412 Laboratory #2:  Op-Amp Networks
Objective:
To investigate various applications of Op-Amp circuits.  Specifically, to see how op-amp networks can be used to build low-pass filters and  perform calculus functions. 

Components List:


(1) 100 kΩ resistors, (2) 10 kΩ resistors, (1) 1 kΩ resistor, (2) 0.047-(F capacitors, (2)  Op-Amps, (2) 0.1-(F capacitors (for power-supply decoupling).

Procedure:


1. Construct the following circuit on a breadboard:

2. Use the function generator to apply a 1 kHz sine-wave, 1.0 V p-p, with a DC component of 0 V.  Measure and sketch the output waveform.

Q1:  How does the magnitude of this measured output signal relate to the input magnitude?  Based on this measurement only, what is the apparent magnitude of the open-circuit voltage gain of this circuit?
3.  Remove the sine-wave and apply instead at the input a 500 mV DC voltage.  Measure and record the output.

Q2:  Based on the D.C. measurement only, what is the apparent magnitude of the open-circuit voltage gain of this circuit? How does this value compare with the apparent gain measured with the sine-wave input? Analyze this circuit and determine the magnitude of its complex transfer function 
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.  Now, use this theoretical result to predict the voltage gain of both the D.C and sinewave signals (Hint: what is the value of frequency for a D.C. signal?).  How do these predictions compare to the measured values? What do we call this circuit?
4.  Now, change the resistor values in the circuit to those shown below.  Change also the input signal to a 1 kHz, 1V p-p square-wave (50% duty cycle), with a zero DC offset. Carefully record and sketch the resulting output.

Q3:  Is the output still a square wave?  If not, what is it? Analyze this circuit and determine the precise mathematical relationship between the input and output signals. For this analysis, ignore the 100-k( resistor in the feedback path (i.e., approximate the 100K resistor as an open circuit).  Use the resulting transfer function to predict the measured output signal.  How does this prediction compare to the actual measured output? This circuit (with the 100K resistor approximated as an open) is a special circuit referred to as what?
5. Now build the following circuit on your breadboard 


6.  Apply a 1-kHz, 1.0 V p-p triangle wave with 0-V DC offset to the input of the circuit.  Carefully record and sketch the output.  Change the DC offset to 100 mV.  Carefully record this output signal as well.

Q4:  Is the output still a triangle wave?  If not, what is it?  Analyze this circuit and determine the precise mathematical relationship between the input and output signals.  Use the resulting transfer function to predict the measured output signal.  How does this prediction compare to the actual measured output? This circuit is a special circuit referred to as what?
Q5:  Did the output change when you added a DC offset of 100mV?  Explain why or why not?
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