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2. (@) (b) nine branches.
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3. (a) (b) five branches; (C)| path, yes — loop, no.
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4. (a)|Five nodes;

(bj seven branches;

(Cj path, yes — loop, n0.|
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5. (a) The number of nodes remains the same —|four (4).

(b) The number of nodes is increased by one — to|five (5).

(c) 1) YES
1) NO | —does not return to starting point
iii) YES
1v) NO | —does not return to starting point
V) NO | —point B is crossed twice
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6. (a) By KCL at the bottom node: 2-3+iz-5-3=0

o [2=9A |

(b) If the left-most resistor has a value of 1 Q, then 3 V appears across the parallel
network (the ‘+’ reference terminal being the bottom node) Thus, the value of the
other resistor is given by

R:i

—(=5)

600 mQ2.
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7. (@3 A;

(by-3 A;

() 0.
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8. By KCL, we may write:
5+iy+i, =3+

(@)iy=2+iy+i,=2+2+0 =[4A

(O)iy=3+ix-5-1,
ly=-2+2-21Iy

Thus, we find that| i, = 0.

(€ S+iyti,=3+ix — S+ixtix =3+ix soix=3-5= |-2A.
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0. Focusing our attention on the bottom left node, we see that|iy = 1 A.

Focusing our attention next on the top right node, we see thatm
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10.  We obtain the current each bulb draws by dividing its power rating by the operating
voltage (115 V):

Ligow = 100/115 = 896.6 mA
Isow = 60/115 = 521.7 mA

Liow = 347.8 mA

Thus, the total current draw is|1.739 A.
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11.  |The DMM is connected in parallel with the 3 load resistors, across which develops the
voltage we wish to measure. If the DMM appears as a short, then all 5 A flows
through the DMM, and none through the resistors, resulting in a (false) reading of 0 V
for the circuit undergoing testing. If, instead, the DMM has an infinite internal
resistance, then no current is shunted away from the load resistors of the circuit, and a
true voltage reading results.
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12.  In either case, a bulb failure will adversely affect the sign.

Still, in the parallel-connected case, at least 10 (up to 11) of the other characters will
be lit, so the sign could be read and customers will know the restaurant is open for
business.
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13. @V, = 13V +iy)

Vx =5 V and given that i, = -3 A, we find that

vy=3(5)-3 =

(b)vy = 13V +1i,) = —6 = 3V, +0.5

12V

Solving, we find that vy = (-6 — 0.5)/3 =|-2.167 V

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc.

10 March 2006

Limited distribution permitted only to

teachers and educators for course preparation. If you are a student using this Manual, you are using it without permission.



Engineering Circuit Analysis, 7™ Edition

14. @) iy =vi/10 + vi/10 = 5

2v; = 50

SO

vi = 25V.

Chapter Three Solutions

By Ohm’s law, we see that iy, = V»/10

10 March 2006

also, using Ohm’s law in combination with KCL, we may write

Thus, |iy = 2.5A.

ix =V2/10+V2/10 = iy +iy = 5A

(b) From part (a), iy = 2 v;/ 10. Substituting the new value for v;, we find that

Ix

= 6/10 = 600 mA.

Since we have found that iy = 0.5 iy, |iy =300 mA.

(c

no value — this is impossible.
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15.

We begin by making use of the information given regarding the power generated by
the 5-A and the 40-V sources. The 5-A source supplies 100 W, so it must therefore
have a terminal voltage of 20 V. The 40-V source supplies 500 W, so it must therefore
provide a current Ix of 12.5 A.

(1) By KVL, —40 + (—110) + R(5)— 20 = 0

Thus, |R = 34 Q.

(2) By KVL, -Vg—(-110) +40 = 0
So  Vg= 150V

Now that we know the voltage across the unknown conductance G, we need only to
find the current flowing through it to find its value by making use of Ohm’s law.

KCL provides us with the means to find this current: The current flowing into the “+”
terminal of the —110-V source is 12.5+ 6 =18.5 A.

Then, Iy = 18.5-5

Il
[a—
et
(9]
>

By Ohm’slaw, Iy = G- Vg

So G = 13.5/150 or G=90mS
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16. @ -1+2+10i—3.5 + 101 = 0

Solving, | i = 125mA

(b) +10+1i -2+2i +2-6+i =0

Solving, we find that 4i = -4 or|i = -1 A.
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17.  Circuit I.
Starting at the bottom node and proceeding clockwise, we can write the KVL equation

+7-5-2-1())=0

=0.

Which results in

Circuit 1.

Again starting with the bottom node and proceeding in a clockwise direction, we write
the KVL equation

9+4i+4i=0 (no current flows through either the -3 V source or the 2 Q resistor)

Solving, we find that i =9/8 A =[1.125 A.
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18. | Begin by defining a clockwise current i.
-Vs+V1+V2=O SO VS=V1+V2=i(R1
and hence i = —5
R +R,
. R . R
Thus, v, =Ri=—"—v, and v,=Rji=—2—V,.
R +R, R +R,

+ Rz)
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19.

Given: (1) Vg =0 and (2) no current flows into either terminal of V.
Calculate Vot by writing two KVL equations.

Begin by defining current i; flowing right through the 100 Q resistor, and i, flowing
right through the 470 Q resistor.

-5+ 100i; +Vg=0 [1]
-5+ 100i; + 4701, + Vour =0 [2]
Making use of the fact that in this case Vg4 = 0, we find that il = 5/100 A.

