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Hydro-geomorphology and settlement pattern in the drainage basin of Futenma River,
Okinawa Island, Japan

YONAHA, Kotomi' and KIMURA, Kazuo®
*1 Department of Media Information Engineering  *2 Department of Integrated Arts and Sciences
Abstract

Futenma river has a small drainage basin of 8.3 km long and 8.9 km”® wide, which locates in the central part of Okinawa
Island. The authors clarified relations between hydro-geomorphology and traditional settlement pattern in the Futenma river
dainage. Three levels of terraces and narrow valley floor have been developed along the Futenma river. Cross-sections of the
valley show asymmetry that the left bank is steeper than that of the right one. Its drainage basin is covered with coral-limestone of
the Ryukyu Group and siltstone of the Shimajiri Group. The limestone distributes on terrace or hill-top, and it behaves as
permeable layer. The siltstone is widely exposed on valley floor to hill-slope, and it behaves as impermeable layer. The most of
traditional settlements in the drainage formed along the geological boundary. The boundary between limestone and siltstone
accrues spring that is locally called "khar", "ghar" or "hija". Adaniya, Ogidou, Ufugusuku and Arakaki villages have been formed
on the south-faced hill-slopes. These slopes abound in springs due to the above-mentioned geological setting, Nodake village is
the largest settlements in the drainage, which has been formed to surround two sink-holes on a terrace landform. Historical public
wells of Nodake spout on the bottoms of the sink-holes that are 3 - 4 meters below ground surface. This shows that the depth of
sink-holes is defined by the geologic boundary. Those hydro-geomorphic conditions have been developed to a large settlement.
On the other hand, Noborimata and Kita-Uehara are dispersed settlements (houses are not built densely). They are located on
homogeneous gentle slope of siltstone that is lack of obvious spring. As just described, the development and dimension of
settlements depend on the hydro-geomorphic settings, especially the formation of "kKhar/ ghar/ hija".

keywords : asymmetric drainage differential erosion permeable layer impermeable layer spring (khar/ ghar/ hija)
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Abstract

An Interview with Mr. Matsumori Higa on Working as an Assistant to Director
Phil Kerlson during the Filming of Hell to Eternity (1960) in Okinawa

Risa Nakayama

Integrated Arts and Sciences, National Institute of Technology, Okinawa College

Hell to Eternity (1960) is based on the real story of Guy Gabaldon, the Pied Piper of Saipan, who made about
1,000 Japanese soldiers and civilians surrender during the Battle of Saipan. The majority of the film—the scenes
where Gabaldon decides to enlist in the Marines, goes to Hawaii for vacation, fights the Japanese Army, saves
Japanese people in Saipan, etc.—were filmed in Okinawa which was under U.S. rule. It was the first Japan-U.S
coproduction Hollywood movie to be filmed there, and the U.S. Marine Corps as well as a number of Okinawan
people cooperated in the filming as extras and staff members. Mr. Matsumori Higa, who was the assistant to
Director Phil Kerlson, is one of the local people who participated in the filming of Hell to Eternity. This interview,
conducted on July 23, 2015, reveals what it was like to work as an assistant to Director Kerlson and Mr. Higa’s

impression on the staff, the actors, etc. in relation to his memories of childhood and war.
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Abstract

An Interview with Mr. Samuel H. Kitamura: How He Became Involved in the
Production of TV Programs and Films at the Public Affairs Department of
the United States Civil Administration of the Ryukyu Islands (USCAR)

Risa Nakayama
Integrated Arts and Sciences, National Institute of Technology, Okinawa College

Mr. Samuel H. Kitamura worked at the Public Affairs Department of the United States Civil Administration of the
Ryukyu Islands (USCAR) from 1959 to 1972, the latter half of the US rule of Okinawa after WWII. He was at
first the officer in charge of the Ryukyuan-American Cultural Center (the Information Center), Miyako and
Yaeyama branches, and then transferred to the main office in Naha. He was simultaneously assigned to another
post, the acting chief of the Audio-Visual Division of PAD when the USCAR’s restructuring was taking place
soon before the reversion. In this interview, conducted in Torrance, California on September 13, 2016, Mr.
Kitamura, while watching the video images of the old TV programs, talked about how he became involved in
Okinawa and USCAR and what it was like to work at USCAR using his language skills and bicultural
background.
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L%, BFED z,y ZENEh 2,y TORBLZERT. 23T, ZOBEOWNETEA15—- 57
SyYafiRAR, R@) T L=yE(1+y?) tT5IrickY 2By = (B, - Ey)(1+y?) &

7Y, ol
d E
& (1) = ®
ETEBLN, THRARLHPSHAHBABIN OB b TES. EHE,
dz\? E
2 [ 24 -~
E (ds) 14y (10)
THEILIERTSE, R (9) 0L dz/ds EWiT7E
d | o(de\?| _ _ dz

FHHAR SRR (7) L EERICASTHE I BRI NS.
IIT, REROREETIETIE E=1/2g9y) TH2h5, R (9) 2BATIILICLY

2 _ const 1 (12)
y

EWd, ¥rruf R2ELIMAARRAVEONSE. £/, MOl LT E=1/y2 OFHIL,

2 const
L0, ZHIIM () 2HA, ZOZLEKET UAVEHE ds? = (1/y2)(d2? +dy?) xS iR
P () &5, WS X<HONAEHELHFET 5.

~1 (13)
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3 HHEOMD RAOERRE

ZIT, REMBICAWSHMEOMOSMIcETIEAREE LI LHTHEL. ZOLHDILIZDOWT
WD BAOAFINZEBE 6, 9] W2F 12D, ZOHITOTRIIERKIZHEDE [9) o TW5.
(u,v) EDCR?2 &L, B p: D— R ICEDHIEB AT A-RBRINTWE LTS, ZO/MEICH

ERCY - %N =S
I=dp-dp = Edu? 4+ 2F dudv + G dv?, (14)

722U E :=py - pu, F =Dy Dv, G =Dy - Dy (BED u, v ZENETNREBS 0/0u, §/0v 2KT),

HoRARRIE
II=—dp-de = Ldu? + 2M dudv + N dv?, (15)

272U e := (pu X Dv)/|Pu X Po| 1E Pu & Dy B3 DK ZEFEHDEAFERS PILT,
L:=-py-€,=Ppu-€ M:=-py-€ =-"Dy € =Py € N:i=—DPy-€ =pDy-€ (16)

LLTHEx605. LD L, M, N DFEH (16) KBWTERDORBEDOESEp,-e=0,p,-e=0 27
WA LUERBPSKES. MED E, F,G, L, M, N 2T, HiEON Y AR K & Figgh® H &

_LN-M*> . EN+GL-2FM

K=Fe-m - 2(EG-F?)

(17)

eERING. iR H BETOETERTHS &S 2llims BN dE] 2idh, FomEN FHL
ARSI TWS [10].
BOFER DD, F—EAHR (14) TE=G, F=02752,

I = E (dv® + dv?) (18)

235, TOEIBRE-HABAZFOEBIER (u,v) & TFRERER] 2EHTWS. HMEOS Y Al
ZBEKIXTHIAOBRDOEH )] kY, E,F,G DATERTIENTEEY, KIS EEERDESIX

1 o2 o2
K:_ﬁ (W—l_W) InFE (19)

ehh, ¥7-FHMRIE H=(N+L)/2F iz k5.
Wi, EBEIZOWTERET S, R O (z,2) ¥EHEICHEK {(z,2) z = f(u) >0, z=h(v)} 2%
A, Ih% z BOEY ICHES 5L

p(u,v) = (f(u) cosv, f(u)sinv, h(u)) (20)

EoTHEAGNS, THER] XN HEIFEONS. ZOREHIZNU, B8 I UTE_ELXE
RFELEN

fuhuu - fuuhu d 2 fhu 2

Ve Crmm e 1)

1= (f2+h2)du+ f2dv?, TI=
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LRBM, TITRIA—Ru% f24h2=12R3L5I08RL
I =du? + f2dv?, II = (fuhuy — fuuhe) du® + fhy, do? (22)

LT E, AV AMBLEHERIZLEN

N R LR (23)
LB, XBIT, f24h2 =1 LINEMALTEBNDR: fufuu + huhus = 0 105
(fuhuu — fuuhu) bu = —fuu (24)
ETELHDT,
K=—%& H=%G%—%ﬁ (25)

Lid. ZOEEEEIZE W THEY R EEER £ = £(u,v), n =n(u,v) ZETZLIZLD, (&) PERE
BERed &5z, 20K (22) OF—EALRN

= £ (d€? + dn?) (26)

LHRBESETBIE, df = du/f, dp=dv 4B L5 REEEREEINZEL, TOLE £
Fw)? % € OBRE LTHLASD, Li5. WMARETIE

d

i) 21)

du  dudé Ede® du? VE
DEIIZEHMINDZ LIZERT 5.

d dfd 1 d d? 11(
d

a|~

4 [EE@EE L TOMEOBEK

B4 OEHMIZR (6) DFFEEFFD R AOHE2ROZZLTHHDT, R6) Dz, y % u,v &
TABZAT, AN (18) DL B —HARR e OMHA LRI ER p 2BHTEIIe2EXD. REL,

RN (6) 2HBUT
1

B(u,v) = VE + 28 (u,v)

(28)

TH5. Vo IEELZRTHAOEE, © WEHR &: D> R, 2XTLT5. ZOMEIIE-HELAER
itk ond, BoEARRCETAMSH»DORERZTEIHENHS. ZI TR, BEERXERIZ
WY BEENREEEZTEDOTIIRL, HfiThRAREERE UTHEH2ERTE2ZL%2E5X5. LT
FE—HABR (18) 2NIEHDOFEBERIZ L 2HE -HEALR (26) LRAZL, € 22X (28) LHET 3.
ZoL EMEHEOMEE, K (26) O £ IZEBE E OLAMIZOAMEEN 2RO LIZERTS. £ BRTY
VYN ® LEBRLTVWARS, O IZOWVWTHAKERS., ZOLSRGEAICRELCHER2EXS, &
W52 TH5. HEDHBEOFIILLTORED TH5:

1. RFv )V & % £ DAL UTEX 5.
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2. £E(6) = (VE+28(¢) L LT E 285,

3. du=VEAE IZXDNTA—& u BHD B,

4. \JEE) % u DEBELTRTZLIZEY flu) ZRD 5.
5. hy = £/1— f2 124D h(u) 2RD 3.

BEETHEORE TH S, —HRRENGTHEELYODBREIL, ZOFEEESTLTALS. V=0,
D) =g THENH E(E) =1/(298) LB, NTA—R uld u = 4/2/g LEBINBHDT,
flw)y=1/(gu) &5, BEickYy, BRI NDHED/NNT A —XHRRIZ

204 _
(o) = (cosu/gw), sinv/(gw), h(w)); b = = [ YL Lay (29)
s, ZOHMEON Y AMEL FEHEEIR (25) kD
2 g g?u* -3 g 4¢2 -3
K=——=-3, H=4——1——=4,/=——— 30
u? 3 uy/g?ut — 1 28 /462 — 1 (30)

LEHEING., ZOMEOFREEER (&) TORMEY, Y1201 F2RITROETEISNE DI
THb.

Wiz, ELIZHOME, 2EVEEEHEZRT/NTIA—XBRPORT VI vy IVERDLZ L BEFTLT
ALS. BEEHEEOMELUTILEMD EFShBBRERMIIMNTOLICRINS:

p(u,v) = (\/ u2 + a2 cos v, V/u2 + a?sinv, asinh ™! u/a) (31)

KU, o REDEBTHS. ZOMEDOE B IOE_REABRIELEN

a

I=du® + (u? + a®) dv?, 1= _mdU2 + adv?, (32)
7 A K = —a2/(u® +a2)® T, VEMRE H =0, 0% )V BMNIETH 5. SRR (£,n) T
FzIITiE

du L1 U
£:/Vu2—|—a2:8mh 15’ n=v (33)

kL, ZOL ¥ u=aqasinhé u+a?=a2cosh’¢ THBEH0D,

1
_ .2 2 2 2 —
I=a?cosh? £ (de? + dn?), 1(._-;5;55512 (34)
Linh. ZIT, H-HABRER (26) LHET B L £(6) =a’cosh®’E &R BEDDL, Vi=0L,T5BE,
ZOHEIHET 5 RF > v Lk
1
~ 2a2cosh?¢

®(&) (35)

THBZ LRI B.
UEZ2ZFLHEL, ROECEIBSNS:
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EIE 1. THIVMEESR (E,n) KBWT, fI#HE V) TETF VY v &) b2 EBT 2R FIowd 5

EETHER, EERE
p(u,v) = (f(u) cosv, f(u)sinv, h(u)) (36)

B AAMEMAEEEFETHS. 7L, RFTA—K y,v i

uzz/L, vi=7 (37)
VVe +22(8)
TEHIN, B f(u), hu) &
1 2
O e O R (39)

LLUTHEZONS.

5 M/NEEDIEE DIEHIAH FTREM

LR H P TORTEeThrm/NHEIX, TOMEBRFHELUSFARSHTWTHIREVEE 2R
D7, R3IZHBUNEE L U THOIAATEN L S 3T 3 MMiERH 5. ZORIZOWT, IROBE
REMMH S U (9], p.169):

TE 2. BOH VAR K 28D 2IRTHESE) —< U E/ME M 123U T, BNHE p: M - R3 T
I=dp-dp 2R2EOBEETZHOOBEFHEMEE T:=v—KI T35 RSO LA
22LTHB.

