CHAPTER 27 Direct-Current Circuits

Answers to Understanding the Concepts Questions

10.

Tap water is an excellent conductor, and if the appliance falls into the tub there is a danger that a large
current will flow through the body of the person in the tub, causing bums and sometimes heart failure.

The voltmeter measures the terminal voltage V across the battery, and that depends on the current I
drawn and the internal resistance r of the battery: V = € —Ir. While € and r do not change appreciably,
I can. (Even r can increase, if the battery gets warmer.)

The current that flows into the battery is the same as the current flowing out of the battery. Whether
there is a potential drop Ir just before the current reaches the battery or whether the drop occurs just
after the current leaves the battery is irrelevant, since either way there will be the same contribution
to the loop rule, and that is all that counts.

It makes sense when the resistance of the wire is negligible in comparison with those of the resistors.

This is impossible, since by choosing the direction in which the emf is positive, one could create a
situation in which one would be creating energy. Such "perpetual motion" machines violate energy
conservation.

The battery could be all right, of course. Keep in mind, however, that it has to provide the right
terminal voltage when hooked up to a working load, not just a voltmeter with presumably a very large
resistance. As the resistance of the load decreases the current flowing in the battery increases, and the
terminal voltage, V = € —Ir, could drop appreciably. Here r is the internal resistance of the battery.

An unfair question. The circuit in a flash does not give the falling exponential characteristic of a pure
RC circuit. Rather it uses solid-state devices to tailor the release of energy from a capacitor, typically
of size 1000 uF, so that a current that is basically flat for a period of about 0.01 s results. If we work
backwards and ask what value of R in a pure RC circuit would give a time constant 7= RC of 0.01 s with
a capacitor or 1000 uF, we would find R = 7/C = (0.01 )/ (107 F) = 10 Q, a very reasonable value.

The time constant of an RC circuit is 7= RC. To make the discharge time as short as possible we need to
minimize 7, which means we want the lowest possible value of C out of the three capacitors. This can be
done by connecting the three capacitors in series.

There is no disaster. With the new choice of positive direction for the current, I is related to Q as I =
—dQ/dt. Thus from IR - Q/C =0 we get — R(dQ/dt) — Q/C = 0, which again leads to the finite solution

Q=0Qe HIRC,

Let's construct a potential energy diagram with a fluid analogy in mind. The batteries “raise” the
liquid, increasing its potential energy. A resistance corresponds to a drop of potential energy given by
IR. When the current goes through resistors in series, it is as if it cascaded down several downward
slopes. If current goes through two resistors in parallel, it splits up so “at the bottom” the two currents
are reunited at the same potential. Consider now this diagram turned upside down. The batteries (with
reversed polarities) now lower the potential, and IR must raise them. Since R is unchanged by the
reversal, I must change sign.
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Chapter 27: Direct-Current Circuits

The maximum possible emf you can get out of two emf sources is the sum of the two emf values, which is
obtained when you connect the two sources in series. To ensure that each light bulb gets that maximum
emf we can hook up the light bulbs in parallel and apply the combined emf across each of them
simultaneously. This ensures maximum power consumption for each light bulb and therefore maximum
brightness — assuming, of course, that the emf does not exceed the maximum value allowed by each
light bulb (so none of them would burn out).

The effective net emf is the difference between the two emf values: €4 = € — &, when they are
connected + to + and — to —. The larger emf wins, of course, and the resulting current in the circuit is [ =

geff / Req .

The effective emf that drives the current in the circuit is now €. = € + &, and the magnitude of the
current increases.

Technically speaking this is certainly true. However, it is useless information. The value of the current
itself depends on the rest of the circuit as well as on the value of the internal resistance, and so does the
value of the “shifted” emf This is not a very useful way to think about a circuit. In contrast, the original
emf is a constant which at least for an ideal battery does not vary with current.

In the circuit diagram depicted in Fig. 27-8(a), R, and R; are in series, as are R; and R, , and the two
branches are in parallel with R, . The equivalent resistance of this three-branch combination is R =
[1/(R,+Ry) +1/R, +1/(Rs+ Ry)]™". Put this in series with R, and we get a single-loop circuit. In general,
such reduction is not possible for the circuit diagram depicted in Fig. 27-8(b), unless R,/R; = Rs/R,, in
which case the voltage difference across R, is zero so that it can be removed from the circuit.

The teenagers provide a path for the current parallel to the wire. If the wire has no resistor along it,
the resistance is low compared to that of the teenager, and most of the current flows through the wire.
With the resistor, more of the current flows through the teenager, with more serious consequences. They
are both dumb, but the one with the resistor is dumber.

The steady-state value of I, decreases as R, is increased.

When the lights are on, a current runs through the battery that powers the lights. Heat is generated as
the current flows through the battery due to its internal resistance, and the battery warms up.
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Fishbane, Gasiorowicz, and Thornton

Solutions to Problems

1. Because the internal resistance of the battery is the only resistance in the single-loop circuit, we have
I=E&/r
80 A = (12 V)/r, which gives r =[0.15 Q|.

2. The solar panel is a source of emf, so the power output is
P=Viem L;
1200 W = V(40 A), which gives Vi = @

3. For this single-loop circuit, we have
I=E/(R+71);

1.99 A = (3 V)/[(1.50 Q + r)], which gives r=/0.0075 Q|

4. The energy contained in the battery is the total energy output:
U=1Vt=It)V =(30 A-h)(3600 s/h)(30 V) =[3.2 x 10¢]].

5. For this single-loop circuit, we have
I = Viem/ (R + 1) = (5000 V) /(230 Q + 20 @) =0 A]

6. For this single-loop circuit, we have
I=E/R+7);
170 x 103 A = £/(15 Q + 0.06 Q), which gives  £=[256 V|
The terminal voltage of the battery is
V=€-1Ir=256 V- (170 x 103 A)(0.06 Q) = [2.55 V]

B. The terminal voltage of the battery is
V=E-1Ir;

9.0 V=12V -(100 A)r, which gives r =(0.030 Q.

The power dissipated within the battery is

P =12 = (100 A)2(0.030 @) = [300 W]

8. The terminal voltage of the battery is the voltage drop across the starter:
Vierm=€-Ir=1IR;
8V =12V -1Ir=1(0.11 Q), which gives =73 A, and r=0.05Q.
The rate at which heat is produced is the power dissipated within the battery. For 10 s we have
W =12t = (73 A)%(0.05 Q)(10 5)/(4.185 ] /cal) = 0.6 x 10% cal =[0.6_kcal|
This would raise the temperature of a liter of electrolyte (water) by = 0.6°C, which may decrease the
internal resistance slightly. It is more important to raise the temperature of the oil.