Making use of the fact that no current flows into the input terminals of the op amp,
iy = i. Thus, Eq. [2] reduces to

-5+ 570(5/100) + Vou = 0 or

Vout=-23.5V (hence, the circuit is acting as a voltage amplifier.)
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20. (@) ByKVL, -2 + v, +8

sothat |vy=-6V.

0

(b) By KCL at the top left node,

in = 1+Is+Vv/4-6

or

(c) By KCL at the top right node,

lin = 23 A

Is +4vy=4 -v,/4

So

(d) The power provided by the dependent source is 8(4vy) =|-192 W.

Is =295 A.

Chapter Three Solutions
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21.

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc.
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(&) Working from left to right,
vi =60V

V, =60V

ih = 60/20 =3 A
i4=V1/4 =60/4 =15A
V3:5i2:15V

By KVL, -60 +v;+vs=0
Vs=60—-15=45V
V4=Vs =45

is=Vs/5 =45/5 =9 A
i3=is+is =15+9 =24 A
ii=ih+is =3+24 =27

Chapter Three Solutions

10 March 2006

vi=60V |i1=27A
V=60V |ipb= 3A
v3=15V |3:24A
Vs4=45V |4=15A
Vs=45V i5: 9A

(b) It is now a simple matter to compute the power absorbed by each element:

p1 | =-viii | =-(60)27) [=-1.62kW
p: | =wix | =(60)3) 180 W
p; | =vsiz | =(15)(24) = 360 W
Ps | =wiis | =(45)(15) 675 W
Ps | = Vsis =450) = 405 W

and it is a simple matter to check that these values indeed sum to zero as they should.
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22.  Refer to the labeled diagram below.
1,60 20 2.5

+
206V 9 0 Is

—

Beginning from the left, we find

Paov = -(20)(4) = -80W

Vis = 4(1.5)=6V therefore|p;s = (v1,5)2/ 1.5 =24 W.

Vig = 20—V1.5 =20—-6 = 14 V |therefore P14 = 142/ 14 =14 W.

i2 = V2/2=V1.5/1.5—V14/14=6/1.5—14/14 =3 A

Therefore v, =2(3) =6 V and |p,=6%/2=18 W.

Vs = Vig—Vy =14—6 =8V therefore | ps=8%4=16 W

i2.5 = V2,5/ 2.5 = V2/2 — V4/4 =3-2=1A

Therefore Vo5 = (2.5)(1) = 2.5 Vandso |pys=(2.5)%/2.5 =2.5W.

I,5s = -Ig, thefore Is =-1 A.

KVL allows us to write  -V4+Vys5+Vig = 0

SO VIS =V4—Vos = 8-2.5 = 5.5V and pIS =-VIS Is = 55 W.

A quick check assures us that these power quantities sum to zero.
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23.

Sketching the circuit as described,

@ +12v

Chapter Three Solutions

(a) Vi4 = 0. Vi3 = Vg3 8V
V23=-V12—V34=-12+8 = 4V
Vos4 =Va3 + V34 =-4—-8 =-12V
(b)V14:6V. Vi3= Vigt+Vsi3=6+8 =14V
V23=V13—V12=14—12 2V
Vog4 =Va3 +V34=2—28 = -6V
(C)Vig=-6 V.|Vi3= Vi4+Vs3=-6+8 = 2V

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc.

V23=V13—V12=2—12 =-10V
Vos = Vo3 +V34=-10—-8
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24. (@) By KVL, -12 + 5000Ip + Vps + 2000l = 0

Therefore, | Vps=12-7(1.5)=1.5V.

(b) By KVL, - Vg + Vgs + 20001 = 0

Therefore, | Vgs=Vs—2(2)=-1 V.
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25. Applying KVL around this series circuit,
-120 + 30ix + 40ix + 20ix + vy + 20 + 10ix = 0

where Vy is defined across the unknown element X, with the “+” reference on top.
Simplifying, we find that 100ix + v, = 100

To solve further we require specific information about the element X and its
properties.

(a) if X is a 100-Q resistor,

v, = 100iy so we find that 100 i, + 100 i, = 100.
Thus

iy =500 mA and Px=Vx ix=25W.

(b) If X is a 40-V independent voltage source such that vy =40 V, we find that

iy =(100-40)/100 = 600mA and | px=Vyix=24 W

(c) If X is a dependent voltage source such that vy = 25ix,

Ix=100/125=800 mA and | px=Vxix= 16 W.

(d) If X is a dependent voltage source so that vx = 0.8v/,
where v; = 40i,, we have
100 iy + 0.8(40ix) = 100

oriy= 100/132=757.6mA and | px=Vy ix = 0.8(40)(0.7576)* = 18.37 W.

(e) If X is a 2-A independent current source, arrow up,

100(-2) + vy = 100

so that vy =100 + 200 =300 V and | px = Vy ix =-600 W
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26.  (a) We first apply KVL:

-20 + 10i; + 90 + 40i; +2v, = 0

where v, = 10i;. Substituting,

(b) Applying KVL,

where

70+70i; =0

or ii=-1A.

-20 + 10i; + 90 + 40i; + 1.5v3

v; =-90—-10i; +20=-70-1

alternatively, we could write

Using either expression in Eq. [1], we find [i;=1 A.

