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Circuit Elements

Assessment Problems
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[a] Note that the current 4, is in the same circuit branch as the 8 A current
source; however, 7, is defined in the opposite direction of the current
source. Therefore,

ipb = —8A

Next, note that the dependent voltage source and the independent
voltage source are in parallel with the same polarity. Therefore, their
voltages are equal, and

i, —8

—=—==-2V

4 4

[b] To find the power associated with the 8 A source, we need to find the
voltage drop across the source, v;. Note that the two independent sources
are in parallel, and that the voltages v, and v; have the same polarities,
so these voltages are equal:

vV = Vg = —2V

'Ug:

Using the passive sign convention,
ps = (8A)(v;) = (8A)(—2V) = —-16W
Thus the current source generated 16 W of power.

2-1
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2-2 CHAPTER 2. Circuit Elements

AP 2.2
CLv,
P\
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+ i

15A @ W, G) 25V

[a] Note from the circuit that v, = —25 V. To find « note that the two
current sources are in the same branch of the circuit but their currents
flow in opposite directions. Therefore
av, = —15A
Solve the above equation for o and substitute for v,,

—15A —15A
= = =06 A/V
Y /

[b] To find the power associated with the voltage source we need to know the
current, i,. Note that this current is in the same branch of the circuit as
the dependent current source and these two currents flow in the same
direction. Therefore, the current 7, is the same as the current of the
dependent source:
iy = av, = (0.6)(—25) = —15A
Using the passive sign convention,
ps = —(i,)(25V) = —(—=15A)(25V) = 375 W.

Thus the voltage source dissipates 375 W.
AP 2.3

NGRS

[a] The resistor and the voltage source are in parallel and the resistor voltage
and the voltage source have the same polarities. Therefore these two
voltages are the same:

VR = vy = 1kV
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Problems 2-3

Note from the circuit that the current through the resistor is i, = 5 mA.
Use Ohm’s law to calculate the value of the resistor:
1kV

R="1 = — = = 200kO

ig  OHmA
Using the passive sign convention to calculate the power in the resistor,
pr = (vRr)(ig) = (LkV)(AbmA) =5W
The resistor is dissipating 5 W of power.

[b] Note from part (a) the vg = vy and ig = i,. The power delivered by the
source is thus

Psource _3 W
— " =40V
lg 75 mA

Psource = _Ug'ég S0 Vg = —
Since we now have the value of both the voltage and the current for the
resistor, we can use Ohm'’s law to calculate the resistor value:
Vg 40V
= —==_——=>533.33Q
ig  TO5mA

The power absorbed by the resistor must equal the power generated by
the source. Thus,

PR = —Psource = _(_3 W) =3W

c] Again, note the ig = i,. The power dissipated by the resistor can be
g
determined from the resistor’s current:

pr = R(ir)* = R(iy)
Solving for 74,
2_Pr_ 480 mW
9 R 300€2
Then, since v = v,

vr = Rigp = Ri; = (300Q)(40mA) =12V so v, =12V

= 0.0016 SO ig = v/0.0016 = 0.04 A = 40mA

AP 2.4

la] Note from the circuit that the current through the conductance G is i,
flowing from top to bottom, because the current source and the
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2-4 CHAPTER 2. Circuit Elements

conductance are in the same branch of the circuit so must have the same
current. The voltage drop across the current source is vy, positive at the
top, because the current source and the conductance are also in parallel
so must have the same voltage. From a version of Ohm’s law,

ig  0.5A

_l 290 v
Y= G T 50mS

Now that we know the voltage drop across the current source, we can
find the power delivered by this source:

Psource = —Vglg = —(10)(0.5) = =5W
Thus the current source delivers 5 W to the circuit.
[b] We can find the value of the conductance using the power, and the value

of the current using Ohm’s law and the conductance value:

D 9
pg:Gvg SO G:U—g:1—5220.048240m8
9

ig = Gv, = (40mS)(15V) = 0.6 A

[c] We can find the voltage from the power and the conductance, and then
use the voltage value in Ohm’s law to find the current:

2 2 Py 8W
py = G, SO v =o = 20015

Thus vy = 1/40,000 = 200 V

iy = Guy = (200 4S)(200 V) = 0.04 A = 40 mA

= 40,000

AP 2.5 [a] Redraw the circuit with all of the voltages and currents labeled for every
circuit element.

