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?é%ﬂ:::aéd HOKUL, TOKEL KABATSL,ADt* OB -1 o b 48 -REE SE‘#EE\E,

RERD#»F1+E1,H1sAL1D1

A S 0B-1#sBkh Ba X,8 AA
INT®: * HOKUT » TOKEIL KAIBATSUAsDr ? = —1

o e " 0B-2 o BIEF-9% AN

RON=ARCOS (1. 0) /180. 8 ARCOS (~1) — CoS™'(=1) —> 3. 14159 -
o st

E1=E1#4RDN degree — rodion B

A1=A1eRDN

D1=D14RDN

F2=F24RDN

HI=H1./1000. 0 B
Ho=H2/1000. D m — km %R

Ut= (R4H1)#COS (F1)#COS(E1)
Vi-(R#H1)SCOS(F1®INED)  OB-1 o (k&

Hi= (R¥H1)#SIN(F1)
2= (R+H2) «COS (F2) *COS(E2) \

Von (R D) 9COS(F2) S IN(ED)  OB-2 o thuwi(k§
L= (RHH2) $SIN(F2)

K= (L2-U1)#SINCF1)eCOS(EL )+ (V2-V1)eSIN(F1)#SINCE]L )— (L2-1 )¢COS(F1) 0OB-1 ¢ %_T’*
Y=—(U2-U1) #SIN(EL)+(V2-V1) #COS(EL) 5 =
Z= (U2-U1)#COS(F1)#COS(EL)+(V2-V1)eCOS(F1)#SINCEL M+ (L2-U1 )y#SINIFL) 0B-2 o Atﬁ

TG Z ST xes2iveezy) OB-1 #3 B OB-2 o /LA, BF

L= COS(H)*COS(A) :
M=—COS(H) S IN(A) " " AEA3h

N= SIN(H)
L1=-COS(F1)eSIN(DL+SIN(F1) $005(D1I 605 TB-A1) iy

—CO5(D1)#SINCTE-AL) 1 pe B R
Ni= SINCF1)#SIN(D1)+COS(F1) et DI oC Tol) 0B-1 #s R ERB o 3@RTK
L2=~COS (F1)#SIN(D2) +SIN(F 1) #CO5(D2) #CCS (TO-A2)
M2= —COS(D2) #SIN(TA-A2) 0B-2 e 5 (EEL
NZ= SINCF1)#SIN(D2)+COS(F1)¢COS (D2) #COS( Ta-A2) Tl }éb

3 -1a

CALL CROSS(PL,GLIRLILMNLLMaND P 18 0 Kz e 5 Q&% o F ?ﬁ% r
CALL CROSS(P2y2+R2sLsMsNeL2/M2:N2) £y 20 7 %ﬂ%ﬁéﬁﬁ |‘3@‘E’)

PRINTS, *KAKUDO= * + ARCOS(P1eP2+Q1 #G2+R10R2) RON:* (deg)* P 18 & P2& o &K H 7
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¢ i Smf:; 1. 0 hx
Ti= (LeL1 1HNENL :
T2=ARCOS(-1. mx—mcnS(uLz«‘MW) m2 &= e

T3=ARCOS(-1.0)-T1-T2

: R el o
53-SOT (Xee24 184247042 S3... 0B-1 v OB-2 o Es&E¥E, S1 - 0B-1 #s RE

C i
pi-pTARCHLLD 0B-1 1 BEKE AEE B o dElk

X1= S18COS(D1)#COS(AL) .
Y1--GisCoS(D1IsSINGAL)  OB-1 S R & B otk &
Z1= S1#SINCDL)

U3= X1#SINCF1)#COS(E1)-Y1#SIN(E1)+Z1400S(F1)#COS(EL)HIL

V- X18SINCF1)#SIN(EL ) +Y14COS(ED1Z1eCOS(FDSSINED I S B o thoc AL §
W3=—X1#COS(F1) +Z1#5SIN(F1)

F3=ATANZ (L3 SCRT (LB##24+\V3e42) ) N ) 3
E3-ATAN2(V5: L) R o b1 512 BHER

£

PRINT®:* *
PRINT#» * HOKUT » TOUKET » TAKASA= +F3./FON» E3/RON: H3 t " a HhH

G0 TO 1
CCC  DEBUG INIT
END

ceg—
SLEROUTINE CROSS(X: Y+ ZrAsBCoDeErF)
X=BeF—CeE

Lo e X648 (,8,0) & (D,E,F) #5, 2otk G AMq

G=SORT(Xee2+Y#a2+Tas2) h i
A AR (Y, 2) EFXHD. (9T-F)

o rige|
RETURN
EMND

Lgenr HB e AR aka B et s phrsru RERER o ReSshBEHRMAR
BSE RPERHB2ER TR,
D wWBET-9 1 OB-1 kN3 hRABS o EE8F (Xo.1h)
2 0B-1,2 o 4% - &R HHIR .
D 0B-1,2 ps B ERERKLE e BRE aukuo -'Fu B R& (21°8/D
32 NBI1oP 1B P2RAE, (RskRB R4, oA BELQ 07, 142°
WAF =B3183)
D HhE o B BF BE. (B AR+ ERe. BhR: 100~ 120 km,
S, 80~ 110 km L1E3RTY)
BRE o D, 2) o Rk i Be « FESHAELS DeSRA vH 3 A A <3,
&0, Pufs a%nﬁl (REBoRDE WAN LB

-3978. 0835 T1 1.2706430

KDUSET-J I w, = 326.525 T2 = 1.6801101
2. 054 Wi = gggg gg T2 = 19883956
0B-1 HOKUT» TOUKET » KATBATSU As Dt v gf & ﬁé.sz‘r??
36,0900 140.6069 8 312.651 49.865 B = 3% ool Al =  2.4442602
X = -21.527137 DI = 1.2472010
08-2 HOKUT» TOUKET » KRIBATSU: As D1 Y = —7.5369072 X1 = =29,134501
.2536 140.5228 4 321.104 39.867 2 S *.24434474?%1 Y1 = -24.407054
RON = .17453293-001 A . . 8048182 Z1 = 113.32345
T2 £ 5.7737237 H = —_ 19661489002 us = —4000. 1017
8o §oo- Cmees 2 1 32aw
Al = 5.4567894 N = -.19661476-002 F3 = 6343
DI = .E5634580 Li = -.24374502 E3 = 2.4493794
F2 = 63326828 ML = =.20419711 H3 = 113.44275
E2 = 2.4523855 e E : HOKUT» TOLKET » TRKASA
R - dEeewl oEnmGiGE
b2 - .eccAloal e T S 36.347173 140.33910 113.44275
H2 = . a00000ee-0u2 KRKUDO=  1.@729455
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IMPLICIT FEAL (L-N)
DIMENSION AL(2)sD1C2)R2(2)D2(22s @Egr‘ll%'}-’:
L1(2)sM1(2)sN1(2) L2021 s M2(2) s N2(2) =5

+
DATA R/63Ta.0/

* PRiNTers ) [£4. 88 F0754 FORTRAN K]
PRINT®, " KOUSEI-JIt
READ#: T

PRINT®:* * { OB-1 o 1t -8R JHbEE,

PRINT#: '0B-1 NiEsHyALsD1/A2, D21

READw o1 1 1Y AL (1) D101 )+ A1 030 D1 €2) OB-12¢ DEBRaX %S (K,5) - ARE (L, 35)

PRINT o *0B-2 Ny EsHs AL, D1 oA D21 = EAD
T 1EvHr 1 ' ’ 2 —

READ® 1 F21 E2 H2 A2 (1)1 D2 (1)1 A2 (2) 1 D2(2) OB-2 o RET-9 XD

RON=ARCOS (-1, 0) /180. 8
TO=TO#15. DHRON
F1=F 1#RDN
El=E1#RDN
F2=F 24RDN
E2=E2eRDN
B (T3 =A1 ¢ 1) sRON
1 ) At
D1(I)=D1(I)eRDN HES . HPRT2E<HEL
I)#RON
)SRIN

18 D2(I)=D2(1
Hi=H1-1000.@
H2=H2/1002. 8

Ul=(R+H1)#COS(F1)«COS(E1)
Vi= (R+H1)#COS(F1)#SIN(EL)
Hi=(R+H1)#SIN(F1)

U2= (R+2) «COS (F2 ) «COS(E2) -
V= (RHH2) #COS (F2)#SIN(EZ)
He= (RH2) $SIN(F2)

X= (U2-U1)#SIN(F1)¢COS(EL)+(V2-V1 )#SIN(F1)#SIN(EL ) - (W2-W1 )#COS(F1)
Ye—(2-U1) #SINCEL)+(V2-V1) *COS(EL)
Z= (U2-U1)eCOS(F1)#COS(EL )+ (V2-V1)#COS(F1)eSINCEL )+ (L2111 )#SIN(F1)

A=ATAN2 (=Y X)
H=ATANZ (ZSGRT(X#82+Yes2) )

L= COS(H)#COS(A)
M=—COS(H)#SINR)
N= SIN(H)
DO 28 I=1.2
L1(I)=—COS(F1)eSIN(D1(I))4SIN(F1)eCOS(D1 (1) )+COS(TB-A1(I))

M1(I)= =COS(D1(I))eSIN(TO-R1(I))
Ni(I)= SIN(Fl)lSIN(Di(I))EDS(Fi)CﬂE(DHI))lCﬂS('IU—F\i(IJJ
L2(I)=—COS(F1)eSIN(D2(I))+SIN(F1)¢COS(D2(1) ) COS(TO-A2(I)) gé-hh_ ﬁﬁ
M2(I)= ~COS(D2(1) )eSIN(TO-R2(I)) e 5
N2(I)= SINCF1)#SIN(D2(I))+COS(F1)#COS(D2(1))+COS(TR—R2(I)) 2 @ <HB L

