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X-ray investigation of stress measurement on heat resisting materials.
(On the X-ray elastie constants of nickel bass alloy)
Jyunichi Arima and Yasuyoshi Iwai

Elastic constants at high temperature for nickel base alloy was studied by the X-ray method, by
using a new apparatus which consists of horizontal type tensile testing machine and a vacuum
furnace.

Plate specimens of nickel base alloy (Inconel X) were used in this experiments. After heat
treatment on precipitation hardening, all the specimen were finished and then electropolished before
being exposed'to X-ray.

The characteristic X-ray of CrK§ was radiated on them through a thin sheet of beryllium foil,
and the strains were measured by using the diffraction from (311) atomic plane. The strain was
measured by the conventional sin?¢ method using the counter technique. The conclusions of present
study are as follows.

1) The elastic constants of Inconel X by the X-ray technique were fairly good agreement with those
measured mechanically within the experimental errors. The obtained values, however, were slightly
varied as the temperature rises in the range of up to 300°C.

2) Lattce spacing or lattice constant of materials changed about 3,25 degree of 26 in this experiment.

Consequently, it is necessary to take delicate care on slight changes of temperature for the stress

measurement by X-ray.
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A Study on Waiting Time in Thread Cutting
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Coincidence Formula for Elliptic Complexes

Application 1. (The de Rham Complex)

Katsuhiko FUKUSHIMA

The coincidence formula for elliptic complexes has been obtained

in the previous report by the author.

Applying its formula to the

de Rham complex, a new proof for the classical Lefschetz coincidence

formula is given in this paper.

1. @ L & [

RA e BAREEORE LT - 5 28E3 860
Twad, F-J120EBRI->TzOBfDakrEr
Y —|3 singular akEr O EBELRADTHR
EeEBcis (1),

LOZERBELT, MBTHALAR WTARAL
M) (2% V- Sr8k~FRTA Licky,
Hfyin Lefschetz o—FmAR (3) wfiEHY 525
ZEMNTES (4], (53

2. Lefschetz @ — ¥ & &4 &

X, Y&RELL (CP=) Tav-22 b n kIGRie-
mann #itke 5, Fi, @ESIEECH XS
bhTwa T3, Jlic, f,g : XY RNk
Co— Bl Lick ERILEERTHE, fLgn—FA
#HEM={zeX\|f(x) =g ()} BHBRE»LL
HUNLEER LI, det(dgs—dfs) +0 (zeM)

g b too,
L, ze M e LR Sf(2) =g(z) DFHDOE
BrgaX, YOREcHANLCE L 2

£ (2) = sign det (dgs—df,)

134 xeM ¢ we li-defined &% 5,

Kz singular (=) hExvs—-DFET X, Y
DHEYEX BEAREY (X)) e Hy (X), (YD eH,
X)) Ll &, ROTENER

H¥ (X)———>H? (Y)
g1

‘ nCX3 nCY) {8 L# iz PoincaréR

Bx
Hy p(X)———>Hyp(Y)

X o TEHENS Gysin B gy & f* : HV ¥)—>
H? (X) X b Lefschetz O—3EARITKDL S
i,



16 B BE X B

£ (Lefschetz)

SH(=1p t,(g) f* 1 HAY) — HH(Y))

=3zem p(x)
EARREN R CELI R ERCH 5.

3. F - 364K
T(X), T*(X) %%+« X DR, RERELT,

A(X)=CQr #T* (X) % THX) OABEOEHR
LT d:T (40 (X)) = T (4r*1 (X)) % psr
ETh, T I (4 (X)) x4 (X) » C” -
W (p—R) DES, T5L 4 (X)={4r (X), d}
1% X o Riemann §t8& X » FE iz Hermite 3B %
ORI L b Z LR FIb RT3 (4], Th
NXDLEDF 528 THD, ¥ OLTEEE

S ofsy df 2 T (X)) 2556 Troo OONOER,

2T df OBR 'df ORBEEELT

df) +=1Q4 (df) :f*4p (Y) —d? (X)
ek e E, frks p—HROFERLE LTERS
hagsu

FP=T((df)?) Iy : D(Ap(Y)>T(f*A2(Y))

—I'(49(X))
Elhe L<MmbhTwa i

(1) f* = {fr} : AY) > AX) 3BAERR
B0 (13, g ok,

&T, &S0 L Riemann gHE X h R~<2 b AKIG
ELTHRRABLh D RAMGRY * : 49(X) - A2
(X) LU (6§ 4) , EONHE-T * = I (%) :
I (4 (X)) = I (42 (X)) &, Y ET
L. Cole :

o THRA

go=x"1 gntx

(I(AY)AEr (A”"(Y))g:;’ I (A= XD* 1 (42(X))

ORI g'p 2 EL DL X
(2) {g's} 2EEERT

CRERD)
i % d OBRMIEE TS E
g0 = (x1gnpx) ((—1)P*1 x71dx)
= (=1)#*1 %71 gn—pdx
= (=1)p*1 %1 dgnp-1x
= ((~1)*1 #71 dw) (1 grr-1x)

=0 gr41
C OB L 5 Tdgly=g"p1d
q. e d
Wi
(3) I (Y))———I'(g*1t (Y))
. ) F(g*(x)

r

HL, g*(*)ik*D gwka5ERL (6],
D@L b

gr=+"1I ((dg)*#) I'(g*(*) T

=r(*—1(dg)~—» g*(*#)) g
ot

(dg)p=2"1(dg)"t g*( %)
LR ERBI

(4)  gs=I"¢l((dg)'p)

HL (de)s) (2)=(dglp(x))" : 4(X):—A2(Y)s (n)



WA O—FRNRICH 1. (F - 7 2810 17

LT
To=g'sft : D(A(Y))>T (40(X)) T (4#(Y))

<& (1), (2) kb {T)) SMEBEn
b, Ew (4) X
(58) To=I"el'(ps)Ts (po=(dg)'p(df)®)

CDXHRERTHEARAVEATESL, *0Oiw
CAEBLE (84, 5) KLT2o0R® 525,

(6) Zp(—=1* trpp(x)=det (Dg—Df)s (xeM)

BL (Dg—Df)s i3 x, f (x) = g(x) <2 1
R I THE 2T LA ERIEXE T (dg ~ df)
RB LIATF,

(2) kv {g's} GHBEHMLE, FoFaak
tr OB R TERY g/ HN (X) — HV (V)
ETBHES I CRRERLERELC

(7) (g'sd=gi : HH(X)—HH(Y)
Dilgh i, DEDRFDOL ET

(R (Lefschetz) »IEME)
BARALY
Zp(—1)? t,(Tp)=3xeM v(x)
ZZTMEY
(Tp)=0g'»f1I=0g"s]) (fP)=g, f*
X, ©)Xb, zeM wxL
v (£)=30p(—1)? t,ps(x) |det(Dg—Df). |1
=det(Dg—Df)x|det(Dg—Df), |71
=sign det(Dg~Df),
=pu(x)

4. () © I #

WHRHREOMETH B, det(PA) = det(A), *—
REGHETHDC ECERTD EHOBBERIUT D
Isieis,

I=(iy-ip) (Qgin - <ipm)ie¥f L, |11 = P,

I % -n) ofc I O, e = sign (9"

X, nxXn 575 X=(x:ij) & I = (iyip), J = (1
) WL X o (4, J) —M75IRE 217 = det(

ZTisjt) ED<o

&Y G=(gii)y F=(fij) . nXnfFHle LT,
h () =dee ¢G—F) o=s7u—) vVRBE®E2 5,
THRDT 77 ARBEERLTHATLE

(1) h()=as+art+-- +agtr

Sap=(=D"+PZ 1, n=p s11'ers’ grrfr'y
¥ t=1 2 LTC.

(i) det(G—F)=3p(=1D* 3|1, 7l=» e117e71’
Xgrifi'y

&C, V, W R EONBEEEO 2RI~ 2 b 280
CHESFORTVBETD, {1y}, {€g0mm
e NV, WOIERERE Te’ =€’ 1A 0e/y,, " =¢"1A
AW BB ADAERELHLOLTHEIENTE S,
CDL X ¥ BV

(xx, y)=(zAy, €) (xedbV, yeds—?V)

TH2 BhE, OD % WWWizo\ T b [k,
wic, g f:V--Wx20o0BRERHE L gr=2g,
Sr=2f L LT gp=+"1g"x OHAMIKBE g &
T5. X, & F D (ef) (") X BEBUTH%R G,

F 35, ‘
3 g8 () = Xigisei”, G=(gij), F LRk,

(i) 3p (—1)s t,gs'fr=det (G-F)

CREHID

J|=Pr1LtT

(g'sfre'1,¢' 1)
=(fre';, gpe’s)
=ri=pf17(e", ¥ 1gntxe'})
=(=D"* P =p ("1, xgrtess’e’s’)
=(=D*2e;) Zin=»f17(g" Pe' s’ re", €")
== e 1= 11 K 1=n-28 KT (€" kA" [ ,€")
=(=D**bey) Siri=pf17801 ¢1'1
=¢j) Sin=rers’ g1’ f1s

