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Lousiana State University. His interests lie in the areas of arctic hydrology , coastal
morphology, and coastal defense systems.

(‘. Scott Ij t t leton ,  currently Resident Director of the Califo rnia Private Universities and
(‘olleges Year-in-Japan Progra m in the Internat ional  l)ivision of Waseda Unive rsi ty .  is
associate professor of anthropology at Occidental (‘ollege , Los Angeles. lie is a specialist in
comparative mythology , especially Indo -European , and in the anthropology of religion.
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I% TH INTERNATIONAL SYMPOSI UM ON ATHEROSCLEROSIS , TOKYO , JAPAN

Nicholas T. Werthessen

On 22 August I took off on a trip that  appeared a potentially pleasan t one but  which in
fict produced symptoms of “jet lag ” that  lasted for over two weeks. Pan Am ’s new nonstop
flight from New York to Tokyo required 13 hours , at the end of which one is 13 hours
ahead of his normal rhy thm.  I have not previously seen a group of seasoned trave lers so out
of kil ter at an intern ational meeting. However , the session realized its potentials and was
worth the discomfort.

At the last meeting in Berli n . the Japanese delegates competed with the Texans for the
sit e of this one. Both had a strong case. The Texans spoke of the bicentennial , the Japanese
of the fact that they were developing competence in the field and the session would prove
beneficial to them. They were emphatic on the mat ter  of adequacy of funds. The vote was
close at the committee meeting . The writer , in fact, ti pped the scales in favor of the Japanese
and angered hi s Texas colleagues. Two years later the Texans were delighted when they
recognized the shortage of funds that would have embarrassed them , and in Tokyo they
thanked me for my prescience . As it turned out , our Japanese hosts outdid themselves , in
spite of the fact tha t  th ey too had to function in a declining economy.

This t r iennial  meeting of those working on atherosclerosis is more a symposium than a
session devoted to presentation s of recent research. Such papers arc presented , but lecture s
by chosen leaders in a field and workshops pre dominate and thus everyone is exposed to a
high level of expertise. There were a number of p lenary sessions , of which I have chosen four
for this report as having primary relevance to naval medicine. The four happen to he the fi rst
tour presented , which by their position set the tone of the session.

Dr. (‘ol in Schwartz ( Research Division , Cleveland Clinic , Cleveland , Ohio) gave the fi rs t
lecture , which concerned the permeabi lity of macromolecules into the arterial wall and the
difference in permeability in various parts of the artery. Schwartz grossly delineates the
different  areas by the use of trypan blue (given intravenously ) which penetrates very specifi c
regions. These occur in the aorta at the orifice of the a fferent arteries or at sites of injury,
an d are , in man and other species that  develop the lesion spontaneously, the sites of
predilection for atherosclerosis. The dist r ibution is the same in animal models responding to
dietary stress or specific agents.

The essence of Schwartz ’s conclusions is that macromolecules move with ease through
the blood vessel wall. They do so the fastest in the blue-staining atherosclerosis-prone areas.
As to the “why ” of this , one can offe r several explanations. One of these is based on the
fact that in the “blue areas” there is a higher turnover rate of endothe lia l cells than in the
areas that  do not stain with trypan b lue. Those who are devotees of the “f i l t rat ion
hypothesis” as to the basic cause of atherosclerosis see in this increased penetration rate of
the larg e lipoprotein molecules support for their hypothesis. Those of us more mechanisti-
cally minded perceive the situation as one in which the under ly ing cells work harder and
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need more nutr i t ion to do their job; the high turnover rate ~f the en dothelj um is but another
indication of the mechanical load on the system.

Fluid dy namicists  hold that  the site of the ori fice is the one where there can be trouble
trom their  point of view. Thus a physical science aids e i ther  view as to the dif fi cult ies that
are pert inent  to this phase of the system.

Schwartz ’s presentation set the stage for a lecture by Dr. J. (‘. F. Poole (Pathology
Department , Universi ty  of ’ Oxford , England) on the en d othe l ium . its integri ty,  a n d ho w t h a t
integrity is maintained.  Poole described experiments in which the endothe l ium had been
damaged , and discussed what happened afterwards and the  need for en dothe l ial  integr i ty  to
maintain normal arterial function , lie left the audience with the impre ssion that reconstitu-
tion of the endothelium is a long—term process . Thi s I f ind erroneous unless one adds the
qua l i f i ca t ion  that  the rate of reconsti tution is a funct ion of the  species wi th  which one is
working. It so happens that  this is a long-standing point of argument h etween us. We are two
of the co-authors of two papers on regeneration of the p scud o int ima in baboons. To a third
co-author , the late Lord Howard Florey, and to me , it was ext raord inar i ly  rapid as compared
to the rabbits on which Florey and Poole had based their  earlier in te rpre ta t ions .  To Poole
the si tuation was in nowise the same.

Naturally I th ink I am right. Poole feels that  he is. It is really a mat ter  of small import
except insofa r as human therapy of arterial failure is concerned. If one takes Poole ’s
viewpoint , the rabbit data indicate that surgical inte rv ent ion will not he of great permanent
value. Contrariwise , a recognition that  primates behave dif ferent ly  from rabbits could
encourage specialists in vascular surgery to use primates as models for various interventions
not yet in current practice. One such would he the formation of “art if icial  arteries” by
subcutaneous induction of a connective matr ix  surrounding an induced lumen. This approach
would permit the surgeon to use an “artery ” for a bypass inst ead of a vein as is commonly
done today. A vascular surgeon and former ONR contractor in Boston tried this  out in a
baboon after working with poor results for years with dogs, lie reported surprising success .
and it is regretted that he did not publish .

Aside from the implication of specks dit ’ferences in endothelium regrowth , the
combined thrust of the Schwartz and Poole lectures was important  to further research on
atherosclerosis. That thrust was the delineation of the role of the endothe l ium in mainta in ing
arterial integrity. Schwartz showed that  blood const i tuents  can pass throug h it:  hut  he also
showed that  such movement through the endothe l ium was a controlled process. Not all
constituents of the plasma are permitted comparable rates of passage. Poole ’s delineation of
the abi l i ty  in all species for regeneration of arterial endothe l ium , thus  permit t ing replacing
injured , lost , or dying cells , pointed tip what such loss meant in the progressing lesion.
(Here , too , the audience of specialists did not need to he reminded of a current practice in
animal experimentation , viz., the technique of “endothelium stripping” by passing an inflated
balloon through the artery . An animal so prepared will develop more lesions per unit time in
a dietary stress regimen than the untreated control.)

In summary then , one can say that it is now clear (a) that  the endothe l ium , by
regulating the rate of passage of plasma constituents to the subjacent smooth muscle cells ,
plays a significant role in the metabolism of the arterial wall :  (h )  that  to main tain that  role
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the endothe l ium has a significant regeneration capacity continuously funct ioning  to keep the
arterial  surface intact :  and (c) when endothelial  cells are lost , for any reason , the subjacent
tissue is exposed to noxious influences to a far greater ex tent  than  was once assumed from
the histology of the organ.

I)r . Wilbur Thomas (Department of Pathology, Albany Medical College , Albany ,  New
York ) gave the next lecture. In it he reviewed past concepts of the etiology of atherosclerosis
and tried to fit them into an historical perspective. The Japanese could not have chosen a
better person at this particular time. Dr. Thomas was trained as a pathologist.  He is younger
than 1. When we first met as antagonists at meetings . he did not have my exper ience in the
laboratory discovering tha t  theories in biology have very short l ifet imes.  At one such session
after we had presented data indicat ing that  an artery had some control over what  happened
to it , Thomas l)resented his paper. lb s concluding comment was in effect . “These data prove
the adequacey and accuracy of’ the fil tration hypothesis in explaining atherosclerosis. ” He
also glared meaningful ly  in our direction.

Some 20 years have passed since then.  In fact , his group has cont r i b u ted  heavily to the
concept that  once a lesion has truly developed , the cells in that  lesion have a different
“modus vivendi” than the cells from which they were derived. Thus when Bendi t t  came
forward with the concept of a monoc lonal origin of the atherosclerotic lesion . Thomas and
his group were in an excellent position to study it. This they have done.

In his lecture Thomas summed up the current status of their studies. Using material
from women with the appropriate isozyme genes on their X chromosomes they have , in the
writer ’s opinion , come forward with a more appropriate analysis than provided by Ben dit t .
Their concept is as follows:

(a)  An area of the aorta is exposed to the appropriate insult.

(b)  In  responding to that insult the various cells increase their rate of mit o si s .

Ic) Along with that change of rate of mitosis , some of the cells , when dividing,  produce
daughters with a change in the heredita ry code or a change in the overall interpretation of
the code. (Sort of a late example of differentitation. )

( d )  Within this population of altered cells there is also a wide difference in ( I
competence to maintain the higher rate of cell division and (2 )  the number  of divisions the
cell line can undergo before cell division comes to its obligatory end.

(e) Thus , given an old enough lesion , it is to be expected that , within the l imits  of
toda y ’s abil i ty  to discern isozymes, an old lesion would appear to he monoc lonal in origin.

The wri ter must state here that as far as he is concerned this concept better explains
Bend it t ’s, Heptinstall’ s, and the Albany group’s data than any currently at hand. lie is aho
pleased to record that  this time Dr. Thomas did not conclude his lecture with the fo rcefu l
comment he made 20 years ago. Instead he showed the wisdom he had gained in the interim
by a mild statement implying only that  this is the  way things appeared now , and it would he
interesting to see where things stood three years from now.
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The next  speaker , Dr . Fl speth Smith (Department  of Chemical Pathology,  Universi ty  of
Aberdeen , Aberdeen . Scotland ) , is f / u ’  current  au thor i ty  on the subject of ‘‘What is in a
human .itherom a in t h e  f ’orm of lip i ds , prot e in s , e t al. ’’ Unt i l  the “Li t t l e  L ind au ” confe rence
held in I Ieide lh erg three years ago af ter  the Berlin meeting ot th is  symposium , she had never ,
i n any of her papers , stated publicly what  she thought  her data  meant.  On that  occasion she
sta r t l ed t h e pat h ol og ists present by point ing out that  her data could only be taken to mean
that  the “fat ty  streak” was the recovery phase of a response to an injury and that  it was not
the beginning of the a theromatous process. Instead she pointed to the “gelatinous lesion ” as
the real beginning of ’ the process . After the meeting a group of American pathologists , who
unt i l  tha t  t ime had paid l i t t le  a t tent ion to a few German pathologists who had defined the
gelatinous form , banded together to study the point. The writer has not yet heard of any
contradiction to Smith ’ s conclusion.

In Tokyo Dr. Smith did it again. This t ime she took on the thesis that lipoproteins were
the root of all evil in atherosclerosis. She now had at hand a sufficient  number  of aortae
from pat ie n ts  who , when they died , had the following conditions:

( a )  Normal lipoprotein levels and a normal blood pressure.

(h )  Norma l lipoproteins and hypertension.

( c )  I lyperl ipoprote inemi a and hypertension .

From these patients she had obtained normal aorta l tissue close by a chose n constant level
of development of atherosclerotic lesions. In the following table she gave the actual con-
centrations in representatives of the three groups and stated that  they were median values:

LIPO PROTE IN-BOUN D” (‘HOLESTEROL IN NORMAL
I N 1 I M A  AND E A R L Y  FIBROUS LESIONS

Serum Int imal  Lipoprotein Cholesterol
Subject C’holcstero l Blood mg/ I 00 mg Dry Tissue

