Physics 327 - Lab 6

3/10/21

Physics 327, Spring 2021
Lab 6:  TWO DIFFERENCE AMPLIFIERS 

Goal: Build and examine a 3 op-amp instrumentation amplifier and a 1 op-amp difference amplifier. This will be a two week lab with one report.  

A. Introduction

The instrumentation amplifier was discussed in class, and can also be found in Faissler chapter 32. Since this is your first "complicated'' circuit, it will be helpful to try to lay it out on the prototype board neatly, in about the same configuration as the drawing of it. This will make it clearer that you have or have not wired up the circuit correctly. It will be useful if you can, at least partially, color code the wires that you use. It will also be helpful, before interconnecting the op-amps, to check each op-amp separately with gains near 1, to ensure that the chip functions. You do not need to take detailed data to do this. Add offset 10 K variable resistors if needed to set the output to 0 if the input is ground.

B. Difference Amplifier

First set up the bridge circuit shown below in order to supply V1 and V2 to the amplifier circuit.  Begin with RB1=RB2=RB3~3 K(.  Let RB4 be a 10 k( potentiometer in series with a 1 K( resistor.  The voltage at the center terminals of the bridge should be about 7 V. The difference op-amp circuit is also shown below, and was described in class. Keeping R1 = R2=10 K( and R3 = R4, set the circuit for a gain of 10.  Using a DC voltmeter, adjust the pot to give (V1-V2) equal to zero.  Connect to the op-amp circuit  and measure the output.  If the output is not zero, this “offset” output must be subtracted from subsequent measurements.

Vary  (V1-V2) to measure the output voltage vs. (V1-V2) for about 6 voltages between -0.8 and 0.8 V. Is the output linear?  

Disconnect V1 and V2 from the bridge circuit. Let V2=0 (i.e., ground V2). Apply voltages to V1 between -0.8 and 0.8 V by using a voltage divider.  Compare linearity of this case to the previous case. 

With V2=0 use a sine wave input with a maximum amplitude of 0.5 V (i.e. peak-peak of 1 V) examine the frequency dependence of the gain. How does this compare with a low-pass filter of the same corner frequency.

 C. Instrumentation Amplifier

The instrumentation amplifier circuit is shown below. The gain is 
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with the first stage having gain (1+2a) and the second stage having gain k.  Set up the circuit with a total gain around 10, with a=5 and k=1.  Ground both inputs and check the DC offset. If non-zero add a pot as shown and adjust until the output is zero. 

Measure the linearity of this circuit for a low frequency sinusoidal input (a few kHz) -- that is, measure the gain as a function of the input voltage.  Also, measure the frequency dependence of this circuit, from about 1 kHz to 1 MHz.  For these measurements, V1 may be connected to the Function Generator and V2 to ground.

D.  Temperature measurement

Connect the Instrumentation Amplifier to a bridge circuit (as in Part B) using RB1=RB3=500 KΩ, RB2=267 KΩ, or similar values, see below.  Replace RB4 with a parallel combination of a 400 KΩ with a thermistor  (a resistor whose resistance changes rapidly with temperature).  Measure the resistance of the thermistor with a meter at room temperature and at 0oC (by placing the thermistor in ice water; be careful not to let the water short out the wires).  Choose an appropriate value for the RB2 of the bridge to give a null at about room temperature.  Determine the gain of the Amplifier required for an output sensitivity of about 5 V/20oC and check your result if you need to  change your Amplifier gain.

Hold the thermistor in your hand to determine your body temperature from Vout.  How well does it agree with the "normal" value of about 37oC if you assume that Vout is proportional to temperature?  How well if you calculate TC using the thermistor formula 
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 where TC is the temperature in degrees Celsius, and the bridge formula relating Rtherm to Vout? (Find R0 and  from your resistance measurements at 0oC and at room temperature.)
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