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CHAPTER 26

Answer to Checkpoint Questions

A

) same; (b) same

a) decreases; (b) increases; (¢) decreases

a) V., q/2; (b) V/2, ¢

) same; (b) — (d) increase; (e) same (same potential difference across same
a

late separatlon)

) same; (b) decrease; (¢) increase

Answer to Questions

A S S i ol S

e e
U W = O

a,2;b,1;¢,3

B and C tie, then A
(@) increase; (b) same
a) series; (b) parallel; (¢) parallel
)
)

a) parallel; (b) series
no

; (D) yes; (¢) all tie
a) C/3; (b) 3C; (¢) parallel

parallel, C'; alone, Cy alone, series

(
(
(a
(

a) equal; (b) less
) same; (b) same; (¢) more; (d) more
a) — (d) less

) decreases; (b) decreases; (c¢) increases

) 2;

(8) 3; (¢) 1

a) less; (b) more; (¢) equal; (d) more

a

a

(
(
(
(
(
(

Increase plate separation d, but also plate area A, keeping A/d constant

(
(
(
(@) go = q1 + g34; (b) equal (C5 and C, are in series)
(
p
(
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16. (a) increases; (b) increases; (¢) decreases; (d) decreases; (€) same, increases, increases,
increases

Solutions to Exercises & Problems

1E

The minimum charge measurable is

Gumin = CVinin = (50 pF)(0.15V) = 7.5pC..

q 70pC
=4 _ P _s5.F.
AV - 20V P

(b) The capacitance is independent of ¢, i.e. it is still 3.5 pF.

' 200 pC
Av=2L 2P

= =57V.
¢  3.5pF

3E

Charge flows until the potential difference across the capacitor is the same as the emf of
the battery. The charge on the capacitor is then ¢ = C'€ and this is the same as the total
charge that has passed through the battery. Thus ¢ = (25 x 107 F)(120V) = 3.0x 1072 C.

4FE

5E

(a) The capacitance of a parallel plate capacitor is given by C = eyA/d, where A is the
area of each plate and d is the plate separation. Since the plates are circular the plate area
is A = 7R?, where R is the radius of a plate. Thus

emR®>  (8.85 x 107" F/m)7(8.2 x 107% m)?

C=——= 13 x10—3m

=14 x107'"°F = 140 pF.
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(b) The charge on the positive plate is given by ¢ = CV, where V is the potential difference
across the plates. Thus ¢ = (1.4 x 10719 F)(120V) = 1.7 x 1078 C = 17 nC.

SE
Use C = Aeg/d. Thus

Aeg (1.00m?)(8.85 x 10712 C%/N-m?) 1
= —_= — . 1 .
d c T00F 8.85 x 107" m

Since d is much less than the size of an atom (~ 107'%m), this capacitor cannot be con-
structed.

E

(a) Use Eq. 26-17:

ab (40.0 mm)(38.0 mm)
O 0 T (8.99 % 10° N-m?/C2)(40.0 mm — 38.0 mm) P

(b) Let the area required be A. Then C' = ¢y A/(b— a), or

C(b—a) (84.5pF)(40.0mm — 38.0mm)

A= = = 191cm?.
€ (8.85 x 10~12 CZ/N-m?) o
8E
The charge accumulated is given by
(0.25m)(15 x 10 V) .
=CV =4regRV = =41x107"C.

e e 8.09 x 10° N-m?/C? s
9E
(a) Use ¢ = CV = ¢ AV/d to solve for A:

d 1 1072 F)(1. 1073
4= G4 Q0XA0TTENAO0X 10" m) _ )y ygs e

€ (885 x10712C%/N-m?)

d 1.0 mm
C' = C(E) = (10pF)<0 9mm> = 11pF.
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(¢) The new potential difference is V' = ¢/C' = CV/C'. Thus

(10pF)(12V)

A = l— =
V=V -V ToF

—12V=12V.

In a microphone, mechanical pressure applied to the aluminum foil as a result of sound can
cause the capacitance of the foil to change, thereby inducing a variable AV in response to
the sound signal.

10E
You want to find the radius of the combined spheres, then use C' = 4wegR to find the
capacitance. When the drops combine the volume is doubled. It is then V' = 2(47/3)R?.

The new radius R’ is given by

dr dr
— (R =2—R?
3 ( ) 3 Y

SO

R =2'°R.
The new capacitance is C' = 4wy R = 47T60(21/3R) =21/3C =1.26C.

11P
In Eq. 26-14, let b = a + d with d/a < 1, we have

L _ 2meL €o(2mal) €4

=2 ~
"1+ d/a) " dja d d’

C = 27¢

L
In(b/a)

where A = 2mal is roughly the surface area of either of the cylinders. Here the approxi-
mation In(1 4+ x) &~ z for |z| < 1 was used.

