Example 9 
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a) Determine the output voltage of the instrumentation amplifier as 
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b) Assume the input signal is distorted by noise and the input voltage becomes 
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, recalculate 
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This circuit shown in this figure is called instrumentation amplifier, which is a very useful circuit.  One of the important characteristics is the balanced nature of its input. That is the input signal is not referenced to ground. One purpose of the instrumentation amplifier is to reduce noise of the input signal. 
In this problem, firstly we want to determine the output voltage of the instrumentation amplifier as 
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.  And then assume input signal is distorted by noise and both of the terminals pick up the same noise. The input voltages become 
[image: image9.wmf]V

v

10

1

=

 and 
[image: image10.wmf]V

v

1

.

10

2

=

, recalculate 
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Let’s use the divide and conquer approach here. The problem is to find 
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.  If we divided the problem into two sub problems. Look at the circuit at the right side, we can recognize that it is an difference amplifier. The ratio of the two resistors is 
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 Firstly, we want to find the difference of the two voltages, 
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. And then we can figure out the output voltage 
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The input voltages of the ideal op amp are equal, so the voltage of the inverting terminal should be 
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 and similarly, it is 
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 for that of the second op amp. The ideal op amps don’t draw any currents, so the current enters the input terminal should be zero. If we label the current through 20kΩ resistor as i, it should be the voltage across that divided by 20kΩ. 
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The same current passes the 3 resistors since no current flows into the op amps. 
So the voltage drop between the two output terminals 
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Substitute (2) into (1)
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In problem a), it is given that 
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In problem b) the two input terminals picked up the same amount of noise and the voltages becomes 
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