
Fourier Transforms: Transform pairs, theorems in (x, y) and (βX , βY) domains 
 
Definitions and theorems (in Mathematica, use FourierParameters->{1,-1}:  

Forward transform: 

! 

" g x,y( ){ } #G $X ,$Y( ) = g x,y( )exp[%i $X x + $Y y( )]dxdy
%&

&

'  

Inverse transform:  

! 

"#1
G $X ,$Y( ){ } = g x,y( ) =

1

2%
G $X ,$Y( )exp[i $X x + $Y y( )]d$X d$Y

#&

&

'  

Shift Theorem: 

! 

" g(x # x0){ } = exp #i$X x0( )G $X( )    

! 

"#1
G $X #$X 0( ){ } = exp i$X 0x( )g x( ) 

Scale Theorem: 

! 

" g(ax){ } =
1

a
G #X /a( )         

! 

"#1
G(b$X ){ } =

1

b
f x /b( ) 

Conjugate:   

! 

" g* (x){ } =G * #$X( )  
 
Inverse transform pair: 

! 

" G(x){ } =g #$X( )   

! 

"#1
g $X( ){ } =G(#x)  

Convolution:   ( ) ( ) ( ) !
"

"#

$$#$=%= xdxxgxfxgxfxh )()(  

Convolution w/delta fcn: ( ) ( ) ( )
00
xxgxgxx !="!#  

Convolution theorem:  

! 

f x( )" g x( ) =#$1
F %X( )G %X( ){ }   

! 

" f x( )g x( ){ } =
1

2#
F $X( )%G $X( )  

Parseval’s theorem (conservation of energy):  

! 

g x( )"
2

dx =
1

2#
G $X( )

2

d$X"  

 
Transform pairs: 
Delta functions:  

! 

" exp ±i#
X 0x[ ]{ } = 2$ % #

X
± #

X 0( )       
  

! 

"#1
exp ±i$

X
x0[ ]{ } = % x m x0( )    

Gaussian:     

! 

" exp #x 2 / x
w

2( ){ } = $ x
w

2
exp # x

w

2%
X

2
/4( ) 

Rect function (rect(u) = 1 for  – ½ < u < ½):  

! 

" rect(x / x0){ } = x0 sinc(#X
x0 /2) 

! 

"{sinc(x /2x0)} =2# x0rect($X
x0)  

Cosine function:    

! 

" cos #
X 0
x( ){ } = $ % #

X
&#

X 0( ) + % #
X

+ #
X 0( )[ ] 

Array ( ) ( )!
"

#"=

#$
n

nxxxxcomb
00

/ % :  

! 

" comb x / x
0( ){ } =2# comb $

x
/(2# / x

0
)[ ]  

Circ function: (circ(r/a) = 1 for r<a)  

! 

" circ(r /a){ } =
2# aJ

1
a$( )

$
= # a2 jinc a$( ) ,  

where 

! 

" = #
X

2
+ #

Y

2 , and ( ) ( ) xxJxjinc /2
1

=   
 
 


