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A Study of Ice Storage System
— Development for Cafeteria Cooling System —

Kunio HIRAHAYA
Kenichi MATSUMOTO
Tomohiro YAMASHITA
Kenji ESAKT*

The ice storage cooling system for the cafeteria in Kurume national college of technology, were
developed and tested. Ice freezing coiles manufactured by us were equipped in the ice storage tank.
In the ice freezing tests, ice on the coiles were uniformely grown by use of the refrigerant R22 liquid
distributor with orifice in diameter of 4mm. In the cooling tests, the temperature of system cooling
water cooled by the storage ice were mainteined about 4 to 7C during cafeteria cooling time. As a
result, the system freezing and cooling performances were achieved to the initial planning ones.

Key Words : Static Ice Storage Cooling System, Ice on Coil, Orifice Refrigerant Distributor
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RF to DC Energy Converter Electron Tube for SPS System Application

X & O &
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Kinzo SUGIMORI
Kuninori OOSAKI
Hiroto UEDA

In this paper, we have discussed the possibility of microwave tubes as a RF to DC energy con-
verter for the SPS (Solar Power Satellites) ground station. Usually, the microwave tubes are used
as a microwave amplifier or oscillator. It was shown experimentally by using the conventional small
power helix traveling-wave tube (TWT) that RF to DC energy conversion phenomenon was observed
at the special operating condition of beam voltage. The DC outoput power of TW was measured with
the conversion efficiency of more than 40%, when microwave power of 17TW was fed to the TWT

input.

1. ¥ 2 » %

INFEFTORM, ARZEDILAIIVE KR
WRboT, 79—V TEANRITZ AV F—IERH
BOBERPINETIIRLBE-oTWnE, D XS
ZIKMOHF T, FROFLRIANVF—FEOVED
& LT, KEBFRE#HE (Solar Power Satellite :
SPS) DA RESINY, EWNNOFERE T
AT L, N—F7 7 OEEDSRAEHEIIThh
Tb‘émo

SPS VA7 AEFHIH b LT KBEREEFHE
o, REEBHE<A 270 (RF) THIRICEE
L, LTI EBUERESN (DC) IZ£H]-L T,
BAHBRELTHALEY LT THS, M1
SPS Ot &K% RY

ZOHRT, ¥4 7 BEEZTEHMNIE SPS #E£H
T59ZT, BFICEELRFAMFHOVEOTH S,
EXLIIHETRELA 7 aEEN R ERICE
I HBRIERLT, LW RF-DCEHRA~ A
I OEBEFEOUNREEERET L TWw5BYY,

NETRF-DCEWMETFLLCL, ZE7 V7
FE—KLL, wbhWwBLIZFFRE, kYA
T—F2HWTWS, LHL, BEEHRES A +—
FIZ1EFH7- ) OBIREN/NEL, SPSD &

FH10€£115208 =#

INIARE, KEHER) VAT AIIISTLOEL
TWni\v, FSBBEOEFOEKRTHET AL L
TH, BRICLZ2BEBHEIRERT -V btk 3
BIROEH W OFEEET 2 L2 BE T, i
DBEL TRV, ZITEEKY A4 — Fizib sk
BN F=RF-DCEHRFA~I JuEBEFE=2"
NWITKEFHETH D, 4 7 ORBEFEIIFOE
wEE, BRMICKES, SBEESFECEL TV,
PERL YA 7B FEIEA 7 Okt HEE,
BIRT DTN ATHo72h%, Zhxi#ic RF-DC
BHREAL L CRABRAMETA2EAIEIINE THTHID
BEBRWTIRE L ENTH RN,

<A 7 OFEBFEIIIETEE (TWT) ¥, 2
FAANOUVE, VryfararEil, Bt
WA WAEDY AL THH D, TZ TV EDDOR

KBt
,/ ./
| REAE S 4 } DC-REZ#E
K'»Mni&
ARemity R

EA) é 1 b5
- XRTVTF

\ RF-DCZ &8 .
<47 OK

1 SPS MHiZH




_8_

ABKLESFEMFRLE

El4E E2FE

A LTHETEERZ LY HF, ZThIiZL5b RF-DC
EROT RN ZRES L, FEBIZ RF-DC EHRENED
BONDZLEZERTHRIETELOTHET 5,

2. A UAKEICHTE RF-DC EREHE
2.1 21 I7NKEEEFE—-LEDHEEER
EITHEEICRS T, —RICYA 70 EETIIET
E—a A 70 DMEERIZL ST, 47
Okt BEBFEOBTIANFEF-DORY L) 2ITH-T
Wb, BEDOYA 7 O FEEIEEMECIIE T HEHIR
L GEBI AT —% R, v/ 70T RN F—
WERESNS, M2 I3 ETHEBICBIIAEFE—A
ERFERLOHMEBBRERTIDOTH S, K
(a) 1ZBEOMIEEEDITH T, BEFHEILRF
BROMHAEE L VETHERCKEIZH S, Z0ED
WIRETREERMAEISRICER L, ETIIERE
EhTwA 7 ik, BEShs, —KH, EF
HBEZ RFEROMHEEL VL LEL TS L, K
2(b) WARTLHIICEFOLHEDH.LIFEBER TR
BERMVAEBICTILAA, REFEFRIBELTEF
m#Esh, TAIVF—2HET,

BFV—L0EE

2.2 ERHHAER)HT

COEIIBFEE<RFMHEEL 2B X912
SR EZNR, ETEERNTTYA 7 0ikENIL
BTOEBZANE—ICERSINED, COFFE
FE—AD L7 Y EBICEBATNE, BiZaL s
5 BIBREMMEE LT THD, BFOLANF—
WingtalL s ZICHBIEEZERL, BRI
ERICEEHEE LT f9iciE, BEOHIRET
DRYUBEOFERELE L THWLRTWS, BET

| mram

(AIERHE, DCRFER)

U ) BT - A0 A< RREOMARE
(RF-DCER)

2 BFE-LEYAIOEDEEEAR

\RFJUM*&Wﬁ%
A7 0EIFINF—

/

E kO Col

K A

@IVIFEHNV—FIERTS

A <q4yoB Col T .
K K E] B (hel) ” ' e
________ -0-0-0-0-0H e ' : —_ — — —
J/;_j_ S o \RF)KjJiI*&\/‘iE%
- N BGEEAN S22 20
== =8 w38/ INY
T T e =
Lol K A % O Col
(o) RIFHEHIR L HFAT 2

X3 BERHADOEFRE




FRL 1L 3 A

SPS ¥ 27 4 RF-DC LA N F¥—EREFE

V7 YOEMEICHT A,

M3 Z0BfEEEZHHAT IR TH S, R
(a) ZaL 2 #E®, (Col) 24V —FERE (K)
L RIBAICER LIRET, <4 2 aEATINLZW
EHWIIFREEZED L S, YV — K25 RF B
[\ (A1) w2 A :hel) BE (Ehel) T TIES
N-BFiIalL 7 ¥y THUEEEI CREINTT
L7 ¥ ICHIRENADT, 2L ¥IBERIIETH S,

RIZZA 7 OPEANZEIMTH &, 2. 1HTHN
LA 7 UFEANVF—HRET S & FEFIC
BFY—ARTANT— 2B TEEHAV 223
T5, BFII~A 7 0BEANEDIEH - & FIFRIZHK
HENTaL s ¥ ICHRINSDS, EEHENS (A
V) (ST ANVF-EFdR-oTalL s 7z
BIgLEL LTHESNS,

ZZTH3(b) wEHcaLvy yx, AR R
ERLTHY = FICERT S, 2OLHICTHER
, ZEIFENICHENS I L 2 ¥ EBif Icol D721,
HEH R 2 Ecol=Icol XRL DEMELZAHL, oL
oy BAMEA YV — FEAELY) SSIZAFANIFLT
FTohsd, T0dal s ZIZEZATLIEFIZES
WCREERINT, D2WZIEaL 7 ZICHLETET, B
FRIBHICR SN IZBEFIEET S, 2D L) ik
BllhbealL s 4B lcol BBRALTaL s ¥
BUPLERT AN, HRLLTEFILL ) EHE
BEET (Tabbaly HHEIFIILDL L),
V7Y EREBEEVEEINICHRE S,

BWIEYL R ICF4E T 5 E S Poc=Icol XEcol i

INETaAL Y YEIELEL L TEDRTWELRL

F—T, BRLLT/7ukBLZERBIEL
THERICH Y 872 k2 B, 727 LBEFOREE
B — ALY A3 )~k Tz R <, TXT
DET EEETHIETAZ L IEEELOT, oL
7 IR EEIIEIITHI LT LY,

3. ¥ B

3.1 RFEANEHLEFIRNFX—DFEL
ERICETHRE 2 #-> T, RF-DCZE#BLICH
THERZTol, F1UICERIHER L EBITES
OHBFEELTRT, XNV F, 20WAY v 7 AR
EITRET, a7 Y73 2REMNETRETHS, X
JIETRELEEBREO 7O Yy 2 MERT,
RF-DC E#ERZITHRNCE T, @FOHIEH
TERIEZ IR L 72, R 5(a) NHIEBRTE -2 8
JE (N1 v 2 Z&FE, Ehel) 123 % 5 RF flBD
bR L TS, B A RF ADAERMELS

EITHEEOLHRBE

®1
HH Hee
BHRERE AN v 7 AR
s (HEET—7%2 L)
’ avry . 2REMETE
Bk XU F

AN/ HH 1.5mW/22W

g 42dB

wazh® 35%

BV — FER 43mA
Ny 7 ABE/EBR 3.6kV/0.6mA
avryy18E/ER 1.6kV/20mA
avryy 2EE/EHR 1.1kV/22mA

ETRE
RFAJIH RF1733 Coll _Col2
A
5 B [
E 1'38°3'5'5°8'8'25'35 8358555888 \
-llk l. 7 § Ihgl Imu Aw
Iry 1 7.; - i ] ezt
-II--0 il’a gﬁml Eeoll == Eop™om
“LeT T [
BERR

M4 ETEELSEZTENIOYIE

60 —

T T T H
L 1,=43(nA)
o 40 Ap,=0.1(a) / Sy
= - B,C;P;,=50(aW)
oz 2
- ¢ B
® 0
gr)( lx..l/
W=7 37 3436 38
E_L\ﬁ Ehel(kV)
(a) =4 » DRAEHE—LBE (AB;ER. C;3tH)
50 ——

4 [ LR
RS A [=43(nd) ]
& =30 | P;,=50(uM)
8520
b0 / ]
;l— 0- -
2 ‘
HE 4 A ]
€5 Shn :

o773 3 S T
E—LEE Ep, (KV)
(b) BFRZNLF¥—DBR (G8)
5 E—LBEMRFFIE, BFIx/IX-—45H%




ABRTEREEMFRARE

Flak F2%5

(mW) & H#10(dB) EKWIMEFEMETH S, %
7-H#R B iX RF AJIASEEE & D #17(dB) vyt —
N—=FI 4 TEMETH B, ZOEITEE DOEEIE
¥—2EEIF36(kV) T, FAHPEEIIFSLKV) T
Hb, E—LBELZERMEDIS TIFT L LRIFIX
REETL, EHEE3LKV) 28BXELZ0
ERNEE S ICHHEIC R D, /METENME (B A)
TIEHDBENIDIVNE W OMRTE Do 1205, F—
N—FF 4 7EE (Hi# B) Tid Ehel=2.75(kV)
THIEA0(dB), X512 Ehel=2.66(kV) THIE
/D —10(dB) &% o7z, TNED S HICTFIT
5EFUBIE VoA, RRWEINTAEDRE, R
5 AT THAIEBIC 2 5,

