@ * Resistive Circuits

—®—| PROBLEMS
Section 3.2 Kirchhoff'sLaws

3 A
P 3.2-1 Consider the circuit shown in Figure P 3.2-1. Deter- 8
mine the values of the power supplied by branch B and the power
supplied by branch F. 12V 60 40 20V
A
D
I_I_‘_ FIGURE P 3.2-4
1A
- * * * %3 .2-5  Determine the power absorbed by each of the resistors
czv|alfea evfE||i 12v]cflan # | 2 (1 1% oot dtiowm i Fiauts 05,255
* - - T Answer: The 4-02 resistor absorbs 16 W, the 6-£2 resistor ab-
1 sorbs 24 W, and the 8-£2 resistor absorbs 8 W.
-1A AM . @
FIGURE P 3.2-1
R 6 50 8Y
w P3.2-2  Determine the values ofis, iy, v, v3, and v; in Figure N Fa
P30 \/ py
- 2A 12¥
. b 5 R FIGURE P 3.2-5
LS 1 ! L E | P3.2-6 Determine the power supplied by each current source
h 32 in the circuit of Figure P 3.2-6.
* i i . Answer: The 2-mA current source supplies 6 mW and the 1-mA
o lz Aoz Ti? 2 li‘l ve | F l’g A current source supplies —7 mW.
- + + +
5y 2 mA
Ve N .
/ o
FIGURE P 3.2-2
15 1 mA
A Fain,
P3.2-3  Consider the circuit shown in Figure P 3.2-3. / py
(a) Suppose that R, =6 Q2 and R, =3 €. Find the current i and 8y
()
g voltagf: = ) FIGURE P 3.2-6 ()
(b) Suppose, instead, that i=1.5 A and v=2 V. Determine the
resistances R; and Rs. P3.2-7 Determine the power supplied by each voltage source

{(c) Suppose, instead, that the voltage source supplies 24 W of  inthe circuit of Figure P 3.2-7.
power and that the current source supplies 9 W of power. . Answer: The 2-V voltage source supplies 2mW and the 3-V
Determine the current s, the voltage», and the resistances R,  voltage source supplies —6 mW.
and Rz.

3y 2V
) —O—1—0—
6 MA . 5 mA 2 mhA
12v li R u 3A 0_@_’_@_'
- 3 mA
FIGURE P 3.2-3 FIGURE P 3.2-7 O

P3.2-4  Determine the power absorbed by each of theresistors  P3.2-8  Whatis the value ofthe resistance R in Figure P 3.2-8.7

in the circuit shown in Figure P 3.2-4, Hinf: Assume an ideal ammeter. An ideal ammeter is equivalent
Answer: The 4-02 resistor absorbs 100 W, the 6-£2 resistor ab- {0 a short circuit.

sorbs 24 W, and the 8-£2 resistor absorbs 72 W. Answer: R=40
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@ Ammeter @

12V ZA

FIGURE P 3.2-8

w P32.2-9 The voltmeter in Figure P 3.2-9 measures the value

of the voltage across the current source to be 56 V. What is the
value of the resistance R?

Hint: Assume an ideal voltmeter. An ideal voltmeter is equiva-
lent to an open circuit.

Answer: R=100

R

Q@ Voltmeter ¢

24V 8A

FIGURE P 3.2-9

P2.2-10 Determine the values of the resistances R; and R, in
Figure P 3.2-10.

o Voltmeter @ P Yoltmeter @

FIGURE P 3.2-10

P2.2-11  The circuit shown in Figure P 3.2-11 consists of five
voltage sources and four current sources. Express the power sup-
plied by each source in terms of the voltage source voltages and
the current source currents.

Fo
N/
+ U] —
U2 i, ‘s
! oy — N\
+ — Bk —
iy () vy Us vs ( * i?() vy
- ug lj5 Vg lviﬁ +
{~ +} {+ -}
\-/—I-v V —
ig ig

FIGURE P 3.2-11

Problems - Q

P3.2-12  Determine the power received by each of the resistors
in the circuit shown in Figure P 3.2-12,

+ 1 -
\
0.2 A
60 is 05A
+—MWN— ©
;
= g - vy + 17l
+ + L +
U4C)O‘3A U5§BQ 15 v ‘;) 2093”7
-
B i ig -
oRY 15 5g s l
U‘“_, MA
" + Ug =

g

FIGURE P 3.2-12

P3.2-13 Determine the voltage and current of each of the
circuit elements in the circuit shown in Figure P 3.2-13.

Hint: Youll need to specify reference directions for the ele-
ment voltages and currents. There is more than one way to do
that, and your answers will depend on the reference directions
that you choose.

15v(t) 600

2080

=N

)O.25A

10 &

FIGURE P 3.2-13

P 3.2-14  Determine the voltage and cwrrent of each of the
circuit elements in the circuit shown in Figure P 3.2-14.,

Hinf: Youwll need to specify reference directions for the ele-
ment voltages and currents. There is more than one way to do
that, and vour answers will depend on the reference directions
that you choose.

