Chapter 3, Solution 1.

Vi 40 Q V2

NOECIEN YT

Atnode 1,

6 =vi/(8) + (vi —v 48 =3v;-2v,
At node 2,

Vi - Vo/4 = vo/2+10> 40=v;-3v,
Solving (1) and (2),

v =9.143V, v, = -10.286 V

2 2
Py = 2L = (9‘1;‘3) ~ 1045 W

Pyo=—= =529 W
0=~ >
Chapter 3, Solution 2
Atnode 1,
U N6+ Y 60 =28y, +5v,
10 5 2
At node 2,
V7f2=3+6+v' Y2 4 36=-2vi+3v
Solving (1) and (2),

Vlzu,szlzv
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Applying KCL to the upper node,

\% \'% \'% \'%
0=—2+—24+-—24+2+-2—» v=40V

10 20 30 60
= Y0 4A =0 - 2A 5= 2= 133 A, 0= -2 = 67 mA
10 0 3 0

Vi V2

NI
i1 iz i3 ig

4A<T> 50 100 100 50 (T 5 A

Atnode 1,

4+2=vi/(5)+vi/(10) —> v;=20
At node 2,

5-2=v/(10) + vo/(5) —» v, =10

1= V1/(5) = ﬂ, = Vl/(l()) = ﬁ, 3= V2/(10) = M, g = V2/(5) = ﬂ

Chapter 3, Solution 5

Apply KCL to the top node.

30-v, +20—V0 _ Ve

= —» Vo= 20V
2k ok 4k




Chapter 3, Solution 6
v,=12 vy vy —10

i1 +tih+i3=0 — 0
el 4 6 2
or vo=8.727V
Chapter 3, Solution 7
Atnode a,
1o-v. v Vv -V
@ —_@a y"a b > 10=6V, -3V, (1)
30 15 10
Atnode b,
Vo Vy 127V (2970 24=2V, -7V,
10 20 5

Solving (1) and (2) leads to
V.=-0.556 'V, V,=-3.444V

Chapter 3, Solution 8

30 il Vi i3 5Q

. v, Vv,—-3 v, —4v
Htip+iz=0 —» 14 11 + 15 0 -0

But VO:§V1 so that V1+5V1-15+V1-§V1 =0

or v =15x5/(27)=2.778 V, therefore v, = 2v;/5 = 1.1111 V

2)
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At the non-reference node,

12—Vl:£+V1—2V0 1)
3 8 6

But
-12+vp+vi=0 —» vo=12-v, (2)

Substituting (2) into (1),

Rovy v 3vi=24 365y
3 8 6

Chapter 3, Solution 10

Atnode 1,

V, =V,

1

:4+% > 32=v; +8v,-8vp

2V0

(D



At node 0,

4:ﬁ+210 and IO:%—>16:2V0+V1 (2)

At node 2,

210:%4_‘% and Ioz% —> V2=V A3)

From (1), (2) and (3), vo =24 V, but from (2) we get

Note that i, = -5A. At the non-reference node

104_V+5=1 — v=18

2A,i,=-5

Chapter 3, Solution 12

00y 200 vz 500

i3




24 — v vV, —V v, =0
At node 1, L= 241 — » 96=Tv;-2v
10 20 40 e

Atnode2, 5+ Y2 Y2 ) 500 =-5v, + 7v,
20 50

Solving (1) and (2) gives,
Vi =42.87V, v, =102.05V
Yi_ 10724, vy= 2—8 = 2.041 A

L =—

Chapter 3, Solution 13

(D

2)

At node number 2, [(v; +2) —0]/10 + vo/4 =3 or v, = 8 volts
But, I=[(v2+2)-0]/10=(8+2)/10=1amp and v; = 8x1 = 8volts

Chapter 3, Solution 14 ms A
A ‘L 80
Vo
vi ——WNV > VN
1Q 2Q
V
§ 40 20V G
40V
_ 40 —
Atnode 1, V12V°+5= 1V° b v tvp=70
— +20
Atnode 0, V'2V°+5=% VOS — 4v;-Tvo=-20

Solving (1) and (2), vo= 20 V

(1)

)
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Nk
NI
A L
\ 8Q
Vo
vi——WV > 4%
1Q 20

40V

Nodes 1 and 2 form a supernode so that v; = v, + 10 (1)
At the supernode, 2 + 6v; + 5v; =3 (v3-vp) —» 2+ 6v; +8v,=3vs  (2)
Atnode 3, 2+4=3(v3-vy)—>» v3=vp,+2 3)

Substituting (1) and (3) into (2),

2+ 6vy+60+8v,=3v2+6 — V2=_1_516
54

vi=v,+10= —

1 2 11

lp=6vi=2945 A

2 2

2
Pos= viG=| 2% 5= 1206 W
2 11 E—

Pis=(v, -v,)’G=(2)3=12W



Chapter 3, Solution 16

24 <D

At the supernode,

2=vy+2(vi-v3)+8(va—v3)+4vy, which leads to 2 =3v; + 12v, - 10v;

But
Vi =V + 2vp and v = va.

Hence
\A 3V2
V3 = 13V
Substituting (2) and (3) with (1) gives,

vi=18.858V,v,=_6.280 V, vs=13 V
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\ 4
\ 4

i
4Q § 2Q

60 V —— W —>— %89

60V ([ + T 3ip

(1)

)
3)



Atnode1, 0=Vi Vi ViTVs 120 = 7v, - 4v; (1)
4 8 2
60—-v, Y,

10 2

Atnode 2, 3ip + =0

But ig= 60;‘,1 .