Sex and Age mgI 100 ml Pressure Normal Lesion

F .32v 130 130 1 .3 3.2so
M. 6 I y  267 139 3.8 6.2

80
M49 y 33) 269 -

~~~~ 6 4  12.5
130 120

I)r. Smith sagely permit ted her audience to have t ime to read the table , then she drew
at tent ion to the fact that  (a) the patient  with both problems had normal tissue containing
lipids at a concentration equa l to that  of the lesions pa t ien t  wi th  hyper l ipidemia alone: (h )
that  the normal tissue of the patient with the two diseases contained more lipid than  the
lesion tissue of the patient who had neither problem: and finally (c) she pointed to the
obvious extreme range of lipid concentration in normal tissue. Then she came forth with the
only obvious conclusion. I believe I can quote h e r  verbatim: “It follows tha t  hyper lipopro-
teinemi a can play, at most , hut a secondary role in the etiology of atherosclerosk
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Thus , as Dr. Thomas pointed out earli er , as the  d a t a acc umul a te precon cept io n s have to
be al iered. I h owev er , in this instance , the nonexpert  reader of this  report who happens to
have a high cholesterol or other l ipid should not take comfort from Dr. Smith’ s findings. The
r e la t ionship  between the probabil i ty of a m ocard ial infarct  and hyperl ipidem ia of any sort
st ill stands.  It has been known crudely since the Metropol i tan Life Insuranc e (‘on ipany made
lt~ sttl ( l y on the relat ionship of obesity and shortening of life expectanc y in the beginning of
the 20th century.  The only t h ing tha t  has changed is the manner of expression (now it is not
pound s overweight but blood levels ) . Thin l)eoPle still  live longer , on the  ave rage , than fat
people. The~’ will  cont inue  to do so even if the level of lip ids i n a n obese pe rson ’s b lood i s
not an initiat/ng factor in the  a th eromat a  in their  arteries. There are a number  of reasons for
th is  tha t  are not germane to this report.

I was pa r t i cu la r ly  for tunate  on this visit to a country whose language was beyond my
l ingu i s t i c  capabil i t ies to have two colleagues who had no problems. The first of these was Dr.
K. 1. Lee . formerl y a South Korean: the second , Dr. II. Imai , formerly a Japanese and at the
time on sabbatical  leave in ‘Fokyo. Both these men are on the faculty of Albany \led ca l
College and col laborate wi th  us on the roles of th e oxidation products of cholesterol as the
sou rce of ’ the atherogenicity currently generall y at t r ibuted to cholesterol.

l)r .  lt i i ai  was working  at the Tokyo Met ropol i t an  I n s t i t u t e  of Gerontolog y .  Before his
depart ure we had planned to give a paper at the session on the ab i l i t y  of 2 5-l ivd roxv
chole sterol and t l t e  3,5 ,6 t r ihy droxy to induce lesions in the p u lmonar Y artery of rabbits
when given intravenously in a saline suspension. I)uring his stay in Tokyo these studies took
an unexpected h eap forward.

The prior work in Albany had been done on rabbits  of the Ne w Zealand White  strain.
Pathologists who had seen the preparations were duly impressed , h u t t h e two facts , (a )  t hat
the  agen t s  were infected intrave t iously in suspension and (b) that  the response was observable
(mit in the pulmonary arteries , caused a bit of eyebrow elevation. The anatomical  r at ionale
for the  l i f ted  ey eb rows is as follows :

( I )  T h e  ear vein was the site of injection.

( 2 )  From the ear via the jugular . the 1)100(1 enters the ri ght heart  and is pushed through
the lun gs via the pulmonary ar ter y .

(3) The lung  is known as i/ u ’ t’iltering organ for the blood.

4 )  Thus , one could expect the crystlas of the agents to be caught up b y the lung and
the loca l dosage to he far greater than  the nominal 10 mg/ki lo that  had been administered.

( 5 )  The “t rad i t iona l ”  site of lesions the rabbit ’s aorta when fed cholesterol — had to be
examined in detail  by electron microscopy to see any effect at the time the pulmonary arteries
were seen narrowed on gross inspection.

In sum , to make this four—day findin g p alatable  to others in the field who spent 10 to
16 weeks feeding rabbits  large daily (loses of cholesterol , there had to he evidence of aortal
involvement.

5
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lmai is a hard worker who gets a lot done . Thus , it did not take him long to use up the
New Zealand White  rabbi ts  available in the lahoratory . In order to keep on going, he did
some prel imina ry studies wi th  a strain known as Japanese White .  In these the aorta l damage
was so pronounced , at the same time the pulmona ry arteries showed the expected response ,
tha t  the re could he no doubt that  a great deal of the agent had passed throug h the lung.

This sort of species ’ specificity and strain diffe rences wi th in  species is a well known
proble m in model ing bio logical systems and in bioassay. In fact , som e say it is a truism t h a t
the toughest stage of research on a problem is matching species and strain of animal  to the
problem one is tackling.

Ima i  then began an inves t i ga t ion  of t h e  variou s strains of rabbits available in Japan.  He
found one other of great potential  value to atherosclerosis research . This stra in develops
hivperc hi olestero l emi a spontaneously a n !  shows arterial lesions as well. To bot h Imai and me ,
this s train of rabbit  (known to be a mutan t  from the parent stock) is the only strain t h a t
deve lops spontaneous atherosclerosis.

Thus , in a strong sense of t h e  tern i , this strain of rabbit  is s imilar  to the Wh ite (‘arneau
pigeon. It . too , was a muta t ion  derived from a pigeon strain that  did not develop atheroma.
When the  two strains were crossbred , geneticists were able to show that  the t endency to develop
lesions was based on severa l genes and modifiers of them.

The pigeon model , h owever , is not as good a rep li -ii t i on of the human  problem as is the
rabbit .  The two strains of pigeons showed ident ical  levels of cholesterol and other l ipids in
the ir blood. In man , as indicated above . there are all sorts of blood lipid levels , and the y do
have an effect on the amount  of fat in both the normal and lesion port ions of t h e  a r t ery .

Last . hut  not least , the rabbit is a mammal.  I ts  biochemistry is closer to t h e  primate ’s
type and it is a larger animal .  Much more can he done wit h  it to get to the f inal  answer than
with the pigeon .

At the moment our separate ins t i tu t ions  are seeking special quar ters  for sh ipment s  of
these strains. We cannot use the  regular animal  faci l i t ies for several reasons . Among these are
disease and cost of maintenance.  Ins t i tu t iona l  animal  quarters are rigged more for boarding
than breeding and , as such , must meet codes set up for animals  used in exper iments .

Our problem for the moment is much more t h a t  of a farmer: m a x i m u m  product ion . i t

minimal  cost. As soon as we get it solved , we will  import  the breeding stock alread y
promised to us.

As to our paper wi th  the  new data on the Jap ane se Wh ite r abb i t s , we were ab le to
answer all the objections before they were rai sed. Those present were impress ed , a nd we are
ce rtain that  the needed repetit ion of our studies will be done soon. The t i t l e  of the paper
was “Arterial  Lesions by Oxidat ion Products of (‘holesterol. ” 11w authors  were l)r. I lideshige
lmai , Albany Medical (‘ollege , Albany,  New York:  I)rs. Albert I I .  Sub way and V .
Subramanyam , Northeastern University, Bosto n , Massac h u s e t t s . [)r. Nicholas I .  Wertl ies sen .
Brown Universi ty ,  Providence , Rhode Island , and the Office of Naval Research . Boston .
Massac husetts .
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‘I ’HE ANOMALOUS W I NT E R TH UNDERSTORM S OF
THF HOKUR I KU COAST

Marx Brook

INTRODUCTION

l it  1974 , at the 5th Internat ional  Conference on Atmosp heric Electr ici ty .  T . Ta k e u t i  and
M. Na ka n o  of Nagoya Univers i t y ’s Research Ins t i t u t e  of ’ Atmospheri c s reported st dies
winter  thunders torms in which 9 out of 10 cloud—to—ground l igh tn ing  flas h es brought  po s i t ive
charge to ear th .  This report produced a host of comments from scientists  at the  cont cr ence
who, in general , expressed a healthy skepticism regarding the polarity of the li gh t n i n g  strokes
reported. In “normal” thunderstorms (summer-t ime occurrence in temperate l a t i tudes ) ,  more
than 90~ of the cloud-to-ground discharges lower negative charge to earth.  Positive current s
to ta l l  b ui ld in gs a nd towe rs, such as the Empire State Bui l ding,  have bee n observed and
reported , hut  such discharges to open-terrain are exceeding l y rare. This wri ter  has made
nieasuren ients of l i te ra l ly  thousands of’ lig h tn ing  strokes to ground and , wi th no except ion s,
all s t rokes observed brought negative charge to earth. So it was with great intere st  as well as
skepti c ism that  we waited f or  addit ional reports from Takeut i  and Nakano .

In 1975 , Takeuti and Nakano reported measurements from summer thunders torms in
the vicini ty of Fukui  in which most strokes to ground were of the normal type. Thus, the
winter  thunderstorms of the Hokur iku (‘oast we re defini te ly “upside-down ’’ e lect r ica l ly ! At
their  invi tat ion and with NSF and ONR su pport , we joined wi th  the Nagoya Uni v ers i t~
in vest igators to study in t’iner detail , t he e l ectrica l nat ur e of t h e “~no n) alous ’’ win te r
thunders torms of the Hokuriku Coast.

THE HOKURIKU STORMS

The liokur iku ( meaning north land )  area of the main island of Japan is a short s t re tch
of coast line bordering the Japan Sea. ‘rhe coast runs roughl y in a SW to N I -  d i rect ion f rom
Wakasa Bay to the t ip  of the Noto Peninsula.  In the win te r  cold . d v  air f l owing SSW trom
Siberia picks up moisture as it passes over the Sea of ’ Japan.  A warm curr ent  f rom K v u s h u
flowing roughly parallel to the I lokuriku coast about 60-SO km from the shore line . p~o~ ides
a source of addit ional  instabil i ty over wh ich cumulus  clouds form and intense convect ion
sometimes ensues. The storms grow as they approach the land dropping about 300.400 mm
of snow and rain (luring each of the months of December and Janua ry .  I)espite the heavy
precipitation , the storm clouds seldom exceed 5 km (16 ,000 It) in height.

The heavy snows (e .g., 45 cm overnight ) are usually preceded by a small storm . i.e.,
e lectr ical ly sma l l , producing usually only one or two l ightning flashes , ‘Flue f ’olklore is
intersting on this  poin t :  the storm is called lpp ats ura i , meaning single flash , and the cloud is
called Yuk i okosh i . or ‘‘snow caller ”. ( ) h v iouis I~ , this win te r  thunders torm has long been
recognized as the precurs or of f l u e  very heav y snow falls f o r  which the H ok u r ik u  coast is So

well known.
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h u e  s torms are L-onv e Il ic  it  lv d ivided i n t o  two t V pes . The lppatsura i  , or single f lash
s torm appear s  to I )rm ia a monsoon t y p e  air flow , while  the p as suu ig of a cold f ’ron t wi l t
t u s u , i I l ~ result  in .i s torm w h i c h  w i l l  produce t ro ll) I D  to 30 f lashe s over a period of about

o hours . I ) e t . i i l e d  s t . t t i s t  ica l da ta  can be found in T ake u t u  and N a k : u i i o  ( 1  976a and
l~Y’6b 1.

F i l l -  l9 ’~ 7 %S IN [ER R I  SI - .-~ RCH PRO (;RA\1

[he I t) ~~~~~ 77 pr ogram of re search was a jo in t  e ffort he tw ~ cn the Univers i ty  of Ilokkaido
I ) epar t  m en t  of ( eophv sies . unde r  Dr. (‘hoj i Magono . the  Nagoy a U n i v e r s i t y  group u n d e r  Dr.
Foshio T a k e u t u , and the  New Mexico  Tech group headed by the wr i te r .  The Japan part of
the c o o p e r a t i s e  pr ogran i was headed by E)r. Magon o . whose group made surface and bal loon
measurement s  of e lectr ic  tie lds . elect ri c charge on snow and rain , and th e  shape and
popula t ion  of snow c ry s t a l s . The Nagoy a -and New Mexico  groups carried out a unified
pr ogra m of mul t i - s t a t i on  electric h eld and field—chan ge measurements  for the  s tudy  of
l i g h t n i n e  p.i r a mete r s  and the overall electrical  properties of winter  clouds. In addi t ion , a 5 cm
was .‘ len g t h radar  was  oper ated ( lur ing the storms to provide storm locat ion , veloci ty .
p rec ip i t a t i on  i n t e n s i t y  es t imat c~. and the height  of ’ p rec ip i ta t ion  echoes . . -\ r ad io son de  t racker
was a v a i l a b l e  for the  balloon f l i gh t s  to rece ive the te leni et ere d data which , in addi t i on to tile
elect r ica l  parameter s . also coui t a i ned  at mospheri c pre ssur e i n f orma t ion .

In t h i s  report  we sha l l  concen t r a t e  oii ( l e t a i l i r i g  tile n i u u l t i s t a t i o i l  e lectr ic  f i e l d — c h a n g e
m e a s u r em e n t s  a long w i t h  some i n t e r p r e t a t i o n s  and imp l ic at ions  ot the  resul ts .  Because th is
rep ) r t  was wr i t ten  two da~ s b et ore  t i le  end of the  obs erva t iona l  period , t lu cre ha s ii t been
en ough t i m e  to compare the  balloon measurements  w i t h  the suir face n i u l t i - s t a t i o n  i i i C ;is lure -
men t s . nor t o  a n a l ~ ic a l l  ot’ the  f lashe s recorded.

1W 1- L I - C T R I ( ’  F li ’IL I) - (’ lI \ N ( ; l -  ‘1I-;A SURI ~~1ENTS

-\ sp l i er i ca lb .  shape l ch ar g e . 0. lo cated at  cOO r ( l i l la tes  x , v .i where t is t h e  h e i ght  abo~e
ci u u i d .  and  \ and are f l u e  ~ F( cc ted coord ina te s  on the surface  p lane . wi l l  pr oduce a
ver t ica l  elect ri . f i e l d  I a t  a suu r lace  h c ;it  ion I x~. V j  ) given by

20’- : k ‘ — - - -
,

- - - - - .~ ‘where
+ (v - y 1 ) —  + z—J

k in \1 NS un it s is given h~ K I ~(4rc 0 . The n u m e r a t o r  ~0i us tile dipole moment  of t h e
charge 0 and i t s  image —0 in th e  s u r f a c e . a s s t u r n ing  the earth is a good ci ) l l d  i i c t o r  in the
e l e c t r o s t a t i c  • i i y ~

An v~’r.ilI ~t- r rej dal Ic .i& ( Li nt of tii~ si’ w inter %lk r IT I ~ h_,qs hceii ‘ iven by I . 1. N’rc~’, ‘1 ~
(, , I $ p 7 ( er lILiL,L,J, - r S( , , r ??,%

in Jap~n; 1 !/a .-
~iri 

r,, ,IL-wtu,,, , ‘~.i~ . u i Rescj r ~ t i Re~ ivws , Vol . \X I~5. N~ . (‘ , p. 1 2 .
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\\ hen a h i f 1h i t l u ing  f lash to ground occurs , we assume that some fraction (or all ) of flue
charge is e f f e c t i ve l y  netitra lited . and . b~ superposi t ion , we may write our equation in the
same t u r i n , i.e. , a change in electr ic  f i e ld  ~ l -~ produced by a change in charge ,, .~Q, will be
measured at t lie i t ht st at ion  as

— 2L~Q) z
— k 

l (x’x~ 2 + (y :yj) 2 +

I-or a ground stroke , the charge ~ Q may he thoug ht of as “effect ively lowered” to earth (or
a charge of opposite po la r i t y ,  - ..~Q, raised to the cloud).

l’he above discussion , t hu oui g h brief , i l lustrates  how we m a y  u t i l ize  the measurements  of
field changes . ~ I j , at a n um be r of s ta t io n s t o i n f ’er polar i ty ,  magni tude , and locations of
char ges  brought  to earth by l igh tn ing  flashes. For examp le . since a sing le charge and its
locat ion in space is describable by the  four variables x ,y, z ,Q. it is in prinicpa l possible to
de t e rmine  its  magni tude  and position by independent  measurements of ~ F made at four
stat ion s s imu l t aneous l y .

INSTRU M t - IN T -~TION

a. Sensors. The basic ins t rument  used in the lightning field—change measurements is
h igh-impedance , electrometer type amplif ier  known as a “slow ” antenna. ft consists of a flat
plate an tenna  app r o x ima te ly  35 cm in diameter which is connected to a charge amp l if ’ier.
The a i t t en mia  and circuit  are shown schematical ly in Fig. I . A change in electric field ~ F ,

produ ces a change in ti le induced charge , .~Q. on the flat plate. Thus, ~ E = -42~-__ , where eo
CO ‘neff

is the perm ittivit y of free space , and Aeff is t u e  effective area of the plate.  Since the change in

ot i tp u i t  v o l ta g e ~ V0, of t i t e  charge amp l if ’ier is given by ~ v0 = ~~~~~~~ we get ~ V0

A “ f a s t ’’ antenna  is essentially the same ins t rument , hut  with a t ime constant of’ about
100 microseconds instead of 10 seconds. The fast an tenna  is used to empl iasi~e t he rapid
changes in electric field such as are produced by lig h t n i n g  discharges . as compared to the
slow ante i1 .ia which responds f ’a i th f ’u lly to the slow as well as the f’ast changes . but which , as
a consequence . must he operated at lower sensitivity to keep them within the uhynamic range
of the ampl i f ier .

Also operated in this  s tud y were electric field meters located at three of ’ the t’our
fie ld-change station s , and a video camera tape recorder system of ’ I 20° az imutha l  coverage.

h. Recorders . As discussed earlier , the lppatsur ai  storms produce as few aS one li ghtning
flash per s torm , It is t h eref ’ore impor tan t  to record ei ’er i- event , and to accomplish this we
used t h e  auto-reverse tape recorder. Thus recorder , using special tape , will ruin cont inuousl y
for as long as 5 day s, af’ter which t ime the tape must he replaced. The tape is run at 3 ‘ L ’ - ‘sec
and will provide a reel-to-reel record for approximately  2 hours in each direction. After the
occurrence of a l ightn ing  event which is noted at fl u e main station in Unoke , there is
approximately  4 hours of ’ recording t ime at each station before tile event is erased. [)espite
the heavy snows it was usually possible to change the tapes w i t h i n  this  four hour period.
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STAT ION LOCATIONS

[)a ta were obtained f r o m  a slow and fast antenna located in the Nagoya University ’s
inst rumen ta t ion  bus at Unoke, about I 5 km NN E of Kanazawa.  A high and a low gain
ci lannel for each ins t rument  required flue use of two auto-reverse stereo recorders. Two other
stat ions , one to the soutileast about 4 km distant , and another  to the southwest about 6 km
distant , were outfitted with u a slow antenna and a single high and low gai t) channel
auto-revers e recorder. The fourth s t a t i o n  in the network was located approximate ly  9 km
sou thwest of Unoke, near the city of Kanazawa.  Here too , we reco rded a h igh and low gain
slow a n t e n n a  ch annel.

RESULTS

We can indeed assert , wi th  Takeuti  and Nakano, that the i l oku r iku  storms are very
dif ferent  fro m t ile usual summer thunders torms , not only in the polarity of the charges
brought to earth , hut  in other features evident in the fine structure of the electric
f ield-changes:

a. Tile charge lowered to earth by ground strokes is positive in tile seven out of eig ht
flashes a nalysed to ( late.

h . In storm A of I 2 / I  7/76 , three ground flashes were identified , a n d in each case, the
return strokes not only lowered positi ve charge . but were followed by a long-continuin g
current .  The magnitude of the return stroke field-chan ges was less than about 5’~ of the
field-change produced by the continuing currents which followed ,

c. In storm B of 12/1 8/76 , th ree ou t o f four retu~ n strokes ident i f ied lowered positive
charge to earth. One of these was a single stroke flash: the other two each consisted of two
return strokes , revealing that  the “anomalous ” l ightning also occurs in mult i ple  stroke flashes ,

d . The time inter val between the individual strokes of a mul t ip le  stroke flash ) is more
than twice as long as is found in “normal ” sto rms.

e . By comparin g tile sign and magnitude of leader field-changes from each of tile four
st at io n s, it appears probable that  the lig h tn ing  charge is often located in-cloud at a heig ht
considerabl y  lower than in “normal’’ storms .

f . In qualitative agreement with c’ above , it appears that the m a x i m u n u  surface electric
fields beneath the winter  storms is hig her in value than in sum mer thunderstorms. Values of
electric f i e ld  as high as 20 ,000 V/m were a common occurrence for prolonged periods.

g. Although the number of light ning flashes per storm is small , the hi gh electric fields at
the surface persist for a considerable period both before and at’ter the flash. F r om tills
observation we infe r the existence of hi gh electric fields wi th in  tile clouds it itlzou t th e
occurrence of detectable discharges.
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DISCU SSION -

The mult iple-s tat ion measurements have revealed many intersting and new aspects of ’ the
electrical i latu r e of these winter  sto i ins. A sig i i i l i cant feature to he noted is tha t  the 00 C or
free iing level - in these winter  stornls is not much above the sur f ’ace , perhaps only 200 - 500
ni i n height .  Th is implies ti lat the cloud is es sent ia l l y  all at a temperature below free i in g .  The
electrical evidence for a low ly ing  charge then implies that  the electric charge is located at a
temperature of about —l 0~ (‘. If this is true , t i len we have one point of agreement wi th
no rmal  clouds: the charges appear to be located at about the same temperature  level.
Remember in g .  however , tha t  i n one case the cilarge is posit ive and in the other  n egative , we
are about to embark on a new di lemma!

Some cilarge separation theories which  rely uipon precipi ta t ion to prov ide gravi ta t ional
sedimentat ion have required tiue heavier particles to carry flue negative charge downward.  The
problen i is obviously mi ow more ( h i f f i cu l t .  It  is perhaps whol l y  premature to speculate Oil tile
nature of possible charge separation mechanisms in tilese clouds , h ut we have n lent ioil ed
them to indicate a partial source of keen interest in these newl y  ‘‘dis covered” stor ms.

If is noW somewllat clearer as to why fluese storms pose such an extreme ha iard to
a ircraf t .  Alt h oug h sonic small clicks and r o i s of s ta t ic  call he heard on the surt ’ace dur ing
t h e  app roac iu of a sto rm , there is hardly  any  visible or severe radio noise warning of the
existence of strong t ie l (I s  with in  the clouds , as pointed out earlier by Pierce ( 197 6 ). But a
h ueretot ’ore unsuspected addi t ional  iu azar d appears to he presen t. Th is danger involves not only
the tri ggering of a lig h tn ing  flash due to cloud penetration by aircr a f’t , hut an increased
pr obability of friggenng a stroke of flue long-continuing current variety.  Lonn- cont inuing
currents  (Brook et al., 1962) genera lly involve much ) larger values of charge tI t an  do ordinary
return strokes and have been shown to be . because of the large charge involved . t h ue t \pe  of
stroke which is pr m nlari ly responsible for  star t ing forest fires. Tile large f r ac t i on  of strokes to
ground of ’ the continuing current variety,  and the long durat ion between the mul t ip le  strokes
in a flash in these winter  storm s both point to an increased h azard in tile event of a triggered

• stroke.

We have only begun to explore the details of these aiiomalous winter sfornis.
Unfor tuna te ly .  the wind velocities and the wind shlear is so large that  ordinar y weather radar
scanning rates are mucil too slow to explore ti le cloud structure  in detail .  Winds observed at
cloud hei ght often exceed 60 knots. Rather than t ry ing  to scan a hemisphere of sky, it is
perhaps better to fIx the vertical plane scanned by the radar to one perpendicular to the
cloud motion , allowing the clouds to move through flue plane much as is done with  ver t ica lly
pointing radars. The need to observe these clouds at close range as well as overhead really
requires the use of a fast scanning radar such as described by Brook and Krehhie l ( 1975 ) .

-
‘ 

Such a radar is unfor tunately  not presently available in Japan.
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Figure 1. Basic Slow Antenna Circuit. The product R C is the time constant and is fixed at
10 seconds. The sensitivity is controlled by the choice of capacitor. Input imped-
ance is 1012 ohms.
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‘I ’HE RESEARCH INSTITUTE OF POLYMERS ANt) TEXTILES,
YOKOHAMA

F ;. A. Kear sIe~

l i e  \ 1 u r i i s t r ~ ot l i i t , ’riua tio na l I r , ide and l n d i i s t r ~ I \I II I ) is an ;te ~_’nc\ of t he  Japanese
;ov er t l i i i . - i l t  wh ic h , a long ~ i t h u  i i uan ~- o I l i e r  a c t i v i t i e s , m a i n t a i n s  about  15 l abora t o r i e s

d i s t r b u t c d  , ib out  J apan .  One of th e se  l abora to r ies , t h e  Re search l i u s t i t u t e  f o r  Po lvn i e r s  and
I e xt tI es RI I’ I . i~ se r ~ iue a v il y involved  in basic and appl ied p o lynue r  rese arc lu. R IPT traces
its ori giius back t th e  Si lk  Labora tor y  es tab h is l ued  in I () 5 , thence  thi rougl u the Textile
Resc ,i i  L I I  l u s t  i t  u te  to its present or~ , i n h / , t t i o n  in 1 ~)69 . i ’hi e enl p hu as is  in I ~~(~~) s~ as sh ifted to
s~ n t h e t  Ic polymers and it has sl iuc e  been br oadened to include also b io po ly in e r s . syste ms
e t c  I l e e r ing  and e n v i r o n m e n t a l  and clue rgv probl ems of the  polv nuer and Ic \ t  ile industry .

R hl ’ l  is lc ’.s t i t a n an hour out of rok~ o and an ea sy s~ a lk  f r o n t  t h e  ‘t o k o h a m a  central
railr oad “ t a t  ion . It s p ii~ ste a l  p l an t  coiusists of several buildings on a small  con ipoui id in the
midd le  of the  c i t y , bu t  in the  near future i t  is scheduled to move to new quar te rs  at  Tsukuh a
Science ( i t s  , alon g wi t h u  ma i i  o ther  na t ion a l  laboratories ,

I hue dire l-tor of R I P I  is Dr \ l i  l su o Su,uk i  and f l u e  ( hief  RL -~car ch P l a n n e r  is l)r Masakai
I lasl ’c,i~\ a. I ic st a t  I ot t he  or g a n i / . i t  ion con sists  of I 35 peop le of w h u o n i  103 ar e  engaged in
res e , ir ch ( a s  opposed to a d m i n i s t r a t i o n  )~ about  2 ’3 of these are l ’hu . I ) , level. The to t a l
opera t  I n c  budge t  is lu s t  under  one b i l l i o n  yen (a little more than 3 m i l l i o n  dol lar s  of which
o~er h a l t  guI ’s to personnel expen ses , Ot the research expeilsl’s, basic re search at 2~’ us a
s u b s t . t i i t i a l  i t e i i u  ~ b ile s a r i o t u s  specia l  p ro t ec ts  and appl ied p rohle iu i s  consume t h e  te st

ILi , l i i i  N i k a ni shi  sh ios ~,’d me flue ~~oi k he is doing w i t h  Dr. iIj s1’c , iv ,  .t , f lue  ( ‘ h i i e f
R e se arc h  Pl , i uu i uc r , oi l  p ho to  poiy me r i t a t io n  of single cr\ sta b . Th ey h av e i d e n f i t i e d  ~u it i e
l~~i t~ &l iok ’ ti n co n ip ou iuds  ~ h i u L h i  p0k i t u er i t e  b~ fo r m a t ion  o f a c~ c l o b u t a n e  rin g b etween
o h -  t i r t ~ when sing le  r y st a i s  are l’\ l) osL ’d to  l igh t .  I lie mo st  act iv, ’ of t h ese , 2 , 5—
(hi st \ i \ lp ~ t a / t u e 1)Sl ’ i wi l l  . t c h u i e ~ I’ m ol ec tu l ,i i weight s i n t h u  is ‘~ ~~ , u p to 300.000 in th i e
r i ch I cm r ~ u i i l l s t . t l u c L ’s. \t r \a kai i i s h i  sh to w l ’ Ll me a m o v i n c  pic t tire ( in  real t i m e )  oh ,i l)SP
~~ s i , l  I - posed to l ight  t r ou t a x enon  l a m p  as seen t hur oug lu  a polar i t in~’ ou i er t ) sct )p e .
S l u i a t  I ~IH ippl ’ . t r ~’ I  iii a i l i , I t t l ’r of seconds and a series of p a ra l le l  cra cks developed , inc rea s ing
iii u u t i i u u h ~’r u n t i l  t he r~ s t . t l  h ooked l ike  ~ h i a l , ’bon e ou perhaps  an ov ert ms ed t oo thb rush ,  r ite

arc i h i g m u , ’ & , .i ho r w t h e  pol k it u c i c h a i n  i s i s  itt the cu~ sta l . h o  es ta b l i sh  the mechanism of
t h u ~- l l h i l ’mu u m l c u i uu s tu di es  of t he  kiiu l ’tIls ‘~ ‘re mal i l ’ . I t ~~as f o u nd t h a t  b~ sele ct i ng t h e  w av e
length ‘ f  t he  I r u l l i t l o i t . t i l l ’ I , ’!, l ion  caiu he do it e iii  t~~ o steps . o l ig im eri ,at io i i  fol lowed by
pol s rui ~- u m i . i t i o n . -\ r igid r~ st.il  l a t t i c e  , i t  a tempera ture  t a r  b 1’ los~ the  melting point was
nc~

-
~’ssa r ~ i i i  u r t le r  f o r  the  

~ dv  t u t e r i / a t  to n to pi o~-eed sn uou th ly ,  It is in f ’er red f r o n t  th i s  t ha t
t I l l  pol~ i n e r i / . i t i o n  is c o m i t r o l l e d  to, t h e detailed geometry of the  monomer  lattice. (r~ st.u l-
k~ ’i t h i ~ s t u d i e s  d t he LI1 ’t.ii ls of (lie stru~-tuie s showed t h a t  thue  separ at ion between double
luonu ts of .u h i  ,e nt mi t n~ )mer inole, -u lv ’s I 3 ) 4  X corn pared It  t he cvclohutane botu d lengt  h i of’
,jb i t  I. ~ ~‘ make s it  k’ss f ,ivora He for a bond t form there t ha m u Ioi~ ,i bond bet weeii
nu on oin el  ,ind t h i m n e r . l i i  i grap h Ic d enuon s t r a t i o t u , I was shio ~ it t h i . i ~’ r , t i i i s  of the  pr oj ect ion of
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monomer and polymer cry s ta l  structures almost exactly superposed in a plane perpendicular
to the chain growth axis , demonst ra t ing  that  littl e if any motion of the  center of gravi ty  of
nlo iu onu er iiiolecul,’s is required in thue  po lymer iza t ion .  ‘)f course , two dimens iona l  projectio n s
only give part of the s tory for t h u i s  i i u l ue ren t l v  three  c iniensional process but , as omue would
expect , most of the sytuli ulet ry of the monomer  cry s ta l  is i n h u e r i t ed  by h u e  p o lymer  cry s ta l .
‘rht ’ term “to ur—center  t ype  crys ta l l ine  s ta te  tTho to p o lym er i i a t i on ’’ is used by this laboratory
and , more geuuera llv . the term ‘‘topo—cluemical ’’ reaction.

But w h a t  was most surprising to miie was Na kanish i ’s demonst ra t ion  t h a t  this  wluole
polymerizat ion process is , in a sense , reversible. As I under stand  it . s tar t ing wi th  a DSP
monomer crystal and i rradiating it w i t h  progressively tuig lu er tre q uen cv l igh t , a progressivel y
higher molecular weight cr~ stal is formed. On the ot h er h and . ii ’ a high molecular weight
polymer  cry stal is heated slowly up to 300°C’, t he molecular we ic ht  decreases un t i l  a
monomenc  cry s ta l  is recovered. The in f ’eru ,’nce is t h a t  t he rma l  depohvmer iz at ion  is a
po I y me  r— la t t ice  controlled back—react ion of the mono m er—l at t ice  controlled p hi o to—
polv mer iza t i o u u .  l’or instance , data  were shown me on two po ly m er  c r y s t a l s  of chain lengths .
1670 A and 265 A respectivel y, heated and held at ~9O°C Thie h igh er molecular weig h t
crs ’stal qu ick l y broke down to a length of 370 A and then reni a iu ied s t ab le :  on f l u e  o ther
Iuand . the  low mo lecular weight crystal did not change. Thue existence of a m a x i m u m
molecu la r  lengt h f ’or a given tempe rature  has also been demonstrated for solutions of this
material ,  It is related to flue rigid rod—sluaped molecules ra ther  t h an to any crs sta l  l a t t i c e
effects ,

I was told t iua t  there is much interest  in these solid state reactions because one can hope
to achieve high yields , high selectivity and very regu larly s t ructured molecules - eve n
opticall y active molecules might  be producible from a chira l crystal. Mr . N akanishi  plans to
look at f lue  preparation and crystallograph y for other  solid state re act ioius.

l)r . Masao Kato of the Organic (‘hemistrv Laborator y was doi t i g  some related research
synthes iz ing  organics. His most succ essful project was f lue  develop m ent  of a new photoresi st
polymer . pol~- ( v iny l  e thy l  c in n am ate  ) or PVEC made b y cat ionic  p o lynu eri z at ion.  Th ul s
material is claimed to be a much better one to use as a photoresist in t h e  manufacture of
IC’s and 1_ Si ’ s than flue  currently used polv ( v in y l  c i n n a m a t e  ) or a , i de—rubher  since it has
bet te r p h oto sens i t iv i ty ,  resolution anti mechanical  properties than  PVC ’ a nd bet ter  cl ieu iu ica l
s tabi l i ty  and inertness to Ox\  g~’ m i t h a n  AR (which must  be i r radia ted  in oxygen free
atmosphere ) .  In effect , t he m uew mater ial  achieves the good feature s of cacti of t h e  current
photoresists wi thout  f lue  bad f e a t u r e s ,

All  these materials are usually used wi t lu  added materials , called seu l s i t  izers . to ex t end
the raug ~’ of wavelengt h s of ac t ive  l ight .  To el imi ~ ate t h e  nee d for sensit i ter , K ato has
developed anot luer  new polymer derived from poiy (benzy l metha l -ry la te )  by subst i tut ion of
up to 30Y phenylmalein ide groups. This material showed good sensitivity t’or a broad range
of flue visible spectrum ( t ip  to wave lengths of over 400 nanometers , whereas unsensitized
PVC is sc iusit ive only up to about  300 mu an om eters ) .  Kato tells mi t e t h a t  he is st i l l  uns a f i sf ie d
by the dark re action rate ( t h e  react ion rate when not i l l u m i n a t e d . I have no doubt hue will
soon find a way to improve it , ht t t  th u e material  as it stands is already under consideration for
commercial production. In another  somewhat d i f f e ren t  direction , Ka to  is also synthes iz ing
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selenium—containing pol ymers to be used as reagent. Thuese will  replace low molecular  ~ eig ht
s~’ l e i ui um u u comi ipounds and will eh i t u i ina te  sonic serious prob le ii is of t o x i c i t y  and odor.

In the B iofunctiom ial  Materials  Laboratory . l)r. M. l ia t a , who works wi t h  l)r ,  Keishu iro
Tsuda . shuowed me Iri s collection of slime mold s cul tured  iii f lue  dark at 20°C omi wet ,
oat m uuea l— coate d paper. [he a t t r ac t ion  of slime muu olds is t l ma t  they very q u i c k l y  grow towar d or
aw a~ f ro m uu ex t remel y  low co m icent ra t ions  of ’ certai m i chi emuiica l s , a behavior called e lue m ot ax is .
For instance , sh im u ie mu iol d s are pro—glucose but ami t i — hi ydrochu l o r i c  acid ,  I lata amid J st t da are
in~e sl igaf ing the role of cell ru iembran es in f lue  process l)y whuic h i  the slime m olds recognize
ciuei uu ica l s. Dr. I l ata showed me data they had taken  with several salts den i o u us t ra t i n g  f l ua t . for
each salt, t h ere is a characteristic comice n trat ion below which t h e  slime mold cell membrane
potential  is indepem u dem it of concentration amid above which the poten t ia l  is roughly
proportiom ial to flue logari th m of concentrat ion.  Th ese characterist ic comice n tra t io n s  also
cotre lat c wi th  flue chu en t otact ic  behavior of flue slime molds , By electrophoresis of droplets
( 100 microm i d iameter )  of s h imuie molds , it was shown t l u at  f lue su rface potent ial  of the
m u t en ubrane is proportional to flue ieta potential .  i l at a amid r stida conclude tha t  changes in
nu en ibrane potent ial  are essent ial l y a phue m iomi m enon relat ing to conditions at f lue ce l l surface.

Kenj i Fukuta  of ’ f lue  M aterials  L iugin e er i n g Laboratory is s tudying f ’iber— r e im i l or c e i l
plastics ( FRP).  t ie  h a s  developed molding methods wh ich comi ’ih ine  good m i x i n g  of t h e  f ’ihers
and resin wi t h  the control over flue orientation of flue fib ers. lie has s tudied the  effect on the
n i ech u anic al properties of po l y e th u y le ne — g l as s  FRP of the number  of f i lamem u ts  in the s tr ands of
chopped glass fibers. l iie effects on fl exural beluavior are reasom iably well expla ined  ho , a
modified composite-beam model. With low pressure molding using a new method , comit inu-
ously molded FRP board wit lu  large flexural strength and modulus is produced, t ie showed
me some carbon-epoxy composites amid sonic polyet hylene-glass amid polyester-glass shieets ,
wlu i c lu were also made with  his new process. They were clearer amid sh owed less of t lueir
fibrous s t ructure  tI t an conventionally f ’ormed 1’RP , as we l l as hav in g imic reased s t rem ugf h ,
Fuku ta  is also working on the thue use of t h ree dimensionally wovem i reimiforcimi g s t r u tc t u re s  for
FRP suc h -as t h ose originally developed for the construction of ’ rockets , nose cones amid radar
domes. lie showed me a luandso me amid s tructural ly strom ig beam of suchu a re imif ’orced plast ic
( w m t l u  beaut i fu l  graincd wood vem i eer designed to e l iminate  thermal cracking. Pipes , t u bes and
channels were also formed with woven rei nf ’orcing structures.  Other work was a iuu i ed at
improving uret lu amie — g las s imisulat ion f o r  use at l iquid  h e l iu m temperatures . I also saw a
syntactic foam otter board for Japan ’s vi ta l  f ish u ing ind ustry as well as a h u igl i  speed appara tus
capable of spinm i ing miatural  fibers at a rate of’ 200 meters per m i n u i t e .

Dr. Tadao Kataok a of ’ f lue  Physical ( ‘luemu t istry Laboratory is t h ue huouse rh eologist , lie
works with disperse syste m u i s . f requently glass beads or glass bubbles in pol ymer melts ,  lie
studies mixing,  yield stress , normal stresses and the correlatio m u of ’ n u e chunic al  prope rties wi th
tiller content. I-I c has developed a very successful empirical law f ’or predicting viscosit y of a
suspension from flue glass—bead f ’ i hl er content .  Kat a oka also s tudies  f r au i s iem u t  p lu eno mu’i en a
(stress growt iu , stress relaxation , e tc . )  with a cou u e and plate rlu eogon i ot ut eter and conver g em it
and divergent flows anti other muon — visco mn etric flows wi th  equipment  oh lui s own design. In a
device for studying elongati onal viscosity,  the forces are measured on a ct ex t rud ing  a
fi lament simultaneously beim ig wound tip ott a rot at imig d rum.  I)r. K atao k a  also sluowed me an
extr u der  working on flue prim u ciple of a Weissem iberg pump.  t l u at  is . f lue  ex t rus ion pressure is
generated by the norm - a l  forces of’ sh earing h etweem i a f ixed  and a ro ta t ing plate. I h ua ve  seen
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other  cx t r u mdc r s  of ’ t hus  t pe . I t r y  cc \ 1 , t x w c h l  at I’rincetomu has t ie v el op et h  one fo r  u u i s t , i m c e . b u t
the  p a r t i l i l h a m  v i r t u e  i i i  t h u s  e l s e  is t h a t  t h i t ’ device can be used s imul t aneous l y  to mix  fil ler or
ibcrs w i t  I t  f l i t ’ r e sin  amud to c’s t r ude  . \ s  an e x , ini p le . I was  shown  some p tl ~ e t h i y l e m i e  loa det h

w i t h  c . i m h n t i t ers ~s h u u ~ h u ha &f been m l u l \ e l am ud  e s t r u i d e t h  ho , th i s  m i i a c h u i n e  In  t h i s  p a r t m c u a l r
cast ,’ , t he  h ig h r I c  of s h i e a r i m u g  ha d reduced t h e  3u u u m fiber s at i n p u t  to 0.5 mm f ibe r s  iii t h ue
e x t r u L h , t mc.  h h t t ~ uu u u i c h i  e t t t ’ct t i l l s  had oh t h e  m e c h u a m u i c a l  propert ies t~ .is not  sh o w n , s l u i c e
da ta  out t h u e  m iu t ’c h a i u i c a l  p r op e r t i e s  of t h i s  n i a t l ’rui l  h u , n l  uu o t  ye t  be emu t a k e n ,

It i5 a current  tt reamu u oh poi~ mer  s c u e u i l  is t s to fmmu d  a Wa to  produce super— stron g
polymer s  b y m u u d u c i u u c  an a l m o s t  p e r l t ’ct decree  of nuoh e cu la r  a l i g n m e n t .  If ’ t h us \sl ’re aciui l ’Ve d
one ~ ‘ttu l ,,I exp e~ I t h i , t t  d e t o r u o a t i o m i  of the  ma te r i a l  would  pr~ cced by a l t e r i ng  s t i l l  bond
angles or separa I c chuemica l  b onds  ra ther  th au i  by free r o t a t i o u i  of ’ bonds and u n l o l d u n u !  of
t i e x ib l t ’ h a m s, .is is f l u o u i g h u f  to be f lue  t m l f m n i a t e  sot irce of ’ t l e t o r m a t u o n  for c o m nu non  p la st  ic ’s.
Rece n t l ~ , com i s iderable  pr ogre ss has  been made toward a c h i i e v i iu c .  thu is dream by both i  c i uen imca l
and ph~ 511,11 u n e a n s , R i ’ i J  p o l v n u e r  c h a i n s  w h i c h  n a t u r a l ly  te t i d to er y s ta l l i 7 t ’ in t h i s  way
ha~ e beem i s’ u u t h e s u / I d .  P i a h y n m e r  v h u i s k e r — c r y  s ta R  t u , t ~ t’ bee mu oh served whic lu  have  properties
v er ’, s i m u u i l a r  to n it ’t a l s~ h us L ers  nid s h u t w a  h ig l u decree ol a h i c n n i e n t  of tile pol~ f liL ’r
nu ohe l  u k ’ s, l h i c l i —pre s s i i r e  t’ \ f r u m s i ) m i has p ro t lu ce t h  l ) i i l \  e t h y l e n e  t u b e r s  at least two  and a l u - a l t
t u u m i e s  sI ron cer  t i t a n  sof t— s te e l  w i re . Rog er  Por te r  of f lue  t n i v ~’r su t  y of ’ \1 i s s a c h i u s e t t s  once
s u i c c l ’sted t mite t h a t  t he re  is f l u e  po t en t  i i i  for m l  rL ’. i s i u ig  t h i s  

~~ 
a n o t h er fac tor  of f ’ive or

u n  ir e  i t  a l l  t he  motet , ti lt’s could som u i e ht (  w be pert ’ec t lv I i u ied i~~p a mud properl y packed . Not
surpr i smni2 l \  . at RIFT ’ th i t ’re us m i t t  c rest  in t h e s e  ideas also and sel e ra l a c t i v e  programs re l a t ing
f i t  f i t t ’st ’ p r ob lems I ave b e em i g o umu g on .

l)r. h i i s a a k i  K am i e t suna  of f l ue  Po l y mer  P h t v ’ s u 1-s I . u h i o r a t o r y  us wel l  I s u i o w u u  tor  his
L ’S t e u u s i v e  s tud ies  of t h e  c r y s t a l h i , a t i o m u  ol pohv nue rs  and h i s  work  on h ig h pressure e’st rusi on
of p u l y m e r s  l ie  amid luis colle i c u u ~’s have h eem i u n t e r e s t e t h  mmu h - l - (  - ( e x t e n d e d — c h a i n  c ry s t a l s  as
)p ltosed lo f l i t ’ h are t i s ual  h ihi . h euh — t ’ h i a i i u  c r y s f a l s t ,  K a n e t s u i u i u  ~i id coi l cun ues ha y , ’ made an

e x t r e m e h ~ t h i o r t - t u g l i  s t u t h v of f l i t ’ : r v s t a l h i , a t i o n  ~it po k e t t u ~ I L i i t ~ ,it h u g h ,  pr es su res ‘l hlL ’\ f i n d
t h u a t  ,t hi ve a presstir e of thou f 2 or 3 t h io u s , t  ui I k i l t  gr a n i s per -sq uar e  ceui f im ne fe r . t lucre is a
ui - a i r  ~s tern per t t i re  u a  nge in v~ Ii cli I - I ( are fo rmed  and at hu ig l u t ’r press lu res , t h i is t emit per 1 ture
mange  increa ses , On the  o t h u e r  h u a n d . a m i n e a h i n g  of f o l d e d  chain  L t \  s t a l s  at  high pre ssures 5300
k e ~un~ ) pr oduced t b u m c k e m i u u u g  i t t  f l u e  l an i e l l ae  bu t  l i t t l e  or no t ’( ’( ’ , ’\ui ex t ens ive  and
c o n t i n u i n g  si t i h  v of t h e  er r s t a l l  i / a t  ion processes im u p o lyet  h u r l e n e  at l u m g hu pr essures hu as  he em i
conduc ted  o~ ei t h u ,  la st  f e w  r e a r s  u s ing  d i l a t o m u t e t r y . t r t c t i t t i u a t e d  s a u u u p l e s  to s t u d y  molecular
weight  t I  f e t t s , ( P( ‘, I )S( -

. am i d e lec t ron mu t i c r t i s co p v .

l) r .  K a m i e t s u m u a ’s l i h c i r a t o r y  is also e u u l ’ , i c l i h  iuu a t l e f a i l e h s t u i t h y  i t t  h u i g h u — p r e s s u m e  e x t r u i s i o m u
i t  p t h y  nuers . I hey ti -ave e x a m i n e d  a v a r i e t y  of polym u iers i u u c l u d i m i g  p o l y o xy m e t h y l e n e .

p o l y p r o p y l e n e  and f lu morocarhom i s , bu t  the  nu ost  extu au s t ive  s tud ies  have  been those omu h i u _’h
dens i ty  po l y e t l uy len c .  A cm uu me rciah grat i t ’ st i f h  vis t osit  s—av er age m uto lecul a r  weight of ibem t
5.5 x 11)4 and a melt m d ’ s i t t  0 ,2 ~ is ums e d.  Two ex t rus ion  svstet iis are avai lable  for t h ese
stud ic’s. a I uy ( I r  s t a f j i  a r r a n g e m e n t  iii whu ic lu  f l ue  ex t  r uda t e  emerpt ’s at a tmospher ic  pre~’~t un ’
( t a p - a b l e  of reserv oir pr es su res up  to six k i l oh ar s  I amud  i t l t i i d—to—tl  u iu l  e x t r u d e r  in wt ii ch the
mater ia l  is de for med bet weemu two pressuri zed rest ’r t  rirs ( hu ighu  press u re t ip  to ten k i lob , u r s ,
low pr ess re t ip  to l ive k iloh irs ). Both e x t  rudt ’r s can be operated at t e i lu per a t t i r t ’s t ip to

-
.
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In an e ar l r  s t u d y ,  f lue  L u m t m c . i I  t - t t . ’ t t s  I t h e  c i i u i e — i u i g l e  i l t l ue  e x t r u s i o n  die were
t’Iucnla fed .  ~V b en large t o n e — a  ngle s ~ cr c ust’d , m r re gu har  1’ ‘s t r u i s m  ) ui ts a’s I~s - rved ra m u g m  ng t ro u t
badl y t r i t -ked e x t r i u u l a l t ’ t o  s h u c h u t  pt ’r u - t di c  f l u i c t u u i t u o u i s  in d i a m e ter  a long  f l u e  l e u ig t h i  of ’ f lit’
t’x l r u de d  cr h i n d e r ,  I I l l s  \t ,t5 pr l s u t n l a t i l v  a resul t  of s o — c a h I l l t  ‘‘ s l i c k — s l i p ’’ or ‘‘ n u e l t — I r . u c t t u r e ’’

behavi or . m u u t m c h i  s t u t h i ed  by ~- i i t u u m i u e r c u i h  u e s l uu cli l a h u i r m t o r u e ’ s . ‘~ u t h i  low 1-o n e— a ng l es
re u i ua rk , ih l e . h u i g l u l ~ i r i e n f e d  e ‘ s f n u . l a  f t  w i t h  a s t r y  Sfuuoi  i f l u  s u r f a c e  rt ,’ s u i h t e h ,  S t u i t h i t ’s ‘it crc
mu at le  ‘ i t u t h i  t ’ s t r u s m n u i  r a t i o  r a u i c u u t c  I r o uu u  ~~ ~~ 

I) u h u e  e \ t r u i s m o l u  r a t i o  u s i l e f h u u e d  is t h u e  r a t i o
of cr i ss — se ~ t u o m u a l  area ot t h i t ’ m u u a t e r i a l  bt’I or e a u i d  , i t t t r  e s  t r t i s i o n  A t  h u u c h u  e x t r u s i o n  ra t ios
( above  u n i t  (-t t t h e  e ’ s t r u t l t’d u u u a t e r m : i l  ‘it is a ln io s t  glas s clear  r a l l i e r  t h u a u i  t he  p . u r a t t u n
w h i t e  (i t  u -m orn u a l  p o l y e t h i y l t ’ mut ’ . I t  hu a th  a ver y h i t c h  n u o u h u l u s  in the  , i x u i h  d i r e c t m o u i  and a
s u i r p r u s u h i c  t i b i r o u s  n a tu re .  R o cc i  Por ter  and l i i ’ s  col l l ’ . i u u i t ’s at  t he  t u u u v c u s t l r  oh \ i ,uss eh iu st ’ t f s
also hiav t ’ .i researc h progra m on l i i i ’ s  u i n u u s u a l  n i a t e r u u l  , im id  it is at h u u s  s uuun ’~’ s t i on  t h a t  I v u s i t e t l
RIPT . I)r. K a m i e t s u n a  and K a tu o  N a k a v a n i a  are eh ic ict Il i mu a d e t a i l e d  s t t u d r  it t he
u i i orp luol o gv i t t  t h u t ’se m u i a t e r i a l s , I h u e  h a ’i e  us ed ‘is - i t le— angl e anti s m a h l — a m i e l t ’ N — r a y  t l u t  I rat ’t i nn .
d e n s i t y  u i u e a s u r e r n e n t s , t h e r m al c t i u i t r a c t  ion , and b - t i r e f ’r im igenc e n i easure t i ien t s  l i i  e s t a b l i s h  f l i t ’
processes of nu ol t ’ cu l ar  o r i e n t a t I o n  and t h u e  d e t o r m u i a t i o n  i i i  f l i t ’ o r ig i u i , t l  I a m n c h l a e .  l h u c ’ i
c t i i u c h u i i l e  t h u a t  t he  t r ans pare mi cr  and an u s o t r op r  of ’ t h e  e \ t r t u d e d  p o l v e t h u r  lem i e  t a i l  be
accoun ted  f ’or l i u ro t igh  t h e  f r - p i e - a l  f ibe r  s f r u e t u ,i rt ’s antI t h a t  , p a r t i c u l a r l y  for t’ ’ s t r n t h a t e  f ro t h
h i gh e x t r u s i o n  r a t i o s , t h e  m a t e r i a l  con sis t s  oh h u igh lv  o r ien ted  c r y s t a l l i t e ’ s  u t u u x e d  ‘it f lu
m i u t e r t i b r i l h a r  i r n o rph i ous  ( h u t  t i r i e u i f e t t ) m u i a t e r i a l  un bu u i t l l e s  A c o n c o m i u m u t a m i t rt’ s i u !t  us t h a t  t h e
\‘mc ker s  h i a rd m i es s  u i u n u b e r  i mu c r e , uses  and t h u t ’ t h er m al ‘ shu r i u i  k ige decre ases ‘it i i i  c’s I r u i s m o n  r a t io
, i t I i i g hu  e ’ s t r u s i o m l  rat ios ( grea ter  t h ua m u about  ( i t ,  K a n e t s u u i i p o i n t s  out  t h a t .  h r  c o u u v e u i f m o n a l
re tso u u in g ,  the t umgi i e r  t h e  o r m e u i t a t i t i u m  oh amo rpho ut ’s m u t e r m a L  t i l t ’ u ’n ite r t l i t ’ t h e r m a l
s b u r u u i k . i c c .  I t a t  t he  rev er se ot- c i u r s  i i i  l b u u s  case . h ue a t t r i b u l l - s to t u e  h i t  t t h a t  t he  f i b r i l l a r
s t r u t  t u i r t ’ is loathed ‘it u t l u  a l a u g e  f r -a ct  ion of l u t g h i l v  , ir i t ’u i t e t l  err st u l h i t e s  w l i u c h u  u n h u b u m  t h e
l t ’c o v eu \  i t  f l u e  t u b e r .  ‘I’h it ’ \ u cke r s  h i ,m rdn es s  t e s t  p r o t h i u c e h d a t a  ‘cry s e u i s m t i v e  t o  m I t t ’ e x t r u i s i u t m u
c o m i d i t i o u u s  b u t  t he  a m u i s o t r o p v  of the  muia fe r i a l  amid f l i t ’ su iu a l l  d u m m i u e t e r  of I L L  t ’’s t r t i d a t e  I omu
flue order of mn m ) madt ’ the  m ne a su ir t ’une m i t  th i t I i t u l t .  Plans are f t  ‘ e’~ar n i i u e  e’s t r t i t l a t t ’ s of I i r c ’r
u h i i u i i t ’t e u  i i i  u t uore  d e t a i l  iuu f l u e  t u t t u r e .

1 lu c r e  ‘is is n i t uchu  ‘i’i u r k at R I M  t h u a t  I h ua th h o  ch ance to in v t ’ s m i g , u t e  m i l  muu v sh ort ‘ s i t .
om u s i ih t ’ r : i b l e  work on b iopo lv m iu er s  is u u i t l t ’r wa r  , foi  u u i s l , i m i c e : sr n t h u t ’sm s at  p. ’pt u de s  and

p r o t e u s . r a d io i so tope  s tud ie s  it b i op o ly n ie r  a c t i v i t y , s tud ie s  oh f l u e  s t r u c f u u r t ’  of ~t a t e r  h ear
pol ar m r i e n u h t u u n t ’~. t e s t s  it  n u e d m t - i l  i m p l a n t  m u ia t t ’ri al ’s amid  s t u d i e s  of h i om t ’t’ h i a m i i s m i i s  amA
‘ s r s t t’ m u u s . p a r t i c u l a r l y  h i o u u i t i n h r a n e s  and s i t t i t t l :m t eu h  t i i e m u i b r m u i t ’s . l i i  i i r u ’ , u h l i c  ch emis t r y  t i t eR ’  us
w o r k  i i i  p c r m u u a i m t ’ m u t l v  st u b i h i i t ’t I p i t l y i u t ’r s . st t ’r io ’sp e die p o l y m u u e r i í a t i o m u , h i v i m u g  p t - t i  u ut ’r u / a f i o n
and block copi lv miter ’ s, au u d  r at hia tiom i che t uu i s t  rv . There is ac t  vt’ work on c l i a rac t  t r i i u t  u om l of ’

p olym iit ’rs , N ~ R , ( ; l’( ‘, l)S( ’ amid work on deve l opim i g  t It ’g r , i ( ha b l e  p l a sm ic ’s. t he use of pol y i uu e r s
m ’s ‘ s t ’ i u s u t u v e  mu ie t a l  iou i m u d u t - a t o r s  a mu d  f lue  t e s t u r i c  and ‘ s f a m u u l a r d i t m t i o m i  of p o lymu i e r s  p a r t i c u l a r l y

w i t h  rl ’spet t to t l a r n r u m a b t u h m t r  and u h u i r a h i l i t y  . I )vt ’i tu g i t t  m e x t i k ’ s is  , i l s t t  i t t  in t e r e st  ,,nd an
i m lg t ’muio us tht ’vice fo r  ta i lo r n ueasnrem ui en t  t m f i I m i u i u u ~ an aco t u s to—o p t i c a l  f ’i h t t ’r was m i u e m i t i o n e t h  to
m uit ’. A sy ’st t ’i i is  eng i m i e t ’r ur u g g roup  appl ie s  t n o d e l l i iug  amid ci nui pu ter ’s to the  pr ohle tn s  of t h i t ’
pok mer au th t ex t i l e  in t l  l u s t  ries.

[hut ’ h 3 u i h l e f i m i  of ’ due Rest ’ , mrt  I i  I u u ’ s t i t u t t ’  h u t  l’o ly n u er ’s ; u i i &l  I t~~ t i l t ’s is p u m hh is lue d  q u a r l t ’rl y
m i f o r t t i i u a t t ’Iy , ut  us mu Japam u ese , l in t  a sy u ) op s i s  us givemu imu 1 - m u g h u s h u  f o r  t a t - lu a r t i c le  am,i

c a p t i t ) m u ’ s  of ’ l’u g u i r t ’s anti t a b les ire also i i i  I -  u ii _’I us hi , Wi t lu  t h e s e  a u th ’ s  an I - n g l u s h i  r e a d i m u g  spec ia l i s t
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t a u t  p re t t y  n u umt ’hl get f lue  thri f ’t of au article itu h i s  owmi f ’ie ld. N u m b e r  11 0 . f lue second issue of
I ~)7 ( - t  ~‘s a lmost  en t i re ly  devute th  to f lue  work of Kamie t s tu m ta ’s laboratory omi pres sure
c rys ta l lu i a t m ot i  am i th on h ig h —pressure ex t rus ion .
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T SUKUBA , A N F W  i’OW~~, A NEW UNIVERSITY

F;. A. Kearsley

So uuue 60 ki lom iu eters  u i o r thue a s f  of f lue  f ’l e ’ sh up o t s  of T o k r o ’s ( ;im i za , it t  f l ue  sh ua t how of a
su u ua l l  u u i o u t a i n .  I es a t h m a u u t o u u d — s l u a p e d  l ) la i u )  whic lu , at sou lue t i i u i e  iii f lue  geological past , was
over lait l  w i t h u  several f ee t  of g u m my  clay. If is th is  c o a t i n g  of c lay ‘is h ichu  made f lue  p la im i  of
oui lr u i u ar g uu ia l  agr icul tural  value ‘so t h a t  it re m aim i et i , even iii  lam i d—starved J apan , p r e t t y  much
a w i lu h e ruues s  wi t lu  ou i lv  a few villages amA l i t t l e  farming.  Whuen , im i f l u e  earl y 1 O60’s, a
conimissiomi was chu arget l wi thu seeking nu ean s to tlispers e popu la t ion  and ac t iv i t i e s  froni an
overcrow detl and grow iu u g  u u t e f r o p o l i t a n  Tok yo , Tsukub a was ava i l ab le ,  a na tu r a l  site for
l o c a t i u i g  a propo seth new town deth icafe t l  to sciem -mce . research i ari d e d u c a t i o u u .  I t  was to lie a
ut iode l of l lt ’’it t t ) wtu  p la uu n iuug ,  a gover tu n ue n t  cu t y  de s ig u t a fed  f’or n a t i o n a l  research laborator ies
auid for a miew u n i v e r s i t y .  By act of t he  Japauiese I)iet , f lue  pla n was approved and
con st ruct io mi  began in 1972. Fromui fL e  s tar t , t h i s  was rio hua l f— mi ue a s t m r e .  ‘rite projec ted  cost of
thue p roje c t  ‘is as equiv a le i l t  to sonic three  h u i l h i o m t  dollars amid a c o m m u n i t y  m iuu m b er im i g  sonic
200,000 ‘iva s envisioned , imicludim i g sc ie n t i s t s . teac h ers, st udem i ts  and an array of support
persom iui el  a lo m ig w i t h  t h e  necessary houses , bus inesses , c u l f u i r a l  and eu i t e r t a inuu i e n t  ct’u i f e rs to
se rv e the c o m m u n i t y .

‘flue of f ic ia l  miam e of this new com implex us remitiered in English as Tsukuha  New Towu m f’or
Research and I duca t iomi  or , sonuef in i t ’s , as Tsukub a Acai,hemic (‘ity h u t  im ’u common parlam ice
Tsukuha will do. T h e  n a m e  is an ancient  one at tached to the nearb y n i o u m n t a i n .  Tsukuh a has
been assigmieti am i area of 2 .700 huectares , somewhat less t h uan  7 ,000 acres , anti if wi l l
e v e n t u a l l y  luouse 43 researchu and educat ion  ins t i t u t io r ms .  T h e  core i m i s f i t u t i o n  is the  new
Universi ty  of Tsukub a , now about l ua h f  bui lt  and already iu ~ operatio n . It occupies 245
hee t ares  ( abou t  600 acres) of the n e w  town. By Japanese s tamidards  such a camu ipu s  vt ’rge s on
flue  prodigal. The buildings and la n d sc api ui g reveal t h e  i rna g iuiat iv e archi tec ture  antI  carefu l
p lannin g tha t  have been lavis hu eth on the  thesigm i . By all odds if is f lue  lar gest  amid p lu us hi est
um u ivers i ty  cau iipt is in Japan .

Flue p luysica l  p lant , however , is by no mileans the most umiusu a l  feature  of t h e  u m i i ’ i e r s i t r - ,
For one t hu im i g ,  there are no conventional acatlernic t i ep ar tme ui ts  in f l i t ’ u m i i v e r s i t r .  Instead
there a re a ca ( h e m n m c “clusters ” info  w hu ichu f lue um l iversi ty  is ph ysically uh iv i thed . ill sot uue w a y s
like f lue  arramigeme ul ts at Santa ( ru ,  or La Jolla in (‘at i f or u i ia .  (‘ luster one h uou m s e ’s  t lie (‘ohl egt ’
of I humani t ies , flue College of Ph ysical Scmt ’uit - t’s and f lue  (‘oh lege of Social Sciemuces . ( l uster
t wo contaiu i s  f lue  (‘ollege of A grmcu l tu re  amid E’ oresfry, f lit ’ (‘ollege of Biological Sciences , t h e
( o llege of (‘ompar ~m ti ve ( u lt ure  and f lue  (‘ollege of ’ H um an  Sciences , (‘luster  thur e e wi l l  c t u uusms t
of f lue (‘ollege s of Basic ‘Fec hu miology, ImuI ’ornu at i onal  Sciences and Sotial  I - uu gim i eering ( f lue
la t te r  college will deal wi th  such t h i s c ip h im i es  as c i ty  planm i ing amid ecom iom m t ’s and riot wh at f lue
more p aram i o i d reader nu ay tuave inferred f’rom ui the mu am ne ) .  TIme Scht ool uf  F im ie Arts , Schoo l of
Medicine and School of Physical Educat ion each constitutes a cluster in itself. (‘ore libraries
service eac h cluster . p resu m ably cacti stocked and staffe d to meet t u e  ut eeths of ’ ‘s t ’ ec t a h i ie d
subjec t  n ua f t e r  par t i cu lar  to flue cluster.  I however , t h ere is no ordained I’acul t  for  each
c lus te r  instead t h e r e  are 26 Researc h Ins t i t u t e s  wi t h  specialit ies ranging fro m Agr icul tura l
I - ng itueering to Sfr imct u ra l  Tech nology. Fluese research ins t i tu tes  supply flue f e ac hu imug  st a f ’I’ f’or
t h e  colleges a’s flue need irises. I mu r ut y muot e s out the visit , I remi i ark t h at f lue  professors
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‘-, , i m h i t l i u h i e s  i , i 1t s t ’ i h i i u t t t  t l u t ’ t c n u u u  ‘ ‘ dep . i r t uuu t ’u i f ’’ t l e s p m t t ’  . iuu o b v u i i u i s  t I t a n  I i )  L i s t  f lue  mlt ’’i’i
I e r u u u u m i t i h & i t ’r , b u t  pt ’ r hm a t i s  t h us ‘is i s  ( h I l l y  a t u  a n s l m t i o n  pr h i h i ’m n .

i lu c  ‘it u t i l e  idea us tl t ’ x i b i l i t v .  I h i t ’ ‘smal l  c lus te rs  .u rt ’ i m u t e n t h e d  to respond Ii s t u & l e u u i
m u t e d ’ s  ‘is i t h  less m e t  l u , i  t l u , i m m  could a i,o u u v e u i t u o u i a l , l ance  u n i v e r s i t y .  ( ) u i  t h u t ’ o t h er h i a u u d . f l i t ’
s e p ,m n a f  mi ii i t  rest ’arc hi  t u n t - t i o u t  f r o m  i u u s l r u t - f m o n  I’u n c f i o m i  is a u m i u t ’d at m v o m t h i n g  e o n i p a r t r m i e u u —
t u h u , . i t u i - t m i  , un t l  1 m h h t i ’ i t  np a f i e x u b l e  espou se to n u u l t i p h e  so cm ~m h neet l s . ( ‘ ‘So ci a l  needs ’’ is a
t i ’ nu uu  m m u u u c l u  usetl m u f l i t ’ p l a m u n i u i g  i t ocum rm t’u l f s  l i a r  I s u t k u i h i ,i I m i u v e r s u t r  - )  Flue r e s e u r ~ h i n s t i t u t e s
,ire eo n t t ’ u ’ i ed  as p n o j e c t — i - t n i e u i t t’d , iuu th ire set up  to t - u u c i u u r a g e  antI  pr o s the  o p p o n t u u u u t i f e s  amid
t , i c i h i t  u t ’s k r  m n t t ’r this c i p l i nau ’r rt ‘e , irc lu. h - or  i n s fauuc e .  i t  us poss ible  t a r  a p r a t e s a i r  t o  h ave i o i u u l
a p p o i u i t u u u e i i t s  at  mo or e t h i a m t  one Rl - s c , u r l  h i  h u i s t i t u i t e  ‘is lucre  l u i s  p , m r t i c u u l a r  t a l e n t s  a n t I  e x p e r t i s e

ii e m t eed e i h  an t I  ut  I hue  sanu e  t i m u t ’ to t e i c h i  course s u t  st ’s e r i l  d i l l  e re mi t  e lum s t e r s . F u r t h ermore ,
f lue  ( ; r , i d u i a t t ’ S t b io o l  is also a separa te  e n t i t y  w i t l u  i t s  os’i u u i m l i t i a f m v t ’ and p n i p r i n i s  \ n u m u u h e r
at t ss i— \ e a r  M i s t e r ’s l)egret ’ P u a c r , u i n s  ire offered , un t - h u u d m n c  -\pp l ied S~ u enc t ’. \ le f ical’ -~ mence
and h i i t t ’g n , i t t ’t l Ft ’c iu n olo g v . hu t  tn a rm v rnort’ h i v e — r ear l ) u i c t o r ’s h ) eg rt ’ e P n i i c r a u u i s  cove r ing  a ll
f l i t ’ t r a t l i t i o u u a l  t h i s c i p h i n e s  art ’ ava i lab le .  ( )ne  st r :uu ue t ’t y  named d o c t o r a l  prt p r m i n  ( a m i d
Rt ’st ’ar e h u  I n s t i t u t e  i us ded ica ted  to  ‘‘I )i - t t ’ct o logy ’’ ‘ i s l u i c l u  us not a hra nc lu of s o l i d — s t a t e  p h i r  s u e s

u - t n t- r r s t a h h o g r a p h i r  hu i t  t h e  o f f i c i a l  t r a u i s l a f i o n  i f  t Jap au u e s t ’ f t ’run f o r  f l u e  s t u d y  of
p s r - c h i o h i i c ~ . so c i o l i -tpr  ant I  ‘soci a l t t u t - r i p r  of t h e  p I i y s i c~i h I v  and unt ’ i u t u h h v  h a n d u c a p p e t i .

I h i t - des ign ol f l i t ’ a t l m i u i i u s t r u t i o u i  i t t  I s t u k u u h a  t u i u s e r s u t y  us also luos t  u n u u t i ’ i a l u ’ i e  b i r  J apanese
‘standards  -\~~ opposed to f l i t ’ u i s u i , i l  sr s t e u i u  oh c u i v c n u u m l u e u i t  by t a e t u l t r  u n e e t i n g s  t i lt! a u n u s e r s i t y
Se n a t e  ‘it u t h u  v e t o  post er . ui t h e  les s sch ie u uu e , t h ere is a S eu ua te  t i  inupost ’ tl of a sena to r  f r o m  each
colle gs- , t um th  t u u i u u i  c u t  Ii rt ’ s e a n c h u  i u u s l u m u m t t ’ a m i d .  un s tead  u - t i  a s in g l t ’ p r e s u d e m i t ’s of f’ice . t h e re  t i e  f i v e
chuauu e e h lo r s  ‘it h o  serv e in f lue  areas of .11 i - ~e u u u  uc a f t  t i n s , rt ’searc lu , s t uden t  it  l a i r s , u n e th ica l  sets  ices
an t i  ct ’ uut ’r . ih , i t  ai rs , u t - spce t i v e h r  - I ,i~ hi  ch ancel lor  hua s coi u ’si~h c r a h h e  po sser an t I , iTi  p r m n c u p ht ’ . t h is
sr s h i l l  r t ’ h l u t i s e s  v i t a l  t t t - c u s u o m i s  f r - t u t u  f l ue  sloss c n i n d i t u g  of t r a d i t i o n a l  f a t  u i l l r  m e e t i n g  m u ml l s  On~-
pru - t I e s s o r  p a i n t e d  out  to uri c b u o w e s e r  t h i a t . i l l  p rac t i ce  mu l ost  u m i i p o r t a u u t  deci s ions  hun ce  u l t u —
u m u a i t - l y  out f l u e  ‘is l u n u s  i t  t i m e  \ i i u u u s m e r s  at I du c a t  ion auit l  at  I - muiance  whic h  c a s t  t i e c u t l u m i g  vo tes  h i y

co n t r o l h m u i g  t h t ’ t h i s t u i h u f i o m u  ot n u o u i t ’v h a  ju t l gc hr s u i r h a c e  appearauu c e s . t t i t ’r Ii i s c  been q u i l t ’
cc mic i o u i s  to  it  a t  e.

l u p a n  is a u i i t i o u u  ui t ’ t - ided soum ut ’ r e a r s  ,ugo  t o  t’ u u f e r  f l u e  m n t e r u u a t i o n a h  m a r k e t  t a r  c o m p u t e r s
, m u u d  t i  i m u u p u u t e n  sr s t e u m u s  i ~i s t - r u u m u u e m u t  ‘ s u i h s u d i e ’ s  h i a vt ’ heemu g r a r m t e t l  Japane s t ’ cou l i panu e s  to  tA t’s ch op

n u p e i l t i v e  c u t u u p t u t e n s  A u  I m u t e u - t m u v t - u s i t r  (‘ u i u m u p u u f e n  ( ‘e n t e r  ‘is is ‘ t a r f e t h  in  I 0i4 at t h u e  I mus er-
s u t y  at  I i t k r  0: m m ‘is us  l u t t ’r e ’ sp a n d e t l  to si ’s  een t t ’rs mt eac h of t h e  ‘‘ imper ia l ’ ’  u n i v e r s i t i e s an d
u l t i u u u , u t L - l r  - al l  o t h u e r  cove rnmnt ’m i f  u n u u v t ’r ’ s i t i t’s sst ’re l i n k e d  to these c e m u t e n s  t l i r o u i c h  p r u ’ i . u I c  h u e s
I . i s t  y ear , arm t’ ’spe r i m t’ m u t a h  l i ne  was i m t s t m h l e d  h t ’ t w eem u I okv o aiut l  K y o t o  t’ o m u u p t m l er c e u i t e r s  st t b
.1 t r a m i s m i s s i o u u  r i t e  of 4X .000 l ij i s  as a s t e p  in h i i r u i u i m u p  .i u i a f i o m i w i d t ’ i n t e g r a t e d  sr s te in For

i n i s u m i - u u u u ’ i e r s u t i t’s t b u e  \ h i u u i s t r  i t t  l - t h u i c a f i o u i . Sc ien t -e antI  (‘ t u l t u r t ’ s t m b s m d u i e s  t ’i ’s t t h u u r t l s  of ’
fl i t ’  pu re h uas t ’ pric e i t t  t o u m u p u f t ’rs . Not  s u t r ~i m i s i i u g h r  . i f  I s i i k m m h ~m , t h e  l h t ’’i tt’s t  and 111(1st

iu in ov a t t ’ i t ’ at H ut ’ m i , m t h i m u a l  u m l i v e r s i t  es , t- o mu i p u te r s  h u , i ’ i t’ bt’t’n e u i u p h u a s m i e d  front f l u e  p h a m m u i u u u g
‘ s t i g t’ , - l h i t  ‘ ‘T s t ik u m h a I m m t t ’grat t ’d ( a m i u p t u s  l m i f o r u u u a f u i t m u  l’r o te s suu ig  and S t o r i t u c  Sr ‘d em o ’’
(T I (  ‘II’S ) is a ‘sv sf t ’m b t i i l  t a r ou unt l  a t- e m u f  r u l  . l : i r g t ’— s t a l e  coin p i l f e r  and front—em i d pr ct ’ssors for
data  amh p r e p u i t t e s s i u u p .  I t  is or ga u u ize t l  to i u i t e g r a f e  i l l  u u t i v e n s u t r  c t - t n i p u u t e r  tis t ’s i n f o  an
i ) t i — h i I t ( ’ system.  w i t h  f lue  u i h f i u n a t e  ~‘in 1 t h a t  a n r o u u t ’ e a mi  uust ’ f l ue  com u i p ufe r  at  m u i r  t i u t i e  i t id
f ron t  a u u r  p l ; u i e  on campus . At  prt ’’s.’nt , e igh t  rt ’u u io t e  j u - t b — e u u t r r  t e ru t u i mua l s , au t r — u u i u u e  t- a t h m o d e
ra y t ube  t t ’r mim u ~m l s and t e tu t e le fype  t e r m u u i m u a l s  i re  st u t t e r e d  a b o t u t  f l ue  c amuip t ms  h o  l i . i u u i h l t ’ t h e
t r a f f ic , f l i t ’ c t ’m u tr a l  p h i t e ’ s s i m m g  u n i t ,  i m l p t u t — o i u l p u l t  u u u t u l f i p l e x o r  auid I r t i m u t — c u i d  processor t u e  each
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d u i i l  S p e c u a h i r  dt ’s mg nt ’tl t.’ I u a m u m m t ’h h u R le rs  i m m t e r f a t t ’ f l i t ’ t’ o u u i n l u u i m c a t i o m l  l imi t ’s w i t h  t h e  t r o n l — t ’m i d
proce ssors . Oum c o u i i u u u a m u d , f l i t ’ h o t a f t ’ a vaca m i t  c l u a nm i t ’l , con mi ecf up ‘ i v u t l i  f l i t ’ f r o r u t — e u i d
p n t ~ t ’ssor auu d . ii  t e n  b e—u i , f l i e r  a u f o u u u a t i c : i l l r  d i scon u i ec t  10 m u i i m u m u f e s  a f t e r  a r e u h u u t ’ ’st fan
i n p u i t  if t h u e r e  is rio , iu i s ’ i v e n .  [‘1( 11’S was ds’vel opeth hr I t u r  - ro te ss ons  auud h u e  p u i i h e s s i o n a l
s l a l t  at I s u k u m b a  and i t  is , i - t I  cot in st ’ , c o n s t a n t l y -  h u e i u i g  improved.  1 o tuiake  t hu e s t ’ l a e i h i t u t ’s
, i ccessu b h e  to f l u e  st u d t ’nfs . omit ’ of the  t wia  t . i u i r s e s  re qu im n e h i - t i  e : u ch i  e m i f e n i u i g  f’re s l u m n in .
r eu ’ ,i n i h l t ’ ss of lu is  f’it ’ h i h  ot s m u l r , us ‘ ‘ l u i f r o t l u t ’ f j ou i to l n f o r n l , u t i o n  St -i en ces . ’’ ( Th e o t h e r  ant i .
u u m d o t i b t c d l r  , mia r t ’ t h i f f i t - u m l t  r equ i red  course is J a p a n t ’’se ( o u n p o s i t i o n . )  T h e  c ou ur s t - is ot le
t e n u i u  b o r i c  and cons i st s  i f a lt ’ c t u u r t ’ , an exercise a uu d  a l a l u - t r a t i rr ‘sessi ou l t’aehu  week A s pet - ia l
i u u s t , i l l a t i o u i . c o n s i s t i n g  of t h ree u u u i n i c o n l p u f e r ’ s  ‘it i f l u  c a m u i m o n  files an t I  f i n u e — s l u a r i n g  s r s t eu i u
and 21 t e r m n u m i a l s  : m l l  f i e th  i m i f o  11( 11’S . us u is t ’ il . \ 1 , t r k e t l— c a r d  i m i p u f s  ant ’ used I i i  .t v t id  t i m e  need
fo r  card punc h  t r a i n i n g  ‘is I u ic ! t  s’ia i ou n t l  to t a k e  a good t l ea l i - t t  t i u n t ’ f o r  m u o n — t r p e s t  r i t u m u g
s t t i dt ’u t s . t h e  t e n m u n u i a l s  are t i l t e d  w i t h u  a m ,u d i o o u t p u t . ca thuo t le  ray t ube . i u i f e r a e t i u i e  p enc i l .
t t ’ I e I r  Pc and i , i c i h i f i c s  t i n  h u a n t h l t u u u t  o ra l  l a mi g u i . i c t ’ , t h i ag r a u n s , m aps antI  ( ‘ l u l ne se  charac te r s  or
of hen  ‘it n i t i n g  ari d t r  p in e . I hue i h , u v  I s i s u t t ’d t h e  Cr n i l h i c  a lp hua hie t  st-as set up  oil  the  t t ’lt ’t r p e .
Flue n ob leuu l  of h t a u i d l u u u g  f l u e  k a n j i  . i uid ka u i a  I t h e  ( h u i n e s t ’ ch a r a c t e r s  and Japami e se  s r l h a b u m n u c s )
if s ’ i n i t f e m i  .b apa u i e ’ se  h a s  i u u h u i b m t e d  f l i t ’ l i s t ’ of ’ c o m p u t e r — a i d e d  i n s t n u u c h m o n  in J apan .  By t u s u n g

cht i rac te r  p a t t t ’r n gen t - r a t  ins an t i  ma u doni  access sh i t l e  proj t’ct or I n p u t s  and a t u t h i o  u m i p u i t s , ‘sm,uc h i
c u l t i t ’s m t  b e i u u c  i i ’ i e u .  -tru e at I s t u k u b a .  Tt’ ac lu unc  of unt ’i, h i ea l

p r o u u u i n e n t l \  i u u  t h e  i m u t t u i e h t : ’e p la ns . l ) u , i e u i i sis i f  h i t ’a rt cond i t ions  by u t s i l i g  a hear t  bt ’at
s i m i u m l a f or  to gt’ u u e r . t t e  t i t  u i d m  i t t ua l  lu t t u se s  i i t  nor m al h eart  va lve  t - t p e r a t u O l l  om i e at  a t ime  w i l l
h i t ’ l a u c h i t  . A f t e r  l h t ’st’ ne  in i ’d e r e d , f l i t ’ t- o u u u p u i t e r  wi l l  ‘ s v n t h u e s i , e  t h e m  i m i t o  f l u e  so tmnd of ’
i i i - t r i u u a h  h u e a r t  beats  a u ud  f h u t ’m i t i t r u i p a r t ’ t h i e m u r  to t i l t ’ sou ri th ( i t  ahu i o rn ia l  h ear t  hea t s  S u m u u u l a r
t m . u u u l u u u c  in r t ’a t h imug \ — r . u r  l u l u u u s  L , st ’s r au u dou n  .u t t e s s  pit ’ f t u r e ’ s . f l i t ’  p o i u i f i u i g  pt ’u u an t i  e x p l a l l a t m o u t s

I n i c  It  f l i t , ke y  I - ti  i ( n ~h -

R es i - i r c h i  a nd t l eve l op m u i e uu t  c o n t i u i u e s  out f l u ’ s  e o u n p u t e r  sr s t e I n ;  a large  d ,i ta  base ant I
i m u f i  i n u l u , i t i o u u  rt ’ t n u e ’ i , ul  sr s tem us bem ne  de ’i e bo p ed  s ’ot lu  f l ue  e i t t i p e r . u t i o l i  of ’ 1 o s h u m b a  ( a r p o r a t i t a m i :
, m d m u u i u u m s t r , i m u i u i , l l h i a r y  amid  h o s p i t a l  ‘, y s l t - l n  , ir e in i h e s i c i t , i n p u t ,  e h i t  and hard copr ( t t i t I ’iu t
sy st t ’u i us  cap .ibk ’ i i  h m a m i d l i u t u ’  k a u u i u .  k a u u a  . a lp hiau tu u mute r ics , e tc . ,  in ra mu t lomi u  c a i m u h u m i a f i o m u s  are
‘ s t ’11 i i i  t h e  st ,i ’i a l m l i . imu cse  i , i u i u ’ t i : u e e  d a t , t  base c o n f a i u i u n g  m u u f o r m u i a t i o u i  (In f l i t ’ Sc i enct ’
I~~’st ’ , i i  hi I u u u u i t  t o m u l r . t t  Is . i l t t t  - o u i t r a c t t ’e ’s ( J a p a n ’s N S h -  1 is iui process . I h t t m u i at t ’h y . f l u t ’
sm ut i s s f  i l  c m i l l t h i l i t t ’ r i m u m u t i s  i t  mi n us  a t  I s u i k u i h u  ,ur t’  to he e x f t ’m i de t l  to i t h u e r  u n I v e r s I t i e s ,

\ r e t u u i r t - n t  t h ue uu ue  , i t  I suku i ba  us t h a t  of i m t t e r n a t t o u i , u l  and u u u f t ’ r u u t u v e r s u t r  coopt ’r . i t t o u t
.iuu ~h e x t  , i u u u ’ e .  \ I u m c l m  a t t e u u t u o t i  i- , iuu the e d g iven to lamu e tuage  au t d  area t r a u u u i m u g .  I - u u r f h u e n u i u o r t ’
t i i r m t -~ 1ln . e l i t e  h u . m s  h eeiu u u u m t  m a t e d  by t mu - i i v e r s i t i e s  in twe lve  d i f t t ’rt ’ iu t  c o u n t n u t ’s o u i t h i e
p i t s s i b i l i t ues at  i i  pt - r . u f m u m u .  s t u u i l t ’uut  ami d f a c i u l t r  t’ \ c hm ~m m u g t ’ a u i & h t h e  l i ke ,  \ l a u u r  of t h u t ’se f t ’e lt ’rs
conic f r o m  S u i t  I u e , m s t  - \ s m.m I t r i u u m u  t i m e  I m u m f e t h  S t a t e s , solute I ~ u n u s t ’ u s l t m e s  were m n e m u t t o i i t ’d I .

All  of t h u t ’se m n u t m a t u s e s  I i : i ’ i e  been f ron t  abroad  because f l i t ’ \ l u i u u s t r r  hm ~ms dom ue  l i t t l e , so f a n , to
a u l ce ost’r st ’.is t -oo l i t ’ n , u t u v e  I u r o ~ ra muus . St i l l , f l i t ’ in t ’ s u t l , n t t \  i t  f l i t ’ Ja p au ue ’se  t m m u m ’ i e n s i t s  sr s te i f l

is ct - r t , i u r u ly not  a iie gl t ’ t.tt ’d topic u t  J~up ~mm u amid ‘sa in t’ i t t e u m t p t  to u u u u p r o v e  f l i t ’ s m t u i a t m o i i  cau l
c e r t a i n l y  be & ‘ “ip c t f i ’d  at t h u m s  newe st  and umut st r e s p o m m s m s e  u l i u ’ i t ’ l s i t \

S iu i t i e  y e a r s  ago . ( ‘ Im ~mm ut ’el Ior l u m k u d a  wr i te  an . m r t m t ’k’ s t r t ’ s s u u u e  t h u : m t  t Ime  nest u u n u v e u s u t r
see ks t t u  e h i t uu inua t t ’  t ime  s t : m g u u a t i o u u  w hu ich l  i t i u h t u i s t ’ s i t s e h t  t i p t i l i  s i l l i t t ’ u m i s t i t t i t i o u i s . I It ’ m u tt ’ u u tuo m l e i i
t h a t  - a n u m ) u u g  o thm t ’ r t h u m u u g s , it  is t l t ’s u t ’ m u t ’d to s f i t i u u u l i t i  h m e m l t l u r  c i i u n p e t m t m o u t  . mu ud  ‘ e s t , i h ’ I i s l u  a
s a u mr i d  amid  via b le r e l a f i o u t s l m ip  w i t h  sot -i t ’ t s- by b i c u m m r ’  nt ’ s p iu m i s u s t ’ to  f l ue  u u c t ’ds of h u t ’ t ime ’s  .it id
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at f l i t ’ t m u t u i m e .  N i t  one t i o u i l - t t ’ s  I b u a t  t h u e  a t i u u i m u u u s t n : m t i o m r  am. ! s t a m u t h a r d ’ s  it  1 s u u k t i h a  are d e s i c i i _ ’d
p a r t l y  l i i  e l i m u i u m u ; i t e  t l u e  p o t e m u t i a l  f m - t n  t i u f u u ’ e  s t u m d e n t — i u u s p i r t ’d s t r i f e  ‘ s t u t l u  as s s ’ i ep t  J apan  so
h m f t t ’r iy in f lue  l , m l e  I i k u h ’s, I n  a li/i t ‘ i i i  I t o / t i u i t u c l e  t u b  I t h r u i u r r  I 1 ) 7 ~~ , l s u k u b a  ‘is is
c o i u u p a r t ’ t h to \ k . m i e i u u e u i m a d t i k , b h u t ~ science c u t s  a t  N u u ’ i u i s h i r s k ,  If  I s i k u m b a  is J a p a u u ’s ~m mis w eu  to
t I l t ’ R~is s i , m mi sc u t ’l l c e c u t , f l u e n t ’ ar e ct ’ r t a i t i l r  s u b s t a n t i a l  t i i l f e n e i u c e s , I s t i k u h a  s t i l l  lie def ’i n i t e l y
l , m rce i  a nd c e n t . i u i m l r  mutan t ’ c o n t n m u ’ i t’r su a l .  \ l v  c ’sp t’ru eul c c  is t h u a t  t h ere is ,i r e luc tau i ce  on t h e
p , mrt  o f uu u an y  l i p , u i u ~’se p ro fe s s or s  to ac cept  t h e  cbu ~u u i e e ’ s  ‘ i v i t i l  t o l e r a n c e , not  to s .m ~ m p p n i i s a h .
M an y  s t u t h e t i t s  are r e h u m t t a i i t  to le t s t ’ t he  sus h i Par lors ant i  p a c h i m i k o  h a l l s  al t h e  large u r b an
.m n t ’ . ms scm t h a t  I s u u k t u h ’ ua us h o t  f loodet l  s v u f h u  app h u t - u t u a u u s  as are t h e  t n a t l i t i u u i i a l  “ in uper ia l ’ ’

u r l u ’ i t’ r s l l i t ’ s ~i 1. i uu y  of t h e  p r i i t e s s i i l s  too . t o u l t i n u e  to  l iv t ’ iii l i i k ’ i t u  , u mu t l  c ouu lu l iu i t e e re ,u t
d u s t , i u ict ’s to t h e  l m u v t ’ r ’ s u l r , l i i i  I u p . m u u e ’ s e  are I l i u L n u t  I ns  i - t i  au a n c I e n t  auu th  u t u i u i i u e  c u l t u r e  and
m bi t ’r . m e  l i i  soul te  ‘ i s a , s  ‘i t’rv c i t l l s t ’ n ’i , u t m ’ i e , I s i u k u l i a  t t u i u ’ i t ’ r s u t y -  is at  t h is f i n i t ’ , mh - t t i t  h i a l f  b u i l t
~m u u d h a l t  p op i i l a te t i . h u a v i t u  b een s i i t u i t ’ s s h i a t  s I m t ’ i s e l h  t l o w u u  in i f ’ s  pn icr es s by t i m e ‘ ‘ oil  s ho ck , ’’ I t
u s app ar t ’ i u t  t h a t , ill  s p i t e  of i t s  great pni - tc res s  to d a t e , if mu st  s t i l l  p r o se  i t s t ’ h t ,

-I -)

— -‘ 
- .‘ ‘ - . - 

‘~ -~~
- - —



I’HF; ~ A I I ( V %  AL RFSI’AR (’ H I III U IL ’ .
FOR MF.T ’~ L .~

(,eorge Sand ot

l i me \ . m t i o u i a l  Rt ’seart ’h i l u i s f i f t m t e  f o r  \ l c t , m l s  ( \ R I M  I I s  t’s s e u i t i , i l l r  a l l  u u i — h u o u s t ’ i m i t i r a t - t i r y
for  f l u e  S cueu uc c au u t l  I e c h iu u t m l o g y  Act ’ h l c r  of J a p a u u , s t l m m c l u  pn i  i v i m i t ’s ~() perc t ’ m i t  of t hue supp  nt
a p p r o x i t u t a t e l r  S b  u n i l h i o u t  l ien r cam I . F lue  r e m u u a i n u n g  spo u i s o rs hu ip  count ’s f r o m  t m m l u t ’r

c o v e r u u u u u e m i t a l  , m c t ’ m i c j t ’ ’s such u ’ s f lue  M i n i s t r y  of l n t t ’ n i u a t u o u u a l  l rad e au i d l i i i t u s m r r  am i d  f l i t ’
\ c e h l t r  f tuu ’  I ;i i ’~i r t ) miu l l e l i f ah  P r o t e c f i i i u l  . A tess las !’ ’ art ’ h u a u i d l e t l  u m i d t ’r c u m u f r a c t  t i n  u i i d u s t n u t ’s .

but  t h is is done i i u t h i n e t t l y  f i u r o t i g h u  varu ot i ’s g i t ’ i t’ ru i n ~t’ m i t a I  agt ’u ic l t ’s .

“S k I M  st-as e s t a h i h i s h e t i  in I ~~~~~(i ant i  l ’s an e : m uui e h i m i f i m  f i s t ’ grou ps t a t - h i  c o n t a m u l u i u p  t h ree
t h i v i s i o m u s  l i l t ’ l i r m u t u a n y  f u i u t ’ t u o u u s  of th ese gro u ps are as t o hb o ’ i t s

1. \ l . i l t ’r ia l s  Gro u p ( 1 1  m i uefa l  j ih ysic s  i n v o l v I n g  h i o t h u  b u ’r r ouu s  auu d n o m i — f t ’rr ous m u t e t a l s .

2. M a t e r i a l s  ( ~~~~ I 2 I respond s to m i a f i o u i a l  proj ects . amid it i ’io l v e ’ s  e lec t ronics  uu ia t e rma l s .
u i u mc lea r  ma te r ia l s  auud hu iglu  s t r eng th  u i u a t t ’n ma l ’ s  P ro i t ’ct areas l l i ’ i t d ’ i e  breeder and i t o t — s t , t t er
r eac to r s , I t u s i o n  u t uc l ea r  fuels , space deep-sea ti u v u m i g ,  luu g h i s i- teeth t ransportat ion . M I l D .

3. l’roct ’ss \f et a l l  u i r c y  ( ; r u ) u m p  u u i e f a l h u i r g i c a l  ch e um u i s t  ry ~m uui ,l process n u e f a l l t m r g v  ari d
t l e ’i - e l op n ut’uut  . l’roit’ t t s  i m i s o l s e  improving  cx t r ac t  m u ll amid ref ui i  m u g  p r u i t t ’sst ’s As an e x a m u u  p ie .
work is un the rw ar  on f l u e  c o m i f u n u o u s  t’ l e c t r o l m f u c  r e f u m i u n g  ( i f  ( ‘ i i . / ii amid N i .

4 . \ l e i , i l  l’rot - t’ssiui g ( ;rou p ‘ive l d i m ug .  t o u u u d r v  p r i c t  ct ’ po’it dt ’r m n e t a l l u r c y  auith Omit ’
t i l t  usio fl  t iu i cer t t e t l  wi t  lu corros m omi cont ro l .

5 , S t r e u u g t h u  ( ;m - ou p a huos t  u t  a c t i v i t i e s  i t i c l m .m t l i mi g N I )  I . co uuup osu te  u i u a t t ’r ua l s , f l u e  basmc
. i pp n .ic es to m ncr t ’a s im lg u ui t ’ ta l  s t r e u u g f h i .  I - . i t i g ue ar i d  cret ’p proper t ies  are i t i c h t u d e t h .

M a t e r i a l s  ( ;ro ui p  ( 2 )  is sc l t e d t i l e t l  t i u  u u u i ’ i  e to I s u k u b a  Nes s I own b on Reseauc lu  and
E d u ucat  ionu hr  a l ) O L i f  h~

) 7o) , h a r h i e r  c i m s t r t i c f i o t m  at f l u e  u ie ’i t s i t e  p rosmth t ’ti a b u u l d  u m i g  f o r  test m u g
su tp t ’ rcondu ct  itug m r m a t e r i a l s  I I ~ 75 I and a l a b o r a t o r y  f o r  t e s t l u i p  t i ia ter m ahs  at h ug h t t ’m ml p t ’ r a t t u re s
i m u sl et t a b  a t m m u o s h u e r e ’ s  ( 107 ( i ) .

l i i i ’ s  v is i t  beg aut ‘is u t h  a t iest r ip t i ou l  of f l ue  m m n c , m i i m t , t t u o m t a l  f e a t u r e s  am ’m t l rt ’st’, m rchu  p h u m l o s o —
p hm y i i i  N R I M  h - t v  t h e  l ) i r ec f or , I) r. ‘I or u u Ar~m k i .  I - o lb os s i mig  t h u i s  f luere  st-crc to t i rs  of th e
l a t i g u e  I e s t iml g I ) i ’ i - u ’ s l t i n  and ( reep Test imug l ) i v i s l i - t l l  I S t r t ’u i g t h u  ( ro u ip  I auu th  f lue  W e l i t  u mug
I ) i ’i i s i o u l  ( M e t a l  Pnoct ’ss i l ug  ( ; r u u t u p ) .  I ) u s t u ’ s ’ s i o n ms were also lucId w i f h i  ‘ i a r m o t t s  m u ieu i t b e ns  of f lue
h l m r ’ h u  S t r eu ig thu  M a t e r i a l s  l ) i v i s i ouu  ( \ 1 :u t t ’n i a l s  Grotup ( 2 1 1  amid t I m e  l erroum s \ 1 . t i t ’n u a l s  h ) u ’ i  isb n
I \ l m k - n t a l s  ( ; r oup  ( I t ) .  1 - t i r  ab out  an l u o t u r  ~it t t l  ,i I m a l f  a grotup was convened to luear  f I l e  w r i t e r
iest n ih e nu a te r i , m l s  ac t iv i t ies  at ( )N R au td N R I .  I he s i s i t  ‘isa ’s f r tms t r a t  u u i g  in i - t ru e sense - too

uuua m i v i u u t e r e s t i i m p  p r oj t ’ t f s  a rt ’ tim u d erway to ‘ i m s u f  in a t i , i y  and it ‘isa ’s u i ece ssa u’ y to probe
h a p l u a i a n d l v .  An ~m dt ’ i I u i a t t ’ review wotuld fake a mt t umn b e r  of d a y s
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I l i t ’ \~~- l u h m u i g  I ) i ’ i u s i o u i  us e u i c .mt ’ e i t  m u a ‘ i s m i h t’ va r i e t y  m t  ac t iv i t i e s  i u i u t  us  g e u u t ’ r ; mI I r -  ‘it ch
t’t l t u i p f i t’t I . ( ) n t ’ ‘ s t u d y  u s u m l u u l t ’ r ’it .tv I i i  r e la te  f l i t ’ t o m u t n i m h l a h h e  p a r a m u u e t t ’rs in e lee t romu h iean i
‘ i t e i u h u m u e  to ‘i t u ’ld u l t ’ f e t - t s , e s p e c m a l l v  mit  deep p e u t t ’ t r a t i t - t m u  w t ’ h u h s , \ l , i t t - r t , m h s  u m u u l e r  ‘ s t u d y  are
st ’ m u i i k u l h e d  s te e l  and A l —  - \ u i - \ l c  a l l o y s , I hut ’ d e f e c t s  of i n t e r e s t  ar t ’ i t ’ u l e t n a t i o m l  i r r e g u l a r i t i e s .

i t i n t i s i f y  , s i L t  t i u n l i l . u t l t - t m l  , a uu t l  t h e  t’ ra c k uuie  s t h i c h u  u u u a v  ict - u r  at  a m u v  . i s sO n t uTue l u t  of
l u o t i m u t t a r i t ’s ( t u s m u i m i  l ine . l u t m u  h u I t i ’ i s — h t u i l t’s , h u t ’ad limit’ e tc . ), [ h i t ’ ci u i t u u i I l , u h l t ’  s a r i a h l t ’s i u u c l u m d t ’
t h t , m ; t n e s  u t h u e  c I t ’ . m u o n  he auuu g u u m m  5 brat  iou , e hu a m i g e  of ’ t t ’t’dt’ n n u a f t ’n ia l . etc.

1 lu c re  is  ,ml s t i  saint ’ u m t t t ’rt ’st i i i ’  ‘is ark  i - t u t u  out An um i derwate r  w e h d i l u u !  -\ prt ’ssuire chuan i  her
is . t ’ i . i u l , u h l t ’ f u r  t es t ’s  of t h e  p i . m s u u u a  art ’ weld process . l’re s stmrt ’s e i l t l i v ; i l e m i t  to a s t a l e r  d e p t h  of
300 uu ut ’ f t ’rs I 31 k L u l l  2 ) eau i h it ’ h t i p h i c ~m f e d .  - \ t t o r m l  iuig to 1) r , M t h u  u h m i a g : i k i .  ‘is h o  con ( iuc te t l
flit’ t ou r . p la s i mi a  arc wt’ I d u u i g  u s t’spet ’u a I l \  a t t r a c t i v e  in deep ‘is . m t e r  I 1 00—300 nuu t ’ten s ) . Stick
‘it t’ h h i u i g  .irui h ( F  -\ stt ’ I d u l i c  m t  ‘ s , i t m s f a c t i r r  up h i  100 mn t ’t ers . bu t  p r ohi le mii s  w i t h  i re  s t a b i l i t y
art ’ e l i cu  i i  i m f t ’red it  e r e a t e r  d t ’p f i l ’s ,

\ R I  \1 developed a cou ’i f r o h l t ’th prt ’ssurt’ sy s t eu ~i f o r  b o u t  t we hi . h i u i c  of pr t ’’ssu i r t ’ f t i b i m u g  t a r
. u t i u u u t u t  t’ni e re v p h a m i m s . ( a s  prt ’s ’sui rt’ in t i m e t i l t ’ us t- t - t n t r o l l e d  to p ro sid e  a t l e h i e a t e  b a l a m u e e
be tween  su r face  tet l siou i . gr as  u m . i f u o m i a l  t o r t t ’ s am id arc ftirc e dur imig  t h is ‘Fl( ; w e l t h i n g  opera t iom i .
I l i i ’ s  t’u l t i u p u i t e r u t l i i i ’ s  mio ’it been produced e a n i u m t t ’r e i a l l y  by \ l u t s u i h i s l t i  I - b e t - t n t  (‘or p u - t r a t l u - t u t
t inder  f hue t r :md e n~i l I l t ’ ‘‘M e lo t i ii  - tt Ac . ’’

\ tensi le  r e s t r a m u i t  c r u t  k ing  It ’’I tn: mt - i u i m u e  of 1 000 tons c a p a t i t ’ i  A ’ s in use iRa at  NR l\ l
. imt d muu f a t - I  s t , t ’ s  t ht ’’i e lo p eu l b y  \ R I M  tt  m u u ’ i t ’ s t t u ’, i t t ’ f l u e  t’olth t r a t ’ k m u u c  u - t i  s tt ’ l ( l s  by l l y t l n i i e e u u  I ,
\ s u s fa u muet h  Ioat l is f lue  m ut a or feat  nr c , arid r ;m t i te r mui: mss b vt ’ I . 515 can he couid n et  t’ti . ‘I bue h i t  a
h I t ’ p l o t ted  m ’ s t r  p uca l  s t a t i c  I . i t  l g u u e  u i a t a  l i m e a m i  f e m t ’ s m h t ’ s tress iii t h u t ’ st eld versu s tim ’n c of

sum s ta m n e t l  load. I h u e t i u u i e — t t i — f : m m l u i r e  amid t h r e s h old f e~mt t i r e s  of the  curv t’’s are umsed to sluow s t m c l u
t b  t e c t s is  ‘is t h u h  t t ’u iu per a t  l in t ’ . prt ’ hi t ’ . u t  au t d  post hut ’a t .

A n i a t - hu m u l t ’ I t ’ s m e u i , m t t ’u.i us ‘‘Wi ld I b u e r m u u t t r t ’s t o n ’’ s ta s  sh iowt i wh ic h is used to s imu la t e
st t ’h d m b u e r u t i a l  t t  I u u u e . s t res s  if s t r a m m u  d u r i n g  st t ’ hd i i l g . anti o t h er w e l d i n g  t’o ui u . h i t i o u i s  ill a

u u r i t r o l l t ’i,l , i t u uu o ’ s p hu ere , w h u u t - hu na y-  it i c lu de  h t s u l r o g t ’u i , moist tire and ar t ’ uu m i  A h m i g h u  f r e q u e n c y
h e a t i n g  sr st t ’tui  u s t i s t ’ u t . F l i t ’ m a c h u u u t e  t a n  be t’out t r o l lc d  to ‘ s i m u t t u l a t e  .i s . t r ie t r -  m i t  t l i e r u i ia l cy cles
. m mt d  t a u t  produce t o l t s t , t l l f  l o a th  or t m i u m s t a u l t  s t r , u t r t , l ’hui s tu t i c h i m m u t ’ . also t l t’ve I o I u L ’ I  by \ R I M , is
a sa i lab it ’ t- a umu m uut ’ r t - u a l l v  m o ist  - atid at  lt ’ , t s t  one bias  ht ’t’n sold iii t h e  [m i l l e d  S t , m t t ’s I [u l i ve r s i t v

i t  \ l i t ’ hu i ga u i . a t c o r t h u n m g to I m u a g a k i  I . I hu e W e l t h i m i g  I ) iv i s iom t  also h u m s  t’( l u u i p m t i e u i t  f o r  f l ue  plasma
t et spra y u, i ; u t u u lg  m i t  s u c h  muu ~mt ~’ru a I ’ s  as ~m I t m m u u j u t a  amt t l  / i r c u h u u i a  on N i  , mui tl  Mo to imti pr ove
r e s m s t a  m i t t ’ m u  i t o  a m i th  ‘itt ’a r . Ni i r e sum l t s  ‘it t I  t ’ p r e ’seu t t t’d .

l Ime ( ree h u I t ’st i m u g  I ) i s  sm u u u  m ’ s conduct  tuu g  f lue  u u uos t  t’ x t t - n s m v e  t o l l ec f io t t  of ’ da ta  (111

coru um iuon l used t -t u cune er l t tg  a l i t  s i i i  f l ue  ‘is or l d ,  I lu ere are h i t eral l s  I I 00 creep t t ’st m i u a c i t  iu i t ’s
collt ’ t f i m u u ’  ( l , m t ; m  on 350() u n d b s  u d u m a l  sp t ’ t m m m l t ’ i l s . ‘I hue I i i u u i u ) ’ s m t l ) I m~ is mu o t ( lil ly ’ to collect
r epre s eruta t u ve  creep d a t a  ott th ie  5 , m r l i  u us h u g h  t t ’u u u p e r a t u r t ’ a l l o y s  hu t  to esh al i l i sh u fh u e
st . m t  i s t  l t d  I spread t if propert it ’s h e m  ‘it ce l l  d u f f  t’re u u t parts  of a Iteat , bet weeu t t im f ’f ’ert ’ mit I tea ts , amid
bet w eemu h eat t t ia de itt  t I m  f t  t ’ re ui f t ou t pan it ’s . -\ II m mi i i  Lust  rua l h ii gt u te mti peraf tire alloy s plu s several
r uew , m l h m i s  s t’ , i t l t  y ea r mit tested at a v a r u t ’ t ’ i  if f e u u u p e t , m t  t i n t ’s . so fa r  in air .  I t ’s t s  have be eut
run f a i  t u m m u e s  as long as 60.00() hiours I y ears ) , and eveut  lo i ie t ’ r t t” s t s are undt ’u ‘it as
I e n u p e r a t u r t ’s T i  i t  t o  1 2 () 0 ( ‘ dt ’pe nd i uug on umutem td e d ser v u t e  temu up en ; m tu i r e .  Om ue uu tv t ’ s f iga t  iouu
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55 .15 dt ’scr ibeuf .  A s t u d y  was m ade of f l i t ’ e f f e c t ’ s  out stress-r u p t u r e  of d u f  t t ’l e u m c t ’s I l l  en ss
sec t iou i , t  I ‘ sh m. u  b - t t ’ a m t to m ig  sp ec it t i emi ’s of ident ic a l  cross sec t iomual  are :m , I hue  rt ’su l ts  it u th ica te  t h a t
r i t a t s ’ m m a l  m u u h u i - t u i i o c t ’ m e i t y  mx a l a r g e r  e t f e c t  f h i a m l  f l i t ’ s h a p e  f ’~m c t u i u  -

Thue I a t m g t m t ’ I ) u ’ i  st ei n is also app l y i uug  t h e  uu ua ’ s s i ’ i e  assaul t  .ip p roac h u to t ime  prt ’ u h i c t m u t m u  i n t l
t’outt ro l of t a t u g t i e  crat ’kin g umu co m m u terc ia l  ~m l I t i y - ’s , Spe c u , u h  em u t p lua s i s  5 ( l i t  I I I a t m i ’ u m e  s t r t ’ l m g m b u  i t
elevated tt ’utu p era ture s . 2 )  ia tug  t ie s t r eng t h  of welded u uu e u u u  hue n ’s a mii i  3 s t a t i s t  m ea l  S Lm r I. i  t u t u  I I ”  t tt

i a t i g t u t ’  s t r t ’ m u g t h i  . ‘\ g a u n I u t t ’rah l v t luous au i ds of sp ec iunt ’u is i re  t t ’s t e u l  to assess t I m e  pr i ’u h - t , m b t h i i r  i f
cr cit ’s to f a u l t m n e  at  var io us f r e t l u t ’ncut ’s atid te m p e r a t t u n t ’s . l ’h ue S— N cur ses  pr u t l t t t t u l  xhu t i ’ i t  ‘ b ut ’
t o u i f u d e m u c e  I u u m u u f s  I i  f l i t ’ thes ig u uer  w h u t u  r i ta t h e n  ex ert ms e t i l t ’ he si r t ’u l tk ’gret ’ c i t  corm ser ~~u t u s u u u
as related to  cu - t s t  and s t r t m c f t i r ~m I p e r fo rnuamic t ’. Var iou s  t y  fit ’s i t t  mu tac hu  imu t ’s art ’ used i u u c l t u d  umu g
ro ta t ing hea mti . pt is h— p tmhl  antI revt’rsc to rsiom ) . ( ) u te  p t i ’ s h u — p u u l l  t t t a c l u i u t t ’ is c i  I u , m h u h t ’ of I So t i - t n
A u u o f b u e r  mu ach in e  permi ts  combined a u , u ; m i  and torsion t ex t s , I 3ot i i  b l i g h  ~u ui t l  l u u ’ i s  c’i c l i ’ f a t i g u e
tes t s  are used to t’v a lua te  alloys ; mt t e n u p e r a f u r e s  to ~00° ( .  I l i gh t  cr d c  h a t  t C m m t ’ fe ’sts  r t i tu  l i i
100 rut i l l ion c y c l e ’ s,

h t i  t it it ’ i i i s t ’ s t u g a f u u u u i  ‘ i t m t h t  a t m s t e u i i f i c  st~m i u t I t ’ss steel  t h u m ’ p l a s t i c  ‘ s t r a i u u  rauu g t ’ ‘i t a s  p l O t t e d
v ensui ’s  cy c les  to fai lure at various t cm np cr ~m t umres. T h e  steel fai led i mut e r g ra r u u m l a r h v  at low st r ~m i m u
range bu ut t ra mt s g r a n u u I~m rly wi th  larger plastic sf r ai ui range ,

The I l u c h u  S t r e n ug f hu Ma te r i a l s  I ) i ’ i i s io m u  in terests  as o u f h i u i c t h  b y l)r , Y. Kas ’i the  are in f lue
deve lopme n t of h ot lu b ight  s t r e u t g t l u  au t d tm l t r ; m highu ‘ s t r eu t g t  b l steels . Six general  area ’s were
tfe scr ihed as follows:

I I I u u ’i ’i ~h lo y- steel d evt ’b opm t t eu i t  ut t h i t ’ h i gh st r emt g t l i  n ;mu ig e , F \ a t t i h i l t ’s are 4 3 4 ( )  amid
11— 1 I

2 )  I ’ a t l g u m e  be h avior in f l u e  m a n imue  emiv i r om tnue u i t  of h ig h s f r t ’m i g t h u  stt ’e l (fo r t h e
prt ’st ’ui f . hiii w t ’ver , t e s t s  are conductet l  onl y in a i r ) .

3) Steel ’s for deep—diving sub uu tersubles . T ’h u c Ja p am i  deep sea rescue vel l icle u n der
t i esigu t was or igmt t : ih l y  uu t ten d cd  to reachu 6000 meters . a nd steels suc h as f lue  tJ . S. Steel 10 Ni
— ~ (‘cm. steel ‘ivent ’ t)f in teres t .  Problem s in thea h i ng  w i t h  t h e  heas r section r cl aheth to
r e p r o d u c u b i i h u t y ,  stress corrosion cra ck i u t g .  fa t i gue  a mud t r ac t  tire tough n ess en cot iraged a rt’visi on
at th u s ’ goal to 1 000 u u ueht ’rs . For flue  l a t te r  goal , steel ’s  s imi la r  to 111—1 30 arc of im i teres t .

4 )  \ lar a giut g type steels amid I ma r t u c u i l a r y  w i t l l  respect ho eut ’m h ’ i r i f f l e m n ent  hr h uvt iroge mu .

5)  ( ryoge n ic steels for List ’ at  l iquid I he t e r t u p e r a t u m u  t’’s.

61 I x h r em e ly  h igh sfre t ig f h t  u t m a ni uging steel (400 k~’ for potem i f ia l  use in ct’nt r i fu gi u t g
iuu a ch i ,u t ’s ti r the co ru cemutra t  ion of u ra n iu  nu t u sot opt ’s.

lit i r u d u v i d u m a l  discussion , l)r. I . Aoki first described h i s  work ouu delay ed f ’r acturc t’rack
growt h I ~~~~~ of hig h s h r e m u g h l u  s teel ’s (4340 te mt tpered at 2500 ( amid 430° ( amid 4320
tempered at  2000 

( 
- in dis t i l led water .  Lit f I t ’ temperature ef fec t  w~ms noted out the value of
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Klsce .  bu t  f lue  t e r m u t u m t a l  I r a c t ur t ’ t o um g l u ness para m eter K ~ ca lcula ted  l i v  m ui t ’ msu ruuu g  f l i t ’ crat k
t h e p t h u  m l  f lue  u i m l ’ s t’t o f f a s t  t ’r a t t u r e  mncreased r a t h e r  u t u a r k e t h h v  ‘is i t lu  t t - u u u p e r ~i f t m r e  mit h u m t h m  of f lue
s te e ls  t t ’ut ip ered at 2 5 ( Y ( au th 2 ( H )  ( . l i i i ’ s  ‘‘i~m s u~hs~’ u’v~’ uh t t i  be t- au us t ’ ul b ’i m n t t ’ r g r a i u u i b a r  t rack
bram u clum u ig  as t e m i u p e r a t t u n e  imi t -r e~m se d ,  ( rat~ gro ’is ’thi rate ‘is .is t h e p e t u d e u i t  mi mi  st rt ’ss i f l t e u i s u t V
f~it ’tor for f lue  ste el s tt ’ni pert ’d at 25 () ( - and 200°(’, b t m f ind t ’pendt ’n f o f s t r t ’ss i t u t e t l s i t \  t ar
the steel tet mtp eret l  i t  4 3 ( )  (‘. -\n it - f i v a f i o t i  e n e r gy  of ab ou t  9000 cal uu t i i h  ‘is ms n t c .msmur ~’ uI , ui
a l l  c , ist ’s . hu.m t a corrt ’ c m u o m i  f a c t o r  ‘i t a s  ~i I i p l ue d  to co tu u peu u s a t e  t a r  t b t t ’ t ’ f i t c t s  i f  crack
hr .m i u ~ l u ng , \u  i k u  ,i hs t u  t u t u s t ’r ’i cii d i scomut  t nu u ious  cr~mc k ’,iro wflu.  I lie m u t t e r s  a l ’ s  bt ’t’is cent  ‘st t’p’s ‘it crc
t i n u f r o l leth by f l i t ’ tb erm~m l f r  . t t - t u s , m t c d  process w i f l u  f l i t ’ 9000 cal ’ miiol  a t m i s m l m o u t  t ’ u l t ’ r e ’i -

~ orL stas a l sm d e sc rub e t h  b -~ok m out t h u e  role of p u t  umug  itt f l u e  s tre ss corrosion t rack  imu g
of u l t a r t t ’l l s u f i c  s t : m i u i b e s s  s tee l .  •\ I 3 b - t i n t  t i l t  c h i r o m u t i u t u t  steel ‘i ’ids st m u d i e t h .  l ilt ’ t t i r r i i t i e u i t  ss , m s
3. S pert -c ut N a(  I sa l t  ‘is a m e r  au th f l i t ’ spt ’t- tui uen s  ‘is t n t ’ sm oofll  ~mu t d  e l e c t r o t b u t ’ n u i c a b b y  p u i l a r i i t ’th .
Wi th  ~m muo t iuc  p o tem i t i ~m l . ut uo st stress t u u r n u i s u t u l t r ack ’ s  i l i u m  u a fe d  ~m f t’ o r nu - t s iom l  p i t s . , mu i d t h e  t ime
I’or p u t t m l t g  a t t u i u u t t e t h  fo r  most at f l u e  tumul t ’ t u u  f a i l u r e  . -\s m u i ig h i t  hu e expe cte t l . the  t i a c k i m i g
pr~ t t ’ss was r e b a t i ’ i c b r  m u u t l c p e t u d c u i f  of ~mp pIi t ’ il  ~t a e m u t i ~m I .

-\t cons tan t  anod i t  p i t f e i t t i a l . - :r ;t t k u m u i t i a t i o u t  f i n i t e  decreased w i t h  applied ‘s t ress . ‘r h ue
t i e l i t  I t iii p it  at  w h i  ut _ l i  s t rt ’ss corros i out crat - k imug  conum i tc u ice t i  was i i  t u m i t l  f i t  decrease w i t h
m r m crt ’a’sing sf ress . Fu r t  l l t ’r u u u t - t r t ’ f l u e  re appt ’i m red to bit ’ a t h resho l th  pit  tie lit Ii req i i i  red h u t’ h i - t n t’
c r a c k u m u g  could be i mui  t i a f e u l .

Papt ’rs co s - ermu i g t h i s  ‘it t i rk  h ave been s u i b t n  i t  fe t i  f’or p u m b b  tc ; m t ion by Japami Iron & Steel
I m u ’ s t m t u t e .  TI m e I urs t  of t h u t ’se st i l l  .mp p t ’ar i i i  J u m u t t ’ 197” .

l)r. I , S a i t u t  t h m s c u u s s t ’ ul h u m s  work  on f l i t ’ t o u ghunu e s ’ s  if  Ni — ( t — M m i  s teels  iu i  f l i t ’ as— q u e m i c ht t ’tl
t’m m t h i t m o m u  ( ‘set’ I r a u u x a c t m i u l i s  ISI , J J ( i  325 O h  9 7 ( - t ) i , A f t e r  d e t c r m u i i u i i u i c  t h a t  the  f ’r ac t i mre
f o t m g h u u u c s s  pa ramete r  K Ic c t )ul t i  be obta i n ed f ’roni t h e  exp er i n t c n t a l y  d e t e rn t imue d  J i i t t e grah
value . S’auto tn ’ii ’st ic~m fe t i  t he  e f f e c t s  of prior a u u s t e u i i h i e  grain size curl f r a t ’ t uu re  t o u g h u n i t ’ss .
I r a c tu re  t o u m g i i n e ’ s s  s s ; ms  f o u n d  to bc r e la t i ’i -t’I y i l i s ~m r i ~m u t  s s i f l u  i n c re a s imig  gra imi  ~m I t l u u - t u c l i  t t ’nsiie
propert ies  tk f er i o ra t ed .  At  senv  large gra i mi  smt c , luowever , t’r a c f t i r e  t t i ug lu ne s ’s  t l ecnt ’ast ’ tl
ahi r u mpt br ’  au i t i  f lue  I r a c t tu re  mode t’hu am i ged I’rom t r a u i sgramiu l a r  to i t i fe rgr at iu la r .  Seeking to
explain f lue  relative i u i ’ s e u t s u f i v u t y  of I’r ac t t u r e  fou ghi m iess to a u i s h e n i f i c  grain  ‘si/ c , Sai to notes a
cm irrespondence of f ’rac t u ure  t ou ghmne ss w i t b u  t i me  si/c of t ime d im u m p l es  on f rac ture  sur t ae t ’s wh u i ch
nut mate  at  small secom tt i phase  par t ic les . A u m s t e u u i t  Ac g r a iu l s  larger f h i a m i  t h is i m t t t ’ rp ar f ic le  d is tau t ce

would not be t’ .spt ’cted to h u a v t  a bar ce i i i f lu emi ce  on fl i t ’ t r a c t  tire process .

Saito is cur rem i t  lv look i i t c  at f lue  f r ac tu re  toughness  i i i  two p h ase m a ter ia ls . in p a r t i c u l a r
433() steel q u en cht eth f ro m w i t h in the stable au st cn uil e + ferr i te  region of t h e  e q t i uh ibr i tm ui i
phase it  lagra n u l . Souu t e st ruc t u i res  have been obta ine th  st -hi ichu arc t i t m i t e  t i i t i g l l  , b ut  t iuc  t ens i l e
properties art’ itoh spectacular. I l i i ’ s work h as been accepted for  p u h l i t ’at i out in Trauis. I S IJ
and probably will  appe imr  in March 1 977 •

Dr. Y. Sum ufo mi t o  tl msc u mss e th m i t  cres ts  iii the huy dro geui em b r i f f h e u t i e n t  of ’ iromi a l l o y ’ s.
espt ’c u a h l y  in l e r a c t  louis of h uy u lrogeui  amid i h i s h u i t’at lou t s , l i t ’ is s t u t h r i n g  an alloy of 0,001 (‘, 9.~ 7
M i t , 0,003 S. b alance Fe , wi th  the idea of u s o l a f u m t g  f ’or st t id y  the iron—rnolyhde uu t’ m ( F e i M o )
pr e c i l) i fa t ionl  proc ’s’s wh ich takes place imu mu u ore coit iple x a l I t - tv ’ s ,  Sum ifomi t o applies a tensile
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‘ s t r , u u u , t u t u  c,i u i u m t t e m i t t ’s t’lct - t i m i h v l i c  c h i a r g m u u g .  n l i k t ’ f l i t ’ cast ’ i i i  p u i r t ’r n i h  a l l o y s . t b u t ’
i u u f n u i u h u m c t i u c u i  c u t  b i r d r o g t ’u u ‘ h i / i t / i  t h u t ’ s t r e s s - s t u t t u t  t t t l t t ’ \ c lu an g t ’ f n u t m u i  c r t i s s  sli p hi )  p l a m u ~mr
s l ip  us u -t hst ’rv t’d , S L m l l u t t u i l u m u t  ch i l i  l udes  t h at  t b u e  s l u p  pnoct ’ s’st’’s .ini ’ c h u a m u g e d  b u y  a l l t ) y  um i g  e l e u i u c n t s
wh it -h iu u t u i r m u  t - h i a m t g t ’ t u e  m e s p i t u i s t ’ t o  b u y  t h u  Ci i i ,  l est s  ire  l u t i s t  u m m i l e r s t a y  w u t l u  [ c—Sm auu i l
1 t’— \ I  a l l  u ’i

Dr. “m K ,ts s ,u h t ’ desu . r u i i t ’uI s ’ i u i l u ,’ of h i s  i - f l i r t s  to pro t luc t ’ f u - t u i g h u  2~ 0 kg u iumui  u u u . m r . i g l u u g
s teel  f l u r o m i g h u  c o m u t r i t l  t i f  u n i t l i u s i r u i d t u i r e  ( see J I S I  Vol ( u 2  N a  ~) h u ) ” o I lie s teels t u b  m u u f t ’ r e st
.tre h ig h ly , m h h i u ’ i cd 1 1 3  N t . I S  ( ‘i i , I f )  Mo . 0 , 1 -\I , 0.2 ‘ I i i  to a chue ’ i -e u g h  s h r t ’ i u ~ f h i .  ant i  t i u t ’
prt ’ t’ m p i h a t t ’s a l e  f b u t ’ r c t m u m c  d i f f i c u lt  to d i s s u i l v t ’ , K awab e  has s t u i u i u c i l  t u e  t’ h f t ~~ts ii h igher
s u i l u f u o n m  I r e , m f  ui t t ’ t i t  t t ’uu i p t ’ r i t t in t ’s I ~ SO to I 2 S ( )  ( - I ump a mu  f lue  f e u t s u l e  p n iupen t  I i ’s and f ’r . m t t u r c
t i m  m m c l m l i i ’s’s

I hu e t r , i , I m u r i - touiui l u i u t ’ss p~m r , i u m i t ’t t ’ r K l~’ iu u t ’rt ’ t st ’ s .us f l ue  ‘ so l umt ion  t emi u l i e ra t  t i re im i creas e ’s
ul i ’sp i t c  gm , t u m i  s t / C  m m u c r t ’~ts~’’s w b m u c h i  t i e t c r u o r : m f t ’ t h e  t ens i l e  p roper t ies  amid t l t m c t i b u t v  . -\s f l i t’

1 , i u .  t u i r e  t o t i g h u n u e s s  m u l t - nt ’.ist ’s , t h e r e  us a s h u l t  f r u i n u u  t h m m u u p le t r . i c t u i r c  s u u i i , t e e s  ho  m l u i , m s u c b t ’ . m s m e t ’
i .m~ I t une  su r f a c t ’s , t lie ri -s e m st m i t  f l u e  u msual  r c l a t  ions h i  ip N i l  wee mi t r ac t  nrc motle ai im ] f t  i t imi lu  m ii ’s’s

K.m ’i ’ i~m ht ’ he lmese s  f l i t ’ u tbse rv~i t i o i t s  re lict - I f lit ’ disst b u t u a m u  t f  t ime  pn i ’ci p u m . m t i ’ s sv huc hi  art ’
u i - e. m r i t ’ u t ,i s mu u o r t ’ i l c h e t t ’ r m u i t i s  to t r . u t - f u u r t - t oug h ness t h u a m i  is large c r : m u i m  ‘ s / t’ . I an c t - C! m i l l  si /i ’ .
bum ‘is i -s e n - dot ’s d e t e r i o r a t e  m I t t ’ t cn ’s i l t’ propt ’r tu t ’s au th uhu . ’ : m l I y  f l ue  pn et ’ u p f a m c s  ‘it a i iM lie thus ’ s  m I ’ i , ’tl
“ u t  b lue  g n : t i u u  s i / t ’ ‘is ot m ld r e m u u a i m i  s uu i ~m l l . To ’ivartl t h i s  g u t , t l  K ,i sv a h it ’ b i , is  Ne t ’mu s t uu t l y un g

t b u - r h i h u - t u u i e t - I m ~m n u t i - i l  t r e a t m u u c u i t  am u th  a v a r i e t y  of cy c l ic  bu t ~at  t r c a t m n e u u t s . i h i ’rc h a s  been st un t ’

sum c c t ’’s’s bu t  fh uc ’ s e  t r e a t m e n t s  , mn t ’ comp ht ’x amut i  c \ p e f l ’ s u v t’ and t h u t ’nt ’ t i  i re f l i t ’ ‘it - t im K col i t u miu t ’s .

l ) r  M S u u u u t ’ta s t a t e t h  t l u ~m t l ie ‘ is - i l l  h i t ’ s t u u d v i n t g  t he  l a t i g u m e  m i t  h ig h s f u c n g t i i  s t t ’c ls Ant
st- m s ’ s  , u t e r  umu f l u e  f u h u i r t ’ , I It ’ ‘it a ’s t h m e r e f u m n i ’ ‘i e r y  in t e r e s t e d  iii f l ue  r e l a te th  stork umm ide r ’ i s  :ur ~mt
\R I - I Ic i u u f e u i d s  to s t u d y  s t ee l s  s u mchu a’s I l l — I 30) . p r e c i p i t a t i o u t  h t , m r t l c u t i n g  s t ee l s , u u t , m n , u g u u l g
steels , I) N —4 ( m s t ee l s  aut t l  I i’m —  I 1(0 t y  t ic s le d s. Flue test ’s st - i l l  he mi a i r  am i d  sca ’it a f e r . an t I  f l i t ’
spi ’ . u r uu eu is  ss i l l  u n ‘sonic cast ’s t o n  Ia m u s h u ~m rp itoh clues ,

l ) m ‘ii l u t a g a k i , h ead ( i f  the  Wt ’ l th i uug  I ) i ’ i u s i o i u , is ac t u s e  i i i  t i t u u u n u u u t t i ’ t ’ ss ark  both iii J , m 1 ’u , i i u
amu ul  i u i t e r u m ~m t u t u u a l h v , l ie c h a i r s  f h m t ’ (‘lass S h r u c t u t r a h  Steel  f u i r  W e l d i n g  ( ‘o u u u u i t i t t c c  of ’ t h u c  S l i t ’1
I ) i s t s m i u i t  oh f lue .I a p a u t  Weld in g  l - i i g m n i ’er in g  S o c i e t y  l i t  t i t u s  c . t p . i c t m ~ h u e represen ts  J a p a n  at
a s s t ’ m u u b i l u e s  1) 1 f l ue  I u u t e r m t a t i o u i a l  l u t s t i t u u f e  ( if  W e l d i u i g .  h u m  e” , mmuup l e  lie p r e s e m u tc d  ,a r epor t  on
tIme s f m m t h r  m i t  colt l t r a c k i n g  w i t h  f l i t ’ i t u u p lari t tes t  , m I  .m m u t e e t u u u m i  j u t  - \ u i s t r ~i h i a  in \ u m g u m s t . I u)1 (

( I I ” .V I )  I \ u ) 7 q _ ’( ) ,  Other  concermus amid s f t i t l i t ’s i i i  f l i t ’ c u , m u u m u i i t t e c s  t n t ’ l a u u t t ’ l l a r  t e a n m u i g  and
I n i t  I u r t ’ i t t  h eat mt I t ’ t f e u i  ,‘onut ’s
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‘t H E; L \ I %E R SI ’ rV  01” TOKYO

George Sandoz

I ’hi e t n i ’ i e n s m f r  i - t I  I a k y u u  is about  100 y cimr s  oh ti  am i d was f l i t ’ f i r s t  m it  J apa u t  to o n u c m u t
if se l l  t a wa nu l  f lue  Wt ’ stermu Wor ld ,  I’ht e f ’urst  classes lit scieutce ant i  f e c h i u i o b u t g y  ‘it - cr c m t  t a i f
t aug h t l i v  f ’or c igu t  pro l  cs s u -tn s w ito were cutip loveti to introduce t h ese ‘ s u m b t t’cts which  ssi ’ re nu o l
at t h a t  t i m e  at lv ~m nt ’ed iii Japan . at  least c’oiuipar i ’ d to h urop can t e c h u m u i t ’al es i l ’ s  W i t h  t h us
hcadst a r t ,  f l ue  1. 1 m i m v c r ’ s i t  y t i f  T o ky o  leth f l ue  way toward we she r u t i z~m f u i - t n  ~m ui t i  i i l i p ar d m t  t v  hu a ’s
ctiu ,mt e d  u t u a m m y  t i f  f lue  miaf i ou u ’s leathers im i ga s t ’rm i nt ie ui t  an t i ]  i uu t i u s f r y  , ‘Flit’ st a u t t l a rds  m d
a d m t u u s s t i u u i  ,ire e x t r cnn t’h y h ig h am] t lu t ’ e x a m i u t a f i o u t s  upon wh ich c t i t r amtc c  is h ’uas ed absi - t l u t e h r
arc rt ’ f e r n t ’d to is pure “ h u e l l , ’’

A s .m m u u , m t t t ’r u t  f i r m  I ) oIu t ~ . f lit ’ I. u u t i v e r s t t y  of ’ Toky o rcu ui a i u i s  o t u t s ide  u - t i  p~i r t i s amu  pol i t ics .
Mem bers m i t  f l i t ’ f a t u i l t  r scm’s-c as special  a i h ’ i u s u i r s  or on c o uu uu u’ m m h tees  of ’ .igt ’ m u t ’ut ’s s i t i h u  :m s t he
Science amid 1 ct - h i u t o h o g r  Ageui cr . M i i m i s t r y  i t t  l u l u i c a t i t i m i . M i m t i s t r ’v of l ra n spor t af  lout , \ l i u t m ’ s t r v

if (‘omi ’stru cfiomt anti the i -m i v i r o u i m e n t a l  Agi ’ u i c y - . ‘fbte two protes ’su irs vis m ted . Professor  ‘I .
A sa ul a  arid l’ rm i f e s s i - t r  K. litl a , are for t’x~i m u m p l t ’ h e av i l y  e uig : mgt ’ u h in n csc, in i  hi ,m ss u - tc ia ted  s t u t h i
pressure vt ’ssct technology amid shuip b u m i l d i u i g .  and t i ter  im i f e r ac t  d i rect  b y w i t b u  such a r g , m u t i / : i -

t uou t s  as f lue Power Reactor :u: .b N u c l e a r  Fuel (‘o rpo ra t i o u t  amid f l i t ’ S l u m p  R c seant ’hu I l i s t  i f u u t e

( both ~(iv ern mii eui t al  or gai l i/ at ion s) .

P n i i t i ’ss ut r  Asada u s associatet l  w i t h  f l i t ’ I ) ep a r f  u tuemif  u - t I  \l~ - . b u a i u m c , m I  I’ u t g t l i c t ’ nm uu c  , iuum .h us
pursuing sc ’it’ral pr oble utis u t  h ig h f i ’n iupe r ~u t u u r t ’ b iu ’ i t  — t ’y cI t  I . m t  i g u i t - am ] omi er t I m e  s t r a i m i  i u u t l u u t i ’ i h
p l a s t i c i t y - . s t r a m u t  i n u th u ce d cret’p ai im ]  l i i i  u s u r y  . I - t i n  ex , i u t tp l e  h ue us c u m r r c n t h l v  st u t i ~ t u g  h b m e  c f I t ’c t ’s
iii Iuohii f i m u t e  ari d st r a i n i  ra te  ott low cr - t I e  f a t i g u e  of ’ t y p e  304 annA t y p e  3 ! Ii  s t , u m u u l e s s  s teels  at
( i 5 ( )  ( - I h u t s  t e tutp cra t t ire m ’ s of imt terest  h u e .  ,i t i s t ’  i t  ni ’ t l ecfs  f l i t ’ nt - m e t  or f en i tp e ra f  t in t ’s ‘it- iu t ’nc t~ p~
31 (u  i u u a y  he um s e i l  a’s a c l at ith it ’m g mt t af t ’n ia l .  lIlt ’ test  spu ’ t i t t i t ’ n u s  m i t  Asa ul ~m m n ’  m i t  f l ue h u o u m — e l , t s s
t y p e , ( ni u m t u ni di~u muu t ’t t ’r , ‘ h u e  load cy c le  us t n i a n u g u m l a m  amid u i u ’ i u u h ’ i c ’ s  h i , t t l m  t i ’ n s i u t u u  a m u t h
conup res sii n u. but O ut ’ holding period s lot m ) t i t ’ 0) s I x t y  r u u u u l t i t i ’sI  are al ’ i ’ i .u r  s u h u u n i u u g  t e u u s u u i u u ,
I t’st ’s  art’ coni d ucted iii a v a c u u m  nut of I x I 0—6 tor n .

Otie piipt ’n out t h e i r  ‘it i rk  wil l  he presu’ti ts’ th l - t r  - \sa ul a  amid  s i ’i  i’m i i  c o l l a bora to r s  heh mire  f lu e
3rd I u t t e r u t a t m t t u u ~m l (‘on f i ’re m t t -e (‘ml I ’ m e ssu m ne Vt ’sscl I t’t’ h i u u o h t i g r  to he lucId 1 9 — 2 2  Apr i l  I 97 ‘ in
Tti kyo . Ot hu er papers h ave app eare th b ) ni ’’i m i - t u i s l y  ( st ’ t ’ A uu u tum ~iI Report  of f lue  I’ nugm uu e e n i u i g
Research I u i s f m f  u i t e 3! 9 1 ( 1 9 7 2 ) ,  Proceeding s of f lue  I u u t e r m u a t i t u u t a l  (‘o u u t c n t ’ u ic c om u (‘ ree1l and
Fatigue lit Elevated l’empera ture  App hi t ’at a i m s , Ph il Sept 19 “3 , S h t e f l i e l d  , ti K I t )  74 )

Asiida was n i t i t s i  iu t te ru ’stt ’d m u  f lue work of S h a b u u n t i a u t  a t m ,] o t h e r s  at the  N a s a l  Rest ’arc hu
L ih i ) r a f i t r ~ . S hahuiu u iam t  h a s  a t t a c k e t h  s im i t iha r  pr oh ilen u ts bu t  r uu t ’, m s t m r t ’ s cr~mt -k gru u ’ i s t h m  r a f t ’s in

precracke d specintens . Asada Iu ~is t-outsid c red thue i f  t e e t ’ s  at uto tc i u c ’ s  I’roc eedimt gs of f lue  2u t t h
In t e rna t  m i untal  ( ‘ou uf ’ere ntc e on Pressure Vessel I ’e c hum uo l ou.’r , San t A u t f o u u i o . I c x~m s , i i )  73 ) but
apparently leaves crack growt h rates to o t h ers at f l i t s  f in i te .  A t’u ’, Ihe ~m g t m e of AsauI ~i at
U niversi ty i i i  I u k  so , I’n i t l  essor I i .  O kuutu um ra  is . h oweve r , cot tdt ict  m miii f r a c tu re  ru iet ’ Iuamt i t - s f r - p t ’
tests wit It crack g r t twt lu  measured opt ical ly .
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I h e  ‘is (irk oh -\‘s~m u t , m  au ’it l o t h ers ott p ha s t  i t  s t r a i n  st ~ms prest ’mt fe d in part  before th t ’
I n t e r m u a t u o m u a l  (‘o utf ’crem icc oui (‘ree f) and l - , i t j g u i e  li t  l ’ I evated Tenupera ture  Appl ica t ions ,
P h u i l a u i e l p h u i a . I 9~~3 A ute ’i s- paper on ‘ ‘ A c u u m n t t t l a t u t r n  of 1_ o m t g i t u d i n a h  S t r aun  Unt ier  Cyclic
T a r s m u i u u ’’ ‘is II be pr e scui fe th  t i e f o n e  t h e  4 t h  n u i t e r u t a t j o u i :m h  (‘o n uf e r u ’mt ce ott Fracture , 19—24 Jum i e ,
\~ ate rh oo . (‘anada. ( I f  appe ars t h a t  Vt , mf e r h o o  s t i l l  fieconu c a Japane st ’ e u uc l a v u ’, to judge from
t l te nu uuube r s  p l a nu u t iu t g  to a t f e n t i .

I hit ’ p l a ’ s f u t i t  y ‘is ark m if Asada us t lo u u e ott st’vt ’ra l r a t h er i m l f r i c a t c  h u t  w e l l—co mi c c iv ~tl
r u u a c l u i u m c s  ‘s’s I i i u. i l provide fors iout  plus  pus h —pul l  s f r a u m t . By ui ca sun i t tg  t h e  p u s h — p u l l  p lus t ~lc
I t i r s tou t a l  s t r a in s , t hue t a t ~i l s t r a im i  cant be d e t e r m i n e d  anti  con t t p an isons  maulu ’ s ’ s i th t  t h eory . A
huobb u s t  cr hi t tub r i u . - ,i I b r  shaped ‘s l u et-umen 42 niu ui  iu u d i an u ie f e r  is used cu r ren t l y  type 3 16
st~u i m t l e s ’, I ‘is h u i c h u  ci us t  s ~iS00 each .

l’n t u hcs so r K. l itl a us , i s s u u u i , i f ed  w i t h  t lue h ) e p a r t m i i e n t  of N a v a l  A r c h u i t c e t u r e  amid t h is s i s it
it ’c,i ml ‘is if Ii a f our of f l i t ’ lab ora tor y - l i m e  l ah ” ora tor r  feat t ire ’s au assu ir t  n l eu t t  of mac iu i  lies

d csmg m ted  to te s t s l u t i m m u c u t s  amid c o mut pou i eu t t s  fo r  f a t i g u e  ru ’s i s tamice .  b r i t t l e  f r a c t u r e  r cs is t~m micc
and ci ’nte ra l s t r u ’h u g t  I i  t’ I u a r .m m c r u sh lu ’s. Omit ’ u i ta t ’h i n u. ’ , for example , cant app ly (-tOO tou t s  to b r i t t l e
f ra u t u n e  spec uut teut s , t I t u s  alI a s ’s lu g  s u c t I o n ’s  t t  sc su ’ral u u u c h i u ’s ot ’ t h t i c k n u ’ss to lit ’ t esteti . Th ere ms
, i l su i  a S0— t o uu i r e l i c  loath bed to st u t h y  h t i c h i — c y  cli ’ f ’a f i g u me amid a t t o l  h u n  S O — to m u lied t u - t  stud y
last —c r d c  f , i f i g u e, u u t d e r  su’ r ’ i u - t  c o n t n u i l ,  -\ 400—tan  - \ i u i s l c r  f r -pc  h u i a d u u t g  uiu.i ~ b i u n e  f o r  s t a t i c
h a , au l s  v ,a s  . m p p a r c m t n l r  t u e  scenic of P n t - t f t’sso r K~m u ta , , m ’ s ’ sa ’s f , i u t i o u t s  douib l t ’ f c m t s u o n  test  devehopeth
si tune  y u - , u n s  im g t  t . l i i i ’ s  test  fu ’ a f um rc s  a snu a l l  t e n s i l t ’ ‘‘ i a n ’’ ‘is i t  Ii c r . mc k s t , m n t e r  n u i f c h u  n i ac innet i
l i t  I l l  b u t  s t i l l  a f f . i c h m c d  to f lue  largcr spt ’ d i u u i e h u  to be tes ted I m u r  r es is ta nuc e to lin t I hi ’ f r a t ’ tur c ,
l I m e  su ui a l l  ‘‘ear ’’ serves to s ta r t  a crack t ra s - e l l u u g  i m i t o  f l i t ’ l a nui t’r sec t ion ,  I l i t ’ t t ’st , s imi lar  to

t b u c  I ( ) tm ]  Ro h ertsou t  te sts , is s u ’ r\ t’xp c! t s t s  c bu t  ‘isa ’s m ist ’ f tub  ml e a r l i e r  i mu vt ’sf u g a t  m u t u t s .

I t  ‘is _ ii ’s in teres t ing t u u  see sout t e i - t f  f lue  su t i al l en f a t i g u i c  n t t ach i in e s  am td spect u tue ni ’s which m ss crc
t iup h ica t e s  of h h t e  fat igue machines used earlier  hr I - I ,mn g e u- t i  t h t e  Nava l  Re searc lu Laboratory
t i  l u s t  u m i u t u u t u -hueti  specint len 5 itt l u - t w — c v c l e  t ’, u l  ig t ie ,  I au t ge Is s t - el I  knu u ’ s s  it f i t  t h ese m i s u’ s t i g a tor ’ s

m t  t 1 n i ’ i u’ r ’ s u t r  u u f  Tokr  u - t  F h u esu ’ par t ic tu l a r uu u achui t i e s  arc ht ’ um u g used t m  t es t  st u’It ied u i i u i t s  at 9
per t u ’uu t  n icke l  ‘steel  for p ressui re  sessel c~mnr ier s of l N (  - 1( d )  ( - I 5 psi gage ) ,  l I l t ’
l ) e p ar fn t erm f of Na ’i  ml A r u b u i t e u ’tur e  is also s t u t l y t i u u u  aco t i s t  Ic t ’n t tus s ion  as a n t ea u u s  m l f o l l o w i u t g

lie - t r i m .  essu ’s of I r i  u t  tire. Onm c test ohs crvt ’i l  m ni pni tg r u ’ss i t i s  ohs eti a 4 ’puii  mu t ht ’fld sf i et ’ t i l t u’n.
l it e a ct u st m t emit  uss u t  ‘ ml  si mush ins ‘it t’ re h e m m u g  t is t ’ u h h i m  I ui l l o ’ st  f l i t ’ p last  m u. the  f t  ) n u t t . m m u o n  .t lid cn .mc k I tug

Pr ( cc ssu ’ 5 -

h u d a  prt ’ s e muf eu l  , m t . m l b  st a ck ( i f  r epor ts . u u i . i m m r  u I  t l u c n u u  s i n s  u . u i r m c r m t ,  ss luut ’)u sh t u t s t s t h a t  lie
is a l u t i s t  p r o I u t u ~ n est ’ a r c h u c r ,  l I u s  h ig h st ~t t L u m u ’ ,is evidenced by l i i ’s  i n i v l I . m I l O n l ’ . f t i  su.’r~e Ott  h igh
level t - o n l n ; m u m t t c e s . h i - t a r i l s . au td  m u t t c r m u a t u u l t i a h  a u l v m s u u n v  amid  com ih r o l  or re gul atorr gr ouip ’s  Is s c rr
t m n u u l e r s t a n t h a b l t ’ , ()ti e ut t he  s u i b j e c h s  out w h u t t l u  l id a b ias pu b i l i s hue th  e x t e u t s u s u ’hr  is out luiss  —c ’s t I e
l a m  u gue . h o w  c r . m t k ’ s  , unu - m r t u t u a t e d  iund g n t t w m u  Ii ~- t h is process . ~m m t d h u t t w  t h u s  rch , i t c ’ s  to dc s iguu am i d
l~i hi r ica f i t  iii processes . i’ s l i c i m a I t s  u I large slu tp s a rut h 1t ru ’ssmi ru vessels i-k’ bIa s b ’~’n mnk ’rt ’st t ’d in
t he n e h a t e u h  , mn i ’ , t ’ s oh f l i t ’ t’ f f i ’t t s  m c i  i t i i f c l l u ’s and ‘s t i l t l  m l u ’ f t ’ct s  ( in f’~u t i e u i u ’ crack m n u tiat m o u t amud
pr o;- t ag~it ion. Flue f a t i g u e  s p e u t r t m n m t . or sh ape m i t  t h e  f a t i g u m t ’ c t ’he , hl ~m s also heent u t ives t iga ted .
R e c c u u t l y -  he ha ’s h eent w o r k i u t g  ‘ i t u f l u  I ) r ,  \ l .  K ,mw ~m h u ~m na m i t  N i p p o n t  Kok au t  K~u hu s hui k i  Kaishua to
deve lop .ini i \  - t ressu ~ tn t  for  f l i t ’ p rop agat iout raf t ’ of a I a t  m gu u e t r a c k  f’routi a s u ur t ’ace t iaw . This
wo rk (see I ire Vi ot i~ nt ’po rt ( m i  V i s i t  f m i  N t p b u u l u i  K t ik an ’m K K , )  , m t f a c k ’ s  t ime prob leu uu of var ia t i u i m u iii
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cr , m ck f ront  t it orph ol a~r depc mi t i i m i g on stress ‘svs f u’ m ii  ( h e m u t h i n i g  or fe n usuomi  I (see 11W I)oc

I 3- sO2 - Th , 11W I)oc I 3-~ 90- ’~ 5 , 11W l)oe 1 3— 8 0 1- 76 ) ,

I i tha a m u d co l laborators  p re s en t f t ’th papers at f lue  Third Acoustic I - m is s iomu Sr m a pi ’su uni t  -

I u- t k ’i it , I ~)~~(u t h c s c r u b u u i g  ~mc o t i s t i t  t ’n u iss io u  d u u r i n g  f ’ih ro u m s b r i t t l e  f r ac tu re  am i d d u r i n g  t h e  how
cr d c  I , m f  u g u i e  of b u u ’mu t i s p l t u ’ r u c , u l  p r e ssu re vessel m t u o m.he ls .  One uu t t c rc s f  im i g f ’imt th  m u g  was t h u a t  i t t  t b te
cast ’ of l in t f l u ’ fr~mct tire uto t  , u c c u u m u u p a u t i e d  b y a f ’ih ro t us  crack , t lucre  us ahu i uo s t  no previous  suguta l
by a c i u t u s t  mc enul i ’ ss i om i . h ucutce  ito ‘st ay ( if d e t ec t ing  f lue  i m u i t i a t i o n i  of b r i t t l e  f rac ture .  Uo’is u’vu ’r
t u i o s t  conui nto n s t r u c t u r e s  do not fail  in a completely h ’un i f t l e  manner , and a cot i st u c  emission
does signt al  the i n i t i a l  fr a c t u i r e  pr~ ccs ’scs in thu’ se eases.

Most nu’ct ’ n u f b r  . h i tha  presented a IiaPer . ‘‘Coti iparisou ’i of Fatig t ue S t re n g t h s of Steels f ’ nt ler
l) ef leu m ion (‘o m u f r u t l l t ’d B en u t h i mug  and Sfr ~mi u t  C o n t r o l l e d  Axia l  Load (‘ r c l i n g , ’’ at f lue  u t t l
I n t c r u t a t i o n a l  (‘ot i ferenuct ’ t in  M u ’chia u tic ~m l l3 ehua vior of Mate r i a l s , 1 6—20 A u g uus f  I 976 , it t Bo sto n
-\ pimp e r t int ‘ ‘ l oss (‘ y c h e  F a t igue  St r u ’u i g t l u  of Steels amid Wehths  in Rela t ion  to Stat ic  Te n si le
I’ropt ’rf i e s .’’ is scl tethu lcd fo r  pre ’st’mi t ~i f i ou1  at t h e  4 t h  I n t e r n a t i o n a l  (‘ont ’ere ui cu ’ ont Fr~ic f t ire at
W . i f t ’rloo ( ‘is - lucre cI sc ’~ I , 19— 2 4 J u u t e  1 977 , ‘[‘It is  paper , in collaboration wi t h  F. Ft .mjii  of flue
Sh ip Rcse~mru - iu I n s t i t u t e  in M i k o t a .  c l a in t s  to show t h a t  t h e  to ta l  s t ra in  a m p h i t t u t l e  in ru ’ ’ iu’nsc ut
s t ra i n  e r c h i m i g  can lie p r e t h i u t e t l  liv ‘s t a t i c  l ’ra t - t iure th t mc t  i b i f v  ( R .’\ ) anti  u l t i t t i a t e  tens i le  ‘ s t r e mt g f hu
‘is i t h i n t  arm accuracy of 40 percent .  l ’ iu t ’ s u s i h i h e  crack i u t i t i a t i o n t  I i f ’c r tiusf also lie known.

l3of hi I ida anti  Asada ‘i’s crc apologetic about  f i t u ’ lack of ’ mu t ot lerut  e qu mip m e ru f i i i  t h eir
h a h o r a f o n i u ’s , p a r f i c u m l a r l v  ‘ivi l hi respect to f lue  comp u te n m iem .h c on t r o l  of test ’s and data re t r i cs a l
and ~u n a l r  si ’s . I buss -cs -er , t i t e  i r t tpress i auu sta ’s t h a t  f luere  is u t i uc h t  mn thue  war of h u u u m a u i  im ’igt ’m tuu  i t r
at U n i v e r s i t y ’  of Tokyo utow , ‘svhich i a flood u- t f  new mac h i n e s  n ii ghtf  u’rouhc .
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George Sandoi

“ k ’ ’ ien , m l u l epa r t u i t e n ts  f t h e  \ ‘ok oh u ~m m ~m \ . m h i o u t a h  I - u l i v u ’ n s t m r  t . m c u h t ~ ut t ’ n u e u m i e e n m m u u ’  u s er

‘ i s t h m i on t h is u u t t J s l i .i i i .  I l ie p n i m u c i p a l  lu t is t  ss iu s P ro I e ’ s ’ su mr S . ( ) ku , ‘is h u t  d i i i  m u u u i u  m u u t u - t h a n
‘isas e \ p c u .  l i i i  tin rct i mired 1.-t n a ‘ s a t u s f , u u t o r r  u ’’s ch m m u g u ’ ‘I imere ‘is m~ ti ot m i m u t - l u  uh i ’ s c tm s ’ s momt  oh t i l t ’
h u i s t m u r y  i i  t h is i m i s f i f t i f i o u t , b t u u t  I t  ‘i ’ s , i ’ s  cs tab hi sheth  t h i a t  on l y  mu ua ’ s tu’n ’s u l c e n i ’u’s m n ’  c . i t t t c m u ~’d ant i
t h i , i t  f lue st ’ hu ool us j ut  pr ot ’ u’ss u i t  n u u i s i u i g  to au e u t t i n u ’l y new ci tu tu p t is  s u n i l l u’ I l l — I S  k ih o m e t u ’i
ass a .  l ilt ’ u t t ( u ’ i  i’ ‘is t I l  lie com t i p l t ’mcd in 3 u - t n  4 y ears , \ l c a i u w h u i h u ’ , I l i e u’’s i s f i u i g  cam ul  i l l s  m ’ s
sti n iu t ’’is hma t  nuu t  u h t i ’ s t  Ii anut l  gu ’nc ra l l v  iu u ’g h u ’ctet l  l I s t  t I m  a ’s m,’t i ’ s l u u u ’ t l u  v~i l u i t ,’’-~ ire  comt cu ’r l ue t l .

I’rumf ’esso r ( ) k u  t l e sc n ib - t eu l  f l ue  KOt \ s’i st t Ill of J apau t  s’s b u i u ’i m u ’ s . m nu - su ’ , mrc l t  i c r  pn~ l ’u’sst - t r u ~m l
u m u u i t  L u c l i ’ s t ’ s t l l t L ’  m i t  a prof ’cs ’st t r  , . i s s o c u a t u ’ b i r t t f u ’ssar p I t t ’ s  . u s s u s l , m n b s  t in  I e c t t i n u ’n s a m i m i  g i ’ a i hu t a t c
sI u i d t ’ m u m s  ‘ l ime K( )/ -\ is  c o u u u p u  usu ’ ul m uh f o u r  pu ’ u t p l t ’. lit a g u ’ i u’ I i  u u n m v c r s u t r  . cacbt KOIA us
g n . u I i t u ’i j ut i t h e u t f u c a l  am ui oumi t  m t  I t t omu t ’s f o r  nu ’scarc h i , ~m I t i u o u m g h i  t i i c ru ’ arc d i f f e r ences  het ss ccn
m e c h i u u u c a l  u h e h - t a r t m m l t’I t t s  an t i ]  l i b e r a l  a r t s  d e p a n t m m t e n i t ’ s . Of per hi ~tps  gri m I e r  i n t e r e s t , f h i u ’ru ’ a rt ’
s u g n m i h u c . m u u f  u h i t ’f ’crt ’ m i t u ’ s iuu f b u u ’ n u u u i n t ’\ a h h u i t t c d  ( h r  t h e  M i l l l s l r \  m i t  I u b u c ~m t l u t u t )  f l u  K OZ - \ ’s of ’
d~I t u ’rt ’mi t  t u u l l ’ s e r s u t i t ’s . I l i i i ’ s  , m K ( )/ \ ~mt t u u m v u ’r s i t s  ui f  I a kv o  nu ’cu ’ m s u ’s mutan t ’ u t i u u i u ’y f h u a n  a
K O t - \  .it \ u i k o l m a n u u a  t_ l l t ’ i i’ r ’ s t t r .  Omit ’ d e f c r u m t u u u i m i g  t a t -ton umt t l u i s  us I l m u ’ b u u g h u c s t  u h u ’g n u - t ’ m m h  l ent il ,
, u l l i l  as st ~t t t ~u h u’.m r h m u ’r , \ a ko h tau na  m i l l e r s  t > n l v f l i t ’ m u u a s t c r ’s the g r u ’e ,

[ lii ’ u sual  prt ’ s c u i t a f i ( i u i  m i m i  ,m u ’t i s - m t  lu ’s t u f  ON R aut d N R I .  ‘is as well  rcct ’u ’ i i’d amid t h u u ’rc s’s .m s
cons iderable  i m u t u ’rest un I tu - t w t h i s  s y s f e u t i  m u p e r a t c s  s s - u f i u i m t  f l i t ’ ui rg ~i m t m / a f m o n  of ’ f lue  l)t ’fu ’ns u’

l ) e p a r f u u t e n t  . l h u u ’n u ’ us ‘st i ll ‘sou i iu’ ii i t f i c u l h v  :un i i ouig f l ue  Japan t ese in ‘ i i s u i , t b i , i u i g  , m t Ici  t rus t ’ ~m c t m v i t r
w h i c h  is p n u u m i . u n m b y  a t b t r u s t  at bask sdi t ’ncc,

I’r esu ’ m u t . t f i o t t s  ~u m t t I  t i l s t i i ’ s s t t - t i i s  f u t b l o w e d  a m u t u i m u g  .m u tu t i tbe r  u - t I ’ p r a t u ’s ’ suu r ’ s  at \ ok ol ua t i ta
\,i t i ( u n i , m I  I l u u s t ’ n sm ts  . I l ie  s t u i t l c n i f s  of ’ h’ n i i f u ’ s s c i r  \ - W .i ul a  u i u a u h u ~ ,u ‘i-~m h u . u i u t  ef ’f ’t r t  l i i  u ’xp liuun u  t l t e u r
s s t m r ~ mum t h u  . m nu ’as oh h u y u l n u i g e n i  u ’ m u m b r m h t l u ’n tten i t , i n i u l  s t u r f a c e  st’ l f — t h i f f ’u u s i ou t .  \~ th u  ru ’ sb u u ’ u f  to
h r  u l r t u m ’u - n i t’ u m m b t n m t m h t ’nui ent t . i t  ‘is is  u u h u s u ’r s u ’ mt mu f l u e  i a s u ’ m i t ’ punt ’ t rou t . t h a t  intcre a si t t g u’u i r r c m i hs  of
i~t t l m t n A m u .  c b l m r L ’ u u m g  p roduced a th t ’ t n u - ms m ’ n i t h e  f l u i w  s tress of ’ t e i u s u h u ’ s ;u i’u’ m u u u c m i s  Out f l i t ’ t i t h er
l m a u i d .  t i u i n u - , us i m lu ! d m . i i m _ ’ t i m m ’  , mn l t l u u ’ m ici ’ s on .i ni I I  I — ~ ( ) steel  ( f l f l u ) ( ’ , ( 1 ,24 Sm , ( )~~2 Mm u , 0.23 (‘u .
0 t ) 7  N I  I )  12 ( r . 11 . 42 \l ( 1 ( 1  \ - 0,002 131 pro d tm c c th  a pr u i gressu ’s  i i i , t i u c n u ’ im siu ig  flow stress ,

I a  exp l u i r t  t b m u ’ ’uu. ’ t ’ f t u ’~ I s . ‘I’ ’’ ’ i u u i u . ’ i m ’ , i t  un  I I I  ( i t )  s teel went ’ ch arged at 0.2 . 1 .0. 10 . 40 ,
and 1( 1( 1 ii \ 5u mu - 

d m u  in~ t t ’ u m s m l e  t e s i m m u g  Spc eu u ute nu s c h t ~irg ed at 40 ant I 100 ni -\ cm ii : ss ere
ap l i iu r en tf  ~y m l . m  ni t i~ ‘ ‘ ui  I h ue ‘‘ u f , I l i t , i 1 ’ u ’ ’’ m n u c u m n u  e u f  ca n he ex f i l a u u t ed . accord irm g to Vt ada , only  by
time  m n t u - r . u . f t u m u  l~~ e t u  ‘‘ iu. h t ’ i u ’ ’’ hi s  - t m t g i ’ n i amid  t h t s h o u - , t f t o u is ,

I h i t ’ st m r l , i ~ c ‘~‘Il - c l m t l l i s m t i l t  is s f t i u f l u ’ u h  b u y Vt i d . ,  .mutd h ums ‘ s t u i d e n t ’ s  u’ssc n f i ~m Ilr  hr s h u i i h y u n u g  f lue
r , m t t - c i t  sntu t i i t  e n t k c ’ s  ~‘d ‘s;u m - d u n u u i ’ l t s  .t s .t I u t l i e t t o t i  m i t  t et t ip~’n’~t fu re .  ‘flue nt~t tent ~m Is imivo lve d
h m , m ’ s u ’ bet - I l  I ‘ I I !  ( t s t e u l t u ne  N i  . t u u u h  h i t ’ r t t ’ muf  \ h ’l e , W .m da c t i mu t eu t d s  t l ta f  f lue su ir t ’~mt ’e
r eI ~u~u~i f u u r m  c u i m,,’ I u u  I s  ‘ i t  hu i t iu . ’ d m 1  i I t m i u n u , s i m m  h , m ~ e u h t l  I l i s m i t l i  , m n m u l  t ’’s~m h u t m r ~m t m im1 _ c ui n utIeu1s ~u f i o n .  lie
I , m ’ i u u n s  m h m ~- num jss h r . m t u s t e r  t u t u  I u a m u u s n u t  i h u i e  to % l u m l h i u u ’ s , ‘ishuo desc nui i t ’’s t h te  solut ion tan  f l i t ’
srm ioo fhuunug ,d .i sunm t ssmim t l , uI ,uu i ’ t. m llm c s u i t  I , m t e  m um s , i t ’u m tm u t u .
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Pr o b u ’ssor Oki  described briefl y h i s  work on h o t  f ea r ing  ant i  j ut p a r t i cu l a r  the  r e l , m t u o n i
bet ‘is -ceut co t i h in g  ra te  autt i  t h ermal ‘stress in cast ungs t iu n ing  s a l u d i f i c a t  m on i ut d suh ise queni t
ct -t o h i t t g  1 huuter utat ion al Fo t u r t u l r r -  Congress , Bel grade , Yugosla via , 1 969). Oku is p r e p imnmni ~ a
paper  on the  theor y  of h o t  f ea r ing  f ’or subt i iiss ion to t h e  Japan Iron amid Steel I n ’ s t u f u m f e
u’n t i f l e t l  ‘‘Theoretical  S t u d y  of h o t  Te ar i u tg  in Sk in—F or ni in m g So h i d i f i c a f m o m i . ’’ lie also t lesc n ih et l
su t ui te  verx - i n i f e r e s f i ng  recent  ‘ i s u ink  on t h te  a tomic  model of c r y s t a l l i z a t i o n . Ba su c a l l , he p u t ’ s
mau ty sn t iall  s t u d  ba l l s  curt a p la te  sub l ec t  to vira t  ion , b i ut  om t u ’ emit ] m t  th t e  plate is vu h i r a fed  w i t h
greater a m p l i t u d e  t h t amu f lue  o t h er. By slowly t lecreasing t h e  a n i p h i f u d e  gene ra l ly ,  he can shut s ’s

host cr~ s t a b s  nuclea te  and grow. He can also model thue  processes of mel t ing ,  b y- g radual ly
mu i cre a s i m i g ~hue v ibra t ion  ampl i tude .  Th is work has been described in IM ON O ( I O f ’ N h ) R \ ’  I .

~‘oI . 4~ Na . ~~ , I9 7( -t .

I’n u u t e s s o r  Asakura descn ih ied work on couut ro l  of corrosion wh ich hi ’ s  group us doing in
the E)cpanf n ient of Safct ~ 1-mig inu ce r in g .  Safety and Env i ron n teu i t ah  Engineer ing  hu t s hecomu ’
i t u ipor t an f  in Japan in recc mi t rears , an ti lI t consequence t h is niew t l epa r tmenf  was cnc atcd.
1 - a r hy  ef ’ fu in fs  h ave been d i r ec t ed  towa r d t h e development of a corrosion ra te  t u ’st u t t e te r  w h u m c h i
t iteasunes cornos iom i rate from polarizat ion at a d i s t a n c e .  l’iiene are a,so expe r i t t l en i t ’ s  designed
to siutuu late pollution amid t h e  tl i f fusio ni  of po l lu tan ts  it t wa te r ,  Bot lt  the  p’.-t l b u t a u ’m t and f lue
t l e t cc f ion  of t h e  poh l u t au ’mt are of interest .  Fu ture plan i s um i c lt nt l c tests of corrosut )n by
po l lu tan t s  im i a stress e n i v i r o m u m r m e n i f .

l)n. K. Antlo thc scn ib ed his mui fe re s t imig  work iii the  La h oratory for Ma te r i a l s  for I - ncr gv
Sy st t ’nis, lie us iutterested in b r i t t l e  fr ac tu re  problems wit h pressure ve’s’st’I ’s and with  Jargu ’ oil
t ankage  ves sel ’s, l ie  huas  theve l oped a ‘sulip h if ied amid cheaper test to assess colt l crack im ig af ter
we l th im i g  imu h igh ‘ s fneuug t h i  s tee l .  t i e  has also s tudied  fat igue f ’r a c func  hom . mg h ut t ess  p an an te tu ’ns aiim ]
describes a fa t igue  fracture tougluness parameter  “Kfc ” whic h a lways is lower t h t a n u  KI c . Bot h
parameters uhecr uase with decreasing temperature. The steels wi th  wh ich Ando is concerned
are quite fought anti slow crack growtlt is involved in f r ac tu re  mechanics  tests , lie is therefore
tr y ing to t ievel op use of f lue  J ’in tegra l  l’or such analyses.

Ando  us also inves t igaf in ig  t h e  i n i t i a t i o n  of h i n i t t l e  f r ac tu re  front i the  defects  in wc hu i s  su icht
as luck uI  penefrafioti. As a ‘‘h obby” he m ’ s also in f e r t ’stetl in f lue e f fec t  of f e m t t p e r a f u r c  on
f . m t u g u c  crack growt h  rate  and ott the  p last ic  zone size n ear  the  fa t  ig t.me crack.  ‘~ nt l o is a ful l y
q t i m l i f i e h N a v a l  a rc l u i tec t  as well a’s a muia fe n i ~m l s engineer. I m p o r t a n t  papers by Autt l a appear in
I ) I t ih i ok tu  t mi i vu ’n sj t r’ Thesm s . I 969: 2 1 Procu’ed uui gs of 2n d l u i t e n n u a t i o m u a l  (‘ u muut ’e reuu ce an
Mt ’ t b u a n u u  il Pnopert k ’s, Bosto n , I i) ’7 6 3) J om .urm i ~m l of Sa t i e ly  of Mate r i a l s  Sc icmi c c ,  J a p a m u . \‘oh.
25 . Nm , . 268 . P. 97 , 1976 .

Pn t i t u ’ ’ s ’ s m t r s  1 . K anu i ij t i  a n t i  K. St’k in c  arc i m u t c r t ’stet i u t  t l e fo r t t t a t i o u t ’s  a u t h  a u u u u c a h i m t g
te xt  ur es anti import  the  i n f l u c i u c t ’ u - t I t e x t u r e  out stress d t i r r ( i s i u ) mt  c racki u tg  o f -\b a l loys  in salt
‘ s ( i lu tm o n i ’s , Variatiot is itt suscept ib i l i t y  wi t l u  respect to pre t t ’r ru ’th or i t ’ u u t ~m t i o u i s h m av t ’ been
observed. No u r a c k s t a r h t ’ r tt”sts h ave been a h f e r n p f c s h . Pert i n ent pap er ’s a n ’  puh u h i s lu s ’ t l  i t t  1 1
Jou n mua l of Sat ety  I’ nu g iuut ’e n iu ’ i g .  Yok y h i a u u u a  N a t i o n u a l  t h u i i v e r s i t y -  , \ ‘o l 14 . N u t , 2 , 1q 7 5 .  2 i
I r a u i ’ s a u t i o n s  J. I . M ., Vol. 12 , N it , 3. May 1 97 1 :  md 3) T r a u u s , i c l u , i n t s  J. I \I , \ ‘ol, I ‘ , l~~ ’(i

K~imij o a l s t t  ‘ s t ; m t t ’s f l u a t  f l u e  d u c t i l i t y  (i f face centered d t m b ” i u  u u i c t . m l ’ s  depu ’ m u u i s  on f l i t ’
st a t - k u n t g  f au l t  t Imi ngs , te nmu pera t t u re  ~mutd  i m u i f u a l  o n i e u t t a t u o u u ,  K a u u u u i u u  has s tudied f l u e  I o m i g u f u d m u u mh

32



wo rk har then u imug rate of -\l . (‘u , anti (‘u-Al alloys. The a ddi t iom i of Al to (‘u decreases s h . i c k u m u g
f a u l t  energ\ - amit i the fr t ’ i h u i e u u c v  of deformatio n twiu t s  uhecr c a su ’s .

Proft ’s’sar Igui c hi i  us s t t i t i v n u t g  f l i t ’ r u u u m u — s t u t i c h u i o m e t r i c  s t a tes  u f  t r a n s i t i o n  n ue ta l  asides , l ie
h a s  refurnie t i  t u u l r  r c c e n m t h y  rom thuc  Em i i vcns i tv  u f  Bnadfo nt l , near Leeths , wh ere lie s tuu l i cuh  for
two r e a r s  w i t h  R . J. I ) . I i h ler - , ‘F lue work h a s  resulted in one pub l ica t iom i  in the  Tr~m mi s ac f ton i
of t h e  Phi l osopluica l Societ y of t h e  Roy a l  Society of Lom it lom i (“The Elas t ic  S t ra in  F nerg v of
(‘rysta llograph ic Shear P l am i es in Reduced Tungsten Tr iox ide”). The paper will appear um i May
1977 . A subsequent paper ent i t led  “Strain Energy Between Parallel -~00l~ (‘rys ta ihographic
Shear Plan es in Reduced t ungsten Tn ioxides ” will he submitted to P h i ihos oph n c ah Magaz m m ’me
soon.

!guchui ’ s work u s basical ly thue calculation of the e lastic strain energs ’ diii ’ to crvstallog-
raphic shear on planes lying upon the ~l02~, -~I03 ’i anti ~00I} planes. Ca lcu la t ing  f lue  cases o f

both isolated shear p lanes and for pimirs  of sh ear p la n es  hue is able to c s f i rn : i tu ’ the e las t ic
strain energy per um i ih volume t’or crystals con ta in ing  oru lered array s af cryst ahl ogr aph i ic  shear
planes . Iguchi calculates tha t  the  n ta gni t u de  of the elastic straint  energy of the three plautes u s
t O t h e  orde r -~00I > ( lo~~> ~l03~, a nti] tha t  at small crystallographic shear plane spaciuu gs t l ue
curses of elastic strain energy versus cn’vsta ll ographuic shear plane scp ara f molt t aku ’s t h e  form of
successive peaks and valleys. Iguchi claims to have sh owmi exper imental ly  t h at f lue e la st ic
strain energy dot’s indeed pla y a significa m i : role in control l in g t h te mi erosfructure .

Dr. T. Endo , ati associate of Professor Kan i ijo . desc ribed b riefl y sont ie work on t l te
e f f ec t s  of supe n imp osct l u ltrasonic s ’ih r at ar r  stress on s ta t ic  flow stress A ppa n u ’n t l v  I u i u l O  Is

seeing some mechanica l  effect ’s a’s a r e stmlt of superimposed uhtrason t ic  vm h ra tuo u u  applied to
specimens otherwise under routine tensile testing. Time effects h ave he e mu seen (in a wide
variet y of metals and alloys (Al . Cd . (‘ u , Cu-7A 1. Cu-Zn , we ld steel , Mg , Mo . I “-4 I ’ll , Pb .
‘Fa , Zn anti W). A tlecreas e itt s tatic flow stress results to vanvun i g deerccs m u  all of fh ues t ’
materials when ultrasonic vibrat ion is imposed. F ff ’ec ts on work har t iening rate.  lu arth ncss an u ti
fracture resistance ( probab ly d u c t i l i t y )  are obse rved in sonic m nsh a m i ces  huh h o t  mum o f h i t ’rs
T iut ’nc a n ’  no effects of e m u v i r o m i m e m u t  ( a i r , h l i O , (i’L4) but  t’rcq uemu es  amid feu i i pcra l u in c  nta
have art c f f u’u t ,  I t  ‘isa ’s not eu t t i ne l y  clear just wh ich resul t s  ~mrt ’ h~uu t Iu - t ’~ am i t i  w h i u c l u  ‘is crc n u ’s u u l t s
h ue obtained from flue  h i t e ra t t u re , hut F;ntdo is workim ig i t t  f l i t ’ s  area.  ‘J ’lue imn te t h ua t c  goal u s him
deter uuu u m tu ’ the rule of dis locat ions anti w h e t h e r  a c lu at tg c in imvt ’n ii gt ’ d i ’ s I t - t t- a t iom i  d e m u s m t v  due to
ultrasonic vibrator y ‘stress cant exp lai n f lue  observation ’s. I - mido u s  w o r k m t i g  ot t  h ’e—3 Si a l lo y

The genera l impression of Yok oh anta I I nm i v e rs iu r  m ’ s vu ’rv f a v o r a b l e ,  Oute ‘set’s a f ’~u c t m I t s
whic lu is dispersed i n age . b ut en u er g et ie  ant i ]  w o rkmutg  huard.  l ’iuc s tudet t i ’s  ~m I ’ sui are intense .
se rious amid .m ppei ir  t i  be o h i t a i t t i u t g  a s t - t u m i d  t’u i u c a t i o n t .  -\s is u’m - t u i t n u l o m i  cverv ss l u t ’rc there w e nu ’
corn P la in  f ’ s  t ive r forced d i rec t  ion i u t t o  pr~tt - f mea l p r uib l enu t ’ s

33

-~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . _~



R l-~~l ’AR (’ I 1 I~~S’l ’I ’1 ’L I F O F  \ I PP O\  KAIJ I  K V O K A I

(george Sandoz

\ ‘i s i t  to N m 1u p o n  K~m m ~i K r  okam h ea t h o f f i c e  ut A k a ’ s a k~i h i~t uh hu ’u’ i i s c i i c du lu ’ t l p r c v i a u i slv .
.i m uui  a t  f l u e  i n s t m i z a t i o m u  i t f  l ) r .  K li t l~t i t t  the  t 1 u u m v i ’ r ’ s u t r  of 1 u i k \  m u  ii V i s i t  - ‘ is a ’s a lso ~ir r i i u t g u ’uI t o
f l u e  Rt ’su ’ a r c h m  h m t s f m t u m t c  located at  \ I m t i m k , u  i t u u n i c d i a t e iy -  ~mt Ij acemi f to f l i t ’ S l u m p  Ru ’searu ’b u I n s t i t u t e
of f l u e  \ l u i i m s l r s  of ’ I r . m u t s p t t r f a t i o m i .  N t p b i o u i  K a i j u  K r  okam us au t n t u ’ r nu ah iou u a l  u’ l a s ’ s i f i ca t iom i
s u m c l i ’ t  y s’s huu ’hu p roumia t u ’s ‘s~u t e t s  a t  sc,m . ‘Flit ’ Sm t i i t S  is a m ut t ’m i i b e r  of f l u e  I m i f e n n a t i o u t a l
- \ s s u u u , u a f i o m i  i f  ( I a ’ s s m t m c~i t i m i n  S t u c m e m  ic ’s ( I  -\ ( Si  c m i t i s l s h i m t g  t O u t i n u ’ m t u . m l u i r  t’ h a ’ s s i t i u ~m t i oi u su i c iu ’ t i u ’s ,

\ j u u ’ rmt ’u tced s u t rvu ’s u u rs of f l i t ’ S u i u t u ’ t r  ‘ st i n su ’s sl t j 1is s ’ s - m t hu  a s u e s ’ s  to  c e r f i f ’i e a f i o n  for
c o m i s t u  m e t  iou , muuul  s a f e t y .  I hut ’ r e su i l t ’ s  of ’ such in s p u ’ u t u t u ’s ant ’ p t m h b i s h e t l  an n i em ~m l I y  in f lue
R u - g i ’ s m t’ r of S l u m p s . f l i t ’ h t u m i b i u ’ sl c l~t s~ of ce r t i l ’i c a t i t t n u  is t lt ’ s m g u t a t c t I  \ 5*  am i t l  is necognizeti  by
Ii c m li I o m t t l o u u  t nd t ’ rw n i f e r s  ~tn t l  t he  ‘ \ n u t cn i c .mm t  Man i u t e  I i u s u m r a m i u - t’ ( ‘ l ea n imug I lu t i s t ’ l hue Society
scr s u’s t’ ssi ’ m i f i a h l y  t h u  saint ’ I u m i u - f u t i mi  a’s f l i t ’ , \ m m t e n i c u n  Buru ’~m u i m u l  Shi p p i u t ~ . I n 1975 . 372~ ships
, m e g nL ’e,il uuug S i )  nut i l l mont  t t i n t s  g r iuss  nt ’presu ’ I u t i u t g  40 m i a t i o m u a h i t  u ’ ’s w i n ’  c l a s seu h hr  f l u e  Sm ciu ’ ty ,

I hue St m u I u ’ t y  t i t a i u i i . u u i u ’ s  f l i t ’ Researc h I m u s f u t u f e  to h elp cu tsure  t h at i t s  f t ’ c h un i i cah  n - t i l t ’s an d
r~’ h lu i ru ’ m ui t ’ m u t ’ s  a re rah i o mtah  am u u l  up—to—dat e .  l I l t ’ r e s u u b t s  au th t’au -us of f lue  Rest ’anclt l u i s f i h u t t e  tn t ’
, m t ’ s ’ s a s  s r e l a t e d  f i t  t i l t ’ h i e h u a s - u t i n  m m f  \ u p b i o l t  K a i j i  ~‘l~m s s i t t u ’il  ships in su ’rvice , ‘is R i ch - i r an g u ’ al l  t h e
“sas it ~~ to 5 t ) b ) , t 0 0 )  h tm l  t~m n k u’rs ,

‘l ime N m p p t ~ i K. K. R t ’scarch I u t s t u t u u f c  us o r g a m i i tc th  i n t o  t h u n u ’t’ ‘su’ u t  i t  i l l s  - s h i p hu ll .
n t i a c h u u r m u ’ m . ini] m u u a t u - n i a l  i u ’ su ’ . m n u l u .  I b uene is al so a mit o ul esf  c i i n i i h i t i t e n  rese arch st’u’h ion i  a f t a c h u e t l ,
(‘ im n n u ’mut  uuu ~m t i ’ n ma l s  au - f u s u t u u ’s f ’oct is  out 9 p crt ’u’ m i t  u t icke l  s tee l s . t l t a r i m g imi g  s t u d s  au t t l  ~m l t m t t t i u i i t m u i t
, t b h c t s  s m u d  t h u u ’mr i i c h u , u ’ i  i t  in umu a m r  amid in s a l t w a t e r .  ‘l ’it eru ’ is uto a t !  i V i t  5 at  pn csu ’ m u t  ‘i’s i f l i  n es b u u’ u - u
l i i  p r e c m p m t , m t u o m u  it ~m n u h u ’mt e d or t i t l u e r  h u u m ’ h i — s t n u ’ u u g f h u  s h u ’u’l ’s , ~~~~~~ anid crack ~i n u i p a g a t i o m u  h r
t , m  g n u ’ in m u s t  t I c  e m i v t n i t u t m u u e l u m  s us t h u  u b u m e l ’ c o m tu ’ert t .  \1~iss m s u ’ carrier s fo r  LN ( , m i nt ’ , u t i l  amtti
lii u t u lie n a re f l i t ’ rt ’la tet i mit  c rests ,

Omit ’ m u i t e n e s t u m ug h ia t i t ’ r c~’s, o~ m l i ’si n uht ’uI s t m hmiu ’i i st i l l  lie pu h l i sh t e t i  u’vt ’ n t t i a l h y -  b y c lue  Ja p , m t i
Su t c i u ’t r of Mt ’ t h m a n u i c a l  I u t g u m t e e n m u t g ,  I h im ’ s  p imp cr e n t u t h e t i  ‘‘A St u dy ant l - . m t i g u m e  ( ‘ rack ( ~~~ t i m
I n t u n t u  S u i r f a u - u’ I R i s ’s- ’’ I cy  .1 , \ r a i . ‘

~ . I m u t i  an ut h  I I .  I w a k i  wi t s  an t c i i i m g r t u w f h u  of ’ ru’searc h u on , i b l t s s
Ion ust ’ in l N (  cann i er ’ s  (~~) N i  s teel  ~i uu h - \ l  ~u l l m i r -  , I i q u i u h  m u i t n u - t g i ’ ut ‘is is u ist ’d to c u i u t t r o h  t e s t
h u ’n t tp t ’r a f t i r e s . anti ] i t  ‘is i i  t i ot  i u -ed t h i ~mt sp e eunuut ’m i s  hi eh iave d t h i f ’I t ’re ’u t t  Is - dt ’pemu h iu t g  ou i w h u c t i u t ’r
rt ’ s iduia l  uu i f n i i u ’ i ’ m i  ‘isa ’s cm ‘ s ’ s . ms  mu o t  pr u ’st ’mt t  d u m n u t u g  f l i t ’ t u s h ,  I I m i s  t r ig gered an u I u ’ i u ’s t l g ~i t u o u i , ‘is t h u
I h u e I aiIm ’s m u g  nt ’st u I t s

( n i t -k e r t m ’ s ’ s  m I t  i f s ’ i tu  \ l — \ h t ’  : m i k i r -  -\ ~0 83— () is l u u s ’ i u’r i i i  u t i t n u u m ’ i ’ u u  t h m a u t  i i i  air  \ dt ’ cnt ’,ts u ’
mum f e n u i p e m . m t u m n t ’  hi — I  ( i2 ( .ihso u h e u r t ’ , m s u ’s e n c t w t i u  r a te .  I l i t ,’ t’n tvi r ou t nt u t ,’ m uta l t’I ’I’t ’t’t oI t i i f r ogu’nu u s .
h i t ’ ’ i ’ sc ’ i u - I , t h u  gr c ,’ a t i - I  A u h u h m t m o m u , i h b s  , t h e  t l u t l e m u ’ u u h  i ’ u u ’ i u n u t m u u u u t ’ m u t s  p roduce a d i t t t ’rt’nt  shu ~mp e i t t
u m , m u k  t O u t ,  l Ime s m m r t ~m t c  na i L t m o m u t s  , u m e  se’ u t u u — e h h i p t u t ’aI i i i  tt i t r u i g i ’ mu gas amid  ‘ s c u t t i — c u r c u l a n  it t

i i  -

I he u h i s e r ’ s , m t m o u u s  a r t ’ u ’” , h u h , i t i t s ’ t l by ,ussu ’ m t l u m e  t h a t  ni ’s- u ’nse ui ( u -r o ss )  shu p is u ’ ,u s u u ’r i i i
n i m t r oge uu t h u . m m t  mum r u m . ‘I hue c h u t f ~ - m m - n t f  u’ u . i u k  I m c i t u t  s l u a h i e ’ s  i re  u ’x p l~m iuied  onu b lue I i , m su ~ ~

‘h’ ea sl t ’r
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i r , i u k  t h u u s u l n u ’ mu u u l t u m  C (~~j t l u ~m mu in air .  - \ i r  i mpedes t h e  closure m i t  crack s I t i m ’  s l ip  I r t ’ s en su ’ uI

‘sli p )  hi ’c,tust ’ m l t h e  u n t p t i n m t  t i ’s f ’ii rn i uc ,’c,t u i m u s l m p p e i l  s m i t h  mu u ’ s ,

\ t t i u m r  of t i u u ~ R e s e a r c h  l u u s t m t u i t u ’ s lu t ts ’ie d h ’u i n t i u u ’r at lv ~m l u t , u ’ m i . l~irge — ’ scal e .  l u s t  mug ui u J u u m u c r y  -

\ h , m n g i ’ I . i t i g u i c  m u i . m c l i m m i e  I l u v u c i s  ~‘d ,u si t ’ s  p u i h s u ’ i t  l h ) ~~ st’c au th a c~m p , m ~ m y m i t  40( 1 - e j i ~~.

I ) l , i u t n , m u l u u ’mi h i at l u m u g  us possible.  I ) a I ,  I r tc um u o m t _ h i u i ~m n i h  recort ls u - t i  t . t t  g l u t ’ h t u , m u l n n u g  c a mu
p n i u g r a i m u u t t e t h  i n t u c  f l i t ’ nr m at ’ b u i u i e  h u t  t h u p h i c ~u t t ’ f lit ’ lo ath spu ’ c t r u u n  t O ‘su’F V l u ’u’ com t d i t i u i u u s  u i u u  t u s h

s~~’i~~ i u i t e ’l i ’s, \ i t ’ s  b r u i l  , m m i ~m b t i g  a mid  d i g i t . t I  c u u u m l p u m t i  m u s , m ’ i a t l , t I ’ u l u ’ f u r  ~m t t a I y ’ ’ sus m i t  t b t u ’ t i y n ~m u u i i t ’s of
v u b ’ r ~i t  u uuu  au t d  r ut i ,i~,- t  -

\ u u u m u i b , - r  u I ’ t r e e  n a t a l  u t i e — t ’ s p e  t . u t i g t u u ’ m t t a c h u i u t e s  s’iu’re s h m m - t ’ s ’ s  ui Souit e i i i  t h t e s u ’ m u i v u u l v i ’
b eiu d u n L ’ and t u r s t m u u i , m b  fat i g l i t ’ a uumi  I’r c t f i i i g  as t hes igruu ’uh to u h u p h i c a t e  u-r ~t c k ’ s h a f’f su ’ rvucu ’ . \ har gu ’
~m ) I u , t i u l hi i5 ’ s~i\  u h e  t i m t u g i u u ’ l u s t  n u a c i u m u t u ’ ‘i ’s-as also ab ’st’ rs- u’iI , F a f i g u m e  an t I  cu t e R  I i nu u p : m g ~u t m u c u i

- t s  . i n i ’ u tu t i l e  ott vcr\ l~t r g u ’ ‘spt ’c i mc m i ’ s  u p to “00 s 30 m m u u ,  ( r v m - t g e u i  mc u m u m i t r a l  us t h rough
ti st: c u t ’ ‘ - m i t ’  eu - uu e.is w h u i t ’bu us um su ’t l h u h u ’r ~u h l r . T h e  cast ui f ’ n m t r o g d m i  gas alone runt ’s t o  I ) )  m m u i h h u u ’cn
i’ll ~~~~~ s i’ m  I ~( I — 4 ()  K I ,

f lue g 1 - ,- u , i I  m u u ip rc ’ s s i t i nu  m t t h u ’ S h i p Researc h I u u s t t t u t t ’ a mi d  i t t ’ \ i p p o m t  K . m u i i  K r  u i k a u
b~~- si - ,t r c li h u i s t u t t i t t ’ us t h a t  f i r s t  u’ ha ’ss , p r imu ’h i c a l  rt’searc hi arm f l u e  hi t ’h ia s ’tor c l s l umps  w i t h  respect
to ~I u ’su guu  amid m t i a t i ’ n t . u h ’  is ca ing  t i l t , i ’h ien e ehocs not  i i h ip ear  to be an y ’  s m g n i f ’ic a u u t  i n t e n u ’ sI mu
f lit’ n iu ’t , m h t m t  r m t m c , m i  s t ruc tu re  t t f  hasu’ p l a t e  or s’s u’b i t s . I i  bu ’bias ’t ui r m i t  t h e  ul u ’ s t g u u s  im s sum uuig  a
n t ia f t ’n i a h  c u i mt f  u m i l m u n u t  u s f lue  cem i tral  mm ’u t e’rt ’’st -
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}:t ) l h i c ’ i ’ s i t t g  a s i s u t  f m i  t b ’ ~ ~ipp oi t  K a i j i  Kyok a i  R u ’ su ’~m r u i u  l u t s h i t u .u t c ,  f l i t s  ontc to t h e
I Iead q u a r f t ’ rs ( )f ’fic u’ ‘i’s a’s perhaps r c d i m m i t l a n t f  , Nu’ v u ’ r f h t u ’less , i n t t u ’n c st iu t g ii u su ’ t i ’ s s m t imu s  were luc k ]
‘s’s i t  I t  s t ’ s  u’n~m h people. l) r . Y. A k t t ~i , V i t t ’ P resi t i eu i f  of ’ N uppu i n i  K ,  K ,  u i i ’ser ih ’cu ’ul so lu te  c u i n n i ’ m i t

i i  !is ’i t i e s , l i e  is f l i t ’ ( ‘ h i a i rn m ta iu  tO f l i t ’ l n t t e ’r u t a f i o n a l  S v n i p t i s m u u n t t  ou t P r a c t m t ’ iih l ) u ’s t g u i  in
S h u m ; c h u u l t h i n g  t m  h i ’ h eEl j ut 1 i t ’ s  a I~~~TiO ( ) u ’ t t c i i m ’f 1’ ’ 77 , ar id  lie m ’ s s i r s  b ’ u u ’ s s  i ; m , t t t g l u i g  t ime ’
dcl a t h s  of t h u m s  m iu u’ u’t u ru g .

T u e  t inil y- ml t r e e !  b y- f e c h u n u i c a l  u’ o u t f n i h i l n t i o u i  of f l u e  u i a r  imivolv eth  a d e u i t o u i s f n ~m t i o n t  I bs I )r
S l u i m u — I c h u i  K a k i m , l hi ’ad ci t  P h u m i u t i n u t ’  ~) i ’ i i s l c - t n  I at ’ au t’ x t r e m u u t ’ls co t tu p act  t u h t n a s u i m ’ m u c N I )  I t u ’’sf

dt ’s it u’ . I h i u s  st as di ’s~’Iopt ’d tinni er spom i st i r sh i up  u i f  N u p p o n t  K. K.  by I m i k  ‘ i i i  K c m k u ,  . m ~~u m m m l  pa ir
in I m k y u . l i i i ’ u’ t t m m u p a c t  t l u ’Vi u ’t’ wu ’ i g h t s  p e r h a p s  o n c — l u a l I ’ p o u u n i h  anith m ’ s nea t l y  i , t n u  l u l l  is

in t sp eu ’ t t u r s  to f l u e  im i ost  u l n l ’l ’i cu ht , m nu ’as f u r  s h u i p  au t h p i p i u g  u m u s b i u ’u t j i im’ u ,  ‘F lit ’ device d uet -k s  f o r
u n a u k ’ s  ~m u u u l  p o t t r  p e n e t i , t t i o m u  m u  ‘ i ’ su’ h t l ’ s , to ~t t l cp h hu  of ’ t w o  in tc h ues ,

- 
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- m i d c n  f l i t ’ i’ t t t h e  pt’nst u , m ’ s R t m l  c m )  P n u u t  i’s ’sm i n K.  h i t i a  of t h e  t ‘ i l l ’ s  u N i t  m i t  I m u k y  m u , f l u e  ‘is r u t c r
v i s i ted t i m e  Ship  Re ’su’ a u c l u  l i t ’ s t i f u t t’ of f i u u ’ J a l - t . i u u  M i m i u s t r y  i t t  h l m ? I s h i m t n h . I h u t ’ l ) m r u ’u’tor (iu ’n i cr a l
us Dr . N . \ n d u u , , i i u d u u u m i t u ’r h u b s  u u m , m l l , m m t u ’ u u l t ’ u u f  i i i ’ I ) u s  u s i u u u i s  i m - t u u c t ’ rm cd ‘i’s t b  s lump  p ropuls ion .
e h v u i a u i i i c s , s t r u l i ’ b l t n i ’s , ‘ i t t - b i t i n g  , i l i i t  I , m h i n u c , m u m m u m ,  i’u l g i n c  t l c v e h t t p m u ’ u u l .  n u a n i n e  u’ u u g u u u u ’ s . ‘ sh Ip
u~q U i l t l l l e l l t , n u u m c l c , m r  s l u m p ’ s . u i c c a u u u m e r , i p b u u u ’ , m l  c u i g m n e c r u i u g  , u u i i l  p l m v s i c a l  c u t g u n c e n m t i g  , - \ t m l u o u g h u  t ime
S h u i p  Ru ’ sm ’ . m r u l m  I n s h n t u t u ’ ‘s’s . is m r i g i u t ~i l l y  u ’s t a h i l i s l u t ’tl i t t  1 9 1  (i , f lue  pncs u ’ mif m~~g m u l m / ~m f i o l i  app a r—
t’ m u t h s  u , , k  b ru i t  in l Q ( 3 ,  I t  t m ’ s , m s  , m h  f l u ’s t i m u u c  t h a t  t i l t ’ pru’su ’ui t  S b m i p  Rt ’su ’a rt ’l i I n s t i t u t u ’ ‘ s ’ s i t h t
f h m ~’ m c m i  ~~ s e m r c b m  D i ’s s u m m I t s  and t ’s ’s  cm l3 r , inc h u t ’s I i i  ( ) s , i k , m amid I u k , m i  1 ‘ iv :ms I ’u tnm u uu ’ t l as a tu ’ u I u n m c a l
r csol mrc u ’ t m t  f l u e  M i n i s t r y  u f  I r , u u m s p t u r h i m t i o m u .  T h e  l n ’ s t u t u t e  t h u - t i ’s re’se~mnc h t  iui ~mn u ’~m s at ’ concern on
sh up s  wh ic h tn t ’ i u i d u c , m t u ’t t m y  h u t ’ h ) i ’ s i s i c m t i  I l i u i u ’ t l m l l s , 1 l i t ’ n u ’ s u m l m s  m u l ’ t h u s  ru ’’su’arc b u ar t ’ p u h h m s h u c m .1
in  ‘ ‘Rt ’p cn rf  m t  f l i t ’ Sh ip Ru ’’su’~ir t ’ Iu I m t s h u t u i t u ’’’ and ‘‘it , m h i i’u s  of Sh ip  Ru ’scarc lu I m i s t u t t i t e . ’’

In  t h e  5 1 1 m b  i - t i u i p m i t t ’i ul  b ) i ’ s t s i m ’ m u , u i u t t h u ’n t hu  d m rc t ’ i m o n  m i t  Dr .  K O h m u a g , m .  ‘sonic

u’\ pe n  i m e m i t ’ s  on a l t u ’ r u u a t e — i m u t r t t c r ’ s i u  in t,~ m n r m - t s ion t  ‘s’s- i r e  shmu i ’ s ’ i  I i  1 hr Dr . S. \~~u t u u  I , Spc ci m u’ u enu s mtt ’
c a u m t a m m i e t h  in t’ u’ I l ’ s  , in t h s t i b l u ’t’ t c t l  I ’ ’  ) : m t i m i m i e  in l i em id in t g  f i t  m u t a \ u m i u u m t i  s t ru ’ ’ss of ’ 25 Kg - ni u u i
‘is h u t l u ’ c r u’ I im u g  h i e t ’ ss  t i n  I S  an t I  I SO u’pni.  l il t ’ ce l l s  h i e r u u i i t  a h t c r m u a t e  f i l l i n g  am tu l e m p t y  m u g ‘s’s m l i i

~y u - t i m e t i c  s e ,m ’ s ’i  .u t t ’r. ‘ su u  t l m , u t  t h e  I - 5 ’’ s 114 ’’ s p e c u n n u e m i s  ~m n u ’ s m u b i ~’ct ~’~l to b ot h  ru - v u ’rs e ben tu i uu t g
an t el a i f c n m i a t t ’  u m i u m u u u ’ r s u u i u u .  I t ’ m l t p c n u t u i r u ’ u s c i t m i t r a l l e t l , au th up t i m  12 spu ’u l l u t c t m s  t u u . i y he fcs fem _ i
s i n u u t b l , u n u ’ u m m m s l s  . Sp u c i t u u e t t  t a i h t i n c  us u u u o m i i f o r e d  by h i t t t l i  we ig h t lass amid t’ra c f i ru ’ - \ h  Iu ’ , m ’ s t  ou it ’
h i , lr t ’i c O t  th u s ‘ i s u > n k  u s pu h i l i s h i e i f  m ‘ ‘  i r n u u s m i t l i  c c i  S tu ’ t’l by \ i m  .- \ l t c r u u , m t t ’ l m m u t c n s i o u u  M e t h od ,
Shi p R c s c , m m u l m  l u i s t i t t i m - \ u t m,  13 N u t , “ h m i ” (c  p~ (u by K O h u m u ~mg a . S. N _ u i f o  anti T. S h u i L m a f a ) ,

- ‘is t i r k  is i m u t u u t t l u d  f i t  . i p p h r  t m  i l i n t  m b i l e t i t s  l’s l i i i  conr t i s ionu  u t f  t h e  b a l las t  t anks  of tamikers  and
ore - m r r i e r s , l ilt ’ ‘is m k f u u  j , i f u ’ i m u t h i ~ c l  ~~‘s r i p t u l  u u u c r u’~isu’s m t  c u - t n n u - t ’ s u a t t  r a f t ’ ‘s’s u t h  u m t c n u ’~u s lu i g  ‘is , i tcr
amid .i ur  f u ’ m u u p e r a f m i n t ’ s. l i m i t  m u i t  u m u m u J u  u u t f l u i u ’uu c e i t t  t i m e  , m t l L ’ m u u ’ ‘ s t t u’ss ,

In  f l i t ’ D t s i s i c u u  h S i m i h i  S f r u m c t u m r t ’s s u m mit ’ n u t a s s us u ’ l i s t  t , i c i l m t i u ’s ‘ i ’ s u’l~ ’ uhs i ’i’~u ’ tl , ( l I l t ’ t u s h

‘isa ’s u i u m d u ’ r ’ i ’ s . i r  m l  j ut u’ m m t u u  u ’ set l i t  c u t  c i t  ‘ s l ump  at  I h O  s t a le ,  I b u s  s l u m p  su’ c tR t n  tu ’sh c u i m i u p om uc .’ u l h .

repr i se 1 1 1 m m  ‘sc m ii ant  oil m , m m m k e r , ‘is as ‘ s u u b m u t - e t c u l to h io t l u  b e u t d u m u m  st rcsst ’s au uel  corn ‘ru ss ’s u ’

‘ t l m ’ ssu ’ s am f lue  ‘s k i t’s , ,is ‘ i s u u l t h u l  ‘cc e u m t u u u i u m t e r u ’ d  u n  u u c u ’ , i u u  se ns t e c ,  h h s t l r a t m l u c  j a cks  ‘ s ’ i u’re used

hih er a l l s -  to app l y  f lue  ~h i ’ s i u e ~l n u u t u l t i b t l t ’ s t r u ’ ssu ,’s . \I m s s u ’ i t ’ t , m f u g l u t ’ tu ’ s t u u m g  n u u . m u ’ I i m u ’ue ’s ‘is u n ’  ; i l ’ su i
‘st’d i i ,  ( l i i i ’ St ’ h m c u i k  l~ it m g t i i ’ \ I , i u - h u u m u t ’ m l  30 i i i  t u ’ m u s i o u i  t i m t’ t i m lu b t m i ’ s s u t u c l  i , t b i , m c l f r  f i a t ]  bct ’mt

mu m l m i t g , f  to  ; - t n m t ’ i u m l ~- 200 ton i ’ s  mit t t ’ I i s t t t nl ‘ u i u O u m l e t i ’ s s i m c l t

( ) n u  a m u m u u n t ’ ct m u v u ’ i i t u t u m u ; u l  s u i e m u t  i i i  i b m  u l , t t u u l s  s h , u i f , t’\ ti u- n i t u u e n \ t a l  , t h u p . t m  i t O ’ s  fo r  f lue
u t u m - , t ’ s m i r e n u t e m l t  i t t  sh u n - m t  e u u t ’u m ’ ’ s  r e s u i h t i u t i ’  f roum i  lu t ss ’. r u l e  f a t i g u e  ‘is , ms s i m t i s s u u ,  \ , t t l t ~’n t ’ u u t t . m l
m b u e r n m m , m h  , i u m a h y  st ’s c t b c u i  l i l t - m e n  u s I ’c a t t i m i ’ t l ,  I i t t ’ s h i u ’u - m n u m t ’ u i s  . i t m ’ ~, 5 tt t r t m s l m . m n u t t ’t t ’ u n u i d s  t f i ’f ’u u r n i u e d
h i ’ s  I . m h i ~ t ue. “s u m  t’ r . m t k u u t g  m ’ s t m u s u u h ’ i~’~l , hu t ’t m u - t ’ t h m i ’rt ’ 5 t t ( i  1- h i m u u m  t i c  l t l i ’ . i s t i Fu ’ t l t r t ’t’ f l s  f . i t u u ’ m i i ’

prot l tmc u ’tl  stored i mm u re ’s at  u . m c k  t m l i ’ s ,

l i l t ’ S i mip  l~~-~~- , m u ~ P m I n u s t u t u m m i ’ ~~m ’ I , i t m u m ’  amid  I , u I u t t ’~t t m o n u  I ) t s m s u t i u t  uhm r e t ’f cd I cy  Dr. -\ .  K . imtmuo
is ‘ d R  i ’ r m u e d  b i m u h h i  ‘ s ’ i m t h u  nu o u m — ht ’ s t u u i c f m ’ i u ’ t u s h  i t u m u i u ’p t s  ant i ] . a g a m u m , ‘ s t i t h u  uui i s s ls i ’ t e s t s  f o r  f a t i g u e
ru ’ su ’ s t . i f l ce  a rid h t n i t t b t ’  I n a t  f t m r e  ru ’ ’ s m sm m m ut ’e , K~m ut n i t i  m ’ s i ’s t i t ’t u , m I l s  u i t i ’ m u ’ s t u ’ mI it t  r adiogr~u p l u m c
t e i h u t u t u l m u e s  l i t  def - i - t c i i i  k ’s, I ‘ l t r ~ms a u iu t  i tu e fh io d s l i t ’ , i l s c  tinder s t t i m l y  . I l i t ’ b a b t o r , m l o r \ -  lm ~is a

3



30() K \‘ I3 e t .m t  r u t h  i t  u r  ~i t h v a m t t ’t’ radi ograp h y of t l m i c k  l ) l a fe  and welds I ( i f ) ho SO u u u n u u I ,  K a n u u o  u s
st u i~l s m mug f l i t ’ m u icau t s  of u m i ea sunm nug  amuth  dt ’t t’t’f m u g  f l ue  cross ‘sect iou - i of u ta t  ur~m l t r a c k ’ s  by X - r a y  -

-\ c v l n u t t l u ’r e t i u t t a m u i m u u g  a mt~m t u i n ~m l crack us iuiscrte d i u u f o  a d u s t ’ f i t  e v l i m t d n i c a h  l i t t le  in -u a t h i n , k
plate.  hh n t i t a f i m m g  f l i t ’ t’y ’hi r i e hu’r  d u r i n g  radtogra~i h u y  K a r m a m ’ s f r y i n g  to est~m b i l u s b u  f l i t ’ relat ion of

th el ’u’u t  s s ’ mt l t hu  S’s l i l t - hi  im p ~iu ’im rs in t h e  nat h iogra p h u , w i t h  cr~iu ’k n o r p h u o h t t e v  ant i ]  t in iu ’ m t t a t i u n t ,

The mit ; m ss u s ’ u’ e t l u i l i m u t t ’mi t  in f l i t ’ W ckh imug  an t i ]  I” a h i r i c a h i o u i  D u s u ’ s i u u u t  t u ’~m h u i r t ’ s a pus h — p u l l
I r p e  30) 1( 1 font  f ’a t u g u i t ’  mt u~tu ’ hu u ute ’  omufy  h O  s’ u’~mns old , A I 5 n i i lh io tu  u’ l ec f ro n u  volt  B e f a t ror t  is
.m s i ia h i l t ’ for imi _ i t i ,  ra t ]  iogr ~up h l y  t lu n iu ig  t hi t ’se  t~a h igue tests  of ’ nuassive p h a t u ’s anti  welds , ‘l’htere
us a l s o , m t ens i l e  nu i a ch u miu ’ f o r  britt le fracturt’  t u ’ s t ’ s , m tiax im tmm u u capac i t y ’  4000 t a l u s , l ’hu is
utt ~mc lumr i e  ‘i’s a’s m n ’ sf~m I h t ’ tI pn in t~m n i I v  to test sbeu ’ls (‘or n tuc i ean  pressu ir t ’ vessels ,

A l ar gu f i s t  pn u ” s suur t ’ s’ u’sst ’I h a n k , t h ree meter ’s  mi  t i i a m e f e r , w~m s shiui s ’ s ’n ,  ‘I l u u s  ta n k ‘isa ’s
h em u ig  s u u h i h u ’ct u t ]  ha b u y  ti r au luc  pn u ’’ssu ru , ~mnm mi a cm u u i ’ s t  mu em u t i ss i o nts  fr tu ut  a sun~m hI s u u h ’ c u u u t’rget l u i o fc h u
‘is_ u’ ru h i e u u ~g stut h meul . A  u t t u m u m c o u t t p u h e n  gives a grap h inca l  t h i sp la y  ( i f t ime b eat t i n  u f  f law ’s. ‘h ’ h u e
p a r h m e t u I ~mr t lu’ tec t on useth is a Nortec A l A ‘1’ Flaw l) etecfor , N l ) ’l’ 2 5( i , l ’hm i s R i c h u l a m u t h
W~msh t i rug t on  finn Is at lt ’asf o m i t ’ example of au eq u ip ni i enm t sale to J a p a m i . ‘l’iue Shuip Research
Inst  ut li ft ’ h a s  t i ruden  c o m u s t r u m e  f m u i m i  nu ’m a c i m i n e s  to t u’sh th y-  uiau ’u uic f r a u t  l i n t ’ fought  m ii ’ s’s. Tluese t lyn ar it  ic
f e n t sm lu ’ bru t  I hi ’ f ’r~m c t  t i n ’ nu t ac hu mmue s  are es f im t ta t e d  as f l u r e t ’ scar s away.

Flue I ) m r u c t o r  ( ~~~~~ of ’ flue Sh ip Rei’ u’arc lu I m u s f i t u t e , l) r. Au tt lo . is Secretar y ’ to t h e
)u ea nti/unig (‘ounmtt iftc e i t t  t h e  I n f e r n a f i o m u a l  Sr uuu i ’mos i e u u ut out Prac t ica l  Dcsigmt in Shi p bui ld  in m _ t

f t  i b it ’ lu c Id in I i  u k y ’ o I ~- 2() October 1977 , Ti-ii’s Symposium will celebrate the ROth
~t l i l l i ’ i  ~‘rs , m r s m i t  t he  Society of Naval  A r c h u i h e c f s  in J ap au t .
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I u c k s a I n s t i l  m u t t ’ of I cu’ l u m u o l u u y ( I m u k s  m u  K m m g y  ii l ) augake i ) ch ar ~mc tc ru , u ’s i tself ’ as t h i t ’
lu ’ a t h m m u g  i i t s t u t l i t u c t u i  t t f  l l i g h u c r  I e a n u u u i u n  m u  t l u e  t ue l t h  i t t  u’ u u g i m i e c r i u u g ant i ]  s c u u ’ l u c u ’ in I ap a mi  . \ t ’ter  ii

v I s i t  t c i  h ’ca f h i f l i t ’ ( ) —ui k ~m s a n m i , u  amid \ . m g , m h ’ s u m f a  c . i u t u p u su ’s . t i m e’ w n i f u ’r w o u m h u l  mu o t  s- u ’ m u t u i r u ’ f i t  u r g u u c
t iuu  h h u u ’b n ‘‘ ‘ i ’ s u’ ’nu ’ m u t u m i u h i e r  I ’ ’  p n t u t ’ l a i m i a t t o t u . ‘ I ’hu t ’ ih i seu s s iom u s  at f l u ’ ( ) — m m k a s  t i n t u’ i u n m u p u u s  ‘is t n t ’

pn i u m u ~m n u I ~ s ’ s ’ i t i u  I s m i t c u m u i t i  \ l ’u m , lt n i m t t ’ s su -t r  m u m  t i m e  l)t ’ p a r t u m u u ’ r u f s  u m f ’ \ lt ’ f a b l u i n m , u i t ’aI I n ig u uu t ’u n i m i e  m m i i i
\1,i t t ’rm ~mh s St u n m et ’ m u u u i  h - m u g u u u u ’ u ’ r u m u g ,  l’ r m c h t - s ’ s t u n  - \ .  Sat , t h u t ’ -\s s i u c u a f u ’ m l  I t n o f u ’ s ’ s i m r \ l u m r u , a h s u i
p~m r t m u ’ip at t ’tl i t t  5 i ’ b \

I c i ~ ‘ss~u~’s Ys i c u n m  ~tt t t h 5 , m h  t ~tre s s e l b  kni t ’s ’s n nut  f l i t ’ u i u t u ’ r m i a t i m u i u a l  mmtt - t m l l u i r g i t ’a l t’o n i n i i u n u f v
in t l  t l u e y  t u u u l h u  h u a v u ’ resitheth mu th u I n i t e t h  S t a t es  I m u r  v a n i o t u s  pe r iods , l t m i l a h b \  i u i  c m. t m i m t e’ch m i i i

‘s’s t b act t s t ie s  ; m h  N m i t  i i ’ s ’ s  i ’ s t t ’n m l I - l t u ’ i t ’ l s u t s  , l’ ro f ’u’s su t n \ lo rm was .u post—dou ’ fo ra te  imi  t he  (‘us 1
I ’ n g i t u e u ’ n m u i e  I ) t ’ p a n t u t u c t u t  a t  N , u t t l m ’ s ’ si - s h i ’r m u I mtm v t ’n ’s i t r f r o n t  j i ) 5 d )  t h u r u t u g l u  l O t d b .  l I t ’ s’sas als t in
nu ’ sii hi ’mi ce t r u m u u u  1 i t m S  t h i r m i t i m i b i  I u 1 t m ~ ii  t i m e  \ l , m t c n m a l ’ s  Sciem t ce Dt ’ p a n h u m u i ’ u t h .  \ lo s t  nt ’t’ u’ti t b v ,  l i t ’
‘ i t o  .m t  Ni t r f h m ’ s s  e~ t c r u  I cur Is ’s c m  u u t o u u f  h i s iii I t I T S  t l t m n i m i g  w l michu  pe n ioul hue pro thuced ant  am a i i u u g
l i m m i r  hcu ’ i u n u u t . t l  p t i b l t t . m t u m t u s  iii c t i l h ~m bo r a f iou t  w i t h  f l i t ’ N o n t h i w e s t e n m i  t~iu ’ u i h h y ,  A i ui ih l uu ’r t v t i —

m u u o m m t h  t r m ( c  to \ m m r t ) m t s c ’ s t t ’r mu u s  se’)ie ’t J uj J t ’el i ’m c u  f l i t ’ s iJJ i ) n ) er of 1977 , amuth  it  ‘is l b b it ’ m n t u ’re ’ s t u m i g
t m  ‘scu’ i t t hits f.m l t . m s t  it’ b i rd mt h ti ct l ’ s t I S  col it I u i mi t ’s, h o  conip le fe  f l i t ’ N i - t n t  l ’s’s u’shu ’rn I ‘n i v e r s l t
c c m mm tui ’ c m  d u l l . I )u . Sit u c u ’ l t aiuu t ’eI lu’s Phi. I). timer ,’ mt 1 1 ) 7 1 . ht rof u ’s’scuns \l m u m  and  S i  t i m  Ii~ts’u’ i’s ’s m u

m i i , m l t u r  ciii u - mit m l i h u ’nu ’sts: I ‘ i ’ i u i n k  hm ~mn du ’m 1 mn i L ’  au u t i  ret - u s u ry of ’ u i u s j ’ c t ’ r ’ sm o m ’m h i ; i r t h t ’u ued n i a t e n u a l s ,
, m u iel 2 m  ~~l I t ’ s’ u’t l u’u’ts t u tu muuau ’ tu ’musuttc h r , mm i st irniat io m i and t h i f ’f u i s i o n ~m l I inu ’ct p l t . m l ui l

I t  Ii mu ’spccm t o f l u e  f I r s t  ant ’~m , \ lon i s t , m f u ’d t h a t  Imi s  ear ly  t l l e u i r u ’h l c ~m l , u u t , t l y  ‘st ’s I u , m ’ i u’ h u ’u h
l I m i t  t i c  I i i ’ s  u u i r r u ’ mt t  t’\ i ’u i ’ r t n u t ’ m u t a l  , m e h t v m t  I t ’s , l3nm t ’t l r  . hue p r o h t i c c d  a si r i u s  of ’ pi ip u ’r’s Ii u’g t m l l u i u i g  mut
h u r l )  t V _ t . i  \h i ’h I - s ’ t ) ~~~ d )  h m ) 7 f l ) , \ u t , i  \ l t - t217 : 2~

) ’  ( 1 9 72) ,  A c t u M et  2 / :  S~~h I h u l ~~3) ,
\l~u f u ’ r u , u I -  Si Iu ’ ut t ’t’ ant i ]  I t~ m h m e t ’ n m i u g .  2m’u R7  ( b 9 ’ ( c ) )  mum s s h u u c h m  hu e  a u t m .h l i t ’ s  u - t u l l ~m I m m t r , m h m i r s  I~’’i i’ I t i b ’cu ’ Ll
a t l u u ’ t u r r  i f  t l m ’ s i ’ ci ’ r ’ s u t n i  h i a r d e n t i u t g  ‘is h u t  Ii rt ’cont u ’i lt ’’s cahc t ml ~m t i d u l l s  m m t  ‘s’s u c rk  b t a n t h t ’ u i i n g  by
u’t i n i t u u u t m u u m u i  m t u e u b u a m i u u - s ant i ]  t h u s h o c a t i t i n u  t lme o r s  - Pnt ’ s u a u m s l y  u h i s l i m u ’ a h i o n  thu e orv  u n m e t  d i l ’h ’i c u i t s  in
h u ~m u u d l m i i g  i ’ L u s t u t  u t u m u s t ~m n f s  am] p~t n h u t ’lt ’ u u i u t r p i u o l u i g y .  The t h m e o r c t i t ’aI amia l s  se’s m l ’ d i s h’ c i’r ’s u t m m u
I m a r u l t - I l u t u u ’  ‘i su’rc s h u t i s s - m i  a b s c u  t i c  l it ’ ~i~ip I i c ~m h i l t ’ t ( i  i t h i e r — c o t i f a i u t i t ug  uut ~m h u ’n i ~m b A t - m a  \ hi ’t 2 / 55
1 l ) ” 3o .

I h ue I u r s l  e ” p u ’ n i u u u u ’ u l t . u h ‘ i ’ s m c n k  ~m h i h i t ’~tr u ’ t i i t t I9’7 S t A c i t M i t  2.~ R5 ( 10 7 5 0 .  I l u i s  i u u v u b su ’ il
sl u i g le  t i ’ s  si ~m l spu ’ e u n m u u ’uu s ml u opp t ’ r - e u i u u t a t u u u m t g  s u h i c , m  p a r t i c l e ’ s  ( v m a  m h m t c r m t a b  i t s u m h ~m f u u i m u ) ,  I bu t ’
s t u m t l y  ‘is is u I  ht ’ u i g t l u  c h u a m u g u ’ ~m m u u l  sof ’t t ’ n m m m u g  h r  u t ’c u d vt ’ry t h u u n i n u g  a u t u u e~m b t u u g  at 2 ( X )  ( . l i l t ’

u I t ’ s~’ r ’ s , m m  t i nt ’ s  ~t u ’ n t ’ i ’ ul ‘s’s t h u  f l i t ’ l I m i t  i ’  -

At h - t n u ’ ’ s m ’ t t f  f l i t ’ s ’sor k s t i R ’ s  to t ’\ t i l;i muu tIm e’ i f  f i t  I s  of dispersiomi s cit hi~u n ’ f I t ’ Ie ’s upon t’n u ’t’p ,

I w o  s t u i t l t ’ u u t ’ s  m l ’.’ in ’i’uc l v e ’ u f , s f t i d v i n g  h u t ’ sr’ ’s t t ’ h u i s  .-\l — Si ~m u u t I  (‘ it — SiO’ + h3eO , ( ) r ~I i n u ~m r l r ,
ntuef ~i Is art ’ s l n e u t r ’ t l uen icd  a’s .u g u s t ’u i  a u u i ou i t t  u u t  h i n i ’cm p i f ~i t e  rnu a t e r i~m I l ’s th i spt ’r’setl i m i h u  ‘su t t~m bIe ’r
p a r t u t l u ’’s h i t s ’s - u’s- u i  t h i s  m u m ; u s  umot  l it ’ t n tue  at  e levated te n t tpena t tmr t ’s . Y s i m u r i  au t th  I i i ’ s  collt ’a g u mt ’s
h ave s b u o w m u , f o r  u’x ~m u u u I i Ic ,’ , ( h a t  ‘ stul ’f e u u iu u g  d u m r m u m g  loss f t ’n1t l ien ~i t u rt’ ~m n umuu ’~m l i u u g is s ’ u u s u f i s e  to
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p~i r h m c I t ’ s i t e ’ . A p ape r i - i l  t h us subject , “I t I t c h  ( if  P ar t ic le  Su i e  out I m i ~~ i’entuper~i ttu re SoI’feti mng
i t t  Work I lardeutci] (‘tippt ’~-Sulmca ( ‘ryslals .’’ has been accepted for p u h i h u c a t  ion b y Aefa
Y s l e f a l l u r g m c a .  Part icles 2 5() ,\ in du ~m n ue f t ’ r  r e s u l t e d  in sat ’t e ’nuing a f t e r  20 mi n ute ’ s af 42” (
‘it l i e ’r e .is 900 -\ uh i a u t u e f u r  par t icles  prod tmc ed uto soft en iuu g.  Th erefore at low ft ’t t tperafure  snt ua l l
p a r f m c l u ’s ‘si nu ’m t g t h e u c  - bu t  at  hugh fent iperatures  whuere  creep ts a problem b: m n e t ’ part icles nu a y
be pr u’ferrctl,

‘l iii ’ s f u i u h e u u f  st  u t h r ’ u n i g  t I m e ’ A l—Si sy’sfu ’ult wi l l  lie coni t ’e’rmt e t l  w i t h  t h u u ’ cI ’f ’e’t’fs  i i]’ m m l i i ’

pre ’ c u p i t a t t ’, of ’ va n ua h i l e  p a r f u c l t ’ ‘sm/u ’ as proel t iceth by l uca t  t r e a t m e n t ,  l iut ’ o f h u e n  s tu d en t
s t u t l r ’ i u m g  f l i t ’ ( ‘ ii ‘ St ( I ’ + 13e() systentt  wi l l  lie im ivt i l ved w i t h u  a u’onuipos it e  t l i sp c r s i t im t . Titese
sy ‘it u’n tts arc prod ucet l h i r  I h~e’ umi te rna l  o x i d a t i o n  of ’ (‘ ii ‘ Si — Be al lo y- s. wh ic h eami lie prot iuced
, m t f lue ’ f_ h u m s  u ’r s u t  s . It  a l s u c  ‘ s i c  luappen s t h a t  f lue  Si02 part  belt ’s g n u i w  upout  a u m n t u ’ a h i m i g  wh ereas the
13c() par t ic le ’s  a re r a t h e r  s table ,  Thtus a material  cant lie im r otl l mcceh w i t h  t s ’ s uu th isper sionus . one
wit hi part icle su i t ’ wh ic h u s s f ah l e  and t h te o t h e r  wi t l u  part icle  Si/ i ’ wh ic h is s ;mn ia h l e  an u ti  wh ic h
can be cont rolle d . M on lut - i pe s to demonst ra te  t h at a ut tahe n ia l  w h ic h m is ‘ s t n u i m m g  h iot hi  at  low
tempera tu res  ( finie d ispers ion)  and ah clevafeti femperafunu ’s I eu iar sc tb i spe r s mi tn  I cant lie
produced. I hue a h l i - t y s  usctl in the exp en im em -its a re . of course ’, se l ec ted  t i c  s i m p l i f y  t he
cx peru r u ue m u  t~t l p ro h i lc tu t ’ s. ‘I ’lue p n imuc ip l e s  evolvcth , h owever , s luoti  lt h b i t app l  ica bIt . ho fl ue ult ’ ’ sug n
ci t  g cu u u u i n e  rel ’n a c t i mn r allo y ’ s.

Profu ’ s sum r Yslon u ’’s ‘sct - u i n t l area of ’ cu rrent mut tu ’nu ’st us t Ime e’ff ’e’cts c f  ‘s t ress i - t n t  m t t . m n t e m u s i t u c

t r a n i st m i n n i t a t i o u t  amid ott d m ff ’u suu t i t a l  p rec ip i ta t io n. I mtter e s t  itt thue l a t t e r  proeu’s’s Iu ~u s t ou ’ui st ’’. h
ahotut  th ue Fe—N ‘sr ’stt’m ut. I r t i ut—O .5 perceuut N alloys were pr e’p~m r e h a’s sin gle c r y s t a l s , I hi ’
cr \ - st  m l ’ s  w u’re quenc ited  f n c t r t t  590° (’ to proth tuce a solid sol t i f io n t . f h u u ’nu agu ’ ui a t  t e n u p e r a f u n e s
bet ‘s’s c i i i  r a u i u u t  f c u u i  pu’riu fo r e  am -id 1 000 (‘, cit  l ien t uut m ,ler sI rt ’’ss of va nio ti s n n a g n t i h  t i thes . u - t n  free of
sI nu s’s, I t  was fotmutd t ha t  f l u e  ‘ ‘‘Fe I oN 2 prec ip i t a t e  whuic h i  I ’orm u ts  h iec uinu ies  progressively f u m i e r
anti c n r s h a i l i i g r a p h t i c a l l y  o r ienufed  wi t i t  in t c ne ’asintg stress d u r i n g agiui g , Stress iii thuc  1 0 1 1 1
di rec t  i t - t n t  prod (icc ’s p rec ip i t a t e  disk ’s whu ic h u  are perpenit l  it ’ular to f lue  stne ” ss if iut f ens i t i u t  h m f
para l le l  to f lue  s t n u ’ss if thie stress is j ut compressiou t . Resi t iua l  stresses also ii ’m t luence
pre d ip i ta t i ou t .  ‘I ’hu is work is d escribed in de ta i l  itt K i n z o k u  ( ; akk a i sh i i , 139 Na , 6 i b  975) .

W i f b m  nu’speet f i t  t h e  ef ’f ’ecfs  of stress ott marfensift ’ tnan u sfor ma t i o nm . \ l t - t r u  lua ’s shownu flit ’
ex t s t e ’nce (if a tt ’ uu ipt ’rafure . M i m , w l u i t ’hu is t i iff ’e neruf from ut f lue mar te n us i f i c  fonnutat ion tempera -
tu re YsI ~, s ’ s - lu mu hu obt a m i s  m i t  the  absence ( i f  st ne’ss , 1) eformuu ~m f io n of ’ f lue  metal  above Md m ’ s by
slip, he h tw ~1 tf h r  I na t i s f o r u m u a t i o r t  to n i t a r feu t s i t e .  Accor dimug to Mon ( hue prot ’t’’ss iu tvohv e s t h e
n i uot t o ri  i t t  p ar t i a l  d i sboe ’ , mf uou i s .  F tur t l te r  detai ls  are gi ’i ’e’n iii a series of pimpers  Su ’u’ ,- \ e t a  Met 22
3 13 ( I  9~ 4 I a i t th  Ac fa  Met  24 R5 3 ( I  976) . A paper en t f i t l e d  ‘‘(‘omit n ih i u t io r t  h( i f lue  ‘y - e
T i i t i i s f u  m r m u i a f i o n of S t a u m u l u ’ss Steel Single Cryst als ,” by A. Safo . Y. Sunaga amid I Mo n h a s
heent accepted for  Publ ic a t ion  by Acta Met al lurgica.

TIme vis i t  to the 0— ok ay- ama campus conc lu m t l t ’i] with - u a lahorahor s ’ fou r , ‘
~ hue h u i g h i l i g h u f  w ,ms

time nu e w I h i la c l t i  11—700 200 KV trans u tuiss i on electron niticrosco pe , whuichu f ’t.~.f ures fli t ’  rou t i n e
a t t a inme n t of’ 200 KV anti t h u s  offe ’rs bet ter  resolution.

T h e  u t t e e fun g s  at f lue  N agat suta  c a nt tp tms  took place at  flu e Research I ~mho r a to ry  of
Precision M ae hm iu ue ’ r y-  ar id I’ Ie ’etr onics , one of t h e  rese aretu ins t i tu tes  at tached to t h e  Nat  ionual
Universi t ies.  l I m e missio n of th u s Lahor afory is to s tudy  flue basic theories u t  precision
engineering and the i r  applicat ion to indus t ry .  ‘I ’hut ’ I ~iho r a f t i rv  i’s i i ng ar t i i e d  to t’oster
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u u u f e ’ u ’ . l m ’.~ t p h u u i ~m rr  m u u t t ’r~u ’ . f m t m m u  ~u u u m o u u g  h ir e ’t’ u ’ su o mu  mm u ~m c h u u n t e n y  em ugmu meer s , t’ b u ’u’ h r i i u u m c s  u’ m u g i m m u ’ u’ns a m u u l
u iu t ’ t . i b ) u i r g i s m s . \ u u m c m u t m ’  f l i t ’ f t t t m n f t ’t ’uu l ) u s u s u c c t u s  t t l ’  t Ime l_ abum r~utor y . t i u u ’ ‘s’s n m f c r  s - ms mm et i  f ’i ’ s-i i , f lit’
\1~t t c r m , i I s  S~ It ’ h i c t ’ s l ) m s u s i t t m i  s s m t l u  h m r m u f ’ . , ss mir S h u m g e f o u u u o  N t m utonu tu r a  h l u u ’ p r u n u l p ~m h u o u m t ~tc t , a u t h
t I l e  I h u ’ , m h I u i - , m f u m u t ’ mmt  I ) t s ’ i ’ s t t u u i  ‘is t h u  P i u t f t ’’ss i i i  ‘ Iouuuoo  S u z u k i  f lue  p ru t t c i pa l  u u m m i f a e ’t .

I ’ hi t ’ ‘ i u ’ s u t  bi u ’ e , m u u  w i t h  i t t i u i n  m c )  f l u e  \ a m ’ . u t s u i t a  c a u m u p t u s  auu e h  f l u e  R t ’’it’~u r u ’hm I a h ’ .o r~m h m m r s  t u t

I ’re’u- u s u u u u u  \l~i m .,- h i m u u t ’rr an t I  I I c c t nu u m um t ’’s m u particular. l ’ h me re us a tm e u uo rnuu o t i s  ~m m u t o u u i h  m i t

t’ v u i s t r u i u t i u t n m  t u f  r~m f h u u ’r inu u pr e ’ s ’ s i sc  b u m l t l i m u g  u u u c h u ’rway ’ at t h is utew antI  o l u l s  p a r t i a l l y ’  comp lu’te d
u’a uu u h i t i s . I ht u ’ c r . m t h u m ~mte  s~’ h m o t i I  i i]  h h u t ’ ( ) — ok ~m r . m iu u a  (‘amu pu s  is ‘scl uu’u l u h e u h  to u t i t i ’ s c  to f l i t ’
\ , m g , m l s u m l . m  can u mpus mum 1q77  a mid  f l i t ’ I a h i t i n ~m t o r \  of ’ I- mugm u meermuug Ys1~m t u ’ru al s (autot huer ne’su’arc hu
u u u s f i f u f u ’ I u u u  I ~

‘~ t I m  f l u e  u ’\c t ’ p h t t u t u  of the ’ l I e s ’s  el ct i m mtmm mmmi t ’nci st ’ tpe’ at flit ’ ()— ok~mv~m nmua (‘a n t i p u ’ s. f l u e
‘is r u m  u ’r s’sas ‘s tm t m ’ s ’ s  i i  h u t  h I t ’ mmu f l i t ’ ‘i’s m y u u f  so p l u i ’ t  me ~ited u’i~u m i p u u u u ’nif  - hu t  oume u’ mt tm i p le tu ’ ul h i t m i h t l u u i g ,
f o r u’” u u m t p l c .  f l u e  b h u t s f s  po iu t t ed  to f l i t ’ spot ‘i e’ny c l ca m i  an td  vt ’rr ru’aelr ’ ) w b u u ’re ’ f l i t ’ t’ lcc f r on
u uuicnui ’ sc o pe  ‘s’i I I  to t , 1 ant i ]  ‘s’s l i en  f l i t ’ M u i t t s t r s  c u t  I - t l u c ; mt io t i  c t m uum u ’s up ‘ s ’ s - u t hm f l ue  t ’uj tt m .is .

h u m  ft ’. I h u ’~t t l r c ~t t m u u e ’ m u t  l ) i s - i s i o uu  ( a  n u ’t re ’ ’ s h u i m u g  dcp~m r f u r u ’ f ’n t tnu u  t i l t ’ so gu u ’ i t t ’ m u i v e t i t u t i g

prt’fe ’ u l t u c m u u ’ s  t i t l e s  1, Pn m - t f i ’ ’ s s t u u  S i l t u i k i  thi ’ s t’ ui sse’th hr i t ’tl r ’ a nu m tm h ie r  m u f  . t c h u v t t u c s  ‘s’s l m u u b u  are
hmm g hi l  u g h u f  eel ms t’t t l h u  u ’ s ’s ’s -

I Fiber (‘o m t u b - t u u ’ s m f c s  one ‘it tm the nf is try lug  to s tn e n tgf l ueu i  poh Y m ur s wi t  Ii g las s  ~m uu d

~, tnh i o u i  I ’ihi cr. ‘[lie goal is l ig h t ‘s ’si’ig h i f  t ’ i iup lu ’eh ‘ ss - i th u b l i gh u  u t i t id u fus  ton am ncra l  I a p p l i c a f i o m u .  \ u l

spu’cif mc r t ’ su i l  m ’ s  s’s i r e  i lu ” s cn i h c ,h .

2 / n~.’-t~i/u  ( ‘omiupi c s j t t ’ s f lue  i m u t e r e s t  is in - u f lue  eff ’ects of t h u e r n u m a l  u-r c h i m t g  on
m I t r e ’ .  n uoniall y - ‘ iuul i ul u f’ietl c o m u t h o ’ s i f t ’t h M mc li  it ’s A l — N i ~ Al . Such cyc l ing  pro d uces sd ’ su’r t ’ ehm n u uc u i—
s u t m u m a l  ch i ~i u t ~’’.’s ml m l t ’ s ’ n t ’i] ph i ~ms c s at ’u’o r t h in tg  to S u m t u m k i ,  I ’hu i s  u m i a r  c ou mup l i ca fe  f lue  p nu i spe t ’ t m s  c
u s e ’ u t  s t u c l m n um ~i t u ’n i ~n b s  i t t  h u h  t t ’u u t p e r ~i f u rt ’ app l i c~m ti o m us  in ivo lv ing  f h i c r n t i a l  t- y - c l u m i g .  I lucre u s
s’.- ’s ’ .- m ’ . ’ ‘s ’r i ’tw f h i  u rn] fs ’ s i s m u m u g  of f l u e  A l—N ’ i~ -“s b c u u m u t h i o s i t c , f o r  ex~m m i u p I c .  ~tt ’(t ’r a It ’s’s tlmu tmsa m u ci
5—1 0 n i u u m u t m f e  c’S dIe ’s I rounu r m t t m u u i  t t ’ u i u p e r a t u r c  to 5) 1( 1 ‘ ( , ‘l ’Iue work bein g d t iuut ’ imu s o l s e s  los’s u’n
m u ’ l t t u u e , u ’’s pt ’n u t t i t ’ n i t , i b l s  t r ~m t - t , m bIe , t l b c t ’ ,s , l imi t  flue ’ h u t i pe  is tlu at flue f ’u n m .h~mu u’ i e u u t ~t bs of ’ c u i m t t r i t l h i m i g
amid t u u t t h t ’ r ’ s t a m u u l  I lL ’  t h e  m b i n u m u ’ t m s i o t m a l  imi ’ s t~m b i h i t i t ’s ‘ i s h u i c h u  are t l evehopu ’th ‘ s ’ s -u U lie i ipp lu c ~m I i Ie  to thut ’
u b u ’ ’ s u e u t  i t t  i i i  r ,mt ’ t t  m r s d i i ’’. l u c  u m u , t  l b s  ‘it i b i d  u ti ctI  t ’d ) utth iO situ ’5,

3j  I’ m m p ’ .’ r h i u ’s of \ t ~~-\l  m i m e ’ru ’ m ’ s aut iu ut c’ r t ’ s f i t t studying f tm uut l ~m uuut ’uu f~m hl r flit ’ am uonutalt i tu s
m n c u t - , is t ’’s i i i  h m a n u h u u e s ’ s  it t titus u- t m m uup oui umth ‘s ’ s if hm i n t n i ’a s iu tg  f e ’ump er ~m f u r t ’. h hut ’ b u~ir uI mmt ’ss of’ t h i s
i u m u h c ) rf ~i t mi  u h u , t ’ s u ’ I “I” unu  h ug h  t e u t i ) m u - ! , u t t m r e  ~m l I t t y s  n miim y imtcr ea se b y a I . t t h t i l  u 1  t’s’s i t  c i i  fhi ru ’t’
h ’ut ’ t ’ s ’st ’ u ’ nu  rm mo unu  i e m u i h i t ’r ~m t m l !  - ~t u m t h ~5() O ’’( ‘

, No spee ’ it ’t t ’ resu l t s  went ’ u l e s c t u h i u ’th .

I I s  m l r ogt ’ mi t ’ f f i ’ t I ’s f l i t ’ e f f e’ t ’t s  u I  h m r t l r o g e u t  ott b i no h i u ’ r t u t ’ s s u i c h i  as t’ Ie ch n ic a l
ri ’s u s t u ’ i  u h s  mut t ]  u m p i n m u  M~ te ’ u m i p e r a t h i r t ’ are be i mug  s t t t d i t ’d , Amu ~m p p a n a t u ’ s  to ch arge g , m s u o u i s

h iy d i u  c C i t t  m t u t m  s h t t ’ t ’ u m u u e u i s  ,it 200 .ttu um o ’sphuer cs , muuu h RO0° (’ h a s  be e mu tsst ’iii h i l e ’ t h . A i t  t i i t t ’n ii~i I
(Iuermt ’h m faruk m’s ,mmu ~t tId tsh  ( a m i d  m t e u u ’ssars  I Ie ’a lu r e. Su tuk i  h m ~m ’ s p u h i h i s h m e d  a h Lt I i e ’m , ‘‘I f f u ’ t ’t t i f

I l r d r u g e - m u ( mum f l ue  M 5 I i ’ u u u pc r i i t u i n e ’ iii I - c — N m  , mum th  I - u’’N I— ( , ’’ h ’ ins t  .l a p ~m m t l n t s t u t t m f e ’ c if ’ \ l u ’ f , m b ’ s
l m i f u ’ u u m ~m h i o u i a l  ‘is tu t po s ium m t i  tu tu  Ness \ spu ’t ts  of ’ M~i r t e u t s u t i c  ‘l’ r~mu isl ’o n u u t a t m c i u u , K t ih i e ’ , M. u s 1 0 — 1 2 ,
1 )  7 ( c  I S u i h m p l e u u u u ’ m l t  I t  I r auus ,  .11 M . V I 7 ( I  ~)7~ L ‘l ’hue p att er m ’ s 1mm t o l l a l c i c r a t i t i u t  s’s thu  ,l. (‘ .

Slu r-nut ’ c u t  t l u u ’ I ) n s u ’ s m o u u  m i t  \1,ife ’rmal ’s Rese~ur chm , Natiotual Scte ’ u m t ’t’ Fo umu m eh~mt uo m m , I ’hu us ‘s’s turk , s ’s luch
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s h u c u ’ i s ’s h i t l t ’ s , h l m u L ’ t ’ u l  ~I u ’~ t , ’ , t su ’ s Ys1 5 c onuup ~m r u h i l s  t c u  m i f l m e ’n ’ t m u t i ’ r ’ s t m t u , u l  s , t ]c. m m ~’s s u c h  us ( c u r

‘is i s  t l c t i m e ’ nm c , m : t  ‘s’s h m i l c ’ h i t u t h t  ~i t i f h m ~c ns ‘ss ’ .’r ’ .’ a t  S t , m m u t ’t c ru l I u t u ’ i t ’ u s u h y ,

h u m  f l i t ’ \ I , m t t ’ni ~m bs  “c c l t ’l i d e’ I ) i ’ s - m s i tmu , l’r t t t u ’s’st r \ u u u u t t u m u u m n a  m l u s u t i ss u ’ il s f u i t h u ’ . ’ s i t  f i h t ’ ’ u t e  c t , t i ( - .
,‘ u u ’is h i t  i t t ’ s of , u h b u u y  s. I b u t ’ gui ~u b  us f i t  m t ’ l , u t t ’ f l i t ’ i _ l i t _ i t s  of u t i t ’n ~m l h u u n g m c a h  s f F i u i  lure ’ I t s

u m u f i u u e ~u u c , ~‘d h i s t’ o u m m p i i s m m  u I  am i d hu t ’af fi’ e’~i t u m u u ’ m l t  I am i d  ‘ s l i t. hi u u i u ’ c h i a m u m u , m I  i i ’ .  t m c n s  as u n u u ’ ,um h c c ~m uI .
s I n s’s t u u l e ’u i s u t s  l i t t o n  u , u u u m t , p t ’n i ot h ic  u u s u ’ r l u u a ’ . I , e f u - . \ u i m u t c m m u u r a  is m I s t  u l f e ’ u u m p t u u u C  f t u

ehu - m ~’ r u m u i n u e ’ b . t t i gue  t i m r e ’ s i m o l t h  rapi d ly by a p n u c u u r , m u m u u i m e ’d the ’cre ’, m su ’ bum ~ K t’ nat ’k mrru ’ ’sm , ‘it  f l i t ’
s,i t l i e ’ I u u h i u ’ hu t ’ t l u ’ l i l i ’s f l i t ’ ‘. - ‘ s m s t e’u it ’u’ i t t  ~m I mt mgu i u ’ t h u r e ’ ’ shui m lt l , h i u i f  f l i t ’ t’u i n u t r ~m t h m t  t i m  m u m  m ) t h i t ’ . m m  s h i m  lit ’
a u m i . t t t e r  of ’ uIcf ’ i m u i f m c i n u  ‘i’s t i l t  r espect  to n u t u u n i t  a u t h  m u u ac ’ r t t  o h ’ s e r ’ s ; u f m o m m ’ s. h u e ’ i’ \ p e n u m m m c m m t s  m l ’ . ’
c umrn i ’ m u f h s  hi t ’um tg  h i t ’ r f o n t u l t ’eI w i t h  7075 -‘sI spu ’u’ u u u t u ’I l s , ( ‘ r a i L  g m t u ’ s ’ s  I b m  r .mf c  is u m u u i m t i f u t r c t h  hr  a
t u t m m u ’ _ t , i h is u ’ p i m m u t  m~’u , u ) u im y muue ’f hm o cI , wh ic h I ’me’n h i a p s  I u m g h u l u ’ . ’ I t u s  t i m e ’ m u m u h i a l , m u l u ’ u’ c u t s ’ s  u ’ u’ii u’ i h t u l i u m i t ’ ll t
a tu th  b i u i l t l  imu g s ,

- ‘nut b l u e r  m to ve ’I appro~mc hu to u u ue ’~msurc fl i t ’  p l a s t i c  / t  u n i t ’ t l u r u u ’ t l r  umu i u ’ r f a u n u  she d a l l  s s ‘s’s , i ’s

i l ’ i t u  thest - n i b i e c h .  ‘F lue ’ f i l t h  i’s to s t n u ’ss or f ’
~tt g l ue ’ a j ire ’t’ r ae -k et i  sb ie ’ t ’ u m l t u u m  ui f l i t ’ f e m u m  pe na l t in e ’

i i L ’ l m t i i  hiu ’ t ’ i ’ s~’t ’mu ‘il ’s a nn] 
~~~ i ’hu e mui t ’rt ’ast ’ul stres s ( ‘ s t r , u u m l  1 muu f l u ’ pb u ’ s h t c  l im e p r o u m u u m h u ’ s f l u ’

