412 Laboratory #1:  Input Resistance, Output Resistance, and Gain

Objective:
To investigate the concepts of amplifier open-circuit voltage gain, input resistance, and output resistance.  To gain an understanding about how these parameters affect the performance of cascaded amplifiers. To show how an equivalent linear amplifier model using these three parameters can be used to predict circuit performance.

Components List:


2  - 741 Operational Amplifiers

3  -  1K  Resistors

2  -  18K  Resistors

6  -  510  Resistors
Procedure:


1. Construct the following amplifier on a breadboard:




2. Using the function generator provided in the lab (you may assume it has a very small source resistance), place a square-wave with a 50% duty cycle and a frequency of 1 KHz on the input to the amplifier. Adjust the magnitude of the square wave such that it is 200 mV peak-to-peak, with a D.C. component of 0V.

3.  Using an oscilloscope, measure and record the output of this amplifier.  

Q1:  Based on this measured result, what is the apparent open-circuit voltage gain of this amplifier?
4.  Remove the square wave and place a one-volt DC source on the input to the amplifier. Measure the (open-circuit) output voltage.

Q2:  Does this measurement make sense, given your previous measurement? Why?
5.  Leaving the 1 Volt D.C. input attached, use a D.C. current meter to measure the current flowing into the amplifier.

Q3:  Based on this measured result, what is the apparent input resistance of this amplifier?
6.  Short circuit the output of the amplifier, and use a D.C. current meter to measure the short-circuit output current of this amplifier.

Q4:  Based on this measured result, what is the output resistance of this amplifier?
Q5:  What is the equivalent linear circuit model of this amplifier?
7.  Reconnect the square-wave of step 2 to the input; remove the output short and connect a load resistor of 1 k from the output to ground, as shown below:


8.  Measure and record the output signal.

Q6:  Is this measurement different from that of step 3?  Can this difference be explained using the equivalent linear circuit?

9.  Build an identical amplifier to the first, and create a new amplifier by cascading the two amps together, as shown below:


10.  Place the square-wave signal described in step 2 on the input to this new amplifier and leave the output open circuited.

11.  Measure the signal at the output of this new amplifier.

Q7:  Based on this measured result, what is the apparent open-circuit voltage gain of this new amplifier?

Q8: Could this value be predicted by cascading the equivalent circuit model of the original amplifier (determined in question Q5)? 

Q9:  Say the input and output resistances of the two-cascaded amps could be made ideal (for a voltage amplifier), without affecting their open-circuit voltage gain.  What then would you measure at the output of the two-cascaded amplifiers?  
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