Electrostatic Potential and Capacitance

Questionl

A parallel plate capacitor has capacitance C, when there is vacuum

within the parallel plates. A sheet having thickness (%)rd of the

separation between the plates and relative permittivity K is
introduced between the plates. The new capacitance of the system is
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Options:

A.

3CK?2
(2K +1)2

4KC
3K-1

3KC
2K+1

Answer: D

Solution:

For a parallel plate capacitor with plate area A, separation d, and vacuum between the plates, the capacitance
C is given by:

_ €A
C= d



A dielectric sheet of thickness ¢ = % and relative permittivity (dielectric constant) K is inserted.

d o 2d/3
Alr

K

(€y) (Cy)

Cy
So, the system is made of two capacitors connected in series:

e Capacitor 1 (Cy) : A capacitor filled with the dielectric material of thickness t = %.

e Capacitor 2 (C,) : A capacitor with vacuum filling the remaining space of thickness
d _ 2d
d-t)=d-3 ="
For the capacitor (C) :

O, = g4 — Kad _ 3ol _ 3KC

For the capacitor (C) :

o EoA _ 60A _ 360A _é
Cr=35 = 2d/3 — 24 Y

Since they are in series, the equivalent capacitance is :

1 _ 1 1
.o to

Substituting the values :

1 _ 1 1
T — 3KC T 3720

&=t &
= cleq = %
= Ceq = 231?51
Therefore, the new capacitance of the system is 231%5:1 .

Hence, the correct option is (D).




Question2

A parallel plate capacitor with plate separation S mm is charged by
a battery. On introducing a mica sheet of 2 mm and maintaining the
connections of the plates with the terminals of the battery, it is found
that it draws 25% more charge from the battery. The dielectric
constant of micais
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Options:
A.

1.0

B.

2.5

C.

1.5

D.
2.0

Answer: D

Solution:

Initially, the capacitor has air between the plates with separationd = 5 mm = 5 x 1073 m,
The initial capacitance ( Cy ) is:

CO — E(sz — 605A

Where A is the area of the plates and d is in mm ).

A mica sheet of thickness t = 2 mm and dielectric constant K is introduced. The new capacitance (C’) of a
capacitor partially filled with a dielectric is given by:

C/ — EoA

d—t++

Substituting the valuesd = 5and t = 2 :



C/ — E()A — E()A
5-2+%  3+=

The battery remains connected, meaning the potential difference (V) stays constant.
Initial charge: Qo = Cy V

Final charge: Q' = C'V

The capacitor draws 25% more charge :

Q' = Qo +0.25Q0 = 1.25Qq

= C'V=125C,V

:>Cl:%00
EoA_é EOA
:3+%{ _4< 5 )
1 _ 1
~ 3z 1
2
=3+ 5% =4
2 _
:>?—1
= K=2

The dielectric constant K is 2.0 .

Hence, the correct option is (D).

Question3

Three parallel plate capacitors each with area A and separation d
are filled with two dielectric ( k1 and k5 ) in the following fashion.
Which of the following is true?

(k1>k2)
(A) (B) (©)
e T T
K, k, [% K, ks I% ks k, ]%
i - )

o | B~
lu|w.“-
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Options:

A.
Co>Cp>0Cy
B.
Cg>Cc>0Cy
C.
Cqa>Cc>Cg
D.
Cc>Ca>Cg

Answer: C

Solution:

The capacitance of a parallel plate capacitor is C = kegA , where k is the dielectric constant of the material, A

is the area of the plate and d is the separation between the plates.

When capacitors are in parallel then the equivalent capacitance is given as
Ceq:C1+C2+"‘+0n

When capacitors are in series then the equivalent capacitance is given as

1o 1141
o tea t T

Let Cy = EOdA .
For Capacitor (A)
A
Ca1(ky) d/2
v
3
Caz(ky) Caslks) | 4/2

L/2 L/2

. kg A 2kjeg A
The capacitance, C'4; = 13(}2 = == =2k, C,



. Eieo(4
The capacitance, C 4o = 12’/(22) = klfi"A =k,C,

: koeo A/2  kpeg A
The capacitance, Cp5 = 263/2 = 2%8= = k,C

Ca2 and Cys are in parallel,

Ca(2,3) = k1Co + k2Co = (k1 + k2)Co

Now, C'41 and C'4(2,3) are in series, so the equivalent capacitance of capacitor Ais

1 _ 1 1 _ 1 1
Cys  Cu + Caeg) 2k, Cy + (k1+k2)C)

1 kytko+2k; 3k;+ko

= Ca — 2ky(ki+kp)Co 2k (ky+ks)Co

2k (k1 +ks)C
SO,C’AZ—I(1 2)Co

3k, tk,
For Capacitor (B)

B
Cpy(ky) d/2
Caa (ky) Cpalky) | /2

I
L/2 L/2
The capacitance, Cg; = k2§(}2A = 2k2ff A _ 9k,Cy

klfg(TA) _ kieg A =k;Cyp

The capacitance, Cpy = —g5— = —4

. koeo /2 koep A
The capacitance, Cg3 = 263/2/ = 20= =k,C

Cp2 and Cps are in parallel,

Cp(2,3) = k1Co + k2Co = (k1 + k2)Co

Now, Cp1 and Cp» 3) are in series, so the equivalent capacitance of capacitor B is

1 1

_ 1 1 _ 1
Cp = Cm + Cpes ~  2kC + (k1+k2)Co

L — k1+k2+2k2 — k1+3k2
CA 2k2(k1+k2)00 2k2(k1+k2)00

=

_ 2ka(ki+k2)Co
So,Cp = TS T

For Capacitor (C)



Cey (k) Cez (k) d/2
Cez(ks) Ceally) 472
¥
) L/2 B L/2 ]

klEO A/2 o k1€0A o
d/2 d =k Gy

The capacitance, Cpy =

k2€0 A/2 . k2€0A _
d/2 T = k2Co

The capacitance, Cca =

, Koeo A/2  koeo A
The capacitance, Ccz = 263/2/ = 252 =kyCo

k1€0 A/2 _ k1€0 A — leO

The capacitance, Coy = —— n— =

Cc1 and Ccy are in parallel,
Cc2) = k1Co + ko Cp = (k1 + ko) Cy
Now, Cc3 and Ccy are in parallel,

Ccs4) = kaCo + k1Cp = (k1 + k2)Co

Now, Cc(1,2) and C34) are in series, so the equivalent capacitance of capacitor C is

1 1 1 . 1 1
Cc = Ccuya + Cope ~— (kitk:)Co + (k1+k2)Co
1 _ 2
= T T Wik
ki+ks)C
SO,CC: (1 22) 0

It is given that k; > ko, letk; =2 and ky =1
Cyp= 2230y = 20, ~ 1.711C,

Cp= 2X—;)X?’CO = %CO =1.2C,
Cc=2x2x+$Cy=3Cy~1.33C,

= Cp >Ce>Cp

Hence, the correct option is (C).

Question4



Identify the correct statements :

A. Effective capacitance of a series combination of capacitors is
always smaller than the smallest capacitance of the capacitor in the
combination.

B. When a dielectric medium is placed between the charged plates of
a capacitor, displacement of charges cannot occur due to insulation
property of dielectric.

C. Increasing of area of capacitor plate or decreasing of thickness of
dielectric is an alternate method to increase the capacitance.

D. For a point charge, concentric spherical shells centered at the
location of the charge are equipotential surfaces.

Choose the correct answer from the options given below :
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Options:
A.

A, C and D Only

B.

A, B and C Only
C.

B and D Only
D.

C and D Only
Answer: A

Solution:



In a series combination, the effective capacitance ( Cggf ) is given by :

1 1,141
Co — G, TG T T

Mathematically, the sum of reciprocals always results in a total value that is less than any individual
component. Hence, statement (A) is correct.

While dielectrics are insulators and do not allow the flow of current (conduction), they absolutely allow the
displacement of charges. Under an external electric field, the molecules in a dielectric polarize, i.e., their
positive and negative charges shift slightly in opposite directions. This is known as dielectric polarization.

+q —q

- E induced

+ + + + + + +
|
|
+4+ 4+ ++++
+ 4+ 4+ + + ++

v

E ext

Hence, the statement (B) is incorrect.
The capacitance (C) of a parallel plate capacitor is given by:

_ kegA
C = d

Where A is the area and d is the distance (thickness of dielectric).

If A increases, C increases (C o< A).
If d decreases, C increases (C X Ld)

Hence, the statement (C) is correct.

The potential ( V') due to a point charge is V' = %. This means the potential depends only on the distance (

r ) from the charge. For a fixed r, the potential is constant. All points at a constant distance r from a center
form a spherical shell. Therefore, these concentric shells are equipotential surfaces.

Hence, the statement (D) is correct.



Statements A, C, and D are true, while statement B is false. Hence, the correct option is (A).

Question5

A parallel plate air capacitor has a capacitance C. When it is half
filled as shown in figure with a dielectric constant K = 5, the
percentage increase in the capacitance is

_|_

pa
I
n

14

«— = —>
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Options:
A.

33.34
66.67

200

400



Answer: B

Solution:
For a parallel plate capacitor with plate area A, separation d, and air (or vacuum) between the plates, the
capacitance is given by :

_EoA
C= d

Air (K 1) d Dielectric material d
(K-1)

A ‘ A ‘

€A . KeA
d ’ d

For a parallel plate capacitor with plate area A , separation d , and dielectric material with dielectric constant
K between the plates, the capacitance is given by :

1 _ Ke)A
¢ = d

When a dielectric slab of thickness ¢ = % and dielectric constant K = 5 is inserted, the system is with two
capacitors connected in series :

C- }

¥

Dielectric matenal d/2
(K; =5)

Air (K, = 1) d/2

Capacitor 1 (C) is filled with dielectric, thickness d; = %, and dielectric constant K; = 5.
So, the capacitance of capacitor 1 is

Cy = g — Mol _ 9KC =2 x 5C =10C

Capacitor 2 (C5) is filled with air, thickness dy = %, and dielectric constant Ko = 1.

So, the capacitance of capacitor 2 is



Cy = KZ;;A — 2oad _9K,0=2x1C=2C

For capacitors in series, the equivalent capacitance C,, is:

1

1
c’new - C_l + C2

1+5

10C

1 1
T~ = Toc T 3C

_ _ _6
- - 10C

Chew = 2C=2C=~1.6667C

So, the percentage increase in capacitance is,

A% = (C"WC ‘C) x 100

5 —
A% = (£57) x 100 = % x 100 ~ 66.67%

Therefore, the percentage increase in capacitance is 66.67%. Thus, the correct option is (B).

Question6

A parallel plate air capacitor is connected to a battery. The plates
are pulled apart at uniform speed v. If z is the separation between
the plates at any instant, then the time rate of change of electrostatic
energy of the capacitor is proportional to z“, where avis ____ .
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Options:
A.

-2



Answer: A

Solution:

The electrostatic energy (U) stored in a capacitor connected to a battery of constant voltage V' is given by :
U= 3CV?

The capacitance (C) of a parallel plate capacitor with plate area A and separation X is :

o2

Substituting into the energy formula :

U= %(ﬂ){ﬂ — QAV?

T 2x

We need to find the time rate of change of energy, which is the derivative of U with respect to time (¢ ) :
dU _ d ( AV’
dt T dt 2x

Since €y, A, and V are constants :

& =7%)

- = ()4

The plates are pulled apart at a uniform speed v , which means g—’t‘ = v (a constant).

dau AV 1
dt — 2 2

So, the rate of change of energy is proportional to wl—z :

%ocm_zjx_zzz“ja:—2

Therefore, the value of a is -2 .

Thus, the correct option is (A).

Question7

From the circuit given below, the capacitance between terminals A
and B shown in the circuit is uF.

(take C1 =Cy =Cs5=1uFand Cy = 2u F.)
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Options:
A.
2

B.

7/2

7/3

D.
5/2

Answer: A

Solution:

Let the node between C; and Cs be X,

a ——
[

[ N
[ T ——



The wire (short circuit) connecting terminal A to node between Ca and Cs. Thus, this node is at the same
potential as A.

So, capacitor C; is connected between A and X .
The capacitor Cz is connected between A and X .
The capacitor C's is connected between A and B.
The capacitor C4 is connected between X and B .

So, the simplified circuit is,

Given values of capacitances are, C; = lu F,Co =1 F,C3 = 1uFand Cy =2u F
Both C; and C, are connected between point A and point X in parallel.

The equivalent capacitance Cx is :

Cax = C1 + C

= Cyx = 1puF + 1puF = 2uF

Now, the combination Cax is in series with C4 because the charge must flow through Cx to reach Cy4. So,
the equivalent capacitance ( C') is

I
+
S

C’ Cax

1 1 1 _
=& =1+1=1

The entire top branch ( C') is now in parallel with C3, as both are connected across the main terminals A
and B.

The total equivalent capacitance C is :

Coq=C'+C4



= Ceq =1 F+1pF
Therefore, the equivalent capacitance between A and B is 2u F.

Thus, the correct option is (A).

Question8

Under steady state condition the potential difference across the
capacitor in the circuit is V.

2 ()

%

| |
| |
2V 6 ()
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Options:
A.
0.5

B.

1.5



Answer: A

Solution:

In a DC circuit, at steady state a capacitor is fully charged and it acts as an open circuit i.e., no current flows
through the branch containing the capacitor.

The circuit simplifies to a single loop consisting of the 2 V battery, the 6¢2 resistor, and the 2€2 resistor.

241

M D

o]

40

sl

As both the resistors are in series,

Rtotal — 69 —|— 2Q — 89

The steady-state current i flowing through this main loop is:

— A% — 2 _
I= gV —=2=025A

The capacitor branch is connected in parallel with the 2€ resistor. Therefore, the potential difference across it
is equal to the potential difference across the 2€2 resistor.

Ve =ix202=0.25x2Q =05V

The total potential difference Vg is equal to that between the capacitor and the 42 resistor. Since there is no
current flowing through BE in steady state, the potential drop across the 42 resistor is:

Vi=igg x40 =0x4=0V

Therefore, the entire potential difference of BE is equal to that across the capacitor:
Vo=Vpg =05V

Therefore, the potential difference across the capacitor is 0.5 V .

Thus, the correct option is (A).




Question9

A sphere of capacitance 100 pF is charged to a potential of 100 V.
Another identical uncharged metal sphere is brought in contact with
the charged sphere, then the change in the total energy stored on
these spheres, when they touch is « x 107 J. The value of avis

(combined capacitance of spheres is 200 pF)
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Options:

A.

5

w

0 [on

a

INIEN

<

9
2
Answer: B

Solution:

The work done in charging a capacitor is stored as electrostatic potential energy. If a charge dq is moved to a
capacitor of capacitance C at potential V = q/C, the work dW is:

dW = Vdq = &dq

Integrating from q = 0 to total charge q = Q :
2

U= [y &da=1 [i’ada= g

Using Q = CV,



U= 1CV?

Initially, only the first sphere ( C; = 100pF ) is charged to V1 = 100 V.

U, = %C’lVf

= U; = 5 x (100 x 107'2) x (100)*
=Ui=3x10""%x10"=05x10°J=5x10"J

Finally, when the spheres touch, they share charge until they reach a common potential V...

Since the spheres are identical ( C; = C5 = 100pF ), the charge Q is shared equally, and

. Total Charge _ G V40 vV,
VC " Total Capacitance T Ci1+C2 T 2 =50 V.

So, the final energy is,

Us=1(C1+Cy)V2

= U = + x (200 x 1071?) x (50)?

= Uy =100 x 10*% x 2500 = 2.5 x 10~ "J

So, the change in energy is,

AU =U; — Uy

= AU=5x10"J—-25x107J=25x10"7"J=ax10""]J

=a=25=23

[\V]

Questionl(

A capacitor P with capacitance 10 x 107® F is fully charged with a
potential difference of 6.0 V and disconnected from the battery. The
charged capacitor P is connected across another capacitor () with

capacitance 20 x 107 F. The charge on capacitor Q when

equilibrium is established will be o x 10~°C (assume capacitor Q

does not have any charge initially), the value of « is .
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Answer: 4



Solution:

When capacitor P is fully charged by the 6.0 V battery, it stores an initial amount of charge ( Qinitial -
R=C-V

Given the values for capacitor P the capacitance is Cp = 10 x 10 ° F

Qiniial = (10 x 107°) x 6.0C

= Qiniial = 60 x 107°C

After being disconnected from the battery, capacitor P is connected across an initially uncharged capacitor @

||
|
Q

2
¥ 3
4
L

Vcommon

The charges flow from P to Q until both capacitors reach the same electrical potential.

According to the law of conservation of charge, the total charge in the system remains constant :



Quotat = Qinitin = 60 x 107°C

In a parallel connection, the equivalent capacitance ( C, ) is the sum of the individual capacitances :
Ceq = Cp + Cy

= Coq = (10 X 107°) + (20 x 107°)

= Coq =30x 10 °F

_ Qtota]

= V common C eq

__ 60x107° _
= V common = 301107 V=20V

The final charge (Qq) using the standard capacitor formula :
Qa = Cq " Veommon

= Qq = (20 x 107%) x 2.0C

= Qq =40 x 107°C

So, the charge on capacitor Q will be 4 x 10°C.

ax10°C=40x10°C=>a=4

Questionl1

The space between the plates of a parallel plate capacitor of
capacitance C (without any dielectric) is now filled with three
dielectric slabs of dielectric constants K1 = 2, Ko =3 and K3 =5
(as shown in figure). If new capacitance is 3 C then the value of 7 is

I 44 < K A—> T

+—-%—-—>
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Answer: 8
Solution:

The capacitance of a parallel plate capacitor without any dielectric is given by:

€A
C=-r
where A is the area of the plates and d is the separation between them.

+

A

df2 r,

Af

Capacitor C;
Dielectric constant K1 = 2.
Thickness d; = %.

AreaA; = A

So, the capacitance is;

Cl — K160A1 — 2;/0;1 :4 (6[224) — 40

di
Capacitor C,
Dielectric constant Ky = 3.

Thickness dg = %.



Area A1 = A/2

So, the capacitance is;

Oy = Kze§2A2 _ 360((1/A2/2) _3 (eUdA) — 3C
Capacitor C3

Dielectric constant K3 = 5.

Thickness d3 = %.

Area Ay = A/2

So, the capacitance is;

Ksep Ag 5¢0( A/2) € A
C3: 3d3 - d/2 :5< d):5C

Capacitors C's and C3 are in parallel.
023 - Cz ‘|‘ Cg

This combined section (Cs3) is in series with the first capacitor (C).

1 1

A 4 1
Ceq C1 Cas

1 _ 1 1
=L =L+

Cea 5C
1241 _ 3
= Tw — 8C T 3C

_ 8 _ n _
= Ceq=3=35C=n=

Therefore, the value of n is 8 . Hence, the correct answer is 8 .

Question12

The stored charge in the capacitor in steady state of the following
circuit is uC.



12 %

SR Y

20

4 {}

28

10 (}

= ()0 F
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Answer: 200

Solution:

S0(R,)

12V =

MAMY

1200R,)

When a capacitor is connected to a DC source, it begins to charge. In steady state the capacitor is fully
charged, so it acts as an open circuit, i.e., no current flows through the branch containing the capacitor.

200H5)

AMAM— AW

40(R,)

100(R-)

§1 00(R:)

§4ﬂiﬁal

20R,)

= 100uF

Current only flows through the closed resistive loops of the circuit.

To find the voltage across the capacitor, we first need the total current from the 12 V battery.

Since no current flows through the capacitor, the R7 = 10{2 resistor in that branch also carries no current.

The resistors Rg = 4€2, R4 = 42 and Rg = 2{2 are in series

SIHH D

|

My

1Z00H,)

ATV

Ay

)

NIy

I0THE

ARAA—

204K )

:

RO RY

100

A,

26312,,)

R4’6,8:R4+R6+R8:(4+4+2)Q:1OQ



The resistor R5 = 1042 is in parallel with the combination Ry 6 g.

1 1 1 1 1 2

— i — 4 S
Rsu68 Rs Rags 10 10 10
= R5,(4,6,8) = 5()
Now, R2 = 582, R5 (4,68) = 52, and R3 = 2(2 are in series.
Ro (5,(468),3 = Ra + Rs (4,68 + Rs = 502 + 50 4 2Q = 12Q

This Ry (5,(4,6,8)),3 = 12€2 is in parallel with Ry = 12(2.

_ Ropues)sxRi _ 12x12
Req = Ros,468)3+R1 12412 — 62

The total resistance across 12 V battery is Req = 62.

So, using Ohm's law the total current from source is,

This current divides equally between R and the rest of the circuit (since both branches are 122 ).
Current entering the Ro branch Is = 1 A,

This 1 A current reaches the node at R5 and divides between R5 = 10€2 and the R4 — Rg — Rg branch
(10€2).

So, current through Rg is I = 0.5 A.

The potential difference across the capacitor is equal to the potential difference across the branch it is
connected to in parallel.

chlngg

The formula for charge stored in a capacitor is :
Q=CV¢

The capacitance is C = 1004 F = 100 x 10 ®F = 10 *F and the voltage across itis Vg = 2V
Putting the values,

Q= (107" x 2
=Q=2x10"*C=200x10"°%C

Therefore, the energy stored in the capacitor at steady state is 200uC.

Question13



A parallel plate capacitor is having separation between plates 0.885
mm . It has a capacitance of 1 F when the space between the plates
is filled with an insulating material of resistivity 1 x 10'3Q m and
resistance 17.7 x 104(). Relative permittivity of the insulating
material is a x 107. The value of ocis .

(Take permittivity of free space = 8.85 x 10712 F/m)
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Answer: 2

Solution:

The resistance of a conductor of length d and cross-sectional area A is :

Where, p is the resistivity of the material.

The capacitance of a parallel plate capacitor with plate separation d and area A is :

_ €A _ &cd
C_d_ d

= RxC=(5)x (%)
= RC = pe;ep

RC
peo

=€, =
The resistance of material is R = 17.7 x 10*Q.

The capacitanceisC = 1luF =1 x 10 °F

The resistivity is p = 1 x 10*Q m

And the permittivity of free space is €p = 8.85 x 1072 F/m

Putting the values for relative permittivity,

(17.7x10") x (1x107°)
(1x10"%) x (8.85x10 12)

er:

17.7x108

gy T

=e=2x10"=ax10" = a=2



Therefore, the value of v is 2 .

Question14

A parallel-plate capacitor of capacitance 40y F is connected to a 100
V power supply. Now the intermediate space between the plates is
filled with a dielectric material of dielectric constant K = 2. Due to
the introduction of dielectric material, the extra charge and the
change in the electrostatic energy in the capacitor, respectively, are
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Options:

A.8mCand2.0J
B.4mCand 0.2]
C.2mCand 0.2]
D.2mCand 0.4J

Answer: B
Solution:

Given, K =2, C =40uF, V =100V
Aq= (KC)V —CV (As ¢ = CV)

= (K -1)CV
=(2-1)x40x 10 %x 100 =4 x 10°C
Ag=4mC

Au=1C'V?-— Llcov?

= 3V3C' - C) = 3V*KC-0)

= 2+V20(K —1) = + x10* x 40 x 10 %(2 — 1)



—Au=2x10"1=0.2J
= Au=0.2J

Question15

An electron is made to enter symmetrically between two parallel and
equally but oppositely charged metal plates, each of 10 cm length.
The electron emerges out of the electric field region with a
horizontal component of velocity 10° m /s. If the magnitude of the
electric field between the plates is 9.1 V/cm, then the vertical

component of velocity of electron is(mass of electron
= 9.1 x 103! kg and charge of electron = 1.6 x 10 '°C)
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Options:

A.1x10%m/s

B.16 x 10® m/s

C.16 x 10* m/s

D.0

Answer: B

Solution:

F=eE E=9.1v/cm E Vi
| __________ l
e R e T R e e e —————— = ——— -
Vi
L voem N
S 10 cm A

No force in horizontal direction, i.e., F, = 0

=a; =0



So, v, = constant

Now, for y-direction, using Ist equation of motion,
Uy = Uy + ayt
= v, =0+ % (t) (from (1) and usiung F' = ma and a = %)

1.6x10719%9.1x10%x0.1
9.1x10731x 106

= Uy =
=1.6 x 10" m/s

= v, = 16 x 10° m/s.