Hence

3(60—V1)+60_V2 +V1;V2 =0 —» 1020=5v;-12v, )

4 10
. . . 60-v,
Solving (1) and (2) gives v = 53.08 V. Hence iy = 2 =173 A
Chapter 3, Solution 18
S ()
e v : s )
i V3 | 10V |
2Q 54 20 o+ +
i Vi V3 i
40 1) sa - 7
i « i
(a) (b)
At node 2, in Fig. (a), 5 = ~2 ;Vl 42 ;V3 s 10=-v;+2vs- v (1)
At the supernode, VooV (Vo TV M Vs ) g0= 2vi +v3 (2)
2 2 4 8
From Fig. (b),-v;-10+v3=0—> v3=v;+ 10 3)

Solving (1) to (3), we obtain vi= 10V, v, = 20V =v;




Chapter 3, Solution 19
Atnode 1,

AN

St T 6= -1 -4 (1)

5=3+

At node 2,

v.-v, V, V,-V.
L 2=-24-2 3 > 0=-V,+7V, -2V, ()
At node 3,

12 _V3+V1_V3+V2_V3=
2 4

0 —— —36=4V,+2V, -7V, (3)

3+

From (1) to (3),

7 -1 —4\V 16
-1 7 =2|n|=| 0 — > AV =B

4 2 =7\ -36
Using MATLAB,
10
V=A"B=| 4933 —> V=10V, V,=4933V, V, =12.267V
12.267
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Nodes 1 and 2 form a supernode; so do nodes 1 and 3. Hence

v v, V.
?1+T2+I3:0 —  V,+4V,+V, =0 (1)

4Q 1Q 4Q




Between nodes 1 and 3,

-V +12+V, =0 —> V,=V,-12 ()
Similarly, between nodes 1 and 2,
Vi=V,+2i 3)
But i=V,/4. Combining this with (2) and (3) gives
V,=6+V,/2 @)

Solving (1), (2), and (4) leads to

V,=-3V, V,=45V,V, =-15V

Chapter 3, Solution 21

4 kQ)
—W
2kQ vy, 3v, 3vo
vi AW h v2 —< }
n - -
sma(] wSha ¥ g
-
b
@ ()

Let v3 be the voltage between the 2k resistor and the voltage-controlled voltage source.
Atnode 1,

3x107 = V;O_Ozz + Véo_oZ; > 12=3vi-v2-2vs (1)
At node 2,
V1;V2+V1;V3=% 3V, -5v2-2v3=0 )

Note that vo = v,. We now apply KVL in Fig. (b)
-V3-3V2+V2:0—’ V3:-2V2 (3)
From (1) to (3),

V1:1V, V2:3



Chapter 3, Solution 22

12— -
At node 1, 2V°==;%-+3-+113;ﬁ& 24 =7V, - v (1)

Vo UV, +5v,
1

Atnode 2, 3+ Vi ;

But, vi=12 - v

Hence, 24+ v, -v,=8 (v2 + 60+ 5v|)=4V
456 = 41v, - 9v, 2)
Solving (1) and (2),

vi=-1091V, v,=-10036 V

Chapter 3, Solution 23

At the supernode, 5+ 2 = I]—(1)+V—52 —>» 70=v;+2v, (1)
Considering Fig. (b), -v; -8+ v;=0 —» v, =v; +8 (2)
Solving (1) and (2),

vi=18V, v,=26V

Vi L--mtTe %
1 - E 2 , @ :
5A 2A 8V
+ :
Qb 10 Q 5Q Qb | |
vi i
B

V2
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o

1kQ 2kQ 3kQ
A V4 NI '/ BV V4 NI V' B Vel NI
+ iol :
30 15V
@ 4kQ 5kQ Q +

Atnode 1,
3OIV‘=6+%+VI_V2 > 96="TV, -2V, (1)
Atnode 2,
6+—(_153_V2) =%+ £ ;Vl > 30=-15V, +31V, (2)

Solving (1) and (2) gives V;=16.24. Hence
o= V1/4=4.06 mA

Chapter 3, Solution 25
i(] VO

\ 4
\

20V 2Q 10V

4Q

40V
1Q ’0

Using nodal analysis,

20—V0+40—V0+10—V0 v, — 0
1 2 2 4

20 —
i = Yo =0A
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Atnode 1,

15— V. -

> V1:3+V1 s Jioh > —45=TV, -4V, =2V,
20 10 5

At node 2,

I/I_V2+410_V2 _Vz_V3
5 5 5

V.-V,
But 7, = # Hence, (2) becomes

0="7V, =15V, + 3V,

At node 3,

+ Vl _V3 +_10_V3 + Vz _V3 —
10 5 5

Putting (1), (3), and (4) in matrix form produces

3 0 —— —10=V,+2V, -5V,

7 -4 =2\VN —-45
7 =15 3 |V,|=| O —> AV =B
1 2 =5V -10
Using MATLAB leads to
—-9.835
V=A"B=|-4982
—-1.96
Thus,

V,=-9.835V, V, =-4982V, V, =-1.95V

Chapter 3, Solution 27
Atnode 1,

2=2vi+vi—vy+(vi—v3)4+3ip, 1p= 4v,. Hence,

2="Tvi+11vy—4v; (1)

At node 2,
V1—V2=4V2+V2—V3 — > 0=—V1+6V2—V3 (2)

At node 3,

2vi=4+vy—v3+ 12vy + 4(vi — v3)

(D

2)

)

(4)



or —4=4v;+ 13vy—Tv3 3)

In matrix form,

7 11 —47v, 2
1 -6 1 |vy|=]0
4 13 —-7|vy| |-4
7 11 -4 2 11 -4
A=l -6 1[=176, A, =|0 -6 1]=110
4 13 -7 -4 13 -7
7 2 -4 7 11 2
A,=[1 0 1|=66 A, =|1 -6 0]=286
4 -4 -7 4 13 -4

A A
v = — = 119 =0.625V, v, = —% = 06 = 0.375V
A 176 A 176

A
V3 = —3:@:1.625V.
A 176
vi = 625mV, v, = 375mV, vz = 1.625 V.
Chapter 3, Solution 28
At node c,
V. -v. Vv -V, V
d__c—-_¢c by —» 0=-5V,+11V, -2V, (1)
10 4 5
At node b,
V +45-V, V. -V, V,
a+ b+ c b _ b _45:Va_4Vb+2Vc (2)
8 4 8
Atnode a,
Vv -30-V, V.V +45-V,
4 dpage b= —> 30=7V,-2V,-4V, (3)
4 16 8
At node d,
v -30-vV, vV, V, -V
Za - Td __d ’d c > 150=5V,+2V. =TV, (4)
4 20 10

