Due Monday 10/08/18 at 11:00am Name

Homework Chapter 25: Capacitance
25.04

The plates of a spherical capacitor have radii 38.0 mm and 40.0 mm. (a) Calculate the capacitance. (b) What must be
the plate area of a parallel-plate capacitor with the same plate separation and capacitance?

4. (a) We use Eq. 25-17:

C=4rz, ab _ [40.0111311)(38.[}111111)

: —84.5 pF.
b—a (8.99)(1(}9 %)(40.0111111—38.[}111111]

(b) Let the area required be 4. Then C = g4/(b— a). or

_ 15 -
4=C(6=a)_(845pF)(400mm—38.0mm) o,
2 (8.85x10™ C*/N-m’)

e,
25.10 InFig. 25-28, find the equivalent capacitance of the combination.
Assume that Cq is 10.0 w4, C, is 5.00 g, and Cs is 4.00 uF. c, ==
T e
14 Gy
Co
((((( S r——
10. The equivalent capacitance is
GG, (10.0 4F ) (5.00 4F)
., =G+ = =4.004F+ =7334F.
L+ G 10.0 xF + 5.00 oF
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Ch. 25 Capacitance

HRW10 End-of-chapter problems

25.14

In Fig. 25-30, the battery has a potential difference of ¥'=10.0 V and the C -
2

five capacitors each have a capacitance of 10.0 pF. What is the charge on
(a) capacitor 1 and (b) capacitor 2?

14. (a) The potential difference across Cp1s ¥1=10.0 V. Thus, i

| ]
11
e}
H

-V
g1 = C1V; = (10.0 £F)(10.0 V) = 1.00 x 107 C. T

B —

(b) Let C =10.0 uF. We first consider the three-capacitor combination consisting of C
and its two closest neighbors. each of capacitance C. The equivalent capacitance of this

combination 1s

c,C
Cu=C+——=150C.
C+C,

Also. the voltage drop across this combination 1s

__wn . rn
C+C, C+150C

0.407,.

Since this voltage difference i1s divided equally between C; and the one connected in

series with it. the voltage difference across Cj satisfies Vo = F/2 = F1/5. Thus

10.0V
A‘,

q1=C1V1={10.0;£F)[ ]=2.00><10‘5c.

2522 InFig 25-37, V=10V, C; = 10 4F, and C; = Cs = 20 4F. Switch S is first S

thrown to the left side until capacitor 1 reaches equilibrium. Then the switch
is thrown to the right. When equilibrium is again reached, how much charge e
is on capacitor 1?

G .

22. We do not employ energy conservation since. in reaching equilibrium. some energy is.
dissipated either as heat or radio waves. Charge 1s conserved; therefore, if Q = C1Voar =
100 pC. and q;. g7 and g3 are the charges on €y, C; and Cj after the switch 1s thrown to

the right and equilibrium is reached, then

O=q1+q*qs.

Since the parallel pair C> and C; are identical. 1t 1s clear that g2 = ¢3. They are in parallel

with Ci so that F1=F3. or
49 _ 9
c G
which leads to g1 = q3/2. Therefore,

O=(q;/2)+q;+q;=5q,/2

which yields g3 = 2Q0/5=2(100 £C)/5 =40 ¢C and consequently g; = g3/2 =20 uC.
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25.31 A 2.0-4F capacitor and a 4.0-4F capacitor are connected in parallel across a 300-V potential difference. Calculate
the total energy stored in the capacitors.

31. THINK The total electrical energy is the sum of the energies stored in the mdividual
capacitors.

EXPRESS The energy stored in a charged capacitor 1s

2
U:i:lcp’?
2C 2

Since we have two capacitors that are connected in parallel, the potential difference ¥
across the capacitors is the same and the total energy is

1 2
U, =U+U,=—(C,+C,))V".
w1t 2( 1+Gy)
ANALYZE Substituting the values given, we have
1 1
U=§{C‘1 +C, )V =§(2.0><10*5 F+4.0x10°F)(300V)  =0.271.

LEARN The energy stored in a capacitor is equal to the amount of work required to
charge the capacitor.

25.32 A parallel-plate air-filled capacitor having area 40 cm? and plate spacing 1.0 mm is charged to a potential difference
of 600 V. Find (a) the capacitance, (b) the magnitude of the charge on each plate, (c) the stored energy,
(d) the electric field between the plates, and (e) the energy density between the plates.

