CHAPTER 4 - CIRCUIT THEOREMS

——

List of topics for this chapter :
Linearity Property
Principle of Superposition
Source Transformations
Thevenin's Theorem
Norton's Theorem
Maximum Power Transfer
Verifying Circuit Theorems with PSpice

-

LINEARITY PROPERTY

Linearity isthe condition in which the change in value of one quantity is directly proportiona to
that of another quantity. A linear circuit is one whose output is linearly related (or directly
proportional) to itsinput.

Problem 4.1 If al the independent sources are multiplied by avalue, K, and al the
currents and voltages of the circuit increase by the same value, then acircuit islinear. Show that

the circuit in Figure 4.1 islinear by solving for |, and V, .

M\ W\,
aov() 2 = (D
aov() 2 = (D
.

Use nodal analysisto find v, and v, .

4 | P | e-Text Main Menu | Textbook Table of Contents | Problem Solving Workbook Contents



Atnodel: Atnode?2:

v;-K10 v,-0 v,-v, vV,-v, Vv,-0
+ + =0 + =K2
10 10 5 5 5
Simplifying,
v, - K10+v, +(2)(v,-Vv,) =0 v, -V, +v, =KI10
4v, -2v, =K10 -v, +2v, =K10

The system of simultaneous equaIi ons is
-2[0v, O 0K100

Hl 2 Hiv, B Hk1oH

Ov,0 1 [2 20KI100 10K20+K200 [(40/6)K O [(20/3)K O

H, B 8—2Ht 4Hk10H & Bkio+ka40H Hsoe)k H Hes/3)k

Clearly, V, =v, -V, = (20/3)K - (25/3)K = (-5/3)K
and I, =V, /5=[(-53)KIY5) = (-¥3K

The voltage source and current source are multiples of K. The voltage V, andthe current |, are
multiples of K. Therefore, thecircuit islinear.

Problem 4.2 [4.3]
@ Inthecircuit in Figure 4.1, calculate v, and i, when v, =1V .

(b) Find v,and i, when v, =10V .
(©) What are vV, and i, when each of the 1-Q resistorsiis replaced by a 10-Q resistor

and v, =10V ?
1Q
W\
W W—
[0}
Vs () § 1Q
Figure4.1
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Firgt, transformthe Y (or T) subcircuit to its A (or IT) equival ent.

ve = = R

1V § § 1.5R

R?_3 30.3r=3R
4R 4 4 4 2

R|3R =

V, =V,/2, independent of R

and
i, =V,/R

@ When v, =1VandR=1Q,
v, =05V i,=05A
(b) When v, =10V andR=1Q,
V,=5V i,=5A

(© When v, =10V and R=10Q,
vV, =5V i,=05A

4 | P | e-Text Main Menu | Textbook Table of Contents | Problem Solving Workbook Contents



¢ ¢

PRINCIPLE OF SUPERPOSITION

The superposition principle states that the voltage across (or current through) an element in a
linear circuit isthe algebraic sum of the voltages across (or currents through) that element due to
each independent source acting alone.

Problem 4.3 Solvefor |, in Figure 4.1 using superposition.
10Q I 5Q
M\ — W\,
30V () = = (T 6A
Figure4.1

» Carefully DEFINE the problem.
Each component islabeled completely. The problemis clear.

» PRESENT everything you know about the problem.
Using the principle of superposition, we will need to find the desired current when the current
source isturned off, or set equal to zero. Thisimpliesthe replacement of the current source
with an open circuit. Let thisvaluebeegual tol,'. Wewill aso need to find the desired
current when the voltage source is turned off. Thisimplies the replacement of the voltage
source with a short circuit. Let thisvalue be equal to I,". Then, the desired current is the sum
of these two currents, i.e.,

Iy = I+ 1"

» Establish aset of ALTERNATIVE solutions and deter mine the one that promisesthe
greatest likelihood of success.
This circuit, having two independent sources, can be analyzed using nodal or mesh analysis,
as seen in Chapter 3. The problem statement requires the use of superposition. The principle
of superposition can be very useful, especially when there are several independent sources.
More work may be required to find the desired voltage or current, but the analysisis
performed using ssimpler circuits.

