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correl ation function is the intensity
CHEIVIISTRY of the fluctuation as detected , say ,

by some spec tral techn ique , such as
li ght scattering, resonanc e Raman spec-

MOLECULAR RELAXATION PROCESSES t ra , f ar in f r a r ed , Kerr decay tines ,
etc. The question , then , is , having

Various methods exist for probing imposed a perturbation on a liquid ,
molecular relaxation in liquids follow- how does the liquid react?
ing  a p e r t u r b a t i o n .  A s i g n i f i c a n t  P ro fes so r  D. Kivelson (Univ.
prob lem is to reduce the many pa r t i c l e -  California , Los Angeles) gave the in-
interactions observed to the single- troductory lecture and reviewed the
par t ic le re lax ati on process , especially backgroun d areas. Recently-developed
because different probes obtain dif- tools now being used to examine molec-
ferent measures of relaxation . The u lar re laxa tion processe s inc lude h igh-
Faraday Division of the Chemical  Soci-  speed computation of molecular dynam-
ety, London , he ld a two-day symposium ics (i.e., the “computer-generated
on “Newer Aspects of Molecular Relaxa- liquid”) , laser light scattering, nu-
tion Processes”, at the Royal Institu- clear scattering, shor t-pulse spectra ,
tion , London , 13-14 December 1976. resonance Raman spectra , and a new
The Conference considered exper imental emphasis on the hydrodynamics of
methods , theoretical models of relaxa- sphere s or near-spheres in homogeneous
ti on pro cesses , hydrodynamics of rota- fluids. The results appear , however ,
tion in fluids , and the “experimental” not to g ive direct molecular relations
t echn ique  of e x a m i n i n g  mot ions  in a but , rather , mo re macroscopic proper-
compu te r -gene ra t ed  l i q u i d,  t i es .  In terms of molecular rotations ,

A m a j o r  topic of concern at the Con- for example , the problem is to reduce
ference involved the correlation func- the experimental observations to cor-
tion , a concept which is often diffi- relation functions for rotation of
cult for the uninitiated to grasp, a single particle , but a number of
Indeed , several participants stated that uncertainties remain. Various theo-
the physical meaning of a correlation retical models have been proposed re-
function could not be condensed into ia t ing  the roughness of the molecular
a few words , surface to the amount of stick or slip

Professor J. Clarke (Manchester) as the molecule rotates. These models
in a review paper devoted some four suggest that the correlation time is
pages to “What is a Correlation Func- linear with the viscosity through the
tion?” However , we shal l try to dis- equation : T = + Kri , where K is
till a succinct statement from Clarke ’s a constant given by theory . Kivelson
manuscript: The time auto-correlation raised a number of questions: If
function Cn (t) of a molecular property the correlation time is proportional
of a liquid , called B , is defined as to viscosity, does it hold near the
t he  p r o d u c t , B ( ’ r ) B ( t + T ) ,  ave raged  over c r i t i c a l  po in t  of a f l u i d ?  I f  the
all N molecules and all time . Here , viscosity is altered near the critical
B(t+’r ) is uniquely defined by the state point , is the correlation time af-
of the system at time r, If the value fected? The T°’S seem to exist in
of the property B is known at some par- solutions , but not in neat liquids;
ticular time , say B1, then the product are these observations firmly estab-
C8(t)8 1 g ives the average value of B lished , and if so , what do they mean?
at  some l a t e r  t i m e  t .  The correlation In depolarized li ght scattering, wh i ch
function thus describes how some f l u c - i s  r e l a t e d  to molecular rotation , a
tuation in B persists before it is background line exists which contains
averaged out by thermal motions. The as much intensity as do the peaks;
decay in t he  f l u c t u a t i o n  can be cha rac -  i s  t h i s  due to some type of cross
terized by a “relaxation time ” or a coupling or to slow molecular rotation?
s e r i e s  of r e l a x a t i o n  t i m e s  if a model It was noted that in analyzing rota-
is a s su m e d ,  The power  of u s i n g  a cor-  t i o n a l  data there  are  d i f f i c u l t i e s
r e l a t i o n  f u n c t i o n  l ies  in t he  fac t  t h a t  in compar ing  the r e s u l t s  of one ex-
a mode l is  not  assumed.  The c o r r e l a -  p e r i m e n t  w i t h  a n o t h e r  because  d i f f e r -
tion time , then , is simply the integral ent averages of molecular rotation
of th e correlation function normalized are observed.
by the correlation function at time J.M. Deutch (MIT) outlined three
zero. The Fourier transform of a theoretical problems in dielectric
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r e l a x a t i o n :  What is the r e l a t ionsh ip  mode l is not app l icab le  to r o t a t i o n a l
between measured d i e l ec t r i c  cons tan t s  r e l a x a t i o n  in sp i t e  of i t s  success
as a func tion of frequency , c ( w ) , and in translational motions. In his oral
the equil ibrium-time correlation func - presentation , he con tended that the
tion? How can the measurements that computer work is not in error; the
involve the relaxation of many inter- problem lies in the hydrodynamic the-
a c t i n g  pa r t i c l e s  be reduced to a s ing le -  o r y,  which does not properly predict
p a r t i c l e  e q u i l i b r i u m - t i m e  cor re la t ion  the cor re la t ion  funct ion  of r o t a t i o n
f u n c t i o n ?  I f  the p r i o r  issues are re-  at long t imes. The reason for  the
solved , can c(u) distinguish among var -  d iscrepancy is not  c l ea r .
ious models?  At the moment , these G, Searby (Univ .  Nice )  compared
p roblems are not resolved, the predictions of depolarized li ght

J . H .  Freed (Cornel l )  d i scussed  some s c a t t e r i n g  wi th  expe r imen ta l  r e su l t s .
work in electron spin resonance (ESR) Li ght scattered with the same polari-
where the molecules are tumbling slow- zation as the incident li ght contains
ly. He finds that the diffusion con- information about isotropic fluctua-
s t a n t  is i n v e r s e l y  proportional to the tions in the fluid , whereas depolar-
viscosity (both measured as a function ized s c a t t e r i n g  contains information
of f r equency )  but  is uncer ta in  of the about anisotropic fluctuations aris-
underlying reasons. Further , as far ing from molecular reorientations.
as ESR is concerned , there are no ro- In the VH (vertical to horizontal)
tational anomalies in the critical re- scattering geometry , where the m ci-
gion (see the question raised by dent light is vertically polarized
Kive lson). and the scattered light is horizontal-

J. Clarke (Manchester) raised the ly polarized , only the transverse hy-
question of the physical sign ificance drodynamic modes , or shea r waves , are
of the theoretical p roportionality be- able to couple with the anisotropy
tween the single-particle and the many- of the liquid. The extent of coupling
particle equilibrium-tine correlation is g iven by a parameter R. At low
funct ions which may hold only in the and intermediate values of R, theory
diffusional limit , and experiment agree , but not at

G. W ill iams and h is co l labora tors h igh va lues of R , wh ich correspond
at the University College of Wales have to a supercooled liquid approaching
been s tudy ing  the dynamic Kerr effect , the glass transition temperature.
wh ich is the change in the normal ized In the HH (horizontal to hor izon tal)
b i r e f r i n g e n c e  wi th  time . Two systems geometry , the transverse velocity
i n v e s t i g a t e d  gave similar results at gradient cannot contribute to scatter-
low temperatures , cons istent w ith a ing, but coupling with the longitudi-
“fluctuation-relaxation ” mode l (wherein nal gradients is permitted. Again ,
the solute move s through large-angle there are difficulties when R is large
steps) and inconsistent with the small- because the theory predicts different
ang le rotational model. At highe r responses and the intensity of scat-
temperatures , however , one system di- tered light is very weak.
verged and became more consistent with R. Pecora (Stanford) reported on
the  s m a l l - a n g l e  ro t a t i ona l  model .  The the s ingle  pa r t i c l e  co r r e l a t ion  time ,
change f rom one model to anothe r may , wh ich can be ob ta ined f ro m the
be t y p i c a l  of viscous l iqu ids  and amor- de~ ola r iz ed  Ray le igh  spect ra  by us ing
phous so l id  polymers,  an equa t ion  which  conta ins  the effeç-

B .J .  Berne (Co l umbia) has been corn- t ive  s t a t i c  and dynamic c o r r e l a t i o n
paring the correlation function calcu- functions. The parameter T sp  var ies
lated from hydrodynamic theory with linearly with the solution viscosity
experimental resul ts obtained from “corn- through r9 Kn * r O~~ where K can
pu ter f l u ids”, which may involve 108 be calculated from t~~ slip hydrody-
sphere s undergoing 250 ,000 co l l i s ions,  manic model and determined experimen-
If the hydrodynamic theory is forced tally. Even though the experimental
to give the correct initial and long- samples have quite different corre-
time decay , it predicts strong oscil- lation functions , they al l show the
lations in Cu(t), but the osci llations same dependence of T 8~~ on s o l u t i o n
do not appear to occur in rough sphere viscosity. H. Davies (Univ. College
flu ids. In hi~ paper , he concluded that of Wales) then raised the question
either the computer experiment gave er- of whether a molecular or a bulk vis-
roneous results or that the hydrodynamic cosity should be used. The general
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opinion was that even though single sound velocity obtained from the p0-
p a r t i c l e s  are ro ta t ing in a viscous liq- l a r i zed  l ight scattering of simple
uid , the bulk viscosity is the proper liquids can be fitted by a single
parameter. When g polyme r is added , relaxation curve r e l a t i n g  the velo-
however , one must take into account the city to the Brillouin shift frequency.
v i scoe la s t i c  response of the polymer Measurements we re also made at a van -
at the frequencies of the response.  e ty  of temperatures  to de te rmine  the
Deutch raised the question of whether relaxation strength and the relaxa-
t he re  was a t r a n s i t i o n  from s l ip  to t ion t imes as func t ions  of tempera-
st ick in the hydrodynamic models in ture . The re laxation processes ap-
a t t e m p t i n g  to o b t a i n  s i n g l e - p a r t i c l e  pear to correspond to a t r a n s l a t i o n a l -
paramete rs . Pecora indicated tha t  no v ibra t ional energy t r a n s f e r  invo lv ing
t r a n s i t i o n  was r equ i red ,  the lowest  or the n e x t - t o - t h e - l o w e s t

J .M.  Vaug han (Royal  S ignals  and Ra- v ib ra t iona l  level .  In fo rma t ion  on
dar Establishment , Malvern , UK) stated inelas ti c co ll is ion cross sect ion ,
that the use of a multipass Fabry-Perot intermolecular repulsion , and the ra-
instrument helps clean up the background tio of the “bulk v i s c o s i t y” to the
scattering so that the fine detail of shear  v i s c o s i t y  can a lso be ob ta ined
the Raman l ine  can be de tec ted  in l iq-  f rom the t empera tu re  dependence of
u id  c r y s t a l s  and , thus , d i f f e r e n t  param- relaxation time , prov ided certain as-
e te r s  f rom d i f f e r e n t  por t ions  of the sumpt ions  are made . The “bulk vis-
l ine can be e x t r a c t e d  and , fu r the r , cos i ty” ex i s t s  only for  po lya ton ic
the l i ne  wid th  below 1 MHz can be ex- gases and for  l i qu ids .  I t  accounts
amined .  The technique  a lso works wi th  fo r  the d i f f e r e n c e  between the equi-
normal l i qu ids  w i t h  very low s ca t t e r i ng .  l i b r i u m  pressure  ( a f t e r r o t a t i o n a l

T ,A .  L i t o v i t z  (Cathol ic  Univ .  of relaxation has occurred) and the ki-
Amer ica )  measured  the  depola r ized  l ight  n e t i c  pressure  (before  r o t a t i o n a l  re-
scattering from a number of symmetric laxation nas occurred) when a sound
liquids , such as the rare gases , neth- wave passes throug h the fluid.
ane , and CF 4. By use of a sca l ing  pa-  J. van der  E l sken  (Amsterdam)  ex-
rameter , the intensity of scattering amined the far-infrared rotational
can be plotted against the scaled wave l ine widths of UC1 dissolved in argon
number to produce a single almost linear to obtain information on the rotation-
curve over four decades of i n t e n s i t y ,  al r e l a x a t i o n , wh i ch is s e n s i t i v e  to
es pecia lly in the hig h- f requency  r ange .  local a n i s o t r o p i c  d e n s i t y  f l u c t u a t i o n s .
This observation can be in te rp re ted  The der ived equat ions  accounted  for
in terms of a two-component mechanism ; the experimental observations.
a long-range-dipole-induced di po le , and A.D. Buckingham (Cambridge) pro-
a short-range mechanism . To separate vided a short overview of the confer-
these two effects , long-waveleng th in- ence : a scientist can focus his at-
frared line shapes that are controlled tention on three distinct domairs--
by the s h o r t - r a n g e  mechanism can be that  of the molecule itself , the in-
examined. After scaling, data obtained teractions of molecules with one an-
from the IR line shapes superimpose onto othe r, and the condensed phase itself--
the light-scattering intensity curve the last , of course , be ing the most
at hig}’ values of scaled frequency , difficult. The condensed phase can
which means that the short-range anisot- be described in terms of noninteract-
ro py induction mechanism dominates the ing molecules , molecul es w it h only
hi gh frequency of scattering, a small overlap , or a system wherein

In a sepa rate presentation , Litovitz the identity of the molecules is lost.
descr ibed the rotation of a benzene mol- Each of these regions has advantages
ecule in its own plane (like a wheel and disadvantage s in terms of our abil-
spinn ing about its axi s) or out of the ity to anal yze the s i t u a t i o n  in theo-
molecu la r  p lane  ( l i ke  a f l ipped  co in ) .  re t ica l  and e x p e r i m e n t a l  te rms.  One
In the first case , rotational velocity conclusion that can be reached from
should be independen t of viscos ity, but the conference is that different cx-
the second case does depend on the vis- perimental techniques need to be corn-
cosity. These two cases require differ- bined and exploited in both the gas-
ent hydrodynamic models to explain eous and solid states to obtain in-
the effects, formation on relaxation phenomena in

1. Dorfml.iller (Bielefield Univ., the condensed phase. A particularly
West Germany) finds that the hypersonic valuable “experimen tal” technique
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that is being pursued by a number of days of electronic di g ital computers ,
investi gators is molecular dynamics-- all computers operated as “batch
the investi gat ion of computer fluids- - processors ” whereby the total machine
which will be of enormous benefit to resources were focused for relatively
our comprehension of the condensed long time periods on one particular
phase. The proceedings of the Confer- computing task. Jobs were processed
ence will be published as a Faraday sequentially, not concurrently as in
Society Symposium No. 11 in May 1977. present-day multi-proce ssing systems.
(L.H. Peebles , Jr., ONR , Boston) In such a batch processing environ-

ment , if the computer ’s central proc-
-
‘ 

essing unit (CPU) was active , it was
COIVIPUTER rather obviously performing useful
SCIENCE wo rk on a p a r t i c u l a r  job . Inactivity

of the CPU generally indicated a need
for  more h igh-speed core storage , and

REPORT CARDS FOR COMPUTERS the data processing manager could do
a simple cost-benefit analysis to de-

The full title of the conference termine whether or not to invest in
held in Stresa , Italy on 4-6 October more hardware in order to increase
was “The Second In t e rna t i ona l  Workshop the system throughput . With only one
on Modeling and Performance Evaluation task at a time to worry about , the
of Compu ter Systems ” . The sponsors computer ’s operating system software
of the meeting were IRIA (Institut de (i.e., resource management software)
Recherche en Informatique et en Auto- was relatively simple.
matique) and IFIP (International Feder- In contrast , many of today ’s th ird-
ation of Information Processing Soci- generation systems typ ically process.
et ies), and the organizers were H.J. dozens of jobs simultaneously, spend-
Helms , H. Fan gmeyer and J. Larisse of ing only milliseconds at a time work-
the Joint Research Center of the Euro - ing on any one job before switching
pean Communities (Ispra Establishment), to another. In these systems , the
The first of this series of proposed bookkeeping responsibilities of the
annual meetings was held in August 1974 dynamic resource allocation software
in Rocquencourt , France. are truly staggering. The bookkeep-

The town of Stresa , located about ing per se becomes a very large corn-
50 miles northwest of Milan on Lago puting job wh ich competes for time
Magg iore , is a popular European summer and resources with the “real” jobs
resort which generally affords a superb that the system is try ing to service.
view of the Italian Alps. However , the The old measure of efficiency--CPU
much-publicized summer drought from utilization--now conveys very l ittle
which most of Europe had suffered was information regarding the amount of
brought to a thunder-crashing end the “useful” work being done , since much
day before the conference . The record- of the CPU ’s time is being taken up
breaking rains , wh ich lasted for three by what is terme d “system overhead” .
days and caused widespread flooding in The purpose of the extensive
Milan and most other parts of northern research activity in computer systems
Italy, necessitated several last-minute modeling is to develop analytic al mod-
changes in the program due to the im- els which can be used for performance
p o s s i b i l i t y  of t r ave l  and vo lun t ee r  p r e d i c t i o n . On the experimental side ,
emergency service  by some of the  It a l i an  both hardware monitors (actual elec-
participants. tronic devices) and software monitors

Never the l e s s , the  m e e t i n g  was well (special monitoring programs) are used
a t t e n d e d  by more than 185 registrants to gather empirical data against which
f rom con t inen t a l  Europe , the UK and the analytical models can be tested.
the US. A t o t a l  of 31 papers were pre- A l t h o u g h  in p r i n c i p l e  one cou ld
sen ted  in the three  days - -7  i nv i t ed  mode l or s i m u l a t e  t he  d y n a m i c s  of
papers and  24 con t r i bu t ed,  even the most complex of modern  com-

As one mig ht  i n f e r  from the  fact  pu te r  sys tems , such m i c r o s c o p ic mod-
that major international con ferences eling would involve time increments
are devoted to the subject , the assess-  of nanoseconds and would be totall y
meri t of the performance and efficiency impractical as a method of macroscopic
of contempo.rary computer systems is performance measurement . In much the
a very difficult problem. In the early same way that statistical mechanics
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provides the bridge between molecular Approach to the Evaluation of Computer
dynamics (microscopic) and thermodynam- System Performance ”. In th is , Comma
ics (macroscopic), statistics and sto- considers two distinct modeling
chastic systems theory are the proper approaches--statistical regression
mathematical tools for developing mac ro- and system simulation--and presents
scop ic measures of computer system a method of combining their use in
performance , a hybrid modeling technique . Three

In order to predict the performance levels of successively greater detail
of a compu te r  s y s t e m  a n a l y t i c a l l y,  i t  are involved in t h i s  scheme : the
is obviously necessary to characterize Workload Model , the Load-Adjusting
in some way the typical workload which Model and the Memory Management Model.
t he  sys t em w i l l  encoun te r .  In a m u l t i -  These three levels can be thoug ht of
p r o c e s s i n g  sys t em it is necessary to as successively improved approxirna-
know , f o r  example , the  r e l e v a n t  s t a t i s -  t i ons  to the ac tua l  log ical  and struc-
tics regarding the size of programs , tural relationships in the system.
the basic functions of the programs At the crudest leve l (the Workload
(e.g., scientific number crunching or Model), regression analysis provides
commerc i a l  f i l e  s o r t i n g ) , the  amoun t a q u i c k - a n d - d i r t y  model  of g ross  sys-
of storage required by the programs , ten performance. To refine the de-
etc. Severa l of the papers discussed tail , simulation models are then used
methods for gathering such characteri- to dynamically mode l the more micro-
zation statistics and the difficulties scopic operations within the system .
encountered in attempting to reduce Comma claims to have had reasonable
the enormous volumes of data gathered success in estimating the batch-mode
by m o n i t o r i n g  a system for  days or weeks  pe r fo rmance  of the CDC 6000  compute r
to ~ tractable and useful set of work- system at Inperial College (i.e., the
load characterization parameters, model estimates are within 30% of

Y. Bard (IBM Cambridge Scientific the actual system measurements).
Center , US) pre sented an excellent open- However , since this work was carried
ing paper entitled “A Characterization out under very well-controlled condi-
of VM/370 Workloads” (VM = Virtual tions and for  an e x i s t i n g  system con-
Memory) . This characterization tech- figuration running in batch-mode , the
nique , which Bard claims has been in present model is admittedly inadequate
use by IBM Service Engineers for nearly for more general system performance
a year , was designed to provide the forecasting.
i n p u t  to a p r e v i o u s l y  developed a n a l y t i c  The mathematical discipline of
model which predicts the performance queuing theory , which is concerned
of proposed VM/370 confi gurations. with problems of congestion in net-
Specifically, the model is intended to works , provides a very natural tool
estimate the utilization of various for the modeling of computer systems.
hardware components such as main CPU, The basic idea is that the system con-
storage devices , output devices , buf- sists of an interconnected network
fe r s , et c . ,  to d e t e r m i n e  t r a n s a c t i o n  of se rv ice  p o i n t s  ( e . g . ,  the CPU , h i gh-
and response t i m e s , ar ~d to p r e d i c t  t o -  speed core s to rage , i n p u t / o u t p u t  de-
ta l system throughput. For existing vices , buf fers , etc.) throug h which
installations , the workload characteri- user programs and data must flow in
z a t i o n  w h i c h  Bard descr ibed  is e a s i l y  the course  of p r o g r a m  e x e c u t i o n .
obtainable from measurements on the Queuing theoretic models provide the
system ’s actua l working environment, proper bridge between the microscopic
In addition to its use as input to an events wh ich take place deep in the
analytic mode l , the workload characteri- bowels of the computer system and the
zation is also of value to the data soug ht -after macroscop ic measures of
processing manager in identifying those performance , It is not surprising,
users who consume the critical resources then , that well over half of the pa-
of the system . Still another use of pers at the conference dealt either
workload characterizations is in quan - explicitly or implicitly with queuing
titatively comparing the computing re- models. Most of these papers dealt
quirements of different installations , only with certain subsystems or sub-

One of the best delivered papers problems such as job scheduling strat-
at  the Conference  was tha t  of H. Comm a egies , and d id  not  a t t e m p t  to model
( I m p e r i a l  Col lege , London) : “A Model ing  the  t o t a l  s y s t e m .
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One example of a queuing theoretic THE EUROPEAN COMPUTING CONFERENCE ON
subsystem model was that of G. Fayolle SOFTWARE SYSTEMS ENGINEERING
and M. Robin (IRIA-Laboria) , “Optimal (EUROCOMP ‘76)
Queuing Policies in Multi ple-Processor
Systems ”, who examined a hypothetical EUROCOMP ‘76 , held in September
computer with two coupled central proc- in London , was actuall y two conferences
essing units , The “queuing discipline ” run in parallel , Computer Performance
considered was first-in-first-out with Evaluation and Software Systems Eng i-
jobs arriving in a Poisson stream , ex- neering, the latter being the latest
ponentially distributed service times of several of its type to be held in
and queues of finite capacity. Jobs Europe . The first of this series was
were permitted to “jockey ” from one a NATO-sponsored conference held in
queue to another to expedite service. 1968 under the title ‘~Software Engi-
The problem which the authors addressed neering Technique s”, a term used to
was that of determining the optimal refe r to the many aspects of computer
jockeying policy which should be adopted software methodology and production.
to minimize a certain cost function . In all , some 72 papers were pre-
A somewhat similar model , which seemed sented at EUROCOMP ‘76 over a three-
to provide more definitive and practi- day period. Billed as two conferences
call y useful results , was that by M. for the price of one , the number of
Reiser and A.G. Konheim (IBM, Yorktown business people and software house
Hei ghts): “Queuing Model of a Multi- representatives present was in itself
programmed Computer System with a Job- a reflection of the urgent require-
queue and a Fixed Number of Initiators ”. ment in industry to reduce the hi gh

Most of the papers and discussions cost of design ing and producing soft-
of s ste:.i monitors dealt with so-called ware systems.
soft~;arc monitors which are special Unfortunately, most of the papers
programs whose function is to provide presented in the software engineering
a record of the dynamics of system re- program focused on narrow aspects
source utilization during actual work- of the software design problem. Even
load operation . One notable exception those which described program develop-
to this was the paper by Y. Bekkers and ment systems covered only some facets
B. Decouty (Universit~ de Rennes , of the total software eng ineering
France): “A Versatile Programmable process , i.e., the steps of problem
Hardware ~onitor ”. The basic idea in definition , software specification ,
the pres entation was that , with the program implementation and system
use of a mi i i-computer as a controller , verification. What was missing was
a st~~ndard hardware monitor could be a much-needed session or the overall
made into an adaptive monitor which architecture of program develop -ent
could , vi~ a feedh~ick loop, send useful systems,
i nf (~rma tio n to the central CPU , thus The session on new approaches to
enah lin g dynamic modification of the system structuring included papers
performance of the main computer sys- which described structuring aspects
tec . lie authors referred to such a of operating systems , languages , con-
m in i - c on p ut t.r controlled monitoring sys- p iler generators , and problem solvers.
tern is a hy i rid  monitor. The most significant paper in this

The Proceedings of the Workshop session , “Hierarchical Structure in
arc to be published by ~orth- }folland Operating Systems ” by G .1l . MacEwen
Publishing Co. whose US distributor is (Queen ’s University, Kingston , Can ada )
American E ls evier Publishing Co. provided a theoretical framework for
(William J. Gordon) defining the components of an operat-

ing system and their hierarchia l re-
lationships. The operating system
characteristics considered in MacEven ’s
model include hierarchy , transparency

I~~ JRL REPORT9J c ’o~~~~~~~~~~~ ,~~ n~~~~~~ i ~;tribution. These properties were then
See the back of this issue combined into a~ hierarchical model
for a list of current abstracts. which p rovided a useful framework

for describing and designing operat ing
systems.
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The s e s s i o n  on s o f t w a r e  m a n a g e m e n t  r e p o r t  on h i s  c u r r e n t  r e s e a r c h . The
i n c l ud ed p a p e r s  on p r o j e c t  m a n a g e m e n t , p a p e r  b r i e f l y  d e s c r i b e d  t h e  late st
the  i n t e r n a t i o n a l  s o f t w a r e  m a r k e t , a nd v e r s i o n  of  h i s  m o d u l e  d e s c r i p t i o n  l a n -
the hi gh cost of programming languages. iigm a n d  the me thodology for generat-
The fir ~ t paper , “The Control of Sys- jug a single progr am module (in PL/l)
tems Desi gn for Large Projects ” by s i n g  t h e  MOD LL processor. Some of
Dr . F. O’Bri an (PA International Man- the recent research on MOP! I. is a i m e d
agement Consultants , Ltd., UK) provided toward automatic partitionin g of the
a simple outline of the desi gn , inte- d a t a  d e s c r i pt i on s t a t e m e n t s  and asso-
gr atio n and imp lementation phases ciated requirement s to allow production
of a software project. One of the more of multi p le but integrate d p r o g r a m
u s e f u l  c o m m e n t s  made  i n  t h i s  p a p e r  was  m o d u l e s .
t h a t  m a x i m u m  use  of  h i gh l e v e l  t o o l s  The P l i e r s  in t h e  r e m a i n i n c  ses-
sh~~n l d  he m a d e  t o  p o s t p o n e  as l o n g  as s i o n s  ( s y s t e m s  rd i a h i l i t v , l a n g u a g e s
p o s s i b l e  t h e  b i n d i n g  of log ic d e c i s i o n s  and  o p e r a t i n g  s y s t e m s , a d a ; t a h i l i t v
t o  m a c h i n e  code . T h i s  p r o c e d u r e  a l -  and p o r t a b i l i t y ,  a n d  t e s t i n g  and  va l i -
l o w s  e a s i e r  t e s t i n g  a t  e a r l y  p r o g r a m  d a t i o n ) w e r e  p r i n c i p a l l y  a p p l i c a t i o n s
de s  i g n  J i a s e s  i n  log i c a l  a n d  more  u n d e r -  o r i e n t e d .  They  d e s c r ib e d  sy s t e m s  im-
s t , . n d a h l e  f o r m s .  p l e m e n t a t i o n  p r o b l e m s , l e s s o n s  l e a r n e !

The l a s t  p a p e r  s c h e d u l e d  i n  t h i s  a n d , in a f ew  c a s e s , t he s o l t u , re e n -
s e s s i o n  b u t  n o t  p r e s e n t e d  w a s  “The g i n e e r i n g  p r a c t  ices  a p g  l i e d .
I i i  ~h C o s t  of  P r o g r a m m i n g  L a n g u a g e s ” L a c k i n g  t h r o u g h o u t  a l l  t h e  sec -

h C .  \ . R .  I l o a r e  ( Q u e e n ’ s U n i v e r s i t y ,  s i o n s , h o ;eve r , w a s  t h e  c o m m i t m e n t  t c
B e l f a s t ) .  I t  e x a m i n e d  the  s i g n i f i c a n t  i n t e g r a t e  a n d  r i p p l y  s( t t \ ;a r e  t eve lop -
f a c t o r s  t h a t  c o n t r i b u te  t o  t h e  c o s t s  m e n t  t o o l s  te  g e f l e r a  I p r o b l e m  a r e a s
of  p r o g r a m m i n g .  T h e s e  i n c l u d e  o r g a n i -  s u c h  a s  h a u L i n g ,  i n s l i r ; n c e , c r r r :u n l c a -
: a t  ion  ( c h a n g e s )  , p r o g r a m  d e s i gn , p r o  - t i on s a n d  t r a n u  f a c t  r i  i n n .  J u t  e r r  t e d
g r a m  c o n s t r u c t i o n , e r r o r  ( c o r r e c t i o n) , s o f t w a r e  d e v e l o p m e n t  S y s t e m s  s t i l l
c h a n g e  ( i m p r o v e m e n t s ) ,  r u n n i n g  c o s t s , s e e m  t o  lo a o r i i t  in  t h e  r e f i n e m e n t
s o f t w a re  procurement , a n d  d e l a y  ( i i i  o f  r n o d n i ’_ p a r t  it i o n i n g  c o n c e p t s  r i n d
d e l i v e r y ) .  The  v a r i o u s  f a c t o r s  s p e c i f i c  m o r e  c o r r p ; i t  i h i e  s y s t e m  s p e c i f i c a t i o n
to progr amm ing languages which c o n t r i b —  an d  i l i r s  r t a t  ion  l rr n g u a es . i n
u t e  to hi gh C O s t s  h e r e  t h e n  d i s c u s s e d , ene c i i , 1 tU ~~~t ‘ ~~~~ ~ r e v  i d c d a u se~
r e v e a l  i n g  in  m a n y  c a s e s  t h e  b i a s  o f  m l  f o r u m  f o r  e x c h a n g e  of i d i  as a r G o t :
t h e  a u t h o r .  Soni c of t h e  l a n g u a g e s  c on -  b u s i n e s s  a n d  s o i t a r i r e - h o u s e  r e pr e s e n -
p a r e d  in  t h i s  p a p e r  were  CO B OL , F O R T R A N , t a t i v e s  a n d  i n  some  c a s e s  i n s  i g i r t s
P L / l  , A L C O L . ,  L I S P  a n d  P A S C A L .  In m o s t  i n t o  c u r r i r i t s o f t  o r e  e n g  i f l o o r i n g  r e
c a s e s  ALGOL a n d  PASCAL w e r e  c o n s i d e r e d  s e a r c h  a ‘ i v i t  i s .
s u p e r i o r , h u t  i L  a u t h o r  p r o v i d e d  n n l  ( L ( ’ I ) R  T N t v i ~ 1~~ f l n m m i e r )
s u b j e c t  i y e  e va  I n a t  i o t i s  t o  s u i i o  r t  h i s
a s s e r t  i e n s .