ZOFEBIZES UTHIHIOMZ RE L, —RAREHEOHEARZ

1
= 298 (d¢? + dn?), V—-K =1+/g/§ (39)
o TTicT s Ao AfRIIEO 2 IZES2WAS, BUNIEE UCHEDAD I 2IZTERWI 212
3. TRIZHLUTHREEOMTI, R (34) 5 1=a(de? +dn?) THY, ThizidTzH Y Rli%
REUTHELS, BNIEEL L TH ICHEDAD S (ZBICBRERIIBNETH 2 2228300 5.
—fz, BFUvoy il @ 25 NTE—EARRNI PRI, ZhickoTHIAMEK K »3HETE3
DT, ZOBEEMEXIT R THB/NE L UTHORADEINE S MIELICHETES. BB, S—HA
BRDBR (18) &% 2 HEMEER (u,v) DEFE, ZTOHN Y AWMBRIR (19) TROSNBDT, LOEH 2
HEIFB 1 4R (18) THERX B Y, EH 2 BERTIREFAEMER, [=v—KE(du?+ dv?) 12s
B4 Ak

I

_ 2 2
P (a 9

5 (2 + 5 ) 1 (V-KE) (40)
Broehalid, ZOZehs, TBH2EFIRODEISIZEV BRI ONS:
EE 3. B—HABR 1= E(du?+dv?) 285, ChPSRESAYAME K BETHS L 5% 2K

FTHERY - UERRE M LT, BNdE p: M > R Cl=dp-dp L%3LDPEET S
DOBE+HRAR In (V_KE) PHENEKL25ZLTh3.
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Brachistochrone curve as a geodesic in a surface
Masaaki Morita

Department of Integrated Arts and Sciences

We consider whether a brachistochrone curve, which is known as a trajectory on which a particle
in a potential travels in a shortest time between given two points, can be regarded as a geodesic
in a surface. We immediately find that a brachistochrone curve is equivalent to a geodesic in a
two-dimensional Riemannian manifold with a conformally flat metric, but it is non-trivial whether
the manifold can be embedded in a three-dimensional Euclidean space. We attempt to constitute
a surface of revolution that realizes the Riemannian manifold, and clarify the relation between the
mechanical potential and the surface constituted. We also discuss the possibility that the Riemannian

manifold is embedded as a minimal surface.

Key words: differential geometry, Riemannian manifold, surface, embedding
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Abstract
In the present paper, we calculated the occurrence probabilities of the third year branching pattern models of

two Psychotria species (Psychotria rubra and Psychotria manillensis) on Okinawa Island.'As the results of our
calculation, we found that some particular models had higher probabilities for P rubra. On the other hand, the
differences among the probabilities of the models for P. manillensis were small.

Key words: Psychotria species, branching pattern model, occurrence probabilities, Okinawa Island

1. Introduction

Here we briefly sketch the back ground of the introduction of the branching pattern models of Psychotria species.

1.1 Branching pattern models of Psychotria species

In this subsection, we recall fundamental features of branching patterns of Psychotria species.

! This research was done as a part of Bio Technology Camp 2015 which was held in National Institute of
Technology, Okinawa College.
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It is known that Psychotria species flower at usually apices of their shoots. After flowering, new branches arc
produced directly under the apices. Hamilton" indicated that the three types Type 1, Type 2 and Type 3 occur as
the branching patterns of Psychotria species. In Type 1, a new branch appears directly under the apex and grows
preserving the direction of the original branch. On the other hand, in Type 2, two new branches appear and both of
them grow with new directions (i.e., they do not preserve the original direction of the old branch). Also in Type 3,
two new branches appear but and one of them keeps the original direction and the other does not. These three
types are referred as findamental branching patterns of Psychotria species.

Watanabe” examined the branching patterns and the subsequent elongations of P. rubra and P. manillensis in
Okinawa Island. His research was conducted at two mountainsg in Okinawa Island, Mt. Nago-dake (26.352N,
128.002E, 230m a.s.l.) for P. rubra and Katsuu-dake (26.372N, 27.562E, 320m a.s.l) for P. manillensis.
Watanabe concluded that Hamilton’s classification of branching patterns of Psychotria species is applicable to
two Psychotria species on Okinawa Island. He also found that the appearance rates of three branching patterns of
two species were very different.

Based on Watanabe’s research, Watari® introduced mathematical branching pattern models of Psychotria
species. In the construction of the models, he focused on the branching patterns after flowering and excluded the
other growth factors (e.g., elongations of branches, branching after injury etc.). Taking account of the fundamental
features of branching pattemns of Psychoiria species, he supposed that the growth of Psychotria species always
satisfies the following ideal conditions:

1. The germination always occurs. The sprout is described as one stem (see Fig. 1 below).

2. After the first flowering at the apex of the sprout, one of Type 1, Type 2 and Type 3 always occurs directly
under the apex. We call plant bodies just after the first branching the first branching pattern models of
Psychotria species.

3. Inductively, for 1> 2, we always have the /th branching after the /th flowering. ]
the latest apices of an ( -1)th modcl. Here latest apices are defined to be the apice
(I -1)th branching. We also call plant bodies just after the /th branching the Ith brc
Psychotria specics,

4. Branches are never lost by abortion, injury and any other reasons.

The growth of Psychotria species in earlier stages is . <
illustrated in Fig, 1. Note that the pictures in this SZUfe | pranching
only emphasize the number of shoots and whether new
branches preserve the original directions or not. As  ---- .4

] : Sprout |
mentioned above, the other factors of growth are all T bt
| (Type

omitted. The first branching pattern models are easily ‘Mol

"

determined as in Fig. 1. Taking account of all possible s
; . ©:latest apex
combinations of three findamental branching patterns and | ¥
: branch
latest apices of first branching pattern models, we can also l."f_“}_ - N ——— .

obtain all second branching models (see [4] for detail). Fig. 1: The growth of Psychotria species
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Fix a positive integer 7. Let M be an rth branching pattern model of Psychotria species. If b, is the number of
Type i branching pattern occurrences in /th branching (i =1, 2, 3 and 1</ <r), then we say the /th branching is
given the vector = (p,,b,,5,). We call such a vector 5 which gives a branching pattern as above a branching
vector. Note that an rth branching pattern model is yielded by successive r branching pattern occurrences. Let M
be an rth branching pattern model whose /th branching (1</<r) is given by;,-," We identify M with the

sequence of branching vectors 17,_1’, . ,b_,-" In particular, we formally express the sprout M by {¢} which consists of

an empty set. The growth of M is illustrated by the following sequence:

— — 5 B — — —_ — —
i)
)

by 7 b, b; 7 .
7 SN o WO i SN ) S VRN S

y

Wecall M=, b,_,...b,b,_,...b } anrthyear vector model for Psychotria species.

1.2 First, second and third years vector models
In this subsection, we list the first, second and third year vector models of Psychotria species obtained by

Watari®. For the description of vector models, we use the following branching vectors:

b =(100), b:=0L0), b,=(00]1), b, =(200), b,=(1L0), b, =01, b, =(020), b:=@OL) b&,=(002),

“-:(300) E;-:(zlo) b, =(2,01)» 13_(120), by =(LLD s b, =(1,0.2), b, =(030) b, =(021), by =(012),
by =(0,03) » by =(4,0,0) 21_(310), b, =030, by=(220), b,=QL) by=(202), by=(©130),
b, =(12]), 28_(112) b,y =(10,3), by =(04,0), b, =(03)), b, =(0,22) b, =(013), b, = (004)

With the above branching vectors, the ﬁrst, second and third year vector models were described as follows’ );

(1) The first year vector models are M, =) M, =} and M, =}

(2) The second year vector models are M, =B} My, ={b}r My, ={b.b}r M, ={b.b}> M, ={b,b}>
Myg={bybt + My ={bb) » Myg=tbh) > Myy=(bb} o Myo={bib} » Myu={bb) » My, ={bb3)
My =ik My ={bb}> Myy={b,b}

(3) The third year vector models are M, = bbb} My, ={bbyb} » M= bbb} M, = bbb}

My ={Bbub} > Myg={b,b,b} » My, ={B.b.b} » My={,b.b} » My={.b.b} » My,={b,b.b} >
My ={b,bby > My, ={bubob} > My ={b,bub} » My, =.bub} » My ={B.bub} » Myg={b,b,b} >
M,y ={b,bob} s Myy={bbub} 5 Myyy={b,bub} 5 My ={b,bb} > Myy={bb,b} 5 My, =1{b,,b,bo} »
My = {bboby} o Moy ={buboby}t s Miyy={bubby} » My ={by,byby} o Myy={b,boby} > My =1b;,b.be} >
My ={by,boby} o Mgy ={bubob} 0 My ={b,bobo} » My ={bbob} s Myyy={b,,bby} 5 Mgy, =1b,,b,,b,} >
My ={bboby} » Myy={bbob} > Moy ={bbobi} » My ={b,bbit » Miys={by,b,by} » My i=1{b,,bby} >
M,y = (bbb}t 0 My ={b,bby} > Miy={byubyby} o My ={b,b,by} 0 Miyg={by,by,by} s Mygi={b,,by,by} >
M,y ={bboby} s Mg =tby,bpby} 5 My ={bybiby} s Myg={by,by,by} » My ={by,by,by}t » My, =1{B,,by,by} >
My ={buboby} s My ={byubbg} s Mys={b,bby} s Myg=tb,,b,,by} > Mg,ﬂ.:{b?,bs,bm}, M, = {b;,by,by} >
M, ={b,bby} » My ={by,buby} » My ={b.bubyu} » Mg ={b,,b,b,} > Mass:{lz,li,l;}» M, g ={b;,b,b,} >
M, ={B,byby} o Myg={bybyuby} > My ={bububy} » Myg={b.bby} » My =1b,,b,bs} 0 My =1b;,b,by} »
M,y ={b,byuby} » My ={bybyby} s My =B, by

|

3Dy byt 0 Mg =10,y 0,} 0 My = {bzabwbzs} v M= bz’bsabu} ’
M, =10y, by, bys} 1 My = {by,00,0y} 0 M0y =1{by, by, by} 0 Mgy =10y, 0,0y} 5 Mg =4b,,by,by} 0 My, =1b,,05,05}
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— J— — — —

Mg =1{0,,05,0y} » My =1b,,05,05,} 0 Mygs:=1{by,05,b53} » My i=1{b,,0,,b,,} » M,y :=1{b,,0,,

l
l

o

i} Mg ={by,byb} 5
Mg ={b,b,b} » My ={b,bub} s My ={b,bb} » Mg ={bb,b} » Myg=1{b,bbo}t s My, i={by,bs,by} >
Mygs={byboby} s Mygo={bboby} s Mg i=1{bbobg} > My i={by,by,bi} » Mgy i={by,bo,bic}t o My =1b;,b5,b} 5
My ={b,bobg) s My = bbb} s My ={bybebio} s My ={03,50,00} 5 My = {by,be, b} s Miyygg = {0y, bg,Bys} »
My = bbb} s My =brbgbist s My = 103,b0big} s My ={bysbebyt s My, ={b3.bebg} s Myyy =10y, 5o} »

M,y =1b3,0,5by0} 0 My, =1by,by by} s M5 =1{by,b, by} s Mgy =1{by,05,00 0 My, =14b3,0,,by} 0 My =1{by,b;, by}

M5 =105,0,056 0 My =103,0,,0 0 My =103,0,,055 0 My =1{b3,by,by} > M 155 =1{by, b0y} 5 M5, =1by,by by} »

—_ — — —_ — —

M, 105 =1{b3,bssby} 0 My s =103,0,,b5} 0 My, =4{b3,5;,0y} 0 My = 1{b3, by by} 0 Miyspg i=1by,B550y 0 My 50 = 1By, By, By}

M; 15 =B, b5 by} 0 My =103505,050 0 Myuay =103505,055} 0 My 150 =1{05,bg,bys} 2 My yps = 1{b3, 05,07} 0 My 156 = 1By, By, by} 0
M1 ={b3sb5,b5} 0 M3 =1{0y,0g,by} 0 My =1{b3,bgby 0 M0 =1{by by byt 0 My, =105,05,05 0 My, =1{B3,5,,0,,})
M, 1 =1{03,0g,by} 0 My =103500,0, 0 My s = 1byubosby} 0 My s i ={0bgsby} 0 My 1y ={bysby,byy} 0 My = 1{By,by,bys}

My =405,05,by3 0 My 50 ={03505,by} 0 My 15 = {05,05,05 0 My 15, =1{83,05,0051 0 My 153 =4{b3,05,050} 0 M55, =1{D3,04,b5, )

j—

M55 =1{bs.by, by} r Myyss =1by.by, by} s My s, = {b3,0y,b3,}
2 The occurrence probabilities of the vector models

In this section, we first recall the calculation method for the occurrence probabilities of our vector
models for Psychotria species introduced by Watari”. We also list the occurrence probabilities for the first
and second year vector models which were already known. The occurrence probabilities for the third

year vector models are finally calculated as the main result of this paper.