30 iz
+Wh =

Yy — .

2 Li,
+

24V v, 270

[ -

Is A -
200 —>1

Write a KVL equation clockwise around the circuit, starting below the
voltage source:

—24V—|—'Ug—|—’U5—’Ul:0

Next, use Ohm’s law to calculate the three unknown voltages from the
three currents:

Vg = 3’é2; Vs = 7’é5; v = 2’&1
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Problems 2-5

A KCL equation at the upper right node gives is = i5; a KCL equation at
the bottom right node gives i5 = —i;; a KCL equation at the upper left
node gives i = —iy. Now replace the currents 7; and 75 in the Ohm’s law
equations with #5:

Vg = 3’&2 = 3’é5; Vs = 7’é5; V1 = 2’&1 = —2’é5

Now substitute these expressions for the three voltages into the first
equation:

924 = vy + v5 — vy = 3i5 + Tis — (—2i5) = 12is5
Therefore i5 =24/12 =2 A

[b] v1 =—2i5 = —-2(2) = -4V

[c] v = 3i5s =3(2) =6V

[d] vs =Ti5s =7(2) =14V

[e] A KCL equation at the lower left node gives is = iy. Since i; = —i5,
is = —2A. We can now compute the power associated with the voltage
source:

pos = (24)is = (24)(—2) = —48 W
Therefore 24 V source is delivering 48 W.

AP 2.6 Redraw the circuit labeling all voltages and currents:

i R
_IP .
v - + 240 + g0
200 120 Wy
- iiz - i i3

We can find the value of the unknown resistor if we can find the value of its
voltage and its current. To start, write a KVL equation clockwise around the
right loop, starting below the 24 () resistor:

—120V—|—’U3 =0

Use Ohm’s law to calculate the voltage across the 8 €2 resistor in terms of its
current:

Vg = 8’&3
Substitute the expression for vs into the first equation:

120
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2-6 CHAPTER 2. Circuit Elements

Also use Ohm'’s law to calculate the value of the current through the 242

resistor:

120V
= — = A
L= =0

Now write a KCL equation at the top middle node, summing the currents
leaving:

—t1+i2+13=0 SO i1 =1ds+i3=5+15=20A

Write a KVL equation clockwise around the left loop, starting below the
voltage source:

=200V 4+ v +120V =0 SO v = 200 — 120 =80V

Now that we know the values of both the voltage and the current for the
unknown resistor, we can use Ohm’s law to calculate the resistance:

11 20

AP 2.7 [a] Plotting a graph of v; versus i; gives

v, V)
25 -

20 W, =25 - 100
194
104
g4

i A)
T T T
01 02 03

Note that when #; = 0, v, = 25 V; therefore the voltage source must be 25
V. Since the plot is a straight line, its slope can be used to calculate the
value of resistance:

Av 25 -0 25
=— = = =100€2
Ai 025—-0 0.25
A circuit model having the same v — i characteristic is a 25 V source in
series with a 10012 resistor, as shown below:

100 @
—e 'y

+

5 ¥,
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Problems 2-7

[b] Draw the circuit model from part (a) and attach a 25 resistor:
100 @

—

28

To find the power delivered to the 252 resistor we must calculate the
current through the 25 resistor. Do this by first using KCL to recognize
that the current in each of the components is i;, flowing in a clockwise
direction. Write a KVL equation in the clockwise direction, starting
below the voltage source, and using Ohm’s law to express the voltage
drop across the resistors in the direction of the current i; flowing through
the resistors:

25

=—=02A
125 0

—25V + 100z + 25¢; = 0 SO 1252 = 25 SO 1t

Thus, the power delivered to the 252 resistor is
pas = (25)i; = (25)(0.2)> = 1W.

