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Unified Engineering 1 Fall 2006

Problem S5 (Signals and Systems) SOLUTION
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The component values are:
R = 1Q
Ry = 1Q
Ry = 4Q
Ry = 6%Q
Ry = 1Q
Rg = 6Q
Is = 3A
Vi = 5V

Draw the loop currents as shown above. Note that there are three unknown currents, i,, 1,
and i.. Applying KVL around each loop results in the equations

lg : (Rl + R + R3)ia — Raiy, — Rgi. = V7
ip —Ryiq + (R2 + R4 + Rs)ip — Ryic. = —R513
le : —R31, — Ryip + (R3 + Ry + Rg)ic = —Rgls

Plugging in component values (and ignoring units for now), we have
6i, —ip —4dic=5
—ig +8p —61i.=-3
—4 44— 61y + 167, = —18



Solving by row reduction, or Matlab, gives

We then obtain

11
U1
12
v
i3
v3
14
V4
15
U5
i6
vg
i7
vr
ig

U8

. 43
g — —Z5
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ib = —jA
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e = ——
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T
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Unified 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 find that the terminal voltage can be
expressed as

v="Vr+ RT]test

R3

where

Ri=2Q, Ro=4Q, R3=3Q, V=12V
SOLUTION: The circuit is a voltage divider, so the open-circuit voltage is

Ry 8
Voc=Vp=———7—"-—-V,=-V
T T T R +R+Ry '3
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
2.7 14

= =2Q|7TQ = —=0=—0Q
Rr = Ril|(Re+ Be) =207 Q= 5——0 = 5



where
Rlzlg, RQZSQ, Rgz?)Q, R4:19, ]5:8A

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:

€]

Trest ﬂD €2 @ €3

Applying KCL at each node yields the node equations:-G_ 2

(G1 + Ga)eq —Ghey —Ghes = Irpsr
—G1€1 + (Gl + G3)€2 = [5
—G2€1 + (GQ + G4)€3 = —I5
Plugging in values,

4 1 I

—e] —€y ——e3 =

31 2 —3¢ TEST

4
—eq + 562 =8



Solving by row reduction or Matlab yields
e1 = 2Irpsr + 8

Therefore,

Rr = 2Q
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