Chapter 3

Introduction to Electric Circuits

Dorf and Svoboda, 6th Edition

Problems to practice:

3.3-1, 3.3-3(a,b), 3.3-4, 3.3-5, 3.3-9, 3.4-1, 3.4-2, 3.4-4, 3.5-1, 3.5-2, 3.7-1, 3.7-3, 3.7-6, 3.7-7, 3.7-11, 3.7-12, 3.7-14, 3.7-16
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Problems - a

ROBLEMS
Section3.3 Kirchhoff'slaws
p3.3-1 Consider the circuit shown .m Figure P 3.3-1. Deter-
mine the values of the power supplied by branch B and the
sower supplied by branch F.

3.3-3 Consider the circuit shown in Figure P 3.3-3.

) Suppose that R, = 6 € and R, = 3 Q. Find the current

i and the voltage v.

Suppose, instead, that i = 1.5 A and v = 2 V. Determine

the resistances Ry and R,.

(¢) Suppose, instead, that the voltage source supplies 24 W

of power and that the current source supplies 9 W of

- power. Determine the current i, the voltage v, and the
resistances R and R, .

MDza

3-?'4 Df:lermme the power absorbed by each of the resis-
IS in the circuit shown in Figure P 3.3-4.
Answer: The 4-0) resistor absorbs 100 W, the 6-Q resistor

S0rbs 24 W, and the §-0) resistor absorbs 72 W.

FIGURE P 3.3-7
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FIGURE P 3.3-4

P3.3-5 Determine the power absorbed by each of the resis-
tors in the circuit shown in Figure P 3.3-5.

Answer: The 4-() resistor absorbs 16 W, the 6-Q) resistor
absorbs 24 W, and the 8-} resistor absorbs 8 W.
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FIGURE P 3.3-5

P3.3-6 Determine the power supplied by each current source
in the circuit of Figure P 3.3-6.

Answer: The 2-mA current source supplies 6 mW and the
1-mA current source supplies —7 mW.
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FIGURE P 3.3-6

P3.3-7 Determine the power supplied by each voltage source
in the circuit of Figure P 3.3-7.

Answer: The 2-V voltage source supplies 2 mW and the 3-V
voltage source supplies —6 mW.
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P3.3-8 What is the value of the resistance R in Figure P 3.3-8?7
Hint: Assume an ideal ammeter. An ideal ammeter is equiva-
lent to a short circuit.

Answer: R =40

Q Ammeter @

12v 2A

FIGURE P 3.3-8

P3.3-9 The voltmeter in Figure P 3.3-9 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 = 10 Q)
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FIGURE P 3.3-9

P3.3-10 Determine the values of the resistances Ry and R, in
Figure P 3.3-10.
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FIGURE P 3.3-10

Section 3.4 A Single-Loop Circuit—The Voltage Divider
I P3.4-1 Use voltage division to determine the voltages vy, vy.
v5, and vy in the circuit shown in Figure P 3.4-1.

+ V1 - + V2 - 4+ U3 -
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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 3.4-2b that makes the circuit in Figure P 3.4-2b equiv-
alent to the circuit in Figure P 3.4-2a.

(b) Determine the current i in Figure P 3.4-2b. Because
the circuits are equivalent, the current i in Figure
P 3.4-2a is equal to the current 7 in Figure P 3.4-2b.
(c) Determine the power supplied by the voltage source.
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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, = 100 . Determine the value of R .
(b) Suppose. instead, R; = 100 Q. 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,.
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FIGURE P 3.4-3

P3.4-4 Determine the voltage v in the circuit shown in Figure
P3.4-4.
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FIGURE P 3.4-4

P3.4-5 The model of a cable and load resistor connected to @
source is shown in Figure P 3.4-5. Determine the appropriate
cable resistance, R, so that the output voltage, v,, remains
between 9V and 13V when the source voltage, v, varies
between 20 V and 28 V. The cable resistance can only assume
integer values in the range 20 < R < 100 Q.
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FIGURE P 3.4-5
Circuit with a cable.

P 3.4-6 The input to the circuit shown in Figure P 3.4-6
is the voltage of the voltage source, v,. The output of this
circuit is the voltage measured by the voltmeter, V- This
circuit produces an output that is proportional to the input,
that is

vp = kv,

where k is the constant of proportionality.

(a) Determine the value of the output, v, when R = 240 )
and v, = 18 V.

(b) Determine the value of the power supplied by the volt-
age source when R = 240 Q and v, = 18 V.

(c) Determine the value of the resistance, R, required
to cause the output to be v, = 2V when the input is
v, =18 V.

