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A Study of Solving Diffusion Equation by BEM

Isao IMAI

This paper is about solving the two-dimensional diffusion equation by means of the Boun-
dary Element Method.

The integral equafion which is transformed from the diffusion equation has a term of dou-
ble integral over the region.

The term requires a great deal of calculation numerically and makes the CPU-time longer.

Then, to make it shorter, this paper describes one of the methods of integral evaluation.
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1 | (y—b)

=on TPV Tom

}-P(a—l,a;l,x)

r (39)
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1 {m(x—a)~—-1(y—b)}* 1 Pt
b= “% 4- 4t F+M]*@ b
Im(z—a)+miy+1%b )
1P+ m?
1 {m(z—a)—l(y—0)}® 1 ] P+w
K= exP[ 4 4t I*+m P(a hai—p—

lzx+m2a+lm(y—b))
1’4 m?
3 (86) ~ (89) it T

8 d—X)?
P(a,B;r,d)Ef exp{—z—(—4:ﬁ—)}dX.

Pk, K (36) ~ (89 2Hu o, BOHBIIEA 2 IL 2UNBZENZNEEMICETEHET
bB. —RO=MEEBICHL T2, B6DFIOL > REAZARKSEL, chdzEATAEL
Vo UL, —BO=ZAEOBEAIEG, 1 DOEBRICHLT4E D OBESOHESREE 25 1205
BENEMT S, Litds>T, T30 Typell]l~[N]1DED Dy 2EIIKBMANSC ESEE

(40)

Ute

——

B6 —HRo=AFERED Type-[1]~ (N ~058H

R (40) OESOREEHEIC I BB erf () BTS2 Gauss- BAAXBEH T2 3o
S, DEEIZSWTIE, AE D, D3HREEE P LA TTRE3BO=AE»ELZ. HP*»

BRETHMEER: (7, 0) 2H AT,

l 2
Si= r o dt ffmexp( — 41” )rd rdo

=Z ('51?) fo%{ex"[‘ {74(.2}2]—1}(10. (41)

#=1

& (41) i Gauss- B AR EALHIL S, KD D ENTEBD

72 8HRZELORATRR
H7-lil]ok 5%l (a,b), 2HORIVBZNETN 21,2mD 8K % b DRGFEERCSHIS
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*—>h

4 D
D,
2m . b
-~ 8 (a’b) 6 8 O 6 €
2l
’ L > ’l L
5 2 *

1
2(1, -1)
(0] 3 til Liid

B7 RAEHEEAKEELSEREONT
NTWEETDH, ROZBTL b, BIEE D il £-FEDIESTE D/ EH{IGT %o

e— E—a
1
(42)

6,7

K 7-[i1DESE D’ icid 3 2IROBIRBHRIERARTEAL SN D,

1 1
#i=— (=) (1=E) (—e—C—1) #s=~ 1=eH(1=0)

1 1
$o=—(1+e) (1-C) (e ~{—1) Pe=—(1+e)(1-¢?)
4 2
' (43)

1 1
ps=—(1+e) (1+0) (e +C 1) b=~ (1-)(1+0)

1 1
¢4=—4—(1—8)(1+C)(—8+C—1) ¢s=—2—(1—8)(1—C2)

K (30), (42), (48) X b F(P;48) (u=12, -, 8) ZFHBEITNERDL 51T’ %,

1
FlUP;4t)= I[—62w'seeq—5w2-se,,,,+62(l+ba))'See—l-u)Z(I-l-d(?)-Sw
+0w(1+2a0+2bw)S;,—0 (1+bw) (dw+2ad) - S,
—w(l+ad)(ad+2bw)+S,+ {abdw(l+ad +ba))—(1—-a252—bzwz)}osl]

1
FA(P; 4t)= Z[ —0%we Seery+ 0% Sepy +H02(1+ b))+ See +0*(1—ad )+ S,
—0w(l—2ad+2bw)+Se,+6(1+bw)(bo—2ad)+ S,
+w(l—ad)(ad—2bw)-S,—{abdw(l—ad +bw)+ (1—a?6*—b*w?) }« Sl]

. )
Fi(P; at) = Z[azw-seeﬂ-ﬁmz- Sery+0*(1—be)+ Seet+ 0 (1—ad )+ S,,
+0w(l1—2a0 —2bw)+S:,—0 (1—bw)(bo+2ad)-S;
—w(1—ad)(ad +2bw)+S,+ {abdw (1—ad —bw ) — (1—a?0 *—b2w?) } » Sl]
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1
F,.‘(P;At)=Z[(Va)-See,,-—da)zvSe,,,+62(l—bw)°See+w2(1+a(?)-S” L(44)
—0w(14+2a0 —2bw)S:,+6(1—-bw)(bw—2ad)-S.
+w(1+a6)(a6—Zba))-Sv—{abdw(1+ad—bw)+(l—azaz—bzwz)}-S,]
1
Fe(P;4t)=— [Bzw Seey—02(1+bw) e See—2ad0’we+ Se,+2ad*(1+bw) - S,
—w(1—a%*6%)S,+ (1—-?0%) (1 + bw) » Sl]
1
F,,G(P;At)—E[ 80 Sery— 0t (1=0 )+ Syy - 2650%+ Sey+ 8 (1 —B20?) + S,
+2bw*(1—ad)+S,+ (1—ad }(1—Fw?). Sl]
1
F,,’(P;At)——z—[ 0%weSee,—02(1—bw) * See+2a0%w eS¢, +2a0*(1—bw) - S:
+o(l—g2?) + S, + (1—a%?) (1—bw) s]
1
Fﬁ(P;At)-——z-[da) ¢ Sepp—? (14 ab)eS,,~2000% S;,— 6 (1—0%w?)+ S
+ 260 (l+a6)-S,,+(1+a6)(l—b2w2)-8;]
(6=1/1, w=1/m) )
ccig,
Seer= ! f E¥peex (——ri—)dé‘d
T gmeat J o TP T 7
(45)

2

1 ¥
- 2o exp( — ded
Sev= amoai ff” exp( 4-At) e

ZOMoicE S., S.. R (BB) THALNIEDTH %,
=AEEBOHE SR, K (85), (4B) BIRDL S RKE—EITEDTLENTE D,

Si=Pla—1,a+1;1, x)Pb—m, b+m;]1, y)

Se=Pla—I,a+1;1,x)e P(b—m, b+m;]1, y)
S,=Pla—l,a+1;1,x)+ Plb—m, b+m;], y)

See=Pela—l,a+1; L, x)s P(O—m, b+m;1,y) q (46)
Se,=Pcla—l,a+1;1, ) P(b—m,b+m;1,y)
Sp=Pla—l,a+1;1,z) P.{b—m,b+m;]1,y)

Seen=Pela—I,a+1;1, ) P(b—m, b+m;1,y)
sz:PE(a—l, d+l;1, I)'P;e(b—m,b-i-m;l,y)

(z—a—1)*) { Ml]

Pe(a—l,a+l;1,x)=—2'dt[exp{— YW J—exp - TR

+xPla—l,a+l;1, x)
(x—a—1)*y (47)

Pee(a—l,a+l;1,x)=—2-dt[(a+l)-exp{— TE|
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(x—a+l)21]

—(a——l)~exp{— YT

+xePa—l,a+1;1, x)+2 4t Pla—l,a+1;1, x)

8. ¥EHE
- CTTHE, BRI BBEICOWT U BRI Tk & —E BRI 5Tk & THEGIREL T, 21z h
DETEEE L BOBEIRDVTHNTH S,

[RBE] FEAEHER D: 0<zx<l, 0<y<l 2B T

du 0w O'u

—_— + —_—
ot  o0x* oy’