(c) Applying KVL,

Solving,

i1 =-2A.

vz = 40i; + 1.5v; = -80i,

-20 + 10i; + 90 +40i, - 151; = 0

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc.
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27.  Applying KVL, we find that
-20 + 10i; +90 +40i; + 1.8v3 = 0 [1]

Also, KVL allows us to write
V3 =40i; + 1.8v3

V3 = -50i1
So that we may write Eq. [1] as

501, — 1.8(50)i; = -70
ori; =-70/-40 = 1.75 A.
Since v3 = -50i; = -87.5 V, no further information is required to determine its value.

The 90-V source is absorbing (90)(i;) = 157.5 W of power and the dependent source
is absorbing (1.8v3)(i;) =-275.6 W of power.

Therefore, none of the conditions specified in (a) to (d) can be met by this circuit.

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to
teachers and educators for course preparation. If you are a student using this Manual, you are using it without permission.



Engineering Circuit Analysis, 7™ Edition Chapter Three Solutions 10 March 2006

28.

(a) Define the charging current i as flowing clockwise in the circuit provided.
By application of KVL,

-134+0.02i+Ri+0.035i+105 =0

We know that we need a current i =4 A, so we may calculate the necessary resistance

R=[13-10.5-0.055(4)]/ 4 =570 mQ

(b) The total power delivered to the battery consists of the power absorbed by the
0.035-Q resistance (0.035i%), and the power absorbed by the 10.5-V ideal battery
(10.51). Thus, we need to solve the quadratic equation

0.035i* + 10.5i = 25
which has the solutions i =-302.4 A and i =2.362 A.

In order to determine which of these two values should be used, we must recall that
the idea is to charge the battery, implying that it is absorbing power, or that i as
defined is positive. Thus, we choose i = 2.362 A, and, making use of the expression
developed in part (a), we find that

R=[13-10.5-0.055(2.362)]/ 2.362 = 1.003 Q2

(c) To obtain a voltage of 11 V across the battery, we apply KVL:
0.0351+10.5=11 sothati=14.29 A

From part (a), this means we need

R=[13-10.5-0.055(14.29)]/ 14.29 = 119.9 mQ
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29.  Drawing the circuit described, we also define a clockwise current .

0,sn O.o5/ 0035

D Vhﬂﬂy-]':-fﬂsv

a0

%4

I

By KVL, we find that

-13+(0.02 + 0.5-0.05)i +0.0351 +10.5 =0

orthat i = (13 -10.5)/0.505 =[4.951 A

and Vpatery = 13 —(0.02+0.5)i ={10.43 V.
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30. Applying KVL about this simple loop circuit (the dependent sources are still linear
elements, by the way, as they depend only upon a sum of voltages)

~40 + (5 +25 +20)i —(2V3 +Vy) + (4V; —V5) = 0 [1]

where we have defined i to be flowing in the clockwise direction, and
Vi = 5|, Vo = 25|, and v; = 20i.

Performing the necessary substition, Eq. [1] becomes

50i - (40i + 25i) + (20i — 25i) = 40

so that i =40/-20 = -2 A

Computing the absorbed power is now a straightforward matter:

Paov = (40)(-1) = 80 W
Dso = 5j° = 20W
Daso =25i° =100 W
D200 =20i" = 80W
Pdepsrel =(2v; + Vz)(-i) = (40| + 25|) =260 W
Paepsrc | = (4v1 - )(-) = (20i - 25i)) |= -20W

and we can easily verify that these quantities indeed sum to zero as expected.
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31.  We begin by defining a clockwise current i.

(@) i =12/(40 + R) mA, with R expressed in kQ.

We want i>-25 = 2

2
or 12 25 = 2
40+ R

Rearranging, we find a quadratic expression involving R:

R?+ 80R—-200=0

which has the solutions R = -82.43 kQ and R = 2.426 kQ. Only the latter is a
physical solution, so

R =2.426 kQ.

(b) We require i - 12 = 3.6 ori=0.3 mA
From the circuit, we also see thati = 12/(15 + R + 25) mA.
Substituting the desired value for i, we find that the required value of Ris |R=0.

© IS K2
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32 ByKVL,
-12 + (1 + 2.3 + Ryire segment) i=0

The wire segment is a 3000—ft section of 28—AWG solid copper wire. Using Table
2.3, we compute its resistance as

(16.2 mQ/ft)(3000 ft) = 48.6 Q

which is certainly not negligible compared to the other resistances in the circuit!

Thus,

i = 12/(1 +2.3+48.6) =/231.2 mA
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33.  We can apply Ohm’s law to find an expression for V,:

Vo= 1000(~gm Vx)

We do not have a value for v,, but KVL will allow us to express that in terms of V,,

which we do know:

~10x107 cos 5t + (300 +50x10%) i = 0

where i is defined as flowing clockwise.
Thus, Vx =50x10°i = 50x10° (10x107 cos 5t) / (300 + 50x10°)
=9.940x10" cos 5t V

and we by substitution we find that

Vo

1000(—25%107*)( 9.940x10° cos 5t )

=| —248.5 cos 5t mV
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34. By KVL, we find that
-3+100Ip +Vp =0
Substituting Ip = 3x10 %(e">’ 71" _ 1), we find that
~3 + 300x10°%e¥>/ 217 _ 1) +vp =0

This is a transcendental equation. Using a scientific calculator or a numerical
software package such as MATLAB®, we find

Vp =|246.4 mV

Let’s assume such software-based assistance is unavailable. In that case, we need to
“guess” a value for Vp, substitute it into the right hand side of our equation, and see
how close the result is to the left hand side (in this case, zero).

