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~~IOLOGICAL sub j ec t .  The camera s imul taneous ly
I records the corneal reflection and theSCIENCES _j visual scene . The corneal reflection

is combined with the visual field
through a beam spl itt er and appears
on the composi te photographic record
as a bright spot over the part of the

A NEW ISRAELI METHOD OF MEASURING EYE visual scene being fixated at the moment.
MOVEMENTS The accuracy of the device is about

± 2.0 degrees. Recent versions of the
There are physiological , medical , Mackworth system have taken the camera

and psychological reasons for the study off  the head by using optical fibers
of eye movements. Physiology is inter- to convey the visual data to a camera
ested ~n eye movements for basic science located elsewhere.
reasoi. . because the eye is an organ Electro-oculography is another corn-
whose functions must be understood monlv used technique , and it is based
as tho’.e of any other organ . Medicine on measurement of an electrical potential
finjs ihat eye movements are diagnostic between the cornea and the retina. The
of cert:iin ailments. The eye is a highly potential varies with eye position , and
direct onal receptor , and psychology it is measured by surface electrodes
is int’r~ s e d  in its searching to re- placed on the skin around the eyes.
ceive information . Electrodes placed on the outer canthi

Bccause the eye is such a small will record horizontal eye movement ,
and comp licated motor system the meas- and electrodes placed beneath the eye
urement of eye movements is not an easy and on the forehead will record vertical
technology . When the interest is only movement . The accuracy of the electro-
in motor movements , it is necessary oculograp hic method is about 1.5-2.0
to measure only the position of the degrees.
eye relative to the head , hut when in- In 1963 D.A. Robinson reported a
formation on point of fixation in a new and very accurate approach that is
visual scene is required , then position electrical but not based on the natural
of the eye in space must be determined . bioelectric potential of the eye used
Measuring the position of the eye in in the electro-oculographic method
space is difficult because the eye, is [IEEE Trane. Biomed. Elect r ., BME - lO
a moving system within a moving system (1963)]. Two coils of fine wire are
(the head) , therefore either the head wrapped on a contact lens and , with the
position must be controlled or the rela- use of two magnetic fields , both horizon-
tive eye position must be calculated . tal and vertical eye movements can be

Corneal reflection is a widely recorded with an accuracy of less than
used method of measuring eye movements, a minute of arc .
It capitalizes on the front surface of A disadvantage of the Robinson tech-
the cornea being a spherical section nique is the troublesome wires leading
that functions as a convex mirror re- from the coils on the moving eye , and
flecting any brigh t source impinging .1. Ish-Shalom and Y.Y. Zeevi (Faculty
on it . The position of the corneal re- of Electrical Engineering, The Technion ,
flection , seen as a bri ght spot , is Hai fa) have newly developed a magnetic
a function of eye position , and a phot o- techni que that appears to solve the prob-
grap hic record allows m easurement of lem. A ferromagnetic ring is mounted
eve position with an accuracy of 0.5-1 .0 on the eye with a flexible suction ring,
degrees. Cortro l of the head position and two small C-shaped coils are mounted

• with a chin rest or a hiteboard is con- on the side of the eye (the wires lead
mon with the corneal reflection method , from the coils , with nothing attached
but the most ingenious technique for to the moving eye). The ring and the
taking head position into account , two coils form two magnetic circuits
and giving a photograp hic record of the in which the inductance of each coil
point of fixation on the visual scene varies as a function of ring position.
as well , was developed by Mackworth and Data from their bench tests show an ac-
Mackworth [.1. Opt. Soc. Am. 48 (1958)]. curacy of about one minute of arc and
Both the light source that is reflected a linearity of 5% over 20 degrees. The
f rom the cornea and a l i g h t w e i g h t  camera new method a l l ows  measurement  of eye
are mounted on the head of the mobile movement in two dimensions. (Jack A.

Adams )
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difficulties of the patient’ s having
OPTOELECTRONIC DEVICES IN DIAGNOSTIC to verbalize his sensations. In this
OPHTHALMOLOGY way it is possible to determine whether

an eye can see even though its output
While the use of high-power pulsed does not reach the higher centers.

lasers is well known for retinal surgery , The rate of produc t ion of visua l
low-power CW lasers have been proposed pigment In the retina determines both
for diagnostic purposes only recently, the sensitivity and the dark adaptation.
They are being tried out clinically at To measure it , the retina , after a quar-Moorf ields Eye Hosp ital in London along ter of an hour in the dark , is presentedwith other optoelectric devices , such as with a pattern of stripes , and the re-
low-light-level television (LLLTV) covery from the resulting bleaching ofcameras , digi tally generated TV disp lays , the pigment is observed. In order to
and LED arrays. Minicomputers are used avoid the need for extremely high-speedfor  processing,  recording , and analyzing photographic films and the delays in
the visual evoked potentials due to such processing them , Sheorey and his col-TV patterns or to others generated by leagues utilize a solid-state LLLTV cam-
the use of low-power lasers, era , which is able to see in dim moon-These were discussed in a talk given light and thus does not require illumi-on 30 January at Univers ity College , nat ion that would hide the phenomenonLondon , by Dr. Uday B. Sheorey, who re- bei ng observed. A Plessey integrated-
ceived his PhD there in electrical engi- circuit dig ital memory capable of hold-
neering in 1970, then joining Interna- ing 4 TV frames with 256 x 256 resolved
tional Computers Ltd. , Stevenage , Herts., spots , each quantized to 8 bits , is ableto undertake research on magneto-optic to store the information from successive
laser-beam storage. In 1972 he moved to scans , permitting their automatic corn-
Prof. G.B. Arden ’s group in the Depart- parison in the analysis of the observa-ment of Visual Science , Ins t i tu t e  of Oph- t i on s .
thalmology (Univ. of London). Fluorescein angiography has ordi-

This group has foun d that checker- narily been used to observe the flowboard and grating patterns produced on TV of b lood through the arteries and veins
mon itors are far more versatile than mos t of the retina , but it is a slow and some -earlier methods for presenting controlled t imes unpleasant procedure . Instead ,stimul i to one or both eyes (independent- Sheorey has introduced Doppler techniques
ly but simultaneously) or to sec tors of for measuring the rate of flow by means
the v isual field in order to assess the of one or two 1-mW polarized He-Ne laser
objective and subjective performance of beams directed at a retinal blood vessel.
the eyes and the visual system. The re- A photomultiplier and correlator arep e t i t i v e l y  presented test pat tern s are used to read out the flow rate as a tone
generally of low contrast and can be in the ophthalmologist ’s ear , permitting
m ixed with other video signals , apparent- him to concentrate on keeping the beams
ly without detriment to the test. Thus , aimed at the point of interest. No re-chi ldren ’s attent ion and visual fixation straint on the patient is needed apartcan be mainta ined by including videotaped from chin and forehead rests.
cartoons or live images of their accompa- In the case of patients with opac-
flying parents , wh i le adults naturally iti es in the cornea , lens , or vitreousfixate on the center of the screen , humor—cataracts or floaters that blur

For spatiotemporal analysis of the the image—a sharp (if perhaps distorted)
evoked potentials , an array of 25 or 36 retinal image can often be obtained byelec t rodes is attached over the v isual utili zing the coherence of lase r beams ,cor tex , and their outputs are cross cor- and two such beams can be made to inter-
related with the stimulus . For studying fere to produce a pattern of parallel
amblyopia , in which one eye ’s messages lines over whose lengths the eye readily
are more or less disregarded by the integrates. Their positions , contrast ,
brain , two TV displays are used , and ~ i 1 -  and spacing can be varied to asses s
dications of suppression of the resulting the functioning of the retina and that
sensation in one eye or the summation part of the visual system beyond it .
of the two are sought in the cortical This assessment is needed , for example ,
responses. Their correlations with the in order to decide whether surgical
stimuli show the modulation-transfer removal of the opacities is merited.
characteristics of the eyes without the A He-Ne laser is used for this purpose,
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its deep red co lor havin g the add iti ona l duquel ii eat proc~ de~ ~ une admission
advan tage of min imiz ing sca ttering of d~finitive~ a une titularieation . ”
the beams , wh ich carry only a frac t ion Since the stag iairee spent their three
of a mill iwatt. days closeted in the country , sitting

Al though the ophthalmologists with for eight hours a day in a conference
who m Sheorey works were at f irs t un ready room m iserab ly devoid of “No Smoking ”
to think of the laser as useful for any - signs , taking meals and coffee breaks
thing but the photocoagulation of retinal together rather in the manner of a jury ,
he morrhage s, neova scular iza tion , or weak the use of the word in English slang
spo ts where de tachmen t migh t beg in , they to mean “the privilege-period of a con-
are now accepting its use , at least on vict ’s imprisonment ” (Partridge) rings
an experimental clinical basis , for a true . And although at the end there
variety of diagnostic purposes . They was no admission ceremony and no degrees
are also beginn ing to make use of the wer e con ferred , we were entitled to a
other op toelec tron ic appara tus mentioned certi f ica te of a ttendance and we we re
above as wel l as various advanced signal- released from bondage . We could , if
processing techniques for integra ting we cared , call ourselves old stagers
and corre lating evoked voltages. It or “persons (or occasionally animals)
can be an ticipated that such equipment of experience ” - a term derived , says
w il l be used more and more b y ophthal- Partridge , from the Old French estag ier.
mologists in the next few years . At Dare I suggest in these august pages
presen t, however , it seems likely that that the instructors might well have
the UK is ahead of the US in this field been called stage-coaches?
because the National Health Service Organizing and running stages is
sends patients with comp licated ophthal- the business of ADERA , in common with
m ic prob lems to Moorf ie lds  Eye Hospital a number of other such associations that
from f ar and w ide , mak ing it possible have sprung up in France in recent years .
to gain a great deal of experience with ADERA stands for Aseociation pour le
these new techniques .  (Nelson M. D~ veloppem ent de l ’Enaei gnemen t et dee
Blachman) Recherches aupr~ a dee univereites , dee

centres de recherchee et dee en treprises
d ’A quitaine . It is a non-profit organi-
zation for instruction and research on
behalf of the universities , the research
centers and the manufacturing undertak-
ings of Aquitaine , that fluctuating for-
mer province in wes tern France wh ich

STAGING THE PERILS OF NON-IONIZING WAVES extends southwards from its one-time
capital , Bordeaux , to the occidental

It was not really a stage , but Pyrenees. The prescr ibed func ti ons are
a stage . I was sl igh t ly p u z z l e d  b y performe d by means of 8tage e held usual l y
the word on an announcement from Bordeaux at the ADERA rooms at Sa in t -Aubin-de-
entitled : “Sgcurit~ du per sonne l expo e~ M~doc about 15 km northwest of Bordeaux .a une ambiance electromagn~ ti que ” (safe ty ADERA also sponsors courses at the Uni-
of personne l exposed to an e lec tromagne ti c vers ity of Pau in the D~partement desenv i ronmen t ) :  15 , 16 , 17 November 1977. Basses-Pyr~n~es. In 1978 they go even
One was being invited to participate farther afield with a four-day s tage
in a stage whose o r i en t a t ion  was descr ibed a t Tucson , Phoen ix , and Los Angeles.
in terms of a brief background statement , Exp enses are me t from fee s, wh ich there-
an objective , and a plan of study . fore tend to be rather high—l800 francs

• What it amounted to was a three- for the one I went to—and the number
day course of instruction conducted by of appl icants accepted for each event
an initiator and a small group of cx- is a compromise between the merits of
per ts. I do not know where to find the small classes and the need to make ends
word ’s current meaning . The standard meet.
dict ionaries  are not very help ful . Scanning the program , one sees that
Thus , Casse ll: Stage : Term of proba- nearly al l the courses offered will ap-
t ion , study,  residence , etc. (for law peal primaril y to industrial engineers
s tudents , e t c . ) .  Pe t i t  Larousse :  Stage: or technical  supervisors ; some to tech-
Tamp a pendant laquelle l’admiaeion dane n i c i ans  or mechanics;  one to doctors
un corps rests provi soire, et  ~ i’ieeue and medical research workers ; one to
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the general public. So the association ’s is sue a warn ing ,  or protective clothing
ma jor role would seem to be the instruc - made of inetallized fabrics. Sometimes
tion of industrial employees in fields it is desirable to screen a working
pertinent to their on-the-job responsi- area with metallic sheets or with grids
bilities . Exam ples: hy brid micro - optimall y spaced with respect to the
electronics in thick films ; fundamentals wavelength of the incident energy.
of statistical techniques; introduction A .V.J. Martin (Centre de Recherche
to chromatography ; innovative and crea- et de Technologie Spatiales ~ Noordwijk ,
tive industrial procedures ; the law Netherlands) spoke about heat deposition
of 1901 governing non-profit organiza- during microwave irradiation of large
tions. stratified biological objects , stressing

The “electromagnetic ” s tage  was the importance of bod y orientation and
organized in order to set forth system- the probable occurrence of “volume res-
atically the information needed for onances”. By wa’ of an ori ginal contri-
a ful l a p p r e c i a t i o n  of the f o l l o w i n g  bu t ion  he then  descended to  the  m i c r o -
backgroun d statement , which I translate scopic level and gave the results of
freely: “The activities of certain cat- his calculations of resonant em frequen-
egories of personne l are such that cies for homogeneous non-absorbing cells
these persons are exposed to an electro- of various shapes bounded b y dielectric
magnetic environment which may be bio- membranes. The fundamentals of the
logically hazardous. The problem has various resonant modes in a cell 100 ~imbeen recognized , and in certain coun- in diameter are in the range 100-300
tries rules or standards have been GHz. If absorption of radiation at
defined at the national level.” the fundamental resonant frequency

He re I sha l l  be less concerned produces some o b s e r v a b l e  b i o l o g i c a l
with the promised systematic treatment effect , the nonlinearity of the system
than with items of possible interest may result in excitation of harmon:~.s ,
to US readers within the framework : and periodicity of response with respec t
(1) ph)rsics and biop hysics of non- to frequency can he anticipat cd. The
ionizing radiation ; (2) the conflicting model used is almost a caric ; ’~ire ofsafety standards adopted in different a real biological s y s t e m ;  i t  w o u l d  he
countries; (3) the Priore generator surprising if p h e n o m e n a  a t t ~~i h u t a h l e
of biologicall y potent non-ionizing to resonances of t!~is b ind were not
fields . Discussion of item (3) will smeared out liv ah so r 1tion , intracellular
howeve r be reserved for a separate re- heterogeneities , po i v d i sp er s itv of cell
port ; see also ONRL Conference Report shape and size , to name onl y the most
C - 14 - 7 7 .  obv ious  of t h e  f a c t o r s  i g n o r e d .

( 1) B iophys ics:  Two en gineer s , Martin continued in speculative
J . Chastagne r and R. Matabiau [Direction vein by noting the accident—a s Servantie
des Constructions et Armes Navales called it— that the mitotic figure i s

DCAN) , Touloni, skimmed through the identical to the field-distribution
physica l theory , basing their talks pattern in a cy lindrical cell. He then
on manuscripts which were given out to discussed , as fact , the alleged super-
the class. These covere d, in generall y conductivit y of cholesterol and some
acceptable  and f a m i l i a r  terms , the gem- enzymes at room temperature. He hazarded
era ti on , propagation , and utilization the guess that the sensitivit y of super-
of non-ionizing waves; the dielectric conductivity, and of certain electron

• properties of materials and the peculi- tunneling phenomena in thin films , to
a n t ics of energy depos iti on when a very low ma gne ti c f ie lds in  t h e  v i c i n i ty
he terogeneous body , such as an an ima l , of the “critical” temperature may pro-

-: is irradiated. Attention was also given vide an explanation for the sensitivit y
to methods of measuring or calculating of some animals to terrestrial magnetism.
powe r density at various positions with However flimsily supported such ideas
respect to e l e c t r o m a g n e t i c  (em) genera-  may be , it is a fact that increasing
tors , antennas , and surrounding objects attention is being paid to biological
(including the observers and their meas- effects that may be p roduced by the
ur in g  appa ra tu s ) ,  w i t h  a view to l oca t ing  m a g n e t i c  component of em o s c i l l a t i o n s ,
danger zones and taking appropriate particularl y in the near field of an
protective measures. The latter include antenna where the electric and magnetic
simple avoidance when possible. When fields occur in different spatial
not , one can use field detectors which pat terns .
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(2) Safety Standards: The s tage  in 1973. It was observed that after
provided an admirable opportunity for several years of exposure to power den-
incompatible approaches to the question sities at or above 1 mW/cm 2 (remember
of microwave safe exposure standards to that the US recommended maximum is
be set forth. The US point of view was 10 mW/cm 2 !) a large proportion of people
ably presented by S.W. Rosenthal (Poly- complained of abnormal sweating, head-
technic Institute of New York , Brooklyn , aches , irritability and loss of sleep.
NY ) . P. Czersky (National Research In- There seemed to be some degree of tempo-
stitute of Mother and Child , Warsaw , rary adaptation : the white cell popula-
Poland) dealt mainly with the attitude tion , somewhat variable in the early
favored in his own country , adopted with stages , with pronounced neutropenia ,
significant modification from that of became normal in two or three years.
the USSR . B. Servantie (Centre d’Etudes Other symptoms receded during the fourth
et de Recherches de Biophysique appli quée year , onl y to reappear during the fifth
h la Marine , Toulon), as chairman and year , often with sufficient severity
convene r of the eta~~c , contributed many to dictate transfer to another occupation.
interesting comments based on his impor- Some persons , followed up to the tenth
tant studies of the neurophysiological year , became unfit for work . Examination
effects of microwaves , by objective tests revealed various

The maximum microwave (10 NHz - abnormalities . These included electro-
100 GHz) powe r density to which one may cardiograp hic changes and a specific
be safely exposed for long periods , if sensitivity to metrazol , monitored by
one accepts the advice of the American the effect of the drug on the electro-
National Standards Institute (ANSI), is encephalogram. There was also in some
one thousand time s greater than that le- cases a neutrophilia (up to 15 ,000/mm 3)
gaily deemed safe in Poland and ten of unknown origin . These matters are
thousand times that permitted in the presented fully and criticall y in the
USSR for a member of the population at recent book by S. Barafisky and P.
large. The reason for the discrepancy Czersky, Biolog ical Effects of Microw aves
is to be sought in the concepts of micro- (Dowden , Hutchison and Ross , Stroudsburg,
wave b iology accepted in the respective PA , 1976), together with much of the
countries. The US standard is based voluminous background information pro-
on estimates of the maximum increased vided by experiments on animals and
thermal load imposed upon a person that cell cultures.
can be dissi pated by normal physiological In the light of such observations ,
mechanisms without acute ill effects, the regulations established by law in
Roughl y it corresponds to the threshold Poland presumabl y have a fourfold pur-
of sensation of warmth or of perceptible pose: to protect the population at
rise of body temperature . The existence large against electromagnetic pollution ,
of subtle or chronic effects of more to screen candidates for jobs involving
modest exposures is either ignored or excessive exposure to microwaves , to
(in some quarters) denied. In the Iron ensure that correct procedures are fol-
Curtain countries , on the other hand , lowed in order to keep these occupational
extensive observation has led to the be- exposures within tolerable limits , and
lief that clinicall y observab le disfunc- to chart their effects . Also , one must
tions (if not indeed an identifiable assume , the regulations provide a legal
“microwave syndrome”) are elicited by framework within which claims for con-
chronic exposure to powe r densities far pensation can be fairly adjudicated.
be low the thermal threshold. It was Within the public , there are groups
revealing to hear a representative of at special risk , including fetuses ,
a more-or-less totalitarian society con- the young, and the sick , but virtually
trast the mere absence of sickness with nothing is known about the way in wh ich
genu ine good heal th , seen as the capacity em exposure may affect their condition .
to live creatively in full enjoyment It is , however , a question of rather
of mental and physical well-being , special interest to Poland , wh ere ,