@ x=x1A"AZp, Y=Y1A-AYp s L
(x, y)=det((z;, ¥})) ‘
@1{e'r | 1r1=2} 12 2V DIEHBEBEIHE: (¢/r=ciia-

Aejp, I=(iy--ip)) -



18 "R R B

BHE@ XD

t,g' s fr=33n1=p(g'sSfte s, €'F)
=3, 0=perr’ caa’ gr'y f11

®oT () X

So(=12t, g/ ofr=30(=1)" 211,17 1=p €11’ ¢1)
Xgry fr'y = det (G—F)

5. () o & ®

Singular =hErL—-DHy TEEF - FaakE

r—DOARLY - 720EEYEL TR,

@(v) <g*ulv, (XI>=<uUgiv, (YI>

(veH?(X), ueH(Y), p+q=n)

{H1L <, > it Kronecker #
(FEHD
<g*ulv, (X1>
=<g*u, vn(X1>
=<u, gx(vn(XD>
=<u, grvnl¥I>
=<uVgyv, (YI>
q. e d
Hy(Y) & Hiu(Y) (p+g=n) 2 Poincaré L v
v 7H L+ Kronecker iz X b B\ ICHZeiic s -
T dhbh, (iv) Oisin b feo, 2% b,

(v) ¢ : HH(X)—>H#(Y) st. <g*uUv, {(XI>

=<uU¢v, [YI> (veH?(X), ueHn?(Y))

>¢=g1

Kic doy, ael(A(X)) (do, : X OHEBEER)
L <(a), (XI>=(a, do,) L7tB01D

(vi) (g'p]) = g1 : H{(X)—-H!(Y)
(GEH3D

n=p+q L LT
() eH?(X) (df=0), C(a) eH1(Y)

(da=0) XL

(arg’sB, doy)
=(*a, g’'»f)
=(gr*a, B)
=(*1gixxa, B)
=(xgla, B)
=(glaaf, do,)
iz
<CadU(g’p) (81, (YI>
=<(g?] CaduCB], (XI>
=<g*alu(p), (XI>
T (v) kb lg')=a1

X [
(13 %A :AsR L Al (19540
(2] 7M:RREELCESIS (H52)
(3) v AEIEERE ORI B 1977
{4) Atiyah &. Bott: A Lefschetz fixed point
formula for elliptic Complexes [ . Application.
Ann. of Math. 88 (1968)

{53 D. Toledo : On the Atiyah-Bott Formula for
Isolated Fixed Points, J. Differential Geometry
8 (1973

{63 D. Husemoller : Fibre Bundles McGraw-Hill
(1966)



RAEMEE AN OREER A ORH

#H

#H %

Flow of Viscoelastic Fluids in Pipes of Rectangular Cross Sections

Noriyasu MORI

Rectilinear flow through a straight pipe of non-circular cross section in the case of viscoelastic

fluids is not possible in general and some secondary transverse flow to the primary streamlines

appears.

In the present paper, the secondary flows in the square and rectangular cross sections is discussed.

The analysis is based on the constitutive equation by Oldroyd which involves eight material constants,

and streamlines for transgverse flow is calculated using finite difference methods,
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Electron-Beam-Induced Conduction

in Polyethylene

J. Kyokane, T. Nishitan?, K. Yoshi;; and Y. Inuis*};*i‘

The electrical conduction in polyethylene induced by the irradiation of the short-pulsed-electron-

beam (100 nsec time width) consists of the fast and the slow components. The former is attributed

to the carrier transport in the crystalline part and the later to that in the amorphous part. Logarith-

mic plot (Scher-Montroll plot) of the slow part of the induced current vs. time gives a knee at

time T:, which is thought to be the transit time of the carrier front between electrodes. Simple
calculation by the formula p=L/T: E gives the apparent slow carrier mobility z of 56 X 107
cm?/V.sec and 3.2 X 10~7 cm?/V.sec for the electron and the hole respectively at 343 K under
the field E of 1.2 MV/cm for the sample thickness L of 12ym. These apparent slow carrier mobilities
are dependent on both the thickness and the field strength. These behaviors are discussed in terms

of Scher-Montroll theory on the transport in amorphous substances. The activation energy of the
mobility is in good agreement with the apparent trap depth obtained from the TSC measurement.

I. Introduction

The electronic conduction in insulating polymers has
been studied for many years. However, even in a
simple polymer like polyethylene (PE), there still
remain many unsolved properties in this -connection.
The published values of the carrier mobility are strongly
dependent on measuring methods and authors.l—¢ In
a previous paper,® we reported that the pulse-electron—
beam-induced conductivity consists of fast and slow
components. Mobilities of the fast carriers at high
fields, of the order of 10~* cm?/V-sec, have been
obtained from the time-of-flight measurements in
various polymers®—8 which contain z-electron systems,
such as, for example, polyethyleneterephthalate (PET),
polyethylene-naphthalate (PEN),
(PS), etc. These results were compared with the
published values obtained by different methods.

and polystyrene

It was concluded that the slow component is related
to carrier migration through the specimen by the
repetition of trapping and detrapping processes.

Quantum yield for the carrier production by electron

bombardment is much smaller in saturated polymers
like PE than in polymers with = electron, which
makes the measurement difficult in the former
material.

In this paper, time-of~flight measurements of
carrier transport in PE by a pulsed electron beam of
100-nsec time duration will be reported. The difference
of the carrier transport in the crystalline part from
that in the amorphous part will be shown, and the
carrier transport process in the amorphous part at
various temperatures and field strengths will be disc-

ussed.
II. Experimental

Commercial-grade low-density polyethylene(LDPE)
(commercial name; Yukalon and Showlex) and high-
density polyethylené (HDPE) (commercial name;
Hizex and Showlex) of various thickness were used
as specimens. After washing in ethylalchol, Au (gold)
electrodes of 5 mm¢ in diameter were vacuum-deposited
on both sides of the specimens. The specimens were

mounted between the dc-bias—voltage electrode system

* Present Address ; Mitsubishi Electric Co., Ltd.

** Department of Electrical Engineering, Faculty of Engineering, Osaka University.

The contents of this paper is submitted to “J. Appl. Phys.”
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in a vacuum cryostat of::8 X 107 mmHg, and the
charge Q = f i-dt induced by the bombardment
with a single shot of a pulsed electron beam, between
260-350K, was observed by apparatus (Fig. 1) similar
to that described in our previous paper.® The energy
of the bombarding electrons was between 8 and 15
Kev, and, as a consequence, the generation of charge
carriers occurs within a penetration depth of 1-3 ym
from the top electrode surface. The carriers that have
the same polarity as the bombarding-side electrode
will drift into the sample, owing to the presence of
the dc bias they are trapped in the sample, after life
time 7, or absorbed into the counter electroede. This
carrier drift produces the induced charge Q, as shown

schematically in Fig. 2.

Qlps F
Ly Vv
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|
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I
rl—: "————v-SKV
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—

= CRO

i
RS |pa
)

Fig. 1 Measuring circuit by the pulsed electron
beam. PA : preamplification F : filament,
G : grid, Be :evaporated beryllium film,
S : sample

The charge magnitude and the repetition rate of the
electron beam were maintained to be less than 0.1
pico coulmb per pulse and one pulse per minute
respectively in order to minimize the space charge
effect. The bombarding-side electrode was always
kept at earth potential to avoide the error due to
secondary electron emission. Both electron and hole
signals can be measured by changing polarity of the

applied bias voltage. The integrated charge signal

Q was obtained by integrating the current signal i
with an input capacitance of a pre-amplifier which
has also large input resistance (resulting in a time
constant of 1 sec). The charge signal was differen-
tiated graphically with respect to time if necessary.

to obtain the current signal
IIT. Results and Discussion

As shown schematically, in Fig. 2, the induced
charge Q due to a single shot of the short electron
beam pulse in PE consists of fast and slow compon-
ents. However, in our case of a PE film, time duration
of the fast component is nearly same as the electron
beam pulse width (100 nsec) and not dependent on
the applied field. This behavior is contrary to the
case of PET in which the time duration of the fast
component was dependent on both the applied field
and the sample thickness, as stated in our previous
papers®.8. In PE, a clear knee in the charge wave-
form, which corresponds to the fast carrier transport
between electrodes, was not observed even up to 1.8
MV/em of the applied field at 343 K, cont-rary to
the case of PET® Two explanation for the origin
of the fast component in PE are probable: namely,
it may correspond to (1) movement of short lived
carriers during the geminate recombination, or (2)

to the fast carrier transport of comparably long range

of
induced
charge
Qs
Of
. L ‘
0 000 d 100 [msec)
electron
beam

Fig. 2 A typical waveform of the induced charge
due to the single short of electron beam
pulse in PE and the definition of Q. and
Qr
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through the crystalline part of PE, which provides
the larger mobility. Carrier transport in PE seems
to suffer from severely from the influence of trapping
by the localized states at the crystalline boundary and
the amorphous region, resulting in the predominance
of the slow component, over the fast component in
comparison to PET.