%, FIHAGRM

ulx,y,0)=sinwz-sinny (z,y)eD,
BARRM -

ulz,y,t)=0 (z,y)eC, 0<ti<x

Db ETHEL,
ik R

u=exp(—2rn%)e sinwxesin ny

Thb. HE D 2H8, RIDL > IHEILT, LLTOLEIRLZEER - BRMA, 2L THEHES

'Y
v

(1,O)*

(i) sEEsEE 3 x3Xx4 (il sREDER 2x2Xx4
ERIEB 3 x4 BRI 2 x4

H8 HmACLHBEDOSE [=AEME]
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ZNENERT, R2ITRULI. £, —EERZHCT, H10O0F AL TIT-> 1EHEHER 2% 3
WWRL 120 12720, 4= 0.0046296.
35K, K8DREOSH THESEIE 4 X4X 4, FERSEE4 X4 ; BREME 46= 0.001 ixxfd

y v :
0, 1) (L 1) 0, 1) (1, 1)

0 N TR (L0) T
[i] sEESES 4 x4 il sEESEM 8 x3
BRABE 4 x4 BERSEM 3 x4
9 BEACLEHEDsE [EAFMEE]
y Kj
(0, 1) (1,1 o1 (L, 1)
18
an (€)]
(16) ®
(9) 10 “ (5)
€3 &) @)@
&h) DN /19 w /@ | /®
0 (1,00x O (1,0)x
(i1 SEESEH 6X6x4 [i] SEEsEH 6x6x2
RSB 6 x4 BRESEE 6 x4

R0 —EEFIZ3HEORYOHERAC BB DoSH [ZARER)
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Fi-[i] EUMeBEREEoLE (=AFMER) E= (i—u)/u100
TIME =.0046296 TIME =.0509256 TIME =.1018512
EEAO | & LR (B R | EE| LR B R R B R0 R B R B
AOES n u E u u E u u, E
1 .06337 .06114 3.7 .02319 .02451 |- 54 .00807 .00897 | ~10.0
- 2 .15781 . 16708 -5.5 .05843 . 06698 |[-12.8 .020384 .02451 | -17.0
3 .21958 .22817 | -8.8 .08221 ,09149 |—-10.1 .02863 .03348 | -.14.5
4 .22704 . 22817 -0.5 .08420 .09149 |- 8.0 .029381 .08348 | -124
5 .39301 .39520 | -0.6 .14823 .15847 |- 6.5 .05163 .05799 | ~-11.0
6 .45480 .45633 -0.8 17262 .18298 |- 5.7 .06013 .06696 | -10.2
7 .45582 ,45633 | -0.2 .17219 .18298 {- 5.9 .05998 .06696 | -10.4
8 .62258 .62336 -0.1 .28854 .24996 |~ 4.6 .08311 .09147 |- 9.1
9 .68332 .68450 | -0.2 26257 .27447 |- 4.3 ,09149 ,10045 |- 8.9
10 .78981 .79039 | -0.1 .30535 .81693 |- 8.7 .10641 .11598 |- 8.3
11 .85046 .85153 | -0.1 .32964 .84145 |- 8.5 .11489 .12496 |- 8.1
12 91111 .91267 | -0.2 .85402 .86596 |- 3.3 .12339 . 18393 |- 7.9
ALBERSET 74 4Y
F-[ii) LR BRE L O ( ZAFMEE ) E= (G —u)/u100
TIME =.0046296 TIME =.0509256 TIME =.1018512
BEEAO | B R | B R M| BE|E SR B a R Ax|E0m B em Es
EYoF 351 n u E n u E n u E
1 . 13025 .13366 - 25 .04784 .06359 [-10.7 .01633 .01961 |-16.7
2 .81787 .32268 | - 1.5 .11914 .12939 - 7.9 .04067 .04735 | -14.1
8 .45065 .45633 | - 1.2 .16832 .18298 |- 8.0 .05746 .06696 |-14.2
4 .64540 .64535 0.0 .24348 .25877 |- 5.9 .08312 .09470 |-12.2
5 .77852 77901 | - 0.7 .29184 31237 |- 6.7 ,09946 .11431 | -138.0
6 .90138 .91267 | - 1.2 .83934 .36596 |- 7.8 .11585 .13393 | -18.5
MBS 17 5
F2-[i] ELERE BERE L OB (EHRMEE ) E=(h—u)/ux100
TIME =.0046296 TIME =.0509256 TIME =.1018512
EEBAO|E U BB R R EE| DLW B R E| BE(EN R E R R EE
RoER u u E u u E u u E
1 .243858 .24697 | - 14 .09083 .099038 | - 83 .038105 .03624 | -14.3
2 .34439 .84926 | - 1.4 .12901 .14005 | - 7.9 .04411 .05125 | ~-13.9
3 .45023 ,45633 | - 1.3 .16889 .18298 | - 7.7 .05774 .06696 | -13.8
4 .59165 .59623 | - 0.8 .22282 .28907 | - 6.8 .07618 .08749 | -12.9
5 .63662 .64535 | - 1.4 .23991 .25877 | - 7.8 .082038 .09470 | -134
6 .83651 .84319 | - 0.8 .31649 .33810 | - 6.4 .10822 . 12373 | -12.5
7 .90018 .91267 | - 14 .34080 .36596 | - 6.9 .11654 . 13398 | -13.0

JLERESR 0 3147
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3tE TiE, Time= 0.001 CBVTREOHENEIIR 1.1 LT, Time=0.05 Tid 6.0 LT,
Time = 0.10 TiX 8.8 ZLUT DR 21872 BEZDHEHEI RAME L DDIEREL DAITIHNTT
bh, BEOHTRERF1-(] ERAUERTH - 12,

%£2-[i] ALMEERMLOLE  (EAFRE) E= (i —u)/us100

TIME =.0046296 TIME =.0509256 TIME =.1018512
EERAC|E DR Bam BX|E U R B HME| EE|EC R 2R R B
AOER % u E n u E # u E
1 .38950 .89520 | - 14 .13808 . 15847 | -12.9 .04442 .05799 [-234
2 67773 .68450 | - 1.0 .24184 .27447 | -11.9 07781 .10045 | -22.5
3 78269 ,79089 | - 1.0 .28006 .816983 | -11.6 .09012 . 11598 (-22.3
JUEBESRE - 14 &
83-[i] ELER:BRRE OB (—REFIC L 5HE) E=(ii—u)/ux10
TIME =.004629 TIME =.0509256 TIME =.1018512
CAFRO|[E D R B AR | BE|E U R B R R BRE|E UM B R W B2
EOOER u u E % u E % u E
1 .02124 .02059 3.2 .00843 .00826 2.1 .00290 .00302 |- 4.0
2 .05858 . 05625 4.1 .02286 .02255 14 .00787 00825 |~ 4.6
3 .07995 .07683 4.1 .03098 .03081 0.6 .01067 .01127 |- 5.8
4 .10230 . 09983 2.5 .04013 .04003 0.2 .01382 .01465 |- 5.7
5 .13747 .18549 1.5 ,05362 .05433 | - 1.8 .01847 .01988 |- 7.1
6 .19627 .19350 1.4 .07592 07759 | 2.2 .02614 .02839 (- 7.9
7 .21685 .21408 1.3 .08370 .08584 | -25 .02882 .03142 |- 8.3
8 .23852 . 23532 1.4 .09188 .09436 | - 2.6 .03163 .03458 |- 84
9 .27260 .27274 | - 0.1 .10516 .10936 | -8.8 .038621 .04002 |- 9.5
10 .87222 .87257 | - 0.1 . 14260 . 14939 | -4.5 .04909 .05467 [-10.2
11 .36824 .87016 | - 0.5 .14123 .14843 | -4.9 .04863 .05432 |-10.5
12 .50283 .50565 | - 0.6 .19155 .20275 | - 5.5 .06594 .07420 |-11.1
13 .52484 .52864 | - 0.7 .19973 .21197 | - 5.8 .06876 07757 [-11.4
14 .58073 .58489 | - 0.7 .22052 . 23453 | - 6.0 .07591 .08583 |-11.6
15 .63828 .64290 | - 0.7 .24191 258779 | -6.2 .08327 .09434 |-11.7
16 .71668 .72214 | - 0.8 .27092 .28956 | - 6.4 .09825 . 10597 [ -12.0
17 .79300 .79897 | ~0.7 .29914 .32037 | - 6.6 .10296 11724 [ -12.2
18 .87159 .87821 | - 0.8 .32816 .35215 { - 6.8 .11294 .12887 1-12.4

