The phase voltage at the terminals of a balanced three-phase Y-connected load is 200 V.

Assume the phase sequence is positive and the internal impedance of the source is 1+j1 Ω per phase.

The load impedance for each phase is 100+j100Ω and the transmission line impedance is 2+j2.

Here we need to find the internal phase-to-neutral voltages at the source.

The system is a balanced three-phased Y-connected system, so let’s construct the a-phase equivalent circuit of the system.

Here are the internal impedance, transmission line impedance, and load impedance.

Here we know the load voltage is 200 V.

We know the magnitude of the voltage is 200 V.

The load voltage is the voltage across AN. That is 200 V.

We are interested in the internal source voltage.

We want to find Va’n for phase a and also Vb’n and Vc’n for the three-phase circuit.

Here, given the load voltage of 200 V, we need to find the source voltage, so we need to relate the two voltages to each other.
We can express the source voltage as the magnitude at a phase angle of 0°.

Let’s make the source voltage for the a phase at 0°.

The load voltage here can be called VL.

That is VAN.

The load voltage should be the current multiplied by the impedance 100+j100Ω.

The current flowing through the impedance should be the voltage divided by the total impedance in the circuit.

[math expression]

The current times the load impedance should be the voltage across the load.

Here we know the load voltage magnitude.

Let’s try to simplify the equation.

[equation]

Here we know the load voltage magnitude, so let’s take the magnitude on both sides of the equation.

It’s equivalent to VAN’s magnitude, which is 200 V.

[equations]

We get 206 V.

The phase a voltage is 206 at a phase angle of 0°.

For a balanced three-phase system, the phase sequence is positive, so we know that the b phase voltage lags the a phase voltage by 120°, so it has the same magnitude.

The phase angle should be -120°.

The c phase voltage leads the a phase voltage by 120°, so here it’s positive 120°.
