The circuit in this diagram is called an instrumentation amplifier which is a very useful circuit.

One of the important characteristics is the balanced nature of its input.  That is, it’s inputs are not referenced to ground.

One purpose of the instrumentation amplifier is to reduce the noise of the input signal.

In this problem, we’d like to find the output voltage vo when v1 = 0 volts and v2 = 0.1 volts.

Then, we’ll assume that the input signal at v1 and v2 is distorted by noise.  Then we’ll recalculate vo when v1 = 10 volts and v2 = 10.1 volts.

Let’s use the divide and conquer approach to this circuit.

The problem is to find vo.

If we divide the problem into two circuits, we can recognize the right side as a difference amplifier.

The ratio between the two resistors is 10k over 20k is the same as the ration between these two resistances.

The output voltage should be this ratio multiplied by the difference between the two input voltages.

The two input voltages are also the output voltages from the op-amps on the left side of the circuit.

We can mark these as vout2 and vout1.

[math equations]

To find vo, we must find the difference between the two output voltages, vout1 and vout2.

Let’s work on the circuit on the left side first.

For the ideal op-amp, the two input voltages are equal.

Label the inverting terminal v1 which is connected to this node which can also be labeled v1.
Similarly, the inverting node should be labeled v2.

The ideal op-amp does not draw any current so the input currents are zero.

If we label the current through the 20 kOhm resistor as i, we can find this by the following equation.

[math equations]

The current flowing through the three resistances is the same.

The voltage across the three resisters, vout2 minus vout1 should equal the current i times the resistances.

[math equations]

We can simplify this equation.

This gives the following equation.

[math equations]

Let’s label these equations as (1) and (2).

We can substitute equation (2) into (1).

[math equations]

The output voltage vo should be as follows:

[math equations]

We can look at problem (a) now.

Since we want to find the output voltage when v1 = 0 volts and v2 = 0.1 volts, we can just plug these values into the equation.

This gives 0.1 volts.

For part (b), we can use the same equation, which still gives 0.1 volts.

This shows that the instrumentation amplifier can reduce the noise of the input signal.
