PROBLEM SOLUTIONS CHAPTER 3.

Solution 3.1. Select the bottom node as the reference node, and write a node equation at the positive
terminal of theV, resistor:

Vi-Vo, Vi Vi 4V _
3R 6R 6R

P 2\/1- 2V0+V1+V1- 4V0:0

P 4V1=6V0

P V1:1.5V0

Solution 3.2 Write anode equation at the top node:

Vi DV }Qg_

06- —=- —= =0
100 100 50
P -V, - 2V - 2V, =- 60
P -5V, =-60
b V=12V
Solution 3.3

OV 2BV Ve V- OV
100 100 50 40
Ny, 2Vy By _ ¢

100 100 400

0

b -
b V,=-3V

Solution 3.4 (a)
Itisevident from thefigurethat V= 20. We need to write two equationsin V, and V, and put them in

matrix form. In this case, we can write the matrix equation by inspection. Note that the resistors are
identified by conductance values.

glsm - 5md/au_ €050

&5m 35miEv, g &0.5¢



(b) Solvethe matrix equation by inverting the left-most matrix:

&30 1 é35m  5m (£0.5(
&4, N7 5250 250 §5m  15miEo.sd
_ 165 5Sisu
T 0585 158054
€400

B ?OU

(C) Vy =Vap=Vj - Vp =20V, V,, =-V,=-40,V,, = -V, = -20.
(d) P, =0.5" 40 = 20W, P, = 20" (20-20) = 0. P, = 40° 40 10m + 20" 20° 5m + 20" 20’ 5m =20 W.

Power delivered equals dissipated power.

Solution 3.6 Write two nodal equations:
Va-Vi_ les +V1 -V,
3000 6000
Vo _Vo-Vo V-V
30000 12000 6000
Rewrite equations as:
g - 2V4 =60001g3+Vq - Vo
2Vp =5Vg - 5V, +10V; - 10V,
Cast into amatrix equation
é-3 10éViu é60001 3- Vg U
§10 170850 & e b
Solving the matrix equation yields:
/10 d8l.46y

3/2 ¥ 324 39,

Power absorbed by the 6k resistor is (V,-V,)?/R = 0.5429W .
Similarly, P, = (V-V,)/3000° V,, = 4.7W, Py = (Vgz - V>) /12000 Vg, = - 0.32W

Psgz IS3, (VSZ' Vl) =-1.21W

Solution 3.7 (@) Again, the matrix equation can be written by inspection:



€5, + Gy + Gy -G4  BVgU_ é0G; L
e u-= L
g & G3+Gy +GstiVcl &0Gat

(b) Substituting the values of conductances and inverting the above matrix equation yields:
Vg = 34.0132V
V. =33.6842V
(c) Power deliveredis 80.7566W . Using the Principle of Conservation of Power:
Pog =PL+P +P3+ Py +P5
or,
&Va - VB +VA-VCQ_

Poer =50 755 20 H

80.7566W

(d) Inthis part, we take the above matrix equation and solve it for each value of G.. If we do this, we can
get afed for the behavior of V, and V. w.r.t. changesin G,. The following plot is the voltage difference
between the two nodes as a function of G, and hence as a function of temperature.

B )

L] = = am = =1 i £l 1§ =] . 1 = - .

As can be seen, in thisfigure, the voltage difference between B and C does not change linearly with R,
Since thisresistance itself changes linearly with temperature, this meansthat V-V does not change
proportionally to temperature.

Solution 3.8 The answer is;



€5+ G2 -G -Gy 0 wVio é lqu
é Y
g "Gt G +G3+Gy+Gy -Gy -Gy UE\V2u 60y
g-Gz -Gy Gy +Gg +Gg + G, - Gg uer éoU
e 0 -Gy - Gg GG+G8+G7@/4Q @ISZQ

Solution 3.9 Write the matrix equation by inspecti on:

é4/100 -1/100 - 1/10008V U elOOu
é U_@&Vald
& 1/100  4/100 -1/100t§/2lJ e
& 1/100 -1/100 4/100 Hav3H gszg

Solving the equationin MATLAB, weget: V, =7,V,=7,V, =11, and P = 0.6.

o= Vi Vo V20_ 15 &, 30_qqy

P=Va & 100 100 2~ &0 109

Solution 3.10 (a)
Nodal equation for A:
Va-Vg Va-VB  Va-Vc _,
10 10 10

(b) At node B:
VB .VB-Va._
077 10
(c) At nodeC:

|32:0

Ve Va _
loo- laq t+

(d) Manipulate algebraically to cast asthe following matrix equation:

€3 -1 -1eVpu & Vg U
é u_e a
'ghl 2 Ol;e Bg—e 10l q
81 0 1HvcH 89(s- o)
é‘/AU e.13.1u



(6) P=(-10-13.333)/10° (-10) = 23.33W.

Solution 3.12
We are required to write the equationsin matrix form. First, write anode equetionat V, and V:

Va- 548 YA You g
5 10
Vout - Va \

oA 75/, +-2 -
10 10

Now group the coefficientsfor V, and V,,, and write the matrix equation:

out?

d+1/5+1/10 - 1/1006Va 0 &U

€-1/10+75  2/10 Vol DU
6Vau é1 U
& G=é

g
gvout u €374
where the matrix inversion was performed in MATLAB. Theratio of the output voltage to the input voltage
is-37/5.