ALEBESRY ¢ 230 4
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&3-lii) ECREEERE L OHR (—EEFICL 3 HE) E=(i—u)/u100

TIME =.0046296 TIME =.0509256 TIME =.1018512

CAREo B LR ( Bam ax|ln o g | Bam BN ® Baoe B
BEOOER % u E % u E % u E
1 .06065 .05420 11.9 .02273 .02173 4.6 .00665 .00795 |-16.4
) 2 . 12874 . 12140 6.0 .04491 . 04868 |- 7.7 . 01313 . 01782 |-26.83
B 3 .15465 . 15608 |- 0.9 .05141 .06258 |~17.8 .01508 .02290 [-84.4
4 . 205673 .20065 2.5 .07235 .08045 | -10.1 .02116 .02944 |-28.1
5 .29019 .29333 |- 1.1 .09676 11762 | -17.7 .02828 .04304 [-34.3
6 .44588 ,44940 |- 0.8 . 14959 . 18020 {-17.0 . 04373 .06595 |-38.7
7 .55896 57774 | - 8.8 . 18192 .23166 | -21.5 .06316 .08478 [-37.3
8 . 64254 .65698 | - 2.2 .20908 . 26343 | -20.6 .06109 . 09641 |-86.6
9 .82302 84460 | - 2.6 .264385 .33867 | -21.9 07721 .12394 |-87.7
AFERSR 1 75 4%

. ®BhOIC

BEA B> o D» 2 & 91T, —EEROBEIMOBESHEIOMEOKR S 31T, Ka (B

N2, ULithi>T, BRI TERNINILABINDIRETH S, Ll, FHERHEZDOIOHK

&

(I BDT, FONHECEIEENPBETH B,
~F, CCTOHETIE, PRIERINIBOBERCL L2, ZOMBR—EERDOBAIE

NTRELMBL LN TE 2. ZOMR, AHEKEZLS HEMT 2 LHAETH LI E05DP -
720 72, X WFEESRERD ZIIIMAZNSCTIUIL N EDBDH 5 10,

X

e, PEstE iz Hewlett-Packard 2168 (BASIC) % #H L1z, L, HERBE» - H» 5
51, LHEABEROBEMIZIZHMANIABOESEBIGEUIZBEE VA .
B®iIT, AWEicH 2, BREADEZBEVIOESAETITYEREN BEBCHES2ET 3.

BEXH

1.

Noeove w N

HAHCE - BhER - HRBEARBER; Jve7 - v p—v -1 BREREORER LICH, HEHE, (B
56) .

HHERE - HHGEE | SRR ERBTORRE, EeE, (1859).

KAEAK « L EARR: FORTRAN i 2 EREREOERE, +414 = 24, (HH60)

EF7r—2R 73 R28— BBESE, Tv1 KE, (H57).

I —BR - FEPRIME - —18 Eithe : BEETE RN, R, (1H55).

H BA:BREREORR, HEE, (#56).

FHHCCHE - RS  ARER Y 27 & AP, BREE, (He1).

(FAFI614E10 A 15 B3%2A)
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A Study of Textbooks and Formulas in Mathematics Education

Etsuo SAKO

Textbook style has a great influence on students’ thinking. It is difficult for teachers to
give students a good understanding of the contents of a textbook without considering the style of
the textbook.

In this paper we first describe the role of textbooks and notebooks and their styles.

Secondly, we discuss the role of formulas. We further consider the fostering of
mathematical thinking, one of the main purposes of mathematics education. The paper deals
especially with creativity and the discovery of other points of view.

§1. £AME

BERBCBOTHRTOLLATH 12D, RETEPNIZ OR2—IGAREEALD L, FOk»ITIT
WBWAHAFEEL D DL g,

RECHL TRENSEY» S 3 BBLLBEYEZEAZEOIBERBOTIR, BEEKXEHE
DEXHZDIDHBELELIBZENI T LD, HRENTEINLOEBEARTKHER IR LS
2HAZEVIBRICID, YFRBEORSFEROEM 2HEL CTARDHBNEE, Riog~a2imH
2ILHTHI,

I LITIIHPIEY — FORAESIOVT HANTEHIIL,

§ 2. HYE. /)~ ORI ZOFAE

BEEL DEODEDLBITFERNLEAMODINITCD b, HEDBEA, F &b 0EIEM
Thb, TELLHEE, DEDDEDBMNHTVT—BRABCERTELY, L b ZOHED
HOITBLNIHABER, ZRLBALLERLBEREZLACATEY T LINIERE S VR
o#EMTHBY

B ZEBVTERENBCELNIIEXAY, FEANLLOWEEFRL, ThhbkdHTCE

BLEDIEPEELNENS T EBH B,
* FARAPFEEHEFR, MMC0ERSE 1 Bfxic THRE (B60ES 5298, LBT)
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BREBORCHF2EZATHASLE, EFRBREVTHINEBRR2Z0EIOEF THETS &, 5
UTETAERRE S TRBELRECL 258355, UV TEXRRBENEL IR 3ELY
THBTZ L, FHEPEAD S EORBHBETH b, BT BIC] HBBUE—DDBEETH 5
EORMH S, EEOEEITEU KBNS BERENETAT S 0 LR 05 ¢ s B,

UL LBObBEREA DL SV i b, BusZANTHETS &0, L TOHME
DARZHOERTEIRZELDEDLVDIANF —BREELZOBRETH B,
TIRDLEFEL S LERIEANDOTF E L L LOERE  KEREP L IO LD THY, ThrEH
XCITERMA, BSOS D E IRV T LIS h OEHFBA SN 5,

—75, BEOFEF KT S, — M, BRENVREHEINTOLS LW BERADA TEIATSTH
h, ERZBVHCOEFCHU LI, BRO7A F7PHE»ASOZETE LY, BRLT
BLBAE-SY AREsH 3D e 2L bh B, '

g E, BRICKTAFERD/ -t OHCE2HTH D E, BMBERIEONE2HHTS &
SRHHBLREACRALIIRXREINFHPZZOEE, — PRETEOIRENE L A 5N 3,

ZFNAETEMPEHCEAZEVIBMEALNBY, ERENEZNLBEALBL ERLIIIZEL
TWBERHEBEKD D, DXIREATOL EVIREEZ L,

N ERFFTCHEEL CERL TS, EAE, BOZ L - HERBOTEHEBE2xhL
KEAELHAI LN, DERE->THIVEIHIREBEAASANTIfFE T2, FL T ERTNTY —
PIZEBATWVI,