(d) Determine the value of the resistance, R, required to
cause v, = 0.2 v, (that is, the value of the constant of
proportionality is k = Z).
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FIGURE P 3.4-6

Section 3.5 Parallel Resistors and Current Division
P3.5-1 Use current division to determine the currents i, i,
i3, and i, in the circuit shown in Figure P 3.5-1.
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FIGURE P 3.5-1

P3.5-2  Consider the circuits shown in Figure P 3.5-2.

(a) Determine the value of the resistance R in Figure
P 3.5-2b that makes the circuit in Figure P 3.4-2b equiv-
alent to the circuit in Figure P 3.5-2a.

(b) Determine the voltage v in Figure P 3.5-25. Because the
circuits are equivalent, the voltage v in Figure P 3.5-2a is
equal to the voltage v in Figure P 3.5-2b.

(¢) Determine the power supplied by the current source.

Problems - @
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FIGURE P 3.5-2

P 3.5-3 The ideal voltmeter in the circuit shown in Figure
P 3.5-3 measures the voltage 1.
(a) Suppose R, = 12 Q. Determine the value of R, and of
the current 7.
(b) Suppose, instead, R; = 12 ). Determine the value of
R, and of the current i.
(c) Instead, choose R; and R, to minimize the power
absorbed by any one resistor.
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FIGURE P 3.5-3

P3.5-4 Determine the current 7 in the circuit shown in Figure
P3.5-4.
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FIGURE P 3.5-4

P 3.5-5 Consider the circuit shown in Figure P 3.5-5 when
4 Q<R <60 and Ry = 10 Q. Select the source i so that
v, Temains between 9 V and 13 V.

is » Ry Ry vg

FIGURE P 3.5-5

P 3.5-6. The input to the circuit shown in Figure P 3.5-6
is the current of the current source, i,. The output of this
circuit is the current measured by the ammeter, 7. This
circuit produces an output that is proportional to the input,
that is

iy = ki,

where k is the constant of proportionality.
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(a) Determine the value of the output, Z,. when R =24 Q)
and i, = 1.8 A.
(b) Determine the value of the resistance, R, required
{ to cause the output to be i, = 1.6 A when the input is
i, = 2A
(c) Determine the value of the resistance, R, required to
cause i, = 0.4 i, (that is, the value of the constant of pro-
portionality is k = %).
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FIGURE P 3.5-6

Section 3.7 Circuit Analysis

P 3.7-1 The circuit shown in Figure P 3.7-1a has been divided
into two parts. In Figure P 3.7-1b, 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 3.7-1b that makes the circuit in Figure P 3.7-1b
equivalent to the circuit in Figure P3.7-1a

(b) Find the current i and the voltage v shown in Figure
P 3.7-1h. Because of the equivalence, the current
i and the voltage v shown in Figure P 3.7-1a are equal
to the current i and the voltage v shown in Figure
P 3.7-1b.

(c) Find the current i, shown in Figure P 3.7-1a using cur-
rent division.
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FIGURE P 3.7-1

P 3.7-2 The circuit shown in Figure P 3.7-2a has been
divided into three parts. In Figure P 3.7-2b, the right-
most part has been replaced with an equivalent circuit.
The rest of the circuit has not been changed. The circuit

_

is simplified further in Figure 3.7-2c. Now the middle
and rightmost parts have been replaced by a single equiv-
alent resistance. The leftmost part of the circuit is stil]
unchanged.

D

(2) Determine the value of the resistance Ry in Figure
P 3.7-2b that makes the circuit in Figure P 3.7-2p ¢
equivalent to the circuit in Figure P 3.7-2a.

(b) Determine the value of the resistance R, in Figure
P 3.7-2¢ that makes the circuit in Figure P 3.7-2¢ equiva-
lent to the circuit in Figure P 3.7-2b.

(¢) Find the current iy and the voltage v, shown in Figure
P 3.7-2¢. Because of the equivalence, the current i,
and the voltage v, shown in Figure P 3.7-2b are equal
to the current iy and the voltage v; shown in Figure
P3.7-2c
Hint: 24 = 6(i, — 2) + (| &,

(d) Find the current i, and the voltage v, shown in Figure
P 3.7-2b. Because of the equivalence, the current i, and
the voltage v, shown in Figure P 3.7-2a are equal to the
current i, and the voltage v, shown in Figure P 3.7-2b.
Hint: Use current division to calculate i, from i;.

(e) Determine the power absorbed by the 3-Q) resistance
shown at the right of Figure P 3.7-2a.

24y

FIGURE P 3.7-2

P 3.7-3 Find i using appropriate circuit reductions and the
current divider principle for the circuit of Figure P 3.7-3.
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FIGURE P 3.7-3

P3.7-4 (a) Determine values of Ry and R, in Figure P 3.7-4/
that make the circuit in Figure P 3.7-4b equiva-
lent to the circuit in Figure P 3.7-4a.

