riable and

the sum of

step, ramp.
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wom 1-1: Types of Signals

'« each of these 1-D signals:

, » Analog or digital?

» _ontinuous-time or discrete-time?

“raily closes of the stock market
utput from phonograph-record pickup
wtput from compact-disc pickup

“« cach of these 2-D signals:
» Analog or digital?

» oatinuous-space or discrete-space?

“mage in a telescope eyepiece
~wage displayed on digital TV
~wage stored in a digital camera

~ e following signals are 2-D in space and 1-D in time,
« are 3-D signals. Is each of these 3-D signals:

» “salog or digital?

» _otinuous or discrete?

e world as you see it
~ movie stored on film

~ movie stored on a DVD

1-2: Signal Transformations

- wen the waveform of xj(¢#) shown in Fig. Pl.4(a),
and plot the waveform of:

S —2!)

-2(t — 1)]

~en the waveform of x(¢) shown in Fig. P1.4(b),
~ «nd plot the waveform of:

wor5) in Appendix E.

1 x1(7)
Pt b TN
’ t
0 2 4
(@) x1(0)
b x(1)
3 ¢
4
10+
(b) x2(1)

(c) x3(1)

x4(%)

(d) x4(0)

Figure P1.4: Waveforms for Problems 1.4 to 1.7.

(@) x2[—-(+2)/2]

(b) x2[—(t —2)/2]

1.6 Given the waveform of x3(f) shown in Fig. P1.4(c),
generate and plot the waveform of: :

“(a) x3[—( +40)]

(b) x3(=21)
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4 /l 4
Ll L] t
|2 6

(a) (b)

Figure P1.11: Waveforms for Problems 1.11 and 1.12.

1.7 The waveform shown in Fig. P1.4(d) is given by

0 fori.= 0,

(%)2 for0 <t <2s,
X4t )e=ril ford = <4s:

f(@) for4<t<6s,

0 fort > 6s.

(a) Obtain an expression for f(r), which is the segment
covering the time duration between 4 s and 6 s.

(b) Obtain an expression for X4[—(t —4)] and plot it.

1.8 If
0 forit="2
(0=
(2t —4) fort > 2,

plot x(¢), x(r + 1), x (%), and x [_(1—’;—1)]

L9 Given x(r) = 10(1 — e~ I"l), plot x(—t + 1).

110 Given x(r) = 5sin?(67rt), plot x(t — 3) and x(3 — 7).
1.11  Given the waveform of x(t) showninP1.11(a), generate
and plot the waveform of:

(@) x(2t +6)
“(b) x(=2t + 6)

(¢) x(=2t —6)

1.12  Given the waveform of x(t) shownin P1.11(b), generate
and plot the waveform of:

(@) x(3t +6)

(b) x(=3t +6)

(¢) x(—=3t—6)

1.13 If x(#) =0 unless a < ¢ = b, and y(t) = x(ct +d)
unlesse <t < f, compute e and f in terms of a, b, ¢, and d.
Assume ¢ > ( to make things easier for you.

1.14 If x(¢) is a musical note signal, what is y(t) = x(4¢)?
Consider sinusoidal x (7).

1.15 Give an example of a non-constant signal that has the
property x(t) = x(at) for all @ > 0.

Sections 1-3 and 1-4: Waveforms

1.16  For each of the following functions, indicate if it exhibit
even symmetry, odd symmetry, or neither one.

(a) x1(r) = 312 + 414

“(b) x2(t) = 313

1.17 Foreach of the following functions, indicate if it exhibit
even symmetry, odd symmetry, or neither one.

(a) x1(t) = 4[sin(3t) + cos(31)]

@)kt sin4(4t)

1.18  For each of the following functions, indicate if it exhibits
even symmetry, odd symmetry, or neither one.

@ x1(t)=1—e2
(b) x2() =1 — =2

1.19  Generate plots for each of the following step-function
waveforms over the time span from —5 s to 45 s.

(@) x1(r) = —6u(t +3)

(b) x2(t) = 10u(t — 4)

(©) x3(t) = 4u(t +2) —4u(r — 2)

1.20  Generate plots for each of the following step-function
waveforms over the time span from —5 s to +5 s.

(@) xi(t) = 8u(t —2) 4+ 2u(t — 4)

“(b) x2(t) = 8u(t —2) — 2u(t — 4)

(©) x3(t) = —2u(t +2) + 2u(r + 4)

1.21 Provide expressions in terms of step functions for the
waveforms displayed in Fig. P1.21.

1.22  Generate plots for each of the following functions over:
the time span from —4 s to +4 s.

(@) x1(t) =5r(t +2) — 5r(1)

(b) x2() =5r(t +2) — 5r(t) — 10u(r)
(©) x3(t) = 10 — 5r(t + 2) + 5r(r)

(d) x4(t) = 10rect (%) — 10rect (?)

