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Electrostatic Potential & Capacitance

No. of Questions | Maximum Marks Time
45 180 1 Hour
GENERALINSTRUCTIONS

This test contains 45 MCQ's. For each question only one option is correct. Darken the correct circle/ bubble in the

Response Grid provided on each page.

You have to evaluate your Response Grids yourself with the help of solutions provided at the end of this book.

Each correct answer will get you 4 marks and 1 mark shall be deduced for each incorrect answer. No mark will be given/
deducted if no bubble is filled. Keep a timer in front of you and stop immediately at the end of 60 min.

The sheet follows a particular syllabus. Do not attempt the sheet before you have completed your preparation for that

syllabus.

After completing the sheet check your answers with the solution booklet and complete the Result Grid. Finally spend time
to analyse your performance and revise the areas which emerge out as weak in your evaluation.

Ifn drops, each charged to a potential V, coalesce to forma

single drop. The potential of the big drop will be

Vv

@ ® 75 @ Vo't @ Va
T T

The capacitance of a parallel plate capacitor is C, (Fig. a). A

dielectric of dielectric constant K is inserted as shown in

fig. (b) and (c). If C, and C, denote the capacitances in fig.

(b)and (c), then

i

(a) both G, C >C, (b) C.>C whileC>C,
(¢) both C,C <C, @ C,=C,=C,
The electric potential ¥(x) in a region around the origin is

4.

o

A parallel plate condenser is immersed in an oil of dielectric
constant 2. The field between the plates is
(a) increased, proportional to2

(b,

’ 1
decreased, proportional to =
(c! 2

increased, proportional to

(d

i 1
decreased, proportional to — 5

What is the effective capacitance between points Xand ¥?
C=6uF

C, =60 FCs=20uF| Co=6uF

A C D

0

C=6F

@) 24pF  (b) 1SuF  (¢) 12pF () 6uF

Two identical particles each of mass m and having charges
q and +q are revolving in a circle of radius r under the

influence of electric attraction. Kinetic energy of each

\
|

particle s (k =

given by F(x) = 4x? volts. The electric charge enclosed in a Ane J

cube of 1 mside with its centre at the origin is (in coulomb) 5 9 N N ,

(@) 85 () -4g () 0 @ -8g @) kq74r  (b) kq72r (¢) kq78r (d) kqr
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Four metallic plates each with a surface area of oneside A,
are placed at a distance d from each other. The two outer
plates are connected to one point A and the two other inner
plates to another point B as shown in the figure. Then the
capacitance of the system is

>

ggA 2gpA 4epA

(a) d l d (d) d

A parallel plate condenser with a dielectric of dielectric
constant K between the plates has a capacity C and is
charged to a potential ¥ 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

(b) (k-1 cr?

>

(c)

(a) zero

CrAK -1
K
Ifaslab of insulating material 4 x 105 mthick is introduced
between the plates of a parallel plate capacitor, the distance
between the plates has to be increased by 3.5 x 105 m to
restore the capacity to original value. Then the dielectric

constant of the material of slab is

(a) 8 (b) 6 () 12 d) 10

A unit charge moves on an equipotential surface from a
point A to point B, then

(@ Vy-Vg=+ve (b) V,-Vg=0

() Vp-Vg=-ve (d) itis stationary

Identify the false statement.

(a) Inside a charged or neutral conductor, electrostatic
field is zero

The electrostatic field at the surface of the charged
conductor must be tangential to the surface at any
point

There is no net charge at any point inside the
conductor

Electrostatic potential is constant throughout the
volume of the conductor

In a hollow spherical shell, potential (V) changes with respect
to distance (s) from centre as
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(c) @ (k-1ncr?
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The 1000 small droplets of water each of radius r and charge
Q. make a big drop of spherical shape. The potential of big
drop is how many times the potential of one small droplet ?
@ 1 () 10 () 100 (d) 1000

The work done in carrying a charge q once around a circle
ofradius rwith acharge O placed at the centre will be