2.1 How to calculate the occurrence probabilities of vector models

Let p, (i=1,2,3) be the occurrence probability of each fundamental branching vector of Type i. For a branching
vector b, we denote by P(Z) the occurrence probability of 3. For a vector model M, we also express its

occurrence probability by P(M). The probability P(Z) follows from the multinomial distribution.

Lemma 2.1 The occurrence probability p(5) of a branching vectorp = (8,,b,,b;) is given by the following formula.

Bl
b'b,1b,!

P() = plpp® Where b=b +b, +b,

The proportions of the existence of the fundamental branching patterns of Types 1, 2 and 3 for P. rubra and P,
manillensis on Okinawa Island were investigated by Watanabe”. These proportions were regarded as the

occurrence probabilities of fundamental branching vectors for each species, as in Table 1 below.

Table 1: The occurrence probabilities of the fundamental branching vectors of Psychotria species

Species P(B) P(b,) Py

P, rubra 0.11 0.84 0.005
P. manillensis 0.27 0.4 0.33
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The occurrence probabilities of branching vectors Z; (i=1,...,34) follow from Lemma 2.1 and datum in Table 1.

Table 2: The occurrence probabilities of branching vectors of Psychotria species

P. rubra P. manillensis P. rubra P. manillensis P. rubra P. manillensis
P(B) | o011 027 P(,) | 084 0.4 P(,) | 0.005 033
P(b;) 0.0121 0.0729 P(b;) | 0.1848 0216 P(b,) 0.011 0.1782
P(b,) 0.7056 0.16 P(b,) 0.084 0.264 P(b,) 0.0025 0.1089
P(by) | 0001331 | 0.019683 P(b,) | 0030492 0.08748 P(b,) | 0.001815 0.072171
P(b,) | 0232848 | 0.1296 P(b,) | 002772 02138 P(by) | 0.000825 0.0088209
P(b,) | 0592704 | 0.064 P(b,) | 0.10584 0.1584 P(b;) | 0.0063 0.13068
P(by) | 0.000125 | 0.035937 P(by) | 0.00014641 | 0.00531441 P(b,) | 000447216 | 0.0314928
P(b,) | 0.0002662 | 0.02598156 P(bz) | 005122656 | 0.069984 P(b,) | 0.0060984 0.1154736
P(b;) | 0.0001815 | 0.4763286 P(by) | 026078976 | 0.06912 P(b,) | 0.0465696 0.171072
P(by) | 0002772 | 0.1411344 P(by) | 0.000055 0.03881196 P(by) | 049787136 | 0.0256
P(b,) | 0.1185408 | 0.08448 P(b;) | 0.010584 0.104544 P(b;) | 0.00042 0.0574992
P(b,)) | 0.00000625 | 0.01185921

Forps= {1;1",,,,1;;,,,,,17‘_”} , its occurrence probability P(M) is also able to calculate by the following proposition:

Proposition 2.2 The occurrence probability P(M) is given by P(M) = P(b_,.: )X % P(ZT,.; JERE P(l? ).

By Proposition 2.2 with the probabilities in Table 2, the occurrence probabilities of first and second year vector

models were calculated as in Table 3.

Table 3: The occurrence probabilities of the first and second year vector models of Psychotria species

P.rubra | P. manillensis P.rubra | P. manillensis P.rubra | P. manillensis
PM,) | 0.11 0.27 P(M,,) | 0.84 04 P(M,3) | 0.05 0.33
P(M,) | 0.0121 0.0729 P(M,;) | 0.0924 0.108 P(M,;) | 0.0055 0.0891
P(M,,) |0.010164 | 0.02916 P(M,5) | 0.155232 | 0.0864 P(M,5) | 0.00924 0.07128
PM,;) | 0.592704 | 0.064 P(M,5) | 0.07056 0.1056 P(M,5) | 0.0021 0.04356
P(M,1) | 0.000605 | 0.024057 | P(M,;) | 0.00924 0.07128 P(M,;,) | 0.00055 0.058806
P(M,;;) | 0.03528 0.0528 P(M,1) | 0.0042 0.08712 P(M,;5) | 0.000125 | 0.035937
2.2 The Occurrence probabilities of Third year Vector Models
In the same manner as above, the occurrence probabilities of the third year vector models for P. rubra and P.

manillensis are calculated as in Tables 4 and 5.
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Table 4: The occurrence probabilities of the third year vector models of Psychotria species

P. rubra P. manillensis P. rubra P. manillensis P. rubra P. manillensis
P(M,,) 0.001331 0.019683 P(M,,) 0.010164 0.02916 P(M,,) 0.000605 0.024057
P(M,,) 0.00111804 | 0.0078732 P(M,5) 0.01707552 0.023328 P(M,4) 0.0010164 0.0192456
P(M;,) 0.06519744 | 0.01728 P(M,5) 0.0077616 0.028512 P(M,,) 0.000231 0.0117612
P(M;,0) 0.00006655 | 0.00649539 P(M,,) 0.0010164 0.0192456 P(M,;,) 0.0000605 0.01587762
P(M;3) 0.0038808 | 0.014256 P(M,,,) 0.000462 0.0235224 P(M,;5) 0.00001375 0.00970299
P(M,) 0.000122984 | 0.002125764 | P(M;,;) 0.001878307 | 0.00629856 P(M, ) 0.000111804 | 0.005196312
P(M, ) 0.007171718 | 0.0046656 P(M,,,) 0.000853776 | 0.00769824 P(M,,) 0.00002541 0.003175524
P(M, ;) 0.000206613 | 0.001700611 | P(M,,;) 0.004733334 | 0.007558272 | P(M,,,) 0.000281746 | 0.006235574
P(M,,5) 0.03614546 | 0.01119744 P(M, ) 0.004303031 | 0.01847232 P(M, ;) 0.000128066 | 0.007621257
P(M, ) 0.092006627 | 0.0055296 P(M,5) 0.016429754 | 0.01368576 P(M;) 0.000977961 | 0.011290752
P(M, ) 0.000019404 | 0.003104956 | P(M,;,) 0.000012298 | 0.001403004 | P(M,,;) 0.000281746 | 0.006235574
P(M,,,) 0.00001677 | 0.005144348 | P(M, ;) 0.002151515 | 0.009237888 | P(M,,,) 0.000256132 | 0.015239664
P(M, ) 0.000007623 | 0.006287537 | P(M, ) 0.005476584 | 0.00456192 P(M,3) 0.000977961 0.011290752
P(M, ) 0.000058212 | 0.00931487 P(M, ) 0.000001155 | 0.002561589 | P(M,,) 0.000086777 | 0.000340122
P(M, ) 0.002650667 | 0.002015539 | P(M,,,) 0.000157777 | 0.001662819 | P(M, ) 0.030362187 | 0.004478976
P(M, ,6) 0.003614546 | 0.00739031 P(M, ;) 0.000107575 | 0.03048503 P(M, ) 0.154571133 | 0.00442368
P(M, ) 0.027601988 | 0.010948608 | P(M, ) 0.001642975 | 0.009046016 | P(M, ;) 0.000032598 | 0.002483965
P(M, ) 0.295090346 | 0.0016384 P(M,5,) 0.070259606 | 0.00540672 P(M,5,) 0.006273179 | 0.006690816
P(M, ;) 0.000248935 | 0.003679948 | P(M, ) 0.000003704 | 0.000758989 | P(M, ;) 0.00001033 0.000561201
P(M, ) 0.000315555 | 0.003325639 | P(M,5) 0.000018783 | 0.002743652 | P(M;¢) 0.003614546 | 0.00739031
P(M, ) 0.000430303 | 0.012194012 | P(M,,) 0.000012806 | 0.0503003 P(M; ) 0.018401325 | 0.007299072
P(M, ) 0.00328595 | 0.018065203 | P(M,) 0.000195592 | 0.014903792 | P(M,¢) 0.00000388 0.004098542
P(M, ;) 0.035129803 | 0.00270336 P(M, ) 0.008364238 | 0.008921088 | P(M, ) 0.000746807 | 0.011039846
P(M, ) 0.000029635 | 0.006071915 | P(M,;,) 0.000000441 | 0.001252332 | P(M,,,) 0.000000307 | 0.000231495
P(M, ) 0.000009391 | 0.001371826 | P(M,,,) 0.000000559 | 0.001131756 | P(M,,) 0.000107575 | 0.003048503
P(M, ;) 0.000012806 | 0.00503003 P(M, ;) 0.000000381 | 0.020748873 | P(M, ) 0.000547658 | 0.003010867
P(M, ;) 0.000097796 | 0.007451896 | P(M,g) 0.000005821 | 0.006147814 | P(M,4) 0.000000115 | 0.001690648
P(M,g) 0.001045529 | 0.001115136 | P(M,4) 0.000248935 | 0.003679948 | P(M,g,) 0.000022226 | 0.004553936
P(M, ) 0.000000882 | 0.002504665 | P(M,y) 0.000000013 | 0.000516587 | P(M,g;) 0.00000732 | 0.001753755
P(M, ) 0.000111804 | 0.005196312 | P(M,y) 0.000006655 | 0.004286957 | P(M,4,) 0.000426888 | 0.00384912
P(M, ) 0.00005082 | 0.006351048 | P(M,,,) 0.000001512 | 0.002619807 | P(M,,) 0.000012298 | 0.001403004
P(M,,,) 0.000281746 | 0.006235574 | P(M, ;) 0.00001677 0.005144348 | P(M,g) 0.002151515 | 0.009237888
P(M,,,) 0.000256132 | 0.015239664 | P(M, ) 0.000007623 | 0.006287537 | P(M,q) 0.005476584 | 0.00456192
P(M, ) | 0000977961 | 0.011290752 | P(M,,,;) | 0.000058212 | 0.00931487 P(M,,,) | 0.000001155 | 0.002561589
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abilitics of the third year vector models of Psychoi

P. rubra P. maniilensis

P(M,,) | 000001677 | 0.005144348 | P(M,,0)

P(M,,0r) | 0.000015246 | 0012572722 | P(My0)

P(M,;0) | 0.000058212 | 0.00931487 P(My,,)

P(M,;;,) | 0.000005165 | 0.0002806 P(Myy,,)

P(M,,;) | ooooovsssn | 0001371826 | P(M;y,) | 0001807273 | 0003695155 | P(M;y)

P(M,,,,) | vocooossoa | 0.02515015 P(M,,,) | 0,009200662 | 0003649536 | P(My55)

P(M,,y) | oovo097796 | 0.007451896 P(M,1,) | 000000194 | 0002049271 | P(Myum)

P(M, 5.0 | oooa1s2119 | 0.004460544 P(M, 1) | 0000373403 | 0005519923 | P(M,5)

P(My,;) | 000000022 | 0.000626166 | P(M;5) | 0.000000614 | 0000462991 | P(M)

P(M,,50) | 0000001018 | 0.002263513 P(M,;,) | 0.000215151 | 0006097006 | P(My.,)

P(M, ;) | 0.000000762 | 0.041497747 P(M,;5,) | 0.001095316 | 0.006021734 | P(M;.;)

P(M, ) | 0000011642 | 0.012295628 P(M;;5;) | 0.000000231 | 0.003381297 | P(My.,)

P(M, ) | 0000497871 | 0.007359897 P(M,,,.) | 0.000044452 | 0.000107873 P(M,y )

P(M,,,) | coooooooze | 0.001033174 P(M,,,,) | 0000000018 | 0.000190983 | P(M,,,)

P(M,,,;) | 0000000033 | 0.000933699 | P(M;,,) | 0.000006403 | 0.002515015 | P(M;y,)

P(M, ;) | ooocooonzz | 0.01711782 P(M,,,) | 0.000032598 | 0.02483965 P(My15)

P(M,15) | 0000000346 | 0.005071946 P(M,,5;) | 0.000000006 | 0.001394785 P(M,,5)

P(M,,.,) | 0000014817 | 0.002035957 P(M,,;5) | 0000001323 | 0.003756997 | P(M,,5)

P(M, ;) | 78125%10™ | D.000426184

3 Conclusions and a further problem

Fig. 2 shows the probabilities of the all models in Tables 4 and 5. For Psychotria rubra, some models have
higher probabilities compared to others. On the other hand, the probability of each model for B manillensis is

lower. These differences may reflect survival sirategies of two species. The next target of our research is the

P rubra P manillensis
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Fig. 2 : The occurrence probabilities of third year models
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fourth year models. It is expected that their numbers are bigger than four thousands. Thus we are planning to use

the computer program for the determination of them and the computation of their occurrence probabilities.
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MHREERICBWTEBINT 2012 F£E D 2016 FEEIIHITTO 1E4 OHAE~13H4) 2X4E
ELEFRATANOKREEZ LD, FERLKE - 2EVHEORBEITV., BEEMA T, REK
AIER® 20m ¥ % ML T2, 50m EILBWTEEBOENKRIN., HDIBREDOEEORENRIN
Teo BFIIBWTIL, 9 WIAIXEERE LV REEBEEORINE P o2, 13 HIAEIXEEREDREAN
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Thy, FOMOEEL2EFEH L VENZRERIXNIEAEEON P -T2, MU TEL L LITHIZ
EXEFOHHLEEREREMOENNSL > TV, BFRETEREAZHDILLIE L CORENR L
BORL, BFEXHIEE oM s, BEEEZHIS KERE O, T2 8 23 REKRTE T2EF
BLRAZENENUED LRV THoTEERBRRONTZ, SHOBEL LT, RENIZE2EYHLL
TThAIZEHEAOMEIYF/FEN, PAEADOBFICRBITSERELESHZEOFZIRE L UOWENE %
Nz, FOEHITIE, WEEHEOBRFED ARV HEHRDOEFRRA VT F U AOXLEE L HAERED
EOMLEHENEL b,
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R 10 EEIZ, XHBAERECLVBRIOFEENLBEFETONTETWVE [AFR—YF R b R
DAEIFTI-RET A MRBIFITEN, FR N EENS HEAHT AL LLTLETERENTNS,
YRk 27 FE LY XM PEAR—VITICREXIBE SN, FR28EEEBORAEIX. BROEKT -
BERESNOBREZELMCTEE L BT, KE « AR—YV OB LT LOEBERLEB5- L% H
e LTng b,

