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Double-Slit Fraunhofer Diffraction
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Double Slit: Fraunhofer Diffraction
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Minima: α = ±π/2, ±3π/2

or: β=mπ, where m=±1, ±2…
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Three-Slit Fraunhofer Diffraction

• Three slits, spaced by a distance �
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Three-Slit Fraunhofer Diffraction
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Three-Slit Fraunhofer Diffraction

• Light intensity: � � � � 0 #$% 7
7
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• In general, when there are 8 slits:
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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:

sin � � 9;�
• Diffraction gratings are used to separate and analyze 

the spectrum of light:



Diffraction Grating Spectrograph

Detector

slitLight



Width of Spectral Lines

• Maxima occur when

� � 9:
• Otherwise, zeros occur when 

8� � 9′:
• Zeros on either side of a peak

8�> � (89 > 1):
• Width of 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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• Chromatic resolving power is defined:
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Resolving Power
• The chromatic resolving power is proportional to 8�
• Example: 6000 lines per cm, 15 cm width

8 � 6000 E<F
G H9⁄ × 15	H9 � 90,000
� � 1 6000 E<F
G H9⁄⁄ � 1.667	P9

; � 588.991	F9
;R � 589.595	F9
9 � 2 (second order)

sin � � 9;� �
2 × 589	 × 10+SH9 × 6000 E<F
G H9⁄

� 0.707
ℛ � 98 � 2 × 90,000 � 180,000
Δ; A�� � T

ℛ �
UVW	�A
/VX,XXX � 0.00327	F9

Δ; � 0.604	F9



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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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


