GEORGIA INSTITUTE OF TECHNOLOGY
SCHOOL oF ELECTRICAL AnD COMPUTER ENGINEERING

ECE 2026 — Summer 2018
Quiz #1

June 13, 2018

NAME: GT username:

(FIRST) (LAST) (e.g., gtxyz123)

To avoid losing 3 points, circle your recitation section: 10:05 _ 11:55am | Lo (Beck)

12:30 — 2:20pm| LO2 (Beck)
2:35-4:25pm| LO3 (Bhattacharjea)

Important Notes:
« Do not unstaple the test.
* One two-sided page (8.5" x 11") of hand-written notes permitted.
« Calculators are allowed, but no smartphones/WiFl/etc.
« JUSTIFY your reasoning CLEARLY to receive partial credit.
» Express all angles as a fraction of . For example, write 0.1w 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.
If more space is needed for scratch work, use the backs of the previous pages.

Problem Value Score Earned
1 25
2 25
3 25
4 25
Total




PROB. Su18-Ql.1. Letz = 27.

Re{z} - Im{z} 1

Here is a list of twelve numbers that are all dependent on z:

z* z + z* z - z* j-z
zZ £ Re{z} 6
Z
Re{z} z* Im{z}

Shown below are the locations of these twelve numbers in the complex plane. Match each number
above to its corresponding location in the complex plane below; indicate your answer by writing a
letter from {A, B, C, ... L} in each answer box above. (A letter may be used more than once.)
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PROB. Su18-Q1.2.

(a)

(b)

fo=0KkHz
fo=1KkHz
fo=2kHz
fo= 3 kHz

cos(2nfyt) + cos(2nfy(t - ——

Explain.

fo=4kHz
fo=5kHz
fo=6kHz
fo=T7kHz

1
3000

)) + cos(2nf,(t

Here is a list of 16 possible values for a frequency parameter f:

fo= 8 kHz
fo=9 kHz
fo=10 kHz
fo= 11 kHz

-2
3000

) =0,

fo=12 kHz
fo=13 kHz
fo= 14 kHz
fo=15kHz

Circle all of the values (if any) in the above list for which the following sum of sinusoids is zero
(there may not be any, or there may be more than one):

for all time ¢.



PROB. Su18-Q1.3. The following MATLAB code generates a spectrogram plot:

fs = 10000;
t = 0:1/Ffs:1;
A = 6000; B = -5000;

X = cos(2*pi*A*t - pi*B*(t."2));
plotspec(x,fs);
% spectrogram(x,512,[1,.[1.,fs, "yaxis®);

(Both the plotspec and spectrogram command would generate the same picture.)

Predict what the resulting plot will look like by carefully sketching it in the space below.
Be sure to label both the x axis (in units of seconds) and the y axis (in units of kHz)!

f (kHz)

| | | | | -
’

t (seconds)



PROB. Su18-Q1.4.

(@)

(b)
(©)
(d)

(€)

Consider the spectrum shown below:
-7 —J1

-14  -12 -11 0

Suppose we sample the signal z(¢) having the
above spectrum with sampling rate f,, and then
feed the samples to an ideal D-to-C converter
(with the same f, parameter), producing the
continuous-time output y( ¢ ), as shown here:

The input (¢ ) is periodic with fundamental frequency f =

‘ ‘j |
11 12 14 f(HZ)
x(t) IDEAL  |z[n] IDEAL y(t)
C-to-D L D-to-C >
CONVERTER CONVERTER
) . )
M,
Hz.

For which* of the sampling rates listed below will the output y(¢) be the same as the input z(¢)?

For which* of the sampling rates listed below will the output y( ¢) be a constant, independent of ¢?

For which* of the sampling rates listed below will the output y( ¢) be a single sinusoid,
i.e., of the form y(t) = Acos(w,t + ¢) for some parameters A> 0, ®, > 0, and ¢?

For which* of the sampling rates listed below will the output y(¢) be the sum of two sinusoids,
i.e., of the form y(t) = A cos(o,t + @,) + A,cos(w,t + ¢,) for A, > 0, A,> 0, and o, # ®,?

answers for part (b) answers for part (c)
fs=15Hz fs=15Hz
f, =16 Hz f,=16Hz
fs=17THz fs=17THz
f, =18 Hz f,=18Hz
fs=19Hz fs=19Hz
fs=20Hz fs=20Hz
fy=21Hz fs=21Hz
fs=22Hz fs=22Hz
fs=23Hz fs=23Hz
fs=24Hz fs=24Hz
fs=25Hz fs=25Hz
fs =26Hz fs=26Hz
fs=27THz fs=2THz
fs=28Hz fs=28Hz
fe=29Hz f. =29 Hz
fs =30 Hz f,=30Hz

*There may be none or more than one, all that apply.

answers for part (d)

fs=15Hz
f, =16 Hz
fs=17THz
fs=18Hz
fe=19Hz
fs=20Hz
fi=21Hz
fs=22Hz
fs=23Hz
fs=24Hz
fs=25Hz
f,=26Hz
fs=27THz
fs=28Hz
fs=29Hz
f,=30Hz

answers for part (e)

fs=16Hz
fs=16Hz
fs=17THz
f,=18Hz
fs=19Hz
fs=20Hz
fs=21Hz
fs=22Hz
f,=23Hz
fs=24Hz
fs=25Hz
fs=26Hz
fs=2THz
f,=128Hz
fs=29Hz
fs = 30Hz