Z O Ehel=2.66(kV) IZBIF2EIfESTIX, I
W2 1ECTHR2E ) %, <A 27 0EBEHPSET
NDIANF—ERPRETVELLEZONSE, &
NEFEET 5720 1 ZEERIR B 1SS 5785 X —
Y TCRESEYI2LV—Yarit&Er»iTo7- (22751
ETHEERESRIIEELT ), M5(a) O C
APHBOFEERTE—ABEICHLTHT%DT
NWH5b500, EMIEMEROMMBEB & X<
—HT 5,

CDLEDBETFIANT—FELOFEERIIN
5(b) IZRT &2, FIEFERAD (—11dB) 1243

v'—AEE (Ehel=2.45(kV)) T, BFZALF—-

3T (mW) BEMLTWA I ENHRATEL, Zh
<A 7 0 ATIEHION(mMW) D74(%) ([ZHELF
%,
I /- HIREIEEE COBF T AN F—EILDETE
fEix 4 ~ 6W DA, RF HAOEHITENME, &t
BiEE HI2F5W) 2DOT, TRALVF—-HEZIZIE
2209,

3.2 BERHHOBE

OXIZHEE6IIRT LIIC, I ¥ 2(Col2) I
BEORDLY ICAWEM RL 285K T 5, KR
2L 5 B Icol2 &imT-H DB ZE Ecol2% HllE
LT, COAMEM R ICRY BEN L ERHES
Poc(=Icol2XEcol2) %Ml 5 ERZITo7/-, O
L7 13aL 7y 2 CHETE ko BF LN
HY 5,

M7I3EMEN% Ru=10kQ), RFA D%
Pin=6.7(W) ¢EELT, ¥—2EBEE*ZZ(HE
WHIS Poc 2 PIE L7AERTHS (K- B k=
14.5(mA)), BSOS % & )12, EREBEEE
Ehel=3.6(kV) X b #800(V) {&v>, Ehel=2.78
(kV) THEFHI Poc M KMEL2(W) 2R L7,

EATEE

RFH7#M Coll _Col2

wx 0] ssmm |/
be:_ﬂwnmmdh= ______ <QL/

N L)

1 F__'_ Al

m-l ’_0 :%___Ea éﬁnel Eotl = ’lﬁnn
“lsT T il

REZER ATFER

6 METEEICELS RF-DCEHRBIFRDE

1.5

B=10(kQ)
[ P, =6.7(W)
1,=14.5(nA) A

| [
osft 1
/

/ \
2 2{5 3 35
E—ALEE By, (kV)

7 ERHAME-LBEFYE

EFA Pye(W)

0

AROK 5(b) DY —LABEICKTAEFIANLT—
WMoY Ialb—YarEReEEMCI T
LEEHTH D,

COEBRTEBRICETEET, E—2BEZAEAR -
OWEEEEEL VIR(RERETHIEILLY,
RF-DC AT 5 Z L AR T X 72,

WEEHSIERE ) L LT,

7 =EHREEH Poc/~ 4 7 A Pin (1)
EERETNIE, LOERTOEBRIEIL7=18
(%) 2% 5,

DX IZAMK R %% 2 T, Icol2, Ecol2 X
CEFH 77 Poc(=Icol2XEcol2) #HIEL, Eik
HAOBMEIIC T 2 EKEEEZTRZ, ¥—2E8
JEEMEPUEZ 2 2 EICZFORME, BERBDH
BRIZRBEIICREL,

M8 ICHIERRERT, MALHL2R LI I,
BRPEE KX THICOoNTEMME Ecol2 1
KEL 5D, B lcol2 IZBA LTS, Thik
V7Y 2ICBATHLEFVEESTHERF>T5
72T, BMEEcl2 XKEL ZDILI S 2D
BT T5E, —HOBFHhaLr s 2.123)5E




TR 1143 A

SPS ¥ 27 A RF-DC XA V¥ —ZHRETH

Do
(=3

-800
= 3
~ 600 15 %g
! 400 10 ._:"é
£ f2
S -
In} ]
4] 0
10'
AFEHEIA B, (kQ)
8 AFEEHICIT B Ecol,, lcol,, Poc DEAL
RL:GO(kQ)
00— 17 50
sh 40
= =
2 0 =
o %
% 20 §
M [ ' ' H 1 '@(
ob e A0 1 =14.5(mA) 10
- ' v I:=18.72mA)
. x [,=23.0(mA) 1
N N P R T
0 4 8 1216 2of

~4 ZOEAS Py, (W)
H9 ERXEAD, EBRDEMTAIOREAD

TEY, a2 % LAENEBVIEI N BTN
Al:brEzbhb,

B H S Poc IZ3EHLE R I2H L TW 5 R h 28
MmLT, Ru=60(kQ) THRKIZHR o7z, FIRKIIE—
AEHRATk=23.0(mA), %A 7 aiE AJ1H% Pin=
17W) DiEHVTHoH, IkBLUPPini2Ez7
EHVHIIZIZFEKRDOER TH o 72,

BAICEMEN R 2, LOEBRTRKERMD
PELN7E, Ru=60kQ) ICEZELT, ¥—24
BRIk #/NF5A—% & LT, ¥4 270 AN Pin
WX A B Poe & BHSER 7 OB{LFEEL
HE L7,

HEREEEZRIIIRT, ¥4 7O ASI Pin %
B4 5 & EHRH S Poc i2IZIZEHRICHEMNT S
A5, R THEANT S, FBEMMERIY - 28Rk
W&o TkEY, Ik 2#INT 5 L¥MT 5,

—7, BEEHE g ZERARIIRT L9, fafl
Poc fE & W EFFRITRKRICE D, EZ20HRRY
REIV—-L2EBR Ik BEMT 220N TWERRI

B sEmzR LN,
SEOEBRTRERMHFIIY — 2 Eil k=23
(mA), ¥4 7 aE A} Pin=13.2(W), EiREH
Poc=5.7(W) I2BWVT 7=43(%) »"H{EoHNZ, T
7253 E TR T 5 K iE Pin=17(W)
I2BWT, Poe=7(W) »E5I7z,
EBRTHALETEEOER Y —LEIKIZ
Ik=43(mA) T&H 555, ¥ — LABEIRKKDOER
EFE3.6(kV) L h#1(kV) MEVEETOHET
Hollz0, E—LEBENEAL, E—LEBRIT
Tk=23(mA) UK T I LI TELdr o7,

4, PFEIZOWT

EIZOWTIZS. 2ET, FHsh®RL LTK()T
EFEL2D, ERICITETEBENTHESINSGED
PIEEEINHLDOT, ThODEELEEDTH)
LML 2T IEL S 2w, I NERERFE
gov & T UE, 7ov BRATERINS,

7ov="Ppc/[ Pin+Ef XIf + Ehel

X Thel+Ecoll X Icoll] (2)

MEOEBRTHELN - EBRGROKEE43(%)
%, RROKREVETHEFMEZTHEO2EDL I
B %5,

7ov=5.7/[13.24+3.9X1.1+2.6

X2.3+0.37%x10.5]1=21(%) (3)
Z NidAR RF-DC Z#AH Tld & WhHER O ¥R F
THRETHWEZEPNERE LTREVS, Thb
GO TRROBHMBILIZOVWTHER2 T DL L
DEDEHIT b,

a. E— ¥ EHOERE

b. ¥—Aa&BFENM L (Thel D)

c. EFEMEOME CBEIETLAY v 7 25F)

d. MEEFICEL-Z A NVF—EINVHEBMET

aL 7y OxEb

a HIZPNENEIEICEETH LD, REHEI
ZUEH T ORIEIZRZ L Vv, EHIIHKAD FEA
#1V— FERBTIUIBRT 5, b HIIBEOHEMN
THIETE S, cEHBIUAdEII NS DFET,
MERDOWIBEDHM 2 ETHREEXEZTEATL L
BrdH b,

T EMI I RBIEG IEARESVAEIC L LD
TNEYLER, E—2EBRALEICILFESETEHTH
590

QLIETHRREYIalb—vavIlXBEIETIR
LRI RTA%DOERIBONLTEY, SHOMEIC
X D80%DEREEK DB Tike\,




AERTERFEPIFRLE

El4E E2F

ARETIIEITREY A TR THR LD, 7
FARA MO YREOMANTNOY £ THBEYLH, &
LIZINFTLIRERSBFE IR DD, 5K
EFBERFT LT ZEDPLETH D,

5, & & H» %
BAITOLAZR LT —1Mtb 5, RO
IANF—FEOVEDL LT, FHREE (SPS) @
BHEISAEMEIN TS, ZOH T, 7Ok
SEHEMISPS VAT AR ERHTALH)RT, BEE
LEMOVEDTH S, FFICEELIIHM ETEZEL
7oA 7 uEBENBVERENIRTFERLLT,
PERDPS|EINTELERY A+ — F2 L HEH
WABHEIRZT, RENSBEESEICEL 24
7 OEETECRF-DCEREZHARL, HHT A
CEEARBTREL, _
BEOXNYF, 20W H/PAHDETESEZ BV
TEREZIT> T, MEROMBIREMEL TR L 28/EF
B, 1T(W) o< A 73 AR L TEBRR =R
40(%) PLETHT(W) OERBEI%EBSZ LHT
&7z, A5 BIOERTIIBFEOETHRE XV

720, BEXEII2(%) LENEILZLEHERF
o le e tk, EHAO RF-DCEREZHE TR
1X80(%) DEFFRERS +THFTE 5,
&I, AFRICE L TIHhE . (KR) ®E
AR ELHOBREAMICER L T,

2 £ X M

1) P.E. Glaser : “Powr from the Sun: Its Future”,
Science, Vo0l.162, pp.857-861, 1968.

2) DOE and NASA report, “Satellite Power Sys-
tem; Concept Development and Evaluation Pro-
gram”, Reference System Report, 1979.

3) EH, KH, K#&, #%: “SPS A7 AHRF-DC T
ANF-FRE”, 198EETFHERBEFERKEKRE, B-
9-5, p.448, 1998.

4) kM, K&, #F%: “SPS Y A7 LHRF-DC =R ¥—
EWE (202)”, BERERESAUMITESIEESKE,
956, p.536, 1998.

5) V.A. Vanke, V.L. Savwvin : “Cyclotron-wave
converter for SPS energy transmission system”,
SPS’91, B7.2, pp.515-520, 1991.

6) dt, V.A.Vanke, #&, & : “CWC (Cyclotron
Wave Converter) OFEHIMT AH%", 198FEEFIH
HBEEFERAKRE, B-1-24, p.24, 1998.




