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Simple Estimation Method of Bridging Stresses
by Using a Deep-notched Specimen
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A simple estimation method of bridging stresses between fracture surfaces by the bending of a
deep-notched specimen has been developed. The deep-notched specimen is fractured stably by three-
point bending. The relationship between bridging stresses and displacements of fracture surfaces are
estimated by the relationship between loads applied to the specimen and the displacements at the
loading point. As an example of the application, the bridging stress characteristics of polycrystalline
alumina are estimated. The bridging stress characteristics estimated using the present method are
compared with those obtained by the other methods.

Key words : Simple Estimation Method, Bridging Stress, Three-Point Bending, Deep-Notched Speci-
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Table 1 Chemical Properties of alumina ceramics
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Table 2 Mechanical Properties of alumina ceramics

Al:0s Si Fe Na K Ca Mg

99.99 14 8 4 2 1 1
Wt% ppm ppm ppm ppm ppm ppm

Mean Mean Vickers Fracture
grain bending hardness toughness
size strength number  Kic(MPavm)
d(p#m) o8(MPa) Hy
11 218 - 1480 3.3(SEPB)
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The Bidirectional Communication Circuit Employing Power
Negative Impedance Converter

TAKAMATSU
NAKASHIMA

Masatoshi
Katsuyuki

It has been well known that the Negative Impedance Converter (NIC) has unique characteristics
on the electric circuit analysis. And the bidirectional communication circuit with NIC has been re-
ported, but there were little practical applications. Then we investigated this problem and try to
solve it. By this attemption the practical application of NIC to the bidirectional communication

could be enabled.
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Soluble Polyimides (1)
— Synthesis of Soluble Polyimides —

Yusuke TSUDA
Norihiko HIYOSHI*

Soluble polyimides with polyalicyclic structure were prepared by the reaction of 2,3,5-
tricarboxycyclopentyl acetic dianhydride (TCA-AH) with aromatic diamines. The two step polymeri-
zation systems including poly (amic acids) synthesis and solution imidization using pyridine and ace-
tic anhydride were performed and the soluble polyimides with high inherent viscosities and high
imidization ratios were obtained.
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Monomer Polyamic acid Polyimide
7inh* 7inh® Imidization ratio®
Dianhydride Diamine Solubility in NMP
dL/g dL/g %

TCA-AH PDA 0.79 Soluble 0.62 90

DDM 0.71 Soluble 0.64 90

DDE 0.69 Soluble 0.66 93

DTBA 0.41 Soluble 0.32 97

BIS-A-AF 0.22 Soluble 0.16 98
PMDA PDA 0.50 Insoluble

DDM 0.36 Insoluble

DDE 0.41 Insoluble

DTBA 0.24 Insoluble -

BIS-A-AF 0.24 Insoluble
BTDA PDA 0.59 Insoluble

DDM 0.58 Insoluble

DDE 0.54 Insoluble

DTBA 0.20 Insoluble

BIS-A-AF 0.25 Soluble 0.25 100
BPDA PDA 0.30 Insoluble

DDM 0.31 Insoluble

DDE 0.37 Insoluble

DTBA 0.15 Insoluble

BIS-A-AF 0.25 Soluble 0.31 100
6FDA PDA 0.51 Soluble 0.36 99

DDM 0.69 Soluble 0.38 87

DDE 0.73 Soluble 0.41 9

DTBA 0.16 Soluble 0.23 100

BIS-A-AF 0.24 Soluble 0.23 100

®Measured at 0.5g/dL in NMP at 30C. *Calculated from 'H NMR measurement.

ZHAEDLETHBEEERY A I VREAKEELH
B EEBRE ) v — LT/ %8BT 55k
EBREITLNG,

£113, BHFERICBNT, FHEOF PSS H VR
VEETEAKME DT IV EREAEDETHELONS
R A I FOERBHTHSH NMP 2ty 5 BT
FARNERERLTWVS, 2055 PMDA,
BTDA, BPDA, PDA, DDM KU DDE 2L &
/< —3T, TCA-AH, 6FDA, DTBA K Uf BIS-
A-AF 3WBEHICEFSTAHBRE/ ~—LEZDH T
EWTES, BRABEEZEETAHAT VN IHINVKUEE
“EKYTHD TCA-AH R Yy 7040 x5 )
RE2ETBETF M HNEVBTEKY TH H6FDA
BEDTTIVERCTH NMPHBORYAIF
2H5RATEBY, TEEIIRIZTINOLDE/ -
MEEMRTHIENTE, —FH, VU T7NFO

AFNEEZEFETHIT IV THS BIS-A-AF R U
DTBA {28\ TiZ, BIS-A-AF IR DEIEZ 7 b
T HIVEK VBT EKYTH S PMDA % BT I A
BWRIVAIVF2E525%, DTBAIZ M) 740
AFNVEEFELTHBIZL»0H 5T PDAEDR
B7IvERkOEHZRL, TCA-AH R U
6FDA LISt L DA B DLETIIWMERERYIAIF
HEZ v, COBEHELLT, DTBAIX M) 7V
FUAFNELELTVWAEFZOEBTI1ETH S
&, X, FPICEIELZT I FEEGZELTYS
ZEehBIFO5ND, TCA-AH L6FDA # lb# L /-
BE, #TEORETH 2K E (7inh) X
TCA-AH #HW=RY AL I FOFHFKEL, B
FEOTBHEHERIA I FEHL L) HTid TCA-
AH OEBERTH D Z L hFHEENS, X, TCA-
AHZHW/ER) A4 I FOHRT, FHEESTI V&
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Polyamic acid Polyimide
Dianhydride® Imidization 10% Weight loss
7inh® i 7inh® ratio® temperature®
TCA-AH 6FDA BTDA Solubility
dL/g in NMP dL/g % in Air  in N2
mol% T T
0 100 0.73 Insoluble
20 80 0.75 Insoluble
30 70 0.77 Insoluble
35 65 0.75 Soluble 0.69 100 471 519
40 60 ,0.70 Soluble 0.70 98 487 511
60 40 0.72 Soluble 0.66 93 479 490
80 20 0.73 Soluble 0.70 91 444 480
100 0 0.69 Soluble 0.66 93 422 457
20 80 0.71 Insoluble
30 70 0.64 Insoluble
35 65 0.66 Soluble 0.56 100 565 595
40 60 0.58 Soluble 0.65 96 566 590
60 40 0.57 Soluble 0.60 100 562 589
80 20 0.56 Soluble 0.59 100 556 578
100 0 0.44 Soluble 0.47 98 561 571

*Equimolar amount of DDE was used to the total amounts of dianhydride. "Measured at
0.5g/dL in NMP at 30T. °Calculated from 'H NMR measurement. “Measured at a heating

rate of 10C/min.
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TCA-AH/BTDA/DDE copolyimide

6FDA/BTDA/DDE copolyimide

LTCDTBA 3 LI BIS-A-AF 2w/ R1) 4 3

Fii PDASMOFEKRY 7 I v HVZBE LD
DIEREESBE N LB I, TOHEBELL
Tix, DTBA K UF BIS-A-AF OB&IZIZETF RS
BOBBREIFELTCNDEE, FHEERIT7I V0K
BUIIKL 2570 TR VI EEZ TV,

# 213 TCA-AH b L IZ6FDAICHAEF + 9 %
nyﬁzﬁm%@%5ﬁmm%ﬁmt —fE
DFEEFEHEY 7 I, Bt DDE &£ OfAEHETH
mﬁ$v4\}%E%¢%ﬁtiﬁ%Twa

FD%ER, TCA-AH F.U6FDA M D& D,
BTDA #65FEN % £ THHE L THIEER) 1 3
FRESAKSBEONL Z LMLz, T DORRICH
BE/ —CPHEET/ % HALTBER) L3
F2EZFECBVTE, BERERE/ v—0ff
HEZRBRET A EHMPURET, B, ¥t/ v —
EHETAILICLoTETT A &) etEdidb
2, FOMBERFET LI EATERE 5, BT,
& 2 OBZ TCA-AH ORI L VKT L 72257 %
BE% BITDAOXESICLIVHE ) ZLATRTH
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LT LERLTVAS,

3.2 RU7IvIVBRDES
RIALIFOERIZBWTIE, RYTIv s
FBHLZVW—EBEOEHED H 505, FHFEIZBV
TIIEFHCONARYTI Vv I/ BOES- 13 F
IERIGEER T2 B ELRAAL (M3), 2B
BEOEAIIR)7I v /7 BREAKOSFEI Y b
O—eA I MERISOEITE 58 L TRITTE 3
LEINEDDHB, X, “EELIZEZ, il
DOFHETEREL TTH, VbW One-pot A&
HHEETHY, FHLFNIIEE»L RV,
RYTIvI7BOERKIIT b5 HIVEVBREKY
EVTIVEERYENVHY, DMF, DMAC, NMP
FoFETu b rEREBES, 25~50CREDRE
TLZENDY, ZORE, BHEDOE) <—2HV,
FHRIEEVFETLZLEVNESTFEOR) T —%
BEEMTHD, T/ —ORIMEEIETT 73
VERBIEICEBBIE, FO%, T FNIANVEUBRE
KEBEROE THA IR 2 HFEN—KHTH S
B, AR TP AT =V TRIEZITo TV 55,
THONELALE/ Y—%T7 T RAICMMA, BiEE
Mz 71k, $CHEEBTEHEEZITo2,

£ 3IETCA-AH L EEFEKRIT7I v LITE 5
R)T7IvI/BESIIBIIAE/ ~—BE, EAR
ERUVEARMONEMEICRIZTEELFARNE
BEREZTILOTVSE, RUTI v I7BOERIIR
WEFRMOR) A I FOFFEXIY PO=)VT 5
BEERRAT v T ThHb, RIUTIvIEEA I ML
THEIC, MEHEEIETTSH (1), Zh
X, RIT7IvZBEER) LI FOBBMEICRIZ
THFEROEBIIES(bDLBES L, EAE
A I FMERIGRIZEIL T A5 2 L 2R LTWADT
v, B/ v—BEEIEWIIETEREIEL 2
505, WEE%RZBID LBHROMENIEL (&L
), X, R)—»PHUT2EEHHY, 10~15
ERBWETNESZ D, EREEIF0TLY 160T
DHFPBFFEOR) =B HLNTwS, 80C%
B2 AHEBEFECRTIHEAVDVIFFLL 2\,
ESEEIX PMDA ORLGHFERT I A NVK VR
AW TIRIEES BT L BHEETL, &
FEFRBTHL I EPBESNTEYY, BEK
WERICS CARERENH D I LFEEIND,
FERREHTdH 5 TCA-AH OB HEFET M5
ANWVKVEBREKGEREL, LVBERTOEAI Y

o H O o] H o
P B o H Voo
HO ¢ HO” -N— - _
;{ “OH Q “OH Cc-N iIc N—
HO
- 'I‘_II E_N_ \ll |c|—'lq_ - v-l(l: ﬁ_OH HO\“ E-OH
HoO O H o oH H O o o o
5 TCA-AHR)T7Iv/BROEMK
®3 TCA-AH LEHEOFEHEERIT7I VAR T7Iv /BOES
Monomer® Polymerization Conditions Polyamic acids
Concentration Temperature Time 7inh®
Diamine % T hr dL/g
PDA 15 60 12 1.09
PDA 15 30 12 0.49
PDA 10 60 12 0.80
DDM 15 60 12 1.00
DDM 15 30 12 0.73
DDM 10 30 12 0.42
DDE 15 60 2 0.48
DDE 15 60 4 0.61
DDE 15 60 12 1.01
DDE 10 60 12 0.79

*Equimolar amount of TCA-AH was used. "Measured at 0.5g/dL in NMP at 30C.
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TCA-AH / DDE Poly(amic acid)

TCA-AH / DDE Polyimide

Intensity ratio of NH protons 1-X/100

Intensity ratio of all aromatic protons 4

X', imidization ratio (%).
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Polyimides 10% Weight loss temperature®
7inh® Imidization ratio® in Air in Nitrogen
Dianhydrides Diamines
dL/g % T T
TCA-AH PDA 0.62 90 466 474
DDM 0.64 90 470 474
DDE 0.66 93 422 457
DDE 0.68 76 407 456
DDE 0.48 61 395 444
DTBA 0.32 1 452 494
BIS-A-AF 0.16 98 432 478
BTDA BIS-A-AF 0.25 100 557 575
BPDA BIS-A-AF 0.31 100 560 573
6FDA PDA 0.36 99 554 572
DDM 0.38 87 533 558
DDE 0.41 94 ‘ 561 571
DTBA 0.23 100 496 524
BIS-A-AF 0.23 100 546 957

®Measured at 0.5g/dL in NMP at 30°C. ®Calculated from '‘H NMR measurement. "Measured
at a heating rate of 10C/min.