The session on m t  e r f a c e  S~~~C C  i f i  -

c a t i o n  i n c l u d e d  s e v e r a l  p a p e r s  w h i c h
a d d r e s s e d  problems of d e H n i n c  program STANPA1tDI ATION OF R L\ I  — 1  ‘fl O P F R A T I \ I :
m o d u l e  i n t e r f a e  s a n d  a u t o m a t i c a l l y ~ i~Sii~~L~;

i n e r a  t ing pro gram s. ‘‘Module I n t er -
f a c e  he cr i p t ion L.a ngu i ge ’ I M I D L )  , Th e l u t e  m a t  i o n a  I P u r d u e  i V o r k sh o p
by 1. . P. C o r d  a nd M . • ‘ ta hon  ( B u r r o u g hs on I u du s  t r i a I C o m p u t in g System s was
C o r p . )  d e s c r i b e d  a spec i f i  ca~ ion l a n  - f o u n d e d  a t  Pu r due Un i ~‘ers  it y a n d  is
g u a g e  w h i c h  a 11 moe t h e  d e s c r ip t  ion t h e  l e a d i n g  fo rum f o r  d e v e l o p i n g con -
of t he d a t a , p a i  a m e t e r s  a r id  e n t r y — p o i n t  p u t e r  s t a n d a r d s  f o r  t h e  p r o c e s s  con-
m t  e r f a c e s  o f  a m o d u l a r  p r o g r a m .  The t ro l  community. In i t s  Furo; ean
d e s c r i p t i on ( i n  M I D ! ) is then  c o m p i l e d  Branch  t h e r e  are  t w o  v e r y  a c t i v e  t e c h -
t o  c h e c k  f o r  i n t e r f a c e  c o n s i s t e n c y  and  n i c a l  c o m m i t t e e s  t h a t  a r e  d e v e l o p i n g
is s u b s e q u e n t  I t  e m p l o y e d  t o  e n s u r e  use r e q u t  r e n i e nt s  a n d  s t a n d a r d s  f o r  l o n g -
of  t h o s e  p r e — d e f i n e d  j i l t e r  f a ce s  w h e n .  t e n  p i n c e d u r a  1 l a n g u a g e s  a n d  real —
modules are separ ~ el y c o m p i l e d  in l itre o p e r a t i n g  s y s t e m s .  I n  tile US ,
t h e i r n o r m a l  s o u r ce  l a n g u a g e ,  t h e r e  e x i s t  s i m i l a r  Purdue  A m e r i c a

The li s t  of ei ght papers in this tec h ni c al committees , whose effo rts
s e s s i o n , “ A u t o m a t i c  G e n e r a t i o n  of  P r o -  in  t h e s e  areas have been less success-
g r u n t s ” , by Noah S. P r y w e s  ( U n i v .  of  f u l  a n d  pa r t i a l l y impeded  h e  m a r l~et  i n g —
Pe n n s y l v a n i a )  c o n s i s t e d  of  a p r o g r e s s  s t r a t e g y  r e s e r v a t i o n s  of c o m p u t e r -
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vendors and tI.~ large user commitment competing for a virtual processor;
t o  FORTR A N and  PL/ l p r o g r a m m i n g  and B locked - - a  process  not c o m p e t i n g
l a n g u a g e s .  fo r  a v i r t u a l  p rocessor  ( w a i t i n g  fo r

The T e c h n i c a l - C o m m i t t e e  (T C -8)  on a s p e c i f i e d  c o n d i t i o n  to become t rue
R e a l - T i m e  O p e r a t i n g  Sy s t e m s  (RTOS) is as a r e s u l t  of a h a r d w a r e  i n t e r r u p t ,
c u r r e n t l y  tasked to consider the d e f i n i -  a message  a r r i v i n g  in t h e  p rocess  mes-
tion , construction and use of an RTOS sage buffe r or a shared data structure
f o r  p r o c e s s - c o n t r o l  a p p l i c a t i o n s  such a c c e s s ) .
is steel-plant or  n u c l e a r  r e a c t o r  con-  O the r  e l e m e n t s  of an RTOS being
trol. Specific goals assigned to TC-8 defined by TC-8 i nc lude  high- and low-
a r e  to m a k e  RTOS c o n s t r u c t i o n  more ef- level process communication and syn-
f i c i e n t  a i a  e c o n o m i c a l  and  to attain chronization primitives , resource man-
maximu m reliability and portability agement facilities and system construc-
t h roug h t he  d e v e l o p m e n t  of s y s t e m - d e s i gn t i on  concep ts .  Some of the  f a c i l i t i e s
g u i d e l i n e s  and  m a c h i n e - i n d e p e n d e n t  con- and f u n c t i o n s  d e t e r m i n e d  necessary
c ep t s . The fundamental difference be- in the  hi gher  levels  of c o n s t r u c t i o n
tween an RTOS r ind  a c o n v e n t i o n a l  oper -  inc lude  device  d r i v e r s , c l o c k - t i m e
a t i n g  s Y s t e m  is t h a t  the  RTOS super-  access a l a r m s , a l l o c a t i o n  and de-
v i s e s  t a s k s  t h a t  mus t  co -ope ra t e  in a l l o c a t i o n  of b a s i c  r e sou rces , f i l e
t i m e - c r i t i c a l  sequence  as opposed to h a n d l i n g ,  process creation and dd e-
s u p e r v i s i n g  e s s e n t i a l l y  independen t  t i o n , s y n c h r o n i z a t i o n  and  communica-
t a s k s  t h a t  m a x i m i z e  t h e  use of sys t em t ion , v i r t u a l  memory , s o f t w a r e
r esou r ces ( d i s c , j r i n ter , ca rd  r eader , c o n s t r u c t o r s / t r a n s l a t o r s , s y s t e m gen-
etc.). eration utilities , o p e r a t o r  i n t e r a c -

TC - 8  is composed of t h ree  sub - t i on , and e r r o r  h a n d l i n g .
g roups  c u r r e n t l y engage d in d e f i n i n g  TC-8 ’ s e f f o r t s  have  u n t i l  r e c e n t l y
an o p e n - e n d e d  mode l  of  an RTOS w h i c h  been somewhat  l i m i t e d  by t h e  low l e v e l
can be expanded  or reduced t o  s u i t  a of EE C s u p p o r t .  A f a v o r a b l e  d e c i s i o n
particular application . The “kernel” by the EEC Council of Ministers this
s u b - g r o u p  is t a k i n g  a b o t t o m - u p  a p p r o a c h  sp r ing  to fund a t w o - y e a r  r e a l - t i m e
( h a r d w a r e  to user)  to d e f i n e  the RTOS t e c h n o l o g y  d e v e l o p m e n t  e f f o r t  s h o u l d
k e r n e l  ( b a s i c  f e a t u r e s )  based  on the improve TC-8’s rate of progress.
c o n c e p t  of  a virtual machine. The (LCDR David C. Rummier)
a r c h i t e c t u r e  s u b -g r o u p  is  d e f i n i n g
t h e l a y e r s ab ov e t h i s  k e rn el  u :i n g a
top-down approach (user to harda~.re)which incorporates the needs of a po 

-

________________________________________
tential RTOS user and the process-
tasking requirements of the Technical
Conrmi tte’e (TC-3) on Long-Term Procedur-
al Language (LTPL). A third sub-group
is  b e i n g  f o r m e d  w h i c h  will deal with GOALS-ORIENTED RESEARCH: A VISIT TO
t he  suppor t  r e q u i r e m e n t s  for  c o m p u t e r  STL
n e t w o r k s  in  an RTOS .

In d e f i n i n g  t h e  ba s i c  RTOS s t r u c - A j i n g l e  mi ght  go:  What in the
t u r e  TC-8 chose  a h i e r a r c h i c a l  a p p r o a c h  US is B e l l , in the  UK i s  STL. There
w h i c h  c o n s i s t s  of  m u l t i - l e v e l s  of  ab-  is  a m a r k e d  p a r a l l e l  be tween  the  re-
s t r a c t  ion . The h i g h e s t  l evel i n c l u d e s  search  a c t i v i t i e s  a t  t h e  S t a n d a r d  Tele-
the  more complex features and is the communications Laboratories at Harlow ,
l a y e r c lo ses t  t o t h e  application proc- Eng land and Bell Telephone Laboratories
e s se s . The k e r n e l  ( t h e  l owes t  l a y e r)  in the  US . There  a re  a l s o  d i f f e r e n c e s .
p r o v i d e s  an a r b i t r a r y  number  of  pseudo-  The H a r l o w  L a b o r a t o r y  is ti le larg-
p r o c e s s o r s  r ind  an a p p r o p r i a t e  v i r t u a l es t  of f o u r  r e s e a r c h  organizations
i n s t r u c t i o n  se t  by m u l t i p l e x i n g  p h y s i -  w i t h i n  STL , w i t h  a f i f t h  in develop-
c a l  p r o c e s s o r s .  m e n t .  O t h e r  l abs  are  l oca t ed  at

A p r o c e s s - s t a t e  mode l has  been de- P a r i s , Stuttgart , and Madrid; Rome
f i n e d  by TC-8 w h i c h  s p e c i f i e s  t h e  is  tile s i t e  of the  new l a b o r a t o r y .
p r i m i t i v e s  t h a t  m u s t  be suppor t ed  by I t  is  the  mi ssion of the Harlow Lab
the  k e r n e l  d i s p a t c h e r .  The t h r e e  s t a t e s  t o  se rve  both  as the c e n t e r  of cor-
w h i c h  have  been d e f i n e d  at t he  ke rne l p o r a t e  r esea rch , w i t h  the  s t a n d a r d
level  a r e :  Running--a process allocated role of looking at future materials
to  a v i r t u a l  processor; Ready--a process and products , and as a contributor
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t o  d i r e c t  o p e r a t i o n s  r~hen c a l l e d  upon i n i t i a l  t e n s i l e  s t r e n g t h  of the sili ca
by t h e  O~~~C i i i  i n g  d i v i s i o ns .  A c c o r d i n g -  f i h e r , t h e y  s o l u t i o n — c o a t  w i t h  s i l i -
I v , STL si. . i e n t i s t s  h a v e  r e sponded  t o  cone resin or  K y n a r .  A t h i c k  po ly-
c r r ~~ls  b r  a s s i s t a n c e e v e n  i n  S o u t h  p r o p y l e n e  c o a t i n g  fo r m e c h a n i c a l  p ro-
Ancrica , w i t h o n - s i t i  d ir i gne ~~is . The t e c t i o n  results in a I mm o .d .  S t a n d -
n e e d  to be ‘ r el ,vant ” i s  p a r t  of  r u t -  a i d  f i b e r  l e n g t h s  a re  500 m and  1 km .
agert : 1  p h r l o ’ t o p h v  , and new e m p l o y e e s  O n c e  pr oduced , the optical fibers are
Ir e  ge ntl y , b i t t  fi rml y , r e m i n d e d  that packaged into cables containing bun—
t h e i r  lab or ator y is n o t  in academic lI es of two to ei ght fibers p lus a
insti t u t i o n ;  eric! s t a f f  member is call ed ventral strength member a n d  the as-
a n e n g i n e e r .  R e p o r t e d l y ,  r e s e a r c h e r s  s em h ly  s h e a t h e d  in p o l y e t h y l e n e  f o l  -

r e s p o n d  w e l l  t o  t h i s  p h i l o s o p h y  as t h e y  low ed by n f l  o u t e r  s t e e l  a r m o r i n g .
find si t  is fri c tion in see ing the fruits The basic cable desi gn is one with
o~ their lab ors in tangible product s , eig ht fibers , If a smaller number

An area which demonstrates t i r e mi x of optical paths is desire d , dummy
01 s c i e n c e  r ind t e c h n o l o g y  is cri l le de- fibers are used in til e cable lay-up .

~ I e p r s n t  . i h e  R e s e a r c h  L a b o r a t o r y  STL quo tes a 5 dB/km loss  f o r  p a c k -
has p l a y e d  a l a r g e  r o l e  in  til e c o r p o r -  a g e d  c a b l e  and f e e l s  t h a t  t h e i r  p a c k -
ate movement front copper to aluminum ag ing techniques allow them to produce
c a b l e , including such seeningly mundane c a b l e  w i t h the same loss as the ori g i-
efforts as development of optimal tech- nal fiber . Residual attenuation is
niques for joining, always a problem largely due to Ray lei gh scattering.
with aluminum . The monetary value of It is interesting to note that the
this effort is reported to justify the breaking of a fiber does not neces-
cp er ition of the Laboratory for a con- saril e s i g n a l  t h e  end of i t s  opera-
sidera bl e period of time . Another in- t ion . Assuming no d i s p l a c e m e n t of
n cr tant conventional communication link the too ends at t he  b r e a k , t he  b r e a k

ro v r d e d  by STL is s u b m a r i n e  c ab l e s  m e r e l y  adds  a b o u t  3 -dB  a t t e n u a t  ion
w r t h  s u b m e r g e d  r e p eat e r s . t o  t h e  o p t i c a l  t r a n s m i s s i o n .  STL

De v e l o p i n g  o p t i c a l  c a b l e s  is a d i f -  qu o t e s  7 s t r a i n  to  f r a c t u r e  as op-
f c r e n t  s t o r y , arid now involve s much posed to othe r cables available at
of t i r e  L a b o r a t o r y ’ s cur r e n t  e f f o r t .  The 0.2 to 0 .4 % .  T h e i r  i n v e s t i g a t i o n s
Labo r a t o r y  has  d e v e l o p e d  g l a s s - f i b e r h a v e  i n c l u d e d  a w i d e  v a r i e t y  o r  t e s t -
t e c h n o l o g y  t o  t i e  point that i t  began  i n g ,  some to I!S ‘!ilita rv Specificr i-
p r o d u c t i o n  in November  19” o. t i o n s .  For i n s t a n c e , t h e  c a b l e  can

T i e  opt  i c a l  c h a r a c t e r i s t i c s  of  t he  w i t h s t a n d  h u n d r e d s  to t !  ous toi l s of
f i b e r c  r i r t , o f  co ur se , c e n t r a l  in  in-  h a m m e r  b l o w s  w i t h  energ ies  of  a few
p o r t a n .~e .  s i l  v i e w s  i t s  success  h e r e  f o o t - p o u n d s  a p p l i e d  at the r at e  of
as  a l o i ’ i c r i l continuation of its cx- one per second , aitho ug h when the
p e r i e nce  in  ~emiconducting materials , hamme r b l o w s  a r e  a p p l i e d  a t  hi gher
w h i c h  suh s~ a n t  i a l  l y exceeded  e x p e r i e n c e  e n e r g y  l e v e l s  of S to It f t - l b , t he
in g lasses . Th e glass is chemicall y- cable fails in a few blows . Ihe fi-
vapor~ de~ o c i t e I  on the inside of a si l i -  bers are themselve s strong ; inadver t-
ca tube which is collapsed unde r heat cot w i n d i n g  around 10-cm p ull e t s has
( o r i g i n a l ! >’ in flame ; more recently been tolerated , and reelin i: is t h e
in  a sm a l l  e l e c t r i c a l  h e a t e r )  and d r a w n  c ommon prick ag i n g  t e c h n i que .  The STL ’ s
to fiber . GeCI 4 is introduced to mod- attention to me chanical stren g t h is
I f y t h e  r e f r a c t  rye inde x ; B i s added intent iori a I , f o r  f i e l d  ope n i t  ion i -

as  a g l a s s  f o r m e r .  l’he d r a w i n g  is poses the requirement that t h e ~~c ca-
p recise; the diameter is controlled bios should be able to w i t h s t a n d a
to ±~~ pm i n  1 km l e n g t h s .  The o p t i c a l  v a r i e t y  o f  p u n i s h m e n t s , i n c l u d i n g  t h e
characterist i cs have been designed to heels of field technici ans , d r o p p e d
ma tch input from li ght-emitting GaAs hammers , etc. STL h opes t o  deliver
diodes (LFDs) a t  900 on or from lasers 50 km of cable in 1977 re iii ring pro-
a t  850 nm . The graded-index s i l i c a  duc t  ion  of  abou t  509 km of opt  i c a l
fiber produced has losses of 3 . 5  to fiber .
4 dB / k m  a t  GaA s w a v e l e n g t h s  w i t h  d i s -  F i b e r  o p t i c  d e v e l o i r e n i t  l i e s  in
p e r s  i o n s  of  l ess  t h a n  1 nsec/krn . Oc- the Materi a ls Division o f  t h e  >ir i t cci-
c a s i o n a l l y  a G e e - W h i z  f i b e r  is produced-- als and Components Labor ite r t , under
I d B / k m .  J o r  l e s s  d e m a n d i n g  a p p l i c r i - t h e  d i r e c t i o n  of .J . E v a n s ;  C . } I . L .
t i o n s , f i b e r s  w i t h s t e p — i n d e x  p r o f i l e  Goodm an , who  i s  t h e  s c i e n t i f i c  l i a i s o n
can  he  macic . To p r e s e r v e  the  h i g h t o  v a n s , s e r t e d  as h o t  f o r  our v i s i t
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to  ST L. O t h e r  a c t i v i t i e s  in t i r e  M a t e -  a n e e d l e  or  sp i k e  s t r u c t u r e  in t h e
r i a l s  D i v i s i o n  i n c l u d e  the  d e v e l o p m e n t  d e p o s i t e d  l a y e r .  The t h i c k n e s s  of
of thick- and thin-film hybrid circuits the SiO layer used at STE is 200 $ ,
(in cooperation w~ th the STL production and tbe layer is corrugated at the
facilities in Paig’~ton , Devon), research 5-10 A level. A 1 203, Mg O , and CaP 2
on inks  and s u bs t r a t e s  w i t h  e m p h a s i s  have a l s o  been t e s t e d .  The n e n i a t i c
on non-noble metal conductors , capaci- li quid used is , in itself , a good sol-
tor development (also in cooperation vent requiring a special inorganic
with Paignton), and group testing and (glass) container.
reliabilit y of electromechanical con- GaAs-GaA 1As solar cells , formed
t a c t s  f o r  s w i t c h i n g .  Goodman s t r e s sed  by li quid phase  ep i t a x y , a r e  be i n g
tile surprising amount of science that studied. These cells can be operated
is involved in a seemingly routine study under conditions when li ght is focused
of electromechanical contacts; in  fact , to intensities equivalent to 1000-2000
application of quantum mechanical meth- suns. They operate with a small fall-
ods is being explored here , off in efficiency to 250°C. ST! plans

Within the ~iaterjals Division a to make a device termed a “solar eye-
Materials Evr ul uation Centre acts as ball” which will use wasted solar en-
production line troubleshooter for all ergy to find and track the sun throug h-
ITT (International Telephone and Tele- out the day. This “solar eyeball”
graph) manufacturing facilities. The is to be constructed of cheap materi-
Centre undertakes consultation on any  als and be maintenance-free.
materials problems encountered on ITT STL is an acknowled ged leader in
production lines on a worldwide ba si s , the area of injection lasers.. They

Electro-opt ical devices are a m a j o r  p roduce  these  fo r  b o t h  m i l i t a r y  and
concern of the Components Division. communications app lications. The pure-
.\lthoug h STL developed the first I.!rD ly military applications include de-
d i s p l a y  i n 1968 , t h ey f a i l e d  to  c ap i t a l -  v i c e s  f o r  r a n g e f i n d e r s  , weapons rind
ize on the market. Four years ago an i l l i n n i n a t o r s .  C o m m u n i c a t i o n s  r i l i l i-
infrared image converter consisting of eatio ni s, which are also of military
an array of 192 LED elements , erich 2 nil interest , include interference-free
square and separated from its neighbors dat a links , local area TV links , and
by 0.5 nil and using a total drive cur- hi gh-capacity trun klines. Their lot -
rent of 0.25 A , was developed . LED per- power devices are the conventional
formance has exceeded expectation s . double heterojunction GaA s- GaA lA s
A ni ght-vision telescope is another ap- structure . These devices have a
p licat ion . GaAsP LliDs with MOS (metal 5-50 pm core diameter with a 0.2 tm
oxide semiconductor) memories have been GaAs active layer. Because these low-
developed for alphanumeric displays in power devices are made for communi-
such applications as air traffic con- cations applications , one important
tro l , airborne a p p l i c a t i o n s , et c. c h a r a c t e r i s t i c  is cw d e v i c e  l i f e t i m e s

The primary emphasis of the Display in excess of 10 ,000 hours. Testing
G r oup is w i t h  l i q u i d  crystal displays , indicates 2-8% failures per  1000
These a re  to  be p roduced  and w i l l  be hours in earlier operr i t ion , better
coupled with MOS memories to make al- later.
phanumeric displays and word modules. Research at STL has emphasi zed
The Group ’s work has been airred at un- finding methods of identifying devices
d e r s t a n d i n g  the  SiO a l i gnment  l aye r in w h i c h  will riot meet s p e c i f i c a t i o n s
twisted nematic displays. I f  t he  SiO and  determining manufacturing t e c h -
is evaporated onto a substrate at angles niques which produce a hi gh yield of
of incidence less than 15° , the mole- long-lived devices. They attribute
cules of the organic liquid used in  device-ag ing difficulties to disloca-
the display align along the direction tion structures in the active layer ,
~ incidence for the SiO. If the angle which eventually lead to black-line

01  hncid ence for the evaporated materi- degradation , and they use optical cx-
al is greater than 20°, the organic amination to identify devices which
molecules then align perpendicular to are likely to fail early. Their sue-
the direction of incidence of the SiO . cess with this method was demonstrated
These a l i gnment characteristics are in a life-test of 20 lasers. This
t he  r e s u l t  of s h o r t - r a n g e  orde r i n  the  t e s t - g r o u p  was selected by optical
SiO layer deposited at angles of in- techniques; after an initial burn-in
c idence  lower  than 15° wh ich y ields pe r iod , 19 of the lasers operated
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with stable outpu t powers for over as a result of large-scale inte gration
10 ,000 hours. The one rogue device efforts. Further reduction in the
was subse quentl y examined , and it w a s s i z e  of t he se c i r c u i t s will require
determined th at the laser should have new methods of maskin g the devices.
been rejected initially on the basis Some of the problems being studied
of its optical characteristics. Late by this group include the use of soft
service-failures are probably due to x-rays to expose resists , p lasma-
strain introduced by the oxide layer, etching and conformal coating of the
While STL makes its lifetime tests at devices once etched . They have foun d
room temperature , the Post Office Re- that plasma-etch rates in silicon ox-
search Laboratory at Ipswich performs ides are faster than in pure silicon
accelerated tests at 90°C. and that they can also etch aluminum

Injection lasers for military ap- and nitride layers. They can direc-
plicrutions are usually pulsed , hi gh- tionally control the p lasma etch to
peak power , low-duty cycle devices 1-pm resolution and to depths of
which are typically sing le heterojunc- 2 pm ; no “mousehole effect ” is
tion devices. These devices have a discernible--the walls are straight
t h i c k e r  a c t i v e  reg ion (about 2 pm) , with no undercut noticeable. ST! has
hi gher threshold current s , arid are evaluated coating techni ques and found
now limited to a maximum temperature that the rmal oxide and evaporative
of 60°C , At h igher temperature s opti- deposition are adequate for silicon
cal confinement of the beam becomes a oxides but that thermal evaporation
problem. STL is developing a five-layer is inadequate for aluminum because
structure with a localized gain reg ion it leave s crevices wh ich reduce device
(LGR) which they feel will produce yields . They feel that chemical-vapor .-
devices with better hi gh-temperature deposition of Al using a trinitrobuty l-
and hi gh-dut y cycle characteristics. Al complex does not exhibit these prob-
The LGR is onl y 700 A thick and STL blems , but for unexplained reasons
would like to make it as thin as 300 A. this method doe s not always work ari d
This region helps i n  optical confine- is not therefore ready for production.
ment of the beam. STL uses li quid-p hase Biophysics is the newest area in
epitaxy for growth of all laser devices the materials and component labora-
because both vapor and molecular beam tory . The philosophy here is to learn
ep itruxy create traps which degrade de- the lessons biology has to teach in
vice performance. Using a rotary cru- fabricating devices. The work is in
cible techni que to obtain accurate ten- its early stages and is starting
perature control , they are able to with studies of membranes which are
achieve the specified layer thickness specific in their passage of particu-
r e l i a b l y  a n d  a t  t h e  same t ime o b t a i n  l a r  e n z y m e s .  One p o s s i b l e  application
good surface characteristics. In growth for such a filter would be as a de-
of the [GB devices , their yield is 40% , tector for contaminants. Biophysics
with sayer thicknesses in the 600 to is a rather small effort and STL hopes
1000 A r a n g e .  The proper layer thick- to reap benefits front advances expected
mess is critical in order to prevent over the next fifteen years.
self-destruction of the device through An area of large applications po-
having too much energy at the output tentia l involves leachable glasses.
face. These hi gh-powered lasers have The developments here started with
a width of 250 pm and produce 5 MW/cm 2 a scientific curiosity concerning the
with 1% duty cycle. For battlefield rate of solut ion of g lasses in liq-
illumination ei ght lasers are f e d  into uids , including water. In a classi-
a rectangul ar optical fiber , and ten cal set of events , STL has now produced
such units combined give an output beam a variet y of g lasses which have so-
diameter of 1 mm with 300-W peak power. lut ion rates that may vary over IS
The maximum duty cycle for these arra ys orders of magnitude , depend on envi-
has not been determined. ronmental pH and temperature , can

Silicon technology is still an im- carry selected additives (e.g., K),
portant research area. In the fabri - and dissolve with no residue and lit-
cation of patterns for integrated cir- tle side-leaching. The major market
cuits there has been no fundamental intended for these glasses is agrieul-
change in photolithography, but ove r ture ; tailored , long-lasting fertil-
the past few years there has been a izers have been produced and success-
continuous reduction in element size fully tested on grasses. Other
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a p p l i c a t i o n s  i n c l u d e  h e r b i c i d e s , t i m e -  i n v i t a t i o n s , and the organizing “coat -
r e l e a s e  of f u n g i c i d e s fo r  o i l  s p i l l  m i t t e e ” c o n s i s t s  of one or two people
co n t rol , and r educ t ion  of a lgae .  M ed i -  who r o t a t e  f rom y e a r  to yea r .  Th is
ca l  appl i c a t i o n s  ( e . g . ,  d r e s s i n g s )  y e a r ’ s c o n f e r e n c e , w h i c h  was he ld  a t
a re  a l so  e n v i s a g e d .  Che lsea  College (London) on 20 and

Another line of interest for glass 21 December 197ti , was organized
is its possible importance in the elec- by Professor W .E. Spear and Dr. P.G.
t ronics industry . It could be used LeComber (Univ. Dundee).
as a substrate material for electronic Both the size and format of the
c o m p o n e n t s  w i t h  i t s  t h e r m a l  e x p a n s i o n  m e e t i n g  were c o n d u c i v e  to  i n f o r m a l i t y ,
coefficient being easily m a t c h e d  to bu t  I was m i l d l y  d i s a p p o i n t e d  at  t he
semiconductors and metals . STL has limited time for discussion which fol-
a l s o  developed the techniques necessary lowed most of the talks. Speakers
to produce channel plates for image were instructed to end promptly in
intensifiers from lead-free glass, order to allow amp le time for discus-

STL m a i n t a i n s  an advanced h i g h -  s i on , but  g i v e n  t h e  i n f o r m a l  a t m o s p h e r e
pressure laboratory , used primarily of the conference , many of then found
by several academic institutions, the temptation to ramble on too great.
Goodman is c o n v i n c e d  t h a t  the  use of The meeting consiste d of four ses-
p r e s s u r e  as an a v a i l a b l e  p a r a m e t e r  w i l l  s i o n s  w h i c h  c o n t a i n e d  t o u r  i n v i t e d
f i n d  w i d e  and i n c r e a s i n g  use in the  f u -  and 23 contributed papers . In the
ture , in a manner similar to the way opening invited pre sentation Dr. E .A.
t h a t  c r y o g e n i c s  has pervaded  l a b o r a -  Dav i s  ( U n i v .  C a m b r i d ge)  des c r i b e d  the
t o r i e s .  One p a r t i c u l a r l y  a t t r a c t i v e  e l e c t r o n i c  and s t r u c t u r a l  p r o p e r t i e s
study in the laboratory , using apparatus of amorp hous As. This talk was an
capable of measuring Flail voltages at amp lification of his earlier remarks
pressures up to 100 kbar , demonstrated on the same subject at the Cambrid ge
that Ge becomes very similar , at hi gh Symposium on the Structure of Non-
p r e s s u r e s , to  Si at  amb i ent p r e s s u r e , C r y s t a l l i n e  M a t e r i a l s  (cf. ONRL Re-
and  GaA s t o GaP.  po r t  C - l - 7 7  on t h i s  s y m p o s i u m ) .  In

The b r e a d t h  of the  a c t i v i t i e s  in a d d i t i o n  to d i s c u s s i n g  t h e  ph y s i c a l
t h e  M a t e r i a l s  and  Components  Laboratory, model of amorphous As which was built
which numbers about 200 eng ineers , is at Cambridge , Davis described the d cc-
o b v i o u s . The r e m a i n d e r  of STL ’ s I l a r low t r o n i c  s p e c t r a  and t he  d e n s i t y  of
L a b o r a t o r y  l i e s  in the  Te i ecommunica -  s t a t e s  fo r  the  m a t e r i a l .  He also de-
tions Laboratory , with its 3S0 engineers. s c r i b e d  m e a s u r e m e n t s  on samp l e s  which
A s s u m i n g  e q u i v a l e n t  scope and a b i l i t i e s  had been c o m p a c t e d  under  p r e s s u r e .
t h e r e , one m u s t  a r r i v e  at the conclu- Some of these compacted samples exhib-
sion that the STL Laboratory is truly ited variable range hopping conductiv-
f i r s t - c l a s s .  [ James  H. G o r r e ll  (EOARD) , i t y  oa e x p  (BT ~~~) f r o m  which a densit
A lfred .\edoluha (USARSC), and Al Sosin] of states of ~ l0 ’~ cm 3 eV ’ co u ld

be inferred, Davis concluded by men-
tioning the absence of a linear tert
in the low-temperature specific heat
as measured by l . A .  P h i l l i ps ( U n i v .

Ch ELS E A A M ORP h OUS SE MICONDUCTORS M E E T I N G  C a m b r i d g e )  and the optically induced
absorption and electron spin resonance

This annual meeting was first con- (ESR) measurements of S.G. Bishop Ct
vened severa l years ago by Professor 21  ( N a v a l  R e s e a r c h  L a b o r a t o r y ) .  A
\ ..J . ,Jonschcr (Univ. London) as an in- discussion of t he  o p t i c a l l y  i n du ced
formal gathering of British scientists ESR and optical absorption results
i n t e r e s t e d  i n  amorphous semiconductors, in o t h e r  s e m i c o n d u c t i n g  m a t e r i a l s
By now t h i s  affair h~ s become somewha t was presented by P.C . Taylor et at
t r a d i t i o n a l  a n d  much more i n t e r n a t i o n a l  ( N a v a l  R e s e a r c h  L a b o r a t o r y )  in the
in scope , but the organizers still en- paper which followed.
d e r u v o r  t o  m a i n t a i n  an i n f o r m a l  a t m o s -  P r o f e s s o r  P . N .  B u t c h e r  (Univ.
p h er e  with a reasonable time after Warwick), in an invited presentation ,
e r u . . i~ p a p e r r e s e r v e d  f o r  i n f o r m a l  dis - discussed some recent de velopments
c u s s i o n ,  The s i z e  of  the m e e t i n g  has in the  t r a n s p o r t  t h e o r y  of amorphous
h o v e r e d  a r o u n d  100 p a r t i c i p a n t s  fo r  the s e m i c o n d u c t o r s .  He d e s c r i b e d  a molec-
I r i r t  c o u p l e  of y e a r s .  O f f i c i a l l y ,  the u l a r  model  due to D. Emin (Sandia Lab-
me et i up is open only to those  w i t h  o r a t o r i e s )  w h i c h  e x p l a i n s  t h e  si gn
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anomalies observed for the Hall coef- reduction is due to the establishment
ficients. In this model the si gn of of internal electric fields which
the Hall effects for both electrons quench the PL. Following these two
and ho le s  depends no t  only  on the  local t a lks  Dr. M .H . Brodsky ( IBM , Yorktown
geomet ry  ( c o o r d i n a t i o n  number of the H e i g h t s )  commented that  the PL level
a toms , for  example )  but a l so  on the  ma-  in doped amorphous Si s h i f t s  when the
tu re  and r e l a t i v e  o r i e n t a t i o n s  of the hydrogen is rep laced  by d e u t e r i u m  in
loca l  o r b i t a l s  between which  the car -  the s t a r t i n g  m a t e r i a l  ( s i l a n e ) ,  and
r i e r  moves (odd- or even-membered r ings , he concludes t h a t  the  PL must  t h e r e -
for  e x a m p l e ) .  Bu tche r  a l so  descr ibed  fore  involve S i -H  bonds .  P r o f e s s o r
recen t  c a l c u l a t i o n s  of the thermo-power J. Stuke ( U n i v .  M a r b u r g )  d i s a g r e e d
in amorphous semiconductors , but the with this conclusion because at
bulk of h i s  t a l k  was concerned w i t h  Ma rburg the same PL levels  had been
calculations of the prefactor , a1~, in found in both amorphous Si prepared
t he  e x p o n e n t i a l  express ion  for  the dc from s i l ane  and in neu t ron  bombarded
conductivity. He considered three ii- amorphous Si (which contains no hydro-
lustrative calculations of a : (1) gem) . This was the f i r s t  in a se r ies
a two-dimensional narrow bana with non- of discussion s concerning the role
degenerate , fixed-range hopp ing; (2) of hydrogen in d e t e r m i n i n g  the s t ruc-
a t h r e e - d i m e n s i o n a l  na r row  ban d w i t h  tu re  and p rope r t i e s  of amorphous Si
non-degenerate , fixed-range hopping; prepared by the decomposition of
and  (3)  a t h r e e - d i m e n s i o n a l  wide band  s i l a n e.
w i t h  v a r i a b l e - r a n g e  h o p p i n g .  A n a l y t i c  D. Wea i re  and A. MacKimnon  (Her io t -
expressions for a

~ 
were presented for Watt Univ.) presented the results of

some of these cases in the limits of a numerical study of Anderson locali-
low- or h i g h - c a r r i e r  d e n s i t i e s .  z a t i o n  in which they ana lysed  the t ime-
Butcher concluded with a discussion dependence of a randomly specified
of the conductivity as determined from wave function . Results for both three
ac data and commented upon the need for and four dimensions suggest an
an accurate analytic formula for the Anderson transition at lower degrees
conductivity in this regime , of disorder than had previously been

LeComber described the Hall-effect supposed. In fact , some analytic the-
measurements made at Dundee on on es had predicted no Anderson 10-
substitutionally-doped amorphous Si. calization at all in four dimensions.
The essential features of this work P.E. Meek (Univ. Cambridge) de-
were covere d by Spear in his presenta- scribed the vibrational densities of
tion at the XI II International Confer- states of crystalline and amorphous
ence of the Physics of Semiconductors Ge using a bond charge model. He sug-
in Rome (see ONRL Report C-2-77 of this gested that the ring statistics of
Conference). The Hall coefficient in the amorphous phase do not influence
both n-type and p-type samples (P-doped the phonon spectrum because models
and B-doped) is observed to be positive, employing both even- and odd-membered
To explain these results LeComber used rings and those employing only even-
the same model which has been suggested membered rings yield the same results
to explain the data in undoped amor- for the density of phonon states with-
phous Si. In this mode l there are two in the framework of this model.
conduction paths , one due to extended The most interesting and contro-
states and one due to donor states. versial session of the meeting con-

The effects of temperature-dependent cerned the general topic of defects
band-ed ge shifts on the thermo-power in solids and , in particular , the role
of amorp hous semiconductors were dis- of defects and hydrogen in doped and
cussed by L. Friedman (Univ. St. undoped amorphous Si prepared by glow
Andrews). Thermo-power and photolumi- discharge techniques. The first pres-
nescence (PL) measurements of doped entation of this session was an invited
amorphous Si were presented by W. Eeyer paper by Dr. M. Stoneham (AERE ,
(Univ. Marburg) and by I.G. Austin Harwell) on defects in crystalline
(Univ. Sheffield) . In undoped amorphous and amorphous solids . Stoneham enum-
Si t h e r e  is  a P 1 band a t  1 .2  eV which  e ra ted  the kinds of defects which can
sh i f t s to 0. 8 eV in  t h e  doped material, occur in crystalline solids , such as
The PL e f f i c i e n c y  is  d r a m a t i c a l l y  re-  a l t e r e d  c o o r d i n a t i o n , i m p u r i t i e s , Va-
duced in the  doped samples , and the  cancies , interstitials , and disloca-
S h e f f i e l d  group suggested that this tions. He a ls o descr ibed br ief ly some
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e x p e r i m e n t a l  p robes  of de f ec t s  includ-  were  p r e s e n t e d  by B. Mov a g h a r  et at
ing optical absortion , LSR and photo- (Univ. Marburg) . These authors
ionization measurements. The main em- compared variations with temperature
phasis of the talk concerned a more de- and concentration of the [SR line w idth
tailed description of various donors , to variations in the electrical con-
acceptors , donor-acceptor pairs , vacan- ductivity, and suggested a m o d e l  w h i c h
cies and interstitials in crystals correlated these two experimental
and their analogs , as far as they are results.
k n o w n , in amorphous  s o l i d s .  For exam - T h i s  s e s s i o n  c o n c l u d e d  w i t h  two
plc , self-trapped holes such as cen-  p r e s e n t a t i o n s  on t h e  q u a n t i t a t i v e  de-
ters exist in both crystalline and termination of the hydrogen content
amorphous insulators containing halogen and its bonding confi gurations in g low-
atoms , and diffuse acceptors such as discharge amorphous Si films. H.
B in crystalline Si may also have an Cardona c t  a t  ( M a x - P l a n c k  I n s t i t u t e ,
a n a l o g  in doped amorphous  Si p repa red  S t u t t g a r t , and  I BM , Y o r k t o w n  H e i g h t s )
by t he  d e c o m p o s i t i o n  of s il a n e .  c o m p a r e d  the  i n f r a r e d  a b s o r p t i o n  f r o m
Stoneham also mentioned several specif- amorphous  Si w i t h  t h a t  o b s e r v e d  in
ic effects which complicate the descrip- various silanes which contain tetra-
tions of defects in both crystalline hedrally coordinated silicon atoms
and amorp hous hosts. These effects bonded to one , two or three hydrogens.
include the inadequacy of a one-electron From these comparisons Cardona was
picture , the influence of large lattice able to estimate the relative numbers
d i s t o r t i o n s , and t he  p resence  of bo th  of silicon atoms which were bonded
i o n i c  and  c o v a l e n t  f o r ce s ,  to one , two and t h r e e  h y d r o g e n  a t o m s

