HO 34 Solutions

C =500 pF
0=0.326uC
d=0.453 mm
0 0 0346x10°C
a) C=——s0o AV===—""T"2"_"_“~1L 692V
) AV C 500x10"*F -
500 x 10"*F)(0.453 x 10° m
b.) C=£°A SO A=C—d=( )( )
d £o -12 C2
8.85x 10" ——
N -m
A=|0.026 m?
Check units:

¢y E=AV_ 02V 1 535000 Y
d 0453x10° m m
-6
d) O=Q=M= 133 x 10-6£2
A 0.026 m m
a.) Between the spheres: E = Lz (using Gauss’s Law)

VoV ——fE-dl=—f—2_ar -

0

~dr =
i w 4me r 4me r

i

@ o 4me r , r

C =150 pF
r,=020 m

1 1 4me, “ 1 C-4me,r,
r, C T, Cr,
150 x 10"*F)(0.20 m
n=G j‘r,- - ( I )2 = 0235m
—4&TE T,
i (150 x 102F)- 4:1(8.85 x1012 )(0.20 m)
N-'m

r,-r,=0235m - 020 m={0.035 m
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2)
b.)
0 =CAV = (150 x 10"°F)(220 V)4 33 x 10°
c)
33x10°%C
inside: A, =4m’ and O, = Q. (—2) = [657x10° %
A, 47(0.20 m) m
-33x10°C
outside: A, =4m, and o©O,= L (—2 = |-476x 10" %
A, 4m(0.235m) m
3)
AV=140V,r;=12cm,r,=15cm
a.)
From problem 2: 1 v-v, 11 1 SO N
C 0 dme \r, 1, C 4me \ rr,
: 2 (0.15m)(0.12
C=dme| e |—4n|885x 10" (015 m)(0.12m) _ [l r
r,-r, N-m’ J(0.15 m)-(0.12 m)
b.)
Q=CAV =(66.7x 10"F)(140 V) =934 x 10°C and E= 9o (from Gauss’s Law)
4 2
e T
9.34x 10°C
E= ( - ) =|5734 g
47r(8.85 x 10 NC ; )(0.121 m)*
‘m
9.34x 10°C
¢) E= ( ) —|3781 %
47r(8.85 x 107 NC > )(0.149 m)’
‘m
4) a) E= (using Gauss’s Law)
2me,r
+0 To
2 o w4
V-V.=e—-[E-dl=- dr=- In(r
! { { 2me r 2me, ( )}r
r;=2.5mm
r,=40 mm V-V, = zl" (In(r;) = n(r,)) = %ln(i)
L=35m TTE JTE r,
Vv, =0350 V
C2
27|8.85x 10" -(035Vv-0)
2me,(V,-V,) N-m . C
= - o =-4.14x10" =
Inl L hl( . mm) m
r, 4.0 mm

Q,=AL= (-4.14 x 10" g)(3.5 m)=|-145x10""C
m
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Q,= -145x10"C
Q,=145x10"C

A A r,
b.) V,-V, = 2, (ln(ro) - ln(ri)) = 2, ln(Ti)
V-V = 9, In| Lo ) . Q, = 27z,
2me, L\, L (V,-V)L (r)
In[ -2
7
2
2n(8.85 x 102 ch)
c. ) _l1agxi0E
L (4.0 mm) m
In
2.5 mm
5) v,
-0 V™, T A=(018 m)’ = 0.0324 m*
v V.-V =50V
a.)
C2
(8.85 x 107 2)(0.0324 m’)
e A N-m
C =52 _ =| 494 pF
d (058 x 10”m)
Check units:
2 2
(NC . )(0.0324 ) (?\1) (m\']C) .
‘m
C[= - = =] =[] F
s o Y
b.)
c-2 « o-cav- (494 x 10F)(50 V) 1 247 x 10°C
AV
c)
for uniform E-fields V_=E-d so E= AV _ & = [8.62x 10° v
d  (0.58x10”m) m
d.)