9. The terminal voltage of the battery is

Vierm = €~ Ir = €= I(a+ ).

The power dissipated within the battery is
P=1% =1%o + BI).

ForI=1.0 A, we have
V) =(12.0 V) - (1.0 A)[0.15 Q + (0.018 @/ A)(1.0 A)] =[IL.8 V]
P, = (1.0 A)2[0.15 @ + (0.018 @/ A)(1.0 A)] = [0.17 W],

For I =10.0 A, we have
Vo= (12.0 V) - (10.0 A)[0.15 Q + (0.018 @/ A)(10.0 A)] =[87 V]

P, = (10.0 A2[0.15 @ + (0.018 Q/ A)(10.0 A)] = [B3 W]
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Chapter 27: Direct-Current Circuits

10. The resistance of each bulb can be found from its rating: R, =2.5V/0.5 A =5.0 Q, and R, = (110 V)*/10 W
= 1.21 kQ (as P, = V,?/R,). When connected in series the equivalent resistance of the two bulbs is R =
R, + R,, and when hooked up to a power supply of € =110 V the current through each bulb is
I=€/(R;+R)=110V/(5.0 Q2 +1.21 kQ) =0.0905 A. The power consumed on each bulb is then
P, =P R, =(0.0905 A)*(5.0 Q) = and
P,=P R, =(0.0905 A)*(1.21 kQ) = [9.9 W],

11. If we go around the single loop in the direction shown, starting at € I
point a, we have a +],- <«<—
Y AV =-IR, + £E-IR, + € = 0, which gives I’

I=2E/(R; +R,).
If we go from a to b, we have Rzg 3 R,
V,-IR,+€=V,=V, , or €=IR,. " I

When we combine this with the expression for the current, we get

€=2ER,/(R, +R,), which gives . - |+ b

From the expression for the current, we see that

I— 0 when .

12. (a) Without the series resistor in the single-loop circuit, we have

€batt Tpatt
I = (8 gen - Ng batt) / (rgen + Nrbatt ) a

= [(110 V) = 20(2.2 V)]/[(0.50 Q) + 20(0.06 Q)] = 38.8 A. d + I ] [y [ —

The terminal voltage of the generator is

V= Vy= € gon = Irgen = (110 V) - (38.8 A)(0.50 Q) = 91 V]

(b) The terminal voltage of the bank of batteries is V; - V.. R %

Because the batteries are being charged, this must be
greater than the total emf of the bank:

V=V, =N(Epu + o) alg +I=_ b

=20[2.2 V +(38.8 A)(0.06 Q)] =91 V]. I
[ ( ) )] Egen Tqen

(c) With the series resistor in the single-loop circuit, we have

I=(¢e gen NE batt) / (rgen + Nrbatt +R);

15 A =[110 V - 20(2.2 V)]/[0.50 Q + 20(0.06 Q) + R], which gives R =27 Q]
(d) The power dissipated in all the resistors is

P=I2(YR) = (15 A)2[0.50 Q + 2.7 Q + 20(0.06 Q)] = [0.9 x 102 W],

13. Because there are no resistors between points fand g, %
they must be at the same potential: A
V=14 /
If we choose a path between two points, the potential \%{a C)\ -
difference is the sum of the potential differences of the -“W- *
segments of the path. Thus, we have

Vag= Vﬂfz Vot Vet Vot Vdf L—
==V, =Vt V.t Vdf é L
——2V-35V+2V-05V=[F40V] i

Va:Vch+Vba

C

=35V+2V=p5V]

g —

5 X
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14. (a) If we assume initially there is no internal resistance, we have

I,=2€/R=2(15V)/(10 Q) =0.30 A.

The power delivered to the bulb is the power dissipated in the bulb:
Py =I,2R = (0.30 A)%(10 ) = [0.90 W].

(b) If the power delivered to the bulb, which is also the power dissipated in the bulb, decreases by

one-third, we have
P=1I2R;
2(0.90 W) = I12(10 Q), which gives I = 0.25 A.

For the single-loop circuit, we have
[=2&/(R+2r);

0.25 A =2(1.5 V)/[(10 Q) + 2r], which gives r = [1.0 Q/battery].

15. For the conservation of current, we have

LIy =0; \
L+L+L+1,+I;+1,=0; /
@A)+ 054) ~(BA) 05l -1, +;=0,
which gives I, = -1.0 A. <_
Thus we have
I,=[054 I.=F104] .- FT0 Al / \

16. From symmetry, the current will be the same in bulbs 1, 2, 4, and 5. @
2

Thus there will be no current through bulb 3, which will have

ero brightness|.

|
1
-~

17. (a) With the switch open, the circuit consists of two branches in parallel, one with a resistance of
Ri=(4Q+12Q) =16 Q, and the other with R,= (8 Q + 6 Q) = 14 Q. The equivalent resistance is
then

Req=RiRy/(R;+Ry) = (16 Q)(14 Q) /(16 @ + 14 Q) = [7.5 Q|

(b) We assume the current directions shown in the diagram.

We use conservation of current at points 2 and b:

Zlin =0;

I-L-1,=0; L+I,—I,=0.
We apply the loop rule for the two loops indicated in the
diagram:

loop1: 1,(4Q)-1,8Q)+1(5Q)=0;

loop2: —I(5Q)-I,(6 Q) +1,(12Q) =
Also, when an emf € is applied across the top and bottom of the
circuit

=14 Q)+ ,(12Q) =L(8Q) +I,6 Q).
These equations yield I, = 0.084€/Q and I, = 0.059 8/ Q. Thus

= &/(I; + 1,) = €/(0.084€/Q + 0.059€/Q) =
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Chapter 27: Direct-Current Circuits

Let the current in the 8-Q resistor be I, to the right, and that in the 10-Q resistor be I,, to the right.
Then the current in the remaining two resistors is I, + I, to the left.
Apply the loop rule to the loop containing I, and I, :
“1(89Q) -6V +1,(10Q)-10V =0.
Now apply the loop rule to the circumference of the circuit, starting clockwisely from point a:
~1(8Q) -6V - (I, +L)A Q) +20V - (I, + ,)(16 Q) = 0.
Solve the two equations above to obtain
I, =—-0.409 A, I, =+ 1.27 A. The current in the 16-Q resistor is then
I, +1,=-0409 A +127 A =[r0.86 A, to the leff,

The voltage difference between a and b is

V,-V,=10V-(1.27 A)(10 Q) = with V, <V, .