Stoneham concluded his presentation in  the  amorphous  f i l m s . In a second
with a list of distinctive character- presentation , M .hl . Brodsky ~~t at
istics of defects in amorphous solids . ( I B M , Yorktown Hei ghts and Yale Univ.)
Certain reactions (such as used several techniques (infrared ab-
2D -‘ D~ + D , as s u g g e s t e d  by M o t t )  so rp t ion , Raman s c a t t e r i n g ,  mass  sp ec-
may be exothermic in amorphous hosts troscopy and wei gh i n g )  to d e t e r m i n e
w h i l e  t h e y  a re  e n d o t h e r m i c  in  c r y s t a l -  t he  amount  of  hydrogen  in a se r ies
l i n e  s o l i d s . In an amorphous solid , of Si films which were made by sput-
c a r r i e r s  can be l o c a l i z e d  to  a s i n g l e  t e r i n g  and by d e c o m p o s i n g  s i l a n e .
atom or bond without p o l a r i z a t i o n  or  These  a u t h o r s  f o u n d  t h a t  t h e  g low
sel f - t r a p p i n g .  C e r t a i n  d e f e c t s  such d i s c h a r g e  f i l m s  c o n t a i n e d  a t  l e a s t
as d i s l o c a t i o n s  or s t a c k i n g  f a u l t s  a re  20 a t . %  of h y d r o g e n  all of w h i c h  was
not well defined in amorphous solids , bonded to the network , althoug h films
A nd f i n a l l y ,  s ome p r o c e s s e s , such as s p u t t e r e d  in a r g o n  and  h y d r o g e n  c o u l d
f o c u s e d  c o l l i s i o n  sequences , w h i c h  oc-  be made w i t h  c o n s i d e r a b l y  less  hydro-
c ur  in  c r y s t a l s , a r e  i m p o s s i b l e  in amor- gen content. At this point one night
phous solids , question the accuracy of calling the

The r e m a i n i n g  t a l k s  i n  t h i s  s e s s ion  g l o w - d i s c h a r g e  f i l m s  “a m o r p h o u s  s i l i -
concerned defects in amorphous Si . con” and p e r h a p s  suggest that “silicon-

~.S. Title e~ at .  ( I B M , Yorktown ‘lei ghts) hydrogen alloys ” mi ght be a more a p —
discussed ISR studies of dangling bonds propriate term . Regardless of what
i n  h y d r o g e n a t e d , spu t t e red amorphous  t h e y  a re  c a l l e d , s u b s t a n t i a l  i n t e r e s t
Si. They found that , as the numbe r of in these materials b~ the large indus-
sj  ins i s  l owered  by c a r e f u l l y  v a r y i n g  t r i a l  l a b o r a t o r i e s , in  p a r t i c u l a r
the hYdrogen content of the films , IB M and RCA , is destined to continue
t h e  L’ ;~ s i g n a l  b r o a d e n s  and  become s a n i -  u n t i l  their potential usefulness for
sotrop ic. Title’ suggested that the nar - such applications as solar cells and
r o w e r  Lor n t : i a n  l i n e  obse rved  a t  h i g h e r  o t h e r  l a r g e - a r e a  d e v i c e s  has  been care-
concentrations reflected the motion fully evaluated.
of the spin s (motional narrowing) , The final session of the meetin g
but h e  interpreted the a n i s o t r op i c  l i n es co ve r ed t h e t o p i c  of sw i t c h i n g in amor-
i n  S i  and Ge at low concentrations as phous s e m i c o n d u c t o r s .  The i n t e r e s t
due  to  i s o l a t e d , l o c a l i z e d  h o l e  c e n t e r s,  i n  t h i s  sess ion  was not in the  perform-
Ti t i e  f u r t h e r  s p e c u l a t e d  t h a t  t he  h o l e  ance  of t h e s e  s w i t c h e s , w h i c h  have
c en t e r  in  q u e s t i o n  was  a simple diva- not been ab le  to b r e a k  the  h o l d  of
cancy  as is  o b s e r ve d  in  the  c r y s t a l l i n e  s i l i c o n  t echno logy  on t he  commercial
p h a s e .  S i m i l a r  E SR m e a s u r e m e n t s  on m a r k e t , bu t  r a t h e r  in some new i n s i g h t s
f i l m s  w i t h  hig her spin concentrations into how the switching process works.
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In an i n v i  ted t a l k , P r o f e s s o r  D. A d l e r  {~~NGINEERING 
__________( M I T )  d e s c r i b e d  some r e c e n t  m e a s u r e m e n t s

on crystalline Si-chalcogenide glass
h e t e r o j u n c t i o n s  f r o m  w h i c h  t he  f i l a m e n t
d i a m e t e r  in  t h e  g l a s s  d u r i n g  t he  “on ”
state can be estimated. Filament radii , SPUR CROSSI. VORTEX VAL VI \
r , ranged from 1 to 20 microns for cur-
rents below 200 mA. The current was The Inst itut fu r Wasserhau at the
observed to vary as r 2 which implies University of Stuttgart has the uswul
a c o n s t a n t  c o n d u c t i v i t y  i n  t h e  “on ” v a r i e t y  of  e x p e r i m e n t a l  p a r a p h e r n a l i a
state. Adler estimated a temperature associated with a civil eng ineerin g
r i s e  of no t  more t h a n  60° C i n t h e  f i l a -  h y d r a u l i c s  l a b o r a t o r y .  S c a l e - m o d e l s
m e n t  f o r  c u r r e n t s  l e s s  t h a n  about  200  mA o f  v a r i o u s  g r o u n d - w a t e r  s y s t e m s  a b o u n d ,
and concluded from this estimate that and the fresh paint , naxe d floors ,
the switching process in the threshold and general ‘shi p-sh ape ” a~~j~ ar an ees w i t c h e s  was electronic and not thermal of the laboratory is i n d e e d  1m pr e-~s1v e .
in  o r i g i n .  Four  yea r s  ago such a de- What m t  r i gu e d nie eve n n r c , h o w e v e r ,
finitive conclusion would have been was the extent to w h i c h  t h e  I n s t i t u t
h e r a l d e d  w i t h  a great fanfare , but at has exp loited the vorte~ valve for
this meeting the conclusion seemed al- large-scale commercial ; i b l . l i c a t i n n ~~.mos t  a n t i c l i m a c t i c .  The H e a d  of  t h e  I n s t i t u t  is l i n t

Adler described the  r ecove ry  f r o m  J . C i e s e c k e  w h o s e  e n t h u s i a s a  h a s  l e t - n
t he  “ on ” s t a t e  i n the  s w i t c h  as a m e n t i o n e d  i n  an e a r l i e r  r d ort
shrinkage of the filament size at eon- (ESN 30-2:66). This n o t e  i s  a f o l l o w -
stant current density followed by a up on one of the sources of that enthu-
ra~’i d  f a l l - o f f  in the  number  of c a r r i e r s  s i a s m , w h i c h  i s  l a r p e l y  t h e  w o r k  of
as the radius approaches zero. Specu- Dr. H. Bro mb a c h a n d  ‘-1e~ srs . .~~. R u p p e r t
l a t i o n c o n c e r n i n g  t he  c a u s e s  of s w i t c h -  and If . Neumav er. Under Broolnich ‘ s
i ng c o n c l u d e d  A d l e r ’ s p r e s e n t a t i o n .  l e a d e r s h i p ,  a nd w i t h  t h e  he l l ( 1  sev-
He s u g g e s t e d  t h a t  i n t i a l l y ( i n  t h e  “o f f ”  e r a l  r e s e a r c h  s t u d e n t s , t h i s  p r o u ~ has
s t a t e )  t he c o n d u c t i o n  is  p - t y p e  and c o n d u c t e d  a c o m p r e h e n s i v e  s c r i e ’ - of
the highest field occurs near the anode , investi gations of the heh avio i of ccv
rn t i me t h i s  hi gh - f i e l d  r e g i o n  p r o p a -  e r a l  d i f f e r e n t  c o n f i p i i r a t i o n s  of v o r t e
g a t e s  f r o m  the  anode  to  t h e  c a t h o d e , v a l v e s . The wo r k i s  notc ’worthv in
a t  w h i c h poi nt  e l e c t r o n s  can  then  he two r e s p e c t s :  ( 1)  i t  i s  an a d a p t a t i o n
i nj e c t e d .  A f t e r  t h i s  t i m e , t r aps ca n b y c i v i l  eng ineers of a technology that
be f i l l ed , a nd e v e n t u a l l y  t he  o n - s t a t e  was d e v e l o p e d  i n  o t h e r  en g i n e e r i n g
c u r r ent  con s i s t s  of eq ual  co n t r i b u t i o n s f i e l d s , a nd ( 2 )  t h i s  a d a p t a t i o n  has
f r o m  e l e c t r o n s  and  h o l e s ,  r e s u l t e d  i n  a s i g n i f i c a n t p hysical en-

After Adler ’s talk , Professor ~ .P . l a r g e m e n t  of  f l u i d i c  d e v i c e s , e s p e c i a l -
M o t t  (U n i v .  C a m b r i d ge) gave  a s h o r t  lv  vortex v a l v e s , f o r  a p p l i c a t i o n to
p r e s e n t a t i o n  w h i c h  was o f f i c i a l l y  h i l l e d  t he r e l a t i v e l y  n a s s i v e  f l o w c  encoun-
on t h e p r og r am as “Co m m e n t s  on P r o f e s s o r  t e r e d  i n  c i v i l  eng i n e e r i n p  p r a c t i c e .
A d l e r ’s P a p e r ” . In his remarks , Mott Two of these app l ications are described
sp e c u l a t e d  t h a t  ‘~; i t h i n  the  c u r r e n t  c h a n -  h e r e .
nd t he e l e c t r o n i c  p r o p e r t i e s  mi g h t  The b a s i c  r a d i a l  v o r t e x  v a l v e  c o n -
resemble those of an electron-hole liq- fi guration is sketched on the follow-
uid such as occur s  in  c r y s t a l l i n e  Si i n g  p u r e :
at low temperatures for hi gh optical
pur .~~ing power. This speculat ion was
m o t i v a t e d  by the fact that the electron
and hole mobi l ities in the on-state
(10 cm 2 V ’ sec ’) we re  s i m i l a r  to the
values one would expect near a mobility
edge. (P. Crai g Taylor , NRI. , Washin gton ,
DC , on sabbatical at Heriot-W att Univ.,
Edinburgh)
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SUPPLY, Q if the control flow could completely
~ S shut off the valve - -an extreme situa-

tion that is unattainable by fluidic
means). Radial vortex valves desi gned
and tested at the Institut are capable
of control factors of up to about 0.6;
t h a t  is , w i t h  equal supply and control
pressures , an outlet flow of 40% of
the unthrottled flow is obtained.
Provided the pressure heads are equal ,
these results are relatively independ-
ent of their magnitude.

The vo r t ex  va lve , which has no
moving  p a r t s , is seen as an ideal de-

~ v ice  for  c o n t r o l l i n g  the  r e s e r v o i r  lev-
el and rate of overflow for water de-
tention basins used in flood-control

(1TFLFT , Q0 systems . The basic self-actuating
concept is sketched below:

The interaction of the control flow
w i t h  t he  supp ly f l o w  Q~ is such t h a t

a s t r o n g  s w i r l i n g  m o t i o n  is  e s t a b l i s h e d  II
within the valve. Withdrawal of the
c o m b i n e d  f l o w  f r o m  an a x i a l  o u t l e t  re-  

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

sults in large accelerations from inlet ____________________
to outlet , and the consequent high flow
velocities , together with the lengthened By tailoring the valve design and using
flow path , result in high frictional parallel valves with different control-
losses relative to the flow when there port elevations , considerable flexi-
is no swirl (i.e., no control flow) . bi lity is obtainable in the basin out-
Thu s , the influence of the control flow flow characteristics. If required ,
is reflected at the outlet (usually in the outflow can be maintained at a
a nonlinear way), and the device has relatively constant value over a wide
many  of the  p r o p e r t i e s  of an a m p l i f i e r ,  range  of basin depths. An application
By means of various permutations on currently under study at the Institut
this configuration , several control is the use of vortex valves in the
and sensing functions can be performed T’dferrot basin , just east of Heidelberg,
by the vortex amplifier (there is also which holds back the waters of the
an axial-flow version) , and it has of- Lein rivulet , a tributary of the Neckar
ten been a major component in fluidic River. This desi gn , which is based
controllers in which air is the working upon extensive scaling studies , in-
medium and smallness is a virtuous but volves three valve s in parallel , each
elusive goal. At Stuttgart , however , 19 m in diameter and 2 m in heig ht.
the flow control application is for The valves would maintain a controlled
w a t e r  sy s t ems , and many of the  v o r t e x  maximum outlet flow of 33.2 m 3 /s over
valves appear huge to the fluidics en- a basin leve l from 408.45 m (where
gineer: one experimental valve is 2 m the first control port is filled) to
in diameter. 412 m (where the third valve comes

Both of the applications described into play) and a reduced rate of
here involve installations in which flow increasing by about 1. m 3/s w ith
the supply and contro l pressure heads each meter of reservoir depth there-
are equal. The goal is to control the after. Using hydrograp hic data for
outlet flow and a measure of success the T’áferrot basin , Bronihach has done
is given by the control factor: some calculations to show that the

tailoring of the outflow by vortex
S (Q0 - Q0 ,~ ) / Q 0 valves can lead to a 13% reduction

in required basin volume .
where  Q0 and Q0 c are  the  o u t l e t  f lows  The c h i e f  drawback of the vortex
w i t h  the  c o n t r o f  po r t  c losed and  open , valve in the flood contro l application
respectively (e.g., S would equa l 1 is its sheer size--a large supply-to-

outlet diameter ratio is essential
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to the principle of its operation. TIlL FLUID MIICIIANICS RI.SLARCH INSTITUTE
In spite of this , the Inst itut has won ~T I~SSEX
a recent competitive bid for the desi gn
of a major s~ stem to go into a flood- A uni que program in fluid mechan-
contro l p rn je ii ar Stuttgart. There ics research is being pursued at the
is ’ s t i l l  p o l i t i ~. a i n e r t i a  ( t h e  f u n d s , F l u i d  Mec h an i cs R e s e a r c h  In s t i t u t e
as I underst and it , are being delayed), (lMRI ) of the University of Essex.
but Giesecke and Brombach are optimis- The Institute , under the direction
t i c t h a t  t h e vortex valve will soon play of the distinguished mathematician-
a role in what promises to be a major fluid d y u am ic ist Prof. T. Brooke
departure from traditional reservoir Benjamin , sas fo u n d e d  in l9~~0 . F un d-
designs . ing for the In s titute is provided by

One special virtue of the r a d i a l  the Science Research Council ISRC).
vortex valve is  i t s  s e l f - c l e a n i n g  h e -  The s t a f f  of  t h e  l M R I  consists
h a v i o r , a nd t h i s  h a s  led to a n o t h e r  ap -  of  f i v e  f a c u l t y  and  r e s e a r c h  w o r k e r s
plication of a somewhat different of varying seniority, five Ph D r e s e a r c h
nature. If a solid body finds its w a y  students , three MSc students , and two
into the vortex chamber , the momentary visitors on sabbatical l e a v e from their
effect is to increase the flow , rather universities. Benjamin explained that
than h1ocl ~ i t .  The c a u s e  of  t h i s  un-  t h e  I n s t i t u t e  is  s h o r t - s t a f f e d  b e c a u s e
u s u a l but fortunate behavior is the tern- of the mobility of good people , but
p o r a r v  breakdown of the vortex motion , expressed satisfaction s ith the qual-
In fact , an elongated body will he o n -  ity of fore i gn visitors.
ented by  t he  flow , so that its long-axis The general philosop hy of the FMR I
is a l ipne d with the outlet stream , and is , in Benjamin ’s words , “to com bine
it will p et through even though its ma- pure mathematics , such as topology
jor dimension is greater than the out- and functional analysis as applied
let dia m eter. The result? Control of to non-linear partial differential
sewa e o u t f l o w , of c o u r s e ,  The I n s t i t u t  eq u a t i o n s , w i t h w e l l - c o n c e i v e d  and
n ow m a r k e t s  a n d  p r o d u c e s  a l i n e  of sew- executed experiments in  an a t t a c k  on
a~~e co n t r o l  v a l v e s  of  r e m a r k a b l y  s imp le p r o b l e m s  in  f l u id dy n a m ics ” . As an
de si gn. These have been tested and example of other problems of interest
p r o v en i n  t h e  f i e l d , a n d 16 h ave b ee n to  t h e  FM R I , Be n j a m i n  c i t e d  an ana ly -
orde red by various German  sewage  d i s -  s i s  and  e x p e r i m e n t  on a n o n - f l u i d  dy-
pos i l plants. The radial vortex valves namical problem of mode bifurcation
ar e  abou t  a m e t e r  i n d i a m e t e r  and  cos t  in the  f i n i t e  a m p l i t u d e  f o r c e d  o sc i l -

1000 (abou t $l , 2 5 0 ) - - l e s s  t han h a l f  l a t i o n  of a c o n t i n u o u s  s p h e r i c a l
t h e  p r i ce o f t h e comme r ci a l alternative pendulum .
s h i c h  doesn ’ t w o r k  n e a r l y  as w e l l .  The f ) O i n t  of v i e w  w i t h  r e s p e c t

The r c c e u r c h  a t  t h e  I n s t  i t u t  has  to  f l u i d  mechanics , according to
c o n t r i b u t e d  s i p n i  f i c a n t  i n s i gh t s  i n t o  B e n j a m i n , i s  to  co n s i d e r t h e  fu l l
t h e  f l o w s  a s s o c i a t e d  ~ i t l :  a l l  so r t s  of N a v i e r - S t o k e s  e q u a t i o n  w i t h  p r o p e r
v o r t e x - v a l v e  c o n f i u i a t i o n s .  A r e c e n t  r a t h e r  t h a n  i d e a l i z e d  b o u n d a r y  condi-
de v e l o p m e n t  has  been t h e  conical vortex tions and to  compare  t h e  t h e o r e t i c a l
v a l v e  i n w h i c h  t h e  l o s s e s  in t h e  f l o w , r e s u l t s  w i t h  c a r e f u l l y  o b t a i n e d  expe r i -
without contro l flow , are greatly re- mental data . I n  t h e  p a s t , i d e a l i z e d
d u c e d .  A s a res u lt , the control flow theoretical results have been used
is able to reduce the total outlet flow as  a g u i d e  i n obtaining experiment al
by a b o u t  80 1--a new h i g h i n v o r t e x -  d a t a  f r o m  a p hysic al situation that
valve throttling ability. The most did not precisely correspon d to the
adva nced  e x p e r i m e n t a l  t e c h n i ques  hav e m a t h e m a t i c a l  m ode l , so much so t h a t
bee n u sed , i n c l u d i n g  l a s e r - D o p p l e r  v e l -  d a t a  p o i n t s  se r e  f o u n d  w h e r e  t h e y  d i d
o c i n e t r y  an d  some ve ry  h i g h - q u a l i t y  n o t  actually exist. An examp le of
f l o w  v i s u a l i z a t i o n  m e t h o d s .  I t  was  t h e  f o r e g o i n g  is t he p r o b l e m  of c las-
m o s t  i n t e r e s t i n g  and  g r a t i f y i n g t o  s ee sic Couette flow (flow in the annulus
t~m e - e  results leading to some new ap- be t wee n con c en t r ic c y l i n de r s  r o t a t i n g
~- li c a t i o n s  that are well suited to the at different angular velocities),
sl~~e iu1 l f e a t u r e s  of  t h e  v o r t e x  v a l v e , w h i c h  was investi gated both theoreti-
(Itohert II, Nuun n) call y and experimentally by C . I .  T a y l o r

many years ago. Taylor ’s experiment
involved cylinders of finite length
whereas his theory was developed for
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infinite cylinders. The experiment in- are inextensible , or not readily exten-
dicated a cellular disturbance struc- sible , the motion of the water beneath
ture similar in appearance to a regu- the film causes a boundary layer be-
larly, axially-spaced set of smoke rings neath the film where large shearing
concentric with the axis of the cylin- rates exist in the fluid , hence the
ders . The t h e o r y  c o n f i r m e d  t h i s  s t r u c -  waves are generally strong ly damped.
tune when a dimensionless parameter , Also , because the film contributes
t he  T a y l o r  number , exceeded  a c r i t i ci ’l a stiffness to the system , the veloc-
v a l u e .  B e n j a m i n  pointed out t h a t  t he  i t y  of p r o p a g a t i o n  of the  waves  is
cellular disturbance observed experi- increased. The effects of contami-
mentally by Taylor is not am instabili- nants and surfactants (polymers)
ty in the ordinary sense , but a second- are being studied under a grant from
ary flow ; it exists at all values of the Natural Environment Research Coun-
the Taylor number , not just for the cil (NERC) . There is also a large
Taylor numbers exceeding the critical set-up in the laboratory for studying
value of the theory. In a finite length wave s on beaches and the diffraction
Couette-f low experiment , the boundary and distortion of waves around islands .
layers at the ends provide a return In a stagnant film experiment ,
for secondary flow and hence serve to water flowing unde r the leading edge
e x c i t e  the  Tay lo r  d i s t u r b a n c e .  Thus , of t h e  s t a g n a n t  f i l m  c o u l d  be seen
the experiment models the response of to cause a ri pple there. In a demon-
the annular fluid to excitation at the stration , the addition of a drop of
ends w h i l e  the  t heo ry  f o r  i n f i n i t e  c y l -  s a l a d  o i l  to  the  f i l m  caused  the lead-
inders concerns a self-excited disturb- ing edge to advance , whereas the ad-
ance. The same observation s and corn- dition of detergent or soap destroyed
m e n t s  app l y to B~ n a r d  convec t ion  (n a t -  the  f i l m  and  caused i t s  l e a d i n g  edge
u r a l  c o n v e c t i o n )  between two h o r i z o n t a l  to recede .
p l a n e s  of d i f f e r e n t  t e m p e r a t u r e . The A number  of interesting non-
theory is based upon the assumption of standard experiments involving rotat-
infinite planes , whereas the experiments ing flows was demonstrated. One ex-
must , of course , refe r to finite 1 planes . periment dealt with the flow inside
Benjamin pointed out how topological a li quid-filled cylinder rotatin p
considerations indicated a hysteresis about its axis. A rod of semi-circular
in switching between disturbance modes cross section with a diameter equal
in Couette and B~ nard flow analogous to the inner diameter of the cylinder
to  the  c a t a s t r o p h y  theory  of bifur ca- was held stationary inside the cylin-
tion and changeover. der as it rotated. Ta y lor-like dis-

Also of current interest in the turbances appeared inside the cylin-
I n s t  i t u t e  is the  s tudy  of wave evo lu-  den .  The s ame p he n ome no n co u l d  be
t i o n  p r o b l e m s , s p e c i f i c a l l y  s u r f a c e  observed  in a rotating horizontal cyl-
water waves. Long solitary waves inder partially filled with a liquid;
(called “solitons ”) and the breakup of the free surface , which was actually
l a r g e  s i n g le ’waves i n t o  a se r ies  of coated with a film , played the same
s o l i t o n s  a r e  b e i n g  s t u d i e d .  I t  is  r o l e  as the semi-circular cylindrical
f o u n d , fo r  i n s t a n c e , t h a t  the  u sua l  rod p r e v i o u s l y  :escribed. Another
mathematical mode l for dispersive , fi- experiment concerned a long, li quid-
m i t e  a m p l i t u d e  waves (the Korteveg- filled cylinder with one closed end;
de Yries  e q u a t i o n )  does not  a d e q u a t e l y  the  open end of  t he  c y l i n d e r  was  im-
describe the phenomenon. mersed in a flui d -filled tank and the

In the  l a b o r a t o r y , small-scale ex- cylinder (not the tank) rotated about
p e r im e n t s  conce rn ing  wave s in shal low i t s  axis. The closed end of the tube
water are in progress. Dr. John C. imparted rigid-bod y rotation to the
Scott , an experimental physicist per- liquid while the flow at the open end
f o r m i n g  the  work , explained the diffi- corresponded ap pi o~~imate 1v to a non-
culties associated with researching wave rotational state. The tangential flow
p henomena  in pure  w a t e r  w i t h o u t  a f i l m - -  f i e l d  in t he  tube induced an axially-
it seems that even when using distilled symmetric , s imi I ar i t ~ flow whose mag-
wate r i n  a “clean” env i ronmen t , a mono- nitude was g r ei test at the tube mouth
m o l e c u l a r  f i l m  soon accumula te s  on and  zero  it  t he  t u b e  end .
the  s u r fi c e  and a l t e r s  the  p r o p a g a t i o n  In  a n o t h e r expe t ira ti t , a st r a t i -
c h a r a c t e r i s t i c s  of waves .  Data  fo r  f i l m -  f l e d  f l u i d  i n  a t u n k  wa s select ive lv
less  s u r f a c e  waves mus t  t h e r e f o r e  be w i t h d r a w n  f r o m  a h o r i z o n t a l  s l o t  in
o b t a i n e d  q u i c k l y .  S ince  many films one end. The induced flow in the
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tank was similar to a wake velocity behind the  shock wave decreases  t h e
distribution (flow distribution behind shock intensity thereby attenuating
an object being moved through a fluid) the shock . For the effect to be op-
whose magnitude increased as t he  s lo t  t i m a l  i t  is neces sa ry  fo r  the  f u l l y
was approached. In addition there was developed Poiseuille flow to be turbu-
a d o w n w a r d  flow above the withdrawal lent; a laminar flow would not develop
level which filled in the volume with- sufficient drag. As the shock wave
drawn. The study is of interest where travels along the tube , it attenuates
levels of a g iven salinity or tempera- and finally becomes a sound or Mach
ture in a stratified body of water are wave . The general idea also works
to be selectively withdrawn , for bundles of f i n e  tubes and g r a n u l a r

A study of turbulent Poiseuille flow beds , but as the Reynolds number (based
in  a c a p i l l a r y  t ube  at R e y n o l d s  numbers on the tube diameter or inter granular
of the order of 30 ,000 was concerned spacing) gets smaller , the floi~ ap-
w i t h  t he  drag r e d u c i n g  p r o p e r t i e s  of p roaches  the  l a m i n a r  s t a t e  more  c l o s e -
polymer additives and the degradation ly and the effect is diminished.
or c h a i n  b r e a k i n g  of the  a d d i t i v e s u n -  The r e sea rch  has  i m p o r t a n t  a p p l i c a t i o n
der high deformation rates. The expert- for the ventilation of air raid and
ment seemed p r i m a r i l y  des i g n ed to  de-  blast shelters.
grade the polymer additive because of Additional activit y in gas dynam-
the high shearing rates at even small ics is concerned with combustion and
Reynolds numbers . The drag reduction chemical reactions in boundary layers
properties of the additive are probably and th t o n a t i o n  waves . The boundary
no t  r e p r e s e n t a t i v e  of the  same R e y n o l d s  l ayer  work , b o t h  t h e o r e t i c a l  and  ex-
number flow in large-diameter tubes. perimental , is involved with hyperson-

The Institute impre s sed  me as a ic f l o w s . Some c o m b u s t i o n  and detona-
place with a track-record for quality tion research is also conducted in
results and where fluid mechanics is a square cross—section , glass- walled
being viewed in a refreshingly non- sing le cylinder internal combustion
standard way . (Martin lessen) engine such that optical measurements

can be made of the ongoing processes.
A very interesting research proj-

ect in biomechanics is in progress.
APPLIED FLOW RESEARCH AT THE INSTITUT The Ii~stitut is developing a prosthe-
FUR TECHNISCHE STROMUNC,SLEIIRE IN sis to rep lace part of the ureter and
DARMSTADT the entire bladder in humans. The

upper  p a r t  of the ureter (adjacent
Research  a t  the  I n s t i t u t  flir to the kidney) is retained and a p las-

Te chn ische St r’dmungslehre at the Tech- tic lower ureter integral with a plas-
n i sche  Hochschu le  D a r m s t a d t  is focused tic shell bladder is inserted to ne-
on applied fluid dynamics research, place the natura l structures. The
The director , Prof. Dr. Ingr. J.H. Spunk , bladder shell contains a collapsible
was f o r m e r l y  a s soc i a t ed  w i t h  i u r  sac i n n e r  l i n i n g  w h i c h  is  c o n t i n u o u s
Aberdeen  P r o v i n g  Grounds  f o r  a t e n - y e a r  w i t h  the  a r t i f i c i a l  u r e t e r  and is a l s o
per iod from 1 9 6 2 - 19 7 2 .  As he was away connec t ed  to  the  u r e t h r a .  A check
during my visit , I wa s conducted around va lve  in the  a r t i f i c i a l  u r e t e r  pre-
by Dr. lngr . Norbert Zloch . vents retrograde flow to the kidney

Zloch was formerly a student of and also overpressure on the kidney.
P r o f .  Dr .  E r n e s t  Becker  of the  I n s t i tu t  An a d d i t i o n a l  check v a l v e  is placed
fü r  M e c h a n i k  at  D a r m s t a d t , and h i s  p r es -  b e t w e e n  the  u r e t h r a  and  b l a d d e r  sac .
ent  r e sea rch , w h i c h  is concerned w i t h  The b l a d d e r  sac can be c o l l a p s e d  i n -
shock wave attenuation in tubes , is side the p lastic shell bladder when
a natural outgrowth of his earlier work fluid from a piston ejector (outside
with Becker. The study concerns the the body) is introduced between the
effect that drag on the flow behind a bladder shell and the sac. Of course ,
shock wave has on the strength of the this arrangement necessitates a per-
shock. As the shock wave progresses manent tubular connection throug h the
t h r o u g h  the  tube , boundary  l aye r s  de- a b d o m i n a l  w a l l .  The p h i l o s o p h y  b e h i n d
velop on the tube wall behind the shock , retention of the uppe r portion of the
and  f i n a l l y  t h e r e  i s  f u l l y  deve l oped n a t u r a l  u r e t e r  is  t h a t  i t  w i l l  c o n t i n -
t u r b u l e n t  P o i s e u i l l e  f l o w .  The r e s u l t -  ue p e n i s t a l t i c a l l y  p u m p i n g  the u r i n e
i n g  d r a g  and  s low i ng down of t he  f l o w  i n t o  the b l a d d e r .  S i n c e  t he  b l a d d e r
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i ng  ac t i o n  is oh t a i ned  I r o t  h a l  f o f  t h e
natural u r e t e r .  The a r t i f i c i a l  p~~r t ion
of  t h e  u n t  t e r  d i v e r t : e s  t o  f o r m  a d i f -

u~~or t h u s  i l l o h i n t  t h e  ! e r l - t  i l t i c  ac [I l l  I \ S I I F I J l I  !1~! ‘II ‘ i h u 1 ~~~~~~\ f l
t i ~n o f  t h e  n a t u r a l  up: c r  p o r t  i o n  t o  Cl OPI!YSJ C ,~~ I\~~~TlDTTTr

a c r o s s  a r a  i m a l  p r e s s u r e  r i s e .
.- \ t  t h c  t i m e  of  try v i s i t , t s e l v e  dogs  The  I n s t i t u t e  f i r  ~i t t e o r o I n  y and
i - a d  b e e n  o pe r a t e d  on , h a l f  with bladder— Geop tI \ sics at the tiniver s i t~ o f
part ia l art t e m  replace me nt a n d  t h e  o t h -  I n n s h r u c k  i s  h o u s e d  i n  t nea r F \  lo-
e r s  w i t h  n~~t t h e  u r e t e r  r e p l a c e m e n t .  c a t i o n s  on t h e  o u t s k i r t s  o f  t h e  t o s n
The l o n g e s t  s u r v i v i n g  dog l a s t e d  seven at t h e  f o o t  of an i m p r e s s  i v e  m o u n t a i n
o~~ k-s w i t h no e f t  o t t  b e i n g  made  to  r a n g e . I t  w a s  f o u n d e d in  l~~9 l  and
u s e  h e i t - c o y n l - a t i h i e  m a t e r i a l s ,  at that t i m e  t h e  a c c u m u l a t i o n  of

The : t e r o e l a s t i c  b eh a v i o r  o f  t u r b i n e  m e t e o r o l o g i c a l  d a t a  b e g i n .  The h i s -
c a s c a d e s  a n d  r o t o r s , and a e r oe l a s t  ic  t o r y  of  t h e  I n s t i t u t e  i s  i n t e r e s t  i n n ,
i n ~~t : i 1 i l i t i e s  of  t h e  b l a d i n g  a n d  t h e  f o r  i t  i s  a s s o c i a t e d  w i t h  m a n y  famous
la b y rin th seals associated with r o t o r  men , some of whom reached t h e i r  fame
s h a f t  v i b r  i t  i o n s  ar e  b e i n g  s t u d i e d ,  in  f i e l d s  o t h e r  than m eteorolog y .
It w : I ~ f:tr nd t I e o r e t  i c a l  ly a n d  c o n f i r m e d  h o r  e x a m p le , V. h ess discovered cost Ic
e x j  er ~~:- c r i t  a l l  , t h a t  o n l y  with a n even  r ays  w h i l e  a t  t h i s  I n s t i t u t e .  I n
nutH er of wla b - - i n  a c a s c a d e  c a n  t h e r e  the l Y O O s  H. F i c k e r  c a r r i e d  ou t  s :n-

i i  a :in u t ha ll~ periodic blade vibra- optic studies of foehn situation s ,
tion. \ iso , in teraction of asymmetric some of which were made in b a l l o o n
se -i l leaka ge w it h thi rotor system f l i g h t s  w h i c h  t o o k  h i m  q u i t e  some dis-
c a n  i~~do~~e sha  I t  v i b r a t i o n s .  t i r i ce  from Ini shruc l . I n  1 9 4  A l b e

\n  i r v o s t  r i n i t i o n  o f  f l o w  f i e l d s  i)efant became Professor of Cosmic
i l -ou t  h i g h speed  t r a i n s  i n  t u n n e l s  is  Ph y s i c s , a n d  a l t e r  l i v i n g  f o r  t i c
i t :  pro gress. The effect of vary ing the Un i v e r s i t  o f  B e n  in  in 11)27 he re-
r a t i o  of t i e  c r o s s — s e c t i o n a l  a r e a  of  t i r n i  1 t o  t h e  I n s t  i t :te in  1 9 1 1  ; he
the train t o  t h a t  of  t h e  t u n n e l  i s  s t u d -  r e t  i r e d  i n  l 9 7 ( i  o i l  l i v e d  in I r n s b y u c k
i ed a t  t r a i n  ~i a c h  nu i : :he  r -  o f  0.  3 t o  0. 1 . t h e  r e m a i n d e r  o f  h i s  l i f e .  A l s o , H.

i l - o n  t h e  t r a i n  e n t e r -  t h e  t u n n e l , t h e r e  I n t e l , a n a t e well k i a t :  in dv n aric
i s  n i t  u r~ I lv  a s h o c k  or  c o m p r e : s  ion  m e t e o r o l o gy , was  a nu m b e r  o f  t i e  I n -
w a v e  t h a t  d e v e l o p s  a n d  p r e c e d e s  the stitut e during t h e  h1VII years .

