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be- in the range 100-1000 GHz though notBIOLOGICAL I necessarily confined to it. (3) SupplySCIENCES . 
J of microwave energy at the resonance

frequency above a critical rate also gen-
erates the coherent state within the
sensitive domain and thus modifies the

URSI PURSUED: MILLIMETER WAVE BlO- behavior of the system. (4) The micro-
~iwsics wave action spectrum will be highly

frequency-specific , having the character
In a preceding article (ESN 32-11: of one or more resonance curves, possibly

363), I proposed to view the recent Open damped by mode-softening occasioned by
Symposium on the Biolog ical Effects long range dipole-dipole interactions.
of Electromagnetic Waves in terms of (5) The “dose-response” relationship will
two types of research target: first, tend toward a step function at a criti-
the effects of weak non-ionizing fields cal level of absorbed energy. In prac-
on intact animals; second , the search tice the curve may be sigmoid or may even
for s impler systems which display in show an optimum response. The latter
unequivocal ways the effects of such type of behavior , although almost uni-
fields and which serve efficiently versal in biological systems and known
as objects for the elucidation of for a century or more , is now called
chemical-biophysical mechanisms . The a “power window” in microwave jargon.
first area was considered in that ar- (6) Ability to respond to microwave stim-
tid e. The second is the subject of ulation is likely to be such a highly
this one, specific property that the search for

Hitherto , experimental work on sensitive systems will require extremely
cells, organelles, and non-l iving prep- delicate and perhaps novel frac tiona tion
arations has been almost entirely em- techniques. Systems with a single highly
pir ica l  or , at best , suggested by con- specif ic  metabo l ica l ly  coupled biolog ical
jectures about the cause of symptoms activity would be natural and fruitful
reported in man and experimental ani- objects of study while little would be
mals. It is now possible , I believe , expected , say, from relatively degenerate
to look at the results of current stud- systems such as the erythrocyte membrane
ies , and to plan new ones , in the light or synthetic lipid or lipoprotein bi-
of some simple propositions derived from layers . By the same token, mass produc-
physical theory . For this we have to tion processes like hematopoiesis or
thank H. Fröhlich whose arguments place spermatogenesis would probably be swanped
the whole subject within a framework by myriad s of simultaneous reactions and
open to experimental validation (cf. compensatory shielding of any small
A~SM 31-11:433 , 435). I am not able to scale local effects. (7) Long range co-
judge whether the mathematica ’ theory herent interactions involving more than
is right or wrong . One pdrt of it was one enzyme system may give rise to slo~in fact criticized in the Russian lit- chemical and electric oscillations of
erature by M.A. Lifshits and then de- which those occurring in the brain may
fended with much conviction by T.M. be an important instance. These can pre-
Wu and S. Austin of the State Univer- sumably be modified by low-frequency cx-
s i ty  of New York. But a debatable the - ternal fields (ELF) and perhaps also by
ory w i t h  broad impl ica t ions  is surely microwaves pulsed at the appropriate low
better than none at all. Without try - frequency .
ing to summariz~ Fr8hlich’s ideas here, One hoped that the opportunity would
my purpose will be served by simply be taken at Helsinki to organize an au-
stating the propositions that I find thoritative discussion of these specu-
useful in thinking about the papers lative ideas and the current status of
given at Helsinki , at risk of going corresponding experim~nta1 approaches.- beyond what he intends. But Fr~ h 1ich himself  was not there , and

Here they are: (1) Supramolecular the few other theoreticians managed to
semsitive domains in biological systems arouse little comment. A very good
can be raised by metabol ic  energy to paper was given by F. Kaiser (Univ. of
a single coherent metastable vibrational Stuttgart) who enlarged upon the Fr5hlich
state which constitutes an intermediate brain wave model and discussed the solu-
in the mechanism of a biologically spe- tion by various methods of the nonlinear
cific reaction. (2) The resonance fre- differential equations. These predict
quency of such a domain is likely to the existence of nonlinear self-sustained
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oscillations without external drive (Univ. of Maryland, College Park) with
ari d the creation of propagating pulses M .L .  Swicord (Food and Drug Administra - Aby extremely weak ELF stimulation at t ion , Rockville , MD) in which a split
the correct frequency. Quantum models laser beam is used to detect the change
of the supramolecular biological solid in refractive index produced by micro-

• state were presented in a poster by wave absorption. The sensitivity is
J. Achimowiecz (Mili tary Inst.  of Avia- said to be 10 12 to 10 13 in refractive
tion Med., Warsaw , Poland) who drew index. Data for water and dihydroxye-
an analogy between the mechanism of thane between 8 and 12 GHz were g iven. 

• -~onset of bulk superconductivity by cool- Preliminary data were shown for DNA so-
irtg an A,B alloy and the initiation of lutions , bu t the goal of detecting micro-
local superconductivity in an enzyme- wave resonances in biolog ical sys tems
substrate complex by confornational seems far off. Many data obtained by
transformation and low-frequency vibra- scanning and computer processing were
tion . A quantum cooperative process shown by O.P. Gandhi et ai. (Univ. of
between neighboring superconducting re- Utah , Salt Lake City). They were ob-
g ions , Achimowiecz said, may account tam ed from various dense aqueous solu-
f or the efficiency of enzyme action. tions and suspensions of biological ma-
The complexes , being extremely sensitive terials at 0.05-GHz intervals over the
to “sys tem-genera ted  electromagnetic range 26 .5-90 .0 GHz . Since the medium
f ields” are also sensi tive , I presume , (water) absorbs intensely over this range
to applied f i e lds , a l though it was not the resolution of any contribution from
clear whe ther  the resonance frequencies solute or suspensoid must be very dif-
would be in the same range as those f i cu l t  and the calculation of optical
predicated by Fr~5hlich. It is too bad constants impossible without making de-
t h a t  there was so l i t t l e  discussion batable  assumptions . It  seems that  tech-
of these important  ques t ions  and no nolog ical cleverness has swamped common
a t t emp t to f ind  by ca lcu la t ion  whether  sense. In any event , as A.J. Berteaud
exper imenta l ly  e f f ec t ive  spec i f i c  ab- (Centre National de la Recherche Scien-
sorpt ion  rates (SAR) needed to produce t i f ique, Thiais , France) remarked , spec-
biolog ical responses are compatible wi th  troscopic data unaccompanied by action
the actual ra tes  of quantum absorption spectra are of doubtful  value in the
in the postulated sensitive regions present context.
of the target organism. Now we come to what I had the te-

Now , having laid a foundation , nerity to call “unpromis ing” investiga-
we can ta lk  about the Symposium in more t ions . A miscel lany . Two teams are
concrete terms . F i r s t  I shall  mention looking at red cell membranes. J.W.
some papers on pure ly  physical  measure-  A l l i s  and C .M.  Wei l  (EPA , Res. Triangle
m e n t ;  sha l l  touch upon one or two un- Park , NC) ,  absent apparent ly ,  described
promis in g biolog ical targets; and shall in an abstract their plans for making
hope then to enter the territory of spectrofluorimetric measurements on bio-
positive results and bri ght ideas, chemical samples during microwave ir-

Al thoug h much is known about the radiation. D.J. Peterson et al. (Univ.
dielectric and microwave spectroscopic of Utah , Salt Lake City) irradiated rab-
properties of cell constituents—pro- bit red blood cells at unspecified power
teins particularly—much more is needed , densities over the range 12.5-18.0 GHz
especially at the hi gher levels of or- and could find no change of potass ium
ganization where changes associated or hemoglobin leakage other than that
with cell func tion are to be expected . at t r ibutable  to temperature change .
Only three Helsinki papers. offered new The relative roles of lysis and membrane
information. K.R. Foster , R.D. Stoy permeability change were not made clear.
and H.P.  Schwan (Univ. of Pennsy lvania , Equal ly  unpromis ing is the work on

• Philade lphia) presented an abstract lip id bilayers presented by S.I. Alekseev
but  were not present to discuss their and V.V. Tyazhelov (Acad. Sciences USSR,
poster. They have microwave dispersion Moscow) who found at 900 MHz that irra-
data on dog brain tissue over the range diat ion increas ed the frequency of open-
0.01-7.0 GHz and have anal yzed the re- ing and closing of channel s without
suits in terms of free and bound water changing their relative value. The work
in a suspension of nonconducting spheres. Is redeemed by the report of O.V. Kolo-
An extremely sensitive new method for mitkin at al., f rom the same laboratory , p
microwave spectroscopy of transparent tha t  the bi layer  properties are modif ied
mate r ials  was presented by C.C. Davis whe n rat brain synaptosomes containing
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glutamate receptors are added to the The approach used by W .R. Adey and
medium. The fragments cause a stepwise S.M. Bawin (Veteran’s Administration
increase of bilayer conductivity, and Hospital, Loma Linda, CA) is to study
this is increased by irradiation at the putatively relevant ionic interac-

• 820 MHz , po ssibly by selective heating tions in forebrains cut out from the
of membrane channels, newborn chick. The experiments then

The frog sciatic nerve provided done are based on the hypothesis , if
D . I .  Mc Ree (Nat. Inst .  of Env. Health I understand it , that cerebral function-
Sciences , Res. Triangle Park , NC) and ing, and in particular the generation
H. Wachtel (Duke Univ., Durham, NC) of the electrochemical oscillations
wi th a membrane supposedly sensitive detected in electroencephalography, is
to small changes which might later be closely correlated with highly labile
r eflect ed i n cha nges of performance, exchanges between monovalent and diva-
It was indeed foun d that the tine re- lent cations (especially H+ and Ca++)
quired for the  act ion potential to de- bound to the polyanionic surfaces of
crease to one half  of its maximum value the dendrites;  further , that long range
during rapid repetitive nerve stimulation cooperative or amplify ing processes in-
was reduced considerably under irradi - volving interaction with the extracellu-
ation at 2 .45  GHz ; also , an init ial  lar electric field result in slow wave
increase of r ef ra ctory pe r iod was noted, propagation of these ion exchange prod-
These interesting results require con- esses across dendrodendritic contacts.
f i r m a t i o n , for i t was admit ted tha t Since the f ields are weak , externally
despite precautions with circulating applied fields would be expected to
cooling water the re may have been ap- influence these processes . The test
preciable temperature  changes at the procedure adopted is superf ic ia l ly  simple
points  of entry into  the waveguide . in concept if not in execution : the

If the bra in  is sens i t ive  to non- excised forebrain is tagged , by incuba-
p i on iz ing  f ie lds  and if most effects  t ion for 30 minutes , with radioactive

on living animals originate there, one calcium , ~
5 Ca 1”’ , and then the eff lux

p would expec t to f ind many attemp ts to of the tagged calcium measured during
detect some of the components of cere- exposure to various chemical and electro-
bral function in preparations from the magnetic environments. Aside from the
isolated bra in  and to use these in stud- testing of the hypothesis by varying
ies of microwave and ELF e f f e c t s .  One ex ternal conc entra tion of hydrogen
such has already been ment ioned: the ion , calc ium , and some times lanthanum ,
mod i f ication of l ip id b il ayer proper t ies concen tra tions~ the impor tan t resul t
by synaptosomes. There were only two is tha t the Ca + e f f lux  is influenced
o the r s .  In one , preparat ions of syn- by f ields of qui te  modest intensity ;
aptosomes and receptors have been used for example , increased by 15% when cx-
by j .  Lords at at. (Univ. of Utah, Sal t posed to 45 0 MHz amplitude-modulated
Lake City) to find whether microwaves at 16 Hz , power density 0.75 mW/cm2,
a l t e r  the  release of t r ansmi t t e r s  (at- measured internal voltage gradient about
rop ine , gamma-aminobutyric acid , ace- 50 mV/ cm; decreased by about the same
ty ichol ine)  and/or the format ion of amount in sharply defined ELF f ields
t r ansmi t t e r - r ecep to r  complexes . In i t i al  wi t }~in the range 6 to 20 Hz at 10 to
fractionation procedures and electron 100 V/n and measured internal gradient
microscope techniques have been worked about l0~~mV/cm. For both pulsed micro-
out. Tentatively, it seems that irra- wave and low-frequency fields these
dia tion at 2.5 mW/cm2 may have some effects occurred only within narrow
effect. The difficulty , of course , “windows” pf frequency and amplitude ,
is in finding a property that manifests in striking accord with the Frahlich
some charac teristic of brain function predictions. Interesting as these re-
with which to correlate such effects. sults are , the absence of any convincing
The b rai n is no t simp ly an assemblage proof that they correspond to s ignifi-
of exci table elements , analogous for cant changes in brain function is a draw-
instance to peripheral nerve, but ra- back that it will be difficult to remedy.
ther  an integrated structure in which I do not know whether EEG activity per-
long-range cooperative interactions sists in the preparations used by Adey
make it the seat of global electrochemi- and Bawin nor whether it could readily
cal oscillations which may be disrupted be recorded even if present. The ob-
by fragmentation . - One may well ask servations of V.V. Tyazhelov at ai.
whether these properties can be preserved (Acad. Sciences USSR, Moscow Region)
In the test tube. may be relevant: according to these su-
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thors, bioelectric activity can be in- sence of much important detail made cri-
duced in the rat brain for as long as tical evaluation almost impossible.
3 hours after death by microwave irra- Acceptance became contingent upon m dc-
diation at power densities less then pemdent confirmation. Successes and

- 
50 mW/cm 2 and a temperature rise less fai lures have been reported concerning , 

-

than 0.5°C. The activity seen is dif- several of the Russian claims , thou?h
ferent in different parts of the brain, too often with related rather than iden-
It pe rsists  for about 10 s af ter  turning tical cell types , and the time is surely
off th e f ield,  ripe for thorough discussion at an inter-

Othe r isolated cells from verte- national meeting such as that at Helsinki.
brates , both normal and neoplastic , Unfor tunate ly ,  r eprehensibly in my v iew ,
ha ve been exposed to weak fields, the subject was treated with the utmost
The wo rk of Chiabrera at at .  (Univ. casualness , relegated to an evening ses-
of Geno a , I taly) , in connection wi th  si on and dubbed a “wo rkshop ,” which
the p romotion of oriented osteoblastic it was not by any stre tch of the imag i-
acti v ity in the healing of bone frac- nation. Few of the key personages were
t ures , is interesting.  Of exceptional present. N .D .  Devyatkov , appare ntly the
interest , however, are the experiments leader of the Russians working in this
of V. Riley at at. (Pacific NW Res. f ie ld , was not there , nor were any of
Foundation, Seattle, and Univ. of Wash- the 26 or so authors who presen ted their
ing ton , Seattle) in which ascites tumor work at the P.N. Lebedev Physics Insti-
cells have been injected subcutaneously tute in 1973. The sole representative
into mice after exposure for 20 minutes of current European experimental work
in Vitro at controlled temperature to was Berteaud who has for some years col-
a 30-MHz field at 0, 5, or 10 V/cm. laborated with D. Averbeck and associates
Striking effects were seen: decreased at the Fondation Curie in Paris. The
percentage of samples developing into most meticulously documented work on
tumors , increased latent period , pro- the growth of yeast in millimeter wave
gressive fal l  in rate of volume increase , fields has come from the Gesellschaft
and eventual regression. These phenom- für Strahlen und Umweltforschung at
ena are clearly dis tinguished from the Neuherberg near Munich and the Max-Planck-
effects of heating. A rise of tempera- Institut für Festkörperforschung near
ture from 42 to 43°C , for in stance , Stuttgart. Yet neither of the authors ,
causes a decrease of la ten t per iod , W. Grundler and F. Keilmann , was present.
as measu red in the Warburg manometer , Indeed , it was asser ted by the theor ist
rather than an increase. The changes Kaiser that their paper had been rejected.
are evidently produced at the cellular So it was hardly surprising that the dis-
level by low intens ity irradia tion , ~nd cussion was fra gmen ted , sometimes ill
the mouse assay provides an excellent informed , and occasional ly conduc ted

p me thod of biolog ical amplification , at cross-purposes.
Mo re info rmation is n eeded in. Order The reports given were about equally
to est ablish a dose-response relat ion- divided between positive and negative
ship . This shou~.ld be don e by vary ing asser t ions as to the biolog ical ac tion
the dura tion of exposure , rather than of microwaves. D.W. Hill at at. (Univ.
by cha ngi ng the f ie ld  strength as , i t  of Utah , Salt Lake City)  failed to es-
seems , h a s been done hitherto. Because tablish any effect of 65-75-GHz irradi-
of th e choice of such a relatively low ation at 10-70 mW/cm 2 upon su spensions
frequency in this work , its relevance of Esoheriohia coli and LaCrosse virus
to the Fröhlich hypothesis is uncertain. (Bungamwera group). As Berteaud sug-

Let us pass from vertebrate cells gested , the radiation was probably ef-
to colony-forming yeasts and bacteria , fectively shielded by the aqueous medium
the types of organism which provided in sp ite of the otherwise undesirably

• much of the original impetus for labo - high incident power density. Also nega-
ratory study of the effects of weak non- tive were the results obtained by S.
ionizing fields . It is now almo st six Baranski et at. (Military Inst. of Avi-
years since several short papers on ation Med ., Wa rsaw , Poland , read by
the subject, given at a scientific ses- Achimowiecz in absence of the authors)
sion of the USSR Academy of Sciences, who looked for possible alterations in
17-18 January 1973 , were published in the genetic functions of fungi. They
English. The results offered were used the ascomycete Aap .rgillue nidulans
welcomed by Fröhlich as conforming to and the myxomycete Phyaarum polyo.phaium .

• seve ral of his predictions , but the ab- The incident radiation frequency was
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2.45 GHz, continuous or pulsed at 1 us by irradia tion at cer tain frequencies
and 600 Hz, with  exposure at 10 mW/cm 2 bet ween 33 and 50 GHz . The very sharp
for an hour. In the former case the frequency dependence of the induction
morpholog ical mutation rate did not dif- ratio is illustrated by the fo llowing
fe r f rom the spontaneous rate even in numbers: ratio 1 at 45.75 and 46.10 GHz,
presence of caffeine. In the case of rat io 8 at 45.9 GHZ . The ratios were
Phyaarum there was a large acceleration also posit ively dep endent upon power
of DNA synthesis which may ha ve been densi ty :  e .g . ,  1 at 1 uW/ cm~ and 8 at
the rmal in ori g in. 1000 uW/c m 2 . From the grap h shown it

The most interest ing report of a seemed that the power dependence was
negative result was that given by Ber- not of the type anticipated by Fröhlich ,
teaud on behal f of himself and colleagues with a pronounced threshold value .
because of its bearing on their previous Unfovtunately the culture suddenly be-
work on the growth of bacteria after came noninducible even by ultraviolet
irradiation. Using a strain of yeast radiation . It was agreed that the sys-
well characterized in regard to its re- tem is erratic.. However , the ear l ie r
spomse to ionizing radiation , they were results of A.Z. Smolyanskaya and R.L.
unable to find any effect of microwaves Vilenskaya were in some particulars sub -
(70-75 GHz) on nuclear or mitochondrial stantiated , al thoug h those au thors d id
mutation or on the production of cyto- find a definite threshold between 1 and
plasmic “petite” colonies. On the other 10 pW/cm 2 succeeded b~’ a fla t responsehand they found , using two diploid from 10 to 1000 uW/cm . It was suggested
stra ins , that the formation rate of zy- in discussion that despite this measure
gotes was highly dependent upon tempera- of agreement further work with such an
ture and upon the incident  power dens i ty  undependable process would be i l l - adv i sed
between 6 and 60 mW/cm 2. Use of these and a lysogenous sys tem such as t h a t  of
organisms  in i r r ad ia t ion  exper iments  lambda phage would be more r eward ing .
on o ther  test  objects  can thus serve Our p u r s u i t  of URS I , then , has no t
as a measure of any tempera ture inc rease taken us very fa r , althoug h it had its
occurring under the conditions of expo- good moments. There were sonre good cx-
sure. These experiments were apparently perinental papers and a few gcod ideas.
done in the same way as those on E. coii There was a l i t t l e  b i t  of theory , but
described in their earlier published little attempt to join theory with prac-
work . They serve to show that  tempera- t i c e  or to thrash out ways  in w h i c h  t h i s
ture change could not account for the may best be done. There must surely be
results then obtained. These , it will an intensification of effort to detect
be recalled , appear ed to confirm the the microwave resonances and long-range
Russian  c la im that  weak microwave f i e lds  in te rac t ions under ly ing  some of the al-
be tween 70 and 7 5 GHz cause h ig hly fre - leged biolog ical phenomena for wh ich
quency-dependent changes of cell multi- fairly good evidence now exists. On
plication rate , wi th reg ions of inhibi- the physical side , ske tchy ev idence
tion sep ara ted by reg ions of s l ight from laser Raman spectroscopy of bacteria
st imulation. Berteaud was asked whether has been published and should have been
the re are plans to repea t the earl ier d iscussed , but criticisms—justified
experiment s in the li ght of the new re- to my m ind—were muted in the absence
sults. His confidence in those experi- of the authors. It would have been
ments is evidently great enough for h im useful to hear these judgements venti-
to consider repe t i t ion  unnecessary . In lated in the li gh t of curren t attemp ts
any even t h is col leag ue, Averbeck , is to repea t the ob serva t ions independen tly
now occupied w i t h  more readily reproduc - in more acceptable form and to extend
ib le  phenomena attending the simultane- them to the anti-Stokes side of the in-
ous or sequential irradiation of micro - cident wave. Brillouin scattering and
organisms  w i t h  x- ray s and microwaves , o ther  sol id  s ta te  techniques w i l l  have
The s t r i c t l y  exponential  x- ray  dose- to be explored in grea ter  dep th , but al-
survival  curves are distorted in micro- ways with proper biolog ical monitoring
wave f ie lds .  A p rogress report on these from the point of view of normal func-

• studies would have been most welcome. tioning .
Other positive results of a tanta- As for  the  good exper imenta l  ideas

l izing nature were shown by M .L. Swicord that emerged , tho se tha t appealed to me
at at. (Bur. Radiol . Heal th , Rock ville , were: the use of lysogeny as a state pos-
MD) who a t f irs t found tha t induc tion s ibly  induc ible by microwaves ; the use
of col ic in  in E. ooli could be produced of asci tes  tumor cells as targets , and
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their hos ts as biolog ical amplifiers; vious that the resident staff are both
the incorporation of a biological tern- well equipped and very enthusiastic
perature probe during irradiation of about their ability to provide solace
cells; and the simultaneous physico- for both the dying and for their fami-
chemical and electrophysiological study lies.
of the smallest available functioning The Hospice, opened in 1967, now
domains of small or embryonic brains , admits about 600 patients yearly. Al-

One hopes that some of these mat - though all die within a relatively short
ters will be more fully and coherently period, some 12% are allowed to return
represented at the next meeting , home for varying periods. In this way,
(J.B. Bateman) and by encouraging famil ies (including

young children) of staff and patients
to wander abou t, the Hosp ice avoids
the stigma of being labelled a “death
house.” More than 150 unpaid volunteers
par ticipate in patient care activities

THE HOSPICE CONCEPT: ST. CHRISTOPHER’S of one kind or another.
A very high nurse-to-patient ratio,

