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Relationship between Fracture Strength in

Hertzian Contact and Three—point Bending

Strength of Ceramics

Shigeki NISHIDA and Hiroyuki ISHIGAKI

Fracture strength in Hertzian contact and three —point bending were analysed by using

Weibull theory. Weibull parameters of ceramics were obtained by comparing theoretical val-

ues and experimental values of three —point bending strength. These parameters were used

to estimate fracture strength in Hertzian contacts. Indentation experiments were carried out

for the contacts between steel balls and alumina ceramics by using an acoustic emission me-

ter as a detector of indentation fracture. The validities of these theories were verified quali-

tatively by the experiments.

As a result, it became possible that fracture strength in Hertzian contact was estimated

from three—point bending strength.
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Development of Grapic Libraries:IP 100 and BOLT

Mitsuyoshi SHIMAOKA and Toshio WAKABAYASHI

The computer programming is required to draw using XY Plotter (IP 100) and display on
the screen of the Graphic Display (SAPIENS MG —310S), because the interchangeability is
of the lack between both commands. The graphic library named IP 100 has been developed,

and thereby the program for the Graphic Display could be converted into the program for
XY Plotter. Therefore the labor for the programming to draw XY Plotter has been saved
at the considerable extent. In the other hand, the graphic library named BOLT has been de-
veloped to construct bolts and nuts which are important mechanical elements, and therefore

the efficiency of the programming for the drawing of the machines has been increased.

1. 3CHIC

Wi =— X0, dElnEoBR, FHHRE
BECHMT 2EDBLTLLVI bo=) 2ORE, ¥
7 b= TEIRNORE. BEMLEGN S B ehdlEEdio
HERILE-T, EEFHBR b L LY HEFRBIcBWT
HbCAD/CAMOEBALBHICEDORTEY . —H
DCAD/CAMT —aHWichDh SEMOERBIC
A1 B35 BV, BICCADY X F 20 RIZEL
LSRRIV —BOREMERIhTVARRICHD
ZOREEEET 2 BN TCAD OEELSTEED S
n-t(‘\ 5(3],(4)0

CADOERICE bV, HEHBIKBVWTHCAD
HEOLBERESRLONTHB O ERICCAD Y X
FLEHALTHEEDRE LT TOARET 250 |
SNHEEHFORANLSRE LAKELRIc TV &%
Zoh3, FEERTER TR, SREFOERILER
B, 60 FEICDIMBE Y X5 A5 BA LT,
AV AFLOBNCERL TR, HREE T BIcOE LT
L1013 TIRIEC ., EE, BfiodbsE Lo v Ea
—3 73574y ABEEERESE, FKHBBDOCAD
VAT LBERENE U THBIERELRT- 1

CADY A7 o %R TAEERPHEBELLT, 7
ST 4w I T4 RATVALEXY T Oy 035 5B, BR
ERDBRE 510, BEBICHAT 2 po@E0a <

YEBRBOVON (LEXZFABCEEBETS-TH)
BHRTH 5, Licd-T, HEfEROBHicXY Ty
ST BERR, 37492 F 4 A7 VvAHAA
LEBEOT 0 75 AR LITTNITR OV ARES
BH3, CAD/CAMBREBI L., JETF— 5 i3k
ERBETr V54 yeEEh. NERSBETEL LS
EWIHBREMBZH, NEEHAVTELERSEL .
HE2RINSTHERB ENTCRA A — VT FEIBE
ffoTVa e, BRHEREEET 200t 490
MuMKEsAvohsbDEBbh 3,
FLTEAHETR. XY 7oy s KKESHIT 238
BOTVT S IV IGREBDBLDIC, ST 497
HBINN—F =Y [SCORE] ZHWTIERE
hicTrarssbtagicEdhihdLsic, XY7oy
SBT3 7490 3475 DEREfT-7T. 1. B
BEEER O 2H i, BRI hTh 2 BRERBR
HEOHERSSBE 1 75 JbshToiuIfERT
b, FIAEEOEVEN M, Fyv MERORED 54
75 Y OVERRET - 10

2. EEAEL XFLHAOBE
5475 YYERRICHER L7 MEE > X 7 A OBEE%:

HM1BLrUOEIRKET, A ParyEa—4% Usta-
tion/E15it16 vy I =3 v a—# T, UNIX
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GRAPHIC DISPLAY
SAPIENS MG-310S

VIDEO TERMINAL
CIT-224

SYSTEM CONSOLE | HOST COMPUTER
VTJll. Ustation /E15
m,,j,,x
X-Y PLOTTER PRINTER
IP-100 UP-130K
HARD COPY
EL-Z1H TABLET
HTIomn

1 HEAEY 27 L0008

System VAARV—F4 vy 276 &L, KL
TR, Y7 LIEH(RS-232-C 8#—~ ) ic&hi:
EETH B,

T57 490 F4RT VL4, ¥ X MG-310S
B, EBRBOS S 74 9 I TV=F vty r—v
(SCORE) %28 L., Mol X/, ETH
B2 & OEAEL OB RN FITREL & Rl
HIEEICfTA B S EMKENGMTH S,

XY7oy % IP100 i3, fEXBREIEETEE LD
K EDHEBHNEESP S BEXTHER->TVEFF LY
AT TREL, 739 bRy FEALTELTWVS,

e, T4 AT VA LoRRHEAMEEETE S
N—FIE—EFITBY, TulS5L0FNy JHR
EEHBTIEHBTES &, ERNTEELRS L
BBEREETH->Td, EROBHICE T 2RELK
HICEEHTES, 0L, FYRAFALIRCADYR
FARNEBENIINA—Fy 2 TA2HELTWS,

%1 gy 257 a0ER48E

kR b UNIX system V
2y¥a—-2 | CPU MC68000
Ustation/El5 2 E Y 2 MByte
BlgF+ A2 80 MByte
(FHxT|EILH 8" 7wy E—~ 1 MByte
T35 4 97 20”7 A3 -
Fa127LA4 2 - 3RLEEEEL R
U I7% MG-310S ) 8 F — r/r@m;
(KT *x8) BE B R BHE . b
YATAIVY =W CRT VAR AR Vi d
VTIJ 14 14 )
(DCL (BE)B) | BFEIJISE. B2k
r§¥4m CRT QVZ;T
C 2 24 14” 2
(DcrL (B8l i
BETY v {70 Iy b b AED
UP-130K gﬁa ’ }71ﬁﬁ$
(EPSONH) FIITISHEL, B2k
T rYT8s7 (i %”"48“““/
- cm S
(KRBT ¥*8) g%% 025mm
N — F o - A4 914X r/ /o n
EL—-21H YXHEL—H -~ 2
HKETLEH) BEFTEHEHFA
ORI STV
- mim [0}
(KB T %58 0. 005" r

3.0374995473Y P 100]

7a 75 sEEIR, Fortran71 Th 3, XY7 oy
S TG BBATL, T4« X7 v TRIEICE D dils
WHEHERCHZT 200BEFREEL NS (K
DFREEINF + X7V A OFBEFRICEN) 5.
FFRYICTF 4 A7 vABoERa< v F (SCORE)
EHWT S ur s a0MEREN 3B,

Lichi-T, A Ti2 SCORE OfER o< v F#
HTN—Fra—-nahi & i, ThiRF CENSEEL
E935XYToy oMoy FERUHY, XY
vy #hK [SCORE] #4455 75Y [P 100
ZERL. XY 70y SRS 25/407 005 I v
THROEMLEEMB I EE L, HRETAHEE, B
BRINESHICE &, TRTEE TR T BRI
EFRFbBVEEE L,

SCORE &XY7 vy ¥ O < > F i3 /ERIRAE
DLETIMLCHIBELTWBRTIREL ., TfeRa <>
F OSBRIt RO E SIS EI NS,

(1) SCORE OEisaE & Rl— DEIEHN XY 7o v
bbby, Lrbillidizroltvsdticl U Th 58
&, ThbbE, il Y FEOADEY ZBE.

{2) SCORE D{Eidissk & R— OMBEESXY 7o v
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Ficbd B, FIHMRIEEHE,

(3) SCORE OfEXISEE L A—DOBEEN XY T 0 v ¥
IWREELEVE, W ohDav v/ FEHsEbES
CTEi&»TRMTEETE 2184,

{4) SCORE OfE[XHEEE & RI—DORE % 7o & L R
LETH-THXY oy §TREMFETERV, 3
VIREOBIEEERLTHELIARVES,

B XY 7oy #icHiKd 3icid, SCORE & 134%ES

SUBROUTINE LINE(X.Y)
XL=X/182.0 Z I — VIR
YL=Y/182.0 ::::

YRITE(2.100) XL,YL
FORMAT("DA",F10.5,~, ", F10.5)
RETURN

END

100

WRITEX TXY 7 v v 2 LK
X2

SUBROUTINE ARC(R, TBS, THE)
XS=R#COS(THS/180.0%3.14159)
YS=R#SIN(THS/180.0%3.14159)
DX=-R$COS (THS/180.0%3.14159)/182.0
DY=-R&¢SIN(THS/180.0%3.14159)/182.0
CALL MOVER(XS,YS) — Al T & B L
THETAL=THE-THS AE~BH
THETA2=0.0
WRITE(2,100) DX,DY, THETAL, THETA2
FORMAT ("AR™.F10.5,°, .F10.5,7. ",
F10.5,7, 7. F10.5)
XE=-R#COS(THE/180.0%3.14159)
YE=-R#SIN(THE/180.0%3.14159)

100

CALL MOVER(XE, YE) — B A
RETURN By
END

X3

SUBROUTINE RECT(XL.YL, XR, YR)

XL1=KL
YL1=YL
XR1=XR
YR1=YR (XL.YL) iz
CALL MOVE(XLL1,YL1) — ~ v 8
CALL LINE(XL1,K YR1)
CALL LINE(XRI,YRL) 4 KDLINET
CALL LINE(XR1,YL1) mEE = £
CALL LINE(XL1,YLY)
RETURN
END

X 4

RICHBBOY 7 v—F v AR LB T IES TGS,

FNFhOBRR BB TV—F Tl 5 afl%
H2~6IRT, BB, F4RATVALEEXY Ty
s FCHEOREEIBE LN LICRr —VE#RE
fToteo £lc, —2DT QT 5 LDT VL WEETD
FGHEERTEAT, T4 RTVA4EXYTay AL
re—BER 7 ioR T, Kh@ao~—Fav—RTid, 7+
A7 VA DERRICE > THROBOPSIKRIFEETA

IP 100 % 7 v —F ] (1)

P 100 % 7 v —F V] (2)

Y (X, ¥)
REA
0 X
h
' XE
wi
>
THE
s
THETAI THS ZIS)Y
XS = DX
0 X
Y (XR, YR)
(XL, YL)
4 X

1P 100 % 7 v —F Vi (3)
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SUBROUTINE OPENS (ISEG)

RETURN

END

ORI R

MAIN A—FvigE4

K5 IP100H% 7 A—F v (4)

SUBROUTINE SMAREI(1.X,Y)

CALL NOYE(X,Y) — (XY ~<viBH
N=1

{F(N.EQ. 1) 1=2 —) FTSCORRE) T
1F(N.EQ.2) 1=3 ERENLTW S =
TF(K.EQ.8) 1=9 — 7 & EXY S
IF(N.EQ. 1) I=¢ 2y yTRERBTL
JF(N. EQ. 5) )=7 Tnsz—-s&%E
IF(N.EQ.§) }=5 A-BEe s
IF(N.EQ.T) [=4

YRITE(Z, 100) 1

100 FORMAT( MD"

RETURX
END

.13)

2=—h=vrERMEWNTELBLO
MAINZ7o9 754 (XY7w8)
CALL WARK(X,Y)

CALL SMARK(1)

CALL SMARKI(1,X,Y)

SUBROUTIRE MARK(X.Y)

RETURN
EXD

SUBROUTINE SMARK(I)

RETURN
END

X6 IP1004 7 —F @l (5)

{a}

|
.

X7 BEHAH @ F4 274 XY Foy s

DHY . BENKEEROIDICN - Fa—-%FT 3
TEiTEIY,
547359 [IP100] D= FEE2ITRT,

4. U5249935475Y [BOLTI

IV Ea—F IR SBBREOIERICBV TR, 55
BT s 5 MATHERT IV LD, BER
F—F 2 ANILEBOERT R EVIHRABE NS,
COBE, BOXSVBIRTEECE (XY FuwsT
BARSORNEZ~VEZHRTHITL VA, [SCORE]
RBORESELIABa<r FEEWV), #HgitashTuo
DEMBERBII L., 2OERNM 1 a<w v FTERT
E3L5KHBIBESA 75V {L¥hT03 T EHHE
B REGD 5 LTHETH S,

ZIT. BROABNTHEREE LBV EBbh S F
by Fy FERIRSVT, B8 IKRT LI NBRIZHE
LTHTI—F AELB, REERHTE S T —AF ¥
EDT54 75 Y [BOLT] 2R L7, KhoEiL
HizolEogsh LNELER T, KA. HERth
FTRITL LEZROETRICE > TARLERKCRAS
&3 Utze FNM, F v bOF T —F v OFIHIEE
AHNC RNV, F o FORFUFTERERBEL. TOH
ETEZRIDIELFTBLEHIR LT

FhEhoy 7 v—F vBRTRN8 IkRT Lo,
BEALERDOIVHD EZ0. ThoEBHIHA
&bz Eicdh, MIRTLSCVAVWAIIBS
CRIETE B,

ZD5475Y [BOLT] O T N—F v Ful 35 A
P> WTIRIER 14 IcB 545, 2o [BOLT| %M
Thid, v 75 sMEROHARRKBIBREIh 3, £
EXE, K8 b DF v b 2ENT IBA, TO¥ T —
FUYRBEEORT v TOTurlSLBTHEEID S,
X9 ) oD T oS &% [SCORE] 724 TIERR
L&H&T2L300RFy TEREDOT vy S LBENLD,
RERFHHTIE>TLED ((BOLT] :EHTHIF20
257y TRETEV),

BOLT] & [SCORE| & %#REicy v LTa>
RNANTHIE, F4 AT LA ~ORFEHAETH D
[P 100 EFEBica v st Thid, XYTow s i
HAaTx3,

[BOLT] B WTER L 7-BEZEO—F & LT,
R1ociEY ) v ¥ (XY 7oy 2 icif) %2577,

B, B9 bl © BT, XYT vy sichd
BBA, Ny 75y v FLRBTLEEY T ABENE
ERERTELL,
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bolt1(x,y.d1) boltil(x,y.dl) bolt2(x, y,d1) bolt22(x, y,d1)

—_— = fm—
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b22
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(e) boit3(x,y.hh, b22.d1) () boltss(ay.hh.bi1.b22,dD) (@ bolte(x,y.a1.d1)
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- PG | _
h22 b33
Bh al hid

(i) vortssix.y.al.dt) (j) boltd(x,x.b3s. hdd. d1)

{R) bolts(x. . hn b22.d1)

H (n)
boli44(x,y, bh, h11 k33, bd4, d1)

(k) )

bolt5(x, y,d1) bol155(x. y. d1) bolts(x.y.d1)
(o) (@ (r)
boltig (x.y. 1) bolt12(x.7.d1) boltLi3(x, y, d1) bolt1d(x.y.d1)

®8 HnbFy b OVENRE

£2 34739 [IP100) ®a=vF—&

TN -F ¥

MOVE (X Y

TN EBME < ¥ % B )

MOVER ( DX . DY )

DX.DYZE B < 2 HIXMBEH

| LINE (x . ¥Y)

LINER( DX . DY )

REms & (XL Y)EE# E THE %S <

HE D 50X, DYEnf..f.\lnti“ClH&l % 5l <

LINTYP CITYP )

ROME % fa

ELLIPS (A, B)

RERE DL LHA MBOW M2 HH

| CIRCLE (R )

ARC (R . THS . THE)

TR DR THS, T ATIEO I & fER
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BELL ( 1T, IF)

e R~ NN

BIINE(XARY YARY, N)

sz:mé'r«uupm (mrwfaE)

PLINR(DXARY, DYARY,N)

N & 0 fFE R (X HE R

RECT (XL.YL, XR, YR)

(XL YL), R YR EM AR ST 2R EENHR
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COLOR (RN,GL.BS)

BEHE (RBR) T35

OPENS ( [SEG ) BEMe72 s bEr-F ¥ (B
CLOSES EMes v bRy u—X (M)
TRRMC [ FSCOREJ# T (MB)
SGTR2(LSK.SV.AXYV) | R ORA KA A, FABH (RED
TRNY LW Jra-ivrmEzexT (m8D
FMODE ( IFLAG ) REOCH D> X LOAE  (EH)

| PMARK (XARY. YARY. M)

| MODEL (_MOD ) | Bl EH L (TRGBT/THLST) OER (EH)
_TRNTYP (ITYP ) BREBS A7 ORE (ML) o
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T—h-ENN (RHNEHE, ME)
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SCALE ( SX , sY )

REZHK /@)L THER

SMARKD (), X, Y ) |SM

SMARK ( IMARK ) + MARK (X, ¥ ) o

SMARKZ (1. DX, DY )
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A Study on Robot System for Education and Study

Toshio WAKABAYASHI, Hirokazu NARITA and Yasuhiro HAYAKAWA

The Present day industrial robot has its origins in both the teleoperator and the numeri-

cally controlled machine tool, and the computer —controlled industrial robot represents the

first truly general purpose automation device.

Such industrial robots will have a major so-

cial effect in the future, as the simple, repetitive, assembly line jobs of today will be elimi-

nated.

In this paper, we describe the siructure of robot which was manufactured for trial and the

analysis of dynamics.

1. B C®IC

EXBofy b7 rd~r—5 EEEEHETERER
KZEDEE. b5, WMORBE. BELREOHETHER
OB WEEREICHNT B 12 D IcBIRESED S h:
P, RETRAEDL. FHitorboBEELBH R
L2253, bOBETIE, oy FITH - BFOWIZEH
BAT, ITHE L TOERMLLES, % BEREHESH
DET IHEFARSERICITOOATY S, TIBETR,
EhEH., SHELoHy OISR, 15 FIASERE
ZEBL T & - THIET - BfET 24100 K v F OBF
BRI ESHED SN TS,

AHRE, FLoFEy b 27 a2 ETBHT &K
&0, ThicBLTARMLE L 2 HEEM OBR., W
RE~NOFHEEHNELTWS, 2T TR, §HEfT- 12
ZHMio &y FAE FEBROREMHRL S Vi RE
V7MY =7 OIS, B0 EOEEICO>VT
wWR3B,

2. HfEoRy FEEOMWE

* APFEATO—RE, ¥ 8 ISR ETRER
SWERFSTHRRK,
& 7=, BRFD 62 ER A E TR R EE - — Ao

21 oKy bEEOBRE

(1) Hfeofy MIEHES 0SBy P T, —
A 7 v a vERic & DEEBRICIE U TRBOM
ROTGEsHE & Ui,

@ BNv—T7HEERV-HESHEo Xy FTHEH
TR Ic oW T O RETEED 5,

(3) &A=z bo—3i3. 32bit ® NEWS (SON
Y HED AFERL. SIBHEECOVWTRERIE
WTEHT 5,

@) oKy P, IRFEARRBF I8y P IF
EROMIZE KT HAYT 5 EEHRET 5,

2.2 afy bEEOWE
221 ofly PEEOEFME
SHEFEEL o F y FEEOBBEETRER 1ic, &
AHEEH R ER 1 IR T, REfEo £y F X, BB,
E#, EhE. nibuRghEs, giki. ZBMs LU0y -
2=y MIEHLERSh TV, £z, HffuFy
FABEER 1 IIRT .
2.2.2 OFKwy FMEIEBOMR
(1) HHEH
BEOWNBICHE LHERBEE -4 (M1) 2HDY
ft 3, BSEOLF I SERERERIT, -5
M1l ik > TKFEBRERESE %,
2 % #
Bz, LB L UnipREEEZRFT 5 &3,
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I, Ao VYT ey JRERICRG - 2 @ ol
Zk-oTXRBIhTBD, -7 M2 oiiic
K-> TEEREE N3, §iEEHMOTHREIE. ~Y
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REWAD Y ¥ 7 0EESEL W 4 Hilsssikg s
ERLTWS,
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(M4, M5) DHABRSVET EF = — Y BEE
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Surface Potential Decay and Residual Voltage Measurements

in Highly Elongated Polyethylene

Jun KYOQOKANE, Iichi KIMURA, Dae Hee PARK®* and Katsumi YOSHINO*

The residual voltage which appears in a pre-stressed polyethylene film is found to increase
with increasing draw ratio and then to decrease again at higher draw ratio. On the other
hand, the ratio of a surface potential decay decreases with increasing draw ratio and then
again increases at higher ratio. These results are discussed in terms of the change of the

carrier transport process, localized state density and carrier mobility.

1. Introduction

Polyethylene has been one of the most impor-
tant insulating polymers widely used in electrical
machines and cables. In spite of intense studies
there still remain many unresolved properties in
the carrier transport and high field phenomena
of this material.

To improve the insulating property of the poly-
mer, knowledge is needed of the relation of the
electrical property to the molecular structure
and also to morphology.'~*’ The influence of an
elongation by which the morphology changes
on the electrical property has been studied in
the range of relatively low draw ratios.®'*? Re-
cently, it was indicated that in highly elongated
polyethylene, the electrical conductivity and carri-
er mobility are influenced strongly by the draw
ratio. %’

Surface potential decay measurement has been
carried out to understand the carrier migration

process in polymers.®' "

The residual voltage is
also known to appear in pre-stressed insulators
(not only polymer films but also insulators of
cables and machines) after opening of the circuit.

This phenomenon is also of great interest from a

The contents of this paper were reported to the
JPN. J. APPL. PHYS,, 26, No. 1 (1987)
* Faculty of Engineering, OSAKA University.

practical point of view, because it can be used to
detect the degradation of the insulation. 8.9)

In this paper, we report that the residual volt-
age and surface potential decaying characteris-
tics are strongly influenced by the high draw

ratio.

2. Experimental

Additive free high density polyethylene (HDPE)
films with draw ratios of 500, 700, 900 and 1200%
were used in the present study. The elongation
was performed by the role elongation method at
114°C. Thickness of the sample was around 25
#m. After washing a specimen in ethanol under
ultrasonic irradiation for 10 minutes, gold was
evaporated onto both surfaces of the specimen as
electrodes under a vacuum of 107°* mmHg.

The residual voltage was measured by the non-
contact method reported earlier®’ utilizing an
electrostatic volimeter TREK 360 SX. The sam-
ple was stressed with 2070 V and was then short-
circuited for 20 seconds. When the circuit was
opened again, the voltage (residual voltage)
evolved with the elaps of time.

The surface potential decay was also measured
by the same method as we reported previously”
as follows: The sample was corona-charged by
applying high voltage to a needle electrode lo-
cated 10 em above the surface of the film, and
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then was transferred immediately to a position
above which the potential probe of the electro-
static voltmeter TREK 360 SX had been set.

3. Results and Discussion

Figure 1 indicates the evolution of the residual
voltage after opening of the circuit of pre-stressed
polyethylene films of various draw ratios. In all
samples, the voltage inacreased with time, tend-
ing to saturation.

T T
100+ HDPE (Elongation) 1
_ S00(°/)
2
g 600(%.)
8
3° i o)
5 50 90067}
A
4
A4 Vch.:2070v
Tshort:10 s
L 1
0 10 20 30

Open Time (min)

Fig. 1. Evolutions of residual voltage in elon-
gated high density polyethylene of various
draw ratios. Charging voltage: 2070 V, Short
time: 10 s.

The saturated residual voltage evaluated in vari-
ous films is plotted in Fig. 2 as a function of
draw ratio. This dependence is anomalous:
With increasing draw ratio, the residual voltage
increased and after indicating maximum value at
about 600% it again decreased at higher draw ra-
tio. The origin of the residual voltage has been
interpreted in terms of the release and the migra-
tion of the stored space charge in deep traps.®’
The present results, therefore, suggest that the
trap density increases with increasing draw ratio
and decreases again at extremely high draw ratio.