&5 TWHEMERY A I FOBRBHE

Polyimides Solubility®
7inh®*  Imidization ratio®
Dianhydrides  Diamines aL/ % NMP DMF DMAC DMSO DMI m-Cresol THF C:HClz: H2SO4
g
TCA-AH PDA 0.62 90 S S S S S I I I S
DDM 0.64 90 S S S S S S I I S
DDE 0.66 93 S S S S S S I I S
DTBA 0.32 97 S S S S S S I I S
BIS-A-AF 0.16 98 S S S S S S S I S
BTDA BIS-A-AF 0.25 100 S S S S S S S I S
BPDA BIS-A-AF 0.31 100 S S I S(h) S(h) S S S S
6FDA PDA 0.36 99 S S S S S S I S S
DDM 0.38 87 S S S S S S S S S
DDE 0.41 94 S S S S S S S S S
DTBA 0.23 100 S S S S S S S I S
BIS-A-AF 0.23 100 S S S S S S S S S

*Measured at 0.5g/dL in NMP at 30C. ®Calculated from 'H NMR mesurement. °S, soluble; S(h), soluble at a
heated temperature; I, insoluble.
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‘Soluble Polyimides (2)
— Synthesis of Aromatic Diamine Monomers Containing
Long Chain Alkyl Groups —
Yusuke TSUDA
Takehiro KAWAUCHI*
Ryutaro FURUKAWA*

Novel aromatic diamine monomers containing long chain alkyl groups for the synthesis of solu-
ble polyimides were prepared. 4-Alkyl-3’,5’-diaminobenzophenone (ADBP) and 3,5-diaminobenzoic acid
alkyl ester (DBAE) were prepared from 3,5-dinitrobenzoic acid via Friedel-Crafts reaction or
esterification reaction following reduction of dinitro compounds. 3,5-Bis(4-aminophenoxy)-4’-
alkylbenzophenone (BAABP) and 3,5-bis(4-aminophenoxy)benzoic acid alkyl ester (BABAE) were pre-

pared from 3,5-dihydroxybenzoic acid methyl ester via five step reactions.

1. #

R A I NiIEN-WEELE T LEEERST
D1OTHY, BFHEZEOFH THHBIZHNS
NTVBEY, —RRICBEICRBTH DA, BEIH
THBEREENG LITEERY A I PR
TWb, FlziE, B CTRRAARZ, RYVLIFo
BREZHBTAHFELLT, BUA I FERIE
il BEATEHAEEY RO M) 7t a2 F )
ErBATLHEY 2 PR EhTwWS, 5l
BEE L TRRELRLARORET VX IVELRY
4 I FOMNBLICERHLEZEZONSED, DX %
BHTIVINVEZETHERIAI FREADOE/ <8
B Eh T, )43 FERICERESNS
“HEEoE/ v—, AL, FFIANKRVEETEK
WMEFERYT I Ve RBLZBE, —KRICIEHE
BRYTIVOEPTTFEBEH LSV, 22T, AX#ft
Tid, BETNVINELFEEREI 7IVE/) -1
BATHILIZERBL, TRODOEBKRYT7IVE
I R—=DBERFTEIZOWTEHEETHESNI-HR
L W oV A

1]

FHRIFESALBH XH
AEKEGETRAER (B, ARAFERTEL)

2. ¥ B

2.1 EH
35-Y=buxy vz F (KRR,
TUFNNREH (RRELK), BET7T VI —N
H O(EzUbRR), KEF A (BEFWEE), fike F
Ty (ReMEE), €U Ty (FksE), Hie7v
I s (BMEE), 10% /35 Py ah—F >
(FOsEEE), — boRVEY (HI%ME), JY2AF
WANEFY K-d6 (DMSO-d6) (AIEME), N,
N-UAFNVFVALT I F (DMF) (FIt#%E), 7
Va—VE (FeME), B8 (Fllfes) RUZ
DMOREFIIHRAZ T DT /AL,

2.2 AE
Bon-Z£HEOERILAYWOBE L IR RU'H-
NMR CHERL, BSEIEIC X W MEZHEREL 2,
IR IZAAF5XE, IR Report-100k4 A~ ko
X —%—%Hv, KBr##ETHELZ, H-
NMR iZHAEFH, JEOL JNM-EX270 FT NMR
TRV, VAFNVANT XL F-d6d, 7 FF X
FNYTreREL LTHIEL:, BEllESRTy
FoR, MERMSHEEEY AV,

2.3 Friedel-Crafts UiS

REN L EBRFI 2 LLTICHRRS, 35-V= X




ABXRTERFEPIFRARE

B13% F15

A nzuay F (748g, 32.4mmol) & n-F7 ¥
WRYEY (8g, 32.4mmol) &%= buXVEY
(200ml) HiIzE S, REBZI0CUTICHH
LR4h5, L7 VI =24 (6.49g, 48.Tmmol)
2LETOMR, @ THERICETLIOZHERELT
100°CC 3 BRIz L7z, HISIREYW % 25ml 15ER %
MZ72100ml KAKICIEE 2B 48EL, = bux>
Y UBEK, 10%-NaOH, KOJETEHEL, BE
ARz p=—traRyErERELEZ, 20%, 4
V7BENVT V- VEEEE LTEEREZITVY,
35-V=tu-4-FFI Ry 77 v (850g,
19.29mmol) (YXZ59.5%, mp 56.5~57.8C) %1%
72o IR (KBr) : v (em™)=1645(C=0), 1530
(NO:), 1335(NO:). 'H-NMR (DMSO-d6) : ¢
(ppm)=0.85 (t, J=6.59Hz, 3H, CH:), 1.24 (m,
18H), 1.62 (m, 2H, PhCH:CH:-), 2.70 (t, J=7.59
Hz, 2H, PhCH:CH:-), 7.44 (d, J=7.92Hz, 2H,
ArH), 7.79(d, J=T7.92Hz, 2H, ArH), 8.77 (s,
2H, ArH), 9.04 (s, 1H, ArH).

2.4 IXFIERIS

REW L ERBI % LITICRR%, 35-TV= R
YAz uay F (20g, 86.8mmol) & n- N7
V7 a—)v (16.2g, 86.8mmol) & % IF F 4~
160ml (2B &E, €Y r6Tml Mz, 80T, 3
FERImER L7-, RINREWEKIEE, EEY T b
VIUTHHL, M UBERABEL, PV
BEL, BonEREAVTOELTLI—VT
BE&LS -V MOREERF TV NVNIAT NV
(8.83g, 23.20mmol) (UN26.8%, mp53.5~54.5
C) #1872, IR(KBr) : v (ecm™!)=1723 (C=0),
1522 (NO:), 1340 (NO:). ' H-NMR (DMSO-d6) :
& (ppm)=0.85(t, J=6.92Hz, 3H, CHs:), 1.23
(m, 18H), 1.77 (m, 2H, -COOCH:CH:-), 4.40 (t,
- J=6.60Hz, 2H, -COOCH:CH:-), 8.58 (d, J=3.96
Hz, 1H, ArH), 9.04 (m, 2H, ArH).

2.5 EXRIS

2.5.1 XFEHX&HWIEMKFETRIC

REW L ERBIZ LLTICRRS, 3,5-V=ha-4-
FFEI MRy 727 (8g, 18.16mmol) #*
DMF (200ml) (Z#&fEL, 10%Pd/C (1.816g) %
Mz, TRAEL =% — 2L DREL L2 FIERZHFIC
BMEFHLKEF A 2B (K4), HEL
hH80°C, 24ER@NE L 72, 0%, Pd/C %5
BIZEWEBEEL, TNNKRL—¥—TDMF #KEEL
Too T/ —WEKDOBREBEPOBEREZITV,
35-V73I)-A-FFI VRV 71/ v (ADBP-

12) (1.25g, 3.30mmol) (X% 18.2%, m.p.66.5~
68.0C) %#%87-, IR (KBr) : v (cm™)=1635(C=
0), 3350 (NHz), 1583 (NH:), 1355 (CN). 'H-NMR
(DMSO-d6) : ¢ (ppm)=0.85 (t, J=>5.59Hz, 3H,
CHs), 1.23 (m, 18H), 1.59 (m, 2H, PhCH:CH:-),
2.64 (t, J=7.26Hz, 2H, PhCH:CH:-), 5.00 (s, 4H,
NH:), 6.07 (t, J=1.98Hz, 1H, ArH), 6.14 (d, J=
1.98Hz, 2H, ArH), 7.32(d, J=7.59Hz, 2H,
ArH), 7.62 (d, J=17.59Hz, 2H, ArH).

2.5.2 E F5T> AV EMAFRTRIG

RER L EBRBZ TR, 3,5-=ba%k
BEREFFY VATV (8.83g, 23.20mmol) %95
%I%/—)v (60ml) IZEMRESE, 10%Pd/C
(0.03g) ZMz7z, BEWESOCIIMEL, fake
FFIY (6ml) Z—FT2HEA IR, DR,
1 BREINEER L, Pd/C 2 ABDH, AWEINE
L, Bonhi-iRts8EL, 3,5-U7 3V REEFR

FFYIVT ATV (5.14g, 16.0mmol) (4XF69.1%,

mp 58.5~59.4C) #4%57:, IR (KBr) : v (em™)
=1700 (C=0), 3400 (NH:), 3300 (NH:), 1525
(NH:), 1342 (CN). 'H-NMR (DMSO-d6) : &
(ppm)=0.85 (t, J=6.60Hz, 3H, CH:), 1.23 (m,
18H), 1.63 (m, 2H, -OCH:CH:-), 4.14 (t, J=6.60
Hz, 2H, -OCH:CH:-), 4.99 (s, 4H, NHz), 6.01 (t,
J=1.98Hz, 1H, ArH), 6.41(d, J=1.98Hz, 2H,
ArH).

