
Homework 1

EE 554 Large Scale Power Systems

Due Oct 20th at 11:59pm.
Submit at https://canvas.uw.edu/courses/1477871/assignments/6753756

Problem 1. Given a power system with n buses, the Y matrix (bus admittance matrix) is
defined as

Yik =


∑

l∼i yil if i = k

−yik if i ∼ k, i 6= k

0 if i not connected to k

(1)

We say a system is connected if it is possible to find a sequence of lines connecting every
pair of buses in the system. Prove that for a connected system, the only vector u where
Y u = 0 is when u is proportional to the all 1’s vector. Note, your proof must somehow use
the assumption that the system is connected.

Problem 2. The Y matrix is not invertible and hence given just the current, we cannot
directly solve for the voltages. Now given a n-bus system and the current injections, suppose
we fix the voltage at bus 1 to be 1. Then find a procedure to solve for the voltages at the
other buses. Hint: you may want to look at the pseudo-inverse of Y .

Problem 3. Given a power system with n buses. From class, the complex power injected
by bus i into the network is

Si = Pi + jQi =
∑
k∼i

vi(vi − vk)∗y∗ik, (2)

where i ∼ k means i is connected to k and vi is the complex voltage at bus i.

a) Proof that
∑

i Pi ≥ 0. This is the conservation of energy.

b) Now suppose that the lines are entirely lossless, that is, yik = jbik. Then show that∑
i Pi = 0.

Problem 4. Consider a two bus system, with bus 1 being the slack and bus 2 being the
load. Suppose the transmission line has y = 1−j2. For simplity, assume voltage magnitudes
are fixed at 1 and we are only solving for the angle θ of bus 2.

a) Suppose the load is 0.2 (ignore reactive power) and we run a Newtow-Raphson algo-
rithm to solve power flow to find θ. Try different initial starting points, how many
solutions can you find?
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b) If there are multiple solutions, which is the ”better” solution? Why?

Problem 5. For the 3-bus sytem in Fig. 1, let bus 1 be the slack bus.

a) Suppose the load at bus 2 is 0.5− j0.3, the load at bus 3 is 0.4 + j0.2. Solve the power
flow equations.

b) Find an α such that there is no solution to the power flow equation when the loads are
scaled by α. How does the Newton-Raphson algorithm behave in this case?

Figure 1: Figure for problem 5.
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