U ULBRIETIEZ ZE CTARERL L, HBRER2, — MU h it 5 5058 1,

bLAAEICIE, — MIDETH B, ZTTWH /=D h & BERFOHNEZIRD T/ —

FCEABTOTIRE L, BRSOV E2HMBREL 120, FHEL E XiZNE2HEBEOH
WEXMADEVIERTD S,

BEFIEFEOODITEILTHEEILIFEIL, — VB8, ERER — v R b iEA, L
TRTDH, FNETEEDRIEIVNEIEE L, TTREESI OLATVEDTH 5,

MEHRICUABEERL TOWADOTEL V. BllZ2AUg L EFELTVEDTH B,

EBAA — MCE SV FEKIIERE TS0 AETYLER 28 - T B, BESND
EOHZEEL, BREPEDIEVI L EEH S,

UL ZNRBEF TR ERERBCRBOT, RO\ LMD L DTH S, AEBEHETRE
LEERAPBBLLBLELL L TRELEA D 5. LELEREORETHINEZE N S TEEHF
BREXADIEL VL ETH D,

RIZUARBEOIBEBEN TS . HBEIL, — FIRPELV, EXRAADTED L ) LHER
IHRACBVEHBIEIES — b, COTHOVBBRIPIERNTHEEEZAOGNS,

§3. AROBLTEE
TAR | &V BEALEATONTASDE, (F) (formula) HOROMICHE b ToBIE s %
RUtTeRe (a+bV=a*+2ab+b* OFEPL o2, 3 103N X NS, SHEOHECELSY
zo@raLRoc P ez,
LLTCEADNBRERPULVCERZ L2 LNV BEBIERL > TRBTHEIN D E D,
KEFTELNTVBRSZE, bLLARAREIN-THE D ERELB I LILT 5,
ET2HRAFRDOLARZ L VDT TAHL S,
7z & airs ke s Ve O s e Vo 4 1 OSSR | ORNE 2B TAHS L,
BN EHHERRZ 0 E R TH LA, KFETEL,
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A: a<BD&x

(z—a)(z—B)<0 DIRIZ a<z<pB
(z—a)(z—B)>0 ORIZ z<a,Bf<z

EHBHDEHLT :
HEBEDO DI, D>0 OFED2HRAFRORE (OLKR) ELTHTHLTIAT

B: a>07T 20xAHRBRR arf+bx+c=0 BRZIZ2O00FEHE o, 282&% a<f &Th
154

(1) ax®*+bdz+c>0 DB r<a, 8<zx
(2) ax*+bxr+c<0 ORI a<x<fB

&E&fg‘DTL\%o
EXHOs D, £33 LHBLIZOLIZ

C: a>0tx LUbL»FLDDLE28DEITLDB, 122U a<Bf &T 3

D>0 D=0 D<0
axr’+bxr+c=0
ar*+bx+c>0 r<a, x> R A
ar*+bx+c<0 A<IT<B | ee e e | e e e e

LigHoTW5,
BORUIEBET20 - CNATO 2IRAORYPE L L THTrEN 2K

2IRABR ax’+bzx+c=0 O2Ho0#% a, B &THIE
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Basic programming for module generators
of certain algebras

Etsuo SAKO

In this paper we establish the basic programming for module generators of certain
algebras. And using this, we determine the cohomology algebra H* (E¢ ; Z3) where E¢ is a 3~
connective fiber space over the compact exceptional Lie group E¢.

§ 1. Introduction

Let K be a field of characteristic p(# 0). As is well known, the cohomology algebra
H* (X ; K) is a tensor product of some truncated polynomial algebras, some polynomial algebras
and some exterior algebras.

For example, we have ([1))
(1.1 H* (E¢ ; Z3) = Z3[xs]/ x38) ® A (X3, X7, X9, X11, X15, X17),
where E¢ is a 1-connected, simple, exceptional Lie group.

There are following module generators of the above algebra.
(1.2) Table. 1

dimension generators
3 X3

7 X5

8 Xg

9 Xq

10 x3%;

11 x, X3Xg

12 x3x%,

1 x3x;

15 x4 X7Xg

16 x§ X7Xg

17 x5 XgXg

18 x3%7%4 X3X5 X7Xp)
19 x3%:%, X3X§ Xg Xy
20 x3XgXy X3%yp X9 Xy
21 X3X9Xxy

22 X3XgX, X7Xp5

23 X3Xexy X7X§ Xg X5

24 X7XgXg X7Xy X9 X5
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X3X7X)5 x§X,q XgXy7
X3X7X§ X3XgX|5 X7XgXy
X3X7XgXg X3X7Xp X3XgXj5
X3X§X,g X3XgXp7 XgXgXy
X3X7XgXy X3XgXy7 X3X)1X)5
X3X7XgX) X3X§Xy X7Xg X3
X3XgXeXy) X3Xy Xy X7X9X5
X7X§Xg X7XgXy XgXgXj5
X3X7XgX)5 X7X9X)7 X7XnX;s
X3X7X9Xy5 X3X§Xi5 X7 XXy
X3X7X§Xg X3X7XgXp X3XgXgX(s
X3X7Xg9Xy X3 X7X1Xp5 X3X§Xy7
X3X7X§Xy X3XgXoXy7 X3XgXpX;5
X3X7XgXoXy X3X7XpXyy X3XoXpXy5
X3X§XoXy) X3 XgXXyg X7XgX9X)5
X3XgXy X7 X7X§xy; X§Xo X5
X3X7X§Xys X7XgXoXy X7 X3 X1 X)5
X3X7XgXoXys X3X7XsX)y X7Xo Xy X5
X3X7XEXy X3X§XgXy5 X3Xg XX
X3X7XgXgXyy XpX7XgXpXy X3XoXsXy
X3X7XoXX)s X3X§XgXy XX § Xy X5
X3X7XEXoXy XgXoXgXpXyy XaXgXeXiXis
X3X7XoXyXyy XgX§Xp Xy X7X§XeX;5
X3XgXg XXy X7XgXpsXyy X§ XXy
X7X§XgXy X7X§Xy5Xyg XgXgXysXyy
X3X7X§XgX); X3X7XgXisXyy X7XgXoXyXyg
X3X7XeXisXyy X3 X§XisXyg X7 XEX Xy
X3X7X§XoXyy X3X7X§XyXis X3XgXgXsXy
X3X7XgXeXyXps X3X7XyXisKyr  X§XoXyXy
X3X7X§X Xy X3XEXeXyXys  X3XgXyXsKy
XgX7XgXgXyXy X3XoX;Xigkyy  X7XEXpsXy
X3 XEXe XXy, X7 XgXeKisXy

X§XgKisXy7

X3X7XEXisXyy X7 XEXoXyXys X7 XaXyXysky
X3X7RgXoXyKy X7 XoXyXyskyy X%y XisXy
X3XEXeKisKy X7XEXoXyXyy XsRoXyXjsXy
XX XEXeXyKys  XaXqXsXyKisky

XXy XoXyXpkyy  XaX§¥y XisXp
X3X7X§XoXyXy  K3XpXoXyXpsKiy

X7X§X oKXy

X7 X§XyKosX

X3X7X§XoXsKy  X7XgXeXKyKsKy

XX o Xy X)Xy

XoXy7
X7X9Xn

Xy Xy7

X§ X5
X517
X§xy
XXXz
X3 X|5Xyy
XfXoxy
Xo Xy Xy
X7X§X5
X7 Xi5X)7
XgXisXy7
XoXi5X1
X§XgXy7
X7 X§XqXy
X7XqXy Xy
XgXg XXy
X3 XXXy