t o  i n  a t  a m u c h : h i g h e r  velocity. The Rese t ni it the Inst it u e du el ls
r e s e a r c h  i i  c a r r i e d  ou t  liv u s i n g  a pis- on the follo w in g subjects; g l a c i o l o g y ,
ton dri v er to a c c e l e r a t e  :t rod  ( sh : i 1  ed p o l a r  b o u n d a r y  l i v e r , sn o s — l e e — a i r
as  a t r a i n  m o d e l )  t o  the test ve l o c i t y , in terface , r a d i a t i on st u d i e s  i n  t he
1 he  rod t h e :  f l i t s  f r e e l y  a t  ii sp o ci l i e i i  re~~ence  o f s n o w  a n d  i c e , lee—waves ,

i - s i t  i o n  throu g h a g la s s—wa lled c h a n n e l  f o e l t i ~ , i n t e r n a l  gravi ty saves , eff e ct
so t h a t  t h e  f l o w  f i e l d  a b o u t  t h e  m o d e l  o f  i iir t :iins cu cv clogcnesi s , is well
can b e s t u d i e d  i : t t e r l e i u n e t r i c a l l y .  as s v n c 1 t  Ic - : c t c o i o l o g y  stu d ies .

ih e  I n s t i t t i t  fu r T e c h n i u c h e  P r o f .  H. Pich l er , Dire c t or of t h e
t : 1 u r g l e h r e  i s  appl y ing i t s  o~j t r —  I n s t i t u t e , c ame  1 I n n s h r u c k  i n  1 9 l
j O  t o  d e f i n i n g  a n !  s o l v i n g  r e a l  pro !  a l t e i -  n i n e  y e a r s  i s  P r o : . I I .  R e u t e r ’

l e m s . S t e t  i t  a l  p r c b l o m s  a r t . n c r i l l y  a s s i s t a n t  a t  t h e  I l n i v e r s i t v  o f  V i e n n a .
n t h a n  c o nv i e n t l .  — d i l u t e d  H a v i n g  a l so ~i e ti t s i x  e a r s  a t  t i t .

h y p o t h e t i c  i l  o n e s , n d  t h e  r e s u l t s  \ i ~~ t n i a n  W e a t h e r  B u r t . ; i i i , h e  h a s  done
m o r  u s e f u l , t h i s  d e d i c a t i o n  i s  t o  li e m u c h  t o  b r i n g  d y n a m i c  m e t c o i l o g y
c o n r e n d i  . (lI rtin L es se n ) t o  t h e  I n s t i t u t e . lI e  h a s  f u t  a s s i s t —

i t s :  D r s .  I .  V c - r g e i r o _ r , ‘1 . K u h n ,
R. St e i n a t I c r  ( s h o t : :  I n e t ) ,  while the

ONRL REPORTS f o u r t h  i t  on let vi  i t  I r t  Col  1 i n s
h l n i v e r s  it v in Colorado. Dr. I! . f l i t
a l thoug h n t  havin g the of f i c i a l  t i t l e

See t h e  b a c k  of  t h i s  i s s u e  f o r  o f  a~~s i s t it i t ( f o r  t h i  re a r e  otd~ lo u t
a l i s t  of c u r r e n t  ah~~t t a c t s .  : i v i i l ~ih 1 e  s l o t s ) ,  h a s  r~~ v i i t i - 1 c - s s

t h e  sant e  s t a t u r e  in  t h e  I n s t  i t  u t c .
Ther e are about twent y stude nts
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associated w i t h -  t h e  I n s t  : t u t e  , f i v e or L a b o r a t o r y , P o i n t  B a r r o w , A1 a s~ a ( spon-
s i x  o f t hom tire graduate s t u d e n t s .  so r ed  by O S R)  and  on t he  f l o a t i n g  i s -
The s e n i o r  p r o f e s s o r  a s s o c i a t e d  w i t h  l a n d s  A l i c e  I I , I I I ;  he a l s o  sp e n t
t he  I n s t i t u t e , P r o  l es so r  h i . I t o i n b e s  , f i f t e e n m o n t h s  ( 1 9 6 f — 6 8 )  a t  P l a t e a u
d i e d  i n 19 7 2 . t i e  was  i n s t r u m e n t a l  in  S t a t i o n  A n t a r c t i c a  ( 80 °S , 4 0 0 1 ) nea r
s t a r t i ng r e se a r c h  in  g l a c i o l o g v . Hi s t h e  c e n t e r  an d  t o p  of  t i e  A n t a r c t i c
p o s i t i O n w i l l  p r o b a b l y  be f i l l e d  by C o n t i n e n t  ( + 3 6 0 0  n ) .  He w:o- ca r rv i r : c
P r o f . II .  B o i l e  f r o m  S w i t z e r l a n d .  o u t  a f i e l d  s t u d y  pro gr - i : :  u s i n g  a

V ergeiner has  si e rt  a b o u t  f i v e  y e a r s  32-n  t owe r i n s t r u m e n t e d  on t en  l e v e l s
i n  t h e  V~ a t  Fo r t C o l l i n s , a t  N C A R  ( N o -  to o b t a i n m e t e o r o l o g i c a l  i n f o r m a t i o n

i o n a l  e n t e r  f o r  A t t i o s p he  n c  R e s e a r c h )  in t h e  b o u n d a r y  l a y e r . Th i s w o r k  w a s
i n B o u l d e r  and  a t  t h e  t i n  i v e r s i t y  of  p a r t i~ sp o n s ored  by 11° ~~~~~~~ IJ.SSA ,
I l l in o i s . lie h a s  p u b l i s h e d  a n umber  551 ) a n d  t h e  U n i v e r s i t y  of ‘ le lb o u r n e .
o f p a l — e m s  on l e e - w a s e s  w h i c h  ar e  i n t e r -  In  1 2 b 8 - 6 9  he spen t  a n o t h e r  f o u r  m o n t h s
r : a l  g r a v i t y  sa v e s  g e n e r a t e d  by t h e  pa s -  a t  t h e  Sou th  P o l e  S t a t i o n  c a r r y i n g
s o c e  of  an  a i r  stne :uir: over  m o u n t a i n s ,  ou t  s t u d i e s  on r a d i a t i o n  over  ice .
T he p r e s e n t  s t a t u S  in  t h i s  f i e l d  is The s t a t ion , loca ted exact ly at the
d i s c u s s ed a n d  s u m m a r i z e d  in  one of  h i s  S o u t h  Pole , prove s to be v e r y  conven-
p u b l i c a t i o n s  ( w h i c h  w i l l  p r o b a b l y  not  l e n t  b e c a u s e  of t h e  c o n s t a n t  s o l a r
r e c e i v e  a w i l e  enough  e x p o s u r e ) ,  R i o i o ; - ’  e l e v a t i o n  ( t h i s  is possible only at

d i  r- ’
~ ; l  : e ::‘ -gz e d~~ f ’t r l  t h e  Sout h P o l e  s i n c e  t h e  N o r t l :  P o l e

I , ~ . 1 S — 3 1  ( 1 9 ’5 ) .  In  t h i s  p a p e r , i s  o ver  ice  s h e e t s  that u n d e r g o  s lot -
i 7 1 : i c }  i s  i n I n : I i s h , he c o n s i d e r s  a d n i f t s ( .  The ra t 1 a ’  ~vc st u d i e s  d e a l t
n o n - h v d  r r t ~ t i  i j e , a d i a b a t  ic a n d  f r i c t i o n -  w i t h  t h e  neo su ree d~ r i h u t  ion  of  re-
l e s s  f l o w  a n d  a s s umes  t h a t  t h e  r o t a t i o n  f l e c ~~ed i n t e n s i t t  a n u  h a s  i t  is af-
c f  t h e  e a r t h :  c a n  be n g l e c t e d . Hi s  f e c t  d by t h e  grain s i z e  of  snow md
mode l a l s o  t a k e s  c a r e  of  a b s o r b i n g  t h e  by t e  l a r g e - s c a l e  t o  ~ ro~- b i c  fea-
wae e  e n e r g y  t h a t  p :Of agates u p w a r d s  in t u r e s  l i k e  snow w a v e s  or  d u n e s . .-\ c-
o r h r  t m o h i  a rea l is tic u pper  bound-  c o r d i n g  to  Kuhn , r e s e a r ch i n o p t i c a l
ary condit i o n . Because he has access properties of suns wi ll prcb abl v re-
to  o n l y a sno t 1 c o n  g u t e r  (CUC 3300 1 c e ic e  the m o s t  i d  ive dcv ele~ F o n t
he m u s t  use loi t n i e r  decomposition sithin the next five ye ir s . When deal-
t h e  h o r i z o n t a l  p l a n e ;  this requires t h e  i n g  w i t h  r a d i a t i v e  p r o b l e m s , t h i s
la teral bound ary conditions to be r e m -  k n o w l e d ge i s  n e e d e d  i f o r e  uar :ts to
i o l i c .  The no el is tested on a mou t ai n apply the corn et boundar y conditions
of 10 b t  d i a m e t e r  i - i t h  a 2 km h e i gh t . ove r  snow , lie h a s  s u b m i t t e d  a pro-
So ne of his findin g s i r e :  V e r t i c a l  p o s a l  to  N SF to  s t u d y  t he s p e c t r o s -
w i nd s h e a r  e n h a n c e s  s t r o n g  do wns lope  copy  of  snow and  i n v e s t i g a t e  r e f l e c -
w i nds ; t b : e  h y d r o s t a t i c  c o n d i t i o n  i s  t i o n  at v i s i b l e  and  n e a r  i n f r a r e d
no t  e s sen t i a l  i f  one ’ is i n t e r e s t e d  in f r e q u e n c i e s .
t h e s e  d o w n s l o p e  w i n d s  w h i c h  ate caused K u h n  i s  a l s o  c o l l : r b o r a t i n g  w i t h
by t h e  bunch i n g  of St  r e am l  i n e s  on t h e  Rot t on a p r o j e c t  s u p p o r t e d  by UNFSCC
lee  of t h e  m o u n t a i n , r e s u l t  l og  f rom (~~ 1,in a nd B i o s p h e r e ” I in whi ch data
the r e q u i  ni t u nt that energy propa pi tes on eclocit s , t e m p e r a t u r e  and  h u m i d i t y
u p w a r d s  w i t h  h e i g h t .  A more  r e a l i s t i c  a r e  b e i n g  c o l l e c t e d  at three :i l t i t u l c s
t o p o g ra p ’ \ r i p  r i - s e n t  in g  t h e  t o p o g r a p h i c  above  ground l e v e l  and r a d i a t  lye bud g-
f e a t u r e s  t u m id  a r o u n d  I n n sb r u c k  w a s  a l s o  e t s  a r e  b e i n g  m e a s u r e d .  These  meas-
u sed .  The m o d e l  was  e x t e n d e d  to  i n -  u r e m e n t s  a r e  b e i n g  m a d e  to  u n d e r s t a n d
d ude t h e e a r t h ’ s r o t a t i o n , a n d  e i g h t  t h e  b e h a v i o r  of  Al p i n e g r a s s l a n d  a n d
s d .  t e d  m ode l r a h i o s o n d e  a s c e n t s  we re to  d e t e r m i n e  h o t s  ma n  has  m t  o r f e r e d
us ed.  The s o l u t i o n s  a re  d i s c u s s e d  in  w i t h  e c o l o g y  h~ e sta b l i s h i n g  recrea-
d e t a i l  in  a r e c e n t  l ’ : l l t r  i n  German , t i o n a l  c e n t e r s  w h e r e  A l p i ne  g r a z i n g
‘ F6 h n - u n d  L e e w e l I n~~t r ’dmun g i n  e i n e m  w a s  o r i g i n  i l l y  f u n d .  They a re  a l s o
d rt’ idi me nsion u~ en niite ri sch en Modell” , trying to determine whether t h e r e  i s
B e e .  ~

‘ i t .  m.~ /. I’ - r ’ 5r ~- o~ rn ~ ‘k 63 , a r e l a  t ion b e t w e e n  r e m o v a l  of gras it -

PP. 1 1 — S f  ( l~~7 ( )  . l a n d  and  a v a l a n c h e s .  As f a r  as  fu-
Kuhn is  i n t e r e s t e d  in f i e l d  p r o g r a m s  t u n e  wo n i s  c o n c e r n e d , Kuhn  u~i lI

dealing with snow-ice-air interfaces , study the freshwater run-off fniun ~‘la-p o l ;  r p l a n e t o  1) ’ b o u n d a r y  l a y e r  a n d  ra - c i e r s  i n t o  sinaI  I A l p  i nc  l i k i ~ a n d u~ i l l
d i a t i o n  s t u d i e s .  lie spent  s i x  m o n t h s  t r y  to  d e t e r m i n e  t h e  l eve l  at w h i c h
w i t h  t h e  U n i v e r s i t y  of W a s h i n g t o n ’s t h i s  r u n — o f f  w a t e r  s e t t l e s  a n d  t I t h e r
g r o u p  w o r k i n g  at t h e  A n t - t i c  R e s e a r c h  t h e r e  i s  a c i r c u l ul  i on  i n  t h e s e  r t i O l l
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l a k e s .  N u t r i e n t s  and  0 found in  these with these mod i  is. For o b v i o u s  tea-
r u n - o f f s  strongiy affec~ the animal s o n s  such m o d e l s  a re  n u m e r i c a l  in na-
l i f e  in  l a k e s , a n d  l i m n o l o g i s t s  a t  t u r e  and can be of v a r i o u s  k i n d s .
I n n s b r u c k  a re  i n t e r e s t e d  in t h e  b i o l o g i -  The more  d e t a i l e d  ones , w h i c h  ca n be
cal restoration of several Alpine lakes used on the lower end of the predic-
w h i c h ar t being suffocated by al gae tive time scale , are models o f t h e
growth t h a t  absorbs most of the oxygen , general circulation of the atmosp here ,

S t e i n a c k e r  is  i n t e r e s t e d  in  cy c l o -  s i m i l a r  to t h o s e  used  fo r  n u m e r i c a l
g e n e — i s  and  w i t h  P i c h i e r , has  been t r y -  w e a t h e r  p r e d i c t i o n .  They d e s c r i b e
i n g  t o  obtain more quantified measures complex feedback mechanisms that exist
w h i c h  w i l l  h e l p  i n f o r e c a s t i n g .  By in t h a t  v e r y  c o m p l i c a t e d  s y s t e m  w h i c h
computin g some n o n - d i m e n s i o n a l  numbers  i s  composed of  t he  e a r t h ’ s a t m o s p h e r e ,
f r o n t  s y n o p t i c  w e a t h e r  c h a r t s , he is t h e  oceans , the  c r y o s p h e r e  and t h e
abl e to infer the intensity of cydlo- earth’ s v e g e t a t i o n .  Within this sys-
g e n e s i s  t h a t  w i l l  e v o l v e . R o t t  is p r i -  tem s o l a r  ene rgy  i s  r e c e i v e d  u n e v e n l y
m a n t l e  interested in radiation , satel- at various l a t i t u des , s t o r ed in t h e
lite m eteorology and in meteorolog ical form of latent heat and redistributed
i n s t r ur- e n t s .  lie hopes  to  have  an a d -  by atmospheric and oceanic motions
t i~~e i n t e r a c t i o n  w i t h  B o l l e  who  i s  a l s o  w h i c h  a re  c o n s t r a i n e d  by t h e  e a r t h ’ s
i n t e r e s t e d  in  s i m i l a r  a r e a s ,  r o t a t i o n . For the  s m a l l e r  t i m e  s ca l e s ,

Thus , a l t h ou g h s m a l l , t h i s  t i gh t l y  t h e ocean s, cryosphere etc., are sub-
knit g r o u p  o f f e r s  some ori ginal and systems which react on much longer
q u a l i t y  w o r k  in  a number  of  p r o b l e m s  t i m e  s ca l e s  and  can t h e r e f o r e  be
in  m e t c o r c i o g y .  (A. B a r c i l o n )  c o n s i d e r e d  “ f r o z e n ” , i . e . ,  t h e y  do

not  have  t i m e  to  a d j u s t  to t h e  fore-
i n g s .  A t m o s p h e r i c  n o t i o n s  occur  on
much shorter time scales. If we limit
our attention to the larger scales

Ti l l  IN sTIT I JTI :  OF T H E O R E T I C A L  ~i[Tr i OROLOG Y of  m o t i o n s , we find that we are deal-
II - M1 JN ICII ing wi th eddies that have a cons ider-

a b l e  h o r i z o n t a l  e x t e n t .  Some of t h e s e
At  t h e  I n s t i t u t e  o f Th eo r e t i c a l  edd i es a r e t r a n s i e n t a n d r es u l t  f ro m

‘ !e t co r o l o g y ,  U n i v e r s i t y  o f Mu n i c h , re -  a n i n s t a b i l i t y  of a z o n a l  current.
s e a r c h  i n d y n a m i c  meteorology is focused Others a r e m o r e p e r m a n en t  a n d  a r e  d u e
on t h r e t , a i t t  t h em e -s d e a l i n g  w i t h  f l u -  t o  the  p r e s e n c e  of  t o p o g r a p h y or h ea t
m e r i c i l  t o d e l i n g :  d y n a m i c a l  c l i m a t o l -  sou rces  c a u s e d  by  t he  l o n g i t u d i n a l
o g y ,  t he stu b of f o r c e d  l o n g  a t m o s p h e r -  an i s o t r o p y  c r e a t e d  by l a n d  and  ocean
ic  w i v e s , a nd t h e  r o l e  of  m o u n t a i n s  in  m a s s e s .
c y c l o g e n e s i s . T hc m o v i n g  f o r c e  be h ind  O t h e r  t y p e s  of c l i m a t o l o g i c a l  m od-
m ost  o f  t h i s  r e s e a r c h  i s  P r .  1 , li ger , e l s , t h e s t a t i s t i c a l  dy n a m i c a l  m o d e l s
w h o  is  s ; i p o r t e d  by t h r e e  or b u n  a s -  (SD M ) , a t t e mpt to p a r a m c ’t e  n i :e  t h e s e
S i s t a i t S , a l l  wo r l i n g  i n r : o d - l s  o f  dv -  l a r g e - s c a l e  t r a n s i e n t  e d d i e s  as a k i n d
n a r n i c : i l c l i m a t o l o -; . P u o f e s s u r  C , o f t u r b u l e n c e .  The a d v a n t a g e  of such
H o l l a nd h e l d  the h : i i r  o f  T h e o r e t i e ; i l a p r o c e d u r e  l i e s  in  a c h i e v i n g  p r e d i c -
‘ !et e o r o l o g v  a n d  w i t  t he  d i r t s t o r  of  t ion on l o n g e r  t i m e  s c a l e s  and in more
t he I n s t  i t u t e  u r t  i i  h i s  d e a t h  a few e c o n o m i c a l  c o m p u t a t i o n a l  p e r f o r m a n c e s .
y e a r s  a~~o a nd l g m : e r  i s  now t e m p o r a r i l y  T h e i r  d i s a d v a n t a g e  l i e s  i n  a d i f f i c u l -
f i l l i t i , t h a t  p o s i t i o n  u n t i l  a s u i t a b l e  ty common to  a l l  p r o b l e m s  dealing with
rc i- l ae t rni ut is  f o u n d .  ( P r o f e s s o r  I i .  t u r b u l e n t  f l o w - - t h e  p r o b l e m  of c l o s u r e :
F o r  t : k  of  t h e  F r e e  U n i v e r s i t y  of  B e r l i n  One m u s t  t r u n c a t e  t he  s y s t e m  of equa-
was cormsil ( - u c - d , h u t  he  d e c l i n e d  nhi e tions which describes these turbulent
p o s i t  i o n . )  f l o w s  and  r e l a t e  t h e  eddy s t a t i s t i c s

Dy n a m i c a l  c l i r ’ m ; t o l o g y  i s  an a r e a  t o  t h e  mean  f l o w  f i e l d , i . e . ,  to t h e
C f  n t  i t c h  w h i c h  is  s t i l l  in  i t s  i n -  f l o w  f i e l d  w h i c h  has  u n d e r g o n e  some
font .’. Th e object of t b i s  w o r k  c o n s i s t s  s u i t a b l e  a v e r a g i ng p r o c e s s .  A t  pres-
i n ‘ s t a ? ! i s h i n g  m o d e l s  t h a t  can , w i t h en t , t h e r e  does not  seem to  be a sat-
soi r r e l i , u i : i l i r ’ , predict climatic lea- isfactory t h e i r s  for closure , and at-
‘ m i r e s  on t i l i o u s  time sia le s . These tempts to overcome this difficulty
t i l t  s c al e s  r a n g e  f r o m  a few weeks  to have been focused on three approaches:
s c v t r ; i l  years , b u t  currently, seasonal (a) they have tied the eddy fluxes
or yearly changes are probably the up-  (i.e., the amount of heat and momentum
i c r  l i m i t s  that one can hope to reach transported by these eddies) to the
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mean flow by means of diffus ive-like could force standing atmospheric waves
equations which mimic similar equations of long wavelength . Fgger constructed
f o u n d  in laminar flows; (b) they have a simple , linear , two-layer numerical
used theoretical results of linearized mode l which seems to g ive good resu lts
i n s t a b i l i t y  t h e o r i e s  connec t ed  w i t h  when  t h e  d a t a  f r o m  a v e r a g e  J a n u a r y
t h e  i n c i p i e n t  f o r m a t i o n  of t h e s e  e d d i e s  c o n d i t i o n s  of  t he  N o r t h e r n  H e m i s p h e r e
to extract some spatial dependence for a r e  u s e d . The m o d e l  d oes not  p e r f o r m
t h e i r  s t r u c t u r e ;  u s i n g  these estimates as well when the averaged July condi-
and  c o n s i d e r a t i o n s  b a s e d  upon energetics , tions are used. F gger believes that
they have provid e ’ an expression which the paucity of good data in addition
t i e s  eddy f l u x e s  to  t he  m e a n - f l o w  r r o p -  to  t h e  r e d u c e d  N o r t h - S o u t h  t e m p e r a t u r e
erties; and (c) they have established contrast which prevails in the summ er-
prognostic (i. e ., time-dependent) equ n - time mi ght be responsible for this
tions for the e d d y  statistics and de-  l a c k  of  a c c u r a c y .  M o s t  of t h i s  work
l a v e d  t h e c los ur e p r o b l e m a t h i g he r  o r -  i s  r e p o r t e d  i n  Yo,i . W eo *~ , er P o t ’ . 104
der  hr  c o n s i d e r i n g  a l a r g e r  set of ( 4 ) ,  35 1 ( 1 9 7 5 ) .  E g g e r  p l a n s  to ~~~~~~
t r u n c a t e d  equations, p i e  t h i s  l i n e a r i z e d  t h r e e - d i m e n s i o n a l

The w o r k  of  I gge r a n d  h i s  a s s i s t -  mode l  w i t h  t h e  s t e a d y - s t a t e , z o n a l l v
a n t s  f a l l s  in  c a t e g o r y  (c )  d e s c r i b e d  a v e r a g e d  Sli M p r e v i o u s l y  d i s c u s s e d .
above. In a s t e a dy - s t a t e , z o n a l l y  a v -  The SliM will provide the basic flow
e raged  t w o - l a y e r  m o d e l  E g g e r  a s s u m e s  f o r  t h e  l i n e a r i z e d  mode l  on w h i c h
t h a t  a l l  t he eddy  v a r i a b l e s a r e r a n d o m l o n g i t u d i n a l  f o r c i n g w i l l be
f u n c t i o n s  h a v i n g  a n o r m a l  p r o b a b i l i t y  i n t r o d u c e d .
distribution . Ihis assumption is tan- Cyclogenesis by mountains is a
t a m o u n t  to p o s t u l a t i n g  a sp e c i f i c  d o -  field of special interest nowadays
sure relationship and has not been with- since the Global Atmosp heric Research
ou t  i t s  c r i t i c s .  Yet , lTgger feels that Program (CARP) is about to create a
t h e m ode l  is p e r f o r mi n g s a t i s f a c t or i l y :  sub p r o g r a m  w h i c h is  to  be d e v o t e d  to
Some of its predictions , obtained when this aspect of atmospheric flows.
the drag coefficient was halved , com- I g g e r  began  l o o k i n g  at soni c of t h e s e
pare rather w e l l  w i t h  s i m i l a r  and  mo n p r o b l e m s  some seven y e a r s  ago . In
sophisticate d exjtetlm ents performed a s e r i e s  of n u m e r i c a l  e x p e r i m e n t s  it:
by Dr. J. Smagorinsk y in the US , For which he considered the A u - s  and the
more details the reader is referred ma ss if of G r ee n l a n d , he showed  t h a t
to Egger ’s r e c e n t  p a p e r :  Telluo X X V I I  in some ca se s , mo u n t a i n s  (A l p s )  cann ot

~4), 325 (l9”S). Work in this area con- he smoothed on d i s t a n c e s  of t h e  o rde r
t i n u e s ;  E g g e r  a n d  h i s  a s s i s t a n t s , D r s .  of the  g r i d  s p a c i n g  ( 3 0 0 - 4 0 0  km)  f o u n d
I’ . Me tz and K. P. Hoinka , are consider- in most general circulation models.
in ’ three-dimensional rather simplified Rathe r , their effect is properly ac-
SI~~; . Friction , non-adiabatic effects , counted for only if they are includ ed
or 1 r i p hy and thermal forcing are in- as kni fe-edge barriers. Accordin g
cl i m b e d  in the e q u a t i o n s .  U s i n g  n t m n e n i -  t o  h e i r , as a cold front (i.e. , a
cal experim ents their goal is to assess discont inuity b e t w e e n  adjacent air
t h e  capabilities of these SUMs for simu- masses) approaches these barriers ,
l o t ing climate. The statistics of the its trave l is stopped at low lev els
Si)” are comp ared with those of an cx - while the warm tongue of air aloft
p l i c i t  model. Some of t h e s e  SUMs have crosses the mountain, This air is
predictiv e equations for the first- and tes t tin~ i t - i c for the creation of a low-
sec nd-order moments. This work which pre ssure center in the l ee  of the
a ii t ’o red as a te chnical report iii mount a in . This explains the t reqtient
German , is being rewritten in Eng lish for ma tion of cyclones that occurs in
and will he submitted to a technical the lee of the \lps in the Gulf of
journal. Because of the very simp le Genoa. The reader is refer re d to
structure of these models , their corn- Igger ’s article for more details:
parison with the atmosphere should lie T e l ?,;t X X I V  (4), 324 (1972).
done with caut ion . Wheii TThsked I ggen if he felt his

Continental land masses , mountains , group to be somewhat isolated , his
heat sources such as the sea-surface reaction was somewhat surprising:
temperature anomalies , and latent-heat “At least we are not di sturbed by a
released i n  large areas where preci p i- constant flux of visitor s .” Thus ,
t a tion occurs introduce long itudinal
variations in the atmosp here which
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i l t b m m m m ~~h i h ’ s i c a l l y  somew hat iso l at cd , SN 30—1:- b .:) art. t o  he It ~~ii ted on c a m -
t h i s sm a l l ‘r mi ~ under I ege r ’s l e a d e r - t r w . The c el le g e is d i s i  ned t o ac-
s h l i has been ab le to r emain ver y muc h commodate c i t  a t u l l - h o a r d  basis about
w i t h i n  the m a i n s t r & a :  of d ynamical 100 s t u l t ri t s , and the t arc’ ab u t 1”
- - t . t  r l o ~ v . A . B ar t i i o n )  t u l l — t  i r e  t m - t i  mt .  tors

A n o t h e r  f e a t u r e  p e c u l  j a r t t b :
~b e t  . O f f i c e  is t h a t  of r i  a t  ing a per-
son t P ron’] v i n  i ous job P O S  i t i o n s

f i l l  U K ~ f ~ Ogi ~ ! O GIC \l O l E k )  C m 1L L } t ; I  the c h a n g e  from one oh to ir o t h e r
- 

taking p 1 a c e  eve r~ t t i  e or four years.
The ~‘ k Mete o r o lt~~ i c a l O f f i c e  ( M e t .  ‘b r. S. Corn ford , the h r  i r m o i b  ii of the

Office) is the lmi r~ e - t m t  i t u t i o n  in  C o l l e g e , an d  D r .  I i .  t o ’ t le tint.- new -corn-
the UK d e a 1i n 1~ w i t h  r e~ e u n c h  ( a n d  a p - e ns t o  t i m e  f i e l d  o f  e d s c a t  i o n ;  C a t t l e

l i c a t i o n s )  in  m e t e o r o l o g y . I n f a c t , wa s d o i n g  r e s e a r c h  i data iw sim u l a -
there - i r e nv f e w  un i v i  rs it it’ s in t ion and is now in ~ h i r e of t i t .  Sc i —
this coun try whi ch of te r formal tr a in- e n t i l i c  Off icer< ’ (SO) coursc’ . The
ing in this field , espec ia ll c a t  the courses offen d c iii bc d i v i d e d i t t
unde rg ri  b i t t t e le y e  1 . To fill  its re — t r~’e 1 ev e is on st r e a m s  ; at r yam 1
sea rch  p o s i t  j o t s t i t . -  ‘‘ c t . Offi c e draws , co nt ains the most d i f f i c u l t  studies
i t  p a r t , ui on young graduates who have while stream 3 i s  f o r  i s s  i s t i t s , t e c h -
co m pleted horr urs dcv i  t.-es  in  m a t h i e n i t -  n i c i a n s , a nd o b s e r v e r s  w o r k i n g  in
ics and/or physics and , for the most weat h er fore ca— t i n g  or r e l m i  t ’d d i sc i -
p i n t , have not had prev ious know ledge p 1 iRe- . The Scic ’nt ific ffice rs
or  t rainin g in th e field of m e t e o r o l o g y .  c o u r se  s t a r t s  a t  t i e  end of Ss~ t c u b e r
Since the beginning of W W I I , t i e  \ i c t .  a n d  r u n s  f o r  21 c o n s e c u t i v e  t c i - k s

f f i c e  has  r e l i e d  u p o n  its own College endin g soune t i r e  at t h e  beg i n n i n g  of
to p r o v i d e  int ens ive pro essional trai n - ~l irclm . It is open to fi n t —  or  uppc ’r
in g for met orelog ica l staff at various sec ond-class honours s t i t o t s  i n  mathe-
l e v e l s .  The c o u r w e ~ offe red are no t  m a t  i c s  or p hysics. A f t  c r  hei r ac -

re served uni quel y for Met. Office e m —  c e p t e d  by the ~ ct . Oft ice , a st udent
p l oyt e~~, but arc also open to forei gn entering t h t  c o u r s e  S i C i b S  the first
r e t  c~~ ’ m o g i c a 1  services. Forei gn stud- wee k on the job at head qua rters , in
e n ’s  a r e  e i t h e r  sd f - s u p p o r t e d  or a r e  Br i c k n e l l  , wh ere he t :m kes care of misu-
s p o n s or ed by t h e  W o r l d  M e t e o r o l o g i ca l  a l  f o r m a l i t i e s  r e s u l t i n g  from —tart-
:t r g i n i z i t i o n  or their own government. ing on a n e w  j o b . lie t h e n  rep orts
The c o u r s e s  a r e  o f v a r i o u s  st a n d a r d s , to t he C o l i c - c  a n d  i s  espe c’ e b  to live
sooe being designed for the newcome r on campus ; however , since t h e  College
t o m e t e o r o l o g y  and presented either at  i s  q u i t e  c l o s e  to  P e a d i n g  a r i d  B r i c k  I m c  11
very advanced or elementary levels , where most of  t h e  ‘b e t .  O f f ’ i ee  ~ t i f f
depending on the back ground of the stud- reside , this rule is c i t  en h n ’ k c n .
e n t  ; o t h c rs a r e  f o r  t he  m e t e o r o l o g is t  F o r  t h e  last few scars t h e  n u ” b e r  o f
w i t h  yea rs of  e x p e r i e n c e  in the  area  s t u d e n t s  in the  SO c o u r s e  has b e e n
of forec astin g anti synoptic meteorol- around 20 , alth o ugh accond i mt to
ogy. The p r i m a r y  pu rpose  of  each cou r se  Corn f o n d , t h e r e  w a s  once is i t - , as
is t m -  equi p t h e  student for the pr i c -  4 c n n  led. The n u m b e r  of  s t u d e n t
t i c a l  d u t i e s  t h a t  await him at the Met, in this course is a funct i o n  of j o b
Office. Met . Office leaflet No. 4 a v a i l a b i l i t y  an t i  f l m i t . t u a t e s  w i t h t he
describes the co ntent of all t h e  courses , UK economy and  the internal conposi-
and there is also a list of courses be- tion of the M e t . Office.
ing of fer e d citing tuition char gt -s , both Once the student r e p o r t s  t o  the
of  w h i c h  r a y  be o b t a i n e d  f r o m  t h e  C o l -  C o l l e g e , he h a s  n i n e  weeks of’ form al
l e g e  by w r i t  in g  to M e t  e v i r o l o g i ca l  O f -  c l a s s r o o m  l e c t u r e s  in t h e  a r e a s  of
fr ee College , Shi n field Park , Reading physical , d y n a m i c a l  and  s y n o p t i c  ril e—
RG2 9AU , 1 K .  teorolo~-, v as well is l ib er i t o nv work

The campus is quite adequate’ and followed P three weeks of current
r o omy  a n d  is  l o c a t e d  some t h r e e  miles weather p r e d i c t  ions using “old meth-
I t o m  i-~e i d  l u g ,  w h i t  It itself is only some ods”, i . e . , no t r e l y i n g  01 ) 11
f i f t e e n m i  les away f r o m  t i m e  h e a d q u a r  g e n e r a t e d  w e a t h e r  f o r e c a s t  m a p s .
t erc locate l i n  B r a c k n e l l .  I t  i s  i n -  Teams of f o u r  t i  five students are
te r e’~t i n )  t o n o t e  t h a t  t h e  new l i i i  I d -  f o r m e d  c o n s i s t  i n ~ of :, “ s e n i o r fore-
i n g s  o f  t f i t , -  l u r o p e a n  C e n t e r h i  M c d i —  c a s t e r ’’ , ‘‘ a dep ut y ’’, a ‘‘local wea ther ’
t in  Pin ge Weather I o r e c i m t  ing ( S t e  man ” and a “ su p e r v  l o o n ” . The dut ies

1 ( b - i
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associated w i th t h e  t i t  les o t t ’  ~~ m t : i t e d  c u r s e s , offe red a t d i f f e i e i t I c - ee l s ,
et . -e r v d iv , a r i d  e a c h  t e r n  p r I n t ’s 2 - i — h o u r  h u t  a l l  one char i cte ri c ed by ra ther
an d  3 — d a y  f o r e c a s t s  i - h  i eh  t nt ’ i ’r e S e n t e d  s h o r t  c l a s s  n or m S t ; i v s  f o l  i~~ - e l  he  lon e -
a n d  d i s c u s s e d  t a c i t  l , i t i  a f t e r n o o n  o f  en  P e r i o d s  5 ] i  m t  i n  the f i e l d .  For

