
Physics 3 34, Winter Quarter 2O 12, Exanination #2
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--- Exam notes: Don't turn over the exam until the starting-buzzer and stop writing
at the blosing-buzzer. The exam is closed-book. You may use a calculator, but
not smart phones, iPads or laplops. You may not use your own equation sh€et.
Please check that you have a total of5 pages, including this page. You can make
reasonable assumptions based on standard component toleranccs of 5%, which
may sav€ you some time and effort. You may writc in the margins, on scratch
papcr or on lhc back page of the exam, but that won't be graded. Sloppy or
disorgaoized work may be downgraded.

Possibly useful equations and information:

ldeal op.amp golden mles: ( l) inputs source or sink no currcnt; (2) the open-
loop output voltage is (V* - VJ times an arbitrarily large gain; (3) if goperly
negatively fed-back, the inputs (V* and V) are at lhe same voltage.

The hanconductance of a FET is the change in the drain current divided by a
change in the gate-to-source voltage.

The "3 dB' ftequency of a RC high- or low-pass filter is l(2nRC)



I . (25 points total) "Bad circuits." Each circuit below has a glaring fault that makes it bad. To
thc immcdiatc right of each circuit, (i) explain in l0 words or lcss why the circuit is bad and,
(ii) after conectirg the fault, sketch a corrccted "good" circuit.

a. (6 points) Transistor switching a tight.bulb
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b. (6 Doints) Ac-coupled emitter-follower
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c . (6 points) Znerdiodc and cmitter-follower voltage regolator
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d. (7 points) Current source supplying a varyrng
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2. (25 points total) Consider an Ac-input-coupled source-follower, shown bclow, made from
a n-channel JFET, lts drain current lo versus Vo, curves for various valucs of gate-to-source
voltage Vcs arc also shown bclow.
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a. (6 points) Suppose you'd like tbe quiescent (no-signal) curent ro be approximately I mA;
what's an appropriate value of &? Le<,Nt 1f cuAvC oF AO vg U Qs,
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b. (6 points) With respect ro rh€ quiescent curent lD, should the value of lhe R be (circle one)
(i) much larger than Rs; (ii) much smaller than R,; (iii) about equal to R!; or
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c. (7 points) Furth€r supprose you'd like the follower to pass 100 Hz signats with only 3 dB
attenuation. Find appropriate values for R and C. (Ihis following is a detail, so don't let it trip
you up, but you can assume the transconductance g, is very large comparcd to UX! for alt ID.)
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d. (6 points) How much amplitude can tbe input signal have beforc the output becomes
seriously clippcd, exhibits other pathological behavior or otherwise is no longer a good
follower? Explain your answer in l0 words or lcss.
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3. (25 points totaD Considcr thc 3ll comparator circuit bclow. (Rccall thc 3ll has both opcn-
collcctor and uncommined-cmitter outputs.) V' is 8 tcst-point wherc you'll measure a volt|gc.
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a. (8 points) Whcn Vin = +15 V, what's Vout atd V+? .

K

v= x -1.  v,

b. (8 points) When Vin = -15 V, what's Vour and V'?

vout = -r l5 y' \'- d. + I' v,

c. (9 points) Consider a.o input-yoltage excunion of Vin from -15 V to +15 V thetr back to
-15 V. Drsw bclow rhe hysterEsis curve for this excursiotr. That is, make a neat and careful
plot of Vin otr thc horizorial axis atrd Vout oll thc yertical txis for thc excursion. Wherc thc
plot exhibits hysterrsis, indicatc thc dire4tion of the excursion with arrows. Ensurc you
indicatc and show valucs for irput voltages wherc thc output makes Faositions.
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4. (25 points total)
Showtr below rrc sir oF.amp circuits with input voltage of eithcr +t V or -l V rs shown. Oo
crch_ cirqri_t drawiog, wrirc sr Vd tbc outp[t voltrge for cach circuit. Assumc thc oPsmF rrc
idcql-and lic output lcvcl cao swing anywhcrc bctwc€n rhc +15 V aDd -15 V oplmp powcr
supply voltagcs. You mry slso sssumc ide{l diodcs lf,ith forwsrd voltrgc drop 0.7 V-. -
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