11. For what use are batteries connected in series? For what use 11. When batteries are connected in series, their emfs add together, producing a larger potential. The
are they connected in parallel? Does it matter if the batteries do not need to be identical in this case. When batteries are connected in parallel, the
batteries are nearly identical or not in cither case? currents they can generate add together, producing a larger current over a longer time period.

Batteries in this case need to be nearly identical, or the battery with the larger emf will end up
charging the battery with the smaller emf.

14. In an RC circuit, current flows from the battery until the 14. No. As current passes through the resistor in the RC circuit, energy is dissipated in the resistor.
capacitor is completely charged. Is the total energy supplied Therefore, the total energy supplied by the battery during the charging is the combination of the
by the battery equal to the total energy stored by the capac- energy dissipated in the resistor and the energy stored in the capacitor.

itor? If not, where does the extra energy go?

16. Figure 26-35 is a diagram of a capacitor (or condenser)  16. The capacitance of a parallel plate capacitor is inversely proportional to the distance between the
microphone. The changing air pressure in a sound wave plates: (C = gud/d). As the diaphragm moves in and out, the distance between the plates changes
causes onme plate of the — and therefore the capacitance changes with the same frequency. This changes the amount of charge
Cl‘l:zdt;::h CEl: IT(W(; hz"c"( that can be stored on the capacitor, creating a current as the capacitor charges or discharges. The
: : R 8L AOWA current oscillates with the same frequency as the diaphragm, which is the same frequency as the

current of the same -
sound Sound /

pressure
.

frequency as the incident sound wave, and produces an oscillating Foypuyt.

wave is produced.

—

/
FIGURE 2§—35 . Diagram . = o0
of a capacitor microphone.  piate
Question 16. (diaphragm)




4. (II) What is the internal resistance of a 12.0-V car battery 4. See Figure 26-2 for a circuit diagram for this problem. Use Eq. 26-1.

whose terminal voltage drops to 84V when the starter E_V 120V —_84V
draws 95 A? What is the resistance of the starter? V,=¢-Ir —» r= B _— — : =|0.038()
I 95 A
V, 84V
V,=IR — R= =——=|0.08802
I 95A
16. (IT) Determine (a) the equivalent resistance of the circuit 16, (@) The equivalent resistance is found by combining the 820 © and 680 € resistors in parallel, and
:E;;Erm Fig. 26-39, and (b) the voltage across each then adding the 960 €2 resistor in series with that parallel combination.
. -1
1 1
Rm:{ + ] +960Q=3720Q+960Q =13320Q =|13300Q
8§00 6800 960 © 82002 6300
b . V120V _3 o
FIGURE 26-39 1 () The current delivered by the battery is [ = 13320 9.009 x10 A . This is the
Problem 16. 120V oq

current in the 960 € resistor. The voltage across that resistor can be found by Ohm’s law.
Vi = IR = (9.009x 107 A)(9600) =8.649V = (8.6 V

Thus the voltage across the parallel combination must be 120V -8.6V =(3.4V|. This is the

voltage across both the 820 € and 680 £ resistors, since parallel resistors have the same voltage
across them. Note that this voltage value could also be found as follows.

Vs = IR g = (9.009x10° A ) (372Q) =3.351V = 34V

parallel =



19. (IT) What is the net resistance of the circuit connected to the The resistors have been numbered in the accompanying diagram to help in

battery in Fig. 26-417 . ] . ) ) - R
R the analysis. R, and R, are in series with an equivalent resistance of .
) RTATAY
AV 1, R,=R+R=2R. This combination is in parallel with R, with an
-1
| | LY ip hiscombinationicin SR SR RS
R R equivalent resistance of R, =| —+— | = ;R . This combination is in 4
R 2R
A o C series with R, , with an equivalent resistance of R,, =R+ R=3R. This °
Rk combination is in parallel with K., with an equivalent resistance of R,
%R ER R
FIGURE 26-41 v leﬁ = E+§ =§R. Finally, this combination is in series with &_, 6
Problems 19 and 20. | |
'l and we calculate the final equivalent resistance. |
R =2R+R=|LR
oq 8 B
31. (IT) (@) What is the potential difference between points a and This circuit is identical to Example 26-9 and Figure 26-13 except for the numeric values. So we may

d in Fig. 26-49 (similar to Fig. 26-13, Example 26-9),

and (b) what is the copy the same equations as developed in that Example, but using the current values.
terminal voltage of 34 Q h Eq.(a): I,=1+1, Eq. (b): —341 +45-481,=0
each battery? r-’- WW N 75+ 34]
I r= &, Eq.(c): 341 +191,-75=0 Eq.(d): [,=——=3.95+1.79]
L 19 45 1 S 1 : 19 |
. 470 _13 4: ;
HWW—— MW\ 45341
b c Eq.(e): [,=—=0.938-0.7081,
f 6] = r= 18 02 48
By I=I+I, — 0938-0.708],=1,+3.95+1.791, — I =-0.861A

FIGURE 26-49 L_—.—1
Problem 31. f e 1,=3.95+1.791, =2.41A ; I, =0.938—0.708/, =1.55A



31. (1) (a) What is the potential difference between points a and

d in Fig. 26-49 (similar to Fig. 26-13, Example 26-9),
and (b) what is the
terminal voltage of -

o0 A

cach battery?

