Here we want to design a two-port circuit which gives the z parameters specified in this problem.

The z parameters are given in the s domain.

We notice that z12 is equal to z21, so it should be a reciprocal circuit.

That means it is a linear circuit with no dependant source inside the circuit.

Let’s get started with a very simply circuit structure.

The circuit has only three elements.

To find z11 of the circuit template, we can set I2 to zero and use this equation here.

Because I2 is zero, port 2 is an open circuit.

The voltage that crosses port 1 should be V1.

Since I2 is zero, all the current flows through Z1 and Z3.

Therefore, z11 should be the impedance of Z1 plus Z3.

z21 is equal to this second equation when I2 is zero.

If I2 is zero, no voltage will jump across Z2.

So the voltage across Z3 should be V2.

V2 divided by I1 should be Z3.

And z21 is equivalent to Z3.

This is a reciprocal circuit so z12 is equal to z21, making z12 equal to Z3.

We can find the last parameter, z22, with this equation when I1 is zero.

Because I1 is set to zero, port 1 is an open circuit.

V2 divided by I2 should be the impedance of Z2 plus Z3.

Let’s try to match the circuit template with the parameters given in this problem.

[math equations]

Now let’s try to find the circuit elements for Z1, Z2, and Z3.

[math equations]

Substitute Z3 into the Z1+Z3 expression; this ultimately gives you 100 for Z1.

Do the same thing for the Z2+Z3 expression; here that will give you 0.2S.

For the last step, we need to find the circuit element that is going to give the corresponding impedance.

Z1 is 100 ohms, so we can just use a 100-ohm resistor for the first element.

For Z2 it’s 0.2S.

We know the impedance for an inductor is SL, so let’s make L equivalent to 0.2 henry.

In other words, it’s going to be a 200 millihenry inductor.

We know for a capacitor the impedance is 1/SC.

So let’s try to use a capacitor.

The capacitance is 0.1 farad.

We can verify the impedance here.

We have 100 ohms; SL should be 0.2S; and the impedance of the capacitor is 1/SC.

That is 1/0.1S, which is exactly 10/s.

So we have designed a circuit that will give the z parameters as given in this problem.
