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EARTH practical  applications . Experiments

SC ENCEB are being carried out from aircraft, Un-u manned satellites , and orbital space
stations over special test sites typical
of the main landscape and climatic zones

OVE RVIEW OF REMOTE SENSING PROGRAM IN of the USSR.
THE USSR ACADEMY OF SCIENCES Initial spacecraft remote sensing

experiments were aimed at developing
One of the very interesting and techniques of multiband remote sensing

informative papers presented at the utilizing spectrophotometric equipment
International Conference on Earth Ob- designed at the Leningrad State Univer-
servation from Space and Management sity . These experiments were used to:
of Planetary Resources was a summary identify agricultural crops and their
of the Soviet Academy of Sciences ’ re- states of growth ; study the processes
mote sensing program. The paper was and degree of soil salination ; determine
presented by a senior member of the the composition of geological formations ;
Academy , Professor A.P. Kapitza , and single out local structures promising
treated remote sensing studies, experi- to the discovery of oil, natural gas
ments , results of various programs , and important minerals ; study the relief
and current Soviet objectives in the of sea, lake and river shoals, bottom
remote sensing field , deposits and aquatic vegetation ; detect

The Conference was held in Tciulouse , water pollution and transport of sedi-
the areospace capital of France , from ment ; and detect air pollution and the
6-11 March and attended by over 500 aerosol and moisture content of the at-
representatives from some 30 countries. mosphere.
The topics covered, in addition to tech- These initial experiments have been
nology and science , included space law , continued on manned orbital space sta-
economic and the social and political tions and also aircraft with the result-
aspects of remote sensing. The Confer- ing development of a sophisticated mul—
ence was organi zed by the Eur opea n Space t iban d “space camera” known as the MICF-6
Agency (ESA) and the French Centre~ and a multiband “synthesizing projector”
National d’Etudes Spatiales (CNES). known as the MAP-4. Both have been used
It was sponsored by the Parliamentary to demonstrate successfully remote scm-
Assembly of the Council of Europe, the sing in six selected narrow bands of the
Commission of the European Communities visible and near infrared regions of
and the European Association of Remote the spectrum . The MKF-6 camera has been
Sensing Laboratories. The intent of employed, for example, to study the
the meeting was to survey the results Caspian Sea from the standpoint of the
of remote sensing over the past few shapes of shoal bottom reliefs, the an-
years , cover the basic scientific prob- cient dendritic beds of rivers , and Un-
lems related to these new disciplines , derwater bars and accumulative crests:
and present future plans and programs . JCapitza presented a number of most in-

The Kapitza paper adhered rather teresting slides of Caspian Sea images
well to the intent presenting a history obtained utilizing the camera/projector
of the Soviet remote sensing program , arrangement. In particular geomorpho-
remote sensing techniques utilized , logical signatures and water-land inter-
a review of satellite and aircraft cx- faces were evident .
periments , and the philosophy behind Optical scanning remote sensing sys-
the overall remote sensing program. tems have been installed on the Soviet
The Academy of Sciences ’ program was Meteor meteorolog ical satellites to in-
initiated in 1969 and over 30 member vestigate the efficiency of optical
institutions are now involved. The systems in solving scientific , method-
member institutions primarily include ological , and economic problems requir-
civil national laboratories and univer- ing fast delivery of survey data to
sities. The Soviets are studying tech- earth. Specific areas of interest in-
nical principles of remote sensing, d ude hydrology , forestry, agrometeor-
optical and radiometric methods of re- ology and oceanology . The ocean images
mote sensing , methods and algorithms have been used successfully for some time
for computer processing of multiband by the fishing industry and marine fleet
videodatá , and methods of interpretation to select optimal shipping routes , de-
and use of data for scientific and termine periods for maximum fish catches ,

- - - - _~~~~ -



__________________________

ESN 32-4

and warn ships of impending weather haz- ENERGYards. Ice maps based on satellite data
are used to study ice vortexes and ice
moisture phenomena. THE “WATER LENS” MAKES A BIG SPLASH IN

In the area of microwave remote NORWAY
sensing, passive radiometry experiments
have been carried out from aircraft and In the September 1977 issue of ESN
satellites to investigate : sea-surface (31-9:365) , we reported on an embryonic
temperature and state; sea salinity; Norwegian research project aimed at at-
soil moisture content; potential fire tempting to design a “water lens .” This
areas ; bogs and peat piles; and the project was the brain child of Dr. Even
characteristics and boundaries of sea Mehium of the Central Institute for In-
and lake ice and mountainous glaciers . dustrial Research (CIIR) in Oslo. The
Other radiometric measurements have earlier article reported on how Mehlum ’s
included determination of atmospheric mathematical analysis of nonlinear waves
water-vapor content , cloud water-drop let had led to the successful design of a
content , atmospheric temperature pro- new type of acoustic lens as well as a
f ile , and the state of packed- ice fields . new and comparative ly inexpensive infra-
The Antarctic sea-ice limits have been red lens , both of which are now under
measure d , and its floa ting and packed further development and refinement by
ice regions have been outlined. Al- Norwegian private firms.
though not mentioned in the paper, it The purpose of the present article
can be assumed that such sea-ice meas- is to report that the previously embry-
urements have also been made in the onic “water lens” project is now the fo-
Arctic regions . cus of considerable international inter-

In the area of remote sensing data est and Norwegian government funding.
handl ing ,  the Sovi ets are deve lop ing The embryo has hatched into a quite
spec ial purpose sof twa re to dig it ize heal thy fledgling. In brief , recent cx-
multiband video information and analyze periments carried out in a large wave-
these data in short time periods . Dur- making test tank in Trondheim have demon-
ing the ques tion per iod , Kap itza b rought strated that , as the mathematical theory
out the fact that data processing and and computer simulations carried out
improvement of detector resolution were at C u R  had predic ted , water waves can
the prime targets of future studies be made to focus.
rather than the launching of more sat- It is obvious that ocean swells
ellites. The Soviets appear to have contain a great deal of energy , and many
the same problem as everyone else in researchers world wide are exploring
the remote sensing business—that is various practical techniques to extract
how to best handle the vast amounts of it. The North Atlantic in particular
data being received. They are attempt- provides am abundant source of untappe d
ing to work out a• philosophy for prod- energy ; according to recent years ’ meas-
essing and utilization. The process urements , the average energy contained
of “thematic” data processing has been in the swells coming in from the North
proposed to this end , with the develop- Atlantic to the coasts of Europe is be-
men t of dynamic system models to predic t tween 20 to 80 MW/km. What apparently
such events as crop seeding periods , is unique about the Norwegian approach
stages of vegetation diseases , optimum to wave-energy extraction is the notion
harvest times , ice movements , and sea of first concentrating the wave energy
states, and, in a sense , tapping it from a sin-

The entire paper is to be published gle point . In contrast , for example ,
in the proceedings of the Conference the widely publicize d British “Salter
and will contain more details with re- duck” research program aims to capture
gard to satellite and aircraft experi- wave energy by the reciprocating motion
ments that have been carried out as of “ducks” which are anchored to the
well as the Soviet approach to data han - ocean floor and bob up and down as the
du ng and analysis , albeit no details wave passes. As Mehlum and his col-
on specific equipment utilized to obtain leagues , Drs. F.S. Ljunggren and J.
such data. (Robert W. Rostron) Stames , point out, the idea of first

concentrating water energy represents
nothing new in electrical energy
production—hydroelectric plants are
built at huge reservoirs where the water
has collected , not at each small stream
in the mountains.
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The pr incip le of a wa ter lens is In order to ac tua l ly con st ruc tthe same as that of an optical one; a wa ter lens , the Norwegians exp loi tnamely, it must have the property of the well-known fact that the speed ,transforming an incoming plane wave and hence the wavelength , of water wavesinto an outgoing spherical one converg- increases with increasing depth . Thusing toward the focal point of the lens. a structure consisting of a numberBy analogy, it is clear that a water of plates positioned horizontally andlen s should have the abi l i ty to re tard a t d i f f e ren t dep ths below the surface
some parts of the wave front relative would have the desired focusing effect.
to other par ts so tha t, af ter passage Preliminary mathematical design consid-
“through” the lens , the inciden t wave , era tions indica te tha t the nominal  p la tewith crests parallel to the lens , depth should he about 30 m in order toemerges as a wave with (approximately) cause most of the energy contained incircular crests centered at and converg- the swells along a several kilometering toward the desired focal point, stretch of shoreline to be concentratedIn add it ion , a wa ter len s should within an area of less than 500 m. In
have the properties of minimum energy this focus area , the wave wi l l  crestref lec tion , minimum sensi tivi ty to wave to a considerable height. A proposeddirection (since the main wave direc- energy tapping method which is suitabletion may change sign ifican tly from one for the Norwegian coas t is to cons truc t
storm to another), and should be de- a large funnel-shaped chute which the
signed to operate efficiently over a focused wave would enter , pumping itse lf
certain spread in wave frequency around upward into a reservoir as high as per-the mean frequency . For a given geograph- haps 100 m above sea level. (See ii.
ical area, measurements of the statis- lustration.) Estimates based on exper-
tical dis tribu tion of frequency and imen ts carried out at Trondheim indicatedirection of the swells would be neces- that 70/80% of the kinetic energy of thesary in orde r to design the op timum concentrated wave at sea level would
lens for that location. The task of be cap tured as po ten tia l energy in the• optimum water-lens design is matheiuati- reservoir.cal ly comparable to tha t of op tical Al though experiments to date have
lens design , i.e., one must solve the confirmed theoretical expectations , morerelevant wave equation (differential and larger-scale experiments are to beequa tion) subjec t to the approp ria te conduc ted th is year to measure , and sub -
boundary conditions. Not an easy prob - sequen tly compare with theoretical nrc-1cm; bu t, according to Mehl um , soluble, dictions , the rate at which lens effi-

ciency de ter iora tes when wave frequency
and/or direction vary from the norm. 
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Several million dollars have already closely matching the British demand-
been allocated for further research on pattern for electrical power; this is

contrary to the situation for solar
the water lens. If the theory is borne power. Third , wave-power systems can
out by actual ocean experimentation , (and almost certainly would) be modular
it is estimated that even in Norway— and, therefore , less vulnerable to ma-
where hydroelectric power is about jor damage. Any damage that is sus-
the only inexpensive commodity to be tam ed is likely to be minor to the
found—the production of electricity entire system. Fourth , wave systems
via a water-lens system will be cost- are inherently simple , certainly in
competitive with conventional hydroelec- comparison to nuclear reactors . This
tric facilities. (William J . Gordon) seems to imply a reduced level of de-

sign , operation , and maintenance.
Fif th , to repea t, wave power is essem-

WAVE POWE R, UK—BRITANNIA RULES THE tially non-polluting. Sixth , it appears
WAVES to be financially competitive . This

last feature has two aspects. A total
The traveler who has chosen to wave system , of a g i ven power capaci ty,

ferry from England to France, or vice competes well with a nuclear system
versa, knows that the waters surround- of equal power. In addition , wave-
ing the British Isles are capped by power systems , be ing modular , en tail
waves . In fact, the fiercest waves less initial capital investment. This
are on the other side of the Isles , last feature carries through to demon-
the western shores , particularly in stration conside rations. Wave-power
Scotland. Why not put these waves to schemes can be tested with relatively
work? minimal investment. And this is in

The harnessing of wave power is sharp contrast with a competing water-
not a particularly new concept. What based power scheme—tidal power—also
seems to be new is the degree of inter- under consideration in Britain. Tidal
est and commitment , and some refresh- barrages (dams) cannot be built piece-
ingly novel schemes, meal.