FIGURE P 3.2-14
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P3.2-15
by the meter in Figure P 3.2-15.

Determine the value of the current that is measured

P3.2-20  Determine the current i in Figure P 3.2-20.
Answer:i=4 A

40
i 150 50 0
by ; [TTT]
M_<!<:|——E) Ammeter @ 24y A il 40
- v
C_) 20V 250 FIGURE P 3.2-20 .

-

FIGURE P 3.2-15

P3.2-16
by the meter in Figure P 3.2-16.

w P 3.2-21  Determine the value of the current i, in Figure
P32-2la.

Hint: Apply KVL to the closed path a-b-d-c-a in Figure

P 3.2-21Ah 1o determine v,. Thenapply KCL atnode b to find ir,.

Determine the value of the current that is measured Answer: i, —9 A,

80 120
A M

+ v -
(j)zov 0.25v,

[TTT] f

b

— Ammeter @

-

FIGURE P 3.2-16 3A 60 .
& ‘\N‘
P3.2-17 Determine the value of the voltage that is measured ¥ 18V :
by the meter in Figure P 3.2-17. Ua 3A 2f5u, le
; 45 = + 12N =
L, o oA
3A 40 d
(b)

——W—t [T
o Voltmeter @
C) 24V 56 40

FIGURE P 3.2-21 (a) A circuit containing a VCCS. (5) The circuit
after labeling the nodes and some element currents and voltages.

FIGURE P 3.2-17

P3.2-18
by the meter in Figure P 3.2-18.

Determine the value of the voltage that is measured

P 3.2-22
P32-22a
Hint: Apply KVL to the closed path a-b-d-c-a in Figure
P 3.2-225 to determine v,.

Answer: vy, =24V

Determine the value of the voltage v, in Figure

i 00
—
VW [T 1]
@ Voltmeter @
200 ()0.25A 801,
FIGURE P 3.2-18
2 A 5 Q
P 3.2-19 The voltage source in Figure P 3.2-19 supplies
4.8 W of power. The current source supplies 3.6 W. Determine - 10 vt
the values of the resistances, R and R. U
+ 8 i =
Ey
Th 4 Q
12v 0.5A R, )

FIGURE P 3.2-22 {(a) A circuit containing a VCVS. (#) The circuit

FIGURE P 3.2-19

after labeling the nodes and some element currents and voltages.
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Section 3.3 Series Resistors and Voltage Division

P3.3-1  Use voltage division to determine the voltages vy, vo,
v3, and vy in the circuit shown in Figure P 3.3-1.

o e e

MWA—WA— WY

60 30 5Q &
12V 40204

FIGURE P 3.3-1

P3.3-2  Consider the circuits shown in Figure P 3.3-2.

(a) Determine the value of the resistance R in Figure P 3.3-2h
that makes the circuit in Figure P 3.3-25 equivalent to the
circuit in Figure P 3.3-24.

(b) Determine the current { in Figure P 3.3-2b. Because the cir-
cuits are equivalent, the current i in Figure P 3.3-2a is equal
to the current { in Figure P 3.3-24,

(c) Determine the power supplied by the voltage source.

60 a0 20
AN AMA—NN
f-—
28y . 40
{a)

(b)

FIGURE P 3.3-2

P 3.3-3 The ideal voltmeter in the circuit shown in Figure
P 3.3-3 measures the voltage v.

(a) Suppose R; =100 £2. Determine the value of R;.

(b) Suppose, instead, R; = 100 £2. Determine the value of R;.

(c) Suppose, instead, that the voltage source supplies 1.2 W of
power. Determine the values of both R, and R;.

i [ Jo[0]

< Voltmeter o

FIGURE P 3.3-3

P3.34
P 3.3-4.

Determine the voltage v in the circuit shown in Figure

Problems

168 4.0

(j 12y T
20 250

FIGURE P 3.3-4

P32.3-5 The model of a cable and load resistor connected to a
source is shown in Figure P 3.3-5. Determine the appropriate ca-
ble resistance, R, so that the output voltage, v,, remains between
9V and 13V when the source voltage, v., varies between 20V
and 28 V. The cable resistance can only assume integer values in
the range 20 < R < 100 2.

FIGURE P 3.3-5
Circuit with a cable. R

P3.3-6  The inputto the circuit shown in Figure P 3.3-6 is the
voltage of the voltage source, v,. The output of this circuit is the
voltage measured by the voltimeter, w,. This circuit produces an
output that is proportional to the input, that is

vy, = kv,

where £ is the constant of proportionality.

{a} Determine the value of the output, 1, when R =240 £2 and
v, =18V,

(b) Determine the value of the power supplied by the voltage
source when R=24082 and v, = I8 V.

{c) Determine the value of the resistance, R, required to cause
the oufput to be v, =2V when the inputis v, =18V

(d) Determine the value of the resistance, R, required to cause
w, = 0.2y, (that is, the value of the constant of proportionality
isk=2)

120 Q

[ 1

P Voltmeter @

FIGURE P 3.3-6

¢P3.3-7 Determine the value of voltage v in the circuit shown

in Figure P 3.3-7.