Questionl6

Which one of the following is the correct dimensional formula for
the capacitance in F ? M, L, T and C stand for unit of mass, length,
time and charge,
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Options:

A.[F] = :CM‘l L2 Tﬂ

B.[F] = |C°M 21 T?|

C.[F] = |[c2M1 L2 Tz}

D.[F] = [cM 2L~ T‘ﬂ
Answer: C
Solution:

The capacitance (in farads) is defined as the ratio of charge to potential difference. Let's go through the steps:

Capacitance is given by:



C =

<o

where:

Q is the charge with dimensional symbol C.

V is the potential difference.

Voltage (potential difference) is defined as energy per unit charge:

_w
V=3

where:

W is energy with dimensions:

(W] = [ML*T

Therefore, the dimensions of voltage are:

_[ML*T?)
V="

Now, substitute this back into the expression for capacitance:

_ @] __lep
[Cl = [ML?T-?/[C] — ML?T—?
Simplifying gives:

[C] = [C?M L2772
Comparing with the given options, we see that Option C is:
[F] = [C*M 1L2T?]

Thus, the correct dimensional formula for the capacitance in farads is given by Option C.

Question17

Identify the valid statements relevant to the given circuit at the
instant when the key is closed.

A. There will be no current through resistor R.



B. There will be maximum current in the connecting wires.

C. Potential difference between the capacitor plates A and B is
minimum.

D. Charge on the capacitor plates is minimum.

Choose the correct answer from the options given below:
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Options:

A. A, C Only

B. C, D Only

C.A, B, D Only

D. B, C, D Only

Answer: D

Solution:

Initially, when the key in the circuit is closed, the capacitor behaves like a short circuit. This means:

Maximum Current: The current flowing through the circuit will be at its maximum since there is effectively
no resistance offered by the capacitor, as it behaves like a wire.

Current Through R: Since the current is flowing through the circuit, including any resistors in series, the
statement that there is no current through resistor R is incorrect.

Charge on the Capacitor: The charge stored on the capacitor plates is initially zero because it behaves as a
short circuit.

Potential Difference: The potential difference across the capacitor is also zero at this instant because it is
fully discharged.

Therefore, the valid statements at this instant are that the current in the circuit is at a maximum, the charge on
the capacitor is zero, and the potential difference across the capacitor is zero.

Questionl8



A parallel plate capacitor was made with two rectangular plates,
each with a length of [ = 3 cm and breath of b = 1 cm. The distance
between the plates is 3 m. Out of the following, which are the ways
to increase the capacitance by a factor of 10 ?

A.l=30cm, b=1cm,d=1um
B./=3cm, b=1cm, d =30y m
C.l=6cm, b=5cm, d=3uym
D.l=1cm, b=1cm, d =10u m
E.l=5cm, b=2cm, d=1uym

Choose the correct answer from the options given below:

JEE Main 2025 (Online) 24th January Morning Shift
Options:

A. C only

B. A only

C. B and D only

D. C and E only

Answer: D

Solution:

The capacitance of a parallel plate capacitor is given by
C =2t

where:

€o 1s the permittivity of free space,

A is the area of a plate, and

d is the separation between the plates.



A change in the capacitor’s dimensions will change its capacitance by a factor of

Cvncw _ Ancw dinitial
Cinitial Ainitial dncw

The initial dimensions are:

Length: | = 3cm = 0.03 m,

Breadth: b = 1cm = 0.01m,

Hence, the original area is

Apiiq = 0.03 x 0.01 = 3 x 1074 m?,

Plate separation: dipjjas = 3 pm =3 x 10 % m.
For each modification, we compare the new factor:
Case C:

New dimensions:

[=6cm=0.06m, b=>5cm=0.05m.

New area:

Apew = 0.06 x 0.05 =3 x 103 m?.

Ratio of areas:

Apew _ 3x10°3 _
Anitial T o3x1074 T 10.

The plate separation is unchanged:

dinitial _ 3x107% _ 1.

hew 3x1076
Overall factor:
10 x 1 = 10.
Case E:
New dimensions:
[=5cm=0.05m, b=2cm =0.02m.
New area:
A =0.05x0.02=1x103m’
Ratio of areas:

Anew 1x10-3
Anitial — 3x10% 3.33.

New plate separation:

dnew — 1l,l,m — 1 X 1076 m,



so the ratio of separations is

dinitial _ 3x107° = 3.

Grew 1x10°6

Overall factor:
3.33 x 3 ~ 10.

Both Case C and Case E yield a capacitance that is 10 times the original value.

Thus, the correct modifications are those in Case C and Case E.

Question19

Two capacitors C; and C, are connected in parallel to a battery.
Charge-time graph is shown below for the two capacitors. The
energy stored with them are U; and Us, respectively. Which of the
given statements is true?

e

t—>
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Options:

A.Cy > Cq,Uy > Uy
B.Cy > Cy,U; > Uy
C.Cy > Cq,Uy < Uy



D. Cl > CQ,U1 < Uy

Answer: A

Solution:

21
CIT qQif----2==

N

Since parallel combination, so v is same for both
we know, g = cv

= q « C (for constant v)

we can see in the graph,

at final state, ¢ > qq,

S0 Ccy > ¢y

Now, as u = %cv2 = u « c (for constant v)

= U2 > U1

Hence, option 1 is correct.

Question2(
A parallel plate capacitor of capacitance 1 pF is charged to a

potential difference of 20 V. The distance between plates is 1 pm.
The energy density between plates of capacitor is :
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Options:



A.
1.8 x 103 J/m3

B.

2 x 102 J/m’
C.

2 x 1074 J/m>
D.

1.8 x 10° J/m3

Answer: A

Solution:

The energy density (u) between the plates of a capacitor is given by the formula:
U= %EOE 2

where € is the permittivity of free space (8.85 x 10~ 2 F/m) and E is the electric field between the plates.
The electric field E is related to the potential difference V' and the separation d between the plates by:

B-%

Given:

Capacitance (C)=1puF=1x 107 °F
Potential Difference (V) =20V
Distance (d) =1 pm=1 x 10 ®m
First, calculate the electric field E:

v 20V - 7
E=Y%=_—5—=2x10"V/m

Now plug this into the formula for energy density:

u =% x 885 x 10712 F/m x (2 x 107 V/m)?
Calculate u:

1 x885x10 "% x4 x 10™

u

u=2x 8.85 x 102

u=1770J/m>



This value is approximately 1.8 x 103 J/m3. Therefore, the correct option is:

Option A: 1.8 x 10% J/m®

Question21

A capacitor, C; = 6uF' is charged to a potential difference of

Vo = 5V using a 5V battery. The battery is removed and another
capacitor, C> = 12uF is inserted in place of the battery. When the
switch 'S' is closed, the charge flows between the capacitors for some
time until equilibrium condition is reached. What are the charges (
g1 and g-) on the capacitors C; and C5 when equilibrium condition
is reached.

N\
S

Cy | C,
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Options:

A.

q1 = 10uC, g2 = 20uC
B.

q1 = 15uC, g2 = 30uC
C.

q1 = 20pC, gz = 10uC



D.
q1 = 30uC, g2 = 15uC

Answer: A

Solution:

Given, ¢; = 6uF,co = 12uF v = bv

We know, for a capacitor Q = C'V

P ]

Qi =Q-q q=q:

C Cs

Initial charge onc; . @ = c1v

=Q=6x5

= Q =30uC ... (1)

when switch 'S' is closed, let q charge flows from C; to Co
So final charges are () — g and q on C; and Cs respectively.

Now, when equilibrium condition is reached potential on C; and Cy becomes equal.

Hence, &2 = = (Asv= %)

(] _

= Q:q(cl-'rCQ)

C1C2

=q= (i) x 30uC' (From (1))
= g = ({&) x 30 = 20puc
and @ — ¢ =30 — 20 = 10uc

Hence, ¢ = 10uc and g5 = 20uc




Question22

A parallel plate capacitor is filled equally(half) with two dielectrics
of dielectric constants £, and €5, as shown in figures. The distance
between the plates is d and area of each plate is A. If capacitance in
first configuration and second configuration are C; and C,

respectively, then % is:

First Configuration

lllllllllllll

)
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Options:

eole1tes)
A, 2o



618%
) (61+62)2

(: 45182
) (61+62)2

€1€2
tE1ter

Answer: C

Solution:

d/2
d/2

Area of plate is A. then

E2€0 A . 26260 A

©= a2 ~  d
o g1€9 A _ 2e160 A
d/2 d
€0 A
Let Cy = q
C = 26200
C, = 26100

C & C' are in series

-

£2

e

C. — cc’ B 4828103
T oro 2Co (e2 +€1)
. 2626100

B (e2 +€1)

- . B - . -
- . - - - - -

First configuration



9

T

c | cC

r

Second configuration
Here C = —81;:3’4 = —5120 ¢
e5C
Cl — 22 0
C&C’ are inparallel

CQZC,+C:(€1+€2)%

C1 _ 2e56,C 2
Thus C_; o (654:513) X (e14€2)Co
_ desey
- (62+61)2
Question23

Using a battery, a 100 pF capacitor is charged to 60 V and then the
battery is removed. After that, a second uncharged capacitor is
connected to the first capacitor in parallel. If the final voltage across
the second capacitor is 20 V, its capacitance is: (in pF)
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Options:
A. 600

B. 100



C. 400

D. 200

Answer: D

Solution:

+CoVo —CoVo

| |
11
| |
|

New potential = CCO 0123 = %

3Cy V, = Co V, + CV,

2C, V, = CV,

C= 200

Question24

Three parallel plate capacitors C;, C> and C3 each of capacitance
S5u F are connected as shown in figure. The effective capacitance
between points A and B, when the space between the parallel plates
of C; capacitor is filled with a dielectric medium having dielectric
constant of 4, is :
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Options:
A.9u F
B.30u F
C.7.5uF
D. 22.5u F

Answer: A

Solution:

Update Capacitance of C:

The initial capacitance of C'; is 5 uF. Adding a dielectric with a dielectric constant of 4 increases C to:
Ci =4x5=20uF

Identify Capacitances of C and Cj:

Both C5 and C'5 remain at 5 uF since no dielectric is added to them.

Cy=5uF, C3=5uF

Calculate Effective Capacitance:

Capacitors C'; and C are in series, and this series combination is parallel to Cs.

Series Combination of C'; and C5:



The formula for capacitors in series is:

. _ CixCy __ 20x5 __ 100 __
Cserles = 010, _ 2045 _ 25 _4,UJF

Parallel Combination with Cjs:
The formula for capacitors in parallel is:
Ceq = Cyeries +C3=4+5= 9 uF

Thus, the effective capacitance between points A and B is 9 uF.

Question25

At steady state the charge on the capacitor, as shown in the circuit
below, is pC.

8 LUF
|
100 150
L MM AAAN—
I
5V
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Answer: 16

Solution:



100 15 Q2
MWW MAN——
I
5V

Q=CV
Q= (8 X 10*6) (% X 10>

8 x5 x 1072
p— ————————————————————— p— 1
Q < 25 ) 61.C

Question26

A parallel plate capacitor consisting of two circular plates of radius
10 cm is being charged by a constant current of 0.15 A . If the rate of
change of potential difference between the plates is 7 x 10° V /s then
the integer value of the distance between the parallel plates is

(Take,ep = 9 x 107125 7 — %) ym.

m ,
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Answer: 1320

Solution:



Given,r = 10cm = %0 m

I=0.154,and & =7 x 10%/s

We know, for a parallel plate capacitor,

€A g2

cC=— =>C:T(1)

In a capacitor,
Q=CV
=V = %

by differentiating w.r.t. t

dv _ 1 dQ

= @ — O di

= &= L rAsI=42)

gomr?

= d=""d (From (1))

_9x10~12 22 1
=d= 53— X 5 X 155 X 7x10

198 6
= 515 < 10

= 1320 x 10 % m

= d = 1320 um

Question27

Four capacitors each of capacitance 16 F' are connected as shown in
the figure. The capacitance between points A and B is :

(in uF).

———

P

P
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Answer: 64

Solution:
B
L A B
L A ] L ] L ]
B I i1 B 11 1 I-'_ B
la
Redrawing
Sl
C
—| —
A 00— CH——B
— —
C
—
Ceq =4C=64
Question28

A parallel plate capacitor has charge 5 x 10 °C. A dielectric slab is
inserted between the plates and almost fills the space between the
plates. If the induced charge on one face of the slab is 4 x 107°C
then the dielectric constant of the slab is
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Answer: 5

Solution:

To find the dielectric constant K of the slab, we use the formula for the induced charge @);, in a parallel plate
capacitor:

Given:

Total charge Q = 5 x 1076 C

Induced charge Q;, =4 x 10°°C

We substitute the values into the formula:
4x100=5x10"°(1- %)

To solve for the dielectric constant K, simplify the equation:
Divide both sides by 5 x 10~°:

$-1-4

1.
Rearrange to solve for 4 :

4 _ 1
l-35=x%
11
5 K

Invert both sides to find K:
K=5

Therefore, the dielectric constant of the slab is K = 5.

Question29

//////////// 725

% 2 8 B B B 4 8 8 WA E oA s "u- o
* ® = E ® ® & ®HE @ @ H ® = = & k 3' —_ l.l'l
.i.l'l.'.‘.i'I--i.i.l--.-.-.lll'..i.l"l2..'1




Space between the plates of a parallel plate capacitor of plate area 4

cm? and separation of 1.77 mm, is filled with uniform dielectric

materials with dielectric constants (3 and 5) as shown in figure.
Another capacitor of capacitance 7.5 pF is connected in parallel with
it. The effective capacitance of this combination is _ pF.

(Given ¢y = 8.85 x 1072 F/m)
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Answer: 15
Solution:
7, =o
W// N e Ep
Rl Mol —_——cCc | ¢
| |
5x4x10%x8.85x 1012
C; = 10 — 20pF
3x4x107% x 8.85 x 10712
Cy = 10 — 12pF
B C1Cy B 12 x 20 _
Ceq = Ci1+Cy 12420 7.5pF
7.9pF =Co —— —— T.5pF

Finally equivalent capacitance

(Ceq )y = 7-5+ 7.5 = 15pF

Question30



The charge accumulated on the capacitor connected in the following
circuit is nC (Given C = 150uF)

1 O 6
R R,
eL A1 .
10v] ; C
R, vx ]\1
21} 41

[27-Jan-2024 Shift 1]

Answer: 400
Solution:
1A
10 N\ 611
R R
o K 1 l?flim 33
10v] S
Rz R-l
211 Y

10
V.t ?(1)—6(1) =V,

10 8
VA—VB=6— ?= g\-’ﬂlt

Q=C(V,~ V)

=150 % =400uC

Question31

A capacitor of capacitance 100uF is charged to a potential of 12V
and connected to a 6.4mH inductor to produce oscillations. The
maximum current in the circuit would be :



[29-Jan-2024 Shift 1]
Options:

A.

32A
1.5A

20A

D.
1.2A

Answer: B
Solution:

By energy conservation

1 .2 1 2
—CV = ZLI
2 2 mas

C
[ = \/ oV

—&
_ \/ 100x10°
6.4x 107

= 12_3_1sa
8 2
Question32

A 162 wire is bend to form a square loop. A 9V battery with internal
resistance 1€ is connected across one of its sides. If a 4uF capacitor



is connected across one of its diagonals, the energy stored by the
X

capacitor will be 2 wherex=____

[29-Jan-2024 Shift 1]

Answer: 81

Solution:

V V 0 0
I = I = - =2
REq R 4 12=4 4
12+4
I1= 2}( i: E
4 16 16
) 9
Vi~ Vy=I;x8 = —x8= 3V
7= lxdx ﬂmf
4
&1
U= S
wx=81

Question33



A capacitor of capacitance C and potential V has energy E. It is
connected to another capacitor of capacitance 2C and potential 2V.

Then the loss of energy is %E - where x is

[30-Jan-2024 Shift 1]

Answer: 2
Solution:

: _ 1 M 2
Energy loss 5 CI_I_CE(VI V)
=2
nx=2

Question34

A parallel plate capacitor with plate separation S mm is charged up
by a battery. It is found that on introducing a dielectric sheet of
thickness 2mm, while keeping the battery connections intact, the
capacitor draws 25% more charge from the battery than before. The
dielectric constant of the sheetis
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Answer: 2

Solution:



Without dielectric

A€y

Q= 5V

with dielectric
AEgV

d—t+ -

Q:

Question35

Two identical capacitors have same capacitance C. One of them is
charged to the potential V and other to the potential 2V, The
negative ends of both are connected together. When the positive ends
are also joined together, the decrease in energy of the combined
system is :

[1-Feb-2024 Shift 1]

Options:



Scv?
4

Answer: A

Solution:

. Que _ CV+2CV
V.= =
C 2C

net

., 3V
T't«"c= ?

Loss of energy

- %cvh %C(wf— %zc( ?)
(v
B ( 4 ]

Question36

A galvanometer (G) of 20)2 resistance 1 s connected in the given
circuit. The ratio of charge stored in C; and C, is :



40 6k
Qv
Cy
4p|’:\ 6 Q
6V
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Options:
A.

2/3

3/2

C.

1

D.
172

Answer: D

Solution:



40N\ c,

;zn

C”\ 60
Vi

] —
" v

In steady state

Req =12Q

6

[=
12

=0.5A

PD across Cl =3V
P acoross C2 =4V
q, =C,V,=12uC

q, = C,V,=24uC

U _ 1
q, 2
Question37

In an electrical circuit drawn below the amount of charge stored in
the capacitor is uC.

10V Ry
= = W
C R,
T W —
10uF 50
Y



[1-Feb-2024 Shift 2]

Answer: 60

Solution:

R,=40
i Wi
10V Rr,=50
>— | i

l, C=10uF

— AW

Iy R,=60

= =

|

In steady state there will be no current in branch of capacitor, so no voltage drop across R, = 5Q

I,=0

Fa

_1 = 10 _
L[ =L= 7 e=1A

VR_: = VC + VR? UR:_ =0
LR, =V,
V.=1x6= 6 volt

q,=CV_=10x 6=60uC

Question38

A parallel plate capacitor with air between the plate has a
capacitance of 15 pF. The separation between the plate becomes
twice and the space between them is filled with a medium of

dielectric constant 3.5. Then the capacitance becomes 7 pF.

The value of x is
[24-Jan-2023 Shift 2]



Answer: 105

Solution:
C,= EOA:ls F
0" 4 p
C= K§§A= 3T5><15pF= % F
Question39

A parallel plate capacitor has plate area 40cm” and plates separation
2 mm. The space between the plates is filled with a dielectric
medium of a thickness 1 mm and dielectric constant 5. The

capacitance of the system is :
[25-Jan-2023 Shift 1]

Options:

A. 24¢ F

3
B. ESOF

10
C. ?SOF

D. 1080F

Answer: C

Solution:



air

A
<« —>
< d 3
This can be seen as two capacitors in series combination so
d_ 1.1
Ceq Cl C2
_ 1.1
Ke,A EA
t d—t
_ t d—t
Ke,A EA

1x1073 N 1x107°

SE,x40x 10" E40x10*

D .

C, 20E, 4E,
20<4E, _ 10E,

€q

24 3

C

Question40

A capacitor has capacitance SpF when it's parallel plates are
separated by air medium of thickness d . A slab of material of
dielectric constant 1.5 having area equal to that of plates but

thickness g is inserted between the plates. Capacitance of the

capacitor in the presence of slab will be uF.
[25-Jan-2023 Shift 2]

Answer: 6

Solution:



Question41

A capacitor of capacitance 900uF is charged by a 100V battery. The
capacitor is disconnected from the battery and connected to another
uncharged identical capacitor such that one plate of uncharged
capacitor connected to positive plate and another plate of uncharged
capacitor connected to negative plate of the charged capacitor. The

loss of energy in this process is measured as x x 1072J. The value of x
is .
[30-Jan-2023 Shift 1]

Answer: 2.25

Solution:



100V
C = 900uF

Q=CV=900x10"x100=9x 107 = 90 MC

Now
Wme H0me

| |
| C 1

t=0 (4

=004, * Vo -

CV, -V,

Common potential will be developed across both capacitors by kVL
Total charge on left plates of capacitors should be conserved.
< 90me+0=2cv,

oV, = 45 mc

Heat dissipated = U, —U,[Change in energy stored in the capacitors]

_ 1 00me)’ o 1 @smey [ _ Q_2]
2 900uF 2 900uF 2¢

= L (8100-4050)x 10°°
2 %900 x 10
=2.25Joule
OR

Heat =




2

@

(100 — 0

= N[

@)

2
9 9

-6
00x10 _, 104 = 1 Joule =2.25 Joule

2

Question42

Two parallel plate capacitors C, and C, each having capacitance of
10pF are individually charged by a 100V D.C. source. Capacitor C,

is kept connected to the source and a dielectric slab is inserted
between it plates. Capacitor C, is disconnected from the source and

then a dielectric slab is inserted in it. Afterwards the capacitor C, is

also disconnected from the source and the two capacitors are finally
connected in parallel combination. The common potential of the
combination will be V. (Assuming Dielectric constant =10 )
[31-Jan-2023 Shift 2]

Answer: 55

Solution:

Charge on C, = KCV

And charge on C, =CV

When they are connected in parallel charge will be equally divided so charge on one capacitor is
_ K+1

q Cv

_ q _ K+1_
So,V KC_ K 55V
Question43

If two charges q, and q, are separated with distance ' d ' and placed

in a medium of dielectric constant K. What will be the equivalent



distance between charges in air for the same electrostatic force ?
[24-Jan-2023 Shift 1]

Options:
A. dVk
B. k\d
C. 1.5dVk

D. 2dVk

Answer: A
Solution:

__ 1l 9%
(4ne)) kd?
F, =L It
1r 4, 42
F=FAir
49 _ 99
dmekd”  4me,d”
d = dvk

(in medium)

Question44

A stream of a positively charged particles having 1 =2 x 10" kc—g and

velocity 70 =3x10"im/ s is deflected by an electric field 1.8; KV /m.

The electric field exists in a region of 10 cm along x direction. Due to
the electric field, the deflection of the charge particles in the y

direction is mim.
[24-Jan-2023 Shift 1]

Answer: 2



Solution:

_— ~ 3
V=310 | 518X 10Nm

b— (=10cm —

a= X = 9E_nx10"y1.8x10%
m m

=3.6x10"m/ s
Time to cross plates =

0.10
3% 107

y= Laf= L3.6x 1014)(
2T 2

=0.2x0.01
=0.002m
=2 mm

<le

t:

0.01 )
9x 10"

Questiond5s

The electric potential at the centre of two concentric half rings of
radii R, and R,, having same linear charge density A is

[24-Jan-2023 Shift 2]

Options:

22
A. =



Cc. M

D. A

Answer: B

Solution:

Potential at centre
_ (A-mR,) N (A-7R))
47[80R2 47‘CSOR1

A
280

Question46

A uniform electric field of 10N/ C is created between two parallel
charged plates (as shown in figure). An electron enters the field
symmetrically between the plates with a kinetic energy 0.5 eV. The
length of each plate is 10 cm. The angle (0) of deviation of the path of
electron as it comes out of the field is (in degree).