3. WREERE

3.1 BRHE7IAXINEEETEIHFERITI
T/ v —NDERREHE 4

RVA I FERIC—RIFERAIND Y7 I VEHIZ
FEEITIVETHY, BHED T I Y EIT 2
HIIMETT2E58—KBTIERZV, THOLDFEERY
TIVELTRENLDIDIIL-VT7I/ V7=
VI—5) (DDE), 44-VT73I )TV 72V A%
Y(DDM) RUNS 7=V Y73y (PDA)
ERMLNTEBY, ThoDVT7IVOEREER
FLHHELE1DKRIZR S, B, DDE OA I
= b o X o THMBL S - FHFEREBER RS
WKEBFEBRL—TVOEREURIET 5= otk
DORTFKEEFBELTEY, DDM OARKIZT7 =)
YERIVATLVTFE FEOBEBEEIZE ) —BET
ER AN, PDAOABIZ= P O{bRUNIET 5 =
POERDOBITRIGEBEHLTWS, CRHOHDRED
A, DDM & ICHWL AT =) YErLD—K
REOEBIIRENTHY, —KIZIIHETHT =}
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N V-0« YN 44'-573/97x=NT—F ) ; DDE
OZN—Q—@NS’ . CI—@—NOQ -NaCl ozn—<;>—o—(;>—No2
reduction HzN—Q—O @—NHZ
WW<:>@%4C>*ME4A%9751971:»x9>;mm
@;Czo_WQ'ﬂ*b_, sz@cnr@m%

HeN— )N, N5Tx=LYUFE ; p-PDA

[@'NHZ nitration OzN—QfNi-b reduction HQN—Q—NI-b]

H1 —BH2FERST I VOEEFE

ON NO, HoN NH,
9 S
@'R H, 4-alkyl-3',5"-diaminobenzophenoné
ON NO ACk o TFd/C o (ADBP)
2 in nitrobenzene - in DMF
2 A A R=CgH1g~C14H29
o?~a O.N NO, Ho  [HN NH, 5
w Pd/C
1 2 8 . in DMF 3,5-diaminobenzoicacid alkyl ester
< (Nj NzH, ) (DBAE)
in dioxane fe) OR Pd/C O OR R=CgHy7~C1oHos
4 in EtOH

at reflux

in DMAC
07 0CH;, 07 > 0CH, 0% >oH 8

6 7 HzN‘QO O O—@—NHZ

1) O—R , AICl3 in nitrobenzene

F—< >—NO
N/ 2 _HO SOCl
KOs o

2) Hp ,Pd/C in DMF 10 o
O R=C1Has
O.N O. (o] NO2 R
3,5-bis(4-aminophenoxy)-4'-alkylbenzophenone
— (BAABP)

1) R-OH , (Nj in dioxane

o7 ~al ‘
9 > 'W*C>4t£TW<DFW2
R=C1zHzs

2) H, , Pd/C in DMF 11 P on
3,5-bis(4-aminophenoxy)benzoicacid alkyl ester
(BABAE)

B2 RETVINVELETIFEESTIVEIT—DEK

UEZRTCICE 0TI T7IVETHIENEL, N, Ry rogEFEH 70U F (1) RUYVe Fox
BHEELZVWEEZONDL, 22 TEESIIY = VEREFBRATFV (6) O-HEEZBEAY, By
FOREETLTAIEERRE LT, THROABRE VFIPSEEHETAVIVRVEVEDT7Y) —FL
EPOHBLEMT NI VEEETHASTIVE) 257 MNRIBERT, 4-7TUFN-3,5-VT73I /N
Y-k BLANBEMESELL (K2), HEWYE VU7 7x./r (3, ADBP) 7%, X, E#i7va—
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O,N NO, 02N NO, Nl-b

\I:fr + @ tAlela He Pa/C_

in nitrobenzene 0 “in DMF 0
o~ a 100°C , 3h O 80°C, 24h O
1 ADBPGQ
3
ADBP Alkyl group

Yield(%) mp(T) Yield(%) mp(T)
ADBP-9 -CH 48.3 50.9-53.8 24.2 59.2-62.3
ADBP-10 -CH 27.3 53.8-56.1 29.1 61.3-62.9
ADBP-11 -CH 58.2 53.6-56.3 16.9 58.2-62.8
ADBP-12 -CH 59.5 56.5-57.8 18.2 66.5-68.0
ADBP-13 -CisHzr 62.9 52.8-54.2 43.1 71.5-72.9
ADBP-14 -CuHazs 86.1 51.6-53.0 32.9 74.1-75.0

3 ADBP O&®H

WEDIATFMERIGERET, 35-FVT7 I/ RBE
M7 VE VT A7V (5, DBAE) "85 hb, —
B, 7x/—k6 2 HEERE L2¥4A1: DDE
B L FROFERREBRI S BH L -7V
HT2/5, TIIMKGBERPEFF =V EDK
INEEHLER O FYIERER, 92HAVE L,
12RO ELRBROFET, 7V—FTNITF7

FRIGD LIZZATFVMERIBEERL, #hEh
35-CA(4-73I )72 7FV)4-ThVFNXRIY
7x/ >~ (10, BAABP) RUSBS5-EA(73I/ 7
I X V)VEBBEBTVENVIAT )V (11, BABAE)
PEROENE, VT7I /)9 —TJxV—FNVEOY
7IVEIL, I0RCUOAKEETE LD, 3K
US04 TORREAFEKRY 7 I v TiE, BFR
FINEFFERICEBEEELTVELAD, TI VD
FISEMET LESTFEORY - B vwa
PREEIN7:OTH 5, WWRVLLDSY 4 STIRE
TFRFIEREIIEEGLTVEA, 7TIJEIEELT
WERYEVRIIIEFHRHUETH S —F VED
BELTBY, FMIHAINKVBETEKD L OKE
AIMREPEZ 2D, B TRORY =755
NHZ EBFHEEINS,

BH7 VR NVEL L CREZERI2EFZOEHKRD
RACKFE Ve, REBPET E L5810 BR
A EICRIZTRIEINEL, X, REFEIFETE
ZHAICIIRET VI VEOKE L EL, BRME
EHICHET BN DD,

3.2 ADBP &R

REHI~UUOEHETNVIF VELEFT 5 ADBP-
9~14 (3) MAKEX3ICT LDz, BBruY F1

sHT

RITATF VIR —F—

4 KFNA %R HEMAKERTRE

L7VENLNANYE Y ED Friedel-Crafts K2 5B
WTIRBHRE LT baRyEVEHAVLLEND
D, =haxyrylLidyrzouxy ok —
iy 7 Friedel-Crafts )t D & # Tl RS 13 # AT
LIZKWZEPHBH L, COHEHAELTE O
FLICIXEFRG o= buEB2MHbY, 7L




FH94E9H

WERRY AL IR (2)

IbohEETHB TV F 4+~ (RCOY) 2RI
LT B TR RN EEZ TS, ¥, =bO
N> ¥ I Friedel-Crafts K2 v & h 5
ELTIERD MEENREOBWBETHH?, B
Hb2108CLEL, RIbiRELY EiF5 2 & Tk
Thb, TVIVER = buxy V7)) K2
R ET50% L EOIFIERTHE L, .

VZ b EWORTRINIIEL OFEBA LN
TW5A, R TIIKET A BMIHALT,
L LTS5V ar—Ky (Pd/C) #HWT
R %479, BSEOBEMKERTLITo7 (K4),

COHETKEOY Y IV EEETHILIZTER
WA, B5TL2 b EDOH#LT % BAOEEDR Y
BATEBHTAILNTELLEINALDHSE, =
Oz d, AXLIBEREHAVEAEE, P 0L
Pd/C # V558, BiLF M) a2 W5 hHE
FEEBRE LV ThoFETOIRIBTAIT7 IV
PHMS L LI TE Lol TRLDTVTI Y
WA VKR NVEPFELTEY, = PuREo&ET
RGBSR A Z LS FHEIN, B KIS DS
BTSSRV EIFTH S L FRENS, BB
F— bt V—T2Hw, BERPKZEEDZERS

- o) o) NH2
O2N 02 pyridine 2 2 NoH, , Pd/IC
. +  R-OH S ioxane in EtOH
PAYAN o, 4 % =
0”7 Tl 80°C, 3hr O “OR 100°C, 1hr 0~ “OR
1 4 DBAE (5)
4 ]
DBAE Alkyl group
Yield(%) mp(T) Yield(%) mp(T)
DBAE-8 -CsHur 19.5 47.4-49.1 14.0 Wik
DBAE-9 -CoHig 49..1 45.7-47.2 43.2 31.9-33.2
DBAE-10 -CioH2 12.5 42.5-44.6 10.1 49.2-50.1
DBAE-11 -CuHzs 45.3 50.1-561.9 70.1 52.9-53.9
DBAE-12 -C12Hzs 26.8 53.5-54.5 69.1 . 58.5-59.4
DBAE-13 -CisHzr 41.5 57.3-58.5 61.5 57.8-59.4
DBAE-14 -C14Hze 36.9 53.5-58.8 63.4 63.4-64.2
- E15 DBAE O&HL
oy oo ypOre
2 2
F‘@'Nog H20
. KO3 H
07 ocHg in DMAC 0%~ OCHg
6 7
oo o-{)s oo,
SOClo
———
at reflux
o) H o ¢l
8 9
Compounds Conditions Reaczl::) time Reactzc:(r:l)temp. Y(;?)l)d (r%p)
3 K2COs in DMAC 24 85 81.6-97.2 168.5-171.2
4 H20 in H:S0:/AcOH 24 120 88.2-95.2 222.8-226.0
5 SOCl: at reflux 3 85 80.6-83.7 126.8-129.5

E6 BEE(LPRMAOEE




ABRLEBHFHPIFHLE

F13% 15

BB EBRPLETH A9,

3.3 DBAE O&H

DBAE D&BEREZH S5 I2F Loz, NXRIZE
HRBOBETHL7-0ETIEL2&DDH B, 2D
il y=rafk4 oBRiCiEe F5o ¥
#AKFIFEE L Pd/C il e LTHWS FEE2RA
L7ze COBRITEEH CRRAEAZETNAZHAVEF
BB LIRS BFCERPOMBED BIFL ko
b ThHb, X, SOL K5I UBIETIREEYE
LTx¥ /- VaFEHLTEBY, KS#%Pd/CzA
BLTAEEZRETAHETT IV AIPEERL, &
BRTOEADNBESTH5D,

3.4 BAABP XU BABAE MDA

BRIBALY P AR 9 13 3CHRP BB HEEIC X ) A K
L7z BRREA T LD L6 DI Y, BAT Y
T b EAELET0% U LOBENKR TG EITYT

0N~ V-0~ 0~ H-No,
9 :

R

5,

T NVF IR E EE O Friedel-Crafts Ut i33.
28Tk ~_7z ADBP O& L B L, BEH1ERLR5,
B 74 DEETTiIToBE7 ) F9 L FFY
WXy ¥ v L d Friedel-Crafts KIS % F & ®HTW
%753, ADBP O& L R0 &M, BlH, 100C, 3
FRER D BOS TN IIEPS5% 12T Ehh o7z,
ZIT, RnGEHEZI9EICER L2, £BYIiL
S00CLAETHREL 2 VWBRIRYW TH o7z, T

