Duke University
Department of Physics

Physics 271 Spring Term 2017
MIDTERM sSoLvurnoMN$

I will abide by the Duke Community Standard. Name:

This is a closed book exam, with one side of one page cheat sheet al-
lowed. Calculators are allowed, but only for basic calculations: you may not
use special memory, graphing etc. functions. You must always show your
work for credit; all answers must be justified. You must hand in your
cheat sheet with your test.

Pay attention to units and significant figures.

This midterm has six problems.
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Problem 1: (12 points)

Sketch the output waveforms expected for the following applied signals:
e A 500 Hz, 8 V amplitude sinusoid.

e A 50 Hz, 4 V,, square wave.

Specify important voltage levels and time scales. The input is on the left and
the output is on the right. Explain your answers in a few sentences.
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Problem 2: (6 points)

Sketch electron energy diagrams for a bipolar npn transistor, for unbiased
and for normal biased operation cases. For the biased case, what is the
direction of current flow when the transistor is operating in the linear active
region?
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Problem 3: (10 points)

A complex voltage and current are related by 9(t) = (=1 + 5v/3)a(t).

a. What is the phase angle between voltage and current?

b. Sketch the observed current and voltage as a function of time, as-
suming zero voltage at ¢ = 0, and frequency w = 10 rad/s.
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Problem 4: (10 points)
An audio signal has an output impedance of 500 Q. To drive a 10 Q
speaker with maximum power transfer. an impedance-matching transformer

is used between the generator and the speaker. What is the necessary turns
ratio for such a transformer?
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Problem 5: (10 points)

Find the Norton equivalents Iy and Ry for the given circuit.
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Problem 6: (20 points)
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a. Determine the transfer function of the given circuit. Answer in
terms of s, L, R, and C.

b. Does it behave as a low-pass, high-pass, band-pass or band-rejection
filter? Explain.

c. Determine the values of any zeroes and poles.
d. If R = oo draw the zeroes and poles on the complex frequency plane.

e. Determine the value of R in terms of L and C in order that the poles
are all together on the z-axis (i.e., have the same value and are real)
and draw them on the complex frequency plane.
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f. Sketch the Bode plot for R = co. Find any corner frequencies in

terms of L and C and indicate them on the diagram, and also specify
the slopes of any lines.
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