EE10 Final Examination
Department of Electrical Engineering, UCLA
Winter 2012
Instructor: Prof. Puneet Gupta

DURATION: 2 hours 30 minutes

1. Exam is closed book. You are allowed to use a calculator and one double-sided cheat-

sheet.

2. Cross out everything that you don’t want me to see. Points will be deducted for anything

wrong!
3. Do NOT use Laplace Transforms to solve any problems.

4. Answers with ANY invalid, missing or incomplete reasoning or explanation will not

receive full credit.
5. Indicate proper units to all quantities (voltages, currents, power, etc.).

Name: N
Student ID: f g(:} RV, T(O NS -
Student on Left: | R—

Student on Right:
Student in Front:

PROBLEM MAXIMUM SCORE YOUR SCORE
1 10
2 16
3 12
4 5
5 7
Total 50
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Question 1

(a) Two‘networks N1 and N2 are described by their i-v characteristics as shown in Figure 1
below. All currents are in Amperes and voltages in Volts.
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(i) Using the information from the above characteristics, derive the Thevenin equivalent
circuits for networks N1 and N2. 1 ] en 7 (2points)
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(ii) Networks N1 and N2 of Figure 1 are connected to form a circuit as shown in Figure 2
below. Find v; and v,. Leave your answers in terms of I, Vo, Ip, Vg and R. (3 points)
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(b) Derive the Thevenin equivalent network (between terminals A and B) of the simple
circuit in sinusoidal steady state shown in Figure 3 below. Note that Vs(t) is a sinusoidal
signal of a particular frequency and Vs is its phasor representation. (Spoints)
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Question 2

(a) Consider the circuit given in Figure 4 below. Assume o
operating in sinusoidal steady state.

= 10* rad/s. The circuit is

3mH 4sin(ot) V 4mH
AN | |
2uF SuF
300
200 100cos(mt) mA Iy
Figure 4

Use the Principle of Superposition to obtain the current Io(t) as labeled in the
circuit above. Express your answer both in phasor notation and in time domain, "

the current being in milliamps. Clearly write your reference signal and its phasor.
(8 points)
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Draw a phasor diagram showing the voltages across the 30Q resistor, the 4mH

inductor and the SuF capacitor. Clearly show your reference phasor.
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(3 points)
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(b) For the network shown in Figure 5 below, find the equivalent input admittance Y, in
sinusoidal steady state at a frequency ® (rad/s). Draw this admittance as a parallel
combination of a resistance R and an inductance L. Next, clearly indicate the values of R
and L for a sinusoidal frequency of @ = 1 rad/s. (5 points)
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Question 3

Consider the circuit shown in Figure 6 below. The switch S opens at time t = 0s. For t < Os, the

circuit is operating in DC steady state.

Vg, =10V
)
N

C=32nF V(9

Rg=25()0 t=0
AN\ e—%—%———s

L=500uH

R=100{2

Vg, =12V C)

R; =502

Figure 6

(a) Write and solve the differential equation for voltage across the capacitor, V¢(t) for t = Os,
(8 points)
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(b) Find the energy stored in the inductor in steady state (t = o). Also, find the energy stored
in the capacitor in steacgy state (t = o). éﬁ | w NEC é.f - j (4 points)
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Question 4

For the circuit shown in Figure 7 below, label the nodes and write down the matrix equation

needed to solve this circuit by the node method. You need not solve the matrix equation.
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Question 5:

Note: No points will be awarded to answers without proper explanation.

(a) A complicated RLC circuit has a steady state current response of 10cos(100 t + 0.2)
amperes when a voltage source of 10cos(100t) volts is applied to it. Now, instead of the
original source, a voltage source of 20cos(100t + 0.1) volts is applied to the circuit.

Can you find the new current response? Is this information enough to find it? If yes, find
the new current response. If not, give reasons justifying your answer. In either case,

explain your answer. (3 points)
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(b) Suppose you designed a special capacitor for which the charge (Q) and voltage (V) are

related as; Q = C-V'® where C is a constant.
(i)  Can you use Superposition to solve for voltages and currents in circuits containing

this capacitor? Explain giving appropriate reasons. (2 points)
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(i) Can you use Kirchhoff’s Voltage and Current equations to solve for voltages and
currents in circuits containing this capacitor? Explain giving appropriate reasons.
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