
Experiment BT-10: Operational Amplifiers

Equipment Required

PC or Mac Computer

IX-TA-ROAM recorder, USB cable, power supply

A-BMET-B BMET Trainer Board

C-DIN-BB DIN to Breadboard Cable

C-BNC-BB BNC to Breadboard Cable

A-BMET-EC Electronic Components Set

Jumper Wires

Setup

1. Connect the C-DIN-BB Cable to port A5 on the TA-ROAM. Use extender cables for the yellow 
and brown leads.

2. Connect the C-BNC-BB Cable to the S1 (LV Stimulator) port on the TA-ROAM.

Figure BT-10-S1: IX-TA-ROAM, C-DIN-BB cable (port A5), C-BNC-BB cable (S1).
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Experiment BT-10: Operational Amplifiers

Background

Many biomedical signals, such as ECGs, EMGs, and EEGs, are too small to be used directly and must 
be amplified before they can be processed or displayed. Operational amplifiers (op-amps) are among 
the most common circuits used for this purpose and are found throughout biomedical instrumentation. 
Op-amps can also be configured as buffers, which help prevent loading effects by isolating one part of 
a circuit from another.

In this lab, you will construct and analyze op-amp circuits, measure their gain, and investigate the 
behavior of practical amplifiers.

Theory

1. What is an Operational Amplifier?

Operational amplifiers (op-amps) are used to amplify signals.

The symbol for an op-amps is shown in Figure 1. Like the symbols you saw for other components, this 
is just an abstraction of how op-amps actually look. An image of a physical op-amp is shown in Figure 
2.

 

Figure 1. Op-amp circuit symbol
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Figure 2. Photograph of op-amp (U36)

The parts of this symbol are described below:

1. The triangle is the body of the op-amp.

2. The two lines on the left are for the input voltage signals. One is positive (called the non-
inverting input or v+) and the other is negative (called the inverting input or v-). There is no 
input current into v+ nor v-.

3. The line on the right is where the output voltage is.

4. Sometimes two vertical lines are also shown for positive and negative power into the op-amp 
(+V and -V). Although usually these lines aren’t shown, they are always implied because the 
op-amp always needs power.

The op-amp works with the following equation:

V out = A(v+ − v−)

where V out is the output voltage, A is the gain, v+ is the non-inverting input, and v− is the inverting 

input. What this equation means is that the output of the op-amp is the difference between the positive 
and negative inputs multiplied by some gain value. 

In an ideal op-amp, the gain (A) is infinity or just a very, very large number. This means that a tiny 
difference in the input voltages can lead to a massive output voltage.

2. Power Rails

The power supply voltages, or rails, are shown as +V and -V in Figure 1. These lines represent the 
positive and negative voltage power supplied to the op-amp.
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The output voltage cannot go outside the rails. For instance, if the power supply is -15 V and + 15 V, 
then V out must stay between -15 V and + 15 V. An output of 20 V couldn’t be generated.

When V out gets very close to these rails, saturation can occur, which distorts the signal.

Note: Remember that power and signal voltages play different roles. The op-amp equation given in 
section 1. deals only with signal voltages, v+ and v-. The op-amp’s power supply voltages (+V and -V) 
mostly just affect when saturation occurs.

3. Voltage Followers/Buffers

A voltage follower, also called a buffer, (shown in figure 3) is the simplest closed-loop op-amp 
configuration. In this circuit, the output is connected directly to the inverting input, while the input 
signal is applied to the non-inverting input. As a result, it has no amplification, so the gain is 1.

 

Figure 3. Buffer circuit schematic

Buffers are used to avoid the effects of loading. Recall that loading is the effects of resistance from 
different parts of the circuit, and we that often don’t want to worry about these effects because they 
make circuits more complicated. Buffers reduce loading effects because they effectively isolate the 
load.

4. Negative Feedback/Inverting Amplifiers

Feedback is what happens if we connect the output to the inverting input, as shown in Figure 3. When 
the input is negative and v+ is grounded, negative feedback occurs, and the circuit is called an 

inverting amplifier. In this configuration, the output is fed back to the negative or inverting input 
through a resistor (R2). The input signal is applied to this inverting pin through a resistor (R1). The 
positive pin is connected to ground.
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One interesting effect of feedback is that it makes the op-amp want its inputs to be equal. We can see 

why this is the case by rearranging the equation above to get V outA = v+ − v−. This tells us that if the gain 

is very high, then the left side of the equation will be almost zero (for example, 1 ÷ 100,000 is basically 
zero). This means that 0 = v+ - v−, so:

v+ = v−

under negative feedback. By connecting V out to v+, we give the op-amp a way to achieve this.