32. (a) The capacitance 1s

oo _ (8.85x10™ C*/N-m’)(40x10™ m*)
S d 1.0x10”m

=3.5x10 F=35pF.

(b) g = CV'=(35 pF)(600 V) =2.1 x 107° C =21 nC.
() U=1CV? =1(35pF)(21nC) = 63x107°T=6.3 4.
(d)E=Vid=600V/1.0x 10> m=6.0 x 10° V/m.
¢) The energy density (ener er unit volume) is
zy ty gy p
U 6.3x107°7T

U _ 3
“ Ad (40x1041112)(1.O><10_3111) ho ],/111.
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25.41. A coaxial cable used in a transmission line has an inner radius of 0.10 mm and an outer radius of 0.60 mm. Calculate
the capacitance per meter for the cable. Assume that the space between the conductors is filled with polystyrene.

41. THINK Our system, a coaxial cable. 1s a cylindrical capacitor filled with polystyrene,
a dielectric.

EXPRESS Using Eqs. 25-17 and 25-27. the capacitance of a cylindrical capacitor can be
written as
_ 2mxggL

* In(b/a)

where Cj 1s the capacitance without the dielectric. x 1s the dielectric constant, L is the
length. a 1s the inner radius. and b is the outer radius.

ANALYZE With x= 2.6 for polystyrene. the capacitance per unit length of the cable 1s

C_ 2mcs, _ 2m(2.6)(8.85x107" F/m)
L In(b/a) In[(0.60 mm)/{0.10 mm)]

—8.1x10" F/m =81 pF/m.

LEARN When the space between the plates of a capacitor is completely filled with a

diclectric material, the capacitor increases by a factor x the dielectric constant
characteristic of the material,

25.45. A certain parallel-plate capacitor is filled with a dielectric for which x = 5.5. The area of each plate is 0.034 m?, and
the plates are separated by 2.0 mm. The capacitor will fail (short out and burn up) if the electric field between the
plates exceeds 200 kN/C. What is the maximum energy that can be stored in the capacitor?

45. Using Eq. 25-29, with o= g/4, we have

q
K&,

|E|= = 200x10° N/C

which yields g = 3.3 x 107 C. Eq. 25-21 and Eq. 25-27 therefore lead to

2

2
o9 _ ad

=4 = =66x1077 .
2C  2xgyd
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25.48. Figure 25-47 shows a parallel-plate capacitor with a plate area A = 5.56 cm? and
separation d = 5.56 mm. The left half of the gap is filled with material of dielectric

. - i . . . A/2 A/2
constant x1 = 7.00; the right half is filled with material of dielectric constant N L

k2 = 12.0. What is the capacitance? K

K5 d

I by o b s el oty W By 25 41

48. The capacitor can be viewed as two capacitors C; and Cy in parallel, each with
surface area A/2 and plate separation d. filled with dielectric materials with dielectric
constants & and . respectively. Thus, (in ST units).

C—C+C, = £,(A4/2)x; . &y(A/ 2, _ 54 ( K +x2J
d d d 2
8851072 CIN-m?)(5.56 %107 m?) [ 7.00 +12.00 _
- B8~ m_)S( 7 )[ J=8.41><10 PE
5.56x107 m

25.60. The chocolate crumb mystery. This story begins with Problem 60 in Chapter 23. As part of the investigation of the
biscuit factory explosion, the electric potentials of the workers were measured as they emptied sacks of chocolate

crumb powder into the loading bin, stirring up a cloud of the powder around themselves. Each worker had an

electric potential of about 7.0 kV relative to the ground, which was taken as zero potential. (a) Assuming that each

worker was effectively a capacitor with a typical capacitance of 200 pF, find the energy stored in that effective

capacitor. If a single spark between the worker and any conducting object connected to the ground neutralized the
worker, that energy would be transferred to the spark. According to measurements, a spark that could ignite a cloud
of chocolate crumb powder, and thus set off an explosion, had to have an energy of at least 150 mJ. (b) Could a
spark from a worker have set off an explosion in the cloud of powder in the loading bin? (The story continues with

Problem 60 in Chapter 26.)

60. (a) Equation 25-22 yields
1 1 2
U==CV>==(200x 107 F)(7.0x10° V) =49x107 1.
2 2

(b) Our result from part (a) 1s much less than the required 150 mJ. so such a spark should
not have set off an explosion.
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