We assume the current directions shown in the diagram.

a
We use conservation of current at point a:
2, =0; R4 R, R,
I,-1,+1,=0. @
We apply the loop rule for the two loops indicated in the diagram: Il)r @ I Tlf‘
g —— € - ¢ +_|_
%

loop 1: - LR, - & + & -I,R; =0;
_L(10Q)-6V+12V-1,(5Q) =0;
loop 2: + LR, — & + LR, + & =0; b
+1,(12Q) -9V +1,(10Q) +6 V =0.
When we combine these equations, we get I, =[+0.45 A} I, =|+0.38 A}, I, =[-0.068 Al

We assume the current directions shown in the diagram.

We use conservation of current at point a: R,
Z‘lin = 0; M\ a
L =L -1;=0. 11/[ 4 & \ll?:
We apply the loop rule for the two loops indicated in the diagram: ©) +
loop 1: €&, - LR, + § —-I,R, =0; & — R, yz @ Ry
5V-1L,3Q)+3V-1,2Q)=0; _T
loop 2: - LR, + LR, — €, =0; b

LA Q) +L(BQ)-5V=0.
When we combine these equations, we get I, =+ 1.577 A, I, = + 1.616 A, and

I,=0.039 Al. The negative sign means that the current is up.

We combine the three resistors, which are in parallel:
1/R =1/R, +1/R,+1/R,
=1/(250 Q) +1/(420 Q) +1/(510 Q), which gives R, =120 Q.
The potential difference across the equivalent resistance is
V= IRy, = (0.020 A)(120 Q) = 24 V]

Because this is the potential difference across each resistor, we have
I,=V,/R =24 V)/(250 Q) = 9.6 x 10-3 A= o6 mA};
I,=V,/R,=(24V)/(420 Q) = 5.7 x 103 A = 57 mA};
I;=Vy/Ry = (24 V)/(510 Q) = 4.7 x 10-3 A=[47 mA]

Note that we have conservation of current:

I=L+L+L=(9.6x103A) + (57 x10-3 A) + (4.7 x 10-3 A) = 0.020 A.
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22.

23.

24.

25.

Rl
Because no two resistors have the same current and no two VWA -
resistors have the same potential difference across them, L
we cannot combine them in series or parallel. :@
We assume the current directions shown in the diagram. £ =
We use conservation of current at point a: N R,
Y1 =0; a WA—1b
I,-1,+1,=0. e - L
We apply the loop rule for the two loops indicated in the diagram: T :@
loop 1: — €+ LR, + LR,=0; R
3 g
loop 2: —I,R, —I,R; + E=0. MIW<—

When we combine these equations, we get
I, =R,&/(R;R, +R,R,+R,Ry),

I, = (R, +R;)€/(R,R, + R;Ry + RyR),
I,=R,&/(R,R, + R,Ry + RyR,).

With identical batteries, the terminal voltage and the current through each battery are the same.
When the batteries are connected in parallel, the terminal voltage is the voltage across the resistance,
so we have

YI,=NIL=1;

V,=E-Ir=IR.
If we eliminate I, from these equations, we get

1,=[e/[R + (/N

When the batteries are connected in series, the current through each battery is the current through the
resistance, so we have
YV.=NV,=V_; (E-1y) =I,R, which gives

1,=[e/lr + R/N)]

In general, R will be much greater than r, so I, will be greater than I .

We assume that the current going to point C is negligible. If I is the current through the resistors, which
are in series, we have

V5 =I(R, +R,), and Vp = IR,.
If we eliminate I, we get

Vep=[Ry/ Ry + R)IV 4

We combine R, and R, , which are in parallel:
1/R=1/R, +1/R,, which gives R = R,R, /(R, + R,). 1
We now have a single-loop circuit, so the current is €
I=&/(R, +R). )
The voltage across the load is the voltage across R: \l
V,=IR=&£R/(R, +R).
When we use the expression for R, we get R,
V, = ERR, /[(R{R, + R{R; + R,R,)]
= (10 V)(3.3 kQ)R, /(3.3 kQ2)(3.3 kQ) + (3.3 kQ)R; + (3.3 kQ)R,]
=33R,/(10.9 + 6.6R,) V, with R, in kQ.
For the given loads, we have
Voo ko = (33)(20 kQ)/[10.9 + 6.6(20 kQ)] =4.62V, AV =038 V|,
Voo ke = (33)(200 k) /[10.9 + 6.6(200 k)] = 4.96 V, AV =[0.04 V]

Vyma = (33)(2 x 103 k) /[10.9 + 6.6(2 x 10° kQ)] = 4.996 V, AV =/0.004 Vl.

+I| |
II
NW
VWA
=
<
=~
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Chapter 27: Direct-Current Circuits

i I
26. From the diagram, we have . .
I,=V, /R, =&/R; :

55x 103 A =(2.8V)/R,
which gives R = . £ —t @ :@ @ d
- R, 2

| ||+

R, S R
A S
c d
27. We can consider point a to be along the top and point b to be s R
along the bottom, so the conservation of current gives VVV
e 9|9 9 _L
junctiona: I, -, -I; -1, =0; d < -
junctionb: I, + I, + I, - I, =0. R 5_ R R 5_ -
Thus there is only [one independent junction|. I 4J I3J IZJ Il/l
For the three loops indicated on the diagram, we have AA—
loop1: -,R-LR-I,R+ E=0; b R

loop 2: + ,R-I;,R=0;
loop 3: + LR-I,R=0.
The solution of these four equations gives

1,=pe/7R 1, =1, =1, =[e/ 7R,

28. For the conservation of current, we have

junctiona: I-1, -1, =0;
junctionb: I, -1, -1, =0;
junctiond: I, + I, -I1=0.

For the three loops indicated on the diagram, we have
loop1: -ILR-I,R+ E=0;
loop 2: —L,R + LR + LR =0;
loop 3: —I,R - I;R+ [,R =0.

When we solve these equations, we get
I,=0, I, =L, =I,= I, = £/2R, 1= &/R.

Because the current through the battery must be
I=€/R,y, we get R.=Rl

From the symmetry of the resistance network, we know that there can be no current through the central
resistor, which could be removed. Then we would have two pairs of series resistors in parallel, which
gives R, =R.
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Fishbane, Gasiorowicz, and Thornton

. (a) For the conservation of current at point 2, we have R, R,
Lln=0; — AW T
I,+1,-1,=0.