This note summarizes briefly the The estimated annual wave energy
philosophy that motivates British re- on a 1,700-mile contour , 10 miles from
search in harnessing wave power, the the shore around Great Britain , is about
ingredients in their program, and a 5 x 10 MW-h (mean power level of 21
mere outline of the schemes being cx- kW/m). This is more than twice the cur-
amined and developed. A more detailed rent total annual energy output in the
account will be forthcoming in an ONRL UK. Ringing Great Britain is not fea-
Report . sible. Navigational clearways would

The British pos ition regarding probably reduce the available contour
energy is suff ic ien tly unique tha t i t to 500 - 1,000 miles. Much of the wave
bears repeating. The country is not approaches to the British Isles have
energy-poor. Unl ike its ne ighbors , higher wave-energy levels and more con-
it -is blessed with resources that will stancy of wave direction than any other
carry it along for ex tende d periods sea area in the world adjacent to areas
of time—coal, North Sea oil , nuclear of high-energy consumption .
reactors. But all of these are non- There are potential environmental
renewable and, to an extent based on effects. Locating power stations off-
one ’s biases , polluting. Furthermore , shore must have esthetic implications ,
it is a healthy policy to provide as but these can be minimized in design .
much divers ification in a country’s Fur thermore , siting the stations reason-
energy p icture as possible. Only a ably far off-shore implies minimal ef-
minority would contest that wave power fects already, and wave-power stations
offers the most attractive non-polluting are generally low-profile installations .
power alternative . Fishing could be affected. The full

The advantages of wave power for consequences are not known. Indeed,
Britain are readily apparent . First , fishing might be aided since floating .

it is there , awaiting tapping. Stated structures tend to attract fish. Re-
in more sophisticated language , wave duction of the amount of wave incidence
power is an indigenous source. Second , on shores will have an undetermined ,
it has a seasonal peak in the winter, but hopefully beneficial effect on
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erosion , deposi tion , and sea-water tur- The ducks convert wave power to
bidi ty. Calm shore waters will be mechanical power . Sal ter in tends to
gree ted d i f feren tly by individuals , proceed nex t to an oi l hydraul ic sys tem
depending on their commitm~n t to and , f ina l l y ,  to an electrical turbine.
surfing. Each convers ion step is charac ter iz ed

Although more than 340 wave-energy by high efficiency . The next step in
systems were patented in Britain be- development is a test in Loch Ness ,
tween 1856 and 1973 , current attention using 1-scale modeling . There seems
is res tric ted largely to four main can- to be no fear of an encounter with the
didates and a few other possible ones.- monster of Loch Ness!
In fac t , it was the ear ly  success of Probably the two major  problems
one of these front-runners that is great- associated with the Salter scheme are
ly responsible for the renewed interest the considerations of operational life-
in wave power. This token belongs time in a maritime environment (e.g.,
to Prof. Stephen H. Salter (Univ. of mechanical integrity of a reasonably
Edinburgh) whose “ducks” inevitably involved mechan ical system ove r a long
come to mind when wave power is discus - time period) and mooring expenses.
sed (see H. Herman, “The University Wi th respect to the former , Salter
of Edinburgh Materials Engineering Re- points to the use of established mech-
search On the Land and Sea” ESN 29- anical components and the assurances
11:472). As Salter tells it , he was of those familiar with sea-operations.
down wi th the flu in September 1973 Mooring, according to Sal ter , should
and was told by his  wi fe  to “stop lying present little more than a 5% component
there looking sorry for yourself. Why of the total cost; this figure is at
don ’t you solve the energy crisis?” var iance wi th estimates tha t I receive d
Sal ter ’s duck is a truly streamlined in visits to other wave-power centers
f lap , which is urged in one direc tion where es tima tes of 30% , or even greater
by the passing waves, but returns to are made . In fac t, one evaluation is
its normal position without any appreci- that the mooring problems pose the sin-
able resistance in its water environ- gle largest financial consideration
ment, To achieve this, Salter has de- of the entire wave-power program in
signed the front of the vane (i.e., Britain.
the section that encounters the great- The reader will easily discern
est portion of the wave crest) as a my admiration for the Salter scheme .
modified f lap,  while the base of the Ye t , if I were to make a wager on which
duck is circular. A power station uni t scheme is likely to become the front-
would consist of a string of some 10 - runner eventually,  I wou ld p lace the
20 ducks moun ted coaxially for abou t Sal ter ducks second , or even th ird , among
one km. The diameter of the cylmndri- the four current leaders . First place
cal potion of the duck would be 10 - I would award to the scheme being in-
20 m. The duck strings would be moo red ves t iga ted at the Na tiona l Engineer ing
at a distance of about 10 km offshore . Labora tory (Eas t Kilbride , Glasgow ,

Sal ter ’s current testing is limited Scotland). My visit there was conducted
to an impressive water-tank 3ystem in by Mr. Robert Meir. The NEL “osci lla ting
his labora tory , equippe with appropri- water column” method is based on a well-
ate water-wave drives and controls to establisi.”d approach exploited by Y.
genera te a wide varie ty of potential Masuda in Japan . The applicat ion there
sea conditions. The efficiency claimed is in self-powered buoys. My des igna-
for the ducks is very promising—85 tion of this method for front-runner
to 90% of the wave power is extracted agrees with an evaluation made by the
by reasonab ly well- tuned ducks. Even Wave Energy Steer ing Comm ittee , Harwell.
if the comp liance of the ducks is far  The usua l descr ip tion of the NEL
out of tune , the e f f ic iency  remains wa ter column compares it wi th an emp ty
a-mos t respectable 70%. The effects beer can held with its open end under
of this high efficiency make for an water. As waves flow by, the water
extreme ly impressive display ; large leve l inside the can rises and f a l l s .
and even wild waves impinge on the As the waves pass , the ris ing wa ter leve l
ducks , yet the water behind the duck in the can will force the reservoir
remains almos t en ti rely p lacid. I was of a i r  at the top of the column through
equally impressed with the enthusiasm a turbine. Wi th the addition of appro-
of Salter and the students working priate valves , etc., the ai r col umn
wi th h im. A j o l l y  good show , indeed, can be made to drive the turbine in
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both up- and down-stroke and to guard here as well; the lengths of the rafts
aga ins t comp lete extinction of the air in a train , measured in terms of the
column by the invasion of sea water typical wavelength , might be 1:1:2:1.
in its place in the presence of very Development of the Cockerell rafts
large waves, is under the direction of Wavepower

The developmen t of the NEL water Limited , a Southampton-based eng ineer-
column is dis tinctly less mature than ing consulting firm in which Sir Chris-
in the case of the Salter ducks. Or- topher Cockere ll is a substantial part-
iginal testing took place with a simple ner. My discussion here was with Mr.
colu mn , then proceeded to more realis- J. MacGuire in the Cadnam (Southampton)
ticall y shaped ones , meanwhile preserv- office ; the water tank developments
ing the basic concept of a tube. I t take p lace at British Hovercraft on
was discovered , bo th emp irically and the Isle of Wigh t, some 30 miles away.
theore tica lly ,  that the length of the Actual maritime testing is conducted
tube is important in achieving high in the waterways between the Isle and
conversion efficiency. Then a quite the mainland. The Na tional Mari time
crit ical discovery was made , derived Institute is also involved.
in large part from an appreciation of In the current 1/10-scale model,
the importance of the peculiar shape a typical raft size is 5 m x 10 n, with
in Salter ’s ducks. NEL went from regu- a 5-rn spacing between rafts. The trains
lar columns to asymmetric columns, are short ; two hinges are reputed to
The ul tim a te in this developmen t en tails prov ide as much as 95% e f f ic iency in
a fron t wal l , whose depth below water conversion .
level is still highly impor tan t (as With the possible excep tion of the
it relates to wave amplitude), and a h inges , the Cockerell  raf ts appear to
pa ral lel back wal l  tha t is very long, offer the advantage of simp licity in
In fact , one concept is that the back design and construction . Mooring is

• wal l wo ul d be f irml y moored to the sea a very major consideration. Another
bottom . By “tuning ” these leng ths , concern I heard expressed centered on
part icularly at the fron t, as well as the effects of raft break -up in a strong
the separation between walls (the an- storm , and the resultant havoc that
alogue of the tube diameter) , it is could resul t from trains placed close
possible to achieve close to 100% con- to each other , to optimize power capture.
version efficiency for waves of a par- The extent of the mooring problem may
ticular  frequency and ve ry high effi- be judged by the a tten tion being paid
ciencies for a wide band of waves in to mooring ropes. (Incidentally,  ex-
the more realistic situation. cellen.t research on ropes is conducted

The efficiency of the NEL water at the NEL). Polyester ropes are cur-
column is a prime factor in its strength. rently be ing employed.
In addi tion , there are no large ex terna l The Salter duck s and the Cockerell
moving parts and only a few moving parts rafts are similar in the sense that
are in contact with the water. The each concep t is a “wave-rid ing” one (how-
scheme lends i tself to rela t ively easy eve r , significant portions of the wave
main tenance (e.g., removing the flotsam energy are present below the surface).
that finds its way into the columns) The NEL column is different in concep-
and simp le positioning of adjunct equip- tion , and the fourth major scheme—the
ment. The dimensions of a unit would Russell rectifier—i s also. The recti-
be , for examp le , 30 in x 25 in x 100 m , fier, conceived by Dr. Rober t Rus sell

The conv ers ion scheme tha t is bes t (Direc tor of the Hydraulics Research
known , after the Salter duck , is the Station , Wal l in gford) is essen tially
Cockerell raft scheme , Its prominence a sea-borne dam. The man in charge
owe s much to the fame of its orig ina tor , of the development project , and my hos t
Sir Ch ristopher Cocke rell , the inven tor a t Wa l l ing ford , is Mr. Peter Rance.
of the hovercraft . The scheme en ta ils In th is scheme , a s tructure consis ting
trains of several raf ts connec ted by of a series of high and low level reser-
hinges that allow the motion of individual voirs is exposed to waves. The reser-
rafts to respond to the local wave pro- voirs are separated from the seawater
f i l e  and takes advantage of the d i f fe r -  by a set of vert ical  f laps.  Half  of
en ti al mo tion of adjacen t raf ts to drive these flaps , anticipa ted to be abou t
a mechanical conversion device. The 1 m wide and 5 m high , open the upper
“principle ” of asymmetry has intruded reservoir to the crest of wave fronts ,
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for reservoir rep lenishmen t , then close NEL colunn ; in disposition with respect
at the approach of the wave trough , to the wave fronts , it is more closel y
Water. spills over from the upper reser- related to the Salter ducks and Cockerell
vo ir to the lower one , driving a tur- rafts.
bine for electric power. The excess Finall y ,  a group at the Vickers
water delivered to the lower reservoir Aircraft Establishment have proposed
is released to the sea again through a dras tica lly different idea. They would
a second se t of f laps , opened to the place the conversion device at the floor
sea near wave troughs bu t closed near of the sea , very close to the coast.
the wave-crest portion of the period. The waves that are tapped in this scheme

Of the four major  candida tes , the are the return-ebb waves. These conver-
Russell rectifier is the least funded sion units would be fully submerged at
and developed. Tes ting is res tr icted a ll t ime s , avoiding potential problems
to low activity levels in a water tank that may arise from exposure to air-water
at the Station . An advantage of the interfaces. It would seem that this
scheme is that the rectifier is fixed scheme loses the esthetic advantages
to the sea bed , minim izing mooring prob - shared by the others , wherein the con-
lems . The electrical system can be version systens are located so far from
rather more simp le than in other schemes , shore as to be effectively invisible.
s ince the dam spillways can be inter- The British are committed to review-
connected; this should minimi ze the ing their wave-power programs in 1979
number of turbines involved and provide and deciding the directions and extent
a steady electrical service without of their commitment. I antici pate that
substantial additional smoothing tech- these programs will receive an enthusi-
niques. Flotsam maintenance is simp le; astic reception at that time . Many of
screens placed in front of the rectifier the reasons for this were cited earlier.
units should suffice. A fulle r report on wave-power in the

The maximum efficiency anticipated UK , which will follow , will go into these
in the rec tif ier scheme is abou t 70% , and other details in considerably greater
somewhat lower than others , but this extent. But there is one feature of
is conversion of wave-power to electri- wave-power that makes it almost a corn-
cal . Efficiency of about 30% has been pulsory ingredient in the British energy
obtained in the laboratory. The major program: the opportunities and develop -
problem , ou tside of f inanc ial , relates ments are so strongly British in charac-
to the flaps. Ideally, the flaps should ter that it would be hard not to seize
respond irstantly to signals to open this opportunity, even if it were only
and close and require zero force in to enhance prestige and the national
their motion. They must withstand many image. In fact , it is much more than
cycles without fatigue . At this point , that. (A. Sosin , Univ. of Utah , Salt Lake
rubber (pos sibl y with metal-fiber rein- City 84112)
forcemen t) , a ma ter ia l  widely used
in maritime app lica tions , is the favor-
ite , bu t ma terials se lec tion is a ma jor
consideration in the Station program.