4 | P | e-Text Main Menu | Textbook Table of Contents | Problem Solving Workbook Contents



» ATTEMPT aproblem solution.
Setting the current source to zero, the circuit becomes

10Q

M\ — W\,
30V () § § 5Q
L
Use nodal analysistofind v, and v, .
Atnodel: Atnode?2:
v1—30+v1—0+v1—v2:O v2—v1+v2—0:0
10 10 5 5 5
Simplifying,
v,-30+v, +(2)(v,—-Vv,)=0 V,-v,+Vv,=0
4v,-2v, =30 -v,+2v, =0
2v,-v, =15
The system of simultaneous equaIi onsis
-100v, O 50
E—l 2 B, FRo A
Uv, 00 1 [2 101150 10800 [1od
Hv, Ha-1th 2HHo H 3bisH Hs B
Clearly, V,'=v,-Vv,=10-5=5volts.
and |X':V_X:§:1amp_
5 5
Setting the voltage source to zero, the circuit becomes
10Q V1 Iy 5Q Vo
M — W\,
= = (Pen
1
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Use nodal analysisto find v, and v, .

Atnodel: Atnode2:
v1—0+v1—0+v1—v2:O vV, -V

10 10 5 5 5

Simplifying,
Vi +vy+(2)(vy-v,) =0 V, =V +V, =-30
4v, -2v, =0 -v,+2v, =-30
2v,-v, =0

The system of simultaneous equati onsis
-10v, 0 00 O

Hl 2% H H30H

Lv, 1 2 1000 0O 10-300 0-100

Hv 5:4 1 2 30H 3H60H H20H

Clearlly, V., "=v,-Vv, =-10-(-20) =10volts.

and

The sum of the currents, |, and |, ", due to the two independent sources acting aloneisthe
current, |

1 Iy

of the circuit due to both sources.
[, =1 +"
I, =1+2=3amps.

» EVALUATE thesolution and check for accuracy.
Find |, using both sources and nodal analysis. The circuit is asfollows.

10Q V1 l 5Q Vo
M —\\W\
30V () § § (T 6A
L
Atnodel: Atnode?2:
v1—30+v1—0+v1—v2:0 Vz_V1+V2_O:_6
10 10 5 5 5
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Simplifying,

v, =30+v, +(2)(v, -Vv,) =0 V,—-Vv,+Vv,=-30
4v,-2v, =30 -v,+2v, =-30
2v,-v, =15

The system of simultaneous equaIi onsis
-100v, O 015 O

Hl z%v H H30H

Ov, 0 1 [2 100150 1080-300 OO0 O

H, 5 a-1Ht 2HH30H 3His-60H H1sH

Clearly, V,=v,-Vv, =0-(-15) =15valts.
vV, 15

and I, = 5 :€:3amps.

This answer is the same as the answer obtained using the principle of superposition.
Our check for accuracy was successful.

» Hasthe problem been solved SATISFACTORILY? If so, present the solution; if not,
thenreturnto“ALTERNATIVE solutions’ and continue through the process again.
This problem has been solved satisfactorily.

I, =3A
Problem 4.4 [4.11] Apply the superposition principleto find v, in thecircuit of
Figure 4.1.
6Q
M\
©
M\ M\
20V é} § 3Q
Figure4.1
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Letv,=v,+V,+V, Wherev, V,,,and vV aredueto the 20-V, 1-A, and 2-A sources,

respectively. For v, consider the circuit below.

6Q

MW

20V

MW

MW

< 50

6]1(4+2)=3Q

For v, , consider the circuit below.

< 50

6Q

MWV
MWV MA
3]6=2Q

For v ;, consider the circuit below.

6Q

MW

=

\Y

Vy = (1/2)(20) =10V

6Q

MW

(O —w—w

< 50

2
e =Brror a9 =1V

2A
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6] (4+2)=3Q Vs = (D) =-3

Thus,
v,=10+1-3=8V

Problem 4.5

along with acurrent, |, through aresistor. It cannot be assumed that these are the only
elements (resistors and dependent sources) in the circuit. Complete the following table.

A linear circuit has the following independent sources: V,, V,, and |

Circuit number V; (volts) V, (volts) Is (amps) Ir (amps)
Condition #1 10 0 0 2
Condition #2 0 5 0 -1
Condition #3 0 0 3 1
Condition #4 10 5 3

Condition #5 10 20 3

Condition #6 6

This problem is based on linearity and the principle of superposition.

From the Conditions #1, #2, and #3, we know
» |z =2 ampswhen the only contributing independent sourceis V, =10 volts.

