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PROBLEM SOLUTIONSCHAPTER 6

SOLUTION 6.1. (a) V,. isfound by removing R and doing voltage division.

(600[700) . 600 _,
(600][700) +300 600 +100

VOC

R, isfound by setting the source to zero and by calculating the equiva ent resistance seen looking back
between the A and B terminal.

R.,, =[(300|600) +100] || 600 = 200W
(b) Using
P=R x,
the power for each resistance may be found by substituting the appropriate R in the following equation.

.2
:& VOC 9 XRL
Ry +R_ g

P

For 50 W, 200 W, and 800 W, the power obtained is 627.2 mW, 980.0 mW, and 627.2 mW respectively.
The use of Thevenin equivalent does reduce the effort in obtaining the answer.

SOLUTION 6.2. (a) TofindR;,, open circuit the current source and short-circuit the voltage source. The
resulting resistance seen from termina A-B is 1 kW. Using superposition, the contribution of the current
and voltage source at the open circuit output may be summed as 30 V (2 k/4 k) + 10 mA (2 k/4 k) (2 kW).
Vocisthen25V and Iy, = Vo /R iIS25 mA.

(b) Following isaplot of

.2
p=f Yoo 2,
R +RL g

for R from 100 Wto 4 k W.
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SOLUTION 6.3. (a) Turning off the two sources
Rry =(60 +60)||40 =30W,

and using superposition

Voc = 6V§$g + o.mgeﬁ)gm =3 V.
| isthe obtained as 100 mA.
(b) Using

e V ]

aload of 90 W will absorb 56.25 mW.
(c) It absorbs 75 mW; hence the 30 Wresistor absorbs more power.

SOLUTION 6.4. Asboth resistor divider ration are the same (3/6), the voltage at A and B isthe same
resultinginaV,; of O V.

Rry = (3K ||6K) + (9K ||18K) =8 kW
Therelation V./l .. cannot be used in this situation.

SOLUTION 6.5. Using superposition

207102 06 & 5 10° 6 . .
20%20, P15 1005 %20 1%+5 1035+ 20x20sin(50t) =14+ 400sin(50t) V,

Voc =

and
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Rry =(20k [|5k) + 20k =24 kW.
| can then be found using the V,./Ry,, relationship as 0.58+20sin(50t) mA.

SOLUTION 6.6. Once again using superposition

Voo =7vE K 0,5uma® 4K Ok 4 5amaxeK =204V
6K +8K + 4K g €4K +8K +5K g
and

R, =[(4K +8K)||6K]+4K +2K =10KW

SOLUTION 6.7. Using source transformation, (a) is obtained from the original circuit. Then combining
in series the resistors and voltage sources, and retransforming them (b) is obtained. Finally adding the two
currents and transforming back the circuit to its Thevenin form (c) is obtained.

L3 L]
& [ ]
From (c),
V,. =60V
R, = 6kW

|, =60/(6k +6k) = 5mA
P=1R, =0.15W
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SOLUTION 6.8. Firgt, each sourcein series with 2R, can be replaced by an up going current source of
V, /2R in pardld with 2R. Then starting from the | eft, the two 2R in parallel are combined and then

retransformed to avoltage source of V, /2 in serieswith 2R once added to the series resistance. Repeating
the previous steps,

V./2+2R? V./4R|2R||2R||V/2R

V,/JAR+\/2R||R? V, /4 +\[/2 +R+R

V,/4 +\[/2 +2R? V,/8R+V/4R||2R||2R[]| /2R

V/BR+V/4R+\,/2R|| R? V,/8 +\{/4 +\,/2 +R+R

V,/8 +\V[/4 +\, /2 +2R? V, /16 R+V/8R+\,/4R[[2R||2R|| /2R
V,/JI6R+V/8R+\, /4R +V,/2R||R? V, /16 +V[/8 +\, /4 +\,/2 +R+R

Thus V,, =V, /16 +V, /8+V, /4+V,/2 and Ry, = 2R .

SOLUTION 6.9. Firstwefind R,
R., =2K +[(6K [|3K) + (15K ||10K)]||24K =8KW
Use nodal analysisto solve for V.. At node a
ImA =1/ 6K(V, - V.)+1/ 3K(V, - ) +1/ 24K(V,) or
(1/ 6K +1/ 3K +1/ 24K)V, - 1/ 6K(V,) - 1/ 3K(V,) = 1m
doing the same for the supernode, and the equation inside the supernode yields the following two
equations:
(Y 6K +1/ 3K)V, - (1/ 6K +1/15K)V, - (¥ 3K +1/10K)V, =0, and
V.-V, =30
using these three equations, it is now possible to solve for the three unknowns V,, V., and V. Using
MATLAB they are respectively 4.5V, 22.8750V, and -7.1250V. V. being V,, 45V.