BRI XA L 7221200 T — 7 OV A H BRI 1 X

@ Friedel-Crafts
—_—

DR LUTER L7 =/ — VERDSEERE T T4
L7z7x/ =R Cidevwhr il IhL, 22
T, COKLZEIRSEZIHTLEHNT, BELLT
—haxF ey, RibARPOEAE%Z AlCk-
CH:NO: 88K L 45 = L CHlliEME 2 KT 89,
BICHUSIRE Z40CIET S TEBEIC 21T

oN—{ )0 e o+ Yo,

ot g
R
R = CizHzs
9 12
Temp. Time Yield mp
Run Solvent Catalyst () (hr) (%) () Remarks
1 Nitrobenzene  AlCls 100 3 5.5
2 Nitrobenzene  AlCl; 100 19 64.8 500<  Resinous material
3 Nitromethane AlCls 80 3 26.2 102.4-104.7
4 Nitromethane AICls 60 3 33.3 103.8-106.8
5 Nitromethane AlCls 40 16 36.7 101.7-104.1

7 BAABP O4&8 (Friedel-Crafts KI)

O2N —Q—o o~ _)-No
X

OzN-@-O O-@— NO:2
Esterification
q 4+ Ci2HosOH ———————»
o~ cl 07>Ci2Hz2s
9 13
mp 218.5C~220.8C
. i Yiel
Run Solvent Catalyst T?,Icn f ’I(‘;r:)e (;: )d Remarks
1 Dioxane Pyridine 85 1 - No reaction
Dioxane  Pyridine 85 24 48.2
3 Dioxane  Pyridine 85 72 54.0
8 BABAE D& (A7 WLRE)
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CLETY=bOBI2EARTHIEATEL, BIE ALVERHMORDEZELAL (H8), Y=ok
1LHEE ERET VI NVEDRERIZEATRA 12ROV = PuAKIBORTRIGIIKETAZH VS
TVERIBIZB\WTIX, RIEiT®R~72 DBAE %  HFHELE FIF VY 2HVWLHEOME 2 KA

0 ZN‘O‘O O—@-NOZ H2N—©—O O—QNH;_
X X

O”"R 0" R

Reduction
—_——-—————’

R;:—{ )-C12Hzs 10 (BAABP-12)
—OC 12H 25 u (BABAE'12)

Dinitro o Temp. Time Yield mp
Compounds R He Solvent Catalyst () (hr) () ()

12 ~{)-CuHs Hydrazine EOH Pd/C 95 24 144 47.2516

13 -OCizHzs Hydrogen gas DMF Pd/C 80 24 550 189.6-192.4

9 BAABP RU'BABAE &8 (BLEG)

Hb
o H'.‘“ Hp Hy Hy Ho HZH'
He G-Cag Cog Oog Co g CHi
Wit figh Ha H2 Hz H2 Hp
HO
Ha
Hb
Nl 78
Hi
l N-H
He Ht
Hg
Hh
L DMSO
PPM
........ R e e o e L B e e o o e e o o B A
9 8 7 6 5 4 3 2 1 0

10 BAABP (10) ®'H-NMR ®Z~2 kb




ABKTEBFEMIERALE

#£13% K15

(H9), Y= aBl20BAICER LAY T IV
1510 (BAABP) O#MEDETLE FT Y V2 HWS
FHEPFELL, V= FaFIB3DGAICITERKT S
V7 I VBEUONED L TKREN A% VB HiEdS
HELWIEHPHBHL, BATVINVEERZE TS
FHT 7 I VHEOBERZRIIIR XU NMR 2w
THTo 7245, NMR A7 b Vv FEB E LT
BAABP (10) ®'H-NMR AX%Z b V2HI10IZRT

4. &

REBLMBOBBET VI VELET L 4EED
FHLEBFRST I VOEEBERERVELE, &
NoDERITAIBEOFEFERY = ukoBERE TR
BTNV NVELZEALTBE, 20%, BETRE?%
TV, FEEIT7IVETEHEIESVTVS,
CNLDOERETVINVELETLAHFEERIS 7 I Vi
R)A I FOBEREZYR TSI L2 HHIZARE
n, ADBPEDBAIIBNWTEORE L BEICHERR
LTWwa, THDWEERY A I FoAB LY
KL TIIHmBTHERS, X, TNLDOFFERYT
IVRIIFIA I FNOIBHDOA LSBT, RKYT I
FRUZRX VEER EOE8BE, EHT VL
EOBKEZFMBALZRY 73 v 78 LB ESIZN
HWEkchr L Er b5,

& &
FREERT) CHA), RELHBELVALE

i

¥ LAEMKRZOHRELHIR, UWNKEONER
KERB#I%, BFREOKGHFTHEER EARE
BTL (BR) ORAKZEEHICE#H VA LET, &
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Spinor Analysis for the Partition Function and the Spin Correlations
of the Ising Model on the Helical Lattice

Yoshiaki TANAKA

Abstract

In the Ising model on a helical lattice with period M (in the limit of M—o0 of this lattice, the
model corresponds to the two-dimensional Ising model), the partition function is derived exactly, by
the spinor analysis, which was employed by Kaufman and Onsager. Furthermore, the two-spin
correlations at arbitrary distances are expressed exactly.

1. Introduction

The partition. function of the two-dimensional Ising model was evaluated exactly by

Onsager”. Subsequently, this result was also derived using the simplified formulations of the

spinor analysis by Kaufman?. The calculations of the two-spin correlations at arbitrary dis-

9 which was employed

tances were presented by the present author using the spinor analysis
by Kaufman and Onsager®.

In this paper, we study the helical lattice Ising model®~®, whose Hamiltonian is given by

$=—3:3 o(m)o(m+1) =83, o(m)s(m+M), (N+1=1; N-co) (L1)

where J1 and J: are the exchange interaction constants, N is the total number of lattice sites,
and o(m) is the Ising spin at site-m on the helical lattice with a period M. In the limit of
M—oo of this lattice, the model corresponds to the two-dimensional Ising model. The partition
function of the system is given by
Z= 3, exp(—H/ksT), (1.2)
{s} .

where ks is the Boltzmann constant, T is the temperature, and the notation {¢} means the sum
is to be carried out for every spin. The spin correlation {s(1)s(q)> is given by

(e(Do(a) =23 [s(1)s(@)exp(—H/aT)]. (q=2, 3, =, N) (1.3)
Z lot

In the present paper, we report the rigorous expressions of the partition function and the
two-spin correlations at arbitrary distances for the Ising model on the helical lattice, by using
of spinor analysis.

2. [Expression of the partition function

We rewrite the partition function as follows:

Z=S. I lexp [Kio (m) o (m+1)] X exp [Keo (m) o (m-+M)]1, (2.1)

{o} m=1

where Ki=Ji/keT (i=1, 2). We notice that, in the spin space {¢(m)s(m+1)--e(m+M—1)}X

FH9ES A28 XE
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{e(m)e(m+1)--6(m+M—1)}, the quantity exp [Kis(m)s(m+1)] is expressed by the matrix
Bi, that is :

exp(Ki)
exp(—Ki) 0
= exp(—Ki) ®Iv-s, In=L®L® 8L (2"X2™ unit matrix), L= [O 1]
0 exp(Ki1) (2.9)

Here the symbol ® means the direct product. In the spin space {¢(m)s(m+1)-¢(m+M—1)}
X{o(m+1)e(m+2)--6(m+M)|, the quantity exp [Kzos(m)s(m+M)] is expressed by the matrix
B:F, where

1 0 10
0 1 10 ,
o 1 T
exp(K:) exp(—Ka) _ )
B:= Q Im- = Fi= L (2Mx oM
2 exp(—Ks) exp(Ks) Iv-1, F : : s 01 (2 matrix)
01
1 O .ee
0 1 01 (2.3)
The matrix F is written as follows:
1000
= (f®Im-2) (1 ®f ®Im-3)++* (Im—-29f), F 1= (Im-28f) (In-3®f ®T1)-- (f®Im-2), f=f"'= 8 ? (1) 8 .
0001
(2.4)
We now introduce the Pauli matrices as
01 0 —ll
X = Y: 2.5
P=l1o) 27 0 —1 (2.5)
We have the relations
pxpyzipz’ prZ:ipx, pZPX:ipy, pép’i +p7p5=28(5’ 17)11, (5’ 77=x’ y’kz) (2.6)

where & is Kronecker’s delta. By using the Pauli matrix, B: and B: are written as
Bi=Iuch(K1)+(p*® p*® In-2)sh(K1), B:=[2sh(2K2)]? [Imch(K:z*)+ (p*® Im-1)sh(Kz*)], (2.7)
with the abbreviations ch(K)=cosh(K), sh(K)=sinh(K), and K:* is defined by a

sh(2K:)sh(2K:*)=1. (2.8)
Using B, B: and F, the partition function is expressed as
Z=Tr [(BiBF)N]. (2.9)

We define a matrix W as

Lty o

W=W_1=W1®W1®""®W1 (2Mx M matrix), W1=W1‘1=‘/—é_— 1 -1}

Using the relations Wi 'p*Wi=p* Wi 'p?Wi=—p*, Wi !p*Wi1=p* and F=W 'FW, we confirm that
the partition function is given by

Z=[2sh(2K:) 1™ Tr(AY), (2.11)
where
A=AAF, Ai=Iuch(Ki)+ (p*® p*® In-2)sh(K1), Az—-IMch(Kz*)+(p ® Im-1)sh(Kz*). (2.12)

The spin correlation is expressed as

<a(1)a(q)>=%[2Sh(2Kz)]N/2 Tr{(p*® In-1) A" (p*® In-1) AN 9], (q=2, 3,-+-, N) (2.13)
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- 3. Eigenvalues and eigenvectors of the matrix A

The matrix f defined by eq. (2.4) is written as follows:
£=(1/2)(LIa+ p*® p*+ p*® p*+ p'® pY). (3.1)
We define matrices F* and G by
FO=(f*® Im—2) (I ® £* ® In-3) -+ (Im—2® * ) (Im—1® p*)™,
FO=(f*® In—2) (I ® £* ® In—3) = (Im—2® £*) (Im-1® p*)M 1,

£*=(1/2)(L+ p*® p*+ip*® p*—ip*® p?) =(1/2) (I+ip?’® p*) (I:—i1p*® p*), (3.2)
and

G=p*® - ® p. , (3.3)
We notice the following relations for matrix G, that is

G=Iv, [(1/2)(IntG)]*=(1/2)(In£G), (Iv£G)(IvFG)=0, (Im£G)F=(In£G)F*), (3.4)
and G is commutable with A:;, A: and F. Using the relation (3.4), we have

F=(1/2)(Im+G)F*+(1/2) (In—G)F. (3.5)
Therefore we obtain

A=(1/2) (Iv+G)A+(1/2) (In—G)A), AP =A1AF®, (3.6)

We put :

Pi=p*@Iu-1, P:=p*® p*®@In-2, Ps=p*® p*® p*Q@Im-3, *=:, Pu=p°® p*®@ - ® p*® p7,

Q=—p'QIu-1, Q=—p*® p'QIu-2, Q:=—p*® p*® p*®Im-3, ***, Qu=—p*® p*® - ® p*® p’. (3.7)
P« and Q«(k=1, 2,--, M) are the bases of the 2¥X2" matrix, that is

PP+ PP=25(k, £)Iv, QQe+Q:Q=25(k, £)Iv, PQ:+Q:P:=0. (k, £=1, 2, -, M) (3.8)
By using eq. (3.7), we have

Ar=Iuch(K1) +iQiP:sh(Ki), A:=Iuch(K:*)+iP:Qish(K:*). (3.9)
We are able to treat (1/2)(Iuv+G)A™ and (1/2)(Im—G)A"", independently, because of the rela-
tions for matrix G in eq. (3.4). Furthermore (1/2)(Iu+G) and A® are commutable with each
other, so that we are able to treat these independently.

