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Fundamentals of Physics, 8" Ed
Principle of Physics, 9" Ed
Halliday & Resnic

8™ Ed [ CH25]) Capacitors and Capacitance
o™ Ed [CH25] Capacitance

8™ Ed : Homework of Chapter 25 :
1,5,7,9,11, 13,15, 20, 27, 31, 33, 35, 37,41, 43, 45,49, 51, 53, 55



8™ Ed [ Sample Problem 25-3)
Capacitor 1, with €, =3.55uF . 1s charged to a potential difference V, =6.3V, using.a 630 V

battery. The battery 1s then removed, and the capacitor is connected as i Fig. 25- 11 fo an
uncharged capacitor 2, with C, =8.95u4F ‘When switch S 1s closed, charge flows between the

capacitors. Find the charge on each capacitor when equilibrium is reached.

S

(& 25-11)

<BE> 1 g, =CV, =(3.55uF)(6.3V) = 22.365 uC

=

4 _9

c G

4+ =y

4 _ 4 4

cq

C 3.55)(22.365

= g = _@3PN@2I0) 45 -

C,+C, 3:55+8.95
g, = q,— ¢, =22:365-6.35=16uC



8™ Ed [ Sample Problem 25-6]

A parallel-plate capacitor whose capacitance C i1s 13.5pF 1s charged by battery to a potential
difference 77 =12.5V between its plates. The charging battery is now disconnected, and a
porcelamn-slab’(x = 6.50 ) 1s slipped between the plates. (a) What 1s the potential energy of the
capacitor before the slab 1s inserted? (b) What 1s the potential energy of the capacitor-slab device
after the slab 1s mnserted?

1, 1 . ) _ |
<#Z>:(a) U, =§ch2 =E(13.1~3><10'12 F)(12.5V)° =1.055x107J =1055pJ ~1100pJ
¢ U, 1055pJ

2%C & 65
W =U,~U, = (1055-162) pJ =893 pJ

b) U, = =162 pJ ~160pJ



8" Ed [Problem 25-1) : 9" Ed [Problem 25-1]
The two metal objects in Fig. 25-25 have net charges of +70pC and —70pC . which result in a

20V potential difference between them. (a) What 1s the capacitance of the system? (b) If the
charges are changed to +200pC and —-200pC ., what does the capacitance become? (¢) What does

the potential difference become?

e BYRE > fNE 25-25 0 SR EEERES +70pC f1-70pC » FiE 7 BB 220V (d)
AHEERM? (b) ﬁE% R +200pC F1-200pC » BEBE LD T M)RELE
LS ?

(& 25-25)

e : : ; g _J0pC
<#£> ! (a) The capacitance of the systemis C= —# s 35pF.
B> (a) p 3 AT p
(b) The capacitance 1s independent of ¢: 1tis still 3.5 pF.

S 200pC
(c) The potential difference becomes AV = A)_ P
C 35pF

=57V.




8" Ed [Problem 25-5) : 9" Ed [ Problem 25-3)
A parallel-plate capacitor has circular plates of 8.20 c¢m radius and 1.30 mm separation. (a)

Calculate the capacitance. (b) What charge will appear on the plates if a potential ditference of 120

V 1s applied?

RIFHAN > B 8.2em - AEEE 1L3mm + (a) ERAE (b) AR MBS 120V Sk
HEEZEL?

g,A

<f£> ! (a) The capacitance of a parallel-plate capacitor is given by C = . where-4 1s the area of

each plate and d 1s the plate separation. Since the plates are circular, the plate area 1s

A= 7R?, where R is the radius of a plate. Thus,

srR®_(8:85x107 F/m)7 (8.2x107m)

— =1.44x107°F=144pF.
d 1.3x107m

C=

(b) The charge on the positive plate is given by g =CV , where V is the potential difference
across the plates. Thus, g =(1.44x107° F)(1207)=1.73x10"C =17.3nC



8™ Ed [Problem 25-7) : 9" Ed [Probleni 25-5]

What 1s the capacitance of a drop that results when two mercury spheres, each of radius R =2mm ,

merge?