PLES

CALL CROSS(PLQ1+RI+LoMyMN+LLCI) o MICT)+NLCT))
CALL CROSS(FPZ,yG2:R2yLoMiNL2(I) s M2CI ) sN2(I))

PRINT#, " *
22 PRINT®: " KAKUDO="» FRCOS(P1 P2+ #Q2+R1R2) /RDN+ " (ded. )’ J
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sy OR-2 of3REY 0B-2 #sRERB IR

L2(T)=—COS(F2)#SIN(D2(I) )+SIN(F2)sCOS(D2( 1) ) «LOS(TB-A2(I)) i SR AN

MZ(I)= =COS(D2C(1) ) #SIN(TO—R2(I)) ( OB-2 miﬁ*gﬁ;ﬁ = 3/" 3)

3 N2(I)= SINCF2)#SIN(D2(I) )+COS(F2)«COS(D2(1) ) #COS(TA-AZ(I))

CALL CROSS(S: ToUhL2(1):M2(1) 1 N2(1),L2(2):M2(2) s N2(2)) ,T,Uﬁ) o] *E"g m%ﬁﬁf—ﬁﬁ'ﬁ

DO 48 I=1.2

;;tf;){(;";:;*-U‘Z)/(SCLi(I)+T*H1(I)ﬂhN1(I)) .

& -

Y1-ML(T)er S,T,0@ e L1,M,NT ca k& adL B (RS, - B L o 0B-1
c _ M%?‘:x{iﬁ;ﬁ.)

U3= X1#SINCF1)#COS(EL)-Y1#SIN(EL)+Z1#COS(F1)#00S(EL)+HN

V3= X1#SINCF1)#SINCEL )+ Y1#COS(EL)+21¢COS(F1)#SINCEL ) +V1
& WE=—X1¢COS(F1) +Z1#SIN(F1) +Hil

Fe=ATANZ (LB SCRT (LBee2+V3ee2) )

EZ=ATANZ (V3 U3)
e H3=L3/SINF3)-R

PRINT®: " '

4D PRINT# "NeErH = » F3/RDN) E3RDNy H3

= GO TO 1

DEBUG INIT

END

- = e —_ ) Y PaN
2w &5, oI GRAR (REWaNB & BHABAT EHD)

.56 40,5008 4 321104 39.867 310.140 28.499 L2 (1) = —.68930961-001
eo- - 12Be8es
4k = R 12 (2)= .10214471
Wi - 3mz.2871 e @ 3EEa
U2 = -3953.4725 N2 = .84541
2 1 e =
X = -21.527137 Ee o SaEEl8
Y = -7.5369072 Yi = -23.088147
z = -,44344747-001 Zi = 1@87.01893
A = 2.8048182 u3 = —4pi7. 7350
E ¥ i 19661489082 g - %m
M =~ 33044387 = e
e F3 = .634i3401
N . 19661476002 E3 i 2.44562585
LiC) = -.24381105 B = MW
% s --2045% ME'H = 36.333202 14p. 35337 107. 12640
L2 = - 72385053-001 36.3372 140.3494 167.30 -
M = -.12979671 F = 98 g
£ - e 51
KAKUDO= 1. 0696577 (ded.) z - soi‘ragg% sHiaBAEE o
Lic2) = -, 11303005 V3 = 3338.858% 8B A8
ML = -, 3232082 W2 = 3814 8080
N = 91709050 F3 = 63160867
L2 = .95681552-001 E3 = 2.4467950
e s -.31064266 H3 = 90.915833
N = .94539043
NE:H = 35.188511 140, 19103 90. 915833
KAKUDO= . 40614150 (ded, ) 36. 1917 146. 1869 91.13

6. DRV EAME FloFoNr5u vr. BhE - ARE o LB £ s rsa 4= Ka
Tk, B4 o P0r5a i BEE -BRBE £ - B R-k B E &>, DIMEN-
SION (ER%) £ 7 u3atr P B <hat, BES  BARE o iLE 4 0B-1,2 ¢
~H uB<1t. REBRE RIS AT IEE o BLRRR + BHFHSE w3,
HBa/TEMR & B8 LR RKE XEP 2RI Boe Ra%piiiz sl S AL E L
r &9, 1983.12.17.
ZEXBR DERI: HRBRES, 10ABME 2ERL R o BEE 0 AER
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4 R

o BeS s ¥R cn T, Ssmbn BB ¢ T T A A

Skt £ 470 BBl HE o 55 B (R, uTha BB £ kY BRE T3
o och e BERE RRE o /LE + 0B-1, 2
BE 4 ARY KRB, Tu3am, 0B-1 45 SR sva IEHE 4 170 km ( RAR—PADR,

L p2 SRR $704PR & 30°) chan B ORGTRI. o7 DESREHR ry, ) B
o Pl P2Bo®E 2328 o8B oitrt 0B-1,2 o Ehk . 0B-1 55 RE &2

o TEhk T £ BB, (RS ETESTRD.

1983, 8. 12/13. oh
RRK « BRRxEoB

A3, 2|™1g°%

v —F LtuhBukATHE,

A2,

£S5 3] 3~ 4 o

1883.8. (2/13. Zr2I™ 568
BRk = sRK:HREOB

(BB E NS « BR e a3 18- B 0l0] (H1km), BE T 2~0 kma BRE r53)

KOUSEI-JIt
2.05

(RER)

0B-1 HOKUI» TOUKEI » KAIBATSU: A Dt
36.0900 140.6069 8 312.651 45.865

0B-2 HOKUI » TOUKET » KATBATSU» Ay Dt
X.2836 140.5228 4 321.104 39.867

ERKLCO=  1.@0896348 (ded.)
36.347227 140.33859 113.42725
36.3392 140.3494 107,30
KOUSET-JIt e

2.0% (=8 &)

(B-1 HOKUI. TOUKET » KATBATSU» Ar Dt
35,0900 140.6069 8 2@1.295 39.165

0B-2 HOKUT» TOUKET » KAIBATSU: Ar D1
36.2836 140.5228 4 310.148 28.499

KAKUDD= . 40614150 (de9.)
36.1913%7 140.17885 93.614197
36,1919 |4o. 1869 Q13

13, 1983.1.3/4. 2"21™ 35S (KPMS83-1)

K+ +« 8Rk:zhR oB

KOUSEI-JIn

0. 422

0B-1  HOKUI» TOUKET » KAIBATSU: Ay D1
36.0900 140.6069 8 354.611 47.030

B-2 HOKUI, TOUKEI » KRIBATSU» AN D1
36.2836 140.5228 4 0.250 34.470

KAKUDO=  1.3711288 (ded,)
36305032 140,486 106. 08063
36.316 140,479 109,57 -..
%x—m "

: TOUKET » KATBATSU: 1 D (Stindhdirlia
0B-1 HOKUI» VKA VA D i 5
%.0900 140.6069 & 357.57 45.673 LH-BR-RE)
(B-2 HOKUT» TOUKET » KAIBATSU» A D1
¥ .2H36 140.5228 4 2.920 37.247
KAKUDD= . 90371273 (de8.)

36.265414 140. 45481 97862927
36,2N8 | 4o . 444 |oZ2,08

1983.1.3/4.. 4%20™425 (KPM83-2)
K% » BRAKRE 0B

4

(E.#émﬁmé%’rﬁt it B3 2 00l ~ ol | cﬂﬂwo k) . BE 24 ~ 8 kam o BRE #%3)

KOUSET-J1t
9.433

08-1  HOKUI» TOUKET » KATBATSU» Ar Do
3H.6519 139.7731 25 4.608 88.584

0B-2_ HOKUI» TOUKET s KATBATSUAr Dt

35.3384 139.1798 208 254.521 75.454
KAKUDO=  1,0087912 (deS.)
36.9119%8 139.73735 187 . 45210
36.819 139,743 99.52
KOUSEI-J1s

S.483

08-1 HOUT» TOUKET » KAIBATSUs A D
3.6519 139.7731 25 S6.135 82.355

0B-2 HOKUI» TOUKET » KAIBATSU» A Dt
35.3324 139.1798 208 267.332 78.421

KAKLDD=  1.1837012 (deS,)

36.788740 139.537=.
36,700 139,561

E. 140686
§7,32

44

KOUSET-J I+
11.465

0B-1 HORUI» TOUKET » KARIBATSUs As D1
35.6519 139.7731 25 T.358 61.834

0B-2 HOKUI. TOUET » KAIBATSU A D1
3.3304 139.1798 208 44.320 72.505

KRLDO= |, 79761143 (de8.)
37.235418 138.50046 111. 8920
37,260 138,567 106,42
KDUSET-J1s

