GEORGIA INSTITUTUE OF TECHNOLOGY
SCHOOL oF ELECTRICAL AND COMPUTER ENGINEERING

ECE 2026 — Fall 2023
Exam #3

NAME: GTemail:
FIRST LAST ex: GPburDELL@gatech.edu

e  Write your name at the top of EACH PAGE.

e DO NOT unstaple the test.

e Closed book, except for one two-sided page (8.5"" x 11"") of hand-written notes permitted.

e (Calculators are allowed, but no smartphones/readers/watches/tablets/laptops/etc.

e JUSTIFY your reasoning CLEARLY to received partial credit.

e Express all angles as a fraction of . (i.e., write 0.4 or 2?” instead of 1.257)

e All angles must be expressed in the range (—m, ] for full credit.

e 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 boxes/spaces provided. DO NOT write on the backs of the pages.

e All exams will be collected and uploaded to gradescope for grading.

Problem | Value Score
1 20
2 20
3 20
Total




Print Name (First Last)

PROBLEM 1:
Parts a and b (10 points each) can be solved independently of each other.
(a) Consider the following cascade of two discrete-time LTI systems:

ﬂb hl [n] > hz [n] M

The first system has impulse response: hy[n] = 46[n — 2] + 88[n — 8] + 45[n — 14]. The second system has
2 |@] < 0.357

frequency response: Hz(eja’) =140 0.357 < |@| < 0.657.
2 06T <|@|<m

If x[n] = 3 + 5c0s(0.257n) + 2 cos(0.4wn) + 4 cos (111—2” n) is input to the first system, find the output y[n] of

the second system.

y[n] =

(b) Consider the following discrete-time LTI system with impulse response h[n] = X8_,C8[n — kJ.

x[n] R[] yn]

If the input x[n] = 5 + 8 cos (%nn + %ﬂ) results in the output y[n] =9 + M cos(@yn + <py), find the values for
C, Gy, M, and ¢@,,.




Print Name (First Last)

PROBLEM 2:
Each part (5 points each) can be solved independently of each other.
The following problems might benefit from the use of the DTFT pairs and properties tables.

sin(0.6tn) 2

(a) Evaluate the following using Parseval’s Theorem: K = Y2 _ —

5e—J4®

542 /&

(b) Find x[n] if its DTFTis X(e/®) =

x[n] =

sin(0.3n)

(c) Find y[n] = [2 cos(0.2n) cos(0.57n)] * ( — cos(0.65mn)

sin(0.8mn . .
sin(08n) ) (where ' = ' is convolution)
mn mn

y[n] =
(d) Find y[n] = [2 cos(0.2tn) + cos(0.57n)] * (Sin(::nn) - Sin(zjnn)) (where ' « ' is convolution)
y[n] =




Print Name (First Last)

PROBLEM 3:

Parts a and b (10 points each) can be solved independently of each other.

(a) Letx[n] =3+ 2cos (z?nn — %) + cos (gn + %) Let {X[0], ..., X[41]} be the 42-point DFT of {x[0], ..., x[41]}. Many
of these DFT coefficients are zero. Specify only the nonzero DFT coefficients in the table below with the corresponding
index k € {0, ...,41}.

k>0 X[k]

(b) Match the plots (1)-(5) for x[n] below with the plots for the corresponding 28-point DFT magnitudes |X[k]| by placing
the appropriate number in the boxes besides the plots for |X[k]]|.
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GEORGIA INSTITUTUE OF TECHNOLOGY
SCHOOL oF ELECTRICAL AND COMPUTER ENGINEERING

ECE 2026 — Fall 2023
Exam #3

NAME: SOLUTIONS GTemail:
FIRST LAST ex: GPburDELL@gatech.edu

e Write your name at the top of EACH PAGE.

e DO NOT unstaple the test.

e Closed book, except for one two-sided page (8.5 x 11"") of hand-written notes permitted.

e Calculators are allowed, but no smartphones/readers/watches/tablets/laptops/etc.

e JUSTIFY your reasoning CLEARLY to received partial credit.

e Express all angles as a fraction of m. (i.e., write 0.47 or Z?n instead of 1.257)

o All angles must be expressed in the range (—m, ] for full credit.

e 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 boxes/spaces provided. DO NOT write on the backs of the pages.

e All exams will be collected and uploaded to gradescope for grading.