MEFEREROKE » §—BRERR =2mm > EEESMA 7

<EZ> ! Assuming conservation of volume, we find the radius of the combined spheres, then use

C =47reg,R to find the capacitance. When the drops combine, the volume 1s doubled. It 1s

)R’ . The new radius R'is given by

then V= 2(4%

4 4n
TE(R')E :27“R3 = R'=2"R.

The new capacitance is C'=4ng,R' =4ng,2"° R=5.04n5,R.

With R =2mm . we obtain C =5.047 (8.85 x107™* F/m)(2.00x107 m) —=2.80x107°F.




8" Ed [Problem 25-9] : 9" Ed [Problem 25-11]
In Fig. 25-29, find the equivalent capacitance of the combination. Assume that C, =10uF ,
C, =5uF ,and C, =4uF .

25-29 » SREWER > B C,=10uF ~ C,=5uF f1C, =4uF -

¥
G
v G
G
3
([E25-29)

(G+G)C _ (10.0uF+5.00 uE)(HO04F) 60 . . o
= = — i =iy !
G +C,+C,  10.0 uF+500 uF +4.00 uF 19" ¢




8" Ed [Problem 25-11] : 9" Ed [Problem 25-9]
Each of the uncharged capacitors i Fig. 25-30 has a capacitance of 25uF . A potential difference
of V' =4200V 1s established when the switch 1s closed. How many coulombs of charge then pass

through meter A?

25-30M > HF—ERRTHEHEEEE 25uF » —HEIE TV = 42000 E 52| T - FERIRER
A EEs LA LIER[Z D8R 7

(& 25-30)

<gf>:! C_=3C

q=CV =3CT = 3(25.0 4F)(4200V) =0315C.



8" Ed [Problem 25-13] : 9" Ed [Problem 25-17]

In Fig. 25-29. a potential difference of V' =100 1s applied across a capacitor arrangement with
capacitances C, =10uF ., C,=5uF , and C,=4uF . If capacitor 3 undergoes -electrical
breakdown so that it becomes equivalent to conducting wire, what 1s the increase in (a) the charge

on capacitor 1 and (b) the potential difference across capacitor 1?

25-29 > ZEEEC, =10uF ~ C,=5uF F1C,=4uF » EFELAZETV =100V - (1R EZEZE3
Mg > EEERNER > [ (a) EEES L IENEVERE %47 (b) &R | MimEE U=
B

C,+C,)C, 10.0 uF +5.00 4F)(4.00uF) 60
e o GrG)G (1004 HENFOOUE) _ uF =3.16 uF
O G+C+C, 100uF+500uF+400uF 19

(a) and (b) The original potential difference ¥, across C, 1s

c vV 3.16 uF)(100.0V T
I/l: &q :( fu )( ):21-1\;- 1 (‘2
C,+C, 10.0 uF +5.00 p1F

Thus AV, =100V -21.1V =789V and

Ag, = CAV, =(10uF)(78.9V) =7.89x107*C .
2

(= 25-29)



8" Ed [Problem 25-15] : 9" Ed [Problem 25-13]

A 100 pF capacitor 1s charged to a potential difference of 50 V, and the charging battery 1is
disconnected. The capacitor 1s then connected in parallel with a second (initially uncharged)
capacitor. If the potential difference across the first capacitor drops to 35 V, what 1s the capacitance

of this second capacitor?

L (& 100pF EFEATEHE] 50V REBEA AR - B HES RS E-RET e ROR

Filli Bt - IR E—(EEEELAE NEE] 35 ﬁ‘?—r EE_(EEER/NEM?
<EE> . g = CV
g, =CV

g, =9-q,=C(V,-V)

g V,-V 50V-35V
C,=22_-"0 - 100 pF) = 43 pF.
Py oo 35V (100pF) P




8" Ed [Problem 25-20) : 9" Ed [Problem 25-22] %
In Fig. 25-36, V=10V, C,=10uF ,and C,=C, =20uF . Switch S 1s first thrown to the left side

until capacitor 1 reaches equilibrium. Then the switch is thrown to the right. When equilibrium 1s

again reached, how much charge 1s on capacitor 1?