12P
Since b —a — d and a ~ b, from Eq. 26-17

ab eo(dmab)  eo(dma®)  epA
— 4 = ~ =
C=drar—, d d d

13P

¢ d ([ A\ _ edd eddr eAf1dA 1dz
dT ~ dT\ %)~ 2 dT ~ 22 dT = z \AdT zdT

_ofldd 1de
~ T \A4dT "~ 2dT )"
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(b) Set dC'/dT = 0 to obtain

TdA
AdT_ Al = 4OA] = Qg .

So @y = 201 = 2(23 X 1076/ C°) = 4.6 x 1075/ C°.

14E

The equivalent capacitance is given by Ceq = ¢/V, where ¢ is the total charge on all
the capacitors and V is the potential difference across any one of them. For N identical
capacitors in parallel Ceq = NC, where C' is the capacitance of one of them. Thus NC =

q/V and
q 1.00C
VC T (110V)(1.00 x 10~ F)

15E
Cog = Cs + =272 = 4.00 uF = 7.33uF .
1 =St G M T 0.0 4F + 5.00 4F a
16P
o _ (G4 C)Cy  (10.04F +5.00 uF)(004F) o o o
T £ Cy+Cy  10.0uF +5.00uF £ 4.00,F O HT
17E

The charge that passes through meter A is

g = CogV =3CV = 3(25.0 uF)(4200 V) = 0.315C.

. F)(4. F
g = 0102 :(GOOM )( OOM ) :240/,LF
Ci+Cy  6.00uF +4.00 uF

(b) ¢ = CogV = (2.40 uF)(200 V) = 4.80 x 10* C.

(¢) Vi =¢q/C; =480 x 10*C/240 uF =120V, and Vo, =V —V; =200V — 120V =80 V.
19E

(a) Now Coq = C1 + Cy = 6.00 uF + 4.00 puF = 10.0 puF.
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b) ¢1 = C1V = (6.00F)(200V) = 1.20 x 1073 C, ¢, = C,V = (4.00 uF)(200V) =
00 x 1074 C.
C) Vl = VQ =200V.

~~ 00
—

20P

Let x be the separation of the plates in the lower capacitor. Then the plate separation in
the upper capacitor is a — b — x. The capacitance of the lower capacitor is Cy = egA/x and
the capacitance of the upper capacitor is C,, = ¢gA/(a — b — x), where A is the plate area.
Since the two capacitors are in series the equivalent capacitance is determined from

1 . 1z _I_a—b—:zj_a—b
Ceq_C[ Cu_ﬁoA GOA N GOA'

Thus the equivalent capacitance is given by Ceq = €9A/(a — b) and is independent of «.

21P

(a) The equivalent capacitance of the three capacitors connected in parallel is Ceq = 3C' =
3egA/d = €9 A/(d/3). Thus the required spacing is d/3.

(b) Now Ceq = C/3 = €9 A/3d, so the spacing should be 3d.

22P

(a) The equivalent capacitance is Coq = C1C3/(Cy 4+ C3). Thus the charge ¢ on each
capacitor is

CLCLV (2.0 uF)(8.0 uF)(300 V) D
= CeqV = = =48x107*C.
1=%a? =60, 2.0 uF + 8.0 uF %

The potential differences are: Vi = ¢/C; = 4.8 x 1074 C/2.0uF =240V, Vo =V -V} =
300V —-240V =60V.

(b) Now we have ¢ /Cy = ¢5/Cy = V' (V' being the new potential difference across each
capacitor) and ¢} + ¢4 = 2¢. Solve for ¢{, ¢5 and V:

, 2Ciqg 2(2.0pF)(4.8 x 1071 C)
BT Y0, T 20uF £ 8.0uF

¢ =2¢—q =T17x107*C,
— ¢ _1.92x107*C

=1.9x107*C,

=96V.

(¢) Now the capacitors will simply discharge themselves, leaving ¢ = ¢2 = 0 and V; =

VQZO.
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23P

For maximum capacitance the two groups of plates must face each other with maximum
area. In this case the whole capacitor consists of (n—1) identical single capacitors connected
in parallel. Each capacitor has surface area A and plate separation d so its capacitance is
given by Cy = g A/d. Thus the total capacitance of the combination is

(n—1)egA

24P
(a) and (b) The original potential difference V; across Cj is

po o CedV _ (BIGEE)A00V)
Ci+C;  10.0 uF + 5.00 uF

Thus AV; =100V —21.1V = 79V and Aq; = C1AV; = (10.0 gF)(79V) = 7.9 x 1074 C.

