GEORGIA INSTITUTE OF TECHNOLOGY
SCHOOL orF ELECTRICAL AND COMPUTER ENGINEERING

ECE 2026 — Spring 2025

Quiz #3
April 7, 2025
NAME: GT username:
(FIRST) (LAST) (e.g., gtxyz123)
Circle your recitation section: [ o1 (panieta) || L05 (Chun-wei) || L07 (Chun-wei) || Lo9 (Daniela) |
] L02 (Greg) H L06 (Kennedy) H L08 (Kennedy) H L10 (Greg) |

Important Notes:
* Do not unstaple the test.
+ Closed book, except for one two-sided page (8.5” x 11”) of hand-written notes.
* Calculators are allowed, but no other electronics (no smartphones/watches/readers/tablets/laptops/etc).
» JUSTIFY your reasoning CLEARLY to receive partial credit.
» Express all angles as a fraction of 7. For example, write 0.17 as opposed to 18° or 0.3142 radians.

* You must write your answer in the space provided on the exam paper itself.
Only these answers will be graded. Write your answers in the provided answer boxes.

* Only the fronts of the each page will be scanned and graded.

Problem Value Score Earned
1 32
2 36
3 32
Total




PROB. Sp25-Q3.1. An FIR filter is described by the difference equation:
y[n] = Az[n — 1] + Bz[n —2] + Az[n - 3] + Bz[n —4] + Az[n - 5].

The constants A and B are unspecified and different in the two parts below.
(a) Suppose A = 1and B = 1. What digital frequencies does this filter null?

Express your answer by listing all of the value(s) of ®€[0, 7],
if any, for which the output in response to an input of cos( @n ) is zero for all time:

response to cos(@n) is zero when ®¢e { }

0< @< monly

(b) Find A and B if the output in response to:
z[n] =2 + 2cos(n(n — 1))

is y[n] =24 (for all n, a constant).




PROB. Sp25-Q3.2. Match each discrete-time signal on the left to its corresponding DTFT plot on the right.
(The y-axis scales may differ, they are not labeled, the shapes are enough.)
Indicate your answer by writing a letter from { A, B, ... L } into each answer box.
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PROB. Sp25-Q3.3. (The different parts of this problem are unrelated.)

(a) The 3-point DFT of [z[0], z[1], z[2]] = [5, -1, —1] is:

(b) Suppose that the k-th coefficient after taking the 32-point DFT of [2[0], ... 2[31]] is X[k] = (j)*
List all of the value(s) of n€{0, ... 31}, if any, for which z[n ] # 0:

z[n] #Owhenne{ }

(c) Thed4-point DFT of  [z[0], ... z[3]] =[5, 7,1, 7] s [XT70], ... X[3]] = [20, 4, -8, 4].
Find the 4-point DFT of [y[0], ... y[3]] = [7, 5, 7, 1].

(Hint: use the DFT delay property.) Y[0] Y[1] Y[2] Y[3]




Table of DTFT Pairs

Time-Domain: x[n] Frequency-Domain: X (e7°)
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Table of DTFT Properties

Property Name

Time-Domain: x[n]

Frequency-Domain: X (e7°)

Periodic in @

X(ej(&)+27r)) _ X(ejd))

Linearity

axy[n] + bxa[n]

aX1(e?) + bXo(e?%)

Conjugate Symmetry

x[n] is real

X(e779) = X*(eI¥)

Conjugation z*[n] X*(e99)
Time-Reversal x[—n] X(e™79)
Delay (ng=integer) x[n — ng eI X (%)
Frequency Shift x[n]e%on X (e(@=%0))

Modulation x[n] cos(won) %X(e]’(wﬂ:’o)) + %X(ej(@“:’o))
Convolution x[n] * hn] X (e9°)H (&%)
Autocorrelation x[—n] * x[n] | X (e7%)]?

© 1 /™ -
Parseval’s Theorem Z |z[n])? o | X (e7%)|2de

n—=——oo
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Table of Pairs for N-point DFT

Time-Domain: z[n], n=0,1,2,...,N—1

Frequency-Domain: X[k], k=0,1,2,...,N—1

If z[n] is finite length, i.e.,

z[n] # 0 only when n € [0, N — 1] X[k] = X(e7) (frequency sampling the DTFT)
and the DTFT of z[n] is X (e/“) o=2nk/N
3[n] 1
1 NG[k]
d[n — no] o—3@mk/N)no

ej(27rn/N)k0

N[k — ko], when ko € [0, N — 1]

rr[n] = uln] — uln — L], when L < N

Sin(%L(Qﬂ'k/N)) o~ (2mk/N)(L=1)/2
sin(%(Zﬂk/N))

rr[n]e? 3TRo/Nn when L < N

sin(5 L(2m(k — k0)/N)) o (k—ko)/N)(L—1)/2
1 €
81n(§(27r(k —ko)/N))

sin(%L(an/N)) oI (2T /N)(L=1)/2

N(ulk] — ulk — L]), when L < N

sin(%(27n/N))