t m , u u u ’ s t u - t r m m u~m t u u i u u  f i t  u m u ~m n t u ’I i ’ s i f u ’, anti ] t h e ’ m u m a r f c u u s m t u ’ f l u u ’u t su ’ r ’ i u’’i t o  tl e ’t u r , m f e  t h e  p l a s f i u ’ / m m n u e .
A t t m m n i i u u m g  h u m  N u u m i o t u u u r . m  f lue’  rt’ ’iu’ r st ’ p la s t ic  / ( i m u e ’ t a r t  a l s u m  lie t h e l m m u u ’a f u ’eI .  l i i i ’ s  s ’ s u i rk  h u , m s  h’ u c u ’n
s u u u u i n u m , m n u i u ’ ’.l mi i ’ap u ’ r e m i f i f  It ’d ‘‘I)irect M ’ .’ m smun e ’uuue ’ni f i t t  I t b ~m ’ s m n ~’ h u h ’ s  i i i  Side ’ ( m m u m - t s u - ’ .l I u , m ’ .  t u u n t ’
‘l’u u u i g i u u i u ’ ’ss Spu ’ c u m u u u ’m i s’’ I i i  lie prt ’se’nmte t l  u t  t h i t ’ h - t m u m r t h u  I n f u n m u ~t t i u - t m u a b  ( ‘ ou t g n u ’ss out I r , mu - t u r u ’ ,
\~, m f u ’nb u ~ i , (‘ au ta tha . J t m m u c  I o ) _ 7 4 , I o) 77 ,
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NIPPON KOKJ% N K ABUSHIKI KAISHA

