TIURD & 3 EYETFT DRIT
— DV L DT ——

X & BB A ]
P LB B 2 P B
(199149 A30H =)

i 32
WD DFEFIZHOARA 2 E TEE Z T 27, Z£1UiE L4 (RN S 588
LThb, HAMKENH 27 TEEN 2 L T2 & EnEEHERES N, ZOEHOHIEk
Hrosirb sz,
WOV LDREFZEAND L E ETLIECHMT 2% U L - TEIZIZCECHRT 5,
BESREIKIZ 9 Hh > TIUD W L DEEFE L 72O —IRA R S 117z,

1. @@ LC&®IC
EHNOHE T2 DDLU FETRET 5V, ZORBEOBEL»EH S 1UED T 597,
I (Dioscorea japonica Thunberg) ¥~ DT MIH AR 20 i& TEE 2 L T 597,

FLU FNEHENH 2 EEINEED S, I I TIEHEL RN H 2 7E T EE)IZR
EL, ZOETORBMOEELZFANL,

2. g L BERk

a) & B R

T rREOMAZME LT A, HWENKFEEIZXEE YEA L), $HEHFFA LAMSIZZ
Bk &5, BFHHAES 2O T LR B L 72 & SOETOELDERZ (x,
Yoo ), SREEHNEHNICHEL TWIHTOMEENKEZ L w;, EFOoHLEED
O %l S EROKFEE EANOFES X E D 2AHEL §, BTFrERLNZTEEN
NDKEEEZF LT3, iz, BFOHEREAM, BToOBELYELHEMRICETIETOE
Pea—x bR T, RAIES 2 L T b %, ZOTGIBERLL,), BModEL 7,
BYDYREE 7, BOBEL o, THROEEL 6, MOES % d,, TURDES & 4,
BFoRLEEOPLEBELIERCEETEFORLEICHSER»KFHE L THEL
(BAEEZ L TWbEE, 2D ald 0 Thb.), BMTORLEEOH.LAHELERAK
T THEL B LT 5,

ROMMIZ L 2HBEEZ vy, BTOERLRTEREXIL



46 PA = N

2
(%;Czc = —% sin B cos 6,

2
%: —A[;sinﬂsin 0,

2
%fzc Z%cos B—g,
dCUc .
a =0
t
(9 == Q)Gdt
B, 22T,

2
% = %CDpa<%> (sin B cos H%’;G +sin B sin g9

lao+((2) -t

df

2

@

ThH o, RONDHD &3 &S DIk DA = STHY, ROPHD G, & plzrnehiE

FOESRB & ZROBETH 5,

b) ¥4 it &
KIS %

( Xe = 5m,
Yo = dm,
ZG:H

= 10m,
(02 60)3
%:Om/s,
%=Om/s,
dZG _
47 = 0m/s,
Ct)(;z.Q
£ 5,

72,



TR & 5 HEREF DO RAT 47

Co =117 7,
0a = 129kg/m? ¥, @
g =981m/s*?

RT3,
sPEOEMIL
" 0.9 7.9
mﬂ'é ,6) émﬂ,

llonl/sé Q é—%frl/s,

3.05 = 1/ = 3.95,
414 %107 kg/m? £ dio
< 5.74%x107 kg/m?,
1.71x107° kg/m® < d:0o
< 10.71x10° kg/m?

ThHo, IWHTHRRLZIWDOWLOETFIMELHCT, »¥F7 49 B X Q OFENEHIZ

BUL TED, 75727 rn/nk dok oDt EO&ERIZER L TRD2,
¥EztEIZ Runge — Kutta — Gill #k# FHWTThilz, M1-1~H8-513HF 517

BlEXHACTHINTZLDOTHE, M6-1~K8-53RDNETH S, ws & 6§ DAL

BARY AN

3. % s

a) WRNOELME LR
IITlRLNHERIGESHERX 2 LB oML TH L, TRE L, ZNHDHERIL
NI REMAE L L2 2 R BRI L 2B E2 h o722 L OFIR
AT T2,

b) % T &
BFOHLEBOPLEBLEMRIKFEEHE L THE B ORKEVIIY, $ETHOAR
FEOKEZ QHIVNEVIE, MPEER(AETTL, UL, BT Rk v,/
Y RHEDER L ZDHEDHE D o THEDER L ZDRENHE d 10,07 T SO BT
FTREIPEZ (M1-1~K1-5),

