Chapter 25

01. 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 g = CV, and this is the same as the
total charge that has passed through the battery.
Thus, q=(25x107° F)(120 V) = 3.0x10° C.
04. We use C = Ag/d. (a) Thus, d = £A/C = (8.85
x107%)(1.00)/(1.00) = 8.85x10** (m). (b) Since d is
much less than the size of an atom (~107'° m), this
capacitor cannot be constructed.
05. Assuming conservation of volume, we find the
radius R’ of the combined spheres, then use C' =4~
&R’ to find the capacitance. When the drops com-
bine, the volume is doubled. It is then V' = 2
(47213)R®. The new radius R’ is given by

(AA3)R*=2(443)R* = R = 2**R.
The new capacitance is C' = 4zgR = 4z52"°R =
5.04 7R, With R = 2.00 mm, we obtain C' = 5.04
(8.85x107*2F/m)(2.00x10*m) = 2.80x10°F.
12. (a) The potential difference across C; is V; =
10.0 V. Thus, q; = C;V; = (10.04F)(10.0V) = 1.00 x
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

Ceq=C+-2C =150C.
C+CZ
Also, the voltage drop across this combination is
_ oy cVv,

=0.40V;.

T C+Cq C+150C
Since this voltage difference is divided equally be-
tween C, and the one connected in series with it, the
voltage difference across C, satisfies V, = V/2 =
V4/5. Thus
0z = C,V, = (10.0 1F)(10.0 V/5) = 2.00x10°° C.
14. The two 6.0 uF capacitors are in parallel and are
consequently equivalent to Cq = 12 4F. Thus, the
total charge stored (before the squeezing) is Gt =
CeqVs = 120 4C. (a) and (b) As a result of the squee-
zing, one of the capacitors is now 12 uF (due to the
inverse proportionality between C and d in Eq. 25-9)
which represents an increase of 6.0 4F and thus a
charge increase of
AGot = ACeqVp = (6.0 4F)(10 V) = 60 wC.

24. Using Eq. 25-25 and V = 1.00 m?, the energy
storedis U =uV = (¥%)gEV

=2 (8.85x10*%)(150)?(1.00) = 9.96x107 (J).

32. We use Eg = g/47R? = Vi/R. Thus
u=2 o =1 a(ViR)’

= (+4)(8.85x107'%)(8000/0.050)% = 0.11 (pJ/m?).
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34. If the original capacitance is given by C = gA/d,
then the new capacitance is C' = xkgA/2d. Thus C'/C
= xl2 or k=2C'/C=2(2.6 pF/1.3 pF)=4.0.
42. The capacitor can be viewed as two capacitors
C: and C; in parallel, each with surface area A/2 and
plate separation d, filled with dielectric materials
with dielectric constants x; and x», respectively.
Thus, (in Sl units), C=C; + C, = 8.41x10 " (F)

_ %o (Al 2)x; N &0 (Al 2)ky _ €A K + K
d d d 2
_ (8:85x107%)(5.56x10™*) 7.00+12.00
5.56x1073 2

43. We assume there is charge q on one plate and
charge —q on the other. The electric field in the
lower/uppser half of the regions between the plates
are Ej,», = 0/x1,6A, where A is the plate area.
Let d/2 be the thickness of each dielectric. Since the
field is uniform in each region, the potential differ-
ence between the plates is
y=Ed Ed_ o 1 1

2 2 28A Ky Ky

So C:E:M—Kﬂ(z i
\Y, d x+k,
This expression is exactly the same as that for Cg
of two capacitors in series, one with dielectric con-
stant x3 and the other with dielectric constant x.
Each has plate area A and plate separation d/2. Also
we note that if x; = x, the expression reduces to C
= x1&A/d, the correct result for a parallel-plate
capacitor with plate area A, plate separation d, and
dielectric constant ;. With A =7.89x10*m? d =
4.62 x10° m, &y = 11.0, and x» = 12.0, the capaci-
tance is, (in SI units) =1.73x10* (F).
C= 2(8.85x10712)(7.89x107#) (11.0)(12.0)
4.62x1073 11.0+12.0 °
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 = xgA/d,
where A is the plate area and « is the dielectric
constant, so d = xgA/C and E = VC/xgA
E=_ (0A00x10™%)  _ 4 o104 (v/m).

5.4(8.85x1071?)(100x107%)
(b) The free charge on the plates is g = CV = (100
x107%)(50) = 5.0x107° (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
0/2&A, the field between the plates is

qd «y +k,

260 A KK,

=qf+qf_qi _ G
280A 280A 280A 280A '
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where the first term is due to the positive free
charge on one plate, the second is due to the nega-
tive free charge on the other plate, the third is due to
the positive induced charge on one dielectric sur-
face, and the last 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
0 = o — &AE = 5.0x107° — (8.85x107%?)