In addit ion to these four major
schemes , two others merit mention. _____________________

Professor Michael French (Lancaster IONRL REPORTS IUniv.) has suggested the “inflatable
sausage” scheme ; his group has rece ived
a small amount of funding to test. the See the back of this issue
concept, Here a long inflated bag (sau- for the abstracts of current
s a g e ) ,  divided internally into smaller reports.
compartments , is he ld  a t r igh t ang les
to the incoming waves. As the waves

- t rave l ove r the sausage , they squash
the a i r  out of each compa rtment and ,
e v e n t u a l l y ,  t h i s  a i r  drives a turbine .
By using non-return valves , air is re-
admi t t ed  af ter the pa ssa ge of the wave
crest. In it s a ir handl in g concep ts ,
the French sausage is s im il ar to the
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MORE ENERGY FROM THE SEA? the UK would be in greatest need. Aga in ,
“...And Why the Sea is Boiling Hot .. .“ individual wave spectra differ signifi-

can tly. For considered device design
As pointed out in the previous and response estimation at a given

article exploration of methods of ob- site , wave information is required in
tam ing energy from the ocean waves considerable detail. I t is also needed
has become a central thrust in the UK’s to estimate output power and for consid-
search for alternative energy sources. eration of methods of power dis trit ’tion .
Th-is top ic was discussed once aga in Curren t absence of such informa ti on
in a pape r presen ted by I. Glendenning for prospective sites is a major limita-
of the Central Electricity Generating tion on device optimization and economic
Board’s Marchwood Eng. Labs., Southamp - assessment.
ton , at the Energy from the Sea Sess ion A second series of problems i s
of the Oceanology International 78 Con- associated with power take-off , storage ,
ference held in Brighton on 10 March. and transmission. A major issue is the

While there would be no point in avoidance of both electrical and mech-
re-covering the details of the various anical over-rating and under-utilization.
experime nta l approaches covered by Sosin , The elec tr ical problem may be eased
some of Glendenning ’s other poin ts are as one w ill be us ing a dis trib ution
worthy of attention . Par ticular ly of small power sources , which wi ll per-
so as the Session was organized by the mit some averaging, and the b u i l d i n g
influential Watt Committee on Energy in of overload safeguards , but the mech-
which has an important UK advisory role anical problem is critically dependent
across the whole face of the energy on a true predic t ion of the highes t
f i e ld , and s ince Glendenn ing ’s paper wave load in gs to be expec ted over an
was obviousl y presented from the view- extended period. Structural integrity
point of a national electricity supplie r, and enplan tinent or mooring provide a
His br ief  introduc tory comment s on a f ur ther series of problem areas , In
number of the alternative sources re- practice large structures will almost
fleet this. “Solar energy is economical cer tainl y be used to group and integrate
onl y in small units,. . .Wind energy den— a number of individual wave-activated
sity is too Zow ”—Although he seemed power un its, which w i l l  in turn be
to have some secon d thoughts on this, grouped to constitute the next leve l
“Geothermal energy is of doubt f’ul value of the system comp lex . Damage to or
to the (IX.... “Tidal energy can handle mechanical  fa i lure of one uni t in such
only 10% of the present nationa l demand. ” circums tances can eas i ly  lead to pro-
But, “Average wave power exceeds the gressive destruction. Finally the de-
present electrical system capability. ” sign mus t prov ide access for maintenance,
In tc rest in wave energy then is in i ts cleansing agains t biological  fou l ing,
po tential techn ica l feas ib ilit y and and rep lacemen t of faul ty componen ts,
economic viability as a major source , all of which will be essential.

Impor tant aspects as far as m di- Despite the wide range of the tech-
vidua l wave powe r un its are conce rned nical  problem s fac in g the large sca le
include optimization of individual unit use of wave power and which call for
size that must be tuned to the correct a very substantial R~D ef for t , (‘~lenden-
wave frequency , and power rating. One ning concluded that research to ~1ate
needs on the one hand very high outpu t sugges ts technica l and possible economic
eff ic iency for small wave inputs and feasibility. However , whe ther or no t
on the other , sy,tem durability at very wave power will ever be emp loyed at
high wave loadings . Unfortunately, the scale of in teres t to the CEGB and
while the waves are the source of the presumably to the Dept. of Energy ,
required energy , they are also the de- who are funding much of the current
structive force. Substantial data is research , is ano ther ma tter dependen t
available on average wave power in the on a wide variety of considerations .
oceans , or has been deduced , but wave The second UK paper at the meeting
power is an extreme ly variable resource was concerned with the important problem
bo th in the long and shor t terms , and of energy storage which becomes increas-
in spectral composition . Even during ing ly important as one moves away from -

win ter periods field data from the At- fossil fuels. The approach presen ted
lan tic show continuous periods of many by P.A. Back and I.P. Haigh (Sir Alexan-
days with low powe r—when , of course , der Gibb ~ Ptnrs) was that of using
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hyd roelectric p umped storage and power erative for repair , b ut rose to 462 CMI
genera t ion , which offers a cycle effi - in 1977. The most serious problem ex-
ciemcy of 70% but with the sea as ei ther perienced has been associa ted w ith the
the lowe r or upper reservoir. The f i r s t  s ta tors . It had i ts  or ig in  in unexpec-
requires suitable terrain close to the tedl y high e lec trodynamic forces during
coast and all too often appears to lead asynchronous s t a r t i n g  which resulted in
to-sites for the upper reservoirs re- mechanical failure o~ screws holding
nowned for their unspoilt beauty . The the stators to the nachine frames.
second visual izes  use of dt sused deep Othe r defects have included difficulties
mines f or the lower reservoir , princi- with shaft seals , some rap id corrosion
pa l ly  coal , but also including the Curn- of metal par ts (since coun terac ted by
brian haematite mines. The broad cr1- cathodic protection), and loss of insu-
te r ia adapted by Back 4 Haigh for identi- lation by t}’e settling of carbon dust
fying acceptable sites we re a minimum from worn brushes.  Although there have
p lant ins ta l la t ion  of 600 MW , an upper been some cracks , the civil engineering
reservoir wi thin 1 mile of the sea , wo rk has s tood up well ,
and a minimum head of 100 m (20 0 m for Env ironmen tal impac t at La Rance
the nearer future) . For underground appears to have been minimal , indeed
reservoirs the requirement is a void the dam has produced a large expanse
of 4 mil l ion  cubic meters at 500-rn depth. of relativel y ca lm wa ter and has been
Both weekl y an d daily pumpIng and gen- accompanied by a sub stan tial inc rease
e rat ing cycles were mentioned. The in water  t r a f f i c  in the estuary . Corn-
fi rst requires a substantial ly large menting on other tidal schemes , Andre
sto rage volume to take advantage of n oted the p robable technical and econom-
additional storage ove r the weekend , ic feasibi l i ty of the French Chausey
the second , 30% greater pumping than Islands or St. Michael’s Moun t scheme ,
generat ing capacity. Storage sys tems bu t indica ted questioning of its comple-
can also be desi gned to provide fault tion on account of s ize  and construction
protection for the grid as at the CECS’s time (10 years). In this  respec t it

• Llanberis installation in N. Wales where is perhaps in a similar position to the
protection of 1300 MW is -available in long discussed Severn Barrage Scheme
10 seconds. It would appear that such in the UK , variants of which have sug-
storage scheme s are par ticularly Suit ges ted 4 ,700- to more than 20,000-GWh
able fo r use with nuclear plants to annual output, bu t the developmen t of
assure maximum benefit from their gen- which appears to fall on economic argu-
erat ing capacity. Glendenning doub ted men ts and the long developmen t and con-
their appropriateness to wave power. struction times (Exploi tation of Tidal

Bo th UK papers were in a sense Powe r in the Seve rn Es tuary , Select Corn-
concerned with longer term energy-from- mittee on Science & Technology , HMSO ,
the-sea speculations. The tJ~ree other 28 July 1977, 7Op). Much of the tech-
con tribu tions at the Session appear ed no logy required , however , would appear
nearer at hand and, in fact in one in- to be well on the way in “La Rance.”
stance was already here. This given Returning to wave power 1. Mi yasaki
by H, Andre (Groupement Regional Pro- and Y. Musuda (Japanese Marine Science
duction i-f ydrau-l ique de Savoie , France) 4 Technology Center) reported on work
was a review of 10 years ’ experience initiated in 1974 that has led through
with the Tidal Power Plant situated mode l tests to a many-chambered wave- -

•

in the La Rance Estuary behin d St. Malo power buoy of ship-like form. Masuda
on the French coast. This system , b u i l t  was previously the originator of the self-
between 1961 and ‘67 , incorporates a powered Wo is t l e  Buoy, reputed to be the
dam 750-m long at a position of 13.5-rn onl y current successful application of
peak tidal range and stores 184 million wave power and which is being used world-
cubic meters of water. The tide is wide in situations where electrical power
utilized in a two-way cycle as the tur- storage is a difficulty. A pro totype
bines installed in each of the 24 in- 500-ton wave-power buoy , the KA I ME I ,
dividual 10-MW bulb-sets , each in its 800 m long of 12-rn beam and 5-rn depth
own bay, can run with the flow in either has been bu i l t  and w i l l  be tested in
di rec t ion . Generally considered to the open sea in 40-m water , 3 km off
have reached design expectations , overall Yura in NW Japan from August ‘78 through
energy production reached 507 CMI at March ‘79. In pr inci ple , KA IME I is
La Rance in 1974 , but fell to 438 CMI purely a series of appropriately spaced
in 1976 when some sets had become m op- chambers, with some devoted to buoyancy

129

- -~~~~~~~~-.~ ---•----~ ~- -~~~—



ESN 32-4

and othe rs open to the sea below , tha t mar ine technology base. But even before
act as air-pump rooms driven by the that , there is a little matter of the
ocean wa ves. Above each pair  of p ump requirement for substant ia l ly  greater
rooms is an air turbine-generation unit knowled ge of ocean wave characteristics.
rated at 125 kW (200 kW max) driven Proceedings of the Oceanology In-
by a i r  flow using a two-valve mechanism ternat ional  ‘78 Conference are avai lable
designed fo r constant f low. Theoret i -  from BPS Exhib i t ions  L t d . ,  220 Great
cal calculations based on comparison Portland Street , London W1N SEll. The
wi th model tests provide an estimate total package covering all sessions
of KA IME I ’ s air-output power at 4 MW costs £40.00, however , the session on
for a 3-n high wave of 7-sec period. Energy from the Sea is available at
(For a 200 m long , 30-n beam and 10 m £10.00. (Aubrey W. Pryce)
high unit this becomes 54 MW for a 6-n
wave of 11-sec period.)

