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ABSTRACT

An arrow produced by a manufacturing process is evaluated using the archer's
paradox and the intensity of the impact point. The accuracy rate in particular is
changed by the arrow's vibrational movement, which is called the archer's
paradox. The archer's paradox occurs not only in the right, left, upward, and
downward directions, but in all directions. The optimized value of the archer's
paradox has not been studied yet. This paper proposes to measure the archer's
paradox to determine its optimized value. Measuring the archer's paradox using
a high-speed camera is expensive, and it is difficult to translate the result to a
numerical value. However, the device for measuringthe archer's paradox
proposed in this paper is inexpensive, and the results are easy to convert to a
numerical value. Therefore, this device is more suitable for optimization of the
archer's paradox than a high-speed camera. In this paper, we propose to
measurethe size of the paradox using multipleframes,which can measure the
position of an arrow moving at a speed of 300km/h to within millimeters. We
calculate the size of the paradox experimentally using the measured location in
each frame. This value is not an approximate value, but an accurate numerical
value.

ARTICLE INFO
Article history:
Received 6  November 2013
Revised 30 December 2013
Accepted 15 January 2014
Keywords:
Archer’s paradox
Intensity of impact point
High speed camera
Multi-frame
1.ME

AAE AU BAN BASE T W oHFE] #2o] Hold
Aolof & 3719 E7fete FAlo F= A2 E7ksdl7] mE

A B e el A Tfe s ARHV%%@@Q:%A%%%%’M_PlAﬂFg2%%@1

)
o Bae) Awol gt 2% BY0Y A0 AHFAE R A9} A9 ESelUA A% PG B4 oy dow
13} o] S40] WAE F 55 50l Helo] AFo] Yoks vt Yk opie} SAY SReN WoiFE o] FheEh T
Aolct. oleld @AHE A Qelo] ofl WA Bk A Wl el BAAE Aid A2 DAL o S B

* Corresponding author. Tel.: +82-51-510-2374
Fax: +82-51-513-0212

71 el o B He dEelth BAS EF Fold W FANE A HW ka9 37 Alole] 7HA9)
123 AE ol&st] B Ao Yoty FA3] S0l & A H 2o} A o&f &2 343

E-mail address: sskim@pusna.ac.kr (Sungshin Kim).

21



Jonggeun Kim, Yeongsang Jeong, Moonjae Song, Sungshin Kim

&

rulo

Al A SO R olrhy] wEoltt. 19
Foln} o] FYo g,

A HEEaE GAYE B2 d T, st 2Rl
(Spine) 18] 1 3}ate] o] Sof Y& uheth 53] 279l
FEE wol A Hew 2ulo] AW FAR HH 529 A77t
A3 23RQlo] 2o ™ FAY] A=A 7] B Aolrink of7)
A Ble] 23101 k] Jlojl A= —2—

33} 2o S 71.2 cmylo|E MY & 7|5l s
3lato] Ao 880 g9 F2 YolA ﬂé@l Be ARE A3,

Agrol &

rir

=)
5

A
=

r°l‘

FA) NE52E 245 AEosE 214 e
0|85 24 o] oItk FA| A AzAE AL R 2

T FhgE o) gate] AAAAS TAST Yok 21 S

&

Upward vibration

/\\/'

Downward vibration

Fig. 1 Vibrating arrow image

Fig. 2 String moving swiftly sideways

Fig. 3 Measuring method of an armow’s spine
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(a) Configuration of measuring photodiode signal

(b) Measuring device of paradox size

Fig. 4 Measuring system of paradox size
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Fig. 5 Calculating size of archer’s paradox
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