Signals and Systems I

Homework #1

EE360: Spring 19

Due We. 1/30
1. (OW 1.21)
Solution
See Fig. [1] for plots.
(a) Shift right by 1.
(b) Shift left by 2 and flip.
(c) Shift left 1 and squeeze by factor of 2.
(d) Shift left by 4, flip, and stretch by factor of 2.
(e) z(t)u(t) + z(—t)u(t)
(f) z(t)o(t+ 5 ) x(t)o(t — %) = 33(_73)5(t+ %) — :L‘(%)d(t — %)) = —0.50(t + %) —0.50(t — %))
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Figure 1: OW 1.21 Solutions

2. (OW 1.22 (a)-(f))
Solution

See Fig. [2] for plots.

Shift right by 4.
Shift left by 3 and flip.
Decimate (squeeze) by 3. Only keep integer indicies.

(a)
(b)
()
(d) Shift left by 1 and decimate by 3
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Figure 2: OW 1.22 Solutions

(e) z[n]u[3 —n] = x[n] since u[3 —n] =1 for n < 3.
(f) z[n —2]0[n — 2] = z[2 — 2]d[n — 2] = z[0]d[n — 2] = O[n — 2]

3. (OW 1.31)
Solution
See Fig. [3] for plots.

8

(a) w2(t) = 21(t) —21(t = 2) — ya(t) = (1) —pu(t = 2)
(b) @3(t) = 21(t+ 1) + 21(t) — y3(t) = ya(t + 1) + 1 (t)

Figure 3: OW 1.31 Solutions
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4. (OW 1.49 (a)-(f), (i), (k), (1))

Solution
Convert the Cartesian coordinates (z = x + jy) into polar using the formulas

r =2+ y? 0 = tan~* (%)

The points are plotted in the complex plane in Fig.

(a) 1+jV3=1/1+ (\/5)269'%“71(?) = 2¢I7/3

(b) —5 = 5¢l™

(c) —5 —5j = 5v/2e7°m/4

(d) 3+4j = el tan'(3)

(e) (1—jv3)% = (1—j2v3—-3)(1—3jV3) = —2(1+jV3)(1—jV3) = —2(143) = -8 = 8™

(£) 1=5)°=1=7)°A=5)*1~j) = (-2’1 ~j) =45°(1 = j) = ~4(1—j) = ~4+4j =
4/2e737/4

" 1\/21\? _ \/§+3]4—]+\/§ _ 2\/§4+2J _ %(@ﬂ.) _ /s

(k) Using results from (i) ‘ A ‘
(VB4 §)2v/Ze 714 — (263710)2/Be—im/t — 43/~
(1) Using results from (i)

31 (24523) -1 1 (—1—|—j\/§>
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Figure 4: OW 1.49 Solutions
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5. (OW 1.51 (a)-(c))

Solution
(a)
1, 0 s
cosf = 5(6J +eY)
1
= 5(0059 + jsinf + cosf — jsinf)
1
= 5(200s0)
= cosf
(b)
- Lo jo_ —jo
sinf = Z( —e )
1 . .
= ?(COSQ + jsin® — (cosf — jsinf))
J
L. .
= 2—j(23 sin 0)
=sinf
()
1/ . N\ 2
cos? f = (2 (6]9 + e]9>)
_1 (720 4 e 4 30 4 c=320)
4
Ljoo . —go0\ 1 jo, jo
() fe )
1 1/ . , 1
— .= 726 —]29) Z(2
22 (e ) + e
1 1
= 5 cos 20 + 3
1
= 5(1 + cos 260)
6. (OW 1.55)
Solution

Use the results from Problem 1.54 for summation formulas.

(a)
iem/g =02 gt (1) 2
n=0

n p— pu— pu— :1 ]
1— ein/2 1 - 1-; T

(b) Using results from (a)
9

7 9 9
Z 6j7rn/2 — Zejﬁ(H—Q)/Q — e—jﬂzejwl/Q - _1x Zejﬁl/Q — _1(
=0

n=—2 =0 =0
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()

— (1\" . 1 1 1
Z) ez = N — (442
2::)<2> S R TR R
(d) Using results from (c)

1\ (Leim/2) 42 1 1.1 1 4
- jm/2 _ \27  J __J N AN — -
> <2) e = 5(4+2J)} 4{5(4+2j)} 3

n=2 L= 5‘7 10
(e) Using results from (a)
2 1 1 1 1
jTn/2 - _—jm/2 _ = _ _
Zcos ;263 +5e / —2<1+])+2(1 j)=1
(f) Usmg results from (c)
I 1., . 1 , 1,1 1.1
- - \n_jmn/2 7n—j7m/2:7 - . ST (A 9\ — &
Z cos(Gm) = 5 3 ()4 ()" 20+ (54— 2))
7. (OW 1.56)
Solution
(a)
/4 jmt /2 (1 mp]t 1 (27 1]
T2 = | ——eIT =—— | =1 =0
0 Ljm/2 lo  Jm/2
Ol _ -
0 Ljm/2 Jo Jm/2 Jm/2 jmoom
© _ -
. 1 1 . . 1 4 4j
T2 qp — | = imt/2| : I e = 1 (1) = — = -2
/2 | jm/2 1o jm/2 [ ] Jjm/2 [ (=1)] g T
@ . .
/ e~ 4t = [1 e_(1+j)t] S 0-1] = -1
0 1+ 0 1+ 1+ 2

(e) Using result from part (d)
/ e’ cos(t)dt = / e” (Nt L o~(=Dtgy — — { +J + j] B
0 2 0 2

(f) Using a similar approach as used in part (e)

00
/ et Sll’l
0

o0
—(2-34)t | o~ (2431)t gy

—(2-3j)t —(2+35)t
[ 2- 3J L +[2+3je }0}

2 3j 2+3]]

0

{
e

;\wg\Hg\Hg\H

8. Using expressions in OW 1.54 and for any 0 < Ny, Ny < o0,




Signals and Systems I EE360

(a) For a # 1, find a closed form expression for

Na
>

n=N1

(b) For |a| < 1, find a closed form expression for

o
E a”.

n=N1
Solution
(a) Let k =n — Ny,
N2 N2_N1
E aTL — Z ak+N1
n=N1 k=0
N2—N1 N2_N1
_ Z kot — oM Z ok
k=0 k=0
No—Ni+1
_ aNl 1 — g2~
1—a
a/Nl aNQ-i-l
- l1—a
(b) Let k =n — Ny,
o0 o0
Z an — § ak+N1
n=N1 k=0
(oo}
_ CLNl E ak
k=0
pr aNl 1
1—a
a™
1-a
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