2kR g
B O
/—I—r;‘f\l_l—\ 24 k2
) (D
15 k0
10 ki

SOLUTION 6.10.
R, =[(18K ||]9K)+ 66K]||36K = 24K
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By superposition, noting that all resistances are in k-ohms,

66+(91l18) oo oo, (66+36)]9 % g 36 0oE0 v
66+(9(|18)+36 [(66+36)||9] +18 36+66 36+ (9||18) + 66

When a 2 kWis connected, the current |, becomesV,/(R;,,+2K) = 2mA; thus the power absorbed is 8

mw.

SOLUTION 6.11. (@) Introduce atest voltage source at the output, and write the nodal equations in matrix
form:

¢1/100 +1/ 50) -1/ 50 - 1/100 BViegUl € gt U
S -1/100 - 1/100 (1 100+1/ 200+1/100)uch3 e 0
8 -1/50 (1 50+1/100+1/100) -1/100 Vo 0 8vs/ 100

Solving we obtain, Vieg = 100iteg +2Vg /3. Fromeq. 6.10Ryy =100 W, v = 2V / 3.

N

.2
e Voo (6]

SR +R b

(b) To obtained the power the following equation isused, P =
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SOLUTION 6.12.

Vo = 0, as no independent sources are present. Writing the following nodal equation wherev, isthe
voltage across both ports,

25+a

i, =((v, - i,)-oi)+(v,-1i,) 2,R,, canbefoundasv, /i, = 15

SOLUTION 6.13.
Defining v, and i, as the voltage across and current into the input ports, writing the nodal equation at the
input: i, +g,v, =1/ 200K (v, - v,) . We can aso get the following equation v, = 200K(g,v, +i,) . Using

200K >g,, N 1 0

e
the previous two equationswe can solvefor Ry, =V, /|, =- 200K31+1+200K><g 1+ 200K =

Thisyieldsag,, of 10 nf.

SOLUTION 6.14.

| isnull as no independent source are present. To find Ry, v and i, are defined as the voltage across and
current into the input ports. Writing the nodal equation we get:

i =V, /18K +(1/ 200)(V, - 3/4V,),and v =V, - 300%,. Solving R, =V /i, =- 600W.

SOLUTION 6.15.
First, write out the equation around loop 1:
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V, =1,2200 - i, 100 - i, X800 . Then substituting the following relationships,
I, =21,,and i, =0.01V, +i, = 0.01V, +2I,, and solving for V, / I, = R, =100W. V. =0 asno

independent sources are present.

L=1,

21y 001,
2
ol .
+ 100 1
300 ETI)
100 1
- son Jlx
o

SOLUTION 6.16.

Introduce atest source at the output terminals, and write out the nodal equations in matrix for the top node,
and the supernode comprised of the current controlled voltage source (ccvs). v, is the node |ft of ccvs, and
v, the node to the right.

6 1/30+1/ 20 -1/20 -1/ 300Bvegt U Grog U
é B U_é& -0
§1/20-1/30+04 1/20- 04 2/3038vy 4=¢ 0 g
g 1/ 6 -1 5/6 BBv. | €08

Solving, we obtain Viegt =- iteq , thus Ry =- 90 W.

o
+ 1y
20 0 l
Vo 30 0
- 5i
X
b c
30 0
D.d-v:{
_.. ﬂ

SOLUTION 6.17.
(a) Turn off independent source. Introduce atest source and write loop equation:

v, = 6i, - 4i, +10i,. Notethat i, = i,. Now solvefor v, /i, = Ry, = 12W.
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Short the input and write the loop and nodal equations:
A=+ g

10i, = 4i, + 6l 4

Solvingyidds 1. =1.5A, and V. = IRy, =18V.

.. 2

& 0
(b) INnMATLAB thefollowing plot isgenerated: P = %RFVTRLEJ R for 1ER £ 24W.
H

7

Power in Watts
() S a1
T T

N
T

10 . . 15 20 25
Resistance in Ohms

Maximum power is absorbed by 12 Wload.

SOLUTION 6.18.

To find thevenin resistance, introduce atest source and write the following equations:

v, = 20i, +40i, +40i, =100i,, and i, = v, /100 +i,. Solving for v, /i, = R,, =50W.

Next, use the following nodal equation; 0.2A =i, + |, and loop equation 20i, + 40i, = 401 .. Solving
using these two equationsyields I, = 0.12A, and consequently V. = R, I =6V.

SOLUTION 6.19.
(a) Introduce atest source, v, and get the following two equations: v, - 15i, =- V,, and

gai 8 /15%, or 95/6 Wfor k = 2/3.

