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Fig.1

relative power distribution of the diffraction patterns of

Gaussian beams by a circular aperture (left) and an

The relative intensity distribution and the

annular aperture with e=0.1 (right)
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Fig.2 The relative intensity distribution and the

relative power distribution of the diffraction patterns of

Gaussian beams by annular apertures with £=0.2 (left)

and £=0.3 (right)
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Fig.3 The relative intensity distribution and the relative

power distribution of the diffraction patterns of a plane

wave (left) and a Gaussian beam by annular apertures

Table 1 The radius and the fraction of energy contained in the

radius of the first minimum of the Fraunhoffer diffraction

pattern of different waves by different apertures

Aperture Circular Annular e=0.1 | Annular €=0.2 | Annular e=0.3
Wave type z L(z) X L(z) z L(z) z L(x)
Plane 3.85 83.78% 3.80 83.32% 3.65 77.94% 3.50 69.83%
Gaussian a/w = 0.707 | 4.10 91.65% | 4.05 89.46% 3.90 82.97% 3.65 73.44%
Gaussian a/w=10 |4509597% | 4.3593.43% 4.10 85.95% 3.80 75.26%
Gaussian a/w = 1.414 | 5.50 99.42% 5.20 96.15% 4.65 86.82% 4.15 74.46%
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Table 2 The radius corresponding to a 83.78% fraction of energy of the

Fraunhoffer diffraction pattern of different waves by different apertures

Aperture Circular Annular
Wave type e=0.1 | e=0.2 | £e=0.3
Plane 3.85 4.40 5.20 5.55
Gaussian  ae/w = 0.707 2.75 2.85 4.60 5.50
Gaussian afw =10 2.70 2.80 3.20 5.65
Gaussian af/w = 1.414 2.95 3.05 3.45 6.45

Table 3 The optical quality factor for the Fraunhoffer diffraction pattern of

different waves by different apertures, determined by a 83.78% fraction of

energy of a plane wave diffraction by a circular aperture

Aperture Circular Annular
Wave type e=0.1 | e=0.2 | e=0.3
Plane 1 1.14 1.36 1.44
Gaussian a/w=0.707 | 1/1.40 | 1/135| 1.19 1.43
Gaussian afw =10 1/1.43 | 1/1.38 | 1/1.20 | 1.47
Gaussian afw=1414 | 1/1.31 | 1/1.26 | 1/1.16 | 1.68
& % X 13
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Annular Fraunhofer Diffration of Gaussian Beams and
Optical Quality Evaluation of a Laser Emitting System

Rao Ruizhong
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Chinese Academy of Sciences, Hefei 230031 China )

Abstract The diffraction formula for an arbitrary wave by small aperture is used to calculate the
intensity and power distribution for the diffraction pattern of some Gaussian beams by several
annular apertures. The errors of the optical quality factor evaluated on the base of the diffraction
by circular apertures are evaluated for optical systems with annular apertures. It is concluded
that the wave type and aperture geometry have to be taken into account in evaluating the optical
quality of an optical system.
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