AP 2.8 [a] From the graph in Assessment Problem 2.7(a), we see that when v, = 0,
7y = 0.25 A. Therefore the current source must be 0.25 A. Since the plot
is a straight line, its slope can be used to calculate the value of resistance:

Av_ 25-0 _ 25 _

T Ai 025-0 025
A circuit model having the same v — i characteristic is a 0.25 A current
source in parallel with a 100€2 resistor, as shown below:

— g
e F
025 A v,

[b] Draw the circuit model from part (a) and attach a 25 resistor:

i It-
e T _bsg
0.25 A (‘D ¥,

Note that by writing a KVL equation around the right loop we see that
the voltage drop across both resistors is v;. Write a KCL equation at the
top center node, summing the currents leaving the node. Use Ohm’s law
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2-8 CHAPTER 2. Circuit Elements

to specify the currents through the resistors in terms of the voltage drop
across the resistors and the value of the resistors.

v v
—0.25+ﬁ+%:0, so By, =25 thus =5V
2
Uy
=L =1W.
P25 = o W

AP 2.9 First note that we know the current through all elements in the circuit except
the 6 k2 resistor (the current in the three elements to the left of the 6 k{2
resistor is 71; the current in the three elements to the right of the 6 k{2 resistor
is 30i1). To find the current in the 6 k€2 resistor, write a KCL equation at the
top node:

11 + 3011 = t6x = 314

We can then use Ohm'’s law to find the voltages across each resistor in terms
of i1. The results are shown in the figure below:

+ 54,000i, — Ly— 54,000 +
54k Q) o 1.8k Q2
A .. — i
i, —i, 304, 30i<—
+
sV 186,900i1§ 6k gV

L

13t 30

[a] To find iy, write a KVL equation around the left-hand loop, summing
voltages in a clockwise direction starting below the 5V source:

—5V +54,0004; — 1V + 186,000¢; = 0

Solving for i1

54,000¢; + 186,000, =6V SO 240,0004; =6V
Thus,

= = 25 uA

T 940000 “OF

[b] Now that we have the value of i1, we can calculate the voltage for each
component except the dependent source. Then we can write a KVL
equation for the right-hand loop to find the voltage v of the dependent
source. Sum the voltages in the clockwise direction, starting to the left of

the dependent source:

+v — 54,000i; 4+ 8V — 186,000i; = 0
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Problems 2-9

Thus,
v = 240,000i; — 8V = 240,000(25 x 107%) =8V =6V —8V = -2V

We now know the values of voltage and current for every circuit element.
Let’s construct a power table:

Element | Current | Voltage | Power Power
(nA) (V) Equation | (uW)

5V 25 5| p=—w —125

54 k() 25 1.35 | p= Ri* 33.75
1V 25 1| p=-wm —25

6 k2 775 4.65 | p= Ri* | 3603.75
Dep. source 750 -2 p=—vi 1500
1.8k2 750 1.35 | p= Ri* 1012.5
8V 750 8| p=—w —6000

[c] The total power generated in the circuit is the sum of the negative power
values in the power table:

—125 uW + =25 uW + —6000 W = —6150 uW
Thus, the total power generated in the circuit is 6150 pW.

[d] The total power absorbed in the circuit is the sum of the positive power
values in the power table:

33.75 uW + 3603.75 uW + 1500 pW + 1012.5 uW = 6150 uW
Thus, the total power absorbed in the circuit is 6150 pW'.
AP 2.10 Given that i, = 2A, we know the current in the dependent source is

2iy = 4 A. We can write a KCL equation at the left node to find the current in
the 10 Q2 resistor. Summing the currents leaving the node,

—5A—|—2A—|—4A—|—21(]Q:0 SO ’ilOQ:5A—2A—4A:—1A

Thus, the current in the 102 resistor is 1 A, flowing right to left, as seen in
the circuit below.
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2-10 CHAPTER 2. Circuit Elements

+ 1A +—
a A Ve i%SDQ i V.

[a] To find vy, write a KVL equation, summing the voltages counter-clockwise
around the lower right loop. Start below the voltage source.

—vs+ (1A)(10Q) + (2A)(30Q) =0 SO vs=10V+60V =70V

[b] The current in the voltage source can be found by writing a KCL equation
at the right-hand node. Sum the currents leaving the node

—4A+1A+14,=0 SO iw=4A—-1A=3A

The current in the voltage source is 3 A, flowing top to bottom. The
power associated with this source is

p=vi=(70V)(3A) =210 W
Thus, 210 W are absorbed by the voltage source.

[c] The voltage drop across the independent current source can be found by
writing a KVL equation around the left loop in a clockwise direction:

—v54 + (2A)(30Q) =0 SO vs4 =60V

The power associated with this source is
p=—v541=—(60V)(5A) = =300 W

This source thus delivers 300 W of power to the circuit.