Figure 3 shows surface potential decaying char-
acteristics in various samples of different draw
ratios. At first, the potential decays drastically
with relatively high decay rate and then it satu-
rates. The magnitude of the surface potential
decay (4V,/ Vo X 100) at 10 minutes, defined as

shown in the inset of Fig. 4, was plotted as a func-
tion of draw ratio in that figure. It is evident,
that the magnitude of the decay decreases with in-
creasing draw ratio and , after indicating mini-
mum value, it again increases. This also sug-
gests that the trap density increases in the range

100 T T ) ] T
75} -
=
@
on
O
%‘ G
> 50} .
I
9 HDPE 25um
8 Vch. 2070v
5t T.short 10sec. 4

0 200 400 600 800 1000
Ratio of Elongation (%)

Fig. 2 Dependence of residual voltage on draw

ratio.
T T T
HDPE (Elongation)
z 2 L
z 500(%
K]
< 0(%e)
&
ot 1200(%)
u
h=d
ks
=4
B
1 j - 1
4] 5 10 15

Decay Time {min.)

Fig.3. Surface potential decay in elongated
polyethylene films of various draw ratios.
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Fig. 4.
decay in high density polyethylene on draw ratio.

Dependence of raio of surface potential

of relatively low draw ratios. At extremely high
draw ratio, the trap density seems again to de-
crease, in accordance with the interpretation of
the dependence of the residual voltage on the
draw ratio.

The carrier mobility evaluated from the initial
potential decay rate®’’ decreased with increas-
ing draw ratio and then again increased, indi-
cating the minimum value at the draw ratio of
about 500% (Fig.5). These experimental results
can be interpreted in terms of the change of trap
states by the elongation.

It 1s already known that the density of localized
states becomes higher in polyethylene elongated
within a relatively low draw ratio'” due to the
distortion of the lamellae or spherulite structures
by the drawing. The present observation sup-
ports these interpretations in a relatively low
draw ratio. However, our result also suggests
the decrease of the localized states at extremely

Mobility (cmZ/v-sec)

=11 L i 1

10 0 200 400 600 800 1000 1200
Draw Ratio (")
Fig.5. Carrier mobility in high density poly-

ethylene evaluated from the surface potential
decay curve as a function of draw ratio. This
mobility ¢ was evaluated by the relation of u=
d*/T.V, where d, T: and V are sample thick-
ness, the time at which dlcay rate changes dras-
ticassy in logarithmic plotz and initial surface
voltage, respectively.”’

high draw ratio. The linear alignment of the

molecular chain has been reported in extremely
elongated polyethylene with a special technique!”
In our highly elongated polyethylene films by the
role elongation method (~1000%), the linear mo-
lecular orientation should be also established,
and the density of the defect should be dimin-
ished because of the higher quality of the molecu-
lar alignment. The direct evaluation of trap
states by thermally stimulated current measure-
ment and the study of morphological change by
X-ray diffraction measurement are now in pro-

gress.

4. Summary

The result of the present experimental study
can be summarized as follows.

Anomalous elongation effects on the residual
voltage and the surface potential decaying charac-
teristics in polyethylene have been found for the
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first time. * The residual voltage increased with
increasing draw ratio and after indicating maxi-
mum value, it again decreased at higher draw
ratio. On the other hand, the magnitude of the
surface potential decay and its decay rate de-
creased at low draw ratio and after indicating
the minimum, it again increased.

These results are tentatively explained in terms
of the change of trap states due to the changes of
morphology and molecular alignment by the
elongation.
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Power Conditioning Circuit for

Superconducting Magnetic Energy Storage

Toshifumi ISE, James J. SKILES* Robert L. KUSTOM*, and Ju WANG*

This paper discusses two circuit configurtations of ac to dc power converters for Superconduct-
ing Magnetic Energy Storage (SMES) using GT0’s. The power converter circuit for SMES is a
current source rectifier, hence suppressing the over voltage on GTO power devices during commu-
tation is a very important problem, when using GTOQ’s. Another problem is to get high conver-
sion efficiency by handling the commutation energy properly. Two circuits are presented for this
purpose and the detailed computer simulations were carried out. The experimental converter
system has been designed and tested to investigate the characteristics of both circuits.

1. INTRODUCTION

Superconducting Magnetic Energy Storage (SM
ES), which consists of a large superconducting
storage coil, its cooling system, and an ac to dc
power converter system, is anticipated to play an
important role in future power systems, not only
for load leveling but also as a power system sta-
bilizer.

Conceptual designs of SMES for electric utility
load leveling require power converter power ra-
tings from a few hundred MW to 3000 MW and cu-
rrent ratings from 50 kA to 700 kA. From this
point of view, a conventional line commutated
converter is preferred. But it is necessary also to
control reactive power drawn by the converter,
which varies over the charging and discharging
cycle of a storage coil. By controlling the firing
angles of two sets of line commutated converters
connected in series, as in the converter of the 10
MW.730 MJ SMES system stabilizer at the Bonne-
ville Power Administration substation'’, the re-
active power can be reduced to some extent. But
in order to obtain a wider range of reactive power
control with thy ristor based converters, it is ne-
cessary to use some other techniques such as

changing taps of transformers formers or by-
passing several bridges. As a result, the configu-
ration of the system would be complicated.

By using gate turn-off devices such as GTO’s,
not only can a converter operate with zaero reacti-
ve power, but also simultaneous independent four
quadrant active and reactive power control is pos-
sible?’, The most difficult problem using GTO’s
is handling the energy stored in transformer lea-
kage reactance during commutation. Especially
in the case of high power converters, the transfor-
mers would have 10 to 20% inductance. Several
solutions for handling the commutation energy
have been proposed. One method is to store the
energy in a dc capacitor via a diode bridge during
commutation, and discharge the energy to the
ac or dc side of the converter using a line commu-
tated inverter or GTQ's after commutaion®’®*’,
It is important to reduce the power handling
capacity of the additional circuit. A circuit which
controls discharging and charging of the capaci-
tor to handle the commutation energy is presented
in this paper. Another solution presented in this
paper uses by-pass capacitors on the ac input ter-
minals of the converter with PWM control. A sw-
tching frequency of more than 2 kHz has been

The contents of this paper were presented on 19th IEEE Power Elecironics Specialists Conference

(PESC '88) Kyoto, Japan, April 11-14, 1988,

% University of Wiscosin-Madison
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applied to this type of circuit®’, but it is desired
to reduce switching frequency for high power app-
licataions. For this purpoose, an optimal PWM
pattern was derived.

Computer simulations using ATCAP 3 (Auto-
matic Thyristor Circuit Analysis Program) deve-
loped at Osaka Universityﬁ), and experiments of
both types of circuits were carried out, and the
operation of the circuits and the design methods
were studied.

2. CONVERTER SYSTEM FOR SMES

One of the SMES designs for 5500 MW, 1000 MW
has a maximum storage coil current of 230 kA.
One option for this converter system would be as
shown in Fig. 1. Eight sets of GTO converters are
connected in parallel to handle 230 kA current
and, also, the system can be operated even if
one of the eight converters is tripped. To reduce
harmonics drawn from power system, delta-
delta and delta-star transformers are used. Inter-
phase reactors are necessary, because rectifiers
producing phase shifted voltage waveforms are
connected in parallel. Long power leads from
converters to the energy storage coil can be utiliz-
ed as part of the interphase reactance. The power
leads would be cooled, perhaps superconducting
also, so that the losses in the interphase reactors
can be reduced.

In order to control active and reactive power
simultaneously, two blocks of converters are co-
nnected in series. For 230 kA SMES, each conver-
ter module would need to be rated 125 MW (28.75
kA, 4.35 kV) with eight paralleled modules. To-
day, 4500 V 3000 A GTO’s are available and a 10
MVA GTO converter for battery energy storage
system has been built”’, though it is a voltage
source converter.

Two options for GTO converter circuits are sho-
wn in Fig. 2 and Fig. 3. Either option can be use-
d as the converters shown in Fig. 1. In the circuit
shown in Fig. 2, the energy recovery circuit con-
sisting of SCR’s: S1 —56, GTO's: G7 and G 8,
diodes: D1 and D2, and capacitor C: handles the

commutation energy. The feature of this circuit

Fig. 1

Fig.2 Converter Circuit with an Energy
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it is discharging the capacitor C. in the first half
of the commutation period and charging it in the
latter half of the period. Hereinafter this circuit
is referred as converter circuit ( 1 ). In the second
circuit shown in Fig. 3, three by-pass capacitors
are connected to the ac input to handle the comm-
utation energy. PWM control is employed. It is
important to derive an effective PWM pattern
with low switching frequency to get high effici-
ency. Hereinafter this circuit is referred as conver-
ter circuit ( 2).

3.CONVERTER CIRCUIT WITH
AN ENERGY RECOVERY CIRCUIT
(CONVERTER CIRCUIT(1))

The commutation period of the converter cir-
cuit (1) can be divided into two periods leading
to the two circuit connections shown in Fig. 4. In
this figure, the commutation process from GTO
G1 to G 3 is shown. Fig. 4 (a) shows the circuit
connection during the first half of the commuta-
tion period when the capacitor is discharging
and Fig.4(b) shows the circuit connection during
the second half of the commutation period when
the capacitor is charging. The GTO and thyristor
gate pulse patterns to implement this control are
shown in Fig. 5. The key to control of this circuit
successfully is the determination of the timing
of the switching of the circuit from (a) to (b) in
Fig. 4, in other words, the determination of time

7 in Fig. 5. From the consideration of balancing
the energy of the capacitor C4 during charging
and discharging periods, the Eq. ( 1) for time <
can be derived, and the ripple of the capacitor
voltage, AV. is given by Eq. (2). 7

T = LI/ (Voo + YBEsina). (1)
AV, = L3/ (4C4 (V.o+ V6 Esina)). (2)

Where

L; :inductance of ac source and converter tra-

nsformer ’

Ia :srorage coil current

V.o : initial value of capacitor voltage

E :the RMS value of line to neutral voltage at

the input terminal of converter

Cs4 : capacitance of the capacitor
a :firing angle.
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The laboratory experimental SMES system has
been designed to operate with either converter
circuit ( 1) or converter circuit ( 2 ). For studies
using the energy recovery converter circuit ( 1),
the actual circuit parameters of the experimental
system are E= 90 V3V, I,=60 A, L,=500 xH
(18%, 7.8 kVA base), V=200V, and AV.=20 V.
The value of C4 should be greater than 300 uF (12
% ). Based on the above conditions, we carried
out a detailed computer simulation for converter
circuit ( 1). The results are shown in Fig. 6 . Pro-
gram ATCAP3 was used for this simulation. The
value of capacitor C4 is 300 £ F, and the snubber
circuit has a 0.5 £ F capacitor and 102 resistor.
The discharging time twas calculated from Eq.
(1). Fig.6 shows that the circuit can be operated
successfully. The capacitor voltage was stable
at around the specified value, 200 V. The voltage
ripple on the capacitor was 20 V. The firing ang-
le for this simulation was 270 degrees where the
voltage ripple takes its maximum value. Figure 7
shows the experimental waveforms. In this experi-
ment, the value of capacitor Cs is 600 #F. From
these results, the desired operation of the conver-

ter circuit ( 1 ) was confirmed.
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Fig. 6 Simulation Results of Converter Circuit (1).
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Fig. 8 Changing of Capacitor Voltage during
Charging and Discharging Cycle.
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Top: Line to Line Voltage (100V,/div, 2msec,/div)
Bottom: Line Current (20A /div, 2msec,/div)
Both waveforms were taken at the primary side

of the converter transformer.

Top: GTO Voltage (100V /div, 2msec,/div)
Bottom: GTO Current (20A,/div, 2msec,/div)

Fig.7 Experimental Waveforms of

Converter Circuit (1).
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The discharging time t must be changed with
changing firing angle. Figure 8 is an experimen-
tal result for capacitor voltage V. during charging
and discharging of the 8-hy superconducting coil.
The capacitor voltage rose up from the precharged
value of 140 V to around 200 V. Though the capa-
citor voltage changed somewhat according to
charging and discharging of the coil, the average
voltage was stable at around 190 V. The capaci-
tor should be charged up before beginning opera-
tion at least to the maximum value of line to line

voltage.

4. PWM TYPE CONVERTER CIRCUIT
(CONVERTER CIRCUIT (2))

In the converter circuit (2) shown in Fig. 3, the
capacitors connected to the ac input of the conver-
ter are utilized for handling the commutation
energy. The line to line voltage rises up from the
initial value by AV,

AV =2y L,/ (3C)], (3)
and the resonant frequency between the induc-
tance and the capacitor is given by

f,=1/(2x \3L,C) (4)

A TkVA experimental converter has been de-
signed for the 8-hy coil using the converter circuit

(2). The value of capacitor C was chosen to be

(v)
280
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80
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27

Top: Line to Line Voltage (100V /div, 2msec/div)
Bottom: Line Current (20A/div, 2msec,/div)
Both waveforms were taken at the primary side

of the converter transformer.

Top: GTO Voltage (100V/div, 2msec/div)
Bottom: GTO Current (50A /div, 2msec/div)

Fig. 11 Experimental Waveforms of

Converter Circuit (2).
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60 4 F (7.1%) which matches AV =200 V. The re-
sonant frequency, f., is 530 Hz in this case.

The resonant frequency is 530 Hz, so that it is
better to reduce lower order harmonics such as
the 5th, 7th, 11 th and 13 th. The PWM pattern
for this purpose is shown in Fig. 9. The RMS va-
lue of the n-th order harmonic current is given by
Eq.(5). Four harmonics are eliminated by pro-
perly choosing a,, . as, and a. However, be-
cause there is a constraint on the minimum on
off —time of GTO’s, it is impossible to eliminate
the 5th, 7th, 11 th and 13 th order harmonics.
Instead, these harmonics are minimized by using
the process described by Eq. (6 ).

4
. =4v2/(n 7)1 cos (n 7w,/6) {cos (nZ a)

i=1

4 4
—cos(n 2 a)+cos(n I a))—cos(na,)+%}
i=2 i=3

(5)
g+ 17+ 1+ L | — min
Q, Q0304
subject to ;2 1.1° (i=1~4) (6)

These process results in the choice of @,=1.57°,
a,=13.03°, @;=5.00° and @,=9.29°. The minimum
on./off —time in this case is 73 usec.

Figure 10 and 11 show the simulation and expe-
rimental results, respectively. The resonance be-
tween the inductance and the capacitor was supp-
ressed effectively, and the over voltage of GTO’s
was reduced, too. The harmonics under 19 th or-
der in the line current was less than 3 %, and the
voltage across the GTO’s was less than 200 V.

5. CONCLUSION

(1) The converter circuit with an auxiliary circu-
it to handle commutation energy was presented.
The control method for the capacitor vlotage was
derived. The capacitor voltage could be maintain-
ed at around the specified value by the control
while charging and discharging the supercon-
ducting coil.

(2) For the circuit with three by-pass capacitors
on the ac input, PWM control is essential to avo-
id resonance. An optimal PWM pattern with low
GTO switching frequency was obtained. With

9-pulse optimal PWM pattern, the harmonics in
the line current was less than 3% and the GTO vo-
Itage was maintained within reasonable limits.

Due to the simplicity of the circuit and low har-
monics, the PWM type converter circuit will be the
best choice of the converter circuit for SMES. But
the high power, low switching loss and low on-
state vlotage switching devices is desired for the
high efficiency and reliable operation of the cir-
cuit.
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Expression of Cloth by Ray Tracing

Hirokazu NARITA, Tadashi SEKO and Yoshikazu NAKAMURA

In this paper, the method that represent the colored cloth in the three dimensional computer
graphics is described. The mathematical function that express the model cloth is derived. The
values of this function are calculated by the computer. From the result, the three dimensio-
nal shape of model cloth is drawn on the color CRT by the wire-frame method and the ray-
tracing method. The color of cloth is painted with the texture mapping algorithm.
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Study of signal processing using multi scale description

Shigeki DOI

The signal understanding can not be achieved only by the numerical data itself. Therefore,

the proper description suitable for the signal recognition should be required. The multi-scale

description of signal have been already discussed by using several methods in many fields.

In considering practical uses, the author has made a special attention to the scale-space filtering

(SSF) by using Gausian smoothing because of its wide applications. This paper describes the

basic treatment of SSF using Gaussian convolution and the discussion on availability of SSF

the signal processing.
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Identification of Image Quality of Seal Imprint

Using Features of Density Histogram

Katsuhiko UEDA

SEEREEEE T 2B HHEBRA v 2 7 A2 ERT 3 - HOREMBIFR L LT, BIBEKEHO R
HAEMBRICERT 2 AR ERET 5. AFHR, BIFXFERD & 5 TERBE 2 HOEROBR O K
RZOBREEZ 5 LIEFRBENE EVHIREERALLEETE S, TROLERERKOZHORE £
A L7 AEBILT, EENOEREXTFREERRICHMLILEE, EX M5 L00MEORESEH
MEE LTSRERINETI. BxOREEET 2HRER LAV TRINERET > 12 & T5, AHOEBNH
ERIE-HT 2ERBB O, FFHOFIROHR SN,

1. £ & I &

MR E LB ERAHNESHESFRORICER & hH
BER—OHBIC & > TERE NI OLEP TN
CRBAHET . VbW 3 BFHERAOHRICBWT
. BEOCHBRAEORAHERE (BABYIBINERE) £
SPICT BT EDBEETH S, Btk B8EN
IREHREES S WETE, SBITEN CHERSoEERY
FEOHBHRIEEN 2 FMOREL T 20HPE5BNTH S
EEILNB,

FEH IR ouge b, BEIERSEL CHED-
TVREITREORAENLERCAEL. COKREE
EEMRET 2 ERLEREC & 2 ABRABAROMR
AHBEIE AT - fco TORR, RO EAHOPIZIE -
foo TD L HEMNISHIHTRABOHEI DWW TIL,
AFRNFETREE CHNERSOREE L HE L T/h:
RAateExET 2D, L LEESET LR iga |
¥ (HARDIC LA, T EEek5HIE) il TR,
EHRORBEB BB B, KicHROPTHICLS
BAtEEOHILIFE L | BEREHRICH T 20 #05%
BTEh s,

HIEREOZEEIC T 2 BENIEE & LTk, #HR
EHEORELEFHEORIRICELE I LS T, HR

* KWK OPEO—EIE. BRI 62 EEKBIR¥ 207
TEmAAS (WA 624 11 B) IcTRE LI,

EHROBKERE L TRAT 2 &Y LHEXERD
BEEEOREMGEO v F v I EFBLTRATRC E
Kk, BEZEHERRL &5 T3 HEVBRESH
TWw3, L LEjEoHEIR. BERAICBVWTIRAE
DBIBLEELRREO 1> THBDTY, ThEEEM
KIEEILT 2 DN S 5, EikBEOREKIE, BE
Bic IR OZRERIT 2 C EPHEBTHE D, B
LU - ABIREORNEENCIIENS 5, BWHEHE
BRIEENERE U 3. LRBEoBRSEESICED
Tx3HBBSOAEKLE LTIR, REDRICHBAERE
BRBOFTEEBIL ., T0ERESVTRREARLT D
BEBANEFRE L TRAETIOHNEENTH S &
Eiohd,

AH/X Tk P EOEZcE o B BERAH
KOOI HOERIHARE LT, BEEX P75 A
ORI W CHR ERORE RN c#BilT 55
HEEREL. TORIMEREIC O WTRETT %0

2. HEEROGRRR

BRI CEEHR . AR EE RO, TOR
BErx b7y acBiFcBlhg, - TEHRIBOT
2. CORBOERIR U TRERINET Y. $RbLHE
EBROBMAEROBEL X + 75 LADKHIc L » T,
HEEROZT%E. OXFERELEFRHLOI /b IR M
+HRREERS (BL. FRXOWRBRE TRAIAROD



ENRzZ A7

BB 53 3] 1% T 53 F

= 8B 43> i {8 O IEXR AL
e X bk S 2. D1EARR

4B O B3

S B Rk B

X1 SEBILEOHRNE

K LaEHEIBRGEEND), OXFEREHFEHO
Y} 52 MBRTH, HBVRXFROBMETILIAE
WhHThiBsn. QXFHOFEELBVWERESD 3 oI
9 5, SEBNOLENTNEBEOHENAER 1 ITRT,
FTROHLERSAER L E Y TK E S OWAERICH
L. FPAEBITOOTIERILREL 2 b 75 2 %24F
Re 5%, ELTIDEZR 5 L0KHMEEROTHE
SEEIcE->T, LO3>DRB 7 5 2 IcENT 5, Y
T BB LT BE&MICHET 5,

21 EROKBEEREBREER M5 LADIERE

FFR2 IcRT L O Ic, BEEHY M4 XM X M. BEL
~v L OREHEEKREMES L Tm X mOE 5 EHIR
KREIT 5, Z LTERGHEIRIT>VT, BELVASV]
DEFEHED . 2EFEEE N=n,+n,++ « « +
n, &LT, ERILBEEX M54

p(i)=n; /N m

RT3 (K3)o () RNRIBEOHRAHERLT T
EHBTES, RICTO P(i) OHH»oHBISHER
W LEWEREEICL D, BMAERROEREXF
BHCi, HRMLC. D220 7 S RAICHFETBLEVE
k k%3 (M3), Ok 2. HEATHVWSH

B

BB

lg)
&

4

K2 IMAEE~OHE
HEE : C,

XFHR : Cy

nY

122 ;X
M3 EfftREER S A

® K i

SR (7 5 RORE) ZRAICT Bk CTRESE
TH%,

2.2 HHBOTEELLTERN

P LoD b Eic, ORRER. @»THhiE. OF
BB ERTERILE X 75 OBl E LT,
PUTD6EEEERT 3, THOLEAEEDI V52
FEHfER & LT,
(1) 258 :

o= % (i-pD P(i) @

CIT pr IWHEROLFHBEL NIWVTH S,
2 75 2EHaE:

o =P (p1—p)* + P (p2— pr)? (3)

TTTPi\ P: BZHZENZ 5 X Ciy C. DHEREHER,
Ui L BERENY 5 ZXC,. C, DEHBE L~V
TH5o
3 Stk :



BEEZ b5 ADKMMICES  HEERDOSHBT 61

n= 0%/ 0 4)

@) 77 AHBRELVNVE

Hp = [y — K2 (5)
FRELE (/4 X) FHMERE LT,
(B) 75ZC, DN :
otv= % (i - u)tP(i) ©®
6) 73ZC, DHHEK :
222 i 1 — 2 2 p(i 7
T B TR i @ ASBAELR
P66 BofteRwT. SERBITICBIT 238
HRIAHE D Ic & b . BEARREHILO 3 >ORE 7
5 2¥ER9 B, N~
3. SERVES £
1
_.t_~
3.1 EBRAE
FERTHE T 2HRER L. EiRY 1 X 256 X256 4@
(E), BESEy FTHbB, £ERNEIZLELES
5L T64ED 32x32 (HEFK) OWAFAKICHE L1,

ZLT 2. TRRICHREICE - T, BEHHEEE 3 >D
SH7 7 2<ERT B,

F TR SERER ORI E FHHRIc X - T (b) 2 fELER
3ODRHEY S ACHELT, BWHI SATELICEA
20 HOMAMARAFIR L. ChoE2EFHY Y IV E
L CGRAIBIMERET 5, T LT6EOHIERXZNTH
HAOEHE ORED © 5 BELEGERH L THf 30 E 0HIFE.

