The distinction between Fraunhofer and Fresnel diffraction

A circle of radius R encloses all
diffracting apertures in plane
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and Fresnel diffraction occurs when O o Coens et 2
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Thus
Fresnel: A2 5> Adg (rrear it d)
Fraunhofer: R2 << Adp { foor Licd By

For example if R=2mm, A=5x10"%mm, then Fresnel pa'tcenfor
dp<<2m and Fraunhofer patterns for dg>>2m.
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Fraunhofer Diffraction Formula

[A= ¢ amplitude of incident wave]
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When oy oyl cannot be neglected, we have Fresnel
= Riffraction
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Example 1 - an infinite slit
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Example 2 - a rectangular aperture
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Example 3 - A circular aperture
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Angular Resolution:

The Rayleigh Criterion:
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2 point sources of same wavelength
are just resolved if the maximum
intensity «{ one source occurs at the
position of the first diffraction
minimum of the second source.

Angular Resolution is 0.61 a -- require telescopes of large aperture to
resolve objects that have a small separation.

Limited by the diffraction of the lens system
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Consider the Fraunhofer diffraction formula:
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The factor -i %, [exp(ikR)/AR] contains the amplitude and phase
information of the diffracted monochromatic wave at the aperture. Let's

write: -
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where g -) 4y '.1-.1 = may be thought of as proportional to the
diffracted field emanating from the aperture element &<a& = . Call
A, the aperture function.
Define the spatial frequencies k,, Ky
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The Fraunhofer diffraction pattern is the Fourier transform of the field
distribution across the aperture (i.e., the aperture function). Or --

The Fraunhofer diffraction pattern (field distribution in the image plane)
is the spatial frequency spectrum of the aperture function.

Consider again the single slit diffraction problem:
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Consider the &-functions at $=+d
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Consider the diffraction grating as a convolution:
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More on the diffraction grating:

I | AB-Cp= d(simo - sin00)
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Each maximum was of a height N° modulated by the envelope of the single
slit diffraction pattern

Except for m = 0 (zero order) the
locations of the principal maxima
depend on A/d

The points of maximum intensity are separated by points of zero intensity
at (Nkda/2) =ne, n=%+1,2, ...

ora=[NkNd),n=%1,+22 13

The separation between a primary maximum of order m and a neighboering
minimum is Aa = A/Nd.

If the wavelength is changed by an amount AX, the m'™™ order maximum is
displaced by

AR= '—'“:11 A

Using the Rayleigh criterion, the lines of wavelength A = + (1/2)AA will be
just resolved when the maximum of one wavelength coincides with the
first minimum of the other wavelength

e, Ao =Aa' — AMAL = [m| N
The resolving power is the product of the order mof the diffraction and

the number of grooves N

For the m™ order da = d(sin® - sing,) = mA.
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The resolving power is thus equal to the number of wavelengths in the
path difference between rays diffracted in the direction & from
opposite ends of a grating of width Nd.

Since (sind - sinB,) cannot exceed 2, the maximum resolving power cannot
exceed
2w~ O
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Example: resolve two lines 0.1A apart near A = 5000A in second order (m =7)
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Blazed Diffraction Gratings
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Babinet's Pringiple - Diffraction by a circular disk
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The 2nd term is of order (1/kR) = (A/2%R)
Since we consider only R=X, we drop this term.
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Mote that the incident amplitude at the edge of the disk is
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Now consider the complementary situation:
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Now the only difference s i~the limits of integration
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Motice that the sum of this amplitude and that of the previous calculation
is
2ikR
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n 2B

T ike B

Heoy= )44 (7= AR e
Z

which is just the amplitude of the wave from the source in the absence of

any diffracting screen. This is an illustration of Babinet's principle
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Consider last calculation in limit R»a
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Intensity pattern is fundamentally different from that of a circular disk.
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