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Gaseous Behavior of a High Pressure Chamber in a Diaphramless Shock Tube

Haruaki KISHIGE and Kazuoki MATHUOKA

This paper describes experimental measurements of acceleration of piston in a diaphramless

shock tube and numerical consideration of gaseous behavior in a high pressure chamber, using two

dimensional piecewise linaer method. In numerical calculations, the experimental results were

used for boundary conditions. Measured acceleration in the piston was about 200 g. It is shown

continuous decreases of the pressure in the high pressure chamber and production of vortex at the

entrance of the low pressure chamber.
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Fiber Orientation in Steady and Pulsating Flows

Noriyasu MORI

In the steady and the pulsating flows between parallel plates, the fiber orientation is measu-

red, and the motion of a single fiber is simulated by the numerical calculation.

When the standard deviation of the fiber orientation measured (0 ) is large, ¢ becomes larger

than that of the steady flow by adding the pulsation to the steady flow.

However there is no

effect of the pulsation on the fiber orientation when ¢ is small. The result of the simulation

for a single fiber are in good agreement with the experimental results.
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Study on Chip Treatment in Turning
— 4 th Report, Chip Breaking by Various Cutting Methods—

Tadahiro WADA

In order to find more effective chip treatment methods than the conventional chip breaker

in finish-turning of the carbon steel, various cutting methods were applied.

(1) A cutting edge is oscillated in the direction of the principle cutting.

(2) A intermittent feed cutting (the cutting edge is intermittently fed in the direction of

the feed) is used in combination with oscillatory feed cutting (the cutting edge is

oscillated in the direction of the feed).

(3) A rotary chip breaker put on the top rake surface is tried.

Experiments showed that the above mentioned cutting methods are effective for the

chip breaking.
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H
; get data from a/d converter

called by Basic as call xrev(chX,tmX,cntX,bfs$)

: chx . channel no
H tmx . sample time
cntx ... data count
bfs . recive buffer
inscode segment byte
assume cCs:inscode
Xxrcv_ent: push ax
push bx
push [:34
push dx
push ds
push es
mov ¢x,10(bx]
mov es,cx
mov si,8(bx]
mov ax,es:[si]
out 0dih,al
mov €X,14[bx)
mov es,cx
mov 8i,12(bx)
mov ax,es:{si]
and al,ofh
or al,90h
out 0dOh,al
mov cx,6[bx]
mov es,cx
mov 8i,4[bx]
mov ax,es:{s1)
mov €x,2[bx]
mov es,cx
mov 81,0{bx]
mov cx,es:(sil
shr cl,l
cmp cl,al
jb xrcv_err
and ch,ch
inz XTCV_ery
mov 8i,es:2(s8i)
mov ds,dx
mov cx,ax
mov bx,0
data_test: in al,0d1ih
test al,40h
jz data_test
in ax, 0d0h
and ax,0fffh
mov [si+bx],ax
ine bx
inc bx
loop data_test
Xrev_ret: pop es
pop ds
pop dx
pop cx
pop bx
pop ax
iret
Xrcv_err: mov cx,14{bx]
mov es,cx
mov 8i,12[bx])
mov esi{81),0ff1fh
Jmp xrcv_ret
tnscode ends
end
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Configuration and Control Scheme of the Power Converter

for Superconducting Magnet Energy Storage

Toshifumi ISE and Yoshishige MURAKAMI *

By using GTO’s (Gate Turn-Off Thyristor) in place of ordinary thyristors in a conventional
six pulse Greatz bridge converter, forced commutation is possible, so in the usage of ac-dc power
conversion the reactive power of not only lagging but also leading phase can be controlled. This
feature enables superconducting magnet energy storage (SMES) to control reactive power in the
wide range between lagging and leading phases. By virtue of this controllability, SMES will be

applicable for a power system stabilyzer.

A GTO converter which mainly consists of six GTO’s was developed and tested. In this
GTO converter, the energy stored in leakage inductances of the transformer is handled by voltage
clipper circuit. Then, by using two sets of these GTO converters, we carried out some experi-

ments of simultaneous active and reactive power control of SMES. The performance of the deve-

loped control system was successfully experimented and the ability of controlling reactive power

in the wide range between lagging phase and leading phase was verified.
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A study on the method of detecting the degradation of insulating polymers

Jun KYOKANE, Yoshihiro YAMAMOTO, Iichi KIMURA
and Katsumi YOSHINO

The measurement of the residual voltage was proposed as a method of detecting the degradation

of cable insulation and of a another electrical insulating polymers. The residual voltage was

found to increase nonlinearly with increasing applied voltage and the duration of voltage applica-

tion, but to decrease with increasing duration of short-circuting. A simple numerical calculation

indicated good agreement with the experimental results.

Furthermore, the influence of the degration on the residual voltage by the introduction of imper-

fections such as chain scission, crosslinking and change of morphology were studied. Chain breaks

and crosslinking in PE films be produced by electron-beam or 7 -ray irradiation. It was cleared

that the residual voltage is strongly affected by radiation.

The residual voltage measurements were indicated the possibility to monitor the degradation

cable and insulating polymers.
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Thickness Measurements of Thermal Oxidation

Growth-Films on Silicon using Computer

Coutrolled Ellipsometer

Haruo TAKAHASHI and Stieve A. LYON*

The growth rates of the thermal oxidation films on Silicon were measured by using the spe-

cially designed ellipsometer.

The ellipsometer could scan one-dimentionally across the silicon sample without disturbing

the thermal conditions and could follow sufficiently the in-situ measurements of the oxide growth
films with high resolution during the duration of oxidation. It is found that the growth curves

from the obtained date show the good agreement with the growth law proposed by Grove.

1. Introduction

The production of the silicon oxide (SiO, )
films on Silicon is of great importance to semi-
conductor industry. The silicon oxide layer plays
two essential roles as a electrical insulator and
as a surface passivator in present device techno-
logy.

The tendecy towards miniaturization of electro-
nic devices imposes a decrease of oxide thickness
although the growth mechanizm of the first ten
ongstromes is still questionable.

It is known that growth rate of the oxided film
dependsontemperature and duration of oxidation,
nature and pressure of oxidant gas, crystaline
orientation of the Si-surface, and etc.

The thickness of the thermally growth film can
be usually controlled by adjusting the oxidation

time based on the previously stored experimental

This work was done at Department of Electri-
cal Engineering and Computer Science, Prince*
ton University, where the author had been staying
as a Visiting Fellow supported by the Educa-
tion Ministry of Japan.

*  Princeton University

date. A number of investigation of the kinetics
for silicon oxidation in dry oxigen have been made
under widely varying conditions "%,

Deal and Grove proposed the complihensive
model of the thermal oxidation of Si, and showed
that the dependence of the oxide thickness L on
the oxidation time t could be expressed, for thick-
ness greater than 35nm, by the linear-parabolic
equation L L?

— +
5% kp?

=t+r (1)

where K, and K; are the linear and parabolic
rate constants, and t 1s the coefficient deter-
mined by the condition of oxidation'".
However, Irene and van der Mulen have pointed
out that there is considerable variance among the
reported rate-conditions®, and have showed the
reviced kninetic model ?. Some other researchers
reported the kinetic models to explain the growth

3 U547
mechanizm "

. However, the model proposed
by Deal and Grove is still surpported by many
workers to describe the kinetics for silicon oxi-
dation. The oxidation mechanizm is complicated
in the range of the thickness below 35nm, and the
growth law is uncertain although many studies
have been on various aspects of the process.

It is essentially necessary to study for finding
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out precisely the growth kinetics by collecting the
detailed growth data continuously during the wide
range of the oxidation process.

A thin film layer of a transparent refracting
material on a reflective surface alters its effecti-
ve optical constants corresponding to the thick-
ness and refractive index of the layer, and the
change of the optical constants can be measured
by ellipsometry.

Ellipsometric technique is one of the most
sultable methods to measure thickness of a thin
film.

A computer controlled ellipsometer has been
specially designed for the purpose to make com-
pletely automated measurements to measure
thickness of the thin film during the thermal oxi-
dation. In this paper, it is shown that the ellip-
someter has an excellent facility to measure the
changes of optical parameters and to store thick-
ness data enough to calculate the growth rates of
the film during a series of the oxidation process
without interrupting the oxidation conditions, and
also it 1s cleared that the growth data obtained
has an adequate coincidence with the kninetic mo-

del proposed Deal and Grove.