In matrix form, (1) to (4) become



0 -5 11 =2\/V 0
1 -4 2 0|V
7 -2 0 -4V 30
5 0 2 -7\V, 150

We use MATLAB to invert A and obtain

IS}

o>
|

I

()]

o

-10.14
., 7.847
V=A"B=
-1.736
-29.17
Thus,

V,=-10.14V, V, =7.847V, V. =-1.736V, V, =-29.17V
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Atnode 1,
5+V, =V, +2V,+V, -V, =0 —— =5=4V,-V,-V, (1)
At node 2,
V=V, =2V, +4V, -V,)=0 ——  0=-V, +7V, -4V, )
At node 3,
o6+4,-V)=V,-V, —— 6=-4V,+5V,-V, 3)
At node 4,
24V, =V, +V, =V, =3V, —— 2=-V,-V,+5V, 4)

In matrix form, (1) to (4) become
4 -1 0 -1
-1 7 -4 0|V

RN
o |
W

0 -4 5 -1\ 6
-1 0 -1 S5 )\V, 2
Using MATLAB,
—-0.7708
» 1.209
V=A"B=
2.309
0.7076

1.€.
V,=-0.7708 V, V, =1.209V, V, =2.309V, V, =0.7076 V
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0
| 40Q

s 0 120V

v 200 Vo
VWA~ — >
wo 1

+
100 V C) dvy ( + 21, 809§
1

Atnode 1,

vi,—v, 100-v, +4V0—V1

40 10

But, v, = 120+v, —» v, = v,— 120. Hence (1) becomes

Tvi—9v, = 280
At node 2,
ot 21, = Yo 0
80
5 Vi +120 - v, _
40
or 6v,—Tv, = -720
7 91 v, 280
from (2) and (3), =
6 -7|v, - 720
=" ‘:—49+54:5
280 -9

1

-720 =7

= —8440,

A, =

280
- 720

()

)

€)

‘ = -6720



A _
v, = — = 8440 = -1688, v, = —
A 5 A
I, = -5.6 A

At the supernode,

Vi =V,

1+2v0=&+v—2+
4 1 1

But v, =v;—vs. Hence (1) becomes,

4 =-3vy +4v, +4v;

At node 3,
\% 10 —v
o+ 2 =v, -V, + 2
4
or 20 =4v; +vy—2v;3
) ) \%
At the supernode, v, =v; +4i,. But i,= 73 Hence,
Vo=Vt V3

Solving (2) to (4) leads to,

vi=4V, v,=4V, v;=0V.

(1)

)

3)

(4)
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V3

-\___,‘ +
§ 10kQ Vi loop2 ) vs

4 mA ) \ Vs

(b)

We have a supernode as shown in figure (a). It is evident that v, = 12 V, Applying KVL
to loops land 2 in figure (b), we obtain,

-vi—10+12=00rv;=2 and-12+20+v3=0 or v3=-8V

Thus, vi=2V, v»=12V, v;=-8V.

Chapter 3, Solution 33

(a) This is a non-planar circuit because there is no way of redrawing the circuit
with no crossing branches.

(b) This is a planar circuit. It can be redrawn as shown below.

W
40
—W
30
50
v+ § 20
10
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(a) This is a planar circuit because it can be redrawn as shown below,

—Wy
7Q

2Q
1Q %39
6Q

—\W

%59

(b) This is a non-planar circuit

Chapter 3, Solution 35

30 V<+>
i1
2 KQ % -

20V

. +

I w%u@
5kQ A -

Assume that i; and i, are in mA. We apply mesh analysis. For mesh 1,

-30+20+ 71y — 51, =0 or 7i; —5i, =10 (1)
For mesh 2,
-20+9i, —51;=0 or -5i; + 91, =20 (2)

Solving (1) and (2), we obtain, i, =

vo = 41, = 20 volts.

5.
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. ()
\_/
\ 4
| I,
12V v ) g ngg
& &

Applying mesh analysis gives,

12 =10I; — 61,
-10=-61; + 80,
6 5 —371,
or =
-5] [-3 41,
5 -3 6 -3 5 6
A= —11, A, = =9, A, = =7
~3 4 ~5 4 ~3 -5
Il_ﬁzij Izzﬁzi
A 11 A 11

11=-1; =-9/11=-0.8181 A, i,=1; =1, =10/11 = 1.4545 A.

Vo = 61 = 6x1.4545 = 8.727 V.

Chapter 3, Solution 37

3Q
— W

5Q
—W
+ . 3V . 4V0
V0§ 20 I I
o & &

1Q




Applying mesh analysis to loops 1 and 2, we get,

6i; — li;+ 3 =0 which leads to i, =61; +3 (1)
-lip+6i,—3+4vy=0 (2)
But, vy = -2i; 3)
Using (1), (2), and (3) we get i; =-5/9.
Therefore, we get vo = -21; = -2(-5/9) = 1.111 volts
Chapter 3, Solution 38
3Q 6 Q
—W —A
+ vy —
IZVCP @ 80 § i) 2vo
T & &
We apply mesh analysis.
12=31; +8(i; — i) whichleadsto 12=111;—-81;, (1)
2vo=6i +8(ip—1;) andvo=310ri; =71, (2)

From (1) and (2), i, = 84/69 and v, =3 1; = 3x89/69

vo = 3.652 volts
Chapter 3, Solution 39

For mesh 1,
-10-27_+10/,-61,=0

But 7 =1 -1,. Hence,
10=-127, +121, +101, =61, —— 5=41,-21,
For mesh 2,
12+81, -6, =0 —— 6=31,-41,
Solving (1) and (2) leads to

I,=08A, I,=-09A

(1

2)
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2 kQ

6 kQ

&«

Assume all currents are in mA and apply mesh analysis for mesh 1.

30=12i; - 61, —4i3 —» 15=61; — 31— 213 (1)
for mesh 2,

0=-6i;+14i,—-2i; —> 0=-3i;+ 7, —13 (2)
for mesh 2,

0 = -4i; — 2i, + 1013 0=-2i;—1y + 513 3)

Solving (1), (2), and (3), we obtain,

l,b=1; =4.286 mA.