Next, write the following nodal equation kV, +V, / 3+ (V, - 1)/ 5= 0and observe that V,. =1V - V,

X"

KV, +V,/3+V,/5+i_=0.Solvingyiddsv,/i, = R,, =15+

5
58 j= 5/ 6Vfork=2/3, and Iy =\, / Ry, =1/19A.
159

x
Thus solving yields V. =1- g Y
k +



Thevenin Probs, 7/24/01 - P6.9 - @R.A. Decarlo & P. M. Lin

(b) Solving the previoudly obtained equation for k when V. = 0, yieldsk = -1/3, and consequently
RrH =20 W.

SOLUTION 6.20.

V, - 300i
= X

Introduce atest source, Vv, and get the following equations: i, +i, =i, 30 > bV, =300i, +300i,,

and v, =V, - 300i, +100i,. Solvingyields v, /i, = R, = 400W.
Observe how no current flows through the 300 resistor in parallel with the dependent source. Thus V.
will awaysbe 0V and isindependent of V..

SOLUTION 6.21. (a) For this part, consider the modified circuit below.

v 2000 i

+ 1

400 +

100 ¥ C’) a00 6 Cl 1 Vs Q) Is

1
ot

Step 1: Applying KCL to node A, we have

i(vA - 1oo)+ﬁ +0.1- 1g=0
400 800

Multiplying through by 800 yields
3V, = 80015 +120

Step 2. Computing V¢, we have

2000

Vi = Va - 2000iy = Vj - m(100- Vp) =6V, - 500
Hence
V= 6?%) I +4og- 500 =1600Ig - 260 = Ryl + Ve

Therefore Ry, =1.6 kWand V. =-260 V.
(b) By linearity, Vo =-130 V.
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SOLUTION 6.22.
Introduce atest source, V,,, and get the following two equations: v, =(30m- V, / 100)400 - \, =12 - 5V,

and i, = 0.06V, + 30m- V, / 100 = 30m+ 0.05V,. Solving obtain v, = - 100i, +15. Thus R, = - 100W,
and lg. = Voo / Ry, =- 150mA.

SOLUTION 6.23. Insert l;o as per text. Hence

el 1o c- . ltest
€40 1209 40
Solving, we obtain
Ve = 30lieg +12
By KVL,

Viest = Ve +307 (20 +lieg ) = Ve +i—(())(16- Ve) +30lieg =- 0.5V +30lyeq +24

Substituting for V¢ yields
Vtest = 15|test +18

= 0.2 A. Further, Prs =75(0.2)> =3 W.

18
Hence, V. =18 V and =15W. Thusi =
o " 75+ 15

|

A C _ A :
21y lf

40 1
+
16 ‘JC) 50 & 75 0
120 {1
E

SOLUTION 6.24.
(a) and (b)
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:{ F 9
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£ + }
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1
am

(c) Writing KVL around loop 1, loop 2, and finally relating v to vy,
vg =10(0.02 - ;) +v- 2014
v =- 5I, - 15(1, - 0.02)
3v =11 - 1, =3[10(0.02 - 17)] =0.6 - 30I4
(d) Rewriting these in matrix form,
¢€30 0 1kliu éu é02g
€0 20 1El0=Pis+803
€31 -1 OkevH BH £06H
(e), (f), and (g). Using MATLAB,
»A=[-30 0 1,0 20 1,31 -1 O];
»bl1=[1 0 Q]
»b2=[-.2.3 .6]"
»l1=inv(A)*bl
1=

-1.5385e-03

-4.7692e-02

9.5385e-01
» 2 =inv(A)*b2
12=

1.9231e-02

-3.8462e-03

3.7692e-01
»Rth=-1/11(1)
Rth = 650
Note: Isc=12(1) = 0.01923 A
»Voc=-Rth*12(1)
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Voc =
1.2500e+01
(h)
A &
650 0
Vo Lsc £50 0
oF B
SOLUTION 6.25.
@

(b) Write four nodal equations,
ii=(V,- V) /2k

g+ Im=(\; - V) 6k+ (V. - )/ XK
Ve 12k= (V.- V) /6k-V, /15k

Ve 2k =V 110Kk + (Ve - )/ 3k

(©

d/ 2k -1/ 2k 0 0 wV.u & ¢0y
go 1/ 2k -1/ 6k -1/3k“9v“ 31‘4 ng“
€ 0 1/6k -(/ 6k+1/15K) -1/2kué\/u éous eOu
80 -1/3 0 -1/15k“9vEH o S0l
(d) Solvingin MATLAB V, = 5.818ki, +3.8182, thus

R, =5.818kW

V.. = 3.8182V

(e) Thisonly changes V. = 3818>8m = 30.54V .