T 11438 WEERIAIF (8) —18—
—#ER X
MEERYAIF (3)
— SRS TERA Y £ 3 K —
& B Ot W
% 3 W = Hp*
= #® '
i + G| er
£ ¥ 5L B>
Soluble Polyimides (3)
—— Photo-reactive Soluble Polyimides —

Yusuke TSUDA
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Yoshihide NOGAMI**
Hiroaki SAKAMOTO**

Although polyimides have been widely investigated, the one of disadvantages of these polymers
is that these are insoluble in common solvents. In this study, the authors has investigated the syn-
thesis and properties of soluble polyimides containing long chain alkyl substituted benzophenone unit.
The soluble polyimides were obtained from the diamine monomers containing long chain alkyl group
and tetracarboxylic dianhydrides such as BTDA, and were found to have good thermal stability and
solubility in common solvents. The UV radiation on these polyimide films caused the remarkable

changes of surface energies and solubility.
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TCA-AH, BTDA, BPDA K U°PMDA % T
EARIToBRER ITRT, BRIEXKYAH TCA-
AH O%%, ADBP-9~140OWThOBEIIE VT
DUBEHERY A I FHAB LN TWEH, TCA-AH
SREREE T b I W VRV BEKYTH Y, FREDY
TIVEHEWNERRIAI V252568, V73V
DEHETIVENVEOFRITHETE RV, —F, B
#KWI\Z BTDA # V72356, —BRORFEKRY
73IvCTHHPDARDDMHLLIEZDDE &t DE
AT NMP WEDORY 4 3 FidiEohledo 28,
ADBP-10, 12, 14 TIE NMP A DOFRY £ I FAS
RO N, COERPOABICEHT VR VELXER
TAHY7 I I2E NMP 2 2 itk Eoxh &
WHHENPHHAHL 72, —F, BTDA L 7 F v
DREBA M TH B ADBP-9, 11, 130#HAE
bEDFEIZIE, NMPUEOR) A I Fidfgoh
TELT, 7TUVFNEEDBFNEI I BHNE
B RIZLTWAI LB TFEENS, &, 7
SHNVEVEEEKY & L T BPDA KU PMDA %

723541213 ADBP-12~4DO W T i iEH
RIALIFIBLNehol,
RISEICRETNINELETHIT7 I O HENE
mLEOFIEEFICFEHICRAREABIZ, T FI VK
vEEAKWE LTBTDA, Y73V E LT—#HKY
GEERSTIVTHAHDDE LEHTLVFIVES
BTAYVT7IVERRAY, 2EEOYTIVDOEN
REZESELXEERFT 21T (R2), #
#4 1% BTDA/ADBP-12/DDE Tid ADBP-120 €
N EAHM0~100% OEBATHEMR AR Y £ I FA9E
5, 3£ESEIK BTDA/ADBP-14/DDE T i
ADBP-147540~100% O CH[EMER Y 4 I F2S
BoNTwbE, Thbb, —BHNEFEFERITIV
EOXRBAIIBVTLHERL LD ADBP 2 v
2B AIITEERY £ I FAEBLN LA L
72o X, ADBP-13 R U°DDE i3 BTDA & Q¥ hE
ATRTHEERY L I FidBshTwings, #&H
41 BTDA/ADBP-13/DDE T T &EMHER) £ 3
FABELNTHSE, X, RETLVFVEOHE
2T, EEGICL YR~ —HIFERIZLR DB
BRI LT AMEPRAL CEELEIONS,
3.2 BHRERE ,

ADBP (ZZE DK B ER ) 4 I FORSIHIRE
RRET L7 (B3, BEE7LVFVEIZICI VS

R1 BEOT FFHILKEBREKMO ADBP DHAEHBICKLBA[BMRY M I F

Monomers Polyamic acids

Polyimides

Dianhydrides Diamines  7inh (dL/g)*  Solubility in NMP 7inh (dL/g)* LR. (%)"
TCA-AH ADBP-9 0.25 Soluble 0.22 91
BTDA ADBP-9 0.37 Insoluble
TCA-AH ADBP-10 0.27 Soluble 0.23 95
BTDA ADBP-10 0.22 Soluble 0.29 100
TCA-AH ADBP-11 0.25 Soluble 0.24 92
BTDA ADBP-11 0.43 Insoluble
TCA-AH  ADBP-12 0.17 Soluble 0.22 100
BTDA ADBP-12 0.34 Soluble 0.37 100
BPDA ADBP-12 0.18 Insoluble
PMDA  ADBP-12 0.23 Insoluble
TCA-AH ADBP-13 0.15 Soluble 0.20 83
BTDA ADBP-13 0.22 Insoluble
BPDA ADBP-13 0.13 Insoluble
PMDA ADBP-13 0.18 Insoluble
TCA-AH ADBP-14 0.19 Soluble 0.21 100
BTDA ADBP-14 0.35 Soluble 0.38 100
BPDA ADBP-14 0.18 Insoluble
PMDA ADBP-14 0.31 Insoluble

*Measured at a concentration of g/dL in NMP at 30C. "Calculated from proton NMR

mesurement. I.R.; Imidization Ratio
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monomers Polyamic acids Polyimides
Dianhydrides Diamines io (9
Y molar ratio (%) . (41 )0 Solubility in NMP 7 inh (dL/g)* LR. (%)
x y z X: y: 2
100: 0:100 0.54 Insoluble
100: 25: 75 0.24 Insoluble
100: 40: 60 0.46 Soluble 0.46 100
BTDA  ADBP-1z2  DDE 100: 50: 50 0.49 Soluble 0.37 100
100: 75: 25 0.49 Soluble 0.46 100
100:100: 0 0.34 Soluble 0.37 100
100: 0:100 0.54 Insoluble
100: 25: 75 0.36 Insoluble
100: 40: 60 0.21 Insoluble
BTDA  ADBP-13  DDE . 100: 50: 50 0.25 Soluble 0.39 100
100: 75: 25 0.25 Soluble 0.24 100
100:100: 0 0.22 Insoluble
100: 0:100 0.54 Insoluble
100: 25: 75 0.38 Insoluble
100: 40: 60 0.23 Soluble 0.67 100
BTDA  ADBP-14  DDE 100: 50: 50 0.34 Soluble 0.64 100
100: 75: 25 0.28 Soluble 0.48 100
100:100: 0 0.35 Soluble 0.38 100

*Measured at a concentration of g/dL in NMP at 30C. ®Calculated from proton NMR mesurement. LR.;

Imidization Ratio

F3 ADBPICETKRYAM I FORPBRE

Polyimides 10% Weight loss temp. (T)*

Dianhydrides Diamines 7 inh (dL/g)* LR. (%)" in Air in Nitrogen
TCA-AH ADBP-9 0.22 91 372 464
TCA-AH ADBP-10 0.23 95 364 446
BTDA ADBP-10 0.29 100 442 442
TCA-AH ADBP-11 0.24 92 353 456
TCA-AH ADBP-12 0.22 100 376 458
BTDA ADBP-12 0.37 100 468 464
TCA-AH ADBP-13 0.21 83 356 368
TCA-AH ADBP-14 0.21 100 337 406
BTDA ADBP-14 0.38 100 464 475

®Measured at a concentration of 0.5g/dL in NMP at 30TC. °Calculated from proton
NMR mesurement. *Measured at a heating rate of 10C/min. L.R.; Imidization Ratio

BLHVE, TNHOMBEERY A I FORGHER
BEEFEOR)AIFLVETI2ENRSIN
A, T hIHNVKRBREKRY & LT BTDA & v
72EAaICiE, ZRPRUZBHRFPT TOI0% EERAR
BIZ40CULETH Y+ WEEEA L TWEH
MHBIL 720 —F, T FIANKUEREKRYE LT
FeRllE Ta A5 TCA-AH # V723546 D 10% EE R
DIRFEIZZER T TI2337~376°C, HHEHT368~464

CTHY, WEER) < —OHEETIZIHIEE DR 2
BHEEZ LI,

KIZ, ADBP 2O RY A I FHEAKDOE
SRREERE LA (F4), £EASME BTDA/
ADBP/DDE Oifit #:44%1%, ADBP ® & % F\ 72+
A I FIZERTRREL ZBEMICHL, T
BRSNS\ ADBP OE|&5DDE # 8 AT 3
LIk o TUNEL RBHETHHH, BlziL, £E
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F4 ADBPICEDIKUA I FRBESHOMIREE
monomers Polyimides 10% Weight loss temp. (T)*®
Dianhydrides Diamines i
molar ratio . (4L/g)* LR. (%)° in Air in Nitrogen
X y z - X!y z
100: 40: 60 0.46 100 471 509
BTDA ADBP-12 DDE 100: 50: 50 0.37 100 498 500
100: 75: 25 0.46 100 471 481
100:100: 0 0.37 100 468 464
BTDA ADBP-13 DDE 100: 50: 50 0.39 100 477 485
100: 75: 25 0.24 100 493 479
100: 40: 60 0.67 100 463 499
BTDA ADBP-14 DDE 100: 50: 50 0.64 100 498 491
100: 75: 25 0.48 100 474 478
100:100: 0 0.38 100 464 475

“Measured at a concentration of g/dL in NMP at 30C. *Calculated from proton NMR mesurement.
L.R.; Imidization Ratio ‘Measured at a heating rate of 10C/min.

]®5 ADBPICEDCKY A I ROBHEMY

Monomers Polyimides Solubility®
Dianhydrides Diamines 7inh (dL/g)* ILR.(%)® NMP DMF DMAC DMSO DMI m-Cresol THF CH:Cl: H2SO04
TCA-AH ADBP-9 0.22 91 S S S S S S S I S
TCA-AH ADBP-10 0.23 95 S S S S S S S I S
BTDA ADBP-10 0.29 100 S S(h) S S(h) S S S I S
TCA-AH ADBP-11 0.24 90 S S S S S S S S S
TCA-AH ADBP-12 0.22 100 S S S S S S S S S
BTDA ADBP-12 0.37 100 S S S Sth) S S S S S
TCA-AH ADBP-13 0.2 83 S S S S S S S S S
TCA-AH ADBP-14 0.21 100 S S S S S S S I S
BTDA ADBP-14 0.38 100 S S(h) S(h) S(h) S S S I S

“Measured at a concentration of 0.5g/dL in NMP at 30C. "Calculated from proton NMR measurement. L.R.;
Imidization Ratio °S, soluble; S(h), soluble at a heated temperture; I, insoluble.