[d] The voltage across the controlled current source can be found by writing a
KVL equation around the upper right loop in a clockwise direction:

+vg4 + (1092)(1A) =0 SO vga = —10V
The power associated with this source is
p=uv4at = (—10V)(4A) = —40W
This source thus delivers 40 W of power to the circuit.
[e] The total power dissipated by the resistors is given by
(1302)%(30 Q) + (i100)*(102) = (2)%(3092) + (1)*(10Q) = 120 + 10 = 130 W
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Problems 2-11

Problems

P 2.1 [a] Yes, independent voltage sources can carry the 5 A current required by the
connection; independent current source can support any voltage required
by the connection, in this case 5 V, positive at the bottom.

[b] 20 V source: absorbing
15 V source: developing (delivering)

5 A source:  developing (delivering)

[c] Pyov = (20)(5) =100 W (abs)
Psy = —(15)(5) = =75 W (dev/del)
Py = —(5)(5)=-25W (dev/del)
> Pips =Y Pia =100 W

[d] The interconnection is valid, but in this circuit the voltage drop across the
5 A current source is 35 V, positive at the top; 20 V source is developing
(delivering), the 15 V source is developing (delivering), and the 5 A
source is absorbing:

Pyy = —(20)(5) = —100 W (dev/del)
Psy = —(15)(5) = =75 W (dev/del)
Psa = (35)(5) =175 W (abs)

ZPabs = ZPdol =17'W

P 2.2 The interconnect is valid since the voltage sources can all carry 5 A of current
supplied by the current source, and the current source can carry the voltage
drop required by the interconnection. Note that the branch containing the 10
V, 40 V, and 5 A sources must have the same voltage drop as the branch
containing the 50 V source, so the 5 A current source must have a voltage
drop of 20 V, positive at the right. The voltages and currents are summarize
in the circuit below:

10V

D

50V 40V

ta
e

0
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2-12 CHAPTER 2. Circuit Elements

Pov = (50)(5) =250 W (abs)
Py = (10)(5) =50 W (abs)
Pov = —(40)(5) = —200 W (dev)
Py = —(20)(5) = —100 W (dev)

S Piey = 300 W

P 2.3  The interconnection is valid. The 10 A current source has a voltage drop of
100 V, positive at the top, because the 100 V source supplies its voltage drop
across a pair of terminals shared by the 10 A current source. The right hand
branch of the circuit must also have a voltage drop of 100 V from the left
terminal of the 40 V source to the bottom terminal of the 5 A current source,
because this branch shares the same terminals as the 100 V source. This
means that the voltage drop across the 5 A current source is 140 V, positive at
the top. Also, the two voltage sources can carry the current required of the
interconnection. This is summarized in the figure below:

40V

104 @)1}0\] C—DIOOV 5A C@ IIOV

From the values of voltage and current in the figure, the power supplied by the
current sources is calculated as follows:

Pioa = —(100)(10) = —1000 W (1000 W supplied)

Py = —(140)(5) = =700 W (700 W supplied)
S Piey = 1700 W

P 2.4  The interconnection is not valid. Note that the 3 A and 4 A sources are both
connected in the same branch of the circuit. A valid interconnection would
require these two current sources to supply the same current in the same
direction, which they do not.

P 2.5  The interconnection is valid, since the voltage sources can carry the currents
supplied by the 2 A and 3 A current sources, and the current sources can
carry whatever voltage drop from the top node to the bottom node is required
by the interconnection. In particular, note the the voltage drop between the
top and bottom nodes in the right hand branch must be the same as the
voltage drop between the top and bottom nodes in the left hand branch. In
particular, this means that

—’U1—|—8V:12V—|—’U2
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Problems 2-13

Hence any combination of vy and v, such that v; + v = —4V is a valid
solution.

P 2.6 [a] Because both current sources are in the same branch of the circuit, their

values must be the same. Therefore,
;’—6 —04 — u=04(50)=20V

[b] p=1v1(0.4) = (20)(0.4) =8 W (absorbed)

P 2.7  [a] The voltage drop from the top node to the bottom node in this circuit
must be the same for every path from the top to the bottom. Therefore,
the voltages of the two voltage sources are equal:

—az’A =6

Also, the current ia is in the same branch as the 15 mA current source,
but in the opposite direction, so

in = —0.015
Substituting,
6
—a(=0.015) =6 — a=——=400
0.015

The interconnection is valid if o = 400 V/A.

