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PROBLEM 1: (20 points)
(a) Solve for the equivalent resistance, Req, across terminals a-b.

Ry = 2Q R, = 20 R, =10Q
a o—VVWV AVAYAAY, NN\~
G
© 5Q
R, =40 2 ' & R. =10 Req
\\6 a4 V4 1
°Q v
bo AN ANN—
Rg = 9Q R, =2Q
Req = {([([([(R1 + Ra) [| R2] + R3) || Rs] + Re) [[R7] + Rs) [[Ro} +Ruo
={[[[(1Q+2Q)||6 Q] +10Q) |6 Q] +2Q)[[6 Q] +9 Q) |4 Q} +2 Q
={[((BL6Q]+10Q) |6 Q] +2Q) 6 Q] +9Q) |4 Q} +2Q
={(([2QA+10Q) |6 Q] +2Q) |6 Q] +9 Q) |4 Q} +2 Q
={((12Q2 |6 Q] +2Q) |6 Q] +9 Q) ||4 Q} +2 Q
={([4Q+2Q) 6 Q] +9Q) |4 Q} +2 Q
={3Q+9Q)|4Q} +2Q
=5Q
(b) Solve for the equivalent resistance, Req, across terminals a-b.
R, =20Q R, = 30Q
Req 9.6Q
ao R, =4Q
Rs = 40Q Rg = 60Q
bo

Req = {[(R2l[Rs) +Ru] || (Rs[|Re)}
= {[(20Q ]]30Q) +4Q] || (402 [|60€2)}
= {[12Q +4Q)] || 24Q}
=160 || 24Q
=9.6Q
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PROBLEM 2: (20 points)
Use nodal analysis, and solve for the node voltages and the current io.

R, = 6Q
MW
R, =12Q
Vi <—>—‘|/2—%WW—V3
> Vi | 45V
+ \'Z) 1.5V
> S +
R,=120 V, £ Ry=6Q (.) 6V Vi | 6V
_ — io | 0.375A
l'o

Due to the VSCV, KCL in nodes 1 and 2 can not be written in terms of node voltages. We need
to use a supernode:

KCL at supernode: ViZOV V=V Vo0V Vo —Vs
% R, R, R,

Node 3 set by voltage source: V3 =6V (2)

=0 (1)

Substitute (2) and (3) in (1):

V,-0V V-6V V,-0V V,-6V
+ + +
120 6Q 6Q 120

=0->V,+V,=6 (3

Voltage source controlled by voltage: V; =V, =2v, ,also V, =V, ,asaresult V; =3V, (4)
Substitute (4) in (3):
4, =6V,s0V, =15V and V; =4.5V

V,-0V  45V-0V
R, 120

=0.375A

Also the current iy =
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PROBLEM 3: (20 points)

Use mesh analysis, and solve for the mesh currents and the labeled voltages.

Y :
Ry=10 i
4D y —>
+
@ AAVMA
A
R,=1Q .y /{q
Vi =25 (=) Vs

The current of mesh B, Ig set by the current source: Iz =2A

Ia -0.67 A
Is 2A

Ic 3.3A
[F1 -0.67 A
i 2.67 A
i3 3.3A
i4 -1.3A
V1 ov

\V/) 26V
V3 6.6 V

Due to the 4A current source, KVL in meshes A and C can not be written in terms of mesh

currents. We need to use a supermesh:

—OBV+R - 1a+Ry-Ic+Ry-(Ic = 1g)+Ry,-(Io,—15)=0
Substitute the resistors value and the Ig :

—BV+1Q- 1, +2Q- 10 +2Q- (I —2A)+1Q- (1, -2A)=0
So 21, +41- =12 (1)

Also, based on the 4A current source: 1o — 1, =4 (2)

By solving (1) and (2), we reach: 15 =_?2A =-0.67A and I :%A:3.3A
Also, .

V, =Ry-i, =20 (-1.3A) =—2.6V
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PROBLEM 4: (20 points)

Find the absorbed or supplied power by each dependent source and indicate if it is source or sink.

1 +1 >
+ l +

Vs | -
V= 12V® R, =30 V, R, =10Q @ V=12V

KVL in the left mesh: —V;—V3+V, =0, So V,-3iy=12 (1)

KVL in the middle mesh: -V, +V,+R; i, =0, So -V, +15i,=0 (2)

By solving (1) and (2), we reach i, =1A and V, =15V

To find the powered absorbed/supplied by elements 3, 4 and 5, we need to calculate

I3, V3,14, Vy, 15 and Vg . To calculate the currents, we need to write the KCL at nodes A and B.
KCL atnode A: iy =i, + Is =1A+ (4A/V)-15V =61A

KCL at node B: i3=V—X+i4=1§—QV+61A=66A

6
To calculate Vg, we write the KVL in the right mesh: V5—V,—R; -i, =0 , so

Vs =12V+10Q-1A =22V
Absorbed power by element 3: P = —iz - V3 =—66A- (3V/A)LA =-198W , so element 3

iS power source.
Absorbed power by element 4: P, =i, -V, = 61A- (5V/A)LA =305W , so element 4 is

power sink.
Absorbed power by element 5: Py = I+ Vs = (4A/V)15V-22V =1320W , so element 5 is
power sink.
Type
element Power (sink/source)

3 -198W source

4 305W sink

5 1320W sink
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PROBLEM 5: (20 points)

Obtain the Thévenin and Norton equivalent network representations as seen from the terminals a-
b. (Please draw the equivalent network representations and annotate the source voltages or currents
and resistances)

vin | 1.29V

Rth 0.98Q

ino | 1.3A
V=1V V=2V Rno | 0.98Q

One needs to solve two of the following, since the third can be found by the previous two
parameters: Vn, iNo, RTh=Rno Where vh = inoRTh
Open-circuit voltage at a-b terminals:

let us write KCL at the node “a” in terms of Vx

Vo.c. _Vx + Vo.c. _Vl + Vo.c. _V2

=0
R 50 R, R, Rs
So Vo.c. _Vx +Vo.c. -1V +Vo.c. -2V -0
3Q 202 4Q)
ANAN As a result the first equation would be:
o 13V, . -4V, =12 (1)

V, =2V

Also, KCL at the top node:
Vx _Vo.c. +Vx _Vl +Vx _V2 _
R, Ry Rs

0

o V, -V, +VX -1V +VX -2V
3Q 1Q 502

Voo +23V, =21 (2

By solving (1) and (2), we reach Vx=1.193V and Vo = 1.29 V. S0 V1h = V0.c=1.29 V

To calculate the Rtn, we Kill the independent voltage sources and find the equivalent resistance
from a-b terminal:

S

=0, as a result the second equation would be:
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Rth = Req= [(R1]|R3)+R2]||(R4||Rs)
Ry=5Q = [(1Q[5Q)+3Q][/(292|4Q)

-2 80)=220 =
= o +30]||(30)=Za=0980

Re = 40 Rio = R = 220=0.98Q
iNo = VTn/rTh = 1.3A
b
Finally we have:
—\WA—o0 a —oad
RTh .
Var C’) — i Rio
° —Ob
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