418 BTDA/ADBP-12/DDE Tix DDE ®E L4
H%60% DFEIIIBREPIIBIT 5 10% EERBAEE
13509CE Tl L L7z,

3.3 BEM

INoD ADBP IZEDSSWBEHER) 4 I FOE
BEE ZBOBELTHCTRET LA (KL, Th
LDRYAIFiE, NMPHo&EkanIE7ra b~
BREEEICIZLBEAA, m-2 LY — ), THF,
BHEEE & O° ADBP-11~132 iW/=3g&icid v 7o
OXY VEQO—MLFERIZHIAETHY, Bk
BREEZRTENHBE L, X225 ADBP
WEDC RN I FREAKROBHRE* HEOBE
TRHOWTRE L7 (£6), BUAIFEEAKD,
NMP % DMF %03k 70 b > MBS gIc BiF %

BEEER L, —F, THF, Yruouoxy %
Tix, ADBPOA R HWATBHERY A IFLD
EKTFTLTWwWSE, Thik, RETVINVELETS
ADBP OEIEMETTH5H5TEI e etEZ LN
5,

3.4 NRBHIC & 3XREMENTIL

1 ~24BFEYEIREF L 72K Y £ 3 FEBISHT 5K
BOaofbxF Ly oEMAallE#ERERTICE L
Dz, EORY A I FTH, KOBEMAIZEREITIZ
@A L, Blzi¥, TCA-AH/DDE RV A4 3 F
DIKDOFEfA ISR T66.8E TH 548, 24BFR
FHRET 5 L112EIZRA L TW5, FiZ, BHT
VELT P& ADBP 2 /2K 4 I FT
i, GRS RTOKOBEEAAIZ5.68, FREHEZIE
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#F6 ADBPICEDCRKRY A I FAEGHDBEMN

Monomers Polyimides Solubility®

Dianhydrides Diamines : inh  LR.
Y molar ratio (%) 7inh LR. \0\p Ve DMAC DMSO DMI m-Cresol THF CHiCl: HiSOs
x y z Xy z (dL/g)* (%)

100: 40: 60 046 100 S S S Sth) S S I I S
BTDA ADBP-12 DDE 100: 50: 50 037 100 S Sth) S Sh) S S I I S
100: 75: 25 046 100 S S S S(h) S ] I I S
100:100: 0 037 100 S S S Sth) S S S S S
BTDA ADBP-13 DDE 100: 50: 50 039 100 S 1 I S(h) S S 1 I S
100: 75: 25 024 100 S S(h) Sth) 8h) 8 S I I S
100: 40: 60 067 100 S 8 S Sth) 8 S 1 I S
BTDA ADBP-14 DDE 100: 50: 50 064 100 S St S Sh) S S I I S
100: 75: 25 048 100 S S(h) S8 Sh) S S I I S
100:100: 0 038 100 S S S Sth) S S S I S

*Measured at a concentration of 0.5g/dL in NMP at 30C. "Calculated from proton NMR measurement. L.R.;
Imidization Ratio °S, soluble; S(h), soluble at a heated temperture; I, insoluble.

®7 KBHICELBZR A I FREOGEBICHT 2EMADOEIL

Contact angle (H:0, deg) Contact angle (CHz:lz, deg)
Dianhydrides/Diamines UV radiation time (hr) UV radiation time (hr)
0 1 2 3 12 24 0 1 2 3 12 24
TCA-AH/DDM 68.8 58.8 32.2 28.8 13.0 126 29.3 43.6 31.8 34.8 329 32.6
TCA-AH/DDE 66.8 65.9 31.8 256 114 11.2 30.6 41.2 38.7 37.4 33.0 33.6
TCA-AH/ADBP-12 944 754 58.4 26.8 124 108 50.2 46.7 44.6 43.0 374 344
BTDA/ADBP-12 95.6 94.0 24.0 198 7.7 80 476 63.6 50.0 54.9 41.5 38.2

BTDA//ADBP-12/DDE (40:60) 94.2 61.3 36.3 158 12,5 11.6 42.7 51.9 51.4 325 28.2 25.8
BTDA//ADBP-12/DDE (50:50) 94.3 60.3 39.3 22.0 14.6 120 52.0 53.8 43.6 34.3 31.3 28.9
BTDA//ADBP-12/DDE (75:25) 96.2 709 42.6 9.8 9.5 108 44.6 558 48.8 355 25.8 3L5

+z8 XBFICLBZRUSI FORAIXNF-DEIL

Surface energy (dyne/cm)

Dianhydrides/Diamines UV radiation time (hr)
0 1 2 3 12 24
TCA-AH/DDM 47.7 47.7 65.1 66.3 T72.4 72.5
TCA-AH/DDE 48.0 44.9 64.2 674 T72.7 T72.7
TCA-AH/ADBP-12 34.2 39.2 47.7 66.2 T72.0 T72.7
BTDA/ADBP-12 35.7 27.0 66.9 68.4 T72.6 72.8

BTDA//ADBP-12/DDE (40:60) 38.3 44.0 60.0 71.6 73.0 73.5
BTDA//ADBP-12/DDE (50:50) 33.2 44.1 59.3 69.3 72.1 73.0
BTDA//ADBP-12/DDE (75:25) 37.4 37.7 56.4 72.8 73.9 73.0

UV Radiation energy (J/cm) 28.8 57.6 86.4 245.6 491.2
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Formation of Al Alloy/Al:Os Composites by the

Direct Metal Oxidation Method
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1.

The Al alloy/Al:Os composites have been formed when the constructions of the green compacts
of the Al powder and the mixed Cr:0:-10wt%MgO powders have been heated at temperatures 950~
1100°C for 1-30 hours, which has been called as the DMO (Direct Metal Oxidation) method. The
microstructures of composites and the growth rates of composite films have been studied in terms
of a temperature, a heating time, a MgO content in the mixed Cr:0--MgO oxides, an oxygen partial
pressure in an atmosphere and a kind of oxide instead of Cr:0s, and the formation mechanism of the
composite has been discussed.

The composites are mainly made up of two phases, that is, ¢-Al:Os and Al-X (X=Fe, Cr, Co,
Cu, Ni etc.) alloy. Both metal and ceramic phases are well dispersed in the dense composite films.
The growth rate of the film increases with increments of a temperature and obey the parabolic laws.
The activation energy for the rate constant is estimated to be 111.8kd/mol. It is considered that the
composites are formed from the following reactions when the liquid aluminum is rising through the
pores in the mixed oxides by an capillary action.

2A1(1) +Cr:0s(s) = Al:Os(s) +2Cr(s)
Al(1)+Cr(s)=Al-Cr(1)
4A1(1)+30:(g) =2AL:0s(s)

The MgO additions to the mixed oxides in the range from 0.0 to 0.9 mole fraction increase the
growth rates, which implies that the wettabilities between a liquid aluminum and oxides are im-
proved. The oxygen partial pressure also has a little effects to the growth rates over the range of
pe=0.1 atm. The oxides such as Fe:0s, GeO:, Cr:0s, CoO, CuO, NiO and SiO: are available for form-
ing the composites, whereas Nb:Os, SnOz, TiO:, ZrO: etc. are useless regardless of the MgO addition.

i L & (I

B L FZHERD SEAMENCET 2RI RE
L7z BRoMEZFHOTHEED L VIEZEED
MEEHAALShE, WOPDENHE T FEFIZ
FhE 2 TV AEEMEORSED, TEEMOER
EEBDIHMELEND L) o7 bThb, =
N F T FRP (Fiber Reinforced Polymer) <
FRM (Fiber Reinforced Metal) % &N 7=
SMEPHEEINERLIN TN EA, MELSDW
(oI NTWAEY, BEAOREBEIIEDLL O

FHRI0£11A20H =
AEKEEEIRETEER (B, (W) ZH=ZBUET)

A VER, BipoEMHOBMNEEIZ L HRIBER
LW EDOHEMHMENENTH S,

FITEMETIE, ChOHDORELXZERL 2D D,
it B & MR 2 52 Al B4 /ALOs HEKR DT
BERMT, RHEIEEROREEELEND—DT,
DMO (Direct Metal Oxidation) #*7 L FHEH
TWw5b, 72, BohBEEEROMEEZHAEL,
BERDO & BB IOV THRET L 72,

2. ERAEBIVEE
FF7NIZTAHEK (MEMETHER, ME
50~100u4m) #2.5g fFELY, S&REEHFZH VT
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BEZE15mm, &3 7mm DSEFIRIZINERIET 5,

B & 13480kg /cm?® ¢, MERMIE 2min & L
72o TORARD FEICEEEROER L 2 5 BEH
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FIbZIT¥R, KE1~5pum) CBIL<w7 A2
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Duality Transformation for the Planar Rotator Model
on the Two-Dimensional Lattice

Yoshiaki TANAKA

Abstract

For the planar rotator model on the two-dimensional lattice, the duality transformations are
discussed. This model is the system whose spin is the classical vector S=(cosf, sinf ), where the
angle 6 has discrete values i.e. §=27r/R (r=0, 1, ---, R—1). For the systems of R=2, 3, 4, 5 on
the rectangular lattice, the exact critical temperatures are evaluated. With the aid of the star-
triangle relation, for the systems of R=2, 3, 4 on the triangular and honeycomb lattices, the critical
temperatures are exactly evaluated.

1. Introduction

It is well known that the exact critical temperature on the two-dimensional Ising lattice
was found by Kramers and Wannier’® by use of the duality transformation. The partition
function of the Ising system can be expressed as the summation of lattice diagrams, and then
the only diagrams with closed-bond can be contributed to the partition function. Thereby we
introduced the dual lattice corresponding to the original lattice. The dual lattice of the original
rectangular is also rectangular. We are able to have the relation between the partition func-
tions of the original lattice and dual lattice. As the critical temperature corresponds to the
singular point of the partition function, if the system has only one singular point, we can ob-
tain an exact critical temperature.

In this paper, we study the planar rotator model on the two-dimensional lattice whose
Hamiltonian is given by

N/2 M/2
H=3 2 1-alS(n—1, 2m—1) - S(2n—1, 2m)+S(2n, 2m) - S(2n, 2m+1)]
n=Im=1
Ka Kl K3
(2n+1{2m-2) (2n+1{2m-1) (2n+1/2m) (2n+1{2m+1)
KZ K4 Kz K4
K. Ks K,
(2nj2m-2) (2nj{2m-1) (2n|2m) (2ni{2m+1)
K K- K K-
K3 Kl Ka

(2n—-1{2m-2)(2n-1{2m—-1)(2n~1{2m) (2n-1{2m+1)

Fig.1 The two-dimensional lattice.
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—J:[S(2n—1, 2m—1) - S(2n, 2m—1)+8S(2n, 2m) - S(2n+1, 2m)]
—J:[S(2n—1, 2m) - S(2n—1, 2m+1)+S(2n, 2m—1) - S(2n, 2m)]
—J4S(2n—1, 2m) - S(2n, 2m)+S(2n, 2m—1) - S(2n+1, 2m—1)1},

((N+1, m)=(1, m), (n, M+1)=(n, 1); N—>oco, M — ) (1.1)
where S(n, m) is classical spin vector at site (n, m) which has the components
S(n, m)={cos[4(n, m)], sin[8(n, m)]}, (0<6=<2r) ‘ (1.2)

and Ji(i=1, 2, 3, 4) are the exchange interaction constants, and MXN (we assume that M and
N are even number) is the total number of spin sites. The lattice satisfies the periodic bound-
ary condition in two directions, so that the lattice is a torus, and then in the limit N — o and
M — oo, the lattice is regarded as two-dimensional lattice. The partition function of the system
is given by
Z= % exp(—3/ksT), (1.3)

where ks is the Boltzmann constant, T is the temperature, and the notation {S} means the sum
is to be carried out for every spin.