& 25-36 0 V=10V, C,=10uF , and C,=C,=20uF - S Hi—BIEEL%E  EZEZE ]
EEEE - B S EMNEES  EEARES B 1 ES0EE 2

<fZ>  We do not employ energy conservation since, in reaching equilibrium, some energy is

dissipated either as heat or radio waves. Charge is conserved; therefore, if
O=C/V,,=100uC,and ¢,, g, and gy arethechargeson C,, C, and C, after the

1" bat
switch 1s thrown to the right and equilibrium is reached, then O =¢,+¢q, +¢;.

Since the parallel pair €, and C; .are1dentical, it 1s clear that ¢, =a.. Thev are

parallel with C, sothat V, =¥, o1 4 _ 9 S\
G G Ve QGG
. . 5
which leads to ¢, = % Therefore, O = (C‘;’ )+ g, +q; = % |

(&l 25-36)

20 “2(100 4C) qs

=40 pC and consequently ¢, = S 20uC

which yields ‘g5 =



8" Ed [Problem 25-27) : 9™ Ed [Problem 25-27)

Figure 25-43 shows a 12.0 V battery and four uncharged capacitors of capacitances C, =1uF ,
C,=2uF, C;=3uF, and C,=4uF . If only switch Sl 1is closed, what 1s the charge on (a)
capacitor 1, (b) capacitor 2, (c¢) capacitor 3, and (d) capacitor 4? If both switches are closed, what 1s

the charge on (e) capacitor 1, (f) capacitor 2, (g) capacitor 3, and (h) capacitor 47?

B 25-43 FB T— {8 12 REFAEHIF] 4 (BB EIEER  C =1uF » C, =2uF ,€ =8HE/
MC, =4uF - IR HE S1 GHRERIRA - & (a) EEE 1 (b) HEE2 (c) HEE3 (d) &
Fan 4 BUTEESMA 7 0R S1FOS2 FERFEER 0 [ (e) S 1 (f) HFA2 (g) EF
253 (h) BEEHIVFEESMA?

G G
r
G v
S,
+||E! .\

(B 25-43)



<f> -

-

(a)~(d) : Vo +Vey =V, + Ve =12V

41 = 4935 49> = 44
h b q_rf +({4 =12V = ql(%Jri):le
¢ C, C C, G
cC
— =173 (1217
41 = C,+C, ( )
c,C
HE 2 (127
E q, = C2+C4( )

(a) In this situation, capacitors 1 and 3 are in series, which means their charges are

necessarily the same:
C,C,V (1.00uF) (3.00uF) (12.0V)

_ _ _ =9 .00 uC.
% =4 C,+C, 1.00 uF+3.00 uF ¢

(b) Capacitors 2 and 4 are also 1n series:

2.00uF) (4.00uF) (12.0V
9 =94~ oS ( - )( “ )( ):16.0;1(?.
C,+C, 2.00 uF+4.00 uF




(¢) g;=¢,=9.00uC.
(d) Q4 — qﬁ :].6OIUC
(e)~(h) : V=V, Vo, =V,

Vo +Vey =12V

derier =Gesies = (Cr+ GV =(C+ CV ;s

C+C, .. C,+C
VoI oy o V=3 (121
G, +C, - G+ +C+C

¢, = Vg

(e) With switch 2 also closed, the potential difference V; across C; must.equal the potential
difference across C, and 1s

_ C,+C, v (3.00;:1:+4.00;£F)(12.0V)
C+C,+C+C, 1.00 uF+2.00 uF +3.00 uF +4.00 uF

Thus, ¢, =CV, =(uF)8.4V)=84uC

(f) Similarly, g, =C,V; =QuF)(8.4V)=168uC

(g) ¢;=C,(V-V)=0CuF)12V -841V)=10.8uC

(h) q,=C,(V-V)=@AuF)12V -8.4V) =14.4uC

=840V

4



8" Ed [Problem 25-31]: 9" Ed [Problem 25-29]
What capacitance is required to store an energy of 10kW -h at a potential difference of 1000 V?