The Pol ish workers have for some fo r instance , tuberculosis is still
time been doing epidemiological studies common . For prospective workers near
of personnel exposed occupationall y to sources of m icrowave s, an initial aiedi-
microwaves. Two thousand cases were cal screening is mandatory if part ial -
followed over the period 1961-1972 . The or absolute contraindications are to
Polish safety regulations were introduced be detected. For those employed , there
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is a rout ine  annual  check a ‘, at any A s t o n i s h i n g l y,  a f t e r  the three
time , a special examination if requested days of s t age , a physicist saw fit to
by the employee or by the medical tech- ask : “Who is really endangered by micro-
nical officer. These checks are quite waves?” Well , everyone; we are all
thorough , including general , hematologi- bathed inescapably in a new and unique
cal , oph thalmo log ical and neurolog ical k ind of pollution that—as Czersky put
examinations , with chest x-ray , ECG and it—has increased a billion-fold over
EEG. the last 30 years. Some of us carry

Rosenthal , fo r his part, presented an additional microwave load: those
th e US point of view in objective terms, li ving near ha rbors , where they are ex-
with little attemp t to promote aggres- posed to ship radar; those who own micro-
sively what may , after all , prove to ‘i~ave ovens ; and those working on the
be an untenable position. While the land beneath the beams from gigawatt
ANSI recommendations of 1974 (see ANSI radio and television antennae. Clear
C9S-~3-l973 and C95-l-l974) have not been understanding of the nature and degree
superceded , five-yearl y revision is man- of the associated hazards is obviousl y
datory , and a new draft of the basic of the utmost importance , if onij for
background document , which was given out the sake of distinguishing between false
to the class , contained amp lified dis- claims for imaginary , feigned , or unre-
cussion of the problems of measurement , lated illness and the possibly valid
particularly in the near-field of an attribution of serious injuries , such
antenna and in places contaminated by as incipient blindness , to a nearby nicro-
microwave leakage. Furthermore , a iew wave transmitter. The vast medico-legal
subcommittee , on medical surveillance , implicatiOns are certain to need clanifi-
has been set up under ANSI Committee cation in the light of available scien-
C95 to study suggestions for medical ex- tific knowledge , at present sadly
animations. At the government level incoherent . (J.B. Bateman)
there is every evidence from the Annual
Report of the Office of Telecommunications
Policy that intensive interagency re-
search , albeit hampered by lack of money,
is going into all aspects of the micro-
wave problem , including the characteri 

-

______________________________________
zation of subtle effects and their long- ‘EARTHrange imp lications. Collaboration with ‘SCIENCESthe USSR is maintained by exchange visits L -
and by a formal agreement between the
US Department of Health , Education and
Welfare and the Institute of Munici pal
and Commercial Hygiene , Kiev . Neverthe-
less , according to Rosenthal , there is GET THE LEAD OUT—AN ENVIRONMENTAL RE-
no program explicitly designed to get SEARCH PROGRAI4 AT ISPRA
the sort of information , on such matters
as thresholds , biological end-points , In the February issue of ESN a sur-
and chronic effects , that is essential vev was presented on the research pro-
fos rational design of safety standards , grams underway at the Ispra Laborator ,

The ANS I , in preparat ion I presume of the European Joint Research Centre
for the second 5-year revision , is em- pith emphasis on energy related programs .
barking on a survey of world literature In addition to energy research , about
on microwave effects in which each item 10% of the studies at Ispra involve
will be rated against a numerical scale the earth ’s environment , and one of the
of factors contributing to scientific very interesting programs currently under-
validity. This exercise in scientific way in this area consists of tracing

• detergency is admirable though not , I automotive lead in exhaus t fumes throug h
fe ar , without danger that the baby may various transfe r pathways in the atmos-

• be tossed out with the bathwater. For phere and determining its intake by the
the moment , we are left with the recoin- human body. The method chosen to canny

‘ mendation of 1972 , and so there is still out this study involve s using lead of
some justice in Servantie ’s comment as a known isotop ic co position in gasoline
Rosenthal ended his talk: “La diepar it~ and analyzing environmental samples in

• continue ” , a particular control area by mass spec-
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t r o m e t r y .  The p r e r e q u i s i t e s  fo r  the  the  p r i n c i pal  ones  i n g e s t e d  o r a l ly
s tudy  have invo lved :  Keep i n g th e iso -  by man w i l l  be e s t i ma ted . P r od uc ts
topic ratio of lead in the source con - f pa r t i c u l a r  i n t e r e s t  i n c l u d e  v e g e t a b l e s ,
stant in time ; assuring that this ratio drink ing water , wines , and diary produc ts .
is sufficiently different from the back- The final aim of the s t ud y ~i1lground ; and keep ing the lead ratio su f -  h e to determine medicall y from blood
ficientl y different from that of other samp les of persons in the two regions
samples . the contributi on to human lead absorption

In order to differentiate autumot He produced liv a given level of aut o i-oti ve
lead from other lead sources , only a l k v l traffic , and whether lead uptake Jiffe r~lead from the Broken Hill ~1ine in •-\us- a tiong men , women , and children of various
tralia is being used in the gasoline occupations. En particular the experi-
supp lied r~ cars in the e~meri :nenta i re- sent will attempt to verif y: The average
g i o n s , •~l l of which are in Ital y . The lead leve l in human blood attribute d
i s o t o p • a!- •n lance ratio (Pb206/lh ~~o 1 to car e x h a u s t  fumes  f o r  peop le l i~~in g
of t h i ’- 1•e a d  is  1.04 which  is  s i g n i f  t -  in r u r a l  and u r b a n  a rea~~; v a r i a t i o n  s i t h
c a n t l  -~i~~F re n t  f r om the  1.18 no r m a l l y  ige  of t h e  a m o u n t  of a u t o m o t i v e  e x h a u s t
p re sen :  in :‘-e ~:enera l  a t ’ o s n h e r i c  en-  l ead  ii’ t h e  h u m a n  b l o o d ; t h e  shape  ef
v i r o n m e n :  o~ H 1v . I t a ly  sos  s e l e c t e d  t he curve of t he  lead  isot~~p ic r a t io ~for  the ~x ne r i m e n t  w h i c h  “ u c t  he c a r -  v a r i a t i o n  in t h e  b lood  f o l l o w i n g  a s h o r t
n e d  o’ L i i  a “elativelv 1 - t r g e  s ca l e  t c r m  e x p o s u r e ; and  t h e  fo rm of t h e  c u r v e
fo r  t he f o i l - w i n g  r e a s o n s :  I t s  r e f i n i n g  of l ead  i s o t o p ic r a t i o  va r i a t i o n  in
c a p a c i L  ex-:e-’ H i t s  c o n s u m p t i o n  and b l o o d  f rom t h e  st a r t  of l o n g  t e r m  -n-
t he r e f o r e  a l a rge  pa r t  of i t s  g a s o l i n e  t i n u o u s  e x p o s u r e  and t h e  cu r e of de-
is e x p o r t e d :  ‘i h i g h  pe r c e n t a g e  of t he  c rease  f o l l o w i n g  c e s s o t i o n  of e x p o s u i . - .
a lk yl  ! ad u s e d  as an a d d i t iv e  is pro-  I t  i s  e x p e c t e d  thet because  of t i e
d uced i-v one c o m p a n y ;  i m p o r t e d  l e a d  is  comp l e x i ty  of t he r e s e a r ch , o t h e r c i t i e ~s u b j e c t  to g o v e r n m e n t  r e g u l a t i o n , per -  and  v i l l a g e s  s i l l  he i n c o r p o r a t e d  i n t o
m i t t i n g  c o n t r o l  of t he  i s o t o p i c  compos i -  t he  st u d s ’  d e p e n d i n g  upon t h e  i n i t i a l
t i o n  of m v  i m p o r t e d  l e a d ;  and t h e r e  success  of the v e n t u r e .
is a h i g h  a u t o m o t i v e  i n t e n s i t y .  As p o i n t e d  o m i t  i n  t h e  F e b r u a r y  E L~Tw~ a reas  of I t a l y  were i n i t i a l ly  ar t i c l e , t h e  J o i n t  R e s e a r c h  C e n t r e ’ s
s e l e c t e d  fo r  conduc t of the  e x p e r i m e n t , m i s s i o n  is to  c o n c e n t r a t e  on g e n e r a l
T u r i n , a n d Cag l i a r i  and i t s  p r o v i n c e  in r e sea rch  app l i c a b l e  t o a l l  p a r t i c i p a t i n :
Sardi n i a .  The fo rmer  was s e l ec t ed  s ince  E u r o p e a n  coun t ry m e ’h e r s , and  t h i s  exper-
t he re  has  e x i s t e d  for  some t ime  in the imu ent (known as ILL) appears to follow
area  an e f f i c i e n t  netwo rk for  m o n i t o r i n g  t h a t  ph i l o s p hy q u i t e  w e l l .  ( R o b e r t  W .
at mos ph e r ic p o l l u t i o n  in cl u di n g l e a d , R o s t r on )
while the local meteorological situation
is c h a r a c t e r i z e d  b pe r iods  of i n v e r s i o n
w i t h  l i t t l e  or no a i r  m o v e m e n t .  Cag-
h a n , on t h e  o t h e r ha n d , w as s e l e c t e d
as a comparison reg ion , s ince i t  is  com 

-

_______________________
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L REPORT~~ ]
The most i m p o r t a n t  a spec t  of s e l e c t i n g
these towns is that all the automotive
gasoline supp lied to car owners in the See the back of this issue
areas will be controlled as to isotop ic for the abstracts of current
lead content. Vehicles entering from reports.
other areas would onl y contribute exhaust
fumes commensurate with the curren t back-
ground which is not expected to inter-
fere with the experiment.

To evaluate the impact of automotive
lead on atmospheric pollution , measure-
ment of atmospheric lead concentration ,

• particle size distribution , and chem ic a l
composition will be carried out. By
total lead and isotopic lead measurements ,
the contribution of automobile lead ex-
haust to products which are considered
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i n t r i g u i n g  aspec ts  of t h i s  r e l a t i o n s h i p ,
ENGINEERING especiall y in connection with finite p ro-

jective planes and the associated com- -

p le te  se ts  c f o r t hogona l  l a t i n  squares .
[A latin square of order n is an

n ~ n array containing the symbols a~~,
0 2 , . . . ,  a~ exactl y once in each row and

MORE ON COMMUNICATION SYSTEMS AND RANDOM - in each column . Two are orthogonal if ,
PROCESS THEORY is-hen superposed , each p a i r  a~ af ar 1’ears

e x a c t l y once .  A f i n i t e  p r o j e c t i v e  p la n e
A previous a r t i c l e  (ESN 31-10:400) has n 2 + n + 1 points ( and  as many l i n e s )

dealt with the app lication of mantingale w i t h  n + 1 l ines  p a s s i n g  t h r o u g h  each
theory and stochastic calculus to the (and o + 1 points on each line). For
analysis of communication systems—one all known finite projective planes , the
of the more controversial top ics covered order n is a power of a prime , and the
last August by the two-week NATO Advance d p lane s are desarguian (i.e., two trian-
Study Institute on Communication Systems gles that are in point perspective are
and Random Process Theory in Darlington , also in line perspective). There is
in northeastern England . There was more no projective p lane of orde r n = 6, but
general agreement about the importance whether there is one for n = 10 is a
of most of the other topics: algebraic famous unsolve d problem of combinatorial
and probabilistic channel coding, multi- mathematics , which led Erbach to look

• user communications , source coding, a- into coding theory . Onl y 2 mutuall y
daptive signal processing, propagation orthogonal latin square s of order 10
of signals in random media , and noise are known , and only 5 of order 12 , while
modeling . Fhe present article describes there would have to be 9 and 11 , respec-
some of the interesting points brought tive ly, if the corresponding geometries
out by the papers and discussions in should exist. If there is a p lane of• these areas, order 10 , it is not desarguian ; i.e.,

The purpose of channel coding is the corresponding sides of 2 triangles
to make it possible to transmit messages may meet in 3 noncohlinear points when
reliably despite a l imited number of er- the 3 lines through corresponding ‘verti-
ro-rs in the received symbols (usually ces of the triangles meet in a common

— 0’s and l’ s) resulting from noise in the point .J
communication channel. It is able to Dr . P.G. Farrell (Univ. of Kent ,
do so by encoding each successive block Canterbury) pointed out the great reduc-
of k message digits in the form of a tion in error rate that can be obtained
zodeword of length n > k. The extra by means of “soft-decision decoding, ”
n-k digits , which may be generated by i.e., taking into account the confidence
a matrix-algebraic operation on the k with which each received binary digit
message digits , serve as checks on the can be categorized as a “1” or a “0” .
correct transmission of the latter and Farrell described the hardware imp lemen-
are generated in such a way as to enable tation , which involves certain compro-
the pinpointing of any errors provided mises to avoid undue complexit y , as well
there are not too many. Since they are as test results. In the discussion of
not needed in the absence of errors , this paper , Prof. Jame s L . Massey (visit-
they are described as redundant , but they ing MIT) , to whom the Institute was
serve to increase the Hamming distance heavil y indebted for many knowled geable
between different codewords , i.e., the comments , credited Dr. G. David Forney
number of corresponding digits in two (Codex Corp., Newton , MA) with the first
codewords that differ. A minimum dis- investigation of soft - decision decoding .
tance 2e+l permits the correction of In connection with another coding paper
up to e errors. Massey mentioned he had heard that , even

After a beautiful tutorial survey for very short block lengths , the use
of algebraic channel coding and its re- of two successive channel codes in the
lationship to combinatonic designs (such form of “concatenated coding” (in which
as are used in the statistical design the symbols of the outer code are the
of experiments) by Prof. Giuseppe Longo blocks ~.ipon which the usually binary(Univ. of Trieste) (ESN 31-6:229) , Prof. inner code operates) does better than
Dav id W . Erbach (Concordia Univ. , any other known code in combating errors.
Mont real , Quebec ) discussed fu r the~

90 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



ESN 32-3

Massey ’s own talk was a tutorial part plus a remainder and using Fourier-
discussion of the advantages and himita- transfo rm coding of that remainder.
tions of combining the channel-coding The piecewise linear component changes
operation with source coding, which slope whenever the remainder reaches
respectivel y introduce useful redundancy a threshold.
for combating errors due to channe l In the session on multi p le communi-
noise and remove unnecessary informa- cation , dealing with channels having
tional detail from the output of the in- more than one input and/or more than
formation source before it is coded for one output , Prof. Jack K. Wolf (Univ .
transmission through a channel. Source of Mass. Amherst) noted that , although
coding can he described as redundancy feedback from receive r to t ransmitter
remova l or information comp ression , and cannot increase the capacity of a simp le
its output is the input on which the communication channel , it can increase
channel coding is designed to operate. the reg ion of attainable pairs of infor-
The resulting channel code is fed to the nation rates (i.e., allow a hi gher corn-
channel , whose output goes to the chan- munication rate from one source to the
nel decode r and then to the source de- destination for a g iven rate from the
coder , other) when the channel has two inputs

M.issev showed that linear ioint (e.g., each taking the va l ue 0 or 1)
source-channel coding, which uses matrix and a single output (e.g., the arithmetic
multiplication (modulo 2) to get the sum of the two inputs). Prof. Kenneth
channe l code directl y from the source W . ( ‘ a t t e rm o le  (Univ . of Essex , Colchester)
output , entails an inherent loss of (see O N R I .  R- . -~~ by 1.0. Kinnie , F.F.
optima h ity (in terms of error proba h ilitv Kuo , and R.O. Rowlands) noticed a resem-
or , equivalentl y , required number of hiance of this channel to duobinary
channel digits) when the goal is the coding (which combines successive di gits
reproduction of the source withi n some from a single source in this manner
specifi çd nonnegligib le distortion al - rather than digits from separate sources),
t hough  t he re  is no loss  if  distortion - and Wolf was credited with having inves-
less reproduction is the goal. P rof . tigated such coding while at the Rome
David J . Sakrison (Univ. of Calif. , Air Development Center before Adam Lender
Berkeley) characterized source coding (GTE Lenkurt , San Carlos , CA) indepen-
as a covering problem (i .e ., a matter dentl y developed this handwidth-compres-
of choosing a set of overlapping spheres sion techni que . In his own talk on
that together cove r eve ry possible source the partitioning of space , t ime , and
output , their radii representing the al- frequency for multi p lexed communications ,
lowable distortion of those outputs) and (‘zitterm ole pointed out that a given
channe l coding as a ç-icking problem cable has a hi gher capacit y when multi-
(i.e., choosing the gre~ test possible plexing by frequency division (allocating
number  of n o r o v e r l a p p ing  spheres  repre - d i f f e r e n t  f re q u e n c y  bands  to d i f f e rent
sent ing the potential effects of noise sources) than by time division (having
on diffe rent mes sages , which must not them take turns in using the entire
be con fused with one another). available hand), as the former is able

In the course of a panel discussion to take advantage of the statistical
on the practicality of source coding, properties of the sum of the various
~‘tas ~~ev mentioned that lluffman coding has si gnals while the latter cannot . In
been used very successfully by AT~T for commenting on this paper , Prof. D.
the compression of hilling records , Yavuz (Middle East Technical Univ.,
and Prof . Donald I.. Snyder (Washington Ankara ) reported that differentiating
Univ., St. Louis) discussed its use in a speech wave form with respect to time
transcribing the second diffe rences of before clipping it enhances its intel-
long electrocardiograms. With 13 words li g ihility.
in the code hook and a 14th as a prefix In the session on random propagation
to indicate no coding, a compression of media , talks by Prof. J .L. Lacoume and
30% was achieved , but new computer stor- Mme . Dr. 0. ~Jourdain (Centre d’Etude
age media of larger capacity now obviate des Ph~ nom~nes Al~ atoires et G~op hy-
the former need for data compression. ci ques , Gren ob le , France) stressed the
Sakrison described the compression of wide-sense stationary uncorrelated-
linearl y scanned images to 0.8 bit per scatterer (WSSUS) channel as a convenient
p i c t u r e  e l emen t  b y decomposing the re- i d e a l i z a t i o n  for  i n v e s t i g a t i n g  the opti-
suiting wave form into a piecewise linear mum utili zation of dispersive and fading
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channels , whether communicating electro- communication , and presented algorithms
magneticall y through the ionosp here or for recursive adaptation derived from
acousticall y through the ocean . This the theory of stochastic approximation ;
mode l postulates reflection of the in- Prof. Willi am L. Root (Univ . of M ic h i gan),
cident wave by a random set of point whose paper discussed nonprobahili st ic
scatterers whose positions and velocities and partl y probabili stic channel coding
are independent of one another. The and time-varying channels; and Prof.
spread in their positions produces the K.W . Cattermole. The Institut e had ‘SF
multipath spread in the times of arrival and US Arms’ European Research Office
of the reflections , and its reciprocal support as well as NATO sponsorshi p.
is the coherence bandwidth of the chan- A~ mentioned previous l y, A.\~. Sijthoffmel . The spread in the velocities of wi ll shortly publish a volume containing
the scatterers produces the spread in the full texts of the Institute ’s nearly
Doppler shifts of the reflections , and 50 papers , a number of which will serve
its reci procal is the coherence time as excellent introductions to various
of the channel. When the produc t of aspects of communication systems .
these two spreads is less than I , the (Nelson M. Biachnan )
channel is described as “underspread ,”
and , as pointed out by Dr. John G.
Proakis (Northeastern Univ., Boston , M A ) ,
the intersymbol interference of slowly
changing character then afflicting high-
speed serial transmission can be combated SYSTEM RELIABILITY : CONTINUOUS , DI S-
by adapt ive processing of the signal as ~~ETE , TOO MUCH, TOO LITTLE ?
picked up by one or more receivers.