Ratio of the fast charge component Q: to the slow
illustrated

increases with increasing crystallinity of the samples

component Q, defined as in Fig. 2,
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Fig. - 3 Dependence of the induced charge Q. and

Q¢ on the applied field for electrons in (a)
and for holes in (b) at 343 K

for both electron and hole. Namely Q¢/Qs of elect-
rons in the sample studied was about 1 in HDPE
and 0.2 in LDPE under the applied of 1.8 MV/cm
at 343 K. Accordingly, the fast component seems
to be due to the above-mentioned process (2), or the
fast electron migration with short life time in the
crystalline region, and the slow component seems to
be due to the migration of carriers through the
amorphous region. It should be noted that the slow
component of the induced charge Q. in these figures
was measured at 100 msec after the electron-beam
bombardment owing to the limitation of the measuring
circuit time constant CR of 1 sec, although collected
charge. still continues to-increase gradually. -
Figures 3 (a) and (b) show the relation between
the magnitude of the two components of the collec-
ted charge (Qr,Qs) and the bias field E (Hecht
curve) for both electron and hole, respectively, at 343
K. The Hecht curves for both slow electron and hole
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Fig. 4 The temperature dependence of the induced
charge Qs and Q¢
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saturate at higher fields above 1.2 MV/cm, at higher
temperature (343 K), suggesting the iransit of slow
carriers across the specimen of thickness 12 pm
within 100 msec of the measuring time.

Although Q¢ is much less temperature sensitive, as
shown in Fig. 4 (activation energy : 008 eV), Q.
increases remarkably with increasing temperature,
becoming more predominant above the glass-transition
temperature (—21~—24C). This curve turned out to
be divided into two regions,I and II. The activation
energy in the region II is about 0.35 eV, being
nearly equal to the apparent trap depth in PE estima-
ted from TSC and TL measurements, which has close
relation with the amorphous region of PE®. Region I
of a temperature~insensitive saturation region of Qs
also corresponds to the high- field- saturation region
of Fig. 3. These facts indicate that almost all slow
carriers transit between electrodes (separation ; 12
pm) at such high fields (>12 MV/cm) and high
temperatures (>340 K) during their life time and
that the quantum efficiency for the carrier generation
by the electron beam is rather insensitive to the
temperature. Accordingly, the temperature dependence
of Qs at the region II should come from the tempe-
rature dependence of Schubweg w(=p:7-E (mobility
X life time X field strength)).The - ¢ value calculated
from Figs. 3(a) and 3(b) is about 10~* cm?/V for
both electron and hole at 343 K, which will he
discussed later. On the contrary, the absence of the
field saturation of Qr in Fig. 3 suggests that the
fast component arises from the carrier transport in a
small crystal grain untill being trapped at the crysta-
lline boundary. This transport should stop when the
space field due to the accumlated charge at boundary
cancels the original applied field. The activation
energy of Q¢ is about 0.08 €V for both electron and
hole, which agrees nearly with the trap depth of 0.09
eV in the crystalline part of PE estimated from TSC
and TL measurements ?,°.

Induced charge waveform of the slow component
even at these high fields and high temperatures does
not show clear knee which corresponds to the carrier
transit time between electrodes, contrary to the case
of the fast carrier in PET?. This behaviour may be
explained in terms of the wide distribution of the

hopping time of slow electrons in the amorphous

region, as suggested by H. Scher and E. W. Mont-

rolltl,
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Fig. 5 Log i(t) —vs- log t plots of the slow com-
ponent of the induced current. Dotted line
shows i(t) = Ceexp (= t/7) with 7 of 1

msec

Figure 5 shows logarithmic plots of induced current
i(t) obtained by the method shown in the Sec. I,
versus time t after the bombardment of short elect-
ron beam pulse under the d.c. applied field. As
evident from this figure, the current decays can be
expressed by the two components of the form of t=8
with the knee at the time t = T:. In the case of
this figure (1.2 MV/em), B is 0.7 and 1.3 correspon-
ding to the interval of 0<t<T: and t>T: respec-
tively. The sume of the 8 values before and after
T: is about 2 in consistent with the theory of
Scher-Montroll. In their theory, the distribution
function ¢(t) of the hopping time is assumed to be
of the form

¢ () = comst. X t~+D (1)

0 <a<1

and the current calculated by their theory decays
with the functional form of i = C-t —(*® (for t
<T:) andi = C- t71C+® (for t > T:). In such
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case, T: is interpreted as the transit time of the
carrier front between electrodes through hopping.
Therefore for the case of Fig. 5, a in eq. (1) is
estimated to be about 0.3. Trial to fit the observed
i(t) curve to the simple detrapping curve with a
simple exponential decay i(t) = C-exp (—t/z,) were
unsuccessful. However, it should be noted that the
observed curve can be fitted by the linear combina-
tion of the exponential function with different
decaying time constants 7y, i(t) = 21 Ci-exp(—t/z1)
as already suggesteds. From the fact that the Hecht
curve saturates at high field, it is quite reasonable
that the observed T: corresponds to the transit time
of the carrier front between electrodes. Even if the
Sher-Montroll theory is not completely applicable to
our case, the appearance of a new sink for the
carriers, by the existence of the counter electrode,
should change the decaying characteristics of current
abruptly at the instance of arrival of the carrier front
to the counter electrodes. Then the apparent carrier
mobility can be calculated by

p=L2/ToV @

where L and V are the electrode distance and the
applied voltage, respectively.

The apparent mobilities of electrons and holes were
estimated from Eq. (2) to be 5.6 X 10~7 cm?/V sec,
and 3.2 X 10~ cm?/V-sec, respectively, at 343 K for
the case of the electrode distance of 12 ym and an
applied field of 1.2 MV/cm, for both LDPE and
HDPE. These values of mobility are larger than
those in PE reported by Davies! by the method of
the surface charge decay. He reported smaller carrier
mobility in HDPE (about 10~1° cm? / V.sec at 350
K) compared to that in LDPE (about 5 X 10-!°
~ 108 ¢cm?/V-sec at 350 K). Perlman et al? also
reported carrier mobility of about 2 X 1010 cm?/V.
sec in LDPE at the room temperature under field
strength of about 1 MV/cm. Apparent life time of
carrier is estimated to be about 2 ~ 4 msec for both
electron and hole using the pr value of 107° c¢m?/V
obtained from Schubweg curve and mobility values
mentioned above. It is no wonder that this apparent
lifetime is smaller than the measuring time (100

msec) of collected charge to observe Schubweg,

because the ahove mentioned mobilities are those of
the front carriers, and there are many carriers which
migrate much slowly. Therefore much smaller mobility
should be used to calculate the life time from the
Schubweg curve.

Transit time T: obtained from the knee of Scher-
Montroll plot becomes shorter with increasing applied
field as shown in Fig. 6, and also with decreasing
electrode distance as shown in Fig. 7, indicating the
characteristics of carrier transit time. However, the
equation (2) is not fully satisfied if we assume

constant mobility, as will be discussed later.
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Fig. 6 Dependence of the apparent transit time of
the charge front T: on the inverse of the

applied field
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Fig. 8 Dependence of the apparent electron mobili-
ty on the applied electric field

Figure 8 shows the field dependence of the
apparent electron mobility thus obtained. The apparent
mobility decreases slightly with increasing electric
field, contrary to the case of hopping mobility in
other polymers (PET?®, PVK-TNF!2) and organic
semiconductors in which the mobility increases usu-
ally with increasing field, possibly due to the pool-
Frenkel type effects. The apparent dcerease of the
carrier mobility with increasing initial field was also
observed by Perlman ez al2. This phenomenon is
tentatively interpreted in terms of a mathematical
model in which field ionization of centers in the bulk
creates a trapped space- charge layer, through which
the surface layer of carriers then moves?,

According to Scher-Montroll theory, T:~! should
depend on applied field E and thickness L as follow

11
.

T:te<(E/L)Y (3)
hence

p=(L/E)T: " o<(E/L)** (4)
where

r=1/a (5)

and 1 + a is the exponent of the decay of hopping
probability shown in eq. (1), Therefore, if y = 1,
the mobility should be independent on field strength
and electrode distance. However, depending on
whether 7 is larger or smaller than 1, the mobility
should increase or decrease with increasing field,
respectively. As shown in Fig. 9 observed T:~! is
proportional to (E/L)?-78 giving 7 value of eq. (3)
as 0.78. Therefore, the observed apparent mobility
decreases with increasing field according to the rela-
tion g o (L/E)°-22 from Egq. (4), which in
consistent with Fig. 8. However, the observed value
0.3 of a of Eq. (1) from the current decay should
give 7 of 3.3 from Egq. (5), being inconsistent with
the observed 7 of 0.78.
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Fig. 9 T: !t —vs— E/L plots for the electron in
HDPE