150 18V

FIGURE P 3.3-7

-
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* Resistive Circuits

P3.3-8 Determine the power supplied by the dependent source
in the circuit shown in Figure P 3.3-8.

i)

prEdRE

\_/

—
)]
<

FIGURE P 3.3-8

P3.3-9 A potentiometer can be used as a transducer to convert
the rotational position of a dial to an electrical quantity. Figure
P 3.3-9 illustrates this situation. Figure P 3.3-9a shows a poten-
tiometer having resistance R, connected to a voltage source. The
potentiometer has three terminals, one at each end and one con-
nected to a sliding contact called a wiper. A voltmeter measures
the voltage between the wiper and one end of the potentiometer.

Figure P 3.3-9% shows the circuit after the potentiometer is
replaced by a model of the potentiometer that consists of two
resistors. The parameter 2 depends on the angle, 2, of the dial.
Here a = %, and & is given in degrees. Also, in Figure P 3.3-
9bh, the voltmeter has been replaced by an open circuit and the
voltage measured by the voltmeter, vy, has been labeled. The
input to the circuit is the angle #, and the output is the voltage
measured by the meter, vy,.

(a) Show that the output is proportional to the input.

{b) LetR, = 1kfzandv, =24 V. Express the output as a function
of the input. What is the value of the output when & = 45°7
What is the angle when v, = 10 V?

NN

@ Yoltmeter @

t (1*3)Rp

(b)

FIGURE P 3.3-9

P3.3-10 Determine the value of the voltage measured by the
meter in Figure P 3.3-10.

e . [TTT]
AN 5 A Lo Voltmeter @
(j 24y 4, 50
ia
| Ar——

FIGURE P 3.3-10

P3.3-11  For the circuit of Figure P 3.3-11, find the voltage v
and the current i and show that the power delivered to the three
resistors is equal to that supplied by the source.

Answer: vi=3V,i=1A

M
ca

12V VS 30
30

FIGURE P 3.3-11

P 3.3-12 Consider the voltage divider shown in Figure P
3.3-12 when R; =6 &2, It is desired that the output power ab-
sorbed by R, =6 £2 be 6 W, Find the voltage v, and the required
SOUICE vq.

Answer: v,=14V,v, =6V

FIGURE P 3.3-12

Section 2.4 Parallel Resistors and Current Division

P3.4-1  Use current division to determine the currents iy, i,
i3, and i4 in the circuit shown in Figure P 3.4-1.

| (EN (N (R T

4 A 60 3Q 2Q 10

FIGURE P 3.4-1

P3.4-2  Consider the circuits shown in Figure P 3.4-2.

(a) Determine the value of the resistance R in Figure P 3.4-20
that makes the circuit in Figure P 3.4-2b equivalent to the
circuit in Figure P 3.4-2a.
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(b) Determine the voltage v in Figure P 3.4-25. Because the cir-
cuits are equivalent, the voltage v in Figure P 3.4-2a is equal
to the voltage v in Figure P 3.4-25,

{c) Determine the power supplied by the current source.

+ +
6 A v 60 120 40 6A v R
(a) (b)

FIGURE P 3.4-2

P 3.4-3 The ideal voltmeter in the circuit shown in Figure
P 3.4-3 measures the voltage v.

(a) Suppose R, =12 2. Determine the value of R; and of the
current i,

(b) Suppose, instead, R, = 12 £2. Determine the value of R, and
of the current i.

(c) Instead, choose Ry and R, to minimize the power absorbed
by any one resistor.

& Voltmeter @

2
—-—
+

2A

FIGURE P 3.4-3

P3.4-4
P3.4-4,

Determine the current i in the circuit shown in Figure

16 Q 80

Den

20 850

FIGURE P 3.4-4

P 3.4-5 Consider the circuit shown in Figure P 3.4-5 when
4892 <R; <68 and R, =10£2. Select the source i; so that v,
remains between 9 Vand 13 V.

FIGURE P 3.4-5

P32.4-6  The input to the circuit shown in Figure P 3.4-6 is the
current of the current source, i;. The output of this circuit is the
current measured by the ammeter, iy. This circuit produces an
output that is proportional to the input, that is

iy =4Fki,

where & is the constant of proportionality.

Problems - ¢

(a) Determine the value of the output, #,, when R=24 £2 and
i,=1.8A.

(b) Determine the value of the resistance, R, required to cause
the output to be i, =1.6 A when the input is i, =2 A.

(c) Determine the value of the resistance, R, required to cause

i, = 0.4 i, (that is, the value of the constant of proportionality
isk= 14—0).

120 2y

]

@ Ammeter @

FIGURE P 3.4-6

*P3.4-7 Figure P 3.4-7 shows a transistor amplifier. The val-

ues of Ry and R, are to be selected. Resistances Ry and R, are

used to bias the transistor, that is, to create useful operating con-

ditions. In this problem, we want to select R; and R; so thatw, =

5 V. We expect the value of'd, to be approximately 10 nA. When

i1 = 10y, it is customary to treat i, asnegligible, that is, to assume

ir = 0. In that case R, and R, comprise a voltage divider.

