6.3 Slgnals and Systems

Bryan Russell
Problem Set 1

DUE: 9/12,/2003

Problem 1

(a)

(V3 + §)%e 73 = (2678 )56 33 = 2i T e 17 — 2ed3_
1273 = 2

= E'

See Flgure 3

Problem 2

(a)
(1 - ;_1]- Shift left 1, fip, expand by 3.
See Fleure 4

(b)

x(t —2) [8(t — 3) +u(3 — 1))
x(t — 2): Shift nght 2

8t — EL} Shift nght é

ul(d — t): Shaft left 3, fip
See Flgure 5

Problem 3

(a)

|2 — n|: Shift left 2, fip.

See Flegure 6

(b)

[2n + 1]: Shift left 1, compress hy 2.
See Flegure 7
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Problem 4

Even part:
See Flgure 8
Odd part:
See Flgure 9

Problem 5

(a)

w(t) = (zan(4L — l};]ir — {I|{L}Ji

We see that x(t) oscillates equally above and below the x-aos. Since we sqanre x(t), we
flip the negative values above the x-axis. So the period wall be cut 1in half. Now, calculate
the period of x(t).

it + T) = sin(4(t + T') — 1) = sin(4t — 1 4 4T)

For this to be perniodic, we neoed:

4T = 2wk

for E = 0,41 42 . Using our above analy=zis that the period will be eut in half, T =
1=

(b)

Let us use the complex exponential:
xy[n] = eftinl il

S0,

rifn + N] = W TNITG) — pfiN a0l )
This = perodic if:
c—f'dHZl-:iﬂlN:EIrk-:::-Nzgk

for K = 1,41, 42 ... However, notice that N can never be an integer. So, r[n| cannot he
pertodic.

(c)

L&t us use mmpﬁl:__;x exponentials:

zifr] = (—1)"e? T = (—1)"xa[n].

Let us first look at xafn|:

. dximgMN - ~Em
w4 N = el H ) — S TP
Thas 1 perodic 1f
- Do [ Y
T 1 BN _gnk e N= Tk

for K = 1,41, 42 .. We can easily observe that (—1)™ has period of 2. So, Ny = 14.

Problem 6

()

l. Memoryvless? No y depends on future and past values of .
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4.

8

TI? No

ra(t) = x1(t — tp)

wa(t) = xalt +3) — z2(l — &) = 5y (t + 3 — tp) — x4 (1 — & — i)
wi(t —to) =zt — to + 3} — (1 - (t — to))

Linear? Yes

raft) = axi(t) + bra(t)

y3(t) = zalt +3) —x3(l — t) — axy(t 4+ 3} + bt 4+ 3) — ax (1 — ) — bxa(l — &) =
a{xy(t +3) — xy(1 — ) + B{xa(t + 3) — za(l — t)) = ey (L) + byz(t)

Causal? No. For ¢ = —1, y(—1) depends on =(2).

Stable? Yes. Suppose [x(t)| < B ¥t. Then |y(t)| < 2B.

. Memoryless” Yes, since y depends only on current values of .

TI? No. Let:

r1fn] = 8[n] — sl = 8l
raln] = dln + 1] = yaln] = —d[n 41|

Linear? No. Let:
ri[n] = d[n]
xalu] = (—1)fs] = —4fn] — waln] = —28fn] # (~ L] = —fn]

Causal? Yes since 1t 15 memoryless.

. Stable? Yes. If |z[n]| < B, |y|n]| < 2B.

- Memoryless? No sinece y[n| depends on future valoes of x[n|.

TI? Yes. x3fn] = xy[n—np] — waln] = 370 walk] = V0  nilk—mg| = 30 . 1K
!l"l[:":t . nﬂ] == E:ﬂ 'I'I—I'Ll]II['kl'

Linear? Yes. x3[n| = ax[n] 4 bra[n] — wn] =30 xalk] =370 axg k] + bea|k] =
a ko T1[k] + 035 walk] = ay[n] + buafn].

Causal? No, see memoryless answer.

Stable? No because we sum all future samples of =, which imples that ¥ 15 unboundexd.

Problem 7

ra(t) = —xa(t — 1) — 25 (t — 2)

we(t) = —wi(t — 1) — 2m(t - 2)
See Figure 10
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