EA3 Quiz 3
Prof. Lynch
Spring 2024

Name:

You are allowed to use only pens, pencils, and erasers. No electronics, other papers, etc.

Make sure to show all your work, and make sure your final answer is clear (for example, you can
circle it). Use the back of the previous page if you need more space, for your work or your
final answer. Full credit, or partial credit if your final answer is wrong, will only be given if your
thought process is clear. If you think any question does not give you enough information to give an
answer (i.e., there is a mistake on the test), then clearly write the extra assumptions you had to
make to answer the question, and answer the question using those assumptions.

No significant calculations are needed, so you don’t need a calculator. If you get an answer like
11/32 or /5, just leave it like that. On the other hand, we would appreciate simple calculations, like
reducing 6/2 to 3 or v/12 to 21/3.

The “standard” second-order characteristic equation is s +2¢w, s +w2 = 0. The roots of a quadratic
equation as®+bs+c = 0 are s; 2 = (—b+/b% — 4ac)/(2a). The following are approximate numerical
values:

e 1 =037
e 2=0.14
e 3 =0.05

et =0.02



1. The electric motor you ordered just arrived, and you want to test it to make sure it matches its
data sheet. You block the motor shaft so it cannot rotate, ensuring that the voltage v across
the motor and the current i through the motor satisfy the equation v = Ri + L(di/dt), where
R is the resistance and L is the inductance of the motor. You use a power supply to control v
to be zero for a long time, and then you switch to v = 20 V and measure the current i. The
current i(t) is shown in the plot below. (Note the units on the time axis are milliseconds.) The
current reaches a steady state of 5 A.

(@) (2 pts) What is the resistance R of the motor? Give units.
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(b) (2 pts) What is the approximate inductance L of the motor? Give a number with units
and explain your answer.

2. (4 pts) At time ¢t = 0 in the LC circuit below, the voltage across the inductor is 10 V and no
current is flowing. What is the maximum current that flows through the inductor in the future?




3. For the circuit shown below, the voltage source provides a voltage v, = 12 V for a long time,
then it switches the voltage to v, = 0 V attime ¢t = 0.
(a) (2 pts) What is the current i, as defined in the figure, just before the switch at ¢ = 0?7 Give
units.
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(b) (2 pts) What is the current immediately after the switch? Give units.

(c) (2 pts) What is the rate of change of the current di/dt immediately after the switch? Give
units.

(d) (2 pts) Write the second-order differential equation governing the current i after ¢ = 0.

(e) (38 pts) Give the roots of the characteristic equation for your answer to the previous
question. Indicate whether the system is overdamped, underdamped, critically damped,
or none of these.

(f) (4 pts) Write the particular solution i(¢) for the initial conditions when v;, switches to 0 V.



(9) (3 pts) Approximately hand sketch the response i(¢) fromt = 0to t = 2 s. Don’t worry
about the scale of the vertical (current) axis, but the response should have the correct
basic shape. If the response decays, show the approximate decay. If it oscillates, the
period of oscillation should be approximately correct.

4. In the circuit below, the switch is connected to the battery (with voltage v) for a long time, and
then it is opened so the battery is disconnected. The positive directions of the currents i; and
io are indicated.

(a) (2 pts) What is the total current provided by the battery before the switch is opened?
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(b) (2 pts) What is the total power dissipated by the resistors immediately after the switch?

(c) (2 pts) What is di2/dt immediately after the switch?



5. (2 pts) On the left is a circuit consisting of a capacitor, a resistor, and a square wave voltage
generator: vj, cycles between zero and a positive voltage, and the time between switches
is long enough for the current to approximately reach steady state between switches. The
voltage vout measures the voltage across the resistor. On the right is a plot of vj,(¢). On the
same plot, qualitatively plot vout(¢) and briefly explain your answer.
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6. The circuit below contains resistors, capacitors, and inductors (all represented as rectangles)
and batteries. The voltages across the elements are written va, ..., vg using the polarity
determined by the defined positive directions of the currents iy, . .., .

(a) (4 pts) Write four independent KVL equations.
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(b) (3 pts) Write the KCL equations.

(c) (2 pts) If A and B are resistors, C and D are capacitors, and E and F are inductors, what
are the state variables of the coupled first-order differential equations?



1. The electric motor you ordered just arrived, and you want to test it to make sure it matches its
data sheet. You block the motor shaft so it cannot rotate, ensuring that the voltage v across
the motor and the current i through the motor satisfy the equation v = Ri + L(di/dt), where
R is the resistance and L is the inductance of the motor. You use a power supply to control v
to be zero for a long time, and then you switch to v = 20 V and measure the current i. The
current i(t) is shown in the plot below. (Note the units on the time axis are milliseconds.) The
current reaches a steady state of 5 A.

(@) (2 pts) What is the resistance R of the motor? Give units.
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(b) (2 pts) What is the approximate inductance L of the motor? Give a number with units
and explain your answer.
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2. (4 pts) At time ¢ = 0 in the LC circuit below, the voltage across the inductor is 10 V and no
current is flowing. What is the maximum current that flows through the inductor in the future?
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3. For the circuit shown below, the voltage source provides a voltage v, = 12 V for a long time,
then it switches the voltage to v, = 0 V at time ¢ = 0.

(a) (2 pts) What is the current 4, as defined in the figure, just before the switch at ¢ = 0? Give
units.
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(b) (2 pts) What is the current immediately after the switch? Give units.
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(c) (2 pts) What is the rate of change of the current di/dt immediately after the switch? Give
units.
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(d) (2 pts) Write the second-order differential equation governing the cutrent ; after ¢ = 0.
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(e) (3 pts) Give the roots of the characteristic equation for your answer to the previous

question. Indicate whether the system is overdamped, underdamped, critically damped,
or none of these.
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(f) (4 pts) Write the particular solution i(t) for the initial conditions when v, switches to 0 V.
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(9) (3 pts) Approximately hand sketch the response i(¢) from t = 0 to ¢ = 2 s. Don't worry
about the scale of the vertical (current) axis, but the response should have the correct
basic shape. If the response decays, show the approximate decay. If it oscillates, the
period of oscillation should be approximately correct.
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4. In the circuit below, the switch is connected to the battery (with voltagé v) for a long time, and
then it is opened so the battery is disconnected. The positive directions of the currents i, and
iy are indicated.

(a) (2 pts) What is the total current provided by the battery before the switch is opened?
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(b) (2 pts) What is the total power dissipated by the resistors immediately after the switch?
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(c) (2 pts) What is diy/dt immediately after the switch?
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5. (2 pts) On the left is a circuit consisting of a capacitor, a resistor, and a square wave voltage
generator: vy, cycles between zero and a positive voltage, and the time between switches
is long enough for the current to approximately reach steady state between switches. The
voltage vout measures the voltage across the resistor. On the right is a plot of vj,(t). On the
same plot, qualitatively plot vou(¢) and briefly explain your answer.
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6. The circuit below contains resistors, capacitors, and inductors (all represented as rectangles)
and batteries. The voltages across the elements are written v, ..., v using the polarity
determined by the defined positive directions of the currents 41, .. . , is.
(a) (4 pts) Write four independent KVL equations.
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(b) (3 pts) Write the KCL equations.
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(c) (2 pts) If A and B are resistors, C and D are capacitors, and E and F are inductors, what
are the state variables of the coupled first-order differential equations?
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