LAKSHYA (JEE)

Electrostatic Potential & Capacitance

DPP-09

1.

A parallel plate capacitor is connected to a
battery. The plates are pulled apart with a
uniform speed. If x is the separation between the
plates, the time rate of change of electrostatic
energy of capacitor is proportional to

@ x? (b) x

© x* (d) x*

Five identical plates each of area A are joined
as shown in the figure. The distance between
the plates is d. The plates are connected to a
potential difference of V volts. The charge on

plates 1 and 4 will be

@ g AV IZSOAV
d d
(b) g AV IZSOAV )
d d 1 2 3 45 Ly
©) g AV .—280AV L
d d
) —soAV.—ZSOAV
d d

To form a composite 16uF,1000V capacitor

from a supply of identical capacitors marked
8uF, 250V , we require a minimum number of

capacitors
(@) 40 (b) 32
(c) 8 d) 2

An infinite number of identical capacitors each
of capacitance 1uF are connected as in

adjoining figure. Then the equivalent
capacitance between A and B is

(a) 1uF : ” |
(b) 2uF _|—||_||| |||_|I—|_
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(c) EMF _____________ 16 capaitors ———
(d o [T e Rhhhty
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Two condensers of capacities 2C and C are
joined in parallel and charged upto potential V.
The battery is removed and the condenser of
capacity C is filled completely with a medium
of dielectric constant K. The p.d. across the
capacitors will now be

3V 3V
®) K +2 (b) K
Vv Vv
© K +2 @ K

Figure given below shows two identical parallel
plate capacitors connected to a battery with
switch s closed. The switch is now opened and
the free space between the plate of capacitors is
filled with a dielectric of dielectric constant 3.
What will be the ratio of total electrostatic
energy stored in both capacitors before and after
the introduction of the dielectric

(@ 3:1 4
(b) 5:1
(c) 3:5 vV —A B——
(d) 5:3 T

A parallel plate capacitor of capacitance C is
connected to a battery and is charged to a
potential difference V. Another capacitor of
capacitance 2C is connected to another battery
and is charged to potential difference 2V. The
charging batteries are now disconnected and the
capacitors are connected in parallel to each
other in such a way that the positive terminal of
one is connected to the negative terminal of the
other. The final energy of the configuration is

2
(a) Zero (b) 25(;\/
3Cv? 9Ccv?
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© = @ =



10.

11.

Condenser A has a capacity of 15 pF when it is
filled with a medium of dielectric constant 15.
Another condenser B has a capacity of 1uF

with air between the plates. Both are charged
separately by a battery of 100V . After
charging, both are connected in parallel without
the battery and the dielectric medium being
removed. The common potential now is

(@ 400V (b) 800V

(c) 1200V (d) 1600V

Four metallic plates each with a surface area of
one side A are placed at a distance d from each
other. The plates are connected as shown in the
circuit diagram. Then the capacitance of the
system between a and b is

@) 3g,A
d a
() Zi;)A 7
© 2¢,A T~
3d |
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In the given circuit if point C is connected to the
earth and a potential of +2000 Vv is given to the

point A, the potential at B is
(a) 1500V 104F  104F

(b) 1000V R L L B
© soov A
—]

(d) 400V s L

A finite ladder is constructed by connecting
several sections of 2uF,4pF  capacitor

combinations as shown in the figure. It is
terminated by a capacitor of capacitance C.
What value should be chosen for C such that the
equivalent capacitance of the ladder between
the points A and B becomes independent of the
number of sections in between

(a) 4HF 4uF 4uF 4uF

W 2 T

(c) 18uF -

2uF == 2uF = 2uF C
(d) 6uF T
B

12.

13.

14.

15.

In an isolated parallel plate capacitor of
capacitance C, the four surface have charges
Q, Q,, Q and Q, as shown. The potential
difference between the plates is
+ + +

(a) Ql Q22CQ3 Q4

Qy +Q3
h) X2 ~3
®) =S¢
(C) Q2 _QS

2C
Q; +Q,
(d) e

Q1 Qs

Q. Qs

For the circuit shown, which of the following
statements is true

V=30V V=20V
51 + — Sg + —

11 11
11 11
Ci=2pF C.=3pF

S,

(@ With S, closed, V, =15V,V, =20V

(b) With S, closed V, =V, =25V

(c) With S, and S, closed V, =V, =0

(d) WithS,and S, closed, V, =30V, V, =20V
Consider the situation shown in the figure. The
capacitor A has a charge g on it whereas B is
uncharged. The charge appearing on the

capacitor B a long time after the switch is closed
is

w 4 4 ¢
+ : _/S‘._
' A7 B

(@) Zero (b) q/2

(© a (d) 2q

A capacitor of capacitance C; = 1uF can with
stand maximum voltage V1 = 6kV (kilo-volt) and
another capacitor of capacitance C, = 3uF can
withstand maximum voltage V2 = 4 kV. When
the two capacitors are connected in series, the
combined system can withstand a maximum
voltage of
(@) 4kv

(c) 8kv

(b) 6KV
(d) 10kV
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16. The plates of a parallel plate condenser are
pulled apart with a velocity v. If at any instant
their mutual distance of separation is d , then the
magnitude of the time of rate of change of
capacity depends on d as follows

1 1
G)) a (b) F
(c) d? (d) d

17. A network of four capacitors of capacity equal
to C,=C,C,=2C,C,=3C and C,=4C are
conducted in a battery as shown in the figure.
The ratio of the chargeson C, and C, is