[b] The voltage across the current source must equal the voltage across the 6
V source, since both are connected between the top and bottom nodes.
Using the passive sign convention,

p=wvi=(6)(0.015) = 0.09 = 90 mW
[c] Since the power is positive, the current source is absorbing power.
P 2.8 [a] Yes, each of the voltage sources can carry the current required by the

interconnection, and each of the current sources can carry the voltage
drop required by the interconnection. (Note that i; = 50 mA.)

[b] No, because the voltage drop between the top terminal and the bottom
terminal cannot be determined. For example, define v, v, and vs as

shown:
e
+
100 mA v, 0V
- +
V2 3i1 +
20V - Y 50 mA
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2-14 CHAPTER 2. Circuit Elements

The voltage drop across the left branch, the center branch, and the right
branch must be the same, since these branches are connected at the same
two terminals. This requires that

U1—20:U2:U3+30

But this equation has three unknown voltages, so the individual voltages
cannot be determined, and thus the power of the sources cannot be
determined.

P 2.9  The interconnection is invalid. In the middle branch, the value of the current
i must be 50 mA | since the 50 mA current source supplies current in this
branch in the same direction as the current i,. Therefore, the voltage supplied
by the dependent voltage source in the right hand branch is 1800(0.05) = 90
V. This gives a voltage drop from the top terminal to the bottom terminal in
the right hand branch of 90 + 60 = 150 V. But the voltage drop between these
same terminals in the left hand branch is 30 V, due to the voltage source in
that branch. Therefore, the interconnection is invalid.

P 2.10
9A v +
N 5V{ 10w,
20V A 6A

First, 10v, =5 V, so v, = 0.5 V. Then recognize that each of the three
branches is connected between the same two nodes, so each of these branches
must have the same voltage drop. The voltage drop across the middle branch
is 5 V, and since v, = 0.5 V, v, = 0.5 — 5 = —4.5 V. Also, the voltage drop
across the left branch is 5 V, so 20 + vgpa =5 V, and vgy = —15 V, where vga
is positive at the top. Note that the current through the 20 V source must be
9 A, flowing from top to bottom, and the current through the v, is 6 A flowing
from top to bottom. Let’s find the power associated with the left and middle

branches:
poa = (9)(—15) = =135 W
Paov = ( )(2 ) = 180 W

pvg ( )( 4 ) - 27W

pea = (6)(0.5) =3 W

Since there is only one component left, we can find the total power:
Protal = —135 + 180 + 27 + 3 + pas = 75 + pas = 0

SO pgs must equal —75 W.

Therefore,

Zpdov - Zpabs =210W
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Problems 2-15

P 2.11 [a] Using the passive sign convention and Ohm’s law,
v = Ri = (3000)(0.015) =45V

v’ 457

R~ 3000

[c] Using the passive sign convention with the current direction reversed,

v = —Ri = —(3000)(0.015) = —45 V

[b] Py = — 0.675 = 675 mW

v? =452
P = — =
R™R ™ 3000

= 0.675 = 675 mW

P 2.12 [a] Using the passive sign convention and Ohm’s law,

v 40
——=———=-0.016 = —-16 mA
R~ 2500 "
b] Pr = Ri* = (2500)(—0.016)* = 0.64 = 640 mW
[
[c] Using the passive sign convention with the voltage polarity reversed,

) 40
= —=——=0.016=1 A
7 I 5500 0.016 6 m

Pr = Ri* = (2500)(0.016)* = 0.64 = 640 mW

7 =

P 213 [a]
Rhh
¥bb
[b] Vi = no-load voltage of battery
Ry, = internal resistance of battery
R, = resistance of wire between battery and switch
R, = resistance of wire between switch and lamp A
R, = resistance of lamp A
Ry, = resistance of lamp B
R, = resistance of wire between lamp A and lamp B
R,1 = resistance of frame between battery and lamp A
Ry, = resistance of frame between lamp A and lamp B
S = switch
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2-16 CHAPTER 2. Circuit Elements

P 2.14 Since we know the device is a resistor, we can use Ohm'’s law to calculate the
resistance. From Fig. P2.14(a),

) )
v=Ri SO R=-
7

Using the values in the table of Fig. P2.14(b),

7200 —3600 3600 7200 10,800

= = 1.2kQ2
& —6 -3 3 6 9
Note that this value is found in Appendix H.

