GEORGIA INSTITUTE OF TECHNOLOGY
SCHOOL of ELECTRICAL & COMPUTER ENGINEERING
FINAL

DATE: 26-Qpril-24 COURSE: ECE-2026 Section B

NAME:

LAST, FIRST (ex: 901109911)

[3 points] [3 points [3 points]

Recitation Section: Circle the date & time when your Recitation Section meets (not Lab):

L01:Mons-3:30pm (Chen) LO7:Tues-12:30pm (Aghazadeh) L08: Thurs-12:30pm (Wang)
L02:Weds-3:30pm (Lee) L09:Tues-2:00pm (Wang) L10:Thurs-2:00pm (Lee)
L05:Tues-3:30pm (Chen)

e Write your name on the front page ONLY. DO NOT unstaple the test. You MAY detach the
three pages with the tables at the end of the exam paper.

e Closed book, but a calculator is permitted.
e One page (8%” x 11”) of HAND-WRITTEN notes permitted. OK to write on both sides.

e JUSTIFY your reasoning CLEARLY .
Justification is required to receive FULL credit for any answer.

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 provided boxes or on the provided
plots.
If space is needed for scratch work, use the backs of previous pages.

Problem Value | Score |

1 16

2 13

3 24

4 18

5 17

6 12

Total 100
Missing Rec. Section | —3




PROBLEM sp-24-FINAL.1:

z(t) | IDEAL z[n] _ [Discrete-time| _ y[n IDEAL | y(t)
C/D 5 system D/C
converter h[n] converter
i i E
2. [ 4.

This problem is related to the above block diagram of an ideal C-to-D converter, a filter, and an
ideal D-to-C converter.

(a) [2 points] If the output from the ideal C-to-D converter is z[n] = 3cos(0.57n), and the

sampling rate is 2000 samples/sec, then determine one possible value of the input frequency
of z(t).

Afrequency
8000 Hz
4000 Hz
2000 Hz
1600 Hz
1900 Hz frequency =
1000 Hz
800 Hz
500 Hz
400 Hz
300 Hz

ick a number from the list and enter its value in the answer box.




(b) [3 points] If the input is z(t) = 2cos(100mt — 0.17) — 7 cos(2507t +0.27), and the system
wg—m—) find the smallest sampling frequency, fs = fmin, such

)

is given as h[n| = 0[n] —
that y(t) = 0 without aliasing.

Enter the value in the answer box. | frmin =




(c) [2 points] Suppose that
z(t) = cos(400mt + 7 /2) + cos(2007t - 7/2).

Determine one value of f, such that z[n| = 0.

frequency

8000 Hz

4000 Hz . ] ) )

2000 Hz Pick a number from the list and enter its value in the answer box.
1600 Hz B
1200 Hz fo =
1000 Hz
800 Hz
500 Hz
400 Hz
300 Hz




(d) [5 points] Suppose that z(¢) = cos(500mt) and y(¢t) = 0.75cos(2007t). Also, suppose that
the discrete-time IIR system is given by the following difference equation: y[n] = a1y[n— 1]+
z[n] + boz[n — 2]. Determine a value for fs that is larger than 200 Samples/s. The same f
is used at both the Ideal C-to-D converter and the Ideal D-to-C converter.

frequency

750 Hz

700 Hz

650 Hz (2 points] Pick a number from the list and enter its value in the answer
600 Hz
550 Hz box. | fs =
500 Hz
450 Hz
400 Hz
350 Hz
300 Hz

[3 points] Determine the value of a; when the value for by is given as b; = 0.25.

a; =




(e) [2 points] Suppose that the discrete-time LTI system is defined by the following difference
equation:

y[n] = z[n] + biz[n — 1] + z[n — 2] + a1y[n — 1].

