Physics 262
Practice Final Exam

(Please also review the Midterm and Practice Midterm!)
Remember to show your work.
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Practice Problems (Please also review the Midterm!)

1. (25 points) A signal V;,, with impedance R;, is boosted through the
BJT follower to power a load Ry.

input signal Vv

ST . out

(a) For what values of V;,, is the transistor in active mode?
(b) In active mode, what is V,,,;?

(c) Draw an improved version of this circuit with an op amp and
feedback to control the output of the transistor, with unity gain
for V;,, < 0.



2. (20 points) A 2GHz sinewave is measured on an oscilloscope with a
sample frequency of 3 GHz.

(a) What is the Nyquist frequency?

(b) Sketch a few periods of the sinewave and mark the measured
points.

(c) Given only the oscilloscope data, what frequency would you infer?*

'Hint: a sinusoid of frequency f sampled at frequency fg is indistinguishable from a
sinusoid of frequency |f — N fgs|, for any integer N.



%so

3. (15 points) A pair of transistors can be used in the above manner to
limit the current in a circuit.

(a) Nearly all of the current in the above circuit goes through the 50 €2
resistor. Why?

(b) Assuming the lower transistor is turned on (not in cutoff mode),
find the approximate current in the circuit.

(c¢) Explain in words how the transistors work together to limit the
current.



4. (12 points) An infrared (A = 1.57 um) laser rangefinder has a 2mm
diameter beam and 1ns pulse.
(a) What is the maximum safe pulse energy (J)?
(b) Why is this wavelength a good choice from a safety perspective?

(c) How far does the light travel in the duration of one pulse?



5. (77 points) Make a table showing the binary equivalents of each of the
16 hexadecimal digits from 0 to F.

6. (22 points) Convert the following binary fraction to hexadecimal.
Don’t bother to simplify!

001000001101 1011
110111101100 10101101 1110




7. (92 points) Complete the truth table.

C D E F

g DOC}E

el = E=R =R
— O |—= O |W




S Q

R’ Q

8. (22 points) Complete the truth table for the above circuit. 0 means
logic low (false); 1 means logic high (true); (o means the previous value

of Q; and @, means the previous value of @)'.

S/ R/ Q Ql

— = O O
— O = O

9. (?? points) Complete the timing diagram for the circuit at the top of
the page.
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10. A digital output line from a computer is used for pulse width mod-

ulation (PWM) of an audio signal. The computer clock frequency is
fe =2.0GHz.

(a) Assume that the clock period At, is the shortest interval in which
the output line can be turned on and off again. Calculate At..

(b) How many clock cycles does it take to represent the full range of
a 16-bit number using PWM?

(c) What is the resulting PWM frequency, fpwu?
(d) What is the Nyquist frequency, fy, for sound sampled at fpy ps?

(e) Suppose a 20kHz tone is sampled at fpwa. When it is played
back, what will its frequency be (circle the correct answer):

i. 20kHz.
ii. [20kHz — fpwas|, due to aliasing.
iii. fy - 20kHz, due to aliasing.
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