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1 Short-Answer Questions (10 points)
Part a. Consider the following circuit.

gnd

Determine if the following equations and/or statements are

ÐAlways True Ð i.e., true for all possible values of the resistorsR2− R6 and voltageV0

or

ÐNOT Always True Ð i.e., false for some or all resistor and voltage values.

Check the appropriate box for each of the following:

NOT
Always
True

Always
True

always
If then

always

always

always

always
If then
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Part b. Our goal is to design a dimmer for a light bulb that can be modelled as a constant
resistor of 10! . We have a single10V power supply. Our Þrst design uses a10k! poten-
tiometer, with the goal of controlling the current through the lamp so that the current is
proportional to the potentiometer setting, with a maximum current of1A.

k

V light
bulb

Brießy (using fewer than 50 words) describe problems with this circuit.

Suggest a better circuit. Draw it in the following box.

Explain brießy why your circuit is better.
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6 Circuits (20 points)
Consider the following circuit.

V

Part a. Find iC if IA = 0.

Part b. Find iB if IA = 5A.

Part c. Find IA so that iC = 0.
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Part d. Consider the following op-amp circuit.

k

k

Fill in the values of R1 and R2 required to satisfy the equations in the left column of the
following table. The values must be non-negative (i.e., in the range[0,∞]). If the equation
is impossible to implement with non-negative resistors, then write ÒimpossibleÓ for both
resistor values.
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3. Circuits (30 / 100 points)

Motor driver

When we built the robot head, we made the motor move in both directions by connecting one
side of the head motor to an op amp circuit and the other side to a buffered voltage divider that
produced +5V. This method limited the peak speeds of the motor because the full +10V that is
available from the power supply never appeared across the motor.

Our goal is to build two circuits, one to drive each of the two motor wires. Let x represent the
input voltage and let y1 and y2 represent the voltages applied to the two motor wires. Assume
that you have a single 10-volt power supply, so that only +10V and 0V are available.

circuit #1

circuit #2

y1

y2

x

motor

Question 13: Recall the supply voltage constraints: ALL voltages (including x, y1

and y2) must be between 0V and +10V . Determine expressions for y1 and y2 so that
the voltage across the motor is given by

y1 ! y2 =
{

10 if x = 10

! 10 if x = 0

and both y1 and y2 have the form yi = mix + bi, where mi and bi are constants.
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Question 14: Design circuits to implement your solutions to question 13 using resistors, op
amps, and a single +10V power supply. You can assume that x is buffered (i.e., it is the
output of an op amp). Draw the circuits and label them clearly.

Analysis

A “bridge” circuit consisting of five resistors is connected to a 12 volt source as shown below.

+
−+12V

12K !

4K !

4K !

12K !

6K !

+ v0 −

Bridge circuit



11

Question 15: Simplify the bridge circuit down to a circuit that consists of a single loop by
applying a series of circuit reductions (such as series combinations, parallel combinations,
Thevenin equivalents, etc.). Draw the circuit that results after each reduction that you
apply. Finally, solve the last circuit for v0.

Hint: The bridge circuit is equivalent to the following circuit; you can use this as the
starting point for your reductions if you prefer.

+
!+12V +

! +12V

12KΩ

4KΩ

4KΩ

12KΩ

6KΩ

+ v0 !
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Name:

Part 1: Thevenin equivalents. Find the Thevenin equivalent voltage and resistance as
seen from the Vo port.

A

VT =

RT =

... continued on back of page



Part 2: Op Amps. Consider the following circuit:

VV

where all of the resistors have the same valueR = 1 k! .

If Vi = 3 V, then Vo =

If Vi = 7 V, then Vo =

If Vi = 9 V, then Vo =
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Name:

Part 1: Op Amps. Assume the op-amps in the following circuit are "ideal."

Determine the current I x when V1 = 1 V and V2 = 2 V.

I x =

Determine the voltage VA when V1 = 1 V and V2 = 2 V.

VA =

Determine a general expression for VA in terms of V1 and V2.

VA = ! V1 + ! V2

... continued on back of page



Part 2: Thevenin equivalents. Find Rx so that the Thevenin equivalent voltage is 5V
when viewed from the port labelled V and I .

V V

Rx =
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Name:

Problem 1. Find R1 and R2 so that the Thevenin voltage is 1V and the Thevenin resistance
is 4 ! when looking in the port labeled VC and I C .

V

R1 =

R2 =

... continued on back of page



Problem 2. Find VBB andR so that the Thevenin voltage is 1 V and the Thevenin resistance
is 4 Ω when looking in the port labeled VB and IB.

VBB =

R =