In this part, let a; = —0.3. The overall system can be used to null one continuous-time
sinusoid. The frequency that is nulled is controlled by the value of b;. If the sampling rate

is fo =8000 Hz, find the value of b; so that the overall system nulls out a sinusoid at 60
Haz.

by =

(f) [2 points] Suppose that the discrete-time LTI system is defined by the following difference
equation:

y[n] = z[n] + bizin — 1] + z[n — 2] + a1y[n — 1.
In this part, let a; =0 and b; = 1. If the input z(t) =1 for all ¢, what is y(t) for all ¢?
y(t) = |
|




PROBLEM sp-24-FINAL.2:

z[n] LTI y1[n] LTI y[n] LTI w(n]
— | System# 1 »| System# 2 » System# 3 -
hi[n], Hi(z) ha[n], Ha(z) hs[n], H3(2)

The above block diagram depicts a cascade connection of three LTI systems. Suppose that the
system function for system # 1 is given as H;(z) = 2 — 2275, Also, suppose that system # 2
is an FIR filter described by the following difference equation: y[n] = 3yi[n] + 3y1[n — 3]

(a) [2 points] Make a pole-zero plot for the first system, system # 1. Account for all poles and
Zeros.

(b) [2 points] If we would like to replace the first two systems, # 1 and # 2, with a single overall
system that has an impulse response h[n|, determine h[n] as a sum of scaled and shifted delta
functions.

hin] =




(c) [3 points] What is y[n] when z[n] = cos(7n + 7/5).

y[n] =

(d) (2 points] Suppose that y[n] = 64[n — 2] — 66[n — 12]  is the output of system# 2 when
z[n] = §[n — B], where B is an integer. Determine the value of B.

B=

(e) [4 points] We would like to design system# 3 such that it inverts the cascade of the first two
systems, Hi(z) and Ha(z). Suppose that system# 3 can be defined by the following difference

equation: w(n] = ayw[n — 1] + ajow(n — 10] + boy(n] + bioy[n — 10].

Determine the values of a1, ajg, bg, and bjg.

Qi = a1p = bo = bio =




PROBLEM sp-24-FINAL.3:

(a) [2 points Each] Below are the pole-zero plots of the system functions, H(z), of several
discrete-time systems. Also, there are plots of impulse responses, h[n], on the next page.
For each pole-zero plot, enter the letters of the matching impulse response. There are more
impulse response plots than pole-zero plots.
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(b) [2 points Each] Below are the pole-zero plots of the system functions, H(z), of several
discrete-time systems. Also, there are plots of frequency responses, H(e*), on the next page.
For each pole-zero plot, enter the letters of the matching frequency response. There are more

frequency response plots than pole-zero plots.

. B ", AR Xy
- B
o ° ....................................
X : X .“' xX
X : o
ANS = j ANS — j
. ) T .
........ °3n o G’I
ANS = | ANS= |
-
x L=
. . A
[+ -]
XoE R s B |
x CE
o . <
X o
[+

ANS= ANS=




-1

-0.57 0 0.57

-

0 0.57

-0.57

-K

=

-0.57 0 0.57

-

-0.57 0 0.57

=x

-0.57 0 0.5«

-

0.57

-0.57

-

-0.57 0 0.57

=K

0 0.5«

-0.57

-

0 0.57

-0.57
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PROBLEM sp-24-FINAL.4:

[3 points Each] Pick the correct frequency response characteristic and enter the number in the
answer box. Each frequency response is used only once. There are more items on the right-hand
list than on the left-hand list.

(2) hln] = (=3)" uln]

0\ — 1
L H(e) = 55w
oy —
(b) H(z)=1+21 427242734 74 2. H(e") = g

3. H(eI®) = 2e792%(0.5 + cos(&) + cos(20))

() yn = filter([1,11,1,xn)

4. H(ej“:’) = ﬁo—ﬁs

(d) hln) = X3_o8[n — k] 5. |H(el®)| = 2cos(&/2)

6. H(eM) = Sin(20) - j1.50

(e) y[n] = z[n — 1] + 2z[n — 3] + z2[n — 5
l 7. [H(e) = —3&

(f) yln] = syln — 1] + z[n] 8. |H(e®)| = 0.5cos(2d)
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PROBLEM sp-24-FINAL.5:

The parts in this problem are independent from each other.

(a) [6 points] Two periodic sequences are given as follows:

n |[..]0] 1 2 |3 4 | 56| 7 [8]9]10]11]12
zifn] [...]1]05]-05[-1]-05[05[1[05[-5][-1[-05[05] 1
zn] | ..]0] 2] 0 [-2] 0] 2]0]-2]0[2] 0 ]]-2]0

Note that the two signals have different periodicity. Suppose that we add the two signals to
have a new periodic signal z[n] = z;[n]+ z2[n|. For the sequence z[n],n = 0, ..., 11, determine
the 12-point DFT sequence and write the values in the following table.