X7 XgXysXyg

XXy XysXyg
XXy K5

X7 X3 XgX Xy

B22% FE25 (1986)

XnXs

x§x,

XgXi1 X5
X7X3X9Xy X7 XXy

XXXy

X§Xy %5
X7XgXnXyy XgXoXpXis

X§Xy X7

Xy XXXy

XoXnXisKy

X9 X1 X35

X XisXyy
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69  X3X:XEX;XpsXp;
70 X3X7XgXeX XXy
71 XaXEXoXX;5Xp;
75 X7X§XoX X%
78 X3X;X§XeXXisXir
Let E¢ be a 3-connective fiber space over E4. So we have a fibering
(1.3) K(Z2) - E¢ — Es.
We consider the Serre cohomology spectral sequence {E¥*,d,} with Z;-coefficients
associated with (1.3). '
At this time we need module generators in (1.2), but it is not easy to enumerate such
generators.
In this paper we establish the basic programming for module generators of such algebras.
And we determine the cohomology algebra H*(E ¢;Z 5).
§ 2. Method and program list
The only important thing is how to represent these generators.
For example, we consider the algebra A(x3,x9)® Plxg,x)/(x$,x8).
We represent these module generators as follows.
Notation: N = the number of algebra generators
B(q) = the generator x, of degree q
H(q) = (height of B(q)) - 1
L1 = I§, (H@+1)
L2 = 3} H(g)
JIN)=1:J(@ = Jq+1)-(H@+1)
S(1)=1; E(1)=HQ) : K(0O)=1: K(1)=H1)+1
E(@=21-1 H(i): S(@=E(@-1D+1: K(@=19-; (H(i)+1)
Table.2
S(1) = E@1) S('Z) E(2) S(3) = E@3) S.(4) E(4).: L2
3 8 8 8 9 12 12
[Jox1 O O ] O . O O 0 0
T J4)yx2 0 0 0 0 0 1 0
[JOX Y@l O O o 0 ! !
0 0 0 0 1 0 0
0 0 0 0 1 1 0
[Jax JoxEe:y o 0 0 0 ! L !
0 1 0 0 0 0 0
0 1 0 0 0 1 0
0 1 0 0 0 1 1
0 1 0 0 1 0 0
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[J@x2

J@xs

[J0x1 112xEA+D 0

1

TIDxHED+D

K(4)block

\——Y-/

K(3)-block

Y
K(2)-block

—~—
K(1)-block

E—::>represent a generrator

X3XgXgXp
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Thus, we have a part of list.

Table.3

480 FOR Q=1TON

490 W=S(Q-E@Q-1)

500 FOR T=5(Q) TO E(Q)

510 FOR R=1TOK (Q—1)

520 FOR P= 1 TO H(Q)+1

530 FOR S=J(Q—1pHR— 1)+ JQMP—1)+1 TO J(Q— LR — 1)+ J(QHP
540 IF P<=W THEN A%(S,T)=0
550 IF P>W THEN A%(S,T)=1
560 NEXT S

570 NEXT P

580 NEXT R

590 W=W+1

600 NEXT T

610 NEXT Q

We list here the whole program (for NEC PC-9801).
Table.4

10 REM Basic programing for additive generator of certain algebra

20 PRINT " For example E(3,9)xP(8,12)/(8"3)

30 PRINT " E( ):exterior algebra., P( ):polynomial algebra"

40 PRINT " number of algebra generators = 4"

50 PRINT " dimension of each generator and its height-1 ( dimension, height-1)"
60 PRINT " 3,1

70 PRINT * 8,2

80 PRINT * 9.1

90 PRINT " 12,0

100 INPUT " number of algebra generators = "IN

1180 LPRINT * number of algebra generators = "IN

120 DIM B(N),H(N),S(N).E(N},K(N}
130 FOR Q=1 TO N

140 INPUT *“ dimension of each generator and its height-1 ( dimension, height-1)" ;B(Q),H(Q)
150 LPRINT " dimension of each generator and its height-1 ( dimension, height-1)" ;B(Q),H(Q)
160 NEXT Q

170 INPUT " desired max dimension ? "IM

180 V=1

190 FOR Q=1 TO N

200 V=V*H(Q)

210 NEXT Q

220 IF V=0 AND M=0 THEN 230 ELSE 240

230 PRINT " once more, max dimension " 1GOTO 170

240 MK=0

250 FOR Q=1 TO N
260 MK=MK+B(Q)*H(Q)

270 NEXT Q
280 IF M=0 THEN M=MK
280 LPRINT " desired max dimension "M

300 LPRINT:LPRINT

310 FOR Q=1 TO N

320 IF H(Q)=0 THEN H(Q)=INT(M/B(Q))+1 :GOTO 340
330 IF H(Q)>INT(M/B(Q})+1 THEN H(Q)=INT(M/B(Q)i+!
340 NEXT Q

350 Li=1:L2=0

360 FOR Q=1 TO N

370 L1=L1%*(H(Q)+1):L2=L2+H(Q)

380 NEXT Q

390 DIM A%(L1,L2),J(N),D(L1)

400 J(N)=1

410 FOR Q=N-1 TO 0 STEP -1

420 J(Q)=J(Q+1)*(H(Q+1)+1)

430 NEXT Q

440 S({1)=1:E(1)=H(1):K(1)=H(1)+1:K(0)=1

450 FOR Q=2 TO N
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460 S(Q)=E(Q-1)+1:E(Q)=E(Q-1)+H(Q):K(Q)=K(Q-1)%(H(Q)+1)
470 NEXT Q
480 FOR Q=1 TO N
490 W=S(Q)-E(Q-1)
500 FOR T=S(Q) TO E(Q)
510 FOR R=1 TO K(Q-1)
520 FOR P= 1 TO H(Q)+1
530 FOR S=J(Q-1)%(R~1)+J(Q)*(P-1)+]1 TO J(Q-1)%(R-1)+J(Q)*P
540 IF P<=W THEN AX%(S,T)=0
550 IF P>W THEN A%(S,T)=1
560 NEXT S
70 NEXT P
0 NEXT R
590 W=w+1
600 NEXT T
610 NEXT Q
620 FOR S=1 TO L1
630 D(S)=0
640 FOR Q=1 TO N
650 FOR T=S(Q) TO E(Q)
660 D(S)=D(S)+B(Q)*A%(S,T)
670 NEXT T
680 NEXT Q@
690 NEXT S
700 FOR T=! TO L2
710 FOR Q=1 TO N
720 IF S(Q)<=T AND T<=E(Q) THEN Q1=Q
730 NEXT Q
740 NEXT T
750 PRINT:PRINT
760 FOR X=1 TO M
770 LPRINT " dimension = ";X
780 FOR S=1 TO LI
790 IF X=D(S) THEN 810
800 GOTO 920
810 LPRINT " "3
820 FOR T=1 TO L2
830 IF A%(S,T)=0 THEN 890
840 FOR Q=1 TO N
850 IF S(Q)<=T AND T<=E(Q) THEN Q1=Q
868 NEXT Q
870 LPRINT USING "###-";B(Q1);
880 GOTO 900
890 LPRINT “ B
900 NEXT T
910 LPRINT
920 NEXT S
930 LPRINT
940 NEXT X
950 END
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§ 3.The cohomology algebra H*(E4; Z3)
Let {E¥*, d,} be the Serre cohomology spectral sequence with Z;— coefficents associated with (1,3). That
is,
E# = H* (Eg; Z;) ® H* (2,2; Z,), EX = GrH*(Eq; Z5)
where H* (Z,2; Z,) = Z, [u] with deg u = 2, and H* (E¢; Z;) is given in (1,1). And we know

