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More Useful Op Amp Topologies

Inverting Amplifier Non-inverting Amplifier Transresistance Amplifier

R R Ry, Ry .
Vout = Vin __4 + VREF £ +1 Vout = Vin + =2 ) — VREF o Vout = lin(_R) + VREF
R R Rbottom
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2. PetBot Design

In this problem, you will design circuits to control PetBot, a simple robot designed to follow light. PetBot
measures light using photoresistors. A photoresistor is a light-sensitive resistor._As it is exposed to more

. . . . . . . ~ . O ——®
light, its resistance decreases. Given below is the circuit symbol for a photoresistor.
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Below is the basic layout of the PetBot. It has one motor on each wheel. We will model each motor as a %‘- -
1 Q resistor. When motors have positive voltage across them, they drive forward; when they have negative
mss them, they drive backward. At zero voltage across the motors, the PetBot stops. The speed
of the motor is directly proportional to the magnitude of the motor voltage. The light sensor is mounted to
the front of the robot.
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(a) Speed control — Let us begin by first having PetBot decrease its speed as it drives toward the flashlight.
Design a motor driver circuit that outputs a decreasing positive motor voltage as the PetBot drives
toward the flashlight. The motor voltage should be at least 5V far away from the flashlight. When far

away from the flashlight, the photoresistor value will be 10kQ and dropping toward 100Q as it gets
closer to the flashlight. D—

In your design, you may use any number of resistors with any value and just 1 op-amp. You also have
access to voltage sources of 10V and —10V. Based on your circuit, derive an expression for the motor
voltage as a function of the circuit components that you used.
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(b) Distance control — Let us now have PetBot drive up to a flashlight (or away from the flashlight) and
stop at distance of 1 m away from the light. At the distance of 1 m from the flashlight, the photoresistor
has a value 1kQ.

Design a circuit to output a motor voltage that is positive when the PetBot is at a distance greater than
1 m from the flashlight (making the PetBot move toward it), zero at 1 m from the flashlight (making the
PetBot stop), and negative at a distance of less than 1 m from the flashlight (making the PetBot back
away from the flashlight.)

In your design, you may use any numbgs=af resistors of any value and just 1 op-amp. You also have
access to voltage sources of 10V anased on your circuit, derive an expression for the motor
voltage as a function of the values of CIretit components that you used.

C%lov émv :I> RxN

=9 Jum 3=l — CE_?:\\'-S

e

SO N o \JN*
Vot 20 wloaw e 74k
Nk <O wMan RP <k

= N

H
;







DVesigu £#2: F. 15 Giuwed

(e) Pressure Regulation (8 points)
You are finally ready to complete the design of your pressure cooker.

Using the circuit elements below, make a circuit that will turn the heater to on (i.e. current
flowing through R;.,) when the pressure is less than 500 kPa, and off (i.e. no current flowing
through R;,.,;) when the pressure is greater than 500 kPa. —

The elements are:

* A voltage source V; = 10V with a Thevenin resistance of 500Q.
* A voltage source V,(p.) =V, x ;,1"—'[, with V, = 1V and p,.s = 100kPa. (This is a voltage source
whose voltage is a function of pressure p,, unrelated to any previous parts of the question.)

* A comparator that controls switch Sp. The switch is normally opened (i.e. an open circuit between
nodes V, and V}), and is closed only when V| > V; (i.e. a short circuit between nodes V, and V).

* The heater supply (Voo = 100V).

¢ The heater resistor Rjeq.

* One additional resistor R4 If you use this resistor you must calculate and note its value on your
circuit diagram.

* You may assume you have access to a ground node.
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