GUESS RESULT

X 3 o104 — O0PS

0.5 3.308x10"

0.25 0.4001 <[ better

0.245 -0.1375

0.248 0.1732 4 1 At this point, the error is
0.246 —0.0377 getting much smaller, and

our confidence is increasing
as to the value of Vp.
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35.  Define a voltage vy, “+” reference on the right, across the dependent current source.
Note that in fact vy appears across each of the four elements. We first convert the 10
mS conductance into a 100—Q resistor, and the 40-mS conductance into a 25-Q
resistor.

(@) Applying KCL, we sum the currents flowing into the right-hand node:
5 =V /100 vy /25 +0.8ix = 0 [1]

This represents one equation in two unknowns. A second equation to introduce at this
point is

ix =Vx /25 so that Eq. [1] becomes
5 =g /100 —-vy/25+0.8 (v/25) =0

Solving for vy, we find vy = 277.8 V. It is a simple matter now to compute the power
absorbed by each element:

Psa | = -5V, = —1.389 kW
Piose | = (Vx) /100 = 7717W
Pysa | = (W' /25 = 3.087 kW
Pop | = —Vu(0.81iy) = —0.8 (v)*/25 |= —2.470 kW

A quick check assures us that the calculated values sum to zero, as they should.
(b) Again summing the currents into the right-hand node,
5 -v/100—v/25 +0.81iy, = 0 [2]
where iy = 5—Vv,/100
Thus, Eq. [2] becomes
5 —Vvx/100—vy /25 +0.8(5) —0.8(iy) /100 = 0

Solving, we find that vy x = 155.2 V and i, = 3.448 A

So that
Psa = -5V = _-776.0 W
Pioa | = (V)7 /100 |= 2409W
Pyso | = (V) /25 — 963.5W
Paep = v(0.81y) |= —428.1W

A quick check shows us that the calculated values sum to 0.3, which is reasonably
close to zero compared to the size of the terms (small roundoff errors accumulated).
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36.  Define a voltage v with the “+” reference at the top node. Applying KCL and
summing the currents flowing out of the top node,

v/5,000 + 4x107° + 3i; + v/20,000 = 0 [1]

This, unfortunately, is one equation in two unknowns, necessitating the search for a
second suitable equation. Returning to the circuit diagram, we observe that

I = 3i; + v/2,000
or I = —v/40,000 [2]
Upon substituting Eq. [2] into Eq. [1], Eq. [1] becomes,
Vv/5,000 + 4x107° — 3v/40,000 + v/20,000 = 0
Solving, we find that
v=-22.86V

and
I = 5714 pA

Since iy = ij, we find that iy =| 571.4 pA.
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37.  Define a voltage vy with its “+” reference at the center node. Applying KCL and
summing the currents into the center node,

8 — v /6 + 7 —v /12 —v /4 = 0
Solving, vy = 30 V.

It is now a straightforward matter to compute the power absorbed by each element:

Pga | = -8V = 240 W
P | = (V) /6 = 150 W
Psa | = —7 vy = 210W
Pho | = (W) /12 = I5W
Pio | = (V) /4 = 225W

and a quick check verifies that the computed quantities sum to zero, as expected.
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38. (@) Define a voltage v across the 1-kQ resistor with the “+” reference at the top node.
Applying KCL at this top node, we find that

80x107° — 30x107° = v/1000 + v/4000
Solving,
v = (50x107)(4x10°/5%x10%) = 40V

and Puo =V/4000 = |[400 mW

(b) Once again, we first define a voltage v across the 1-kQ resistor with the “+”
reference at the top node. Applying KCL at this top node, we find that

80x107° — 30x107° — 20x10° = Vv/1000
Solving,
v = 30V

and Pyoma =V-20x107° =600 mW

(c) Once again, we first define a voltage v across the 1-kQ resistor with the “+”
reference at the top node. Applying KCL at this top node, we find that

80x107> — 30x107° — 2i, = Vv/1000

where
iy, = Vv/1000
so that
80x107° — 30x107° = 2v/1000 +v/1000
and
v = 50x107° (1000)/3 = 16.67V
Thus, Paep =V-2ix = |555.8 mW

(d) We note that iy, = 60/1000 = 60 mA. KCL stipulates that (viewing currents
into and out of the top node)

80-30+1is = iy = 60
Thus, is = 10 mA

and Pgyv = 60(-10) mW = |-600 mW
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39. (@) To cancel out the effects of both the 80-mA and 30-mA sources, is must be set to

is = —50 mA.

(b) Define a current is flowing out of the “+” reference terminal of the independent
voltage source. Interpret “no power” to mean “zero power.”

Summing the currents flowing into the top node and invoking KCL, we find that
80x107 - 30x107 -vg/1x10° + is = 0
Simplifying slightly, this becomes

50 -vg+ 10%is = 0 [1]

We are seeking a value for Vg such that vs - is = 0. Clearly, setting Vs = 0 will achieve
this. From Eq. [1], we also see that setting vs = 50 V will work as well.
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40.  Define a voltage V9 across the 9-Q resistor, with the “+” reference at the top node.
(2) Summing the currents into the right-hand node and applying KCL,

5+7 =Vg/3 +Vo/9

Solving, we find that v =27 V. Since ix=Vy/9, | iy = 3 A.

(b) Again, we apply KCL, this time to the top left node:

2-vg/8+2ik—5=0

Since we know from part (a) that iy =3 A, we may calculatevs = 24 V.