In 82, we consider the duality transformation for the planar rotator model, making use of
the transformation of the transfer matrix in the partition function. In 83, we discuss the criti-
cal temperature from the duality transformation, and also the star-triangle relation for the tri-
angular and honeycomb lattices. In §4, the exact critical temperatures for some ferro-systems

are given.
2. Theory
We rewrite the partition function as follows:
N/2 M/2
Z=3TITIle:(2n—1, 2m—1) - es(2n—1, 2m) - 2(2n—1, 2m—1) - £4(2n—1, 2m)
{8} n=1m=1

- e3(2n, 2m—1) + €1(2n, 2m) + €4(2n, 2m—1) * 2(2n, 2m)], (2.1)
where
e1(2n—1, 2m—1)=exp(Kiicos[8(2n—1, 2m—1)—6(2n—1, 2m)]}),
e1(2n, 2m)=exp(Ki{cos[8(2n, 2m)—4(2n, 2m+1)]1}),
e3(2n—1, 2m)=exp(Kslcos[8(2n—1, 2m)—60(2n—1, 2m+1)]}),
e3(2n, 2m—1)=exp(Kslcos[8(2n, 2m—1)—4(2n, 2m)]}),
e2(2n—1, 2m—1)=exp(K:zlcos[8(2n—1, 2m—1)—60(2n, 2m—1)]1}),
e2(2n, 2m)=exp(Kz{cos[4(2n, 2m)—6(2n+1, 2m)1}),
e4(2n—1, 2m)=exp(Ks{cos[6(2n—1, 2m)—48(2n, 2m)]}),
e4(2n, 2m—1)=exp(Kslcos[4(2n, 2m—1)—80(2n+1, 2m—1)1}), (2.2)
and Ki=Ji/ksT (i=1, 2, 3, 4).
We assume that the angle # has discrete values i.e. §=2xr/R (r=0, 1, -, R—1), so that
spin S has R states i.e. [cos(2zr/R), sin(2xr/R)]—state (r=0, 1, -, R—1). We now define the
RXR matrices p* and p* as

0 01 1
10 0 0 w 0
px= .6 -..1 0 , pz= 0(1)2. , (2.3)
10 "R

with w=exp(2xi/R) (i: imaginary unit) and we define a R®XR™ unit matrix In by In=L®--® L
(R"XR™ unit matrix) with i is a RXR unit matrix, and the symbol ® means the direct
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product. We have the relations (p*)*=(p*)*=I and »®=1. v

We notice that, in the spin space {S(2n—1, 1)S(2n—1, 2)---S(2n—1, M)|X{S(2n—1, 1)S(2n—
1, 2)---S(2n—1, M) |, the quantities €:(2n—1, 2m—1) and e3(2n—1, 2m) are expressed by the fol-
lowing matrices:

ai1(Ki)
ex(2n—1, 2m—1) — T2 | 22K\ ohya (for m=1, 2, -, M/2)
ar(Ki)
ai(Kas) 0
es(2n—1, 2m) — | Lane | 2K op o (for m=1, 2, -, M/2-1),
0 ar(Ks)
a1(Ks) ® In-2
lKo)®hus | (gor m=M/2) (2.4)
0 ar(Ks)®Im-z
where
exp{Kcos[(1=r)(2z/R)]}
a(K) = exp{Kcos[(2 r)(27r/R)]} . (r=1, 2, -, R) (2.5)
‘explKcos[ (R—1)(27/R)]| '

Now we put
R-1
ar(K)= 3 a(K) (o' )*(p») . (r=1, 2, -, R—1) (2.6)
k=0
Making use of eqs.(2.5) and (2.6) for r=1, we obtain

Ck(K)=%RZ:w_klep[KCOS(Zn'q/R)]=%RE;:COS(27rkq/R)eXp[KCOS(27rq/R)]. (k=0, 1, -+, R—1)

(2.7)
We note the relation cr-«(K)=ck(K). the matrices in eq.(2.4) are written as"
R-1
e1(2n—1, 2m—1)— 3 cx(Ki)Im—20® (0%)*® (£*) 7*® Im-2m, (for m=1, 2, ---, M/2)
k=0
R-1
es(2n—1, 2m)— ECk(Ka)Izm—l®(p‘)k®(,0’)_k®IM-zm—1, (for m=1, 2, -+, M/2—1)
k=0
R-1
ZCk(Ks)(P’)_k®IM-2®(p’)k. (for m=M/2) (2.8)

M/2

By using eq.(2.6), the quantities Hs1(2n 1, 2m—1) and Hea(Zn 1, 2m) are expressed by the

matrices Ai(Ki) and As(Ks), respectively, where Ai:(K) and As(K) are defined as follows:

M/2 R-1

ARK)=TI[ 3 ex(K)Lm-2® (p*)*® (%) 7*® In-2m],
m=1 k=0
M/2—1 R-1 R~—1
As(K)=TI [ 3 c(K)Lam1® (p)*® (p7) 7*® Im-2m-1] * [ J,ex(K) (p0*) 7*® In—2® (p*)*]. (2.9)
m=1 k=0 k=0
Similarly, in the spin space {S(2n—1, 1)S(2n—1, 2):-S(2n—1, M)} X {S(2n, 1)S(2n, 2)--
M/2 ) M/2
S(2n, M)!, the quantities [] €2(2n—1, 2m—1) and []e«(2n—1, 2m) are expressed by the matri-
m=1 m=1
ces A2(K:) and A«(K4), respectively, where
M/2 R-1 M/2 R-1
=JII Ebk(K)Izm~2® (p*)*® Im-m+1], As«(K)= L Zbk(K)IZm—-1® (p*)*® Im—2m], (2.10)
m=1 k=0 m=1 k=0

and
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bx(K)=exp[Kcos(2zk/R)]. (k=0, 1, ---, R—1) (2.11)
We note the relation br-«(K)=b(K).
Similarly, in the spin space {S(2n, 1)S(2n, 2)---S(2n, M)} X {S(2n, 1)S(2n, 2)---S(2n, M)}, or

M/2
{S(2n, 1) S(2n, 2)---S(2n, M)} X {S(2n+1, 1)S(2n+1, 2)---S(2n+1, M)}, the quantities ] e3(2n,

m=1

M/2 M/2 M/2
2m—1) and H51(2n 2m), or He4(2n 2m—1) and []e2(2n, 2m) are expressed by the matrices
m=1

Ai(Ks) and As(Ki), or A:(Ki) and A«K:), respectively. Using of these matrices A, we can ex-
press the partition function as follows: : '
Z=7Z(Ki, Kz, Ks, K¢)=Tr{[A1(Ki)As(Ks)A2(Kz) As(Ks) - A1(Ks) As(K1) A2(Ke) As(Kz) V24, (2.12)

We now define a matrix W by W=w® --®w (RMXRM matrix) with w defined as follows:

11 1
wW=—= ) w* W . .
VR |7 : :
1 w ®D a')—z(R—l) a.)—(R—I)(R—l)

By using the relations w!'p*w=p% wlp*w=(p*)"!, we have

M2 R-1
WHA(K)W=]] [ZCk(K Im—2® (%) 5@ (p*)*@Im- 2m]
m=1 k=0
M/2-1 R-1 R—1
WAs(K)W=]] [Z cx(K)Izm-1® (£%)7%® (£*)*® IMm-2m-1] - [ECk(K)(P‘)k(@IM—z@ (px)7%],
m=1 k=0 k=0
M/2 R-1 M2 R-1
WA(K)W=T] [zbk(K Im—2® (£?)5® In-2m+1], WIAWK)W= II [Zbk K)Tom1® (02)*® Tv-mm).
m=1 k=0 m=1 k=0
(2.14)
Next we define a R¥XRM matrix V as follows:
V=(v®Im-2)(li®v®In-3)+(Im-2®v), Vi=(In-20v) (Im-3s@ v® I1)+++ (v® Im-2), (2.15)
where
on o 0% **° ORR
o2 0% o4t on
v=vTl=| gm ou 0% on , (R*XR? matrix) (2.16)

O:RR O'.ll 0'.22 b l;'R*l,va
with ¢i={RXR matrix; (i, j) component=1, otherwise components=0}. For the terms in
W™ A1(K)W, using the relations v '(p*@ Li)v=p*® p*, v {{Ii® p*)v=L& (p*)™}, v (p*®@L)v=p*®Li
and v {(Ii® p*)v=p?® (p*)!, we have
V(") ™® (p*)* @ Iu-2]V={(p*) *® (p*) %@ - ® (p*) %,

V[ Im—2® (%) 5@ (07)*® Im-2m ] V=Im-2® (£*)*® In-tm+1. (m=2, 3, -, M/2) (2.17)
We define Bi(K)=V'WA(K)WV (i=1, 2, 3, 4). From eq.(2.17), we have
R-1 M/2 R-1
Bi(K)= g&(K)(P‘)‘"@ (p*) %@ @ (p*)~%*. l}z[ E()Ck(K)Im—z@ (p*)*® Im—2m+1]. (2.18)
Similarly we have
M/2-1 R—1
B:y(K)= Hl [kEOCk(K)Izm 18 (p*)*® Im-2m] - [Eck(K PR)E® -+ ® (p*)k® (p*)%],
M/2 R-1
B:(K)= l‘zﬂbk(K)(P’)k‘@ In-1 - I}z[ kzzobk(K)Izm—a‘% (p*)® (0*) *® Im-2m+1],
M/2 R-1
Bi(K)= IT[ S bu{K)Izm—2® (0*)® (0*) *® Im-m]. (2.19)

m=1 k=0
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With the matrices B defined in eqs.(2.18) and (2.19), the partition function is expressed as
Z=Tr{[Bi(K1)B:(Ks)Ba(K2)Bs(K41) - Bi(Ks)Bs(K1)B:(Ks)Bs( Ka) N2}, (2.20)
In the thermodynamic limit M—o, the effect of the boundary condition on the partition
function in eq.(2.12) or (2.20) can be ignored, so that we have the expression of the matrices
A(K) and B(K) as follows:

oo

AK)=T] [Rile(K)Im—2® (p*)® (p*) 7*® Im—2m],

m=-—oc0 k=0

oo

As(K)=T1 [REv:ICk(K)IZm-—l(g (p*)*® (p?)7*® Im—2m-1],

AK)=T] [gbk(xnm_z@ ()"0 bu-mar], ACK) =TT [gbkm)xm_l@ () Tuam], (2.21)

and

Bi(K)= ﬁ [EICk(K)ImAQQ@ (p*)® Im-2m+1], Bs(K)= ﬁ [Rile(K)I&n—1® (p*)“® In-2m],

m=-o k=0 m=-—o0 k=0

o

B:K)=1]] [Rilbk(K)Izmﬁ(X) (p*)¥® (£?) @ Im-2m-1],

m=-—o k=0
o R-1
B4(K)= H [ 2bk(K)IZm—2® (pz)k®(pz)_k®IM—2m]. (222)
m=—oc0 k=0
Now we will assume that c(K) in eq.(2.7) or b«(K) in eq.(2.11) are related by the following
equation:
c(K)=D(K)b«(K*), or b(K)=[1/D(K*)]cx(K*), (k=0, 1, -+, R—1) (2.23)
where D(K) is not dependent on k. Substituting eqs.(2.7) and (2.11) into eq.(2.23), we have

%RZ:Icos(27rkq/R)exp[Kcos(2n-q/R)] =D(K) Xexp[K*cos(2zk/R)],

exp[Kcos(27k/R)]= R:1cos(27rkq/R)exp[K*cos(27rq/R)]. (k=0, 1, ---, R—1) (2.24)

