CAPACITANCE AND DIELECTRICS

24.1.

24.5.

24.14.

24.15.

Q

IDENTIFY: C=—7
Vab

SETUP. 1uF=10° F
EXECUTE: Q=CV,, =(7.28x10° F)(25.0 V¥ 1.82 10 € 18
EvALUATE: One plate has chargeQ and the other has charg®) .

IDENTIFY: C:g.C:F()JTA.

ab
SET UP:  When the capacitor is connected to the batté[y=12.0 V.
EXECUTE: (a) Q=CV,,=(10.0x10° F)(12.0V¥ 1.28 10 € 120
(b) Whend is doubledC is halved, s® is halved.Q =60 uC.
(c) If r is doubledA increases by a factor of @.increases by a factor of 4 aQdncreases by a factor of 4.
Q=480uC.
EVALUATE: When the plates are moved apart, less charge guidtes is required to produce the same potential
difference. With the separation of the plates camisthe electric field must remain constant tadpice the same
potential difference. The electric field dependslmmsurface charge density,. To produce the same&, more
charge is required when the area increases.

IDENTIFY: The capacitors betwednandc are in parallel. This combination is in serieshwtie 15 pF capacitor.
SETUP: Let C, =15 pF, C,=9.0 pFandC, =11 pF.
EXECUTE: (a) For capacitors in paralleC,, =C,+C,+--- soC,; =C,+C,=20 pF

(b) C, =15 pF is in series withC,, = 20 pF. For capacitors in seriesl— -1 +—1 +.-- S0 1
C Cl CZ c:123

eq

+— and
23

_1.1
1
CCyp _ (15 PF)(20 PF)_o

C,+C,; 15pF+ 20 pF

EVALUATE: For capacitors in parallel the equivalent capacian larger than any of the individual capacitéisr.

capacitors in series the equivalent capacitansmaller than any of the individual capacitors.

IDENTIFY: Replace series and parallel combinations of capadity their equivalents. In each equivalent networ

apply the rules fo@ andV for capacitors in series and parallel; start wlith simplest network and work back to the

original circuit.
SeT Up: Do parts(a) and(b) together. The capacitor network is drawn in Figzdel5a.

Cis=

6 pF.

| 11

a CI C2

[ ——

T G C,=C,=C,=C,=400uF
v, 1 J V,, =28.0V

a
Yo 1

b Cy

Figure 24.15a

Execute: Simplify the circuit by replacing the capacitor doimations by their equivalent€, andC, are in
series and are equivalent@, (Figure 24.15b).
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—HHl= - ks 11,1

Figure 24.15b
_cc, _(400x10° H( 408 10 F

& C,+C, 4.00x10° F+ 4.08 10 F
C,, andC, are in parallel and are equivalent@,, (Figure 24.15c).

| - Cis=Cpp+Cy
4‘:' - -} Cp,;=2.00x 10° Fr 4.08 10
| c
C3

. C,,,=6.00x10° F

2.00x 10° F

Figure 24.15c

C,,; andC,are in series and are equivalenidg,, (Figure 24.15d).

C
_| 123 i _| I_ L 11
_| - Clan C C, C
4

Figure 24.15d
_ c,C, _(8.00<10° B( 4.08 16 F

247 C . +C, 6.00x10° F+ 4.08 10 F
The circuit is equivalent to the circuit shown iiglre 24.15e.

$ ° | V=V =28.0V

2.40x 10° F

l/ o——,_C1234 Qi2as = Cuy = (2,40>< 10° F)( 28.0 \y: 67.2
Figure 24.15e
Now build back up the original circuit, step byfst€, ,,, representE,,, andC, in series (Figure 24.15f).
- | C123
V1 Q2 =Q,=Qy3,=67.21C
0—| - (charge same for capacitors in series)
4
Figure 24.15f
Then V123 = % = M::llz V
C, 6.00uF
= B72UC 65y
C, 4.00uF

Note thatV, +V,,,=16.8 V+ 11.2 V= 28.0 V, as it shoul
Next consider the circuit as written in Figure 341

Co | o vsivn:zs.o V-V,
I V,=11.2V
T o— C5 v Q,=CyV,=(4.004H(11.2V
V =280V I Q,=448uC
b o I Qu-CoVy=(2.001B( 112
Gy, =168V Q,=22.4uC
Figure 24.15g

Finally, consider the original circuit, as showrFigure 24.15h.
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24.18.

24.22.

