 'kwU; gSA 

  lHkh la/kkfj=kksa dks rkj ls cnyus ij 

 

 

5V 30

100 

70 

i

 

 i = mA25
200

5

3010070

5



 

 Now S1 is kept closed for long time circuit is in steady state 
 vc S1 dks yEcs le; rd cUn djus ij ifjiFk LFkk;h voLFkk esa gksrk gSA 

 

 
P –q q 5V 

80F
–q

q
80F

Q

10F
–q 

q

 

 05
80

q

80

q

10

q
  

 5
80

q10
  

    q = 40 C 
    V across C1 = 40/10 = 4 volt  
 Now just after closing of S2 charge on each capacitor remain same 

    C1 ds fljksa ij foHkokUrj = 40/10 = 4 volt  

 vc S2 dks cUn djus ds rqjUr i'pkr~ lHkh la/kkfj=kksa ij vkos'k leku gksxk 
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 –40 

30 

30F 

40 5 30

x–y 
–40 

40

x

y 

70

10 F
40 

–40 

80F0

0

100 10V 
 

 KVL 
 –10 + x × 30 + 40/10 + y × 70 = 0 
 30x + 70y = 6  ....(1) 

 
80

40
 + 5 + (x – y) 30 

80

40
  + (x – y) × 100 – 10 + x × 30 = 0 

 160x – 130y – 6 = 0  ....(2) 
 y = 96/1510 
 x = 0.05 amp. 
 Correct option – 2, 3 

 

13. A parallel plate capacitor of capacitance C has spacing d between two plates having area A. The region 

between the plates is filled with N dielectric layers, parallel to its plates, each with thickness 
N

d
 . The 

dielectric constant of the mth s layer is Km = 









N

m
1K . For a very large N(> 103), the capacitance C is 








 


2Ind

AK 0 . The value of  will be _____ . [ 0  is the permittivity of free space] 

 ,d C /kkfjrk okys lekUrj IysV la/kkfj=k ds IysVksa ds chp dh nwjh d gS vkSj izR;sd IysV dk {ks=kQy A gSA IysVksa ds 

chp iwjs LFkku dks IysVksa ds lekUrj 
N

d
  eksVkbZ okyh N ijkoSn~;qr ijrksa ls Hkj nsrs gSaA mth ijr dk ijkoSn~;qrkad 

Km = 









N

m
1K  gSA cgqr vf/kd N(> 103) ds fy, /kkfjrk C = 







 


2Ind

AK 0  gSA dk eku _____ gksxkA [eqDr 

vkdk'k (free space) dh oSn~;qr'khyrk 0  gS] 
[JEE (Advanced) 2019 ; P-1, 3/62] 

Ans. 1.00 
Sol. 

 

 
x dx

D  

 
N

D

m

x
  

 



































D

x
1AK

dx

N

m
1AK

dx

AK

dx

C

1
d

00
0m
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D

0 0eq )xD(AK

Ddx

C

1
d

C

1
 

 2n
AK

D

C

1

0eq




  

 
2nD

AK
C 0

eq



 .  Therefore  = 1 

PART - II : JEE (MAIN) / AIEEE PROBLEMS  (PREVIOUS YEARS) 
Hkkx - II : JEE (MAIN) / AIEEE ¼fiNys o"kksZ½ ds iz'u 

 

1. Let C be the capacitance of a capacitor discharging through a resistor R. Suppose t1 is the time taken 
for the energy stored in the capacitor to reduce to half its initial value and t2 is the time taken for the 
charge to reduce to one-fourth its initial value. Then the ratio t1/t2 will be   [AIEEE 2010, 4/144] 

 ,d izfrjks/k R ls /kkfjrk C dk ,d la/kkfj=k folftZr gks jgk gSA ;g eku ysa fd la/kkfj=k ls laHkfjr ÅtkZ dks vius 
izkjfEHkd eku ls ?kV dj vk/kk jg tkus esa t1 le; yxrk gS vkSj vkos'k dks vius izkjfEHkd eku ls ?kV dj 
,d&pkSFkkbZ jg tkus esa t2 le; yxrk gSA rc vuqikr t1/t2 gksxkA 

 (1) 1   (2) 
1

2
   (3*) 

1

4
   (4) 2 

Ans. (3) 

Sol. U0 =
2
0q

2C
   U = 

12t /2
0q e

2C

 

 = 0U

2
 = 

2
0q

4C
  12t / 1

e
2

      

 t1 = 
2


 n2 ....(1) 

 and o q  = q0
2t /e 

 

  0q

4
 = q0 

2t /e 
,  

  2t / 1
e

4

    

  t2 = 2 ln 2 ....(2) 

  1

2

t 1

t 4
  

 

2. A resistor 'R' and 2F capacitor in series is connected through a switch to 200 V direct supply. Across 
the capacitor is a neon bulb that lights up at 120 V. Calculate the value of R to make the bulb light up 5s 
after the switch has been closed. (log102.5 = 0.4)    [AIEEE 2011, 4/120, –1] 

 ,d çfrjks/kd 'R' vkSj 2F la/kkfj=k dks Js.khØe esa ,d fLop ds }kjk 200 V lh/kh lIykbZ ls tksM+k tkrk gSA 
la/kkfj=k ij ,d fu;ku cYc yxk gS tksfd 120 V ij çdkf'kr gks mBrk gSA R ds ml eku dh x.kuk dhft, ftlls 
fd fLop cUn djus ds 5s i'pkr~ cYc çdkf'kr gks tk,A (log102.5 = 0.4) [AIEEE 2011, 4/120, –1] 

 (1) 1.3 × 104
   (2) 1.7 × 105

   (3*) 2.7 × 106
   (4) 3.3 × 107

  
 Ans. (3) 

Sol.  

 v = 200(1 – e–t/) 
 120 = 200(1 – e–t/) 

 e–t/ = 
200 120

200


 = 

80

200
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 t/ = log(2.5) = 0.4 
 5 = (0.4) × R × 2 × 10–6  

  R = 
6

5

(0.4) 2 10 
 = R = 2.7 × 106   Ans. 