2 The automated ellipsometer

A general ellipsometric measurement yields
a set of two optical parameters (¢, 4), that
characterize the change of the polarization con-
dition for the light beam reflected on the surface

with the relation of

Rp

=tang +exp (i4) (2
Rg

where Rp and Rg are the complex reflection
coefficients for the light polarized parallel and
normal to the plane of the incident light bem. @
and 4 are cylindric functions of the oxide thick-
ness. The detailed process to derive the relation
of the thickness with ¢ and 4 are given else-
where ™. The thickness of the film can be
calculated from these optical parameters, if the
complex refractive indecis of the substrate (Si)
and the film (Si0; ), the angle of the incident

beam, and the wave length of the laser beam are
given ¥,

The measuring system for the automated ellipso-
meter is constructed with the ellipsometric opti-
cal elements and the personal computer (Terak

8510 a) as shown in Fig. 1.

FURNANCE ELLIPSOMETER
POSITION TEMPERATURE ANALIZER POTO
CONTROL CONTROL TINING DETECTION

CONTROL [—1 TERAK 8510/a COMPUTER SYSTEM |——{ DATA
PROGURANS | MENORY

CALCULATION PROGURAMS

Fig. 1 The block diagram of the measuring

system in the automated ellipsometer.

The ellipsometric alignments are shown in Fig.
2.

The light beam from a 2 mW He-Ne laser can
be changed to a circularly polarized light beam
after passing through a mica-qualtz quarter-wave
plate, and the polarizer can set the polarized
laser-beam axis to a selected azimuth by adjus-
ting manually the attached vernier scale with a
resolution of 0.01°. The elliptically polarized
light-beam with a desired polarization state can
be obtained without the necessity for rotating the
laser-tube in its mounting position.

The polarized beam 1is incident to the sample
surface at the angle 70°. The beam reflected
from the surface passes through the continuously
rotating analyzer, and the optical-glass diffusion
filter with a sharp transmission maximum at the
wavelength of 632.8 nm, which removes most of
the ambient light travelling along the direction
of the laser beam.

The silicon photo-detector measures the light
intensity of the reflected beam affected by the
polarization state with automatically adjusted
timing rates corresponding to the previously

determined azimuth-angle of the rotaiong ana-
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He-Ne LASER
2mW

QUARTER-WAVE
PLATE

POLARIZER

SAMPLE

Si-PHOTO
DETECTOR

FILTER

APERTURE ANALIZER

Fig. 2 The ellipsometric alignments.

lyzer.
The ellipsometric parameters ¢ and 4 are
calculated from the intensity variation detected

periodically by the silicon photo-detector, and

are stored to the disk memory of the computer.

The optical stage of the ellipsometer is designed
to move one-dimentionally over the sample stage
with the stepping-motor controlled by the com-
puter system, and then the ellipsometer can scan
across the sample along one-axis to measure
continuously the oxide thickness at the desired
points.

The measuring points along the axis can be se-
lected in 0.lem increments at a maximum timing
rate of 60 step/min within the scanning length
of approximately 4cm, and the time interval be-
tween the consecutive measurements can also be
set for the wide range from 2 seconds to several
hours.

Fig. 3 shows the furnance for the automated
ellipsometer.

The furnance is made of a fused qualtz-tube (ap-
proximately 8cm in diameter) surrounded with the
resistiveheating-coils, and hastwoqualtz windows

(2 cm in diameter) for the incidece and reflect-
ing paths of the laser-beam. A small pipe is add-
ed to the one side of the furnance for the gas flow
of N2 or O,. The furnance is mounted on the
stage with three micrometer-screws for manual
adjustments of the optical alignments.

The silicon block inserted to the furnance-tube

holds the sample in such a way that the incident

beam through the qualtz window refrects to ano-
ther window along the azimuth of the ellipsometer,
and acts as a heat conductor to diffuse the oxida-
tion temperature uniformly on the whole sample
surface.

The temperature of the sample is monitored with
the thermo-couple inbeded in the silicon block and
the computer adjusts automatically the value of
the current through the heating coils to keep the
desired temperature within +1°K over the range
of 750°K~1300°K.

The experimental parameters regarding the
oxidation temperature, the points to be measured,

the time interval between consecutive measure-

\\\ \\\\\\\\\

N\

HEATING-COIL

o, v Wbtz

Z
SAMPLE QUALZ GLASS

PIPE AN

SiBLOOK[™ e

i zzz

A A

THERMO
COUPLE

HOLDER

Fig. 3. The furnance structure for the

automated ellipsometer.
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ments and the total time for the oxidation process
are input from the key boad to the computer.

After starting the computer programs,the mea-
surment continues automatically till the total
ellapsed time has been reached. The thicknesses
of the film are calculateted with the stored va-
lues for the set of ¢ and 4 data by using the
another program™ .

To calculate the values of the thickness, it is
necessary to konw the value of the complex refrac-
tive index of Si, Ny, and the refractive index
of SiO;, Ngi,2, for the given temperature.
Tablel shows these values. The values are used
for the complex refractive index published by van
der Meulen and Hien 'V, and for the refractive
index of Si0; calculated by Schafer® in a series
of experiments.

Table 1 The refractive index of the

Si-substrates and Si0; films

Temp. °C | Complex index of | Fixed index of
Si-substrates Si0z-films
Room | 4.215 — 0.127 J 1.461

927 4.274 — 0.158 J | 1.468 ~ 1.472

9717 4.311 — 0.179 J | 1.470 ~ 1.473

1627 4.352 — 0.203 J| 1.471 ~ 1.475

In order to check the ability of the completely
automated ellipsometer, the sample oxidized
already to the reference thickness of 80 nm was
measured at room temperature. The obtained data
are shownin Fig.4 .

Measurerments were taken place at the 6-samp-
ling points with each distance of 0.5mm and with
each time-interval of 20>sec, the sample was scan-
ned for three times.

The thickness values at the same sampling point
are scattered within =0.1mm because the deviation
for the azimuth of the rotating analyzer exists
typically in the range of 0.04°.

The mean value of the thickness could be calcu-
lated as 81.83+0.27nm, although the sample was

Substrate Index: 3.845,~0.024
Angle of Incidence: 70.00
Fixed Film Index: 1.461

Time Position Psi Delta Phase+ Phagerr+ Thick+
00:00: 14 95 33.16 B0.&63 52.00 -0.003 81.7
00:00:34 1035 33.14 80,67 51.97 -Q.003 81.7
00:00: 54 115 33.11 BO.26 52.02 -0, 009 B1.7
00:01:14 125 33.21 80,29 52.17 =0, 007 B2.0
0Q:Gi1:34 135 33.20 B0.BS 32.04 —0.,000 81.8
nNo:01:354 tas 33.30 80.78 52.21 -0.001 82.0

95 33.20 80.41 52.08 =0, 00T 81.8
105 33.16 80.53 S$2.04 -0.005 81.8
115 33.13 80,20 52.0% -0, 009 B81.8
125 33.21 80.30 52.17 -0.007 B82.0
135 33.21 80.85 52.0%5 ~0. 000 81.8
145 33.27 80.64 52,19 ~0. 002 BI. O

Fig. 4 The obtained data lists for the
reference sample.
supposed to be oxidized uniformly on the surface

for the whole measuring range.

3. Experiments

For classifying the thermal oxidation methods,
a distincton can be made between the so-called
“Wet” oxidation in which a water-vapor is the
principal oxidant and the “Dry” oxidation where
the principal oxidation is oxygen. All experiments
in this investigation were carried out in the

“Dry” oxidation method.

The silicon substrate was cut in the form of
strips with 2em long and 1cm wide from the stand-
ard 2 inch wafers of the <100> orientation.

The sample was chemically cleaned in a succes-
sion of rinses with trichloroethylene, acetone,
methanol and deionized waterto remove the surface
contaminations, and etched in the HF to exclude
the thin native oxide film.

The cleaned Si-wafer was immediately placed
on the silicon block in the furnance filled with a
dry N2 ambient. The experimental parameters de-
scribed previously were set to the computer.

After the furnance temperature had established,
the sample was realigned and a dry O, gas was
switched. From this point, the experimental pro-
cess is under the program control of the com-
puter. The experiments were carried out at three
different temperatures at one-atom dry oxigen.