X4 »IhEHEShIERSHREOH

#1 GHEBHIRER

&3 1920 B4 HIRE REBR Y 7 v E LT, BA —
EB 7 12, Bl C ORISR E MO EHIFEOR BERINLECNRAE | Yos
REDUBBE EIT- 120 ROE | pth | & B | (%)
32 RBRRHL VRN R

RFi & 3 HABIIERO—FER 4 1R T, RN * S| *2%] °° o
B3-oDHHEI 5 ADHT, pThEHESINIEAHE £

BEEETRLTVS, £MbFRENTOILVEER ? 29 | 367 6o .
BRT, XTRIEET RHRBRRE. XEROHE a

LAEVES R EREHES i, M4 @) BADBSE =F

EifgE, £:M4 b BEN @ o2 #ILERTS 3, #H

B 515 75 & 5 1cy BRI X BHETRATHE X fil - 0 0 | 789 | 100
W THEWEABEFETRRBEh TV WS

FHFET 505, 240913 BENE L OBFICBEVWTH 2EOFBURM: 1920. 2FH—HEK:93%



62 BB

RUBEREFATVWEEELONS, K4 b D
BRizoWTHERIC, 2#tic k& 2EBOHERS I
EFELThERE LRI TEY, BERAVWEE
Zohs,
RICEEBRTHOSEBIEY v I rveEicdd 3
WEBBRER 1 ITRT, ARIEAFERIT X 3B
REABOBRICE 2 FEHERRE L OBIRERLID
DTHB, B oHLLBEI I, EEFB<BVTE
SEER. BLUERERMLHEIhSAHERR, X3
KBOTHEERBESHESL S hTWVW S, FEFMHEIC
BOTLThEHES hBAERE. FFEBVT
REBIEENI>OREY 7 RICKE#MAELTV S,
Ly LEFELEFREG Y X 7 A Cll3ALBSR. B
EH LB iR OS2 RAENR ET 30T,
BEEM EBHES iR RERHRICIBIRLE
Vo - THEER0R, REE LBHES s
DHTHB, UEDXIIRERZ EEGNT—HRIZH
NRELY, FRECLIIBIFRI., 2EMNERR
S T T ARREEEATVRE VWS T ENBTE
3,

4. € ¥ U

EEAESEEEE T 5 ST SHRERASREE
HY 2 00E#P5EE LT, HES S ESTHOH
BicadEl L, RS EROBE LR F 5 L 0KHEE
HAWTHRSE A RN IcBE T 2 e RE L, %
L CEREY ORBOREERIc>WT, FFFEICX
3 REBNER ATV, AMOEEFME B L ET
A, BIEBEUERBE SN,

FFREORBHMIT. RERNOLDICHEINAEZBLD
HELREY 27 LDOHhORED 2 fE{LticBOTRET
X3, - TEFELERE VAT LARBABAATHRES
VAT LLEE LU TONIBEEOMMIZEEAELVT
EThH5,

SHROKRFEEE LTt HBRABOBEOBELIT5E
KoL ThRET 5 C &, BHBOAEHORDIC -V
TRE T2 &, BERAFEERROHEBE YA F &
KBRS, BEERNODREERT I LN ELD
3,

EBEXM
1) LHBEZ: ‘BPHERAERIETROMALE

ALoHE", E¥H O, J70—-D, 7, pp.1374—
1382 (W 62—7).

3

2) LHBE. ‘B s - vRAcEETIERK
By 2 ERivkREd”, E¥% O, J72-D-1, 1,
pp. 66—75 (FE1—1).

3) H. Iwase, T. Mima and T. Toriu : “Auto-
matic Verification of Seal Impression”, IEE
Conf. Publ., 265, pp. 25—29 (1986).

4) S. Lee and Jin H. Kim : “Seal Imprint
Verification Using Attributed Stroke Graph
Mactching”, Technical Report TR-88-32,
Dept. of Computer Science, KAIST, Seoul,
Korea (1988).

5) B.Lsrkfh: “EHLE Y FT 7", p.590,
HeE (B 62).

6) KEBEZ: “HMiBiUBRN2EFERESEH
By L SWEREL", £%4 D), J63-D, 4, pp. 349—
356 (HE 55—4).

7) NOEH : “SEBRBIHKFAFIIT", pp. 7991,
JeHiRR (18 55).



63

T4 NVF X BFLEROTFH

% E

IE 3

Filtering for prediction of Waiting Time

Masakuni TAKI

Nowadays, it is feasible method that we apply queuing theory to desing of service-job system.

But for a customer in queue of the system, it is important to know his leaving time from the
queue at real time. This paper which is application of Kalman-filter discribes the method of

prediction of waiting time.
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Electrocatalytic Oxidation of Dihydric
Alcohols on Platinum Modified by Ad-atoms

Ikuichiro IZUMI and Yasuyuki OHNISHI

The electrocatalytic oxidation of dihydric alcohols has been investigated on platinum elect-
rodes modified by foreign metal ad-atoms. The enhancement catalytic effects are found with
Cd, Zn and Cu ad-atoms. An explanation, based on voltammetric characteristics, is suggested

to interpret these enhancement effects.

1. #%

il

kLR ZBROKREIC. —FEFBUTORERF%
FEFRICHOBSBALERIT F7  ABBREFTATL
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BERE (1~4p0) icEEH L. iy, B&E{LBER T
——> (R~CHOH)yy+Hee (1)

R—CH,0H |—> (R~COH)y+2He,  (2)
R—=ﬁ> ( ‘gOH)ad+3H°,d (3)

fast b, -
Heyy — Hite (4>

T3 — B L TENOBRERETE UichERYy o
BEBLBE OBFUE (5, BR) NEXELTVBEHDE

(R—CHOH).4 g

4 r.d.s.
(R—COH).a + Pt (OH).s —> products
(+COH)ua (5)

1 | | 1
0 0.5 1.0 1.5

Potential /V vs. SCE

Fig. 1 Current-potential curves of imol » dm?
ethylene glycol (@) and 1mol * dm ®
H,S0O, (b) on smooth platinum electrode
at 100mV »s™
~—— : With 10 mmol * dm® CdSO,
"""" : Without CdSO,

Pt + H,0 ——= Pt(OH),tH% +e” (6)

EIONB, BB, BE (ad) BEBE@mCREFL L
REE, (aq) RBERPIFEETEEEERDT,

B~ BARED 5 A BRD, TOXSISEFT V-
NOT ) — FEBILEFEI M7 va —Vvico20WTHE
BT, Figl &Fig 2 K BERBK O 1 mol *dm™®
HSOcxF v vy )a—p, Fubrvyrsya—iv,
1,3— 79 v ¥4 — VDL 1 mol - dm* EESLIHEMH &
Zh 5iT 10 mmol » dm™3CdSO, ZHEM L 712iE#KIC >
WTOBR - BABMERLTVWS, WTFhOIZE7 v
I—NIZDOWTH, CdSO, DEMIcL B L E 0.3VDH
CELWT/ —FEROIBEN D BEEI I,

1
0 0.5 1.0 1.5

Potential /V vs. SCE

Fig. 2 Current-potential curves of 1mol * dm™

propylene glycol (@) and 1,3-butanediol
(b) on smooth platinum electrode

100 mV s

—— : With 10 mmol * dm® CdSO,

"""" : Without CdSO,
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Figl —(b)izRd & 5. HEEEP o Cd™*/Cd
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T Cd** + Cdu (9)

(R—CHOH)ue+Cdte—> R—CHO+H* +Cdu
10)
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TETH 5,

4. % B
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Fig.3 Current-potential curves of 1mol « dm® 1,3-butanediol on smooth platinum

electrode at various initial scanning potentials (E;)

—— : With 10 mmol * dm*CdSO,

...... : Without CdSO,
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Non-Destructive Investigation on the Internal Structures of

Waterlogged Archaeological Woods by Ultrasound Echography (1)

(Examples of the Ultrasound Echogram Obtaind from Waterlogged Softwoods)

Akira ISHIGAKI *» Katsuhiko UEDA

Non-destructive observation on the inner structures of the waterlogged archaeological soft
woods were investigated by ultrasound echography. Electronic linear ultrasound scanner has
been used. This instrument is genarally used in most medical purpose.

The heartwood region of the waterlogged wood of pinus reveals characteristic ultrasound

echoe such as acaustic shadow. Mass transfer phenomena in the heartwood region are some-
what different from that in the neighboring region.

The waterlogged wood of chamaecyparis reveals characteristic ultrasound echo pattern corres-
pond to the radial face pattern of chamaecyparis even almost sinked in the soft clayish ground.
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Non-Destructive Investigation on the Internal Structures of
Waterlogged Archaeological Woods by Ultrasound Echography (1II)
(Examples of the Ultrasound Echogram Obtained from Waterlogged Hardwoods)

Akira ISHIGAKI » Katsuhiko UEDA

Non-destructive observation on the inner structures of the waterlogged archaeological hard

woods were investigated by ultrasound echography. Ring-porous and diffuse-porous water-

logged hardwood blocks were used.

In case of necessity, the echoe signals from ultrasound scanner input to the digital image

processing system to enhance the characteristic ultrasound echoes caused by distinct hetero-

geneous regions in the waterlogged woods.

The innner distribution of cracks in the waterlogged wood can be easily detected by ultra-

sound echography.

More hetrogeneous part such as tyrosis in which tissue filled by resinous substance reveals

characteristic shadows on the ultrasound echogram.

1.% §

BT, ERSFCTABRIh TV IETEAERS RS
B & BEFMNZNEE T IEBIEN I AR OB
BEFVINMEFBELTWOHL, =7 TVERICE
32MAEBRCT 500D F - 5 OERPERL
HHEBTHh TS, L LHEARHA~NOBEESM
DIERIK2VTR, ThETLLANEL . AMEOHE
DREBBOBEF I & 32 OBEENICS { OFEH|
2HERBITNATVAOIHEL T, £F02MICHLE
RGP, B EBR T 2 o0 OERMEEE I £
BB D 5,

T EEOSEAKLD b EROKDEECHIK
HaENRIT, T ORMPEEEIEBENCBEEE TN
T3 HOERMAFREZEHLIAMEIF E LTITY
Rk d 2MAEE. HERB LM OBMAIZ h.OCH
g LY,

AETIREEICEIRE, HEEE L bicHIflos
WEERH I > LW T ORI ERLICHET B,

—R i R A e SR i R L T, A
OEREMNBLL . EAESE SIRFVY, Lis->Té
M & 0 bl AITOUEASRELPT L,

—fic. HEAMIREEER. ZRICHOTRASE
BRCERT S0, RACVUENT SHBILEEL |
{RICHIBI T & THHB~D U VA OHEFTIRE S JERHE
BHIHIET B LR ATEETH B0

T D & 5 NI OROIEBIEN I BRI S hhud,
RENBICE LT, DUAhOETER S 1D OFR|E
BANTE, LOUBSU - BELBECRBEIREC
EH]BEICIE B,

o »rEFHNEEEORERBOSMIREOBE bR
ob2RETH L, COLIUBEEBOEERELA
STV 38, TOAMREEIEBIERICE S Z LPH
#tc, TOREHESBEOBBICRIITERICOVWTD
2{HM5N TV,

EHETREERHEEM ICo VT, FERENICARRD
OUEHhOREREL., HEBOSHREICOVWTOR
B OEBIIMRERN S,

Wi 6345 A. BFEXLMBFLE s EIAE (R K T—HRE



78 fE B EEBE

2. XBHE

21 HESLUVATEEE

HEARMERE & UTRBEMXLMPIFAR & b i2t%
SF - BEOHEARM DIz h b S ILEBBTA (S7KkE
#1000 %) &ILEERETLM (B7KEH 500 %) %RV
R LI, 12, TOREE THET A LIITEA
mots

HIEEE ZEHISR L) = 7TEFEABTH2IE
& (B#SDL-150%) 2#HALBE— FETHIEL
o AEIGFE L T35 MHz DEFEMFEMH LI, T
NIIHHREETIZ 5.0 MHz DT L D 2R 505, &
D FIRE CHRARIRES oD TH 5,

Fio, BIECHER LA ESAE Y 2 7 4V ITBERE
SEWMDAAREOERNBIC L > TEMERSICT S
T EERD T,

22 REHE

B CRIE BT 2 BABEMPBHLENIDOT, O
HECHER L, KRR R LD S 5 5 R
DEEHNTS (BEv/avsys ) 288, z0Lkh
S T TRIE L7,
LEMHIMERR ET 2BE. BB & 5 IS I
HA# & b b—icERRHIEL L BOTHRVREIC -
TW3, ZITHEMFARLOG IR, #htkos sy
WVIROEEN 7 5 BEBERREOPE L < @t 0k
2RI, FENTSEEALEVEESIR, TESE
GREICHNS O, A THBEELEVE D ICBCE
fhFAEME S TAET 2LENH S,

BR1 HAHLIESEAM 0N

3. BREBE

3.1 LESIRTLM O]

SEER L -6 R R BE SULMARR & ©
HEINEEAT, $TRABOHEM &Y 7o v 71K
Yrahicb 0T, ZOABAEBE1 LS TIIRATIC
RYo COREHIAEICBREISE-> TV S, (B1ER),

HGFEDCBA

IV NN Y T TR WY WA SN (N SN S S U |

H1 RELESRAMOEAN

BH 2 HRELESRAMOBTER (1



PR AY OB E BRI & 2 IEBEERNBIF (1) 79

% I TAROEICEAAEICRZIE WS Ol Eg %
KPP CHEETERT 3 LEHE2 0 &) BEZHE =5
TVTELNG, ThidAHr oBEIh3BEDRE
ELLRIBEL TV S,

D& D IHEE 2 AR O BB O R
RIREB1DDENBHELEL L I il FHOD
HEITAEICK LEA OAH (BE 2 TIEEAR) DR
B3EEHREE (acoustic enhancement) D7k

T

K2 [ELoERNEROBEIKEZ (1)
L5 A~DRNM1 DA~DDREBRLE%TRT o
RUHEIC BT 2ENE ORERES KA TRT,

B, Sz g —-pEAlTE 0, FETKE->TWS
Bzl (B2 TRMAMR) 3ETEBHEORSHETER
Wicdh, I3 —DBRHBRICEBEAND B,
SEICIOBRENEHE 2 OWfEK EEADHEICED
EHTETLTVEDERANS 1D, BEE2 DBTEIC
HY T 2HANOMEREBRI LI, CORREBHES .,
BHEAICRT, COBHIEE1DA»SD. EnSHIC
BT 24T, SMERE*Z T4 EHTRLTWS,

BH4 RHLEHBEAMOBERER 3) N33R

: : P S
B3 FLOBERAEROBERER (2

LS E~HiZX 1 D E~HOXRBRANIE %KY,
BHHEIC BT 2H N B ORERELZRAITRT,



80 fiE G- EHBE

BH3 LEHE4OEBROBENES (6bit, 64 B
RERNIE Y 2 5 LCHUAA CREEFIMEE L, S 51
BERBEE SHEACERLTT ) vy TITHT &, K2
LR 3 DEREITRY & I &M~ OBAEDETRILE
K OHABICHI A ENBTX B,

T D& IcBEEZWE I HERM OO vEIh OfEfT
RIEZ JEPHER BT 5 D OB HRBFR L B,

BHS HHELIESBIMONER H4 BELESBAMOERX

BEH6 FHLEMAMOAE CROm) Ba7 RRCESBAMOBEHER CRkOWREE)



WP A OBEF LWk T & 2 IEBIENTZE (1) 81

3.2 LEHMILHOZEL

SEER U7 3EHELM & S REN UL TFEF & 0
HEENEHET, T TIc7 oy 7RI hizb D
T, TONBIEBEES <, oEAKEB 4L ISR, T
DABBEDIRAM &L D SEKEMBEVDTHITY DB
SEBE-TVD, TONBIRLEE L TERTS 305
mO—MKBaMsBHoh 3 (R4, TS
BV DEifEIC L AEED» S, WEOBE OIS &1L

DATE 88/83/82
TINE 17:2%
10/7KARE;

RENARK SEQ;85

SHHZ- 85NN
SNOOTHING
CONTRASY
EQUALIZATION
FLOPPY WRITE
FLOPPY RERD
FILE DELETE
6. INITIALIZE

i WRE SRR SR 0N R B

BH8 BiAMoBTHER (4. EHEAOKREBX)

K5 [L. B ORI O SRR OB E S
(B ATOWREER., 613K 40 L-Ric—%)

BLT, BERNCZEOMIEEFTRL TV 5 T LoHEg
L7z

BH6 OKRICHY T 2 BEHMEREERT TR,
COEHD S FIROKBROS BBEHERINT 5
b s (K4 0RO ).

ZIT. B40EEA (L-R). £&B(L'-R’) K&
LAY ICHEMT 2 H T TEBESRBGR BT 5 &
ADKETIIEHS ., BOWE TIIER 9 ITRTKESR

- .
] DATE 88783799
TIXE 17:28
10/HANE;

RENARK SEQ; 86

SHHZ- B3NN

EQUALIZS

FLOPPY R

£1 [}
i

B6 [[LE. EHROER DRSO FCHE SRR OB KR
(BB CTOMBES®. £H13K4D L—R ic—%)



82 wiE e LHEBE

PELNDE, RESHNEROZMIESEILA LEBL
H&, 7Y vy THBHULALORESE EB6IKRT,
ARBHALHITEL TOMBEHR GE 4 1R L 7 #isE
DARTITHEVEREZR LTV A5, B TRERSIAL.,
S OIEHOBENBDONE EHITEB, LML, C
POoETRINSDBREIFEEHET S, T i,
EB7TCCOMEREE L THREROEAEVRILZHE
ELEIADE THEEEN,

Thont ihs, BENICRAROMEBO S HiE
HEPE UM L T, BEREE & oxtlERD 24
BErd 50, BEEECERENCEShIEEOS T
EREBOATICIERSERN L 5 L FREN S,

Ht AP DREEICIE PEG ® t—BuOH B0 REHE
MEESBIEIFEID S, OB, BKIERIIT
. ASICEC2EQBPHICRABICBAL. KB
HEAHAICHEBLEBEL T E, &5ic, &8
OEICBEOEN RS ISR ERLTH. H
MUK ESBERTABO BV LE2XBERVWTHSE
L. EORBEE2ESSRBEHEELLY,

COEED & 5 I WENICEIESERCES LTV
BBE. CORITREROEEMEN. COKR. B
FMNCARER L EBIREDO T  EEFNESKT L, nE
BROBEPHRICHBMNB T LbELIOND, ThERE
D 3icvicid, TOBEBORRROREREEHIE
DO CETESG E BT 2L ENS B, Thizstk
DORBETH b,

4.8 B
HAH OO SRS BRI 5V T,

FE & U TEEEH I M ERICERHITEETV, o
037132%’&%%7*:0

1) BEE2EE RN AM oD S h o TIRELJE
BENIY 7V A ACBRIT 2 0BHRFRENR
5,

2) RENE O, HicEBET NS RKEASOMIER
DHRFHREE S BT HSWEEIC & 0 EBEN I s o &8
T&E5,

#HOB

COMEERTTBichi b, BEISHERHRE %
£t U TRV RRE LR OB E DRI
B BB L5,

COWMFEIIEM 62 FE LD 2 FEMIc b b XHER
SHEHBE (—RPIEBR) OB ERI T - R
BRRICESVTWS, TTIRMIELTEST 5,

Ffo. TOWRORBICEERF ©E L THEROER
% LTHEVERR. BBRS, SEEESE, WREA
DEBRHIT 5,

X #

1) AE . LHBE ZREERELE. E4 5
(1988). HIRIH

2) BXLHREZRE | EHF « X O BARIFEN
%, p.p, 602 (1980), HA¥HFiREE

3) tHBE. FE B ZEREWELE. B2 5
(1986), 57
GE E. EHBE : Binel EEREHIHIE
(FRRHE 2) FRRRHEE (1987

4) HE . LHBE . XEEEWHELE. 825
(1986), 69



BHRHEIAM~NOR)ZFL VY T-ILD
SEBRICET 2 HRNEE

HoE BB -0 8 it}

Theoretical Consideration on Impregnation Process
of Waterlogged Wood with PEG

Mikio KAWAGOE and Akira ISHIGAKI

The impregnation process of waterlogged wood with PEG was investigated theoretically based
on the the diffusion model. The three dimensional diffusion equation was solved numerically.
Comparison of the calculated values with the observed ones gave the value of diffusion coefficient
as 1X107° nt/s. The concentration profile of PEG in the wood was displayed graphically to dis-

cuss the optimum conditions of impregnation.
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¥/, PEG Offif: & 2 BT RE yOH
By, Ric k- THETES,

480 (18)

1 v~ ~ k
3 =2 & (Phm—Ln-Lk-1)

+¥(h,m,n—1,k—1)+ g(h,m,n,k—1)

¥.(h) =

+¥(h,m—1,n,k—1)+¥(h,m—1,n—1,k)
+ ¥(h,m,n—1,k)+ ¥(h,m,n,k)+¥(h,m—1,n,k)}
(19)

2. SHIERRRUEE

HEVPofECAV S hi RN, 8B4 3 mdDIr
FECHB © a=b=c=0.03m, ZEHLDIH, £T
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Fig.3 Concentration profile of PEG after 24
hours: ¥..=0.53

@75[510: 30 %ﬁbf«: M M:N:K:300 EI]B\ *@?Fﬂﬁ
i3 1.0mTH 5, LoD, REARICBIF 5 PE
G @Eﬁti%jiﬂ']'(&é &ﬁﬁbk : Da=Das=Da=
Dao

RENIEB SN/ PEG OER W, BRBEHEZEN
D PEG EEOME LT, READSHETE 3,

v
Wa= fo pA’dV
=pof, Wedv=pV ¥, (20)

T, VEERF o6 TE S, REVIEREE
KIAL L2 = (We— W),/ (Wr~Wo) DX E % B K
Mtict LTy ey b L. BETHEZRFIIHE ORI
EEBEGEPERTIT AT E2RVWHLTWE, 0 ¥.D
Blicko=1—¥. OBEL S 0, OEIFERE % Bk
T, #->Ty @i (19) R SEHETE B,

Fig. 2 ICBiEfic & 5 OOl t OBHEA B 3
B IR Lz, BTV ChEBEAE—HKLT:,
COF5 756, OOEBTHCIYEBSEmESKE
WeHSEREBERICEHI/DE 5, BIDWHERSE
KRELBBZT LMD B, COTMEBHEREL IR
DOxtt ORFHH T oy M3, AESBRTVWELS K
BRI, Hho7oy FIREOERBETH 5, 5
HHEZCOEMBRELSHEALTHLS,

FTEMEEAEDOLE DS S, Da=1 X107"m? s O
CEMBEER/ OIS —BLTEB Y., EHEHIEH X
107°m? s TH B &M > fo, KPicBiF 5k
FOBETHRERIE 2.27X10°m? /s (at 25°C) TH3
20% PEG /KiZ#k O¥5FE 13 4.136 mPa » s (at 30C) T
%% DT, Wilke-Chang ORIk » THEE OMIE
ZfTV PEG OUBEHEHEE T 5 & 4.4X107°m? /s
EW B, 1221, MEOBRE T 2 KkFIdKkDED

Fig.4 Concentration profile of PEG after 144
hours: ¥..=0.90

Fig.5 Concentration profile of PEG after 335
hours: ¥..=0.99

LR LT, 2D PEG OHEBIRHEKD B ORI &
HELWE L, COHREBIBIIROERMBONAETH
B, TOT ERKNBREC L ALEIERTERTHIER
MLHERTH B,

wic, BENOBEAMICOVWTEET %, Fig. 3
~Fig. 51z, ¥.=0.53, 0.90, 0.99 DIFAIH>VT,
AP ohRIcBY 2 BEATESREB TR LI,
BEIRY b T h OB & 3IF—BL 1o

Fig. 33 ¥.=053 D¢ X2DERTH S, COMiTid
w(=pr/0s) BO12509FTOERERE0.2
BB TRz COBRME, RLERICIR 0.1 BT D
HAVEEL, PO ERMEFEOREENE LW L
BB, CORETURE LD TERSEIIBS. T
OREBREZICESIEHED D, AR 3HEDS
A2VREET sBhb B,

Fig. 43 ¥.=090 DL Z0ERTH 2, VD0.05
MR TESBEHEERLTVWS, COR» L. 0.6 Bl
TORARIEELEW &0 B, £, HLEET
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REBERIABICEL 85, TOV.=09 DBAT
PREORR LREOENKEL . CORERMTOE
2ibH 30}, MBRICET., BEEECTRANSY
fERTH B,

Fig. 5 B3 V.=09 DL EXDERERTH S, O
Hir o, HERTH Pi20.96 A LTHD . BREAHE
BIFE— LR35, - T, PEG OREME V..
2199 %L EThhid, MEROEE. BEOERI/N
FVWHpDLELILhB,

Fig.3~5 2B L TH 5L, VS 25
BV OBECERRICBERCEELTVWS T L2n
BB, COTER, FHBEIHET 2ZRERETD
FHEICL-TRDTEE, COBRLOBEZAIET S
EiLE - THGBELMA T EMTEBTEERLTY
3, TONER, HEEREAET 3 2 L HEE AR
OHTARMENET 2B IMFICERTH B LEXS
ha,

CHEHEIEE LEMRoRRR %2 2155 LT EH0
PEG&EBERDTVE Y, ThoDEEMAME IR
BELTHELLECARFTRELIZIF-HLTED. &
DT & PEG OEEBRESIEERICTRINATV S
CEEXTRLTWS,

% T

HE KM h~® PEG §B8R 2 REIFLRAL LT,
WHOTEREHENICRE ., IR ERD 12, AT
T - A OBE. EEBAHIZH 1X107°m? /s
TH -1, REAEO PEG BESHH» S, RRIROR
EamziEg—ERBEdrenicid, D& s PEG O¥
BNE V. PO KL ETHER T EHNEET LW ED
ot e, BEMBIBRE X —BL, xESE
EHATERE b OHIAMCBRATEZ &8R- 1,

Nomenclature

a = dimension of test piece [m]
b = dimension of test piece [m]
¢ = dimension of test piece [m]
Da= Diffusivity (m?/s]
K = number of subdivisions of z axis (-]

M = number of subdivisions of x axis

(-]
N = number of subdivisions of y axis -]
(-]
= index in z coordinate (-]

h = index in time coordinate
k

m = index in x coordinate {-1
n = index in y coordinate [-]
p1=DA¥/DAX [—]
P;= Daz/Dax (-]
q,=a/b (-]
a,=a/c [-]
t = time [s]
V = volume of test piece {m?]
W = weight of test piece at a given time [kg]
We= weight of test piece at t=oo (ke
Wo= weight of test piece at t=0 [kg]

X = x coodinate
Y =y coodinate
Z = z coodinate

<Greek>
a=40/4§ (-]
B =pa’d46./ 47’ (-]
T =pg’d0,/ 42} (-]
4 = increment [—]
7 =y/b [-]
6 = Daxt/a’ (-]
£E=x/a (-]
A=2z/c (-]
3

0= mass concentration of A in solid [kg/m
00= mass concentration of A at surface [kg/m?