 
3. Combination of two identical capacitors, a resistor R and a dc voltage source of voltage 6V is used in 

an experiment on a (C – R) circuit. It is found that for a parallel combination of the capacitor the time in 
which the voltage of the fully charged combination reduces to half its original voltage is 10 second. For 
series combination the time needed for reducing the voltage of the fully charged series combination by 
half is :        [AIEEE 2011, 11 May; 4/120, –1]  

 nks ,dleku la/kkfj=k] ,d çfrjks/kd R vkSj 6V oksYVrk ds ,d lh/kh /kkjk ds L=kksr ds la;kstu ls ,d (C – R) 

ifjiFk dk ç;ksx fd;k tkrk gSA ;g ik;k tkrk gS fd la/kkfj=kksa ds lekUrj Øe esa gksus ij iw.kZr% vkosf'kr la;kstu 
dh oksYVrk ?kVdj 10 lSd.M esa vk/kh gks tkrh gSA la/kkfj=kksa ds Js.khØe esa gksus ij iw.kZr% vkosf'kr la;kstu dh 
oksYVrk dks ?kVdj vk/kh gksus esa le; yxsxk:     [AIEEE 2011, 11 May; 4/120, –1] 

 (1) 10 second  (2) 5 second  (3*) 2.5 second  (4) 20 second 

 (1) 10 lSd.M  (2) 5 lSd.M  (3) 2.5 lSd.M  (4) 20 lSd.M 

 Ans. (3) 
Sol. Time constant for parallel combination = 2RC 

 lekUrj la;kstu ds fy, le; fu;rkad = 2RC 

 Time constant for series combination = 
RC

2
 

 Js.kh la;kstu ds fy, le; fu;rkad = 
RC

2
 

 In first case : çFke fLFkfr esa %  

  
1t

2RC
0V V e


  = 0V

2
  ........(i) 

 In second case : f}rh; fLFkfr esa %  

  
2t

(RC/ 2)
0V V e



 = 0V

2
   ........(ii) 

 From (i) & (ii),  (i) o (ii) ls] 

 1t

2RC
 = 

 
2t

RC / 2
   t2 = 1t

4
 = 

10

4
 = 2.5 sec. 

 
4.# The figure shows an experimental plot discharging of a capacitor in an RC circuit. The time constant  

of this circuit lies between :      [AIEEE 2012 ; 4/120, –1] 

         
 (1) 150 sec and 200 sec    (2) 0 and 50 sec 
 (3) 50 sec and 100 sec    (4*) 100 sec and 150 sec 

 fp=k ,d R-C ifjiFk esa la/kkfj=k ds vukosf'kr gksus dk iz;ksfxd IykWV n'kkZrk gSA bl ifjiFk dk le; fLFkjkad   
blds chp esa iM+rk gS  :       [AIEEE 2012 ; 4/120, –1] 
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 (1) 150 sec ,oa 200 sec    (2) 0 ,oa 50 sec 

 (3) 50 sec ,oa  100 sec    (4) 100 sec ,oa 150 sec 

Ans. (4) 

Sol. Q = c0 e–t/cR 

  /t
0e44  

  = 0 –t/  

 When tc t = 0   0 = 25 

  = 0
 = 25 

 when  tc t = 200   = 5 

 5 = 25 

200

e



 

 ln 5 = 
200


 

  = 
200

n5
 = 

200

n10 n2 
 

 =  
200

n10 0.693
 

Alternative :  

 Time constant is the time in which 63% discharging is completed. 

 So remaining charge = 0.37 × 25 = 9.25 V 

 Which time in 100 < t < 150 sec. 

Alternative :  

 le; fu;rkad og le; gS ftlesa 63% fujkos'ku iw.kZ gks tkrk gSA  

 vr% 'ks"k vkos'k = 0.37 × 25 = 9.25 V 

 tks le; 100 < t < 150 sec. esa gSA 

 
5. Two capacitors C1 and C2 are charged to 120 V and 200 V respectively. It is found that by connecting 

them together the potential on each one can be made zero. Then :    
 (1) 5C1 = 3C2  (2*) 3C1 = 5C2  (3) 3C1 + 5C2 = 0  (4) 9C1 = 4C2 

 nks la/kkfj=k C1 ,oa C2 Øe'k% 120 V ,oa 200 V ij vkosf'kr fd;s x;s gSA ;g ik;k tkrk gS fd mUgs ,d nwljs ls 
tksM nsus ij izR;sd ij foHko 'kwU; fd;k tk ldrk gSaA rc :    [JEE (Main) 2013 ; 4/120, –1] 

 (1) 5C1 = 3C2  (2) 3C1 = 5C2  (3) 3C1 + 5C2 = 0  (4) 9C1 = 4C2 

Sol.  

  
 For potential to be made zero, after connection 
 la;kstu ds i'pkr~ foHko 'kwU; gksus ds fy,  
  120C1 = 200 C2 



Capacitance 
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       3C1 = 5C2 
 Ans. (2) 
 
6. A parallel plate capacitor is made of two circular plates separated by a distance of 5 mm and with a 

dielectric of dielectric constant 2.2 between them. When the electric field in the dielectric is 3 × 104 V/m, 
the charge density of the positive plate will be close to :     [JEE(Main) 2014 ; 4/120, –1]  

 nks o`Ùkh; IysVksa, ftuds chp nwjh 5 mm gS, ls ,d lekUrj ifêdk la/kkfj=k cuk;k x;k gS ftlds chp ijkoS|qr 
fLFkjkad 2.2 dk ,d ijkoS|qr j[kk x;k gSA tc ijkoS|qr esa fo|qr {ks=k 3 × 104 V/m gS, rc /kukRed IysV dk vkos'k 
?kuRo yxHkx gksxkA         

 (1*) 6 × 10–7C/m2 (2) 3 × 10–7C/m2 (3) 3 × 104C/m2  (4) 6 × 104C/m2   
Ans. (1) 

Sol. Electric field inside dielectric ijkoS|qr esa fo|qr {ks=k 
0K




 = 3 × 104 

   = 2.2 × 8.85 × 10–12 × 3 × 104 
 = 6 × 10–7 C/m2 

 

7. In the given circuit, charge Q2 on the 2F capacitor changes as C is varied from 1F to 3F. Q2 as a 
function of 'C' is given properly by : (figures are drawn schematically and are not to scale)  

 [JEE (Main) 2015; 4/120, –1] 

 

 (1)  (2*)  (3)  (4)  

 fn;s x;s ifjiFk esa] C ds eku ds 1F ls 3F ifjofrZr gksus ls 2F la/kkfj=k ij vkos'k Q2 esa ifjorZu gksrk gSA 'C' 

ds Qyu ds :i esa Q2 dks dkSulk vkys[k lgh n'kkZrk gS \ (vkys[k dsoy O;oLFkk vkjs[k gSa vksj Ldsy ds vuqlkj 
ugha gSA) 

 

 (1)   (2*)  (3)  (4)  

Ans. (2) 
Sol.  

