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ABSTRACT

In the field of modern scientific research and detection, optical instruments have played
a vital role. The core part of optical instruments is the optical system, which is composed of
various optical elements, such as various optical lenses. The accuracy of lens transmittance
directly affects the performance of the whole optical system, so the accurate measurement of
lens transmittance is the prerequisite for testing all kinds of optical systems.

The traditional single channel measurement method is a common measurement method
of lens transmittance. Although this method has simple structure and easy operation, its
principle is to take the ratio of no-load and the luminous flux of the whole system when put
into the measured lens as the transmittance of the measured object, so it is necessary to
replace the lens to measure the system twice before and after. Therefore, this method has
high requirements for the experimental environment, and repeated operation is very easy to
produce large errors.

Based on the principle of laser self mixing interference, this paper proposes a lens
transmittance measurement method based on the principle of secondary feedback laser self
mixing interference to measure the lens transmittance, analyzes the laser self mixing system
by using the three mirror cavity model of laser resonance, and deduces the theoretical
formula of lens transmittance measurement based on secondary feedback laser self mixing
interference, Combined with the theoretical formula, the causes of secondary feedback are
explained; Select appropriate instruments according to the experimental requirements, build
an experimental platform to measure the lens transmittance, and analyze the influence of the
relevant parameters of the experimental platform on the experimental results; According to
the theoretical formula, the simulation is carried out with MATLAB, and the simulation
results are analyzed and compared with the specific data obtained from the experiment;
Finally, the factors affecting the experimental accuracy are systematically analyzed, and the
uncertainty is 0.23%.

Key words: Optical system, Transmittance, Laser self mixing interference
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Fig 7. Multiple Self-Mixing Interference principle.
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Figure 8. Physical diagram of experimental system.
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Fig 9. Neutral density filter.

RN PR R RS H
®2. PYEEEIOLN SR

Table 2. Parameters of neutral density filter
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S1: Ni-Cr-Fe

NI SZ H ':‘FS Hy i ] I3 )
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0°-15° N\ 45}

(2) FREFENF
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PRAEEN W BB R 508 70%. 80% 90%.
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10. FrAESEL A
Fig 10. Standard filter.
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Fig 11. Relationship between power and position after attenuation
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Fig 12. Relationship between average power and position
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F3. ELHEMODHESMENKRE

Table 3. Relationship between transmittance, OD value and location

g | EdF | ODfH | ¥ | @&dX | ODfH | wE | &% | ODfH
1 0.9899 | 0.0044 26 0.5935 | 0.2266 51 0.047 | 1.3276
2 0.9985 | 0.0007 27 0.5537 | 0.2567 52 0.0431 | 1.3656
3 0.9992 | 0.0003 28 0.5135 | 0.2894 53 0.0395 | 1.4039
4 0.9955 | 0.002 29 0.4718 | 0.3262 54 0.036 | 1.4437
5 0.991 | 0.0039 30 0.4317 | 0.3648 55 0.033 1.482
6 0.9887 | 0.0049 31 0.393 | 0.4056 56 0.0303 | 1.5192
7 0.988 | 0.0052 32 0.3555 | 0.4492 57 0.0277 | 1.5569
8 0.9891 | 0.0048 33 0.3217 | 0.4926 58 0.0255 | 1.5937
9 0.9906 | 0.0041 34 0.2909 | 0.5362 59 0.0234 | 1.6303
10 0.9921 | 0.0034 35 0.2609 | 0.5835 60 0.0216 | 1.6659
11 0.994 | 0.0026 36 0.235 | 0.629 61 0.0198 | 1.7029
12 0.9936 | 0.0028 37 0.2076 | 0.6828 62 0.0184 | 1.7362
13 0.9895 | 0.0046 38 0.1851 | 0.7327 63 0.0169 | 1.7723
14 0.9944 | 0.0025 39 0.1652 | 0.7821 64 0.0154 | 1.8138
15 0.9932 | 0.0029 40 0.1471 | 0.8322 65 0.0137 | 1.8621
16 0.9936 | 0.0028 41 0.1314 | 0.8815 66 0.0122 | 1.9137
17 0.9846 | 0.0067 42 0.1171 | 0.9314 67 0.0112 | 1.9513
18 0.9673 | 0.0144 43 0.1044 | 0.9815 68 0.0107 | 1.971
19 0.92 | 0.0362 44 0.0935 | 1.0293 69 0.0102 | 1.9924
20 0.8622 | 0.0644 45 0.0847 | 1.0722 70 0.0099 | 2.0023
21 0.8044 | 0.0945 46 0.0764 | 1.1168 71 0.0096 | 2.019
22 0.753 | 0.1232 47 0.0693 | 1.1595 72 0.0093 | 2.0328
23 0.7095 | 0.1491 48 0.0631 1.2 73 0.0089 | 2.049
24 0.6704 | 0.1737 49 0.0571 | 1.2434 74 0.0085 | 2.0695
25 0.6306 | 0.2002 50 0.052 | 1.2841 75 0.0081 | 2.0891

Fig 13.
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Relationship between transmittance and position.
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Fig 14. Relationship between transmittance and OD value.
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Fig 15. Signal diagram of laser self mixing.
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Fig 16. Secondary feedback laser self mixing signal diagram.
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Fig 17. Self mixing signal diagram at different frequencies. (a):100Hz;(b):200Hz;(c):300Hz;(4):400Hz
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