Dr. N. Darnell (SHAPE Technical RELECTRONIC ~~~ the Fourth Sympo-
Centre , The Hague) stated that interfer- sium on Reliability in Electronics was
ence from other transmitters rather than held in Budapest , 4-7 October 1977.
the vicissitudes of ionospheric propaga- The Symposium was attende d by some 150
tion is the problem in high-frequency partici pants presenting 60 pa-ers on
radio transmission , and he suggested that all aspects of reliability theory and
use be made of sporadic E-layer propaga- its app lications in the electronics in-
tion wheneve r channel evaluation shows dustry . Presentations were made in both
it to be present , if onl y briefly. This Russian and English with about two-thirds
phenomenon , which is ignored in propaga- of the partici pants representing East
tion predictions , can , he said , he very European countries.
useful . His colleague P.T. Nielsen The Symposium was organized into
stated that the WSSUS channel is pretty three continuing sessions on reliability
well confirmed for tropospheric-scatter- theory , component reliability , and system
ing communication. Prof. Stanley R. reliability. Althoug h free to hop from
Robinson (Air Force Institute of Tech- session to session , the partici pants
nology , Wri ght Patterson Air Force Base , were encouraged to attend a single ses-
OH) discussed the utilization of the un- siop throug hout the Symposium , thereb y
derspread optical channel through the creating a workshop-like atmosphere
atmosp here , and he recommended the stud y in each session . For the most part
of the attenuation , scattering, and dis- I partici pated in the session on relia-
persion caused by atmosp heric turbulence , hilitv theory , which included papers
including the effect of the receive r ’s in the art as of fault diagnosis , spare-
angular field of view upon the statistics parts alloc ation , system-reliability
of the receive d power and pulse length. theory , and the mathematics of reliabil-• In addition to the Institute ’s itv theory . In addition an unscheduled
Director .l .K. Skwirzynski (GEC-Ma rcon i round-table discussion on reliabilit y
Research Labs., Great Baddow , Essex), theory vs practice was organized as
who was mentioned in the previous ar- part of the session. The most si gnifi-
t i d e (E.-;N 31-10:400), credit for the cant area of controversy dealt with
exc el lent program of the NATO Advanced the underly ing foundations for svstenl-
Stud y Institute is due to its three co- reliability theory . At present , most
directors : Prof. Bernard Picinbono on-going wc rk in the area , including
ti co le Sup6rieure d’E1ectricit~ Gif-sur- all the paj~~rs presented at the Sympo-

— Y ve t te , France), who ta lked on adap t ive  s ium , use a Boolean  mode l for sy s t e m
signal processing for detection and reliability. That is , they assume that
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the sys tem f a i l s  i f  and only if  c e r t a i n  rate  mat r ices  a r i s i n g  in n o n - s t a t i o n a r y
combinations of components fail. Typ i-’ avai lability problems are semisimple.
cal of this approach were the severa l This intuitive ly pa latable and h igh ly
papers  p resen ted  on K - o u t - o f - N  sys tems app l i c a b l e  result  gene ra l i z e s  the w e l l -
wh e r e i n  the  system f a i l s  if any K of known theorem for  the t r a n s i t i o n - r a t e
its N components f a i l .  With  var ious  ma t r i ces  a r i s ing  in stationary availa-
assumptions on the component-failure bility problems .
statistics , one can do a complete relia- The session on electronic components
bility anal ysis for the overall system. was divide d into subsessions devoted
Representative of this approach were the to the reliability of thin film and
papers by J . Biernat (Institute of Tech- capaci tors , semiconductor devices , LSI
nical Cybernetics , Technical Univ., circuits , and electromechanical devices.
of Wroclaw , Poland) and K. Zukauskas Finally, the session on system reliabil-
(Institute of Mathematics ~ Cybernetics , ity was devoted to the reliability of
Vilnius , Lithuanian SSR) that appeared complex systems from a management
in the conference proceedings . (rather than theoretical) point of view .

An alternative approach to system- The presentations tended to the philo-
reliability theory that generated con- sophical , dealing with approaches to
siderable discussion both in the Sympo - system reliability rather than the spe-
sium sessions and at the round table , cifics of the reliability problem.
though it was not represented by any for- The highlight of the session was
mal presentations , was concerned with the talk by W .A.C. Lacey (Rank-Xerox
the use of continuous-degradation models Ltd., We lwyn Ga rden C ity,  Herts., U K )
for system reliability. A system may on the “Motivation for Total System
fail becaus e one of its components has Reliability. ” This beautifully planned
failed , but it also may fail because sev- expos i t ion  on the phi losophy of relia-
era l of its components have deteriorated , b ility management may be summarized
though they are still within tolerance, in Lacey ’s own ph rase , “The cri terion
If a system-reliability theory is to in- is not b e t t e r  reliability: It is more
elude such phenomena , one must use con- accu r a t e  r e l i a b i l i t y .” Drawing on cx-
tinuous models for the component perform- amples from a career in the reliability
ance , replacing the simple binary tools field , Lacey luc id ly  exp ounded on the
of the Boolean theory with deep analyti- thesis that system reliability shoulf
cal techniques. The advantage of such be planned to fit precisely the environ-
an approach to system reliability is a ment in which the system operates , with
far more accurate descri ption of the (the. financial evil of) too much relia-
real  wor ld  of system reliability. This bility be ing avoided every bit as much
is , howeve r, achieved at the price of as unreliability. (Prof.. R. Sacks , Texas
a more complex anal ysis and more sophis— Tech . Univ ., Lubbock , TX)
ticated statistical models for the indi-
vidual components.

Other highlights of the session
on reliability theory included the  paper
by L. Gefferth (Budapest Engineering
Un iversity, Hunga ry) on the “Diagnosis
of. Linear Circuits with Two Faults” and EDITORS’ NOTE
the paper by V . Amo ia and R. Somma
(Selenia Sp . A . ,  Rome , Italy) “On the For another aspect of System Relia-
Semisimplicity of Transition-Rate Mat- bility see J.A. Adams “The Assessment
rices. ” Th e for me r paper n e a t l y  e x p l o i t s  of Human R e l i a b i l i t y  in Man-Mach ine
the bilinear relationship between corn- Sys t ems ” page 116 of th is  issue .
pone nt parameters of a linear circuit
and its transfer function to reduce the
problem of diagnosing a circuit with
two faults from two dimensions to one .
The paper  b y Amoia  and Somma gives the
first rigorous proof that the transition-
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ULTRASONICS AND METALLURGICAL STRUCTURE General princ iples were abl y out .-
lined by Dr. M. Silk (NDT Centre , AER L )

Ultrasonic techniques are being who reviewed knowled ge of the interaction
widely used and they continue to be of acoustic radiation with a material ,
widely explored for the solution of an commencing with the simp le case of long-
increasing variety of material examina- itudinal and shear wave propagation
tion problems , both in the engineering in an infinite isotropic medium , assum ed
and med ical fields. This is especiall y in most current applications . He pro-
so if we include the exploitation of ceeded to discuss the effect of hound-
acoustic emission phenomena in the en- aries , noting the transfer of energy
gineering case. How ever , applications from one node to another , the generation
at the routine level generally involve of surface waves (Ray leig h for one free
only simp le acoustic phenomena . Even space and Brekhovsky for two materials)
here in the classic nondestructive test- and that energy may he transmitted along
ins ultrasonic echo-ranging case , it is the surface at greater speed than through
rarely possible to quantify with cer- the material providing a head wave con-
tainty a detected defec t or to guarantee tinua lly radiating into the hulk of the
that every significant one has been de- material. Turning to the “simp le ” case
tected . Further progress it w o u l d  seem of a f i n i t e  s p h e r i c a l  d e f e c t , he t r e a t e d
can only come from substantiall y greater the reflection and scattering of energy
appreciation of the complexities of the from it and the transmission of sonic
interaction between acoustic radiation energy into its shadow , touching on
and material and by exploiting care full y diffraction and the creep ing have , pas-
selected facets of that understandin g . sage into the defect mater ial and conhi-
We need to know more about the genera- nation paths . Procerdi u c to a cracl~tion of the acoustic signal , transmis- de fect , he noted the v a r i o u s  result inc
sion through the material and its inter- waves ; reflected long itudinal and shear ,
faces , scattering and reflection from diffracted longitudinal and shear , and
defects or other surfaces , and interpre- diffracted conical and surface waves ,
tation of received si gnals-- --and how and touched on ouestions of mode conve r-
to use such knowledge. That particular sion from shear to longitudinal and vi - e
acoustic phenomena can he very usefully versa , stressing the greater effective-
exploited is well examp led by the work n e s s  of the second.
of Dr . C.R. Hill and his team of the In- lo these comp l i c i t  inns must be added
stitute of Cancer Research , Sutton , those caused h the m a t - r i a l ’ s not being
Surre - , on the characterization of tis- isotrop ic. A granular structure resu its
sue by analysis of the variability of in acoustic scattering leading to (i)
its acoustic backsca tter (see Spiess attenuation of a transmitted beam in
ESN 29-4 :14h and 0. Nicholas , “An u l t r a -  a d d i t i o n  to  p u r e l y m o l e c u l a r  a b s o r p t i o n ,
s o n i c  d i f f r a c t i o n  s canne r f o r  :‘joo and ( i i )  n o i s e  ( r e v e r b e r a t i o n ) .  Me t a l
tissue characterization ,” liltra -onics processing such as rolling and extrusion
International Proceedings June l9T’ , results in directional cha racteristics
IPC Scj . ~ Tech. Press Ltd). in the material structure which are re-

The use of ultrasonics to provide flected in its acoustic properties.
information on metallurgical structure The acoustic properties ma~’ also be a t -
at the practical engineering level was fected by residua l stress developed dur-
the subject of a round-table discussion ing welding and other processing, which
at the UK’ s Metal Society on 18 January . ma~ also affect the physical nature
The discussion was organized by Dr. R .E. of contained defects and in turn their
Dolbv (The Welding Institute , Ahington , acoustic properties as reflectors and
Cambs .) and Dr . B .L .  Eyre [Atomic Energy scatterers . Further comp lications of
Research Establishment (AERE), Harwell), frequency dependence in the acoustic
who by selection of the principal dis- properties and of constructive and de-
cussants provided representative cover- structive interfe rence in propagation
age of a range of metallic structures paths also arise , raising questions of
and examination problems . Emp hasis was the value of broadband rather than single
on the effect and assessment of the met- frequency examination techniques.
allurg ical structure rather than on
detection or assessment of defects per
se.
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Unde r the gene ra l  top ic “ I n c l u s i o n s  e x t e n t  of the gap between the i n c l u s i o n
in Steel ,” Dr. .J.C.M. Farrar (Robert and the matrix which is difficult to
Jenk ins ~ Co. Rotherham , prev iou sly assess , and how this is affected by
of the Welding Institute) discussed the material treatment. Again clouds
work that had been undertaken jointly of very small inclusions may not be
by ‘~IR h and the Welding Institute to- detectable hut may substantially affect
ward  a m e t h o d  of a s s e s si n g  i n c l u s i o n s  the  hulk acoustic properties of the
in rolled plate which are of importance matrix material .
to laminar tearing of butt welds. At Dr . J.R. Tomlinson (CEC’B, NW Reg ion ,
the time the joint program was initi- N1)T Centre Manchester) limited his dis-
ated , the major use of ultrasonic tech- cussion of stainless steel to welds .
n iq u e s  was i n  the  d e t e c t i o n  of gross  N o r m a l l y it is not conside red these
inclusions and de fects. The program can he satisfactorily inspected by ul-
objective was to extend these techniques trasonic techniques because of the diE-
to assessment of collections of inclu - ficult metallic structure. However ,
sions in plate that develop as a result the highl y anisotropic largel y austeni-
of m o d i f i c a t i o n .  of larger inclusions tic weld material that develops as the
of s i l i c a t e s  or  MnS d u r i n g  the  rolling weld beads are deposited and the grains
process and which appear in finished grow along the thermal gradient can
p late as “clusters ” or “tapes ” . W h i l e  have considerable order and a fairly
these defects coul d be found , they could un i form fiber-like structure . Exploita-
not he analyzed or assessed by picking tion of the acoustic properties of this
out a simple echo sp ike. Echo integra- structure can permit ultrasonic inspec-
tion and counting techniques were in- tion provided the welding process and
vesti gated and the observed data con- weld direction are care fully controlled
pared with tensile data . Integration and are optimized for subsequent inspec-
was found to be the most realistic , tion.
and clear correlations were obtained Apart from the granular structure
between the integrated signals and ten- producing scattering and attenuation ,
sil e information for both major inclu- the fiber texture produces deviation
sion types . A number of test equipments and divergence of an acoustic beam due
we re acco rdi n g l y b u i l t  a n d sen t into to the acoustic velocity in the material
the field for evaluation. Here they matrix varying with direction relative
were used with a much larger range of to the granular axis. Measured acoustic
steel types many of which were found velocities reported for weld material
to give abnormally low , integrated echo were approximately 5300 and 5500 n/sec
levels compared with tensile info rma- along and perpendicular to the grain
tion . axis and 6000 rn/sec at 45 0 to these

Despite considerable stud~ and cx- directions. As a result acoustic energy
amination , including investigation does not propagate in line with the
of heat treatment effects and of the wave normal , but is skewed. While the
ultrasonic reflection and scattering skew angle is zero in the directions
processes at the inclusions , the causes of minimum and maximum velocity, it
of these low signals have not been is a maximum between these directions
totally resolved. They raise questions and approaches 15-20 ° for  comp ress i ona l
of (1) changes in the ultrasonic reflec- wave s and perhaps 50° for  shea r. In
tivitv of matrix/inclusion interfaces addition to the skewing, the velocity
during heat treatment transformations; variation with direction markedly af-
(2) reduction in the ultrasonic reflec- fects the heamwidth of a transmitted
tivity of matrix/inclus ion interfaces ultrasonic beam , which is observe d as
by imposed compression or residua l attenuation. Attenuation is a maximum
stress; and (3) anomalous scattering for paths along and perpendicular to
of ultrason ic energy for no apparent the fiber axis and a minimum at about
difference in the inclusion character- 45° to t h i s  a x i s .  These e f f e c t s  r equ i re
is tic s , While  there is some evidence that care ful consideration be given
that use of higher frequencies would in setting up the welding process to
have g iven some improvement in signal provide a geometry that will allow
from the inclusion s , this would have inspection in a direction of minimum
been offse t by increased abso rp tion due attenuation with due regard for the
to grain structure in the matrix mate- skewing. Apar t f rom the acous tic ef-
rial. Key ques tions cemter on the fects attention mus t also be give ~’
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to any gravitational effects on the there fore to pe r loi m a ~ i i i l e  t r - l i n e
weld beads dur ing deposition which af- go-no-go acoii’ .ti c i.tlOc l I e  tu~ t to
fect their lay [See B.L. Barkie e t al a s s e ss material q u a l i t y . lhi~ is c i i  -

“Ultrasonic inspection of austenitic n e d  out in a wa t e r ha t h  t o  e l i ~ m a t e
we lds ,” J. Br, Nuci. Energy Soc. 15 d 1f f icul t i~~s caused H th e N ugh ca~.t iiig
( 3) ,  257-261 ( 1 9 7 6 ) . )  surfaces.