++++F+F+++++++ iﬁ

[25-Jan-2023 Shift 1]

Answer: 45

Solution:



0.5e= lran:>V = \/ L
2 X X m

Along xL=v t= Lt
m

Alongy v_= @t
Y m

V
dividing 2 =E Y < =Ev
L m

X

v
= Tan0= X =ExL=10x0.1=1
v
X

0 =45

Question47

A point charge of 10uC is placed at the origin. At what location on
the X-axis should a point charge of 40nC be placed so that the net
electric field is zero at x = 2 cm on the X-axis ?

[25-Jan-2023 Shift 2]

Options:

A.x=6cm

B.x=4cm

C.x=8cm

D.x=-4cm

Answer: A

Solution:
10 pe p 40 uc

——
2eam X,

2ot

> < »
2an (Xx,—-2)can



_ K x10_ K x40 _

Ep 72 (x0—2)2 0
1_ 2

2 x0—2

x0—2=4

X, = 6cm
Question48

Match List I with List II :

— d
A. Gauss'sLaw inElectrostatics | |. QSE d ] =-— %
t
] PR JE—
B. Faraday'sLaw I.§ g -da =0
. . - — do.
C. Gauss'sLaw inMagnetism . $5.d} = lpi.+ 1y €, dﬂ
- I
— — q
D. Ampere-MaxwellLaw IV.OE ds = T
0

Choose the correct answer from the options given below :
[25-Jan-2023 Shift 2]

Options:

A. A-1V, B-1, C-11, D-III
B. A-1, B-II, C-III, D-IV
C. A-III1, B-1V, C-I, D-II
D. A-11, B-1I1, C-1V, D-I

Answer: A



Solution:

Gauss's Law of electrostatic

- -
- dg = 4
9=$E -ds =

(=]

_d(PB
dt

. - —
Gauss's law of magnetism $ B -dA =0
Ampere's Maxwell law

- -
Faraday'slaw $ E -d 1 =

d P
dt
Where iC : Conduction current

— — .
$B-dl = Pole T 1y €

E

d
0 %: Displacement current

Question49

In a cuboid of dimension 2L x 2L x L, a charge q is placed at the

centre of the surface 'S ' having area of 4L7. The flux through the

opposite surface to ' S'is given by
[29-Jan-2023 Shift 1]

Options:

D. 4
Answer: D

Solution:



2L

*°q

)3

Flux passing through shaded face = %
0

Questions(

Ratio of thermal energy released in two resistor R and 3R connected

in parallel in an electric circuit is :
[29-Jan-2023 Shift 1]

Options:
A.3:1
B.1:1
C.1:3
D.1:27
Answer: A

Solution:

2
H: \LX
R

-+

| =

Vi
=—1§=3:1
2 Vit
3R

Question51



A point charge q, = 4q,, is placed at origin. Another point charge
q, = —q, is placed at x = 12 cm. Charge of proton is q,. The proton is

placed on x-axis so that the electrostatic force on the proton in zero.
In this situation,the position of the proton from the origin is

cm.

[29-Jan-2023 Shift 1]

Answer: 24

Solution:

€ |2 e >
4q, qs q

db_ _ 4

x> (x+12)°

x+12=2x
x=12
Distance from origin =x+ 12 =24 cm.

QuestionS2

A point charge 2 X 10 *C is moved from P to S in a uniform electric

field of 30NC ' directed along positive x-axis. If coordinates of P and
S are (1,2, 0) m and (0, 0, 0)m respectively, the work done by

electric field will be
[29-Jan-2023 Shift 2]

Options:
A. 1200 mJ
B. 600 mJ

C.—-600mJ



D. —1200 mJ

Answer: C

Solution:

>

>

®
4 5(0,0,0) P(1. 2.0y
>

E=30i

- —

o, =qE - S

—2x102[305 (=7)]

=2 %10 %(~30)

=—60x 102

__ 60 __
Y

=—600mJ

Questions3

For a charged spherical ball, electrostatic potential inside the ball

varies with r as V = 2ar” +b.
Here, a and b are constant and r is the distance from the center. The

volume charge density inside the ball is —Aag. The value of A is

¢ = permittivity of medium.
A=12
[29-Jan-2023 Shift 2]

Answer: 12

Solution:



E=- v _ —4ar= 3p_r (compare)
€

dr
0
Result inside uniformly charged solid sphere.
p=—12ag,

Question54

Two isolated metallic solid spheres of radii R and 2R are charged
such that both have same charge density 6. The spheres are then
connected by a thin conducting wire. If the new charge density of the

bigger sphere is 6 . The ratio = is:
[30-Jan-2023 Shift 1]
Options:

9
A. 2

4
B. 3

5
C. 3

5
D. e
Answer: D

Solution:

Q

@

Q, :nl4rER"l Q_:m-l-.*tt]R:]-
=4nRo =16nR o



Q)

Q _ Q
4ne, R 4me (2R)
Q2’:2Q1’
Q, +Q,=Q,+Q,

.2
‘S

3 ’
5Q, = 20mR’s

+Q, =20nR’c

Q2 20mR%
4n(2R)* 3 167R?
c_5

"6 6

Questions5

As shown in the figure, a point charge Q is placed at the centre of
conducting spherical shell of inner radius a and outer radius b. The
electric field due to charge Q in three different regions I, II and III is
givenby:(I:r<a,ll:a<r<b,Ill:r>b)




[30-Jan-2023 Shift 2]

Options:

=0,E #0

A.E=0,E;=0,E,

B.E #0,E,=0,E #0

C.E #0,E,;=0,E ;=0

m
D.E =0,E, =0,E, =0

Answer: B

Solution:

Electric field inside material of conductor is zero.

Questions6

A point source of 100W emits light with 5% efficiency. At a distance
of Sm from the source, the intensity produced by the electric field

component is :
[30-Jan-2023 Shift 2]

Options:

AIW

: 2
2t m



Answer: B

Solution:

QuestionS7

As shown in figure, a cuboid lies in a region with electric field
E=2x"i- 4y i+6k N/C. The magnitude of charge within the
cuboid is n €, C. The value of n is (if dimension of cuboid

is1x2x3m’)

L&

[(0,0,3)

0,000 1€(0,2,0) X

y
(1,0,0) /

X

[30-Jan-2023 Shift 2]

Answer: 12

Solution:



—> 2/\ A A\
E=2x"i—-4yj+6k
Za

(0,0,3)

000] 02,0

y

(1,0,0)

X

¢, =—8x3+2x6=—12

-12= 1
E0

| q| =12E

Questions8

Which of the following correctly represents the variation of electric
potential (V) of a charged spherical conductor of radius (R) with
radial distance (r) from the centre?

[31-Jan-2023 Shift 1]

Options:




0 R r—»

Answer: C

Solution:

Conceptual

Questions9

Expression for an electric field is given by
E =4000x" i % The electric flux through the cube of side 20 cm when

placed in electric field (as shown in the figure) is V.cem.



20 cm

(0.0.0) ‘ N X
.4*“”
—> i
20 cm

[31-Jan-2023 Shift 1]

Answer: 640

Solution:

- —
Flux =E - A
= 400000 - 2> Y. (0-2)’m’
m
= 4000 x 16 x 10 *Vm

=640 Vcm
Ans. 640

Question60

Considering a group of positive charges, which of the following

statements is correct?
[31-Jan-2023 Shift 2]

Options:

A. Net potential of the system cannot be zero at a point but net electric field can be zero
at that point.

B. Net potential of the system at a point can be zero but net electric field can't be zero
at that point.



C. Both the net potential and the net field can be zero at a point.
D. Both the net potential and the net electric field cannot be zero at a point

Answer: A

Solution:

YK Q.
V = rQl

1

Here, Q, and r, are positive.

~V >0

The correct statement is:

(A) Net potential of the system cannot be zero at a point but net electric field can be zero at that
point.

Explanation:

In a group of positive charges, the net potential at a point is the sum of the potentials due to each
individual charge. The potential due to a point charge is given by the Coulomb's law, which is non-
zero except at the location of the charge itself. Therefore, the net potential due to a group of
positive charges can never be zero at a point.

On the other hand, the net electric field at a point is the vector sum of the electric fields due to each
individual charge. If the charges are arranged in such a way that their electric fields cancel out at a
particular point, then the net electric field at that point can be zero, even though the charges are
present. This can happen, for example, in a symmetrical arrangement of charges.

Question61

A charge particle of 2uC accelerated by a potential difference of
100V enters a region of uniform magnetic field of magnitude 4 mT at
right angle to the direction of field. The charge particle completes
semicircle of radius 3 cm inside magnetic field. The mass of the
charge particle is x 10 "* kg.

[1-Feb-2023 Shift 1]

Answer: 144

Solution:

mv_ 2km _ _ rzqu2
—_—m =

r= —=

q gB ’ 2k




1 3 woxoxax103x4x103x10 2
100 100

2 % (100) x 10°°
=144x 10 kg

Question62

Given below are two statements: One is labelled as Assertion A and
the other is labelled as Reason R.

Assertion A : Two metallic spheres are charged to the same
potential. One of them is hollow and another is solid, and both have
the same radii. Solid sphere will have lower charge than the hollow
one.

Reason R: Capacitance of metallic spheres depend on the radii of
spheres.

In the light of the above statements, choose the correct answer from
the options given below.

[1-Feb-2023 Shift 2]

Options:

A. A s false but R is true

B. Both A and R are true and R is the correct explanation of A
C. A 1s true but R is false

D. Both A and R are true but R is not the correct explanation of A



Answer: A

Solution:

Potential of a conducting sphere is
V= I%Q (Solid as well as hollow)
V,=V, and R =R,

~Q=Q,

Question63

Let o be the uniform surface charge density of two infinite thin
plane sheets shown in figure. Then the electric fields in three
different region E ,, E , and

E ... are:

I

Surface Charge

//\/ density o

II

a4

d

!

[1-Feb-2023 Shift 1]

Options:

= _ 20NN _AHw _ 20N
A. E. = 2= n E —O,EIH—E—n

(=]
(=]



—)_ e d . o A — .
B. E;=0,E E_On’EIII 0
—)_ G A — . e d . c A
C. E= Q_H’EII_O’EIH g ¢
0 0
—)__ c A — i — i G/\
D. E,= E_n’EH_O’EHI_ E
0 0
Answer: D
Solution:

Assuming RHS to be n

—

EI: E)(_n) fo(_n):_E_on
2 o

E = EO(H)JF fo(n) = E_o(n)
Question64

Two equal positive point charges are separated by a distance 2a. The
distance of a point from the centre of the line joining two charges on
the equatorial line (perpendicular bisector) at which force

experienced by a test charge q, becomes maximum is

of x is .
[1-Feb-2023 Shift 1]

Answer: 2

Solution:

. The value

=3



2K qqx
(Xz N a2)3/2
For F to be maximum

F:

Question65

A cubical volume is bounded by the surfaces
x=0,x=a,y=0,y=a,z=0,z=a. The electric field in the region is

given by £ = E x i. Where E, =4 x 10°NC 'm . If a = 2 cm, the

charge contained in the cubical volume is Q % 10 '*C. The value of Q
is .

Take E ,=9x 10 *C*/Nm?)
[1-Feb-2023 Shift 2]

Answer: 288

Solution:



V4 D

— A
E =E X i

- —Ea-3°
@ et = PaBep T o

Qen _ an3
EO
3
qen = EOE 0a
=4x10*x9x10 2 x8x10°
=288 x 10 C

Q=288
Ans. 288

Question66

For a uniformly charged thin spherical shell, the electric potential
(V) radially away from the entre (O) of shell can be graphically
represented as -

O r
<R->/

[6-Apr-2023 shift 1]
Options:
A.

'H. 'y




|
e e e -

.

=W

I o — — — — —

.

Answer: D

Solution:

Forr<R,V = KT{Q, i.e., Constant everywhere inside.

Forr>R,V = @, i.e., Decreases with r.
T

Question67



A dipole comprises of two charged particles of identical magnitude q
and opposite in nature. The mass ' m ' of the positive charged
particle is half of the mass of the negative charged particle. The two
charges are separated by a distance 'l'. If the dipole is placed in a
uniform electric field ' E '; in such a way that dipole axis makes a
very small angle with the electric field, ' E '. The angular frequency

of the oscillations of the dipole when released is given by :
[6-Apr-2023 shift 2]

Options:
4qE
A. \/ 3ml
B 8qE
) ml
8qE
C. 3ml
D 4 LE
’ ml
Answer: A
Solution:

In this case, since masses of both charges are not same, therefore, we need to find center of mass
(COM), about which dipole will oscillate and then we will find moment of Inertia about this axis, to
find torque & hence w. As we know, COM will divide length in the inverse ratio of the masses,

therefore, COM will be at a distance of % from 2m& %L from m
MI about this axis

() (3

orl = 2mL> n 4mL> _ 6mL2 _ 2mL?
a a a 3
. 2mL>
Usin = =qgL

_ qLE _ \/ 3qE
0) = - = ——
1.2 2mL
3
None of these given option is correct. (BONUS)



B
L/( q,m X
411

L

Question68

Experimentally it is found that 12.8 eV energy is required to
separate a hydrogen atom into a proton and an electron. So the

orbital radius of the electron in a hydrogen atom is )% x 10 "'m. The
value of the x is

( 1eV =1.6 x 10_19J, 4n1E =9 x 10°’Nm’/C?* and electronic charge
0

=1.6 x10 °C)
[6-Apr-2023 shift 2]

Answer: 16
Solution:

. ke’
U E= =—/
sing >

_ Re’
I‘— —_—
2E
Given E=12.8eV =12.8 xe Joule
_9x10%° _ 9x10°x1.6x10"

2% 12.8¢ 2x12.8
o _9x10"" _9x10"
(2% 12.8/1.6) 10

Therefore x =16

Question69



Graphical variation of electric field due to a uniformly charged
insulating solid sphere of radius R, with distance r from the centre O
is represented by:

[8-Apr-2023 shift 1]
Options:
A.

I 4




7 4 Y
4 e
"4 > |
| I
Answer: A
Solution:
| -
.-'/"T\\\
F ]
/ \‘“xﬂ
Y L -

Electric field due to uniformly charged insulating solid sphere

Question70

An electric dipole of dipole moment is 6.0 x 10 °Cm placed in a

uniform electric field of 1.5 x 10°NC ™' in such a way that dipole
moment is along electric field. The work done in rotating dipole by

180° in this field will be mJ.
[8-Apr-2023 shift 1]

Answer: 18

Solution:

Ww_ —u-u, {u--F-F)}

=—PEcosm— (—PEcos 0)
=2PE



=2x6x10 °x15x%x10°
=18mJ

Question71

Electric potential at a point ' P ' due to a point charge of 5 x 10°C is
50V. The distance of ' P ' from the point charge is:

(Assume, %80 =9x10"”Nm’C?)
[8-Apr-2023 shift 2]

Options:

A.3cm

B.9cm

C.09cm

D.90cm

Answer: D

Solution:

1

V =
dnte
9

=

0
x10°x 5% 107
50

_ 9
>r 1OXIOOcm

Sr=

r=90cm

Question72

Three concentric spherical metallic shells X, Y and Z of radius a, b
and c respectively [a <b < c] have surface charge densities 6, —¢ and
o, respectively. The shells X and Z are at same potential. If the radii
of X & Y are 2 cm and 3 cm, respectively. The radius of shell Z is



cm.
[10-Apr-2023 shift 1]

Answer: 5

Solution:

q,= o4na’
q, = —G4mb’
q,= o4nc’
Potential of y
% . 4% . 9% - % 9 9
dngja  4me b 4dngc  dmgc  dmg e 4dme,c
odma’ _ o4mb’  odnc’ _ s (a® —b*+c?)

a b c c
cla—b+c)= a’—b*+c?
c(a—b)+c*=(a+b)a—b)
c(a—b)=(at+b)a—Db)
c=at+tb=2+3
c=5cm Ans.

Question73

An electron revolves around an infinite cylindrical wire having

uniform linear charge density 2 x 10 °Cm™ ' in circular path under
the influence of attractive electrostatic field as shown in the figure.

The velocity of electron with which it is revolving is X 10°m s .
Given mass of electron =9 x 10 ' kg



F+ + +(0)

>

()+ + + +

[10-Apr-2023 shift 2]

Answer: 8

Solution:

In uniform circular motion
F .= ma,

2

(@) (E)= ==
2

e) ( @“) - mv

T T
So (@K _ (16x 10 %)y x2x (9% 10%) x (2 x 10°%)

m 9x 10!
= 1.6x4x10"
Vi=16x4x10?=v=8x10m/ s
Ans. 8
Question74

As shown in the figure, a configuration of two equal point charges
(q, = t2nC) is placed on an inclined plane. Mass of each point

charge is 20g. Assume that there is no friction between charge and
plane. For the system of two point charges to be in equilibrium (at
rest) the height h = x x 10 °m. The value of x is
(Take L =9x10°Nm°C™, g=10ms ")

TCSO




N 2
N
™.
| L
: "
| N
| \Hm
[ -
[ ?.ﬁ'."{ . dn
- W, =W
. S -

[11-Apr-2023 shift 1]

Answer: 300
Solution:

Point charge on equilibrium is at rest.
So F,=mgsinb
kq() " _

2
T

2
kdy  _ mg
2

T_
( sin 30°)

9x10°x(2x10 %> _ 20x107°x 10
4h* 2

9% 4 x 1092x 10210
4h

W?=9x10"2 Ans.

h=0.3m=300x 10 "m

x =300 Ans.

mgsin 30°




Question75

If V is the gravitational potential due to sphere of uniform density
on it's surface, then it's value at the center of sphere will be:-
[11-Apr-2023 shift 2]
Options:
4
A. §V
B.V
3V
C. 5
v
D. >
Answer: C

Solution:

v=-5M( 52~ 0.5
R

V=-— G_M[ At the surface]

__3GM_ 3

V centre 2R 2

=

Question76

Given below are two statements : one is labelled as Assertion A and
the other is labelled as Reason R

Assertion A : If an electric dipole of dipole moment 30 X 10 °Cm is
enclosed by a closed surface, the net flux coming out of the surface
will be zero.

Reason R : Electric dipole consists of two equal and opposite
charges.

In the light of above, statements, choose the correct answer from the
options given below.

[12-Apr-2023 shift 1]



Options:

A. Both A and R are true but R is NOT the correct explanation of A
B. A is false but R is true

C. Both A and R are true and R is the correct explanation of A

D. A is true but R 1s false

Answer: C

Solution:

(i) An electric dipole is enclosed in a closed question surface the total flux through the enclosed
surface is zero.
(ii) net charge inside the enclosed surface is zero.

Question77

Two charges each of magnitude 0.01C and separated by a distance
of 0.4 mm constitute an electric dipole. If the dipole is placed in an

uniform electric field ' E ' of 10 dyne/C making 30° angle with E, the

magnitude of torque acting on dipole is
[13-Apr-2023 shift 1]

Options:

A.15%10 °Nm
B.2.0x 10 '°Nm
C.1.0x10 *Nm

D.4.0x10 "Nm

Answer: B

Solution:



Dipole moment, P = qd
P=0.01x04x10"
P=4x10°C-m

Torque, t =pE sin 0

T =4x10 %% (10 % 10°) x sin 30°
1 =4x10 "'N-m

Question78

A thin infinite sheet charge and an infinite line charge of respective
charge densities +¢ and +A are placed parallel at Sm distance from

each other. Points ' P'and ' Q ' are at %m and %m perpendicular
distances from line charge towards sheet charge, respectively. ' E '
and ' EQ ' are the magnitudes of resultant electric field intensities at
point 'P' and 'Q' respectively. If E—Z = g for 2 | 6 | =| A|, then the

value of a is
[13-Apr-2023 shift 1]

Answer: 6
Solution:
A
] *
N + —Im
T 1 <€ >
4 T r_————=———-
IR Q P

5m



2g, 6g, O¢g,
.. _ o _ 20 _ o
Similarly, EQ— 2—80 2 4—80
2n80( —)
T
E,_4
EQ 6
a==6
Question79

A 10pC charge is divided into two parts and placed at 1 cm distance
so that the repulsive force between them is maximum. The charges

of the two parts are:
[13-Apr-2023 shift 2]

Options:

A. 7uC, 3uC
B. 8uC, 2uC
C.9uC, 1uC
D. 5uC, 5uC
Answer: D

Solution:

Divide q = 10u cinto parts (x) and (q —x)
F_ (K(X(Q-x)
r2

For F to be maximum

dF _y

dx

_ q_ 10pC _
X 3T T S5uC
q—x=10puC—-5uC=>5uC




Question80

Three point charges q, —2q and 2q are placed on x-axis at a distance
x=0,x= %R and x = R respectively from origin as shown. If

q=2x 10 °Cand R =2 cm, the magnitude of net force experienced
by the charge —2q is N.
q

24

[
-
——

- L3 -] = Y
x=0 3 i E
< (B :
< R >4
[13-Apr-2023 shift 2]
Answer: 5440
Solution:
3R
< ) 2q .
Ap—a<—o>> o
q Fea -2q Fec
< >
R
2 2
FBA_ 351:1? FBC 64;(;1
2
Fy=Fpc—Fp, = Stﬁ(zq
= 5440N
Question81

The electric field due to a short electric dipole at a large distance (r)
from center of dipole on the equatorial plane varies with distance as

[15-Apr-2023 shift 1]



Options:
A r

1
B.g

1
C. 3

1
D.§

Answer: D

Solution:

Question82

A parallel plate capacitor with plate area A and plate separation d is
filed with a dielectric material of dielectric constant K = 4. The
thickness of the dielectric material is x, where x < d.

I Plate - |

Dielectric

d
b
Plate - 2

Let C, and C, be the capacitance of the system for x = %d and

X = %, respectively. If C, = 2uF the value of C, is nF
[6-Apr-2023 shift 1]




Answer: 3

Solution:
E A 4E A
2d d
C = 3 3 _ 18 EOAzlgxiEoA:ﬂEoA
! EA 4EA 3 d 27 d 3 d
+ =—+12
2d/3 d/3 2
, 4 EA EA 3 )
According to T20 gy O 2
g qna 3 d d 2 (1)
E,A 4E,A
d 2d
3 3 18 E,A E A 3
C = = (U] 0 —9x 2=
Now, €, EA 4EA  3+6 d q X573
/3 2d/3
Question83

As shown in the figure, two parallel plate capacitors having equal

plate area of 200cm” are joined in such a way that a # b. The
equivalent capacitance of the combination is Xx€, F. The value of x is

=1 mm d=5mm

L ]
L[]

[6-Apr-2023 shift 2]

Answer: 5



Solution:

As per the arrangement given, distance between the capacitor plates are a and b and a # b using
the diagram we can write b=5—a—1=(4—a) in mm

. . €,A ) )
as we know capacitance of capacitor C = ?1— and in series arrangement

1.1

eq C1 CZ

1 _ a  4-a_4(inmm )
Ceq EA  gA €A

c - €yA
O S eq = 4(mm)

Given A = 200cm’
£,200x 10
SEETES
=£,50x 10"
or Ceq = 5¢,, farad therefore n =5

Question84

A 600 pF capacitor is charged by 200V supply. It is then
disconnected from the supply and is connected to another uncharged
600 pF capacitor. Electrostatic energy lost in the process is

nJ

[8-Apr-2023 shift 2]

Answer: 6
Solution:
_lcxe, 2
loss of strength = 3 m(v1 v,)

_ 1 [ 600 x 10"
2 2
=600x 10 *x10°=6x10"°=6u

] x (200)?