EE L RAIEAE TR AR R0 b FEEMNES 1000 (REF?

<fi#> : The energy stored by a capacitor is given by U =1CV?*_ where V is the potential difference
across its plates. We convert the given value of the energy to Joules. Since 1 J=1W.s, we
. ;3 W s
multiply by (10° —)(3600—
ply by (10"-=7)(3600-7)
to obtain 10kW -h=3.6x10"J . Thus.

L 2U 2(36x1077)

— 2 - =72F.
V2 (1000V)




8" Ed [Problem 25-33] : 9" Ed [Problem 25-1]
Assume that a stationary electron 1s a point of charge. 'What 1s the energy density u of its electric
field at radial distances (a) r=1mm ., (b) r=1um (¢) r=1nm, and (d) r=1pm? (e) What 1s u in

the lmitas » —>07?

Eee— (EEEETEE ST @ 25 EEREIEEE (a) r=1mm > (b) r=1um *(c) r=1nm
M (d) r=1pm > FEEEEEFE u? (e) Er - 0 upyMEmE ?

<EE> ! The energy per umit volume 1s

-
&

1 S| e e’
u==g k- =—¢g, o v R
2 2 \Ang,r 32n gy

(aYAt 7=1.00x10"m, with e=1.60x10""C and &, =8.85x107"" C?/N-m”, we have

#=9.16x10"" J/m’.
(b) Similarly, at #=1.00x10"m, ©#=9.16x10"° J/m".
(c)At r=1.00x10"m, u#=9.16x10° J/m’.
(d)At r=1.00x10"m, ©#=9.16x10" J/m’.

(e) From the expression above # oc 7~ . Thus, for » — 0, the energy density # — .



8" Ed [Problem 25-35): 9" Ed [Problem 25-35]

The parallel plates in a capacitor, with a plate area of 8.5¢m” and an air-filled separation of 3.00
mm, are charged by a 6.00 V battery. They are then disconnected from the battery and pulled apart
(without discharge) to a separation of 8.00 mm. Neglecting fringing, find (a) the potential difference
between the plates, (b) the imitial stored energy, (¢) the final stored energy, and (d) the work required

to separate the plates.

TR ERSRT » ERRTERES.Sem’ » HSFEEE 3mm » FLHER - H 6 (REFEWTE -
FEAEEN 3 FI M TEEEEE 8mm o (AREGETEANT ) - PEREIE > & (a) Y
FA=? (b)) —HEEENEE? (¢) 2EREFERERE? (d) 7ERTFEHEITI?

<EE> ! (a) Let g be the charge on the positive plate. Since the capacitance of a parallel-plate

g4

L : AV
capacitor 1s given by , the charge 1s ¢=CV :% - After the plates are pulled

i i

£, AV,

apart, their separation is d , and the potential difference is Vx. Then ¢= and

I

If _ df _ df 8’0‘4 I/ _ df I]
= q= i i
g4~ g4 d, d.

i

With d. =3.00 %107 m, V.=6:00V and df —8.00x10"m.

d 107
we have V, = —fVI. & SX.IO_J
d, 3x10

(6)=16V



(b) The imitial energy stored in the capacitor 1s
o 1 cpi o v _ (8.85x107" C*/N-m*)(8.50x107™* m?)(6.00 V)
ts T 24, 2(3.00x107° m)

(c) The final energy stored 1s

.d. 8 d 8
With —L=—_wehave U, =—1 L-].:;(4.51><10‘“J):1.20><10‘1° J.

(d) The work done to pull the plates apart 1s the difference in the energy:

W=U,-U=752x10"1.

—451x1071 7.



8" Ed [Problem 25-37) : 9" Ed [Problem 25-37]
In Fig. 25-45, C,=10uF, C,=20uF ,and C,=25uF . If no capacitor can withstand a potential

difference of more than 100 V without failure, what are (a) the magnitude of the maximum potential

difference that can exist between points A and B and (b) the maximum energy that can be stored in

the three-capacitor arrangement?