Ue = %QAV - %(2.47 x10°C)(50 V) =[6.18 x 10™]

Check units:
Uc[]c-av[-]c

-]

g
C
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5)

e.) When battery is disconnected the charge cannot change so when d = 1.16 cm:

0=247x10°C

2
(8.85 x 107 ch)(o-0324 m’)
‘m

=0 (1.16x 107 m) il

=r——=5&= 100 V

0 (2.47x10’9C)
€ (247x10"F)

E=—=—( - |s62x10°Y
d (1.16x10"m) m

Ue = %QAV - %(2.47 x10°C)(100 V) = [1.24 x 107J

6.) When battery remains connected voltage is fixed and the charge can change so when d = 1.16 cm:

a.) asin (5e): b.)
C =|24.7pF 0 =CAV =(24.7 x 10™"F)(50 V) = {1235x 10°C
c.) d.)
A 50V A%
E-AY (—)2 =1 431x10° = U.=LoAv = l(1 235 x 10°C)(50 V) = 3.09 x 10*]
d (1.16x10"m) m 2 2
7) ¢, C
a.) ae I I L I I C; is in series with C, so they can be replaced by their equivalent.
G
|Cf T |C|4 Lo, v LU d e ISR
be || || c, C, C, 23uF 23uF
¢
ae | |
I C,, is in parallel with C, so they can be replaced by their equivalent.
P y q
Cz C34

C
) 2 Cyy=C,+Cyy =23 uF+1.15uF and C,, = 345 uF

o
a °—| }—AL C,, Cyy, and Cs are all in series so they can be replaced by their equivalent.
Coss 11 11
o Attt b U G- 138 4F
b ._{ Cis C, Cy, Cs 46uF 345uF 46 uF 3
a
]*C,2345 So the equivalent capacitance is |C, .= 1.38 uF



7))
b.) u
C]2345
b
SO
and
C
i
Cs C234
b
T
SO
and

HO 34 Solutions

The charge on the equivalent capacitance is the charge on C,, Cs, and C»3, since
capacitors in series have the same charge and the same charge as their equivalent.

Oosas = CraisAV,, = (1.38 x 10°F)(540 V) = 7452x 10*C
0 =05 =0y, = 7452x 10*C

The voltage on the equivalent C,, is the same as the voltage on C, and the
equivalent Cs, since capacitors in parallel have the same voltage and the same
voltage as their equivalent.

0, (7.452 X 10’4c)

AV, = AV., = AV,., = 224 _
o (345x 10°F)

=216V

0, =C,AV, =(23x 10°F)(216 V) = 4.968 x 10*C

The charge on the equivalent C,, is the same as the charge on C; and C,
since capacitors in series have the same charge and the same charge as their
equivalent.

so  0,=0,=0,,=C,AV,, = (1.15 X 10’6F)(216 V)= 2484x10"C

0 (2.484 x10%C) 0, (2484x10%C)
and AV;==2=-———2=108V and AV, ==*="—"——== 108V
¢ (23x10°F) C,  (23x10°F)
To summarize:
Capacitor | Capacitance Charge Voltage

C, 46x10°F | 7452x10*C | 162V

C, 23x10°F | 4968x10*C | 216V

C, 23x10°F | 2484x10*C | 108V

C, 23x10°F | 2484x10*C | 108V

Cs 46x10°F | 7452x10*C | 162V




L) C,
c
c G,
: H
a.) C,
ae—|

(j345

2

HO 35 Solutions

C,=C,=50puFand C;=C,=Cs=100 uF,V, =120V

C, and C; are in series so they can be replaced by their equivalent.

1 1 1 1
—_——= +—
Cc, C; 10uF 10 uF

1
C.s C_45 and C,s= 5uF

C,s and Cj; are in parallel so they can be replaced by their equivalent.
Cys=C,+C,5= 10 uF+ 5 uF =15 uF

C, and C, are in parallel so they can be replaced by their equivalent.

