EE223 Practice Final Solutions Lesson 40
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Problem 1: First-Order Circuits AN

9kQ
a) Find ic(t) for all time. Hint: nice fractions. AN
b) Find and sketch the current through the ——| °

capacitor, ic(t) over five time constants T. 10V <+>
Label important values on both the v and t axes. T 2v ()
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Problem 2: Laboratory-Based Design Problem

Your senior design robot is having problems. It works perfectly sometimes, but after
about an hour of testing it starts shaking and acting as if it is having seizures. A few of
you realize the problem is related to the logic battery pack powering the
microcontroller; when it discharges below 5V it can no longer provide the power
required by the microcontroller, which then behaves erratically. Help fix the problem by
designing a circuit that lights a very bright warning LED when the logic battery pack
drops below 5V. You may use the following components:

e 12V regulated voltage source devoted to your circuit (its voltage does not change)
e The logic battery pack output that is 6V when fully charged

e A bright red warning LED that drops 2.2V and requires 20mA

e A comparator

e Any number of resistors of any value

The start of the circuit is given: 12v logic
battery
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Problem 3: Second-Order Circuits

a) Given the circuit shown to the

-——

right, find i(t), for t>0:

b) Find ix(t), for t>0:
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Problem 4: Phasors 1
5 F
a) Given the circuit shown to the right, find the complex 1 I I
impedance, in rectangular form, between the circled FF
terminals for a frequency of w= % rad/s. I I AN
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b) Find two components that, when connected in series, form the Thevenin equivalent
to the entire circuit at that frequency in part a) of w= % rad/s.
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Problem 5: Complex Power |—|
a) Find the real power P and complex 120y, 60H; 8Q 40
power S power delivered to the 4Q
resistor.
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b) Determine the power factor seen by the source and correct it to 1 by using a
capacitor or inductor in series with the source.
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Problem 6: Transformers

80Q
a) Circuit Il cadets notice some W
dislodged ceiling tiles in the lab and, 120 cos(2n60t) V

upon investigating, discover the
circuit to the right hidden above the
ceiling, right next to the First Class beer stash. The power source at the left indicates
where it is plugged into a power outlet. The circuit to the right of a-b represents a
solid-state Peltier cooling junction used to ice the beer. Suspecting foul play given
the irrational choice of capacitor, they calculate the average power being absorbed
by the load to the right of the terminals a-b (i.e. the load is both the capacitor and
the resistor). Recall powerline frequency in the U.S. is 60Hz.
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b) How much of the average power you calculated in part a) is being absorbed by the
resistor, and how much is being absorbed by the capacitor?
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c) The next day they discover the Seniors are trying to make the Peltier junctions work
more efficiently by adding an inductor as shown below. Alas, they have failed to
design the optimal transformer because they forgot their Circuits Il skills. Help them
find the correct transformer ratio n to optimize power delivery to the load. (Hint: it
won’t be a whole number. That’s OK; you can design a, say, n=0.123 ratio

transformer by noting 0.123 = 123/1000, so the primary has 123 windings for every
1000 in the secondary).
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d) To show off, the Circuits Il students leave a note listing both the reactive and
complex power dissipated by the modified circuit’s load (i.e. the capacitor and the
5Q resistor). What did the note say? Include units.
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