(a) Select values for R; and R, so that v, = 3V and the total
power absorbed by R, and R; is no more than 5 mW.

(b) An inferior transistor could cause iy to be larger than ex-

pected. Using the values of R, and R, from part (a), deter-
mine the value ofw, that would result from i, = 15 A,

FIGURE P 3.4-7 =

P 3.4-8 Determine the value of the current i in the circuit
shown in Figure P 3.4-8.
b
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FIGURE P 3.4-8
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‘f P3.4-9  Determine the value of the voltage vin Figure P 3.4-9. R,
A
+ BY -
40 Q 200 le6A
a b o
24y 40 Q R
MW M AN (—) y l
40 Q
+ v- FIGURE P 3.4-13

o

s

3 mA

w*P 3.4-14  Determine the values of the resistances R, and R,

FIGURE P 3.4-9 for the circuit shown in Figure P 3.4-14.

P 3.4-10 A solar photovoltaic panel may be represented by L+ 0384Y —
the circuit model shown in Figure P 3.4-10, where R, is the load " AN
resistor. Determine the values of the resistances Ry and R;. R,
. () 24mA R llg_g mA 800
a
3
soma RSTEMA R Sy FIGURE P 3.4-14

FIGURE P 3.4-10

b P3.4-15 Determine the value of the current measured by the
meter in Figure P 3.4-15.

P 3.4-11 Determine the power supplied by the dependent

source in Figure P 3.4-11. D:‘:I:‘

¢ Ammeter g
I

250 FisRe

Cen. SF +
Ub_50t3<7> M12a

30 mA

300 100

FIGURE P 3.4-11

FIGURE P 3.4-15

P3.4-12  The voltmeter in Figure P 3.4-12 measures the value
of the voltage vy, Section 3.5 Series Voltage Sources and Parallel

Current Sources

(b) Determine the value of the power supplied by the current%?'s.-‘l Det.erm.me Hi powersimphed bp-glosymsain e
circuit shown in Figure P 3.5-1.

{a) Determine the value of the resistance R.

source.
o ~
o
100 q)Voltmeter J
-
(D1a - : 220 3a() 20 P 1.254
300 R U

_ _‘+ :
3V

FIGURE P 3.4-12 FIGURE P 3.5-1

*P3.4-13  Determine the values of the resistances Ry and R P 3.5-2  Determine the power supplied by each source in the
for the circuit shown in Figure P 3.4-13. circuit shown in Figure P 3.5-2.
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FIGURE P 3.5-2

P3.5-3  Determine the power received by each resistor in the
circuit shown in Figure P 3.5-3.
3V

{2
N/

2aQ) 7Q§ MD1254

O
),
8V

0.25a() 5Q§

FIGURE P 3.5-3
Section3.6 Circuit Analysis

P3.6-1  The circuit shown in Figure P 3.6-1ahas been divided
into two parts. In Figure P 3.6-14, the right-hand part has been
replaced with an equivalent circuit. The left-hand part of the
circuit has not been changed.

(a) Determine the value of the resistance R in Figure P 3.6-1&
that makes the circuit in Figure P 3.6-1F equivalent to the
circuit in Figure P 3.6-1a.

(b) Findthe currenti and the voltage v shown in Figure P 3.6-12.
Because of the equivalence, the current i and the voltage v
shown in Figure P 3.6-1a are equal to the current i and the
voltage v shown in Figure P 3.6-15.

{c) Find the current i; shown in Figure P 3.6-1a using current

division.
80 e MG L4
+
24 320 v 180 240

fa)

80 e

S 5

24y 320 v R

(b)

FIGURE P 3.6-1

P3.6-2  The circuit shown in Figure P 3.6-2a has been divided
into three parts. In Figure P 3.6-25, the rightmost part has been
replaced with an equivalent circuit. The rest of the circuit has not
been changed. The circuit is simplified further in Figure 3.6-2¢.

Problems - @

Now the middle and rightmost parts have been replaced by a
single equivalent resistance. The lefimost part of the circuit is
still unchanged.

(a) Determine the value of the resistance R, in Figure P 3.6-2k
that makes the circuit in Figure P 3.6-25 equivalent to the
circuit in Figure P 3.6-2a.

(b) Determine the value of the resistance R, in Figure P 3.6-2¢
that makes the circuit in Figure P 3.6-2¢ equivalent to the
circuit in Figure P 3.6-25.

{c) Find the current {; and the voltage v, shown in Figure
P 3.6-2¢. Because of the equivalence, the current i, and the
voltage v shown in Figure P 3.6-25 are equal to the current
i; and the voltage v; shown in Figure P 3.6-2¢.

