signals
A signal can re defined as a function of one or more independent variable,
which conveys information about the behaviour or nature of some
phenomenan.

flementary Signals

1. Unit step function
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e Extension of wire result into increase in resistance while compression of
wire result into decrease in resistance. uft)
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2 Unit impulse function
(a) For continuous time
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Properties of the impulse function

{i} Impulse function is a continuous function and the area under thg
function is equal to one

8t = 1
{iiy Even function of iime
B(-1) = (1)
(i) d(at) = -lﬁ(t)
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(iv) Product:
X(1) 8t —t,) = x(t,) &(t - t,);where, 1 is time shift
{v} Sampling property :

t
 x(vst—to)

= xX(tg); t, <ty <ty
]
(i) | d—g-(tﬂx(t)dt - %
. =0

Relaticnship between unit impulse and unit step function

Ramember: . OO

*» Asthe unit step function is neither continuous nor differentiable att = 0.

The unitimpuise function is defined as
3,0
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(b} For discrete-time
3{n]
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Remember:

+ Thediscrete-time unit impulse is the first difference of the discrete-time
~unitstep

3 = uinj-uln— 1]

¢ Relationship between unitimpulse and unit step

un] = iﬁ[n—k]
k=0

*  Sampling property
x[n) 8ln-nyl= xin,]&In~-n.]

3. Rectangular or Gate function +x{t)
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4, Unit Ramp function
' r(t)
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5. Signum or sgn function u(t)
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Note: e

o [uEo=1-u@]

*  Sgnfunctionisnotdefinedatt=0andischosenasQatt=0

6, Sinc and sinc? function
+ The sinc and sinc? functions are defined in terms of an inclependent
variable A.

sinc(a) = SN

* Sinc (A} is equal to zero for A = £n (n = 0), n an integer.

7. Sine integral function
+ Sine integral function is an odd function

¥ si - o3 5 7
Si(y) = S”"(a)d _ . - y _ % Y2 B vy’
I=a e | | SO =6~ g “Hat
Remember:

. | Sita)=0,Sim) = 2.0123, Sifoe) = ( 325]

*  Sifunction converges fast and only a few terms in above equation are
needed for a good approximation

Operators

1. Time scaling
For analog signals
Let x(t) be an arbitrary signal, a time scaled version of x{t) is obtained
by replacing 't' by ‘at’ where ‘a’ is scaling factor,
(1) = x{at)

* a> 1shows compression of x(1).

* (O« a<1shows expansion of x(t).

For discrete signals

For a discrete time sequence x[n], compression of a signal by factorM
is given by

¢[n] = x{Mn]; M and nboth are integers

3, Time Shifting
For analog signals
Shifting in time may results in time delay or time advancement,

For a continuous-time signals x(1), time shifting is given as

delay or shift right by 't'.
advance or shift left by 'ty

oty =x{t—1g) -
o) = x{t+ 1) -

For discrete signals
For a discrete time sequence x[n] time shifting is given as

delay or shift right by n, samples.
advance or shift ieft by n, samples.

¢[n]=xn-nyl -
oln}=x[n+ng} -+

3, Time Reversal

For analog signals
Time reversal x(1) is achieved by rotation of signal 180" about vertical
axis. This operation is also called as folding or reflection about vertical
axis.
For a continuous-time signals x(t), time reversal is given as
@(t) = x(-1)
For discrete signals
For discrete time sequence x[n], time reversal is given as
o[n] = x{-n]
Note: ... ... T, W BN TN .o
s Inpriority order: Shifting > Scaling > Reversal

¢ Thereis no effect of scaling on unit step signal.
*  Thetime scaling on ramp signal will result into magnitude scaling as

rat) _____, ar(t)
Classification of Signals

1. Continuous time and discrete time signals
x{t) 's a continuous-time signal if ‘t’ is a continuous variable. But if 't is
a discrete variable that is x(t) is defined at discrete times, then x(1) is a
discrete-time signal.



x[n]
(1) 2
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(a) Continuous-time {b) Discrete-time

A discrete-time signal x[n] may be obtained by sampiing a continuous-time
signal x{t).

2. Analog and digital signals

If a continuous-time signal x(t) can take on any value in the continuoys
interval (&, b) where 'a' may be —s and ‘b’ may be +ee, then the continuous
time signal x(t) is called an analog signal. If a discrete-time signal x[n;
can take on only a finite number of distinct value, then this signal is
called a digital signal,

3. Real and complex signal

A signal x(t) is a real signal if its value is a real number and a signai x(t)
is a complex signal if its value is a complex number.

4. Deterministic and Random signals
If x(t) can be perfectly known for any time ‘t’ then it is called deterministic
signal. If x(t) can not be exactly determined at any given time then it is
called Random signal.
5. Even and Odd signals
A signal x(t) or x[n] is an even signal
if (-t} = x{1)
X[-n] = x[n]
A signal x(t) or x[n] is referred to as an odd signal
if x(—t) = —x(t)
X[} = —xn]

* The product of two even signals or of two odd signals is an even signal.
* The product of an even signal and an odd signal is an odd signal.

6' Energy and Power signals

(a) Energy of the signal

E = T Ix(B)F dit
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{b) Average power of a signal
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Note: .. .. .. ... NG .0 NN e,
+ Anenergy signal has always zero average power.

+  Apowersignal has infinite energy

* Asignal maintain constant amplitude for all time is a power signal.

* lfany signalis power signal for some time and it is energy signal for some
other time then resultant signal is power signal.

¢ Ast— +eo, ifamplitude tends to o, it is neither energy nor power signal.

*  Allfinite duration and bounded signals are energy signal.

* Energy of a signal is only affected by scaling operation as

7. Periodic and Non Periodic signals
A continuous time signal x{t} is said to be periodic with period T if there
is a positive non zero value of T for which
X(t+ T} = x(t); Wi
In discrete-time signal, a sequence x{n] is periodic with period N, if
there is a positive integer N for which

xfn+ N} =x[n];, w¥n



N OO e e symmetries of periodic function

+ Thefundamental period for analog signal is Half-wave symmetry
. A periodic function x(t) is half-wave symmetric if
T, = g;

¢ Fordiscrete signal

where, T = Period of signal x-(t
N _ 2T herek=0,1,2,3 --- gnat x(1)
K w, s+ Foreven half-wave symmetry
¢ The fundamental period T, of x(t) and N of x{n] is the smallest positiye G o Bl (-»t)m X7 {1} - L s
integer for which above equation holds good. =4 o (v Xt T) = X ()]
, . o .. L Xty = =Y fE+— | R
¢ Sum of two continuous-time periodic signals may not be periodic but the - - ok 2 S
sum of two periodic sequences is always periodic.
............................ pqyp s Forodd half-wave symmetry
For periodic signal x,(t} fxq(=t) = = x¢ (1) . - _
s Average value of the signal xp(t) =" : Ty aXp{t4 T) = xp (1)
Xp(t) = — X f“'"*é"’

Xavg - ':]:“ﬁ XT(t)dt

* Average signal power N

P, = T J-TtXT |2 at;

e Effective or rms value of the signal

N O . e e

v If X7, (1) and XT, (t} are two periodic functions with periods T, andT,, then

x(t) = xy,{t) +xq, (1) is periodic with period T if

. . ,
where mand n are integers and (_—rl-) is a rotational number.
2

*» The period of x(t} is equal the least common multiple (LCM) of T, and T,,. The
LCM of two integers m and n; is the smallest integer divisible by both m
and n.




