Here, our circuit has an ideal operational amplifier, a capacitor, and two resistors.

The input waveform on the right is applied to the circuit.

We want to find the output voltage v0 and the current i0.

We must associate the input voltage and output voltage.

The inverting terminal of the op-amp is grounded. So it is at 0V.

We also know that the two input terminals of an op amp have the same voltages.

So vp = vn = 0 V.

The voltage across the 10 µF capacitor must be equal to the input voltage since the input terminals are all 0V.

Call that vi.

I1 is equal to the derivative of vi * its capacitance.

Also note that no current enters the op amp.

All the current through the 10 µF capacitor must pass through the 5 kΩ resistor. Label the resistor with this information.

Set i1 equal to the voltage across the resistor divided by its resistance, R.

Solve for v0.

[math calculations].

So we have now associated the input and output voltages.

We can solve the problem if we can find the derivative of the input voltage.

Substitute into the equation for R and C and simplify.

[math calculations]

Now we must find the input voltage as a function of t.

We have an interval function.

Look at the interval between 0 and 1 ms, first.

This is a linear function. Its equation is determined by m, its slope, and y, its vertical intercept.

Slope will be ΔV / Δt. The change in voltage is 5 V, and the change in time is 1*10^-3 s.

The y intercept is 0, so our equation for interval 1 is 5000*t.

Now look at the interval from 1 to 2 ms.
It is also linear, so we will find the slope and intercept.

This time, our slope will be -5000.

The y intercept will be 10 V if we extend the line backwards in time.

So our equation is -5000*t + 10 V.

The voltage from 2 to 5 ms is simply 0 V.

The interval from 5 to 7 ms is also linear and therefore determined by slope and intercept.

See the equation above.

After 7 ms, voltage is a constant 20 V.

So now we will find the output voltage for each interval using the equation we derived earlier.

The derivative of a linear function is its slope, so multiply -0.05 by the slope of interval 1 to find the voltage at this interval.

Apply this method to interval 2.

[math calculations].

The voltage at interval 3 is 0 V because we multiply -0.05 by 0.

Multiply the slope of interval 4 by its slope.

The voltage for the last interval is 0V because the derivative of a constant is 0 V.

Now we want the current through the 2 kΩ resistor.

The current should be v0 / 2 kΩ.

For interval 1, -250 / 2000 = -0.125 A.

At interval 2, we get the opposite: 0.125 A.

The next interval’s current is simply 0 A.

The fourth interval’s current is -0.25 A.

The final interval has a current of 0 A.