For the two loops indicated on the diagram, we have
loop 1: &~ LR, -~ LRy ~ LR, =0;

+ :@ < :@ +
+9V-1,(100 Q) - I5(50 Q) — 1,(200 Q) = 0; & 3 — £

loop 2: & ~LR,~LRy~LR;=0; Rt .
+6V -1,(150 Q) - I,(50 Q) - 1,(250 Q) = 0. L \l 3 /[11
When we solve these equations, we get VWA VWA
I, =0.0106 A, I, = 0.0242 A, I, = 0.0348 A. R, 7 Ry

The power dissipated in the 50-Q resistor is
P, =I,2R, = (0.348 A)2(50 Q) = 0.0605 W = [60.5 mW]|.
(b) If the terminals on the 6-V battery are reversed, we have the same equations, except for the
sign of &;:
I,+1,~1,=0.
loop 1: &, - LR, - LR, - LR, =0;
+9V-1,(100 Q) - I,(50 Q) — 1,(200 Q) = 0;
loop 2: — & —I,R, — LRy — L,R, = 0;
—6V-1,(150 Q) - 1,(50 Q) — 1,(250 Q) = 0.
When we solve these equations, we get
I,=-0.0165 A, I, =0.0281 A, I, = 0.0116 A.
The power dissipated in the 50-Q resistor is
P, = I,2R, = (0.0116 AR(50 Q) = 0.0068 W = [6.8 mW]

30. (a) The total resistance of the circuit is R = 20(2 Q) + 80 Q = 120 Q, while the total emf is
€ =20(12 V) =240 V. The current is then

I=€/R=240V/120 Q=0 A]

(b) Now the total resistance of the circuit is
R=(2Q)/20 + 20 Q = 20.1 Q, while the total emf is
€ =12V. The current is then

I=€/R=12V /201 Q=[060 A]

(c¢) Now the total resistance of the circuit is
R=52Q)/4 +40 Q = 42.5 Q, while the total emf is
€=5(12 V) =60 V. The current is then

I=€/R=60V /42.5Q =14 A]
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31. (a) We can reduce the circuit to a single loop by
successively combining parallel and series

Chapter 27: Direct-Current Circuits

‘12 R,

combinations. c
We combine R, and R,, which are in parallel:

1/R; =1/Ry+1/R,
=1/(100 Q) +1/(50 Q), 2R,
which gives R; = 33.3 Q. >
We combine R, and R, + R, which are in parallel:
1/R, =1/R, +1/(R, + Ry)
=1/(1009Q) +1/(20 Q +33.3 Q),
which gives R, = 34.8 Q.
Because V , =6V, we find I, from c
L=V,/(Rs+Ry) =(6V)/(33.3Q+ (0 Q) =0.113 A.
We can now find V, from
V,=LR, =(0.113 A)(33.3 Q) =3.75 V.
The current through the 50-Q resistor is
I,=V,/R,=(375V)/(50 Q) =[0.075 A]
For the conservation of current, we have
junctiona: I-I,-1,=0;
I,-I,—1,=0. a
For the three loops indicated on the diagram, we have
loop1: €-L,R, =0;
6V -1,(100 Q) = 0;
I,R, - LR, — LR, = 0;
1,(100 Q) - L,(20 Q) — I,(100 Q) = 0;
— LRy +L,R, =0;
— 1,100 Q) + 1,(50 Q) = 0.
When we solve these equations, we get
I,=0.060A,1,=0113 A, 1, =0.038 A, I, =0.075 A.
Thus, the current through the 50-Q resistor is .

©
?"I*

| +

— !
~

(b)

junction c:

|
|'|+

loop 2:

loop 3:

—
—

32. For the conservation of current at point a, we have
¥, =0;
IL-L,-1,=0;
I,-1,-01A=0.
For the two loops indicated on the diagram, we have
loop1: & -I,R, -I,R,=0;
+3V-1,(59)-(0.1 AR, =0;

+ -
loop 2: &, + LR, —~L,R, =0; i —_—
— R3 > + 2
+6 V + (0.1 A)R, — L,(20 Q) = 0. .
When we solve these equations, we get Il/r J/ 3 J/IZ
I,=044 A, 1,=034 A, and R, =[8 Q]
If I, =-0.1 A, the equations become b
L=L-01A;

+3V - 11(5 Q)-(-0.1 A)R3 =0;
46V + (- 0.1 A)R, - [,(20 Q) = 0.
When we solve these equations, we get I, =0.28 A, 1, =038 A,and R;=-16Q.

Because we cannot have a negative resistance, it is rot possible| to have I; =-0.1 A.
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33. For the conservation of current at point b, we have

Y1, =0; R _I
I-1,-1,=0; YW
For the two loops indicated on the diagram, we have
loop1: & -I,v; —IR=0; L r @ & ©)
—_—

AN

+12V-1,(0.1 Q) -1(5 Q) = 0; b —wWW— +
loop 2: &, + L,r, —IR=0;

+10V - 1,(10 Q) - 1(5 Q) = 0. I o &
When we solve these equations, we get T AAA = +

I, =252A,1,=-017A,and [=235A.

The current through the load resistor is [2.35 Al

&, supplies &, supplies it is being charged by €.

34. On the diagram, we show the potential difference applied

between points A and B. Because all of the resistors are the

same, symmetry means that the three currents leaving

point A must be the same three currents entering point B.

This means that there is no current in the resistor between

points C and D, which can be removed without changing the

currents. When we redraw the circuit, we see that we have

three parallel branches between points A and B. The currents are
I,=V,;/R=(AV)/(1Q) =4A;
I,=L,=V,;/(R+R)=(4V)/(1Q+1Q)=2A.

The power dissipated in each of the resistors is

P,z =12R = (4 A)*(1 Q) =16 W|;
Pep= @;
Pall others — 122R = (2 A)2(1 Q) = ‘

35. In the original configuration, there are no series or parallel
combinations; however, from the symmetry of the resistors, AW B
we know that the current that goes into point A must split l
equally to go through the cube. The three points on the other s
side of the three resistors must be at the same potential, so we +
can connect them with a wire without changing the currents.
In the same way, the other three corners of the cube must be at ANA
equal potentials, so we can connect them with a wire.
From the redrawn circuit, we see that we have three parallel Al aap—
combinations, two of which are the same: y4
1/Ry=1/Ry=(1/R) +(1/R) + (1/R),
which gives R; =R; =R/3;
1/R,=(1/R)+(1/R) + (1/R) + (1/R) + (1/R) + (1/R),
which gives R, =R/6;
We combine these three in series to get
R =(R/3)+(R/6) +(R/3) =[R/6]
The current in the equivalent resistor is
[=V/(5R/6)=6V/5R.
The current in a resistor connected to point A or point B is
I =1 21/3:'

The current in each of the other resistors is

I,=1/6=[V/5R|
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Chapter 27: Direct-Current Circuits

36. (a) Forn =1, we have two resistors in series:

R, =R+ R=[R]
(b) For n =2, we have a resistor in series with
a parallel combination of a resistor and

resistance R;: Py —
R, =R+ R;R/(R, +R)
=R+ 2RR/(2R +R) =[pR/3| oo
(c) For n =3, we have a resistor in series with

a parallel combination of a resistor and Py e AMA-AN—
J 7

resistance R,: ]‘

R, =R+ R,R/(R, +R) 1 5
=R+ (5RR/3)/(5R/3 + R) =[1BR/8]
(d) For n rungs, we have a resistor in series with

a parallel combination of a resistor and resistance R, _;:
R, =R+ R, R/(R, ,+R).

