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Focal Length Measurement Method for Lenses with Small Aperture and

Long Focal Length

Zhao Lei, Bai Jian", Fang Weidong

Abstract

divergent light and unequal-period grating is used for the measurement of the focal length of lens with a small

Based on the Ronchi-Talbot effect and moire fringe technique, the focal length measurement method using

aperture and long focal length. The long focal length of a plano-concave lens as a lens to be measured with a
processing error in the curvature radius is measured. When the true curvature radius of the lens is unknown, first,
the influence of the curvature radius error (of the lens to be measured) on the focal length detection accuracy is
analyzed, and the position of the lens in the whole detection system is determined. Then, the focal length of the lens
is measured, and multiple groups of measured focal length values are calculated separately. By comparison, it can be
found that when the curvature radius remains unknown, the repeatability and stability of the focal length
measurement are consistent. The measured focal lengths are in the range of 33200—-33270 mm. The repeatability
precision is greater than 0.055%, and measurement accuracy is better than one-fifth of the focal depth. These
results prove that the proposed method is reliable and efficient in the focal length measurement of small-aperture

lenses with long focal length.
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Fig. 1 Schematic of experimental arrangement
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Fig. 2 Schematic of Moire fringe generation
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Fig. 3 Schematic of optical system
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Fig. 4 Schematic of optical system for plano-concave lens
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Fig. 5 Photograph of long focal-length testing system
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Fig. 6 Moire fringes near optimal measuring position. (a) Before optimal measuring position; (b) at optimal

measuring position; (c¢) after optimal measuring position

3.2 LWER

ARWEI X — B 50 m, MR PEREHA
IR 25 07 M B AT AR . B R S AR 1
B o 43 S0 AR 1M T A R o AR (E HE AT IR AR
BRI, 4G I £ PR BRI 3k 2 Fros, Horh f o
SRR A, £ b 8 W & A5 IR (A O 3
Af H R EREE S 8 Ul £ I E W 5 E
2144 .

M 2 R A R RS DU AT, 2 5 A R Y il 3k
TR 0 A A R (R Y — 0, kS TR M B
AP I 1R 25 N 23 5 e AR FE U L X 5 BB A
AR H SR B E AL T
+0.055%,

XL, DA A 07 B 2 % A8, fr 35 35 1Y
W E154.2 mm, WEAG L TAERN 1/5, 4T
IS DA Ry I 4 5 SRR R AT R

0412002-4



n
¥

{5

®1 HFERZHK

Table 1 Parameters of lens to be tested

Refractive index Central thickness d,/mm ri/mm r,/mm Aperture D /mm
1.45 8.723 —25000 oo 102
2 NIRRT AR I S A X Ee
Table 2 Comparison of focal-length test with different curvature radiuses
ri=—16800 mm ri1=—17000 mm ri1=—25000 mm
" J /mm Af/f J /mm Af/f f/mm Af/f
1 —33216.2 0.0080% —33243.3 —0.0273% —33212.4 —0.0531%
2 —33210.0 —0.0107% —33262.9 0.0317% —33240.6 0.0317%
3 —33219.9 0.0191% —33262.8 0.0314 % —33221.6 —0.0254%
4 —33222.1 0.0257% —33250.2 —0.0065% —33247.2 0.0516 %
5 —33203.8 —0.0294% —33243.5 —0.0267% —33212.3 —0.0534%
6 —33222.8 0.0279% —33246.7 —0.0170% —33228.3 —0.0053%
7 —33203.8 —0.0294% —33268.9 0.0497 % —33237.5 0.0224%
8 —33209.8 —0.0113% —33240.6 —0.0354% —33240.5 0.0314%
Fa —33213.5 —33252.4 —33230.6
pn . convex lens by object-image interchange method [J].
4 25 e Physics Experimentation, 1989, 9(6): 258-260.
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