WOV OEFIEATLRAITEEOR L) (B X Q OfENEL)) 125> TIECHE
CREXT B,

C) I 7= B R

SEAHZETTHICET AETOWERME T I F L HEOYEDIL v,/ v SOEDEX &



48 K - BA M

(m) | BT
41 1T
237

] %;%7[
497

24 3271
897

B

g —mmmm—m——
0 3 6 X

(m)
1-1 EFH (2 =1572/10 1/s, »/r, = 3.45,
dioy = 4.94 107! kg/mz, d»0: = 5.71

x 107 kg/m?)

Yol 23

| ol
4| T
B
| T
i
g | W
T
4 ‘,%“7[ :.Q
_7_71. (/s

0 ; . :
0 3 6 Xs

(m)
H1-2 ETA (8B=297/180, »/r = 3.45,

dioy = 4.94 <107 kg/m?, de0. = 5.71
xX10*kg/m®)

Js

(m)

4 -

2 i 3.05,30'5,"’!3.95

1 k[N
0 - . :
0 3 6 Xe

(m)
H1-3 #&TFH (8B=297/180, L2 =1572/10

I/S, dioy = 4.94 X 107! kg/mz, dr 02 =
5.71x10"*kg/m?)

b

(m)

4 A

2 ) 4°|414034"",5074

_ UIIO‘ I
(x g/m2)
(xio™)

u v Ll lX
G

0 3 6 o8
K1-4 #FH (B=297/180, £ =157/10

/s, #»/r =345, dhor=571x10"°
kg/m?)




TR & 5 HEWiE+ DO RAT 49

Vs
(m)
4
g | W71 27100
] G20
(kg/mz)
(x10%
0 : : :
0 3 6 [

1-5 7%TF.4 (B=297/180, £ =157/10
I/S, 7’2/7’1 =345, dior =4.94X% 107!

kg/m?)
H
(S)
10 -

069 19 7.9

180 /L, 1807L," " *yigo /L
h -

p

0 —_—

0 1 2 3 /N

2-1 WZeEM (2 =154/10 1/s, dion =
4.94x10"' kg/m?, dro» = 5.71 %1073

kg/m?)

T
(S)
10
WL, BT
5
9
(/s
0 —

0 1 2 3 A&

K2-2 7okl (8 =297/180,di01 = 4.94 X
10  kg/m? dho. = 5.71x10"* kg/m?)

I

(s)
15 J 4,14 >/
4,54
4,94
5634
10 -
574

31 o
(xg/m2)
(x10™)

) ——m—r——
0 1 2 3 An

2-3 zeprm (8 =297/180, 2 = 157/10
/s, dro> = 5.71 X 1072 kg/mz)




50 PN

I
(S) le71
151 371
5671
707 |
10 - %71
d 1 dza'z
(kg/mz)
(x10°)
0 —_—

o0 1 2 3 /h

4 HRER (B = 2.97/180, 2 = 157/10
1/s, dior = 4.94 %107} kg/m?)

X 2

DT
4 4
S5l
2 _
I
0 . .

T
0 3 B Xo
(m)
X3-1 MEFI (2 =1572/10 /s, r2/rn = 3.45,
dioi = 4.94 X107 kg/m?, dho, = 5.71
X 107* kg/m?)

(I N

s |
m 23
2T
10
4 -
L-%n
g { o7
1 2
(/s
0 . : :
0 3 6 X

3-2 I (B =297/180, /11 = 3.45,
dioy = 4.94%x 107 ' kg/m?, d.o» = 5.71
x107* kg/m?)

Ve \
(m)
4 4
3405
395
) |
BIh
0 ; : :
0 3 6 ()Sg

3-3 MBI (B =129x/180, £2 = 157/10
l/S, dioy = 4.94 107! kg/mz, d202 =
5.71%x107% kg/m?)



