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Abstract. This article describes a test method for the pulsed laser beam divergence angle. Pulsed laser
focused through the imaging optical system, the light spot formed on the CCD camera and image
analysis by an image of the spot, the spot diameter is obtained, to calculate the value of the divergence
angle of the laser beam. Experimental results show that this method can be more accurately measured
slight angle high-energy pulsed laser beam divergence angle of value.
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1. Introduction

With the continuous development of laser technology, high-energy pulsed laser applications in the
military is very extensive. Accurate measurement of beam quality it is essential for the assessment of
the Operational Effectiveness of laser performance and evaluation of laser weapon systems. Laser
beam divergence angle of the laser as an evaluation of the quality of an important parameter to
accurately measure high-energy pulsed laser beam divergence angle is necessary.

2. Measurement Method

2.1 Measuring principle

In this paper, the use of photoelectric measurement of the laser beam divergence angle. Placed in
the focal plane of the optical system aperture stop, an optical linear array or area array CCD
acquisition aperture stop after the intensity distribution obtained after data processing beam
divergence angle. This measurement method for measuring high precision test shown in Figure 1:
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Figl. Laser beam divergence angle measurement schematics
If the laser beam is a parallel light beam is incident on the beam divergence angle measurements of
the optical system focused on the focal plane of the optical system if the aberration is small, in the
focal plane to form a diffuse plaques, diffuse spot size depends on the beam divergence angle
measurements of the optical system of the entrance pupil aperture size.
According to Newton's formula:
—-xx =f? (1)
According to a similar triangle theorem:
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The laser divergence angle size is:
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Since the measured divergence angle is small, so the equation simplifies to:
0= % (Rad) (%)

If the exact value of the measured beam divergence angle tester optical system and the focal length
of the laser spot diameter at its focal plane can calculate the divergence angle of the beam.
2.2 Calculation spot center

Laser beam spot center position is expressed as
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2.3 Laser spot size calculation
In the Cartesian coordinate system, the Z beam at energy / power density function is expressed as
the second moment.

ST Y)* (% —X,)?

o, (2)= S 1Y) (8)
2pn NN * (Y- VL)’

o,/ (2)= S 10y) ©)

Corresponding spot size is:

w, =20,(2) (10)
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As long as the measured spot size of the laser beam in the CCD image plane, you can obtain the
laser beam divergence angle.
2.4 Experimental Results

Experimental selected wavelength 532nm visible laser beam and a continuous wavelength of
1540nm pulsed infrared laser beam is measured. Focal length 532nm beam computed measurement of
the focal length 1540nm beam measurement is calculated. Laser spot experiments shown in Figure 2,
3.

Fig2. 532nm beam spot pattern Fig3. 1540nm beam spot pattern
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Visible light CCD camera collected the resulting series of spots for data processing, the results are
as follows.

Tablel 532nm beam divergence angle of the beam measurements

Numbers 1 2 3 4 5 6 7 8

Beam
divergence
angle(mrad)

X:0.95 X:0.96 X:0.97 X:0.96 X:0.96 X:0.96 X:1.00 X:0.97
Y:0.96 Y:0.99 Y:1.01 Y:1.00 Y:0.99 Y:0.99 Y:1.03 Y:1.02

The average of the data obtained.
X =0.966mrad (12)
Y =0.999mrad (13)
Infrared CCD cameras capture the resulting series of spots for data processing, the results are as
follows.
Table2 1540 beam divergence angle of the beam measurements

Numbers 1 2 3 4 5 6 7 8

Beam
divergence
angle(mrad)

X:0.84 X:0.86 X:0.88 X:0.85 X:0.86 X:0.82 X:1.04 X:0.92
Y:0.82 Y:0.85 Y:0.95 Y:0.81 Y:0.94 Y:1.14 Y:1.29 Y:0.89

The average of the data obtained.
X =0.878mrad (14)
Y =0.948mrad (15)

3. Summary

Measurement methods used in this paper is simple, easy to implement, it is possible to achieve
good accuracy. Able to complete the pulsed laser beam divergence angle measurements.
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