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PROBLEM 1:
(a) Express the signal y(t) in standard reduced sinusoidal form (i.e., Y., A; cos(w;t + ¢;) where N is

unspecified with 4; = 0 and —nt < ¢; < m) (8 points)
y(t) — i}{e{6ef(2”(1°°)t‘”/3)} + 3ej2001'tt+j7't/3 + 3e—j2007tt—j /3

T jmr T

y(t) = Re {67710V 73} 4 3¢/200THT 4 3¢7I20TF 6 cos (200mt — §) + 6 cos (200t + §)

jn jn ,
Phasor Addition: 6e” 3 + 6e3 = 6e/% - y(t) = 6 cos(200mt)

y(t) = 6 cos(2007t)

(b) Express x(t) = cos(3007t + /9) cos(21007t) as a sum of two sinusoids
x(t) = Aj cos(wqt + 1) + A, cos(w,t + ¢y)
and determine the fundamental frequency f,.(8 points)

Center the 150 Hz signal on the 1050 hz signal giving two sinusoids at 1200 Hz and 900 Hz. f, = 300 Hz

x(t) =% cos(1800rt — /9) + %cos(2400nt +1/9)

x(t) = %cos(lSOOnt —-1/9) + %cos(2400nt +1/9) fo =300 Hz




PROBLEM 2: (Parts a and b can be solved independently)
(a) A signal x(t) has Fourier Series coefficients that are computed over one period as:

1 (3 1 s
a, = ZJ (1 - §t> e_JEktdt
0

(i) Plot x(t) over the interval —4 < t < 4. (5 points) (properly label all points)

\ 4

(ii) Find a, (5 points)

a, is the area of a triangle * 1/4: a, = %(1)(3) *i =3/8 a, =3/8

(b) A signal x(t) with period of T, = 0.008 sec is defined as follows
M

j2m
b
x(t) = E aye To ‘

k=—M
with Fourier series coefficients expressed as:

ik
a = :{—2 odd values of k

0 evenvaluesof k

; g = 2eI™

(i) If M = 8, what is the minimum sampling rate (f;) needed for proper reconstruction? (5
points)

Ty = 0.008 > f, = 125 Hz — f, > 2% 7f, = 2 % (7 * 125) = 1750 H fi > 1750 Hz

(ii) If M = 2, expand x(t) as a sum of sinusoids with each sinusoid expressed in standard form
(i.e., Acos(wyt + ¢)) (5 points)

1L jm _r . T
ap = —2;a4, = eZay, = 0 - x(t) = =2 4 e2 /271259t  ¢=7 /271250t — _2 4 7 cos (2507‘[t + E)

x(t) = -2+ 2cos (250nt + g)




PROBLEM 3: (Each part of this problem may be answered independently)
Consider the ideal sampling and reconstruction system shown below for parts (a) and (b):

x(t) Ideal x[n] |deal y(t)
— C-to-D > D-to-C —
Converter Converter
In=1/1, In=1/1,

(a) Suppose that f5, = 2000 Hz and x[n] = 6 cos(0.4wn + /3). Find two possible inputs for

x(t) (i.e., x,(t) = A; cos(w 1t + ¢1) and x,(t) = A, cos(w,t + ¢,)) that would have resulted
in the same discrete-time signal x[n] with the restriction that the input frequencies be
between 0 and 2000 Hz. (8 points)

One is unaliased: x, (t) = 6 cos((0.47 * 2000)t + 7/3) = 6 cos (8007t + )
One is folded: x,(t) = 6 cos((1.6m * 2000)t — 7r/3) = 6 cos(3200mt — 7/3)

%,(£) =6 cos (800m: + g)

x,(t) = 6cos (32007‘Ct — g)

(b) Suppose that fs, = f5, = fs and x(t) = cos(800mt) + cos (3400nt - g) Find the largest f

such that y(t) = Acos(8007nt + ¢). Also, find A and ¢ (8 points)

Fold 1700Hz signal into 400 Hz signal: f; = 2100Hz fs=_2100Hz___
. . jn jn . A=+3=173
Ael? =10 + 1es = 3e's ~ 1.73e7/0167" —
¢ = % ~ 0.167mT_

(c) Consider the following MATLAB code: (8 points)
tt=0:1/3000:tstop; % time in seconds
psi=2*pi* (450*tt+250*tt."2);
XX = cos (psi);
spectrogram(xx, 256, 200, 512, 3000,’yaxis’)
(i) What is the instantaneous frequency represented in the spectrogram at 20 seconds (i.e., f;(20))

W(E) = 21 (450t + 250t2) > f,(¢) = i%t) = 450 + 500t

£,(20) = 450 + 500(20) = 10450 — 10450 — 9000 = 1450 Hz fi(20) = 1450 Hz___

(i) What is the largest value the variable t stop can be to avoid seeing folding in the spectrogram?

fi(tstop) = 450 + 500(tgr0p) < 1500 = tgp, < 2.1 SEC
tstop < 2.1 sec