» |z =-1 amp when the only contributing independent sourceis V, =5 valts.
» |z =1 amp when the only contributing independent sourceis | g =3 amps.

Condition #4 :

I = Q%QZM%Q&M%%D = 2—1+1=ﬁ

Condition #5 :

Q= Q%%Z)-Fg?%_l)-'-%%l) = 2+4+1:ﬂ

Condition #6 : The following are only three of an infinite set of solutions.

If only one sourceis not equal to zero

then  V,=? V,=0 15=0 I=6 o=HgH? V. =30
[V,
or Vlzg V,=7? |S:9 l, =6 6=%gg_1) V,=-30

4 | P | e-Text Main Menu | Textbook Table of Contents | Problem Solving Workbook Contents



¢ ¢

SOURCE TRANSFORMATIONS

A source transformation is the process of replacing a voltage source Vg in serieswith aresistor R
with acurrent source | 4 in parallel with aresistor R or vice versa.

Problem 4.6 Given that the following circuits are linear, prove that the two circuits are
equivalent, where Rg = Vg/ I .

Ok

Two circuits are said to be equivalent if they have the same voltage-current relationship at their
terminals. Begin by finding V, and |, in the following circuit.

S
W\

: M —*
' Vs i v
Clearly,
| :VS_VX
X RS
or
Vx:VS_RSIX
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Using KVL,
-Vg+(Rg+R)I,+V =0
or

S
W\
()
_/
<

e ] _|__
Using KCL,
VX
ls=1,+
RS
or
VX:RSIS RSIX
VS
We know that RS=|—. So,
V, =Vs-Rgl,.
Using mesh analysis,
RI, +V+R.(l, = 1)
(Re+R)I, =RgI-V
_Rglg-=V
7 R +R
VS
We know that Rg =|—. So,
| :VS—V
* Rg+R
In both circuits, V, =V -Rgl, and |, = Vs -V
Rs+R

Therefore, the two circuits are equivalent.
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Problem 4.7 [4.23] Given the circuit in Figure 4.1, use source transformation to find
i

0"

4 A
i, 4Q 2Q
MA M
12V § § 2A
Figure4.1

Transforming only the current sources leadsto Fig. (a). Continuing with source transformations
finally produces the circuit in Fig. (d).

4Q 3Q 12v 2Q 5Q 1oV

a8
WA— ) W— W

lo

12V §

(@
i, 4Q 10Q
M
12V § 22V
(b)
io 4Q
12V § § 22A

(©)
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4Q 5Q
VW

12V Q 11V

(d)

Applying KVL totheloopin Fig. (d),
-12 9ir 1& 0 [ i, =1/9=111.11mA

Problem 4.8 Using source transformations, solve for | in Figure 4.1.
20Q 8Q 15Q
MWV MWV MWV
100V = s = an
Figure4.1
I,=2A

¢

THEVENIN'STHEOREM

Thevenin's theorem states that a linear two-terminal circuit can be replaced by an equivalent
circuit consisting of avoltage source V4, in serieswith aresistor R, , where V-, isthe open-

circuit voltage at the terminals and R+, istheinput or equivalent resistance at the terminals
when the independent sources are zero. An alternative way to find R, isto find the short-
circuit current between the terminals, | ; then,

Rth
/\/\/\/ VTh = Voc
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Note that finding the equivalent resistance between the terminals using this approach isavalid
method only if there are no dependent sources. Calculating Ry, using V. and | isavalid

method with independent and dependent sources.

Finaly, if V =1, =0, then the circuit must be excited with a voltage source or a current
source at the terminals, as shown below, to find R, .

VO IO

_@_

Find | if given avoltage source V =1V. Find V, if givenacurrent source | , = 1 A.
Now, Ry, = Ul, or Rpm= VJ/1.

Problem 4.9 Solve for the Thevenin equivalent circuit as seen by the 10-Q resistor with
the current |, flowing through it in Figure 4.1.

» Carefully DEFINE the problem.
Each component islabeled completely. The problemis clear.

» PRESENT everything you know about the problem.
To find the Thevenin equivalent circuit, we need to find the open-circuit voltage (V. ) across

the terminals of the 10-Q resistor with the current |, flowing through it. We also need to
find the short-circuit current (1 .. ) through these terminals. Then,
VTh = Voc and RTh = Voc/ lsc

Because the circuit has no dependent sources, there is an aternative way to find the Thevenin
resistance. R, istheinput resistance at the terminals when the independent sources are set

equal to zero. Thismethod will not be used in the initia attempt to find asolution. Itis
better to find the short-circuit current and cal culate the Thevenin resi stance because it will
work for any circuit. However, we can find the input resistance at the terminals to check our
initial solution.