( i s thr e e—i ’ eek P C r O o d .  By n o w  t h e  t i p -  s a m p l e , I cu r l 1 i i  t hi- m i  t r al
p l i e d  - m i t h e r r i a t i c i a n and  t h e  p h y s i c i s t  m i t t .  is t i n s ’  course one r u s ’  h a v e  h a d
en i ’el l e d in the c o u r se hive enough know — ‘ i c ’ t ’ : i t b e r t i t  i c y  and I h v s i c s  e ’ t u i v a l e n t
how to prepare their own for ee o st s , a n d  t : c u t e  e a r ’ s St  tidy i t  i u i  iv y rs it
f o r  t h e  f o u r  ~et~~s t b m t fo l low ther’ are ton a science de~~rc’e. he c u r s e  re-
sen t  to  sr,ma I I o t t  —5 l i t  O t i s  n t h e  U K .  qu  i r e  s 1 8 w e e k s  o I c l a s s  r I ’  5 ’  ut l j e w
These  c a n  i c ’  s n a i l  i n l a i d a i r p o r t s  on co v e r i n g  1 h v s i c a l  , dv n i n ’ i c : i l , s v u o ; ’ t i c
‘ r i r i t i t n e w e a t h e r  s t a t i o n s ;  s t u d e n t s  w o r k  a n d  p n a c t i c i l  r : e t e o r o l -  . 0 w  s t u d -
under the super’ :ision ef a professional c m l  t h e n  —g e m !’- t m ’  to t i r e ’ m o n t h s
fo r e e a  s te r m m m l  q p  lv’  t Pt kn  i’s le d 1 e t h e  i n  t h e  f t c  I 1 t e e  e I ~

‘ i n i ’ f her’ t i i  in —

h i v e  acq u ired . T h e e  r e t u r n  t o  t b m e  i u m v and returns to his oh- an d  works
Col lege for o n o t  er s i x  w e e k  ‘ . I t  t h e  fun an i t s  t at ion as a f’ recas t i n  for
f i r s t  two t h e y  r e l a t e  I l i _ i n  i m p r e s s i o n s  a n o t h e r  t h r e e  e a r s .  T h e s e  c l i ’  ions
a n d  unde u’ o intensive O tte r -vie w ing by t i e  0 e e i t h e r  c i v i l  or r i  l i ’ , cv avia-
t h y  five Te i mm ’ - P i n e m  r o r s  of  t l ~~ \bi t . t jour c e n t e r s  o r  weather S t i ’ i o n s .
Office to ‘Ii t e m n i n e  w h i ne their t i t . - i t s  A t  the cud of’ t h a t  t i n e  if lii _ w - i um t 5
c o n  be s t  h e m e l . fb i- al so ha ke lee- t o  t’m i r n b : t r h i s  c ; i r  en , a “~~e l e c r
t i m e s  on s t - m t i s t i c s  it  t h e y  b i d  m t havc boar-I ’’ r e v i e w s  his case, If t ’o m m r d

P m t  s u b i  e e l  a t ‘ r i v e r ;  i t v  and on the i t  i s  factor , lie ret m m r - Os t o ‘he P01 —

m n is r a t  i ye St rut’ t arc ’ s of  t h e  O f f i c e .  i i  c fi r  t Pt’ A d v i n c t ’ d  ho ic - ca i n c
In the l i s t  f ’m m m r weeks , lb c’ m ornings course m ’h ich lasts seven m eek s follow ed

a - ’  sp e n t  I t  t e n d i n g  sets of a , i v i u i c c ’d t e i tu o th e r thN e m : th s fiel d tr ain-
l e c t u r e s , a b o u t  -I- - t m a l l , g iven by in s ’ . ‘t  t he e r g  I - ’  ion of t h u s  t u su-
i~- c ’ l l — g n u ’m , n 5~~ C C  i t i l  i s t s  f r o m -  t h e  ‘‘ ‘ - r . t I l t ’ a b o u t  f o u r  :ear~ s i r m ee h e  — i t  t o , ) ,
O f t  i c c  or  from un ly e  i i t  les ; t l i _ s e  mire b e ’  I S ‘ c l  0 a h r  g h m e r  pos i o n
d e s i 1’tied to b ring t h e  students tmj to w r ’ -  in  t i c -  t o t . l i f t i t ’ .
dote it : the t o t  cs selec ted. h i s  s ine ‘I n. l’ u d e r d m t i m i s  in  c m oinm e of
s i m  i t . ’  b o d e  w i 11 nc turn for s in i Ia  r St ream — 3 t. - o m m n ~ i s  which deal ma l i l y
le t. t ire s (p i i i ;  on diffe rent t o g  i c ) w i t  h ‘~h s erv i’s , c c h n  I c i  ans , e’ •

‘wo c o n s e c u t i v c ’  y e a r s  s o O a t , in  and i r e  c lesi m -n ed to t r a i t  t-c ’ ’g le
p r m m : c  I ]’ Ic , a f t  n r three y e ,  i’s i t w il l  a s s  r sI t h o t s  e inca I cod in sea  t i m t  r I ’m e -
h a v e  c e ; ,  e x p o s e d  t o  t i m e  m o s t  u p — t o — d a t e  c m o ’ O n g .  or c-x a n u ple , iu , l: m ’ ~tr v (es—
in t o n i t  ion ov e r a yer y w i do range of pee t O  I - - the o r  I i dust n t )  is i t i c ’
ne teoroi c i cal res earch . In t h e  a f t e r -  o f  t i m e  in ; o r t r m c e  or ’ : I,c u rt te I re-
noon s of t m c  r e  tour week s , tile student eas t w , h i m  ‘ re , s m c ’ of t I c in set: -

un derta ke s in i n d i v i d u a l  Im ro : t’ c t . lIe m m ’ I workin g on oi l  r u t s  tr i O: ’ h e  sc— u t
is discoura ged i r is c h o o s i ng  m i top ic o O c  (‘r1l e~- t ’ t O : ’ t e m b ‘‘e ’ e o r o l o g i -
ii whi ch he m i g h t  h a v e  i t  e li  f it’ i i  i m i t’ c m i i Oh s o r e  ‘ n s ‘ ccli r’~~e s . Pnde r i m -  n

be i ’ ’ i t . ’  a r r  iv  i n g  a t t i e  C o l l e g e  ; a t  t h e  f ’ ”  1 5 i m I  t ‘ he sc c v ’ i n s t  s i rut h
end of t h i s  p e n i c d  he r e s e n t s  h i s  t i v o t e  a r o n , s o ’,’ a t e c h n i c i a n , zi t , I

f i n d i n g s  i n  i i  i n f o r m a l  seminar. These m i l e  hit n - u ’ :’ a w a it of tb ,e n r °ler s
l i s t  s i x  w e e k s , f o r m - t i n 1 ,  t h e  svr t’ond  p a r t  a n d  r e e d s  o t  f o r e c t s t ;m m ~
of  t h  c o u r s e , a r e  m l  I i o n a l  t o  o v e r — c i a  I n  c o n c l u s  ion , t h i s  i~~h i v  c o n —
‘ t u d e n t s  b u t  t i r e  c em ’ I m m ]  u i >  1 ’  t o t , o f  ‘ ‘u s e d  m e t h o d  o f  Ii :mchrm:p ‘, i t t ’c ro l o t v
fle e st a f f. l i e  c l a m  s h e  in ,  s m - ,i i i  a i d  a t i  1 1 I t ’ e c ’  is  , (‘5 11cc i i  l iv Ii ‘ t ‘ u, I C

t h e r e  b e i n g  f o u r ’  to five i r r s t r m c t m r r s  1 -vt’ ], seems to won . Cortj ir ’ m l

enabl es t i e  t a e e r i t r  to f o l l m m ,  e t ch stu- ther I t i e ;  i i i  countries , t i c  ~
. is

d e n ’  ‘ a l e r l o m  i a r m c e  c l e s e l  v i i - t m ’~ !m l ) ’ C  h :  l ’ n o h a h l y  t b c I c- id c ’ r i ’ tO fields of ’

pr ogress. Fi e fee - h a d , he tm - t i l t  St e i’ e~~t’ : tr ch  t m m  s i r  ions br anches of
h e rm t s an I m:r str u ctor s is i n f e r  c i i -  ‘ m i n k s  l e ’t ’ i ’ i u m ; I O t ’ t . (A. i ) t r c i l o n l

art: used for i n t e rnal 01rpm -cs o n l y  a n d
a r e i t  g iv c ’ n y l u r a s t m t m b e i m t  e i , i l t i a t i o t m
i s n t - c 1 tic ’ - ’ t c 1 , (‘ui -n f r  d t i s  m i t  a :ed t o
d i s c o v e r how m i e c u u , r l  t l e ’ st- e’.’ i i u a t i o t t s
b m a e  e been i n  t I m e  p 1 s t .

I-! t ’ . C. Peti t I ‘ : i t t  C Ito i - i ’  of ’ t i e
f ’ r , r i - c a s t i n g  i_ o m i t  ‘ i s  w h i c h  I m i l l  i f l t  1
str eiii:— 2 c i t e g o t ’v . ‘ih grc arc see ’era l
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rGENERAL 1 when. Overlaying all of this has been
i t h e  apparently ever increasing cost ,

financial or otherwise , of each tech-
nological debacle .

How does a nation , faced with
UK REACTOR DECISIONS? th ese constraints and difficulties ,

proceed with the decision-making proc-
In J u l y  1975 the continuing debate ess 7 Unfortunately , the history of

and reaction to nuclear powe r develop - this decision-making to date is not
ment  in Europe  was the  subject of an encouraging. It is perhaps best fol-
article by Schneider in these pages l oved through the activities and re-
entitled “Something Wrong with Nuclear ports of the House of Commons Select
Energy--European Impressions ” Committee on Science and Technology,
(ESN 29-7:308). In what follows we which has moved in at crucial times
up-date this earlier account in terms on the continuing deb ate. The Commit-
of the UK , necessaril y retreading some tee ’s report to the House of Commons
old ground , including the 1974 Govern-  in Jan ‘ 7 4  on “The Choice  of a R e a c t o r
m en t  d e c i s i o n  f a v o r i n g  the  s team gen-  S y s t e m ” came a t  a t ime of particularly
erating heavy water reactor (SGHWR) heavy controversial debate and discus-
against other reactor possibilities sion , and was followed in July by the
for the next power installations . Secretary of State for Energy ’s an-
We pursue this through the activities nouncement that “The Government 1
of the House of Commons Select Commit- after taking the advice of the Nuclear
tee on Science and Technology and of Power Advisory Board , (NPAB) had de-
a s p e c i a l  s t u d y  group established by cided t h a t  the  E l e c t r i c i t y  Boards
the UK Atomic Energy Authority IUKAEA) should adopt the SGHWR for their next
to  study’ the integrity of pressurized orders.. .An initial programm e of not
w a t e r  r e a c t o r s  (P W R) . more than 4000  MW based on r eac to r

Cle a r l y ,  one of t he  mos t  c o n t e n t i o u s  u n i t s  of 600-6 50 MW wou ld  be l aunched
issue s of the moment is the develop- and the first orders would be placed
rent of nuclear power. The debate ‘as soon as possible ’.” The possibil-
surrounding it is particularly vocif- ity of further advanced gas-cooled
erous in the UK where , in addition to reactor (AGR) stations or of UK par-
the natural topics of operational safe- ticipati on in an international high
tv , radioactive disposal , etc., it is temperature reactor (HTR) program
comp licated by ’ many other pressing was not precluded (the OECD Dragon
factors. The British economy is de- Project in which the UK played a lead-
pressed; expenditures for nuclear or ing role came to an end in March ‘76)
a n y  development must be wei ghed with and the Nuclear Installations Inspec-
utmost care. There is a substantial torate (NIL) was asked to complete
balance-of-payments problem; exporting his examination of the generic safety
nuclear reactors , n u c l e a r componen ts , issues of Light Water Reactors (LWR).
and nuclear technology is a fond hope , But “ . . .our first commitment to the
if not a definite requisite. Britain future must be the success of SGHWR .”
currently has an over-capacity for elec- This decision appears definitive.
tric power generation ; but estimates It was made , however , in an environ-
of future power station needs and of ment of heavy debate as to the correct
what type have varied substantially, course , and there was considerable
complicated as they are by imprecise , concern as to its implications for
long-term estimates of the availability British nuclear marketing. This con-
in quantity and time of fossil fuels. cern has continued. British operating
To react (or over-react) by dismantling experience , in marke table reac tors ,
the nuclear development program could is limited to the AGR , and th is exper-
remove Britain from the nuclear market ience is incomplete. Moving to the
now and perhaps forever. Britain ’~ SGHWR would delay the attainment of
capacity, at best , wou ld appear to al- a marketable system still further.
low for the developmen t of only one Meanwhile the water reactors in the
major reactor system at a time ; yet US, the pressurized water reactor
nuc lear forecasting is notably imper- (PWR) of Westing house and the boiling
feet. There is no firm vision of which water reactor (~WR) of General Elec-systems will be adopted by the nations tric , were moving relentlessly into
that will import nuclear reactors , or foreign markets. Would it be better

to seek a position in one of these ,
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, i r t i c i t l a r l r ’  t i m e  P WR ? By the sunnie r (iv) i o n  B r i t O n  to  a d n 1 t t h e
of  19Th t h e re ’ w e r e  r u m o r s  i n  the  p res s  l~e s t i ngh ou ’m e p i t  s s ur i : c d  l i g h t
t h a t  t h e  ~C IIWR p r o g r a m  m i g h t  he can- water reactor , i n  ~ I a c e  of t he
c t ,’l  I t ’d . I t  w a s confi nura’d that a f u r -  SG 1IWE a n d  to i roct’ed w i th const i Ut . ’ —
t tme r r e v i e w  ol t h e  r e a c t o r  p r o g r m i t m  w a s  t i o l i  i e c o r d i n ; - t o  t he t i n i ’ t . . h l e
Pt I n c tinde r t , i k e n  . I I n a l  I v  a year ’s tie p l an n e d  f o r  t i c -  ~~; I I ~~P.
t e r m - m i n t  of an  e x p  n d i t m i n e ’  o f  ab o u t
40 m i l l  ion on time g m I fl ~R was a nn ounced  ( ‘o n d i ’ r m m i n g  I’BR s , t h e  C o p ’ u r i t  t i - c

O~~ t h e  (‘l m , itme ’ e’ll or of t h e  I xche~ iw’r co r i c lmie l c’ d t h a t  ‘‘ . . . i t  w o u l d  c l e a r l y
a m ’ ’ u ; 1 ~s t  o t h e r  I l k  bud get c u t s — — a l t h o u g h  he m i s g u i d e d  t o  stake ee ’ore’ t lr i t m e  on
‘ - m oO, ot i t  was ce vc ’rt ’ti h t ’ s l i ppa ce in a reactor t e - i c  which w i l l  s t i l l  I , i ~~e
t h e’ de ’si ,gi m j i nm i g r i r - . J~r u r i c  ‘~~S , th ese’ a lon t tir me ’ to  d e v e l o p  c o n r - t ’ r c i a l l v
e’ve ’rr t s led the Select Committee , al - ar i d w h i c h  i s  s t i l l  t h e  s m i l — j e c t  of con-
tc’a ~iv f u l l y  e n g ; i c ’ed i n m i t t  ine l uiry into trovers y on safet y ground. ” Concern-

I t e r n a t  i ve  e n e r g y  s o u r c e s , t o  e m b a r k  i n g  AGRs , t h e  Com m i t  t ee  ~‘ e i n t e d  to
Or i  1 S~~I - O i  t i e  and  u tgei i t i n v e s t i g a t i o n  “ s , i t i s f a c t o r v ’’ ope r a t i o n  of  t s r  tIN
of  the SGIIW R p r o g r a m .  T h e i r  r e p o r t  At Rs m i n d  c o n c l u d e d  t h a t  “ I f  t h e  Covern-
i i i  r < I b e p o r t  f r c e m ’  5 e le ct  C o m m i t  t ee  r e n t  c o n c l u d e  t h a t  t h e  SGIIWR p r o g r a n r e
o n S c i e n c e  ~ T e c h n o l o m ’ v  “i’he S~ I I K R Pro- should be cancelled .. .~~e would regard
i t  cr’ ~~ O ’ , Oi s (t )  ap pe a re d i n  December .  t h e  A CR as t h e  p r e f e r a b l e  a l t e r n a t i v e

The C o m m i t  t e e  had taken testimony for the United Kingdom ’s thermal rm -
t u ’o m The S e c r e t m i n v  o f  s t a t e  f o r  I n e ’ r g v , a c t o r  p r o g r a m m e .”
T h e  C e n t r a l  i l e c t r i c i t v  G e n e r a t i n g  C o n c e r n i n g  P IV R s , t h e  Com m i t t e e
B ir d , The U n i t e d  K i n g d o m  A t o m i c  E n e r g y  q u e s t i o n e d  t h e  a r g u m e n t  w h i c h  h i d  been
\uth or i tv , The N a t i o n a l  N u c l e a r  ( ‘o r p o r -  a d v a n c e d  t h a t  PWRs are l ess  e,c ] - e f l s i V e
atron and Nu lear Power Company, The to  b u i l d ;  costing is ex tremely complex
South of Scot l a n d  h l e c t r i c i t v  B o a r d , b u t , suf f i c e  i t  to  sa ~,’ , d i s~i g r e e ’n t ’n t
The l l e c t r r c a l  P o w e r  Engineers ’ Asso- is rampant here. In safet y matters ,
c lo t i o n , and The Health a n d  Safety lx- the Committee quoted from the op inion
ecu ti ’l’e . it re cei v ed written evidence of the South of Scotland Board:
f r o m  t h e  I n s t  i t t i t  ion  of P r o f e s s i o n a l  “ , . .to have a safe vessel it is essen-
C i v i l  S e r v a n t s , t he A s s o c i a t i o n  of  S c i -  t i a l  to  f a b r i c a t e  i t  w e l l  n i g h p e r f e c t -
c’ ”’ I f ic Technical and Managerial Staffs lv , from well nigh perfect materials ,
m~teht ’ts tone N u c l e a r Po w er  Branch) , the and carry ’ o u t  well ni g h pe r f e c t  inspec-
i l e c t r i c t i l , i l e c t r o n i c Te 1ecommunic ~i -  t i o n  t h r o u g ho u t its life .” In market
t i o ns a n d  Plum bing U n i o n , a nd C . A .  p o t e n t i a l , t he  C o m m i t t e e  w a s  c o n t e n t
P a r s o n s  and  Company Ltd. to let the UKAEA “admit that it is

The Committee was clear in the al- difficult to see how the UK can , at
t e r n a t i ves :  Go a h e a d  w i t h  t h e  SG F {W R this late stage , become ‘substantial’
p rvg r ;in or exporters. ”

The Committee report strong ly sup -
‘i )  For  B r i ta in t o withdraw from ports the SGI-{WR program. “The Secre-

t u e  n u c l e a r  power business , and base tary of State should only decide to
i t s future p ow e r  programme on fos- cancel the SGFIWR programme if (i) jt
sil fuels , together with such en- seems certain to be more  e x p e n s i v e
e rgy  as is available from sources than othe r reactors desi gned to meet
such as solar , w ind , wave and tidal the sane safety standards ; (ii) there
power , and strict energy is clear evidence of si gnificantly
conservation; greater export potential for other
(ii) In lig ht of lowe r medium-term reactors , and (iii) if it can be dem-
electricity demand estimates , for onstrated beyond all doubt that on-site
Britain to embark on no further ther- construction of alternative reactors
mal reactor programme for some time can begin on the dates scheduled for
but instead concentrate effort and the start of the Size wel l and Torness
resources on the development of SGHWR ’s 
the fast breeder reactor (FBR); The Committee further offered con-
(iii ) For Britain to adopt the ad- ’ ments on decision-making:
vanced gas-cooled reactor (AGR) in “It is a sad reflection on our
place of the SGHWR and to proceed decision-making machinery , and on the
with construction according to the quality of the expert advice given
t imetable planned for the SGHWR; to successive governments , that , seven

years after the last nuclear station
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was ordered , and after extensive pri- conditions, in LWR vessels the
vate and public debate , sufficient in- estimated critical crack size
formation is apparently still not avail- for unstable growth is smaller
able on any of these points for the than the wall thickness , so that
country to proceed with confidence-- the ‘leak-before-break’ safety
at whatever pace--to the construction feature is unavailable. In these
of new nuclear power stations, circumstances , the security of
A * A A A * A * A A A * * * * * * * * an LWR vessel against fracture
Despite past attempts to establish a depends on the maintenance of ri g-
fairl y close relationship between cus - orous manufacturing and quality
toner and contractor our evidence has cont rol standards ; and on thor-
revealed a duplication of design ough , effective and regularly re-
functions. ..a confusion of financial peated examination of the vessel
responsibi lities ...a confusion of re- b y the ultrasonic crack detection
sponsibi l ities in the safety field.., techn ique . The possible gradual
We believe that the relationshi ps be- growt h of small cracks in highly
tween the various bodies involved have stressed reg ions , by ageing and
contributed substantially to the delays corrosion effects during service
experienced in the preparation of an needs ftirther scientific inve’sti-
agreed reference desi gn for the SGHWR gation , as also does the effect
and to the escalation of SGHWR costs. ” of thermal shock from emergency

1’ transp ired , in passing, that the coolin g water in a loss-of-coolant
NI’AB created in 1973 “to provide con - accident. ”
tinuing and concerted advice on all
strategic aspects of civil nuclear en- At that time the CEGB in particu-
ergy policy ” and whose recommendation lar had favored the introduction of
had been taken in the decision of LIcR ’s as developed in the US mind par-
July ~~4 had not met since that year. ticu larly the P W R ma r k e t e d  by
The Committee felt that the case for Westing house Flee. Corp . Concern had
a n e f f e c t i v e  NPAB had been strengthened been expressed on two specific issues.
a n d  t h a t  t h e  S e c r e t a r y  of S t a t e  s h o u l d
once again consider the appointing of (i) In the event of a major rup-
a new Board. ture of the primary pressure cir-

Parallel with the above chronology, cuit , would the emergenc \’ core-
i n t e r t w i n e d  w i t h  it as an important c o o l i n g  w a t e r  s y s t e m  (F C C S )  be
i n p u t to  i t , a n d eq u a l l y  interesting able to prevent the nuclear fuel
f r o m  a t e c h n i c a l  d e c i s i o n - m a k i n g  v i e w -  e l e m e n t s  o v e r h e a t i n g ,  a nd re leas-
point , has been an exhaustive detailed ing their fission products?
a s s e s s m e n t  of  the integrity of PWR p r e s -  (ii) Could the pressure vessel ,
s u r e  v e s s e l s . Initiated late in 1973 which contains the nucl ear core ,
by the Chairman of the UKAEA , this was fail catastrop hically ?
undertaken by a special LWR Study Group
(LWRSG) under the Chairmanship of Dr. The LWRSG reported to the UK .-\u A

K . Ma r s h a l l , t h e n  t h e  AEA’ s Member for in the summer of 1975. An extensive
R e s e a r c h  a n d  now i t s  V i c e  C h a i r m a n , summary  of their report covering all
T he L W R S G ’ s t e r m s  of  r e f e r e n c e - - ”t o es-  m a j o r  p o i n t s  d a t e d  1 Oct 6 i s  a v a i l -
t a b l i s h  t he  ‘ i nt e g r i t y ’ ’ of LWR primary able and is commended to all concerned
reactor pressure vessels and by exam- with large pressure vessel desi gn and
i n i n g  a r m i  r e p o r t i n g  a l l  t h e  appropriate construction , and to students of the
f a c t s , to  draw conclusions about the technical decision-making process.
m a t h e m a t i c a l  p r o b a b i l i t y  of ve s se l  f a i l -  (An A s s e s s m e n t  of  t h e  I n t e g r i t y  of
u r e  a n d  i t s  d ep e n d e n c e  on t h e s e  r e l e -  PWR P r e s s u r e  V e s s e l s , 1 Oct  1976 , ul ~ lS~~,
vant factors ” focus on an issue hig h- £3 .50.) The conclusions of this cx-
lighted by Sir Alan Cottre ll , then Gov- hau stively comprehensive , painstaking
ernment Chief Scientist , in a memoran- and detailed study are p r ese n t e d  un d e r
dun to the Select Committee at the time four headings
o f i t s  1 9 7 3 - 7 4  i n q u l  r y .

( i )  R e l i a b i l i t y  u n d e r  n o r m a l , up-
“ R a p i d  f r a c t u r e , f rom l a r g e  c r a c k s  set  and  t e s t  c o n d i t i o n s
or defects in thick sections , is (ii) Reliabilit y under emergency
in principle , possible in steel and fault cone litions
pressure vessels under operational
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(iii) Variation of failure proba- He went on “However , we have now corn-
bility with age and p leted our studies and we fully under-
(iv) Quality control stand the large amount of work that

has been done on this subject , primar -
The conclusions are supplemented by ily i n  America , but also in Germany,
and interrelated with some 40 recommen- Prance and Japan. In addition , we
dation s classed as “Issential” and have completed a large number of cal-
grouped under headings of Generm i l , Dc- culat ions of our own , and we have come
sign , Manufacture , and In Service , and to  a u n a n i m o u s  c o n c l u s i o n  t h a t  s a t is -
some 25 others clm i ssed as “For Improved factory answers to your questions can
Confidence ”. Mos t of the recommenda- be provided. S u b j e c t  to a number  of
tions are specific and technical (e.g., considerations we recommend that it
“Forg ings should be made to SA 508 w o u l d  now be poss ib le ’  f o r  the  N u c l e a r
class 3 specification ”). Some of the Inspector to be satisfied about the
more notable ones: “The present evi- safety of the pressure vessels for
dence indicates that even with good any PWR5 built in this country. Of
quality control of fabrication proced- course , the Nuclear Inspector would
urec and inspection to ASM E rules , the have a la r ge number of other factors
res u l t i n g v e s s e l  has an appreciable to take into account before arriving
chance of containing a sizeable defect. ... at an overall view upon whether these
The em e r g e n c y  s a f et ~’ i n j e c t i o n  s y s t e m  r eac to r s  could  be l i c e n s e d  in t he  UK. ’~should inject water at as hi gh a tern- Cottrell , replying a mere three
perature as compatible with other re- days later , commended the Group with
quirements with the aim of reducing the the statement “It is a first-class
t h e r m a l  shock  d u r i n g  a l a r g e  LOCA Iloss- report , impressively t h o r o u g h  and ob-
of-coo lan t accident]... .Fracture tough- jective. Your Study Group has done
ness  t e s t s  be i n c l u d e d  in  the  UK sur- an excellent piece of work.” However ,
v e i l l a n c e  p r o g r a m m e . . .  .ND E (non -  he then  c o n t i n u e d  “Of the  many impor-
destructive examination) according to tant technical points made in the Re-
ASM E I I I  s h o u l d  be c a r r i e d  out  and por t  I foun d three particularly strik-
s u p p l e m e n t e d  by extensive u l t r a s o n i c  ing because  of t h e i r  n e w n e s s ;  i . e . ,
t e s t s . . .  .A procedure based on sound ex-
perimental evidence for dealing with (i) That it is essential to con-
defects found in installed vessels fine the operational transients
be established before the operation to unusually narrow limits in or-
of PWR ’s be allowed in the UK... .Firrn der to avoid excessive crack
l i m i t s  on the  s i z e  of ‘ acceptab le ’ de- g r o w t h  by m e t a l  fati gue .
f e c t s  be ag reed  be fo re  any UK vessel  ( i i )  That  emergency  core  c o o l i n g
be i n s t al l e d . . . . F u r t h e r  development  of w a t e r  should  be i n j e c t e d  at an
a c o u s t i c  e m i s s i o n  t e c h n i que s shou ld  be u n u s u a l l y  hi g h t e m p e r a t u r e  in or-
carried out , with a v iew to a p p l y i n g  der to m i n i m i z e  the  r i sk  of frac-
them in any pressure test and a l so  t u r e  by t h e r m a l  s h o c k ,
to u s i n g  pe rmanen t  sensors  to detect  ( i i i )  That  r i gorous u l t r a s o n i c
and monitor growth  of any c r acks . ” i n s p e c t i o n  of the  p r e s s u r e  yes-

It was not in the  c h a r t e r  of the  sels cou ld  reduce t h e i r  p robab i l -
Study Group to recommend c o n c e r n i n g  the  i t y  of f a i l u r e  by a h u n d r e d f o l d
adop t i on  of t he  PWRs over SGHWR or  o t h -  and t h a t , w i t h o u t  t h i s  i n s p e c t i o n ,
er options , merely to investigate mat- the probability of PWR vessels
ters of integrity. Yet the report ap- failing, unde r their operational
pears to have weighed-in for the adop - conditions , is si gnificant l~’ great-
tion of PWRs . The report itself has er than the upper limit for non-
been forwarded to the Nuc lea r  I n s t a l l a -  nuclear  v e s s e l s . ”
t i o n s  I nspec to ra te  for considera t ion
w i t h  o the r  i n p u t s .  C o t t r e l l  conc ludes  t ha t  “I  am in gen-

An e x c h a n g e  of l e t t e r s  between e ra]  ag reement  w i t h  the  t e c h n i c a l  con-
M a r s h a l l  and C o t t r e l l  is annexed to tent of the Repor t  i t s e l f . ”
th e LSWRG Report. Marsha ll , by a l e t -  Subsequent  co r r e spondence  f rom
t e r  of 18 June  1976 , t r a n s m i t t e d  an C o t t r e l l  to the S e c r e t a r y  of S t a t e
advanced  copy of the  LWRS G r epor t  to fo r  Energy  da t ed  3 Aug and 7 Sept ‘76
C o t t r e l l , i n v i t i n g  h i s  comments , s t a t -  and from Marsha l l  to C o t t r e l l  da ted
i n g  t h a t  the  r epor t  is  a “m a j o r  j u s t i -  30 Sept ‘76  a re  r ep roduced  as annex
f i c a t i o n  of  your  o r i g ina l  v i e w po i n t . ” to the  1976 Se lec t  C o m m i t t e e  r epor t
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r e f e r r e d  to  e a r l i e r  i n  t h i s  FS N . many  of w h i c h  have no di p l o m a t i c  re-
C o t t r e l l  c o n c l u d e s  h i s  letter of the lations with Israel , a point emp ha-
~rd A u g:  “ I n  my op i n i o n , t h e  t ech n i -  s i z e d  by I s r a e l ’ s P r e s i d e n t , P r o f .
c a l  po s i t i on d o es n ot g u a r an t e e  t h at  Ep h r a i m  K a t : i r  a t  t h e “ F e s t i v e  O p e n i n g
t h e s e p r e s s u r e  v e s s e l s  w i l l  be a b l e  Ceremony ” . Kat z i r , in f a c t , gave  a
t o o p e r a t e  s a f e l y for the full desi gn most informative and enjoyable tal k
l i f e  of  t h e  r e a c t o r .  Of course , i t wh ich , i t  t u r n e d  out , was one of the
is difficult to guarantee the metal- best of the Congress. lie character-
l u rg i c m i l pe r f o r m a n c e  of  a n y  eng i nee r -  i z e d  the  v a r i o u s  s o c i a l  e ra s  of  na-
i n g  componen t  o v e r  some 30 y e a r s  of t i o n a l  d e v e l o p m e n t  as agrarian , pre-
arduous life ; h u t  t h e  g r e a t  d i f f e r e n c e  i n d u s t r i a l , i n d u s t r i a l , and  p o s t -
in  t h i s  r e spec t  i s  t h a t  a p r e s s u r e -  i n d u s t r i a l ,  lie p o i n t e d  out  m a n y  of
t ube  r e a c t o r  such a s . . . S G H W R  i s  I s r a e l ’ s pr o b l e m s , n ot t h e  l e a s t  of
dem ountable --d e fecti ve tubes can be which is the desire of her people
taken out and replaced by new ones - -  ( a n d  o t h e r  T h i r d  IV or ld  s o c i e t i e s )  to
whereas the monolithic steel pressure live in a post-industrial era , in
v e s s e l  o f t h e  L W R is  n o t . ” wh ich a l l  r e c e i v e  equa l  s h a r e s  of

As a w h o l e  t h e  co r r e spondence  re-  goods and s e r v i c e s , w i t h o u t  a c c e p t i n g
v e a l s  c r u c i a l  d i f f e r e n c e s  of  i n t e r p r e -  the remilities of the early industrial
t a t i on of t h e  LSR W G r epor t  as i t  r e l a t e s  p e r i o d  in w h i c h  the ’ y e x i s t  in f a c t .
to  c rack  g r o w t h  and  o p e r a t i o n a l  t r a n -  There w e r e  foei r P l e n a r y  S e s s i o n s ,
s i e n ts , a l b e i t  as s u g g e s t e d  by M a r s h a l l  a l l  b u t  one of w h i c h  were  c h a i r e d  by
they may be reconcilable. ~- !inist ers of t h e  I s r a e l i  G o v e r n m e n t .