 

 Q2 = 
2

2 1
  Q = 

2Q

3
 

 Q = E 
C 3

C 3

 
  

   Q2 = 
2

3

3CE

C 3

 
  

 =  
2CE

C 3
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8. A combination of capacitors is set up as shown in the figure. The magnitude of the electric field, due to 

a point charge Q (having a charge equal to the sum of the charges on the 4F and 9F capacitors), at a 

point distance 30 m from it, would equal :  

 la/kkfj=kksa ls cus ,d ifjiFk dks fp=k esa fn[kk;k x;k gSA ,d fcUnq&vkos'k Q (ftldk eku 4F rFkk 9F okys 

la/kkfj=kksa ds dqy vkos'kksa ds cjkcj gS), ds }kjk 30 m nwjh ij oS|qr&{kS=k dk ifjek.k gksxk : 

 [JEE (Main) 2016; 4/120, –1] 

      

 

– +

2F 

4F  

3F  

9F   

8V  

 (1) 360 N/C  (2) 420 N/C  (3) 480 N/C  (4) 240 N/C 
Ans. (2) 
Sol.  

 12f 4f 

+6V +2V  
Q1 = 24c  

 Q2 = 18 c 
 Q = 42c 
 E = 107 × 42 × 10–6   
 E = 420 N/C 
 
9. A capacitance of 2F is required in an electrical circuit across a potential difference of 1.0 kV. A large 

number of 1F capacitors are available which can withstand a potential difference of not more than 300 V. 

 The minimum number of capacitors required to achieve this is :    [JEE (Main) 2017; 4/120, –1] 

 ,d fo|qr ifjiFk esa ,d 2F /kkfjrk ds la/kkfj=k dks 1.0 kV foHkokUrj ds fcUnqvksa ds chp tksM+uk gSA 1F /kkfjrk ds 
cgqr lkjs la/kkfj=k tks fd 300 V foHkokUrj rd ogu dj ldrs  gS] miyC/k gSA mijksDr ifjiFk dks izkIr djus ds 
fy;s U;wure fdrus la/kkfj=kksa dh vko';drk gksxh \  

 (1*) 32   (2) 2   (3) 16   (4) 24 

Ans. (1) 



Capacitance 
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Sol.  

 

250V 250V 250V 250V  
 Minimum no. of capacitors required = 32 
 vko';d la/kkfj=kkas dh U;wure la[;k = 32 

 

10. In the given circuit diagram when the current reaches steady state in the circuit, the charge on the 

capacitor of capacitance C will be :    [JEE (Main) 2017; 4/120, –1] 

 fn;s x;s ifjiFk esa tc /kkjk fLFkjkoLFkk esa igq¡p tkrh gS rks /kkfjrk C ds la/kkfj=k ij vkos'k dk eku gksxk % 

 r 

r1 

r2  

E 

C 

 

 (1) CE 
 

1

1

r

r r
   (2) CE   (3) 

 
1

2

r
CE

r r
   (4*) 

 
2

2

r
CE

r r
 

Ans. (4) 
Sol.  

 

 E r 

r1 

r2 

C 

 
 at steady state LFkk;h voLFkk ij 

 

 E r 

r1 

r2 
A B 

 



Capacitance 
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 current in the circuit ifjiFk esa /kkjk  = 
2rr

E


 

 potential difference across AB(AB ds fljksa ij foHkokUrj) = r2 = 
2

2

rr

Er


 

 charge on capacitor la/kkfj=k ij vkos'k = Q = C(V)AB  

 Q = 
2

2

rr

CEr


  

 
11. A parallel plate capacitor of capacitance 90 pF is connected to a battery of emf 20V. If a dielectric 

material of dielectric constant K = 
5

3
 is inserted between the plates, the magnitude of the induced 

charge will be :  

[JEE (Main) 2018; 4/120, –1] 

 90 pF /kkfjrk ds ,d lekUrj IysV la/kkfj=k dks 20V fo|qr okgd cy dh ,d cSVjh ls tksM+rs gSaA ;fn  

K = 
5

3
ijkoS|qr inkFkZ IysVkssa ds chp izfo"V fd;k tkrk gS rks izsfjr vkos'k dk ifjek.k gksxk % 

 (1) 2.4 n C  (2) 0.9 n C  (3*) 1.2 n C  (4) 0.3 n C 

Ans. (3) 

Sol. Qcap = KC0V 

 polarised cap

1
Q Q 1

k

 
  

 
 

 = (90 × 10–12) (20) 
5

3

 
 
 

3
1

5

 
 

 
 Coulomb = 1200 × 10–12 Coulomb = 1.2 nc 

 

12. A parallel plate capacitor has 1F capacitance. One of its two plates is given +2C charge and the 

other plate, +4C charge. The potential difference developed across the capacitor is : 

 ,d lekUrj IysV la/kkfj=k dh /kkfjrk 1F gSA bldh ,d IysV dks +2C rFkk nwljh IysV dks +4C vkos'k nsrs gSA 

la/kkfj=k ij mRiUu foHkokUrj gS :     [JEE (Main) 2019; 4/120, –1] 

 (1) 5V   (2) 2 V   (3) 3 V   (4) 1 V 

Ans. (4) 

 

Sol.  

 
3C 3C

1–1 

 

 Volt1
F1

C1

C

Q
V 




  

13. 

 

x 

 



Capacitance 
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 A parallel plate capacitor has plates of area A separated by distance 'd' between them. It is filled with a 

dielectric which has a dielectric constant that varies as k(x) = K(1 + x) where 'x' is the distance 

measured from one of the plates. If (d) << 1, the total capacitance of the system is best given by the 

expression: 

 lekukUrj IysVksa ls cus ,d la/kkfj=k dh IysVksa dk {ks=kQy A gS rFkk muds chp dh nwjh 'd' gSA bu IysVksa ds chp ,d 

ijkoS|qr inkFkZ Hkjk gqvk gS ftldk ijkoS|qrkad k(x) = K(1 + x) gSA ;gk¡ ij 'x' fdlh ,d IysV ls nwjh gSA ;fn 

(d) << 1gks] rks bll la/kkfj=k dh /kkfjrk dk mi;qDr eku gksxk :  

[JEE (Main) 2020; 4/120, –1_07-01-20 (Shift-1)] 

 (1) 
2 2

0A K d
1

d 2

  
  

 
 (2) 0AK d

1
d 2

  
 

 
 (3) 

2
0A K d

1
d 2

   
      

 (4)  0AK
1 d

d


   

Ans. (2) 

Sol. Capacitance of element ?kVd dh /kkfjrk  = 
dx

Ak 0  

 

 

dxx  

 Capacitance of element ?kVd dh /kkfjrk, C' = 0K(1 x) A

dx

  
 

 

d

00

1 dx

C' K A(1 x)


     

 
0

1 1
n(1 d)

C K A
  

 
  

 Given fn;k gS& d << 1 

 
2 2

0

1 1 d
d

C K A 2

 
       

 

 
0

1 d d
1

C K A 2

 
  

