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Comparative study on lens focal length ncasured
with planar and spherical reference wave

ZHANG Qiaoge, LOU Yuli, SONG Qinghe, CJI Jnvin, LI Chongguang
(College of Science, Kunming University of Science ar. Tect nuiogy, Kunming 650500, China)

Abstract: In order to study influence of the surface shape <f reic-en e wave on lens focal length, digital holography method
was used for theoretical analysis and experimental verificaticr. kocal ength was measured respectively with planar reference wave
and spherical reference wave at different wavelengths. And the ), tie measured values were compared with the nominal values and
the theoretical calculation values. The results show thi the relative errors are above 5% between the measured value, the
nominal value and the theoretical calculation value with planar reference wave. The relative errors are blow 2% with spherical
reference wave. Therefore, the precision of foral length measured by spherical reference wave is higher. After calculation, focal
lengths measured by two different reference Ligni, are within the range of theoretical depth of focal. Therefore, the reconstructed
image obtained by the measured value s cquivalent to the reconstructed image obtained by the nominal value and the theoretical
value. So the spherical reference wav . s Ligher precision to the measurement results. Both kinds of reference wave are within
the scope of the theoretical depth »t ‘ocus. So the quality of the reconstructed images which are calculated with measured values,
the nominal values and the \heo:-tical calculating values is about the same. The study provides guidance for measurement of lens

focal length and wavefri-it 1o ~~_truction of digital holography.
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Fig. 1 Principle diagram of interferometry
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Fig.2 Path diagram of plane reference wave
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Fig.3 Interference pattern of phane reference wave
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Table 1 ~ Comparison of the measured value, the nominal value and the theoretical calculation value

nominal value theoretical value measured value with plane wave measured value with spherical wave

A/nm yellow 587.6 red 632.8 green 532 red 632.8 green 532 red 632.8 green 532
n 1.51680 1.51509 1.51947 1.51509 1.51947 1.51509 1.51947
d/mm — — — 467.3 466.6 A6 2 493.6
dy/mm — — — 352.5 352.5 2559 385.0
Jf/mm - 100 -100.3 -99.5 -114.8 -114.1 -110.2 -108.6
6/mm — — — 8.64 8.68 8.64 8.68
S '/mm - 100 -100.3 -99.5 -106.2 -107.4 -101.6 -99.9
error with nominal value/% — 0.3 0.5 6.2 5.4 1.6 0.1
error with theoretical value/% — — — 5.9 £9 1.3 0.4

3 CIOISHE

A4 B 5 24—~ K/ R 105mm x 75mm
PIRR M F AR AT 4048 TEBOG RS T , Uit
S U157 % RN 43 TR % B0 5k CCD B ok, B 5 &)1
CCD MZHZ LT T . g5 A =632, tnm
FILTIEHT A =532nm B4R EHETT S0

PR SEI SN B AN - 1000 m (ARFR
B, P 1 20 U153 B3 1 BE 25 R 220rm (B HE s =
220mm) , V3% 45 %) CCD BB 5 52imm (B 4, +
d, +d, =531mm) , CCD [ [543 % % 2 1024 x 1024, 4

rei3res ce vave

| l
1
s § ccb
Y
ISR N N SR A ->
S dl dz d3

Fig.5 Hologram captured in experiments
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Fig. 6 The reconstructed images with different lens focal lengths

a,e—the nominal value b, f—the theoretical calculation value ¢, g—the
measured value with plane wave d,h—the measured value with spherical
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Table 2 Depth of focus at different wavelengths and distances

nominal value theoretical value

measured value with plane wave measured value with spherical wave

A/nm yellow 587.6  1ed 632.8  green 532
f'/mm - 100 -100.3 -99.5
Zo/mm 612.9 613.0 612.7
Spp/nm 14.6 15.7 13.2
lfo /o' | 0 0.3 0.5

red 632.8 green 532 red 632.8 green 532
-106.2 -105.4 -101.6 -99.9
615.7 615.5 613.6 612.9
15.9 13.3 15.8 13.2

6.2 5.4 1. ﬁ 0.1
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