Here we have a circuit with two coupled coils.

We are looking for the output voltage across one of those coils, called Vo(t).

The input voltage is a sinusoid with an angular frequency of 2 radians per second.

Let’s convert each of the reactive elements into their associated impedances.

We use jωL to convert the inductors.

The mutual impedance would be j2.

Next, we find the equivalent phasor-domain circuit.

We need our magnitude and phase of the voltage.

The induced voltage due to mutual inductance is handled using a dependent source.

Let’s draw a dependent source with its plus sign on the same side as the dotted terminal.

Then we continue drawing the existing inductance.

So this model takes care of the self inductance as well as the mutual inductance.

Place the positive sign always on the dotted side.

Here is our phase voltage.
It is still a single physical coil, but it also has to account for the mutual induced voltage from the other coil.

The value would be the mutual impedance times whatever current enters the other coil’s dot.

We need a definition for this, so let’s just call it I.

Our first voltage is j2 times I.

This voltage is j2 multiplied by whatever current is entering this dot.

Notice there is no current heading towards the right due to that open circuit connection.

So this current is exactly the same as the current we just defined a moment ago.

Notice that it is now pointing away from the dot, so it is not entering the dot.

Therefore, we need to take it with a negative sign.

Now we will traverse this single mesh in the counter-clockwise direction, simply to match the direction of the current.

Let’s apply KVL, starting in the lower left.

The positive sign is the first sign we encounter on the source. 

Then we write down the value of the voltage source.

We then have the impedance value times the current.

Then we see the negative sign first.

We have one more impedance, and then one more voltage where we again encounter the positive sign first.

Next collect all the terms associated with the current, I.

[math equation]

Now put the remaining constants on the right-hand side of the equation.

[math equation]

This becomes the value for the current.

And this evaluates to the value shown.

What we are looking for is actually the voltage here, so we will write another KVL expression that includes Vo.

The current is heading upwards as we have defined it.

So the voltage across that is positive.

Passing through our voltage of interest, we encounter the positive sign first.

We are back to where we started, so the whole thing equals zero.

Collect the terms that are common to I.

Solve for Vo.

[math equation]

And this is our phasor-domain voltage.

Lastly, we need to convert that back into the time domain.

We use the magnitude we found, the same trig function and frequency as the original, and the phase angle that we found.

We have our final answer.
