Chapter 2

1. In the following circuits, determine i,:

10 10 19
GAQDZQ% 3Q%¢ 4Vﬁ;2;%ﬁz %19
(a) (b)

Solution:

a) First we label the top left node as vgand combine the resistors 1€ and 3Q as
depicted in the figure:

Vq

6 A 202 403V

Next we apply KCL at top node, and we find that

Vg = Vg B
6A—E+m:>’l)a—8v,

and, using Ohm’s law at the 4€) resistor, we obtain

. Vq
= — =2A.
BTy
Alternatively we could have used current division:
o = (6A)—— — 2A
iy = — =2A.
‘ 2+4
10 Vg
4V 20240, =29
b)
Applying KCL at node v,, we obtain
O AV A T VN
—t— 4+ == = 2V.
1 + 5 + 5 0= v, A%
Alternatively using voltage division
2 2 1
va =Wz = W =2V

Finally using Ohm’s law at the 22 resistor:

va 2V

1
© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This publication is protected by Copyright and written permission should be obtained from
the publisher prior to any prohibited reproduction, storage in a retrieval system, or transmission in any form or by any means, electronic, mechanical, photocopying,
recording, or likewise. For information regarding permission(s), write to: Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ 07458.



2. In the following circuits, determine v, and the absorbed power in the elements
supporting voltage v,:

2 Q) +vz
+ Zvi)- i 3, 205t
VO gz Ome 2V
(a) (b)
Solution:

a) First we assume the directions of the two loop currents to be clockwise:

The KVL equation for the first loop can be written as
4 —2ip — (i1 —ig) = 0.
Likewise the KVL equation for the second loop is
—(ig —i1) — g — 2v, = 0.
Note that applying Ohm’s law in the 2() resistor, we can express v, as
Vg = 217.

Substituting v, = 2¢; in the second KVL equation and rearranging both KVL
equations we obtain the following set of equations

—3i1+19 = —4
—311 — 219 0.

Their solution is
8 4
il = —A, and ig = —=-A.
9 3
Consequently,
. 16
Vyp = 221 = KA

The resistor carrying voltage v, absorbs a power of

128
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b) First we assign the currents of the two loops to be equal to 3i, and i,, since
this values coincide with the current flowing out from the dependent current
source and the current flowing through the resistor in the right branch.

.
2 O v,
31,<4 20z
DD

by

Now applying KVL to the right loop we obtain,

2+ 2(3iy —iy) — 20, = O
242, = 0

iy = —1A.

Next applying Ohm’s law to the resistor in the middle branch, we have

vy = (29Q)(3iy —iy)
v, = —4V.

Finally the absorbed power for the resistor is

p = z(3iy —iy)
p = (—4V)(=2A)
p = 8W.

3. In the circuit shown next, determine v, v2, iz, and 4, using the node voltage
method. Notice that the reference node has not been marked in the circuit; there-
fore, you are free to select any one of the nodes in the circuit as the reference. The
position of the reference (which should be shown in your solution) will influence
the values obtained for v; and vy but not for i, and 4.

v1 2Q V2 2Q

* VA ’ VA
4.5 A 2Q 3iy TV
VWA
20

Solution:
We decide our reference to be in the bottom right node as depicted in the figure:
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vy 20 2] 2Q

W M
Ty iy
45 A0 20 3ia ®rv
vy W
2.0

From the KCL equation at node (v1), we obtain

U1 —v3 U1 — U2

2 2
2U1—U2—U3 = 9.

4.5

Likewise from the KCL equation at node (v3), we have

v3 | U3 — U1
—+—+4+45 = 0
2 * 2 *

(%1 —2’[)3 = 9.

Note that Ohm’s law between nodes v1 and vg yields to

V1 — U9
b=y
Now equalizing v, with the voltage from the dependent voltage source, we obtain
Vo = 3ix
3
vg = —(v1—v
2 5 (V1 —v2)
3
vy = —uv1.
2 5 U1

Now substituting ve = %vl into the first KCL equation gives
3
2211—3211—’[)3 = 9
7U1 — 5U3 = 45.

This last equation forms with the second KCL equation a set of two linear equations
with two unknowns. Their solution is

v1 =5V, and v3 = —2V.

But, since vy = %vl, then

Vg = 3V.
Finally applying Ohm’s law we obtain
. . V1 — V9 . 2V B
b= g T A
R e A A
T R T

4
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In the case of placing the ground at vsthen we obtain

v, = 7V
vg = bHV
i, = 1A
iy = —2A.

