In this problem we want to determine the z parameters of this two-port circuit.

For port 1, we have voltage variable V1.

Let’s label the current variable I1.

For port 2, the current variable is I2.

We use this equation to find z11 when I2 is set to zero.

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

We are interested in the voltage and current ratio.

So here is exactly the equivalent resistance across port 1.

Let’s try to simplify the circuit.

The one-kilohm and four-kilohm resistors are in parallel because they have 

the same voltage.

The equivalent resistance of these two resistors is the product of their resistances divided by the sum of their resistances.

The resistors simplify to 0.8 kilohms.

The two identical resistors are in parallel, so we simplify them the same way.

That works out to be one kilohm.

We can simplify the circuit further.

The six-kilohm and three-kilohm resistors are in series; they simplify to 9 kilohms.

The 0.8-kilohm and one-kilohm resistors are also in series.

They simplify to one 1.8-kilohm resistor.

The two resistors can be reduced to a single resistor because they are in parallel.

[math equation]

We are left with a 1.5-kilohm resistor.

So V1 divided by I1 should be 1.5 kilohms.

z21 can be found with this equation when I2 is zero.

So we need to find the relationship between V2 and I1.

V2 is not directly related to I1; we need to find the relationship here.

Let’s label the voltage across the six-kilohm resistor V3.

We will call the voltage across the 0.8-kilohm resistor V4.

I1 is divided into two branches.

Let’s label those current variables: I1 is divided into I3 and I4.

Let’s look at the simplified circuit.

Based on the current divider, I3 should just be one portion of I1.

The denominator should be the sum of the two branches, and 1.8 is the numerator.

We get (0.167)I1.

This equation represents I4; we get (0.833)I1.

Now that we have find I3 and I4, let’s try to find V3 and V4.

V3, based on Ohm’s Law, is represented by this equation here.

Substitute in the value of I3.

The resistance is in kilohms, so the current should be in milliamps.

We get I1, and the unit should be volts.

We can find V4 in the same way, based on Ohm’s Law.

[math equation]

We end up with (0.667)I1.

Remember: we are interested in the relationship between V2 and I1.

Here let’s try to relate V2 to V3 and V4.

We will try to write a Kirchoff’s Voltage Law equation.

[math equations]

We get (-0.333)I1.

That gives us -0.333 kilohms for z21.

z12 is equal to this equation when I1 is zero.

We could analyze the circuit to find the ratio.

However, if we take a look at the circuit, we will see that it is a resistive circuit and it has no dependant source.

That makes this a reciprocal circuit.

So z21 and z12 are equivalent, making z12 equal to -0.333 kilohms.

The last z parameter, z22, is the voltage to current ratio for port 2 when I1 is zero.

Let’s look at the original circuit.

Port 1 is an open circuit because I1 is zero.

We need the equivalent resistance across terminal a and b.

Let's simplify the circuit.

These resistors are in parallel.

The six-kilohm and 0.8-kilohm resistors are in series.

The three-kilohm and one-kilohm resistors are also in series.

We can combine these two resistors because they are in parallel.

[math equation]

We get a 2.5-kilohm resistor, which is our value for z22.