In recent years , the medical  and extensive use of the team (doctors,
al l ied  profess ions  have paid  much l i p- nurses , social workers , chaplains)  ap-
service to “quality of life.” Spec i- preach, and religious (Protestant) over-
fically, there have been attempts to tones contribute to a very personal touch
furn ish  pa t i en t s  w i t h  incurable  diseases  for  pa t ien ts . Impor tan t ly ,  they can
the means to “die with dignity .” For always find someone to talk to —unlike
example , leg is lat ion in several states the situa tion in many acute care hosp itals
of th e US now per mit s such pat ien ts where staff members are discouraged from
to refuse , in advance , heroic medical  becoming personal ly  involved w i t h  pa-
efforts to prolong their lives. Simi- tients , particularly the dying . Generous
l a r l y , more atten ti on is being pa id use of analges ics , including opia tes ,
to WHERE dea th occur s, since the tra- is encouraged so that patients , ins tead
d i t i o n a l  place—a n acute care hospital. of being treated for  pain , are medicated
best  equipped to hand le  p a t i e n t s  expected in advance to avoid discomfort .
to get wel l— i s inc reas ing ly  recognized  One cannot but be impressed by
as unsatisfactory both for the patient the almost evangelical atmosphere at
and for the medical staff. St. Christopher ’s. Certainly, there

A solu tion curr ently in vogue is a re hypothetical weaknesses : the ap-
that of “hospices ,” wh ich are patient proach can hardly be cost-effective ,
care f a c i l i t i e s  s p e c i f i c a l l y  s t a f f e d  and by l imi t ing  admission to those in
to care for the terminally ill. The the terminal stages of cancer , St. Christ-
conc ept is hard ly  n ew , but has received opher ’s has stacked the cards in its
cons iderable  impetus from Great  Br i t a in , favor:  such pat ients  do not l inger  for
and from St. Christopher ’s Hosp ice in long . Nevertheless , the Hospice fu l f i l l s
Sydenham near  Cen t ra l  London in par t icu-  a very real need , and the concept is
lar, I journeyed to St. Christopher ’s enjoying tremendous popularity, particu-
dur ing Oc tober 1978 to learn more abou t larly in the US where it has rece ived
this now-famous institution, enthusiastic (and financial) backing

I wa s not alone. Several busloads from the Department of Health , Educa tion
of s tudent  nurses f rom Sweden , a group and We l fa re. ( CAPT P .F.D. Van Peenen ,
of London hosp ita l nurses , and a sprink- Liaison Technologist from the Uniformed
li ng of chapla ins , sociologists , and Services Univ. of the Health Sciences ,
nurses from as far afield as the United Bethesda, ND)
States filled a small lecture hall to
view a professional-qual ity film about
the Hosp ice and to participate in a 

__________ques t i on -answer  session. We were told { ONRL RS~~URTB I
that more than 4000 visitors sat through
such sessions last year. See the back of this issue for

The dyna mic Director of St. Chris t-  abstracts of current reports.
opher ’s , Dr. Cicely Saunders , was not
present as she apparently now spends
a good deal of time on the lecture cir-
cui t  ab road. Nevertheless , it was ob-
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RIFT VALLEY FEVER IN EGYPT a very- real danger to nei~hboring coun-tries and even to the US whirh has al-
In Augus t of 1977 , an epidemic of ways had stringent regulations to pre-

an apparently new human disease appeared vent its entry . (CAPT P.F.D. Van Peenen,
in the Nile Del ta reg ion of.Lower Egypt. Liaison Technolog ist from the Uniformed
It waned -b y the end of the year , but , Services Univ. of the Health Sciences ,
acco rding to o f f i c ia l  est imates , only Be thesda , MD)
after affecting 20,000 persons and caus-
ing S80 deaths. Immediate worldwide
interest was aroused , a t leas t in par t
because the disease superficially re- EARTHs embled the hi ghly v i ru lent  hemorrhagic CIENCEBfevers  (Ebola , Ma rburg , Lassa) wh ich  _____________________________________
have suddenly appeared in Equatorial
A f r i c a  in recent years . The la t ter  had
been intensively studied ep idemiolog i- GEOPHYSICAL FLUID DYNAMICS IS ALIVE AND
cal ly  by i n t e rna t i ona l l y - cons t i t u t ed  WELL IN EUROPE
teams work ing in crisis-l ike atmospheres.
By cont ras t , in the  case of th i s  newest At the  end of August , the F i f t h
outbreak , the Egypt ian  government chose European Geophysical  Society (EGS ) and
to handle on s i te  invest igations i t s e l f,  the Sixteenth European Seismolog ical

For tunate ly ,  the Cairo-based US Commission General Assembly met on the
Naval Medical Research Uni t  No. 3 Campus of the Univers i té  Louis Pasteur
(NAM RU-3), which has enjoyed a v i r tua l ly  in Strasbourg , France.  This location
unin ter rupted  32-year h i s to ry  of col- was chosen for Strasbourg is a cross-
laborat ive  medical  research wi th  Egypt ian  road c i ty  that  spans both French and
colleagues was in a position to lend German traditions and cultures and be-
assistance. cause the Louis Pasteur University

NANRU-3 had a staff of experienced has had a long h i s to ry  of s c i en t i f i c
researchers headed by Command ing Off icer in teres t and exper tise in seismology
Capt . R ,H .  Wat ten , MC , USN and including and geop hysics .
such we l l -known  names as Zohei r  Farid , As th i s  was a large EGS meeting ,
MD , t rop ical medicine specialist , and I will limit myself to reporting on only
Harry Hoogstraal , PhD , zoologis t , in one of the  symposia , but before doing
add i t i on  to newcomer L t .  Jim Meegan , so let me say a few words about th i s
MSC , USN , v i ro log is t .  In short  order , recent ly  formed Socie ty .  Throug h i ts
Meegan i sola ted a v i rus  from c l inical  annual meet ings  it seeks to provide an
spec imens- . But , using a w ide range oppor tun ity for sc ien tis ts work ing in
of d iagnost ic  an t i s e r a  ava i lab le  for the  geophysical  sciences to meet and
pathogens  known to occur in the area , exchange ideas. Al thoug h the Society
he was unable  to i den t i f y i t .  The iso- is European , its meet ings  are attended
la te  was taken to the  Yale  Arbovirus b y sc ient i s t s  from other  Cont inen ts .
Research Uni t  where , to everyone ’s Younger s c i en t i s t s  and research studen ts
surprise , i t  was d e f i n i t i v e l y  i d e n t i f i e d  are  encouraged to par t ic ipate , and
as the  agent of R i f t  Val ley  Fever , a the  Society has a Young Scient is t ’s
disease previous ly  known only from the Travel Award Scheme ( l imi ted  to candi-
Sub-Sahara. dates not older than 27 years of age)

Th is year , the NAMRU-3 personnel that aids them in attending. Th is
ment ioned above , working with experi- year , a maximu~ award of about $160 wasenced Egypt ian technicians and colleagues g iven for  t h i s  purpose. At present such
from the  E gyp t ian  M i n i s t r y  of Agricul-  an award is also open to US candidates.
ture have been energetically tackling The next EGS meetings will be held in
the important question of how the dis- Vienna (mid-September 1979) and in
ease got to Egypt , and which vectors Budapest  ( l a t e  summer 1980). Both
are now t r ansmi t t ing  it. The question will contain symposia devoted to geo-
is of great practical importance because physical fluid dynamics (GFD). The
the  disease  seems to be spreading and , convener for the Vienna GFD symposium
being a zoonosis , is causing impressive will be Dr. S. Tibaldi (European Centre
loss of livestock in a country which for Medium Range Weather Forecasting ,
badly needs every ounce of protein it Bracknell , UK). US scientists interested
can produce. The poss ibility that Rift in participating at these future EGS
Valley Fever may jump the bo rder is meetings should contact either Tibaldi

or Dr. P. Davies (Univ.  of Newcas t l e
upon Tyne , UK).
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The GFD Symposium was one of the as a result of convection. The often
largest at this combined conference , publicized regular hexagonal cells first
with more than 50 papers and some 60 obtained by B~nard (for the wrong rca-
participants. Its success attests to sons) are examples of such planforms.
the well-being of GFD in Europe: Such Hexagons, rolls , cross rolls and zig-
countries as Ireland and Spain were zags are but a few of the name of shapes
represented in the symposium for the associated with the resulting flow pat-
first time, The EGS program committee terns. As possible geophysical applica-
coordinator was Dr. S.A. Thorpe (Insti- tions, Palm showed Tiros V cloud p ic-
tute of Ocean Science , Wo rm ley , UK) ; tures that exhibited “spoke” pat te rns
Prof. B. Gjevik (Univ. of Oslo , Norway) reminiscent of those seen in the experi-
and Dr. P. Davies were the conveners; ments of Clever and Busse [J. Fluid Mach ,
and because of their efforts this sym- 65 (4), 625 (1974)]. Palm discussed
posium was a success. There were four i1~e difficulty of interpreting cloud pic-inv ited papers of 30 minu tes each , while tures as convection patterns. Convection
the contributed ones were 20 minutes in the Earth core and mantle is another
long wi th five minu tes set aside for impor tant geophysical appl ica tion tha t
discussion . The above format worked deals with the study of the dynamo prob-
well , al though longe r coffee breaks len (or ig in of the Ear th ’ s magne tic
mi ght have stimulated additional dis- field) and with continental drifts.
cussions. The papers presented could Palm concluded his presentation by show-
be roughly d ivided into six top ics: ing sl ides of f i ssure  and stone po lygons
Thermal convec ti on , topograph ic e f fec ts , found in Spi tzbergen , Norway , where large
shelf oceanography , turbulent mixing , stones become sorted by a convection-like
internal grav ity waves , and dynamics mechanism and form regular polygonal pat-
of large  scale atmosp her ic flows. Rather terns on the flat ground ; these shapes
than discuss each pres en tat ion , I w il l defor m to parallel , u n i f o r m l y  spaced rows
describe the hig hligh ts and re fer  the i f the terra in exhib its a slope (see
interested reader to the EGS compilation also ESN 30-7:301).
of abstracts of the various talks which P.L. Garcia Ybarra and M.G. Velarde
may be obtained by writing to one of (Univ. Autonoma de Madrid , Spain) inves-
the conveners or by consulting a forth- ti gated convection in a binary gas mix-
com ing issue of EGS in which they will ture; instability can now set in for con-
be publ ished . d itions under which a sing le gas wou ld

Thermal convection is a central be stable. R.C.J. Sommerville (National
problem in f lu id dynam ics and more par- Center for Atmospheric Research , Boulder ,
ticularly in GFD for two reasons: CO) and 1. Gal-Chen (Univ. of Toronto ,
We are surrounded by a fluid environ- Canada) tested the accuracy of a numer-
men t (ocean s, atmosphere , Earth interior , ical scheme on a convection problem pre-
etc...) in which destabilizing tempera- viously solved analytically and experi-
ture gradients are present; the problem mentally by R. Kr ishnamurti (Florida
of thermal convection has been and still State Univ.,- Tallahassee) who cons idered
is a testing ground for new experimental the effect of slow , uniform vertical no-
and theoretical work which strive to tion on convection. Such vertical motion
understand the complex flow regimes is a crude representation of vertical
that develop as the flow becomes turbu- velocities induced by large-scale atmos-
lent. Since Lord Ray lei gh was one of pheric flows. Except for some fine
the first to consider this probleiu, points, the numerical experiments are
a nond imensional number that bears his in agreement with observational and the-
name enters these studies. It measures oretical findings of Krishnamurti, R.M.
the relative importance of the destabil- Clever presented work done with F.H.
izing effects due to buoyancy versus Busse (UCLA, Los Angeles) and led us
the stabilizing tendencies due to the through the maze of various possible
viscous d issipation of motion and dif- transitions and types of instabilities ,
fusion of heat. Prof. E. Palm (Univ. and their corresponding planforms and
of Os lo , Norway) presented the review shapes (some of which bear the descrip-
paper on this subject and began by dis- tive names of zig-zag and skewed van -
cussimg theoretical and experimental cose).
results pertaining to unstable flows Mountains are believed to play a
i.e., flows in which convection has fundamental role in large-scale atmos-
begun. These exhib it a rich panoply pheric flow dynamics for at least two
of shapes and planforms that develop reasons: They are responsible for what

411

___________________ - ~~~~ .~~~~~~~~~~ . - -~~- -~ - - t~~~~~i t ~L.~~~- --~----~ ~~~~~~~~~~~~~~ ‘~——- ~~ 
- - - 

-



ESN 32-12

is called lee-cyclogenesis , i.e., the On smaller scales, when the Earth
formation of low-pressure disturbances rotation can be neglected, flows over
in the lee of the mountain range , and mountains produce peculiar types of in-
t hey interact with zonal flows and can ternal gravity wave s called lee-waves.
extract energy from such flow. Let Plows of this type containing moisture
me first discuss the invited paper of were considered by A. Barcilon and J.C.
S. Tibaldi on lee-cyclogenesis; he re- Jusem (Florida State Un iv., Tallah a ssee)
viewed present knowledge and lack there - and P .G. Drazin (Univ. of Bristol ,
of in this field.  His lecture dealt UK) . They found that under stable con-
with a synoptic case study of flow ove r ditions the presence of moisture can
the Alps. He compared results of that substantially decrease the drag exerted
study with those obtained from numerical by the mountain on the air stream ,
models. Two mechanisms appear to be N.T. Stevenson (Univ. of Manchester,
at work: The mountain range (RSR 31- UK) considered analytical solutions for
6:239), acting as a barrier , deforms lee-waves in the presence of dissipation .
the low level thermal field which tends These theoretical findings were corn-
to be advected around the moun tain plemented by exper imen tal observation s
while , at the upper level s , the flow using schleiren techniques . Still on
proceeds unimpeded. Cyclogenesis in small scales, K.J. Richards (Cambridge
the lee of the mountain results from Univ., UK) discussed a numerical model
an interaction between these two mech - capable of predicting waveforms gem-
anisms (for  more details the interested crated in an open , turbulent channel
reader is referred to A. Buzzi and S. flow over a sand bed. His resul ts
Tibaldi , Quart J. Roy. Me teor. Soc. appear to agree well with observations.
104 , 271). Numerical models appear to Most of the papers in oceanograp hy
i~~ roduce well the low level dynamics dealt with shelf related dynamics.
but fail to represent the mid-tropospheric L.P. RØed (Univ . of Bergen , No rway)
conditions adequately, presented work done in collaboration

The other important role played with J.R. Buckl ey (Seakam Oceanography
by the mountains was clearly p resented Ltd . ,  Sidney, B .C.,  Canada),  and T.
by Prof. J.G. Charney (MIT, Boston) Gammelsrød , J.A. Johannessen , and O.M .
who described some f ar-reaching ideas Johannessen (Univ. of Bergen, Norway)
pertaining to the interaction between on winter observations of upwelling at
large-scale atmospheric flows and top- the edge of the Arctic ice pack. Most
ography. Very long waves that girth of these observations can be explained
the globe with a few wavelengths tend by theoretical predictions that recently
to propagate westward with periods of appeared in the scientific literature
5 or 15 days. The 5-day period waves [T. GammelsrØd , M. Mork, L.P. Rded ,
we re followed 18 times around the globe . Marine Sci. Comm. 1 ( 2 ) ,  115]. The
Their persistence, during some 90 days , dynamics of rive r plumes and fronts as-
excludes the possibility that they are sociated with bodies of fresh water when
free waves for viscous damping would they enter more brackish waters are of
erase such disturbances on time scales special interest, for the mixing that
much shorter than this. Charney , J.G. takes place in the frontal region, if
Devore (UCLA), J. Peagle (Univ. of Utah, artificially enhanced , could decrease
Salt Lake City), D. Strauss (MIT), and the formation of ice that occurs at the
M.J. Suarez (UCLA) postulated that these river ’s surface. T.A. McClimans and
disturbances could be forced by the S. Saigrov (River and Harbor Lab.,
f luctuat ions experienced by the zonal Trondheim , Norway) considered hydraulic
f low when topography is present. In models to study these flows. They found
the Northern Hemisphere, the large-scale that river plume mixing can be simulated
topography exhibits a strong wavenumber in the laboratory with some success
two component owing to the presence for rivers whose widths are much larger
of the Rockies and the Himalayas. than their depths . L.P. R$ed presented
Charney’s far reaching conclusion as- interesting results pertaining to a
serts that the atmosphere possesses rather simplified model of inertial
a quantized class of multiple equilibrium (i.e., nonlinear) coastal currents when
states which can themselves become un- the effect of the Earth ’s rotation is
stable. The climate problem must now taken into account. These currents are
be viewed differently: the transition assumed adjacent to a vertical wall which
probabilities that-the atmosphere lies possesses curvature, and they can be
in a given state must be taken into controlled (in a hydraulic sense) by
account before one can consider climate the curvature of that wall which can
dynamics. “block” a portion of the flow field ad-
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jacent  to i t .  Some of t h i s  methodology S .C. Dickinson presented work done
mig ht be used to describe some of the with Prof. R.R. Long (Johns Hopkins
Gulf Stream dynamics.  Of s igni f icance, Un iv . ,  Baltimore , MD) that dealt with
H.J.  Kümpel and J. Zschau (Univ. of Kid , an experiment designed to test a theory ; -

FRG) discussed observat ions  of ex t remely  that  predic ts  the position of a turbulent
sensi t ive pendulums.  Strong surges in f ron t  and i ts  evolution in time . They -

the No rth Sea could cause a vertical found that the experimental results are
pendulum , located some 70 km from the in agreement with the theory which pre-
coast , to t i l t  by some tens of mi l l i sec -  dicts  a behavior l ike  t where t denotes
onds of arc , an amount several hundred t ime measured from the s tar t  of a mechan- -

t imes larger than the accuracy of the ical s t i r r e r .  Some exp eXimental re-
instrument . The measured t i l t  precede s suits pertain ing to the movement of a
the surge in the German Bay area b y some coaxial cyl indrical  turbulent f ront  in
12 hours. Data gathered over the last a homogeneous rotating fluid were also
few y ears were used to simulate forecasts  discussed .
(h indcas ts  would be a be t t e r  term) of The review paper on internal  g rav i ty
very severe storm surges which hit the waves was given by Thorpe. He pointed
North European coasts during November out that  waves , which are generated when
and December 1975. All  of the storm a stable density s t ra t i f i ca t ion  is dis-
surges could have been pred icted w ith turbed , were , in the past , cons idered
remarkable  accuracy . Embar ra s s ing ly ,  a nuisance  by oceanographers. His pres-
some of these predic t ions  seemed to be en ta tion  was enl ivened t y  some very in-
superior to those obtained by numerical te res t ing  movie sequences showing forma-
models of s torm surges. t ion  and evolut ion of such waves in a

Understanding of the way in which long tank .  The tank was f i l l ed  with a
turbulent  t ranspor ts  of momentum and s t r a t i f i e d  br ine  solut ion and t i l t ed  in-
scalars such as heat , sa l t , or water  puls ive ly  so as to produce a densi ty
vapor ar e accomp l ished in the a tmosphere stratified flow in which velocity varied
and the oceans is a d i f f i c u l t  and fun-  w i t h  depth. Us ing such visual observa-
danental problem . P .F. Li nden (Univ . t ions , he discussed the formation of lee-
of Cambridge , U K ) presented an interest- waves and the role played by the layer
ing review paper on th i s  sub jec t .  In a t  which  the wave-veloci ty  equals the
these processes the nondimensional  nun-  veloci ty  of the stream (cr i t ical  l aye r ) .
ber of fundamental importance , called No dis turbance was seen to propagate up-
the Richardson number , me asures the wards fro m such a layer .  Also , various
ra t io  of the  potent ia l  to k i n e t i c  energy s tages leading to the breaking of the
stored in a parcel of f l u id .  Linden internal  waves were seen. Thorpe pointed
showed that the assumption of uniform out that the atmosphere and oceans ex-
gradients in velocity and dens i ty  must h ib i t  a very d i f f er e n t  internal  gravi ty-
be relaxed if m i x i n g  is to take place.  wave spectrum , for in the ocean the spec-
For nonuniform g rad ien t s  in dens i ty  and t rum exh ib i t s  a d i s t i n c t  separat ion of
velocity the local Richardson number scales between the internal gravity waves
can be made as small as necessary for  and other  types of mot ions  whi le  the
turbulence to fo rm and mix ing to take atmosp heric spectrum shows no such scale
place. One of the central themes of separation. S.A. Maslowe (Imperial Col-
this review paper dealt with the dynamics lege of Science and Technology, Univ.
of interfaces.  How do they form ? Where of London , UK) discussed the prop agation
does the energy for the i r  formation come of sol i tary internal waves when their
fro m? Why do in te r faces  remain sharp ? wavelength  is long compa red to the depth
etc. Linden discussed results of an of the reg ion on whi ch they propagate.
experiment in which the energy source Using a layered model , he proceeded to
(mechanical s t i r rer)  was located fa r  from f ind  exact solut ions for that model and
the inte rface. He found that  the inter- discussed some of the implicat ions of
f ace remains sharp if the ini t ia l  Rich - these sol utions which have not yet been
ardson number is large (~.9). When that observed in nature.
number reaches ha l f  th is  value , the  in-  In conclusion , the in te l lec tua l
terface is lost .  He a lso discussed re- s t imula t ion  found in the top ii s  presented
suits of another of his experiments at the Symposium on Geop hysi ~1 Fluid
[J. of Fluid Mach. 87 ,(3) , 417 (1978) 1 Dynamics , coupled wi th  the cLrm of

which describes how an in ter face  sharpens Strasbourg made i t  a very worthwhile
or becomes erased, meeting . (Alber t Barcilon , Geophysical

Fluid Dynamics Institute , Florida State
Univ., Tallahassee, FL)
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WEAThER AND SEA PREDICTION set-up , wave induced d r i f t  (geostrophic
t i l t ) , waves fe elin g the bottom (b ottom

The Tenth International Libge Col- stress) , and on a larger scale the effect  £

loquium on Ocean Hydrodynamics was held of waves eroding ba rrier islands .
on the Sart Ti lman campus of the Uni- Final ly ,  the advantages and disadvan-
versi tê  de Libge , Bel g ium from 8 to tages of the techniques used by modelers ,
12 May 1978. There were 32 lectures such as , f i nite differences and f in i te
of which several were invited scholarly elements , we re br ief ly  discussed.
reviews . Four of the invited lecturers The la tter topic stimula ted much
(Prof. Dr. S.A. Kitaygo rodskiy ,  USSR discuss-ion during the week , and was taken
Academy of Sciences , Moscow; Prof. Ro- up in the second paper of the Colloquium
berto Frassetto , Laboratorio per la presented by Dr. W.C. Thacker (National
Studio della Dinamica delle Grandi Oceanic and Atmospheric Administration ,
Masse , Venezia , Italy; Prof. Robert Sea-Air Laboratory , Miami , FL). Thacker
0. Reid , Texas A~M University, College suggested that irregular shore line fea-
Station; and Prof. James J. O’Brien , tures can be incorporated into storm
Florida State University , Tallahassee) surge calculations by applying an ir-
were awarded the Medal of Honour of regular grid finite-difference technique
the Univers i t~ of Libge. The 75 par- which appears to be similar to finite-
ticipants from 14 countries were a mix- element techniques and wh ich is less
ture of engineers , modelers , meteorolo- expensive to run on the computer.
gists , and oceanographers , all of whom However , as was brought out in the dis-
appeared from the discussions to be cussion, the model must be thoroughly
learning from each other. For the pur- tested with comparisons to real wind
pose of this article the papers will and real surge situations.
be discussed in three major categories: Dr. Norman S. Heaps [Institute
(a) storm surges , (b) wind induced of Oceanography (lOS), Bidston Observa-
coas tal curren ts, and (c) wind generated tory , UK] presented work dating back
waves and atmospheric effect on mixed more than 25 years. From early one-
layers of the ocean, dimensional plate model s of the Irish