The universality of logarithmic plots of the currnet
decay predicted by Scher-Montroll, namely, the same
dependence of of normalized current i(t) /i(T:) on
the normalized time t/T: for the experiments under
different conditions (field strength, and electrode
distance), was also not fully satisfied in our case, as
shown in Fig. 10. These facts should indicate that
the distribution of the hopping time in the amorphous
part of PE cannot be rigorously expressed with
simple formula (1). For exsample, we have to assume

that a is dependent on field strength.
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for various field strengths and electrodes
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As shown in Fig. 11 and Fig. 12 the mobilities
obtained from T: increase with temperature for both
the electron and the hole with the activation energy
E. of about 0.32 ~ 0.35 ¢V in both HDPE. and LDPE.
This value of 0.32 ~ 0.35 eV is just equal to the
trap depth in PE estimated by TSC and TL measure-
ment® and with the apparent activation energy of
the magnitude of the Q. in the region II of the
electron-beam- induced conduction in Fig. 4. This
fact shows that the depth of the main localized state
is not distributed uniformly but has some central
level around 0.35 eV below conduction band or above
valence band. Therefore, the distribution of the hop-
ping time may mainly stem from the distribution

of the hopping distance between the localized trap
centers. The pre-exponential factor g, of mobili-ty
defined by the equation of mobility p=po exp (—
E./kT) is estimated to be 1.0X10~! cm?/V.sec and
4.0x102 cm?/V-sec for the electron and the hole,
respectively, in LDPE under the applied field 1.5
MV/cm,

340 3.20 ' 390
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x10 1.5MV/cm
g 10F -»- electron 1
> | -o- hole ]
g h
o 5
Ny 0.33eV
[
o
)
e 0.32eV

b8 29 30 a1 32 33
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T'x10° (K")
Fig. 11 Temperature dependences of the apparent
electron and hole mobilities in HDPE
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RECIPROCAL OF TEMPERATURE
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Fig. 12 Temperature dependences of the apparent
electron and hole mobilities in LDPE

The authors are now also studying the electrical
conductivity and the electron-beam-induced conduc-
tivity in the single crystal of hydrocarbons with long
chain length, such as hexatriacontane CyqHy, etc.,as
a model of the carrier transport in the crystalline
part of PE. It turned out that the fast component is
dominant in the electron-beam-induced conduction in
the single crystal of hexatriacontane in accordance
with our reasoning in the case of PE. The fast
carrier mobility is larger than 10~2 cm?/V -sec at 300
K in this crystal. The detailed results will be publi-

shed soon.
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IV. Summary

The information on the carrier transport in PE
obtained by this study is summarized as follows.

The pulse-electron-beam induced conduction in PE
consists of the fast Q: and the slow Qs components.
The former originates from the carrier transport
in the crystalline part and the later from the trans-
port in the amorphous part.

The Hecht curve of the slow component Q. satu-
rates at higher fields, above 1.2 MV/cm at 343 K,
suggesting the transit of carriers between electrodes.

The logarithmic plot of the current of the slow
component versus time gives a knee at time T,
which corresponds to the transit time of the carrier
front between electrodes as suggested by Scher-
Montroll.

The simple calculation from observed T: of Scher-
Montroll plot gives the apparent mobilities of 5.6 X
1077 ¢cm?/V-sec and 3.2 X 10~7 cm?/V-sec for slow
electron and slow hole, respectively,at 343 K, under
the field of 12 pm. However, several discrepancies
to Scher-Montroll theory were observed. The univer-
sality of the Scher-Montroll plot was also not
fully. confirmed.

Mobilities of both slow electrons and holes increases
with increasing temperature with an activation energy
of about 0.32 ~ 0.35 eV.

The distribution of the hopping distance seem to
play an important role in the carrier transport in the
amorphous part of PE. The depth of the traps is

concentrated at around 0.35 eV.
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Two-Dimensional Fast Fourier Transformation Processing

Program using Auxiliary Memory
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ABSTRACT-Two dimensional Fast Fourier Transformation (FFT) processing program using au—

xiliary memory is developed and implemented on MELCOM 9100-30F. This program performs two-
dimensional FFT about 74 secoods for 128 X128 points.
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A Negative-Resistance Characteristic

of a Photo-Darlington type Photo-Coupler

Haruo TAKAHASHI and Masayoshi YAMAUCHI

ABSTRACT-Photo-couplers are essentially four-terminal circuit

isolators and are widely used as interface devices.

A Darlington-type photo—coupler can be utilized as an active device

which displys a S-type negative-resistance characteristic when it is

modified to the two-terminal tandem connection.

This paper describes the circuit construction and the operating

principle about the negative-resistance circuit constructed with the

photo—coupler, and shows the application to the relaxation oscillator.
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Estimation of the Self-Discharge of

the Zinc Electrode in an

Oxygen-Zinc Battery with Circulated Electrolyte’

Shusei Inuta, Zenichiro Takehara**

and Shiro Yoshizawa**

ABSTRACT

Since the electrolyte of an oxygen-zinc battery is saturated with oxygen, self-discharge of the zinc

electrode by the reaction between zinc and oxygen may be a serious problem. The nomograms to

determine the values of self-discharge of a rectangular zinc elctrode coupled with an oxygen electrode

in an oxygenated electrolyte circulating in the cell were prepared from the results obtained by using

a rotating disk electrode. For example, at an electrode width, length and separation of 10cm, 10cm and

0.5cm respectively, the rate of self-discharge was estimated to be about 0.06mA/cm? when the volume

rate of circulating solution under laminar and fully developed flow was 10cm3/sec, and about 0,13mA /cm?

when the volume rate was 100cm?/sec.

1. Introduction

For the purpose of the lowering of overpotential
on the zinc electrode in the discharge of an oxygen-
zinc battery and the improvement of the battery capa-
bilities, the battery system with a circulating electrolyte
has to be considered.!)

Since the electrolyte is saturated with oxygen in
such a battery system, the self-discharge of the zinc
electrode will proceed with the formation of the local
cell between oxygen and zinc.

Therefore, the rate of the self~discharge of the zinc
electrode is determined by the rate of diffusion of
oxygen in the electrolyte, and then increases signifi-
cantly with the circulation of the electrolyte.

In the design of such a cell, the circulation rate
of the electrolyte has to be determined by evaluating

both the decrease of the polarization and the increase

* The main content of this paper was reported
in DENKI KAGAKU, 42, 46 (1974).

** Department of Industrial Chemistry, Faculty of
Engineering, Kyoto University

of the rate of self-discharge due to the circulation of
the electrolyte.

Thus, the estimation data and the nomogram of the
self-discharge rate on the zinc electrode under the
circulation system of the electrolyte presented for the
design of the oxygen—zinc battery in this paper are
based on experimental results obtained with the rotating
disk electrode of zinc; the rate of self-discharge on
the zinc electrode is approximately equal to the rate
of the diffusion of oxygen in the electrolyte described

in the previous paper.?)

2. Hydrodynamic Model Systems

The geometrical configuration and hydrodynamic
conditions of the electrode system are shown in Figure
1. Thus, we consider the electrode of a length L and
of a width 2d embedded at the position A or B in the
wall of a rectangular channel with dimensions 2b, 2c.
It is assumed that both the electrode and the wall are
flat; the electrolyte flow is laminar; the velocity at the
inlet section is uniformly distributed over its width, 2b,

and its magnitude is Uo,



50 Shusei Inuta - Zenichiro Takehara - Shiro Yoshizawa

]
\
L A )\ 2d B A\2d
Flow
y 2c\
k‘x (a)
¥4
lg
—-'\
U g
Region (1] Region (]
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Fig. 1 Geometrical configuration of the electrode
Region [ [ ] : Region of developing boundary layer
Region [ [ ] : Fully developed region

In such a case, the velocity distribution for laminar
flow in the region of developing boundary layer,
Region I, and in the fully developed region, Region
I1, are shown in Figure 1 (b) respectively.

The laminar flow will be held if the value of
Reynolds number, Re,s, referred to a hydrodynamical
radius in the case of the flow in the straight channel
with flat parallel walls satisfies the following equation
described by Longwell.®

Re,hzif“—°<2,800 18

where v=p/p is the kinematic viscosity of the
electrolyte.

A boundary layer is formed on either -wall owing
to viscous friction, and its thickness increases gradually
in the down stream direction from the inlet section.

Accordingly, Region I is the range up to the
position at which the thickness is equal to half the
distance between the flat parallel walls.

According to Schlichting*?, the parabolic velocity

profile will be formed if the following relation is held.

v
Prg 20-16 2

Therefore, the actual inlet length, { &, is given by
the following equation,

0z = 0.165 (ueb/v) = 0,04 (2b) Reop  (3)

Where Re, 2» is the Reynolds number referred
to the width of the channel, 2b.

In this paper, the rate of the self-discharge on the
zinc electrode in 4. 2N KOH solution saturated with
oxygen in the cases of Region I and Region II will
be estimated ; the smooth zinc electrode A, B, with
dimension L, 2d is embedded in the wall, and the
electrolyte flows in a rectangular channel with

dimension 2b, 2¢c, as shown in Figure 1 (a).

3. Estimation Method of the Rate of Self-Dis-
charge

3. 1. The rate of the self-discharge of the zinc
electrode ‘A embedded in the wall of
Region I

In this case, it is assumed that the length of the
electrode L is smaller than the inlet length 1g. If the
value of the thickness of the hydrodynamic boundary
layer is proportional to (vz/uo)!/%, as in the case
of a single flat plate, and its proportional constant is
determined to become d,=b at the position x=lg,
the thickness of the hydrodynamic boundary layer is

given by the following equation.

