
Spectroscopy – measuring Intensity vs. Wavelength

Why is spectroscopy important ? 

Spectroscopy is used to measure physical properties of objects.
 Colors give temperature estimates
 Absorption or Emission Lines can identify composition and physical conditions

Spectroscopy measures accurate velocities
 Velocity measurements from shifts of lines can tell us about movement.
  dl/l = v/c
 Measure only radial component of velocity (astrometry only in plane of sky).

Example:  Radial velocities of Exosolar Planets are measured by their influence on 
their star.
 Jupiter creates a radial velocity variation of ~1 ms/ of the sun.
 “Typical” intrinsic width of a stellar absorption line is ~0.005 nm
 



Spectroscopy – measuring Intensity vs. Wavelength

Techniques for Spectroscopy

Use Differential Refraction vs. wavelength of materials(prisms)
 High throughput.  Efficient.
 Compact.
 Limited in spectral resolution achievable.
 Dispersion is nonlinear.

Use Multiple Interference Effects (Diffraction Gratings)
 Can obtain much higher spectral resolution
 Dispersion is linear
 



Some Uses of Spectroscopy
•Stars
- Used with distance, binaries, etc. to piece together 

stellar physics
- Mass Distribution of Star Clusters
- Radial velocity

•Galaxies
- Star formation rate, stellar populations
- Active Galactic Nuclei
- Quasars as probes of structure

•Reflectance Spectra
- Asteroids, KBO’s
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Conventions/Definitions

• Spectrometry -observation of the spectrum of an object.

• Spectrophotometry - observation of the intensity vs. wavelength

• Kinematics - determination of the radial velocity of an object.

• Equivalent width - measurement of the strength of an absorption 
line.

• Redshift,z - shift of lines due to recession velocity in an 
expanding universe.  
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Stars
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Galaxy Spectra
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AGN Spectra
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Quasar Spectra
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Brown Dwarf
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Kuiper belt Object (Sedna)
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Prisms
•High throughput
• nonlinear dispersion 
•Useful for low R
•Have to accommodate deviation of beam 
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Some Prism designs
•Simple (see previous slides)
•Amici Prism

• Littrow configuration
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Diffraction Gratings

Phenomenon:  Closely spaced patterns of any 
sort will produce diffraction.  If the pattern is 
regular (either in size or spacing), so is the 
resulting intensity pattern.
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Implications for optical setup
 To increase the resolving power you need to 

either use a higher order of the grating or 
increase the number of lines.

 For a fixed grating a higher resolving power 
requires a larger beam.



Grating spacing
•Grating grooves are typically ~100-1000/ mm.
• The beam diameter on the grating determines 

the resolving power 
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Typical Setup
 Gratings are almost always use in collimated 

light to avoid aberrations caused by the 
combination of converging light and diffraction.

Czerny-Turner configuration Littrow configuration



Different types of gratings
Amplitude Transmission gratings Phase Transmission Gratings

Amplitude Reflection gratings Phase Reflection Gratings



Grating efficiency
•Grooves diffract light over a scale on the 

detector which is D/a.
• The faces of these grooves are tilted to center 

the diffraction at the wavelength of interest.
- Called the blaze of the grating.
‣ Specified as an angle from normal incidence.
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What’s wrong with this transmissive 
grating?
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Dispersion only exists for m ≠ 0
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Prism   + Grating =Grism (not Prating)