Storm Surges. The largest number Sea, Heap s was able to deduce some
of papers (about one third) dealt in of the mechanisms such as the resonance
some manner with the problem of storm of the Irish Sea and the wind set-up
surges. Reid opened the meeting with time (5-6 hours) related to storms mov-
an excellent review of the storm surge ing across the Irish Sea at 20 m/sec.
modeling literature. He noted that These storms are secondary lows that
before 1950 the modeling of storm surges are no older than 18 hours when they
was one dimensional , that in the l960s produce the surges. A 14-ft surge at
numerical models were increasing , and Avonmouth in January 1976 and a 6-ft
tha t by the 197 0s sophis ticated multi- one at Liverpool in November 1977 were
dimensional models had been introduced, cited as triggers for the accelerated
Reid devoted most of his lecture to effort to improve the public forecasts.
the following aspects of contemporary Fortunately , for more than 20 years ,
storm surge modeling: (a) bottom fric- basic research scientists had been de-
t ion , (b) stratification effects , and veloping theoretical techniques , and
(c) effect of waves. He went into during the last 4 considerable progress
cons iderab le de tail on recen t work , has been made. The schemes developed
considering transient bottom boundary require input from the dynamic finite-
layer conditions and the apparent fail- difference 10-level fine-mesh atmospheric
ure of traditional coefficients espe- model now in use by the British Meteor-
c]ally in the case of a nonsmooth bot- ological Office for operational weather
tom. His presentation suggested that prediction. Some preliminary results
the problem may be overcome by the use at North Sea ports usin? the basic scheme
of closure schemes, involving formulation for a coarse grid covering the entire
to simulate the varying vertical exchange Northwest European continental shelf
coefficients. Reid continued on the were reported by Dr. R.A. Flather (lOS ,
sub-topic of stratification effects, Bidston). The results were good, and
with specific reference to the produc - an operational test is scheduied for
tion of baroclinic currents in shallow the winter of 1978-1979.
water estuaries . The effect of surface Other papers offering prediction
waves or storm surges raised questions schemes for storm surges included a re-
regarding the drag coefficient and wave port by Prof. Dr. GUnther Fischer (Me-
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teorologisches Institut der UniversitRt , were warmed to move their valuables to
Hamburg, FRG) on a tes t of hindcas t ing higher positions no less than 30 times,
the 3 January 1976 surge at North Sea Fortunately many of these evacuations
ports. As in the British scheme input proved unnecessary, as the wa ter did
from a German Weather Service operational not rise to damaging levels , however,
ei ght-level atmospheric model was used, as the city sinks (20 cm per century)
The University of Hamburg used a higher and the climatic changes result in more
drag coeff icien t, and the surface geo- storms passing over Venice, the predic-
strophic wind was computed from the tion problem must be solved. Frassetto ’s -
atmospheric prediction model.  Even wi th  group has studied tides , seiches , and
some post manipulat ion , the Hamb urg other periodic oscil lations of water
model appeared to have some trouble level in the Gulf of Venice. They know
on the continental coast of the North there is a period of 12 to 15 days for
Sea. Dr. J .O. Backhaus (Deutsches Hydro - maximum sea level occu’rrence , that a
graphisches Inst i tut , Hamburg, FRG) storm pulse will cause a 22-hour period
reported on results with a three-dimen- in water height , and that 25 n/sec wind
sional fine-mesh North Sea model using set-up will push up to 2 to 3 m of water
the 3 January 1976 data. As in the (as in April 1966 when Venice was
case of the Br itish , this applied model flooded). They now know that the Adri-
was based on an earlier one developed atic response time to the wind is 6 hours
at the I n s t i t u t  fUr Me ereskunde , Uni- (about the same as for the Ir ish Sea) ,
vers i tUt  Kid . This mul t i layer  b aro- and that 35% of the flood cases are from
trop ic model uses constant wind stress, rapid local cyclogenesi s (secondary lows)
but a nonlinear bottom friction term, as in the Irish Sea. Currently Venice
Backhaus reported that for the case can and does have a good 6-hour flood
studied , the tidal surges and circula- forecasting procedure , but economic fac-
tion pa tterns for the German B ight were tors demand a- 24-ho..r forecast capability
reproduced. Dr. Francois C. Ronday in order to close the por t floodga tes
(Universitê de Liege , Bel g ium) described and properl y divert and reschedule the
a numerical technique to forecast tides , commerc ial shipping traffic. These con-
storm surges , and circula tion in the di tions have forced Frassetto’s group
Eng lish Channel and its vicinity. In- into meteorology as to forecast Venice’s
terestingly, the eddies , one cyclonic flooding more than 6 hours in advance
and the other anti-cyclonic , were in- requires forecasting new secondary low
dicated by the computation . Dr. Y. Adam developments at least 24 hours in advance.
(Minist6re de la Sante Publique et de Unfortunately this remains a major prob-
l’Environnement Bruxelles , Belg ium) pre- len in meteorology , but as Frassetto
sen ted the Belg ian applied scheme for stated , the Li gurian Sea with the nearby
forecas ting storm surges , which l ike Alps and ne twork of observing station s
the British one , is scheduled for op- may provide a natural laboratory for
erational tests next winter. The Belgian study of this type of cyclogenesis.
scheme has a coarse grid and uses coarse- Wind Induced Currents. For the puT-
grid data input from the British atmos- pose of this report, storm surge papers
pheric prediction model. Not surpris- have been arbitrarily separated from pre-
ing ly,  their results are not as finely sentations that emphasized wind-induced
tuned as the British. All of the ef- coastal currents. The most eloquent
forts-to improve storm surge forecasting paper on this subject was by Prof. Dr.
have used older basic work on the prob - J.C,J. Nihoul (Univers it~ de L ibge , Bel-
lem , accomplished when the frequency g ium ) who has careful ly developed a North
and hei ght of storm surges were of purely Sea model that incorporates variations
academic curiosity, and not as mow of of the eddy viscosity with depth . The
serious economic concern, model is somewhat like N. Heaps ’ model

Economic and social pressures in for the Irish Sea. In Nihoul ’s model ,
the UK and on the Continent have accel- an ana1yti~ al solution of the Ekman equa-crated the development and implementa- tions , with variable eddy viscosity , is
tion of new techniques for forecasting formulated in terms of wind stress , the
storm surges. In Venice Frassetto vertical mean current , and associated - -
is leading a scientific effort to in- height of the sea. The solution is ac-
prove the forecasting of flooding (storm complished layer by layer. The model
surges) of the city , the frequency of is three-dimensional with the capability
which is increasing . Reportedly last to predic t at each grid point the eleva-
year museums , merchan ts, and residents tion of the sea, vertical mean current,
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and a vertical  prof i le  of veloci ty,  scale atmospheric f ront .  He reported
My interpretation is that Nihoul used that the surface shear stress increased
a logarithmic function to represent by 4% following a frontal passage , and
the eddy viscosity near the bottom , then that wind-generated currents increased
a parabolic function for intermediate after frontal passage to about 8% of
dep ths , and a l inear function near the the wind speed. The Brookhaven work ap-
surface . Tests of the model revealed pears to be a very good observational
that in the North Sea winds exceeding program , obta ining much needed real world
10 rn/Sec can generate currents of up data .
to or greater than 1 m/sec . Limitations in predicting oceanic

Other coastal current papers in- baroc linic coastal circulations were dis-
cluded one on a numerical model ing tech- cussed in detail by O’Brien . He addressed
nique to simulate water circulation in four: (1) physical approximations in
Lake Geneva , and a report on the experi- der iving the fundamental equations ; (2)
mental application of a Belgian model standard implications to the basic equa-
to forecasting coastal currents already tions; (3) errors due to numerical ap-
discussed in regard to storm surge fore- proximation; and (4) boundary conditions ,
casting. Topics in this area ranged initialization , and data input. Reid
from surf zone to “blue water” ocean continued the last theme with an eloquent
currents. Mr. A. Hauguel (Laboratoire discussion of open boundary conditions .
Na t ional d’Hy draul ique , Chatou , France) Wind Waves and Mixed Layer. The
discussed a model for  longshore currents  remainder  of the papers at the Col loquium
in the surf zone. As Hauguel poin ted dea lt w ith a tmosp her ic ef f ec ts o f the
out, these currents are important for ocean ’s mixed layer and wind-generated
scouring around shore i n s t a l l a t i o n s, waves . The keynote paper for each of
as their maximum velocity is as great these top ics was presented by Kitaygorod-
or greater than tidal ones. From the skiy. In his first he described , in a
numer ical model for longshore currents , tutorial way , a box model which considers
the height and direction of waves are the entrainment of heat flux in the
calculated by using a ray refraction shear zone , lie discussed the three fun-
technique , then the currents (assumed damental equations used , namely ,  turbu-
to be steady in time) are taken into lence , heat , and momentum conservation
accoun t to compute the wave propagation. (the turbulent energy equation and po-
From the surf zone it is natural to tential energy change being due to en-
progress to coastal current papers . trainment), and presented three ways
One was pres en ted by Dr. Alan J. Elliott of closing the problem , all of which re-
(NATO’s SACLANT Anti-Submarine Warfare quire computing small differences between
Research Cen tre , La Spez ia , Italy) who large terms . To obtain realistic values
repor ted resul ts from a s tudy of low- of the Richardson number , he enlisted
frequency near-bottom currents at a help from laboratory experiments of S.
depth of 80 m at two locations about Turner (Cambrid ge University, UK) and
100 km apart off the west coast of 0. Phillips (Johns Hopkins Univ., MD).
Italy. There appeared to be no signifi - In his model , the initial stratification
can t coherence be tween any of the wind demands pr ec ise bathythermograms and
and current records ; however , sea level routine meteorological data. Interest-
did show coherency to synoptic-scale ingly, he reports heat flux is not related
wind field , but rot to local winds, to mixed layer depth , but stressed that
Th e curren t mooring data indicated that entrainment is most important .
curren ts nor th of the Elba R iver flowed La ter K itay gorodsk iy pre sented
para l l e l  to the  local  coas tl ine , with another excellent lecture on the wind
characteristic periods of 10-20 days. wave forecasting problem wherein he re-

Dr. Seto Sethuraman (Brookhaven viewed the literature , particularly 0.
Nat icna i  Laborat ory , NY) dis cussed a P h i l l i p s ’ h ypothesis  and h is  own work .
s tudy on the mechanisms of near surface He noted that according to theory (i.e.,
wind-generated currents in the Atlantic Phillips), waves grow too slowly. He
Ocean about 10 km off Long Island. approached the wave generation problem
The statistical studies reported by from a turbulence viewpoint , and con-
Sethuraman indicate that wind-generated cluded that this approach to wave gem-
ocean currents are related to the steep- eration is better than the earlier the-
ness of the surface waves accompanying on es for shallow water. Wave papers
changes in the wind direction , as for included both those with observational
example , with the passage of a synoptic data and numerical models. An example
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of the observational papers was that years to complete , and is said to be 
£

by Dr. Mark Donelan (Centre for Inland equivalent to a US Masters degree.
Waters , Canada) who presented laboratory A year before graduation, students are
and field measurements of the air-water assigned to other organizations where
momentum transfer as related to wave diploma work is completed . About 85% of
spect ra meas ur ed at iarious fetches , the graduates go to industry , the remain-
reporting that the fraction of momentum der to research institutes. The better
remaining in the wave field is up to students are said to receive offers of
20% of the total transferred across 4 to 6 posi t ions.  Al thoug h a committee
the air water interface. Dr. W. Rosen- ultimately makes the assi?nmemts , the
thal (Max-Planck-Inst, für Meteorologie , wishes of the students weigh heavily in
Hamburg, FRG) discussed a numerical the decisions. The gr~iduate nust remain
wave prediction model based upon a hy- for 3 years in his first assignmen t, af-
brid approach using wind sea state (a ter which he is free to seek another.
classical source function) , and provi- Beginning pay is 120 to 140 rubles per
sion for swell. The model appeared month ($170 to $200 per month). After
to work well using an actual wave data 5 years of work every engineer must un-
set. dertake additional education. Typically

The Tenth International Liege Col- this consists of alternating 3 days of
loquiun on Ocean Hydrodynamics was an work and 3 days of schooling for a per-
outstanding success. For further de- iod of 6 months. He must also complete
tails see the proceedings which will a research project.
appear in the Elsevier Oceanography At present there are about 500 for-
Series. (Paul F. Twitchell , ONR , Bos- eign students at the Institute. Foreign
ton , MA 02210) graduates , numbering about 1500 , have

come from coun tr ies  and area s such as
Po land , Czechoslovakia , Bulgaria , Hungary ,
Afr ica , As ia , Cuba , and South America.

Three f ields of general concern to
the Institute are (a) physics of solids

ENO%NEER%NO and microelectronics , (b) radio technol-
ogy (including communications , broadcast-
in g , and television) , and Cc) the theory
of control and calculation technology .

ULYANOV (LENIN) ELECTROTECHNICAL INSTI- We were given brief tours of and discus-
T~JTE sions on microelectronics , the compu ter

center , medical elec tron ics , and the
The Ulyanov (Lenin) Electrotech- Popov Museum .

nical Institute in Leningrad , founded Microelectronics. In the microelec-
in 1886 , is said to be the oldest In- tronics area interests include produc-
stitute in- Europe on electrotechnology. tion technology, functional electronics ,
Ori ginal ly  the telegrap h was the pri- optical electronics , acoustic electronics ,
mary interest. Prior to the revolution computer-aided design ( CAD) , metal-oxide
work began on electr ic power sys tems , sem iconductors CMOS) and bipolar tech-
and after the revolution signif ican t no log ies , testing (built-in testing),
contributions were made to the develop - and microprocessors . Emphasis is on
ment of the plan for the electrifica- instruction , research , simple demonstia-
tion of the USSR. Later in the’30s tions , and desi gn. Fabrication is ac-
and 4 0s , efforts in electric devices complished mainly in collaboration with
and electronics were undertaken, industries such as Svetlana , Pos it ron ,

The first rector of the Institute and others. Although ion implan tation
was Alexander Stepanov Popov after whom techniques are taught at the Institute ,
the Popov Society is named. This So- there are no in-house implantation fa-
ciety was the host to IEEE exchange cilities . However , a very ambitious
group of which I was a member on my building program is underway at the .In-
visit to the USSR (see the proceeding stitute (attesting to the serious intent -

issue A~SN 32-11:368). Some 12 ,000 stu- of the Soviets in this area), and micro - -~
dents now attend the Institute , of whom electronics processing laboratories
35 to 40% are female. There are more are ~nc1uded in this program. Interest-
than 1000 faculty members , 120 of whom ingly, the new buildings have much
are professors and doctors of science , greater aesthetic appeal than is the
and three of whom are corresponding norm for Soviet architecture .
members of the Academy of Sciences. Questions regarding current indus-
The undergraduate degree requires SI trial technologies yielded little in the
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way of information. For example, we Baku is approximately 300 km. Pictures
were unable to learn what kinds of of the operating room in Baku revealed
logic (TTL, ECL, I2L, etc.) are utilized, a large digital display with digits 4.5 £

We were told , however, that emphasis cm high presenting data on temperature ,
is on 8- and 16-bit devices for auto- heart rate, respiration rate, etc. The -
matic production control, that yields intensive care room features special dis-
are of the order of a few percent for plays for each bed.
chips 2 to 6 mm on a side with 5,000 Akhutin noted three areas in which
to 12,000 gates, and that 32- and 64- improvements are being sought, viz., (a)
pin packages are used, communications within the hospital , (b)

Computer Center. A tour of the communications between patient and corn-
Ins t i tu te ’s comput er center revealed puter , and (c) galvanic-contact-free
an array of computer equipment with sensors for monitoring patients .
ES (EC in Russian) designations of Preventive medicine is endorsed and
6012 , 6022, and 7022 , and Minsk 32. encouraged in the new Soviet constitu-
Carl Zeiss (Jena , GDR) magnetic tape tion, We were shown a photo of an in-
units were in evidence, The center strument that will be utilized in a
is getting a new several-megabyte ES- preventive medicine program . It answers
1065 system , which will accommodate and records sixteen biolog ical parameters
100 to 200 terminals. Present capability in four minutes and does not require that
includes 512-K core memory , 600-nsec the patient undress. In the proposed
access t ime , l .2-~ sec cycle time , 200- scheme each patien t will have a card which
nsec clock t ime , and 7 megabytes of stores his medical data. This is inserted
dis c memory. FORTRAN and other US con- into the instrument while his medical
puter languages (in English) are used , parameters are being determined , and any
and we were told there is no interest deviations from tolerance are si gnaled .
in conver ting to the Cyrillic alphabet. In a tour of his laboratories , Ak-

Department of Biomedicine and Pro- hutin mentioned instruments to be used
tection of Environment. Although this in training swimmers, and in moni toring
title impl ies a broader mission , this the ir performance so as to attemp t to
Department was said by our host , Lenin pred ict the probability for their success
Prize winner Dr. V,M. Akhutin, to be in the Olympics. He voiced words to the
the first department of medical elec- effect that this would bring victory to
tronics in the Soviet Union. Akhutin ’s the Soviet swimmers—but appeared in fact
primary interest is the application to be joking about the difficulty of corn-
of electronics to health care delivery peting with the East Germans , who so don-
for remote regions of the USSR. To m ated swimming in the last Olympics.
illustrate the nature of his work he The Alexander Stepanov Popov Museum.
showed us photos of aspects of the sys- Soviets refer to Popov as the father of
ten in operation in the Azerbijian Re- radio , ard this museum contains an in-
public , which is popula ted by two nil- teresting collection of his transmitters ,
lion people served by one hundred physi- receivers , and related memorabilia.
cians. It is not practical to place In 1895 he achieved communication over
a clinic in every village , and so a a distance of 80 m , extending this in
large center was established in Baku , 1899 to 25 miles. On exhibit at the mu-
a large city. In addition to medical seum is a North American Philadelphia
facilities the center has at its dis- newspaper dated September 11 , 1901, that
posal communications faci l i t ies, a corn- reports Popov ’s 260-mile wireless link
puter , ambulances , heli copters , and between North America and a ship in the
fixed wing aircraft. The computer is Atlantic. Al though Marconi is generally
the “brain” of the center , storing medi- accorded significantly more credit in-
cal information, providing consultation ternationally for the overall development
information to physicians in remote lo- of wireless communication , there can be
cations, regulating dispatch of assets , little question that Popov was a very
decyphering EKG5 , etc. Physicians significant contributor, (Ted G.
carry special devices that allow them Berlincourt, Office of Naval Research,
to digitize medical data near the pa- Arlington , VA)
tient and to transmit the data via tele-
phone or radio. The distortion vulnera-
bility of analog data transmission is
thereby avoided. Distance from the
most remote village to the center in
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ME CHAN I CAL ENGINEERING AT THE UNIVE RSITY the surfaces spall and the particles oh-
COLLEGE OF SWANSEA served have sharp, jagged edges. Fail-

ures caused by combined sliding and roll-
The Uni ver sity College of Swansea ing r esu lt in la rge bits being broken

has a well-developed p rogram in the out of the surface. In the case of non-
Department of Mechanical Engineering magnetic particles, the lubricant is doped
from the undergraduate level through with an additive that adheres to the par-
doctoral studies. The Department ’s tid es and makes them magnetic. The
research program in the field of lubri- process of analysis then is the sane as
cation is a particularly distinguished for magnetic particles. Barw ell ,
one , and hence most of this report will being interested in the arthritic degen-
deal with this and with the program eration of joints in vertebrates has also
in human reaction to vibration. During studied the suspension of particles in
my visit , I was conducted around the the synovial fluid that lubricates such
Department and shown the various facili- joints .
ties by Prof. F.T. Barwell , Head of The question of a proper strategy
the Depar tmen t, who is retiring soon, for the lubrication of engines was then

Research in lubrication takes place discussed. Is it proper to change the
a t the Swansea Tribology Cen tre , which fil ter of an engine but to keep the
is a cont ract research organizat ion old lubricating oil , or to change the
carry ing out applied research , develop - o i l  and keep the old f i l t e r?  At Swansea
men t, and desi gn work for industry , they have noted that the old filter is
Examples of activities at the Centre partially clogged with par ticles from
are: The design and kinematic behavior the mating bear ing surfaces and there-
of ro lling con tac t bearings including fore seems to do a better job of filter-
measuring the stresses tha t develop ing the lubricant . However , the danger
in r.olling contact and the performanc e that the filter may become so loaded
of complete bearings; the evaluation with par ticles as to cause too grea t a
of fluid and solid lubrican ts and dry pressure drop in passaging o il through
bearing materials; the analysis of fail- the filter is a consideration that miti-
ures in industrial plants; the redesi gn gates keeping the old filter indefinitely.
of installations to avoid recurrence It was also noted that if the oil is
of failure ; the design a ssessmen t and used for too long a period , the long-
actual design for new plant installa- chain additive molecules are broken and
tions ; and the training of eng ineers the lubricating properties of the oil
in tr ibolog ical subjects. degenerate.