3,=2.5 \/% )

Moreover, if the relation between the thickness &
of the diffusion layer and the thickness §, of the
hydrodynamic layer is similar to the case of the single
flat plate, the relation between & and &, will be written

approximately as follows.®)
3=0.6 (2-) AN 5)
14

Accordingly, inserting equation (4) into equation (5),

o can also be written as follows,

=15(2) /= e

Consequently, the limiting diffusion flux j, and the

average limiting diffusion current density s, of oxygen
on the zinc electrode can be given by the following

equations respectively
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] Ug
= 1.36nFDC, (ﬁ) =5 ®)

where C, is the concentration and D the diffusion
constant of oxygen in the bulk of the electrolyte.

Equation (8) shows that, in the case of the electrode
A embedded in the wall of Region I, the average
limiting diffusion current density :; is directly propo-
tional to the square root of the average flow rate and
is inversely propotional to the square root of the
electrode length L in the downstream direction.

Thus, the value of the self-discharge current density
on the zinc electrode in the potassium hydroxide satu-
rated with oxygen in the case of the electrode A
embedded in the wall of Region I is nearly equal to
the average limiting diffusion current density &, and

can be estimated by equation (8).»

3. 2 The rate of the self.discharge of the zinc
electrode B embedded in the wall of
Region II

When the electrode of a length L and of a width
2d is embedded in the wall of a rectangular channel
with dimensions 2b, 2c, and the electrolyte flow is
laminar and fully developed, the following equation
derived by Rouéar et al.®) is useful and its validity

was experimentally checked by them.

Nu=1,85¢ (ReScD./L)1/3 1C))
where

Nu=(i/(nF)) Do /(D (C°—C*)3 (=)

7 = average current density (A/cm?)

Co = concentration of oxygen in bulk solution
(mol/cm3)

Cs = concentration of oxygen at electrode surface
(mol/em?)

De= 4bc/(b+c) hydraulic equivalent diameter
(cm)
D = diffusion coefficient of oxygen in solution

(cm?/sec)

v = kinematic viscosity (cm?/sec)
Re= ugDe/v (=)
Sc = V/D (_ )

$=Q+b/c)12(c/d) [ 1 frr0d (/o)

f={1-202/# zéo(2n+ 1)~tcosh(pz/c)(cosh p)—1}

X {1—=6(b/c) (2/n)5§0(2n+ 1)~5tanh p}
p=(2n+1) (rc/2b)

where { can be shown as a function of the geometric
form b/c of the cross section of the flow and of z/c.
¢ can be shown as a function of b/c and of the ratio
d/c of the width 2d of the electrode to the width 2¢
of the rectangular channel, which is parallel to the
width of the electrode. The value of f as a function
of b/c and z/c, and of ¢ as a function of b/c and
d/c can be found in the table 1,2 by Rou$ar et al.®

respectively.

Table 1. Values of f as a function of b/c and z/c®’

z/c b/c

2 1 08 03333 028 0.2 0.1 0.05

0.000 2.1552 1.6017 .1.3557 12478 1.1834 1,143%5 10673 1.0328
0.100 2.1407 1.5811 1.3506 1.2454 1.1827 11,1433 1.0673 1.0325
0.200 2.0968 1.5610 1.3348 1.2386 1.1802 1.1424 1.0673 1.0325
0.300 2.0225 1.5097 1.3068 1.2258 1.,1749 1.1404 1.0672 1.0328
0.400 19155 1.4351 1.2636 1.2038 1.1647 1.1359 1.0672 1.0325
0.500 17725 1.3342 1.2007 1.1677 1.1453 1.1259 1.0669 1.0325
0.600 1.5882 1.2024 1.1111 1.1002 11,1089 1.1041 1.0656 1.0325

Table 2. Values of ¢ as a function of b/c and d/c®

d/c b/e

2 1 05 0.3333 0.28 02 0.1 0.05

0.000 0.8956 0.9285 0.9668 0.9780 0.9819 0.9840 0.9899 0.9944
0.100 0.8949 0.9279 0.9664 0.9779 0.9818 0.9840 0.9899 0.9944
0.200 0.8929 0.9259 0.9652 0.9773 0.9816 0.9839 09899 0.9944
0.300 0.8894 0.9226 0.9630 0.9763 0.9812 0.9838 0.9899 0.9944
0.400 0.8844 0.9178 0.9598 0.9746 0.9805 0.9835 0.9899 0.9944
Oggg 0.8777 0.8113 0.9552 0.9721 0.9792 0.9829 0.9899 0.9944

0.8689 0.9027 0.9489 0.9683 0.9771 0.9818 0.9899 0.9944

0.700 0.8575 0.8915 0.9403 0.9625 0.9735 0.9796 0.9897 0.9944
0.800 0.8426 0.8767 0.9281 0.9536 0.9672 0.9752 0.9890 0.9944
0.900 0.8223 0.8363 0.9099 0.9387 0.9553 0.9657 0.9859 0.9940
0925 0.8158 0.8497 0.9039 0.9334 0.9507 0.9617 0.9840 0.9935
0950 0.8085 0.8422 0.8968 0.9270 0.9450 0.9567 0.9811 0.9925
0.875 0.7998 0.8333 0.8882 0.9190 0.9376 0.9498 0.9765 0.89900
1.000 0.7883 0.8214 0.8760 0.9071 0.9261 0.9388 0.9671 0.9829

Moreover, the following equation is obtained from

equation (9).

71=1.85¢nFD? /3C, D=1 /3uy1 /3L-1/3  (10)
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4. Calculation Example of the Rate of Self-Dis-
charge

As an example of calculation, the estimation of the
rate of the self-discharge on the zinc electrode was
done in the case of 4. 2N potassium hydroxide solution
at 25° C*,

In the previous paper?’, the following result has
been experimentally obtained from the linear relation
between the limiting diffusion current density and the

square root of the angular velocity.
nFCo,D%73y~1/6=0 115mA.cm~2-secl/2 an

Substituting this value and y=1,2x10~2cm2-sec™!,"
respectively, for terms in equation (8) yields the

following equation.
i =0.156\/ 2 (12)

That is, equation (12) shows the limiting diffusion

current density as a function of u, and L in the case
of Region I A.

On the other hand, in the case of Region 1I B,
putting the value of equation (11) in equation (10)
yields the following relation.

;1=1.85X0.115X¢D¢_1 /3178 (y,/L)178
=0,102¢D.~1/3(uy/L)1 73 (13)

¢ depends on the dimensions of b/c and d/c, and
De depends on the dimensions of the cross section
of the flow. Therefore, when those values are definite,
71 is proportional to the cube root of u,/L.

Rewriting equation (12) and (13) by using the
volumetric flow rate Q instead of the velocity u,, the

following equations are obtained respectively.

Z=o.156\/4b% a4
173

11=0.102¢D,~1/3 (“418—1,) (15)

Now, let us consider the relation between the rate of

self-discharge ¢; and the volumetric flow rate under

* The rate of the self-discharge on the zinc elec-
trode is determined by the diffusion rate of oxygen,
which is little affected by the concentration of zincate
ion in the potassium hydroxide solution.?? Therefore,
the values estimated in this case are applicable to

the practical oxygen-zinc battery with the zincate ion,

the condition of Region IA and of Region IIB, in
the case of 2d=10cm, L=10cm, 2c=10cm and 2b=
0.5, 1.0, 2.0, 5.0cm, respectively.

The results of the estimation in these cases are
shown in Figure 2 and Figure 3. The real lines in
Figure 2 showing the relation between ;; and Q rep—
resent the range of the laminar flow and 1g) L. The
real lines in Fig. 3 represent also the range of the
laminar flow.

The values of the self-discharge in the range of
Re beyond the critical Reynolds number Re, crit =
2.800 will go up to over the dashed lines.

T T T T LU ] 7
-
02|
B o0
L [
> N
g B
~ s
{e B
0.02f .
. 1 L L Lt 1 Lt [
10 100
Q (cm3/sec)
Fig. 2 Relation between the rate of self-
discharge and the volume rate of
flow in the case of A
2¢, 2d, L=10cm
! i T T v I rit] 1 P
-
01 .
3 ]
< i
£
= Re,crit.
0.01 1
1 I i 1t t a1t AL
10 100

Q (cm?/sec)
Fig. 3 Relation between the rate of self-
discharge and the volume rate of
flow in the case of B
2¢, 2d, L=10cm
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In the case of both the examples under the laminar
flow, ¢, is estimated to hold less than 0.3mA/cm?.

The rate of the self-discharge in the practical
oxygen-—zinc battery is obtained by adding the above
estimated value and the value of the self-discharge

owing to the formation of the local cell based on

the combination of the cathodic hydrogen evolution

reaction and the anodic zinc dissolution reaction.

As described in the previous paper?’, the latter value
is nearly equal to ca. 0.02mA/cm?.

It can be seen from Figure 2,3 that ¢, in the case
of A is larger than that in the case of B, and under
the same volumetric flow rate, both 1; in the case of
A and that in the case of B depend considerably on
the distance 2b between the electrodes, and further,
the 2b-dependence of i, in the case of A is larger
than that in the case of B. As can be seen from
Figure 2 and 3, though the ohmic potential drop
decreases with the decrease of the distance 2b between
the electrodes at a given volumetric flow rate, the value

of ¢ increases with that, and 7 in the case of A is

2c 2b

larger than in the case of B. Also, the volumetric flow
rate-dependence of t; at a given distance between
the electrodes in the case of A is larger than in the
case of B.