Since every metal casting is an Subsequent topics d i s c u - ~’eJ w - ! e
indiv idual pi ece , it is important to nickel-based and e o 1 1 t r - b a s t d .ill ov s
provide foundaries with adequate on- both of which ,i re be~ et w i t h ~.ii ~~.tan-
line inspec tion techni ques . In this tiall y grea ter acoustic a t t i n u a t  ion
connec tion Dr. P. Emmerson (British than is the case for st~~u I , r i nd e~ ç e
Cast Iron Research Association ciallv so in the case of n i c i u l  a I l o ~~
A lvechurch , Birmingham) described a tech- of greater t han 4~ - N i .  I n  copper-
niuue based only on measurement of a- based allo ys i n  w h i c h  the aitenu.tt ion
coustic velocity for checking the qual- is between tnat for steels and Ni allo y s ,
ity of the metallic structure of iron attempts to use ul tr a son ic  fla i~ d~ t~~c-castings used as brake blocks in the tion techni ques do not pre sent too gre at
automobile and transport industry. The a problem except th at sOiro faults don ’ t
acoustic velocity in ferritic material give echoes. .1 . Bowden ()ork shi ii Ir-
is found to be dependent not only on pen al M etals Ltd. leed s ), ri ot in ~ these
the amount of graphite inclusion , but difficulti e s , indicated som e s uc c e s s
also on its form . Good ferritic mate- in f i n d i n g  c e n t e r - l i n e  d e f e c t s  o r c louds
rial in which the graphite occurs as of laminar de fects in la rg e  d i , i i r e t  e r - t o -
compacted nodules has a high acoustic length f o r g i n g s  (iv i o n i t o r i n g  the hacic-
ve loc i t y  which is lowered as more of h-all si gnal l e v e l .  De f e c t s  h e re f o u n d
the g r a p h i t e  appears  as i n t e r s t i t i a l  when this was not p o s s i b l e  b y n o i r a l
chains and stri ps, mon itoring technique’s . On the o t her

Although cast specimens with corn- hand , attempts to use attenuation as
pacted .graphite show much less dependence a guide to grain si:e have proved un-
of u l t r a s o n i c  v e l o c i t y  on modularity successful .
than those with degenerate graphite , The meeting r,-as v a l u a b l e  in  d e m o n -
the yield strength/velocity relationshi p strati ng that ultrasonic techni que s
is independent of graphite type (see can he effectivel y app li ed to provid e
figure). It would appear that both practical metallurgical structural in-

fo r m a t i o n  b e y o n d  t h a t  g e n e r a l l y  recoc -

4 nized as de fect detection. It a l~~o
served to demonstrate how a c o u s t i c

I ~~~~~~~~~~~~~~~~~~~~~~~~~ 

prOpert~~~ 
observe defects during the

/ ~
,. ~~~~~~~ course of normal routine ultrasonic

/ / testing. It is apparent , howeve r , th at
o 

~,
,( (c) & (D)  extension of the use of u l t r a s o n i c  tech-

/ •
~ 

ni ques for routine practical examination
/ (D) will depend heavil y on adequate appreci-

8 .~ ation of—and where possible exril oitat ion
_______________ _______________ 

of—the complexities introduced by the
metallurgical structure in what is fre-

% Modularity —~~ Acouctic Ve1ocity .~~
. quently considered a simple acoustic

picture .
(C) Coqact graphite material Discuss on at the meeting appeared
(D) Degenerate graphite material sympathetic to the potential value of

increasing the interaction between group s
the tensile strength and velocity in working in such topics as fracture mech-
the two-phase cast m a t e r i a l  are p r i m a r -  a n i c s , a c o u s t i c  e m i s s i o n , u l t r a s o n i c s ,
ily dependent on the effective area and internal friction , and consideration
of the soft graphite constitutent rather is to be given by the Metal Society
than its volume , While other variables to the organization of a conference
also have an effec t on velocity such along these lines in 1979 , possibly
as carb ides , the casting process can in conjunction with the Physical Acous-
be con trolled so tha t grap hite is the t i c s  Group of the  Institute of Acoustics
important variable . It is possible who have been considering similar

possibilities. (A.W . Pryce)
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GENERAL Since Madrid is the un iversit y heart
______________________________________ of Spa in , the  p o s i t i o n  w i l l  undoubted l y

go to one of these peop le. The available
position then shifts to that person ’s
school , which is invariab l y in a small
town deep in the Pyrenees mountains.
This is equivalent to a position at

THE TENURE PROCESS I N  S P A I N :  A LABOR a m a i o r  universit y like Berkeley or
FOR HERCUL E S C a r n e g i e - M e l l o n  s u d d e n l y  b e c o m i n g  one

a t I as t  North l~est Prairie University.
Most  u n i v e r s i t i e s  in the  US s h o u l d  Oh w e l l , t r a v e l , even to t he  boondocks ,

be c lose  t o comp leting the annual and is broadenin g.
often agonizing ritual known as the In a recent case , an initial group
tenure-decision process. Invariabl y of 12 untenurcd faculty applied for
the candidate for tenure and/or promo - a post in the north of Spain. They
tion has no o p p o r t u n i t y  to be p r e s e n t  t h e n  w a i t e d  f o r  abou t  two  ~ea rs , an
at the numerous stages of the delihera- average period , until the examination
tions , and instead must he judged large- for the position was scheduled . At
lv b y prepared documentary evidence , that time , the candidate ’s name s were
consisting of curriculum vitae , pre- also publ i c 1~ listed , allowing the corn-
prints and reprints of publications , pctitors to scout one another. Since
letters of recommendations , etc. This it does little for your future chances
surrogate alter ego of the supp licant if you fail the exam , local fl yw eights
torturously wends its way through the usuall y drop out of contention at this
nume rous committees , desi gned to he the stage. In the example cited , the final
checks and balances of the system , and n u m b e r  of  applicants was f o u r .
l i t t l e  in f o rmat ion on p rogress  is m ade A one month lead time is given
available other than uncontrolled or for f i n a l  p r e p a r a t i o n .  At the start
controlled leaks. Such a system has of this period , the candidates are pre-
often been attacked as unfair , degrad- sented is j th a list of 15 general subjects ,
ing and dehumanizing, since no formal such as (for physics) superconductivit y ,
opportunit y is given to the candidate optical phenomena , quan tum mechanics ,
to respond to claimed weaknesses or ap- etc. One of thes - to pics will be selected
parent inadequacies, (iv lotter y at the time of the exam ,

In con t rast , the Spanish have a and the candida te’. will then have three
quite different system , which i~ very hours in which to ~rit e a detailed rit-
pe r so na l in i t s  ap pr oach , in  t h a t  a con- ica l a n a l y s i s  of t he  c u r r e n t  s t a t e - o f -
t i n u i n g  a s s e s s m e n t  is  made z i v a i l a h i e  t h e - a r t  in  the field . Whil e source
a nd the c a n d i d a t e  is p r e s e n t  fo r  a l m o s t  m a t e r i a l  i s  p e r m i t t e d , o n l y  t h a t  in
every step of the process. Sounds good , their possession prior to the lottery
or does it , for the procedure has been draw ing nay he used. The probability
dubbed by many as the “inquisition of having the proper books is small
incarnate ”. Let me describe how a tv p- enough that detailed preparation is
ical tenure decision is made : mandator y .

A fundamental diffe rence from the The exam , open at almost all stages
US is that the Spanish university s s -  to the public , is heard (iv a committee
tern is almost completel y national in of seven senior pro fessors , rno.;t with
nature , and tenure is ra r e l y  given for expertise closely ali gned to that re-
a specific university. Thus , when an quired for the post.
available position is posted , any qual- Day 1 : Each candidate , in turn ,
if ied person at any of the 40-odd Span- discusses his qualifications , pub lica-
ish universities can equally apply. tion s , teaching experience , etc; this
A post mi ght he listed , for examp le , is in e f f e c t  an ora l  c u r r i c u l u m  v i t a e .
at the physics department of the Univer- Questions of detail and amplification
sidad Cornpluten se in Madrid. Associate can then he asked (iv the committee and
pro fessors without t e n u r e  or l e c t u r e r s  b y the  a u d i e n c e .  Some e m b a r r a s s i n g
w i t h  t enu re , who be l i eve  they  have  the  s i t u a t i o n s  have deve loped  where  o t h e r
proper credentials in the desired spec- candidates have attempted to discredit
ialty area , may apply. Howeve r, full the speaker by questioning the validit y
or associate pro fessors with tenure have of his stated qualifications (I use
“bumping ” rights for the position. the masculine gende r , because this
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is the general truth in Sp a i n ;  as in most candidate working individuall y. These
countries , pro fessors are usually men), problems can range , f or ex amp le , from
F o l l o w i n g  t h e s e  p r e s e n t a t i o n s , the  corn - d e v i s i n g  and ca r ry ing out an expe r imen t
m i t t e e  vo tes  by each member  l i s t i n g  thos e  to  v a l i d a t e  a p h y s i c a l  c o n s t a n t , to
candidates who he believes have passed; develop ing and proving a techniQue to
thus each candidate can receive from test a specific theory . The final part
:ero to seven votes. The ranking is of this aspect of the exercise is to
then publicl y announced hut at this write up the devised procedure in a man-
stage is only for informational purposes. ner suitable for it to be used as a stu-

Day 2: A general subject is an- dent laborator y experiment. This plan
nounce d , e .g., the level of understanding is then read publ icly and given to the
of solid-state physics in  I urope , and committee for grading ,
each candidate is g iven three hours Day 8: The lottery to choose the
to write a dissertation on the subject , research top ic from the list of 15 , de-
w i thout the use of notes. Ih is  w i l l  scribed previousl y , is performed. After
he graded by the comm ittee that evening, completing the treatise , the formal part
In the afternoon of the same day the of the exam is over.
candidates present , in detail , their Day 9: All written parts of the
p lanned curricula and out l ines for a exam having now been grade d , the deliber-
number of undergraduate and graduate ations prior to final voting begin.
courses they intend to , or are expected These are done in ‘~mera , but in the
to , teach. A new and much more criti- presence of a representative of the M inis-
c a l  vote is now taken (iv the committee try of Education. Only one formal vote
on the b asis of the first two days ’ per- is taken; each committee member is allow-
tormanc e . If a candidate does not re- ed to vote for only a single candidate
cei v e four votes , i.e ., if he is not in the knock-out competition. The re-
listed on a a i ’ r it v of the ballots , suIts are then announced to the candi-
he is e l i m i n a t e d  f r o m  t h e  c o m p e t i t i o n .  dates , who are  u s u a l ly  su r rounded  b y
(hose remaining can now stay fur the f a m i l y  and  f r i e n d s . The s e l e c t i o n s
duration ot the exam. The relative rank- are randoml y mixed to maintain the com-
ings are however still announced after mittee ’s conf identia 1it~~, and each member
each section , and some have droppe d announces in turn one result; again an~’out when they decided their cases were candidate can receive from zero to seven
hopeless. In the examp le previousl y votes , with a clear majority vote of
cited , three were allowed to continue , four needed for any one person to emerge
and a l l  remained t o  the end, as the winner . Incredibly, if no one

h a y  3: I - acE candidate presents receives four votes , a not that rare
a sym p osium on his research specia lt y . occurrence , the voting is not retaken
This is followed hy a usuall y intensive but instead the entire selection and
question-and-answe r per iod , exam process is repeated from the very

13v 4: The committee chooses , beginning. Oh , (iv the way , the winner
by lot ter y , a subject suitable for a only receives tenure at the associate ’s
graduate cours ’ lecture in the depart- level. To become a full professor he
ment in question. Afte r two hours must go through another knock-out corn-
of open-hook prepa ration , the candidate petition , fortunatel y this time onl y
presents the lecture , considering the covering the events of Day 1.
audience to he the class. This is surely a more personal al-

l i av s  S- ’: T h i s  e x a m  sect ion seems t h o u g h  a r g u a b ly  not  a more humanistic
outw ard~ v s i m i l a r  to a PhI) qualif y ing approach than that used in most US ~rni
ex am i n  t he  U’~, al t h oug h I am assured vc r siti e s. I leave it to the reader
b y those  who have  gone through it , that to decide which procedure he or she would
it is a much more rigorous test of one ’s prefer. (l.M . Bernstein)
analytical under standing . The first
of these days consists of a large but
v ari able number o f problem sets , tak en
unde r closed-book exam conditions and
c o v e r i n g  a b road  range  of top ics cen-
tere d about the specialty areas of the
candidate s . Following this , one or a
numbe r of  phenomena r e q u i r i n g  e x p e r i m e n t a l
verification are presented , with each
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MATERIAL Vitry and also on a service basis to
other laboratories and universities in

SCIENCES France . In particular , the Center is
the p r i m a r y  source for  h i g h  purity titan-
ium . M. Lorthi oir , who is stud y ing the
optimur : ways to maximize purity , de-
scribed how the titanium is produced

THREE FRENCH CENTERS i -DR MATERIALS (iv electr olysis of TiCL. in molten salts.
~FSEARCH i the rocesses , such as the Kro ll and

Hunter suffe r because they cannot be
A recent trip to Paris provided mc operat ed continuously, require a large

with the opportunity to visit three ma- expenditure i f  energy , and because it
jor centers for materials research: he is difficult w ith them to lower the a-
Centre d’Etude de Chemie Meta llurgi que mca ut of the major impur~ tv iron , even
of the Centre \ational de in Re ch e r che u si n g s ubseque n t pu ri f i c a t i o n tec hn iques .
Scien t’ fi quc liN RS), the Centre des N i -  The key to the efficienc y of the process
t e r i a u .~ of  ~h e Eco le  Nat i on a t e Sup~~ri eii r~’ Iorthioir is s t u d in g is t o dec r eas e
des Mi r e s , m d  t he  Labo r a t o i  re de No t  - the rri; :ber of oxidatio n states present
allurgi e Phv5i que of the t lni ve rsi t~ de in t~m electrol y sis bath. T h i s  requires
Paris-~~ud at Orsay. The diversit y of careful temperature control and isolation
the on~’oing work coup led w i th diff erent of t~ ie anodic compartment , by a diap hragm ,
funding patterns , provide d the opportun- to facilitate chlorine gas removal.
ity to assess t he quali ty and s ta~ e of Proper use of the technique reduces
health of ma ter ials research in France the iron content (tI:e major impurit Y
today . from 200 atom ppm ( f o r  r e p u r i f i e d  K r c l l

N . c h a r m in g  h o s t e s s  at the Centre titanium sp o 1 ze) to 0.2-0. 4 at tu - ppm .
d’ E t u d e  de Ch e m i e  M e t a l l u r g i q u e - V i t r v  N . B i g o t  d i s c u s s e d  t h e  pro duction
(Center for tire Stud y of Metallurgical of  high - p u r i t y  electrol ytic grade chrom-
Chemistr y ) was Mine Simone Taihot , who i u m  ( iy  a comb ination of three-pass :one-
organi:c~i a demanding but very interest- refining and subsequent annealing in
ing schedule in response to my somewhat hydrogen at temp c r at u~ ’:~ up to 1500 °C .
off-hand rema rk that I wanted an ove r The fornie r 

~ 
yecess reduces the level

view of the laborator y ’s efforts . I of ~ - : i i , ni c . ~~, copper , nitrogen ,
visited seven  or eight di ffe rent groups ant ~:a in , and sodium , w hile the latter
and then gave a talk on hydrogen embrit- reduces the le i e l of the more critical
tlement. Some of the communicating impurities , u n  terms of mechanical
was carried out in French , a hardl y tri v- properties) carbon , oxYgen and again
ial undertaking for me. nitrogen. In particular , the carbon

The Center n- irs e s t a b l i s h e d  in 1939 is reduced to 15 ppm f rom an in i t ia l
(iv N. Chaudron , one of the best know- if leve l of 140 ppm , The qualit~’ of the
of the French m a t e r i a l  s c i e n t i s t s ,  lie puri f i ca t i o n p roc e s s  was  demonstrated
d i e d  r e c e n t l y , and at a ceremony held (iv determining the temperature at which
at the Journ~ us N~ tallurgi ques d’Automne polv crvs ta lline chromium undergoes a
(E.-~ 32-1 :18) whe re the first M~clai lle transition from ductile to brittle frac-
Chaudron was awarded , the intensity of ture. Purification reduces this tern-
the eulog ies g iven by Chaudron ’s previous peratu re  from about 90°C to 0°C.
s t u d e n t s  and c o l l a b o r a t o r s  was  amp le ?- tme T a l b o t  s u p e r v i s e s  the e f f o r t
testimony to the respect in which he concerned wi th mechanical properties
was held, of hi gh puri tY i ron , particularl y in

The research effort at V itr y , sup - the pre sence of dissolved h y d r o g e n .
ported b y a total staff of about 100 (he i ron is produced by a two-stage
peop le , centers about the production techni que w h i c h  consists of first making
and study of very high purit y metals and FeCl3 from FeOH , and then the iron
ceramics. This is a continuation of (iv electrol y sis . This is followed b y
Chaudron ’s policy of stud y ing properties annealing in hydrogen and finall y zone
in only the highest purit y of materials refining. This procedure reduces the
so as to eliminate , as much as possible , content of interstitia l s to 7 ppm car-
any secondary effects. (ion , 10 ppm nitrogen , and 13 ppm oxygen.

Various purification procedures con- The coarse-grained material obtained
stitute a large part of the program , since can then be used to produce single
materials are made both for workers at crystals of a variet y of crystallograp hic
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orientations . Such h igh purity material calculated. He is currentl y using this
allows for a significant , but undeter- approach in the study of passive films
mined , amount of hy’drogen to be intro- on stainless steels , surface seeregation
duced without the generation of internal and depth profiling, and the efrects
damage , since the internal traps where of ternary elements in binary allo ys,
damage can be nucleated are el.~ ated. An interesting study- is being car-
Such material has quite remarkabi .. prop- n e d  out hr Mae Pere z on the destruction
erties in the presence of hy drogen. of medieval stained glass by air pollu-
For example , the diffusivity at room tem- tants , in particular t he combin at ion
perature is about 7 x l0~~ cm 2 sec~~ 2 of SO2 and H20. The ensuing chemical
compared to values as low as l0~~ c m react i on leac he s Ca , Ni’ , and , partiall y .
sec~~ for lower purity iron. In single S and P from the glass , promoting degra-
crystals , the presence of hydrogen pro- dation . Part of the problem is believed
motes primary- slip while suppressing due to the low SO 2 and  h igh NO a n d CaO
the formation of secondary- sli p presum- contents in medieval glass. Protection
ably by making cross slip more difficult , of the glass is e x pensi v e , a n d t o da te
possibly by a decrease in stacking fault it has been difficult to obtain needed
energy, This leads to the critical oh- government support. The French are ex-
servation that hydrogen can enhance perim enting with pol y-urethane coatings
plasticity in iron , Such a finding for the window s of the Cathedral at
has important ramifications for assess- Chartres; if this is successful in re-
ing the viabi lty of currently proposed ducing the rate of damage , the effort
theories of h y drogen e m b r i t t l e m e n t .  may he expanded.
For example in susceptible structural The research approach and mix is
steels , an enhanced p lasticity- could pro- quite diffe rent at the Centre des Mate -
mote embrittle m ent resulting from strain riaux of the I-cole Na tionale Sup&ieure
locali:ation and shear-controlled frac- des \hi ncs de Paris. This major ma terials
ture . These studies and other aspects effort of the Ecole is located at I-vrv ,
of h ydrogen ’s effects in iron are being about 20 km south of Paris , on the grounds
activel y purs ued , and the results are of SNI (M-\ , the onl y producer of French
beginning to find their way- into the aircra ft engines. The relationshi p
Eng l i sh - l anguage  l i t e r a t u r e , between the two is , in the main , landlord

h ow to measure and assess the ef- and tenant , althoug h some super-alloy-
ficiency of the removal of impurities studies are carried out for SNIICM.\ on
i s  a m a j o r  area of research of N . l an g r o n , a co n t r a c t  b a s i s . A l t h ough p ar t  of
who uses activation anal ysis techni que s the prestigious i co le , the atmosp here
and , mo re importantly , Auger spect ros- at I vr y is very much that of a research
cops- , i.e., the anal y-sis of near-surface , establishment. Many people do teach
low-energy- , Auger electrons to identif y ;tt Paris , and students can obtain both
and measure the amount of even light Masters and Doctoral degrees by doing
elements , with the exception of hydrogen, research at Evrv , hut the strong indus-
.\ significant effort is the development trial flavor of nran~- of the programs
of a reliable quantitative anal ysis of has somewhat muted the previousl y strong
the obtained Auger spectrum . Till now academic flavor. The change , as expected ,
most investi gators have relied on the is a result of economic pressures.
use of standards with an a c c o m p a n y i n g  R o u g h l y -  50% of  t h e  f u n d i n g  comes f rom
large scatter . Langron has been stud y- the Research M inistr y , S~’ from the
ing the possibility of doing a b s o l u t e  M i n i s t r y -  of In d u s t r y , and 2S~ from pri-

