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PROBLEM 1: Parts a and b can be solved independently of each other
(a) A periodic signal x(t) has Fourier Series coefficients a; that are computed over one period as:

1 (* R
a = —J (4—t)e /2" qt
ToJ_;
(i) Find the fundamental period T, and a,. (5 points)

( )(6)(6) = 2.25

T, = 8 (from the equation); a, =

OOIH

To = __8seconds ap = 2.25

(i) A new signal y(t) = 2x(t — 3) has Fourier Series coefficients defined as b,. Express by, in terms of

a; (Fourier Series of x(t) in the equation above). (NOTE: Your answer will be in the form b, = Qay

*© in
x(t) = 2 aie4 kt
k=—o0

j3m * _Jj3n in
(t)—Zx(t—B)—Zz a e4k(t 3 = 22 akeTkt Tk Z 2e 4 kake4kt
k=—c0 k=—o00

_]37Tk
bk =2e 4 Ay

where you must define Q) (5 points)

j3m
By
__2e 4 a

(b) Consider the following periodic signal
x(t) = —20 — 4 cos(12nt + 0.47m) + 2 cos(30mt — 0.6m) — 5 cos(42mt — 0.31)
Find its fundamental frequency f, and fill in the table below of its Fourier series coefficients a;. (10
points)

fo = GCD(6,15,21) = 3

k=257
f() =3 Hz
k 0 1 2 3 4 5 6 7 8
a 20e~m 0 2e—J0.6m 0 0 o—jo6m 0 2 50T 0




PROBLEM 2: All parts can be solved independently of each other
Consider the ideal C-to-D / D-to-C system in the figure below for all problems below.

z(t) IDEAL z[n] IDEAL y(t)
— > C-to-D > D-to-C >
CONVERTER CONVERTER

oy —yn—1t

(@) If x(t) = 20 + cos(68nt — 0.2m) + cos(170mt — 0.87) — cos(238nt + 0.8m) and f; = 595 Hz, then

x[n] = x[n + Ny] (i.e., is periodic) where its fundamental period is Ny = | 35 samples (5
points)
GCD(34,85,119) = 17 Hz > N, Js 595 595 35 ]
= = - = = = =
fo o 27 Mo = Gen(fo, f2) ~ GCD(17,595) 17 Mt
(b) If x(t) = cos(68nt — 0.2m) + 2 cos(170mt — 0.81) cos(238nt) and f; = 85 Hz, find y(t). (5

points)

y(t) = cos(68mt — 0.21) + cos(68nt + 0.8m) + cos(68rt — 0.8mw) = cos(68mt — 0.81)

y(t) = cos(68mt — 0.81)

(c) Suppose that f; = 1500 Hz and y(t) = 2 cos(300wt — w/5). Find three possible inputs for x(t) (i.e.,
x1(t) = Aj cos(w1t + ¢1), x,(t) = A, cos(wyt + ¢3), x3(t) = Az cos(wst + ¢3)) that would have
resulted in the same output signal y(t) with the restriction that the input frequencies be between 0
and 2000 Hz. (10 points)

One is unaliased: x,(t) = 2 cos (3007Tt — %)
One is folded: x,(t) = 2 cos (27007Tt + g)
One is aliased: x3(t) = 2 cos (33007Tt — g)

%,(t) =2 cos (300m: - %)

x,(t) = 2 cos (27007rt + g)

x3(t) = 2 cos (33007Tt — %)




PROBLEM 3: All parts can be solved independently of each other
(a) Consider the FM signal x(t) = 20 cos(Bt + 10 cos(50xt)). Find the lower bound on B so that the
theoretical instantaneous frequency, f;(t), is greater than zero (i.e., f;(t) > 0). (5 points)

1
fi(t) = %(B — 5007 sin(507t)) > 0 » B > 5007x sin(50mt) —» B > 5007

B > 5007

(b) Consider the AM signal x(t) = 10 cos(3007t) cos(2nf,t). If x(t) is sampled with sampling
frequency f; = 1500 Hz, what is the upper bound on f, to avoid aliasing? (5 points)
Max frequency = f. + 150 < 750 - f. < 500 Hz

(O/EO

(c) A chirp signal is defined as x(t) = cos(¥(t)) where y(t) = 130mt? + 970mt — % fort > 0. Assume

we input this signal into MATLAB with a sampling frequency f; = 3700 Hz and then play the audio

back at the same frequency f; = 3700 Hz. What frequencies would be heard at the following times

t = 5 seconds (i.e., fat=5) and t = 50 (i.e., far=s50) S€CONdS. Explain your reasoning. (10 points)
f:(t) = 130t + 485

@t=5 seconds: f;(5) = 130(5) + 485 = 1135 Hz NO aliasing, so 1135 Hz will be heard

@t=50 seconds: f;(50) = 130(50) + 485 = 6985 — Aliasing (with folding). Aliases are separated by

the sampling frequency f; so the frequency that will be heard is: 6985 — (2)3700 = —415 Hz, so 415

Hz will be heard.

Explanation:

fores = 1135 Hz No Aliasing @t=5.

Aliasing (with folding) @t=50. Compute the frequency heard by subtracting

the sampling rate f; until it is under%.

f@t=50 =415 Hz