11.469

08-1 HOKUI» TOUKET s KATBATSU A D
35.6519 139.7731 25 68.305 60.074

0B-2  HOKUI» TOUKEL s KAIBATSU As Dt
35.3304 139.1798 208 44.431 71.013

KRKUDD= . TOE2897 (de9.)
37.297127 138.45764 184, 84485
37.233 138.519 loo, 34



5 ol R ESEHRarsEuifcik203. 1983.8.12/13 o RESHA o0z

o S == W w o o 2]
SE Tk B3 ta S8R 73, DAR. 2BE EnTs T 0FR<aaT
- ’ \ ~ e
s}igﬁ:&%éé(ﬂxhx.’)z +(Y=Y1")%+ (B1-2)2 ). 4 hE oS Kok ik
KOUSET-JTt . 45!
- . ~ 21.278 (%85 ¥15.
: . 5 b e i
T . ERFmREETR Yk
chio fiER 1o BsF o THEM o Lo, =P i 233N 5eS
SEPRT R i
BS EerdIzeshdsE. [ 'T%c 3] ; ’ - : 23"35 ~ 39™
& AR ®8 she i KAKUDO=  1.0782442 (ce8.)
G ﬁ SR [BR SR 3 NE/H = 36.59265 139.77131 108.19928
5 qu-n K.m s Km/ S
5 l L k8 3n.2 o0.59 63.1 KOUSET-JI1
B |.5 81 ' 21.27 GRRED
0.4 lo2 08-1 HOKUI» TOUKET s KAIBATSU: A Dt
6 K( 32.2 q | 3.0 0.39 x33.3 35.6519 139.7731 25 280.8 75.9
; (0 08-2 HOKUT, TOUKET » KATBATSU, A D1
i i i 8;3 6.5 0.39 x42.3 %.0900 140.6069 B 2%.7% 36.0
0.2 /&N KAKUDO= 1.4587607  (de9.)
8 - K( 0,5 ©.5| x20.,6
0.4 50 ME/H = 36.372851 139.57298 87.07879%6
g1 lo2
: Bl 0.3S dedl.hS
9 3.9 g2
KDUSEI-JT KOUSEI-JIt
KDUSET- T me, v 417,
0B-1 HOKUI: TOUKEL s KAIBATSUsAiD1 A5k 0B-1 HOKUI» TOUKET . KAIBATSU: ArDr 15k
35.6519 139.7731 25 €2.6 55.8 th3a 54 35.6519 139.7731 25 €2.6 55. 354
CB-2 HOKUT » TOUKET » KATBATSU: As D 0B-2 HOKUI» TOUKET s KATBATSU: As D3 s
St A, os 4 o0 T4 SRKsXROB St 140, o8 4 5 008 48, EH;K&JEOB
h L s
KAKUDO= 38, 374279 (ded.) IR ghE KAKUDO=  3.5641493 (de9.) 1" 4846
NEvH = 36.448885 140. 0897 12.33063 NE/H = 36.438653 14069731 101.33594
KOUSEI-JIt KDUSET-JI1
23,447 23.458
CB-1  HOKUT » TOUKET » KAIBATSU: A D1 CB-1 HOKUI» TOUKET » KAIBATSUs A Dt
3.6519 139.7731 25 €5.6 55.4 35.6519 139.7731 25 65.6 55.4
0B8-2 HOKUI » TOUKET » KATBATSU) Ay Dt CB-2  HOKUI TOUKET » KAIBATSU» AsDt
36.2836 14,5228 4 25.179 18.702 36.2836 140.5228 4 357,467 45.754
KRKUDO=  32.159947 (de9.) KRKUDO=  3.97867% (deS.)
NEH = 36, 406044 1490, 66280 91, B45837 ME/H = 36.37695 148. 62857 87.756470
i 8, boaes 519,
CB-1_ HOKUI» TOUKET , KAIBATSUs A D1 A HB¢ B-1 1+ TOKE] KAIBATSU: 41Dt N7 d
35.6519 139.7731 25 £5.6 56.1 2h2940™ A B 6510 35 1o 25 64 0 55 8 ShaQn 4,?8
B2 HOKUI» TOLKET s KAIBATSU: A1t BRK SRR oB 08-2 HOKUIL, TOUKET KATBATSU: /D1 gt
36.25% 140. 4292 3147 ougzmcs 36,2836 140.5228 4 2.920 37.247 SWE OB
KAKUDO= . 33168666 (de8.) KAKLDO=  3.1171470 (deS.) 2h43™ 58
NEvH = 36.296453 149, 48573 €6.708801  NEWH = 36.265408 140.5149 1M . 56327
36,316 140. 479 09,57, 36.316 140,479 09,50
gzusa—m ) KOUSEI-J 11
.366 (Vomesty 036
B-1 HOUI» TOUKEL s KRIBATSU A D tm-‘-%m% 0B-1 HOUI: TOUKET KAIBATSUs Re Dt
F.6519 139.7731 25 9.7 54.5 & ) 35.6519 139.7731 25 65.9 54.8
(B-2 HOKUI» TOUKET » KAIBATSU: Rs D1 0B-2 HOKUT» TOLKET + KATBATSU)» As Dt
3.2836 140.5228 4 0.250 34. 470 36,2536 140.5208 4 0.250 34.478
KAKUDO=  , 40734418 (de8.) KRKLDO=  3.9336106 (deS.)
NEH = 36,266344 140, 47176 S6.821167  MNEsH = 36.22078 140. 48535 2. 150330
36,218 140. 444 102,08 36,298 140,444 102,08
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1985.6.,2, MSS-36
EHWRERE o REM ER R
L Igua{{: RAERE A RBoIR 2 AIRIIBA, Lo 0 EAREAE»

%15433. e BA L2 ¢ BB 0B KR0S R s Bk » 00 BERR
FRB:ARTav LI, REBA) & B B vraztior BE 3T,

LREAE
. tan® _ tenB . tand .. Gy
tane' R/
s~ R=dxzeyz (x,4 5 PeREELBR v E

HEERR o BRI AR)
6= cos ' (sinDsinS + cosDcosd cos (x~A)Y)

EEBRR thsha P-B o BMAE 257 kT2 D2 a

EIRBYRT, %20
B=ar?+br+c - (@

aBRMAE Y. RULZEFE rsya,b,c £ RFozd.
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Yo + Ty*L =y * 5%, (2)

Xo + To%(X3-Xe) = S2%V, &)

Yo + To%L = Yo + Sp%V, (4)

L’2 = (x3-x5)2 + L2 (5)

D = X3~Xp
Y si,8: ZMET B, (1),(2) 3),0) Rk

sy = ( xa + Ty%D )/U, (6)

s2 = ( %o + To%D )/V, (N
Ezn

Yo + Th¥L = y; + ( xo + T,%D )=U,/U, (8)

Yo + To%L = yo + ( xp + To%D )3V,/V, €))
u=U,/U, ,v=V/V, &EITL

Yo + Th*L = y, + ( %g + T;%D )*u (10)

Yo + To%L = y, + ( xo + To¥D )av (11)

(10)xv - (1D %5819 3L

vE(ya + Ti*L - yi)-u*(ye + To*L - y,) = usviD#(T,-T,) (12)
D { v¥(yo-y1) - u¥(yo-y2) + LE(wsT, - usl,) }/ urv(T,-T,) (13)
(yi-ve) / u%(T2-T,)

= (¥2=¥o) / v¥(T2-T,)

+ L*(U*TQ‘V*T|) / U*V*(TQ—T])

D %\ ﬂmﬁﬁ T‘I:T2 EX’)‘? I‘G)Eﬁ Yisu’vs:l- ?&ﬁ?%fzo

G)R&ED L iz
L2 = (x3-%9)2 + L2 (19
= D2 4 L2
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1. BU®IS

EEOHBERE. 20223 ooiciy, EEICHHEIL RRESICW S 0B 0H
E2FRV, »3EEMTREICNT 2 HRBICRET 3 0ESH 3, ZOBEORIE
DY Lo, BHESOXEEH ST 3MENH S, Thld, REHOBBOL &,
Z DEHEOKEEMSHEOHBBIC A BET LY, BHEVPKECHSB L
R BESOHRBICRETZHLOOHMETH 2, COLFICRT2HEE2, X
EEERBE VW,

chiakozicik, 7. BHALPKEC 2 BGCOFEHRREC R T, 8%
EOKEERDz OL 2ICRHRESEDOCHLVWEBYTID2HZLENHZ, 2D
FOOHER, S CIEDER g(z) bELZRICT B,

HETconFc@EFbDN T gz) oRE, /MEAWNICE S,

g(z) = cos( z + 7°sin 2)

DEDOHDTH-T, Thid, FAFIC X 2 BAFNEED SHEEBIEHLD T2 T
OWIECMA T, KESACIVBHEAPEEIZNELLHEL LboT, HERHK
B—IGHETE3H0TH3, Zhicbdrdrb oY, 20K, BHABEVES
WRELABRMIET, WEFTLHZL DAL SZOREMBEHEIN T, 2L T,
T REB DB OEANEE N TV,

—F., ELBEBE LT, TOEIICH, WARVLBEDOHOHLOPBRBEINATVWS, I
b 1

g(z) = cos( z - 6°) (Prentice,1953)
BHB, INEFENCE, MALFEILEZELXAHFORTH S, i, KIAHEEEz T AS
THHREBEX, ZOHZ xH, KEAHOL ESOHZ XIZ cos z 2RULIETELR

B2THBD, ZORRDPTLER SEDEHE cos?z IZBRBIZEBE WL, LictH-
T, EBEOFEDEIEE cos z ¥ cos?z LOHHEICHBZITRLWSMEENIL, o
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g(z) = [ Beos z + (1-B)cos?z] (Opik,1940)
g(z) = cos™z n=1.6 (Sciaparelli,1871)
n = 1.47 (Zavolankova, 1983)

T nokBrRsti, TICR, REANHOXEAL 2 0N SHROMIZHEY 3L
SEEsERRED LI, LVEYRBERBONLZEL IL2EXS,

2. BIASIC L3 HREQHB X OFED

R o OREVEIARICAHUCHEEL 22 ¥, 20REOHEFHT, AH
A r->TEDBIENHLENTINS,

MR TE., REOBRAENSEN &, BRo (@) . BREOEEv(cn/s), AHO
KEHz icX-7T,

M =24.3 - 2.5l0g10(6.84x107!7 pv*cos z)