(C)psa = (Vo—Vg) -5 = 15 W.
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41.  Define a voltage Vy across the 5-A source, with the “+” reference on top.
Applying KCL at the top node then yields
545v; v/ (1+2)=v/5 = 0 [1]
where v = 2[vs /(1 +2)] =2 vx/ 3.

Thus, Eq. [1] becomes
5+5Q2vx/3)=Vv/3-v/5 =0

or 75+ 50vyx—5vy—3vy= 0, which, upon solving, yields vx =-1.786 V.

The power absorbed by the 5-Q resistor is then simply (vy)*/5 = [638.0 mW.
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42.  Despite the way it may appear at first glance, this is actually a simple node-pair
circuit. Define a voltage v across the elements, with the “+” reference at the top node.

Summing the currents leaving the top node and applying KCL, we find that
2+6+3+V/5+Vv/5+Vv/5 =0

or v =-55/3 = -18.33 V. The power supplied by each source is then computed as:

P2a = -V(2) = 36.67 W
Psa = -V(6) = 110 W
Psa = -V(3) = 55W

The power absorbed by each resistor is simply v*/5 = 67.22 W for a total of 201.67 W,
which is the total power supplied by all sources. If instead we want the “power
supplied” by the resistors, we multiply by -1 to obtain|{-201.67 W Thus, the sum of
the supplied power of each circuit element is zero, as it should be.
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43.  Defining a voltage Vi across the 10-A source with the “+” reference at the top node,
KCL tells us that 10 =5 + I;, where I, is defined flowing downward through the
1-Q) resistor.

Solving, we find that I, =5 A, so that V= (1)(5)=5 V.

So, we need to solve
Vy =5 = 5(05 + Rsegment)
with Rsegment = 500 mQ.

From Table 2.3, we see that 28-AWG solid copper wire has a resistance of 65.3
mQY/ft. Thus, the total number of miles needed of the wire is

500 mQ
(65.3 mQ/ft)(5280 ft/mi)

=| 1.450 x 107 miles
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44, Since v =6 V, we know the current through the 1-Q resistor is 6 A, the current
through the 2-Q resistor is 3 A, and the current through the 5-Q resistor is 6/5

= 1.2 A, as shown below:

- BV +
‘Bl
: -
3A
ByKCL, 6 +3+12+ig =0 or is = -10.2 A.
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45.  (a) Applying KCL,1—-i-3+3 =0

SO

i=1A.

10 March 2006

(b) Looking at the left part of the circuit, we see 1 + 3 = 4 A flowing into the
unknown current source, which, by virtue of KCL, must therefore be a 4-A current
source. Thus, KCL at the node labeled with the “+” reference of the voltage v gives

4-2+7-1=0
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46. (a) We may redraw the circuit as

Then, we see thatv = (1)(1) =|1 V.

(b) We may combine all sources to the right of the 1-Q resistor into a single 7-A
current source. On the left, the two 1-A sources in series reduce to a single 1-A
source.

The new 1-A source and the 3-A source combine to yield a 4-A source in series with
the unknown current source which, by KCL, must be a 4-A current source.

At this point we have reduced the circuit to

HA 7A

+

y/s r¥in

Further simplification is possible, resulting in

m (P 1R

From which we see clearly thatv=(9)(1) =| 9 V.
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47. (a) Combine the 12-V and 2-V series connected sources to obtain anew 12 —-2=10V
source, with the “+” reference terminal at the top. The result is two 10-V sources in
parallel, which is permitted by KVL. Therefore,

i =10/1000 = 10 mA.

(b) No current flows through the 6-V source, so we may neglect it for this calculation.
The 12-V, 10-V and 3-V sources are connected in series as a result, so we replace
them with a 12 + 10 -3 = 19 V source as shown

v
()

Sn

1qv %)

Thus, |i=19/5=3.8 A.
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48.  We first combine the 10-V and 5-V sources into a single 15-V source, with the “+”
reference on top. The 2-A and 7-A current sources combine intoa 7 —2 =5 A current
source (arrow pointing down); although these two current sources may not appear to
be in parallel at first glance, they actually are.

Redrawing our circuit,

Isv <> ':' 165 16n C\l/ 54

we see that v =15 V (note that we can completely the ignore the 5-A source here,
since we have a voltage source directly across the resistor). Thus,

Pisa = V/16= | 14.06 W.

Returning to the original circuit, we see that the 2 A source is in parallel with both 16
Q resistors, so that it has a voltage of 15 V across it as well (the same goes for the 7 A
source). Thus,

Poal, =-15(22)5-30 W
Pl = -15¢-7) (105 W|

Each resistor draws 15/16 A, so the 5 V and 10 V sources each see a current of
30/16 + 5 = 6.875 A flowing through them.

Thus,
Py, =-5(6.875) 5-34.38 W

Pov .y, = -10(6.875) =[-68.75 W

which sum to -0.01 W, close enough to zero compared to the size of the terms
(roundoff error accumulated).
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49.  We can combine the voltage sources such that
25
% - . i = vs/ 14
= - 7
Y41~y v, T

2

(@vs =10+10-6-6 = 20-12=8

Therefore

I = 8/14=| 571.4 mA.

(b)vs=3+25-3-25=0 Therefore | 1 =

C©)vs=-3+15-(-0.5-0=-1V
Therefore

I =-1/14 = -71.43 mA.
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50.  We first simplify as shown, making use of the fact that we are told iy =2 A to find the
voltage across the middle and right-most 1-Q2 resistors as labeled.