This rendition of the chronology In each of the first three sessions
of t h e  n u c l e a r  d e b a t e  in B r i t a i n  n e c e s -  t h e r e  were  f i v e  “ k ey ” l e c t u r e s  g i v e n
s a r .i ly  omits much important detail and by various prominent individuals from
‘ m a n y  i m p o r t a n t  a r g u m e n t s .  I t  a i m s  to  g o v e r n m e n t , i n d u s t r y ,  a n d a c a d e m i a
o u t l i ne a v e ry  comp lex  p r o b l e m  and  to ( 10 of  the  15 were f rom u n i v e r s i t i e s ) .
of f e r  t he  U K n u c l e a r  r e a c t o r  p r o g r a m  These t a l k ’s , o f n e c e s s i t y ,  were  q u i t e
as  mi ll i n t e r e s t i n g  case  s t u d y  in  d e c i s i o n -  w i d e - r a n g in g a n d t h e r e w a s  mi n i m a l
m a k i n g  in an a r ea  whe re  t e c h n i c a l  q u e s -  t e c h n i c a l  d e p t h - - a n  e x c u s a b l e  d e f i c i e n -
l i ons a r e  p m i r t i c u i a r l v  i m p o r t a n t .  cv t h a t  w ’oult l  be r e m e d i e d , I t h o u g h t ,

T he i n q u i r y  and  t h e  deba te  c o n t i n u e , in t h e  p a n e l  s e s s i o n s . The key Icc-
(-\ 1 Sosi n an d  A . W .  Pr yce )  lu r e s  o f t e n  t e n d e d  t o w a r d s  p o l i t i c a l

comment  a rv a n d  were eve r -b u r d e n e d  w i t h
mot h e r h o o d  s t a t e m e n t s  (“ p 1 a n n i n g
s h o u l d  he i n t e g r a t e d  and  compreh en-

4 1 i 1  W O R l D CON CR 1 SS OF E N G I N P E R S  AN D s ive ”) , ob v i o u s  t r u t h s  (“ peo p le  w i l l
, A P C U I TF C TS  1N IS~~~PL w a n t  more  and b e t t e r  h o u s i n g ” ) ,  a n d— j a rgon (“ pa n o r a m a s  of  opt i o n s ”

W h a t  w i t h  t i e  v a r i e t y  of  t o u r i s t -  The f i n a l  p lenary s e s s i o n  w a s  f o r  t h e
t y p e  a c t i v i t i e s  l a i d  o n , t h e  C o n g r e s s  p u r p o s e  of ’  s u n i n m m i n i z i n g  t h e  p a n e l  dis-
ac t um ill v ran for about ei ght days , cussions and , as one of the few who
a l t h o u g h  t i e  w o r k i n g  p a r t  of t h e  m e e t  - h a d  p e r s e v e r e d  to  t h e  end , I heard
i n g  co n s i s t e d  of  p le n a r y  and  p a n e l  se s -  most  pane l c h a i r m e n  r e c i t e  a l i s t  of
s i o n s  c o n v e n e d  f r o m  1 1- 17  De c ?n ihe r  pape r  t i t l e s  p r e s e n t e d  a t  t h e i r  I m e n e l s .
i t  t h e  T e l - A v i v  H i l t o n .  The t h e m e  w a s  The 1~ subject areas d e f i n e ~! f o r
“Di m ilomu e in P e v e l O I t i e n t  — — C o n c e p t s  and  t h e  pane l s e s s i o n s  c o v e r e d  v m i r i o r i s
,- \ c t i o n ~ ” . a s p e c t s  of s o c i a l  and  i n d u s t r i a l

The C o n g r e s s  i s  a d m i n i s t e r e d  by d c v e l o p m e n t — — r e s e r e r n  ees (rm e npo w e ’ r , wri -
t he -\ ‘ - s o c i a t i o n  of  E n g i n e e rs and A r c h i -  t e r  and  en i ’r g~’ ) ,  h o u s i n g ,  e d u c a t i o n ,
t e c t s  i n  I s n a t - i a c m e 1  the Chai rrm’in was l a n d  use , c i v i l  mi nd s t r u c t u r a l  eng i -
Al  A l  P r e s i d e n t , ~l r .  I . P e l l e s .  A c o —  n e e r i n g ,  com mu n i cat  i o n s , env i rot m t’ me n t
spo n s o r i n g  ag - r r c y  was  t h e  I n t e r n a t i o n a l  t r a n s p o r t a t i o n , p l a n n i n g ,  i i t ’ , i s i ’ n
Technical Cooperation Cen tre (TTCC), processes , r i n d architecture. The pmi n
an I s r a e l - b a s e d  o r g a n i z a t i o n  t h a t  was  el  s e s s i o n s  a c t u a l l y  c o n s i s t e d  of  a
mm o u t g r o w t h  of t h e  f i r s t  C o n g r e s s  h e l d  s e ri e s  of m i n i - c o n f e ’ r e n c e s  w i t h  t h e
nine years ago. This time , according r e a d i n g  of v e t  more  p r e p a r e d  p a p e r s .
to local press releases , some 2000 dd e- There were  2 1 ( 1  a b s t r a c t s  o f pa l r l ’r s
g a t e s  t u r n e d  u p ,  70 0 f r o m  62 c o u n t r i e s  s u b m i t t e d  f o r  p r e s e n t a t  ion  a t  t h e
other than Israel. There were delegates 15 panels , wi t h about 3~ boon’s m m v m m i l -
from 12 African and 10 Asian c o u n t r i e s , ab le  f o r  each p a n e l  s e s s i o n . m m nc
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panel (Architecture and Urban Desi gn) Measurements of mechanical prop-
h a d  .2? papers scheduled! Fortunately erties (e.g., stress-strain curves)
(as  one  panel chairman put i t )  the re d o m i n a t e  r esearch  a c t i v i t i e s .  For
w , i s  a l a r g e  a r n o t m n t  of a b s e n t e e i s m  among examp le , d y n a m i c  tensile tests of a-Cu
t h e  a u t h o r s  so t h a t  t h e  s i t u a t i o n  was  (Al , Ga , or Ge) a l l o y s  have  been run
a l l e v i a t e d  som e w h a t .  l ’ven so , t here  a t  v a r i o u s  s t r a i n  r a t e s  and in s t ress -
mi mi ’ - l i t t l e  o p p o r t u n i t y  f o r  t he  d i a l o g u e  relaxation tests in the temperature
advertised in the theme. The panel range between 78 K and 363 K. The
s e s s i o ns t h a t  I a t t e n d e d  ( W a t e r  Re ’ d a t a  a r e  a n a l y z e d  to yield the free
so ur ces D e v e l o p m e n t , E n e r g y  R e s o u r c e s - -  a c t i v a t i o n  e n t h a l p y  fo r  t he  interac-
\ l t e r n a t e  S o l u t i o n s , a n d C i v i l a n d t i o n o f g l i d e  d i s l o c a t i on s w i t h sol u t e
s t r u c t u r a l  E n g i n e e r i n g )  were  s h o r t  on a t o m s .  The e n t h a l p i e s  va ry f r o m  1 .2
e n g i n e e r i n g  c o n t e n t , even  th oug h I se- to 1 .9  eV , depe n d i n g  on s o l u t e  type
l e c t e d  t h e m w i t h  h i g h hopes .  In the and concentration (1.22 eV for 3.4% Ga
P a n e l  Se s s i o n  on C i v i l  and  S t r u c t u r a l  vs 1 .67  fo r  1 . 2 %  G a ) .  The quantity
Eng i n e e r i n g ,  for example , there were monitore d in this work was the stress
two  pape rs (g i v e n by US a u t h o r s )  d e s c r i b -  f o r  0 . 2  s t r a i n  o f f s e t .  The s e r r a t e d
i n g  various building codes in the US yielding phenomenon , the Portevin-
m e n d  l a u d i n g  t h e  c o n c e p t  of  t h e  b u i l d i n g  Le C h a t e l i e r  E f f ect , h as a l s o bee n
pe r m i t ,  e x a m i n e d  as a t h e r m a l l y  a c t i v a t e d  proc-

I :ng , i ne e r s  ant i  s c i e n t i s t s  are often ess. This effect is linked with in-
criticized--frequently by each other terstitial diffusion in steels but ,
and themselves--for not playing a more in copper-based alloys , the Karlsruhe
a c t i v e  r o l e  i n t h e p l a nn i n g an d p o l i c y -  i n v e s t i g a t o r s  identify the elastic
f o r m i n g p h a s e s  o f n a t i o nal , reg i on al  in te r a c t i o n b e t w e e n g l i d e d i s l oc a t i o n s
and  l o c a l  p r o g r a m s .  The A E A I / I T C C  Con- and s o l u t e  a toms  e n h a n c e d  by non-
gr e ss p r o v i d e d  so m e i n si gh t s  i n t o  the e q u i l i b r i u m  v a c a n c i e s  p roduced  by plas-
paradoxical reasons for this non- tic deformation or simply in thermal
involvement . The “soft sciences ” often equilibrium . Under these assumptions ,
c o n t a i n  a f a i r  amoun t  of w h a t  sounds  the Portevin-Le Chatelier studies
to  u s , as e n g i n e e r s  and scientists , like allow the deduction of vacancy-solute
s u bj e c t i v e , p l a t i t u d i n o u s  h o c u s - p o c u s - -  atom binding energ ies , which have been
s o m e t h i n g  t h a t  b o t h  r epe l s  us and  ac-  s t u d i e d  in Cu w i t h  a d d i t i o n s  of 2n ,
c e n t s  t h e  need  f o r  o u r  i n t e r a c t i o n . :nNi , Sn , Al , Ga , Ge , As , a n d I n by
For  us to p a r t i c i p a t e  we m u s t  f i r s t  be-  M a c h e r a u c h  et al.
come’ apprentices in trades i n  w h i c h  nag -  R e l a t e d  s t u d i e s  i n c l u d e  the  i n f l u -
niloquence is accepted , even g lorified. ence o f  g r ai n si z e a n d t e x t ur e in
Un f u r t m i r m e t c ’ l y ,  t im e cl ub m u s t  be joined a-Cu( n) and of t w i n n i n g  in c - C U  (:n ,
before the by-laws can be amended. Ca , As , Sn). m’~ critical stress was
( R o b e r t  II . N u n n )  itlentified for twinning; this stress

i s  a p p r o x i m a t e l y  p r opo r t i o n a l  to  t h e
squa re root of the stacking-fault en-

___________________________________________ e r gy ( a d j us t e d  by a l l o y i n g)  a n d t h e

MAT 1 i n v e r s e  s q u a r e  root of  the  g r a i n  s i z e .

SCIENCES The latter relmition follows a predic-
_______________________ ____________ 

tion of  t he  m u c h - u s e d  P e t c h  g r a i n - s i : e
equat ion .

The studies in steel , under H.
Woh lfaiem’ t , concern processing in tech-

~• i I . I  A l , l U R f l ’ A ’l ‘ F i l l .  U N I \ i R S I T Y  01: n o l o g i ca l  s i t  oat  ions, lie has studied

~~ fl R J i r - - r ~fb f t \ s I s  O~ C O N V E N T I O N  f m m t i g ue of an a n n e a l e d  l o w - c a r b o n
s t e e l  a s  i n f l u e n c e d  by t h e  s a m p l e

The I n s t i t u t  f ’ü r  l t e r k s t o f f e k u n d e  p r e p a r a t i o n  m e t h o e l - - u p - c u t  and down-
a t  the ll n ive r s it ii t Kzm rlsr ii he , Lender the cut milling. Since surface conditions
di  r e c t  i c u m  of  . ~m i c h e r m i u c h  , is c aw t  i n  a i r  t h o u g ht  to d o m i n a t e  f a t  i g ue frm e c-
a conv entional metallurgy department ture , W oh l fah rt deter m ined the r e s i d -

o l d ,  I f f o r t  s t m  extend its scope’ to u a l  s t r e s s  state at a n d  n e a r  (~~60 ~m)
include polyne rs have been I a r g el  v tin - the  s u r f a c e  by N - r a y s .  A l t h o u g h
successful; metmils are the central the same h a r d n e s s  wa~ f o u n d  i n  e ither
theme , and m i t t e n t i o n  is r e stricted large- milling tremitment , the stress p attern
ly  to  s t e e l s  and  c o p j e r  a l l o y s .

H ’
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d i f f e r ed e n t i r e l y ;  a t e ns i l e st ress of t i me , t h e  demands  on the  f i n a l  p r o d u c t
+ 2 1 0  N / m m 2 w a s  m e a s u r e d  a t the surface have increased. Excellence of finish
o f t h e  d o wn - c u t  s u r f a c e  w h i l e  -300 N / m m 2 i s  no l o n g e r  mere l y a m a t t e r of
e x i s t e d  a t  t he  u p - c u t  s u r f a c e . N e v e r -  e s t h e t i c s .
theless , no substantial ifference was As vast as the consequences of
fo u nd i n t h e f a t i gue  t e s t s . T h i c  would current welding techni ques have been ,
app ear to violate the familiar dogma so too have been the problems , and
t h at c o m p r e s s i v e  s t r es s e s  i n c r e a s e  fa- W eek  (un f o r t u n a t e l y )  spen t  most  of
t i g h t’ s t r e n g t h . (Al Sos i n ) h i s  t i m e  illustrating defects in fu-

sion welding in steel as a particular
example . With the aid of slides he
described laminar tearing due genera l-
lv  to  MnS and o t h e r  i n c l u s i o n s .  T h i s

Till ’ NEE D FOR Mdc WELDING PROCESSES-- can be m i n i m i z e d  by e l i m i n a t i n g  5 ,
A P P  ~cI AT THE END OF THE . OLD ROAD? w h i c h  i s  e x p e n s i v e , o r a d d i n g  Ce o r

M i s c h r n e t a l , a practice that cannot
O n e - h o u r  l e c t u r e s  a t  the R o y a l  So- be used in c o n t i n u o u s  c a s t i n g .  Crack-

c i e t v  i n L o n d o n  a r e  g e n e r a l l y  r e s t r i c t e d  i n g  clue to f a b r i c a t i o n  s t r e s s e s  can
in technical content or depth by time be largely eliminated by stress-relief
l i m i t a t i o n s  a nd a u d i e n c e  d i v e r s i t y,  hea t  t r e a t m e n t , n o r m a l i z i n g ,  a d d i t i o n
An a d d r e s s  on 10 Feb l 97~ by R. Weck , of a l u m i n u m  ( to  r e f i n e  g r a i n  s i z e  and
Di r e c t o r  of  t h e  W e l d i n g  I n s t i t u t e  and i n c r e a s e  n o t c h  t o u g h n e s s ) ,  and con-
a F e l l o w of  t h e  S o c i e t y  i s , neverthe- trolled rollin g. These examp les re-
l e s s , n o t e w o r t h y f o r  t h e  i m p o r t a n t  p o i n t  l a t e  to c r a c k s  or inc i p ie n t c rac k s
t he s p e : i I e r  soug ht  to  develop . His  introduced into the steel components
t h e s i s , s t a t e d  briefly, is that we have durin g welding. The weld is , in it-
r e a c h e d  a p o i n t  of d i m i n i s h i n g ,  p e r h a p s  self , subject to ciacking, of course ,
near-zero , returns in  d e v e l o p i n g  and due to  the large contractions which
u t i l i z i n g  m o s t  of t h e  conventional weld- occur in the melt zone on solidifica-
i n g  t e c h n i q u e s .  I t  is t ime to move tion. Reheat-cracking is a current
on to  n ew m e t h o d s .  According to Weck , major concern in low-carbon steels
t h i s  v i e ’~ i s  a p e r s o n a l  one , not shared used in nuclear li ght water reactors;
by most authorities , and even scorned here the crack develops during ther-
by them. mal cycling in service.

heck pointed to the elements in The above litany may seem to he
t i e  p r o g r e s s  of  w e l d i n g  which  have a familiar recitation of material lirr-
bro c r m ’im t us to the present state. The i t a t i o n s  w h i c h  may be overcome by more
sim l l i c i t y ,  convenience , increased pro- research and better practice. Weck
e i u c t i v i t y ,  r ind  economy of  w e l d i n g  p ro -  does not  a s c r i b e  to  t h i s ,  lie believes
vid ed the ori g inal impetus for it~ t h a t  t h e  s i m p l i c i t y  t h a t  came w i t h
general mic ec pt r in c e over previous tech- welding has been largely dissi pated.
nie lues such as bolting or riveting. The movement to phosp horous-free steels ,
Then two major attributes of welding for example , the use of inert atmos-
w ete r e c o g n i : : c d . ‘~mit e rials of thicker ~elce re s , the additional control of ha:-
sec t  ion c o u l d  non. be j o i n e d .  Conse- a rdous fumes--these are but a few of
q u e n t l y ,  t he  s i :c  of a t t a i n a b l e  equi p- the complications and strictures that
me’nt surged for wa rm l , leading to bigger have been introduced. Indeed , as
plant size , in turn . The economies of Weck pointed out , the conditions for
size followed. A seecnd attribute more exotic welding are beg inning to
is the lea~ pr (:of character of welds , approach those of pharmaceutical stand-
It became possibl e to move to hi ghe r ard. Further , research results , which
pressures and temperature , to achieve continue to flow in , point to still
better v acua , to handle more hazardous more refinements that should he made
materials , etc. More recently , public if feasible . Even testing is no
conscious ne ss of he alth hazards has longer simple , if applicable nit all.
provid ed another incentive for develop- Results obtained with the use of (rel-
ing welding still further. With this atively) small Charpy test samples ,
b r i c k i n g  a n d  m o t i v a t i o n , w c ’ ld i ng  research the s tandard  for t e s t i n g  over the
has s t e p p e d  up i t s  pr ice  c o n s i d e r a b l y ,  yea r s , show l i t t l e  c o r r t ’ l a t i o n  w i t h
a n d  many  of the details of welding proc- results obtained from the use of more
e m m S e ~~ , comprising a vast panoply of reali sti c , much larger , and ver y much
v ariables , have emerged. At the same
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more expensive “crack-opening- inside the black box , one way is to
displacement ’ samp le testing. To this threaten its ability to regulate its
must be added the mushrooming surveil- contents (homeostasis) by restricting
lance and detection methods (e.g., ul- supply of oxygen , or by hindering the
t r a s o n i c s )  w i t h  t h e i r  s i g n i f i c a n t  i n -  d i s c h a r g e  of  C0 2 ,  o r b o t h .  The bel-
crementa l costs . lows will have to respond in a manner

It is time to look elsewhere , ac- reflecting in some way the gross fea-
cording to heck. Electron-beam weldin g tures of the internal mechani sm , and
is  an a t t r a c t  i r e  a l t e r n a t i v e , w here  rip - i f  t h e r e  i s  s o m e t h i n g  w r o n g  w i t h  t h e
p l i c a b l e .  T h i s  i n v o l v e s  l i t t l e  or  no m e c h a n i s m  the  r e a c t i o n  to t h e s e  cx -
sample di stortion and no hydrogen in- ternal challenges m a y  be e x p e c t e d  to
t r o d u c t i o n .  I t  is limited by s i z e ’  (up c h a n g e .
to  200 mm t h i c k n e s s ’) a nd cos t  of  e q u i p -  A c a r i c a t u r e , no dot . ’t ;  b u t  i t
m e n t  ( a p p r o a c h i n g  S l - 2  N for l a r g e  in- points to a key role for CO 2 as an
s t a l l a t i o n s ) .  I l e c t r o n - b e a m  w e l d i n g  e x p e r i m e n t a l  too l  and as a c l i n i c a l l y
is rather well developed. Alternatives usefu l diagnostic (and possibly thera-
stech as friction welding and diffusion peutic) aid. The h u m a : e  b l a c k  box i s ,
b o n d i n g , w h i c h  do n o t  i n v o l v e  melting, of course , not totally inviolate--
n e e d  more  r e s e a r c h  and d e v e l o p m e n t , a nd a p o i n t  h a r d l y  in need  of b e l a b o r i n g - -
heck strong l y advocated this , an advo- vet at the same time not totall y avail-
cacy that may not be too surprising con- able for tampering. P h y s i o l o g ist ’ s
sid e ring his position. (Explosive and and  p h y s i c i a n s wo u ld  be b a d l y  o f f  i f
roll cladding are two more examples of their only experimental subjects were
non-melt welding.) volunteers ( ‘i n c l u d i n g  t h e m s e l v e s )  and

Have we reached the end of the old patients. tortunate ly , animal experi-
road or are we still approaching the nentation , in which CO 2 h a s  o f t e n
e n d ?  This was the genera li:ation of played a key role , has revealed me
a q u e s t i o n  put to Weck in the post- lot about the internal mechanisms and ,
l c~~t u r e  d i s c u s s i o n .  Sp e c i f i c a l l y ,  ar e desp i t e  p r a c t i c a l  and  c o n c e p t u a l  U n -
t h e  w e l d i n g d e m a n d s  i n  t h e  case ’ of  t h e  i t a t i o n s  of i t s  own , has  provided a
p r e s s u r i z e d  w a t e r  r e a c t o r s  beyond the  v i t m i l i n p u t  f o r  h u m a n  n o r m a l  a n d  ab-
p r e s e n t  c a p a b i l i t y  to  a c h i e v e ’  z e r o -  no n’ : m m i l r e sp i r m e t o r v  p h y s i o l o g y .
defect perfor rma mi ce ? An i n t e r e s t i n g  nine !  So i t  i s  not  s u r p r i s i n g  tm find
very timely question , indeed! lT nfor~ clinical respirator y physiolo g is t
tun n itely, Weck chose statesmanshi p t e e  i n t e r e st e d  i n CO 2 a nti a n x i o u s  to kee l
advoemic e ; the answe r was  not info rmed about da ta ni ne! i d e a s  d e r i v e d
f o r t h c o m i n g .  (Al  Sos i n )  fr o r :  m e n  i m : m l  — — a n d  t h i s  o f t e n  m e a n s

m l c ni t lem ic--p iIySiO logy. This desire
fo r e  c o n f r o n t a t i o n  b e t w e e n  t h e  two
g r o u p s  to t h e i r  r ’ m m m t u a l  a d v m i n t m g e  w a s______________________________________ —— o ne i m p o r t a n t  r ea son  f o r  an o r m ’, a n i z a -

~~EDICAL t i o n  of  c l i n i c a l  p h v s i o l o g i s t s  te con-
SCIENCES v t ’n e  a sympos  ium on “(TOW, mine!

I t r e ; e t h i n g ” .
The o r g a n i z a t i on in  q u e s t i o n is

~1 !0S 1PM m N  CARBON I) lOX I DI , A N I )  t i m e  European Society for Cl i n i c a l  R e x  -

~J<i~\T1Ti~~~~~ p i r n i t o r y  P h y s i o l o g y , to be desc r ibed
i n  ano t h e r  a r t i c l e .  The sy m p o s ium

Why should I he re he a s v n m l o s  i u m  w a s  h e l t i  in  ) cre r sa d:  , 1 3 — 1  ~ Septemberre n  ca rbon  d i  o x i e l e ’  ( ( ( e ~~) and  b r e a t h i n g , 19 7 h .  I t  was  a t t e n d e d  by “ C1 -8 0  pe r -
ri nd w h o  w o u l d  w i : ~h t o~ o r g a n i : e ’  i t ?  sons  of  whom a m a j o r i t y  seemed I c r  t a k e
I c i  ‘ s t h i n k  crud ely of m a n  as a b l a c k  an a c t  ive p a r t .  N a t u r a l l y  enough ,
bo x p r o v i d e d  w i t h  a b e l l o w s  f o r  t a k i n g  t h e  W a r s a w  s choo l  w a s  p r o m i n e n t ;  t h e re
t ip  oy,v g e r m  n i c e! cj e’ct ing CO2 generated isele ’ interest i ng  p ap e r s  f r o m  T u r k e y
in Sc m r: :e  w n i v  h e t u e  i n p u t  of  o x y g e ’ c m , (2 : ec h o s l o v m i k i a , i !u n g a r v , Bul g a r i a ,
Invi sible ’ b u i l t — i n  c o n t r o l s  h u t  f e i  t h e  I t a l y  a n d  t h e  Ne ’ther l a rm ds , and one
i r m ’ - id e  of  t h e  b ox  ( t h e  “ m i l i e u  i nt (rieur ” l’ronn France. Desp ite the re sulting
of Cl n ude Be r n a r e l ) a p n e  inst exte m l  i e n i l l — I : t i r o p e a f l  f l a v o r  t h e  g a t h e r  i ng  w a s
changes , so that oxygen opt e k e  and 10 2 d o m i n r i  t ed  by the ’  R n  t i sh and the Ic
r l e a s e  a r e  m a i n t a i n e d  m i t  f a i r l y  c o n -  he  r r n a n s  m i n d  by t h e  out standing Swedish
s tant rat over ni whole l i f e t i m e , I m y s i o l o g i s t  U von li m i e r  (Karo linska
I f  we isi s ‘ n Ienu nt about what geees on Ins t ., Stockholm). The advantage
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earned by the superior work of these design and statistical treatment of
p e o p l e  was r e i n f o r ced by fluent d cliv- ph ysiolo g ical and non-physiolog ical
cry and , no doub t , by natural sponta- noise , it may prove useful in findin g
n e i t  in making their comments i n  t h e  w h e t h e r  r e s p o n s e s  to p a r t i c u l a r  s t i m -
Eng l ish language . I was the o n l y  American oh ae’ise f r ~ n r e c e p t o r s  in the  ches t
present , simply h~’ the accident of or are’ delayed to t i m e  e x t e n t  needed
long-time membershi p in the Physiog- for the blood to  c a r r y  t h e  c h e m i c a l
i c m i l S o c i e t y  ( U K ) , w h i c h  q u a l i f ied m e s i g n a l  t o t he  b r a i n .
to  o b s e r ve t h e  p r o c e e d i n g s  of  t h i s  es-  E x p e r i m e n t s  o f  th i s  ~vpe , i f  t h e y
s e n t i a l l y  E u r o p e a n  m e e t i n g ,  c o u l d  be shown to g e n e r m e t e  c l i n i c , . l l y

I p r opose  he re to  give only mi rath- significant inform i t ion , mi ght go far
er  d i s j o i n t e d  s e r i e s  o f  i m p r e s s i o n s  t o w a r d s  r e i i e v i ng  t h e  p a t i e n t  of t h e
picked up duri ng the technical sessions burden of ‘ invasive ” tests. However ,
and at mealtimes. To begin with , the i t  has long  bee n k n o w n  t h a t  d i s t r a c -
b l a c k - b o x  a p p r o a c h  already mentioned tions associated w i t h q u i t e  m i l d  cx -
i s  n ot as  o u t r age ou s a s i t  m a y  see m ; p er i m e n t a l  p r oced u res , su ch as  t h e
t he t y p e s  of resp i r a t o r y  f un c t  ion t e s t  use of mou t hp i e c e s  o r n ose c l i p s  or
t h a t  can l e g i t i m a t e l y  be done on pa-  c h a n g i n g  from one external ~nis circuit
tients are strictly limited and there to another , may produce gr~ m eter changes
are some people who feel that any pro - t h an t h ose a r i s i ng f r o m  the primary
cedure that causes discomfort to a pa- reaction in the brain stem , especially
t i e n t  is unjustifiable if its main p u r -  in r e s t i n g  s u b j e c t s .  The re  is now
pose is to satisfy scientific curiosity a t e n d e n c y  to move awa ,c f r o m  i n t i m i -
or ambition without any possibility dating test apparatus and from the
of a l t e r i n g the inexorable course of patient ’s cooperation in p e r f o r m i n g
o b s t r u c t i v e  d i sease . At t he  same t i m e , some of  the  t e s t  m a n e u v e r s , h u t  i t
the system of regulation of breathing is unlikely t h a t  a n y  e n v i r o n m e n t  w i l l
is so extraordinarily complex that the be devised to eliminate conscious
information obtainable from non-invasive influences entirel y. A computer-
t e s t s  i s  l i mi ted , more or less , to t he a s s i s t e d  m a g n e t o m e t e r  w h i c h  does no t
m e c h a n i c a l  p e r f o r m a n c e  of the  lungs  i n t e r f e re w i t h  t h e  a i r w a y  h a s  been
as a mixing chamber and to the effec- used by J. Newsom D a v i s  ( N a t i o n a l
tiveness of the blood-gas interface. Hosp ital for Nervous Diseases , London)

I w r i t e  “more  or less” i n o rder  to to record the b r e a t h i n g  of a s uh i e c t
deflect criticism of the last statement , lying in a controlled atmosp here.
or to antici pate it by remarking that Even under these favorable conditions ,
the act of breathing is in fact a re- the ventilator )’ response to inhaled
sponse to many nervous and chemical CO2 was greater when the subject was
si gnals transmitted to certain elements conscious than during ordinary “slow ”
in the brain s tem and processed there sleep, when the “behavioral system ”
to formulate instructions which are is quiescent .
i s s u e d  to  t h e  m u s c l e s  of the  r ibs  and The m e c h a n i c a l  a spec t s  of b r e a t h -
d i a p h r ag m a n d to the heart and blood ing in  normal person s and in a variety
v e s s e l s .  So it is conceivable that of abnormal states h a v e  a t t r a c t e d  t h e
careful anal ysis of breathing patterns eng ineers , who hrive spotted a lucra-
and their responses to inhaling CO2 tive market for elaborate equipment
and to lack of oxygen will help in un- with which to test lung function and
scrambling the contributions of the to perform artificial ventilation.
various sensitive nerve endings (“re- Harsh words were spoken about the pro-
c e p t o r s ” ) .  So me of t he se  are  s e n s i t i v e  l i f e r a t i o n  of  c o n t r o l l e d  b r e a t h i n g
to mechanical stretching, some to air- devices furnished with elaborate data
way irritation , some to local conges- displa ys , visual alarms and so forth ,
tion , others to chemical stimuli, Some which impede and confuse the clinician
are situated near the main arteries , by their lack of relevance to the
some in the lung capil l aries , in the still imperfect ly understood physiolo-
lung alveoli and air passages , while gical basis of respiration. On the
others lie at different functional 1ev- other hand , real advances are being
els in the brain stem. This approach made by the clinical ph ysiolog ists
has in fact been used , notably b y D..L .C. themselves , particula r ly in dealing
Cunning ham , I. Strange-Petersen and with patients who after a long period
t h e i r  co l l .eagues  at O x f o r d .  A l t h o u g h  on the ventilator may have laborious-
it r equ i res  e l a b o r a t e  e x p e r i m e n t a l  ly to be “ weaned” back to  normal
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breathing. The most notable feature physiologists whose animal experiments ,
of t h e s e  ad van ces , it seeme d to me , cutting open and sometimes dismantling
a m o n g  seve ra l d e s c r i b e d  by J .F .  Nunn t he  b l a c k  box , ha v e p ro v i d e d  m os t  of
(MRC Clinical Research Centre , Harrow , the conceptual framework for clinical
Middlesex) , was the computer-operated resp iratory physiology. The academics
se rvo  v e n t i l a t o r  so des i gned t h a t  i t  came in f o r some cr i t i c i sm f r om on e
is au t o m a t i c a l ly b y p a s s e d  wheneve r of t h e m s e l v e s , von E u l e r , who re-
spontaneous respiratory effort proached them for i gno r i n g  the  n e t -
intervenes, works of nerve cells in the central

M o s t  of the papers on the clinical nervous system which are invol ved in
si g n i f i c a n c e  of CO 2 dealt with experi- the control of breathing, with the
m e n t a l  s t r a t a g e m s  fo r  d e t e r m i n i n g  how sad result t ha t  nobody knows “ the
and why the reaction to CO2 is modified whole book” of respiratory physiology.
in various abnormal conditions. A At another point in the discussion
friend once told me that he had observed von Euler remarked also upon the
temporary cessation of breathing (ap- uni que character of the resp irator)’
neusis) in bronchitic patients given maintenance of a stable “m ilieu
pure  oxygen . Results of recent work int~ nieur ” arising from the fact t h a t
in physiology , he said , providing the there is a superstructure of conscious
clue to this previously inexplicable muscular control , which influenc ”s
phenomenon , would eventually filter and partl y’ bypasses the  m e c h a n i s m s
down th roug h the t ex tbooks  to  the p rac -  o p e r a t i n g  at lower  l e v e l s  in the  nerv-
tising physician . The clue in question ous system (pons and m e d u l l a  o h i o n g a t a ) .
is an apparen t  loss of s e n s i t i v i t y  Several  pape rs d e a l t  w i t h  the  prop-
to CO2 so that the only resp iratory erties of respiratory nerve cells in
drive available to the bronchitic after the medulla , some groups of which had
his lungs have been f~ led with oxygen been localized , identified morpholog i-
is generated by the hypoxia (oxygen cally and characterized physiolo gically
lack) which develops as the oxygen is by von Euler h i m s e l f  and  c o w o r k e r s .
used up. The nature of this apparent Chemical si gnals carried by the “elood
loss of sensitivity to CO2 was one and cerebrospinal fluid and nerve sig-
among many top ics considered. Two groups nals from perip heral receptors reach
of workers measured the maximum rates the respiratory centers and contrib-
of development of pressure at the onset ute to the info rmation which must
of inhalation , R(’-max), by introducing be processed centrally in order to
a slig ht transient 4 mpediment (A.W . generate outgoing impulses control-
Matthews et at , Southampton U. Hospitals , ling ventilation . An important paper
U K ) or a complete block (L. Mardzzini hr 11.1!. Loeschke (Inst. f. P h y s i o l o g ic ,
et alL , Ospedale Maggiore di Milano and Rem hr -U niversit ~it Bochum , FRG) , who
Ospedale  C i tt h  di Sesto S. Giovann i , was u n ab le to  be p r ese n t , wo u ld h a v e
Italy) into the respiratory circuit at dealt with his experiments in greater
the right instant. The da ta  were oh- detail than could be g iven in the nib-
tam ed in a few tenths of a second , stract. These showed that ii,tracra-
b e f o r e  consc ious . e f f o r t  was produced n i a l  c h en e o s e n s i t i v i t y  is c o n f i n e d  to
and reacted to , and were assumed to two areas on the forward-facing (~‘en-prov ide a measure of central resp ira- tral ) surface of the medulla, The
tory drive . Both groups agreed t ha t  impu l se s  o r i g i n a t i n g  here  are t rans-
the  change in R ( m a x )  produced by CO 2 mitted to the respirator) centers
is less  in chronic  b r o n c h i t i c s  than and can be b locked  by cooling or anes-
in no rma l  pe r sons , but w h i l e  M a t t h e w s  t h e t i z i n g  the  l i n e  of communication,
c o n s i d e r e d  t h i s  to  i n d i c a t e  decreased H . P .  Koepchen (Inst . Physiol ,, Free
central sensitivity to CO 9, Marazzini U. Berl in , FRG) confirmed and elab-
was led to the  con t r a ry conclu sion . o r a t e d  this finding, showing that re-
The e f f e c t , he sa id , is due to “ f a i l u r e  c e p t o r  s e n s i t i v i t y  to hy d r o g e n  ions
of the t h o r a c o - m u s c u l a r  system to  con - is the  basis for the effect of CO 2ver t  the  o u t p u t  of the resp i r a t o r y  cen-  on b r e a t h i n g .  He identified nerve
ters  i n t o  an increase  of pu lmonary  pres- cells which control the dr aw ing-in
sure  and ventilation ”. So the matter of air to the lungs and w h i c h  a r e  m a i n -
r e m a i n s  u n r e s o l v e d .  ly responsible for the rhythm of breath-

Much more shou ld  be w r i t t e n  about i n g ,  and others , controlling the cx-
the  c l i n i c a l  d i s c u s s i o n s , but  i t  is p u l s i o n  of a i r , w h i c h  i n t e r v e n e  o n l y
t i m e  to t u r n  to the  academic
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in  spec ia l  ca ses  of disturbed balance , breathing too hard leads to internal
since deflation of the lungs is a pas- depletion . ‘fhe resulting changes of
sive process per as. blood chemistry and blood flow lead

Von Eu le r des cr ibed an e l egan t  se- by severa l  m e c h a n i s m s  to c h a n g e s  in
ries of experiments , with Teresa the utilization of internall y gener-
Trippenbach , bearing upon his hypothe- ated substrates and so to alterations
si n~m that the switch ing-off of nerve in intracerebral production or u t i l i -
impulses which issue the signal to  con- zation of CO2. The concentrations
t i n u e  d r a w i n g  in a i r  r e s u l t s  from the of chemical intermediates , some of
combined action of an automatic central which may be physiologically active ,
rh c thmic activity and the input v~ a must also change. There was nothing
the vagu s nerve from the “strain gauges ” to indicate that serious attention
(pulmonary stretch receptors) in the has been given to the role of brain
lungs. The)- made use of the fact that metabolism and chemical transport in
the phase-s witching mechanisms for in- controlling excitability and integra-
hm i l mi t ion and exhalati cim can be turned tion of the central respiratory con-
on by stimuli passed down from certain trol apparatus , although an i n t e r e s t -
nerve cells in the pons , the structure ing paper by M.J, Purves (Dept. Phys-
n e x t  in  l i n e  to the medulla as one ap- iology, U. Bristol , UK) touched upon
proaches the brain from the spinal cord, metabolic factors influencing the
These cells can be stimulated electri- width of cerebral blood vessels.
c a l l y’ ( e . g . , 0 . 5  m s p u l s e s  at  300 Hz Most of the remaining papers were
fo r  0. 2 s), and the voltage required on the more familiar ground of the
to stop breathing-in varies rhythm ically, role played by intrapulmonary recep-
b e i n g  g r e a t e r  in the  e a r l y  stages of tors in the effects of CO 2 and oxygen
inhalation. Removal of vagal (pulmo- deficiency on ventilation and lung
nary) stretch receptor input made it blood f l o w .  An e x c e l l e n t  review by
necessary to increase the stimulus. Gwenda R. Barer (U. Sheffield , UK)
T h i s  seems to prove  the postulated cx- drew attention to the effects of CO2
istence of an i n g r a i n e d  p e r i o d i c  scm- on those muscles in the blood vessels ,
sitiv ity to “switching-off” of inhala- the lungs , the bronchi and the trachea
tion which can operate if necessary which are not under conscious control.
in absence of incoming impulses from She concluded that all may be s i g n i f i -
the vagus nerve . The effects of CO2 cant  in m a i n t a i n i n g  a p roper  b a l a n c e
were studied , with results that explain between ventilation and blood flow.
the i n c r e a s e d ’ d e p t h  of  b r e a t h i n g  when The more specialized papers on
CO 2 is  i n h a l e d  a n d - - w h e n  stretch recep- the results of analyzing the mecha-
tor input is intact--are consistent nisms of CO2 effects by different meth-
with the observed increase in the fre- ods illustrated , for this observer ,
quency of the respiratory rhythm , the great variety of experimental tac-

