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Laboratory 8 
Operational Amplifiers and Analog Computers 

Introduction 
In this lab, you will use the LM324 operational amplifier (op amp).  

You will build several standard op amp circuits, including a buffer, an 
inverting amplifier, and a summer. You will also build a system of integrators that operate together to solve a 
second-order differential equation (an expanding or damped sinusoid).   

You will only use 3 pins from the MicroBLIP for this lab (see Fig. 1).  As before, you will use +5 V (column 
12B) and ground (column 14B). You will also use the MicroBLIP’s -5V power supply for the first time, so a few 
notes are in order.  The +5V power supply from the MicroBLIP can source about 500 mA (be sure the USB 
hub is plugged into its power supply). In contrast, 
the -5V power supply generated by the 
MicroBLIP’s on-board DC-to-DC converter 
(TC7662), and can only sink about 40 mA. It must 
therefore be used sparingly and does not require 
a bus on the breadboard.  Leave the “(-)” blue 
busses on the breadboard to be used for ground 
and the “(+)” red busses to be +5V, as in previous 
labs.  

 
  

Parts List 
LM324 dual op amp 
Various resistors and caps 
Pushbutton switch (SPST, NO) 

Fig. 1 
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The Operational Amplifier 
In the previous lab, you used a comparator 

(LM339), a stripped-down type of op amp 
designed mainly to compare two input voltages 
and report which is higher. The comparator 
basically has two expected output states, high 
(the + power supply) and low (ground).   

In the present lab, you move on to a full-
fledged operational amplifier (op amp), in 
particular, the LM324. Review the specs in Fig. 
2 for the LM324. Instead of the Open Collector 
output of the comparator, the full op amp has a 
Push-Pull output, which can both source and 
sink current.  By supplying the op amp with ±5 
V power, you will enable it to output any voltage between ±3.5 V. 

Why can’t the op amp get closer to the ±5 V power supply (often called the “rails”)?  The reason is that, 
within the op amp’s integrated circuitry, there are transistors between the power supply and the output, and 
there is always some voltage lost in these transistors.  This loss is reflected in the “Min Output Voltage Swing” 
of ±3.5 V in the specifications. 

Whereas the comparator output is digital, either on or off, the op amp output is analog. Thus, instead of a 
Response Time, which for the LM339 comparator is 1 µs, the specs for the LM324 op amp define a Slew Rate, 
0.25 V/µs.  At that rate, how long would the LM324 take to change from -2V to +2V (A)? Comparators (and 
digital circuits in general) are inherently fast because they can slam into the rails. Op Amps (and analog circuits 
in general) have a more difficult task, stabilizing at some arbitrary desired voltage, and this takes longer. 

Whereas the voltage gain of a perfect op amp is infinite, that of the LM324 is 100 dB.  What ratio of output 
to input voltage does this represent (B)? The Common Mode Rejection Ratio (CMRR), for the LM324 is 85 dB.  
What ratio does this represent between the out-of-phase to the in-phase gain of the op amp? (C)   

LM324 Dual Operational Amplifier 
Positive/Negative supply voltage  ±1.5 to ±16 V 
Quiescent Supply Current   700 µA 
Voltage Gain      100 dB 
CMMR       85 dB 
Max Input Current     5 nA 
Max Output Current    40 mA 
Min Output Voltage Swing (±5 V supply)   ±3.5 V 
Slew Rate      0.25 V/µs 
Max Offset Voltage (input + to -)   2 mV 
Output type           Push-Pull 

Fig. 2 
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Build the circuit shown in Figs. 4 and 5, using two op amps from a single 
LM324 chip (labeled “1 in the schematic).  Note in the pin-out for the chip 
(Fig. 3) that the power connections to pins 4 and 11 supply both op amps 
internally on the chip, are thus shown only once in Fig. 4.  Certain key 
nodes in the circuit are labeled with letters.  Thus nodes (a), (b), (d) and (e) 
are test points where voltages will be measured, and point (c) is an input 
where a test voltage can be applied. In the following sections, you will make 
calculations and compare them to your measurements, applying various 
voltages to point (c).  

Note the connection from the -5 V pin of the MicroBLIP (column T18) to 
pin 11 of the LM342 (its negative power).  As discussed earlier, the 
negative supply can only sink 40 mA and is just used to power the op amps.  
The power busses on the breadboard should be left for +5 V and ground. 

