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Problem 1) [25 pts]
a. [20 pts] Determine and plot the magnitude and the phase of the Fourier Transform of the

function:
sin (t %)

tm

h(t) = 6(t) — (COS (t %) —Jsin (t %))

b. [5 pts] Assume h(t) is the impulse response to an LTI system. Determine the output for the
following inputs:
i. x,(t) = 2cos (t 2?”)

ii. x,(t) =sin(4t) + 1



Note: (cos (t %) — jsin (t g)) = e Jtm/2

Let g() = 203

tm
We can write h(t) as: h(t) = §(t) — e /t™2 g(t)

1 |w| <n/4

By F.T. pairs table: G(jw) = {0 lw| > /4

By Freq Shifting Property:
_i . 1 |lw+n/2|<n/4
jtm/2 Y =
¢ g(t)HG(](a)+2)) {O lw+m/2| > m/4

Thus by Linearity: H(jw) =1—-G (j (w + g))

—3n/4 <w< —-n/4
else

H(jw) = {(1)

H(jw) is purely real, so | H(jw)| = H(jw) and £H(jw) =0

|H(jw)|

-1.5n -1.25x - -0.75x -05n -0.25n 0 025w 05z
2H(jw)

-1.57 -1.25xn . -0.75x 057 -0.25% 0 0.25x 05z

L. X, () = 2n[5 (0 =) + 8 (w0 + )|

21 g 2m
h(jo) = X,Go)H©) = 218 (0 - ) A3 = &3

i X,(jw) =Z[6(w—4) — §(w+4)]+ 276(w)

J T
o

Y1(jw) = X, (jw)H(w) = ; §(w=4)— s(w+ D]+ 27m6(w) ={y1(0) = x,(2)




Problem 2) [40 pts]

a. [20 pts] When the signal x(t) is sent into the LTI system with transfer function H,(w), the
output is y,(t). Determine the transfer function H,(w)

x(t) = u(t+2) —2u(t) + u(t —2)

Yo(t)

b. [5 pts] Evaluate

. 2
(f 1 X(Gw)|? dw>
C. [15 pts] x(¢) is sent into a new system with impulse response h,(t) = 8(t — 1) + §(t + 1)

Determine and plot the output y, (t)



1 -2<t<0
x®) =u(t+2)-2u@®)+ ut-2)=1{-1 0<t<?2
0 else
t —-2<t<0
Letf(t)={-t 0<t<2
0 else

Note that: x(£) = 22 and £(6) = —yo(t +2) s0x(e) = —2e&2

Thus by linearity, time shifting, and derivative properties:
X(jw) = —jw e/ Y, (jw)

Yo(ow) —e /02
X(jow) | jo

Hy(w) =

(2 X G)l? do) = (2r [ |x(O dt)’
= (Zﬂ <]012 dt + jz(—l)2 dt)) = (2n(2 +2))" =[64 n?
. .

h(t) =68(t—1)+ 8(t+1) o Hy(w) = e +

Y,(jw) = X(jw)H,(0) = X(jw)e™® + X(jw)el®

yvi®)=xt-D+xt+D)=ult+3)—ult+1)— u(t—1)+ u(t—3)

) =1-1 1<t<3

1 -3<st< -1

0 else




Problem 3) [20 pts]

e

a. [10 pts] If F(jw) = B(jw)C(jw) and G(jw) = 4= B (22) ¢ ()

Write g(t) in terms of £(t)

b. [10 pts] Give an example of an input x(t), a system H(w), and an output y, (t) such that:
x(t) » H(w) = y1(t) and x(2t) - H(w) = y2(t) # y1(2t)

(i.e. show that it is not generally true that the input x(2t) has the output y; (2t) )



et = () () =  (2)
By time scaling property: g'(t) = 3 f(3t)

G(jw) = #G’(ja))

Thus: g(t) = %g’(t +1) = %f(3t +3)

Consider H(w) = {(1) lwellsge 1 and x(¢) = cos G t)

y1(t) = cos G t) s0 y; (2t) = cos (S t)
but y,(t) = |H(§)| cos (gt) =0

Thus y,(t) # y,(2t)



Problem 4) [15 pts]

Suppose the signal g(t) is sent into a system H(w) = (2 + jw)

Unfortunately, we don't know what g(t), but we do know that

G(jw) =jiF(—ja)) where F(jw) =

2—jw

Determine the output, y(t), of the system
(Hint: You can do this without performing calculus)

Bonus: [5 pts] Determine the Fourier transform of

*®) =575



Bonus:

F(—jw) =

T+ o f(=t) = e * u(t)

d
Cw) =j-~F(—jw) & g =t f(=) =te ™ u(t)

1

Cjw) = ———
Vo) = G 5wy

24jo 1
(2+jw)? - 2+jw

Y(jw) = Hw)G(w) =

y(t) = e~ u(t)

Note: x(t) = F(jt)

oo

X(jw) = foox(t) e Jotdt = f F(jt) e /@tdt = 2nf(—w) =

— 00

2w e

—2w

u(w)