Solution 3.13 (a) Nodes A and B are aready |abeled:
(Va- 9)0.1+(Va- 0.5V5)0.2+(Va- Vp)0.3=0
(Vg - Va)0.3+ (Vg - 9)0.5+0.4Vg =0

This can be rearranged I nto:
(0.1+0.2+0.3V, - 0.3Vg- (0.2” 0.5)Vg =0.9
-0.3Vp +(0.3+0.5+0.4)Vg =45

The matrix eguation can now be easily obtained:

€06 -(0.5)(0.2)- 0.308/a0 €0.90
&03 1.2 Bved™ &.54
&/pl_e4.84
&eu 950
(b) 1. =-(V,-V)0.1- (V,-V)0.5 = 2.445A



() P, = Vlin = 22.005W, Pygp=0.5" Vo~ (0.5Vy - V)~ 0.2=- L15IV .
(d) P=V%R = (4.95)" (4.95) 0.4 = 9.801W.

Solution 3.14 (a) Wewrite node equationsat V, and V;:

L Va-VB
=0
oMYA+ ok

o + =
st 20k

VB- Va VB
- gmy(Va- Vg) + =2 +1g- gmVa =0
10K g 2( A B) ook | 2 amyva

Rearranging, we have:

el 1o, Va_,
&0k T IM™M T Toke' AT ok S

a1l o\/ el 1
— - gm + & Logm, +—— =-|
&0k amo - gml AT &0k gmp + > Ko B 2

(b)

él./20k+ gmy +1/10k -1/10k wVau élg u
& 1/10k- gmp- gmy  1/10K+ gmy +1/2.5kiEVeE & lsol]

(c) Theabove matrix isinserted into MATLAB, with al the values substituted, to obtain:
&/ A u @.722(

VA Ss 972LJ
(d) V, = V,-V, = 3.75V

(€) P, = V,l, = 0.0292W, P, =-V,gm,V, = -0.008W, P, = Vygm,V, = 0.0112W, P, = -Vl = -

0.0119W.

Solution 3.15 |, = 0.4. Write nodal equationsat A and B

Va . Va- VB
+—A__B 1003Va- Vr)=04
100 20 0.04V - Vg) =0
Ve-Va, Ve, Ve- 80"5 w0 _
20 40" 40 -

Rearranging and casting into matrix form:



d/100+1/20 +0.03  -1/20- 0.03 (&/pd €040
€ _u20 1/20+1/40- 1/40 858 &0 ¢
&/au_ ed0u
&0 400

It isobvious then, that V,, the voltage between A and B, is zero.

Solution 3.16
Va-Ve _Va- VB

1) Va=3000i,=3000" B ==A

Equation at node B:
VB-Va, VB ,VB-WD
9000 6000 18000

=0 isequivaent to:

Equation at node D:
Vo-VB, Wb . _
+ + =
18000 5005 T s = O which can be rewritten as

3) 3p - Vg = - 360 Solving the system formed by equations (1), (2) and (3) we obtain:
Vpo=9NV, Vg=-18V, Vp =-126V.

Solution 3.17 (a) Choose E as the reference node
V,=2i,
At node B
6= (Vg-V)I3+ (Vg-V,)I2
Or 6 = 5/6V, —1/3V. -V,/2
AtnodeC, V. =2,
AtnodeD, VD=-12V
iy =(VD-VA)/2 =VD/2 -x

From here on, the solution involves algebraic manipulations to solve the system of equations. MATLAB or
hand anaysis can be performed to obtain:

Vp =48V, Vg =12V, \[c =-60V.

(b) Pga =6(12=72W



lipy = 30-8=22A ( P12V = 264W.
Py, =2iy " (-i,- iy)=2" 24" (+18+ 30) = 2304W
Ve -

6
© P,w =iy (Vg-Vo)=1728W = 1728W
P\, =6 8 8=384W

YDy =2 (-30)" (- 24- 8) =1920W

Py, =2y (i +

P,w, =2 i, i, = 1800W

P,w = (Vp-2i) (Vg-2i,)/2 = 648W.

(c) Vp=-12V,V,=2i,V. =2,

Substitute the above V,, and V.. into the node equation for node B:

I, = (Vg-2i,)/2 = V,/2 -, and

i, = (Vg-2i,)/3 =V, /3-2/3i,

Substitutei, into i, to obtain: i, =0, V, = 0. Then, Vg can be deduced to be 12.

Finaly, V. = 12V.

Now, compute the powers.

Pon = 72W , Py, = 0, Py, = (V-Vp)?/6 = 96W, P,\p, = 72W, P,\p, = 72W.

Va-Vp  Vc-
2 6

V
Py =127 ( Dy=12" (6+4) =120W,

Pax =OW, Py, =12° 4=48W

Solution 3.18 The three node equationsat A, C, and D are:
- 0.8- 0.3=0.015V4 +0.02Vp - 0.02V¢
V. =440
-0.8+2.5=-0.005Vp +0.025\ - 0.025Vp
As can be seen, these redlly reduce to only two equations in two unknowns. These can be solved rather
easly either by hand or by MATLAB to obtain: V, = 220V, Vp = 310V . Notethat all of these voltages
are aready referenced tonode B (i.e. V, = V3, €tC).

Solution 3.19 (a) SupernodeisBC (50 V source).
(b) Only one node equation needs to be written:



Vo Va,Ve,Ve Va,Ve_,
90 90 10 10 10 90

with the congtraint that \c - Vg = 50.
(c) The constraint equation can be substituted into the B node equation to obtain
Vg =125V. Thus, V. =175V, and i, = (V-V,)/10 = -12.5A.