Hint: Write z1[n] and zq[n] as simple sinusoids.

k 0 1 2 3 4 5
X[k
k 6 7 I 8 9 10 11




(b) [2 points] Suppose the DFT, X k], of a sequence z[n] shown below, is real. That is, X*[k] =
X (k] for k =0,...,7. Can the unknown values of z[n] be determined? If yes, give the missing
values. If no, then justify your answer.

{177a ?7?7 176753 7}

circle one YES (give the missing values below) or NO (justify)




(c¢) (1 point Each] Shown below are different outcomes that result from executing the following
MAaTLABcode:

stem(abs(fft(ones(1,L),N));

s Match each plot with the corresponding values for the variables N nd L by writing a letter
(A through I) in each answer box.
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PROBLEM sp-24-FINAL.6:

The parts in this problem are independent from each other.

(a) [4 points] Simplify the following expression of x[n] with a single term.

lfi = i (sin(0.77k) | [ sin(0.85x(n — k)
k=-o00 \ Tk /\ 7?(‘)’?, = lf,) }

(b) [4 points] Determine the fundamental frequency of the signal

z(t) = cos(407t) cos(24mt) + cos(60mt)

fo= Hz




(c) [4 points] Running the following MATLAB code produces the plot below, for a specific value
of the parameter W.

fsamp = 2400;

tmax = 4;

tt = 0:(1/fsamp) : tmax;

xx = real ((20+15%j)*xexp(j*2*pi*W*(tt."2)));
spectrogram(xx,128,120,512,fsamp, ’yaxis’)

Frequency (kHz)
o o
o @

Powerfirequency (dBMz)

o
~

0.2

05 1 ik 2 25 3 35
Time {secs)

Note that the y-azis is in kHz, i.e., the highest frequency shown is 1200 Hz.

Determine the numerical value of the parameter W in the MATLAB code.

W=




Table of DTFT Pairs

Time-Domain: z[n)

Frequency-Domain: X (e/?)

d[n]

1

d[n — no)

e_j wno

ri[n] = uln] — u[n — L]

sin(%c&)
. il ~ A
ri[n]ei%on sin(3L(@ = %)) _j@-ao)z-1)/2
s f17m &
sin(5(w — @o))
sin(wyn N . 1 @ <@
™ 0 ;p<|@| <
auln] (la| < 1) ;
1—ae ¥

Table of DTFT Properties

Property Name

Time-Domain: z[n]

Prequency-Domain: X (eI¥)

Periodic in @

X(ej(w+2n)) — X(ejw)

Linearity ax1[n] + bxa[n) aX1(e7?) + bX2(e??)
Conjugate Symmetry z[n] is real X (e799) = X*(eI?)
Conjugation z*[n] & CRL
Time-Reversal z[—n) X (e739)

Delay (ng=integer) z[n — ng) e Ioma X (e12)
Frequency Shift x[n]eI%on X (e7(@—0))

Modulation z[n] cos(won) 1X (e7(@=%0)) + L X (ed(@+0))
Convolution z[n] * h[n] X (e7*)H (e7%)
Autocorrelation z[—n] * z[n] | X (e7%)|?
o 1 T
) 2 (2 78
Parseval’s Theorem n;w |z[n]| o ) | X (e79)2di
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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, ie.,
z[n] # 0 only when n € [0, N — 1]

X[k] = X (e9) (frequency sampling the DTFT)

and the DTFT of z[n] is X (/%) &=2rk/N
8[n] 1
1 Né[k]
d[n — no] e—3(2mk/N)no
3 (2mn/N)ko

N§[k — ko), when ko € [0, N — 1]

re[n] = u[n] —u[n — L], when L < N

Sin(%L(zﬂk/N)) e~ 9(27k/N)(L-1)/2
sin(%(27k/N))

rL[n]e?@™k0/Nn when L < N

sin(3L(2m(k — ko) /N)) =3 (@ (k—ko)/N)(L-1)/2
: 1
sin(5(27(k — ko)/N))

sin($L(27n/N))

J@mn/N)(L-1)/2
sin(%(27n/N))

N(u[k] — ulk — L]), when L < N

Table of DFT Properties

Property Name

Time-Domain: x[n]

Frequency-Domain: X [k]