The remain ing con tribu tion to the
Energy Session was given by R.D. Fuller
(Lockheed Missile 4 Space Co) who dis-
cussed ocean thermal-energy conversion
(OTEC) ,  describ ing the status of the ENGINEERING
US program and a system configuration
resul ting from a Lockheed study. Op-
era tion is based on the Rankine cycle.
using warm , ocean surfa ce wa ter and ELECTRICAL ENGINEERING AT BIR M INGHA M
deep cold water as the heat source and
coolan t, respectively, and ammon ia as As England’s second-largest city .
the working fluid. A temperature dif- Birmingham owes its position to the In-
ference of 35-40° F is general ly con- dustrial Revolution. Its univers ity ,
sidered desirable to make OTEC worth- which had its origin in a science col-
wh ile , and while the warm water pick lege launched in 1872, receive d its
up is from the near surface , the cold char ter in 1900 and became the p rototype
water is taken from as deep as 750 m . for the British civic universities , with
Such temperature differentials are lim- Joseph Chamberlain as its first chancel-
ited to lat i tudes of ±20 ° so that while b r .  Ever since that time it has oc-
OTEC is of interest to the US, it would cupied a 125-acre campus in Edgbaston ,
appear to o f fe r  l itt le in the way of a plea san t suburb two miles sou thwes t
a potential input to the UK’s long-range of the center of the city . The latter ,
picture . too, is now pleasant as a result of re-

The scale of the OTEC system pre - cent moderni zation. Of the University ’s
sen ted probabl y typ ifies the nature 8000 students , a quarter are candidates
of many of the engineering prob lems for advanced degrees , and its annual
to be faced in any large-scale exp loita- research budget exceeds £3 million ($6
tion of energy from the sea whether million) .
it be wave generated or otherwise. ~et The Depar tment of Elec tronic and
bus-bar power leve l is 240 MW . The Elec trical Eng inee r ing ,  headed by Prof.
ma in p latform of reinforced concrete H.A. Prime , has 2 30 undergradua te and
is 180 n high and supports a telescop ic 60 graduate students along with a teach -
concre te cold wa ter suc tion p ipe of ing s taff  of 4 professors , 3 readers ,
40-rn o.d. that extends to almost 500 m 6 senior lecturers , and 15 lecturers as
below the p la tform . Detachable power well as 10 research fellows and 7 re-
modules based on a vertical cylinder search associates. I ts major research
20 m in diameter and approximately facilities include a Cassegranian an-
140 m high house the heat exchangers, tenna with a parahoboidal reflector of
turbogenera tors , pumps , and power con- 6-rn diameter on the roof of the Depart-
ditioning equipment , and can he towed ment’ s bui ld ing ,  a 150-rn 3 water tank in-
out to site for replacement and instal- strumented for underwater acoustic in-
latiom with the major dimension horizon- vestigations , and a microelectronics
tal and then flipped FLIP style . Mooring nrocessing facility as well as PDP-9
and ancho ring the whole comp letes the and PDP-ll computers and a mobile labora-
picture. tory for field use at a variety of sites.

Whether wave power is to materialize This large Department has a correspond-
as a major source in the UK , w i ll clearly ingl y broad program of research , which
depend very heavily on an extended is conducted by five groups. This pro-
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g ram is supported by a variety of govern- Studies of underwater sound propa-
men tal , semigovernmen tal , and industrial gation are underway to determine the
sponsors. effects on transmitted signals produced

Underwater Acoustics and Instrumen- by fluctuation in the thermal inhomogem-
tation Group. The largest of research eities of the medium . Companion optical
groups is that in underwater sound , whose studies of propaga tion through turbid
leadi ng members are Drs . Vernon G. wate r are also being made , in which
Welsby and Hans 0. Berktay . (See F .N.  a television system with  standard test
Spiess , “Birmingham Underwater Acoustics: pattern is being used to provide rapid
A Repor t on Progress ,” ESN 29-8:333, Aug . mea surements of the available image
1975.) It was established in about resolution and range.
1955 an d is at presen t par ticularly The Group is in addi tion doing
devoted to bottom and subbottom mapp ing considerable work related to the fishing
because of their relevance to the exp loi- industry . In this connection a log-
tation of North Sea oil. For bottom periodic planar underwater acoustic
profiling a short pulse is transmitted receiving array has been developed that
in a vertical fan beam , and two vertical- provides a constant beamwidth (18° ± 2°)
ly separa ted hy drophones are used to over frequencies from 8 to 60 kHz.
compare the phases of the received echoes The array has a hexagonal core of d c -
in order to de termine the declina tion men ts, which is surrounde d by hexagonal
angle. Baffles are introduced to hide rings fed through a weighting network
the surface from these transduce rs and that is at present switched manually
thus prevent nultipath transmission , bu t is to be replaced by appropria te
In this way , p lots of depth versus range low-pass filters .
have been obtained for a 20-n-deep For -transmission , mechanical coup -
flooded slate quarry in Scotland up to ling between elements is a problem.
a range of 110 m. Far-field transducer Methods for forming arrays with common
direc tivi ty pa tterns , including the ef- front and back plates sandwiching sep-
fects of b a f f l ing ,  are ob tained in the ara te ceram ic elemen ts are under investi-
150-rn 3 tank by extrapolating several gation nevertheless , and lamina ted fron t
thousand near-field amp l itude and phase covers (made of polymers f i l l ed  wi th
measuremen ts b y means of the fas t Four ier epoxy resin) are being de veloped for
transform. wideband ma tch ing of the elemen ts to

For subbo tt om prof il ing,  advantage the water. Here it has been found use-
is taken of the nonlinearity of under- ful to include lossy layers in orde r
water acoustic propagation to generate to broaden the frequency response.
a narrow lO-kHz beam despite the sma l l The Group has thus been able to build
s i ze of the transducer carr ied by the a 500-kHz experimental transducer with
Group ’s towed , unmanned submersible ye- a 50% efficiency and a 4S% bandwidth .
hid e, which is stabilize d in roll , Also for the fishing industry,
p itch , and yaw by active control sur- and specifically as an aid to fish’stock
faces. The nonlinearity is utilized as assessment , echoes from var ious species
suggested by Peter J. Westervelt (Brown of caged individual fish have been stud-
Univ.) [J. Acouet. Soc. Amer. 22 , 319 , ied , and their Doppler signatures have
(19S0)] to produce the difference of two been catalogued, but the iden tifica tion
exciting frequencies. Although the non- of fish species through their group
linear ity is small , the interaction of behavior has not yet been considered.
the higher-frequency beams crea tes a In addi tion , a moving-target indicator
long end-fire source at the difference has been developed that reduces false
frequency whose beamwidth is only slight- sightings of fish. Finally, the obser-
ly large r than that  of the higher-fre- vation that fish are attracted by the
quenc y beams . The Gro up has obtained sounds of divers , whose sti rr in g up
a 3° beam at 10 kllz from a 40 x 40 cm of the bottom m ay unco ver sources of
transducer excited at 80 and 90 kllz, food , has promp ted a search for sounds
and they are now working with  a 15-cm that may be usefu l in lur ing f ish.
transduce r excited at around 300 kHz , The Group has several commercial
in ves t i ga t i ng  the e f fec t  of the bottom sponsors , and close contact is maintain-
sedimen t upon the nonlinear interact ion ed with indus t ry . One sponsor is now
zone , and using buried hydrophones to manufacturing a l-to-2000-kHz admittance-
study the penetration into the sediment, locus plotter developed at Birmingham
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for the anal ysis of transducer resonances, beacon formerly transmitted by the
Another (Vickers Oceanics Ltd.) will ATS-6 satellite) caused by atmospheric
exploit the Group ’s nonl inear sys tem condi t ion s and preci pitation.
that succeeded in penetrating 15 to Othe r environmental-sensing work
20 m into sediment to produce high- of this Group involves the study of
defini tion subbottorn profiles. There over-the-horizon radar techni ques in
is, in addition , commerc ia lly supported the 3-to-30-IiHz band to determine sea
work stemming from a National Coal Board states over the North Atlantic . A 300-
project invo lving air sonar for the n-long array on an old airfield at
control of coal-cutting machines and Cricklade , Gloucestershire , consisting
conveyor bel ts, of 49 vertical broadband monopoles in

Rad iocommunications and Radar Group, front of a reflector screen with 6°
Under the lea dership of Prof. E.D.R. beamwid th at 10 MHz, which can be
Shearman and Dr. Dennis C. Cooper , the s teered ove r a 60° sector in 2° steps
Rad iocominunications and Radar Group by the centrally controlled mechanical
is engaged in research on remote sensing switching of delays in the elements ’
via radiometry and air sonar as well feeders , has been used to transmit
as rad iocom mun ica tion , ant ennas , and 0.5-msec pulses of lOO-kW peak power.
prop agation . Just as the foregoing A range of 3500 kn is obtaine d via sky -
Gro up has developed a close working wave p ropagation. By utilizing an em-
relationshi p with Ministry of Defence pirical relation between the wind direc-
underwater research organizations such tion and the ratio of first-order Bragg
as the Admiralty Underwater Weapons scattering from advancing and receding
Establishment (Portland , Dorset) and water waves , which are separated by spec-
the Admiralty Research Laboratory [(now tral analysis of the Doppler shift , it
part of the Admiralty Marine Technology has been found possible to map the wind
Establishment (Teddington , Middlesex)], pattern ove r the ocean. Although there
this Group works closely with the nearby is a right-left ambiguity about the di-
Royal Signals and Radar Establishment rection at any one point , it can be
(Malvern), two nembers of whc~se staff resolve d by taking accoun t of the con -
have honorary appointments in the ~epart- tinuity of the path of the wind . The
ment. Here again there are contacts emp hasis of the over-the-horizon radar
with industry , while there is funding investigations is now shifting to ground-
from the National Environment Research wave-propagation techni ques utilizing
Council to support work with the (~roup ’s the pulses from a 2-MH z Loran-A naviga-
wea ther radar , and still other gove rn - tion-system transmitter .
ment agencies support projects related The Group is using air sonar for
to their own fields , the de tection of low-level air turhu-

The 6-n antenna on the roof of lence with the support of the Ministry
the Department’ s building is used for of Defence and the Civil Aviation Author-
the mapp ing and analysis of the rainfall ity. In an earlier version a 12-Ic
distribution by transmitting 5.6-GHz 5.5-kHz continuous tone was radiated
pulses of 2C0-kW peak power and intro- upward , in turn , by each of three horns ,
ducing an attenuation of the received aime d in slightl y diffe rent directions ,
microwave signal varying with time after and three receiving horn s at some dis-
transmission to obtain a 60-dB dynamic tancc operated continuousl y to provide
range . An angular resolution of 0.5° information about the air at the nine
and a 0.5-km range resolution are ob- intersections of the beams . A fast
tam ed out fo 128 km , and the resulting Fourier transform of the received wave -
information is store d digitally on nag- form provided the information on turbu-
netic tape for statistical analysis lence. Potentiall y t roublesome vortices
(e.g., correlation with measured run- in the wakes of approaching airc raft
off). The resulting information is at Heathrow were detected by this means
ultimatel y intende d for flood warning, _pcrsi sting up to 20 sec desp ite high
drainage and catchment improvement , rrocswind s . At present , howeve r, this
and meterological forecasting, as well bistatic arrangement is being replaced
as for improved discrimination between by a monostatic configuration with pulsed
ground echoes and tho se from prec ip ita- transmission at the same location as
tion. This 6-rn dish is shared by a recep ti on , pe rmitting greater portability
Science Research Council project devoted of the equi pment. A 1. 3- rn paraboloidal
to the measurement of fading and depolar- reflector is used to obtain beams of
ization (of such signals as the 30-GHz S~ to 6° width , but noise limits the
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useful  range to abou t 85 m , The equip- The University of Birmingham ’s
men t is to be de live red to the Royal Depar tmen t of Elec tronic and Elec tr ica l
A ircraf t Es tab l ishmen t at Bedford , where Eng inee r ing  is carry ing on a w ide ra nge
it will be used in association with of research for government and industry
other sensors for turbulence and wind- as well as for academic purposes. De-
shear measuremen t, spite the support from those quarters ,

