Quiz 2 Review

Quiz 2: Tuesday, November 10, 2:00 PM, Walker Memorial (50-340)
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When and where What it covers

Tuesday, November 10, regular class block Weeks 4 through 8: CT/DT Fourier

(2:00 PM), in Walker Memorial (50-340). No transforms, systems, convolution, frequency
lecture or recitation that day. response, communication systems, and the

DFT (lectures, recitations, homework).
What you may bring

Two 8.5 x 11 sheets of handwritten notes Where answers go

(four sides). A pencil. No electronics. In the boxes. Work on other quiz pages
counts for partial credit; flag any worksheet
you continue on.
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Problem 1: short answer (24 points)




1 Short-Answer Questions (24 points)
Parta. The left column of the following table shows the input/output relations for four different systems, where
x represents the input and y represents the output of the system. For each system, determine if that system is
additive and /or homogeneous and/or time-invariant, and enter Yes or No in the boxes to the right.

additive? homogeneous? time-invariant?
(Yes or No) (Yes or No) (Yes or No)

Before we solve it
® Which of these can you decide without writing any algebra?
® Can a system be time-invariant without being linear?
® Which system is the only one that is a convolution?

4/16



Part b. Determine the frequency response F(w) of a linear, time-invariant system with the following impulse
response:
f(t):{] 1f2<|§\<3
0 otherwise

-3 -2 2 3

Enter a closed form expression' for F(w) in the box below.

Flw) =

Before we solve it

® What standard signals is f(¢) built from?
® Before any integral: what must F'(0) equal?
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Part c. Determine the frequency response of a linear, time-invariant system with the following unit-sample re-
sponse:

glnl =o8Mnl —sn—2]

Sketch the magnitude and angle of the frequency response on the axes below. Label the key points.

magnitude angle

—2n 2 —2n 2n

Before we solve it

® Where must |G(€2)| be zero?
® What does a pure delay do to the phase?
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Problem 2: cascaded systems (22 points)




2a

Before we solve it

2 Cascaded Systems (22 points)
Parta.

Let S represent a linear, time-invariant (LTI) system
whose unit-sample response hy [n] is a unit step: xin] —s| §; —e yin

1ifn>0
L =
i = {5 Gihenise

Determine the response y1 [n] of this system when the input x(n] is the following geometric sequence:
il = { (09)" ifn

0 otherwise
Enter the first 5 values of 1 [n] in the boxes below

y1(0]

willl =

w2 =

i3

yild

Enter a closed-form expression” for y1 [n] in the box below.

yin] =

® What does convolving with a unit step do to any signal?

® \What sets the limits on the convolution sum?
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Partb.
Let S represent the linear, time-invariant (LTT)

system that results when two LTI systems (S and S») ] S y1n] S ]
are connected in cascade (so that the output of Sq is = > 2 > v

the input to S) as shown in the figure to the right.

S12

Determine the unit-sample response hj2[n] of S1 when the unit-sample response h [n] of system S1 is a unit-step
function u[n] and the unit-sample response h;[n] of system S; is also a unit-step function u[n]:

hin] = un]
ha[n] = un]

Enter a closed-form expression3 for hy,[n] in the box below.

hiz2n] =

Before we solve it

® What shape do you expect for u * u?

® If you take a first difference of hi2[n|, what should come back?
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2C

Before we solve it

Partc. S123

Let $23 represent the LTI system that results

when three LTI systems (S1, S5, and S3) are

conmected in cascade, as shown in the figure to X" :)_‘ sl
the right.

Determine the unit-sample response hi23[n] of S123 when the unit-sample response hi [n] of system Sy is a unit-
step function u[n], the unit-sample response h; [n] of system S; is a unit-step function u/nj, and the unit- sample
response hs[n] of system S3 is also a unit-step function w[n]:

hin] =un]
han] =ufn]
h3n] =un]

Enter the first 5 values of hy23[n] in the boxes below.

hi23[0] =

haasll] =

hi232] =

ha23l3] =

hizsldl =

® hion] = (n+ 1)u[n] is linear in n. After one more accumulator, what degree polynomial
in n do you expect?
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Problem 3: pulsed relations (27 points)




Problem 3

Lsach of the toLiowIng plots Shows the Magrutude of the FOUTIer ranstorm of a signal derived trom T(t).
Note that the magnitude scales for these plots are not specified and may differ from one another.