Periodic

z[n] = z[n + N]

X[k] = X[k + N]

Linearity

az1[n] + bza[n]

aX1[k] + bX2k]

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]
Delay (PERIODIC) z[n — ng) e I@mk/N)na x (k)
Frequency Shift z[n]ed 2rko/N)n X[k — ko]

Modulation

z[n] cos((2mko /N)n)

3 X[k — ko] + 2 X[k + ko

Convolution (PERIODIC)

z[n] * h[n] = 325 hlmlz[n — m]

m=0

X[k H[k]

Parseval’s Theorem

N-1

n=0

a_ 1= 2
Z [z[n]|” = N ; [ X [K]|




Table of z-Transform Pairs
Signal Name Time-Domain: z[n] z-Domain: X (2)
Impulse d[n] 1
Shifted impulse dln — ng] »—T0
Right-sided exponential a™uln] #, la] <1
Decaying cosine ™ cos(Won)uln] T 2}» ;)2 ((;i)s)(f_ol) z_;;z—z
Decaying sinusoid Ar™cos(won + p)uln] | A sl — fos(fio e W)Z:T’
1 —2rcos(@p)z—1 + r2z—2
Table of z-Transform Properties

Property Name Time-Domain x[n] | z-Domain X (z)

Linearity axy[n] + bxa[n] aXi(z) + bXs(z)

Delay (d=integer) z[n —d] 274X (z)

Convolution z[n] * h[n) X(2)H(z)
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PROBLEM sp-24-FINAL.1:

(t)

i o1

IDEAL
C/D

converter

A

P

Discrete-time
system

hin]

IDEAL
D/C
converter

P

This problem is related to the above block diagram of an ideal C-to-D converter, a filter, and an
ideal D-to-C converter.

(a) [2 points] If the output from the ideal C-to-D converter is z[n] = 3 cos(0.57n),
sampling rate is 2000 samples /sec,

of z(t).

frequency

8000 Hz
4000 Hz
2000 Hz
1600 Hz
1200 Hz
1000 Hz
800 Hz
500 Hz
400 Hz
300 Hz

N
w::

Hz

T AA

s

P

£s

and the

then determine one possible value of the input frequency

Pick a number from the list and enter its value in the answer box.

frequency = 5 O 0

_t.g'fl/a



(b) [3 points] If the input is z(¢) = 2 cos(1007t — 0.17m) — 7cos(250mt + 0.27),  and the system
is given as h[n| = d[n] — w, find the smallest sampling frequency, fs = fmin, such

that y(t) = 0 without aliasing.

Enter the value in the answer box. | fmin = é2 6_
The 'Pr'\\"&‘f acts o WPF Al frequenu'ﬁ
Q50 n Wave & Le

< ke H 7 lower e

fs "J’\l C’u"c[[
2 ‘f—s > 62 gﬁ&’ ;g(\QiUleﬂ ,




(c) [2 points] Suppose that
z(t) = cos(400mt + 7/2) + cos(2007t + 7 /2).

Determine one value of f; such that z[n] = 0.

frequency

8000 Hz
4000 Hz ) . ) )
2000 Hz Pick a number from the list and enter its value in the answer box.
1600 Hz

1200 Hz | Fs = 3 00

1000 Hz
800 Hz
500 Hz

oo, falo(?lg

Qaf+ XZL - A%7
e, 7

:>‘;P5 _ 3oo

£




(d) [5 points] Suppose that z(t) = cos(5007t) and y(t) = 0.75cos(2007t). Also, suppose that
the discrete-time IIR system is given by the following difference equation: y[n] = aryln—1]+
z[n] 4 baz[n — 2]. Determine a value for fs that is larger than 200 Samples /s. The same f,
is used at both the Ideal C-to-D converter and the Ideal D-to-C converter.

frequency

750 Hz
700 Hz . ’ . . .
650 Hy [2 points] Pick a number from the list and enter its value in the answer

600 Hz
50H,  box | fi= 50
500 Hz
450 Hz
400 Hz
350 Hz

— 50 aﬂages + 400 Hz

\

_ loo F25°¢
f, =tte

[3 points] Determine the value of a1 when the value for by is given as b; = 0.25.

