We’re looking for the steady-state sinusoidal current i(t) using mesh current analysis.

The circuit is initially given in the time domain, so our first step is to convert this into the phasor domain.

Initially, what I like to do is write down generic impedance elements as rectangles, copy the topology of the existing circuit, and start translating the element values.

Of course, resistors are the easiest.

When we see the capacitor, we need to first look for the operating frequency, ω.

5 µF at the frequency of 2000 π is 1 / j ω C, which is also –j 1 / ω C.

The impedance of the inductor is j ω L.

Now we’ve found these two values.

I’m using what’s called “blackboard bold” notation for the phasor current I that we’re looking for.

At this point, you can apply conventional mesh current analysis.

We first assign a mesh current to each of the so-called window panes in the circuit.

I always like to start in the lower left corner and apply Kirchhoff’s voltage law in a clockwise direction to write my mesh current equations.

The first thing I bumped into is the negative sign on my voltage source, so I write -70 at 30°.

As I come through the 50 Ω resistor, I assign my voltage polarity according to passive sign convention.

Therefore, since the first sign we bump into is the positive sign, we write down 50 times the current I1.

Now, write down +j 62.8 and we need to know what the current is flowing from top to bottom.

The net current would be I1 – I2 because I2 is going in the opposite direction.

We’ve closed the loop and we set our equation equal to 0.

That was our first equation, let’s get started on the second.

Again I assign my voltage according to passive sign convention.

That is, my current is entering the positive arrow, so I write down +j 62.8.

The current entering the positive terminal is I2 because it’s in the same direction minus I1 because it’s in the opposite direction.

The element value now is –j 31.8, the current is I2.
We have one more element and we’re done with this expression.

I should point out that when I’m doing my mesh current equations I completely ignore the given current I.

All of my equations are in terms of my assigned mesh currents I1 and I2.

Now that I have my mesh current equations, I can solve those for I1 and I2.

We have two equations and two unknowns and I will set these up using a 2 x 2 matrix.

This is the constant so we put that on the right hand side, changing the sign along the way.

We have two values associated with I1, so they add together.

We have a single value associated with I2.

Here we have no constants, one value associated with I1, and three values associated with I2.

All of those simply add together.

Since we had no constant we write 0 here.

You can then use your favourite technique for solving a system of two equations and two unknowns, and we find the values on the order of 616 mA and 895 mA for the two currents.

The current that I’m actually looking for, I, would be I1 because it’s going in the same direction as I minus I2 because that’s going in the opposite direction.

I’ve just finished finding I1 and I2, so I can write down my result for my phasor current I.

Lastly, we are looking for this as a time domain expression, so we pick off the magnitude as being the amplitude of the sinusoid with cosine and the same frequency, 2π1000, and we pull the phase from our complex number.

The units are mA.
