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Problem S5 (Signals and Systems) SOLUTION
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The component values are:

R1 = 1 Ω
R2 = 1 Ω
R3 = 4 Ω
R4 = 6 Ω
R5 = 1 Ω
R6 = 6 Ω
I8 = 3 A

V7 = 5 V

Draw the loop currents as shown above. Note that there are three unknown currents, ia, ib,
and ic. Applying KVL around each loop results in the equations

ia : (R1 + R2 + R3)ia − R2ib −R3ic = V7

ib : −R2ia + (R2 + R4 + R5)ib −R4ic = −R5I8

ic : −R3ia − R4ib + (R3 + R4 + R6)ic = −R6I8

Plugging in component values (and ignoring units for now), we have

6 ia − ib − 4 ic = 5
−ia + 8ib − 6 ic = −3
−4 ia− 6ib + 16 ic = −18

1



Solving by row reduction, or Matlab, gives

ia = −43
45

A

ib = −19
9
A

ic = −97
45

A

We then obtain

i1 = ia = −43
45

A

v1 = i1Ri = −43
45

V

i2 = ia − ib =
52
45

A

v2 = i2R2 =
52
45

V

i3 = ia − ic =
6
5
A

v3 = i3R3 =
24
5
V

i4 = ic − ib = − 2
45

A

v4 = i4R4 = − 4
15

V

i5 = ib + I8 =
8
9
A

v5 = i5R5 =
8
9
V

i6 = ic + I8 =
38
45

A

v6 = i6R6 =
76
15

V

i7 = −ia =
43
45

A

v7 = V7 = 5 V
i8 = I8 = 3 A

v8 = −v5 − v6 = −268
45

V

2



Uni�ed Engineering I Fall 2006

Problem S6 (Signals and Systems) SOLUTION

Find the Thevinin and Norton equivalent circuits for the circuits below. Hint:

Add a test current to the terminals, and then determine the voltage at the terminals

as a function of the test current. You should �nd that the terminal voltage can be

expressed as

v = VT + RT Itest

1.
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where

R1 = 2 Ω, R2 = 4 Ω, R3 = 3 Ω, V4 = 12 V

SOLUTION: The circuit is a voltage divider, so the open-circuit voltage is

VOC = VT =
R1

R1 + R2 + R3

V4 =
8

3
V

The Thevinin resistance can be found by looking at the equivalent resistance at

the terminals, setting all the sources to zero. Since a voltage source of strength

zero is a short circuit, we have that

RT = R1||(R2 + R3) = 2 Ω||7 Ω =
2 · 7
2 + 7

Ω =
14

9
Ω
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where

R1 = 1 Ω, R2 = 3 Ω, R3 = 3 Ω, R4 = 1 Ω, I5 = 8 A

SOLUTION: There are several ways to proceed. The most direct is to add

a test current, and use the node method to solve. Use the following analysis

circuit:

R3

R1 R2

R4

I5

–

+

e1

e2 e3I
TEST

Applying KCL at each node yields the node equations:-G_2

(G1 + G2)e1 − G1e2 −G2e3 = ITEST

−G1e1 + (G1 + G3)e2 = I5

−G2e1 + (G2 + G4)e3 = −I5

Plugging in values,

4

3
e1 − e2 −1

3
e3 = ITEST

−e1 +
4

3
e2 = 8

−1

3
e1 +

4

3
e3 = −8



Solving by row reduction or Matlab yields

e1 = 2ITEST + 8

Therefore,

VT = 8 V

RT = 2 Ω
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