Solutions

Chapter 7
Problem 1
Part a
o €A 885 x 107" x 7 x (0.10)* 58 % 10-10 F
T d 1.0 x 10-3 T
Part b
¢g=CV =14x10"8C

Problem 2

If the equivalent of Cy and Cj5 is Cj, then

111
Cy Cy Cj
Hence,
CyC4
Cy+ C3 /3 n

If the combination of Cs and Cy is C), then
C,=0C4+Cs=4+10/3=22/3 puF

Finally, the net capacitance C is given by

1_1 1
cC Cp
Hence,
CCp
= =5.37 uF
Ci1+C, H

The charge in (' is the net charge in the combination C:

¢ =q=CV =537x10 = 53.7 uC.



The charge in the combination C), is the same (as it is in series with C1). So the potential difference
across Oy, is

q
V,=—=—=732V
p Cp

Hence, the charge in Cy is
qs = C4V, =29.3 uC

The charge in the combination Cj is the charge in each of Cy and C'3 as they are in series. Hence,

@ =q=qs =C,V, =244 pC

Problem 3

Using the formula for parallel plate capacitors,

o, = 04

a

and 4
€0

O, = 22

b7y

Hence, the equivalent capacitance C' is given by

l_i 1 a b _a+b
c C,

Oy A AT A

Hence,

€A
a+b

Problem 4

The initial charge on capacitor C' is:
g=C1V =5.00x107%%x20.0=1.00x 107 C

When the second capacitor is connected, the charge ¢ redistributes in the two capacitors as ¢; and
g2 such that: ¢1 + g2 = ¢q. The final potential difference across each capacitor is V/ = 10.0 V. Then

Ci\V'=q, CV' =g

which gives:
OV +CV =i +q=q

or
(01 + CQ)V/ =q
Hence,
q 1.00 x 1074 6 i
Ch=——-(Ci=———-500x100"=5.00x 107° F
2Ty T 10.0 : %



Problem 5

Part a

The initial charges on the two capacitors are:
g1 = C1V =1.00 x 50.0 = 50.0 uC, g2 = C2V =2.00 x 50.0 = 100 pC

When connected in reverse, the plate with charge +¢; is connected to the plate with charge —go.
So, together they share a total charge of (q1 — ¢2). Hence, if their individual final charges are ¢}
and ¢5, then

@+ =q — g2 = —50.0 uC

As the final potential difference V'’ across both capacitors is the same,

¢y =1V and ¢ = GV’

Hence,
C1V' 4+ CyV' = =50.0 uC.

Solving for V' gives

—50.0
Vi= —— =-16.7 V.
Ch+Cy

The negative sign means that the plate of Cy that was initially positive is going to end up as
negative.

Part b

The charge on the first capacitor is
¢y =01V = —16.7 uC.
The charge on the second capacitor is

gy = CoV' = —33.3 uC.

Problem 6

The quantity in question is the energy density which is

u=¢€E?/2=9.96 x 1078 J/m?



Problem 7

Part a

If the initial charge on the first capacitor is ¢, then
q=CV.

Let C), be the capacitance of the combination of the two capacitors. After the two capacitors are
connected the voltage across the combination is V/2 and the total charge is still g. Hence,

q:CpV/2

This gives
Cp =2q/V =2CV/V =2C.

As C), is the sum of the two capacitances, the second capacitor must have a capacitance of C' as
well.

Part b

The final voltage across each capacitor is V/2 and their capacitances are the same (C'). Hence, the

charge in each will be the same:
qr = CV/2.

Part ¢

The initial energy in the first capacitor is
Ui =qV/2=10.0 J.

After being connected, the total charge in the combination is still q. However, the potential
difference is V/2. Hence the final energy in the combination is

Ur = q(V/2)/2=U;/2 = 5.00 ]

Part d

In the process of sharing the charge, there is a flow of charges through the wires. This flow (current)
heats the wires. Hence, the other 5.00 J is lost as heat.



Problem 8

A charge density o on the plate produces an electric field Ey = o /¢ in the absence of any dielectric.
A dielectric of dielectric constant k; changes this field to Ey = Ey/k1. Similarly, a dielectric of
dielectric constant ko changes this field to Fy = Fy/ke. The total potential difference between the
plates is the sum of the potential differences across each dielectric. Hence,

Eod /1 1 d /1 1
2 K1 K2 2e9 \ K1 K92
As o =q/A,
qd 1 1 )
V = _ i
2€0A (/ﬂ + K2
Hence, y
€0 2K1K9
a/ d (H1+f€2>
Problem 9
Part a

The charge in a discharging capacitor decreases as follows.

q=qoe "

where the symbols have their usual meanings. If the first one-quarter of the charge is lost then the
remaining charge is ¢ = 3qo/4. If the time taken for this is ¢;, then

3
% = goe /7
So,
§_ —ti/T
4
or
b, (3)
T 4
Hence,



Part b

If three-quarters of the initial charge is lost then g = qo/4. If this happens in time t5 then

%0 = qoe /7
So,
1 — e—tQ/T
Hence,
1
to = —71In (4) =1.397
Problem 10
Part a

Power delivered by the battery is

2
_ %e—t/’r

T

as 7 = RC'. So the total energy delivered by the battery after a long time has elapsed is

00 82 00 82
= Pdt = = gt = S 1 = 0&?
U /0 7 /0 e 7 T=0&

Part b

After a long time has elapsed, the current in the circuit is zero. So, there is no voltage drop across
the resistor and the complete emf of the battery drops across the capacitor. Hence, the energy
stored in the capacitor is

Uc =CV?/2 =C&%)2.

This is only half the energy delivered by the battery.

Part ¢

The current in the circuit at any time ¢t is

e e = e



So the total heat loss is

% oo g2 &r 1
_ 2 _ —2t)7 7, _ _ 2
Ur = dt = dt = —— = -C&~.
T /0 “R R/O Rze 5 205

So, half the energy delivered by the battery is lost as heat through the resistor.