k measurements by using one of the elements vate contracts. IThile most would lik e
in the matrix as a reference element , a more academicall y-oriented mix , th ey
since the peak-to-peak amplitude of the recognize the inevitability - of changing
An ger transitions for a given element times.
is proportional to the corresponding I spent most of my time with N .
Auger current. By knowing or calculat- Guttman and N . Pineau , both outstanding
ing the atomic thickness of the layer scientists who are well known in the
being analyzed , the escape depth of the US, pa rticularly Pineau who studied at
Au ger electrons , th e electron attenua - MIT . Guttman leads an effort concerned
tion in the layer , and the contribution with understanding the effect of minor
of the  l aye r  to the t o t a l  s i g n a l  (matrix elements on the mechanical and physical
e f f e c t ) ,  he c l a i m s  t h a t  t h e  number  of p r o p e r t i e s  of m a t e r i a l s .  T h i s  includes
atoms in a given layer can be directl y the use of electron-optic instrumentation ,
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such as the microprobe , the scanning more pronounced at lower f requenc ies
electron microscope , and Auger spectros- of stress app lication. Fatigue also
copy ; theore t ica l  s tudies  of the thermo- leads to softening of the alloy partic-
dynamics of adding ternary and quater- ularly at higher temperatures , reducin g
nary additions to binary alloys ; as well the stress carrying capacity of the al-
as-trad itional deformation and fracture b y. The degradation in life has also
studies. A prime interest is the under- been shown to be a strong function of
standing of how minor elements affect the environment , and spec if i ca lly of
the susceptibility of structural steels the presence of oxygen. This effect
to thermal (or tempe r) embri tt lement , would have to be controlled before the
the premature intergranular fracture operating temperature of turbines can
of steels used in such cr itica l app lica- be increased , a most desirable change
t ions  as pressure vessels.  For example , since tu rb ine  e f f i c i e n c y  would increase
they have recently completed a study substantially.
on the i n t e r g r a n ula r  segregat ion  of su l -  Pineau is a lso involved in studies
fur , se len ium , and t e l l u r i u m  in iron , of the plastic crack behavior of pressure
us ing  data obtained by e i t h e r  elastic vessel steels , aiming at a more realistic
b a c k s c a t t e r i n g  or Auger  e lec t ron  spec- picture of the process than can be ar-
truscopy . This segregation has been rived at by assuming that linear elastic
shown to be governed by the thermodynam- fracture mechanics is controlling, and
ics of r evers ib le , thermally activated of the effects of thermomechanical treat-
pr ocesses , which are not modified by ments on the mechanical properties of
the presence of carbon at such bounda- high strength steels , particularly those
ries. Guttman , in cooperation with D. containing manganese.
McLean who was at Evry for a year on The most academic a tmosphere  was
leave from the National Physical Labora- found , not unexpectedly, at the Orsay
tory , Tedd ing ton , UK , is extending the campus of the University of Paris. The
study of .grain boundary segregation to metallurgy effort , part of the chemistry
multicomponent systems , mainly from the department , shares much in common with
t h e o r e t i c a l  po in t  of view . They are con- depar tments  in the US , namely  a lack
cerned with synergistic effects where of equipment , money , and students. Nev-
the mutual presence of surface-active ertheless high quality research continuo
solutes not only enhances their respec- as we academics like to believe (or de
tive segregations but can even induce lude ourselves), exigency creates the
the segregat ion  of n o n s u r f a c e - a c t i v e  a tmosp here  for success.
e lements . The pred ic ted  resul ts  of these Before outlining some of the research
sy-nergistic multicomponent effects is programs , the readers may be inte rested
to increase  the p r o b a b i l i t y  of poten-  in how the p rog ram is s t r u c t u r e d .  The
tially damaging grain boundary segrega- laboratory is headed by Prof. P. Lacombe ,
tion , but also to introduce a critical who has unde r him two groups each headed
temperature at which segregation is ef- by a maître de recherche . This position
f ec t ive ly  e l iminated .  The r e su l t s  are is roughly equivalent to an associate
being examined in stainless steels , professorshi p except that it is purely-
super-alloys and complex steels. a research position supported by CNRS

Pineau is continuing his excellent with no formal teaching duties. Th is
4ork on the fatigue of super-alloys , kind of funding, in fact , provides the
powder produc t s, and othe r structural connective link between government sup-
alloys. He is primarily in te res ted  in port and academic research .  The two
the role of microstructure and such ex- maltres de recherche in turn supervise
ternal variables as hold time at differ- a group of seve n who are either charg ~ s
en t stress (or stress intensity) levels , de recherche (again supported by CNRS)
tempera ture , and the effects of the en- or maltres assistantes (equivalent to
vironment on fatigue crack growth rate an assistant professor and supported
and life , In a recent study on Inconel directly by the University). Graduate
718 , the nickel-base super alloy exten- students are either supported directly
sively used for gas turb ine discs , he by CNRS through 3 to 4 year grants , by
inves tigated the low-cycle fatigue be- private companies , or occasiona lly - b y
havior of this alloy at room temperature the University. They can be either
and 550°C. He found that the fatigue third cycle (masters), PhD students ,
life is sub stantiall y reduced at the or Docteur d ’lngenieur students (this
higher temperature , with this effect degree is only for those who have
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graduated from an Ecole). Students in ident ifying much of hydrogen ’s role
receive a stipend varying from 2500 to in environmental embrittlement , as well
3500 Francs per month depending on t h e i r  as how hydrogen interacts with the struc-
educational level. The student pays no ture and inicrostructure of materials.
fees to the University. Many French researchers do not pub -

With in this hierarchal structure lish extensivel y in English-language
a variety of research efforts are going journals. This is a loss to those ill-
on. I will briefly list most , only equipped or not inclined to read French ,
spending time on one , the use of micro- for , as described above , much of their
radiograp hy, since this reflects the time work is of h i g h  quality and deserve s
distribution of my visit. There are to be d i s s e m i n a t e d  to a much b roade r
studies on how deformation mechanisms audience. There are welcome signs that
and recrystallization affect texture they have grown t i r e d  of w a i t i n g  for
in titanium alloys and stainless steels , us to learn their language , and intend
on oxidation and oxide properties in to pub l i sh  more wide ly  in Eng l i sh  in
titanium and nickel-chromium alloys , the future . ( I .M .  Bernstein)
on fatigue and creep of titanium alloys ,
on mechanisms of transformation and pre-
precip itation in titanium alloys , and
on electron-optics oriented problems ,
utilizing secondary’-ion mass spectrometry
and electron probe microanalysis. -

In addition t h e r e  is a p rog ram on
the effect of solute segregation largely ORDER OUT OF DISORDER—GLASS RESEARCH
supervised by M . Aucouturier , who is IN EINDHOVEN
a maître de recherche . They are using
C ’’ to study carbon segregation at grain In this note I s h a l l  repor t  on
boundaries and interfaces in iron- some of the research in glasses at the
chromium and iron-nickel alloys , and of Phili ps Research Laboratory and at the
great interest to me , tritium to study Technological University , both of which
hydrogen segregation in iron-chromium , are in Eindhoven , a bright modern cit~-iron-nickel-carbon alloy’s , and austenitic near the southern boundary- of The Nether-
stainless steels. By using tritiated lands .
water , they are able to inject tritium Philips has a commanding position
into a material electrochemically, in the European market for electronics
specifically into sites at which the and communications. Its products involve
tritiu in (and presumably the hydrogen) glass in many ways. There are new fields
is trapped. The technique is quite sin- such as the use of very transparent
pie in princip le , and invo l ves p lacing glasses in fiber optic communications ;
cathodica ll y-charged samples in close there are also the olde r areas of glass
contact with a photograp hic film so that use such as encapsulation and vacuum
the ionizing ~ emission from the tritium enclosures for cathode - ray- tubes. For
interacts with the silver halide grains these reasons Philips has supported a
of the emulsion. These grains are con- program of R~ D ir glass for many years ,
verted into silver filaments during de- and there are now about 10 people working
velopment and provide a dark reg ion in this area in Eindhoven , under the
image  of the  t r i t i u m  d i s t r i b u t i o n  in leadersh i p of F . Mei jer.
the sample. The techni que is deceptively An obvious field for such a glass
simp le , and the group has spent consid- program is develop ing optical fibers
erahie time refining the procedure and for hig h data-rate optical communications
improving resolution to where they can systems . The work on glass fibers is
now cistinguish submicron hydrogen dis- sp lit between two Philips laboratories,
trihutions. It is my judgement that they Fused silica fibers are being studied
have developed this application of micro- and developed for production at the
radiograp hy to the point where they have Phili ps Laboratories in Aachen , Germany .
the best facility in the world . The They are following the usual practice
power of this techni que is that it marks of doing chemical vapor deposition of
regions of high tritium (hydrogen) con- many successive layers with variable
centrations. Since these traps are in- dop ing to produce a fiber core of very
variable precursors to hydrogen-induced transparent glass surrounded by a clad- -

da mage , t h e i r  s tudies  have been important ding with a variable index of refraction
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to trap the light in the core and to product that comes off the surface.
keep slightl y off-axis rays from fall- In insulating materials this frequently
ing behind the on-axis r a y s  as the leads to the production of a charged
light signals progress along the fiber, surface that alters the conditions of
A nove l feature introduced at Aachen the experiment and may make the results
is to use p lasma heating to speed up meaningless. For instance , it is well
the laborious process of making the many- known that in many ordinary oxide glasses
layered glass structure from which small the alkali ions migrate if an electric
fibers are eventuall y- pulled. field is app lied to the glass. So if

At Eindhoven the Philips glass a surface measurement system resulted
group is attempting to develop a fiber in the development of charge on the sur-
that could be made in a continuous proc- face of the glass specimen , the resulting
ess and would be inherently - simpler and electric field could change the distribu-
less costly. The material is a many- - tion of alkali ions near that surface.
component system based on a germanium- Gossink feels that XPS (x-ray photo-
silicon-oxy -gen glass with additions electron spectroscopy) is a moderately
of sodium. They pull the fiber core successful method of measurement fo:
and its cladding from a double crucible , glasses. In this techni que x-rays are
and the resulting fiber has a core dia- incident on the samp le and electrons
meter of 50 to §0 pm and an outer dia- emerge. A simple check for trouble in
meter of 100 to 150 pm . The attenua - ordinary - oxide glasses would be to as-
tion of light in this fiber is pre sent 1v certain that the alkali si gnal has not
13 dB/km which is not low enough to changed during the measurements.
compete with silica fibers that fre- Gossin-k and his co-workers have
quently fall in the ran.~e of 1 to 2 recentl y- bee n - w-orking to establish con-
dB/km . Howe ver , values of attenuation dit ions under which SIMS (secondary ion
as low as -l dB/km have been reported mass spectrometry ) gives valid results
for some many-component glass fibers for glass. In this techni que ions are
so that there seems to be no fundamental incident on the surface and the positive
barrier to reducing the attenuation or negative ions emerging are analyzed.
somewhat further in this material. If an untreated glass surface is used ,
The Eindhoven group feels that such the charge buildup produces potentials
a glass will have many- uses for communi- of about 1000 V . Howeve r , a suitable
cation links extending as much as a few anal y sis can be made by placing a tant .
kilometers. Once they feel that it lum p late with a 600-pm-diam . opening
has solve d the prima ry purity and proc- over the glass. The ion beam is swept
essing problems for this fiber , the ef- in a raster ove r the opening. _ Under
fort will be turned ove r to one of the these conditions with lS-keV 0 ions
Philips operating divisions for develop- incident on the samp le , surface charg ing
ment as a commercial product. was onl y- -15 to -45 V , and this can be

A novel program of glass studies taken into account in the anal ysis.
was described by R.G. Gossink , who is It has also been found that voltages
developing a project to investigate of this magnitude do not alter the alka-
glass surfaces. The need for such a li ion distribution. By changing the
program is apparent: most glass in ion beam current the rate of surface
electronic systems is joined to other erosion can be varied from 1 A/hr to
materials or is used to contain a gas 1 A /sec; the low rate is essentiall y-
or li quid; the resulting interfaces a static surface-monolayer measurement ,
and surfaces are often critical. A and the high rate can be used to deter-
great many techni ques for surface mine concentration profiles below the
studies have been developed and applied original surface. This method has been
to crystalline material s— especially used to measure the depletion of sodium
metals and semiconductors . In insulat- in the surface of a glass exp sed to
ing glasses , howeve r , there are limita- hot water at 75°C for 30 minutes. Loss
tions . First of all , the lack of long- of sodium was seen to a dept ’n of about
range orde r in the glass makes i t  Ufl- 1000 A .
like ly- that diffraction measurements SIMS is also being de veloped as
yield much information. Second , most a quantitative tool without the use of
of the analysis techni que s involve external standards by- the u~ e of an an-bombarding the surface with X-r av s , al\-tic expression for the emission of
ions , or electrons and analyzing some ions . Early experiments with this tech-
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nique in commercial oxide glasses have the end-product , some of the arsenic
given promising results. These s tudi es I ons end up in groups where they are
by Gossink and his associates seem to As 3

~~. In this process of valence change ,
confirm that SIMS can join XPS as a tool molecular oxygen gas must be formed.
to study glass surfaces, It seems likely that it is this free

Another ana lysis technique that the oxygen that is responsible for the fining
Philips glass group is using with con- action of the As203 .
siderable success is Raman spectrosçopy. A report on glass research in Eind-
Using the argon laser line at 5145 A , hoven would be incomp lete without refer-
Raman measurements of simple oxide ence to Professor J .M. Stevels , who was
glasses showed a rich spectrum of sharp head of the glass program at Philips
lines. Most of these were sharper than for many years . In 1973 he retired from
the instrumental resolution of 10 cn 1 Philips but continued his work at the
and were found in an energy range from Technological Un iversity in Eindhoven
100 cm 1 to 1200 cm ’. where he has been a staff member since

By contrast , the infrared spectra 1961. His academic interests are fairly
of glasses are broad , lack sharp features , broad. He has had a continuing interest
and are difficult to use for anal ysis , in cement; his recent studies are con-
Such differences between infrared and cerne d with the effect of alkali on the
Raman spectra are not seen in crystals , hydration process which he thinks may
and it is strange that they shoul d ap- become a strength problem if the sodium
pear in glass. A hand-waving explana - content of cement continues to increase.
tion that was given me was that infrared He i~ also interested in ceramics and
measurements excite lattice modes that the use of detergents in producing high -
are involved in changing di pole moments , density white ware with superior strength.
These moments arise from special charged Stevel’ s connection with glass
sites in the glass such as broken bonds and with Phili ps still continues. He
and strongly polar ions. The di polar has recently supervised a thesis by T.W .
fields fall off slowl y so that the per- Brill , an employee of the Philips Research
turbations on the normal lattice vibra- Laboratory , on the use of Raman spectros-
tions are large and variable , leading copy to study crystalline and vitreous
to substantial absorption and broad bands . borates. Brill notes that some 10 borate
Raman spectroscopy involves the more groups are found in crystalline borates ,
nonpolar vibrations of the glass struc - and many of these are found in alkali
ture . These correspond to shorter-range borate glasses as well. A surprising
quadrupole forces that are largel y in- result is that the Raman spectra remained
sensitive to the polar fields . As a re- unchanged , except for broadening, as
sult , the dynamical response of a struc- the glass temperature was raised even
tural group , such as an Si04 tetrahedron , above the melting temperature . The bo-
would be nearl y as sharp in a glass as rate groups appear to be extraordinaril y
in a solid. In any case the Raman spec- stable. Stevels will retire from his
trum is quite detailed; one such spec- academic position within a year , but
trum contained 11 identified features, the work he has begun will continue

H. Verwey of the glass group and through associates and students. His
his associates have used Raman spectros- contribution to glass science over many
copy in an attempt to understand what years has been immense. It is typ ical
“fining agents ” do when added to a glass of his active research sp irit that in
preparation. The reactions of the mixed his last years he is heavil y involved
chemicals when a glass is prepare d give with Raman spectroscopy—the newest
rise to gas , such as C02 , wh ich may be tool for glass research .
trapped in the liquid melt. Extensive (Clifford C. Klick)
st irring of glass melts helps in removing
the bubbles , but it is difficult to elimi-
nate all of the very small ones unless
fining agents are incorporated. The
add ition of , say , 1% of As203 was studied.
It was shown that an intermediate li quid
phase was formed ea rly in the melting
process which contained arsenic as an
As S+ ion . As the reaction continues to
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L~T VERY LAST LAYER OF ATOMS Most of the ions incident on the
solid are neutralized. Those that pene-

One conclusion from a Visit to the trate beyond the first layer or are
Phili ps Research Laboratories in Eind- scattered twice are almost certainly
hoven , the Netherlands , is that the re- neutralized, However , about 0.01% of
search program there takes analysis the incident ions are scattered elasti-
of materials very- seriously indeed. cally by the surface atoms and come
This function has broken out as a sepa- off still as ions . The number and the
rate part of the Laboratory and carries energy of these ions are then measured
the title “Structure and Analy-sis Group ”. as functions of the incident and scat -
The cost of equi pment is so high tering angles. The energy loss suffered
and the expertise to apply it properly- by- the incident ion in the collision
so specialized that a centralized group is a strong function of the mass of
was found to he necessary . By contrast , the scattering atom since conservation
Phili ps does not have a separate mate- of momentum applies. As a result , well-
rial s preparati on group ; this is done separated peaks are often seen in the
by the individual research groups. ion energy spectrum , and these can he

The Structure and Ana l~-si s Group identified with the presence and number
has broad expertise. Olde r arts such of specific scattering atoms or ions.
as chemical anal ysis , spectro-chemistr ~- , As a test case , Brongersma measured
and radio-chemistry are maintained , but crystalline silicon alone and with the
much of the emphasis is now in the area addition of bromine to the surface.
of physical techni ques. Among these The single dang ling bond at each silicon
are x-ray diffraction for structure de- atom on the surface binds a bromine
termination and x-ray topograp hy used atom , and the bromide atomic size matches
for anal ysis of dislocations and for closel y- the lattice spacing of crystal-
the stud y of Al in A lGaAs . Both trans- line Si. As a result , a single layer
mission electron and scanning electron of bromine should cover the silicon.
microscopes are used; they- have E SCA Measurements with ISS as bromine was
(electron spectroscopv for chemical added showed that the scattered energy
ana lv sis), SAM (scanning Auger microprobe), Peak changed from one due entirely to
and SIMS (secondary ion mass spectrome- silicon to a large bromine peak with
try). At the moment , apparatus is being the silicon peak reduced to less than
assembled for EXAFS (extended x-ray 1% of its original value.
absorption fine sructure). The power of the method is illus-

As pointed out in earlier ESN trated by work done on the structure
articles (31-6:240-243), a bewildering of oxygen adsorbed on a Ni (001) sur-
array of surface analysis sy-stems is face. This problem had been studied
available , each with its own acronym . before using LEED (low-energy electron
At the risk of adding to the problem diffraction) and other techniques , but
of learning this new language , I should it remained amb i guous with different
like to describe another most interest- interpretations proposed by various
ing experimental technique that has investigators. One interpretation was

• been extensively- de veloped in the Re- that the oxygen is so reactive that
search Group of the  P h i l i p s  Labora to ry  i t  s t a r t s  to grow a n i c k e l  oxide  c ry s t a l
b y Dr. H.H. Brongersma . Called ISS, on the surface. The oth er was that oxy-
(ion scattering spectroscopy) or some- gen assumes a position of four-fold
times LEIS (low-energy ion scattering), coordination as shown in the figure.
it has been used to determine the char-
acter of the single outside layer of
atoms in a solid. This is not so easy 0 IJ~,to do. Most other surface measurement
techniques use x-rays or electrons 0
which penetrate beyond the first layer
of atoms so that some average of the
proper ti es of the sur face layers is
deter mined. In ISS the solid surface
is cleaned , held in a high vacuum , and
bombarded w ith hel ium or neon ion s wi th
en e rg ies of from 1000 to 3000 eV. The
intensity of the incident beam may be
as low as 3 10t 0 ions/ cm 2 sec.
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Studies by Brongersma of the ISS The Philips Research Laboratory ,
response for scattering of ~He~