I ol
75
FIGURE 26-49 t._’_*

Problem 31.

(IT) In Fig. 2658 (same as Fig. 26-17a), the total resistance
is 15.0k{}, and the battery’s emf is 24.0V. If the time
constant 1s measured to be 24.0 us,
calculate (a) the total capacitance of the

R
circuit and (b) the time it takes for the
voltage across the resistor to reach
16.0 W after the switch is closed. £ C ==
+

FIGURE 26-58 T -
Problems 44 and 46. S

(a) To find the potential difference between points a and d, start at point a and add each individual

potential difference until reaching point d. The simplest way to do this is along the top branch.
V,=V,—V,=—1(34Q)=—(-0.861A)(34Q)=2927V =(29V

Slight differences will be obtained in the final answer depending on the branch used, due to
rounding. For example, using the bottom branch, we get the following.

V=V, V. =4-1,(19Q)=75V - (241A)(19Q) =2921V ~ 29V

(b) For the 75-V battery, the terminal voltage is the potential difference from point g to point e. For

44. (a)

(b)

the 45-V battery, the terminal voltage is the potential difference from point d to point b.
75V battery: V_ =€ —Lr=75V—(2.41A)(1.0Q)=|73V

45V battery: V__ =€ —1r=45V—(1.55A)(1.0Q) =43V

From Eq. 26-7 the product RC is equal to the time constant.

T 240x107s o
T=RC - C=—=———=[1.60x10 F
R 15.0x100Q2

Since the battery has an EMF of 24.0 V, if the voltage across the resistor is 16.0 V, the voltage
across the capacitor will be 8.0 V as it charges. Use the expression for the voltage across a
charging capacitor.

- i V. t V.
R G I (O I
T

V 8.0V
I:—rln( —é} (24nxm‘f‘ ]m[l— J— 9.73%10"s

240V



79. In the circuit shown in Fig. 26-68,

dissipates (.80 W. What is
the battery voltage?

30

FIGURE 26-68

the 33-0

68 Q)

WW
MWW

75Q

Problem 79,

83. A flashlight bulb rated at 2.0 W and 3.0V is operated by a

9.0-V battery. To light the
bulb at its rated voltage

and power, a resistor R is
connected 1n series as shown

in Fig. 26-72. What value
should the resistor have?

FIGURE 26-72
Problem &3,

©
o=

The current in the circuit can be found from the resistance and the power dissipated. Then the

product of that current and the equivalent resistance is equal to the battery voltage.

P=I'R — 1= |- 280V
R, 330

i3

-1
1
Rm:33f1+[—+—J =68.66Q2 V =IR =(0.155TA)(68.66Q)=10.69V =

6802 7502

=0.1557A

11V

83. Write Kirchhoff’s loop rule for the circuit, and substitute for the current and the bulb resistance

based on the bulb ratings.

-

r)JI-I:mIl:r

Rw= el R =
Ry Pow
E— I, R R.=0 —

€ @ Vs

R=—~-R

R =LV = L =—"7

N 3.0

e P]:nﬂb/Vhﬂb P

bulb

(A
E-V  )J=——(9.0V-3.0V)=
e (1) =2 )

bulb

9.0Q




#0171, Measurements made on circuits that contain large resistances
can be confusing, Consider a circuit powered by a battery
€= 15000V with a 10.00-M{} resistor in series with an
unknown resistor R. As shown in Fig. 26-80, a particular
voltmeter reads V, = 366 mV when connected across the
10.00-M£2 resistor, and this meter reads Vo = 7317V when
connected across R. Determine the value of R. [Hinr: Define
Ry as the voltmeter’s internal resistance. ]

. V=
P 10.00 MQ 366 mV
15000V
R
£ 10,00 MQ
15000V T X V=
7317V

FIGURE 26-80 Problem 91.

We represent the 10.00-MQ resistor by K, and the resistance of the voltmeter as R,,. In the first

configuration, we find the equivalent resistance K_,, the current in the circuit /,, and the voltage

drop across R.
R.R [é ; e R
0TV = : Vy=I,R=¢-V, —» E€&—=€-V,

R_,=R+
o R, +R, R, | R,

In the second configuration, we find the equivalent resistance R_. the current in the circuit /,, and

cgb®
the voltage drop across R,,.

RR € ~ . R -
R+f1”i;,kr ;I*‘?:R ;VR|n:fBR1n:'5_VB — éi:"E_VH

eqB eqB

RﬂqB =R, +

We now have two equations in the two unknowns of R and R,,. We solve the second equation for
R, and substitute that into the first equation. We are leaving out much of the algebra in this solution.
R R

€ =6 =6-V, ;
qu_% R+ RR, A
R,+ R,
.1-8 Rll} — E RT!ER — r(g_VH - Rv — - VBR]QR
R R, + X (€R V4R, —V3R)
R+R,
eV, =6— % _% N — >
R+ R R, R VaR, R
10 r
R, +R, R s _(tER—VBRm—VBR)_
R + I(-FBJIEIJ}‘R
v (ER_VBRm _VBRJ
V. 1317V

R=—R (ID.I}{]MQ): 199.92 MQ = |200MQ| (3 sig. ﬁg.)

—BR -
v, " 0366V



