The circuit in this problem is a two-port network.

It is given in the phasor domain.

We know the impedances of the capacitors and resistors.

The circuit has an ideal transformer, and the turns ratio is 10 to 1.

We want to find the z parameters of the two-port circuit.

Let’s get started with the first z parameter, z11.

We will solve for z11 using this voltage to current ratio when I2 is set to zero.

Because I2 is zero, we need to leave port 2 as an open circuit.

V1 divided by I1 is exactly the equivalent impedance across port 1.

For the ideal transformer connected with a load impedance,we can actually use equivalent impedance to replace that. 

So this portion of the circuit can be reduced to equivalent impedance, zeq.

zeq in parallel with the ten-kilohm resistor minus the –j20-kilohm capacitor is z11.

Let’s work on zeq.

We can label a couple more current variables.

I3 and I4 are the currents that flow through the two coils of the ideal transformer.

For the ideal transformer, we know the voltage ration should be the turns ratio.

Both the voltages are positive at the dot-mark terminals, so this ratio should be positive.

The current ratio should be the inverse turns ratio.

For the current ratio polarity, we know that both currents enter the dot-mark terminals.

In that case, we need to place a negative on this ratio.

The equivalent impedance should be V1 divided by I3.

[math equations]

Now let’s find V2 divided by I4.

I4 is in the V2 direction.

The current I2 goes up, so the voltage rise direction is the current direction.

It means this ratio should be the impedance in that branch.

[math equation]

Now we want the impedance of the parallel branches to find our answer.

[math equation]

To find the equivalent impedance, we take the product of the two impedances and divide that by the sum of the two impedances.

[math equation]

That gives us the answer to our first z parameter, z11.

Parameter z21 can be found with this voltage to current ratio.

Again, we need to set I2 equal to zero, so this is based on the same circuit that we just used.

Port 2 is now an open circuit.

From this voltage ratio here, we know V2 is V1 divided by 10.

[math equation]

We already know the ratio of V1 over I1 based on our calculations from z11.

We can now work out our answer.

Parameter z12 is represented with this ratio here, under the condition that I1 is zero.

That means that port 1 is an open circuit.

From this voltage relationship here, we can rewrite V1.

[math equation]

This is actually ten times the ratio of V2 and I2, so we are going to solve the V2 over I2 ratio first by finding the z22 parameter.

We can then substitute that answer into our equation for z12.

V2 over I2 is really the impedance across port 2.

Here we can try to find the equivalent impedance for the ideal transformer connected with the load impedance.

That is V2 over I4.

We can find V2 and I4 using this voltage ratio and this current ratio here.

[math equation]

Negative V1 over I3 is 10-j20 kilohms.

[math equation]

Now we have a value for zeq.

zeq is in parallel with this branch here.

[math equation]

We will find the equivalent impedance of these two parallel branches just like before.

[math equation]

The equivalent impedance is the ratio for V2 and I2 and the answer for z22.

We can substitute that number into this ratio here to find the value of z12.

[math equation]

That is our last z parameter.