B 25-455 » C,=10uF » C,=20uF #]1C, =25uF - 11835 FA—EES]LIEZHEE
100 ﬁ%*‘* £ - 1 (a) BE ABMEHISFAREMLESM? (b) geTFE 3 EEBEIE L

£

{:ff:g =

() F—EHEATEREEERER - IS AREM e 2R/ \MIES L -

10uF =100V
104F x 100V
20uF = — 507
/ 20 uF Ae .4
C . C.
 10uF =100V 7 * =
25uF = VS uF =40V (& 25-45)

Therefore, the voltage across the arrangement 1s 190 V.

(b) Using Eq. 25-21 erEq. 25-22, we sum the energies on the capacitors and obtain

1 ) . N
U  =—Cl*= —(‘10><100- +20x50° +25%x40%)x107° =0.095.J .

tatal



8" Ed [Problem 25-41] : 9" Ed [Problem 25-39]
Given a 7.4 pF aur-filled capacitor, you are asked to convert it to a capacitor that can store up to
7.4uJ with a maximum potential difference of 652 V. Which dielectric in Table 25-1 should you

use to fill the gap 1n the capacitor if you do not allow for a margin of error?

fe—{& 7.4 pF YL » FERLTRZER @~ IMHERFEEREE—(EET - 9[LUE 652 A%
BAIER @ BEERAT4ud EeE - WR A AFHIEEMAERE - BAER 25-1 Hp98—8&n
B e FE A EERERR 7

<#Z> : The capacitance with the dielectric in place is given by C =«C,, where C, isthe 5°mePropertiesof Dielectrics"
) ) L o Diclectric  Diclectric
capacitance before the dielectric 1s mserted. The energy stored 1s given by Constant  Strength
Material x  (KVimm)
Yoyl _ L1l oyt Air (1 at 100054 3
U=3ClV" =1kCJ~, 50 P;yg;;‘i - -
Paper 35 16
i e Transfo
LW 2074x10 ‘N 17 al o as
B 2 1012 n2 o Pyrex 47 14
CV° (74x10"F)(652V) Rubymica 54
- : Porealain 0.5
According to Table 25-1, you should use Pyrex. Sificon 12
Germaniom 16
Ethanol 25

Water {20°C) 804
Water (25°C) 785

Titania
CRramig 130
Strontiom
titamate 310 3

For a vacunm, « — unify.

“Measured at room temperaiure, except
for the water.

( Table 25-1)



8" Ed [Problem 25-43) : 9" Ed [ Problem 25-41]
A coaxial cable used 1n a transmuission line has an mner 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 1s filled with polystyrene.

[ElEHEERE A T —E R ﬂﬁﬁiﬁ%OMMmf%&%UﬂMm‘%u-%Z%%
EEITFR T REELE ST EEREEINES

<#E> ! The capacitance of a cylindrical capacitor 1s given by

2nke, L
In(b/a)

where C, 1s the capacitance without the dielectric, x 1s the dieleetric constant, L 1s the

_’T_

length, a 1sthe inner radius, and 5 1s the outer radius. The capacitance per unit length of

the cable 1s

C 2 27(2.6)(8.85x107? F/
C_2me, 2m2.O0(8.85x 111):8.1)(10_”13;’11]:81 pF/m.

L In(b/a) In[(0.60 mm)/(0.10 mm)]




8" Ed [Problem 25-45) : 9% Ed [ Problem 25-47]

A certain substance has a dielectric constant of 2.8 and a dielectric strength of 18 MV/m. If it 1s

used as the dielectric material in a parallel-plate capacitor, what minimum area should the plates of

the capacitor have to obtain a capacitance of 7x107 #F and to ensure that the capacitor will be

able to withstand a potential difference of 4.0 kV?

EVEREENMEEH 28 EHMERE IS MV/m- IR EHRAKESFTIRFEERHRIIEMEM
Rl BEEERFS <107 uF  FEEBEHRZNENES 4 TR BRI EEESS/)?