BEEMAZRIZBWTHLEEANT X MI2ENCEFITh. AEOHERLOBHEIRL TV
D B TEESEMEE UUT MEEE] L33) T 2012 FELUR, | EEEXIRIC4~5H
T THESNT XA FOEBEB 2 CHEISBHERIITONTETWHS, ZOF—FiX, [AFR—Y
EH OBEEPLIBEAOEBESOEBLOMEIFEEROHISIIERA IR TWS, LR L
Tk, BRP D BCOKARER L~V E#R R OFEMHICHER L, BEORAR—YFBRBITBN TR
R—=VDOELIRLHKBELERFDIDHDOER L LTHLA TN,

AL T, HEEBRICBWT2012EE1DH 2016 EED 14 (9HA~13 H14) 2R LT
TONTRERENSL, FEAT AN EBITI2HEEERZ Yy 277 v 7L, FO#HBEHLHKR L, £
BEEIZBVWTL2EREDT —F LB LT 7z, WRBREEAAZLEZEN Y DZEDEKS LRV
EHEEL. SEOAR—Y EEOBECHRMENBFEERATI2O0EBEERE2G2 L E2HNE
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2. Fi:

(1) xR EAEEE
FURATAVOEBHBZBLAROHEIL. EFEL D [AR—VERKT | oRERBAICBN
T AAPL S AICTTERBLE, HRFIIWMEEE 1 FAET, YRFEEIC1I6RICSETHIFAETH
SN EETH>TH BFEAZEBLICYRFER 6L B FEHICET 2FEIIBRALE,
FRELOFFZLIVEERATANOTRTORBEZEETE R oEBAELHBENLATZLEL
7me BBERBITAIHNRERSEZERIIUTOEEY THolz,

20124 (9HAE) : BF 1194 - KT+ 24

20135 (104 : B 1254 - &7 314

2014 5E (114 : BF 1164 - LT 404

2015 (12HA4E) - BF 1274 - K +354

2016 5 (I3HA4) : B+ 174 - KT 364

HIEEHIX, #7 - EEEZ L - REERME -  KERE G - 20m vy bV T2 - 50miE - SLHIRE
Ve Ny RR=ABITO8EATH -7, HIEITHBFEENED ZBEHE NCESVE,

(2) oo EBEEE
BEBEWZBITAT—FE LT, AZEZ1HEBUN (FFEKE4H 8B ETIRER) THEERE TITbh
HEFEBEICBONTHE - EHEINEFELARKBEOEEZFEH L,

(3) |#tHk

BEEZBNWT, FEATAMSHEBIVOHR LAEL, FLINVHE - HERZE - HKRE -
BMEEZREH L, S8HBEHE - KEIZOVWT, YU FEMICBITIH8EEROEL BT & M
WTHBR LTz, XMBEYE - AR—YFrbEEFTER 3 6 - EBREHAEREE O 0
EEVHORE L OEZRIFT2TOT. BIBELZEETLETICE LD,

3. MR

(1) BEEITRBIT 54
2012 4EFE (9 Hi4) 225 2016 £EFE (13 Hi4) BT AEEAT A MSHEERIVHEE - KEOH
ERROVHE L ELERZE, FRMELR/ME. Y% 5EMIIBIT2EHEOEIZ. R1~100DEBD
Thole, ERLRIZIE, &S - BEEEAREREE] LRI 2EEHOE, BLUOKFEICEBT
LIEEMEE DELHFEE L,

xR HREEFLEOFENHENTAMIERR (EH)

7 BF zF
AeEs 2012 2013 2014 2015 2016 2012 2013 2014 2015 2016
(Of%) | (10M%E) | (113%) | 128%) | 13ME) | (OHE) | (0HE) | (1118%E) | (128E) | 13 %)
HREH(A) 119 125 116 127 117 42 31 40 35 36
it kg) 37.8 36.9 36.3 37.0 35.9 24.7 24.4 25.1 24.9 23.6
Bk 55 52 55 58 56 40 35 33 35 32
BB (kg) 24 24 22 25 19 16 16 16 18 15
wEEEE 6.832 5,736 6.430 5.998 6.458 4,767 4.969 4511 4.031 3.505
£EFH(ke) | 38.57 38.68 39.05 37.87 38.50 25.64 25.67 25.85 25.58 26.07
FigE(kg) AO0.77 A1.78 A2.75 A087 A260 | A094 | A1.27 A0.75 A068 | A247
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w2 WREEIFL£O0FENHGHTAMNIESER (K L)

22l BT zF
AEFE 2012 2013 2014 2015 2016 2012 2013 2014 2015 2016
(OHA%) | (10A%) | (11 M) | (128%) | (13ME) | (9OM%) | (10ME) | (11 #4E) | (128%) | (1384%)
HREB(A) 119 125 116 127 117 42 31 40 35 36
SFfE(E) 26.7 26.7 27.6 27.1 26.1 18.7 21.4 20.3 21.0 21.3
BRHE(E) 38 38 40 39 38 29 30 36 29 34
B{EMHE(E) 7 10 16 9 5 5 12 7 6 10
RERE 5210 4.484 4.081 5.003 5.220 4.892 4.943 5.962 4772 6.003
LEF(E) 29.38 29.54 29.89 29.53 29.76 22.18 22.57 23.17 22.98 23.35
P9 (mE) A2.68 A2.84 A2.29 A2.43 A3.66 A3.48 A1.17 A2.87 A1.98 A2.05
"3 WREE FLEOFENFENTAMNIERER (REGHE)
32 BF T
AEFE 2012 2013 2014 2015 2016 2012 2013 2014 2015 2016
(Of%) | (10H4) | (M1 M%) | (1284 | (134 || (9H4) | (0HE) | 11#E) | (12184) | (13 %)
HREB(A) 119 125 116 127 117 42 31 40 35 36
FigfE(cm) 43.8 43.3 43.2 43.7 40.0 41.6 45.5 47.2 45.5 47.9
B#{E(cm) 64 61 65 69 66 58 66 65 65 64
B{EfE(cm) 12 15 19 10 10 20 23 32 27 28
BRREE 9.059 9.585 9.793 9.817 10.712 8.099 9.623 8.869 8.567 8.377
2EFH(cm || 47.54 47.01 47.67 47.36 47.37 4581 46.00 47.09 46.66 47.00
T2 (cm) A374 A371 A4 AT A3.66 A7.37 A42] A0.50 0.11 A1.16 0.90
THEDE *A "B *A*B *C*D *C *D
(*p<.05 HEFRFENRBOHSNIEFEEEWNET D)
w4 WEEEFLEOFENFENTANIEER (REHEET)
5 By TF
AEFE 2012 2013 2014 2015 2016 2012 2013 2014 2015 2016
(OHA%) | (10/A%E) | (11 X)) | (1238%) | (1354%) | (9OMA%) | (10MA%) | (11 53%) | (128%) | (13 HA%)
HREB(A) 119 125 116 127 117 42 31 40 35 36
FHfE([E) 54.6 55.2 54.6 54.2 53.4 44.0 50.4 45.7 47.5 48.2
RS E(E) 66 69 70 67 68 63 62 65 60 60
REMEE) 36 32 19 31 37 20 42 26 30 39
Rz 5.701 6.957 6.674 6.275 5.735 8.070 4.294 7.699 6.872 4.945
2EFH(E) 55.35 54.94 55,75 55.43 55.69 46.32 46.35 47.21 47.18 47.57
g2 ([E) A0.75 0.26 A1.15 A1.23 A2.29 A2.52 4,05 A1.51 0.32 0.63
THfEDE A *A*B B

(*p<.01

*p<.05 EFRENRBOHSNIFEEEHET D)
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=5 WHRESE|F4£0FENFHENTAMNIEER 20m > v L7 Y)
32l BF zF
REEE 2012 2013 2014 2015 2016 2012 2013 2014 2015 2016
(9 Hi%) (TOHA4E) | (MTHE) | (1284) | (134 | (9HA4%) | (0H&%) | (V1% | (124%) | (13 H4)
HREWBUA) 119 125 116 127 117 42 31 40 35 36
Fi4E([E]) 83.3 825 74.4 75.0 80.6 447 454 453 48.2 479
BE{E(E) 131 150 133 131 128 83 70 85 84 84
EHE(E) 20 23 10 30 26 16 30 11 12 25
REmE 23.436 | 24.941 23.342 | 20.567 | 21.143 16.437 | 10.921 19.419 | 15.980 | 14.125
2EF4(E) 85.32 86.16 87.96 84.47 85.93 49.49 4997 51.87 50.14 50.80
g2 (E) A2.02 A366 | A13.56 | A9.47 A5.33 AAT9 AABT AB57 A194 A290
REDE *A*B *C *A*C *B
(*p<.05 BEFEFEFROSNEEENET D)
#®6 MHESE|E£L£0EENFANTAMNIERR (50m E)
32 BF zF
REEE 2012 2013 2014 2015 2016 2012 2013 2014 2015 2016
(OH%) | (10AKE) | M1 H%) | (12884%) | 138%) || (OH4) | (0ME) | (11 8E) | 1284) | (13 %)
HREB(A) 119 125 116 127 117 42 31 40 35 36
FEE) 7.73 7.63 7.66 7.71 7.49 9.64 8.83 9.26 9.07 8.95
BEHE®) 6.7 6.7 6.8 6.5 6.6 8.1 8.0 7.9 7.9 8.0
BEEE) 10.0 10.4 9.3 94 10.6 11.6 9.5 11.9 13.2 12.0
EmEes 0.563 0.593 0.530 0.539 0.593 0.780 0.457 0.873 0.963 0.789
2EFHH) 7.53 7.47 7.38 7.47 7.40 8.98 8.93 8.82 8.62 8.88
i) A0.20 AQ.16 A0.28 A024 A0.09 A0.66 0.10 A0.44 A0.45 A0.07
T -A B “A*B  *C*D"E *C D ~E
(**p.<001 **p<.01 *p<.05 ETFREHIBOSNIEEENET Z)
=7 HERE|FL£0FENFEATFAMIERR (I5REEV)
5l B¥ TF
AEEE 2012 2013 2014 2015 2016 2012 2013 2014 2015 2016
(9 #i%) (T0H&) | (1T H&E) | 1234 | (134 | (9OM4) | N0HW4&) | (11 L) | (1254) | (13 H4E)
RHEREB(A) 119 125 116 127 117 42 31 40 35 36
Pamem | 2196 | 2194 | 2183 | 2190 | 2151 || 1671 | 1805 | 1645 | 1667 | 1766
BEfE(cm) 270 265 260 280 280 208 220 215 208 210
B{E{E(cm) 140 140 152 151 90 100 145 110 52 100
REEmE 20.846 | 22570 | 22.012 | 22.151 27.192 || 21.891 17.365 | 21.736 | 33.157 | 22.710
2E¥H(em || 21696 | 216.70 | 218.83 | 216.59 | 220.63 168.33 | 168.73 170.65 169.55 172.30
i (cm) 2.64 2.70 A553 2.41 A553 A123 11.77 AB.15 A285 4.30
FiGEOE *A *A

(*p<.05 HFREFBOHSNEEEENET S)
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K8 MEEE| SL£OFENFHEANTAMIERER (/\> RR—ILE&ITF)

7 B5F ZF
s 2012 2013 2014 2015 2016 2012 2013 2014 2015 2016
(Of&k) | (10HI4E) | (11334%) | (12834 | (13ME) || (9l4%) | (0HE) | 11H4E) | (12184) | (13 %)
HREBUA) 119 125 116 127 117 42 31 40 35 36
F4{E(m) 23.3 22.6 22.5 21.5 26.2 12.4 13.5 13.6 13.3 14.2
BEfE(m) 36 35 37 37 45 23 23 27 22 25
B|EM(m) 9 9 13 9 13 7 7 6 6 5
RERE 5471 5.681 5.378 5218 6.922 4.064 3.876 4183 4635 5.193
2EFH(m) 24.71 24.70 24.85 24.22 24.81 14.05 14.28 14.40 13.80 14.35
Fi2(m) A147 A2.10 A235 A2.72 1.39 A1.65 A0.78 A0.80 A0.50 AO0.15

qzﬁﬁswﬁ “A “B --C “D --A“B“C.-D
(*p<.01 HFREHFBOHSNIEEEENIET B)

RO HREE | FLOFEENRRZHER (BR)

#E7) BF TF

AEFE 2012 2013 2014 2015 2016 2012 2013 2014 2015 2016
(O3%) | (1034) | (1 /%) | (128%) | (34 || (OME) | (10FEAE) | (11 R%) | (121%) | (13 #i%)

