We’re looking for three steady-state voltages v1, v2, and v3.

These have already been identified on the circuit.

The first thing we need to do is convert the circuit into the phasor domain.

We do this by first identifying the operating frequency, which is 3 rad/s.

The impedance of the inductor is jωL, and the impedance of the capacitor is 1/jωC.

We have one capacitor and one inductor.

The inductor’s impedance is j9 Ω.

The capacitor’s impedance is –j3 Ω.

Next, I will draw the same circuit topology and I’m using generic impedance elements, those rectangle symbols, and that will help to remove some clutter when trying to set up our equations.

Once we’ve converted them into impedances, it’s only the value that distinguishes whether it’s an inductor or a resistor or what have you.

In order to translate my sources, I need to identify the magnitude and the phase.

Also confirm that all of the trig functions are the same.

In this particular problem, all of them are cosine.

Lastly, I’m translating my time domain voltages into their phasor domain equivalents.

Let’s begin working on this first node.

We need to sum the currents that are exiting the node.

Our source current is pointing such that it is exiting the node, so we simply write down its value.

Then we identify the voltage at the tail side of the arrow and subtract the voltage at the arrowhead side of the arrow, then divide by the impedance.

We have all three currents identified, so we finish by equating our expression to 0.

Let’s move on to the second node.

We have a total of four currents exiting this node.

Again, it would be the voltage that we see at the tail end of the arrow and we subtract the voltage at the head end of the arrow.

This current is going in the other direction, so we need to take that with a negative sign first.

Lastly, this current is also pointing in the opposite direction, so we need to insert an additional negative sign.

We then equate the whole expression to 0.

Our third node has three currents leaving it.

This current source is now in the same direction, so that’s 3 at 0°.

Here’s our final current.

Alright, we have a system of three equations and three unknowns.

I’ll solve this system by first writing it in matrix form.

We have two coefficients associated with V1, one coefficient associated with V2, no coefficients for V3, and move the constant to the other side.

We have one coefficient for V1, two for V2, and one for V3.

Here’s our constant.

And we have one more constant.

No coefficients for V1, one coefficient for V2, and two coefficients for V3.

We also have one constant to move to the right hand side.

I’ll just observe that this could be simplified by writing it as -2.

Here we have 3 + 1 at 90°.

1 at 90° is the same thing as j.

When you solve that system using a matrix solver of your choice that can handle complex values, you end up with the values that I’m showing here.

Lastly, we need to convert these back to the time domain.

Make sure you use the same trig function and the same operating frequency, and then pull off the phase from the phasor voltage.

Apply the same process for the rest and we’re finished.