<:Z:E$ e

. The capacitance 1s given by C =xC, =

K&y A4

. where C, 1s the capacitance without the

dielectric, x 1s the dielectric constant, A 1is the plate area; and d s the plate separation.

,
The electric field between the plates 1s given by E = 0 where 7 1s the potential difference

V e, AFE cV
between the plates. Thus, d=— and C= i) .Thus, 4= .
E ke E

For the area to be a minimum, the electric field must be the greatest it can be without
(70x10°F)(4.0x10°V)

2
e P —— =063 m".
28(885x 107 "F/m)(18x10° V/m)

breakdown occurring. That 1s, 4 =



8" Ed [Problem 25-49): 9" Ed [ Problem 25-49]

Figure 25-49 shows a parallel-plate capacitor with a plate area 4 =7.89cm” and plate separation

d =4.62mm .The top half of the gap 1s filled with material of dielectric constant x, =11: the

bottom half 1s filled with material of dielectric constant x, =12 . What 1s the capacitance?

25-49 BB T — (A TENFE R SE » T EIFE A=7.89cm” » TEBfEd = 4.62mm - $EMEEY B
w7 — MR ENEEH =11 TEESETLTR T S—EBEME B\ EEH
K, =12« BEEFN?

PE

(Bl 25-49)



< ﬁg =

. We assume there 1s charge g on one plate and charge —¢ on the other. The electric field in the

lower half of the region between the plates 1s E, = 9 i
K84
where 4 1s the plate area. The electric field i the upper halfis E, = 9 %
K184

Let d/2 be the thickness of each dielectric. Since the field 1s uniform in each region, the

potential difference between the plates is

V:E'd+E2d: qd iJri _ g4 K‘1+K2,
2 2 2,4k, K,| 2e,4 xx,
so 24 _ 26,4 kK,

vV d K, +x,
This expression 1s exactly the same as that for ', of two capacitors in series, one with

dielectric constant «; and the other with dielectric constant «,. Each has plate area 4 and

K&, A

. d : .
plate separation 5 Also we note that if x, = «,, the expression reduces to C = , the

correct result for a parallel-plate capacitor with plate area A, plate separation d, and

dielectric constant .

With 4=7.89x10"m’. d=4.62x10"m. x, =11.0and x,=12.0. the capacitance is

~ 2(8.85x107% C*/N-m*)(7.89x10™ m”) (11.0)(12.0)

— - =1.73x107"'F.
4.62x107 m 11.0+12.0

C



8" Ed [Problem 25-51] : 9™ Ed [Problem 25-51]

A parallel-plate capacitor has a capacitance of 100 pF, a plate area of 100cm”, and a mica dielectric
(x =5.4) completely filling the space between the plates. At 50 V potential difference, calculate (a)
the electric field magnitude E in the mica, (b) the magnitude of the free charge on the plates, and (c)

the magnitude of the induced surface charge on the mica.

— R FRETBOIRES 100 pF - [T ERE1000m’ » LRSE (£=54 ) EREF (R
T2 FARIZER - 75 50 (RIEBIVTRE - 31 (0) EEEHESANE? (b) BRFEEE
ETHEEAN A () ELBRERERFIETAL?

g . . v .
<fZ> ! (a) The electric field in the region between the plates 1s given by /' E = 7 where V' 1s the

potential difference between the plates and d 1s the plate separation. The capacitance 1s

Ke, A : . . :
2 where A is the plate area and « is the dielectric constant, so

given by C =

d = & A and
C
7 50 V)(100x 107" F
g="C _ S ) —10x10* V/m.

Kg,d  54(885x 1072 F/m)(100x 107 m?)