(d) (V,-V,)/90 = 1.94A > P, = 300" (1.94+12.5) = 4332W.

V/90 =194 P, = -528W.

Poo=50" (i +3) =~ 528W

Solution 3.20 (a) Vy=V,—-440and V.=V, —460.

(b) Supernodeisoneincluding A, B, and C.

(c) (Ve - 40)0.15+0.05Vg +0.25V, - 25+0.2(V, - 40)=0
This can easily be rearranged to get V, = 200V.

(d) power P,=V,~ 1 =200" 25= 5000\ =5KW

Solution 3.22 (a) V.=V, =6V

(b) I,=0.01V,

(c) Supernodeat A,B, encompassing the controlled source. So, we have one equation:
lg =0.0Vp +0.0125Vg + 0.1V - 0.1V

. : . . Vg, .
(d) Substitute the constraint equations, V,, -V, = 201, = 0.2V, , (equivaently: Vp = 0_88) into the above
, Vg
ation: Vp =—
equation: Va 0.8

V,
g = 0.010—'38 +0.0125Vg + 0.0V - 0.V
b Vg = 6.4V
b Va=8V

(e) I, = 0.08A.

(f) Poo1osy=Ves / R=0.512W

(g) P=lg Vao=02" 8=16W



Solution 3.23 (a) V.=V, =50V.

(b) i, =V ,/100.

(c) Supernode A,B:
lg = 0.0V +0.05Vg +0.05Vg - 0.05Vg +0.09V - 0.09V,
Vo =Vg +300y =Vg +3Vp

(d) Solving the above two equationsyields: V, =-90V, V, = 180V.

_Va _-90
(®) 1x= 700" 100

(f) (Vg-Ve) (Vg-Vo)/R = 845W.
(@ Pg=ls, Va=2" (-90)=-180W

— =-0.9A

Solution 3.24 (a) Vg- Vo =3V, =3Vg; Vc =-2Vp
(b) Supernode a B and C, encompassing controlled source.
(©)

Ve Ve V
lo=(-2- -2 B L4 (=E. JAyy,
2~ (10 10 T (10 10)’ C

equivalently: 2Vp +2Vg =-10
(d)

=- ZVB, 101 S =- 2(\/5 +VA)

(Ol\/A - Olvs]_) + (01VA - ONB) + (OJ.VA - OlVC) = 0, 03VA + OlVB = OlVS_L’ eCIUIVdmtly
3‘/A - VB =-10
(e) Again, any method can be used to ssmplify and solve the system of two equations. The solutionis:
V,=-25V,V, =-25V.

Solution 3.25 (a) V, =V, =16V.
(b) Supernode at C and D, encompassing controlled voltage source.
(© oo =(0.75mVp - 0.75mVp) + (IMV - ImV )
(d  V.=4V,+V,
(€)
0.75mVp +(0.75mVg - 0.75mVp) + (0.25mVg - 0.25mVp) =0
or ImVg- 0.25mVp =0
(f) We now have three equationsin V, V., and V,. These can be solved using any method. By inspection,
we can immediately deduce V, from V, using the last equation: V, = 4V.
The remaining two equations can be solved to obtain: V. =20V and V, = 4V.



Solution 3.26 (a) The supernode isthe combination of A, C, and the controlled voltage source.
(b) Write node equations starting at the supernode:

(G2Va - GoMin) +(GaVa) +(G4Va - G4Vp) +(GeVe) +(Gs\e - GaVg) =0

b (Go+G3+Gy)Va +(- Gy - Gs)Vg +(Gg+Gs)Ve =GVin

and
(2Gs\c ) +(G4VR - G4Va) + (GeVg - GeVc) +(G1Ve - G1Mip) =0
P (- G4)Va +(Gy + Gy +Gs)Vp +(2Gg - Gs)Ve =GiMy

and
Va - Ve =y, Vo - Ve =3Vin- Va), Na- Vo =3V,

In matrix form:;

0.8 -05 020 &/AU €6 U

30.4 0.6 0.18J e 58:26 3
g4 0 -1f 8/cH &sof

(c) The above system of equations can be solved to obtain: V, = 38.75V, V, =40V, V. = -25V.

(d) i, = (G M) + (G,V,, =G,V + (G, V;, — G, Vg) = 5A.

2 R, = 12W and P = 300W.

P=Vi, lj; =60" 5= 300W

(€ I, = V.G, =-2.5A 9 P=62.5W.

Solution 3.27 (a) SupernodeisA,B encompassing controlled voltage source.
(b)

(V,—Vgy)+04V, +(02V,-0.2V,) =0

=2V, +06V,-02V.=Vy
(© V,-V;=1;,=04V, 2>V, =14V,.
(d) l, =02V, +(0.2V.-0.2V;) = 0.2V..
(e)

In matrix form:

4 06 -020 /AU &L

é a u_é&u

d-14 0y &ay=dy

O 0 02H8cH &H

Thesolutionis: Vg =10V,Vp = V,Vg =5V.



(f)  1=(Vy-Ve)IS=-1> Res=(Va-VB) (Va- Vg) 1S=-2W
Pvces = (V,,-V,)(0.2V,) = -2W.

