Capacitance 39

(c)  When the overlapping area A is halved, the
capacitance would decrease from C to

c'=iC.

Since the voltage V remains constant, by
Q=CV, the new stored charge would

decrease to Q' = OJ\HWOA\ - WD

There are four possible combinations:
TI_ LI
oL |
4 — o
vl.— 2.67 uF

6.0 pF

12 uF

In the first combination, the equivalent
capacitance is given by

1 1 1 1

—=—+—+— = C,; =133 uF

C, 471"% 1=

In the 2nd combination, the equivalent
capacitance of the two parallel capacitors is
C,p =4+4=8uF. Thus, the overall capacitance
is given by

1 1 1 1 1

G, c,cTstg D2 uF

In the 3rd combination, the equivalent capacitance
of the upper branch is given by
1 1 1
=—+—=C, =2uF
ﬁé 4 4 ab 28

Thus, the overall capacitance is

Cy=4+2=6yF
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Capacitance 41

When the switches are closed, the two capacitors
are said to join in parallel. This is because plates
with like charge are electrically connected. Their
p.d. would be the same.

Consider C, before connection. We have

Note that after connection, the total charge stored
in the system remains unchanged.

(a) The equivalent capacitance for the parallel
combination is
C=C+C,=C,+2C,
=3C,

Since the stored charge is Q,, the final p.d.
is

Q _ D
d\ == =
C 3¢
=1V, from (1)

This is also the p.d.s across C; and C,.

Thus, the stored charges are

for C, : =CV= %OZ\ =50

forCy:  Q,=CV=12xC)V, =2Q,

(b) When the plates are joined with opposite
charges together, the final net charge on

each plate is Q'=2(Q), -3 =3Q,.

The equivalent capacitance remains
unchanged at C =3 C, . The final p.d. of the

combination is

Q3
<”|“ H|<
c 3c °°7°

Thus, the final stored charges are

for C, : Q=CV'=LCqy, =4+Q,

forC,: Q,=CV’'= WAMOLA\O = W o

(a) (b)
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(b)

Capacitance 43 m

If the middle plate is removed, the
separation of the plates is 2d.

N.B.

(a)

The capacitance of the plate system is

oGl
c'=27.

The charge stored in the system of plates is

g AV

R=CV="0z

Effectively, removing the middle plate would
not cause any changes to the system,
including energy.

We need to assume that the plates are thin.

Using the same idea as in the previous
question, the system of plates is equivalent
to joining two capacitors each of plate-

separation d'= WQ in series.

The capacitance of each capacitor is

|mo>|wmo>
€= id  d

Thus, the final capacitance is

FOlwQO
C=2="24
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(b)

N.B.

Capacitance 45

When the switch is closed again, the
capacitor discharges:

The capacitor is discharged very quickly
because the resistance is zero. Thus, the
discharging current is very large but it flows
for a very short while. As a result, the meter
deflects to the left by a large value and then
quickly returns to the zero position.

As the switch is opened, the current through
R decreases gradually until it is zero. When
the switch is closed again, the current
through R resumes its steady value. This
current would not flow into the ammeter
causing any change in deflection. This is
because the conducting path between R and
the earth is non-resistive. The current
through R will not flow into the capacitor but
downward directly. The discharging current
merely comes from the stored charge in C.

The switch is initially closed. It means that the
capacitor is initially uncharged.

(a)

When the switch is opened, the circuit is
effectively as shown below:

The capacitor is being charged. As the
stored charge increases, its p.d. increases.
Then, the current falls because the p.d.
across R decreases. In conclusion, the meter
deflects to the right and then gradually
returns to the zero position.
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(b)

Capacitance 47

When current falls to one third,

The p.d. across the resistor is therefore
Ve =IR=2x10"°x200x10° =40V

Hence, the p.d. across the capacitor is

Ve=E-Vy=12-4=8V
By Q=CV, the charge stored is

Q=50x10"°x8=40%x10"*C

As current is flowing, the p.d. across C
increases. So, the p.d. across R decreases.
In order to maintain constant current, the
value of R must decrease continuously.

Points to note:

1. Since the current is constant, the
charge increases linearly with time

during 0<¢{<100s.

2. By Q=If, the maximum charge
stored in the capacitor is

Qy=30x10"°x100=3x10"° C

3.  When {>100s, the current stops and

the charge remains at the maximum
value Qq.

Q/mC

wow
w

n

(c)

When the current stops, the capacitor is fully
charged and its p.d. is exactly 6 V.

By Q=CV, the capacitance is

-3
nn@nw}%nmxsfn

Exercises



42.

Capacitance 49

+HuC => +2uC
+6uC

+4uC => +8uC

N.B.