Vll | | |V2 Q=0Q,=Q,=224uC
C c, (charge same for capacitors in series)
O—
C3I | V1:%=22'4”C:5.6v
V=280V ' ,=T2v ta G 4.00uF
¢C {I 2:%_22.4[1(:_ 6V
¢!y =168V C, 4.00uF
Figure 24.15h

Note thatV, +V, =11.2 V, which equalsV, as it should.

Summary:Q, =22.4uCV,= 5.6\

Q,=224uCV,= 5.6\

Q,=448uCV,= 112\

Q,=67.2uCV,=16.8\

(€) Vg =V;=11.2V

EVALUATE: V,+V,+V,=V, orV,+V,=V.Q,=0Q,,Q,+Q,=Q, and ,=Q ,,,,

IDENTIFY: For capacitors in parallel the voltages are theesand the charges add. For capacitors in series, th
charges are the same and the voltages @ddQ/V .
SET UP: C andC, are in parallel ancC, is in series with the parallel combination Gfand C, .
ExecuTE: (a) C,andC, are in parallel and so have the same potentiasadhem:
6
V, =V, -2 :M: 13.33 V. Therefore,Q =V,C,=(13.33 V)(3.00x 10 F¥ 80X 1D . SinceC, is
C, 3.00x10° F
in series with the parallel combination 6f andC, , its charge must be equal to their combined charge

C,=40.0x10° G+ 80.6 10 G 12020 10

(b) The total capacitance is found fron%—:—l+—1: 1 — ! andC, =3.21uF.
Cy C, C, 9.00x10° F 5.0& 10 |
6
Vab:%:no.ox 1(23 C:374V
C,. 321x10° F
6
EVALUATE: 'V, =3 1200<10° € 240V.V, =V, +V,.

IDENTIFY: Simplify the network by replacing series and patatbmbinations of capacitors by their equivalents.
SET UP:  For capacitors in series the voltages add anditheges are the same;l— -t +—1 +.-- For capacitors

eq Cl Cz

Q

in parallel the voltages are the same and the esaadd;C,,=C,+C,+-- C :V .

EXecuTE: (a) The equivalent capacitance of theéd ;/F and 8.0 ¢ F capacitors in parallel i$3.0 # F. When these
two capacitors are replaced by their equivalentyatethe network sketched in Figure 24.22. The exjeit
capacitance of these three capacitors in seri@stisu F.

(b) Qu =C,V =(3.47 uF)(50.0 VF 174/
(c) Qo is the same ad for each of the capacitors in the series comtonathown in Figure 24.22, §pfor each of
the capacitors i874 u C.

EVALUATE: The voltages across each capacitor in Figure 2r@%,, = Qo =174V, V,;= 2“” =13.4V and
10 13

V, :% =19.3V. V,,+V;+V,=17.4 V+13.4 V+ 19.3 \= 50.1\. The sum of the voltages equals the applied
9
voltage, apart from a small difference due to rongd
10.0 uF 9.0 uF
. | | I | | .
i | |l |
13.0 uF
Figure 24.22
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24.32.

24.57.

24.59.

IDENTIFY: The two capacitors are in seriesl.— _ +—1 +...C _Q

eq 1 C2 \4

SeT Up:  For capacitors in series the voltages add anditheges are the same.
1_1,1 _ (150 nF)(120 nF).

EXECUTE: (@) —=—+—s0C,= 66.7 nF.
C, C, C +C 150 nH 120 nF

Q=CV=(66.7nF)(36VF 2.4 10 € 24
(b) Q=2.4 uC for each capacitor.

(©) U=1C,V2=1(66.7x 10° F)(36 Vj= 43.%
(d) We knowC andQ for each capacitor so rewritéin terms of these quantities. =1CVv? =1C(Q/C)*=Q?/2C

6 6
150 nEu =240 O Lo g ey = 24410° CF
2(150x 10° F) 2(120x 10° F)
Note that19.2u H 24.Qu ¥ 43.2 , the total stored energy calculated in part (c).
6 6
Q28407 C_ gy 120nFv =2=2210 C 55y
C 150x10° F C 120x10° F
Note that these two voltages sum to 36 V, the geli@pplied across the network.
EVALUATE: SinceQ is the same the capacitor with smallestores more energy) = Q?/2C ) and has a larger

voltage V =Q/C).

.U =1icvz.

eq 1

24.0ud

(e) 150 nF:V =

IDENTIFY:  Simplify the network by replacing series and pataibmbinations by their equivalent. The stored
energy in a capacitor id =1CV?2.