Solution 3.28 (a) Supernodeat A,C, CCVS.
(b) Node equation at supernode:
l;+0.25mV, =GV, + (GV,—G,Ve) + (Gsvc) + (G4Vc — G4Vp)
> l,=(G, + G,-025m)V, + (-G, —G,)V; + (G,+G,)V.
Condtraint:
V, -V, =10%, = 10'G,V,
> 0=V, -10'G,V, -V,

At node B:
GV, + (G,V, —G,V,) + (G,V; —G,V.) =0
> —G,V, + (G,+G,+G,) —G,V. =0
> (c) Matrix equation:
€ +Gz- 0.25m  -Gp- Gy Gp+GsValU &t €0 -1 1 U&/pU €U
g 1 -10%G, -1 @Vei= &0 €000 - 1000 - 10005 &/ = Dy
g8 -G G3+Gy+Gy -Gy HBCH 80H §02 11 -08{&cH Db

(d) Substitute the values of conductances and solve the above matrix equation in MATLAB to obtain:
V, =-38V,V, =-20V, V. =-18V.

(9 P=V" 1=(10"GyV)" [- 15+ VAGL +Go(Va~ Vg)|=(-20)" [-2m- 1.9m- 3.6m]| = 0.15W

Solution 3.29
L oop equation: V,, = 2kl + 500(I +20m)
> V,, = 25001, + 10 = |, = 20mA.

P, =20m 60=12W.
P, = 20m’ (500I, + 500" 20m) = 0.4W.
P, =1, 1 R=08W.

Pyoo = (I, + 20m)°R = 0.8W.
total power absorbed by resistors: P, =0.8+0.8=1.6
total power delivered by sources: P, =1.2 + 0.4 W=1.6W



Conservation of power is verified.

Solution 3.30
L oop equation: 100(11 - 0.5)+ 2001, + 500" (14 +20m)=0
= |, = 0.05A.
Posa=1" Vigow: Vioow=2100" (0.5- 0.05); where V4o iSthevoltage on the 100W resistor.

Posa = 0.5(0.5" 100 -0.05" 100) = 22.5W.
P,on = 20m(1,+20m)500 = 0.7W.

Solution 3.31

Loop equation: 3.3=50I, + (50m + 1,)100 + (I, —30m)40 + (I, — 50m)60
= |, =0.01A.
The power delivered by the independent voltage source:

P=1,” 3.3=0.033W.

Solution 3.32
L oop equation: 50 =300I, + (I, —0.41,)500
50 = (300 + 500 — 200)I, =>» 1, = 0.0833A.
Power absorbed by the 500W resistor.
Pyoo = (I, —0.41,)?500 = 1.25W.

Solution 3.33
L oop equation: 1000(1; - Is) +4000I, + 5000(11 - gmVy)=0® 10000l - 2V, =50
and
V,=1000(I5- 1) ® 100011 +Vyx =50.
Solve the above two equationsin |, and V, to obtain: I, = 12.5mA, V, = 37.5V.
Thus, R, =V, /I;=750_,
P=1yees” Vvces =9m~ Vx~ 5000° (gmVy - 11)=0.1875W



Solution 3.34

L oop equation: VvV, =2 + 14l -10V,
VvV, =2,
After replacing V; in the loop equation we obtain:
DV, =-4,>
_Vin _
Rieg = T. =" 4W
n
Solution 3.35
L oop equation: V,=500I, + 100(I +0.5) + 400(l 1 - 0.001Vy) +100(l; +0.005Vy)

Vy =5001,,Vy, =400, - 400" 0.001Vy =400l — 200I; =200l
After replacing Vy and Vj, in the loop equation we obtain:
V,-50=1000l, = I; =0.1A
- _ _\2
Vy =2001, =20V = Py, = Vy /400W= W
Ry = V{1, =150/0.1 = 1500W.

Solution 3.36
Select clockwise loop current 11 in the left loop. Select anti clockwise loop current |5 in the right loop.
The two mesh equations are:
12 =1, +10(1, + 1)
and 10(1,+1,)+2,+12=0
The two simultaneous equations can be solved easily to obtain: |, = 0.75A, |, = +0.375A.
PLoonm = (11 +12)%/10 = 0.127W.
Battery 1 supplies more current. (11> 15)

Solution 3.37
(a) Theequation for theleft loopis:
660 = I,R + 1.296(11 +15)+ 590 + I,R
The equation for theright loop is:
660=(0.3-R) I,+1.296 (I, +1,) +590 + (0.3-R) I,



Simplifying the two equations:
70 =1.596I, + 1.296l,
70 =1.296I, + 1.596l,
The solution of these two equationsis: |, =1, = 24.2A.

(b) 1, +1,=48.4, voltage across |ocomotive = 590 + 48.4" 1.296 =» power = 31592WV.

(c) Becausethelocomotiveis 1/3 distance from either station it follows that
R =1/3 0.3=0.1W. The two equations become:
70=1,(2R + 1.296) + 1.296l,
70=1.296l, + (1.296 + 0.6 — 2R)I,

The solution of these two equationsis: |, = 32.64A, |, = 16.32A.

Current in locomotive motor |, + 1, = 48.96A.

Voltage acrosslocomotive 590 + (11 +15) ~ 1.296
It follows that:
4 P=(,+1,)(590 + 49" 1.296) = 31993W.

Solution 3.38
(@

eel ¥

0.1 o 0.1 o

(b) The three loop equations are:
660 —-590=0.1l, + 1.296 (I, —1,) + 0.1l
0=1296(l,- 1) +0.2I, +1.296 (1, - I3)
—70=1.296(13- 1) +0.2l,

These three equations can be solved using any method to obtain:



l,=46.8A,1,=0,1,=—-46.8A.
(c) Motor currents are 46.8A each.

(d) Ps=VI =660 46.8 = 30.9kW. Each source supplies 30.9kW.

