EE 201: Electric Circuits

Student FULL Name:

Lab Section:

Practice for Final Exam

Write your FULL name (the same as how you put in the system) as CLEAR as possible!

You are allowed two 8.5 x 117 sheets of prepared notes, a pen or pencil, and a calculator. No internet
connected devices are allowed. Write legibly. For maximum credit, state all assumptions and show all

work in a clear manner.
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Problem 1: Circle the correct answer (8 pts, 2 pts x 4)

a) For the inductor defined on the right, which equation is correct: « Vo
, dv, di, — 00—
A. lL_L? B VL—LE i I
b) For the capacitor defined on the right, which equation is correct: + Voo o-
dv, di, —
.i.=C . Ve=C—— -
Al dt B. ve dt i
c) For the black box on the right with given current and voltage, the box is: +
A. Developing power B. Absorbing power 1A _, 1V DC
DC -
d) Which of the circuits below represents negative feedback and more likely to be used for linear
operation?
Ve +5V
+ Vo
Ve N +5V ve Ve |
Vv | -5V
-5V
A B

Problem 2: Op-amp circuits (22 pts)

Is
—

For the above circuits, assume ideal Opamp and linear operation. Rx is a variable resistor and can be
adjusted. All elements: Vs, Ri, Ry, Rs, R4, Ry, Rx, have known values. The supply voltages for the
opamp are 5V and -5V.

a) How much is I;? [1 pt]

b) Will Ry affects the Vi (Note that the Opamp is ideal)? [1 pt]
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¢) Find the voltage equation for Vy (you don’t need to plug in values yet). [3 pts]

d) Find the gain equation for Ay = Vo/Vs. [10 pts]

e) The parameters have values of: V=2V, R1=R,=2kQ, R;=R,=1kQ, Rx=0Q. Calculate Vo. [2 pts]

f) With other parameters the same as in ¢), adjust Rx and find the maximum possible Rx while
maintaining linear operation for the Opamp. [5 pts]
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Problem 3 RL Response: (10 pts)

1kQ a t=0 b 2kQ
YW—i o YWW
1mA 2V (Mind the
A 2kQ Jv .
DC ) i (t) TmH %an DC polarity!)

The switch stays at position “a” for a very long time. At t=0, it switches to “b”.

a) Find the initial condition of i,(0"). [2 pts]

b) Find the final condition of i,(z) when t approaches oo. [2 pts]

¢) Find the time constant 1 of the circuit for t=0". [2 pts]

d) Find the full equation of i,(z) for t=0. [4 pts]
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Problem 4: RLC circuits (15 pts)

t= 1pH 1uF R
5 Yo 0— |

—
i) TVL(O)- +Ve()- +VR(Y)-

2O

The initial energy stored in the inductor and capacitor is zero. The switch was open before t=0 for a long
time. At t = 0, the switch closes and a 1V DC voltage source is attached to the circuit.

1

R
We know for series RLC circuit: a=—7 %:\/L:C'

2L°

a) Find the R value for critical damping. (5 pts)

b) What will be initial voltage of V(0"), Vc(0°) and Vr(0), immediately after the switch closes (6
pts)
¢)

d) IfR is larger than the value calculated in a), the circuit will be in (Circle the correct answer): (2
pts):
A. Under-damped condition;
B. Over-damped condition;
C. Critical-damped condition.

e) IfR is larger than the value calculated in a), (Circle the correct answer) (2 pts):
A. Ringing will happen;
B. The response will still be smooth but will settle slower, without ringing.
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C. The response will still be smooth but will settle faster, without ringing.

Problem 5: Frequency Domain Circuit Analysis (22 pts)

2mH 1mF 1mF

11 1] oa

L1 C1 Cz

1Q %
R1§ L2 2mH

vs(t)

ob

In the above circuits, v,[t|=2cos1000¢ .

a) Convert the inductors and capacitors into impedance. (6 pts)

b) Find the Thevenin Equivalent voltage V;H in the frequency domain, then convert it back to the

time domain Vru(2). (8 pts)

c) Find the Thevenin Equivalent impedance Zu. (5 pts)
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d) In order to extract the maximum real power from the source, find the loading impedance that
should be attached between “a” and “b”. (3 pts)

Problem 6: Complex Power (18 pts)

jo1Q  o0.1Q a
T—W—— o

Power Line T j10Q
s N
C’:)Vs 120/0° Vi

(The Source) V(rms) i 100

b{ Inductive
Load

In the above circuit, an inductive load is attached between terminals “a” and “b”. The power line also

has finite impedance. The loading now sees an AC voltage Vi of 120V rms with 0° phase angle. (All the
voltages and currents in this problem are in rms or effective values.)

a) Find the current phasor fs. (2 pts)
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b) Find the complex power (including average power and reactive power) and power factor of the
Load. (6 pts)

¢) Find the average power dissipated by the power line. (4 pts)

d) Find the complex power delivered by the source. (6 pts)



