
Lecture 5 Outline

! Review of Last Lecture
! Fourier Transform Pair
! Rectangular Pulse Example
! Fourier Transforms Properties
! Signal Bandwidth

! Special Functions

Review of Last Lecture
! Fourier Series

! Filtering Exponentials

! Fourier Series Properties
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Fourier Transform Pair
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! X(f)

f

Real signals have |X(f)|=-|X(-f)| and <X(f)=-<X(-f)

Rectangular Pulse

! Rectangular pulse is a time window

! Shrinking time axis causes stretching of  frequency
axis

! Signals cannot be both time-limited and bandwidth-
limited
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Infinite Frequency Content



Fourier Transform
Properties

! Useful Properties
! Linearity, time shift, DC, conjugation, Parseval

! Key Properties
! Time scaling

' Contracting in time yields expansion in frequency

! Duality
' Operations in time lead to dual operations in frequency
' Fourier transform pairs are duals of each other

! Frequency shifting
' Multiplying in time by an exponential leads to a frequency shift.

! Convolution and Multiplication
' Multiplication in time leads to convolution in frequency
' Convolution in time leads to multiplication in frequency

Signal Bandwidth

! For bandlimited signals, bandwidth B
defined as range of positive frequencies for
which |X(f)|>0.

! In practice, all signals time-limited
! Not bandlimited
! Need alternate bandwidth definition
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Special Functions

! Dirac delta function

! Exponentials

! Sinusoids

! Delta Function Train

" (t)

0

fc

#" (f-fc)Aej2$fct   %

Acos(2$fct)   %
fc

.5#" (f-fc)

-fc

.5# " (f+fc)

Ts&n" (t-nTs)

0

&n" (t-n/Ts)

0 Ts 2Ts 3Ts
-Ts-2Ts-3Ts 1/Ts-1/Ts

Main Points
! Fourier transform is the spectral components of a signal

! Rectangle in time is sinc in frequency

! Time-limited signals are not bandlimited and vice versa

! Time-scaling, duality, freq. shifting, multiplication, and
convolution are key FT properties

! Signal bandwidth definition depends on its use

! "  functions, sinusoids and exponentials key in Fourier
analysis

! Delta function train in time is a delta function train in freq.