  

Fig. 4 Fig. 5 

Fig. 3 
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Buffer (Unity Gain Amplifier) 
The first op amp is configured as a simple buffer.  Its output, point (b) (pin 1), should follow the voltage at 

the op amp’s (+) input, point (a) (pin 3).  What does this circuit accomplish?  Rather than simply using a voltage 
divider to provide a desired voltage output, which would change with a load resistance, adding a buffer creates 
a voltage that is stable over a wide range of currents through loads of varying resistance. The buffer output 
acts like an almost perfect voltage source, up to the maximum output current of the op amp, which for the 
LM324 is as high as 40 mA.  Calculate the expected voltage at point (a) using the indicated resistances in the 
voltage divider and the nominal 5 V power supply (D). With your voltmeter in the 2 V range, measure the 
voltage at point (a) relative to ground and compare to your calculation.  What sources of error can you postulate 
in your calculation (E)? Which property of the ideal op amp permits you to ignore current into pin 3 of the op 
amp (F)? To determine whether this assumption of an ideal op amp is valid, find the Maximum Input Current 
for the LM324 the its specifications (Fig. 3), and then calculate the current through the voltage divider (10 KW 
and 1 KW resistors) for comparison.  Approximately how many orders of magnitude smaller is the current into 
the op amp’s input (G)? Measure and record the voltage at point (b) and compare to the voltage at point (a). Is 
this consistent with the stated Maximum Offset Voltage in the specifications for the LM324 (H)?  
Inverting Amplifier 

 Now consider the second op amp, which is set up as an inverting amplifier.  With point (c) unattached 
(floating), there will be no current through R2, so it can be ignored.  The voltage at point (b) serves as the only 
input to the inverting amplifier.  Compute the predicted voltage at point (e), showing the formula you have used 
(I). Measure the voltage at pin (e), compare to your calculations, and state whether this is within the range of 
tolerances of the resistors (5%) (J). Measure the voltage at point (d), the virtual ground (pin 6 of the LM324) 
and state whether this is within the specifications for Maximum Offset Voltage. (K) 
Summer 

 A summer can be constructed using the inverting amplifier by introducing a voltage at point (c), providing 
a second source of current into the virtual ground (through R2) and beyond into the feedback resistor RF.  Write 
an equation to predict the voltage at (e) given three different input voltages at point (c): +5 V, 0 V, and -5 V. (L) 
Measure the voltage at point (e) with the same 3 voltages at (c) and compare to your predictions. (M) 
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Sine Wave Generator 
The final circuit you will build is inspired by analog computers, which were used before digital computers, 

to solve differential equations in real time.  In this circuit (Fig. 6), two integrators and an inverting amplifier are 
in connected into a loop, such that the negative double integral of the input is presented back to itself.  The 
solution to this differential equation is a sinusoid with a certain frequency, but the amplitude of the sinusoid is 
indeterminate.  This problem is addressed by embedding a decaying exponential in the system, which makes 
the sinusoid go to zero amplitude, and then introducing a positive exponential with the push of a button, which 
makes the sinusoid spring to life.  When the button is released, the sinusoid decays to zero again.  Thus, this 
circuit is the equivalent of plucking a guitar string.  
  

Fig. 7 Fig. 6 
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The equations governing the sinusoid, as well as the positive and negative exponentials, are shown in 
Fig. 8.  Notice that both integrators have the same values of R1 and C1.  The decaying (negative) exponential 
is implemented by discharging C1 through R3. The expanding (positive) exponential is implemented by doing 
the opposite (charging) C1 through R3 by means of the inverting amplifier, when the button is pushed.   

Attach the scope to two points in the 
circuit: pin 8 of the LM324 (labeled ‘V ’) and 
pin 1 (integral of V), as shown in Fig. 7. 
Remember to attach the ground leads as 
well (bottom of Fig. 7).  Set the sweep 
speed to 1 div/sec. Press the button (and 
hold it for a few seconds) and you should 
see the sinusoid and its integral start to 
grow.  They will eventually grow to the 
power supply level and be clipped into a 
square wave.  When you release the button, 
the sinusoids should decay to zero.  Sketch 
the two signals seen on the screen, 
including units (N).  Compute the theoretical 
frequency of the sine wave in Hz from the 
equations in Fig. 8 (recalling that w is 
radians/second), then estimate the 
frequency looking at the scope and compare 
the two values (O).   Fig. 8 