1
RD(K*)
We confirm that D(K) and K* are well-defined for R=2, 3, 4 at arbitrary temperature, and
R=5 at the special temperature, as follows: .
(1) The case of R=2 (Ising spin): From eq.(2.24), we have [D(K)]*=cosh(K)sinh(K), and then

sinh(2K)sinh(2K*) =1. ’ (2.25)
(2) The case of R=3: From eq.(2.24), we have [D(K)]*=(1/3)¥exp(K)+2exp(—K/2)1[exp(K)—

exp(—K/2)]% and then

(1/3)[exp(3K/2) =~1]1[exp(3K*/2) —1]=1. (2.26)
(3) The case of R=4: From eq.(2.24), we have D(K)=sinh(K)/2, and then .
sinh(K)sinh(K*)=1. (2.27)

(4) The case of R=5: The eq.(2.24) is reduced to
(1/5){exp(K) +2exp[Kcos(2x/5) 1+ 2exp[Kcos(47/5) 1} =D(K)exp(K*),
(1/5){exp(K) +2cos(2x /5)exp[Kcos(2x/5)]1+2cos(4x /5)exp[Kcos(4x/5) 1
=D(K)exp[K*cos(2x/5)],
(1/5) {exp(K) +2cos(47/5)exp[Kcos(2x/5)]1+2cos(27/5)exp[Kcos(4x/5) 1}
=D(K)exp[K*cos(4x/5)]. (2.28)
At arbitrary temperature, the values of K* obtained by the three equations of (2.28) are not
coincide with each other. Namely, for R=5, we confirm that eq.(2.23) is not well-defined.
However, we find the following fact, by numerically: at the special temperature To, which Ko*
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=Ko (J/ksTo* =J/ksTo), the values of Ko obtained by the three equations of (2.28) are coincide
with each other. From eq.(2.28), we have

D(K){exp(K*)+2exp[K*cos(2x/5)]+2exp[K*cos(4x/5)]} =exp(K). (2.29)
From eqs.(2.28) and (2.29), [D(Ko)]*=(1/5), and then we have the relation
exp[Kocos(2x/5)]+exp[Kowcos(4r/5)1=[(/5—1)/2]exp(Ko). (2.30)

For R=6, we can not find values of K* and D at any temperature, that is, eq.(2.23) is not

well-defined.
From eqs.(2.7) and (2.11), and using the relation cr-«(K)=cx(K), we have
-1

R-1 R R-1
b(K)= 3, 0*ca(K) = 3, w™%cq(K), ck(K)=f1{- S wbe(K). (k=0, 1, -+, R—1) (2.31)
q=0 q=0 q=0
Substituting eq.(2.23) into eq.(2.31), we have
R-1
[1/D(K*)]e(K*)=D(K) 3, o “ba(K*). (k=0, 1, -, R—1) (2.32)
q=0

Comparing eqs.(2.31) and (2.32), we obtain
D(K)D(K*)=(1/R). (2.33)
For R=2, 3, 4, by using eq.(2.23) in eq.(2.22), we have

oo R-1

Bi(K)=IT [D(K) 3 bc(K*)Iam—20® (0*)*® IM-am+1] =[D(K) ]*2A2(K*). (M — ) (2.34)

m=—co k=0
Similarly we have
B:(K) =[D(K)]™?A«(K*), B:(K)=[1/D(K*)]**As(K*), B«(K)=[1/D(K*)]*"*A:i(K*). (M — o0)
(2.35)
By substituting eqs.(2.34) and (2.35) for eq.(2.20), and using eq.(2.33), the partition function is
expressed in the symmetrical form as follows:
Z(Ki, Ks, Ks, Ki) _ Z(Kz*, Ki*, Ki*, Ks*)
[D(K:)D(Kz)D(Ks)D(Ke) 1M [D(K:*)D(Ke*)D(Ks* ) D(Ka* ) M4

(R=2, 3, 4, 5; M, N—> )

(2.36)
Here Z(K:, K:, Ks, Ki¢) and Z(Kq*, Ki*, Ki*, Ks*) are the partition functions for the original lat-
tice and the dual lattice, respectively (Fig.2).

K, Ks K, Kz K Kool
Ks Ke K K2 Ks K: Ks K:
s K, Kot Ke Kz i —
K- Ke K- Ke © K K Ks K
K Ks K K Ke Kz
Ka K- Ke K2 Ks K: K K1
Ks K K Ke K K
(&) The original lattice (b) The dual lattice

Fig.2 The relation of the original and dual for the rectangular lattice.
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3. Critical Temperature

In the previous sections, we obtained the relation between the partition function of the
original lattice and that of the dual lattice. As the critical temperature T: corresponds to the
singular point of the partition function, if the system has only one singular point, we can get
T.. In this section, we make assumption that the system has only one singular point, so that
we will obtain T. of the system.

(1) Rectangular lattice (Js=dJ: and J«=J2)
When J:=J: and J«=J: in Fig. 1, both the original and dual lattices are reduced to the rec-
tangular lattices that the partition functions are given as follows, respectively:
Z(Ki, K, Ky, Kz) =Tri{[Ai(Ki) As(K1) Az:(Kz) As(Kz) IV},
Z(Kq*, Ki*, Ko*, Ki*) =Tri[Ai(Ke*) As(Ke*) A2(Ki* ) Ao(Ki* ) 1N} (3.1)
(I-1) The case of R=2 (Ising spin): From eq.(2.25), we have the equation for the critical tem-
perature T. as follows:

sinh(2J1/keT.)sinh(2J2/ksT:) =1. (3.2)
(1-2) The case of R=3: From eq.(2.26), we have the equation for T. as follows:

(1/3)[exp(3J1/2ksT.) —1][exp(8J2/2ksT:) —1]=1. (3.3)
(1-3) The case of R=4: From eq.(2.27), we have the equation for T. as follows:

sinh(J1/ksT.)sinh(Jz/ksTe) =1. (3.4)

(I-4) The case of R=5: For R=5, Ki* (i=1, 2) are well-defined at the special temperature To.
Therefore we can obtain T for the system with K:=Ki, not for Ke#+Ki. From eq.(2.30), we
have the equation for T. as follows:
expl (J/ksTe)cos(2r/5)]1+expl (J/ksTe)cos(4rx/5)1=[(V5—1)/2]exp[ (J/ksT.)]. (3.5)
(I) Triangular lattice
By using eq.(2.33), we rewrite eq.(2.36) as follows:
Z(Ki, Kz, Ks, Ks) Z(Kz*, Ki*, Ks*, Ks*)
(DK DK DK PV DRI T2 X TR DK Do) o B2 3 4 5 M N—oo)
(3.6)
In the limit K«— o in Fig. 1, the original lattice is reduced to the triangular lattice (Fig.3), and
then we have D(K:) — (1/R)exp(K4), and
b(Ks) expl[Kicos(27k/R)] R, (k=0)
D(K4)_> (1/R)exp(Ks) _>{ 0. (k=1, 2, -, R—1)

(3.7

>< K. X K2  — Kz |
Ks K, Ka K: Ks K: Ks
K. x><x K. K ><@ I K 1 I K I
1 3 1 3 1 3 1
>k X ko K: |
\ / * * * *
K3 Kl K3 Kl K3 Kl K3
D T G - -
(&) The original lattice (b) The dual lattice

Fig.3 The relation of the original and dual for the triangular lattice.
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Using this for A«(K:) and As(K:) in eq.(2.21), we have As«(Ks)/[D(Kq)]¥2— RM2Ty,
Ax(Ks)/[D(Ks) IM*—>R™?Iy, and then
Z(Ki, K:, Ks, Ks) “’RMN‘/ZTI'%[AI(KI)A3(K3)A2(KZ) - Ai(Ks) As(K1) Aa(Kz) 124
[D(K:)D(K:2)D(Ks) M4 D(Ka) JMN2 [D(K:)D(K2)D(Ka) M4 )

(3.8)
On the other hand, from eqs.(2.25),(2.26) and (2.27), in the limit K«— o, we have K«* — 0, and
then the dual lattice is honeycomb lattice (Fig.3). We have
1, (k=0)
0. (k=1, 2, ---, R—1)
Using this for Ai(K«*) and As(Ks*) in eq.(2.21), we have Ai(Ke*) — I, As(Ke*) — Iv, and then
Z(K:*, Ki*, Ke*, Ks*) N TrilAi(K:*) Ax(Ki*) Ad(Ks*) - As(Ke*) A2(Ks*) Ad(Ki*) 132}

Ck(K4*)—>%R2;:w_kq*= { (3.9)

; 1
[D(K:*)D(K:*)D(Ks*) JMN4 [D(K:1*)D(Kz*)D(Ks*) JMnv4 (3.10)
Therefore eq.(3.6) is written as

Zwi(K1, Kz, Ks) 1 Zoon(K2*, Ki*, Ks*)

[D(K)D(K:)D(Ka) ™ B < ID(K:") DK ) DKo P (B=2 3 4 5 M, N~ o) (3.11)

where Zui(Ki, Kz Ks) and Znn(K:*, Ki*, Ks*) are the partition functions for the triangular and
honeycomb lattices, respectively, as follows:

Zei(Ks, Ko, Ka)=Tr{[A:1(K1)As(Ks) Az(Kz) + As(Ks)As(K1) Au(Kz) V24,

Zron(K2*, Ki*, Ks*) =Tr{[Ai(K2*) A2(Ki*) Ae(Ks*) - As(Ke*) Ao(Ks*) As(Ki* ) ]NV2}, (3.12)

In order to relate the partition functions of the honeycomb lattice to that of the triangular

lattice, we make use of the star-triangle relation?. With the definition of the exchange con-
stants Ki* (i=1, 2, 3) as shown in Fig.4, we assume the following relation:

fXexpiKi*cos[(27/R)(r:—rs) ] +Ketcos[ (27 /R)(rs—r1) ]+ Ks*cos[ (27 /R) (r1i—rz) 1}

= Rz_lexp{Kl*cos[(Z;r/R)(rl—r)]+Kz*cos[(27r/R)(rz—r)]+K3*cos[(2n/R)(r3—r)] b (3.13)

It is well known that, for R=2 (Ising spin), K* are well-defined®. However, for R=3, whether
K* are well-defined or not should be investigated later on. Substituting eq.(2.24) into the right-
hand side of eq.(3.13), and using eq.(2.7) we have
fXexp{Ki*cos[(27/R)(rz—rs) ]+ Kot cos[ (27 /R) (rs—r1) ]+ Ks*cos[ (27/R) (ri—rz2) 1}
_ Frrm(K1, Ko, Ks)

D(K:)D(K2)D(Ks)’ (3.14)
Si
Kz ks K
So
Ka K
Kx
Sa Sz

Fig.4 The star-triangle relation.
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where -
From(K1, Ko, Ks)= E [ern-r(K1)ern-r(Kz)crn—r(Ks) ]. (3.15)
From eq.(3.15),r=\01ve have
Foo
D(K1)D(Kz)D(Ks)
Fioo
D(K1)D(K2)D(Ks)’
FDID
(K1)D(K2)D(Ks)
Foo

for (ri, r2, r3)=(0, 0, 1): erxp[Ka++(K1++Kz+)cos(27r/R)]=D(K1)D(K2)D(K3), (3.16)

for (r, re, rs)=(0, 0, 0): fXexp(Kit+K:"+Ks") =

for (r, re, r3)=(1, 0, 0): fXexp[Ki*+(K:*+Ks*)cos(2x/R)]=

for (r1, r2, r3)=(0, 1, 0): erxp[Kz*+(Ka++K1+)cos(27r/R)]=D

and then
(F)?