_ Plxy = x4, %7 = X, Plxy= x5

H*(Z,2;,Z;)

x deg d,=(r,—r+1)

H*(E4;Z3)

Since E is 3—connective, we have d; (1 ® u) = x; ® 1, and hence
d;(1 @u) = n (x3 ® u ), ds@ @ u”) = (—1)* n (x5 2 ® url).
AndsoE¥ =2 Z; (1 ® u?] @ Alx; @ u?)®Z; [x5] (x3) ® A7, Xg, X1, X5y X17)-
(See Table. 5)
For dimensional reasons d, = 0 and so Er¢ = E»e Then by Kudo's transgression theorem [2] we have
ds(x3 ®u?) =P ' x;, ®1=5x; ®1=x,D1,
and hence d; (x3 @ u?*3m)=x, @ usdm,
d; xza @ u?+3m)= x4 a® udm
AndsoE¥ = Z,; [1 ® u?] ® Ax;xi ® u?)® A(X7, Xg, X1, X5, X17)-(See Table. 6)
For dimensional reasons dg = 0 and so E¥ = E%. Since d, commutes with P! we have
d; 1 ®@ud)=d; 1@®P')=Plx; ®1 =x,®1,
and hence d; 1 ® u3") = n(x; ® ude-),
d; @® ud) = (—1)2in (x;a @ ude-1),
and d; (@ @ u2+3n) = (—1)2ln (x;a ® udn—1),
AndsoEf =Z; [1®u?] ® A X; @ub,x3x3 ®u?) ® A Xg, Xy, X5, X7).(See Table. 7)
For dimensional reasons d, = 0 for r =8.
Thus we have

Theorem.

H* (Ets? Zy) =Zs [yis] @ Ay, v23) ® Alxg, Xy, Xi5, Xi7)-



36

dimension

3 X4 ®u3n+2

7 x7 ®usde

8 Xy ®udn

9 x ® usn

10 x3x; ®udn-?

11 x, ®u

12 x3%, ®ude+?

4 x3x, ®ude-?

15 x;®ude

16  x§ ®udr

17 x;; @ udr

18 x3X;xg ®udn-?

19 X3%X7%, ®udet?

20 X3Xgxy ®uldnr?

21 X3xg%,; ®ude-2

22 X3Xgx, ®uder?

23 X3XoXy ®ude-?

24 XXXy @ udr

25 X3XX; ®uler?

26 xyx;x§ ® udat+?

27 X3XyXeX @ udn+?

28 xyx§xy @ uin+?

29 X3xyXgx; ®@udrr?

30 x3XsXe%, ®udet?

31 xyXgXgx,; ®udrt?

32 X;x§x, ®ule

33 X3XqXgXs ® udnt?

34 XyX7XeX;; @ udnt?

35 X3x7xfxy @ udet?
X7 XXy @ ude

36 XXX @ udnr?

37 X3x.x§x,; @ udet?

38 XyXyXgXgXy @ uder?

39 x3x§xex; @udr*?

40 XXX Xy @ ude

41 X3xxEx; @ uler?

42 X3X7XgXeX;; @ udn-?

43 x3x;xfx; @ udrt?
XgXoXy X5 ® udr

44 X3X7XeXeX; ®udnt?

45 X3XyXgXyX; @ udrl

RIXRSEMELFRBRE H28 H25 (1986)

X3Xg ® udn-2

X;Xg ®udn
X7Xq ®udn
XgXo @ usn
XX, ® udn-?
X3x§ ®udr?

X3X)7 ® usn+2

X7%; ® ude

X;x3 ®udn

X7%; ® uds

X§xq ® ude
X3XgX; ® udn+?
XaXeXyy © udee2
X;XgXyy ® udnt?
X3XeX ®udnm?
X3X§%, @ use*?
X3% X, © udnt?
X7X5Xy @ udn
X7XoXy; ® ule
X3X§Xy; ® udnr?
X3X XXy @ uin?
XoxyyX;s ® ule
Ry %y ® udnr?
X3XgXgXpy @ ulnr?
X3X 7 Xyy%; @ uies?
X3XgX Xy ® udn?
X;X§%; ® ude
R7XsXgXy @0l
X3X 7 XXy ® udnt?
X3X§XgX;; @ utn?

X Xisxy & ulh

X3X7 XXy X ® udnt?

XXExgX;; @ utr-?

Table. 5

generators

1®u3n

X%, ®ude
XX, ® udn

XX, ® udn

XgXp; ® uln
XgX;; @ udr
XgXpp ® udr
X7Xgx; @ ulr
X3XoXy5 @ uint2
XX @ ule
X3XyXg; ® udn?
K7XgXp; @ ude
XX oKy ® ude
XgXgXy; @ udn
X7xy%; ® v
x7x§x ® udr

X3XsXgX;5 ® udrt?

X5x3%y; ® uint?
X3XXKs @ utnt?
X3 XXy X5 ® ude-?
X7XgXeX;; ® ude
X§XoX;s ® utn

X7 XgXXg; @ ule

X7Xg Xy X5 & udt

X3XgXisXyy @ uln=?

X3Xe X%y ® ude?

X3X§x; % ® udnr?

XoXy @ uin
X7XoXy @ ulr

X% ® udt

X3%; ® usn
b PRCONEL
x§x;; ® ule
XgXoX;; ®ulr

X3X5Xy; @ udne?

x§xoxy ®ude
XoxpX;; ® ule
X7X§x;; ® uln
XXX @u®
XgX;5Xy; @ ule
XgXysX; @ ulr
x§XoX;; @ ult

X7XEXox ® udn

X7 XoX Xy ® ude

XgXgXy Xy ® udn

E¥=E%

XpXgs @ vt

x§x,; ®ude

XX Xg; ® us*

X;XgXoX O udn

XXXy @ ude

xEx %5 @ ule

X7XgXyx; ® uln

x§x;%;; ® ude
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XXy XXXy @ U2 XgXgXoXy X @ U2 X% xp5xy; ® udet?

X X§X Xy @ uitt? xoxfxex; ®ule X7XsX5%y ® ude
X7XgX5%y; ® ule X X5 X;7 @ud
X7 X§ X5 Xy Ou® XgXgX;5Xy; @ ude

X3X7 XXXy @ W2 XXeXoX X @ Uit Xp X%y @ ude

X3X§xexy @ ud™ 2 xoxdxx; @ ule X§XgxyX;5 ® ude XXy XysKyy @ ude
XXy XEXXs ® W02 X3XeXeXeXy @ U2 X XgXeXyXp ® U XoX¥5%;; @ ude
XX XXXy @ Ul 2 xEXeXyx;; @ ule

X3 X3XoXy X ® uP2 2 XaXgXyXp5xpy @ udrt?

X3XoXyXesky @ 032 X, xfx;%; ® ude

X7 XXXy @ ule

X7X§Xg Xy X5 ® udt X7Xa X X%y @ ude
X XoXy XXy @ udt X%y Xigxy, @ udn
X7XfXoX X @ w3t XgXoXy XXy ® ude
X3X7XgXXysXy ® usn=?

X3XEX X%y ® uder?

XX gXeX; XXy ® uin*?

