Signals and Systems I EE360: Spring 24

Homework #1

Due Su. 1/28
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 + ) x(t)o(t — %) = 113‘(_73)5@ + %) — x(%)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.
Shift left by 1 and decimate by 3.




Signals and Systems I EE360: Spring 24

15 {15 15
27 2 4 6 g % 0 2 4 6 8% -1 0 1 2
(a) (b) (c)
2 2 : 2
15 15 15

-1 -1

1.5/ 115 115}

) 2 a1 0 S 0 572 15 2 25 3
() (e) (f)

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] = d[n — 2]

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

8

(a) 2(t) = 21(t) — 21(t — 2) —> ya(t) = y1(t) — w1 (t — 2)
(b) z3(t) =x1(t+ 1)+ 21(t) — y3(t) =it + 1) + y1(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 = = + jy) into polar using the formulas

r =22+ y? 0 = tan ! (%)

The points are plotted in the complex plane in Fig.

(a) 14+jV3=1/1+ (\/g)ertanil(?) = 2¢/7/3

(b) —5 = 5e™

(¢) =5 —5j = 5v/2es5™/4

(d) 3+4j = 5edtan'(3)

(e) (1—4v3)?=(1—j2v3—-3)(1—3jV3)=—2(1+jV3)(1—jV3) = —2(1+3) = -8 = 8"

(£) 1=5)°=(1-7)Q =51 -j) = (-2)*1~j) =401~ j) = ~4(1 —j) = ~4+4j =
4/2e737/4

n 1\;%1\/]5 _ \/§+3J4—J+\/§ _ 2\/§4+2J _ %(\/§+j) _ /6

(k) Using results from (i) ‘ ‘ A
(\/§+j)2\/§e—jﬂ'/4 _ (2ej7r/6)2\/§e—j7r/4 _ 4\/§€—g7r/12

(1) Using results from (i)

81 (24423)—1 1 <—1+j\/§>
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Figure 4: OW 1.49 Solutions
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5. (OW 1.51)

Solution

(a)

1 . .
cosf = 5(630 +e779)
1
= E(COSQ + jsinf + cosf — jsinf)

= %(2 cosf)

= cos 0

1 . A
sinf = ?(6]9 — 7%

1
= 2—j(c089+jsin0 — (cos@ — jsin#))

1
= 2—j(2j sin 0)
=sinf
2 (1 0 . —jo ?
cos” 0 = 3 (e +e )

1/, o . A

=1 (eﬂe +elfem 4 o706 1 6_]29)
1 (eﬂe 4 6_J26) (e 1 o0
4 4
1 ; 1

_ . 726 —]29) ~(92
55 (7 +e7) + 1(2)
1 1

= 5 cos 20 + 3
1

= 5(1 + cos 26)

(sin0)(sin ¢) = 1 (eje — e_j9> 1 (ej¢ - e_j¢>
2j 23
_ LQ (6j<9+¢> _ i0-9) _ =i0-9) e—j<e+¢>>
4j

_ 1 (ej(e—¢) n e—j(@—aﬁ)) _ % <€j(e+¢) n efj(ew))

—

:*COS(9—¢)—%COS(9+¢)

[\)
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(e) This can be best addressed working from the right-hand side of the equation.
' ‘ Lo o\ o . e Lo N L /s o
sm@cosgb—kcostm(ﬁ:—,(e] —63)*(63 +€]>+*(6J +63>—,(63 —e])

27 2 2 27

= i (e.j(e"l‘(b) + 6](6_¢) _ e—j(9_¢) B e_j(€+¢)>

45
L o(i0+9) _ i0=0) | ,—i(0—¢) _ —i(6+9)
+ @ (e —e +e —e )
1 . .
- = J(0+¢) _ 9,—i(0+¢)
1 (26 2e )
1 .
— — (I0+¢) _ —i(0+0)
27 (e )
=sin (0 + ¢)

6. (OW 1.55 (a)-(e))
Solution

Use the results from Problem 1.54 for summation formulas.

(a)
1—em(10)/2 5T ] (—1) 2

9
> e 1_ein/2 1—; —; i—;

(b) Using results from (a)

9
Z €j7rn/2 Ze]ﬂ(l-i-Q)/Q —¢ —jm Zeyrl/Q 1 x Zejwl/Q _ _1(1 _1_]) - 1 —j
=0

n=—2
()
— (1\" . 1 1 1
—) 2 = = = (442
nz:()<2> € 1_lej7r/2 1_%] 5( .7)
(d) Using results from (c) and Problem 8 below
< 1\ . (Lerm™/2y 1.1 1
- jmn/2 _ 27_7,4 29V = (419 V= _—
So(3) =T = TG = g2 = g
(e) Using results from (a)
N 1 1 1 1
N _ - _jmn/2 - _—jm™/2 I . (1A —
2005(211) ;26 + 3¢ 2(1 +])+2(1 j)=1
7. (OW 1.56 (b)-(f))
Solution
(b)
6 1 1 4 4j

6 1 . )
ej7rt/2dt _ |:4€J7rt/2:| - ej37l’ 1= —[9=——=2
/0 Jm/2 o Jm/2 [ ] j7r/2[ ] g T

()

8 1 ) 8 1 . . 1 4 45
ejwt/th _ |: : ejﬂ't/2:| — ej47|’ — T = N = - =_2
/2 Jm/2 o  Jm/2 [ ] Jm/2 [ (=1)] g 0
@ . |
/ (i)t gy — {16—<1+j>t] S S Y U S St |
0 14+ 0 143 143 2
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(e) Using result from part (d)

o° 1 [ ; ; 1114y
t = (1+5)t (=)t —
/0 e’ cos(t)dt 2/ [e +e } dt 5 [ 5 +

0
(f) Using a similar approach as used in part (e)

> 1 [ . ,
/ et Sln(t)dt = — e_(2_3])t + e—(2+3])tdt
0 25 Jo

IR A R R
2 || 2-3j o 12435

1 1 1
_Qj{zsj_2+3j]
3

13

8. Using expressions in OW 1.54 and for any 0 < Ny, Ny < o0,
(a) For a # 1, find a closed form expression for
N2
> d"
n=N1

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

Solution

(a) Let k =n — Ny,
N> Na—N;
DL S
k=0

n=N1

NQ*Nl NQ*NI
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0
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k=0 k=0

(b) Let k =n— Ny,




