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Gaussian Beams

• Gaussian Beam Properties and Transformation

• Coherence

• Demo
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Gaussian Waves vs. Plane Waves

Gaussian Wave Solution
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Gaussian Beam Distribution
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Beam Waist and Divergence
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Beam Transformation

Plane Waves

Gaussian Beams
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Beam Transformation
Differences From Plane Waves

• Plane wave limit at Zr/f=0 

• Maximum and minimum

image distance exists

• “Collimation” at s=f+Zr

• At s/f=1, image at s”/f =1
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Beam Focusing

Spot diameter

NA
f

lens

λ
ππω
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Example

f=10 mm, 2ωlens=5 mm, λ=1.55 μm,

spot diameter=3.9 μm
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Diffraction at Apertures

Truncation Ratio =
Beam diameter / lens diameter

Beam dia. >>  Lens dia.Beam dia. << Lens dia.



Coherence
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• Temporal coherence, eg. MZ interferometer

• Spatial coherence, eg. Holographic lithography

• In general, both spatial and temporal coherence is relevant

• Lasers are highly coherent, LEDs less so…

Requires coherence
after delay

Requires coherence
across wavefront
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Temporal Coherence
τc
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Coherence Length
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Source Wavelength, nm Spectral Width, 
nm

Coherence
Length,

Unfiltered Sun 550 300 nm 0.3 micron
LED 550 10 nm 10 micron
Blu-ray laser 405 1 nm 50 microns
HeCd (single line) 325 1 pm (3 GHz) 3 cm
HeNe (multiline) 633 1 pm (1 GHz) 10 cm
SGDBR 1550 0.04 pm (5 MHz) 19 meters



Spring 2010 Mat 288S Optoelectronic 
Measurements

12

Credits

• Yariv, Optical Electronics
• www.cvimellesgriot.com/products/Documents/TechnicalGuide
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