We have a circuit with three series-connected voltage sources, and we’re looking for the amplitude and phase of the voltage v(t) which appears at the terminals on the right.

We’ll use phasor techniques to first convert the sinusoidal sources into their phasor circuit equivalents.

Then we will analyze that.

Notice that two of the sinusoidal forms are cosine, and one of them is sine.

We need to adopt the standard format of cosine, so we need to convert sine into cosine first.

Trying to remember how to do that can be tricky, so we will plot a single cycle of sine θ.

We need to look at that exact waveform that we have drawn and figure out how we can represent that using cosine.

It is a cosine that has been shifted to the right, so we will subtract a phase of 90°.

Recall that translating any function to the right means we use a negative shifting value.

We can now convert sine into cosine by inserting the -90° phase shift into the expression.

[math equation]

Our phasor circuit has all the same polarities, so those don’t change.

We then use the amplitude and phase from each of our sinusoidal forms.

We now have the complete phasor-domain circuit.

We’ll apply KVL by starting here and working our way clockwise around the circuit.

The first thing we encounter is our unknown voltage, V, with its positive sign encountered first.

We then encounter the plus sign of the fifteen-volt source.

Here we see the negative sign first, so we write that down with the value of our source.

Here is another case where we see the negative sign first; so write down the negative sign and the value of the source.

We’ve completed the loop, so we equate the result to zero.

We will then isolate V and put all the other terms on the right-hand side of the equation.

It might be helpful to briefly visualize each of these complex numbers in the complex plane.

We will draw the real and imaginary axis and then plot each of these complex numbers as an approximate vector.

When we add these together, we can visualize where the result in vector ought to be pointing.

Generally speaking, it looks like the result will be down and perhaps to the left slightly.

Before we can add these values, which are in polar format, we need to convert each one into its rectangular form.

Simply do a polar-to-rectangular conversion with a calculator.

Write down those rectangular figures next.

At this step, we need to collect the real parts together and all of the imaginary parts together so we can write this as a single, complex value.

This has the same unit as the original sources, which is volts.

Converting this back to polar form is the last step we need before finding the time-domain equivalent.

Write down the magnitude and the phase.

If we consider the result in vector, we expect that we'd get a contribution from something pulling us to the right; but in general it does seem consistent that we have a single vector pointing at a little more than -90°.