HREB(A) 119 125 116 127 117 42 31 40 35 36

FigiE(cm) 166.77 | 167.49 | 166.44 | 167.78 | 167.35 || 155.81 166.03 | 156.63 | 156.87 | 155.57

BB (cm) 182.9 185.3 185.0 180.4 183.6 167.4 169.0 165.1 175.2 169.5

E{B{E(cm) 149.2 148.8 152.6 154.6 1655 143.4 145.6 144.9 141.1 139.2

R 6.528 5.945 5.671 5.307 5.897 6.121 5.201 4.839 6.806 5518

“EFHEm | 168.14 | 168.24 | 168.37 | 168.01 16846 || 156.98 | 156.97 | 157.24 | 156.48 | 156.95

T2 (cm) A1.37 AO0.75 A193 A023 Al1.11 A1.17 A094 AO0.71 0.39 A1.38

®10 HEEEFLEOFENBRRZHHER (KE)

2] E5F ZF
AEEE 2012 2013 2014 2015 2016 2012 2013 2014 2015 2016
Qfa%) | (10ME) | (1A% | (1284) | 138E) || 9f4) | (0L | (11 HE) | (1284) | (13#4%)

HREB(A) 119 125 116 127 117 42 31 40 35 36
34l (kg) 56.34 56.79 56.68 58.96 56.25 49.65 48.37 51.50 49.88 50.55
Bl kg) 110.0 92.6 85.6 92.4 101.2 63.0 60.6 70.6 77.0 70.3
RBfEkg) 39.0 41.2 38.8 39.2 40.2 372 36.2 37.6 337 36.1
mRREE 11.442 8.671 9.340 8.775 10.101 5.775 5.871 7.036 8.854 7.504
£ETEkg) | 58.28 58.17 57.74 57.85 58.15 51.15 51.13 51.36 50.78 51.16
T2 kg) A194 A1.38 A1.06 1.11 A1.90 A1.50 A2.76 0.14 A0.90 A0.61
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(2) BFroRROIHRFE

BT, REKFE (F@4,599)=3.025,p<.05) - 20m ¥ h/VT ' (F(4,599)=4.089,p<.01) * 50m
(F(4,599)=3.482, p<.01) * "> RAR— T (F(4,599)=11.609, p<.001) TEEMICAEREN’RDL
nr,

EEAREIZ, oARBIC 1281413, BHAELVBERLTEY (& HI2 p<05), FHERBN
EBRRENT,

20m ¥ T3, IBAETIIEIABLIC ALY GENTEY (& HITp<05), 72 10#
ARFXNHALVLENATEY (p<05). ABEEEIPHNZ EBRENT,

50m &, 13 HIAEIXIHE (p<01) BRU 1284 (p<05) LV HENTRY ., ERFHEEILE
W2 ERREINT,

N RR—= VBT I3 HEFTIOHE - 104 - 11 A R2HELI Y LERLTEY (3T p<.0l),
BAOBBNI EBRENTE,

FOMOFEANT A FOPEHRBBIOHR EEEICIT, YRS5FHMICBITA2EEMOEITRD S
Niphoic,

Fh, BELALOEEBLICHIEEBILBNT, 2E¥H% TE- T,

(3) XFDREDIIRER

ZFTix. REMEME (F4,179)=3.111, p<.05) - KEHK & V' (F@4,179)=4.728, p<.01) * 50m *
(F(4,179)=5.815, p<.001) * ML HHE & W8 (F(4,179)=2.931, p<.05) THEMICEBRRENED LN,
FEARMBIE. WHEBICBHETIHEIVLEENTEY (& HIZp<05). ZEEREWNZ
EWREINT,

RERE NI, 10 41 9 4 (p<.01) BL11 Hi4 (p<.05) LV HENTEY ., BEEAFV
ZEBRENT,

50m ZEIE, 10 B4 (p<.001) - 12 Hi4 (p<.05) BIL T 13 H4 (p<.0) ZIHFA LV LENTEY .,
ERRFHEEADFV EBRENT,

SMHIBEERIE, 104 1NMHAIVLEATEY (p<05). THEBERIBEWI BRI,
ZTOMOFENT A NOREEREBLCH R LEEIZIT, Y% S5EMICBITIEERMOEITRDL
N hoi-,

T, BEALOEEBIVHBERICBWT, £2EFH 2 TEH - TV, EEKRR & KER
EVREETEHEIZFEALZEZER 2L, 10 HABI OV 13 HADNLIE L CiXL2EEHE2 K& LA
Tz,

4. BE

(1) FEMOLBRICBITHER

WVEHOLSFEMIBITD 1EEDFRANT A NORKRNPS, HEIBREOFEOKRMEEBRALZZ LN T
&7,

BFIZBOWTIE, 9 4L 50m ERBVHOD 20m ¥ MLTUNEBNRTEY, EBRESE (B3
) OFEHLY LEBREE (FAK) OEAFELLTWEESICBx, 10 TR H LEESD
HERRL, NG VADRERBR UL, 11 #$4 - 2 HAREFBRIEEENDEK SNBSS -7, 13 Hi4E
¥ 50m E N BEEEME (BB OENPERLTHELO0, BEERIEIXS > TEY ., SHEltE
L THEROFEHREICRITTWB LI REIRTH -7, BHER, HFIZBF B TAY FR—V
BITMUEELVEN TV, X 2016 EFEICAY RER—LVERESLSILLIZITABO L DN D
ATHEEOHFHMIZFRALEZENEEL TV LB, UETOEEOTEHFZ L BEMICHKRLEET
DIEIFEYITIEERWVELEIICE X,

TFCBWTI, 9 HIATERARIREKERE Y - 5om ERMEELI VL -TBY, -8R
ZEARPoTe b DD EEKEZ LENY FR—AVRITOEHELRETH o722 &2 b, REHICEES
BDEDBRHIRTH -T2, 10HEIIKEMEP - 50m E - LHEEOREBNHERTHo=iEd, LK
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BILOEHELEEEZEEL, BICERLE TEOBHEZTLE LU — L EERICENTZEIR T
HY, YESEMTIIRENIRLENTWVE LB, I HARZEREREN TV EZHOD,
BKEE - BEEROBEBAICEFOMANAON, MOEELITIRR2IBENTHo7, 12 HIAITRHBLTE
NEEHEEBIR 2P0 b00, MUTEEEHEOENRDRLS, RTFVADODREEZK LN, 1384
IREERE - KEBE G X HiE L UOREETHLU ETHY, KON & BB/ B LEMENT
WA EHICBbn, BREMVITITI1I0MEICKRSEBENZR LD Z LN TE T,

(2) 2B L okBiIcBIT £

2EEHELBTH L, WEREOEHEITISEALOEE -HBE TFR-TW, BFid, 85 -
EEREZ U - BREAERIE 20m > % VT2« 50m ERXBWTSE/T—ELLEEHE ER->TE
53, FICREERTB TR 2 REKMEL 20m >y MV T U THIDN D2 FBREEENITIRELSEL ST
Wiz, AL ED, MEEE 1 FLEOLENLRETENIIENEEZLETHAI, R - EED
—RRIC2EEHE TR TEY, REOEINEDbNE B, 1E4LDEE 7% ERHBEANDF2E
BHETHDZ L aELD L, WBROEHELRIZRDEZATH D, FR 25 EEOHBROBE
Mickal, BRIEEN-IBIREC - NV FR—ABTUAO 5 HEIZBWTHBER®D 15 B0 EY
LRI EEEHUTTHY, BFEIANAY FR—ARTUNO TEHEIZBWT, FRICEZEEHLUTT
Holz, TOD, RANEH L ELET 2 L MBREE 1 FEDOEBRENIE W FREERH 5.

BFIINLIEE OCEFIIEEICLI-TEATEY, WREE 1FE4AH—0B/EEBETHE LE2E
S5 Thb, BFIFEH EERBZL +20mP ¥ Ty AV FR—ALBTOAEENSEMEBL
2ETEHUTTHY, EEFOBABLVOLEBFAIBRBENES 25, REME CIT2EEY & b
LTHBEARL, ABBEULHEFIENTWEEERGFETIZ 00, THOGANRDLND
BEMERCY Y T HE2ETHIERBOAF—VEBIILEBRHNFE?»D LR, REMAFTETH O
HEREMES, 10 HIAURIIEZEEHEDOEN/NEILS RoTETEY, BHETIEILTH Icm 25T
TIxHIB2EFEH LD bERL TV,

MHRBEEIX., WERRANIBWTERBERCEFERSRETENTERELRE I ARV HEEHEE
DIFLAEFEET, EBEIBES AR—VIBETIRWVERENZDN, | FEAZEROK
b 2EEYE TRAFENT A FOBEBB/LA TS Z b, MBENICEIT 2 HEEHESE
EOEBEHICHTEILA ARV ENLDTHEIDTEALS LELLNTE, RMUTHELELE BIT.,
Lo L EEEREBOENS, HIZL-oTWVBE X HITEDbRT,

MBEFIZBIT S AFR—YEE (WE)) oREIT1 - 2FETEF 2HM, 3EAITEH 1 HNA
ThHy, REDATERNERIDIZTHDOELE 2510, ANERIIFEELENSD Z L IEHEHH
ETLTWE, 2EFHEDEGLER > TS LY ICEbhT,

(3) HMBEEICBIT5345%OBE

HREEE CIIER S EBIZBWNT, 1 EEAZEOR S CTERRENITT TIZEL., B TLEEHLU
TThd, MEDATEEENZEDDIZLIFHLL, ARV REFEOALRL L OVEEHRE D
FELET - EHERATHIAEZBEZD L, BEICBIT 2 BREWREESFEORRE X GRS E
Ed, HRBIBITD2AR—VHROBK, SEAROBELHLRLEEVSEBRARR—YRED
B, AR—YEHOBRERSCHENT A VNOBERFBELEAR—VIEF~DOEE ST, FEKIZLD
BNRAR—=I AR NOFERE, AR—VBEE~OSNMERITRNOFEHRR IS VBRET O3,
EDDITIE, BRNZBEFTL2AR—VHRDOEENRA LT T VAR, ZEACELHELIAR—Y
HARMOBR LAV T TV ABMATHEHB, BRTSICEEEE SN TWD LTS 0EEW,
AR—VROEEBMIZBNTH, FROINV ML —= VRO ER TX A BEZDTENRD
bhd, ANRETERTZRELE T TIIVLRLC L, DIBREORERENESTL B ET, AKR—
Y ROEFEB~ OB S v, BERBEROBICORB > T LBbh S,

EERE S OHMERF A FIXRBICLERETI72D, EEFICERRR IR TLE I ZEEEZBOL LT
W3 X5 BREHURAR—YBEEI~OREER LEBESTRISEED TOPRERLRZNTHA I,
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5. % - 5IAXM

DAR—=VFF YRk 28 FEGKS - EBRENFERESE 2017, p.1

DIRAFE— - WWEE - FIHKN - RERE XHBZEEFENT X IPOREARFEOHEKS (B8
) FR2UAFEEIFZFEFBTZEEDOGA- NFLERSEMFERMLE, 47, 2012, pp.101-106.
REMAME DNUEBHEDOKESKE 2015 FEFEAT X MY DL LESFEMAFRFARLE,
48, 2015, pp.21-27

HFLEAN - HREH "EFEMAFRICBTIEZFEORE - BAHICHETIHE (B 2#H) HEHL
EEEFRESEMERTR)IF ¥ 3R BNV T  HEELEEERSSEEMERFERLE, 10, 2016,
pp-69-76.

5) ARV ERL 28 FEKS - EERESRERSEE 2017, pp.230-245.

6) AR—VT ERL 24 FEKT - EBEREIREREE 2013, pp.55-59.

7) AR=DF FRL25 EEKS  EBREREREE 2014, pp.55-59.

8) AR—VT gk 26 FEKS - BEVEAFEREE 2015, pp.55-59.

9) AFR—VT ¥R 27 FEES - BERESIRERSEE 2016, pp.55-59.

10) AR—VF gk 28 FEKS - EEEAFEREE 2017, pp.57-61.