@ Ogtdmey”) () Ogltamey)
(¢) zero (d)  Og*(4ney)
A parallel plate condenser is filled with two
dielectrics as shown. Area of each plate is
A m? and the separation is ¢ m. The
dielectric constants are &, and &,
respectively. Its capacitance in farad will be

W | e, A K+ k
@ = (k, k) ) PR
oy o i~k
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Two melal pieces having a potential difference of 800 V are
0.02 mapart horizontally. A particle of mass 1.96 % 10 '5kg
is suspended in equilibrium between the plates. If e is the
elementary charge, then charge on the particleis

(a) 8 (b) 6 () 01 d 3

Aone ¥ itor of a TV is subjected to 4000 V
potential difference. The energy stored in capacitor is

(a) 8J (b) 167

(c) 4x103) (d) 2x1073)

An unch d parallel pl filled with a dielectric
constant K is connected to an air filled identical parallel
capacitor charged to potential V ;. If the common potential
is V,, the value of K is

Vi=Vs v,
@ ® vy,
A Vi=V,
© v,- [C

In the circuit given below, the e
charge in pC, on the capacitor 3
el

having 5 uFis - ¢
(a) 45 f i

&2 sl My b
() 7 6V

(d) 15
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Two concentric, thin metallic spheres of radii R; and R,
(R} > R,) bear charges Q, and Q, respectively. Thun the
potential at distance r between R, and R, will be

Q+Q ] (Q, )
k( ®) kL r +R7J
(0, &) W @, Q)
0 K% 'R, (R, &2
(harg; Qon a cz\pacl[or varies
with voltage V as shown in the
figure, where Q is taken along the
X-axisand V along the Y-axis. The "T

(a)

area of triangle OAB represents
(a) capacitance

(b) capacitive reactance

(c) magnetic field between the plates O ?
(d) energy stored in the capacitor

An alg)ha particle is accelerated through a potential difference
of 10° volt. Its kinetic energy will be

(@) 1MeV (b) 2MeV (c) 4MeV (d) 8MeV
Four point charges -0, -¢, 2¢ and 20 are placed, one at
each corner of the square. The relation between Q and ¢ for
which the potential at the centre of the square is zerois:

B

1
(@ Q=-¢ (b) 0= 0=q (4 Q:;

A parallel plate capacitor having a separation between the
plates d, plate area A and material with dielectric constant K
has C, Now third of tt ial is replaced
by another mmcnal with dielectric constant 2K, so that
cffectively there are two capacitors one with area 1/3A,
diclectric constant 2K and another with area 2/3A and
dielectricconstant K. Ifthe capacitance of this new capacitor

1 (©)
q

is C then ; is
(a) 1 9 (b) 43 (c) 23 (d) 13
Two condensers, one of
capacity C and other of
capacity C/2 are connected to
a V-volt battery, as shown. The
work done in charging fully
both the condensers is

V =C =C2

1 3.0
—cv? =cr? (¢
(a) 3 (b) 2 (c)

A.Band Carethreepoints
in a uniform electric field. B A
The electric potential is —————E

(a) maximumat B o
(b) maximumatC

(¢) sameatall the three points A, B and C
(d) maximumatA
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Three capacitors are connected in the C
arms of a triangle ABC as shown in

figure 5 V is applied between A and B. ’N‘ 3u
The voltage between B and C is i :
(a) 2V (b) 1V

2uF

(¢) 3V (d) 15V
Two parallel metal plates having charges + Q and —-Q face
cach other at a certain distance between them. If the plaves
are now dipped in kerosene oil tank, the electric field between
the plates will

(a) remainsame
(c) increases

(b) become zero

(d) decrease

An air capacitor C connected to a battery of e.m.f. V acquires

a charge q and energy E. The capacitor is disconnected

from the battery and a diclectric slab is placed between the

plates. Which of the following statements is correct ?

(a) Vand qdecrease but C and E increase

(b) Vremainsunchange, but g, E and C increase

(¢) qremains unchanged, C increases, V and E decrease

(d) gandC increase but V and E decrease.

Choose the wrong statement about equipotential surfaces.