(F)  Justify your answers in the space below.
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» Do not unstaple the test.
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» JUSTIFY your reasoning CLEARLY to receive partial credit.
+ Express all angles as a fraction of ©. 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.
If more space is needed for scratch work, use the backs of the previous pages.
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PROB. Su18-Q1.1. Letz =2’.  Here is a list of twelve numbers that are all dependent on z:
: A (
z j% g z L n* z-z* j—z
Re{z} —Im{z} 1 2 3 Re{z} 2
2 Re{z} z* Im{z}

Shown below are the locations of these twelve numbers in the complex plane. Match each number

above to its corresponding location in the complex plane below; indicate your answer by writing a
letter from {A, B, C, ... L} in each answer box above. (A letter may be used more than once.)
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PROB. Su18-Q1.2. g TO ! ¢ o
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Here is a list of 16 possible values for a frequency parameter f:

o ) -
fo= 0 kHz ( fo=aiz > ( f,=8kHz fo=12 kHz
i PJ‘_‘—‘\ V
f0=1kHZ { f0:5kHZ fOZQkHZ /_\

" fo=13 kHHz
fo=6 kHz ’/f = 10 kHz
0 &_,

fo = 3 kHz

(a) Circle all of the values (if any) in the above list for which the following sum of sinusoids is zero
(there may not be any, or there may be more than one):

1 s LB an e i
cos(2n fyt) + cos(2n fy(t — o )) + cos(2mfy (¢ S ) 0, for all time ¢.

(b) Explain.
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PROB. Su18-Q1.3. The following MATLAB code generates a spectrogram plot:

fs = 10000;

t o 4 o~ - T

A 6000; B = -5000;

X = cos(2*pi*A*t - pi*B*(t."2));
plotspec(x,fs);

o

% spectrogram(x,512,[],[],£fs,'yaxXis');

[

]

(Both the plotspec and spectrogram command would ggnerafe the same picture.)

Predict what the resulting plot will look like bxcﬁi‘efu]ly sketching it in the space below.
Be sure to label both the x axis (in units of seconds) and the y axis (in units of kHz)!

f (kHz) ‘ > AN ASE o LW

H,

U = t (seconds)



PROB. Su18-Q1.4.

Consider the spectrum shown below:

_i _i ‘ i ‘j |

14 212411 0 1112 14 f(Hz)
Suppose we sampl.e the 31gr.1al z(t) having the 2(t) ) 2[n] —ng y(t)
above spectrum with sampling rate f,, and then ——  C-o-D >  DtoC r—>
feed the samples to an ideal D-to-C converter CONV::RTER CONVIiRTER

(with the same f, parameter), producing the
continuous-time output y( ), as shown here:

3
U

(@) The input z(t ) is periodic with fundamental frequency f, = '}: Hz. ac |12 1y w
(b) For which* of the sampling rates listed below will the output y(¢) be the same as the input z(¢)?
(c) For which* of the sampling rates listed below will the output y(t ) be a constant, independent of ¢7
(d) For which* of the sampling rates listed below will the output y(t ) be a single sinusoid,
i.e., of the form y(t) = Acos(w,t + ¢) for some parameters A> 0, w, > 0, and ¢?
(e) For which* of the sampling rates listed below will the output y(£) be the sum of two sinusoids,
ie., of the form y(t) = A r,o&.((o t + 0,) + Ay,cos(w,t + @,) for A, > 0, A,> 0, and 0, # ©,7
i\' :.."_/ 1’ \ ' \:}']’.“{‘
answers for part (b) answers for pdrt (c) answers f'Q;pﬂ-rt (d) answers for part (e)
T f.=15Hz f,=15Hz fs =15Hz
f,=16Hz f.=16Hz f, =16 Hz fs =16 Hz
.= 17Hz fo=17Hz f.=17Hz f,=17Hz
f,=18Hz f.=13Hz f, =18 Hz f,=18Hz
f,=19Hz f, =19Hz f,=19Hz f,= 19 Hz
f, =20Hz f,=20Hz f. = 20 Hz fi=20Hz |
f, =21 Hz ¥, = 21 Hz f, = 21Hz f,=21Hz 3’
fy=122Hz fy=22Hz f.=22Hz fo=22Hz /
f. =23 Hz f. =230z f, = 23 Hz (J, =23 Hz) |
s = 24 Hz fs = 24 Hz fs — 24 Hz %fi: 24 H}/;“.L-'i : W
¥y =25 He f,=25Hz f, =25 > 5= 25Hz }
f; =26 Hz .= 26Hz ,\""25:26 Hz ) f.=26H: ‘I
f, = 27Hz f, =27 He F=or ) J, =21 H
fo=28Hz fs = 28 Hz f,=28Hz | f6—28111,»
'\it,"_gﬁ..% fi=29Hz f.=29Hz | » rOHZ
?:3()1—{2/,1 f.=30Hz f,=30Hz / f,=30Hz
Sl ; . i l . 5
* There may be none or more than one, ircid) all that apply.r TR l1 7 .», - 3
; e . \ g ) ~ 3
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(f)  Justify your answers in the space below.
from g e Ok N o

Y = Loos (D) - Zsin (QHTHE) ~2sm o)
T
w [ 1 H

Y %Qam x 23 H’Jy
1“ owb\fl \%9