2ETZLHTE S (Havkins, 1964), ORI, RA2EINIE, EEN—EDOL ¥
. cos z & 104 RBREHFATZZLEZRLTVWB LTI, 2, XH
ADBAELBICHONTHREIBLBZIOCHS, Lich->T, —RIS, fHASIC X
o> THMAZMCHREHDEHD T2 2 L Ry, REMEL 25 DI HIREHHE
DWW TCEIRTAEEL WHPVBEHEZRDZ X TERV, I T,
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KEASCHARTEEL B> D%k% An T3 L,
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100. 4M = (COS z) 100. 1M = (COS z) 100. 4 (Mg +Am)
BEOVMLHDZENbh3, ZZh5Am i,
Am = -2.5log0(cos z)

&2, 2F Y KFMHz TAHT3HER. KEAHOBAICHRT, vwoTdoh
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T.Hashimoto

[ Table.1 E-Aqr ]
1986. 5. 4/5 h
M. Toda CHR
1987. 5. 4/56 h
M. Toda CHR
1987. 5. 4/5 h
S.Yanagi CHR
1987. 5.5/86 h
M. Toda CHR
1989. 5. 4/5 h
M. Toda CHR
1989, 5. 5/86 h
M. Toda CHR
1989. 5. 4/5 h
Mas. Takanashi CHR
1989.5.5/6 h
Mas. Takanashi CHR
1989. 5. 4/5 h
Mik. Takanashi CHR
1989. 5. 5/8 h
Mik. Takanashi CHR
1989. 5. 4/5 h
5. Yanagi CHR
1989. 5. 5/6 h
S. Yanagi CHR
[ Table.2 Qua ]
1987.1.3/4 h
M. Ueda CHR
1987.1.3/4 h
K. Sanc CHR
1987.1.3/4 h
D.Ite CHR
1987.1.3/4 h
M. Kato CHR
1989.1.3/4 h
S. Yanagi CHR
1989.1.3/4 h
M. Oka CHR
1989.1.3/4 h

CHR

visual observations

B

= o

=]

25.0 36.8 45.8

14.

20.
13.

20.
17T

21.
14.

19.
11.

18.
18.

T
9.

18.
13.

17
3.

16.
10.

19.
1T

18.
28.

5

5
5

o

32.

32.
24.

32.
34.

32.
36,

32.
18.

33.
25,

32.
25.

30.
18.

3.
10.

32.
15.

32.
28.

33.
28.

1

0
0

45,

41,
44,

42.
56,

41.
40.

45.
33.

45,
28.

45.
19.

0

3
6

3%

visual observations

10.
14.

18.
17.

30.
25,

29.
1.5:

10.
15.

10.
10.

10.
10.

18.
11.

27.
26.

37.
50.

36.
31.

18.
13.

18.

18.
11.

47.
63.

38.
T

49.
63.

48,
50.

25.
25,

25.
26.

25,
22.

54.
80.

48.
58.

56.
62.

586.
54,

47.
38.

47.
26.

47.
26.

o

54,
29.

54,
40,
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GHR-F computed
-Gamma

2711
(F:0.70-0. 83)

1.79
(F:1.0)}

1.94
(F:1.0)

1.59
(F:1.0)

1.42
(F:1.0)

1.13
(F:1.0)

1.08
(F:1.0)

0.89
(F:1.0)

1.96
(F:1.0)

0.77
(F:1.0)

1.26
(F:1.0)

0. 64
(F:1.0)
CHR-F computed

-Gamma

1.27
{(F:0.7-0.8)

1.53
{F:0.9)

1. 39
(F:0.8)

2.07
(F:0.9)

0. 81
(F:0.8)

0. 60
(F:0.76-0.83)

0. 96
(F:0. 76-0. 78)

data
-ho

(1) --

(2)

(3)

(4) ==

() =~

(6)

(7

(8)

(9)

(10)

(11)

(12) -

data

—no

(1) ==

(2)

(3)

(4) -~

(5) -~

(6)

(7) --

|
|
|
|
|
|
1
|

[
{
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
I
I
I
[

group
—no

g-1

g-2

group
-no

og-3

g-4



[ Table. 3

Per |

visual observations

1986.8.12/13 h 20.0 26.0 45.0 51.0
M. Kameta CHR 25.0 20.0 60.0 48.8
1986.8.12/13 h 26.0 34.0 44.0 50.0
T.Hiroe CHR 21.1 20.0 42.2 30.0
1988.8.12/13 h 27.6 35.3 50.7 60.2
H.Mizoguchi CHR 34.0 36.9 84.0 52.5

1988.8.13/14 h 15.9 20.5 35.3

M.Oka CHR 6.2 10.3 24.0

[ Table. 4 Gem ]

visual observations
1987.12.14/16 h 21.0 31.0 58.0 69.0
J.Kawamura CHR 31.4 45.0 60.0 48.6
1988. 12, 13/14 h 11.9 21.9 30.4 45.2
N. Kawamura CHR 7.2 13.0 12.0 32.0

69.7 82.1 84.8

43.0 55.0 78.0

ZHR

120

2

ZHR

108

8:0.23 (30: B.23)
ﬂaaﬁﬁfﬂgﬁﬁo

8: 0.9 (S0: 8.27)

8: 1.32 (50: @,19)
7:1.5

A\

T T T T
(5] 1@ 2a 38 <
[1986.5.4/5 M. Tadal

1
sa h(deg)

[s]
Fi2.@ o
g B: ~8.25(5D: ©.57)
& B:1.12 (5D: B.36)
o 8: 1.66 (50: B.18)
7:1.5
o
a
7:1.@
o
I T T T T
a 12 ze 30 4@ s8 h(ded)

[1987.5.4-5 5. Yanagdil

58,
80.

57,
45,

56. 4
37. 2

ZHR 15@

128

e

=]

1@ ZHR

)
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CHR-F computed
—-Gamma
1. 41
(F:0.8-0.9)
15022
(F:0.8-0.9)
1.18
(F:1.0)
1.76
(F:0.8-0.9)
CHR-F computed
-Gamma
0. 48
{(F:0.7-0.8)
1. 80
(F:0.6-0.8)

B:

° B:

data group
-no -no
(G et

|

|
2y |

I g-5
(3) |

|

|
(4) --
data group
-no -no
(1)-- g-6
(2)-- g-7

—8,90 (50: 8,58)

@.76 (SD: 8.49)

: 1,37 (S0: @.33)

[ I I T
B 1@ 20 22

[1887.5.4-5 M. Todal

by
& —

= ¥: 1.8

1
sa h(deg)

:-1.18(50: 1,290

:8.18 (50: L.18)

:8.85 (5D: 8.84)

I I | 1 |
@ 18 20 3a 4a

[19B7.5.5-6 M.Todal

sa hideg)
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|

108
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1

158
|
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5Q
1

r:1.8 2

r:8.5 -

r T T T T 1
2 I 28 3@ 48 S8 h(de9)

[1989.5.4-5 M. Todal

=]
rrliS
o2
a
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] 1@ =28 ;W@ 42 s8 hided)

[1989.5.4/5 Mas.Takanashil

oo
=2
g

6a8

iy

-

[N E

ne 0
ooo

T T I T T !
18 2@ 3@ 4@ sa hide9)

c]
[1989.5.4-5 Mik.Takanashil

o
o\n B: ~0.78 (S0: ©.96)

B: B.48 (SD: B.66)

B: @.86 (SD: B.34)

[ I T T 1
@ 1@ =3 0 48 50

: hided)
L19B3.5.4/5 S.Yanag9i]

w

=15
|

158
|

e ZHR

2 4

7: 1.5 o
\ B:=~1.81 (SD: 1.41)
o o
- & B:B.21 (S0: 8.91)
y:11.8 ———— 0
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Soh0R /
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TADBLE 111

Maugnitudes

Coellicients in the equalion
M= a - blog (mass) -} ¢log (17 obs) -} o log (cos x)

(I

TABLE VI

Terminal heights
Coefficients in the equation

I b= a- blog(mass)-|- clog (¥ obs) - dlog (cos x)

Vidicon ISI'T All meteors Vidicon IS1T All meteors
a ; 9:78 - 0-16 10:06 - 0-11 988 - 0-36 a 44-14 4= 1-02 47-28 -+ 377 45-73 4 233
b =201 £ 005 | —1854- 004 | —2:02 4015 b — 091 4 118 | — 1474 1:78 | — 1:26 - 0-79
[ —7:33 4 041 ~—6:86 - 0:39 —717 4 041 r 26:75 - 342 2373 | 4:B6 2518 - 240
d 017 £ 023 | —002 024 010 - 024 o — 1307 186 | —16-38 4- 2280 | —13.99 4 1-53
TABLE IV
-llcginn_ing helphts
Coelficients In the equation TABLE VII
b= a- blog(mass) - clog (¥ obs) 4 d log (cos x) :
a) Delta Aquarid meteors -
Vidicon ISIT All meteors
. Date Meleor Mo,
a 4347 4 2:89 4475 -1 3-64 45-25 - 234
b 491 4 1-13 864 4 172 306 - 0-79 Auly 30/81 1,5,6,7,12,13, 15
3 47564 328 | 57164 469 | 4332 4 241 16, 17, 18, 33. 38
d 2:98 - 1-78 | —0:42 4 2:70 1413 4 153 July 31/81 17, 22, 25, 30, 52
mean RA. = 340:7° mean Dec, = — 185" 2-1°
mean Finl = 42:3  0:6 km/s
mean ;in= 98 km
mean vertical trail length = 13 km.
‘mean solar longitude = 127-3°
b) Perseid meteors
TABLE V

Heights at maximum brighiness

Coclficients in the equation

Hmea-blog (mass) |- ¢ log ( ¥ obs) |- o log (cos x)

Yidicon ISIT
a 48:34 -} 2:90 46-88 - 34| A8-48 - 2.2}
b 098 - 112 2:36 + 1:61 018 - 0-75
c 32-49 - 3-25 3717 & 439 30-98 £ 2-28
d — 554 -} 1-80 | —9:05 -4 2:5) — 684 4; 1-46

90

Date Meteor No.

