This circuit has a constant voltage source, a resistor, a switch, and a capacitor.
At t=0, the switch closes and the capacitor is connected to the power supply.

The voltage source can be modeled as a step response.

We want to find the voltage across the capacitor after the switch closes.

We’ll assume the initial voltage across the capacitor is Vo.

[equations]

Let’s consider the circuit after the switch closes t>0.

Use KVL to analyze the problem.

Sum the voltages around the loop.

The current through the resistor is the resistance times the capacitance times the derivative of the voltage with respect to time.

[equations]

Simplify the derivative equation by dividing by RC and moving Vc and V to the right side of the equation.

We can now separate variables by multiplying both sides by dt.

[equations]
Inside the natural log, the subtraction becomes division.

Take the exponential of both sides of the equation.

Now we solve the expression for vc(t).

The voltage constant V can be considered the final voltage across the capacitor.

After the switch has been closed for a long period of time, the capacitor becomes an open circuit.

The capacitor voltage is then the same as the power supply voltage.

Let’s now summarize the results.

To find the step response for the circuit, we need to find the initial voltage at t=0 and also the final voltage as t approaches infinity.

The time constant is the resistance times the capacitance.