The wear of surfaces and the effect An on-going study of the traction
of additives for lubricants in diesel behavior of elastohydrodynam ic lubricants
eng ines are being studied by Mr. Mervyn that behave like elastic solids under
H. Jones. An important instrument in extremely high pressure is under the di-
these studies  is th e ferro grap h , which rec tion of Dr. Br ian J. Roylance. Such
is a magnetic chip detector. In the lubricants are useful in traction drives
fer rogr aph , oil containing chips i s when a t the po int of contact, the pres-
run down a thin glass slide placed sure renders the lubricants solid and
against a powerful magnet. The magne t the traction afforded can become high.
attrac ts magne tic par ti cles from the These lubr ican ts have been stud ied for
oil and precipitates them against the rolling contact applications in contin-
slide. Since the larger particles are uously variable speed transmissions .
precip itated earlier than the smaller The appl ication of such lubricants has
ones , there is a gr~idation in particle also been studied for gears , however ,
size that cam be observed on the slide the difficulty here is that the point
in the direction of flow . The particles of contact between the mating gear teeth
are then counted , using optical tech- experiences sliding as well as rolling -

niques , and their characteristics are at all points along the line of action
noted. For instance , particles caused except the point on the common axis be-
by the sliding contact between surfaces tween the two gears. Another generalized
as in equipment being run- in  have the effect  of lubricants as applied to gears -
same characteristics as those that occur is on inter-grain stre-ses in the mate-
in machining . Slip failures are involved nials of the gears or ther mating sur-
here. In the case of rolling contact faces. Where a materisi i’ made up of
between surfaces, failures of the sun- many crystal grains whos. properties are
faces are caused by fatigue, and hence not the same in all directions the random
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orientation of the grains causes high sors , and pumps; surg ing of flow through
stresses between the grains when an fans and associated flow systems ; the
overall stress is applied to the poly- excitation of acoustic and mechanical
crystalline material. In the case of oscillations due to vortex shedding ;
contact stresses during rolling, the and flow-induced vibrations involving
poin t of con tact represen ts a smal l nonlinear sti ffness compl ete the p ic ture -
area and the force transferred through of the Department ’s research program.
i t is great; the overall stress applied (Martin Lessen)
to the material then causes extremely _______________________________________
large s tresses to ex is t be tween separate
crys tal grains. If a lubricant is used
that can separate the ma ting surfaces SCIENCE
appreciably and thus spread the load
over a larger contact area, the inter-
grain stresses will be reduced and roll- - INTERNATIONAL CONFERENCE ON DEFECTS AND
ing fatigue failures will be decreased. RADIATION EFFECTS T~ SEMICONDU CTORS
Such effects are also being studied -

by Roylance . The International Conference on
The problem of turbulent flow jour- Defects and Radiation Effects in Semi-

nal bearings is under investigation conductors , held in Nice , France , in
by Dr. John 0. Medwell. In this study September 1978, was one of a group of
an appara tus containing a 24-in. -d iam . three small specialty semiconductor con-
shaf t can be run to speeds of 60,000 ferences timed to bracket a very large
rpm ’s per m inute wi th  bear ing cleara nces one in Ed inburg h . The Conference forms
varying between two and five thousandths part of a series that has had a substan-
of an inch and eccentricity ratios tial history as it was the tenth meeting ,
of 0.7. The eccentricity ratio is the and therefore in view of the roundness
d istance between the centers of the of that number , it nay be espec ial ly
journal and the bearing divided by the valuable to attempt to assess where the
average rad ial clearance. In the ap- field stands. To state a conclusion
para tus , Reynolds numbers up to 10 ,000 briefly at the beg inning , it seems to
are achie ved , based on a scale le ngth us that  the f i e ld  is promising and that
of the clearance and a velocity scale we are probably in the early part of
of the relative velocity between the the S learning curve with prospects of
two surfaces. The main thrust of these rap id growth in the next few years.
stud ies is to arrive at an optimum de- It has been a long time coming. (By
sign of lubricant inlet for the best contrast , the color centers in alkali
heat transport from the bearing. The halides that are also formed by radia-
apparatus contains temperature probes , tion ar~ very well understood , and th is
and thus far there has been no diffi- area seems to be nearing maturity.)
culty in convecting away the heat dis- Consid~ ning the apparent difficulty of
sipated in the lubricant, the s tudy of defects and radiation

The program on human reaction to effects in semiconductors , what is it
v ibra tion is under the direc tion of tha t con tinues to push the inves tiga tors?
Mr. N.J. Clark. Apparatus that simu- From a practical point of view there
lates the vibratory conditions in rail- are two sets of problems to be solved.
roads , helicop ters , hovercraft, and One arises from the discovery that ion
the l ike , is used to subject an m di- implantation is sometimes a very useful
vidual in a seated or standing position way to dope semiconductors. However,
to either a sinusoidal or a complete the process inevitably also creates ra-
spectrum of excitation. The studies diation damage that normally has a de-
here , carried out in conjunction with leterious effect. Knowing what this
the Department of Psychology, seek damage is and how its optical , therma l,
to establish quantitative criteri a re- and electrical properties may be con-
garding comfort in the use of hand tools trolled is obviously very pertinent.
such as pneumatic drills and chain saws, The other point is that impurities and
and the degeneration of human tissue defects in semiconductors are the basic
including loss of circulation and sen- building tools for devices. Their
s i t ivi ty  in the hands, origin, diffusion, and annealing are

Various studies in two-phase flow, all part of the great explosion in semi-
aerodynamics of high-speed vehicles , conductor technology. Here we are at
unsteady flow through turbines , compres- the heart of the business.
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The opening sessions of the Con- as a linear combination of atomic or-
ference were devoted to theory . It is bitals (LCAO) expansion using orbitals
he re that there seems to be the greatest centered on atomic positions lying with -
oppo rtun ity fo r progress. Within the in the range of the impunity potential.
last year a large number of theorists The Green’s function equation is sub-
have begun to tackle the problem in sequently iterated to produce a density
new ways. To be of maximum usefulness matrix which is then used to construct
in identifying the nature of defects, a new impurity potential within the
a theoretical calculation of trap levels local density formulation. The whole
accu rate to 0.1 eV would be needed, process is repeated until self-consist-
Consider for a moment a simple defect ency is achieved. Unfortunately, nu-
in silicon formed by removing a silicon inerical results for a relaxed vacancy
atom from its normal position. The in silicon had not yet been obtained
atom is bonded to its four nearest neigh- at the time of the meeting , and it is
bo rs in a tetrahedral array. Therefore le f t  to the future to learn how useful
the vacancy is surrounded by four dan - th i s  new approach will be for calculating
gling bonds. These lead to multiple energy levels, wave functions, relaxa-
energy levels as electrons are added tions , and charge densi ties for defec ts
to the vacancy , and one wants to cal- in semiconductors. However , charge den-
culate them. In such a calculation sity distributions have been developed
there may be more than one electron in for pure crystalline Si and for the case
the center, thus the electron-electron in which a single Si atom has been
interaction should be included in some removed. These plots give a much more
way , and various ways of doing this detailed description of wha t a “bond”
are all approximate. If a number of is be tween Si atoms and what a “dangling
electrons are involved , the degeneracy bond” looks like when one atom is removed.
of some of the levels may be lifted Among semiconductor materials , sili-
by Jahn-Teller splittin?. Experiments con is both most widely used and best
that use pressure to align random Jahn- understood. G.D. Watkins (Lehigh Uni-
Teller spli ttings show that the spl i t -  versi ty,  Bethlehem , PA) reviewed the
ting ene rgy may be of the order of a knowled ?e available on vacancies and
half  to several eV. If a vacancy is in ters t i t ia ls  in Si. From theoretical
formed , the neares t neighbors will re- calculations it is expected that a va-
lax to mew equilibrium positions . cancy can introduce as many as four en-
In one case calculated by M. Jaros (The ergy levels into the forbidden band gap
University , Newcastle upon Tyne, UK) of Si depending on the number of elec-
distortions of 0.1 to 0.2 A were involved, trons or holes trapped at the vacancy.
and the energy change resul ting from While a number of energy levels have
the distortion was 1 eV. been found ~n silicon using older tech-There have been numerous calcula- niques suc~ elec tron paramagne tic
tions to a t tempt to solve the problem resonance LEPR) and newer ones such as
or pa rts  of the -problem of calculating deep level trans~--” spectroscopy (DLTS),energy levels in semiconductors. It Watkins felt tha~. •n ,. one electrical
is probably fair to say that the approx- level—a hole trap about 0.11 eV above
imations involved make the absolute the valence band—could definitely be
values of the energy levels unreliable , assigned to the silicon vacancy. The
but d i f fe rences between two calculations evidence here rested on similar annealing
using the same approximations are often behavior of the EPR, which identifies
quite useful in a qualitative way. the center , and the DLTS , whi ch g ives

Within the last year, groups at its energy level. Further studies have
Bell Laboratories and IBM, as well as given the energy of migration of the
Jaros and his collaborators , have been vacancy and followed it as it becomes
exploring a new approach. G.A. Baraff associated with impurities such as Ge,
and N. SchlVzter (Bell Laboratories , B, and 0.
Murray Hill , NJ) discussed their work When vacancies are created by in-
in this regard. Their calculations radiation in p-type silicon , the ejec ted
are based on a scattering type Green’s atom becomes an interstitial that is
function that is evaluated using the mobile even at liquid helium temperature.
unperturbed eigenstates and energies It may diffuse to a substitutional
of a self-consistent pseudopotential impurity, be trapped there, and exchange
bulk crystal calculation. The perturbed places with the impurity atom so that
crystal wave functions are expressed the impurity is now in an interstitial
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position. In n-type silicon , irradia- diffusion and the interaction of impur-
tioñ produces pairs of vacancies rather ities when several are present makes
tham isolated vacancies. R.H. van der this a technically important area that
Linde and C.A.J. Amerlaam (Univ. of is now imperfectly understood at a basic
Amsterdam, the Netherlands) showed level. One positive result is that dif-
that these divacancies could be aligned fusion of self-interstitials in Si is
by stress or by illumination in their now considered dominant over vacancy
absorption band with linearly polarized mechanisms.
light. Even at temperatures as low Ion implan tation has been going on
as 15 K, however, this alignment dis- for some time; during the last year or
appears in a few minutes. two in the West there has been a great

There is a great deal of interest interest in the use of laser annealing
and activity in the use of the Ill-V which was first studied in the USSR.
compounds , such as GaAs and GaAlAs , The process that is widely used is as
in devices. The understanding of the follows: Under ion bombardment a thin
nature of defects and irradiation ef- layer of the semico*ductor is made amor-
fects in these material s is considerably phous , and this layer traps ’a hi gh con-
behind silicon. However, a major ad- centration of the bombarding ions. A
vance was reported by T.A. Kennedy short laser pulse of a few joules/cm2
and N.D. Wilsey (Naval Research Labo- melts the amorphous layer and perhaps
ratory, Washington , DC) who found an a small amount of the crystal substrate.
EPR spect rum for the ga l l ium vacancy After  the laser pulse ends , the l iquid
in heavily zinc doped GaP after d cc- solidifies by growing as a single crys-
tron irradiation. This appears to be tal from the substrate. This makes it
the f i rst clear EPR spectrum in a class possible to achieve a higher concentra-
of materials for which it was predic ted , tiom of impurities in the semiconductor
even at this Conference , that none would surface layer than can be achieved by
be found, ordi nary d i f f usion . At the same time,

The Il-VI compounds were reviewed the laser annealing succeeds in removing
by Paul Dean (Royal Signals and Radar the radiation damage resulting from the
Est . ,  Mal vern , UK) . His main c oncl u- ion implantation . Care must be taken
sion from very elaborate analysis of to put in enough laser energy to melt
low temperature luminescence and excita- all of the amorphous layer while not using
tion spectra is that the edge emission so much that the final  surfac e becomes
of ZnSe and ZnTe shows no evidence of pitted or unregular. All in all the
involvement with vacancies or other use of laser annealing seems to be a use-
intrinsic defects. His work has been ful tool to add to the armory of tech-
reviewed more completely in a recent niques available to the semiconductor
article in RSN (32-11:391). Other stud- device developers.
ies reported at the Conference- were In giving a closing review at the
involved with Ge , diamond , hydrogen Conference , J.W. Corbett (New York State
in Si and Ge , and the effects of dis- Univ. at Albany , NY) said that the f ield
locations, is past the slow initial grow th and is

Two presentations dealt with Mess- poised for a rapid advance, He suggested
bauer spectroscopy of Co in Si and of that theory may be becoming sufficiently
Sn in GaAs. This method combines some precise to allow identification of cen-
of the virtues of a trace method with ters from predicted energies. A wide
a defect specific method like EPR, al- variety of sophisticated measurement tools
lowing one to distinguish different is now available. Corbett indicated that
sites in the crystal, these are most effectively used when sev-

Because of their practical impor- eral are brought to bear cooperativel y
tance, a great deal of attention has on the same problem.
been given recently to diffusion of The Conference , though small , was
defects and impurities in semiconductors an extremely active and lively one spread-
and to the use of ion implantation fol- ing in many directions with great energy.
lowed by laser annealing as a way of The proceedings will be published by the
doping semiconductors. British Institute of Physics next year.

The diffusion results seem to be Surprisingly, the att endance at the Con-
far from clear. It is difficult to ference held up well even though the wea-
decide what are the basic processes ther was at its end-of-the-summer best
in Si and Ge. The additional compl ica- and the beach at Nice was just across
tions introduced by radiation enhanced the street luring delegates with its
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macroscopic and microscopic charms, environment, and 2) those that provide
With the Conference running from 0900 information about the environmental
to 1800 hours , the only way to leave conditions which lead to SCC. Both
wi th a Med iterranean glow was to elimi- types of test have their uses, but it
nate lunch in favor of sun . For many is the la tter type that prov ides the
that sacrifice was painful but still designer with more significant informa-
well wo rthwhile. [ (Cl i f ford C. Klick tion , because he wants to keep we-il away
and A.K. Nedoluha, US Army Research from SCC in general and doesn ’t particu-
and Standa rdization Group (Europe) ] larly care whether one alloy is only

slightly better than another in this re-
gard. In the introductory lecture ,
Parkins no ted tha t the physical metal-
lurgy and frac ture mechan ics of SCC have

STRESS CORROSION TEST METHODS been extensively studied , and there is
now f airly good work ing knowledge of both

In stress corrosion testing, as aspects. In other words , we know quite
in “punk” fashions, there is apparen tly accurately how to de termine KISrr, and
nothing new under the sun. Imagination we can conduct alloy screening ~~sts ,and variety abound , as I observed at but we cannot always accurately answer
the annual meeting of the European Fed- the question: “Will alloy A stress cor-
era tion of Corros ion ’s Working Party rode in environment B?” Usually unless
on Stress Corros ion Tes t Me thods he ld there is pr ior serv ice exp er ience , we
19-20 September 1978 in Firminy (Loire), cannot definitely predict the behavior.
France. Unlike many other meetings We know, of course , that conditions for
on stress corrosion cracking (SCC) , SCC are highly specific , that there are
this one was not concerned with mech- certain environments that can lead to
anisms of the fai lure proces s, bu t wi th SCC in cer ta in all oys , that there are
the rather specialized aspect of elec- specific ranges of potential and pH that
trochemical methods of testing and pre- favor SCC, etc. However , the designer
dicting SCC behavior. Prediction of needs specific information about the kind
the potency of the environment in promot- of environmental conditions to avoid
ing SCC in alloys cons titu tes one of in a given case (chem ical concen tra tions ,
the m ajor problem s in avoiding service tempera ture ran ges , potential ranges).
fa ilures , and the mee ting was en tirely With this information , it is possible
concerned wi th this aspect. This is to design out SCC problems in most cases.
not to say that the topic of SCC testing As pointed out later in the program by
has nothing to contribute to the under- C. Edeleanu (Cambridge Univ. , UK) , this
standing of cracking mechanisms . Clear- basic information may b e usefull y or
ly,  the study of mechanisms and the necessarily augmented by on-line environ-
prediction of service behavior are areas mental checks and in—aitu tests. Ulti- -:
tha t canno t be separa ted, and each mately, we would l ike to be able to
makes valuable con tr ibu tions to the pred ict SCC behav ior for any given
other. A total of 30 papers were in- alloy/environment combination without
cluded in the program , including two any experiments at all , but this is a
invited reviews , given by Prof. R.N. long way off.
Parkims (Univ. of Newcastle upon Tyne, Parkins presented a useful concep-
UK) and Dr. M. Keddam (Univ. of Paris , tual framework in which to view the gem-
France); the rest were shorter papers eral SCC environmental problem , noting
with very generous discussion periods , that SCC requires a sort of critical
The meeting attracted about 90 attendees balance between activity and passivity.
to the pleasant locale in the hills Under conditions of complete activity,
of southern France. Although 8 coun- the alloy experiences general corrosion , -

tries contributed to the program , the while if completely passive , the base
meeting was mainly Franco-British , with metal is protected. Only at some inter-
two-thirds of the papers from these mediate condition does SCC occur. This
two countries. About half the attendees idea has not only mechanistic implica-
were from France. tions relative to film breakdown and re-

There are numerous tests for SCC, pair but also implications with respect
which can be grouped into two catego- to testing to predict susceptibility to
ries : 1) those that discriminate between SCC. Therefore it is not surprising
susceptibility to SCC for various men- that most of the SCC test methods dis-
bers of a family of alloys in a given cussed at the colloquium related to the
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stability of the passive film and/or dynamic polarization methods to fernitic
to its kinetics of reformation if dis- steels was described. Here , it was shown
rupted. The concept that a semi-active! that , al though the potential range for
semi-passive condition is required SCC can be delineated well enough from
for SCC means that inherently active measurements on unstrained electrodes ,
metals must have a degree of passivating the varying cracking propensity of a se-
factors built into the environment, such ries of steels cannot be accurately re-
as (partial) addition of inhibitors; flected by the da ta , so straining elec-
on the other hand , inherently passive trode tests must be introduced to delin-
metals must be subjected to an active eate the kinetic factors. Parkins also
environment since the film must now noted that allowance must be made for
be (partially) broken down. Thus SCC pH changes dur ing constant-strain rate
test methods tend to evaluate passive and polarization tests.
f ilm bu ild up or breakdown , depending When bulk environmental experiments
on the situation. There is a wide va- are supposedly insufficient , Parkins sug-
riety of experimental approaches, and gested that perhaps pursuit of the micro-
the primary aim of the meeting was to environment had been overemphasized.
convene the espousers of the various It is clear that in order for SCC to oc-
techniques. cur, the potential must obtain a rather

Parkins pointed out that the prob- specific and often narrow range and that
len is fur ther comp li ca ted when the th is typ ica l ly  does not overlap the
cracking environment differs from the freely corroding potential . Therefore ,
bulk , as for example in crevices , under from a practical viewpoint , we shou ld
d ebonded coa tings , and as a result of try to understand in general how the po-
h eat transfer , etc. Unfortunately this tential obtains this range.
type of situation is quite common , and Touching on ptirely “paper predic-
indeed , the crack ti p environment gen- tions ” for SCC , Parkins outlincu the use
erally differs from the bulk. A good of potential-pH maps to delineate regions
dea l of basic work on SCC has dealt with of susceptibility to SCC. Typical ly ,
the question of crack tip chem istry , based primarily on knowledge of “spe cies
but this has not substantiall y assisted produced” in various ranges , a SCC re-
the designers. In d iscussing SCC gion wil l be bounded by the lines rep-
test methods , Parkins distinguished be- resenting equilibria for anodic protec-
tween situations in which knowledge tion , pitting , and general dissolution .
of the bulk environmental chemistry Parkins presented some correlations be-
is sufficient for predictive purposes tween these kinds of calculations and
and those in which the local chemistry experimental data that showed quite good
in or near the crark must be considered, agreement. Unfortunately, these methods
If one cons iders that in order for a are not likely to be readily accepted
crack to propagate the rate of dissolu- by designers at present.
tion at its sides must be substantially The other plenary lecture , by N.
less than at the tip, then as the crack Keddam (Univ. of Paris , France), concid-
grows , each point along its sides ex- ered in detail the mechanical and elec-
perienLes an active-to-passive transi- trochemical aspects of passive film break-
tion. Thus in ScC testing , Parkins ’ down , and the various test methods that
work has tended to emphasize experimental relate to these mechanistic aspects.
schemes that delineate the kinetics lie pointed out that all SCC tes t methods
of the active-to-passive transition, relating to environmental influences can
For example , current decay (I vs t )  be divided into two groups: those in
at various fixed potentials , or poten- which the passive film is destroyed by
t iodynamic sweeps (I vs E) at various external mechanical action (e.g., scrap-
po ten tial sweep ra tes (~ E/~ t ) are qu ite i ng) , and those in wh ich the f i lm  is
useful . In the latter case , the poten- broken by strain of the underlying bas e
tial ranges where the polarization metal. Furthermore , in each case , the
curves differ in position may be inter- film may be disrupted either continuously
preted roughly as the area of possible or discontinuously. This gives a matrix
susceptibility to SCC. Furthermore , of four types of tests , which may be
the potentiodynamic experiment accom- referred to in abbreviated form as con-
pu shes this in one experiment , whereas tinuous scrape , single scrape , continuous
the current-decay method requires a se- strain , and transient strain. The data
ries of I vs t runs at various fixed po- accumulated from such tests very often
tentials. The application of potentio~ take the form of potential-time CE vs t),
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current-time (I vs t), and current- Saint Etienne , France). In these pre-
strain (E vs e) data, perhaps at van - sentations, attention was given to the
ous strain (film disruption) rates , predictive capabilities of electrocheni-
In general, one would like to be able cally controlled tests of short duration
to relate the rate of film destruction (days) as compared to longer conventional
to some measure of the rate of reforma- immersion tests (such as U-bend tests)
tion (current, potential , etc.) and then in similar environments. Hickling , using
correlate this with some model of the data obtained for Inconel 600 and In-
deformation and reformation processes . coloy 800 alloys in boiling 50% Na OH
Keddam reviewed various workers ’ me thods so lutions , showed how controlled poten-
for this noting that a wide range of tial U-bend tests demonstrate the strong
stra in ra tes are used , from very slow potential-dependence of SCC and of the
up to almos t “explosive” including mode of crack growth, thus exp lain ing
fracture-repassivation studies. In some of the contradictions in published
all cases , the s t rai ning/ scraping results  where potential  control had not
method attempts to simulate conditions been used. Hickling ’s experiments in-
at the crack tip where it is assumed cluded potential decay (po tential vs
that there is always some critical time, E vs t) from values initially in
relationsh ip between mechanical effects the passive region ; fron E vs t curves ,
and electrochemical activity . The one can identify the time po in ts at which
strain/ scrape me thod produces fresh si gnificant changes in film structure
metal , and the electrochemical activity occur . He also presented correlations
on this is monitored. Keddam also dis- between the potentiodynanic experiments
cussed the various electrochemical and cross-sectional cracking profiles
techniques tha t are app licable to SCC to delineate the mode of crack propaga—
evaluation , such as the ring-disc elec- tion. Pesall ’s resu lts for s imilar
trode , by which the various components nickel-based alloys in 10% NaOH solutions ,
of current in I vs t decay curve s can also showed the dependence of SCC behavior
be determined. Keddam , as did Park in , on potential , with maximum susceptibil-
noted the difficulty in using microelec- ity observed around the active-passive
trode type techniques to monitor the transition range of the anodic polari-
crack tip environment directly, and he zation curve . His experiments included
d iscussed some of the specimen designs the development of a family of crack
tha t have been used in attempts to model growth curves (crack length vs time ,
the cituation. i~a vs t) at various controlled potentialsBeyond the two plenary lectures . from which one would hope accurately to

- ‘~e program consisted of research papers extract a ~a vs t curve at the natural
deal ing with specific test techniques (“freely corroding ”) potential , as well
and their application. The relatively as a critical crack depth , ac , for cra:t-
short program did not attempt to group growth . Ultimately , the aim is to o1

~tain
papers on the basis of either tes t two essential parameters for predictive
Me thod or application area. The major purposes , the time to obtain a growing
-analytical areas covered were 1) van - crack and the steady-s tate crack growth
ous f i l m  d isrup tion techn iques , includ- rate.
ing straining and scraping electrodes ; Althoug h it was not the primary aim
2) various electrochemical monitoring of the colloquium , several papers use-
m ethods ; 3) micros truc tura l and surface fu l ly devo ted some time to mechanism s,
observations , including metallographic , espec ially in the case of stainless
electron microscopic , and ell ipsometric steels: these issues were considered
methods ; 4) m icroelec trode studies ; in presentations by D.J. Duquette
and 5) thermodynam ic calcu lation s , (Rensselaer Polytechnic Institute , Troy,