(a) Itisasurface over which the potential is constant

(b) Theelectric field is parallel to the equipotential surface

(c) The electric field is perpendicular to the equipotential
surface

(d

The electric field is in the direction of steepest decrease
of potential

Two spherical conductors A and B of radii a
and b (b>a)are placed concentrically in air.
The two are connected by a copper wire as
shown in figure. Then the equivalent
capacitance of the system is

ab
(a) 4meg T (b) 4neg(a+b)

(c) 4mgb (d) 4neg

A capacitor is charged to store an energy U. The charging
battery is disconnected. An identical capacitor is now
connected to the first capacitor in parallel. The energy in
cach of the capacitors is

(@ U/2 () 3U/2 (© U ) u/4
Equipotentialsata great distance froma collection of charges
whose total sum isnot zero are approximately

(a) spheres (b) planes

(c) paraboloids (d) ellipsoids
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36.

37.

38.

39,

PHYSICS CHAPTERWISE SPEED TEST-

Which of the following figure shows the correct
equipotentia faces of a system oftwo positive charges?

Two identical metal plates are given positive charges Q,

and Q, (< Q,) respectively. If they are now brought close

together to form a parallel plate capacitor with capacitance

C. the potential difference between them is

Q +Q b Q ;s -Q
(b) ( © ==

Q
The capacitance of the capacitor of plate
areas Aj and A, (A <A,) at a distance d,
as shown in figure is

(c)

(a)

(d)

Q-Q

A 2

S (A +A,) S A

(a) 2 b =
= A
© 5 VAIA> @ eud 1

In a givgn network the
equivalent  capacitance
between A and Bis[C, = Cy=
1 uF, C;=Cy=2uF]

(@ 3uF (b)) 6pF

(c) 45uF (d) 25pF

A parallel plate air capacitor is charged to a potential
difference of V volts. After disconnecting the charging
battery the distance between the plates of the capacitor is
increased using an insulating handle. As a result the
potential difference between the plates

(a) does not change (b) becomes zero
(c) increases (d) decreases

Figure shows three circular arcs,
cach of radius R and total char;
indicated. Thenet electric potential

20
at the centre of curvature is

40.

41.

42.

43.

45.

=9 =
@ 2nggR () 4ne R
2Q Q
© nggR @ negR

An electric field E=(251+30j)N
space. If the potential at the origin is taken to be zero then
the potential at x =2 m, y =2 m is:

(@ -110V (b) -140V (c) -120V (d) -130V
If a unit positive charge is taken from one point to another
over an equipotential surface, then
(a) work is done on the charge

(b) work is done by the charge

(c) work done is constant

(d) no work is done

Three large plates A, Band C are placed
parallel to each other and charges are
given as shown. The charge that appears
on the left surface of plate B is A B ¢©
(a) 5C (b) 6C (c) 3C (d) -3C
Three charges 2 q, - q and - q are located at the vertices of
an equilateral triangle. At the centre of the triangle

(a) thefield is zero but potential is non-zero

(b) thefield is non-zero, but potential is zero

(c) both field and potential are zero

(d) both field and potential are non-zero

Ifacharge - 150 nC is given to a concentric spherical shell
and a charge +50 nC is placed at its centre then the charge
on inner and outer surface of the shell is

(@) -50nC.-100nC (b) +50nC,-200nC

(¢) -50nC,-200nC (d) 50nC, 100nC

Two capacitors of capacitances C, and C, are connected in
parallel across a battery. If Q, and Q, respectively be the

exists in a region of

=3C  4C 5C

charges on the capacitors, then g'— will be equal to
2

%

G

(&)
0

2
1 1

© =5
> c3

(b)

(a) (d)
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Attempted Correct

Incorrect Net Score
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Solution
Speed Test-16

(@)

(©
(b)

@

As volume remains constant, therefore, 4
2R —nx2ad o R=n'3r
3 3
Newpotential —y—-_"4 ___ 74
4me R 47(50(""31')

gy A

C;= 0 and
A A
S5 07K ga

and C, = —=+—=—=——(1+K

©TTd d T K
or ¢y, =€"dA 21+ K)>C,

g Al1+K

o Ce= (:j — >C sCpandCc>Cy
Charges reside only on the outer surface ofa conductor

with cavity.
In oil, C becomes twice, V becomes half. Therefore,
E=V/d becomes half.