(Ieorge Sandoz

N i 1i 1t onu K u t k , i t u  K. K. us omit ’ u I ’ f lit ’ g a i m i t  sled m a k i n g. a ut i,l s l i i p h i u i i l d u u m g  t ’or ui pat t ie s  il l
Ja i m amu.  ‘l ’h m e contu f i a l ur  u s also d e e p l y  erugag ct l iii iu t ’as -r - u i ]  us t rv  c u m u t s t r u d t  ion au t el  eng inee r ing .
it lus a f e w  pu ’n ip h ut ’ ni m l  ,u i ’t u v l t i t ’s s mu ~’ hu m ’ s fu ’ r h i b i i u ’r n u a n u t m f ’a c t u i r t ’ . l) u , K. m z tmo h l u i n u k a ’ i ’ sa wa s f lue
p r uru t ’m p ~u I host for rim s ’  s’m s n l  to f l i t ’ ‘l’ e’c ht uiu ’~u l Rest ’a rt’Jm (‘en ter  im m K a ’s ’ s , m ’ i a k  i , am] ehis cu s siou u s
‘i’s t i e ’ h u c l u h  s’s i t l u  . m p p r o x u u n a t t ’ls t e ’uu o t l u e ’r Ic .  i u u u i c a l  pe’r’sonts ,t ’s we’ l l ,

f l ue ’ ntmet ’ t iuig h e g ~mu t s’s u t l u  p r m ’ s , l t’ this i ’ ui ’ s s huu mus wit lm Dr. U oni k :ms ’s - ,t . T ee i m uu ic a l  (‘ouru se lor  f ( m
Ni ppout  K uik .m t t  K. K. I Ii ’ r e l a t t ’ii hums  e \ b t u ’n ucutce s  t i u n iu t g  Wor l t h  W ,ir I I  a’s a J apan t ese Nava l
O f f i c e r  engaged itt m u h e l t u s t n i a l  purs u I t s . m m u u t , t b l r -  f lue  t ieve lop u t i ent  u t  u m t p r a ’ s t’t l a r iu t on  p l i t f e ’ t’or
slump ’ s.  I he s t a h e u l  f l u a t  but ’ ‘i’sas muis - mi ed  ho work s t u f l u  f l i t ’ I t . S. N as ’y a f t e r f lue  ‘.‘.ar , pre ”su n iai i lv
hct’aum ’s e’ of hmms acc’ t i u m i p h u s h m n t u e ’n t f s  f t  c n  f l u e ’ Japauiu ’st ’ N . u ’ s y -  , hu t  lie t he ’c h iu i ee l  j ut  f e a r  m i t ’ eu t tu ’n iutg
fl ue ‘‘e’ u u e t ut v ’’ c o u n t r y  at I h a t  t ime .

Following t h ese’ pn u ’ hi n t i i t ary au t u em u i t  cs . the  wri ter  presenuteth a stint - u u t i anr  of ’ f lue  o NR—
NR I. research organitafitin ~t n&I ~m c f i v i f i u ’ s Iief’ore a group of f e ’ehi m ii c al  specia l is ts , Th ere were
ut uany ( l uestm o tt ’s, ari d part  ic t i l a r  interest  wa ’s shu ow n t  in f lue  opera t ion of f lue  c o m i t r a c t  nu ’su’a rt ’hu
progr~mn u us.  They l’o u umud  t i m e ’ com u t ’e’pts of h ’u r t u t a t  c on t i pe f i f io uu . N as’y p u r p u  -t su’s and f lue  lof ’t
p u r su i t ’ s  t i f  au ’aeiem mc h ’i~ts t u - rt ’seart ’h uu ’r s i] i f ’t ’it ’u l t  to rec’o nt ’u l e ’ , Thmms i ’s p erbl aps h o t  too st a r t  l u n g
su mm cc ’ SOiTt C peop le ’ I l l  flit ’ f_ I n u t u ’d Shal t ’s are u’ d I u a h l r  i i at ’fleth.

l)r. h io r i kawa  n u ’s’iewcd h rue l l y  flit ’ a c t i v i t i e s  am id o r g a n u i z a t i o n t  of ’ N i p 1 imm ui  K o k a i t  K. K.
Historicall y - , t ime comi upa n ir -  was t’’st~m hl is h ued  to nt iake steel p ipe , hu t  t h ereafter expautt leth iutt ii
‘s tee l  n ua k m ru g  ant i ]  h eavy m i d  us t n ial  funct ions , ‘loda y - t i u t ’ i ronu ~m utt h  s teel t ’m t~m k i u t g  is t i m e  bangu ” s m
pu’rceuuh of sales I 7 5— ~() percenut ) followet l b y ship  b t u i l t h i u t g  aut t h  h eavy imi t h i us t  ny I e~i mciu ~t h t i t m f  10
perce n t of sale ’s ) .  A~i p n o x m u u u a t e I y  20 mil l  ion -u touts of ’ steel arc pro] iuce ’t h autu’ i t m a l h v  at f l i t ’
FuR i m s a m a  Steel Works am] ab out  6 u t t i l l io u u lu - t n ’ s  at fhue K e i h u i u u  W orks , Time u’o ni paum r  a l su i
n u u a n m u f a c f  umru’ s f ’crr oalloy ’s ( f ’errochmro u uue at ‘l ’ u t v au t t ~i a utt l f en ro ut tauig ~m m i c ’ se’ at N iig ~i h a ). S lu m p
bui ld ing  us located in f l ur e e p l au u ts  wi t h  capabi l i ty  of up to 500 .000 t o m - i  sh ips at  I so . 160 ,000
ton s lumps  at  ‘[‘sunm i and 27 ,000 form ships at Sb imi , u ,  Heav y ’ i n u h u m s f n v  a c t i v i t i e s  art ’ also
con centrated at Shu imiz u .

The Kc luiu u Steel Works , b u i l t ove r 60 years ago , is n o w  h unden meti w i t h  u i h - t s i t b t ’ scetut ’e
a nti pollution problem s, N u pp ou t  Kokan K. K. is solving f l u i s  by e o u t ’ s t r u u c f i u t g  au e n t i r e l s
uuto t h er n steel works ~mt ( )gu ’ s hm i n t t a , art a r t i f i c i a l  i sla mtt l  create d in 1 u t k  v i m B ar by i m a t i h i  mug sa mu el
from (‘l m i ha , approxi  n ua he ly  40 ki lometers  away. (‘out u uc c f  iou to f l u e  n u a i m u h a  mu el is hr  bridge a rich
t u n r ’iel . W h ment flit ’ rue w faci l i t ies  are u-oltu pIe te l y ope r a t i ouua l , f lue out t h ~i tech f ’,uc u h t i e ’s ar e S
‘sch ed uled to be dism antled.  l ’hme r e wil l  lie st u n - i c  comuso hie l a t ion of ’ f a c i l i t i e s  fo r  pipe m ut i l l s  ~m n’meh
part of f l ue area will  he’ sold fo r  f l ue  dt ’vt ’lopme u it  of ’ tIme Yokoh manna— K ,j w~ms , m k i  area ,

‘[‘he’ compa nuy e’ l a i num ’ s  ‘spe’t ’ial ‘it re’t mg t I n bee’atj se of ’ i t s  i n fe ’gra led steel m t t a k i n t g ,  ‘ i b m i i i  h’m u mi ld m e
and heavy indus t ry  i l uferes t ’ s, Special ~m e I u u e ’vett t e uuf s  ~mre f lue c OI t tptuh en i i ~m t i om t  of n i ta u uum f ’~mc fun i u tg
control ’s, the de v cl op num enf of tIme first [Jot ’ 56 im u c h u 0.1). pipe nt u ih l , f lue first 100 m uc h 0.1) ,
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spir~m l weld pipe ( 1 97 5 ) .  and f lue  t le ’ v elo pm uu c m m t u I  cont m u u t m o u u s  t’ ash m n i g of s la h is , h - t I m  ottt s ant I
b i l le t s  ti ire’ct Iv f ’ro nu i basic ’ i m s ,y ’gu ’mm fu rnt a t ’e’s. All of thue ru ’searc hu i i i  f l u e ’ coin ~i~i us  m ’ s  t on i c ] um ct eel
at f l ue’ l’ e’t’lmn ical  Researc h ( ‘e’nute ’n. ‘I ’hue work u mmuder t ak cu u  nu u as - be b i , t sm ~’ , but  us i m u temu de t l  f t t

re’Iate te m f lue  thuree Steel making ,  Shm i p bu il th  j ug ~u nu t l 1 ie’ avr’ Int e l  tush  rv I ) iv m s nc uu s , Thue ’ act iv i t  me ’s ant ’
ii rganu ,ed m u t t  six re’se’,i ru’hu tle ’p arf mi ’m i t s plus f ’our a f f a t -h ued ri’sc’archu orgam i mi ~u f iomi ’ i  i i i  f lue
I s u u n u m u u u i , K c u h t i t . h u k u u y  ~m muu a a u i ]  ‘l’su areas am ud nau ige t’r t i nm c u t a b  researc h to s t u d  process Ing.
stee l pr opert mt ”s , t’ u t ah  m ugs amid u t t n r o s u u i u m , wt ’ ldu um g and ‘ s lump  s t r u t  I ur ts .  Pro eiuct rese~u n c h u relate d
to ‘i t u t ’l , s’s c’Iel i m i g ar id su nt ’au ’t’ t reatr ui emu t It as led to flue deve lopn ten t i ml I i  ug h str u ’nug f h i ‘it  e u ’ l ’s for
‘ s lumps , c o n m f ru d t i o n t , tubes  , t u t t l  sh mu ’e’ t ’s  fo r  cheep i ] raw ut ig .  Th m u ’re m ’ s p r ude i t t  large ‘s u a l t ’  f e ’s t s i t t

we’ldctl m tt e r t tb t ’rs up It  -t 220 itt nut i t t I h ick mm d ’s ’ s  ~mt te n t per~mt line’s bet wee’ ut — 70 ° ( ‘ a nul nu c ar
ahms eilutc ’ /c’ro, ‘h u e  resu lhs are ’ .ipj il m e t h  to weld l u g  t e c h m n i q tue’s ton I i qi m ut ’iet l g u s  s f u u r a g u ’ v u ’ss el ’s
for  t’rvo gen iic ‘service. l)evc’ lui pnuut ’u t t ’ s  mi t  c i t m u t  in tuous  lut ’af f n e a t i n t g  ami d coaf im i g  processt’’i h tu ts’e
beet-u pursued. As a leaching pipe nu i a n iu f a c t  liner , NKK is studying plasma we ld ing. IN (, t a n k
piping a nd tIme means i t t  wu ’hi l  I mu g c c  i l i t  l i lt ’ X pi~ii uig sy’ st u t i t s ,

‘l’i me Techm ni c u m l  Rest ’ t n i h t  ( ‘e’u i te ’r m ’s t’u l umu pp e d wut hi a wi i t t h  t u u t m t e ’h to  s f t u t l r ’  f l u e  u f ’f ’u ’t f s  i t t ’

w ind pressure ( mu - u l on tg —s p aut b n ut h ge ’s ~irn ] t ) t l u c r  u ’”spm i s e t h  s teel  s t ruu c tu re s .  W iu t e l  ve’ l t m c i f r -  of 0,3
to 50 rn/sec can he genuerate ei .m c n us s  ~t I S  iii test  a r e a .  ‘[luc re ’ u s also a large c i r c u l a f m n u g  w a t e r
test ta nk f ’or analysis of f lue  mu ’ s t s l , m u it - i’ to ‘i ’ sui vt’s . c urre ul ts  att d pre ’ s ’ s u m r e’ in a fat iguie—pro t l uci u i g
ut ’iof ion sequence. Endurance l u s t s  o u t  large h ul l  ‘sc’g rn c m ut s  are nutat le .

Pre s entf a t i ont s  were numa d e  h is  ‘icvt’ral u t i e t i tber s  of tIme l ec h un i cah  Researc h (‘enter .  Firs t  Mr.
I. Nlatscusbuini’ma ulescriheel flue work of flue ( ‘ t t r r o s m o m u  L al ’m onaf t i r r  - M a t s t u s h u i u m u a  is a general
corrosion expert and liii ’s publis h ed wiel d y. I he spenut  two r e a r s  in f lue  I ~)6 0’s at ‘ii IT ‘is h u c ’nu ’
hue puh h ms h uct l  pape rs w i t h  I I .  I I. I i h u l i g .  ‘I ’bueir work was out iur’ chr ogu’ nu c r a c k i n g  ant i ]  stress
corrosio n t’rack iu ig of s fa u n u l e ’s’s a n d  p rec ip i ta t i ou t  I ma r t l e n i i n i g  s teels . At N KK hue huts  beent
donuc i ’ nmi u ’ il w i t h  a u iu t t iher of pr oh l e ’ uum s . l~~tr ex autupic ’. h it~ h u t ’ s w n i f f e n t  I N uppomu K ci kani
I e ch n tut ’a l Report—Over seas . l) e ’ t ’ . 1974 ) t i n - u f l ue  iuu provc’nteut t  i i i  u u ’s is ta uic e  to p o l y ’ f h u i i i u u i c  acit l

i t t  s ta inl ess ‘steel type 32 1 by - increas ing  f lue  ra t io  of I t  to ( ‘ amid hr an tnea l iu’ m g ~t t  1 000 Iii
1500 (‘ . Ttm m s conrosno n probhu ’ n un was eu ucou ri fcrcd in f h i e ~ pc’t r t u le t t m tm i ru t hu m s t  r~ , 1k’ lu a ’ s a l ’ s (u
pub l i sb u ech on the su i b t ec t  of weat I te nin g st c ’c’ls . w i t h  e n u p i m a sus  oni f lue  s tnu u ’t una l and
cn wi r onirn et i f a l  f ac to rs  whm i c h u  control the protective mu at im rc ’ of (lie ru st film v~ Itu chu  t’orms in
suit - lu alloy ’s ( ‘set’ (‘onrosion Scie’nce , / / 1 29 (1971) and Bosluoku Gujutsu . 2 - t’ 1 77 ( I  o )74  I ) .

Mor e ’ curre n t m utt e re st s  are i t n u  f lue  cathodic profc ’t’tuo ni of c’im atec l  p i pe l iu te ’ (p r e s emufed  at
m i r r m sm on I 73 , NA ( I ’ .) arid f lue ’ corrosion of ntiet al s j ut su l f ’u r ot u s  exita tust gu ms e ’s f ron t  s i m i h e ’ri uug

p lan t s  I pre’st ’nue ’d i t t  ( ‘orrosion 1 75 , NA ( ‘L , in J o roum f o , (‘m ath ) .  1) 1’ pe r b mui ps grt ’a t en i ni t e r e ’sI
to I lie Navy,  lie hm , i s s t t iel uc ’eh t Ime conrosit -t ut  beh avior of uu i e t uml ’ s  mum geothue n iumal  st e antu pus’st’r
p la nu t s  ( i r an ’s  IS I J  , / ~ 659 ( 19 7 6  I ) .  It was reporte d t h a t  rt ’’s isf a nce to c’ u - t r ro s i omt  an - id cro siout is
u n mpr t i v c t h  in huof wa tc ’r ar t ]  st t ’u m nt well conch if iont s wi t lu  in c reasIng per cci ut u mge ’s t if  ch romium
and l i t  tIe t u t r r u i ’ s u o m u  o c c u r ’ s  w I t  hi c h ur o m u t i tmu m i  above I 3 pe’rc ’euuf .  Wc’af hie r tu ug aruel h t i w — ,ull o r’ steels ,
w h muc b n  c’ n l ua u u t ’ e’ cort’osiout r e s i s t a n t  e’ u t  f l u e ’ ~mhrnos p luere , ar t’ ntof eI’f’ecfive in -u t h is type’ of
‘it ’ rv ice ’ .

I )r. M as a mm o r i  K a wa h m a r um u i f  f l ue ’ I ’ tu g ineeri t i g I , a h’ m or a forr -  elesc’ri hcel sonic of ’ Ii is work j ut
f a t u g i u t ’ , f lu e f a c i l i t i e s  for f a t  mg ue st t t h l e ’’s at f l ue ‘l’u’ ehuu u ic a l  (‘cu ile r are c’xt ’c’ll enf t’rouu i f lue
‘sl u m ] point of large c’u m u upo n te ’utt  te st m ug , A lu t iost c’ve ’ry imagm uu ahl t ’ t y p e  of test is clonic’. fr a u t u
te s t s  of ’ pipe K ’p ui rm Is  m um a su hum u e ’ns ibl e thr i l l ing  rig, to wave—e f’fect test ’s of cri t ical  sh ip
Iou t d ’h ca run ug stru ctures. Kui w a fm uui ,m ha ’s I m t mbli s h u e d , for  c’’ aut ip le , on flue fat igue s treu ig t h m of a
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pu i r t i c - t i f a n  s l u i p  s l r u i t ’ luur e ’ s  eIu ’s ig uu  1 N m p p o u i  K u i k u u u m  i’c’t ’ b u m t i c a l  Rt ’p u t r t— (  ) ‘ i t ’ r ’st’ ,t ’ s , l)e c. 197 5) ,  He’ is

, i h s c m  su ue ’ u t t u f i c a l l s  i u t c h i n u e ’t h ant i ]  Ju ~ms ‘ i ’ s - n u l t t’n u out flue ’ re’ t a r t l a h m o u i  of f m n t g t u t ’ t r , u u  k g r o w t h  iii a
I I’l’SO ‘ i f e t ’l I ro n t i  c i ’ s  c’ r h t i um e h  i ii  t h e ’ t ’umt igue u’Vu ’lC ( Fr ugiu i e i ’r i tu g I’ nume t  tire ‘iu ’.’chuani c s . ~m’ 507

I ~i ” (c I I ,  \ ‘ .‘n’ r - re ’ce ’ u u t l y  bi t ’ hu m ’ s wrifft ’mm tin -u growth of f ’u mf i g u m t’  c r u m u ’ks t ’n c int u  a s u mr l ’ace f lu iw.  I I ’ .’
sl u c u s e s thu ~u t  flas s g ru i ’ i~ f l u  f ’r u i u u m  a s cm rf ’uice’ f law p r oi ] tu t’t’’s u m i h m f t u ’re’nt  sh ape crack I’ni tm m t ,
t l t ’p e uu eh i n i g t o m  ‘is h uc ’ t h u e r  f l u e ’ sh ie ’ u ’ i m u m u’ n u is stn it’tbv hcu ’msilc’ or u u i s ’ u - t I s u ’’s a h’u u ’ m u t h m u u g  ruu o uuut ’ m i f ,  ‘1 b u m s
d u l l e r ’ s  l’nui nut  t i m e ’ -\ S\ l I - ct -ide s ’s-u k-h umssu muu tu ’s t h i u m l  h o f h  u’rum c k t r t m n ~s grow u i e u t f i t ’ u m l b r
\ct ’ c t r t l u m l g  f i t  K ,m ’ is u uh uu t r , u , m l us  f u r  t i t u s  ru ’ u m s t m m t  t h at u l u m f u ’ t i i f t ’ri p lots  m i t  ‘ . l um ‘i lN  ‘i-i ’ n ’ s u l s  ~ K

t i n c i d l t t ’ t ’ s e , t f h t ’r ml i t t  l erc ’nt ‘i I i i’ t’ m uut t ’t u ’s arc’ u s c ’]. K ut w u ih t ~m na h uts i]u ’st ’ l um pu ’e l e’Xp ri ’’s su omis ‘ i s h m u c h u  h u e ’
e h u m i m u m ’ s  t c s i ’nconu e f l i t ’ i ] i f ’ f ’it ’ t i l t y  , amuth  sums’ s f h i u m t  lie ’ cant deh u ’nm i i i tuc ru’ h u m t u o u u s h u i p ’ s  h i e f w e e ’t u um I c -rack
e h e ’p f b t  ), li f t. n i c k  ‘is i t h t h  I am u th  du t  f u h N m t  spec mt i temis s t uh i j ec t e ’d t i m  eomm u b i i t e i i  l t ’n ’ s u l e  anti  h en] m u g
I t i a t h s . l ’ h m e ’se ’ rc’’st m l t s , s s ’h m i ch i  u nu t s  lie ’ vt ’ry i n u u p o r f a m i f  t i c  u m m i  u mi t I e r ’ s t~m t u t h i i u g  of ’ f u u t i g u t ’ t’ rum t ’k
m ’ r u c ’ i ’ s  t h u . um i , m s  lie ’ u t l i j i b m e ’ u thl le  itt Pu nt fit st imuh ies of ’ cru t u ’k g r i t s ’ s - f i t  t r ( m m u u  ‘it nu ’ss—u ’ ( t r r c , ms io m u ,  Kawa l uu t ru i
( ‘is  i t  b u  %l . K u m r m h i u m r u t  I us pne ’st ’mu t  mug l i t  is work h u ’t ’one f l i t ’ 4 t h I m i f u ’ r r i u u t  I c  m u m u m b  f ’ r u t u ’fu nu ’ ( ‘on f ’ene’nmce .

fe’r lm i t t  ( ; m u m , ui hu i , I~ 7

r , N , S’.’ki  , i u m c l  ‘iii. ( i t t - l u  l i t ’ \ b  thu ’ser i h i c t l  sOuui t’ p n u i l i l t ’utt s ~m mmel  c u i muc e r m us  w i t h  s h r u ’s’s
t t ’I n r u m ’ s t o m i  crack u lu ’ a m id b u s  e lr oei ’ m i e m u t l i n i t  t It ’u i t en t t  . l i i i ’ cont pimt t r  h um s several u ni fere ’st s  h ere ,
\ t t r i f c ’ s t ie s’s d c i r r o s i m m t t  c r acki i mm , i  is a c u - t n m c u ’rmu itt f l u e  f ’e r f i l i i e ’r t r ~mt h t ’ . Sfu” ls ( if 40—60 kg/ mm
tu ’ n u s m l e ’ ~m n e u u g t  hi u t re ’ i m i v u i l v e u l .  ( rum e ’king from I I ’S . sf nt ’ss corrosiomi . u im u i ]  b l i s t e r ing  i n f e n n t a l l y

i u t t t i  b u y  u h i t t g e ’tt u t rc ’ i t t  u- oul cc n mu to I m miepupe  shu ’u’lS of 50—5 (1 uimte l 40—61) k g / u m u m u t — respec t ive l y ’ .
‘i t r  guts  t a m i k s  t i f  s tu ’c’h 5( 1- 5( 1 kg m’ nn u t 2 f t ’mi s i l e  s t r eng t h  are s um b ~ectetl  h i t  (‘ o—( ‘o’ n t i x t ur t ’s, autel

~t nu ’ss t ’ t i n n i i s u o u l ruuum r’  Fit’ a p r u i b l e u m u .  I - t u t a h l y  f l u e  ar ~i u i  m i f  st~a s ’ i ’ umh u’r antI  pu~ne wafe r  s tnu ’ss
c c m r r ( m s m t m u u  t’ rumu ’ k u m i g  is u t ’ i u t t u ’resh ss ’ i t l m s t u ’ e’ls of t c u i s i l e  s f r e m t g l h m  110—1 40 kg ninut -

A l l l t u m t t g h u  p ape rs u u u  f l u e  s f n u ’ss eui rrosiomt cnack iu u g  of h ig h s l r e n i g f h m  s teel  in (‘o_(’o2  guts
I N i ppoum Koka n t  ‘l’et’hu u i c u t l  Rep or t  ( )ve’nst’as, l)ec. 1974) ant I  om u t h u  s tress corrosion -u c n u m c k u u u ~

mt p ipe l i n e  sfc ’el ( Proc. S I l t  l u t. ( ‘o u m g .  out Meta l l i c  (‘or rosio ut . 493 , N -\ ( I ) were ch i s t n ibm .uht’th
all i] ist - u u ’ s s i i - t m u  was avoi d ed bec u muisu ’ u tt tIme se’nsifive itatu ne of ’ t i l t ’ sim h i; eu ’f m a t  f u r ,  A manuscript
c m l i  I h ic ’ s t ress  e’ o n r c u s i c  i t  c r a c k i m u g  of h m u g b t  s t r e u t g t h  s h u t ’i bo l t s  iv \ l ,  ‘l’a u t i n t t t t r a  ~uu ul N . Seki wums
du ’sc’u i ss t ’ih q t u i t e ’ f ’rt ’cl r , b u u i w u ’s’ u’ r , I i i  e’sst ’ m mc e ’ , t h u c y -  h iavu ’ s t u t h i e ’th f l u e  e’I f c u t s  of i to tc h u
nuuo rp hu o l ogv t in t  f l i t ’  s- u m b u m ’ . ’ of ’ K h ’ i t’c. V a ni tm t i s  e’u t u t u b m n t a f i o u t s  ( if \‘— n t o t t ’h u um uu ch  slot plus a l ’u i t i g n u t ’
cr u m ek ( t o  f’ lvu ’ a m,’o u usfutm u f crutch de’p fhi ) weru’ s tud ied .  ‘l i m e ’ V — u t o t c b m t ’s ant i ]  slot ’s serve to open
t ip  t l uc’ cru tch  toward the s l i ec in tueni  sn .trf ’umeu ’ . ‘[‘lie t i u t d i ngs ss’t’ru ’ t lm uth  crack growf h u n ate abovu ’
Kl~e~’ u u u u i v  l i e ’ i m t f l u i t ’u it -et h , bu t  I b u u m t  f l u e  v u m l uc ’ of Klsce is t ’

~u t r I y  com i s fumu ’u f ,

N u m I ver y ’ nut u c h u  was lmearc l uibo tmt we lt hi n ug l imi t  I h ue Man tu iger  of f lue  Welch j u g I um l ior um I u i v  , i)r.
J. 1 u t u u u u  kuu t hi ] re ’ !um I t ’ sonuic imiu p lu m u tt tu sh resul t ’s  ge u ie r u i l lv  - ‘l’hu e ’ urn p lu m u f t u s h  us a notc h test
i ht ’ ’ su i ’ t mu ’u l to hc’ t cnn inte f lue  sI nc’mug l  it  of fl i t ’  h ue uu f  u t t ’f eel cci It t u t u ’ m i t ’ welt ] s , If  is ~t n-i e ’astmne of ’ f l i t ’
t’t t l u h  t i  u ui -k i mu g ‘su scep tili i l  l v ,  ( l i t t l e r  sInu s’s an ti w i f h t  f i m m u u ’ a t hmn t ” s I m ohu .f ‘it re ’ss for cn~uu’kintg is
dete rm mi i mue th  wh it - lu iuit ’ru’ u t ’st’s w i t h  t c nu per u uf Lure. ‘l I m e  thure su io l i ]  sI ru ss mmtumr ’  um hs i t  increasc’ w i t h
t i n u u t ’ . w h u i t - hu  p r ob u tb ly ’  r e f l e c t s  the  u’grcss of h y d rogen. ‘ l ’ hm t ’rc ’ wuis  no t p p o r t t m n i t y  to tour  t i m e
f ac ’ih i t i c’ ’s du r i , tg  tIme l o usy -  dut y- . ‘l I m e  overall i nu - u pr e’ssiol u Is I it ~m f f l i t s  us ut t ’irst — class technical
group w b m i c h u  is u u le ’ri f i t  f l i t ’ h u t c h ’ s  of f l i t ’ c o n u u p u m m u r ’  amid well uu w umre  of w hiu uf us goin g on
workh—wi ule in rela ti’] arc’a’s.

As a f iu ta l  c um nmu rn enu f  , N K K  t u t t l e ’s I I maf  i t  e’u m j o y ’ s  a very low u m h i s u ’n m f e c ’ i s r n  r ate (less t Itan
ti m - ic perc ent I and rel at e ’s t i t u s  t o t lie assu m na mmc i ’ by f lue  corn put mis’ of job st’t’n mr i fy ,  good pay u u nd
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u t ~ip o r t u n u i t i e s  h i m  a t i ’ i . u i u i  t ’~m i u ’t i t .  I l ute ’s f l i t ’ h ig h degre ’c’ of p . m f u ’ru u uu h i sn i u  we ’ u m k t ’ uu l i m e  emp loyees
ie’”ci t lv t ’  It ) wail ., l m u tre l ’ ,t ~~ u i t h u e ’ c’ t - t m i t u u t y  , ‘i , u s - s NK K , i t  lmt ’ u m’I u ’ mu ’s flue re’ ’ s u m l s u ’  I t t  do t h u e  best
l t tms s m h - t l e’ jei b . ( ‘ui, u u~ u t u ’umu g  t h i s  s i l t t u m t m u c u u  ‘is t I l t  t hm u i t mum t h u  I titled “c l , t f e ’ s , ml us u i l i v iu tus t h a t  f lue ’
bug d i f ’f ’t’ne uuce ’ us t u c h i  st ’ u t l l u t y  . Pc’r hii m l m s mum Japa n u f l i t ’ ‘i’s in L~~’ t m t h u ’ u u t u f u e ’s w i t h  flue ’ t’ u t n m u p u t u u s ’
‘ s shmeneums iii  t ime t i mmi tt ’tI ~‘ t , m t u ’s u’ c c m u u b i u i m u s  l m y , t I I s  us It ’s’s if  h t m l  u,’ i ’ i t ’ t i  u m u t u f  n u ’cu ’ m s u ’ tl , f l i t ’ m m u t l m v u u h u u u m l
t’u u rt ’e’r us iii ’ f i r s t  c o n u s u t h e r u m f m o u u .  ( ) f cu t uur s e , ‘ ‘ I u m g h m  p,u s ‘‘ u m u m i l  ‘ u u i  u m u m u t m u ’s h u t  u i t l v a uuc e nuuc ’ u uf ’’
ut re’ subj c ’c’f t im m n t t u ’r l i re ’ t u t l i o m t . at i th  u u ’ u ’ h u u i u u h y ,  fron t t m ( m l ’ i ’ s , m m m !  u u l t b mu ’ ,m ri t uiu ’c’ umf Ii’asf , flit ’ ti ntuteel
States worke r  m ’ s b e t t e r  m d l  n u m u m t u ’ r u , m l l y  . St i l l , fl i t ’  i n d u s t r i a l  ‘ s u i t  u’ u’ ’i’i i t t  tIme J , i l i u m t i t ’sc sy sht ’n u m mits’ u’’s
P iil i5t ’ .
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Leslie S. (;. Kovas ,na v

( i f  f lit ’ h u m  u m m , m u m u  u ’ s h , u u u u l s  m i t  J u t p u m u u , K y - m u s l u u m  is b l u e ’ f l u i r m l  ~ii si/ c  in t l  i t  is hccu ’ated i i i  t i m u ’
s o t u t l m s s  t ’”t  e’n] cml f h t u ’ L ’ l m i t i p ,  u l m i ’ i u ’ ’sI h u t  t I l t ’ Kmtre ’um mi Pu ’ u u u u m s u u l u m ,  I h ue’ uta nu it ’ nuueu m nm s  ‘‘ li m i t ’ sf ;ttu ’ ’s’’

t im J u u p u u u t t ’’su’ .mumul  in  a u t c m u ’m t l  t u m u l t ’s umi u te ’ u u u d l ’cc’ u t u l u ’ u u l  k ri]s i ’ul u ’] i t .  l i l t ’ i ’ s h u m m u u l  I uums s h i  m f l ~’
c hu u m rum t - t u ’ m m s h m ~ ‘, l h m , m f  t l u s f u m u m ’ u u m s b m  i t  l ’nu - tm i u  f l u e ’ u m u t i m u  m ’ sl~t m m t l  I b h m t m u ’ s h u t m  I h i t i t h u  t ’ u u l l u u r u u h h s  ami d
e’cu t um u t um u m i ’um ll r , l i i i ’ u ir ueuhl of .Ium p ~u nm m m  l’c u c t l u  m u u s ’ I h i  a iim ] a r c l ue ’ o hc ugs  is ‘ s f n u c i u g l s  t i e d  to K r  ~u s h u t u ,
\ l m si n u ’cu ’ m t t h y , f l u r u n u g h u o t i t  t i l t ’ u i e u t r l s ’  2~ () r’ u ’ ,u r s  m i t  i s u i l u m h i m u m u , u l u m n i m i g  t i m e  so —c u m l l u ’i] l i i i pu ’ r i u t d
r ucu u g hul r ’ I i i i  (h— I - “ ( i l l ) , lime ’ ut mul s uc u i t ’ su t l u’ cou it um cl s s’s’ ifhu h u t ’ \~

‘ m ’ ’st , i m u u l  ( ‘ h m i m u u t  ‘is-ert’ f h u m ’ c m u u g l t  t h u e
p u t i t  u t  N, i ’, u s , m k t  l i t  u t u lc , h u f i m i u u  t h u c ’ne ’ i i i u i 5  h uts - u ’ ht ’euu soi t i e ’ u l l e g u m l  c u u l u t u m t ’l ’s , u t u u i i u t l y ’  ‘ i m i u m u g g h t u i g
,t c t i s t t u t ’’i h i t’ f ’ i ’ i t’c’u i K r  u t s i u i i  t ruth  n i e u t r l i y  K u m n u ’ ui , I t m r t h m u ’ n m ui tre ’ , h u t ’ t h i s h , i u u c u ’ m c I  Kr u ’ sh um,t f’nu - tmu u t i l t ’
t I c ’ f . m c h u t  c a p m t . m h  if I h ( l u n u - ’,u ’ m u h  t h i s  I’u c k s u t t  l u u u ’ ,u h t ’ j m u m  t h i c ’ t’ ,ms h m ’ u n u  cu t ] u I  I h c u n t s h i u  is , u h i u i u i t

I 5l ) ( )  h u m .  l ’ h u u s  u h m s t a t i t ’ t’ u m m m u h  l I n e  i h i h ’h i t ’ u h l y  i t t  f l i t ’ tu ’rn ’ u u i u u  c c r t u t u u i h s  i u u m s u ’ , t t t t ’ i i t t u i h c m i  h u t ’
t t u f i u t ’itc ’t’ ccl  flue ’ i m u g hu l y u’u’uu tr~m lt ,u’] gitst ’n m uuuu t ’um t i t t  I i l u . Iui m u t u ithernu fiu u uu ’s. um um rt h u en mi K y’ u us ii uu
hi t’ca uui c ’ u m u m e  u I  f lue  I m u g i m i s  m n u t l u s f r u m ! m , , c e l  umru ’u u s cu t J u i p u m u t , pm i m t i u m n i l s  uh u me to f l u e  , m s , m i l a h i i l i t s  u i f ’

e u c u m i .  ( ) iu f l i t  u t t h u e r  hm ~iui uh , ‘i ’su’s u t ’r u m Kr  u u ’ s h u u  w i t h  N . t g ; t s , m k i  . m ’ s t i m e ’ i n u m p o r t u i m u t  c i t ’ s  hu ’u’a u t tc  um
i u ’ m u l e ’r I c r  ‘ s h u u ; i  h i u m u l t i m m u g  , m n t h  ru ’ l u i f t ’tb i m u t h i t ’ s m n i t ’s . ‘ l u s h  r m ’ t t ’~uh l ’ s  - in t h u  spu u c ’u’ ~m g t ’ , i f is i u i t p u i r h u t r t l
l i i  m i t - i t t ’ t l u u t t  uml I  sp u it ’t’ I~t u u i u t ’ h t m u m g ’s uure u m tu tde fnonuu Kr usbu t u , \~ t m t a l l y  f h iu ’ie’ arc nt- it ( mute b u m t  Iw o
sputc u ’ t’cnt~t’is , l i l t ’ i t n ig un t ~i l snmt a l l e r  t i nue  us operatt ’d hr t h e  f. n i s ’c r s i t s  of ‘l ’ ok s’ ui a t  f ‘ c h t i n o u r u m
um nt l th us utl)u’n utt ioi t us I’tiut d ed e’nu hm re l y hr ( t i c ’ ‘ i l u n i s t i ’ s  ut l - d u m t - , m t i u ) n t  I M o u i h u s l u u i i .  I ‘ i - lu j u t t i u r a  is
k i c , t t t ’d u - imm t h e  rugged ‘ s u i u u t l u c r u t  u ’ u m u u s h  u t  K y t i s h u m , ‘i’su ’sh u I K , m g u m s l m u u m m , m — (  ‘ m I s  - l ’ h i e ’ u u ’s’i u ’r antI
h~t r g u  - utilit y m ’s t h at u 1 ’ t hu c ’ N a t i o n a l  S l ) u u u ’ t’ I ) evc h opt u iem i t ‘\gu ’ m ut ’r - I t is locate] u - tnt  t h e  i s l a u u i ]
itt I u t zucgas hum n u mu i about 1 (10 knit  ‘ s o t u i h u  i i i  K u m g u m ’ i b i i u - u u a  ( I t s  - I huc I um u ie g as lm i utmut shiat’u’ uu ’il t e r  us
f u m i , mn - i c u’d I n t u i t  t ime I’n u nuue N u u m i u s t e r ’s i t f f m t ’c w i t l u close c’o o p e r u i f i o n m  i t t  f l i t ’ Ministry ’ of ’ Pumst  ant i
I u ’bt ’ t m m m m m t u i n i u t u t t u u t m u s  uus wel l  as t h e  M i m u i s l r s -  (ml ’ l r u t m u s p a r l u m h i u t u i ,

I h u t - re ’ a re e’ i u u m n u c ’ n u t  cc u i f c r s  u I ’ huig huer eeiucatio mu i t t  K r  u u ’ s l u t m . t ime  iru u m sf  i u u t p o r t u m u u f  h c ’ imug t i l t ’

r ut ’ s n its u i f Kyu shmu i i i  I u k ut i l ’u ~m , ‘l’I uu ’ K y u s h m t m  l m u s t i t u u t c  ( if ’ ‘E ’ eu ’ h u m u u i l t t g r -  is boc~i tcch u t
K t t . u - K y ’ u u s l u n u . a im m t i d u ’ s t r m u t l  c i t y ’  s ’ s - i t l u i m u  c o m u u m u l t u t m u i g  t h i s t u m m u c e  i t t ’ t he  l ’ u u k t u m k u t — I  h u i k u i t a  , i r t ’a ,
I hut ’re uur t ’ a l s ic  s tl mc muu , i re ’st - u m m t  hi u u u t u ’re ’sts i i i  fit m i t h nuie c i m utu muc ’s jut t i m e ’ N u m g u m s u m k i  , m i t ’ , m , l ) r i m t u u m r u l ~ m t

t i l t ’ s . i — i , i l I t ’ m I \ .iu ,’ , m ’ s , m k t  I e ’c l m , u u e ’~m l I n u s f i t u f t ’  uim ~m iu i fuu iuu e e l  hr- f l i t ’ M m t s t m h i s h u i  IIe , m s ’r  imue l tu s un i e ’ s  1 1th .
I m a s t ’ s m s i t i ’ ul  . m II  u t  t l u t ’’st ’ u m i s t u t n i t m o u t s  ~m nt ]  th ue’ over mull inuupru ’’s sic ui uu s ’ s ’uus t h u u m f  f l u e  q t m ~i I i f v  id ‘is u r k
is h igh in f l u e ’se f , m r i r u m s m m u u ’ e ’s i t  J .i p~t mu. N , m l t u r u m l l y ,  f l u e n t ’ u s um c’ e r t u t iu t  u t u i t ( m u u u i f  of ’ i so lah j u ’c uu u mu t e l
t h u l s  us ‘is l u , u f  a l l  t I m e ’ s t t i ’ uu t m s h ” . e’ o m u m p l u m u m u u ’d u t h i u n i f .  Nevc ’ r f h i e b t ’ss . u m u t t s l u I ’ f l i t ’ scutior f i cu t h i l t ’ do
s’ u s u f  I ‘ckv m i m u m u r t s  I t u t u ’ s d t u r u m u m ’  cuuc ’hi yt ’umr , ‘I l i t ’ s u t t u i i t i  a c i i i  lie e’u i m u t p a r e ]  I t - i  I : r~i u u e e . ‘is lucre ’
t I m e ’ i m i s t m t t u t i c c i u s  c c i t t ,  ul mt  a t ’ u ’ u m u p a r a h l t . u h i s f a u u t ’e f’rouut Par ts  m u ’ sonmuc ’w lua f i s t i h , m m e ]  htm l s t i l l
kee p ‘iuf ’f ’i~ c u l l  c u c m m h , u e  I ‘is m u  t Ime  c’a p i t u t l .  But t  I t t  mu ’ s  look mi t  f l u c ’ i n i d i v i d u m u t h  u m i s h i t t u t m u i m u s ,

Ti-Il ’. ( JNIV I ’ .RSI TY Oh’ K Y U S I I U

I but’ umuver s i t s- cit Kyus hu us ut n t u i t io n u m tl  u r t ive rs i fy  mini ] if  is lut c ’uu te d j ut  E t u k u o k u m  ott h u t ’
n u u t r f h u  , u c , t ’ i I  m l K y u s h u u , r e l u t t i ve ly  t’ luc ’ s e l i t  l Ime ’ p o i uu l  cml ’ coum t~m e ’l w i t h  Ih u in i s hu t i , f lue ut ium int  i s l u m m u d ,
There us bot h h u i g h i w m u y  mii i ]  ra i lway u’ o n u t u t u t u u u i c a f i o u m  I n t u i t  I h u m u m s l m u  to K s’ rushm u u m s i m u g  t i u mul e r ’ s c’a
tu n unm c ’ l s  nuc ’uir S lm i in o uu osck i  au flit ’ we s fermu l ip  of ’ l l u m m m s l m t u ,  I u k t u u t k u m  ant e l  I lu uka tu i  are t w i u m  t’ i h m e s
s&’rve ’ uI b y um t’ u m t i t u u l o n  t r a ns po r tu t  f i o u t  sy st  e t i t .  ‘I ’hi ey I u ; ’ v u ’ m it t i n t e r n a f i o n t a l  um mr po n f wi t h  u t h i ou t
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h O  dam l s ’  f l ig h ts I i i  I u m k s  i t  , t u u u l  a h t t m i t h a l f ’ 1)1 ’ t h t u ms e ’ I l i g h m t s  t u s u ’ I u m n t i h u i  m e t s , I mu ’ ule ’u m m u mn ut h us ‘s it

I ,mrge t h m a l  t t r mmt ’ t u u a l b y  . u l l  f l i g h t s  are f ’u m h l .  h u m  , m u l t h u t m i t u u . t h e  u , u u l r c m a e l  s t a l u c m u m  u t f  I l , t k , t h ~u m ’ s f i m e
ssu ’ s h u ’r nt fe ’ n m u m u u u u t l  p u t i m i t  of l I m e  t t m m u a u s  S h u m n u k ~u mu s u ’uu ( ‘ i uu p c’u u’~, l i n i ’s’s m u m  h u i l l e l  t r u m u m u  1 ‘ i y s t u ’uii  l b i u m t
h i i oughu t  f h i c ’ I l m u k a t , i — F t i h u u o k a  , m n u ’ u u ‘i’s-’ i t i m m n  m u i u l y  u c su ’vt ’u u I u o u m r  t r u m u n  rude  I r u i m m u  l u c k y - ic , ( I b i t ’
d u s t a u t c e  is I 0(i t 1 k u u u  i - tn  , m b i a u m t  ‘O() u m u i l u ’s . I ‘l’r m m u u u .  u u re ’ av~m u l m m l i It ’ m u on ’ In u ’u i u m c u i t l s  h i m u m m u  mm mtee ut ut
h u t m u r  t h u n u u u g  f l u e ’ t h u t s f i u m u u ’ , mimic ]  t i m e  u u u m n u u h i u ’u ’ i t t  b m ’ i ’ i ’ tu~ u ’n ’s c a n r u i ’d u i u m u I v  f r o u m i  K v i i s u m u m  t i c  I k y  cc
is iii t I m e  archer  cml ’ 100 ,000, I t m h u m i c k u m  is a cut s ’  m i t  u m h o t t f  a n m u u l h u o n u  l i eu p h c ,  i t  u s u m u u m u l u ’ n m i  m m m c i
buss itt u tp p e ’aramu c’u’ au th ‘ ‘ - m ’ s 1 s’s , is ~‘ s p h m t u n e t l  to n u t ’, if h ums lu ’s u n stmf f u ~ru~ti t’r u ’ m u m  e i t h er
t ’u m rf l i i i  tmake ’’s u r f l u m u m u i s , ummu m n m u p e u r m . m n l m u h i s t m u i t ’ I u c m u u  f ’u t r  mu c u t s  in - i  l~u p a u t . I hue ’ t m i u ’ i u ’ r ’ su t s ’  u t  K r ’ u m s l u e m
‘isa ’ s  f ’u t u u u u c u l e t l  iii I~~I 1 , m s K y u u ’ i h u t m  I u m i p u ’ u ’ i u m l  L i l t m v e - r ’ s m T s  s c u t l u  u c i u l y  I ’s’s’ f u u u m u b h u u ’ ’s: Mu ’i h i c m n u ’ , imit l
I m i gi n teer i nug.  Af ’lu ’r Wc i nbu l  \~ , m r  I I  uu  ‘i’s ms re ’t m r g u i u u u i , e ’ t l a m u t h  p re ’ ’ i e n h l r  t l m u r m m - ’ he m - i f ’a c u i l t m u ’’s w i t h
t I m e ’ t’umr re spou u d i mtg  t u t u  t h i v u s u m i t u s  i t t  t h e  e r , m d e u u u t e ’ sm, h u u i u d ,  I lest ’ .i ni ’ h i t c r u m t u m r c ’, e d u m c ’ , u t i o m u . huts ’ s ,
c’c’ou uon u t  ut ’s , scie’n t e c , ittu’tl tine ’, den t st ny . p h m a r u u u u m c u ’u t  tu ’ ,i I st,’iu ’nt ee s , c’ tie intu ’u’nu m e . umnul  u m g r m c u m  It  ii I t ’ ,

hut u t t l c h u l ioru there ’ mire ’ titu ’ f u ib h t twum u g in iuhepu ’uutlc ’nt l nu’se’umrc lu t ru st i f t i t u ’ s

l uu ’ s fifute’ u - t I  l3~m I n u c ’ u i t b u c r u u p c ’ t m f i c s  ( s m n u - t ! u g b r  u m u f l u m u ’ m u ~ i’ mt h i y  t i l t ’ m u n p l e  b u tt  sp r tn i ~’ nu ’smt u mrce s  of ’
K y - u s h m u ) ,  Ri ’ ’su ’ u m i u hi h m m ’ s u i t u u l t’ of ’ A p p lied \ u t ’ c h t a m t i t s . ‘ i ’ s u t h m  t i m e ’ S i t  S , t t u ’h ~ I , u m h u t r ~t t u s  R u ’su ’ u c rc’l u
I r i sh u t u t e ’ oh ’ I m u t l u s i r s  u t u t t h  I , , i h u u r ~ utn u t l  Rt ’ su ’umrc h u I n u s t i f u f e  of ’ h u u t l u u s t n i m m l  S cuu ~iict ’ I t hu ’ u m h m n i g  uuua’ . t e l s
‘is i t l u  p r ol ) l enuus of ’ coal u m m u i l  u’ u i cn g r  I w i t i t ’h i i n c l u m i l t ’s f h u u ’  K u t s  mm ( ;u ’ u m h h u c r u u i r -  I m l ’  l , i h u t n s  -

l ’ l t e  Ri ’st ’u m n t  hi h ush  t l u u t i ’ f u r  \ p p h i u ’th \1u ’c b m ~m u t m u ’’s h u t ’ s  t t v u ’ t lts ’ t ’ s t u n t ’ s  h - h u m i d  R u ’st ’ , t r c h m .  S m l t t l
\ l t ’ e h ua nu i c s , S tm t l ) i s u m s t e r , I l i g h t  h ’ m m c ’ngr  Mu ’t’ h u u m m t i c ’s , ( ) u t ’~ t i t  m mm i i ]  I ’ m u s i r u - i m u n m u c n f  Rc ’su ’u m nt ’ hu , I i i
u t e i t h i l i o n t , thmere ’ is f l u e  I ‘ tm ’ , cu,,’,tL’m Si mm S . m hu ’ Is Ri’sc ’,mr u’h l,uuu iiu r :mtu i rr lu i c’umt c ’tI o f f ’ t ,m nm i pt ms ui

‘ i u u r i j i .  al’m ot m f :i~s k n i t  n u m r t h u  i t t  l u i k u m u i k u m  ( I s .  I b u t ’ m l i i i  l u s t ’ m t  f l i t ’ St ’ , m S , t f u ’ t y  I . i b t u m r u m h m c n r  m ’s
I t t  c i t n u luc t  e x p e n i u u u t ’ u i h u t h  re st ’ , m r c l u  mum t h u c si ’ h r u m m m e h m e s  cl i t ! i I i l l t ’ t  t m t e c l u u u m t i c s  t h u . m h  , m l c ’ i t ’ l t ” i , m l t t  to
t h u  s, m h t ’ t .  c m l  s’ u’ssu ’l s , or Ri t h m u ’ u’I ’f e ’ t’t u ’ i ’ u’ i uc ’’ss i t t ’ bre ak ss . m h u ’rs , i h l c h  o I l m e n  seu i s ie h c ’ a m u t f  u cu ’u’auu
st nuu c tu r t ’ s ] u n i n u g  s u m t l t ’ u m t  s t u t n u m m s  or huirge  wmmv u’ s. I i c’ .trns out  s u m c b u  c ’ s ’ , m l ,  I i  a~ 1 u s l h u i ’ s t h u c u t - us
hu u ru _ ’t ’ e’ x I i e ’n i u u ic ’n ut a l  ‘ i ’ i , t l i’r fu i mi k , s ’ u mni u i mus  I t ’ ’ s l t l t u !  n m i , u c l u i u u u ’ ’s f ’um r  s c i h u t f  m u l t i  h u u i u u u m ’ s u s ‘is ~‘ bl  .u s b u m s ’ s
sp eech w m um d l em numue l s .  I l ue ru ’ n ’ s u u I s c t  m m s i u u u m l l  u m u r — w u m l e r  n m u t u ’ r f u m c ’c’ f . m c ’ u l u l r  ‘is t i m  ,u ’ ,su ’cc ’ u u u t u ’eI u hu e ’ ,is u u r u r m m
i t t  l i m l i u u u e’ u u t

‘I’ hi e ’ d unt ’ t - f u m i  i t t  t i u t ’  R u ’ se ,t ic ’l t l u i s h u l m i c e  u - i l ’ \ I i l t h i u ’ tl \ l i ’ c l m , t i m m c ’s is chuui ’ s c’ i m by’ e’l u ’ c t m t m m i  l’n i c m u u
t h e ’ se’ n m m u t i  h t r t m t t ’s sc- t r ’ i  mtmut l  bu t ’ su ’r s t ’’s f ’uc r  mu m l u n u ’ e’-s c i t  t e ru t i ,  l i m e ’ p resent  eh ure ’c’tutn , I > t m  m l  ‘ s s m m l

I ’uku , u i  ‘I ,m u mu n’t’u’i ’ i - u’th tutu ’ c’(tr eh iah ls - ~mt f l i t ’ h m u s h i l t u l e ’ , 13t ’l c m t r i ’ l ie ’ , t s s u m u m u c ’i] f l u e  t h m r e ’c’ t i t r s h m i p .  hut ’
‘i’s’uts flue ’ c l u m e ’t 1) 1 ’ I hue ’  I s u u v u m , , m k i  St ’um Sutt e ’t s Rest’anc’h m l ,m mh t irumtumrr aum tl ss ums u m u t i s m b s  u ’o mi t ’u’r mi e ’eI
wit h t ime se~t — k t ’c’~ii uig u h u m m m h i f r of s i t i p s .  ‘Fhi e pnt ’ s ’ n m m t m ’ s  d ir et ’ R m u ‘is i u u t  si n’s- e d  ls’s’ tu  t u ’ ruuu ’ s  bef ore
I’ n u m t e ’’s su m r I u t suu t  ‘ i v t s  h i u ’ f f c m  kn o w u i  t i m  tn t ’ f ’r ou uu m u i r  ~~~~~~~ c m u l l h u i t ’ls . 11t ’ ts P r t i f t ’s ’ s im r ,I u m u m — u t ’ h m m
( ) k ahm e , active in h is l i o t l y - n u a m m u m e ’ s re ’si’ u i t ’I i . FI l e ’ s i u m f f  u t  t h t t  l u m s i u t n u f u ’ c’ u m l u s t s t ’ s  c i t  ~m I i u i t i f  l U - I  2
l u i ll I ) ru t f e ’s so r ’i w i t h  um ho uu t  l i i i .’ sum umie i t t m n m i h c ’r u t  ~m ’ ss umt ’m ~m t c ’ j i m i l t ’ ’ s s u m u s  mi t c h ,m suu i, th l e ’r u m u u u m h i c ’r i m l

u ’ I n ner ’s  ~t uu ul , m ’ s s t ’ i t u m m u h s, m m t u i t u t i  aca i ] em uu ic  s l u m t t ’ m um I luc  i t r t l e ’n of ’ SO , I’ h m e ’ l u m t , u l  ;i e’ u ’ s u i u t t i t’l i i]  f lue
Inu sti lute is m mho uf  100.