We define the rotation matrices of Ai, A: and F® as Dy, D: and H*), respectively, that is

S(D1)=A1, S(D:)=A: and S(H¥)=F%), By using eq. (3.8), we have

S(D1) "'Q:S(D:) =Qich(2K:1) +iP:sh(2Ki), S(D1) "'PS(D:1) = —iQish(2K1) +P:ch(2K1),

S(D1)'QS(D1) =Qx, (k+*1) : S(D) 'PS(D:) =Px, (k+2)

S(D2) 'PiS(D:) =Pich(2K:*) +iQish(2K:*), S(D:) 'Q:S(Dz) = —iPish(2K:*) +Qich(2K:*),

S(D:) 'PS(D2) =P, (k*+1) S(D:) 'QS(D2) =Qx, (k+1)

S(H®)'PS(H®) = FPu, S(H?) 'QS(H®) =FQu,

S(H®)'PS(H®)=Pi-1, S(H®)'QSH®)=Qu-1. (k+*1) (3.10)
From eq. (3.10), in the 2M-dimensions spin space (Pi, Qi Pz, Qz, ---, Py, Qu), the rotation ma-
trices are given as

2 3 1 2
L i _ch(2Kz*; ish(2K2*); 0 l(l 0 0F1 O
{ ch(2K1) ish(2Ki) 0 (2 —ish(2Ks*) _ ch(2Kz*)! (2 00 0 F1
Die| L=ish(ZKo) _ch(2K) 3 pye T ge=|100 0
T 0o |- L
0"y 10 100

(3.11)

It is known that the equation S(X1)S(Xz)=8(X:iX:) is valid, where S(Xi1), S(Xz) and S(XiX:)
are the transformation matrices to the rotation matrices Xi, X: and XiX, respectively. Hence
we have
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A®=8(D1)S(D2)S(H®) =S(D:D:H*) =S(D®), (3.12)
where D®=DiD:H®), which are the rotation matrices to the transformation matrices A™*.
We consider the matrices D®. We put «» and X»® are the eigenvalues and the eigen-
vectors of D) respectively, that is
DEXH = reXPmn. (r=1, 3, -, 2M—1 for X*; r=2, 4, -+, 2M for X7 (3.13)
From the egs. (3.11) and (3.13), we obtain
i [Fsh(2Ki)ch(2Kz*) + xch(2K1)sh(2K:* ) IX®(2M—1)
—[Fsh(2K1)sh(2Kz*) + xch(2K1)ch(2K:*) + M1 ]1X®(2M) =0,
[ Fch(2K1)ch(2Kz*) + esh(2K1)sh(2Ka*) — kM]X*(2M —1)
+i [Fch(2K:1)sh(2Kz*) + ksh(2Ki)ch(2K:*) 1X*(2M) =0, (3.14)
where X® (k) (k=1, 2, ---, 2M) are the elements of X*'«). Hence we have
ch(My ») = Fch(2K1)ch(2K:*) +sh(2K:1)sh(2K:* )ch(y @),
. (r=1, 8, ---, 2M—1 or r=2, 4, -, 2M) (3.15)
with 7« defined by exp(Zxy®)=«w), where ¥« is generally complex number.

The matrices D are transformed by the matrices U* as follows:
(U(:t))—lD(i)U(:t)zﬁd(:t)’ (3.16)
where
chg)/m) ishgy(ng
—ish(rw) ch(yw 0
ch(7®) ish(wa)g
D= —ish(y®) ch(zw® l
0 % ChE}’(ZM—l); ishgy(m—n)
t—ish(yem-n) ch ¥ aM-1)
chEy(z); ish()f(z);
—ish(y@) ch(rwe 0
.chgyu)) ishgyw)
Di-'= —ish(yw)_ _ch(zw) ,
. (3.17)
0 i _ché}'(zm) ish(y(zmg
"—ish(y en) ch(y e
(£)

The components of the matrices U'* are given as

(U, 1= \/fll—(r) [Fch(2K1) —ch(My @»)ch(2K:*)],

(U am-1, 2-1= \/—Rl(_r)_ {sh((M—m+1)y©) [sh(y ®)sh(2K:)sh(2K:*) £sh(My»)]1}, (m=2, 3, ---, M)

(U )am s11 = “i_u [ —i [ch((M—m)7 ©)sh(2K1)ch(2Ke*) —ch((M—m+1)7 0)ch(2K1)sh(2K:*) 11,
) ’ (m=1, 2, -, M)
(U1, 2 TR [ —ish(My »)ch(2K:*)],

(U ) a1, 20 = x/é_m {fich((M—m+1)y®) [sh(y »)sh(2K1)sh(2Kz*) +sh(My ®)]}, (m=2, 3, -+, M)

(U == [sh((M—m)7 )sh(2K1)ch(2K:*) —sh((M—m-+1)y 0)ch(2K»)sh (2K:")],
(m=1, 2, -+, M)
(£=1, 2, -, M; r=2¢—1 for U™, r=2¢ for U) (3.18)
where R is normalized factor, that is
Ro=FMI[sh(y ©)sh(2K:i)sh(2K:*) +sh(My »)Ish(My ) +(1/2) [ch(2K:) exp(My »)ch(2K:*)]
X [ch(2K1) £exp(—My »)ch(2K2*)1+(1/2) [sh(y »)sh(2K1)sh(2Kz*) +sh(My®)]% (3.19)
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The matrices U® are orthogonal, so that we get the transformation matrices S(Da*’) corre-
spond to the rotation matrices Dd*), as follows:
exp(y ©/2) 0

0 exp(—7r®/2)
(r=2m—1 for D', r=2m for D) (3.20)

— M M
S(D«®) = T] [Imcosh(y »)/2) +iPaQusinh(y ©//2) 1= [] (In-1® ® IM-m).
m=1 m=1

We now have the diagonalized matrices S(D:*’) of A®. From egs. (3.12) and (3.16), we
have
S(Bd(:t))=s [(U(:I:))—ID(:I:)U(:!:)]:S(U(i))—IA(:{:)S(U(i))’ (3.21)
where S(U®) are the transformation matrices corresponding to U*). From eq. (3.20), we ob-
tain the eigenvalues of A as
24

(£)
S(U®)A®S(U®) = | Az . 0 , (3.22)

0

AME)

where we put

AP =expl(1/2) (+7yw+y@+7 6+ = +7am-n)}, AT =expl{(1/2) (+yo+yw+y©+ = +7eaw)l,
A P=expi(1/2) (=7 w+y@+7 e+ = +yem-n)l, A7 =expl(1/2)(~y@+yw+y©+ = +7 )i,
A =exp{(1/2)(+yw—7y@+7e+ = +7em-n)}, ‘"3(_)=exp{(1/2)(+7(2)—7(4)+7<6)+ w4y an)i,
Al =expl(1/2)(—yw—y®+re+ = +7eu-n)}, Ad7=expl(1/2)(—y@—7w+7r©+ = +7@w)l,
AMP=expl(1/2)(=yo—ry@—re— = —vew-n)l, AM=expl(1/2)(~7@—7w—70— = —y@n)l.
(3.23)
Therefore we have
Al(+)
0 0
1 AdH)
7(1M+G)S(U‘+’)“A(”S(U”’)= ,
A6(+)
. A7(+)
0 0
0
Az(—)
/13(_)
1 0
—2—(IM—G)S(U“’)‘IA(')S(U(‘))= As((_))
0 e
) (3.24)

We now define a matrix Y by
Y=%(IM+G)S(U(”)+—%—(IM—G)S(UH), Y‘1=%(IM+G)S(U“?’)“+%(IM—G)S(U<")“. (3.95)

The matrix A=(1/2)(Iu+G)A"+(1/2)(In—G)A"’ is diagonalized by Y, as follows:

Al

Ar 0

Y-lAYz%(IM+G)s(U<+>)—IAS(U<+>)+%(IM—G)S(U<->)-IAS(UH)= , (3.26)

AM

where we put A1=2A:"", 22=2:7, As=2As7, 24=a4", As=2As"") and so forth. We have the final
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expression for the partition function as follows:
2M
Z=[2sinh(2K2) ]** 3, ()N, (8.27)
r=1 X
where

M M
exp [-%—2 Y @m-ni@m-n), and [] #em-v=+1, (for r=1, 4, 6, 7, 10, 11, --)
A= i B (3.28)
exp [-%—2 yemten], and [] gew=—1, (for r=2, 3, 5, 8, 9, 12, --+)
m=1 m=1

with 7 @m-n and 7 e given by eq. (3.15). The values y» are generally complex number, so that
the eigenvalues Ar are generally complex number, too. The largest eigenvalue is [Ail=lyro+
y®+ - +yeu-vl, that is

M .
Amax= | A1] = |exp [-%—2 yem-n]l=lexp [(1/2) (y o+7y@+ - +7em-0)]l, (3.29)
m=1

and there is not degenerate for Amex. _
Now, we consider about solutions 7 = given in eq. (3.15), which are generally complex num-
ber. We put yo=aw+ifw (r=1, 2, -, 2M), then the eq. (3.15) is expressed as
ch(Maw)cos(MBw)=Fch(2K1)ch(2Kz*) £sh(2Ki)sh(2K:* )ch(am)cos(Bw),

sh(Ma®)sin(MBwx) =sh(2K1)sh(2K:*)sh(a®)sin( ). (3.30)
In the limit of M—oo in eq. (3.30), we have aw—0, Bw=rx/M, and then Maw is given by
ch(Maw®)=ch(2K1)ch(2Kz*) —sh(2K1)sh(2K:*)cos(rx/M). (r=1, 2, -+, 2M) (3.31)

The eq. (3.31) agrees with the result for the normal two-dimensional Ising model?.