Fig. 5 shows the thickness dependence on time.

The mean values of the thickness at sampling
points are plotted.

In order to show a part of the detailed data,
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Fig. 5 The thickness of the Si0; -film

dependence on time.

File: TAKAZQ.1027/N
Substrate Index: 4.3%52,-0.203
angle of Incidence: 70.00
Fixed Film Index: 1.474

Time Fosition Psa Delta Fhaser Phaserr+ Thick+
Q0:0O0: 04 100 =0, 009 3.e
100 -0.010 15.1

100 ~).014 7.3

100 =0.013 RN

100 -0.0i7 ai.4

100 =0.016 51.9

100 -G.013 u7.9

100 -0.020 64.3

100 -0.017 67.9

100 0. 0 74,7

1ot 79.3

tou 84.:>

100 B8.3

10 J2.8

1o 6.8

(XS] 100.8

Fig.6 The obtained data lists at a sample point.

the portion of the stored data at the sampling
points 100 is listed in Fig. 6.

The thicknesses are measured at the time inter-
val of every five minutes. From these data, the
growthrate at a desired ellapsed time can be easily
calculated.

4 . Discussions

In order to obtain the values of linear and

parabolic rate constants K; and K, from the

experimental results, eq (1) can expressed as ;

dt 1 2

N —

dL k. ke

L {3)

The relation between dt/d L and L becomes
to form of a straight line, and the values of the
K, and Kp

tangent and the crossing point to the axis.

can be got from the slope of the

260p SLOPE 161

240¢ -—o— 927°C
-O—0— 977°C
-0—0~1027°C

0.53
100,

80p
60
0 | 26

20p 21

W Y U W Y WA S R |
0 20 40 60 80 100 120 140 160 180

—> L (m)

Fig. .7 The dt/dL dependence on L
from the experimental data.
Table 2 summarizes the values of K. and Kp
for each oxidation temperature.
These values show good agreements with those
th~17

derived from others
Table 2 The values of obtained K, and Kp

Temp. °C | Linear Constants | Prabolic Constants
Ko Kr
9217 0. 0118 1. 242
977 0. 0358 2. 128
1027 0. 0467 3. 174
Coefficient T 133. 688

When the values listed on the Table 2 are sub-
mitted to the eq.1), the calculated growth traces

correspond precisely to the experimental traces
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illustrated in Fig.5.
This means that the thickness growth-process
obtained by this experiment coincides with the

growth model proposed by Deal and Grave.

5. Summary

The specially designed ellipsometer has shown
to hold the ability to scan the thickness distribu-
tions of a Si10, film along one-axis with the
accuracy of 0.1 nm and to measure the rate of
growth at a desired time-interval during the pre-
viously decided duration without interrupting the
oxidation conditions.

Itis possibleto survey a complete oxided-growth
curve with the very high time and thickness resolu-
tion during the duration of the oxidation.

The obtained data by the ellipsometer shows
precisely the growth process of a SiO; film with
high resolution and reliability, and the analized
growth rates follow with reasonably accurate
representations for the oxidation growth law pro-
posed by Deal and Grove. The ellipsometer will
be applied to study for laser enhanced oxidation
because this ellipsometer can measure the changes
of the thickness distribution caused by the enhan-
ced oxidation for the nornal oxidation process
throughout the same conditions if the laser beam
will be irradiated to the one point of the sample

surface.
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Nondestructive Observation of t-Butyl Alcohol Distribution
in Waterlogged Wood during Immersion in t-Butyl Alcohol

Akira ISHIGAKI » Katsuhiko UEDA

Mass transter phenomena in the waterlogged archaeologcal woods have been studied by X-ray

absorption photography.

In this study permeation of t-butyl alcohol in the waterlogged wood during immersion in t-butyl

alcohol has been observed in detail.

On the initial stage t-butyl alcohol rapidly replaces with water through decayed part of the

waterlogged wood. Then the replaced t-butyl alcohol permeats slowly in the neighborhood by

diffusion, even when no more change has been detected on the total weight of immersing wooden

object.
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Development of X-Ray Cntrastradiography Applying to Dendrochronological
Measurement for Waterlogged Woods
(Double Contrast Enhancement Using Silver Thioglycolate—t-Butyl Alcohol)

Akira ISHIGAKI and Katsuhiko UEDA

For waterlogged wood specimens greate difficulty may be experienced in the dendrochrono-

logical mesurement from tree ring pattern by X-ray photography, because tree ring pattern

from the waterlogged wood is very difficult to detect in detail by usual X-ray photography.

In this study we have investigate effective method of contrast enhancement in X-ray photo-

graphy to detect tree ring pattern of waterlogged archaeological wood.

Thioglycolic acid is known to react easily with wood lignin. After the treatment with thio-

glycolic acid the modified wood lignin has been easily combined with silver ion as a good X-ray

absorbent.

We have succeed the X-ray photographic detection of the tree ring pattern of waterlogged

woods by those treatment using thioglycolic acid and silver nitrate, and have also succeed double

contrast enhancement by decreasing water content with t-butyl alcohol.
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Development of Product-separable Photochemical Diocde and Its

Application to Quantitative Analysis of p-Benzoquinone

Ikuichiro IZUMI and Yasuyuki OHNISHI

A new simple photochemical diode for the conversion of optical energy into chemical energy

was prepared by thermal oxidation of one face of a titanium plate.

The device, designated

“product-separable photochemical diode” was manifested as photoactive wafers, by which two

kinds of aqueous electrolyte solutions were completely divided as two compartments cell.

When semiconducting polycrystalline films were exposed to light, such device caused the

redox reaction to occur the reduction of p-benzoquinone on the titanium metal surface and the

oxidation of OH™ andor water on the semiconducting TiO; surface.

The transition time for

the reduction of p-benzoquinone on the electrode potential-time curve was directly proportional

to the concentration of p-benzoquinone in the solution. In this connection. applicability of the

device to the quantitative analysis of p-benzoquinone was proposed
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Fig.l Current-potential curves in Imolsdm™ Na-
ClO4 solutions with (—) and without ()
saturated p-benzoquinone on titanium elec-

trode at the scanning rate of 100mV-s!
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Fig.2 Dependence of cathodic peak current on
concentration of p-benzoquinone
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and without p-benzoquinone, respectively.



HERRIITERINLES S A4 — VORI E P - R vV F /7 VOEBRST~DIGH 81

FZOERK (N2) BBV THETL TR ED S,

H*+e~™ —— H/Ti, Pt (2)
p-Q+H*+e- —— p-QH (3)

ABDEHET a b yBEuEE) 1 EFBRRRIcL-T,
P-QNPRILINZEDEHEINS, EBIcid, A(3)
DRGSR, RARDRY I F /) vEng Fakx /) v OHF
(LA THE 2+ e Vo voERicEYT 5,

0.q_0
.

+ —
H+ e 2 ﬁ] gj “

0 H- 0

3.2 ERYARBRAETA A —-RICLEP-QDR
Jo
FE OO L AR EERAILES 4 4 — FOF)
fFEMAPig. 3R L1t TOTALF-RIZ, 51
A — FifaosicdHl4nid, BB Fic oW TNozik
MERL7-Shottky BEAL¥S 4 4 — F " SHEBIL
Ty, n—TiO, ¥ BHRBFR L EME LOBETHE
U7 ZMERERTHREED N F+ 5 v 7 (3.1eV)
ULz xvF DB RINEN S &Stk » TEEY
b0 THbL, FREKE~DONXBEIC L O HEFHOER
FHEFICOE b o, lEFRICRESET 5,
ORI N B — FFL BRI EAERDERC
B L > THHES NS, 5 LTEEEERRIC
BEL, OH pAkiEIhTEhosBbd S, fil
F, BFEESAARCIE L, E0EToeRERlT
P-QPKILHEINTENOEEITLT S, TiO2 O
MEFHOMBERELS, ELI3BOBEH%EE -T2
DT, TiO, ¥/EEXHDMTOOH™ PhkOBILIB
9K, ERPIADOER—EBMFE» SO L DT,
KNO3—-agar bridge

Conduction
@,

p-G/NaClO4 | NaOH
solution ' metal s.c. solution

Fig3 Energy model of “product-separable photo-
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Fig.4 Potential-time curves on titanium metal
surface of “product-separable photochemi-
cal diode” in Imolsdm™3 NaClO, solutions
with(—) and without(---) 8.3x10"*mol«dm™
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Figbh Dependence of the transition time based on
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Gas-Liquid Interfacial Area in a Perforated Plate Column