@ = (Wr— W),/ (We—Wo) (]
Y= ps/ po (-]
< Subscripts>

av = average
X = x direction
Y =y direction
Z = gz direction

Literature cited
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3) {EETRER (BB 455). 68, fuE (1978)

4) J. Crank: “The Mathematics of Diffusion”,
Oxford (1955)

5) Wilke, C. R. and P. Chang : A. 1. Ch. E.
J., 1, 264 (1955)
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Purification and Desalting of Reduced

Form Nicotinamide-adenine Dinucleotide

Shinichiro SUYE

Accurate measurement of the activity of enzymes requiring NADH as a coenzyme largely
dependent on the purity of NADH. Then NADH produced by enzymatic reduction was purified

by anion exchange chromatography and low pressure type composite reverse osmosis memb-

rane (loose RO membrane). The anion chromatography on DEAE-Toyopearl with sodium
bicarbonate (NaHCOs) as an eluent separated NADH from NAD and other impurities well.
NaHCO; was removed from the eluate by loose RO membrane. Loose RO membrane had high

permeability in the low operation pressure.

The purity of the NADH produced was determined to be 96.6% from its coenzyme activity

with Alcohol dehydrogenase [EC 1.1.1.1]

1. %

NAXFY ) u YOItk T, i DE{LER
FRYHEOEESRBEEP M )7/ —FickhT
EHRB TIOR3 LT Tz, Thicfkev, &1tk
FMBEO/NN T O OB, MEOTERMERICEEE
H-TETEY, BESEI/ v~ b 757 0 —PBEER
& 308k, BRESHNOELEME IS L TR S
T3,

T LIt EOh T ORI =aF 7 I F -
TF=vVRIL*¥F ¥ (NADH) 3. NAD (KER
Bk RBER OFIBER T d 0 R LM% O34T ICEIRSIIE
EELTHBVWOHLRTWSY, LAL NADH RiE»H T
AEETHOE, k. pH DEMEIC L > TE R ICH T
L. Lo b RE R BRI EMR L5 20T Y,
NADH DR i OfBRE®IIER LD S SIEL
., AEELTHVShAED NADH OB i LIGTH
SREEEE S - TWY), 2T CNADH OEEDOKICIZ
Box7y 7THRBLFTORTNEN ST, BEl [
ROTEHEEEL S, NADH OBl A+ VXM y
e b s = BEIUILN IS4 —VE B
Bro<tbrs574—BRAVLHRT, X, BiEicksy v
WBEP A 4 v TBRHIEEBET CRIGS € 2 5"

REBHZ, LBLINLRBREREA S —VOFETH
b, THREOR r — Vv TRBRITEhTHIEYD,

B7E. NADH BB{tBl=cF v 7 IF - TF= Y
X713 FF (NADH) »oBRRIBEZBWTERE
ENTVWE, BREHSE YA THERLE V5 NAD
25 NADH OEEHKI VTR LBELESD, &
ElaZoaroc b 57 4 — EEESREHEAE
(W—XHEERE) 2HRASDELFHOFRICLS D
A TEBEREIGE D O RS COMBEGORE 2B T
Ko lER, BIERTEME D NADH 2852 &MT
El.oTHET 5,

2.5 =

2.1 NADH Q%
NADH Q&K B - 12257, AW/ NAD ©
B*% 500 g & LC NADH ~DOE#RRIEEF - 720

2.2 YATEBERGHENDD NADH O
BRBSKT LRGSR B E-8% (UFK) %
BWTKREET - 72, REEKIZ DEAE—+ 3,5— 165
OM#A5A (B5a%A4X 700mX300mi.d.) KT
At R Ioeb 57 4 —%fT>720 DEAE—
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FE/S—L650M H T £1EdH SH L 0.05 M NaHCO,
KIERTEEE L TH L o SRHFME 0.05 M NaHCO,
JKi&#E 150 1 THE®. NaHCO: DB % 0.05 M 40 5
0.AMETLEREE S 5 V= v+ CiEHYT 3,

NADH iAHES 2B 1k, V—AUBBEEEY
BiEEfT ot V—AWEBEE 2 —Vid=y P—2
NASNVT LAY NTR-7250—-S2 (H¥EETL) #»
L7, BERORBIEIUTOEY TH 5, BEED
ki 10~151/min, E@HEMIZ 1.0~2.01  min,
TV 2 -V SR RRAM. FREAZEICH 20 ke
ef& L7z, NADHBE# 501 %5 1 £ TR LK., 4
A VRHORE 50 1 AN LBUEBHBET -7 Bl E0R
fE% 3EHE DB LA A& 3Bk OB EREHE S
5T &k > T NADH B Hhd NaHCO, DB 2 1
FL1o YL EDRIER 4 CORBET T 120

BB T 2 EEERABI L O RILL. B
KELVF25—v—TR4A CRAKMELI.TE v
TNADHMFHEE L LK, BevzFrz—7
VT NADHERDD T2 F v 2V Lz, BRRE
CHEMEY v ECHTERNE UBKREER S L,
F3! NADH QZERHE. THLERET. —20CTHRE
Lo

2.3 B NADH DO#tE
2.3.1 HBEREH

NADH ORBERE® I 7 V3 — vBikEBESR (EC

1,1,1,1) Rk bk,
2.3.2 JBAEHIHE

FEHISERE I3 NADH © 340 nm. 260 nm iKHBiF 3
SFBIEIZE 6.2X10°, 14.4X10° 1 » mol ™ » e R T
0.D.340 nm ~0.D.260 nm Dk 0.43 2 &3k 1,
2.3.3 BREKEI v IS5 T 4 —

BRI v b 757 4 —DRHEERUTOED
E L7, KIS Shimadzu LC— 4 A (Bl
). 715 403 YMC Pack A—312 (5 -0DS) (1wt
BIEPER) #5444 X 150mmX 6 mi. d. ZHVE
BTHET -1, BEHIZ5% %%/ —N in 10 mM
) vEREEK (pH 7.5). W2 0.7ml,/min T, ¥
HiZ#d SPD— 2 AS iV 260 nm OREE R & =4 —
L. 7= ¥y 7 CR—3A TE— /7 EHEEZROEH
s SHEERD Iz,

3. BRLEBE

BRNIGIC L 5 NADH &5k % £ 97 UF B Tt
BELTHW . REAMEKEEZREL /&, DEAE-

C
ZOOl r0.4
%
/
,/ P
J/ Lo3x
‘ 1501 y 3=
; .
g py
e / ©
o 100 1 r02 o
v //l 8
< i Z
71
S z
504 ’: ! 0.1
I 7 : {‘
1
F
100 200 300 400
Elution vol (1)
Fig.1 Chromatography of NADH on
DEAE-Toyopeal
— 1 A260nm, —--~:A340nm, ——: NoHC03conc_

Absorbance

0 10 20
Time (min)
Fig.2 HPLC of NADH fraction from DEAE
Toyopeal 650M column
HPLC was performed as stated in the text

b A= 650 M ICTEHK E LT NaHCO: B % B
WTBA A vE#I o b5 T 4 —RTo 1 IBHE
i$10 1 >4 E L 260 nm. 340 nm OBESEEHGE L7,
CORR%E Fig. 1 It LT, 9% HPLC TH#rL
1:ETAHE—7 ARBERIGOEETSH S NAD, ¥ —
IBRT7TF/s/vvIVRAFY R~ (ADPR) TH 53
ZEMbirotc, ADPR G, NADIKHRT 2D,
LS BERRIGRICIEBRNICAEK L bDEEL LN
3, E=2/CiZNADH T%b. 0.D.260 nm.~0.D.340
nm DA 042 P EREEE LCAHEER230 1 »5
2801 £ TOEL 50 1 5% NADHES & Lz, NA



BRR=—aF/T7IF7FV/IX I Lt F FOBRIERIE 89

® 1000 b d 150
£
§ 40
© o
o
w \O /. 130
=4
& 500 N 3
o o_ @ >
5 0 20 ¢
— S
2 ./. \O I"’
Ve \ HO 2
E o g
10 20 30
Time ( min)

Fig.3 Desalting.of the NADH NaHCO3 soin.
with loose reverse osmosis membrane

Tablel Properties and purity
of the NADH produced

Properties
£260nm ( X10°) 14.4
£340nm ( X10°) 6.2
A250nm,” A260nm 0.81
A280nm,”A260nm 0.25
A340nm.~A260nm 0.43

Purity (%)

HPLC 97.5
Enzymatic assay 96.6
A260nm 100.0
A340nm 100.0

DH B OfiEE% HPLC I & DR®H#5599.4 B TH D
(Fig.2) NADH BERIG#EICE £ h 2 NADH S #%
MBLURRKIGEEE NAD 2 IR IHHTETL
foo X, BHKE LT NaHCO, B E R W/ D TNA
DH O%E pH R TH 2FEM Y 1 FTHEE. B8
frbhiciedic CoBfEICHES> NADH o4 RIZR S0
-1z,

#£¥7- NADH @5 & D NaHCO, ORISR ik
BV—XWEBREROTIT - 1205, T ORB% Fig.
SIRTMEBROBDICHE->T0.D.260nm LR L
THED NADH BEHEN TV EDMhMH 5, ML
NADH OBiERIZ 98.3%. NaHCO; 130 %TH 1 BHE.
SEt, BUEETS &M TE, X, NADH NaHCO,

BiHES0 1 o 1BloBEICET 2N 55 TS -
1o #E3R NADH O#IE 5 FREE OWEOENHITIE.
PRARBETRIAEOMIESTE LW HBERBESH
WoNTER, UL, PEBETIRAS LEERE
EELLDEBVEIBBETH - o, ETHBN-X
FEETIR, B 3ENWNSVOTEEFRRTO
DB, BELGTIEE LD E T 2 VF — IR ELEME
DRIFOHEB /IS -1,

ZTTHN—AWEBEERAVSL T Lick h DM
RO 00 D EFERICE WS LICMA T, Bich b
BEH 20 kg of & HERVNE VO THRIBMBICHES N
ADH O, KERROhIIh -1,

BiisEE U 7= NADH /KR X E 5 ISR LTV
NADH #¥HILU 7z, SHFEREIRAIER © NADH #k
2 14.6 YDk %EEH. LObHEKE L TOBENK
EVOT, TORETRIBLTLE S, EITEIE
K7 b Tl UBKMBEB IS -, BEET
BEHETHCEICLVKAERIZ10.7%ETHOTEE
HELY v ETHANRT 3 LK DRECERE
BHAEBRELKDERIZ6T%EN -1, X BROBR
REREREOKN 1720 LR BFERF LR O AEL -
too BARINRIZ 15.8 U TH 720

Bohl-BHBEEROME L L UHEHE % Table 1
ITRT . @HE. NADHMEOIEEDOD &> & LT 260
nm, 340 nm iK1 ZBOEE O .. 0.43 %Ki 100 %
ET 3R NENHENS 30, TOEER NADH O
BREHERLTBOTAERTH O LTRKERRE
RIS € THEBERBEICKZEERDTIFNEELR
W, FERIE. 2 OFBERELED 5 R TR KRBRRIG
[HEHHEZEEATHWIRWEEL NS,

4. F & B

Rk E LTRAVWLh T3 NADH 33ERIC
REELYETH B EITMA T, & ONRERYIHBE
KRERREUINENEE R Z I Ep 5 hETEOME
DB E 78 - TV cH, TENRE T ORI I RRH
ThH-1,

SEOWEICLD DEAE— 3 S — 650 M ik b
NADH D847\, 851K NADHES % 4 — X ¥
BEBEEHOTNADH 2K&ES €5 &R BIET S
T EHTEI, NADH KA S HEEER., BRIBRE
BICTHRIL L oS Z O RBERIEED & DL 3 96.6
WTH - 1o PHEBEIC X TIHRECIEK DL
BINRTEME D NADH B850/, £/, NADH
OHELME TR ARBROBBER TS 2808~
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AFUVTINTF2VIRIVEFRFTIL AT x—}F
(NADPH) $#%BME. ZOMhBRoMslc bEEd
BHTE3EEIONS,

#o®

ERRETICH AV ETEEES U cmlsikt
SMICBRB I LET, £/, NADHEROX r— v
Ty TORETG S EEE LA RAHE TIRETE
H.F —BREESRBEBLET,
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Dynamics of Crystallization in Maximum Mixing Continuous Crystallizer

Takeshi NAKAYA

RITRIECBVT, BREBERNENHERECELT 5, FHIR. BREFEI—REFREEE E KR

BRERE ORI LB L, ERTLRAWS

WREEOBREFNMLEB Y Ialb—va vETE-1,

B DR ORE R IR EE AN S & T Tk, MR OBRME, —REFRERE, TR T&

IR ENASHE C 2 HP D - 1o,

1. %

bli]

EVTERER. Ao i vF—-onBHREE L TEREE
HTWE, RICHEMOBERAIF BT S5 972
DREEZ RS B LS B 2RO, sl
BT, BOREOGRERSEREhTWE, —ED
NESHEE S D ONESTMEE ., HHEEREE L
PICEIET 20 hb > TV 5,

B BT AP B L ED S hTEY ., £
OBRIEEERTH 2 T EM0h o1, HRAEERIEE
AT H L, BROMTE L IAEINEK» ORET B
—IREHE & BROGHET TEROMI 2#E D T3t
THRMRENS S, & 51T, —REFERBERRE
FNCREFIER D O RE T 2R &, BEDKRSE
PRTF &R 2R G- RECHRSN S, IRERER,
BE%EE20 525 —2EFREED O MK X 280K
HEOBMEIC L v e 3, BlRsEa4HELT,
1) #BEMOBERKESICX 28N 2) ERMo®&
X 3) HREIBERTIBRCEELOHE MEILhE,
BELZHOVT, ThThoiigic & 2 54E0E 5K
HEIFEL SN T B,

AR T, BEESHROURLRE BT O &I
HHET 5 —IREFRERE & . BRI L 21BN
RNVF - DEBEZT 5 T IRGHREEE O _HBICEN
L. &RERERZN» SOREETEDE R EE
A\ BHRAGTLESERET R CB Y 2 BitroBikt:
RN,

21 #HEFN
SR LRANSIERCBY 28R E Y I =
V—Yavd 5, PUTO320RELESVTHR
EFNEIUTI,
1) MARTEL2REATHD ., E2RAKEHLTH S,
2) FEEARREREE IZexTEatneE GRIGIRES —fafn
BE) OEEEICHAT S,
3) BRAEEER—ERERE & BRI EF D
gEfich s,
VWFNORESEROEIFREBRLLcbDE -
TW3, LEEDRECESWT. BEIGR. WEIRX
RERDB &,
AR

on 0 dr ——= Mo n
+ —eB=———
ot or {( at )"} eB=—-— (1)

ERieB0 T, HRREEE dr/dt {3,

dr
dt

= aAc (2)

BRAEE B (1o « ¢ » hr] &, —REFAERE
Bl [1/ate ¢« hr) EZRERAEME B2 (1l -
e hr] @*ﬂ'@&b\

= kACD(a, r*) (3)

B1
B2 = kAAcD (a, 1) (4)

b
A

2
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B = kacD(a, ') + kAscD(a, r)  (5)

ER B,

TTTyn [l 4] 3. BROBROBHEE,
o [1/cf e ] WEEREREM, r (o] BERORT
HE t [hr] BEE. ¢ [-] AERNOBEOEES
B, QR TEBINIERREREEN. 1 11&
BERERIGKRE. Ac [mol/cf] Bt BIETIRE, A
[£®] BEROKROLERR. BIMD (e, r*) BH
ELIERRONBARTS 5, 75 X5 —DEELE
B ERANTERIR, #0752 5 —OFRICkDRE
BHEBIOND, f-T, BEBRRINEIHER- &
EBAZL VSRS -PRELZELLBOBRY R &2
BRTFHERELT, ERMHT 5 DL EIRRAFH
L7

2va
2r(R)—ris, ar®)

exp {— a(r~r‘)’} (6)

D(a, r*) =

ST, (%, ar’) BEhEhSELH >
< B R v~ —BTh B, . a=Y o*
THY., a3 RELTHOEREEZ o [u] ERDS
h3s,

BEREHDOEEIT >WTOWENGK . BAKGE
—SELRET B &

o[22 [ (2o powed

v ﬁ “C] [klA '+l AL C] E (3, a, I")

(1

I
©
—_—

i)

TTTC. c [mol/cd] BEHNEEEE. o [mol/
off] BENICER T O 2 REIMEHEBE., . [~] &
SHEBEIMAR DEREAER, o [g/af] EEHEEHR
RKMOEE. MIERFERELKIIMOS FE. E
(8, a,r") RERKONEAFOIRE—AV b 2R
b7, ¢.E (3, a,r') ERZOLERICHNET S,

2.2 RESHEROHERE
NESHEREHEEIc > TmAOKEC /T, Bk
ERFRELTRESHTBRREZR<, iZEHORM% R
~Ri+ ONTEEEHE > D LT R E, TOKBRS
SEBOBRAAEN- VOB DRXEXBR: » 5 Rix
FCRTFER TIE>VTHENT AL -TRE 5,

=~
T

Ry 0N Ri+1 0 dr Ripr—
fﬂ; E—dﬁ_f " r {( n )n} dr—fRi £Bdr

=[5 2 a7 (Y e (8)

T

_d (R dN

Ry On
— e 9
fRi at dr dtY ® ndr dt (9)
(8) RoZE LB AL
Ry 0 { dr } _ dr Riy1
fRi or (dt Jny dr dt " B;
N Nia
A AL O
T,
Ry [ dt
Ati—fni [?} dr (1n
R dt
Atia= [ 12
1 thl dr dr ( )

(11) KoK (1L76t,) RU (12) KoK (1.7
Atio) B, FhEhERBERET3HIC X » THRAR
B4ty (i~ XE» S i RE~BET 3 8ERK%
b7,

B) RNOEAB IR

Ripr Ry
[ TMEBar=-¢[ "Bar (13)
R R

T, BREERIKEIcLTSEhTLES> EEL
3 &, (13) R

Rip)e —
[ ™EBdr=0 (i=23-m)

i _ (19)

=—-¢B, (i=1)
(8). (9). (10), (14 KX&b, BEZRIL.
dN, N, —— N¢ N: .
"&t—— —-A_tl_ + & Byt —‘L'-— — (=1 Q5
dN; Niee. N _.— No N
— =4 —— + E Byt —— —
dt At A T T
(i=2, 3, -, m) (16)
&35,
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Regeneration of Activated Carbon (2)

Tadashi UMEHARA

Rates of thermal decomposition were measured for Sodium laurylsulfate adsorbed on granu-
lar activated carbon. The rate data were obtained in a thermal gravimetric apparatus (TGA)
operated both at constant temperature (578 to 633 K) and with a constant rate of temperature in-
crease from 298 to 973K. About 40% of the adsorbed material could be removed at temperature up
to 630 K and about 40% of the adsorbed material could be eliminated by further heating to 973 K.

The kinetics of the decomposition up to 630 K could be explained by a first order reaction
and the remaining 40% of the original adsorbed material decomposed slowly at temperature
up to 930K, and about 20% of the original adsorbed maiterial remained on the carbon.

These results suggest that inorganic material residue remains on the carbon at 973 K.
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Nomenclature
E: Activation energy of thermal cracking

(J/mol)
G,G’: Gaseous product (=)

I: Intermediate product retained on the carbon

(-
k : Rate constant (1/sec)
ko: Pre-exponential factor (1/sec)
m: Heating rate (k. "sec)
q : Amount absorbed (g g-carbon)
qo: Initial amount absorbed (g g-carbon)
R: Gas constant (J/mol K)
R: Adsorbed form of Sodium laurylsulfate(—)
S : Adsorbed product of decomposition (=)
T : Temperature (K)
t : Time (sec)
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Shakespeare’s Use of Music in “The Tempest”

— How the troubles are solved 7 —

Kazuaki KAMIZAWA

Shakespeare has the mature technique of using music effectively in his plays. In his later

plays, ‘romances’, he often uses the music not only to entertain the audience but also to ex-

press the mentality of characters and the atmosphere of the scenes. In this essay, I try to
analyse his use of the music in his play, “The Tempest”, and find how the music helps to

introduce the theme of ‘forgiveness’.

(The quotations from ‘The Arden Shakespeare’ edited by F. Kermode. Underlinded by myself.)

Miranda. If by your Art, my dearest father, you
have/ Put the wild waters in this roar, allay
them. ...

Prospero. There’s no harm done.  (1.ii.1-3)

It’s sure that there is no harm (as Prospero
says) in his tempest, which seizes King Alonzo’s
ship like a hole of an ant lion. It may also be
taken the tunnel connecting the outer world of the
ship-people and the inner one of this enchanted is-
land. The tempest by his Art seems rather imagi-
nary to us, the audience, as his old story does to

Miranda. But it is the fact that Prospero and

his lovely daughter (Miranda ) was banished

from Milan by his treacherous brother (Antonio)
and King of Naples (Alonso), and which could
be the true beginning of this play.

Prospero. . . .By accident most strange, bountiful

Fortune,/(Now my dear lady) hath mine ene-

mies,” Brought to this shore. . . . (178-180)

Now we, the audience, can naturally expect to
see his revenge on stage, though we aren’t sure
how it will be done. Shakespeare’s contempora-
ry playwrights liked to write such “blood-and-
thunder tragedies”, as “The Spanish Tragedy” »
or “The Duchess of Malfi”?’, because their audi-

ences had a great favour of this kind of brutality.
Even Shakespeare wrote some bloody tragedies
or scenes, as “Titus Andronicus”, “Hamlet”, and
so on. The conventional rule of revenge is “eye
for eye and tooth for tooth”.

“Ling’'ring perdition—worse than any death
can be at once. . . in this desolate isle”. Ariel in
the shape of Harpy declares the sins of Alonso
and his two fellows, Antonio (Prospero’s disroy-
al brother) and Sebastian (Alonso’s ambitious
brother) to doom this dreadful punishment. And

then, Prospero says with satisfaction as follows;

Prospero. . . .My high charms work, / And these
mine enemies are all knit up,/ In their distrac-
tions: they now are in my power. (II.ii.88—90)

He has the undefeated initiative of this play, be-
cause he can control any other characters at his
will by using his magic. These words suggest
his strong will, but. . . To our surprise, he gener-
ously declares that he will forgive all his enemies,
even partly against his mind.

How the forgiveness has replaced the revenge?

I

Here we should make it clear what the element
of Prospero’s Art is. We know he has three magi-

cal instruments like a traditional wizard in fairy
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tales; his mantle, staff, and books.