Chapter 3, Solution 41

10 Q
—\W\
iy
6V
2Q
i ©
1Q
I
4Q is 5Q
8V
i
I i3




For loop 1,

6=12i; —2i, — 3=06i; -1, (1)

For loop 2,
-8 ="Tip—2i; — 13 (2)

For loop 3,
8+6+6i3—1,=0 —> 2="06i3—1 3)

We put (1), (2), and (3) in matrix form,

6 -1 ofi,] [3
2 -7 1]i,|=18
0 -1 6[iy| |2
6 -1 0 6 3 0
A=]2 =7 1|=-234, A, =2 8 1]=-240
0 -1 6 02 6
6 —1 3
A, =R -7 8=-38
0 -1 2

A, —A,  —38-240 _
A — 234

Atnode 0, i+, =1z30ri=i3—1; = 1.188 A




Chapter 3, Solution 42

For mesh 1,

-12+50/,-30/,=0 —— 12=50/,-301, (1)
For mesh 2,

-8+100/, -30/,-40/, =0 —— 8=-30/,+1007/, —40/, (2)
For mesh 3,

-6+50/,-40/, =0 —— 6=-40/,+501, (3)

Putting egs. (1) to (3) in matrix form, we get

50 -30 0 \I,) (12

-30 100 -40| 1, |=| 8 — Al =B
0 -40 50 \[, 6
Using Matlab,
0.48
I=A4"B=|040
0.44
ie. 1;=048A, L,=04A, 5=044 A
Chapter 3, Solution 43
20Q
A%
a
80V <+> . 300 N
%% i3 30Q Va
20Q
80V <+> iy 300 -
20Q b
—\W

For loop 1,

80 =70i; —20i, —30iy —>  8=7i;—2i,—3is (1)



For loop 2,
80 = 70i, — 20i; — 30is; * = 2i; + Tir — 3 2)
For loop 3,
0 =-30i; — 30i, + 90i; — >  0=i+i-3i; (3)
Solving (1) to (3), we obtain i3 = 16/9
[,=i3=16/9= 1.778 A

Vap=30i3= 53.33 V.

Chapter 3, Solution 44

________ S

50 >
! iy

Loop 1 and 2 form a supermesh. For the supermesh,

611+412-513+ 12:0 (1)
For loop 3, -1 =41, +713+6 =0 (2)
Also, b=3+1 3)

Solving (1) to (3), ij =-3.067, i3 =-1.3333; ic =i, — i3 =-1.7333 A
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I
“w

i
£

—\\W —ANWNW—]
2Q 6 Q
30V ( + . .
- 1 30 % 2 1Q %
For loop 1, 30 =51; — 31, — 213 (1)
For loop 2, 10i; - 311 —614=0 (2)
For the supermesh,  6i3 + 14iy — 2i; — 61, =0 3)
But 14— 13 =4 which leads to i, =13+ 4 4)

Solving (1) to (4) by elimination gives i =1; = 8.561 A.

Chapter 3, Solution 46

For loop 1,

—-12+10l;, -8, =0 ——> 11i, -8i, =12 (1)
For loop 2,

—8i, +14i, +2v, =0

But v, =3i,

-8i, +14i,+6i, =0 —— i, =7i, (2)
Substituting (2) into (1),

77i, -8i, =12 —— i,=0.1739Aand i, =7i, =1.217 A
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First, transform the current sources as shown below.

-6V +

Vv 1 8 V2 4 V3

8Q
I 2Q I

40

+ +
20 12V

For mesh 1,
-20+141,-21,-81,=0 —— 10=71,-1,-41,
For mesh 2,
12+141,-21, -4, =0 —— —-6=-1,+71,-2I,
For mesh 3,
-6+141,-41,-81, =0 —— 3=-4]-21,+71,
Putting (1) to (3) in matrix form, we obtain
7 -1 —=4)\1I, 10
-1 7 =2|1,|=|-6 ——> AlI=B
-4 -2 7 \I 3
Using MATLAB,
2
I=A4"B={0.0333 — 1, =25, 1,=0.0333,1, =1.8667
1.8667

I, :T —>  V,=20-41,=10
V,=2(1,-1,)=4.933 V
Also,

I,= V12 > V,=12+81,=12267V

(1)

2)

©)
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We apply mesh analysis and let the mesh currents be in mA.

4k Q 2k Q2 5kQ

6V
+ +
12
For mesh 1,
—12+8+51,-1,-41,=0 —— 4=5I-1,-41], (1)
For mesh 2,

-8+137,-1,-10/,-21,=0 —— 8=-1,+131,-101,-21, (2)
For mesh 3,
-6+151,-10/,-5/,=0 ——> 6=-10/,+15/,-5], 3)
For mesh 4,

—41,-21,-51,+141, =0 (4)
Putting (1) to (4) in matrix form gives
5 -1 0 -4\ 4
-1 13 —-10 -2|1 8
0 -10 15 -=5]1, 6
-4 -2 -5 14 )\I 0

——> AI=B

Using MATLAB,
7.217
B 8.087
I=A"B=
7.791
6

The current through the 10k Q resistoris [,=I,— 15 = 0.2957 mA
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3Q
%Y
i3
1Q 2Q
—\\W\ —\N—

s ( 2 ) 1)

iy 0 I
(a)
10 2Q
Yy Yy —MN—
16V
+ +
2Q +
% i Vo or Vo @ <—>
(b)
For the supermesh in figure (a),
3i; +2i, -313+16=0 (1)
At node 0, 1o —1; = 21y and ip = -1; which leads to i, = -1 (2)
Forloop 3, -1 —2i, + 6i3 =0 which leads to 6i3 = -i; 3)

Solving (1) to (3), i1 = (-32/3)A, i, = (32/3)A, i3 = (16/9)A

i = -i; = 10.667 A, from fig. (b), vo = i3-3i; = (16/9) + 32 = 33.78 V..
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———————————————————————————

