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What is Signal and System?

W

® The topics of signals and systems as related to engineering,

® These topics involve the modeling of physical signals by mathematical

functions,
‘_/'\—/

® The modeling of physical systems by mathematical equations, and the
T Ne——

Input Signal
X(t)

/—\AI

solutions of the equations when excited by the functions.
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System

Output Signal
Y(t)

A\ 4
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What is Signal?
- L/

»A Signal is rgq_e/se\ntation of physical guantity (Sound, temperature,
intensity, Pressure, etc..,), which varies with respect to time or space or

independent or dependent variable. =

- (e 2 R &
. P

Slgnal is single vaIued function which carrles information by means of
Amplltu e, Frequency and Phase.

éample \;(gqgnal video sénal signals on telephone wires etc.
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What is Signal?

CA'™
COS

time

—

s

X(t) = ASin(wt + ¢)=ASin2nuft+ ¢) X(t)

Where A =Peak Amplitude
1

T (Time Period)

¢ = Phase angle

f= Frequency=

Angular Frequency w = 2t f ( Linear Frequency)

I~


Mobile User




Mobile User




Mobile User


A PSSR ) L
What i?‘SignaI?}(\ ))Dj‘m

Signal with different Phases, Amplitudes and Frequencies
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Classification of Signals

v

w

Types of Signals with respect to jo. of variables or dime\nsionJ

One Dimensional or Signal: If the signal is function of only one variable or If
Signal value varies with respect to only one variable then it 1s ~called “One
Dimensional or 1-D Signal”

Examples: Audio_Signal, Biomedical Signals, temperature Signal etc.., in which
signal is function “time”  —— —  —
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Signal Dimension

( wo Dimensional or 2-D Signald If the signal is functionof two variable or If Signal
value varies with respect to two variable-then it is called “Two Dimensional or 2-D
Signal” h

Examples:\@age Signaoin which intensity is function of two spatial co-ordinates “X”

&"Y"i,.e I (XY) -
20 ©

niensityisfunctionof co-ordinatesx &y e (XY f Colorimage

» Three Dimensioégl or 3-D Signal) If the signal is function of |

three variable or If Signal value varies with respect to three
variable then it is called "Three Dimensional or 3-D Signal”

Examples: Video Signal in which intensity is function of two
P

spatial co-ordinates "X” & “Y” and also time “t” i.e v(x,y,t)
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Continuqus- Digital- Discrete Signals
AR [N ALV R
Qo

pes of Signal with respect to nature of the signal )

\E)ntinuous Time §'|g,n'aii(CTS) or Analog Signal :

If the signal values continuously varies with respect to time then it is called “Continuous Time

Signal (CTS) or Analog Signal “. It contains infinite set of values and it is represented as
shown below.

Digital Signal: If the signal contains only two values then it is called “Digital Signal”.

Iy )

l Discrete Time Signal (DTSS:' &QL,Q/L/O

If signal contain discrete set of values with respect to time then it is called “Discrete Time
Signal (DTS)”. It contains finite set of values. Sampling process converts Continuous time
signal in to Discrete time signal.

xe)

CT Signa\ , :1:; %

DT Sigal : Tm :
- -1 I [ ) ;’Ak
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Continuous- Digital- Discrete Signals

Representation of Discrete Time Signal (DTS)

Cad

(\_/*’\,

A discrete-time signal x(n) is a function of an integer variable n.In the DS processor, the signal is represented by the discrete
encoded values with a finite precision.

xin)

vO0) w1
] -x«Tz.\ ...... 5 zf;"n=1'§ mofoe <2 <1 012345
3 xX\n) = orn=

e ’ ) 1 4

v ¥ b i > [ & C— 0, elsewhere xin) 0 001 P00
. X3
Functional representation Tabular representation
Graphical representation of a discrete-time signal x(n)
Xy =1ie5 00,514,100 infinite — duration signal

x(n)={0,-2,1,4,-1,} finite — YN on signal
Sequence representationﬁold or arrow for origi 6
O )
Mathematically a discrete-time signal x(71) can be determined by

x(m) = x(t)l;=

@’a\} é"‘)L Nn=a0 ”
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\}Q\ /\};‘A Basic Types %f Signals

=

» Unit Step Function

nit step runction is denoted by u(t). It is defined as u(t) = 1 whent > 0
and U Owhent<O0

:
vz

» Itis used as best test signal.