4. In the following circuit, determine the node voltages vy, vy, and vs:

Since v1 and vy are connected by only a voltage source, they makeup a “super-node”.
Then, the KCL equation at the super-node can be written as

U3 — U2 vp —v3 U1 | U2

42 2
But from the figure we notice that
vy = 4V.
Substituting vs = 4V into the KCL equation and rearranging we have
2v1 + v = 6.
Also from the “super-node” we infer that
v — U2 = 2.

Finally solving these two last equations we obtain

8

v = gv
2

Vo = gv

5}
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5. In the following circuit determine node voltages vy and vs:

v 10 » \4 10
M ¢ A

uA() 3120 30 301305 (Dgv

Solution:

supernode  (v2=0)

vi 1Q ‘ vy 6V 10
SRR o B W

M 2120 30 30 1303 ng

The KCL equation at node vican be written as:

vp | U1 — U2

— = 14
12 * 1
~ 13’[)1 — 12U2 = 168.
Also applying KCL at the super-node gives
v —v2 Vg v2—6+v2—6—(—6)
1 -3 3 1
~ 3?)1 — 8?)2 = —6.

Solving this last equation and the first KCL equation, we obtain
354

= 222y a2082V
Ui 17
291

= 2V Aa856V.
2 34

6. In the following circuits determine loop currents i; and io:

20 3Q
VWA VWA
D fn o
a)

20 10 4V
A l MA +-
4VC52A @21&19%@ 2Q
b)
Solution:

6
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a) Writing the KVL equation around loop 1 and simplifying, we have

6— 21 —4(i —is) = 0
—611 + 419 = —6.

Likewise from KVL around loop 2, we have

4(iy —ig) — 3ig + 2143 = 0
617 —Tio = 0.

Finally solving this two sets of equations, we obtain

. 7
11 = §A
5 = 2A.

b) First we assume another loop current i3 as depicted in the following figure:

20 a 4V

SR T

Next, applying KVL around loop 1, we have

4— 2 —ig—(i5—is) = 0
—2i1 + 19 — 213 = —4.

Similarly the KVL around loop 2 gives us

(i3 —ig) —4—2is = 0
—3ig +1i3 =

Now, the KCL equation at node “a” can be written as
11+ 2 =13.

Substituting i3 = i1 + 2 in the two KVL equations and rearranging, we obtain

4ip —ig = 0
and
11 — 3ig = 2.
Finally solving these two equations in two unknowns yields
2
2
T
and
, 8
19 — — —
T

7
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a) For the next circuit, obtain two independent equations in terms of loop-
currents 71 and 49 and simplify them to the form

Aii +Bis = FE
Ciy+ Diy = F,

2V 3iy

102 7 i ) ¥2207 40
b) Express the previous equations in the matrix form
A B i\ ([ F
C D io ) \F

and use matrix inversion or Cramer’s rule to solve for i1 and io.

Solution:

Applying KCL at node “a”; gives
iy =11 + 12
Now, from KVL around loop 1, we have
24 2(i1 +i2) + 41 =0,

Likewise applying KVL around loop 2, gives

3iy + 20, + 4is = 0.
Replacing i, from the KCL equation into the second KVL yields

5(i1 + i2) + 4ip = 0.
Now rearranging this last equation and the first KVL we obtain

311 + 249 = -2

and
511 + 919 = 0.

8
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b) Expressing the last two equations in matrix form and using matrix inversion,
we obtain

(35)(2) = (7)
(2) - (23)(3)
oy - L)
(n) = (')

8. By a sequence of resistor combinations and source transformations, the next circuit
shown can be simplified to its Norton (bottom left) and Thevenin (bottom right)
equivalents between nodes a and b. Show that

+% and RngR

N | .

IN =

and obtain the expression for vp.

R
AA . a
R
2R 7 2R
v
b
a R a
b b
Solution:
R
2R 1 2R
v
\/ b

parallel resistors

First we combine the two resistors in parallel:

9
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VWA
R
7 R
v
b
Afterwards we apply source transformation:
Y f— a
R
Ri
v
b
Next the two resistors in series can be combined as follows:
S
R
Ri
v
b

We now apply two source transformations, to have:

a

HOREZUN IO

b
Finally combining the two resistors and current sources in parallel, we obtain:

a

i SRR = 2R
0 Z2R||R =

b
From this figure we can infer the following values for the Thevenin and Norton
equivalents:

. 1 v 2
iN = 5 + E , Rp = gR
vr = INRp

2 1 v
vr = gR(§ + E)

9. In the following circuit it is observed that for i =0 and v =1V, if = % A, while

10
© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This publication is protected by Copyright and written permission should be obtained from
the publisher prior to any prohibited reproduction, storage in a retrieval system, or transmission in any form or by any means, electronic, mechanical, photocopying,
recording, or likewise. For information regarding permission(s), write to: Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ 07458.



forizlAand@zO,iL:%A.

g

R —

iL

9RS 2R =R,

a) Determine iz, when i =4 A and v = 2 V (you do not need R and Ry, to answer
this part; just make use of the results of Problem 8).

b) Determine the values of resistances R and Ry..

c¢) Is it possible to change the value of Ry, in order to increase the power absorbed
in Ry, when i =4 A and v = 2 V7 Explain.

