Chapt er 25

S

(a) The capacitance of a parallel-plate capacitor is given by C' = ¢y A/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 = 7 R?,
where R is the radius of a plate. Thus

_cmR? _ (8.85 x 10~ F/m)m(8.20 x 10~ m)
d 1.30 x 103 m

(b) The charge on the positive plate is given by ¢ = C'V, where V is the potential difference
across the plates. Thus ¢ = (1.44 x 107'°F)(120V)=1.73 x 10~8C=17.3nC.

C =1.44 x 1071°F = 144 pF .

15

The charge initially on the charged capacitor is given by ¢ = CVj, where C| (= 100 pF) is the
capacitance and V (= 50V) is the initial potential difference. After the battery is disconnected
and the second capacitor wired in parallel to the first, the charge on the first capacitor is ¢; = C,V/,
where v (= 35V) is the new potential difference. Since charge is conserved in the process, the
charge on the second capacitor is ¢; = ¢ — q;, where C} is the capacitance of the second capacitor.
Substitute CV} for ¢ and C,V for q; to obtain ¢, = C(Vy — V). The potential difference across
the second capacitor is also V, so the capacitance is
@ V-V _, 50V-3

5V
Cy=== 100pF) = 43 pF.
2 v v 1 35V ( pF) p

19

(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 Vo, = Q/Clq,
where @ is the net charge on the combination and Cy, is the equivalent capacitance.

The equivalent capacitance is Ceq = C1 +C5 = 4.0 ¥ 10~°F. The total charge on the combination
is the net charge on either pair of connected plates. The charge on capacitor 1 is

g1 =C1V=>.0x10"F)(100V)=1.0 x 107*C
and the charge on capacitor 2 is
@ =CV=(3.0x10"°F)(100V)=3.0 x 107*C,

so the net charge on the combination is 3.0 x 107 C—1.0x 10=*C = 2.0 x 10~* C. The potential
difference is

=~ =50V,
Vab = 0% 10-°F

(b) The charge on capacitor 1 is now q; = C1Vy, = (1.0 x 107°F)(50V) = 5.0 x 107 C.
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(c) The charge on capacitor 2 is now g, = C2V,, = (3.0 x 107 F)(50 V) = 1.5 x 1074 C.

29

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 U = 1(Cy + C5)V? = 1(2.0 x 107°F +4.0 x 10~°F)(300 V) = 0.271J.

35

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

d d €A V= i/V _ 8.00mm

/: =
V= ad od a 4’ 3.00mm

(6.00V)=16.0V.

(b) The initial energy stored in the capacitor is

c0AV? (885 x 10~2F/m)(8.50 x 10~4m?)(6.00 V)
2d 2(3.00 x 10—3 mm)

1
U, = 5OV2= =451 x 1071

and the final energy stored is

1 EQA
2 d

_ (8.85 x 107 F/m)(8.50 x 10~* m?)(16.0V)

=1.20%x107107.
2(8.00 x 10— mm) 8

V'Y

1
Up=5C'(V') =

(c) The work done to pull the plates apart is the difference in the energy: W = Uy — U; =
120 x 107197 —4.51 x 107" J=7.49 x 10~ J.

43
The capacitance of a cylindrical capacitor is given by

_ 2mkegL
In(b/a)’

C=KJC()

where () is the capacitance without the dielectric, « is the dielectric constant, L is the length, a
is the inner radius, and b is the outer radius. See Eq. 25—14. The capacitance per unit length of
the cable is

C _ 2mrey _ 2m(2.6)(8.85 10712F /m) _
L In(b/a) In[(0.60mm)/(0.10 mm)]

8.1 x 107" F/m=81pF/m.