When he uses his Art, he wears his mantle (he
calls it “my Art”), and when he rests, he puts it
off. This mantle shows his status in this island.
When he goes back to the earthy world, he must
wear the rich golden garment as the Duke of
Milan. This is the reason why he changes his
mantle before he sees Alonso and others in the
final act. After that he never wears his magical
garment, and his state shall be proved by his no-
bleness, not by his magic.

His staff, though it is only once refered in Act 5
(Prospero. . . .I'lIl break my staff, ... [V.i.]), it
may be more materialistic than his garment,
when controling his spirits. As we know, in the
early orchestra, the conductor used to lead his
players with a very long staff by knocking the
floor. "Papa” Hyden once stroke his foot by his
staff so heavily that he was dead from this
wound.

And his books. Those are the most important
things for his magic. With the books Prospero
can use his spirits. Caliban repeats to his drunk-
en fellows that they have to seize the books from

Prospero in order to kill him.

Caliban. First to possess his books; for without
them,” He's but a sot, as [ am, nor hath not”
One spirit to command. . . (II. ii .90-92)

These books Prospero has brought into this
island with him when he and Miranda were cast
in the sea banished powerlessly from Milan.
These books should contain the ways to let the

spirits only on this island to work.

What are the spirits then? Especially what is
Ariel, their leader?

As his master says, he is only the air, the touch,
the feeling and sweetness.

Though Prospero and the audience can see him,
all other characters in this play cannot see him
in his own shape. When he appears on stage for
the first time, Miranda is made asleep by her fa-
ther not to see him, and after that, by Prospero’s
words we are convinced that Ariel is usually

invisible to the other characters.

He is “too delicate to act the earthy and abhor-
r'd commands”, so Prospero must use Caliban
for his everyday needs. Ariel makes illusions
with his fellows, such as a fire, monsters, and a
masque of goddess, and doesn’t work materially.
He mostly works upon others’ minds. From this,
we can imagine that he is not physical but men-
tal being.

What more should I say about him?

Ariel’s nature is the music. In Elizabethern
age the word ‘air’ or ‘ayre’ also meant the me-
lodious music with, or without song. Every audi-
ence at that age could love him, for the music
often takes the very important and effective part
for the world of Shakespeare's theatre.

Now we will see how Prospero’s magic, the
music, works to proceed the action in this play.

i

In this play Ferdinand is the first person who
hears the music. Differently from other persons,
his first appearance on this island ( I.1i.) is ac-
companied with songs. This suggests us that he
is accepted by this enchanted island. And its fan-

tastic music gives him solace, not surprise.

Ferdinand. Weeping again the King my father’s
wrack,” This music crept by me. ../ Allay-
ing both their fury and my passion With its
sweet air: (I .ii.393-396)

For him the music is good thing to calm his
troubled heart. He admits that the music is ef-
fective to both sadness and excitement. Though
he cannot recognize from where this music comes,
he is sure this music is celestrial and not to be

feared, so he can say;

Ferdinand. Where shold this music be? 1'th’
air or the,” ’arth ?.../.. .and, sure, it waits
upon,” Some god o’ th’ island.(...) thence I
have follow'd it, ./ Or it hath drawn me rath-
er. But 'tis gone. (I.ii.390-397)

His words are correct. Ariel induced him with
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songs as Prospero ordered him. The audience
can imagine that invisible spirit disguised as the
sea-nymph comes singing into the stage followed
by the prince.

But we have a small question. Is Ferdinad
such a calm and noble person by nature? We
have been already informed of his character by
Ariel.

Ariel. . .Then all afire with me the king’s son
Ferdinand, / With hair up-staring—then like
reeds, not hair— , Was the first man that
leaped; cried, 'Hell is empty, / And all the
devils are here’ (I.ii.212-215)

By these words we could imagine how Ferdi-
nand is brave and masculine, in other words,
how bold and hot-tempered. Such a young man
could jump into the wild sea again if he couldn’t
find any remedy for his misfortune. But now we
What has
changed his character? Such chances he had

see a sophisticated young prince.

twice. The first one he got when he dove into the
sea. At that time he may have been dead as
other people may have (so he believes). Through
the sea water, his imginary death, his fierce-
ness was calmed to refine him. We should re-

member Gonzalo’s words;

Gonzalo. .. .which is indeed almost beyond cred-
it, .../ That our garments, being, as they
were, drenched in the/ sea, .. .their freshness

and glosses, /~ being rather new-dyed than
stained with salt,” water. (II. i.56-62)

In fact, it is not only their garments that are
renewed, we know. ‘New-born’ Ferdinand is like
a child opposed with sorrow and fatigue.

Ariel. The King’s son. ../ Whom I left cooling
the air with sighs ./ ...and sitting, / His
arms in this sad knot. (1.i.221-224)

Then Ferdinand gets, or is given, his second
chance to change his mentality. We mustn't

miss that Ferdinand alone can hear the complete

songs among the people from the outer world.
He can be effected by the music.

The two songs which he hears in -this scene
work upon him differently.

The first one, ‘Come unto these yellow sands’,
is a jolly song and played in order to sweep his
sorrow off.

Ariel. Come unto these yellow sands,” And then
take hands: / Courtsied when you have and
kiss'd” The wild waves whist:/ Foot it featly
here and there.

This song can be for dance, and the words
show the persons how to do. It is very problable
that Ferdinand is familiar to this kind of music,
and so it is the right decision for Ariel to use this
song first, if not, Ferdinand cannot listen to
more music with his heavy grief.

Ariel. And sweet sprites bear / [The burthen ]
Hark, hark. / [Burthen dispersedly ] Bow-
wow.,” The watch dogs bark:,” [Burthen dis-
persedly] Bow-wow.,/ Hark, hark! 1 hear.”
The strain of strutting chanticlear / Cry--
[Burthen dispersedly] Cock a dooddle doo.

Actually his imitation of animals’ voices was a

routin for the ‘masque’®

music, we know. Any-
way, these earthy sounds make young Ferdinand
(and the audience, too) feel more relaxed.

Ariel's intention is supposed to make
Ferdinand’s mind free and induce him to move,
for the bodily movements can also release the
mental strain.

The next song which Ferdinand calls ‘ditty’
intends another effect. From this first line,
"Full fadom five thy father lies’, we get the more
serious and calm feeling, for the words suggest
the death in the sea. Ferdinand understands the
words ‘thy father’ as his father, so he thinks that
“The ditty does remember my drown’d father.”
The calm atmosphere of this song influences the
young prince. He now can calmly accept his
father’s death. He must be independent, for, he

knows, there is no person to help him, and he can
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be really brave. He is no more surprised by the
miracles of this island. When he sees Miranda,
who appears after the wonderous music, he ad-
mires her beauty without fear and falls in love at

once.

Ferdinand. Most sure the goddess.” On whom
these airs attend.,/ (424-425)

I have used many lines to analyse the music in
this scene, because Prospero’s magic works best
upon Ferdinand.

Then, how the other characters hear the music?

v
The court people hear the music in Act 2,
Scene 1. In this scene Ariel plays music twice,

and these music work oppositely.

Enter Ariel [invisible] playing solemn music.

Gonzalo. .. .Will you laugh me asleep, for I am
very heavy?

Antonio. .. .Go sleep, and hear us.

[All sleep except Alonso, Sebastian, and Antonio]

Alonso. What, all so soon asleep! I wish mine

eyes / Would, with themselves, shut up my
thoughts: I find/ They are inclin’d to do so.
Sebastian. .. .It is a comforter. (...)
Alonso. Thank you.—Wondrous heavy.
[ Alonso sleeps. Exit Ariel]

Sebastian. What a strange drowsiness possesses
them! (. . .) Why,/ Doth it not then our eyelids
sink? I find not/ Myself dispos’d to sleep.

Antonio. Norl; (177-197)

This time the music works as a comforter of
the sorrow and tempts the people to sleep.  But
the responses of these people are not the same.
The innocent persons like Gonzalo soon fall a-
sleep. Alonso who comitted sin to Prospero can-
not easily fall asleep in spite of his wish. Sebast-
ian and Antonio cannot sleep at all, because they
still try to commit the new sin even in this island.
Shakespeare cleverly shows us with the music the
difference among the characters.

Another similar trick our playwright uses later
again. When Antonio and Sebastian try to kill
Alonso and Gonzalo, Ariel reappears to help
those old persons. As he isn’'t material being,
what he can do is to sing in Gonzalo’s ears to

wake.

Enter Ariel [invisible], with music and song.

Ariel. My master through his Art foresees the
danger.” ...and sends me forth, —  For
else his project dies, — to keep them living.

Gonzalo has the noble mind to accept Ariel’s
music and hears it as an angel’s music. Antonio
and Sebastian also hear the sound, but they take
it as “a hollow,” Burst of bellowing,” Like bulls,

or rather lions”, because they are wicked and so

threatened by the beauty of music, as the devil
fears the sacred prayers. Alonso “heard noth-
ing.” Fortunately we the audience can hear the
music, which satisfies our mind.

As for the fools (Stephano and Trinculo), who
conspire with Caliban against Prospero, were

first afeared by the music of the island.

Trinculo. This is the tune of our catch, played
by the picture of Nobody.

Stephano. .. .if thou beest a devil, take't as thou
list.

Trinculo. O, forgive me my sins!

Stephano. .. .Mercy upon us!
Caliban. Art thou afeard? (II.ii. 125-131)

These mariners are realists, and at first they
are afeared because they cannot see any player of
the music. But they can accept any situation
easily, so after Caliban’s explanation, they have

no fear any more.

Stephano. This will prove a brave kingdom to
me, where I/ shall have my music for nothing.

Trinculo. The sound is going away; let’s follow
it, and,/ after do our work. (142-147)

To these persons, Prospero’s Art is not very ef-
fective, so he uses hounds in order to punish them
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physically, not mentally. In short, they are al-
ready posessed by the liquor, and even the music
cannot beat the drunkness and love, as we know.
Stephano calls his bottle “book”, and the same
word means Prospero’s key of his Magical
power. We remember Stephano’s words when
he appears.

Stephano. This is a very scurby tune to sing at a
man’s funeral; well, here’s my comfort
[Drinks.] (1I.ii. 45-46)

Some of us feel it very starange that Caliban
can appreciate the beauty of the music and loves
it. (He speaks in verse!) His ugly shape makes
the audience suppose that he is too vulgar and
wicked, but Shakespeare ironically gives this

monster the most beautiful speech about music.

Galiban. Be not afeard; the isle is full of noises.
/ Sounds and sweet airs, that give delight,
and ./ hurt not. (II.ii.132-134)

The sounds can be made by the waves, animals,
and spirits. They give delight to the people who
hear, when they have the mind to accept it. It
hurts no person physically, because it is just the
air, as the tempest at the first scene was.

Caliban. ...and sometime voices, ~ That, if I
then had wak’d after long sleep, ./ Will make
me sleep again: and then, in dreaming,/ The
clouds methought would open, and show
riches/” Ready to drop upon me; (136-140)

The music usually tempts him to sleep, because
the sleep is the best comfort to troubeled minds
as already said. We know that Caliban is al-
ways (as most of us are) complaining. He could
be happier in his dream. He has no friend in this
island. The spirits cheat him, Prospero scolds
him, he lost his mother, Sycorax, in his baby-
hood, and he cannot go out of the island. Then,
the miracle of the island can be his best friend.
He may know the music reflects the general rule
of the harmonious universe, so he looks up the

sky to see the riches which can be the symbol of
treasury notes of music. But to his and our pity,
the music cannot stay in space or time, and disap-
pears instantly. We have no way to get the pass-
ed sound back.

Galiban. ...that , when I wak'd, / I cried to
dream again. (II.ii.133-141)

We can hear such words from innocent children.
This fact that, notwithstanding his ugliness and
vulgarness, Caliban likes music so much, makes
us be inclined to love this unique character. Cali-
ban seems to be more closely attached to this is-
land than Prospero and Miranda. It’s quite prob-
able the music Caliban hears and enjoys in this
island is different from that Prospero can control.

It is very strange that, though Caliban speaks
of the sweetness of the music in this island,
Miranda, our heroine, doesn’t suggest us her like-
ness to the music at all. She neither speaks of
music nor sing or play music. Prospero says;
Prospero. ...here / Have I, thy schoolmaster,
made thee more profit,” Than other princess’
can, ... (I.ii.171-173)

But if he hasn’t taught the music to Miranda,
he is a quite bad teacher, for it is the most impor-
tant culture in Shakespeare’s age. As we know,
King Henry VI was an excellent musician (both
good player and composer), and Queen Elizabeth
I played the virginal and danced wonderfully be-
fore the foreign ambassador. The people enjoyed
singing and playing music and they could sing a
new song at first sight. From the books at this
age, such as famous Thomas Morley’s“ “A

plaine and easie introduction to practical mu-
sicke”, we can see it was a great shame, even a
scornful fault, for the people of the upper class to
be uncapable of singing or playing music.
Therefore, Prospero should have given her the
instruction of music, for she has a gentle mind.
But in this play he kept her and himself from mu-
sic till the masque scene. I suppose that he may
feel it unsuitable for his plot of revenge to hear
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the music.
\"%

We can now think about how Prospero’s mind
has changed. He is very ditempered from the be-
ginning of the play. When we see him holding
his staff high after the tempest scene, we are in-
clined even to imagine that the tempest may have
been transformed into his shape. Heis so irritat-
ing while he narrates the long story to Miranda
or Ariel. Can we believe that such a difficult old
man becomes so generous that he can forgive his
all enemies? We must find out his turning point.

We see him in Act 1, Scene 2, for thevfirst time.
His displeaseness here is very natural, for he has
to tell (and live again in imagination ) his un-
happy story, which reminds him of his old agony.
Moreover, his daughter is not keen on listening
to him. After that, he makes a long speech
with Ariel, but he gets distempered again, for his
spirit complains of his slavery. Then he faces
his servant monster, Caliban, who is always
speaking ill of his master.

After a short exit from the stage, Prospero
appears again to let Miranda to meet Ferdinand.
At that time, he still be cynical and stern, for
Ferdinand is his enemy’s son, though he has the
plan to make him Miranda’s lover. For exam-

ple;

..; the Duke of Milan / And his
brave son being twain.

Prospero. [Aside] The Duke of Milan” And his
more braver daughter could control thee, / If
now 'twere fit to do 't. (I.ii.440-442)

Ferdinand.

He behaves unkindly to Ferdinand.

Miranda. Why speaks my father so ungently?/
...: pity move my father/ To be inclin’d my
way. (447—448)

Her words suggest us both that she has a fa-
vour with this young man and that Prospero’s

sterness is not usual and natural.

Prospero appears again in Act 3, Scene 1, to
observe his daughter and Ferdinand. Here he
even says the blessing for this young couple, and
he is apparently delighted to see his plot going
well.

Prospero. So glad of this as they I cannot be, ./
Who are surpris’d with all; but my rejoicing
/ At nothing can be more. (IL. i.92-94)

He is satisfied in this part of his plot, but to his
enemies he is still serious. He has another plot
and more work which needs him to remain a

stern magician.

Prospero. ...I'll to my book;/ For yet, ere sup-
per time, must I perform .,/ Much business
appertaining. (94-96)

Then in Act 3, Scene 3, Prospero appears in-
visible. On the stage several spirits perform a
strange banquet before the court people, as he
instructed. Here he uses his Art best.

[Solemn and strange music; and Prospero on

the top (invisible). Enter several strange Shapes,

bringing in a banquet; and dance about it with

gentle actions of salutions; and inviting the King

etc, to eat, they depart.]

Aonso. What harmony is this? My good friends,
hark!

Gonzalo. Marvellous sweet music! (II.ii. 18-19)

This time Alonso can also hear the music.
Prospero is warm to Gonzalo, but looks at his

enemies grimmly.

[Aside] Honest lord, / Thou hast
said well; for some of you there present,” Are
worse than devils. (34-36)

Prospero.

Then Ariel in the figure of Harpy comes and
declares the sins of the three wicked men and
dooms their punishment, which drives them mad
instantly. The reason why Prospero uses this
trick is to show his revenge as justice of God, or
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something like that. If he or his ghost appears
to blame them, this punishment should be very
private.

Ariel. ...and do pronounce by me., Ling'ring
perdition—worse than any death,” Can be at
_once—shall step by step attend/ ... here, in
this most desolate isle, else falls,” Upon your
heads, —is nothing but heart-sorrow,” And
a clear life ensuing. (77-82)

I actually feel strange that he easily leaves his
enemies, without observing. Isn’t it more pleas-
ant for a common person to see his enemies tor-
turing? Prospero’s revenge is certainly a differ-
ent kind from we usually suppose.

In Act 4, Scene 1, Prospero’s opening words are
very meaningful.

Prospero. If I have too austerely punish’d you,
/ Your compensation makes amends; for I/
Have given you here a third of mine own life,
/ Or that for which I live. (IV.i.1-4)

These words are given to Ferdinand here, but,
just after the banquet scene, we tend to imagine
that this apolozy can also be given to the others.

Prospero seems to have chosen this prince as
his daughter’s bridegroom from the very begin-
ning of this play. Therefore, Prospero’s words,
“thou hast strangely stood the test” makes us feel
strange. From this speech we feel, Prospero tries
to hide his trick from his daughter and Ferdi-
nand. Then, his decision to have a ‘masque’ can
be taken by us in order to fortify the divinity of
the marriage.

Prospero. Thou and thy meaner fellows your
last service / Did worthily perform; ... Go
bring the rabble, /.. .Incite them to quick
motion.

Ariel. ... Presently?

Prospero. Ay, with a twink. (42-43)

The fact that all spirits have been back to their
own place and Prospero has to tell Ariel to call

them up again in order to perform a masque sug-
gests us that Prospero hasn’t planned the masque
in advance.

Prospero in Act 4 is a little different from him
before. He has a calm and gentle atmosphere
here. Probably he has been tempered by charg-
ing his old enemies of their sins, and now his
mind can accept some pleasant moment. Then he
chooses a masque, music and dance. He listens
to the music, the element of his Art and the mira-
cle of the island, as just a hearer. And the music
seizes his mind and lets him indulge in itself.
All at sudden he stops the masque halfway with
distemper. Because he remembers Caliban’s
conspiracy, which makes him realize that all of
his (and men’s) efforts can’t always be repayed.

The result of them exists beyond his endeavour.
He follows like this;

Our revels now are ended. These our actors,
/ As foretold you, were all spirts, and,” Are
melted into air, into thin air. (148-150)

Prosperoc means that the masque which cele-
brates their marriage is acted by the spirits of
thin air, nothing real, therefore Ferdinand and
Miranda don’t have to worry about its sudden in-
terruption. But if so, the celebration of the god-
dess should be also nothing important and celes-
trial. It must not be so. His real meaning can
be found in the following words.

Prospero. .. .And, like the baseless fabric of this
vision, / The cloud-capp’d towers, the gor-
geous palaces, / The solemn temples, the
great globe itself,/ Yea, all which it inherit,
shall dissolve, / And, like this insubstantial
pageant faded,” Leave not a rack behind.

(151-156)

We find a small leap of logic here. There is
the clear difference in quality between theatrical
performances (software) and buildings (hard-
ware). But in the endless flow of time, nothing
produced by human beings can last for ever.
Such thought is common among the philosophi-
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cal people, because it is traditional since Greek
age. Then it could also be popular among the
people in the Renaissance, so Shakespeare and
his company may have had the same idea. I be-
lieve here we hear Shakespeare’s own words.
And the playwright keeps speaking.

Prospero. ... We are such stuff,/ As dreams are
made on; and our little life,” Is rounded with
asleep. (156-158)

These words sound calm and gentle but not sad
or sorrowful. Our life can be the same as the
dream, but it’s not bad. When everything on the
earth is momentary after all, why not our lives?
In this play, we should remember, “sleep” and
“dream” are important words with good mean-
ing.

Then Prospero came back to himself, a charac-
ter of the play.

Prospero. ...Sir, I am vex'd; / Bear with my
weakness; my old brain is troubled..” Be not
distrub’d with my infirmity: (158-160)

We say these words should not have been said
by Prospero before. He now admits his weak-
ness and bewilderment. Prospero can’t find why
and how it has happened to himself. He tries
to recover his sternness and the former state of
the master of the island by punishing Caliben.
But his way to punish the conspirates, hounting
them with the spirit-hounds, is a kind of child-
play. He should be a grave judge to any evils in
this island, but he is not now, and even gives up
the another punishment to his old enemies whose
sins are far greater than Caliban’s. In other
words, his hounting Caliban and fools is the sub-
stitute of the severer punishment to his enemies of
court party. He feels that he doesn’t want more
torture on them, but he still, and the audience
also, need to see the villains torturing. After this
hunting, Prospero seems to be tempered so much.
And he says the word “mercy” for the first time.

Prospero. Let them be hunted soundly. At this

hour / Lies at my mercy all mine enemies:.”
Shortly shall all my labours end, (262-264)

This Prospero is not he who causes the tempest
at the beginning of this play, but he who in Act §
tells his forgiveness to his old enemies.

Prospero. ... Most cruelly/ Didst thou, Alonso,
use me and my daughter:/ Thy brother was a
furtherer in the act. / Thou art pinch’d for’t
now, Sebastian. Flesh and blood” You, bro-
ther mine, (...)/ ...1Ido forgive thee,/ Un-
natural though thou art. (V.i.71-79)

It is more unnatural that Prospero has changed
his angry mind into the calm forgiveness. And
he confesses that he cannot endure his enemies’
pains and struggle as a man, a noble man.

Ariel. ...if you now behold them, your affec-
tions,” Would become tender.

Prospero. Dost thou think so, spirit?

Ariel. Mine would, sir, were I human.

Prospero. And mine shall. (V.ii.18-20)

These words are very meaningful, for we find
Prospero confess here that he is human.

In this final act he doesn’t use the word, “ene-
mies”. When he asks Ariel of Alonso and his fol-
lowers, he says, “How fares the King and ’s fol-

lowers ?” And Ariel’s reply sounds very pitiful.
“All prisoners (....) cannot budge till your re-
lease.” This spirit is so tricky that he describes
how much “good old Gonzalo” is also in sorrow,
who was the only kind person to Prospero in the
court company (therefore, Prospero first em-
braces this old lord before he does the King). In
this scene Ariel brings the word “affection” into
his speech. Now he recognizes Prospero as a
man with humanity for the first time.

His words cleverly change the point from this
old man to the wicked three persons. When he
says, “Your charm so strongly works’em”, this
“them” can mean both good Gonzalo and the vil-
lains. Then “if you now beheld them, your affec-

tions would become tender” draws Prospero’s
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tendered mind to self-wareness of humanity.
Replying Ariel’s words, now he should admit
that he is human with affection and can be
moved more kindlier than his spirit, the only air.
Prospero. ...and shall not myself, / One of
their kind, that relish all as sharply,” Passion
as they, be kindlier mov’d than thou art?
(22-25)

“Passion” can also be very characteristic of
human beings. With passion, Ferdinand and
Miranda fell in love each other, Antonio has
usurped Prospero’s dukedom, Sebastian tried to
kill Alonso, and Prospero planned to revenge his
enemies.
Prospero. Yet my nobler reason 'gainst my
fury” Do I take part: the rarer action is/” In
virtue than in vengeance: (26-28)

It's too rare for a man to be so generous as to
forgive his enemies in the real world, even though
being desired. In this play our Prospero seem-
ingly tries to take such a god-like part, but hard-
ly when he has taken the part of almighty, he
must abandon it as soon as he can, if not, he can-
not be back a human being, the father of
Miranda, the Duke of Milan. In other words, he
shall lose his position as one of the character of
the play.

Prospero. Go release them, Ariel:/ My charms
T'll break, their senses I'll restore, , And
they shall be themselves. ./ ...TI'll break my
staff, /... I'll drown my book. (30-32)

To this conclusion, we notice, he has alredy
reached in the preceding act.

Prospero. ... At this hour / Lies at my mercy
all mine enemies. (IV. i.262-263)

He uses the word “mercy” (which reminds us
of the famous speech of Lady Portia in " The Mer-
chant of Venice”) for the first time. Though he

still calls the wicked “mine enemies”, we cannot
miss that his mind has been a little tendered. He
is thinking of mercy now, to come to the calm
end, and suggests us the possibility of forgive-
ness here, involuntary. That’s also what the au-
dience of this play wishes to have.