4. Spin correlations

We write eq. (2.13) as
(5(1)0(a)> =L12sh(2Ke) " Tr (PATPIAN ), (g=2, 3, -, No) (4.1)

where Na=(N/2)+1 (for N=even number) or Na=(N+1)/2 (for N=odd number), and we used
the relation Pi1=p*®Inu-1. The matrix (1/2)(Iu£G) are commutable with A®*’. By using the re-
lation (Iv+G)-(In—G)=0, and (Iv£G)Pi=P:(IuFG), we have '
PlA‘FIPlAN*““'—“(1/2)(IM+G)Pl(A(’))“_lpl(A(”)N_q“+(1/2)(IM—G)Pl(A(”)“_lPl(A(_))N_q“. (4.2)
The partition function is given in eq. (8.27) as Z=[2sh(2K:)]V* [(A1)¥+(A2)V+ - +(AMN].
Therefore we obtain
e (D)o (@)>=[(A)N+(A2)N+ - +(AM)N] X {Tr[(1/2) (In+G)P:i(A7)'Pi(AH)Ns+1]
+Tr[(1/2) (In—G)Pi(AM) P (AC)N-H]}, (q=2, 3, =, Na) (4.3)
For T>T. (T. is the critical temperature) the largest eigenvalue of A is Ama=A1 which is
eigenvalue of A, and there is no degeneracy. In the limit of N—oo, (1;/21)"—0 (j*1), so that
we have
(e (1) e (q)>=(A1)" Tr[(1/2) (In+G)Pi (A7) Py (AP)N9*1]. (q=2, 3, -+, Na; N—>c0) (4.4)
The matrix (In+G) is commutable with Pi(AT?)'Pi(A)¥"9*! then we consider about the ma-
trix Pi(AC))e 1Py AG))N-at,
Now, we define the rotation matrices of P: as Hi, that is P:=S(H:), and we have
S(H) "'P:S(H:) =P;, S(H:) 'PS(H1) = —Py, (k=2, 3, -, M)
S(H)'QS(H)=—Qx. (k=1, 2, =+, M) (4.5)
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Therefore, in the 2M-dimensions spin space (Pi, Qi P, Q, -, Py, Qu), the rotation matrix is

given
1
m= ~1. 0 (4.6)
0 -1
By using eq. (3.21), we have
(6(1)a(q)>=(2)""Tr{(1/2)(In+G)S[®(q) I}, (q=2, 3, ***, Na; N—c0) (4.7)
where
o(q) =HiU(Da ) (UC) T HUS(DaH)N-a+ () 1, (4.8)
In the limiting case of N—o, we have
S [(Da)]xN-a+D = ﬁl [Imch((N—q+1)7 @m-1/2) £iPaQush((N—q+1)7 @m-1/2) ]
(¥ T (1/2) (b iPa@a).. (N-vco) (4.9)
Now (IMm+iP:=Qn) and (Iu—iP=Qm) are not the inverse matrix of each other, and we however
have
(Iv—iPaQnm) P(In+iPuQm) =2(Pu+iQx) 0 (k, m),
(IMn—i1PuQn) Qx(IM+i1PuQn) =2( —iPu+Qx) 8 (k, m). (4.10)
Then we put
11,
. _T_i__lJ:.__ 0
S [(Da) IN-9t1(11)N-*1§(Ho) (N—0), Ho=(1/2) P . (4.11)
0 =77
'—i 1
By using eq. (4.11) in eq. (4.8), we have
(6(1)a(q)>=(20)"*Tr{(1/2)(Im+G)S [®(q) ]}, (q=2, 3, *-*, Na; N—c0) (4.12)
where
o(q) =HU(D:)(U) " HiUS Ho(UP) L, (4.13)

The matrix ®(q) is 2MX2M matrix, and then it is able to transformed by a proper matrix
V as follows: ‘

.vlexpgwu); imexp(wm;
—1lyiexXplw) _uexp(wu)

vexplw®) 1vexplom)
V‘lw(q)V:% —ivexplom) vexplom)! ,

|
ol
| UMexp w(M)g iUMengw(M%
'—1vmexplomn) vmexplwm)

(N—oo) (4.14)
where vo,==*1 (m=1, 2, -, M). Therefore we obtain
1
0 .
0
(4.15)

S[V'o(q)V]= It[lexp(w(m)/Z)X(1/2)(IM+iPQO)=exp [(12)(wr+we+ -+ ‘.‘I“w(M))]

and
(a(Da(g)>=(A11)"%exp [(1/2)(wn+wo+we+  +wm)]. (q=1, 2, -, Na; N—>o0) (4.16)
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5. Concluding Remarks

We obtained the rigorous expression for the partition function of the Ising model on the
helical lattice. In the limit of M—o0, the result agrees with the result for the normal two-
dimensional Ising model. We can get numerically the eigenvalues exp(ww) (m=1, 2, -+, M) of
the matrix ®(q) in eq. (4.13). For the reason that the matrix ®(q) has not 2¥X2™ elements,
but only 2MX2M elements (where M is the period of the helical lattice), we can treat the lat-
tice system with rather large M. By using the expressions in the previous section, we are able
to calculate the two-spin correlations {¢(1)s(q)) at arbitrary distances (q is any integer).

As an example, for the J=J1=J: system with the lattice size M (M=50; N—o0), we calculated
the temperature dependence of <{s(1)s(q)) (q=M+3, 2M+5, 3M+7, 6M+7). The results for
the system with M=10 practically coincide with the curve from the calculations in the normal
two-dimensional Ising model”, in the whole temperature.

In order to test the lattice size M effect, for the spin correlation {¢(1)s(2)) on the lattice
system with J=J1=J: at the exact critical temperature T.” (in the limit of M—>oco; ksT./J=
2.269185---), we compare the present results (for systems of M=4, 5, ---, 150) with the exact
value <o(1)a(2)>=1//2 (for system of M—c), in Table I. The present results are comparable
with the values by the normal two-dimensional Ising model.

The analysis of the eigenvalues exp(ww) (m=1, 2, -, M) of ®(q) that gives the expres-
sions for the spin correlations, and the zero-field magnetic susceptibility of the present model
are problems to be studied in future.

Table I The spin correlation <a(1)s(2)> for the lattice size M (M=4, 5, ---, 150) on the
system with exchange interaction Ji=J:=J at the exact critical temperature
To(knT./J=2.2691854). The percentage in parenthesis presents the difference
from the exact value.

M <e(Da(2) ’ M <e(1)a(2) M <e(D)e(2)

4 0.734871 (3.926%) 10 0.708786 (0.2374%) 100 0.707131 (0.00342%)

5 0.711731 (0.654%) 20 0.707568 (0.0653%) :

6 0.710915 (0.539%) 30 0.707319 (0.0300%) 150  0.707120 (0.00192%)

7 0.710162 (0.4321%) 40  0.707230 (0.0174%) : "

8 0.709574 (0.3489%) 50 0.707188 (0.0114%) :

9 0.709127 (0.2856%) : 0 1//2=0.707107 (exact)
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Some English Expressions Picked Up in Great Britain
—Part 1—

AMAFUJI

Masaru

During my short trip around Great Britain, I came across many interesting words and phrases,
some of which I am not familiar with. Since it was my first visit to this country, those expressions

caught my attention.

I consulted some of ‘my dictionaries, British and Japaness, to see if the words or phrases are
properly defined, or if they are labeled as British English or not. In many cases, I must confess, the

dictionary descriptions were disappointing.

0. & U ® IC

FERAZFIHLTA T AOEHEKY % L7,
COEEIHDTHE>72DT, REETH5HDLETH
BLbrolzh, BCEHAOERR/ Y7Ly MNEL
ERAGFEORTHELN D KBUIIEIRE 5z,
WL OPDFEMIZONVT, BEDFETIIE ) Hb
NTWaBD, /2, A F)RAEFEE V) L—UH
HBENED B, BEERFLITTHTAR,
R E LCTfio7zmid, (1) 2 B o hcdT I
LR - EROBEK3504L, (2) RITEANFT
RB&BLRETHL-73 7Ly MADHFEIL
FERNAOYFIZE D T TOEFHY100M /K TH
B (LTl (X) oXRBIZIE, ZORELHTE
#xk, DE Yig, 2 ¢ ) CARTRL
72)o
A L7 BFE IR DOL0M, /e Tld e DS
Y (BRIO 5% [4 XY A0 5t (0fEE) ],
“"OSME THAD S (0FF)] 2T
TERTAHILDEDHSD),
COD® Concise Oxford Dict.® (1995)
OALD® Oxford Advanced Learner’s Dict. of
Current Eng.® (1995)

LDCE? Longman Dict. of Contemporary
Eng? (1995)

CCED* Collins Cobuild English Dict.? (1995)

CIDE Cambridge International Dict. of
Eng. (1995)

PR 945 238 X

[ [7urvyy7rifmEent] (1987)
(7] [#Hhro—,ovEmEEs] (1994)

[V [V—=7 A%EMEEH2] (1994)

4] [ALyTT4 by ZFefIEREL] (1995)
[Z] [AN—7 > h —FREF] (1997)

1. AFDVIAABRHEVEED !

FERRIALEEIEE 25T, [AHRICE S EE
DR OFE A H—AE KT & Z O T OFED H—|
LELT, HRO—/MITTOEREHE L, BT
HWLOMREIIVFELZEZ T, RITHDDOVDVEHEY
BIFTECLE L2, £2°C, SHG, FFiI14
FVYRADFEWRDEFTR L P OMHED LI,
(1] VLR CFEIRE

(01) SANDWICHS (London)
(02) EGG, BACON, SAUSAG {(London)
(03) Restarant {London)
(04) Cut + Blo Dry soon (Bath)

Mg at

: &

-y MG
AL
IR
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FL13% H15

[(01) iZEHFHEL2BDEAHH B, (02) 3h
WMDANR— APFGEHIEZ o7, (03) EH%F
([réstoront]) DFEEH, (04) L]
(2] &5 % LFDAE
(05) SANDWICHE & COFFEE SHOP
(London)
[(05)1& [-S # BULITHEDE | L HHMZ I R,
K+ AE OWA, BI04 BRIV ]
[3] 5o hiz - BT
(06) CLOTHES % GIFTS (Hay-on-Wye)
(07) ... PIE & BEANS £2.00 {Glasgow)
(08) Wilde’s Wine Bar & Bistro  {York)

o
H

BEH3 (06) E®r4 (08)

[(06)—(08) XL\, (06) XFDLFDE
ANBEALEZTYH, HELIEIEZIZW)

2. BIERICAGRICHED !

fAIESEEEA MM L T, X ArEFIIE L v,
W OPRIREC D DERY LI THZ (HEDHT
BFAOTNVT 77Xy ME),

[1] by ground floor

(01) Enter by ground floor {Edinburgh)

(02) Wheelchair Access from Argyle Street
{Glasgow)
(03) Entrance via Visitors’ Centre

{Stratfod-on-Avon)
[(01) IZEBED»S 2B L 2FEFEREDOHE

/R, enter by the front door 7% & DL &

{BHBH, floor lZOPWTHHEZHDIFBL L

A ]

[2] open from 10am

(04) open daily from 10am <Cambridge)
(05) OPEN FROM 6.30 PM {Glasgow)
(06) June to September open to 6pm
{(Edinburgh)
{Cambridge)

entrance.

(07) Open daily at 10am.

(08) Also Sunday open at 11-5.
{(Hay-on-Wye)

[ ZDfEE 9FEBIEZZ] X The shop opens
at nine. T# - T from nine Tl %\, L&»
L, (04)—(06) @ open IR, (07) (X8
#o (08) IEMHDRET, MEICERITRRY]

[3] in the road

(09) Parking in the road outside the house.

