In this problem, we will find an expression for the current i(t).

This is valid for all time, especially time before or after time zero.

We will need a plot of this, in addition to the expression.

We will being by finding the initial conditions on the inductor, which corresponds to the switch being open.

Generally speaking, we will make the assumption that the switch has been open for a long time.

With the switch open, the four-ohm resistor essentially drops out of the circuit.

The inductor looks like a short circuit in the DC steady-state.

We will then need to find this initial current i(0).

We have 3 amps flowing through the entire circuit.

That is simple; we find that the initial current through the inductor is simply 3 amps.

For t>0, we are going to do our solution in the s domain.

So we will convert our circuit directly into the s domain.

This is a constant, so we have to be careful here.

The one-sided Laplace transform definition assumes that all constants essentially become active at time zero.

We know this is a constant current before and after zero, so we need to handle this as if it was a step applied at time zero.

That means the Laplace transform of 3u(t) is 3/s.

That is an easy thing to forget.

The switch is closed; we represent that with a wire.

The resistors don’t change.

Now we need to find the Laplace transform of our inductor element.

The inductor can either be represented in a form where we incorporate a series voltage source or a parallel current source.

We don't want to introduce additional meshes into the circuit, so we'll choose the series form.

That way the number of meshes remains the same and our circuit complexity doesn't increase.

Here is our Laplace transform version of the current.

The specific polarity of the voltage source has the negative sign next to the inductor.

The positive sign is at the end.

The value of the voltage source is the value of the inductor times the initial current.

We have a one-henry inductor, and its impedance is Ls.

Let’s proceed by doing a source transformation.

This will be the voltage source times the impedance value.

Now we have a single mesh.

We can apply KVL around this single mesh.

We are doing this in the clockwise order.

The first sign we bump into at the voltage source on the left side is a negative sign.

We have three passive elements and one more voltage source representing initial current.

Next, solve for I.

Collect the three terms associated with I.

Put all the other terms on the right-hand side of the equation.

Now get I by itself on the left-hand side of the equation.

[math equation]

Let’s put the numerator over a common denominator, s.

Now place that common denominator down with the existing denominator.

The purpose of this is so we can apply the inverse Laplace transform in an effective way.

We’ll use partial fraction expansion.
We need to write the current as the sum of the simple terms based on what we see in the denominator.

If we look at the factors in the denominator, we have s and we have s+6.

Now we put the expression over the common denominator again.

We can now match up our coefficients with our original current.

All the coefficients associated with s amount to A plus B.

We have a single coefficient associated with the zero-order term, so we would say that 6A=12.

From this we find that A is 2.

Using our top equation, B must be equal to 1.

[math equation]

Now that we have our current expressed as a sum of simpler terms, these two equations come right out of the Laplace transform table.

[math equation]

The expression is valid for t>0.

We are ultimately getting an expression that is valid for all time.

Prior to t=0, the current is 3 amps.

After that, it is 2+e to the -6 amps.

Now let’s plot it, as requested by the problem statement.

We will plot the current versus time.

Prior to t=0, before the switch closes, we had a current through the inductor of 3 amps.

Immediately at zero, we would have e to the zero, which is 1.

That makes the current 3 amps at time zero.

That is reassuring, because we should have continuity of current through the inductor.

After t is a very large value, the exponential drops to zero, and the current falls to 2 amps.

It is constant at that point.

This makes some intuitive sense if we look at our original circuit.

When the switch is open, the entire 3 amps flows through the inductor.

When the switch closes, some of the current is diverted through the four-ohm resistor, and the rest goes through the inductor.

So we see a little bit of a drop.