5. Diagram to Estimate the Rate of Self-
Discharge

For the purpose of the estimation of the rate of

‘the self-discharge in the oxygen—zinc battery with the

circulating electrolyte, the nomograms in which the mean
limiting diffusion current densities, in the case of 4,2N
KOH solution at 25°C, can be estimated as a function
of the dimensions of the cross section of the flow
and of the electrode, and of the volumetric flow rate
from equations (14)and (15), are shown in Figure
4 and 5 respectively.

In addition, the nomogram in which the values of
hydraulic equivalent diameter De can be estimated as
a function of 2b and 2c¢ is shown in Figure 6, and
the nomogram in which the value of ¢ can be estimated

as a function of b/c and d/c is shown in Figure 7.
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Fig. 4 Nomogram of 7,=0,156(4bcL)~1/2Q1/? in the case of A
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Namely, when the geometrical dimensions, 2b, 2¢, 2d,
of the battery system are given, the values of De and
¢ can easily be estimated by using Figure 6 and 7
respectively, and moreover the value of ¢; can also
be estimated by applying these values to Figure 5.

For example, let us estimate the value of <1 in the
case of 2b=0,5cm, 2c = 10cm, 2d = 10cm, L=10cm,
Q=100cm3 /sec.

In the case of Region IA, 7, can be estimated from
Figure 4 as follows.

Point a is given by the two points, 2¢=10, 2b=
0.5, and point b is given by the two points, L=10,
Q=100, and finally point ¢, i. e, the value of ¢; to
be estimated, is given as the intersection of both

the line ¢; and the line obtained by connecting the
two points a and b. Thus, it can be estimated that
the value of ¢, in this case is ca. 0.22mA/cm?.

Further, in the case of Region IIB, 1; can be esti-
mated from Figure 5 as follows.

Point a is given by the two points, 2c=10, 2b=
0.5, and point b is given by both point a and the
point corresponding to De=0,95 obtained from Figure
6 and on the other hand, point c is given by the two
points, L=10, Q=100, and further, point d is given
by the two points b and ¢, and finally point e, i.

e., the value of :; to be estimated, is given by
both point d and the point corresponding to ¢=
0.983 (b/c=0. 5, d/c=1.000) obtained from Figure 7.

Thus, it can be estimated that the value of ¢; in

this case is ca. 0,13mA/cm?®,
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Anodic Oxidation of Glycolic Acid at a Platinum Electrode

in an Alkaline Solution

Masatoshi QOUE and Ikuichiro 1ZUMI

ABSTRACT

The anodic oxidation of glycolic acid was studied at a platinum anode in an alkaline solution as
follows: Two anodic current peaks based on the oxidation of glycolic acid were observed with a
potential sweep voltammetry. In the area of high concentration of glycolic acid, the character of
solution was turned to acidic. It was thought that in less than 0.4M the anodic oxidation was diffusion—
controlled and in more than the concentration it was controlled by charge transfer and/or adsorption
processes. Several kinetic parameters such as reaction order and Tafel slope were determined. The
oxidation was presumed to be a heterogeneous reaction on the electrode.. The adsorption behavior of

Langmuir type on the electrode surface was examined by a pulse electrolysis, a measurement of surface

tension and a chronopotentiometry.
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Figl. Circuit diagram
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e’ ; Counter electrode,
A ; Ammeter,
VTVM ; Voltmeter,
SCE ; Saturated Calomel Electrode
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Table 1. Kinetic parameters

Increasing current region (V) R
Concen. (M) Pecreasing current region (V) 9E/dlog i an

(mV)
0.44~-0.54 120 0.50
0.2 20.22~-0.38 230 0.26
-0.40~-0.52 140 0.43
0.3 70.18~-0.30 B0 0.3
—0.38~-0.48 130 0.46
0.4 5.16~-0.30 200 0.30
—0.38~-0.48 120 0.50
0.5 0.16~0.24 170 0.3
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Fig.12. Log i vs. log C plots at constant
potentials
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The Results and Problems in Teaching ‘English to Younger Children

Tadahiko Higuchi
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LES (Foreign Languages in Elementary School) 23& % — F LCLR, 25 EOEANERL.
SRATE, SR RELNE L TBHNEREEORRIERGERCL Y2255, LnL, 4
FY ATOMIERC 72 KB BERBOKEE LHONNF ERBEBY S0 F — 2 2174
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KRINTEH, BEAMEOEZEER - AEHAFSEMORH BRI cRELE SRR HELHFE
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HOYF YD < » TOFRM\BRM SR T ELD, FYIEESETORB >V COERLBERCT IS
FEE OBWHESCE S SN RMTORVBRL S,
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L&wosR, VEPEERFTORE, OMFCERLYEML, BAC KT 2 B EEHTORE LM

BAEYLrIT S,
I RIS EEET OEINARN

BN ETERE UTREEEELTS) 720 s 7T
FLES (Foreign Languages in Elementary School) &
ELTARE~— b LTLK, 25EMBl itk TEBER
hT¥l, FLESOYgoOTEELRML OREY &
b INEBREOHE, QRENVEBICHF>TW5
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ZTOBRBHPHBF T AT XTOHE, $XTOMRE
DAEMTED T, FRTIE, Tedrhied « BREOB
oS EERE RN T, B - MEEORAI
BRI ET50h, FOERPBILL, LUTRTK
BB LB EREEEONIFITRDH LN TES,
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E. Lenneberg {3 « AWBans, AR
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RO UREITH D, BRI RO Tk
BEFT50C, 2XEHERE TORRc T
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Foundations of Language. J. Wiley & Sons, N.Y.,
1967.)

S. Krashen (3 LESEFOPLLD, B1FE,

&

(1) Burstall, C. et al. : Primary French in the balance. Slough : National Foundation for Education

Resedrch, 1974.

(@) ABRA, KES4:, BoEE, b (ERE—hr b ORERFHE FREREHENTFE L

5, BFRRERFRAGS.

(3) Stern, HH. & Weinrib, A. : “Foreign languages for younger children : trends and assessment”

Language Teaching & Linguistics : Surveys, Cambridge Univ. Press, 1978.
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T, o HREFHOMKE L Ickbo T3, T
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York Academy of Sciences, 1975.)

A. Fathman \3SMEZESE E SACEE LR RE
L, 6X~10FDFEIRFFEOBBICT A THY,
11X ~15F DF & b i3FER L EROTRHC T ShTw
2 &35 ,("The relationship between age and second
language productive ability” Language Learning, 25,
2, 1975.)
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ot EHEELE. A ¥V ATRIOBRELD ST,
BIMAERE N LURBERRLD D
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DT RCEALFETTRD [ARE>Y:
ORI A {AFETFT » “partial immerssion” 1~ 2%
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HHES, QAR KEEBORERY D D
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1) BERESEHOHEEHNTET vy —

SRER : 19785 4 A £,

AN S  EEACHE LR 30080 REEEH
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DFH - TLEFR, HRHEEC6E (MERHK
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UFoa~doHEBE®D, HeEl+51~2HEY
FRL, d.FOfbyER LASat A4t o  HE
YRATHHATHE L, (WToRFZIHERLRT)
a, EFOHEBHIIRENILES, oo (53.0)
b, BELVIFLVAESECH LIRS, - (68.2)
c. EEOWRITHBEEEDOA 4 D#H L He3ibic
i, ThORHMBIRD, oo (34.8)
d. FOMl, e (9.1)
FOMIL, A4V vIHADAMIZE TS, EECHS
OEBEEBATEHABKE TS, BLEFRLRIL
TEL T ER L » TRRDEESXTFLEEN L ORT
5, ERREMELEChD, BRRREY Y 1 Kl 2
B LRI CThr e iERTHLE, &
I FLie T — 2R LTCWBEE L B,
@ AtiELiENOERS
AHBED D, BRESAYRWIHERELTWSE1~2
DO BIRT AR THE L.
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Hearing, speaking % rulc B PHE OFMKCEAI S
PhTws, | CTEELRL S, A Fathman 0fH
IR L L ESOBRT OV TORERE 2, Pen-
field &34EHT 58I T ChEBOH R E /R
TEB/cRER, IELVW-FEE DM hearing, speaking
OHANBRER TV BEOIHETH S,
® HENARCTRADL

B, RoY, B EHOEHLD OME, Bl
X, HEEGTIERINBSEL Y, FREOME
CEAPRVWUERELTWS, £LT, chboHNc
BicoT, FBECEEYRF >TELLEHIRD LW
SlBRNb, B £ BRREXISFAALTNS,
¥, B o, BER ARE, SReELoT
FEM ALV EFT2HEIL .,

Lo L, /MEBREEERIC & » Cixh2RORES
BECHEEy#R L, BoheREoTEcKb,T
WEHELD D,

(2) BHEESBEWTET7 v r— 1t

@) Bt 5 KEESH O M — 175 EE BEREVRITIRARGRASIRE I TRBRFFE

S19764ERERR ) BASEAE, 1976).
(6) SF—H#E, it : TSR BT 2 EERE

(FBNEERED 197741008, BRoee).