Other environmental studies deal however , all of the research is open.
w ith backgroun d no ise fro m the sky , I t nay be men t ioned in clo sin g tha t ,
the radio no ise spec trum produced by in addition to this Department , Birming-
vehicles , and radio propagation within ham has another noteworthy Department
cities. In addition , Government Corn- of Electrical Engineering—a t the 83-
muni ca tion Headquarters , Che ltenham , year-old University of Aston (chartere d
Gloucestershire , is supporting studies as a university in 1966) in the center
of high-frequenc y skywave propagation of the city. This is headed by Profes-
and its effect upon the accuracy with sor J.E. Flood , wel l known fo r h is
which direction finding can be used— work in the telecommunication field .
on European short-wave transmitters (See F.N. Spiess , “Academic Acoustics
in this instance . It is hoped that in Birmingham , Continued ,” ESN 29-9:377 ,
range as well as bearing can be obtained Sept. 1975.) (Nelson H. Blach man)
by measuring the curvature of the wave -
fron t af ter us ing Dopp ler  ana lys is  of
the s igna l s  rece ived on three an tennas
to separate the individual ionospher-
ically propagated modes. IVIATERIAL

Other Groups. The Group on Compu- SCIENCES
ters , Control and Machines under Profes-

• sor Prim e , is involved wi th comp uter
arch itec ture , array proce ssors , comp u ter
languages for electric-network analysis , DEFECTS IN STUTTGART
control hardware and simulation connected
wi th electric trac tion , and va riou s Th e Un ive rs ity of Stuttgar t was
kinds of control systems , such as tha t for  many yea rs c rowded in to a ser ies
fo r the Underwa ter Acous ti cs Group ’s of sna il bu il di ngs in the cen ter of
towed submersible vehicle. Th is Gro up one of Germ any ’s fastest growing cities.
also has support from British Rail for A decade or so ago the decision was made
the development of active compensation to make the giant leap to the suburb s,
for ra il s ide telephone circuits to re- and a large tract of land was procured
duce the noise due to traction currents, for the orderly establishment of the

The Solid-State Electronics Group , scientific and technical par t of the
under Prof. G.T. Wrigh t, is concerned University on the new campus . A major-
wi th bi po lar devi ces , me ta~ -oxide semi- ity of this building program is now con-
conductor devices , Schottky barr ier- plete , and many of the departments have
gate field-effect transistors , BARITT moved in. It is sad to report that
microwave diodes , and integrated cir- everyone with whom I talked seems to
cuits. The Group has equipmen t for feel that the new campus is something
microele ctronic mask making , photolitho- of a failure . Most of the laboratories
graphy, solid-state diffusion and vacuuni and offices are in two large high-rise
depos it ion , etc. Among its current buildings with a collection of smaller
projects is the exploitation of the ones surrounding then for lecture rooms ,
applications of the silicon square-law service buildings , and dormi tories. The
resistor , which has been found to have design is not visually stimulating, and
an accurate parabolic characteristic the continuing construction makes every-
over a working range of several volts thing look unfinished. Typ ical of the
at frequencies up to about 100 MHz. lack of conce rn for people in the plan-

F i n a l l y ,  the smallest Group , tha t n ing is the fac t tha t there is now no
on Elec tromagnetism unde r Dr. T.S.M. center for student recreation , no athlet-
Maclean , is concerned with antennas ic facilities or p laying fields , no un i-
of all sorts—wire , loop , paraboloidal , versi ty cul tural  program , and no conven-
and act ive . For this last type it has ient publ ic  or un ivers i ty  transportation
the support of the Royal Signals and to take students into the city. Some ,
Radar Es tabl ishmen t in Chr i stchurch , who have rebelled against the factory
Dorse t .
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atmosph ere , ha ve le f t . The staff  are wa s famous in the same field; Pick was
also dissatisfied. They feel that the a student of Pohl. Now in turn , Pick
individuality of groups and departments is coming to the end of his academic ca-
is los t by pil ing them into huge oinni- reer and has relinquished some of his
buses of buildings . The final straw outside responsibilities and University
is that the elevators often do not work, duties in an orderly way so that his

Of all the institutions one can eventual retirement will be as painless
think of , it would seem likely that uni- as possible.
versities would have the largest corpor- The work is subdivided among a mum -
ate memory of the conditions leading ber of senior associates. Dr. A. Kessle r
to a situation that is cohesive , warm , tends to study defec ts us ing experimen ta l
stimulating and satisfying for both tools , such as the measurement of dielec-
staff and students. Tha t weal th of tric loss , dc and ac conduc tivity, and
experience however, does no t always seem especially thermall y stimulated depolar-
to be tapped in architectural design . ization. In this last method a crystal
Perhap s, indeed , a grea t deal could be wi th dipolar defects is cooled from high
learned about what does or does not work to low temperature with a high electric
in laboratories and universities just field appl ied. Th is tends to freez e
as some aco us t ic ians  have learned about the defects in special orientations .
design of concert halls from their suc- If the crystal is slowly war med , the po-
cesses and failures. (see p 141 , this lar ized defe cts become free and a small
issue.)  external  curren t caused by the reorienta-

The Physics Department of the Uni- tion of the defects can be noted. From
versity is composed of eight institutes; the temperature dependence the activa-
five are in experimental physics and tion energy for bind ing the de fec t is
the others are in theory. Three of the known . The height of the peak as a func-

• expe rimental inst i tutes  work in solid- t ion of adde d impurities helps to iden-
state physics and are joined together tify the defects. Kess ler has recen tly
by special blanket funding support from succeeded in having the experiments
the Federal Government for an effort both run and analyzed by computer. This
entitled “Defect Structure in Solids .” has made the an alysis of activation en-
The coopera ting institutes include those ergies more reliab le since the whole
of Professor H. Pick who works in inor- curve of a current peak can be analyzed
ganic insulators , Professor H.C. Wolf rather than only its initial rise as
whose interests lie in transport proc- has often been the case. In addition
esses in organic sol ids , and Profes - sor he has recentl y disco vered that  the tram-
M. Pilkuhn who studies semiconductor siemt difference in temperature between
materials. The Federal funding allows the electrode and the sample during the
the creation of joint service facilities warming must be carefully taken into
for these groups ; these include crystal account. When this is done for CdF,
growth laboratories , a group that sup- doped with Na , for instance , the current
plies liquid helium and other refriger- peaks take a simple form and the activa-
an ts, and a central computer installa- tion energies are lower than earlier
tiorl for data handling and the design reported values. From this data good
of computer-controlled experiments, information for the formatio~ and kin-
The cooperating institutes jointly re- etics of reorientation of Na - anion
port on work accomp lished , and some re- vacancy complexes now appears to b&
search effort crosses institute limes , available.
however , the separate authority and re- Defects in NH4C1 crystals have been
sponsibili ty of each institute is main- studied by all the available techniques.
tam ed. The net result of all of this Kessler has worked with undoped materials
has been the creation of a very strong and crystals to which NiCI2 , or NH 3 ,
center for solid-state research at the or H2O have been added. The picture
University of Stuttgart. emerging is that the pure crystals con-

In this note I shall report on the tam Schottky defe cts , i.e., pairs of
work in Pick ’s institute . For more than positive -- and negative-ion vacancies.
two decades Pick and his institute have Ionic transport is-probabl y caused by
led the European effort in the study the breaking up of NH~ comp lex in to NH,
•f defects in inorganic solids—often + H. The H atom is localized briefly
called color centers. He follows Profes- on a Cl to f orm HC 1. Me anwhile the NH , ,
or R. Pohl of Göttingen whose institute which has a low activation energy , may
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j ump in to  a nearby p o s i t i v e - i o n  vaca ncy on the proper t ies of alkal i  ha l ides  wi th
thus inducing transport. The cycle the addi tion of SH . Under uv irradia-
is comp leted by the breakup of the tion this breaks up into a substitution-
HC 1 wi th  the H r e tu rn ing  once again al S ion and an in ters ti tial hy drogen
to the NH , to make NH 4 . Kessle r believes atom that  is mobile above 105 K and
that the strong influence of water vapor usually becomes H, or disappears. How-
on the transport measurements results ever , the hy drogen atom can be localized
from disturbance of the chemistry of near Ca2~ or Ag ions and the n st udied
the surface of the NH4C1 crystal . 

- 
by optical and ESR means.

I t is wel l  known tha t pure alkal i  To study these centers theore tically
halides become colored upon irradiation as well as experimentally, Schwan has
with x-rays or gamma rays. At first devised an approach that he calls the
the F-center is formed; it consists LCAO-MO-Matrix Method for Many Elec tron
of an elect ron trapped at a negat ive-  Sys tems In it he considers , for in-
io n vacancy . As these beco me more nu- stance , a KC 1 c lus ter  composed of 41C
merous , pairs of F-cen ters are seen and 4Cl ions with posi tions on the
and then tri p lets. All of these have co rners of a cub e as in a real crystal.
yielde d to st udy b y optical and electron Us ing the known Hartree-Fock equations
sp in resonance techniques (ESR) so that  for the wave funct ions  of the free ions ,

— models have been clearly established he can compute the energy levels of
fo r some time . At the othe r end of the this c lus ter  which f a l l  into groupings
exposure range corresponding to very closely resembling that of the energy
lon g i rr adia t ion , one sees pheno mena bands of the ful l crys ta l .  In to  this
related to large c lus ter ing:  Colloids , cluster Schwan in troduces the hy drogen
inte rs t i t ia l  plate le ts , and vacancy atom and again computes the perturbed
b ubbles. Howe ver , a t tempts  t o under- c luster  to see how the energy-level
stand complex centers between these s t ruc tu re  is a l t e red .  There are no
extreme s and those ar is ing from in ter-  f i t t i n g  parameters . Using  these energy-
actions with chemical imp uri t ies have leve l resul ts , he is able to understand
proved to be extremely d i f f i c u l t .  Dr.  such d i f f e r e n t  processes as ESR , absorp-
H,J. Paus has been concerned with Z tion , emis s ion , and radia tion effects.
centers—color centers with nearby The success of this app roach and its
chemical impurities such as Ba, Ca , simplic ity has led 5 hwan and a young
Eu , or La. A considerable number of theoris t , D r. R . Bauer , to apply the
di f ferent  ki nds of centers can be forme d method to other  centers  and to improve
as is evident from the var ia t ion in the approximations involved.  They
the opti cal absorption and po la r iza t ion are qui te  hopeful  that this approach
and the fo rmation properties of the w i l l  develop t h e o r e t i c a l  methods of
centers . Firm , unambiguous models fo r su f f i c i en t  powe r and sensitivity to
these centers ha ve proven to be ext ra-  work hand- in -hand  w i t h  exper iment  in
ordinari ly hard to evolve , however , the developme nt of accurate models
and this work is coming to an end, of defect centers  in solids . If this
Paus is also studying the absorption does indeed p rove to be the case , a
and luminescence of Tl , Ga , and In in gian t step forward will have been taken.
alkali halides.  Absorption has bee n (C l i f fo rd  C. Kl i ck )
studied by magne ti c circu lar dichroism , -

and emission studies are being done
with pulsed-laser  exci ta t ion at high
intensities. As yet work on these sys-
tems , here or elsewhere , has not pro 

-

______________________duced a reall y clear p ic ture of events IONPI_ REPDR’rsin the ex cited states in which there
are both allowed and forbidden transi-
tions with strong John-Teller effects See the back of this issue
complicati ng the p ict ure . for the abstracts  of current

Dr. L. Schwan is continuing the reports.
long term interest  of the ins t i tu te
in ESR and ENDOR (elec tron nuclear double
resonance) studies in general and of
the propert ies of H in alkal i  halides
in pa r t i cu la r .  His work concentrates
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THE BELGIAN CENTER FOR CORROSION STUDY prov ided through a subsidiary organiza-
tion , “The Commission for Fundamental