ZEZURL (2017 4 11 A 10 A #3#)
INMHRBREBTERR &) - BB TR 25 FE
http://www.pref.okinawa.jp/edu/hoken/jujitsu/takumashii/documents/h25zuhyou.pdf#search=%27
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TV I KRR OBRIBITHE S KPEREZ AW
BRMIOERAMEEDORRE

*TUgE !, R, KEE— #Rdperl, RHE?
FIRRSC], PBER G, G
"MEEE COS TS LR CRRAEE  CKEXRZE

1=
INET, WBRILESGFHFMERICT, FEHOKNKPEEKEZ AV -/ TE
BERAFBL &, FCREBIRIESH, W OPOERBEREELB VWD, F
BRI, BEEFOERIVGBRVWRECTRIXL, RRICEETS. KEES T,
JES) - IRE - BEOLATIEMETH D[] TOEHELURE, HREDESL
MRS, BBEOENAEITNIETEVIZEE, ZOMIHRITE . £ TRKRET
X, MBOBBIZHEI TA Iy NS EAWEEBERAEA D=L E2ERT D
MTEBORE, WEEZITIZELEFENLELTNS. BELEZEBIZL > TWL
ONPDREMEMLLIEEREZRL, BELMTEBEORMBERZHA LT S.
F—U— F o KPEREY, RANTEE, MRORE

1. %8

INET, EMNWBIEREEMERTIE, FREEMNLEFRT —LICL o T, KHEREEH
WEERMINTEBEORBEZIToTCE . ZOMLIIMIHETHLIRLICEEENEZRTHZ L TR
AT HAR—V U THERNC L > TiThi, FEmMEVTEE, 8, b, &b, #Eithlom ks
RENERICKRFES N TEZ[3-9]. ZHhE TERNWICEHEBRBEOENA B ITNITEVELE, ZORMKD
MPEIRIIBNZ B0 > TWVDH[10]. BHEEZBREITEIER AN ERDDIBEERB IR
TUYHEREEMSELLT, BHIEBRICBTIENEDIENZM LIS Z LN TE 52,
BREIRAZHBRT IEEETERBROMEBEL REIRITAIERORW. £22C, HBEORBELIEIC
EBHL7Z. TLETBERICOT»REMEZRT, ZORMICBERTRANVFEX Y v T AL vy FIZL o
THREMICEML (LI, ZoOEREORELTEEZX Y v THELIES) BRAEEREIEL L
T, FHREEZBEIT VL. —FH. BRICHBREHVWEBEZHMNT2Z L2274y MRS
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AW O AETTE (LU, ZOMBEROREETEEZ T A YRELFES) BAb TV 5[]
ZZT, ARTHOMEUEHDOENEHZMNT, ¥y v THEL VA VYHREIC L > TRAESNDE
BRI KDENZHFBENC L > TEHHEIL, £ 10 ffom ERZ#E L TW5H[10]. £2 T, Kk
HTIE, VA VYHEICLD2EMMTIEEOFEZMOT-O, 22E L TMLA W REREEOKG, "4
TO. BELZEEZHVTWS S0 &aZMLL, ZOMILOMREMEZ EMICHREET 2. HE
B KD THEREZBYIRL, FROFEAEICHITIZEEOMEREZALNITLILE2ANETS.

2. KEBEEZBA VWV -BRMIEEDMIAE

MR (EHBH) B
Disintegrator(Pressure vessel) Food
—\ 7
N)a—rik—X \ "
Silicone hose S
\\ & Water |
——————1 e | ' _ |, |EiE
Xy T XA YF [ s e Electrode
Gup switch P g e
High Voltage '9..@1' ,_ ﬁ _‘ ﬂ Z‘DJ@KE
AC DC 3500V = Filtration unit
ov || [ axxrmes — @ — /|
High speed | g R
:Dg\ Ve chargepdevice J J— J— —_— ﬂ\ g
TDK Lambda =
152A ~| T T o Tank ) ' Pump

Circuit Unit Processing Unit
[ ] w @

[X] 1 7K Hoff B oD 38 AR 2 1
10k, KPEBREZHWEZEENTEEOMEL RL TS, REEIL, Eia=y T2

=y bR ESNTWD. Eix=y MIIX, SHEXELEETHD 152A BLO, WHNZ 4 SHEf
SnfcarrFry, 27V Ao THBISNDIFX Y v T A, v F, BHAL v F2Hil#lT 2
V=R ER B ENTWS. T =y MO, EREICE o TNLT2ERRE, KN
HOKENRE « ABT DD OMREENSHFHR I TS
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F 1L, EHBEZRASELIEODOBLITRILFE2RLTWNS.

Tablel Parameter of erector device

Voltage 3.5 KV

Capacitance | 800 pF

HREAFAESTELEDOER=RNVXIE, M SKI LRoTEY, AHETIE, Y v 7 HE, U
AYHELHIZ, ZORMBELELLLNEDLTD.
BMEMLT 27D OENFHIL, HREIZLD2EWENICHIm 2 b D XS WEKRF ST
L. KEREREOAT VLV AHBMELE A =T 7 7 U ONEESNTNT, ETOR O, 7
T UVNHRI MEREIC X > ThRifE S, O U 72k > THERO KBS ~TRA L2 WKL 912/ -> T
W5, REPLEICIE, TREEZBEESELIZOOBBP/EZMICL > TEHESK TWS. BITHE
BEOEWHIC L > TRIEESN T WD, MR OEMLE, vV a—rFA—2ABIRAT LA/
BoOarFFicioTEHASH, ENEHFNTERKIC L > TKIZET LI Z e n<mphansd. v
=V OBEEITKIZEWZD, AR—Y BRI X MEITEZVI2< <, K1 RO LIS X
LD ENERICHER TE TWVWDH[9,12].

3. TILZHROBRBRICLIEERERENTHFDOREG S HF
U A YIREIC L DEBRE AT LM LEELZRE L. &EHIHEY, VA PREEZ WS
CENBEGICERSNOERIZUTO@EY &> T 5.
CEHBRICELDEWVEATICT, KELTYA YfliieTEs 2 L.
VA Y ERGHRERSN TS Z L.
- BB OB FEAENAETH L Z L.
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Water

Tepa bolt Electrode (Copper) o BI(eh )

Resin cover

|//ﬂ|

Wire( Aluminum )

Resin bolt

\
@\
NO) AL
Wire supply device

Electrode(S45¢) u

O-ring(Silicone)

Resin hose (Silicone)

Pressure vessel

Fig.2 Cross section of wire supply device

B 21k, ZEEOPRIELETVA YHEICLDEREZ AW ZRMHMTEBED DO U A PHiEEHT
DHEEEZRLTWS., FALEZVAYIE, 2 A FORWEERAOTANIVAYERELE. BELT
EHREZHAEITIERMFL LT, EROIVAPOERZ ¢ 1m, VA4 YORS (ERMERE % 8
mé Lz, JEARBAKEL, EMEERZTHEOOMIEON S—1X, M30 OE2R L THREINTE
D, Y=AT—FIZXoTHA L. RRIZ, FEMEL BT S—1X, M20 O4i U CTRERICHERE
INTWD., VA VTOEAPEICERERERLE 22K, ERPTOBIIBIFRDO A FIT Lo TEME
(#) LB ENTRY, LM, HMAMNOBBROIMEML ML INLTBY, VAP EELTNS.
EHREZ VA VHEBEICL o TRAESEIE, KHFAMNOBERLETAVIMOTVA PHRBRICL o THEET
5. ZOBEX, ERPLBETAYEY FANOKERTECHRILE. U1 voliiaix, BER
DUA YHREBEZOTERA L.

5. BELZENBRRBICEIAMIHERB L OEBE

~

Fig.3 Picture of crashing of coffee
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Fig.4 Picture of crashing of acerola
X 3,4 1%, RIELEZTA YREBICHE HRKICL > TNMTEREZ_8M(Z—b =T I)2mRL
TW5. BGOE[ITMIAT, ARIEMIEORMZRLTWD. BRI I D BRI L - THRES
, a—b—EIIHRIZR-TEY, 7T, BALETEIBALLEZEDOLIIZ, ERIZ—
A MRIZRSTWDZ ER DD,

Fig.5 Picture of electrode (S45C)

BJ S 1%, ARLEEICK > THEBHRZ 100 BIFAIE7-%O S45C MOEBHE (77 AMUlOEm) O
Bamr LTV, B LY TV IHBROIEIE > TEBBERML TWD Z E08005. WA ET
T5HZILT, VAV ~OBRTRXNVFOMG N ALEICRD. BAEDOIERE TIE, —EROEREK DOFRE
D%, BRESOZWBLEL Y, REBOFEAE~OLBOMEL 5.

6. fEim

INET, vy TIHEIZE > TEBKZ A ST HEE CHELARBLOM ATV, Kyl
BEICRBEIND EAME AEX 2 EEREEZIToCE 72, KVHOVAEM, KVEWIITHREES
72, EERWEOENOM EEK DD, BESLI VT U REOHINIHEDS 2 WA OBRIEIC X 5 &
B ORAEBELZRIELZ. TOREE, W<ODOBMZMTLTSZ N TEL &R L. Lo
LD, —EROEREE #REIE L HCEMOBEMN A O, REBETIE, EMHRAST

TUAPBEERDLID, SEROFEMEA~OBERH L Z WG N LR T,
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Development of practicable device by aluminum wire explosion for food

processing using underwater shock wave

T, Osamu Higal, Yoshikazu Higal, Ayumi Takemoto',
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Atsushi Yasuda® , Hirofumi Iyama3, Toshiaki Watanabe®, Shigeru Itoh!
' National Institute of Technology, Okinawa College, > OS Design Co.,
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* National Fisheries University

The National Institute of Technology, Okinawa College (OkNCT) has developed a
food processing machine that generates underwater shock waves. The machine can
used for sterilization, milling, tenderness, and extraction among others. The higher the
pressure of the shock wave, the higher the processing effect can be expected.

In this research, We will prototype a processing equipment using wire explosion
phenomena without improvement of electronic equipment. The following
specifications are required for pressure containers for food processing using wire
explosion. 1. Stable supply under high pressure is possible. 2. Wire and container are
insulated. 3. Possibility of generation of stable shock waves over a certain number of
times. In this report, the pressure vessel for food processing with a wire feed
mechanism was prototyped. Several food products were crushed by this machine. The
processing result is shown. The problems of this machine in continuous processing

become obvious.
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Study on a Metal Smelting Process using Microwave Irradiation
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Abstract

High-Sc-content ScAIN thin films have attracted significant attention because of their strong piezoelectricity.
ScAIN’s piezoelectric response suggests that a SCAIN thin film on a hard substrate should be a suitable surface
acoustic wave (SAW) wideband filter substrate for next-generation wireless communication systems. However, it
is often difficult to use ScAIN thin films in MEMS devices, including acoustic devices, because of the extremely
high price of Sc metal due to the difficulty of the metal smelting process. For the first time, we have studied a
process for smelting Sc metal using microwave irradiation. The microwave irradiation process has potential as a

Sc metal smelting process.
Keywords—ScAIN thin film, SAW, microwave irradiation

L INTRODUCTION

High-Sc-content ScAIN thin films have attracted significant attention because of their strong piezoelectricity.
Akiyama et al. found that the piezoelectricity of ScAIN thin films increases monotonically with increasing Sc
concentration, r. The material’s piezoelectricity reaches a maximum at r = 43 at%, at which point the piezoelectric
coefficient, d33, is five times that of pure AIN [1]. Hashimoto et al. reported that a surface acoustic wave (SAW)
resonator based on the SCAIN/6H-SiC structure exhibited resonance Q, anti-resonance Q, and K2 values of 340,
240, and 4.5%, respectively, at 3.8 GHz [2]. These values suggest that a ScAIN thin film on a hard substrate

should be a suitable SAW wideband filter substrate for next-generation wireless communication systems.

However, it is often difficult to use ScAIN thin films in MEMS devices, including acoustic devices, because of
the extremely high price of Sc metal. The high price of Sc metal is due to the difficulty of the metal smelting
process. Several researchers have reported Sc smelting processes [3,4]. M. Hata et al. demonstrated that Al-Sc
alloy can be directly produced via a calciothermic reduction using CaCl2 flux and Al as a collector metal [3]. It is

difficult to execute this process using molten salt at high temperatures of around 1100 K. On the other hand, we
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have previously successfully obtained small amounts of magnesium metal using microwave irradiation. This
process had a high yield of 71%, and consumed half the energy of the conventional process, which is known as
the Pidgeon process [5]. In this report, we describe the application of this process to the smelting of Sc metal

using microwave irradiation, and report the results.

II. Experimental

In this work, we consider two chemical reactions, which can be expressed as follows:

Sc,03 + CaH,+ Al + microwave irradiation as a heat source ->  Al-Sc alloy metal + CaO + H, (1)

4ScF; + 3C + microwave irradiation as a heat source -> 4Sc + 3CF, (2)

In this process, the starting material, Sc,03, is converted into an Al-Sc metal alloy. For safety, we employed CaH,
instead of Ca metal. Fig. 1 shows the experimental setup which consists of a microwave generator using a PLL
oscillator and power amplifier module, plunger, waveguide cavity with TE103 mode, rotary pump, quartz glass
tube, infrared temperature measurement system, alumina crucible located in the TE103 cavity, and sample in the
crucible. For the chemical reaction presented in Eq. (1), the scandium oxide (Sc,03) powder (average particle
size: less than 10 pm), the calcium hydride (average particle size: 100-500pm) and the aluminum powder (average
particle size: 100-300pum) were mixed and packed in the alumina crucible to form a sample. The total weight of
the mixture was 0.46 g and the molar ratio of Sc,0;:CaH,:Al was 0.15:0.96:0.27. For the process described by Eq.
(1), microwave power of 177 W was applied at the maximum magnetic field of a TE103 applicator under low
vacuum of 10 pa and a crucible temperature of 780°C. For Eq. (2) of the chemical reaction, scandium fluoride
powder (average particle size: less than 10 * * m), and carbon particles (average particle size: 50pum) were mixed
and packed in the alumina crucible to form a sample. The total weight of the mixture was 0.68 g and the molar
ratio of ScF3:C was 1:3. Fig. 2 shows SEM images of the powders. For the process described by Eq. (2),
microwave power of 100 W was applied at the maximum magnetic field of a TE103 applicator under low vacuum
of 10 pa and a crucible temperature of 880°C. After the reaction was performed, X-ray diffraction measurements
of these samples were carried out to identify Al-Sc metal alloy in the sample related to Eq. (1) and Sc metal in the

sample related to Eq. (2).
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Vacuum Pump