  
 

 0K A d
C 1

d 2

  
  

 
 

 

14. Effective capacitance of parallel combination of two capacitors C1 and C2 is 10F. When these 
capacitors are individually connected to a voltage source of 1V, the energy stored in the capacitor C2 is 
4 times that of C1. If these capacitors are connected in series, their effective capacitance will be: 

 ik'oZ laca/ku ls tqM+s nks la/kkfj=kksa C1 vkSj C2 dh izHkkoh /kkfjrk 10F gSA tc bu la/kkfj=kksa dks vyx&vyx 1V ds 
L=kksr ls tksM+k tkrk gS] rks C2 esa lafpr ÅtkZ C1 esas lafpr ÅtkZ ds 4 xquk gksrh gSA ;fn bu la/kkfj=kksa dks Js.khc) 
laca/ku esa tksM+k tk;s] rks budh izHkkoh /kkfjrk gksxh: 

[JEE (Main) 2020; 4/120, –1_08-01-20 (Shift-1)] 

(1) 4.2 F  (2) 8.4 F  (3) 3.2 F  (4) 1.6 F  
Ans. (4) 
Sol.  



Capacitance 
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1V 

C1 

C2 

 

Given fn;k gS C1 + C2 = 10F …(i) 

 2 2

1 2

1 1
4 C V C V

2 2

 
 

 
 

  4C1 = C2 …(ii) 

 from equation (i) & (ii) leh- (i) rFkk (ii) ls 

 C1 = 2F 

 C2 = 8F 

 If they are in series ;fn budks Js.kh Øe esa tksM+k tk, 

 Ceq. = 1 2

1 2

C C

C C
 = 1.6F 
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 Marked Questions can be used as Revision Questions. 

 fpfUgr iz'u nksgjkus ;ksX; iz'u gSA 

SUBJECTIVE QUESTIONS  
fo"k;kRed iz'u ¼SUBJECTIVE QUESTIONS½ 

 
1. A capacitor having a capacitance of 200 F is charged to a potential difference of 20V. The charging 

battery is disconnected and the capacitor is connected to another battery of emf 10V with the positive 
plate of the capacitor joined with the positive terminal of the battery. 

 200 F /kkfjrk okys la/kkfj=k dks 20 V foHkokUrj rd vkosf'kr fd;k tkrk gSA rRi'pkr~ vkosf'kr djus okyh cSVjh 
dks gVk fn;k tkrk gS vkSj nwljh cSVjh ftldk fo- ok- cy 10 V gS] ds /kukRed fljs dks la/kkfj=k dh /kukRed IysV 
ls tksM+k tkrk gSA 

 (a)  Find the charges on the capacitor before and after the reconnection in steady state.  

  la/kkfj=k dks iqu% ifjiFk ls tksM+us ls iwoZ rFkk ckn esa la/kkkfj=k ij vafre voLFkk esa vkos'k dk eku crkb,A 

 (b)  Find the net charge flown through the 10 V battery  

  10 V cSVjh ls cgus okys dqy vkos'k dh x.kuk dhft,A 
 (c)  Is work done by the battery or is it done on the battery? Find its magnitude.  
  D;k cSVjh }kjk ;k cSVjh ij dk;Z fd;k x;k gS \ rks bldk ifjek.k Kkr djksA 

 (d)  Find the decrease in electrostatic field energy.  

  fLFkj oS|qr ÅtkZ esa deh Kkr djksA 

 (e)  Find the heat developed during the flow of charge after reconnection. 
  iqu% ifjiFk tksM+us ds ckn vkos'k ds cgus ls mRiUu Å"ek Kkr djksA 

Ans.  (a) 4000  C, 2000 C   (b) 2000 C    (c) work is done on the batterycSVjh ij dk;Z fd;k x;k, 20 mJ    

(d) 30 mJ   (e) 10 mJ 

Sol. (a)  Charge on capacitor before connection  ifjiFk ls igys la/kkfj=k ij vkos'k   

    Q1 = CV1 = 4000 µC   
 

  Charge on capacitor after connection  ifjiFk ds ckn la/kkfj=k ij vkos'k 

   Q2 = CV2 = 200 × 10 = 2000 µC    

 (b) Charge flown through the 10V battery = 4000 – 2000  =  2000 µC   

  10V cSVjh ls izokfgr vkos'k = 4000 – 2000  =  2000 µC  
 

 (c) Work is done on the battery. cSVjh ij dk;Z fd;k x;k  

  Work done fd;k x;k dk;Z = Q2 × V2 = 2000 × 10 = 20mJ.   
 

 (d)  The decrease in electrostatic field energy.  fLFkj oS|qr ÅtkZ esa deh 

  = Ui – Uf = 
1

2
 CV1

2  – 
1

2
 CV2

2  = 
1

2
 × 200 × (20)2 – 

1

2
 × 200 (10)2 

  = 30 mJ   


 (e)  W = U + H   
  – 20 mJ = – 30 mJ + H     
  [H = 10 mJ]     
 



Capacitance 
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2. Six 1 F capacitors are so arranged that their equivalent capacitance is 0.70 F. If a potential difference 
of 600 volt is applied to the combination, what charge will appear on each capacitor? 

 1 F /kkfjrk ds N% la/kkfj=kksa dks bl çdkj O;ofLFkr fd;k tkrk gS fd budh rqY; /kkfjrk 0.70 F çkIr gksrh gSA 
;fn bl la;kstu ds fljksa ij 600 oksYV foHkokUrj vkjksfir fd;k tk, rks çR;sd la/kkfj=k ij mRiUu vkos'k D;k 
gksxk \  

Ans. 420 C on one,  180 C on two,  60 C on remaining 3 capacitors 

 igys ij 420 C ,  nwljs ij 180 C,  'ks"k rhuksa ij 60 C   

Sol. Equivalent capacitance rqY; /kkfjrk = 0.7 F =  
7

10
F 

 
eq

1

C
 = 

1 1 1

10 3 1
1 1

7 7 7 / 3

 

 

 = 
1

1
1

1
2

3





 

 Ceq = 0.7C can be obtain as shown in figure    
 Ceq = 0.7C fp=k esa n'kkZ;s vuqlkj izkIr dj ldrs gSA  

 
1

3
  Three capacitors in series rhu l/kkfj=k Js.khØe esa  

 2  2 capacitor in parallel. nks la/kkfj=k lekUrj Øe esaA  

 and now charge distaribute as shown in figure  
 vkSj vc vkos'k forj.k fp=k esa n'kkZ;s vuqlkj  

 600V

+

+

+ + +

+ –

– – –

–

–

180 C

180 C

60 C

C 60 C

420 C

 
 

 

3. A battery of 10 volt is connected to a capacitor of capacity 0.1 F. The battery is now removed and this 
capacitor is connected to a second uncharged capacitor. If the charge distributes equally on these two 
capacitors, find the total energy stored in the two capacitors. Further, compare this energy with the 
initial energy stored in the first capacitor.         