 

Figure 4. Inverting amplifier circuit schematic

Without feedback, even tiny input voltages would force the output to one of the supply rails.

3.1. Gain

Gain is what the input difference is multiplied by to achieve the output voltage. For inverting amplifiers 
like the one in Figure 3 above, we can use nodal analysis and the fact that the current entering v− is 

zero to get I  R1 +IR2 = 0. If we substitute ohm’s law for the current through each resistor and rearrange 

the solution, then we get the gain:

A =
V out
v−

=−
R2

R1

Example:

R2 = 100k ohms

R1 = 10k ohms

A = 100k
10k

= 10

With this gain of 10, a 10 mV input would ideally produce a 100 mV output.
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The gain can also be used to calculate the output voltage:

Vout = G*Vin

where Vout is the output voltage, G is the voltage gain, and Vin is the input voltage. 

5. Positive Feedback/Non-Inverting Amplifiers

While an inverting amplifier has a negative input, the non-inverting amplifier has a positive input and 
a grounded inverting input, as shown in the positive feedback configuration of Figure 5.

Note: In both positive and negative feedback, V out connects to v−.The difference between the circuits is 

which terminal receives the signal input and which is grounded.

 

Figure 5. Non-inverting amplifier circuit schematic

 

The gain for these circuits is

A =
V out
V in

= 1 +
R2

R1

Non-inverting amplifiers will be discussed further in a future lab about Sallen-Key amplifier circuits.

6. Differentiating Amplifiers

A differentiating amplifier is an op-amp circuit that produces an output voltage proportional to the rate 
of change of the input voltage. It is formed by placing a capacitor at the input and a resistor in the 
feedback path, as shown in Figure 6.
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Figure 6. Differentiating amplifier circuit schematic

Pre-Lab Questions

1. What is the purpose of an operational amplifier (op-amp) in a circuit?

2. What is the purpose of a voltage follower (buffer), and what is its voltage gain?

3. An inverting amplifier has an input resistor R1=10kΩ and a feedback resistor R2=100kΩ. 
Calculate the voltage gain.

4. If the amplifier in Question 3 has an input voltage of 20 mV, what is the expected output 
voltage?

5. What happens when an op-amp attempts to produce an output voltage beyond its power-supply 
rails? What is this effect called?
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Experiment BT-10: Operational Amplifiers

Exercise 1: Voltage Follower

Aim: To construct a voltage follower (buffer) circuit and verify that the output voltage closely matches 
the input voltage.

Approximate Time: 30 minutes

Procedure

1. Locate Circuit O on your board.

2. Apply an input signal using the C-BNC-BB cable.

a) Connect the red lead to INO. 

b) Connect the black lead to one of the GND pins in the Inputs section.

3. Measure the output signal using the C-DIN-BB cable.

a) Connect the + (red lead) to the VCC pin in the Inputs section on the right.

b) Connect the - (black lead) to the VEE pin.

c) Connect the ground (green) to a GND pin. 

d) Connect the brown lead to the IN- pin.

e) Connect the yellow lead to OUTO. 

4. Click on the Record button, located on the upper right side of the LabScribe Main window. The 
signal should begin scrolling across the screen. 

5. Click on the AutoScale All button on the LabScribe toolbar, to Autoscale all the channels.

6. Record for ~5 seconds.

7. Click Stop to stop the recording and click File → Save As to save your data file.
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Analysis

1. Compare the input signal to the output signal. The red cursors can be used to make 
measurements. 

Questions

1. How does the output compare to the input? 

2. Does this kind of circuit have any practical application?

Optional

1. If you have a 2V sine wave input, being fed to a voltage divider with 2 10kOhm resistor. 

a) Verify that the voltage at the node between the 2 resistors is 1V.  

2. Can you drive a load of 10kOhms at 1Volt, by just connecting to the node between the resistors?

3. Change the stimulator output in LabScribe. Try different frequencies, amplitudes or a square 
wave. 

Exercise 2: Inverting Amplifier

Aim: To construct an inverting operational amplifier circuit and investigate the relationship between the 
input and output signals.