The Centre Bei ge d’Etude de la Car- Studies and App l ica t ions” (CEFA), organ-
rosion (CEBELCOR ) , loca ted on the g rounds ized in abou t 1969, the Belg ian  section
of the Free Univers i ty of Brussels , of a joint activity with the Department
is an in teres ti ng and uni que opera tion , of Metallurgical and Materials Engineer-
dom ina ted by the presence of its founder ing at the University of Florida at
and direc tor , Marce l Pourha ix. He has Gainesville under the title , “Center
recen t l y re tired from his  posi tion as for App lied Thermod ynamics and Corro-
Professor at the Free University and sian .” The stated goal of the combined
now devotes full-time efforts to CEBELCOR organization is to facilitate and coor-
w ith a vigor and enthusiasm that belies dinate research efforts in the affili-
his 70-odd years. ated institutions on scientific and

The organ i za tion , est ab lished abou t engineer ing problems of na t ional and
1950 , is multi-faceted in its goals international importance in the field
and service s. CEBELCOR’s central ac- of corrosion . The two groups bring
t ivi ty is to prov ide infor ma tion and toge ther a w ide range of exper tise in
consul tation on electrochemistry and electrochemical thermodynamics and kin-
corrosion-re lated subjects , at reduced eti cs, and in electron optical instru-
rates to subscribing members . An annual mentation to be used for study ing and
subscr ip tion fee of abou t $ 250 prov ides charac te r i z ing corrosio n reac tions and
members the following services: Receipt products. While the cooperative efforts
of all curren t technical reports pub - are still ongoing, bud ge tary and staff ing
li shed by CEBELCOR , a reduced annua l problems have slowed the joint center ’s
subscr iption rate for the monthl y jour- development. Many such noble endeavors
nal Corrosion Science as well as for have met a similar fate.
technical reports and Corrosion Science The Belgian CEFA activity appears
pub li shed prior to the membership per iod , more v iable , however. Those who j o in ,
and a reduced fee for consulting ser- under a fee structure which I will short-
vices. ly discus s, have several options open

Al though these serv ices appear to the m in pursuing a solu tion to their
somewha t l im ited in scope , the comp lexi- particular problem. They can either
ties of corrosion probl ems, particularl y use CEBELCOR staff  to perfor m the studies ,
those of an industrial nature , and the the cos t scale depending on whe ther the
vas t amoun t of li tera ture publ ished work is under taken by the direc tor ,
each year have apparently made them a research worker , or a laboratory work-
qui te attractive . For examp le , in Bel- er , or they can send one of the ir staff
gium alone there are 75 subscribers, to work at the Brussel’s facility, free
In addi tion , there are 120 members from of charge . Alternatively , one of the
29 fore ign coun tr ies, includ ing 17 from CEBELCOR staff w ill be pos ted to th~the US. They are drawn f rom such d iverse company ’s laboratory , according to an-
sources as universities , government other and more expensive pricing arrange-
labora tories , and companies producing nent.
chem icals , foodstuffs , metals , app li ances , It must be apparent ~rom the aboveb u i l d i n g  mate r i a l s , etc., in testi mony descr ip tions tha t f inancial remunera tion
to the ubiquitous presence of corrosion, is a vital aspect of the entire program .
The use of these se rv ices by develop ing This is , according to Pourbaix , simp ly
countries , such as Al ger ia , Ivory Coas t , because the organiza tion depends almos t
and Pa nama , is cited as being particu- totally on such funds for survival.
larl y valuable as it provides them with It is only in the last year that very
a source of soph is t ica ted , technol og ical limited suppor t has been for thcoming
information not readily available through from the Belgian government , and contin-
other channels. uation is by no means assured. Thus,

Besides the above activities , to suppor t the staff  and associa ted
Pourba ix and his  assoc iates of fe r a faci l iti es , CEBELCOR member s who jo in
range of other technolog ical serv ices CEFA pay an addit ional negotiated en-
such as seminars  and shor t courses , trance fee plus an annual minimum amoun t
either on-site or at CEBELCOR ; problem- of about $3000. This latter amount
solving; and facilities and expertise can be and usually is used to offset
for contract research of both a funda- discounted hourly fees charged by the
men tal and app lied nature . These are research staff. Fees for research range
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from abou t $55 per hour for the director chemical testing methods for pitting
to $~~3 for a university research worker, corrosion , crevice corro si on , and stress-
CEBELCOR members who do not subscr ibe corrosio n cr ac k i n g ,  c) Electrochemica l
to CEFA pay 20% more , whi le outside me thods for a tmosp heric corrosion test-
organizations who are members of neither ing.
group pay an additional 50% surcharge . 3. Pitting corrosion , crevice
For all subscribers  the work wi ll be corro si on , intergranular corrosion and
don e on a conf iden t ial or open basis , stress-corrosion cracking of metals
as req ui red . and alloys in the presence of solutions

In line with trends at other uni- containing chlorides , app lications to
vers ities and labora torie s, the funded marine corrosion , desalination p lants ,
work has become progress ive ly more ap- and surgical imp lants. —

plied in nature . Years ago much of 4. Atmospheric corrosion of metals
CEBELCOR ’ s efforts were concentrated and alloys.
on such fundamental studies as the devel- 5. Weathering steels .
opment of electrode potential/p H equi- 6. Corrosion in the building and
librium curves describing regions of transportation industries.
corros ion , immunity, and passivity Topics (l)-(3) are of great funda-
for various metal/aggressive solution mental interest , but considering the
coup les. Such diagrams have been cata- current climate for research support ,
logued and now are available from it seems clear that those areas closest
CEBELCOR in an Atlas of Chem ical and to industrial interest stand the best
Ele ctrochemnical Equilibria. This pub - chances for long-term support . This
lication has become an invaluable aid is borne out h~- ongoing research pr o-
in predicting what compounds will form grams which large l y fall within the
and their relative reactivity when a app lications section of top ics (3)-(6).
given metal is in contact with a spe- In a very real sense Ma rcel I’ourba ix
cific aggressive environment, is CEBELCOR. Any long-term future w ill

• Much of this early work - was con- depend on the success of the organi:a-
cerned with reactions on pure metals tion in broadening its scientific and
at room temperature . Extensions of technological base , expanding its member-
these diagrams to the technologically ship ,  and most importantl y establishing
important area of alloys and higher continuity in leadership. The increas-
temperature is proceeding but slowly ing ly active role of -\ntoine Pourbaix ,
owing to a lack of adequate support . the director ’s son , in CEBELCOR , sug-
In stead , funding is more often found gests that this has been recognized .
for programs such as develop ing tech- (I.M. Bernstein)
niques for measuring local atmospheric
corrosion rates , asses si ng wh y certain
detergents and soaps damage washing
machine liners , and corrosion control _________________________________
for specific industrial app lications. 1VIATHEIVPATICALWhile important , Pourba ix and I ag reed
that such studies must be balanced with _______________________________________
more fundamental ones hopefull y capable
of producing much more general predictive
recommendations for reducing atmospher i c ,
aqueous and s t r e s s - a s s i s t e d  corrosion. NUMERICAL ANAL YSIS AM) SOPTIV -\RE DIIVELOP-
To achieve this requires more extensive MENT AT NPL
work of the type illus t rated by some
of the following research topics , which The Nationa l Physical Laborator y
I have taken from a list of expertise in Teddington , about 20 miles south
and goals of the organization : of London , was established b y Parliament

1 . Equilibrium diagrams . a) Po- in 1900 to serve as the British national
tentia l /p H e 1 ui l ihriu m diagrams at 25 °C , standards laboratory . It is now a branch
b) Atlas of chemical and electrochemical of the Department of Indus t ry w ith a
equilibria , at hi gh temperatur es. mission similar to that of the US Na-

2. Ele ctrochemica l methods for tional Bureau of Standards .
corrosion testing and control , a) Elec- The purpose of my visit to NP1
trochemica l testing methods for metals was to discuss recent R~D activities
in the presence of water , hi I lectro - in the areas of numerical anal ysis and
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scientific computing. Ever since 1945 , In the  area of optimi zation tech-
the Labora tory has had an ac tive research ni ques , Drs. P h i l i p  E. Gil and Wal ter
program in computer science and tech- Murray have done important theoretical
nology ; and , un t i l  1966 , NPL was con - and p ract ical  work in the developmen t
cerned with the development of both of algorithms for the solution of both
ha rdware and app lications software , constrained and unconstrained nonlinear
Since the n , howe ver , its e f for ts have optimization problems . The comp uter
been direc ted pr imar i ly  toward the more program s developed from th is research
effective use of existing machines and form part of the NPL Algorithms Library
the exp lora tion of new app lications described later. Unde r NPL sponsorship,
for computers. Of NPL ’s seven scienti- Gil and Murray have just completed a
fic divisions , the Division of Computer three-day tutorial in London on “Soft-
Science (DCS) and the Division of Nu- ware for Numerical Optimization ,” the
merical Analys is and Computing (DNAC) purpose of which was to instruct engi-
are the two computer-related R~D groups. neers , scientists and economists in the

Examp les of the types of projects use of currently available optimization
tha t are carried out by the DCS are : programs .
Computer networking, da ta base research , Much of my visit to NPL was spen t
comp uter vision and vo ice recogni tion , in technica l discussions  of the work
automa tic word processing systems (corn- on app roximation and data fitting car-
pute r edi t ing) , programming languages , n e d  out by the group headed by Mr.
and st ructured p rogramming techniques. Geoffrey Hayes. The work in this area
The Superintendent of the DCS is Mr. is basically concerned with two types
D,W. Davies, of problems . On the one hand , i t is

Mr. E.L. Albasiny is Superintendent often desirable—for reasons of compu-
of the DNAC group which carries out tational efficiency—to approximate
research , sof tware de velopmen t , and con- known mathematical functions by linear
sultancy p rojects  in numerical  and math-  or nonlinear  comb inations of simpler
ematical anal ys is. Al though Dr. James functions . The other , and more common ly
H. Wilkinson holds the unique posi tion occur ring problem , is that of approxi-
of Chief  Sci enti f ic  Off ice r  appoin ted mating emp ir ica lly sampled data. Over
on Personal Meri t at NPL , it is the the past several years , the NPL group
DNAC group wi th which he is mos t closely has developed a fairly extensive col-
associated. (For a description of Wil- lection of efficient and reliable numer-
kinson ’s accomp lishments and distin- ical algori thms for solv ing the mos t
guished honors see thi s au thor ’s ar ti cle frequen tly encoun tere d approxima tion
in ESN 31-9:363.) The 25-member staff and fitting problems .
of the DNAC work pr incipal ly  in the Of par ticular  in teres t is the
f ields of l inear  algebra , di f fe ren tial work of Hayes hi mse l f on the f itt ing
and in tegral equa t ions , approximation of functions or empirical data that de-
and da ta f i tti ng ,  op t im iza tion , and pend upon more than one independe nt
integer linear programming. variable. By us ing cub ic spl ines  in