 ,d 10 oksYV dh cSVjh dks 0.1 F /kkfjrk okys la/kkfj=k ds fljksa ij tksM+ fn;k tkrk gSA vc bl la/kkfj=k ls cSVjh dks 
gVk fy;k tkrk gS vkSj bl la/kkfj=k dks nwljs la/kkfj=k ls tksM+k tkrk gSA vxj bu nks la/kkfj=k esa vkos'k cjkcj cVrk 
gS rks nksuksa la/kkfj=k esa dqy lafpr ÅtkZ dk eku Kkr djksA vc bl ÅtkZ dh izkjfEHkd la/kkfj=k esa lafpr ÅtkZ ls 
rqyuk djksA  

Ans.  
5

2
J,  initial

final

U

U
 = 

5

2.5
 = 2          

U

U
izkjfEHkd

vfUre

  = 
5

2.5
 = 2    

 
 Sol. Q = CV = 0.1 × 10 = 1C 

   Q2 = Q1 = Q/2    10V

0.1 F

      

+      –

0.1 F

0.1F

1C

     +Q2

+Q1 –Q1

–Q2  

   Uinitial = 
1

2
 × 0.1 × (10)2  = 5 J  

   U
izkjfEHkd

 = 
1

2
 × 0.1 × (10)2  = 5 J  
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   Ufinal = 
1

2

2Q

C
 +

1

2

2Q

C
 = 

2Q

C
 

   U
vafre 

= 
1

2

2Q

C
 + 

1

2

2Q

C
 = 

2Q

C
 

   = 

2
1

2

 
 
 

 × 10 = 
10

4
 =  

5
J

2
  

   initial

final

U

U
 = 

5

2.5
 = 2  

   
U

U
izkjfEHkd

vfUre

 = 
5

2.5
 = 2  

 
 

4. The circular plates A and B of a parallel plate air capacitor have a diameter of 0.1 m and are 2 x 103 m 
apart. The plates C and D of a similar capacitor have a diameter of 0.12 m and are 3 x 103 m apart. 
Plate A is earthed. Plates B and D are connected together. Plate C is connected to the positive pole of 
a 120 volt battery whose negative is earthed. Calculate 

 (i)  The combined capacitance of the arrangement and  
 (ii)  The energy stored in it.     

 lekUrj ok;q iV~V la/kkfj=k dh ,d nwljs ls 2 x 10-3 eh- nwjh ij fLFkr o`Ùkkdkj IysVksa A o B ds O;kl 0.1 eh- gSA 
,d vU; leku la/kkfj=k dh 3 x 10–3 eh- nwjh ij j[kh IysVksa C o D ds O;kl 0.12 eh- gS IysV A HkqlEifdZr gSA 
IysV B o D vkil esa tqM+h gSA IysV C, 120 oksYV dh cSVjh ds /kuk;u ls tqM+h gSA cSVjh dk _.kk;u HkqlEifdZr 
gSA Kkr djks& 

 (i)  la;kstu dh la;qDr /kkfjrk   
 (ii)  blesa laxzfgr ÅtkZ      

 Ans.  (i)   030
17pF

49


    (ii)  122.4 nJ  

 Sol. 

C1

A B D C

+    –

C2

 

  C1 = 

2

0

3

0.1

2

2 10

 
   

 


  = 05

4


 

  C2 =  

2

0

3

0.12

2

3 10

 
   

 


  = 06

5


 

      Ceq  = 1 2

1 2

C C

C C
 = 0

9

30 30
17pF

49 49 36 10


 

 
  

  The energy stored lafpr ÅtkZ  U = 
1

2
Ceq V2    

     = 
1

2
 × 17 × (120)2 × 10–12   = 122.4 n J  

 
5.# A capacitor is made of a flat plate of area A and a second plate having a stair-like structure as shown in 

figure. The width of each stair is a and the height is d. Both plates have the same width perpendicular to 
plane of paper. Find the capacitance of the assembly. 

 ,d la/kkfj=k dks A  {ks=kQy dh lery IysV rFkk ,d vU; lh<+huqek IysV ds }kjk fp=kkuqlkj cuk;k tkrk gSA çR;sd 
lh<+h dh pkSM+kbZ a rFkk Åpk¡bZ d gSA nksuksa IysVsa dkxt ry ds yEcor~ leku pkSM+kbZ j[krh gSaA bl O;oLFkk dh 
/kkfjrk Kkr djksA  



Capacitance 
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Ans. o8 A

15 d


 

Sol.  

      
 This is combination of 5 capacitors connected parallel.    
 ikap la/kkfj=kksa dk lekUrj Øe la;kstu gS  

 C = C1 + C2 + C3  + C4 + C5 =  o(A / 5)

d


 + 2 o(A / 5)

2 d


  + 2 o(A / 5)

3 d


   

 = oA

5 d

 8

3
  = o8 A

15 d


 

 
6. Calculate the capacitance of a parallel plate condenser, with plate area A and distance between plates 

d, when filled with a dielectric whose dielectric constant varies as;  

 K(x) = 
0

x


      0 <  x  < d

2
 ;          K(x) = 

0




 (d  x)  d

2
 < x < d. 

 For what value of  would the capacity of the condenser be twice that when it is without any dielectric? 
 {ks=kQy A rFkk IysVks ds e/; nwjh d okysa lekUrj iê la/kkfj=k dh /kkfjrk dh x.kuk dhft, tc mls ijkoS|qr 

fu;rkad tks fuEu izdkj ifjofrZr gksrk gS] 

 K(x) =  
0

x


      0 <  x  <  d

2
;          K(x) = 

0




 (d  x)  d

2
 < x < d. 

 ls Hkj fn;k tkrk gSA ds fdl eku ds fy, la/kkfj=k dh /kkfjrk fcuk ijkoS|qr inkFkZ la/kkfj=k dh /kkfjrk dh nqxquh 
gksxhA 

Ans. C = 

0

A

d
2 n 1

2



 
 

 


 ,   d = 40n 
0

d
1

2

 
 

 
  

 Solution of this equation gives required value of . 
 bl lehdj.k dk gy ds eku dks nsrk gSA 

Sol. 
1

dC
 =

0

dx

K(x) . A   =  
d/ 2

0

0
0

dx

x
1 A

 
   

  +   
d

d

2
0

0

dx

x
1 (d – x) A

 
   

  

 
1

dC
 = 

d/ 2

0 0 0

0

1 x
n 1

A

 
   







  +   

d

0 0 d/ 2

0

1
n 1 (d – x)

A

–

 
   






 ..    