’ ions one of the great European laboratories
from Ni and 0 as the angle of incidence in electronics and solid state research ,
of the ion beam is varied (while keep - is certainly very well equipped to ana-
ing the total scattered angle constant) lyze a wide range of macerials and to
showed c lear ly  tha t  there was strong determine their properties. It seems
shadowing of the Ni by the 0. This that this is an increasingly important
is in agreement , both qualitatively and requirement for a broad spectrum of opto-
quantitatively, with the model shown electronic research and development.
in the figure . From analysis of the (Clifford C . Klick)
shadowing ,  and knowing the sizes of the
NI and 0 atoms and the ~He~ ions , the
height  of the 0 atoms above tbe Ni plane
is determined to be 0.9 ± 0.2A ,

Ano ther  probl em be ing stud ied is
the surface  seg rega t ion  of Cu-Ni  and
Cu-Pt alloys . In this case Ne~ ions VACUUM CONGRESS AND SURFACE SCIENCE
were used at energies of 3000 eV. When CONFERENCE IN VIENNA
a 0.5-0.5 alloy of Cu-Ni is allowed to
come to equilibrium at 400° C , only Vienna graced the combined Seventh
3% of nickel is detected by ion scat- International Vacuum Congress and Third
tering in the top layer. However , hydro- International Conference on Solid Sur-
gen absorption measurements consistently faces this past 12-16 September. As
show a value of 20%. The difference one mi ght expect from the recent activity
is believed to be due to the effect in surface science , the meeting was well
of the adsorbed h ydrogen . These resu l t s  a t t ended  and presented a bewildering
show , first of all , that the equilibrium array of information. To cope with the
s t ructure  of the surface layer nay be large participation , the Conference was
very different from that of the bulk organized somewhat like a five-ring cir-
material ,’ and also that the structure cus . There were three oral presentation
may be strongly dependent on the kind sessions , a poster session , and an equip-
of gas layer adsorbed on it. ment show , at most times occurring si-

The examp les show the power of the multaneous ly. One might include a sixth
ISS method in studying the rature of ring, the attractions of Vienna , if one
the final atomic layer in a solid , were so disposed. In spite of the corn-
Not only can the atomic constituents p lications of managing so large a meeting
of the layer be determined , but also and coping with the multi-lingua l parti-
the geometry of the atoms can sometimes cipants , the hosts , the Austrian Society
be understood. The fundamentals of the for Vacuum Technology, the Austrian Soci-
method itself are simp le since they ety- for Atomic Energy , and the Technical
involve elastic collisions between atoms University of Vienna , kept affairs run-
and ions. This is not quite a “billiard ning smoothl y during the day- and provided
bal l” collison since masses of the an interesting selection of evening
colliding species are diffe rent in ISS. activities to unwind the harried part i-
Brongersma once const ructed billiard cipants.
balls of different mass but identical A variety- of topics were addressed
size and made a motion picture of this at the meeting. One may assess their
more complex game w i t h  the Dutch b i l -  r e l a t i v e  i m p o r t a n c e  b y e x a m i n i n g  the
h ard champion as demons t r a to r .  The s e s s ion  t i t l e s .  Su r f ace  science domi-
expert had great difficulty in adjusting nated with seven technical sessions
to the novel situation. That he is on surface analysis , five technical
no longer champ ion, is , however , prob - and two poster sessions on beam-surface
ably unrelated to this trauma . It does interactions , and eight technical and
suggest that an interesting and instruc - two poster sessions on surface reactions.
tive variation of billiards for scien- The properties of interfaces and thin
ti s ts and s tudents woul d be to have fi lms , subjects reflecting the electron-
a cue ball equivalent to, say , Ne ics areas predominantly, we re rep resen ted
(at . wt 20) and the other balls correspond- by four and seven technical sessions ,
ing to K (at. wt 39) and Br (at. wt 80). respectively. Both also had one poster

session . The study of vacuum science
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occupied six technical and one poster Much more theoretical and experimental
session and the stud y of gaseous dis- research is needed; the inadeouacy
charge effects one technical session , of theory was quite apparent in papers
The first wall problems faced by fusion presented in Vienna and in the recent
research were also well represented by literature . An important concept here
three technical sessions, These were is that a surface effectively ho lds
somewhat unique in that they directly absorbed molecules at fixed orientation
addressed an identified technological and that the angular resolved emission
problem whereas the other sessions ad- reflects that orientation . E . Ward
dressed more general scientific areas . Plumme r (Univ . of Pennsy’lvania , USA)

It is impossible to review in de- described two models whereb y one may
tail a meeting as large and diverse calculate the angular-dependent photo-
as this one. Rather than attempt the electron y ield given an absorbed surface
impossible we have chosen to provide molecule. Comparison with experiment
two summaries that reflect the perspec- then allows one to elucidate the ab-
tives of surface science and of elec- sorbed molecule orientation . Severa l
tronics , which not coincidentall y re- groups , for instance , T. Matsudaida ,
flect the reporters ’ backgrounds . M . Nisky ima and M . Ouch i (K yoto Univ .,

On the surface science side of the Japan) and M. Scheffler , R. Kambe ,
meeting two major trends were evident. F . Forstmann , and K . ~Jacob i (Fritz Haber
The first was the relatively quiet ses- Inst ., Berlin , FRG) reported ineas-
sions involving surface analysis. urements on absorbed systems . Others ,
Gone are the days of the recent past such as R.J. Baird , M. Mehta , and C.S.
where battles , especially over Low En- Fadley (Univ . of Hawaii , USA) and H .L.
ergy. Electron Diffraction (LEED) inter- Davis (Oak Rid ge National Laboratory ,
pretations , shook the walls. The sub - USA) used angular-dependent emission
ject has matured considerably - ; most to study clean surface structure .
work reflected attempts to polish con- The important uses of ion beams
cepts of techni ques which have been a- in the medium and high energy range
round for several years . Numerous were also clarified . E . Taglauer (Max-
groups are assembling or have assembled Planck- Institut für Plasmaphysik ,
analytical systems with several of the Munich , FRG ) presented a very informa-
spectroscop ies combined in one vacuum tive talk on this topic that detailed
system. This approach is necessary he- the use of ion scattering for chemical
cause any one spectroscopy gives an and structural measurements.
incomp lete view of the surface proper- Ion scattering from surfaces at
ties. A . Benninghoven (Univ. of high (liii), medium (ME), and low ( L E )
Muenster , FRG) gave a comprehensive sum- energies has produced many- spectra of
mary of how the various techn iques com- a rich and varied nature . Here again ,
plement each other, theoretical explanat ions are woefull y-

Two developments in low-energy elec- lacking; the interaction cross section
tron diffraction are worth mentioning, is the salient parameter. Medium and
The first is that of polarized electron high energy scattering are coupled
sources which can be used in LEED ex- with ion channeling to separate surface
periments to give another parameter in from bulk effects .
evaluating surface atom geometries. And , of course , a meeting on surface
Polarized LEED data should reduce am- science would not be comp lete without
biguities in intensity analysis efforts, a coup le of new acrony-ms (see A. Sosin ,
Another aspect of intensity analysis ESN 31-6:240 and 243) LEIS , \tll S and
progress is the demonstration of the HEIS—re ferring to low , medium , and
voltage dependence of LEED intensities, high energy- ion scattering, respectivel y- .
From this data and kinematic calcula- It is significant that there were
tions good agreement between theory so many sessions involving surface re-
and expe r imen t  has been ob ta ined  for  actions . This is a reflection of the
the silicon (111) surface, maturation of surface analysis re ferred

One new direction in analysis is to above . Researchers now trust the
the burgeoning use of angular dependent analytical tools enough to set them
effects in Auger spectroscopy , photo- to work on reaction studies. There
emission spectroscopy , partial yield appear to be three general trends to

• measurements , electron energy-loss spec- the surface reaction work—chemisorption
troscopy,  end desorption experiments, of CU , oxygen reactions with clean
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me tals , and catalytic reactions involving The above comments will serve to in-
hy drocarbons . The f i r s t  re f lec t s  a con- dicate what is happening in a few of
timuing saga—what is CO doing on a sur- the most energetic sub-areas of surface
face and when w i l l  there be enough an- science , but  also to g ive  an opin ion
alytical power for definitive measurements? as to the important problems which re-
Stay tuned to surface science for more ma i n .
episodes in this story. The latter two Anyone interested in the proceedings
are relatively new directions for serious should contact Dr. R. Dohrozemsky , Post-
study involving the surface-sensitive fach 300, A- 10B2 Vienna , Austr ia. Lift
analytical tools. A promising start some weights if you order the proceedings.
has been made , but the interpretations They fill three sizable volumes and
are still sketchy . weigh about 10 kg. Try carrying that

For those p a r t i c i p a n t s  i n t e r e s t e d  a round  in your  s u i t c a s e  somet ime ’
in  sur face  science as i t  r e l a t e s  to elec- [Larry Cooper (Office of Naval Research ,
t ron ics  and e lec t ron ic  m a t e r i a l s , the Arlington , VA) and James S. Murda y,
oral presentations were somewhat of (Nava l Research Laboratory , Washington ,
a d i s a p p o i n t m e n t .  The best  of these we re D C ) ]
generally review-type presentations , and
wh ile very interesting, did not present
many new startling ideas or results. _______________________________________
The poster sessions were much better , IVIATHEIVI_ATICAL
and the i n - d e p t h  questioning possible SCIENCESunder the poster presentation format
usually revealed many important hits
of information.

The i n t e r e s t i n g  e l e m e n t s  w h i c h  have
been e x t r a c t e d  f rom the m u l t i t u d e  of pa-
pers fall into two general categories: COMPUTER-A IDED NAVAL A R C H I T E C T U R F  AT
(1) advanced development of a n a l y s i s  ~T~R T E CHNT SC HE N UNIVERSTTAT 11~~ T T ~~
techniques and imp rove d quantitative 

—__________________________

and conceptua l evaluation , and (2) new The princi pal purpose of my’ visit
results on analysis of electronic material to the Technical Univ e r s it~- of Berlin
surfaces and interfaces , was to learn of the !n~ t itu t fVir

The first categor\- was discussed Schiff ste chnik’ s (Institute for Ship
above. In the second , the role of for- Techno logy-ISo research act i v i t i e s
eign atom reactions on surfaces and the in the area of computer-aided ship
propagation of atoms para llel to or per- design (C-\Sfl) and shi p h~-drodvna m ic
pendicu lar to the surface provide the anal,-sis . ftc C-\SP pro ject at the
major scientific intere st , of course. Institute was begun  three ~ca r s ago
But theories of surface bonds and of b y- Professor Dr. -I ng . Uorst \owack i ,
chemisorption bonding potentials still Head of the Institute , when he returned
are not adequate. Surface diffusion , to (‘ermanv after a ten- year period as
absorp tion rates , and dissociative ab- Professor of Naval •\ rchitec tur c a t the
sorption experiments were reported w i t h  U n i v . of  M i c h i g a n , Ann  .\ r h o r .  D u r i n g
very little unambiguous explanation of my- visit , Nowack i wa c a p p o i n t e d  D i r e c t o r
what is really happening , of the Fachhereic h fu r \‘er kehrswo s~-n

One area of importance to electronics (Division of Transport at i on 1n ~’in ee rin g )
interest involves the processes of atom which , in addition to the 1ST , include s
movements in  the  i n t e r f a c e  b e t w e e n  a sub - t he  Institut e for \erospace , \ut olro t iv e ,
strate and a thin f i l m .  Some metal- Hig hwa~- and Railroad Fn g in ee r in g, a~silicon systems form silicides during well as the Institute for Transportation

• thermal processing. Various surface an- Economics .
alv sis techniques have been applied to The init i a l  C\SD efforts at 151
determine the relative motion of metal involved a great deal of basic grap h ic s
or silicon atoms into silicon from the software development inclu di n g both
system of aluminum oxide deposited on app lications so tware (i .e. , the m a t h -
a silicon substrate. Sim ple diffusion ematica l softwar e required m i  shi p
concepts are inadequate to explain all design calculations ) and the sv— t e m s
of the phenomena reported at Vienn a . software required to link one p ro siam

to another and to inter la ce th e Fek tr oni.~
grap hics display consol~- w i t h the In st i -
tute ’s main lH~’1 computer,
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Tektronix , Inc . supplies a package is to develop a new hull form by a tech-
of basic graphics software routines which ni que known as “lines distortion ” which
are of very general purpose , but not mathematicall y amounts to a perturbation ,
tailored to the specific needs of a par -  with or without rescaling, of the exist-
ticular discip line such as naval archi- ing lines plan. In the  second case ,
tecture , Starting with this vendor- the designe r ’s task is to design a hull
suppli ed suite of programs , Dr. K. -P. form which is , in some sense , an optimum
Beler (who heads the graphics group amalgamation of existing ships for wh ich
under Nowack i )  has developed a computer performance parameters such as ship
graphics system called DINAS which is resistance , propulsion , stability ,
the acronym for  Dia lo g Integrated Nava l etc., are known from emp irical measure -
Architecture System , DINAS is written ments. By and large , most ships are
entirely in the FORTRAN language so that designed by one or the other of these
it is 100% portable (except for some of perturbation or amal gamation techni ques.
the input-output commands) and will be Only when the new ship is radically-
made available through government chan- different from existing vessels , as
ne ls  to German un ive r s i t i e s  and indus-  was the case with the supertankers ,
try . Some of the features of the DINAS does the designer start essentially
system are its ability to handle large from scratch.
files such as a ship ’s lines plan (e.g., The 1ST group is developing the
waterlines , section lines , etc.) hy dy- mathematical software required to deal
namically allocating storage in the main with any of these three starting situa-
host computer , the ability to allow the tions . Either of the first two design
user to control the execution of his methods (i .e., a single parent ship
job interactive ly, and a high-level , or several parent designs) are handled
format-free command language which makes by what is termed the “Standard Series
the sys tem easy to learn and hence more Approach.” Over the years , a host of
a t t r a c t i v e  to the  prospective user—whose Standard Series have been developed
background is in naval architecture and by individual nava l architects , b y- na-
not computer technology. The portabilit ~- , tiona l ship R1~D organi:ations , and bysmal l  s i z e , and the  w e l l - c o n c e i v e d  man- ship certification organizations such
machine interface are seen by the CASD as Lloy d’ s Registry’ of Ships in the
group at Berlin as major advantages of UK , Det Norske Veritas in Norway , etc
the DINAS system over other similar sy-s - In a typical Series , the object is to
tens which have been developed outside interpolate a desired new hull form
Germany. With one m— iin host computer b y- systematic variation of certain char-
and satellite mini-computers , each of acteristic shi p parameters that refer
which can support up to eig ht graphics to such properties as beam , draft , depth ,
consoles , it will be possible to achieve prismatic coefficient , volumetric co-
the goal of having many- decentralized efficient , and a variety’ of other geo-
work s t a t i o n s  all with access to the same metric and performance variables. Stan-
large data base. dard Series differ from one another

Concurru nt with the development of mainl y- in what parameters are conside red
the DINAS system , the Institute also to be independent variables (i.e., can
began R~D efforts aimed at two princi pal be specified by the designer) and which
prob lem areas—the i n t e ra c t i v e  c r e a t i o n  pa ramete r s  are the dependent  v a r i a b l e s .
of “fai r” shi p lines and the computerized The choice of wh i ch Series a designer
optimization of shi p designs . will use depends to a great degree upon

By way of backgro un d, the importance the targeted new design.
of a computerized ship-lines creation The third design situation , in
(design) system can best be appreciated wh i ch the ship is specified only- in
in the light of conventional design of- terms of certain performance , capacity - ,
f i ce  procedures .  In  general , the starting and hull shape parameters , hut is not
point for a new design may be either: to be derived from any- existing parent
(i) A parent design (i.e., the des i gn sh i p,  al low s the de si gner  a grea t dea l
drawings  f o r  an a l r eady  e x i s t i n g  sh ip) , more latitude. It a lso , howev er , p laces
( i i )  A c o l l e c t i o n  of p a r e n t  des igns , or greater demands upon his knowledge of
(iii) A set of geometric parameters that the basic principles of naval architec-
constrain but do not completely delineate ture. Any radically’ new design will
the shape of the shi p ’s hu ll. In t he  also , of course , hav e to undergo more
first instance , the goal of the designer extensive experimentation and computer
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mode l testing than a shi p derive d from quadratic programming , sequential uncon- -

a parent or parents whose performance strained minimization technique s, tangent
and structural characteristics are known search method , etc.
from experience. The role of the auxiliary functions

An important problem in this type software is to supp lement the dialog
of ab in it i a  design is that of mathema - for purposes of interactive optima l de-
tically- defining or creating curve and si gn. This subsystem is included in
surface shapes. (When dealing with parent recognition of the fact that the designer
designs , the lines plans can be given may , before employing the automatic op-
mathematical representation by digitizing timization techniques , wish to perform
the existing plans and using appropriate initial exploratory work such as parameter
mathematical functions to fit the given sensitivity anal y-ses. Alternative ly- ,
data.) The 1ST group has further devel- following an automatic optimization run ,
oped and implemented the technique s of he may wish to incorporate other consid-
ab in :’ tio design via “B-sp l ines.” With erations which are not readil y- quantifi -
this method , the designer simply - sketches able in order to modif y- the mathematicall y-
a polygonal line having the essential optimum design . Studies such as these ,
shape properties of the desire d curve which may precede , accompany , or follow
and the mathematical software automati- an optimization run , are con ducted under
cally computes a curve which closely the designer ’s own control. It is the
mimics the pol ygon but which is “fair” auxiliary function capability- that en-
(smooth) and twice differentiable , i.e., ables the designer to carry- out these
continuous in curvature variation , kinds of anal yses totally under his own
A full descri ption of the mathematical control. Since the designer will not ,
methods used is given in the recently in general , be willing to accept without
completed PhD thesis by Dr. -Ing Günter question the results of a computeri:ed
Creutz entitled “Kurven-und Fl~ chenentwurf black-box optimization routine , the avail-
aus Formparametern mit Hilfe von B- ability of this hi ghl y- user-interactive
Splines. ” mode of operation is essential to any

Unde r Nowacki’s direction , the pro- system which is to be of p r a c t i c a l  use .
ject on shi p lines creation by computer (William J. Gordon)
is being carried out by Creut :, Dipl.-
Ings. Wolfgang Jonas and Wilhelm Wolter
in collaboration with Professor Fred C .
Munchmeye r of the Univ. of Hawaii at
Manoa.