Probably flue ’  ummum s t  I . m s c i n m m m f i u u g  work mu m f lu id  uu u u ’ t h m m m u t u e ’ s us h u i ’ t m u g  i t !  I I i ’ t  o m i t  b u y  l’ i t t f e s ’ i u m u
Sada t oslu m ‘I ’ au ue ’ ula  ‘ i ’ s uh lm b in s  u’h u mse c’ t t l l m m l i o r , t t u i r , A s sumt ’ m , m t u ’ lt n u m t u ’ s’, u u r  I I .  i l  ‘ m m l t .  I l i e ’S p t m l i h i ’ s h i c d
m i h u m u i t  3(1 pa lmer ’s u t  f l ue  I~m ’ s l I t s - .’ y u ’ u m m ’ -, h t u t f l m  mit J u i l mu m n u , um t th  , m h i m c c , mt b .  I hut ’u r t i t m m c ’ m h i i mb  , t I i I ’c tu i , t u b t  us
expt ’n un ne nt ui l  miii ]  t h e m  uuumt i n i  t h u e n u n u ’ u t f  nt’se m i r c ’ h m is u u u s f e ’ , m ul s  I i i ’ s ’ s  . m i m i t m u t t l  s c i l t e l  h t u t t h i c ’ ’, .
e’ ’specim tll y m m  t hu n t ’ s e’ I t s ’s ‘is ’luc ’n ’e s c u r t u u ’ m l r  . u m m d  vm ’ s t ’ c m s m l y  b i c i t l m  p l . m s  i m r u l t o r f u m u m f  r t m b c ’’i , I ’ n s u i f c ’ ’ s s u cn
- l mum i e da e x f c ’ nm ’ su v i ’Is l i s t ’s I I cu ’ i ’ i s ’i s u i uulu, ’ uu t m u un t lu ’u’ hu n u m u l t m e ’s , I hl t ’st ’ u mu ~m s i r t s u c l ’ i e’ e ’ i l l u c ’i ‘s m i i t i k t ’ I n ’ m i c ’ei’i
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in . m m u  t in  u u b t e ’ n m m u t l c ’lv dy e’ Ira c ’t’r cur  b u v m , h i u te i i ’mu h i t mhmhl c s  r u s c , m m e r ,  I ’ l u u s h i  c u r  s l nob i i t ’ su’ u m b i i u - b u u , i l u t i u m g
.m e  b - i b m  u , t u h n , e ’iI , ‘is m , ’I h  s y - u m t ’ h mr u m n i t i e ’il ‘is - t h u l i i i ’ pe r iodic ’ m u m o t i u m m u ,  “ i t m i u m n u g  t i m e  vu mn i o us  u’ c i u m i u gu mra—

W h m t ’mm s h n u c h y  mii i  Il u m s s m ’s ut n ’o um u uil
c s  l u m u t h u ’n ’s , f lue ’ su m ’t ’u t l l t ’ ch “ muc ’ gmmfm v c ’ N l u m g m u u m ’ s  u’t f u e l ’’ s ’ s u m s  t lou ’ u m m u u m .,’ u u h t ’eI , I ) ru t g omi uts c ml hum l mm ig
e5 b u m m d e ’r s , f l i t ’ t h us ’s , u r i t m u u e l  ut c c’u’l t ’ r u m l u i u t ’  t’y h imi e l e ’ u ’ s . ‘s ’st’ i u ’ h u m l b m  t ’’c~p I u irc ’t] mum ehu ’~u u u I ,  l ’ h u u ’

ii ’ ’ iu ’h t i pu i t e ’ nmh f h i c t u t u u u l , u n ’ s  l u t r ’ u’r u u u ’ s h m u h m h i t s ’  ‘iS is f’t mlhcu ’ ic’ u’d thmrttu m g l u ‘ss ’ilhu t lcm w visu al i i umtm m nu.

‘i c c r m c ’ s  r u mugs  c - i r  f h u t ’ u r  15c m u h i m u u u ’ut s u t iu uu nl e q t m m v u m l u ’uil  , ‘ i u m rt t ’x pmtir ’s ‘is t i m u’t i tiith m t nteh cupp u msutu ’

~u rt t i l u t t u t c m m . ‘i c c’nc ’ t’xp l u m rc c h  i i i  um uitmm i u l’ m e’r m ut cui m i t ’iguu nmt ti o m u ’ s . I hue  p r o p m t g u u t i o n t  u - i t  g r , m v j l v  \ s . u ’ i u’s
. t nucl  t l m c ’ h i c t u m m u i l u t r y ’  l . t y  c’rs u ’re ’ u m f c ’eh iv Ih me n tu  t i nu  f l ue  h - t m i t t i t u n  v , u’ru ’ m t lsi  ‘ s f tmth ie ’ i ] ,  \n i  im tipu l sm ’ ie’ls 

‘
~~~

s h i m i d  c’ h b u p f t c ’ u.s b t m u u h e ’r l u , m ’ , u u i g  uu f ’i m t i t e ’ ;t n ug l c  of i u m e i d u ’ui cu ’ scrvct l to e i e u u i i m u u s t r u m t c  t h e
elu - ’ i t’ I u ip iuuc ’nut  i t  ‘ s l m i i t m m i g  ‘ i t m i f i c e ’s hc’ b u u m i t l  t u t u — i l ’ s  mmmii ]  f l ue  e l r m m u u t u m t u c  i u t f i t m c , n t c e  u I  vlsu ’o’s u t y  c - i n  mi l l
t h iu ’su ’ I i h u c u t t ’c uiu ’i l a  ‘i’s’u t s  u- leanl y ’  s h u u m w u u ,  ‘iii u u i t e ’ru ’s t i t t g  u’x p e n u u u t t ’m ll  s ’s -a ’s ‘ siui wn ~o nt - ic l il t t h e  l i i i ’ s ’ s
a r u - i m u m i t h  a ‘is-~m s u u i g  phum l c ’ . h um f ’m tc ’t . fl ue ht ’ hi m m vuo n id ’ f l u e  pc’r m o t l t u  ss u u s m m m g  cci um f lag im u t h m u ’ w i u t u l  sc m ’ s
sm u i t h  m c cl his  f low ‘i n s u m u m l m , u m  I tori ,  ‘ f l u e  hu ’h t m t v u u i r  u - if ’ t r a c e r  pm t r t  j e le’s p ro t lcm ee el  by e l e c t  n u u h v ’ s m s  c f
ss u i t e’r mmmii ]  t i t m h i i e t l  mum f l m u ’ i s  s ’ m s u u ; m l u / ~m t u o u u  ‘ i c uts  also rec’ c m u t b s  s t u m t h i u ’t h , l ) u .mniu m g  l i i ’s  l i m m u g  c m m ! t ’cr
lt n t - i f t ’s sui r I u im ue e l a ,  mum u’ o h l ; m b i u i r a t m u i u u  ‘i s’ ifh I ) r ,  i l u m m u j i , h tm ms de’,chopeth um ‘‘ Ky u sh u u schu oo l oh f i t u i t h
im ic ’chu ~m m t i c s , ’’ I lm u ’r p r t R l u e e ’tI uu t i u m m u h e r  i t t ’ g ra t l u m m m tt ’ s whi t - i  umuhop l e th  ‘I ’ u u u te i ] m n ’s c u i n e f t i l  tu ’c l i m i iq tut ’ s
l i i i  t r y  m u t e  h u t  t m n u t l e ’rst ~m nm d n m u t s f u ’m tmi s- h iu tw ’ s .  l’rot ’e’ss i -t r ‘I ’ m m nec i m m ru’u’e’ m m f h v  gm u ve a su uu l n t m m rs  of h i s
‘sc- t u r k  i l l u s l r , m t e d  w i t h  very he’u ut mf  if ’nul  p ic turu’ s at the I e)76 I U ’ I A M  (‘ongress in - i 1)elf ’f ,  h l o l h m i u u i ]
I emirb v Su’p tc ’nt u h iu ’ r I ~~

“ O I .

I -  t t n u u u e ’r ef m e t - t i m  Prof ’essor J uu u—ic hu i ()kmmbe wu i rk ’ s  tu tu  is i  Iv  out f h u c ’ c t r i m i e mth  f i u m i i ]  m m u c c h m u i n u u ’s ,
I’r t - i b b i’ uu u ’ s  t ue bum ms t r em t t c’i] m n c f c u t f t ’ ‘ic -ui (en waves suc’ im ui ’s ( i t t ’ tl c’fc ’r r nn j u t  ( f orm at t ime t’ \ t i ’( s buu m ç iu ’ at
s u t h u l m u ns ‘ is-mist ’s of ’ l mmrge ’ u t n iup h i t u cl c. Pnc - ibhcntu ’ s  coutcu ’ r n i tmt g  f lue  ni c he c m f  f ’n tc l m o ui  tint  t huc ’ h i u i f t u i u i t  m c I ’
m m t utim il h i a suut , hum nm uu clmt u ’v layer’s tlevclop i uw i-t nt sh ip ht tu lls . also ‘i su’nu ’ t ru ’ut t e ’tI l iv h u i n u t , In  m m t h t h i h u mut .
Okm u he e hes ’chm tp t ’cl mm slc’u ’m clei huRts’ t h e o r y  for ‘ s h u i ps . m i t t ]  l i i ’s  ha sh  I i t i b h i c ’m u f i ont c’ m u u m t a im us  a u m u ’w
t ’ ’cpc ’ n m r m u e n f a l  m t ppr ou mc iu  to f’olbosc’ lime swintumuing moOt -itt cf mu I ‘ i b m m u  w , m l & ’ r wu t v s ,

I u ’mt s’ u uu g flue hu u s t u t um te of App lie d M e c h i a m i t e s , f l i t ’ I .uc ’ n u l f y  u c t  I m u g m m u c ’ t ’nm ntg  svmt ’s ‘ i i s u t t ’th , I t  h um ’ s
t o t a l  ut f ’  I S  t l u ’pm ir h u u m u ’ u i f s . Of mil l  f l t o ’ s u’ , on ly  on t’ wums s ’ msu l e ’ cl . t i m e ’ l ) t ’ p a r t u i u e u m l  i t t  \ t - n u i m u m n t u t u c ’ s ,

ms ml  I u m m ’ i  s t c ’ u u t f t c’ , ux t l f l u m u i l  nne ’c’ i u m m m u u e m m l  i n i t c ’n ests ,

in  t ime  i )e ’ p m u r f m m u e n t l  of ’ A e ’ n i - i u t m u u f i t ’s I called i - in - i P r u m f e s s u m n  \l - Iw,tsu mk u , I It ’s in t te’resf m ’s nut
h ig h Nlmmu ’li n t n m n u u h e n  t i u iw s , l i t ’ i m u m s  h t i i l l  mm u ’ m t u i m h i n i s h i o n u  t l n i ’ i i’n s b i u m c k  html - i t’ fun tnu e ’I re’u mc hu i m ug M mcii
nu t ut ui l i t ’ns (m i - i to m ihi t miu f sc’V u ’uu aut i l  s tmt g t t a f  iou tent ipu ’rmm t t ines t ip t (  f h i t ’ orele’m’ im f 7 ,0000 K - ‘l ime
‘isui r k  mug ‘sect uouu m ’s about hO c u t  in - i d iant i eter  so only small rn mtlel s taut he ‘sluthi c’ei, Since mt  f lue
h i g h f eui i pc n atu mn c s  f l ue w a rk m uug  gas us ion ized , f l u e  efl ’ecf u- i f  mint  utt upos t ’t l m agn i e t i e ’ f iu ’ lc h min t  f lue
flu cw wuts  ob ta i n ed q t m m t n l  i tmm t ive l y .  I m e effect s t u d  it’ d us ~mu u it icre ’mns e i i]’ f l u e  sh mock s t a n - i d - m i l l
m h u ’ s m , m n t c c , a u t h  ml was chu ’b eru tim ntet l u i ’ s a f u n c t io n  u - il ’ t Ime  mu u up t t se ’ t b t n a g u u e t u t ’ f ’ie ’Id s t r e n i g f h i .

Prot ’essc cn M . I Imuymush i i  w i - inks  out t I m e  of lien c ru el i ’d ’ thuc’ ‘it m iclu num rtu h ien sc’m ml e ’ , t i m nui te ’h r mit low
‘s~ic’c’tI , esst ’ ’ m f mum l ly in m n i c - o u u i p n e s s m h i l t ’ f low, lie i’s e’ m t m u c - u ’ n m u e t l  wi th flow m t n cmt m u t e h I m lunu t  hod me ’s

w hmcn u flow sc’p mm r mm t mo nu is in i uponl a nt .  I hm e ’’sc’ flow ’s mire h i e ’ umug  s t t md i c ’d mum t ’ u mmf ’i g t u rm i t  l i t t i s  I ‘ u , m t

‘sui g~’c ’sf vu ’ l u m c he ’s , b u i l d i n g s , b ridges . u - in su m ilm i r structure ’ s , Pn i - i f ’e’ssutr I l u m v u m s h u u  sy ’s l e’ t i i , m  l i t  , m h r
sI ucf ic’ei c i t  m it  ugurm i f ion - is u ) f  two u - in  I h ur c e’ bodies m u ’1 Ia nt tle ttt  j ut art ie r to dc ’lern- i inte f l i t ’ i n t le ’rat l u a u
b e t w een t h u u c ’ s u ’  Im odit ’ s mit c h  t t p t i ru tu t i l  s p m tc m m u g for u uui u i i u t tu uuu i  c n m f i u m c ’n m c’e. i l l s  re sults Imase ’ s bmu c ’ ss  m m
I I u mt f t lucre mu re indeed pm ms s t h i  Ii ’ su i v i  mug ’ s  out  f l u e  dr m ug f such -i sI m u d  turd ’s,
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I .o cm t te ’d m r - i t i l t ’ i m u c h m m s t n i u m l  t u t ’ s  of K i i , m ’ K s ’ u s h u u  m ’ s K r ’ u m s l m u  I m i s t m i u t t t  m l  I t’ u’ l l i t i ) l m i m . i\

Ks m u s lum K u t e h u m i l , mitt u n s t u t l m i l u - t r u  u i t ’ i u , , m i L ’ u ! 1 m m  u u n u l t ’ r e u , u l m m , i t u ’ e r m e m u i u ’u’nuu u! - i m u c , i t m m t i ,  l ime ’
I ) u ’ p u m r t u m u u ’ mi t  m i t  Me ’ c b m u i r u i c m t l  h ’ u i e u r u i ’ ’ : rmn g , m d n m t i m ’ s  u m b i u t u f  Sd) i m n u l e n m - r , m i m u , m t u ’ s t u t b t ’n l s  each - i y ’ u ’ , ur

mm t ’u i t u r - s  u ’ m m r  p r u i g r u t u n  mmmii ]  m t l s u - t  m i h o u f  1 5 — b  6 g n u m t l u u m t i u ’ ‘ s h u t t ht ’u u t s  f u r  .m f ’ i ’ s u i — s  u ’ m mr  M is te r ’s ~l i ’eree
pno gr aut t .  h m i t - ’ s s um r \ h ’  t m m k i  ‘, s i t h u  “is s~~t u , m i t ’ I c m i ’ssm)r ‘i - 1 u - t u u u u l ~i are u’ O m u c e n l n u i t t i l m , i  arm t h e
s l t m t l ’ s  of ’ is ’i ’j u bm, u ’st’ I b m ’ i c ’s e l m l  f i u u ’n r u m p p h i t ’ m m t i u m t o  i u i ’ i ’ s  b u n  t e t - h u n u - t h m e s  - h u m  t h u c u m ’  c,usu ’ t ’ i ’ iu m —pim mm st ’

u t t u ’m uu i s  s i t b u c l — ~ ,is u t u i ’ i, t u m r ~’ ss’i u enu ’ t h e  s c u l u u l  i m m r f i c l u ’s m i t ’ t , m mn i u ,’t I by mu i r  floss’ . ‘l ilt ’ h t m u r t u c u h a r
u r h I e m i t s  u n d er i u 1 s t ’ s t m ~~, m t j o i i  , m n c  t b m u ~ h m - t l l u \ ’ i ’ u i i C

.u ) \ ‘c r f m c ’ mu l t rm u m us p u ) r f

I m u ’ s  i n m i l l en u is n i m m i u u l s  c u - t n u ’ u’rn i] ‘ ic - i t h u  h u e  r r t ’ ss mu rt ’ i lno;  mue c ’i’s ’ s . mr \  to pe u i t i p  mm
m m ’ s ’ s  i l u ’n—aur  no ix fe in t ’ .

h I  ‘I ’h ue ’ p u r l  o m n i m i u u c c  m m i  , m b l m - t s ’ s — t u m n k :

l iii ’s us .111 i r t t h i  r i u n t  , m u p l l c ’ th p r ob l cm mt  , mn u e l  t i l t ’ rm u bu ’ m d  t ’ st ’ , u l t  I m us t m - i i’\ b i la mn I e I i u m ~ ci’

m it ul i’s mg ui  h i m i r u u n l e ’le ’r’s.

I P lug ti m usc of solmils in m u o n  on t a l  I J t f’ld ’s

h i t ’ ‘ s i , i h u c  a n d  i ] r m u m i u i t i c  f’m i c l i o m u  of ’ t i l e ’ su - i h i u I  h i l h t ’ s u’ ouu lh ~’ p ip e ’ s c u t h b s  c o m i l n u c l ’ ,  l i n e ’
pl i t ’ i t u t i i t u ’ n i m u t , C’s u ’ll d l u u m m h n f m t t m ’ i  t’ I5

cl i  It rt .s suu r e  lu - i s ’ s  t h u e  f m - t  mu sumi c l c’uu u’ i u I m u r e u ’ m u u u ’ i u t  u - i l ’ a d u u i ’ t :

I bus  us a u’o nutn t t ou t  p n u h i h t ’i ui I i i  l i i i ’ s ’ s m I t t  tu ’ c luu i u  gy u m ntc l  a u u u u m i h i e r  m c i  ‘ m m m l i  m g m u r . i t u u t t u s  ‘ic e’ru ’
t’x p lc  int ’ l .

h um ‘ m t l c i m f i o t i  h u t  f l i t ’ h i no h i bu ’umu ’ s  cu ’ m m t c m u ’ ii m t n i t u m m u t l  pos ’si l t’r t e c’h u t t u - t l m i e s  , I ) r .  I i c u r m t l m m  ‘ss , j s

s ’ i m i u k u m m e  c m i , u mm m m l f c m u u p t  to  ‘r e m i t lhc ’ t ’ t l t ’cf of I m u m i g  e~t l~ i it  u t u o l t ’ c m u h u ’ t i rui g r eu lm .t u ’ u m i ’ ,m t l t h i t i s ~’~ um i
f u u r h u l e m u t  b i o u m i u u l m m n ’ s  ms  ‘is t is i ru g i m u s f m m h m i h i h s  c’ o n c h e n m m t n o m u s , h i t ’ h u ts  l i r u ’se’nl e ’d mm pm m b ie ’l u n  t h e
s u u b - t~t’t l  mml h u t ’ \~ u u s b t u m u u , i t u i m t  I i  - I - \ \1  S r i u i t i u u s t m m m i u  i tn u  I ) n . m m ’  I’~t’i l u c i u u g  \~i c i t m i ’ i~’~. , muucl  I u m n h i u m b c ’ m m h
St ruct  mire ’ I h-~et u ’nu ’ u m c u ’ ( / .\ /, I m u  k i i i  ,‘i’~ t i l / !  t h u  / - i’im / Iu ’iin I u , /  / \ m 2) ,

i’ u i h u ,’ssu m n I . ‘ i lmm ’, m m u u k , i  shi ms ’ s - e el u t ic ’ i m e m m l  t r m u i ’ s f c i ’  c’ x p e n u u u u u ’ u u t s  u t s u u l ~ ‘s l m m i i i ’ i ’ s e r , u h hm Ii It—
u u m u l u m u ’s , u m m u t h  l m nm mf ’u ’ ”,su u m ‘i . \ m s h m u  i]e’ u m u i - i m m s t n m u t c ’c h hums  u’ x p e r m u u u c ’m ul  a i m f l i t s ’ s- u m u  m u l t i  lug cs hm uuehe ’ n ’ s . I i i
t l u t ’ n u t u c i c ’ ap~i h i ce l  m i m i  hue  , u l s u u  e’\ pc’ r i u u t e u u l ’ s  ‘is m m l i  u u i u s u -e l t i u u ’ i s  h t t m i i p m ~t g

K - . -~H ti  l n i ’ s t m l u u h c ’ c m l  I t ’c l u i m m c l u i m ! ’ s  h a s  ,u n u m o i h e ’st N 1 , m ’ s l i ’ t ’ s u l t ’ l t ’ u ’ h i n c i e r m u t l i  b u t t  ml dot ’s mit - i l
hm , m ’ii’ mu i l u t u  h c c r , m l  I 1ru u~’ u , u u m u  at  t ime  m u i u m n m u t ’m u t  ‘is t h u  m m m m t  u m m u i c e l  l , t m h i m u c s i ’ i l l t ’ n t  u- i f  f l i t ’ c ’ S - m i t  i m p i - t s tum i’c’
cml ’ l I u e ’ u m  f u m t ’ u m l l y  I b m c ’y h t i pe him m uul ru el uu e ’e’ ml mum t I m e ’ f c t m u ’ su ’ i ’ m m h m l c  f t u hu urc ’,
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h m u  “s , u ~’ , ’,, i k u  ms mm t i m e ~ ‘s ’si’st u , m ’ s l  u t  I’~s m l i i i , h u e  \ l u h s i m b i m s i m u  ( t ’m mmi p ar m s bi . ms  ,u ‘ s i r s  l a r c u ’
‘shi i h i y , i r c i  ‘ i ’ si mt’nc ‘ su m m it ’ I t h u ’ s ’ s c - ir b i h ’ ’s l m m n t ’ t ’ ’ sh h, t u i k u ’ns ‘i ’ su’ l u ’ b i u m m l m ,  \ ‘ m s u i m u u s  ,m nc ’ , mb ’ s s . u s s  ‘ s l uc m ’ i ’ sni f l i t ’
t 5 ’sit (11 )1) t u t u - i  u.up ,t , I l \ i’ n , m u i e’s s u m  t b m t f  b u y ’  ti ’ suule h u m t l i  t I  h l u i ’u u i , 2 , 00)) l i m I t  t u t u ’s t i n b u t ’ b i t t e d

u n t i l  b. m ~ u ’ i  .m ~~’i u r . l t ’h r  e l u m u ’ i m u g  s l u m b i  h t u i l c h i m u i ’  t’mm n l s t n t u c t  o u t , I l i t ’ ‘ i u u t ’ s u u i i u s l u u  ( u u f l t p ~t l l \  , m b s u m ia ’s
, m h u u u’ , ml r ’s u ’ u i m i t f ’i l e \  c, , i I lt ’tl \, , m ~ m m s m t k t  I e ’ c h m m u i t ’ u ul h i u s h u h u u t u ’ t h u , m m ‘i’m’s-c’s t i m  i’ ,u r ’ rs u n it i mt ie t ’ ‘ si u ml u ’

i u m t b u t s l  r m . m f  mi ’’st- ,mrcIl f u r  b i t t ’ cu i ii - i pm t i u r ’  ~m mmel  ru u m e l t I u m u m o u  f m - i  b u m  si t lu u ’ r u ’su - m r t  l m  mm u , u u f s u u h t ’
t’t is h i t  I l u t ’ n’s,

\~ t t b u m m t  h - - \.m~ ,ts ,m Li I t’~’ b m l u l c , m l  l u i s t i f u u f t ’ t h e r e  m m m i ’ mm t a b  u - i f  20 su ’ p u t n m m t ’ I , u i m n , m t m t m u c s  , t lh
l u - t t ’. m t t ’ ci iii h u t ’ eu ’nc m , m l \ , u e m u s ,t k t  , mr t ’ , u .  \ ? , u l l s ’  m l  f b m u ’su ’ mIt ’ t’onu’t’r llu ’ct ‘is u t h  m mumt te n i mi l ‘t It m i ce ’ s  .in i

mm , mi b c l i t i u t l l  st ’s _ numb u I ’ thu ’um u chu. uI ‘s’s i t h i  ‘ s c u u u t c  set ’s  , m p l ’m b l c t h  p n o b l e u m i ’ s  in  t n t h i i s t n i , m h  r~’ s~ .ir ~’ iu , i C , .

s ’ su’ b u h u m i g  r ’ st ’ , m l t ’ l i  l , u h u m u n m u l u c n y  , c h i e m m u u t ’u u b rcst ’ m m r u h u  l , m b u m m m . m h m m l ’ \  , u’ o i m i p u m f c r  , m ; i p h u u ’ m m t u o t u  nu ’ ’su’ , m ? - . I ,
l m t b u u c r , m I i\ , e t c .  l l u ’t ’ u’ s ’ s t’ m m mc i’ol uc u ’n i uet l  p r i u m m u t ru l s  s c ’ i t h i  h l u m i ~I u u u u ’ u ’ i m , m u m i m ,’s sit t h u c  m m m i i i  a t t l , u ~ l m o n m
u s t ! m i ’ .ut ’ n m - i - h t v~i r m m u u b u c s  ru ’ su ’ , mrc l l  l , m i m ? , u t l \  ht ’u mt i cmb  h ’s’ m i mi u’ \ t r e m u u c l v  u l y  m t m u m u u u t ’ pu ’is ’~ Dr \‘

t I - , ‘ m , ’ m t u b m i  I i i ’ is a r c b m m f m ’ s t ’ l s  s m m m m l e  t t - ,u tu ’r ‘ i ’ s ’ lumi  m ’ i t ’ r su ’t ”s mm e m m u t m p  m l  b m i e h l v  t r m u u u l c ’ul  re’se , u r c l i

i’ll ~~t l t t ’ cr~ ,

\ t  \ l t t s u u b i i s l u i ,  tu t u ]  nmu ’u’ l u u m r u m u ’’s h u ms ls ’i c m  u l m u t l u t u ’  f l u j i ,m u l , m i t ’,m ’ s  i i i  I b tu ’ n u b i l c u u m ’ s  i m t u ’ u l m e  sc uc hu  mm
f , m r m m m ’ u m i u i u u ’ s t r u , t b  e m , e m t ,  I - i ns t . p oh h t u h i o n  beu ’ u u i m u u ’ ’s m n  u s e r  i u u c r t ’ m m s u n g  p n u - t b u l t ’ mu u  ‘i’i l ie u b o c m m t i u t g
p l . m i l t  in ~u i g b u l s  p u m j m u b u m t u ’i] , t fu ’ s 1 mlu u i t me’.mn ’ s prat ’t i t ’mm lbs  t ’’i ’ u ’rs ‘ i s b t c ’rc’ i i i  i m m p m u u t , so tb t e s m n t u m l m m l i o m t
i l  m u t h  t i l t ’ -, ‘ m i , m m m i t u th  l I m e  i s t ’? ’ , u b i  t u m n b u c m b c i u t  t h l ’l ’u m s i v i l s - ii  t i l t ’ m i h m u - i t t ’ s phu u ’ n m u . - b o ’ i t t u t l , u i~ h m mr ’ u’n is

l i i  m s u ’ m u  u m u - i s ’  t ui md u ’ u it e x p e r i u t u e m i f .  In  - i r c hu ’u’ t i c  e mm u ’n \  m u u u t  s u u , ’bm u tn  n m m u b i u m n h u u r u t p n u m e n , m m l - t .

t l t ~’nt ’ mit ’ i m mcfh t b j re t ’ in t e l  mm tc ’ c h i u m m u u  s m / c ’ ‘i’i nil h t , u m u i i u ’I ’s . h i i ~’ l m m u ’ ui t ’sh  ‘is iu ieh t t u u t m t e l  l t .m s ml ‘s’s c u r L i n g
‘icc  t t u i m u  s s u t l u  mm I l l  mit \ i i i  t r u s s — s t - i - h u m - i n  m I l d  a h t ’n e t b i  m t f  u m t i e c u m t  .~ l )  t im .  I l i t ’ e n u m m u p  h u m u s

bi ’ ’ ie ’ h t p u ’ d I t ’t h t i l t u i t i ’ ’c i l  tIle ’ umi t ’ m i s u u n u ’ n i i ’l u l  i t t ’ i’ u i l l u ’ u ’ u f r u i t l i t l l  c i t  mm s u n t u u h u m h u ’t i pu ’c h l t u t m u - i t ,  In
c c l i i i  1 I i , m ’ i t ’ ,m m ’icit cl ‘‘~ .ms ’ u ’ i u ’ ,,‘ u n u t m m r l l i u i m m l l l , u m m m u m i u m u u t m , u  ui ,m ’s us use] ,m ’ s mu h i 0 l h 1 m f i I i ~ mm g u ’ m u t
b i t ’ , , c U se ’ time ’ muue ’.m ’ su m rt’miu m ,’mut u i  i t ’ s  u ’ m c l u u ’ u’ r l l r , m i  m o l t  us re’ l m ml tvi ’b s u’, u s \  - \\ l ie u m u u i t t h t ’l in e  t h u e  p l m i m i f  s I t u ’

‘s c m  mm ‘i , u r ’ i , t b m ! t ’ 1 - I n u m u r u  t i l t ’ ‘ s m u m u u m h , u m m u uu i f  liii ‘ i -, l l m  i i  ib u ’ n s i u ’s uir,id uu ’mt t us l i t  ‘ i u’ l’ ’s pr~u e t m c ’ .ml . s iu

u i u s t e m m t l  i d  t h u t h  u l u i m u m u t i t s  h u t ’ I m m l b t m l u ’ ll t c l i f l t u s i s m l j u ’s m i t ’ ‘ s m u m u u u l . m l c ’ ul I i ’ s  u m s u t m e  . m t i  l t t c r u l , u t u t m n t m m l l y
u , t c c e’h i lc ’u h t u m b m l u ’ t ’ m t l l l c ’t ’ I t l t t !  h I l t ’ . m t i i u u m ’ s p h u t’n ’ it ’ l i m h i s u ’ m’ u m l u ’ ‘i’s m m i i  I b u c ’ I t u n b i u m l c u - i t  m l t t i u t s i ’ i t l \  u - t hu s t’n’st’ci .

‘l I l t ’ l i l t- I s , m t m . t t i i o i  m l  f l i t ’ c h m l i m m s m ’ i m h ’ s  ‘u ,mt ’ i m m ’ s c ’ f  I s  h h a t - j l u e  s , u n u , m ) i i u ’ s u c i t t l i l s  , m llil s , m r m m i b l t ’
mui c ’ s l m  t u m n b u m m h u ’ m m i u ’ c r u m b s  l u ’ i m u m ’ u ’ I h~’ ssou k u n e  s c t iom nu, , m mu t h ‘ i t t  ml u i ’ ,m iuu - imu it fIle ’ c hu lluu s m ’ i t u e ’s ‘s

’

m - i b t m m i u u c e h  i’s i h t m m u ’ I s  n m m e ’ , u s m u u  rug t I l t ’ s~iu’c umdI m ng m c I  .u s u m m m b i l i ’ p i u m m i m e ’. S t l l t ’ u ’ m i , - t r t mc’t’cl u u ’ i’ I ?  ‘ s u u c  h i

‘s mmu umm l mm t t o r i  us s c u l l  es i  ,uI - ih tsh et h , h it ’ ‘sc’mvuu u ’s c- i l ’ h u t ’ e~~u u m~t , i i u ’ ‘‘ n u tumrke ’tct l ’ ’  hr f l u e  \ h i  t s u u l u s i m l
uc m i t p m im l y , - ‘s n .  dOl i t~~i i l i 5  u I  ,it!i’l it ’\ C,u ll t u u l t n , u t  I , m s l t t d s  u I  I b m e u m ’  p l u m m u l  sOc m m muc l  a

uu ut ’m m s t i m i ’ umtc ’ u l f  m t  I i i u l l u m f m t u u t  c’ i i m u c ’ e m t f n m i h i m m m u  us pc ’ i m c t ’ m u u t ’d d m 1  I l t c ’ ? u u l i c u m Y i ’ m m h i b i m t ’ m mb umu u - t t I e l  m t ’ fbu ~’ h e ’s’s
s i t  - l i m  ~m t h I t t  m it t ic l i l t ’ u ’ s  pc’ r m m u u u ’ u m t s  m m i u u t t ’eI uI  p re eh ic ’ h u n m g  p i m l l u u h u u - i n ,  u m c i d i t u u i n , m l  ‘i’i u t u m i  f u n t u m i t ’b
c’\ l ’ n m m u i c ’ I u l _ , m t r i ’ hi t ’ t l t ~’ c r 1 / u i (mutt st / lil y t l t l ’  ‘ i c t u i e h  i m m i b t i e ’cRh s u ) i r , I h m u m i t s  un vt ’rr’ m m c i ’ s u m mIt ’
5 1 1  m c  l i n t ’s , ‘i u h r  u S  t u , m l l l l c ’ i m i c m d c h i u t g  i h i u c h h u  tn  i u i c ’ n h u m m b  mm md i u m  e l m m s h u u ’ pr m h m t ’u ’ tu t ’sb ni ’’ u mi t ’s t h i c ’
mist ’ c c l  u ’ \ i c - m m s m s c ’ umu u b c ’ l ’s h i t m i l  mm md ’ h i l ’ I i i t l c ’ i  Ott  l i l t ’ p r t ’ I l u ’st’’s i i i  l l mc ’ . m t h m m u ’hu cc b  s s c n k s l l u t h - i s , I l u c r e
mit ’ .m u m u m t m u b c c ’u c - i t  sn mm ~m II ~’ m s’s rut h I n u u m u m t ’ls mmm i i ]  m m R i c h  m u t m u u m s  i - i l ’ I h i e ’ n u n ’  b m m m s u u ’ t s it ’ h i u h l t t f i O t i

e x p e l i l l l t ’ l t t s  m l - ’ c’ . u t l  ‘ i m i t t  m u  l b u csu ’ s u u t , u h h t ’ i ‘is m i m e l  t u m u n u e ’ls , \ et ’i~mdl ~‘‘~m u i i t pI t ’ m l  I I m u m su ’ h um ’ s m m
‘ s s u r k m m u g sc’c’ h m c d um t i n i l y  2 mum ‘s rim mu m iss se ’e’ t u m t u i  m m u u c h  l O — 2 ( )  m u mu lc’ iu  t i m  ‘is uuuctufnonueci ,ul i m - ise ’
u m u t m u i m a nummi  g u s  ts m u s c ’ i  as mi t c m m m t , m u u u u i u m t m i t ,  ‘l ime ’ u ’ u - i u i c’ e’ n u h r u t l u c t u u  i m s b r i l ’ m n,m t m i m i t  i m m m u f e m u r s  i - i t  , m u u u n u u t m u t u m t

m i i i ’ i l l  , t  i f l u ’ u l I i ’ s u s u m u g  u, fl i t I l l ml mon ‘.s m l  Ii a su ’ num t mm l i  u u m  u , u  l i t  l u . m c ’
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\ m m u t h m e n ’  u l u p u - t u ’ t m m u l t  i t c u i l t ’ s  i s  t i m u ’ \ , m ~’ , m ’ , , m k i  I \ I i t’ n l , m m ’ m m t , m h  I ~t um k , I m u ’ s  u s  r e a l l y ’  u t u u t  u t u l u ’ I~u m l

P a in ’  m i t  l , m t ’ c c ’ t u m ’ s ’ s  m u g  t , t i t k s , m i t l u ’ c c l l b i u ’ u m i  l o S  I i i  ‘, 2,5 rum ,m nt l time ’ other out’ 121 )  ru m ‘, ( u , l

in .  I f  i ! u  u i ’  u l u ’ih c i  t i c  t o shil l- i mum ’ t il t ’1 ‘ ‘i’s lug .  ‘i i  u’S’ u’ i l  t m  m l ’  u l t t e r c s t i i u u !  i , m u u i  i t s  m ’ s  I l

~ c ’ . i k i ’ t ’ p t i ? C  m t m u c h  ‘ i 1 m t t u o e t m v c n m m t ~’ f m -  mu ,  I m e r e ’ are ’ I ’i’s’m m - t f  I h i m i s u  m i l / , ’ m l  t h u ’u uu is 16th m I t ‘s Jo nit
m i mi e l  m I l l e r  u - t I l e’ i i ) )  nm u “, ( ml )  n i l .  1 h i i ’se i , m m u k s ,m l u ’ u’u h u mu b i h i c ’i t ‘s’s t i l t  l ’ i ’ s u t  c i m m u l s  i t t  ‘s’i m m s ’ u ’ — m i m u i k e r s ,  O m e
s i t  m ’ s i n m ’ s t m t h b t ’u h ~t h c m t u u , i  t s ’ s m c  , mi h o , m t u ’ u u f  si l t ’ S m uu i th  I l i u m ’ s  t i ’ , u h u ’ s  ‘iS i S ’ s s m t l u u m l m l u m ’u g nu m m e h m  st’a f m - t m

s h ip  l m i t mehu ’b s . h i m  l i i i ’ u l u m u u i e u u se ’ m m i u e  i m , ms m u t ’ . t t ’ u i ’ s  m c i i  h u t ’ u m u c d c l ’ s  m i t ’ t ’ . m i i ’ l i ’ ul l i m i t  I s  l u u c ’amu ’ s  m u l

1 , 1 1 m m  i m u t t  nc - t i  i t i l t ’ l I m i t  cI t ~i I I h t m l  mm l i t 1  t I l t ’ R.  I~, \I  - . 1 t l t u ’ t c 1 i t’l i ’m - l i i i ’ m l i i  t u lu ’I s , , i  i i  l i e

l , t l i t t l l ’ s  u mt ’ cu ’ lu ’ i , m i t ’ ui  b i v  mm I m t ’ic m l i C  c m l  m mcc ’ m l  ‘ su ch mu l l l i t c l e ’ i m c h u u ’ i.i t i O u t  m ’ s l l t ’ t u ” ss , m S S  - I l i e
p c t s t h i i t t i  m u  h u e  i m i u t i h u ’I u s l u u , u t i ’ l  h ’s mi t - i  , u u m u m m s l m i  h i m i s u h i o l u  t h u ’ t c c t i m l g  ‘ s y s t u’ltl u u m u cl  I’ p l m m t l e u l
,t m m t i t u i u , u h u u ’ , m l l y  h r  .m t h i u , m m t , m l  u - i m i l h - i m m t t ’ i ,  \~ l t i u  t i m e , mist ’ i i i  hl te st’ m m i ’s ’s b i m u s m i u s  h u t ’ , u u c m u t , i c u’ s u u b u m ~m t u i - t i m

i f  ‘ s ’ s j ’ s ’,’ l on n i t  m uu te l  e \ h t ’ i l ’ s t s t ’ s t u i t h y ’  um t ’ s l t t p ’s m m u m m l u o u i  t i l l  ‘cc’ umu cucl e mum m m u J t ’r t im m m i e u ’I t h ~’
t i ’ l i i , i t - i u h t i ! ’ c u b u t u n u m u / m i l i o n  i i  u l m m s t c , m t i o i u  s u i t s ,  I l i i i’ i , m c m b m m u ~’s ‘ i ’ s u’it ’ c o i i m p lt ’tc ul  ,m ’ s nt ’i’ u’ n t k  mu ’ s
I ~t ’~~ m m utt i  l u c y  mire r u m f h m c ’r u l i m n l u ’t ’ni f m m c i h i h u i ’ ’s ti u t ic .~m.mc mum h u t ’ s’i’ l m m m b u ’ Put t - m I m e  area.

I \\ l ( .  ~ Sh 1 I \ 1  \ SI’ ~( I (‘i’,\ II K

I h~ - I .m ~ . m t i t ’st ’ S~~ , c c ’ pnm t e rm im uu u~ m t l o u h u ’’sf m it i t s  cm . t , i I ’ s  sc - l i e u - i  c u - t u ’ u u p u u n u ’ uI ‘i’s 01 t h e  1 5, m n t i c ’

t~ ~“c , ”c l ’ ~ , , i ’~m t  t i l t ’ . m m u u u  u s f i t  lo In u ’ \pu ’r l t ’ nt i ’ m u  l i i i ’ I l i u m u l l i m i l l h \  mi ’u - b m u l m - i I u - i g r  c u l u u u e c ’tc ’ th ‘c , m u m

spmt t ’e nu ’ ’s~’, ur ~’ i m , I h i t ’s mt h ip t ’m tr  t i - i  m m i i i  be ss mit  , u u ’h i e s ’t i i t i  I u u e i u  pnt ’ s t t c u ’ ‘‘s p i c e ‘sb i e’e’h m m c u m b m t ’ s , l i m i t

m i l l e r  n u m o n u ’ u t  l c’ ’ i t ’ b i m p u u m g  i’ u m u m m l i c t e u t c e  in  t u e  m e l e ’ i m u i u t  lt ’ t ’ b i t l u m l m m mi\ , I c c - i u u u i c m m l I , ’ ’,c i u j u i m m m m m s  m i

t h m u ’ . I . m I ) , m lu i ’’si ’ s i m m e c ’ t h i n , ! i u ’ l u - m i m i ’ s  , m ’ i m m m i m m b i t’ i m t t i m e  I 5 c h i m e  t m - t  t h u c ’ cb o ’su’ i- u u u m pu’ r au i e ’mn
di’i\’st ’t’li \ ‘i” \ m u d  f l i t ’ i m u l u , u u m e ’sc.’ S f i m m u ’ u ’ l ) u ’’i’ u’ l o p l u u c m f \ t ’I mt ~ , ( m l l s t ’m b i i e ’ 1 1 t 1 5  f l i t ’ b i l m r t i m u ’ s i ’ u I

t i t u ’ ; ‘ u u ’ si ’ m l t  u l m ” ,u. m m s s u u m u m  m ’ s i , m f b u t ’r t m - i  m u s t ’ t i l t , i h m i h i i ’ c ss tu oi s  m t  s mm Il tu ’m illc ‘s’s h m u  i ’ l I m i t  ,t sh i , m t ’ u ’
I c , , h u i t c c h i m m ’’s sl it ’ ,, u , u l m s l  b u t t  mm i i  ,ut ’ , iul t ’ l i - i Iu’ lv iii ’ f l u i d  umu u’’,Tiimmimi,, ’’s lt ’st’.mn u’I u ? l u ,m l u , hi b i h m ( c  I ‘s i s u t u ’ t
l i m e ’ L t u i s i - u s u t y  c m i  I i m k s m u  S l u t _ u ’ ( ‘c’i u f u ’r Ii  L c.’ l m i m m m m m m u , m  , m l l m l  ‘ i s i h t i e ’ssu ’ t b I , - . ’ l m m t u t u c b u m u u g  i i  snimt l l
‘i s t ’ , u t b m u ’n  m u m i b ‘ i s  ‘ u i  t i n s  h j m l l u ’ m l  d i]  l i m i t  , m b h t ’ mt r t m - i  I - i t’ u i m l p u m m t m t u u t  m m  l t ’ ’ i i ’ s t h  u h u u u u  ‘ s i t u ’ , b i ~s t c ’ .m , h  I
mm m , t c .lc ’ . m s u u u , m h l  c f t ’ f u u m r  f m - i  f l u e ’ u u c \ ’ s u ’ l m i m i  m m m c l  I , t l i u ’it , i s i t t l l l , t  ( u ’ I l f u’i ,  I , m m m , , ’ m ’ . u s b l i i u m , m l ’s m m m l  u s l m u m u c l

m u h m m i l  4 ) )  k u u m  b u g  m m md h I )  k m u t  ‘s’s i d e ’ , l l ~ i t m i l s  , mtu’ p u c r h  us m m h i i t u u f  1( 10 k i u u  I i’ c i m u l  l I l t ’ k m u g t m , h u m m i , m
h I m ? -  i m i , u i m c n , t I  \ m ? t i u m m h ,  I m c m i ’ i r e susu ’i ’ m ul  u l m m i l y  f l t m ’ i m t s  l i m i t  K , m e m t s b u m m m u , u  l i s l lmt i  u — m u I r  smu ’ u m ml l
, t i l t  I f t  - ‘ s I t  b u c  u m i . ~tm f l i t ’ u ’ b i u m u ~t f c ’ u i  I , m t i ~~ , msI i  i m m u m u  us mm c m l , i t  m ’ s  t i m - i f  mu l l  m i l l - t i l t  i . m i l t  i t  ‘. I t  . m m  t ’ ,i l i i

, m ; m t l , t ’ s t ‘ i s u t h u  m l ’ s  t’ I m m s e ’ l t t ’ t c u l b u m m l  ‘1 , t k i i s i t j i i i , i ,  i m m , u i u m h r ’  h i c’c’au i st ’ the’ l , u h h e ’r h ut ’ s h u u g i t  m u u i m u u u t m u m n u ’ ~
F ,iluct 1 1 ) 1 4 ) 1 — s  t i n  old ti ’il um l’ i .I. u i u .m m ht ’ ’st’ “m m m c m l  l u t e s , I l ie ’ l , m r m m t u ’r ’s t m l  I . m m mt ’ .u sh m m ? l i m u  i’ l i m ’ m m ’ t ’ i i i

‘sc, ’ l l i t  i t  m ; t m . , t I  , m u ’ n t t ’ u u l t u u n e .  I t  us m u m l e ml h i -  I c ’’ss u m reut ’ s  mm .I . m p m m u t  ‘ i c i mi ’me ’ ~m m ’ ,’ m u i  t , i f l t ’ i s c u m l h m ’ i . u t e c l  u s

mm i , - m ’ m u h m m i  c- tm u u t i u m u ’rt ’t mmb I l ,  l ) u m u ’ h i m  t i / u ’ u m u m l u b  t’ b m u i m , m l ’ . i t t ’ t i l t  I t ’ h h m t ? ’ i , ,’ ’ul t ’cl m ’ s ’ s , , ,- mm i ’ ,t t’ , \ I

I u m m - ’ ’ , u ’ s h m m i i m , m  \ m l l m m u m t ,  ‘s’s men lt mu tktu tmu ,m t h u t ’ I m t u m m ’ u ’ s t  b i n m m t ’ h i m u u ’ c’s , m v , m i l , t h ’ c lc  l u - i l  t h m u ’ ,I .m li ,u u ic ’’sc’
t m .u s ’ e’ l h i t m g  p u m h i l u t - , (mitt ’ l id iii ’’ t i m u l  t h u  I m i I I i , , i l L u i  f u m u m i m s l  , t t i i , m , ,  u i — u c i i  l I m e ’ m ’ s b , m u i i i  u s , u h u m ’ s  i m m i l

i t  t h e ’ S l’ m t ’e’ ( e n t e r ’s I i i  m i t t  ui ’S ,

I m t r m u m u m ’ - I s  u,’ u i c m u u ’ i m  t I m e ’ ‘sli ,mi ’e’ ,t u h t s ’ i t t t ’’s m m ’  b u mm u imu ’ib t i m f ’ s ’ s u t ‘ s h u m m u ?  ‘‘ m 1 m t ’ m  sc ’ , i s u c t t ’ s  c’m ic ’ hi s t i r
is m u m  c u l m u l  \ m m ~’ m m s l  5ci ’ m l i ’l t t i t d ’l , f l u e ’ u - i t  l i eu ’  ,t I t uu ll ~ I I m u f e ’ I , m i m u u , m m s  mm md I m ’ l m l m u , u r ’ s  l i i i ’ ui ’ , m s u m r m I m u l

h i t ’ s  c’ u t n m c m m m ’ u sm . h i t ’u l u i l e ’ m ’ s mi i m u i u ’ s ’  , m u u ’ m u t ’ u I  I l u i t ’ i’ he t ’i ’su’t’ u u  l i i i ’ S b’ . m c c ’ \ ‘ C i l t \  m u m u c h  t I m e  i i ’ s b m i ’ n m u i m t n u ’s
m u u i m m u ,  I hu t ’ I s ’ s i i  P u t  c i i i ’ s  s s ’h iu ’nt I m u u u n t ’ h i m m m u  us h u ’ i u u u u t  t i  s c e n t ’ , m c m e e l i m p e m u t  , t S .1 c’ u i u u i h ’ c n i m m u m m s t ’

b - - i s c ’ c’e ’ u m  , m f u t m i l  b u ,m ml ~ - ‘ l t m c s l e ’cl i s  h I n t ’ f i s l m u ’ n u u u u ’ i m  ph  k I ll ’ tilt ’ Im i ’,m rl i s u c c’ u’ ,iil s’s hit m i u c ’un ’  t m ’ s i m m l l g
t i  . u I t  . t l t  I i i ’ ’ ‘ m i s i n n  uiu t ’u m t ‘is l u c h u  h u m i d  l i l t  u’u’u t s c - i n u m t l ’m lc ’ m l  I i i  l i l t ’ s u I t ’ , i ’ i  , t i l , t b m l i ’ l u u r  h m t u m n u c ’ I i u m u g .  ‘is

n u ’ ’ s u m l h  m l u e ’nc’ m ’ s . m h uu g ‘‘ u c l t ’’u ,’, t s c m n t ’’ u m t u u ’ s I m l ’ l I me ’ s i m m  sc’huc ’ m t t I h u ’ m u ’ m u  i t u m i s  mu It ’s’s hm uut uuh n c ’d
i ’l m u h m l u c s c ’ c ’ ’s c muu Il /i ’ m ’ s I u m n m i l  d t t c m u h m s  imu  t l u c ’umi s e ’b s t ’ s ‘ i s i f i m  l l m , m u I l u ,’ l I , u m u c ’ c’ m c I  h h l e ’ t m t c ’ i h i t t c ’’s , m m u t l  s ’ su h h u

‘l I m I t ’ ‘ n u m m m m u u l  tm - s h u n ’  c c l l i i  k i l n ’ s  - I i r m  f l ue  u m t h l u .’i ’ l l a l u c l  u h t i l ’ I I t ’,,’ t I l e ’ ‘‘ c t h i u, ’ t l  ‘-,i ’ , t s u d t l  t I l e ’ h i e’ n u m u . t m u c ’nu t
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u’n u ’ss , t , , I s  u ’  i u u u ’ s l  u m m tl c’ m m i i t I i l , c t i m i  t i c  t h e ’ i’ u u i u h numu ’ f u u r ’s pu’ r s m m utnu u ’ I s s ’ i l u t  mint ’ mu~su ’ m u i b i l u n g  am id
(i pu ’ ? . m t m u i c  t i l t ’ e’u i u i p n u u t ’ m m h  b r o m u ~~b m t  u m u  i n o m f l  f l i t ’ ilid u islni ut l , mum ’ mb ’ s m m m i  fi on i si tti . I I i i ’ ‘iut nmou ’~
I m m u n l u l m u ’ ’ ss u ’ru ’ sh im ’ s it to  nut ’ by’ Dr. i i .  Sm m k , u k u , l ) m n c ’ c h u m r 0 f l i t ’ l m m n u ’ uu mms l i u tu imm ( e’ m u i c ’n I3t’ s m u i t ’ s

t l u e ’ um t ’ h u m , t l  l m m u u tu ’ h t i m i g  ‘s i l t’s I (  )‘s, i k r h mmuu ru t’lm S i f t ’ mut t ]  I .m ku ’ s m m k m  I , m u m n i u ’b u Si te I f h u u ’ru ’ are a n u m b e r
i t t ’ t e l em ete ’r l mug , m mit l  in , u i ’kunm g s t m t t i u t n m ’ i  ‘si- umt l c ’rc’t J m i rou l tu l  t i me ’ t s l , m i n l  m ’ s f m t ~ mm ’ s 20—3 0 knit f’rom
c,tu’h ui tt i u ’r , lime ’ N i m m i t  R u t t l u m r  S t , u h i u i m u  is It t h u t ’ uuutrtb i e ’nm u punt m m f  t l u u’ i s l mu uu t l  s’s h u n l u ’ l i c h u i g u m u i k a
I b l t u ’n , m b T \  S pum c u ’ h i l l  m u  ,I m p u i u t ’ su ’ I R m m t t m t r  S t m i l n e m m i  Is lIt t h u  s m u m m f h i  u s are a fus s ’  moore n iu i t - ir ‘situ ’’-’.

[hut ’ s u m m u h h u e ’n i l  t 1 p  u m t  f l i t ’ u ’ s I m u u t u l  m ’ s t , u m i u u m u m s  1 m m  , m mi  u’ m m r h u u ’n te ’ c lu u t o i m g l t m m i  l e a f  mt f l u e  I l i u m
u’ u’ n f u m r v  I I ~4J m ’ s t Ime  b ’m re summ cuh t h a t ’ ‘i h’ u - t r t t u g i m u ’su ’ s h i p  ‘sc m ’ s ‘ss’ . i s h ic ’~l , u ’ sb l c mu ’ uu u’ar l h u c  s o u u t l u e r n
l ip  of f l u e  u s b m u n e l , ‘h ’ Iuc ’ I’u ’c r t u m g u m t ’’su’ sp m .’ l u l st’ ’iu’ n ,i I u mu u - ilutl u ’ s repaunun ig Uueur ‘sI m up , ‘b i t ’S hc t rnc m ud u’d
t h e ’ lcm t’.m l h i u ’m i P l c ’ w h i u m  mt thn uu i r e ’t h t heir  n - im mn s’ c’ I ou m s  ‘s’s i ’ , m p m m l i , f’inu’ut nu mts , ‘I ’huc lOc ’, i b D u m u u n s  m m  I f ’c’ t m i l mm b
I t - in ch  mt t i m e  m ’ s l m mnut l  I b i c c u m u l t  I lsc’ u cO tile gunt s mit mm u r s  s teep p n m c u ’ an t tl th en ordu’ru’d t h e v u i l - m g t ’
b i l , m c k ’ s i l i t l b l  I i i  ~h u p b i c m t t t ’ h h u ’um . ~¼ it’ll fl it ’ hl mm c k ’ sruu i t ht I ’ t ’ e i n to e n c u t u l t f t ’i t t ’ c b i n t o l u t g n c a h

b u l b , ,  u i t i u ’s I f l i t ’ l i t-k ru leu ’ h , i ? l t s i i m  sc u m ’ s  t l j i t  I t  t i l t  m m  e l u p h i t ’ m t t t ’ I l i t  m u p p r i . t . h i e c l  f l u e ’ Pu - i r t u u g u u u’su ’
‘is’huc , u b i b i u ’ ,ure ci t o  lie the  most kn m ’ s s lc ’u l g emm hlu ’  m c i  f l i t ’ i ? C W  au -md u - i ft’crecI iumnt t hum ’ s m - t ’ s vn daug h h u ’r
nu ret m u m i on t b - i c  t c c ’ b u n o h m - t m m s , ‘ I ’ h m e l’o n t m m m u m m t ’su ’ e” .pu ’r I g lu te l l y  m i u ’cu ’ph u’cI m t n t h  u m u c u i n u l  u n g  to t Ime
loca l  t r , m c l m t  m u m  f l ue  g i r l  ‘smt i l e d  m i ’ s ’ s  ,m y ‘is t h u  t h u c  I’ o r tu gimt ’sc s ’ s - i tem - i  t h e i r  ru ’cu i n t l i t i o n t ’i] sli ip hu’ c’ m u i u i t ’

,t g m m u r t  ‘ s emis ’ s m m r l 1 u y mmt ’t e ’n a li ’s’s n o u m m u t b u s  of repmii r , ‘i l  h r  f iu mmt t n  ‘soniu,i t u n i c , t b - i c  J , u p , m i l i ’su’ ca l l u ’u!
f’i u u ’mtrm m ’u s by l I l t ’ n u tumie  m i t ’ ‘‘ ‘I .il i t ’mu ,ms bi t uiimt tu ’ppu -t’’ I m h u c  ss ont l ‘ ‘tu ’pp c - t ’’ um m p l n u ’s uro ru ss r .mpp u ’tI
u t r o umut e l  ), I l- ic e v e n t  is r u t  m r m .Ict I co-i t i l t  sh ine  l u t o i u l t u u t u ’ i u f  m i t  t h e  s u u u u h h i e r n  t i p  c f f l i t ’ u ’ s lmm nu i  mmnd
I c u m u l el r i m - i t  I u e l p  bu t t  p i l _ i su ’ f u r  mm m u l u i n n t ’nt  m mnu el t h i n k  ahm . c i t  t I m e  ul i l m u u n m c ’ u u ’’s i- i f ‘‘ t c c h m n o i m i g~
t i . m m s t t ’r , ’’ mm c u m m m t ’ m t  t e r m  m u t u m c h u  hear th  m m m u - i u m u t t l  t i l t ’ ‘i’s m m m l ]  m u m m i ]  t h e  ‘ s u i u u p le ‘sm, t l u t u m t n  f l i e r  h c t u u u d
in I a n e g m t s h u u m u u m u .

— ~~~~~~~~=-~“-— ‘ ———- -—-- ~ .— 
- - —~~ --‘-.—, - —, ‘ -‘-. “ ——--



F I . L I I )  MF ;( ’HA NI ( :s IN BAN (,,AI AI )R E , I ND I A

Leslie S. (, . kO~asZfl a~

B~t n u g u m b o r c ’ , omit ’ u - i f ’ f l ue  n m u m m ’ s t  a t t r m m u ’ tuvu ’ u I t m ~ s u n l m t c h i m u ,  u ’ s luu ’a tu ’i] mmt t i m e  t i m u p m c ’s at  i m u n t i t e r m u
l a t n t m .m]e 12 ° . I t  us m u t l u m m u d  ( mu - i  t lue  Du’ccm mn Pl m m f e m t u m  mit  , t l m h m l m m \ I I I I , i l t ’Ir’ 3,000 i t c h a l t l t m .ucl u ’ so 1 humus

mm i m t ’m m l t i m s  , p l em ts a ru h  c l i nua t e .  Bmu rug m tk tn t ’ sc- ui ’ s u t l sm i  f o n h u n i a t u ’ w i t h  mt ’ s  u r h u t m i  dt ’vt - l o p m e n t .  l i t
c i t y  us I o c m u ted in the  to rn ie r  ‘it s  sore S t u t f e ’ s’s l u j u l u  p i ~‘s~’ i m t l y ’  , ‘s’s u t l u su-ime u’ h ia? u uu u ’ ’s i i i  i t ’s
t u ’ m r m h m m r l m t l h ou iuc l , mn v , hu ’u ’ m mmnu e f l u e  S ta te ’ u i t  K u m m u u m t t a k a  mmmi iii b i t t  B , mim ~’, i i m m l t ’ i ’s  t h e  s t a t u ’ t’ a p u t a l .
‘flue aremt is f ’o n t t m r t m m t e  iii mauls’ wmi y’ s = f ’i r st  f l u e  \ l a h - i m m r a j m i  of ’ \ l y  s mm r t ’ ‘is m is iii t e n  a h i h e r u m h  an t I
emi l ugh te u teel ruler :  lu  r t h u u ’rm oru ’ I h u t ’ souf h u emni p i - inh  n i lt i t t  tilt ’ st mut t ’ wh i e  rc Rum r u g mm l u - t n t ’ is Iot a ted
b’mau .I ,m homug t r ad i t ion - i  of ’ i m r l g u m f i m o u  m r m m i t ’ t ’ h s  t ’ st ’n h e f o r t ’ f l i t ’ B m u f m ’ s h i  r u l e  so I t  sc u m s au i u .h s t i l l  m ’ s ml
re l . u t i s ’ t’l r  pro spu ’ r u - t u s  mm cm i oh ’ h m i u i j m m ,  D u u n u i i g  t h u e  l 3 m i t  m ’ s h  m I t ’ , i t  sc um s t i l t ’ l i t - m o e of a large

u’mu i hm tarv gmtr nisomu . ‘so it  humid mm c c r f m m i n i  ni tcasure m f  o rder  , m mu t h  Im n o ’sP u’r l t r’ : also , hu ’t’ m u i i ’ s u ’ ed i t s

ple ’ , t ’ smmru t  c h i u i u a t e , u t i.uIls I~r i t m s h i  of ’t ’ icu ’rs net mm cmi in Rm imi gmt lor c’. In  mc’cu’ i u h  f l i c k ’ s , mm h , m r g u ’ n m m u n h m u’r m i

rc ’su’,m r u ’ hm a c f i v i f  it ’s , b u t h u  g t uvu ’nu uu i i c n t  munch p r ’ s .  I t ’ I u’.g - . t I me 5 K .  I - . I ) n m u m u  (‘ oni par i s ’s rt ’ si’ ,m n t ’h
l m j bommmt u tm r  I , i ’s I t m c m m t u ’ t i m u  f l u e  . m r c m m .  I lie c u t s  h a s  ‘s’s t i l t ’ st mc’et ’s , n m u u ’ u’ nu ’’s itl e’ n m i m m l  m m re ’ m m ’ s . s m  ml
h ’m e ’u , u l t t u ’ o l tu ’ m l  t h e ’ nul um ’ s t  m t t t r m u t  l u s t ’ p l , u c u ’ ’s to l u s t ’ tm - i  ~i u c i i m u .

h i m  I f m m l l g . m l m m r e . f i u u’nu ’ mire l ’s ’s i n  m u u , n o r  an t I  st ’su ’r al n u m m u u m n r ’ m s i m t i u h u m t m i ’ s  s’s b u u e h  ut hb  h m t s t ’ ‘ i l l u m e
nc ’ su ’ , m n u h u  pr m g r m m n i  1 m m t I m e genuc im ul  ar c ,’mm m i t  h”lutcl l i t t ’ t hm m n i t  ‘s tm n mci mi ne  cml ’ ml ’ s t’n g u u l ee ru rm g

~ipp I ic ’ m m f m u - t i m ’ s. l I l t ’ t s c t u  mitajor in stitlifio lls ,ure f l i t  I u u t h u u m n  l n s t i l u t e  u I  Scue u ucu ’ m i n d  t h e ’ \ ,u t m o i u m t b
,‘\u ’ r o m i m u u m t i m.’m il L m t b i u , m n m u f u m n ’ s  - I m u  m m ] i ] i f i o n , t h m u ’ru ’ ‘s fluut l ui ue ’t’ l m m u n u t ’ s u i u h e r c ’sl mi t t i u c ’ l i m i u t l i u s t a r u
,“ k m r u r ,m f t  (‘ o nmtpmtut y - ’ m m nt t l  , t l ’ s u m  ,mh I SR( )  i I u ueii mmut Spate Ru’st’,tr~’ Im ( ) r g , m i u m / , t t m u m m l ) .  h i c a t h i  l m u u’ m m t e t l  i i i

Greater  Bau ’m gm ml or c .
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,“ i t t ’ u m n i l u l l m! l i - i  f l i t ’ u m h i u n t l m n i  u - i f ’ l l u , m n \  ‘st’ic ’n t l i s h ’ s  s I s m t m i u m u  I n u e h i m m . t i l t ’ I n i h u m u u i  I n s t u t u u t u ’ m i t ’

Scmu ’nice m ’ s t Ime  most pr t ’sh ig io lus  mtcmt t l en t tu ’ u n ’ s t m t i m t m m - t n i  in - i f l i t ’ cn uf t nt ’ t’ o u m u t t r s  I hue hr sh uns c i t  u t ’ s
de,vt ’ I u - t p in t t ’mtf  m ’ s r m m t b m c n  i r m l u ’nc sh m ug.  I t  ‘is mi ’ s f’ouuii]e’d h - i s t hue  e u u t l o w n m u e n f  cat mi p r u - i n u t i m u e m i t  u t t e m h i e m
of ’ I h i e  ‘I -‘i I ‘i I m i m i l y ( l u c y  ant ’ m u l l t ’ni r e fe r r ed  R u mm ’ s f l I t ’ Roi’kef’elh u ’rs i t  l m t c i u , m ) .  J m tn ui s t ’t ; i
N u m s ’ s e r w m t r u j i  - l m I m i  ‘is mm ’ s a pm m nsee * l ’n u - tluu Out ’ c’ u f y ’ u t  l 3 i u n m u h i m m s  , .u n mim iu  of ’ n m - t i  cm mu l r ’  gnu ’mmt s’s u’mm h t hl .

h u i t  m i l so n t  gmu ’m m t  s I sm u u i u. Out St’p lcum u h t ’m I ~~~, I ~~~~~~~ hue  elec ’ucl e th  ( m u  u’O nmu m lm t mm ‘ s i c ’ t u i f  t , u i l t  p i t m lmu iu t
1)1 h u m ’ s  f i t r t u u u c ’ I c - i  , mi i  e n m h u m ’ i s  nu ’m e u u t  l m m u ì u ,l t m u’ s t m t h ’ c h m s l l  mm rc’sc’m i r eh i  i n u s t u f u f e ’ m n su ’i u ’i t c ’ u’ , h I m .’ I m u ’cl in

I m i l ~) h u h h um n t g  ‘sH i r e ’ t i u u u f  hue ’ s i t  f tm ~’ f l u e  pmt ip t ’m m m m c c  i I . m u u u ’ s n m u  l i t  b , i u u n c h u  t h e  I a t t i r e  in s t  t u t u ’ , I t
hu ,’~~, u n m u c ’  , m t l r n t ’ u ’ ’sc , mr p m m r t n t ’ r ’ s h i m b i  f l u e ’ l , m t . i  f m n u u t h s  C i s c ’ f l u e ’ f u n - i i I ’ s, h I l t ’ \ 1 , m b u m m r u m i u i  cml ‘ i t ,  ‘ s i n ’  C , m ’ i u ’
mini  m tt l , i u list ’ land ‘s uIt ’ 1372 t i n t ’s m u  I f , u um g m t h c , i r i ’ c u t s  m . m m nuch flit ’ ( iu i s ’ c m n m m i m u ’ uu l  i - i l  l u u t h i m t  p m ms ’ su’cI
sr u ’ c m l  l e g m s l m i t i ( t u i  f i t  u ru ’ ,i ft’ tIme . m p p r i - i p r u m t l t’ sf,t hmm ’ s 1 m m  l i i i ’ i ii ’ s’s u i i s t u t u m t l m m u i ,  ‘rl~ I i m ~f i h u m t ~’ i- i t’g . i t i

Icc ’ pausce ’ iu .u s t l la ht  c’ I l c u u c  c c l  t e m m m ’ u ’ ’ m u c i m iu t i t s  i t  i’c r s i , c i c  ‘ r c m ’ m i m  t m i t - u i  i I c e ~ iii’ nmm ’n ml ‘ r r , ’,ii mmea i i l u  ,iutd c u h l u i t c ,’ ,

i l ic ’ n i arry cin t ) ’ ~ i t t u i n  I Icc ’ i r  mmii u r up , irmc i tI c i m m - S  ‘ m m c c ’  , , i u~ ,’ i n s  I l i m i t ’ i ii ’ u I ’ ’ ’ ‘I s u m  ,uic t il iu m 5 m m  ct - c l mi il ic.’umc
tj mm t ’ i n n ic e ’  m i i i  ci h d m m c r i l i ,ui , i l mc ’ ar c, tre ’~u I d c c m m n  I n  l i m i t  u u n , m u u m u , u m  m u ’ s i c n m  c c c n c ’L’r f l i f l ’ th c i r  um , ’ , m m  t i i i ’ ‘‘ i m t ~ c’rS c c l  c m h m ’r’r c’e’’’

~~~~ ~~u t k n i c m m n  I l ice’  m h m l m n u  I i t c u i i u l m , u i  i i uc ’’.t’ .11 ’ ci i  ut ar i v , c’r ~ mm unl i  an i r i m c ’ m l c ’m i , i n - - sh aped r r t u e ’ r c c c r  sm c umme ’v,t ua n cdi .ccm
, c i i m h i l u i i l u c ’ , c i c ’ m .  I cu sc ’ ,’r u l r c c c r i  It m e ’ i u ? u u m I , ’ l t m , ic u i  i i , ’ im ’ p cu i let t  I i u , ’ r , ’ I I c c - l u ’ i c i r ml i ’ m  m i t t ’ s m a m m m cm c - u m d I m m r c ~’, i u u c u i l  m m i i i  m i n i

c’k’dnl i c ices r m m m c m l i i i ,

53



i m m l u c ’ t i c r u m n g  il b~~t i  I ‘ i s u t h i  l ’ s ’ s m m  m i u ’h i m m m h n m m c ’ m l t ’ s  i i u l s  , umne ’ ‘ismu ’s m’ ,,’ r i t ’ t u I  m m m i t l  . t p p h i c l u’ I u e n t u i s m r s  an t I

m i t t ’ ‘ h i m e ’r c ’ I i ’ c t n i c , m I  I ‘ c i  i ; i m i m ’ ’ ,’s - l ) m u n u r m e  I l l :  ‘ s u m h - i s c’u i u m c ’ i u m  l s ’ s u u — l h i l n u i s  c m l  , n u u ’i u tu nrr ’ , t I l e ’ l i l s t m h d m h u ’
‘mc ’s’s m u  . m i u  u n m u b i nu ’ssi s u ’ s i /~~ , l i i  i t ’ i ’ u i l t  t i u l l u’ , m l  l t ’ i’ t ’ I ’ i t ’ ’s ‘s j u’ i tmlr ~ , u m u t  u_ m u i t n i l i t t t u m m m u s  h i - int l  t I m e

I : i f u , u i i  \ ,u t  it t n ,m l ( ‘ i  e’r u t n t u c ’ i l t  sm - i  i t  h ums m’ c’m mc ’b I c ’c f h i t ’ l i m n i m u l  ‘is l i t re f l i t ’ u t u u i i u : m l u - i p u’rm t f u n m , m  b i u u l n u ’t

u’\c’ h i i s h ’ i i ’ ‘ ‘ I  c , m p j t iI  u ’\ h i c ’ i ld h i i  u n ’ s  is mu t i m e ’ m , i , ’r i - i f ’ 2~ nuunlhmm um h’( ’s , I , t h i o u i t  h l I u ’ u,’e n m t m l l m u t u u  I -

i h t m l h , m n ’ s l .  I ’ l l , ’ , u ! m i u m u m m u m  m ’ s m l u m m t t ’ s! n u u i f m i ’ .u l m f  t ’s l iu ’c’ I , m i l y  ml  h u t ’ i , m m n t ’ I m t t t ’m e mmc c ’ h iu ’ t ’is- u ’u ’ni h n u i l u u m u i
. mc ’ , u c l c ’u t t i c ’ s . m l , m n m i ’ ’s m m u m c l  I b i u t s u ’ m u  t h u u ’ ~m n i l c t l  S t u i t u ’s is t , m k u ’n Iu i f m m  m i u ’ t m m u m n l .  l i - i  I m u c l u m u t i l t ’S m m n u u m c u m i l

t m - i  , m b ’ c m n m , i t  t i l t ’ ‘-~m u I i l i ’ m i t m m m u h ’ cu ’m m i t ’ r u m p e ’u’’s mm ’ s  t h t i h l , m r s  in t h i c ’ t 1~~m h t ’tl Si t u ’s , u h u u n i u t g n m tr  v i s I t , f l i t ’ m i t t ’
m m t  c’\c ’hm mn g e s vmm s S 1.00 Rs , 5 . ~~ , s’s h u i c h u  s i m m  isv ’s f lue  e i mf f ’u’mu ’uic c f c lie a lmo st  ru i mm c to one.