«-0 1443

~)O0AM
06 A h 50 xm = 2__.
Tinl = Cas(5___) - @s zc ) Cos s
3 So 3
- = Cas(Za KV\)
1+0.25 = 35
h(?): ! I 320
- O, z7 bl |
[ | Z >z =& T%

= 2GS




(e) [2 points] Suppose that the discrete-time LTI system is defined by the following difference
equation:

y[n] = z[n] + biz[n — 1] + z[n — 2] + ary[n — 1].
In this part, let a; = —0.3. The overall system can be used to null one continuous-time

sinusoid. The frequency that is nulled is controlled by the value of b;. If the sampling rate

is f¢ =8000 Hz, find the value of b1 so that the overall system nulls out a sinusoid at 60
Hz.

n--1,44Z ,
'J@ ’Je)

‘-—{-B—Z’A‘zz QZ—'e ) (z2-¢

| — al_z-l ZC'Z—ac)

n

?ﬁ) - _1.99%8
=\ b, = - 2 Cos 209

(f) [2 points] Suppose that the discrete-time LTI system is defined by the following difference
equation:

y[n] = z[n] + brzn — 1] + z[n — 2] + aiy[n —1].
In this part, let a; = 0 and b; = 1. If the input z(t) =1 for all ¢, what is y(t) for all t?

y(t) = 3




PROBLEM sp-24-FINAL.2:

LTI
&»‘ System# 1 il %
hi[n], Hi(z)

LTI y[n] LTI wn]
System# 2 » System# 3 |
ha[n], Ha(z) hs[n], H3(z)

The above block diagram depicts a cascade connection of three LTI systems. Suppose that the
system function for system # 1 is given as Hj(z) = 2 — 2275, Also, suppose that system # 2

is an FIR filter described by the following difference equation: y[n] = 3y;[n] + 3y [n — 5]

(a) [2 points] Make a pole-zero plot for the first system, system # 1. Account for all poles and

Zeros.
1.5 :
g s s e
= O
g 05 0 ......... (‘9) ..........
& - : 3
g -0.5 |- O ______ .......
P NI W S
-1.5 :
-1 0
Real part

-5
W)= -4 Z

(b) [2 points] If we would like to replace the first two systems, # 1 and # 2, with a single overall
system that has an impulse response h[n], determine h[n] as a sum of scaled and shifted delta

functions.

- £SCW]-£SCn-12)




(c) [3 points] What is y[n] when z[n] = cos(nn + 7/5).

ynl = (O

n _ =
w=7 = Z=-I

(d) [2 points] Suppose that y[n] = 65[n — 2] — 66[n — 12]  is the output of system# 2 when
z[n] = 6[n — B], where B is an integer. Determine the value of B.

5= 2

(e) [4 points] We would like to design system# 3 such that it inverts the cascade of the first two
systems, H1(z) and Ha(z). Suppose that system# 3 can be defined by the following difference
equation: w(n] = ayw[n — 1] + ajow[n — 10] + boy[n] + bioy[n — 10].

Determine the values of a1, a1, by, and byg.

a1 = D) a1 = \ by = \/é bio = O

\
£~ =z ¢

He Lz)=




PROBLEM sp-24-FINAL.3:

(a) [2 points Each] Below are the pole-zero plots of the system functions, H(z), of several
discrete-time systems. Also, there are plots of impulse responses, h[n], on the next page.
For each pole-zero plot, enter the letters of the matching impulse response. There are more
impulse response plots than pole-zero plots.
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(b) [2 points Each] Below are the pole-zero plots of the system functions, H(z), of several
discrete-time systems. Also, there are plots of frequency responses, H(e’“), on the next page.
For each pole-zero plot, enter the letters of the matching frequency response. There are more
frequency response plots than pole-zero plots.

X R : : X
l“ ; X
s e
....................................... o o
X
X X d ‘ x ‘K

X X
....................................... F_ S 8 N WRR—S. . W
X ____________ ' ‘‘‘‘‘
ANS = i< | ANs = 1
° .
) : <
_____________________________________________________________________ X SO S AON . .
: X : x
e x 9@
o




0.57

0
B

-0.57

0.57

-0.57

-r

=

-0.57 0 0.57

N

-0.57 0 0.5

=

20

-0.57 0 0.57

-

0.57

-0.57

0 0.57

-0.57

30
2
-T

0 0.57

-0.57

-

0 0.57

-0.57
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PROBLEM sp-24-FINAL.4:

[3 points Each] Pick the correct frequency response characteristic and enter the number in the
answer box. Each frequency response is used only once. There are more items on the right-hand
list than on the left-hand list.