0 fr LR
g -J 434

H.5v Y 3V n @\)/,q

By KVL, then, we find that |v;=2+3=5V.
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51.  We see that to determine the voltage v we will need Vi due to the presence of the
dependent current soruce. So, let’s begin with the right-hand side, where we find that

Vy= 1000(1 —=3) x 10° = 2V,

Returning to the left-hand side of the circuit, and summing currents into the top node,
we find that

(12-3.5) x10™ + 0.03 v, =Vv/10x10°

or =-515V.
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52. (&) We first label the circuit with a focus on determining the current flowing through
each voltage source:
-SA -5-¢-
) —t'.-(-;r)q ?ﬂ\ 3-12 =74
& &

1-59 J—l-b - j
20 w©  Ow " Q. Oav

Then the power absorbed by each voltage source is

Pov  =-2(-5) =10 W
Py =-(-4)(4) =16 W
Pav  =-(-9(-3) =-27TW

For the current sources,

-5A 3n
N T
2/ 2/
+ (2+4y: 6V~ = (4+3)=v

2O @ Ow @, O

124

So that the absorbed power is

Psan  =+:5)6) =-30W
Purn =-(H4) =16 W
Psa =-3)(7) =-21'W
Ppoa =-(12)(-3) =36W

A quick check assures us that these absorbed powers sum to zero as they should.

(b) We need to change the 4-V source such that the voltage across the —5-A source
drops to zero. Define V across the —5-A source such that the “+” reference terminal is
on the left. Then,

-2+ Vi — Vieeded = 0
or Vneeded =-2V.
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53.  We begin by noting several things:
(1) The bottom resistor has been shorted out;
(2) the far-right resistor is only connected by one terminal and therefore does
not affect the equivalent resistance as seen from the indicated terminals;
(3) All resistors to the right of the top left resistor have been shorted.

Thus, from the indicated terminals, we only see the single 1-kQ resistor, so that
Req=1kQ.
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54, (@) Wesee 1Q(1Q+1Q)(1Q+1Q+1Q)

=1Q(2Q3Q

= 545.5 mQ

(b) I/Reg=1+12+1/3+...+1/N

Thus,
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55. (@) 5kQ=[10kQ | 10kQ

(b) 57333 Q =[47kQ+ 10kQ + 1 kQ || 1kQ || 1kQ

(€)29.5kQ =[47kQ |47 kQ+ 10kQ || 10 kQ + 1 kQ |
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56. (a)| no simplification is possible using only source and/or resistor combination

techniques.

(b) We first simplify the circuit to

ov(’)

SQ§

Wiy
50

@ 1A

=70

and then notice that the 0-V source is shorting out one of the 5-Q resistors, so a
further simplification is possible, noting that 5 Q || 7 Q = 2.917 Q:

ta ()

§ 2917 Q
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57. Ry =1kQ+2kQ|2kQ+3kQ||3kQ+4kQ||4kQ
—1kQ+1kQ+1.5kQ+2kQ

=5.5kQ.

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to
teachers and educators for course preparation. If you are a student using this Manual, you are using it without permission.



Engineering Circuit Analysis, 7™ Edition Chapter Three Solutions 10 March 2006

58. (a) Working from right to left, we first see that we may combine several resistors as
100 2+ 100 €2 || 100 Q + 100 Q = 250 Q, yielding the following circuit:

o iy o
100 O 100 O
Req — T 00Z z = 2500
1000 100 Q
100 Q 100 O
o A A

Next, we see 100 Q + 100 Q || 250 Q + 100 Q =271.4 Q,
and subsequently 100 Q + 100 Q || 271.4 Q + 100 Q =273.1 Q,
and, finally,

Reg = 100Q2]1273.1Q2 = | 73.20 Q.

(b) First, we combine 24 Q || (50 Q +40 QQ) || 60 Q = 14.4 O, which leaves us with

oA —
10Q 50
Reg = : 1440
20 Q
Thus, Req= 10Q2+20Q || (5+144Q) = [19.85Q.

(c) First combine the 10-Q and 40-Q resistors and redraw the circuit:

15Q 10Q
St s Ay
20
gsog
8Q 200 30 Q
— Yy i, Ny

We now see we have (10 Q + 15 Q) || 50 Q = 16.67 Q. Redrawing once again,

Sy Ay
20 16.67 Q
8Q 50 Q
o—AAA, ] My

where the equivalent resistance is seen to be 2 QO+ 50 Q || 16.67 Q+ 8 Q =[22.5 Q.
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59. (@) Reg = [(40Q+20Q)[[30Q + 80Q] || 100Q + 10Q = 60Q.

(D) Reg =80 Q = [(40Q+20Q)[|30Q + R] || 100Q + 100
70Q=[(60 Q2 [|30Q) + R] || 100

1/70 = 1/20 + R) + 0.01

20+ R=2333Q therefore | R =213.3 Q.

(©OR =[40Q+20Q)[|30Q + R] || 100Q +10Q
R-10Q = [20+R]| 100
I/(R-10) = 1/(R+20) + 1/ 100
3000 = R?>+ 10R — 200

Solving, we find R =-61.79 Q or R =51.79 Q).
Clearly, the first is not a physical solution, so R=51.79 Q.
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60. (2)25Q =[100Q | 100 Q|| 100 Q|| 100 Q

(b) 60 Q =|[(100 Q|| 100 Q) + 100 Q] || 100 Q

()40 Q =[(100 Q+ 100 Q) || 100 Q || 100 Q
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6l. Ry = [5Q200) + 6Q]||130Q + 25Q =10Q
The source therefore provides a total of 1000 W and a current of 100/10 =10 A.