> Establish a set of ALTERNATIVE solutions and deter mine the one that promisesthe
greatest likelihood of success.
To find the open-circuit voltage, the obvious techniques are nodal analysis, mesh analysis, or
source transformations along with KVL. Because we want to find a voltage, let's eliminate
mesh analysis as apromising technique. Itisclear that noda analysis produces a set of three
equations and three unknowns. Simplifying the circuit using source transformations yields a
single loop from which we can easily find the open-circuit voltage.
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To find the short-circuit current, a similar argument can be made. So, let's eliminate nodal
analysis because we are looking for a current rather than a voltage. Mesh analysis gives a set
of equationsto be solved. Lastly, source transformations allows the circuit to be reduced to a
single loop from which we can easily find the short-circuit current.

With the open-circuit voltage and the short-circuit current at the terminals, the Thevenin
equivalent circuit isfound as stated above.

» ATTEMPT aproblem solution.
Begin by finding the open-circuit voltage as seen by the element.

20Q 8Q 15Q
VW VW l VW

100V <> = 300 Vo = = CT 4A

After a couple of source transformations, as seen in Problem 4.8, the circuit becomes

20Q 20Q

e

Using KVL, find V..

DZOV

-60+201+201+20=0

401 =40 [ | =1amp
where
_60—VOC_VOC—20_1
20 20
60-V, =V, —-20

V. =40volts

Now, find the short-circuit current through the element.

20Q 8Q 15Q
VW VW VW

100V § § § 4A

4 | P | e-Text Main Menu | Textbook Table of Contents | Problem Solving Workbook Contents



Again using source transformations, the circuit can be reduced as shown below.

10Q
M
40V () <
Clearl Il = 0 _ 4
early, = =70 = 4amps
40
Then, R, = 0 = 4 ohms.

Therefore, the Thevenin equivalent circuit is

10Q
VW

40V () 10Q

» EVALUATE thesolution and check for accuracy.
To check the open-circuit voltage, perform nodal analysis using the circuit below.

20Q V1 8Q Vo 15Q Va

100V () § 30Q Vo § § (T 4A

-
For node 1, hE ;(:)LOO % L 8V2 =0
For node 2, Yo 8 L + V21_5V3 =0
For node 3, V31_5V2 +% ﬁ—4: 0
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Simplifying these equations and putting them into matrix form resultsin

550 -30 Omvlg Eﬂzoog
715 23 -8V, g 0 g
o -2 8Hiv,E 8120 B

which yields v, = 48volts v, =40volts vV, = 25volts
Hence, Vi, =V, =V, =40volts

Since there are only independent sources, an alternative way to find R, isto set the sources

to zero and calculate the resistance of the modified network. After replacing the voltage
source with a short circuit and the current source with an open circuit, the network becomes

20Q 8Q 15Q
any any l any
§3OQ Req § §1OQ
|

Combine the resistors to the |eft of the open circuit. (20Q[|30Q)+8Q = 20Q
Combine the resistors to the right of the open circuit. (10Q [[10Q) +15Q = 20Q

e | e |
—> § §2OQ = — §1OQ

I T

An equivalent resistance of 10 Q matches the value that was calculated using V. and | .

Our check for accuracy was successful.

» Hasthe problem been solved SATISFACTORILY? If so, present the solution; if not,
then returnto“ALTERNATIVE solutions” and continue through the process again.
This problem has been solved satisfactorily. The Thevenin equivalent circuit is asfollows.

10Q
VW

40V () 10Q
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Problem 4.10 Find the Thevenin equivalent as seen by R in Figure 4.1.
20Q R
— W\

25V § § 3A

Figure4.1

First, find the open-circuit voltage, where V;, =V .