Mikio KAWAGOE

The gas liquid interfacial areas were measured by chemical method using oxidation of sodium

sulfite by air. Carboxy methyl-cellulose (CMC) solutions which are typical non-newtonian

fluids as well as aqueous solutions of sodium sulfite were used as liquid phase, and air was

used as gas phase. Areas obtained in the present work were compared with the correlations in

the previous works. Further, the areas obtained in this study were tried to correlated with

the energy dissipation rate of gas passing through the tray. It was found that the areas for

CMC solutions were almost the same as those for aqueous solutions in the concenteration range

used in this experiment.
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Table 1 Details of perforated plates used and
symbols in Figs. 2 to 6

System [*V System [[*?
Plate Hole Free Liq.rate CMC conc,
dia. area (m!/min} (wt. %)
No. (om) (%) 300 1000 0.2 0.5 1.0
1 5 11.9 ] [ J
2 10 14.2 ay A A A
3 10 71 v v
1 15 160 o B a
5 2% 173 o L 2
+1) System [ ! Na;SOs aqueous sotution

*2) System 0 : CMC + Naz SO3 aqueous solution
Liquid rate = 300 mi -~ min for svstem 1l

7.1 ~174%TH 5%,
FIGRISHERS b)Y 2OBEKISTH O, il
LCHRa s b a0,
2Na; SO + O, — 2Na, S0, (1)
HRAELTER, & LTKBLU Carboxy-methl-
cellulose (CMC) KIFHKICHEEER S b Y L2 H»
LicbDEHW, CMCEBER0.2Z~1.0wt%B TH %,
REEDBIE BERE 1 REUSSEER, 4750 bR
(PG BIGERE & YRR IGERE D) 3 LLEOREET
TabNnbd, CDis, HEEET MY Y LOFKEER
#0.6kmol /m®& L, pHIZ#B.5, Wiz~ - B
3#107%mol, m3& Ui, CORBTTIE, BILRIGHE
RS~ ) LBl TOR, BRICBL T2
TH5 " FRELTEERTIT- 1,
HZBLOHBORBEREDMICHREL, EEIKEI
ELADL, [KEMEOLEEH,, 2K EOKRES
BH, , 2F84 P 20 L, [URERS S 388
WOt tcasr =itk -7, $H2EBid~</ 4 —%
CE->TRARE L7z, iIEERIZ, TR EEERRITED,
BLogzEE,OKREHL, * 2y ) vy —TiEL
720 MAEM@EM SH A K- KT » 7, € =(Hy —Hy)
S Hy %KD, FARHCHRAR, 8ELUOBR LD K4 R
U, 39%RMEEICL > THEPOEERS ~Y) o LBE
KD, BEBICHENS 2L, FARB LU KT
OHEFELRS MY D LDBEEXELIC, h 5, RRICL-T
BN DORBDRKa, RO SN 5B,
a,=L4Cs/ { 2VLCaiv/2kDaCai 731} (2
B EE E R I EZ100m, B8 1 do’DEHEh
B ARAE RO TRRE LA o7, RIGEEERI
XHEAME E10BLINT—B L 7, R D, B L UR
HEREC,; I XEEE ALY,

2 EBRERLIUCEH
2.1 RERE

BREDOITCEANBEDE G, 7 AEHSH 5 HEU L
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107 10° 10'
ug (m/s]

Fig. 2 Relation between interfacial area and
superficial gas velocity (symbols;see Tablel)
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ICBARIC B DHRIOEER L THWB T EM4r 5, C
MC%(oi5E, AR mOZAHOBAICROAEUR
AT T ARKROBE LR TH 245, oD
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Table 2 Correlation of gas-liquid interfacial area in earlier works

Asano et al .

a,Do=4.6X 3)
where, X =WMoD:Z) { Frovos p. }%% (Hy /Do) "® (Bo)!,
Fro =uo~ vgDo and Bo =Do’goL /o
Rodionov et al :
aL=350 uGo.ls { HL (1 _ 6) }—0.25 (4)
Stichilmair
ar={ (pr—pe) g/ 0}/2 (24529272 (222~ 0.146 7 ¢) } (5)
where, agp=a, (1 - ¢)
and Z = 04 ugV 0¢ /{ 9%o (oL~ pg) g yie
2 -
10:1111 T T TTTT ;,103_ T TTT7TT T —
- ] € — S -
C ﬁ% ] Sl 0 Fw N
I B 7 - - Rodionovv o © EIDH 8 —
B v oL v_oSgesT
°10'k 3v£ i = T v ° . ﬁ
o = v 532 = % v *a a
U_‘ E -« E E = ' F -
N ° ] ”
- . o
B Asano et al ) 102 [ R ] L1
i | 0.2 1 5
0 LA il L L Ll 1111
T — | | ug  Imis)
X (-] Fig.4 Comparison of observed values with the

Fig.3 Comparison of observed values with the

correlation by Asano et al (symbols;see Tablel)
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Rodionov ®i3Table 2 itk L1 Eq.(40D & 5 75 fij
HEBR TEAMEO[EAEEAMAL:, Eq.4) &
AERBEEOLEAFig. 4R Lz, Thnd, Eq.d)
BAEZERBEEHBEHRL —BL TR &850 5,

Stichilmair ¥i3, Table2 ®Eq.BIiCRELI & S I,

correlation by Rodionov (symbols;see Tablel)
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PO [0 R o e s e o e e s s e
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Fig.5 Comparison of observed values with the

correlation by Stichilmair (symbols;see Tablel)
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Fig.6 Correlation of the interfacial areas with
energy dissipation rate across the tray (symbols ;
see Tablel)
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HIERE L CHEREEF b)) v LOKER, BLUCM
CrETHy, BREELBLLVWELXOAE, Ok
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L7, Rl—SmEicBi 2 CMCRORERIEIKRD
ZHucHN, INEL T 1. F72, REROMEBR & LB,
Bt USSR, hofBalich~N, AERMEIIRodionov
DOMBANEBS BT B EDBT -1 0K, TRV
F—HBEEIC X B HEBIA RS/ E T A, BRIV
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Nomenclature

2, = interfacial area per unit liquid volume

on the plate

i

C, concentration of sodium sulfite

[kmol/ m?]

Cai = concentration of oxygen at gas-

liquid 1interface [kmol/m3]
D, = diameterof holes of perforated plate [m]
D, = diffusivity of oxygen in liquid

phase [m?2,/s]
g = gravitational acceleration (m/s?)]
H, = liquid height on the plate [m]
Hy = total height of gas-liquid

dispersion on the plate [m]
k = reaction rate constant [m3/kmol.s ]
L = volumetric liquid flow rate [m3/s]
N, = Number of holes of perforated plate [—]
u, = superficial gas velcity [m/s]
u, = gas velocity passing through

holes [m./s)
V. = liquid volume on the tray [m?]
4 Py = total pressure drop across the

tray [Pal
€ = fractional gas holdup (-]
p; = density of gas (kg /m?)
o, = density of liquid [kg./m?]
4 = surface tension of liquid [Pa.m]
(] = free area of perforated plate [—]
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Non-Finite Verbs in the Stonor Collection

—Infinitive—

Kiyokazu MIZOBATA

The infinitive, which was originally a verbal noun, had two forms in OE: the nominative and

the accusative in -an, and the dative in -enne. These two forms became identical by the levelling

of inflections in the ME period; the infinitive with the preposition to prevailed rapidly as com-

pared with the bare infinitive.

In this paper the uses of the infinitive in the Stonor collection are described from a syn-

tactic viewpoint in order to follow a process of the syntactic development of the infinitive in

late ME.

1. Introduction

The infinitive, which was originally a verbal
noun, had two forms in OE! the nominative and
the accusative in -an, and the dative in -enne.
These two forms became identical by the levelling
of inflections in the ME period; the infinitive
with the preposition to prevailed rapidly as com-
pared with the bare infinitive.

In present-day English the infinitive without
to is used only after the auxiliaries and certain
other verbs such as make, let, have, hear and see,
while the infinitive with to has come to express
a wide variety of meanings besides its original
sense ‘purpose’.

