Question bank three

Capacitors and dielectrics

Question 1.

Find the equivalent capacitance for the combination of capacitors
shown in Figure below

I h—m
oA

Capacitor connected in series and parallel (mixed)
Solution:
Since C, and C ,are connected in parallel, their equivalent capacitance
C, IS given by
C12 = C1 + CZ

AV | —1 AV | Cis

Now capacitor C, is in series with C3, So, the equivalent capacitance

Cmis given by
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Question 2 a parallel plate capacitor of capacitance 4uF carries a
charge of 600 uC. What is the potential difference between the plates
of the capacitor?

Solution:

V=2 THUS

_600yC
"~ 4uF

AV =15V

Question 3 a parallel plate capacitor has an area of 40 cm* 50 cm and
plates separated by 1cm.

a. What is the capacitance of this capacitor in unit of farad?
b. If it has a charge of 3.6*10° C, what is the potential difference
across the capacitor?

Solution:
_ Z4
a. C = y
(8. 85 x 10712 %) ((0.4m)(0.5m)) »
C = =18« 10"*'F
0.01m *
= 180pF

_Q_ 3.6+1073C 7

b. AV =< = —————= 2+ 10" Volts

Question 4 two capacitors C; and C, are connected in series, find:

a. The equivalent capacitance b. the total charge c. the charge on
each capacitor and d. the voltage across each capacitor.

Solution: C=3uwF  G=6uF
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b. @t = Cpq AV = (2uF)(12V) = 24uC
c. Since the charge on each capacitor in a series circuit is equal to
the total charge,

Q=01 =0,

d. Q1 = C AV, 24uC = 2uF AV, —-- AV =8V

Question 5 two capacitors C; = 1uF and C, = 2uF are connected in
parallel, find:

a. The equivalent capacitance b. the total charge c. potential
difference across each capacitor and d. the charge on each

capacitor.
Solution: @ ICQI'“F
i Ceq = Cl + Cz 4,
q, C;=2pF
Ceq=1+2=3,uF HE
d,
b. Q; = C,, AV
Q. = BuF)(12V) = 36uC e

c. In parallel connection the potential difference across each
capacitor is equal to the total potential difference of the circuit.

So,
AV, = AV, = AV, =12V
d.Q=CAV
Qi =C{ AV, =1x12=12uC Q, =C, AV, = 2 %
12 = 24uC

Q,=0,+0,=12+24=36uC



Question 6

Three capacitors of capacitance C,=1 pF, C,=2 pF and C3=6 uF are connected as

shown in the figure, and charged by a 100 V battery. Find:

a) The equivalent capacitance of the system.

b) The total charge of the system.

) The potential difference, U,.

d) The charge q;.

Solution:

a) C; and C, are connected in parallel and C; is con-

nected in series.

A system that consists of capacitors connected in
series and in parallel, as in this example is called a
complicated combination. In complicated combina-
tions in order to find the equivalent capacitance we
use the rules for series and parallel combinations.

Let us find the equivalent capacitance of the system."

Capacitors C, and C, are connected in parallel and

have an equivalent capacitance C'".

Cpo=¢C¢+¢C  Cpr=1+2

C, =3uF

The new system is as shown in the figure.

The capacitors of capacitance C;, and C; are con-

nected in series and have an equivalent capacitance of

Ceqr thus,
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=2 uF
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Question 7

Two capacitors C; and C, are connected to the terminals of a battery, as shown in the figure. C,=12pF
1L

Find the energy stored in capacitor C,.

i I
W—Ech 173¢,
4 =9 =q,

g Ceq(-l
Lt S 1
T RE
Coq=31F

+] -
1)

100V

q; = (3 uF)(24 V) =72 puC
g =q, =72 uC
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b) The total charge of the system is

4 =CU=@uF(00V) g =200pC

<) Since charges on capacitors connected in series are

equal, the charge on capacitor C, and C; is equal to
the total charge of the system, which is q, = 200 uC.

Therefore, from

g3 =C3U; 200 uC = 6 uF Uy
This; U= B 100,
6 uC 3
) The charge q; on C, is,
q,=G¢4
and Ulzuzzloo_@:@V
3 3
Therefore, q,=(1 pF)(—Z—gg v)
200
=—— uC
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