Approximate Time: 30 minutes

Procedure

1. Locate Circuit P on your board. Connect the input signal (red lead) to INP1. 
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2. Place a short at RP4, to connect the non-inverting input (+) to ground. 

3. Repeat the procedure from Exercise 1, for the following inverting amplifier circuits. Use the 
following resistor values:

a) R1 = 10kOhm, R2 = 10kOhm

b) R1 = 5kOhm, R2 = 10kOhm

c) R1 = 10kOhm, R2 = 5kOhm

2. Place a mark in the recording at each configuration, indicating setup a, b, or c. 

3. Click Save to save your data file.

Analysis

1. Compare the input signal to the output signal for the 3 sets of resistor values.

Questions

1. What is the relationship between the output signal and the input signal?

2. Does the output have the same polarity as the input signal?

Optional

1. Change the stimulator output in LabScribe. Try different frequencies, amplitudes or a square 
wave. 

Exercise 3: Non-inverting Amplifier

Aim: To construct a non-inverting operational amplifier circuit and investigate the relationship between 
the input and output signals.

Approximate Time: 30 minutes
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Note: This configuration is very similar to the inverting operation amplifier. For the non-inverting 
setup, the input voltage is applied directly to the non-inverting pin and the end of feedback loop is 
connected to ground.

 

Procedure

1. Continue using Circuit P. Place a short at RP3, to connect the non-inverting input (+) to power. 
Leave RP4 open.

2. Connect the input signal (red lead) to INP2. 

3. Ground the resistor path by placing a short from INP1 to GNDP.

4. Repeat the procedure from Exercise 2, for the following non-inverting amplifier circuits. Use 
the following resistor values:

a) R1 = 10kOhm, R2 = 10kOhm

b) R1 = 5kOhm, R2= 10kOhm

c) R1 = 10kOhm, R2 = 5kOhm

5. Place a mark in the recording at each configuration, indicating setup a, b, or c. 

6. Click Save to save your data file.

Analysis

1. Compare the input signal to the output signal for the 3 sets of resistor values.

Questions

1. What is the relationship between the output signal and the input signal?

2. Does the output have the same polarity as the input signal?
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Optional

1. Change the stimulator output in LabScribe. Try different frequencies, amplitudes or a square 
wave. 

Exercise 4: Differentiating Amplifier

Aim: To construct a differentiating amplifier circuit and investigate the relationship between the input 
and output signals.

Approximate Time: 30 minutes

Procedure

1. Continue using Circuit P. Place a short at RP4, to connect the non-inverting input (+) to ground. 
Leave RP3 open.

2. Connect the input signal (red lead) to INP1.

3. Increase the frequency to 100 Hz, using the stimulator toolbar. 

4. Repeat the procedure from Exercise 1, for the following circuits. Use the following component 
values:

a) C = 1 uF, R = 100 Ohm

b) C = 1 uF, R = 10 kOhm

5. Place a mark in the recording at each configuration, indicating setup a and b. 

6. Click Save to save your data file.
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Analysis

1. Compare the input signal to the output signal for each circuit. 

Questions

1. What is the relationship between the output signal and the input signal?

2. How do the resistor values affect the output waveform?

Exercise 5: Integrating Amplifier

Aim: To construct an integrating amplifier circuit and investigate the relationship between the input and 
output signals.

Approximate Time: 30 minutes

 Procedure

1. Continue using Circuit P. Swap the location of the resistor and capacitor, so that the 
configuration matches the circuit shown above.

2. Set the frequency to 30 Hz, using the stimulator toolbar.

3. Change the stimulator output to a square wave instead of a sinewave, using the stimulator 
toolbar.
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4. Repeat the procedure from Exercise 1, for the following circuit. Use the following component 
values:

a) C = 1 uF, R = 10 kOhm

5. Click on the Record button, located on the upper right side of the LabScribe Main window. The 
signal should begin scrolling across the screen.

6. Click on the AutoScale All button on the LabScribe toolbar, to Autoscale all the channels.

7. Record for a minute or two.

8. Click Stop to halt the recording and click File → Save As to save your data file.

Analysis

1. Compare the input signal to the output signal.

Questions

1. What is the relationship between the output signal and the input signal?

Post-Lab Questions

1. Compare the voltage follower, inverting amplifier, and non-inverting amplifier. Which circuit 
would you choose for:
a. Buffering a sensor signal?
b. Increasing the amplitude of a small biological signal?
c. Creating an inverted output signal?

2. Summarize what you learned in about 2-3 sentences.
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