9. How does the energy in a capacitor change if (a) the poten- 9. (a) The energy stored quadruples since the potential difference across the plates doubles and the
tial difference is doubled, (b) the charge on each plate is

capacitance doesn’t change: U =1CV* |
doubled, and (c) the separation of the plates is doubled, as }

the capacitor remains connected to a battery in each case? (b) The energy stored quadruples since the charge doubles and the capacitance doesn’t change:
v=12
- C

(c) If the separation between the plates doubles, the capacitance is halved. The potential
difference across the plates doesn’t change if the capacitor remains connected to the battery, so

the energy stored is also halved: U = %CI"I .

5. (I1) A 7.7-uF capacitor is charged by a 125-V batiery
(Fig. 24-20a) and then is disconnected from the battery.
When this capacitor (C}) is then connected (Fig. 24-20b) to

a second (initially uncharged) capacitor, C,, the final o ,
voltage on each capacitor is 15 V. What is the value of C5? 5.  After the first capacitor is disconnected from the battery, the total charge must remain constant. The

[Hint: Charge is conserved.] voltage across each capacitor must be the same when they are connected together, since each
capacitor plate is connected to a corresponding plate on the other capacitor by a constant-potential
connecting wire. Use the total charge and the final potential difference to find the value of the

|1 |1
&‘I (I:I second capacitor.
: : QT-:lt,a] = C|V1 Q] = C] Vﬁnal Q: = Cz Vﬁnal
imitial final final
]|= JII QT-:lt,a] = QI + QE = (CI + CE }Vﬁnal - II‘:IVI = (C] + C_'-‘ ) Vﬁnal —
final final mitial
V G,
|
@ ) C,=C i 1 (? 7 m“‘F) 125V 1 l=5.6x10°F=[564F
— —_ — o — = .0 X —
FIGURE 24-20 Problems 5 and 48. : ' Ve 15V a



18. (1) A

10. (II) In a dynamic random access memory (DRAM)

computer chip, each memory cell chiefly consists of a capac-
itor for charge storage. Each of these cells represents a
single binary-bit value of 1 when its 35-fF capacitor
(1 fF = 107" F) is charged at 1.5V, or 0 when uncharged at
0V. (a) When it 1s fully charged, how many excess electrons
are on a cell capacitor’s negative plate? (b) After charge has
been placed on a cell capacitor’s plate, it slowly “leaks™ off
(through a variety of mechanisms) at a constant rate of
0.30 fC/s. How long does it take for the potential difference
across this capacitor to decrease by 1.0% from its fully
charged value? (Because of this leakage effect, the charge on
a DRAM capacitor is “refreshed” many times per second.)

large metal sheet of thickness £ is placed
between, and parallel to, the plates of the parallel-plate
capacitor of Fig. 24-4. It does not touch the plates,
and extends beyond their edges. (a) What is now the net
capacitance in terms of A, d, and €7 (b) If £ = 0.40d. by
what factor does the capacitance change when the sheet is
inserted?

10.

(a) The absolute value of the charge on each plate is given by Eq. 24-1. The plate with electrons

has a net negative charge.
O0=CV — N(-e)=-CV —

VOV (35x10°F)(1.5V)

e 1.60x107"C
(b) Since the charge is directly proportional to the potential difference, a 1.0% decrease in potential
difference corresponds to a 1.0% decrease in charge.

AO =0.010 :

o A0 0010 _o001CK _ 0.01(35x107°F)(1.5V)
T AQ[At AQ/At AQ[Ar 030x107°C[s

=3.281x10° ={3.3x 10 electrons

=1.75s=|1.8s

18. (a) The uncharged plate will polarize so that negative
charge will be drawn towards the positive capacitor
plate, and positive charge will be drawn towards the Y
negative capacitor plate. The same charge will be L
on each face of the plate as on the original capacitor
plates. The same electric field will be in the gaps as
before the plate was inserted. Use that electric field
to determine the potential difference between the
two original plates, and the new capacitance. Let x be the distance from one original plate to the
nearest face of the sheet, and so d — £ — x is the distance from the other original plate to the
other face of the sheet.

positive plate

— AT TR

negative plate

Ezizi : H:E‘r:ﬁ : Vj:E{d—f—x}:M
g, A&, Ag, i Ag,
ﬂ.V:VIJrVE:le+l’gl[{']r_f_x"":Q(d_f}:g — C:.:_f:uL
Ag, Ag, Ag, C (d-1)
. A
A A C "(d-t) d d 1
by C...=¢g,— ; C. , = . —fimal _ = = = =1.7
[ ) initial EEI d final ":’1} (d—f) " j i d—f d—D‘I[}d 0.60
1}
d



29, (II) In Fig. 24-23, suppose
(a) Determine the equivalent
capacitance between poinis a
and b. (b) Determine the charge
on each capacitor and the poten-
tial difference across each in
terms of V.