Solution:

a) v =1 contributes 1%A to i,
i = 1 contributes ;A to ir
Using superposition we have

._1>< —|—1><'
zL—2 v 1 7.

Now, substituting v = 2V & i = 4A in this last equation yields

1 1
17, 2>< +4><

b) Using the result from exercise 8, we have

Where ) ’
7 )
v = gR(i + E)
and )
RT == gR

Applying KVL, we can write the following equation

v = iL(RT + RL).

11
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Substituting the expressions for vy and Rr into the KVL equation yields
2_1 w .2

Now substituting ¢t =0, v =1, if = % into this last equation, we have

2 1 1.2
§R(E) = 5(53 + Rp),
which simplifies to
2R+ 3Ry, = 4.

Similarly we substitute i =1, v =0, iy = % and obtain

2 1 1,2
38(5) = 7GR+ Ru),
or, equivalently,
—2R+ 3R =0.

The solution from this two last simplified equations gives

2
RL - gQ
R = 1Q.

c¢) Calculating the equivalent resistor:

9 9
= — = —Q
Fr=3h=3

Notice that the absorbed load power is already at it’s maximum (Rp = Rr).
Hence changing Ry, will only decrease the power absorbed.

10. In the following circuit, find the open-circuit voltage and the short-circuit current
between nodes a to b and determine the Thevenin and Norton equivalent of the
network between nodes a and b.

10 1J\/§2/‘ a
Z»—»
b
Solution:
g S T R
2V 2Zac vr
b
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Applying KCL at node vy we obtain
ie + 21, =
Iy =

That means no current flowing through the resistor, consequently no voltage drop.
Hence,
vr = 2V.

To get the Norton current we analyze the following figure.

o

KCL at v.:
ip+2i, = iy
IiN = 3.
KVL around outer loop:
2 = (Dig+ (1)iyn
i, = 2—1ipn.

Replacing i, in the KCL equation with 2 — ix we find that

in = 3(2—iy)
, 3
IN = §A

Obtaining the equivalent resistor:

vr 2V 4
IN 3/ 2A 3
Norton and Thevenin equivalent circuits:

a RTa

“ Ry vr

11. Determine the Thevenin equivalent of the following network between nodes a and
b, and then determine the available power of the network:

13
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A
+ 10 @
(% 10 2A _2U$
- b

Solution:

KCL at node v,:

KVL around outer loop:
vr = Uy + (—2v;) x (1)

vp = —Upy=-—=V.

To find Rt set the independent source to zero and add a test signal:

+ 10 ' '
U210 | > 90, ! @ 1A,

test signal

KCL at v,:

Uq

1—-2v, =—
Voltage divider:

1
Ve = 5’[)(1.

Replacing v, in the KCL equation with %va, we find that

1 1
1—2(5%) = Y%
2
Vg = g
Hence,
_ Y _2
Rr=1x=3
14
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Therefore, the available power is:

¢ AR  4x 3
1
Pa = EW

12. Determine i, in Figure 2.11b using source suppression followed by superposition.
Solution:

2Q) 30
A% VWA
NGO

First, suppressing the —2V source:

2Q) 302
VWA VW
ST D)

The KVL equations for loop 1 and 2 simplify to

391 — 1o
= —i1 + 4is.
Their solution is

20

SN
" 11
5

o = —A.
"2 11

Consequently from the KCL equation for the top node,

) ) . 15
szll—ZQZﬁA.

Next, we suppress the 5V source

20

30)
iy Wy
’ JD zl 1@¢—2\/

The KVL equations for loop 1 and 2 simplify to

311 — 19
= —i1 + 4is.

15
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Solving this equations yields

) 2
11 = ﬁA
) 6
2 = ﬁA7

and, consequently from the KCL equation for the top node, we have
4
iy =11 — iy = ——A.
T 1 2 11

Finally, according to the superposition principle, we obtain

15 4

13. In the next circuit, do the following:

a) Determine v when i5 = 0.
b) Determine v when vs = 0.

c¢) When vy =4V and iy = 2A what is the value of v and what is the available
power of the network? Hint: make use of the results of parts (a) and (b) and
the superposition method.