Hint: 24 = 6(i;—2)+i,Rs

(d) Find the current i; and the voltage v. shown in Figure
P 3.6-2h. Because of the equivalence, the current i, and the
voltage v, shown in Figure P 3.6-2¢ are equal to the current
i- and the voltage v, shown in Figure P 3.6-25.

Hinf: Use current division to calculate iz from ;.

(e} Determine the power absorbed by the 3-£2 resistance shown

at the right of Figure P 3.6-24.

24

24V

FIGURE P 3.6-2

P 3.6-3 Find i using appropriate circuit reductions and the
current divider principle for the circuit of Figure P 3.6-3.

10 10 10 10

12V 20

FIGURE P 3.6-3
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P3.6-4 P 3.6-7 Determine the value of the resistance R in Figure
P 3.6-7.

{a) Determine values of R; and R, in Figure P 3.6-45 that make AGGeRD A

the circuit in Figure P 3.6-4% equivalent to the circuit in
Figure P 3.6-4a.

(b) Analyze the circuit in Figure P 3.6-45 to determine the values e
of the currents i, and i,

{c) Because the circuits are equivalent, the currents i, and i, 24y 21 kO R
shown in Figure P 3.6-45 are equal to the currents i, and #, 1 mA
shown in Figure P 3.6-44. Use this fact to determine values  riGure P 3.6-7 =

of the voltage v; and current i; shown in Figure P 3.6-4a.

P 3.6-8 Most of us are familiar with the effects of a mild
electric shock. The effects of a severe shock can be devastating

na ga =l e % and often fatal. Shock results when current is passed through
AMA l"? the body. A person can be modeled as a network of resistances.

27V 90 3i, 240 8Q 128 Consider the model circuit shown in Figure P 3.6-8. Determine
the voltage developed across the heart and the current flowing

through the heart of the person when he or she firmly grasps
{a) one end of a voltage source whose other end is connected to the
floor. The heart is represented by Ry. The floor has resistance

R
L= ) to current flow equal to R¢, and the person is standing barefoot
l-tb on the floor. This type of accident might occur at a swimming
o 27TV 0 3i, Ry pool or boat dock. The upper-body resistance &, and lower-body
resistance Ry vary from person to person.
(b}

FIGURE P 3.6-4 Ruﬁ;\i\‘i =

P3.6-5 The voltmeter in the circuit shown in Figure P 3.6-5 50V 5000 R,=1000Q
shows that the voltage across the 30-£2 resistor is 6 volts. Deter-

mine the value of the resistance R, . W M

Hint: Use the voltage division twice. M=l R =300

Answer: Ry =408 AP $ER

6] [o]o] P3.6-9 Detennine the value of the current i in Figure 3.6-9.

10 Q 108
Lo Yoltmeter @ Answer: i=0.5mA
R
12y 1 30Q 3kQ 3kQ
M

FIGURE P 3.6-5 12y 6 ka2 8 kQ 6 ko

P3.6-6 Determine the voltages v, and v, and the currents #,
and i4 for the circuit shown in Figure P 3.6-6.
Answer: v,=—-2V,v,=6V,i,=—16mA, and iy =2 mA

FIGURE P 3.6-9

o P 3.6-10 Determine the values of i,, iy, and v, in Figure

idt ‘ljh P 3.6-10.
10 kQ 2500 O 2 kQ _
o
( 18V
= -+
* v Sk
v, 10 mA
. - 100

FIGURE P 3.6-6 FIGURE P 3,6-10
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Problems - e

P 2.6-11  Find i and R,q, 1 if v,y =40V in the circuit of i 1720
Figure P 3.6-11. —AAM—
Answer: Ry, ,=88,i=5/6A d,a 20 ' Al\A?\v
542
A —
b £Q 40V 20
o X AN —AAA—
-]
— b 20
’ —ANN—
120 . ‘2 20 Ry, "
FIGURE P 3.6-14
5 AMA 1\ (f P3.6-15  All of the resistances in the circuit shown in Figure
i ) 200 P 3.6-15 are multiples of R. Determine the value of R.
FIGUREP 3.6-11  Reaab R 'V}\{\'
R L R "
o IR 2RZ
P 3.6-12 The ohmmeter in Figure P 3.6-12 measures the fO 1A
equivalent resistance, R.q, of the resistor circuit. The value
of the equivalent resistance, R.q, depends on the value of the (t) 12y 2R L 2R
resistance X. 3R % 2R

(a) Determine the value of the equivalent resistance, R.q. when
R=18Q.

(b) Determine the value of the resistance R required to cause the
equivalent resistance to be R,o — 18 2.

100 17 Q

@ Ohmmeter @

FIGURE P 3.6-12

P3.6-13  The source v, = 240 volts is connected to three equal
resistors as shown in Figure P 3.6-13. Determine R when the
voltage source delivers 1920 W to the resistors.