45

The capacitance is given by C = kCy = regA/d, where Cy is the capacitance without the
dielectric, k is the dielectric constant, A is the plate area, and d is the plate separation. The
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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 = kegAE/V. Solve for A:

cv
A= .
ke

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

(7.0 x 1073 F)(4.0 x 10° V)

= =0.63m?.
2.8(8.85 x 10~ 2F/m)(18 x 10°V/m) o

51

(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 = kegA/C and

Ve (50 V)(100 x 10~'2 F) \
E-= = = 1.0 x 10*V/m.
koA 5.4(8.85 x 10~ F/m)(100 x 10— m?) X 107V/m

(b) The free charge on the plates is gy = C'V = (100 x 10-2F)(50V)=5.0 x 10~°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 q/2¢ A, the field between the plates is

E:qf+Qf_qi_qi,
260A 2€0A 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 the fields tend to cancel. The induced charge is therefore

¢ = qr — €AE
=5.0x107°C — (8.85 x 1072 F/m)(100 x 10~* m*)(1.0 x 10* V/m)
=4.1%x107°C=4.1nC.

61

Capacitors 3 and 4 are in parallel and may be replaced by a capacitor with capacitance C34 =
C; + Cy = 30 uF. Capacitors 1, 2, and the equivalent capacitor that replaced 3 and 4 are all
in series, so the sum of their potential differences must equal the potential difference across the
battery. Since all of these capacitors have the same capacitance the potential difference across
each of them is one-third the battery potential difference or 3.0 V. The potential difference across
capacitor 4 is the same as the potential difference across the equivalent capacitor that replaced 3
and 4, so the charge on capacitor 4 is g4 = C4V4 = (15 x 107°F)(3.0 V) =45 x 10~°C.
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(a) and (b) The capacitors have the same plate separation d and the same potential difference V'
across their plates, so the electric field are the same within them. The magnitude of the field in
either one is £ =V/d = (600V)/(3.00 x 1073 m) =2.00 x 10° V/m.

(c) Let A be the area of a plate. Then the surface charge density on the positive plate is o4 =
qa/A=CAV/A=(egA/d)V/A=¢eV/d=eE =(8.85x 10712N. mz/Cz)(Z.OO x 10°V/m) =
1.77 x10-¢C/ m’, where C'V' was substituted for ¢ and the expression ) A /d for the capacitance
of a parallel-plate capacitor was substituted for C.

(d) Now the capacitance is kegA/d, where « is the dielectric constant. The surface charge density
on the positive plate is o5 = kegE = ko4 = (2.60)(1.77 x 1076C/m*) = 4.60 x 1075 C/m".

(e) The electric field in B is produced by the charge on the plates and the induced charge
together while the field in A is produced by the charge on the plates alone. since the fields are
the same 05 + Tinduced = T A, SO Tinduced = 04 — 0 = 1.77 x 107° C/rn2 —4.60 x 107° C/m2 =
—2.83 x 1075C/m’.

73

The electric field in the lower region is due to the charge on both plates and the charge induced
on the upper and lower surfaces of the dielectric in the region. The charge induced on the
dielectric surfaces of the upper region has the same magnitude but opposite sign on the two
surfaces and so produces a net field of zero in the lower region. Similarly, the electric field in
the upper region is due to the charge on the plates and the charge induced on the upper and lower
surfaces of dielectric in that region. Thus the electric field in the upper region has magnitude
E\pper = qrupper€oA and the potential difference across that region is Vipper = Eupperd, Where d is
the thickness of the region. The electric field in the lower region is Ejgwer = qKiower€0A and the
potential difference across that region is Vigwer = Elowerd. The sum of the potential differences
must equal the potential difference V' across the entire capacitor, so

d 1 1
V= Eupperd + Elowerd = d |: + :| .

€A Rupper  Klower
The solution for ¢ is
KupperKlower  €0A _ (3.00)(4.00) (8.85 x 10-2N - mz/Cz)(2.00 x 1072 m?)

Kupper T Klower  d 3.00+4.00 2.00 x 103m
=1.06 x 107°C.

q= (7.00V)
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