(b) Analyze the circuit in Figure P 3.7-4b to dete
mine the values of the currents i, and i, t

(¢) Because the circuits are equivalent, the
currents i, and iy, shown in Figure P 3.7-4b are
equal to the currents i, and i, shown
Figure P 3.7-4a. Use this fact to determine
values of the voltage v, and current i, shown 1
Figure P 3.7-4a.
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niddle P 3.7-8 Most of us are familiar with the effects of a mild
2quiv- electric shock. The effects of a severe shock can be devastat-
s still - ing and often fatal. Shock results when current is passed
1'2 through the body. A person can be modeled as a network of

igure 240 g8a 129 resistances. Consider the model circuit shown in Figure
3.7-2b P 3.7-8. Determine the voltage developed across the heart
and the current flowing through the heart of the person when

Figure he or she firmly grasps one end of a voltage source whose

quiva- | Ry i other end is connected to the floor. The heart is represented

— by Ry,. The floor has resistance to current flow equal to Ry,
Sigure | I and the person is standing barefoot on the floor. This type of
ent i e 0 R accident might occur at a swimming pool or boat dock. The
equal | upper-body resistance R, and lower-body resistance R; vary

Figure ) from person to person.

:. FIGURE P 3.7-4
Figure R,=20Q
ipand p3.7-5 The voltmeter in the circuit shown in Figure P 3.7-5
tothe | at th age 9 istor i olts.
o shows Fhwt e voltage Across the 30-0) resistor is 6 volts. 50V 5000 K, =1000
=b. Determine the value of the resistance R .

Hint: Use the voltage division twice.

stance Answer: Ry = 40 Q)

R=200Q R =30Q

FIGURE P 3.7-8
10Q 10 Q The resistance of the heart. £, = 100 )

Lo Voltmeter .
12V Ry 300 P3.7-9 Determine the value of the current 7 in Figure 3.7-9.
Answer: i = 0.5 mA

}“J | FIGURE P 3.7-5
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‘ P 3.7-6 Determine the voltages v, and v, and the currents

i i, and iy for the circuit shown in Figure P 3.7-6.

‘ Answer: vy = =2V, v, = 6 V, iy = =16 mA, and iy = 2 mA 12v 6 kQ 6 kQ 6k

ad the

e} | FIGURE P 3.7-9
i 10 kQ 2500 Q 2 kQ
: Oy,
P3.7-10 Determine the values of i, i,, and v, in Figure P 3.7-10.
Q ! + v S1ka a  in Fig
4 Uz 10 mA

—

r FIGURE P 3.7-6 2 200
3.74b ;
quiva- P3.7-7 Determine the value of the resistance R in Figure 3.7-7.
Answer: R = 28 kQ
deter-
12 kQ

the FIGURE P 3.7-10 i
4b are |
wn in 20v(®) 21k R ‘
Tmine P3.7-11 Find i and Ryy ,_p, if vy, =40V in the circuit of
wnin Figure P 3.7-11.

FIGURE P 3.7-7 Answer: Ry, p =8, i=5/6A
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FIGURE P 3.7-11

P3.7-12 The ohmmeter in Figure P 3.7-12 measures the equiv-
alent resistance, Req, of the resistor circuit. The value of the equiv-
alent resistance, R, depends on the value of the resistance R.
(a) Determine the value of the equivalent resistance, Reqs
when R = 18 €.
(b) Determine the value of the resistance R required to

cause the equivalent resistance to be Rey = 18 Q.
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FIGURE P 3.7-12

p3.7-13 The source v, = 240 volts is connected to three
equal resistors as shown in Figure P 3.7-13. Determine R when
the voltage source delivers 1920 W to the resistors.

Answer: R = 45 Q)

FIGURE P 3.7-13

P 3.7-14 Find the Req at terminals a—b in Figure P 3.7-14.

Also determine i, i}, and i, .
Answer: R = 80,i=5Ai;=53Ai,= 52 A
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FIGURE P 3.7-14

VERIFICATION PROBLEMS

VP 3-1 A computer analysis program, used for the circuit
of Figure VP 3.1, provides the following branch currents and
voltages: i; A=—0.833, i, A= -0.333, i3 A=-1.167, and
v = —2.0 V. Are these answers correct?

Hint: Verify that KCL is satisfied at the center node and that
KVL is satisfied around the outside loop consisting of the two
6-) resistors and the voltage source.

6Q

FIGURE VP 3.1

VP 3-2 The circuit of Figure VP 3.2 was assigned as a
homework problem. The answer in the back of the textbook
says the current, i, is 1.25 A. Verify this answer using current
division.
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FIGURE VP 3.2

VP 3-3 The circuit of Figure VP 3.3 was built in the lab an!
v, was measured to be 6.25 V. Verify this measurement usin®
the voltage divider principle.





