We’re presented with an s domain function F(s), and we’re looking for the time domain function, so that means we need to find the inverse Laplace transform.

As we consider the table of Laplace transform pairs, we don’t really see a direct match for the form that we’re looking at, and almost always what you find is that you need to factor the denominator in such a way that you can apply the partial fraction expansion technique.

I’ll do this by first finding the roots of the denominator.

I’ll pull out the familiar quadratic equation solver here.

b is 14, a is 2, and c is 20.

If you’re observant, you’ll recognize that the square root of 36 is 6.

Our roots then are (-14+6)/4 and (-14-6)/4, or in other words the roots are -2 and -5.

Remember, what we’ve just found are the roots of the denominator.

That is, we’ve found the places where the denominator goes to 0.

That means our factors would have the opposite sign.

Our factors are s+2 and s+5.

You don’t want to accidentally insert s-2 and s-5.

One way to check that is if you multiply through, you should find that you get what you started with.

Here we find that we have s² + 7s + 10, which is exactly what our denominator looks like divided by 2, so I need to have an extra 2 out front to have the same value as the original.

I’m also going to pull out this 6, which is in common with 6s and 24.

Let’s resolve 6/2 into a single constant, 3.

In order to apply partial fraction expansion, I write down a sum of terms where I have a coefficient to be found divided by each of my factors individually.

There are a couple different techniques for doing this.

The technique I’m illustrating now is if we premultiply the original function by the factor of interest, the s+2, then evaluate that result at s=-2, that’s a way of expressing our coefficient A.

Of course, it’s important to first premultiply by s+2 because if you do it after you set s equal to -2, you’ll notice you’ve got a divide by 0 problem.

In a similar way, we would say that B is the original function F(s) times s+5, that’s the factor associated with B, then evaluate that at s=-5.

When you calculate that result, B is 1.

From this, we conclude that F(s) is 2/s+2 + 1/s+5.

These simple first-order terms that we have look like something that we can work with from our transform table.

By the way, it might be a good idea to check our work at this point.

If I multiply through in such a way that I have a common denominator, then you see we’ve got 3s+12, which is our original expression if we were to multiply that out, so it looks like we’re in good shape.

Finally, we refer to our table, which says 1/s+a is a transform pair with e^-at times a step function.

By the way, writing the whole thing multiplied by a step function is simply a shorthand way of saying the function is valid for t > 0.