25P

(a) Put five such capacitors in series. Obviously the equivalent capacitance is 2.0 uF/5 =
0.40 puF, and with each capacitor taking a 200-V potential difference the equivalent capacitor
can withstand 1000 V.

(b) As one possibility, you can take three identical arrays of capacitors, each array being a
five-capacitor combination described in part (a) above, and hook up the arrays in parallel.
The equivalent capacitance is now Ceq = 3(0.40 uF) = 1.2 uF, and with each capacitor
taking a 200-V potential difference the equivalent capacitor can withstand 1000 V.

26P

(a) The potential difference across C; is V3 = 10V. Thus ¢; = C1V; = (10puF)(10V) =
1.0 x 1074 V.

(b) Let C =10 uF. Consider first the three-capacitor combination consisting of Cy and its
two closest neighbors, each of capacitance C. The equivalent capacitance of this combina-
tion 1s

Cy,C
Ceq =C =1.5C.
C UG
The voltage drop across this combination is then
CV; CV; 2
v : : =i

T C+C, C+135C 5
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Since this voltage difference is divided equally between C5 and the one connected in series
with it, the voltage differenc across Cy satisfies V, = V/2 =V, /5. Thus

1
g = CyVy = (10 /,LF)<O5V> =20x107°V.

27P

The charge initially carried by the 100-pF capacitor is ¢z = C1V; = (100pF)(50V) =
5.0 x 1072 C. When connected with the second capacitor, the charge on the first one
reduces to ¢} = C1V{ = (100pF)(35V) = 3.5 x 107? C, which means that the second one
now has a charge of ¢ = ¢1 — ¢} = 1.5 x 107 C. Thus its capacitance is Cy = ¢2/Vs =
1.5 x 1072 C/35V = 43 pF.

28P
(a) Firstly, the equivalent capacitance of Cy and the the other 4.0-uF capacitor connected
in series with it is given by 4.0 uF/2 = 2.0 uF. This combination is then connected in
parallel with each of the two 2.0-uF capacitors, resulting in an equivalent capacitance
C=20pF+2.0uF +2.0upuF =6.0uF. This four-capacitor combination is then connected
in series with another combination, which consists of the two 3.0-uF capacitors connected
in parallel, whose equivalent capacitance in turn is ¢! = 3.0 uF + 3.0 uF = 6.0 uF. So
finally the equivalent capacitance of the entire circuit is given by
!
Cog = ccC _ (6.0 uF)(6.0 uF) —3.0,F.
C+C"  6.0uF+6.0uF
(b) Let V' =20V be the potential difference supplied by the battery. Then ¢ = CeqV =
(3.0uF)(20V) =6.0 x 107° C.
(¢) The potential difference across Cy is given by

v OV (604F)20V)
T C+C T 6.0uF+6.0uF

and the charge carried by C} is ¢; = C1V; = (3.0 uF)(10V) = 3.0 x 10~ C.

(d) The potential difference across Cy is given by Vo =V —=V; =20V —-10V = 10V. Thus
the charge carried by Cy is g2 = CoVo = (2.0 uF)(10V) = 2.0 x 107° C.

(e) Since this voltage difference V5 is divided equally between Cs and the other 4.0-uF
capacitors connected in series with it, the voltage differenc across Cs is given by V3 =

V3/2=10V/2=5.0V. Thus g3 = C3Vs = (4.0 uF)(5.0V) = 2.0 x 10~° C.

=10V,

29P

(a) After the switches are closed the potential differences across the capacitors are the
same and the two capacitors are in parallel. The potential difference from a to b is given
by Vap = Q/Ceq, where @ is the net charge on the combination and Ceq is the equivalent
capacitance.
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The equivalent capacitance is Coq = €7 + Cy = 4.0 X 107 F. The total charge on the
combination is the net charge on either pair of connected plates. The charge on capacitor
11s

¢ =CV=(10x10"°F)(100V) =1.0x 107* C

and the charge on capacitor 2 is
¢z = CoV =(3.0x 107 F)(100V) =3.0 x 107* C,

so the net charge on the combination is 3.0 x 107*C — 1.0 x 107*C = 2.0 x 107* C. The
potential difference is

2.0x107*C
T 40x10-°F
(b) The charge on capacitor 1 is now ¢; = C1V, = (1.0 x 107 F)(50 V) = 5.0 x 10~° C.
(¢) The charge on capacitor 2 is now ¢o = Cy V5 = (3.0 x 107 F)(50 V) = 1.5 x 10~* C.

Vab =50V.

30P
The charges on capacitors 2 and 3 are the same, so these capacitors may be replaced by an
equivalent capacitance determined from

1 1 1 G+ Gy

Cw G G GGy

Thus Ceq = C2C3/(C3 + C3). The charge on the equivalent capacitor is the same as the
charge on either of the two capacitors in the combination and the potential difference across
the equivalent capacitor is given by ¢2/Ceq. The potential difference across capacitor 1 is
q1/Cy, where ¢ is the charge on this capacitor.