Pyso=(10)"-2.5 =[250 W
Via = 100 -2.5(10) = 75V
Pyoq = 75%/30 =|187.5W

Lo = 10—-V300/30 =10-75/30 = 75A

Pso = (7.5)° 6 =[337.5 W]

Vso = 75-6(7.5) =30V

Pso=30%/5 =|180 W

Vzog = ng = 30 V
Py = 30%20 =[45W

We check our results by verifying that the absorbed powers in fact add to 1000 W.
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62. To begin with, the 10-Q2 and 15-CQ) resistors are in parallel ( = 6 Q), and so are the

20-Q and 5-Q) resistors (= 4 Q).

Also, the 4-A, 1-A and 6-A current sources are in parallel, so they can be combined
into a single 4 + 6 — 1 =9 A current source as shown:

9A
@
- Vy +
14 Q 6Q
A Ay
4Q 6Q
A AMA—

Next, we note that (14 Q+6 Q) || (4 Q+6 Q) = 6.667 Q
so that

Vx = 9(6.667) =60V
and

ik = -60/10 = -6 A.
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63. (a) Working from right to left, and borrowing X || y notation from resistance
calculations to indicate the operation Xy/(X + ),
Gn ={[6]|2]3)+05] | 15|25 + 08} || 4] 5 mS
={[(1)+0.5]] 1.5]|25 + 08} ] 4] 5 mS
={1377} || 4 || 5
=0.8502 mS =1850.2 mS

(b) The 50-mS and 40-mS conductances are in series, equivalent to (50(40)/90 =
22.22 mS. The 30-mS and 25-mS conductances are also in series, equivalent to 13.64

mS. Redrawing for clarity,

2222 mS

Gy, — 100 mS §

O

Wiy

§ 13.64 mS

we see that G;, = 10+22.22+13.64
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64. The bottom four resistors between the 2-Q resistor and the 30-V source are shorted
out. The 10-Q and 40-Q resistors are in parallel (= 8 QQ), as are the 15-Q and 60-Q
(=12 Q) resistors. These combinations are in series.

Define a clockwise current I through the 1-Q resistor:

[ = (150-30)/2+8+12+3+1+2) = 4286 A

Po=1>1 =|[1837W

To compute Pjoq, consider that since the 10-Q and 40-Q resistors are in parallel, the
same voltage Vy (“+” reference on the left) appears across both resistors. The current I
=4.286 A flows into this combination. Thus, Vy = (8)(4.286) = 34.29 V and

Pioa = (Vo)*/ 10 =

117.6 W.

P30 = 0|since no current flows through that resistor.
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65. | With the meter being a short circuit and no current flowing through it, we can write
R1i1 = Rziz Rlil Rziz [1]
. . RN —_—=
Rsl3 = Rig R3i3 RiR
L . R R, R, . &,
And since i; = i3, and i, = ig, Eq [1] becomes R =F ,or R=R, R DED.
3 1
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66.  The total resistance in the series string sums to 75 Q.

The voltage dropped across the 2.2 Q) resistor is

V,,, =1022 —[93.3 mv

75
and the voltage dropped across the 47 Q resistor is

47
Vi =102 56267 mV
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67.  We first note that the 4.7 kQ and 2.2 kQ resistors can be combined into a single 1.5
kQ resistor, which is then in series with the 10 kQ2 resistor. Next we note that the 33
kQ / 47 kQ parallel combination can be replaced by a 19.39 kQ resistance, which is
in series with the remaining 33 kQ resistor.

By voltage division, then, and noting that V47, is the same voltage as that across the
19.39 kQ) resistance,

19.39

=607.0 mV
10+1.5+33+19.39

Vo =
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68. (a) The current downward through the 33 Q resistor is calculated more easily if we
first note that 134 Q || 134 Q=67 Q, and 67 Q + 33 Q=100 Q. Then,

%00

|33Q =12 =
1/ 21/ .1
%o* 10+%00

=571.4 mA

(b) The resistor flowing downward through either 134 Q resistor is simply

571.4/2 =

285.7 mA

(by current division).
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69.  We first note that 20 Q || 60 Q=15 Q, and 50 Q|| 30 2 =18.75 Q.
Then, 15Q +22 Q+18.75Q=55.75 Q.

Finally, we are left with two current sources, the series combination of 10 Q + 15 Q,
and 10 Q|| 55.75 Q =8.479 Q.

Using current division on the simplified circuit,

1

|4 = (30-8) 110“5 —22.12A

+
10+15 8.479
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70. One possible solution of many:

vs = 2(5.5) = 11V
R1 = R2 = 1kQ.
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71.  One possible solution of many:

is = 11 mA
R1:R2: 1 kQ.
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72. pisa = (Vis)*/ 15%10° A
Vis = 15x10° (-0.3 vy)

wherev; = [4(5)/(5§+2)]-2 = 5714V

Therefore vis = -25714 V and| p;s = 44.08 kW.
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73.  Replace the top 10 kQ, 4 kQ and 47 kQ resistors with 10 kQ + 4 kQ || 47 kQ) =
13.69 kQ.