C,=C+C,=5uF+5uF=10uF

C), and C5,5 are in series so they can be replaced by their equivalent.

C,,=6.0 uF

1 1 1

R .
C, Cys 10uF 15uF

and  Cypyys = 6 uF

12345

a l

v
) |

ya—

SO

e I

(j12345

The charge on the equivalent capacitance is the charge on C,, Cs, and C,3,
since capacitors in series have the same charge and the same charge as their

equivalent.

Oisas = CinzasAV,y, = (6-0 X 10'6F)(12O V)= 720x10"C
Q12 = Q345 = 720x 1O4C

The voltage on the equivalent C, is the same as the voltage on C, and the
equivalent C,, since capacitors in parallel have the same voltage and the same

voltage as their equivalent.
AV, =AV,=AV,===————"—+—=72V

It follows that:

a e——
[j 0, =CAV, =(50x 10°F)(72 V) = 3.60x 10*C
C3 C45

and Q2=CﬂM§=(50x10ﬁﬂU2V)=360x104C



Also:

AVs45 =

HO 35 Solutions

0. (7.2 X 10’4C)

Cos (15 x 10°F)

48 V which is the voltage on C; and C,s since they are in parallel and

have the same voltage as their equivalent C,s. It follows that:

Q,=C,AV, = (10.0 X 10’6F)(48 V)= 480x10"Cand Q =C AV, = (5.0 X 10’6F)(48 V)= 240x10"C

G
C,
ae Finally the charge on C, and Cs are the same as their equivalent C,s
since they are in series and have the same charge and the same charge
o G as their equivalent. Therefore:
2 5
be —I_ | |
|| 0, (240x10%C) 0. (240x10%C)
AV, == ="—————"—=24V and AV === S04V
C, (100x10°F) Cs  (10.0x 10°F)
To summarize:
Capacitor | Capacitance Charge Voltage
C, 50x10°F | 3.60x10*C 72V
G 50x10°F | 3.60x10*C 72V
C, 10x 10°F 480x10*C 48V
C, 10x 10°F 240x10*C 24V
Cs 10x 10°F 240x10*C 24V
1 1 2 1 6 2 -2
¢) Ue =204V =5CuVi = E(6.0 x10°C)(120 V)" = [432 x 10°]
2.)
a.)
C, Cs
e
c L L C,=C,=C3=C,=Cs=50 puF. The potential difference between a and b
! c, G is 100 V.
be T I I T
G
de | |
L I i C, and C; are in parallel and can be replaced by their equivalent C,s.
C]T G TC“S Cs=C, +Cs= 50 uF -
;5=C,+C5=50uF+ 50 uF= 10 uF
]
ae C,, C5, and Cys are in series and can be replaced by their equivalent Csys.
G Cosss
1 1 1
, - A1 + ! + ! and C,ys = 2.0 uF
Cys C, C; C, 50uF 50uF 10uF
a
C, and C,3,; are in parallel and can be replaced by their equivalent Cy3,s.
C,,=70uF
b C,y=C3=C +Cpys=50uF+20uF="70uF




HO 35 Solutions
2)
b.) a

Ciius since capacitors in parallel have the same voltage and the same voltage as
their equivalent.

The voltage on the equivalent capacitance is the voltage on C, and Cys,s
o

AVips =AV, = AV, =V, = 100 V

50 0, =C,V, =(50x 10°F)(100 V) = 500 x 10*C
and Qs = CoyisVass = (2.0 x 10°F)(100 V) = 2.00 x 10*C