» Area under unit step function is unity.

e
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Basic Types of Signals
- wD
|

' 4 ' > Unit Impulse Function 7

pUtsE-fOTTCto genoted by O(t). and it is defined as 3(t) ={ 0; t#0
o, t=0}

hit e ”
(1) 50 m»:=aEJ=l m‘% 1
1 / o(t)dt = uf(t) i > i a
—00 - il Area=1
D el feciom F]
du(t) in= ki) Tis fetion Stheontrslly 3 Aeast
- ) =g T e e
: Aroa= Lé[r‘]d? =1 ")r‘ Y L |
t
AR R :
U (a) (b)
‘ ( ( 1) = O + £ 0
12
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Basic Types of Signals

Ramp SignaL(

Ramp signal is denoted by r(t), and it is defined &s r(t) = {t i l

i 0 t<0
2L )

/u(t)z/lztzr(t)
dr(t
T B u(t)=dt()
Area under unit ramp is unity. _{\
\’\r -
o | - %
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)‘..‘_] » Parabolic Signal
Parabolic signai can be defined a< x(t) = {t2/2 t=0

Basic Types of Signals

0 t<0

2
2 Xt / / u(t)dt = / r(t)dt = / tdt = £2— = parabolicsignal
/ d?z(t)
=HE) =
:t 5 r(t) - d(l?(t)

14
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Basic Types of Signals

I

»  Sifjnum Function
Signum function is denoted as sgn(t). It is defined as sgn(t) = { A R

O
. — 0
| = 0

15
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Basic Types of Signals

- Exponential Signal
al s ' e form of x(t) = eat

x(t)
The shape of exponential can be defined by a.
Casei:ifa=0—-x(t) =e0=1 1
: Caseii: ifa< 0 i.e. -ve then x(t) = e—at, x(t)
The shape is called decaying exponential. \ 1
k

Case iii: if a> 0 i.e. +ve then x(t) = eat, X

The shape is called raising exponential. ’/
— |1
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Basic Types of Signals

Rectangular Signal

ed as X(t) and it is defined as

x(t) = A rect [%] ex: 4 rect [%]

A X(t) A X(t)

A 4

-T/2 T1/2 t 3

17
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Basic Types of Signals

Rectangular Signal
Let it be denoted as x(t) and it is defined as

A d ex'4recr[r]
1) = t|= - r3
x(1) rec [T‘ 6
A X(t) A X(t)
A _ a

-T/2 T/2 t -3




Basic Types of Signals

Triangular Signal
Let it be denoted as x(t),

X0 = A[l-% exxl) = Aln-'ﬂ

K(t] X(t)

A A

A,\\ AL
SN /|

> >
T T t 5 5 t

Sinusoidal Signal
Sinusoidal signal is in the form of x(t) = A cos(w0=x¢) or A sin(w0+¢)

X(t)

%/\/\ AN
= \/\/\/\/‘

Where TO = 2r7/w0

19



Classification of Signals

Signals are classified into the following categories:

Continuous Time and Discrete Time Signals
Deterministic and Non-deterministic Signals
Even and Odd Signals

Periodic and Aperiodic Signals

Energy and Power Signals

Real and Imaginary Signals

20



Classification of Signals

- Continuous Time and Discrete Time Signals
A signal is said to be continuous when it is defined for all instants of time.

Amplitude
y

/\\ /\ //\\ //\ // N
VALV, VAR VAR

A signal is said to be discrete when it is defined at only discrete instants of time.

el
Tl

discrete time

21



Deterministic and Non-deterministic Signals

Classification of Signals

A signal is said to be deterministic if there is no uncertainty with respect to its value at any
instant of time. Or, signals which can be deﬁned exactly by a mathematical formula are

known as determlnlstlc signals.
%\

/\\

>

A signal is said to be non-deterministic if /
there is uncertainty with respect to its value
at some instant of time. Non-deterministic signals
are random in nature hence they are called
random signals. Random signals cannot be

described by a mathematical equation.
They are modelled in probabilistic terms.

v

voltage
N g

/\\ /‘/\
VAR

\ o
\// time

22 A\

A\

time
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Classification of Signals

Even and Odd signals

A signal is said to be even when it satisfies the condition x(t) = x(-t)
Example 1: t2, t*... cost etc.