SOLUTION 6.26. For thiscircuit, no current flows though the 20 W resistor. Therefore Vag =Vcpg .-

Further, from the examples in the chapter, Vcg = 4V5. Hence, V. =Vag = Vg = 4Vs. Also, shorting

_Vog _4Vs _ Vs V,
—<B - . Itfollowsthat Ry, = - = 20 W. Note that the

terminals A and B, yields |
20 20 5° lsc

Thevenin equivalent to the left of C-B isavoltage source of value 4V,. Therefore the Thevenin equivalent
to the left of A-B is20 Win serieswith 4V..

SOLUTION 6.27. (&) From the previous problem V; = 4V,. Thus by voltage division,

= 180 &

Voc = Vas =Ves g~ = 36V, Next find I, = Ve /20 =V, / 5, and then Ry, =Voo / I =18W.
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(b) This changes the voltage division at the output, thus V,; / V, = 4§e 180]162 2 =3.
(180]|162) + 209

SOLUTION 6.28. (&) Writing the following two KCL equations,

Vg [ 4k =(V, - Vq) 112k

|y = (Vig - V) /15K

whereV  isthe voltage at the output of the op-amp. Doing the appropriate substitution get
Vieg = - 15K/ 34, , thus

Ry = -5kW

Voo =0V

Since no independent source exist right of A-B

(b) Applying Ohm’slaw I, =1/ (10k - 5k)V, =0.2mV,

SOLUTION 6.29. (a) Adding atest source at terminal A-B, and noting that the voltage at the output of the
op-ampisV, =-5/2V,. Write KCL at termina A,

Vieg 1900 =(V, - Vi )/ 100+,

Vg = i, - 2.25V,

Where one sees by inspection that

Rry =90W

Voc = -2.25V4

lsc =Voc / Rry = - 0.025V4

(b) Noticing the virtual short to ground provided by theideal op-amp, R, =20kW, and ;. = 0V since no
independent sources are present right of the input terminal.

SOLUTION 6.30. The output voltage of theideal op amp is - 2.5Vg - 2V, which drivesavoltage divider

circuit. Hence
VOC =VAB = 09(- 2.5\/51 - 2V32) =- 225V31 - 1.8V52
Further,
-2.5Vq - 2Vg
= ——=—22 = _(0.0225V,1 - 0.018V,
SC 100 sl s2

Findly,

Rp, = E _ 0.9(- 2.5Vg - 2Vs2) 90 W

(25 - 2Va)
100

lsc
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Equivaently if onesetsV¢; and Vg, to zero, then the ouput terminal of the op amp goesto ground. Hence
Rp =100//900 =90 W

SOLUTION 6.31. Define the node at the output of the op-amp as V. Note how the circuit left of this
node isageneral summing circuit as per text. Thus, V, =2V,, - 4V,,. Hence we simply replace the op

amp circuit to the left of the 20 Wresistor by an ideal voltage source of value V,. Hence

80
Van =
°C " 80+20

V .
Vp +21 = 0.8V, + 2§F8;: 0.78Vp = 156V, - 3.12Vg

Alternately, one can introduce a test source at the output terminal and write out a set of equations using
KVL,

V, =2V, - 4V, =-201 - 80(l - i)

Viet = 2l +80(itest - I)
Solving yidds v, =17.6i +0.78(2V,, - 4V,), and by inspection,

Rry =17.6W
VOC = 078(2V32 - 4V51) = 56V32 - 312V51

SOLUTION 6.32. Upon inspection when the op-amp isin active range, for inputs from -3V to 3V,
Ry =1kW

Ve =0V

However when the input exceeds 3V, the output of the op-amp will saturate at —15V, and

V, = - 15V + 6kl . Therefore from eqg. 6.10,

Ry = 6kw

Voo =-15V

When theinput islessthan -3V, V, =15+ 6kl , thus

Ry, =6k

Voo =15V

SOLUTION 6.33. (&) The op-amp configuration has again of —4. So when the input is between -3V and
3V itisoperating inits active region, thus
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Ry = 4KW
Ve = 0V

When the input is greater than 3V the output saturates at —12V and
V, =20kl - 12

Ry, =20kwW

Voo =-12V

When the input isless than —3V the output saturates at 12V,

V, = 20kl +12

R, =20kwW

Ve =12V

(b) When the input isin the active range,

R, =16KkW

Voc =- 4Vs
When it isgreater than 3V,

R = OKW

Voo =-12V

And when less than -3V,

Ry = OkW

Ve =12V

The last two obtained using figure 6.28.

The maximum power iswhen the output isin saturation, P = (V. )2 / 28k = 6mW.

