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e Close notes and books. No formula sheets.
e You are allowed to have only a calculator and a pen/pencil.
e Show your work, including derivations, comments,
assumptions, and units wherever appropriate.
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you need extra space to write your answers.
e Exams suspected of cheating and/or turned in late will not be marked — failed exam.
e You have 80 minutes to answer the following questions.

e Good luck!



Problem 1 (25pts)
Figure below shows a two-winding transformer with a core. The first winding with N; = 200 turns is connected to

a voltage to produce a flux density in the core B = 1.2sin(377t) Wh/m?. The second winding, with N, = 400
turns, is left open-circuited. The cross-sectional area of the core is 23.75 cm?, and u, for the core is 10,000. The
core length is I, = 90 cm. For reference, u, = 47 X 1077 H/m.

(a) Determine the RMS value of the applied voltage e; (corresponding to first winding).

(b) Determine the current in the first winding (note that we are asking for its full expression, not just RMS value.
Also, it is not zero).

(c) Determine the RMS value of the voltage induced in the second winding.
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Problem 2 (25pts):

Assume an electromechanical solenoid with a movable plunger. The system may be assumed magnetically linear.
The system’s state is shown in the A —i figure below, wherein the system has moved from point A to point B, at
constant flux. Using the numerical values given on this figure, calculate the change in W¢ , W, W, and Wy, . In

other words, complete the Table given below. Be sure to include the units and check the energy conversion

balance.
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Problem 3 (25pts):
Consider a 250 V Shunt DC Motor with armature resistance R, = 0.1 Q and field winding resistance Ry =

25 Q. The motor operates a mechanical load at a nominal speed of 1800 rpm, drawing the armature current of
20 A. Friction and rotational losses constitute 60 W.
(a) Calculate the induced back emf E,

(b) Determine the useful mechanical load torque T,

(c) Determine the efficiency of the motor 7 .
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Problem 4 (25pts):

a) (15pts): Assume a PM DC machine operating in a steady-state from the DC-DC Converter, as we discussed in
class. Based on the information already given for Quadrant I11 (directions of speed, voltages, and current) in the
chart below, first identify the direction of torques in Quadrant 111 and whether it is a Motor or a Generator
(circle the correct answer). Then complete the chart for all other Quadrants, circling the correct answers for all
voltage polarities, back emf polarities, drawing the arrows for torques, currents, and speeds, and circle whether it

is a Motor or a Generator.
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b) (10pts): Given the waveform f(t) below, select the following statements that are true by putting a cross or
check mark in the box on the left and provide a brief explanation. Note that you may select more than one

statements.
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‘/f(t) can represent voltage across an inductor
L1 £(t) can represent current through an inductor
[ £(t) can represent voltage across a capacitor
‘/ f(t) can represent current through a capacitor
\/ f(t) can represent voltage across a resistor

‘/f(t) can represent current through a resistor

Explain your choice(s):

You cannot change inductor current and capacitor voltage instantaneously (as discussed in class).
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