) Q

—4AW

For loop 1, 161; — 101, — 2i3 = 0 which leads to 8i; — 51, —13,=0
For the supermesh, -60 + 10i, — 101; + 1013 —21; =0

or -61; + 51, + 513 =30
Also, 3ip=13—1» and 1p=1; whichleadsto 3i;=13—1»

Solving (1), (2), and (3), we obtain i; = 1.731 and ip=1, = 1731 A
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S5A

-
A

8§Q
—W Y —
2Q
1Q i3
i
4Q M 20V <_>
40V % +
Va

(D

)
3)

8Q



For loop 1, 11 =5A

For loop 2,  -40 + 7i, — 2i; — 4i3 = 0 which leads to 50 = 71, — 413
For loop 3, -20+ 1213 — 41, =0 whichleadsto 5=-1,+3 13
Solving with (2) and (3), L=10A, i3=5A

And, Vo =4(i» —i3) =4(10 - 5)= 20 V.
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" CP i

For mesh 1,
2(i; —1p) T 4(i; —i3) — 12=0 which leads to 3i; —i; —2i3=06
For the supermesh, 2(i, —1;) + 812 + 2vp + 4(i3 —1;) =0
But vo = 2(i; —12) which leads to -i; +3i; + 213 =0
For the independent current source, i3 =3 + i
Solving (1), (2), and (3), we obtain,

il =3.5 A, iz =-0.5 A, i3 = 25A.

(D
)
3)

2V,

(1)

2)
€)
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VS CP i

For mesh 1,
2(i; —12) T 4(i; —i3) — 12 =0 which leads to 3i; —i, —2i3=06
For the supermesh, 2(i, —1;) + 81, + 2vo + 4(i3 —1;) =0
But vo = 2(i; —12) which leads to -i; +3i; + 213 =0
For the independent current source, i3 =3 + 1

Solving (1), (2), and (3), we obtain,

il =3.5 A, i2 =-0.5 A, i3 = 25A.

2V,

(1)

2)
)
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Let the mesh currents be in mA. For mesh 1,

—-12+10+2/,-1,=0 —— 2=2],-1, (1)
For mesh 2,
-10+37,-1,-1,=0 —— 10=-1,+31,-1, (2)
For mesh 3,
-12+21,-1,=0 —— 12=-1,+21, 3)

Putting (1) to (3) in matrix form leads to

2 -1 0Y1,) (2
-1 3 —1|1,|=[10] —> A4I=B
0 -1 2)\r15,) l12

Using MATLAB,
5.25

I=A"B=| 85 —— [,=525mA, I, =8.5mA,I, =10.25mA
10.25
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It is evident that 1, =4 (1)

Formesh4, 12(I;—1))+4(Is—15)—-8=0 (2)
For the supermesh ~ 6(I, —1;) + 10+ 2I3 + 4(Is —14) =0

or -3I; + 3L + 3 -2I4,=-5 3)
Atnode c, L=LK+1 (4)

Solving (1), (2), (3), and (4) yields, I} =4A, 1, =3A, 13 =2A, and [4 =4A
Atnode b, n=L-I;=-1A
Atnode a, L,=4-14=0A

Atnode 0, 3=L-13=2A
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+ Vl —
—\W\
20
iy
20 20
—WW —\W\

1zv<+> . % . m%vz
11 13 _

Forloop 1, 12 = 4i; —2i, — 213 which leadsto 6 =21, —1,— 13 (1)
For loop 2, 0 =61, —2i; —2 i3 which leadsto 0=-1; + 31, — 13 2)

For loop 3, 0= 613 —2i; — 2i, which leadsto 0=-1; —1, + 313 3)



In matrix form (1), (2), and (3) become,

2 -1 —1Tij,
-1 3 -1i,|=
-1 -1 3|i,

S O

2 -1 -1 2 6 -1
A=|-1 3 -=1=8, A=|-1 3 -1=24
-1 -1 3 -1 0 3

2 -1 6
As=1-1 3 0/=24, therefore i, = 13 = 24/8 = 3A,
-1 -1 0

vi = 21, = 6 volts, v = 213 = 6 volts
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Assume R is in kilo-ohms.

V, = 4kQx18mA =72V, V,=100-V, =100-72 =28V

Current through R is

= 3 i Vi=iR —— 28:i(18)R
3+R " 3+R

This leads to R =84/26 =3.23 kQ

Ip
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30Q

30Q 30Q



For loop 1, 120 + 40i; — 10i; = 0, which leads to -12 =4i; — 1, (1)
For loop 2, 50i, — 10i; — 10i3 = 0, which leads to -i; + 51, —13=0 (2)
For loop 3, -120 — 101, + 40i3 = 0, which leads to 12 = -i, + 4i3 3)

Solving (1), (2), and (3), we get, i; =-3A,1, =0, and i3 = 3A
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40 Q
——— (")
I A @“1‘2’6'\7"5
we | i
M =
200

100V<+> i s : iy )| w% 80 Q
Vo : [

1b) i3
For loop 1, -100 + 301; — 201, + 4vo = 0, where vy = 80i3
or 5=1.511—1, + 1613 (1)
For the supermesh, 601, —20i; — 120 + 8013 — 4 vy = 0, where vy = 8013
or 6=-i;+ 3, — 1213 (2)
Also, 2Ip=13;—1, and Iy =1,, hence, 31, = i3 3)

3 -2 32 ] 10
From (1), (2), and (3), -1 3 -=12]|1,|=
0 3 —1]]|i

3 -2 32 3 10 32 3 -2 10
A=1-1 3 —12/=5 MA=|-1 6 —12/=-28, A3=|-1 3 =-84
0 3 -1 0 0 -1 0

I() = iz = AZ/A =-28/5=-5.6 A

Vo = 8i3 = (-84/5)80 = -1344 volts
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0.5i,
—>
4 4Q 10V 8Q Y
Vi ¢—<—"\/\/ . —\WWN—>— V2

Atnode 1, (vi/1)+ (0.5vi/1) = (10 — v;)/4, which leads to v; =10/7
Atnode 2, (0.5vi/1) + ((10 — v2)/8) = vo/2 which leads to v, =22/7
Pio = (v1)*/1 =2.041 watts, P>q = (v2)*/2 = 4.939 watts