{Cambridge)
(10) Parking in Silent Street just past the
shop. {Cambridge)

(11) On-road parking outside shop.
{Stratford-on-Avon)
(12) On street parking. (York)
[[(street & 33> T) road 22V T, 4
FYREETHL on 2 VLI LD Lk >T
W5 | ([EFEREE A RE] pdl) L),
on the street/road OHNIRETE Lh o7z,
=720, (11) (12) ®»FEBL Tl on]
[4] on the door
(13) Admission by catalogue, price £5.00
[available in advance or on the door]
{London)
[o&EBIE CODY, CCED?’, [77] 1Zid7e\vy,
CIDE 1ZiZ [A person on the door is some-
one whose job is to wait by the entrance
of a building to collect tickets or to pre-
vent particular people from entering.| &
Hb, [ #KbT onThH»H), 4B,
Z DEHRDEL-OLH LMD 6 fHIId 7 ViFR.
7, CO6MOAFEDRE LIETXTbe on
the door 7278, (13) & CIDE ®# be @ 7z \»
¥l
[5] on this station
(14) It is illegal to smoke anywhere on this
station. (London)
(15) Cycles must not be left unattended at
(London)
(16) Available only for persons having
business at the station. (Hereford)
[(14) ®oniX, 525D (15) (16) @ at &
1319 D725 9 %, on the campus/farm (%
I RPF 5D, BWiZOowon idB Lwv,
7272L, LDCE® 2l [in a particular place,
building or area of land: Several bombs

the station.

landed on the runway. | He grew up on a
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le storage

Facilities are available

adjacert left

Luggage - .iice (adjacent

to station concourse
mber 1 platfor

BERS5 (14) BER6 (15)

ranch in California.] &3 %)

[6] ring A on B
(17) Ring Jim Haslem on 01531-821040
{Stratford-on-Avon)
(18) Call the Railway Office on 01780 784444
{Peterborough)
(19) Contact them on 0171 488 488
{London)

[N & EHEEFES DA -RBEORESNT (17)—
(19) ¥XTon, CIDEIZix [T'm on 309
2194.] OB H 5 (p.1497) A, [7] TR
121t [Call N (up) at BEFHS | ofl, 7]
1213 [Please call (*to) me at this number
[extention 21].] ®FIL A7)

[7] round the lake

(20) Round the Lake from any Pier

{Windermere)

(21) The round-the-clock service {London)
(22) ...exotic plants from all around the
world {Glasgow,

(23) Return to London at around 6.00 pm...
{London)

(24) ...and get around the city by Rail. ..
{Glasgow)

(25) Clues... are all around. {Penrith)
[$R&£E L 7-17HDA, round i (20) (21) %
T 3BT T, MBI TXTaround, 7]
i TEETE & (k) Tix around, (3£) Tix

(22)—(25) OBbHAHDOT, [EBE KT HE
T3] EBRETREDPBEPIISROPEI LI,
[ CRIDREEZIITLT, 1F)ATDH
[—kkIZ around % B\ A B[ S5 ] (s.v.
around) & LTw53, &8, mED (25) &
BIF A, fEE L ZIC8157]

[8] til 3am

(26) open til 3am (Edinburgh)
(27) 8PM START, til 10PM
{Stratford-on-Avon)
(28) ...and don’t forget Happy Hour
- 56.30 til 7.30 {Cambridge)
(29) Open Every Day 10 'til 5
{Cambridge)
(30) Open 10.30 am till 11.30 pm

{Cambridge)

(31) Open 9.30am to 5pm {Edinburgh)
(32) Open Monday - Saturday 10am - 6pm

{London)

ER7 (26) BERS8 (27)

[until —til — til ®Z1LiE, through — thro’
— thro, thru OHNIP TN DE, TOHBY F
(til, ’til) ZRELELTHBETVZDE, 1
¥R 5 MOFETIZILDCE 213 Th 5,
COHEDOIHM LDCE*? i12b%\w, HAD 5
ficix, 177 » GegE#E) L L, [7] &,

[k - JEEHEOSD] & LTEHLETW 5SS,
(K] BRERELI 2. b, (31) OFEHEEC
Bonss, KEBsmix (32) okR% & 5]

round % iV 5 D25 —# M | (s.v. around,
round) £HBDIE, Z47ZHH 2, [R] &
BEDMERNC DWW Tk Tw e wn,

[ ik T(eEEE d CKk) Tltaround,
(¥€) Tk round PHFF N3 A%, 4 HTIHE
WEBY A R HETIE (3E) T around A
Bz o2H5b)] (s.v. around) & H 5,

[9] to rear
(33) CUSTOMER CAR TO REAR (Bath)
(34) Car park at the rear
{Stratford-on-Avon)
(35) Entry at Rear of Building {(Glasgow)
[T i2ix Ta garden at [to, (CK) in] the
rear of [behind] the house] & & 5, 7272
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AR B

L (34) (35) @& ST at DFIHE ]
[10] entrance for A
(36) Shakespeare Centre and Entrance for
Shakespeare’s Birthplace.
’ (Stratford-on-Avon)
(37) Entrance to Shakespeare’s Birthplace
30 Metres (Stratford-on-Avon)
[[~~®» A = entrance to ~] &iH Y
BoTw/zs (36) I b LBV, Tk
(37) LDENIIMIESL ) Ho NI, ZD
M OEE LOME S L L HICBbN b,
(36) DFEWRDOD HEWITHER TR L, R
Bz A7 AET Ry T —LizoTWT, H
BHEWERLARITRIERH S, ZOHEED,
FEIZHTHO T, EIVER~NDALOICE -
TWLDThbH, FOH, ¥ —DFIZIZ
[HROAH~NBEBL DAL L) BfkA T
for oo TE LA D, B, en-
trance of ~ HEFIZHIZT 2 (K 2. 4]l o
ERPOFIXSI) o5, SHIZRETE Ld o
7z]
[11] shop with us
(88) Thank You For Shopping With Us
{London)
(39) Thank You For Shopping At Boots
{London)
[(38) 35 F TRV D Lhb oz, [V
{1Zix [Thanks for shopping with us. (B
EFDLY—+T) HETCOBEMH YLD
TEVWET,| (s.v. shop) OBIXHDH 5,
(38) (39) LdicLy— MIHRIE D D]
[12] 2 OEOFIES
(40) Clean Up After Your Dog (London)
(41) All prices are correct at 01 January
1996 {(Glasgow)

(42) Mon thru Sat 5-11:30 pm  (Brecon)

a Strathclyde Residents Card
thelyde Residents Card will
tary ticket at a cost of 0p per
outes.

IBLE 1IDEA

i are correctat 01 January 1996.

ER10 (41)

ER9 (40)

[(40) X TR (E®) BEEKITEhWIZ],
(41) & [~DBEE Tl 7)1 [7272 Lg% -
FEFEEA T at July 31D X ) REHADRES
N5, (sv.on) £db, M0IC2HIFR, (42)
BIERTAYHTELRONEED]

3. BE-EESHHSHhERE!

A F ) A CTOEEREBROH B N4 1T TH 2w
BEEERRE IS, FOTORITEIIFAK S, FFErH
RTCHBBo TV RN EDVDHDE, floTHOLDD
BEETCHHVH I 2 ECOHL5D5H 5, L
T, W ORI 275 DEFITTEL,

[1] OAP, sae, UB40

(01) OAP’s & CHILDREN 5-12 50p

{Peterborough)

(02) O.AP. £1.50 {Peterborough)

(Bagkr Ttk {Rons, [V 7] T
iX old-age pension(er) DW&E LT\ 5755,
A F1)AD 5Tl old(-)age pensioner]
(03) Please send a cheque. .. plus sae to...
{(London)
(04) ...send s.a.e. to Janet Nassau...
(London)
(05) Write (SAE) or Telephone:
{Kings Lynn)
[OALD’, LDCE? i self-addressed enve-
lope & stamped addressed envelope #* [X 5]
LCwA72s, CCED?, CIDE iM% [¥1F
o2 b D] EMMLTVRD L HIZHD B,
COD® |21 self-addressed envelope ®#]
(06) Students and UB40s 10% discount.

{London)
(07) Child (5 to 15 years)/Student/UB40
£3.10 {Cambridge)

[HAoFETE [7]) 1 TGEED) 2—-¥ -
TA—T 4, REFUTHEHEIHAE. | Lb3
A5, Mo 4 HHZEE o Thv, 4 FY 20 5 i
TiE, COD° Iz (in the UK) a card is-
sued to a person registered as unem-
ployed. £H %, [V—%~—X - TFA) 121
[R¥EE| OBRDFREL T D, [F 0 F AN
7 AFEMAER] b [RFEER] OFRITRV,
[FroefiREr) (CIIRBL D 2]

[2] U, v, X

(08) Key Cutting

While-U-Wait {Glasgow)
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(09) LEATHER BELT MADE

WHILE-U-WAIT {(London)

TOP QUALIT

LEATHER

BE#11 (08) BEK12 (09)

[(08) (09) X7 AUHTHILRADIIF,
BAR-B-Q b RN Z L iXECEHS, SR
L TXhh o]

(10) Large selection of prints & maps; v.

small section of books. {Oxford)
[v.icowTAFy 2D 5D > 5, LDCE?
{213 the British abbreviation of VERSUS
EHDHH, MO 4HIZIE v 12D vs. 12D
L—_XNd%v, HRDOSHMTIE, [7] @ vs.
2OIEK), 4] ovaz (35) 55, [0
T, voiix (B8) &L, vs, vs.iZid (k)
EL7zdE ((FE) v.) iR, 171 TR 2
IR ICOWTOE R A L]

(11) Charing X {Glasgow)
(12) HOT CHOCOLATE 0.80
X-TRA 2.00 {London)

[(11) o##), PEDESTRIAN XING 127 %
DATHELRPT, (12) SRR 2]
[3] AD, T.V., Stn, WC
(13) A site of Christian worship since 655
AD, .. {Peterborough)
(14) JVNE 22 AD. 1987 (London)
(15) .., made between the 1st and 3rd
centuries AD, .. {London)
[(13) XEERICIE AD 655- B NE, 7272
L, 1 FJADSMDI LI NIITEboTw
% D% COD®* D, (14) XS FTATE Y P R—
A OE )N IOV VAL Y E R WA 5 [ =2
WHRE, IEXZHEICH > TWwb, (15) O
£13 AD  BC 3 ZOfiETIE L W]
(16) All Rooms Have. .. Colour T.V.
{(London)

(17) COLOUR T.V’S (Windermere)

(18) COL. T.V. (Hay-on-Wye)
[(16)—(18) oELIFB L kv, HATYH
—fRBI7ZHS, 4 FVU R - HROI0MOFEEDO R
HLIETXTTV, 20955, T.V.IZDOWT
DERBHLDIT [V oA, (FIFTV. &
AwZzwn) EHENDH D]

(19) Victoria Coach Stn {London)
[Station OWEFE L Sta. 25¥E@ET, (19) I8

LV, SEFARAI0MHIETRE S hTwvnin,
72720, [ —%—X%M] 12idd 5]

(20) WC— (London)

(21) SHOWER - W.C. {London)
[Toilets % Women’s % Men’s 1% 2 35,

WCERELWV, A FYAD5HDH L, COD’,
CCED* X Z % British £ LT\w5]

[4] A1, B660, M9
COEOHNE, HPLEANRKNIIIHZIIH TS

L5, TITIE, BAOEBIEITTE L,

(22) Follow the brown and white signs
from the Al (at Sawtry) and the Al4
(at the B660 junction).

{Peterboroughy

(23) Just over one hour from Edinburgh
(M9) and Glasgow (MS8). {Crieff)

(24) One mile east of Brecon on A470.

