. _______________________________________________________________________________________________________|
EECS 16B Designing Information Systems and Devices I UC Berkeley Spring 2024
Homework 4

This homework is due on Saturday, February 17, 2024 at 11:59PM.

1. Phasors

(a) Suppose that v1(t) = 100cos(wt) and v,(t) = 100sin(wt). Use phasors to reduce the sum
vs(t) = v1(t) + va(t) to a single term of the form Vj, cos(wt + 6). Plot Vi, V5, and V; on the
complex plane.

(b) Consider the phasors shown in Figure 1. The frequency of each signal is f = 200 Hz. Write a
time-domain expression for each voltage in the form V,, cos(wt + 6).
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Figure 1: Phasors plotted on the complex plane.
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2. Impedance

Derive a single expression for the total impedance of the circuit shown in Figure 2.

Figure 2: Circuit diagram.
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3. Phasor Domain Circuit Analysis

The analysis techniques you learned previously in 16A for resistive circuits are equally applicable for
analyzing circuits driven by sinusoidal inputs in the phasor domain. In this problem, we will walk
you through the steps with a concrete example.

Consider the following circuit where the input voltage is sinusoidal. The end goal of our analysis is
to find an equation for Vou(t).

+
:: C L Vout(t)
ic(t
Yic(t) iL(t)y—
The components in this circuit are given by:
V() = 10v2 cos(lOOt - E) )
4

R=50 2)
L =50mH 3)
C=2mF 4)

(a) Give the amplitude Vj, input frequency w, and phase ¢ of the input voltage V.

(b) Transform the circuit into the phasor domain. What are the impedances of the resistor, capaci-
tor, and inductor? What is the phasor Vs of the input voltage V;(t)?

(c) Use the circuit equations to solve for Vo, the phasor representing the output voltage.
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4. Circuit Transfer Function

Consider the circuit shown in Figure 3. This circuit consists of a source having an internal resistance

of R, an RC lowpeass filter, and a load resistance of R;.
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Figure 3: Circuit diagram.
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Figure 4: Circuit diagram.

Show that the transfer function of this circuit is given by

. Vout R 1

H(jw) = —=— = X - 5
)= 5~ = RTRTR 1+j& ©

in which the cutoff frequency w, is given by w, = ﬁ where R; = % Notice that R; is the

parallel combination of R; and (Rs + R). (HINT: One way to make this problem easier is to rearrange the

circuit as shown in Figure 4 and then to find the Thevenin equivalent for the source and resistances.)
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5. Circuit Design
In this problem, you will find a circuit where several components have been left blank for you to fill
in.

Assume that the op-amp is ideal. A special note on op amps in frequency domain analysis: The

op-amps you learned about in 16A can be used in exactly the same way for setting up differential

equations and even Phasor analysis in 16B. Treat them as ideal op-amps and invoke the Golden Rules.

You have at your disposal only one of each of the following components (not including R;):

C
e e
—o o— ————o— _/\/\/\/_
(a) an open circuit (b) a short circuit (c) a resistor (d) a capacitor
(you choose from (you choose from
the values the values

R =1kQ,10k0,20kQ)  C = 0.5uF, 1 pF, 2 pF)

Consider the circuit below. The labeled voltages Vi, (jw) and Voyt(jw) are the phasor representations

of vin(t) and vout(t) respectively, where vi, () has the form vi,(t) = vy cos(wt + ¢). The transfer
— ‘N{gut(jw)

function H (jw) is defined as H (jw) Tli)

Vin(jw) — N\NN— 7 -
_’_—_‘ +

— ‘70ut (]w )

(a) Let Z1(jw) and Z;(jw) are the impedances of the boxes shown in the circuit diagram. Write the
expression of the transfer function H (jw).
(b) Let Ry be 1kQ). We have to find Z; and Zj, such that the circuit’s transfer function H (jw) has the
following properties:
* |H(j0)| = 0.
* |H(joo)| = 10.
« |H(j10°)| = v/50.
Using the fact that the circuit is a high pass filter, infer the components (we will find values
later) of Z; and Z;. Write the transfer function H(jw) using these components.
(HINT: Try method of elimination: figure out what Z, cannot be. Once you find what Z; is, what does Z;
have to be for the circuit to be a filter?)
(c) Now use the facts that |[H(joo)| = 10 and Ry = 1k(Q) to find the component value of Zj.
(d) Finally use the fact that |[H(j10%)| = /50 and the values of R; and Z, to find the component

value of Z;.
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6. (Lab) Designing Filters

In the lab, we will design various filter circuits using low-pass, high-pass, and band-pass filter ele-
ments. In this problem, we will walk through the use cases of these filter elements.

(a) First, you remember that you saw in lecture that you can build simple filters using a resistor and
a capacitor. Design a simple first-order passive low-pass filter with the following specification
using a 1pF capacitor. (“Passive” means that the filter does not require any power supply to
operate on the input signal. Passive components include resistors, capacitors, inductors, diodes,

etc., while an example of an active component would be an op-amp).

e Low-pass filter: cut-off frequency w, = 27t - 2400%. % can be interpreted as "2 radians/-
cycle".

Recall that the cutoff-frequency of such a filter is just where the magnitude of the filter is - of

V2
its peak value.
Show your work to find the resistor value that creates this low-pass filter. Draw the schematic-
level representation of your design. Please mark Vj,, Vout, and the ground node(s) in your

schematic. Round your results to two significant figures.

(b) Now design a simple first-order passive high-pass filter with the following specification using
a 1 pF capacitor.

¢ High-pass filter: cut-off frequency w, = 27t - 100%
Show your work to find the resistor value that creates this high-pass filter. Draw the schematic-

level representation of your design. Please mark Vj,, Viut, and the ground node(s) in your
schematic. Round your results to two significant figures.

(c) You can try to build a bandpass filter by cascading the first-order low-pass and high-pass filters

you designed in parts (a) and (b). To do this, you might be tempted to connect the V;+ node of
your low-pass filter directly to the Vi, node of your high-pass filter. However, if you did this, just
as you saw in 16A for voltage dividers, the purported high-pass filter would “load” the low-pass
filter and you might get some potentially complicated mess instead of what you wanted.
Show how you can use an ideal op-amp configured as a unity gain buffer to eliminate this
loading effect to cascade the low-pass and high-pass filters, and write the resulting transfer
function of the combined circuit. Draw the magnitude and phase transfer functions of the
combined circuit (you can use Bode Plot approximations). What kind of filter is this?
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