Waveguide Cavity Crucible
( TE103 mode)
Plunger
R W F N 1/
(Solid amplifier) meter 2

Infrared temperature
measurement system

Fig. 1. Experimental setup for microwave metal Fig. 2. SEM images which show particle

morphology : (a) Sc20s3, (b) ScF3, (¢) Al, (d) CaHs,
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Fig. 3 shows the temperature of the crucible as measured using an infrared sensor and the microwave power as a
function of time for the chemical reaction described by Eq. (1). In this process, the temperature exceeded 700°C
within 10 min, and the crucible was kept at over 750°C for 30 min. It was assumed that the sample temperature
was over 1000°C when the crucible temperature was maintained close to 800°C. Fig. 4 shows the temperature of
the crucible as measured using an infrared sensor and the microwave power as a function of time for the chemical
reaction described by Eq. (2). The temperature of the crucible reached 880°C within 15 min and was maintained at

880°C for 15 min. In this case as well, it was assumed that the sample temperature was over 1000°C when the
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Fig. 3. The temperature of the crucible and

. . . Fig. 4. The crucible temperature and microwave
microwave power as a function of time for the

ower as a function of time for the process described
chemical reaction described by Eq. (1). (a) the red P P

. . by Eq. (2); (a) the red line represents the crucible
line represents the crucible temperature, (b) the v P

. . temperature, (b) the black dotted line represents the
black dotted line represents the microwave power. P P

microwave power.

crucible temperature was maintained close to 800°C. It was difficult to separate the products from the residues
after the chemical reaction represented by Eq. (1). Fig. 5 shows the results of the XRD measurement of the
mixture of residues and products of this reaction. There are some strong peaks related to calcium and some weak
peaks related to aluminum. It is difficult to identify a shift of the aluminum peak, which represents the production
of the Al-Sc alloy. After the chemical reaction represented by Eq. (2), a thin film with metallic luster was obtained
on the glass tube. Fig. 6 shows the results of the XRD measurement of the thin film on the glass tube. Some peaks
can be seen in this figure, even though their intensity is small. According to the JPCD card, the peak at 31 degrees
comes from Sc (101). This was the first example of obtaining Sc metal from smelting of Sc metal using
microwave irradiation. At the moment, we cannot confirm that the thin film was scandium, using only XRD

measurements. However, it appears that the microwave irradiation process has potential as a scandium metal

smelting process.
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Fig. 5. Result of XRD measurement of the sample

produced by the chemical reaction described in Eq. (1).
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IV. CONCLUSION

For the first time, we applied a microwave
irradiation process to smelting of Sc metal, and tried
to perform two chemical reactions. The chemical
reaction between carbon particles and scandium
fluoride under microwave irradiation has potential as

a Sc metal smelting process.
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Preliminary Assessment for Inshore Fishing UAV (ISFUAV)
Mbaitiga Zacharie
Department of Media Information Engineering, National Institute of Technology, Okinawa College

The development and entry into service of unmanned air vehicle system has a long, drawn-out history. Unfortunately,
the vision of engineers and scientist is seldom matched that of administrators, regulators or financiers. The availability
of UAV systems has also often depend upon maturation of the requisite technology. UAV systems are now being
operated by several military forces and currently, to a more limited extent, by civilian organizations. These latter,
however may eventually expand to exceed, in number and diversity, those of the military [1]. UAV are now use in
many domains to perform tasks that may cause risk to human live or in the surveillance of the suicide site to prevent
young people in depression to commit suicide. They are also used to collect information to support decision making
during crises, in monitoring disasters site for assisting rescue team during the rescue operation and the list goes on.
Given the capability of UAV to perform many civilian tasks to contribute to the sustainable society, this paper assesses
what is need to move the UAV to the fishing industry in or der to develop the Inshore Fishing Unmanned Aerial vehicle
(ISFUAYV). The assessment consists of how to combine real fishing material, their weight as oppose to the ISFUAYV,
the system capable of carrying those fishing materials to the fishing area into the sea and depth zone fishing.

Key word: UAV; Fishing drone; Seashore; Fishing, Fishing zone

Proceedings of the S5th ITAE Intl. Conference on Industrial Application Engineering, pp: 364-369, March 27-31, 2017
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Development of Inshore Fishing UAYV at Sea Based on Preliminary Assessment
Result

Mbaitiga Zacharie
Department of Media Information Engineering, National Institute of Technology, Okinawa College
This paper initiates and describes the development of an inshore fishing UAV at the seashore, where the UAV can
communicate with its controller by sending all the information during its flight in real time to the base station. The
operation distance of the UAV from the seashore is to the fishing point will be between 500 m to 1km. The navigation
method is under investigation, which is to guide the UAV from the seashore to fishing points along a predefined path
planning by avoiding sudden obstacles it may face.

Keywords: UAV, Drone; Assessment; Navigation

Proceedings of the 4th Intl. Conference on Life Science and Engineering, pp: 75-85, Vietnam, Anoi June 20-22, 2017
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MAXIMAL BONNET-TYPE SURFACES AND SINGULARITIES
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2NATIONAL INSTITUTE OF TECHNOLOGY, OKINAWA COLLEGE

ABSTRACT. Minimal surfaces with planar curvature lines in R? have been studied since the late 19th century. On
the other hand, the classification of maximal surfaces with planar curvature lines in the 3-dimensional Lorentz
space R%1 has only recently been given in [11]. In this paper, we investigate which types of singularities on
maximal surfaces with planar curvature lines, especially on maximal Bonnet-type surfaces.

1. INTRODUCTION (THE CASE OF R?)
First we introduce some classsical results about minimal surfaces with planar curvature lines in R? as follows:

Fact 1.1 ([2, 6]). A minimal surface in Euclidean space R® with planar curvature lines must be a piece of one,
and only one, of

“Plane”, “Catenoid”,
“Emneper surface” or “Bonnet minimal surface”

up to isometries and homotheties of R3.

Fact 1.2 ([1, 15, 16]). There exists a continuous deformation consisting exactly of the minimal surfaces with
planar curvature lines.

FIGURE 1. a continuous deformation of the minimal surfaces with planar curvature lines

2. MAXIMAL SURFACES WITH PLANAR CURVATURE LINES

We consider spacelike constant mean curvature zero surfaces with some singularities in Lorentz space R%!,
called maxfaces:

Fact 2.1 ([9], [17]). Let ¥ be a simply-connected domain in C with the usual complex coordinate z = u + iv,
and let g(z) be a meromorphic function and w(z)dz be a holomorphic 1-form such that g*w is holomorphic,
(1+ |g*)?|w|?> # 0. Then

1) =Re | [ (20,14 42001 = )
gives a maxface in R*', and the metric becomes
ds* = (1 — |g|*)?|w|?dzdz.
Moreover, any mazfaces are locally obtained in this manner.

We call the pair (g, wdz) the Weierstrass data. We introduce the classfication result of maximal surfaces
with planar curvature lines in [4], [11] :

Theorem 1 ([4], [11]). A maximal surface with planar curvature lines must be a piece of one, and only one of

Key words and phrases. Maximal surface, planar curvature lines, singularity theory.



82

Bulletin of National Institute of Technology, Okinawa College, No. 12 (2018)

e spacelike plane (P) (0,1dz),
e mazimal Enneper-type surface (E) (z,1dz),

1- 1+ 2)?
maximal catenoid with lightlike-axis (Cp) El " 27_( ‘;Z) dz), or one member of its associated
famaly,
mazimal catenoid with timelike-axis (Cr) (e*,e % dz),

(1-¢)
(L+e?)
maximal Bonnet-type surface {(ez +t, 767 dz> St > O}, (Bs:t>1,Br: t=1,Br: 0 <t <1.)

maximal catenoid with spacelike-azxis (Cg) ( ,(—1 — cosh 2) dz) or,

up to isometries and homotheties of R%1.

FIGURE 2. P, E, Cp, (left to right)

FIGURE 3. Cp, Cg, Bg (left to right)

In [4], we also get the following theorem about a continuous deformation like Fact 1.2.

Theorem 2 ([4]). There exists a continuous deformation consisting exactly of the maximal surfaces with planar
curvature lines.

FIGURE 4. a continuous deformation of the maximal surfaces with planar curvature lines
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As above, we already have some results about the classification and the existence of a continuous defor-
mation of maximal surfaces with planar curvature lines. However, we have the following question related to the
singularities of them.

: How about the singularities that appear on these surfaces? The types of singularities of “maximal

catenoids” and “maximal Enneper-type surfaces” are well-known by [7], [17], [10]. Thus, now we should study
the types of singularities of maximal Bonnet-type surfaces.

3. MAIN RESULT (ABOUT SINGULARITIES)

Here we introduce the criteria for singularities, given in the previous works [7] and [17].
Fact 3.1 ([7] and [17]). Let f : ¥ — R%! be a mazface constructed from the Weierstrass data (g,wdz), where
Y is a simply-connected domain, and let p be a singular point of [ (i.e. |g| =1 at p).
(1) f: cuspidal edge (CE) at p <= Re[p] # 0 and Im [p] # 0 at p.
(2) f: swallowtail (SW) at p <= Relp] # 0, Im[p] =0 and Re[¢p] # 0 at p.
(3) f: cuspidal cross cap (CCR) at p <= Re[p] =0, Im[p] # 0 and Im [¢] # 0 at p.

Here, the functions @ and ¢ are defined by

9z 9 ([ g
==, ¢ == 5 .
g w 9> \g"w/,

FIGURE 5. cuspidal edge, swallowtail, cuspidal cross cap (left to right)

We also introduce new criteria given in [14]:
Theorem 3 ([14]). Let f: ¥ — R%! be a maxface constructed from the Weierstrass data (g,wdz), where 3 is
a simply-connected domain of the complex plane (C, z), and let p be a singular point of f.
(1) f: cuspidal butterfly at p <= Relp] # 0, Im [p] = 0, Re [¢p] =0 and Im [®] # 0 at p.
(2) f: cuspidal ST singularity at p <= Re[p] =0, Im[¢] # 0, Im [¢] = 0 and Re [®] # 0 at p.
Here, the functions ¢, ¢ and © are defined by

R 9= ._g 9z ,_g g 9z
=2 =5 =2 (2 :
g*w 9- \g?w/, 9- L9= \g?w/ ).

FIGURE 6. cuspidal butterfly, cuspidal S; (left to right)
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Now we consider maximal Bonnet-type surfaces by using the Weierstrass data

g(z) = —€* +1, w(z)dz = — 5 dz

for a constant ¢ > 0. We assume that the domain is {u € R, v € (0,27)} because maximal Bonnet-type surfaces
are periodic surfaces in v-direction. Then, applying the criteria in the above, we get the following main result:

Theorem 4 ([4]). Let f(u,v) be a mazimal Bonnet-type surface with the Weierstrass data given by (—ez +1t,

—%dz). The images of a single portion of f* around singular points are locally diffeomorphic to CE except
at the following number of points.

| | # of SW| # of CCR | # of cuspidal Sy |

Br: 0<t< 2 0 0
. _ 1
Br:t= 7 2 0 2
BT:§§<t<1 2 4 0
Br:t=1 1 2 0
Bg: 1<t 4 4 0
FIGURE 7. 0 <t < L FIGURE 8. t = 1 FIGURE 9. 1 <t<l1
V2 V2 V2
FIGURE 10. t =1 FIGURE 11. 1 < ¢
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Forming Characteristics in Three-dimensional Hot Bending and Direct Quench
Process
— Development of Three-Dimensional Hot Bending and Direct Quench
Technology 2nd Report —

EH B, BB 7 ME {ZR, WK EE, & F¥Z, €8 #E2

A three-dimensional hot bending and direct quench (3DQ) process which enables automotive parts to be hollow
tubular structures with ultra-high-tensile strength and three-dimensional complex shape has been developed. The
3DQ process is a tube bending process using induction heater, cooling device and robot. In this report, a formable
range in 3DQ was investigated. Main results are as follows: (1) When the width of the heating area is large, the
stress ratio of tube during deformation is almost constant irrespective of the bending radius, yielding notable
change in cross-section height. On the other hand, when the width of the heating area is narrow, the stress ratio
approaches 0.5 (plane strain) with decreasing the bending radius, reducing the change in cross-section height. (2)
A wrinkling limit strain is almost proportional to (t/Lp)2 for rectangular tube and (t/D)2 for circular tube, where t,
Lp, and D, are the thickness, the length of plane in inner side of bending, and the diameter of tube, respectively.
(3) A localization of high temperature area increases the wrinkling limit strain. The localization is effective only
when the heating area is narrow. (4) A twist forming with small cross-section shape change is possible in 3DQ.

A AS¥BMEIN T 22 2558,55 57 &5 668 5-(2016),pp879-885
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Experimental Study and Computational Simulation for Shock Characteristics
Estimation of Okinawa's Soils "Jahgaru"

Yoshikazu HIGA, *Hirofumi IYAMA, 'Ken SHIMOJIMA, *Masatoshi NISHI and *Shigeru ITOH,

1 Dept. Mech. Sys. Engng., Nat. Inst. Tech., Okinawa College
2 Dept. Mech. Intell. Sys. Engng., Nat. Inst. Tech., Kumamoto College
3 Emeritus Prof., Kumamoto Univ. & Nat. Inst. Tech., Okinawa College

To clarify the shock characteristics of Okinawa’s unique soils “Jahgaru” that is widely distributed in southern
part of Okinawa Main Island, an experimental investigation of dynamics properties such as shockwave
propagation, pressure and particle velocity have been performed using impedance matching method. Therefore,
we have also obtained the Hugoniot date of “Jahgaru”. And then, to reveal a validity of the material characteristics,
a computational model for the experimental procedure using ALE simulation have been developed. A comparison
between numerical results and experimental ones, the capability of proposed method through the numerical
simulations have been confirmed.