Solution 3.39 (a) Define three meshes with three mesh currents. The first, 11, isaclockwise current
around the first mesh. The second, |, isa clockwise current around the middle loop of the circuit
(through the 10mS, 5ms, and 5ms conductances). Thethird, |3, isacounterclockwise current through the

right-most loop containing the voltage source.
v, omil

v -
osa DbV Xy

Reference node 4
* current names shown above.

20 %

(b) l; = 0.5A
I
(10$n ) 10m) 5m 5m 5m) 0.
(= +23) +
25m 5m 5m
These are two equations in two unknown currents. After grouping the terms, it can be verified that:
I, =0.1A, I3 =0.
(c) V, =20V
V,, = (05— 15)/10m = 40V
V4, =20V
(d) P,s=V, 0.5=40 05=20W
P,y = OW
Psos =2 12 2/5m + (0.5 - 15)?/10m = 20W

The conservation of power isverified.

Solution 3.40 (a) We can either write down the equations or evaluate the matrix by inspection:



90 “(I,- 4.8m) + 10kl, +50=0
90kl, + 10" (13- 4.8m)=50
OR
éook 0 v 2u €90k~ 4.8m- 500
€0 100k .1 Glok” 4.8m +50H
(b) The solution of the above equationiis: |, = 3.82mA, |, = 0.98mA.
(c) Current source: P =4.8m" [(4.8m —1,)90k + (4.8m —1,)10k] = 0.61W.

Voltage source: P=50(1, —1,) = — 142mW.

Solution 3.41 (a) By inspection:
€112k - 90k - 10kCélu é1800
§90k 100k O @zﬂ 2 60;,
810k O 100kt§EI3H 86OH
(b) Using MATLAB:
|, =4.4mA, |, =3.36mA, |, = 1.04mA
® iy =- 1, =-3.36mMA

(C) Py = 180" 4.4m = 0.792W, P,, = 60( I3 - 1) =-0.139W.

Solution 3.42 The matrix equation is:
€8 -6 3ue|1u 614u
§6 8 -2023=60y
83 -2 4. 86t
whose solutionis: |, =4A,1,=3A,1,=0p
v=(lg+Ig+1y) 2=2V

Solution 3.43 (a) Firgt, note that two mesh currents are needed. Two clockwise currents are defined: |,
in the middle loop, and |, in the right-most loop:
Middle loop equation:

1001, — 100l + 20I, + 80I, —80l, =0, wherel, =14 —1,
and



Right-most loop equation:
80l,—-80I, +101,+V,=0

These can easily be cast into the following matrix equation:
él60 - 80réliu  él6u
¢ 20 508, E
(b) The solution of thisequationis: I, = 0.12A, |, = 0.04A.
(c) V,=100(I —1,) =8V and V; = 80x(l1- |) =6.4V .
(d) Py = 14V, =1.6W.

(€) Po.o1oss = (I1- 12)2/0.0125 = 0.512W.

Solution 3.44 (a) Create two clockwise mesh currentsin the top loop (15) and the bottom-left loop (14) .
The bottom-right loop has an independent current source. Writing the loop equations:
Vg =200(1,—1,) +200 (I, + lg)
200 (1, —1,) + 1001, + 3001, + 200 (I, + |,) =0, wherel, =1, —1,
(b) Solving, we get: I, =-0.1A, 1, =-0.7A, |, = 0.6A.
(©) Vg =(l, +14,)200 =130V.
d) P, =1,V =-25W, P, = (V; + (I, + 1,)200)l,, = 105W, P, = (- 12)(3001,) = 126W.

\

Solution 3.45 (a) Create two clockwise mesh currentsin the top loop (11) and the middle loop (1) (all
resistor loop):
Top loop equation:

0.5v, =500 (I, - 1,,) +5001; wherev, =500l
and
Middle loop equation:

600 (I, —14) +500(l,— 1) +900 (I, +1y,) =0
(b) Solving, we get: I, = 0.015A, I, = 0.0375A, v, = -7.5V.
(c) Py =14[0.5v, + (I, —1,)600] = 109.7W
Poswx = 0.5v, (I, — 1) = 1.63W
Po=(,+1y,) 900 I, =532W



Solution 3.46 Write the mesh equationsin terms of R’ s and then substitute the values from the matrix:
Mesh 1 equation:

Vi = Rl (il - i3) + Rz (il - iz)'25i2
From this equation, and the first row of the matrix equation, we can deduce that

R,=5W
and
R,+25=40 P R,=15W,
Similarly:
Mesh 3 equation: Ri(i3- i) +i3Rg + Rs(iz- i) =0

From which we can deduce;
R, =25 W and R,=5W.

Solution 3.47
Modified loop 1 equation:

V, =3Ml, + v + 2MI,
Constraint equation:

- |1 + I2 = Isg
Modified loop 2 equation:

v=2MI,+V + 8MlI,
Or in matrix form:

(:5'\/' 0 1“?'1“ ‘?‘/slg
&1 1 0%23: g|s3H

é
80 -10M 1HvH &oH

Solving: 1, =-1.1 u A,1,=-0.95 n A.
The power Pg =14 Xv=7.58u W

Solution 3.50 I,=2A,1,=-7A
Loop 1 equation:
Vs=3lp +3(I1- 12) +6(Ip + 13- 1) +2vy +2(I1 +13) =141 +2v, - 74P 141, +2Vy =88
v, =3(l,—12)=31- 6



Solving the above system, we obtain: I, = 5A =» v, =9, v can be found from the loop 3 equation
V+(lp+13-13).6+2vy +2(I3+1;) =0. Solving, we obtain v =10V

Finaly, P, =V, I, = 70W.

