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Fresnel vs. Fraunhofer diffraction

Fraunhofer:
both incident and diffracted
waves may be considered to

be planar (i.e. both S and P
are far from the aperture)

Fresnel:

occurs when either S or P are
close enough to the aperture
that wavefront curvature is not
negligible
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Fresnel vs. Fraunhofer criterion

view from source:

view from point of interest:
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where d represents p or g (=distance from
source or point to aperture)

A 1s aperture area
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Fresnel number

Fraunhofer diffraction occurs when:
h2
F=— <<l
dA

Fresnel diffraction occurs when:
h2
F=—>2>1
dl

where /s = aperture or slit size
A = wavelength

source:
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d = distance from the aperture (p or g)
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From Fresnel to Fraunhofer diffraction
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Fresnel diffraction from infinite array of slits:

Talbot effect

Diffraction

Screen with  patterns ~ i oo Ny,
patterns . .- ———
array of slits | "\ ,,,--"\"%\

» one of the few Fresnel diffraction problems that can be solved
analytically

* beam pattern alternates between two different fringe patterns
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Talbot “carpet”
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Fresnel zones (180° phase difference)

Fresnel’s approach to diffraction from circular aperatures

Zzone spacing = A/2:
ry=ry+ A2
ry=ryt+A
ry=ry+3A/2

;fn =ry+ nA/2
these are called the
Fresnel zones

(note: all zones
have equal areas)
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Reference direction

* obliquity factor shortens successive phasors
* circles do not close, but spiral inwards
e amplitude a; = A4, : resultant of subzones in 1%t half-period zone

* composite amplitude at P from n half-period zones:
i2r R4 i(n-)r

_ I
A =a,+a,e” +ae” +ae” +..ace
A=a-a,+a,—-a,+...a,
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Some interesting implications of Fresnel zones

A circular aperture is matched in size
with the first Fresnel zone:
What is amplitude of the wavefront at P?

Ap=a,

Now open the aperture wider to also
admit zone 2:

Ap~0!

Now remove aperture, allowing all zones
to contribute:

Ap=" a; N

(To find intensity — square the amplitudes,
i.e. it’s only 7 of the 1st zone!)
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Some interesting implications of Fresnel zones

A circular disk is matched in size with the
first Fresnel zone:

What is amplitude of the wavefront at P?
* all zones except the first contribute

* first contributing zone is the second
AP =1 a,

Zonal area Irradiance at center of shadow nearly the
same as without the disk present!

How abs@

Reference diretion Siméon Denis Poisson (1781-1840)
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Poisson/Arago spot

Frangois Arago
(1786-1853)
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The Fresnel zone plate

16 zones

A =a-a,+a,—-a,+...a,
If the 2m4, 4™ 6, etc. zones are blocked, then:
A.=a,+a,+a,+a,+a,+a, +a,+a;

Amplitude at P is 16 times the amplitude of a,/2
Irradiance at Pis (16)? times! (a.k.a. focusing)
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Fresnel vs.
lens

phases of adjacent Fresnel zones changed by

plano-convex
lens
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other applications:

Fresnel lighthouse lens

overhead projectors
automobile headlights

solar collectors
traffic lights
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Back to Fraunhofer diffraction

« Typical arrangement (or use laser as a source of plane waves)
 Plane waves in, plane waves out

SCreen
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Fraunhofer diffraction

Fresnel-Kirchhoff integral

/ (free space propagation)

1 I \2 N2
Jout (2,45 2) = ZeXp 227r //gm (x yeXp{' (@~ 2) ;(y J }dwdy

1A
1 24 a? =2z’ + 9y +y* - 2yy
Jout(z',y'52) = xo‘cp 127 gin (2, y)exp o dzdy
2 xx' + yy'
A~ exp 127'/\ +z7r— gin (2, y)exp —z’)rf dady
\ Y

=1
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% 4y \
Gout (2,95 2) & exp{z27r)\ +z7r—} //gm (x,y) exp{—z27r }dxdy

A
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Fraunhofer diffraction « Fourier Transform:

Rectangular aperture

< gin(z,y) = rect (x%) rect (%)

Fourier
transform
Gin(u,v) = xoypsinc (xou) sinc (yov)
/ /
Gout (', y'32 — 00) o sinc T0% ) gine [ 2L
A2 A2
Input field Far-field
free space
propagation by
[—0
| =
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Circular aperature

. (x/:zﬂ + y?
CIrc

o

)

Gin(u,v) = rfjinc (rO\/ u? + v2>

2 2
= 79 h (QW/—UT) Gout(2', Y32 — 00) o jinc <2WTO\/E\E:TW>
Far-field
Input field Airy pattern
free space
27‘0 propagation by
[0
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Fourier transform pair

G(v) = / g(t)exp { — 2wt} di.

g(t) = /+OO G(v)exp {i2nvt} dv.

+ 00
G(u,v) = // g(x,y)exp { — i2n(ux + vy) } dedy.
2D o

g(x,y) = //;OO G(u,v)exp {z’27r(ux — vy)} dudv.
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Frequency
(Fourier)
domain

Space
domain
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Tilted grating
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Linear superposition

11 . 1\ ., . 9 1\ .
) . (f?lé (u + \—1> d(v) + (f?z() (u. + \—2) 5 (v) +
ay cos | 2m— | + ag cos Qﬂ’\—
N Ao . 1 - 9 1
(;1.() (u - 1\1) (v) + (.12“.() (u - ;Az) é (v)

Frequency
dSpa;:ien (Fourier)
om domain
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Scaling

Frequency
Space (Fourier)
domain domain

Diffraction P3330 Exp Optics FA2016



25

Shift theorem

Frequency
Space (Fourier)
domain domain

F{g(x—a,y—>b)}=exp{i2n(au + bv)} G(u,v)
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: 2 The convolution theorem

uE o

multiplication convolution

F{f+gt =F{f} - Flg} or F{f-g}=F{f}*F{9}—=
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Links/references
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