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PROBLEM ONE: (10 points)
A) State and describe Thevenin’s Theorem.

B) State and describe Norton’s Theorem.
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PROBLEM TWO(10 points):

Describe the concepts of complete response and transient response of linear RLC circuits.
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PROBLEM THREE(20 points):

A branch voltage in an RLC circuit is described by
2
d—zv VLA Y
dt dt

If the initial conditions are v(0)= 0 = dv(0)/dt, find v(z).
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PROBLEM FOUR(20 points):

The switch in the circuit below has been closed for a long time but is opened at # = 0 Determine
i(t) for £ > 0.

(1)
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PROBLEM FIVE (20 points):

An industrial load is modeled as a series combination of a capacitance and a resistance as shown
below. Calculate the value of an inductance L across the series combination so that the net

impedance is resistive at a frequency of 50 kHz.

O

200 €2

— 50 nF
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PROBLEM SIX(20 points):

Obtain the transfer function V  /V, of the circuit below.

10 Q
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EECS70A / CSE 70A Network Analysis I
Prof. Peter Burke

Final solution

Problem 1:

A) A linear two-terminal circuit can be replaced by an equivalent circuit consisting of a
voltage source Vy, in series with a resistor Rrp, where Vy, is the open-circuit voltage at
the terminals and Ry, is the input or equivalent resistance at the terminals when the

independent sources are turned off.

B) A linear two-terminal circuit can be replaced by an equivalent circuit consisting of a
current source Iy in parallel with a resistor Ry, where Iy is the sort-circuit current
through the terminals and Ry is the input or equivalent resistance at the terminals when

the terminals when the independent sources are turned off.

Grading criteria: 3 pts for equivalent circuit with a resistor and a source
5 pts for mentioning Rty and Vry, in series

5 pts for mentioning Ry and Iy in parallel

Problem 2:

Complete response = transient response + steady-state response

A complete response consists of a transient response (temporary response) and a steady-
state response (permanent response). The transient response is the circuit’s temporary
response that will die out with time. And the steady-state response is the behavior of the

circuit a long time after an external excitation is applied.

Grading criteria: 5 pts for mentioning transient and steady-state responses for the
complete response

5 pts for temporary responses for the transient response
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Problem 3:

—_ 4+ 416 —
s’+4s+8=01leads tos= 4+ 216 32:—2ij2

v(t) = Vs+(Ajcos2t+ Azsin2t)e'2t
8V =24 means that V=3
v(0)=0=3+ A leads to A; =-3
dv/dt = -2(A;cos2t + Azsin2t)e'2t + (-2A;sin2t + 2A20052t)e'2t
0=dv(0)/dt=-2A; t2A0or A=A, =-3

v(t) = [3 = 3(cos2t + sin2t)e] volts

Grading criteria: 5 pts for correct characteristic eq. with correct roots
5 pts for choosing a correct type of solution
15 pts showing correct 2™ order circuit process without including Vs

Problem 4:

For t < 0, theequivalent circuit is as shown below.
v(0)=-12V and i(0)=12/2=06A

For t > 0, wehave aseries RLC circuit.

o =R/2L)=2/(2x0.5)=2

®o = 1/4/LC =1/,/0.5x1/4 = 24/2

Since a is less than ®,, we have an under-damped response.



i(t)= (Acos2t + Bsin2t)e™

i(0)=6=A

di/dt = -2(6cos2t + Bsin2t)e ™ + (-2x6sin2t + 2Bcos2t)e™

di(0)/dt = -12 + 2B = -(1/L)[Ri(0) + vc(0)] = -2[12 — 12] = 0

Thus, B=6 and i(t) = (6cos2t + 6sin2t)eZ A
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Grading criteria: 5 pts for correct equivalent circuit and initial values for t<0

for >0

i(t)
Problem 5:

10 pts for correct equivalent circuit and characteristic eq. and variables

3 pts for correct solution for i(t)

5 pts for correct process to get i(t) using initial value and derivative of

1
Z_ =joL||R+—

) 1 L
LIR+—= =
jo [ j(oC] C+JO)LR

Zin: 1 = 1
R+joL+-— i -
& ioC R-I—_]((DL O)Cj

(terfectat)

T e
oL — ——
oC

To have a resistive impedance, Im(Z, )=0. Hence,

L 1
LRZ_(—j[ L_—jzo
® c\® " wC
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1
R’C=0L—-—
(Q) (Q) oC

®’R?*C? =0’LC-1
| _ ORI+
Bl »°C

Now we can solve for L.

L=R?C+1/(»°C)

= (200%)(50x10°%) + 1/((2nx50,000)*(50x107)
=2x107 +0.2026x10° = 2.203 mH.

Grading criteria: 3 pts for correct w using w=27f
10 pts for showing correct total impedance (Zr) or (Zi,) equation

10 pts for showing imaginary part of total impedance is zero

Problem 6:

v

H(s)=—

(s) %

V==,
10424 0 12jw+8

Jw
V. 2 jw 2s

V. 12jw+8 12548

Grading criteria: 15 pts for correct voltage divider equation

10 pts for correct current for getting V, using Ohm’s law or KVL