The potential difference across the combination of capacitors 2 and 3 must be the same
as the potential difference across capacitor 1, so ¢1/Cy = ¢2/Ceq. Now some of the charge
originally on capacitor 1 flows to the combination of 2 and 3. If ¢y is the original charge,
conservation of charge yields ¢; + ¢ = ¢qo = C1V,, where Vj is the original potential
difference across capacitor 1.

Solve the two equations ¢1/C; = ¢2/Ceq and ¢1 + ¢2 = C1V; for ¢; and ¢;. The second
equation yields

@2 =0V —q

and, when this is substituted into the first, the result is

o CiVo — a1

Cl Ceq ‘
Solve for ¢;. You should get

_ CiVo _ CiVy . 012(02 + C3)W
n= Ceq + Ch N L G0y + C1C3 4+ CoCs
1

Cy+ Cs
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The charges on capacitors 2 and 3 are

012(02 —|— C3)V0 CICZCSVO

g2 = g3 1Yo —q1 1Vo C.Cy + C,C5 + CyCs CCy + C1Cs + CyC5

31P
) CiCs3V 1.0 uF)(3.0 uF)(12V
@1 =93 = - :(-M)(-M)( ):9.0/,LC,
CyCyV 2.0 uF)(4.0 uF)(12V
42 = q4 = 2 :( HE)A.0 1) ):16MC.

(b) Now the voltage difference V; across C; and Cy is

V = = =
YT+ 4O+ Cy 1.0 uF + 2.0 uF + 3.0 uF + 4.0 uF

8.4V.

Thus ¢1 = C1Vi = (1.0pF)(84V) = 84uC, ¢ = C2V; = (2.0uF)(84V) = 17uC,
3 =C3(V-=V1)=(3.0uF)(12V —-84V)=11uC, and ¢4 = C4,(V —=V;) = (4.0 uF)(12V —
8.4V) = 14 uC.

32P
In the first case the two capacitors are effectively connected in series so the output potential
difference is Vouy = CV4, /2C = Vi, /2 = 50.0 V. In the second case the lower diode acts as

a wire so Vgui = 0.

33E
Let v = 1.00 m®. The energy stored is
1 2
U=uv= §€0E v

1
= 5(8.85 x 10712 C*/N-m?)(150 V/m)?*(1.00m®) = 9.96 x 107 J.

1 1
U= 5Cv2 = 5(61.0 x 1072 F)(10.0 x 10° V)* = 3.05 x 10° J.

U =(3.05x10°J)/(3.6 x 10°J/ kW -h) = 0.847kW-h.
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35E
The energy stored by a capacitor is given by U = %C’Vz, where V' is the potential difference
across its plates. You must convert the given value of the energy to joules. Since a joule is
a watt-second, simply multiply by (10> W/kW)(3600s/h) to obtain 10 kW-h = 3.6 x 107 J.
Thus

20 2(3.6x1077)

C=33= (1000 V)2

=T2F.

1 1
U= §CV2 = §(130 x 1072 F)(56.0 V)? =2.04 x 1077 J.

(b) No, because we don’t know the volume of the space inside the capacitor where the
electric field is present.

37E
Use U = %C’Vz. As V is increased by AV the energy stored in the capacitor increases
correspondingly from U to U + AU: U + AU = %C(V + AV)Z. Thus (1 + AV/V)2 =

1+ AU/U, or

AV / AU —
38E
(a)

oA (8.85 x 10712 C2/N-m?)(40 x 10~*m?) 0
C=== DRI =3.5x 10711 F = 35pF.
(b) ¢ = CV = (35 pF)(600 V) = 2.1 x 10~* C = 21 nC.
(¢) U=1CV?=1(35pF)(21nC)? =6.3x 107°J = 6.3 uJ.
(d) E=V/d=600V/1.0 x 10~3m = 6.0 x 10° V/m.
) U 6J
6.3 x 10~
- = = =1.6]/m’.
S T WX 10 w10 x 105 O/

39E

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

1 1
U= 5(C1 + Cy)V? = 5(2.0 x 107°F +4.0 x 107°F)(300V)? = 0.277].
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1 1 € e?
_ — E2 _ — _— = —.
“ 2 €0 2 < (47r60r2 ) 327n2eqrt

(b) From the expression above u o r~*. So for r — 0 u — oco.