August 12/82 4, 14, 28, 29, 30

34. 35, 37, 39, 40

mean R, A, = 49:3° |.|°
mean VFinl = 59.2
mean fib= 118 km,
mern vertical trail length = 19 km.
mean solar lengitude = 13837,

mean Dec, = 55:7° [.2°
1-0 km/s
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A strong meteor shower was observed by members of the Nippon Meteor Society (NMS) during
the evening of October 8, 1985, across Japan which was believed to be a display of the Giacobinids.,
the first strong display in Japan since the 1965 Leonids, Favorable weather allowed several types of
observations to be made. Most observations were visual but some were made telescopically or
photographically. FM radio and TV camera techniques were also used. The data obtained by
observation and by photography are analyzed below. Main results are as follows:

(1) Considering the position of the radiant and the orbital elements of the meteors, the shower

was undoubtedly the Giacobinids.

(2) The maximum zenithal hourly rate of the shower was 154 at 10"0™ UT. This rate was,

however., much lower than 5000 during the display of the Giacobinids in 1933 or in 1946,

Academic Press, Inc.

[. INTRODUCTION

The Giacobinid meteor shower is one of
the greatest showers to be observed this
century. The shower has Comet Giacobini—
Zinner as its parent comet. Although activ-
ity was expected every 13 years, it had not
been visible since the splendid display in
1946 (Jacchia er al., 1950; Lovell et al.,
1947; Prentice, 1947).

The Giacobini Project was formally be-
gun in 1983 by the Nippon Meteor Society
(NMS). The main objectives of the project
were to detect the shower and to determine
the activity as precisely as possible.

To carry out the project, observers from
all over Japan were enlisted. To prepare for
the event, the NMS held training sessions
for participants.

By the day predicted for the shower, all
arrangements had been made. Neverthe-
less, there was much apprehension that no
meteor would appear because of the unpre-
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dictability of the shower and the poor 1972
results.

Early in the evening of October 8, 1985,
however, large numbers of meteors began
to appear throughout Japan and the project
was successfully carried out.

Some NMS members missed the shower
because it began about 3 hr earlier than pre-
dicted (Yeomans and Brandt, 1985). The
observations were collected and analyzed
by the NMS, and results are given below.

II. VISUAL OBSERVATIONS
2.1. General

The meteors were first detected on Octo-
ber 8, 1985, in the evening twilight, when
the activity was very high and the meteor
rate exceeded 100/h in some places. Then
the activity decreased rapidly and ceased in
5 hr.

The meteors were short and slow inter-
spersed with many bright ones. About one-
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tenth of them were brighter than magnitude
0. Where observing conditions were good,
wakes of short duration were seen for about
20% of the meteors.

Almost everyone was impressed with the
meteors, which looked like melting snow-
flakes. The meteors were very different in
appearance from, for example, Perseids or
Geminids.

2.2. Variation of the Hourly Rate

Visual data were collected from 50 indi-
viduals and 10 groups in Japan. They cov-
ered the time period from 9"30™ to 15h15™
UT. Data were selected according to the
following criteria:
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(1) limiting magnitude of stars: fainter
than 4.0;

(2) the cloud cover in the field of view:
less than 0.4,

(3) observed time period: longer than 25
min,

Then we added some in the early time,
when the data were scarce. The data are
listed in Table I.

As an index of shower activity, the varia-
tion of the zenithal hourly rates is most sig-
nificant. So, converting the apparent hourly
rates into the zenithal ones, using three
types of reductions, we get:

(1) reduction to a cloudless field: A cor-
rection factor, 1/(1 — C), is applied, where

TABLE I

METEOR COUNTS

Midtime Meteor Observed time Hourly rate Limiting star Cloud  Zenithal hourly

Observer
(UT) count? interval mag,. cover rate
Shiojima gh37ms 22 15m 88 — - (107.1)
Unknown 9 45 30 30 60 — — (74.0)
Matsumoto 10 7.5 80 30 160 = — (206.0)
Unknown 10 10 20 10 120 —_ —_ (155.3)
Mameda 10 15 82 30 164 6.0 0 214.6
Shimizu 10 15 41 30 82 6.0 0.35 165.1
Yabu 10 15 29 30 58 4.5 0.2 313.8
S. Watanabe 10 15 8 30 16 5.5 0 31.2
Ochiai 10 15 7 30 14 4.5 ] 60.0
K. Watanabe 10 35 43 30 86 6.0 0.3 175.0
Shiba 10 40 7 40 10.5 4.3 0.2 70.8
Mizoguchi 10 45 63 30 126 5.3 0 264.4
Takanashi 10 45 52 30 104 5.0 0 325.2
Unknown 10 45 50 30 100 5.0 0 312.7
Mameda 10 45 6l 27 135.6 6.0 0 190.9
Tomioka 10 45 28 30 56 6.5 0 52.9
Ryukyu Univ. 10 45 27 30 54 5.5 0 113.3
Matsubara 10 45 20 30 40 5.0 0 125.1
Ito 10 45 18 30 36 5.5 0 75.5
Yabu 10 45 12 30 24 4.5 0.1 122.6
S. Watanabe 10 45 10 30 20 5.5 0 42.0
Ochiai 11 0 9 30 18 5.0 0 58.7
K. Watanabe 11 =5 27 30 54 6.0 0.1 89.5
Mameda 11 15 34 30 68 6.0 0 104.6
Ito 11 15 11 25 26.4 5.0 0 90.1
Tomioka 1115 13 30 26 6.5 0.2 33.6
M. Ueda 1115 13 30 26 4.5 0 132.3
Ryukyu Univ. 11 15 11 30 22 5.5 0 50.4
Takanashi 11 15 9 30 18 5.5 0 41.3
Shiba 1115 7 30 0 83.5

14 4.3
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TABLE |—Continned

Observer Midtime Meleor Observed time Hourly rate Limiting star Cloud  Zenithal hourly
(UT) count? interval mag., cover rale
Yabu 11hL5™ 4 30m 8 5.0 0 27.3
S. Watanabe 1115 4 30 8 5.5 0.1 20.4
Katsumata 1115 2 30 4 5.0 0.1 15.2
Takahashi 11 30 31 60 31 5.0 0 111.2
Tomita 11 30 26 60 26 5.0 0 93.3
Yamamoto 11 30 24 60 24 5.0 0 86.1
Oka 11 30 15 60 15 4.5 0 80.2
Saito 11 30 11 60 11 5:5 0 26.5
Kawagoe 11 30 9 60 9 5.5 0 21.7
Ochiai 11 32.5 11 35 18.9 5.5 0.1 50.9
Mizoguchi 11 39 28 42 40 355 0 99.4
Shiotani 11 40 22 40 33 5:5 0 82.3
Mameda 11 45 17 30 34 6.0 0 58.0
M. Ueda 11 45 11 30 22 4.5 0 124.1
Takanashi 11 45 10 30 20 55 0.2 63.5
Yabu 11 45 8 30 16 5.0 0 60.6
Shimizu 11 45 6 30 12 6.0 0.2 25.6
Sagayama 11 45 12 70 10.3 5.0 0 38.9
Tomioka 11 45 5 30 10 6.5 0.4 19.1
Ito 11 45 5 30 10 5.0 0 37.9
Ryukyu Univ. Il 45 3 30 6 5.5 ] 15.3
Katsumata 11 45 2 30 4 5.0 0.1 16.8
Maruyama 12 27.5 11 55 12 4.5 0 80.7
Ito 12 30 9 55 9.8 5.0 0 44.8
Yabu 12 30 9 60 9 5.5 0 27.6
Mameda 12 30 9 60 9 6.0 « i) 18.5
Fukui 12 30 7 60 7 555 0 21.4
M. Ueda 12 30 6 60 6 4.5 0 40.8
Takahashi 12 30 6 60 6 5.0 0 27.4
Yoshikawa 12 30 6 60 6 5.3 0 18.4
Tomita 12 30 6 60 6 5.0 0 27.4
Takanashi 12 30 5 55 5.5 5.0 0 24.9
Ryukyu Univ. 12 30 5 60 5 5.0 0.3 32.6
Oka 12 30 5 60 5 4.5 0 34.0
Saito ; 12 30 4 60 4 5.5 0 12.3
Shiotani 12 30 4 60 4 5.5 0 12.3
Fujiwara 12 30 4 60 4 5.0 0 18.3
Kawagoe 12 30 3 60 3 5.5 0 9.2
Sugai 12 30 3 60 3 4.0 0 30.4
Sekiguchi 12 30 3 60 3 4.0 0 30.4
Tachihara 12 30 3 60 3 4.5 0 2004
Ochiai 12 35 9 60 9 5.0 ] 42.0
Mizoguchi 1237.5 5 38 7.9 6.0 0 16.8
H. Ucda 12:37.5 4 45 5.4 4.5 0.1 41.7
Kawasaki 12 42.5 5 35 8.6 5.5 1] 27.8
Sagayama 12 45 5 50 6 5.5 0 19.7
Ueyama 12 45 2 30 4 5.5 0 13.2
Kubo 13 0 k) 60 3 4.5 0 23.6
Urakawa 1315 2 30 4 4.5 0.3 48.8
Ryuku Univ. 13 15 0 a0 1] 4.0 0.3 0
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TABLE I—Continued