C, 6uF

AR 8

ouF pF O, ¥
(I‘_,

6uF
Equivalent circuit

G_G
Here, A = C, 9.

Hence, no charge will flow through 20pF

G G, '
—
X y =X Y
¥ 10.
€ G o

€, and C, are inseries, also C; and C, are in series.
Hence, C'=3 uF, C" =3 uF

C'and C"are in parallel.

Hence net capacitance= C'+ ("=3+3=6 pf

()

(b)

(@

(@)

(b)

Lof K
2 8r

It consists of two capacitors in parallel, therefore, the
: . _250A
total capacitance is = T
+
¥

(The plates of B, having negative charge do not
constitute a capacitor).
The potential energy of a charged capacitor is given
-
by U==.
y °C
If a dielectric slab is inserted between the plates, the

2

2

energy is given by where K is the dielectric

2KC’

constant.

Again, when the dielectric slab is removed slowly its
energy increases to initial potential energy. Thus, work
done is zero.

1
Asx=t [1 *EJ where x is the addition distance of
plate, to restore the capacity of original value.
3.5x107 =4x10_5(lfi).
K

Solving, we get, K =8.
At. equipotential surface, the potential is same at any
pointi.e., V, = Vg asshown in figure. Henceno work is
required tomove unit change from one point to another
e,

W

= 0=W=0
unit charge

Va-Vg
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(0]
(ii)
(iii)

(iv)

)
12. ()
13, (©
4. (©
15. ()

Electrostatic field is zero inside a charged conductor or
neutral conductor.
Electrostatic field at the surface ofa charged conductor
must be normal to the surface at every point.
There is nonet charge at any point inside the conductor
and any excess charge must reside at the surface.
Electrostatic potential is constant throughout the
volume of the conductor and has the same value (as
insde) on its surface.
Electric field at the surface of a charged conductor is

E=Za

&

In shell, q charge is uniformly distributed over its
surface, it behaves as a conductor.

V= potential at surface= il and inside
()
__4q
4nggR

Because of this it behaves as an equipotential surface.
Volume of big drop = 1000 x volume of each small drop

i;-xRJ :lOO()x%nrJ = R=10r

k
v="4 and v'=K1000
r R
Total charge on one small droplet is q and on the big

dropis 1000q.

V10000 1000 0
VR 10
V' =100V

Ina round trip, displacement is zero. Hence, work done
iszero.

NG

The two capacitors are in parallel so
£,4
%2

c= (ky + ky)

16.

20.

21.

22.

23.

@@

o

(c

)

(b)

Inequilibrium, F=qE=(n¢)—=mg

A8

d

aomed 1.96x107'% x9.8% 0.02 .
eV 1.6x107"7 %800

Lev? =5x1x107 x (4000)* =81,

2
As we know,

E=

Total charge
Total capacity
Q,=CV,,Q,=0, therefore
_ GV + \

Vy=——=—L
= Co+kCy 1+k

Common potential =

l+k:i or kz.Y‘_f|=XL'_YA
A v, A
Potential difference across the branch de is 6 V. Net
capacitance of de branch is 2.1 pF
So0.q=CV
=q=2.1x6uC
= q=12.6 uC
Potential across 3 pF capacitance is

12.6
=——=42volt
3

Potential across 2and 5 combination in parallel is 6 ~
42=18V
So,q'=(1.8)(5)=9uC

ﬁ )
V= QA

4negr 4negRy

- L9 9
v'_4m:0[ r +R|J

u =];QV=Area of triangle OAB
Chargeon o particle, g=2e.
K.E.=work done=q x V=2¢x 106V =2 MeV.

Let the side length of square be 'a' then potential at
centre Qs

OF

“ag



24.

27.

28.

29.

()

(@

(@)

@

(©)

p k)  k(zq)  K29)  k20)_,
a e B
[ﬁ] N )

(Given)

=-0-q+2q+20=0=0+¢=0

=0=~q

_kgA

S

31

€ 32.