The International Journal of Multiphysics, Vol.11, No.3 (2017), pp.245-253.
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Numerical Simulation of Explosive Forming Using Detonating Fuse

'Hirofumi IYAMA, *Yoshikazu HIGA, ‘Masatoshi NISHI and *Shigeru ITOH,

1 Dept. Mech. Intell. Sys. Engng., Nat. Inst. Tech., Kumamoto College
2 Dept. Mech. Sys. Engng., Nat. Inst. Tech., Okinawa College
3 Emeritus Prof., Kumamoto Univ. & Nat. Inst. Tech., Okinawa College

The explosive forming is a characteristic method. An underwater shock wave is generated by underwater
explosion of an explosive. A metal plate is affected high strain rate by the shock loading and is formed along a
metal die. Although this method has the advantage of mirroring the shape of the die, a free forming was used in
this paper. An expensive metal die is not necessary for this free forming. It is possible that a metal plate is formed
with simple supporting parts. However, the forming shape is depending on the shock pressure distribution act on
the metal plate. This pressure distribution is able to change by the shape of explosive, a mass of explosive and a
shape of pressure vessel.

On the other hand, we need the pressure vessel for food processing by the underwater shock wave. Therefore,
we propose making the pressure vessel by this explosive forming. One design suggestion of pressure vessel made
of stainless steel was considered. However, we cannot decide suitable conditions, the mass of the explosive and
the distance between the explosive and the metal plate to make the pressure vessel. In order to decide these
conditions, we have tried the numerical simulation on this explosive forming. The basic simulation method was
ALE (Arbitrary Lagrangian Eulerian) method including with Mie-Griineisen EOS (equation of state), JWL EOS,
Johnson-Cook constitutive equation for a material model. In this paper, the underwater pressure contours to clear
the propagations of the underwater shock wave, forming processes and deformation velocity of the metal plate is
shown and it will be discussed about those results.

The International Journal of Multiphysics, Vol.11, No.3 (2017), pp.233-244.
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Optical Examination of Shockwave Propagation
Induced by an Underwater Wire Explosion

10samu HIGA, 2 Atsushi YASUDA, Yoshikazu HIGA, 'Ken SHIMOJIMA,
’Kazuyuki HOKAMOTO and 'Shigeru ITOH,

1 Nat. Inst. Tech., Okinawa College
2 Inst. Pulsed Power Sci., Kumamoto Univ.

We have been investigating underwater-explosion-induced shockwave-propagation phenomena for use in a
robust food-processing system. This system comprises a high-voltage capacitor bank with gap switch, water tank,
and wire explosive. We carried-out optical observation of the shockwave generated by a wire explosion using
electrical discharge in the water tank. Simultaneously, we measured the shock pressure and investigated the effects
of various electrical characteristics upon the shockwave-propagation phenomena. To obtain various strengths of
the underwater shockwave, 0.6-, 1.0-, and 1.4-mm-wide wires made from 1.0-mm-thick aluminum plates were
used at various voltages. As an example, a shockwave having a propagation velocity of 1,600 m/s was observed
using the explosion of the 1.0-mm-wide aluminum wire. We found that the strength of the shockwave could be
well-controlled by the discharge voltage and wire size.

The International Journal of Multiphysics, Vol.10, No.4 (2016), pp.343-353.
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A Consideration of Underwater Shock Wave Behavior at Interface for Various
Acoustic Impedance Materials using the Computational Prediction

Yoshikazu HIGA, *Hirofumi IYAMA, 'Ken SHIMOJIMA, 'Osamu HIGA,
' Ayumi TAKEMOTO and *Shigeru ITOH

1 Nat. Inst. Tech., Okinawa College
2 Dept. Mech. Intell. Sys. Engng., Nat. Inst. Tech., Kumamoto College
3 Emeritus Prof., Kumamoto Univ. & Nat. Inst. Tech., Okinawa College

Recently, the methodology and technology of food treatment using underwater shock wave has been attracting
attentions as a novel processing. The shock wave targeted in our research is a pulse wave of a momentary and
high-pressure power. The pulse wave propagates in a medium such as water, air and food faster than the speed of
sound. The shock wave induced by the underwater electrical wire explosion can generate the momentary
extremely high pressure power, and also achieve no-heating/no-destruction associated with a flavor and nutritive
value as process in microsecond timescale. Therefore, it is very expected as a novel food processing technology.
An example of pre-processing meat and vegetable, food sterilization, oil extraction and the rice powder
manufacturing system have been experimentally reported in the past. Regarding the development of the
corresponding food processing equipment, suitable devices must be designed to satisfy various conditions. Their
design is extremely difficult, however, to investigate experimentally because there are so many parameters to
consider in ensuring suitable food processing, and the shock wave propagation phenomenon ends in a very short
time. Thus, it is very helpful for a computational simulation to be performed to investigate shock wave
propagation in the proposed food processing vessel. Therefore, in this paper, to reveal shock wave propagation
characteristics in foods, computational models of the food, the surrounding water, and the high pressure source
were developed using the commercial finite element software. By conducting a series of numerical simulations,
the pressure distribution in various foods associated with their acoustic impedances has been discussed.

Insights in Nutrition and Metabolism, Vol.1, Issue 3, Proceedings of 15th World Congress on Advances in
Nutrition, Food Science & Technology (Nutrition World 2017), (2017.09), p.26, Edinburgh, Scotland
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Design and Production of Food Processing Machine
using Under Water Shock Wave for Practical Application

'Ken SHIMOJIMA, 'Osamu HIGA, "Yoshikazu HIGA, ' Ayumi TAKEMOTO, *Hirofumi IYAMA,
3 Atsushi YASUDA, “Shigeru TANAKA, “Ren FUKAMI, *Shigeru ITOH and “Toshiaki WATANABE

1 Nat. Inst. Tech., Okinawa College
2 Nat. Inst. Tech., Kumamoto College
3 Osaka Sanitary, Co., Japan
4 Inst. Pulsed Power Sci., Kumamoto Univ.
5 Nat. Fisheries Univ.

A food processing machine that generates underwater shock waves has been developed at OKNCT. The
processing method using a spalling phenomenon, it is different from the conventional processing method. The
processing effects are improvement of extractability, softening, and sterilization without heating. In this report, the
following contents are reported: The processing mechanism of the spalling phenomenon by underwater shock
wave and the optical observation of shock wave. The processing method of this device, result that some food was
processed experimentally by this device. The summary of consecutive driving devices for practical use when a
shock wave goes through the plant, it is divided into a reflection and transmission wave in the interface of the
difference of the density. Tension power occurs in this interface. Then, the food is crashed by this phenomenon.
Figure 1 shows a food processing machine for test crashing using underwater shock wave. This device consists of
a power supply, a processing unit. The pressure vessel in the processing unit, this inside is filled with water and
electrode of two sets are installed in center of vessel. Electric energy charged in a condenser is supplied to an
electrode by a gap switch, and a shock wave occurs with electric collapse. The food is covered by a silicone hose,
and it is crushed in the atmosphere. Results such as the milling flour of rice and the coffee, softening of a meat
and a carrot and an apple, the sterilization of a powder are introduced. Developed consecutive operation
processing device on which practical use was possible.

Insights in Nutrition and Metabolism, Vol.1, Issue 3, Proceedings of 15th World Congress on Advances in
Nutrition, Food Science & Technology (Nutrition World 2017), (2017.09), p.25, Edinburgh, Scotlan
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Rising Ryukyus? Ulterior Motives for the Production of Rising Ryukyus (1953)
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International Journal of Okinawan Studies, No.7, pp.37-55, 2016
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Educating the Okinawan Public through Film: The Specific Use of CIE Films
and Newsreels during the Early Phase of the U.S. Occupation of Okinawa

ALY
AR

In 1948, three years after the establishment of the U.S. Military Government of the Ryukyu Islands, the Civil
Information & Education Section of SCAP and the Reorientation Branch of the Department of the Army began to
send educational films to Okinawa to reorient the public to understand democracy and the American way of living.
Just as a number of educational documentary films called CIE films were screened all over Japan under the Allied
occupation, the same kind of CIE films were shown all over Okinawa, though the films Okinawa received were
fewer and not exactly the same. Besides, after the military government was officially replaced by the U. S. Civil
Administration of the Ryukyu Islands in 1950, USCAR started to produce its original newsreels and documentary
films for the Okinawan public while still showing CIE films. Focusing on the early years of the U.S. occupation of
Okinawa from 1948 to 1955, the paper explains she ways the U.S. Military Government / USCAR tried to reorient

Okinawan people using CIE films and locally-made newsreels and the specificity of the information program in
Okinawa.

Visiting Scholar Roundtable, Issues in US-Japan Relations, The Elliot School of International Affairs, George
Washington University, Feb. 24, 2017
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Numerical Simulation of Electrical Discharge
Characteristics Induced by Underwater Wire
Explosion

Using Underwater Shockwaves for the
Development of Processing Devices for Plant
Materials

Experimental Verification of the Softening of the
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Water Vaporization from Deposited Sand by
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Smelting Magnesium Metal using a Microwave
Pidgeon Method

Fabrication of SAW resonators on single-crystal
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Study on chemical reaction under microwave
irradiation
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Industrial and Engineering Chemistry Research,
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IEEE International Ultrasonic Symposium,
Washington D.C., USA, 2017
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Acceleration Techniques for Ray Tracing based
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Akira Masumi, Takashi Sato

Takashi Sato

Analyzing the advantages of utilizing state
representations in a probabilistic reversal learning
task

Emergence of robust cooperative states by
iterative internalizations of opponents’
personalized values in minority game

Journal of Information and Communication
Engineering (JICE), Vol.3(5), pp.142-147, 2017.12
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Mbaitiga Zacharie and Honda kyuhei

Mbaitiga Zacharie and Honda kyuhei
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Mbaitiga Zacharie
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Mbaitiga Zacharie
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"Development of Inshore Fishing UAV at Sea
Based on Preliminary Assessment Result

A Preliminary Assessment for Inshore Fishing
UAV (ISFUAV)

Multi Color Recognition based on Mini-Max
Color Threshold

The Impact Assessment of the boll holding in
Robot Socce

Advanced Logistics Belief Neural Network
Algorithm for Robot Arm Control

The Implementation of GeoGebra as Technology
based Mathematics Learning

‘What does Mathematical Proof Mean for College
Students?

Fusion of ART-1and Advanced Logistic Belief
Neural Network for Object Grasping Robot Arm

GPS and Discrete Kalman Filter for Indoor Robot
Navigation

Sensor Fusion Based Discrete Kalman Filter for
Outdoor Robot Navigation

Proof of Analytic Extension Theorem for Zeta
Function using Abel Transformation and Euler
Product

Adaptive Fuzzy Knowledge Based Controller for
Autonomous Robot Motion Control

Human Detection Security Guard Robot using
Gaussian Distribution Histogram"

Security Guard Robot Detecting Human using
Gaussian Distribution Histogram Method

‘Why College or University Students Hate Proofs
in Mathematics

Proceedings of the 4th International Conference on
Life Science and Engineering, pp: 75-85, Vietnam,
Anoi June 20-22, 2017

Proceedings of the 5th IIAE International
Conference on Industrial Application Engineering,
pp: 364-369, March27-31, 2017

Journal of Bioinformatics and Neurosciences,
Applied Science and Computer Science Publication,
1(1), 55-61 (2015)

Proceedings of the workshop on IEEJ Innovative
Industrial System, March 13, 2014

Journal of computer Science, 8(6), 965-970 (2012)

Proceedings of the Research Community of
Computer Algebra System, RIMS, Kyoto
University, July 4-6, 2012, Japan

Proceedings of the 6th International Symposium on
Advances in Technology Education, September 19-
21, 2012, Kitakyushu, Japan.

Proceedings of the 5th International Congress on
Image and Signal Processing and the 5th
International Conference on Bio-Medical
Engineering and Informatics, October 16-18,
2012,China

Journal of World Academy of Science, Engineering
and Technology, 60, 255-261 (2011)

Journal of World Academy of Science, Engineering
and Technology, 80, 349-353 (2011)

Journal of Mathematics and Statistics, 6 (3): 294-
299 (2010)

Journal of Computer Science, 6 (10): 1019-1026
(2010)

Proceedings of the 7th International Conference on
Ubiquitous Robots and Ambient Intelligence,
November 24-27, 2010, Busan, Kore

Journal of Computer Science, 6 (10): 1115-1121
(2010)

Journal of Mathematics and Statistics, 5 (1): 3241
(2009)
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Intelligent OkiKoSenPBX1 Security Patrol Robot
via Network and Map-Based Route Planning

Proof of Bernhard Riemann’s Functional
Equation using Gamma Function

Self-Generation ART-1 Neural Network with
Gradient-Descent Method Aid for Latin Alphabet
Recognition

Adaptive Resonance Theory (ART-1) Neural
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