9 L H(e?) = e

1
(b) H(z)=1+2 1427242784 4 1+0.5e—3%

3

(¢) yn = filter([1,1],1,xn)

5 4. H(e) = —Low

3. H(el®) =2e772(0.5 + cos() + cos(2))

(d) hin] = 3o 8 — K] 5 |H(e™)] =2cos(&/2)
6. H(e/%) = S0 (=150

(e) y[n] = z[n — 1] + 2z[n — 3] + z[n — 5]

?_ 7. (H(e9) = —30

8. |H(e’?)| = 0.5cos(2w)

(f) yln] = Syln — 1] + z[n]
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PROBLEM sp-24-FINAL.5:

The parts in this problem are independent from each other.

(a) [6 points] Two periodic sequences are given as follows:

n 0] 1 [ 234 57]6[7 8910112
z1[n] 1105][-05]-1[-05[05[1[05-5|-1|-0510511
z2[n] 0l2JoJ2]02]o0[=2]0l2]0 =270

Note that the two signals have different periodicity. Suppose that we add the two signals to
have a new periodic signal z[n] = z;[n] +z;[n]. For the sequence z[n],n = 0, ..., 11, determine
the 12-point DFT sequence and write the values in the following table.

Hint: Write z1[n] and z2[n] as simple sinusoids.

k 0 1 2 3 4 5
W) O | o | 4 :zéfﬁ “ © | p
k 6 7 8 9 10 11
W0 |0 8 2™ 1 0

\\ﬁ T Cﬂ\v\
> 12-peivt DF
u.81\'3 \':-awﬁ'er Sevres
P > 32 D%n
1 3 o 3 -r-[ C & L
z(r)s 7 L& * 57 J3r
~+ C B J



(b) [2 points] Suppose the DFT, X [k], of a sequence z[n] shown below, is real. That is, X*[k] =

X[k] for k=0,...,7. Can the unknown values of z[n] be determined? If yes, give the missing
values. If no, then justify your answer.

{1,7,7,2,1,6,5,7}

—
circle one@(give the missing values below) or NO (justify)

4 an&’ D/

L

W00 = X LK) = TOF T § x L4
r'S C,M'uaau’tf
Sjmme"”’"

_151(2]: 2(?’?] =5
z(z)= 2[8-3)=¢



(¢) [1 point Each] Shown below are different outcomes that result from executing the following
MATLABCcode:

stem(abs(fft(ones(1,L),N));

s Match each plot with the corresponding values for the variables N nd I, by writing a letter
(A through I) in each answer box.

I
HMLTHM,NL
C

o i 1
T y ‘d L=3,N=¢64
TTTT‘T“?TTT TTT T T TP T T T T TP T TTT. TTT‘PTTTTT L
] D

ns= ]
i o, ,Tmﬂﬂww araes
ans = K]
ans = 2]

——

TwﬂmmmmmmnﬂmmmmmmW” itk

F

‘( H L =15, N = 16
TT T e _rTTTT e _oTTTTrr_e7TTTTe_o1TTTTe <T111TT TT

G

- J
LT 1t _ 1 1 1 -

P — ——

;MLLL;LM :

15, N = 64

16, N = 16




PROBLEM sp-24-FINAL.6:

The parts in this problem are independent from each other.

(a) [4 points] Simplify the following expression of z[n] with a single term.

sl = Y (Sin(?{;:ﬂk)> - ( s k>>>

Psull m(n — k)

S"‘V, (ar7ﬂ'\ﬂ]
AW

(b) [4 points] Determine the fundamental frequency of the signal

z(t) = cos(40mt) cos(24nt) + cos(607t)

[/____/
b — 2 - 2 S")\AU SO\'JS

with w,z 647
i W, =161




(¢) [4 points] Running the following MATLAB code produces the plot below, for a specific value
of the parameter W.

fsamp = 2400;

tmax = 4;

tt = 0:(1/fsamp) :tmax;

xx = real ((20+15%])*exp (j*2*pi*Wk(tt. 2)));
spectrogram(xx,128,120,512,fsamp,’yaxis’)

0.8

Frequency (kHz)
o
[}
Power/frequency (dB/Hz)

o
IS

0.2

05 1 1.5 2 25 3 35
Time (secs)

Note that the y-axzis is in kHz, i.e., the highest frequency shown is 1200 Hx.