Table of DFT Properties

Property Name

Time-Domain: x[n]
for n€{0, ... N-1}

Frequency-Domain: X [k]

Periodic

periodic extension
z[n] = z[n + N]

X[k] = X[k + N]

Linearity

az1[n] + bxa[n]

aX1 [k‘] +bX> [k}

Conjugate Symmetry z[n] is real X[N — k] = X"[K]
Conjugation z*[n] X*[N — k]
Time-Reversal z[N —n] X[N — k]
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z[n] cos((2wko/N)n)
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+ Closed book, except for one two-sided page (8.5” x 11”) of hand-written notes.
* Calculators are allowed, but no other electronics (no smartphones/watches/readers/tablets/laptops/etc).
» JUSTIFY your reasoning CLEARLY to receive partial credit.
» Express all angles as a fraction of 7. For example, write 0.17 as opposed to 18° or 0.3142 radians.

* You must write your answer in the space provided on the exam paper itself.
Only these answers will be graded. Write your answers in the provided answer boxes.

* Only the fronts of the each page will be scanned and graded.
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PROB. Sp25-Q3.1. An FIR filter is described by the difference equation:
y[n] = Az[n — 1] + Bz[n —2] + Az[n - 3] + Bz[n —4] + Az[n - 5].

The constants A and B are unspecified and different in the two parts below.
(a) Suppose A = 1and B = 1. What digital frequencies does this filter null?

Express your answer by listing all of the value(s) of ®€[0, ],
if any, for which the output in response to an input of cos( @n ) is zero for all time:

response to cos(@n) is zero when ®¢e { 0.4, 0.87 }

=k
IN

From table: 0< T only

SGLO) o1y
sin(3@)

ruln) = ufn] - un — L] ‘

o\ _ 36 SIn(2.50)
= H(e'®) = e 56507

which is zero when the numerator is zero

and the denominator is not, / \
i.e.when 2.50 =mn form = 1lor2 = ® =m0.4xn 0.41 0.8

(b) Find A and B if the output in response to:
z[n] =2 + 2cos(n(n — 1))

is y[n] =24 (for all n, a constant).
A= 2 ,
The constant 2 becomes 24 = dc gain is H(e’?) = 12.
The sinusoid at @ = wisnulled =  H(e/™) = 0. B= 3

Evaluating H(e/®) = Ae® + Be#2® 4 Ae#0 4 Be® 4 Ae 750
eatw=0= 3A+2B=12

catd=n= -34 +2B=0\-2 - —(2/3)3\

® A=2

/

3(2/3)B+2B=12= B =3



PROB. Sp25-Q3.2. Match each discrete-time signal on the left to its corresponding DTFT plot on the right.
(The y-axis scales may differ, they are not labeled, the shapes are enough.)
Indicate your answer by writing a letter from { A, B, ... P} into each answer box.
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PROB. Sp25-Q3.3. (The different parts of this problem are unrelated.)

(a) The 3-point DFT of [z[0], z[1], z[2]] = [5, -1, —1] is:

X[0] X[1] X[2]
Start with DTFT: X (e/®) = 5 — 7@ — 720, 3 6 6
then sample:
X[0] = X(e®®)|. , =5-1-1=3
X[1] = X(e®)|, _, = 5— e

real in time domain = X[2] = X*[1] =6

(b)  Suppose that the k-th coefficient after taking the 32-point DFT of [2[0], ... 2[31]] is X[k] = (j)*
List all of the value(s) of n€{0, ... 31}, if any, for which z[n] # 0:

z[n] #Owhenne{ 24

X[k‘] _ (])k — J0BTk _ o—jlAmk _ o—2m(24)k/32 Z; 035 ]e—j2n(n)k/32

N4

equate terms
= x[24] = 1, all others zero

(c) The 4-point DFT of [2[0], ... 2[3]] = [5,7,1,7] is [XT70], ... X[3]] = [20, 4, -8, 4].

Find the 4-point DFT of [y[0], ... y[3]] = [7, 5, 7, 1].

(Hint: use the DFT delay property.) Y[0] Y[1] Y[2] Y[3]
20 —4j 8 4j
From table withn;, =1 and N = 4:
Delay (PERIODIC) Hn —ng) eIk /N Ina x )
= Y[k] = e7P™OX[k] = ()" X[ k]
= Y[0] = X|[0]
Y[1] = —jX[1]
Y[2] = -X[2]
Y[3] = jX[3]
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