P r , ’ st ’ n t i y  t !ue’mu ’ m I t ’ 20 u l e p u m m h m o e u t f s  iii f l u e ’ I n s f i t n ,m l e  ‘is t h u  mm t m u l , m i  s lue l c i t f  e n t r u i h i n u i c n t  oh ’

( m ’ s t ’m 0( 111 m i n i ]  s’s i t l u  mm t o t u m l  it ’st ’ , u m’ ,,’ i r  ‘st i f f ’ 0 mmb , ou t  380. 1 lh u ’ ’,u ’ mi l su m i u i c l m ,mth t ’ about  100
p n u m t t ’ ss m m s . ‘I ’Il e’ I n u l i m m m u  I r i s t i h i m h u ’ m m t  S t u u ’ l i t ’m,’ is  mm u m i u i v u ’r s i t \ ’  in - i  l i l t ’ Iu ’ g u m l  su,’ils u ’, [na t it  m ’ s p r u n n m u r i I ~
.1 m ’i . m b m m . m t t ’ ‘su’ iuu ol m m n u t h  mm nm. ’ ’sm.’ m uim. ’I r  i u u s t u t u i t i u - i l u , m m l f h u m ug h u  m i u n c u ’ u - t I  i t s  ci u ’ p m m r t n t i c m u l s  m i i i  m i f ’f ’u’r

uim tc l c ’ng r . u i l i i m m t t ’ pn ’ u - i m.i n’ u m m u i s  h i c ’c u iu m ’ st’ m m t  f l i t ’ u r g ent  nc ct i  i i i  I n d i u m , I u m u - t k n n t g  mi  t h ~ m l t i m i b m l  of t i l t ’

st , m t l , ( t n t u ’ is i r u u p r t’ ’sst’ ih is l I l t ’ s u n s  I,ip ,i~’ p u i r t l o u l  of ’ l i i i ’ u m m u ’ m m u b i u ’r ’s s’s h i t - i  b u , m s t , m u t m t , m t n t u ’ ei , m m t s m m n i c u ’cI

m i t t ! , , , ’ s  , m i t ’ m i m m m i , m u l , m i l \  m i n m u - i l u g  I h u e n m i  m it  t h i t ’ mo um ’ st  p r t ’ s l u g t o u i ’ s  u t n u ’ s u’ r ’ s l l i l t ’s in t i l t ’ t ’ . ~~ . m m n t u l
u i  m 1 i i ’ I u t ’ ‘s f m m - i i i i , i h s  i i m t u ’ m n m t t i o n i m m b  f ’l,i s m - t n ’  is f ’u i r t b u u ’n u’ n t i l , m m i t ’u’u l by ’  l i l t ’ l m m r ~ u ’ n u m n i u h e m s  m l  t ’m i n u ’~~’n

s m s l t u u n ’ s , b m u t l u  m i t ’ s l i c u r l  m m u u t h  I m i m u g  t u ’n ’ I n ,  ‘I ’il u ’ I n s t i f u m f u ’ b i nm - i s ’ i l t ’s m m c ’c o n u u u i u u m i l m i t m u u u u s  l ’m m r  l ime  ‘i r ’ s i t m i m s

~I l m i l l  m i h i r , m , , ’ t i ’ i ’ u’ m .i mmt ’s l h m i m u ’ s u’ t h u m u t  ‘si’n ’vu’’s u u b s m u  mm ’ s mm k m r u u l  cml ’ f , m ci, m b t r  t’ I u u h , I ) u i r l u u e  i l u s  m i m i c  ‘ s c , ,’ ,,’i- ,

sI m s  f l i c k ’ . I mmuu ’f n i u m i m s  i m m u p u m r h . u l i h  f u m i m ’ i g m r  ‘ i u ’ s u t m m t g  su ’ i u ’ m u t i s t ’ s , l i l t ’ I m s t u t u u u - , - h m. ’ , u i i s  l lc ’ m m s m i s
t mn ’ sd ,uiml l i l t ’ p liy stt ’ .tI ‘su’Ii ’ I i u’ t ’ s m mmi e n g u l l t ’c’ n l m - i g  m m b l l i o u m g i u  t i l t ’ h u u n h u u g i c ’m m i  st ’ u u ’nlcc ’s  , m I m ’ t m m c r t ’ m i ’ s i m u m m i s

nu ’p r t ’su ’ u t t c ’il . In  n n m m n s  ‘sc u m s ’ s  it t ,c’s mu cu n u t m i  i ’ t ’’st ’ n u h l m t i u u ’ u’ h u m  t h e  ( ‘ m i l u b m i r r m , m  l n s m i t u m t e  n I ’

c’c- b u n t u m i m - i g r ’  in I ’ m i ’ smm ui c iu m m . I Iris m ’ s r um umu ’u’uc i u ’ ih h ‘ s I i 1 t’u’ f l u e  prt’st ’nt i] iru ’c’ t u n , I’ n i m t u ’ s s u m r  S , m h t s h
l ) i umi ’ i ’ s mu n , is  .m ( m l ,  ‘ree lm. l t I m , I ) . - ‘ i i ’, m m  mm r i u,u m n h u ’r u - t I ’ l i l t ’ t ’m ut ’ u m b h v  imu t l u u ’ -\t ’ r m u i r m m m u l m u , m I  1 n n i i m u t ’u’n t ne
I )t ’ p m r t  Ine ’m u f  nu ’ u’u’i ’i i i i  g r m t t l u m t f u ’ u lc grc e s i i  (‘ m i b ,  I t i l l ,  I t  sh tumt t l c l  he n i e n t m m m u ’a’t l t l i . m t  I’ r i t t ’c ’sscc m
l ) [ , m ’ s s , m n  is n i t  only ’ h u e  I ) m r e e t m - i r  n i l  h u e  j n i ] i u i u u  l r u ’ s h t f i, t l e ’ of ’ Science h emh m ui s u u m mm ’ s mm t’ , i h u m m t ’t
p i u ’ s t  i t t  t i l e ’ I m u t h i m i r u  ( m m ’ s  i ’ n r u m e ’nt : hue is 5,’ , rt ’ u m m n r h ’utr  Sp m u ’ t ’ rc’p c - i n f u n g  t h m m u ’t’ h i r  f i t  l i i i ’ I m m u m o c

‘ i l u n t i s t e m ,  “ i u u b m u m e b u  Dr. I ) i m , m ’ s ’ s  u n  u’ u i t l u e ’s h’nu tnu l i l t ’ i u o r f l t , lie us sveh i l ike]  mmm i i  ru ’’spt’ u’ t c c i  in
‘ s u m u m h h t u ’n i u  I i u t h m m m  s’s hu c ’ru ’ n l i u l ’ s t  i t t  I i m t ’ ‘s( l , m e c ’ pr u i m m n m n u  , t e l i v n t t c ’s m m m c’ t’it n c ’c’m t t r m m t u ’cI ,

I i t t  Dc’ p m m r t u m u u ’ m r l  u - t t
’ \u ’ n u i u i m t u u m i c m t l  I u i c i i i u e e ’ r i m u g  h um m s mis u’ I u m m u m n m t m m i u  l m i m m t ’i’ s s u n n  I ,

Km us l u n , m ’ s ’ s s m u ni l y ’ , l It ’ is n i m u i m u i s  ei iu ec ’ rmuc ’d sc - i t l i  m m p t ’r m u t t l u g  f l i t ’ lu i r g e  su m m i t ’ m ’ s ’ s  spc ’u’dh ‘iv in ich  f u n m t n u c ’l
u ’st’ u I  h - i n u l I u , m u m i ~ 1 m m  mt - r u t t y  i m , m n u m t ’m ul  tu ’ ’ s h u i t i , i . ‘ii p n i n i u ’up m m l  u ’ m t i i t , m t ’i i m l  f l i t ’ i l t ’p m t r f n r u t’ u t t  ‘i’s .ms
Pni m f ’u ’ ’ s s u m r  R . “s i r  , m ’ s n n h m m t  s’s I to  mu m m m t gu’cI i i i  u i i s -  s ’ i ’ s mfs  in f l u e  B m m n u g u m l o m u ’ mm cm i .  Pro f ’t’’s sui n
\ , m n , m s t m u i h m m m ’’s i m , m , - k n r i t u u n i d  sc- i ’ s m - i r i g i n m t l l r ’  iii t h e ’ ar emt u - i f  r u m n u f ’uu ’uI g m m s u ’’s ( h ue humus !‘i’u’hu ’’s u’ib h is 1 1 i . I ) ,
, i t  I ‘mi l .  I e, ,’ I u ,  ‘is m t n k i m u g  ‘s’s t h u  l’r m f ’u ’ ’ s ’ sm mr  I I .  ‘iv , Liepnim i u ’mni ), h i t  1mm l i ter \‘ u’ m mr ’ s he hec’miunu ’ qui te’
u i m m t ’m e ’ s t t’d in lm ) s s’ spu ’u’d t l uu i eh n i uu ’u- l i , m m l i c ’ ’s t’spt’t’ m m m b l y  in f u n h u m l e n u c u ’ ,

I ’ m m u f i ’ s’s m r r  R,  \ . i r m m ’ s j n i h u m t  e m m ’ s c ’ m utt ’ ,i t h ilit ’k t c a u m r  of ’ t I l t ’ l )u ’pumrf nu ’m e u r l ’s l ’m i u ’ i h i t i e s , l i l t ’ i ur gu ’st

l . u c i h i f r  is mu ‘) ‘ \ 4’ m c g i l l  ej r u ’ u u u h  w i n ch f u m u u u u t ’I ‘i’s h u ie h u  us chc ’u h ic ’mmtec l  u m i o s t l s  h o  m i emc ’ c th r ’uumtn t - i t i ’
h ’ s t m m u u . ’ m m m iii h u r m c t c ,s ’summ 1. N . K um ’ sImn m m ’ s s ’ s, m u u u r lIt ’ i s  t h l m u t  ‘i’s m - t m ’ k .  I nm u ’ ’si’ mi n’ u h  ut - i  n muorc ’ I - i ,m ’ s I u ’ h umi d
i m m u ’t ’ i m , m m m u t ’ s  , m 7’ s 5’ u n u u ’ s ’ s  sc’ u t j u c l l  c i i i ’ s , ,  I rc’u ui rum ‘is m uch l u u n n m c l  m ’ s umseul ,  ‘l i l t ’ f t t m h u u l e n c ’c’ l es’e’l is

t um u ch i hu t ’ i s ’ t ’m t h i m m i u  h t m l  m i t  h u e ’ u c b i u ’u i  h u u n u m i u’b mmmi i i  l i ,m s t u  u’\p c’ n i l u u c ’Iu t ’s  t’m m n  h -i t’ p erf ’m.mm’ nu c’ch . l i t
t h u  me ’ m c s m i h n !  m c i i i  c m l  ‘s i i t’ fh uc ’rc’ u ’ s mi 20’’ \ ~0 ’’ u’ n m s’s ‘se,, h u h  l mu ’ i ’ s  f u m n h i u u l c ’muee ‘s’s n u d  t u m u u m u e ’l m m mueh
h t m u . u I l v  t h e r e ’ . i n i ’ si ’ ’ i t ’ I , m I  12’ ’  \ 12 ’ ’  u l u i s ’ s  su ’i- t m u - i m u  t’h u m m i t m i u ’l s  m u s u m u i m m b i h u ’ h u m m sc- c - irk out h i m t u m u c h m u u ’ y
l , u s  e n ’ s , s’s , m k c ’s mmmi ]  ‘ s m n m i i l . c r  b i l u n b n i i ’ i u i ’s , I I tn  ~. l ’ s  h u n t ’s , f h uc ’nu ’ rt ’ u u u m m m m u u ’ t h , m I S ’  c h u m m n u u e h e ’n se r f  u e m il
‘ i c m i m t l  h u m m u n m t ’l h c u m i h h  I ’m - in  m m i n h - i b m t r m u ’ ‘sp im i  l e s t ’ s .  l Ime f ’ t t t u u u c ’ u usc ’ u m t  mt  us h ’cc ’u u i g  rc’c’ m u h i ’ s m t h c ’reei u~ iss li -cr
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s ‘ ‘ ‘ i t ’ u l u c i m , , ’ h m u ’ s u t’ nu ’’st ’ , m n  ~‘ hm m f I t - n i l e ’] pnm m l t ’ ’s ’ l .  h i m  l i i i ,’ u’ m c n m m h ) n u ’ s ’ s m h i i c’ ti m- is ’s’ rmm l m ui c ’ t i u c ’ l u ’ t nt ’
m n i t e r u n m t t u ’ u l l  I h i b u c ’ i s  t i ’ s  mu 1 s u u h i e ’ n s u m u h i u ’ ‘ i s t i m u l  f u u m u u u e ’I s , l i l t ’ I umm ’ ii t ’ n m m m i i ’ h u m ’ s  , m ‘‘ 

‘s S’’  m i l d t u e
s n m u m m h l c ’r c — n u t ’ ,m 3 ’’ ‘, I ’ ’  ‘is c m r k m m u e su ’ u ’ f m u n i , m i d  l i m e ’ c’ o m l u f m n u ’’ssu ’dl u t i r  s l m u l ’ m m m,! i ’ t u m m m k s  t i l l  h- i t’ , m l s u t u sc,’]
h i ’  u i h i ’s’ m , i t t ’ u i h hiu ’n t,u .ri mi u e ’’s ‘sm m~ h ’m mi ’ s  u n m , Iu iu ’ t ’ l  f i m ms ’ s ’  t u m u m m t c h s  I l l  u u m I u ’ u t i  u ’ m u ’ i n ’r t I l t ’ u ’ m l t i m u ’ b l m t ’ l m
s i m h i s u t u m u c ’ , t r m u n s u c m u i c ’ mm ] ‘ s u m p e ’nsc m m l u c  m m i i l C u ’ il ’ \ h , m c ’ h m m i u u mmi h e ’i’s t i p  l u c  , i t i u m t u t ‘ii 4. I m m r  tu ’’st s m i t
t ’’s u’ i I  i u m g b m ’ , ’i \ t , m t ’ hi  n u u m m i l m ,,’n ’ s h u rt ’ i ’s  ,m ,

‘‘ t h i u m m u i c ’t u ’n ‘si~~cc,’k h u u b i e  m i n d  I , ‘‘ h i s  p e r ’ s u m i m u u ’ ‘s Im o c i ’
m u m u m u c ’ h .  I n  , i m h c l m t u u u i u , t u t u ’  m ’ s u u u i t h t ’m t ’ u n u s t n u m e ’ t m m t um 1 I i  ~

‘‘ c hi mm mu i c ’Iu ’r I ‘7’  hmn u i , i  ‘ s h m m t’k h u l l - i t ’ , mmini ,~
c l i . m i u i c ’ t t ’n i t s h i t ’ i s m u l i t t ’ s s t u u c l  h u m n m m i u ’ l ,  \ l f c n  I u u t k m u m e  u c s ’ c’T h i l t ’ mu ’’su’. u u , ,  i m p i m m h h u ’ i i i ’ s  u’ u mm ’ u ’e’ i u t l s  m m m u c h u ’m
‘st m u i f s  , If u s c l em in lh m m u f f l u e  m n t f e ’re’st m ’ s eu ’m m um, ’c’ m u t r u m t u ’ch i t  I huc  t n u ,ts  u - t b ’ t h e  \ L m , ,- i m  u l u m m u i h i t ’r st ’ mule , l ’uns t
m i t I ns ’ s  ‘sIi u’eel flits ’s s ‘s’s hue ’mu ’ t t m r h s u m l u ’i ut - u ’ m ’ s mm m l l n u l p t m m t m m m m t  l ’eu i t u mre , I l i en - i  , u i  s ’ s i h i t ’ i s m  m f l l t  mult i ]

iir ’pt’ i ’ s m u miic hi um ss s s ’s’iu u’rc’ h n u g l u l  i m c i m u p r u’s ’ s ihh u’ f ’hi - isc  min i ul rem tl Cmi ’ s  u’t ’l’u’u’ t s  mini ’ p m c m n - i m m u - i u’ u - i l ,  D u i r u m u g
h i t ’ h m m i i g  l m m ’ s t u m r r  u t  t h e  I m i s t u h u m m i ’ i i i  f l i t ’ l ) ’ p m t n t n u t e n u t  m u  .‘\t ’ m m i l l m t u l i c s c c m i m s i c l u ’ m m i h l c ’ t’xpc ’ni e !- ic’ u’
sc , m ’ s g m im n m c’eI m u  ‘is t u t u I m u m u m i c h  ]i’su g l u  u m m u t i  i u u s t n u m n u m ~~m l t a f  u u m i - i , mu ’ s  ‘is u i 1  mm ’ s in - i  Ic’ s h l m n e  m t  . m r n r m m t t  m u m c i u ’ls
. m n e h  c- m m u m u h’ m mn uc ’ n m s , h u t  ,u ,,Imiul mu l l  m u m  t h mum su ’ m e c e n u t h s  sOit it ’ mion i—m i c ro m i au t i cmt h  p r oje t ’ts hi mt s’ c hec lu
i’ u t n i ’ s i c i  i ’!’ t ’ I l i m i t .

I l i t ’ t ’. m t ’ u l i f  t i ’s m i muc l  e \ h i e ’ i ’ u e n l u ’ t ’ c ut ’ l i m u ’ e r u i u i h i  ‘svu’n u ’ mt t i t h  s t i l l  , I F t ’ u m t i h i , ~’ l  is m m m l u n m u m m u u - i f
u i u i t ” s t i i t ’ m mm ~t’ uu ~’ ut ’ ’s , su m t’Iu . m ’ s t i l t ’ h h m u i c l u s f m m m m  \ t ’ i m n r l , m ~ m t I u ’ ’s ( c m , . f l u e  \, m i l u m - t u i m m l  ‘iu’ u u u u i m u t m t m u ’m u i  I , m h i i c n u m ’
t u m m y , \ l u m i u ’ s u i s  cf h ) u ’t ’u’ui s i ’, m m u u c i  \ ‘ n k m ’ m m m i  ~‘c , m r , u h i u m t i  5~n , u t t ’ ( ‘c’i m h u ’m , l i i i ’ i m u m ’ s m t  f l m u t i  h i l i ’ t’ I i l l l u ’ s

p r m i h l e ’ u m u ’ s  m l  I i n t ’’su ’ m u t  i m u h u ’ru ’ ’s t , m n i ’ m ’ s t u u l i u i ’ i ’ s’s t r m m i m ’ s m t u u m i m  t ’nu mt t i  I u m m u i m u m m r  h u m  f u i i ’ h i u h e u m t  l i i i ’ s ’ s  m ’ s  1S t ’ 1 1

mm ’ s f l u e ’ nu ’st ’m ’sc t m ’ m m n s i f t u i n u  I nu ’ h m m u u u u m u . m i ’ m s m t t u m nt I m i t t m i m n l h l m . !  I l l  u ’ m i s i ’ U t  m ut l ’ c u i h i s  , mu ’c’u’ l u ’ r , u m e c h  h - i u - i m m n t l , m i’r’
l m u s ’ u’r’s . ( ) t l m e m  pm u - t, t u ’ u’ t s  mm mc t iu ’is’ i]u’vc’ i c n p m t m c ’ni f in u m \ u s y ’ u u t e h m i t ’ m m cl t h r u ’u’ e h i u u t c n u s t o n t a l  h i i m u m n m i f m m r s
l m m v u ’rs . f l i t ’ m hu ’vt ’ i u u p u m i e m - i t m it ‘sc’ m m k m ,’ ’s , ‘ i ’s , il l  l e t s . si ’pm tl ’ m t i t n i  h l t i h h l c s . hi utsu ’ h ums ’ s h iu ’ hi n i ]  I ’ l u m n t  h i i ) e l l u’’s ,
mint ]  f l i t ’ m l m ’ i u’ s I i g , m t i e m n t  mt pos s ib il e n t t ’ t l u o c h ’ s  for  I l l u ’ supp n t ’s’ t o m i  if h ums ’ s  ‘su’p m i r m i f i o n m  p h t e n m u u m u u ’mt m i.
- \ u r . m i y  f m c m m l  ‘s’s m i r k  t l i , m t is hu ’ u u u g  u’m u m n i t ’u l O m it  u ’ s s u n i m u u m i l s -  t u u m t i ’ i , m t u ’eh h cr ’ t i u u ’ c hu ’sun ’ u ’ l u  u n b m t , m int

prmtct ic a l  m e ’ s u u l f s  m u  u’ mm l t ’ u m l m m t u i u e  mm u ’nm tu l y u m m m i u i m u .’ p r m t p u ’ n t u i ’s i n  t l l  pnu ’]ii ’ t i i u g . i , , ’ r m r , , ’ i , m s i i c  h i m t b r i ’i l u i m

l i k e  f i m u f f e r  mun c h  i n ’ s t m i h ’u i h i t r ,  o n  f l u e  u m t h i u ’m unit ! m l  t I l t ’ ‘ i I , iu ’ hl  i t u n n h c ’r st i l t ’ , nu ’ ’st’ mn ~’ hu mu i , , ’ , m I g m ’ s
flm mss s m m t t ’Iuc lt ’ s n m m r u f ’iei] e mus p i uc ’ m t i m m m u c m m m m  suelt m ’ s u ’ s c n , , m i i m n i h u’ru ’cI h i s  ‘ s m m h t ’ l l i l e  ‘i’t’l h i C i u ’s , m h i e l ‘st l l l u ’

m ore bmmst c problent ’s, s h i l l  m s l h t ’ t i c tumi l ’ s  i t t ’ i h i t ’ ‘ s t i u c u ’k s t r u l c h i u m u ’ i t - i t’ I i t e h i n t ’  d l l ’ s ’ s u ii ’ i , i t i o l i  mmn t e l
m u t m u ’ i m m t i o l u  u ’ l f u ’t ’t ’s, h m u t h m u ’ s l m u m m l  m t c n u u u l s  l I . t u l i I u s  us h u ’c’ umnm mu m u u , !  u n - i c’ne a ’s iu igl r  i m m m p m m n ’ t u r u t  m m md n u m m m c l c ’I
u’’c p e r m n m u e ’ l u t s mire ’ i - t u’ u i m u! c m m m n u t ’ c h ( m u l l Ot t  ‘ s s ’ u m l t h  p n u ’ ’ s s m l i t ’ ci t ’vt ’ l c u h i m n t ’  umn tm mhl c’ bum i m u mt c ’~ ‘s . su m ’ s J i c’ n m ’ s n c m m i
h’ c n t i l n ’ u ’’s , u m m u c h  i n  h ugh  h - i u t u l d i i t g s  m u m  gt ’ m u t ’ r u u l .  I here us u c t m n t u h i u l s h u t t m u  I m u h i u m n u m l u r ’ s  s’s men u ’ t i , mu ’u m u ’
pu ’m m p m i e m t u u c i u , t i ’ m m i t i u - i m m  m i mic 1  t ’ \ I i l l t ’ I t t t i l  , uu ’e ‘sftichiu ’m i mm ’ s s’s’ c ’ I I  .m s f l i t ’ p n u m p i ’ r h I e ’s n h m i u t t ’c ’u ’u’i i t

p n i m p e l l m t i t t s  I i m osu ’ p n m m h - i h c m m i s  u m ne ’ u m u m m h i v m m t u ’ u I i - i y  n i f t i e s t  t i m  ‘sp~~~’ . i p p h i c . u t m m m m u ’ s . I i = ’r e ’ m ’ s , i c c _ i  t , m u i u

m m rut u t u m m u t  m m t ’ rt’ ’st ’ m r eh , u - i n  i , u l l m c r  ch u ’’i c’ h u i l ’m n u u e n t  u -c i t  p roh le ’ u mi ’ s  t l u u mt  min t ’ iuc m l mt ’ l u m t u ’’sh I i i  m u e r i m n u , u i m l i t ’s ,mt
m u l l ,  such mi s opt i m m u u m u u  ci e ’su gn  cmf  w i ndm o i l l s  for  rural  m t p pI m ~ m ut io n .

Ou u t he  c u t l u e r  cnn ] of t l ue  su ’ ,i hu ’ , P r u - i h e s s u - t n  \ m m n m t s i u m i h u a  i l l  c’ u c m c l ’m u m r m t l u m m m i  ‘i’s i f l u  I ) m .  I’ . R ,
V u ’ s s c u t i l m m f h l  us emigageel i u mm g r i tup  u m l  p r o b h e n u ’us u n m s u - t l v i u u g  h ,m sc f l ows . m h  stm pen son ic ’ ‘ i l m mc’h u n u u m —
hen s, ‘Flue pra c t i c a l  i n u t c ’me ’sf u ’ s i ii  f lue  cie’’ s m g u i  u m l  m t p p r i ) p m m u t l u ’ ‘ ‘ h o m m h f m u i l ’ ’  c’on f ’i g m u r m i t i u c n u ’ s  f e
nc ’ m h t m c c ’ t I m e  b - i mm ’ su’ I i mc ’ss u m n u ’ . l iii ’ hmm ’ s m c  u u t t u ’ u t ’ ’st l’s l i l t ’ , m t l t ’ m u e h m m m u t  I i ’su ’n ’’si’ h m mulus n t m ut u u ii i t Ime
c’X I ) m i t u ’ s u m n l  h l mt ’ i ’ s  ~a t t h m c ’ m m I n i , l i me ’ m m m t m l c m g u u c ’ p m c t l i l c ’mn f r u m n ’ s h u m f u ’d un t o  It - is ’ s  speech t l im w ’ s l l i ’ i u t l \ e’s

st m e ’ hu  p n m m l t l u ’ u u m s u ’ s t i m e  b m , it ’k’i ’s i n t l  f u i t  m i m i . ’ ‘ s l c ’p ,m ’ s s ’su’ Il  mi s  f l u e ’ I i p t i l  t h u ’ s t m m r t m i m m u  of t u u n I i u m l e ’ m u u ’c’ I i~
lit’ ui mu’ .m mu n m  m u i c ,’ um m ’s ,

l’ r u m l i ’ ’s’s u n  l~, iu lmI  N , m n , m s  m mm i  ‘i’s m ’ s ‘is i ’ l l  k m i c c ss mu t i c  mmmc ’ I i  m c m l i  1 m m ’ , s c u m n k  u _ m i  h t u r h m m l u ’ u u t  h - i u u m u i h m m r r
l . c s e ’ r ’s e’’mpe ’ c u , m h l r  e- u m l m u i - m n m u u u n ~ t h c ’ l n u i u m u l e u u l  I m u m r ’ s n s  * c c ’ t’ n m ! m t m t n ’ l u s t  u t u u t s m e l t ’ f l i t ’ ‘ i n ’ s c’ u m u is  st uhl, ms e r.
l h ~’ t umum i ] e ’  a ‘ sl ’’ Imitmi .n r m f  e c m u m m n m h c u u f i u m n m  , m l e s s  ‘ s i m m ’s , u i ’ c c  ‘ i ’ s l I c’ m u h u e’ e m c m u c ’ I t m e l e ’eh f l m , m l  t i m e ~ I i u m r s t i i m n ’  r m m t e ’
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d c cc’ ’, n u t  ‘ s t , i h e’ m’s t I m  t i m e’ ‘is , m hl  f m m i r . n m l l u ’ t u ’n s b u t t  n . m th ue ’ r ‘ i s u f i m  t I m e  s m c~u’,mIIe ~I ‘‘ou h t ’n ’ ’  

p i u u m u u u’ f u ’ms ,

‘ s u c h  ,ts f l i t ’ m m c m i i ( i , u u m j m I , m i \  l , m s u ’r t h u i c ’ kn c ’s’s um m uch t h u  t ’m cu ’ ‘ s h remm tu u  ‘s’ u’ l u u u i l s  . I i i ’ s  t ’ c n t t m n u m n u g

m r t u e ’r c’~i I ’  l u l l  m m m m l t ’ l I c i ’ i’s u’S imfi ’iic ’u’iI l iv l i i ’ s  nu ’c’ u’n i t ‘is ork i - in I u u ’ s ’ s  spee’eh l ’ h m n ’ s s  p robleut - is  ‘ s um ch u  mis

t h e  ‘b u t’s p m ’ s l  ,m ‘s t ep .  h u t  .tc, Imi u t u m mi u he m ’ s s t u i d s  tr im ’  ‘i’s mm hi  t e l ’ s  mtn ]  s m n i u b a r  s l i t ’ , ir f ’l u i ’ ic  ‘ s i r m m u ’ tu rc ’s . . \

uim. t lo r  u i i ’ s t n u u n t e n t m m t u o n  m h t ’ ’i i ’ b c m p m l u u ’n t m ’ s um mi t i e r s c ’ u iy ’ , Oh u’omu rsu ’ t ime  h u m - t i — c ’ s - t n t’ .mn c ’n u tu j ml ie t i ’n ‘s’s mm ’ s

uu ’s c’cl t~s h c ’ h i ’ s m ’ s  e l ’ s l u - i n  ‘si m miii ’ t umiu u’ , iu umt ’ ’ sc  ire u’c~u m u p t n i e n t  s c ums  l o c m i h l y  t ies elopeu l an d t h e  h umca l

uni ’st  run t - i c’ l imi t t i - i l l  c’\ i m m ’ m l  is I ) r . \ - h r u i h i m  i t  -

Dt ’vt ’ I o p r u u c n u t  mt  I D\ ’ I I , msu ’n Dopp ler \ ‘t’ l u ic i m i - iu’i cr  I us u mmiul e r  ‘ i v m uy . but  ‘ s u m  I m m nc-i
‘s u m , u i m u I u ~ n u t  r e sum l t s  i m , i ’ i ’ c’ b ce u u  uTht m t inu’ci ‘s’s f l u  t h e  (1St mit b , D\ ’ . T lu er c mint ’ ,m m i ’ i ’ m m i u c e ]  mu ri el n m m t h u e m
c h u ’ f m u u l e c l  p i , m m s f o r  i t u c i l il pm ’Ot’t’ssi ug ot flue dmttm i in h t m r b t m l t ’ i u c u ’ u u i e m t s u u m c i i t e n t s , m u l t h m o u c h i  m it tht’
l i t u ’ ’l lt ’r i t  nu ’m ai ni l m umuol umgu u’ mt’ti u n - tti ’ s mim i ’ u u ’ s u’d, In onilu ’m to u ’ m m n p le ’ mu m e ’ i u t  t i m e  t ’ ’ m p e n m n m e m i f s . I l m c ’n c ’

m ’ s , m ,,- m u n r c ’ s p u u i l i h l u l e  t h u c i i n t ’ t i c a l  cI ’ l ’n m n l  i l l  f l u e  ei ’u)up, l u u  order t i m s i /u ’ up h u e  t o t a l  u ’ t t m m i ’ t  in

ne’su’,u nu ’ hu . ‘s’s u’ mu ’u n.u ’ s t  I m i u n k  , mh t i m e  m I n i m ’ s  p tm hhish ueuh hi s flit ’ gruoup. h u e  l u s h  m ’ s q u n f c  la r cu ’ ant ]  i h
m n i c l u c h t ’s 1i , m l 7 t ’!~s p cn bhish - i t ’]  i l l  t ’m - tn u ’i gn o u m m u m u l ’ s  mmm iii s m u t ’ u t  h l t u f l i  ,u p l - i t’ u r t ’ cb mi - i  f l i t ’ in sI

clt ’ n m u m i m - i ] m u t g  u h u m m m l i h y  i u c m m r n i , m l s . On~’ t h u i m i g  p u tn ’ iu u ’ u i l u m m l y  u m u u l i m u s s u i t  m u l e  in f l i t ’ C l i m b) , m ml t th  Out ’ s  us

i l m e i n  u n i t ’n ’ s u vi ’ u n i v  u i ’ s e l l t u’ u u f  ‘ s ’ s j h h m  o i i i t ’r f l uu u l  n i e c l i m m u n t ’ s g n m t c m p ’ s 1m m I n c l m . m ,  ‘I’ iuent ’ u ’ s ,m c u i m l t u n i u m m u g
t m  iope ’ r u l u u i i u  hu t s ’ s  .‘u ’ l i  c’ umlhm. ’ m ugmme ” mi t I IS t  umm i ch  \ - \  I , I ’ hu ’nu ’ m ’ s ,m m i i e , u i  d eal of . m c t u v m t s  w u t h  c - t Imer
ut e ade n m u i c ’ i i t s t i f u m f u m u u u s  I n  c u t , ‘Fl it ’s t m i k e  t i le ’ fo rm cf ‘spi’c’u ~u l t’ ommr s i ’s , ‘i ’sorkshuop ’s, etc, . Fiue ~ huave a
s u n s  id ‘ i t  p n i t g n m t m m t  f ’i t r  i l - ic u ’ i u n u e h u n m i e n f  u - t I  re ’sc’mi r eh i ex pe n nenucu ’ f u r  college teutcher ’s  f r i - m u m
o i l i e r  i u u ’ s I i t m u t i i m m u ’ s  ‘ s ’ s b n e re  re st’m u i j d l i  m i l t i u m u t m e ’  , m i e  l u n m t m t u ’ t l u - in  e s c u l  u t u u n i - t ’\ i s i en l  \l ’s ec u e’n ah
i t l u p n i ’ s ’ s I m - i u i  is ilm mm l tIme ‘ s l , m I l  u - t b  h u t ’ h u u c l u m m m I i u ’ s l u t u m tc ’ c m l  5~ u c ’nuce ’ m ’ s ‘ i i i ’ s  ,it’ hm ’ s t - m m u t l u  tnt l m ,u ’~m i

ne’s e mt rc h u  h u m  . u l ’ s m c l i m e s  su ’ r s t ’ m ’ s  , m i m  e’f i t u ’ , l i d  f l u e  ‘s’s mu le c i t  l u u c h u m m .  11 aii m u s u i t e  t h e  u u m m i I

mu ] ’imsu’iil v mu - i  , m nu  , i gu ’ ‘i’s m cii ml i- i. m c l l c ’n usc ’tl cm i i i ’ 1 m m  ~c u i u t h e u u i n t m i t u m m u  I l i u m -i l u m  p l u m ’ s c’ . I

Till. r’~,~TIONAL AERO~5AUTiC.-~L LABORATOR Y

Flic Nat i orua l  .\cnmn nauf ica l Lmmbormttory was ongani / et l  ‘ s c - i d - i l l  af te r  t Ime  I n d i a u ’m und ep cn t ] en ce
, mn uel  it sc um ’ s I o catc ’eh in I3mt u mg m th o nt ’. a ehoic’t’ p r ( m b ah i lv  mn - i  f lmacmue t’cI m v t Ime e’ S i ’ s h u’ u c u ’ m i t  a sI nu ’cnl g

me l t s - u ’ g m u t u m p  at tIme l m u e h i a u u  h u i ’ s t i t u m t e  of ’ Science’ , s’s- him t’e r t ausulv  h elped to l a uu t chu  t i t u s  n u i o ne
,tpp luu ’ti t c rmc ’ n f u ’] la horm m tory .  1’Iuc present thi r c’ ctor  is Dr . 5. R. V mmll u nn (,mI ’ sm m mu (‘al ,  I c’ c h u.  P hi ,  I). I

‘is i m u m s u ’ pcn soui ~t l  mu ’’su’ m m u  u i i  i n u f t ’nesf ‘is mm ’ s  i l l  soli d m o c c h a u u m u ’s min u c l n m m m t c ’ r m m tl  sc ’ mt ’ u m t ’e’s hc’ I m i n e lie ’
mt ’s ’sua nt t c el  Imi s p n u ’’su’ l m f  m u t l u m u m i u i s f r , i t i s ’ e’ u t ’ s p o u t s i h i i h m f v .  N A t  h u ut s  st’ s c n u  s c u e m u h t t u c  t i m ’ s  i ’ s u ou l s  m t h i c t  i i i

mtel e li t u cuu there arc mt hmcr uiiiutor mmc l iv i l ~s . l ’ i mu ’re is mu p i lot  p l m u n t . mit in f om nim i f ic — ru u’e uu te r , muni ch  a
n u u m m h t ’r i - i t ’ c-m ] I u t ( m u c n , m f u ’ i t ’ p m m i t ’ n , u i i u s  s ’ s - i t im u t t l i e r  u t m g m m u i i i m m t i t i u i s , I hu ’ to tmi l  ‘ s h i f t  u s m i h ou t  12 ( 1 ( 1 . m i t

‘s’i hum ~- hu m i h u m u u l  ,~S0 mmmd ’ ‘st’ic ’ n i h t f ”ic ‘st u f f  m mmi ]  m i mto t l u c ’r  I 3() mire a e h n i t u u i u s l n m i t t m n s . I’h ue l mm m g e ’’s t e t u m l u p  m ’ s

l I me ,‘\c i ’u u u l v m - i a n n i t ’ Dis’ u ’ s m u n n t  ‘ i ’ s ’ hi iu’hm , ml su m i i i c - l t m t h c ’ s  f l u t u ]  u u u u ’ c l n i u i c ’ s. I ’ l i e .-\u ’ n o e h v n m t n i i u c ’ D i ’ s m ’ s t u , c  hu t ’s
‘st m i l l  m c f a h i n m i t  200 w i t l u  57 ‘st’ l u ’ l t f l s f ’ s  m tm imnt g  t l i eu ’n, ‘ l I m e h ’u cm ic l m u l  A c r o e h v u t m m m m c ’s m ’ s l ) n ,  ‘ii.

Ranum msw anui s who mu u I mcI  hn ic ’hly . v p nin i c pm il  c’ cmmui m t t ’t mm cl g i m m u l c ’ ‘scums t h em p n i m u m u t n u e n u t  t lu it l
u m ’m eu . i u m t t u l c m ’ s t  , I)n. K . S. Yajnik. A hm m ngc amoumnt cat my t ime was ‘s l ient f sc i t ht  h i m  in his h oum u dl at ) ’
l a y e r  . m h i c c n u i h u n y  , where mm spe c ial ly  h u i l f  b oun dary  lum e n  t u t n n u t ’l is mit  f l m c ’ g n u - t i c s ’ s  u t  hieing

cal u h m r m m f e d  ant I  f h t t ’ nc’scm m rchu wo rk pru tp e ’r is jus t  mihou t  to h eg iut , lIme ’ hommn e lm inv h u m s - er tumum i e l is

a I c m mm i. ’  d u c t  ‘is if Ii  ,u hO ’’  ‘s 20’’ cm u mss — ’ s e’t t  iou , ‘I’ i m ~’nt ’ mmm c ’ l ) n u i ’ s I ’ s t u c l l ’ s  f o r  c o i t t m o h l u n g  f lue  pressure
m. ’nm iih i e n f  , m i u c l  sh i u ’ t m m m l  e mumc ’ wu i s  fm tkt ’nu t m - i  ohf aiuu a m n u u i f o n n n  Il uis ’ s’ Itc h ] , Pnt ’ I m u i u m m u u t m v  c ah ih n al ie tn
humus s h m c nsc uu f l u m i f  t I m e  u u uc ’ mm n v e lu m u ’ t m s  i’s w i t h u i mu () .5’ u m t  t Ime  mu u c ’ mm mu ‘ s , t l u i e ’ mi n u s ’ s  t Ime  ‘se’e t m o m u mimic!
wlmen u two  su rc ’c’ns arc ’ p lace’ ] in t h e  st’f l hi m u g chua mb er  the f ’ree ‘stru ’am turbulence level is he ss f h um i u t
0.0 % - .~. ~1c ’ , mui v c l u m c m f y  mtm ud t u r h uknu t  vc ’ I ime i  Iv f luc tua t ions  were nueasured , t t  d mf t ’c’n cn f
sta tm cmu t s i i i  i m n e l e ’r t i n  u lc tc ’ n nm tm n mc ’ m m uuy imm i t imi l  n o i m — e i l u i i i h m m u n u  e’ t f t ’ i’t , Sk u n  t r i t ’t io uu ‘is a’s nuu e aM tr e ’el
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m s Pre ’’ s f m c n i  f u m l m u ’ a nuch  ml . im ’ n t ’e’s ‘is u t i t m u m  , of t h mm th  t - i h t, m imm u’ ii hu B u , m c i ’ s h m m m ’ i s  ‘s u m u u ’t hu umd , In  m m n u l e n  h u m
t m \  I i  c u u ’ s m t m t m m u  I ’ i ’ s u i  t t m r h i u m h c ’ m u t ’e’ l i mps ‘s ’su’i ’e m u ’ s u ’ m t m m m i ]  f l u e ’ t u u r h t i m l e ’ um t ’c’ iul fu ’mu s i t y ’ p r i m f i t ’s ‘ is u’re
ci m ii u ; i m m nu ’ ml ‘i’s ut Ii t lucn ’ st’ I’munin umt lu u ’n ’ ‘ s t m t m u c h m m n t h  t I l t  , u .  ‘I hue ’ ‘i’u ’ iu m u’ i t th u st ri l ’c m m l u u c m u  s c m ’ s  plotte d m u  ‘s’i’ mm h h
c u ’ i c l n t t t l , t t , , ’ ’s , i l i c i  t i m i ’i. ‘is u’re ’ c u c l i m h t u m n u’ uh ‘s’s m i i i  t h u c ’ ‘‘ I mi s ’ s ’ cd l i l t ’ ‘i’s m t l h , ’’

Rt’u’ii i i’ cu ’ m l  bite ’ elc ’ u u u m u n i t h  l c m r  Iuo mrc ’ SO I ) i t l ’ s b tu mi tu’ut iut slru uni e ’mit m mb i o n m ‘s,mn i omms el u’vu ’hoIi ;m men ul

Im ~u c ,tc’c l ’s  m i rc ’ hc i u l g  i , m r m m c ’th u m u l  tm - i  i - cr mu c’u m i l mie ’u ’ t i i li ss ’ i t lu t h u  b i c m m , u m t t h u m n s  l m m v i ’r l u m n u u t e l .
Pn’ e’ h m m m u n m u m m n ~ s’s u i n  k is umu P n i t i ’ n i ’ ’s’s ‘is mc mi ’ mm h i i h m t t  u i u m R l e l  I ,u’ ~i ’i’ I ) c u l - i h - i l u’n \‘chi mcmu ii t ’te’n I I I )\ I m m l i i i
h i o l— s ’ s  ire m i u s t n u m u m i c ’ u u t m m f i m iu ss’ i lI I - it’ ti ’seui c’ ’ t u ’u i s iv u ’Is - , - \ i  icr  s ’ i ’ s i h i m l ~ l i l t ’ I i o u u u d , t m y  hums u i  h u m i n t e l ,
o t h u ’m f t u ’ i h i f u e ’ s  se i ne’ umi s pec ’ t e ch , I l i t r e  t i c ’ f ’i’s’o l u u m ’ Cu ’ m m u i c h  in c  s u m u m m h l  h i l m u s ’ s  — m l u m ’ i ’ s  n I t u n i m u e l s :  l Imes ’
u - mi l l  l l i c ’t ui ‘‘ t l ’ l ’ s u m n i c ,’’’ ‘i cuuucl tumu i u ui ’I’s. liii ’ sc’mtn c i ‘‘ h n i s - i n t i t ’ ’’ m u u u ’ m m u i s  h h u m m l  i t  i ’s ‘ s u m I m ’ s m u m u i c’ , h r u i i i ’ s  m u m , -
m m nich  su l i t’r ’ suuui c’ mil l  mm - i  cUl t ’ j)iu’t’u’ u -if ’ cd l uu fm nu td ’iu f. ‘Fbi ’ Imum g t ’m Iu um ’ s -l s 4’ s u l u m m m m u ’ c lii ’s ’ s ‘se’ u’ t i m n  m u nch
f lue  ‘ s u m i m i l l e m  u - t i l t ’ l um m s  , m I ’  I ‘sm l u u m tn ’t’ t h is’s ‘su ’ u ’ f u u t u u ,  l i l t ’ m i s , u u l m m h l e  tu ’sh u i u g  h m u i t u ’ i h t ’pc’ m u t h s  i l
u ’ u m u n ’ s c’ i — mu t i l t ’ \ I ,m c h i  t u c u n m u h - i c’r m u t t  mm s u m l t m i ’ u t ’m m h l y ’  i m m i t ~ t u ’ s t i l I g  f u u u u u’ u ’ m m u u  b i t  u m c hu ic ’ i ’u’uI in m m mihu ’m t i c

u im. uuge tIlt ’ \ l mtc ’l t n u u n n h e ’r u m mu e l  n m m u m e h e l  I i o s i l i u i l t  m I u i m i iu ’ m - ip u’m ’ m m t i u - t h m ,  ‘l I l t ’ h m m m l u ’ s ’ s c m n i u’ su’c f i o u l ’ s  m t
g um t uur m l u ’ u h I ’m - i n  ‘s’ , m n i u m h l t ’ \ l m m i ’i i  m u u m m i m h ’ ct ’ms , ‘I ’lue s uupu ’r s c - i m u u u ’ su ’t ’ h i c t ns l l , m s ’ u’ s , u n u m t u m s  mt t u t I~’ h k t ’ks f o r
ch if ’f’u,’mt’nm t \lmm u’hi uuumn u uhcms , I bc I m m m t nm e l is m t  m t h u m u m ’c’s t u’ o m i ’ s t m m n t  mus t ’ , I i m n i t u ’cI ( ‘nt is’ hi s  t h m ~’ m m ’ s ’ u u i l u m h i i l i h y
u I  elet I n c ’ p owt ’r. It  is l ime chic I sourc e’ of mte ro thv u ta ruu ic ’ test  dm t tmm in - i  l u t c h im i .  ‘I ’Iuc I t m n i u u u ’h also
‘sd’ m ”i’ u ’ ’s f o  le s t  ‘s’mm n i o ums  cont  u u ’ u m r m m h  m m i i i ’ s  for I SR ( )  ( l n i e h im m u i  Spau ’t’ Ru ’ ’s eutrc it  O n g m m m i i i i l  oil I . 1 m m  t l t e
n i m t t u n m m u m m h  c h e l u ’, m ’ se’ , m i muel  I m u m  f l i t ’ ,i umc .’nm t t ’t u u t t h u m ’ s m m s  - \ 1 , m u u y ’  m i t  t u e  n u i oeh c hs are n n u m - i m u n t t ’cI m U m (m u d ’ m i t ’

t i l t ’ si d e ‘ s ’ s - mills m mu mcl  u m i he ’ m r u m t l  ‘ s I n m i m i c, g m m g u ’ h i mm l m t umces  muru ’ i m ’ se’], 1’I m c ’ m m i u i e l c l s  mnic l t m ] e  ‘ c m l i i i ’ t i - in  u u u ’ro
~‘ I , m ~ t mu i t s  t u s h ’ s  mur ie l  scmm e ’ o t h e r  cc~t n i i p h i t ’uu ice1  e t - i f i g u n m m h i m a n - i s. ‘I ’ hl c ’ .it ’ ro ]v n anmic  I ) u s’ i suo n  mm lsu m h um s
pnune’c’t’s fl mmm l m u ’ a u m i ucc i  mi t  su ’ r v u h i u r  f lue  i u u c h i m i m i  n ina! d’c’c n n o r m u y  ( s i r i u i l m i r  p ro jec t ’s  sc en t ’ m ml s m ‘iu’u’n m i t

f lue  I n u c l u , t m i  h m t ’ s t i t u f t ’ u I ’ S c u u u i t e  1. Otie ’ logu t - u th  d eve lo h in t em t t  pn o n t ’ t’f us t i m el esigiu sc ’ i n t e lm u l l s  f ’or
n m r , u I m i s t ’ , ‘ s u m u u u c ’ I nun u’lu ’ i I n e  pose-en , hu t  um tsf  f t - i n  pui tu p ing s’s- m m l u ’n. V ent  j e , m i  ‘ s h i m m t ’t Sm m s ’ m n n i i i m s  t y p e
rum nu r l u’ns wi mc’ t e’sbt ’ cI a u u e h  u’mm s v— Io— c o n us f  rut ’t ci i t t i g s mrmt t i o i ms  mini ’ he imt g  ehevc ’lopc’el . Wh en I mt s ke ’iI
hm im ’ i i  ‘c’, u c t i h m i  t I t u s  p m u m ’ i u u f t ’ u’he’ mmp s t o rm ig e ’ m , i m m k s  for  t i m e ’ ss’m i t e ’r p m m um tpt ’eJ  th uc ’ su m n p m l ’ s m u l g  mt i i ’ s ’ s ’ s e n  s’s’uis
h i m m i t m u  , mnu e l  near  B m m u i g m t l u t r u ’ i n u the  l)u ’ec’ m m n u  I ’ I m m t u ’m tu gna i t i t c ’  is a s-cry t’u - i n t - iu - it oi-i slo nuu ’, m u n i ch se ’m mter
t m t u i k s  n u t a d u ’ f r c t n m u  u n m u m n u i t e ’ ‘s I m m h i ’ s  mint ’ mc’ l a t i v e ’ls e’m u s s to f ’m t h r m e m m t t ’ l i t  my  m i t u u u t t c ’ mu t’ n u h , I sc m ’ s f o l d
f l m mit c untul relativel y nt’eemu l times , even-i u t i l i t y  h i m - t h u ’ s ‘i’s- t n t ’ i mt ’fen i  ma t t e  n u t  e nm ii u itu ’. 0mm tIlt ’ mn l hmer

h u a n m e l  n m u e ’fmm l pm im t ’ s  .m m u ’ ‘s’u’ru, i’ ’ s p u’ns u s’t ’ m u  l n t d u m m  m mr tcf  mint ’ I c - i  hc’ m m s u m mehe ]  it p ui ’s s ib l t’.

I l Ie ’ ut ’ i c,’n m ull tu uuprc ’ ’ s ’ smmul u c u t ’ u m m y  ‘c rue l  v u s m l  I n c  N \I ‘is is  h m n u t i ’ l . u ’ i u r . m h l e ; t h c ’ ‘s t . m f I mi~ipe ,tn’S. li t

he m il c ’ r b , i ,  l u s t ’ , m u u c l  h h e ’y m m t t u ’ u u u h i t  1c m l u r i d ’ ’ ,,’ m i i i ’ c m l i  h i e ’ts s u ’enu l I l t ’ I~,ts i t - st ’m c ’ uu u ’u ’’s , mm mc l  f h i ~’
ele ’ n i , m m u m h s  i t  m u u e h u m ’ h n  ‘s ,mmi t l i,nu us ’ u’rnnuc nmh

I f  u m m u c ’ I m i n t  m u  c’Ill , tiL’ t’s tIme ’ ‘ iu i ’’i ’s h i m  t mu c ’ l t mt l e ’ m u I~, m m I i , m l i m n t ’ e’s f , m h - i h u s h i m m u u ’n t ’ s, um ut e ’ u s sumrp r i ’ sc’~I
to l u u m i l  h um c’s’s m u i m m u s  h u i g l u i s  t n m n i e ’uh m i n i ]  d m i l m l p u ’ h ’ I I I  I m u ’o p he ’ t u e  mum s uu t ’Iu mm s n i . m l l  m y e u u e r , m l m l t t t ’ , i I  m m me ’ , c .
5m m n c e  f h u c ’rc.’ c i i ’ ‘ s u i t  i t  m i l l  m u m u r m u h m t ’ r’s c m l  h i k c ’ ’ m i t m i m u h u ’ ul  su iu ’ m u t m ’ s t ’s m o u t h  i ’ i t C l i t t ’i’l s ‘is u i m k m u m e  mum s u m m u i l m u m
l t ’ i u f  f h m e ’y u’~m n m u m m m u n u t m m m n t  t h e ’ n m m u u f m m m m l  u u u i i ’ l h u ’~ m u m , u I  ‘ s t u n n u m h m t t j i n u  , m m u i l  . m I ’ s c m  m t u i ’\ n n m u m t u m , u h I ’ s  l i h i h u u m l c l
m i m i  q u m m m l m t s  nu ’u h u m m m c ’ l u uc ’lum ’s, I I  u h i eh  m u m - i t  ‘ i ’ s i ’ s h u  I m u s e  t I l t ’ c l i c h e ’ ‘‘

~ n i l i t ’m ml n u m , m s s ’ ’ m \, u i ’ i ’ s  l m e ’re ’ e’lse’ mu m
I m u ] u m  h u m i d ’ I sc t ’u i  mm u’u i u u m p m m r m m h n l i ’ leve ’I i - i l i c m u m m h - t e ’ f e ’ u u d ’c.’ mu t t1  c’ m u t l u m m ’s n m u s u m u  ms I l i — m u n i c h  i t  t n i
I b m  m u ga lore ’.

57

—
‘ 
‘,‘~~

‘ ~~~~~~~~~~~~~~~ -— -‘ -—---
~~~.,

‘ :-
~~~~~ ..~~~ - - -~~ .— .. — _____________________



M I ( ’R O BIO I ,O (~\’ AND MARINE SCIEM’I’. Al ’ KA6OSIIIMA UNIVE RSITY

Roy M. Johnson

Locate d m i t , m l r u m c m s f  l i m e  s m m u u f l u c ’mru  u’mud cml K y o s l u t u , Jm i pmt u t , c n i l  K m u k u u  hum y . acn (ms s t ro u t Il - ic

~t c ,,’ t m ’ s e  v o l c u n t o  m c I  % , m k u r m t t i n i u m m  us f l u e ’ f a t u i t y ’ u m l  [m ’ s h i e r t e s  of ’ Ku i g o s h u m u m i m i  t l l m i vu ’ r ’ s i h v , h h u - i u m ’st’tl ru
Si’s c U J I  t h u r e ’e’ ‘story u’ u m u u u’ne ’l e ’ h u m i h u l u m u g s out i t ’ s  m i ’ i s i l  c m m u i m p t u s  m i t  su i t - i - i t’ ~i% .0 0 1  s q u t i t r u ’ nmu u ’ t u ’r ’s , the ’
t ’u ’s i m t ’ m u e ’s f m m t ’ u u h l s  e ltnr t ’ ru t l s  hu mms 17 m u u i t h u i m n i t e ]  u.’ h umt i r s . P ro f t ’ s s m m r h l m m r m  us I ) em m nm ml f l u e  f m i u ’ u u i t s  - l i t ’
will ru’tire in I~

) 77 m m utch h i m ’ s  suc’i’t ’ssit n ‘is i l l  n i t e m sf  p n ( m h m u h l y hi ’ one ci f  f l i t ’ I t ’l l  c u m m r e ’ m i h  p r ( i l u ’s sm) rs

t i ’sii e nme’’s mu ll en ’s .m ~‘il ,m s i m ’r ’’s pm og r ,mnu u h u u t  u’ \ p m l u i ’ s t c a m i  hi  m ’is ,irth u u f  I u ’n in g f l i t ’ c h u m t ’ h u m r a t e  mu ’ s well  m m ’ s
add m u g  ni u’’i’s hi i t i l c l im tg s is in pr ogn u ’’s’s.

Pn o h u ’ ’ ssu nr  l ) m u m u u ’ h m i  K m m k  i t u u i - i t m - i  I i  us ’s hucads  f l u e  n i t u c n i m h i m h u m n i s t inoup amid is p rescu t t l s  s t u i t h s  mmi g
f lue  e’co l ogiu ’ ut l ru i le ’ i i i  pug u t ’m eu ’t t cul h , uu - f e n im i  in - i  l m u m m n i n e ’ ‘ ism m t u ’m ’ s ‘ i s ’nt l u  s u m m n c  t’ n m p l u m m s u s  u m m u  p u m m p l u ’
p lgmi ie ui tu ’] sb - i t t  mu ’ s , I It ’ m t l ’ su - t  s ’ s - i t i i  Dr. I’m ii , ’ u - i  Smi katmi is c o n h i u t u i n g  work on protc iut  en zymes  of
marine hacte’ru ,m , .\ssocimute Pnimtc ’ssor ‘I o r - t b  hl i e hm t km m huemtt ls  the m arirue h mmcte m u o p iu m i g e  ‘stu ] ies
amid ‘spc’i u i thu m dc ‘is ceks mm - i f i u c ’ S i m u i t l m e  rn - i Pm u ci  1k’ last f ’m ]h m i t f en i p t i  nug f lue  i so la f i i t mi  m i t  mi i m mn i n c
ph u m gc .

l ) m ,  I hucl mikum mt loni g ‘i ’ s ut h u l)r, ‘Faiio Smt k’a tm t f r on t  I ) r ,  K a kimmioto ’s l m m b i u - t r m m l u m r~ s’s- mis ,mniio lt g I (-i

tj m ’ i m ’ s c n s m n u ’,- m i t  K,u ~ m ishismi m m sc icnti ’,ts ‘stsun ’i~ the Univ c r ’ s m t y- ’s second imm r gcs l  s i i up ,  the
Kt ’ m t u ’u i —m aru , f u r  f lue  f ’m ml h c r u m u s t ’ in f l u e  G umm u mi  umru ’, m. l’hie K e i f e n — n i a n t . m i p p r o x i m a t e l s  % ~4 tou t s

mu n i c h 40 t iue te r s  I c .mu ig,  took I t s  n mi mm m e l e uu  cr u mist’  to Los , \ i u g u ’I c ’’s i i i  I p 75 ,  ‘I ’h te I, n tvu ’n st  Is  also hu mus
t h u  s c u m  s e a r  u t i d  N m m i u ’ s u’ m —uuimt r t m ‘u n i t ’ I~

) m u te f e r s  k - i ng  antI 70 touts mmmiii  t i l t ’ o h uher  Ka g oshuumn um—
mit aru wh ic h is 103% l i m I t s  m u m ]  ( - tO,5  m u u c t u ’rs l om i g , Al l  t h ree sh ups m m md ’ uu su ’ch u rn a regular  r o h u m f i t i g
hmt s is  fo r  t h e  t r a i n u i n g  imt  s im , mden h ’ s  in mil l  mm s h i u ’ u’fs of f i s h eries .

h’r m f ’u’ssm u r I u’m cui m sum k m t t m t s m i  umia hiu ’ , u i l s  thue  hi ou ’h - i enumsh  my gn u Up mmu i el us t’mm mru ’ru ils unm vo l’s’ecl in
f l i t ’ i s m m h m t f u m m m u  m u mi c h  i c lu ’ nuti hum ,,

’ u itii mn u n t stc ’ru m i cl s uts s m mc , ’ immtee l  se ’it hi nutm mn iu ’m u’ p r i m t l u t ’ h u o m t  minuet  ( b u m u t h i l s  -

A ssu i t ’umi t t ’ l m u m f e ’’ssu mr M u m n c ’i m % , u n u m e s h m i n i u m m  is s h u m d y ’ i i i m ’  f l ue  m mu i i imi i  mid] n u m l n i t i o n u m t I  rt ’u l u u r e u m u u ’n i t ’ s  of ’
s hu r iu t ’tp .

A ssum u,’ i m m t e  P rumf ’u’s’su m r ,- \ k i o  K u m n u m i i m i s c , m h uemuth ’ s  t Ime  u m n g m m l u u c  c h m c m u ’i u s m r s  g roump s h u u i l v m n i g  f l i t ’
ch ie ru m n sf  my of ‘st eno l ’s f ’nm iu u u u i mu n mm u u ’ ‘ sum um mt - u’s ,

I hue ’ fm mu . , i I i t it ’s a v m m i l a h h e  t i m f l u e ’ l i s i u u ’ m mu ’’s gnmt ump mire ’ c’ ui l mmi uuce ch by m mii  i n f ’i - i n m u u mul  r e l m m t t c m r u s h m i p
w it hu t l u c ’ nm u e ’eh ic  ~t l Immu t i l t s  hiou se] oni a ‘su’para fe emi uttpus sv tt h u contphefec l h i ums uc ‘st’ u u ’l i c ’t’s a mid
c.hi it ~~jl ru ’st’arclu h m u i k h i m m gs j u st t w i n  vt ’mtms m m l t l .  I m u c f i ’ ssum m Ih i rmiu R t  hm e ati s  a gr cntp mit f l u e  u u m e ’t i u c ’ m ml
sc hool ‘st muds - m u g  ‘ i i  r u m  m u m ’ s  u t s l t u ’u t ’ s  of ’ m m nm mme ’r u - i h n t ’ h m u c tc ’nia , ‘I ’ hi e ’ t hoc tona te  i i i  n t u i t ’no h t o h u m g s  m ’ s
m u f f i- red h - i y ’ the mcel ic’ m t h ‘sc’ ht ool I m ic ’u it s ’ .

()iu tIme ’ ru iai mu I ‘ n i m v e r s i t v  u’ m t u m i p u m s  .- \ssc m u ’ u u m h u ’ P n i m t ’e ’ s s u m n  S h u i n u m  I l i g m t s b u i  t emmc ’i he ’s g e u m u ’ n m i l
hac’te’rm c . m k cm ,’v mimic ]  mu t o lecu la r  h u o h m g s  I i i ’ s  re ’’se’mmm c ’h m i m m m s  m m i v m m h s ’ c’t h t Ime ’ u m l ’ s ’u m ’ sm s’ u’ n t u c ’cl u a n t usu tu  c - il ’
RI, i:u,bn~,n ‘ s l i d’ , mu ’s mmmi ]  l ie us u’urre ’uu l Is’ ‘st i t ch y  m u i g  thuc’ pnc’se n’ v m m t m v t ’ ( m m m i i  i u tu i u ’ r u - cb t m ml  1 m m. t m ’ s  i t  ic’s u - i t ’

s~ vt ’r, mh p1 mm u t l  cx 1 m m , ,  h ’ s .

58



l ’hu e ’ e u m l i r e  m u t t i t u c l e  u u f  t h e  i mu mt ’ n m m h m m m l  mm ui t l  n i imm n inuc’  s c i e n c e  t m u u ’ u m l hv  at t h u d ’ t J i u i ’ i u ’ r s m l y ’  i s m u m - i c
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‘I’F’I’RAPODS, I(~I,OOh~, -t \ I) I l IE (‘O -t~ I OI’ J tI’ tN

II. J. %%a lkt ’ r

IN I R0 I ) (  ( I ION

I n I - i m n m , ‘ s c u m  un  m i t - a t b u r e e ’ t t u m t u ,’’s t i u m u l  it I u i m u u ’ s u , m m u , m  m i m I  s t r l m u , t l l y  t u e  ~ m i m t c ’ mu ’ s \ 1- m m i t , u u , m  h u m m s
t’ n c , m ’ s t h u m m c ’ l l m m t h  m s 3 l . 3 ” , k i u i  lt mug . I I m u ’ s  Iu ’ u i g t h m  u u l u u ’ i  m u t t ’s , m s. m l u m c ’ m l c d l i ’ k m u m  t i m  e’ ,t c ’II  14 k m m u —

c u t  ,u i ’ , ’ ,n ‘ic hm u~ hi u’-~ u’\ti ’h i ti u m lt , uils tmu ’ s u m i~th ’cl c’. N m - imu e’mi me ’h c ’’s’s. - ‘
~ 

u l , m t i c c t u  n I t  m u s u t ,  i ’ s  scm grc ’ , i t
i2~ 5 ku i u 2 i t ii umt emmc h u k m h m i u n u ’ m e n  u - i l c t m , u s i l u m i t ’ i’s s h m m u m e ’tl h5 m uc ’,m nh s 1 11 )1 1 pe ’ m u h m h c ’ , i i ’ , ,  u ’ .mt ’hu
i d ’u su mn h um ’s , m tm mf m t l m i t . ‘, “ u’i i t  ( ( m m  10 u l i n . t iu ’ s I  u t ‘si m ul ,,’ , I l i u m ’ s , i f  al l  c m l  t h i u ’  pt ’u m p ) e ’ u t  Jm m pm m um
l t f l u ’ uI  u p  ‘ s u u l , ,’ m y  ‘ s I c l u ’ f l u e s  u’m m u n h c i  I m mm i mm n l u u u u h i h c ’ ‘is i i i  , m n u m m u i i c l  , t i h  c u l  J~m p m iuu.

‘m u ch mm l I n e u p  s ’ s m m u m h m l  h - i t’ ‘ i F S  ~b it t u ~ t uht , um f ’ u u u i t i ’ ’se’ , l iu ’L’ , tu i s i ’ t i l t ’ u u m , m s b  u c t  ,J m p m u i  is I m i e l d s
‘i , m n n t ’ cI , lus  h i c , , n m u \  I- i l mt t’’s’s h u l l ’ s  mind u m ’i m - i m u l i t u i i m ’u ’s mist ’ t h i r c ’u’tls’ c rn t  ~

‘ t h i u ’ ‘ scum,  Pi - n i m u s u u l m u s  mu n i ch  s n m . m i i
u ’ s I m m n u c h ’ s  ‘ s u c h  m ’ s  j i m  l I m e  c’ uilhumn t ’ci—pc ,mnl ,mrt ’ , m m l  l im e  % h i i m u ’ umm I’c u t in i ’  , - ,t n u’ n u m m m u u ’nomm ’ . Sonmu ’ t u u , m s t ’ s
mi,, ’ s u n l c m m m u m c :  c t t h m e i ’ s  mi r e  C m i  t h m h u m , i k e  1- i ru - t n c m u rie l  e \ h u ’ i m ’ s u v c  u ’ u m m t h i c , , m L t ’ - mi u ’nt ’ i , m t e c i  l m m n e i ’ s l i c l e s  , m r u ’

n u c l t i t i c ’ u m t t m i u l u u i i ,  ‘Fl ue - m u ’ m i t ’ m t i m e m  e u  ‘. m ’ s l ’ s  l i i i , ,  u s e r , s c ’ Iu ut ’ im ~um u ’ h u sc’ u ‘ s o i l t u’ t m m t ’ s i ’ iu mn g hem mchm e ’’s.
ni l Iue ’rs hum ’ s  u’ sumni el I mtn ’ s munmut  m u m  ‘s,m n cl  n h u m n i u ’’s , m u d  s t i l l  m i t  l i en ’ s  h i m t v u ’ m m b r m m ’ s u u - t i - t  j~ b u l  I u m i n t ’ s , ( ‘ m m m mi  r,, ’ ,,- i  ‘s
u c u c m m n  imu t h u  ‘ s o u t h  m m m i ]  l u m m i o u m t t ’ s  t i c ’ u’ u c n u u m m m n m  m m l c m u m g  h u m u s  c’mum is t ’ s. Sun iu~’ l,m mi umc u n ’ s, s i u c h u  m ’ s
I I . m c h m u m u c c m u t m i  m u  m u c m r t h u e ’n mu I h c m u i s t m t i  I I mc , I I , m m m ’ s ’ s’ i m e , , ’ i - t  ru’ch m ume c l . I ’ u - i r u ’ ne m i v  I h , i t l m i u m ’ , u l , m  i . i C m u u m l t
‘s’s i s  t itt ’ st’ u i m n cl ii  r’s’i ’sl I mmu u t y u it ‘is mi u i  m u m J m m t , m u u , h u m  I ci m i n n i e  t h e  I 0( - i t. ) ’’s n i i t i u ..’i m i i i  i t  ‘s’s .1’ . f ’i l lu ’cl mn - i
n c r u li ’r t u  u m mit ’ne’,m ’sc’ flit ’ u. u m i n i m  rs ‘s mit - u’ p roduct  ionu ,

\ t , m n m i u e  gu ’n m ..’ n m u f t ’ uJ  t ’ i i ,m ’ s t a l  ~‘m i  ca t  i’sst ’s mm m d’ u’ q u m , i l l s  ~m ’ s ‘s , i i t u ’ u i , I i t u ’y m n u u ,.’ l u i u .Ic’ u’ n u u s u m u u u  hs i c e ’ t u l
t i l t ’ ‘- i m u m u , ’ m i t  i i m u ’ Smi’ , n u t  ( ) i m k u u l s k  in h h m m k k m m m t h u c , i my  n mm o mm ’ sc m m u i  g cnu ’r m m h c d  s’s- i s i s  i n u  l i l t ’ ~,‘ u u , i ’ s f  n u t ’

t i m e  St -a u t  J~tpm uut , i n t l  b - i s 5 ph i- ion m mmc l  f s u u n m m n i t t  ge n uu ’nu ut u ’uI ‘i’i’,m ’ iu’’s ,miti u sg utcu c l i  c m t ’ t he P ,uciiu ,,

‘si i m m m t ’ h m m t e ’, - \ h l  I t i m u m g b u  i’\pOsd’ c h e’ u m is t ’s mint ’ ht ’ i t g h i m v  mmm i ]  hu ’mt r f l u e  h m t m m i t  n i t  ‘iS n ’ t ’s ‘s’s i u i u ’ hi  f ’ru ’ q m u t ’ mt f l
u . n ’ s , ,  an u ’ x h n e m u u c ’ls lo nug  i t - m u - l u ,  t i ut ’me’ m n ’  i m u , t i i y  n e l m m l u ’ i t’ls  pri m f e c t e e l  h m m u u c u u m , m is ’ , mmm iii ‘s- .m (mm ’s in

f lit ’ I i u l m t i u d  St - u  I t u i s I s

I I t t ’ I t c h  t b i . t t  t I me t m n m m ’ s t s  c i i  J i j i m m t i  mire ’ i n u i h m u u r h , u l m f  m i  f l i t ’ i l ’ s u’ ’s m i t  time h i I i .m b i c ’su ’ pu ’t - i ph c  is
‘is cli k n mm c m -  im , ( ‘ , u s h  , u I I u’4 m t uS ! l m . m ’ s been trm mm .l mIm i u u l , m  I . uuuu j  pn’ c cs~-i en’ i um ’ s  mun i c h  I m s h u m n t c  ‘ i i  il .m eu ’ ’s ~hmt tis n.’
u c  ‘ . m ’ s l ,  ( m,m ~ m . t l  ,, , i f c ’iuc , ’’s . h u u u s s u ,’ ’ i i ’n , l ime - u’ ne’t - e’ u i t l y  m I t t  rt ’ ,u ’si ’d 1 m m m m l l s  ht ’c m i uu ’ s e’ i t t  l m m c ’ m t l  u m ’ i t’n I u s i u i m m g

m u u m ch h - i , m l h h s  h mt ’d a l m ’ s t ’ l m u m i i i y  t i s lu mint ’ m m c ’s’s Iic ’ i u u mi c’ mt u i g l m l  m u  clec ’p ‘i’s m m l u ’n ’s h u’ l u mt ’ f l u e s  mt ’ mmc hm f l i t ’
u m m m m ’ s f ,  ~ n u u t l m c ’r u t m i p u ’ n t . n m m t  I i i  l i i i  us f l i t ’ t i h  nt ’ .l si’ iii po h l u t i c i n i  m i t  u ’ u m ,m ’s I m m I  ‘s’s , m m u ’r ’s , l m m h l t m l m u m m t  h u m u s
f i n u m ’ ’ i u ssc ’ u f  I n  u smi t h  m i n i  c’’s t e ’ u m f  I b u m I  t l u t ’ t’ u m l t u m m c d — p e m m r l  inchcm ’ -. I r v  is ‘ s u l f t ’ m m i m ~~ . NouteIImn. ’hu ’ss, t h e
e_’ m m m u ’ s f i I r I e  mind m t ’ s  n m u n u m c ’ u u c u u s  I m m u ’s ‘s m m m d  h u m m r b m u r ’ s  is sh i l l  i n m u p i t r l m m n t  f ’e mr m t ’ s  , m h u m t m e h m m n t f  h t i u t I ~
ne ’ s m m u m r u - e’ ’s , l i m i t  m u m , 1 1 m m  i u ’ , i ’ s I i l L ’  i t fcu u t u o n us h-it’u t tg gmvcnu f l i t ’ elt ’vt ’ i u u h m n m l c m m (  i t t  m m u h t m m l t ’u l t u m u ’ a
l, m m ,’i ii u m u m I  m u mmu l d c  u , m s t , m t  d’m t t e ’ r I ’ c n l ’ s t’ .

hu m m t m l c h u f m m m n m , J,m h - t .ml t m ’s cnnu e ’ m l  f l u e ’ ee u or leI ’s lc ’ m m t h u m - i g  i n t t u i s t m i m u h  t i m t f b ø i i 5 , i iu i ’ ss e’vc. ’n . i t  eh i t ’I ’i ’ t s
t h u  l i t  u n m m m ’ s l  u I  t i m e ’ r u s t  c c l  t I m e ’ t m u n h u i s t n t m m l  ni m i t u i n i ’ s  l i t  t b t m u t  uI ’ s in i c hm i s tm v m ’ s h i mm ’ se’uI um ln u i mst e’ii finu ’ly’

m l i i  mm u n h I t c h  t e c h  n , m ’ i ’ s  n u m m m t c ’ n m , u h s . 1 h lu ’ ’se’ nna t~’ n u m m h ’ s , i ) uu c c  u ’ m m n u s ’ t’r hee l iuu to  n t i a m u u u f m u c ’ l u r e ’cl tiu m u m t l ’ s , m m d ’

u ’ ’c p u  c h i t - m i .  ~1ii ”.t l. m n l m - m u u u l i m s t r t , m I  c c m n m t i - i I e ’\t ’s mir e  h i ) cm i t e’ch in - i  t I m e  h i m s c ’ I m i u t d  m u I u - i n n g  e’ c t u t ’ s l s  m u n c h
n ’ s I m e ’ t i d l y’ a l c mu u g m u  i s I s  i m n u  ( h i t ’ ,, u u l ’ I l l  u s ’s P m u i u f  i i  ‘ s t i l t ’ where  tl ~ ’ b u s t  h u m m r h m u m n m , mire t’ounc h .
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‘1 it t ’ I - i u l~ ~m , , . m I  u i , m t u m u ’ c’ u I  t h e  i , m u m t t . mm I m ’ s i m m u i g  t e l  m i i i , m m m c i  m mmi m m i c l u m ’ s l n u m m h  c’ t i ip lm ~m ’ sm ’ s  h u a s e
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(It I b m u ’ ~ 1 , 3~ ’u 2  k i m u  cc u m m ’ s m i m n u’ , I t  l u m ’ s  t m u ’ u ’n m , m i i m u l m t f u’el t h , m t l 5 , ( i 2 I i  k it - i m u m  4 7  i~ n u u ’u’cI ’ s
p r i m f c ’ u’ t u u u l u  u t f  s u i n u u e  k i u i c b  ( I  m ’ s . 2 1  m u l ch h u t  I I t ’ c  ‘ s m m i f u,’m s t n u c m i u  ‘su’ ’ s i ’r u ’ u ’ n m s m m u m u  i i  mi , I i . i l u m ’ s
I ‘~, ( i 2 ( )  k m  i’s uunclc ’r f l i t ’ c n u n f r n t h i - i t ’ t h m n u ’u’ \ t i u u i s t . ’mu e s  m u l m i u m i u m g h u  m u  u t t ’ f m m . m h i t y  u u i u i u , 12 . ~ k u m i
: , m ’ s t ’ hec ’ u i  u m t t t t m , m i l s ’  .ms sigii t’ch ti ‘ . 21 .  - \ h i t t l u ’ m i s e r  l u u m l h  (% , l l ~’d i  k n i t  I h u m ’ s  s m m n i t ’ p r o I~ ’ i ’ t I m m l m  m l

i i ’ s’ st ’u t f , i . e . ,  m m l i i ’ e l u m m m u ’ t u ’n u i t h u ’ u u , i s t l j l i i ’ i i  i m i p u m n  ht ml ’ s  u i ’ ,, ’ i i  ui mmm ch i f ’ie] i n n  s u n i u i t ’ ,‘“ s t t ’ m m f  by  n i u m m r u .

