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David Rittenhouse 178
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Rittenhouse made perhaps the 
first diffraction grating using 50 hairs 
between two finely threaded screws, with an 
approximate spacing of about 100 lines per 
inch



William Wollaston 1802
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Observed dark lines in the spectrum of the Sun



Joseph von Fraunhofer 1814

7

©The Center for Occupational Research and Development



Basic Physics
Measurement of the wavelength (or frequency) of light

• Direct measurement of frequency – fundamental property if light 
– Frequency Counting  eg Spectrum analyser – up to 100GHz

– Energy Measurement

E=hν

Good for x-rays with CCDs and microwaves etc with superconducting devices

• Wavelength Measurement by Interference through phase delays

λ= cν, and c varies with material light propagates through

ν does not change at a refractive boundary, as Photon energy is conserved, but 

the velocity of light varies with wavelength in some media = DISPERSION
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This talk will be about Prisms, Gratings and 

Grisms

Wavelength measurement methods not covered 

today:

• Fabry-Perot interferometer

• Fourier Transform Spectrometer

• Digital Planar Holography
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Dispersion is the phenomenon in which the phase velocity of a 
wave depends on its frequency

• Chromatic dispersion refers to bulk material dispersion, that is, 
the change in refractive index with optical frequency

• In a waveguide there is also the phenomenon of waveguide 
dispersion, in which case a wave's phase velocity in a structure 
depends on its frequency simply due to the structure's 
geometry

If light of different wavelengths is deviated by a grating or prism 
through different angles, θ, the rate of change of θ with 
wavelength, dθ/dλ is the angular dispersion
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Prisms

• Dispersion is not linear, increasing towards shorter wavelengths

• Prism dispersion is not very high – often two or three prisms were used in tandem to 
increase this 

• Glass absorbs ultraviolet and infrared light – quartz or fused silica are necessary outside 
visible wavelengths

• Light losses occur at both surfaces (more if more than one prism is used) and in the glass
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Prism Dispersion
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Hartmann dispersion formula:

It can be derived  that

So dispersion is very non-linear,
Tyically 5x at 400nm than 700nm

Astrophysical Techniques, Sixth Edition
By C.R. Kitchin



Arrayed Waveguide Grating
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Wikimedia Commons: Dr. Schorsch



1882: Henry Rowland’s improved Ruling 
Engine
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Johns Hopkins University



Reflection gratings
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Grating Spectrometer
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Linear dispersion is

Where f2 is the F# of the camera

m = order, d= grating spacing

C.R. Kitchin, Astrophysical Techniques 



Blazed Gratings
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Blaze: The concentration of a limited region of the 
spectrum into any order other than the zero order 
Blazed gratings are manufactured to produce 
maximum efficiency at designated wavelengths
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Echelle Grating
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∆β/∆λ = m/d cos β

If m is ~ 100, we have high resolution with coarse gratings



Cross dispersed Echelle
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C.R. Kitchin, Optical Astronomical Spectroscopy 



Volume Phase Holographic Gratings
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Kaiser Optical Systems Inc.



Grating equation
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Angular dispersion:  Dβ/dλ =  m/(d cos β)
So for high dispersion , choose high order and small line 
separation



Large gratings for large telescopes

09-Oct-2017 E. Oliva @ Dispersing Elements for Astronomy 23

Reflection grating

Different grating types, same size



Large gratings for large telescopes

09-Oct-2017 E. Oliva @ Dispersing Elements for Astronomy 24

Immersed reflection grating

May gain up to a factor of 3 (Si) or 4 (Ge), limits on size/uniformity 



Large gratings for large telescopes

09-Oct-2017 E. Oliva @ Dispersing Elements for Astronomy 25

Grism (prism-grating, no deviation at blaze)

No gain in size even using Ge (n=4) 



Key Parameters
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Spectral resolution

Bandwidth
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Scattering and 
Ghosts
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Commercial 
Availability

Optical aberrations
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This meeting will highlight means to 
reconcile these conflicting requirements

• Technology

– Immersion Gratings

– VPHG

– Direct write VPG

– Freeform gratings

– AWGs

• Manufacturing Techniques

– Silicon photolithography

– Photo polymers

– Holography

– Diamond and ultraprecision 
machining

– Ultrafast Laser inscription
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