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Aberrations and Beam Quality Factor
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Zernike Polynomials
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Zernike Primary Aberrations
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Truncation - Intensity and Transmitted
Power
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Beam Quality Factor – General Hard 
Aperture
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where M2 is the
square root of M4

Beam quality factor independent of tilt, defocus and x-
astigmatism
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Beam Quality Factor – Special Cases

• Soft Aperture (γ ≥ 2)
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Spatial Light Modulator – Programming 
Aberrations
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Spatial Light Modulators – Primary 
Aberration Phase Screens
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Shack-Hartmann Wavefront Sensor –
Observing Phase Changes
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Experimental Investigation

a =1.44 mm      ω = 1.89 mm      γ = 0.763
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Model and Experimental Results

��
����

��

��
����

��
��
����
��
������������������

oooo
oo

oooo
oooo

oooo
oooooo

oooooo
oooooooooo

oo

 0.3  0.2  0.1 0.1 0.2 0.3
A20 ���

1

2

3

4

M
4

��

��

��

��

��

��

��

��
��������

��
��

��

��

��

��

��

��

��

oo

oo

oo

oo

oo
oo

oo
oo

oooooooooo
oo

oo

oo
oo

oo

oo

oo
oo

 0.3  0.2  0.1 0.1 0.2 0.3
A40 ���20

40

60

80

100

120

140

M
4

��

��

��

��

��

��

��
������������

��
��

��

��

��

��

��

�� oo

oo

oo

oo

oo
oo

oooooooooooooooo
oo

oo
oo

oo

oo

oo

oo

 0.3  0.2  0.1 0.1 0.2 0.3
B22 ���

5

10

15

20

M
4

��

��

��

��

��

��

��

����
����
��
��

��

��

��

��

��

��

��

��

oo oo oo oo

oo
oo

oo

oo

oo

oooo

oooo oo oo oo oo

oo

oo oo

oo

 0.3  0.2  0.1 0.1 0.2 0.3
A22 ���

1

2

3

4

M
4



© CSIR  2010                        www.csir.co.za

Model and Experimental Results
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Conclusion

• Laser beam quality depends on
- y-Astigmatism

- y-Coma

- x-Coma

- y-Triangular astigmatism

- x-Triangular astigmatism

- Spherical aberration

• The aperture size can be adjusted such that one can extend 

the model to a small aperture (uniform beam) and a large 

one (soft aperture).

• A simple experimental investigation can be used to verify the 

model.
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