SET UP:  For capacitors in series the voltages add andithrges are the same;l— - +—1 +---. For capacitors

eq 1 2
in parallel the voltages are the same and the ekadd,C,,=C,+C,+:- =0 .U =icvi.
\

EXECUTE: (&) Find C.qfor the network by replacing each series or paratbmbination by its equivalent. The
successive simplified circuits are shown in Figedes7a—c.

=1C,V?=1(2.19x 10° F)(12.0 VA= 1.58 10 J 158

tot 2 “eq

(b) From Figure 24.57cQ,, =C,V =(2.19<10° F)(12.0 V¥ 2.68 10 (From Figure 24.57bQ,, =2.63x10° C

Q,s _2.63x10° C 2 6
Vyg=—=t8=""— "=548V.U,,=1CV?=1(4.80x10° F)(5.48\Vh)= 7.24 10 J 7
¥ C,, 4.80x10° F @0 " ( (6.48 V)= A
This one capacitor stores nearly half the totalest@nergy.
2
EVALUATE: U = (ZQ_C . For capacitors in series the capacitor with thallestC stores the greatest amount of

energy.
4.06 uF

" 8.60 uF 7.56 uF
860/.LF 4.80 uF a'—ll—'l—”—‘b 2.19 uF
a o—l l—o b
©

3.50 uF 4.80 uF
(@ (b)
Figure 24.57

24.58. DbENTIFY: Apply therulesfor combining capacitorsin seriesand parallel. For capacitorsin
seriesthe voltages add

(a) IDENTIFY: Replace series and parallel combinations of capracity their equivalents.
SeT Up:  The network is sketched in Figure 24.59a.
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¢y Cs
LY
C,=C.=84uF
V=20V (@) v H
Voo 1L C,=C,=C,=4.2uF
L
Figure 24.59a

ExXeEcUTE: Simplify the circuit by replacing the capacitor doimations by their equivalent€, andC, are in
series and can be replaced ®y, (Figure 24.59b):

C3
_| |_ _ ”& C, C, C,
— 1 _G+C,
C4
Figure 24.59b
_ CC, _(42uR)(42uf_

* C,+C, 42uF+42uF
C, andC,, are in parallel and can be replaced by their edent (Figure 24.59c):

C,.,=C,+C
C23 234 2 34
| :I_ _ | | it

Cp=4.2uF+ 2.1 F
C,,, =6.3UF

21uF

Figure 24.59¢
C,, C; andC,,, are in series and can be replacedXyy (Figure 24.59d):

Cl i:i+_1+ 1
_| | C234 Cq Ceq Cl CS C234
1 = ¢ 1_ 2 1
— |_—,_ — | C_eq_8.4,uF+ 6.3u F
s C.,=25uF

Figure 24.59d

EVALUATE: For capacitors in series the equivalent capadtsmialler than any of those in series. For capacdito
parallel the equivalent capacitance is larger #tmanof those in parallel.

(b) IDENTIFY andSeT UP:  In each equivalent network apply the rules@oandV for capacitors in series and
parallel; start with the simplest network and wbeck to the original circuit.

EXecuTE: The equivalent circuit is drawn in Figure 24.59e.

Qeq = Cqu

\j\= 220V C
o T © Q. =(2.54F)( 220 \ = 55 (¢

Figure 24.59

Q =Q, =Q,,, =550 4 C (capacitors in series have same charge)

Q. _550uC_co,
C, 8.4uF

5-%—550”C—65V
C, 8.4uF
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Now draw the network as in Figure 24.59f.
| |V1 =65V

a1 e
C V;
T T%

|
G Ty =65V

Figure 24.50f
Q,=CV,=(4.2uF)(87 V)= 37Qu (
Qu =C.V4,=(2.14F(87 V)= 180 C

Finally, consider the original circuit (Figure 29d).

| =65V | 1S
c) ! 11
VI220V Cz—lJ:VZ=87V
| | |
cl 1 I I_
5 V=65V o
Figure 24.59g
3—%—180’L1C-43V
C, 42uFr
 =Q _180uC_ 4,
C, 4.2uF

Summary:Q, =550 C,\V,= 65V
Q,=370uC\V,= 87\
Q,=180uC\V,= 43V
Q,=180uC\V,= 43V
Q,=550uC\V,= 65V

V2 :V34 :V234: 87 V
capacitors in parallel have the same potential

Q,=Q,=Q,,=180xC
capacitors in series have the same charge

EVALUATE: V,+V, =V, andV,+V,+V = 220 V (apart from some small rounding error)

Q=Q,+Q;andQ;=Q,+Q,



