Fourier Transforms: Transform pairs, theorems in (X, y) and (Bx , By) domains

Definitions and theorems (in Mathematica, use FourierParameters->{1,-1}:
Spatial frequencies: B, = kX/R=2zX/AR=Kksné,.
At focal plane of lens, R— f, where f =focal length of lens

Forward transform (1D):  3{g(x)} =G (ﬁx)—T (x) exp[—i B, x]dx
Inverse transform (1D): S‘l{G( } :zij ﬁx exp[i By X]dBy

oo oo

Forward transform (2D): ~ 3{g(xy)} =G(B.B/) = _[J (x,y)exp[-i (B,x+ B,y)ldxdy
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Inverse transform(2D): S‘l{G(ﬁX,ﬁY)} =g(xy)=

Be)expli( Bx+ B,y)ldB.dp,
Shift Theorem: 3{g(x—X,)} -exp( iBx%o)G(Bx)  S{G(By —Bxo)} —exp(iﬁxox)g(x)

Scale Theorem: 3{g(ax)} = |al G(By /a) S HG(bB,)} = |b| f(x/b)
Conjugate: 3{g* (x)} =G*(-By)
Inverse transform pair: ~ 3{G(x)} =g(-f) 3 o(By)} =G(-x)
Convolution: h(x)= f(x)®g(x)= '|. f (x)g(x—x")dx’
Convolution w/delta fcn: 8 (x—x,)® g(x)= g(x X, )
Convolution theorem: f(x) ® g(x) =37{F(8)G(Bx)} 8{ f(x)g(x)} = i F(ﬁx) ® G(By)
Parseval’s theorem (conservation of energy): _Hg(x | dx=— “G (B)| “dB,
Transform pairs:
Delta functions:

S{exp[iByoX]} =276 (By £ Byo) I {exp[iBy X} =6 (XF X,)
Gaussian: S{exp(-x* 1%} )} =7 xZ exp(- X85 14)
Rect function (rect(u) =1 for — %2 <u<'%): S{rect(x/x,)} = X, sinc(By X,/2)

3{sinc(x/2x,)} =21 x,rect(By X,)

Cosine function: 3{cos(ByX)} = 7[6(Bx — Bxo) + 8(Bx * Bo)]
Array comb(x/x, )= 25(X nX, ): 3{ comb(x/ x,)} =(27 1 x,) comb| B, / (27 1 x,)]
Circ function: (circ(r/a) = 1 for r<a) S{circ(r/a)} = 27:%;@)) =ra’jinc(ap),

where p=+/B2+ B2, and jinc(x)=2J,(x)/



