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Method of focal length measurement for infrared optical system
with long focal length
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Abstract: In strong laser host device, various optical lens with different focal length are needed to
expand and collimate the beam, the accurate of the lens’ focal length directly affect the overall
performance of the system, so it is particularly important to accurately measure the focal length of lens.
A new method of measuring the infrared optical system with long focal length by using the Hartmann-
Shack wave-front detected device and rotated plane mirror was proposed. The measuring principle of the
system was given. Using optical simulation software ZEMAX, the influence of different aperture on the
measurement of focal length was analyzed. Then the relationship between the rotation angle of the plane
mirror and the system measurement error was deducted by using error theory. Finally the experiment was
done to obtain the real result, the result of measurement shows that when the plane mirror rotated to a
certain angle, set an appropriate optical aperture, the system measurement precision can be better than
3%o, much higher than the traditional measuring method. In addition, the measurement method is also
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conveniently to use, high stability in measure, etc..
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long focal length measurement;

wave-front detection;
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Fig.1 Spots distribution when the wave-front though the

micro-lens array
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Fig.2 Relationship between object and image
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Fig.3 Focal length measurement device
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Fig.4 Optical system which is need to be measured
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Fig.5 Spots distribution without aperture
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Tab.1 Calculated focal length without aperture

Image height Focal length/mm .

Field of view/(°): 6 _ A
fmm A = tan(6)
0.05 1.765 2022.54
Method of
chief ray
0.07 2.471 2022.54
0.05 1.828 2094.73
Method of
centric
0.07 2.560 2095.39
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Tab.2 Calculated focal length with different

aperture

Focal length/mm

N .
perture diameter Image height/mm ; A A

/mm f=m
60 1.810 2074.10
40 1.789 2 050.04
20 1.771 2029.42
10 1.766 2023.69
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Fig.7 Relationship between rotation angle of plane mirror and

system measurement error
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Tab.3 Actual measurement data

Autocillimation result . .
Centeroid of image

1(") Focal
length/mm
Left Right Left Right
No 156.9 1549 7653 2825  2076.5
aperture 483 9 187.5  807.4 2297  2086.1
With 152.4  150.7 7458  287.6  2025.9
aperture 487 4 185.2  496.3 2345  2023.9
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