Answer: R=45

s C) g R

FIGURE P 3.6-13

P3.6-14  Findthe R, atterminals a—bin Figure P 3.6-14. Also
determine i, i1, and i,.
Answer: R, =80,i=5A,1,=53A,i,=52A

FIGURE P 3.6-15

*P3.6-16  The circuit shown in Figure P 3.6-16 contains seven
resistors, each having resistance R. The input to this circuit is the
voltage source voltage, v;. The circuit has two outputs, v, and w,.
Express each output as a function of the input.

@ o
FIGURE P 3.6-16

P3.6-17 The circuit shown in Figure P 3.6-17 contains three
10-£2, 1/4-W resistors. (Quarter-watt resistors can dissipate 1/4
W safely.) Determine the range of voltage source voltages, v.,
such that none of the resistors absorbs more than 1/4 W of power.

10Q
AN
Y
Ug 10 Q& 10 G U,

FIGURE P 3.6-17

P3.6-18 The four resistors shown in Figure P 3.6-18 repre-
sent strain gauges. Strain gauges are transducers that measure
the strain that results when a resistor is stretched or compressed.
Strain gauges are used to measwre force, displacement, or pres-
sure. The four strain gauges in Figure P 3.6-18 each have a nom-
inal (unstrained) resistance of 120 © and can each absorb 0.2
mW safely. Determine the range of voltage source voltages, v.,
such that no strain gauge absorbs more than 0.2 mW of power.
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+ o P 3.6-20 Determine the values of vy, vy, i3, V4, ¥5, and i; in
Figure P 3.6-20.

1200 1200

)

Yo

g -
1200 1200

FIGURE P 3.6-18 0

P3.6-19 The circuit shown in Figure P 3.6-195 has been ob-
tained from the circuit shown in Figure P 3.6-19a by replacing
series and parallel combinations of resistances by equivalent re-
sistances.

{a) Determine the values ofthe resistances Ry, R,, and R, inFig-
ure P 3.6-195 so that the circuit shown in Figure P 3.6-194
is equivalent to the circuit shown in Figure P 3.6-19a.

(b) Determine the values of v, v, and i in Figure P 3.6-195.

{c) Because the circuits are equivalent, the values of vy, vy, and ~ FIGURE P 3.6-20
i in Figure P 3.6-194 are equal to the values of vy, v, and i
in Figure P 3.6-19%. Determine the values of vy, s, i;, and
v in Figure P 3.6-194. VP

3.6-21 Determine the values of i, v, and R, by the circuit
model shown in Figure P 3.6-21, given that vy, = 18 V.

60
—WWA—
300
AV

.

%’369 729%1; %99
W

100

o0

Ry

FIGURE P 3.6-21

P3.6-22  Determine the value of the resistance R in the circuit
shown in Figure P 3.6-22, given that R.; — 9 .
Answer: R=15Q

40
v By - Ao —AAA—s
a
e R
0 120 24 Q
24V §SQ
Ry
i | 50 300
P 1;'2 + BC I\/\/\J ,W\/
c M d

Ry Reg
FIGURE P 3.6-19 (®) FIGURE P 3.6-22
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P32.6-23  Determine the value ofthe resistance R inthe circuit
shown in Figure P 3.6-23, given that R,, — 50 2.

R

gl_. IR

MA

>
"3
R R

FIGURE P 3.6-23

P3.6-24 Determine the values of », the gain of the CCVS,
and g, the gain of the VCCS, for the circuit shown in
Figure P 3.6-24.

iy
+ Uy =3 A
80 A4 j
12V SQg 9.74V SQ§6.09V &y
Bl - -

FIGURE P 3.6-24

P3.6-25 The input to the circuit in Figure P 3.6-25 is the
voltage of the voltage source, v,. The output is the voltage mea-
sured by the meter, v,. Show that the output of this circuit is
proportional to the input. Determine the value of the constant of
proportionality.

[TTT]

P Yoltmeter )

Us

e
§20Q

FIGURE P 3.6-25

P3.6-26 The input to the circuit in Figure P 3.6-26 is the
voltage of the voltage source, vy, The output is the current mea-
sured by the meter, i,. Show that the output of this circuit is
proportional to the input. Determine the value of the constant of
proportionality.

Problems - a

[TTT1]

U @ Ammeter @

200

50

FIGURE P 3,6-26

P3.6-27 Determine the voltage measured by the voltmeter in
the e¢ircuit shown in Figure P 3.6-27.

40 fa
M

C 24y 409§ IOQ§

| )] Yaltmeter @

FIGURE P 3,6-27

P3.6-28 Determine the current measured by the ammeter in
the circuit shown in Figure P 3.6-28.

2

() 3a §3Q

Q +
1020,

LLLT]

@ Ammeter @

? 8v, 100

FIGURE P 3.6-28
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P 3.6-29  Determine the value of the resistance R that causes
the voltage measured by the voltmeter in the circuit shown in
Figure P 3.6-29 tobe 4 V.

3A

40 O

[TTT]

0] Valtmeter @

FIGURE P 3.6-29

P 3.6-30 The input to the circuit shown in Figure P 3.6-30 is
the voltage of the voltage source, v;. The output is the current
measured by the meter, i.