Pso = (10 — v1)*/4 = 18.38 watts, Py = (10 — v,)*/8 = 5.88 watts

Chapter 3, Solution 61

20Q 10 Q
Vi V2

io
i +

Q) w300 v,

40 Q

+ |

Atnode 1, ig=(v1/30) + ((vi — v2)/20) which leads to 60is = 5v; — 3v; (1)
But v, =-5v¢ and vo=v; which leads to v, = -5v;
Hence, 60is=5v; + 15v; =20v; which leads to v = 3is, v, = -15i;

ip = v2/50 = -151¢/50 which leads to i¢/is=-15/50=-0.3
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4 kQ 8 kQ B 2 kQ

_________________________

________________________________________

We have a supermesh. Let all R be in k€, 1 in mA, and v in volts.

For the supermesh, -100 +4i; + 8i, +2i3+40=0 or30=2i; +4i +i3 (1)
Atnode A, i1+t4=1, (2)
At node B, i, =21 +13 3)

Solving (1), (2), and (3), we get i; =2 mA, i, =6 mA, and i3 =2 mA.
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10Q A
— VWV ?_} __________ f; __________
50V<+> | O\ !
_ ! I1 Iy E
s ¢
For the supermesh, -50 + 101; + 51, + 41, = 0, but iy = 1;. Hence,
50 = 14i, + 5i, (1)
Atnode A, 1; +3 + (vy/4) =1z, but vy = 2(1; — 1), hence, 1, +2 =1, (2)

Solving (1) and (2) gives i; =2.105 A and 1, =4.105 A
vx = 2(1; —12) = -4 volts and iy =1, — 2 =4.105 amp
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ii 50Q A i, 10Q

—\\N—> —\\N—

T

L/ N\ ! S1wal b

! I |

! | §40 Q

100V<+> i 5--{ ________________________ !
! t 0.2V,
iy B

For mesh 2, 201, — 101; +4ip=0 (1)
But at node A, 1, =1; — 1, so that (1) becomes 1; = (7/12)1, (2)

For the supermesh, -100 + 501; + 10(i; —12) — 4ip + 4013 =0

or 50 =28i; — 3i, + 20i; 3)
Atnode B, B+02vp=2+1 (4)
But, vo = 101, so that (4) becomes i3 =2 —(17/12)i, (5)

Solving (1) to (5), i, =-0.674,

Vo = 10i2 =-6.74 VOltS, i() = i] - i2 = -(5/12)i2 =(.281 amps
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Formesh 1, 12=127,-61,-1, (1)
Formesh2, 0=-6/,+161,-81,—-1,—1, (2)
Formesh3, 9=-81,+151, -1 3)
Formesh4, 6=-1 -1,+51,-2I; 4)

Formesh5, 10=-1,-1,-21,+8I; 5)



Casting (1) to (5) in matrix form gives
12 -6 0 1 0/ 12
-6 16 -8 -1 -1

2

1

0 -8 15 0 -1|71;[=|9 —> Al=B
-1 -1 0 5 -=-2|1,
0 -1 -1 -2 8 10
Using MATLAB leads to

1.673

1.824
I=4"B=|1733

2.864

2411

Thus,
1, =1.673A,1,=1.824A,1,=1.733A,1, =1.864 A, 1, =2.411A
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Consider the circuit below.

2 kQ 2k0Q
+ +
208 ) m' 1kQ \' O1ov
kO kO

Iol

1kQ 2k0Q

2kQ 1 1L
12V
+

We use mesh analysis. Let the mesh currents be in mA.

Formesh 1, 20=4/-1,-1, (1)
Formesh2, -10=-1,+4/,-1, (2)
Formesh3, 12=-1,+41,-1, (3)

Formesh4, -12=-1,-1,+41, (4)



In matrix form, (1) to (4) become
4 -1 -1 01, 20

1 4 0 -1, |-10
10 4 -1|5]| |12
0 -1 -1 4)\z7,) (-12

Using MATLAB,

5.5

g | LT

3.75

~25

Thus,

[ =1, =
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G11 = (1/1)

G12=-1 =

—> AlI=B

+(1/4)=125, Gy =1/1)+(1/2)=1.5

Gzl,i1:6—3:3, i2:5-6:-1

1.25 —1] v, 3
Hence, we have, =
-1 L1.5]|v, -1

125 -1 115 1
-1 15 Al1 1

v, | [1.7143
v, | [1.1429

25} , where A = [(1.25)(1.5)-(-1)(-1)] = 0.875

1.14297 37 [3(1.7143) - 1(1.1429)] [4
1.4286 | — 1| |3(1.1429) — 1(1.4286)| |2

Clearly v; = 4 volts and v, = 2 volts
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By inspection, G;;=1+3+5=8S,Gpn=1+2=3S, G33=2+5=7S
Gip=-1, Giz=-5, Gy1=-1, Gp3=-2, G31=-5, G3,=-2

i1:4, i2:2, i3:-1

We can either use matrix inverse as we did in Problem 3.51 or use Cramer’s Rule.
Let us use Cramer’s rule for this problem.

First, we develop the matrix relationships.

8 -1 —57v, 4
“1 3 =2|v,|=|2
-5 =2 7 |v,| |-1
8 -1 -5 4 -1 =5
A=|-1 3 -2 =34A,=|2 3 -2/=85
-5 -2 7 -1 -2 7
8 4 -5 g8 -1 4
A, =|-1 2 =2/ =109,A,=|-1 3 2|=87
-5 -1 7 -5 -2 -1

vi = A1/A=85/34 = 3.5 volts, v, = Ay/A = 109/34 = 3.206 volts
vz = As/A = 87/34 = 2.56 volts
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Assume that all conductances are in mS, all currents are in mA, and all voltages
are in volts.