3 Pulsed Relations (27 points)

Let (t) represent the following signal

O R o A e c
and let F(w) represent its Fourier transform os) K / \
T
a8 shown on the rght, TR
Identify which plot (A-I) shows the magnitude of each of the following derived signals. D E E

f(t/2): f(t) sin(2nt) =
weows [ weostamy: [ A Mm/\mw
fl2t): f(t)ei2mt

aeni[ ] e [ in koo 2n an PR S S nobn 6 o an
() G H I

Zan 2 0zt an [ [ e

Before we solve it

® Which of the nine operations leave the magnitude of the transform unchanged?
® Which ones change the width of the pulse, and which way does the sinc go?

® Which ones move the spectrum, and where?
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Problem 4: pulses in, pulses out (27 points)




4 Pulses In Pulses Out (27 points)

The first 12 samples of four periodic signals that e each periodic in N=12 are shown inthe lft column below;
and the

their Fourier shown in
filn] Fylk)
L‘,«,«,fww n U_U_I_U_]_H .
0 2 4 6 8 10 2 0 2
fam) Falk ]””
Ll 1
0 2 4 6 8 10 —6 —4 -2 2
f3ln] F3k]
0 2 4 6 810 6 -4-2 0 2 4 6
faln] Falk] II]
st pe,,
0 2 4 6 8 10 6-4-2 0 2 4 6

Parta. Consider a system $24 that produces f4[n] as output when f21n] is its input.

faln] —»

Determine the unit-sample response h4[n] and frequency response Hag (k] of system S24 and enter expressions
for ha4[n) and Ha4 k] in the boxes below.

haaln] = ‘ ‘

Haalk] = ‘ ‘

Sketch the magnitude of the frequency response Hy4 k] on the axes below.

Before we solve it

® How do you build f4[n] out of copies of fa[n]?

® Where must |Hay[k]| be zero, just from the
two spectra?
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Partb. Consider 16 possible systems that are each defined by its input signal fi[n] and output signal f, [n]:

Some of these systems could be linear and time invariant (LTI); others cannot.

fin] —»

Determine which of the 16 systems cannot possibly be LTI, and enter X in the corresponding box below.

Before we solve it

® What can an LTI system do to a harmonic whose input coefficient is already zero?
® Which row of the grid must be all blank?
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Quiz problem Lecture Recitation
la LTI properties Systems (Oct 8) Systems (Oct 8)
1b, 3 CT Fourier  CT Fourier Transform (Sep 29) CT Fourier Transform (Sep 29)
transform
lc DT frequency re- DT Fourier Transform (Oct 1); Frequency Re-  Convolution and Filtering (Oct 20)
sponse sponse and Filtering (Oct 20)
2 Cascades, convolu-  Unit-Sample Response and Convolution (Oct ~ Superposition and Convolution
tion 15) (Oct 15)
3 Modulation Communication Systems (Oct 22) Communication Systems (Oct 22)
4 Filtering periodic DT Fourier Series (Sep 24); Frequency Re- DFT and Circular Convolution
signals sponse and Filtering (Oct 20) (Oct 29)

Practice quizzes TA-led review session

On the Quiz 2 info page: Spring 2022, Fall 2022, Fall Sunday, November 8, 1-3 PM, in 34-101.

2023, Spring 2025 (this one), with solutions, plus
review slides and story sheet.
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https://sigproc.mit.edu/_static/fall26/lectures/Systems.pdf
https://sigproc.mit.edu/_static/fall26/recitations/Systems.pdf
https://sigproc.mit.edu/_static/fall26/lectures/CT_Fourier_Transform.pdf
https://sigproc.mit.edu/_static/fall26/recitations/Continuous-Time_Fourier_Transform.pdf
https://sigproc.mit.edu/_static/fall26/lectures/DT_Fourier_Transform.pdf
https://sigproc.mit.edu/_static/fall26/lectures/Frequency_Response_and_Filtering.pdf
https://sigproc.mit.edu/_static/fall26/lectures/Frequency_Response_and_Filtering.pdf
https://sigproc.mit.edu/_static/fall26/recitations/Convolution_and_Filtering.pdf
https://sigproc.mit.edu/_static/fall26/lectures/Unit-Sample_Response_and_Convolution.pdf
https://sigproc.mit.edu/_static/fall26/recitations/Superposition_and_Convolution.pdf
https://sigproc.mit.edu/_static/fall26/lectures/Communication_Systems.pdf
https://sigproc.mit.edu/_static/fall26/recitations/Communication_Systems.pdf
https://sigproc.mit.edu/_static/fall26/lectures/DT_Fourier_Series.pdf
https://sigproc.mit.edu/_static/fall26/recitations/DFT_and_Circular_Convolution.pdf
https://sigproc.mit.edu/fall26/q2_info
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