The aims of this paper are to describe the uses
of the infinitive in the Stonor collection from
a syntactic viewpoint in as much detail and with
as many illustrations as possible, and to follow
a process of the syntactic development of the
infinitive in late ME.

In preparing this paper, we owe a great debt of
gratitude to Professor Seizo Sukagawa whoes

monograph was very helpful for our study. !

2. Use as subject

In both OE and early ME, the infinitive as
the subject of a finite verb (the subjective infin-
itive) is relatively of lower frequency of occur-
rence in comparison with the infinitive as the
object of a finite verb (the objective infinitive).?
But in the Stonor collection the subjective
infinitive very frequently occurs and all the
instances, of which about eighty-five percent
appear in the impersonal construction, are lim-
ited to the use of the infinitive with fo.

2.1 To-Inf+V (1)

Only one isnstance appears in the Stonor.

194/10¥ to breke the lawe is chargeabulle.
2.2 (It)--to-Inf (20)

87/11 hit were to grete pite to put hir to trowble or

charge...

124/ 35 it is to be remembred her of her joyntur of the

lorde Montjoy,...

124/38 it is good to be remembred to her.

306/2 ...,right joyfull to here of yowre helthe:...

172/26:216/20;300/19; etc.

2.3 It--(for)+NP (Noun Phrase)+to-Inf (3)
130/16 it is resonable a gentilman to know his pedegre
and his possibilyte:...
242/14 hit were more metely for me to have hytt to
ferme,...

242/3.
2.4 It +1V (Impersonal Verb)+ NP + (for) +
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to-Inf (66)
This construction is most frequently found in
our corpus.
87/14 it please yowe ferthermore to remembre of pe
letter...
111/4 it lyke you to call to remembraunce,...
163/9 yt plesse your maystershipe for to understonde
pis,...
180/15;195/3;218/15;etc.
2.5 IV+it+NP+to-Inf (36)
80/19 plese it your good lordeship gracyusly to concyd-
re the premisses,...
189/1 lyke it youe to be remembred that y desired...
195/2;211/4;321/11 ;e tc.

NP+IV +to-Inf (1)
{IV+(NP)+to—Inf (32)
252/156 me thinketh most wysdom to take of pe best.
83/2 like yow to wete pat y have be with my maisterys
Langford and Roger...

275/2 pleasithe to wete pat my lady is in gode hele,...

280/1;303/1;329/2; etc.

The following table shows the frequency of
occurrences for each structure in the Stonor
collection. For comparison, the results of S.
Sukagawa’s research, which also deals with the
15th century English, will be reproduced here.®
Our results are very different from S.Suka-
gawa’s. In the Stonor most of the instances of
the subjective infinitive(134 out of 158 instances:
about 85%) occur in the impersonal construction,
while S.Sukagawa’s results show that the sub-
jective infinitive in the personal construction

makes up about sixty-five percent of the total of

traits in the use of the subjective infinitive.
3. Use as object

3.1 Infinitive with the auxiliaries
3.1.1 Auxiliary verbs (can, may. must, shall and
will)

In accordance with T.Mustanoja’s statement,?
the bare infinitive (abbreviated as ¢ -Inf) in
connection with the auxiliaries is the rule in the
Stonor and to is used only if the infinitive fol-
lowsthe auxiliary at some distance except for one
instance:

301/9 1 wolde ye wolde to sewe to be scherve of owr

scher,...
With must (1) :
289/37 ye must hastly to admitte a poreman in Pryns
is hous...
With will (2)
110/11 3e wyl atte pe day of mariage to ley downe upon
pe boke xl.s....
203/25 1 wold not for xl. li. for to breke the prom-
yse...
3.1.2 Other auxiliaries (do, giare, need and
ought)

(1) Do

In the Stonor we find eleven instances of peri
phrastic do.

289/36 ye didde ocupy this office under you
150/12;239/21; etc.

(2) Dare

All the instances of the infinitive with dare

in the Stonor are ¢ -Inf.

his corpus. From this fact we can safely say (3) Need
that the Stonor largely retains Middle English Not a single instance of to-Inf with need
Table 1 Use as Subject
Corpora S.Sukagawa’s results
Stonor
Types Pastons Caxton Malory Total

Té! To-Inf+V 1 (06 1 (2D 7 (10.0) 0C0) 8 (6.0)
§ It ——to-Inf 20 (12.7) 18 (38.3) 48 (68.5) 6 (37.5) 72 (54.2)
& | It——for+NP+to-Inf 319 3 ( 6.4) 2 (29 1(6.2) 6 (4.5
&% | It——IV+NP+to-Inf 65 (41.1) 12 (25.5) 9 (12.9) 6 (37.5) 27 (20.3)
?g Ivﬁé&Y¥P+to_lnf 36 (22.8) 7 (149 0C0) 1 (6.2 8 (6.0)
E | {jyenp } tto-Inf 33 (209 6 (12.8) 4 (57 2 (12.6) 12 (9.0
Total (%) 158 (100) 47 (100) 70 (100) 16 (100D 133 (100)
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appears 1in the corpus.

(4) Ought (owe)

Four instances of to-Inf with ought (owe) are

found in the Stonor. We cannot find any in-

stance of ¢ -Inf.

213/11 enny trewe person owythe for to jostyfy for a

trowthe.

74112347/ T;etc.
3.2 Infinitive with verbs

We commonly find the instances of the infin-
itive as the object of a finite verb (excluding the
Most of the finite

verbs are followed by the to-infinitive, whereas

auxiliaries) in the corpus.

a few of them cooccur with the bare infinitive.
We describe the instances of the objective
infinitive, referring to both Palmer’s and Suka-
gawa's classification of the finite verbs.”
3.2.1 With & -Inf
(1) Causative (9) : let, help, make, do
130/5 Howe be it ye and oper wurshipful haven lete be
moved ayenst me...
131/11 y shall do my part to helpe remedie hit after my
power.
213/17 maister Betson schold make labor to your
mastershipe to brynge the seyd Daveth...
99/11 3e wod do make astate wnto me,...

304/14:335/20.
(2) Perception (4) : hear

219/6 Also I here say that he shold show 3ow...
219/5;219/11;etc.
(3) Entreaty (1) ! pray
236/15 1 pray send me word by my servaunt,...
(4) Process (1) : keep
63/37 we kepte not sende pe Dede aboute into pe tyme
hit were enrowlyd,...
3.2.2 With to-Inf
(1) Causative (15) : help, cause, let, make,
do
49/15 1 sshal helpe to bere sum of pe costes.
202/15 yef the said William and his heirez make or
cause to be made...
109/14 Thomas Stonor is to let to farm to them all
manors etc....
80/51 pe seid Richard tok or made to be takyn the seid
John or hym kepyd in prison...
89/16 I schall do to plese you as mych,...
205/6;243/6;etc.

(2) Perception (3) : think, surmise

153721 1 thynkke to do ther after:...

344/4 .. .surmyssed to be don unto Elizabeth Wynarde
callyd pe Kynges wydewe....

44/4.

(3) Futurity (80) : desire, intend, purpose,
ltke, promise, hope, etc.
105/3 desyryng to here of 3owr welfare.

151717 1 entende to kepe my gresse tyme...

Table 2 Use as Obiect

Corpora S.Sukagawa’s results ®’
Stonor
Types|Finite Verbs Pastons Caxton Malory Total
- Causative 9 2 3 25 30
.Lf Perception 4 6 3 4 13
© | Entreaty 1 0 0 0 0
; Process 1 0 0 0 0
Total 15 8 6 29 43
]

Causative 15 0 13 2 15
Process 0 3 29 10 42
“ Perception 3 3 24 9 36
S | Futurity 80 53 10 9 72
+ Reporting 15 4 1 0 5

> | Entreaty 2 0 0 0
Miscellaneous 12 29 18 15 62
Total 127 92 95 45 232
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190/10 y purpose to entre in pe Manere of Makney with
Godes grace...
87/5 ye like to wryte unto me...
150/6 I graunte and faithfully promitte to content and
pay ayein...
300/9 and yet theye hope to be:...
105/2;197/2;199/12 ;e tc.
(4) Reporting (15) : trust, remember, agree,
elc.
136/15 1 trust to spede ther in lyke wyse...
285/62 For goddis sake remember ye to move my lord
Markas...
111/32 your Councell in no wyse wold not agre to have
the said way found,...
127/30;130/17;200/7; etc.
(5) Entreaty (2) . sue
330/16 and sued to be made a denyson for fer of pe pay-
ment of pis subsedy:...
301/9.
3.2.3 It as a formal (anticipatry) object
In the Stonor there appear only two instances
in which an extraposed grammatical object it
precedes the infinitive as the logical object of
a finite verb.
341/24 1 hold it best to suffre hym a whyle to be ab-
sent,...
169/13.
But there occur five instances where a modern
reader would expect to find the formal object
it.
120/13 he nor [ neyther dar nor wyll take upon us to
reseyve yow,...
276/9 we thynk necessary to have your mastership, my
lady your wif, and Ric. Winslade...
68/8:319/4;344/23 .