In all this , little was said about tics which is at once the s t r e n g t h
the’ inti m ate mode of  a c t i o n  of the re- and weakness of physiolog ical research.
c e p t o r s  sensitive to chemicals , partly Much discussion time was spent in try-
because little is known and partly, ing to decide whether a result obtained
one suspects , because the group was with one species of animal would app i)’
not biochemically oriented. The cx- to others (including H. sap fe ns) or
istence of chemically senSitive recep- whether this or that discrepancy was
tors such as those studied by Loeschke due to diffe rent depths of anesthesia.
is of some’ interest since the central . Then there is that terrible , versatile ,
nervous system as a whole is notable two-directional vagus nerve , the bug-
for the rather elaborate mechanisms , bear ye t , i n som e eyes , the  p h i l o s o -
by way of fluids filling the hollow pher ’s stone of research on breathin g .
places in the brain and spinal cord , And what is one to say about t h e  in-
to buff er it against chemical and phys- dividualism of phy siolo e ’ists and  their
i c a l  d i s t u r b a n c e s .  U. Pont~ n (Dept. reluctance to repeat each oth’ r ’ s cx-
N e u r o s u r g e r y , Th e So u th  H o s p i t a l , l a c k , pe r m m e n t  s w i t h o u t  mak  ing c h a n g e s  w h i c h
S t o c k h o l m , Sweden) , s imile not address- can then he invoked to exp lain diserep-
ing this problem dire t ly, reminded ancies and perhaps t o  j u s t i f y  a n o t h e r
us of the hioc l e em ical consequences publ icat ion ” It is that same m di -
of breathing CO 2. This leads to hyper- vid u alism , of’ course , that leads to
capnia , the internal accumulation of the inspired ma tch ing of ideas with
chemicals derived front CO 2 while the select ed exp e rime otm il oh~ e c t .
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I t  was no a c c i d e n t  t h a t  one of the most  p a r t i c u l a r  imnune  r e spons e  was  con-
interesting papers , to me at any rate , trolled by a sing le autosomal dominant
w a s  the one by P. Scheid et al. (Max- gene (or gene cluster ) on chromosome
P l m i n c k - I n c t .  f. exp . Medizin , Göttingem , number 17 . The gene was subsequently
F R G )  e x p l o i t i n g  the anatomical simpli- named immune response-i , or Ir-l.
c i t y  of t h e  tegu lizard lung, a s imple With this knowledge in hand , animals
sa~ -l ikm’ tube , in their study of the could be divided into “hi gh-responder ”
i e g u l a t  ion of  v e n t i l a t i o n  by CO 2 recep- and “low-responder ” groups on the ba-
tors a n d  stretch receptors . sis of their genetic composition and

A good meeting, which may well have ability’ to make antibodies. Sim ilar
gone  some w a y  to  f u l f i l l i n g  von E u l e r ’s I r - g e n e s  were  found  to o p e r a t e  in oth-
hope that an integrated research ef- er mammals , and evidence has since
fort will be made to reveal “the whole been accumulating that immune responses
book” of r e s p i r a t o r y  p h y s i o l o g y .  Un-  in humans  a re  a l s o  under  the c o n t r o l
happ i l y ,  nobody u n d e r t o o k  the  t a s k  of of I r - g e n e s , a d d i n g  suppor t  to the
trying to read a first draft of the concept of genetic homology between
book to us. It would have been worth species. All this is important be-
t h e  effort. (J.B. Bateman) cause we know that many human diseases

are influenced by inadequate or exces-
sive immune responses in the form of
either humoral immune responses (anti-
body production) or in sensiti .,Jng

I MMUN E RESPONSES IN SCOTLAND the lymp hocytes (cell-mediated reac-
tions) to become destructive , and

A o n e - d a y  s y m p o s i u m  e n t i t l e d  “The these most  p r o b a b l y  are under the con-
Genetics of Immune Responsiveness ” was trol of the Ir-genes . The current
h e l d  i n  E d i n b u r g h , S c o t l a n d , 20 Dece mbe r vogue in immunology is to dissect
19 ’ 6 . The meeting was organized by these immune responses and ask at what
the Scottish Immunology Group , and held cellular or molecular level this Ir-
at the Edinburg h Un i versity Medical gene is exerting its function. Once
Sch ool .  A l t h o u g h the  w e a t h e r  was ve ry  t h i s  is known , the  r e s p o n s e  is suscep-
c h i l l y ,  the  Scots  e x h i b i t e d  t h e i r  t r a -  t i b l e  to beneficial modification.
d i t i o n a l  f r i e n d l y  w a r m t h , while empha- The meeting in Scotland dealt primari-
sizing that Edinburg h Un i versity Mcdi- ly with the leve l at which these Ir-
cal School was TI!! center of medical genes are functioning.
education in the 17th , 18th , and 19th David Lane (Imperial Cancer  Re -
c e n t u r i e s - - a l s o  t h a t  one of their dis- search Fund , London), in a learned
tinguished medical alumn i , Dr. James discussion on some of the current con-
C row , emigrated to the US and established , cepts surrounding Ir-genes , pointed
among other things , the production of out that while McDevitt ’s system util-
Bourbon whiskey that bears his name . ized a synthetic polypeptide to probe
Amid this historic grandeur , the meet- the responses and found a single con-
ing was held to bring local physicians trolling gene , the responses to other
and researchers up to date on new de- more complex antigens such as red
ve l oprn en t s  in t h e  f i e l d  of immunology , blood c e l l s  we re known to be c o n t r o l l e d
About 100 people attended , with the by numerous genes. Many of these Ir-
majority of speakers being “imported” genes are located on chromosome number
from Eng land. 17 , within the major histocompatibility

As back ground material , I will dis- locus ( 11-2) of the mouse , containing
cuss a few of the more relevant concepts genes which control synthesis of anti-
and t h e n  go on to the  h i gh l i g h t s  of gens  i n v o l v e d  in r e c o g n i t i o n  of “s e l f ”
the meeting. In 1962 , researchers made and rejection of incompatible grafts.
the important chance observation that Others are found near genes coding
rabbits of diffe rent strains differe d for the immunoglobulin molecules most
in their ability to make antibodies probably on diffe rent chromosomes al-
to certain synthetic polypeptides. together. Lane suggested that those
This  o b s e r v a t i o n  led  II .  M c D e v i t t , now genes loca ted  in the 11-2 loc i may have
at S t a n f o r d  U n i v .  in C a l i f o r n i a , to a q u a n t i t a t i v e  e f f e c t  on antibody pro-
beg in  a g e n e t i c  a n a l y s i s  in inbre d duc t ion , wh i l e  other I r -genes  may
s t r a i n s  of mice  of a n t i b o d y responses have a q u a l i t a t i v e  regula tory  ro le .
to these  s y n t h e t i c  p o l y p e p t i d e s .  He He mentioned other types of Ir-gene ,
was soon able to demonst ra te  that t h i s  some r e l a t ed  to an t igen , and a f ina l
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group that  f a i l e d  to f a l l  in to  the three d issec t  the component parts of the
distinct types. It appears that there immune response into the respective
may be as many controlling Ir-genes cell types that interact to produce
as steps in the process of ant igen antibody . It turns out that macro-
r e c o g n i t i o n  amil subsequent antibody pro - phages (large cells which can engulf
duct ion , and the definition of these foreign particles), thymus-derived
pa thways  w i l l  he lp  e l u c i d a t e  the  func - c e l l s  (T c e l l s )  and p l a s m a  ce l l s  (B
t ion  of these  genes ,  c e l l s )  a l l  mus t  i n t e r a c t .  She showed

Dr.  A. Whi te  (Blood Transfusion that T cells secrete anti gen-specific
Service , E i~im burg h) spoke about the biologically-active factors that in-
search for I r -genes  in man.  As evidence duce ant ibody format ion  in B c e l l s ,
for the existence of these genes he and that the I cells are dependent
mentioned Rh-sensitization , where it on macrophages for the ability to do
is c l e a r  tha t  some people respond very  t h i s .  With a pathway of this complex-
vi gorous ly  to a fo re igm Rh b lood type i ty , each s tage  be ing  under  g e n e t i c
while others do not. Equally compel-  con t ro l , the  impor t ance  of complemen-
l i n g is the  evidence fo r  h igh  and low t a ry  I r - g e n e s  is easily seen. She
responses  to a va r i e ty  of agents  inc lud-  was able  to show that some low-
ing vaccinia virus , tuberculin and cer- responder animals were unable to make
tam types of influenza virus vaccine , the 1-cell factor althoug h their B
Although these observations are sugges- cells worked perfectly well , whereas
tive , they have no genetic confirmation, other low-responders had defects at

Dr. Co h n Young (Queen E l i z a b e t h  the B-cell level. This sort of func-
College , London) presented a theory tional cellular examination of the
s u g g e s t i n g  t h a t  hi gh and low responses  component  parts answers some puzzling
were  not  unde r g e n e t i c  con t ro l a t  a l l , q u e s t i o n s , such as why a hi gh-responder
but rather that many antigens were simi- is produced when two low-responders
l a r  to s e l f - p r o t e i n s  and an an imal  are mated , the answer being Ir-gene
w o u l d  f a i l  to respond because he was c o m p l e m e n t a t i o n ;  i . e . ,  those  I r - g e n e s
t o l e r a n t  ( un re spons ive )  to h i s  owi~ tis- that control the macrophage T-B cell
sues .  E v i d e n c e  to suppor t  h i s  theory i n t e r a c t i o n  m u s t  a l l  be c o m p l e m e n t a r y
of n o n - r e s p o n s i v e n e s s  due to “cross t o l-  or no response will be observed , a
erance ” came from experiments showing theory put forward some time ago by
t h a t  a n t i b o d i e s  a g a i n s t  f e r r i t i n , a M. Tauss ig  and A. Munro of Cambridge.
ferric protein which plays a regulatory With studies such as these , where
role in iron metabolism , could be ab- genes can be identified and shown to
sorbed by cells from low-responder control biolog ically active factors ,
mice . The implication is that cells biology in general , and immunology
f r o m  such  n i c e  had some s u r f a c e  p r o t e i n  in p a r t i c u l a r , is mov ing  towards
that resembled ferritin , and that low- more sophisticated studies into inter-
responder mice failed to respond to actions at the molecular leve l and
ferritin by producing antibodies to their genetic basis. We are beg inning
f e r r i t i n  because  t h e y  were  t o l e r a n t  to g l impse  in to  the f u t u r e  when many
t o t h i s  “ f e ’r r i t i n - h i k e ” self-protein, of these biologically active factors
H i s  t h e o r y  made  c e r t a i n  predictions , mi ght be subject to manipulation.
one being that if one mated a hig h- (James N. Woody , LCDR , US N AVA CTS!JK )
r e sponde r  w i t h  a low-responder , the
o f f s p r i n g  a n i m a l s  w o u l d  e x h i b i t  an in-
termediate antibody response , which
they did. The crunch came , how ever ,
when he presented results from matings ONRL REPORTS
between two low-responde r~~, the predic-tion being they would exhibit low re-
sponse while in fact they made a hi gh See the back of this issue
response . This was incompatible with for a list of current abstracts.
the hypothesis , and inil irect ly lends
support to the concept of genetic con-
trol of immune responses.

The f i n a l  and  mos t  i n t e r e s t i n g  work
was pre sented by Sarah Howie (Unive r-
sity College London) . Using tissue-
culture techniqu es , she is able to
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IOCEAN I Today there is a concentration
SCIENCE & 

of e x p e r t i s e  in the  T r o n d h e i m  reg ion
‘TECHNOL t h a t  r e p r e s e n t s  a n o t e w o r t h y’ capabili-
‘— -J ty  fo r  m e e t i n g  a w i d e  s p e c t r u m  of in-

dustrial demands in the field of off-
NORWEGIAN OFFSHORE TECHNOLOGY- -SMALL shore engineering . The nucleus of
IS BEAUTIFU L this concentration is the Norwe g ian

Institute of Technology (Norges Iekniske
Norway is one of the most sparsely- H~ gskole , or NIl!). NIH historically

populated countries in Europe with a had its ori g ins in the School of ~1inespopulation of just ove r 4 m i l l i o n , i n w h i c h  had been p a r t  of t he  U n i v e r s i t y
a la nd area about  th ree  t i m e s  t h a t  of of  Oslo s ince  1811, I n 1900 , t h e
the state of Virg inia. Only 4% of the Norweg ian Parliament established
land is tillable and more than one-third NT!! with the aim of providing educa-
of it is above the Arctic Circle. Al- tion for eng ineers and architects and
though Norway is only 1100 miles long, to further the development of those
from north to south , her fjords and branches of science and art which are
hundreds of offshore islands give her pertinent to a technolog ical educa-
a c o a s t l i n e  of about  12 , 500 m i l e s  t i o n .  In 1968 NIH was m e r g e d  w i t h
(about  equa l  to t h a t  of Australia) . three other bodies (the College of

Since the Bronze Age , Norwegians Arts and Science , the Faculty of Medi-
have excelled in the construction of cine and the Museum of the Royal
swift sturdy vessels , and an affinity Norweg ian Society of Sciences) which
for ships mark s every phase of their together form the University of
history . The sea which unites the coun- Trondheim .
t ry’ i s  a l s o  a b o u n d l e s s  b e n e f a c t o r  to A key o r g a n i z a t i o n  for  b r i n g i n g
Norway . The Gulf Stream provides enor- the needs of offshcre industry to the
mous quantities of heat to warm the attention of NIH expertise is the
Norwegian and Barents Seas , to keep the OTTER (Offshore Technology’ Testing
fjords free of ice and to moderate and Research) Group . It is a consor-
t he  w i n t e r  t e m p e r a t u r e s .  t i u m  which seeks to integrate the off-

It can be argue d that the discove ry shore technology activities of three
of oil in June 1970 , in the famous independent RE~D establishments in the
Ekofisk field of the North Sea , has Trondheim area: The Foundation for
done more to challenge Norway ’s destiny Scientific and Industrial Research
than any other event in her history, at the University of Trondheim (SINTEF) ,
Notwithstanding optimism born of oil The Norweg ian Shi p Research Institute
wealth , the traditional conservatism (NSFI), and the Rivers and Harbors
of her people has tended to arrest sud- Laboratory (\‘IiL). In our discussions
den change and rather to lead to slow , with the director of OTT ER , Mr .  N.
well-thought-out steps , taken one at Sanders , he related how he and his
a time , staff of one have acted as “go-betweens ”

Th us , t h e r e  is n o t h i n g  dramatically to effect the efficient transfe r of
new in the Norwegian philosophy towards problems , funds , and results between
her offshore eng ineering : oil provides industry and the OTTER associates .
a renewed stimulus to practice in her Our visit to Trondheim included tours
lo n g - p r i z e d  s p e c i a l t y ,  t he  sea. Radi- of the thre e OTTER associates , as well
cal changes are not evident ; there are as the Cont inental Shelf Institute
tew new organizations , and most of what (IKU),
is new has grown out of existing estab- SINIEF. Of the three activities
l i s h m e n t s .  N e v e r t h e l e s s , r e c e n t  o i l  t h a t  c o n s t i t u t e  the  OTTER group , S I N T E F
and natural gas discoveries , and the (Selskapet for Industriel l og Teknisk
prospects for more finds in Norway ’s Forskning) is by far the largest.
continental shelf above 62°N latitude , It is an independent eng ineering
are  expec t ed  to  g ive  c o n s i d e r a b l e  impe-  f o u n d a t i o n  whose a i m s  are  to c h a n n e l
t u s  not  o m i l y  to  t he  economy but  a l so  r e s e a r c h  to NTH and to u n d e r t a k e  con-
to scien re and technology. Norway tract research itself. About half
is alread y a net exporter of oil , and of the staff of 600 hold academic
the stated policy is to build a science- standing, and the annual budget , wh ich
based econQmy as a hed ge against the has risen exponentially’ since the
inevitable exhaustion of the oil, early 50s , now stands at about $12 M.
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About 95% of t h e s e  f u n d s  is derived fall of this year . Thoug h extensive
from research contracts , two-thirds sub-scale te sting has been carried
of which are with indus t ry , the remain- out , and no platforms have yet col-
der coming from The Royal Norwegian lapsed , these data are essential for
Council for Scientific and Industrial the evaluation and improvement of
Research (NiNE). Only 5% is furnished the SINTEF analyses which , though high-
by’ direct gove rnment grants. SINTEF 1’,’ sop his ticated , contain many of the
clients are largely Norweg ian , but of usual simplifying assumptions.
the some 350 listed for 1975 , 10% are There are numerous other projects
f r o m  12 f o r e i gn c o u n t r i e s .  Thoug h u n d e r w a y  a t  SINTEF including the in-
S I N T I F  is economically independent , i t ve s t i g a t i on of p r ob l en i s  a s s o c i a t e d
is operationally tied to NT!!: its head- w i t h welding (zone heating for local
quarters are on-campus , it freely uses relief of weld stresses and the sim-
NIH equipment (in 1974 SINTEF purchased ulat ion of hyperbaric welding at pres-
more equipment for NT!! than NT!! did) . sures corresponding to depths up to
and  t h e r e  is a free exchange of stud- 500 m); computer signal processing
ents and professional staff between the and analysis (long- and short-term
two o r g a n i z a t i o n s .  The 17 d i v i s i o n s  wave  data , and geomagnetic data for
o f SI NTEF , wh ich are typically headed undersea prospecting); corrosion (in-
by NIH p ro f e s so r s , cover  e v e r y t h i n g  spec t ion  and protection sy’stems); and
from soup to nuts in technology . A ocean-bottom survey ing systems for
partial list of these divisions includes remote measurement of bottom strength
chemistry , metallurgy, mechanics , struc - characteristics).
tures , electronics , controls , computing, SINTEF does not restrict itself
and metrology . to ocean technology. Projects range

Our contact at SINTE F was Dr. I. from sociolog ical studies to automat-
Holand , head of the Structural Engineer- ic fish tracking . We were intri gued
ing Division and Professor of Civil to find a project concerned with do-
Engineering. Holand is a contributor mestic heating by solar energy. With
of long-standing to the field of struc - limited sun and lots of oil , this
tura l analysis , and the efforts of hic project has something of the flavor
group in the use of the finite element of Eskimos buying refri gerators , but
method ( FIlM) in the dynamic analysis it is also evidence of some commend-
of offshore platforms are numbered among able long-term thinking and flexibil-
SINTEF’s ma rketable products. Holand ’s ity in research.
main concern has been with the predic- VHL. This laboratory employs
t iom of the response of the CONDEEP- abouFT2O peop le , 55 of whom are pro-
type platform , which has a gravity foun - fessionals. The funding structure
dation and three towers upon which r e s t s  is similar to that of SINTEF , but the
a p l a t f o r m - - a l l  of concre te  construc-  leve l is proportionately’ lower. Its
tion . The model now under development affiliation with NT!! appears to be
is fully three-dimensional and , with less formal than that of the other
59 nodal points , has 354 computational two OTTER a s s o c i a t e s .  The VEI L
degrees of freedom. According to Holand , (Vassdrags- og Havnelaboratoriet)
the modeling of Such structures presents dates back to 1958 , when it replaced
“modest difficulties ” in comparison the NIH hydraulics laboratory , and
with the characterization of the sea, since then has played a major role
air , and soil that restrain and perturb in the development of technolog ies
them; i.e., the loading conditions associated with Norway ’s extensive
have more uncertainty than the FEM mod- system of rivers , estuaries , and fjords
el. His approach to these problems , and , in par t icular , the massive hydra-
and a brief summary of current methods , electric network . These activities
are documented in a recent report em- s t i l l  play a major role in the VEIL
t i t l e d  “Dynamic Response of Framed program , and the i nvolvement  in o f f -
and Gravity Structures to Waves ”, shor e prob le ms , which has come rela-
(S INTEF Report No.  STF7 1 A 76030 , t i v e l y  recent ly  (wi th  the o i l ) ,  is
1 Nov 76). Althoug h three CONDEEP plat- generally limited to experimental
forms are now in place in the North evaluation of structura l designs.
Sea and three more are in various phases The Laboratory is equipped with sev-
of produc ti on , we were surprised to eral standard free-surface flow facil-
learn that the first full-scale in eitu it ies including two flumes , ,the larg-
data w i l l  not be for thcoming u n t i l  the est of which is 1 x 2 m deep and 28 m
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lon g , and two wave channels , the larg- the effect of the shell was heavily
est of w h i c h  is  3.8 x 1 m deep , 78 m dependent on the density and location
l o n g ,  and  equ ipped  w i t h  a generator of the perforations and could in some
fo r  i r r e g u l a r  waves  of up to  3 m in cases (and for some as-yet unexplained
hei ght. reason) actually intensify wave action.

Our hos t  was  t he  head of the  D e p a r t -  The she l l  was redesigned , retested ,
ment of Harbor and ?‘larine Technology, and finally installed at sea. Shortly
Dr. Alf T h r u m .  In reviewing the list after placement , Ekofisk experienced
of a c t i v i t i e s  t h a t  he described to us , a “100-year ” storm , and there are many
two projects seeme d to be especially who believe that without the VEIL re-
worth relating because of their intrin- design it wou ld  not have s u r v i v e d .
sic Norweg ian ori gin. Ekofisk was a pioneer project in North

The first of these had to do with Sea oil recovery , and had it failed
the  f l o w  of f r e s h  r i ve r w a t e r  i n t o  the  t he re  is little doubt that the rate
salt water of the fjords during the of subsequent progress would have been
long Norwegian winters . Because of severely reduced.
the difference in density and freezing Projects relating to wave forces
point of the two fluids , inhabitant s on large-volume structures constitute
of fjords with too hi gh a freshwater about one-half of the VEIL work in
discharge from hydroelectric plants were offshore technology . The remainder
d e s t i n e d  to be i ce -bound  fo r  ex tended  of these  are about evenly divided
periods. The prob lem was solved (to between at-sea current measurements ,
make  a very ’ l ong  s t o r y  very  s h o r t )  by scour  ( the  d i g g i n g  a c t i o n  due to water
the use of air injection systems to motion around the base of bottom-
bubble air into the submerged salt-water mounted structures), and pipelines
layers and thereb y promote vertical (pi pe-laying s imulation , pipeline sta-
mixing. This was ten years ago and bility and survivability’ on the ocean
the systems are still widely used today, bottom) . In general , it can be said
A more current problem just coming un- that in the offshore business VEIL
der study is that of wave generation looks at problems associated with the
by rock slides into the deep and tran- response of stationary structures to
qui l Norweg ian lakes. These slides , the effects of the ocean environment.
caused , for instance , by vibrations This specialty’ is nicely’ complemented
in transportation tunnels skirting a by the moving-body interests of the
lake , are thought to cause waves of NSFI.
a nature that are sometimes intensified NSFI. Almost adjacent to the NT!I,
by the geometry of the lake walls, at N~TT (Norges Skipsforskningsinsti-
Severe wave damage has been noted on tutt) one can see the construction
surrounding beaches, in progress to complete the Ship Tech-

In the area of offshore technology, nology Center described in the report
VEI L has conducted extensive wave-tank by- J. Breslin in FSN 28-7 : 54. (The
tests of sub-scale structures modeled completion date for the Center has
after designs by Norwe g ian builders, sli pped a year to 1977.) The NSF !
The results are compared with available employs a staff of 215 in the fields
theoretical models , many of which are of naval hydrodynamics , ship design ,
adapted from US computer codes. The shipyard planning , shi pping operation ,
testing is mainly intended to give con- economics , and administration (in Oslo);
fidence to the design s and is not cate- marine control and instrumentation ,
gorized as research except when these materials protection ( i n  Sandefjord) ,
desi gns are found to be wanting--and and offshore technology’ . This is an
this happens. An example is the Fkofisk extremely impressive facility’ whose
oil storage tank of French design which total capabilities are far beyond the
is a surfac e-pier Ling cylindrical tank scope of this article. Leaving the
t h a t  r e s t s  on the  ocean b o t t o m .  In m a j o r i t y  of the  information to previ-
the hope of damp ing wave action ou the ous reports and NSF! literature , which
tank , its desi gners had surrounded it is abundantly available upon request ,
w i t h  a p e r f o r a t e d  c o n c e n t r i c  s h e l l  in we shall limit our comments to the
the belief that wave energy woul d be expansion of fa c i l i t i e s  and the off-
dissipated in the passage of water shore technology areas.
thro ug h the holes and by subsequent Our tour was conduct ed by the
mixing in the annular region between Assistant Director , Dr. M. Gisvold.
shell and tank. Mode l tests showed that The Ship Technology Center is intended
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to expa nd , integrate , and strengthen IKU . To further the understand-
the already~ strong interactions between ing 6T the Norwegian continental shelf
NSFI and NT)!. At NSF1 itself , there and its potential resources , the IKU
is to be a considerable expansion of (Institutt for Kontin ental s~ kol-
i t s  f a c i l i t i e s  w h i c h  now cons i s t  m a i n l y  u n d e r s ~ k e l se r)  was  r e o r g a n i z e d  in 1 9 7 5
of the cavitation tunnel and the main as an i n d e p e n d e n t  i n s t i t u t e  w i t h i n
t o w i n g  t a n k , both of w h i c h  a r e  h i g hly -  N I N E to u n d e r t a k e  p r o j e c t s  fo r  b o t h
sop hi sticat ~’d and versatile. The first private and governmertal sponsors.
a d d i t i o n , s c h e d u l e d  fo r  comp l e t i o n  i n T h e No r weg ian  co n t i n e n t a l  s h e l f  (more
l9 7~~, is to  he a n 85-m e x t e n s i o n  of t h a n  300 ,000 s q u a r e  m i l c ~~) c ot e r s  a n
the present towing tank. This exten- area equal to roughl y one-third of
sion will make the total length of the the I.urope~mn continental shelf . With-
l0.5-m-wide tank 260 m and will be van - in this milieu IKU ’s nain activities ,
able in depth up to about 10 m. An which i n v o l v e  n h ou t  ~~ emplo~ ces ,
entire l y’ new facility will be the include coastal wa~~ and current meas-
50 x 80 x lO-m-deep Ocean Environmental urements , ice rovem ent measurements ,
B a s i n  s c h e d u l e d  fo r  c o m p l e t i o n  in 1979.  p o l l u t i o n  s t u d i e s , h a t h y ’ m e t r i c  sur-
It will have simultaneous capabilities veys , sea floor geology, marine geod-
f o r  w i n d , wave , and  c u r r e n t  s i m u l a t i o n ; e s y ,  s ub-sea  i n s p e c t i o n , r e s e r v o i r
and the current , which will be gener- eng ineering and mineral prospecting.
ated by t-ecircu lation , will he control- Considerable public concern in
lable at any angle to the waves. All Norway has been generated by IKU ’s
operations will be computer-controlled; recent underwater survey of abandoned
the waves , for instance , will be driven exploratory - wellshafts . This revealed
by si gnals which are generated by the that the oil companies involved had
standard NSF ! method of selectively fil- not properly removed the concrete well-
tering white noise. The entire lashup-- heads which , protrudi ng from the ocean
t a n i s , t u n n e l s , and basin--will be known floor , had become the meeting place
as the Ocean Environment Laboratories , of fish and the ruination of trawl-
and jud ging from the planned capabi li- nets. The loss of these nets has been
t ies , a trip to this lab should be a serious matter to Norwegian fisher-
better than going to sea--in just about men , and video-taped pictures (obtained
ever)’ conceivable way ! One can certain- by the remote undersea exp loration
ly see the impact of petro-Kroners here , vehicle “SNURRE”) shown on Norweg ian

N SF !  has conducted an extensive TV , have resulted in— strong national
variety of dynamic model tests of off- reaction against the oil companies.
shore equipment. These include drill- The Norwegian national character
ing platforms , production platforms , seems to fit the mold shaped by Odin:
pi pes and pipe-laying vessels , mooring “Praise no day until evening, no wife
sy’stems and submersibles. These tests before her cremation , no sword until
often involve the towing, positioning, tested , no maid before marriage , no
and mooring of such devices in which ice until crossed , no ale until drunk. ”
the full versatility of the tow-tank In spite of the considerable internal
system is called into play. To cite and external pressure upon Norway’ to
one of many interesting results , it exploit her oil resources immediatel y’
was found that for certain p latforms and fully, she is not getting overly’
and sea s t a t e s , t o w i n g  r e s i s t a n c e  in excited. She has , in fact , and con-
head seas can be smaller than in calm tinues to fund R~ D from football poolwater. There is a mean drift force revenues (ESN 30-4:167), and even that
in the direction opposite to wave propa- has proven effective . In the tradi-
gation and also opposite to that pre - tion that has led to her present prom-
dicted by potential theory. Dr. E. inence in offshore skills , Norway is
Muse has constructed a compact and sim- pursuing a careful and well-organized
ple theory to show that a viscous drift program of technological advancement
forc e can occur whose sign depends with due regard for long-term social ,
upon the phase difference between plat- economic , and ecological effects.
f o r m  p itch and the vertical compoment What she lacks in numbers she makes
of relative particle velocity. His up fo r in quality and efficiency ;
predictions , repor ted in NSF ! Report and centers of e- ce llence such as the
R-4 5.76 , are qualitatively verified
by experiments.
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Trondheim region indicate technolog i- electrical and acoustic interactions
cal capabilities that are more than with the remainder of the underwater
sufficient to cope w ith her new-found acoustic system and the medium . In
riche s. (Robert H. Nunn and LCDR John term s of hydrop hone requirements , he
D. McKendr ick ; J r . )  noted among other  poin ts :

(1) The need to segment the oper-
ating face (the size of which was
required for directivity) to avoid
re sonanc e s ,

UNDE RWATER TRANSDUCER DESIGN PROBLEMS (2) the need to avoid mounting
resonances ,

Any doubts as to whether difficul- (3) the advantage of not having
ties are still being experienced in the basic resonance too far above
the desi gn and fabrication of under- the working frequency range in
water acoustic transducers were cer- order to use as much ceramic as
tainly dispelled at a recent one-day possible--easing the job on the
d iscussion meeting on problems in trans- amplifier , and
ducer  des ign  o rgan ized  by the Under- (4) that directivity in a small
water Acoustic Group of the Institute size can be obtained by the use
of Acoustics . Held on 15 December 1976 of di poles , but only at the cost
at the University of Birmingham , the of sensitivity.
meeting broug ht togethe r some 50-60
specialists in the tran sducer field Outlining projector requirements--
(almost all from the UK), of whom about directivity pattern frequency range ,
half were from industry and the remain- power output , overall system require-
der equall y divided between universi- ments , s i ze , weight , cost , corrosion ,
ties and government service. etc., he emphas ized the need for good

In addition to invited contributions matching between the driving amplifier
on transducer design techniques and and the transducer , but said that
materials , a number of case histories there are occasions when a transducer
were presented in which special desi gn can usefull y be used away from
features and problems associated with resonance--the issue then being purely
them were descr ibed. To provide some one of whether the required power
structure to the meeting , an i n i t ia l can be put int o it. He continued by
sess ion dealt with low- and intermediate- discussing the use of equivalent cir-
frequency transducers ; later papers cuits , stressing the value of the sim-
covered m a t e r i a l s  and h ighe r - f r equency  p le r  ones , and by briefly reviewing
devices. In the event , the response va r ious  t r a n s d u c e r  c o n s t r u c t i o n s  and
in terms of contributions was such as types--arrays of loaded ceramic blocks ,
to provide a very ti ght program which pistons - Tonpilz , magnetostriction ,
te nded to restrict the discussion , at free-flooding rings , benders , etc.
least that within the meeting. Pos- He concluded that the transducer prob-
sibly this was to be expected when deal- lem is not in design as such , but
ing with a subject which covers such in its engineering realization and
a w ide ran ge of parameters and factors- - in matching the transducer to the re-
frequency , opera t ing dep th , active and mainder of the system.
passive materials , des ign , projectors The first case study , presented
and hy drophones , ar r ays , directivity, by M.L. Somers (Institute of Oceano-
and cost , to name a few . It was still graphic Sciences , Wormley), was a
sur p r i si ng, how ever , to find so many narrow-beam unit exploiting non-
willing to discuss their difficulties, linearity . Specifications included

D. Stansfield (Admiralty Underwater a 40-cm square working face at 80 kF!z
Weapons Es ta bl ishmen t , Por tl and) opened w it h an opera ti ng band of 6 kHz ,
the session on “Low and In termedia te h i gh power and long pulse. Previous
Frequency Transducers ” w ith a broad re- lOS experience had been at lower fre-
view based on his extensive experience quencies , and a decision had been made
with ceramics, He emphasized that the to scale-up a lower-frequency Rusby
transducer must be treated as part of design. The 27 x 27 element design
the total system with recognition of mounts the prestressed ceramic stacks
it s rol e as re ceive r , transmitter or behind a machined titanium plate as
both , and with due concern for the shown diagrammatically in the figure .

123



iN N- 31-3

effect on the design . V .G. Weisb y
(Birming ham Univ .) concluded the ses-
sion by offering a modified ceramic

~~~~~~~~ 

~~~~~ ~~~~~~~~~~~~~~~~~~~~~ stack element incorporating a leaf
s p r i n g  in the head which , however ,

4E/em~’,it has  no t been b u i l t .
/ ~~~ ~~~~~~~~~~ 

The s u b s e q u e n t  papers s t a r t e d
— — — / — — — — with a valuable re~’ie~ by’ T.M . Pe l nore

7 / (Birming ham Univ. l of p assive m;iteri-
als used in transducer construction- -

/ ‘ backing m aterials , absorhants adhe-
sives , and windows, lie included nat-

I ‘ ural and silicone rubber s , the epoxy/ 
/: /2 ’TS,,7,,’d g , p

p o s i t e s  o f f e r  and  t h e i r  v a l u e  as back-
‘%A-,~~I ” ~~~4 , , .  ~ ,s7~~,i, ,,e’d’ ing mat erials • He sa i d t h a t  wh i l e

t u n g s t e n - l o a d e d  epoxies  (5’~~~’ . ~~~~
Ac. 11 , 55-59) are used in m e d i c a l
ultr~

’
~onic equipment , they suffer

f r o m  a i r  i n c l u s i o n s  and  a re  l i m i t e d
-~~~~~ - - in t h e i r  p a c k i n g  f a c t o r .  P e l m o r e ’ s

pape r  i n c l u d e d  a con s i d e r ab l e amou n t
of new data determined at Birming han .

