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Lecture two: Introduction to signals and systems

1.1 Introduction

The goal of this lecture is to introduce the concepts of signals and systems, and to
provide a foundation for the later lectures. However, we will look at the above

concepts in details as follow.

Signals constitute an important part of our daily life. Anything that carries some
information is called a signal. A signal is defined as a physical quantity that varies
with time, space or any independent variable. A signal may be represented in time

domain or frequency domain.

System is defined as a set of elements or fundamental blocks which are connected
together and produces an output in response to an input signal. Systems may be

single-input and single output systems or multi-input and multi-output systems.
The process of communication involves:

» Generation of signal.
« Transmission of signal.

» Reception of signal.

1.2 Classification of Signals

There are several classes of signals. Anyway, we shall consider the following

classes, which are required in next lectures.

« Continuous-Time and Discrete-Time Signals.
» Analog and Digital Signals.
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 Periodic and Aperiodic Signals.
« Even and Odd Signals.
« Deterministic and Random Signals.

« Energy and power signals.

Continuous-Time and Discrete-Time Signals:

If a signal is defined for all values of the independent variable t, it is called a
continuous time signal. On the other hand, if a signal is defined only at discrete

values of time, it is called a discrete-time signal.

x(1) x[n]
M

\_/ h B

Continuous-Time Discrete-Time

Analog and Digital Signals:

A second classification of signals is based on their amplitudes. The amplitudes of
many real-world signals, such as voltage and current, change continuously, and
these signals are called analog signals. Digital signals, on the other hand, can only
have a finite number of amplitude values. A common example of a digital signal is

binary sequence.
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Periodic and Aperiodic Signals:

A signal which repeats itself after a specific interval of time is called Periodic signal,
while a signal which does not repeat itself after a specific interval of time is called

Aperiodic signal.

In other word, a signal x(t) is Periodic signal if x(t) = x(t + nT), where T is called the

period and the integer n > 0. But if x(t) # x(t + nT) then x(t) is a non-periodic or

Aperiodic.
X(1) :
A Periodic
= T -
< | >t
X(t)
A Aperiodic
< T
< l >t
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Deterministic and Random Signals:

If the value of a signal can be predicted for all time in advance without any error, it
Is referred to as a deterministic signal. Conversely, signals whose values cannot be
predicted with complete accuracy for all time are known as random signals.
Deterministic signals can generally be expressed in a mathematical, or graphical,

form. Unlike deterministic signals, random signals cannot be modeled precisely.

X(t) x(t)
h
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Even and Odd Signals:

A continuous-time signal Xe(t) is said to be an even signal if:
Xe(t) = Xe(—t)

Conversely, a continuous-time signal Xo(t) is said to be an odd signal if
Xo(t) = —Xo(-t)

From these equations, the even signal implies that an even signal is symmetric about
the vertical axis (t = 0). Likewise, the odd signal implies that an odd signal is

nonsymmetric about the vertical axis (t = 0). In addition, there are signals does not
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exhibit any symmetry about the vertical axis. Such signals are classified in the

“neither odd nor even” category.

}5@ Even
- I_ _I — T
X(1)
A Odd
< I >t
|

Energy and power signals:

An electrical signal can be represented as a voltage v( t ) or current i( t ) with

instantaneous power P('t) across a resistor R defined by:

vi(t)
R

P(t) =

Or
P(t)=i%(t) R

In communication systems, power is often normalized by assuming R to be 1Q,

although R may be another value in the actual circuit.

P(t) = x*(t)
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Where x( t) is either a voltage or a current signal. The energy dissipated during the
time interval (-T/2 , T/2) by a real signal with instantaneous power can then be

written as:

T/2

E, = fxz(t)dt
-T/2

And the average power dissipated by the signal during the interval is:

T)2
E 1
Py = Fg = f x2(t) dt
-T2

We classify x( t) as an Energy signal if, and only if, it has nonzero but finite energy

(0 < Eg <) for all time, where
Eg= [lx0P at

A signal is defined as a Power signal if, and only if, it has finite but nonzero power

(0 < Pay <o) for all time, where

T/2
1
— 1 - 2
Poy = lim = f x(0)]? d
-T2
The energy and power classifications are mutually exclusive. An energy signal has
finite energy but zero average power, whereas a power signal has finite average

power but infinite energy. Some signals are neither power nor energy signals.
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Example 1: Classify the following signals:
a) x(t) = 2cos(3t)
1, 0=t=5H
b) x(t) =
0, otherwise
Solution:
x(1)
a) x(t) = 2 cos(3t) A

h
T — 2T _ 27T o / \
w3 J
v" Deterministic. \/ \/
v" Even. ; E

v Periodic.

