
Homework 5

EE 454 Power System Analysis

Due Nov 4th at 11:59pm. Submit to
https://canvas.uw.edu/courses/1396999/assignments/5819012

Problem 1. Consider complex power transmission via the three-phase short line for which
the per-phase circuit is shown in Fig. 1. The impedance is Z = r + jx and the admittance
is Y = g+ jb. The complex voltages are bus 1 and bus 2 are V1∠θ1 and V2∠θ2, respectively.

a) Express S12, the complex power sent by bus 1 (or V1), and −S21, the complex power
received by bus 2 (or V2), in terms of V1, V2, r, x, and θ12 = θ1 − θ2. Express the
powers in the form of P + jQ (i.e., rectangular coordinates).

b) Express S12, the complex power sent by bus 1 (or V1), and −S21, the complex power
received by bus 2 (or V2), in terms of V1, V2, g, b, and θ12 = θ1−θ2. Express the powers
in the form of P + jQ (i.e., rectangular coordinates).

c) Assume that Z = 1∠85◦, θ12 = 10◦, V1 = 1.1 and V2 = 0.9. Determine S12 and −(S21).
Express the powers in the form of P + jQ (i.e., rectangular coordinates).

Figure 1: Figure for problem 1.

Problem 2. A 230 kV, 400 km, 60 Hz three-phase overhead transmission line with a rated
current of 900 A/phase has a series impedance z = 0.088 + j0.456 Ω/km and a shunt
admittance y = j3.524 µS/km. Obtain the (full) π equivalent circuit in normal units and in
per unit on a base of 100 MVA (three phase) and 230 kV (line-to-line).
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Problem 3. three-phase synchronous generator is connected to a 25 kV infinite bus through
a transmission line. The reactance of the transmission line is 4Ω and the synchronous
reactance of the generator is 1Ω. The maximum active power the generator can deliver to
the infinite bus is 150 MW. The generator is delivering 15% of its maximum active power.
Find the reactive power delivered to the infinite bus.

Problem 4. For the circuit shown in Fig 2, convert the voltage sources to equivalent current
sources and write nodal equations in matrix format using bus 0 as the reference bus. Do not
solve the equations.

Figure 2: Figure for problem 4.

Problem 5. Determine the 4×4 bus admittance matrix and write nodal equations in matrix
format for the circuit shown in Fig. 3. Solve the equations for voltages at nodes 1, 2, 3 and
4. You can (should) use a computer.

Figure 3: Figure for problem 5.
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Problem 6. Given the circuit diagram in Fig. 4 showing admittances and current sources
at nodes 3 and 4, set up the nodal equations in matrix format. If the parameters are given by
Ya = −j0.8 S, Yb = −j4 S, Yc = −j4 S, Yd = −j8 S, Ye = −j5 S, Yf = −j2.5 S, Yg = −j0.8
S, I3 = 1.0∠− 90◦ A, and I4 = 0.62∠− 135◦ A. Solve for the voltages at the nodes.

Figure 4: Figure for problem 6.
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