20Q Vi + Voo = V2
25\ () S 20 = (T) 3A
L
Using nodal anaysis,
Atnodel: Atnode?2:
V1_25+V1_0:0 vz—O:3
20 30 5
3v,+2v, =75 v, =15
v, =15
Clearly, V=V, -V, =15-15=0volts.
Now, find the short-circuit current.
l,o 20Q ls
—}—/\/\/\, * p—o
25V () (T) 3A

Clearly, I =1, — 4.
Perform KVL using the left [oop.
-25+201,,+30l,, =0
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Begin by finding | ,, in the following modified circuit.

o 20Q
25V 3A
30

-25+20I20+7IX=0 wherel, =1,, +3

1401, + (30)(1 ,, +3) =175

1701,, =85

I, =0.5amps
Now,

-25+(20)(0.5 +301,, =0
|, =15/30 = 0.5amps

Finaly,

e =10 13 =0.5-0.5=0amps.

SC

Since 0/0 is undefined, we need to excite the circuit with a 1-V voltage source at the terminals of
R in order to find Ryy.

20Q Vo

Wy

5y = = Qé)%

Use mesh analysisto find I,. Then, Ry, =V, /1, .

lo

For loop 1: -25+ 20i, +(30)(i, —-i,) =0
For loop 2 : 30)(i, —iy)+V,+(O)(i,-i3)=0 where V, =1volt
For loop 3: i,=-3 Thisisthe constraint equation.
Simplifying,
50i, —30i, =25
-30i, +35i, =-16
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In matrix form,
050 -3000i, O 0250

Ha3o 35 H,H HieH

Oi, O 004647 O

5, B BoosssH
. V, 1
Now, |, =-i, =0.0588 and R, =|— = 0.0588 =17 ohms.

o]

Therefore, the Thevenin eguivalent circuit is asfollows.

17Q
M

ov () :

Problem 4.11 [4.33] For the circuit in Figure 4.1, find the Thevenin equivalent
between terminalsaand b.

20Q
M\
d)ZOV
10Q
ae AN AN e b
10Q
® :  zua
330V

Figure4.1
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Tofind Ry, , consider thecircuit in Fig. (a).

20Q

10Q

109§ § §1OQ

(@)

where 20]120=10Q.

Now, transform the wye subnetwork to a delta as shown in Fig. (b).

30Q
ae M b
ves = = Zuno
(b)
where 10(|30= 7.5 Q.
Hence, Ry =R, =30 (7.5+7.5)=30[15=10Q

Tofind V4, , we transform the 20-V and the 5-V sources to obtain the circuit shownin Fig. (c).

. 100 100 v

ae WA MW—( b
100 Q L.
~

(©
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For loop 1,
-30+50+30i, -10i, =0
-2=3i, -1, (@)

For loop 2,
-50-10+30i, —10i, =0
6=-i,+3i, )

Solving (1) and (2),
i,=0A and I, =2A

Applying KVL to the output loop,
-V, —-10i, +30-10i, =0
V,=10V

V,, =V, =10V

Problem 4.12 Find the Thevenin equivalent as seen by R in Figure 4.1.

20Q |,
MA—>

10V = = = 31,

Figure4.1

Therefore, the Thevenin equivalent circuit is asfollows.
20Q
AN

v () :
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NORTON'STHEOREM

Norton's theorem states that alinear two-terminal circuit can be replaced by an equivalent circuit
consisting of acurrent source |, in parallel with aresistor R, where |, isthe short-circuit

current at theterminalsand R, istheinput or equivalent resistance at the terminals when the

independent sources are turned off.

Problem 4.13 Find the Norton equivalent of the circuit in Figure 4.1.

In Problem 4.9, V. =40volts, |, =4amps, and R, =100hms.

Recall that R, = R,,; so Ry =100hms.

Therefore, the Norton equivalent cir cuit

4A <T> = 100

is as shown.
Problem 4.14 [4.41] Given the circuit in Figure 4.1, obtain the Norton equivalent as
viewed from terminals:
(@ &b () cd
a b
6Q T 4Q T
M\ M e C
120V § 2Q
e d
Figure4.1

€) Fromthe circuit in Fig. (a),

i Rth [ ]
40

=

VW

<20

(@)
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Ry =4[(2+6]13)=4|14=2Q

For I or V4, , consider thecircuit in Fig. (b).

+ V-
®

6Q 4Q

WV WV

120V § §ZQ

(b)
After some source transformations, the circuit becomes that shown in Fig. (c).
+ V-
2Q [ 40 [ 2Q
WV WV WV
40V ¢ @ ¢ 12V
(©
Applying KVL to thecircuit in Fig. (c),
-40+8i+12=0 M. i=7/2
Hence,
V., =4i=14V
and Iy =Vq /Ry =14/2=T7A

(b) To get Ry, consider the circuit in Fig. (d).