Solution 3.51
o
l, 9 kL I
B ko et
—"WL
| 3RO
2.d ko2 3
OV KD Dam
L\ &/ 0.5,
o
Mesh 1 equation:

Okl, +3k (I,—1,)+6k(l,—1;)+12k (I,-1,)=0

wherewe have used thefact that 1, =1, -1, (and 1, =—4mA)
Mesh 3 equation:

ok (I,—1,)—v,+2kl, +v=0
Mesh 2 equation:

2.4kl + 12k (I, —1,)=v=0
Constraint equations:

l,—1,=0.5mA

l,—1,=05l, =051, —-051,4 =051 +2mA; 0.514- I3=-2mA
The above five equations need to be put into matrix form:

630k -12k -6k 0 Ol é-12y
e we, u e u
g6k 0 8k 1 -Igay g0 g
€12k 144k 0 -1 0WIzU=€ 0 U
e we u e u
e o 1 -1 0 0pevg &0.5mg
05 0 -1 0 otw,H &2ml

The solution is;



éliu é-0.002A
e u e u
g2 & 0.0025A
-0.003A¢
-1

N
N

(4%
<
c
D D> D> D>
1
N

[ exlY anY

ly=11- 14 =2mA

Power delivered by 0.5mA current source: P, = 0.5mxv =- 6mwW

Power delivered by the dependent current source: P, = 0.5l xv, =1Im” (- 24) =- 24mW
Power delivered by 4mA current source: P3=4m” (3kd, - V5) =120mwW

Solution 3.52

1oca

DS DDA Do

Write the following equations:
Mesh 2 equation:

100(l,—1;)+150 (I,—1,—-1g)+v=0
Mesh 4 equation:

3v,+30(l,—1;)+150(l,-1,+1,)=0
Mesh 5 equation:

800l —3v, + 10(lg- 11 +1¢) =0
Mesh 6 equation:

2501 g +150(lg +14- 15) +10(1g+ 15- 19) =0
Constraint equation:



|32 =- |2+ |3
Substituting the values of 11 =1g =1.15 and I3 =153 =0.95, and noting that

Y = (1, ~1,~15)10

we can write:
€250 -150 0 -150 1péou é 100l; g
é g u
§150 180 -30 120 O '4u 230|3 3OI
go 0O 840 40 Oteisu—g 4014 3
@150 150 10 410 Ouel6u§ 1014 ¥
&1 0 0 0 Oofvld &13-15 H
go0 @650

U u

dag @45
&5 0= 8,050
évu é_u
dou €01¢
&vi &35

Findly, v, = 10V and v is as given above.

Solution 3.53 (a)
Replace the voltage source by current sources:
At node 1
- Vp) 112k
At node 2
Vo - Vp) 112k + (V5 - V3) /90K + (Vo - V) /10k =0
At node 3
= (V53— Vp) /90K + V,/10k

At node 4

ot (Vq-Vo)/10k +V,/90k =0

V, =180

V,—-V3=60
(b) Inmatrix form:



é 1/12k 1/12k 0 0 -1 0l&vii €00
glllzk 1/12k +1/90k +1/10k -1/90k -1/10k 0 0 236 3
g 0 - 1/90k 1/90k +1/10k 0 0 -1@/33 gog
e 0 -1/10k 0 1/90k+1/10k 0 1ué\/4u 80§
g 1 0 0 0 0 ueslu ngoU
g 0 0 -1 1 0 0 pes20 e60u

The solution from MATLAB is

180.0000

127.2000

33.6000

93.6000

-0.0044

0.00232

(c) Power delivered by § is:

Pg=Vg (-14)=0.792W
Power delivered by S; is:

Po=Vso ™ (- lg) =- 0.139W

Solution 3.54 (a) Replace the 100 ohm resistor, the controlled voltage source, and v, by current source.
Then write the node equations:

lg =i, +1,+0.09 (V, - V3)

I, =V,/20 + 0.05 (V, — Va)

-1,=0.05(V,-V,) +0.09 (V,— V)

V3 = VSZ

V, -V, = 300i, = 300V,/100
In matrix form:

=
H

0 -0.09 1 04éAu e2u
01 -0.05 - 10”%/2U 0y

009 -005 0.14 0 10 &/30= eoa
0 0 1 00gehy @5ou

2 1 0 oof8,l &l
(b) Usng MATLAB to solve the above system the solution is:

V, = -90.0000V
V, = 180.0000V

o

D D

MDD (D> D> (D> D> (D> D~



V, = 50.0000V
[, = 15.5000A
[, =-6.1000A
(c) Power delivered by the current sourceis
Pg=1lg" V4 =-180W
Power dedlivered by the voltage sourceis:
Po=Vs2 ™ (- 19)=305W

Solution 3.55 Modify the circuit so that it looks like the following:

W . ly WV
AP G P oA—e'
| I O.2ch
. ¥ -1 E N
@IS'I:E? 152:26‘-’1(:)
|
BEeference Node

The modified node equations are:
lg =-1y+ 1,
l,=1,+0.2 (V.- Vp)
l, =02 (Ve —Vg) +1,
The equations describing the constitutive relationships of elementsin the origina network are:
VA _VB = Ib
Iy = 0.2\
I = 0.4V,
ly=8-Vp
These can be cast into amatrix equation and solved easily to obtain the same result as previoudy arrived

at.
In matrix form:;



0 0 1-10-lué&/au du
u u u
0202 0 1-104 8%k &%
-0.