41P
Use E = q/4negR* = V/R. Thus

1 1 /V\? 1 8000V \
= —¢E?’= ¢ =) =2(885x 1072 C*N-m*) | ——— ) =0.11J/m>.
v g 260<R> 5(8:85 % N\ 5.050m fm

42P
The total energy stored in the capacitor bank is

1 1
U= §Ctota1V2 = 5(2000)(5.00 x 107° F)(50,000 V)? = 1.3 x 107 J.

Thus the cost is
(1.3 x 107 J)(3.0 cent/ kW-h)

3.6 x 105J/kW-h

= 10 cents.

43P

(a) In the first case U = ¢*/2C; and in the second case U = 2(¢/2)?/2C = ¢*/4C. So the
energy is now 4.0J/2 = 2.0J.

(b) It becomes the thermal energy generated in the wire connecting the capacitors during
the discharging process.

44P
(a) 2 ( 4 C)Z
@ (48x 10" .
U =56 = smoxioem - o8 x0T
2 —4 2
q (4.8 x107*C) 9
U= 56, = 3B x 107w <1077
(b)

qr? (1.9 x 107+ C)? _3
1790, T 2(20x10-°F) 8 ’

2 (77 %1071 C)?
Ul e q2 —_= ( — 37 10_2 J .
27 50, ~ 2(8.0 x 10~ F) 8

() Ul =UY = 0.
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Note that Uy + Uy > U] + Uy > U{' + UJ, since the system partially discharges as it goes
from situation (a) to (b), and completely discharges in (¢).

45P
(a) and (b). The voltage difference across Cy and Cy is given by

CyV (4.00 uF)(100 V)

V:V: =
TP O 4G+ Cy 100 uF + 5.00 uF +4.00 uF

=21.1V.

Also, Vs =V =V, = V=V, =100V—=21.1V = 78.9V. Thus ¢; = C;V; = (10.0 zF)(21.1V)
=211 x107*C, ¢ = CyVy = (5.00uF)(21.1V) = 1.05x 107*C, and ¢3 = ¢1 + ¢2 =
211 x107*C+1.05x 107*C =3.16 x 1074 C.

() Uy = 11V = 1(10.0pF)(21.1V)? = 222 x 1072, Uy = L0, V2 = 1(5.00 uF)x
(21.1V)? = 1.11 x 1073 J, and Uy = L3V = L(4.00 uF)(78.9V)? = 1.25 x 1072 J.

46P

(a) Let ¢ be the charge on the positive plate. Since the capacitance of a parallel-plate
capacitor is given by egA/d, the charge is ¢ = CV = ¢, AV/d. After the plates are pulled
apart their separation is 2d and the potential difference is V'. Then ¢ = ¢g AV'/2d and

2d 2d €A
!
v WAl T A d V=2V

(b) The initial energy stored in the capacitor is

. 1 2 60AV2
Ui=30V =54
and the final energy stored is
. 1 EoA N2 1 EoA 2 60AV2
1= V=gV ==

This is twice the initial energy.

(¢) The work done to pull the plates apart is the difference in the energy: W =U; — U, =
€0 AV2/2d

47P
(a)
g3 = C3V = (4.00 uF)(100 V) = 4.00 x 10~* mC,
C1C,V  (10.0 1F)(5.00 uF)(100 V)

— gy = — =3.33x107*C.
N=R= oo, 10.0 uF + 5.00 uF %




724 CHAPTER 26 CAPACITANCE

(b)) Vi=q/C; =333x107*C/10.0uF =333V, V, =V -V, =100V —33.3V =66.7TV,
and V3 =V =100V.

(¢) Use U; = %CiViz, where ¢« = 1, 2, 3. The answers are U; = 5.6mJ, U; = 11mJ, and
Uy =20mJ.

48P

You first need to find an expression for the energy stored in a cylinder of radius R and length
L, whose surface lies between the inner and outer cylinders of the capacitor (a < R < b).
The energy density at any point is given by u = %eoEz, where E is the magnitude of the
electric field at that point. If ¢ is the charge on the surface of the inner cylinder then the
magnitude of the electric field at a point a distance r from the cylinder axis is given by

_ q
2meg Ly

(see Eq. 26-12) and the energy density at that point is given by

1 q2
S D A S—
“ 260 8n2eq L2

The energy in the cylinder is the volume integral

Ur = /udV.
Now dV = 27rLdr, so

R 2 2 Rd 2
UR:/ q727rrdr: E /_r g lR.

= n—
8m2eqL21? dregL? r dregL?  a

To find an expression for the total energy stored in the capacitor, replace R with b:

__ @ b
 drmegL? N

Uy

You want the ratio Ur /Uy to be 1/2, so

lnE: 111r1é
a 2 a

or, since 3 In(b/a) = In(y/b/a), In(R/a) = In(y/b/a). This means R/a = \/b/a or R = \/ab.