Let x(t) = t2

X(-t) = (-1)2 =2 = x(t)

~ t2 is even function

Example 2: As shown in the following diagram, rectangle function x(t) = x(-t) so it is also even function.
X(t)

>
>

-T/2 T/2 t

A signal is said to be odd when it satisfies the condition x(t) = -x(-t)

23



Classification of Signals

Periodic and Aperiodic Signals
A signal is said to be periodic if it satisfies the condition x(t) = x(t + T) or x(n) = x(n + N).
Where, T = fundamental time period,

1/T = f = fundamental frequency.
AX(t)

J AWANANANE
VARVANVARVARYE

The above signal will repeat for every time interval TO hence it is periodic with period TO.

24



Classification of Signals

Energy and Power Signals
A signal is said to be energy signal when it has finite energy.

oo
Energy FE = / xz° (t)dt
— OO

A signal is said to be power signal when it has finite power.

1 T
Power P = lim — f
ower lin /_ . z*(t)dt

NOTE:A signal cannot be both, energy and power simultaneously. Also, a signal may be
neither energy nor power signal.

Power of energy signal = 0 and Energy of power signal = OO

25



Classification of Signals

Addition

Addition of two signals is nothing but addition of their corresponding amplitudes. This
can be best explained by using the following example:

[ : 8 l > t
v = + 3
. ,
> A x2(v)
10 10 -t

As seen from the previous diagram, |
-10 < t < -3 amplitude of z(t) = x1(t) +x2(t) =0+ 2 =2 s 1@
-3 <t < 3 amplitude of z(t) = x1(t) + x2(t) =1+2=3
3 <t< 10 amplitude of z(t) = x1(t) + x2(t) =0+ 2 =2

\J
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Classification of Signals

Real and Imaginary Signals

A signal is said to be real when it satisfies the condition x(t) = x*(t)
A signal is said to be odd when it satisfies the condition x(t) = -x*(t)
Example:

If x(t)= 3 then x*(t)=3*=3, here x(t) is a real signal.

If x(t)= 3j then x*(t)=37* = -3j = -x(t), hence x(t) is a odd signal.

Note: For a real signal, imaginary part should be zero. Similarly for an imaginary signal,
real part should be zero.

27



Basic Operations on Signals

There are two variable parameters in general:

- Amplitude

- Time
The following operation can be performed with amplitude:
Amplitude Scali

C x(t) is a amplitude scaled version of x(t) whose amplitude is scaled by a
factor C.

A2 x(t)
0.5 x (t)

X 4

28



Basic Operations on Signals

Subtraction

subtraction of two signals is nothing but subtraction of their corresponding amplitudes.

This can be best explained by the following example: o
| -
3 3
> | x2 (t)
| ..

-10 10
As seen from the diagram above, sz
-10 < t < -3 amplitude of z (t) = x1(t) -x2(t) =0-2=-2
-3 <t< 3amplitude of z (t) = x1(t) -x2(t) =1-2=-1 U—to ”

3 <t < 10 amplitude of z (t) = x1(t) - x2(t) = 0-2 = -2 =

29



Basic Operations on Signals

Multiplication

Multiplication of two signals is nothing but multiplication of their corresponding
amplitudes. X1 (t)

A

This can be best explained by the following example:

!
W—p=
)
(ad

> » x2(v)
I
As seen from the diagram above, o 10 .
-10 < t < -3 amplitude of z (t) = x1(t) xx2(t) =0 x2 =0 , Az
-3 <t < 3amplitude of z (t) = x1(t) -x2(t) =1 x2 =2 r |

3<t< 10 amplitudeof z (t) = x1(t) -x2(t) =0x2=0

-10 -3 3 10

30



Basic Operations on Signals

The following operations can be performed with time:

Time Shifti

A

X (t + t0) —negative shift
X (t - t0) —positive shift

x(t -to) |

/\

x(t £t0) is time shifted version of the signal x(t).

X(t +to) |

=
Ll

v

-tq

31



Basic Operations on Signals

Time Scaling
X(At) is time scaled version of the signal x(t). where A is always positive.

|A| > 1 — Compression of the signal

|A| < 1 — Expansion of the signal

x(t) { x(2t) [ x(t/2) |

1 -4

u(at) = u(t) time scaling is not applicable for unit step function.

32




Basic Operations on Signals

Time Reversal

X(-t) is the time reversal of the signal x(t).

xt) | x(-) |

ANA\

33



Basic Operations on Signals

Convolution: Convolution between two continuous time signals can be written as

x(¢) N\ (t)=x(t) @ ht)

j@/ 10 T

The following operations are required to compute convolution
. Time reversal
. Time Shifting ( Delay & Advance)

Signal Multiplication

Integration

Note: If two signals are finite duration then Graphical Method is used and Else Function
Method is employed to compute Convolution

34
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