Observer Midtime Meteor Observed time Hourly rate  Limiting star  Cloud  Zenithal hourly
(UT) count? interval mag. cover rate
Maruyama 13820m 6 40m 9 5.0 0 53.1
Oka 13 25 2 50 2.4 5.0 0 14.6
Fukui 13 25 2 50 2.4 5.5 0 9.8
Kawasaki 13 30 5 60 5 5.5 0 21.0
Ueyama 13 30 4 60 4 33 0 16.8
Tomioka 13 30 4 60 4 6.5 0.1 8.4
Yabu 13 30 4 60 4 5.5 0 16.8
Yoshioka 13 30 3 60 3 5.5 0 12.6
Ito 13 30 2 55 2.2 5.0 0 13.6
H. Ueda 13 30 2 60 2 4.5 0.1 20.7
Takanashi 13 30 2 60 2 535 0 8.4
Takahashi 13 30 2 60 2 5.0 0 12.5
M. Ueda 13 30 1 60 1 4.5 0 9.3
Kawagoe 13 30 1 60 1 5.5 0 4.2
Shiba 13 30 1 60 1 4.7 0.2 9.9
Saito 13 30 0 60 0 £4 0 0
Tomita 13 30 0 60 0 4.0 0 0
Tachihara 13 30 0 60 0 4.0 0 0
Mizoguchi 13 35 2 50 2.4 6.0 0 7.0
Sagayama 13 37.5 0 45 0 5.5 0 0
Onodera 13 45 0 30 0 6.0 0.2 0
H. Ueda 14 15 1 30 2 4.5 0 25.0
Sato 14 15 1 30 2 6.0 0.2 9.5
Tomioka 14 15 0 30 0 6.5 0 0
Kawagoe 14 15 0 30 0 5.0 0 0
Saito 14 15 0 30 0 5.5 0 0
Kawasaki 14 30 3 60 3 5.5 0 18.9
Onodera 14 30 0 60 0 6.0 0 0

¢ Giacobinids only.

C is the cloud cover in the field of view;

(2) reduction to a uniform limiting magni-
tude: A correction factor, F6=%), is applied,
where r is apparent luminosity ratio and L
the limiting magnitude at each site. Here, r
= 2.22 is used (cf. subsequent section);

(3) reduction to the radiant in the zenith;
A correction factor, 1/(cos"z), is applied,
where z is the zenith distance of the radiant.
Here, n = 1.47 is used according to Zvo-
lankova (1983). In these calculations, we
take & = 270° and 8 = 56° as the position of
apparent radiant and long = 138° and lat =
35° as the position of each site. This simplifi-
cation does not introduce serious errors in
the results.
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Obtained zenithal hourly rates are given
in the last column in Table I.

In order to estimate the variation in the
shower activity, we assume that the ze-
nithal hourly rate, 4, is a function of time, ¢,
in the form

h = A exp[—B( — 1),

where A, B, and ¢, are constants; A is the
maximum zenithal hourly rate and #, the
time of shower maximum.

The numerical values of A, B, and ¢, are
determined by least squares using the data
in Table 1. The zenithal hourly rates are
taken at the middle of the observation inter-
val. We have found
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Zenitha! Hourly Rafe

A =154 =

The fitted curve is shown in Fig. 1.
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L)
Q
p=]

5]
s

Fic. 1.

14 (number per hour) (SD)
B =044 = 0.15 (SD)
fh = 10M0™ = 15™ (SD)

Time (UT)

Zenithal hourly meteor rate versus time.

The calculated maximum rate 154/hr may

be an underestimate because the shower
maximum occurred at the beginning of ob-
servation when it was not yet dark. In the
dark sky, the maximum rate would have
reached 200/hr or more.

TABLE Il

MAGNITUDE DISTRIBUTION OF THE SHOWER

Observer Magnitude Total
=3 o = 0 1 2 3 4 5 6

Mameda | 0 4 14 11 41 89 45 8 213
Mizoguchi 1 2 2 7 8 21 23 20 3 87
Shimizu 3 8 6 6 19 18 15 2 77
K. Waltanabe | 0 0 7 9 18 13 16 6 70
Yabu | I 6 7 15 17 12 59
Fukuoka Astr. Group 1 2 8 16 14 14 1 55
Hashimoto 1 4 9 7 20 10 51
lto 1 1 11 11 10 10 1 45
Takahashi 2 7 9 8 8 5 39
Shimoda | 4 2 6 10 74 8 38
Ochiai 1 | 0] | 4 14 4 7 32
M. Ueda 4 12 10 4 1 3l
Takanashi 1 | | 1 4 4 9 5 26
S. Watanabe 1 | 0 2 9 10 3 26
Shiotani 3 4 k! 8 6 1 25
Yamamoto | 8 11 4 24
Hoshino 2 3 10 6 2 23
Oka 1 1 2 6 7 4 21
Total 4 10 27 62 12 214 281 191 a5 6 942
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(b)

FI1G. 2. Giacobinid meteors. (a) 9*53"50* UT, —2 mag. (photographed by Mr. Odagiri); (b) 10"53m40°

UT, 0 mag. (photographed by Mr. Otsuka).

2.3. Magnitude Distribution

Data for the magnitude distribution were
reported from 29 individuals and 4 groups.
Here, I8 reports containing more than 20
meteors are used in our analysis. They are
given in Table II.

The apparent luminosity ratio, r, be-
tween the number of meteors with magni-
tude m and those with magnitude m — 1
becomes 2.22 + 0.11 (SD) for meteors
brighter than second magnitude. This ratio
is nearly the same as that for the shower of
1933 or 1946 (Watson, 1934; Prentice,
1947).

This calculation was done without any
correction for incomplete statistics of

fainter meteors. If the correction is applied,
the real ratio could exceed 3.0.

[1I. PHOTOGRAPHIC OBSERVATIONS

As stated, the shower maximum oc-
curred in the evening twilight, under mar-
ginal conditions for meteor photography.
Photographs were taken until midnight by
NMS members. Two are reproduced in
Fig. 2.

Using a pair of photographs, one taken
with a rotating shutter, we calculated the
orbital elements of the meteor. The method
of calculation was essentially that given by
Whipple and Jacchia (1957). Unfortunately,
the results are not very accurate because
the angle subtended by the two lines of

i 0




144

TABLE III

OrBITAL ELEMENTS OF A METEOR

Element Meteor Comet
Giacobini-Zinner®

Perihelion distance (g) 0.994 AU 1.0282614 AU
Eccentricity (e) 0.6110 0.7075300
Longitude of ascending

node ({1) 194%6 194770595
Inclination (f) 3000 31987829
Argument of perihelion {(w) 1708 172348887

* Yeomans and Brandt, 1985.

sight was only 2.5°. The results are given in
Table I1II, with the elements of Comet
Giacobini—Zinner (Yeomans and Brandt,
1985) shown for reference. The meteor ob-
viously was a Giacobinid.

IV. RADIANT

The radiant of the shower was deter-
mined by several NMS members from vi-
sual and photographic observations. The
obtained positions are given in Table IV
and Fig. 3, which include the result ob-
tained by using a TV technique (Nagasawa
and Kanda, 1986). The scatter area is about
10° in diameter.

NAGASAWA AND KAWAGOE

The positions obtained by photographic
and TV methods were quite reliable. Ap-
plying the corrections for the zenith attrac-
tion, we calculated the mean true radiant to
be

Il

26324
5528

o

5:

(1950.0)

which differs by only 2° from the predicted
radiant for the Giacobinids (Yeomans and
Brandt, 1985).

V. CONCLUSION

NMS members observed the activity of a
strong shower on October 8, 1985, for over
5 hr. Date of appearance, orbital elements,
and position of the radiant indicate that this
was the Giacobinid shower. The main
results are summarized as follows:

(1) time of maximum: 10"10™ UT = 15™,
October 8, 1985;

(2) maximum zenithal rates: 154 = 14/hr.
This activity was weaker than that in 1933
or 1946;

(3) duration of the shower: 5 hr;

(4) apparent luminosity ratio: 2.22 = 0.11

TABLE IV

DErIVED RADIANT

Method Observer Radiant (1950.0) Number Remarks
of
Apparent True meteors
a 8 o 5
Visual Katsumata 278° 57 4
Kawagoe 274 62 4
Kubo 260 52 3
Takanashi 272 55 13
Photographic Otsuka 267,97 54.04 262746 55786 4
Maeda 266 55 261 55 4
Tomita 274 57.5 269 57.2 3
Otsuka 266.14 56.16 259.56 55.63 1 Double photographs
TV camera Nagasawa and 269.1 559 2650 553 7 Nagasawa and Kanda, 1986;
Kanda converted from J2000.0
Mean 263.4 558 Mean of photographic and
TV results
Predicted 260,63 57.09 Yeomans and Brandt, 1985
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Orbits of Minor Shower Meteors
Photographed in Japan
(during 1949 and 1988)

by T.Ochiai

First Published in "The Friend of Stars”, No.30, pp.53~62, 1984.

Revised and Enlarged,

by K. Ohtsuka and T. Sekiguchi

A collection of observations of radiant peints, velocities and heliocentric orbital elements for
73 meteors photographed in Japan is presented. The Quadrantids, the Perseids, the Orionids and the
Geminids are excluded from the Table.

0f these, 8 meteors helong to the xOrionids, 5 to December Monocerotids, and the others are the
members of Lyrids, #and& Aquarids, Capriconids, rCygnids, Taurids, Leonids, vlliydrids and etc.

Most of the observations have been made by Kanto Phographic Meteor(kPM) Network, using 35mm-size
camera with F.L.50mm lens, and the other some observations dene by professional astronomers at Tokyo
Astronomical Observatory.

