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Three-Slit Fraunhofer Diffraction
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Diffraction Grating

* screen 
VERY far 
away

Usually gratings have 

thousands of slits and are 

characterized by the 

number of slits per cm 

(for example: 6000 cm-1)

λθ ma m =sin

Half-width of  maximum:

∆θ ~ 1/N

David Rittenhouse

1732 - 1796

Introduced by Rittenhouse in ~1785

Transmission amplitude grating

Normal incidence, maxima at:



Transmission Phase Grating

‘ruled grating’

General case:

Incidence angle θ�	≠	0

im aaCDAB θθ sinsin −=−

Maxima: ( ) λθθ ma im =− sinsin for arbitrary incidence angle



Reflection Phase Grating

Examples: CD disk

Finely machined surfaces



Diffraction Grating Spectrometers

• Angle of maximum intensity depends on wavelength:
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• Diffraction gratings are used to separate and analyze 

the spectrum of light:



Diffraction Grating Spectrograph

Detector

slitLight



Width of Spectral Lines

• Maxima occur when
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• Otherwise, zeros occur when 
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• Zeros on either side of a peak
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Width of Spectral Lines
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Angular Dispersion

• The angle depends on the wavelength:
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Resolving Power
• The chromatic resolving power is proportional to ��
• Example: 6000 lines per cm, 15 cm width

� � 6000 .�/01 2�⁄ × 15	2� � 90,000
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Overlapping Orders

• Confusion can arise when a spectral line at one order 

overlaps with a different spectral line at a different 

order:
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X-ray Diffraction

• With short enough wavelengths, the atoms in a 

crystal lattice form the diffraction grating:
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(Bragg’s Law)
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X-ray Diffraction

• Regular crystal lattices have many “planes”:
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X-ray Diffraction

• Max von Laue exposed crystals to a continuous x-ray 

spectrum:



X-ray Diffraction



Fraunhofer Diffraction

Fraunhofer diffraction:

• The phase varies linearly 

across the aperture

• The intensity of light 

arriving from each part 

of the aperture is equal
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Fraunhofer Diffraction

Fraunhofer diffraction:

• The phase varies linearly 

across the aperture

• The intensity of light 

arriving from each part 

of the aperture is equal�(
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Huygens-Fresnel Principle

• Each point on a wave front is a source of spherical 
waves that are in phase with the incident wave.

• The light at any point in the direction of propagation is 
the sum of all such spherical waves, taking into 
account their relative phases and path lengths.

• The secondary spherical waves are preferentially 

emitted in the forward direction.

• Fresnel presented a very different way of thinking 
about the propagation and diffraction of light.

– The details might be the subject of extensive debate

– It relies completely on the wave nature of light

– The predictions were confirmed by experiment



Huygens-Fresnel Principle

Huygens: source of spherical wave 

Problem: it must also go backwards, 

but that is not observed in experiment

inclination factor

Intensity of the spherical wavelet 

depends on direction.  Fresnel 

supposed that…
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Huygens-Fresnel Principle

Huygens: source of spherical wave 

Problem: it must also go backwards, 

but that is not observed in experiment

inclination factor

Intensity of the spherical wavelet 

depends on direction…
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Propagation of Spherical Waves

• Consider a spherical wave emitted from a source Y at 

time Z � 0.
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• These spherical waves 

expand outward from Y
Y



Propagation of Spherical Waves

• Consider a series of concentric spheres around 

another point ] with radii B̂, B̂ + �/2, B̂ + �,⋯

[

Y ]
B̂



Propagation of Spherical Waves

• Consider a series of concentric spheres around 

another point ] with radii B̂, B̂ + �/2, B̂ + �,⋯
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