(100x107*)(100x10*) = 4.1x107° (C) = 4.1 (nC).
46. (a) The electric field E; in the free space be-
tween the two plates is E; = g/&A while that inside
the slab is E, = Ey/x = g/&A. Thus,

Vo = Ea(d=b) + Esb = (- )(d-b+2),
SoA K
and the capacitance is
C=—t=—"0" =134x10" (F) = 13.4 (pF)
+

_ (8:85x107)(115x10"*)(2.61)
(2.61)(0.0124 —0.00780) + 0.0780
(b) g= CV = (13.4x10? F)(85.5 V) = 1.15nC. (c)
The magnitude of the electric field in the gap is

-9
E=9= 1.15x10 = 1.13x10* (N/C).

A  (8.85x107?)(115x107%)
(d) Using Eq. 25-34, we obtain
E, = E/x = 1.13x10% /2.61 = 4.33x10° (N/C).
70.° The voltage across capacitor 1 is
Vi = qu/C; =30 pC/10 uF = 3.0 V.
Since V; = V,, the total charge on capacitor 2 is
0. = C,V2 = (20 1C)(3.0 V) =60 uC.
which means a total of 90 #C of charge is on the
pair of capacitors C,; and C,. This implies there is a
total of 90 uC of charge also on the C; and C, pair.
Since C; = C,, the charge divides equally between
them, so gz = 4 = 45 C. Thus, the voltage across
capacitor 3 is
V3= e/C3 =45 uC /20 yF =23 V.
Therefore, |[Va— Vgl = V1 + V3 =53 V.
78.° (a) The voltage across C; is 12 V, so the charge
is q=CVi=24 uC. (b) We reduce the circuit,
starting with C, and C; (in parallel) which are equi-
valent to 4.F. This is then in series with C,, result-
ing in an equivalence equal to (4/3)uF, which would
have 12V across it. The charge on this (4/3)uF ca-
pacitor (and therefore on C,) is (4/3)uF(12 V) = 16
uC. Consequently, the voltage across C, is V, =
0/C, = 16 uC/2 yF =8 V. This leaves 12V -8V
=4V across C, (similarly for Cs).
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49. (a) Initially, the capacitance is Cy = A/ =
8.85x107%%(0.12)/(1.2x107%) = 89 (pF). (b) Working
through SP. 25-7 algebraically, we find:

_ Ak _ _10 _

CEIT 1.2x10" (F) = 120 (pF)

_ (8.85x1071%)(0.12)(4.8)
(4.8)(1.2-0.40)(107%) + 4.0x10~°

(c) Before the insertion, g = CyV = (89 pF)(120 V) =
11 nC. (d) Since the battery is disconnected, q will
remain the same after the insertion of the slab, with
q= 11 nC. (e) E = g/Ag = (11x107°)/(0.12)/(8.85x
10™%) = 10 (kV/m). (f) E' = E/x = (10 kV/m)/ 4.8 =
2.1 kVIm. (g) V = E(d-b)+E'b = (10 kVv/m) (0.012
m — 0.0040 m) + (2.1 kV/m)(0.40x107° m) = 88 V.
(h) The work done is

W =AU =L
= 2 (c Cy 2 89 120

=-1.7x107" (J).
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Flash - [ 3% ; ferroelectrics 4% T %8 (57 & 1);
random access memory (RAM)SE 15 7% P~z 1548, mag-
netic recording & e 4k; o # X ke
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82.° (a) The length d is effectively shortened by b
so C' = gA/(d-b) = 0.708 pF. (b) The energy before,
divided by the energy after inserting the slab is

g: q2/2C :E:gOA/(d_b)
U' g*/2C C  gA/d
d 5.00

d-b 5.00-2.00

(c) The work done is
1

w=au=u-u=% 2L 1)
2 cC C

=4 (d-b-d) :‘q2 = _5.44(J)

26,A 26,A ' '

(d) Since W< 0 the slab is sucked in.
5T 4R T % B d=1.00mm & A=100cm? 7] C
=885x10 M F. # C=1F&d=1mm= A=
1.13x10% m?, A¥? ~ 10* m = 10 km (huge).
2.4 T 42 A=20.0cm?2 d=0.400 mm, #la.C
=443x 10" F; b.g4+ 120V §34, Bld q=CV
w532x10°C §iFim ~ T4 -
- £ B (EERLTZE S C=4reR

% R=10.0cm, C=1.11x10" F -

capacitance ¥ % ; farad (F):;% =; capacitor 7. 7 %; plate
7 ¥, battery % ¢ (%), dielectric strength /i & & % & ;
dielectric /i & &, polar &2 7, nonpolar 2L 4% 4 47, po-
larize #& i* ; induced charge g /& & 7=, electric displace-
ment & %5 ; electric circuit ¥ #; closed(*’ L) e
open(% E.)¥re; in series # Bi; in parallel & 85; gurney
#% % ; hyperbaric chamber 3 /& &J2 % ; defibrillator ¢
# % burn victim & & 5 ; Leyden jar % #f #g;
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