{Brecon)
(7] ©A%BI< & T6[c] (3] A (GEX)
(MOTORWAY IZK BT, DT 25 B-
road; Al ¥ London & Edinburgh ##.5)] .
EHb, BIIEEB~NDODERZ L, M1, M25
ORELAEH Y, A-road, B-road bdH 5,
[7#] oA MUI[A] (BE) A% (GERE) : the
Al ABRER1IEH] &b, BiZid ()
2 MHHERE] L dHDH, A-road IIH B 2%, B-
road 37w, [77) [V2] [R) IZiZ A, B,
A-road, B-road, M ®OEKEFEORE L i
WS, [V%] @ motorway 2k M1, M2
DEIHIND | EEHBEBEH D,
A ¥ AD5MTid, OALD’, CCED? iz
A-road, B-road % % D A]

(5] +. /

(25) ADULTS(18+) 2.15
O.APs 1.95
CHILDREN(5-17) 1.50

CHILDREN UNDER 5 FREE
{Peterborough)
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13k F1%

(26) Adult (16 years +) £6.20
Senior Citizen (60 years +) £4.10
{Cambridge
(27) Guided Tours (there are frequent
tours — groups 25+ booking required)
{Crieff)
(28) 4,000+ books with emphasis on. ..
{Stratford-on-Avon)
(29) This Machine Is Only for the Use of
People Aged 16 Or Over (York)
[(25) @ 18+ 1% 18 and over X, (26) i
years fif %, (27) 1225 (people) and more,
(28) 1% Over (% 72i% More than) 4000 ® 5
MHIREZA S, (29) & ‘or over’ DH]

(30) Tel/Fax: (01865)726 466 {Oxford)
(31) Tel+Fax: (01856)52154 {Oxford)
(32) Tel. & Fax: 01225 335646 {Bath)

(83) Telephone and Fax (01905)653643
{York)
(B L 77 v 7 A0F S H LA, (30)
DELENL VDS, —IB (31)—(33) dRLN
720 BB, BFEPeHTONE, 3HT o120
TrIlbhbn, 6HinE iﬂ)k_é:%)dbél

4. 7RZ2bAT74 () PEITNS !

TRAMOTZ 14 () BHBHEFTOFNIZHKIT W
5T ENLE, RO [1]-[4] 3PrE%, [5] X
WFEDEE ETHAOHETH S, FEO [ ]
WIZEROREFHIZE L, SR RE8IL,
(01)—(41) oFEFZ=ZETFHBRAASL (FlORFIZ,
S AMFVIZEEOT VT 7 Xy MIE),

(1] TAZ/#&] s

(01) S™ PAULS WALK {(Cambridge)

(02) UNCLE SAMS DELI {(London)

(03) SCOTLANDS ONLY HEMP STORE

{Glasgow)
(04) SCOTLANDS No 1 VIDEO GAME
EXCHANGE {Glasgow)

(05) SHAKESPEARES BIRTHPLACE
{Stratford-on-Avon)

(06) SMITHS (Bath)
(07) SMITHS HOTEL (Glasgow)
(08) MADAME TUSSAUDS (London)

[(01) #iE#ERMIZ, (02) DELI=DELICA-
TESSEN, (05) &Br&EMHIZ, (07) +<F
2 SMITH’S HOTEL ¥ % %, (08) &, A%

':r;mgﬂf\p«be; SOUP
CRVER INTTH CRUS
REFD 2R

E213 (07) BE14 (42)
KA FEETM 2 £12 TUDSSAUD’S b 3t747])
(2] [EBEE]s
(09) WELCOME TO EARLS COURT

{London)
(10) Kings Lynn (London)
(11) KINGS THEATRE {(Edinburgh)
(12) QUEENS DRIVE (Windermere)

[((09) M THDOERMIZ, F—LICHBIE
A%Fr i EARL’S COURT, (10) (d#lXiz,
Xz X - Tid KING’S LYNN, (11) o
CTIIE KING'S, (12) A oriic]

[3] [¥E&ER&H] s
(13) Barbers Shop (York)
(14) the Cats Whiskers Clothes Shop
{(Windermere)
(15) CHILDRENS PHOTOGRAPHER
(Windermere)
(16) childrens and illustrated books ,
{(Hay-on-Wye)
(17) childrens printed novelties {Bath)
(18) CHILDRENS REDUCTION {London)

(19) Childrens Menu {Hereford)
(20) Clients Name {Edinburgh)
(21) DRIVERS SEAT (Hereford)
(22) GENTS HAIR STYLIST (Bath)
(23) KIDS MENU (Edinburgh)

(24) Men’s, Ladies and Children’s Fashions
{Manchester)
(25) Nursing mothers room (Manchester)
(26) Ladies Salon (York)
(27) LADIES & GENTS HAIRDRESSERS
(York)
(28) Ladies Toilets (Edinburgh)
(29) Michael’s Ladies and Gentlemens

Hairdressers {London)
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(30) LADIES FASHION (London)
(31) LADIES and MENS KNITWEAR
{Cambridge)
(32) THE MANS HAIR STYLIST {London)
(33) Mens Toilets (Edinburgh)
(34) Toddlers pools {(Cambridge)
(35) Travellers Cheque (London)
(36) Womens Lavatories - (London)

EH15 (22) ER16 (36)

[(14) O Ficix Cat’'s LH B, (21) Z/NAD

HT, (24) AL DUIAF—, (29) ZIEL L
Michael’s Ladies’ and Gentlemen’s &9 %
EREPIZHRE Ly, (36) I KEHBEOH D
M LEIOBED K & 72K /R, Womens ® n &
s DHEDBEZ DX HIZRZ D5 EEI D -
72 grammar-conscious 2 HAAD B - »»
Wb iz ]

[4] [®%]s
(37) 20 MINUTES WAITING (London)
(38) 5 minutes walk {(Cambridge)
(39) Todays tickets only (Bath)
(40) TODAYS SPECIAL {Windermere)
(41) TODAYS ALES {Glasgow)
(42) Tonights Specials {York)
[(87)—(42) DERLRITTRMEZEF LA LS
tEbns)
[6] ITS
(43) 1TS FUN
ITS FREE

ITS QUIZ NIGHT (Stratford-on-Avon)
[its % it’'s & EL & & v ) EE X Modern
English Usage # 1%, %< OEEFHIZH
B, FOHEOEED T LE]
DERTE7Z2EH1Z, 7RRA MO 7 1 0E#EIZE

(a) FEERXTIOLER
THRAMOT 4 AT HDIE, FHEZOHEIR
bHEBHA, FATRT-70THI 7 MR —%H#f
SRTNEL 6T, HETHE, BEDEDLL LR
WL, TANVF-HHOEEPSS, Thxd
) EV) FRPEH DIIEARTH S,
(b) HVIEFRDEM
s AT, ---s7 1R 18I 2 o T — AR AL
LEREDIRT, Y47 AT ORI
kings & #FHW T, B KFED kings, king’s,
kings’ DWW INprRKRT I ENRTE, THRR
Fa 7 4 OBBIE-FEOELEBKE b2 5, B
KOEOERTH, ZHiL L3 2iKo THFKE
i 2B B, MULETHAL),
(c) L&) 7TOHE
TARAMOT 4 OEBEE, BEWBEOEFNLH
HbHA9H, KING' S iE KINGS (2% &,
WEEPBOTL TS, EoFEF (26) 7L,
1IE L < Michael’s Ladies’ and Gentlemen’s
Hairdressers & 35 L R L v, 72, AR—
ADBERD SAMDLEENSE L HhdH LIk,
7 A A DO3EE S D DONT WALK 136 %o
(d) EBEHDL S OEHE
TRAMTT 4 s (s) EXFE - BT - BFED
BEEGER L Lo b s hs, 1990°s 2 &,
AL 1990s DA BEHD L H 1B bbb, [V
121X Tthe three R’s (¢ 3 SIND Z L A%
\» : the three Rs)] (s.v. -'s) &£ 5%,

F#2, CCED* % -’s is sometimes added

to numbers, letters, and abbreviations to
form plurals, although many people think
you should just add ‘-s’. (swv. -'s) & LT
Wb, I, EHICEDNLEE, CIDE I
hair-dresser’s, grocer’s 7 & DOl % 257,
The apostrophe (’) is sometimes omitted
with names: & L T, Harrods % Lloyds
Bank O 8% 217 Cw 5 (p.1100), LI D
ZRNE L K ATz, ThonEEBLEZ NS,

5. ZhZZAXx1) REEL
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A2 EBoTnizizd, 2EDHED [FT v
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WZ e bERKL, RIS, K—F—
LA oo h b T e Ez T, FHEC
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DEHHH 9 o

. e e g BE19 (@) EHN (@)
ZOHE—HL LT, 41 FY A - HRTRERETS
- AT 7 3 1z > = =
‘/ﬁ(@%@@~0)19§§010u\’(§1ﬁ&"€&f:0 A = American English
Au = Australian English = %
= B = British English = 3
c = colloquial F = FiZ, FELT
e = especially o= FFIC
h = humorous = HEEk
i = informal B = BEX
j = jocular B = ik
m = mainly #H o= HHE
o = old-fashioned B’ = S
= &
== = HHL%ZL
' T = EROEG~DERRL
E817 (@) EX18 (@) T~ KT ARBORBEFT T A
C (0] L C C 7 B N - A
# & 0 A D C 1 o 7 o v7 0y
D, L C E D 7 o = A S AR
';é'?:l:ﬂ:- D5 E3 Dz E % ]‘_ 7 v N (]
:/ N ZZ '7 |
7, v A
=5
PH g 1995 1995 1995 1995 1995 1987 1994 1994 1995 1997
@ answering machine = B A ===
@ answer(-)phone B B B eB S
®B&B/MD&D | || B B . L R Yo | | EE
® booking eB B —— HESE Fik FE FiE Fk
® book token B B B == |B & * F i ®
®buskler) | | Bi | B | mB |BAu | ¢ | 3G | s | e | Ok
@ car park eB B B |BAu | I« * 3 T %
freephone/freefone B B B B = & B B —
@gent (not toilet) | B | Li | B | Bio |B | C I .. 30 < L. S A R
@ hire n. eB B B FiE B
@ minibus eB
@ring road eB |B_ |B |mB [BAu |\ % | & _ % &K
@ takeaway B B B |BAu | ¥ * g | K ®
1 veg Be Bi Bi eB,Al | HEFE R el FH E3
@® way out — = B = = & Fik
@9 one-off eBc B mB |=— 3 Fk FHE % FEHE
@ give way B B |B,Au 3% 3% x
@@ mind vt. B B B B EE | ER
® To Let B B mB |BAu | # FiE x i FiE
[ TEEOKEE] @ reservation & book coupon @ parking lot, parking-lot @ rental @ beltway,

belt highway @ takeout, take-out, carryout @ one-shot @yield @ watch @9 For Rent, For Let




FHIFEIR 4 ¥ A TH-HEERH (1)

6. b ¥ |C

SENE, £O-EEOBRS, BYDOED, HiE
#, BERE - RLE - BEh L, TRA MO T 1 DB,
A FYYAEEIPEID, EEBHRNIEEL TS/,
RENE, ZTOMICEEZE|W-5EE, £, £k

T EWZDWTHRTARAL,

BT RIRITCED RN ER 2 TCICER R
Hizlz, BbhERE L), HELERIAD
RALEDRD LR, TERWAZITNTENTD
5. (97-05-30)




X949 A MINFKE L 55 - 25 TEa] OBE —45—
— MR
HINBE & F4 - Z5 4] O&R
= O —
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