G
ade I I The charge on C,, C,s, and C; is the same since they are in series and the
L L same charge as their equivalent C,s,s.
G C Cis
3
be —I_ I I 0,=0,;=0,=0,,,= 200x 10*C
0, (200x10%C) 0. (200x10%C)
SO AV,==2=>——— 2 - 40V and AX/3=—3=—6=4OV
C, (50x10°F) C; (50x10°F)
-4
0. (200x10%C)
also AV === L_-920V
Cis (100x 10°F)
G, Cs
ol
L L The voltage on C, and Cs are the same and equal to the voltage on their
C G, Cs equivalent C 5 because they are in parallel.
e | |
[ AV, =AV,=AV, =20V
50 0, =C,V, =(50x 10°F)(20 V)= 1.00x 10*C
Qs =C,V; =(50x 10°F)(20 V) = 1.00x 10*C
To summarize:
Capacitor | Capacitance Charge Voltage
C, 50x10°F |50x10*C 100 V
C, 50x 10°F |[20x10*C 40V
C, 50x10°F |20x10*C 40V
C, 50x10°F | 1.0x10*C 20V
Cs 50x10°F | 1.0x10*C 20V

c) U, =%Qquah Loy —%(7.0 x10°C}(100 V)" =[3.50 x 10°]

2 eq’ab




¢
a e——]

C2 C345
be

a
l C.,=375uF

C] 2345

HO 35 Solutions

C,=C5=60uF,Cy=3.6uFand C,=C,=40uF,V, =120V

C, and C; are in series so they can be replaced by their equivalent.

1 1
+

11
_+_
C, C, 40uF 60 uF

and C,= 24 uF

L
C45
C,s and Cj; are in parallel so they can be replaced by their equivalent.
Cys=C,+Cys=36 uF+ 24 uF= 60 uF

C, and C, are in parallel so they can be replaced by their equivalent.

C,=C,+C,= 60 uF+ 40 uF =10 uF

C), and C5,s are in series so they can be replaced by their equivalent.

1 1 1 1

1
— = + and  C,yys = 3.75 uF
Cins € Cys 10uF 6.0 uF

The charge on the equivalent capacitance is the charge on C,,, Cs, and Cy;,
since capacitors in series have the same charge and the same charge as their

equivalent.

Oipsas = CrasisV.yy = (375 x 10°F)(120 V) = 45x 10™C

0, =0y = 45x10°C
The voltage on the equivalent C, is the same as the voltage on C, and the

equivalent C,, since capacitors in parallel have the same voltage and the same
voltage as their equivalent.

AV, =AV, =222 = 45y

It follows that:

0, =CAV, =(6.0x 10°F)(45 V) = 270 x 10*C
and 0, = C,AV,(40 x 10°F)(45 V) = 180 x 10*C
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0. (4.5 x10%C)

Also: AV, = =
B Cs (6.0x10’6F)

have the same voltage as their equivalent C,s. It follows that:

= 75V which is the voltage on C; and C,;s since they are in parallel and

0,=C,AV, = (3.6 X 10’6F)(75 V)=270x10"C and Q,5=C, AV ;= (2.4 X 10’6F)(75 V)= 180x10"C

¢
o
a Finally the charge on C, and Cs are the same as their equivalent C,s
since they are in series and have the same charge and the same charge
c G, C, as their equivalent. Therefore:
- ]

To summarize:

Capacitor | Capacitance Charge Voltage
C, 60x10°F |[27x10*C 45V
G 40x10°F | 18x10*C 45V
C, 36x10°F | 27x10*C 75V
C, 40x10°F | 1.8x10*C 45V
Cs 60x10°F |18x10*C 30V
! ! 2 _ 1375 10%C)(120 v)* <[ 270 x 102
¢) Ue =20,V =>CuV =5( 75x10°C)(120 V)’ =|2.70 x 10°]

ay  300uF 600 4F
A V., =360V

ae—e —ob . . ) )
is With switch S open the two sets of 3.00 xF and 6.00 uF capacitors are in
| | | | series and can be replaced by their equivalent.

