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Basis Functions of 2-D Fourier Analysis

2-D Sinusoids are the Basis
Functions of 2-D Fourier Analysis
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Fourier Transform
 G

uide

The 1-D Fourier transform
 integrals

Basic theorem
s in 1-D

f(x/a) 
scaling  

|a| F(a u)

convolution

correlation

shift
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Fourier G
uide  –  1-D Functions

G
aussian

sinusoids

Rectangles
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Fourier G
uide  –  m

ore 1-D Functions and Theorem
s

m
odulation

G
aussian

sinusoids
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Fourier G
uide in 2-D

The Fourier transform
 integrals

Theorem
s in 2-D

shift

scaling

convolution

correlation
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Exam
ples of 2-D Transform

s
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Sam
pling and the Fourier Transform

  (DFT)
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Diffraction Basics

• Vector vs. Scalar diffraction
m

odels.

• W
hat can you do w

ith the
Huygens idea about diffraction.

Scalar Diffraction
1. Picture of scalar diffraction.
2. Use of G

reen’s Theorem
 and

G
reen’s functions.

3. Helm
holtz and Kirchoff

approach.
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Theoretical Foundation of Scalar Diffraction

Select surface of integration

Define boundary conditions
l

Kirchoff  (first approach)
l

Rayleigh  (later approach)

Segm
ent sphere into different

regions
The sphere of integration is broken
into several segm

ents:
1. Inside the opening,  S
2. Behind the screen, S

1
3. O

n the sphere whose radius goes
to infinity,  S

2
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Point sources and source Points for G
reen’s

Functions

Fresnel-Kirchhoff boundary cond.

l
Illum

ination of the screen from
 a

point source at P
2

Choice of G
reen’s Functions in the

Rayleigh-Som
m

erfled treatm
ent of

Diffraction

l
In this case the G

reen’s function
source points are sym

m
etric about

the plane of the screen.
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Fresnel Diffraction

•  Begin w
ith the Rayleigh-Som

m
erfeld Diffraction Integral

(sam
e as Huygens-Fesnel with correction)

•  Apply successive approxim
ations:

paraxial and longer observer distances
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Phase of the W
aves –  Definitions

Choose the phase of the tim
e

phasor:exp[-j 2p n t]

Positive direction plane w
ave:

exp[ j k • z]
And for a diverging spherical
w

ave:
exp[ j k • r]

And for the quadratic (paraxial)
approxim

ation to the diverging
spherical w

ave:
exp[ j k/2z (x

2 + y
2 )]
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Diffraction from
 Square and Circular Apertures

Distinguish betw
een the “sinc-square” and

the Airy  diffraction patterns!!