2021 0 0 0U&/ U &4
ue U eu
0 0 0-10¢gelyu=8aX
Ué G &
o-1ooog§|y@ g)u
0 00-10U8L0 &u
gé g ég
0 010 Ogéxat &80

AN P

0
0

DB P DB D> By

o

&/pl éN U
ey &V {
8/ U
elxa=elA ¢
el € y
éya é7'¢
elbl,’l eZAl,J

@D > > D> D> (D> D> (D
0
[(@Neam \ c c\C (e
> ;('D |£D
[ NCN

Y =
il
& 025 10 ?e._ai

Is

The modified node equations are:

At nodeA: =G,V ,+ Go(Vpo-VR) +1,

At node B: GZ(VA - VB) = Ix + G4(VB - Vc)

At node C: 0.25mVp +1,= G4(Vc - V) + GV,

The equations describing the constitutive relationships of elementsin the original network are:
Ix = GBVB

V, -V, =10%,



These can be cast into a matrix equation that can be solved in MATLAB.
In Matrix form:

€025m -02m 0 1 0 0&/a0 @md
€o2m 1m -08mo 1 Y§pYU €ol
6 0 ' G &8y €0
€025m-08m Im -1 0 U&U=€0 0
e ue U e _u
& 0 -0Im 0 0 1 (alag 804
& 1 0 -1 o0-10*f&, Y4 &od

The solution is;

&/al € -38V 0
u e u

&/cl=¢€ -18v U

e u e

élat 0.0075A(

&4 &o0.002AH

We observe that we have obtained the same results asin problem 3.28.
Solution 3.57 Replace dependent source by i, (from 3 to 5). Also, replace voltage source by i,, (from 1
to 0). Now, write the modified noted equations. The reference nodeis O:Vg = OV :

At node 1: o= (Veg=V)+(V,— V)
At node 2: 2=(V,-V)+(V,— V)
At node 3: s =(V, = V) +(V,—V3)
At node 4: 2=2+(V,-V,) +V,
At node5: s = (Vg — V) + Vo
At node 6: 2=(Vy—V,) -V,
Congtraints:

V,-V,=15y, =15V,

V,=5

The following matrix equation is obtained:



€2 1 0 0 0 1 -1 0®wvViu €0
e u u
§12-10 0 0 0 0@2(J 2
€0 1 -2 1 0 0 0 -1Bv3u &
e we u eu
80 0 -1 2 0 0 0 0@4) &y
é B/ 0= &40
g0 00 0 2 -10 '1(']2"59 3%
€0 0 0 0 1 -2 0 oOwdveu &
e e, u eu
0 0 1 -15 -1 0 0 0@@l0; &y
€L 0 0 0 0 0 0 Of3sy &Y

The solution of this equation is obtained from MATLAB:

V, =5.0000V

V5 =3.3571V

V53 =0.2857V

V, =-0.1429V

V5 =1.8571V

Vg =-0.0714V

g =-6.7143A

i35 =3.7857A

The power delivered by the dependent voltage source connected between nodes 3 and 5:
Pag =15V, (- i35) =15~ V, ~ (- ig5) = 8.115W

The power delivered by the current source connected between nodes 2 and 4:
Poa =(2A) (Vo Va)=TW

The power delivered by the current source connected between nodes 4 and 6:
Pas = (2A) " (V4 - V) =- 0.143W

The power delivered by the voltage source connected between nodes 1 and O:
Pio=5V" (I12+ l16) =5X[(Vy - V) + (V1 - V)] = 3357W

Solution 3.59 Using the appropriate e ement stamps for each element of the circuit, we obtain the
following system:

9.15+02  -0.5 02  00&/aU é8- 30
e u e u
g -015 0154005 0  -l1pVay ¢ 3 ¢
€ .02 0 0.25+02 10/ U € 25 U
e we u e u
6 0 -1 1 Ogelxd 6440 §



Solution 3.60

2
1 10 ki
+ v - +
: + 1] -
SICD v, 20K Vg Q
0]
&/20Kk +1/10K + gny - 1/10k ViU élg U

& 1/10K- Oy - Omp  Omp +1/10k +1/2.5kiRH 0 & 1o 8

The solution is the same as that of problem 3.14.

Solution 3.62 (a) Because Ry (T) can be approximated by a straight line between (250W0°C) and

(80W50°C) it follows that:
Rr (T)= — 34T + 250

(b) For T=25"C, Ry = 165W
(c) The voltage acrossthe Ry + R series combination can be obtained from voltage division:
Vg = % X12= 47857V
Thisisthe same as the voltage across Rx because the meter is at zero deflection. Thus,
RX

R, +R

(d) We first denote the nodes:
A - the node common to R R, and the voltmeter;

X12=4.7857. It followsthat R, =165.84W.