 
1

dC
 =  

1

A
n 

0

d
1

2

 
 

 
 + 

1

A
 n  

0

d
1

2
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 Ceq  =  

0

A

d
2 n 1

2



 
  



 

 Now vc Ceq = 2C0   (C0 = capacitance when it is without any dielectric) 

    (C0 = /kkfjrk gS tc blesa dksbZ ijkoS|qrkad ugh gS) 

    = 

0

A

d
2 n 1

2



 
  



= 02 A

d


 d = 40n 

0

d
1

2

 
 

 
 

 

7.# (a) Find the current in the 20  resistor shown in figure.  
 (b) If a capacitor of capacitance 4F is joined between the points A and B, what would be the 

electrostatic energy stored in it in steady state ? 

 (a) fn[kk;s x;s fp=k esa 20  izfrjks/k esa /kkjk dk eku Kkr dhft;sA  

 (b) ;fn 4µF /kkfjrk dk ,d la/kkfj=k fcUnq A o B ds e/; tksM+k tk;s rks blesa LFkk;h voLFkk esa laxzghr LFkSfrt 
oS|qr ÅtkZ D;k gksxh \ 

      

Ans. (a) 
1

5
A (b) 32 J   

Sol. (a)            

  Both the batteries are in parallel  nksuksa cSVjh lekUrj Øe esa gS 

  i = 
5

25
 = 

1

5
A     

 (b)  At steady state   the capacitor will be fully charged.  
  fLFkj voLFkk ij la/kkfj=k iwjk vkosf'kr gSA  

     

  Potential difference across capacitor v = 
1

5
 × 20 = 4 V  

  la/kkfj=k dh IysVksa ij foHkokUrj v = 
1

5
 × 20 = 4 V  

  Energy stored U = 21
CV

2
 = 

1

2
 × 4 × (4)2  = 32 µJ     

  lafpr ÅtkZ U = 21
CV

2
 = 

1

2
 × 4 × (4)2  = 32 µJ     

 
8.# (i) Find the total charge flown through the battery in the arrangement shown in figure after switch S is 

closed (initially all the capacitors are uncharged).   
 (ii) Find out final charge on each capacitor. 

 (i) fp=k esa n'kkZ;h O;oLFkk esa daqth S dks can djus ds ckn cSVjh }kjk fn;k x;k dqy vkos'k Kkr dhft;s ¼;fn 
izkjEHk esa ala/kkfj=k vukosf'kr gks½A  

 (ii) izR;sd la/kkfj=k ij vkos'k Kkr dhft;sA  
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Ans.  (i) 240 C (ii) Q4F = 80 C, Q8F = 160 C 
 

Sol.    
 (i)  Charge flown through the battery Q = Ceq. V = 240 µC   
 (ii)  Charge on 4 µF capacitor = Q4F = 20 × 4 = 80 µC  
       Charge on 8 µF capacitor = Q8F = 20 × 8 = 160 µC     
 

 (i)  cSVjh ls izokfgr vkos'k Q = Ceq. V = 240 µC   

 (ii)  4 µF la/kkfj=k ij vkos'k = Q4F = 20 × 4 = 80 µC  

       8 µF la/kkfj=k ij vkos'k = Q8F = 20 × 8 = 160 µC     

 
9.# Find the potential difference Va – Vb between the points a and b shown in each part of the figure. 

 fp=k ds çR;sd Hkkx esa fcUnq  a o b ds e/; foHkokUrj Va – Vb Kkr djksA   

    

2µF

(a)

a

b

12V

  

b

a

2µF 4µF

24V

12V

(b)  

Ans.  (a) 
12

11
 V   (b) – 8 V  

Sol. (a)           

2µF

a

b

OOO

12 YX

    By KCL }kjk,   

     (x – 12)2 + (x – 0). 
4

3
  + (x – 0) . 4 = 0   

     2x – 24 + 
4x

3
 + 4x = 0  

     6x + 
4x

3
 = 24   

     x = 
36

11
 V  

     (Y – 0) 4  = 
36

– Y
11

 
 
 

 × 2 

      (Y – 0) 2  = 
36

– Y
11

 
 
 

  

      2Y = 
36

11
 – Y   

      
12

Y V
11

 
 

 
 

      Va – Vb = 
12

11
V     Ans.    

 (b)   –12 – 
q

2
 + 24 – 

q

4
 = 0    
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q

2
 + 

q

4
 = 12  

   
3q

4
 = 12   q = 16 µC   

  Va – Vb  = – 
q

c
 = – 

16

2
 = – 8 V  Ans.  

 

10.# The figure shows two identical parallel plate capacitors connected to a battery with the switch S closed. 
The switch is now opened and the free space between the plates of the capacitors is filled with a 
dielectric of dielectric constant (or relative permittivity) 3. Find the ratio of the total electrostatic energy 
stored in both capacitors before and after the introduction of the dielectric.  

 fp=k esa nks ,d leku lekUrj iê la/kkfj=k fLop S ds lkFk cSVjh ls tqM+s gq, gSaA fLop S cUn gSA vc fLop S dks 
[kksyk tkrk gS vkSj nksuksa la/kkfj=kksa dh IysVksa ds chp ijkoS|qr ek/;e Hkj fn;k tkrk gS ¼ ftldk ijkoS|qrkad 3 gS½ A 
nksuksa la/kkfj=kksa ds fy, ijkoS|qr j[kus ls iwoZ vkSj i'pkr~ dh oS|qr fLFkfrt ÅtkZvksa dk vuqikr Kkr dhft;sA  

     

V C CBA

S

    

Ans.  
3

5
 

Sol. Before opening the switch potential difference across both the capcitors is V, as they are in paralle. 
Hence, energy stored in them is,  

 fLop dks [kksyus ls iwoZ] nksuksa la/kkfj=k D;ksafd lekUrj gS] vr% la/kkfj=kksa ds e/; foHkokUrj V gSA vr% muesa lapf;r 
ÅtkZ fuEu gksxh -  

 UA = UB = 
1

2
CV2    UTotal = CV2 = Ui    ........... (1) 

 After opening the switch, potential difference across it is V and its capacity is 3C   
 fLop [kksyus ds ckn] budk foHkokUrj V gS vkSj bldh /kkfjrk 3C gSA    

   UA =
1

2
 (3C)V2 = 

3

2
CV2   

 In case of capacitor B, charge strored in it is q = CV and its capacity is also 3C. Therefore,  
 la/kkfj=k B dh fLFkfr esa] bl ij lapf;r vkos'k q = CV gS vkSj bldh /kkfjrk Hkh 3C gSA vr%  

  UB =
 

2q

2 3C
 =

2CV

6
  

  UTotal = 
23CV

2
 + 

2CV

6
 = 

10

6
CV2 = 

25CV

3
 = Uf  .......... (2) 

 From Eqs.(1) and (2)    lehdj.k (1) vkSj (2) ls    

  i

f

U 3

U 5
  

 

11.#_ A capacitor is composed of three parallel conducting plates. All three plates are of the same area A. 
The first pair of plates are kept a distance d1 apart, and the space between them is filled with a medium 
of a dielectric K1 . The corresponding data for the second pair are d2 and K2 , respectively. 