Question85

The equivalent capacitance of the combination shown is

| |

11
P

C C

lIr1J|
11

[10-Apr-2023 shift 1]
Options:
A. 4C
5
B. §C
C
C. 5

D.2C

Answer: D

Solution:

Capacitor (3) & (4) are short ckt
~C,&C, are in parallel

C,=C+C=2C
||
C . :
C (
" p— - —e
3 4
- g
C=
|

e
— —




Question86

The distance between two plates of a capacitor is d and its
capacitance is C,, when air is the medium between the plates. If a

metal sheet of thickness 23—d and of the same area as plate is

introduced between the plates, the capacitance of the capacitor
becomes C,. The ratio < s

[10-Apr-2023 shift 2] ;
Options:

A.4:1

B.3:1

C.2:1

D.1:1

Answer: B

Solution:

I

—d—» —d—»

_
3
K = o for metals

t

- SOA C2 _ SOA _ soA _ 380A
d t 2d d
—t+ - - =+
d K d 3 0
3g A




Question87

The electric field in an electromagnetic wave is given as
£ =20sin o (t= ¥) INC!

where @ and c¢ are angular frequency and velocity of
electromagnetic wave respectively. the energy contained in a volume

of 5x 10~ *m" will be (Given g, = 8.85 x 10™'*¢’/Nm®)
[11-Apr-2023 shift 1]

Options:

A.88.5x10 "]
B.17.7x10 "J
C.8.85x10 "J

D.28.5x 10 %]

Answer: C

Solution:

—

E =205inw[t— %]
E020

Energy density = %sOE 02
1

= 5% 8.85x 10 2 x 400
=200%x885x10 2 x5x%x10*

=8.85x10 2 x 10 *x 1000
Energy =8.85x10 J

Question88

A parallel plate capacitor of capacitance 2F is charged to a potential
V, The energy stored in the capacitor is E,. The capacitor is now

connected to another uncharged identical capacitor in parallel



combination. The energy stored in the combination is E,. The ratio
E,/E is:

[11-Apr-2023 shift 1]

Options:

A.2:3

B.1:2

C.1:4

D.2:1

Answer: D

Solution:

o~

Ve




E,=CV¢'=C- ... (2)
cv’
E, (T) = 2 option — (4)
1 (C_VZ) !
2
Question89

A capacitor of capacitance C is charge to a potential V. The flux of
the electric field through a closed surface enclosing the positive plate
of the capacitor is :

[11-Apr-2023 shift 2]

Options:
A. Zero

B. CcvV

C 2CV

D. &¥
280

Answer: B

Solution:

e

¢

@)

Cv
€

¢

Question90

In the given circuit,
C,=2pF, C,=0.2pF, C, =2pF, C, =4pF, C, =2pF, C = 2nf, The



charge stored on capacitor C, is nC.
[

Yy —_ 5 —LC,

|
(,'h o5
[11-Apr-2023 shift 2]

Answer: 4

Solution:

O

—.

10V —

]l
1r
@
I
3
®!

ﬁ__
vod
=

Ceq=0.5uF
Q=0.5%x10=5uC

' 51Cx0.8 _
- —4
Q= V3702 W€

Question91

In the network shown below, the charge accumulated in the
capacitor in steady state will be :



6Ll

[13-Apr-2023 shift 2]

Options:
A.4.8uC
B. 12uC
C.7.2uC
D. 10.3uC
Answer: C
Solution:
3V 40 i1
<} WW—<
- m"
ny 11
12 T
> | WWH
4uF 6
i\
> W\ >
i1 60 11
In steady state, no current will pass through capacitor hence capacitor will act as open circuit.
i,=
=3 -3,
6+4 10

Potential difference on 6Q resistor = 6x % = 1.8 volt capacitor will have same potential so charge

=cv=4x1.8=72uc




Question92

In the circuit shown, the energy stored in the capacitor is nuJ . The
value of n is

12V

[13-Apr-2023 shift 2]

Answer: 75

Solution:

12V

’_‘F—i
Il
[a—
[\S]
Il
p—
>

W
g
O

[a—
\S]

Ni—i
Il
I l\)‘
I
\S]
>

(98]
p—

X =

w
<

|
< <%

2]
L
<
PN

< <
>
g a -+
Il

(2”
2

>
v}

(3]
NI—= &~

c
Il
@
<
Il

x 6% 5% =751]

N —




Question93

In the given figure the total charge stored in the combination of
capacitors is 100pnC. The value of ' x ' is
C,=2uF

C.=xpul

C.,=3uF

e— V=10V —

[15-Apr-2023 shift 1]

Answer: 5

Solution:

All the capacitors are in parallel
C,, = +x)uF
q

Q=CaqV
100 = (5 +x)(10)
x=5

Question94

A vertical electric field of magnitude 4.9 x 10°N/C just prevents a
water droplet of a mass 0.1g from falling. The value of charge on the
droplet will be :

(Given : g = 9.8m/s%)

[24-Jun-2022-Shift-1]



Options:

A.1.6x10°C
B.2.0x10°C
C.32x10°C

D.0.5x10°C

Answer: B

Solution:

Since the droplet is at rest
= Net force =0
>mg=qE

=q= FE=2x107C

Question95

Two identical charged particles each having a mass 10g and charge

2.0 x107'C are placed on a horizontal table with a separation of L
between them such that they stay in limited equilibrium. If the
coefficient of friction between each particle and the table is 0.25,

find the value of L. [Use g = IOms_z]
[24-Jun-2022-Shift-2]

Options:
A.12cm
B. 10cm
C.8cm
D.5cm

Answer: A

Solution:



According to given information:
kQ* _

2 hmeg

L

Putting the values, we get
L=12cm

Question96

A long cylindrical volume contains a uniformly distributed charge of
density p. The radius of cylindrical volume is R. A charge particle
(q) revolves around the cylinder in a circular path. The Kinetic
energy of the particle is:

[24-Jun-2022-Shift-2]

Options:

2
A, PR

2
480R

48OR2
qp

D.

Answer: A

Solution:

T T
2
2_ pRig
= | sl |
2™ T 4

Question97



In the figure, a very large plane sheet of positive charge is shown. P,
and P, are two points at distance I and 2| from the charge

distribution. If ¢ is the surface charge density, then the magnitude of
electric fields E, and E, at P, and P, respectively are :

/
+
++++ 2
+
+ + ) P
o

N

[25-Jun-2022-Shift-1]
Options:

A.E =0/¢g,E,=0/2¢
B.E,=20/¢,E,=0/¢,
C.E,=E,=0/2,

D.E =E,=0/¢,
Answer: C

Solution:

For an infinite charged plane E = 2i for any value of |
€

0
=>E =E,=

9
1 2 280

Question98

27 identical drops are charged at 22V each. They combine to form a
bigger drop. The potential of the bigger drop will be V.



[25-Jun-2022-Shift-2]

Answer: 198

Solution:

Let the charge on one drop is q and its radius is r.

So foronedrop V = 1%

For 27 drops merged new charge will be Q =27q and new radius is R = 3r
So new potential is

v =K _gkg_g,09y
R r

=198V

Question99

Sixty four conducting drops each of radius 0.02m and each carrying
a charge of SpC are combined to form a bigger drop. The ratio of

surface density of bigger drop to the smaller drop will be :
[26-Jun-2022-Shift-2]

Options:
A.1:4
B.4:1
C.1:8
D.8:1

Answer: B

Solution:

A'=16A.... (ii)
Dividing (i) \& (i),



c =4c

Lo_4
c 1
Question100

If a charge q is placed at the centre of a closed hemispherical non-
conducting surface, the total flux passing through the flat surface
would be :

[27-Jun-2022-Shift-2]
Options:

A L

B. L

D. -4
2nE 0

Answer: B

Solution:

Flux passing through flat surface = Flux passing through curved surface.

So, 9= 2%
0

Remark : Electric flux through flat surface is zerobut no option is given, option is available
forelectric flux passing through curved surface

Question101



Three identical charged balls each of charge 2C are suspended from
a common point P by silk threads of 2m each (as shown in figure).

They form an equilateral triangle of side 1m.
The ratio of net force on a charged ball to the force between any two
charged balls will be:

Im

[27-Jun-2022-Shift-2]

Options:
A l:1
B.1:4

C. \/5 02
D. \/5: 1
Answer: D

Solution:

(1)
g

(2)

F . oncharge3,F =

V3 qu
2

Force between any 2 charges



Question102

Given below are two statements :

Statement I : A point charge is brought in an electric field. The value
of electric field at a point near to the charge may increase if the
charge is positive.

Statement Il : An electric dipole is placed in a non-uniform electric
field. The net electric force on the dipole will not be zero.

Choose the correct answer from the options given below :
[28-Jun-2022-Shift-1]

Options:

A. Both Statement I and Statement II are true.
B. Both Statement I and Statement II are false.
C. Statement I is true but Statement II is false.
D. Statement I is false but Statement II is true.

Answer: A

Solution:

As one moves closer to a positive charge (isolated) the density of electric field line increases and
so does the electric field intensity

= Statement | is true

As opposite poles of an electric dipole would experience equal and opposite forces so net force on
a dipole in a uniform electric field will be zero

= Statement Il is true

Question103



The three charges q/2, q and q/2 are placed at the corners A, B
and C of a square of side 'a' as shown in figure. The magnitude of

electric field (E) at the corner D of the square, is :
A D

B A
[28-Jun-2022-Shift-1]

Options:

A —a (L4l
4n€0a2 \/2 2

p. 4 (L-1
4n€0a2(\/2 2)

Answer: A

Solution:

kq/2
E ‘ N2 +
0 a’ (a\2)’
_ kg | kq

2212

2

®olE S
o

5 3)

Question104



Two point charges A and B of magnitude +8 x 10 °C and -8 x 10°°C
respectively are placed at a distance d apart. The electric field at the

middle point O between the charges is 6.4 x 10*'NC™". The distance '

d ' between the point charges A and B is :
[28-Jun-2022-Shift-2]

Options:
A.2.0m
B. 3.0m
C. 1.0m
D. 4.0m

Answer: B

Solution:

+8 x 10-6 -8 x 10-8

L . @
« >

Electric field at P will be
E = kq X = 8kq
d/2) d?
9 -6
So, 8x9x10 2XS><10
d

= 6.4x10*

So,d =3m

Question105

A positive charge particle of 100 mg is thrown in opposite direction
to a uniform electric field of strength 1 x 10°NC ' If the charge on

the particle is 40nC and the initial velocity is 200ms_1, how much

distance it will travel before coming to the rest momentarily :
[29-Jun-2022-Shift-1]

Options:



A. 1m
B.5m
C. 10m
D. 0.5m

Answer: D

Solution:

Vz—u2 = 2as
=>02—2ooz=2( ﬂ)(S)
m
—40x 10 ®x 10°
100x 10" °

4m =0.5m

=-200"=2 [ ] [S]

5= 2

Question106

At what temperature a gold ring of diameter 6.230 cm be heated so
that it can be fitted on a wooden bangle of diameter 6.241 cm ? Both

the diameters have been measured at room temperature (27 C).
(Given : coefficient of linear thermal expansion of gold

a, =1.4x107°K ")
[29-Jun-2022-Shift-2]

Options:
A.125.7°C
B.91.7°C
C.425.7°C

D. 152.7°C

Answer: D



Question107

If the electric potential at any point (x, y, Z)m in space is given by

V = 3x” volt. The electric field at the point (1, 0, 3)m will be :
[29-Jun-2022-Shift-2]

Options:

A. 3Vm_1, directed along positive x-axis.
B. 3Vm_1, directed along negative x-axis.
C. 6Vm ', directed along positive x-axis.

D. 6Vm ', directed along negative x-axis.

Answer: D

Solution:

dv?
— 1

X

Lo

A

E =-6xi
ﬁ .
So, E at(1,0,3)is
A
E =—6iV/m

!

Question108

A parallel plate capacitor is formed by two plates each of area
30mem’ separated by 1 mm. A material of dielectric strength

3.6 x10'Vm ' is filled between the plates. If the maximum charge
that can be stored on the capacitor without causing any dielectric

breakdown is 7 X 10_6C, the value of dielectric constant of the



material is :

[ Use. 4L =9 x 10°Nm°C >
[24-Jun-2022-Shift-1]
Options:

A. 1.66

B. 1.75

C.2.25

D. 2.33

Answer: D

Solution:

Field inside the dielectric = 2~
ke,
According to the given information,

O =36x10

Question109

If the charge on a capacitor is increased by 2C, the energy stored in
it increases by 44%. The original charge on the capacitor is (in C)
[24-Jun-2022-Shift-2]

Options:
A. 10
B. 20

C. 30



D. 40

Answer: A

Solution:

Let initially the charge is g so
2

lq_

2 C i
+2)" _

And 5 =2 =U,

U.-U.
Given %x 100 = 44

\S)

~~

ST

2 2
q*+2) —q = 44

q
=q=10C

Question110

The equivalent capacitance between points A and B in below shown
figure will be nF

8uF 8uF
[

| | | | 1 | | | 1
o 1 | | 1 | 1 ©
A 8uF|8uF 8uF 8uF B
[25-Jun-2022-Shift-1]

Answer: 6

Solution:

c = B3x8x8
“4 3x8)+8
_ 24 x8

32
= 6uF




Question111

Two metallic plates form a parallel plate capacitor. The distance
between the plates is ' d '. A metal sheet of thickness % and of area

equal to area of each plate is introduced between the plates. What
will be the ratio of the new capacitance to the original capacitance of
the capacitor?

[25-Jun-2022-Shift-2]

Options:
A.2:1
B.1:2
C.1:4
D.4:1

Answer: A

Solution:

Question112

Two capacitors having capacitance C, and C, respectively are
connected as shown in figure. Initially, capacitor C, is charged to a

potential difference V volt by a battery. The battery is then removed
and the charged capacitor C, is now connected to uncharged

capacitor C, by closing the switch S. The amount of charge on the



capacitor C,, after equilibrium, is :

Ci== J— Cz

[26-Jun-2022-Shift-1]
Options:

C.C

A —172
Ty
(C,+C)

B.
C,C,

v

C. (C1 + Cz)V
D. (C1 — Cz)V
Answer: A

Solution:

C\V

common - C] +C2
= Charge on capacitor C,

Question113

The charge on capacitor of capacitance 15uF in the figure given
below is :



lOWF 15pF 20uF

) \ \
) / /
7
Y,
13V
[26-Jun-2022-Shift-2]
Options:
A. 60puc
B. 130puc
C. 260uc
D. 585uc
Answer: A
Solution:
C.o %MF
=Q qown OF Q= 13 IZOHC =60pC

26
= Charge on 15puF capacitor = 60uC
As all the capacitors are in series.

Question114

A parallel plate capacitor with plate area A and plate separation

d = 2m has a capacitance of 4uF. The new capacitance of the system
if half of the space between them is filled with a dielectric material
of dielectric constant K = 3 (as shown in figure) will be



AN

N
0
LY

b

€
d

[26-Jun-2022-Shift-2]
Options:
A.2uF
B. 32uF
C. 6uF
D. 8uF

Answer: C

Solution:

P2

[

o

b ——
e

&
 —
g

W U N
o

I

=]
o
|
|

Question115

A force of 10N acts on a charged particle placed between two plates
of a charged capacitor. If one plate of capacitor is removed, then the

force acting on that particle will be.
[27-Jun-2022-Shift-1]



Options:
A. 5N
B. 10N
C. 20N
D. Zero

Answer: A
Solution:
E between two plates is 2 and due to one plate is 22 so the force will be halved

€ €y
So new force F = 5N

Question116

A capacitor of capacitance 50 pF is charged by 100V source. It is
then connected to another uncharged identical capacitor.
Electrostatic energy loss in the processis  nJ.
[27-Jun-2022-Shift-1]

Answer: 125

Solution:

Electrical energy lost = %( %CVZ)

= %x % % 50 x 102 x (100)?

4
=125n]




Question117

A parallel plate capacitor is made up of stair like structure with a
plate area A of each stair and that is connected with a wire of length
b, as shown in the figure. The capacitance of the arrangement is

X EOA .
T The value of x is
A
T
b
l A
|
b
!
A
b
L |
|
h
A l
T
b
!

A

[27-Jun-2022-Shift-2]

Answer: 23

Solution:

The circuit is equivalent to 3 capacitors in parallel as shown



o
e

TEL
|
2
TEL
|
fod
In
3 SOA 1 1\ 23 SOA
Cam 175 s) T B
>x=23
Question118

A capacitor C, of capacitance SuF is charged to a potential of 30V

using a battery. The battery is then removed and the charged
capacitor is connected to an uncharged capacitor C, of capacitance

10pF as shown in figure. When the switch is closed charge flows
between the capacitors. At equilibrium, the charge on the capacitor
C,is nC

10pF

S wF)
N G Ez

[28-Jun-2022-Shift-2]

Answer: 100

Solution:



q

150 pC=-q= =
e 10 uC

e,

Let the charge q is flown in the circuit.
So using Kirchhoff's law,
q _ 150—¢q
10 5
q=100uC

Question119

A parallel plate capacitor filled with a medium of dielectric constant
10, is connected across a battery and is charged. The dielectric slab
is replaced by another slab of dielectric constant 15 . Then the

energy of capacitor will :
[29-Jun-2022-Shift-1]

Options:

A. increase by 50%
B. decrease by 15%
C. increase by 25%
D. increase by 33%

Answer: A

Solution:

1
U= 5(kco)v2
= U._ 1.5

U

= Energy increases by 50%

Question120



A capacitor is discharging through a resistor R. Consider in time t ,

the energy stored in the capacitor reduces to half of its initial value
and in time t,, the charge stored reduces to one eighth of its initial

value. The ratio tl/ t2 will be
[29-Jun-2022-Shift-2]

Options:
A.1/2
B.1/3
C.1/4
D.1/6

Answer: D

Solution:

For a discharging capacitor when energy reduces to half the charge would become L times the

2

initial value.
172 ¢ /1
-(3) "

2
L 1 3 —t,/1
Similarl ( 5) =e

-t
—_

=

Y,
1
6

-+

2

Question121

The displacement current of 4.4251A is developed in the space
between the plates of parallel plate capacitor when voltage is

changing at a rate of 10°Vs . The area of each plate of the capacitor
is 40cm’. The distance between each plate of the capacitor is

x x 10 °m. The value of x is____

(Permittivity of free space, E = 8.85 x 107 2C*N"'m ).
[29-Jun-2022-Shift-2]



Answer: 8

Solution:

dVv
dt

_ 885x10 ?x40x10*
4.425%10°

=d =8x10 °m

=>x=28

E A
44251 = —x

=d 0°

Question122

The volume charge density of a sphere of radius 6m is ZuCcm_3. The
number of lines of force per unit surface area coming out from the

surface of the sphere is X 10N C 7.
[Given : Permittivity of vacuum E j = 8.85 x 10 *C’N"'-m?)
[25-Jul-2022-Shift-1]

Answer: 45

Solution:

p= 2;1(:/cm3

R =6m

Number of lines of force per unit area = Electric field at surface.
- KQ

p%nR3

‘_ =




_2x10°x10°x6

3x8.85x10 2
=0.45197 x 10"?
=45.19x10'°N /C
~45x 10"

Question123

Two uniformly charged spherical conductors A and B of radii 5 mm
and 10 mm are separated by a distance of 2 cm. If the spheres are
connected by a conducting wire, then in equilibrium condition, the
ratio of the magnitudes of the electric fields at the surface of the

sphere A and B will be :
[26-Jul-2022-Shift-2]

Options:
A.l1:2
B.2:1
C.1:1
D.1:4

Answer: B

Solution:

Question124



Three point charges of magnitude SpC, 0.16nC and 0.3nC are
located at the vertices A, B, C of a right angled triangle whose sides
are AB =3 cm, BC =312 cm and CA = 3 cm and point A is the right
angle corner. Charge at point A experiences N of

electrostatic force due to the other two charges.
[26-Jul-2022-Shift-2]

Answer: 17

Solution:

_ kx5x03x10""

F

! 9x10*

_9x10°x5x03x10 "
9x10*

=1.5x10=15N

_ 9x10°x5%0.16x10 " _
9x10*

force experienced by charge at A = \/F12+F22

F 8N

2

— 152+ &
=289 = 17N

Question125

A long cylindrical volume contains a uniformly distributed charge of
density pCm_3. The electric field inside the cylindrical volume at a



. 2¢ . -
distance x = ?‘)m from its axis is

[27-Jul-2022-Shift-1]

Answer: 1
Solution:
A
— e
— I
—>
—
t dS | E

e T
—

-
\""'--.__

\/

4

fEds cos0= 4
0

m

2
=E-2nxh= pxnxh
€

X

I
o

=E

[\ |
m
S

280

X —
80 P

I
o

=E =1

[\

Vm



Question126

A charge of 4uC is to be divided into two. The distance between the
two divided charges is constant. The magnitude of the divided

charges so that the force between them is maximum, will be :
[27-Jul-2022-Shift-2]

Options:

A. 1TuC and 3uC
B. 2uC and 2uC
C. 0 and 4uC

D. 1.5pC and 2.5pC

Answer: B
Solution:
O
q d 4 -4
F— Kq(42— Q)
d
dF _ —[4 2q]=0
dq
q=2
Question127

Two electric dipoles of dipole moments 1.2 X 10**Cm and

2.4x 10" Cm are placed in two different uniform electric fields of
strengths 5 x 10*'NC ™" and 15 x 10°NC ™! respectively. The ratio of
maximum torque experienced by the electric dipoles will be i The

value of x is
[28-Jul-2022-Shift- 1]



Answer: 6

Solution:

|r|maX=PE
T PE _ 1-2x10x5x10" _ |
T, PE, 2.4x10%x15x10* 6
Hence x=6

Question128

A spherically symmetric charge distribution is considered with
charge density varying as

Where, r(r <R) is the distance from the centre 0 (as shown in
figure). The electric field at point P will be:

[29-Jul-2022-Shift-1]

Options:
Plf3_ 1

A. 480( 4 R)
Pf(3_ 1

B. 380( 4 R)

@)
-I>|*O
m |
—_

[E—

I
A=
~—



Pl 1
D. 580(1 R)
Answer: C

Solution:

By Gauss law

Question129

Given below are two statements.

Statement I : Electric potential is constant within and at the surface
of each conductor.

Statement II : Electric field just outside a charged conductor is
perpendicular to the surface of the conductor at every point.

In the light of the above statements, choose the most appropriate

answer from the options given below.
[29-Jul-2022-Shift-1]

Options:



A. Both Statement I and Statement II are correct

B. Both Statement I and Statement II are incorrect
C. Statement I 1s correct but Statement II is incorrect
D. Statement I 1s incorrect but Statement II is correct

Answer: A

Solution:

(Properties of conductor)

Statement - |, true as body of conductor acts as equipotential surface.

Statement —2 True, as conductor is equipotential.

Tangential component of electric field should be zero. Therefore electric field should be
perpendicular to surface.

Question130

Two identical metallic spheres A and B when placed at certain
distance in air repel each other with a force of F. Another identical
uncharged sphere C is first placed in contact with A and then in
contact with B and finally placed at midpoint between spheres A and
B. The force experienced by sphere C will be:

[29-Jul-2022-Shift-2]

Options:
A.3F /2
B.3F/4
C.F

D. 2F

Answer: B

Solution:



4 q

0

) &

Let two identical spheres have charge q. And distance between them =r
qu

2

T

Now when an identical uncharged sphere C comes in contact with A, charge q on sphere A get's
divided equally to both sphere.

=~ Force between the spheres (F) =

So, both sphere A and C have charge = %
Now, C get's in contact with B. So their total charge (q+ %) gets divided equally.

q+

S} Na}

3q
4

So, charge on both Band Cis =

[\)’

Now, C is place midpoint between A

and B
q q 3g

£
2 2
Repulsion force between A and C,

3
<(3)(%)
oo \2J\a ) akxsd’

AC r 2 81‘2
(3)
Repulsion force between B and C,
3q\ (39
K(3) (3
V4 )\a ) akxog?
Fpe= 2 2
( 1) l16r
2

-~ Net force on C,
Fnet:FBC_FAC

4k x9q° _ 4k x 3¢’

161> 81
_ ki( 9-3)
2\4 2
_ kg’ 3
P 4
— 3F[.asF - qu]
4 2

Question131



A condenser of 2uF capacitance is charged steadily from 0 to 5C.
Which of the following graph represents correctly the variation of
potential difference (V) across it's plates with respect to the

charge (Q) on the condenser?
[25-Jul-2022-Shift-1]

Options:

A.