(a) Suppose v; = 15 V. Determine the value of the resistance R
that causes the value of the current measured by the meter
tobeiy =5 A.

(b) Suppose v — 15 V and R — 24 . Determine the current
measured by the ammeter.

(c) Suppose R =24 £2. Determine the value of the input voltage,
v, that causes the value of the current measured by the meter
tobeiy =3 A,

180 +
USC—) 1202,
5,
L
‘ 16 Q @ Ammeter §
R
AN —a————————

FIGURE P 3.6-30

P3.6-31 The ohmmeterinFigure P 3.6-31 measures the equiv-
alent resistance of the resistor circuit connected to the meter
probes.

{a)} Determine the value of the resistance R required to cause the
equivalent resistance to be R., = 12 2.

(b) Determine the value of the equivalent resistance when R =
14 Q.

40 20
—© Ohmmeter ©
R 200
ol

FIGURE P 3.6-31

P3.6-32 The voltmeter in Figure P 3.6-32 measures the volt-
age across the current source.

{a) Determine the value of the voltage measured by the meter.
(b) Determine the power supplied by each circuit element.

[LTT1

—© Voltmeter @

25 kQ

2mA

12v ()

FIGURE P 3.6-32

P3.6-33  Determine the resistance measured by the chmmeter
in Figure P 3.6-33.

[TTT]

120
¢ —& Ohmmeter @
40 0 100
40
O

FIGURE P 3.6-33

P3.6-34  Determine the resistance measured by the ohmmeter
in Figure P 3.6-34.

LT

60 Q 60 Q
l—y Ohmmeter @
60 Q 60 Q
<

FIGURE P 3.6-34
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Section 3.8 How Can We Check...? IH  Headlights

—
P 3.8-1 A computer analysis program, used for the cir- AAA]
cuit of Figure P 3.8-1, provides the following branch currents 1Lz
and voltages: i1 A= —0.833,iy A=—0.333,i: A=—1.167,and 0.050 i
v=—2.0V. Are these answers correct? n — p
Hint: Verify that KCL is satisfied at the center node and that Battery iy
KVL is satisfied arommd the outside loop consisting of the two j 14y
6-£2 resistors and the voltage source. MR gLE A

Electric circuit model of an

automobile’s electrical system. Alternator
60
Wy — P 3.8-5 Computer analysis of the circuit in Figure P 3.8-5
'L ghows that i,=—0.5mA and i, = —-2mA. Was the computer
20 s analysis done correctly?
Hint: Verify that the KVL equations for all three meshes are
— 40 satisfied when i, = —0.5mA and i, = —2mA.
s
6Q <T> B C’i) 12V
1 i ey i—ab
FIGURE P 3.8-1 = MW
4,
20

P3.8-2 The circuit of Figure P 3.8-2 was assigned as a home-
work problem. The answer in the back of the textbook says the (P 10y iy CP 12y

current, i, is 1.25 A. Verify this answer using current division.

FIGURE P 3.8-5

50
P 3.8-6 Computer analysis of the circuit in Figure P 3.8-6
5 A() 200 2ua 50 shows that i, = 0.5mA and i, = 4.5mA. Was the computer anal-
Lf ysis done correctly?
Hint: First, verify that the KCL equations for all five nodes are
FIGURE P 3.8-2 satisfied when i, = 0.5mA and i, =4.5mA. Next, verify that the

KVL equation for the lower left mesh (a-e-d-a) is satisfied. (The
KVL equations for the other meshes aren’t useful because each

P8I Thecianitof Bipine B33 was bl in it Tihand, oS ALITTORITYOiags)

v, was measured to be 6.25V. Verify this measurement using the

voltage divider principle. 1 mA 2 mh
o B B .
/ o/
BoL £
-
+ -
B 30 40
2av (*) % 2 S AAN—O—AA—c
FIGURE P 3.8-3 230 & g 20
j

50 bl 4 mA
FIGURE P 3.8-6 )
M : K

P 3.8-4 The circuit of Figure P 3.8-4 represents an auto’s
electrical system. A report states that ip =9 A, ip=—9A, and
iyx = 19.1 A, Verify that this result is correct.

Hint: Verify that KCL is satisfied at each node and that KVL is P 3.8-7  Verify that the element currents and voltages shown
satisfied around each loop. in Figure P 3.8-7 satisfy Kirchhoff's laws:
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(a) Verify that the given currents satisfy the KCL equations cor-
responding to nodes a, b, and c.

(b) Verify that the given voltages satisfy the KVL equations cor-
responding to loops a-b-d-c-a and a-b-c-d-a.

- 3y 4+
3A
= T¥ 4 - B %
a c
LI |
. 4k - Y .
5Vl |f7a sv| |b2a -8V 5 A
- ¥ +
d

FIGURE P 3.8-7

“P3.8-8 Figure P 3.8-8 shows a circuit and some correspond-
ing data. The tabulated data provides values of the current, i, and
voltage, v, corresponding to several values of the resistance R;.

