In this problem the circuit has one resistor, one capacitor, and one inductor.

The circuit is given in the phasor domain, and we know the impedance of each 

of the elements.

It has two pairs of terminals, so it can be considered a two-port network.

We want to find the z parameters of the network.

Let’s label the four terminal variables.

We can use two equations to relate the four variables in terms of z parameters.

If we want to find z11, we should set I2 to zero.

We can then find z11 using this equation here.

If we set I2 to zero, that means that port 2 is an open circuit, and we cannot connect anything to port 2.

Let’s look at the circuit.

The three-kilohm resistor and the j2-kilohm inductor are in series, so the equivalent impedance should be the sum of those two values.

Therefore, this branch is in parallel with the other branch, -j2.2 kilohms.

The equivalent impedance should be the z parameter.

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

[math equation]

The result is (1.6-j2.1) kilohms.

Let’s take a look at z21.

Similarly, we can set I2 to zero.

Then we can find z21 with this equation.

V2 is the voltage across the inductor.

Let’s add a couple more current variables: I3 and I4.

The two branches are in parallel.

So the voltage across the inductor, V2, should be current multiplied by impedance.

[math equation]

If we can write I3 in terms of I1, it’s going to solve the problem.

-j2.2 kilohms is in parallel with the other branch.

The other branch, Z2, should be 3 kilohms plus j2 kilohms.

I3 is only a portion of I1.

The denominator should be the sum of the impedance.

We are interested in the current flow through Z2, so the numerator should be the impedance of the other branch, Z1.

This is really a current divider circuit.

Let’s try to use this current divider circuit here.

We want I3; we need to multiply I1 by the impedance ratio.

As we saw in the circuit divider diagram, the denominator should be the sum of the impedances.

[math equation]

The numerator should be –j2.2 kilohms.

[math equation]

This is our answer for z21.

Let’s work on z12.

When we set I1 to zero, we can use this equation to find z12.

The voltage for the second port is V2.

The circuit has three linear elements, making it a linear circuit.

The circuit also does not have a dependant source inside the circuit.

Because it is a linear circuit with no dependant sources, it is a reciprocal circuit.

Therefore, z12 is equivalent to z21.

The last parameter is z22.

If we set I1 to zero, z22 is represented with this equation here.

We are really looking for the impedance in the circuit.

So voltage divided by current should be the equivalent impedance.

We have the z equivalent impedance across terminals a and b.

j2 kilohms is in parallel with the other branch, which includes two impedances in series: 3 kilohms and –j2.2 kilohms.

When two impedances are in parallel, we can simplify them by taking the product of the two impedances and dividing that by the sum of the two impedances.

That solution is the answer to z22: 1.3+j2.1 kilohms.