Though actually he has changed gradually in
this play, the great turning point we can find at
Act 4, Scene 1. The ‘masque’. Even though he
uses the music as his magic, he cannot be the ulti-
mate master of its celestrial power. We know
this island is full of music and even the people
out of Prospero’s control hear the music as our
Caliban does. Prospero cannot be greater than
the music, then he also cannot be out of its power.

It is very natural that his mind of revenge is in-
fluenced by the heavenly music.

Prospero. A solemn air, and the best comforter
/ To an unsettled fancy, cure thy brains.
(V.i.5859)

After all we know what the music has cured in
this play is not only the villains’ brains. It's a
very strange ending that he will forgive even dan-
gerous Antonio who still keeps his villanious
mind, which may cause another tragedy in the
near future after their going back to Milan.
When Prospero conceived his plot at first, he
made another ending in his mind, I suppose. But
his mind has changed and is aware that he is a
mere human being after all who has no right to
judge others instead of God. He has finished
playing his tune. What will happen henceforth
belongs to “the brave new world”.

Shakespeare brought the music into his early
comedies as means of entertainment, later as the
means to express (or explain) the characters or
atmosphere of the scene in his plays. And in
“The Tempest” he gave the music the part to in-
That is
actually the very importnt and invisible character

fluence the characters and the plot.

in this play. This kind of using music is Shake-
speare’s first experience and, to our pity, his last
one.
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VI

As the audience, we have seen what has happen
in this play. The music works well, Prospero’s
anger has been tendered, and his revenge has giv-
en its place to forgiveness. Then he can get our
sympathy after all as one character of this play.

Now I dare to try to see this play conversely.
Prospero has often been taken as Shakespeare’s
alter ego by many critics who like to try to let
Prospero to stand out of the play. They usually
say that our great playwright expressed his own
speech about his retirement from theatre world
in this his ‘last’ play. I don’t agree with them,
but I should admit Prospero’s part in this play
can be regarded to reflect Shakespeare's idea of
forgiveness. From this point of view, I want to
see this play again. In short, then, I presume
this play is a kind of inner-play produced by
Prospero. It is a play of forgiveness with the fla-
vour of revenge. With this presumption, we can
give the reasonable answers to some questions,
such as why Prospero refers to the time when
he’ll finish his work at the beginning of the play.
He has already made the whole plot of his play,
so he knows how long should it take to play it
through and suggests that to us in advance.

Prospero. What is the time o’th’day?

Ariel. Past the mid season.

Prospero. At least two glasses. The time "twixt
six and now,/ Must by us both be spent most
preciously. (1 .ii.239-41)

Every character has his or her own role in his
play unconsciousnessly, and Prospero himself
takes some, too. Miranda and Ferdinand play
the typical “prince and princess” in fairy tales
and Prospero plays the rigid father. When he
becomes so stern to Ferdinand, his daughter
points that he is unusual, because he intends to
play such a part.

Miranda. .. .My father’s of a better nature, sir,
/Than he appears by speech: this is unwonted
/ Which now came from him. (I .ii.499-501)

He is aware how each part should be played,
and he takes care of even the costume. This can
be the reason why he orders invisible Ariel who
allures Ferdinand with songs to take the shape of
the sea-nymph (according to the Greek myth).

As he has already decided to forgive his old ene-
mies, his intention is rather attracted to the uncer-
tain love affair. So he himself is staying with his
daughter and her lover, while letting Ariel watch
the court party. He may have forecast that
Antonio and Sebastian try to kill Alonso, for
their roles are traitors as they used to be (to
Prospero). Now Alonso has to take the similar
part as earlier Prospero. It’s a clever trick of
the playwright. Because we see the assailant
can also be the injured through Alonso, we know
“the fair and the foul” are not sure (in “Macbeth”
our playwright has aleready said so ) and de-
pending on the situation, and we realize that the
tragedy of Prospero is not uncommon in the
world.

We can notice another important thing, too.
The wracked people, especially the villains and
fools, behave as they used to do in the world
even in this ultimate situation. When we see
them acting, we should be convinced that the na-
tures of people don’t easily change. We know
that the world always has the similar troubles
and problems as ever.

Caliban and the fools are acting vividly out of
his intention. That’s probably because they are
not charmed by his magic. As for Caliban, he
can appreciate the music rightly in spite of his ug-
ly shape, and fools are more charmed by liquor.
This subtle trick shows that Prospero is not so
perfect because he is also still a character made
by the playwright. He has his life and feeling.
And when he decides to punish Caliban, he
speaks with sigh.

Prospero. ...On whom my pains, ” Humanely
taken, all, all lost, quite lost. (IV. i .189-190)

These words can be suitabale when we realize
that we have no such power at all to change the
nature of matters or people’'s minds. Knowing
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this, we can, or must, accept the world as it is.
I recite some Prospero’ words for the proof that

his true intention is not to punish but to forgive.

Prospero. .. .they being penitent,” The sole drift
of my purpose doth extend,” Not a frown fur-
ther. (V.i.28-30)

He means that what he is doing now (tortur-
ing his enemies) is not his true intention (drift)
and he’ll accomplish his real purpose. And what
he does now is:

Prospero. ...Go release them, Ariel: ./ .. .their
sences I'll restore, /And they shall be them-
selves. (V.i.30-32)

No man dies, nothing has changed, and every-
one regains his own character. The forgiveness
in this play doesn’t mean to correct the foul, but
actually means to try to resolve old troubles to
make the situation neutral. Prospero dares to
leave out the new sin which Antonio and Sebas-
tian have almost comitted. For what purpose
has he done so at all? He only should complete
the circle of time at his generation in order to
allow the younger one to face their own. That is
the true reason for him to produce this play. He
celebrates the young couple, though knowing
well that the real world is not so wonderful as
it seems to them.

Miranda. O brave new world, / That has such
people in’t!
Prospero. 'Tis new tothee. (V.1i.183-184)

We also know “the brave new world” is new
only for her, because it is the same one where
Prospero used to live and was banished from. We
are afraid there are still many troubles and foul
people. We could only hope it can be better in the
new age. This grim hope makes the consistent
theme in Shakespeare’s romance plays.

At first we took the part of audience coming to
the theatre and have seen how Prospero’s revenge-

ful mind would be softened as the play proceeds
(while our mind has also been tendered with the
action and the music). At the end both Prospero
and we could celebrate the marriage of young
persons, for we felt his forgiveness should be so
blessed and believed the happiness of Miranda
and Ferdinand. This play looked so romantic.
Then thinking of the tricky ending of this play,
after noticing Prospero’s (so Shakespeare’s ) in-
tention, we recognize that his forgiveness has
slightly an atmosphere of compromise, and so the
future of the young couple becomes in question.
Shakespeare knows the world and the people so
deeply.  We cannot have more happy perspective
than he suggests in his plays. After all we only

hope that another tempest will be blown no more.
NOTES:

1) “The Spanish Tragedy” (cir. 1589) :written
by Thomas Kyd(1558-94). One of the most
popular plays in Elizabethern theatre. The
plot is the revenge by the father for his mur-
dered son. Shakespeare could be influenced
by this play, when he wrote “Hamlet”.

2) “The Duchess of Malfi” (cir. 1613) : written
by John Webster (15807-1634?). The master-
piece of Jacobian theatre. First staged by
King’s Men (Shakespeare’s company). Young
widow Duchess Malfi made inmoral conduct
with her servant, and her brothers in law kill-
ed her for the family.

3) ‘masque’ : A gorgeous costume play full of
music and dance (and homage for noble per-
sons). Plots were usually derived from myth.
Very popular at the court of Queen Elizabeth
I and James I. The most famous writer is
Ben Jonson, the best rival to Shakespeare.

4) Thomas Morley (1557-1606?) : One of the great-
est composers of English music. Organist at
St. Paul Cathedral, and Chamberlain of Chap-
el Royal. He is thought to write some Shake-
speare’s songs. In his “Plain and easie intro-
duction. . .” he shows us a young aristocrat
who had a shame because of his inability of
music.






111

Idealized Human love

— On Henry James’s The Golden Bowl —

Etsuo KATAYAMA

When I set about this study, I thought that a comprehensive study like Matthiessen’s would
be far beyond me. His essay called The Major Phase is based on his profound understand-

ing of James’s whole works and of the various elements of the social condition of the time

in which his works were produced. So I tried to make out the meanings of this story as

correctly as I can. In Blake’'s lines, a golden bowl is used as a symbol of love. Then how

does James understand and represent human love in his novel?

Charlotte Stant migrates to England before the
marriage of Maggie Verver and Prince Amerigo.
She stays with the Assinghams and happens to
meet Amerigo there. Amerigo is her former lov-
er. She asks him to go out together and buy a
marriage present for Maggie, who is also her old
friend. In their search for that present they hap-
pen to go into the curiosity shop in Bloomsbury
and are shown a golden bowl by a Jew shopman.
Leon Edel explains the historical sources of that
golden bowl as follows:

During the Christmas season of 1902, in that busy year in
which he had published The Wing of the Dove and written
the life of Story, Henry James had had an opportunity to
view a objet d'art which belonged to the descendants of
the Lambs, the family that had buiit the house he now
owned. It was a golden bowl, presented by George I
after his ship had put into the Sussex coast during a storm.
The King had slept in Lamb House; and during his stay he
attended the christening of a recently born baby in the
Lamb family. The bowl was the King’s gift to the child.
James saw the vessel at a local bank, where it was kept in
the vault. He studied it as if he were visiting a museum.
To one of the Lamb descendants he wrote he had been “de-
lighted to rest my eyes on this admirable and venerable

object.” It had “a beautiful color — the tone of old gold —

as well as a grand style and capacity.” He added that he
was eager for “every ascertainable fact” about Lamb
House and felt personally indebted to your peculiarly civi-
lized ancestor who kindly conceived and put together for
my benefit, so long ago, exactly the charming, graceful,
sturdy little habitation (full of sense, discretion, taste)
that suits alike my fancy and necessity, and in which I
hope in time (D.V.) to end my days.!’
This golden bowl becomes a symbol for the
theme of the novel which James began early in
1903 — “the last novel he completes during his
final years. And the following lines of Blake’s
which James seems to have had in mind may
give us a certain light upon what the golden bowl
symbolize; “Can wisdom be kept in a silver rod,
Or love in a golden bowl?” 2’

I

The golden bowl which the antiquarian shows
them is not the genuine, but the fake, the gilded
bowl of crystal. At first sight Charlotte is taken
with it and says thus: “It may be cheap for what
it is, but it will be dear, I’'m afraid, for me.” (p.
104)*> These words call our attention to the fact
that Charlotte and Amerigo, once in love with
each other, couldn’t marry for want of their
means. Presently Charlotte has a suspicion that
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the bowl contains some flaw. But she can’t de-
clare it with assurance in spite of her suspicion.
And yet she wants to give her former lover that
bowl as her present. On the other hand Amerigo
penetrates its crack at a glace, which is most
symbolic for former lovers. He declares confi-
dently that the bowl is cracked and cheap, while
Charlotte finds herself inclined to insist that it is
exquisite. The golden bowl may symbolize
Charlotte’s love for Amerigo and Amerigo’s love
for Charlotte. To Amerigo Charlotte’s love seems
cheap because it reduces him to poverty. And to
Charlotte Amerigo’s love seems exquisite because
she tries to risk her life for it. But to a third per-
son like Maggie, the gilded bowl becomes a sym-
bol of their illicit love. And the crack of this bowl
which Charllotte fails to discern may symbolize
for Amerigo her lack of money which, he fhinks,
makes their marriage impossible. Amerigo
takes it for granted that no one can marry with-
out money, but Charlotte thinks romantically
that one can marry for love, even if without mon-
ey. This crack seems even to represent the differ-
ence between Charlotte’s view of marriage and
Amerigo’s. When she tells him passionately that
she wants “to see you once more and be with you,
to be as we are now and as we used to be, for one
small hour,” (p.93 ) he inhumanly wishes to
bring to a close “the moment of his life at which
he had had least to say.” (p.94)

This cracked bowl reminds us of the cracked
porcelain cup handled by Gilbert Osmond in The
Portrait of a Lady, who is then in a crisis with
Mme. Merle, his mistress. James may have de-
signed the golden bowl to symbolize another pen-
niless and illicit love, like that of Osmond and
Mme. Merle or of Densher and Kate Croy. The
author can’t imagine or describe a penniless and
legitimate love for good or for evil. But at the
zenith of his career as a novelist James seems to
redeem those poor lovers from vice with the help
of the money of Adam Verver, an innocent bil-
lionaire.

After all Amerigo refuses to accept the golden
bowl from Charlotte. He prizes highly his mar-
riage with Maggie, which is to give him a life of

ease and affluence. It can be said that Amerigo
is far more sophisticated than Charlotte who
gradually learns to swim in the European society.
But he persuades her to marry and tells her that
he hopes to give her a present that day she mar-
ries. And Charlotte answers as follows: "Well,
I would marry, I think, to have something from
you in all freedom.” (p.110) Amerigo may have
wanted to keep Charlotte as his mistress in ac-
cordance with the vicious custom of the upper
classes, or Charlotte herself may have desired
that position. In any case her words take on the
more and more ironical color each time the

theme of the bowl is introduced.
m

A few years after Maggie’s marriage, her fa-
ther Adam marries Charlotte on the strength of
his daughter’s encouragement. But Adam and
Maggie continue to lead their old life as father
and daughter, so Amerigo and Charlotte cannot
choose but take each other into amorous consider-
ation. Being virtually true to his wife all along,
Amerigo feels something of him left out. His
“single self, the unknown, unimportant, personal
quantity” (p.33) finds itself useless in his mar-
ried life. When he is with none but Mrs. Verver,
he can feel himself “as a congruous whole.”

One day Amerigo and Charlotte are invited to
the country residence of another family and con-
summate their love. Amerigo compares that day
to “a great gold cup that we must somehow drain
together.” (p.269) When Maggie becomes aware
of her having lost her husband, the theme of the
cup is repeated likewise. Her feeling for her hus-
band is likened to “the cup, all day, has been too
full to carry.” (p.311) And it is in both scenes of
Fanny Assingham’s breaking of the golden bowl
and of the subsequent confrontation between Mag-
gie and Amerigo that the symbolic treatment of
the golden bowl culminates.

v

Looking for a birthday present for her father
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on her way home from the Museum, Maggie
comes across the golden bowl in the same curi-
osity shop that Amerigo and Charlotte entered
some years ago. What the shopman lets out in-
advertently makes Maggie aware that they came
into the shop before and imagine that the bowl
may be the symbol of their clandestine relation.
Maggie gives that bowl a central position above
the fireplace and waits impatiently for her hus-
band, whom she means to cross-examine about it
soon after his entrance. But when she thinks
that her life to come depends upon that bowl, she
can’t help wishing that her husband never comes
into her room. Mrs. Assingham, who is already
aware of the intimate relation between Amerigo
and Charlotte, makes up her mind to keep Maggie
in the dark and tells her, "Your whole idea has a
crack.” (p.420) She thinks that “Maggie was the
person in the world to whom a wrong thing could
least be communicated.” (p.286) And that elder-
ly woman, insisting that there should be nothing
between Maggie and Amerigo that estranges
them from each other, dashes dramatically the
golden bowl upon the polished floor. Shortly
after the bowl’s broken, Amerigo appears as if a
genie were liberated from the spell of evil.

The golden bowl neatly splits into three pieces
and the other morsels. Three pieces are the two
parts of the cup and “the solid detached foot”. (p.
423) Those two parts may symbolize Amerigo
and Maggie, the foot Adam and the morsels Char-
lotte. These morsels suggest that Charlotte will
go to pieces in the near future.

Picking up those fragments, Maggie thinks of
the imminent problem of what she can help out
of the eternal triangle in her family. In putting
the fragments in order, Maggie can “carry but
two of the fragments at once,” (p.423) which
seems to stand for the truth that she needs must
part with her father not to lose her husband. And
now the broken bowl becomes the symbol of her
knowledge of her husband’s secret love affair and
of the fact that she’s not such a fool as Amerigo
supposes her. When she meets him with that sym-
bolic bowl in her hands, on its cracked surface
glimmers the possibility that “he would indeed,

absolutely, by this circumstance, be really need-
ing her for the first time in their whole connec-
tion.” (p.426) They talk about the golden bowl
as follows:

“And what, pray, was the price?”

She paused again a little. “It was high, certainly —for

those fragments. I think I feel, as I look at them there,

rather ashamed to say.” The Prince then again look at
them, he might have been growing used to the sight.

“But shall you at least get your money back?" (p.434)
That price which Maggie pays for the golden bowl
may symbolize Amerigo’s love for her. He seems
even to expect his wife to redeem his love from
Charlotte. At first Maggie feels “the strangeness
of her desire to spare him, a strangeness that had
already, fifty times, brushed her, in the depth of
her trouble,” (p.425) but she answers resolutely
as follows:

“Oh, I'm far from wanting it back — I feel so that I'm get-

ting its worth.” With which, before he could reply, she

had a quick transition. “The great fact about the day we
are talking of seems to me to have been, quite remarkably,

that no present was then made me.” (p.434)

It is made apparent that Charlotte sent Maggie
no marriage present, which suggests that Char-
lotte never yields ownership of Amerigo’s love to
Maggie, but keeps it to herself. Maggie insists
that Amerigo should find out for himself who else
knows his liaison. He's awfully afraid that his
secret comes to his father-in-law’s knowledge.
He must consider seriously what he should sur-
render, or else what price he must pay. Just as
she tells Mrs. Assingham, Maggie wishes she
had “the golden bowl, as it was to have been—the
bowl with all happiness in it, the bowl without
the crack.” (p.445)

A%

If the hidden crack of the first gilded bowl rep-
resents the difference between Charlotte’s view of
marriage and Amerigo’s, the crack of that bowl
restored after destruction can be thought to repre-
sent the difference between Maggie’'s view of mar-
riage and Amerigo’s. The latter difference, on
Maggie's side, results from her too devoted care
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for her father and, on Amerigo’s side, from his
double relation with his mother-in-law. Maggie
and Amerigo must acknowledge it never to be
neglected that they should take each other into
exclusive consideration in order to fill the imagi-
nary golden bow! with their mutual affection.
Amerigo realizes instinctively that he must
keep Charlotte at a studied distance, which they
remove temporarily in their forbidden intimacy.
That’s why he leaves her in the dark as to the fact
that Maggie comes into the possession of the gold-
en bowl and knows their improper relation, or the
reason Maggie takes a ruthless attitude towards
her mother-in-law. Thereby Maggie feels “as if
she had passed, in a time incredibly short, from
being nothing for him to being all,” (p.453) while
Charlotte feels as if she were imprisoned in “the
spacious but suspended cage, the home of eternal
unrest, of pacings, beatings, shakings, all so vain,

into which the baffled consciousness helplessly

resolved itself.” (p.454) But the door of that cage -

is suddenly unlocked from within and Charlotte
appears on the scene to stand against her daugh-
ter-in-law.

VI

While other people play bridge at the large and
bright windows of the smoking-room, Maggie
passes and repasses on the outside terrace, glanc-
ing at them. This sort of scene enables the au-
thor to converge all the essential elements of the
drama into one visual imagery:
The facts of the situation were upright for her round the
green cloth and the silver flambeaux; the fact of her
father’s wife’s lover facing his mistress; the fact of her
father sitting, all unsounded and unblinking, between
them; the fact of Charlotte keeping it up, keeping up every-
thing across the table, with her husband beside her; the
fact of Fanny Assingham, wonderful creature, placed
opposite to the three and knowing more about each, proba-
bly, when one came to think, than either of them knew of
either. (p.456)

The understanding of this inward drama depends

upon Maggie’s consciousness that she, though a

mere outside spectator, must be “more present to

the attention of each than the next card to be
played.” (p.456) When she suddenly becomes
aware that she can smash the peace of her family
by the fateful stroke of her own, she is suffocated
with pain. The temptation of raising an accus-
ing outcry harasses her “as a beast might have
leaped at her throat.” (p.458) For the first time
in her life she knows the actual horror, or “the
horror of finding evil seated, all at ease, where
she had only dreamed of good; the horror of the
thing hideously behind, behind so much trusted,
so much pretended, nobleness, cleverness, tender-
ness.” (p.459) But when she walks to the end of
the terrace and passes round the house, Maggie
collects her scattered wits and makes out which
way to go. The lighted and empty drawing room,
where she decides to go, looks “like a stage
again awaiting a drama.”
...it was a scene she might people, by the press of her
spring, either with serenities and dignities and decencies, or
with terrors and shames and ruins, the things as ugly as
those formless fragments of her golden bowl she trying so
hard to pick up. (p.458)
Maggie’s furious feeling never comes to the sur-
face. She finds it most necessary to keep up ap-
pearances in order to reproduce in her imagina-
tion “the golden bowl, as it was to have been.”
And it is also necessary for her to beat Charlotte
without disturbing the peace, especially that of
her father’s mind. The confrontation between
Maggie and Charlotte is full of more force of si-
lence than any other in all works of James’s.
Watching the latter leave the card table, the for-
mer grows restless as if she were pursued by “the
splended shining supple creature which was out
of the cage, was at large.” (p.460) But it is Mag-
gie, not Charlotte, who is aggressive in their last
struggle. Charlotte cannot be sure how much
her daughter-in-law knows of her immorality.
The adulterous mother-in-law realizes that she
should spend the days of “prayer and fasting.”

VI

In the next scene Magggie declares to her father

that she makes up her mind to be selfish for her
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husband. Now she knows that being “passion-
ately filial” places her in an awkward position
and that her disregard for her husband causes sin-
ful lovers to make a mistake. But her elderly
father also has a private reason of his own why
he can’t be selfish for his wife. He confesses to
his daughter as follows: “It’s a good deal for me
to have made Charlotte so happy — to have so per-
fectly contented her.” (p.362) But when Adam
and Maggie remain father and daughter like of
old and neglect their duty to their partners, his
wife can find her happiness and satisfaction no-
where in her wedded life. Before she makes an
error, Charlotte complains to her lover about her
incomplete marriage as follows:
“Ah, if I could have had one —! I hoped and 1 believed,”
said Charlotte, “that that would happen. It would have
been better. It would have made perhaps some difference.
He thought so too, poor duck — that it might have been.
I’'m sure he hoped and intended so. It's not, at any rate,”
she went on, “my fault. There it is.” She had uttered these
statements, one by one, gravely, sadly and responsively,
owing it to her friend to be clear. She paused briefly, but,
as if once for all, she made her clearness complete. “And
now I'm too sure. It will never be.” ... "It would proba-
bly have been better.” Charlotte added. “But things
turn out —! And it leaves us” —she made the point —
“more alone.” (p.233)
Charlotte’s words suggesst that her husband can
have very little hope of sexual potency. If it is
true of him, it is difficult to think that he can give
his wife any ordinary satisfaction or happiness
in marriage. It certainly goes too far, if I say that
Adam tacitly entrusts his son-in-law not merely
with the social life of the Ververs, but with ap-
peasing of Mrs. Verver’s unsatisfied desire, which
seems to me highly probable. When Adam hears
his daughter declare, “I'm at this very moment
frozen stiff with selfishness,” (p.478) this “peculi-
arly paternal” man can’t help telling her thus:
“When a person’s of the nature you speak of,
there are always other persons to suffer.” (p.478)
His words inclines us to believe that he knows
and forgives the liaison between his wife and his
son-in-law.

VH

Adam is wise enough to realize from his daugh-
ter’s declaration that the only way to settle his
family complication is to pretend to be ignorant
of his wife's secret relation, to be selfish for her
after the example of his daughter, and to make
her expiate herself. His selfishness appears in
the form of “his indescribable air of weaving his
spell, weaving it off there by himself,” (p.491) or
“a long silken halter looped round her beautiful
neck.” (p.493) Charlotte must move where the
rope drags her. Her expiation is expressed in the
following painful words with which she explains
an objet d’art:

“The largest of the three pieces has the rare peculiarity
that the garlands, looped round it, which, as you see, are
the finest possible vieux Saxe, are not of the same origin
or period, or even, wonderful as they are, of a taste quite
so perfect. They have been put on at a later time, by a
process of which there are very few examples, and none so
important as this, which is really quite unique — so that
though the whole thing is a little baroque, its value as a
specimen is, I believe, almost inestimable.” (p.496)
When she hears these bitter words of her mother-
in-law’s self-criticism, Maggie feels herself on
the verge of tears. Charlotte’s quavering voice
sounds “like the shriek of a soul in pain.” (pp.
496-7) The eyes which Maggie turns on her father
are an unspoken appeal which means “Can’t she
be stopped? Hasn’t she done it enough?” (p.497)
But Maggie must face up to the grim reality that
she never fails to force the same kind of selfish-
ness as hers upon her father. When she can ac-
cept that reality as her own, she can also realize
the importance of helping people, not just of pity-
ing them.