X7 XXXy 5%y & udt

generators
1 ®u 3n
E} =E;

46 X3X7x§XeX,; ® udn+?
47 X3X7XoXpX; ®ude+?
48 X3XgXoX;X; @ ur?
49 x;x3xex; ® udn

50 X3XX§Xex; @ udrt?
51 X3X;XgXisX; ®udr+?
52 X3x;x4XeX;; @ udr-?
53 X3X;XgXeX;X;; ® udr-2
54 xgxpx§xpxy @ udn?
55 X3X7XgXeXyxy ®uin?
5 xaxfxex;x,; ®udn?
57 x§Xoxps%; ®ult

58 X3Xyx§x;xy ®uint?
59 X3X7XgKeXyXy; ®uldnr?
60 x3xxoXi5%; ®udnr?
61 X;X;XEXoXX;s ® udn+?
62 X3X7XgX Xy ®uir?
63 X3X;X§XoX Xy ®udr?
64 X;XEXoXpzX;; @ udt
66 X;X3xXpXps¥; ® ude
67 XpX7X§RoXpsxy udn?
68 X3XeX; XXy ® ulr
69 XX X§X XX ®udem2
70 XaX;XgXoX; XXy Qudn+?
71 xgxXeX X%, ® udn?
75 X XEXoX XX O ude
8 XpXXEXoXyKixy @ uin?
Table.6

dimension

3 xv

7 x; ®usr

8 x

9 X &u’®

10 xpx7

11 x,®u’s

12 %y

14 xpxy

15 x;®ud

16 _xt

17 xp®u’
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18
19
20
21
22
23

4

25
26
27
28
29
30
31
32
33
34
35

36
37
38
39
40
41
42
43

45
46
47
48
49
50
51
52
53
54
55
56
57

XX, x§®udn-?
XX ¥R
X3x§x®usn-?
Xg¥r¥gXTT
Xy XKy XTT
XX Ky X]

X3X7X§Xo®udn
XXX ®@ule
XyXor Xy XTT
X3X7 X%, ®uirt?
X Xor XgXTXIT
X3X§Xox;®udn+?
XX KrETT
X3X7X§x;;@u 2
XX g RTXTS
X3X; X%, ®u -2
Xe¥g X5
XX XXy X7
XgXa XA
X3X7 XXX &uirr?
X3 X ¥y XTIX[7
XX Xg¥AT
XpxfEyXTT
X3X7X§XoX;;®udrt2
AT
X3X7X§XgX;;®u’e"?
B AR B ESIESH
X3 X7 X§%;%;®u -2
XXX XTRIX]
X3X§Xg X Xy ®u =2

X3X7Xf X%, ®udo?

RIESFEMIERA RS

Xs¥ry
szg®u3n*2

Xs¥rr

X7 %@’
XXE

X7 X;;®usn

XpEy
X XgX]5
X TR
B Ll
XXy KT
Xyx§x; ®ude-?
B ac
X ¥egHy7
X7 XgX;®u’
x3xx;@udr?
Xy Xr Ky Xy7

XoXpyX;;®u’*

Xy XrKrsXy7
X3XExXox;;@uin?
Xy %X ®u e
X3 XEXex;®@un?
XX Xg TR
Xy x§x; %, @ud 2
X7 XoX5X;®u’r
X7
Xy Xog X ¥m T
X3X§x5%;Eun
X3 X7 X§xpx;;@un?
XX XrETET
X3 X§ XXXy ®udnt 2
XX g X E T

X R Feg MR

X7 %, ®use

Xg¥r

XoX;®usn

X7 XoX;;®u’n
Xg¥yXis

XX % &ue
XeXfHT
XgXgXTX[T

Xy Xg%,;®u’n 2
TXTS
XT3
X Xg ¥y X[
XiX¥r
B . EIESH
X7 Xg Xy %;;®u’

5417

X3X§% % ®u’n

XXk

R22%

F2%5 (1986)

Xg X, ®use
XXX, ®udr

X% ®u st

XXX ®us?
XX

X7 X5%;;&u
XX

X X% &u e
B {3 2% T
X2 X Rk

X7 XXy X, ®ud"
XXy XTATT
ST

XX XKl

XX X% ®u e
XXeForhTy
KX g XegXTIXT

X% ®u e

1415

X7Xg XXy

2

X ErET

X Fr XA

3
XoXy X3 &u’
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XX Rg Ry KT XXX XXy @uPt Xk
X3X§ XXX @uit T2 X pxfReRmyxy XX g XXXz
XXX XX @™ 2 X g XpYegHyrrsyr
Xy X Xy R[TRXT X3 X% X%, @use+ 2
X3X7 X8R Xy Xp @2 XoXgRRrrEXyy

5XT7
X3X7X§Xo XX S 2 XpXpKoRrrAAT

X3X7X§%X5%;@u S0~
XX Xg Xy XTIRTEX]T
X3 XEX g Xy X5%;: O 2
7 X7

X3X X §X X)X, B3 2

39
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Table.7

dimension

3

7 x; ®udn-6

8 v

9 Xo®udn

10 xe%r

11 x,&udr

12 xu%q

4 xx%

15 x,;®un

16 i

17 x;®ude

18 Xs%r%y

19 xgxrxy

20 Xa¥%gxg

21 XaxrEm

22 Xy¥ET

23 Xg¥%g¥y

24 Xpxp¥y

25 XsX¥rr

26 x;x;x§®udr- 8

27T XaXo¥gpxy

28 X3x§x,®uor-2

29 Xsxo¥pxy

30 exrEyXT

3l XeXg¥yxy

32 extxy

33 XaXr¥yxi

M XsXp¥oxn

35 XgX7X§x,®@udn+8
X 7% X,;®udn* 6

36 XpXs¥oRr

37 x3x;x§x,®uirt?

38 Xaxrxgrexm

39 x3x§xex,®uint?

40 xsXg¥rErr

41 x3x;x§x,;®udn+8

42 XyXp¥gkeky

43 X3X;x§x;;®udn s

XXX

RITESFEMIERATRE

;

Xo¥y
x7xg®u9n—6

¥y
¥y

szg®u9n—z
—¥¥[T

X7xla®u9n‘ 6

X%

X7, ®u’"-6

17

L

X;X§x,®u’r?
Xar¥rr
S i

X7 XgX;®udn b

X3X§x,;Qudn?
XaXrXgETT

XXy X;;®u’"
XX XrrXrs
XXXy HyT

XXX oX;;®un?

XX ¥R

generators
1 ®u9n
E,=E,=
X7%,®u?n- 8
Xk
XgX) ®udr
Xk
XX ®udn
-XgXTT
XpXaRT X% Bu
o X7 XgX®udnro
XXy HT X%, ®u’"
Xa¥Xr¥Ts
XpXg¥rs
X7 XX &u -6 Xy
Xyp¥oXry 5%, &u "
X7 X %;&Qu o6 ¥
X REET Xk
XyXekyy Xs¥rsKrT
X3 X%, Qud-2 XX
XaXgXrXy Xo Xy X ®u?
Ko XKy rEERT
X XgKyK]y X7 X%, @unT 6
Xy SR
X XgXTTAT; XXX &un
X7 XXX &u’s Xi¥oxy
XXgKr¥r X% RTAT]
X X;3%;®u "

o2k H2%5 (1986)

12
e]
g

XX ®u’r

X
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XXXy XTATS
X3X§Xo %7 QU 2
Xy Xg X RTRT
X3 X%, %, ®un 2
X7 X X;5%;®u 6
SXT7
B R ko
X3 X X%, ®un 2
X3 X7 X§ X %;®u’n" 8
X1
X3 XExg XX ®u’r?
g XgKrXsXyT
XX K Ky RTT

