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In general, the 2-d FT of f(x,y) is F(u,v),

F(Lt,v):Jr j f(x,y)e 2mGutylgxdy  and,

flx,y) = Jr j F (u, v)e2mxu+yv) gy dy
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In general, the 2-d FT of f(x,y) is F(u,v),

F(Lt,v):Jr j f(x,y)e 2mGutylgxdy  and,

) = f j F(u, v)e?™u+yqudy  Transform to polar coordinates.
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In general, the 2-d FT of f(x,y) is F(u,v),

F(Lt,v):Jr j f(x,y)e 2mGutylgxdy  and,

) = f j F(u, v)e?™u+yqudy  Transform to polar coordinates.

A rdo I D dxdy = rdrdf

8 o7 X =rcosf y =rsinf
0
=Y

p? =u?+ v? dudv = pdpd¢

‘ldp U = pcos¢ v = psing
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2T 0
F(u,v) =g  F(p,¢)= j j f(r,0)e 2m9(@Drdrde
=0Y7=0

0
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A, e = i) = j

J f(r,0)e 2m9(@Drdrde
60=0+“r=0

If there is circular symmetry (and if there isn’t then the Hankel transform is not a
good choice), then

f(r,0) = f(r) and from xu + yv, g(¢p,8) = rcos(8)p cos(¢) + rsin(8)p sin(¢)
= rpcos(6 — @)
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A e 0 = j

j f(r,0)e 2"9@.rdrdo
60=0“Yr=0

If there is circular symmetry (and if there isn’t then the Hankel transform is not a
good choice), then

f(r,0) = f(r) and from xu + yv, g(¢p,8) = rcos(8)p cos(¢) + rsin(8)p sin(¢)
= rpcos(6 — @)

21 co
Fo.9)= | | rfaezmecos-darag
0] 0

This is a job for Bessel functions.
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J.(x) is a Bessel function of the first kind of order n. They are sometimes also called
cylinder functions or cylindrical harmonics.

Bessel functions are solutions to the 2nd order differential equation,

x2y" +xy"'+ (x? —n?)y =0
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J.(x) is a Bessel function of the first kind of order n. They are sometimes also called
cylinder functions or cylindrical harmonics.

Bessel functions are solutions to the 2nd order differential equation,
x2y" +xy"'+ (x? —n?)y =0

One solution to the above differential equation is of the form,

21
]n(x) — j g ~ix cos Beinﬁdﬁ
0
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J.(x) is a Bessel function of the first kind of order n. They are sometimes also called
cylinder functions or cylindrical harmonics.

Bessel functions are solutions to the 2nd order differential equation,
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One solution to the above differential equation is of the form,

21T
]n(x) — j g ~Lx cos Beinﬂdﬁ
0

21"

Figure source:
https://mathworld.wolfram.com/Bes
selFunctionoftheFirstKind.html

Last accessed July 16, 2020
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From before,

2pi o 21T | .
F(p,¢) = j j rf(r)e—ianp cos(0=®) drdo J.(x) = j p—ix cos f 5inp dg
0 0 0

21"
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From before,

2T
Zn-l'nj e—ix cos Beinﬂdﬁ
0

2pi oo
F(p, ¢) = j j rf(r)e=2mrpcos®=Pardg  Jo(x) =
D 20

If we let n = 0 (a Bessel function of the first kind of order 0), § = 0 — ¢ and dff =
d@ (¢ is constant in the integral over 0), then
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From before,

2pi o 21T | .
F(p,¢) = j j rf(r)e—ianp cos(0=®) drdo J.(x) = j p—ix cos f 5inp dg
0 0 0

21"

If we let n = 0 (a Bessel function of the first kind of order 0), § = 0 — ¢ and dff =
d@ (¢ is constant in the integral over 0), then

2T

]O(x) 38 LJ e—ix cos(@—qb)de
2m J,
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From before,

2pi o 21T | .
F(p,¢) = j j rf(r)e—ianp cos(0=®) drdo J.(x) = j p—ix cos f 5inp dg
0 0 0

21"

If we let n = 0 (a Bessel function of the first kind of order 0), § = 0 — ¢ and dff =
d@ (¢ is constant in the integral over 0), then

21

—ix cos(6—¢) - i —i2mrp cos(6—-¢)
e ) wm—p ], (27Tp) > [ ao
0

2T

1
INCIE %L
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From before,

2T
Zn-l'nj e—ix cos Beinﬂdﬁ
0

2pi oo
F(p, ¢) = j j rf(r)e=2mrpcos®=Pardg  Jo(x) =
D 20

If we let n = 0 (a Bessel function of the first kind of order 0), § = 0 — ¢ and dff =
d@ (¢ is constant in the integral over 0), then

2T

1 —ix cos(6—¢) ] (27TT )— i Zne—l?m‘l? COS(9—¢)dQ
]O(x):%() e d9—> 0] p_ZT[O

(0.0)

So that, F(p) = an rf(r)],(2nrp)dr
0

—

= Hankel Transform Pair
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Similarly, JAGR) = Zﬂj pF(p)],(2mrp)dp
] ot
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r<ili

Let f<r>=n<r>={$; ok

A cylinder.
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r<ili

Let f(r)=H(r)={(1,: o

A cylinder.

0 1
F(p) = an rf(r)]o(2nrp)dr = 27TJ r]o(2mrp)dr
0 0
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r<ili
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e 40" / 21p g 21Tp (2mp)*
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21Tp X
F(p) = anzfo r'Jo(r)dr’  From tables, JO eJo(e)de = xJ; (x)
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= 2mp? [21p]; (2mp)]
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r<ili

Let f(r)=H(r)={(1,: o

A cylinder.

00 1

F(p) = an rf(r)]o(2nrp)dr = 27TJ r]o(2mrp)dr
0 0
Letr' =2 £ P e P
b= — — rar =
e 40" / 21p g 21Tp (2mp)*

21Tp X
F(p) = anzfo r'Jo(r)dr’  From tables, JO eJo(e)de = xJ; (x)

J1(2mp) A Jinc function. The 2-d polar
[2mpfy Crp)] = P, coordinate analog of the sinc

function.
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x=2*pi*(0.01:0.01:10);
y=besselj(1,x)./x;
plot(x,y)

Figure 1
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