B + ! and C, =2.00 uF
2.00 uF Cy 300uF 6.00 uF )
| |
i These are in parallel and the equivalent capacitance is:
ae—9e +—ob
| | C,, =200 uF +2.00 uF = 4.00 uF
R
200 uF
400 uF

b The voltage on the 4.00 yF equivalent is the same as the voltage on the
a .—.—| l—.—‘

two 2.00 uF equivalents and is equal to V,, =360 V. The charges are:

3004F . 600 4F Q0 =CAV =(2.00 x 10°F)(360 V) = 720 x 10*C

d
l This is the charge on the 3.00 #F and 6.00 uF capacitors since they are
\ y
S

i —ob in series. There voltages are:
T N
[

c I 720x 10*C
600 uF 300 uF AV3=%=—( )= 240V and AV, ==0="——————— £ 120V
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If V,=0then V,=360 Vand V, =V, -V, = 360 V - 240 V= 120V and V. =V, -V, = 360 V - 120 V= 240 V.

Therefore: V=V -V,=240V - 120V= 120V

c

b.)
300uF 600 uF
I I I I With switch S closed the two sets of 3.00 uF and 6.00 yF capacitors
s are in parallel and can be replaced by their equivalent.
ae—e LS —o b
[ [ Cy = 3.00 uF +6.00 uF = 9.00 uF
c 1l
600 uF  3.00 uF
900uF 900 uF The two 9.00 uF equivalents are in series so the equivalent
. | | | b capacitance is:
“e || | F—— P
1 = ! + and C, =4.50 uF
C,, 900 uF 900 uF E
S The ch he two 9.00 uF equivalents is th he ch.
b e charge on the two 9.00 uF equivalents is the same as the charge
¢ on the 4.50 uF equivalent capacitance.

Q0 =CAV =(4.50 x 10°F)(360 V) = 1.62x 10*C

o, (1.62x10%C)
The voltages on the 9.00 uF equivalents are the same: AVy==2=——£=-180V

This is the voltage on the 3.00 xF and 6.00 uF capacitors because they are in parallel and all capacitors have

voltages

c.) Based upon equivalent capacitances:

0,=C,V, =(400x 10°F)(360 V) = 1.44x10°C

0,=C,V, = (4.50 X 10’6F)(360 V)= 1.62x10°C

eq’ ab

and the charge that flows through switch Sis: 0, -Q, =1.62x 10°C-1.44x 10°C =|1.80 x 10*C

Cylindrical air capacitor L =25.0 m and U, =5.40 x 10° J when V=3.00 V

2, 2(540x10°J)

1 C -9
y u.=L _ 20 _ [36x10°C
W) Ue=g 0V 50 0= =5 00)

b.) for cylindrical capacitors

AV = Q In & SO In & = M and i = exp M
2me, L \T; 7 0 7 0
C2
2n(8.85 x 1012 2)(25 m)(3.00 V)
r N-m r.
- =exp =319 and |—+=0314
ri

3.6x10°C T,
( )
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6.)
parallel-plate capacitor with dielectric constant x = 3.40 and dielectric strength £ =2.00 x 10’ V/m

capacitance C = 1.37 nF and voltage must be at least AV = 6000 V.

AV (6000 V)

AV=E-d so =TT v 3.00x 10*m
(2.00)(107)
m
137 x 10°F)(3.00 x 10" m
c-KeA A=C—d=( I )=1.37x10'2m2
d Kso -12 C2
34[885x 10" ——
N-m

7. parallel-plate capacitor with d = 1.60 mm and dielectric constant k = 4.50 and dielectric strength E = 1.40 x 10° V/m

a.)

2
E=Z so o=keE-= 4.50(8.85 x 102 NC—)(1 40X 10° X) _[558x10° <
m

2
Ke, -m m

b.)

0,=0 1-1- 5.58x10'5% TR 4.34><10’5£2
K m 4.50 m

8.) The two slabs are in series (they have the same charge density) with same area A and thickness %

_KgA _ 2keA and C,- 2K,€,A

Cl
d d

(CYEN

Since they are in series:

111 1 1 d (1 1) d (x,+x

—_—— - — = + = [T U " S—

c, C C, 2xeA 2keA 2 A\k, k,) 2A\ KK,
d d

K, +K,




