In this problem, we will assume the switch in the circuit has been closed for a long time before it opens at time 0. 

We want to find the current through the inductor right after switching. So t>0. After the switch opens, the circuit has only one inductor and one resistor inside. So it is a source-free circuit. So we are interested in the source-free, or natural, response of the RL circuit. It depends only in the initial energy stored in the inductor, so we first need to find the initial current through the inductor.We use I nought to indicate the initial current [see equations]

In the expression for I nought, 0- is the time just before switching, and 0+ is the time just after switching.  

Since the inductor current can’t change instantaneously, we can look at the current right before switching. All the current will flow through the inductor because it has 0 resistance in the steady state. It’s like a shock (1.22.43?) circuit. So the initial current will be exactly equivalent to the source current, I.

Look at just after switching. The circuit has just one resistor and inductor inside. We can use Kirchoff’s Voltage Law for analysis.

We write one KVL equation, summing the voltages around the closed loop. 

We write expressions for the voltage in L and R [see above equations]

Rewrite, separating i from t.

Rearrange the equation.

Integrate both sides from il(0+) to il(t). [see solution above]

Raise e to both sides of the equation.

Multiply both sides by iL(0+).

Substitute iL(0+) with I0, and substitute R/L with the time constant.

Now we have an equation for iL.

Let’s look at the circuit’s natural response.

Look at a graph of current vs. time.

It starts at the initial current and moves towards 0 as a function of t.

Now assume we’re also interested in the voltage across the inductor.

We use vL to denote that.

The voltage across the inductor is equivalent to the voltage across the resistor, so

vL will be -iR because the voltage drop direction is the current direction.

We know that -RI0 is the initial voltage across the inductor.

Rewrite, substituting -RI0 with V0
The box above summarizes the key steps to finding the natural response.