Define vy across the 10 kQ resistor with its “+” reference at the top node: then

Vy =5-(10kQ | 13.69kQ) / (15kQ + 10 13.69kQ) = 1.391 V

Ik = Ve 10mA = 139.1 pA

Vis = 5—-1.391 = 3.609V and p;s = (v;5)*/ 15x10° =| 868.3 pW.
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74.  We may combine the 12-A and 5-A current sources into a single 7-A current source
with its arrow oriented upwards. The left three resistors may be replaced by a 3 +
6 || 13 =7.105 Q resistor, and the right three resistors may be replaced by a 7 + 20 || 4
=10.33 Q resistor.

By current division, iy = 7 (7.105)/(7.105 + 10.33) =|2.853 A

We must now return to the original circuit. The current into the 6 QQ, 13 Q parallel
combination is 7 — iy = 4.147 A. By current division,

iy =4.147 .13/ (13 +6) =|2.837 A

and p, = (4.147)* -3 =[51.59 W
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75. The controlling voltage v;, needed to obtain the power into the 47-kC resistor, can be
found separately as that network does not depend on the left-hand network.
The right-most 2 kQ resistor can be neglected.

By current division, then, in combination with Ohm’s law,
vi = 3000[5x107 (2000)/ (2000 + 3000 + 7000)] = 2.5V
Voltage division gives the voltage across the 47-kQQ resistor:

47 _ 05QED _ grngy

0.5v, —
47 + 10020 47+16.67

So that pska = (0.9928)* / 47x10° =|18.12 pW
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76. The temptation to write an equation such as
20+20

must be fought!

Voltage division only applies to resistors connected in series, meaning that the same
current must flow through each resistor. In this circuit, i; # 0 , so we do not have the
same current flowing through both 20 kQ resistors.
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7. @ v, =V, R, [[(R; +R,)
R, +[R, [|[(R; +R,)]
R2 (R3 +R4)/(R2 + R3 + R4)
° Rl +R2 (RB +R4)/(R2 +R3 +R4)
R, R;+R,)
*R,(R, +R; +R,)+R,(R, +R,)

Rl
R, +[R, [[(R; +R,)]
Rl
VS
R, +R, (R, +R,)/(R, +R;+R,)
R, (R, +R;+R))
*R,(R, +R,+R,)+R,(R, +R,)

. v, R,
©L = (EJ[ R2+R3+R4]

R, (R, +R, +R,)R,

(b) v, = Vg

10 March 2006

V, R,
*R,(R, +R, +R,)+R,(R, +R,)
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78. (a) With the current source open-circuited, we find that
vi = —40 >00 = -8V
500 + 3000|6000

(b) With the voltage source short-circuited, we find that

i = (3x107) 1/3000 = | 400 A
1/500 + 1/3000 + 1/6000
iy = (3><10-3) 500 = | 600 uA
500 + 3000 || 6000
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79. (a) The current through the 5-Q resistor is 10/5 =2 A. Define R as 3 || (4 +5)
=2.25 Q. The current through the 2-Q resistor then is given by
1 I

I
*1+(2+R) 5.25

The current through the 5-Q resistor is

k[ 3 ) 2 g4
525(3+9

so that Is = 42 A.

(b) Given that Is is now 50 A, the current through the 5-Q2 resistor becomes

L (3 = 2381A
525\3+9

Thus, Vy = 5(2.381) =[11.90 V

{51S ( 3 }
(© Yo o L5253%9)] [ 53g
IS IS
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80. First combine the 1 kQ and 3 kQ2 resistors to obtain 750 Q.
By current division, the current through resistor Ry is

2000
2000+ R _ +750

Ir, = 10x107°

and we know that Ry - Iz, = 9

20R,

SO = ———*
2750 + R,

9Rx +24750 = 20Rx  or Ry= 2250 W. Thus,

Pr, = 9%/ Ry = 36 mW.
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81.  DefineR = Rs3 || (R4+Rs)

Then vy, =
R+R
v R, (R, +R,)/(R,+R, +R;)
*| R, (R, +R5)/(R3+R4+R5)+R2
_v R; (R, +Ry)
*| R, (R, +R, +R,)+R (R, +R,)
Thus
RS
Vs = |55
R, +R;

_v R.R
"\ R, (Ry +R, +Ry) + R, (R, +Ry)
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82. Define Ry = 10 + 1530 =20Q and R, = 5+25 = 30 Q.

@1I=1,.15/(15+30) =|4mA

()T, = I,.45/15 =36 mA

(C) L = IR/ (Rl + Rz) andl; =Is R,/ (R] + Rz)
So 11/12 = Rz/Rl
Therefore
I, = Roly/R; =30(15)/20 = 22.5 mA

Thus, Iy, =1, 15/45 = [7.5 mA

(d) I, = IsRy/ (R; + Ry) = 60 (30)/ 50 = 36 mA

Thus, Iy =1, 15/45 = {12 mA.
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83.  Vou = -gmVx (100 kQ | 100 kQ) = -4.762x10° gm Vi

where v, = (3 sin 10t) - 15/(15 +0.3) = 2.941 sin 10t

Thus,| Vour = -56.02 sin 10t V
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84.  Vou = -1000gm Vx

where V; = 3sin 10t & = 2.679sin10t V
(15(3) + 0.3

therefore

Vou = -(2.679)(1000)(38x10) sin 10t =|-101.8 sin 10t V.
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