49P
The charge is held constant while the plates are being separated, so write the expression
for the stored energy as U = ¢*/2C, where ¢ is the charge and C is the capacitance. The
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capacitance of a parallel-plate capacitor is given by C' = ey A/x, where A is the plate area

and x is the plate separation, so
¢x
U= :
2€0A

If the plate separation increases by da the energy increases by dU = (¢*/2¢yA)dz. Suppose
the agent pulling the plate apart exerts force F'. Then the agent does work F'dz and if the
plates begin and end at rest this must equal the increase in stored energy. Thus

q2
Fdx = d
¢ <2€0A> ¢

and

q2

- 2€0A '

The net force on a plate is zero so this must also be the magnitude of the force one plate
exerts on the other.

The force can also be computed as the product of the charge ¢ on one plate and the electric
field E; due to the charge on the other plate. Recall that the field produced by a uniform
plane surface of charge is F; = q/2¢gA. Thus F = ¢*/2¢, A.

50P

According to the result of 49P the force on either capacitor plate is given by F = ¢*/2¢ A,
where ¢ is the charge on one plate and A is the area of a plate. The electric field between
the plates is E = ¢/ey A, so ¢ = ¢gAE and

e2A’E* 1
F=2=2 = —egAE>.
2egA 2
The force per unit area of plate is
F 1
— = e E?.
42"

Note that the field E that enters this equation is the total field, due to charges on both
plates.

51P
According to the result of 50P the electrostatic force acting on a small area AA 1s F, =
%eoEz AA. The electric field at the surface is E = q/4wegR%, where ¢ is the charge on the

bubble. Thus
1 q ? > AA
¢ = % <47r60 R? ) 32712¢y R4
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This force is outward. The force of the gas inside is the product of the pressure inside and

the area: F, = p(Vy/V)AA. Since Vy = (47 /3)R} and V = (47 /3)R?,
Ry

This force is outward. The force of the air outside is F, = p AA. This force is inward. Since
the bubble surface is in equilibrium, the sum of the forces must vanish: F, 4+ F, — F, = 0.
This means

¢ B
3272y R4 Pps =P =

Solve for ¢*. You should get

3

q* = 327%¢y R'p (1 — —0> = 32n%egpR(R* — R}) .

52K
If the original capacitance is given by C = eyA/d, then the new capacitance is C' =

eokA/2d. Thus C'/C = k/2 or k =2C"/C = 2(2.6 pF/1.3pF) = 4.0.

53E

The capacitance with the dielectric in place is given by C' = «Cy, where Cy is the capaci-
tance before the dielectric is inserted. The energy stored is given by U = %C’V2 = %KJCO V2,
SO

2U 2(7.4x 1070 J)

= = 4.7.
CoV?

K

T (T4 x10-2F)(652V)2
According to Table 26—1 you should use pyrex.

54E
Use C = ¢gkA/d x k/d. To maximize C' we need to choose the material with the greatest
value of k/d. It follows that the mica sheet should be chosen.

55K
(a) Use C = ey A/d to solve for d:

A (8.85x 1072 C?/N-m*)(0.35m?)

=6.2x10"%m.
C 50 x 10-12F 8 m

d=

(b) Use C x k. The new capacitance is C' = C(r/kKaiy) = (50 pf)(5.6/1.0) = 280 pF.
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56E
The capacitance of a cylindrical capacitor is given by
2mregL
C=rCy=———
"7 In(b/a)’
where Cj is the capacitance without the dielectric, x is the dielectric constant, L is the

length, @ is the inner radius, and b is the outer radius. The capacitance per unit length of
the cable is

C 2mrey  2m(2.6)(8.85 10712 F/m)

T = in(b/a) — 1n[(0.60mm)/(010mn) — o1 X 107 F/m=81pF/m.

57P
The capacitance is given by C = kCy = kegA/d, where Cy is the capacitance without the
dielectric, & is the dielectric constant, A is the plate area, and d is the plate separation. The

electric field between the plates is given by E = V/d, where V is the potential difference
between the plates. Thus d = V/E and C = ke AE/V. Solve for A:

cv
keg B

A=

For the area to be a minimum, the electric field must be the greatest it can be without
breakdown occurring. That is,

—8 3
L (7.0 x 1078 F)(4.0 x 10° V) 63
2.8(8.85 x 10~12 F/m)(18 x 106 V/m)

58P
(a) Use Eq. 26-14:

L (4.7)(0.15m)
= 2meon T a) ~ 2(5.99 x 109 N-m?/C7) In(3.8 cm/3 6 em) - o0

(b) The breakdown potential is (14kV/mm)(3.8 cm — 3.6 cm) = 28kV.

