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Fig. 1. The extent of doubling image become different along
with a position of biprism. (a) WWhen the biprism position is
in left, the extent of doubling image is bigger than
image size, (b) When the biprism position is in proper
position, the extent of doubling image is same with
image size. So the distance to the object can be
measured by reading biprism position
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Fig. 2. Prism cutting machine which is self manufactures by
using diamond blade.
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Fig. 4. We made golf range finder which shows scale from 2 A
biprism data in Table 1.
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Fig. 5. Signs of distance 70 m and 150 m in driving range are well doubled at that distance.

Table 1. The distance s from objective lens to object is related
with a position x of biprism

s (m) x (mm), using 2 A | x (mm), using 0.5 A
20 137.5 550.0
25 110 440.0
30 91.7 366.7
35 78.6 3143
40 68.7 275.0
45 61.1 2444
50 55.0 220.0
55 50.0 200.0
60 45.8 183.3
65 423 169.2
70 39.3 157.1
75 36.7 146.7
80 34.4 137.5
85 32.4 129.4
90 30.6 122.2
95 28.9 115.8
100 27.5 110.0
105 26.2 105.8
110 25.0 100.0
115 23.9 95.7
120 229 91.7
125 22.0 88.0
130 21.2 84.6
135 20.4 81.5
140 19.6 78.6
145 19.0 75.9
150 18.3 73.3
155 17.7 71.0
160 17.2 68.8
165 16.7 66.7
170 16.2 64.7

Vol. 18, No. 4, December 2013

Table 1. Continued

s (m) x (mm), using 2 A | x (mm), using 0.5 A
175 15.7 62.9
180 153 61.1
185 14.9 59.5
190 14.5 589
195 14.1 56.4
200 13.8 55.0

x (which is calculated by eq. 6) is distance from focal point of
objective lens to biprism
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Table 2. Measurement distance data from objective lens to object by using golf range finder with 2 A biprism

unit: m
Distance Measurement distance by using golf range finder Average (averagg(c)ﬁstance) S:i?gt?gi
20 19.5 20 20 20 19.8 19.86 -0.14 0.20
30 30 30.5 29 29.5 30 29.8 -0.2 0.51
50 50 51 50 50 49 50 0 0.63
75 80 75 80 80 78 78.6 3.6 1.96
100 110 100 105 110 105 106 6 3.74
125 130 130 130 140 130 132 7 4.00
150 170 175 175 165 170 171 21 3.74
Table 3. Measurement distance data from objective lens to object by using golf range finder with 0.5 A biprism
unit: m
Distance Measurement distance by using golf range finder Average (averagg(()igs tance) ia:/lij?ir;n
60 60 61 60 60 61 60.4 0.4 0.49
75 73 76 75 76 75 75 0 1.10
100 106 103 105 106 104 104.8 4.8 2.61
125 127 130 125 125 132 127.8 2.8 2.79
150 155 153 155 150 157 154 4 2.37
200 220 210 200 220 215 213 13 7.48
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Fig. 6. When biprism approach to focal point of objective lens,
we can't see doubling image of 150 m sign.

Fig. 7. When biprism approach to focal point of objective lens,
a bundle of ray from top of flag pass by low half only of
biprism. So the image can't be doubling. Observer can
see only one image.

(a)
Fig. 8. (@) Concept of multi-layer biprism, (b) multi-layer biprism
in this study.
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Fig. 9. We can see that the image is in doubling when biprism
approach to focal point of objective lens because multi-
layer biprism is used.
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Study on Golf Range Finder by using Biprism Theory of Keratometer
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Purpose: This study was to develop golf range finder which could measure exact distance from golfer to flag by
using telescope and biprism. Methods: Golf range finder was made that included telescope and biprism which
could move in the telescope, and an accuracy of the range finder was analyzed in distance range 20~200 m.
Results: An equation was made for measuring distance which was related at position of biprism, and we could
measure distance successfully by using developed golf range finder. Biprism of 2 A was useful to measure in
short distance but it had bad accuracy in long distance, and 0.5 A was more useful in long distance. Image got
worse when the biprism approch to focal point of objective lens for measurement in long distance, so we
developed multi-layer biprism to prevent the weak point. Conclusions: Image stabilization by biprism for
measuring distance was confirmed. Even if hand was moving, the distance could be measured well by using
biprism, and we could find that the induced equation for distance measurement was useful. We found that multi-
layer biprism, which is was new developed, was more useful than general biprism when the biprism approched to
focal point of objective lens for measurement in long distance,

Key words: Telescope, Biprism, Multi-layer biprism, Golf range finder
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