SOLUTION 6.34. From the table the following two equations can be written:
6= 2R, +V,,
12=8Ry, +V,,
Putting in matrix form and solving,
el leRwu_ebu
B LEv,. i &2l
¢1/6 1/6x6u é&Ryuu
€4/3 -1/ 3l & U

Thus Rry =1 kWsince current wasin mA, and v, =4 V.

SOLUTION 6.35. (a) From Ohm’'slaw, 1,; =V, / R . Thus0.2uA and 0.1uA.
(b) Note how using thistopology V,g =V, - | ;R thus
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d -0.2upgv, u_ .4y

2 -oulfr, 781

¢ -1 2 uldy_evu

G1om 1M1 R,
Thus, v, =1.6V,and R,, =6MW.

SOLUTION 6.36. (8) Although the text describes finding Ry, from ameasurement or calculation of both

Ve and I ., measurement of | is often impractical. Hence the procedure outlined in this problem

provides amore practica means of determining the Thevenin equivaent.
Since the internal meter resistance is 10 MW,

V, V
| A (mo\):A?q.ﬂ

10 R
Hence, the completed tableis:
R.(M'W) vaB (V) lag (MA)
2 0.4 0.24
10 1 0.2

(b) Theterminal relationship assuming a Thevenin equivalent is given by

Vag =Voc - RnlaB
In matrix form with the data from the table

& -020Rnd €14

HenceV,. =4V and R;, = 15 MW. Notethat since we used mA and V, Ry, isin MW.

SOLUTION 6.37. (@) For this scenario, the circuit is essentially avoltage source with aresstance R in
serieswith the circuit under test, in paralel with a voltmeter measuring the voltage division between the
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later two. Thereforeif replacing R = 0 by R = R, causes the voltage measured by the voltage meter to

& 0
drop by half, then by voltage division, E, /2= E"%RZTTQT = ad R, = R,.
H

(b) Using the same reasoning and voltage division,

_v Ry
STERR

_ Rr,
/2=\|, —————
= "Ry +R+R,
Therefore R, + R, =R, orequivalently Ry =R - R.
(c) Again by voltage division,
_ Ry [ Rm
=V,
o R IRm) + R
_ Rry |l Rn
/2=V\,
ol 2T S R IR TR R

Therefore (Rryy [|Rn) + Rs = Ry or % =R, - Rs. Solving for Rry = —:25: F?SRSF;; _

SOLUTION TO 6.38. (a) The voltmeter measures the voltage division between the two resistors involved
thus,

E, = Voo

_ R
[2=\,
= Ru * R,

and Ry, =R,.
(b) Now

E, = Voo

Ry
Ry + Ro

. _RIR
[2=
5127 R IR) + Ry

From the division of the former by thelater R, = Ry, || R, . And from the former
V, =(R, +Ry,)E, / R, =(1+ Ry, / R,)E,.

SOLUTION TO 6.39. Using the relation developed in problem 6.37 R, = % = 5kw

SOLUTION TO 6.40. Using the equation developed in problem 6.38,
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- BB _amw
Re "R Tl
Vi, =(1+ Ry, / R,)E, = 20V

SOLUTION TO 6.41. Writing the line equation in the following genera form,
=V [ Ry - i

I =2v, - 4

Thus R, =0.5W,and i, = 4A.

SOLUTION TO 6.42. (a) Inthisrange the curve appearsto be varying linearly between (0V,0mA) and
0.2V, 0.1mA) pair, thus writing the line equation i =(0.1m/ 0.2)v yields Ry, =2kWp V_=0V.
(b) Writing the line equation of the following form, i =v/ Ry, - i, into amatrix equation,

a2 - 1@551/ Rut_¢0.Imy

07 15 i, H &oamf
and solving gives
R, =50W
ig =3.9mA
v, = 0.195V
(c) First make a guess as to which region of the curve, N will operate in. Assuming that it will operatein
the A-B region, then by KVL i(t) = (v(t) +V, - v,.)/ (R+ R,,) =(50sin(1000t) - 0.095) / 550. It can be
seen that this guessiswrong as the range of i(t) is not in the appropriate region. Assuming the 0-A region,
by KVL i(t) = (v(t) +V, - v,.)/ (R+Ry,) =(50sin(1000t)m+ 0.1)/ 2500 = 0.02sin(1000t) + 0.04mA.
Note that the highest current is 0.06mA, thus still in the appropriate region of operation.
(d) Repesating the procedure above and guessing the region A-B, by KVL
i(t) = (v(t) +v, - v.)/ (R+Ry,) =(200sin(1000t)m+ 305m) /100 = 2sin(1000t) + 3.05mA. The
maximum and minimum current are 5.05 and 1.05 mA respectively, thus the assumption made was correct.

