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Ca}oacitance Solution Set, Cha. 25
#1,4,5,8,12,18,26,27,30,38,45,48

due Mon. 2/23
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:

1. Charge flows until the potential difference across the capacitor is the same as the
potential difference across the battery. The charge on the capacitor is then ¢ = CV, and
this is the same as the total charge that has passed through the battery. Thus,

g=25x10°F)(120 V)=3.0x 10" C.

4. We use C = Ag/d.

(a) Thus,

1.00m?*)(8.85x107"% <
goAe (LOOm)EESXIEr) 10 m,
C LOOF

(b) Since d is much less than the size of an atom (~ 107'° m), this capacitor cannot be
constructed.

5. Assuming conservation of volume, we find the radius of the combined spheres, then
use C =4ngR to find the capacitance. When the drops combine, the volume is doubled. It
is then V= 2(4n/3)R’. The new radius R’is given by

4?7I(R')3:24?TCR3 = R'=2"R.

The new capacitance is
C’'=4ne,R =4neg,2"° R=5.04n,R.

With R =2.00 mm, we obtain C=5.047(8.85x10"* F/m}(2.00x10m)=2.80x10""F.



8. The equivalent capacitance is

c. =, +-59% _ 4004

€q
l+ 2

N (10.0 4F) (5.00 F)
10.0 uF +5.00 uF

=733 uF.
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12. (a) The potential difference across C; is V; = 10.0 V. Thus,
g1=C1V1=(10.0 £F)(10.0 V)=1.00x 10 C.
(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 is

C=C+ ¢ =1.50 C.
C+C,
Also, the voltage drop across this combination is
V= il v 0.407.

C+C, C+150C

Since this voltage difference is divided equally between C, and the one connected in
series with it, the voltage difference across C, satisfies V, = V/2 = V1/5. Thus

q, =C,V, =(10.0uF) (g}z.oomo—s()
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18. Eq. 23-14 applies to each of these capacitors. Bearing in mind that ¢ = ¢/4, we find
the total charge to be

Gotal =q1 T q2= 014) +0,4,= € E A +eE4, = 3.6pC

where we have been careful to convert cm” to m? by dividing by 10”.

26. (a) The capacitance is

885x 1072 -C_)(40x10™* m?
c= & | N )(3 ):3.5><10-“F=35pF.
d 1.0x107m

(b) g = CV=(35 pF)(600 V)=2.1 x 10 C =21 nC.
U=Licr’= %(35pF)(21nC)2 =63x107°J=6.3 4.
(d) E = Vid=600V/1.0x 10> m= 6.0 x 10° V/m.

(e) The energy density (energy per unit volume) is

U 6.3x107°]
= :16 3.
" ad (40><10’4m2)(1.0><10’3m) J/m

27. The total energy is the sum of the energies stored in the individual capacitors. Since
they are connected in parallel, the potential difference J across the capacitors is the same
and the total energy is

U :%(cl +C,)V? :%(2.0><10-6 F+4.0x10° F)(300V)" =0.271.
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30. (a) The charge g5 in the Figure is g, = C;} = (4.00 uF)(100 V) =4.00x10" C.
(b) 3=V=100 V.

(c) Using U, =1 CV;?, we have U, =1 C,V =2.00x107]J .

(d) From the Figure,

_ GGV _ (10.0 4F)(5.00 4F)(100 V)

= =3.33x107*C.
C +C, 10.0 «F +5.00 uF

9, =4,

(@) Vi =q1/C1 =333 x 10 C/10.0 yF =333 V.
() U =LCy?=555x10"J.

(g) From part (d), we have ¢, =¢, =3.33x107"C.
(h) Va=V -7 =100V —333V=667V.

() U,=1C,V2=1.11x107] |

38. Each capacitor has 12.0 V across it, so Eq. 25-1 yields the charge values once we
know C; and C,. From Eq. 25-9,

4
C, = 807 — 221x107F |
and from Eq. 25-27,
4
C = % — 6.64x 10" F |

This leads to ¢; = C;¥; = 8.00 x 107 C and ¢, = C, V> =2.66 x 107" C. The addition of
these gives the desired result: gy = 1.06 X 107 C. Alternatively, the circuit could be
reduced to find the gior.
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45. (a) The electric field in the region between the plates is given by E = V/d, where V' is
the potential difference between the plates and d is the plate separation. The capacitance
is given by C = x&Ad/d, where A4 is the plate area and x is the dielectric constant, so
d=ke,A/C and

s VC _ (50 V)(100x 107" F)
kg, A 54(885%1077 F/m)(100x107 m?)

=10x10" V/m.

(b) The free charge on the plates is g = CV' = (100 x 1072 F)(50 V) =5.0x 107 C.

(c) The electric field is produced by both the free and induced charge. Since the field of a
large uniform layer of charge is g/2&A, the field between the plates is

E: qf + qf _ qi _ qi ,
26,4 264 2e,4 2¢,A4

where the first term is due to the positive free charge on one plate, the second is due to
the negative free charge on the other plate, the third is due to the positive induced charge
on one dielectric surface, and the fourth is due to the negative induced charge on the other
dielectric surface. Note that the field due to the induced charge is opposite the field due to
the free charge, so they tend to cancel. The induced charge is therefore

q,=q, —£AE =5.0x10" C—(8.85x10" F/m)(100x10™*m)(1.0x10* V/m)
=4.1x10” C=4.1nC.

48. (a) We apply Gauss’s law with dielectric: g/& = xEA, and solve for k

4 _ 89x107 C s
g,EA  (885x107 C)(14x10° V/m)(100x107m*)

N-m?

(b) The charge induced is

1 1
"=gl1-—|=(89%x107 C)|1-— |=7.7x107" C.
1 q( K]( )( 7.2)