THRD & b HatE ¥ D RAT 51

Y5

(m)

4 N

5474

4el4

7 -
OIIO'I
(xg/m2)
(x10™)

0 : : .

0 3 6 Xg

(m)

M3-4 MEFI (8=1297/180, 2 =157/10
/s, 7r/n =345 dhor =5.71%x107°

kg/m?)
Y
(m)
4 .
10.71
171

9 |

G202

(kg/m2)

(10
0 T T T

0 3 6 Xs

(m)
K3-5 MEFT (B =297/180, Q =157/10

l/s, #»f/rn =345, dioy =4.94x107"
kg/m?)

26
(m) |
g1 Tiol— Too L
3 -
I
0 : ‘ ,
0 3 6 Xg

(m)

Bi4-1 MREFI (L2 = 157/10 1/s, »2/rn = 345,
dioy = 4.94 X107 kg/m?, d.0. = 5.71
X102 kg/m?)

e
(m) |
| A T
3 o
o |
(H/S)
0 - L, l
0 3 6 Xq

(m)

H4-2 IO (B =29x/180, r/r1 = 3.45,
dioy = 494X 107 kg/m®, dz02 = 5.71
X102 kg/m?)



52 KB -EAR M

2
(m) |
3005 "__74"—‘3095
6 A
3 .
/N
0 T T Ll
Xe
0 3 6 J
X4-3 MREI (8 =29x/180, L =157x/10

/s, dioy = 4.94x107 kg/m? ds0o, =
5.71x107° kg/m?)

V4
(m)
5,74 —>— 44! 4
6 -
7 -
dio
(kg/m2)
(x107h
0 L) T i
Xs
0 3 6 (d
4-4 T (8 =297/180, Q= 157/10
1/s, 7:/ri = 345, dwo, =571x1073

kg/m?)

26
(m) |
6 -
31 Geoe
(kg/mz)
(x16°
0 L T T
Xs
o 3 6 X
4-5 FEFI (8 = 2.97/180, @ = 157/10
l/s, r2/ri =345, dion =4.94%x107!
kg/m?)
26
(m) |
6 1 7.0 0.9
| 8075 180
. 8
0 R T |
0 3 6 Y
(m)
K5-1 FREFI (2 = 157/10 1/s, r2/n = 345,

dior = 4.94x107! kg/mz, d.o2 = 5.71
X107 kg/m?)



FIRD & 5 WM&+ DFRAT

26
(m)J
6 1 Ly 237
o )
3
2
afs
0 - '

0 3 6 (};G)

5-2 MEFIL (8 = 2.97/180, r2/rn = 3.45,

d10'1 = 4.94X1071 kg/mz, dzO'z =571
X 107* kg/m?)

2
(m)
6 | 3495 3.05
3 i
k[N
0 - - :
0 3 6 Y

(m)
M5-3 MPM (B =29x/180, 2 =15x/10

l/S, dioy = 4.94X10_1 kg/mz, dez =
571x10"* kg/m?)

53

26

(m) |

6 4,14 5474

3 le‘l
(kg/m?)
(x10™)

0 T L T

0 3 6 (JU{G)

5-4 RPN (B =297/180, £2 = 157/10
l/S, volrn = 345, dho, =5.71%x1073

kg/m?)
Za
(m) |
6 -
l07|\/|0.7|
3] dzO'z
(xg/m?2)
(x10%)
ol
0 3 6 Y

(m)

5-5 PN (B8 =297/180, £ =15x/10
1/s, 7/ =345, dior=4.94%x10"
kg/m?)



54 KE

4..
e
2 -
p
0 ! T T
0 4 8

(S)
6-1 FHRATI (2 = 157/10 /s, r2/rn = 3.45,
dioy = 4.94 x10™! kg/m? dro: = 5.71

X107 kg/m?)

U 8 (S
6-2 FITI (B =297/180, »:/r = 3.45,
dioy = 4.94x10 kg/m? dhos = 5.71

X103 kg/m?