59P
(a) Since u = %KjeoEz, we select the material with the greatest value of KE2
E\hax 18 its dielectric strength. Thus we choose strontium titanate, with the corresponding

when

minimum volume

Unax € B2 (310)(8.85 x 10~12 CZ/N-m?2)(SkV /mm)?

max
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(b) Solve &' from U = Lk'egE%, V. :

2 max ' min"*

;L 2U B 2(250kJ) 101 x 10*
V! F2 . (8.85x 10712 C%/N-m?)(0.0870 m?)(8kV/mm)? ‘

min“~max

K

60P
(a) Label the capacitor whose dielectric constant is  + Ak as capacitor 1, and the other
one as capacitor 2. For parallel connection

e0A(k + Ak) . e0A(k — Ak) _ 2e0Ar
d d - d

Ceq201+02:

(b) Since Cy > C3 we need to evaluate ¢q, the charge on capacitor 1:

aQ (0 A/d)(r + Ar)Q _ 3@(1 . Aﬁ;) |

N=CI 0~ (cA/d)(k + M)+ (0 AJd)(r — Ar) 3
61P
(a) The length d is effectively shortened by b so C' = egA/(d — b).
()

U ¢/2C  C'  qAf(d—b)  d

U @2/2C" T C eAld T d—b’

(¢) The work done is

2 1 1 q2 QZb
W=AU=U-U=L(__2)= d—b—d)=— .
v v v 2(0’ C) 2€0A( ) 260A

Since W < 0 the slab is sucked in.

62P
(a) C" =€yA/(d —b), the same as part (a) in 61P.
(b)

v icv: ¢ eA/d d—b

U love: T O qAfd-b)  d

(¢) The work done is

2
W:AU:U’—U:%(C’—C)W:ﬂ( L 1) 2 _ €oADV

2 \d—b d) ~ 2d(d—1b)’

Since W > 0 the slab must be pushed in.
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63P

The capacitor can be viewed as two capacitors 7 and C5 in parallel, each with surface
area A/2 and plate separation d, filled with dielectric materials with dielectric constans «y
and kg, respectively. Thus

A2 A/2 A
C:CI+CQZGO( C/Z)KI—I_GO( C/l)/iZZGOd (/il;’KJQ)‘

64P

Agssume there is charge ¢ on one plate and charge —¢ on the other. Calculate the electric
field at points between the plates and use the result to find an expression for the potential
difference V' between the plates, in terms of ¢. The capacitance is C' = ¢/V.

The electric field in the upper half of the region between the plates is

q

E, = )
/4316014.

where A is the plate area. The electric field in the lower half is

q

E, = .
2 /4326014.

Take d/2 to be the thickness of each dielectric. Since the field is uniform in each region the
potential difference between the plates is

. Eld Ezd . qd 1 1 qd K1 + K9
V= > T _260A< >

/4;_1 K9 N 2€0A R1K2
SO

C_ q _ 204  KiKa ‘
vV d K1 + K9

Notice that this expression is exactly the same as the expression for the equivalent ca-

pacitance of two capacitors in series, one with dielectric constant x; and the other with
dielectric constant k5. Each has plate area A and plate separation d/2. Also notice that
if kK1 = kg the expression reduces to C' = k1e9A/d, the correct result for a parallel plate
capacitor with plate area A, plate separation d, and dielectric constant k.

65P

Let Cl == 60(A/2)/€1/2d == 60A/€1/4d, 02 == 60(A/2)/€2/d == 60A/€2/2d, and C3 == 60A/€3/2d.
Note that C; and C5 are effectively connected in series, while C is effectively connected
in parallel with the C5-C's combination. Thus

0203 . EoAKJl (60A/d)(/€2/2)(/€3/2)
Cy+Cs  4d Ko /24 K3 /2

. GOA i 2/432/433
N 4d i K2 + K3 '

C=0C+
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66E

(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 = kepA/d, where A is the plate area and « is the dielectric constant, so

d = kegAJ/C and

Ve (50 V)(100 x 10~ 12 F) \
reoA | 5.4(8.85 x 1012 F/m)(100 x 10— m?) X107V /m

(b) The free charge on the plates is ¢y = CV = (100 x 1072 F)(50 V) = 5.0 x 1077 C.

(¢) The electric field is produced by both the free and induced charge. Since the field of a
large uniform layer of charge is q/2€y A, the field between the plates is

qs qf 4 4
E= - -
260A * 260A 2€0A 260A ’

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

9i = 4f — €c0AE
=50x1077C —(8.85 x 1072 F/m)(100 x 10~* m*)(1.0 x 10* V/m)
=41x107?C =4.1nC.