Ship design optimization is the
second of the aforementioned major soft-
ware development programs being carried APPLIED MATHEMATICS AT THE WEI MANN
out at  1ST . The optimization software INSTITUTE, I SRAEL
package provides  the  f o l l o w i n g  capabil-
ities: (i) Generalized problem-definition ln 1945 , Chain l~eizmann invited
sof tware , (ii) So-called “strategy ”- C .L. Pekeris from the Institute of Ad-
software , and (iii) Software of auxili- vanced Studies at Princeton to form a
ary f u n c t i o n s  fo r  supp lementary paramet- Department of Applied Mathematics at
n c  s tudies,  the  newly  established Weizmann Institute

The problem-definition software es- in Rehovoth , Israel. Pekeris then chair-
tablishes the problem formulation by ed the Department until 1973 when Lee
means of user d e s i g n a t i o n  of those van - A . Segel left Rennselaer Polytechnic
ables in the application program which Institute to assume the chairmanship.
he will want to treat as independent At the time that Pekeris left
design v a r i a b l e s .  In d e f i n i n g  the  prob -  P r ince ton , he had been work ing  w i t h  Von
len , the user must also specify, in terms Neumann on methods of solving problems
of the relevan t des ign parame ters , the using the then nove l computers I for-
c o n s t r a i n t s  and the ob jec t ive  f u n c t i o n  t u n a t e l y  had been in con tac t  w i t h  t h i s
(measure of merit), work because a controversy between C .C,

The strategy-software contains a Lin and Pekeris had arisen over whether
group of optimization programs from which Plane Poiseuille Flow (pressure-driven
the user selects the particular algorithm flow between parallel planes) was linear-
which he wishes to use , e.g., l inea r o r ly stable or no t , and I was at that time
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in the process of programming the solu- Associate Professor Aviezra S. Fraenk el
tion of the stability of the shearing is working on information retrieval
layer  at IBM . I well  remember the meet-  and combinatorial games. Fraenkel is
ing a t  the  IBM headqua r t e r s  in New York c u r re n t l y  d e s i g n i n g  and d i r e c t i n g  the
w ith Von Neuma nn , Lin , Peker i s, and use of a full text retrieva l system
L.H. Thomas that preceded the calcula- for the Responsa , a collection of rab-
tions by Thomas who finally showed Lin binical literature consisting of 101
to be correct in finding an instability, volumes or 21 x 10’ words of computer
At the Weizmamn Institute , Pekeris en- storage in Hebrew , Aramaic , and other
gaged in a program of developing corn- languages. The sy-stem (a joint project
puters which culminated in the develop - with Bar-Ilan University) is designed
ment of the Golem B computer , a modern to retrieve all and onl y’ relevan t docu-
and powerful number c runcher .  In ad- ments using a self-improving source .
d i t i on  to Peken is , Joseph G i l l  is , who The system homes in using negative and
was a former student of Besicovitch , pos itive feedback , clusters on partial
was a cent ra l  f i gu re  in the format ion answers , and comes up with new key words.
of the Department by virtue of his broad There are also ongoing retrieval expeni-
re--~earch interests. Although now of- ments using US patents as a data base.
fTici ally retire d, Pekeris and Gillis Fraenkel’ s work on combinatorial games
continue t he i r  research activities, involves studies of the strategy of

A recent research interest of computing solutions to typical game
Pekeris has been in the area of rela- problems . Howeve r, many game s fall
t i v i s ti c  hy drodynamics  and , as an ex- into the class of NP hard (for which
amp le , he has generalized the classical no strategy exists to compute a solution
h’-d rodynamic solution for a spherical in a reasonable time); an example of
vu --tex first investigated by M .J.M. such a game is a board game like chess
Hill (Phil, Trans. Ro,y . Soc., London , or checkers . For an N x N board , the
Se ries A 185, 213-245) in 1894. A possibilities are of the scope of an
spherical ’

~~~rtex is like a smoke ring N-powered polynomial. An exa mpl e of
b oi nde d on the outside by a spherical a game that can be computed in a rea~on-surface. The Pekeris relativistic gen- able time consists of the order of &

a l i z a t i o n  is in closed form f o r  the possibilities.
se of an “ incompress ible ” flow . Of Associat e Professor Bernard P.

c~ urse , the classical definition of ei gler works with experimentalists
a’ incompressible flow is one in which in using computers to help construct

- velocity of sound is infinite, mod els of biological and ecological
Ir  the relativistic case , the sound systems . The simulation involves the
ve loc i ty  cannot exceed C ( the  v e l o c i t y  use of a h i g h - l e v e l l anguage  to express
of light); Pekeris obtained his closed- the models which are then translated
form solut ion for  the ve loc i ty  of sound to a lower leve l language such as FORTRAN
equal to C. Unfortunatel y the upper in a comp iler. The mode l descriptions
limit of the sound velocity that is are stored and the storage is then or-
phys i ca l ly r e a l i z a b l e  occurs in a gas ganized into a coherent sy-stem.
whose p a r t i c l e s  move at the  v e l o c i t y  P r o f e s s o r  Isaac Moses Horowitz is
of light (the ultrarelativistic case), stud y ing how to make systems work de-
and for this case , the velocity of sound spite uncertainties and attempting to
is c//3 . Since for  the case in which develop a quantitative theory for this
the pressure on the su r face  of the purpose .  For t he  case of a s imp le  ( s i n -
sphere vanishes , the pressure  at the gle loop) system , the bounds of the
cen ter is negat ive , Pekeris concludes system output are being studied for
tha t the relativistic effects in them- uncertainties in the transfer function
selves do not make for “cohes iveness.” parameters as well as external distur-
However , he has onl y considered spec ial bance excitations .
relativistic effects and not the general Some problems in the field of bio —
relativistic gravitational interaction mechanics such as peristaltic flow ,
of the fluid with itself, cilia driven flows , and a molecular

The program of software development mechanism for muscle action are being
in the Department is under the direction studied by Nadav Liron while multi-
of Professor Zohar Manna , who is par- leve l adap tive techniques for the nun-
ticularly interested in automatic yen - erical analysis of partia l differential
fica t ion and modif ica tion of programs . equations are being pursued b Achi
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nection with numerical fluid mechanics
invo lv ing shock wave s and boundary
layers is an examp le of the problems
being studied.

Professor Lee A. Segel is continu-
ing his work on biological applications THE AERODYNAMIC S INSTITUTE AT THE
and has , most recently- , made a theoreti- PTDGENOSSISCHE TECI-INISCHE HOCHSCHULE
cal study of receptor mechanisms in (ETH) REVISITED
bacterial chemotaxis. When the numbe r
of chemical attractant molecules that Conside r a glass tube which is
are bound to a bacterium ’s receptor closed on one end and open at the other.
molecules are changed , there is a prob- If heat is applied to the closed end
ability in favor of the bacterium sud- and the tub e is cooled over an area
denly changing its direction of locomo - next to the heated region but further
tion . Sege l has developed a one- away- from the closed end , the gas column
dimensional model with “memory ” for this within the tube will be destabilized
phenomenon that agrees quite well with and begin to oscillate provided certain
experiment. He has also become inter- conditions are satisfied. These condi-
ested in theoretical physical chemistry tions are that the ratio of the tube
and is working along new lines in radius to the thickness of the boundary
electro-osn -otic desalinization , layer of the oscillating flow in the

The Weizrnann Institute is basicall y tube is of the order of 10 , and that
a resea rch  i n s t i t u t i o n , however  the  the temperature at the hot end of the
gradua te  p rogram in App l ied  Mathematics tube is not so high that the resulting
has opera ted  th rough  the Institute ’s viscosit y- of the gas overdamp s the oscil-
Feinberg Graduate School since its in- lation. Prof. N. Rott of the Institute
ception in 1958. In 1967, a charter for Aerod ynamics (IA) of the Swiss Feder-
was provisionally granted by the Board al Institute of Technology- (ETH) in
of Regents of the University of the State Zurich , who demonstrated a working model
of New York , and in 1972 the charter of a thermoacoustic oscillator to me
was granted absolutel y. At present , in his office , has been interested in
some 30 MSc and 40 PhD candidates in thermally-driven acoustic oscillations
App lied Mathematics are enrolled. The for some t ime and , in cc- peration with
overwhelming majority of the faculty his associate at the IA , Prof. H.
have received their graduate training Thomann , is studying advanced aspects
outside Israel , and the Department en- of the problem along with the inverse
joys the additional cross-fertilization problem of a temperature differential
of distinguished visitors , created by an oscillating gas column .
(Martin Lessen) These top ics are among a numbe r be ing

studied at IA , some aspects of the pro-
gram of which were covered earlier in
Oc tober ‘76 in an article by N unn and
Barc i l on  “Engineering Research in
Switzerland” (E SN 30-10:444). The chairs
held at IA by Rott and Thomann were es-

IONRI_ PEPORTS tablished by division of the chair pre-
v iousl y he ld  by Prof. Jacob Aekeret ,
whom I v isited in 1956.

See the back of this issue The thermal mechanism driving the
for the abstracts of current oscillation in the gas-filled tube can
reports. be understood in terms of the following

elementary model; the oscillation alter-
nately move s hot gas ac ross the boundary
from the heated to the cooled region
and cold gas in the opposite direction .
Heat is removed from the hot gas causing
it to contract , and is added to the cold
gas causing it to expand. If the phas ing
of the gas contraction and expansion
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is correct , the oscil lation will be helium and exposed a tube to both room
driven , thus the apparatus becomes a rud- and liquid helium temperatures.
imen tary Stirling engine with no mech- Rott and his group are presemtlyr
anical mov ing parts. The action of the investigating nonlinear effects in order
boundary layer in moving the gas can to obtain limiting amplitudes of oscil-
be p ictured in terms of being peristaltic lation . These include finite-amplitude
in nature . To adjust the frequency of wave effects , flow separation in variable
osc illation such that the work output cross-section tubes , end effec ts , and
is maximized , the gas column is weighted the effects of variab le viscosity and
by a column of water as shown in Fig. 1. thermal conductivity caused by tempera-

ture stratification . It is hoped that
these and allied studies may find prac-

34~~ ~~ 
tical application .

Studies on the effect of moving
boundaries in inhibiting flow separat ion
are under way . Flow separation occurs
when a boundary layer exper iences an

1êIs~~ Oik adverse pressure gradient (the pres sure
/ rises in the direction of flow). To

t
i be sure , the adverse pressure gradient

/ o reduces the velocity of the flow outside
~~~~~~ P~’l~ ~~~ ~f”~ of the boundary layer , but the import ant
I effect is to strongly decelerate and

even reverse the flow within the boundary
layer at which point the layer detaches
itself from the boundary . It is the
burde n of a designer to avoid such situ-
ations and the resulting inefficiencies
and shortcomings of fluid mechanical 

-

~W I equipment.
Ro tt has found that by prov iding

a boundary that moves at the flow veloc-
ity outside of the boundary layer , the
boundary layer is thereby prevented from
separating much in the same way that
one energized by tangential (slot) in)ec-
t ion remains attached. (Slot injection

- 
is a method of keeping flow attachedF’to.l,. TFIERMOACOVSTIC OscJ u..AroR, over flaps on aircraft.) In this manner ,
Rot t  has kept the flow from separa t ing
in sudden expansions in ducts, He has

It can be appreciated that with the prop- also maintained attached flow about a
e r arrange men t of ch eck va lves , work pa i r of para llel cylinders that touch
can be removed from the sys tem in the each other and ro ll on each other w ith
form of water pumped aga inst a pressure the direction of rotation such that
head. The thought that water could in the outer surface of the cylinders move
t h i s  manner  be pumped th rough  an irriga- with the flow . The princi pa l ex ternal
tion distribution system by solar radia- flow direction is perpendicular  to the
tion is intriguing , plane determined by the axes of the

The thermoacoustic effect was prob- cylinders . Lift can be obtained in
abl y discovered f irs t and accidentally this arrangement by til ting the plane
by a Dr. Castberg of Vienna in 1804 when of the axes while maintaining them per-
blow ing a bulb on the end of a glass pendicular to the principal flow direc-
tube, Sondhauss experimented with a sin- tion . In some respects , the resulting
ilar bulbed tube in 1850 , and a descr ip- flow field resembles a jet-flap.
tion of the Sondhaus s tube and a quali- Rott then introduced me to another
tative explanation of the phenomenon continuing ir terest of his , namel y, non-
are given by Ray leigh in his “Theory linear oscillation of mechanical systems.
of Sound.” The effect was also noticed It is well known that an inverted physi-
more recen tly by Kaminerl ingh Onnes in cal pendulum can be stabilized in the
Leiden when , in 1908, he l iquefied vertical position by providing a vertical
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disp lacement osc i l l a t ion  of the proper even more complicated and fascinating
frequency and amplitude at its lower end , behavior in terms of energy transfe r be-
Convers ely ,  it is also possible to de- tween modes .
stabilize an ordinary physical pendulum My visit to the IA closed w i t h  a
by vertically oscillating its upper end tour of the laboratories which included
at the proper frequency and amplitude , the first closed-circuit supersonic wind
The relevant algorithms are given by tunnel (built in 1933 , operational in
the Mathieu equation and have been the late 1930 ’s) with a 40 40 cm test
known for a long time . Rott , howeve r , section , Mach no. = 2 and variab le
is studying the dynamics of mechanical Reynolds number , and a subsonic wind tun-
systems far beyond the point of such nel 2 n x 3 n test section (100 m/sec).
instabilities. One such system under The subsonic tunnel is being used exten-
study consists of a physical pendulum sivelv for industrial testing; the super-
which swings about a p in on one end of sonic tunnel is i n a c t i v e  and because of
a balancing beam-physical pendulum ar- its history- , ~sj l l  soo n he part of a
rangement . (See F ig .  2 . )  The n a t u r a l museum . (Martin Lessen)

r ~~~~~~~~~ 
WHAT ’ S  FL YING ?

I — 

~~~~~~~~ 
The K r e m e r  P r i : e  fo r  m a n - p o w e r e d

f l i g h t has  bee n won , h ut i n t e r e s t  in t h e
s u b j e ct  c o n t i n u e s  u n a b a t e d .  The Man-
P o w e r e d  F l i g h t  Group met  in London on
- Feb r u a r y  a t  the  R o y - a l  - \ e r o n a u t i c a l  Soc-

) i e t y  to h ear desc r ip t i o ns of c u r r e n t  ef-
/ f o r t s  a n d  a r epo r t  on t h e  p r i z e w i n n i n g

/ A m e r i c a n  p r o g r a m  by D r .  P e t e r  L i s s a m a n , -

— codesigne r of the Gossame r Condor.

~u1crurn, \fter some i n t r o d u c t o r y -  r emarks  by
the  Ch a i r m a n , Mr . M .J . B r en nen , a f i l m

~~~ p r epared by the d pi - n t i n i v e r s i t ’.- de~~c r i h i n g.2.. DOUBLE. P~1vsIC~LPEsDuLuM m a t e r i a l s  and structures for wing designs
was  presen t ed . E .\amp les from early
craft including the Jup iter and Puffin

frequency of the balancing heam-ph y-sical I and I I  w e r e  c i t e d , a nd a cu l -r en t  Open
pendulum p lus the pin-jointed physical tlniversit y - des ign was discussed . The
pendulum attached to it at one end (two trend in materials choice is to use
moving linkages total) is such that at spruce for the’ tension and compression
the proper amplitude of oscillation , flanges of wing spars  and b a ls a  f or th e
th e attached pin-joint mounted physical shear webs. Torsional stiffness is ac-
pendulum will be destabilized; though complished either b y D-nose torque boxes
it does not swing initially, it will of balsa wood or open bracing in connec-
begin to swing with increasing amp li - tion with multiple s p a r s  to  fo rm e q u i v a -
tude until the balancing beam no longer lent torque boxes . The choice of balsa
oscillates. After some time , however , for web material is dictated by the ef-
the pendulum loses its energy to the fectiveness of a thicker section of an
beam and the energy  of o s c i l l a t i o n  con- admittedl y- weaker material (than spruce
tinues to move alternatel y- between pen- or metal) in resisting buckling failure .
dulum and beam. At larger amplitudes An interesting design concept en-

— of oscillation including rotation of titled “The Newbury Manf lier ” was then
the beam and pendulum about their pin presented by- its originator , RAD’I H.C .N.
joints , the same alternating shift of Goodhart , (RN Rtd.) The craft is pow -
kinetic energy between the two links ered by two men in separate pods driving
t a k e s  p lace . separa te  p r o p e l l e r s  and o p e r a t i n g  sepa-

Another demonstration of nonlinear rate elevators . A st u dy by Good h a r t
mechanical behavior for the case of concluded that all of the one-man craft
a balancing beam with a physical pen- with the exception of the Gossame r Con-
dulumn p in-mounted at each end showed dor are too  heav y and that the way to
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reduce the weight of the structure is molybdenum steel tubing. Kimura found
to reduce the bending moments on the wing that polishing the leading edge of the
spar (the principal structural member wing surface imp roved performance si gni-
in the wing) and its consequent weight. ficantly. Recentl y- , the Stork was flown
Goodhart ’s design entails a 42-n wing- a straight-line distance of almost
span with the manned pods mounted 9 m 7000 ft.
from the wingtips. The weight of the The first session of the meetin g
spar is less than 25% of that required continued with a discussion of the rules
if both men were in a single pod mounted for the new $100 ,000 Kremer Cross-Channel
in  the midd le  of the wing. Goodhart’ s Competition for man-powered aircraft .
power requirements are 0.25 hp delivered It was stated that the crossing would
in t h r u s t  or 0. 31 hp at the  pedals  per  be f rom E n g l a n d  to France  and t h a t  a
man . The empty weight of the Newbury slope-ramp launch would be permitted
Manflier is 170 ibs , and the we igh t because of the difficulty of siting a
of the p i l o t s  is projected at 150 lbs suitable runway on the coast . The craft ,
each. Since , in a typical turning man- moreover , would have to demonstrate its
euve r , the airspeed of the inner and sustained man-powered capabilities over
outer wing tips would be 22 ft/sec leve l ground to insure that the cross-
and 29 ft/sec , respectivel y, with cor- channel flight would not be in an essen-
responding lift coefficients of 0.7 and tial lv soaring mode .
1.4, it would be necessary to utilize There was also discussion of the
the elevators differentiall y- to twist difficulties faced b y- the pilot in ped-
the wing in orde r to effect the nece s- ali n g strenuous l y- to propel the craft
sary variation in angle of attack, while simultaneousl y controlling it with
Meanwhile , the pilots would have’ to sup - his hands; the possibility of imm obi liz-
ply the proper thrust individuall y and ing his uppe r bod y with a suitable har-
collectivel y to hank and turn the- craft ness so that he could m o re eas i l y- co n t r o l
while maintaining altitude . Goodhard the p lane was  raised. A free-ranging
pointed out that warping the wings pro - discussion involving man-powered orn i~duced less drag for the necessary- rolling thopters , other man-powered craft that
moment than the use of ailerons. Work do not require much take-off space , steel
on The Newbury Manflier started in No- wing-spars , and  the like followed . The
vember 1976 ; because of a mishap, the point was  made that a more “robust ” craft
schedule for a first flight has slipped would be needed for the Channel crossing ,
from this spring to sometime next hut nothing was mentioned of the more
summer. “robust ” p ilots that would be needed