X7

— V(X106 V)

0 £ —» Q(C)

—» Vix10tV)

0 5 —>» Q{C)

—» V(x10°V)




5—» Q(C)
Answer: A

Solution:

Q=CV
As capacitance is constant Q xV and V ; = % = S

=2.5%x10°V
C 2x10°®

So correct graph will be A.

Question132

Capacitance of an isolated conducting sphere of radius R, becomes n
times when it is enclosed by a concentric conducting sphere of radius

R2 connected to earth. The ratio of their radii ( % ) is
1

[25-Jul-2022-Shift-2]

Options:

B. 2n

C n+1

D. 2n+1

Answer: A

Solution:



Initially = C, = 4ne R,
) 47‘[80R1R2 R2

1 2

-

— 1=

o

2
n—

p— =

AN
s B

2|2 2| o

—_

Question133

Two parallel plate capacitors of capacity C and 3C are connected in
parallel combination and charged to a potential difference 18V . The

battery is then disconnected

and the space between the plates of the

capacitor of capacity C is completely filled with a material of
dielectric constant 9 . The final potential difference across the
combination of capacitors will be V.

[25-Jul-2022-Shift-2]

Answer: 6
Solution:
|C| 18 CV
|1
aC
| |
3C | |
| 54 CV] K=9
3C
| |
. 11
18V
o _ 18CV +S4CCY _ oy

COMIMONn 3C‘+9C



Question134

The total charge on the system of capacitors
C,=1pF, C,=2pF, C, =4pF and C, =3puF connected in parallel is :

(Assume a battery of 20V is connected to the combination)
[26-Jul-2022-Shift-1]

Options:
A.200pC
B. 200C

C. 10pnC
D. 10C
Answer: A
Solution:

Equivalent C =} C.

= 10pF
= Charge Q=CV
=200uC

Question135

A composite parallel plate capacitor is made up of two different
dielectric materials with different thickness (t, and .t,) as shown in

figure. The two different dielectric materials are separated by a
conducting foil F. The voltage of the conducting foil is V.



£=3;:t Lmm
" — 100V

M
oo
F;T“
Ll =
3

3

|

[26-Jul-2022-Shift-1]

Answer: 60

Solution:

100w | | 0w

i
=
q
]

N
1
T

=2 “—
C, C
g=3><t2=§
C, t,x4 2
i:v i:v
c, "¢C, 2
G2
v, C 3
Question136

A source of potential difference V is connected to the combination of
two identical capacitors as shown in the figure. When key ' K ' is
closed, the total energy stored across the combination is E ;. Now

key ' K 'is opened and dielectric of dielectric constant 5 is
introduced between the plates of the capacitors. The total energy



stored across the combination is now E 5 The ratio E 1/ E 5 will be :

N ¢
{*
vl TC T¢

[26-Jul-2022-Shift-2]
Options:

A, L

2
B.§

D. 2
Answer: C

Solution:

O

vl ® ¢ @ |

all

(1) Switch is closed
C._—2C
eq
_ 1 2 _ 1 2
Energy E, = ECqu = §2C XV
E, =CV’
(i) When switch is opened charge on right capacitor remain CV while potential on left capacitor
remain same



Dielectric K =5

C =KC

C'=5C

vy’
2(5C)

1
E,= E(SC)V2 +

Question137

As show in the figure, in steady state, the charge stored in the
° ° _6
capacitor is x10 "C.
E=10V

—
r=100Q

R=100Q

AAARY

C=14pF

——FWW—

R'=200Q
[27-Jul-2022-Shift-2]

Answer: 10

Solution:



q4=CV 400

o[ 10
—(11x10°° ( —R)
( x10 ) R+r

6/ 10

- 1.1 106(— 100)
- 110 |

=10uC

Question138

A parallel plate capacitor with width 4 cm, length 8 cm and
separation between the plates of 4 mm is connected to a battery of
20V. A dielectric slab of dielectric constant S having length 1 cm,
width 4 cm and thickness 4 mm is inserted between the plates of
parallel plate capacitor. The electrostatic energy of this system will
be E ,J. (Where E | is the permittivity of free space)

[27-Jul-2022-Shift-2]

Answer: 240

Solution:

]

[ g)(7x4) N 5g,(1x4) <1072
off 4/10 4/10
C=1.2¢,

Energy = %Ceffv2

- %(1.2)80(20)(20) = 240¢,




Question139

Two capacitors, each having capacitance 40pF are connected in
series. The space between one of the capacitors is filled with
dielectric material of dielectric constant K such that the equivalence

capacitance of the system became 24uF. The value of K will be :
[28-Jul-2022-Shift-1]

Options:
A. 1.5
B.25
C.1.2
D.3

Answer: A

Solution:

_ C(KC) _ KC

9 C+KC K+1
_ K40
K+1
[K=1-5]

Question140

A slab of dielectric constant K has the same cross-sectional area as
the plates of a parallel plate capacitor and thickness %d, where d is
the separation of the plates. The capacitance of the capacitor when

the slab is inserted between the plates will be :
(Given C, = capacitance of capacitor with air as medium between



plates.)
[28-Jul-2022-Shift-2]

Options:

4K C,

A. 3+K

98]

KC

(=)

D K

Answer: A

Solution:

_ gA
“T

€A 4e,AK
C = =
3d . 3d 3d +Kd
d—- —+ —

4 4K

Question141

Two identical thin metal plates has charge q, and q, respectively
such that q, > q,. The plates were brought close to each other to

form a parallel plate capacitor of capacitance C. The potential

difference between them is:
[29-Jul-2022-Shift-2]

Options:

(g, +4,)
A=

(q1 _qz)
B 7



C. (ql B qz)

2C

2(q1 - qz)

D. C

Answer: C

Solution:

A B

Total charge _ 9,74

Charge on the left surface of plate A = 5 3

Let right surface of plate A has charge =x
And total charge on plate A =q,

~.q, = Charge on left surface of plate A+ Charge on right surface of plate A

= q—1+q2+x

q,tq
Sx=q,~ 12 2
_ 29,799
2
)
2

Let potential difference between two plates =v
For capacitor we know,

q=CV
479 _

Ccv
2

.
.o

)
>V °C

Question142



27 similar drops of mercury are maintained at 10V each. All these
spherical drops combine into a single big drop. The potential energy
of the bigger drop is ........... that of a smaller drop.

[26 Feb 2021 Shift 2]

Answer: 243

Solution:

Given, n=27

VvV, =10V

Let q, be the charge of one drop, r, be its radius, r be the radius of bigger drop and q be its charge.
As, volume remains constant.

. . 3kq,”
Electric potential (V)= 5
T
#4/3m° =4/3mr’ %27
> = 27r13
=1 =3r,
where, k is Coulomb constant. Therefore, potential energy of small drop,
2
3 kq, .
U==——...(
S5 (M)
k(q,” % 27)°
and potential energy of bigger drop, U ; = % K, x27
T
= 3 1((27)2(112 (”)
Bos  3r 7T
On dividing Eq. (ii) by Eq. (i), we get
U
B_ 27%27 _ 543
U, 3
U, =243U

Hence, potential energy of big drop is 243 times of small drop.

Question143

512 identical drops of mercury are charged to a potential of 2V
each. The drops are joined to form a single drop. The potential of
this drop is.

[25 Feb 2021 Shift 1]



Answer: 128

Solution:

Given, number of mercury drops, n =512

Voltage of each drop, V =2V Letr, R be the radius of drop small and combined spherical drop,
respectively.

Now, when all drops are joined into single drop, volume remains constant,

i.e. 512x gnr3= §ER3

ka5 )
T

: - kQ
2V R

.V =

net

where, Q be the charge of bigger sphere.
_ kx512q .
= o (i)
On dividing Eq. (ii) by Eq. (i), we get
Vot _ kx512qxr_ 512

A% 8rxkq 8

v oo=2x 22 gy
et 8

n

= Vnet

Question144

Consider the combination of two capacitors C, and C,, with C, > C,,

when connected in parallel, the equivalent capacitance is 15/4 time
the equivalent capacitance of the same connected in series. Calculate

the ratio of capacitors %
[26 Feb 2021 Shift 1]

1

Options:

A B

B. 1l



D. None of above

Answer: D

Solution:

(*) Let, equivalent capacitance of two capacitors C, and C, connected in parallel be C, and
equivalent capacitance of same, when connected in series be C,.

According to given data,

C = %cb ()

Since, equivalent capacitance in parallel combination,
C=C 1G,

C,=C,+C,...(ii)

and equivalent capacitance in series combination,

1o 1,1
Ceq ¢ G
11,1 G*C
c, C, C, CgC,
C.C
_ 1 2 '
C, eI (iii)
Substituting Egs. (ii) and (iii) in Eq. (i), we get
_15CC
C+C= (1: 2+C,

1

4(C,+C) =15C,C,

= 4C°+4C,°+8C,C,=15C,C,

= 4C,>+4C,*-7C,C,=0

On dividing both sides by Clz, we get

C,\2 _C
4+4( 22| -7=2=0
(2) 72

o & 2 7( S2) +4=0
r —_— _— R =
° ( C, ) ( C, )
C, )
If C_:X’ then 4x"—7x+4=0
1
By using the concept of quadratic equation,

_ b dac _ 7+\30 64

X

2a 8
I O Sy £ i E L R B
C, 8 8

Question145



An electron with kinetic energy K | enters between parallel plates of

a capacitor at an angle o with the plates. It leaves the plates at angle
p with Kkinetic energy K ,. Then, the ratio of kinetic energies K, : K,

will be
[25 Feb 2021 Shift 2]

Options:

A cos f3

cosa

B cos f3

sin o

C. sin2[3

2
COoS a

D COSZE

2
COoS a

Answer: D

Solution:

The given situation can be shown as below

Ve SiN o
Vs

o) B
v-oosa | -
r —
b II__
P — -
— -

vz Sin B J
— /Bl-
I. —
r —_

/ Vo CE'Sﬁ

Ve
Let, v, and v, be the incoming and outgoing velocities of electron into the capacitor and out of the

capacitor, respectively. Since, electric field is along X -axis, hence electric force on electron along
Y -axis, (F y) =0

~ Change in momentum along Y -axis,

Apy =0

i.e. p,=p, (along Y -axis)

= m_ v, cosa=m,v,cosf}

= v,/v,=cosB/cosa

.+ Kinetic energy (K ) = 1/2mv*



If mass is same, K « v

Ilz_;: ( ﬁ)zz ( cosB)ZZ cos’B

cosa

Question146

Two equal capacitors are first connected in series and then in
parallel. The ratio of the equivalent capacities in the two cases will
be :

[24feb2021shiftl]

Options:
A.4:1
B.2:1
C.1:4
D.1:2
Answer: C
Solution:

Given, C,=C,=C
When both capacitors are connected in series, their equivalent capacitance will be

¢C, C C C
_C
C,= >
C
= C. ==
s 2
When both capacitors are connected in parallel, their equivalent capacitance will be
Cp =C+C=2C
~ The ratio of equivalent capacitance in series and parallel combination is
C _cr2_1
Cp 2C 4
= C,: Cp =1:4

Question147



A parallel plate capacitor has plate area 100m’ and plate separation
of 10m. The space between the plates is filled upto a thickness Sm
with a material of dielectric constant of 10 . The resultant

capacitance of the system is xpF . The value of ¢, = 8.85 x 10 *fm .

The value of x to the nearest integer is
[18 Mar 2021 Shift 1]

Answer: 161

Solution:

Given,

The area of the parallel plate capacitor, A = 100m*
The distance between the parallel plate of the capacitor, d = 10m
The dielectric constant of the material, K = 10
The thickness of the space between the plates,
t=5m
As we know, the expression of the capacitor with dielectric constant
Ag,
t
d—t+ _)
C
_ 100x8.85x10 "
5
10-5+ =
( 0-3 10)
= C=161x10"F = 161pF
Hence, the resultant capacitance of the system is 161pF .
So, the value of x to the nearest integer is 161 .

C=

Question148

A parallel plate capacitor whose capacitance C is 14pF is charged
by a battery to a potential difference V =12V between its plates.
The charging battery is now disconnected and a porcelain plate with
K =7 is inserted between the plates, then the plate would oscillate
back and forth between the plates with a constant mechanical
energy of ......... pJ.



(Assume no friction)
[17 Mar 2021 Shift 1]

Answer: 864

Solution:

Given, capacitance of capacitor, C = 14pF
Potential difference, V =12V
Energy of capacitor, E, = %CV 2

= %x 14 x 12 x 12 = 1008pJ
Now, the charging battery is disconnected and a porcelain plate with K =7 is inserted between the
plates

E.
“Ep= o= @pjﬁfzm@j
Mechanical energy with which the plate would oscillate back and forth between the plates will be

= (1008 — 144)p] = 864pJ

Question149

A2puF capacitor C, is first charged to a potential difference of 10V

using a battery. Then, the battery is removed and the capacitor is
connected to an uncharged capacitor C, of 8uF . The charge in C, on

equilibrium condition is nC. (Round off to the nearest integer)

Sy 5
N G

2uF SuF
0oV — = =,

[17 Mar 2021 Shift 2]

Answer: 16



Solution:

Let V is the voltage across each capacitor,

10V == ——2uF  2uF = ——8uF

Now, after removing the battery the capacitor is connected.

So, using the law of conservation of charge,

2V +8V =2x10=20

= 10V =20=>V =2V

As we know, Q=CV =8x2=16uC

Hence, the magnitude of the charge in C, on equilibrium condition is 16uC.

Question150

Four identical rectangular plates with length, I = 2cm and breadth,
b = %cm are arranged as shown in figure. The equivalent

capacitance between A and C is XTSO. The value of x is .........
(Round off to the nearest integer)

L3

d —d = d
[17 Mar 2021 Shift 1]

Answer: 2

Solution:

The given figure can be shown with capacitors as



Bl|C
A B Co=Cyq

Ae—] Co=C C

C,=C,

D C

Let C, be the capacitance of each capacitor.
In the above figure capacitance C, is in series combination with equivalent of parallel combination
of capacitance C, and C,.

eq 2 3 e
Ceq C, Ceq C, 2C, 2C,
2C
_ M0 g
= Ceq = T (I)
A
As, C,= 83—...(")
From Egs. (i) and (ii), we get
_Z(SOA) _280 _280( 3)
— 2 20 = 201 = Z0(r2x 2
Ca =30 7/ 7Ce = 33007 357(2%3

2, ..
= C, = TO"'(IH)

According to question, the equivalent capacitance between A and C is %
So, comparing it with Eq. (iii), we get

x=2

Question151

In a parallel plate capacitor set up, the plate area of capacitor is 2m’
and the plates are separated by 1m. If the space between the plates

are filled with a dielectric material of thickness 0.5m and area 2m”
(see figure) the capacitance of the set-up will be ...... g,. (Dielectric

constant of the material =3.2)
(Round off to the nearest integer)



o

I

a/2
[16 Mar 2021 Shift 2]

Answer: 3

Solution:

The equivalent capacitance of the capacitor when dielectric material is partially filled, is given as

B SOA 3 80A B soA

B t d d2 d ,_ d
d—t)+ = - = == —+ =
( ) k (d 2)+ k 2k 2

where,

&, = absolute electrical permittivity of free space,

A = area of the plates of capacitor =2m’
K = dielectric constant =3.2

d

2

and d = distance between the plates =2m.
2g,A _ 2 x2¢g, _ 4x 3,28

d 1 42 0

PR A

= C=3.04¢,

The required value after rounding off to the nearest integeris 3 .

t = thickness of dielectric material =

Question152

For changing the capacitance of a given parallel plate capacitor, a
dielectric material of dielectric constant K is used, which has the
same area as the plates of the capacitor. The thickness of the

dielectric slab is %d , where d is the separation between the plates of

parallel plate capacitor. The new capacitance (C') in terms of



original capacitance (C ) is given by the following relation
[16 Mar 2021 Shift 1]

Options:

'_ 3+K
A.C = K CO
"_ 4+K
B.C = 3 Co
" 4K
C.C= K+3C0
" 4
D.C = 3+KC0
Answer: C
Solution:

As per question, the figure can be shown for a parallel plate capacitors
3d/4 | di4

e

Ci Ca

- . A .
Initially, capacitance, C, = a4 (i)
where, ¢, = permittivity of free space, A = area of plates and d = distance between plates.
In presence of a dielectric medium between the plates, the capacitance will be

KA
c= %d (i)
Also, from the figure capacitors C, and C, are in series.
-~ Equivalent capacitance is given by 1 _ 1,1
Ceq Cl C2
1 3d/4 d/4 , . N
> —= + ( — | [using Egs. (i) and (ii
o (k&) *( 5o lusing Eqs. (0 and Gi)
- 1 __d ( 3+K)
C 4 A\ K
eq
o . 4KG, na Eai
= eq (3+K) [USII’]g q(l)]




Question153

A simple pendulum of mass 'm', length 'l' and charge '+q' suspended
in the electric field produced by two conducting parallel plates as
shown. The value of deflection of pendulum in equilibrium position
will be

[27 Jul 2021 Shift 2]

Options:

= C,(V,-V) ]
Actan | Lx L2 1
| Mg (Cl T Cz)(d —t) i

1 C,(V,-V) ]
B.tan |-Lx_—2"2 1
| mg (C1 +C2)(d —t) i

T C(V,+V ) ]
C.tan '| L x 2272 "1
| mg (C1 +C2)(d —t) i

T C(V,+V ) ]
D. tan " | 4 x SV Y,
| mg (C1+C2)(d—t)_

Answer: C

Solution:



7

-V
o---I; Medium +qEL--e
+V, (K)
d—t
— —
Let E be electric ﬁgld in air
T sinb=qE
T cosb =mg
tan0 = E
mg
k
IN| | | °
TRy
C; C,
0= [ & |vi v
c,+C, -t 2
E = Q :[ C,C, ][V1+Vz]
Ag, LC+C,| A€,
_EA GV, +V ]
I R (A G

Now 0 = tan ' Q]
mg

1 q C(V,+V))
mg (C,+C)d —t)

0=tan

Question154

Two capacitors of capacities 2C and C are joined in parallel and
charged up to potential V. The battery is removed and the capacitor
of capacity C is filled completely with a medium of dielectric
constant K. The potential difference across the capacitors will now
be :

[27 Jul 2021 Shift 1]




Answer: C

Solution:

2C
+2CV) |=2CV

CV' _¢v

Now,

K|
_2CV +CV
¢ KC+2C
3V
K +2

v

Question155

If q; is the free charge on the capacitor plates and q, is the bound

charge on the dielectric slab of dielectric constant k placed between
the capacitor plates, then bound charge q, can be expressed as :

[2S Jul 2021 Shift 2]

Options:

A.qb=qf(1—Lk)



1
D. qbzqf(lJrE)

Answer: B
Solution:
qr Qb ar E.n Qb
e
E=Eyk = + Eo'k
—_— —_—

When a dielectric is inserted in a capacitor
_)

Due to free charge E =E ,only

. . E,
After dielectric E' = -

o (1]
qB_qf E

Question156

In the reported figure, a capacitor is formed by placing a compound
dielectric between the plates of parallel plate capacitor. The
expression for the capacity of the said capacitor will be :

(Given area of plate = A)

¢ lc |c

K | 3K | 5K
<d>'¢2ds'e3d>

[27 Jul 2021 Shift 1]

Options:



9KegA
"6 d

Answer: A

Solution:

1 _ d n 2d n 3d
KSOA 3K80A SKSOA
ISKSOA

Cett =7 —

34d

Ceff

Question157

A parallel plate capacitor with plate area 'A' and distance of
separation 'd’' is filled with a dielectric. What is the capacity of the
capacitor when permittivity of the dielectric varies as :

g(x) = g, + kx, for (0<x5d5)

&(x) = g, + k(d —x), for (%Sxﬁd )
[25 Jul 2021 Shift 1]

Options:

2/kA
kd
A. (80+ 7)




kA 2¢,
b3 ln(zso—kd)

Answer: B

Solution:

Taking an element of width d x at a distance x(x <d /2) from left plate
d (g, T kx)A
C =

dx

Capacitance of half of the capacitor
d/2 1 B 1 d/2 dx

1
C o de A o go+kx
1 (80+kd/2)

€

0

C kA
2

_|._
2 n ( 280 kd )
280

Question158

The average translational Kinetic energy of N, gas molecules at

.......... °C becomes equal to the KE of an electron accelerated from
rest through a potential difference of 0.1V.

[Given, K, =1.38 x 10 “J /K]
[1 Sep 2021 Shift 2]

Answer: 500



Solution:

Given, the average translational kinetic energy of dinitrogen( N, ) = Kinetic energy of an electron ...
(i)
Translational kinetic energy of dinitrogen (N, )

_3
KE = ZKyT
Here, T = temperature of the gas,
and K = Boltzmann constant.

Kinetic energy of an electron = eV

Given, the potential difference of an electron, V =0.1V
Substituting the values in the Eq. (i), we get

3 _
EKB T=eV

> % x138x10 3 xT=1.6%10"x(0.1)

T="773K="773-273°C =500°C

Question159

Effective capacitance of parallel combination of two capacitors C,
and C, is 10 pF. When these capacitors are individually connected to
a voltage source of 1V, the energy stored in the capacitor C, is 4
times that of C, . If these capacitors are connected in series, their

effective capacitance will be:
[8 Jan. 2020 I]

Options:

A.4.2 pF
B. 3.2 uF
C. 1.6 pF
D. 8.4 uF

Answer: C

Solution:



In parallel combination, Ceq =C,+C,=10pF
When connected across 1V battery, then

Ci
G
| |
| |
lv
v, 69 ) e
U2 (%szz) 4 5 4

~C,=8uF and C, = 2uF
Now C, and C, are connected in series combination,

C,C 2x8 _ 16
: 1~ _ 16 _
"Cequivalent Cl + C2 27+8 10 1-6HF

Question160

A capacitor is made of two square plates each of side ‘a’ making a
very small angle a between them, as shown in figure. The

capacitance will be close to:
F|

[8 Jan. 2020 1]

Options:

2

€,a  oa
A (13



D.