In the limit of n — , we have
R,=R, _1=R,,, which gives
Req=R+ ReqR/ (Req + R), which reduces to Req2 ~RRyy - R2=0.

The solutions to this quadratic equation are
R, =31+ V)R,

Because the resistance cannot be negative, we have Req =11+V5)R = .

n-1

37. The equivalent resistance of the circuit is R = R;R,/ (R}, + R;) + R,, where R, is the internal resistance
of the voltmeter. The current in the circuit is then
I=€/R=€E/[RR,/(R,+R)+R,].
The voltage across R,is V,=1IR,, so the voltage across R; is
V,=€-V,=€—IR,= € ER,/[RR,/(R, +R,) +R,].
Plugin €=6V, R;=1400 Q, R, =10 kQ, and R, =200 kQ to obtain
V,=[0732 V] (for R, =200 k).
If R, is changed to 10 MQ, then from the formula above we get
V= (for R, =10 MQ).

38. We have a single-loop circuit of the battery and the voltmeter. Because the terminal voltage of the
battery is the voltage across the voltmeter, we have
Vterminal = IRV;
1.45V =1(60 x 10° Q), which gives [ =2.4x 1075 A.
For the battery, we have
Vterminal =€-1Ir;

1.45V =15V - (2.4 x 10> A)r, which gives r=[21 kQ|

39. Without the ammeter in the circuit, we have

I=E/R.
With the ammeter in the circuit, we have
I'=€/(R,+R).

When we combine these two equations, we get
I'/I=R/(R+R,)=1/(1+ R,/R)=1-(R,/R), if R,/R<<1.
To get the desired accuracy, we want I'/1>0.999, or R,/R <0.001.
The maximum allowable value of R, is determined by the smallest value of R:

R, =0.001(10 @) =[0.010 Q]
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40.

41.

42.

43.

44.

The voltmeter is placed in parallel with the resistor, so the equivalent resistance is
1/Roq=1/R+ 1/Ry,, which becomes
R./R=Ry/(R+R,)=1/(1+ R/R)=1- R/R,,if R/R, <<1.

To get the desired accuracy, we want R,,/R=0.999, or R/R,, <0.001.

The minimum allowable value of R, is determined by the largest value of R:

R, =R/0.001 = (5x 10° ©)/0.001 =[f x 106 Q]

We find the equivalent resistance for R and R,,, which are in parallel, from
l/Reqzl/R +1/R,,, which gives RequRv/(R+ R)).

(a) Ry=(10Q)(10°Q)/(10Q +10°Q) = [10 Q]

(b) Ry =(105Q)(10°Q)/(10°Q + 105 Q) = bx 10t Q]

(c) Ry =(100x10°Q)(10°Q)/(100 x 10°Q + 10° Q) = [10° Q]

The equivalent resistance has the value of the resistor when R, >> R.

The resistance of the voltmeter is R, = R+ R,. The maximum current through the voltmeter is the
maximum current through the ammeter, so we have

Viax = Lnax R+ R);

3V=(5x10"2%A)R + 1.8 x10* Q), which gives

The equivalent resistance of the circuit is R + r, where we assumed that the internal resistance of the
voltmeter is nearly infinity. The current in the circuit is then
I=E/(R+7).
The voltage across R, i.e., the reading of the voltmeter, is then
V=E-Ir=€E-&/(R+7r)=ER/(R+7).
For R=20 Q we have V=23V, and for R=5 Q we have V=16 V; so
23V =€(20Q)/(20Q + 7);
16V=6GQ)/5GQ+7).
Solve these two equations to obtain € =26.9 V and r = 3.41 Q. Thus for R =50 Q
V=¢€R/(R+7r)= (269 V)(50 Q)/(50 Q + 3.41 Q) =[5 V]

To be able to accommodate 2 x 10-3 A, which is 10 times the current that causes the galvanometer to
fully deflect, we need to add a resistor of resistance R in parallel to it to route 90% of the current,
leaving only 10% of 2 x 103 A, or 2 x 10~ A, to flow through the galvanometer. If the full-deflection
voltage is V then

V = IGRG = IRR,
(2x107% A)(20 Q) = [(90%)(2 x 10-2 A)]R; which yields
R=22Q.

So one needs to |onnect a 2.2-Q resistor in parallel with the galvanometer].
To change the full-deflection potential to V’= 0.2 V, place a resistor of resistance R’ in series with the
galvanometer. Upon full deflection the current in both of them is I; =2 x 10-* A, so
V'=1I;(Rg+ R);
0.2V =(2x10"* A)(20 Q + R’); which yields
R”=0.98 kQ.
So one needs to |onnect a 0.98-kQ resistor in series with the galvanometer].
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Chapter 27: Direct-Current Circuits

45. Because the shunt resistor is in parallel with the galvanometer, we have
V eter = IcR¢ = LR, , which gives R /R =1 /I..
We use the junction at one side of the meter to find the total current through the meter:
I=I,+1=I(1+1/I)=1I.1+R./R).

meter

46. We combine R, and R,,, which are in parallel:
1/Ry=1/R, +1/R,,, which gives R, =R,R,/(R, + R,).
For the resulting single-loop circuit, we have I
I=€/(R, +Ry) = €/[R, + RyR,/ (R, + R)].
The output voltage is
Vou =IRy ={E/[R; + R,R,/ (R, + R))I}HR,R,/ (R, + R})]
= €R,R,/(RR, + R,Ry + R,R )
=€&/(1+R,/R, +R,/R}).
For the two voltmeters, we have

—>

™
|+

R, =500 kQ:
V ou = (1200 V) /[1 + (30 kQ) /(50 k) + (30 k) / (500 k)] = [23 V]
R, =100 MQ:

Vo = (1200 V) /[1 + (30 k) / (50 kL) + (30 kQ) /(100 x 10° k)] = [750 V]

@. When there is no current through the galvanometer,
we have V=0, acurrent]; through R and R, and
a current I, through R, and R,. Thus we have
V=L, (R+R)=L(R,+R;), and
V,s=Vue or [R=LR,.
When we divide these two equations, we get
(R+R;)/R=(R,+R;)/R,, or
1+ (R;/R)=1+(R;/R,), which gives R;/R=R,/R,.
The unknown resistance is

R=RE, %]