(b) The free charge on theplates is =CV =(100x10"2F)(50/)=5x107C.
g p q s

(c) The electric field 1s produced by both the free and induced charge. Since the field of a

q

large uniform layer of charge 1s
2e,4

, the field between the plates 1s

E:qf_l_qf_QE_Qf’
26,4 2e,4 2e,4 2e,4

where the first term 1s due to the positive free charge on one plate, the second 1s due to
the negative free charge on the other plate, the third 1s due to the positive induced charge
on one dielectric surface, and the fourth i1s due to the negative induced charge on the
other dielectric surface. Note that the field due to the induced charge 1s opposite the field

due to the free charge, so they tend to cancel. The induced charge is therefore

g, =q; —&AE=5.0x107 C~(8.85x107 F/m)(100x10™ m’ )(1.0x10* V/m)
=4.1x107 C =4.1nC.



8" Ed [Problem 25-53): 9" Ed [Problem 25-55]

The space between two concentric conducting spherical shells of radu A=1.7cm and a=12cm

1s filled with a substance of dielectric constant x=23.5. A potential difference V' =73V 1s

applied across the mner and outer shells. Determine (a) the capacitance of the device, (b) the free

charge ¢ on the mner shell, and (c¢) the charge ¢' induced along the surface of the inner shell.

MERLESREb=1TecmFla=12cm » ZEHZEFEFT W ESE Bix =235 89878~ 194k
BREGRY
BRERERVEEER 9

SMNEBV =73V - f#EE (a) HEEERJEZ » (b) NEFRAIERERg » 1 (¢)

< ﬁg =

: (a) According to Eq. 25-17 the capacitance of an air-filled spherical capacitor 1s given by

C, = 4::50(;3’ }
—d

When the dielectric 1s inserted between the plates the capacitance 1s greater by a factor
of the dielectric constant x. Consequently, the new capacitance is
ab 235 (0.0120 m)(0.0170 m)
b—a ]: 8.99x10° N-m*/€?  0:.0170 m—0.0120 m
(b) The charge on the positive plate 1s ‘g =CV =(0.107 nF)(73.0 V)=7.79 nC.

(c) Let the charge on the inner conductor be' —¢. Immediately adjacent to it is the induced

=0.107 nF.

C =4nke, (

charge g'. Since the electric field 1s less by a factor 1/x than the field when no dielectric

1s present, then —g + ¢' = —g/x. Thus,

K—1 ab - 23.5-1.00
235

r

q =

4 1
q= :rr(x )gﬁb

)(7.79 nC)=7.45nC.



8" Ed [Problem 25-55] : 9" Ed [Problem 25-53]

A parallel-plate capacitor has plates of area 0.12m° and a separation of 1.2 cm. A battery charges
the plates to a potential difference of 120 V and 1s then disconnected. A dielectric slab of thickness
4.0 mm and dielectric constant 4.8 1s then placed symmetrically between the plates. (a) What 1s the
capacitance before the slab 1s mserted? (b) What 1s the capacitance with the slab in place? What 1s
the free charge q (c) before and (d) after the slab 1s inserted? What 1s the magnitude of the electric
tield (e) in the space between the plates and dielectric and (f) in the dielectric itself?(g) With the
slab 1 place, what 1s the potential difference across the plates? (h) How much external work is

mvolved mn mserting the slab?
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g o g4 (8.85x1077 C*/N-m’)(0.12 m’)
<EE> ! (a) Initially, the capacitance is C, = ——= - — 89 pF.
d 1.2x107 m




(b) Working through Sample Problem 25-7 algebraically, we find:

s 8.85%x107" C*/N-m”) (0.12m”)(4.8) )
=S _ ( _ ) — 7 —12x10*pF.
K(d—b)+b  (48)(1.2—-0.40)(107" m)+(4.0x10" m)

(c) Before the msertion, g = C,)J = (89 pF)(120V) =11nC .

(d) Since the battery 1s disconnected, g will remain the same after the insertion of the slab,

with . g=11nC.

(e) Be—L = L1x107C =10kV / m
' g,A  (8.85x1072C* /N -m?)(0.12m*) o
10KV / |
i), 5= L LOKm e
K 4.8

(g) The potential difference across the plates 1s
V =E(d—b)+E'b=10kV/m)0.012m—0.004m) + (2.1kV / m)(0.4x 10" m) = 88V

(h) The work done 1s
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