Almost meteors are contained in the catalogue of Ochiai(1985), however, orbital elements for 25
meteors were revised, and most of them were re-measured and/or re-computed.
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No. Date Corr. R.P. Vo ¥ e q i w Q Shower
Y N D JST 19500 & (kmes) tkmos) AU (1950) (1958) (1958)

2 79 1 4 1M16"32® 7374 -34!5 15.1 38.1 0.63 0.95 1906 2671 102°3

3 7 1 4 20523 105.2 +18.4 23.2 36.0 0.674 0.572 3.0 92.2 102.6

4. 74 1 4 22234 200.7 +18.2 30.8 33.1 0.809 0.104 79.7 358.5 282.6

8 71 213 19 28 04 34.9 +37.3 11.4 40.8 0.857 0.986 6.0 175.3 323.8

102y 83 317 225222 219.6 +31.4 41.5 41.9 0.981 0.612 61.1 257.2 356.0

12/ 80 420 32330 250.2 -51.5 21.7 22.9 0.608 0.283 27.1 154.4 209.8

13 79 422 10357 271.3 +32.7 46.4 41.2 0.926 0.911 78.9 216.3 30.8 Lyr
83, 8 5 5 21758 33.4 -2.4 865.5 40.3 0.917 0.531 164.9 90.6 43.4 qAgr
14, 8 5 5 33208 336.1 -1.7 66.0 41.4 0.968 0.582 163.7 98.1 43.5 7Aar
i74 49 730 03212 268.3 + 1.2 9.5 35.6 0.483 0.9%4 6.5 2!5.5 1326:2

185 81 730 232207 305.9 -28.3 20.5 - 0.744 0.662 6.3 T79.4 306.3 S-Cap
19 79 731 23610 290.7 -14.5 16.3 38.0 0.704 0.800 3.6 239.0 126.6 «afCap
20 78 731 2121 00 248. -18. 8.6 85.) 0,42 .00 0.6 200.0 127.5
2.4 B %31 2351 000 249: H46l. 17.8 37.0 0.59 0.97 28. 175.5 128.

22 77 810 01610 353.5 -23.6 41.8 39.0 0.954 0.180 51.2 133.2 316.5
23 77 810 047 43 310.3 +25.2 .6 37.3 0.698 0.704 30.1 253.8 136.5

24 80 810 20626 276.9 -5.4 11.5 37.4 0.63 0.95 5.5 213.9 136.8
25 77 810 2 52 41 51.6 +46.5 60.7 38.1 0.694 0.838 129.6 127.2 136.6

26 80 812 04147 310.5 -21.4 19.1 38.1 0.755 0.727 1.8 70.0 318.6 S-Cap
274+, 77 812 04556 8.9 +67.8 46.4 38.6 0.702 1.013 85.3 181.0 138.5

28 o 183 812, 221 29 4.5 +415.2 59.1 41.2 0.984 0.249 142.7 302.1 138.0
29 75 812 233014 270.0 -29.2 13.9 36.4 0.531 0.974 1.4 _27.6 318.8

31y 8 813 04100 341.8 -0.3 35.5 36.3 0.925 0.153 15.4 320.0 139.7 N-&Aqr
32, 69 813 13059 338.7 -53 158 38.4 0.743 0.826 1.5 124.6 319.4
384 83 813 202 2. 320030 eyl 22Ne = 0.727% 0.579  14.2 271.1 139.0
35 75 814 03t28 308.3 -25.5 17.5 38.1 0.739 0.779 3.3 63.1 319.9 S-Cap
36 78 814 057 30 19.9 +23.9 60.8 36.7 0.74]1 0.537 148.5 275.1 140.1
37 78 814 11815 286.2 +47.2 21.5 38.7 0.699 0.956 31.9 206.8 140.2 kCyg
38 83 810 ok B5E wiZeh 188 = 0.676 0.671 12.2 267.4% 139.7

39,, 8 814 22034 30.4 +19.4 69.1 41.9 1.000 0.825 167.9 231.1 139.9

40 78 814 30235 284.2 +453.5 22.7 38.7 0.692 0.974 35.0 200.4 140.2 kCyg
42 75 814 23 31 47 4,3 -31.2 39.3 37.8 0.876 0.338 57.1 115.3 320.8

13 76 817 21 3300 315.4 -16.5 17.5 37.1 0.684 0.740 0.2 250.3 144.9

15 80 915 210100 333.1 +1.5 17.2 38.5 0.747 0.785 5.8 240.9 172.4

46 79 1021 1 04 06 35.9 +10.1 27.2 36.5 0.805 0.387 4.3 111.8 26.3 S-Tau
17 7910 21 1 26 09 41.2 +11.2 33.0 38.0 0.901 0.260 T2 124:0 2623 ©S=Tay
48 79 1021 | 3237 100.3 +35.3 72.0 45.5 1.26 0.798 157.8 230.0 206.3 &£Gem
49 77 10 21 248 19 102.2 +10.2 69.9% 43.0 1.064 0.834 157.0 A4G.7 26.8

524, 7811 4 231746  13.1 -20.0 14.2 39.9 0.798 0.911 8.5 35.3 4l1.4

5341y T8 11 5 0 55 4l 52.9 +14.4 29.0 37.3 0.846 0.341 5.5 115.6 41.5 S-Tau
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No. Date Corr. R.P. Vs W e q i (B Q Shower
Yo M D JST Q19580 6 (kmss)lkmes) tauy (19580 (1958} (195@)
55 ¢, 80 11 17 2h54752% 150%6 -21:0 63.1 41.7 0.941 0.864 124:2 317:8 55°1
56 75 11 17 4 3200 153.5 +21.1 71.4 42.4 1.031 0.984 163.8 165.5 233.4 Leo
o7 64 11 17 5 07 07 153.0 +20.2 71.2 42.0 0.992 0.990 165.5 168.4 234.2 Leo
59 72 1119 4 5739 156.0 +21.0 71.0 41.7 0.938 0.979 162.4 169.1 236.6 Leo
6l 1y T7 1210 23 52 52 87.2 +25.3 27.5 37.6 0.824 0.399 2.0 288.4 258.0 N-xOri
626 TT 1211 21837 100.2 + 7.9 42.5 42.3 0,998 0.185 '37.1 128.7 78.2 Mon
63 771211 31204 150.1 +34.3 64.3% 43.1 1.035 0.556 135.1 261.7 258.2 Dec.LMi
84 88 12 11 3 30 25 79.5 +16.3 21.8 37.0 0.72 0.564 5. 9]. 78.5 S-x0ri
64 ¢y 77 1211 222344 100.8 + 7.7 41.2 41.5 0.983 0.1 35.4 128.1 78.0 Mon
65 79 1212 00345 . 85.0 +430.9 27.2 38.1 0.827 0.441 7.6 282.7 258.6 N-xOri
66 761212 05309 129.0 +1.0 52.4 35.8 0.892 0.18 120.7 136.2 79.4 ollya
85 88 1213 01044 74.5 +49.1 27.9 40.2 0.87 0.633 20. 257. 260.3
67 v 791213 011 09 86.7 +27.4 28.1 38.7 0.855 0.420 4.2 284.1 259.5 N-xOri
68 ¢y 771213 22 18 16 80.1 +18.5 22.7 38.1 0.772 0.573 3.4 87.7T B8l.1 S-x0Ori
69 80 12 13 23 59 07 86.8 +17.2 28.9 38.4 0.830 0.462 6.0 99.8 8l.4 S-x0ri
70 721214 0 04 00 89.2 +19.2  26.4 37.4 0.81 0.44 4.0 103.6 81.7 S-xOri
Tl 761214 04927 129.9 + 1.4 59.2 42.1 0.990 0.255 129.1 119.3 81.4 o llya
T2 771214 15808 101.6 + 7.4 39.1 40.4 0.959 0.221 31.8 125.9 8l.2 Mon
T3 771214 20933 102.4 +6.1 40.5 41.1 0.979 0.218 36.8 125.5 81.2¢ Mon
822 831214 21355 129.4 -0.0 59.6 42.5 1.002 0.289 127.1 114.2 80.7 allya
74 751214 2 37 4k 77.6 +18.0 24.7 39.5 0.862 0.581 3.9 81.6 B80.7 S-xOri
75 77 12 14 25250 103.8 + 7.9 43.4 41.8 0.989 0.181 37.5 130.0 B8l.2 Mon
67 7T 12 14 3 14 58 48.1 +17.4 10.2 37.2 0.569 0.892 0.2 41.2 8.8 S-8Ari
77 80 12 15 103 29 183.9 +432.6 67.8 44.8 1.222 0.979 128.3 187.7 262.4
s S | o 1 7 i 8 i 107.5 +468.9 9.9 29.2 0.272 0.682 11.7 286.1 261.9
9 ™ 12 15 22045 256.5 +56.5 17.3 33.2 0.243 0.963 30.7 152.5 261.7
80 ¢y 741215 34245 135.4 +55.6 35.6 33.6 0.698 0.396 59.3 297.0 262.1
81 73 1223 20555  145.0 +20.1 59.2 41.2 0.981 0.138 161.4 323.4 276.0

JST Japan Standerd Time, =UT+8h.
not in concordance with the radiant and orhital elements.

/
¥

D
2)

3
)
5)
6)
e}

corrected data, misprinted in the original list.

re-computed by Shirakawa(1988).
Nos.10 and 82 are TN(Tokyo Meteor Network) Nes.3 and 9, respectively, re-measured and re-
computed by Ohtsuka(1989).
observed and measured by lwate Group, computed by Hidaka(1983).
=M35 by Hirose and Tomita(1950).
Watanabe and Nakano(1982).
re-measured and re-computed by Ohtsuka(1988).
Ogasawara, Terada and Nagasawa(1979).