FuoFowoFoo (3.17)

expl2(Ki"+K:"+Ks*)[1—cos(22/R) ]} =

(II-1) The case of R=2 (Ising spin):

From eq.(3.17), we have well-known formula® for the critical temperature T. as follows:
(14 vievaeva)?

(Viet+vaeva) (Ve + vaevie) (Ve + vieve) (3.18)
where vi=tanh(Ji/ksT.) (i=1, 2, 3).

(II-2) The case of R=3:
At the special temperature T., the values of Ki*=Ki (i=1, 2, 3) obtained by eq.(3.14) are
coincide with each other. Therefore from eq.(3.17), we have the equation for the critical
temperature T. (K.=dJ/ksT.),

expl4(Ji+J2+Js) /ksT.] =

[Foo(Ki, Kz, Ka)]?

Fio(Kr, Kz, Ki)Foo(Ki, Kz, Ks)Fon(Kr, Kz, Ka) (3.19)

exp[3(Ke+Kz+Ksz)]=

where
Foo=co(K1)co(Kz)co(Ks) +2c1(Ki)ci(Kz)ei(Ks),
Fuo=ci1(Ki1)co(Kz)co(Ks) +co(K1)er(Kz) c1(Ks) +ci(Ki)ei(Kz) er(Ks),
Foo=co(K1)c1(Kz)co(Ks) +c1(K1) co( Kz) ci1(Ks) +ci(Ki)ei(Kz) ci(Ks),
For=co(K1)co(Kz)c1(Ks) +c1(Ki)ci(Kz) co(Ks) +c1(Ki)ei(Ke) e (Ks), (3.20)
with co(K)=(1/3)[exp(K)+2exp(—K/2)] and ci(K)=(1/3)[exp(K)—exp(—K/2)]. In the
special case of Ki=K:=K:=K, we obtain
exp(3J/ksT.) —exp(—3J/2ksT.) =3. (3.21)
(II-3) The case of R=4:
For the system of the general values Ki* (i=1, 2, 3), we also confirmed that Ki are well-
defined at arbitrary temperature, by numerically. From eq.(3.17), we have the equation for
the T: as follows:
_ [Foo(Kr, Kz, Kz)]®
—-Floﬂ(ch, Kz, Ka)Foo(Ki, Kz, Ka)Fo(Kie, Kz, Ks)

expl2(Ki+Ka+Ks) ] (3.22)

where
Fow=co(K1)co(Kz)co(Ks
Fuw=ci(K1)ci(Kz)co(Ks
Foo=co(K1)c1({K2)co( Ks
For=co(K1)co(K2)c1(Ks

+2c1(Ki)e1(Kz)eir(Ks) +c2(Ki) c2(Kz) e2(Ks),

+co(Ki)er(Kz)ei(Ks) +ci1(Ki) c2(Kz) c2(Ks) +c2(Ki) e1(Kz) ei(Kas),
+c1(Ki)eo(Kz)er(Ks) +c2(Ki) e1(Kz) ce(Ks) +ci(Ki) c2(Kz) ei(Ks)
+c1(Ki)ei(Ka) co(Ks) +c2(Ki) ce(Ke) ei(Ks) +e1(Ki) er( Kz) c2(Ks), (3.23)

— ' e




—40— MEMOIRS OF KURUME NATIONAL COLLEGE OF TECHNOLOGY Vol. 14 No. 2

with co(K)=(1/2)[1+cosh(K)], ci(K)=(1/2)sinh(K) and c:(K)=(1/2)[—1+cosh(K)]. In the
special case of Ki=K:=Ks=K, we obtain
exp(2J/ksT.) —3exp(—2J/ksT.) =2. (3.24)
For R=5, we can not find values of K* and D at any temperature, that is, the star-triangle
relation eq.(3.13) is not well-defined.
(I) Honeycomb lattice
By using eq.(2.33), we rewrite eq.(2.36) as follows:
Z(Ki, Ke, Ks, Ki) _ 1 . Z(Kq*, Ki*, K¢, Ks*)
[D(K1)D(K2)D(Ka) M4 RMN4" [D(K:i*)D(Ke* )D(Ka*) MV D(Ka* ) ]2
In the limit Ks— 0 in Fig.l, the original lattice is reduced to the honeycomb lattice, and then

(M, N— o) (3.25)

Ks* — o0, so that the dual lattice is triangular lattice. In a similar way of thinking on the
original triangular lattice, we obtain (we finally replace Ks to Ks)
Znon(K1, Ke, Ks) — Ry Zei( Ko*, Ki*, Ks*)
[D(K1)D(K2)D(Ka) M4 [D(K:*)D(Kz* )D(Ks*) JMva
For the honeycomb lattice, the star-triangle relation is' written as
fXexpiKi*cos[(2x/R)(r:—rs) ] +Ko*cos[ (27 /R) (rs—r1) ] +Ks*cos[ (27 /R) (ri—r2) 1}

(3.26)

=S explKi*cos[ (2n/R) (ni—r) 1+ Kscosl (2x/R) (r—r)] +Ks*cos[ (2x/R)(—r)]f.  (327)

Substituting eq.(2.24) into the left-hand side of eq.(3.27), and using eq.(2.7), we have
¢ ‘
D(K:)D(K:)D(Kas)
where -
Griews(Ki*, Ko¥, Ks*)= 3 exp{Ki"cos[(2z/R)(ri—r)]+Kz*cos[(27/R)(r:—r)]
r=0

XCrz—ra(Kl)Crg—r!(K2)Cr1—rg(K3)=Gr)rzr3(Kl+, K2+, K3+), (3.28)

+Kstcos[(27/R)(rs—r)]}. (3.29)
From eq.(3.28), we have
f
for (ri, rs, rs)=(0, 0, 0) D(Kl)D(Kz)D(Ka)XCO(KI)CO(KZ)CO(Ka)=G0m’
— . f m—
for (ry, r2, rs)=(1, 0, 0): D(KI)D(Kz)D(Ks)Xco(Kx)C—1(K2)01(K3)—Gloo,
) f
for (ri, rz, rs)=(0, 1, 0): D(KI)D(K2)D(K3)XC1(K1)C0(K2)C—1(K3)=Gow,
—— N f J—
for (ri, r2, rs)=(0, 0, 1): D(KI)D(KZ)D(Ka)XC—1(K1)01(K2)co(K3) =Gon, (3.30)
and then
01(K1)C~1(Kl)Cl(Kz)cAl(Kz)m(Ks)Cﬂ(Ka)=GwoGomGom (3.31)
[co(K1)co(Kz)co(Ks) ]2 (Gow)? )

(I-1) The case of R=2 (Ising spin):
For R=2, the star-triangle relation (3.27) is well-defined. From eq.(3.31), we have well-
known formula?® for the critical temperature as follows:
cosh(—Ki+Kz+Ks)cosh(Kie—Kz+ Kz ) cosh (Kie+ Kz — Ka )

2 2 2 —
tanh?*(Ki)tanh?(Kz)tanh?(Ka) cosh*(Ku+Ka 1K)

(3.32)
(I-2) The case of R=3:
The situation is similar for the triangular lattice. From eq.(3.31) we have the equation for
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T. as follows:
c(Kie)er(Ke)er(Kae) . Gio(Kr, Kz, Ka)Gowo(Kre, Kz, Ka)Gon(Ki, K, Kx)

oo(Koe)ca( K)o K . [Goo(Ke, Ko, Ka) T (8.38)

where

Guo=exp(Ki+Kz+Ks) +2exp(—Ki—K:—Ka),

G100=exp(—K1/2+K2+K3)+exp(K1—K2/2—K3/2)+exp(—K1/2—K2/2—'Ka/2),

Goo=exp(K1—K:/2+Ka) +exp(—Ki/2+K:—Ks/2) +exp(—Ki/2—Kz/2—Ks/2),

Goo1=exp(K1+K2—K3/2)+eXp(—K1/2—K2/2+K3)+exp(—K1/2—K2/2—K3/2). (3.34)
In the special case of Ki=K:=Ks=K, we obtain

exp(J/keT:) —exp(—J/2ksT.) =3%". (3.35)

(II-3) The case of R=4:
For R=4, the star-triangle relation (3.27) is well-defined. From eq.(3.31) we obtain the
equation for T. as follows:

ci(Ki)er(Ke)er(Ka) 2 Gio(Kie, Kz, Kux)Goo(Kie, Kz, Ka)Guo(Ki, Ks, Kx) (3.36)
co(Kie) co( Kee ) co( Kae) [Goo(Kre, Kz, Ka)]® ) ’
where
Goo=2[1+cosh(Ki+K:+Ks)], Giw=2[cosh(K1) +cosh(K:+Ks)],
Gow=2[cosh(K:) +cosh(Ks+Kz1)], Gun=2[cosh(Ks) +cosh(Ki+Kz)]. (3.37)
In the special case of Ki=K:=Ks:=K, we have
sinh(J/2ksTe)=(1/V 2). (3.38)

For R=5, we can not find values of K* and D at any temperature, that is, the star-triangle
relation eq.(3.13) is not well-defined.

4. Concluding Remarks

The following is a summary of the main results in §2 and §3 for the planar rotator
model:

(1) The duality transformation is well defined for R=2, 3, 4 at arbitrary temperature, and
R=5 at the special temperature.

(2) The star-triangle relation is well-defined for R=2, 4 at arbitrary temperature, and R=3 at ‘
the critical temperature.

We calculated the critical temperature T. for the ferro-systems(exchange constants are
positive). The values of T. obtained using eqs.(3.2)~(3.5) for the rectangular(Ki=K:=K) lat-
tice, eqs.(3.18),(3.21),(3.24) triangular(Ki=K:=Ks=K), and eqs.(3.32),(3.35),(3.38) honeycomb
(Ki=K:=Ks=K), respectively, are summarized in Table I. We note that the values of T. for
R=4 are half ones for R=2(Ising model), on every lattices. For the system with R=5 on the

Table I The critical temperature ksT./J of the planar ro-
tator model with the isotropic exchange con-
stants J>0, on the two-dimensional lattices.

R /Lattice Square Triangular ~ Honeycomb
2 2.26919 3.64096 1.51865
3 1.49246 2.37739 1.01064
4 1.13459 1.82048 0.75933
5 0.92909 - -
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rectangular lattice, we were unable to reach an accurate conclusion that the special tempera-
ture To is the critical temperature T., and thus it is still only a hypothesis.

In the case of antiferro-systems(exchange constants are negative), T. for R=2 and 4 on the
rectangular and honeycomb lattices are the same values as ones of the ferro-systems. On the
other hand, for the system with R=3, or the systems on the triangular lattice, we conjecture
that the values of T. are different as ones of the ferro-systems, because these systems are not
simple. The analysis of these-systems are problems to be studied in future.
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“Practical English” viewed by Theories of the Second Language Acquisition—No.1—:
Analysis and Evaluation of the English Education Utilizing the Internet

Masatoshi YONENAGA

The author has submitted a series of three reports on “English Education Utilizing the Internet”
for the 5th grade students of 1996 & 1997 “Practical English” classes at Kurume National College of
Technology. In those reports, the targets of the teaching plan and the procedures of the learners’
activities in the classes have been revealed and explained, because the author hopes that the
characteristics of “Practical English” should be made clear before classes, and also has emphasized
that the significance of “Practical English” should be recognized in the whole course of the
curriculum at this technology-major college.