J.R. Dunn (Birming ham Univ.) fo l-
lowed with a discussion of the general

Nece s s a r y ’  considerations included main- characteristics and problems of higher-
t a m i n g  t h e  e l e m e n t  s e p a r a t i o n  as g r e a t  f r e q u e n c y  t r a n s d u c e r s  and of the ma-
as possible to reduce coupling, close- terials used in them , lie offered a
me chanical impedance matching and main- desi gn of a 500-kliz directional unit
te nance  of t h e  u m b r e l l a  mode in the  as a case h i s t o r y .  A p a p e r  p r e s e n t e d
m a t c h i n g  head  at  t h r e e  to  f o u r  t i m e s  for A .R. Pratt (Loughboroug h Univ.)
t h e ope r a t i n g f r equency’ . Tole rances  r e v i e w e d  t h e  s u c c e s s i v e  p r o b l e m s  c x -
were a major problem as i t  was  neces-  p e r i e n c e d  in building a planar-scannin g
sarv to assure the desi gn being within transducer for deep operation , includ-
the individual fatigue limits both for ing poly’styr ene foam , c l a m p ing pres-
the annu li around the face plate in sure , oil leakage , and lif ting of sil-
t h e  m a t c h i n g  heads  and  f o r  t he  p r e s t r e s s -  ~‘e r e l e ct r o d e s .  These  had  led to a
i n g  b o l t s . T h i s  i m p r e s s i v e  des i g n des i gn w i t h i n  a n y l o n  case , t h e  w i n d o w
r a i s e d  sone  q u e s t i o n  as to  i t s  appro - of  wh ich  i t  is claimed can be cut to
p r i a t e n e s s  fo r  p r o d u c t i o n  r a t h e r  t h a n  r e p l a c e  d e f e c t i v e  e l e m e n t s .
f o r  a o n e - o f  s y s t e m , B u t  i t  was pointed B. IVoodward (Loughhoroug h) dis-
out  t h a t  c o s t s  a s s o c i a t e d  w i t h  n a c h i n i n g  cussed  e x p e r i e n c e  w i t h  PVF 2 as a p i e -
the face plate to close tolerances were zoelectric , comparing it w ith
no t  u n r e a s o n a b l e  i n  terms of total and d r a w i n g  commen t from the f l o o r
sy s t e m c o s t ,  t h a t  d i f f i c u l t y  had been e x p e r i e n c e d

The case studies in this session i.. ith PVF 2 in ohtaini in~ consistent prop-
continued ~ ith C. L lewell yn ( lOS)  o u t -  er t i e s  in manufacture .
lining difficulties experienced in re- Other case histories were outlined
placing a magnetostrictive scroll trans- b y’ N .G . Pace  (B at h l I~ jy, l who discussed
ducer  i n  a b o t t om t r a n s p o n d e r  w i t h  a i m p u l s e  r e s p o n s e , C . R .  Hood (~Iin , ofpiezoelectric unit , particularl y with Agriculture , Fisheries and Food ,
pressure release. R. Morris ((‘raset y )owestoft) , and R. Fischer ( U l t r a  P 1 c c -
Inst ., Surhiton) then discussed the t ronics , H i g h  Wycombe). Hood reported
n a t u r e  of the  p r o b l e m s  a r i s i n g  i n  difficulties using synthetic foam be-
scanning-sonar d e s i g n s  eri ~~l o y i n g  m u l t i -  t w e e n  e l e m e n t s  i n  a l a r g e  c u r v e d  ar-
element staves. A paper pre sented for ray, tsith attendent c o u p l i n g  p r o b l e m s ,
M.~s . W idener (Univ . T e x a s , Austin) on and loss of output a t  h i gh p o w e r  ac-
a r t i l t i — c l e m e n t  h~~g ii — ~~owered arr ay’ f o r  c o m p a n i e d  b y D i r e c t  i v i t y ’  I n d e x  c h a n g e s .
1 r a r e t ric ’ u5 er-; !iastz ed the attendant The somewhat limited discussion
int e rn a l h ea t i n g pre i leri s and t h e i r  r e s u l t i n g  from the t i g h t  progi’an w a s
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n o t e d  e a r l i e r .  The m e e t i n g  le f t  no l l y d r o d y n a m i c  L a b o r a t o r y  s i t e  in t’e l t ha ni .
doubt , howeve r , that problems are still Briefl y su n n a r i : e d , ~~ I ’ s interests
b e i n  e xpe r i en ced i n  t r an s d u c e r d e s i g n a re  in t h a t  p a r t  of  Ocean  E n g i n e e r i n g
and f a b r i c a t  i o n .  Pe rhaps  t h i s  is t o  embraced  by the s tudy-  of t he  e f f e c t s
he e x p e c t e d  w h e n  e v e r y  e f f o r t  i s  u su -  of  ocean w a v e s , c u r r e n t s  and  w i n d s
a l l y  mad e  t o  d r i v e  a des i gn to i t s  on f i x e d  and  f l o a t i n g  s t r u c t u r e s ,
l i m i t  i n  terms of material properties Emphasi s is on p r a c t i c a l  a p p l i c a t i o n
a n d  eng i n e e r i n g  f e a s ih i l  i t y - - b e c a u s e  i n t e n d e d  to  d e r i v e  m a x i m u m  b e n e f i t
of the desir e for more power output , for UK m aritime and offshore interests
deeper oper atio n , etc., or accept able from the uni que facilities and staff
cost . Exp erience and specialization expertise available, b’hile an essen-
p l a y  a m a j o r  part in this f i e l d , and tial part of the Institute ’s work ~ i ll
it is certai n practice indeed for many continue to be the provision of sci-
laboratories still to rel y’ on their own entific and technical support for leg-
experie n ce rather than contract o u t .  i s l a t i v e  and  r e g u l a t o r y  p u r p o s e s  for
B e y o n d  such  i s s u e s , h o w e v e r , i t  mus t  t h e  UK G o v e r n m e n t  and  o t h e r  a u t h o r i -
he n o t e d  t h a t  i t  is  s o m e t i m e s d i f f i c u l t  t i e s  conce rned  with shipping and off-
to determine whether a failure is one shore operations , support for the off-
of desi gn , of inadequate material , of shore industry--already’ a major role--
techni que , or of eng ineering practice is being especially’ encouraged.
( f o r e x amp le , in sealing) . NM! has available a full spectrum

In conclusion , it is worthy ’ of note of water tunnel , tank , and channel
th at the quest ion as to w h e t h e r  t r a n s -  f a c il  it ies at F e i t h a m  and a wide range
d u c e r  design and fabrication is an en- of wind tunnel facilities at Teddington ,
gine ering science or a black art is including a new wind/wave facility’ .
st i ll being asked and that one must In addition , a Marine Trials Station
a t  l e a s t  sy m p a t h i  :e w i t h  those  u n d e r -  a t  Hy the  ( a t  one time the iiovercraft
w a t e r  a c o u s t i c  workers tempted to re- Development Laboratory’) with support-
sort to the incantation recalled by ing craft includin g a 200-ton research
one speaker , “Bubble , bubble , transducer vessel permits ready access to the
trouble!” sea for direct environmental study’ ,

P r o c e e d i n g s  of  t h e  m e e t i n g  w i t h  w h i l e  a s p e c i a l l y  des i g n ed 2 (0-ton
a s u m m a r y ’ of t h e  d i s c u s s i o n  a r e  e x p e c t e d  w a v e - l o a d i n g  r e s e a r c h  s t r u c t u r e  has
to  he a v a i l a b l e  f r o m  Dr .  B.~ ’. S m i t h , r e c e n t l y  been c o m p l e t e d  and i n s t a l l e d
Secretary of the tlnderwater Acoustics in Christchurch Bay’ ,
Group, Dept. of Electronic and Electri- These facilities and the research
cal Eng ineering, Univ. of Birmingham , and support staff are available for
Bl5 2TT, Eng land. Smith also has avail- R~ D work to both government and in-
a b l e  proceedin gs of two earlier under- dus trv on a custome r/supp lier basis
water acoustic group meetings: tccnstj c via the Dept . of Industry (Do!).
:~a,’:~~, :

‘
~~:,: a:’ T’~ c :  i c~’ alat i: na (mee t  ing  O p e r a t i n g  on a pan-as -you-go basis ,

held at M A I F , Lowestoft , December 1975), the establishment is  e x p e c t e d  to  be
n o n - m e m b e r s  ~‘3 . 00 ; a n d  R I C O t  L e c e l c ” - s e l f - s u p p o r t i n g ;  i t  has , h oweve r , no

~n ~~de i’~ia t - r  A ec~~8tj’a (meeting direct authority to increase its staff
h e l d  at AUWL , Portland , March/April 1976), to meet demand , More fundamental ic-
non-m embers ~5.00. (A.W . Pr ’ce) search is funded from a small budget

or an allowance , the use of which
i s at the Genera l  M a n a g e r ’s d i s c re-
t ion and may’ be used as research or
“ seed” m o n e y .

TIlE N E W  NAl’ I ON A I~ M A R I T I M E  I N S T I T U T E  Particular a t t e n t i o n  is b e i n g
AND ITS rocu s ON OFFSHORE RBSEARCU paid to the problem of how bes t to

r e spond  to  c u s t o m e r s ’ needs for  con-
The N a t i o n a l  M a r i t i m e  I n s t i t u t e , s u l t a t i o n  and  a d v a n c e d  Fi~D s e r v i c e s ,

se t  up on 1 J u l y  1976 , was  p r e v i o u s l y  and e s p e c i a l l y of how to assure that
part of the National Physical Labora- customers are steered to the most ap-
tory. Maritime experimental work pre - propr iate research activity. An in-
viously carried out at ~ PL , w i t h  r e l e-  f o r m a l  g r o u p  has been formed for this
vant staff and facilities in the hydro- purpose--the British Oceanographic
dynamic and aerod ynamic a r e a s  have been Research Group which in addition to
transferred to the new organization , NMI includes the National lii~gine eri ng
which is headquartered at the Ship Laboratory’ (NEt) with expertise in
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m a r i t i m e  eng i n e e r i n g ,  and the Hydrau l i c s  a t  C h r i s t c h u r c h  are  s i m i l a r  to those
Research Station (FIRS) with interests in the North Sea in relation to struc-
in offshore civil engineering. These ture size. Intended to serve a two-
th ree may be joined by the Building Re- year program of wave-loading research
search S t a t i o n  (BRS) .  NMI and NEL be- and data  a c q u i s i t i o n  for  o f f s h o r e
long to the Dol , and FIRS and BRS to st ruc ture de si gners , the highl y instru-
the Dept. of the Environment. mented tower was operated continuously

Typical of the work being undertaken between mid-September and mid-October
by N M I in the  l e g i s l a t i v e  and r e g u l a -  1976 , s u c c e s s f u l l y  p r o v i n g  the  i n s t ru -
tory areas is a study of ship traffic mentation and acquiring valuable field
in the English Channel , initiated in data. On 14 October , some damage re-
1971 in response to public pressure , suited from am exceptionally high
At that t ime no reliable estimate was wave , and the structure is now being
available of the number of along-channel refurbished.
shi p passages per day. This number is
a c t ua l l y  abo u t 30 0 , bu t  knowledgeab le
e s t i m a t e s  v a r i e d  by a f a c t o r  of 4 .

“ - 
~adar’Continuous radar monitoring since that ,

,“ ,,,
.-
~~~.

time with photographic records at
1 frame/minute have proved invaluable
for a variety of ship studies in such

_ _ _L

areas as ship handling, maneuvering
and routing. Presumably because of ________________

knowled ge of the surveillance , wrong-
Wu~~ 1~ ’way passages have been reduced by half.

It ~as emp hasized that this activity
is not aimed at traffic control , but
at providing advice to the Channel Nav-
igation Investi gation Survey (CNIS). 

____

Other departures from strictly hy-
drodynamic and aerodynamic work have - -
been into the human factors aspects
of sh ip  b r i d g e  l a y o u t s .  Here  the  In -

which has resulted in “A Code of Prac - / ~ -

stitute has just completed a study

tice on Bridge Design ”. I ~~~~~~~~~~~~~~~~ ~~‘cfr ~4fe3In large measure , the work of the
Institute is dictated by the scope of ~ 4~’~’
the facilities available to it. Facili-
ties built up over many years at NPL
continue to be available for the tra-

(I ~~~~~~~ ~~c (~oc~~
ditional hydrodynamic and aerodynamic
modeling work on ship and land
structures--buildings , towers , etc., iO.5’,n
and for experimental modeling work on
offshore structures. Recent additions
such as the new wind/wave facility and Fi g. 1 Waveloading research structure
a large-section wind tunnel permitting ~ principal instrumentation
simulation of atmosp heric wind turbu-
lence substantially increase this mod- Provision is made on the structure
eling capability. The facilities for for measurement of wave hei ght , 

~~~~~~~~
work at sea further increase the poten- ti d e velocity and wave loading. In-
tia l for support of offshore investi- strum entation for this includes a nun-
gations , and as noted earlier they now ber of special NMI-developed transduc-
include a specially developed wave - ers , e.g., a wave-loading force sleeve ,
loading research structure, and a perforated ball probe for meas-

The 2 6 0 - t o n  w a v e - l o a d i n g  resea rch  u r e m e n t  of pa r t i c l e  v e l o c i t y .  Two
structure , f i g. 1 , installed in 8.5 m of the latter at a g iven position per-
of water in Christch urch Bay is inter- mi t determination of the absolute par-
mediate between a test model which ti d e velocity’ in  a 3-dimensional
can be tested in a tank and a full-size flow. When the system is in operation ,
offshore structure . Sea conditions 20 minutes of data are recorded every’

126



l;SN- 31- 3

3 hours , with 120 separate data chan- the Groupe d l  tudes et Recherches OSM
nels taking about 12 samples per second (GERDSM) . The h e a 0  of  t h i s  G r o up is
per channel throug hout the observation Ing énieur en Chef lieutaud and
period. While the system is good to H. Mermo z is the Scientific Director.
8 H:, cut off is at 3 H: (50  dB down Mr. P. Foache heads the Research Sec-
~~t S II:) to prevent aliasing. On-site t i c n  and  M r .  I . C . A .  Adam is  Head  of
computer monitoring is emp lo~’ed , while the Developments Section.
a specially’ developed pulsed-code modu-
lation system permits compression of TH E I~ STlTUTF OF ACOUSTICS
the data so that 15 day’s data can be In our  December 1976 issue
s t o r ed , a l t hough t h i s  ha s  to  be t r a n s -  (FS\  0 - 1 2 ) ,  we n o t e d  t h a t  t h e  I n s t i -
l a t e d  l a t e r fo r  subsequen t  d i g i t a l  t u t e  of A c o u s t i c s  ( U K )  w i t h  a member-
p r o c e s s i ng .  s h i p of s o m e w h a t  more than 1000 had

The p r o g r a m  of research for offshore established professional grades of men-
s t r u c t u r e s  w h i c h  t h i s  f a c i l i t y  s u p p o r t s  h e r s h i p  of F e l l o w  and Member , si mi l a r
is f i n a n c e d  f r o m  a n u m b e r  of  s o u r c e s  to  t h o s e  in other UK p r o f e s s i o n a l  o r -
i n cl u d in g a co n so r t i um o f o i l  compa n ies , gani:ation s . After reviewing applica-
Pet  n o r s k e  ~‘e r i t a s  (c f .  “Pe t n o r s k e  t i o r s  f rom t h e  m e m b e r s h i p  fo r  t rans-
V e r i t a s ” by J . P .  Walsh , E SN 3 0 - 1 :6 - 8 )  f e r  to t he  new g r a d e s , t he  I n s t i t u t e
a nd t he  UK G o v e r n m e n t .  I t  i n c l u d e s , e l e c t e d  abo ut  120 F e l l o w  and 280 Mem-
in  a d d i t i o n  to the  s t u d y  of  waves and hers. These numbers compare with a
wave f or ces by NM I , NF L s t u d i e s  on t h e  t o t a l  m e m b e r s h i p of  s o m e w h a t  mo r e t h a n
b e h a v i or of  s t r u c t u r e s  and BRS s t u d i e s  5000 , i n c l u d i n g 480  F e l l o w s  and  2 6 50
c f  t he s o i l  m e c h a n i c s  a s s o c i a t e d  w i t h  M e m b e r s , of t h e  A c o u s t i c a l  S o c i e t y  o f
t he s u pp o r t i n g  c o n c r e t e  base  and sea A m e r i c a .  Th e r a t i o s  of total members
f l o o r .  As a w h o l e , t he p r o j e c t  p r o v i d e s  to p o p u l a t i o n  and  of F e l l o w s  to t o t a l
a n e x c e l l e n t  e x a m p l e  of ( i )  t h e  p a t t e r n  m e m b e r s h i p  a re  p a r t i c u l a r l y ’  c o n s i s t e n t
of t h e  f u n d i n g  of  t h e  Institute ’s re- in the two countries , despite the
s e a r c h , ( i i)  t he  I n s t i t u t e ’ s coope ra -  f a c t  t h a t  in t he  case  of F e l l o w s h i p in
t i o n  w i t h  o t h e r  a c t i v i t i e s  in  r e sea rch  the  UK , it is by application as corn-
p r o j e c t s  a n d ( i i i )  t h e I ns t i t u te ’s pared with invitation in the 135 .
and t he  I’K ’ s cu r r en t  m a j o r resea r ch
t h r u s t  in  t h e  o f f s h o r e  area  in suppor t  THE FUT U RE OF EUROPEAN E L E C T R O N I C S
of N o r t h Sea o p e r a t i o n s .  Under  the  s p o n s o r s h i p  of t he
(~~.W . Pryce  and LCDR John D. German , British , Dutch and French
McKendrick , Jr.) governments , the consulting firm of

M a c k i n t o s h  C o n s u l t a n t s  ( 3 3  B u r t o n
Street , London Wl) has produced a
comprehensive report which predicts a
very’ bleak future for the entire Euro-

INE~h~lS & NOTES pear electronics industry unless it
is radically’ restructured. “With the
possible exception of Philips ” , the

STRUCTURES report claims , there is no large and
Two international conferences con- successful European producer of inte-

ing up in Norway’ (which means that ocean grated circuits. Last y-ear , over 90%
t e c h n o l o g y  w i l l  be s t r e s s e d )  a r e :  of  Europe ’ s l a r g e - s c a l e  i n t e g r a t i o n
“~ a f e t v  of S t r u c t u r e s  u n d e r  D y n a m i c  needs  were  s u p p l i e d  by US c o m p a n i e s .
L o a d i n g ” , in  T r o n d h e i m , 23 June - 1 J u l y  To c o u n t e r  t h e  A m e r i c a n  d o m i n a t i o n
(rep. deadline 30 A p r i l -  - c o n t a c t  Con-  of t h e  e l e c t r o n i c s  m a r k e t  t h e  M a c k i n t o s h
f e r e n c e  S e c r e t a r y , NT H , N - 7 0 3 4  s t u d y’ recommends more international
Trnndheim - NTh); and “Finite Flements mergers among European countries and
in  N o n l i n e a r  S o l i d  a n d  S t r u c t u r a l  M e- “ much more f i n a n c i a l  a i d  f r o m  govern-
chanics ” , in Cei lo , 29 Aug - 1 Sep ments ” . The British Government , fol-
(contact Prof. P.G . Bergan , NIH, at lowing the public release of the re-
sa me address). port , announced that electronic com-

ponents are one of its five new “in-
du strial strategy priority’ sectors ” ,-- The Laboratoire de Detection Sous- and that the Government ’ s National

!larin e (PSM) in Fe Brusc , France , has Fnterpri se Board is involved in talks
recently been combined with t h e  former aimed at the possible merger of the
(
~r o u I  e d’ f tudes de P511 to  fo rm one body , electronic companies Plessey and

Ferranti
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I N C R E A S E D  E M P H A S I S  ON SOLAR ENERGY As so many  of our  r e a d e r s  a re  f o r m e r
R I  SE A R C H  IN TI lE  1,1K liaison S c i e n t i s t s  and N a v a l  O f f i c e r s ,

M r  . A l e x  l a d i e , Parliamentary’ Under- or regular visitors to ONRL , we thought
S e c r e t a r y  of  S t a t e  a t  t he  D e p a r t m e n t  t h a t  they would like to know that two
of U n e r g ~’ , an nounced  on 18 February that of the Support Staff , who have been
t h e  B r i t i s h  C o v c r n m e n t  w i l l  su b s t a n t i a l -  w i t h  the  O f f i c e  s i n c e  the  e a r l y  ‘ S O s ,
lv a c c e l e r a t e  i t s  p r o g r a m  of s o l a r  en-  h a v e  r e t i r e d .  M r s .  H e l e n  C . F i s h e r ,
c r c ”  r e s e a r c h  and developmen t by s p e n d -  who f o r  t h e  l a s t  s i x  y e a r s  was the
ing an  additional ~6 M (about $10 11) A d m i n i s t r a t i v e  A s s i s t a n t  in the  Appl i -
o v e r  ~he n e x t  f o u r  ~‘eai’s. The main cations Division , retired on 9 November ,
emp h a s i s  w i l l  he on t he  use of s o l a r  a n d  M r s .  E u n i c e  K e l l e h e r , who f o r  t he
en er ~’v f o r  domestic water and space  p a s t T5 yea r s  has been a Secretary’ in
h e a t i n g .  T h ree  Go v e rnm e n t  D epa r t m e n t s  t h e  Sc i en ces D iv i s i o n , r e t i re d
~si 1 l Ic responsible for various facets 25 February . IVe are sure that all
of t he  R6 D p r o g r a m - -  t h e  D e p a r t m e n t s  of  who knew these twe ladies will join
E n v i ronme n t , I n d u s t r y  a n d  Encrg \ - . O ne us in w i s h i n g  them a long and happy
of t h e  m a i n  a i m s  of t h e  new program is retirement.
t e  St  i m u l a t e  the appl ica t ion  of s o l a r
powe r by’ f u n d i n g  t h e  a c t i v i t i e s  of PERSONAL
c o m m e r c i a l  f i r m s . The D e p a r t m e n t  of
I ne~~iZV w o u l d  p r o v i d e  up to  h a l f  of the  Mr. John Alvey’ , currently’ Director of
r e q u i r e d  f u n d i n g .  t h e  A d m i r a l t y  S u r f a c e  W e a p o n s  E s t a b l i s h -

ment , Portsmouth , UK , will become
FRENCH SOLAR I NERCY PROGRAM Deputy Controller , R F,D Establishments
The B r i t i s h  decision to  increase and Research Controller and Chief

sp e n d i n g  on s o l a r  e n e r g y  R 1D  ( see  a b o v e )  S c i e n t i s t  (R AE )  in  A p r i l  l9~~~. He
may h a v e  been i n f l u e n c e d  by’ r e c e n t  r ub-  w i l l  be w e l l  k n o w n  to  i~o r k e r s  in t he
lici tv out of France. During the last electronics field in the IJS ; many -
week of January , the t rench announced w i l l  recall that in the mid ‘SOs he
the offici a l opening of a 64 kIf d e m o n -  w a s  the  U K ’ s CVD Representative w i t h
str a t ic r . plant at Od eil lo in the the British Joint Service Mission in
Pvrenees . \ t  the same time , the Nation- Washington , DC.
al  R e s e a r c h  C e n t e r  i n v i t e d  d e l e g a t e s
f r o m  26 ~- ! c d i t e r r a n e a n  c o u n t r i e s  and  Mr . A l f red  C h a m p a g n a t  , Eng i n ee r of
ru i f Sta te s to a presentation of what f T F ~~and Measurements and Diplône
Fr a n ce has to offer in the way’ of solar of the Ecole National Superie ur of
en e r c v  p l a n t s .  The re  w a s  s p e c u l a t i o n  Chemistr y , Strashourg, has b~~~n awarded
t h a t  a “larp e contract ” w o u l d  be signed the Scientific Pri :e of ‘ ‘ i  S O  ( $ 3 0 0 0)
with Saudi Arabia. for his work and discoveries on the

Contracts of nearl ” 15 M each have massive and economic productions of
been awarded to Renault and Saint new proteins from petroleu m residues.
Col-’ajn to build 300 kW and 800 kW proto- The Pri:e , which is awarded every’ two
tvp& pl a nts to test (11 f f e r e n t  h e a t  cap- y e a r s , i s i n t e nd e d  to  r e c n m l ’ c n s e  a
t u r e  tec hn ’i q u e s  . T h e r e  is a l s o  d i s c u s -  p e r s o n  or a g r o u p  of  p e r s o ns who h a v e
sion of the f )oS sih i li ty ’ of developin g a contributed in an exceptional manner
10 ,000 kW station , to the development of the teaching of

s c i e n t i f i c  and technical rese arch or
C \ R ~ n ll ’\NCI S IN STAFF to  t e c h n o l o g ic a l  i n d u s t r i a l  - r e o r e s s

C h a m p a g n a t  ‘ s r e s e a r c h  w a s  c o n c e n t r a t e d
l%e w e l c o me aho ard D r .  V e r n  N.  S r n i l e~~, on t h e  p r o d u c t i o n  of p r o t e i n s  hv m i c r o -

r - m  t h e  L a h o r a t c i  v For A t m o s p h e r i c  o r g a n i s m s  t h a t  a r e  n o u r i s h e d  b y the
E s i c s , I’ t ’~e i t  R e s e a r c h  I n s t i t u t e , r es i d u e of petroleum d i s t i l l a t i o n .

5’ ead ( i ; ju s , U n i v e r s i t y  o f N ev a d a ,
1 hi s joined our staff as Liaison The title of Professor of I n c i n e e r i n ~
Scu t i s t  for lasers and Optics. fleomorpho logy has been conferred upon

D r .  .I . M .  l l u t c h i n s o n , D e p t .  of C i v i l
‘ c i- a l e  t a r e e c i l  t o D r .  R o b e r t  I I .  N u n n , Fng i n e e r ~~~g, Imperial C o l l e ~ e , U n i v .

who  f o r  t h e  l i s t  n i n e t e e n  m o n t h s  h a s  of l o n d o n .
1 n c o v ( ’ r in g M e c h a n i c a l  l :ng i n e c r i n ~.
f t  t h e  O f f i c e ,  l ie  h a s  returned to
t I e  Na va l l o s t ~ r o d u a t e  Schoo l , M o n t e rey ,
CA , where he is He a d of the Department
of Mec han i ca I I ng i nec r i i i  p
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Professor N . H .  March , Professor of Architecture a t  the Techni cal IJniv.
T h e o r e t i c a l  S o l i d  S t a t e  P h y s i c s , of  Norway’ in Trondhein w e r e he re-
Imperial College , Univ. of London , has mained until his retir er ent at age
been elected to the Coulson Professorshi p “0. From then until the present , he
of Theoretical Chemistry , Univ. of was ver\’ active in his con sul tancv
Oxford. practice.

The title of Chevalier of the Order of
Me r i t  has been awarded by the French
Government to Sir Nevill Mott , FRS ,
Honorary Professor of Experimental
Physics , Cai’bridge Univ., and senior
Research Fe low , I’~peria l College ,
London , and to Prof. Jacques Grosjean ,
Professor )f Mechanical Eng ineering,
Bath Univ. , for their part in improving
links between French and British
scientists.

At the University College of Swansea ,
Univ. of kales , Mr. I.R. Owen, Reader
in the Dept. of Giology , has been awarded
a personal Chair in the Department.

A personal professorship has been awarded
Pr. John N. Sherwood, Reader and
Director of the Crystal Growing Un it ,
Dept. of Pure and A pplied Chemistry ,
Univ. of Strathc lyde .

Prof. T.A. Villiers , Head of the De-
partment of Biological Sciences , Natal
Univ. , has been appointed Professor
of Biology’ at the Univ. of Salford
from 1 August.

On 1 October l9”6 , three new Vice
Presidents started their term of office
at the Technion in Israel. They are:
Prof. Moshe :aki for Academic Affairs ,
Prof. Paul Singer for Development and
V’Fof. Zeld Berk for Research.

OB IT UARY

P r o f .  E d m u n d  \‘. Telfer, pioneer naval
architect , died 15 January’ at the age
of ‘9. His early work on the presenta-
tion of shi p model data gained him both
a ~Ii ster ’ s th ree and the first-ever
PhD in n a v a l  architecture. He contrib-
uted many new words to the scienc e ,
e.g . , “geO j c m ” and “esofrud” . lie was
in ct rument al in the formation of the
International Conference of Shi p Tank
Superint endents , now the International
Towin g Tank Conference , of which he was
a permanent and enthusiastic member.
lie invent~ d the Duplex rudder and one
of the most succ e”sful and widely adopted
propellers in the world , the Iteliston .
In 1946 he he ane Professor of Naval
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LONRI~ REPORTS

R- 14- c6 OBSERVATIONS ON PSYCHOLOGICAL RESEARCH IN NINE BRITISH
UNIVERSITIES by J.W . Miller

This report describes the results of visits to the psycho l-
ogy departments of nine universities. A brief survey of
interests in the social sciences in the UK is included.
The information is grouped into five categories: Ergonom-
ics , Aids for the  Handicapped , Vision and Perception , Man-
Computer Interaction , and Other Areas of Psychology . In
addition to describing specific psychology departments and
research programs , comments are made about the direction
of psychology in the UK and where , in the opinion of the
author , its weaknesses and strength lie.

R- l-77 THE MARINE GAS TURBINE--THE UK PROVIDES A CASE STUDY IN
TECHNOLOGICA L DEVELOPMENT by R .H. Nunn

This report provides a review of the history of marine gas
turb ines (MGT5) as propulsors for the Royal Navy , and some

- of the technological extensions that now appear to be es-
pecially promising. Beginning with the Gatric eng ine in
19 43 , successive eng ines  are descr ibed which , in 1967, pro-
vided the confidence necessary for the WV to opt for total
MGT propulsion in future naval surface craft. The develop-
ments from 1967 onward are briefly summarized , and the cur-
rent state-of-the-technology is described. Special atten-
tion is g iven to gas generators and their associated duct-
ing sys tems  for  use aboard sh ip .

R - 2 - 7 7  MATERIALS RESEARCH AT U N I V E R S I T I E S - - E N  F RANCE ET/ UN D IN
DEUTSCHLAND by A. Sos in

Research activities in materials science and in solid-state
physics at two German and two French universities have
been revi ewed. These universities are the Univers ity of
Saarlandes , the University of Karisruh e, the University
Lou is Pasteur (S t rasbou rg ) ,  and the University of Paris .
An account of some of these research activities is given.
In addition , we present a discussion of the status of re-
search ac tivities and the stresses imposed on thes e
ac tivities.

C-3 4-76 lEE INTERNATIONAL CONFERENCE ON M ILLIMETRIC WAVEGUIDE
SYSTEMS by N.M. Blachinan

This report summarizes a symposium on the use of circular
waveguides for the long-distance transmission of telephone
and rela ted traffic. Conference sessions were devoted
to overview papers , wave guide design and production , rout-
ing and lay ing, characteristics of instal led wavegu ides,
rf mult iplexing, repea ters , ac tive components and devices ,
sys tem s aspec ts , and an open forum . It served principally
as a forum for the presentation of the work of six countries-
France , We st Germany , Italy, Japan , the US , and the UK--
and i t inc l uded a visit to the UK Post Office Research
Cen tre .
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C- 36-76 XI II INTERNATIONAL CONGRESS OF INTERNAL MEDICINE , H E L S I N K I ,
F I N L A N D , 15-19 AUGUST 1976 by M. Stek

This  confe rence  was d iv ided  in to  several main sessions fo-
cused on the  ro le  of b i l e  acids in c l i n i ca l  and i a t r o g e n i c
disease. These were combined with parallel and free papers
devoted to a wide range of subjects in internal medicine.
Sessions of particular interest dealt with infectious dis-
ease and clinical immunology.

- C - 3 7 - 7 6  LATTICE DEFECTS IN IONIC CRYSTALS : RE PORT OF 1976 B E R L I N
CONFERENCE by L . M .  S l i f k i n  and J .H .  Schulman

Salient problems and recent progress in the study of lat-
tice defects in ionic solids were covered by excellent
tutorial reviews and nume rous contributed papers. This
repor t  g ives  a genera l  overv iew of the m e e t i n g  and b r i e f l y
summarizes a large fraction of the papers .

C- 38-76 POSITRON ANNIHILATION : FROM QED TO NDT by A. Sosin

The use of positron annihilation as a tool is showing a
remarkable growth in a number of areas: chemistry , mate-
rials science , biology , etc. The Fourth International
Conference on Positron Annihilation , held at Helsingor ,
Denmark on 23-26 August 1976 broug ht together  inves t i g a t o r s
from each of these areas , as well as those in positron
phys ics  i t s e l f .  This  r epor t  s u m m a r i z e s  the p r e s e n t a t i o n s
at  the mee t ing  and a t t e m p t s  to emph a s i z e  the  h i g h l i g h t s
of the developments in the field of positron annihilation.
As a preliminary to the conference review , this report
a l so  provides  an i n t roduc to ry  survey of p o s i t r o n  p h y s i c s
and experimental methods for readers largely unfamiliar
w i t h  pos i t ron  a n n i h i l a t i o n .

C- 39-76 INTERNATIONAL CONFERENCE ON RADIATION EFFECTS IN
SEMICONDUCTORS by N.D. Wilsey and J.H. Schulman

Sel ected papers given at this Conference are briefly re-
v iewed. The meeting emphasized how much is still unknown
concerning the nature of defects in semiconductors other
than sil icon , as w e l l  as the need to develop other micro-
scopic probes for investigating materials that are not read-
ily amenable to ESR studies.

C- 40-76 INTERNATIONAL CONFERENCE ON HYDROGEN AND ITS PROSPECTS by
W .G.- Soper

Papers f rom the I n t e r n a t i o n a l  Confe rence  “Hydrogen and
I t s Prospec ts” L i ege , Bel g ium , 15-18 Nov. 1976 , are reviewed
for their con tribution to future production and utilization
of hydrogen as a fuel, Principal emphasis is placed upon
the p;oduction of hydrogen by electrolysis and thermochemi-
cal decomposi tion of water , and upon the compar ison of
these processes with synthetic fuel production from fossil
resources. Other top ics discussed include hy drogen st orage
and its use as fuel in automobiles and aircraft.
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C- l-77 SYMPOSIUM ON THE STRUCTURE OF NON-CRYSTALLINE MATERIALS
by P. Crai g Taylor

In this symposium , which attracted contributions from both
th e amorphous semiconductors and the glass sciences com-
munities , recent results were presented concerning the
structure of non-crystalline solids as deduced from sev-
eral different experimental techniques. These techniques
include x-ray diffraction , extended x-ray absorption fine
s t r u c t u r e  (EXA FS ) , i n f r a r ed  and Raman spec t ro scopy ,  low
temperature specific heat , and electron spin resonance
(ESR). The symposium featured discussions of recent EXAFS
measurements and methods of data reduction , of defects
in semiconducting and oxide glasses , and of structural mode l-
ing techniques including continuous random network models.
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