C=k502+2k50A=ik50A

Work done = Change in energy
e e et
2 2 2\ 2 4
Potential at B, Vi is maximum
Vg>Ve>V,
Asin the direction of electric field potential de-

creases.
The equivalent circuit diagram as shown in the figure.

33.

A s B
Qf & 2 Q

The equivalent capacitance between A and B is
2uFx3uF 16
o~ AEEBE 16 p
2uF+3uF 5
Total charge of the given circuit is

+2uF =

16
Q =?pr5V= lopC

Q) =(2uF)x5V =10uC
Q,=Q-Q;=16 uC-10uC=6uC
Voltage between B and Cis
Q, 6uC
Vpe = —==——=2V
BCT3F F
Electric field

c_Q0

£ Ae
& ofkerosine oil is more than that of air.
As ¢ increases, E decreases.
When a battery across the plates of capacitor is
disconnected and dielectric slab is placed in between
the plates, then
(i) capacity C increases

3s.

(¢

30. ()

(@)

(a)

34. (©)

©

(ii) charge g remains unchanged

(iii) potential V decreases

(iv) energy E decreases

Electric lines of force are always perpendicular to an
equipotential surface.

All the charge given to inner sphere will pass on tothe
outer one. So capacitance that of outer oneis 4w g, b.
In Ist case when capacitor C attached with battery
charged with the energy.

U]= U (stored energy on capacitor).

In IInd case after disconnect of battery similar capacitor
is attached in parallel with Ist capacitor then

Coq=C'=2C.
1 q2
U 2¢ _C 2
Now=L=2C _= 2 (cong
2 1g €
PYe
U=t

Here we have to findout the shape of equipotential
surface, these surface are perpendicular to the field
lines, so there must be electric field which can not be
without charge.

So, the collection of charges, whose total sum is not
zero, with regard to great distance can be considered
asa point charge. The equipotentialsdue to point charge
are spherical in shape as electric potential due to point
charge q is given by

v=k 3

This suggest that electric potentials due to point charge
is same for all equidistant points. The locus of these
equidistant points which are at same potential, form
spherical surface.

The lines of field from point charge are radial. Sothe
ial surface perp larto field lines from

a ;plllerc.
Equipotential surfaces are normal to the electric field
lines. The following figure shows the equipotential
surfaces along with electric field lines for a system of
two positive charges.

Let plate A plate B be carrying charges Q, and Q, re-
spectively. When they are brought closer, they induce
equal and opposite charges on each other i.e. - Q, on



36.

(G}

plate A and - Q, on plate B. Therefore, net charge on
plate A=Q, ~ Q, and net charge on plate B=—(Q, ~
Q,), sothe charge on the capacitor = Q, - Q,.

.. Potential different between the plates

Q-Q

y=2=0Q
(o
c-5fA
d

A~ common area, Here A=A,

37. (a) Theequivalent circuit is shown in figure.

Cop=30E
B

2uF
1n F-Ir\;l:zwr ima

A

38. (c) If we increase the distance between the plates its

39.

(@)

capacity decreases resulting in higher potential as we
know Q = CV. Since @ is constant (battery has been
disconnected), on decreasing C, V' will increase.

1o, 1 (»20)

V=V+Vy+V; = 7 =
4ney R 4ng

R

el el

40.

41,

42.
43.

45.

(@)

(b)
(b)

@

(b)

dv
As we know, E = - ——
dx

Potential at the point X = 2m, y = 2m is given by :
v 2,2

_[dV = _|‘ (254 +30dy)

0 0

on solving we get,

V =~ 110 volt.

On the equipotential surface, electric field is normal
to the charged surface (where potential exists) so
that no work will be done.

Potential at the centre of the triangle,

_Zd4__2d4-4-9_,

4mggr 4megr

Obviously, E #0

Whenever a charge (+50 nC) is kept inside a hollow
metallic spherical shell, it induces an equal and opposite
charge on the inner surface and an equal and same
type of charges on the outer surface.

.. Inside, induced charge is - 50 nC and outside, +50
nC - 150 nC already present.

In parallel, potential is same, say V

Q _G\V

Q GV

V=
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