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Intro to op-amps lab

You will need:

1. protoboard

2. Arduino and PC

3. oscilloscope and 10x probe

4. various resistors and capacitors

5. 741 or equivalent op-amp −→
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Lab 2: Op Amp Circuits
U.C. Davis  Physics 116A

INTRODUCTION

This lab introduces the operational amplifier
or "op amp".  The circuit is already constructed
for you on a single IC (integrated circuit) and in
this lab we will use the IC in several of its most
popular configurations.  For an introduction to
op amps, see section 2.4 in Bobrow.
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Figure 1:  Pinout for the 741 op amp.

1.  INVERTING AMPLIFIER

The pinout diagram for the LM741 op amp
IC is shown in figure 1.  Use this to construct
the inverting op amp circuit shown in figure 2.
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Figure 2:  The inverting amplifier.

At first, use R1 1= kΩ  and R2 33= kΩ .

Derive the gain formula A R RV = − 2 1  and

experimentally verify the gain for a 100Hz sine
wave.  Also calculate and measure the gain with
R2 10= kΩ and R2 100= kΩ.  For your lab

report, give your derivation and compare the 2
calculated and measured gains.  Why is this called
an inverting amp?

2.  NONINVERTING AMPLIFIER

     Construct the noninverting amplifier shown
in figure 3 with R1 1= kΩ  and R2 33= kΩ.  For

your report, derive and experimentally verify the
gain relation
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Figure 3:  The noninverting amplifier.

3. CURRENT-TO-VOLTAGE CONVERTER

An op amp can be used to produce a voltage
proportional to a given current.  Construct the
circuit in figure 4.
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Figure 4:  Current source with current-to-voltage converter.

Verify that V I Rout in= − 2  for this circuit.

(That is, do the following for several voltage
settings on the variable power supply:  Measure
the supply voltage and from this calculate I in .

Use the formula to calculate a theoretical Vout and

compare this to a measured Vout.  Include these

measured values and calculations in your report
along with a brief discussion of the agreement
between theory and measurement.)

In this laboratory, you will be given a series of tasks that build on one another. These tasks
can be completed with the components listed above and recollection of our discussion of op-amps.

Task 0

Figure out which object is the oscilloscope and turn it on. Examine the various knobs and buttons,
you will need them later.

Task 1

Produce a square wave signal from your Arduino’s digital output. The square wave should oscillate
between 5 V (high) and 0 V (low) with a period between 200 and 1000 Hz. Prove that you have
produced this square wave by displaying it on the oscilloscope.

Hint: the program “BlinkWithoutDelay” under the digital learning examples is essentially what
you want. Connect the scope probe to the Arduino digital out, and the scope ground to the Arduino
ground.

Task 2

This square wave is too large for what we want to do later. Make a variable voltage divider to adjust
the amplitude to 0.1−0.2 V peak-to-peak. Recall that the protoboard contains potentiometers.
Again, verify that you have reduced the amplitude by displaying the waveform on the oscilloscope.



Task 3

Now feed the 0.1−0.2 V square wave into a gain of ±10 amplifier (we do not care if it is inverting
or not). You should get out a square wave of amplitude 1−2 V, which can still be varied by your
construction from task 2.

Note: a potentiometer in series with the input is likely to alter the gain of your amplifier! Try
to minimize this effect.

Task 4

Make the square wave into a triangle wave. You can do this with a single capacitor. Hint: What
mathematical operation do you need?

This capacitor sets a time constant, but of what size? And what value should it be, given the
period of your input signal? What type of filter did you just construct?

Task 5

Hook the output of your circuit up to the 8 Ω speaker instead of the oscilloscope. Do the triangle
and square waves sound different? Can you speculate on why?

Task 6

Draw the circuit you have constructed, noting component values and supply/signal voltages. Sketch
the input and output at various stages of the circuit.