FIGURE 24-23
Problems 29 and 30.

29. (a) From the diagram, we see that C) and C; are in series. That combination is in parallel with C3,

and then that combination is in series with Cy. Use those combinations to find the equivalent
capacitance. We use subscripts to indicate which capacitors have been combined.

— e CP:—_IJC; CLH:CI__,+C,_:%C+C:%C;
c, C C - i - i

| 1 1 2 1 5 -
—=—t—="—+t—=="= — C]*u:_;c
C. C, C, 3C C 3C .

(b) The charge on the equivalent capacitor C,,,, is given by Q,.,, =C,,.,J) =<CV. This is the

charge on both of the series components of C ,.,.

O =5CV =Cliy; =3CVyy = Viy=3V

0,=iCV=C), > V.=
The voltage across the equivalent capacitor C,, is the voltage across both of its parallel
components. Note that the sum of the charges across the two parallel components of C,,is the
same as the total charge on the two components, %C V.

Vi =3V =V 3 Qn = Cl, =(3C)(37) =5CV

V=3V =V, 1 O, =CF,=C(3V)=3CV
Finally, the charge on the equivalent capacitor C , is the charge on both of the series
components of C,.

0,=3CV=0,=CF, - V=3V ;0,=5CV=0,=CV, - V=3V
Here are all the results, gathered together.
0,=0,=4CV ; 0, =3CV ; 0, =3CV
V=V, =4V s V=3V i V=3V

3 5




31. (1) The S".wtCh S in Fig. 24-24 s connected downward so E When the switch is down the initial charge on C; is calculated from Eq. 24-1. Cy
that capacitor C; becomes fully charged by the battery of
voltage V,. If the switch is then Q, =GV,
connected upward, determine the C When the switch is moved up, charge will flow from C; to C) until the voltage Cy
charge on each capacitor after | across the two capacitors is equal.
the switching,. o 0 ) C,
V === = =L QE = Q] —_
C_'-" CI C]
S The sum of the charges on the two capacitors is equal to the initial charge on C;.

r r ¥ C"! ¥ r
0,=0,+0,=90—+0, =0,
l::'l CI.
Inserting the initial charge in terms of the initial voltage gives the final charges.

_|
{Q+QJ

™y
i
S —

FIGURE 24-24 . e A N oo B e et
Problem 31. Yo C ” C,+C, ; Cc, |C,+C

1




37. (I1) (@) Determine the equivalent capacitance of the circuit
shown in Fig 24-27. (b) If C, = Cy =2C; = 240 uF,
how much charge 1s stored on each c,
capacitor when V = 35.0V? T

FIGURE 24-27
Problems 37, 38, and 45.

Ab— 1 —=oh

38. (II) In Fig. 24-27, let C; =2.00uF, G, =3.00uF,
3 =400uF, and V = 24.0V. What 1s the potential
difference across each capacitor?

(@) The series capacitors add reciprocally, and then the parallel combination is found by adding

linearly.

-1 -1
11 C C, C,+C,
C =C+|—+—| =C+| ——+—2 =C + 2t %
N c, C, C,C, CC, C,C,

-1
C,C,

=|C +———
C,+C,

(b) For each capacitor, the charge is found by multiplying the capacitance times the voltage. For
C,, the full 35.0 V is across the capacitance, so 0, =CV = (24.[} P lﬂ'ﬁFJ(?)S.ﬂV) =

8.40x107°C|.

The equivalent capacitance of the series combination of C, and C, has the full

35.0 V across it, and the charge on the series combination is the same as the charge on each of

the individual capacitors.

-1
| C

C =| —+— = —
“ lc ¢ 3

oq

38. From the circuit diagram, we see that C, is in parallel with the voltage, and so

0,=CJV =4(240x10°F)(35.0V)=|2.80x10°C|=0, = Q,

v =24V]

Capacitors C, and C, both have the same charge, so their voltages are inversely proportional to their

capacitance, and their voltages must total to 24.0 V.

0.0, » CV,=CJ, : V.+V,=V
V,+Cl V—V s V- C, V=4.[][],uF
) C,+C, 7.00uF

V.=V -V, =240V-137V =103V

(24.0V) =

3

13.7V




