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you are told to begin.

1. This exam is open-book.

2. Show all work necessary to complete the problem. A solution without the appropriate

work shown will receive no credit.

3. Show all units in solutions, intermediate results, and figures.
4. If the grader has difficulty following your work because it is messy or disorganized,

you will lose credit.
5. Do not use red ink. Do not use red pencil.

6. You will have 170 minutes to work on this exam.
7. The exam will be normalized to 200 points, so there is an opportunity for extra

credit.
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1. (40 points) In the circuit below, the op amp is ideal, and has power supply voltage of +/-10 V,
as indicated.

a) Find the transfer function T (a)) = —V—"m terms of the resistances and capacitances.
b) Choose values for the resistances and capacitances so that the following frequency
response is obtained.
a. The 3-dB bandwidth is approximately 20 krad/s.
b. The low-frequency breakpoint is 30 rad/s.
c. The gain in the passband is 10 dB.

c) What is the largest signal amplitude than can be applied without saturating the op amp?

d) Plot the phase Bode plot for this transfer function using the graph paper on the next page.
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2. (40 points) A new device called the Coronarator-V19 (V19 for short) is connected into the
circuit shown below. The device current-voltage characteristics for vy > 0 are shown in the
figure.

a) For each of the piece-wise linear regions of device operation, find a circuit model that
could be substituted for the device when operating in that region. Be sure to indicate
polarities for ix and vx on your models.

b) Find the Thevenin equivalent seen by the V19. Then, draw the V19 with the Thevenin
equivalent attached to it. Include values for the Thevenin voltage and resistance.

¢) Find an equation for ix in terms of vx based on your Thevenin equivalent circuit. The
equation will be that of a straight line. Plot that line on the graph provided. This is the
load line for the circuit.

d) In what region is the V19 operating? How do you know?
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3. (35 points) The circuit below uses a Zener diode and a forward-biased diode in series to keep
the load voltage vi. approximately constant at 5 V. The power supply Vss is 100 V but can vary
by 3 V in either direction. The diode and Zener diode characteristics are as follows.

Diode D: Vin=1V,mp=10Q,Is=0
Zenerdiode Z: Vz=8 V,rz=25Qat Iz = 10 mA.

a) For aload voltage vi =5 V, find Rs for a Zener current Iz = 10 mA.

b) The Zener diode is modeled by a voltage source Vzo in series with rz given above. Find
the Zener voltage Vzo for the Zener diode Z.

¢) Assuming the models for D and Z given above, use the small signal model to find the
variation in the output voltage v;.
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4. (40 points) The BJT in the circuit below is biased in the linear region. There is no need to
prove this. The BJT has = 50 and Vcesat = 0.2 V. The source v is a small signal input.

a) Draw the small signal circuit model and from that find the transfer function T(a)) = £ .

V.

s

b) Find the input impedance Zi, seen by the source vs.
c¢) Find the output impedance Zou seen by the load.
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5. (45 points) The BJT in the circuit below has § = 150 and Vcgsar =- 0.3 V.

a) Draw the small signal circuit model. Include values for any small signal model
parameters you use.

b) Find the input resistance Rin in the passband.

¢) Find the current gain io/is in the passband.
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6 (20 points) In the circuit below, the op amps are ideal. Their power supplies are not shown, and
are not important for this problem.

Find vo in terms of v;.
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1. (40 points) In the circuit below, the op amp is ideal, and has power supply voltage of +/-10 V,

as indicated.

y
a) Find the transfer function T (a)) = —2 in terms of the resistances and capacitances.

s

b) Choose values for the resistances and capacitances so that the following frequency

response is obtained.

a. The 3-dB bandwidth is approximately 20 krad/s.
b. The low-frequency breakpoint is 30 rad/s.
c. The gain in the passband is 10 dB.

c) What is the largest signal amplitude than can be applied without saturating the op amp?

d) Plot the phase Bode plot for this transfer function using the graph paper on the next page.
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2. (40 points) A new device called the Coronarator-V19 (V19 for short) is connected into the
circuit shown below. The device current-voltage characteristics for vy > 0 are shown in the
figure.

a) For each of the piece-wise linear regions of device operation, find a circuit model that
could be substituted for the device when operating in that region. Be sure to indicate
polarities for ix and vx on your models.

b) Find the Thevenin equivalent seen by the V19. Then, draw the V19 with the Thevenin
equivalent attached to it. Include values for the Thevenin voltage and resistance.

¢) Find an equation for ix in terms of vx based on your Thevenin equivalent circuit. The
equation will be that of a straight line. Plot that line on the graph provided. This is the
load line for the circuit.

d) In what region is the V19 operating? How do you know?
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3. (35 points) The circuit below uses a Zener diode and a forward-biased diode in series to keep
the load voltage vi. approximately constant at 5 V. The power supply Vss is 100 V but can vary
by 3 V in either direction. The diode and Zener diode characteristics are as follows.

Diode D: Vian=1V,mp=10Q,Is=0
Zenerdiode Z: Vz=8 V,rz=25 Q at Iz = 10 mA.

a) For aload voltage v =5 V, find R for a Zener current Iz = 10 mA.
b) The Zener diode is modeled by a voltage source Vzo in series with rz given above. Find
the Zener voltage Vzo for the Zener diode Z.

¢) Assuming the models for D and Z given above, use the small signal model to find the
variation in the output voltage vi.
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4. (40 points) The BJT in the circuit below is biased in the linear region. There is no need to
prove this. The BJT has B = 50 and Vcesat = 0.2 V. The source v; is a small signal input.

a) Draw the small signal circuit model and from that find the transfer function T(a)) - K’_
V

b) Find the input impedance Zix seen by the source vs.
¢) Find the output impedance Zou seen by the load.
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5. (45 points) The BJT in the circuit below has § = 150 and Vcesat=-0.3 V.

a) Draw the small signal circuit model. Include values for any small signal model
parameters you use.

b) Find the input resistance Ria in the passband.

¢) Find the current gain io/is in the passband.
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6 (20 points) In the circuit below, the op amps are ideal. Their power supplies are not shown, and
are not important for this problem.

Find vo in terms of v;.
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