48. The voltage read by the voltmeter is also the voltage R R
across R, and the ammeter: y Am
V =I(R, +R,), which gives ‘ = \_/
R,=[V/T-R}] ()
We will have R, =V/I  [when R, << V/I (when R, << R,)| l)r L Ry
T
[ ]
49. Because the voltmeter and R, are in parallel, their equivalent resistance is
Ry =RyR,/(R,+R). R,
The voltage read by the voltmeter is also the voltage across Req: VWA —
V=IR, =IRyR,/(Ry +R,), which gives /‘;\ I
R, =[(V/D/(1-V/IR))| A ) —>
We will have R, =V/Iwhen V/IR, << 1, or A )T Ry Ly
R, >> V/I (when R, >>R )| R,
o
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50. We find the resistance from
time constant = RC;
5x 104 s = R(16 x 10-¢ F), which gives R =

51. We find the capacitance from
time constant = RC;

205 = (10° Q)C, which gives  C =2.0x10-5F =0 ]

52. We use the definitions of R and C to find the units of RC:
RC=(V/D)(Q/V)=Q/I=coulomb/(coulomb/second) = second.
For the given data, we have

R,C, =(5x10°Q)(30 x 105 F) :
R,C, = (8 x10° Q)(3 x 10-° F) = 24 x 10-3 s =4 ms]
R,C; = (20 Q)(50 x 10-12F) = 1 x 10~ s =[Ing].

. With the time constant as the flash time, we have
time constant = RC;
(1/500) s = R(600 x 10-¢ F), which gives R =[53 Q]

54. From Q = C&(1 — e ~1/RC), we obtain
dQ/dt = CE[- (- 1/RC)e~/RC] = (€/R)e~t/RC.
We substitute these equations into
€- R(dQ/dN) - Q/C
€— R(E/R)e~1/RC — (CE/C)(1—e t/RC) =€~ ge~t/RC_ g+ ge~t/RC =,
so Eq. (27-21) is satisfied.

55. From Q = Q,e /K€, we obtain
dQ/dt=(-Q,/RC)et/RC.
We substitute these equations into

R(dQ/dH +Q/C;
(-RQ,/RC)e~t/RA + (Q,/C)e~t/RC =0, so Eq. (27-25) is satisfied.

56. (a) The time constant is
RC = (3 x 10° Q)(350 x 10-6 F) = 1050 s.
(b) For the charge on the capacitor, we have
Q=Q,(1-e~*/RC) =0.90Q,, which gives e~/RC =0.10.

For the charging current, we have

I=(€/R)e~t/RC = [(50 V) /(3 x 106 ©)](0.10) = [.7 x 10-6 A]

57. Because there is no internal resistance in the battery, the potential
difference across R, and across the capacitor branch is €. The current in

R, is constant:
I,=é€/R,.

The charging current in the capacitor branch is
Iy = (&/Ry)e""™1°,

From the junction, the current in the battery is

Tnattery =11+ L =(E/Ry )3_”Rlc +(E/Ry).
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58. The time constant of the circuit is
RC =(350x10% Q)(20 x 10-¢F) =7.0s.
The charging current in the resistor is
I=(&/R)et/RC, so the voltage across the resistor is
V=IR = ge- /K,

= (200 V)e -409)/(709 —[113 V],

The charge on the capacitor is
Q=CE(1 -et/RC)
=[(20 x 10-6 F)(200 V)][1 — ¢ “409)/(709] = 1.7 x 10-3 C=[L7 m{].

@. The possible capacitance values that we have are

C; =G, =5uF;
Cparal]el = Cl + C2 =5 uF + 5 uF =10 uF;
Cseries = C1C2/(C1 + Cz) = (5 HF)(S HF)/[(S ,MF) + (5 MF)] =25 MF

We need to combine the resistors to produce one of the following resistance values:
R,=RC/C, =(1x1035s)/(5x107°F) =200 Q;
R,=RC/C,yp e = (1 x 10-2')/(10 x 10 F) = 100 @;
R.=RC/C =(1x10"3s)/(2.5x10°°F) = 400 Q;
If we connect the 300-Q resistors in parallel, we get
R;=R,R,/(R, +R,)
= (300 ©)(300 Q)/[(300 Q) + (300 Q)] =150 Q.
We see that we can produce R, by putting this combination in series with the 250-Q resistor:
R, =R+ R;=250Q + 150 =400 €.
Thus we connect the 300-Q resistors in parallel with each other and in series with the 250-Q resistor
and the two capacitors.

series

60. For a parallel-plate capacitor with separation d, we have

C=x€,A/d.
For the resistance of the dielectric, we have
R=pd/A.

The time constant is
RC = (pd/ A)(kEyA/d) = k€,p, which is independent of the area and separation.

61. We use the result of Problem 62 to find the time constant:
RC=«é€,p
=(3.2)(8.85x 10712 F/m)(2 x 1014 Q -m) = 5.66 x 10° s.

As the capacitor discharges, when 70% of the charge on the plates has leaked away, we have
Q= Qe "R =0.30Q,, which gives
e ~t/RC=0.30; t/RC=12.

The time for 70% of the charge to leak away is
t=1.2RC = (1.2)(5.66 x 103 s) =[6.8 x 10% s (1.9 h)|
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62. When the switch is closed, charge will move from C; to Cy;

with a variable current I in the single loop or series circuit: Cy
I=-dQ,/dt=dQ,/dt. — =

With the same current in the two capacitors, they are connected in series. o

We find the equivalent capacitance of the circuit from | 2R
1/C=1/C; +1/C, , which gives 5

C=C,C,/(C, +Cy).
The time constant of the circuit is RC.
Q1 , the charge on C, , will decrease and Q,, the charge on C,,
will increase until the potential difference will be the same across
both capacitors, at which point the current becomes 0.
The charges will have reached their final value, which we find from
Vi=V,,; or
Q1:/C, = Qu/ G,
Because there has been no loss of charge, we have Qg = Q¢ + Qy; .
When we combine these two equations, we get
Q1r=QoC,/(C, +C,), and
sz = QOCQ/(Cl + Cz) .
Capacitor C, will charge just like a single capacitor from 0 to its final value Q,¢, so we have
Q2 =[QuC, /(Cy + CI(1 —e-t/RO)]
At any time the total charge is conserved and equal to the initial charge Q,. We find the charge on C,

as a function of time from
Q1 =Qy—Q,, which gives
Q1 =[[QoC, /(C, + CIT+1QC, /(C, + Cle 7]
Note that at t = 0, this gives Q, and after a long time it gives Qy;.