In add it ion to W i lkinson ’s own two independent variables (i.e., b icub ic
well-known contributions to the alge- spl i n e s ) ,  he has developed a lgor i thms
bra ic eigenvalue p rob lem , backward error and computer software to handle approxi-
analys is app l ied to the solu tion of large ma tion and da ta smoo th ing p roblems for
sys tems of simul taneous l inear  equa tions , both “well-structured data” and randomly
etc., the LINAC group at NPL has also scattere d data. By wel l-structure d,
made major  con tr ibu ti ons in the other one means tha t the da ta is known in some
areas of nume rical anal ysis cited ear- systematic pattern such as along lines
h er. One such recent accomplishment on which one of the independent van -
is the newly published text by Dr. George ables is held fixed. Data given along
T. Symm of NPL and M.A. Jaswon entitled a set of constant coordinate lines of
Integral Equation Methods in Potential a Car tesian coord ina te sys tem is the
Theory and Elastoetatice (Acade mic Press , simp les t examp le.
1977) in which the au thors provide In prac tice , howeve r , emp ir ical
an excellent up-to-date account of prac- -data is more often randomly dis tr ibu ted
t i ca l  computational methods for the so- over the domain of the independent van-
lution of integral equations . ables , and here the problem of f itt ing
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and/or smoothing the data is both math- a much wider range of numerical software
ema tically more difficult and less pre - than that offered by NPL , the algo rithms
cisely defined. A good examp le of this in the NPL Library can be purchased in-
s i tua t ion  occurs in oceanography when dividually rather than as a total pack-
data is collected from various sampling age . Hence , compu ting cen ters requ ir ing
stations that are geographicall y scat- a very comple te sof tware l ibrary  w i ll
tered . Al though the variety of problems probably find the NAG Library most ef-
encountered in f i t t i n g  bivaniate  and f ic ient  and economical , whereas cente rs
mult i van iate emp irical data i s too great that  desire only to supplement their ex-
to be solved by any general purpose is ting libraries with selected , high-
co m pu ter program , Hayes and his col- quality algorithms would be well-advised
leag ues have developed a series of code s to invest igate the catalog of subroutines
whic h allow the user to explore the available from NPL. Readers wishing
data interactive ly and to decide for more informa tion on the NPL Algor ithms
hi mself when he has fit the data to Library should contact Dr. J.R.A . Cooper ,
within acceptable accuracy. Comp uting Branch , National Physical Lab -

Dr. Maurice Cox, a close colleague oratory , Tedding ton , Middlesex TWll OLW.
of Hayes , has done a great deal of work Informa tion abou t the NAG Library may
on the theory and app lica tions of piece- be obtained by writing to Dr. Brian Ford ,
wise pol ynomial splines in one and more NAG Cen tral Off ice , 13 Banb ury Road ,
independen t variab les. Virtually simul - Oxford 0X2 6NN . (William J. Gordon)
taneously with P rofessor Carl deBoor
of the Univ. of Wisconsin , Cox developed
a very efficient algorithm for the nu-
merical evaluation of spline functions
based upon a pa r t icular ly  simple type _______________________________________
of sp line ter med “B-spline .” The deBoor-
Cox Algori th m represented a signif icant  ISCELLA N DUE
adv ance in both the theoretical under-
standi ng of splines and in the develop-
ment of fas ter and more accurate computer
p rograms based upon splines. YET ANOTHE R E XAMPLE OF CHANGING TIMES

As British government funding
for fundamental research has declined As readers of the popular scienti-
over the past seve ral yea r s , NPL has f ic  press are no doub t pa infu l ly  aware ,
been fo rced to seek R~D funds f rom the it has become increasingly fash ionable
private sector and , in some instan ces , to wri te about how f inancia l exigencies
f rom international sources. For the and govermnent demands for accountabil-
DNAC , this  has meant  a greater emphasis ity have diverted the research goals
on app l icat i ons software development and philosophies of universi t ies  and
and the marketing thereof , as well as lab oratories , the net result being a
an increased amount of consultancy with larger and larger commitment to short-
other Divisions of NPL and external term projects and problem solv ing at
clien t s ,  the expense of fundamental  studies hay-

Perhaps the most visible result ing less immediate payoff. I plan to
of this shift in emphasis from basic almost resist the temptation of debating
research to app licable research and soft - the wisdom of such sh i f t s  in emphasis ,
ware development is the NPL Al gorithms particularly how they wi ll a f fec t the
Lib rary , which ai ms to provide a col- qual i ty  of the scientific and technolog-
lection of al gorithms for those numerical ical base in the 1990s and beyond . In-
processes most commonly encountered stead , I wan t to descr ibe yet ano ther
in engineering and scientific computing, example of such changing times and one
Many of the algorithms produced at NPL that  in general seems to be working q~ii te
are subsequently made available through well .
the lib rary service offered by the Nu- For many years the Atomic Energy
menical Algorithms Group (NAG) at Oxford. Research Es tablishmen t at Harwe hl  in
(Fo r informat ion on the NAG Library , Oxfordshire  has deservedly had the rep-
see this author ’s article in ESN 31- utation of being, among other thing s,
2 :54 .) Although the NAG Libra ry, since one of the world ’ s great centers of ma-
it is contributed to by a host of re- terials research . The ma in focus on
sea rchers throughout the UK , covers extending and develop ing understanding
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of the physic s, engineering, and mate- vigorously sought that now something
nials problems associated with the ex; like half of their 40-million pound
p lo i t a t ion  of nuclear  energy,  pa r t i cu -  annua l bud ge t no longer comes from its
la rly  for power generation , provided direct  government allocation . Although
amp le f l e x i b i l i t y  to permit  large group s it is hard for an ou tsider to jud ge ,
of fundamental ly -or ien ted  sc ien t i s t s  th i s  mix seems to be reasonably success-
to pursue long-term basic studies. ful . Harwell’s relatively secure posi-
Part icular ly through the l950s and l960s t ion , cemented by the impor tant  work
programs on bonding in me ta l l i c  and it is doing on the r e l i ab i l i t y  of nuclear
non-metallic systems, computer modeling and conventional power plan ts, has al-
of defe cts , radia tion damage in solids , lowed qui te a signi f ican t amoun t of
the role of dislocations in plasticity fundamental long-term work to continue ,
and f rac ture , e tc . ,  happil y t icked par t icu lar ly in the nuclear and solid-
along beside large-scale engineering- state physics area. It certainly ap-
structure studies , welding investigations , pears prepared to moun t a larger program
and the like. Harw el l became a center in these areas if the pendulum sw ings
where academics from all over the world or a new Spu tnik f lies , and basic re-
congregated for meetings and to use search becomes aga in a cherished member
its excellent f ac i l i t i e s  for research of the sc ien t i f i c  family .
studies, Many of the research personnel

Alas , came the late l960s, and with whom I spoke poin ted out tha t
while the bubble didn ’t quite burst , qu ite in teresting and quite basic stud-
it certainly deflated along with bub - ies could be done on mundane materials ,
b les of vary ing sizes and surface ten- such as steel and on dirty processes ,
s ions at similar institutions around such as weldin g , so that life in the
the world . Hard-hearted accountants laboratory could still be fun. Although
demanded bot tom-l ine results for pro- I don ’t consider this  ei ther a surprise
grams , causing a number Gf scientists or a revelation , I have heard s imi lar
to flee in apparent terror to other sen timents at enough dif fe rent places
and hopefully more secure ivory towers to believe that such statements are not
(it is claimed that a listing of such simply platitudes.
p laces would not serious ly exhaust the One of the more interesting changes
available writing space on a matchbook at Harwell has been in the area of analy-
cover) . Dire predictions sounding the t ical  services. They have always had
death knell for basic research were an impressive array of state-of-the-
heard throughout the land . But perhaps art  instruments , as many goggle-eyed
not unexpectedly it didn ’t really happen. academics will attest. These were avail-
Places like Harwell sighed and sh ifted , able to users wi thin Harwell and the
readjusted , survived , and then continued res t of the atomic energy es tab li shment
to flourish. Guidelines were changed— and sometimes reluctantly to others .
of course the research mix was signifi- When the profit-center phi losophy ap-
can t ly  affected , and certain research peared , the situation dramatically
areas were e l imina ted  with the concom- changed. As one industrial consulting
i t an t  and often pe rmanent loss of qual- laboratory put it , seem ing ly overn igh t
i ty researchers , but the general struc- Harwell went from one of thei r  b igges t
tune seems to be intact. customers to their biggest competition.

Al though during my visit I had Glossy brochures rolled off the presses
limi ted exposure to a small segment proclaiming the services available to
of the total research ef for t, I rece ived paying customers .
enough inpu t to see how the general To ob tain more informa tion on such
structure was adjusted. Very simply, activities , I visited Mr. B.W. Mott ,
Harwell became more immedia tely useful group leader of the Solid State Instru-
to its customers , who in the main are ments Group , a subgroup of a larger
the government and the power generation Analytical Services Division. All  group s
industry. A significant fraction of in the Division provide instrument
the total research e f for t  was now al- time , ope rator , and interpretation de-
loted to solving quite mundane problems , pending on the needs of their clients.
some to the point of fire-fighting. Somewhat surprisingly the ra tes cha rged
Also , and perhaps most importantly, are s imi lar  for all i n s t rumen t s , inde-
Harwell aggressively began to sell its pendent of sophis tica ti on nnd capi tal
expertise. Outside contracts were so cost, and run around £200 a day . This
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uniform costing is an accounting dcci- 2500°C , and are used for identification
sion which Mott claims works quite well , of compounds , measuremen ts of la ttice
The group is self-supporting, even in- parameter, and crystal imperfections ,
clud ing cap ital depreciation , permitting and for the rapid determination of tex-
qui te  rap id updat ing  of the instrumental tures and the production of pole figures.
capabi l i t i es  at Harwel l .  This is, In additom to the services of this
of course , the carro t, and since the Division there are others ; for examp le ,
researchers with whom I spoke did not the Industrial Research Group , the Mate-
comp lain about acces s t ine , the sys tem n ia ls Deve lopmen t Divison , and the Han-
seems to be successful , well Corrosion Service . These provide

Some of the physical methods of a host of services and produc ts many
analysis available from the Solid State of which are described in brochures
Ins trumen ts Group are : and a monthl y bulletin , the “Harwell
(1) Scanning electron microscopy with Material Development News .”
a resolu tion down to 100 A. One of (I.M. Bernstein)
the ins t ruments  incorporates an electron
energy ana lyzer  for Auger anal ysis of
areas down to about 0 .l p m  diameter .
(2) Electron microprobe analysis of
areas down to 0.1 un using both x-ray
spectrometers and energy-dispersive
ana lyzers. Two instruments are fully
automa ted , and one of these may be used
for the detection and analysis of the ACOUSTICS- THE THEATER, THE PERFORMER ,
l igh t elemen ts carbon , oxygen, nitrogen AND THE A~iDIENCEand boron.
(3) Secondary ion analysis using a Theater acoustics is a field re-
direc t imag ing mass analyzer. This quining a careful blending of scienti-
technique emp loys a primary ion b ean f ic knowled ge wi th empiricism buil t
to give secondary ion emission for the on centuries of experience . I t remains
qualitative identification of elements one of frustratingly unexpected tech-
present at the surface. The ra te of nical surprise par ticularly in situations
removal of surface atoms by erosion where the building involves a radically
can be varied from one atomic layer new design . Results achieved all too
per hour to abou t 100 A per second, often appear to belie the app lication
All elements of mass number down to of accepted pos tula tes and guidelines
hy drogen can be de tec ted, and the de- based on presumably f i rm scien ti f ic
tection limits are claimed to be as derivation. Of all the topics embraced
low as one part in a billion depending within the field of architectural or
on the elemen t, the ra te of erosion , bu ild ing acous tics , theater acousti~ sand the area of surface bombarded , is the most difficult , for in add it ion
(4) Surface analysis  by Auger elec tron to the norma l requ iremen ts assoc iated
spec troscopy (AES) , x-ray photoelectron with habitability appropriate to the
spe ctroscopy (XPS) , and secondary ion bui lding ’s par ticular fun ction , and
mass spectrometry (SIMS). One spec- all that implies , one is faced with
trometer incorporates all the three providing an acceptable envi ronment
techniques as well as ion-bombardment for the necessary in terac tions be tween
facilities for the controlled removal the performer, each member of the audi-
of success ive atomic layers. Auxiliary ence , the aud ience as a who le, and the
equ ipment includes in-situ fracturing building itself. This is especial ly
of specimens either under impact or true for the dramatic arts. Unfortu-
tensile conditions for investigating nately ,  all too frequently hal l s  or
such prob lems as grain boundary embrit- theaters are required to be multi purpose,
tlement , and side chambers for control- calling for compromise between design
led surface attack for studying corrosion pr inci ples tha t are freq uen tly contra-
mechanisms . dictory for different uses. Most dif-
(5) X-ray diffraction using a compre - ficult perhaps, the results are imme-
hens ive  range of fac il iti es including dia tely avai lable for all to see and
a high-precision goniometer system. hear, Fair enough, as good aural re-
The diffrac toineters can be operated ception is usually considered to ride
at tempera tures rang ing from 4 K to wi th good v isibi l i ty for the audience .
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A recent meeting at King ’s College , economical l y to take advantage of a
Cambridge offered the opportunity for smal l  space at the corner of k ing ’s
conti.nuation of the discussion of theater  College prove d a d i f f i c u l t  venue for
acoustics which has probably gone on th i s  m e e t i n g ,
for 2500 years or more . Apparently For tuna te ly ,  as is common at meet-
to the surprise of the organizers , ings , bu t perhaps more so here , some
but ref lect ing the widespread interest  of the speakers were exce l l en t , w e l l -
in this subject , sub stan tially more prepared , wi th superlative visual aids
than 100 attended the mee ting on 14 and delivery. Further , i t was clear
February organized by the Building Group that a number recognizing the situation
of the Ins t i tu te  of Acoustics . Although took special  care w i t h  the i r  d i c t i on .
not finally sponsored jointly by the Others—well , one can onl y say tha t
Society of Theatre Consultants as o n -  they were at the other  end of the  spec-
ginal ly in tende d, there was substantial trum with various combinations of the
representation from the theater in ad- presenter being d i f f i c u l t to hear and
dition to that from the architectural using unintelligible highly comp lex
and acoustic communities. The la tter er very low-contrast visual aids . It
group ing included numerous representa-  was a surpr ise  to f i nd  such a range ,
tives from industry, the consul tan ts , at least one end of it , among a group
and un ivers i t i e s, while  the at tendance d iscuss ing  the t hea t e r .
as ~ whole was rounded out by a number Thanks to the  o r g a n i z e r s , however ,
of emp loyees of local government.  Al l  attendees had a comp lete co l l ec t ion
attendees were from the UK , and this of extended summaries  of the pap ers
was very much a meeting on the British available at the meeting (but one
theater, couldn ’t read these when the lights

