
Control and Optimization for Power Systems (IEOR 258)
Homework 1

Consider a power system with 10 buses forming a cycle. In other words, there are transmission lines
connecting the following pairs of buses: (1,2), (2,3), (3,4), (4,5), (5,6), (6,7), (7,8), (8,9), (9,10), (10,1). For
each line, assume an equivalent Π-model withR (resistance) = 0.1, X (reactance) = 1 and C (capacitance) =
0. Recall that the complex power injection at each bus is a nonlinear function of the voltage magnitudes and
voltage angle differences across the lines that are connected to the bus. The AC power flow model accounts
for these nonlinearities while the DC power flow model linearizes the equations. This exercise will help you
understand to what extent the DC model is a good approximation to the AC model.

Question 1: Write a Matlab code that randomly generates a vector of complex voltages v = (v1, . . . , v10)
for the entire power system where vi is the complex voltage at bus i. Recall that vi = Vie

jθi , where Vi and
θi are the voltage magnitude and the voltage phasor angle for the ith bus, respectively. One way to do this is
to randomly sample Vi’s within the range:

1− α ≤ Vi ≤ 1 + α (1)

for an α ∈ [0, 0.1], and randomly sample θi’s within the range:

−β ≤ θi ≤ β (2)

for β ∈ [0, 30◦], assuming that both Vi and θi are uniformly distributed.

Question 2: Write a code that gets the vector v as the input and calculates the active power injection at all
buses P ac = (P1, . . . , P10) and the reactive power injection at all buses Qac = (Q1, . . . , Q10) based on the
AC power flow equations.

Question 3: Write a code that gets the vector v as the input and calculates the active power injection at all
buses P dc = (P1, . . . , P10) and the reactive power injection at all buses Qdc = (Q1, . . . , Q10) based on the
DC power flow equations.

Question 4: Discretize the intervals [0, 0.1] and [0, 30◦] (you are allowed to choose the level of discretization
but make sure to take enough points to obtain meaningful plots). For each pair (α, β) in the discretized set,
generate 100 random vectors v based on the code for Question 1 and compute the corresponding values
of P ac, Qac, P dc, Qdc. Let P̃ ac, Q̃ac, P̃ dc, Q̃dc denote the values P ac, Qac, P dc, Qdc averaged over the 100
trials. Draw ‖P̃ ac − P̃ dc‖2/(‖P̃ ac‖2 + 1) × 100 and ‖Q̃ac − Q̃dc‖2/(‖Q̃ac‖2 + 1) × 100 as a function of
(α, β).
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Question 5: Explain what you observe from the above plots and how the gap between the solutions of AC
and DC models depends on α and β.
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