P 2.15 Since we know the device is a resistor, we can use the power equation. From
Fig. P2.15(a),

Using the values in the table of Fig. P2.13(b)
(=8 _ (=9 _ (@2 (8)”

T 640 x 103 160 x 10-3 160 x 103 _ 640 x 10-3

12* _ _ (16)°

1440 x 10—3 2560 x 103 00

Note that this value is found in Appendix H.

P 2.16 The resistor value is the ratio of the power to the square of the current:
R= % Using the values for power and current in Fig. P2.16(b),
7

8.25 x 1073 33 x 1073 7425 X 1073 132 % 1073

(0.5x 1073)2 ~ (1x1073)2  (1.5x 1073)2 (2 x 1073)2

©206.25 x 107 297 x 107% 23 kO
(25 x1073)2 0 (3x1073)2

Note that this is a value from Appendix H.
P 2.17 Label the unknown resistor currents and voltages:

2

TR
_|_
zomAG> Yo 2 5kQ 5V
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Problems 2-17

[a] KCL at the top node: 0.02 = iy + io
KVL around the right loop: —Vo+v3—5=0
Use Ohm’s law to write the resistor voltages in the previous equation in
terms of the resistor currents:

—50007; + 200022 — 5 =10 — —50007; 4+ 200022 = 5

Multiply the KCL equation by —2000 and add it to the KVL equation to
eliminate 75:

—2000(4; + i2) + (—5000i; + 2000i3) = —2000(0.02) +5 —  —7000i; = —35

Solving,

—35
21 7000 0.0060=5m

Therefore,
v, = Ri; = (5000)(0.005) = 25 V
[b] paoma = —(0.02)v, = —(0.02)(25) = —0.5 W
iy = 0.02 —i; = 0.02 — 0.005 = 0.015 A
psv = —(5)iz = —(5)(0.015) = —0.075 W
psk = 5000i? = 5000(0.005)* = 0.125 W
pax = 2000i3 = 2000(0.015)* = 0.45 W
Dtotal = P20mA + Psv + Psk + pox = —0.5 — 0.075 + 0.125 4 0.45 =0

Thus the power in the circuit balances.

P 218 |[a
=
— n
50\/6)9 l ne , =ZE0a
i _
201, = &0, lg = 1 + i, = dip
i, = 4y
50 = 4ig + 80ip = 207, + 80z, = 1002
iy, = 0.5 A, therefore, i, =2 A and 1i,=25A
[b] i, =0.5A

[c] vy =80, =40 V
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2-18 CHAPTER 2. Circuit Elements

[d] pio = i2(4) =6.25(4) =25 W
Dooq = zg(QO) = (4)(20) =80 W
pson = i2(80) = 0.25(80) = 20 W

[e] psov (delivered) = 50iy, = 125 W
Check:

ZPdis =254+80+20=125W
Z P = 125W
P 2.19
1500
. —
+ + $i1 vy, - +
psal N v =21000 v T2 0500

[a] Write a KCL equation at the top node:
—154+114+1=0 SO i1 +1o=1.5
Write a KVL equation around the right loop:
—vi1+v4+v3=0
From Ohm’s law,
vy = 1004y, vy = 15045, vz = 2500
Substituting,
—100¢; + 150i5 + 250i5 = 0 SO — 10077 4 40022 = 0
Solving the two equations for 7; and iy simultaneously,
i1 =12A and i = 0.3A

[b] Write a KVL equation clockwise around the left loop:
—Vo+v1 =0 but vy = 1007; = 100(1.2) =120V
So v, = v = 120V

[c] Calculate power using p = vi for the source and p = Ri? for the resistors:
Psource = —o(1.5) = —(120)(1.5) = —180 W
prooe = 1.2%(100) = 144 W
pisoe = 0.3%(150) = 13.5 W
Pasoa = 0.3%(250) = 22.5 W
Y Piaey =180W > Py =144+ 135+ 225 = 180 W
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Problems 2-19