Answer: A

Solution:

Zixtarko

X oot
<> d

Consider an infinitesimal strip of capacitor of thickness dx at a distance x as shown.

g A
Capacitance of parallel plate capacitor of area A is given by C = OT

[Here t = seperation between plates]
So, capacitance of thickness dx will be
g,ad x
dC=—7—
d +xtana
Total capacitance of system can be obtained by integrating with limits x =0to x = a

X=a
-'.CquIdC=aso | dx

70m [By Binomial expansion]

ag, # tan o ag tana |
o1t 2 (g
e d({ a ) T ),
2
a

2
ag, (. atanoa) _ & _oa
~Cy=52= (1-%5¢%) = (1-357)

Question161



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+ ax ) where 'x ' is the distance
measured from one of the plates. If (ad )< <1, the total capacitance
of the system is best given by the expression:

/
I 7

[7 Jan. 2020 I]

Options:

AK €
0 ad
A (1+_2

S~

Answer: A

Solution:

Given, K (x) =K (1 + ox)
Keg A

Capacitance of element, C,| = Tx

_ g K+ ax)A
el dx

=C



5()- 10, et
1

d
-
K a[ln(l ax)],

In(1+ad) [ad << 1]

¢ K Aa

X dx

_ 1 [ad_azdz]
g, K Aa

2

g, KA 2
g, KA o= SOKA( ad )

g(imedy T
2

Question162

A 60 pF capacitor is fully charged by a 20 V supply. It is then
disconnected from the supply and is connected to another uncharged
60 pF capacitor in parallel. The electrostatic energy that is lost in
this process by the time the charge is redistributed between them is
(in nJ)

[NA 7 Jan. 2020 II]

Answer: 6

Solution:



In the first condition, electrostatic energy is

1 2 1 ~12 _ -9
Ui—ECV0 —§X60><10 x400=12x10 "J

In the second condition U E = %C’V 2

U, =1ac (VO)Z(--C'—zc V’—VO)
£\ ) U ’ 2
x 60 x 1072 x (20)> =6x10°J

Bl—

Energy lost =U,~U, =12x10 J —6x10 J = 6nJ

Question163

The parallel combination of two air filled parallel plate capacitors of
capacitance C and nC is connected to a battery of voltage, V. When
the capacitors are fully charged, the battery is removed and after
that a dielectric material of dielectric constant K is placed between
the two plates of the first capacitor. The new potential difference of
the combined system is:

[9 April 2020 IT]

Options:

nVvV
"K +n

B.V

Vv
"K +n

(n+1)V
" (K +n)

Answer: D

Solution:

_CV +(nC)V
A kC+nC
(n+1)V

k+n




Question164

Ten charges are placed on the circumference of a circle of radius R
with constant angular separation between successive charges.
Alternate charges 1,3,5,7,9 have charge (+q) each, while 2,4,6,8,10
have charge (—q) each. The potential V and the electric field E at
the centre of the circle are respectively :

(Take V = 0 at infinity)

[Sep. 05,2020 (II)]

Options:

A v=10.g -9

4naoR

B.V =0;E = 1%

4me R
C.V=0;E =0
—_10qg . g = _10q
bV 47[80R’ E 47‘ESOR2
Answer: C
Solution:

: KQ
Potential at the centre, V . = T“et
.'.Qnet =0
~V.=0

Let E be electric field produced by each charge at the centre, then resultant electric field will be



E . =0, since equal electric field vectors are acting at equal angle so their resultant is equal to zero.

2F
A

Question165

Two isolated conducting spheres S, and S, of radius ZRand 1R have

12nC and —3uC charges, respectively, and are at a large distance
from each other. They are now connected by a conducting wire. A
long time after this is done the charges on S, and S, are respectively

iSep. 03,2020 (I)]
Options:

A. 4.5 uC on both

B. +4.5 nC and 4.5 nC
C.3 uCand 6 pC

D. 6 uC and 3 pC

Answer: D

Solution:

Total charge Q,+Q,=Q', +Q’,

=12uC—-3uC=9uC
Two isolated conducting sphres S, and S, are now connected by a conducting wire.



_v _KQ,_K(Q
Vl_VZ_ 5 1 — RZ
ZR =
3 3
Q' =2Q,'=2Q,'+Q,’ = 9uC

~Q',=6uCandQ’, =3uC

=12-3=9uC

Question166

Concentric metallic hollow spheres of radii R and 4R hold charges
Q, and Q, respectively. Given that surface charge densities of the

concentric spheres are equal, the potential difference V (R) —V (4R)
is:
[Sep. 03,2020 (II)]

Options:

3Q1
) léme,R

3Q1
4nsOR

B.

Q,
4nsOR

3Q,

D. 47‘[80R

Answer: A

Solution:

We have given two metallic hollow spheres of radii R and 4R having charges Q, and Q, respectively.
Potential on the surface of inner sphere (at A)
_kQ, K
AR 4R
Potential on the surface of outer sphere (at B)

kQ,  kQ 1
BT 2R 4R ( T8 dne, )



Question167

A charge Q is distributed over two concentric conducting thin
spherical shells radii r and R(R > r) . If the surface charge densities

on the two shells are equal, the electric potential at the common
centre is :

(D

[Sep. 02, 2020 (I1)]
Options:

AL R+
4ne, 2(R2 + rz)

B. L _(2R+*D)
4me (R* +17)

Cc. L (R+2n)

4me, 2(R2 + rz)

D. 1 (R+I‘)

4mey (R? +17)

Answer: D



Solution:

Let o be the surface charge density of the shells.

9]

Charge on the inner shell, Q, = c4nr’

Charge on the outer shell, Q, = 47R

- Total charge, Q = c4n(r> + R?)
o= Q

4n(r"+R")
Potential at the common centre,

K K
_KQ, +—§2 (whereK :L)

Vv
C
r 47‘[80

_K chnr’ " K 64nR>
r R
=K o4n(r+R)
_ KQ4n(r+R)
41t(r2 + Rz)
_ 1 (R+1)

a 4, (R2 + r2)

Question168

A solid sphere of radius R carries a charge Q + q distributed
uniformly over its volume. A very small point like piece of it of mass
m gets detached from the bottom of the sphere and falls down
vertically under gravity. This piece carries charge q. If it acquires a
speed v when it has fallen through a vertical height y (see figure),



then : (assume the remaining portion to be spherical).

v L
[Sep. 05, 2020 (I)]

Options:

C.vi=2y[—QR 4
Y [ 4n80(R+y)3m 8 ]

2 _ qQ
D.v"=2y [ 4me R(R +y)m - g]
Answer: D
Solution:

By using energy conservation,

AKE +(APE), . +(APE) 0

gravitational



v

1 v?2 Qq Qq) _
~mV +(k ~k89) + (—-mgy) =0
>m Riy ©R (—mgy)
=>lmV2=mgy+qu(l—L)

2 R R+y

2 _ 2kQq vy

SV2i=2oy+ 24 Y

v &y m R(R+vy)

2 qQ
or,v —2y[—+g]
4me R(R +y)m

Question169

A two point charges 4q and —q are fixed on the x -axis at x = —% and

_d
X = 3
origin to x =d along the semicircle as shown in the figure, the

energy of the charge will :

T

‘iq _I'?

respectively. If a third point charge ' q ' is taken from the

[Sep. 04, 2020 ()]

Options:

2
A. increase by 42%
0



2
B. increase by 37%2 -
0

2
C. decrease by —1

4nsod
4q
D. decrease by e
Answer: D
Solution:

Change in potential energy, Au=q(V;—-V )
Potential of —q is same as initial and final point of the path.

Y
q
ig 0 g X
<— d/2 —>
< d/2 > d >
g e _Jdg) __dq
3d/2 d/2 3n80d

—ve sign shows the energy of the charge is decreasing.

Question170

Hydrogen ion and singly ionized helium atom are accelerated, from
rest, through the same potential difference. The ratio of final speeds
of hydrogen and helium ions is close to :

[Sep. 03,2020 (II)]

Options:
A.l1:2
B.10:7
C.2:1

D.5:7



Answer: C

Solution:

According to work energy theorem, gain in kinetic energy is equal to work done in displacement of
charge.

%mv2 =qAV

Here, AV = potential difference between two positions of charge q.

For same q and AV .

1
VX —
Vm
Mass of hydrogen ion m,; =1
Mass of helium ion m =4

P R \/EZZ:I.

Vie 1

Question171

Two capacitors of capacitances C and 2C are charged to potential
differences V and 2V, respectively. These are then connected in
parallel in such a manner that the positive terminal of one is
connected to the negative terminal of the other. The final energy of

this configuration is :
[Sep. 05, 2020 (I)]

Options:
A Bcv?

6

3 2
B. ECV
C. zero

9 2
D. ECV
Answer: B

Solution:



When capacitors C and 2C capacitance are charged to V and 2V respectively.

Q,=CV Q,=2Cx2V =4CV
When connected in parallel

Q =CV_
=

|
=103
Q,=4CV
By conservation of charge
4CV -CV =(C+20)V
3CV
=—=_—=V
common 3C

Therefore final energy of this configuration,

U= (5ev7+ixacv?) =2ev?

common

Question172
In the circuit shown, charge on the 5 uF capacitor is :
2 uF 4 uF

| |
Il
L
—
-

|y i |
| ! '
6V O 6V
[Sep. 05, 2020 (I1)]

Options:
A. 18.00 uC

B. 10.90 uC



C. 16.36 uC

D. 5.45 uC
Answer: A
Solution:
- V, - +‘?24 hE
2 uF
+|0
—JuF
I ]
ov OV v

Let q, and q, be the charge on the capacitors of 2uF and 4puF . Then charge on capacitor of SuF
Q=q,*q,

=5V ,=2(6-V ) +46-V )

=5V, =12-2V +24-4V

S11V, =362V, =2y

11
180

Question173

A capacitor C is fully charged with voltage V . After disconnecting

the voltage source, it is connected in parallel with another
uncharged capacitor of capacitance % The energy loss in the process

after the charge is distributed between the two capacitors is :
[Sep. 04,2020 (II)]

Options:

1 2
A.3CV



1 2
B. §CV 0

1 2
C. ZCV 0

1 2
D. ECV 0
Answer: D

Solution:

When two capacitors with capacitance C, and C, at potential V | and V , connected to each other

by wire, charge begins to flow from higher to lower potential till they acquire common potential.
Here, some loss of energy takes place which is given by.

Heat loss, H = i(\/ -V )2
o2C,+Cy) 2
In the equation, put v, =0,V =V,
_ _C
C, =C, Cz_f
Cx 9
Loss of heat = —Z(VO—O)2 = %V o
2(C+9)
2
_1 2
H=2CV,
Question174

In the circuit shown in the figure, the total charge is 750nC and the
voltage across capacitor C, is 20V . Then the charge on capacitor C,



C,=15pF (2
I
)
C, =8 pF
—I_I —
\Y
[Sep. 03,2020 (I)]
Options:
A. 450 uC
B. 590 uC
C. 160 uC
D. 650 uC
Answer: B
Solution:
A e
¢ g
C,=15pF I 0
rll— C,=8 p(I:-|—<—
750uC X
K—> «—> X
v, V,=20V

1

'

Capacitors C, and C, are in parallel hence,
Voltage across C, = voltage across C, =20V



Change on capacitor C,,
q; =CyxV,=8x20=160uC
g, =750pnC —160pC = 590uC

Question175

A SuF capacitor is charged fully by a 220V supply. It is then
disconnected from the supply and is connected in series to another
uncharged 2.5nF capacitor. If the energy change during the charge
redistribution is -~ J then value of X to the nearest integer is

100
[NA Sep. 02, 2020 (I)]
Answer: 4

Solution:

Given, C, =5uF and V | =220 Volt

When capacitor C, fully charged it is disconnected from the supply and connected to uncharged
capacitor C,.

C,=2.5uF,V,=0

Energy change during the charge redistribution,

AU =U.-U =l&(v -V )2
i f 2C +C 1 2
1. 5x2.5
=_X 220—-0)"uJ
2 G525 ’u
5
= x 22 %22 x 100 x 10°%J
2x3
_SxUIX2D o4y _55%22 04
3 3
S1200, gty 21210, 1% 2 g1
According to questions, 100 =4x10>
“x=4

Question176



A 10 pF capacitor is fully charged to a potential difference of S0 V.
After removing the source voltage it is connected to an uncharged
capacitor in parallel. Now the potential difference across them
becomes 20 V. The capacitance of the second capacitor is :

[Sep. 02, 2020 (II)]

Options:
A. 15 uF
B. 30 uF
C.20 pF
D. 10 pF

Answer: A

Solution:

Given,
Capacitance of capacitor, C, = 10uF

Potential difference before removing the source voltage, V | =50V
If C, be the capacitance of uncharged capacitor, then common potential is

_10x50+0
20+C

=C = 15pF

Question177

Two electric dipoles, A, B with respective dipole moments d L= 4

qa i and E)B =-2qa i are placed on the x -axis with a separation R,

as shown in the figure
— R —

» - 2. ¢
A B

The distance from A at which both of them produce the same
potential is :
[10 Jan. 2019 1]




D. —

Answer: D

Solution:

Let at a distance ‘X’ from point B, both the dipoles produce same potential

—>R&E————

— 4 >

4qa 2qa
2293 _ 2qa

(R+x) (xz)
:\/X =R+x =>x= %
Therefore distance from A at which both of them produce the same potential
~ R p- VR

2 -1 2 -1

Question178

The electric field in a region is given by E = (Ax + B)? where E is in

N C ! and x is in metres. The values of constants are A = 20SI unit
and B = 10SI unit. If the potential at x =1is V , and that at x =-S5 is

V,,thenV -V, is:
[8 Jan. 2019 II]
Options:

A. 320V



B.-48V
C. 180V
D.-520V

Answer: C

Solution:

. —> A
Given, E =(Ax+B)i
orquadE =20x+10
Using V =JEdx, we have

1
Vz—V1=J5(20x+10)dx =—180V
orv, -V, =180V

Question179

The given graph shows variation (with distance r from centre ) of :

[11 Jan. 2019 1]

Options:

A. Electric field of a uniformly charged sphere

B. Potential of a uniformly charged spherical shell

C. Potential of a uniformly charged sphere

D. Electric field of a uniformly charged spherical shell

Answer: B

Solution:



Electric potential is constant inside a charged spherical shell.

Question180

A charge Q is distributed over three concentric spherical shells of
radii a, b, c(a <b < ¢) such that their surface charge densities are
equal to one another. The total potential at a point at distance r from

their common centre, where r < a, would be:
[10 Jan. 2019 1]

Options:

Q ab+bc+ca
" 12n€,  abc

B Q(a2+b2+c2)
4r €, (a3 +b+ c3)

Q

"4n € (atb+c)

D Q(a+b+c)

dme, (@b +cD)

Answer: D

Solution:

%

kQ, kQ, kQ,
a b c
Since surface charge densities are equal to one another

Potential at point P, V =



l.e.,6,=0, =0,

.'-Qa:Qb:QC:az:bZ:c2
.
“Qa_ I:az+b2+c2:|
_ b_]
% [a2+b2+02 N
2
Q= [a2+b2+cz]Q

v =_9 [ (atb+c) ]

47[60 az+b2+cz

Question181

Consider two charged metallic spheres S, and S, of radii R, and R,,
respectively. The electric fields E ,(on S ) and E ,(on S, ) on their
surfaces are such that E . /E , =R, /R, Then the ratio V (on
S,)/V ,(on 8§, ) of the electrostatic potentials on each sphere is:

[8 Jan. 2019 II]

Options:
A.R,/R,
B. (R,/R,)’

C.(R,/R)

3
1{1
Answer: B
Solution:

Electric field at a point outside the sphere is given by

E=_1Q s> Butp= Q
4m €T 2aR3
3




pR’
3 €, r2
At surfacer=R

Let p, and p, are the charge densities of two sphere.

R R
E1=hand E2=—pz 2
3¢, 3¢,
LB iR R,
E, MR, R,
This gives p, =p, =p
Potential at a point outside the sphere

Lgp_lf(.,p Q )

dre, v 3g,r 4 =

3
2 R 2 R 2

At surface,r=R V ~ pR° so, V|, _P% and szp_z

380 380 380
2
.'.L = ( & )
V2 RZ
Question182

There is a uniform spherically symmetric surface charge density at a
distance R from the origin. The charge distribution is initially at

rest and starts expanding because of mutual repulsion. The figure
that represents best the speed V (R(t)) of the distribution as a
function of its instantaneous radius R(t) is:

[12 Jan. 2019 1]

Options:

A.

V(R(t)
A

» R (t)



V(R(1))
A

R, R (1)

C.

V(R(1)
A

\%

a

Y

R, R (t)

D.

V(R(1))
A

A\

R R (1)

(4]

Answer: C

Solution:

Total energy of charge distribution is constant at any instant t.
U+K;=U +K.

2 2
ie, lmv2+KQ o KQ
2 2R 2R,



KQ' (1 1y _ VL_l

v \/ m (RO R) € R, R

Also the slope of V — R curve will go on decreasing.
Question183

Three charges Q, + q and + q are placed at the vertices of a right-
angle isosceles triangle as shown below. The net electrostatic energy
of the configuration is zero, if the value of Q is :

Q

+q +q

[11 Jan. 2019 1]

Options:

D.—-2q
Answer: B

Solution:



Net electrostatic energy for the system

Q
a av2
a
q q
U = K[q +Qq+§g]
=>q=—Q[1+\/L_2]
gV
Q-3
Question184

Four equal point charges Q each are placed in the xy plane at (0, 2),
4, 2), (4,—2) and (0, — 2). The work required to put a fifth charge Q
at the origin of the coordinate system will be:

[10 Jan. 2019 II]

Options:

Q
A4—(

o

Q@
B. 47t80(1+

Gl—
—

) 2\5758

D.Q_2

4me

Answer: B



Solution:

(02 $Q *Q(4, +2)

0,-2)1Q ", -2)

Potential at origin
_KQ_,.KQ_ KQ_.KQ
V"2 T2 "o Voo

. 1
and potential at o =0=K 1+ =
P 7 Q1+ )

2
~ Work required to put a fifth charge Q at origin W=V Q= 4Q—8 ( 1+ \/§)
TC

Question185

In the figure shown, after the switch ‘S’ is turned from position ‘A’
to position ‘B’, the energy dissipated in the circuit in terms of
capacitance ‘C’ and total charge ‘Q’ is:

A B
\
S
e J— _
C 3C
[12 Jan. 2019 1]
Options:
1Q°
A. 3C

[\S)

o
ool W
ol



NS

C.

ol in
al_

Q
D. 2%

AW

Answer: B

Solution:

Energy stored in the system initially

1 2
U.==CE
12

U -1Q _(CEY _1
£ 2Cc, 2x4C 2

[AsQ=CE, and Ceq=4C]

CE?
4

_lep2y3 23cp2 232
AU—ECE 1 8CE 5 C
Question186

A parallel plate capacitor with plates of area 1m’ each, are at a
separation of (0.1m. If the electric field between the plates is
100N /C, the magnitude of charge on each plate is :

(Take €, =8.85x10 2 )

N -M

[12 Jan. 2019 II]
Options:

A.7.85x 10 '°C

B. 6.85x 10 '°C
C.8.85x10 '°C

D.9.85x 10 '°C

Answer: C

Solution:



~Q=¢, E.A =885x10 "?x100x
8.85x 10 '°C

Question187

In the circuit shown, find C if the effective capacitance of the whole
circuit is to be 0.5 pF. All values in the circuit are in pF

(F |2f
Av— | ||

2= 20 o gl

[12 Jan. 2019 11]
Options:

A. LuF

B. SuF

C. 4uF

D.-LuF

Answer: A

Solution:



wel

=14C=7+3C

7
=C=—uF
T

Question188

In the figure shown below, the charge on the left plate of the 10 pF
capacitor is —30nC. The charge on the right plate of the 6uF
capacitor is :

< =
10 uF 2uF

4 puF

[11 Jan. 2019 I]
Options:
A.-12C

B. +12 pC

C.-18 puC



D. +18 uC

Answer: D
Solution:
6uF
30uC "
—I |+ < -1+ : — | |+
|OpF 2uF
4uF
As given in the figure, 6uF and 4uF are in parallel. Now using charge conservation

Charge on 6uF capacitor = 6?4 x30=18uC

Since charge is asked on right plate therefore is +18uC

Question189

Seven capacitors, each of capacitance 2uF , are to be connected in a

configuration to obtain an effective capacitance of (% ) uF . Which

of the combinations, shown in figures below, will achieve the desired
value?
[11 Jan. 2019 II]

Options:

A.

%\ H—
Ny




HHHF

/N
NV

|HHF—

¢

A

Answer: (

|4

IHHHHF

Solution:

As required equivalent capacitance should be
6
=2 uF
Coa ™ 13"
Therefore three capacitors must be in parallel and 4 must be in series with it.

1 [L] + [i+l+l+l]
Ceq 3C CcC C C C
eq ﬁ
So, desired combination will be as below:

N

Question190

6
— F[asC=2 F
s uF ]




A parallel plate capacitor having capacitance 12 pF is charged by a
battery to a potential difference of 10 V between its plates. The
charging battery is now disconnected and a porcelain slab of
dielectric constant 6.5 is slipped between the plates. The work done
by the capacitor on the slab is:

[10 Jan. 2019 II]

Options:

A. 692 pl
B. 508 pJ
C. 560 pJ
D. 600 pJ

Answer: B

Solution:

W =—-Au

€’ _ (o)’
.y 2kc 2¢

Question191

A parallel plate capacitor is of area 6cm” and a separation 3mm. The
gap is filled with three dielectric materials of equal thickness (see
figure) with dielectric constants K, =10, K, =12 and K ; = 1(4) The

dielectric constant of a material which when fully inserted in above



capacitor, gives same capacitance would be:

|

K, |3 mm

|

K, | K,

[10 Jan. 2019 1]
Options:

A. 4

B. 14

C.12

D. 36

Answer: C

Solution:

Let dielectric constant of material used be K.

k€A KEA kEA kEA

d d d - d

10€,A/3 12€,A/3 14€,A/3 K € A
or + + =

d d d d

_A(_O 12, _4): €A

d 3 3 3 d

~K =12
Question192

A parallel plate capacitor is made of two square plates of side ‘a’,
separated by a distance d (d < < a). The lower triangular portion is
filled with a dielectric of dielectric constant K, as shown in the



figure. Capacitance of this capacitor is:
/ d

K /
4|

- d >

[9 Jan. 2019 1]

Options:

2
KEOa

A. 2d(K +1)

KEOa2
"d(K —1)

B In K

2
Keoa
d

C. InK

Answer: B

Solution:

L1
T3,

X dx
«— >

I

From figure, ¥ = d y= ix
X a a

_d Il _ y d-y
dy=—@d — = +

y a( X):'dc Kgoadx soadx
dc soabx k y
fdc=f soadx

T,
Kk y



C=¢g,a.

d d
.[ J
0 0

)
g L)

2 d+d(Ll-1

:(liokidln( gk ))
k€,a® 1y keE,a’lnk

NETIA

B k- 1)d

(SN ES

Question193

A parallel plate capacitor with square plates is filled with four
dielectrics of dielectric constants K ., K ,, K 3 K, arranged as shown

in the figure. The effective dielectric constant K will be:

|
I
K, 1 K, | L2
I
_— e d e I
I
I
Kt Kol
|
+~d/2><«d/2—~
[9 Jan. 2019 II]
Options:
(K, +K)K,+K))
AK — 1 3 2 4
K, +K,+K,+K,
_ (KK )K,;+K )
B.K ~2(K,+K,+K,+K))
K, +K)K,+K))
C. K =1 )3 4
K,+K,+K,+K,
DK = (K1+K4)(K2+K3)

2K, +K,+K,+K )

E. (Bonus)



Answer: E

Solution:

_|k' kf_
kikl2 G G
ks kyil/2 k, Kk
T —F—
G G
G
11
LB
| = ]
il Ca
G,
L L
k €5 xL Kk, EOEXL]
C._ = GG, d/2 - d/2
2 C,+C L
1 2 e LxL
02
(k, +k,) 173
2
o = kik &L
12k, +k, d
in the same way we get,
2
C =&i
¥l +k, d
kk, kk, 1€L°
. - — 172 374 0 ;
"Ceq_C12+C34 - [k1+k2+k3+k4 q (I)
Now if k= ke, L2
owitk, =K,C, = T (ii)

on comparing equation (i) to equation (ii), we get
_ kK (k; +k,) +kk,(k, +k,)
cq (k, +k,)(k; +k,)
This does not match with any of the options so this must be a bonus.

Question194

A point dipole =7 — pO>A< kept at the origin. The potential and electric

field due to this dipole on the y-axis at a distance d are, respectively :
(Take V = 0 at infinity)
[12 April 2019 1]



‘ ‘
p

A. 5 3
dme,d” dmeyd

—

B.0, P
4n80d

—

C.0, L.
4med

— =
P»l D

D. 5
4me,d 4 d

3

Answer: B

Solution:

The electric potential at the bisector is zero and electric field is antiparallel to the dipole moment.