 The middle plate is connected to the positive terminal of a constant voltage source V and the external 
plates are connected the other terminal of V. 

 ,d la/kkfj=k dk fuekZ.k rhu lekUrj pkydh; IysVksa ls fd;k x;k gS (fp=kkuqlkj)A çR;sd IysV dk {ks=kQy  A gSA 
IysVksa ds çFke tksM+s dks d1 nwjh ij j[kk x;k gS ,oa muds e/; ds LFkku dks K1 ijkoS|qrkad ds ek/;e ls Hkjk x;k gSA 
f}rh; tksM+s ds fy, buds eku Øe'k% d2 rFkk K2 gSA e/; IysV dks ,d fu;r oksYVst lzksr V ds /kukRed IysV ls 
tksM+k tkrk gS vkSj ckº; IysVksa dks lzksr ds _.kkRed IysV ls tksM+k tkrk gS   
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 (a) Find the capacitance of the system.   fudk; dh /kkfjrk crkb;sA 

 (b) What is the surface charge density on the middle plate ? e/; IysV ij i`"Bh; vkos'k ?kuRo D;k gS \ 

 (c) Compute the energy density in the medium K1 . ek/;e K1 esa ÅtkZ ?kuRo dh x.kuk dhft,A 

Ans. (a) 0A 1 2

1 2

K K

d d

 
 

 
 (b) 1Q

A
 = 1 0 1 0

1 1

K A V K
V

d A d

  
 

 
 and 2Q

A
 = 2 0 2 0

2 2

K A V K
V

d A d

  
 

 
 (c) 

2
0 1

2
1

K V

2d


 

Sol.    

 (a)  Ceq = C1 + C2 = 1 0

1

K A

d


 + 2 0

2

K A

d


 =  1 2

0
1 2

K K
A

d d

 
  

 
 

 (b)  Surface charge denisity = 1Q

A
 = 1 0 1 0

1 1

K A V K
V

d A d

  
 

 
 and 2Q

A
 = 2 0 2 0

2 2

K A V K
V

d A d

  
 

 
 

  i`"B vkos'k ?kuRo = 1Q

A
 = 1 0 1 0

1 1

K A V K
V

d A d

  
 

 
 rFkk 2Q

A
 = 2 0 2 0

2 2

K A V K
V

d A d

  
 

 
 

 (c)  Energy density in medium K1 = 2
1 0

1
K E

2
  = 

2
0 1

2
1

K V

2d


 

  ek/;e K1 esa ÅtkZ ?kuRo = 2
1 0

1
K E

2
  = 

2
0 1

2
1

K V

2d


 

12.# Two parallel plate capacitors A and B have the same separation d = 8.85 x 104 m between the plates. 
The plate areas of A and B are 0.04 m2 and 0.02 m2 respectively. A slab of dielectric constant (relative 
permittivity K = 9) has dimensions such that it can exactly fill the space between the plates of capacitor 
B.           

110V
(a) (b) (c)  

(i) The  dielectric  slab  is placed inside A as shown in the figure (a). A is charged to potential 
difference of 110 V. Calculate the capacitance of A and energy stored in it  :  

 

 (ii) The battery is disconnected and then the dielectric also slab is moved from A. Find the work 
 done by the external agency in removing the slab from A.  

 

(iii) The same dielectric slab is now placed inside B, filling it completely. The two capacitors A and 
B are then connected as shown in the figure (c) . Calculate the energy stored in the  system. 
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 nks lekUrj IysV la/kkfj=kksa A rFkk B dh IysVks ds chp leku nwjh d = 8.85 x 104 eh- gSA la/kkfj=k A o B dh IysVks 
dk {ks=kQy Øe'k% 0.04 eh-2 o 0.02 eh2 gSA ijkoS/kqrkad K = 9 dh ifêdk bl vkdkj dh ysrs gS] tks B dh IysVks ds 
chp ds LFkku dks lEiw.kZr% Hkj ldsA  

    
110V
(a) (b) (c)  

 

 (i) A ds vUnj fp=k (a) ds vuqlkj ,d ijkoS/kqr ifêdk j[krs gSaA A dks 110 V rd vkosf'kr djrs gSA A dh  
 /kkfjrk rFkk blesa lapf;r ÅtkZ dh x.kuk dhft,A  

     

 (ii) cSVjh dks gVkus ds i'pkr~ ijkoS|qr ifêdk dks la/kkfj=k A ls gVkrs gSA A ls  ifêdk dks gVkus  esa cká 
dkjd }kjk fd;k x;k dk;Z  Kkr dhft,A 

 
 

 (iii) vxj vc leku ijkoS|qr ifêdk dks B esa j[krs gS, tks bldks iw.kZ :i ls Hkj nsrk gSA rc nks la/kkfj=k 
  'B' o 'A' dks  fp=k (c) esa n'kkZ;s vuqlkj tksMrs gSA fudk; esa lapf;r ÅtkZ dh x.kuk dhft,A  

Ans. (i) 2nF, 12.1J  (ii) 48.4µJ   (iii)  11J 

Sol.   CA = 0 0k A A

2d 2d

 
  

 (i) CA =  
–12

0
–4

A 8.85 10 0.04
(k 1) (9 1)

2d 2 8.85 10

  
  

 
 = 2 × 10–9 F = 2nF 

 UA = 
1

2
 CAV2  = 

1

2
 × 2 × 10–9 × (110)2 = 121 × 10–7 J = 12.1J  Ans    

 (ii) W =  f iU – U  

 Cair  = 
–9

0 AA C 2 2 10 2

d (k 1) 10

  
 


 = 0.4nF  Q = CAV = 2 × 10–9 × 110 = 0.22C 

 Uf = 
2 –6 2

–9
air

1 Q 1 (0.22 10 )

2 C 2 (0.4 10 )





 = 60.5µJ, Ui = 12.1 µJ   W = 48.4µJ  Ans  

 (iii) CA = 0.4 nF, QA = 0.22C, CB = 
–12

0
–4

k A 9 8.85 10 0.02

d 8.85 10

   



 = 18 × 10–10 F = 1.8 nF 

 common potential  V = 
–6

–9

total charge 0.22 10

total capaci tance (0.4 1.8) 10




 
= 100V 

 mHk;fu"V foHko V = 
–6

–9

0.22 10

(0.4 1.8) 10




 

dqy vkos'k

dqy /kkfjrk
= 100V 

 U = 
1

2
 CAV2 + 

1

2
 CBV2 = 

1

2
  (CA + CB) V2  

 = 
1

2
 ( 0.4 + 1.8) × 10–9 (100)2  = 11J  Ans  

 
13.# Find the equivalent capacitance of the combinations shown in the figure between the indicated points. 

