
EECS 16B Designing Information Devices and Systems II
Spring 2017 Murat Arcak and Michel Maharbiz Homework 2

This homework is due February 8, 2017, at 17:00.

1. Complex numbers

A common way to visualize complex numbers is to use the complex plane. Recall that a complex number z
is often represented in cartesian form.

z = x+ jy with real(z) = x and imaginary(z) = y

See the Figure 1 for how z looks like in the complex plane.

Figure 1: The complex plane

In this question, we will derive the polar form of a complex number and use this form to make some
interesting conclusions.

(a) Calculate the length of z in terms of x and y as shown in Figure ??. This is the magnitude of a complex
number and is denoted |z| or r. Hint. Use the Pythagoras theorem.

(b) Represent the real and imaginary parts of z in terms of r and θ .

(c) Substitute for x and y in z. Use Euler’s formula to conclude that,

z = re jθ
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(d) In the complex plane, draw out all the complex numbers such that |z|= 1. What are the z values where
the figure intersects the real axis and the imaginary axis? Why do you think the figure is called a Unit
circle?

(e) If z = re jθ , prove that z = re− jθ . Recall that the complex conjugate of a complex number z = x+ jy is
z = x− jy.

(f) Show that,
r2 = zz

(g) Intuitively argue that,
3−1

∑
k=0

e j 2π

3 k = 0

Do so by drawing out the different values of the sum making an argument based on the vector sum.

2. Phasor-domain circuit analysis

The analysis techniques you learned previously for resistive circuits are equally applicable for analyzing
AC circuits (circuits driven by sinusoidal inputs) in the phasor domain. In this problem, we will walk you
through the steps with a concrete example. Feel free to use a calculator, a computer or a website to solve
for the answers in this question. The numbers are not pretty. Consider the circuit below.
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The components in this circuit are given by:

Voltage source:
v(t) = 12cos(400t−30◦)

Resistors:
R1 = 5Ω, R2 = 5Ω, R3 = 5Ω

Inductors:
L1 = 20 mH, L2 = 20 mH

Capacitor:

C1 =
1

1.6
mF

(a) To begin with, transform the given circuit to the phasor domain.
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(b) Write out KCL for node N1 and N2 in the phasor domain. Do so by labelling the currents and not
plugging in the voltages yet.

(c) Use KVL to express the currents in terms of node voltages in the phasor domain. The node voltages
V1 and V2 are the voltage drops from N1 and N2 to the ground.

(d) Write the equations you derived in part (b) and (c) in a matrix form, i.e., A

[
V1
V2

]
= b

(e) Solve the systems of linear equations you derived in part (d) with any method you prefer, and then find
ic(t).

3. RLC circuit

Now consider the circuit shown below:
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(a) Assuming the circuit reaches steady state for t < 0, find the differential equation for Vout for t ≥ 0

(b) What are the initial conditions at t = 0 for this differential equation?

(c) Solve the differential equation

(d) Now consider this circuit being driven by a sinusoidal voltage source:
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Determine the equivalent impedance of the parallel inductor and capacitor in the phasor domain.

(e) If vin = Acos(ωt), where A and ω are known constants, what is Vout in the phasor domain?

4. General RLC response types

Consider the following circuit assume this circuit has reached steady state for t < 0:
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(a) Find the differential equation that describes this circuit for t ≥ 0 and solve it.

(b) At what frequency is this circuit going to oscillate?

(c) Sketch the transient response of Vc(t) for t ≥ 0 when R = 1Ω

(d) Sketch the transient response of Vc(t) for t ≥ 0 when R = 2Ω

(e) Sketch the transient response of Vc(t) for t ≥ 0 when R = 100Ω

Contributors:

• Siddharth Iyer.

• Yuxun Zhou.
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