[It is also possible to solve the circuit equation, obtained by adding the potential drops around the loop:
Q1/C; —IR- Q,/C, =0. When the current is put in terms of the rate of change of the charge and the

conservation of charge is used, a differential equation is obtained. The solution is the given equations.]

63. The power used by each appliance is P; = I;V, so the currents draw from the main supply are
I;=P;/V=(50W)/(120 V) = |0417 A},
I, =P,/ V=(60W)/(120 V) = |0.500 A};
I3=P;/V =(20W)/(120 V) = [0.167 A].

64. (a) The current in the circuit will be clockwise. 20 Q

For the single loop, we have —_— A

I=(€-8&)/R r R
— .
:(12V—.6V)/(ZOQ).= O..30A. . 12V —--8 e - 6V
(b) The rate at which energy is being stored in the smaller 1 2
battery is

P=1&,=(0.30 A)(6 V) = [L8 W|

(c) The rate of energy dissipation in the resistor is

P=12R=(0.30 A)2(20 Q) = 1.8 W]

Note that the sum of the answers to parts (b) and (c) is the rate at which energy is being provided
by the larger battery, 3.6 W.
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65.

66.

67.

68.

Chapter 27: Direct-Current Circuits

Because the power dissipated in the effective resistance is the sum of the powers dissipated in the
individual resistors, we have
P =XP;=nP;;
30 W =n(5 W), which gives n = 6 resistors.
If we connect the six resistors in parallel, we have
I/Req = Z(l/R,) = I’Z/Ri;
1/(100 Q) = 6/R;, which gives R;=600Q. [We can connect six 600-Q resistors in parallel|.
If we connect the six resistors in series, we have
R, =YR;=nR;;
100 Q = 6R;, which gives R; =16.7 Q. IWe can connect six 16.7-Q resistors in series|.

To have the same power dissipated in each resistor requires that the
currents be the same, which means there must be symmetry in the
arrangement of the resistors.
If we connect two series resistors in parallel with two more sets of
two series resistors, we have

1/R=1/2R; +1/2R; +1/2R, =3/2R;;

1/(100 Q) = 3/2R, , which gives R, =150 Q.

We can connect two series 150-Q resistors in parallel with two more

sets of two series 150-Q resistors. M
If we connect three series resistors in parallel with a set of three series
resistors, we have

1/Req=1/3R1. +1/3R;, =2/3R;;

1/(100 Q) =2/3R; , which gives R, =66.7 Q.

[We can connect three series 66.7-Q resistors in parallel with three series 66.7-Q resistors.

The current for this single loop is
I=E/R +7).

The power delivered to the external resistor is the power dissipated in the resistor:
P —I12R=&R/(r + R

To find the value of R that maximizes the power, we set dP,,,/dR =0:
dP/dR=[&/(r + R)*] -[2€2R/(r + R)*] = &(r - R)/ (r + R)® = 0, which gives r=R.

ext

(a) The short-circuit current (when there is no load) provided by the battery is
I=¢€/r=12.6V/0.05Q=[025 kA|
(b) The voltage V across the battery terminal during recharging must overcome both € and the internal
resistance of the battery:
V=E+Ir=126 V+ (2.5 A)0.05Q) = |12.7 Vl.

(c) Energy stored = €It = (12.6 V)(2.5 A)(10 h)(3600 s/h) = |1.1 x 100 ]l.

If the batteries are in parallel then the equivalent resistance of the circuit is R + r/n, and the emf is €.
The current is

Lparaner = €/ (R +7/1) =n€/(nR + 7).
If the batteries are in series then the equivalent resistance of the circuit is R + nr, and the emf is n€. The
current is

Lieries = NE/ (R + n7).
If we compare I, e With I ey

nR+r<R+mnr, or R<r.

Similarly, if R > then I e > Laatier-
Therefore, to maximize the current, |put the batteries in series if R > r and in parallel if R < 11

f

series 1

it is clear that I, > 1.

series
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69. For this single-loop circuit, we have
I=E/(R+71)=E/[R+ (a+ I)], which is a quadratic equation for I: BI2 + (R + a)[- € =0.
The positive solution is
I=|- R+ a) + [(R + @) + 4p€]'/2} /24
The ratio of power delivered to the load to the power dissipated in the battery is
Pp/P, = I2R/[12(ct + BI)] = R/ (ct + BI).
I(A) p R/ p r
25 30 F

20

15

10

1 1 1 1 1 R(Q)
0 1 2 3 4 5

R (Q)

70. Using P = V2?/R, we find the two resistances:
R,=V?/P, and R,=V?/P,.
The equivalent resistance for the series connection is
R,=R, +R, = (V?/P,) + (V2/P,) = V*(P, + P,)/ P, P,.
The power generated is
P s vz/ Rs = '
The equivalent resistance for the parallel connection is
R, =RiR,/(R; +Ry) = (V4/PP)) [ (V*/P; + V2[P,) = V2 /(P + P,).
The power generated is

P, = V2/R = V2/[V2/(P, + P)] - [P+ P}

71. The two heating elements in the furnace are initially connected in parallel. The power dissipated in a
resistor is P = I’R = V2/R. The resistances are
R, =V2/P, = (110 V)2/(1000 W) = 12.1 Q.
R, =V?/P, = (110 V)? /(2000 W) = 6.05 Q.
The power can be reduced by increasing the resistance, which means connecting them in series:

P=V2/(R, +Ry) = (110 V)?/(12.1 Q + 6.05 Q) = [667 W],

72. (a) For the series arrangement, we have

I,=(E+ &)/ (R + 2r), which gives \Ll

1,=[e/GR+ 1) P I\

(b) For the parallel arrangement, we use symmetry r T, r Z SR
to see that the current in each battery is the same. I I

For the junction, we have
Ip —-1-1=0, or Ip =2I. Series Parallel
For one loop, we have
€-1,R-Ir=0=€-1,R-3l,r, which gives

For large R: I, =2€/R, Ip = E/R; sol, is larger. For small R: I, = €/, Ip =2E/7; so Ip is larger.
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73. The devices are connected in parallel, so we have
I=PV;

I, e = (800 W) /(120 V) = [6.67 Al
I cuum = (600 W) /(120 V) = 5.00 A}.
I g anderier = 10660 W) /(120 V) =[5.00 A}

If all three devices are used at the same time, the fuse will blow. Each bulb draws 0.50 A. To find the
number of bulbs that can be used without blowing the fuse, we have

I =1 +1 + NI s

max mixer vacuum

15 A =6.67 A+5.00 A +N(0.50 A), which gives N =6.7 bulbs. Thus [7bulbs| will blow the fuse.

74. We find the maximum current through a resistor from

>
(¢

leax = Imasz; R MA

2W=1_,2(30 Q), which gives I, =0.26 A. R R
When the three are connected in series, circuit A, _— S 1’V
the maximum current goes through each resistor, L ax 3L ax “I;V
so we have _