(0 BE=T: TRMEEE&E (TEREHEE1TEERY Mihtt, 1977,
®) FELIX, MnBE: FREEEHHELEEE) (REXBHHEI VBEH 15, AARERBHE
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) RLL, BB, FRER: ThEpiss o RERSEEoRR) TRELFEHH) 19785

F2%, ARREEFRAGS) B,
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SHAREHA - 19784E5 8 L4,

FEXNF  KREEREM B P PEREREL 2 5
A, BE13240 (1 5454, 24E444, 35
43%) F, BIRTRRERE (14174
24144, 3EEITR) .

@ FEE
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NEREBFE| 706 | 57.1 | 29.4 | 52.1
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R REDIR LAY (87.5%) HVINEAOBM TR
FYERBEBRLTCED, FINEROESETHEYSE
BHLTWBEEM8\ (64.6%),
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14 24 3F | &t
1 FE M kM| 529 | 21.4 | 235 | 33.3
1 %4 B 17.6 | 28.6 | 11.8 | 18.3
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3 % M 0 | 21.4 | 23.5 | 14.6
3EMM £ 11.8 | 143 | 29.4 | 18.8
B EEONEFLE (52.1%) MHEE¥TH 144
T ERLTOHM Lkl LTHHY, RELV)H
FLUCAEE R - BE TR TV 5,
@ K
14 | 2% | 3% | &K%
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2 B[ 29.4 | 28.6 | 11.8 | 22.9
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B O/ N 2 R O E B CORTB L TR
i3, BEYIMEL 2 BEE CH B ks, LRROFH
HBEOREEANF L LEFEETHRER UEREE.
@ EHE

B AT L KB, SRR 2
%), NERE (12.5%), REDOEESLB(66.7%)TH Y,
BHIEE 30 2 REOBHREGD 55 5 KEAHEF T
REGEL, HTEOF — 7EBMI EAER L TRETH
NFELEETE Yy — A b o b $B(12.5%). D
flo, AR CTOAETETRELEALEE LD LESU.2%).
® FEHORM

% OREEE (66.7%) 11, BHEEiHETH
WERC 75 A>T B ERUTEY, B

B
KDL 3 2B b5, (AEBRIOLIEAT
15 24 3% | £
7 F 1 69.2 | 55.6 60 | 62.5
B ) 23.1 | 33.3 30 | 31.3
X e BO7.7 | 111 0 6.5
* @ f 0 0 10 0.7

LFEROHBELCHROERICET 5 & L YA TR
DR STeHELT, KD 5EEBRIFEF IS .
o HERDFEHEE Lo 1o, HED - 20
o WEBITHERM L X, HER -T2,
cHE L WHBECH LAdb\ i,
cHAEACBEREELD Lo T,

V SH¥REOEHRE

BUBEOHRYRIET 5 i, RfREEE L hg
AERCHFE L FOMRDIEED, PR TOREEE
RO KB RO SBEORET A P X » TRRIL

1. RETX FOEN

(OFERTA L Q@ -XEFAL QFEET AL

Tht SEEORET A Vv ERLEh, flnk
FESRH FEN={UEIXFEEN) ta} XA~ F
(a=3CF, HRELIEB) L LTw50 X5, R
DENERETHIERE LT, BED, ENHoRLT
BENFEECRENEZELLRENDTH 5, T 72
hearing, speaking o> REJ % 3ERS), 0T & DiEBIM:
REVA, REREZORBOMNHKELERL, FlicE
B7A reEKL,

2. BETX FORERR

(FE%ET A b : BBF53E6 A L),

@k - XWT A b : BlBFIS3LE 6 A b,

(E#ET A+ : IBFG3E 6 AT H~7 rbi),

3. RAE® '

KIREEREN B P bty 1 24540 (P EHE17
), 3434 (FUPIREEITR) .

4, RETFRAIMOARERRK

(1FERT R b

1440, OBEOEKR (B, char—#F), @OHFH
Oh (Bl 7 -3s —>album), QMEFEDOEIR (A
a. m—FR), OHFEOFREED (Bl 1 (watch) tel-
evision every day. 7 L W OZitg) o AFHEOTRK
Xy, H5ETOSE20EMBE LI,

344, LRO~QOBRR L 2MEOfli, QR
EOERLBY (. An (aunt) is a father’s or

0 TEFEORH LIS ( THABHERS BE - LVCKEEREE 18 KB 1976).
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mother’s sister.) ® BZEDE L85 Y (). work : wor-
ker=piano : (pianist) > 5 HOBRI L v, £108T
DA ORI Lz, '

(@ - X|T AL

143, OF 2R LK X 2 OBE -+ 5 B
You speak English.— (#343Cic) Speak English.) @
FEIBRSIC & 5 X, BHBSHRC OV TOME (B,
some, they, words, learn, new,—>They learn some new
words.) Q@HFEHBERNC X 5 FTE—BHRLOLEH R ic
DT OME (Bl Mr. Moriya (1. teach-2. teachs @
teaches) English.) %4 5 B oAt 15HEHE L 72,

3FER, EEOO~@DHARK & 5HED M, @
SRR & R HIcBET 5108 (B HIRErsT-
L7V w R TC\v&3, — He has been watching tel-
evision since this morning.), @GFTEILAK X HRiE
5, BRI 5M8E (4. We will go on a picnic
(if) it is fine tomorrow.) &5 HFOSH B EHH E
Lz

(3) WEF AL

143, EHERDZ LPFEDZ &Lt T
RERAT X hER Lz, BETIOEHE L,

#1. ° Does your father like baseball?

o What are these? (EH#i#R)

IHAER, HAKBRERREROFHEBBRERE
HERIFAMET A PITleb L, KBTI BRI
77 7 NEEMRO LD 1 FHBRFE I, TR
12o W25 25 7 DB TEMEE 2118 -T2
PRIREVE 5 BB LI, ‘

Bl XDAFS57

Jane plays the piano very well. She began to
play the piano five years ago, and she practices
for two hours every day Last Sunday there was

a piano concert at the City Hall, and Jane took

part in it. She played wonderfully. When the

concert was over, many people said she was the
best player at the concert.
o How many years ago did Jane begin to play the
piano?
o Does Jane practice the piano every day?
E#T A b oML, WEELD, NADELSE, X
EOELE, BEOHMle O, RISOEE RS bMm
BRLAS SMATRE L, s 3BV, F

HOBRELER, 727w, HI, AFLvR, BKYY,
VXA ERBEMCHMEL, 5 AR CRAE L.

5. WETALORR

R EE RN & PR AR IR R
HEEH L TEATHO R Y RS Ih®, 14440
ERPYBR VTR ECEEREIREE LT L
L, UTERT I ERMOEEROEIN LHKRE
Vo (3EADHFIAINAT T TS0 ICBE Lic,)
%%{X:$m%%#¥%%ﬂ.Y:¢#A%&@%ﬁ
2WEH X-Y : HEMOVSELEDX

14k

B e | s XA | B ET
X 40.7 42.0 36.5
Y 36.3 38.2 33.1
X-Y 4.4 3.8 3.4
354
| & Sk - BB - B R
X 41.7 42.7 40.0 3.9
Y 37.7 39.5 37.4 3.4
X-Y 4.0 3.2 2.6 0.5
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TEDENRFELARE,
OfEL b, BEFHOERNOTVHEDOEIEHIC
A &<, hearing - speaking DENFRL/NEL,
@ FOHBCt, FEMOVHEOERIFEENT
RTCOFFZ R NTHE N,

V BNEBEWOBRESEOFM

EHL BRI EE, H1~ 21, 146~ 16H
LEn2® (1 2@88R) % L T¥iuviv 5 HER
ThhrnbbT, BET A OFRIFEPEEORRE
2o ZYRTELEbIR, SROBIIEEOLRICOWT
BELREY 52T 5.

1. BT, B0 {—ogRiiky TR

HLPREEHF LOMH Y =2 2 3—HLTW

@) PRFISUERESS 2 [l 3 MEHET A + OMELER L, FREN CREEEREH BT P28 2

YLz,

© z= (z—»)? (n+m—2) nm

(82+Sy)(n+m)

Zo>Fln+m_g(a) ............ @

OOARCEEAMEERA LTRIfEY Zo L L, HEKE (MR ¥5%& LT LK,
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fevs, Lanl, F¥E, BHEEEORE (1.2

@) RUAET A KR (V- 5) 6, koM
B, RN EFEE BT % promotive 75 L 41
KEVWEEL2 B0,

HoT, TOXHIRBEANLD, RIEE R, FHED
HFEE BT B ER LR S, BLFIEDL0
ThiFER B v, FODiREK -4, KER,
TRIEOFEC L EELT, BAKIENDREALA
FRIRIEE BFLEXA L DHANDS V2T 1 2
=) BEZD LB IRB I ENKRYTH S,
2. WREHBEFEFOYRE L LT, BPHFIZIREIT
Shinsd, BFBLEECHTHRCHE R ERDT L
RTED, FWETA L ORBRW - 4)THRBLLLS
i, ZOEBBCHETCOVIORDIBEEIES N,

#2C, BB CEWT, Thboifer X hHE
BT 5 eI EE TR EFREEMH LI,

SR - REOHBAENIER-SETH Y, REH
B RIT 52T A0EERIRE . Thdr, RHEE
OIFEH L TEEROWB It b, 77
Lo — £ —ZOBBOFHLFRERC O LCTORRELKR
vtk s,

Hearing, spaking o fg#izo\ T3, speaking O#F
Bz BRI, listening 23 fafiikic7x - <8
NHRC A DOWTHIL USD T, $hIERREIIN
D A £ DRH K B &35 H Winitz 5 0360 w35
%, listening %% L, listening OS5 +05%2 %
HETHET A E0EE Ly,

3 R—n—FAFTHEIHIENCOWTL, FER
REEOHRYEMA T BRSS9, SH
DI T3, hearing, speaking Ik b B, 0k - R
OB H LTRVEELYRIEL TS, (N - 48R
R, RREEEAR, writing KOWTIRTAT 7N

» PEVWK LPOEFEORIBE LMEE LT v
LR ERTHE, BYPEENhECORBEECRET
promotive RRIRIC X 5 Db, HEEOYEHROER
X500, oIl X 50»BETiziv.