I l i t ’ t u n e  \ l m i m i ’ s t t’ r m u ’’s t h u . mh c ’ u c n ’m f m m m l  t h e ’ m n m i l t ’ e t m u m n  u ’ I t m m r h ’ s  , m l c ii mi f l i t ’ n _ m i s t  n i  J m i i m m m n  i r e
t H u u ’st ’ c m l  ( ‘ u t u i s l i i u i  I l i u m , \ ‘ u m n ’ t t l t m m i ’ s ’ m i n t ] I u c r , , ’ ’ s t r \  . in i ] I l ’ , m i u l - i n - i r t m u i um m m m  ( I  m e , ~ I. I mmcl i  humus
i . ’~~fl’ , s I m m l i l s  t n u n  I e m n C l I i S  s l t n u r e ’ . ‘ii m l i i  t l u e  I m u i u u ’ t ” s h t i t ’ i u i i i ~~in ’s ’  I n n  f l i t ’ ( ‘ m u m m s l m i m e h i m m n  N i m i s I r s  -

N e , m r i s ’  l m m m i i  n i l  h u e ’ sb m u c n t ’I u l l t ’ m ie ’cc lu um n ,y h t m l  n m - i f  ‘s ,,‘t p r c - t t e u  t e t h , m ’ s  mm dci’ i t s  n t m n i s c h u u ’ t i c - i n ,

I n  nu ’c’en l 5 u ’ mt r s  l i m e ’ imiu ’n i ’ mm ’ s u ’ n i i m m u m n m u t ’s 1 m m -  t m , m ’ s l m m l  h - i n m m f ’ , ’ ,, t i m - t n  b u s  b - i~’u ’it rm ip ie l ,  hi - i  i S  s u ’ : m m ’ s
f l i t ’ , m n i m  mi n t  b u m ’s i n -  m u s t ’] e u g l m n  t u m m i e s  m m m i i  i l l  I i m l h i u n ’m u’n m um b u l I m I  10 ‘‘ ( n , I I’c m l I i u - i : i  in 1~~I ” ( m
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\ i m i m u u u u C i m  - n i n_ n i . m ’ s t ’s t i e  c u u i l t i t i 0 t i  m u m  J m t p m t m t .  o m u l s  ru’eem t i s  b i u m s u ’ f l i t ’s b m i’gun  tc  m u l t r u i c t

‘sc ut ’ iu t lm , m u b i ’ u u l m u n u i ,  m u m  . m t l e u u h i m m n t  h u t  l i , m ’ s  ru ’ s u m h t e ’cl I n c - i n - i t  t l u u’ ,, m nil ’ s t h ’m tu,’ fli m mu n i t  s u m _ n u t ’ h i u e l m s ’ s mm s ‘s

,m u m t l  , m t u c u i i i c  n m m ’ i s ,, ’r s t , u f t u u i l s , l n n i u ’ ,,’ n .l . si mm - i - ic’ c c l  n u t ’ c ’ r u m s l n u m u — p m n u l l m ’ ‘ l u l l s , d’sli d’u’ l, i bls tbi u i ’ si’ m t c h t , m , , ’ u ’ iu t
r m m u h r u m mtl ’ s  m m mc i  i u u n , t b s’s , m s s  m m m c m ’ s ’ s  l - i m m h i ’ c’ t i ’ u i  h i s  , m n t u i i c i m t h  u m u ’ s t ’ n u h u g ’ s . i > r u m ’mr to  such , m m ’ s t hu u ’f i u ’

. i l i n b  t ’ u uu ’nii y re ’h m m l c ’d i n f e ’rt ’ ’ s m , m i t e  s e ’ s e n u’ u ’ m u t ’ s i m m h t  h l m u m h  i t u ’ u ’ l t l s  u t h u n t i m i  d u l l  u’ u t u m ’ s t ’s  ‘ s ’ s , i s  u - i l  l u f l I c ’
t ’ c m m l i t ’ l l m , I l m u s i i . i l i  m u t e ’ s  , u h u u u i e  n u m m m i ’ s  c h i l i  t ’ u - t , m ’ s t ’ s  u , m u u g u ’ t i m cm ’ i ’ u ’n ’ 2 ru m y’t’m m n ‘ivill t m ’ , m l u ’s tle’pt’n ehi n n’

n m u m m m m m l ’s n m m u  r u t k s l r u ’ m ’ t i n  , u i l u t  5’s’m m ’ i ’ u ’ e m m u ’rt ’ s . Y~ bm u ’mc ’ mu ’ s f l u e ’ he’ mit ’ l m i ’ s u m l c u m u g  ‘s, t n t l y  u m n , i s l s  c’ m tnm he
ru ’ s m n u u e m t  m s  u n t m f u t u , m l  u-ictu r i ’ si u nmtu ’ui t ‘ s s m t h t  ‘ s u c l i l u’ ‘ s m m c ’ t’ u’’s’s, u’l m i t ’ s , m i l i e u ’ u’mu mt l u ’nh , m m n u ’ m ’ n n i i t ’ . m h u d t  c’ m m h t

h l , i l t l l y ’  i - i t’ n t  i m n n u ’u l h u m  h l u u ’ u r  u u i u g m n u a l  ‘ s h i f t ’ ,
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S m ui m s m e hci m c’c’ hegmu ni to ru’ e’ u’ m s u ’ su ’ m m c m u u ’ s  m m t h e ’ m m h i u t l l  m m i i i ’ s  m u ’t ’ u ’ m i I I  m t J m m h i m m u , l u s h  ui ’ s mu t h i c ’
I ~n t i t t ’ il S h m m t u ’s , l i t  , h . i ~ m . m i m  i f  m m m l  I me ’m,’ u m u m c’ m i nu  i n n m b m n i l l  t n t  p n m - t h i l u’ t uu  I m u ’ i i t i ’ c’ ~ curl ]  Vu mn I I  hmc ’t’m m u m ’ s i ’ m t
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u i t u i  m m r  u t m m i ’ u u , m I  t m ’ s , u’sl- iu’m,.’i mthh s lb mm i t  m m ’ s ’ smmu’i, mt t ’ch ‘ s s i h l m  t i l t ’ u n i m h u u s h m m m t l  , m m e m u ’ s  u n - i  (,. ) ‘— . m l s , i , I u i k ’ s u ’u ,

N , t t ’ c i ~ m , m m nt t h N i mm ’ . mt m u , nu’sc mhf cn h i i i  n u u u i c h i  ‘ s u n i - i s u u l t’mie ’ c ’ , I n  m i l l  m l ’ f l u t i s t ’ u n f i t ’s f l u e n t ’ u t ’ lit - is ’ s l,tm ’gc ’

t r i m ’ - c c l  hut ch h mu ’I c m ’ s ’ s f b i ’ ‘‘ id i - n u t t i e r  h i mue ’ ’’ I i ’ s  t i m e  Ju ipuiu m es u ’ u t t e r  1cm t h u c i m  u m i m n u — n u m u r u u c ’  I m mnu c l
I m n t ’’st ’ii t i s  s l l u u u m l u ’ nl I m e l m u ’ s ’ s  ‘ s u m  lc’’s’e l I . ‘ I ’ hu u ’ , m n u ’ mm s m n ’ s m u h ’ s u’ i l mint ’ ‘ s m i m m i m l e ’ , t h e ’ h m m m et ’ sm m u  \ .m m ! u m s
‘ i c - l u c r e’ m m s u ’m 2( 1( 1 k u i u 2 i i i ’ I t t ’ l m c ’ i ’ s  ‘u ’ . m lc ’’s e i .  I h u e  r u t h ’  u m l ’ e”ip~m i l s u u m u t  m c i  ‘ su u h s id h u ’e l m m c m ’ s m m ’ s  , m I ’ s u m
bcu ’tt l , m l m i u i  n i ’ , ,  m i t  I ’o kv u n  t i m u ’ i er c n - u m u t ’ le ’r u e m ’ u m m m u  u m u c n i ’ mmsu ’ uh I n m u m u i  35 .2 k n i i 2 m u m  l c t c l l  t i c  o h  .5
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I ) ‘ -, , m b  m m p r c m u ’ i  he ’s an m n u l e r m ’ ’ s h m i l n , t ne l  u m m l u m u m i m m m t u s ’ u ’ u ’” s m i i t p l t ’ m i t  c’ I u m m u u g e ’ mm ‘ s u m b i s m c h e ’ m u c ’ e’ n’ . m t e’ ’s
‘ i ’ s u h i u  u’ i m . m m u g m i m g  u u n i l ( h i t  m m i i i ’ s , ( )n t ’ h u u t u u u l n , , ’d S c  n ’ s  m m u ’ u m  l i m e ’ e’m m , m ’ s I m m I  p a r t  um l ()s,mk mm ‘ i ’ s . m ’ s  um se i l I u c u  ric’c’
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t’u m l f u ’ s , m m m c m n ,  Re’t ’is u ’ u’m t V~V~ I , t i i n !  V~’uA I I  n c i i u ’ I i  - of ’ liii ’ s mmre ’mi ‘is i s  u’u - t n m ’ s i’rteeh m hi hu m  m m h flm us ’s Is’m ’
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l ) u n m n u g  \~ Vu I I , I m u m ’ s s i ’’se ’r , t h e ’ f . m d t n u n i u ’s ‘s su’ru ’ th i ’ ’-, h i n y  i’ m ! , u,’ r n u u m u m t l  ‘s’i ,~~ei c u m h u s u m i m p t u u t u u  elecre msu ’ cl .
i i i]  s um i i s mc i u ’ mm c e  i u ’ , i ’sc’ c I .  ,- \ f  i t r  t i m e  ‘ s ’ s . u n  , m m i d u m s t r u m m l  ehe ’ i u’ b u m h i uu uc ’ mit  ‘s’i m m ’ s m e u m m i u i , n t u ’n I , m l  nmi , m n u u .l ‘s’s , m t u ’n

i i u i l ’ s i t m m t p f t u u n t  , m u m , u u u u  u n e m u ’ , m ’ si -d , m u l t I  s u b m s u i l e u m c u ’ ht ’ n , , m i m  m u l t i’s - ‘ I ’ h mu ’ s  u m u m u c l u l u u c n  um m m i t u u i m i i ’J tm n t t i h  i b m
I u ) ( ~ (~ ’5 ‘ i s - b uemu l m u ’ s s s ‘s ’s ’ s’ i u ’ u’ n u , n c t c’d n ’ s ’ ’ s Im Ii h u g  g n m m u u u m u h ’ s s , m t e’r m i s t i m e  h u ’ s u l f i l m u e  in ‘sl u t  l i i . m i m o m m  c m l  t h e ’

i m t n u c l  s m u u  t u t u ’ ,

S u b ’ s m n l m ’n u t ’ , m g m e l . m ’ s , i h t ’ i l  n t i s , m s f t ’ i s  un - i  t h e ’ p mm ’ sl  m u m  l i t , t i i 5  I m - t c ,m him m mus i m i  J m i p m m m i .  \ I v I - i l h u m u - i n u  m u
I u ~~~I t ’ s , m s  mt ’’sp m u u i s m b - l c  f u r  I u u ’,~’i \  t l u t n m t h i u u g m u  N ,i~ m n s , m . t i u u c u m l l l l :  ‘ishuiu ’hi k mthu ’cI i i u u u n u ’ t h i u m h u  5 11 ( 11 )

peimpl e . \luchu cab t h us m l u ’ s m m s t c ’ r u i u’ n m u r i u ’ t l iii  f l i t ’ tu ’ m u m ’ n m m u ’I t ’b m ep ummn t, I t t  N muga h m , i t  ‘i’i a ’s mt sm_ s u r e ’
ear th uq u mm i ke in - i i l ( i  I t h um t hn c - tm m g hu l ,ih ouut ti - i o u h m umme i i i  t i m e  s i m b i s i d c u l  . i r m _ ’a, l htcst’ t ’s ’i m i  t h i ’ s.mst t ’r’s It ’d
to f l i t ’ ,,‘ u i n ’ s h r t u c t m o u i  n i l  su ’,m ’ s ’ i mm I l ’ s l i m i t  u m u t h y  t n t  N , m m _ ’ u u m, .i m o uth N u u m e , m t . m  b m u m t  , m b ’ s u u  in l m m k y ’ n m , ( ) ‘sm m k , i ,
.m iu c l  m u m  b i t  1 mm r i m ’ s ‘is Iu u ’me’ suhs ic le mu c u ’ l m . m  hu’eu m se’vu ’m t ’ ,

SI -‘ %% A LLS

In all  c i a s f a l  ane ’ ,m ’ s ‘is mu -ru ’ s u h s m i l e n c c  btm i s hu ’e’n s e ’s  i n c  lu ’ru ni t m s ‘sc ,m ss m t l h s  m i s c  been
ccm m i ’ s t n u i c f e u l , lite lced , h u t  re t m u i n m u i g  ‘s’s-m i l l  o f ’ w h t e h i  t ime  si ’ , mn. ’ s , m l b  us mm t m t , u t  l i l t ’ ‘i ’t ’ r s i o u m  i ’s n i b - i t ’ of
t h e  most t u m m u ’ s h i u u’ u m u u t m ’ s  a n n l  ‘s’s u i l u ’sprt’mtt l  .m n t u l ’i t ’ m ml t ’o m n m i s  t m m  he sec u m nmt ’. m r  ‘s’s n t ’ s -n  mi ,I, m b n ,m mi

\ n h u h m e - m m m i  lu ’ s e u ’ s , Ic ur t ’ ”s an l t i m l e , h m m n u l c r  m m u m , us t  r i ’se’m’s ‘i’s’ h u e n u ’, u s  st’,i ’s ’s . m h I s  . ini ’ l n m u m i u u l  , m h u i m - ,’ n i , mnm s
loss —Is rug u u u ,i s l ’s . Sn u i u l e  ‘it’m m ’ in.,mil s are ‘ i u ’r~ mml i ]  munich m u u , m m t y  n t t ’ s l m l , t \  st ’’s’ u ’r m m l s f , u g c ’’s Ii  f h e ’ m r
ulu ’’it’i um p i u mt ’u m t - I ht ’ n g i u t c ’ n u i u m i  m m mcl w’i d c u u m n g  su’um ’ c’i’ m mI I ’ s m i l u m u i g  ‘in l i m e  u’ m n , t ’ s I ’ s  mm p pe ’ mm r ’s 1 c m  he m m m i  m m h m m t u m s t
t m m i t f l l i t l o t i s  u’ l t u rt , \ I m n u i t m  s m m u f l t ’ siu unu’ Im mi e s , e \pu ’ eimII y ’ th m -tsu ’ ‘ i ’ s l m , ,- r ,,’ l ’s i u b i m u i m m i  ‘is , i ’ s i’’s i re  h k u ’l y 1 m m

he mmn. t’e’ n mtum , m i t ’ uI , ‘su’,m ’ s ’ s ,mll s mire I mm u n e  h i t m m m u  I S  rum l u i g h t . \ h  u m h hc’ r I c u t ’ , i t m m m m m ’ s  st - mis ’ s m i l l ’ s  mmut ’ n (mm _’ ‘is tb
nm se ’n u i m m m m m f h  nt ’ t i i m t i r - i t’ ‘i’s u l I s  , t i l m f  m i t  t h e s e  I n t u ’ m m t i i - t n ’ s  su ’F’s’u’ l i i i ’ t h o u m h - i h c  p c i r h - i m t s u ’ c ml pmu ’’s t ’ l i f i u ’mie
t ’ i i c - nn m ,m c h t n m e i i t  n u t ’ t i l e ’ su m m u n i c h  u m i u m t n m l l h m i i g  ru ’ s ’u’m l i n u s’s ,
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l ’ r u tnuu  f l i t ’ ‘ s l m t n - i d l b m u  m u m i t  u m l  i i i ’ s ’ s  ml l i fe  mtnt d  F r ~~b - i u ’ m I s  t i m e  m t ’ t m m m u t i f l g  ‘is mi l l  u ’s t u m i d c n m h i l u ’c I I s  f l i t ’
hu i u i s h  iu mu pm - t mf . m i u l um t fIle ’ r m u . u n u — m m i , u d e  e n i , ms t , t l  m m m c i ’  , if ’iu,’mtti nmuis . “s, m uui t ’t hui ’h i ’ss , u mr , , ’ , mt  , mu ui i u u u m t s  u m l

i l l u m b l e ’S , t u m m u e ’ , , m n u n l  ~,c iu i l t t t u c ’ u ’ l l n m i t  h u m m ’ i t ’ b i u ’u’ u u t’xI-ic’u - iil t’cl in , m t f c u t t I m I l l u ~ I i i  ,,‘ u i m i t i n m l  Im e mic lt ,,‘ l n m ’ s t n m l

m c i  t e t t t unuc ” s t m- i e u m nm eu ’nl ‘m’s h I m  t i m e ’ ehu ’vu ’l m m p m - i t e m m t  c - if  mt ’ f m i i n i u i m m m ‘s’s m m I I ’ s ,

S , u u u u l  n c m u t m m ’ i - m m l  f n c c m n u  n, u u , t ’ s h ’ s  i ’s a i m m l u u n m t h I m r m m i  i ’s ’s, m t i m d  hi m ’ s h u ’eu u ‘ s l I i t’t’ t I m e  ‘s t u l l ’ ’ s t m m u m c l  u m i  s u m
leve l  es’mis m ’ ’ , iu ’ I u u ’ ci s c u m u m u ’ ,00t ) 4  ‘, u ’ m m u s  m u g o , I h m m ’ i ’ s u ’vt ’n , i t h m , i s  I - i t’i’ u m n i t e  , m g ni nmt ’ i , m t c n h  . m I u ’m umg u u i ~t n m s
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I h ut ’ , u l u m r u n g 1 175 Vu - , i i  c n  u m u m p l t ’ fu .eI hil u ’’st’ ‘I ‘s’s .]i’s ‘ i ’ s - u i !  -ic n i R l  I i i i  i i i  u- n mutul ’ i i ti t’ch i n _ ’ n m ~’ I h .

I b u t ’ p r m c ’ s p e’e l ’ s  mm l i i  d i t l i ’ s t i t m t t t u m l i  u - i t  u m t h i c i  ‘ s I r u m e f u m l u’s m l l i i i ’ s  I s pu , u u e  : \ t ’ t ’ h l u ’ i I I .  I h e ’ u g l m u u m ’s
iu i , m i u m n  , m ” . ’.t ’ l  m ’ s t i l t ’ u u h m m , t u c t i ’ s  ( c u l t ’ c u t  t’ l t t ’ l L \  t t ’ d i t i i ’ l n u c i  l u m c s ’ s ’ t ’’ i ’I’ , m m i m n  l b t m - m  b i u’ nu ’ i l l i- . t iu. m l ml nic’u’ts

l I l t ’ t ,,’i’c’ !lI il c uu m mmmii t m  i m m l , i i u  t i u , m t  u m u , m n m — u m u a n h i ’ s t u ’ m u u t m m m e ’’s mmh ’ s m ‘ ‘hu t’ u i  i u , t m n u l c u i l s  ‘ i s ’ u t i u  l i , i l m u l _ ,’ . m i i n u

t i l t ’ t’ I i ’ s  i b m  n i l  u u m c ’ u i l
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s I - l’~~ ‘s 1 , 1  I
~~~1 I I  ~L ‘Bl~ f I I—k ~~~!’.I I \~ l i l t  I 11

~1nrI )n ~, Ber lin

I i t ’ \ l i t s u m h i s h m u — K , u ’ s t’i I n s t u t m u t e ’ u i  I I t m ’ S u l c u i u ’e’’s i m t i g i u h  a f t m m m c , ’t a h , , ’ , i s n m i i , i h i i ’ m i n u t u m m u n l h  i l l

i l l m u u l l u m i u  umu t h e ’ t t i m l e u i  ‘~l m m l e ’’s , i m I  i t  us mm m m m u ’ u h \ - , un ie he ’u’ uh . u n u  m u l m n m i n u _ m i ’ u , mum ,J, m l n , m bu, I sI.ub u hi s ile ’ul I i i

I h - i ’ s  h I l t ’ \ l u h s u m l u u s i u m  ( i u e n u ’u i e ’. u b  h m m t h c m ’ s t i ’ u u ’s , i t  u s i h i ,’e! l e ’ , i t m ’ n l  f ( m  t l u c  h u i m t m m m l  nt  l i , i s l e ’ mu ’su’ .m n u .’ i l  i i i

t i l e - i t t ’ ‘ s d i i ’ i l d u ” s , l ’ n i h i L t ’ f l i t ’ I m i u t c e l  S l . t h t ’s , ‘s’s I n n i t ’ m i u u v t ’ rn ! i t e n t  is mm ‘ i t ’r ~ i m u ’m m v s ’  - . i i ; m 1 m n  l I e n  n t

i n c h u m - - . m n i mi l  i nch  u c t h m u ’m me su ’ . u n i  I t , in J . m p m u i t  i i V t ’i ~O j i u ’ l d t ’ l i l  u t ’ f l u e ’ ne’si’ i l n  h I l i l I m I ’ s  d m t l t i e ’ s f n u c u i i

m n c I u ’ s I m~ m m m i c l  m t  t i m u ’ s  It ’ s’s I m i n i  sc ’s i’ l l  p t ’n c ’ s ’ m i l  us m m h l u m e , u l n ’u h  I m c r  b u , i ’ s i u  I ‘s -’su,’m i r dh u , I hue  I ’ n ’ n i  I I  l i l t ’

c ’l m m i m - i t ’ s  to b u , m s ’ u ’ m m nu ’ s I u u u i u s u i i i b u t ~ t i c  l i i i ’ m m u m m t h u u ’r m n u e h m u ’ . t u s  i l l  I t ’ s  p m u ) g r m m m n m u m f l ,  b I t , ke ’v u u t u i i ’ s’ . m h l n m l

ht ’ u m m ui m l i i ’ p u m m s u i l t  u - t I  mz c u u i c i  st ’lt ’I lu ’ t’, I i l l ’ s  rt ’su ’ , m m ’ t’b’ i u’u,’ h m f u’r I m m i c l  bec’bi ‘st’Ic ’u, ’ i n ’ iI m ’ s  mn i c  u m t  t h u  i ’ s ’ s  m u

p l m m e e ’’s 1 m m  b u t ’ s l ’ s l l t ’ u i  u s f l u e  s I m m - l e n t  w i u i u u e r ’ s  n i l  f l u e  h u u h e m n m u l m m m i m m u l  ~‘ct ~~~ , u f lu l h - , u i g m n u ’u’mn i g  I . m m m

‘ss’ho t r mm vt ’Iu ’] I n !  l ,l lu ,lI i t i h u d h i ’r I I t m ’ s - l , i t j i m n u  ( m u m m y  U l m i s ’ s u i h i l ,  I t  t cmn muu ’ci n n H i  to h u e ’ mm li  C \~ - - ‘ l i u’ m m h
d h u i ) j d e ’ , u ’ r u , m h h i r u g  f i u u. , ’ — - l c m c h t ’ n I ’ s  muni c h  t h i c t r  u’ ’n u , n l r t ’ , 1d m h i . c ’ i u’ .m pm _ ’~’k at g o m u n t  r - ’’su’ .m mn , im . i n i  , m f l m _’ s’s

‘st s he ’ ,

I hu e’ i lnu ’ u’f u m r  of ’ t i m e ’ l n ~ I m f c i 1 u ’ is l ’ u m j m u u  I - m i u i m u i i ,  t m u i h i u t ’ i I V’ ( ‘ h i . m i n u i u , m i u  n h  t h e ’ h ) u -p m i i n i u ’nf  n t

( ‘ h mu ’n iu u s h m s  m l  1 u u b ’ s y m m  I Ihis e ’rsu l ’ s , I ) n , l ’ g m i m m u m . in t t i ’ s e’ l l ’ s s t n m i  f l u e  n _ l u u t ’ t ’ l i o n m  n i l  t i l t ’ I h l m 1 m m m m . sm i s s

t h a t  ‘‘ t I l e ’ t l i ’ s h l l n i t i ’ , I ’ .  c u t l i l l / i h l u !  t i l e ’ pr e ‘ s m _ lit an] I n l I n e ’ l l l i s s l u m l i  min d N s l m n t u u ’ s i b u l u t i u ’’s i m f l i l t ’

si l en c e ’ s , m in im ’ s  1 c m  t u u m u t n u b u u m t e ’ h u m  I h u c  , i i l s ’ m m m i c c m u u c u u t m m t  t h u c  m l , ’ ‘s d i u’ t t d t’s m c i i  l i i i ’ h u mi ’ s m ’ s m u  t i l t ’
p lu s  “ i n _ t i  ‘sn _’u e ’ l it ’e’s , ari d l u  uu unf mi h u mlc to the ’ ‘s’s u’hi ,nrc ot n m m m u t k m m u u l  b u s  u i m i p r c m v t ’mn u ’ I l l s  i i i  m i m e i l i ~- mul
I n i ’ , i l  b u I l t , c i u v i m i u m m m m m e ’ u u f  - i e s e m ’ i .m t i c m m u  , , muuu i m u i t h u m ’ s f m m m i h  t e c h u n u t l n m e ’ s  .

“ O umr  hucmsf  , m u i u l  eu mit l c h u n  t h e
‘ i u ’s m l  ‘ s ’ i , m~ I h u r o s h u m  k u ’ i c , m i m m u u u , i ,  mm re’s c, iI ’ n _ h t  h i s  ‘ s Iu ’ m m m l u  mm n - i t l  ( ‘ h i u ’t m l  t h u  \ m t m n u n p ’’~.su u u h u n ~iu n _ , n i

h , u b n u m l u h m n u ’ s  ummme l  h ’ e s t m u h u u g t u m i l  l 1 s ’ s n _ i m u m h m m g s  I , m l’m .’mm mi lu m m \ . I m c l i i  c h i s u ’U ’ss l i i ’ s  ne’’sm ’ m m l i h i  I l l ‘ s m u l h i t ’

ehc ’t a m l  lm m he ’ m mi f l i t ’ s  11 .1 I t ’ r ,

\~ iue’u t  t i l e ’ I l I s t  m l u m l e ’ ‘is i s  I uu n u n l cc l . e h u ’’s’u’ n t m u b o r m t f i u l u ’s ‘i ci ’re ’ ‘s ’ sl . u b h t ” ~h i e t h  cmr  p l m m u u m u u ’d . \ l m n m e ’l
t ie -st - n i p f i i m m l  t n m l h i t ’ i ’ ss , 1 hue ’ !~ u u m p u m h ’ i  i lu t ’ r ’s I m i h t c u i , u t m m l ’\  ‘ s l t u n h i t ’’c l i m e ’ u’ h i u ’l u i l u  ml  il m i t i m i,, ’ . . m e  I l i m h i

iuue ’e bmmm rui ’ su ums. mummel uicuu u ’t m t ’ s n u t  pi, nut i i i , mm pn c n h u m e t  of I’ ,s ’li u/ mf l l u n / i u l \  h m m i u  I c ’ n u m m I i t t ’ h~ u u n u , i h . u I \  ‘ st ’s
I , m m b n m u r , i t i m r s  duU t e ’ ’ i l t i , u l u ’s on i ’I u - r , c i - 1 - h m l u  l u m m , , t u ’ m l , m , ‘ s u n s  ne- . m s l , m t i l  10 h u g h  I m  i h l r l e i j l u m r e s , ‘i’s Iu i chm
t i l l ‘ s u u r ’ s  ‘se  u m u  i m c c t  ‘s’s , u t t ’ u  uu ~-i h i m  I ~u S ’’ I . I t n ,’ Mim _ i m  u l n m n u i n  i e ucmm l (‘l i u’ uuii s lu I m u b - i m u i  , m l mr s’ -~l U m l m c ’ s  t i lt ’

i ’ ’ i u u l t i t u m c i m  n i l  I t i l t  n n m — u m nt ’ , m n m s m u c ’ s  m m d  , u l m p l m e t l  nmu i t ’ n c m h m n u b u m m i s - ( ~~~~ ‘s uun gt’ r s  i s  h e i n u t ’ p l m u m ui ut ’uI mm ’ s

f ’tm f i u i n - p m c m m u ’ e t .  i b m ’ s ’ ( ‘ e lI l h j i t i m u m _ i s I m m b i m u u , m l m n r ’ s  us t ’ d m i l t i ’ F t i n ’ n l  ‘ i s i t h i  t i m e ’ t’ u ’t ie ’t ~e’ 5 n u t  e’ti h tttr t ’cl ~‘e’hIs
- ml  i i i ’ s u ’ u Is ( I  ) m m m s m m p m m m l . c  I , m n u n h  l l m i e ’ e’ , ‘scht’rt ’t m u Ci ’ i t i ’  n l u , m l m ’ i u , m l ’s m u ’ s ’ s t u u e h u e ’c h ,  I i t t ’ I )u ’ ’ s eho i ’ cu i u e’ u t l m i h

h~u c m h u m g s  I m i ’  m m , n l n c u ’ s  t , m n r u t ’ ’. c l i l  r e ’su ’m m n n _  Ii c m i  l t ’ u ’ m i l l l u u l ’ s  u m i e ’e’ l u m m m u m s u n u ’ s  i i i  t i i e ~ elt ’’s’u’h i m l m imuu ’it l n i l  f l i t ’
. i m u i u t m m i h  i m c u m i y  I c u l l t o n u ’u m n ‘su ’ sI usimi g h mm u nn stu ’m’s, b l Il du ’, m i l i c l  .~~~i u l u u f u l l s  l ime N c u n c m h m b m s  s i n u i u u n s  I , i t m nu n ,m ~

I n  u n ’ s  s l i m m h m u ’’s I I i ’  imi - m u r m i l  t u t u i i i  n s m u t ’ s  u m r m t l c r l s ’ u u m g  . i u i l n i , l l  l m u ’ l l , m ’ s  t u m i ’ , O b t c ’n , m u i t  e’ c t l i m b u l i u  ~~~~~~ i t t

= ‘s i - r I c m ]  u’s t ’ i t i c  m ’ s i ’ l l l t ’ i m t ’s in t i l t ’ n i u t c h p m u u l i u i t ’ pr e’ t ru gc ’ u i t t n u m m h  i- mi t , m ic ’umr , i I  m U t e  l m , m m i m s n m m  m l

m m m i  , u u i u , m n - i  r i m ’ s  h i n t - i m c i  h i m ’ s ’ r m i l , m u n i c h  e’i c k m u c , mu ’h u  c c l l m i e ’ l m u u u l  m iut el p l m e ’ r c m u m u c m n c ’ . l ’ hu c’ s ’ s u m n b s  c t ’ f l i t ’ s
l i b  u n t i l ’ s  w i l l  he chi ’ s t’ t uss e ’ ch u m i  u u u c u r c ’ d e ta i l  b m e ’ i u n w , h i m , , ’ ~ c ’u r i m c h i c ’ u u u u ’ s t n s  I , n h o r m m t o u ’ s  cl e ’mi l s  w i t h
h i l t ’ t’ S . u l h , m b n i u ’ u m u e ’ u i u h m m u m m e ’ m c I  m mt ’ u u r c c b u l , u ’ s l n m n m u m c  i t ’ l l ’s e’ i m l h u m m e ’ ci m m  m l u ’!’u c , l i i , , - ~‘ s u u n_ ’ l , l l  I i t t ’ “ci ’ie u - iclc ’
I , m b u u u m , m t u c n ’ s  m ’s u i ’ s u c h ’6 t ’ ul  ‘ s ’ s u t h m  t h u  ,m ss c ’ ’ s smm uu ’u u l  m u l  l i l t ’ ‘se lC i t Ce ’ t t ’ e b u i t c m h i m g s ’ . i e ’ I , i t u u m u t  m c I  l i l t ’ ‘ s i l e n t ’

t m  i m u m m i m m i ‘ s r t ’ I I , u u i , . m m t m l  l i l t ’ u ’ s , m i m m . m t u o i t  c c l  l u I m ’ ‘su’it ’ I i e c ’ b u ’ sn ’ , i i e ’ l u , I hue ’ I~ i u m e h m i ’ m u i m t , u b  I . l i ~ m~ i . l l u i l \

‘ i c u m u k ’ s  m c m l  h u t ’  i d m m ’ h n . u I , u l m c m m u  m i t  m m i ’s’s l u t c u h c i h m u m m i e r s  ‘ i s t l h u  b m u u u l c m m , i u i , m l  , m i ’ t l V l I S  m i im n h  f l u e  t ui ’ i t’’stu ’.uhi u it n ml

(m S



t i t e m n  ‘ s l r m m e l u u n e’ m m m i c l  t i l u l t l i u i i u ,  I u u i p h i m m ’ s i ’ s  us m c i  r i t ’ - i i i u t i , , ’ , u ’ s , ,’ -. , I I t t ’ () m t ’mm u mume iu i ’u i mu i ’ .m i I3 n’s- ; m .un , m t i u m u i

I , i h u i b . m l n m i ’ s  n _ m i m i ’ s cm l i i  mm ‘su ’ , m I n _ l m  t n n n  mmm ’s’s l ’ u n u l c u n m e m m h h y  m m e l i v u ’ ‘s u i h - . n , u i i c u ” s , c u u m r u ’u m l l s  ‘ s t e u n l v u u i ni

m_ ’ i , i u n u e m c h i u i  ~~~. l u m t r u u b u u ’ u m / u ’u t i ’ u h e ’ n t v m i t l \ i ’s , mml i i i  d m 1 ,, k m m u , m c l t  b u l m e ’ m u c l u i m i b u u ’ . J ’ hm c ’ D m i ’ s -~ I n n ’s ( cr cU up

d. u r i i n , s u m i u l pmu ’ h i i u u u i t . m m ~ nu ” su ’,u m d i l  mm b u l u m e’ i u e ’ I i i m ’ s l r \ . \ m ’ s - . m ’ s  t m u n n t h  t I m  h i m ] ]  p m i h u ’ b i l l . m I  1 m m  t i i r l ! I e l

‘, l t i n l m , .ini ’ l~ i n l i e e l  m c ’ s e i  10 m i m i c ’ n u t  t I l e ’ n u l h , , ’ u  t h u  F i l l t i ’ s ,

l i t  mut i m h i h i m mil 1mm l ! i e s m  , - l e ’ s e t i  u c u u ’ s ’ m i l , m i  b m i , n u l , u t o r l t ”s u n t i l  it ’S ’s m l i i i ’s mire in ‘ i n u b u l u ’ ‘ s b , m t e  m i t

n u i u ,, ’ m . l t i m t n i  I 3 i i t r l m s  ‘sic ’s, ‘ s l i m i l y m i m e  m i mus c i t ’ m u i c c h i , m i u i ’ s m i i s . i t i , m  i t immmu ’ c m lu n t ’ ~ - m l m_ ’ u i i t l i e  ‘ i s ’ u t h m  ‘~ i l l n

u u u u m s e h e ’ d o l m t u , i u ’ t i m m n  m m m m t h  c h n u u t t ’ s :  I i i m n ’ s ’ e n u , ,  b m : i u i m s l n ’s , t ’ m i l i m  ‘ s i l l , ,’ !  s s i t l i  t h e  d b u m u l l e e ’ s  u f  s , i n l u m c m s  n iu n , ’l m i l ’ s

in t i m e  ‘s m i l  - m m n c h  P h i ’ s  s m  - 1 n t ’u e , i l  I ’ -.’s ~ I i m u l n  u t ’ s , ‘si i m n l u . u n  sht ’u’p uu m u’ e l i m m u n ’ i n m s , I ,, ’ u r hhlul t . ’ s , anti rncnuor~

l i i i ’ s  l mi t h e ’r l m m b u u m u . m t n u l s  m m h l p u ’.m rt ’ di t i m k’ dus t  tlt ’ , i i  l i l t ’  ~l m l  flit ’ tum ul e m l  u m t m r  v I s I t  Vu n i  l , u i u t ’  t hm u ’mu’

ss ,u ’s a nu ’t t ’ u i l  P h I .  1 , I I n  l i t  f l u e  l i m ’ i  m l  s i t ’ s  ml I l , t i l , \ l a k u u t o  im i k u m ‘s’s I to ‘is .us c u u iutlumt Ihilu! i - ” - , - i i m _  I t
w l i m n _ I i  l ie ’ d h u ’’se’l’ l b u’’s ut ’ s i m m h i n  ‘s ’s ’s

“ R n _ ’ u , , ’ t i t b ’ s  t h l u ’i e  lu , ms  h u ’cn mm mu ” s i ’ i . m l  n i  m n l e u m _ ’ sI ui ‘se’ I e d t t ’ s e  , m t t c m i l m -  -ii I I m i s  r~ ieI t n u l m u ~~u , , , t l

t m b n u u ’e ’s’s rru jeh ut he ’ l m m ’ s t  u h l i m ’ s l u . i t e d  m s  l i t  u m l t l , m m i u ’ s i I h  I t e m _ I S  m m m c  ‘st’st ’ l , i I  ‘s t i u m m u m i l  m c I  m i t e  s , i l l l e

ni  n u i , u l i l y  m i m i c 1  I r s  m i m e  t i n  ‘su’h t ’uj t  I n m ’ - ‘ I f h u c rum in n m i m l , , ’ i  t i m n t ’ ’ s p n m m u n i . Vu m . n  I i ’ s t I m e  m m c c i i  m u ti. m i b - ’ . i’, t ’ s  - ‘I

t i t u s  ‘ s t i n m u u u i m u s  su ’h e e t i u m i u  p i m u ’ m u u m u l m e ’ b m u u l t ’~ ( l s e r  m m c l e ’t , i u i m _ ’ n i l  I s’s- mm mu h m m m ’ s l  c m i  ‘ t i n  m i t ’ s  i i m i ’ s u ’ sllLtC t ’ - .it’il

t h t m m t  t h i n , ’ h c ’ i’ u ’I u - t i  ,i f lu ’ru f I u m m - i  I l l  , m s t i u u t t m h u m s  cm mm t h - i c i _ l l m n _  l m ’ n h  m_ ’ ’s l m n, ’t ’ I . l h i \  t i m  f I i ~’ m i u n p i t t t m c l e ’ I l l I t ’ s
,, u m l ’ l i C . u i  t ” i u u k u ’ t l  ‘ ‘Icru l imm is in  t I l e ’ i n e u ’ t v  i u l u u ’ s i u l c  mmm u m n u m h .  ( h i t ’ u u u i e h u t  h i m u m u k  t h u a t  a m i o m U t ’ s i b m g  c l i me
i i i  l i l t ’ u l i , m u’ s t l d i u l  m ’ s mit  h m m i u u i , l h c c ’ s c u’vi ’n , t i l e ’ m i l . i h I e i  Is l u l l  s u n  s t l n l h u l , , - i b m  ‘ I  t h u ’ s  n i l l ’ b l t he ’ i l l , m u ! m t i e , , l

b u y t h e  prcr t ’eep ten  m ui t ’ e l u ue u uu s um i  ‘su c h  mu ’ s l iu ,’ m u t t  m m ~ cat b u u i ’ s n,’ i U e h l I m u J .’. n - l u l t u m  mI t  to m_ ’ u i l I ’ s i n , l i e i

t h e ’ m m u i m p h t u m i h u ’ e’ h i m i i u g t ’ ‘ s i m i m p l s  mu ’ s  m m I’u m m iu ’I i om um ml n i umt h it ’it ’ mitunuiu cml I t n n_ sm_ ’lu ’s cm r ~ ~y s lc n t1  u t h i e ’ I n n

m i t  t e n t  c m l i .

~ e s m _ ’ r u u I  r e p m m n t s  I u m n v , , ’ n m ’ e e n h l s  ‘ s i l~~~m_ ” s I u ’ ch t i t m i t  I h i l s  n b n ’ s i~~ ,,’h t ’ u l i l i t I l l  b u t’ u m \ , , ’ l , , u m I i b m . ’ I I  d c l i i ’

s h i l l  ‘s t h e  ,,‘‘s’ m c k t ’ul  m u u t m _ i m i n , n l ’ s  t i c  mm e h iru ’ e’t u’ l u ,’ c t m i t ’ m ul ‘ s l u l i m u u l . i h u u m u t  u i  l i n e ’ ‘se’ i t ’ s u u n \  p . m h h ’ s s m ’ s um n ehcr
f l u e ’ u,- u m n e l i l i c t u i  ‘ s v i mu’ru l i i m i u - i u m m i m i h  pm l~~’s m u l t e m u f l n u i m  he m m l ‘ s t i m u u l u m s  u i uc ’d u , i l e ]  b~ I t I n :  s mulu t e ’ h m , n ’ h i ’s’s m i l ,

I u i ’ s  l ’ s - d h m m m t u b c m t ’ 111 , 15 hu e ‘ s m _ i ’ s  m ust ’ I u u I  f o r  , i i n ’ s ’ s ’ si ’ b l i l t ’ t i m i s  I s u1e’ m i t  m l m u i ’ - . l l m l l  i l - i t  u - i u t i s  t ’c m_’ d , m m m ’ s , ,’ it

u’h~i t m u ’ - i t ’ ’s mm u u n ’ s ’ s u b m h n’ e d m n i t u m n n m u i . m h m n n ! i  i f  t iu c’ i- im ’u’mu ’du’h ter v m u rmm m h ’cle ru h u e  e’’sui kt’ I m n l ’ s’ui fmm ih

.unn ph it uielt ’. ml u’\ l ’s’nlm mm l — I m t i i t t b u i ’ s  d m t n d l m l m m u l u ’ s  mime ’ k e p t  nt ’ h m m l i ’ s ’ Is  d m c i l - . l , u n t . h u n t  ,th ’sic ht’cm mi u ’si’ u I

i m r u u b n m b u h m ,, , m l h c m ’ s m ’s m m ’ s fm i i ’, , , ’ ,n ‘ s m u n u p l e’m mm i uch  u ’m l s l e ’r mm ccc ’ s ’ s  h i - i  t i l e ’ u m i u l m ’ i s l . m n ~l u i i g  m l  l i i , ’ , i h i i p h i l l l I t ’

u’ h i m u u u gt ’s m m l  m m n , , ’ u m u m  m m m l it - si ’1 .

‘I h u m u s , c c u i m _ ’ u - i f  t ime  u I i n ’ , l  , i l u l m m n u l m i u , u I , ,  i m e l l i m m i l s  t u b  lll V u ’st i u ’, m h l n u ’ time ’ n c u m u m m n m m h  h m m ’ s u ”  m t

‘ s C l n ’ n l l ’ s n  , m l t c ’ l i t I O r i  s s u m u u l c l  h tu ’ , is  is t ime  d , l ’ su’ m l l u u s t u , u l c n i  , i b u u n ’ s t ’ . l u  l u ’ e m m t n l  l ’ i ’ s u i  I n ’ s , ,  b e l t ’ u”su mk ccl

n u I e ’ l h h i m i I ’ s  ‘ s i m m u u m l f m m u e u m u m s i s  i - i ’ s  m ’ i u ’ e t m t m . m l  s t i m i m u m l u m l i m m u m  m c I  t ’ s ’ s m u  d u f i t ’rt’nf u r Is m i t  f l i t ’ ‘s , u i u u t ’ ‘si’ h l ’ s u i l ’ s

p a l b ’ s ’ s. n ’ , , ‘i ’s Itei ’e ( l i l t ’ n u t  f l u e  s t i n u i u h m m l m _ ’ -I p a r t s  i s nt ’’s I u i d m i ’ s l i ’c lc ’ t u m u  mmu t ’ c h i m m l  I l l ’  t i l t ’ st ’ m u ’ s i m r y  ‘ s t u m u m l u m ’ s
m u  s’~l i m u t t  l i m e ’ m il l  I m u m m i l ’ s m u l t i ’ ml  m u  us cl i re c t t ’ ch

I m m m ’ s , , ’ I i m m k t ’ef I - c m  ‘s l i m e ’ u mt , u u m m m mim m h thumu l m ’s t’u h u iu p l l e’cI ‘is I b m  ‘ s u l e h i  .m ‘,t ’ m i s u m r \  p . t t l u ’ s m i ’ s  mu ’ s td

-., u t i ’sf ’s thue ’ !-,‘ n l m u u u m ’i l l ’ s’ i i l \  m uiu mm ’ s ’ t’ mmmu ’ n t i u n u e d ,  ( c m l m s u u i i ’ m t l u t !  h t m ’ s I i m h m m i t t t ’ , i l  m u n c h  h c’ I m m s i n i u , u l  u ’ \ l u I e ’ u i d t ’ . I
u m m m i i u  t i c  t i m e ’ u m u i m e h m s t u u i m  f h u mmf t h e ’ I - i rtm i um m n y ‘ i m ’ s uu mm i i m .u l i m ’ i ’ s  m ’ s  i - i l  t I l e ’ , m i h m i i n i m l  ‘ s v c m t u l c l  he’ ,m h - t m - t nt - i c

m_ , m u u c l m c l m m l n ’ . \ n  n ‘ m r c l m n u g l v .  I i m m m v u ’ t m l ’ i n s l l n ’ , u t c ’ih h i l t ’ m i u s m n m l - i t l t u m m n l  n t  l I l t ’ e ’ ’ i u u l ’, t ’ u b  l u m d t n ’ i l t l , i h ’ s  I l l  l i l t ’
p r m n m i , m r ’ s  s t ’ s u u u i  I m m i t b l ’ i s m l V  s c’l ic ’tu t’ u t b m e ’r l i m e ’ hc ’ f t  u m ’  f l ue  i m i l i t  c i p t i e ’ h i m  I ‘i’s ,u s t’Im ’ m Ir t u, ’mm hl ’ s

- , I u u i u i m m u l u ’ ui  .uilml mm lsc ttu e ’ u , m f e ’r ,m c ’t i c l m m  ( i t  t ’ V u i k t ’ n l  P t t f e ’ n i t i m m l s  ‘s ’s- lien h i - i t h u  h r m m i ’ls sse rc’ s u m m m u i l t  l i l t ’’
uitus l~ ‘st m i t  u m l a t m ’ u h , I I otmnd ‘ m i l l  I l i m i t  I ‘ s i m m  u S c  m k u ’el h I i l t  i’ l l  I i , u i s  n m l i i ,’ t i n _ I l  I mmml i i  t i l t ’ he ’ l l  a n i t i  i n . ’ m l

‘s’n s l m m u l  m _ u u r l m u m - ’s . c o tu lu i  i t t ’ m u ’ n u m u m l u ’ n i smmmimmh tu uhuu ’uui m ’ sls st’ tfh uit tt l m Im i ’ s  u i u l ~ ’m t e’nt ’umi ’e’ ‘ s ’ s t t h t  t i m  hi  m f h i u , ’t ’ .

I u~ 1

- —;_ ‘ - “'-- ,— 
-