P 2.20 Label the unknown resistor voltages and currents:

0.05A mwg h, 2000

AT +’v{\,_+ ¢

e G) V1 <2500 3.5V§ 175 Q

35 ,
[a] in = 17 = 0.02A (Ohm’s law)

iy =i, =002A (KCL)

[b] v, =200¢; = 200(0.02) =4V (Ohm’s law)

—v14+v,+35=0 so wv;=35+v,=35+4=75V (KVL)
[c] va =0.05(50) =2.5V (Ohm’s law)

—Ug+Va+v1 =0 S0 Vg=v,+v;=25+75=10V (KVL)
[d] py = v,(0.05) = 10(0.05) = 0.5 W

P 2.21 [a] Use KVL for the right loop to calculate the voltage drop across the
right-hand branch v,. This is also the voltage drop across the middle
branch, so once v, is known, use Ohm’s law to calculate 7,:

v, = 1000i, + 4000, + 30007, = 8000i, = 8000(0.002) = 16 V
16 = 2000z,
16
lpb, = —— =8mA
2000

[b] KCL at the top node: iy = iy + i, = 0.002 + 0.008 = 0.010 A = 10 mA.

[c] The voltage drop across the source is vy, seen by writing a KVL equation
for the left loop. Thus,
Pg = —Volg = —(16)(0.01) = —0.160 W = —160 mW.
Thus the source delivers 160 mW.

P 222 [a]

vy = 150 — 50(1) = 100V
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2-20 CHAPTER 2. Circuit Elements

=2 _ya
25

G5 +1=1y, i3=4—1=3A

i

01 = 10i5 + 25i5 = 10(3) + 25(4) = 130V

AR O
65 65

Note also that
ig=i+is=2+3=5A

ig=i14io=5+1=06A

b pi = 5°(4) =100 W
psoo = 1%(50) =50 W
pesa = 22(65) =260 W
pon = 32(10) =90 W
psa = 4%(25) =400 W

[c] 3" Pus = 100 + 50 + 260 + 90 + 400 = 900 W
Piey = 150i, = 150(6) = 900 W

P 2.23 Label all unknown resistor voltages and currents:

+ e —
e lfe e
Ty - ¢ + v — Va;
T (Y1lomA +
OV VI25kQ v, < 500 Q

Ohms’ law for 5 k€ resistor: v; = (0.01)(5000) = 50 V

KVL for lower left loop: —80+v3+50=0 — v5=80-50=30V
Ohm’s law for 1.5 k{2 resistor: i = v2/1500 = 30/1500 = 20 mA

KCL at center node:

1o =13+ 0.0l — i3=1iy—0.01 =0.02—-0.01 =0.01 =10 mA

Ohm’s law for 3 k€2 resistor vz = 3000i3 = 3000(0.01) =30 V

KVL for lower right loop:

—vit+uvs+uvy=0 — wy=v;—v3=50—-30=20V
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Problems 2-21

Ohm’s law for 500 €2 resistor: iy = v4/500 = 20/500 = 0.04 = 40 mA
KCL for right node:

is+ip = i4 — i =iq—iz=0.04—0.01 =0.03 =30 mA

KVL for outer loop:

—80+vg+vy=0 — wvg=80—v,=80—-20=60V

Therefore,
VR 60
R=—=—=2000 =2k
g 0.03
P 224 [a]

47

502
T % —

i +
g
Yam ROy, 100

T IRl
240v<j) = AMA—
+ — lu
100
LA lic Vp 1402
A
60

ve = (5+10)(4) =60V
—240 4+ v, + v, =0 SO vp = 240 — v, = 240 — 60 = 180V
e =y/(14 4 6) = 180/20 = 9 A
lg=1.—4=9—4=5A
Ve = diq + vy = 4(5) + 180 = 200V
i = v,/10 = 200/10 = 20 A
vg = 240 — v, = 240 — 200 =40V
la =1q+i.=5+20=25A
R =uvg/i, =40/25 = 1.6

[b] iy =iq+4=25+4=29 A
Py (supplied) = (240)(29) = 6960 W

P 225 [a]

502

125% Cﬁ) i A

C

1502
02 1662 =

id = 80/16 =5 A
Ve =125 -80 =145 50 in =45/15 =3A
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2-22 CHAPTER 2. Circuit Elements

