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Light Sources
Electromagnetic spectrum
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Light Sources
Electromagnetic spectrum
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Light Sources
Collection and collimation

Source

Lens

Lens: collecting and collimating light from a source

Detector
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Light Sources
Reflectors

Parabolic reflectors
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Light Sources
Reflectors

Ellipsoidal reflectors
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Light Sources
Irradiance

Light collection by a lens at three different distances 
from a source
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Lambert’s Law
Lambert’s Cosine Law holds that the radiation per unit solid angle (the 

radiant intensity) from a flat surface varies with the cosine of the angle 
to the surface normal

Light Sources
Irradiance

Source

(Watts/steradian)
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Commonly used Radiometric, Photometric, and Photon quantities

Light Sources
Irradiance
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Light Sources
Irradiance

Setup for radiometric measurements
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Light Sources
Irradiance

Typical monochromators

Entrance slit

Exit slit
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Light Sources
Irradiance
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Light Sources
Pulsed source

Typical single pulse

Typical pulsetrain display. The repetition rate 
shown is 100 Hz, the peak power 4 kW.
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Light Sources
Arc Lamps

Spectral irradiance of various Arc Lamps
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Light Sources
Light emitting diode (LED)

When a light-emitting diode is forward biased 
(switched on), electrons are able to recombine 
with electron holes within the device, releasing 

energy in the form of photons

An LED consists of a chip of semiconducting 
material doped with impurities to create a p-n 

junction
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Light Sources
Light emitting diode (LED)

The wavelength of the light emitted, and thus 
its color depends on the band gap energy of 

the materials forming the p-n junction
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Light Sources
Light emitting diode (LED)
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Light Sources
Light emitting diode (LED)

Simultaneous wavelengths emission
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Light Sources
Light emitting diode (LED)

Typical emission flux
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Light Sources
Gas lasers: He-Ne

Schematic diagram of 
a He-Ne laser

Energy level diagram 
of a He-Ne laser
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Light Sources
Gas lasers: He-Ne

Wavelength at a 
fundamental resonance 

frequency: He-Ne

He-Ne laser
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Light Sources
Transversal profile

He-Ne cross section of 
intensity

A A

Section A-A

Gaussian intensity distribution
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Light Sources
Beam diameter: focused beam

Focused 
beam

Input 
beam

Focused 
beam

Gaussian beam width 

w(z) as a function of the 

axial distance z.  w0: 

beam waist; b: depth of 

focus; zR: Rayleigh 

range; Θ: total angular 

spread
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Light Sources
Collimation and expansion of a laser beam

Beam 
collimation

Beam 
expansion
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Light Sources
Lasers: gas
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Light Sources
Laser diodes: semiconductors

Laser diodes: package 
and semiconductor 

dyes
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Light Sources
Laser diodes: semiconductors

Diagram of front view of a double 
heterostructure laser diode

Diagram of a simple vertical-cavity 
surface emitting laser (VCSEL) structure

Elliptical output profile 
of intensity
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Light Sources
Laser diodes: semiconductors

Elliptical output profile of intensity Cylindrical microlens for laser 
diode beam correction

Anamorphic prisms for laser 
diode beam correction
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Light Sources
Laser diodes: semiconductors
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Light Sources
Solid state lasers

Neodymium-doped 

glass rod 

Nd:YAG laser used 

as an optical pump



Mechanical Engineering Department

Light Sources
Solid state lasers: Ruby laser – first visible laser invented

Synthetic ruby crystal 
used as gain medium

Theodore 

Maiman, 

1960 
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Light Sources
Solid state lasers
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Light Sources
Semiconductor, tunable lasers

Modified Littman-Metcalf 
configuration (external cavity)

Typical power output



Mechanical Engineering Department

Announcements

• Next class: project for this class; list of topics (CF) 
and teams (Students)

• Laboratory visit(s) – after class today/next class

a) Reading: Chapter 2 of Yoshizawa: 
Lenses/Prisms/Mirrors

b) Homework: Problems Ch02 – see website of our course

Assignment, due next lecture:
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