Signals and Systems I EE360: Spring 19

Homework #4
Due Mo. 3/13

Note: The Basic Problems with Answers will be worth half as much as the other questions.
You must show all your work to receive credit.

1. (OW 3.21)
Solution

Given the following information about the signal
T =8, alza’*—1:j7 as = a_5 = 2,

the periodic signal z(¢) can be expressed using the complex exponential form of the Fourier
Series and converted using wy = 27/T = /4.

.%'(t) — a_5€fj5wot 4 a_lefjwot + CLle]oJOt i a5€]5wot
-9 [efJSwot + 6]5w0t] +] [ejw()t o efngt]

= 4 cos(bwot) — 2 sin(wot)

5 T T
Ccos < 1 t) CcoS 4t 5

2. (OW 3.24)

Solution

(a) Find the average signal value over a period

a0 = ;/T:c(t)dt -2 [;(1)(2)] -
(b) Define

(t)_dx(t)_ 1 0<t<1
TO="0 T 121 1<t<2’

Then FS coefficients can be found by noting
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(c¢) Using the differentiation property

x(t) +—ay,
da(t
Z(t ) <—>bk = jkwoak = jkﬂ'ak
1 1 . 1 )
=ap = b, = 1—e™ = —=[e 7" -1
@k jkm k (jk?T)Q[ "] k272 le ]
therefore,
1 k=
ap =942, —jn
mzle /T — 1] else
3. (OW 3.25)
Solution
(a)

1 jAmt —j4mt

z(t) = 5[6] + e 7%

1

:>ak—>a1:a,1:§

(b)
y(t) — i[ej47rt _ e—j47rt]
2j

1 1
b b1 = — b1 =——
=0 — 01 2’ 1 2

(¢) The multiplicative property states the product in the time domain has convolution of
the FS coeflicients.

2(t) =x(y(t) «— k= > abei.
l=—00
o = [%5(/-6 1)+ %5(% 1] [—;jé(k 1)+ 21j<5<k -

1 1 1 1

— 0+ 2+ 1-606) — 1-608) + 180 2)
1 1

— 8+ 2+ - dh=2)

Ined lpel

(d) Using pure trigonometric expansion
2(t) = cos (4rt) sin (4rt)

— 1[€j47rt + 6—j47rt] X i'[ejéhrt _ e—j47rt]

2 27
_ i[ej2(47r)t — 0 4 0 — gi2m)
4j
_ b e L ey
4j 4j
—— —
Cc2 c—2




Signals and Systems I EE360: Spring 19

4. (OW 3.27)
Solution
. . 2
N =5, ap = 2, ay = a*y = 2e97/5, ay=a*, =3, wo = g

LL’[’I’L] =24 a2632w0n + a726—j2w0n + a4ej4w0n + a,46_]4“’0"

=924+ 2ej7r/6€j2won + 2e—j7r/66—j2won + ejﬂ/3€j4won + e—jﬂ/3e—j4won
—249 [ej(2w0n+7r/6) + e—j(2w0n+7r/6)] + [ej(4w0n+7r/3) 4 e—j(4w0n—|—7r/3):|

=2+ 4cos (2won + 7/6) + 2 cos (dwon + 7/3)
= 2+ 4sin (2won + 7/6 + 7/2) + 2sin (dwon + 7/3 + 7/2)
= 2+ 4sin (2won + 27/3) + 2sin (dwon + 57/6)

5. (OW 3.33)

Solution

0 00)+ () = a(1)
assume input of form e/ and find frequency response
e/t — H(jw)e?™! for LTI system
= D y(t) = juH ()
= jwH(jw)e’™! + 4H (jw)el*t = eI+t
= H(jw) [jw+4] =1

1 = :
H(jw) = . <— use this for y(t) = Z apH (jkuwo)e?*wot
J k=—00
(a) wo=2m,T =1

1. . .

x(t) = cos(2nt) = 5 [6]27"5 + e_ﬂ”t]

1 , ; . —j

y(t) = 3 [H(]Qﬂ)eﬂ”t + H(—j2m)e 327“]
— 1 76]'2711 ;e—j%rt

2 |4+ j2n 4 jor

Ly ] 1 , ] 1
Yo l\uggon ) T 2 \u—jon
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(b)
x(t) = sin( @ ) + cos( 67t +7/4)
Ti=1/2 To=1/3
=T =1, =2n
_ i [ejQwot _ e—jQwot] + lejTr/lleijot + le—jw/4e—j3wot
2j

t) = i H(jdm)ed?ot — H(—jdm)e 72wt + 1ej7r/4H j67)ed3wot 4 1(3_]'”/4H —j6m) e 3wot
Y =55 MY J 2 2

g ] 1 o1 1
2= 95 \41jan )’ 2 \4—jan )

by = iejﬂ/4 1 by = ie—jﬂ/4 1
2j 4+ j6r )’ 27 4 — j6m

6. (OW 3.36)

Solution

Similar to 3.33

yln] — Jyln — 1] = aln]

yln] = H(ejw)ejwn’ yln—1] = H(ejw)ejw(n—l)

H(ej“) [1 — 163‘”} elon = eglwn

4

. 1
H(@Jw):f
1—167-]“)

(a)
3
x[n]—sm<fn), N0:8:>w0:7:£
_i[ejz;"—@ 34”}
25

e ] 1 po_ (11
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(b) - -
x[n] = cos (Zn) +2cos <§n> .

N, =8 No—d

Therefore the period of z[n] is N =8 = wy = 2 = .

Following the same procedure as above

1 . A A A
ZB[n] _ *[637#4" + e—j7r/4n} + [6327r/4n + e—]27r/4n]

2
y[n] _ §[H(e]7r/4) ej7r/4n + H(e—]ﬂ'/4) e—]ﬂ'/47’l] + [H(eg27r/4) 6327r/4n + H(eg27r/4) e—]27r/4n]
—— ———— ——— ———
k=1 k=—1 k=2 k=—2
1 1 1
:>b1:2<1—}le—j”/4>’ b2:<1—}16—j”/2>’

1 1 1
b-1=3 (1 — }Lejﬂ/4> ’ b2 = <1 — }lejﬂ/2>