In term s of applications , consid- NY), B. Rosborg CAB Atomenerg i, Studsvik ,
era~ Ie a tten tion was given to ferrous Sweden) , D. Desjard ins (Universit~and •~ickel-bas e a l loys .  Several au thor — Bordeaux I , France) , A. Desest ret (Con -
considered tests to evaluate the SCC ference co-organizer , CREUSOT-LOIRE ,
prop ensity of superalloys and stainless Unieux , Franc e) ,  and others. My corn-• steels in steam generator-type appli~a- ments here will be limited , as was the
tior- , including J. Hickling (Kraftweik theme of the colloquium , to revelations
U nj j a ,  AG , Erlangen , FR G) , N. Pesall abo ut test methods .
(Wcstinghouse Electric Corp., Pittsburg h , Desestret pointed out that SCC of

\ ) ,  ~nd C. Buscarlet and co-workers stainless steels is now generally accepted •

~~c- ’ -~ N at i ’  • :i~ e ~up f ’r ieur c  des Mines , to dep end on several factors: (a) inech-
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anical deformation at the microscopic compared to that in the active region
scale , (b) ch emical or electrochemical was taken as the criterion of suscepti-
dissolution of depassivated unfilmed bility , and the results were compared -•
metal , and (c) repassivation rate, with standard IGC tests. C. Herbsleb
Whether localized corrosion cracking (Mannesmann-Forschungsinstitut , Duisburg,
takes place depends on the interaction FRG) considered the problem of IGSCC
of these three processes. Process (a) in sensitized austenitic stainless steels
is probably dependent mostly on the and in nickel-base alloys in high ten-
physical metallurgy features of the perature (up to about 300°C) waters ,
alloy, while (b) and (c) are dependent through the use of time-to-failure vs
on the chemical/electrochemical inter- potential data which delineate a criti-
actions at the metal/solution interface. cal potential for SCC. B. Poulson (ATD
Thus , one can imagine that the relative Clarke Chapman , Ltd., Gateshead , UK)
kinetics of the three processes deter- considered the complexity of the rela-
mine whether cracking occurs. Desestret tionship between sensitization (the mi-
suggested that SCC occurrence depends crostructural condition) and suscepti-
on the modifica tion , by the mechanical bility to IGSCC (the environmental be-
deforma tion processes , of the electro- havior), showing that al though sensi-
chemical processes. Relative to SCC tization can be assessed by short-term
testing , his point was that electrochem- electrochemical tests , but that this
ical moni tor ing methods are therefore does no t always correlate with suscepti-
the logical way to analyze such modifi- bility.
cations. The electrochemical methods Referring to SCC in general , col-
he used allow determination of a criti- loquium discussion emphasized tha t for
cal strain rate for depassivation (a some alloy systems , it is possible to
parameter with strong dependence on predict SCC from microstructurally-
stainless steel composition) and an oriented types of observations , for ex-
order of magnitude estimate of crack ample by scanning electron microscopy
propagation rates (~ a/tit). The results (SEM) or transmission electron micro-
have also proved useful in interpreting scopy (TEM) examination after etching
physical me tallurg ical effects; for ex- by the expected environment or during
ample , for certain fernitic stainless straining of thin foils; these methods
steels in specific environments , the are an extension of the classical metal-
par ticular defo rma tion modes may cause lograp hic methods used to evaluate the
very strong localized depassivation , in tergranular  corrosion suscep tibil ity
and if the repassivation kinetics in of stainless steels. Also , a number
the particular environment are not suf- of the papers discussed the utility of
f ic ien tl y rapid , SCC will occur, various microstructural type observa-

Numerous papers have been published tions , including crack path studies.
on SCC of stainless steels in ~:hich the One of the more sophisticated d cc-
data presentation is in the form of trochemical approaches for SCC evalua-
potential-t ime (E vs t) curves during t ion was described by A.C . Coates
stress tests to fracture. Desjardins (British Gas Corporation , Newcastle upon
showed that prior measurements of mech- Tyne, UK) , namely the method of AC im-
anical properties as well as in—aitu pedance. This was used to establish
extension measurements (Aa vs t) are a rela tion be tween t ime cons tants for
useful in interpreting these E vs t passivation and SCC, fo r low-carbon steel
curves. A new test, in which a load in inhibited and uninhibited carbonate-
is briefly applied to the specimen was bicarbonate solutions. By use of auto-
also described: the potential rises matic frequency-response analysis ,
rapidly, then falls off, and the E vs t he employed the impedance spectra to
profile obtained can be correlated with del ineate various t ime cons tan ts for
crack velocity in a full SCC test, incremental stages of passivation.

A group of papers considered tests This method also has great value in mech-
o~ intergranular SCC (IGSCC) , particu- anistic terms; in the case Coates cited,
lanly for stainless steels. V. Cihal for example, the findings demonstrate
(G.V. Akimov State Research Institute the importance of passivatiom for the
for the Protection of Materials , Czecho- “pre-existing active path” model. In
slovakia) described a test method based addition an in—situ AC-impedance method
on reactivation from the passive state for monitoring steam generators was de-
in a specific electrolyte. The ratio scribed by M.W. Kendig (Brookhaven Na-
of the charge passed during reactivation tional Laboratory).
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Finally, a few papers on hydrogen people had been doing this kind of think-
assistance to environmental cracking ing and analysis for a long time (for
(HASCC) included contributions by J.C. example , Lanchester in the UK and Edison
Charbonnier (Institute Recherches de in the US during WWI), but nobody was
la Siderurgie, Francaise , France), listening ; this time the recommendations
J. Galland et al. (Ecole Centrale des of the OR people made a significant con-
Arts et Manufactures , France), and P. tribution to the winning of the Battle
Sury (Sulzer Brothers Ltd. ,  Switzerland) . of Bri ta in , and therefore the war , and
In order to predict susceptibility to so a new field was born. The first OR
HASCC , such measures as the constant society was in the UK , and while the In-
strain rate method at open-circuit p0- ternational Federation of Operations Re-
tential and activation pH measuremen ts search Socie ties , created in 1957 , now
on scrubbed electrodes were discussed , has almost 30 national societies as men-

In summa ry , it is clear that there bers , only one of them is titled “The
is a wide variety of experimental ap- OR Society,” and the field is still bet-
proaches to the problem of predicting ter known in the UK than in the US.
SCC susceptibility. The primary aim The BSc in the UK normally takes
of the colloquium at Firminy was to three  years (although some “Honours
consider and compare these. An ultimate Courses” requ ire four), but the entering
goal of the Working Party is to formu- student ’s prepara t ion is so muc h be tter
late standard tests procedures , but it than that of American high-school gradu-
is obvious that this will take time. ates (for example , many w ill have had
It is not even clear at present exactly linear algebra and differential equations)
how the various techniques (film- that the BSc ’s may be considered equiva-
destruction me thods , potential-scan lent. The MSc is normally a twelve-month
experimen ts , el lipsometry , microstruc- course. The PhD requires about as long
tural de termina tions , microchemistry , as in the US; it is usually exclusively
etc.) complement each other. There a research degree—there being no course
was some evidence that there is a pos- work— and the requirements for the dis-
sibili ty of develop ing sufficient un- sertation may be more severe than in the
derstanding of SCC processes in the US. Every graduate of a UK university
future so as to be able to predict con- is subject to examination by “external
di tions for SCC occurrence without cx- examiners ” from different schools , and ,
periment. However , one h as the fee l ing for  the PhD in par ticular , the final de-
that the design eng ineer is never going cision is made not so much by the thesis
to accept those dotted (theoretical) director as by the external examiners.
lines on the environmental map , and Wh il e f lunk ing the f ina l d efense  of a
that there will always be room for an- thesis is now almost unheard of in the
other good SCC test. (Jeff Perkins) US, it is not at all uncommon in the UK;

perhaps one third of the doctoral OR can-
didates in the UK are told by their ex-
ternal exam iners to go back and do mor e
work (or perhap s to g ive up entirely).

MATHEMAT~CA The PhD is no t a nece ssary prerequ isi te
U I.. in the UK (as i t is in the US) to theSCIENCES academic ladder , and only about half the

OR facul ty hold it. The much more pres-
tigious DSc in OR is held only by Prof.
Samuel Eilon a t the Imperial College of
Science and Technology (London) (and

GRADUATE EDUCATION IN OPERATIONAL RE- K.D. Tocher outside academe). Unlike
SEARCH IN THE UK the US, almost all OR faculty members

have had practical OR experience.
Operational Research (as they call The principal difference in gradu-

it—we call it Operations Research) ate education in OR is that practice is -was initiated in England in 1940 when heav~.ly emphasized in the UK , theory inseveral scientists (of whom Prof. P.M.S. the US. An American with a graduate de-
Blackett , Nobel laureate in physics , gree in OR will surely have studied a
was the most famous) were asked by the lo t of math , beyond which he will have
Royal Air Force to do research in op- had innumerable courses in mathematical
erational questions involving a mew techniques of OR (linear and nonlinear
gadget called radar. Of course , some programming , queueing theory , etc.)
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He will almost surely never have seen This use of projects in education
a real problem , and in some extreme is popular in the UK and is not restricted
cases will hardly have seen any text- to OR. The Business School at Manchester
book problems other than mathematical uses it, as does the Management Science
ones. The corresponding Briton will Department at Imperial College for stu-
be weaker on theory, and in extreme dents majoring not only in OR but also
cases may use virtually no math on his in such other fields as finance. That
course; on the other ha nd , he will have it has not been adopted in the US is
spent a lot of time ana lyz ing OR cases , probably due primar ily to the faculty
and in several schools will actually effort involved , but it may also be re-
have been out of the university for some lated to student attitudes: tuition fees
months getting his hands dirty in the in the UK are low (f800 for a 12-month
real wonld—working on a unique problem MSc in OR) and usually financed by gov-
that somebody really wants solved , and ernment grants ; in the US a student pay-
to which , in all probabil ity,  no optimal ing $4000 to $5000 for 9-month tuition
solution exists. At most schools the may feel he has a righ t to be lectured
projec t occup ies the last three months at. Moreover , mos t US pedagogs feel that
of the year , from June to September , the academic environment is most effi-
but at the Univs . of Hull and Strathclyde ciently used in conventional course work ,
the project lasts five months and the and that the project kind of thing is
course work is confined to the first best performed in apprenticeship on the
seven—supposedly a “very intensive” first job. The major difference between
course. It seems unlikely, however , OR ins truc t ion in the US tod ay and the
tha t studen ts there can learn fas ter only comp arable thin g , industrial en-
than those elsewhere. gineering , 30 years  ago , is that today ’s

The effor t required to find organi- instruction gives the student a strong
zations that have such projects and theoretical back ground which will pre-
are wil ling to have studen ts work on sumably m ake h im capable of lear ni ng and
them , to handle the administrative de- keeping up-to-date throughout his pro -
ta i l s , and to supervise the students fessional life. Theoretical learning
on a one-on-one basis is enormous, is very hard to come by outside academe ,
At As ton , as an ex treme examp le, cred it but practical experience can be picked
given to a faculty member for supervising up on the job.
one studen t on one projec t is abou t There are a lways  some studen ts who
equal to that given for teaching one cannot be sent out on real projects
course (to many students) for one term (either because a project is unavailable ,
(about equal to a US quarter). British or he is unsuitable—perhaps because
faculty are on 12-month contracts (at he is a foreign studen t with communica-
salar ies markedly below those of Americans tion problems), and so almost all of
on 9-mon th contracts) and so do not these schools have some “synthetic ”
get extra pay for summer instruction, projects that are not unlike most of the
The sponsoring organization is usually theses in the US. Some schools think
asked to pay the marginal expenses of these synthetic projects are better--
the studen t , and in a few cases the becau se , for  exa mple , there is less
department also assesses a small fee chance that they will turn out to be in-
bel ieving that this will ensure a real soluble or otherwise totally inappropri-
problem that someone wants solved ; most ate—and are using them almost exclu-
schools refuse such a fee as a ma tter sively , bu t no one in the UK seem s to
of pr inciple , feel ing tha t they n ight be thinking seriously of going to the
otherwise lose control and find that American system of depending entirely
the studen ts were be ing pu t to work on cours e work .
on unreward ing tasks. Most universi- Another important distinction is
ties report a considerable amount of that in the US the BSc in OR or something
repeat business , so there is some cvi - equivalen t would normally be required
dence that these inexperienced youngs ters fo r admission to th e MSc , where as in the
are able to make a useful contribution . UK most of the entering MSc students in

• although one cynic (head of OR at a OR have had undergraduate majors in other
British Corporation and a user of such sciences , engineering , or economics , and
students) tells me that the real cri- are assumed to have no OR training .
ten on is that they not do too much In this sense , there m a y  be no gradua te
ha rm, since the sponsoring organizations , education in OR as such available for
both governmental and industrial , are the undergraduate OR major other than
motivated largely by the eleemnosynary the PhD. It follows that the UK MSc
desire to aid the educational process, in OR will have less technical background
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than the equivalent in the US; this a few domestic ones) who finance them-
makes it all the more surprising that selves , and others have industrial spon-
it is the UK that has chosen to spend sorship (especially promising young
a quarter or more of the year on proj- individuals who have been working for
ects , while the US gives added course a few years and are sponsored by their
work in this period, employers). Many of the domestic OR stu-

There are some 600 institutions dents have grants from the Science Re-
of higher education in the UK, in the search Council which pays their tuition
following order of pres tige: (1) Ox- and modest living expenses . The grant
bridge (Oxford and Cambrid ge , the two g iv ing i s na tural ly  a complex process ,
oldest British universities); (2) the but in general the grants are allocated
other 45 un ivers i t i es ;  (3) the polytech- by the SRC to wo rthy schools , which
nics and the colleges of education ; then assign them to worthy students.
(4) a var ie ty of o ther colleges and Opera t ional research gets 100 of these
institutes of higher education. Vir- grants each year, more than mos t other
tually no gradua te educa tion in OR , cx- fields (more than chemistry , for exam-
cep t for isola ted cou rses , exists ex- plc), and mos t of these are g iven to
cept in the second category above, f ive large programs at Lancas ter , In-
Some 10 or 2 0 of these universities give pen al, Hull , Birmingham, and Sussex.
gradu a te OR degrees , and there are abou t There seems to be a general feeling
10 chairs in OR. As will be seen , these tha t there ar e too many MScs in OR pro-
numbers are hard to p in down. A chair grams (they average about 20 students)
in the UK is synonymous with a professor- and possibly too many students for the
ship, and is a rare and prestigious economy to absorb in OR. A large frac-
thing . Not more than 40% of the faculty tion of BSc and MSc graduates in OR
may hold the three hi ghest ranks (pro- obtain initial employment in OR groups ,
fessor , reader , senior lecturer); most industrial , commerc ial , and governmental;
of these are senior lecturers who cannot most eventually move out of such group s,
become professor until the chair becomes many up and into management. Starting
vacan t. But these chairs do not nec- salaries are low by US standards—~3,000essar i ly  co rrespond to grad ua te degre es , to £5 ,000 ($5400 to $9000) per year for
Thus Roger Col lcutt holds the OR chair students with no experience , but these
at the Business School of the Unive rsity do not appear to be lower than those
of Manches ter , but there is no OR de- of other MSc graduates.
gree there; at UMIST (the Institute of There follows a set of subjective
Sc ience and Technology at the same impre ss ions of some of these insti tutions ,
University) there is a Department of the length of the discussion bearing
Man agemen t Sc iences wi th si x cha irs , no relationship to the size or importance
one of wh ich is in Operations Manage- of the program .
ment and has a strong OR flavor; and The University of London has sev-
a third faculty at Manchester has an eral autonomous “colleges ,” two of which
OR-related chair of Decision Science, have graduate OR programs : LSE (the
At Imperial , E i lon , who holds the chair London School of Economics and Political
in Managemen t Sc ience , supervises a Science) and Imperial College (which spe-
large and prestigious graduate program cializes in engineering and the natural
in OR. At Bradford University , Kei th sciences).
Lockyer ’s cha ir in Production Manage- LSE had the first faculty post in
men t and Chris topher Higg ins ’ cha ir OR , then held by Ailsa Land , who is now
in Management Information both have a Reader. The OR program , which she
strong OR flavors. Lancaster has chairs heads , has about 30 MSc students , half
in both OR and Systems. At City Uni- in a strictly theoretical stream (math
versity (in London) the Department of techniques) and half in a practical one.
Systems Science has two chairs , with Only the latter have projects , and these
P.K. M’Pherson handling systems and are all “synthetic.” There are also two
management while L. Finklestein handles or three PhDs per year. There are only
instrumentation and control. All of two lecturers in OR, and so the cou rses
the above have significant pro~rams in economics , statistics , etc., are taught
at the graduate level. In addition , as service courses by other departments.
OR is taught by many departments of For these and other reasons they have
math , statistics , economics , etc. recently had no SRC grants , therefore

Financing of graduate education most of the P4Sc students have been for-
in the UK is a serious problem . There eign. Imperial has a massive program
are many foreign students (along with in management sciemce , admitting about
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70 to 80 MSc students each year, of At the University of Aston in
whom about 90% graduate. All do proj- Birmingham the OR chair is held by S.L.
ects , and all receive strong quantita- Cook. There are two MSc programs with
tive training as well as emphasis on about 20 studen ts each , one in OR and
applications ; the large minority who the other in Systems. Bo th ar e “sof ter ”
major in OR get a particularly strong than many other UK OR programs ; that is , $

dose of mathematical techniques. The there is less math and more behavioral
program is headed by Prof. Eilon , one science , organization theory, methodo l ogy ,
of the two incredible achievers on the and the like. There is also more empha-
Bri tish OR scene; the other is Prof. sis, espec ia l ly  in the systems course ,
K.B. Haley of Birmingham. - Each edits on data processing , and many of these
a technica l journal (Omega and Journa l graduates find employment in that area.
of the Operational Reeearoh Society , At Sussex Univcrsity the chair is
respec tively) , publ ishes prodi g ious ly , held by B.H.P. Riven., a young elder
serves as external examiner for other statesman who formerly held the f irs t
universities , on the SRC , on boards OR chair (at Lancaster). He was a p io-
of direc tors , teaches (and knows all neer in setting up industry-sponsored
h is studen ts ) ,  fulfills his commitments research programs . This University is
on schedule , and always seems to have located in the resort town of Bri ghton
time , on England’s sou th coas t and suf f e red

Birmingh am , UK’s second city, has more than most during the student upnis-
two universities , each with a chair ings of a decade ago. The OR department ,
in OR. At the University of Birmingham with its strong industry connections ,
the chair in OR (held by K.B. Haley) was a special target of the radical stu-
is one of three in the Department of dents , and barely survived. Today it
~ng ineering Produc tion , bu t the OR has a strong research program (much of
~roup , including one senior lecturer , it government-sponsored) , nearly 30 MSc
hree lec turers , and some research fac- students all of whom do projects (many
‘ity , is largely autonomous . They synthetic) , a large undergraduate ser-
• ive undergraduate service programs , vice program , and a few undergraduate
ave a large group of undergraduate OR majors.
R majo rs , and each year  g ive 15-20 The University of Hull’s OR depart-

~4Scs and 2-3 PhDs. (One of the current ment has very heavy emphas is on projects.
doctoral candidates is a lecturer in The 20 MSc students spend one week on
the Department; by University regula- the project during December , one day per
t ions not only will he have no course week from December to April , and ful l
work , he w ill no t even be ass igned a tine from May to September. OR has only
~ajor professor until his research is just received the status of a department ,
comple ted—certainly far different from and is headed by a Senior Lecturer ,
US practice.) While the MSc course Jame s Morrison , assisted by five lecturers.
is basically quantitative , the emphasis In spite of having no undergraduate
on practice is unusually strong ; there program in OR (they give a few service
i s a syn the tic m in ipro ject of thr ee courses , and are planning an undergradu-
weeks ’ duration (during which the stu- ate major in “Management and Operational
dents work in pairs) before the main Research”), they need so many facul ty
three-month project , which is never because of the heavy load of project work.
synthetic and is always spent away from Hull is one of the few places where the
the University . Even on the main proj- MSc in OR includes a full course in ac-
ect the students often work in pairs— counting .
a practice different from that of most Lancaster had the first chair in
other universities; Birmingham feels OR and now has two chairs in OR and one
that they can sort out the efforts of in Systems. One OR chair is held by
the ind ividuals in the pa irs ( impor tan t, M.G. Simpson (who has given up the post
because successful completion of the of head of department while he holds the -

projec t is a prerequisite for the award post of President of the OR Society;
- f the degree) and have, in at least Michael Chambers is the temporary depart-
ne case , passed one member of such ment head) and the other by Alan Mercer.

a pai r and fa i led the other . They charge The OR Department is very large , hav ing
a f cc of £250 for one student and £400 a faculty of about 15 in the ranks of
for a pair of students working on a lecturer and above. They have about 15
single project. research students (mostly doctoral can-
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didates), 36 on the master ’s course six of these chairs, with C. Higgins as
(they award the MA rather than MSc), Director; OR is taught under two of these ,
and 30 “diploma students” who are in- not necessarily under this name. The
adequately p repared in math or English Management Centre gives a three-year BSc , -~ 

£

for the master ’s course , and about hal f a four-year BSc , an MBA , a PhD, and con-
of whom go on to the MA after attaining siderable post-experience (non-degree)
the diploma at the end of a year. instruction. Much OR is taught in all
They also have about 25 undergraduate of these.
majors. Teaching loads are nom inally At Manchester the only chair in OR
12 hours per week of formal lectures is at the Business School. This School
dur ing the 2 8 weeks of the year wh en was es tab lished in 1965 using indus tr ial
lec tures are g iven , but this is reduced money in response to the apparent success
by project work and other assignmen ts of US busin ess education. Like almost
so that most instructors have about all other higher-education institutions
6 contact hours (these loads are probably in the UK , it is now government funded.
typical). All students do projects , Everyone in the School gets some OR , but
and 80% of the organizations that spon- not in separate courses; the same is true
sor a project in any one year will be of the extensive post-experience courses.
sponsors again the following year. The School has perhaps gone farther than
The OR Department at Lancaster is one anyone else in their projects; all of the
of the few that has made an organized MBA’s do them , and even on ten-week man-
effort to obtain sponsored research agement courses they have short projects.
from industry. On the whole this has Among the other faculties at Manchester
not been as successful as at many Amen - ire Economics , which has an OR-related
can universities , but it does g ive some chair in Decision Theory , and the Insti-
faculty members an opportunity to work tute of Science and Technology (UMIST) ,
on interesting problems and supplement where the Department of Management Sci-
their salaries; graduate students are énce has six chairs , one of wh ich , Opera-
r arely used on such sponsored research , tions Management (Robert Hollier) is

Lancaster also has a Department OR-related. OR is also taught in the Math
of Sys tems , headed by Professor Peter Dept. in UMIST.
Checkland. This was formerly the Dc- Strathclyde University is located
partmen t of Systems Engineering , under in the hear t of Glasgow, a declining city
G. Jenkins , and had a classical eng i- (once having had a c la im to be the Second
neer ing outlook . It has now become City of the Empire , it is now cons idered
much softer , with emphasis on organi- by some to be the second city of Scotland).
zations , da ta processing , etc. Mas ter ’s The head of the OR department is Prof.
degree studen ts in th is course also W .A . Donaldson. They take their projects
do projects. very seriously; the 20 MSc students do