R —
v =0ana ¥ =L (2]
4me, \ d

Question195

A uniformly charged ring of radius 3a and total charge q is placed in
xy-plane centred at origin. A point charge q is moving towards the
ring along the z-axis and has speed v at z = 4a. The minimum value

of v such that it crosses the origin is :
[10 April 2019 I

Options:

7 4 ) 1/2
<« 2 _q

A. \/1’1’1(15471388.)
»
¢ Y2 (;

B [0
—_

3 [
—_——
U1|N
?—l
m I\)
QJ
~——
<
&)



—_ ) 1/2
D \/2 1.9
) m 154n80a

Answer: C

Solution:

Kq
VR2+72

Potential at any point of the charged ring vV, =

+q,

Z =4a
1 = \/R2+22=5a

The minimum velocity (v,) should just sufficient to reach the point charge at the center, therefore

1
Emvo2 =q[V .~ V]

_ [ﬁ_@

d 3a 5a

2 _4Kq_4 1 g
15ma 154n80ma

_ 1
2 2q° )E
e {2
Yo m(15X4neoa

0

Question196

A solid conducting sphere, having a charge Q, is surrounded by an
uncharged conducting hollow spherical shell. Let the potential
difference between the surface of the solid sphere and that of the
outer surface of the hollow shell be V. If the shell is now given a
charge of — 4 Q, the new potential difference between the same two

surfaces is :
[8 April 2019 1]



Options:
A. -2V
B.2V
C.4V
D.V

Answer: D

Solution:

When charge Q is on inner solid conducting sphere

.|_Q

Electric field between spherical surface E) = K—ZQ Sofg .dT =V given
r

Now when a charge — 4Q is given to hollow shell

-3Q

Electric field between surface remain unchanged.
E’ _K

2
as, field inside the hollow spherical shell =0

-~ Potential difference between them remain unchangedi.e. IE) dT =V

Question197



In free space, a particle A of charge 1 nC is held fixed at a point P.
Another particle B of the same charge and mass 4 mg is kept at a
distance of 1 mm from P. If B is released, then its velocity at a

distance of 9 mm from Pis : | Take ﬁ =9 x 109Nm2C_2

0

[10 April 2019 II]
Options:

A.1.0m/s
B.3.0x10'm/s

C.2.0x10°m/s

D. 1.5 % 10°m/s

Answer: C

Solution:

Using conservation of energy
_ 12
U i U F + EmV
kq,9, _kajq, , 1 2
r T

1 2

:%mVZqulqz[r—ll—é]
V2= 2kq1q2|:l_i:|
m I‘1 1'2
2x9x10°x 107"
C 4x10°x107°

v=2x10’m/s

[1—%] —4x10°

Question198

A system of three charges are placed as shown in the figure:

T




If D > > d, the potential energy of the system is best given by
[9 April 2019 1]

Options:

A. 1 -_qz_QQd:I

1 [_q_qQd ]
D. A=
47t€0 i d D2 ]

Answer: D
Solution:
U:41 [q(dq)+ qQ n (q)Q ]
nE
(p+5) (p-3)
4n€ [ ] gnorlng—
Question199

A positive point charge is released from rest at a distance r, from a

positive line charge with uniform density. The speed (v) of the point
charge, as a function of instantaneous distance r from line charge, is
proportional to :



"1 }"0

[8 April 2019 I1]

Options:

+r/T
A.vxe °

B. vV x \/m(

C.Vocln(i)

)
rO
T

D. v (ri)

Answer: B

(=]

(=]

Solution:

Using, [K +U L =[K +U];

i
0r0+Vq=nn2+Vq
or mv’ = (V-V')q

o,
|

_ A

:—qIEdrzqf

0

r
=v X In—
Iy

A
rOZTEEOr

2nEO

(

In’

Ty

)

Question200



Two identical parallel plate capacitors, of capacitance C each, have
plates of area A, separated by a distance d . The space between the

plates of the two capacitors, is filled with three dielectrics, of equal
thickness and dielectric constants K |, K, and K ;. The first

capacitors is filled as shown in Fig. I, and the second one is filled as
shown in Fig. II.

If these two modified capacitors are charged by the same potential
V, the ratio of the energy stored in the two, would be (E .. refers to

capacitors (I) and E , to capacitors (11):

MY 77

(I (D

[12 April 2019 1]
Options:

A.

E1_ K1K2K3

E, (K,+K,+K,)(K,K,+K,K, +K K,
B.

El — (K1+K2+K3)(K2K3+K3K1+K1K2)
EZ K1K2K3

C.

E, 9K K K,

E2 (Kl+K2+K3)(K2K3+K3K1+K1K2)
D.

E1 B (Kl+K2+K3)(K2K3+K3K1+K1K2)
E, 9K KK,

Answer: C

Solution:



1 _d/3 n d/3 n d/3
C1 k180A kzsoA k3sOA
3k1k2k380A
d (klk2 + 1<2k3 + k3k1)
_ klso(A/3) N kzso(A/3) +k3eo(A/3)
2 d d d
B (k1 + k2 + k3)80A
a 3d
1 2
§C1V

oRY

orC1=

U,
U2 2

eyl
N =

1 9K KK,

E_z (KK, KKK KK +K(K)

Question201

In the given circuit, the charge on 4 pF capacitor will be :
1 uF
4 ur

5uF

3 uF

[12 April 2019 1]
Options:

A. 5.4 uF

B. 9.6 uF

C. 13.4 uF

D. 24 uF

Answer: D

Solution:



— 10V —

and 4V =6V,
On solving above equations, we get
V, =6V

Charge on 4pf
q=CV , =4x6=24uC

Question202

Figure shows charge (q) versus voltage (V) graph for series and
parallel combination of two given capacitors.
The capacitances are :

q(ue 4 A
500-—-;%’ B
/| f__,e*""
80 -;f-:’:’
LA >
10V V(Volp)

[10 April 2019 1]
Options:

A. 40 pF and 10 pF
B. 60 uF and 40 pF

C. 50 pF and 30 puF



D. 20 pF and 30 pF

Answer: A

Solution:

Equivalent capacitance in series combination (C’) is given by

c.C
111 0 &%
c C C, C,+C,
For parallel combination equivalent capacitance
C"=C,+C,
For parallel combination
q=10(C,+C,)
q, =500uC

500 = 10(C, +C,)

C,+C,=50uF ....(I)

For Series Combination—
CICZ

(C,+C)

q,=10

C,C, . .
80 = IOT From equation ....(ii)

C, C,=400 ........ (iii)
From equation (i) and (ii)
C, = 10uF C, = 40puF

Question203

A capacitor with capacitance SuF is charged to 5 nC. If the plates
are pulled apart to reduce the capacitance to Z%F , how much work

is done?
[9 April 2019 1]

Options:

A.6.25%x10°°J
B.3.75%10 °J
C.2.16x10°°J

D.2.55%x 10"



Answer: B

Solution:

co -y =9(L_1
@70V 2(cf ci)
_(X10Y (1 1Y) o 106
- (35) <0
=3.75x10 %

Question204

Voltage rating of a parallel plate capacitor is 500 V. Its dielectric can

withstand a maximum electric field of 10° V/m. The plate area is

10 m” . What is the dielectric constant if the capacitance is 15 pF ?
. 12,2 2

(given " =8.86 x 10 “C"/Nm")

[8 April 2019 I

Options:
A.3.8
B. 8.5
C.4.5
D. 6.2

Answer: B

Solution:

Capacitance of a capacitor with a dielectric of dielectric constant k is given by
c- k€,A

+E =

d

\V4 k €, AE

Y .C=

d v

_kx886x10 2 x10*x10°
500

15%x10 2
k=85




Question205

A parallel plate capacitor has 1uF capacitance. One of its two plates
is given + 2nC charge and the other plate, +4puC charge. The
potential difference developed across the capacitor is :

[8 April 2019 II]

Options:
A.3V
B.1V
C.5V
D.2V

Answer: B

Solution:

Question206



Three concentric metal shells A, B and C of respective radii a, b and
¢ (a <b <c¢) have surface charge densities +6,—c and + ¢
respectively. The potential of shell B is:

[2018]

Options:

A2
o

B.

dMa
o

dMa
on

2 2
D ﬂlb —¢ +a]
'EO C
Answer: B

Solution:

Potential outside the shell, V ~-KQ

outside r
where r is distance of point from the centre of shell

e _KQ
Potential inside the shell, V... = =

where 'R" is radius of the shell




_Kaq, Kaz Kqc

Vs T Ty Lo
_ 1 [cs4na2_64nb2 +c547tc2
B 4ne,l b b c
2.2
NRYESE
o
Question207

A parallel plate capacitor of capacitance 90 pF is connected to a
battery of emf 20V. If a dielectric material of dielectric constant

k= g is inserted between the plates, the magnitude of the induced

charge will be:
[2018]

Options:

A.12nC
B.03nC
C.24nC
D.09nC

Answer: A

Solution:

Charge on Capacitor, Q. = CV
After inserting dielectric of dielectric constant =K Q; = (kC)V
Induced charges on dielectric
Qg =Q~Q; =KCV =CV
5

(K —1)CV = (g—l) x 90pF x 2V =1.2nc

Question208



In the following circuit, the switch S is closed at t = 0. The charge on

the capacitor C, as a function of time will be given by (Ce q" Ccfé )
1 2

C, C,

S

/ {b——
E R

[Online April 16, 2018]
Options:
A.C_E[l-exp(-t/RC,)]
B. C,E[1—exp(—tR/C,)]

C. C,E [1—exp(-t/RC,)]
D.C,E exp(~t/RC,)

Answer: A

Solution:

Ceq
—|

E R
During charging charge on the capacitor increases with time. Charge on the capacitor C, as a
function of time,

Q=Qyl-¢ ™)
Q _ Cqu [1 _ e—t/RCCq]



(+Qy=CeiE)

Both capacitor will have charge as they are connected in series .

Question209

The equivalent capacitance between A and B in the circuit given

below is:
6 uF

||j__]_=

S uF uF L 4ur
u -I- T — 4 puF

2uF —

[Online April 15, 2018]
Options:

A.4.9 uF

B. 3.6 uF

C.5.4 uF

D. 2.4 uF

Answer: D

Solution:

The simplified circuit of the circuit given in question as follows:

6uF ¢ 2uF [ g 4uF

Ae (| » || 1 o B
|- — —
SuF 2ukF
SuF

The equivalent capacitance between C&D capacitors of 2uF , SuF and 5uF are in parallel.
~Cep=2+5+5=12pF (because In parallel grouping Ceq =C,+C,+..... +C,)



Similarly equivalent capacitance between E & BC,; =4+2 = 6uF

Now equivalent capacitance between A&B
1 1,1 1_5

C, 6 26 12
=C_=-—==24uF (~ In series grouping,

Question210

A parallel plate capacitor with area 200cm” and separation between
the plates 1.5cm, is connected across a battery of emfV. If the force

of attraction between the plates is 25 x 10 °N , the value of V is
approximately.

N .m

(80 =8.85x 102 )
[Online April 15, 2018]
Options:
A. 150V
B. 100V
C. 250V
D. 300V

Answer: C

Solution:

Given area of Parallel plate capacitor, A = 200cm’
Separation between the plates, d = 1.5cm

Force of attraction between the plates, F =25 x 10 °N
F =QE

- QO llel plate = O =
F 2AEO( due to parallel plate 7€, A2€0)




1.
|I
V
€ AV
ButQ=CV = Od( )
LR (€,AV )’
d?x2A€,

_ (E,A XV (EA)xV?
d*x2x(Ag)  d’x2
_(8.85x10 ) x(200x 10 ) x V?
2.25%10 *x2
v - \/ 25x10 °x225x10 *x2
8.85x10 ¥ x200x 10

or,25x10°¢

=250V

Question211

A capacitor C, is charged up to a voltage V = 60V by connecting it
to battery B through switch (1), Now C, is disconnected from

battery and connected to a circuit consisting of two uncharged
capacitors C, =3.0pF and C; = 6.0nF through a switch (2) as

shown in the figure. The sum of final charges on C, and C; is:

[Online April 15, 2018]
Options:

A. 36puC



B. 20uC
C. 54uC
D. 40uC

Answer: A

Solution:

The sum of final charges on C, and C, is 36 uC

Question212

There is a uniform electrostatic field in a region. The potential at
various points on a small sphere centred at P, in the region, is found
to vary between in the limits 589.0 V to 589.8 V. What is the
potential at a point on the sphere whose radius vector makes an
angle of 60° with the direction of the field ?

[Online April 8, 2017]

Options:

A. 5895V
B.589.2V
C.5894V
D. 589.6 V

Answer: C

Solution:

Potential gradient is given by,

AV =E .d

0.8 = E d (max)

AV =Ed cos0=0.8 xcos60 =0.4

Hence, maximum potential at a point on the sphere =589.4V




Question213

A capacitance of 2 uF is required in an electrical circuit across a
potential difference of 1.0 kV. A large number of 1 pF 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

[2017]

Options:
A.24

B. 32
C.2

D. 16

Answer: B

Solution:

To get a capacitance of 2uF arrangement of capacitors of capacitance 1uF as shown in figure 8
capacitors of 1uF in parallel with four such branches in series i.e., 32 such capacitors are required.

1

2 HH

=
T

oLy =

3

1000V

BIIF 8UF BUF BUF
ll |_”_

—p i—i 1—.‘ —
250V 250V 250V 250V

Question214



A combination of parallel plate capacitors is maintained at a certain
potential difference.

C, ¢ C G
| |
I I

:[?EH—-’—-B

When a 3 mm thick slab is introduced between all the plates, in
order to maintain the same potential difference, the distance
between the plates is increased by 2.4 mm. Find the dielectric
constant of the slab.

[Online April 9, 2017]

—»
A D

Options:
A.3
B. 4
C.5
D.6

Answer: C

Solution:

g A
Before introducing a slab capacitance of plates C, = OT

>

Ke A
%™ then C, = %

If a slab of dielectric constant K is introduced between plates then C = 2




C, and C, are in series hence,

3k=2.4k+3

0.6k =3

Hence, the dielectric constant of slap is given by
_ 30

k= 22 =
6

Question215

The energy stored in the electric field produced by a metal sphere is
4.5 J. If the sphere contains 4 uC charge, its radius will be : [Take :

1 =9x10°N —m*/C’]

;gonline April 8, 2017]
Options:

A. 20 mm

B. 32 mm

C. 28 mm

D. 16 mm

Answer: D

Solution:

QZ
Energy of sphere = 2C

_16x10 "7
2C

_16x10 "2
9

_16x10 "2
9

4.5

C = 4ne R (capacity of spherical conductor)

R < ldme, w1 =9 10°

TESO

16, 10 2= 16mm

=9 x 10’ x
9




Question216

Within a spherical charge distribution of charge density p(r), N
equipotential surfaces of potential
Vi VeTAV,V +2AV, ... .V, tNAV (AV >0), are drawn and

have increasing radii ry, r;, ry, ........ . Iy » respectively. If the
difference in the radii of the surfaces is constant for all values of V 0

and AV then :
[Online April 10, 2016]

Options:
A. p(r) = constant

1
B. p(r) x 2

C. p(r) x %

D. p(r) «<r
Answer: C

Solution:

v vy T 2AV

Y

As we know electric field, E = %

E = constant . dv and dr same
E = K_zd) =c

r

:>~(1)0<r2



n¢=[panr’dr
0

pcl
r

Question217

The potential (in volts) of a charge distribution is given by

V (z) =30—52" for |z] < Im

V(z)=35-10|z| for |z| = 1m

V (z) does not depend on x and y. If this potential is generated by a
constant charge per unit volume p0 (in units of g, ) which is spread

over a certain region, then choose the correct statement.
[Online April 9, 2016]

Options:

A. p, = 20g, in the entire region
B. p, = 10¢g, for |z| < Im and p, = 0 elsewhere
C. p, = 20g, for |zl < 1 m and p, = 0 elsewhere
D. p, = 40¢, in the entire region

Answer: B

Solution:

—-dv
LS4y T 10[z]
Y2= _él—rv =10 (constant: E )

=~ The source is an infinity large non conducting thick plate of thickness 2m.

2107 . 10A=P-AXZ
€

r, = 10¢, for |z| < Im.

Question218



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 4 uF and 9 uF
capacitors), at a point distance 30 m from it, would equal :

3u F

4u F

Ou F

——

2u F

[2016]
Options:
A. 420 N/C
B. 480 N/C
C. 240 N/C
D. 360 N/C

Answer: A

Solution:

—

T

4pF C =

4
— |

uF  12uF=C,

=L Jg

= :

2uF

8V

L
i

8V
12

Chargeon C,isq, = [ (

The voltage across Cp isV

4+ 12

P

| x8] x4=24nC

4
4+12

x8=2V

= Voltage across 9uF is also 2V



~ Charge on 9uF capacitor =9 x2 = 18uC
=~ Total charge on 4uF and 9uF =42uC

KQ 9 42x10° -1
fBE=2d=09x10"x 22212 =420NC
2 30 x 30

Question219

Figure shows a network of capacitors where the numbers indicates
capacitances in micro Farad. The value of capacitance C if the

equivalent capacitance between point A and Bis to be 1 pF is :
C |
Ae—| ||

8 6 _— —

_—|_ +B

[Online April 10, 2016]

;_I
[ o |
o ——

Options:

A. QHF

B. 3LuF

D. 2,F
Answer: A

Solution:

Capacitors 2uF and 2uF are parallel, their equivalent = 4uF
o6uF and 12uF are in series, their equivalent = 4uF

Now4 puF (2 and 2uF ) and 8uF in series = %pF
And 4uF (12 &6 pF) and 4pF in parallel =4 +4 = 8uF

8uF in series with 1uF = %4‘ 1= gpF



8 ,8_32
=—_—_4 ===
NowCeq 573"
T )
Ceq of circuit = 5
. 1 1,9 32
WithC-—==-+Z=1=C=2=
et TCm 23
Question220

Three capacitors each of 4 uF are to be connected in such a way that
the effective capacitance is 6pF. This can be done by connecting
them :

[Online April 9, 2016]

Options:

A. all in series

B. all in parallel

C. two in parallel and one in series
D. two in series and one in parallel

Answer: D

Solution:

To get effective capacitance of 6 uF two capacitors of 4 uF each connected in series and one of 4
MF capacitor in parallel with them.
4uk 4ul
|| [
I I

1

I
4uF
Two capacitances in series

C C C 4 4 2
capacitor in parallel
.-.Ceq=C3+C=4+2=6uF

Question221



A uniformly charged solid sphere of radius R has potentia! V |

(measured with respect to « ) on its surface. For this sphere the

5V, 3V,

2y
0 o
» = 7 and -* have radius

equipotential surfaces with potentials —
R,, R,, R; and R respectively. Then
[2015]

Options:

A.R;=0and R, <(R,—R;)
B.2R=R,
C.R,=0andR,>(R,—R))
D.R,#0and (R,—R))>(R,—R;)
Answer: A

Solution:

We know, V , = I;q V surface
Now, V. = R43R2- ) [Forr<R]
' oR?

At the centre of sphare r=0. Here V = %V 0

U
R
[

2 ~[2

T R= AW
|l

=|7 = |7 S1=
Ne wlao

N

=

Also, R, =0 and R, <(R,—~R,)

Question222



An electric field E = (25? + 303)N C ! exists in a region of space. If
the potential at the origin is taken to be zero then the potential at
X=2m,y=2mis:

[Online April 11, 2015]

Options:

A.—-110J
B.-1401J
C.-1201]
D.-1301J

Answer: A

Solution:

dv
dx
Potential at the point x =2m, y =2m is given by :

A% 2,2
JdV =—1] (25dx+30dy)
0 0

As we know, E =—

on solving we get, V =-110 volt.

Question223

In the given circuit, charge Q, on the 2uF capacitor changes as C is
varied from 1pF to 3uF. Q, as a function of 'C' is given properly by:
(figures are drawn schematically and are not to scale)

| |
| luF p—
C
2uF
|
Il
E

[2015]



Options:

A.
A Charge
Q: /
: S
| uF 3uF
B.
} Charge
Qz ]
IuF WF C
C.
$ Charge
Qz /
: : .-
1uF 3uF




: -
P
———— =
\ uﬁﬁ
o

Q,
> C
IuF 3uF
Answer: D
Solution:
Q, I uF
Q 1
—— >— —
C
*—I |—
N
Q, 2uF
L
From figure, Q, = 2leQ = %Q
_ = (Cx3
Q=E ( C+3 )
.~ _2(3CE\ _2CE
"Q2_§(C+3) C+3
Therefore graph d correctly depicts.
A Charge
|
|
|
|
|
|
I |
| |
L | > C




Question224

In figure a system of four capacitors connected across a 10 V battery
is shown. Charge that will flow from switch S when it is closed is :

2uF 5 3pF

] ‘L!I—

S

)

|
3uF b ouF

[
10V

[Online April 11, 2015]

Options:
A.5uCfrombtoa
B.20 uC fromatob
C. zero

D.5uC fromatob

Answer: A

Solution:



when switch is closed

—-10
| 51

| =47

5V

5V

—-15C
When switch is open

—-12
| ST

43—

+12

10 C

| = 1
6V

4V
|

LY L]
L]
- ' L]
- -
il L]
- -
L] L]
- -
-

4V

6V
ST |
I

I I
—12 C

o
+12 C

Charge of Spc flows from b to a




Question225

Assume that an electric field E = 30x%i exists in space. Then the
potential difference V , —V ,, where V  is the potential at the origin

and V , the potential at x =2m is:
[2014]

Options:

A. 120J/C
B.-120J/C
C.-801J/C
D. 80J/C

Answer: C

Solution:

Potential difference between any two points in an electric field is given by,
- —
dV =—-E .dx



\%

A 2 )
[ dv =-]30x*dx
Vo 0

V ,—V,=-110x"] =—80J /C

A

Question226

A parallel plate capacitor is made of two circular plates separated by
a distance Smm and with a dielectric of dialectric constant 2.2
between them. When the electric field in the dielectric is

3x10*V /m the charge density of the positive plate will be close to:
[2014]

Options:
A.6x10'C/m’
B.3x 10 'C/m’
C.3x10°C/m’

D. 6 x 10°C/m”

Answer: A

Solution:

Electric field in presence of dielectric between the two plates of a parallel plate capaciator is given
by,

= L

Keg,

Then, charge density
c=Kg,E
=22%x885x10 *x3x10*
~6x 10 'C/m’

Question227

The gap between the plates of a parallel plate capacitor of area A
and distance between plates d, is filled with a dielectric whose



permittivity varies linearly from €, at one plate to €, at the other.