PAmax = 3leax = 3(2 W) =6W. Imax
When the three are connected in parallel, circuit B, C R D R R
the maximum current goes through each resistor, R

s

so we have i

PBmax = 3leax =32W)= ' Lnax —> —>|2 ™R
In circuit C, the resistor in series has the maximum current. 17 3r |

) ) ; 7 'max 2 'max

From symmetry the current in the other two resistors will I
be I ... The maximum power is max

PCmax = leax + 2(%Imax)2R

= leax + %leax = %(2 W) = @
In circuit D, the branch with the single resistor has the maximum current. Because the total resistance
in the other branch is 2R, the current in the other branch will be 11 The maximum power is

max®
PDmax = leax + 2(%Imax)2R

= leax + %leax = %(2 W) = '

75. Normally, this circuit would have six currents, one for each

branch. We have used the symmetry of the circuit to £
reduce the number of currents to four, as shown in the diagram. A < [ I - D
For the junction equations, we have k
junction A (or D): I-1, -1, =0; (1) I
. . 1 2 I
junction B (or C): I; + I, -1, =0.  (2) \l \ }7 /[11
For the loop equations, we have 3
loop ACDA: —~L,R~L,R+ £=0; (3) RZ SR
loop BDCB: —I,R + R~ LR = 0; (4)
When we combine Eq. (2) and Eq. (4), we find R
(as suggested by symmetry) and I, =1,. R
From Eq. (3), we get B 2 VWA C

1 =1,=¢/2R| I, R

From Eq. (1), we get

=2, -ed
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76. For a cylindrical wire, we have
R=pL/A 1=V/R=VA/pL, [=1/A=V/pL=E/p=V/pL, and P=I>R =1%2pL/A.
The two wires have the same length and area.
(a) When the wires are in series, the currents must be the same, so we have

Ta/lew=1Ta/ Ty = El
En/Eca=JaPa/JcuPea = Par/Poy = 282 x 108 Q-m) /(1.72 x 10-8 Q- m) = [L64]
Pyl Pey = (PpyL A/ (2o L] A) = P/ Py :'

(b) When the wires are in parallel, the potential difference is the same, so we have
Inflea =Tl leu = (VA pul)/ (VAT pe,) = Pl o = R6T]
En/Ecu = wPa/JcuPeu = Un el (Par/ Pey) = El
Py /Pey = UaPoul/ A) /(e 2oc L A)

= Iy /1) a1/ Pew) = Ocul PP a/ Pe) = Pey/ P = 061}
(c) Because the currents and areas are the same, all wires have the same current density.

For constant current, the electric field and the power loss is proportional to the resistivity.
Thus silver, with the smallest resistivity, has the weakest field and the least power loss.

77. If there is no current through the ammeter, we find the
current in the source loop from
V¢ —I4(R; +R,) = 0, which gives I, = V¢/(R; +R,).
For the loop with the unknown, we have

+
V.~ IR, =0. . Ve M
When we use the expression for I, we get R
2
Vx = VSR2/(R1 + Rz) . _--_L Vx

78. (a) Immediately after the switch is closed, there is no charge

on the capacitors and thus no potential difference across them. 4 Ry, |_B Ry I& c
For the loop we have VVV —| TVYW _| T

£-IR, - IR, =0; /r
9V - (300 Q) - [,(1000 Q) = 0, which gives I, =0.0069 A. P I
Between b and a we have
(V= Va)i=+1IR, = (0.0069 A)(1000 Q) =69 V]
(b) After a long time, the current will be 0. The two capacitors are in series, with an
equivalent capacitance:
1/Ceq= 1/C, +1/C, =1/(5 uF) + 1/(2 uF), which gives Ceq= 143 uF.
The final charge on either capacitor is
Q=Cey€ = (143 uF)(9 V) = 129 uC.
Between B and A we have
(V= Va)i=+Q/C, = (12.9 uC)/(1.43 uF) =[64 V]
(c) The time constant of the circuit is
time constant = ReqCeq = (1kQ +0.3kQ)(1.43 uF) = 1.86 ms.
As a measure of how fast the circuit reaches a steady state, we use 10 time constants:

t = 10ReqCeq = 10(1.86 ms) = [19ms]

™
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79. (a)

(b)

80. (a)

(b)

With the switch open, we have a series circuit of the three
resistors and the capacitor. For the time constant we have
time constant = RyqC = (r + Ry + R;)C

=[(0.04 Q) + (0.1 Q) + (2 Q)](10 uF) = P14 ug]
After a long time, there will be no current in the circuit.
The battery emf will be across the capacitor:

Q= C&= (10 uF)(240 V) = 2400 uC =24 mC],

After a long time there will be a steady state; there
will be no current in the capacitor branch:
Is=0;, I; =13, and L, =1,.
For the two resistor branches we have
Vf_ Vd =€ = IZ(RZ + R4);
6V =1 (180 Q + 60 Q), which gives I, =0.025 A;
Vi-V,=¢€ :Il(Rl +R3);
6V =I (35 Q + 25 Q), which gives I; =0.10 A.

Because V, =V, , we can find the relative potentials of b and e:

Vy=Ve=(Vy= V) = (Vo= Vy) =1R3 - LR,
=(0.10 A)(25 Q) - (0.025 A)(60 Q) = + 1.0 V.
The charge on the capacitor is
Q=C(V,-V,) =G uF)1.0V) = ud
Because V, > V,, [the top plate is positive)
The current through the 35-Q resistor is I; =0.10 A}

Chapter 27: Direct-Current Circuits
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81. Because the emf has negligible resistance, the terminal voltage, which is the voltage across the
capacitor, is the emf V. The resistance of the material in the capacitor is

R=pL/A=L/0A=d/onr?.

(a) We find the electric field between the capacitor plates from the potential gradient:

(b)

82. When we add another rung, as shown in
the diagram, we have the resistance R* in

E=[V,/d

The current density depends on the electric field:
J=oE=0V,/d.

The current is

[=]A=(oV,/d)nr? =2V /d|= V,/R.

parallel with a resistor, which has an
equivalent resistance of

R =RR*/(R +R*).

This equivalent resistance is in series with b

two resistors.

Because the resistance does not change, we have (a)

R*=2R + [RR*/(R + R¥)], which gives
R*2 _2RR*-2R2=0.

The solutions to this quadratic equation are

R* = (1 £ V3)R.

Because the resistance cannot be negative,
we have

R*= (1 +V3)R =[732R] (b)

R R R
R R R
R
WW
= R E: R*
—AW
R
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