( o e B gal
e) X5(t)_ rec T — Srect T)

1.23  Provide expressions for the waveforms displayed in
Fig. P1.23 in terms of ramp and step functions.
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x1(1) x2(7) x3(1)
6 r. 5 -t 6 t
‘it exhibits 4+ 4.f
-+ 2+ 2 - /
— it 1 (5) : i e R e ———y =)
-:—101234(——101 8) 14 “2uciwoll 4i) 91 3104
-2 1 2 -2 1
Rexhibis (a) Step (b) Bowl (c) Staircase up
xs(7) Xe(2)
6 L 6 t
texhibing 5 2
o 1
———y o 5(S)hey =i £ (s)
i B 2 -1 [0 e
=, -]- =9 1- 1—1
funct -
(d) Staircase down (e) Hat () Square wave
Figure P1.21: Waveforms for Problem 1.21.
fum:- xl(t) x2(t)
4 -
2 -’
—t > 7 (s) : } s 7 (s)
-2 20 4 6 =2 -1 4 6
for | 1- (b) Mesa
’ (a) “Vee”
s ©
x3(7)
i
2 ke
—t ; $ 1(s)
. — [/1 6
-2 +
(c) Sawtooth
od &

’ Figure P1.23: Waveforms for Problem 1.23.
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1.24 For each of the following functions, indicate if its
waveform exhibits even symmetry, odd symmetry, or neither.

(@) x1(t) = u(t —3) 4+ u(—t —3)

(b) x2(¢) = sin(2¢) cos(2¢)

() x3(1) = sin(r?)

1.25  Provide plots for the following functions over a time

span and with a time scale that will appropriately display the
shape of the associated waveform of:

(@) x1(t) = 1002 u(t)

(b) x2(t) = —10e=0-12 y(¢)

(©) x3(t) = —10e7 0 y(r —5)

(d) x4(t) = 10(1 — =101 4 (1)

(© x5(t) = 103249 nr)

® xs(t) = 102693+ 4. 3)
1.26 Determine the period of each of the following
waveforms.

(a) x1(0),=sin2¢

) Fs(s)nereos (% t)
T
(¢) x3(t) = cos? (3 t)
"(d) x4(t) = cos(4mt + 60°) — sin(drt + 60°)
(@) x5(t)=cos (i t+ 30°) — sin(4wt + 30°)
T

1.27  Provide expressions for the waveforms displayed in
Fig. 1.27 in terms of ramp and step functions.

1.28  Use the sampling property of impulses to compute the
following.

@) n@) =2, 13 8¢t —2) dt
(b) y2(t) = [ cos(t) 8(t — 7/3) dt
© y3() = [ 158t +2) dr

1.29 Use the sampling property of impulses to compute the
following.

@ yi(1) =[5 13 83t — 6) dr
“(b) y2(t) = [ cos(t) 83t — ) dt

(©) ys(t) = f_—31 12 83t +2) dt

1.30 Determine the period of each of the following
waveforms.

(@) x1(r) = 6cos (¥ 1) +7cos (% 1)

(b) x2(t) = 6¢cos (27” 1)+ 7cos(m/2 1)

(€) x3(t) = 6cos (& 1) + 7cos (2 1)

K
N -
0 -

(@) xi(1) “M”

é\/b

(b) x5(?) “triangle”

(c) x3(¢) “Haar”

Figure P1.27: Waveforms for Problem 1.27.

131 Determine the period of each of the following function
@) xi(1) = 3+ j2)e/™/3

(b) x2(t) = (14 j2)e/>™/3 4 (4 4 j5)ei2m1/6

(©) x3(t) = (14 j2)el'3 + (4 + j5)elt/?

1.32 If M and N are both positive integers, provide a gene
expression for the period of

Acos(ZZ 1 4+6)+Beos( 2t 44

cos | — cos | — :
M N

Sections 1-5: Power and Energy

1.33 Determine if each of the following signals is a pow
signal, an energy signal, or neither.

(@) x1(t) = 3[u(t +2) — u(r — 2)]
(b) x2(2) = 3[u(t —2) — u(t + 2)]
(©) x3(2) =2[r(t) —r(t — 2)]

(d) x4(t) = e™2 u(r)
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g functions
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IS a powes

~.4  Determine if each of the following signals is a power
~nal. an energy signal, or neither.

w ox (1) =[1-e*u@)
% (1) = [tcos(3t)] u(r)
< x3(t) = [e7 2 sin(r)] u(r)
5 Determine if each of the following signals is a power
.l an energy signal, or neither.
w w0 =[1-eu@)
) x2(t) = 2 sin(4t) cos(4t)
«) x3(t) = 2sin(3t) cos(4t)
% Use the notation for a signal x(z):

Elx(L]]:
Pay[x(D)]:

total energy of the signal x (1),

average power of the signal x(7) if x(¢)
is periodic.

e each of the following energy and power properties.

@)

E[x(t +b)] = E[x(2)]

and
Py[x(t +b)] = Pay[x(1)]

(time shifts do not affect power or energy).

Elax()] = |a|* E[x(1)]

and
Pylax(t)] = |al* Paylx(1)]

(scaling by a scales energy and power by |a|?).

1
Elx(at)] = (@)

and
Pay[x(at)] = Py[x(1)]

ifa > 0 (time scaling scales energy by but doesn’t affect
pOWer).

1.37  Use the properties of Problem 1.36 to compute the
energy of the three signals in Fig. P1.27.

1.38  Compute the energy of the following signals.

(@) x1(t) = e u(t) fora > 0 Lk

(b) x2(t) = e~ fora > 0

() x3(r) = (1 — |1]) rect(z/2)
1.39  Compute the average power of the following signals.
(a) x1(t) = e/ for real-valued a

() x2(1) = 3 — jA)el™

“(€) x3(t) = /3l

1.40  Prove these energy properties.
(a) If the even-odd decomposition of x(1) is

x(t) = xe(t) + x0(2),

then
E[x(®)] = E[xe(®)] + E[x0(2)].

(b) If the causal-anticausal decomposition of xS x(t) —
x(t) u(t) + x(¢t) u(—t), then

Elx(D)] = E[x(@) u(t)] + E[x(1) u(—1)).
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