6Q 40
M M .
(d) '

4 | P | e-Text Main Menu | Textbook Table of Contents | Problem Solving Workbook Contents



R, =2[|(4+(6]13) =2]6=15Q

To get Iy, the circuit in Fig. (c) applies except that it needs slight modification as

inFig. (e).
2Q
------- W—
+ [
Vi 12V
(e)

i =(40-12)/(2+4+2)7/2 and V,, =12+2i =19
Iy =V, /Ry =19/15=12.667 A

Problem 4.15 Find the Norton equivalent of the circuit in Figure 4.1.

30V () = = (T) 2A

Therefore, the Norton equivalent cir cuit is asfollows.

~1/4A (T) § R

¢ 9

MAXIMUM POWER TRANSFER

Maximum power is transferred to the load when the load resi stance equals the Thevenin
resistance as seen by theload (R, = R,).
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Problem 4.16 Given the circuit in Figure 4.1, complete the following table.

| Rs i

| A

Vs e =

Figure4.1
Vs (volts) Rs (ohms) R. (ohms) Power of R (watts)
Condition #1 20 10
Condition #2 V 10
Condition #3 20 10
Condition #4 20
V 2
Let p be the power of theload resistor, R, . Then, p= s R,.
Rs+R,

We want to find the maximum power transferred to the load. The maximum power is transferred

to the load when the load resistance is equivalent to the Thevenin resistance as seen by the load.

2

Inthiscase, R, =Rg and p=-—2

4R,
» (20)* _ 400
Condition#1: R, =R4=10Q p= (4)(10) = 0 =10 watts
v? V?
Condition#2: R, =R4=10Q p= @(0) = 20 watts

- 020 F
Condition#3: p= E‘Rflog (10)
S

Clearly, for maximum power, Rg = 0Q. {with R_fixed, making R; as small as possible
maximizes the power to R }

Then, p= %g(lo) = (2%)(10) = 40 watts.

Condition#4 : For maximum power, Rg =0Q and R, = 0" Q.
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2
Then, p= -~ =0 watts.

(4)(07)

Problem 4.17 [4.59]
@ For the circuit in Figure 4.1, obtain the Thevenin equivalent at terminals a-b.

(b) Caculatethecurrentin R, =8Q.
(© Find R, for maximum power ddliverableto R, .
(d) Determine that maximum power.

2A
)
N

4Q a

WV WV .

4 A § § RL
a8 .
N b
20V
Figure4.1

@ R, and V4, are calculated using the circuitsin Fig. (a) and (b) respectively.

4Q 6Q
MA MA——
Rin
2Q § 4_t
(@)
From Fig. (a), Ry, =2+4+6=12Q

12V
2Q 4Q 6Q
AMN—AN—AN— )—°+
gV G D Vin
"
N
20V
(b)
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From Fig. (b),
-V;, +12+48+20=0

V,, =40V

Vi, 40
| = = =2A
Ry, +R 12+8 ——

(b)

(© For maximum power transfer,
R, =R; =12Q
@ po (4O

= = = 33.33 watts
4R, (412 ——m——

Problem 4.18 Using Figure 4.1, what values of Rg and R result in maximum power
delivered to the load? What is the power absorbed by the load?

Rs 20Q
WV WV
100V () § § RL
Figure4.1
Rs=0Q
Ry =200

Pr = 125 watts
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Problem 4.19 Solve Problem 4.1 using PSpice.

R1 6.667vV 333.33mA i 8.333V
A —Y () —2

L/
10

DC
10 | v1 [

+
C) R2 = 10 R4=25 2
11

A voltage source in PSpice needs a value to simulate rather than performing a symbolic

smulation. So, let K =1. Then, V, =-5/3 volts and |, =-1/3 amps. Clearly, V, isthe

voltage across R3and |, isthe current flowing through R3 from left toright. Thus, for K =1,
VvV, =v, -v, =6.667 -8.333=-1.667 = -5/3V

and I, =V, /5=-1/3amps or |, =-333.333mA.

These answers agree with the answers obtained in Problem 4.1 given that K =1.

Problem 4.20 Solve Problem 4.3 using PSpice.

L _el_ L

Clearly, V, isthevoltage across R3 and |, isthe current flowing through R3 from left to right.
Thus, V, =v, -v, =(25x10"%) —(-15) =15V and l, =V,/5=3A.

This answer agrees with the answer obtained in Problem 4.3.
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