Problem | Value Score
1 20
2 20
3 20
Total




Print Name (First Last)

PROBLEM 1:
Parts a and b (10 points each) can be solved independently of each other.
(a) Consider the following cascade of two discrete-time LTI systems:

ﬂb hl [n] > hz [n] ﬂ

The first system has impulse response: hy[n] = 46[n — 2] + 86[n — 8] + 48[n — 14]. The second system has
2 |®] < 0.357

frequency response: Hz(eja’) =40 0.357 < |®| < 0.657.
2 0.65m<|0| <m

If x[n] = 3 4+ 5co0s(0.257n) + 2 cos(0.4mn) + 4 cos (111—2”n) is input to the first system, find the output y[n] of

the second system. Hl(eja)) = ¢7/890(8 + 8 cos(6®))

Spectrum content at @ = 0,0.25m, 0.4, 11—”

@ = 0:H,(e/?) = 16; Hy(e/?) = 2; > DC. 3x16%2 =96
@ = 0.25m: Hl(eja’) = 8; Hz(eja)) =2;> 5% 8% 2co0s(0.25mn) — 80 cos(0.257mn)

o = 0.4m: Hz(ef‘“) =0;- 2cos(0 47rn) -0
117 jssm 11w

O =— Hl(ef“’)—Se 12 —863 Hz(ef‘")—Z —>6cos(—n)—>2*8*4cos(—n+ )=

64 cos (En + 2?71)

Therefore: y[n] = 96 + 64 cos (T—Znn + 2?71)

y[n] = 96+ 80cos(0.25mn) + 64 cos( LELp Z?n)

(b) Consider the following discrete-time LTI system with impulse response h[n] = ¥$_,CS[n — k].

x[n] yn]

— h|n]

If the input x[n] = 5 + 8 cos (%nn + %n) results in the output y[n] =9+ M cos(ﬁyn + (,oy), find the values for
C, @y, M, and @,,.

~ 5
Spectrum content at @ = O,g

~ ~ 5w
wy = Wy = ?
Frequency Response: H(ef“’) -c- | (@9) —jo4, H(efo) =C*09;
q Y P sm(w/z)
51T
. (5T Sll’l( 29> 5T .
Output DC:9 = 5% C+9 - C = 0.2; H (ef(?)> = 02— (5,,/2>e‘f?4 = 0.2611¢/022227
Sin
9
Therefore: ¢, = %n—— 0; M =8%0.2611 = 2.0887
c= 02 5= T M = 2.0887 oy = 0




Print Name (First Last)

PROBLEM 2:
Each part (5 points each) can be solved independently of each other.
The following problems might benefit from the use of the DTFT pairs and properties tables.

; 2
(a) Evaluate the following using Parseval’s Theorem: K = Yoo, sin(0.6zn)

mn

sm(O 67m) - x(e/®) = {1 |&| < 0.6
0 061'[ <|o|<m

sin(0. 6nn)

= [0 do = (2E) =015 =K

2m

Parseval’'s Theorem: Y5 _,

mn

e—Jj40

(b) Find x[n] if its DTFT is X(e"")

5+4+2e¢J®

X(e/®) = Se_j% tliply by~ e
¢ 54 2eJ0 P DY

/5 1+ 0.4e770
x[n] = (—0.4)*~ 4)u[n — 4]

x[n] = (—0.4)Du[n — 4]

(c) Find y[n] = [2 cos(0.2mn) cos(0.57n)] * (% cos(0.65mn) M) (where ' ' is convolution)
2 cos(0.2mn) cos(0.5mn) — cos(0.3tn) + cos(0.77n)
1, |@| < 0.357
sin(0.87n) sin(0.37n) _ ) 05, 0357 < |®| < 0.87

— cos(0.65mn)
mn 1 . R
Ee”, 0.87 < |@| < 0.957

Therefore: y[n] = cos(0.3wn) + 0.5 cos(0.77n)

y[n] = cos(0.3nn) + 0.5 cos(0.77n)

sin(0.8mn)  sin(0.37n)

(d) Find y[n] = [2 cos(0.2mn) + cos(0.57n)] * ( ) (where ' « ' is convolution)

mn mn
2 cos(0.2mn) + cos(0.5mn)
sin(0.8mn)  sin(0.37n) 0, |o] <A0-31T
- =11, 03m < |®| < 0.8
" " 0. o> 08r

Therefore: y[n] = cos(0.5mn)

y[n] = cos(0.57n)




Print Name (First Last)
PROBLEM 3:

Parts a and b (10 points each) can be solved independently of each other.

(@) Letx[n]=3+2 cos( n-— —) + cos ( n+ %) Let {X[0], ..., X[41]} be the 42-point DFT of {x[0], ..., x[41]}. Many

of these DFT coefficients are zero. Specify only the nonzero DFT coefficients in the table below with the corresponding
index k € {0, ...,41}.

DFS:
k 2 O X[k] GCD(ZH n> en - Ny=42=N
126 Do = 3'7) a2 70T T
0 The DFT is the same length as the fundamental period so we will
I have “complete” periods in the windowed DFT and can represent
3 21e’d each sinusoid with 2 spectral lines.
jr The DFS for x[n] are:
14 42e¢ 6 R 2T 0w +J7T 1 ,jn
I Dok =0, + e +7—>ak—36 §e4k—0+14+3
2 8 42e 6 X[k] - Nay
_jm X[k] = 42ay, — 126,42¢™,21e* k = 0,{14,28}, {3,39
39 2104 [k] K {14,28},{3,39}

(b) Match the plots (1)-(5) for x[n] below with the plots for the corresponding 28-point DFT magnitudes | X [k]| by placing
the appropriate number in the boxes besides the plots for | X[k]|.

x[n] IXKII
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