SOLUTION TO 6.43. (a) By the power transfer theorem R = R, . For circuit (d) R =80 (/240 = 60W,
and circuit (b) R =(900]|180) + 50 = 200W.
(b) Finding iy, for each circuit: (a) i, =36/ (80 +240]|60) X240 / 300 = 225mA and (b)

i, = 6OrnAgae 500 J}180 9= 22.5mA. The power is now obtained from P = (i, /2)°R . Thus
(900]|180) + 50 + 2002

759mW for (a) and 25.3mW for (b).
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SOLUTION TO 6.44. Finding the Thevenin equivalent,
Ry = [(30||15) +10] [|80 = 16W
vV, =-32V

2
Thevalue for theload resistance is 16W, and the power is P = aé/? /' R =16W.

SOLUTION TO 6.45. (a) Findthe Thevenin equivalent,
Ry =12k||6k + 8k =12KW=R

V,, =8K(2mA) + 24— 6 _6_5y
€6 +129

The power is P=(V,./2)*/ R =12mW.

(b) The maximum power will be transferred to the load, when the value of itsload is closest to 12kW. Thus

_ e V 8
the power is P = ¢c——=—+ ®0k =11.9mW.
&R +10k
V.
(c) Same reasoning as (b) the power is P = %—Rr ><15k 11.9mw.
H

SOLUTION TO 6.46. (a) The Thevenin equivalent to theleft of R, has Ry, =12+20/ /180 = 30 Wand

. 180 ,
Voc =17 18+ 40 =54 V. Therefore, for maximum power transfer
180 +20
GL +2G|_ +3G|_ = 6G|_ :i —i
R 30

Hence R_ =180 W.
(b) For thispart, let V| denote the voltage (top to bottom) acrosstheload. With R =180 W, then the
parallel combination equals Ry, and hence V| = 27 V. It follows that

@02 _
Rso = 180

Since the termina voltages are the same, the absorbed power isinversely proportional to the resistance.
Hence Ry = 8.1 watt, and Ryy = 12.15 watt.

= 4.05 watt.
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SOLUTION 6.47. To find the Thevenin equivaent introduce atest voltage source at the output, and write
KCL at the two node in the circuit. By inspection the following matrix expression is obtained:

g1/ 200 +1/ 400) -1/ 400 0BV, €01
& -1/400 0.0015+1/1k +1/ 4008V H ™ &

[ e ey ent?

Solving V., = 2401, +8. And Rry =240 W, ;. =8 V. By voltage division, the voltage across the |oad
resistor is4V, and the power delivered to it is66.7mW.
Va 400 Vtest

200 1
D.IAC) Wi
r | e,

00015V LS

SOLUTION 6.48. Using KCL get i, =1mA, which independent of what is connected to the output. Thus
ig =10i, =10mA

Ry =3kwW

The power isthen P = (10mA/ 2)* s3k = 75mW.

SOLUTION 6.49. Performing a source transformation on (&), and combining the e ements will ssimplify to
one current source going up of 2/3A in parald with a10Wresistor. Thisis essentially the Norton
equivaent of the circuit,

i =2/ 3A

R, =10W

For (b), combine the voltage sources and resistor in series. The circuit obtained is one voltage source of

5V in serieswith a45Wresistor. Thisisthe Thevenin equivaent,

V,, =9V

R, = 45W

(& The value of the load resistor is Ssmply the thevenin resistance obtained above.

(b) Using Ohm’slaw for (a) V, =i, (10]|10) =10/ 3V, and voltage division for (b) V, =v_(1/ 2) =2.5V
(c) Using the following formula, P = Vf I R, () absorbs 1.1W and (b) 139mW, thus (&) absorbs more
power.
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SOLUTION 6.50. (a) Note that the circuit |eft of the terminal isaready in its Thevenin form. The load
R =R||(R+ 300)

R + R(300- 2R )- 300R =0

Solving, R= 71.6W. By voltage division, the voltage across the load is 5V. The power absorbed is
P=(V,./2)°/ R =416.7mW.

(b) The following script can be used to plot the power absorbed by the load versus R:

%Script for problem 6.50b
R=0:2:400;

%Calculate Load resistance

RL= 1./((1./R)+ L./(R+300));

%Cal cul ate the power

P=(10.* (RL./(RL+60)))."2./RL;

%Pl ot the power versus R
plot(R,P);
ylabel (‘Power in Watts');

xlabel ('Resistance in Ohms')

SOLUTION 6.51. First, find the Thevenin equivalent by writing out the transfer equation v, = 200i + 40.
Thus R,, =200WP V. =40V . The maximum power will thenbe P =(V,_ /2)?/ 200 =2W.