~~~~
-

~~ - .
~~~~~~

“- -



\I~ it t ’s t  h i Iuh I Ii ’lii ‘i’sa’s I m u n ’ i s to t r m m i m u  t i m e  mm m t ho  p m ’ s  u m f t e ’ m u t m n m n i  t i m f l i t ’ s l u n m u m .ml u  t’ n ) u m m u n l g  I n m m n n
Om i t ’ eS ’s e . l n u m u c r m m u g  f l u o s c ’ c u m u m u m b i g  I r u m m u m  f l i t ’ nh bier u s e ’ . I mmu ,m m u m m g e ’cI 1 c m  e’ sI l I ’ t h i s h l  t h us s I t u a t i o n  b - i s
s u m f l u n ’ m m u c  f i m u ’ e’ ’ s t ’ i l u l  m l  em m u e’ u t  t i m e ’ n I l ’s u i ’s ‘ s u u  h i m u i t iin eie ’ r h u m ’ s  t ’ c i m u u l i t i e m u t  t i m e ’ m m u u i n t m m h  u m m u u i e l
ne’t’og m l i / t ’ I m i t i l t  l u t i l m u t t  mm I - i , m t l e ’rli - . l i m i m u u l c u s  f h m m ’ c m n m g h m  t h is u ’ s  nt ,  I I i u ’Il  I t rumimuce l  f l i t ’  mm m l t i m
c l m ’ s t ’ r u m m m m n u m m l e ’ t l i c ’ i ’ s ’ s n m  i , m l h i ’i ’l i  s l u n m, m m l u ,  i u m m u ’ i , u m i u t u m l  ‘ s m _’ r s i u ’ s  ‘ su ’ m t i u ’ u m l  h u e ’s h i m r u m u i m _ i b m  t I l t ’ m i t  i tem u i mm mntu m l
t ’ ’ se’ , , \ l t e ’r h u t ’ , m n i u t m u m m l  t u h l s  i m u’u’ m m m u u u’ m i h i e ’ to pi ’m l u u m ’ n l m  l i l t ’ l m m s k , h i t  ‘ss mms m mm i p hm u mite ’ti ‘s’s I h b i
e’le’u I u u u i i u ’ ’s i i i t i l t ’ m u b m l l e  l I l t  I . m u u t l  ‘i usimumi cu rie ’s hmm f i i m u  time he ’ll mm li ] nu m ~h m f  i i u ’ n m u i s i m h e ’nu ’’s , I men
nu ’ e u t r t l m u i n  ol t h e ’ u,’m , n u i ’ , , , ’ u h I m m m h u u l f m m m i ’ s  f ’m c m u u u  i m u m t l n  ‘ su I t ’s u m l f l u e ’ s m ’ s u u u m i  u’ mm n f u ’\ ‘i’s , t ’ , nm mmt l c  l u ’ s
‘ s t u n u u l m m t t t i u m  c m l ’ f l ue  he ’ l l  , u nel  m i g l u t  o 1 - i I j u  h i _ I ’ s  s i u u u u i h f m u b c e o t m s l v  t h t m m i m i g  I l - i t’ t i m e’ ‘ s s i u u ’n f l u e  rat
P c i  I u u r i u t e ’tI t i l t ’ l mm ’ sk ,

(li i ’ . u~ I t i l t ’ m h m l u ’ru ’ ’ s I m m u g  l ’u u u e h i n g s  \‘s mm ’ s  l i i i  su ’It ’ct i’s u ’ I l u u t t ’ mi f i , u t i - iu t  m i t  t l t c  m m n n h h l f t l t l c s  i u t
u ’’s m m k u ’eh p u i l ’ s’ n t u m i l re ’u’c mm ] c ei  I ’rot i-i t ime  s ’ m s u m m m l  u, u m n fe ’s u u u t ui Wli i t ’hl ‘ s tin ui m.m lm i m m r  u l u ’ s t’ r i m u u m r u a h u o n u  s’s u-re
Ic e 1. \ i  pn cst ’mut . I h u m i ’ i u ’ hce’n i m ve’s tm ~ m m I l i ’ ug f l u e  p i m v ’ s i t i l u m g t u m u i  f l u e  i u m m u u i ’ s u u i ’ s  u r u e l e n h s ’ m n g  th i s

mn m l  e l m  I i mil . ”

I lie te ’e’ lu i ug  us f l u m u t  t h i s  i . l I l u n r , t l u i l ’ ’ s  s’s u I  m l s u ’m c um i - i i c  t i l t ’ t ’ s m u l m i t i u m n u  clc ’ l i c i l ’ s  m u it -iost
p i u y s i ’c log m e m mi  p ’s~ c l i m h m m g  l m u h c m n m u t o r m t ’ ’s i i i  l i me ’ u m u m l ’ s , ,’ n s l l m t ’s m mm li i  hu’nt ’t ’i t  h ’s u’uu hut,i t ’ l mm mm e l m u u t u ’rm i —
e I l u u i I  s’s i t h i  h u o u u i c t l m c m i l  me sc m m mt ’ h m t ’m s n u ~m u ’m m m t t m t g  I i i  t’ h m u s u ’ pm o \ l m l u u l ~

\ s  m u i r  i t m n s t  I i i  t I l t ’ ‘ s m ’ s u l ssmm ’ s  l ) m ’ . Kmi ’ic’ u m m i u u m r . i , ( I nt ’l ’ n u t ’ f lu e \ e m u n n m h u b m s s m u h u l c s  I , m i h o r m i h i m r s  -

it ‘is is c t n i l s  ; u . i m e u m m i h  t h u u m t We’ sp e ’muf s u i i u u u ’ sch i mu t n u u m m r u ’ f i r n u c  h c u c i k m u u m t  mit  t h u ’ ‘s’s u n r k  t ! u i i h i g  mml i  f h iu ’re.
l u m  a s t cuc l ’s c m l  t i u c  ‘‘( ) pe’ r m m n t  l) i ’st’ r i m m m i m u m u t i ’ s e  ( ‘ n m n t h i h i u ’c u u i n g  t l ’ \ ‘u ’ m t i e m m h  I - c  \ t o v c n u u c u u t ’ s  iii  t i - ic
\ h i u .h pu m m m f i n m e  Pmt ’ t n u t ! u ’ u u u m l m m m l (‘m i t , ’’ Kmms ’s mmm i uumm i m m d  lii ’ s , i s s u m u , i , i l e ’’s I n u’su ’lt h t ’eI u i m u t m m  cm l ’ n u l u u’m. m l i f
t’ m m n u ] u t t m m m u i i i g  f ’n m m n u m  , m ‘ s c k u ’ t h  e- u m i i f m u u l  t u s h  m ’ s ‘ s ’ s u h l  m l ’ s u m p c m a u u l  eh i su ’ r j m u u i n u u t i v c  c o i u e h i h i o n i i m i g .  l i t ’
t’u feul .1 c.’ I m r m m c m i l  I u u e l i u t g  i n - i  h i i u m m m m m n t  1 - i mit  j u’ m u l s  s ’ s m I i I  h - i u h m i t t’rm il h uism i l h o n t i ut ’ j I l t  mir t h i c t i m  S’s Il m I ’se’
l i t u u t i u i u  ss , ms I i m n m u f t ’ e h te  ‘ i i i  I l u , t I  tV ’ s  u li t uu ’ i t ’ uuu u’Itt s m u m it h ‘s’s bim i ~‘u - i uml nl u’ummmuum mu um i t ’atc il i t e ’ IIi ntu ’lu t ls

u i ’ s m m t e  t h i s  um i c ’ e h u i u u i u .  ‘ l i m e  e’ m , b u e’ m m n m u e ’ muf  u u m m e h c r t m u k c m t  u ’ s I t t ’ b  mm ’ s  f l i t ’  c o c m u i f e ’r p murf  m i l  t h is t’on ch i t u u m i i
mum t i l e ’ e’ s p e m m m m i e ’ m m f m m l  u m u u m l n . m l , e n ’ , , t i l e ’ m m m m e l p u u u f m m u c  pm ’ u’ t u’ t t tu ’ m u u u n u u u l  P mu ’ l l m ml’ , l f u u i l i .  l i - i  t i l e ’ , i t u m t e ’
n t u ul p i l l i t l i l u ’ b - i mi ’ f r u p t ’ m m t m m i u i l  C mu l , ‘ i t ’ l l i C , m l u m u m u ’ s u ’ u m u c n t . u’ i f l u u ’i t ip  or t le m sc ’m t , mind mmh ’ u u i ve ’ a s e t

m i u u i h t l m f i i c l c . ‘i ’s ,m ’ s u m _ ’ u u m i u m n u cci N ’s m m i l n i m e l m m u u u i g  ~m mi ele’ct r i e ’ m mi s t i m m m u m h m m t i o n  h em t h e  I m m f u ’m ’ u ml h is  p u m t i m m u I m m n i i e ’
( I  I I I  t t ’’i’s , i l u i  mmt ’ e’ uu ,  I ’ 5e ’ n ii m m si ’u ul t ’ um I hicm t ie ’u’ m m h l v  i n u c n ’ s ’ . m ’ s u ’ ui n l u m n i m u g  t I l t ’ pc r ie m tI  i - i l  r c i n mkm r u ’ c nu i e ’ru t ,

j t i m, t’ t ’ , i ’st’ u m i  f l i t ’ c’s u’ t i t m u ’ s u ’ l i i e ’ m m i ’ , m m e ’ u ’ u m m r t ’eI j u l  .i s’ m m k e ’eI u,’ m m m u f m m m l  t e s t  ‘svh ie’ uu 1 , 1 1 1  s t i u t m c m l m i f i i m r u
5 5 , 1 ’ .  tt I ’ s t ’ I t  l i i  f l i t ’ m i n i m u m ]  mm m m l , m ’ s b m u c m i t  u u n u ’ s ’ I m m t e ’ cI 1 dm u t ’ s  u - i s ’ s - l u  e y e ’ u u m u uv i ’ b u u e’f l t ’s .  0mm t i m e  u m t h u c r  hmi u m c h .
h i l t ’ n m m h e ’ cm l u s c ’ i t l u u ’ i u ’ m l t e ’ i l t  I u ie ’r e ’ mi ’ se c l  u u u u u ’ s u e l e r m m b h s  ‘i’s l i e n  l u ’ u i m i u m l n _ ’cnit’nh ‘i ’s, m ’s t l e l i v e u ’ecl c l u c i l h i r t —
g c u u l h s  l m mr u ’ m m t ’ i m  l , m r g c  n m u o ’ i m _’ n m m e m u f  m l l I l t ’ u \  t’ . l i i  m i i i  i m l ’cu ’ m , iu i I  c l us t ’ r i n u m i u u m m ( i c m m u  h l u’ f ’ sc-e ’euu SF

I m m I i g l l f ’ o n u )  umm u c i  5— ~ I j e h i t — o m i  m c i’  iu i _ ’h u l — o f ’f ’) . t i m e ’ m m r u i m m i m m l s  i l t ’ ’ s e i u u p e ’ i l  c m i - i ’ s ’ t u u u m ’ s  u l i I ’f ’c’r c n u t i a l
ru ’’ s p o n m s e s  l i i  I h m u ’  ‘ s n i t u m u m l i .  -\ m l u s e r l l n u l m n . n l l m u u l  nm ’vc ’u ’ s m m h  u m l  t h e  s t i t m i u m h m  ‘sc m ’ s ,m hs i c h c’mi m mic ’eh b u s t i l e ’ cat s .

~ m e n  l i i ’ s  ‘ i ’ u ’ s l m , m l  t’u me ‘ i ’ s . u ’ s  re’ m m u u ’ s u’ m i , l i l t ’ cu t Iu ’ m u ’ i l f u m m h  r e s pc m i mse ’’i c h u i r u m u g  h o t h i  r~ m m u f ’c m rcu ’mmue ’ u m t  mmmuc l
u m ( d n m — u u ’u u l f u  c m t t ’ i u i c ’ m t f  pu - i c c i i ’ s  a i I m ’ e’ h u n u i i m u m m t e ’cl , I t  s t n u n u i ~ i ’s m ipp e ’ m mn’ s I l u a t  in f l i t ’ mmu m d p o i u m f
l t nu ’ m I m ’ s ’ ’s ’ u m m m n m m u l t , m t  mm t r u e ’ Ic ’ , m n u u e c l  ‘s ‘ s tu d e l l ’ s u r t u m u i u u m m t m o u u  t’m m mm i e ’ m mc ,,’h m i e ’ s ’ u’ ,, i , ,  \ l ’ s n m , u m m m d c r  L I I  I
s t u u m t t u l m m f t u m i  i l l  d m ~ n , m m m l t f  u’ o m i e l i t i o m u i u u g of ’ e’ ’ s i’ n u u i m v c’m u i e u u t ’ s  u n u ’ t’ m m n s  ‘is l I i u m c l t I  t lm erc ’ l l e u u m g  m m i i ’ s
f e ’ t ’ d I ! l , u c  k l r i mn h u e ’ pc ’ m t i m i m c ’ rm u l uuu ’n ’v u .’s m r I~li ’ m,’ m m u i e l m i h  c.’c’ m m f r m m i  im em ’ ’ s’ u m m t ’ s  ‘ s ’ s s t u’ m m u ,

l i t  . m m m u t i m e r  s t u m m l ’ s - , m i i i  ‘‘ ,‘ \ i m m i l s ’sus  ( m l  S i m _ ’ e h n Vu , m k u ’ l i h b u i u ’s’s R h ’ s - t u t u ’s i i i  \ t , t l c  R m u t ’ s  m m f ’te ’m ’
‘smt l l u i , i n _  i i m , u ’ s m i m , m l u c  \ iu,,iu ’mu ’s I c ’ ’ s u c d u i s  m i u m c l  ( ) c ’t m I um i  I m m m i  li ’ m m t uiu i ,’’ t N t ’ lu ’’se’ , l i e  lien ’s t r m c ’ c i t i m  ehet e’mn uuu te
c i i i , u m u f m l m , m b n i t ’  c l n m m m , u e f e ’ i m ’ s h m e s  u I  ‘sIt ’c’ l i _ s ’ s , m k e f  tu n ics ’s r l l ’ s - t h m n u m ’ s  ut - i  u f l , m tc ’ m u l h u i m u i m  m m m l ’ s , I l i e ’S t iS e’eI i nug
I m u l t i  l m c m l s l ’ m , I i i l l l e  Fc ’ e , u l n l ’ s  u m f  I ’ I (  m me ’ h m ’~i l ’ s  - u ie ’t’k I M ( am u d l-0 (  w ’ i mic ti m ‘s’s’e’ru ’ l i k e n u u n i e i c r  m m 12
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h m m u m m r  l u m , u l m f , 12  h m i m t m r  t l m m r k  su ’ hmc ’t lulc’ . ( i m e , m m f t , c l t  m l iv  t h u n u t  j im s l c c p ’wmukt ’l ’u h u m u ’ss e l u s , m p l ’ u cmmrc el
c’ m umm p le ’fe’l s’ i t  m u m  h i l m i t u’ r m ml s u m p n m m e I m i m m s n u u m m l u u  m i u m t ’hecu ’ s  l e ’ s i u u i u ’ s. w m l h u m m u u t  m u m ’ s  e’ u u h m m m m u u’ c n u u c m u f m u t  t I l t ’
u m l f r m i c l i m m n m  t h u s  t h m u m u s  mm i l l m  2—4 hu m t i r  p c I  m u u u , l t u ’j t ’ s  b m u ’ m u m g st i l t ,  l I l t ’ t i l t  m u n l u m m m u  r i m ’ s  t l u m m u  ‘ss ,i ’s I ~u’ —
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w i t h  l cu l h e’” . j - t ’ r  m i u m , , - i ~ i , n l  , m i u u l  lmc ’IeI shl ,Iclit ’’s, I lie lm r ’ st u h e u m m  m l u t m t u ’ne ’ ’ st s ’ s , c ,m s u n n l l i ’ s  s u u u u d m l m m t e ’el
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I lu c y n u n  ~t u c h m ,’j, ’i g t u m m ’ i c ’ r sc lt u e l m t’ t u - i d l m t m u m m u ’ s  m m m i i i  tn t  cci mi e’h i ‘s t t t i , u i l m m u l ’ s  ‘ s u g i i . m i u e ’ t ’ f u ’ntc l ’ s  h ’ u ‘i’s , i \ i ’ l ,
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At t i t t ’ t i m e of i i i ’ s  ‘i l ’ s l t . t Ime ’ Ot’cupmu h mi mrum ul  I ) m ’ s u ’mm se ’s R es t ’mu i ’ c im Lm iho rm i f mm s ’ ’,’s a’s unt i t ’rgoiu g
rc’ nmc ’c’s’m m t i o n  mmm i ]  e’ c ) t lI e I  nu t  he u’ mm tc ’rcil . ‘l’ b u t ’ m n  p r m n m i m m r y  f i m m i u c t i o n  us to m i c c u i n u m u u l m i h u ’ im t f c r u m u , m t i o , m
t o m memisur i t ig  f l u e ’ e t t i ’e’t ’s u m f  h u u m , ’u i r c l m u u m ’ s  t’ m m r u e h i t m i m n s . t Ime ’ c ht’ ’s’e’ I i m i ’cu ’nc n t  1)1’ e’m u r l ’ s  d i m i g n u m s l  me ’
t e c i u n u m i l u m e ’s , m mum c l t ime  sh u el s ’  m i t  u n u ’ t u u p a t m o i l m u i u h m s u ’ mm s u ’ ’s 1 mm g c n erm ml ,  ‘ l ’ i i m _ ’y art’ u i l ’ scm Cuml t’u’m nu ’t I w t f i u
n - im u i n tmu i n i n g  t Ime p l uy s u t ’mi l t ’i f u ’m c ”ss u ml u’nt p l ov t ’cs m m m u c h  were a i - i u m t m  I to u’mn h m m n k  cupo nm mm I I i ’ s ’ s

pr d ) grm u nu to siuei v f l i t ’  e f fec t s  of mm iiu ’W mumg i ue t  ic ‘sys tem , p lm in m wd for h u t ’ I ’u t t m m e , w i m i c i ,  w i l l
drive f lue  t r u m u n i s  at very I m i g h u spe’m_ ’ n l s , ‘I ’here’ m ’ s atu ur gc nm t mu t ’ceh 1cm c hc tu ’ r m in t e  w hi mi t  u’fl ’e~’l i t  m m l i v ,
tluis sc-stern mig h t imave nit h u m u m i n  I is ’ s umc ,

A s l u m p  at the  I l u m m m m i  l’.n gint ’i’n ing Ru ’sc murc h m Lmuho rm i tory mmlh ow cc h  m im e ’ he ) f u m l f i l l  o n e ’ m i  I i t t ’

dream s im l ’ mm ’s’ red —bloode d Amer ican  b- i t t ’ s ’, to d rive mu hu i ght— spe e d I oco m mmf ‘si’ , ( ) um u , ’c it iele l i i i ’
c, m mb . wi th sid e curtains drums ’s-n . t h e  u’t ’fe u’t was h ighl y re’m ul i s h i c  antI  u m u m u ’ soon I ’cu’got t h u u f  if  w ums
only mm sinmm lmitor , goium g no p lace fast. I t  svmis m d ’ special u n t c r u ’sl hccmmim s u ’ ni t m ’s- huut - kgrn uumm ii iu
a ircrm u t ’ t s im u la h c - i r ’ s, Thuer e ’ i ’s m m i n s t r u c t ( m m ’’s con’s ml e which allow-s for a u l ’ s ’ n m m n m i e  im i tc rmmu mm ii
betwee n t h u , iu ’u s t r i m c h o r  mm cl h u e  t rmm i ne ’e’. TI -ic’ t r a in  move m ent  is ‘s’n tns r ca I i ’ s t i c  w i t b u  v ih r a t i o n i
munch ‘sltgitf j e rk ing  of skuwing anti m u c e e h e r m i h u o r u ,  Sou nd el ’l t ’ct s mi re t’xc c ’Il en if , ur i c dvi ii heu ir ’s  t ime
“wito oshing ” soi mne l ’ s  c m i  t i u c’ ‘ s t u i l  on ’s  l iv ing  p mms t  , Time ’ vi su al scen ery d i sp l ums m ’ s m m l s u u  ‘s’u’ rs g u m u m u l
m ind m ’s geareeh li - i ‘spe’ i’dl t i m  make ’ a ‘s’erv num i h tu rm mI  pm ml - i o rm im mi .  O u e  is impresse d b u y  I l - i t’ comp lm.’s it
of c c m t r o l I i n m g  f l u e  h ra i i u : it h u m u s  a lways  appeared to he suclm a simple process. I ‘svmm ’ s  mi l so g ivu ’ m m  a
tiemtuu )n s frm u t out u m t  t Itt ’ l uit es t d evelopment  in mmt mt orn atic ticket purc hmm i sumi g mmmc imi m iu ’s, It m ’s mm
fan tmm ’ s f ic  u l e ’v l ce t ima t  a l l ow ’s t I m e  purchaser to select m mruv hhuin g lie needs I’cm r h m i n t s c h f  ,mi’ m e h ‘scv cmmm I
t raveling c o n m p mmul uo ml ’ s  by p ims l m ing  mm f ’ew html  tons m u nch inser t ing  monie s’ i m i to  mm ‘ s I m m I  , I t  ‘ sbu cmtmi d
el iminate ’ t h io tm s m m ~ut l s mit ’ j u i f u ’s , and if tIme r ailroad nm n i onms have m m n s f h i i r u g  fe - i smu v mmh ou t i t , m mml

will never see j I u m i s t u i l l c ’cI i n thie United State’s, Nu’xt I wmu s s i m o w u m  f l u e ’ cimi t mi mit  u’s e’ cmu m c m mi
re’u’or dini g ’s of f ra im i  n i uofo m mu u e ’ ru m u  w imich  l ime eye movements  ‘ s ’ se r u~ m m m i , m l v , ’u’i f f ’om t i m e  p c m r p u - i s t ’’s c u t

m n n p r d m v t i t ~ f lue  eh i sp lay  s~ s f u ’mmu ’ s . Omit ’ i n m t e r t ’s t i b i g  comp ou ien t  sc um ’ s mu L’ m ) m pa rus o um of t i n e ’ u’ u’

moveme nt ’s  mc’t’m) rc l t n  I out m iii ,mu ’ I t mmmh runu mm cl t luosc’ tm u keu m in - i f l u e  ~i mmu u lm u l u - i n , f l - i c’ u’s e move m m m c m i  I
pmm t t u n i s  be ing mm h o u t  t h e ’ sm m nte ’,

At  t ime  tint - ic’ of ’ m miv  5- 1511 , t Ime ’ I’ss’ u’hu o l ogica l  Research ’u I , mmhc ’c r m m t m m r s  s’s- mis cc — mel t u c h m u g
ex pc r m n ne n t m m tion i  to sel ect d)pt  i m t m m  color cornbi uliit ii m nu ’ s f’c mr rm m i l r emmmt l n u - iu m rk l int ci lsl ’c hmm ’ s ‘s , I ’hue ’ s
were showing variously t’o l cmre ’c h m m uton ’mohi l es  iii mu d evice ’ w l u j t ’lm m i h i o s c e t i  ‘s’u’n ’s s h i g bm t c’ i u mimi g e ’s iii

the combina t ions  to fli t]  f lue  most acct ’p tm ib le ‘ sI m aeh i ng s.  OI l ier w ork  hei~ig carm l ed out  m u  t h i s
Imub or ator y ummt ’ l u m e h c s  doing case ‘ s t u d m t ’’s i t t  mucc i e l en t ’ s  ant ]  s l u d y i m u g  acci t ieu t — pronuc  c’m pio ’s’t’t’ic ,
work s m i t i s f m m t’t ion , and flue act’eptabi lut y u - if c m i v i m o n m e n t m m I  f ’m m chors . ‘l’h me ’re is mulso mi So~’i aI
I” syt ’hoiogy Laborato ry w hu ic im looks imufo  job stmp crv i s ion , h r m m i m u u n g  l’or m m ct ’it ic r u l p r ev e n t i o n ,
amue l e f fect ive tra m mu ‘ schu ed tu l i u i g .  They mu l so m u c l m n i u u i ’ s t t ’r mu Var ie t y  ( c t  que’sI l l m u ni miire ’’s to pmusscngi’ms
mi nd w u m r k e ’m ’s and cc - in ch uc t  mi l l  i t uc l e  stmrv c’s ’ s ai m] op i n i o m u  polls.

Kogi tm ul ked about some of ’ t i me mu’sc ’umn e’ hu  li t  wh i t ’b u hue m uu tl imi s coliemm gut’s humus - c’ re’c’cuutl v
bce’n engaged. In mm ‘st ueh y of “ Monotoumy I- f ’fu ’u’f’s oh t h u e W e - irk of M d ) f o r u u u c ’n l ) u m r m m u g
h igh—Speed Tra in Operat iomu ,’’ t l mey a t te rn~- i t t’d to loo k at time p iu y ’ s io h m giu’ mi l m lspc ’c’f ’ s  of time fmusk
of thr iving a loconmtivc ’ by comparing dat a from 1965 , I 9(~ and I ~)72 of ’ the workload u ’ I
motorm en operat ing train - is  wi th  top spe c ’mh s d) f 210 km per luour. I ) u r i ng  tI m e ’ ‘s ear of 1 c ) ( 5 f lue
top speed of mm 51 5 km ‘sec’fior was 4 hour ’s. anti this  was lowered j ut I ‘)66 to 3 h otur s 10
minutes . For 1965 the mean heart rate was rnaiu’m tai ui e d around SO beats pe r u l m i n u t e  hu t  f o r
flue la ter  period ’s (1966 miii ] 1972 )  tIme  rate ’ grmu e ltuall y det ’h i m u ed .  ( ‘ont ’stan f h igh spec’] operat ion ’s
in 1 966 seemed to s t i mu l a t e  cerebral ad iv i t ic ’s , cc iue ’rc ’ mu ’ s Nv 1972 fl i t ’ drivers s i t i u w  eel

73

- - 
—- -—‘ - --—,.— ‘

~
,-‘,. - 

— ‘‘ “_: _ - — ‘ -‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ .~~~~~~~~~ “



c lc’cre’ , u s i u umi Pu’ru ’t’ p t u m m u l  mot el u’I u c m m c ’e nu ’ , m c f l u - i n - i t ’ m m t m m m h i h i l y .  l i t  .i ‘ s u u h s u c h u , m n ’ s  n , m s k  .mtu u u ’ sIue “I~’fl ml

u h i ’ li ’ e t l ( m l i , t h ere ’ sc- mt ’ s a ‘ s m m ’i i u i mu ,m uut c’m ru m n ruse’, i3mi sech uip cu i t P°h~ 
ci l i p i l i c  i e ’s’i c i c f n u m u i ’s , m , u , t , ,  m m

1 ~I ’~ 2 , It  m mp l - t t’,mr e’eI t i i m m f  t h i c ’rc ’ mmu - t’ i mr rc ’cl s lmo rh  pc ’niocl ’s m t  m I n u s’s ‘ s t i l t s ’ s, .iiu c m l n i n  uu~ r e ’mi ’ su  ,i l ’ ’  -

ol u ’ m m n m t r o l h t ’n a c t i v i t I e s , mind a tu’nrm pc-irm u n ’s tlrop m u  i m e ’ u m r f  ra te ,  I’ hi c ’ I , u , t t i u . u t  t I m e ’s’’ u i t c  t m  i ’ ,n

mu l te ’r ciü n’u ium u lu ’s c u f ’ ml r m ’ i ilmi , i hu’mie i s to f l u e  nmc ’eel to rec itm cu’ nuu ouli u hm u i m ’ s - p i n  u u i m u i l ,s u i m u n  m i m e  ~ e ’ T t m  m m l ’ s

mul u n u e i c r h c u u ch .

1 m m  , m mim t h u u ’r re’I m m h e ’cI s l u m c h ’ s  , f l u e ’s sm m ’ t i l m n u i u ’ub I b u e ’ e l mmtm m a u u u u n u u u u l m i l u ’ m l  f u n u m i : -  25u -”~ i m m u c t m  - u () lt,’mi i I I

nme ’mmr  ,ie ’ t’ m e h c n t ’ s , ( i t  I c L ~’m l i m i t  ae ’ u’idt ’n ’m f s  on u u ’ i t’n 2 , 29 th t r ip ’s, 34 m c s u i f u ’c i f r u c u m u  ‘ s c c u i u u ’ It ’s , , ’ 1 i c f

i h u u m ’ s s s u u u g ,  ‘l i i i ’s  mip pe ’ .m n u ’c I to he’ u n m m u ’ l m u tee l  t i m  I ’s -pc of ’ tu ’ m m i n , m umcm m . uh cl um ’ s , ‘svu ’mm t l m e ’ m i u u l l m i  i l l ’  I i ’  01
m mmi v f l u  m u m  u i h c m u t  t I m e ’ i f m u ’ s u’r ’s f i u e ’i u t s m ’ b ’ s ’e’’s . ‘I’l meru ’ ‘ssu’rt’ 1 17 u’ um ’ s u’’s mt ’l m ml u ’th h u m  l u i m u ’ \ p e e lm ’ n l

oI’c ’ sI mi u,’Ie ’s a p p c m m m u m u g  on I h u e f ru i t -k mm mcl 47 re ’ ’s uu l l im e t ’ro nm su,mc l u t Im i l ug ’ s  mm ’ s poor ehi ’sp l a’s ‘s , m ii i  p m u m p e
i m i ’ s l n m m u  tu c u n ’ s, , mnd i  t ’m l t i i p m m m c ’ul h f ’m m i l i m r e ,  ( ) u ie  c o nulum ’ siu c m i ‘ s ’ s-mm ’ s that tim -icier m iomnual cou ichilio nm s ul  I l ’ s bmu ne

mit i d u i l i s h m m n i t  speech mm i cI ~m ec ’c I t l n m u ’ i s  ‘ s m u t s’s m m md th is ‘is m m ’ s  r e l mm t c c l to f ’m m f i g i m e  a m -ic! t im e’ of ’ cia ’s , m m ’ s
“9~ occurre d i ’u e’t ’ic’eu’n t ime h ours u I  m u t m u l  n i gh t  m mruel  ( m A,  M . I r i t c m u ’ ’ s t i nm g ls  t l c u r i n g  f l i t ’  ‘su’t’ c l i i n l
m igh t  ml f l u e ’ ‘ s b m j l ’f , i m u s t  elnu uw suiu m ,i oc’c’ u mm mc ’el t I n n ing  tIme penmo el h chwe en  f l u e  seu ’ u u u m u h  mind f u u u m t t h i
him i c mm on ci u t ’ s -. K m u g u  couuc l i mu i e ’s f h u m m t  ‘‘mm ’ . n i o l i c m t o n o u s  work corn h inm ed s’s i f h i  i m ms c m f ’I’ic ient sleep
‘st’u’num ’ s  1 m m  p l a y  mm v i t a l  ro le in - i e’ , m u m ’ s , m tmon  c m m f  d rowsiness  in t rmmf f ’ic , in m id i th i t i omi  f u u  t ime in l l u eui ce  i - t i
gc’u i e ru ul  muic ’rf n e ss  c h m m u m g u ’’s i’m ’s t’unu ’ m m u i um m n ml iv  t h in s . i t  wi l l  he i n m h ) o r h m i u i I  to ex ami n e ’ u m i m m n o t o m u o u m s
u - i I ’me ’m a t u o ru  u’vuel c s , to m m vo ie h c i r i v i m - ig  mu l mig h t  m u nch to i miiprove mm - i l m m h ion - i  s~ stc’m u l s , ’’ II  ap p em m rS to
hm u i t l  ni t - i  p h icmmt  i f - in - is  for ot h e r  t m u s k s  mm ’ s well ,
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Mor t on A. Bertin

I l ue  ‘ i ’ s n n l e r  t ’ m m m m  pe ’ r ’ s n m n m m l l y  m m l t u ’sf h u m  f iu c’ c’s n m i f ’m m m t  m mn ue l  r e h u m i h i l u l s  m i t  t h e ’ ,I,m i ) ,m il t ’’se r m u u l n m m , m n t

s’s ‘sfu’umu ’ s, m u mieh th u c ’ ~h m i u uk um ui st ’mu is t h u  c’hu fe’ n u t  f l u e ’ h u m t , ‘l’ h ue sm u ’ u ’ mt i hu ’el l’m u m h l e ’I t r . u i m i s  ant ’ a t m i n u i u i i m m r
sm- _ ’ } u t  ,m nu i  t’ \ l ’ -,’ ric ’ niu ’ t’ to t r m m ’ s m ’ I m ’r ’s i i i  , I , m p m m u u , t o i l  ii ~ m ’ s t t t ’ i h I ’ s ’  t l u ’’ si gu t e cl in s tnc ’ , u n u u i u u m u ’ mt u ,,’r t ’mm n m m m d

l i m e ’ , f m m m ’ s ’ c l i u u~ m i t  h u i g l u  s l u u ’ u ’ m I ’ s , i’ , m re i ’ s  c I e i ’ i ’ s ’ech , m i m u c h  , ml ~i i u i ’ s l  mi l s’s’m m ’ s ’ ’s ‘ . p n m l l u ’ ’s”., I lue ’ s  bt ’m m ’ s’ i ’ I m m k ’ s u m

‘s s m l i m  L ’l~ ’ , s l  i n ’ ’ m n b , m n m l s  i n t e l  m u l t i ’ ‘ i s u c u m m f u ’n ’ s  mm i’ m m m t i ’c t i u e i r  u’’see’ h i u ’n t  ‘ s m m i u ’ tv  r u n _ m I m i , t’ u m r u s m c l u’ r u n g  t i m e ’

n, - i i ’ s t , i i I t ’’s n u t  h i g h u  speu’tl tm’ , mt  l i i ’ m t l l e i lilt ’ P c m ’ s ’ s i ’ m i l i t y  mu ri el p o t c i u f i m u l  t on  e h j ’ s m i s t r m m u m s  h i u m u i m , u m m  t’rmom ,
‘mia mi ’s m i t ’ c — tm n i l m t ’ sl t o i l ’ s  ‘s c u’rc ’ m m i ms ’ s ’ se’rccl e l m i m i n g  mm rn _ cent  ‘ s’ j s i l  , m u n _ n u l u m p m u m u y u m i g  t i m e ’ ( )p t ’i u t i o n

‘h ue ’mr ’ s R l m i s ’ s u u u f l  ‘sI  u m c h e ’n m t  ‘ s s - m m m u u e ’rs to t ime  ( ‘ o m m h r u c h  (‘e n t c ’r.

n~m u m n l m c  , m ; b u m n u l l ’ u m t t t ’ ‘ s I m u l u s i m i ’ s : ‘ l ’ h uc t’ m u t u r c  h i m u c  f ’m ’ c m n u u  ‘I ’ u m k v n c  h u m  h l m m k m m l m m  u’ ’s t c umchs  I , b t ( m l k in  un
h c ’ u u t ~t h u . tilt ’ l m m ” t  l i n k  b u m i v i u m u  Nt’ c’t i  c m u i u u p lt ’tet l m u m u t l  p d m t i i i  o mp e rmut ion  i i i  Muir c’i u oh’ I ~) 7~ I h u n ’  ,m nu ’
i’ ,’n ‘ s l a t  i m n ’ s  st ’i”i’iCt ’ m,I b u s Is’s- ui Is pu ’s n u b  f r u m m n s . f l u e  I hkm iri , a supu’m C ’s pres s s’s h u i c ,’hi slu m p s mit im ui l s ’

p r i m u l , m n s  s t m m h m ’  m m ’ .  , t m ’ n m d t i m e ’ K u - ic h u i m i u m u , f l i t ’ l i n u i f e c h  t’” mpmt ’s’s. wh ic h n m m u k u ’’s mull  ‘ s f c u p ’ s, B m t t h i  tmm u i m s , m nt ’
j c u ’ s f  m m h c i i t  i c he ’ i u t iu ’ um l , t ’ u m m i ’ s i s t u u i g  n u t  l ( m  t ’mmm s u’mu u’I u , ‘ [ ‘hu e ( iS ‘si’I ’ .  n u t  l m ,m mut ’ s ccmn npn is im ig f l u e
S b u j i i k m u n s e ’ i :  m n m m m k c ’ 2 ‘?5 ‘se i tu ’ni iml c ’d ron ’s mb mm i I ~ , ‘J’ o tmi l  n u m m n h c r  m u t  e’ m m m p i u u v u ’u’’s mime semm e I 6 ,000
s’s i t l u  ~() u m u m u i m m u i m i g  I h ue ( ‘oii t r o h ( ‘ u- m i t e r .  I n  u )  “

~~ m m p p m o x i n m u m f t ’ I ’ s 430 .000 pm l ’ s ’ su’ um ui u’m’s ‘scene ’ cm u rru e e l
c l m m i l s  , h h i u ’ c m u m e  h i l h i u c n i t l i  pas su ’ i l u m ’ m i m , m ’ s ’ i u m e i  I’c c n m m n e l e c l  c l u n i m u n i  M m m v  oh ’ t h u m u h  s’ t’u m n ,  In  mm s u m u g l e ’ m Im i ’ s
\ l , t ’ s  5 , 1~ 

“ ‘S , m S u ’i umm u c ’ i m u i l i m o r u  pu i ssu ’ i u ge’rs ‘s’s t n t ’ n.’ mt mn uu ’cI over f l u e  ‘.s ‘ s I n _ i l l ,  ‘l i l t ’ ‘su’mm h u m g  t’m ip ~n n _ m l ’ s
n c r  t h e ’ l l i k m m m m  is 1 , 3 - 4 2 , t u m i  t h e  K m u n i , u i m i m u  1 ,453.

I m u ’ ( m i n i m  n u m b  u ‘u ’ u i i e ’r ~‘s h i l t ’ I u u ’ m i r l  of t l m c ’ S b i i m u k m u i i s e ’ m u ‘ss ’stenil m u n ic h f l u e ’ ( ‘e’nl t n ’ m m l l / n _ ’ u h I n u t  u t
( ‘ n m m m m n m m l  us t h i c ’ - r , u m i l  m i t  f lue’  ( ‘ m u t t r c m i  ( ‘ u’ m m f c ,’r , I i i  umr ul c’r to mms ’ su mn u’ f lit ,’ ‘s um t t ’l v c m l ’ n u h u u’r a f t o n t  n l  t h i N
u’ c c m n m p h u ’\ s’s s t e i n  ‘ ic ’hm ic l u  h u r d les h u u m m u e l r e ’ i l s n u t  f rmmi u i s  c l m u i l y  t I u m o u m g lu t ime  J m m p u m i i e ’se’ e’c ’u u m m m t r ’ s  ‘ s idle ’ , mini
m i m u t u u m n , m h m n _  1 1 , 1 m m  c m i u i f n e m l  sv ’s t em u i  t \ I ( I ‘s’s . i ’ s  eieve ’ioped m m m c l us s u m p p u m r l m ’ mt i - i ’ s ( ( )~.l J ’ R ‘i~ ( -

e m c m n u p u i h c ’n ’ .m idec l  l r m u f ’l ’iu u’ c u i i tmc l ‘s’s ‘ s l enm u , ‘ i s l m u ~ Ii t ’ ’s ’sm,’ m u h i m m l l y  a h l mi ’ sc ’s t u r  t’ e i u t m m u l u / i ’ml , a h u m c - i ’ s f
i m i ’ s m , i m t , m i i e m m m ts . m m m i i i  d m ’ . l m m n c c’ m i m p u u t s  t’ri - im n time t’ mm utr ol to flue ’ ve immu ’le. I t is mu l , m ’ s u ’ u i m , m l u u i g

t’\ pc’riu ’l u c ’ c’ h u m  c’ m m t c ’r 11 mm ” , l m c n u t ’ ro o nt u  , m m m eh ‘is , m t , , ’ I t  tile ’ pmm un _’e’’ss opu’rmmfe ’ iii rc ’ mm l I m u m u e ’, re ’ , u h u i u n g  I I m , m h

flue’ u n u , m u m  m i t  f l u e  i - t i m i d  is t’ o m i f r c c l h i u m g  f l u e ’ I r m u i m u s  c ’ s’ i u j t ’ h i  m u p p e m m m  mu ’ s n_ ’ m c i o r t ’dI l ig h t ’s ‘ s l m m c ’ s ’ s  m u u g  l m r t ’ t ’ i’sc’
l ime - m i t m m m i i  m u u m m l  l m u t c s u ’ u m i c ’ u i t ,  ‘\ I su  m i t e m u i e ’  m i u m t c m u m - i m u t i e m m h l y  t’c u u t r u m l h u ’ eh mm mc f l i t ’  tn t ’s  i’m ’s ‘ s s’Iui c i i  p r i c s  i~le
l i l t ’ s m g n m . u l ’ s  u n  - f l i t ’ u u u i m t o nunc ’i u. I ’im e ’r e us a t r m m i n u  mecci re le r  w lm i t ’hu mi c , m te ’s h i l t ’ m u i u c ’ i c ’ n m l c ’i u t  c - i l  u’,u c i i
t r . m i m u , , ui t e l  f l u e ’ c i u ’ . b u , u l c ’ imer s  h ium s e ’ i m mu c l  o u t  het ’mm r e’ t l i t ’umm f l i t ’ u’ u m t i r e ’ l i m i t ’ m u - i  c i \ l i , u t l i l i ’ mm l’m e’ r m u t u ( m n u .

I l i e - r e ’ m ’ s t m m u m ’ - t ! m m i m f t’c n m u n u r m m n : , m t m o l u  hc’lw’eeii c h i ’ s p m i t c’l ue u’ .umu d t r m u u m u m u m m m t  or c o m u c h u m t ’ l u u m  ‘is u t l m
i m l c i r m u i , i t u u c n  ~m mud m u i s t r u m e h i o r m s  hc’i mi ~’ t r m t u m s m i u i f f c ’ d l)ac’k um iu e l  I l - i r t h m .  ( ‘cme lc ’tI c’o k -i i’c’c h l ig h t ’s ‘ s i c i i i , u I  a

‘ s , m m u e l  c f c n i d i t i m m i i s , m i i - i m i c m m m m m m m i  s t t u i ~m f m c m u u ’ s  r e s u u i t i u i - t ’  in - i  m n m u m - i t c ’e i m m m t u ’ rc’.tc ’ l iou i  l r m m n u i  t ime  c m m n i ’
t i c  c h i n ’ u s ,

I me l r . m u m i s  c m p c ’ n , m t e ’ mi t l b i u m ’ u,’ s’mm t ’ u m m b u i e ’ ‘s pu’ec f s  ml 2 11 ) , 160 , ( mm 3() knum I m e ’r t m u m u r , c l e p e u m e l u m i g

(upon c m  u i m u f u t  m c c i i ’ s . ( ‘o m u t r o l s  wi l l  rc’d t i u ’u’ t i m u u i t ’ne ’mm ’ s t’ ‘ s peech ’ s  de ’p emte h i n - ig  up o im f i u c ’ e l m s l m m m m c ’c
bet v. eel-i t i l e ’ t r u u m m u ’ s , l i m e ’  m u m u m t m m r u i u m i u i  i i mm ’ s  soutue ’ c’m m u m t r o l  mmnm ci  can red uce’ ‘s I me ’ e’el n i t an umi l ls  , but  ml
otie i rm uiuu , m l i h m n m  m u m ,,  i i e ’’s I n  m u m  c’ lo ’seiy h i m  . u m i n m l l m c ’n , i t w i l l  , i m m l u m i t u m u l i t ’ m i h l ’ s  be’ slowed n u n  brou g i mt  t i m a
s I n  i n  ,‘~~ ‘s t i m e  f r , m i m m  m i p l m r ( mm u e ’ i m c ’’s , m ‘ s t m u l t oni  the  ‘spe’e’uI is m m u t o n m u m m t  I c  i l l s  ‘ shi m sc t’ui t o f lue ’ 30 km ‘spc’e’cl
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‘ i ’ s b i e i ,’ c m p o m u  f l i t ’ lit u l u u i ’ nmm a lm I m i k u ’s m vu ’r , , m ~u p h ’ s ’ m m u g  h h l e  b m r , m k m ’” , b u m  h n u u g t i l t ’ t m u m t i m  t i c  m m h u m u i t .  I m u m
tu ’ u um n m t’amr ui ’’ I ’ i ’ s u i  l i l e ’ru jIm I hc ’ e’mi h , I e ’ms ui mm u , m b ’ m l\ m m mi u m c k h i f j m u m i m u h  i m m i l  ‘ smm l ’u’ ‘ s ’ s s t u’ f lu ,  1 mm I l ie  n _ S n _ u I  u t

, mmu ,,‘ , m u l hi ir ,,’ m i m m m u , ti l t ’ m i l l n _ ’ um ’ s u h \ ‘ s c u l l  he nn _ ’ n _ m n r m i e el oni st’u ’ s ummc umn u’hcn ’s ‘su’f m m l i  m u h u c u m e  t I l t ’ l i n t e ’ ,
n j  i i i ’ ’. u m l  mml i ’ s  I rt ’ m m u c - i r  m i t  mini  i i i  I t - n  s t I  5’ m m h m m ’ s u’ I h i r e e  c - in - i t i l e ’ J u i p m u i i  ‘su mmit ,’ ‘s’s I i  , m i u  i u m l i i m i l  mn _ n t i s  u’ (ml

n i t  m m ’ s ’ s ,,‘r Io  t i t ’ m l me ’ mm m i n I  ii u i i ’ sp c’ e I m m ml h c ’m mn m l ’ s  h mmm ’ s’ u ’ h , m ~h f l u e ’ o p p m m n t  I t u m i t  5 m i t  u i t ’ s h ) c’ n_’t m u i g  t i m e , I r u i n _ k
t’cmm b u n u ’s’n ulcl e ’ claru t .m me e.

I b u t ’ n I I ’s~~ . i i , ,  h u m s  s’s~u l e ’ h m i m u g  t i m e  e m u t u r u ’ l i m i t ’ mm l sc ru’u’ u’ i ’s ’n_ ’ i m i t ’ m r u i i m m f u m u m u  mm i i  l Ime ’ n_ ’ m c n i u i i f i o i i  m i t  t i m e
l l , m , , k . m uuu c l  s c hu , , ’rm ’ i t  m ’ s c u i u u s u u h e ’nu ’ni i t ’ s ’s  f h u m m u  u m l ) I i n m i t m n m l , t i - i c  ‘speech is ’, m c m t m u m m u u m l m n _ m l l s  r e u l u u t ’n.’d t ’mu mn i
t I m e ’ t ’ n u m u t n e m l  ,ms f l u e ’ h r m u u u i  m~’s’s~’’s ems - er t h m , u h  s f m c t u ’ bu.  l i i i ’ n u ’u oh o rmmimmn i  m ’ s n_ ’ m u i u h , m n _ ’ l u ’ m i m iu mu l  m n l m m n n u m e t l
‘sc’h m ’ s t h e  t’ c u n m t m n m l ’ s  ‘ s ’ sn _’ I n _ ’ mu h ’ m p h mc ’dl. \V u uu t i vu’ l muu ’ it ’ s u -s mul sim t u m k n _ ’ u m i n i f ( - i  u ’ m c u m ’ s i n, le ’ r m u t u n m u m , h ’ m m i m I u u ’ u u l m m r I ~
‘scim e’mi tim e’ t rumunu l’s m u l l mu h m r m ~ l n,m n_ ’ u - i r  in m u i m  mm c m i ,c’hmcmu’ l u j u l u  ‘ s ’ s u m i m l ’ s  mig h t pum ’ st’ ‘sortie’ t b u n i ’ m m h ,  t lm e l u ’m
s o uclu i u i l t c h l f i o u i s , s’s’h i c’n m f l u e ’ ‘s’s ut ch ne ’ mme ’ i mu ’s ,l ‘sl ’mt’ m, u h  m i t 30 mu u t ’l cr ’s  p u n  ‘sn_’ m, n u t i c l . t h e  t r u m i m u  is
i m u m u u ’c h i m m t u ’I v b n r m u u u g h u t  t i - i  mm l u m u l l  I n tu i t  l i m e ’ ( u m u i t m u l  (‘ u n i t e r .  I u S d 5  of sc- a l u m  m u ’ s i m m g  in t u m n u m i c i s  ,l nu ’

, i l su u m u m l o u i m m i l m c , m l l s  n m i c m m ’ s u m r c e i  to ‘ s s m m r i m  of ’ u m p e n t i i n g  d m m m i g t ’ m ,  In t h e  ,,‘s ’ n_ ’mt  m i t  mi ni e \ I r e n u l u ’l ’s
, u b m u m u t r m u m m u l  ‘ s i l u m m i f i o n u  m l  i f ’ t I m e  u’ mmnu p u i t t ’r s lu ou lel  mn mm l t ’ imni e’h ioiu , f l i t ’  ‘s’s’’s tu ’ll i  n_ mu ]  he t~m n i r u t l l c u l
n m u m u m m t m m i  l ’ s

l i m e ’ u n m m t m p  h a d  f l i t ’ hcmuu ’t ’i t  c- il ’ mu t h u o r o m u g h i  b r i e f i n g  h ’s’ the ’ (‘ h u n _ I  I ) i s p m m t c l m c r , w l u u u
u’ \ p h . u i m i e ’ d i t I l t ’  lu ,m t m i l  m u p n _ ’ m m m h u o m l , h ol m e ’ h m u m u !  upon ‘s’s h u , u t  ap l ) cmm r ed to h id ’ t i me i u n m p o r t a n m t chc ’ f m m m l s ,
l u m u m u i u’e h i m m f u ’ I ’ s  , m t l u ’r f l u e ’ l c m u m r  m u  f l u e ’ (‘e’ n m t e r , l Ime  ‘ s f t m c l c n l ’ s  m uni ch  t i u u ’ir n _ s u m - i r I s  l c f ’t N ’ s S h m i n u k u m n s c m
fo r  K s  n u b , m m m i c l o u i i ’ m t e c h l ’ s ’  ‘ i v m l h i  mm , !nu ’ m m h u ’r i im i ch t ’ r sh mmm m d hu i un , !  aim ] mmppmu ’ t’i m l t i c ) n i  u i  I i m u ’ir  t m m m m i ’ s p m m r t
‘s’s ‘s tu ’ i l i  I i t u u u i  n t i o st  of the  um f h u m  p mms ’ s u’nge ’rs .
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\ lorton A.  Ber l in

Ru ’ I ’uu m m l u ’n I tm - i  b m , m ’ s ’ u’ t h e  l u m e n _ s m  ‘ s t m u c l u ’ m i f  c u i r c t i h m u - m i h  u I ’ m i m i ’s c m i l m ’ s ’ m ’ m ’ s i h ’ s  i l l  Jmmpu mnu , \ i i u o m i
.u p p e ’ m i n ’ s  to he c i m c in _ ’ u ’ m i mu m ii i  m m l i — i ! d u t i i c  u ’ \ p m l u i ’ s m o u m  p m m m j u  mul t i , ‘s’s- u t  i t  I m u m i l e h i m i g ’ s  i n ‘s: l nuu m mm ’ s  sl ice’ . of’

C m n m i ’ s I i m u n , ’ t t i m n m  ‘st’ , m l t u ’reci m m m m m t m r u d  t h e ’ t’ m mnlpm ms .  l i e ’ l )u’ p u m n l n mm en m h mit P’.’s n_ ’ b i u u t m m g ’ s  m m m ’ s  t i m e ’ ehj st inei m m c m

oi he i mug  t i m e  ok hn _ ’’sI i t t  m m m i ’ s  p n i ’ s , m I t ’ u i m m i v e u ’ s i t s  in t i m e  i m u l m l i l r ’ s  muni ch m ’ s en_ ’l t ’ h r m m l i i m c  u t ’ s  S 2 u i c i  s e . m n
\ l s  l t m m ’ s l  t m u  f i n s  s u n _ u I  ‘sc ums \ l , m s m m m i k u  ‘\‘s, m m , ( ‘ I m m i u n ’ i u m m m n  m i t  t i m e ’ I ) u ’ p u m m l u u i n _ ’nl  . m m h m um f  ho  h ums’ .’ u _ - i t - i  mm
‘s,mh b mmti c ,e m ul t m - t m  ru ’se’m m mu ’ I i  in t tm mui t u ’eh Kimigd cn it. I t  s c um ’ s  m m rrm mn g c ch  i n -n  I O u ’ to me’t’t i i u t lis ’ t m h m u m m b l ’ s  ‘s’s m t l u
sn_ ’sc ’rmm l u mt  f l i t ’ l ’m t t ’ m u I l ’ s  , 1m t m m l h  m u h o m i t  t h m e n m  mt’st ’ mmr c b m m i i t e n u ’ ’ sh ’s,

\ I m m ’ s , m m u  Omuum , mrm u j ’s h ’ m n i n n m m n i l y  n_’ u m u t n _’n_’mn u ’d ‘s’s i t i m  I b i c ’ st m t m ,Iv m i t  m m u l \ i u ’IV min d t i l e’ s h m l i m n i m m m t u / , l t i o f l

n u b  pi ’ m s u m u m m l i I ~ lu ’’sIs, O flu ’ l u ’ ’sl s v h u i n _ - I u  he humus  use’t i t ’ \ I e ’u i ’ s i v t ’h ’ s  i ’s t I m e ’ \1 ,m u - i i l ’c ’sf \ i u ” s u t ’Iy  ~u t , m hu .
‘is h it ’h lie ’ h imus  been m u h l t ’ m i i p f u u m n _ ’  b u m  s f m m n c l m m i ’ihit ’ u u s l n i ’  J u upm m nmt ’ ’ su’ s t u d e m m t s  mm mii !  uhu ’ b n _ ’ u i ’ sn _’ n_ ’ , m m i n _ ’ b ’ s ,

I nc ur  ‘ s u’mt l ” s m m c m i . s ’ s ’ b i uhu ’ cm mm ‘ s u m h b ’ m u m f u e m u i  in thc ’ t, l n i t e t h  S l , n h e ’ s , hue u m c h m i m m i ’ s t u’r ceh t h e  ‘ s n _ , l b e’ I n n

\ mnu c ’n mc ’u tr i  s m u m d e ’ m u t ’ s  ar - id found  ‘ s i c i u i f ’ i e min i t  e h i t ’l’e’nu ’ mh n _ ’ u ’’s h ’m t’I ’ s ’ sn_ ’ n_ ’ i i  t h i t ’t ii  munch f l u e ’ J u m p m m i i t ’’st’ s u u u n p l n _ ’ .

K m m i m t ’ u - \ m i c l u m  is ‘s , t j u h to hi ’ one i - i l ’ I l - i c  b e m m m i m i u g  ,,‘\ t u m ’ r l s  j u l  mi ’ u m s u u r e ’n n n _’nh t’ v u m h u u m m f i m t n  ummi th
p ’sy u ’ i m m t m m n e m e m m t  l e s h u n t , ,\  lti Oi ’ n_’ rcu’ent m n m f e ’me ’ ’sl is u i t l uc ’ ‘m’s ’s n _ b i o l o g y  m i t  , R ’l i i i 1 . \ l  p resn _ ’ l l m . l ie
m m mcl I s s u m  u t  in ’s m m ’ s s m u u ’ immte s , K i n  ( ) k m u m i m o t o  mu n c h I m u n t m m l ’m n n n i  ~n_~b~i , . mn e s l u n k  m l i i i  achie s ’u’nm ent  n u t

J m p a n u ’’se’ s f i u cl e ’n l ’ s, ‘I’ i u t ’re ’ , m rn _ ’ um h im u m t 30 h igh sn_ ’ i t m m o l ’ s  m tt , m e ’i u e ml t i m l i m e ’ u m i i u s ’ u ’ u ’ sm t ’ s  am id  I N c
‘ s I u u c h e’ n i f ’ s  m i t  t l u e ’se ’ ‘sn _’ l - i c.mo l’s mm m c ’ l i s t ed pt’m i m t c h i u ’ . u I b ~ j ut  f l u e  I t n u j ’ m n_ ’s mi ’ m I n _ ’V n _ ’Io h i i m e! mm pm ou ’c’ c h u r e ’ f ’i mr
prt ’ d uu  I m i m e  s umce ’u’’s’sf ’t mi pe’rt’c m m m u u u m n c e ’ in time’ m m u m m v u ’ r s u l ’ s ,  ‘ I ’ h i ’ s  ~‘s mm li , m n u m h ’ m i t i m u i u s  I u n m m e i l t i t h i m u m m h  s t u n _ h ’ s
se - It ic h m m i t ’ s - u  si ’ r u u t u m i i / e ’’s o t h e r  i m m t ’o r u m u m u t i o m i  abou t  t he  ‘s t t m d t’ i u h ’ s  n u s u ’n I n ’ , e’ m m u i r e ’ sl an i i i  Ing i m
‘st’ h i i u i m l , m m u c l m u c h i u t m i  ‘su’ i u u l , m ’ s t i n _  re~ m m c i ’ s  mm md mt ’ mue i me ’m’ n_ ’s’ , m h u m u l u o m i ’ s , I b m - i ’ p mm i el,l ui l Is I !~ m l ’s  s m ’ m l i u  5 e mtm
,uuu c l ut ’ s uil t mimu uifu ’ mm im mu u ’ s h u m  b u ’ m ul i lu ’ h u m  u ’ h n m m n n i m m f e  t ime ’ sm - i  n_’, t h i u ’ ui  ‘‘ c ’ \ mm iul j lu ,i lmmunu hell’’ ‘ sc hm id t
n,’ n m m i t ’m u m n i l s  l u t i s t  ‘ s t t i t l t’ u m f ’ s  ‘.n_’i’ k l i m g  m m i l u i m m s ’ s m u u m m  t i m l i i i  ‘sc’ lmcmt ls n u t  11d m _ u n,’n , I u t m, .u h i m u u i ,  l ’hie ’
u’” , , m m i m u u u m m t u m  l u ’ s  m m m n _ ’ mum Jm l h i m nu u ’sn_ ’ l m u m c i u m i m , i n_ ’ , i~m g hj sim , mi n i m i - i u i t h u e m i i m m l  n _ s . h ) , m t  ‘ m I u’u inm t umh n m m m i  25
l i m u m u m s , uneh  ‘st~m t t t ’ i i l ’ s  mmmc ’ p rm i c ’ n_ ’ssn_ ’m i t l i u ’ m u i t g hm lilt ’ u ’m m u m u p m i l e r  ‘s’ e’ m m n l s  tm m m  t m ’ m lsi ’ m m m l  m m m i ’ s  s u u ’ u u i t u , ,  m i m I
b , m t ’ f n m n ’ s , 1 m m  t h i s  p ( m u l t iu e ’ s ’  f i a s e ’ n l e t e ’ r u m u i u m e ’u i i b i , m h  h h i n _ ’se mm m ,’ b m m e ’s’ n_’m m - ic ’ n m t  t t ’s l s  ,i mi c l f l u e ’ h i g h  ‘st’iuoo h
i n ’ n _ n m r m l ’ s  h c m h i i  m u i r m ’ l m m l t ’ h i g h l y  ‘ i s i f i l  t I l t ’ c’ n f r m m i t t ’t’ t ’ \ , m n l i u m i m m t i m u n s .

\ l , m ’ s m m m k m  ‘ \ ‘ s m u ,  in mi d e l it icm n tc m hu’uul g ( m m m l  i i u , m u m  m i  f l u e ’ elt ’p.ll m m m e n t ,  is  m u l s u m \ ‘ i m ’ u’ i ) n m u ’ c’ f m m’ m i t  l i l t ’
I m u u u 9 u i t u ’n ( u ’ m m l e m  mimt c h h ut ’s f l i t ’ rc~s p o u i s m h i h u f ’ s  m u m  l e ’ mut ’ h i i m m g  t ’’~I - i t ’ u m u t i e ’ l 1 I m u I h i ’ s~ i’ h l O l u m t ~\ mimuc l ‘ s t , i l i s t i c ’ ’s
lie ’ bu , ms s 1u t ’ u m l t’c n m ’ sm u i c ’i mmh l e f l u m e  l i i  t i l t ’ ‘ m u t e d  S ( m ul t ’ ’s mum ] humus  s ce mr ke’e! c c i f h m  ( ) ‘ s c m m m u ci , mm ’m d “1 , 0 ,mi u n i ic ’’s
on s m i r u c c u m s  i r m m l e m  Is, , , -\ p m u i m u m m m ’ s  i m i t e r e s t  hI t ’s i i i  c o g u u l t u s e  s i m u i c - I m u re ’s mmmi ]  u t s  m e l m m l m m c i i ’ s l i i p  ‘ i c u l i t  u l i t e r -
u i u i - i d a l  su ’ m m s i c r s  ‘s \ s l t’ i l m ’s I I i ’ s  I i ’ s  p c u l h i c ’sis m ’ s t l m . i f  i t i l e ’ s c ( m g n u m l i s t ’ s t r u m ,  l i m i t ’ im mm s mm e’ lO ’sc’ rc’ i at io tt ’ si mu t

t ‘ i c t l h  c u l t ’s i u u m g u m u ’ s m m e  ‘ s t n i i e’ t t m u e  l i e  has t’ ’ s m e’u mc l c ’ e h f l u e  st ’ l t m m m l c t i c  m h m t t e m e ’ u i t i m u l  t - t  t h e  o i f , m c t m u r ’ s  m ur i e l
‘ s m ’s u m , i l  ‘ s ’ s s l n _’nm t ’ s m m m i c l  t u mu l t 1  l i l t ’  e’ \ m s f e ’ru ce’ n u t  mm L’lui(t~ i f  f’mme ’h cu r s uu m u iiuu iomu t i c  c h l t c ’ iu ’ n I  st ’ m l s u m u ’ s  i i t cm d ’

mm h i l i c ’s l i i ’ s  i l t I t ’n b m u u ’ l u u t u m m n  m ’ s t h u ~i f  f l m m ,’ru ’ Is  m m nc ’ h m t f i o i t s h i i m  am rmiss  n t o c i m t h t h i e s  t i m  s imu n e ’ c i u ’t ’p l s  m c u m c t e ’el

i m n m g m u m ’ s m  I c  ‘.1 F U m  l t i r e ’ ,

A i m m n m l n _ ’ n c ’ e n ’~~ t t m i t e ’ i e ’sI  is  i i i  t r m t t f m n  prc ’c’ t ’i u t i ~~li , i i i m l Nc’ is mill i n _ l i s t ’ m ui e n mhe ’r cml ’ f l I t ’
l u mt u’r n ummt u um a l I )u c.um u m, ’, m tu mmu u c m l  S , u l c ’ h \  mu n ic h  I , m t t u u , , ’ Sc ie ’i t c ’ e ’’s , I i i  , m n h m h i h i c m i i  t i m  m l c ’ ’i cmio p imi g i m i ’ , m s u ,ur es
i t t  druvc ’r c’om um p c ’te’m ui ’u’ , lit,’ m ’ s e’’sl m b i u s b m m u m m ’ .1m m u l i l u  c i  m u l t I  i c — l i  re’lni es mul s’s ‘ s l c ’ n i i  ,u~ u ’ I m u n u u m h , m I i u i n ’ cl . m f m i  cO t

“~m uI e h ’ s ’  mm mii i m , m t l m u ’ , m u  u t b , m l i ut g mil l n i m h m m  c’ m m m t ’ rgum le ’  l m m u u t i  I h i c ’ ‘c t m u c l m m ’ ’s u u m i u i e r  u c u i ’ , u m u u , , m l u c - i m m . m f  s m m h m l u m m ’ t ,
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lie humus responsibi l i t y  fo r  t h im ’ Japanese soemrce s . He wocild like to see th is expanded on mu

~ ‘eater international  scale and hue is involved in some cmo ss -eeml tur :u l s t u m h i c s  of s um i ’c t ’s muri el
traffi c research. Asai maintains a generumi  interest  in av ia t ion  ps ’s ’ciuo log v m m d  lmas iu ae h f l i t ’
opportummity c-if riding several ve rsions of defemise aircraft . In his earlier days he worked or -i
seat comi fig m. mr ation and panel displays ,

Scii e ’iii Hanazmmwa works in a rather unique field , tha t  of mate rn i ty  psychology. This was
m y  f~rsh ex p o s c i m u ’ to this par t icu la r  area of research. In any  event , Hanazawa is concerned
w i t h  flit ’ a t t i t udes  and experiences of pregnant women and the relat ionship of t h ese to ti m e
nm e sc hcmr i i  ch i ld: lie calls it the psychology of rnotherho i, uc l , am-id it i nc lu des  ti - i c s tudy of the
psychological ch a nges that  occur when a woman becomes a mother ,  To date he has foun d
that- either high or low anxie ty  mothers correlate low with miff e cti ve q u a l i t y  while the middle

~n’oup correlates lm ig hm .  Thus , he conclud es that  time so called “painless” bir th pnc su m g c s some
luazards t o u r  t i - ic mo them ’s feeling for t ime ci ui l d and tha t  cl mi lch rearing will pose problems. He
feels that some degree of anxiety is h eumef ic ia l  for the future mothc r-clmi ld relationsh ip , mm
hypothesis he is now at t empt ing  to test.

Kiyoslui Yarnaoka is mm physiological psychologist  whose pr i nma rv  research has un dertakeu ’m
f u n  develop rela tic risilips between G anti a variety of factors. Over the years lie has used
tile EEG to s tudy  ‘su ch mmmcas as visual u m um :g ’ 2 wh ich  he calls mm inu lu imy in to  the color sense
proc ess ) , the h ypno t i c  s t m i t e , visual perception , Yoga medi ta t ion , reaction t im n e , phono-stimu !i .
menta l  itnagery , and a host of othuems . I-i c has event s tu d i ed  l E G  cl’u a ngu ” s unde r  the e ffect of
“cimoking, ” a trick used m u  Judo to render on e ’s o p p o n e n t  urmco rus d ious by oppression of ’ t ime
carotid u m nfc r \ ’ . For subjects , he sc ums able to someh ow conu viu icc three naive (un t r a ined )
s tudents  to go up against ‘si ’s r ank-ho ld ing  Judo wrestlers. It appears tha t  svi t h i  the loss of
con sc iousn ess t h eta sc’mmvcs predom inated wit lm diffused h’u igh u voltage de l tmu  bursts  u ippe ari n~
periodically. With meu’ovt’ry of consciousness slow voltuige a lpha wmmvcs appeare d i r regular l y ,  In
general , time naive stiuclents c\hil)ited the  s m m n - i n _’ p a t t e r n s  as t h e  exh i ert ’s. t l ic - iugh thuere svu’re

ind iv idua l  differem ices for both groups.

-\ brief courtesy call  w m m ’ s pm u i d on S l m u m t a r o  T su mm akura , mm p sychologist  ss’ hio h u m u s  moved up
to he D e mui m of INc (‘olin _ ge’ of’ Arts m mmcl Sc icmi t ’cs . l ie  would l ike ’ h o i n i s t i t u m t e  mu coo p emum l ive
p m ni c rm m ntm with - i  severa l A m er i e mun u r u u s ’ e m ’ s m h m u’s f o r  t ime p u umpcmse  oh e x c i u m ung in - i g  s t u d e n t ’ s, d oing
joi nt t re’scarclm . p os sib- i ly 1m m t e ’r c ’ l um i ngi r m g fa c u i l  ty  for b ni n _’t ’ p er imit i ’ s. in t ’uict  m mmi ’ s  mmmc ’.ls ss iu ere mm join -it
n _ I  I n  mr t  mig h t  enhance time opera t ion of mull concerne d . T l mis ‘s’s i l l  he explore d more l u l l ’ s ’  m l l  mm
I a f e ’r (hale ’ .
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‘i-lI E; r% DO .L~.L :R oP E AN IMPACT ON JAPANESE MYTHOLOGY
A REVIEW OF SOME RECENT RESEARCH

C. Scott Littleton

Un til nt ’e’c’nt l y4’ mmmiv stu ggestiom i t h a t  tile anciem ’mt lndo -Eu mropean speaking myt imologica l
t rm m ( hi t i o n  migh t  h , m s  u’ had an impact  on Japanese mythology wo uul d have h~en n n_ ’ iL ’u’tedl out  of
Imm mn d by most a n t h ropologists , fo lkh or is ts , and historians , Indeed , the profound l inguis t ic  and
historical dlifferences between Japan arid the Indo-European speaking West have heretot’ore
prech umde cl art y se’rious challenge to the gu ’ m i c r u m h h y  held assumpt ion  (e.g.. Sansoni 1967:26) t imat
there was no conruect ion w h i u m t s o e v e r  between time Iwo t r ad i t i ons  u n t i l  re la t ive l y  modern
I mimes , t h i a t  is , um nt ih  th ie arrival of time D cmtch ant! Port uugese im i t i - ic  16 th - i  e en t umr y  A. D,

To he sure , ti - ic fact tha t  cc rtmmi n im por tan t  Jmupanese ni ’s-this, such a’s ln z anagi ’ s u l e sc ent
to the umnderworid in a vain u m t f c m p t  to rescue his consort I m’m zan ami  I and time Sun Got lcless
An i mi temmisum ’s famooms sojourn in the cave of’ dm m rk n cs ~. which caused the crops to w i t h u e r  and
die. 2 hw oad iv resemble ti - i c  ancie n t ( ; nn _~u~k t rad i t ions  surroundim ig.  respect ively ,  Orpime u s munch
Persep imone  has occasionally b i u ’en noted (n _’ .g.. Sauu nders I u) h 1 :420 , Sioris 1970 , \‘os il i t l a
1973) . B u mt s imilar  s t u m n i c s  cm m mm also he found in-i a numm her of oth erwise unrc lumt cth trad itions in
N c m m t h m  n \m u ’rica ( c t .  h l u l t k m m u n z  1957) mind Ou’n_’mmui i a  (cf . 1) ixo n I mi 64 : 73_ ”74 I , mun ch most ‘su’i uo lm mrs
wh o hav e con ’st u i cncd the mm mmt te r  (e ,g ..  Smmnsom , imp ,  c i t .  1 have co nmc lu ,mded t huat  t h ese
resemblances mire t he  result  e i t h i e r  u f  i io ure chance or some sc’idcspremi dh (if riot cm niv u ’msu ml )
isomorp h mi sm an mong ti - ic worl d ’s my thmak er s . 3

I l u i svn _ ’vem ,  f i m u m u i k s  to ‘some recent mm dv mu m i c cs in the science u t  c’om pamumtive  m mi v t i moh o g v ,
bot h in t ime ’ West m m m i ]  in Japan , it h ums im m te ’lv become mtpp mm re nt th um mt th is assummptio ru is
i nc o rmu ’ u’f an t I  f l u m m  I m m m i  h ist  or ic ’u ul  rc lm i t i o m i s l u i p  of so mume sort  mush  luave u ccurrech m i t su m mit ’ d u s t  m t
poi n t in time pm ms f.  For it is now d emur t hi mm l au -i importmunt strtucti .m r ai t O m  pon ie n i t  of J m l p m m u u n _’st ’
m m m v t i m o l o g v ,  e’s i i e c i a l l \ ’  mm ’ s u’x pm u ’sst ’el m u  t ime most mum i cient  f e ’s  Is , t i - ic Kn/ iki  ( 7 1  2 A, I) , 4 m uni c h  t i - ic
\‘i/ uni, ’c/ ic ’.cki  (720 A. 1) . ), 5 is ru ’ rnmmrkm mbl v  s i n m i l m u r  f m - i  f l u e  ‘ s t r u c l u m e ’ t h um i t  p n ’ r s , i m l t ’s f i l e ’ mii vfiis munch
epi c’s m i t  the  most m i mmcien f  Inc l o— l ’um nu m p em m n speaking peoplu’s, t i mmmt i ’s. tb - i c  Greek ’s, R o m m u m u s .
Sc’mt li e h it m i s umu l t s , (‘el I’s, Iranimm ns . Inch i u mmi ’ s, Slum s’s , e l m ,’ , I n  order t o ump p r ec ia t e  t h u  h u l l  ‘ s u c i i i l’i t ’ m m m i c i ’
of t i t u s  u h iset we r s - , c red i t  I’or wh ich must  c mm to P r c u l  u’ssor - \ t s t u h m i k o  ‘m os il  t mh, m ( i  of Si ’i ke ’i

b u m ’ s  m ’ r ’ s u t  ‘,‘ . Tok~’c- i , t is ne’eu ” s ’ su tm v to review vu ’r’s ’ t i n u i ’ t l y  t ime ‘ s m m i u u ’n I l u ’ m m l  d m n t ’’s m u t h e  common
l n l d c i ’ I ’ m m u ’ uu pu’an u i u ’ s ’ h l u i m l o g i t ’mm l s l r m u t ’fu re’, mm ’ s i t  is t’uj r rc ’ m m l b ’ s  u m u i m i e r s t u u m u i ,

‘UI I ’ , N l W  (‘O~d I’A R A TIVE \1 YT I I OL ,O (JY

l ime n m m j o r  hr t ’ m m k t i i r o u g l u  lucre wmms i t u m u m l u ’ suc i m m e ’ tm - t nI\ — mt u lel emurs mm g m t - i’s f l u e  e m u m i m u e n t
h ’ mc ’mic h s c i m o l u i r  Gu ’ u u i t ’ i ’s I ) i im u ut ’m ,ii, flit ’ found ing mI l l e r m i t  ‘i’s t t m i t  I mas sm it e  t’onuc ’ to h ’ m e’ km i o ’s c nt mm ’ s
‘‘the  im ew c o m n p m i r m m t i v e  m y t l m o l c m g v ’ I c t ,  I itt l e t u m m u  1973) .  Iii mu h ri l lim m mtf series of hook ’s munch
art ties I )m I uu i (’ ,’i 17 has co imu ’ lum ’ su ’ s ’t’lv d e m u m o m i s t  m m m t e ’e l f h u m i f  f l i t ’ I ii u h O — l u u r o pea nm m m i v f i u o l o g v  s’s- mm ’ s
s lr u ut ’tium c ’ch i t t  t e r m u m s  oh tiuree fum r td m i tm l en l m i i d c ’cm lo git ’mm i p r inc i p l es: I I) ‘smmvc’reig nut ’s’, (2) t u e
t ’xe rc mi s e c t ’ l m h l y ’ s l t m m i  pl’ i mwt ’’ss. mm md t 3  t ime  m m l m u u n t f c ’fl auic ’t’ n u t  p h t y ’ s i c’ m u l  sv e’h l — h c ’ imt g . I -  “m gci ’c’sse ’u i in ml
wi d e varie ’ty m m l  uu i ~ l b m c u i u m g i e m u l  m imi ]  ‘ s cuc ’ i m u l  c u ) m l t c ’\ I s , I i u e ’’se t i l l C d ’ p r uui t ’ipi es . ulr ‘‘f ’um mmction us ,’’ mm ’ s
l )umm m c m im i tem mn s thme’m t , serve’] mm ’s lime l rm un itt ’c~mci k I l l he rmi t ’ s  cm l  ‘ i ch i i u’ii t he  sc’vi ’ r m u i  m m mu c ’i en l



I nc io—Euu nu i l - i e u mu  speak i n g  c om u num ni t i c s  n_ ’ mi t c tmo r ize ’t h t h e i r  c h i v i n i t i u ’s. Thums . from ancient  India
to Sc , mnu e h inm u vimu , on -ic h’inds tr iads of gou.hs (or sets of gouls , each - i of ’ svhic h i  represents  ouie of the
timme c ~inim uci pl es . For e x m m m p l e , m m  Vet h i c  Iridi u m th ie c lo sely um s so c iu i t edh  th ym e st mvcrn _ ’l gn ’s V , m r cm na

mu riel \ h i t r m u  re f lec te d , respect ively,  ti - i c cosmic min d ‘ soc im m h umspe ct s  of overlordship, of ’ u l t ima te
order , or rio , m is it  is cu mhlc c l  iii Sa ru skmi t :  f l ue  rre ’u mt war godl In thra  p e rsom i i tu cd l  the exerc ise  of
ph ’ s i c mm l  h i nu i s ’ s  t’ss, whi le  ti -i c t s s- imm ,~\s iu ’ s  i , or “ D i v iu mu ’ Horse m en .” t o g e t l m e r  w i t h - i  t ime  goddess
Sm m mum s vm i  I i , ret ’lccteel t ime “ t imire l  fu uu mct ion ,” t i1at us , ti ’ie sum ni of t ime processes wh cre b iy  a
c om mnu m u t v  n ou m mis h mes  i tself , grows wea l th y, amid is prepetuated from genermution to g e m m c m a t i o n .
In m m n d ic u i t  Scandinavia  t ime “ f irs t  h ’cunct ion ” was represented by time sovere igmi gou l s Od in m i mici
Tyr . the ‘‘ ‘second f Lm n c t ion ” b iy  t i - ic svumr h ike thu n udher b o l t—hur ie r  Th om , amid t ime  ‘‘ thire l  t’unc t iomi ’’

by t ime rus t ic  Vmmm i i r  c h i v i m ’u i t i c s  Nj on ei r  amid i” ru~\ m r , plums the l a t t e r ’s s i s te r  Fmn _ ’ yum : at Rome t h ie
pr im ’icip le of ‘so vcre igmm t v  svmm ’ s personified Nv tIme simigie d i v immi ty  J dupi tc r , physical  pne ’ve ss was
iu ie m m u ’ u i u i t e d l  in Muir ’ s, and ti m e ic leu m s of ’ ph ysical s v c h l - b i e i m i g ,  f e m t u h i t v . etc. ,  were re p r n ’sem ’i fed h ’s’
t ime , i u , !m ieuul t t i ra l  c le i l ’ s  Q u m i r i m i us. In sh ort . mu l thodmg h m they d i f t ’ereel from one ano t h er in a uz mc ., t
umimimm y detai ls , these thimcc m yth ological trathitions , t h e  In t l i an , t ime Scan th inav ian . ant i  the
Rou n mmm’ u , ‘si marec l a common ideological h i c n i tu i g c .  ouie t imat  permeated the i r  respn _’ctive w onI d i—
viu’sv’s, The same bmusic structure cmm n lie d iscovered in t i - ic (‘e l t i c ,  l ra mi ian , Gmu ’ek , au di a lm ost
ever ’s o ther  a m u c i e n t  lndo—L i ,mropean sp c mmki ui g  tra d i t ion .

In a d d i t i o n  to this t r i p mmr t i t e  h i e r a r chy  of gods , t ime am ’i cie nm t lm i do- Fm , umopeuim - is  m m h so share d a
mutm u u ih ier  of ‘ sp e c i f i c  i ’i ’u ot i t ’s and n ar rmmt ive  t h em es, Omit ’ m u f  h i m c ’ ’sc conce mn i s ~m p r i m evmui  co mi i h m u t
h etwu ’n_’n fc c - c- i c imm ’s ’s e ’s of ’ god,s mi mi ] or hie ’r t> u ’,s . m u f l & ’ of us i mich  re’prcsc’nt s the fi rst u ‘sc ,~~i

‘ ‘ fu m u c t i o n s ,’’ that  us , cosmic and social s o v e r e I gn t y  ,u nc h p h i y s m c m u l  pr osvcss , au -id ti - ic o th i ~’r
reflect’s the ‘‘ th i re l  fu u mic t ion ’’ m u m - id a e’ o n i c o m u m m t a n t  c o u l c c n m u  w u t h u  ‘s’s emmit lu , sex . munch m u g n i cu m lt tm mu ml
, u h u m i u l a u u c c .  ‘ri -ic cu - id result  nu t ’ thus u.’Omitli m.’I is t h u C  dn _ ’ Ie ’ m i f  u - i t  t i m e  ‘‘ t h i r d  fummi t ’t io n m ’’ fi g umm ’ n_ ’s mmd
tlut ’ i m incorporat ion in to  a si n m g l t ’ a lbei t  I Luui t ’ t m c c n m i l l ’ s  m i l l  iu ’re’ n t i m m m  - ‘d pm mnt h u e o n .  T u e  he’S I
u’ ’ s m m i m p l n_ ’s lucre are t ime i’use uc l o—i uus t iurucm ii S,jbm n m e V~

’ mi r , u m u  white ii I me Romans , led Nv the i r
p r imn _’s’ m il ki mig Ro mn u l ums  (here a t m m i u m ’ s p u l s u t i o u u  m u l  t i t e  Cc  ccl J u p u t e r ) , du ’ l n _ ’ated m i m e  w e m m i t h u ’ s  mm md

m u \ um r ’ s ’ ’ l u u v u m u m , u  Sab i m ic s  a f t e n  ‘ s t e mmh u’u g the i r  ‘i’s ives , m u m - i d t h e  nm crc ’ e i e ’ mur l ’ s  u u u ’ s  l h m o l t i g m n _ ’ mm l \onsu ’ I i.e.,
m m ncien t  Sc mm ndinm u viam i  ) a cc oo unf of ’ m m s’s-mum bets ’s cei m two I min i m i h u e ’s i m t gm m cl ’ s , t hu  ‘\u ’sur ( t h u a t  us ,
Od in , ‘I ‘s r , ami d I l i o n )  munch time Va nm mm b \jorthr . I m t’vr , et m m ! ,) ,  mm ‘s’s I i i ch time l a t t e r  sc-crc dc l ’ ’m mtn _’ th
mu mi d  sub scq ume um t l’s incorporated lu-ito time pa mit imc on. \ n c m t  Im er . less cent mm ii i  c x m m nmp l e  of t h us ‘‘ sc u m
b icts c’een the f u u m c t i o m u s ’’ t h eme c m m n he f ’ou mnm ch in the Il/aul . ‘so h uc ’rei nu f lue  Greeks ‘seem to re’tlcct
time f i r s t  i ’s ’s um ‘‘t ’uui e’t ions ’’ m uu cl the T r ojm mmi ’ s  t ime ‘‘ t l m i r c h  I c m n i c t i d ) t m ’ I cf ’, 1 , i t t b e t o m m  9”() I ,

SO~1F, JAPANESE PARALLELS

It i s now clear t i umm f m m u m t y  ot time muumujor  f igure s  m un ich e v e n t s  of ’ J a p , u u m u ’sc u u m v t h u o l o g ’ s  c’anm lie
mm n i ah ’s’ ,, e cl in te n mum ’ s nut the  sonic id eological s t ru ic t o ure  . A ’ s  l> rofe ’ssum r \‘mm ’ si u i da .  ‘ i v b l m u  st ctd i ed s v u t h m
L)cmmczil in Paris h u m  m im e years, now see s it (cf ’. ‘t’o’sluic la d)74 d c ,  ) , f lue  g r e a t  solar goddess
-\matc m u ms u i . h i t ’ divine  ~m ) vu ’m eigmi par u’xcellence , toget imem witim flit ’ di ’s i n i t i t ’ ’s l’mukm ur u’m i m su b i  an d
Kant umm usubi , rt ’f le c’fs  t hue “ f i r s t  l’unmc t i ou i ’’ her h r o t i m e r  S u m s u m m u m m ’ i v u m , whose u m m u - i ’ s h  ‘ s t n i k i n m g  t r a i t s
mire emmo nuu moLi s  ‘it renug t  ii mim i] a b i l i t y  m I s mm warrior , refle cts  t i m e ’ ‘‘su’conch fu n c t i o t u ,’’ mm cl f hue gru ’mmt

u n n i c u l t m i r m u l  d i v i n i t y  O k u n m i n u s h i , simm - i  of Susanowo , mm ’ s well mm ’ s the two primuces of Oke, mtmu lom u g
o t ime m ’ s , mire ’ r e flec- h o  u s of t ime  ‘‘t bmir c i  t u m i d  10m m. ’’ I mmdccci , lime i im m rmuh l e l ’ s  between the lat ter  pair
mu ri el f l i t ’ wi d e s iur t ’m ic h In d o  I’ u m m ( m i ) e ’m ml i  t r ad i t ions  rc l a t i n u g  to time I ) ivi n e ‘l’wi nm s ( the  A sh ivunim u , etc.)
are ’ pa r t i cu la r ly  in umpre ssi ve ’ . I ik e t i meir  Indlo ” i -u i r op c an  count erpar ts , t ime 1 5 5 m m  l’r i u ie c ’s mim e’
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~u m ’ j u 1 c j J u u u h i y  co nm c erne t h  wi th - i  f l u e  p romot ion  of agr icu ltuur c , antI t i u c i r  reigns are notab le as eras
w l m e m u  1’eumcc au- id pros~’er i ty  were um niversal.

Mc)r e’u,- ivcr , time theme of a confl ict  (or m it  least an am T ma l ga mii at i on )  between two sets of
d i v i n i t i c s  can - i be discem n ed km t ime J m mpm u u ’uese texts , one that  seems to parallel  the “war between
t I m e  l ’u m w t i o n s ” t h m e m e  jumst  m e n t i o n e d . I mc h e m  lucre  to time widlespread assumption on the  part

cmi ’ Jmmpu mni c s e  scholars (e.g. ,  ‘ F u m kumgi  192 5)  thm u t t ime  t r ad i t ions  pres erved l in ti -i c Koji& ’i amid the
mire the resuni t  of an ammi lgan i a t ion  of two dis t im - ic t  m y thological  t radi t ions:  that  of

l m m k m u u u i . m g m u f m a r a  mind tha t  of I z cmmn o.  Just  mm ’ s emur h ier  Im ieho— E uropeam ius t s  held t i m a t  the Sca n mdi n a—
vimm u m miccount  of ti - ic wm m m h ietweeu ’u t i - ic Au ’sir amid the Va nmir reflected tIme su mpcrimposit ion i of the
Ge m m i m m unic  spt ’m mki n g I i .e., h m id ho— l ’ ,cmropean m ) tribes Im p orm t i - ic im id igenoums i n h a b i t a n t s  of Northern
I cun-ipc. ‘so) it has b u g  b ec u m suggcstee i tha t  these two strands in Japanese mytho logy  reflect
t i l e ’ lim si om u of an im md ug cnous  t r m m d i t iom I I zuum o) w i t i m  arm imi t rus ive  on ( ‘I m i kamaghmmra ). B u t  just  as

D o unmezi l  wuis able to dc mn ommstra tc  thm u t the Scanc h im i u t vimu n confl ic t  m y t h  was not  t h e  p r u - i u l c m c h  of
u n i q u e  s e t  m u f  h i s t o r i ca l  c i r cumi i s tu m mmces , buu t ra ther  a versio n- i of mm comniomi hui do—European

f i m e m m m c ,  sun  im i ’ miow possible to sum ggu ’st tha t  ti -ic two u u p pm u rent ly  dis t inct  Japa u iese  t rmmd h i t i o r m s
mire in f ’mm el  ‘c u l t  . m s p c d l ’ s  of mm single ideology, one im it roduced  by ti - i c it t ru m dems ( ‘see below).

i:or e \ . m m Ip le , t i m e  lz iu uno versiom ’m cons is termt ly  emp imasizes  ag r i cu l t u r e  mmmi ] related p oursui ts
I t h a t  is , ‘‘ t i mird  t’u u i c f i u m n ’’ ch a r ac t e r i s t i c s ) .  wimile  t ime ‘Fakam a g a hminmm vu ’m ’ sion emp h asizes force
ami d t ime ,mu ’ l u i e v c ’ u m - t - e n u t  of sovereigumty. Tlurus . in ti - ic h z u m o  ni y t hu s  mmbo u t  Sumsa nio scu m h i s  warl ike
t r , m u  Is mime t yp ica l ly  stuho r diuia te t h  to h~s otherwise peripheral achievemen f’s mis fmur mm ’ s m u g m i c u l t u m m e
us cormce m n i ed . s u i c h m  Vu - - - h aving gemiermut c’tl a nmutm hicr ( if  species of ’ f r u i t  t ru e’s , I he suu m c ’ t i m i n g  cmm n
be ‘ s m mk h tom t ime  m I N e  r major e h i v i m u u i  t i c s :  t i m e  ‘ r m m k a m m i a g m m h u a r a  vu ’msio u i slm e’sse’s f i m e i r  ‘‘ f i n ’ s t  ‘‘ m in d
‘‘‘su’conel f’tmmm et i i m u m ’’ fm , . Is: t ime  Izumimo version -i ‘it ru ’ssu ’’s t h e i r  ‘ ‘ th i rd h  l’unc t ion ’’ t rm u i t s ,

i’o lie slime , t i l e ’ l ) a t t e ru l  lucre is -iv i- ic ) i m m c u m m m s  as clear—cut mu ’ s f l u e  on - ic to lie f ’oummd km f l u e
I u m t h o — l  ,ur o l - it ’ m mi u r i u i f  t j c ’t mm iv  t h i s  h irt ’vi oums ly cited . Yet t ime  ‘ su m n i ic  basi e’ ehemcrmt ’ s  m mmc pnu ’s e mlt  in
bot h t r m i d i t  i o mus:  t ’sc o u m p p m m r e n t l y  c h i s f i n m c f  con’u m u u u i i t i e s , one em~i l t m i s u i i u i g  ovemm ul l  sovereignty
mi ri d t ime ex u ’rcise u m t  p imysica l  prowess ( R o m m u h u m s ’ Romam - is . t ime Au ’ ’ s ur . ‘I ’ u u k a m a g a i m a r m m ) mmne l the
ot h er I’m u c u ! s i m i e  0m m m m g r i c u u l t u r a i  umef i v i t i c ’s  I t lme Sm u bi m i cs . time Van u i r . Izuim o) . amn a i ga mn uute  mun i ch
f o r u m a ‘ii  I ~hu ’ c u u u i  m u m m l i t y .

Ye’t ammo t i m e r  I m u t h ( m — l ’ , curo h i t’mm n f h iu ’umme Imeretofo re ’ u u im cu u  I uo n ec l  - t i m a t  is relict ’ ted un - i  Jmm pum—
nest ’ m y t h  cniu iC e’ ’ s I i ’ s  t i - i c  a m b i v m i l e n t  m u m] ou m i prc ’t l i c t mu lile c luarac te r  of tIme s c ’mmrriom t ’ig cu rc’. Jui st ,u s
I u u t l rmm aim ] it is ‘‘ ‘ s c u m  u mmel f u m n t c t i o m m ” coumm t e r p m m m f s  t h m r o u u g h m o c m t  t ime  l m md o— i  - m m r o p e a u - i  sj i u’ . mking
do m nmu i mu c ’ o u r u r m m i t  u s e n t ’ s  mf ‘‘ s in - is ’’ um g m m ins t  t i m e ’ sml v t ’r d ’i gn m ur ml u ’m of t l t u u u g s  ( t I , l)t mn ~~z ul h m ) 7 0 b ) .
so) S u i s , u m m t m w m cIt I it ’s h i s  s i s t u ’ r ( A u n m i f u ’ rmus t m ) mmmi is mm ’ s rc’ u’ m m l c i h r m m n f  minim A mis v io le n ce’ prone ml ’ s  m m m l v

I n ehc m — Eu r c  q m e mu mu w ,m nri or , eh m v t  mi t ’ or Ime r ou c ,

1 mm ‘h u rt , i t  is nu cmw p i m ’ s s ih l e  to ‘suggest mm mi s t r t uc tumrmm i  gro t un c is  miho ni e I l i m i t  I l t u ’ue ’ u s i u ’ieleecl a
‘iu ’~~ anc ieu i t  c’om tm ’uect ion bet wu ’d’u l  t ime  I n d o —i ’ui r ope m m n mmmi ] Jm i p mi u ’mesc’ tr ael i h u m m m m s , omue t i ma t  elate ’s
l i mi t -k mit Ie’ mm s t to flit’ be’ ginmuiu m g of f l i t ’ e i g h u t h m  t’ c’u i t u m m ’ s  ,-\ . I ) . mmeI u m uc msf  h i k e l ’ s  mm grc’mmt c hemil  e .m r h i c ’m ,
-\ m u] if we mid d I u ‘s’s 1 1 m m  I m u m ’ s  j u m s t  iiee ’ m m  m l m ’ s c u m ssm ’ u h f I t o’ m escnm i i l m uni ’es N et sc’ t’en u s u u l m u t e d  motifs  in
( ;ru ’ t’ k aim ] Ja pa ume s u ’ ut uy t h uo l o g y  I m l c ’t l t i o ) n e el  mi t f l u e ’ o t u f s c ’f . t i m e  p r o b m i b i h u t y  m i t stmc lm mu c o n n e c t  lo in
l u e t c n u m c s  m ul nummms f c’ert~u uiu .
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Ht ~’ d’ \m id f  da te  am id nature of flmis c ou u m i cc t ion  are s t i l l  riot w l u n h h ’ s  clear . A l f l m o c u g h
Pr o t u ’ssor Yu m ~i m i d a  and h i s  co—worker s , mim i - iou - i s  t imem i’rote ssom I m u m ’ s m i  ( ) b n a v , m ’ s h i  m , of Tokyo
hin is t’n s i t  v , mire now fmuirlv certaiu ’m ti-ia t it t , egm mnm s l i omt l ’ s  at ’tcr time b e g i m t n i i u i g  u t  f l - i c  ( ‘h n is t u mun
ermu ( t l m a t  is , in - i the centuries i m i u m e t i i a t e l v  precee eling time rise of ti - ic Ya n ua to  ciami ) ant I
inuvo lv eeh a c h i t ’fuisiom - i sp ’ci l ’iu ’ u i i i  v fmonu t i u ’ I n t i o— I rmi n iau ’u  spea k i n g  nom’ m i a d ic c u u m i m m u .m n i i t i e s  i - i l  t i - i c
steppes of wimat  is n iow So c ut lu  R u ss imm ( t i u m i t  is . I’rom th’e S c y t h u s .  Sar t u i a t i :mns , an~h oilier related
steppe tr ibes ) .  ‘Flue i um te nl m ’uc d himu ri e s  im i t h is fnau msm iss i o u t  process seem - i- i to h ave b eemi the  several
.‘ \ h t u m u c  ccr Tunki e_ s~i em i ki nm g tr i i ic s  t h ien i  i iuus l mim ’ig we sts c mmn- .i I ’mom the i r  h om e l auu ]  iii East ( ‘entral
Asia. Th ese Ahtmmic  spe u mkers . hmuving  picked ci ii t i m e  l n u p m m r t i t e  ideology fromn th eir  we ste rn
ne j 2 imhm ’c m’s , u’S e l I  t o mm u l l y d i f f u s e d  it em ish so m m ml t i m  J , i  ‘ c m i  ‘ s m u t  Kore m u I where it also su’u’u i i s  to l tmi ’ s ’ u’
left its m m mn k m m m l t h u e  local t rm id i t i on  , hm u dce ’ el , i l now um h i p eu m n s  t h a t  t ime am ’uccstors of the Yaniato
m im a ’ s -  well i u u m s t ’ been - \ h m u i i e  spt ’ m m k u ’r’s mm mi ] t l m m u t  t ime u un m ue l  ti e ch - i murm u ct c ’n of ti -ic Jmip anese i m i m i gum u ge
ru’t ’lu’cf s  mm s’s u t !  ~,e ’s- us  h i etween au -i A l f u m u u ’ d i , i l u ’ t’f ( e .g.. Jmmpanese ki, ro, , Turkish - i  Aura , both - i  of
svhmich uu i um ’ s  he I r um sla ted by ti - ic 1 m i r l u ’ s u i  s’s u - i n c h  ‘‘lilack ’’ I a n mu i mini mmm d u g u ’ n u m u ’ s  l an ugu m age . Thum s. I lie
‘‘‘isa n h etwec’mu ti - ic l’m u m i c t i o n s ’’ t h e m e  woulel h ummvu ’ re’ce i vu ’ u l s u h i s t a mi t i a l  suipport  from act u mm i l
Imis t oric al  e i r c u u n u s t m u m i c e ’ s  and m m mv h ave ‘sem’vct l to ‘‘cx p l a i u’ i ” ti - ic form n at io u i  of a single Japam ese
m m at io m ’u in the centur ies  prior to ) t i - i c com ’u ’m p i l m u t i o n  of the  em m r ~iest e’h ron m c b es ,

I t  simou lu l . of coumrse , lie emphasized Uni t in - i  f l u e  e m i l t t u ’ ’ot  of t l mis  m ’t u ’cessarih v brief ’ mint icie it
is u m i m p u i s s i b l e  t u m  do more thua mu scnu m fc i m t ime ’ M urf ’mmce , as it ‘s ’se me , u t  wh at is in d eed a most
mm nu ple x ne sc mmrc im pno l ) l emn .  Neve’nilu elcs~ t i u m u n k ~ tc ) Prom u’ssui r \‘osiui dhmi ’’s ju id ic ious  apph ica t iomi

c- if ‘‘ I hue muew compm m nat i v e  mytho logy , ’’ it is n o w  ap h i m m rd ’m ’ut t h m u m t  t ime Westc n m’u impact  0mm Jmipan .
i t  n i u t vice ‘se’ m ’ smm , began almost I .500 y u ’u m rs  before  t i m e murri s’ muh of the Duutch  an - i d Portugese
mim ic ! a pprox imm i mife l y two m i l l em i numm before Perry ’s ‘ ‘Bimiek Ships” anchored off Uraga anti
m u m , m u m g u m m t e d  t ime cunremif  phase of l ndo —E umrop eanu— Japam mes e  con - i tac t

A WOR I )  OF CAUTION

I - nn m ul l ’ s ’ , mm sc orch of caut ion to ) t h ose w h o  mig h t lie t emp te d  to - i j u ,um ~i to t ime  w n u - i u m e
em ) nu u ’I us i on m s .

I ) c ’sp i l e  time u m i ’ u v i m m c m s  s ign i f i canucu ’ of th u s new d iscovery . mu u’:ms i gul l ’ s t i U s epm u rm ul es  t l u e
Jm i pamme ’se’ and Ir mdo— l ’  u r op em u mu mm’ i y f l u i m h o g m e m i i  tnm id i t u o n u s , In d eed , t h u ”  d i l l ’ereuic ’ e’’s i i elwee ui t h e s e ’
I ra ch i t iorms.  hoh lm in ‘ s I m u m c ’h mure ’  m u m - i d l i t  c ommt t ’nt , far e - i d mt n uu ni m } i t’r t i - ic s i m v u m h m m r i t u c ’s . anti mm ’ s Professor
Sim igeichi  Kur c . ui hu ’ m mchiru g J m m p m m n u ’’se’ I l e h l e m u i s t . l umms  obs m,’rvech . “An um h i h i muru ’mi t  hm ke ’uiu ”ss is s o mime i mnues
u r m i s l e m u d i u m g ’’ I q u m n m l u ’ m t  i - i v S u m u n t ’ s  di’U ~ ).  M o n u ’i - i vu ’ n , t ime ’ J u u p u i m l e ’st ’ people , mru ’ I / u’)! l u u u h c l _ l m l u r o b i c’ ,mn
‘speakers , n m u m r  mine f im e y  t ime ’ cht ’ seeu ’cdants t im e ’re o mt ’, atic i f l u e  i m m m l ; m m c t  c - if t ime  I mi c i m u — h - tmro p e au i
ide ’ clogy was , as we Imave seen. m i t best indirect .

Y e t  t ime very l u m u ’I of i ts  pres ence at ‘sU u’lt arm em m r l y c i m u f e  umm J m u p u m u m e ’ s e’ i m i s t o m ’ s  sou n ehmow
make ’s t iu a I gulf  ‘s t e i n  It ’s’s vumst  A n il mm ’ s my co hi em ugt iu ’s pursue ’ t i u e ’~r mc ’su ’m i rchm , s’s- c’ mu m
eve u mf o ma lly e u m n i u t ’ to t i m e u n m m l d l u i s i c ) n l  h i mm u t  we mmru ’  not u h u i l f e  m i s f ’u n uc l m mm muc ’i u f m m h i ’ s ’  d i f ’f ’erent f ’rom rm one
an ot imer , u t  I e m ’ s l  w lu en i t  comiue s he ) ocmr r espec t ive  mu’ m v t h m u m h u m g i u ’s mis it h iu ms  h e re fo lo me ’ sc cu uucc l ,

I I n i m n u m i g i  and I m m i a n u m m n m u u  ire ’ t ime  p r i uumevm i l  e’ iu iple of ’ J ui p. m m tt ’sc’ mu m v t i uo h m - ig ’ s. ‘~c’u’ommhu m ug

to f l ue  A’oj iu& I m uui cl f l i t’  \ ,/ i ~~,i s / o , / ~ / I see bek w 1, il  I u ’u L ’ i s - i rug  h in t  It to I hm c ’  I’ m i d ’ ( m ci , I nm / .mnm mm i ’ ’s
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pr ivu i t e  i i m m r l ’ s  were sm buunn e el Un it si-ic b ccm mn mie i l l and d ied . Still  in love wi t im his ‘ s i ’ s t c r - w i t’u ’ ,
i u m t u m u u m m g i  reso lvct l to hiring imer back fro m-i- i t ime land of time dead. bcm t lnzanm imi  had eaten the
food of the deach mmmi ] was beyon d  resc due. Moreover , si-ic wmms so disfig cmred liv i-icr ordeal t h a t
su ie fo rba d e her brother to look upon lien , m umid when he a t tempted to do so, she caused h i m
to he thriven bmuck to time har t ] of ti -ic l iving.

I nmzm m nmu g i anti I nzm m na m i  were t i - i c progenitors , e l i rect ly  or indi rec t l y , of alm ost all of t u e
mmuj c- ir Jm m pm m miesc divimit  cs .

2 Bormi from Imiz anmugi ’s left eye, Am at emumsmu is by far time most ini porfam it of tIme
prinmary Jap umnese ch ivi mi i tu e s . Defie d liv lien brot h er Scismunowo I w h o  wums born from l r m i a m i m m g m s
n o i se) , she decided to sv i fhdraw I’non’m fl - ic world mind took up resie lence 1mm mu cave. Whe ;i  ‘slit’
di so the sum il ig hu t disappeared , amid time n ormmi l agr icul tura l  cycle svums p r o f o u n d l y  e l i s tu m rbed .
Sime w’ m s e ve nhu i m ul lv  em ’mticc cl to comi e o t mt of h e r  cave by ti -ic laughter  tha t  gmu ’e me d i he ’s ’s ul
ci mmnce by ti-ic god dess Ama no Uzume. Upon her reapp cm m rammce . t u e  reguhm m n a l t e r n a t i u - i n  of d u t y
and n ight  resumed , mimi ] t ime i a m m ] beca m e b ’crt i l e once agaimu.

3 Or , in flue word s of Michm ael Grm umi f (1962: 53,104 , m mii major mytims may he lici t
d ialect ’s  - tt mu s ingle language . . , t i - ic Magm i mu (‘arta ( if ocmr universe .’’ A similar arg t ument  has

k ’en mm c hvm m nc e d by ti - ic e m i n e n t  i” me n mch ami t Fmnopohogist ( ‘lacmde Lev i—Stra cmss (e,g., I Q( -- t5 , 1966),
w h o  ,m ’s ’ser ts t i u m u t  al l my t h s  share a common ‘‘cheep s t ructure ,” one predicated on the d ialectic
r e sc d uut i c u n u  o u t ’ uc t i merwise  im i heremit  co u mtnmu th ic t io n u s , su ch - i mis t hma t  b etween ‘‘life ’’ (e.g. , Orplucum s!
I ui i , m u , m e ’i , P ersep h u o n e  restore d to D c m e h e n  - A r u i m u t e r a s t u  oui t t i t  t ime cum s’c I mind “deat h ’’ Ic ’ g. .
I’ u r m e l m e n ’ I n m / a l u m m n m u m  : Persephionc in I I m i u l u ’s A m m m t u ’mui s l m in t ime c umve ’ ).

i t  wool] be u m i u h m e m ’ s ’ s u b l e  lu cre to misses ’s all  t im e  pros and con i s of the  position espoused by
I , r , u r ut  , I c ’ s  u ’ S t r a u u ’ s ’ s, u t  m u . ,  sumvu ’ to ‘sm i v f i mat  es’c’ ui  if a u mniversal  “deep struict u r e ” on “lang cuage ’’
m’s i i i  f . m t  t !“mc ’sd ’ m m t  in f l i t ’ wor l d ’s m y t i m s , i t s pre su ’nc u’ wo culti not  pre’c huu e he t ime poss ibi l i ty  of
i ’ solmi l un g .mI .1 mum ire ‘‘‘ s m m m l a c e  k’’i-’ u’l , ’’ pcr b ma ps specific h i s l u i r u e u i }  r e hui t i m m m m s h l h i s  of t h e ’ ‘ smir t  We’

~i le  conu ’crneot wi t  1 in t h is pm ipen .

4 I .e., ‘‘Records of Au ’u cme u mt  ~1 m i t i u ’ rs,.’’ ’ri-i c A’m cj i A i  us t ime ’ oldest j u m l i m m n i n ’se’ book mine ! sc um ’ s
ordere d m m l i  p hi c ’eh i - i ’ s t i m e ’ I’ numpemor  ‘l’e m m u  ( ( m 3  7—656 A.D, ). Ti te  tra m islat io r m uu se cl m i  t h i s
art ut he is I ~‘s Basil ( ‘ ii m u nm ’ ib e nl mu ui I I 90(-i ) ,

5 I.e ., ‘‘( b mr o ni c l e ’ s  oh J mu pmu n ’’ I somnetin ies calle d t ime ,\‘//man gi) .  (‘oven imug  muich  t ime
Sante crc  m i i i  ml mm ’ s t Ime A’u j / /u i, the  \‘/ / I u u / u ’ s / m H  ~ / is mim o r m ,’ ch mr onu o i ogicm ul  in o mn g mimui z mu t i o ) n  mint ]  h - i u’ trm iys a
n u m m u c i m  heavier  (‘ hu iniu’ ’ s c’ i n f l u e n c e ’ in i f ’ s  s t v l t ’ , u’ie , ‘rime t rm u n s l a t ion  used here ’ us b ’s W , G. -\ st oni
( 1 9 7 2 ) .

6 I’rom h c” ssm I i  Yo ) si m icla ’’s m ost rece nit hook , mu ’ s ‘s u’ I Limi t nmm m i s l mt  ted i l - i t  m i a I’ um ropean
i m u ! m g u i i ,L’u’ . I s \ / / i m m ? I  ,‘s/ liJ!tt’a to 111(10 ,S/ iu,wa ( 1  0)74 ) ,  It is t i - ic  source o)f n uocst  c- if l i m e  ideas
chi ’ s t t i ’s ’ icc l  in t l m i ’ s  paper. I i r l ue r  mint  i d l e ’s by l ui u mu whm ic ’h lwar on t ime  sub iu ’e’t m it hand mine l is ted in
‘‘h ~e l c ’r e’muc e ’s ( ‘i tt ’]’’ I Y u m ’ s l u u n l m m  I ~~ , I o)( 2 t ) (~~ 19 65 1973), I woul d like to t i m u m m u k
I’ro f e’’s’ior Y o shui e l a fo r  hius  e x t r e m e l y  h e l p f u l  c’ m - i n u me u - i t s  mm mmcl  ‘ sm ug g est  h mmms  cit u an c’m m n h icr  u i m m u t ’t c-if

~iui s a r t i c le ’ .
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7 It would h - i c m n m u l i m i ’ s s u l i l e  i i t ’I  to l i s t  mil l  o f  Professor Dum~z ml ’ s n-iajor works , Perhaps
time most st mccincf overv ic - so of I m i s  f b u e ’ si ’s as yet  l i t t l e  known  in t i - ic United States , desp ite the
recent appear um m m c ’e of some I’uu ghis h t r m um ’msl muf i cm nus  is ‘st II  L ‘ideologie tr ipartie do ’s 1iio1o-1: ’ur oj) ~e?u .c

I 9~ 5), 0th - icr  major wo)rks b ’s h im , mis we’ll mm ’ s f l i t ’ t r ans la t ions  ju u st  n i ent ioned l . are listed in
“References Cited” ( D u m m e z i l  041 , I 052 . I O ) 7 ~~~ I Q70h , 1974) . h o n  a c -miiprc i iensivc r e vuew

mm mcl analysis of his c’onfnib ut iouu to) conimpm m mm u fms ’c mytluology,  toge t im u , wi th - i  mu complete ’
hib li o ’grmmp l my (to I 972) , ‘see’ Li t t le ton 10)73  ).

S iiowey er , in an art icle mm w  km pre p mur m ut io n for p u u h h i c u m t i o n  Professor Yoshid mu
convincingly umm g mm c ’ s thm u t t ime ‘‘war between ti ’me f unc t ions ’’ theme cami also he seen in time
cu in l l ic t  be tween  ti - i c  heavenly di viu ’mi t ies , led h iy Amat erasut  and Takaminis cubi . ant I ti -ic cart im ly
ones led liy O k u n i n u s h i i  over the cession of time lam - id to the th y m e mu nice stor of ti - ic Tenno clan
( t h at is . th ie ’ Im pe r im u l  [louse) . Eventuma h ly ,  Oku m m ’u i nu u ms lm i  m uri e l imis t h i rd  fu m nct io mi  coimorts mmm c
ciet ’eatcd . munch t h e wa ’s is paved for the es ta hl i sh m em ’m t of time l mper im ul  sys tem,  I iu ’mw cvcr . m i c e
the hm c u ’snil ities mine over, O k t u n i r u u s h m i  is restored to prominence’ 1mm the pm m ntheo ui  and indeed
becomes the perpet u al  protector of ti - ic Emperor um nm d im i s f ami l y ,  As Ok u un im ’m umsh i is en shr ine d
at Izumo , fluent ’ is a close conm -i ect i on hetwec ’n th is  and time more gem iera l izeel n m a m m i f e s t u m t i o n  f
time t h eme j t us t  ci iscim ssed.

Thu s, it u mo ’s ’ s’ seems th ’m at t ime Japanese t radi t ion d i d  iii fact inclum dc a cm mm io n mica l version of
the ‘wm u r h cts ’scu’ui t i - ic  fumni ct ions ,” omi t’ tha t  mi -ic -ire closely approximates  t ime lu i eh o- i -  u umo p em uu i
t henn just  discussed ,
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