In this paper, those methods are reexamined from the view points of the theories of the Second
Language Acquisition (SLA). That is why the author strongly believes that effective teaching
practices should be supported by certain language learning theories. However, in fact, many teachers
of foreign languages in Japan, whose teaching methods may very often be out of date, are
proceeding their classes strictly based upon his/her teaching experiences.

This paper starts by clarifying the targets of English teaching at technology-major college, then
makes a brief introduction of several major language learning theories, upon which “Practical
English” classes are examined. Each stage of learning procedures is analyzed and evaluated by SLA
theories in the following papers.

Finally, the author has a strong wish that this series of papers could trigger the controversies
concerning with the English education, not only at this technology-major college, but also at schools

all over Japan.

1. & U &® £

g3, 1996F1997T4EED 2 £H, AZKEED
MR T8 5 FED [ERFERE] 4L, 15—
v bEFBLL [EREE] OBBEEMZ, 31
Wb Y ASARSELEICHRE L, (AEKREH
WE, SmISSE1lS, £2%5, EUEELS) O
[EBEE| HEFEFAZREICLT, RXEXHoEE
b7, EEEEEEROREIOGHBIT
iz TL, AGXRBSHEIIBITLMROEEHFIC
WHLTORE L, SHOEBFREAENDORS 2D
RLZEIZT B,

K XHEOHBYS—EHAL L5, EEI,
19964EFEA ST o 72 [EBREFE] OBEZITHI
H7-0, T, ZOHEFOWE, BEX BHETLO
EHCHZHON?, BBEEELZ2LEDL I IIRET

FRI04F11H20H %H

007, BEFEDODIME, EDLHICHE
LWL REZDOHP? LW B4 REEME W
TWh, SHEICRY I TS [EREFE] v
SHECZ, BESEMOEERBFTOERKE 2T
bOTRITNTLOWE, EBEIEZ DL, O/
DL, BEICBITASFEMOEEHFTOHNRPH
Bl wo - REW RN LT, HEHELEE L
THSLERPENR- LT, PELZAEEZRTRE
T HWEALHI»? LA L, BIRTI, HETF
BEIZLoT, B7-LT, SEMOEFHEOEK
BE W) BHERTOHLEDEAINILLAA, &R
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MENHLDIE, ¥RTHE, LiL, £OHEST,
HEOREEEHEBRBICBWTERSELLWVIHE
BRIZBWTTH b, BED L) IC, BEBEHLH
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%o KA, BEOARROSTHARIIBITSHEE
FOREERDER LB ROIBLE LI L RN
WHFT2b0TH S,

2. ZEZEYTBBHEWR (The Theories of
Second Language Acquisition)
(1) MEESERYBLER

E_SHEERERI—DOOMAESTHL L THDHT
FEML SN TEzDIE, 1960FEROEDYETH 5,
COH, EZEEFEEIIOVTOWH ORI
KOPREERIN, FAFICE_SHEEHICET2HER
B2 7E S O b7z,

MHOE_SEE/ERBOWMRIL, FHESHED
SEFMARICESEH T UESEFNERTH -
2%, ELlE, FEESHEOEHRWAIEICEEY
M-S 0EEOSFICHERLTEB Y, HE#H
BizETE TR hoTWwA, EIZ, DBTOHHZ
LRSS S, Fa A% — (Norm Chomsky) @

1208 L7 7% LiEE TV (Universal Grammar)
FCNEHEREDIFECEDLIEDL L, [DHEFEFL
OEEDRT - TS, bbAHA, ESHEEROD
LB FHOA L LT, FHEEOEAEZLHED
WMRER-TWDS, BIEICEDL T T, ¥4 RNERE
#Hi#E (teaching method) 2SRE, RKiT&h,
ZLTEHliEN TV o7z, HIZIZEIIZND72d D
b, —BEICTEL,o72bDbHo7, —
D—DDEFHELR IWBRE T 5 Z L BESKE L
FHeVBELTIMAEFEE THS, 2) LIEZE
FEERERRORBEEIZOWTIE, Rod Ellis ©
The Study of Second Language Acquisition
(1994. Oxford University Press) (25 L < flak
SNTW5E, BEICBITLEEHELEIIH:>T
X, COEFEEBARIEOVT, REEKD
AP SIHRDERETHA 9,

(2) EXHIL—LT—-7Y

T, HEEEEEHERT OEB L UEH%
THDDOERYLEAMALE I REMEKEHS
PIZLTBIH, FNITLY, FTEFEEERL,
— B SN B [#d% /] teaching method
EEXBITAZ EAHIHRS,

K1ix, FEFZEBHERITB T 5 teaching
method D7 L —L7T7—0Thb, TDTL—LT—
IORDF -7 — Fe R, BE L OBBEFHENFF
EL, HEVIIHNZLTWVEDED, BEWOHE
MRz 2L, BERMEMr BRI AZ 21T
KR XLDEBERTLEZATIREV, ¥F—T7—FZ#
HELT, 50 [EREE] 2 oW+ &
h, BRXDEETH 5, -

E_EEBEFEREEEENICHE L TEARN R
TJL—aT7—72REL, ROICEENRER %
L7z, TX) ADRHASHEFETHHL T —

[METHOD]

[APPROACH] DESIGN

IPROCEDUREI

a. A theory of the nature a. The general and specific objectives a. Classroom techniques,
of language of the method practices, and

b. A theory of the nature b. A syllabus model behaviors when the
of language learning c. Types of learning and teaching activities method is used

d. Learner roles
e. Teacher roles

f. The role of instructional materials

=1 ZERRBEHECODVWTOEERNIL—-LT—7
(adapted from Richards & Rodgers. 1986)

Summary of elements that constitute a method,
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K- 7>v=— (Anthony, EM. 1963.) TH 5,

approach & i, EFERUSEFZ I L TIHE
MaeTh, BB (axiomatic) ,’C% %, [EIRF
WHIR SN DREZEFHREOREIZOERTHOD
T®» 5., Anthony 2 X i, approach &i, &
ERVOSEFEICETARHAD L I3HEGED, Wi
ENBLNLVTHY, method ik, SHEHEMIER
BTSN B LRV THD, EoT, HENE,
BMENDLEREEE, TOHEHmPHLPIIINSE N
XTHb, 02D approach I22WT, HED
method 7% 2 5N 5%, technique iX, HEWNTOD
BWERRBP R INDIBEOEMITTE RV,

(Anthony,E.M. 1963. Approach, method and

thechnique.) V

Ty Z—DEZFERIL, VFr-—XaTy—
2 (Richards, J. & Rodgers, T. 1986) i%, %
TEEEBRFEOEARAN T L — 0T -7 RUZE O
B E# (approach, design, procedure) 22\
T, ROLHCHBELTWE (H12H),

method iZ approach & BG5S L TEY,
design |2 X o THBMIZRE S, EEREIIBW
T procedure {2 & > THEER S,

A method is theoretically related to an

approach, is organizationally determined by a
design, and is practically realized in proce-
dure. (Richards, J. & Rodgers, T. 1986.

Approaches and Methods in Language
Teaching.)

3. APPROACH (ZDWT

(1) 77o0—-F&ik

HIEiCHO P2 & )12, 77T, BEHR
IZH72o TOKRARE RS HDT, WhITHIRE,
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EEEEL V) BEEHICEL AR L, FSHE
B2 BT 5 teaching method DEARFK 7 L —
LT =72k &85 %261, ROLHITREND,

Mé%m ABKRESEOHEER Approach <—
Marker ABAKSEICH T I EFENENDEE Approach
Target, KEHEDHE Design
Message EER D S REANENBE Design Feedback
/ Media REORERR Procedure 4
Means HKERERHAORBIX Procedure
/'Mwwmmmt \%%ﬂﬁQHﬁ Approach ——

IZTEELZTNE RS RVOIE, S
FHELECE L TREFEORIET R ELFEEIC
EbhTw5b2, HFEODHIKXFE B teaching
method 262 E > Td, SEMO—ELZA) Fa
SLDBEOPT, EHLALNEDITOLNE DT
?) D, FRREERC, EESHEEAERR, BA0H

N3Ok %"Eiﬂi AR EEE R EOEMIT A
%c‘: ENb, i, WERROT 7=y 70T RE
Vo ZNFROEEE b o T L TREHEWE
HELEETELLDOTIZRL TRV,

(2) ¥31X

ARIZBWTH, LIRL T INADIERITTH

NTWBED, BERIZKLEBEXEHSL, SHIZT TN
ADOWREZRBHIZ, AROKBEHEEF DD,
&4 DR EPAEBRIICHAEGDEINTRE ST
500, B, FEHEFEEVIRTAICHI2oT,
EEVTHAL Y ENTWEDOH, FERIIBITLE
EHEIZHEIIRENTV D), F0OEDOFEE

C BNBERFEECEARE SR TV L0, Xh LR

NEBBIIRE RV, YINAERICHY, B
RIRL-BREOBRZEEXEL T, FMEFHTHE
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DRERKERD Y /N A\ iX, course
descriptionZ Fiiri22lF, HAROEBHRFZIIBIT
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4. Approach to [FEJEH:E |

(1) What is [EERHEE]?
KEEEFHTHI LI, MTHAH H» ?HEFEZ,
BHE L V) FE SN CEROFERE, v
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(ABAREERESEIIEE 25, 199843 A)

(2) ABASHO [HBRZ] & [XBEE

DHEEE
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Solving the Difference Equations with the Aid of Computer program, “EXCEL”

Kinzo SUGIMORI

In this paper, a simple method is mentioned for solving the difference equations with the aid of
computer program, “EXCEL”. This numerical calculation method described here will be one of the
useful tools for educating or training course of personal computer.
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Computer center at our college comprises computer exercise rooms for information processing
classes and students take the classes using terminals of the computer system. The computer system,
which consists of terminals, servers, printers and network apparatus, has been renewed every several
years and the time of renewal has come at the end of the 1997 fiscal year. From the first half of
the fiscal year the work towards renewal has been carried out, and a new computer system was de-
livered at the end of the year. This system includes the latest PC, network and multimedia technol-
ogy and would be expected to be used for extensive purposes besides information processing classes.
This paper describes the design and operation of the new computer system. In particular, request
matters on the system from both an educational aspect and an administrative aspect are summarized
and the compositions and features of the computer system to be satisfied with the requests are de-

scribed.
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Hannah Arendts Begriff der Handlung (Teil 3)

HIGASHIJIMA

Mitsuo

Handelnd und sprechend offenbaren die Menschen jeweils, wer sie sind, zeigen
aktiv die personale Einzigartigkeit ihres Wesens, treten gleichsam auf die Biihne

der Welt, auf der sie vorher so nicht sichtbar waren, solange namlich als ohne ihr

eigenes Zutun nur die einmalige Gestalt ihres Korpers und der nicht weniger

einmalige Klang der Stimme in Erscheinung traten.
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