SOLUTION 6.52. The assumption that all controlling voltages or currents for dependent sources within
N; are assumed to bein N;, impliesthat the nodal equation matrix of figure P6.52a has the partitioned
form:

€Gy | G | O UV U €l

21 | G2 | Gosia¥m 6= 6'mu ()

§0 | Gz | GxHeNH En2f

whereVy; isthe vector of UNKNOWN and INDEPENDENT node voltages internal to N; and Vy, is
the vector of UNKNOWN and INDEPENDENT node voltages internal to N,. Theright side of the
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equation consists of (effective) currentsinjected into the appropriate node. However, 1y, depends only on

sources in N4 and Iy, depends only on sourcesin No.
At this point we must presume that the matrix equation (*) has a unique solution, i.e., the determinant

of the coefficient matrix is non-zero. Hence we can calculate Vyq, V,y,, ad V, uniquely. Assuch, by

considering the first row of (*), we can assert that Vy; satisfies

GuVn = Ine- GioVim (%)
Note that we are not claiming that we can solve for Vy; from this equation.
Replacing N, by avoltage source of value V ,, results in the network of figure P6.52b. For this
network, the nodal equations are

G11Vnt = Ina - Gi2Vim (***)

where G; isthesame asin (*). Clearly, thisisthe same as equation (**). Again we presume thereisa

unique solution to this equation, i.e., the determinant of G4 isnon-zero. If so, we can solvefor Vy;

uniquely and the result is the same as that obtained by solving (*).

This theorem can be extended to RLCM networks (to be studied in later chapters) or even
nonlinear networks under appropriate conditions.

To emphasize the subtlety of thisresult and the need for unique solvability in each network,
consider the following circuit.

+ o

&

< @,

A
\Z/
5
5
-
=
5

The resulting nodal equations are:
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2 -1 0 0OpeMu é2
g-l 05 -05 oue’\/u €p U

S ue20_¢é" (
€0 -05 25 -108wu €04y
é u g é
0 0 -1 evs e4q

There exists aunique solution and from MATLAB, we find
Vm =V3=2V

To apply the voltage source substitution, we replace N2 by a voltage source of 2 V and obtain the
following circuit.

The nodal equations here are

é2 -luédMu_é 2
el 05uf’\/2u elu

Observe that the coefficient matrix has a zero determinant. Thusthereis either no solution or many
solutions, i.e., no unique solution. This demonstrates that unique solvability of the larger network does not
imply the unique solvability of the smaller derived network.

SOLUTION 6.53. The assumption that all controlling voltages or currents for dependent sources within

N; are assumed to bein N;, implies that the loop equation matrix of figure P6.53a has the partitioned form:

R | 0 Gélniu €EnpU
Gé—u_é-4u

N1
SRZl I:\)22 R23ue|mu eEm (*)
Rs2 | RasHinoH EEn:H
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where |1 isthe vector of unknown and independent loop currentsinternal to N4 and Iy, is the vector of
unknown and independent loop currents internal to N, and I ,, asingle independent loop current common
to N, and N,. Theright side of the equation represents the net contribution of voltage sources present in

the appropriate loop. However, Ey; depends only on N; and Ey, depends only on N,,.
At this point we must presume that the matrix equation (*) has a unique solution, i.e., the determinant

of the coefficient matrix is non-zero. Hence we can calculate Iy 1, I, and Iy, uniquely. Assuch, by

considering the first row of (*), we can assert that |, satisfies

Rialng = Ena- Ralm (%)
Note that we are not claiming that we can solve for 1y, from this equation.

Replacing N, by a current source of value |, results in the network of figure P6.53b. For this
network, the loop equations are
Rialng = Engz- Ralm  (F77%)

whereR;; isthesameasin (*). Clearly, thisisthe same as equation (**). Again we presumethereisa

unique solution to this equation, i.e., the determinant of Ry, isnon-zero. If so, we can solvefor Iy,
uniquely and the result is the same as that obtained by solving (*). For some subtlety in the proof refer to
the solution of 6.52.

Thistheorem can be extended to RLCM networks (to be studied in later chapters) or even
nonlinear networks under appropriate conditions.

SOLUTION 6.54. (a) Thethevenin equivaent to the left of terminal A-B is
R, =[(30]|60) +20]||10 =8W, and using Ohm’slaw aong with voltage division
s 2) 15v Oae 30 o)
V. =15- 107 2 =14V
¢ €15+ 602230 + 302
(b) Doing the same for the circuit right of terminal A-B. R, =[(30]|15) + 10]||20 =10W and

275 e 30 ¢ _

Ve =7.5- 207 : =5V.
o €15+159€30 + 309
: i _ 1,806, .aBo_
(c) Using superposition, V,; = 14é1—8 gt 5é1_8 z- 10V.