Warwick University (located in 5-month projects after an intensive
Coven try,  some 10 miles from Warwick) 7-month course of lectures , which are
has several faculties , one of which quite quantitative .
is the Faculty of Social Sciences; in In addi t ion to all the above , there
th is there are several s chools , one are many post-experience courses , vary -
being the School of Industrial and Busi- ing from weeks to months in length . Many
ness Studies; in this School there of these are run by or for the public
are four MSc programs , including one sector , for example , the National Coal
in Management Science/Operational Re- Board through Brunel University , the Dc-
search, The prdgram , headed by a Reader , partment of Health and Social Security
Hylton Boothroyd , has six other faculty. through Warwick, an’~ the Ministry of De-There are some 15 students on the MSc fence through Lancaster, Sussex , and the
p rogr am , 2 or 3 PhDs a yea r , 55 under- Royal Holloway College (another college
graduate majors, and service courses, of the University of London). In addi-
All MSc students in the school (including tion , the Civil Service has its own col-
those in marketing , for example , as lege in London. MSc’s can be obtained
well as those in OR) do projects , mostly through most of these , and some are or-
in industry but some synthetic. Spon- iented primarily toward close collabora-
soning organizations are asked to pay tion for sponsoring research.
a fee of £300 as well as the students ’ Finally~ having lectured at most ofexpenses , the institutions mentioned above, I can

At Bradford there are no depart- add a personal impression about graduate
ments; each chair has autonomy. The students in OR in the UK. They vary from - -
Management Centre is a consortium of bright to dull , and from energetic to
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lazy; they seem to be more polite than to follow their own research area deeply.
their counterparts in the US; and they To this end there were many longer in-
are likely to attend lectures only when Vited talks without competition from par-
they believe that they will be examined allel sessions. Even when parallel ses-
on the content thereof. (Robert E. sions could not be avoided, there was
Machol) a surprisingly large crossing over of

scientists from one sub-group to another.
_______________________________________ Another facet of these conferences
~~~~~~~~~~~ 

is the lively, but courteous, discussion.

SC’ET~~~ES I fl~ number of the senior people seemed to1 try especially hard to use the discus-
sion period to make suggestions , spur
the speaker to think even more deeply
about his results, or to clarify for

THROWING LIGHT ON THE MATTER—THE IN- everyone the significance of what had
TERNATIONAL LUMINESCENcE CONFERENCE been presented. There was a sense of

“critique” in much of what was said; per-
It seemed entirely proper that the haps that quality in discussions may be

1978 International Conference on Lumi - worthwhile attempting to develop in other
nescence should have been held in conferences.
Paris —the ‘:ity of light. Because simi- Before really getting into the meat
lar conferences have been held previously of the Conference, I would like to corn-
in such varying locations as Budapest, ment on the introductory sessions, which
Delaware, Leningrad, and Tokyo, this one can usually leap over in a single
conference series has developed a truly bound when reporting. There was a strange
international following ; at this meeting initial series of obituaries for giants
there were even delegates from Vietnam in the field who had died since the
and China. Professors D. Curie and J. last meeting. Luminescence is an old
Mattler and their colleagues produced field , and perhaps its practitioners
and directed a conference that was un- carry along more than most some of the
usually well thought out. The meetings courtesies and respect for elders that
were held in various conference rooms graced an earlier time .
of the UNESCO building , with sophisti- Finally, the Conference was opened
cated features such as simultaneous by Prof. A. Kastler who gave a passionate
translation of the formal opening plea for an end to the arms race. This
speeches and a microphone at each chair was no bland collection of cliches.
in the audience for questions. Simi- With equal fervor he criticized the US
lar ly ,  the Conference dinner on the for furthering the arms race by develop-
first level of the Eiffel Tower was img the neutron bomb , the USSR for its
a “high point” in my experience of such lack of freedom of speech and freedom
institutions, to travel as shown in the Orlov case,

Most conference series develop and France for its reluctance to end mu-
a personality of their own after a time, clear weapons explosions . This larger
this one being no exception. Part of political militancy among French scien-
the uniqueness of this Conference is tists was also evident in the distribu-
that it concentrates on a property tion of a statement signed by many in
(luminescence) rather than on a material, which the signers promised to work ac-
Since a very wide range of materials tively in their professional contacts
luminesce, the conference has a built- to make evident their displeasure at
in tendency to break into sub-groups the Orlov affair. See RSN (32-8:285)
covering luminescence in organic mate- for a more detailed description of this
rials, or semiconductors, or inorganic development.
insulators. Since the overlap between, Among the many themes of the Lumi-
say, an organic chemist and a semicon- nescence Conference , I shall concentrate
ductor physicist is usually small, in’- only on two. The first of these is the
tegrating these various groups into attempt to understand various djssipa-
a cohesive conference is a major prob- tive or nonradiative processes that re-

• lea. From the beginning of this series duce the luminescence efficiency. The
the organizers have worked diligently second is th. study of the details of

• to reduce th. barriers between sub-groups optical processes occurring in very short
and to attempt to educate the partici- times after a pulse of exciting radia-
pants broadly as well as to allow them tion falls on a material.
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In a wide ranging opening address, the energy in collisions. As a result,
P.T. Landsberg (Southampton University? measured lifetimes are not influenced
UK) discussed luminescence and statistics. by the intrinsic radiative transition
He emphasized the role of nonradiative but are determined by the Auger effect.
transitions in the many processes of Another source of luminescence in
semiconductor luminescence. Since silicon comes from the recombination
free and bound excitons are frequently of excitons trapped at an impurity.
involved in luminescence , the creation Here, too, the radiationless process
of these from free electrons and holes, involves an Auger transition with the
their deexcitation by an Auger inter- electron or hole at the impurity itself.
action with free char?es (to be discussed In this case the bound exciton lifetimes
in more detail later in this article), are much shorter than the radiative life-
their luminescent recombination at times derived from the absorption oscil-
appropriate traps, and their thermal lator strength. For an exciton bound
dissociation lead to somewhat complex at In the observed lifetime is 2.7 nse~c;equations. An interesting de velopment the expected radiative lifetime would

• of these equations occurs if the free be 128 msec. Recently, theoretical
electrons and holes are allowed to mul - analyses of these transitions have
tiply by impact ionization. In prac- yielded excellent agreement with actual
tice this could.be controlled by apply- lifetime data and their dependence
ing a varying electric field to a semi- on the ionization energy of the impuri-
conductor that luminesces. Landsberg ty. As a result the bound exciton de-
points Out that the resulting equations cay in silicon appears to be the first
h ave the characte r of a phase t ransition case of complete qualitative and quan-
with the sudden switching between two titative understanding of a nonradiative
types of solution. He suggests that process in a semiconductor.
electroluminescence be examined from Another theme that has attracted
this point of view. A further complica- wide attention is that of “hot lumines-
tion of the kinetics to include two cence,” This term describes luminescence
impact ionization processes could lead from the excited state of a center in-
to luminescence oscillations in time mediately after excitation and before
tha t are l ike the autocatalytic reac- the center and the surrounding la t t ice
tions that have received much attention have relaxed to their new equilibrium
in recent studies of chemical and bio- positions for the excited state. It
logical nonequilibrium phase transitionc. is from this relaxed state that “ordinary
While such oscillations in luminescence luminescence” appears. In addition
are sometime s seen , their occurrence to the hot luminescence seen at very
has been ascribed to thermal effects  short times, Rayleigh and Raman scattered
rather than to these complex autocatalytic light could appear. The tasks are to
eff ects , but here agai n a r eview of determine experimentally what processes
the experiments might be rewarding. occur and dominate in various cases and

M.H. Pilkuhn (Univ. of Stuttgart , be able to rela te these observa tions
FRG) pointed out that silicon may be to theory.
considered as a “model material” for K.lC. Rebane (Ins titute of Physics
nonradiative recombination since the of the Estonian SSR, Tartu, USSR) re-
luminescence efficiency is small , the ported calculations of the shape of the
luminescen t centers and transitions luminescence spectrum as a function
are well understood , and the material of time going from hot to ordinary
control is not excelled by any other luminescence. Direct measurements are
material. In silicon the Auger effect difficult since they would require pico-
accounts for recombination without ra- second measurements; Rebane showed an
diation. If we consider intrinsic ingenious alternative set of data taken
luminescence in silicon , th at is the from time-dependent M~ssbauer experi-
recombination of free electrons and ments. As predicted these showed the
holes , the indirect band gap in silicon Mtissbauer line becoming narrow as time
requires the assistance of a phonon progresses and the oscillating wings
for the recombination to occur . By of the l ine f i rs t  appearing and them
transferring the recombination energy disappearing.
to a free electron or hole (the Auger Two different kinds of Reman scat-
effect), the recombination may occur tering were described by 14. Balkanski
wi’hout radiation while the highly (Univ. P. and N. Curie , Paris) in an
excited electron or hole dissipates attempt to distinguish between resonant
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light scattering processes and hot lumi- the emission seen was stimulated. They
nescence. In the case of GaSe, a land - feel certain that the electron-hole
lar semiconductor, scattering with the plasma in these materials is not condensed a

creation of phonons of a single frequency to form a liquid or drops but is spread
is seen. It appears to be a clear—cut out in the crystal. It seems likely that
cascade inelastic light scattering in in direct-gap materials the lifetime of
which exciton recombination takes place the electron-hole pairs created is shorter
in successive steps each involving a than the time necessary for the spatial
single longitudinal-optical phonon. condensation, so that a high density
Data were presented for scattering in- plasma exists only in a transient state.
volving 1, 2, 3, and 4 phonons. The The Conference proceedings will be
theoretical development of excitation published as an issue of the Journal of
line shapes showed beautiful agreement l umineaoenoe. (Clifford C. Iclick)
with the relatively complex distribu-
tions found experimentally.

A different kind of scattering is
• seen for materials such as GaAs0.., Po..

In this case , there is structural or-
der , but the randomness of the As and A RED BLUE AND GREEN CHRISTMAS ON
P atoms produces a compositional dis- OXFORb sTR~frr
order. Experiment shows that resonant
light scattering involves a repetition This Christmas UK and foreign London
of the whole first order Raman spectrum shoppers on Oxford Street were greeted

• at intervals corresponding to one or with powerful laser beams overhead re-
more long itudinal optical phonons. portedly a Christmas decoration first.

The optical properties of CuC l This interesting and expensive project
were reported on by N. Ueta (Tohoku was undertaken and fully funded by the
Univ., Sendai , Japan) who used pulsed Oxford Street Association (OSA), an as-

• laser excitation. In this material sociation of 105 owners of shops , res-
both Raman scattering and luminescence taurants and hotels on Oxford Street.
are seen in the same spectral region. Mr. Harry Shepherd , president of the OSA,
Empirical ways of separating them have described the display along wi th some
been developed. The Raman line widths difficulties presented by the Westminster
are related to the line width of the City Council at the last minute.
excit ing l ight;  the width of the lumi- Six lasers were purchased and
nescence lines are independent of cx- mounted in five positions . One green
ci tation. Also, the energy of the Raman beam was directed down Oxford Street from
limes shifts with the energy of the D.H. Evans Department Store as far as
excitation ; the luminescence is not the top of Burton ’s at St. Giles Circus ,
shifted. The same system was studied a distance of ~ mile. A reflector on
us ing p icosecond spec troscopy by S. top of Burton ’s sent the beam back along
Shionoya (Univ. of Tokyo, Japan) and Oxford Street where it eventually struck
a large collaborative group consisting a building . A red beam originating from
of 9 othe r workers. They developed a a different location also traveled along
t unable laser that  could operate between Oxford Street and was reflected back from
312 and 45 0 mm wi th a peak power of a reflector atop Burtons. Other lasers
abou t 300 kW. The time resolution of had their beams spli t into a fanned
the system is about 20 p5cc and a hi gh array and were sent across Oxford Street
sensitivity television camera is used diagonally where they intersected the
to record the data. They were able sides of buildings .
to show that the Raman spectra followed The OSA hired a group of Cernans
the laser pulse closely in rise t ime under the direction of Horst Baumann,
and decay. On the other hand , the onset who works for a company called Communi-
of luminescence was delayed and the cation Design , to set up the display .
luminescence had a decay out to 200 Baumann has previously developed small-
p5cc. scale laser displays in Germany. The

• 
• Shionoya also reported on the emis- project had an international flavor as

sion from very high excitation densities the lasers were made in the US, the op-
in the direct-gap semiconductors CdSe, tical beam dividers were made in Switzer-

t CdS, and GaAs. His group were able land, and the display was installed and
to fit the data by assuming that an operated by Germans for the London
electron-hole plasma is formed and that group.

_____ — —~~ —~~~~~~ ---— - -  — - — — - ---
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On the day before “switch on” Shep- p9yE’~~~~..oouc4Lherd ran into a problem with the West-
minster City Council over safety comsid 

-

_______________________________________
erations. Originally , the fanned arrays 3 a

were to be scanned to provide a dynamic
display . However, the Westminster City CONFERENCE ON PRACTICAL ASPECTS OF
Council , under advice from health and MEMORY
safety officials, banned the use of the
lasers as they felt there was a risk The 175 experimental psycholog ists
of eye damage. In order to satisfy the who attended the International Conference
environmental health requirements, the on Practical Aspects of Memory , 4-8 Sep-
display had to be modified rather hur- tember 1978 , performed in the standard
riedly. No dynamic operation was allowed , fashion of presenting research papers
that is , the fanned arrays had to be to each other , oblivious to jokes of the
static. In addition all beams had to press about memory experts wearing name
termina te on the surface of buildings tags so they could remember each others
or other nonreflective surfaces so that name , or about the memory expert who for-
no observer ’s eye could possibly be cx- got where he parked his car. The Com-
posed to ei ther a direct or ref lected ference , sponsored by the Welsh branch
beam. All of the modifications were suc- of the British Psycholog ical Soc iety ,
cessful ly comple ted early in the morning was held at the Un ivers ity of Wale s
of 11 November and the disp lay was Ins titute of Science and Technology ,
turned on at 6 p.m. that day. Cardiff, and was managed by M. Gruenberg

Only some weeks later after mask- and R. Sykes (both of University College
ing. of a large number of windows and of Swan sea , Wales), and P. Morr is (Lan-
other surfaces in office buildings caster Univ., Lancaster). As the title
and depar tmen t stores so tha t no one of the conference ind ica tes , the theme
would be in a direc t beam or reflected was uses o f r esea rch on memory, wh ich
one was scann ing of the fanned laser contrasts with the usual memory conference
beans finally permitted on November 30th. where uncommitted bas ic science is fea-

tured.A representative of Spectra Physics Mos t memory research is no t useful ,described the lasers. There were
4 Ar- ion lasers producing about 9.-N con- 

at least not yet , so mos t of the research
tinuous wave (cw) on sever al l ines in repor ted was labora tory work tha t may
the b’ue and green be tween 457 0 and be useful. The research that is useful ,
5140 A and 2 Kr-ion lasers with about and proved in everyday l ife , c~~ cerns
4.6-W cw mower operating on the 6470- 

menory aids (some call them mnemonic de-

and 6760-A red l ines. Ion lasers are 
vices) which are techniques to give a

notoriously inefficient , and each laser hig h capab il ity for remember ing cer ta in
kinds of material . Experimental psychol-consumes up to 38 kW of electrical

power. og iSts , wi th their modern interest in

A laser display such as th is, cost- 
nenory , d id no t d iscover m emory aids

ing £150 ,000, might seem to be rather but they are doing research on them , and
expensive. However, Shepherd po inted they are verify ing and refining them.

The Conference had a symposium on memoryou t tha t the Oxford Stree t bus ines ses
brought in about £1.7 billion last year. 

a ids , and it was the liveliest symposium
An expenditure of less than 0.1% of the 

of all. R. Rawles (Univ. College , London)

total business for such an attraction reviewed the history of memory aids ,

is probably quite reasonable and could P. Morris examined modern research on
memory aids , and K. Higbee (Bri gham Young

be very profitable if the laser display Univ., Utah) , who has written a book onattracted an even larger number of
shoppers. (Vern N. Smiley) memory aids (Your Memory and How to In-

p rove It, Prentice-Hall , 1977), discussed
“pseudo-l imitations” of memory aids .
Memory aids have been criticized , and

• the criticism s, which Higbee regards as
______ 

invalid , were the subject of his presen-
I0N~~~

_ REP~~ .qi tation. A review of standard memory aids
is a useful preface to a discussion of

See the back of this issue the criticisms .
for abstracts of current P.. Rawles reminded us that Aristotle -

reports. had something to say about effective
methods of memorization and recall , but
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it is Cicero , writing in D. Orator., for learning a foreign language vocabu-
a treatise on rhetoric , who is most lary. Those who deal with many people
widely cited as the first advocate and must remember many names can use
of memory aids. By citing the story memory aids to advantage. Memory aids
of Simonides , that ancient Greek who have been shown to be useful for children ,
used spatial imagery to remember the including mentally retarded and educa-
names of dinner guests who were crushed tionally disadvantaged ones.
beyond recognition when the roof fell 2. ~~~y do not help with under-in, Cicero established the Method of standini. Memory aids work for rote

• Loci, the oldest of memory aids (Cicero tasks ~ut are of little help for under-
saw it as a way of remembering the standing and reasoning. Apart from some
points of a speech in the days before evidence that they do help understanding,
notes). Long lists of objects or events Higbee ’s main reply ls that memory aids
can be remembered by assigning them to were never intended for understanding.
locations in a mental image that is There is plenty of rote learning and re-
spatially distributed and familiar, like call in this world , and we need all the
your office or living room, help we can get.

The Pegword Method, like the Method 3. There is more to remember.
of Loci, relies on imagery. A jingle One must ii~t only remember the T~~ms but
is memorized , e.g., “On e is a bun , two also the memory aid and how to use it;
is a shoe, three is a tree,” etc., and there is a larger memory chore with the
this jingle provides the mental pegs aid than without it. The answer to
on which to hang lists of items. Sup- this criticism is that remembering is
pose the first word of a list to be re- work, and a memory aid is supposed to
membered is DOG. Visualize the image make remembering effective, not easy.
of a dog sitting on a bun. Suppose the However , those who train themselves in
second word is HOUSE. Visualize the the use of memory aids say that their
old woman who lived in a shoe and used use is not burdensome.
it for a house. And so on. At recall , 4. They are a crutch. We cone to
a covert recitation of the jingle pro- depend on memory aids and may not be able
duces recovery of the words in proper to perform without them. Higbee does
order, not take this criticism seriously. What

Some memory aids are based on ver- is wrong with a crutch , l ike the use of
bal association rather than imagery, eye glasses to improve poor vision?
We are all familiar wi th these~ “Thirty A telescope to bring dis tant objec ts near?
days hath September... ,“ “Cooking rice? 5. The~ are a trick. The memory
Water’s twice ,” and “Men Very Easily expert mystifies us with his accomplish-
Mak e Jugs Serve Useful Nocturnal Purposes,” men ts, like the magician , so he is per-
The last being a device for remembering forming “tricks .” Actually, he is doing
the ordering of the planets from the no more than using known mechanisms
sun. Not all verbal aids need be for- of learning and memory , but he is using
mally learned. Idiosyncratic verbal them !~!~ 

well. Like so many acts of
associations are useful also. If I need impreiiT~e skill , the discrepancy betweento remember a grocery list of dog food , lay and masterful performance is so great
meat , and bread, the arbitrary sentence that the layman stands in awe.
“The dog prefers meat to bread.,” is help- When it comes to the practical as-
ful. Other techniques are rehearsal , pects of memory, memory aids are about
grouping of items into subgroups, pref- as much as psychology has to offer at
erably meaningful ones, and rhyming, this time, and it cannot take credit for

Memory aids have a proved useful- their discovery at that. What psychology
• ness, but some analysts have leveled can take credit for is research evidence

criticisms at them . There have been that memo ry aids work , research that
five main criticisms . Higbee refuted refines the way that a memory aid is de-
each of them, fined and used , research on new uses of

• I. They are not practical. This memory aids, and analysis , as Higbee has
criticism stems from the arbitrary situ- made, that lays unTeasoned criticisms
ations that are often used in laboratory to rest. (Jack A. Adams)
research on memory aids. Some find it
hard to see the relationships between

• laboratory work and real life. Notwith-
standing, there are a variety of applica-
tions for memory aids. They are useful

436

— • - -— - — - -~~~~~~~~~~~~~~~~~~~~~~~~~~ 
L

~~~~ — - — • • -- — 
~~~~~~~~~~~~~~~ 

• 
~~~~

— - -- -



ESN 32-12

IMPORT OF PSYGIOLOGICAL THINKING ON tivity factor operating which suggests
LAW IN GREAT BRITAIN that those with diminished recall per-

formance correlate very highly with those
Trinity College, Oxford , was the individuals who die earlier. The sur-

setting for a meeting on law and psy- vivors are those whose recall is good
chology in which about 45 individuals all along , save for some natural impair-
from England, Scotland , and Wales par- ment of memory . This has interesting
ticipated over a three-day period in implications for new retirement legisla-
late September 1978. Included in this tion in the United States, espec ia l ly
number of par ticipants were the 16 who in California, which now has no chromo-
offered prepared papers for discussion log ical age for retirement and where per-
and criticism. The setting and the formance on the job is the only index
fac t tha t all were in residence at for continua tion.
Tr ini ty College induced qui te a bi t One of the speakers , Circu it Judge
of st imula ting discussion bo th during , Br ian Clap ham , referred to a case repor ted
between, and after the talks. The bulk in the Criminal Law Review: “Cluster
of the participants came from various Analysis in Court,” by Bryan Niblett and
categories of psychology and the law, Jillian Boreham (1976, p. 175-180) in
for example , clinical and social psy- which a rather sophisticated statistical
chology and circuit judges , professors technique was employed in a murder trial
of law , barr is ters, and solicitors, to decide whether documents matched .
The r e were also a few psychia trists In this recen t case , a cluster analysis
and sociolog ists. The seminar was mi-  was applied. The jury was informed that
tiated and developed by the Socio- a similarity matrix had been computed ,
Legal Institute , Wo lfson College , Ox- after which a single linkage nearest
ford , wi th the suppor t and sponsorship nei ghbor clus ter ing al gor ithm was emp loyed
of the Social Science Research Council. to produce the dendrogram from which con-

