Problem Set #8 —Chapter 27 — 22, 31, 32, 33, 34, 57, 59

22. Because no two resistors have the same current and no two resistors have the same potential
difference across them, 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:

21, =0;
l,—1,+1,=0.
We apply the loop rule for the two loops indicated in the diagram:
loop1: —¢+ 1R, +LR=0;
loop 2: — LR, - LR, + £=0.
When we combine these equations, we get
I =R;&/(Ri1R2 + RiR; + RaR3),
I, =(R; +R3) &(RiR2 + RiR; + R3R3),

|3 = R18/(R1R2 + R1R3 + R2R3).
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31.(a) We can reduce the circuit to a single loop by
successively combining parallel and series combinations. We <
combine R, and R,, which are in parallel: é R4

1R, = 1/R, + I/R, =1/(100 Q)+ 1/(50 Q),

which gives R, =33.3 Q.

We combine R, and R, + R;, which are in parallel:

1/Rs = /R, + 1/(R,+ Ry) = 1/(100 Q) + 1/(20 Q2 + 33.3 Q3),
which gives R, = 34.8 Q.

Because V,, =6 V, we find |, from
L=V, /(Rs+R)=(6V)/(333Q+(0€Q)=0.113 A.

We can now find V, from
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V,=0LRs=(0.113 A)(33.3Q)=3.75 V.
The current through the 50-Q2 resistor is
I, =V /R, = (3.75 V)/(50 Q) = 0.075 Al
(b) For the conservation of current, we have
junctiona: I -1, —1,=0;
junctionc: I, -1, —1,=0.
For the three loops indicated on the diagram, we have
loop 1: e-I|R, =0;
6V-1,100€Q)=0;
loop 2: I,R, - LR, — I;R; = 0;
1,(100 ©2) —1,(20 €2) — 1,(100 Q) = 0;
loop 3: - LR, + I,R, = 0;
—1,(100 Q) + 1,(50 Q) =0.
When we solve these equations, we get
I,=0.060 A, 1,=0.113 A, I, =0.038 A, I,=0.075 A.

Thus, the current through the 50-Q resistor is[0.075 Al

32. For the conservation of current at point a, we have

. =0; | Ry
Z in L h a2 A
I +1L,-1,=0;
I,+1,-0.1A=0. + @ g @
8= Ry
For the two loops indicated on the diagram, we have ; ¢ ¢13
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loop 1: & —-1R,—LLR,=0;
F3V-1,5Q)-(0.1 A)R,=0;

loop 2: & —-1,R,— LR, =0;



+6 V—-1,20 Q) - (0.1 A)R,=0.
When we solve these equations, we get
|, =-0.04A,1,=0.14 A, and R, =32 Q)|
If I, =-0.1 A, the equations become
l,=-1,-0.1A;
F3V-1,5Q)-(-0.1 A)R,=0;

+6 V= 1,(20 Q) — (- 0.1 A)R, = 0.

When we solve these equations, we get ,=-02A,1,=0.1A,and R;=-40Q.

Because we cannot have a negative resistance, it is not possiblef to have |, =— 0.1 A.

33. For the conservation of current at point b, we have
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For the two loops indicated on the diagram, we have o1 (© &
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loop 1: & —1L,r,—IR=0; w—
—_0- I, r &
+12V-1,0.1Q)-1(5Q)=0; _)N\2/\ - 2

loop2: & +1Lr,—IR=0;
+10 V- 1,(10QY) - 1(5Q)=0.
When we solve these equations, we get

I, =252A,1,=-0.17 A, and 1 =2.35A.
The current through the load resistor is 2.35 Al

&, supplies ; &, supplies , it is being charged by ¢&,.
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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=(4V)(1Q)=4A,;

L=L=Vg/(R+R)=4V)(1Q+1Q)=2A.
The power dissipated in each of the resistors is

Pe=I12R=(4AP(1Q)=16 W]

Peo = [0}

Piones = PR = (2 A2(1 Q) =4 W]

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, 1s constant:

l,=¢&R,.

The charging current in the capacitor branch is
l,=(& Rye "N°,

From the junction, the current in the battery is

Ibattery = |1+ |2 :(67 Rl)e_t/Rlc +(67 Rz)

59. The possible capacitance values that we have are
C,=C,=5 uF;

C..u=C,+C,=5uF+5 uF =10 4F;

parallel

C...=C,C/(C, +C,)= (5 tF)5 uF)[(5 4F) + (5 uF)] = 2.5 /FF.

series

We need to combine the resistors to produce one of the following resistance values:

R,=RC/C, = (1x103s)/(5x 10 F) =200 Q;



R,=RC/C.__.. =(1x103s)/(10x106F)=100Q;

parallel

R.=RC/C_..=(1x102s)/(2.5x 10 F) =400 Q;

If we connect the 300-Q2 resistors in parallel, we get
R,=R,R,/(R,+R,)
= (300 Q)(300 ©Q2)/[(300 Q) + (300 )] =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 Q = 400 Q.

Thus we connect the 300-Q resistors in parallel with each other and in series with the 250-Q
resistor and the two capacitors.



