In the circuit, a load is connected with a 60 Hz power supply through the transmission line.

The impedance of the transmission line is 4 + j1 Ω.
The load absorbs an average power of 8 kW at a lagging power factor of 0.8.

Firstly, we want to determine the apparent power required to supply the load and the average power lost in the transmission line.

Let’s look at the power triangle to see how to figure out the apparent power based on the real power and the power factor.

The power factor should be cos(θv – θi).

This is equal to P divided by apparent power.

Apparent power is equal to real power divided by the power factor.

The real power or average power is 8 kW.
The power factor is 0.8.

The apparent power should be 10 kVA.

The magnitude of the complex power should be the apparent power.

The phase angle should be arc cosine of the power factor.

The magnitude is 10k.

Arc cosine of 0.8 should be 36.87°.

The complex power in rectangular form is 10 times the cosine of 36°, which is 8, plus 10 times the sine of 36°, which is j6.

The unit is kVA.

Now we need to find the average power lost in the transmission line.

Here, we need to find the current through the transmission line.

We know the complex power for the load is equal to the voltage current conjugate.

The current should be S/V – take the conjugate.

The complex power is 10 at a phase angle of 36°.

The voltage is 110 V in RMS value.

Let’s assume the phase angle is 0°.

Take the conjugate.

Notice it is 10 kW, so it is 10 times 1000, divided by 110 is 90.9 at a phase angle of -36°.

The power lost in the transmission line should be |I|² multiplied by the resistance.

Here the I we need to use is the magnitude of the current.

The power lost in the transmission line is 33.1 kW.

We got the apparent power required to supply the load and the power lost in the transmission line.

Let’s get started with problem b.

It is a power factor correction problem.

Here we need to make the power factor equal to 1.

Currently, the power factor is 0.8.

To correct the power factor to 1, we need to make the reactive power equal to 0 by adding a capacitor.

The capacitor’s reactive power should be -6 kVAR.

Qc should be (Vrms)² / Xc.

Xc is the reactance for the capacitor.
Xc is (Vrms)² / Qc.

(110V)² / -6000 VAR gives a reactance of -2.02 Ω.

From the reactance, we can determine the capacitance.

That is -1/ωC.

Capacitance should be -1/ωXc.

The frequency should be 2π times 60 rad/s.

Xc is -2.02.

The capacitance should be 0.0013 F.

If we place such a capacitor in parallel with the load, it’s going to correct the power factor to 1.

Let’s look at the complex power after the power factor correction.

We’ve got 8k, the real power is still 8k, and the reactive power should be 0.

The complex power is equal to the average power.

Again, the current is equal to the conjugate of S/V.

That is 8000 / 110 at 0°, and take the conjugate.

The current should be 72.7 A at a phase angle of 0°.

The power lost in the transmission line is the magnitude of I squared times R.

This should be 72.7² times 4, which is 21.1 kW.

Notice that after we add the capacitor in parallel with the load, the power factor has been increased to 1, so the average power lost in the transmission line has been reduced from 33.1 kW to 21.1 kW.
