In this problem, at t=0, the switch is moved to position “b” after being in position “a” for a long time.

After one millisecond in position “b”, the switch is moved back to position “a”.

We are interested in the capacitor voltage as a function of time.

Let’s analyze the circuit right before the switching.

Let’s try to simplify the circuit.

We can remove the 1kOhm resistor since it does not change the current.

We can use source transformation to change the current source and parallel resistor into a voltage source with a series resistor.

The resistances can then be combined.
The circuit is in steady state so no current can flow through the capacitor.

Therefore the voltage across the capacitor must be 1V

We can now analyze the circuit when the switch first moves from “a” to “b”.

This is the time interval between t=0 and t=1 millisecond.

The capacitor voltage can not change instantaneously, so it is still 1V.

We can now use source transformation to change the voltage source to a current source.

The resistors can then be combined.  

Now, the source transform can be used again to go back to a voltage source.

The equivalent circuit is shown.

If the switch stays in position “b” for a long time, the capacitor will eventually be charged to 20V.

The time constant when the switch is in position “b” is RC.

The voltage as a function of time is final voltage times initial voltage minus final voltage times the exponential.

This can be simplified.

This expression is only valid from t=0 to t= 1 ms.

We can find the voltage across the capacitor at t=1ms by plugging t into the equation we just derived.

Now we can analyze the circuit after the switch goes back to “a”, t>1ms.

The capacitor voltage cannot change instantaneously so it is still 8.48V.

The time constant can be recalculated using the new values.

Now, the capacitor voltage can be calculated using the same equation as before.

Notice that the time delay is accounted for in the exponential. 

Also note that t>1ms.

Now let’s look at the transient response of the circuit.

Initially, the voltage is 1V.

At t=1ms, the voltage goes to 8.48V.

Then another step response occurs.

The final voltage will be 1V as time approaches infinity.