As Table 2 shows, in the Stonor the verbs
taking a ¢ -infinitive direct object are of much
lower occurrence in comparison with the verbs
taking a to-infinitive direct object; it is note-
worthy that the verbs of futurity taking a to-in-
finitive direct object predominate over other

kinds of verbs, as in the Pastons.

4 . Predicative use

In this chapter we treat two kinds of predica-
tive uses of the infinitive: the predicate nomina-
tive and the predicate accusative. One appears
in the nominative-with-infinitive construction
and the other in the accusative-with-infinitive
construction.

4.1 Predicate nominative

In the Stonor we find the predicate nominative

in the following four types of constructions.

(1) be+(for)+to-Inf (46)

This construction to be to in the Stonor almost

always implies futurity and obligation, and

rarely possibility. Among these forty-six
instances are included seventeen occurrences
in the formulative phrase ‘that is to say’ or

‘that 1s to wete’.

Futurity:
54/29 his son John is to have the reversion of the Manor
of Burewardescote...
78/6:306/5; etc.
Obligation:
109/16 Stonor is to have the issues of all other
lands,...
94/13;221/11;etc.
Possibility:
322/8 hit were not to doo,...
(2) Vit+toInf (1)
Only one instance:
80/46 the same Richard fortunyd to come home...
(3) betV-ed+to-Inf (24)
80/82 he may be compellid to yeld to the seid John
Frend...
100/10 ye be not disposid to come here this terme,...
282/5 I am bownd to be your trewe servaunt,...
124/19;217/13;182/23; etc.
(4) {a) NP +to-Inf (27)
b) ¢ +to-Inf
a ) NP+to-Inf
The infinitive is used instead of the finite
form. This phenomenon is called the historical
infinitive® and often found in the Stonor.
74/53 his preest to go in to the parsonage to kepe peas,...
123/10 I to take pe lesse when I may have pe more,...
129/53 he for to wayte apon pe Dene of Sarum,...

87/18;107/7;215/10;etc.
b) ¢ +to-Inf
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Here we shall deal with a similar construc-
tion without the sense-subject, which accords
with that of the main sentence.

201/8 ye wuld be good maister, and to shew hym your good
maistershup,...
284/9 he wol do help my saide lady of hir sekenesse, and
to com unto hir at his own cost...
272/18;285/13;285/14 ;etc.
4.2 Predicate accusative
In this type of construction the subject of an
infinitive is expressly indicated and the infin-
itive occurs as a kind of predicate accusative. Out
of 461 instances of the infinitive as a predicate
accusative, there occur 133 with no marker against
328 with the marker. We also classify all the
instances of the predicate accusative into some
groups as we did in Chapter 2.
4.2.1 Vt+NP+ ¢ -Inf
Most of the instances of this type occur with
verbs of causing and entreaty.
(1) Causative (65) : make, let, have
42/8 this persons use makyth ham fulfulle alle [pis].
91/18 Let William cum in all hast.
151/13 1 have the teune of them sende me shortely,...
1562/6;203/14;335/8; etc.
(2) Perception (1) © hear
324/21 1 have herd yure sylffe sey that he so schould
doo;...
(3) Command (1) : bid
166/61 all oure howsold cryed after me and badde me
come down;...
(4) Entreaty (66) . pray, beseech
102/6 I pray you commaunde me to my Cosyn your wyffe
&ec.
124739 1 beseche Jhesu spede and directe this mater to
his plesyr,...
115/20;203/23;216/13; etc.
4.2.2 Vt+NP+to-Inf
In this type of construction the verbs of en-
treaty occur very frequently.
(1) Causative (53) : cause, do, let, have, move,
etc.
166/47 he will cause strangers to advoide and come no
more there.
155/4 doyng yow to wyt y have spokyn with pe parson of

Penyngton of the matyr...

229/14 lett hym nat be forgotten.

341720 I wulde suffre hym to have a preste to serve
hys chirche...

328/9 we have moved Skypton to make serche...

87/11:134/2;276/9;etc.

(2) Factitive (3) : appoint, prove, ordain

78/3 ...to appoynte him to be Sherief of youre
Countes...

67/7 ...to profe Thomas to be sone of syr Water Rom-
sey and Jahne,...

67/9 sche wuld ordeyne a suffycyaunte persone to be

bounde with here...

(3) Command (17) : command, charge, require,
bid

333/11 pe kyng hath commawndyd me to sende youe worde
to make youe redy,...

116/19 I chargyd hym to kepe the peas,...

323/18 the seyd Syr W.S. ... requeryth the forseyde
Perkin Marmyun to move...

285/38 1 bede Thomas Mathu to infurme you.

113/3;126/7:218/15; etc.

(4 ) Permission (10) : grant, suffer

123/47 daunger and shame woll not suffir her to speke
yt...

192/8 y have trauntide here to yeve here a answere...

200/16;239/17,341/20; etc.

(5) Entreaty (173) . pray, beseech, entreat

100/9 1 pray you to come your self and to bryng with
you...

212/16 1 beseche you to be my good mayster and ffeyth-
ffull loffer,...

115/7 .. .wold have entretid hym to have departe his
graunte.

87/22;185/22;246/22; etc.

(6) Futurity (41) : desire, promise, will, etc.

98/8 he also, specyally desired me to write to you,...

83/3 Langford hathe promysed me to pay yow at London
pis same weke:...

269/6 Master Page wyllys me so to do.

181/3;206/10;296/3; etc.

(7) Counsel (15) : counsel, advise, warn

207/10 ye counseled me by your letter to take,...

174/9 1 advise you to speke with my lorde of Clarence
is feoder,...

333/3 ...to have warnyd youe and all other to attende

upon his grace,...
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Table 3 Predicative Use

Types V+NP+ ¢ -Inf - V+ NP+ to-Inf
Corpora S.Sukagawa’s results S.Sukagawa’s results
Stonor Stonor
Finite Verbs Pastons |Caxton |Malory | Total Pastons {Caxton |Malory | Total
Causative 65 6 3 2 11 53 37 88 21 146
Factitive 0 0 0 0 0 3 6 0 7
Perception 0 2 4 6 0 7 3 2 12
Command 1 1 1 1 3 17 8 6 10 24
Permission 0 0 0 0 0 10 3 5 10 18
Entreaty 66 0 0 0 0 173 53 3 20 76
Futurity 0 0 0 0 0 41 34 3 7 44
Counsel 0 1 0 1 2 15 5 2 1 8
Miscellaneous 0 0 0 0 0 16 24 9 7 40
Total 133 8 6 8 22 328 177 119 79 375

70/5;211/40:313/28; etc.

S.Sukagawa’s resultsw) in Table 3 show that
in the predicate-accusative construction to-Inf
overwelmingly predominates over ¢ -Inf. But in
the Stonor ¢ -Inf frequently occurs after verbs of
causing and entreaty. It is interesting to say that
in accordance with the results in the Pastons
to-Inf in the Stonor occurs as the predicate
accusative most often with verbs of entreaty,
next most frequently with verbs of causing,

slightly less frequently with verbs of futurity.
5. Adverbial use

5.1 Infinitive as a modifier of a verb

In the Stonor there are 145 instances of the
infinitive as a modifier of a verb, of which 80
pattern with an intransitive verb. The rest of the
instances pattern with a transitive verb. Not a
single instance of ¢ -Inf is obserbed. In almost
all the cases the infinitive expresses purpose and
is used not only with verbs of motion but also
with various other kinds of verbs.

(1) Vi+to-Inf (80)

86/4 when y rode to seke M.Sakvyle,...

113/5 ye wole take pe laboure as to come hider to speke

with my seid lord and lady...

166/11 ye myght waxe and grow ffast to be a woman,...