Gy = (1/2) + (1/4) + (1/1) = 1.75, G = (1/4) + (1/4) + (1/2) = 1,
Gy =(1/1)+ (1/4) =125, G, =-1/4=-0.25, Gj3=-1/1=-1,
G21 = -0.25, G23 =-1/4= -0.25, G31 = -1, G32 =-0.25

i1:20, i2=5,andi3= 10-5=5
The node-voltage equations are:

175 -025 -1 Jv,] [20
~025 1 -025|v,|=]|5
~1  -025 125 |v,
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G =G +G+ Gy Gi2=-Gy, Gi3=0,
G =G +G3, Gy =-Gy, Ga3=-Gg,
G33=G1 +G3+Gs, G31 =0, G3=-G3
i] = -Il, iz = 12, and i3 = Il

Then, the node-voltage equations are:

G, +G,+G, -G, 0 v, [-1,
-G, G, +G, -G, v, [=] 1,
0 -G, G,+G,+G,|v, I,
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R11:4+2:6, R22:2+8+2:12, R33:2+5:7,
Rip=-2, Ri3=0, Ry =-2, Ry3=-2, R3;1 =0, Ry =-2

\ 20 12, Vo) = -8, and V3 = -20

Now we can write the matrix relationships for the mesh-current equations.

6 -2 07i 12
2 12 -2|i,|=| -8
0 -2 7 |iy| [-20

Now we can solve for i, using Cramer’s Rule.

6 -2 0 6 12 0
A=-2 12 -2/=452,A, =|-2 -8 -2/ =-408
o -2 7 0 -20 7

i, = Ay/A =-0.9026, p = (i,)’R = 6.52 watts
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R11:5+2:7, R22:2+4:6, R33:1+4:5, R44:1+4:5,
Ri2=-2, Ri3=0=Ryus, Ry =-2, Ri3=-4, Riu=0, R3; =0,
R32:-4, R34:-1, R41:0:R42, R43:-1,W6 note that Rij:Rji for
all 1 not equal to j.

vi=8, v;=4, v3=-10, and v4=-4

Hence the mesh-current equations are:

7 -2 0 0Ti 8
-2 6 -4 0i,| | 4
0 -4 5 —1{iy| [-10
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R11:2+3+4:9, R22:3+5:8, R33:1+4:5, R44:1+1:2,
Rip=-3, Riz=-4, Ri4=0, Ry3=0, Ry4=0, R3ys=-1

V1:6, V2:4, V3:2, and V4:-3
Hence,

9 -3 -4 oTi] [6
-3 8 0 O0i,| |4
-4 0 6 -1|i,| |2
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Ri1 =R+ R4 +Rs, Ryp =Ry + R4+ Rs, R33=Rg+R7+Rg,
R4 =R3+Rs+Rg, Rip=-Ry, Ri3=-Rs, Ris=0, R3=0,
R4 =-Rs, R3s =-Rg, again, we note that R;j = R;; for all i not equal to j.

Vl
. . _Vz
The input voltage vector is =

V3

-V,
R, +R, +R{ -R, - R, 0 i V,
-R, R, + R, + R, 0 - R, L |-V,
- R, 0 R, +R, + R, - R, i, |V,
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* Schematics Netlist *

R R4 $N_0002 $N 0001 30
R R2 $N_0001 $N 0003 10
R RL $N_0005 $N_0004 30
R R3 $N_0003 $N_0004 10
R R5 $N_0006 $N_0004 30
V_ V4 $N_0003 0 120V
v_V3 $N_0005 $N 0001 O
v_\V2 0 $N_0006 O
v_V1 0 $N_0002 O
R1
) AN
Q 30
) £
R2 R3
L
10 10
R4 0 +| Va4
120 —— RS 0
000A T

- . 000A

Clearly, i, =-3 amps, i, =0 amps, and i3 =3 amps, which agrees with the answers in
Problem 3.44.
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* Schematics Netlist *

0 $N_0001 DC 4A

$N 0002 $N 0001 0. 25
$N_0003 $N 0001 1
$N_0002 $N 0003 1
$N_0002 $N 0001 VF_F1 3
$N_0003 $N_0004 OV

0 $N 0002 0.5

0 $N_0001 0.5

0 $N_0002 DC 2A

0 $N_0004 O0.25

~3 R IBEES

— T —
I;UI I;UI;U 'I<'II I;UI;UI;UI
A

|_|
(=l

F1Le=dF
EEE_IDFI"I"-.-" 2 37500V =)' 1.68EEY
8T A, Al

1 1 | oc
2R ke 2 05
11

0.25 RE §U-5 3

R4

iy

Clearly, vi =625 mVolts, v, =375 mVolts, and v; =1.625 volts, which agrees with
the solution obtained in Problem 3.27.
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* Schematics Netlist *

R R2 0 $N 0001 4
| 11 $N_0001 0 DC 3A

1713 $N_0002 $N 0001 DC 6A
R_R3 0 $N 0002 2

R RL $N 0001 $N 0002 1
112 0 $N_0002 DC 5A

BA

4._@_.7

D 13

4000V Rq 2.000V
W DC

Clearly, vi =4 volts and v, =2 volts, which agrees with the answer obtained in Problem
3.51.
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The schematic is shown below. When the circuit is saved and simulated the node
voltages are displaced on the pseudocomponents as shown. Thus,

V,==3V, V,=45V,V, =-15V,

s
3L — 7 TOAIN=2
iy  HT

o R | N

- H

= R3 = 1 R2 =4
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The schematic is shown below. When the circuit is saved and simulated, we obtain the
node voltages as displaced. Thus,

V, =-5278V, V, =1028V, V. =0.6944V, V, =-26.88V

CED44Amy
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* Schematics Netlist *

H_H1 $N_0002 $N 0003 VH H1 6
VA H1 0 $N 0001 OV

I T1 $N 0004 $N 0005 DC 8A
V_ V1 $N_0002 0 20V

R R4 0 $N 0003 4

R Rl $N_0005 $N 0003 10

R R2 $N_0003 $N 0002 12
R_R5 0 $N 0004 1

R R3 $N_0004 $N 0001 2



g4.00v

[n]s

a4 @‘

R: T 1

=3 4. 000y R4 20.00%
ANy A
10 17
W1
Ra § 4 20y —L
1 1
5333 R2 H1
AR 1
1 2 H

1

Clearly, v, =84 volts, v, =4 volts, v; =20 volts, and vs =-5.333 volts
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F1

R5 -6 BT
Ay
3
2667V 6667V po 173.33V
< 1
20 V1 6 i
2 104 R3 1 E—E | Ra §1
I
GAIN=3

Clearly, v; =26.67 volts, v, =6.667 volts, v; =173.33 volts, and v, =-46.67 volts
which agrees with the results of Example 3.4.




