
Midterm

EE 351 Energy Systems

Due May 3rd at 11:59pm. Submit to
https://canvas.uw.edu/courses/1448934/assignments/6309526

There are two pages, 7 questions worth 100 points. Read the questions carefully, show
your work and clearly indicate the final answer.

Problem 1. [10 points] A buck converter has an output voltage of 20V and a load that
draws 200W of power. The switch operates at a frequency of 10 kHz and the duty cycle is
40%. Find the input (source) voltage, input (source) current, and the time that the switch
is off.

Problem 2. [10 points] An electric load consists of a impedance value of r + jx. The load
is connected across an AC voltage source of 120 V (rms). If the load consumes 600 W of
active power and 1.3 kVAr of reactive power. Find the values of r and x.

Problem 3. [15 points] A load consumes 150 kW of active power and 20 kVAr of reactive
power. The load impedance is 90+j10 Ω. It is connected to a source through a transmission
line. The line has an impedance of 5 + j10 Ω. Find the active and reactive power lost on
the line.

Problem 4. [20 points] A half-wave SCR AC/DC converter with input voltage 120 V (rms)
and triggering angle of 25 degrees.

a) Calculate the average and the rms output voltages.

b) The half wave converter is replaced by a full wave converter, but we want to keep the
rms output voltage to the same as in part a). Find the new triggering angle.

Problem 5. [15 points] A solar panel consist of 50 PV cells connected in two parallel
branches. The cells are identical and have a reverse saturation current of 1.1 nA. The
temperature is constant at 20◦C. The solar current of a cell is 1 A.

a) Suppose the panel is delivering 10 W. What is the voltage across an individual cell?

b) We add another parallel branch to the panel. What is the power delivered by the new
panel?

Problem 6. [20 points] A boost conveter is connected to a 15 V source. The converter is
configured with a fixed off-time of 0.2 ms.
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a) What is the on-time that result in a load voltage of 45 V?

b) What is the value of inductance required to limit the current ripple to 80 mA?

c) If the switching frequency varies from 1 kHz to 4 kHz, what is the range of possible
output voltages?

Problem 7. [10 points] A solar cell with reverse saturation current of 2 nA has a solar
current of 4 A. The temperature is 30◦C. Find the maximum output power of the cell.
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