The magnitude of the phase voltage of an ideal balanced three-phase Y-connected source is 400 V.

The source is connected to a balanced Y-connected load through a transmission line that has an impedance of 1+j5 Ω.

The load is a 19 Ω resistor in series with an inductive reactance and the magnitude of the load voltage is 380 V.

The circuit is running at a frequency of 60 Hz.

We want to determine the inductance in the load.

To simplify our analysis, let’s construct the a-phase equivalent circuit for the system.

For the ideal balanced three-phase circuit, the source for a single phase, the magnitude is 400 V.
The magnitude of Van is 400 V.

It is an ideal voltage source, so there is no internal impedance.

The transmission line impedance is 1+j5 Ω.
The load is a 19Ω resistor in series with an inductive reactance.

Let’s make the impedance jx Ω.

We know the magnitude of the load voltage is 380 V.

Here we are interested in the inductance in the load.

We know the magnitudes of the voltage for the source voltage and the load voltage.

We can try to relate the two voltages based on a voltage divider.

VAN over the source voltage should be the load impedance over the total impedance in the circuit, which is the line impedance plus the load impedance.

Here we know the magnitude for each of the voltages, so let’s take the magnitude on both sides of the equation.

The load voltage is 380 V.

The source voltage is 400 V.

The magnitude of 19 + jx should be the square root of the real part squared plus the imaginary part squared.

For the denominator, those can be combined into a single complex number.

19+1 is 20. x+5 is the imaginary part.

The magnitude should be the real part squared plus the imaginary part squared.

380 divided by 400 is 19/20, which is equal to 0.95.

Let’s take the square of both sides of the equation.

[equations]

For the second-order equation, we get two answers.

One is -2.43, the other is 95.

Notice the impedance is an inductive reactance, so we can not use the negative impedance.

x should be 95 Ω.

The impedance for an inductor is jωL, so that is j95 Ω.

The inductance should be 95 divided by the frequency.

The frequency is 60 Hz.

In rad/s, that is 2 π times 60.
The inductance in the load should be 0.25 H.