This is the netlist for this circuit.

* Schematics Netlist *

0 $N 0001 2

$N_0003 $N 0002 6

0 $N 0002 4

0 $N_0004 1

$N 0001 $N 0004 3

0 $N 0003 DC 10A

$N_0001 $N 0003 20V

$N_0002 $N_0004 $N 0001 $N 0004 3

II-I-II<I:I;UI;UI;UI;UI;U
Ms-3R33A
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2i,
—>
+ Vo —
— W
3 KO
2kQ 2 3v, 3 6kQ
1 M~ > A
4A
Q) 4kQ § 8 kQ 100V<+
0
L

This network corresponds to the Netlist.
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The circuit is shown below.

1 20Q 2 70 Q
A—»
+ Vo —
m_v_Cr 509 2A (l> 30Q
_ 3 NG
3V0
2 kQ) 2 0 3 6 kQ
1 AAA ) AAA
A'A% vl vV
4A -
Q) 4 kQ) § 8 kQ 100V,
0
L

When the circuit is saved and simulated, we obtain v, =-12.5 volts
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From the output loop, vy = 50i,x20x10° = 10%, (D)
From the input loop, 3x107 + 4000i, — vo/100 = 0 2)

From (1) and (2) we get, iy = 0.5 and vy = 0.5 volt.
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The amplifier acts as a source.
R,

_|_

O o

For maximum power transfer,

RL :Rs :E
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Let v, be the potential across the 2 k-ohm resistor with plus being on top. Then,
[(0.03 — v;)/1k] + 400i = v{/2k (1)
Assume that i is in mA. But, i=(0.03 — v;)/1 2)
Combining (1) and (2) yields,
vi =29.963 mVolts and i=37.4 nA, therefore,

Vo = -5000x400x37.4x10” = -74.8 mvolts
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vi = 500(vs)/(500 +2000) = v¢/5
Vo = -400(60v;)/(400 + 2000) = -40v; = -40(v¢/5) = -8vs,

Therefore, vo/vs=-8
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Let v, be the potential at the top end of the 100-ohm resistor.
(Vs — v1)/200 = v1/100 + (v| — 107v()/2000 (1)
For the right loop, vo = -40i¢(10,000) = -40(v; — 107)10,000/2000,
or, vo=-200v; + 0.2vo = -4x107v, )

Substituting (2) into (1) gives,
(vs + 0.004v,)/2 =-0.004v, + (-0.004v; — 0.001v()/20

This leads to 0.125vy = 10vs or (vo/vs) = 10/0.125 =-80
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V1=VBE+40k IB (1)
5 = VCE + 21( IC (2)

IfIc = Blg =751z and Vg = 2 volts, then (2) becomes 5 =2 +2k(751p)
which leads to Iz = 20 pA.

Substituting this into (1) produces, v; = 0.7 + 0.8 = 1.5 volts.

2 kQ
—— A

L+
<
g

Vi

|
e
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For loop 1, -vs+ 10k(Ig) + Vg + Ig (500) = 0 = -v4 + 0.7 + 10,0001 + 500(1 + B)Is
which leads to vs+ 0.7 = 10,0001g + 500(151)Is = 85,50013
But, vo=500Ig =500x151Ig =4 which leads to Iz = 5.298x107

Therefore, vs=0.7 + 85,5001 = 5.23 volts
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We first determine the Thevenin equivalent for the input circuit.

Ron = 6]12 = 6x2/8 = 1.5 kQ and Vg, = 2(3)/(2+6) = 0.75 volts

5kQ

For loop 1, -0.75 + 1.5kl + Vgg + 400l = 0 =-0.75 + 0.7 + 150015 + 400(1 + B)Is
I3 =0.05/81,900 = 0.61 pA
vo = 4001 = 400(1 + B)Iz =49 mV
For loop 2, -400Ig — Vg — Sklc + 9 =0, but, Ic = Blg and Ig=(1+ B)Is

Ver = 9 — SkBIg — 400(1 + B)Ig = 9 — 0.659 = 8.641 volts
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I; 5kQ
10 kQ —~——ANN——
NV Ve
I
YIp ¢ Vr
+
+ VCE
Vee § — +
- 12V——
+ -
4 kQ Vv,
Ig _




L=Ig+tIlc=(1+P)s and [g=Ig+1c =1,
Applying KVL around the outer loop,
4klg + Vpg + 10klp + 5kI; = 12
12 - 0.7 = 5k(1 + B)Ig + 10kl + 4k(1 + B)Ig = 919klIp
Ig=11.3/919k = 12.296 pA

Also, 12 =5kl + V¢ which leads to Ve =12 — 5k(101)Iz = 5.791 volts

Chapter 3, Solution 93

4
4Q wv; T i 3vy YV, i3 2Q 3vy

—»—’\/V\/—rw\/\/\/ y2
i ) 2Q Vi i
b + o+ +
24V <+> 20 8Q
4 Vo Vi V2

(@ (b)
From (b), -v; +2i—3vy+ v, =0 which leads to i=(v| + 3vy—v)/2
Atnode 11in (a), ((24 —vy)/4) = (vi/2) + ((vi +3vo —Vv2)/2) + ((vi — v2)/1), where vy = v,
or 24 =9v; which leads to v; =2.667 volts
Atnode 2, ((vi—v2)/1)+ ((vi +3vo—Vv2)/2)=(va/8) + Vold, vo=V>
v2 = 4v; = 10.66 volts

Now we can solve for the currents, 1, =v;/2 =1.333 A, i, =1.333 A, and

13 =2.6667 A.
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