The latest work of Prof. H. Kimura to powe r the craft .
(Nihon Univ., Japan) was then presented The second and final session of
b y Mr . F. To h .  K i m u r a  has  been a c t i v e  the meeting was devoted to the report
in man-powered flight since 1961; in of Peter Lissaman on the Gossamer Condo r
1965 , the first of his design s (Linnet program , headed by Dr. Paul MacCread y,
I) flew a dict-ance of 15 m . Kimura ’s which helped the American balance of
designs are characterized by a high- payments by kSO ,000. Lissaman discussed
aspect-ratio wing with a p-.-lon-mounted the powe r capability- to weight ratio
propeller over the rear of the wing of animals that decreases with increasing
and a tail mounted on a short boom be- animal weight. It seems that a human
hind the wing . The Linnet series of is the largest animal physically capable
craft had a shaft drive transmitting of self-powered flight. The stud ies
powe r from the pilot to the propeller , of the California team indicated that
The next (Egret) series utilized a belt a wing span of 30 m was optimum and that
drive , and the last and most successful a “standard” athlete capable of 0.3-hp
airplane (Stork) has a chain-drive power sustained output could power the air’-
d e l i v e r y  to the p r o p e l l e r ,  p la ne .  The structure of the wing was

The Stork has a 20-rn wingspan , externally braced with stee l wire , a
a 2. 7-m-djam. propeller and we i ghs 36 kg .  canard  fo rep lane  was t i l t e d  for  t u r n i n g,
The a i l e rons  are each approxima tely and the w in gs were wa rped to ef fec t the
one - third of the span in length. The “reve rse” ai leron needed to prevent roll
wing  spar  is a combina t ion  of spruce dur ing  t u r n s .
and bals a wood. The p rope l le r  is coy- Though the  program s t a r t ed  only
ered in laminated balsa at the leading 18 months ago , computer studies on all
edge and styrene paper further aft , aspects of the design were carried
The fuselage frame is of chrome - through to the successful system. In
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fact , five days after the initial con- analysts are not. More than anything
cep t , the first Gossamer Condor had al- else , accident analysts must know the
ready flown . Though Lissaman indicated system and the contingencies associated
that there was nothing critical about with its operation so that the steps
the final design , it mus t be said that and causes leading to an acLident can
h is group had extensive experience with be identified. Once the causes are es-
hang-glider design and testing before tablished , remedies can be devised .
embarking on the Gossamer Condor Program. The Colloquium featured two speakers

Lissaman s tressed the ease w i t h  in t h i s  c a t e g o r y - . One was D.M. Hunns ,
which  the Gossame r Condor can be f lown e n g i n e e r  (UK A t o m i c  Energy  A u t h o r i t y - ,
and noted that males and females from Warrington) , who an a lyzed a train crash
14 to 60 years of age and of “a l l ”  sexes in the C l a y t o n  t u n n e l  on the B r i g h t o n -
had piloted the plane . Indeed , a 60-year London run in 1861 , and the other was
old grandmother (no doub t in superb con - M .F. Alnutt , ps~-cho1og ist (Army Personnel
dition) had flown , Research Establishment , Farnborough ,

The Man-Powered A i r c r a f t  Group is H a n t s ) ,  who examined seve ral aircraft
enthusiastically gearing up for an as- accidents.
sault on the Channel .  If the laws of The second technique of human error
physics did not have to be satisfied , anal ysis that engineering psychologists
some of the more “spirited” in the aud- use runs parallel to the methods that
ience would no doubt be capab le of fly- reliability engineers emp loy- in their
ing across the Channel w i t h o u t  any air- failure anal yses of hardware . The hard-
plane at all . (Martin Lessen) ware approach is to build an empirical

d a t a  bank  of f a i l u r e  p r o b a b i l i t i e s  fo r
equi pmen t parts and components under
various operating condition s , and to

________________________________________ synthesize probabilities from the data

PS 0 I hank and extrapolate an estimate of
I failure for the new s’.-stem . It cannotSCIENCES I be said that engineering psychologists

have been able to carry- out these steps
with the success that hardware engineers
have had , but some have started work
on data banks that will store error

THE ASSESSMENT OF HUMAN RELIABiLITY values for human response “elements ”
IN MAN-MACHINE SYSTEMS unde r various conditions. The hope

is t h a t  t he  i n f o r m a t i o n  on r e s p o n s e
IVhether reliability is about ma- elements can be synthesized into error

chines or men , the emphasis is failure rates for comp lex behavior sequences
and its probability of occurrence, comprised of the elements and then coin-
It was human error that receive d pri- hined with hardware error rates to give
mary attention at a Colloquium on Human reliability estimates for the system
Reliability in Man-machine Systems held as a whole. The goal is commendable.
at The Institution of Electrical Engi- The most interesting part of the
neers (Savoy Place , London) on 20 Decem- Colloquium was when D.E. Embrey (App lied
ber 1977. rn recent years there has Psychology Department , Univ . of Aston ,
been a heightened awareness that man- Birmingham) expressed his doubts about
machine system reliabilit y is Ytot a func- an approach to human reliabili r~’ that
tion of machine failure alone—system imitates hardware methods , and then
personnel make errors also, added ideas of his own on a new approach.

Engineering psychologists use two The refreshing thing about Embrey ’s
approaches  in t h e i r  analyses  of human thinking is that he faces human relia-
error in systems . One , a qualitative bilit y as the behavioral problem that
approach , can be called a critical in- it is , and seeks to solve it with the
ciden t technique that requi res the an- ideas and me thods of psychology - .
a ly s i s  of system failures assignable Embrey had four basic criticisms
to personne l .  More o f t en  than , not these of e n g i n e e r i n g  p s y c h o l o g i s t s  who advo-
data turn out to be detailed accounts cate imitation of the reliabilit y- methods
of accidents. One does not have to be of hardware engineering:
a psycho logist to uncover human errors 1. How is a behavioral element
in accidents—indeed , most accident whose failure rate is determined and
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entered into the data bank defined? 1. What is a goal-oriented task?
Behavior is dynamic , multidimensional , The method presumes that the beginning
and determined by many variables. What and end points of a behavioral sequence
does it mean to decompose it into ele— can be objectivel y identifies , but be-
ments? havioral sequences can have goals and

2. The meaningful collection of subgoals about which there will be dis-
human error data is not easy . Watching agreement . If an operator has to throw
people work and tabulatin g the ir er rors , four switches to start an engine , is
or the automatic measurement of error , each switch a goal or is the start of
can yield measures of dubious accuracy , the engine the goal? And , a goal can
Error rates under these circumstances be real enough but so remote as to be
may be different than when performance almost useless for Embrey ’s calculations ,
is unobserve d and unmeasured, as the p ilot ’s goal of London on a New

3, Humans often correct an error , York-London flight,
which can reduce its significance . An 2. What are the defining rules
error may exist in a small magnitude and for membershi p in a task population?
only momentarily before it is corrected , Tasks can be comp lex and multidimension-
and so its occurrence may be of no con- al , and the rules for their classifica-
sequence for the system , t ion  are , at most , crude .

4. There is no evidence that the 3. Who are to be the expert raters
probabilities for task elements ( i f  they a s s e s s i n g  the  d i m e n s i o n s  of the task
could be defined) can be synthesized for error proneness? Indeed , is there
into a failure rate for the behavioral any reason to bel ieve that anyone can
sequence as a whole, accuratel y’ evaluate a task and its opera-

Embrey ’s new psychological approach tor for error potential?
asserts that the unit for reliability 4. What are the factors in tasks
analysis should be a goal-directed ac- that affect error and what are the bases
tivity. Human behavior is constituted of the expert ratings ? They will vary
of goal-oriented sequences , he contends , from task to task , and they could include
and it is these sequence s that Embrey all the variables known to psychology .
believes can be objectively identified 5. Most man-machine systems are
and used as the focus of anal ysis. The comp lex and invo lve long operating Se-
trick for reliability analysis , whether quences. In Enibrey- ’s method , any task
hardware or human , is to predict relia- that is assessed would be only one of
bil ity for a new system , and Embrey a number entering the sequence . Can
proposes a plan of several steps. First , the reliabilities of the separate tasks
a population of goal-oriented tasks be synthesized into the reliability-
is stecified , and error rates are deter- for behavior in executing the sequence
mined empiricall y by testing subjects as a whole? As a corollary , but not
in each of them, Experts then rate the incidentally , can the reliabilities
tasks on psychological factors known to for separate tasks ~e joined with hard-
affect human error rate , such as the ware reliabilities and sy’nthesized into
quality of the displays , training , or system reliability ?
motivation. These ratings are used to Whatever the merits of present-
define a linear multip le regression e- day approaches to human reliability,
quation that has the expert ratings as Embrey ’s included , there are those
independent variables for the prediction who will not pay much attention to any
of the task error rates that were found of them because they see other ways
empiricall y. When the equation is es- of engaging the topic of human error

- tablished , a new task of the population in man-machine systems . One way is
can be rated for the error-sensitive fac- to forget about tall y-ing error rates
tors by one or more experts and the and concentrate on techniques of design —
ratings entered in the equation for a ing the system , and selecting and train-
prediction of reliability ; no emp irical ing personnel , to minimize error. An-
testing for the reliability of the new other way is to see the human operator
task is required . There would be van - in a redundant relationshi p with hard-
ous populations of tasks , and an equation ware as a means of increasing system
would be worked out for each one , reliability. An example is the failure

Problems should be a challenge , task analysis technique that E.R. Jones
not a deterrent , and Embrey ’s proposal (Head, Human Factors Engineering,
has plenty of them: McDonnell Douglas Corporation , St . Louis)
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anu his associates used for the Mercury A long-standing capability of i~ dus-manned-space system . Salient modes triai eztgi’eers is job analysis , sin4lar
of equipment failure were calculated , Co what once- was called time and motion
and the system was designed and the ;tudy , bhich specified and timed the
personnel tr iined so that the astronaut elements and tasks of a job to give an
cou l d back u1~ vital functions and take objective statement of them. The usaal
over when hardware faile~l (e.g., manual goal of job anal ysis is work efficie*cy,
contro l when automatic control failed), but Globersoi. has asked the new question
Failure task analysis is an established of how the measures of job analysis can
technology in engineering psychology be used Co express an index of variety.
that has been put to valuable use in He uses these definitions:
our time , and someday a forma l model Job: The aggregate of tasks assigned
of human reliability, as Embrey envisions , to a ~~‘Fke r.mig ht conceivably mature and be useful Task: A group of elements occurring
also. Such a mode l could stand in a in temporal sequence using the same ~is-complementary relationshi p with failure plays and controls , and with a commoa
task analysis because it will make re- purpose .
fined statements about human reliability Element: A describable and meaSure-
possible , and it will allow estimates able — e t of one or more fundamental ao-
of how effective the human operator t ions .
will be as a redundar’ subsystem if Cycle time : Time required to c~ m-the role is assigned to him . i’lete a single task .
(Jack A . Adams ) Element time : Time required to

comp lete a sinjI~ element.
tach element of a worker ’s task

is time d , and these time measures are
used to 4efine an inde x of variety c$lled
~‘-r rep erit ive Time . Counting each eke-
rent only once , the number of different

A MEASURE OF JOB ENRICHMENT eI—”,entc within a cycle are summed to
p r -  ~he index . The higher the inde x

Management knows that poor morale the -~~~~~ repet ’itiv e the job .
~momg employees can cause low output In one of his studies (S. Globerson

— and be costly, but when low morale and E.R .F.W. Crossman , Orp anizationa ?
drives personne l to quit the costs of ~

,-
~~:vicr ~cd H uman Perf”~rnance , 1976 ,

recruiting replacements and training r , 2t1-240), Globerson computed the
them can be even more , The billions t~dex for clerical tasks in one orgaai-
which industry and the military spend zat ion and warehouse operations in an-
each year on the training of new per- other , an d he found a good correlation
sonnel  coul d be reduced to a s m a l l  b e t w e e n  the  index  and worker ratings
fraction if employees were kept satis- of job interest and variety. In his

• fled and in the job , most recent work , Globerson found thit
Job satisfaction is a many-splendored the higher the job in an organization

thing, and no one item or action can the higher the value of the index. We
do it- all , but one dimension that we all have known that higher leve l jobs
have heard a lot about in recent years tend to have more variety than low level
is job enrichment . The idea of job jobs , and Globerson , in objectify ing
~nrichment is straightforward: Avoid our common experience , provides further
work monotony by increasing job variety support for his index of job variety.
and the worker will be contented. The The time measures that serve job analysis
quantity and quality of work output and its goals of work efficiency apparent-
w ill be higher , turnover will be lowe r, ly can express an index of job interest
and personnel costs will be less. But ~s well. (Jack A. Adams)
how do you know job enrichment when
you have it? How is job variety defined?
The intuition of an experienced worker
or supervisor  can be useful  in job re-
design , but science strives to replace
intuition with objective methods, and
Dr. Shlomo Globerson (Faculty of Manage-
ment , Tel Aviv Univ.) is try ing to
do th is for job enrichment.
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partment of Applied Physics and Elec-
tronics at the University of Durham.

Dr. R.B. Jewell , Reade r in Experi-
mentaFPhysiology at University College ,

NEWTONIAN SCIENCE IN T IME ? London , has been appointed to a new Chair
of Physiology at the University of

The UK Treasury in February issued Leeds from 1 September 1978.
a new £1 banknote replacing one of some - Professor Michael J . O ’ H a r a ~ of the
what larger size that carried on one side Grant Institute , University of Edinburg h
a portrait of the Queen and on the other has been appointed to the Chair of
Britannia. The smaller note is billed Geology at the University College of
as an aid to the blind to help them to Wales , Aberystwyth , from 1 October 1978.
distinguish between the £1 and other
notes . It is of interest that Bnitannia OBITUARIES
has been replaced b y Sir  Isaac Newton , —________

who is apparentl y recognized as the Christonher Hook , the inventor of
UK’s most distinguished scientist. In the first fully-submerged and incidence-
addition to being an outstanding Presi- controlled hydrofoil , died in February
dent of The Royal Society (he was re- at the age of 75. Although his inven-
elected annuall y from 1703 until his tions were taken up and further developed
death in 1727), he was also Warden of by France , Germany, and the US , he was
the Mint. We doubt whethe r such change s never able to obtain recognition or
reflect Britain ’ s current financial financial support from the British gov-
status , the falling pound , or the gray- ernment. In the early SOs , his p lans
ity of the situation . In any event , we re backed by the American National Ad-
it comes at a peculiar time when gravity visory Committee for Aviation . He
itself is the subject of considerable late r worked with Gottard Sachsenberg,
scientific inquiry and speculation. the German hydrofoil expert , who wrote

The disappearance of Britannia , that Hook ’s hydrofin was superior to all
the Roman symbol for Britain , from the boats of similar size built according
£1 note , leaves her only on the new oth er hy drofoil systems . Hook also
seven-sided SO Pence coin . She came designed the Fl y-ing Broomstick , a rev
aboard British currency during the reign lutionary catamaran with hydrofoils
of Charles II (1649-1685) when the looking somewhat like a trampoline.
Duchess of Richmond modeled Britannia for Dr. Edward Arthur Perren , CB , FR I L ,
the King in representation of the re- Direc~€~ r of the Chemical Defence Ex-
verse of a Roman coin of Antoninus perimental Establishment (CDEE), Porton ,
Pius AD 138-161. from 1955-1961 , died 5 February ’ at the

With the circulation of the new age of 77 . Practicall y his whole
note , Newton joins Wellington (CS), career was spent with the CDEE , his
Florence Nightingale (tb ), and having joined the Experimental Station
Shakespeare (t20) on the UK’s paper (as it was then called) in 1922. H i s
currency. Rule Britannia! See our early work was concerned with the dis-
next issue . (A.W.P. ~ V .S.H.) pens ion of substances by explosives

and the development of smoke devices.
His ability and versatility soon led

PERSONAL him into administrative posts at which
he excelled. In 1949 he served a two-

Pro fessor Ian M. Allison , Professor year appointment on an exchange basis
of Experimental Mechanics , University as Director of the Canadian counterpa
of Surrey, ha s been appointed to the of CDEE , the Suffield Experimental St.
Chair of Mechanical Engineering and Head tion in Alberta. On his return to
of the Department. He succeeds Professor  Britain in 1951 , he was appointed Supe r-
J . M .  Z a r e k .  i n t e n d e n t  of Research at CD!!, a post

P rofesso r  P . Grieveson , Professor he held until his appointment as Director
of Ext raction Metallurgy at the Univer- in 19S5 . He retired in 1961 , but later
sity of Strathcly de , ha s been appointed on the disestablishment of CDEE , he
to the Chair of Applied Metallurgy at headed a small group engaged in research
Imperial College , Un i versity of London. on the synthesis of organic compounds

Dr. Cyril Hilsum , Chief Scientific of importance to chemical de fense. This
O f f i c ~~ at  the Royal  S i g n a l s  and Radar  a l l owed  h i m  to  r e t u r n  to h i s  o r i g i n a l
Establ ishment , Malve r n , ha s recentl y been love , organic chemistry . He finall >-
appointed visiting professor in the De- retired in 1969.
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R-l2-77 A SAMPLING OF MILLIMETER WAVE TECHNOLOGY IN EUROPE—FALL 1977
by P.C. Essig (Proprietary information ; Distribution limited
to US Government Agencies only)

A summary of observations made on millimeter wave technology
in the Uni ted King dom , the Federal Republic of Germany and
the Netherlands during the Fall , 1977 is given. The report
outlines ava ilable data on mil l ime ter wave propaga tion and
sca tter ing phenomena in European wea ther models , the radar
and radiometric properties of targets and terrain , and exam-
ples of component development relevant to the m i l l i m e t e r  wave-
lengths . Some opinions on mi l l ime te r  waves as an opt ion for
all -weather  target classification and terminal guidance are
offered.

R-13-77 A VIEW OF SURFACE ACOUSTIC WAVE TECHNOLOGY IN THE UK , FALL
1977 by F.C. Essig (Proprietary information ; Distribution lim-
ited to US Government Agencies only)

The findings of the author ’s survey of a representative group
of United Kingdom research and development organizations
working in the field of SAW technology are presented. Cur-
rent areas of interest in the United Kingdom , such as Surface
Skimming Bulk Waves (SSBW) , Magnetostatic Surface Waves (MSW),
SAW-CCD Fourier Transform Signal Processors and Pulse Com-
pression Filter Techniques are outlined.

C-1-78 THE 45TH MEETING OF THE STRUCTURES AND MATERIALS PANEL OF
THE ADVISORY GROUP FOR AEROSPACE RESEA RC H AND DEVELOPMENT
(AGARD) by I.M. Bernstein

The results of an AGARD meeting on nondestructive inspec-
tion techniques as well as a planning session on corros ion
fatigue testing are reportea. Designers and users of air-
craft components and structures discussed the need for reli-
able crack detection procedures . The importance of both auto-
mated techniques and human inspection were emphasized , The
corrosion fatigue program will serve as the topic for a fu-
ture AGARD meeting.

C-2-78 QUANTUM-ELECTRONICS—A NATIONAL CONFERENCE AT SOUTHAMPTON
by V.N. Smiley

At the University of Southaiiçton, a National Conference on
Quantum Electronics was held 14-16 September 1977. This is
the third in a series of such conferences. The topics in-
cluded laser theory, superf]uorescence , laser applications
to atomic and molecular physics , scattering pollution moni-
toring , nonlinear optics , isotope separation and biomedical
applications. This report provides some general comments
on the meeting as a whole and summarizes a few of the most
interesting papers.
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