Tac Fibe = Tcd SO ipe=DH—3=2A
Vab = 19%3¢ — Dipe = 15(3) —5(2) =35V S0 iy, = 35/7 =5A
Tod = Tab — Ipe = D — 2 =3 A

Calculate the power dissipated by the resistors using the equation
PR = RZ%

pra=(71)(5)*=175W  pson = (30)(3)> =270 W
pisa = (15)(3)> =135 W pigq = (16)(5)* = 400 W
psa = (5)(2)* = 20 W

[b] Calculate the current through the voltage source:
fad = —lab — fac = —5 — 3= —8A

Now that we have both the voltage and the current for the source, we can
calculate the power supplied by the source:

pg = 125(—8) = —1000 W thus pg (supplied) = 1000 W

[c] > Pais = 175 + 270 + 135 4 400 + 20 = 1000 W
Therefore,

ZPsupp:ZPdis

P 226 [a]

+ + \]/il
+
100v (D) v, VgDis v 240
a7 - -
— My ity
1502 160

vy =100+ 4(15) = 160V: vy =160 — (9 + 11 + 10)(2) = 100V

__w 1w
4416 20

Vg =11 + 30i5 = 100 + 30(3) = 190V

’il :5A, i3:i1—2:5—2:3A

Qg = —is—ig=—6—3=—9A
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Problems 2-23

[b] Calculate power using the formula p = Ri?%:

poa = (9)(2)* =36 W; pra = (11)(2)? = 4W

proa = (10)(2)* = 40 W, psa = (5)(6)* = 180 W

Paoe = (30)(3)* = 270 W; pao = (4)(5)* = 100W

pisa = (16)(5)% = 400 W; pisa = (15)(4)* = 240 W
[c] vy =190V

[d] Sum the power dissipated by the resistors:
> Paiss = 36 + 44 + 40 4 180 + 270 + 100 + 400 + 240 = 1310 W
The power associated with the sources is
Pyolt—source = (100)(4) = 400 W
Peurr—source = Vgl = (190)(—9) = —1710 W

Thus the total power dissipated is 1310 + 400 = 1710 W and the total
power developed is 1710 W, so the power balances.

P 2.27 [a] Start by calculating the voltage drops due to the currents i; and i5. Then
use KVL to calculate the voltage drop across and 352 resistor, and
Ohm’s law to find the current in the 35 resistor. Finally, KCL at each
of the middle three nodes yields the currents in the two sources and the
current in the middle 22 resistor. These calculations are summarized in
the figure below:

147
245V

147w
Piartop) = —(147)(28) = —4116 W
P147(bottom) = _(147) (21) = —3087 W

Therefore the top source supplies 4116 W of power and the bottom
source supplies 3087 W of power.

[b]
D Fas = (28)2(1) + (7)*(2) + (21)%(1) + (21)*(5) + (14)*(10) + (7)*(35)
= T84+ 98 + 441 + 2205 + 1960 + 1715 = 7203 W
S Pup = 4116 + 3087 = 7203 W

Therefore, ZPdiS = ZPsup = 7203 W
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P 2.28 [a] Plot the v — ¢ characteristic

140 -
120 -
100 -
SR
£ 60 -
40 4
20 4
L(A)
o T T T T 1
0 2 4 6 8 10
From the plot:
Av (130 — 50)
R=—=—""—"-—=-=8(Q
Al (10 = 0)
When i; = 0, v, = 50 V; therefore the ideal voltage source has a voltage
of 50 V.
20 i
-t
+
50V v,
[b]
tafo! i
-t
+
50y V=1
—50
When Ve = 0, Z.t = T = —625A

Note that this result can also be obtained by extrapolating the v — ¢
characteristic to vy = 0.

P 2.29 [a] Plot the v—i characteristic:

wiv)

i (A}
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Problems 2-25

From the plot:
:A_z.}: (180 — 100) _:Q
Ai (16 — 0)

When i; = 0, v, = 100 V; therefore the ideal current source must have a
current of 100/5 = 20 A

NORE

[b] We attach a 20 resistor to the device model developed in part (a):

7 t
20!—1(/]*-) 59% %QDQ

Write a KCL equation at the top node:

20+ =10

W