127/19;215/32;341/11; etc.
(2) Vt+to-Inf (65)

81/21 and layyth his men yn awayte to murder me...

103/7 I wull make money off my oxyn to kepe with my

promys.

166/32;190/5;246/9;etc.

5.2 Infinitive as adjunct to an adjective and an
adverb
5.2.1 After an adjective (54)

The infinitive that modifies an adjective is
exclusively preceded by to. There appears only
three instances of an adjective modified by an
infinitive that is active in form but passive in
sense.

172/41 ...to have your cownsell in what is best to do.

74/44;267/8.

Therefore we cannot uncritically accept T.
Mustanoja’s observation that ‘the instances where
an adjective is followed by an infinitive active
in form but passive in sense, common from OE
to the present day ... require no particular com-
ment.’

In the Stonor there are four instances where
an adjective is followed by an infinitive passive
in form.

312/6 he is lykley to be distrenyd....

78/7;199/4;244/10.

In the following, the adjectives modified by
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the infinitive are quoted in order of frequency.

able (8) ; glad (1) ; like (6) ; loth (6) ;

ready (4) ; likely (2) ; the others (19).
5.2.2 After an adverb (3)

In the corpus there occur three instances of the
infinitive as adjunct to an adverb.

302/6 pe wych ar so long to writ unto yow ...

218/35 I am to bold thus to wryte,...

129/16.

6 . Attributive use

In the Stonor there are, in all, 112 instances
of the infinitive with nouns. Of these instances,
108 are preceded by to, and 4 by for to. Not a
single instance of ¢ -Inf appears in the corpus.
The infinitive with nouns is commonly active in
sense, as in form. But we find twenty instances
in which the infinitive is passive in form.?

231/7 and to have sewrete for the residew of the money

to be paid at Candelmas next.
108/11;129/39;202/27; etc.

We divide all the instances of this use into
three types according to the classification made
in terms of the meaning and function of the infin-
itive involved.

(1) Retroactive use (20)

In this type of construction the infinitive re-

fers back to the noun preceding to it which is

notionally its object.

123/18 it ys not oon to sey,...

173/7 sche sent me a gobelet to amend:...

183/39:216/27;352,/16; etc.

(2 ) Non-retroactive use (43)

In this type the noun is regarded as the logical

subject of the infinitive.

213/36 1 kan do to your mastership here in tyme to

kome,...

249/23 concernyng the suerte for divers paiementes to be

made by divers merchauntes,...
129/39;250/27;323/5; etc.
(3) Attributive use (49)
The infinitive in this type of construction
literally modifies the noun preceding it or is
used as appositive to the noun.

252/16 1 had nat I-now to perfourme yt.

119/16 ye wolle yf my servaunt leve to take his accion.

312/81 send for Wiliam Walche to ,e intent to have
dronkyn wyth hym,...

126/19;252/9;314/8; etc.

7. To and For to

According to T.Mustanoja, ‘for to, used to
express purpose since the beginning of the ME
period, becomes weakened into a mere sign of the
infinitive, equivalent to to, in the course of the
13th century; in the Book of London English
1384-1425 the prportion between to and for to is
roughly 5 © 1; the decreasing tendency continues
in the 15th century.’mJust in accordance with his
observation, the proportion of to-infinitive to for
to-infinitive in the Stonor is nearly 29:1 (1118
against 38). For to is used quite as equivalently
in meaning and function as to. Therefore it may
well be said that for to has already lost its se-

mantic and stylistic value in the Stonor.
8 . Summary

In this study we have described the uses of the
infinitive in the Stonor collection as intensively
and extensively as possible. The results of our
research can be summed up as follows!:

(1) Though the subjective infinitive is relative-
ly of high occurrence, it mostly appears in the
impersonal construction.

(2 ) The bare infinitive is the rule in our
corpus in conjunction with the auxiliaries.
But except for the infinitive with ought (owe),
there appear some instances of to-Inf with the
As Table 2 shows, the verbs tak-

ing a ¢ -infinitive direct object are of much

auxiliary.

lower occurrence in comparison with the verbs
taking a to-infinitive direct object; in the
Stonor the verbs of futurity taking a to-infin-
itive direct object predominate, as in the Pas-
tons.

(3) In the Stonor there are four types of con-
structions in which the infinitive occurs as a
predicate nominative. In the accusative-with-

infinitive construction the bare infinitive occurs
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mainly after verbs of causing and entreaty; the
to-infinitive frequently occurs after verbs of
causing, entreaty and futurity.

(4) The infinitive of adverbial use occurs most
often as a modifier of a verb, next most frequently
as adjunct to an adjective, rarely as adjunct to
an adverb.

(5) The infinitive of attributive use is fre-
quently found in our corpus. There are three types
of uses! the retroactive use, the non-retroactive
use and the attributive use.

(6) In the Stonor for to is used quite as equiv-
alently in meaning and function as to and has no

semantic and stylistic value.

Notes

1) The uses of the infinitive in the three texts
(The Paston Letters [1478-15061, The Book
of the Knight of the Tower [1484], and Le
Morte Darthur [1485]) are described in Seizo
Sukagawa, 'The Syntax of the Verbal Phrases
in the Fifteenth Century--Part I The In-
finitive’, Dokkyo University Studies in En-
glish No. 14, 1979, pp. 49-73.

2 ) Kazumi Manabe, ‘The Infinitive in Early
Middle English Prose’, English and En-

glish- American Literature No.7 (Yamaguchi
Univ., 1972), p. 41.

3 ) The number in the parentheses refers to the
total of instances.

4 ) All references to the Stonor collection are
to Charles L.Kingsford’s edition of The
Stonor Letters and Papers 1290-1483 (Cam-
den Society, 3rd series, Vols. 29 and 30,
1919) ; and ‘Supplementary Stonor Letters
and Papers’ in The Camden Miscellany (Cam-
den Society, 3rd series, Vol. 34, part 2, 1924).

5) Sukagawa, op. cit., p. 52.

6 ) T.F.Mustanoja, A Middle English Syntax:
I parts of speech (Helsinki: Société Néophi-
lologique, 1960), p. 528.

7) F.R.Palmer, The English Verb (London:
Longman, 1974), pp. 189-207 ; Sukagawa, op.
cit., pp. 54-64.

8) Sukagawa, op. cit., p. 57.

9) Mustanoja, op. cit., pp. 538-39.

10) Sukagawa, op. cit., p. 61.

11) Mustanoja, op. cit., p. 521.

12) Cf. Sukagawa, op. cit., p. 70.

He records two instances of the infinitive pas-
sive in form in the Pastons and Caxton respec-
tively.

13) Mustanoja, op. cit., p. 514.
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Development of New Processed Materials and Important

Role of Thermo-mechanical Treatments
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A New Approach for Bending Problems of Circular Plates
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Study of Chip Breaker

—Development of New Chip Breaker Suitable for Wide
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Surface Potential Decay Measurement in Conducting Polymers

and It’s Doping Effect
Jun KYOKANE, Hul Bon GU * and Katsumi YOSHINO *
“Synthetic Metals”, Vol.17 ELSEVIER SEQUOIA S.A. Press, Switzeriand, 1986 p.679~684

The conducting polymers which demonstrate insulator-metal transition upon dopings have attracted
great interest from both the fundamental and practical view points. Various types of applications of
conducting polymers in the insulating state and the phenomenon of the insulator-metal transition have
been proposed. Howevere, there are also various types of application of conducting polymers in the
field of electrical industry. For example, the accumulation of charge on the surface of insulators used
in power equipments and apparatus used in the space technology sometime induces trouble. In such
cases, it is necessary to quickly remove the stored carriers for obtaining high releability and security
and conducting polymer should play some role for such purpose.

In this paper, therefore, the surface potential decay in various conducting polymers such as TCNQ

(tetracyanoquinodimethane) doped PPS (poly-p-phenylensulfide), PT (polythyophene), PCPA (poly-
chlorophenyleacethylene) and PPV (poly-p-phenylenevinylene) is studied by corona charging method. The
measurement of the surface potential decay is also important from fudamental view point to understand
the mechanism of electrical conduction in conducting polymers on the carrier mobility and trapping state.
The decaying speed of surface potential in conducting polymers is much faster compared with the case of
insulating polymers. The decaying time of the surface potential in TCNQ doped PPS is dependent
on TCNQ concentration and it is also influenced by a double doping of I into TCNQ doped PPS.
The mobility of a conducting polymers is evaluated to be 1078 — 107%d ./ V+sec from analysis of the
potential decay curve. The obtained mobilities of these conducting polymers are summarised in Tablel .

