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Objective of Chapter-5

* To generalize the Fourier series to include
aperiodic signals by defining the Fourier
transform

* To establish which type of signals can or
cannot be described by a Fourier transform

* To derive and demonstrate the properties of
the Fourier transform



Fourier Representations

Confinuous (analog) Discrete (digital)
Periodic Non-periodic Periodic Non-periodic
Analysis ~ Fourter Fourier Discr_ete Discrete-time
Tool wmp Series Transtorm Fourier Fourier
Series Transform &
Note: Z-transform

* A Fourier representation is unique, i.e., no two same signals in
time domain give the same function in frequency domain



Representation of Aperiodic Signals :
Continuous Time Fourier Transform
Development of the FT : Representation of an Aperiodic Signal

Fourier Series (FS): A discrete representation of a periodic
signal as a linear combination of complex exponentials

The CT Fourier Series cannot represent an aperiodic signal for
all time

Fourier Transform (FT): A continuous representation of a not
periodic signal as a linear combination of complex exponentials

The CT Fourier transform represents an aperiodic signal for all
time.

A not-periodic signal can be viewed as a periodic signal with an
Infinite period.



Fourier Transform — CT Aperiodic signals

* Consider the CT aperiodic signal given below:

x(1)

as f

L o %

One can construct a periodic signal equal to x(r) over the jptepyg]

- 1<t < 1, as follows:

X(1)

racathoncs
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Equations of Fourier Transform

Fourier Transform:

+20

X(jow) = j x(De

Fourier Inverse Transform:

| pem o "
X(f) = ;[ . X(jo)e' " do



Convergence of Fourier Transform

Dirichlet’s sufficient conditions for the convergence of Fourier
transform are similar to the conditions for the CT-FS:

1. x(t) must be absolutely integrable
[ x@dr <

2. X(t) must have a finite number of maxima and minima within
any finite interval.

3. x(t) must have a finite number of discontinuities, all of finite
size, within any finite interval.



Examples of Continuous Time-FT
 Example 4.1 : P.no: 290

Find the Fourier transform of the following signal:
x(t) =e“u(t), Re{a} >0

Solution: x(7) meets all three Dirichlet conditions. Using X (j@) = J._Ix(r)e'"’ﬂdr
we will have: . |
X(jo)= J.G e e dt

oc

l . E—(a+jmj|f
a+ jm
]

= , Re{aj >0
a+jo

0

Like the Fourier series coefficients, the Fourier transform 1s a complex function of

frequency in general and must be represented in two separate figures



Example — 4.1 Continued......

The magnitude and phase of X(j@) for a real value of a for this example are
petja |
Vel 1/a Magnitude




Example 4.2 : P.no: 291

Find the Fourier transform of the following signal:

x(1) = e_ﬂmu(rj, Re{a} =0

Solution: x(7) meets all three Dirichlet conditions. We know that M = { -

So,using X(jw) = J.__:x(r)e_"ﬂfff we will have:

& -

X(jo)=| e Meead;

—

a (] . +0 .
— eﬂfe—defdr +I E—ﬁIE—Jfﬂdr
0

w —Or

1 1
= +
a—jo a+ jo
2a

a- + o

Re{a} >0
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Example 4.2 Continued..

« The Fourier transform for this example is real at all frequencies
« The time signal and its Fourier transform are
(1)




Example 4.2 : P.no: 292

 Properties of unit impulse:
du(t) -

=" J‘x(r)é(f_fﬁ)‘ﬁ=x(fo)
 Example: =

Find the Fourier transform of the unit impulse signal

o)

Solution: Using X (j®) = I I.t(f}e‘*’"m(fr and the sifting property

of the impulse we will have:

X(jo)= jx S()e ™ dr =1

* Note: Unit Impulse has a Fourier Transform consisting of
equal contributions at all frequencies.



Example 4.4 P.no:293

Find the Fourier transform of the following rectangular pulse signal

@ 1 |7 | < 7]
x =
0 | # |> 7,

Solution: Using X (Jjw®) = j__:x(r)e_fm(fr we will have:

=1 ; 1 ¥
X(jeo) = _[_T_ e " dr = 2 Sllli{;a 1) )
(1)
‘]
-7, 0 T, f
Hja)
2_.!"1
PN Pt —
N, 0 " o »




Example 4.5 P.no:294

Find a time signal x(7) whose Fourier transform 1is given by:

X(jo) 1 o<W
@) =1
/ 0 oW

1 oo . .
Solution: Using ¥(7) = EJ._I X(jw)e' dew we will have:

sin(I't)
il

_ 1 " Jjoxt _
x(t) = EJ.—“’E do =

The Fourier transform X (j®) and the corresponding time signal x(7) are shown in

the next shde



o FT

Example 4.5 Continued...