Determine the numerical value of the parameter W in the MATLAB code.

L
600 Yewrz &2 WT
;Pz'('l): —ZWf


John Barry
Line


Table of DTFT Pairs

Time-Domain: z[n] Frequency-Domain: X (e/°)
d[n] 1
sin(4L&) _ ...,
rin] = u[n] —u[n — L] 2 J@(L-1)/2
sin(5w)
. 71 ~ =
1 [n]ei%on w eI (@—@0)(L—1)/2
sin(5(w — @o))
in{é 1 |o]<a
sin(én) w(@+ p) —u(@ — &p) = |fu' — Lfb
™ 0 <@ <
n i,
a"uln] (la] <1) T

Table of DTFT Properties

Property Name

Time-Domain: x[n]

Frequency-Domain: X (eI%)

Periodic in @

X(ej(w+27r)) — X(ej":’)

Linearity az1[n] + bxa[n] aX1(e??) + bX,(e??)
Conjugate Symmetry z[n] is real X(e719) = X*(eI9)
Conjugation x*[n] X1y
Time-Reversal z[—n] X (em39)
Delay (ng=integer) z[n — ng) eI X (£9%)
Frequency Shift x[n]eI@on X (e7(@—t0))

Modulation x[n] cos(Won) 1X (e7(@=%0)) 4 1 X (e1(@+a0))
Convolution z[n] * h[n) X (e9%)H (&%)
Autocorrelation z[—n] * z[n] |X (e59) 2
o 1 e
; 2 Gy 12 77
Parseval’s Theorem n;oo |z[n]] ol | X (e79) [2dey
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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, ie.,
z[n] # 0 only when n € [0, N — 1]

X[k] = X (e9) (frequency sampling the DTFT)

and the DTFT of z[n] is X (/%) &=2rk/N
8[n] 1
1 Né[k]
d[n — no] e—3(2mk/N)no
3 (2mn/N)ko

N§[k — ko), when ko € [0, N — 1]

re[n] = u[n] —u[n — L], when L < N

Sin(%L(zﬂk/N)) e~ 9(27k/N)(L-1)/2
sin(%(27k/N))

rL[n]e?@™k0/Nn when L < N

sin(3L(2m(k — ko) /N)) =3 (@ (k—ko)/N)(L-1)/2
: 1
sin(5(27(k — ko)/N))

sin($L(27n/N))

J@mn/N)(L-1)/2
sin(%(27n/N))

N(u[k] — ulk — L]), when L < N

Table of DFT Properties

Property Name

Time-Domain: x[n]

Frequency-Domain: X [k]

Periodic

z[n] = z[n + N]

X[k] = X[k + N]

Linearity

az1[n] + bza[n]

aX1[k] + bX2k]

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]
Delay (PERIODIC) z[n — ng) e I@mk/N)na x (k)
Frequency Shift z[n]ed 2rko/N)n X[k — ko]

Modulation

z[n] cos((2mko /N)n)

3 X[k — ko] + 2 X[k + ko

Convolution (PERIODIC)

z[n] * h[n] = 325 hlmlz[n — m]

m=0

X[k H[k]

Parseval’s Theorem

N-1

n=0

a_ 1= 2
Z [z[n]|” = N ; [ X [K]|




Table of z-Transform Pairs
Signal Name Time-Domain: z[n] z-Domain: X (2)
Impulse d[n] 1
Shifted impulse dln — ng] »—T0
Right-sided exponential a™uln] #, la] <1
Decaying cosine ™ cos(Won)uln] T 2}» ;)2 ((;i)s)(f_ol) z_;;z—z
Decaying sinusoid Ar™cos(won + p)uln] | A sl — fos(fio e W)Z:T’
1 —2rcos(@p)z—1 + r2z—2
Table of z-Transform Properties

Property Name Time-Domain x[n] | z-Domain X (z)

Linearity axy[n] + bxa[n] aXi(z) + bXs(z)

Delay (d=integer) z[n —d] 274X (z)

Convolution z[n] * h[n) X(2)H(z)

Date: 24-April-2019



	blank.pdf
	FinalA_sp24