& EAR M|

Xs

(m) 3,05

B-
M%

4 1 3,95

2 -

R/

0 T T T
0 4 8 L

6-3 RITI (B =297/180, £ = 157/10
/s, dioy = 4.94%x107! kg/m?, dvo. =
5.71X107* kg/m?)

Xs
(m)
5¢74
6 -
M(
4 -
4,14
2 1 Cﬁcfl
(k g/"‘z)
(x1d7™")
0 1 T T
0 4 8

(S)
6-4 MATI (8 =297/180, L2 =157/10
l/S, 7’2/7’1 =345, dro, =5.71X 1073

kg/m?



TR 2 HERE T ORAT 55
Xg /VG
(m) (m)
1067 |
G - 6 - 27
M( -
4 - 4
le7 1
G202 ,
2 - (x g/ m2) 2 - .Q —137[
(X10°)
(/s
U T L] 1 0 T T T
0 4 8 & 0 4 8 &
6-5 MITI (B8 =297/180, L = 157/10 M7-2 MITH (B =297/180, #2/r = 3.45,
I/S, }’2/7”1 = 345, dioy =4.94 x107! dioy = 4.94 x107! kg/mz, d-02 = 5.71
kg/m?) x 107 kg/m?)
Y5 Vs
(m) (m)
0«9
B | T80 7[ 6 | 3.05
\\ \
4 A 4 A Ry
3695
2 T 709 7[ 2 7
18 | 80 r2/n
0 T T f! 0 T T T
0 4 8 (S) 0 4 8 (S)
HB7-1 HRITI (2 = 1572/10 1/s, 2/ = 3.45, 7-3 RATH (B =297/180, £ =15x/10

dior =494 x107! kg/mz, d»0, = 5.71

X107 kg/m?)

/s, dioy = 4.94%107 ' kg/m?, d-o0:
571x10* kg/m?)



56 K @&-RA M

Y
(m)
6 - 5474
4 -\\X\NR&
4,14
2 1 le'l
(kg/m?)
(x10™)
0 . . ,
0 4 8

(S)

7-4 MATI (B =297/180, £ =15x/10
1/s, 72/ =345, dbox=5.71X 1073

kg/m?)
Vs
(m)
b 1 10e71
4 ~\—\\‘-ﬁ'r\-—
le7 1
7 - d20'2
(kg/mz)
(x10%
0 . ] ;
0 4 8 (S)

X7-5 AT (B8 =1297/180, £ = 157/10
l/S, 7’2/7’1 = 345, dioy = 4.94 ><10‘1
kg /m?)

26
(m) |
el
6 i
Crl
3 A
" \
0 , : .
0 4 8 &,

X8-1 MATHI (2 = 15x/10 1/s, r2/r1 = 345,
dior = 494 X107 kg/m? dwo: = 5.71
%1073 kg/m?)

ZG
(m) |
27
b 1
3 !
2 2.7
(/s ol
0 . , i
0 4 8 [

(S)

8-2 AT (B =297/180, »:/rn = 3.45,
dioy = 4.94X107! kg/mz, dro2 = 5.71
X107 kg/m?



TR b 5 tEHtE - DORAT 57

Zs
(m) |
3495
6 —
3,05
3 4
il
0 : ,
0 4 8 [

(S)

M8-3 MITU (B =297/180, £ = 15x/10
/s, dioy = 4.94x107 kg/m? dhoe =
5.71x107% kg/m?)

G
(m) |
4ol 4

6 §

5.74
3 aia

(kg/m?2)

(x10™)
0 . r ]

0 4 8 i

(S)
8-4 RATM (B =1297/180, £2 =157/10
l/S, 7‘2/7’1 =345, dhor =5.71X 1073

kg/m?)

Za
(m) |
le71

6 -

1 0a7 |
31 oo

(kg/mz)

(X16°
0 ! T T

0 4 8

(S)

8-5 MATIM (B =129x/180, £ =152/10
I/S, 7”2/7”1 = 345, dion = 4.94 %X 107!
kg/m?)