Aljo)




Properties of Fourier Transform

The equations of Fourier Transform

+30

x(t)e " dt

X(jo)=|

. Linearity

. Time Shifting

. Conjugation and Conjugate Symmetry
. Differentiation and Integration

. Time and Frequency Scaling

. Duality

. Parseval’s Relation

. Convolution and Multiplication
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1. Linearity
If

(== X(jo), 1()—=T1(jo)

then
ax(t) + by(t) < 2aX (jw)+bY (jo)



2. Time Shifting
If

(1) ——> X(jo)

Then X(f _TD] FT X(]ﬂ) )e—;'mfg.

3. Conjugation and Conjugate Symmetry

The Conjugate property states that if
(1) —— X(jo)

X)) —— X (- jo)



* Conjugate symmetry property :
X(-jo)=X*(jw)

4. Differentiation and Integration

FT

x(7) < > X (jw)

< <) 27 X(f)

d
7 (x(t)«——— joo X(jo)

:>_[" x(o)dt <« _l X (jw) + X (0)S (w)
- Ja

The term XY (0)O () 1in the integration property

reflects the DC or average value of the signal



5. Time and Frequency Scaling

If

(1) = X(jo)

then |
x(at) = lX(jw)

‘ﬁ" {1
X(-t)——> X(jo)



6. Duality

X(t)«—x(-f) and X(-t)«——x(f)

X( jt)(F—>27zX(—a)) and X(—jt)(F—>27zX(a))

7. Parseval’s Relation
If X(t) and X(jw) are a Fourier transform pair, then

L e
v[—‘."'.“'

x(t)| dt = % f e jo)| do




8(i). Convolution Property
Consider LTI System

h(t) iIs the impulse response of the LTI system.
x(t) — h®) — y(®

Convolution Property:

(o) =h@)*x(t) = Y(jo)=H(jo)X(jo)

H(jw) 1s called the frequency response of the system



8(ii). Multiplication

« The Convolution property states that convolution In
the time domain corresponds to multiplication in the
frequency domain.

(¥ X()Y(/)
X(1)*y(t)——X(jo)Y(jo)
(X () V()
(= X(jo ) Y(jo)

2T



Summary of properties of CTFT

Linearity

Time shifting

Frequency shifting

Time scaling

Frequency scaling

Transform of a conjugate

ax(t) + By(1) P ek aX(f)+BY(Sf)
ax(f) + By(t) «—F-» aX(jw) + BY(jw)

X(f _— I\")) — X{ f)(’_"’z"ﬁn

. F i My
X(t — tg) «—> X(jw)e '™

Yo 47 8 L . ;
X(£)eH P s X(f - fo)

iwat . F e .
X(t)e I X[j(w — wp)]

I
x(at) ey — X (ﬁ)

la| a

| t T
:—X(-) ) X(jaw)
lal a

BN & . :
X'(1) «—— X"(=f)



Summary of properties of CTFT

Multiplication—onvolution duality

Differentiation

Modulaton

x
X(7)coslwgt) «

Transforms of periodic signals

o0

F S AR L
X(2) * y(r) «— X(HY(S)
X(t) = y(1) il X(jw)Y(jw)

-

x()y(t) «— X(f)*Y([)

¥ 4 . e
X(1)y(t) «— —X(jw) *Y(jw)
27 .

d = F
EH“” > J2wfX(f)

d F
—(X(£)) = joX(juw)
dt

=
X(t) cos(2m for) LN =IX(f = fo) + X(f + fa))

.

1
-> 7[‘Y(‘“(.IJ — (.1)”»” y X(ltw - = mf‘!”]

.

0o

x(1) = Z X[ ke~ S2miksr e X(f) = Z XIKIS(F — kfo)

K=

~

k=-00

. F \
x(t) = E X[k]e 1tork X(jw) = 2= E X[k]3(w — kwg)

k=g

R~



	Signals & Systems (CNET - 221) Chapter-5 Fourier Transform
	Outline of Chapter-5 
	Objective of Chapter-5
	         Fourier Representations
	Representation of Aperiodic Signals :  Continuous Time Fourier Transform
	Fourier Transform – CT Aperiodic signals
	Equations of Fourier Transform
	Convergence of Fourier Transform
	Examples of Continuous Time-FT
	Example – 4.1 Continued……
	Example 4.2 : P.no: 291
	Example 4.2 Continued..
	Example 4.2 : P.no: 292
	Example 4.4 P.no:293
	Example 4.5 P.no:294
	Example 4.5 Continued…
	Properties of Fourier Transform
	Slide 18 
	2. Time Shifting
	Slide 20 
	5. Time and Frequency Scaling
	Slide 22 
	Slide 23 
	8(ii). Multiplication
	Summary of properties of CTFT
	Summary of properties of CTFT