X

In the scorching afternoon of “a canicular Au-
gust” Maggie finds Carlotte leaving the house
“like 10 goaded by the gadfly.” (p.507) Maggie
decides to give her mother-in-law some sugges-
tions as to condoning her. She notices that Char-
lotte carries by mistake the second volume of the
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old novel, and takes the first one to have her read
itfirst. The right first volume seems to symbol-
ize Adam, a lawful lover for Charlotte and the
mistaken second one Amerigo, an unauthorized
lover for her.

On meeting Charlotte outdoors, Maggie finds
that she also acknowledges it is necessary to be
selfish for her hushand. Charlotte can now re-
gard Adam’s selfishness for her as his love for
none but herself. For the first time in her mar-
ried life Charlotte feels that her husband is worth
her love: “I want really to possess him,” said Mrs.
Verver. “lhappen also to feel that he’s worth it.”
(p.513) Now Maggie knows that her work is
done, for she finds that both Amerigo’s love and
Charlotte’s are wholly restored to their author-
ized owners, or that the imaginary golden bowl
of hers is filled to the brim with idealized hu-
man love.

In the last scene Maggie and Adam observe on
the beauty of “an early Florentine sacred sub-
ject that he had given her on her marriage,” (p.540)
but it is of the settlement of their family compli-
cation that they really talk, while looking at the
picture. Then Adam casts a sidelong glance at
Amerigo and Charlotte, who seem to like “con-
crete attestations of a rare power of purchase.”
(p.541) On them he makes such a symbolic com-
ment as “Le compte y est.” (p.541) This French
expression means that the accounts tally. Ame-
rigo and Charlotte completely break off their im-
proper relation with each other and pay enough
for their immorality. But Maggie and Adam
also pay little less for their too much innocent
attachment to each other. Each member of the
Ververs must pay for its own fault to make its

account tally with its appointed partner’s.
X

When she sees off her father and his wife and is
left alone with her husband, Maggie knows at last
her real reason for what she has done. Now the
golden bow] seems to her to take the form of “the
golden fruit that had shone from afar.” (p.546)
Maggie, who already feels within herself the sex-

ual impulse of catching at her husband, knows
unmistakably what his love really means:
Amerigo knew it, the amount; he still held it, and the
delay in his return, making her heart beat too fast to go
on, was like a sudden blinding light on a wild speculation.
(p.546)

1 think it wise enough of Stephen Spender to
think that “James, after a lifetime of deep human
understanding, has arrived at a stage where in
suffering and pity he could accept the fact of phys-
ical love.”*> But it should not be forgetted that
it is most necessary for James to solve the moral
problem of each major character before accept-
ing the amorous facts and it seems impossible
for James to imagine the human love which is

independent of morality.
Notes

1) Leon Edel, Henry James The Master:1901-1916
(New York: Avon Books, 1978) p.209

2) Leon Edel, op. cit., p.213

3) All quotations from the novel are taken from
the 1974 reprint of Penguine Modern Clas-
sics, which is cited by page.

4) Stephen Spender, “The Contemporary Subject,”
in Leon Edel ed., Henry James : A Collection
of Critical Essays, (Englewood Cliffs, N. J.,
1963) p.107
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Fundamental Researches on Teaching Writing Skills

Takashi KUNIKATA

In this article, three researches have been made between some high school students and some

university students : two of the researches were on their skills of writing, the other was on the in-

dex of the development toward syntactic maturity.

Researches on writing skills indicate that quantity of writing should be stressed rather than
quality in ESL classes, since too much emphasis on quality of writing prevents them from writing
their ideas fluently. The other research shows a little evidence that T-units that Hunt advocated

could be a reliable gauge of the linguistic ability.
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when 13 9
e after 1 2
Huicg as 0 3
*x while 0 2
since 0 1
so~ that 1 4
so that 0 1
Bl & & 129 108
& & 16 30
E a8 # 7 14
BuikE BlfAa 3 1
5 B8 % & 12 23
~E #H 4 5
WE47E 1 5
G -1 3 3
ZOfhDEE 10 10

(VRS LIcX OB 4 ZR)

@ % %

F& <) OELIL2 T-unit KEAL THHEX
DRERD & S ITHERREFEERFEED I V—TDRIDEIL
BRAEFETRHTWIIV, LhLl, HELAEXERS
& REEOANML D H L OBEFOEBESF. Bk
ZXFALTV S, SEOHBEICBV T, KFELEDOHE
FIRBE R, ZHEROBL SORICBOTHETE,
X Df54 (Sentence Combining) %#F AL THED
HENRBEEAET IR, 4k, BAZEMEER
72D, T-unit P TRMOEEE L2 bOLEEL
BHNIERE SV,

4. ¥

SEOHET, FERROE S OEPSEFEOEFIIL
HMBOEL > TRATVREIPELPIKIT - TS,
FHERROEVKEE . BHEXICBWT, L0k
BXEED . X O#S (Sentence Combining) K8
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WTik, KOBELEFNOREHAVTESRAIERRLL
TW3, UL, &<HEN] RBALTIR, COEFEW
BRI G CTHITE 2 5O TRIEV, BEPHESHE
BAEEb->TWS [HIFS ] dRUBERTHS, L
L., FRRRORIBHLT LS [FEs) 2HET3
HOTIRIEV, SFT [HL] TERHOWTRFEHEE
DR, B, EHOLDIFELNS Z LHBE L EEN
MmN T, 8 OBFENAHOFRZE
EL.[RBs) 2 BB 388 k2BES L3RI
AR A AT

S5, BN oRBEEBIRELLTSEHD
FHEICBW T, T-unit, B H O 7L T-unit (error-free
T-unit) ZHV 7, T-unit THAAEREEY OV T-
unit (error-free T-unit) DERBSEIOFHEICB W
TER—HLTWEY, CO—BRLEEb - BREEL 2
BMcd 00, zhe S AXAEFEICH LT T-unit
PHEE L TEYN TRV O ESROFETEL 2V,

oE N
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wH (CCE/XEICETSHE)

1. ROD~B)ETOENFRORALDEKREET

23 ( DHADIDS6ETOBELLULAT,
() OHPT2EHELL4FBICS2bD0ESE,
ZRECEERI Y,
(1) REEETH. HEVEZLATIVITERA,
Don’t be (1 making 2 in 3 of 4 mis-
takes 5 speaking 6 afraid ) English.
(2) UELBEBRTWEOTRLEELR,
Iwasso (11 2 bed 3 tired 4 that
5 went 6 to)early.

(3) CZORBEVLTLLTVIARIEDET,
It's long (1 saw 2 I 3 you 4 time
5 last 6 since ).
(4) HOARKERELLAIGENTVERA,
The man (1 yesterday 2 since 3 not
4 eaten 5 has 6 anything).
(5) FTHNicEFEBHLAY,
The book (1 is 2 gave 3 Bob 4 me
5 which 6 interesting ).

2. RO~ ETOZEAThOHEXDOEKREERT
£33 ( ) ADY, 2, 38, - DEFLREAELEY
HPRT () OFTIFEBLSFERHIKS 3b00F
%, BERHEKICEENLEY,

(1) FHEIHBRANBIAC S > —BEZELIES VY,

Look over (1 in 2 your letter 3 it 4 be-
fore 5 put 6 anenvelope 7 you).

(2) FZVobHEOBBLD 50RO T &K

LThwET,
I make (1 fiveminutes 2 it 3 arule
4 appointed time 5 to arrive 6 ahead of
7 the ).
(3) Yz—viRMOESBLL ELEL LS I2Z 57,
Jane is said (1 have 2 it 3 difficulty
4 without 5 done 6 to 7 any ).
(4) BBLORVEHEDBT>TREITL &I
What (1 you 2 to 3 in 4 mygoing
5 do 6 your place 7 say)?
(5) ZOFHTIIAZRVTHALBABLI,
All (1 accident 2 were 3 but 4 the
5 three 6 in 7 injured).
(6) BREBRTLIE-SDOT, b¥OIFEES
DI TESE L1,
Your (1 me 2 the trouble 3 to 4 visit
5 saved 6 writing 7 of 8 you).

(7)) REFHLLBARITHILOR->TEE L,

It (1 my father 2 long 3 from 4 abroad
5 was 6 not 7 before 8 returned 9 his
trip ).

(8) dBhrkopzEhbEoTIIIVOohELEA,

No (1 success 2 being 3 can 4 your
5 help 6 one 7 of 8 proud).

(9) FLOFEENEL 2HPbDP-THNLP -1,

I (1 myself 2 inEnglish 3 tofind
4 glad 5 understood 6 I 7 that 8 could

make 9 was).
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(10) HROBFTEREH O, AITOHFILIHS,
As my brother is a spoilt boy, (1 have
2 own 3in 4 way 5 his 6 he 7 to
8 wants 9 everything ).

3. S2FO(),S B EFTOZTATRIIOVT, BHOD
BLBEXETALDIT () OhD 15 TETD
BELAERBOUMAT, TOESLUNIIEIRE
RAficgsiaw,

(1) The museum (1 except 2 Mondays 3 is

4 on 5 open 6 the public 7 to).
(2) 1(1called 2 atsix 3 want 4 the 5 be
6 in 7 to ) morning.

(3) I (1 everything 2 with 3 all right 4 sure

5is 6 am 7 you).
(4) Of the 100 persons questioned, (1 every
2 five 3 interest 4 no 5 one 6 out of
7 showed ).

(5) The only man who (1 doesn’t want it
2 is 3 can be trusted 4 authority 5 the
man 6 who 7 with).

BH2 (BRfED
RO—EDERERT, A=Y —%EDHIV, 1D

BOFIE 6 DROBRICEMIIABTE>IMA T, TX3
FHHAHVR F— Y =i LIEEL,

"3 (LowaclT 3M3)

ROBEDHVT, LHROXEHFELI L,

There was a ship. It was big. It was the bigg-
est ship of all. Its name was the Titanic. It was
making a trip. That trip was the first trip.

It was going across the Atlantic. The ocean was
full of ice. There were 1316.passengers on the
ship. There were 891 crew on the ship. The year
was 1912. The ship left Southampton. It is in
England. It was going to New York. It is in the
U.S.A. Some passengers were going to take a
vacation in the U.S.A. Other passengers were
going to live in the U.S.A. The Titanic was
beautiful.

It was new. Everyone was excited. Traveling
by the Titanic was exciting. Everyone thought
about the Titanic. It was a very large ship. It
was 46000 tons. It would not sink. The captain
thought about it. The crew thought about it. It
was huge. It would not sink.

It was night. It was clear. It was calm. It
was April. It was 11:40. There were many pas-
sengers. Most of the passengers were asleep.
The Titanic hit an iceberg. The iceberg was very
big. It was damaged. The damage was heavy.
A few minutes passed. Water came into the ship.
The ship began to sink. Sinking is very rapid.
It began to sink very rapidly.

The alarm rang. It had big sound. Everyone
woke up. The ship was sinking. Everyone found
it. Everyone went to the lifeboats. There were
not many lifeboats. The number of boats was
not enough. All of the passengers could not
enter into the boats. Women got into the boats.
Children entered the baoats. They were the first
people. The crew were sending a signal. It was
on the radio system. They needed some help.
Help was from other ships. There were no ships.
There were no ships within 15 miles. The ships
could not save the passengers. The crews tried.
They worked very hard for a long time. It was
2:20. The Titanic went down. It was under the
water. A lot of people were killed. About 1500
people.

R4 (EEOMER LIcRESTORE)

(1) BHE2E4%
(and Z W/ ZhrEg)
1. ok (198D

* There were 1316 passengers and 891 crew on the
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ship.
* The Titanic was beautiful and new.
* The captain and the crew thought it would not
sink.
* Women and children entered the boats first.
* It was clear and calm.
* It was a clear and calm night.
+ It was 46000 tons and huge.
2. G0k (36D
* Everyone found it and went to the lifeboats.
3. KEmok (84
* The captain and the crew thought that it was
huge and that it would not sink.
* All of the passengers could not enter into the
boats because there were not many lifeboats
and the number of them was not enogh.

(D& F W odit)

1. that (3761

* Everyone thought traveling by it was exciting.

» The captain and the crew thought that it was
huge.

» The captain and the crew thought that it was
huge and it would not sink.

* Everyone found the ship was sinking.

2. because (15#)

* The Titanic would not sink because it was a
very large ship.

* Everyone was excited because traveling by the
Titanic was exciting.

* Traveling by the Titanic was exciting because
it was beautiful and new.

» Because water came into the ship, the ship be-
gan to sink very rapidly.

* The crew were sending a signal on the radio
system because they needed some help from
other ships.

* All of the passengers could not enter into the
boats because there were many lifeboats and
the number of them wasn’t enough.

*» The ship began to sink because water came into
the ship.

» All of the passengers could not enter into the
boats because the number of the boats was not
enough.

* They were tired because they worked very hard.

» The ships could not save the passengers, be-
cause there were no ships within 15 miles.
3. when (13%))
* When a few minutes passed, water came into
the ship.
* When the Titanic hit an iceberg, most of the
passengers were asleep.
* When most of the passengers were asleep, the
Titanic hit a very big iceberg,
» When evryone woke up, they found that the ship
was sinking.
» When it was 11: 40, the Titanic hit a very big
iceberg.
4. after (18D
» After a few minutes passed, the water came
into the ship.
5. so~that (1§
* The damage was so heavy that water came into
the ship rapidly.

(B&. A%V IE5R)
1. BIERE (129D
» In 1912 it left Southampton in England.
+ It was going to New York in the U. S. A.
+» After a few minutes, water came into a ship.
* The crew were sending a signal on the radio
system.
« It was making a first trip with 1316 passengers.
* The ship was going from Southampton in Eng-
land to New York in the U. S. A.
« It was making the first trip across the Atlantic.
» At first, women and children got into the boats.
* The Titanic went down under the water at 2 : 20.
* The crew were sending a signal on the radio
system to other ships.
» They needed help for other ships.
* The Titanic went under the water with 1500 peo-
ple. .
* The ship left Southampton in England for New
Yorkin the U. S. A.
* Most of them were asleep at 11 : 40.
*» The crew were sending a signal for some help.
2. JEEw (166D
« It was making the first trip across the Atlantic.
» Everyone had an exciting travel by the Titanic.
+ It was a clear and calm night in April.
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* There was a big ship.

3. BlE (746D

* Women and children enter the boats first.

* The crew tried very hard for a long time.

* Water came into the ship rapidly.

4. HEFE (36D

* One night in April, it was clear and calm.

5. BAfREE (124D

« It was a very large ship that was 46000 tons.

* There was the biggest ship of all which was the
Titanic.

* It was going across the Atlantic that was full
of ice.

* There was the biggest ship of all whose name
was the Titanic.

* The Titanic, which was the biggest ship of all,
was making the first trip.

* They needed some help that (which) was from
other ships.

* There was the biggest ship whose name was the
Titanic.

* The Titanic, which was 46000 tons, was a very
large ship.

6. A& (46D

* The crew tried to work very hard for a long
time.

* The crew tried for a long time to help passen-
gers.

* The crew were sending a signal on the radio
system to need some help.

* There were not enough lifeboats for all passen-
gers to enter into.

7. @BXHHE (1)

* The ship named the Titanic was making the
first trip.

8. EE (34

» The Titanic, the biggest ship of all, was mak-
ing a first trip across the Atlantic.

* Everyone thought that the Titanic was a very
large ship, 46000 tons.

(zofthofEs) (35D

* About 1500 people were killed.

* There was the biggest ship of all.

* The Titanic was the biggest ship of all.

(2) RF2[E&

(and &R\ - SATESE)

1. JBogE (8D

* There were 1316 passengers and 891 crew on the
ship.

* Women and children enter into the boats.

* The Titanic was beautiful and new.

* There were 1316 passengers and 891 crew on the
ship.

* The captain and the crew thought so, too.

* The passengers, the captain and the crew
thought about a very large ship.

* It was a clear and calm night in April.

* The Titanic was beautiful, new and large.

* The captain and the crew and all the other peo-
ple thought the ship would not sink.

» The new and beautiful ship, the Titanic made
everyone excited.

* The new and beautiful Titanic excited everyone.

2. mioEs (68D

« Everyone thought that the Titanic was huge
and it would not sink.

* The captain and the crew thought that it was
very large and it would not sink.

* The new and beautiful ship, the Titanic, made
everyone excited, which was a very large ship
and which would not sink.

(BEBE% B I Ek)

1. that (378D

» Everyone thought the Titanic would not sink.

* Everyone found that the ship was sinking.

*» Everyone thought that it was a large ship.

* The crew thought that it would not sink.

* Everyone noticed the ship was sinking.

* Everyone thought that traveling by the Titanic
was exciting.

2. because (108))

* Because the crew needed some help from other
ships, they were sending a signal on the radio
system.

* The ship would not sink because it was not
only large but also the newest ship in the world.

* Traveling by the Titanic made the passengers
excited because it was beautiful and new.

= All of the passengers coulodn’t enter into the
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boats because they were not enough.

* The ship began to sink rapidly, because water
came into the ship.

* Everyone was excited because the ship was
beautiful and new.

3. when (941)

* When most of passengers were asleep, the Tita-
nic hit an iceberg.

« When the Titanic hit a very big iceberg, the
damage was heavy.

» Everyone went to the lifeboats, when they
found the ship was sinking.

4. after (28]

* After a few minutes passed, water came into
the ship.

5. as (34

+ As the Titanic was beautiful and new, everyone
was excited.

* As everyone found that the ship was sinking,
they went to the lifeboats.

* As it was a very large ship, the captain and the
crew thought that it would not sink.

6. while (2D

* It was damaged heavily at 11 at night, while
most of the passengers were asleep.

* While most of the passengers were asleep, the
Titanic hit a big iceberg.

7. since (18

* Since the alarm which had big sound rang, ev-
eryone woke up.

8. so~that (4#l)

* It was so large a ship that the captain and the
crew thought that it would not sink.

* The Titanic was so beautiful and new that ev-
eryone was excited.

* The captain and the crew thought the ship was
so huge that it would not sink.

* The ship was so beautiful and new that every-
one thought that it would not sink.

9. sothat (141

* The Titanic was beautiful and new so that ev-
eryone was excited to travel by it.

(8. RV EH)
1. BUEs (108 A1)
* It was going to New York in the U. S. A.

+ It was a clear night in April.

« After a few minutes, much water came into the
Titanic.

« About 1500 people were killed in the accident.

« In 1912, it left Southampton in England.

« They were sending a signal on the radio system.

* The crew needed some help from other ships.

* The Titanic went down under the water.

* The ship left Southampton in England for New
York in the U. S. A,

» It was making the first trip across the Atlantic.

» The Titanic hit a very big iceberg at 11:40 at
the calm night in April.

+» It was damaged heavily at 11 at night.

» At 11 : 40, most of the passengers were asleep.

* The Titanic was going across the Atlantic with
1316 passengers and 891 crew in 1912.

* Everyone thought the Titanic would not sink be-
cause of a very large ship.

2. JE&E (306D

* It was a clear night in April.

*» There was a big ship.

+ It was making the first trip.

» The passengers, the captain and the crew
thought about a very large ship.

» The Titanic hit a very big iceberg.

3. EfE (148D

» First, women and children got into the boats.

« A few minutes later, water came into the ship.

+ It was damaged heavily at 11 at night.

* Both the captain and the crew thought that the
Titanic would not sink.

4. BRG] (180

* One clear and calm night in April, it was 11 : 40.

5. BafRE (23610

» The Titanic, which was 46000 tons, was very
large.

» There was a ship named the Tianic, which was
the biggest ship of all.

* The captain and the crew and the others who
got on the Titanic thought it would not sink.

* The ship that 1316 passengers and 891 crew got
on left Southampton in England for New York
inthe U. S. A. in 1912.

» There was a big ship whose name was the Tita-

nic.
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» The new and beautiful ship, the Titanic, made
everyone excited, which was a very large ship
and which would not sink.

* The crew were sending a signal that was on the
radio system.

+ It was making a first trip across the Atlantic
ocean, which was full of ice.

« The Titanic hit a very big iceberg at 11:40 at
the clear night in April when most of the pas-
sengers were asleep.

6. REE (546

* The crew tried to work very hard for a long
time.

» Everyone was excited to travel by the Titanic.

* The crew tried to save passengaers for a long
time.

7. @EHHE (56D

* There was a big ship named the Titanic.

* The ship called the Titanic was the biggest ship

of all.

8. miE (486D

* There was a big ship, the Titanic.

* The new and beautiful ship, the Titanic, made
everyone excited.

* There was a ship whose name was the Titanic,
the biggest ship of all.

* Travelling by the beautiful and new ship, the
Titanic, was excitng.

(Zotho#s)

+ About 1500 people were killed.

*» The Titanic was the biggest ship of all.

* The new and beautiful ship, the Titanic made
everyone excited.

« Traveling by the Titanic made passengers ex-
cited.

* The new and beautiful Titanic excited everyone.
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On the Use of Shall and Will in Caxton’s Own Writings

Kiyokazu MIZOBATA

William Caxton is very familiar as the first printer in England. Although he translated, printed
and published many literary works, his own writings are limited to the form of prologues, epi-

logues and interpolations. So far there has not been a full-length linguistic study of his own
writings, which will be a clue to identify his style and attitude towards the literary language.

In this paper we describe the use of shall /should and will /would in Caxton’s own writings
from a linguistic point of view as the first step to follow the characteristics of his English.

1. Introduction

William Caxton, who is well-known as Eng-
land’s first printer, published a large number of
writings at the end of the fifteenth century'’ Most
of them are not his own, but translations from
French, Latin and Dutch, and works of the time in
English. His own writings are limited to the form
of prologues, epilogues and interpolations. Never-
theless, it may not be unreasonable to assume
that his own literary taste should be reflected on
his publications whether by accident or design.

In order to identify Caxton’s style and attitude
towards the literary language it is essential to
analyse his own writings from a linguistic point
of view and follow the characteristics of his lan-
guage. In this paper we, as the first step, describe
the use of shall /should and will /would as
modal auxiliaries in Caxton's own writings not
only from the syntactic point of view but also

from the semantic point of view.
2. Shall

2.1 1st person

As Table 1 shows, most of the instances of shall
in the 1st person appear in the main clause?’.
2.1.1 Main clause

The instances in the main clause mostly express
the speaker’s determination.

16/b,/12%’1 shal praye God for them, ...

Obligation :

47/¢/8 What shal I aldaye wryte of the
rychesses, glorye and magnyfycence
of Kynge Salamon?

In the apodosis of a conditional sentence :

50/b,/59 yf ther be onythyng wreton or sayd
to her playsir Y shall thynke my
labour well enployed ; ...

2.1.2 Subordinate clause

(1) Noun clause

(8) As subject

Obligation :

24040 it semeth . . . that we shal abhorre
and utterely forsake th’abhominable
and dampnable synnes ...

(b) As object

Obligation :

47/k/23 1 wote never what lawde and
praysynges I shalle gyve unto the, ...

(2) Adjectival clause

(@) Restrictive use

Mere future :

11/0/66 alle we that shal see and rede therin
may so take and understonde the
good and vertuous tales...

(b} Nonrestrictive use

Determination :

73/a/60 , to whome I shalle pray for them.

(8} Adverbial clause

Mere future :

44,/a,35 ...insuche wise that I shal have cause
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Tablel The Frequency of Occurrence of Shall/Should and Will” Would
SUBORDINATE CLAUSE
MAIN NOUN CLAUSE ADJECTIVAL CLAUSE ADVERBIAL
PERSON TOTAL(% )
CLAUSE | AS SUBJECT | AS OBJECT | RESTRICTIVE | NON- CLAUSE
RESTRICTIVE
I 23 2 1 1 2 30 (20.3)
I 2 2 2 1 8 (5.4)
SHALL
i 20 13 48 15 14 110 (74.3)
TOTAL 45 2 16 51 17 17 148 (100)
I 1 5 (22.8)
I 2 1 3 (13.6)
WILL
I 2 2 6 14 (63.6)
TOTAL 10 3 2 1 6 22 (100)
I 1 1 4 6 (13.0)
I 1 1(2.2)
SHOULD
I 9 3 12 4 1 10 39 (84.8)
TOTAL 9 13 1 15 46 (100)
I 6 1 7 (33.3)
ig 1 1(4.8)
WOULD
hli§ 8 1 1 13 (61.9)
TOTAL 14 1 1 1 21 (100)
to pray for his good and prosperus (b} Nonrestrictive use
welfare. Possibility :
96,”a.169 , by which ye shal see what wayes
2.2 2nd person were taken, ...