{a) Use the data in rows 1 and 2 of the table to find the values
of v; and R;.

(b) Use the results of part (a) to verify that the tabulated data are
consistent.

{c) Fill in the missing entries in the table,

DESIGN PROBLEMS

DP3-1  The circuit shown in Figure DP 3-1 uses a potentiome-
ter to produce a variable voltage. The voltage v, varies as a knob
comnected to the wiper of the potentiometer is turned. Specify
the resistances R; and K, so that the following three requirements
are satisfied:

[TTT]

o Yoltmeter @

24V (i) Rp

FIGURE DP 3-1

(@)
R;,Q | i A ‘ Y
(0] 24 0
10 1.2 12
20 0.8 16
30 ? 18
40 0.48 ?
FIGURE P 3.8-8 (b)

*P3.8-9 Figure P 3.8-9 shows a circuit and some correspond-
ing data. The tabulated data provide values of the current, i, and
voltage, v, corresponding to several values of the resistance Rs.

(a) Use the data in rows 1 and 2 of the table to find the values
of i; and R;.

(b) Use the results of part (a) to verify that the tabulated data are
consistent.

{c) Fill in the missing entries in the table.

; R,Q | iA v,V
—_—
i 10 443 4073
i, R RS 20 617 12047
B 40 12 20
80 7 7
{e) tb)

FIGURE P 3.8-9

1. The voltage v, varies from 8 V to 12V as the wiper moves
from one end of the potentiometer to the other end of the
potentiometer.

2, The voltage source supplies less than 0.5 W of power.
3. Each of Ry, R,, and Rp dissipates less than 0.25W.

DP3-2  The resistance Ry in Figure DP 3-2 is the equivalent
resistance of a pressure transducer. This resistance is specified to
be 200 £2 £ 5 percent. That is, 190 £2 < R; <210 £2. The voltage
source i8 a2 12V 4 1 percent source capable of supplying 5'W.
Design this circuit, using 5 percent, 1/8-watt resistors for R, and
R, so that the voltage across Ry is

v, =4V 1+ 10%

(A 5 percent, 1/8-watt 100-£2 resistor has a resistance between
95 and 105 £2 and can safely dissipate 1/8-W continuously.)
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R, where

Rin=Ri+R;
12V Ry v, Ry

is called the input resistance of the voltage divider.

FIGURE DP 3-2 (a) Design a voltage divider to have a gain, g = 0.65.

(b) Design a voltage divider to have a gain, g = 0.65, and an

input resistance, R, = 2500 €2.
DP3-3 A phonograph pickup, stereo amplifier, and speaker

are shown in Figure DP 3-3a and redrawn as a circuit model as

shown in Figure DP 3-35. Determine the resistance R so that ; b:3)
the voltage v across the speaker is 16 V. Determine the power —
delivered to the speaker. i
%) vs
Phonograph Armnplifier Speist FIGURE DP 3-5

. S z : 2 DP3-6 The input to the circuit shown in Figure DP 3-6 is the
o

current source current, i;. The output is the current i,. The output
(a) is related to the input by

Pickup | Amplifier } Speaker ; Ry
Q

s

500 Q@ | CTRT R

The output of the current divider is proportional to the input. The
constant of proportionality, g, is called the gain of the current
divider and is given by

200 my

=
Tb

TR+ R,

(b) g
FIGURE DP 3-3 A photograph stereo system.

The power supplied by the current source is

DP3-4 A Christmas tree light set is required that will operate RiR, Ri R,
froma 6-V battery onatree ina city park. The heavy-duty battery P = Vi, = [is(R TR )]is = misz = Ry’
can provide 9A for the four-hour period of operation each night. : . + 2
Design a parallel set of lights (select the maximum number of
lights) when the resistance of each bulb is 12 £2. WhELS
DP 3-5 The input to the circuit shown in Figure DP 3-5 is RiR,
the voltage source voltage, v,. The output is the voltage v,. The Rin= T
output is related to the input by : #
R, is called the input resistance of the current divider.
L R, + szs ks (a) Design a current divider to have a gain, g = 0.65.

(b) Design a current divider to have a gain, g — 0.65, and an

The output of the voltage divider is proportional to the input. The input resistance, R, — 10000 Q.

constant of proportionality, g, is called the gain of the voltage
divider and is given by

R )

5 Rl '

4

The power supplied by the voltage source is
P pp Y g b () e R, R2§
- ( Va ) V52 V32 —
P =V3ls =V, == e

Ri+ Ry Ri+R Ry FIGURE DP 3-6 &
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DP 3-7 Design the circuit shown in Figure DP 3-7 to have DP323-8  Design the circuit shown in Figure DP 3-8 to have an
an output v, = 8.5 V when the mput is v, = 12 V. The outputi, = 1.8 mA when the input is i; = 5 mA. The circuit
circuit should require no more than 1 mW from the voltage should require no more than 1 mW from the current source.

s01ce.

i R

—or— +

+ .
iy C) Vs R R

FIGURE DP 3-7 FIGURE DP 3-8 -




