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Propagation of Laser Light:
Gaussian Beam optics

Parth Bhargava · A0310667E

In many cases, a laser beam appears to 
diverge in a conical shape, but most of 
the time intensity distribution can be 
approximated by an ideal Gaussian 

intensity profile. 

The goal of this experiment was to verify 
whether the given laser follows the 

Gaussian intensity distribution and to 
calculate the M² value, a key indicator of 

beam quality.
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Introduction
Schematic on spot size 

expanding on propagation.

Legends
𝑤(𝑧) : Spot size / Beam Width 𝑧! : Rayleigh range

𝑤! : Beam waist 2𝜃 : Divergence of beam
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𝑀! parameter of laser

2𝜃

2𝛩

λ=632.8 nm

In reality, lasers 
are not perfect 
Gaussian beams....

M! = 𝚯
𝛉 > 1

Legends 2𝛩 : Actual Angular Spread 2𝜃 : Predicted Divergence
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Experimental Setup
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1 : Laser Source

2 : Attenuator

3 : Detector

4 : Voltmeter

5 : Measuring Tape

Legends

Picture of Experimental Setup

Determination of 
Rayleigh Range

z : 20 cm - 200 cm
Determination of 
Angular Spread

z : 5 m - 15 m
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Raw Data
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All Gaussian Intensity Profiles 
with Attenuator Correction Applied Correction Method:

Iactual =
Imeasured

T
,where	 T = cosθattenuator
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Rayleigh Range Z!
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𝑤 𝛩

z

Determination of 𝜣 (Far Field)
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𝑀" parameter of laser
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Error Analysis
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Error Analysis
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Conclusion

• The measured intensity profile confirmed that 
the laser used in the experiment follows the 
laws of a Gaussian intensity distribution.

• The M² factor of the laser was measured as 
M$ = 1.104± 0.068, which is only a 10% 
deviation from the ideal value of M² = 1. This 
indicates the laser has good beam quality with 
minimal deviation from an ideal Gaussian 
beam.

• The found value of M² deviates by 9.9% from 
the manufacturer's claimed value of less 1.05.
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Sources of Error
Detector is manually placed and alignment is 

ensured by only checking the reflection of beam 
with our eyes. 

The voltmeter saturated very quickly and that 
led us to take many sets of wrong readings
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Thank You!

Open for Questions
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