2.2.1 Main clause

Possibility :

8070731 Ther shalle ye see manhode, curtosye

and gentylnesse.

2.2.2 Subordinate clause

(1) Noun clause

Determination :

2/b/9  ‘IThave herd say,’ sayd the mayde,
‘that ye be assured and shalle wedde
suche a man.’

Mere future :

2972799 Wylle ye that I enseygne and teche
you howe ye shal mowe escape from
alle evyll?

(2) Adjectival clause

{a) Restrictive use

Mere future :

79./d,13 alle ye that shal rede or here this
said werke of your charyte I beseche
you to praye for hym.

(81 Adverbial clause

Possibility :

47/3./26 1 shalle lyghtlyer and sonner drawe
alle the water of the see and brynge
hit into this pytte than thow shalt
brynge the mysterye of the Trynyte
and his dyvynyte into thy lytel under-
standynge...

2.3 3rd person

As Table 1 shows, there appear a large number
of instances of shall in the 3rd person, especially
in the adjectival clause.
2.3.1 Main clause

The speaker’s determination :

1/0/5  heshal have them good chepe.

Confidence :

16/b,12 in so doyng they shal deserve

thankynges; ...
A decision on the part of some person other



On the Use of Shall and Will in Caxton’s Own Writings 129

than the speaker :

2/b/52 What shalle hit be worth?

Possibility :

93/a,/65 , and so doyng they shal doo a
merytory dede.

Result :

72/ a114 Doo after the good and leve the evyl
and it shal brynge you to good fame
and renommee.

Mere future :

72/a,/62 in dyvers places of Englond many
remembraunces ben yet of hym and
shall remayne perpetuelly ...

2.3.2 Subordinate clause

(1) Noun clause
All the instances occur as the object of a verb.

Inference :

2/b/50 ‘No, forsothe,” sayd he, ‘but I wote
wel what it shalle be worth to me.’

Expectation :

16,a./67 1hope that it shal be understonden, ...

Possibility :

36,7289 ...t’addresse and expowne where as
shalle be founde faulte to theym ...

Destiny :

93/a,31 Thenne to th’ende that every man
resonable remembre hymself that he
is mortal and shal withoute fayle
departe out of this 1yf...

(2) Adjectival clause

(8) Restrictive use

Confidence :

93/a,60 ... this sayd book in whiche he
shal fynde good and prouffytable
doctryne,...

Destiny :

93/a28 they do for th'eternal lyf which shal
ever endure in joye or in payne.

Mere future :

9/a,27 prayeng al them that shal rede and
here it to correcte where as they
fynde faulte...

(b) Nonrestrictive use

Confidence :

36213 , as all alonge shall be shewed in
this present boke.

Possibility :

96,"a,/169 , by which ye shal see what wayes
were taken,...

Destiny :

93a,27 , which anone and hastely shal de-
parte fro the corruptyble body,...

Mere future :

865,22 And also am avysed to make an-
other booke after this sayd werke,
whiche shal be sett here after the
same ...

(3) Adverbial clause

Confidence :

6,038 , as all allonge by the grace of God
it shall be shewed in th’istorye of
thys present book.

Inference :

36,a,762 ... in suche maners and termes that
fewe men shall understonde theym.

Destiny :

29a,/91 The evyll ben sory and angry bicause
the evyll shal perisshe.

Mere future :

80/0/61 ... to be alwey redy to serve theyr
prynce whan he shalle calle them or
have nede.

3. will

3.1 1stperson
3.1.1 Main clause

Intention :

2/0/18 Now thenne I wylle fynysshe alle
these fables wyth this tale that
foloweth,...

Determination :

47/3/719 1 wylle lade oute and brynge alle
this water of this see into thys pytte.

3.1.2 Subordinate clause

We can find only one instance of will in the

adjectival clause in nonrestrictive use.

Refusal :

71”237 , wherein I will not dispute.

3.2 2nd person
3.2.1 Main clause
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Desire:

292,129 Wylt thou have ony other woman
than me?

Request :

1170763 alle ye that shal in thys book rede or
heere wyll...remembre the sowle of
the sayd Gefferey Chaucer,...

3.2.2 Subordinate clause

There appears one instance as the object of a

verb.

Request :

79/f/14 prayeng and requyryng all theym...
that ye wil remembre hym that
translated it into our maternal and

Englyssh tongue,...

3.3 3rd person

3.3.1 Main clause

Habit :

36261 in these days every man that is in
ony reputacyon in his countre wyll
utter his commynycacyon and ma-
ters in suche maners and termes...

Mere future :

47/b/8 Our Lord atte reverence of this
blessyd and hie feste of his Natyvyte
wyll graunte it to hym,

3.3.2 Subordinate clause

(1) Noun clause

Inference :

96,”a,156 1 can thynke that every man wy!l put
hand to in theyr propre persones
and in theyr mevable goodes;...

Request :

50/c/6 Besechyng her...that she wole re-

sseyve my rude labour in thanke and

in gree.

(2) Adjectival clause

Habit :

29/a,/83 they take none but them that wil be
poure,...

Mere future :

75/a/77 he thenne that so wille obeye this
commandement may ... lerne grete
partie of the fourme and condicion
of this worlde,...

(3) Adverbial clause

Intention :

292,109 Whosomever wyll acquere and gete
scyence, late hym never put hym in
the governaunce of a woman.

Mere future :

15/a,/57 yf they wylle rede it and under-
stande, they shal moche the better
conne rewle themself therby.

4. Should

4.1 1st person

No instance can be found in the main clause,
but 6 instances in all appear in the subordinate
clause.

(1) Noun clause

Obligation :

47/a,/82 whych solycyted me in my lordes
name that I shold in no wyse leve
in but accomplisshe it,...

(2) Adjectival clause

In the apodosis of a conditional sentence :

110,78 ...many thynges of whom we shold

not have knowen, yf they had not

left to us theyr monumentis wreton.

(3} Adverbial clause

In a conditional clause :

29/a,23 if I sholde so presume I might apaire
it,...

4.2 2nd person
Should in the 2nd person is used in the adver-
bial clause only one time.
In a conditional clause :
2/b,/14 lam sory therof that yf ye shold falle
in lyke caas.

4.3 3rd person
4.3.1 Main clause

Obligation:

47/b,/3 for to telle alle the myracles that
Our Lord hath shewde it shold con-
teyne an hole booke.

Probability :

80,70,/58 This shold cause gentylmen to resorte
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to th’auncyent custommes of chyv-
alry...

With the hypothetical notion obscured :

2/b/48 It shold seme a good benefyce.

In the apodosis of a conditional sentence:

45/¢,12 yf hit shold be uttrid and told, hit
shold not be bylevyd,...

4.3.2 Subordinate clause

(1) Noun clause

(@ As subject

In the clause dependent on a sentence express-

ing the speaker’s judgement :

29/a,7136 it is acordaunt that his dyctes and
sayengis shold be had as wel as
others,...

(b) As object

Obligation :

2/b/59 the ryche dene was abasshed and
thought he shold be the better and
take more hede to his cures and bene-
fyces than he had done.

Probability :

29/a,/48 1 cannot thinke that so trewe a man
and so noble a phylosophre as Socra-
tes was shold wryte otherwyse than
trouthe.

Possibility :

7/0/7 , and also enformyng howe fortune
and happe shold be understonden
with the predestynacion and presci-
ence of God...

Expectation :

24,045 , trusting that bothe the reders and
the herers therof sholde knowe them-
self herafter the better...

Doubt:

36/a,27 1 doubted that it sholde not please
some gentylmen...

Promise :

47/a,/84 , promysyng that my sayd lord shold
duryng my lyf yeve and graunte to
me a yerely fee,...

(2) Adjectival clause

(@) Restrictive use

Obligation :

79a/8 ...the worshippe, rocommendacyon

and magnyfycence that shold be gyv-
en to men of olde age...

Probability :

80058 ...to have a prys, a dyamond or jew-
el, suche as shold please the Prynce.

(b) Nonrestrictive use

Probability :

36a/17 Whiche booke, as me semed, sholde
be moche requysyte to noble men...

(3) Adverbial clause

Obligation :

34/a,/39 bycause this boke shold be the bet-
ter redde, herd and understanden,
hit is made short to be the more
clerely undrestond...

Final implication :

800/55 ...to th'ende that every knyght shold
have hors and harneys and also the
use and craft of a knyght,...

With the hypothetical notion :

93/a/6 ...as though theyr habytacion and
dwellyng here were permanent and
shold ever endure,...

5. Would
5.1 1st person
5.1.1 Main clause
Desire :
36a/31 And fayn wolde I satysfye every

man,...
In the apodosis of a conditional sentence (ex-
pressed or implied) :
86/d/5 if I coude have founden moo storyes
I wold have sette in hit moo.

79/f/6 Thenne I wolde demaunde of theym
that shal rede or here this book...
5.1.2 Subordinate clause

Only one instance appears in the adverbial
clause.

In a conditional clause :

11/0/48 yf1 wold enprynte it agayn, he wold

gete me the same book for a copye,...

5.2 2nd person
Should in the 2nd person cannot be found in the
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main clause ; there appears only one instance in
the noun clause.
Request :
7,041 1desire and require you that of your
charite ye wold praye for the soule

of the sayd worshipful mann,...

5.3 3rd person
5.3.1 Main clause

Desire :

36/a54 the marchaunt was angry for he
also coude speke no Frenshe, but
wolde have hadde egges;...

Refusal :

47/e/21 Yet God wold not suffre hym to
bylde a temple for hym,...

In the apodosis of a conditional sentence (ex-

pressed or implied) :

11/0/49 yf1 wold enprynte it agayn, he wold
gete me the same book for a copye,...

29”a,139 somme persones peraventure that
have red this booke in Frensshe
wold have arette a grete defaulte in
me...

5.3.2 Subordinate clause

(1) Noun clause

(@ As subject

Mere future :

807054 it pleasyd oure soverayne lord that
twyes or thryes in a yere or at the
lest ones he wold do crye justes of
pees...

(b) As object

Refusal :

11,7050 how be it he wyst wel that hys fader
wold not gladly departe fro it.

Desire :

36 a,/56 And thenne at laste another sayd
that he wolde have eyren;...

In the apodosis of a conditional sentence :

29/a,/75 if he had I dar plainly saye that he
wold have reserved them in especiall
in his sayd dictes.

(2)  Adjectival clause

Only one instance appears in the adjectival

clause in nonrestrictive use.

Refusal :
29/a,/43 , for whos love he wold not sette yt
in hys book ;...

6. Summary

In Caxton’s own writings shall and should ap-
pear more frequently than will and would*®’, and
carry a wide range of modal implications accord-
ing to each context. In most cases shall in the
first person expresses ‘determination’ and shall
in the 2nd person ‘probability’ ; shall in the 3rd
person implies ‘confidence’ in the main clause,
‘expectation’ in the noun clause and ‘mere future’
in the adjectival and adverbial clauses.

Should in the 3rd person is much more frequent
than should in the 1st and 2nd persons and reach-
es the high percentage of about 85. Should main-
ly expresses ‘obligation’ or ‘probability’ not only
in the main clause but also in the nominal and
adjectival clauses; in the adverbial clause final
or hypothetical notion is implied.

Will is much less frequent than shall in each
person, and would in the 3rd person is much less
frequent than should in the 3rd person®’. Will
chiefly expresses ‘intention’ and ‘mere future’ and
would is very often used in the apodosis of a con-
ditional sentence.

In this paper we have described the use of shall
/should and will“would in Caxton’s own writ-
ings not only from the syntactic point of view but
also from the semantic point of view. It goes with-
out saying that we cannot show the whole trend
of the language of Caxton only through the analy-
sis of one aspect of his language. But at least we
can safely say that his use of these auxiliaries in
his own writings is too conservative to find any

linguistic innovation.
Notes

1) Cf. Norman F. Blake, Caxton and his World
(London : Deutsch, 1969). This book contains
the most comprehensive and authentic biog-
raphy of Caxton we have ever had.

2 ) In the category of ‘the main clause’ not only
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principal clauses but also simple sentences the frequency of will is not higher than that
and co-ordinate clauses are included. of shall, but very high and would appears
3 ) All references to Caxton’s own writings are more frequently than should. )
to Norman F. Blake’s critical edition of Cax- 5) Cf. Kiyokazu Mizobata, Ibid., p.66; and
ton’s original writings, Caxton’s Own Prose Michio Masui, Shall and Will (Tokyo, 1954),
(London : Deutsch, 1973). pp. 9—13. Professor Masui points out that in
4) Cf. Kiyokazu Mizobata, ‘On the Use of Shall Chaucer’s works the frequency of will in the
and Will in the Stonor Letters’ (Research Re- first person is much higher than that of shall
ports of Nara National College of Technolo- in the first person.

gy, No. 23, 1987), p. 66. In the Stonor letters
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Development of New Thermo-mechanical Treatment

in Warm Forging of Carbon Steel

Hideo SEKIGUCHI, Koji KOBATAKE, Masaharu TOKIZANE and Kozo OSAKADA

PROCEEDINGS OF INTERNATIONAL CONFERENCE
ON PHYSICAL METALLURGY OF
THERMOMECHANICAL PROCESSING OF STEEL AND OTHER METALS
Vol. 2 (1988), 856—863.

To improve the warm forgeability of medium
or high carbon steels and the mechanical proper-
ties of product, a new thermo-mechanical treat-
ment is developed. In the process named as
Warm Temper Forging, a quenched steel billet is
heated to a tempering temperature, and then is
deformed during the tempering process. For ten-
sion tests and compression tests on 0.46 % plain
carbon steel, it is found that large workabilities
are produced in the quenched steel at the tempera-
tures from 673 K to 873 K. The tensile strength
and the ductility of forged products are sufficient-
ly high enough. The extended working limits in
warm temper forging and the superior mechani-

cal properties of products are related with the

(a) Acicular
cementite
(b) Tempered
martensite
(c) Lath
boundary
Tempered steel

fine microstructures. The existence of subgrain
structure and fine spherical cementites, which
have never appeared in usual heat-treatment, is a
distinguished feature of the thermo-mechanically
treated structure. That is these subgrains (the
mean diameter : 0.3 ¢m) and spherical particles
may be produced by the plastic deformation dur-
ing the progressive recovery process in tempering.
As a result, a large ductility induced in the
warm forging process and a high strength and a
large residual ductility in products can be related
to the structural change in the process. The char-
acteristics of the warm temper forged steel are
demonstrated as shown in Fig. 1.

(a') Spherical
cementite

(b') Subgrain
structure

Warm_temper

forged steel

Fig.1 Difference of microstructures between simply heat-treated

steel and thermo-mechanically treated (warm temper forged) one.
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Boiling Heat Transfer during Water Quenching

of High Temperature Platinum Filament

Mitsuyoshi SHIMAOKA, Itsuo OHNAKA,
Akira MENJU and Kunihisa OHTOMO

BABMESHRXE, B, $54%, 4995 (BBFI63— 3 ), p.704~708.
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Visualization of Focusing Shock Wave

Michio NISHIDA and Haruaki KISHIGE
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Liquid-Liquid Extraction of Silver Ion with

Benzothiacrown Ether Derivatives

Masatoshi OUE, Keiichi KIMURA™ and Toshiyuki SHONO™

Analytica Chimica Acta, 194, 293 (1987).

Solvent extraction of heavy and transition me-
tals by the poly— and bis(thiacrown ether) deri-
vatives has been already studied and has proved
efficient and highly selective for Ag™. This paper
is concerned with applications of the solvent ext-
raction by the thiacrown ether derivatives to Ag*
recovery from several artificial samples, which
are binary and quaternary metal ion systems,
and actual copper ore. These results are as fo-
llows. The extraction behavior of mono—, poly—,

TABLE 1

and bis (benzothiacrown ether ) s is studied for
alkali, alkaline—earth, heavy, and transition me-
tal ions in the presence of picrate. These ethers
show high selectivity for silver ion. Silver ext-
raction from binary and quaternary mixtures of
silver with heavy or transition metal ions were
successful, except for mixtures with mercury (1)
ion. Silver was extracted from a copper ore with

ca. 80% recovery.

Extraction of Various Metal Ions by Thiacrown Ethers®

Percent extraction® (%)

Metals —~ Ia  1a b b Wb TIC
Na* 0.4 0.6 0.3 0.6 1.0 0.4 0.0
Fe** 0.1 0.4 0.3 0.1 0.3 0.3 2.8
Cu** 0.0 0.8 0.6 0.2 1.5 0.7 7.1
Ag* 70.3 90.6 86.7 71.6 90.6 88.4 52.7
Zn** 0.4 1.4 1.3 0.4 2.1 1.5 10.0
cg?*t 0.0 0.2 0.2 0.1 0.4 0.5 2.6
Hg*" 0.0 90.4° 25.1 0.0 90.4° 253 33.3
Pb*t 0.9 1.5 1.5 1.3 1.5 1.5 5.0
Pg*t 0.0 0.0 0.0 0.0 0.0 0.0 27.3

* [ThiaCr unit]/[Metal] =5 X 107°M,” 1 X 10"°M. In IUPAC nomencleture, Ia is 2, 3—(4’—
acryloylaminobenzo) —1, 4 —dioxa—7, 10, 13 —trithiacyclopentadeca—2—ene. Ila is poly[2, 3—
(4’ —acryloylaminobenzo)—1, 4—dioxa—7, 10, 13—trithiacyclopentadeca—2—ene]s. lla is 1, 3—
bis[(3’, 4’ —benzo—1", 4” —dioxa—7", 10", 13” —trithiacyclopentadeca—2" —ene)aminocarbonyl]-
propane. 1Ib is 2, 3— (4’ —acryloylaminobenzo) —1, 4 —dioxa—7, 10, 14, 17 —tetrathiacyclonona-
deca—2—ene. b is poly[2, 3—(4’—acryloylaminobenzo)—1, 4—dioxa—7, 10, 14, 17—tetrathiacy-
clononadeca—2—enels. b is 1, 3—bis[(3’, 4’ —benzo~1", 4” —dioxa—17", 10”, 14”, 17" —tetrathia-

cyclononadeca—2” —ene)aminocarbonylJpropane.
Evaluated from the metal ion concentration in the aqueous phase.

b

¢ _Some precipitate was formed at the interface between organic and aqueous phases. The
values of percent extraction are, therefore, apparent ones.

% Department of Applied Chemistry, Faculty of Engineering, Osaka University
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Neutral Carrier-Type Silver Ion-Selective Electrode
Based on Lipophilic Monothiacrown Ether

Masatoshi OUE, Keiichi KIMURA*, Kazuhiro AKAMA*,
Minoru TANAKA*, and Toshiyuki SHONO*

Chemistry Letters, 1988, 409.

Crown ethers, which have good affinities to
alkaline-earth metal ions, have been utilized as
neutral carriers in metal ion-selective electrodes.
Especially in the electrodes based on bis (crown
ether) derivatives, high selectivities for alkali me-
tal ions have been realized. However, there are
very few neutral carrer-type Ag*-selective elect-
rodes. Also, in previous Ag* electrodes based
on dithiacrown ether derivatives, serious inter-
ference by Fe*" and Hg** (selectivity coefficients
of about 1) was observed. We report here a
high-performance Ag™-selective electrode using a
lipophilic monothiacrown ether. Monothiacrown
ether was synthesized from bis(2-hydroxyethyl )-
sulfide and 5-dodecyl-3, 7-dioxanonane-1, 9-diol
ditosylate. The compound was purified by silica
gel column chromatography (ethyl acetate,/hex-
ane =1.,10) to yield a colorless oil (25 % ):
Found: C, 66.31; H, 11.12% ; M*, 418. Caled for
CosHi0S : C,65.99; H, 11.08% ; M™T, 418, The ele-
ctrode membranes were prepared by a pre-
viously-reported method, and contained PVC
(27.6 wt %), the neutral carrier (2.8 wt %), DOP
(dioctyl phthalate) (69.1wt%), and dipicrylamine
sodium salt (0.5 wt %). After injecting IM (1M =
1 mol » dm™*) KNO; aqueous solution as the inter-
nal filling solution, the electrodes were condition-
ed by soaking them in 107°M AgNO, for 3 days.
The electrochemical cell for the e.m.f. measure-

ments was as follows: Ag-AgCl/4M KCl1./
0.1M NH,NO; /sample solution /membrane /
1M KNO; AgCl-Ag. A typical e.m.f. response
of the lipophilic monothia-16-crown-5-based ion-
selective electrode to Ag® was shown an ideal
Nernstian slope (59mV /decade) for Ag*attained
in the Ag* activity range of 107°~10"% M. The
response time of the monothia-16-crown-5-based
Ag™-selective electrode was within 30 s. The elect-
rode properties were hardly changed for at least
3 months. The high selectivity and durability
of the electrode might be attributed partly to the
high lipophilicity of the thiacrown ether. Thus,
the Ag™-selective electrode based on monothia-16-
crown-5 is quite promising for practical appli-
cations. Also we have studied the Ag* selectivi-
ties of the electrode against other heavy metal
ions, alkali and alkaline-earth metal ions, and
NH,*. The interference by the metal ions except
Hg** is negligible. Even the Ag™ selectivity again-

st Hg™ (k hob; = 1.6X107) was drastically im-

proved as compared to that (—l{ggtHg: 1.6X107%)
of the previous thiacrown ether-based electrodes.
Furthermore, the monothia-16-crown-5-based Ag
selective electrode is definitely superior to popu-
lar Ag,S-based Ag" electrodes in the Hg** inter-
ference, since coexistence of Hg** in measuring
solutions never be allowed in the Ag;S-based

electrode systen.

% Department of Applied Chemistry, Faculty of Engineering, Osaka University
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Extraction —Spectrofluorimetric Determination of Silver Ion

by Using Benzothiacrown Ether and Eosin

Masatoshi OUE, Keiichi KIMURA® and Toshiyuki SHONO”

Analyst (London), 113, 551 (1988).

As benzothiacrown ether exhibited high se-
lectivities for silver ion against several heavy

TABLE 1

Effect of Other Cations on the Determination
of Silver Ion

metals on the cation extraction, silver ion-spe-
ctrofluorimetric determination was carried out
by using ion-pair extraction system with benzo-
thiacrown ether and Eosin Y. It was possible
to determine 2—10 p.p.b. silver ion by this ext-
raction fluorimetry. The silver ion determination
was hardly interfered by alkali, alkaline-earth,

. Molar ratio Apparent and heavy metal ions except mercury(Il) ion.
Cation oh A _+va recovery, . .
M"*:Ag®) 9% This method has been successfully applied to
Lit 1000 : 1 102.7 d.etermination of trace amounts of silver ion in
NH,* 1000 : 1 100.4 river water.
Ba®™* 1000 : 1 101.1
cr** 1000 : 1 101.7
24 .
Mr;+ 1000 : 1 95.7 TABLE 2
Fe 1000 : 1 103.3
Co™ 1000 : 1 97.1 Determination of Silver Ion in River Water Samples
Ni** 1000 : 1 109.0
500:1 104.2 + . Relative
Cut* 1000 : 1 110.4 Sample Ag™ concentration, p.p.b. standard
500 : 1 103.8 No. Actual Found® dev1;tlon,
Zn** 1000: 1 112.6 °
500:1 103.9
. 9 £ 0. 4.
ca*t 1000:1 113.5 1 2.0 1.9 0.1 3
500:1 102.7 2 4.0 41 = 01 2.0
Hg*" 500 : 1 130.4
100:1 120.3 3 10.0 9.8 £ 0.2 2.0
10:1 100.6
Pbt 1000 : 1 98.3 4 20.0 166 =+ 0.2 1.0
? Constant silver ion concentration, 10.0 p.p.b. *n=4

* Department of Applied Chemistry, Faculty of Engineering, Osaka University
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