58 PA R - N

ZDHEEDED 10 PTIBRDEE L ZDHEDE D 0, (RLUIKRD Z L e »s LHRRBES # 455
REEH) &> TRE>Twd, TNEL, BTFop.LiEoH.L% B2 EROKEH
EUTAHEBRCETFOAFEENKREI QIFNIELALEZNCEFRL THuawy (K2-1~X
2-4),

DV L DREFIRETORLN (7,/ 7, Rd 00 d 0 VEND RN ) 12 & » Tk #L<
B 5> TREKT 5,

d) R B

Wy DFEFOESHITZEZREAR (UFO) nxhz#834¢5, ZZCELNET
DMPFIZTVEFETRZLOE 5L T3, BFOFLEEOHLEIE L ERDOK
FHEE L THE B VWREVIIEELETOHENARENKE S Q H»/hIWIE, RE
DEEEI KON TS, TNEL, BT EEOEEN Y,/ v \ REDNES L ZDOEBED
1 d 1o PTBDER » ZDOFESOHI 03 ZUCH T VEEL T (K3-1~K5-
5)o

DL DIEFOERIRN L ) %02 F & LEBNIRITHEEORL) B 2 0
EORLN) 2L ->THEIHRALNLT WS,

e) M 17

DG DIEFDKFERENDRATIZFEFOHGEFEOHLEE L BEROKFEE & 2§
AE B IFREVIIEILETFOARENKREE Q HV/NEWVIIEREN, T, BT
EHEDREDH T /v \REDEE L ZDHENE D 0. °TIBRDE R L ZNEENE d ,0512
S AT (H6-1~KT7-5),

EFOHEHENDRATIZ ENEF LIZIZEHELETEEL L b, ZoOFRS(IFET
EREDPEFEDH Y,/ 7 DR VIIEREENER L ZDEEDNHE L 0 CTIRNES &
ZDOBEIMED 00 REVITERE W, TN L, BTodLEEOFLEE L ERDK
FPHIE G TAHE B RPETOARENKRE S Q OFBIILew (K8-1~K8-5),

f) 2 o Al

BFORATHRENORL) BRQOENREL)) LEFORLY (/7 Rd ekd,
DEDRERLY) ZAICFHEL > THOEKXZL26HE T 5,

4. € U
Riz, BFHVET L2 &L SOPRAESZHEL 22, Eiz, RN LD LMAEDN
EF, D2KIFRIDENDLIICE(DTMRE L - TV BT, FORITEMHAL 72\,

eEXM

1) BH HER G BEFoRE KKk, FE, 1986) #hR, P. 62
2) H. Hertel : Biologie und Technik, Struktur-Form-Bewegung (Krausskopf- Verlag, Mainz, 1963)



TURD & 5 HEMIE T DORAT 59

N e ANALTULE(FRE—R) A FLY 2T v T — Yo L BB ¥ — (KK
AEIE, EE, 1985) ¥R, E, P.87

3) K& & BEEE - KNEE D BILEECALE, $25%, A (1989), p. 75

A) Kfa - R - USRS  BIEBELRERE, $26%5, A, (1990), p. 41

5) HEFEARERE - AHIEXGS | R EEHE RS (KKACkgE, R, 1986) 5k, P. 760

6) ALRIVOER-ATH IR MU | EE A ARNEE AR (KKREH, KWK, 1987) #IW, p. 80

7) HAKHFSE | BRITEEE (HASWMES, R, 1977) 6k, #F8#H, p. 20

8) HAL¥SE  (bFERERRIT GUEKK, Hal, 1966) #IM, p. 431

9) HERCHEE  BEEER (UEKK HE, 1967) $40ff, #H, p. 130

Aeronautical Movement of a Winged Seed
—— Seeds of Yam ——

Mamoru OHKAME, Tuyosi KISIMOTO
Department of Applied Physics, Okayama
University of Science
1-1 Ridaicho, Okavama 700, Japan
(Received September 30, 1991)

The equations of motion for a seed of yam (Dioscorea japonica Thunberg) are made,
and the aeronautical movement of seeds of yam is investigated by means of numerical
calculation. The aeronautical movement is generally different from each other, and the
seeds are carried down extensively on the wind. This is one of the reasons why yams
grow well in spite of natural selection.