A wide variety of subjects received clusions were rendered . It is intrigu ing
a tten tion in which psychology and law tha t such sophistication would be per-
do , or could have interactions . The mitted and not be considered prejudicial
comments that follow reflect the author ’s because of the confusion it would place
observations , though these were tempered in the j uror s’ minds. In this case the
oy much discussion with the participants defendant was acquitted. A much more
over the course of the sessions. Several primitive example of this occurred dur-
ways in which psychology could play ing the Dreyfus court martial in France
a role in assessing evidence and con- in the last decade of the 19th century .
fessions occupied several sessions on One of the expert witnesses for the Army
one f ull day . The theme running throug h info rme d the seven judges of the cour t
the sessions on evidence and confessions martial that he had performed a frequency
rela ted to identification problems . count for the letters of the alphabe t
The question of old people and young in all the words used in the documents
ch ildren as witnesses received attention, presented in evidence as having been
Various studies on memory and recall passed to foreign countries. He had then
of older people were discussed and re- compared these frequencies with the modal
viewed . While in an unconditional sense values of the le t ters  of the alphabet
memory and recall tend to diminish employed in French literature which had
with age , the parameters under which been compiled by the French Academy .
recall is attempted can have quite an In this situation there was quite a de-
influence on the amount of recall. viation between the frequencies for each
For example , older people can recall of the letters and the conclusion was
words or. sentences given to them in that therefore the documents had teen
an experiment , but when the older person prepared in code to avoid discovery.
is then permitted a free-wheeling dis- Another interesting paper in the
cussion of any number of things subse- sessions on evidence related to th’ use
quent to the delivery of these sentences , of voice identification. The prob lems
there is a sharp drop , usually almost that could occur in identification of
to zero , in recall. Some data on rather voices by another human or through the
aged people were presented that were use of electronic signatures were devel-
~quite interesting. It appeared that oped. This subject can be compounded
recall diminished until the age of 70, by the cons iderations of the use of an-
but then improved for those in their other electronic device that would ac-
80s and 90s. There seems to be a selec- tually attempt discrimination between
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two voice s ignatures developed by d ee- Sex law reform , pornograp hy law
tronic devices or a voice and an elec- reform , decisions affec ting the welfare
tronic signature. There are a number of children , and subjec ts tha t deal
of reliabili ty problems here which make with violence in the family were given
suspect the use of such procedures for consideration during the meeting . Legal
the development of evidence in a court- and psycholog ical percep tions of gambl ing
room. Perhaps improved technology will also received discussion , and this top ic
change this, has been heightened by the very recent

Still another interesting problem Report (July, 1978) of the Royal Corn-
ar ising in identification to be subse- mission on Gambling chaired by Lord
quently used in evidence is the selec- Rothschild. In the latter situation ,
tion of a putative felon from a police the Government is faced bo th wi th per-
line-up or , as it is called in Great mitting something that the public wants ,
Bri ta in , an identity parade. There and yet not letting it get out of hand.
are some interesting statistical and There is now almost 15 years of experi-
probabil istic problems here. Should ence with current gambling regulations
the individuals in a line-up be seen in Great Britain , and the Rothschild
sequentially? Even in that case, should Commission Report is intended to serve
the selec tion procedure s top when an a s a basis fo r add itional leg isla tion
individual has been .identified or con- by Parliament , if it deems it necessary .
tinue until all have been inspected? The Report presents the odds on all gam-
Should one be allowed to review m di- bling games permitted , and has an in-
v idual s who have passed through once teres ting sec t ion tha t deve lops their
and not been identified? Should the computation . rn a sense , this can pro -
complainant be allowed to see the en- vide a basis for consumers ’ pro tec t ion
L i r e  line-up as a group and then be legislation.
,)erm itted to select one? Should two The Report itsel f does not go in
1 ine-ups be concocted , one of wh ich grea t de ta il in to the psycholog y of gan-
contains the suspect? If this were bling but instead co-opts another vo1um~
lone so tha t the compla inan t looks a t pr epared on th is sub ject : “Gambling—
~nly one l ine-up at a time , and then , A Review of the Literature and its In-

• f course , also , in different ways, plications for Policy and Research ,”
such as sugges ted above , wha t are the by D. B. Cornish , Home Off ic e Res earch
implications ’ Study No. 42 , 1978. There are obviously

The issue of confessions was given various subjects for study . Participa-
a good deal of attention. There are tion in gambling as related to sex ,
bviously psychological issues in con- age , social status , prop inquity to gam-
fessions or in extracting informa tion b ling p laces ; economic motivation ; use
in general. Experiences from Vietnam of psychological theories such as learn-
suggest .that physical torture was not ing theory to account for persistent
a~• useful in obtaining information as gambling . Ther e is , in addition , the
permitting the individual to , in some fact that gambling is not a unidimensional
way , depend ing on the individual , main- variable but of various kinds , such as
tam his di gn ity. In criminal cases, casino gambling, foo tba l l poo ls , horse
confession may be more easil y obtained racing , etc. The reader may also be
by a policeman who is quite interested interested in an article in a previous
in the individual and his family and issue on this subject (see ESN 32-10;
in the circumstances that led to the 357).
crime , rather than the overbearing , The meeting at Trinity College is
brutish interrogator. Another area the first of two to be held in this ac-
of study here is the question of for- ademic year; another is scheduled in
ensic hypnosis in extracting information the spring of 1979 . The proceedings
or confessions . Some examples were of this meeting will be published in
given in which hypnosis perm itted a a volum e al thoug h the publisher is no t
defendant to recall events of great yet known . At an initial meeting held
importanc e in develop ing innocence about a year ago by the same group , a
in criminal  t r ia ls , t ha t  is , events number of papers were prepared and these
which could be subsequently checked wil l  be issued shor tly in a volume to• independently and which could preclude be published by Macmillan . (Herbert

- • the defendant  from any involvement in Solomon)
the c rime .
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8PACE is directing its efforts toward assess-
I ing potential contributions to a USSCIENCEB J system that could also be used for

• Europe. Two of the more serious con-
EUROPEAN SYMPOSIUM ON PHOTOVOLTAIC GEN- siderations are the number and size
ERATORS IN SPACE of the satellites to be incorporated

into the system and what part of the
The European Space Agency (ESA) total energy requirement th e SPS system

recently sponsored the first European should provide. It is generally accepted
symposium on space applications of photo- that whatever configuration the SPS
voltaics. The papers presented provided takes, it will be assembled in space
a comprehensive review of the photovol- from basic components and that the ul-
taic program s under the direction of timate power stations will be developed
ESA as well as national programs . Over through a staging process. Thus the
100 participants representing 10 coun- European organizations involved in solar
tries and several international organi- array technology as well as advanced
zations were in attendance. Eight ses- technology solar cell developmen t are
sions covered the broad topical subjects concentrating their efforts on the devel-
of the evolution of photovoltaics , solar opmen t of large h ybr id arrays involving
cell tech nology , solar array technology, solar mirror concentrators of various
and solar power sa te l l i tes  (SPS) . The types and modular in nature.
overall flavor of the papers was that Two papers of particular interest
of European part icipation in an SPS pro- depicted the evolution of a space power
gram and there was a 3-hour round table station utilizing the STS for assembly.
panel discussion devoted to the subject. The first was presented by P.R.C. Gillett
Panel members represented ESA, the Corn- (British Aerospace) describing utiliza-
m iss ion of the European Communi ties , tion of w ing or planar arrays , wi th the
univeTsities , solar cell manufacturers , work being carried out under ESA spon-
the aerospace industries , and power sorship . The second describes a fam ily
boards. Topics treated included corn- of modular solar generators—MOSGEN—
pe ting sources of energy , timeliness with the concept being developed by J.
of the implementation of an operational Ruth and W. Westphal (Technical Univer-
SPS system , environmental impact of sity of Berlin). The generators consist
m icrowaves , and other solar energy con- of hexagonal nodules employing mirror
version systems . The consensus of the concentrators. Gillett presented an
panel was that Europe must become in- examination of future solar arrays in
dependent of imported energy sources relation to several Shuttle launched
and that the SPS mi ght be instrumental missions expected to occur during the
in accomplishing this goal during the next decade and also addressed some sce-
first quarter of the 21st century. narios for providing space solar power
The view of the power board representa- in the l990s. The mission scenarios
tive was that breeder reactors are in are shown in Table 1. They indica te
operation now and could accomplish the a strong exponential nature for future
energy independence goal well before space photovoltaic opportunities . The
the year 2 000 and more economicall y. first four scenarios are aimed at extend-
The proponents of nuclear fusion expressed ing the current on-orbit duration of
the view from the floor that operational
fusion reactor systems will be available
in the same time frame as the SPS sys- TABLE 1. SPS Evolution Scenarios
tern . The SPS proponents disagreed with
this  viewpoint.  The solar cell manu- SCENARIO POWER* TIME

• facturers and aerospace industry repre-
sentatives assured the audience that orbiter/Spacelab ar ray 6 kW 1982/3
solar cell and space s ta t ion technology Free—flying pallet array 6 kW 1983

• to accomplish an SPS system by the year Orbiter Integra l array 20 kW 1982/3
2000 was available now and only funding Power Module 55 kW 1983/4
is in question. Space Platform 250 kW 1987/8

The en t i r e  feas ib i l i ty  of assembling Pilot Power Plant 2 NW 1990 
-
•

an SPS system depends upon the evolution Space Power Station 10 OW 1995
• of the US Space Transportation System

(STS). Since this question as well as •Beg inning of life
that of a US SPS system is still under
consideration , the European community

L 1
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• the STS/Spacelab mission and to provide be minimized for transportation being
increased power to Spacelab users. The a prime consideration. The European
latter scenarios are geared to examine interest in such a program at this stage

• the development , testing, and operation is heavily slanted towards solar cell
of a space power station in geostation- technology and solar array module tech-
ary orb it. nology development with the intent of

The Orbiter/SpaceLab array (Orbiter letting the US handle the assembly prob-
connotates a Shuttle which remains in lems . Once a space platform has been
orbit with its payload) would be mounted accomplished , attention can be turned
wi thin the Shu ttle cargo bay and dep loyed towards prog rams for es tab li shing large
on orb it to provide additional power for power stations of the 2-MW Pilot Power
the Shuttle payload. It would remain Plant (PPP) or lO-GW SPS variety. It
attached to the Shuttle and could be- is possible that the Space Platform
flown on m issions of up to 30 days dura- could become the PPP for the SPS depend-
t ion over a five-year period with about ing upon the methods of technology ad-
one m ission every six months . The Free- vancement . The main objectives of the PPP
f ly ing pallet array would be similar to will be to demonstrate the various as-
the Orb iter/ Spacelab array in design and pects of construction of a power station
power except that it would be deployed and of space-to-ground power transmission.
on orb it , carry batteries for power The PPP would be constructed in low earth
during eclipse per iods , and be used for orbi t and then either opera ted there
long duration experiments which must be or in geostationary orbit depending upon
away from the Orbiter environment. Both the tests to be undertaken . One key
systems would cons ist basically of two factor relating to the technology re-
wings , each compr ising two flexible solar quirements for the solar arrays of the
:ell blankets , suppor ting structure , power station is whether a level of
cu shio n blanke t, storage drums , and the concentration of the incident radiation
necessary deployment and orientation onto the cells is adopted , and the paper
~echanisns . by Ru th and Westphal which will be dis-

The 20-kW Orbiter Integral array cussed later treats this subject. Solar
m d  the 55-kW Power Module are extensions concentrators have not been considered
f the above arrays , the former providing in the lower power deployed arrays since

a method of increasing the Orbiter on- silicon solar cell efficiency drops ra-
orbi t stay-time and the latter increasing pidly with an increase in operating
on-orbit time as well as providing more temperature thus requiring larger and
power to payload instrumentation. The heavier structures to provide either
20-kW array would provide power to both nore cells or a heat sink. Gallium
the Orb iter and its payload supply ing ar sen ide cell s respond more favorab ly
all or part of the power requirements at higher tempera tures and are more
dur ing sunli t phases , with fuel cells resistant to the charged particle radi-
being used during eclipse periods . The ation in space. However , it is not cx-
55-kW Power Module is envisaged to op- pected that these cells will be available
crate in three modes: A sortie support until the late 1980s. For these reasons ,
mode with the Module berthed to the Or- research is being carried out at several
biter; An Orbiter storage mode , a qui- institutions in Europe to perfect GaAs
escent situstion in which the Module is cells and improve silicon ones. While
unattached to any payload; and A free- testing will no doub t be carried out
f l y ing mode wi th the Module docked to wi th ref lec tors on smal ler arrays , they
a free-fly ing satellite which mi ght be are not expected to be economically fea-
a payload deployed from the Orbiter. sible until the large power stations are
Aga in , the array concept for both arrays implemented.
is the two wing concept described ear- The ESA study recommends a European
h er, stra tegy for par tic ipa ting in an SPS

As the power level enters the 250- that acknowledges three developmental
kW range , the ESA study envisages space factors. The first is the natural near-
pla tforms ra ther than arrays , and con- term progression of developments required
struction in space enters the picture . for moderate increases in power required
Various configurational concepts have to support the early Shuttle era. Second
been studied for such a pla tfo rm , with is the potential of long-term space solar-
the trade-off between the amount of as- power programs to swamp any near-term
sembly work required in space and the requiremen ts if given a go-ahead , and
level to which stored volume should thus these near-term programs should

- • 
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be regarded as stepping stones to the
ultimate solar-power development program.
Finally, si?nificant strides may be made
in terrestrial photovoltaic developments 4
owing to higher investments and quicker
economic payback , and this condition
mig ht resul t in a reverse sp in-off ef-
fect such that technology capabilities
developed in the terrestrial programs
may be used directly or adapted to the

array technology development in Europe //space photovoltaic programs. Solar-

must evolve in the light of the above I

aspects , keeping options and applications Figure 1. Concentration ratio about
open. The study recommends a future 2. Relatively stiff structure. Corn-
st r ategy which focuses on one pri ncipal pletely functional. Easy handling.
object i ve—building up a firm experimen-
tal data base upon which decisions of
high-level investment can be founded.

Whereas Gillett describes a phil-
osophy for evolutionary development of
large photovoltaic power stations in
space , the Ru th and Westphal paper on
MOSGEN treated a specific solar generator
module with concentration mirrors which
ca n be attached in space to provide the
required power eventually agreed upon
for the satellites in an SPS system .
The mult i pl icat ion of these modules re-
qu ires finding the bes t rela tionship be-
tween module size , number of modules re-
qu ired , and the functional behavior of
the entire system . The following con- Figure 2. Integration of a 16—kW
siderations of a modularized system were Solar Generator.
taken into consideration by Ruth and
Westphal in defining the optimum module:
reduction of mounting procedures ; de-
creasimg manpower , tools and construe- tested and a preliminary constructive
tion time in space; high maintainability ; optimization performed. In 1984, a
high variabil ity of system configurations ; Shuttle would carry up to 10 complete
early qualification of an operational functional modules into low earth orbit
system ; and series production with a low where they would be assembled by extra
number of different series and a high vehicular activity in about a day . The
number of equal parts per series. Their power provided by this first generator
conclusion after considering several op- is estimated at 16-kW. The next mile-
tions was that a hexagonal configura tion stone in the MOSGEN program would be
with flat concentrating mirrors appears a free-flying generator producing about
to be optimum. The structural stiffness 40-kW assembled in orbit about 1987.
achieved by this configuration helps If the concept and assembly procedures
avoid much of the supporting structure prove successful, an 8-GW SPS is envis-
which is characteristic for most other aged by the end of the century .
SPS concepts. Moreover , the power dis- It is believed by the authors of
tribution system can be integrated into the MOSGEN paper that the modularized
the supporting structure linking the back design concept combined pith evolution-
sides of the modules. Figure 1 illus- ary development of an SPS should repre-
trates an individual module while Fig. sent a significant long range cost say-
2 is am a r t is t ’s conception of a Shuttle ings relative to the separately devel-
deployed integrated system. oped generator (SDG) concept in which

About four years would be required ñonmodular generators are optimized along
to prepare for the first operational the way for specific missions . Figure
MOSGEN generator. During this time 3 illustrates a cost comparison showing
solar cell types would be selected and higher initial costs for the MOSGEN but

- - •  441

- 

•- 

~~~~~~~~

-• ••- 

~

• - • 

~~

• -••

~~ 

-

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

---

• - - -  _ _  —-- --- ---•-•-~~ - -—-—-~~~~~~~~~~~~~~~~~~~~



ESN 32-12

lower total costs for a long-range SPS 
~~~~~~~~~~~ & NOTES Asystem . This is illustrated more clearly

in Fig. 4.

MEET INGS
E EMO.

European Undersea Biomedical Society 4th
Aiinuai 5cientiTic Meetin&

One hundred twenty participants
attended a Congress on the Medical As-
pects of Diving Accidents , held inLa in*seion~s p Luxembourg 12-13 October 1978. It wasLL sponsored jointly by the Mines Safe ty
and Health Commission of the Commission
of the European Communities , the Euro-I~I5 99° 995 ~~ pean Undersea Biomedical Society, and

Figure 3 . Ccatparison of Solar the Medical Committee of the European
Generator Basic Expenmiitu res. Diving Technology Committee .

The Congress consisted of 20 sci-
entific papers divided among 4 sessions ,
with panel and open discussions from
the floor following each session.

MM) There were 2 “invited” general review
papers leading each session , followed
by anywhere from 2 to S “submitted”
papers. Simultaneous translation of
all papers into 4 languages was provided.

The f i rs t sess ion was concerned
with “Unconsciousness of the Diver in
the Wate r ,” and an extensive review was
followed by several papers on the van-
ous approaches to the problem of rescue985 ~9Q and resuscitation of the unconscious
diver. Session Two was entitled “Di-Fi gure 4. Comparison of Ctinulative agnosis of Decompression Illnesses” andBasic Expenditures in the Develop-

ment of solar Generators. largely dealt with different methods
and results of ultrasonic detection of
gas in the body . The third session con-
centrated on the “Treatment of Decompres-

The conference clearly demonstrated sion Illnesses .” Two excellent review
the European interest in keeping abreast papers , one on drugs and the other
of and advancing the state-of-the-art on the use of pressure and oxygen, were
of -space photovoltaic technology on a the high points of the morning . The
scale commensurate with expected ceo- final session on Friday afternoon was

• nomic return. This interest exists in called “Coincidental Injury or Illness
both government and industry, each see- While at Raised Environmental Pressure.”
ton anticipating significant participa- A very complete review of anesthesia
tion in any future solar power station. in the hyperbaric environment was fol-
(Robert N. Rostron) lowed by a paper on the priorities for

management of ill divers in an offshore
pressure chamber. Case histories , both
clinical and pathological , were also
presented in two other papers.

‘A detailed review of this Congress,
as well as other selected items of in-
terest to the underwater medicine com-
munity , can be found in ONRL Report
C-6-78. (LCDR R.F. Goad , MC USN, Ex-

• change Officer, Underwater Medicine ,
Institute of Naval Medicine , Alverstoke,
Gosport , Hampshire , UK)
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The following briefs on two international niques , propuls ion , and ocean eng ineer-
meetings are based on recent information ing . Technical Committee reports cover-
provided to ESN by Dr. R. Bhattacharyya, ing Resistance , Performance, Seakeeping,
Guest Professor at the Technical Univ. Maneuverability , Propeller , Cavitation ,
of Denmark at Lyngby . and Presentation and Information were

available in advance to the 15th ITTC
delegates as Vol . 1 of the Conference
Proceedings . These reports were dis-

The 15th International Towing Tank cussed to develop acceptable recommenda-
Conference (ITTC) tions for future committee activities. - 

-

Repo rts  from the ITTC ’s Ice and Ocean
The 15th t r iennial  ITTC was held Engineering Panels were treated s imi la r l y

3-10 September 1978 in the Hague, the and the activities of both of these
site of the first- conference in the panels were raised to the status of Tech-
series held in 1933 , when the ITTC was nical Committees . In addition a new High - -

known as the International Conference Speed Vessel Panel was established.
of Tank Superintendents. Twenty-three All contributions from the parti-
delegates , representing 10 European cipants , general assemb ly recommenda-
model basins in 9 countries attended tions , and the l ike , will be available
that first meeting . At the 15th one, in a second Volume of the Proceedings
sponsored and organized by the Nether- to be published by NSMB in the near
lands Ship Model Basin (NSMB), there future.
were about 200 delegates represent ing Am ong the more important recommen-
65 bas ins in 35 coun tries includ ing da tions of the Execu t ive Committee were
the People ’s Repub lic of China. In this the following :
connec tion it is par ticular ly worthy a) The technical comm ittees wer e
of note that the ITTC continues to rep - asked to take note of the most recent
resent and foster a very high sp iri t developmen t in the theore tical me thod s
of internationa l cooperation between for ship prediction , al though at present
sc ientists and engineers, there may be a tendency to overestimate

The ma in objective of the ITTC the usefulness and accuracy of these
is to stimulate and support the develop - methods in certain applications.
ment of experimental  methods for the b) W ith the increase in si ze of
prediction of the hydrodynamic behavior oil carriers “shallow water” effects on
of ships. Over the years this objec- resistance , trim , squa t , wake flow ,
tive has been expanded to include other etc., have become more important and
marine struc tures . Emp hasis  on the should be cons idered in fu ture comm ittee
exper imental approach follows from the reports.
fact that full-scale ships and struc- c) More attention should be paid
tures are ma jo r  econom ic inves tmen ts, to ship behavior prediction and correla-
wh ile the hydrod ynamic theories for tion with full-scale measurements.
bodies moving in , above or below the d) Exchange of information on the
water are comp l ica ted , with the resul t applica tion of compu ter program s should
that model testing plays a very signi- be further stimulated .
ficant role in the determination of In the closing ceremony the out-
optimum forms for powering, seakeeping, going chairman Prof. J.D. van Manen, Di-
sea worthiness , and maneuverability, rector of the NSMB , announced tha t the

The ITTC is governed by an Execu- 16th ITTC will be sponsored and organized
tive Committee consisting of eight men - by the Krylov Institute (under the chair-
bers representing various geographical manship of Prof. G.A . Matveyev , the Di-
areas, under whose guidance various rector) and held in Leningrad in 1981.
technical committees function and re- It will be the first to be held in a
port to the Conference on developments Communist country . It was also announced
during the preceeding three years. by delegates from the Bulgarian Ship
Membership of these committees is pri- Hydrodynamic Center that it is intended
man ly from facilities with adequate to hold a Technical Symposium prior to
support and capability to pursue the the 16th ITTC so that Conference parti-
technical issues involved. cipants may have the opportunity of vis-

General topics chosen at the 14th iting the major ship experimental
ITTC for emphasis at the 15th meeting facility built in recent years .
were flow around the hull , motions of
the hull , towing tank systems and tech-
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The International Maritime Association The Congress was valuable to the foreign
of the East Mediterranean First Inter- partic ipants in providing an opportunity
national Congress to learn -of the fast-growing Turkish A

shipbuilding industry and of the high
The International Maritime Associ- standard of educational research and

at io n of the East Mediterranean was experimental activities being carried
founded a t Tr ies te, Italy in June 1977. out at the Technical University of
To da te , three countries are partici- Istanbul. It was particularly hearten-
pating , I taly,  Yugoslav ia , and Turkey , ing to no te the e f fo r ts young faculty
but it is expected that more from the members of the Technical University are
area wi l l  jo in  in a un ited e f fo r t aimed making in the research and development
at widening their influence in shipping work for naval architecture , marine en-
and shipbuilding . Turkey took the m i -  gineering as well as ocean engineering,
tiative under the leadership of Dean and that most of them have had experi-
Teoman bzalp of the Technical Univer- ence in academic pursuit in foreign
sity of Istanbul in organizing IMAEM’s coun tries , such as West Germany , the
f irst In terna tional Congres s wh ich was UK , and the US.
held at the Technica l University , 25- Preprints of papers were supplied
30 September 1978. dur ing r eg i s t r a t ion , and a bound volume

In his openin g speech the Pres iden t conta ining al l the papers as we ll as
of I MAEM , Prof. A. Servello (Univ. of the formal and informal discussions will
Trieste , Italy), paid tribute to the be available in near future. Those
mar itime tradition and its great influ- Anterested should contact Dean Teoman
ence on the history of the peoples of Ozalp of the Technical Univ. of Istanbul.
the Eastern Medi ter ranean.  Di scussing
the diverse evolut ion  of ma r i t ime  c ra f t ,
he credi ted  the  Phoenicians , who were
exceptionall y capable mariners , for
conce iving the idea of mul tiple banks ONRL NEWS
of oar s, probab ly to utilize the in-
creased freeboard they had added to Dr. Herbert Solomon , our Chief Sci-
the ir shi ps for better seakeeping qual- entist has been awarded the Navy ’s Dis-
ities. He also cited Constantinople tinguished Public Service Award for his
(now Istanbul) as historically the lead- accomp lishments in the field of mathe-
ing place in the sh ipp ing and shipbuild- matical sciences. The award which was
ing activities in the whole Mediterra - presented by Dr. David E. Mann , Assistan t
mean , He concluded by stating tha t Secre tary of the Navy for Research , En-
3 ,000 years of h i s t o r y  have inspired g ineer ing and Systems on 13th November ,
the association to organize its first is the highest award that the Secretary of
Congress in I s t anbu l , a jea lous  custo-  the Navy can confer on an individual not
dian of ancient traditions , employed by the Navy . RADM Albert J.

