A resistor circuit is given in this problem.

There are five resistors in the circuit.

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

Firstly, let’s label the terminal characteristics of the two ports.

We can see that there are four terminal variables.

There are two equations to relate these variables together in terms of z parameters.

Let’s take a look at the first equation.

When I2 is zero, z11 can be solved by dividing V1 by I1.

When I2 is zero, it means that the second port is an open circuit.

We can find z21 the same way, by dividing V2 by I1. 

Let’s get started with the z11 parameter.

When I2 is zero, that means that we have an open circuit here, so the voltage across the first port of the circuit is V1.

We are interested in the voltage and current ratio.

Because I2 is zero, no voltage is traveling across this resistor.

Therefore, the voltage at a prime must be the same as a. 

It is just like a short circuit.

Similarly here, I2 is zero, so no current is flowing through the four-kilohm resistor.

Therefore Vb' must be equal to Vb.

We are still looking for V1 divided by I1.

All the current that flows through the four-kilohm resistor must flow through the two-kilohm resistor.

It is all the same current: I1.

So V1 divided by I1 is all the resistance in the circuit, which is 10 kilohms.

Now let’s look at z21.

When I2 is zero, than V2 divided by I1 will equal z21.

Just like before, the two voltages that cross these four-kilohm resistors must be equal.

The voltage that crosses the two-kilohm resistor must be V2.

Remember: we want to find V2 divided by I1.

For V2, let’s take a lookat the circuit.

Based on Ohm’s Law, the voltage, is equivalent to the resistance multiplied by the current.

Therefore, 2 kilohms multiplied by I1 is the voltage across the two-kilohm resistor.

This means that z21 is 2 kilohms.

For z12 we have to set I1 at an equivalent of zero.

If this is true, than port 1 must be an open circuit.

We cannot connect anything for port 1.

The voltage that crosses port 2 is V2.

No current flows throughthis four-kilohm resistor.

It is just like a short circuit.

This resistor here is the same.

There is no current, so there is no voltage.

The voltage that crosses the two-kilohm resistor should be V1.

The current that crosses the two-kilohm resistor should be I2.

This is just a single loop, and all the current flows through the three resistors at I2.

V1 is the resistance of 2 kilohms multiplied by I2.

[math equation]

Therefore, z12 is just 2 kilohms.

For the last z parameter, z22, we can again set I1 equal to zero.

We can solve for z22 using this equation.

You can see that I2 flows through these three resisters.

Therefore, V divided by I must be the equivalent resistance in the loop.

The total resistance is 10 kilohms.

Let’s look at the four parameters that we just solved.

z11 is equivalent to z22.

z21 is equivalent to z12.

Let’s take a look at the circuit one more time.

The circuit is a symmetric two-port circuit.

If you draw a straight line in the center, it divides the circuit into identical halves.

So it is a symmetric circuit.

That is why z11 and z22 must be equivalent to each other.

It is a linear circuit, and it has five resistors.

It has no dependent source inside the circuit; therefore, it must be a reciprocal circuit.

So z21 and z12 should be equivalent to each other because this is a reciprocal circuit.

Once we find the value for z21, we do not have to solve for z12.

We can write directly z21=z12, which is 2 kilohms in this problem.