67E
(a) The electric field E; in the free space between the two plates is Fy = ¢/ep A while that
inside the slab is By = By /k = q/regA. Thus Vo = E1(d—b)+ E2b = (¢/eg A)(d—b+b/k),

and the capacitance is

q €g Ak
Vo w(d—D0)+b
(8.85 x 10712 C?/N-m?)(115 x 10~* m?)(2.61)

_ = 13.4pF.
(2.61)(1.24 — 0.780)(102m) + (0.780 x 10-2) P

C —

(b) ¢ = CV = (134 x 1072 F)(85.5V) = 1.15nC.

g 1.15x 1079 C
A (885 x 10712 (C2%/N-m2)(115 x 10~* m?2)

E, = 1.13 x 10* N/C.

B 113 x 10*N/C \
B, =2 _ 433 x 103N/C.
27 2.61 % /
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68P
(a) Use C = Cyk, where Cy is given by Eq. 26-17:
b
C =4reyk ¢
b—a
(b) ¢ =CV =4dregrVab/(b— a).
' 1\ _ dmepln = 1)Vab
i1 Z Ameols — a
1 q( /4;) b—a
69P
(a) Apply Gauss’s law with dielectric: ¢/eg = kEA, and solve for &:
. 1077
4 8.9 % 107 C .

coEA  (8.85x 10~12 C2/N-m2)(1.4 x 106 V/m)(100 x 10—+ m?)
(b) The charge induced is

1 _l o -7 _i o -7
q-q(l —) = @9%107TTC) (1 -5 ) =TT x 1077 C.

70P
. A (8.85 x 10712 C%/N-m?)(0.12 m?)
_ w4 _ (8 : — 89pF.
Co="3 12x102m S9p
(b) Use the result of Exercise 67, part (a):
€ AR (885 x 107" C*N-m?)(0.12m*)(4.8)

C = = 120 pF .

w(d—b)+b  (4.8)(1.2—0.40)(1072m) + (4.0 x 103 m)
(¢) Before the insertion: ¢ = CoV(89pF)(120V) = 11nC. Since the battery is disconnected,
g will remain the same after the insertion of the slab.
(d) E =q/epA =11nC/(8.85 x 10712 C*/N-m?)(0.12m?) = 10kV/m.
(e) B' =FE/k =(10kV/m)/4.8 = 2.1kV/m.
(HV = E(d b)+E'b = (10kV/m)(1.2—0.40)(10"? m)+(2.1kV/m)(0.40x 1073 m) = 88 V.
(g) The work done is

2
g {1 1
Wext =AU = —| = — —
t (0 Co>

(11 x 1079 C)? 1 1 .
_ _ _ _17x10777.
2 89x 10-12F 120 x 10-12F %
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71P
(a) Since u = %/ieoEz, Egab = Eair/Eslab, and U = wv, the fraction of energy stored in the
alr gaps 1s

. E2 A(d— D) 1
rac = =
EgirA(d - b) + /fslabEszlabAb 1+ /islab(Eslab/Eair)z[b/(d - b)]
= 1 = 0.606 .

1+ (2.61)(1/2.61)2[0.780/(1.24 — 0.780)]

(b) The fraction of energy stored in the slab is 1 — 0.606 = 0.394.

72P

Agssume the charge on one plate is +¢g and the charge on the other plate is —¢. Find an
expression for the electric field in each region, in terms of ¢, then use the result to find an
expression for the potential difference V' between the plates. The capacitance is C' = ¢/V.

The electric field in the dielectric is Ey = q/reg A, where & is the dielectric constant and A

is the plate area. Outside the dielectric (but still between the capacitor plates) the field is

E = q/eyA. The field is uniform in each region so the potential difference across the plates
gb  q(d=b) ¢ btr(d-b)

=FE;b+ E(d—0b) = = .
v ab+ B( ) /ieoA—I_ epA epA K

1S

The capacitance is

C—i— reg A B reg A
Vo k(d=b)+b kd—br—1)"

The result does not depend on where the dielectric is located between the plates; it might

be touching one plate or it might have a vacuum gap on each side.

For the capacitor of Sample Problem 27-10, x = 2.61, A = 115ecm? = 115 x 10~*m?,
d=124cm =1.24x10"?m, and b = 0.78cm = 0.78 x 1072 m, so

o 2.61(8.85 x 10712 F /m)(115 x 10™* m?)
T 261(124x 102m —0.78 x 10~2m) + 0.78 x 102 m

=134 x 107" F = 13.4pF,

in agreement with the result found in the sample problem.

If b = 0 and «k = 1, then the expression derived above yields C = egA/d, the correct expres-
sion for a parallel-plate capacitor with no dielectric. If b = d then the derived expression
vields C = regA/d, the correct expression for a parallel-plate capacitor completely filled
with a dielectric.