Solution:

a) When is =0

Since no current runs through the top branch we can infer that

v = Us.

16
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b) When vs =0

From the graph is evident that
v=(1)ig = is.
¢) Using superposition we find the Thevenin voltage,

v =v=vs+1s ==4+2=06V.

To find the equivalent resistor we suppress all the independent voltages as
depicted in this figure:

10 10
10 10
R
10
Ry 1 Ry

From the graph, we obtain

Rr =29Q.
Therefore, the available power is
R O
¢ 4Rp 4 x2
P = 4.5W.
14. Consider the following circuit:
1Q R
% VWA
+ Uy - 1Q +
Vg vLs Ry,

Av,, -

a) Determine vy, given that vs =1V, R=1kQ, Ry =0.1Q, and A = 100.

b) Find an approximate expression for vz, which is valid when R > 1Q, Ry, ~ 1,
and A > 1.

17
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Solution:

The KCL equation for node “a” can be written as

v, | vp—Ave v
R, 1 R
(4o = (A+ L), .
RL R

Also, from voltage division in the left branch, we find

R
1+ R

vy = (vs—wp)
Vs — UL

(¥ = .

Now, replacing v, in the KCL equation with “*=%L | we obtain
R

S
1+5
1 vs—wp

1
14+ — =(A+—= .

But R > 19, then }% & 1 . Therefore,

1+ —=—)vr =~ A(vs —vr)
(1+—+Av, =~ Av,.

Finally substituting A = 100, vs = 1V, and Ry, = 0.1 into this equation we

obtain 100
v = mv ~ 0.9V .

b) Previously when considering R > 1, we obtained

1
(1+R—L+A)UL%AUS.

Now considering Ry, ~ 12, we find that

N A
UL~2+AUS.

18
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But since A > 1,
V1, = Vg.

15. Determine the Thevenin resistance Rp of the network to the left of Ry, in the circuit
shown in Problem 14. What is the approximate expression for Ry if R > 1) and

A>17
Solution:
}\/\S/? \/\1/'%/\ Va :_te;t :1g_n£;1:
+ Uy - 10 | :
' 1A,
Av, : I
_____ |
-+ | =
Ry = ﬂ

Suppressing the independent source vy and connecting a 1A test signal we get the
Thevenin resistance by measuring the Voltage v,.
The KCL equation for node v,can be written as

Vg Vg — Avg
1+= = ————
"R T
1
vg = 1+ (A + E)Ux .
From voltage division in the left branch, we find
R
T al T R
vy = —a
xr - 1 + % .
Now, replacing v, in the KCL equation with 1_+”i , we have that
R
1, (—va)
Vg =14 (A+ =) —2 .

But, since R > 1 = % <1, then this equation simplifies to

v ~ 1+ A(—vg)
1
v, ~ _— .
“ 1+ A

Finally since A > 1, the equivalent resistance obtained is approximately

RT:’UCL%O.

19
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16. For (a) through (e), assume that A =3 — j3, B= —1 — j1, and C = 5e ™75

a) Let D = AB. Express D in exponential form.
b

C

d

Let E = A/B. Express E in rectangular form.

Let F = £. Express F in exponential form.

)
)
) ok
) Let G = (CD)* where * denotes complex conjugation. Express G in rectan-
gular and exponential forms.

e) Let H=(A+ C)*. Determine |H| and ZH, the magnitude and angle of H.
Solution:

a) First we write A and B in exponential form:

A = 3-—j3=3V2e771
B = —1—j1=+2%.

Then, multiplying magnitudes and adding arguments, we obtain
D = AB=3V2e 71207
D = 6e™ =—6.

b) Evaluating the division in exponential form and then converting to rectangular
form:

E = a4/B =2 2u-5-%)
2
E = 3¢79% =365 = j3.

c¢) Evaluating in exponential form:

F = gej}g“:ge_jlsﬂ.

d) Multiplying in exponential form, and then applying Euler’s identity:

G = (CD)* = (5e756e/™)*
G = (30e/57)" = 30eI57

2T

)+ sin(—)

3
1
G = 30(—§—j§):—15—j15\/§.

G = 30(cos(

20
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e) Expressing C in rectangular form gives
c = 5(cos(—g) —I—jsin(—%))
5 5v3
c = Z_— ji '
2 2
Consequently,

H = (A+Q)

H = 3426+ 20

2 2
11 6+5V3
H = — P S
7 TV
6 4 5v/3
|H| = ] (112)2 + (#)2 ~ 9.1641

6+ 5v/3

ZH = arctan( B

) ~ 53.1181°.
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