(a)

The charges that move as shown above do
not come from the cell. They come from the
upper plate of capacitor A and the lower
plate of capacitor B. Thus, it is actually a re-
distribution of charge.

When S; alone is closed, the circuit is
equivalent to the following:

c C
Il
]

|

(b)

Here, no current flows. The capacitors are in
series. The equivalent capacitance is

C,C 4x6
C=alz _2X0 _ou,7
C+C, 4+6 K

As the p.d. across the combination is 6 V, the
total charge stored is

Q=CV=24x6=144uC

As C, and C, are in series, their stored

chargesare Q, =Q, =Q=144uC

When S, and S, are also closed, the circuit is
equivalent to the following:

R,
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Capacitance 51

(c)  After connection, the energy stored is

N\M\| 1 DHN DW

GG

(40x10°)  (20x10°)’

+x +
2 20%x107° 10x107°

=60x107J

Thus, the energy change is
AU=U-U,=6-9=-3x10"]

where the -ve sign represents a loss.

N.B. The electrical p.e. is dissipated in the
resistive component of the circuit and
appears in the form of internal energy.

Initially, the stored energy is

Q
U, = W N =20] ...l 1)
0
g0A
By C= IMI . the capacitance after halving the
plate separation is
g A 2g,A
c=52 288 o
1d - 4 0

Since the capacitor is disconnected from the cell
before the change in plate separation, the stored
charge Q, remains unchanged. The final stored
energy is

2
HP@.HWQCHPXMO

N.B. Negative work is done on the capacitor.
Alternatively, we say that the electric field
has done work onto the external world (the
agent that reduces the separation). This is
reasonable because the plates tend to
attract each other. As a result, the electrical
p.e. is reduced.
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Capacitance 93

As the capacitor is disconnected from the power
supply, the stored charge Q is conserved. i.e. Q is
constant.

In order to find the voltage change, we should

Q

apply V== . 1
pply V=% @
In order to find the change in E-field, we should
(o)
apply E= P 2

In order to find the energy change, we should

2
apply U = Wamwul ................... 3)

For action A, plate separation is increased.

g0A .
By C=—--, the capacitance decreases as d

d

increases.

(@) From (1), as Q is constant and C decreases,
V would increase.

(b) As the area and the stored charge are

Q

unchanged, G HN is unchanged. Thus, E

remains unchanged.

(c) From (3), as Q is constant and C decreases,
U would increase.

For action B, overlapping area is decreased.

£,A
d

decreases.

By C= , the capacitance decreases as A

(a) From (1), as Q is constant and C decreases,
V would increase.

(b)  As the stored charge is unchanged and A

Q

decreases, O =—- would increases. Thus,

A

from (2), E increases.

(c) From (3), as Q is constant and C decreases,
U would increase.
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Capacitance 55

The time constant of the circuit is

CR=400x10"°x20x10°=80s

By t; =CR1In 2, the time required for the p.d. to
7

fall to half is

T=8xIn2=5545~555

N.B.

(a)

The half-life is the same for the stored
charge to fall to half. It also has the same
value for the current.

Points to note:

The time constant of the circuit is
CR=47x10"°x1x10° =0.047 s

The half-life of the current is

t1, =0.047 x1In 2 = 33 ms

When K is just closed, the p.d. across the
capacitor is zero. The initial current is

14 240
I,=—=—"_=240mA
°7 R 1x10°

After 33 ms, the current is 120 mA.

240

120

(b)

(e

When the capacitor is fully charged, its p.d.
is the same as the e.m.f. of the cell. i.e.

V.=240V.

By U=1C V2, the energy stored in C is
U =1x47x10"° x 240% = 1.354
~14]

The discharging process transfers all the
electrical p.e. of the capacitor into energy of
other form, like light and internal energy.

E
By P Hnwl , the average power of the flash-

lamp is

wulﬁuﬁaiuo.&wé
16x10 "
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Capacitance 57 m

Alternatively, at t,,, =14s . V- =3 V.

¢
In charging circuit, V- =V, (1—-e CR).

Thus,
he

Vy=Vy (1-e 8

¢ 14
H ) .W”L\PHIRN
ence. CR =15 =093 = 208

N.B. The expression t,,,=CRIn2 is true for
both charging and discharging circuits.

(b) Points to note:

1. The maximum voltage across the
capacitor is now V3 =200 V.

2. Since t;;, =CRIn 2, the time for the

voltage to reach half of V, is
independent of the value of V,. Thus,

the time for V- =100V isalso 14 s.

3. The shapes of the two graphs are
similar.

;ﬁ Vo v

V,=200V
200] ,

1501

100

50
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