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Double-Slit Fraunhofer Diffraction
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Double Slit: Fraunhofer Diffraction
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Three-Slit Fraunhofer Diffraction

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

e Lightintensity: 1(6) = 1(0) (Sirﬁlﬁ)z (Sin(:a)z

* |In general, when there are N slits:
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Diffraction Grating

Usually gratings have Half-width of maximum: ——
thousands of slits and are AB~ 1/N

characterized by the
number of slits per cm

(for example: 6000 cm™) - “_ __________________
* screen
D ) VERY far
j 1 away
i Normal incidence, maxima at:
t asing_ =mi

Transmission amplitude grating

David Rittenhouse Introduced by Rittenhouse in ~¥1785
1732 - 1796



Transmission Phase Grating

Ist order

ﬂ(:n =1)
General case:
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d7 Ist order

(m = —1)

Incidence angle 6, % 0

by T ‘ruled grating’
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AB-CD =asing, —asné

Maxima: a(sing,—-sind)=mA for arbitrary incidence angle



Reflection Phase Grating

Istorder (m = —1)

Oth order (m = 0)

Ist order (m = 1)

Examples: CD disk
Finely machined surfaces
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Specular reflection




Diffraction Grating Spectrometers

 Angle of maximum intensity depends on wavelength:

_ mA
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e Diffraction gratings are used to separate and analyze
the spectrum of light:




Diffraction Grating Spectrograph

Light

Detector



Width of Spectral Lines

. 2 . 2
16) = 1(0) (sm ,B> (sm Na)

15 a
e Maxima occur when
a = mrm

e Otherwise, zeros occur when
Na =m'n
e Zeros on either side of a peak
Na,=((Nm+* 1)m
 Width of peak:




Width of Spectral Lines
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Angular Dispersion

* The angle depends on the wavelength:
asinf = mA
a cos 8 A6 = mAA

do m
da N a cos 6
e Chromatic resolving power is defined:
A
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Resolving Power

e The chromatic resolving power is proportional to Na
e Example: 6000 lines per cm, 15 cm width
N = (6000 lines/cm) X (15 ¢cm) = 90,000
a =1/(6000lines/cm) = 1.667 um
A =588.991 nm

A" =589.595 nm
m = 2 (second order)

AL = 0.604 nm

_ mA
sinf = — =
a

2% (589 x 1077cm) x (6000 lines/cm)
= 0.707
R=mN =2x90,000 = 180,000

(AN in = = = (f:(‘f;’:;) — 0.00327 nm




Overlapping Orders

e 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:

2d sinf@ = nA
(Bragg’s Law)




X-ray Diffraction
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e Regular crystal Iattices hav
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X-ray Diffraction

e Max von Laue exposed crystals to a continuous x-ray
spectrum:

Laue Method
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X-ray Diffraction

X-ray
diffraction

8 3 . pattern from
-

B form of

DNA

Interpretation of crystallograph

1/h

6 - tilt of helix (angle from perpendicular to long axis)

h=38.4 A (Distance between bases)

p =34 A (Distance for one complete turn of helix;
Repeat unit of the helix)