The capacitance of capacitor is:
[Online April 19, 2014]

Options:

A. € (g, Te))A/d

B. €,(€,+€,)A/2d

C. €,A/[d In(e/€))]

D. €,(€,~€))A/[d In(€/€))]

Answer: D

Question228

The space between the plates of a parallel plate capacitor is filled
with a 'dielectric' whose 'dielectric constant' varies with distance as
per the relation:

K (x) =K +2Ax(A =a constant )

The capacitance C, of the capacitor, would be related to its vacuum
capacitance C, for the relation :

[Online April 12, 2014]
Options:
Ac=_M

- In(1+K d) ©

_ A
B.-C=3 .1n(1+Koxd)Co

_ d
C.C In(1+Ad /K ) ©




_ A
D.C=5 In(1 +K0/xd)Co

Answer: C

Solution:

The value of dielectric constant is given as,
K =K, +ix
d

d
And, V ZIEdr::»V =f£dx
o K

d
=c] dx——an +Ad)—1nK
K x) 7, Ln )~ InK ]

=9 +E

(1
Now it is given that capacitance of vacuum = C, .
Thus, C= 2

us, C v
= GV—S( Let surface area of plates =s)
___ oS

c Ad

Xln( 1 +K—0)
_ . d 1 : _
=s\. E—( winvacuumeg,=1)

In (1+ﬁ)
0
ch.CO( here, Cozi)
Ad d
In 1+—)
KO

Question229

A parallel plate capacitor is made of two plates of length 1 width w
and separated by distance d. A dielectric slab (dielectric constant K
) that fits exactly between the plates is held near the edge of the

plates. It is pulled into the capacitor by a force F = a_ where U is

the energy of the capacitor when dielectric is inside the capacitor up
to distance x (See figure). If the charge on the capacitor is Q then the



force on the dielectric when it is near the edge is :

7

€ x>

v

«—d->
[Online April 11, 2014]

Options:

A Qd g

2
2wl €,

2
B. Y2 (K —1
2d1280( )

c. L4 (K -1
20l %,

2
D. QW g

Answer: C

Question230

Three capacitors, each of 3 uF, are provided. These cannot be
combined to provide the resultant capacitance of:
[Online April 9, 2014]

Options:



A.1pF
B.2 uF
C.4.5 uF
D. 6 pF
Answer: D

Solution:

Possible combination of capacitors

(i) Three capacitors in series combination
Il

I

3pF IuF IuF
11,11
C, 3 3 3
q
1
&— = 1uF
C u

3uF

C, =3+3+3=9uF
q

(iii) Two capacitors in parallel and one is in series

Tl
11

3uF

Il
IuF

Ceq =2uF

(iv) Two capacitors in series and one is in parallel

Ceq =4.5uF

Question231



Consider a finite insulated, uncharged conductor placed near a finite
positively charged conductor. The uncharged body must have a

potential :
[Online April 23, 2013]

Options:

A. less than the charged conductor and more than at infinity.
B. more than the charged conductor and less than at infinity.
C. more than the charged conductor and more than at infinity.
D. less than the charged conductor and less than at infinity

Answer: A

Solution:

The potential of uncharged body is less than that of the charged conductor and more than at
infinity.

Question232

Two small equal point charges of magnitude q are suspended from a
common point on the ceiling by insulating mass less strings of equal
lengths. They come to equilibrium with each string making angle 0
from the vertical. If the mass of each charge is m, then the
electrostatic potential at the centre of line joining them will be

1
(4n€0 _k)

[Online April 22, 2013]

Options:

A. 2Vkmg tan 0
B. Vkmg tan 0
C. 4Vkmg/tan 0



D. Vkmg/tan 0

Answer: C

Solution:

In equilibrium, F_=T sin6
mg=T cosO

F q
tanez_ez—z
Mg 4m €,x" x mg

x— \/ ¢
4m €, tan O mg
Electric potential at the centre of the line
_kq  kq_ , g————=
v="L+X=y
x/2 x \/kmg/tane
2

Question233

A point charge of magnitude + 1 pC is fixed at (0, 0, 0). An isolated
uncharged spherical conductor, is fixed with its center at (4, 0, 0).
The potential and the induced electric field at the centre of the
sphere is :

[Online April 22, 2013]

Options:
A.1.8x10°V and —5.625 x 10°V /m

B. 0V and OV /m



C.2.25%10°V and —5.625 x 10°V /m
D.2.25%10°V and OV /m

Answer: C

Solution:

q=1uC=1x10"°C
r=d4em=4x10’m

Potential V == ==——+— =225x 10°V .

_9x10°x1x10°

—— =-5.625x10°V /m
16 % 10

Question234

Statement 1 : No work is required to be done to move a test charge
between any two points on an equipotential surface.

Statement 2 : Electric lines of force at the equipotential surfaces are
mutually perpendicular to each other.

[Online April 25, 2013]

Options:

A. Statement 1 is true, Statement 2 is true, Statement 2 isthe correct explanation of
Statement 1.

B. Statement 1 is true, Statement 2 is true, Statement 2 isnot the correct explanation of
Statement 1.

C. Statement 1 is true, Statement 2 is false.
D. Statement 1 is false, Statement 2 is true.

Answer: C

Solution:



The work done in moving a charge along an equipotential surface is always zero.
The direction of electric field is perpendicular to the equipotential surface or lines.

Question235

A parallel plate capacitor having a separation between the plates d,
plate area A and material with dielectric constant K has capacitance
C, - Now one-third of the material is replaced by another material

with dielectric constant 2K, so that effectively there are two
capacitors one with area %A, dielectric constant 2K and another

with area %A and dielectric constant K. If the capacitance of this

new capacitor is C then CQO is
[Online April 25, 2013]
Options:

Al

4

B. 3
2

C. 3
1

D. 3

Answer: B

Solution:

o k€2 KEA 4ke A
3d 3d 3 d
4k €)A
3 d _4
3

2L
C, kEA

d




Question236

To establish an instantaneous current of 2 A through a 1 pF
capacitor ; the potential difference across the capacitor plates should
be changed at the rate of :

[Online April 22, 2013]

Options:

A.2x10%V/s
B.4x10°V/s
C.2x10°V/s

D. 4x10*V/s

Answer: C

Solution:

Question237

A uniform electric field E exists between the plates of a charged
condenser. A charged particle enters the space between the plates

and perpendicular to E . The path of the particle between the plates
isa:
[Online April 9, 2013]

Options:
A. straight line

B. hyperbola



C. parabola
D. circle

Answer: C

Solution:

When charged particle enters perpendicularly in an electric field, it describes a parabolic path

_1(QE) (x)?
Y 2( m )(4)
This is the equation of parabola

N A A A

Y /E

s [P, lY)

u X
K >
Question238

A charge of total amount Q is distributed over two concentric hollow
spheres of radii r and R (R > r) such that the surface charge
densities on the two spheres are equal. The electric potential at the

common centre is
[Online May 19, 2012]

Options:

A. 1 R—1nQ

4ms,, (RZ + rz)

B. L (R+nQ
" dme 2R+ 17

C. 1 R+1Q

Ane, (R + 1)

D _L (R-1Q

4ne, 2(R2 + rz)




Answer: C

Solution:

Let q, and q, be charge on two spheres of radius t" and ' R ' respectively

As,q,+tq,=Q
and o, = o, [Surface charge density are equal]
A T

rar® 4nR?
So, q, = Qr s and g, = QR

R*>+r R*+
Now, potential, V = [q— q—]
r R

_1[.Q . QR ]
dne, | R2+72 RE+r
_QR+1) 1

Question239

The electric potential V (x) in a region around the origin is given by

Vx)= 4x” volts. The electric charge enclosed in a cube of 1m side

with its centre at the origin is (in coulomb)
[Online May 7, 2012]

Options:
A. 8g,

B. —4g
C.0

D. —8¢,
Answer: C

Solution:

Charges reside only on the outer surface of a conductor with cavity.



Question240

An insulating solid sphere of radius R has a uniformly positive
charge density p . As a result of this uniform charge distribution
there is a finite value of electric potential at the centre of the sphere,
at the surface of the sphere and also at a point outside the sphere.
The electric potential at infinite is zero.

Statement -1 When a charge q is taken from the centre to the

surface of the sphere its potential energy changes by L,
0

Statement -2 The electric field at a distance r(r < R) from the centre
of the sphere is 2.

3g,
[2012]
Options:

A. Statement 1 is true, Statement 2 is true; Statement 2 is not the correct explanation of
statement 1.

B. Statement 1 is true Statement 2 is false.
C. Statement 1 1s false Statement 2 1s true.

D. Statement 1 is true, Statement 2 is true, Statement 2 is the correct explanation of
Statement 1

Answer: C
Solution:
The potential energy at the centre of the sphere U = %KTQq

The potential energy at the surface of the sphere U = %



Now change in the energy
AU =U _-U|

:KQQ[Q_I] ~KQq

R L2 2R

4

Where Q=p.V =p.§nR3
_ 2K nR’pq
3 R

AU = 2x_L_mR’pq

3 4ne;, R

2

AU =Rpq

6€,
Using Gauss's law

AU

- —
JE .dA = den

4 3.1
=E (4nR?*) =B x 2xR> x —
(4nR%) =P 37 E,

E=P" <R
= 3EO(r )

Question241

The figure shows an experimental plot discharging of a capacitor in
an RC circuit. The time constant 7 of this circuit lies between :



I
h

12
S

>
/

N

™

Potential difference

— Vin volts
=

Lh

Ty

=

S0 100 150 200 250 300
Time in seconds —»

[2012]
Options:

A. 150 sec and 200 sec
B. 0 sec and 50 sec

C. 50 sec and 100 sec
D. 100 sec and 150 sec

Answer: D

Solution:

The discharging of a capacitor is given as
q=q,exp[~t/RC]

RC = time constant =1

q= qoe—t/‘r

If e is the capacitance of the capacitor
q=CV andq=CV,

Thus, CV =CV Oet/T

V=V )
From the graph (given in the problem
whent=0.5,V =25 i.e.,

V=25 volt.

and when t = 200, V = 5 volt

Thus equation (i) becomes

5 = 95 200/

=1/5=¢ 0"

Taking log, on both sides

loge% =-200/1 :—@ =log e’



200 _ 200
10 log 10 —log 2
log, ()
200 200
- - — 124,
17 2302-0693 1.609 300

Which lies between 100 s and 150 s

Question242

The capacitor of an oscillatory circuit is enclosed in a container.
When the container is evacuated, the resonance frequency of the
circuit is 10 kHz. When the container is filled with a gas, the
resonance frequency changes by 50 Hz. The dielectric constant of
the gas is

[Online May 26, 2012]

Options:
A. 1.001
B. 2.001
C. 1.01
D. 3.01

Answer: C

Solution:

The dielectric constant of the gas is 1.01

Question243

Statement 1: It is not possible to make a sphere of capacity 1 farad
using a conducting material.

Statement 2: It is possible for earth as its radius is 6.4 X 10° m.
[Online May 26, 2012]



Options:

A. Statement 1 is true, Statement 2 is true, Statement 2 isthe correct explanation of
Statement 1.

B. Statement 1 is false, Statement 2 is true.

C. Statement 1 is true, Statement 2 is true, Statement 2 isnot the correct explanation of
Statement 1.

D. Statement 1 is true, Statement 2 is false.

Answer: D

Solution:

Capacitance of sphere is given by :

C=dne;r
If, C = 1F then radius of sphere needed:
= Cc _ 1

MED 4rx885x10

1012

4w x8.85
9% 10°m is very large, it is not possible to obtain such a large sphere. Infact earth has radius
6.4 x 10°m only and capacitance of earth is 711uF .

or,t =9%x10°m

Question244

A series combination of n, capacitors, each of capacity C, is charged

by source of potential difference 4V . When another parallel
combination of n, capacitors each of capacity C, is charged by a

source of potential difference V , it has the same total energy stored
in it as the first combination has. The value of C2 in terms of C1 is

then
[Online May 12, 2012]

Options:

A.1622C,
n

1



2C,

nn,

C.22C,
1,

16C,

nn,

Answer: D

Solution:

Equivalent capacitance of n, number of capacitors each of capacitance C, in parallel =n,C,
Equivalent capacitance of n, number of capacitors each of capacitances C, in series.

C
Capacitance of each is C, = n_l
1
According to question, total energy stored in both the combinations are same
i 1 C1 2 _ 1 2
. 5[5 )@vr =gV
_16C,

nyn,

~C

2

Question245

Two circuits (a) and (b) have charged capacitors of capacitance C,
2C and 3C with open switches. Charges on each of the capacitor are
as shown in the figures. On closing the switches

S
Y, S
20+ 0L 20—+ Q==
3C C 2C 7] 2C
L R L R
Circuit (a) Circuit (b)
[Online May 7, 2012]

Options:

A. No charge flows in (a) but charge flows from R to L in



B. (b) Charges flow from L to R in both (a) and (b)
C. Charges flow from R to L in (a) and from L to R in (b)
D. No charge flows in (a) but charge flows from L to R in (b)

Answer: C

Solution:

Charge (or current) always flows from higher potential to lower potential.

Potential = —Cha_rge
Capacitance
Question246

The electrostatic potential inside a charged spherical ball is given by

¢ = ar’ +b where r is the distance from the centre and a, b are

constants. Then the charge density inside the ball is:
[2011]

Options:
A. —6a80r
B. —247ta80
C. —6a80
D. —24na80r
Answer: C
Solution:
Electric field

__do__ -
E P 2ar ........ (i)

By Gauss's theorem
E=-_14d (ii)

From (i) and (i),



_ 3
Q= —8ngjar

=>dq= —24nsoar2d r

Charge density, p = dg _ —6¢ a

Question247

Two positive charges of magnitude ‘q’ are placed, at the ends of a
side (side 1) of a square of side ‘2a’. Two negative charges of the
same magnitude are kept at the other corners.

Starting from rest, if a charge Q moves from the middle of side 1 to
the centre of square, its Kinetic energy at the centre of square is
[2011 RS]

Options:

A. zero

_1 29Q 1
B. (IJWE)

1 29Q (1L
D. (1 ﬁ)

Answer: D

Solution:

Initial potential of the charge,

v =2kq_2kq
A a a\/g
__1 2q(,_ L
= A_47tEa(1 \/5)

(Here potential due to each q = 1% and potential due to each —q = —

v



2a

o)

— —q

Final potential of the charge

V=0

(~ Point B is equidistant from all the four charges)
=~ Using work energy theorem,

(W AB)electric - Q(V A \ B)

:4721%Q0a[1_\%]

()3

Question248

Let C be the capacitance of a capacitor discharging through a
resistor R. Suppose t, is the time taken for the energy stored in the

capacitor to reduce to half its initial value and t, is the time taken
for the charge to reduce to one-fourth its initial value. Then the ratio

t,/t, will be
[2010]
Options:

Al

1
B'§

1
C.Z
D.2

Answer: C



Solution:

2
Initial energy of capacitor, E | = ;l—lc
Final energy of capacitor,
S I T
i (%)
2C
~t, = time for the charge to reduce to L ofits initial value

2
and t, = time for the charge to reduce to 41—1 of its initial value

t

We have, q,=q e’ER:ln DLy___t
12 T a, CR

By(l)and(z),%= 1n(l) =%21n(l) %
4 2

Question249

Two points P and Q are maintained at the potentials of 10 V and
—4~V , respectively. The work done in moving 100 electrons from P
to Q is:

[2009]

Options:
A.9.60x10°"]
B.-2.24x10 ']
C.2.24x107'%

D.—9.60x 10" ']

Answer: C



Solution:

Work done, W Pqu(V o~V p)

= (100 % 1.6 x 10"?)(~4 - 10)
=+2.24x10°]

Question250

A parallel plate capacitor with air between the plates has
capacitance of 9 pF. The separation between its plates is ‘d’. The
space between the plates is now filled with two dielectrics. One of the

dielectrics has dielectric constant k1 = 3 and thickness % while the

other one has dielectric constant k2 = 6 and thickness %.

Capacitance of the capacitor is now
[2008]

Options:

A. 1.8 pF
B. 45 pF

C. 40.5 pF
D. 20.25 pF

Answer: C

Solution:

ZN\HIIE
_////,\\\ e

On introducing two dielectric between the plates, the given capacitance is equal to two




capacitances connected in series where

_k E,A 3€,A

I d/3 d/3

3x3€, A 9€, A k,e,A 3k € A

= 0"~ _ 0 _2-0_“™*%0
d a6 =573 2d

_3x6€,A 9€A
o 2d d
The equivalent capacitance Ceq is

A1 _ 1.1

Ceq Cl C2

_d . d _ 2
9€,A 9€,A 9€,A

. =958 ook —405
"Ceq_ET_ pF = . pF

Question251

An electric charge 10_3uC is placed at the origin (0,0) of X — Y co-
ordinate system. Two points A and B are situated at (\/E, \/E) and
(2,0) respectively. The potential difference between the points A and
B will be

[2007]

Options:
A. 4.5 volts
B. 9 volts
C. Zero

D. 2 volt

Answer: C

Solution:



YA

A(N2\2)
_>
Tp

O

> > X
00) T, B(20)

The distance of point A(\2, V2) from the origin,
r, = {(\2)* +(¥2)* =4 = 2 units.

The distance of point B(2, 0) from the origin,

ry = 1(2)°+(0)* = 2 units

Now, potential at A, due to charge 6 = 10 °uC
1 Q
A 4ne,’ @
. -3 1
Potential at B, due to charge Q =10 "QCV ;= FEO . %
= Potential difference between the points A and B is given by
1 107 1 10°

411;60 r, 4nEe

_107 11 =103(
4n€0(rA r)

- Q 0=0

4neE,

V,-V,=

(=]

B

Question252

Charges are placed on the vertices of a square as shown. Let E be
the electric field and V the potential at the centre. If the charges on



A and B are interchanged with those on D and C respectively, then

q q
A B
D C
—q —-q
[2007]
Options:

A E changes, V remains unchanged
B. E remains unchanged, V changes
C.both E and V change

D.E and V remain unchanged

Answer: A

Solution:

As shown in the figure, the resultant electric fields before and after interchanging the charges will
have the same magnitude, but opposite directions.
As potential is a scalar quantity, So the potential will be same in both cases.



-“A B’
u
> oN
’Do" ‘.C\
—q —
\_A' N ‘B,
: =
LI
hﬂ,

Question2353

The potential at a point x (measured in p m) due to some charges

situated on the x-axis is given by V (x) =20/ (x2—4) volt. The electric
field E at x =4 p m is given by
[2007]

Options:

A. (10/9) volt/ p m and in the +ve x direction
B. (5/3) volt/ p m and in the —ve x direction
C. (5/3) volt/ p m and in the +ve x direction
D. (10/9) volt/ u m and in the —ve x direction

Answer: A



Solution:

Given, potential V (x) = 220 volt
-

i dv d 20
Electric field E = Tax dx ( N )
SF =+ 30x

(" =4y’
At x =4um
E =+ 3024 _ 160 1001 m

(4% — 4)? 144 9

Positive sign indicates that E) is in +ve x-direction.

Question254

A parallel plate condenser with a dielectric of dielectric constant K
between the plates has a capacity C and is charged to a potential V
volt. The dielectric slab is slowly removed from between the plates
and then reinserted. The net work done by the system in this process
is

pr— ey

€« 0.l m—>

1

(o]

[2007]

Options:

A. zero

B. 2K —1)CV?
CVK - 1)

C. —

D.(K —1)CV*?



Answer: A

Solution:

2
The potential energy of a charged capacitor is given by U = S—C

2
When a dielectric slab is introduced between the plates the energy is given by 21%(: where K is the

dielectric constant.
Again, when the dielectric slab is removed slowly its energy increases to initial potential energy.
Thus, work done is zero.

Question255

Two insulating plates are both uniformly charged in such a way that
the potential difference between themis V,— V. =20V. (i.e., plate 2

is at a higher potential). The plates are separated by d = 0.1m and
can be treated as infinitely large. An electron is released from rest on
the inner surface of plate 1. What is its speed when it hits plate

22(e=1.6x10""°C, m_=9.11x 10 "'kg)
[2006]

Options:

A.2.65%10°m/s
B. 7.02 x 10"”m/s
C.1.87x10°m/s

D.32x10 “m/s

Answer: A

Solution:

Gain in kinetic energy = work done by potential difference
2eV
m

eV =%mv2:>V: \/



_ \/2><1.6><1019><20

T =265 10°m/s
9.1 %

Question256

Two thin wire rings each having a radius R are placed at a distance
d apart with their axes coinciding. The charges on the two rings are
+q and -q. The potential difference between the centres of the two
rings is

[2005]

Options:

c.-a [l-__1
4ne; | R \/R2+d2
D. zero

Answer: A

Solution:

+q —q

: d |
Potential at the center of ring of charge +q = potential due to it self + potential due to other ring of
charge —q.

S U | q ]
>v . =— (3
' 4me | R \/R2+d2




Potential at the centre of ring of charge —q = potential due to itself + potential due to other ring of
charge +q.

_ 1 1=q q
>V, =— [Z9+_ 94
e | R T

AV =V, -V,

q_ q _ q ]
R \JR2+d2 \/R2+d2

Q_L]
R {R%iq2

Question257

A parallel plate capacitor is made by stacking n equally spaced
plates connected alternatively. If the capacitance between any two
adjacent plates is ‘C’ then the resultant capacitance is

[2005]

Options:
A.n+1)C
B.(n-1)C
C.nC

D.C

Answer: B

Solution:

As n plates are joined alternately positive plate of all(n — 1) capacitor are connected to one point
and negative plate of all (n — 1) capacitors are connected to other point.

It means (n — 1) capacitors joined in parallel.

. Resultant capacitance = (n —1)C

Question258

A fully charged capacitor has a capacitance ‘C’. It is discharged
through a small coil of resistance wire embedded in a thermally



insulated block of specific heat capacity ‘s’ and mass ‘m’. If the
temperature of the block is raised by ‘AT’, the potential difference
‘V’ across the capacitance is

[2005]

Options:

s

B. \/ 2mCAT

S

2msAT
C. \/ C

msAT
D. C

Answer: C

Solution:

Applying conservation of energy,
Electric potential energy of capacitor = heat absorbed

1 2 2m.s. At
~CV~°= .At;VZ\/ .
2 m-s C

Question259

A charged particle ‘q’ is shot towards another charged particle ‘Q’
which is fixed, with a speed °v’. It approaches ‘Q’ upto a closest
distance r and then returns. If q were given a speed of ‘2v’ the
closest distances of approach would be

[2004]

Options:
A.1/2
B.2r

C.r



D. r/4

Answer: D

Solution:

Question260

A thin spherical conducting shell of radius R has a chargeq. Another
charge Q is placed at the centre of the shell.
The electrostatic potential at a point P, a distance % from the centre

of the shell is
[2003]

Options:

2Q
) 4me R

2 2q
'4n80R 4ne R

) 2Q +_49
471:80R 47‘[80R

(q+Q)2
D. 4me R

Answer: C

Solution:



Electric potential due to charge Q at point P is

q

' 4ne R/2 4me R
Electric potential due to charge q inside the shell is
1 g
V. =—34
2 4me R
=~ The net electric potential at point P is
_ __ 120,19
V=V +V =——=—=x+__ 2
1 2 4mgy R 4me R

Question261

A sheet of aluminium foil of negligible thickness is introduced
between the plates of a capacitor. The capacitance of the capacitor
[2003]

Options:

A. decreases

B. remains unchanged
C. becomes infinite
D. increases

Answer: B

Solution:

€A
The capacitance without aluminium foil is C = 3—

Here, d is distance between the plates of a capacitor
A = Area of plates of capacitor
When an aluminium foil of thickness t is introduced between the plates.



e A
Capacitance, C' = -2 —

d—t
If thickness of foil is negligible 50d —t ~ d. Hence, C=C".

Question262

The work done in placing a charge of 8 x 10~'® coulomb on a
condenser of capacity 100 micro-farad is
[2003]

Options:

A. 16 x 10 **joule
B. 3.1 x 10 *® joule
C.4x10 " joule

D. 32 x 10 **joule

Answer: D

Solution:

The work done is stored in the form of potential energy which is given by

_1Q
V=3¢
WU =Ly M =32 %10 %)
2 100x10°°
Question263

On moving a charge of 20 coulomb by 2 cm, 2 J of work is done,
then the potential difference between the points is
[2002]

Options:

A.0.1V



B.8V
C.2V
D.05V

Answer: A

Solution:

By using
W=qVg=V,)
_ 2

V-V, =— =01J]/C=0.1V
B A 20C /

Question264

If there are n capacitors in parallel connected to V volt source, then

the energy stored is equal to
[2002]

Options:
A.CV

1 2

C.CV?

1 2
D. %CV
Answer: B

Solution:

In parallel, equivalent capacitance of n capacitor of capacitance C
C'=nC
Energy stored in this capacitor
1 15,2
E==-CV
2

SE = %(nC)VZ = %nCV 2



1le](®

n tinims —1 —
ne =
50—
00 \Y
Vv
Question265

Capacitance (in F) of a spherical conductor with radius 1 m is
[2002]

Options:

A 1.1x10 "
B.10°
C.9%x10"°

D.10°

Answer: A

Solution:

Capacitance of spherical conductor =4zE R
Here, R is radius of conductor

2C=dneR=—1—x1 =11x10"F
9 10