Test power:
T2 T
! 2 ! 2
Po=7 | kOPd = 2 [Ix@Par
-T2 0
T

1 2
E, = §f4cas (3t) dt
0

T
4 r1i
P, = ffi(l+CDS{6t])dt
0
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P, = Ff{l + cos(6t) ) dt
2m/3
3
Pay =~ j (1+ cos(6t) ) dt
2m (3 2m/3
3
P, = Hl f 1dt + f cos(6t) dt
0
P . = 3 D) + Los 4 in(0
== | (3 ~(sin(47) — sin(0))
F,, = 2watt

Therefore Eg =

V' The signal is power signal
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E, = lecosz(?;t) dt

lm'l
E, =4 f§(1+cus(ﬁt)]dt
E, = 2[ fld.t + jcos(ﬁt)dt]

Ep= oo
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1, 0=t=5
b) x(t) =
0, otherwise x(1)
L N

v Deterministic. 1
v Aperiodic.
v"  Neither odd nor even. : > 1

Test energy:

E, = J‘Ix(t}lzdt

3

E, = f|1|2dt
o
5

E, = f1dt

o

E;, = 5—-0=5joule

Therefore B, = 0

v" The signal is energy signal

Test power:

1
P = Jm [ kP

T—=oo T
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Exercise : A continuous-time signal x(t) 1s shown in Figure below. Classify this signal:

x(t)
/M

NANNN
VYA
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1.3 Signal Operations

In this section, we discuss three useful signal operations: inversion, shifting and

scaling.

« Time Inversion: is simply flipping the signal about the y-axis

« Time Shifting: is simply shifting the signal in time. When we add a constant to

the time, we obtain the advanced signal, & when we decrease the time, we get the

delayed signal.
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x(t+a)
;1\
x(t)
M \
> } t

« Time Scaling: is defined as the process of compression or expansion the time of

a signal.

x(at)

-
/ﬂlt"‘r
—

W
-
v

t/a t/a -at at
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« Ifa>1,then we have time-compression.

« Ifa<1,then we have time-expansion.

t
Example 3: For the signal shown in the figure below, sketch g (-1- E)

g(tr)

= t
-2 -1 o 1
Solution:
(-1-2)=s(-5-1)=s (-50+2)
g 2)=8l-5-1)=g(—3(+2)
Time-inverse
g(—t)
N S(t)
2 FinY
= §
-2 -1 o 1 2
> 1
Time-scaling by %
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1
g(— 5t
2
I =
-2 -1 o 1 2 3 a
Shifting to the left by 2
Lo 2y
g(—5t+ 2))
AN
2
I > t
-4 -3 -2 -1 O 1 2 3 -4
1.4 Basic Continuous-Time Signals
* Unit Step Function:
1 t=20
u(t) =
0 t =0
* Unit Impulse Function:
ult)
A
1
>t
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0 t=0
6(t) = {
oo t=20
Some properties of the impulse function:
f d(t)ydt=1
b
fﬁ{t)dtzl , a=0=h
b
jﬁ(t—tﬂjdt=1 , a=t,=Db

Symmetry:  §(t) = 6(—t)

Time-scaling: J&(at) = ﬁﬂ (t)

Multiplication of a function by an impulse function:
o f{t)o(t)=1H0)a(t)
o f{t)o(t-to)=1fts) 6(t-to)
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Example 4: Evaluate the following integrals.

oo 5 10
(a) j S(t—2)e tdt (b) Jﬁ{t] cos(t) dt (c) f §(t + 2) cos(mt) dt
oo 1 10

]

(@ f [6(6) +u(E) —u(t —2) ] dt e) f £u(2 — Ou(t) dt

—

Solution :
a) fﬁ(t—z) e tdt = ja[t —2)e ?dt = e7% =0.1353
o
b) f 8(t)cos(t) dt =0
1

10 10
(c) J S(t + 2) cos(mt) dt = f 8(t+ 2)cos(—2m) dt =1

—10 —10
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@ f [8(2) +u(®) —u(t —2) ] dt it
A
1
= 1
=fa(¢)dr+ f[u(r)—u(t—z)]m.— o 1 2z 3 a
— oo —re uit — 2
oo 2 1
=f§{t}dt+J-1dt ot
- 0 wit) — (et — 2)
AT
=142 =3 1
0 1 2 = 4}t
(e) ftu(Z—t)u(t)dt w(z — 1)
. A
1
: 1
=
0 2 L)
s
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Exercise :

1. Classify the following signals.
a) g(t) = e2l
b) g(t) = e*
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