22

C,=2C
(@) 2 -
]
3 L =
(b) 5 C,=C —— Co=aC —— GCs=3C
11
7 11
C — :I
(©) 1 i
4
d -—
(d) .
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ANSWER KEY

*Note* - If you have any query/issue

Mail us at support@physicswallah.org
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HINTS AND SOLUTIONS

(@)

u-leovz-L{&A)y
2 2 x

a2 x2 dt dt

(©
The given circuit can be redrawn as follows.
All capacitors are identical and each having

capacitance C = ‘g‘zj—A

. d_U—lgOAVZ(_id_XJ = d_UOCX*Z

1] |2

3

N

3

>

5

N

|
|
\%
|Charge on each capacitor| = |Charge on each
plate|

A

=&y
d

Plate 1 is connected with positive terminal of

+

battery so charge on it will be +‘9‘(’1—A.v

Plate 4 comes twice and it is connected with
negative terminal of battery, so charge on

2g5A

plate 4 will be - v

(b)
Suppose C=8 uF , C' = 16uF
and V=250V, V' = 1000V

c,v CV C,V
—i—{—
A

of e ] et

Suppose m rows of given capacitors are
connected in parallel and each row contains
n capacitors then potential difference across

. \A .
each capacitor V=F and equivalent

capacitance of network C':% on putting

the values we getn=4and m =38
.. Total capacitors=nxm =4 x 8 =32
Short Trick : For such type of problems

number of capacitors =
' N\ 2 2
gx[i] 25[1002} _3o
c Vv 8 | 250
(b)
This combination forms a G.P.
S =1+£+l+l ......
2 4 8
Sum of infinite G.P. s =1i
-r
Here a = first term = 1 and r = common ratio
_1
2
1
= S=——7=2= C, =24F
1-=
(@)

g, =2CV, g, =CV
Now condenser of capacity C is filled with
dielectric K, therefore C, = KC
As charge is conserved
. g, +0, =(C, +2C)V'
yo 3Cv 8V
S (K+2)C K+2

(©)

Initially potential difference across both the
capacitor is same hence energy of the system
is

U1:%CV2+%CV2:CV2 ...... i)
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In the second case when key K is opened and
dielectric medium is filled between the
plates, capacitance of both the capacitors
becomes 3C, while potential difference
across A is V and potential difference across

Bis % hence energy of the system now is

Llacwzstao( V) X cve . i
U, =~ @OV +2(SC)(3J ch (i1)
So, Yr_3

U, 5
(©

Total charge =(2C)(2V)+(C)(-V) = 3CV

3CV

.. Common potential = e \Y

.. Energy = %(3C)(V)2 = %CVZ

(b)

Charge on capacitor A is given by
Q, =15x107° x100=15x10*C

Charge on capacitor B is given by
Q, =1x10° x100=10"*C

Capacity of capacitor A after removing

15x107°
1

dielectric = 1uF

Now when both capacitors are connected in
parallel their equivalent capacitance will be
Ceq =1+1=2uF

So common potential

:(15><10*4)+(1x10*4)

=800 V.
2x10°°
(d)
The given circuit can be redrawn as follows
c
I
11
a b
*— —e
c c
l l
I I

>

10.

11.

12.

13.

£

= Cq _3C_35A
2 2

(©)

The given circuit can be redrawn as follows
5uF 154F
| | !

A A 1
B
2000V
15
V, —Vg) = 2000
(Va = V) (5+15jX

= V,-V, =1500 V
= 2000 —Vg =1500 V => Vg =500V

(a)

If the value of C is chosen as 4uF, the

equivalent capacity across every part of the

section will be 4uF.

(c)

Plane conducting surfaces facing each other

must have equal and opposite charge

densities. Here as the plate areas are equal,
2 =—Qs.

The charge on a capacitor means the charge on

the inner surface of the positive plate (here it is

Q)

Potential difference between the plates

chage _Q, _2Q,

- capacitanc e C 2C

— QZ _(_QZ) — QZ _QS
2C 2c

(d)
Charges on capacitors are Q, =30x2=6pC
and Q,=20x3=60pC Or Q, =Q, =Q (say)

The situation is situation is similar as the two
capacitors in series are first charged with a
battery of emf 50 V and then disconnected

Q Q

+o— +p -
| 1 | 1

[} 11
2pF 2pF

Vi=30V V,=30V

|
+17-
50V
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14.

15.

.. when Sz is closed v, =30v and Vv, =20V

(@)

The +q charges appearing on the inner
surfaces of A, are bound charges. As B is
uncharged initially, as it is isolated, the
charges on A will not be affected on closing
the switch S. No charge will flow in to B.
(©)

As Q=CV, (Q)max=10"° x 6 x 10° = 6mC
While (Q2)max=3 x 108 x 4 x 103 = 12mC
However in series charge is same So
maximum charge on C, will also be 6 mC
(and not 12 mC) and potential difference
across it Vo = 6mC/3 uF = 2KV and as in
series V =V + V3 S0 Vinax= 6KV + 2KV = 8KV

>

16.

17.

LY Lood_ d(1
X dt dt \ x
_—EA(dX ) —gA(dx
x 2 dt d2 dt
= d—C :gOAV i.e. d_C oci
dt d? dt| d?
(b)
The given circuit can be redrawn as follows
S - 11
Qui &1 C, Cs ‘\/
—>~—| |—| ____ |—| ___ |— Line (A)
““““ C,=4C
11 .
Line (B)
Qe 11
v
o C,C,C, 6C
el

9~ C,C, +C,C, +C,C, 11
Qa _Ca _6CH1_ 3
Qs C, 4C 22
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