Especially, it was cleared that the mobility increased by the heat-treatment in the casc of PPV.

Tablel The apparant mobilities of several conducting polymers
Specimen mobility (cif/V « sec) Specimen mobility (cd/V « sec)
PPS Non Dope 9.7 x10°11 PCPA 1.0x10°8
I> Dope 2.2x10°9 PT 8.7 x1078
PPS — TCNQ Non Dope 6.2xio’® | PPV rrrrrrrrrrrr 1.2x10°7
(wt.1%) 12 Dope 9.0 x10°8 PPV : anneal 9.4 x1077

The contents of this proceeding were reported on INTERNATIONAL CONFERENCE ON

AND TECHNOLOGY OF SYNTHETIC METALS (ICSM’86),

It was published in book form from ELSEVIER SEQUOIA S.A. Press in Switzerland.
* Faculty of Engineering, Osaka University.

SCIENCE

KYOTO, JAPAN, JUNE 1-6, 1986.
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Effect of Electron Irradiation on Residual Voltage

of Polyethylene Films

Jun KYOKANE and Katsumi YOSHINO *

Japanese Journal of Applied Physics Vol.25, No.2 (1986) p.301~302

The measurement of the residual voltage was proposed as a method of detecting the degradation of
cable insulation and of a another electrical insulating polymers. However, it is still not clear whether
or notthe residual voltage is in fact related to the degration of the insulator. We reported on measu-
rements of residual voltage in freshly-prepared polyethylene (PE) films by a non-contact method using
an electrostatic voltmeter in order to clarify these phenomena. This residual voltage was found to
increase nonlinearly with increasing applied voltage and the duration of voltage application, but to
decrease with increasing duration of short-circuting. Simple numerical calculation indicated good
agreement with the experimental results.

Furthermore, it seems necessary to study the influence of the degration on the residual voltage by the
introduction of imperfections such as chain scission, crosslinking and change of morphology. Chain
breaks and crosslinking in PE films are known to be produced by electron-beam or 7-ray irradiation.
No detailed studies have been reported on the radiation effects of the residual voltage until now. To
establish a method of detecting the degradation of the polymer materials and cable insulator, this paper
discusses theradiation effects of the residual voltage in PE films.

Non-irradiated PE films were prepared by the method used in our previous study. After the PE films
had been washed with alcohol, they were sealed in a pyrex or quartz glass tube under a vacuum of 107°
mmHg, and the samples were then irradiated with an electron beam of 1.8 MeV up to dose of 90Mrad.
The residual voltage of irradiated PE films was measured by a new apparatus to remove the influence
of charging of the cables used as the lead wires.

The residual voltage of an electron-beam-irradiated PE film increases slowly with a time comparable
to that of a non-irradiated film. The magnitude of the residual voltage is larger than that of the
nonirradiated film under the sample applied voltage and increases with the radiation dose. Though the
detailed mechanism of radiation effects on the residual voltage of PE films is not clear at this stage,
manydefects such as chain breaks (chain scission), crosslinking or change of morphology may be produced
by theelectron-beam irradiation. As is clear from experimental results, the residual voltage incleases
greatly with the irradiation dose. Thus, residual voltage seems to be strongly affected by the imperfec-
tions formed by the electron-beam irradiation. These imperfection are considered to promote carrier
injection fromthe electrode and traping of carriers.

The residual voltage decreases sharply with the annealing temperature and with increasing duration of
annealing. The decrease of the residual voltage by annealing can be explained as follows. The various
defects formed by the electron-beam irradiation seem to be removed by the annealing, resulting in the
decrease of trap sites.

* Faculty of Engineering, Osaka University
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Automatic Measurement of Pattern Characteristics for

Verification of Seal-Imprint
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Electrochemical Investigation of Thin Films of
Cobalt Phthalocyanine and Cobalt-4, 4’, 4°’, 4’’’
-tetracarboxyphthalocyanine and the Reduction of
Carbon Monoxide, Formic Acid and Formaldehyde
Mediated by the Co ( I ) Complexes

Kousuke KUSUDA *, Ryuichi ISHIHARA *,
Hidemasa YAMAGUCHI * and Ikuichiro IZUMI

Electrochimica Acta, Vol.31, No.6, pp.657~663 (1986)

Recently, there has been considerable interest in electrochemistry of thin films of metal phthalocyanines
because of their potential applications in the electrocatalytic reduction of molecular oxygen. In addition,
relating to the unique reactions of vitamin By, cobalt phthalocyanine (Co () Pci1) and its deriva-
tives have attracted much interest. Generally in the electrochemical reductions of those closed shell
phthalocyanines, reduction occurs by electron addition to the lowest unoccupied molecular orbital (LUM
O) of the ring system. However, when the central metal ion is transitional, partially filled d-orbitals
are available for electron uptake and there is a possibility that the first reduction step of 1 1involves
addition to an orbital of the central cobalt. The mechanism of subsequent reduction stage is however less
clear. Although five stages for the electrochemical reduction of 1 are known, their chemical behavior
has not been investigated so extensively. Then, to study the chemistry of the electrochemical reduction
product, we began with the cyclic voltammetric investigations on thin films of 1 and cobalt (1) -4, 4’,
4'’, 4’’’ -tetracarboxyphthalocyanine (Co (II) Pc (COOH) 4:2) in 1M sulfuric acid.

Cathodic reductions of 1 gave irreversibly an oxygen sensitive species (R—1). Compound 2 similarly
gave reactive species of unknown structure (R—2). Both compounds are considered to be complexes of
Co (1) or Co of equivalent oxidation state. Cyclic voltammetric investigations indicated that CO,
formaldehyde, formic acid, DMSQ, acetaldehyde and trichloroacetic acid were reduced by these species.
To evaluate the scope of application of these species for preparative chemistry, the products of the medi-
ated reductions were investigated. The reductions were carried out on vibrating carbon fiber (c¢f)
electrodes modified with 1 or 2. For the reduction of CQO, 2 ,¢fe was more effective than 1 . cfe,
which was however better than the former in the reduction of formaldehyde. Reduction on the static
2/ cfe polarized with a series of rectangular potential pulse in CO-saturated 1M sulfuric acid afford-

ed quantitative yield of formaldehyde, but the yield of methanol was quite low.

* Research Institute for Atomic Energy, Osaka City University
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Tablel Analytical results of ethanol contents

in liquor (vol %)

Run No. Liquor(l) Liquori2)
1 37.8 41.8
2 385 43 3
3 38.5 40 6
4 39.8 41 8

Average 387 41.9

Labelled 37 43
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Some Pedagogical Notes on Psychological
Predicates

Kiyokazu MIZOBATA and Tadahiko HIGUCHI *

Memoirs of Osaka Kyoiku University,
Ser. V, Vol. 34, No2 (December, 1985), pp.213~225.

The global/local distinction which M. Burt et al. proposed as a criterion for determining error
gravity can be effectively applied to the compilation of English teaching materials as well as error
correction. In this paper we limit ourselves to psychological predicates, one of the syntactic categories
which may cause global errors, and describe how they are treated in the textbooks of Japanese junior
and senior high schools and to what degree they are really recognized by senior high school and college
students in the higher stage of English learning. Based on these facts, some pedagogical notes on
psychological predicates are suggested.

* QOsaka University of Education
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Better Method of Teaching Reverse
Psychological Predicates

Kiyokazu MIZOBATA and Tadahiko HIGUCHI *

Memoirs of Osaka Kyoiku University,
Ser. V, Vol. 35, No.1 (August, 1986), pp.11~22.

In Japan it is true that not a few proposals have been made on the compilation of English teaching
materials and the improvement of teaching methods, but the scientific corroboration of their validity
has been neglected. For lack of scientific support for such proposals, most are not effectively applied
in English classrooms.

In the previous study we not only indicated that reverse psychological predicates which may cause
global errors were not systematically treated in the textbooks of Japanese junior and senior high
schools and therefore insufficiently recognized by English learners, but also proposed some pedagogical
notes focused on the syntactic rules of reverse psychological predicates. In this paper the validity of

our proposals is demonstrated on the basis of experimental data.

* (Osaka University of Education
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