(d) (e) (vcg - 15)/30+vcg /60 = (10- vcg)/ 20 Hence, veg =10V,
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SOLUTION TO P6.55. The proof is based on superposition. Let us consider the figure below where N,

and N, are differently named but identical networks.

o oo oo @
o o oo oo

We first compute the contribution to i, from the independent sourcesin N; with those of N, deactivated.
Let this current be ii . The contribution to i, from the independent sourcesin N, with those of N

deactivated is ig. But because N; and N, areidentical, ié =- ig. Hence by superposition
iy =i
value 0-amp. This defines an open circuit and the connecting line can be replaced by an open circuit.

+ i§ = 0. By the current source substitution theorem we can replace the lines by current sources of

From the given network we also note by KVL that Vy + Vy, = 0 whichimpliesthat V, =-V,.. On the other
hand, since the networks areidentical, Vy = V,,. Thuswe concludethat V, =V, =0. Thuswe can replace

V and Vy, by avoltage source of O-volt (voltage source substitution theorem) which is the definition of a

short circuit.

SOLUTION 6.56. Label the potential between each line starting fromthetop asV,, V,, on theleft, and V,;
and V,, on theright. Now by superposition and linearity notice that

VXl =- Vyl

Vo =- V2

because the independent source is negative on theright side. Additionally, from KVL,

VXl = Vw_

Vo =Vy2

The only way all these condition can be met, isif all the voltagesare 0 V, or short circuited.
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SOLUTION 6.57. (a) Using the results from P6.55, no current flows between the two halves. So the right
hand side circuit may be analyzed asif it was stand alone. By voltage division then,
_®3+2 §,,_
v, = é3+2+1g18—15\/.
(b) From the results of P6.56, all the lines crossing the symmetry line are shorted together. Consequently,

L & 6|3 o
by voltagedivison, v, = c———=(- 18)=- 12V.
y voltagedivision, v, = g = = 18)

SOLUTION 6.58. Note how thiscircuit isthe same asin P6.57: it isjust redrawn with the neighboring
resistors added in parallel or in series. Using superposition, we can solve for v, when the sources [v, V]
are[18 18], and then [18 —18]. By linearity adding the two contribution will be equivalent to solving for
[36 Q] directly, since adding the source contributions [18 18]+[18 —18] =[36 0]. The contributions of
15V-12V were obtained in P5.57; thus v, = 3V .

SOLUTION 6.59. Yessince
[45 27]=[36 36]+[9 -9]=2[18 18]+1/2[18 -18§ =2(15)+(12)/2=24V.

SOLUTION 6.60. For this proof we attach an arbitrary network N to each of the networks N; and N, in
figure P6.60 as shown below.

N may have internal independent sources, but we consider N; and N, external excitationsto N and
we assume no violation of KVL in the attachment. Choose node 3 as areference node. Then

Vi3 =Va- \; and Vg =V, -, for both figures. Hence N; and N, provide theidentical external
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excitationsto N and hence dl currents and voltagesin N remain unchanged.

The extension of thisresult to 4 external nodes is shown in the figure below. The verificationis
the same as above. The extension of courseto n-terminalsis clear.

<
o

=
o

SOLUTION 6.61. Using the E-shift theorem, remove the 9 V source from each branch and add it to the
4V source, and notice by inspectionthat Vo =-4+9=5V.

SOLUTION 6.62. (a) Writing aKCL equation for each nodein N2:

L=1,

l,=1,-1,=0
l,=1,-1,=0

Do the same for N1:

L=1,

l, =0
1,=0

This shows that the two have identical outcomes.
(b)

I 14 4] G I7 IE

— il
-

e e i I
i A i A e, M A it S VN e
< §5 S o a5
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SOLUTION 6.63. Using the I-shift theorem, thiscircuit is essentially a—2A sourcein parallel with a
series combination of resistors, and a5A source. Thus i, =5- 2 =3A.

SOLUTION 6.64. (@) Thiscan be done by inspection. An equa source is connected between A-C and C-
B; thus by the I-shift theorem, it is equivalent to the same source just connected between A-B.

(b) In figure 6.64c the VCCS s replaced by aresistor using the Ohm’ s law relationship

100W =V, / (0.01V,).

. _ ., & 100][900 © ,
(c) (d) By voltage division V, —\/S%(100 000) + 105’ and by Ohm’slaw

v, =V, 2 200900 04 gy o0 ||5k) = 36V,
&(100(]900) + 104

V. /V, =36

out