XX g ¥Ry

X7 XXy X%, ®u 6

XX X§X o X Xps 000" 8 Xy XX Kerkrekyy

)
Xy X%y %)% ®ud " 2

X3X 7 XEXoX) XU 8 Xy X pdeg RrrKyskey

X3 X7 X§Xo X5X) U0 8 XX o X oKpHersiyy

4 TX77

45 XaXeXoRrET

46 X3X;X§Xqx%,,®udn-8
47 XsXeXg¥mm

48 cESTESH

49 Xexfxoxyy

50 X3XxX3Xe¥%Quon-s
51 =XT7

52 X3X;XEXex,;Oule-8
GER 88 LIt

54 X3X;X§X,X,;®udn-8
55 XgXekgkoXTRT

56 XyX§Xex¥;Ouir-?
57 hprrxy

58 x3X;x§x;x,,Budté
59 XyXe¥kyXTXT

60 X3xERoX;sx,;Quie-?
61

62 ST

63

64 xoxproRmxr

66 od

67

68 xfxo%r¥rEr

69 XgXyxgx; %X ®udr-®
70 XX XgXo Xk
L XXX xsx;®ue?
75 X pXEXgkm¥r¥T

T8 XXX XXX Qo0
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XgXoXrXTT

X3X§% X5 ®un 2

XXX KTAG
Xy XKy
T

AT
Xy XKy

R i

X7 XXy X, @unt 6
Xy X XrRTT
XX ¥R
Xk ¥TRT

X7 %y Xy5%y,®udn o
XXo¥mEy
XX g Ko XTHTT

X§ Xy

XX XTsKT7

Xo Xy X5%:®ue
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Some Interesting Species of Plant in the Campus
of Kure National College of Technology

Michie KOYAMA
Shokichi CHAKI
Hiromi MIYAWAKI

This reports deals with some of the interesting plants in the campus of Kure National Col-
lege of Technology which is located about 25km southeast of Hiroshima City.

Linaria canadensis is found in this campus and comes out in may every year. But this
species has not been found in this area except on around this campus until now.

Using some pictures, we also explain some species observed in this campus.
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§ 2. Cladonia floerkeana (Fr.) Somm.
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§ 5. Linaria canadensis (L.) Dum.
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§ 6. Centaurium minus Moench ~z=/ > 27U, K13

F—voyNHEDY) v FIBRETA—FET, DBEL SBBRIMY THH T % Centaurium
japonicum (Maxim.) Druce v <+t > 7V IEH T, BidWAEL, FI3HE TH X30~50cm,
6 A~ 7 HABATEL, £ 8mm <S5V ORIMEDIEREL . TEMSES LHRALNIHER § - T
b, 8HIAEIIRAL, ELEI-RHIKHAMNL TEF2REAI TS, RSIZEBD Swertia
_ japonica (Schult) Makino v 7" LRABET, £EEWRSS H, RREOBFREL TIHES ¢
EWNTE B, FNEATRRESMEL T, BRL2FI0FIBEIN TV S, XaNFE L T) L)
MBTHDL I3, HEKFLEERARBEROERICI -0 & T, REBRRIR—EBEEL,
fETIIERL T2 E DT & Th D, BRI0ELETIIE, BFFAE, EHMETRASNLL-28DT,
COHIREBEBEL 2D}, ¥Z 5L ZOETFOME, COHIICHEHE LT NEREREOHY L E IS
LTEBLLENIZEDTHS ) LHfERlan T3, HERFRO LWEFHEBORUEY (042 TE
R 285, 19684F) LEERE L, UAREYE, LWRHBUE (1972) i Liud, UNERT D
EEINTOLABEKRDZV, ZODTHLHLORZANF 20 7) OBERRETI202E, 207t
DEEFROBRRERE 2L CHIEL, BROLS VO XZELRTHEE T I2D0Tid L, HROLEHR
PAETH B,

§7. £ & &

BEES » VS 20EMEZARTADZ L FHE ] THE2 O »NERER > TOLWEDIERS C
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Numerical Analysis for Flow past a Blunt Plate at Low Reynolds Number

Akihide NABEMOTO
Yuji KAWAGUCHI

The stream-function vorticity equations were solved numerically by the finite element
method to analyze the laminar incompressible flow past a blunt plate aligned parallel to the
stream.

Computations were performed with the iterative method using a 16 bit personal computer.
Since the dimensions for the coefficients of the systems were reduced greatly as compared with
the direct method, the enough elements could be used in the boundary layer and the satisfactory
results were obtained.

A leading edge separation bubble was observed to form at a Reynolds number based on
plate thickness of 84.

The steady separation bubble on a plate grew in size with increasing Reynolds number.
The rates of growth of the separation bubble were much larger than those observed.
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Numerical Analysis of Pressure and Velocity Profiles
for Transient Flow in a Closed Liquid Line

(Dept. Mech. Eng.) Susumu KYOMEN

A present paper deals with a transient flow when an upstream valve opens instantaneously
in a closed liquid line with a large tank at an upstream end. Equations of motion and of continui-
ty are numerically solved by the finite-difference method using wall shear stress evaluated from
the cross-sectional profile of instantaneous axial velocities. The variations of pressure and
velocity profiles are shown schematically.
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A Study of a Change of the Color Rendering Properties
of Metal Halide Lamps by Voltage

Kazuhiko HARADA

Metal halida lamps show high efficiency and good color rendering properties. They have
been used indoors more often recently as lamps with low wattage were developed.

In this study Sn type lamp, which shows the best color rendering properties in all metal
halide lamps, were investigated about a change of the color rendering properties by voltage, us-
ing color rendering chips (common colors for observation).

Over the rated voltage 100V, every color chip could be distinguished and the color render-
ing properties were good.

As voltage was decreased from 95V, 5Y8/12 approached 7.5Y8/12 and 5G5/8 did 5G5/6,
and 80V they showed almost the same color.

5R4/12 approached 5R4/10 a little about 85V.

At the lower voltage than the rated one, red color chips of four colors were not seen bright-
ly.

In the result metal halide lamps were very stable on the color rendering properties for
voltage.
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Experimental Study on the Hollow-Cathode Discharge V
Tsutomu YAMAZAKI

Experimental data are reported on the current-voltage characteristics of the hollow-
cathode glow discharge in argon. Measurements were carried out in the range of gas pressure
lower than 70 Pascal in order to show that the hollow-cathode effect became more notable as the
working pressure reduced. And the characteristics of the reduced curret versus the sustaining
voltage of the hollow-cathode discharge were compared with that of the cylindrical rod-cathode
of the same size, 26 mm in diameter and 100 mm in length.

Obtained results show that the discharge current increases as increasing the sustaining
voltage, and that the sustaining voltage increases as gas pressure reduced.

The reduced current versus the sustaining voltage of hollow-cathode showed more notable
change called hollow-cathode effect as reducing the pressure, compared with that of rod-
cathode.
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On Convenient Evaluation Method of Moment of Inertia
of Beam and Column with Wall

Katsuaki MONZEN
Tatsuo KIRIYAMA
Syuzoh TOMARINO

Commonly used convenient evaluation methods of moment of inertia of beam and column
with wall are considered. The convenient evaluation methods are based on the procedure replac-
ed original cross section with rectangular cross section. The sectional area and depth of the
equivelent rectangular cross section is taken equal to those of the original cross section respec-
tively. The estimates obtained from this method are compared with those obtained by the
rigorous method. It is shown that convenient evaluation methods do not always give good
estimate.
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The Japanese Translation and Annotation of Chung-qiu Zheng-yi (F¥K1F#) Partl2

Hiroji MASUMOTO

This paper is Part12 of the Japanese translation and annotation of Chung-qiu Zheng-yi (FIKIEZE) .
Part12 cotains the 9th, 10th, 11th, 12th, 13th, 14th, 15th, 16th, and 17th year of duke Zhuang (CHEZL) .
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