B - the node common to R Rand the voltage source;

C - thenodecommonto R ,Ry and R, ;

D - the node common to R,,R, and the voltage source.
Thereferencenodeis D:Vp = 0. It followsthat Vg =12V .
Wealso have: vyt =Va- Vo
The node equations are:



Va - Ve +VA- 12 +ﬁ _
Rm R Ry
Equivaently: Va(RRy + RpR¢ + RyR) - Vo XRR = 12R|Ry

Vp © 4199.86- Vo ~ 41.46 =19900.8
Ve - 12+ Ve +VC- Va
R+R. Rr+R. Ry

. , V, -4
Equivalently: (Ve - 12)” 0.004 + R fz.s + (Vo - Va) R0 7 =0

AtnodeA: 0

At nodeC: =0

Ve (0.004>Rr +0.01+1+0.00025 + Ry ~ 10" %)-
V(R ~ 1074 +0.00025) =0.48" (R +2.5)

The last equation can be rewritten as.
Vc(0.0041Ry +1.01025) - VA(Ry ” 1074+ 0.00025) = 0.48(Rr +2.5)
From (1) and (2), we obtain:

- 19900.8+Vp ~ 4199.86 i
41.46

- V)~ (Ry~ 10"% +0.00025) = 0.48(R; +2.5)
Equivaently: Va~ (R~ 0.415+102.337)= 2.448" R + 486.12

2448 Ry +486.12
0.415" Ry +102.337

From the equation at node A:

(0.0041R: +1.01025)"

It followsthat Va =

&/p-12 Va0 _ 2.448° Ry +486.12

= - =- ’ + - =
Vour =Va- Ve =-Rm g~ * R 5= 0a15" R +102337

AtT=0°C: Ry =250W. Itfollowsthat v, ; = - 54.4415V

AtT=50°c. Ry =80W. Itfollowsthat vy,; = 80V
(e): Theformulahas been derived at part d):

T Rr Vout

0°C 250W - 54.4415V
5C 233w - 52.4136V
10°C 216W - 50.2368V
15°C 199W - 47.8938V
20°C 182W - 45,3650V

25°C 165W - 42.6273V

D)

2)

“ (-100.3) + 480



30°C 148W - 39.653V

Solution 3.63
Place a source V,, between C and D, and calculate the current drawn from the source as below:

Loop 1 equation:

1R +(I1- 12)Re +(I1- 13)R3=0
Equivaently:

11(RL+ Ry +Rg) - IRy - I3R3=0
Loop 2 equation:

(Io- DR +1,R4-1=0
Equivdently:

-11IR + 12(Rp+ Ry) =1
Loop 3 equation:

1+13R5+(I3- 11)R3=0
Equivaently:

-R3|1+|3(R3+R5):-1
We obtain the following system of equations:
]_30|1- 4|2- 6|3:0

[ -4l3+6l=1 b I;=0.0096A, |, =0.1731A, I3 = - 0.0673A
U6l +1415=-1
lin=1o- 13=0.2404A
Mn__ 1

%g,CD = r _02404 =4.16W

n



Solution 3.64
The node equation at node A is.
VAGL +(Va- VB)G2 +(Va - Vc)G3 =0
Equivaently:
(G + G+ G3)Va - VBG, - VcG3=0
The supernode is identified by a Gaussian surface enclosing the controlled voltage source. The supernode
equation is:
Go(- Va +VB)- 6+ G4V +G3(Ve - Va) =0
Equivaently, we have:
-VaA(G2 +Gg) + GV +V(G3+G4) = 6
One way of obtaining the solution to the problemis:
We multiply the above two equations by 30.
- 30(Gy + G3)Vp + 30GyVg +30(G3 + G4 )V =180
and
30(Gy + Gy + G3)Vp - 30G,VR - 30GyV: =0
By equating the coefficient of the above two equations with the coefficients of the first and second given
equations, we obtain:
30G,=30P G,=0.1S
30G3=2pP G3=0.067S
330G +G, +G3)=11b G, =0.2S
30(G3+G4)=32b G4, =0.87S
B can be obtained asfollows:
Ve - VB =BVx =B(Vc - Va)
Equivdently:
PVa- Vg +(1- B)Vc =0
By comparing with the third given equation b 3 = 3.

Solution of 3.66

@

At nodeA: (Va-VRI2 + (V,-Vo)I2 + (V,-V,)/2 = 14

At node B: (Va-V,)I2 + (Vg-V )2 + (V-V,)2 = 7

At node C: (Vo-V,)I2+ (V-Vo)I2 + (Ve-V, )2 + 2V = 0

At node D: (Vo-V,)I2 + (Vo Vo)/2 + (V-V)/2 + 0.5V, = 0



These can be solved in MATLAB to obtain:
22.0000
18.5000
7.5000
12.0000

(b) Mesh analysis would result in the same voltages

14:.16

Eeference Hode

The loops and their current loops are:
i AC14A14
i -
i AC,D:l,

| AB,D:l3

z

|
i B,C,D:l,
!
|

 C,D,reference node:l g
i B,D,7Alg

I, =14A/lg = 7A
Loop ACDequation: 2(Io- 17) +2(Io- 1) +2(Io+ 14 +15) =0
Loop BCD equation: 2(Iz+lg+14)+2(lo +14+15) +214=0
Loop ABD equation: 2(Iz+14 +1g)+2(I3- 15)+213=0
Loop CD,¢ nodeequation: 2(lg+1o+14)+2(lg- 1g)+0.5(Ig+17) =0

In matrix form:



€6 -22 2ue|2u €28y elzu €6.75(
é u e 1]

g2 26 27 |3u 514 |3u 2175
€26 2 oua4 14u q4u e553
g2 0 245@@5@1 @7u ésu 149

('D>$'D>('D

u e

Vp=2(l1- 19)+0.5(11 + 15) = 22V
Ve=2(I4 +I3+1g)+2(lg- 15) =185V
Ve = 0.5(1 + I5) = 7.5V
Vp =2(lg- Ig) =12V

(c) Mesh analysis requires more work.

(d) Theremoval of the top resistor will result in more node equations than loop equations. The addition of
aresistor between node A and reference node will result in more loop equations than node equations.