The photographic meteors of Ochiai Nos.1,5,6,7,9,11,15,16,30,34,41,44,50,51,54,58 and 60 were
listed in the original edition, however, they were omitted in this revised edition, because, Nos.6
and 51 were of visual observations, No.41, of which angle Q was only 033, was a Perseid meteor, and
the other 14 meteors were without rotating shutters. The velocities and orbital elements of Nos.5,
15,50 were assumed in the original edition.

The meteor Nos.B3,84,85 are in addition to the new edition. Nos.83 and 84 are 7Aguarid and xOri-
onid, respectively.

The authors are grateful to Dr. Hasegawa for some helpful suggestions.
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3. BIKEER

O#1.

BT — & (1 -Aqr 1 Wil 0 L BLEL 2 19894E5H)

date | Start-End (EST)

@® 4| &y HY | HR

2/3 | 03:30-04:00
2/3 | 04:00-05:00
2/3 | 06:00-05:40

4/5 | 02:30-03:00
475 | 03:00-04:00
475 | 04:00-05:00
4/5 | 05:00-05:50

5/6 | 02:30-03:00
5/6 | 03:00-04:00
5/6 | 04:00-04:55

42.44 1 30| 13 1 14.0

a2.47 | 60| 51 24 | 24.0
42.50 |40 | 28 20 |30.0
34030 9 2 | 4.0
a.37060] 21 11 [11.0
ar.41 60| 32 18 |18.0
A4.44 (50| 39 28 |33.6
45.31 130 14 2 | 4.0
45.34 | 60| 36 18 |18.0
45.38 55| 38 23 | 25.1

CiR RP Y P |z
14.0 20.6|0.456 | 30.7
2.0 31.110.603 |39.8
30.0 42.4|0.738 |40.7
1.0 8.5|0.266 |15.0
11.0 19.0|0.432 | 25.5
18.0 32.90.626 | u8.8
336 45.30.769 |43.7
4.0 9.410.281 |14.2
18.0. 19.9 | 0.446 | 40.4
95.1 33.3|0.631 |39.8

xX 1 OF§F « KESFEEILI2000.0TFS.
BRI T A — A k51 7 Y Ea U RS (Bastern Standard Time).
UT+10h =EST : JST+1h =EST
ZHRBE M LERIE. F’ =sin(h+7° cos h) & Hifl].

n-Aqrif DU L 0 1335° §:-2° L UTHEIMESHERHELE,

2 ¥

20

10

20

10

20

- 1989, May 2/3

50

- 1989.May 4/5

- 1989. May 5/6

O#2. n-harift @ 1 Bhpo S 546 b Aok
-2 -1 0 1 2 3 4 5 6 | &t
n-Aariff (58 2/3) 4 6 10 13 10 7 1 0 |n=5l1
HTre 4 1 5 1 1 n= 12
FHALH VO ERI%) 100 17 50 3 10 23,5
n-Agrfif (5H4/5) 1 5 1 14 14 10 2 0 |n=59
HTre 1 4 0 6 8 n= 19
U R A) [ 100 80 55 57 32.2
n -har it (5 5/6) 1 6 6 4 16 4 6 0 |n=43
HIre 1 5 6 4 5 1 n= 22
FRER (YR %) 100 83 100 100 31 51.2
£ n-Aqreift 1 IS { R (SR S | GO || LA g 0 |n=153
4 | AT 1 9 6 1 13 B 1 0 0 [n=53
L OEMERI%) | 100 90,0 42,9 63.0 41.9 15.0 4.8 34.6
i 1989 .May 2/3~5/6| Q2. 7-Aqr&to) tR%%
4or ] T SR TRT I SRR
N Erﬁ-‘-go
; 301 | s
el 20 — -
10| ) .
.
i
=2=10 1 28 45
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10864 « 19874E. £ U TI9SHEDIRBIBIIE R E T /=,

#£1 &Y. 198%ED 1 BERIY W HRE (AR, HREe9 5. ) ORkfii3l.6/2- 7.
19864E M H R =45.0, 19874EDH R =44.61%. 198%4E D HBLE X 1R 2 L 30%SRDIYINTZ
SR A, 21986 - 198T4E TR O BRIV HEBIEA RINL LD DE
XHN5D. 20RO LRBOMERM % X <> oic. ARG 3 EOBIEN A R B
Wi EE (1984) oBlEEMA. FhFhOHRKAE® 70y kLEDNE 3 OB
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12 22 18 §.9 4.5
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11 25 I9 3.6 3.7
12 22 21 1.6 1.8
12 22 20 5.8 1.7
g 17 21 3.9 2.9
38 23 38 16.7 19.6
20 21 16 3.7 5.0
15 15 17 6.1 6.2
9 21 20 4.2 2.6
23 18 12 4.2 4.6
g 23 11 4.7 4.0
12 20 24 9 o 21
3 28 27 2.4 3.3
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a ¢1/72)
=1 %A
HE B BE B ™ E p]
deg km deg deg km deg

-19.93 114,81 139.82 -20.00 91.31 48.73
-21.18 107.59 138.60 -21.21 100.00 51.77
-19.98 115,.86-138.656 -20.04 92.42 29.99
-20.01 112.66 139.99 -20.04 101.11 31.24
-20,91 107.02 139.72 -20.94 96.56 32.13
-21.22 104.73 139.89 -21.25 95.11 33.689

seokskokokok  dolorololok kokokdokR sekopokoko kool kokskok ok
seokotokok okokdokok kol sekokokodok  dokskokokok  olokolok

-20.36 96.60 140.01 -20.28 81.69 34.01
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ID deg deg deg deg km/s km/s km/s kxm/s km/s km/s deg deg deg a.u a.u. year

e8904 336.28 -2.10 336.43 -1,93 66.49 2.208 -39.63 3.14 -8.35 40.62 43.71 164.28 94 93 0.564 0.931 8.1 23.2
eB8906 937.36 -2.11 337.42 -1.95 65.23 3.417 -38.91 1.76 -7.77 39.71 483.74 164.58 88.17 0 517 0.894 4.9 10.8
e8907 336.52 -1.86 336.53 -1.71 65.59 3.712 -38.89 2.64 -8.43 39.88 43.74 163.69 91.56 0.545 0,887 §.3 12.0
e8908 336.63 -1.88 336.61 -1.74 66.656 1.874 -39.92 2.99 -8.51 40.93 43.75 164.04 95.60 0.565 0.947 10.6 34.4
e8909 336.11 -1.81 336.04 -1.65 65.51 2.529 -38.62 3.07 -8.68 39.71 43.77 163.30 92.47 0.5565 0.886 4.9 10.7
e8910 936.79 -1.72 337.02 -1.55 67.42 1.865 -40.38 3.09 -8.62 41.41 44.66 164,26 98.85 0.588 0.971 20.4 91.7
e8011 937.40 -1.91 337.62 -1.75 66.42 3.131 -39.71 2.23 -8.04 40.58 44.67 164.76 93.97 0.556 0.930 8.0 22.4
e8912 936.80 -1.34 337.01 -1.16 66,19 2.367 -39.25 2.48 -8.87 40.32 44.67 163.18 04,42 0.564 0.916 6.7 17.2
e8913 136.80 -2.01 336.98 -1.84 66.83 2.073 -39.82 3.05 -8.26 40.78 44.67 164.69 06.92 0.579 0.938 9.3 28.4
-e8914 337.01 -1.92 337.04 -1.78 67.06 3.034 -40.10 3.08 -8.34 41.08 44.71 164.66 97.91 0.584 0.953 12.5 44.2

e8702 335.68 -2.00 335.66 -1.72 66.09 3,756 -39.17 3.53 -8.85 40.31 43.28 163.26 94.65 0.566 0.915 6.6 17.0
KPM8201 335.85 ~-1.36 336.05 =-1.68 67.20 4.112 -40.22 3.62 -8.87 41.35 43.50 163.69 98.05 0.582 0.968 18.1 76.7
HV11862 ks sookiokkx 335.57 —1.88 skloiokk sokiokk sbloblior solokskok sodokkk 41,12 42.4 163.5 95.2 0.560 0.958 13.19 47.9
Halley skkdoksor soksokdol skslokdolok slofokodolk soksiokok solokaior dololoksok ook ek *kkkk * 58,1 162.2 111.8 0.587 0.967 17.9 T6.1
e8901 999,43 -30.44 220.72 -29.88 31,50 1.305 38.97 -0.93 6.92 39.59 221.78- 14,565 98.78 0.457 0.901 4.6 9.9
e8905 950.50 -10.33 249.43 -10.03 44.87 2.421 35.26 18.42 -9.06 40.80 43.%5 39.29 320.99 0.118 0.987 9.4 28.8
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% (Abstract)
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%®%<E15~ WO E T4 L,LJ_U)»QOJHI'JH]L.J%’i’a)ﬁﬁ?ﬁ.a ZDIE. E
Fé%?éﬁﬂlljt:n}ilﬂbfu (s ff 1930a,b)
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83) 197T9F MM T ol ld Il SETRMEBEE L TWRIBVIES TH Y. 19304
PLEIOAE L TVAIW S THSD. HolLI90FE LB EIBELEH S B, (Meisel
and Morris 1982) 1985FE b EIFEMMPHF I A TLRBEHU REbh k.
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Roemerd F i it h & GFE X h % 8 41 &£ (1950. 040 A2 ).
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ER 0 930FE I N R FE O E RIS BT & A E b M. gg)ﬁfﬁﬁi(miﬁ
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