 çnf'kZr fp=k esa /kkfjrkvksa ds la;kstu esa n'kkZ;s fcUnqvksa ds chp rqY; /kkfjrk Kkr djksA   
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Ans.  
27

7
F       

Sol. Equivalent circuit diagram rqY; ifjiFk vkjs[k 

  
  from part (a) Hkkx (a) ls  

  

 Resultant capacitance ifj.kkeh /kkfjrk  = 
20 27

1 F
7 7

     

 
14.# A finite ladder circuit is constructed by connecting several sections of 6 F, 8 F capacitor combinations 

as shown in the figure. Circuit is terminated by a capacitor of capacitance C. Find the value of C, such 
that the equivalent capacitance of the ladder between the points A and B becomes independent of the 
number of sections in between?   

 
 ,d ifjfer ifjiFk la;kstu dks 6 F, 8 F ds la;kstu ds dbZ Hkkxksa dks feykdj fp=kkuqlkj cuk;k x;k gSA ;g C  
 /kkfjrk ds la/kkfj=k ij [kRe gksrk gSA C ds eku dk p;u D;k djuk pkfg, fd A o B fcUnqvksa ds chp lEiw.kZ 

la;kstu dh rqY; /kkfjrk blds chp ds Hkkxksa dh la[;k ij fuHkZj ugha djsaA   

       
Ans.  12 F 
Sol. If capacitance of C is equal to 12F. Then equivalent capacitance of the ladder between points A and B 

is becomes in dependent of the number of section in between points.  

 ;fn la/kkfj=k dh /kkfjrk C = 12F gSA rc A  o B fcUnqvks ds e/; la;kstu dh rqY; /kkfjrk blds chp ds Hkkxksa dh 
la[;k ls LorU=k gksrh gSA    

   

  
6C

6 C
 + 8 = C  

  C2  – 8C – 48 = 0   C = 12 µF  
 
15.# A spherical capacitor is made of two conducting spherical shells of radii a and b = 3a. The space 

between the shells is filled with a dielectric of dielectric constant K = 3 upto a radius c = 2a as shown. If 
the capacitance of given arrangement is n times the capacitance of an isolated spherical conducting 
shell of radius a. Then find value of n.       
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 a o b = 3a f=kT;k ds nks pkyd xksyh; dks'kksa }kjk ,d xksyh; la/kkfj=k cuk;k tkrk gSA dks'k ds chp ds fjDr LFkku 
dks K = 3 ijkoS|qrkad ds ijkoS|qr inkFkZ ls c  = 2a f=kT;k rd fp=kkuqlkj Hkjk tkrk gSA ;fn fn;s x;s la/kkfj=k dh 
/kkfjrk a f=kT;k ds foyfxr xksfy; pkyd dks'k dh /kkfjrk dk n xquk gS] rc n  dk eku Kkr dhft,A  

       
Ans. n = 3 

Sol.   

 d V E. dr   V = 

c b

2 2
00a c

q dr q dr

44 kr r


     =  

c b

0 0a c

q 1 1 q 1
– –

4 k r 4 r

   
       

  

     = 
0

q 1 1 1 1 1
– – –

4 k a c c b

    
         

 = 
0

q bc – ab – kab kac

4 kabc

 
   

   

    V = 
0

q ba(b – c) b(c – a)

4 kabc

 
   

 ; Ceq = 
q

V
 

    Ceq = 04 kabc

ka(b – c) b(c – a)

 


  = 04 (3) (a) (3a) (2a)

3a (3a – 2a) 3a(2a – a)

 


  

    Ceq = 3 (40a ) 
    = 3 (capacitance of capacitor of isolated conducting shell of radius a) 

     = 3 (a f=kT;k ds foyfxr xksfy; pkyd dks'k dh /kkfjrk)  

     n = 3  
 
16.# The capacitance of a parallel plate capacitor with plate area A and separation d, is C. The space 

between the plates is filled with two wedges of dielectric constant K1 and K2 respectively (figure). Find 
the capacitance of the resulting capacitor.    

 lekUrj iê ok;q la/kkfj=k dh IysVksa dk {ks=kQy A o IysVksa ds e/; nwjh d, dh /kkfjrk C gSA IysVksa ds e/; ijkoS|qrkad 
K1 o K2 dh ifêdk ur ds :i esa (wedges) fp=kkuqlkj j[kh tkrh gS] rks vc la/kkfj=k dh ifj.kkeh /kkfjrk D;k gksxh 
\  

      

d

K2

K1

A

  

Ans. CR = 1 2

2 1

CK K

K K
 ln 2

1

K

K
 where C = 0 A

d


 

Ans. CR = 1 2

2 1

CK K

K K
 ln 2

1

K

K
 tgk¡ C = 0 A

d


 

Sol.   

 take ‘dx’ element at x distance  x nwjh ij dx vo;o ekurs gSa   
x

y
 = 

d


; y = 

x d
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 dC1 = 2 oK bdx

y


  = 2 oK b dx

xd

 
   

 dC2 = 1 oK b dx

d – y


 = 

 
1 oK b dx

d – x

 


 

 dC1 and dC2  are in series, so their equivalent   
 dC1 vkSj dC2  Js.kh Øe gS] vr% mudh rqY;rk  

 dC = 1 2

1 2

dC dC

dC dC
  =  1 2 oK K b

d



1 2 2

dx

(K –K )x K 
  

 Now, we can consider there parallel slabs to the parallel in circuit combination   
 vc ge rhu lekUrj IysVksa dks ifjiFk la;kstu esa lekUrj Øe esa ekurs gSaA   
 Ceq. = dC1  +  dC2 + dC3 + dC4   

  = dC   

  =  1 2 o

o

K K b

d






 

1 2 2

d x

(K – K )x K 
  

  =  1 2 o

1 2

K K b

d(K – K )


 {ln  K1 – ln K2 }  

  C = 1 2

1 2

K K b

d(K – K )


  ln 1

2

K

K
 = 1 2

2 1

K K b

d(K – K )


    n 2

1

K

K
 

 
 
 

 