In the  p a r a l l e l  technica l  sessions Baciocco , J r . ,  chief of Naval Research ,
some 40 papers were  presented in the  read the accompanying citation to the
f i e lds  of n aval a r ch i t ec tu re , ma rine assembled group from the DOD , govern-
eng ineering,  and shi p pro duction as ment agencies and univers i t ies. Dr.
well as on general topics related to Solomon received the award in recognition
shipping and shipbuilding. They covered of services performed at Stanford Uni-
such diverse subjects as ship des ign; vers ity where he was the pr inc ipa l  in-
off-shore structures; marine transporta- vestigator for research in ma thema t ical
t ion systems ; marine  eng ineer ing;  ship s t a t i s t i c s  and p robabi l i ty  and applica-
h ydrodynamics;  the role of international tions in Department of Defense problems.
regulatory bodies; shipyard and produc- He is serving in ONRL as Chief Scientist
tion techniques; ocean engineering wave while on leave of absence from Stanford ,
mechanics;  shi p s t a b i l i t y  and safety;  Staff  Changes. Just before Christ-
and model experimentation. Twenty-six mas , we bade farewell to four of our
of the papers were given by invited staff members , two of whom were Liaison
participants from seventeen countries. Scientists and two, Naval Applications
A large number of Turkish scientists Officers . Dr. Jack A. Adams (Psychology)
and engineers alongside 43 foreign has returned to tile trriv. of Illinois ,
guests took part in the presentation at Urbana-Champagne, where he is Pro-
of papers and the following discussions . fessor of Psychology . Dr. Clifford C.
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Klick (Physics) has returned to the US
where in January he plans to retire . OBITUARY
LCDR John D. McKendrick (Ship Systems Prof. Herbert Dingle , the well- A

and Military Oceanography Officer) has known jli’ilosoplier of science , critic of
• been transferred to the Naval Oceano- relativity , and lover of English litera-

graphic Command , Bay St. Louis , MS. and ture died on 4 September shortly after •
LCDR David C. Rummier (Command, Control his 88th birthday . Formerly Professor
and Communication Systems Officer) has and Head of the Department of History and
been assigned to the Naval Material Corn- Philosophy of Science at University Col-
ma nd in Washington , DC. We wish all of lege, London , a position to which he was
them success and smooth sa i l ing,  appointed in 1946 , he had p rev ious ly  =In November , we welcomed aboard spent more than of his academic life
LCDR Clayton H. Spikes , who reported at Imperial College of Science and Tech-
in from Commander in Chief. Atlantic nology . At Imperial , Dingle specialized
Fleet , Norfolk , VA. He has taken up in Spectroscopy and became head of the
the pos t of Ships Systems and Mi l i tary Spectroscopy Section in 1935 and Prof.
Oceanograp hy Officer, of Na tural Philosop hy in 1937. However ,

despite personal student memories of
one of the ed itors , he wi l l be rem embered
pr imar ily as a wri ter on the ph ilosophy

PERSONAL of science and particularl y so in the
US which he visited for two lengthy

Dr. C.B. Blakemore , Lecturer in periods in the thirties. As a critic of
Physiology and Fellow- of Downing College , relativity , h is ons laug ht on special
Univ. of Cambridge , has been elected relativity was not solely destructive
Waynfle te Professor of Physiology at the for he attempted to develop further the
Univ. of Oxford from 1 October 1979. Swiss physicist W . Ritz ’ “bal l is tic”
He will succeed Professor D. Whittenidg~ , 

theory of li ght emission . Two of his
who is retiring, books demonstrate his appreciation of

Mr. P.H. Gore , Reader at Brunel English literature , particularly poetry ,
Univ., Uxbridge , has been promo ted to and his beautiful literary style—
the Personal Chair in the Department Sciien~e and lite7’az’y Cy ’iticiem (1949)
of Applied Chemistry at that University. and The Mind of Emil y Bronte (1974).

Dr. T.H. Pennington , Senior Lec-
turer in Virology with honorary con-
sultant virologist status at the Western
Informary, Glasgow, has been appointed
to the Chair of Bacteriology at the
Univ. of Aberdeen .

Prof. Vincent Reddish has resigned
as Di rector of the Royal Dbservatory ,
Edi nburgh , af te r a dispute wi th  the
Science Research Council oVer the pro-
gram of work and staffing of the estab-
lishment. Since 1975, he has held this
post, which carries associated appoint-
ments as Astronomer Royal for Scotland
and Regius Professor of Astronomy at
Edinburgh Univ. He was responsible
last year for having a British infrared
telescope , the lar?est ever built ,
shipped to the Pacific for use in Hawaii.

• Reddish said that he is leaving science
altogether next September , when he in-
tends to retire to his home in the
Scottish Highlands .

Mr. William Shepherd , Reader in
Electrical and Electronics Engineering - 

-

at the Univ. of Bradford , has been ap-
pointed to the Chair in Electrical
Power Applications at Bradford.
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R-8-78 AN OVERVIEW OF ELECTRONICS EDUCATION IN P~LAND AND ROMANIA by
D.K. Cheng

To promote mutual understanding and exchange scientific ideas ,
the US National Academy of Sciences has established exchange

• programs with Eastern European countries. This article re-
• ports some factual information and personal impressions of

the engineering education in general and electronics education
in pa rticular after a month-long trip to Poland and Romania.

R- 9-78 NATIONAL HEALTH SERVICE AND MILITARY MEDICINE IN GREAT BRITAIN
by P.F.D. Van Peenen

Th is repor t describes s imilar ities and d i f ferences  be tween
US and Bri tish mil itary med ic ine , wi th emphasis on preventive
medicine . British National Health Service has apparently had
rem arkably li tt le ef fec t on the mi ssion , or gan iza t ion , and
practice of military medicine in the United Kingdom . The
major problem for the British military medical services is
iden tical to tha t for the US: recru itmen t and re tent ion of
physicians .

-10-78 SOME ELECTRICAL AJ~ ~~~~TRON ICS ENGINEERING ACTIVITIES IN THE
USSR by T.G. Berlin -

This report covers visits made to scientific and technical
institutes in the USSR and to the Popov Society Congress dur-
ing 12-28 May 1978. Institutes visited were the Krenkel Cen-
tral Radio Club (Moscow), Institute of Radioengineer ing and
Electronics of the Academy of Sciences (USSR) , A .A. Baikov
Institute of Metallurgy (Moscow), Ins titute of the Problems
of Transfer of Information (Moscow), All-union Electrotechnical
Communications Institute by Correspondence (Moscow), Televi-
s ion Cen ter (Moscow) , TV Tower , Moscow State University ,
Ul yanov (Lenin) Electrotechnical Institute (Leningrad), and
the Institute of Cybernetics (Kiev).

:-ll-78 FOURTH INTERNATIONA L BIODETERIORAT ION SYMPOSIUM BERLIN , WEST
GERMANY, 28 A U G-i  SEPT 1978 by E.C, Haderlie

This is a short account of the Fourth International Biodeteri-
oration Symposium discussing briefly the aspects of biodeteri-
oration covered. A complete list of papers presented is in-
cluded , however, as proceedings are to be published within
six mon ths , no papers are discussed .
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SUBJ~~T INDEX FOR VOId.B4E 32, ESN ISSUES 1 ThICUGH 12, 1978

The article. are listed chronologically under subject heading with title, author and issue
page n~sbers. Thus, 2:58 indicates issue 2, page 58 of Volune 32.

AEm)SPACE

Cranfield Sails On 2:42 Martin
Balloons Are Still Fashionable in France 5:159 Newell S Rostron , -
More On Space fr~~ British Aerospace Company 5:160 Rostron
Space Technology at the ~~yal Aircraft Establishment 5:192 Ros~tron
High Pressure Operation—England and France 7:225 Martin
A Sleigh Ride in Space 7:249 Rostron
Space Activities in Greece 8:283 Rostron
A Television Broadcast Satellite for Europe—H Sat 9:316 Rostron
The Danish Space Research Program 10:358 Rostron
Frc~n Airplanes to Satellites in the Natherlands 11:398 P.ostron
European Syi~~osiun on Photovoitaic Generators

in Space 12:439 ~~stron

BIOLOGICAL SCIENCES

A New Israeli Method of Measuring Eye Movement 3:83 Adams
Optoelectronic Devices in Diagnostic Ophthalmology 3:84 Blachinan
Stag ing the Perils of Non-Ionizing Waves 3:85 Bateinan
Biochemistry in Erakow 8:256 Wood
URSI and Bio-Radio Science: A Helsinki Sympositan 11:363 Bateman
URSI Pursued : Millimeter Wa ve Biophysics 12:404 Bateman
The Hospice Concept : St. christopher ’s 12:409 Van Peenen
Rift  Valley Fever in Egypt 12:410 Van Peenen

EA RrH SCIENCE

Basic and Applied Aeronomy at Innsbruck University 1:1 Rostron
Atmospheric Aerosols, Condensation, and Ice Nuclei:

The Ni nth International Conference 1:2 ‘rwitchell
Get the Lead Out—An Environmental Research Pro-

gram at ISPRP. 3:88 Rostron
Overview of Remote Sensing Program in the USSR

Academy of Sciences 4:121 Rostron
Two U1( Acoustic Meetings—Underwater Acoustics to

the Fore ,—or with Brekhovskikh in England 6:194 Dugan , Desanto & Pryce
Atmospheric CO 2 Increase and Climate change 9:288 Gates
Geophysical Fluid Dynamics Is Alive and Well

in Europe 12:410 Barcilon
Weather and Sea Prediction 12:414 Twitchell

ENERSY

“Energy Is Eterna l Eelight” : Advancing Energy
Technology 1:4 Pryce & Klick

The European Joint Research Center—ISPRA
Establi shment 2:44 Rostron

• The Wate r Lens Makes A Big Splash in Norway 4 :122 Gordon
Wave Power—Britannia Rules the Waves 4: 124 Sosin
More Energy From The Sea “ . . .An d Why the Sea t~

Boili ng Hot . . . ” 4 :128 Pryce
Making Decisions on Nuclear Energy—British Ways 5:163 Klick & Pryce
More U1( Renewable Energy Source R&D 8:257 Pryce
Magnetic Confinement at the Max—Planck—Institute

of Plasma Physics in Garching 11:367 Lessen
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Imperial College: Cc unication Engineering with a -

Human Touch 1:7 Blachman
Engineering at the University of Tel Aviv 1:10 Lessen
Microprocessing and Microprogr~~~ ing 1:11 Magnuson & Rireiler
Optoelectronic. at Plessey 1:14 Siniley

• Mechanical Engineering at the Technion 2:46 Lessen
Aeronautical Engineering at the Technion 2:47 Lessen
Superconductivity in Switzerland 2:49 Gubser
Mo re on Coemunication Systems and Random-Process

Theory 3:90 Blachean
System Reliability: Continuous, Discrete, Too

Much, Too Little? 3:92 Saeks
Ultrasonics and Metallurgical Structure 3:94 Pryce
Electrical Engineering at Briiningham 4:130 Blachean
Unintended Jaimeing 5:166 Blachman
Optical Fibers Supersede Millimet~ ic W-~veguide 6:197 Blachean
Electrical Engineering in Port - I ~~1 6:198 Blachean
Hovercraft Stretch 6:200 Martin
A Worldwide Plug and Socket Syst~ n? 7:227 Blachinan
Acoustics Sh ip Recognition and Electrooptics

at C.I.T.-ALCATEL , Paris 7:230 Blachinan
Putting Your Loot Down in Tel Aviv 7:232 Bernstein
O~~~on.nt Aspects of Fibre Optic Coumun ications 8:259 Hart
He inrich Hertz Institute for Coemunication Tech-

nology , Berlin 8:262 Blachnan
El ectrical Engineering in Iranian Universities 8:265 Blachinan
The Vicissitudes of British Broadcasting Frequencies 9:290 Blachinan
Institute of Radioengineering and Electronics of

the Academy of Sciences of the USSR (Moscow) 11:368 Berlincourt
Electronics in Polish and Romanian Universities 11:370 Cheng
Cryogenic Technology—Engineering and Materials 11:372 Francavilla
Ulyanov (Lenin) Electrotechnical Institute 12:417 Berlincourt
Mechanical Engineering at the University College

of Swansea 12:419 Lessen

GHNERAL

Managing Technological Affairs 1:16 Patterson
IIASA : Multidisciplinary Research in Maria

Theresa’s Palace 2:51 Blachman
Terotechnology—Ilhat I. It? 2:54 Patterson
The Tenure Process in Spain: A Labor for Hercules 3:97 Bernstein
Yet Mother. Example of Changing Times 4:139 Bernstein
Acoustics, the Theater, the Performer, and the

Audience 4:141 Pryce
P~ TO Science C~~~ittee Anniversary 6:201 Solomon
British Polytechnics—.Looking For a Place in the Sun 6:203 Pryce & Klick
British Architects, Education, and the Public 7:233 Orkin
An Exchange Program in Switzerland 7:236 Bernstein
Nuclear Pumped Lasers 7:237 Schneider
Now Don’t Get Rattled... 7:239 Lessen & Pryce

~9iTERIAL SCIENCE

A Metallurgical Meeting in French—.~ Report in
English 1:18 Bernstein

Laser—Matter Interaction Studies by the Coemissariat
~ i l’Energie Atosique (CEA) 1:20 Smiley
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A “Universal” Law of Dielectric Response 2:57 Klick & Nedoluha
Review Symposium on Recent Studies of Electrolyte

Solutions 2:59 Powell
The Chemical Society ’s Faraday Division Ion—Ion

and Ion-Solvent Interactions Discussion 2:61 Powell
Three French Centers for Materials Research 3:99 Bernstein
Order Out of Disorder—Glass Research in Eindhoven 3:102 Elick
That Very Last Layer of Atoms 3:105 Klick
Vacuum Congress and Surface Science Conference in

Vienn a 3:106 Cooper & Murday . —
Defects in Stuttgart 4:133 Klick
The Belgian Center for Corrosion Study 4:136 Bernst in
Copper Alloys in the Marine Environment 5:168 Bernstein
Doing More with Less with Surface Coatings 5:171 Patterson
Mehr Licht, Mehr Licht—Semico nductor Luminescence

Research at Philips 5:174 Klick
Physicists Tackle Organic Solids at the University

of Stuttgart 5:175 Klick
Controlled Release Glass—A New Concept for an

Old Material 6:206 Klick
Mass Education with Style 6:207 Bernstein
Piezoelectr icity of PVF: Films—Is It an Interface

Effect? 7:240 Klick
Materials Selection Made Easier 7:241 Bernstein
Macroscopic and Microscopic Examination of

Materials: Two Views from Israel 8:269 Bernstein
Organic Solids and Fibers—Strong as Steel! 8:271 Klick
Indi um Phosphide and Other Ill-V Materials

Activities 8:273 Lessoff & Kennedy
The Chinese Are Coining—A Conference On Ion Tech-

niques and Corrosion 9:291 Bernstein
Being High Pressured in France 9:294 Bernstein
Molecular Beam Epitaxy—Sexniconductor Science Opens

A New Door 9:296 Elick & Nedoluha
Chemistry in Italy Two Decades Later 9:298 Wyman
Surface Science—Far From Superficial 10:322 Klick
Studying Defects in Solids by X—Ray Diffraction 10:325 Elick
Splat t —Rapidly Quenched Metals Conference 10: 326 Perkins
Rusting Away?: Dial-A-Fix 10:329 Perkins
A Glimpse at Chemical Research in the Low Countries 10:331 Wyman
Materials Problems at the Joint Research Centre 11:375 Bernstein
Materials Research in Spain 11:377 Klick & Bernstein
Materials Research at Royal Aircraft  Establishment ,

Farnborough 11:381 Perkins
Corrosion Research Is in Hot Wate r at the National

Physical 11:384 Perkins
Modeling and Prediction of Fracture Toughness 11:387 Perkins
International Conference on Defects and Radiation

Eff ects in Semiconductors 12 :420 Klick & Nedoluha
Stress Corrosion Test Methods 12:423 Perkins

P9iThEMATICAL SCIENCE

Computer—Aided Mechanical Part Design and Manu-
facturing at the IWF 1:22 Gordon

Industrial Research at Cairbridge 1~24 Blachean
Computer—Aided Ship Design at Bath 2:64 Regers & Gordon
Computer-Aided Naval Architecture at der

Techniachen Universit~t Berlin 3:108 Gordon
Applied Mathematics at the Weimaann Institute 3:110 Lessen
Numerical Analysis and Software Deve1o~~emt at NPL 4:137 Gordon
Statistics and Probability in Greece 6:210 So1~~~n
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American Research on Egypt , in Egypt 6: 2L2 Gordon
Lloyd ’s Interactive Graphics and Finite Element

Data Preparation 6:214 Rogers
A Glimpse at the Problems of (Mathematics)

Education in Third World Countr ies 7:244 Gordon
Computer Research at Newcastle 9:304 Gordon
School on Variational Inequalities and Complementary

Problems in Mathematical Physics and Economics 10:334 ~ottleIntroducing Norsk Data to America 10: 335 Gordon
• Miniccinçuters, Microcomputers and Their Applicationslo:338 Sokol

The Nordic—Baltic Year in Mathematical Sciences 11:390 Solomon
Graduate Education in Operational Research in

the UK 12:427 Machol

MECHANICS

The Aerodynamics Institute at the Eidgenossische
Technische Hochschule (ETH ) Revisited 3:112 Lessen

What’s Flying? 3:114 Lessen
Stability Studies at the Universidad Autonoina

de Madrid 5:177 Lessen
Fluid Mechanics at the Escuela Tecnica Superior

de Ingeneiros Industriales de Tarrasa 5:179 Lessen
Ae rodynamics at the Technical University of Delft 8:276 Lessen
Two Interesting Astrophysical Fluid Dynamical

Problems 9:305 Lessen
Gas Dynamics at the I n st it u t  Franco—A lleinand de

Reche rches de Sa in t  Louis (ISL) 10:340 Lessen
Laboratoire A~rothermique du CNRS 10:341 Lessen

OCEAN SCIENC F AND TECM NC,LO(W

Breaking Waves: Surf  and Run-Up on Beaches 10:343 ? iles

PHYSICAL SCIENCES

Synchrotron Radia t ion  Liqi t Sources—Biq Machines
for L i t t l e  Science 1:25 Klick

The Trumpet Shalt Soun d! 1:27 Lessen
Quantum Electronics—A National Conference at

Sou thampton 1:28 Srniley
The 5th Vavilov Conference on Nonlinea r Processes

in Optics 1:30 Waynant
Three Laser Laboratories in the Moscow Area 1:32 Waynant
Advances in Electron Optics: A Suirnnary of Two

Recent Conferences 2:65 Bernstein
Vth Conference on Uv and X—Ray Spectroscopy of

Astrophysical and Laboratory Plasmas 2:70 Dixon & Doscheck
E-O Tells More About Big Molecules 2:72 Smiley

• Optical Computing 2:74 Smiley
Laser Spectroscopy at Edinburgh 4:145 Smiley
Fluid Mechanics at the Universidad Politecnica de

Madrid 4:148 Lessen
Laser Sounding in the Stratosphere at Appleton

Laboratory 5:180 Smiley
Termologia at the Universidades de Sevilla ,

Valencia, and Barcelona 5:182 Lessen
Laser Research at St. Andrews 6:215 Siniley
Magnetohydrodynamics at the Ben-Gurion University

of the Negev 6:217 Lessen
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The Second Bat-Sheva Seminar on ?IHD Flow and
Turbulence 6:218 Lessen

Optics at k~yal Armament Research and DevelopmentEstablishment 7:246 Smiley & Adams
First European Conference on Optical Systems and

Applications (ECOSA I) Brighton , UK 8:278 Smiley
Chemical Physics at the Universit~ Libre

• de Bruxelles 8:279 Lessen
Microdosimetry—’lte Six th Symposium 9:307 August
For What Does a Power Company Use LaSers? 9:310 Smiley
Lasers and Nonlinear Optics at the University of

Southampton 9:312 Smiley
Laser Velocity Measurement Research Has Its Rewards 10:344 Smiley
International Meeting on Radio Science in Helsinki 10:346 Blachean
Electron Microscopy Is Still Wet at Imperial 10:349 Bernstein
Micro 78: Be It Resolved...? 10:351 Perkins
Optical Spectroscopy Illuminates Semiconductors 11:391 Klick
What Do Ela sticity, Trombones , and Cavities Have

Zn Common? 11:393 Mayer
Nice E—O Research In Nice 11:394 Smiley
Plain Facts About Planar Lasers in Florence 11:395 Smiley
Throwing Light on the Matter—the International

Luminescence Conference 12:432 Elick
A Red, Blue and Green Christeas on Oxford Street 12:434 Siniley

P SYCHOLOGICAL SCIEIKE

Developments in Efforts to Unionize the British
Armed Forces 1:35 Adams

Psychology Amid Violence in Turkey 1: 3€ Adams
The Heat , the Head and Human Factors 2:76 Adams
Conference on the Psychological Consequences of

Crowding 2:77 Adams
The Assessment of Human Reliability in Man—Machine

Systems 3:116 Adams
A Measure of Job Enrichment 3:118 Adams
If Hebrew Can Be Typed Without Much Training , Can

English Be Far Behind? 4:149 Adams
Computer Models for personnel Selection 4:151 Adams
Evidence for a New Biological Rhythm Is Reerging 4:153 Adams
Human Factors and the Fighter Aircraft Cockpit of

the l99Os 5:184 Adams
How Pilots Are Selected in West Gesmany 5:185 Adams
Leadership Research Themes at a Symposium on

Military Psychology 6:221 Adams
A Big Leap Forward for Computer Based Learning

in the UK 7:248 Adams
Training for the Diagnosis of System Malfunctions 8:281 Adams
Human Fqctors in C~~~and and Control Systems 8:282 Adams

~UiTO Conference on the Orienting Reflex in Humans 9:313 Adams
Human Factors Research on Su~~ar ine Displays and

Controls 9:315 Mama
The Training of Leadership 10:355 Adams
Buy A Share of the Casino If You Want to Make

Money at Gambling 10:357 Adams
On Typing Without Much Training (Cont.) 11:397 Adams
Conference on Practical Asp.cts of Memory 12:435 Mama
teport of Psychological Thinking on Law in Great

Britain 12:437 Solomon
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