Linl, ZHhiXRHBFOTEEL2R G55 ~2T
By, SHECHBHTEBAELEE T LI -

BB

TEOBHYBETHEUNEND S, WThice ),

SRRy [T D fedicil, DOPIREBERE-T
FEIRLZENRYTHLS, Thdz, R BED
AR A EE L, HL ¥ T hearing, speaking D I
B ES LB EHG, YR - REOHK - BILITEL,
4 L35> reading, writing Rwcig8T 5z Lk
->C, BHBEL—BREY LW H LW,

4, FBOABENERE D THENEIE Ligh - 7ot
PR HEE L T A4« OYD R E LT, KEED
LD, ERREYHCO D, v XD
t¥, “language ego” o #HxiH, HEHEKMEOR
R REMZHT 5 REHBEOL S0 L 20FIHTHS.
Z OB O BEHY I MNG, HEEROWRLISRDE
THb,

V BHEBRHTONRE

BISEOEHIL, KOBOEOULN, LWES
o TERINS—MADD. KT, FPHFH
THHETORRE FDEEARORKCIHTIED
LM THB, Livl, 72 YA TOFLESORRE
RGFERD 5 b, ISR EmORE, LR
EDBlic—BTATChiAVF a2 T aDREEG5
Bz, AACLBAERLTCWSHEETHY, BRAacH
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(1) Finocchiaro, M. : Teaching Children Foreign
Languages. McGraw-Hill, N. Y., 1964.

(2) Valdman, A. : Trends in Language Teaching.
McGraw-Hill, 1966.

(3) Anderson, T.: Foreign Languages in
the Elementary School. A Struggle
Against Mediocrity. Univ. of Texas Press, 1967.

09 SRR, THERUCR-T DNERIC 10 5 NG ) LRI B0 L5 LT, 1KOR

e A EEEE promotive AR RIT T L H D, EWH SR ILTR,

S19T6EE IR RIEE).

(PHein g i

W) IEPRER : TIREXFEH L (CREEHHHI WTSER 1 5, ARREHIERRAGR).

1B B, BREA, KESAE, 0B, i TEHRK—hsbORESEEHE] CREXFEHHE
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HisEHE)

#lzvE, H H. Stern & A. Weinrib 13, 1960ERDHITHR T H)4 O BB TDreading %> writing
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Schuman, John H. : *Affective factors and the problem of age in second language acquisition”
Language Learning, 25, 2, 1975.
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Barik, H.C. & Swain, M. : “Three—year
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French immerssion program : the Ottawa

study” Language Learning, 25, 1975.

Stern, H. H. : "*Optimal age : myth or reality”
Canadian Modern Language Review, 1976.
FRREEK | TR ST — % ORI & (05
KEEERI BE - HLVRERER1E) KBN
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MBR—: TRIFEERE oD HI KEHEEE,
1976.

ARV TEEMINEESS HFRMEK, 1976.
FEARARE : THEFEHCRIHRE L RHEOBREE
Be) HRFEE, 1977.

FHEM, fb: TREYEFREEEORMO~Q1 THER

KEHEI IR, 19774 BS~19T8E3I AE).

PEFME : TREEEE LD > T (THEE

BEI RBEBE, AT 25 FEEEHTES, 1977).

PR THER 30 2 RN EESE | (TEng-
lish Journaly 7127, 19784E6 ).

ABEA : TREEBEEHFOESR] (TRELEEXK
Bl AAREEFRRIGS, 19785 19).
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An Image of Love Sustained
— On The Planter of Malata —
Gen-ichi NAKAMURA

In ‘The Planter of Malata’ (1913), Conrad depicts a case of frustrated love. In
association with Thomas Moser’s remark that love is his uncongenial subject, some
critics regard this story as a mediocre work, not to say a failure. It is noteworthy,
however, that in his Author’s Note to Within the Tides containing the story, Conrad
suggests the story reflects his romantic feeling connected with his past and that the
catastrophic ending of the story is necessary from his aesthetic point of view.

The story follows the process in which an ideal image of love in the hero’s mind
is gradually destroyed by the sophistication of a civilized woman.

The purpose of my essay is to interpret the author’s intention of the hero’s death
in the concluding part of the story. The hero’s image of love is found to be identical
with the author’s nostalgic image of the sea which, as he says in his Author’s Note,

was spiritual sustenance throughout his life. Indeed the image of an eternal love

is pursued by the hero swimming in the sea toward the peace of death.

v Gy FiY, BEEYGOHDNRDT — < 12 ]
b BRI, ThoOEREBALRETRE R
Vo BRI VS y FORBERERIEE T —¥—
XE 5, D& hoBDOFLEYH# - The Planter of
Malata’ (1913) W TCOFAL B EIXT X eV,
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REFHO,
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&, Thicit EARDEE, fEEORNE LOEEN
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WHEWD, F0%, HEEARDLbR, T—%—%K
Wiz EaBSERTE, EAMARD TLEFRORE
A OBE[TH Tl Enb, XORKAF VAL —%
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Ductile Fracture of Carbon

Steel under Cold Metal Forming
Conditions (IstReport, Tension and
Torsion Tests under Pressure)

Hideo SEKIGUCHI et. al.
Bulletin of the Japan Society of Mechanical
Engineering, Vol. 20, No.150 p. 1557-1565
December, 1977

Tensile and torsional machines have been developed
for testing under high hydrostatic pressures up to 4
kbars; experiments have been carried out using thees
machines to investigate the mechanics of ductile
fracture of 0.25% C steel. The strain at which fracture
nuclei (voids or cracks) begin to grow is deter-
mined by a method in which the hydrostatic pressure
is changed during deformation, and it is shown that
the strain at which growth of nuclei begins increases
with pressure. The rate of nuclei-growth is suggested
to depend on pressure and strain. Based on these
results, a criterion for ductile fracture strain in torsion
tests is proposed taking the pressure history into
account, and it is found to agree with the experim-

ental results of various pressure histories.
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Ductile Fracture of Carbon Steel
under Cold Metal Forming Conditions
(2nd Report, Effect of Metallurgical

Structure)

Hideo SEKIGUCHI et. al.
Bulletin of the JSME, Vol. 21, No. 158, p. 1236-1243
August, 1978

Torsion tests under pressures of up to 4 kbars are
carried out to investigate the mechanism of ductile
fracture of 0.33-0.54% carbon steels of various micr—
ostructures. It is found that the strain at which
fracture-nuclei begin to grow is affected by the
carbon content, shape of cementite and hydrostatic
pressure, whereas the strain from the beginning of
nuclei-growth to fracture is not affected by these
factors. A criterion for ductile fracture which acco-
mmodates the metallurgical factors is proposed.
Microscopic observation of the fracture process of
0.25% carbon steel is carried out under a scanning
electron microscope. The observed result is related

with the initiation strain of nuclei~growth.
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Tensile and Compressive Stress
Problems for a Rigid Circular
Disk in an Infinite Plate

1. Mizushima (Nara Technical College)
M. Hamada (Osaka Univ.)
T. Shakudo (Osaka Univ.)
Bulletin of the Japan Society of Mechanical
Engineers, Vol. 21, No. 159 p. 1325~1331
September, 1978

The plane stress problem of an infinite plate,
which has a circular hole with a rigid disk inserted
in it and is subjected to a uniform tensile or comp-
ressive stress distribution at infinity, is treated in
this study, assuming that there is neither friction nor
cementing between the plate and the disk, and that
the diameters of the disk and the hole are identical
in the unstressed state. This problem is solved by
adopting a numerical method in which the general
form of the stress function expressed in the polar
coordinates is recurrently used, and numerical results
for the stress distributions and the displacement

distributions on the contour of the hole are presented.
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Conduction And Breakdown In
Polymers

*Y, Inuishi, *K. Yoshino, *S. Harada and J. Kyokane
*(Faculty of Engineering, Osaka Umiverity)
1978 IEEE International Symposium on Electrical
Insulation June 13, 1978 (lecture) Philadelphia
(Pennsylvania ; USA)
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