The combina tion of an unexpec tedl y were extinguished in an attempt to in-
large group and the nature  of the Keynes crease the contrast of the visual aids!).

• Room in which the meeting was held dem- Albeit in difficult circumstances the
onstra ted tha t  even small “thea ters ” organizers and some speakers did an ex-
may have acoustic problems . Substan- ceptional job , proving the point brought
t i a l ly wider  than it is long, the Keyne s ou t repea ted ly during the meeting that
Room is as high as long. A raised plat- in the final analysis its the perfor-
form or stage along a longer wall is me r ’s performance that counts. Nothin g
almos t ove rshadowed by a balcony running can replace or substitute for the good
along the opposite back wall. Adding performer. Indeed , one felt an un~~ r-curren t  t ha t  no th ing  shou ld!  C e r t a i n l y

at this particular show the poor per-
formers enhanced appreciation of the

~~ Y NES ~~~ good ones and demonstrated that the
theater is not a building but a personal
experience based on in terac tion between

JVC Speaker the p layer and the attendee , and tha t
S I Platform xeynes the build ing must not only al low th is

, L but enhance it.
Al though not formally so divided ,

the meet ing  was in two pr inci pal pa r t s .
______________ Firs t, a general review and discuss ion

T of technica l  top ics and second , an ex-
amina tion as case s tudies of f ive fa irly
recently completed UK theaters of widely
differen t form.

Opening the meet ing  W .A.  Al len
to the atmosphe re , a mass ive bus t of (B ikerdale /Allen/Bramble , Welwyn Gdn.
Keynes on a concrete base overlooks City, Herts.) identified some possible
the platform from one side , and domi- issues; reverberation time , the noise
nated the speakers. Finally, closely leve l of ven ti la tin g fans , and the fac-
packed movable chairs  on the lowe r floor tons determ ining the inte l l ig ib i l i ty
cont r ibu ted  to the noise background and character  of the p layer ’s voice ,
while offe r ing little comfort. All and permi tting reduction of his fatigue .
in all , the Keynes Room , although ui’- R. Cowell (Sound Res ,  Labs.  L t d . ,
doub tedl y exce lLe ntl~’ designed
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Sudbury , Suffolk) followe d with a gem- i t  can be cornp u~ ed. H .G. La tham (Heriot-
eral discussion of some of the main Watt University, Edinburgh) expanded
fac tors  in f luenc ing  good aural condi- on the prediction of speech intelhigi-
t ions in theaters , par t icular ly for b i l i t y  during design , noted difficulties
speech reception.  in the correla t ion between speech i n t e l -

Discussing the impor tance of noise l ig ib i li ty and RT , and presen ted the
and vibration of both external and in- outline of a prediction method emp loy-
ternal origin , Cowell noted the rela- ing a correlation analysis of subjective
tively high mechanical service noise and objective measurements made in a
of some UK theaters. Recognizing that number of existing auditoria (see Latham ,
while low-frequency noise is expensive “The Design of Auditonia for the Optimi-
to control and that its masking of speech sation of Speech In te l l i g i b i lity , ”
is limi ted , he floted nevertheless that Acoustic Letters 1 68, 1977). This
it s charac ter can be a dis trac t ion , technique is claime d as an improvement
and in term itt en t noises par ti cular ly over earlier work which it extends
so. He stressed the increased impor- (Lochner and Burge r, “The In telligibil-
tance of audience and internal noises ity of Speech under Reverberen t Condi-
when noise levels are low . Turn ing tions ” Acoustic 11, 195-200 , 1961).
to the distribution of sound within G. Andreas ThTantin Centre for Ar-
the theater to achieve intelligibilty chitectural and Urban Studies , Camb rid ge)
and enhance voice quality , he stressed discussed what at first sight is a very
the need for direct and early sound simp le proble m , clear vision from every
and for intermediate midfrequency re- seat in the house with a minimum rake
verberation times (RT). Short RT’s (or slope). Formulae for designing
give good in te l l ig ib i l i ty  but can a f f ec t the rake con tain as sumptions abou t the
speech quality and provi de hard work stage and the observer, and often sug-
for the performer. When the performer gest solutions conflicting with other
has h is back to the audience , the di- design requi rements and compromises
rect sound level falls and early reflec- have to be made . A critical factor
tions mus t be provided to increase is “the clearance ,” Q. It entails con-
the ear ly sound. The amoun t of th is siderab le atten tion to the mode l of
loss was discussed by a number of sub-
sequen t speakers wi th some disa greemen t Q
in terms of back-to-front ratio. Apar t
from the acoustic aspects Cowell stress- ‘CLEARANCE ’
ed the importance of comfort and visi 

-

___________

bihity for lis tening. Turning to the
U use of sound sys tems , he noted live

U thea ter as one of the las t areas to ..-
‘
‘ 

J 
-

be invade d by the mi crop hone , and sug - .1.
ges ted tha t speech reinforceme nt could Ref .
be an aid particularly in larger theaters point
although much depends on this being
well and discree t ly done . Concern ing
the performer , Cowel l noted the impor- the audience meinber—.-Is he uniform?
tance no t only of audience reaction Does he move? Is he, he or she? Are
bu t of di rect acous tic feedback to the sea ts staggered or to wha t ex ten t can
perfo rmer either by reflection from sun- they be staggered? Andreas no ted tha t
faces or as reverberation. Concluding Q has been decreasing with time from
he stressed the need for developing Russel’s 305-457 mm in 1841 to Ham ’s
better ways of advising design teams . 100 mm in 1972 . He presented values

Two papers followed on aspec ts of Q based on a bimodal dis tribu tion
of human speech . N.T .  Bowman (School of anthropometnic data for seated males
of Architecture , Leicester Polytechnic) and female s and concluded tha t a Q
a f t e r  enumera t ing  the factors a f f e c t i n g  of 150-200 mm would y ie ld  a h igh  proba-
speech in telligibility, proceeded to bihity of clear vision. A cri tical
discuss various predic tive models , in- discussion of the theater rake problem
cludimg the speech map and the articula- by Andreas is available in Tranaactiona
tion index (A) . and b r i e f ly  out l ined of the Martin Centre Vol. 2 , 1977 .
the e f f ec t s  of reve rbera t ion .  He noted
the importance of A and ind ica ted  how
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Dr. M. Barron (Univ. of Cambridge) remo tely control led lumina i res  hel ping
the local organizer of the Meeting, the design problem; second, electroa-
concluded the general review of tech - coustics and third , the trend to the
nical topics with a discussion of cur- gahleried courtyard form which will
rent research on theater acoustics at af fec t  rules established for single-rake
the Dept. of Architecture , Cambridge . thea te rs . Clear ly  not an advocate of
He noted the immense amount of effort the microphone , at least for the theater ,
that has and is being devoted to speech or of the very larg e audi ton ia which
but regretted that little of this was need i t  when used as a vehicle for
specifically aimed at the theater. Par- live theater, he ably presen ted some
ticular attention has been paid at Cam- of the disadvantages; (a) homogenized
bridge to the directional charactenis- sound—clean sound from hi-fi actors
tics of speakers , a topic of growing lacking varia tion or dimension , (b) an-

- concern with the use of thrust and open other technical device which the per- -

stages. Objective directional data former must master, and (c) impac t on
is available and has been confirmed, the performer-audience interactions
but subjective measurements are required which would change theater as a whole.
to clarif y the effects on speech recep- In support of his views , he tends to
t ion . Considerable effort is being equate the microphone with binoculars ,
devoted to model work. A 1/8-scale he quoted from an early 19th century
mode l is used , with 8 times normal a- critic at the time when Drury Lane and
coustic frequencies , in which air ab- Covent Garden trebled in size—”On the
sorp tion is scaled by using air of 2% stage of Old Drury in the days of Gar-
relative humidity. A source has been rick, the moving brow and pene t ra t ing
built using a tweeter loudspeaker and eye of the marvellous actor came home
inverted horn emitting from a 6-mm aper- to the spectator. As the passions
ature to simulate a speaker. This can shifted and were in turn reflected from
be employed for subjective tests using the mirror of his expressive countenance ,
speeded-up speech as the input signal , nothing was lost; upon the scale of
and slowed down microphone output re- Modern Drury many of the finest touches
cordings. Companion objective studies of his act would necessarily fall short.
of the recep tion of impulse signals The dis tant audience might cha nce to
are also possible. The advan tage of catch the tex t, bu t would no t see the
the model is tha t it a1lo~ s rapid changes commen t.”
to be made and re la t ive ly  easy determi - In conclusion Mack intosh ca lled
nation of their effect on intelligibility , for closer cooperation and consultation

To my view the ou tstanding talk be tween the various exper ts even of
of the day was a commentary by lain a given field , advocating in this re-
Mackintosh (Theatre Projects Consultants gard a review of existing UK thea ters ,
Ltd., 14 Langley St., London) on “Acous- listing characteristics and summarizing
tics and the Theatre Consultant ,” that opinion__a la Beranek in his Music ,
prevented the normal after-luncheon Acoustics, and Architecture .
let down. Claiming no expertise in I will do little more than list
acous tics and stressing his classical the thea ter cas e studies p rese nted in
educa tion , he put the subject in per- the course of the Meeting, referring
spec tive , ably using his own store of the interested reader to the published
case studies to demons t ra te the curren t Proceed ings for add iti onal informa tion
status and problems . His examples in- (see below).
cluded the Stratford Memorial Theatre The Eden Court Theatre , Inve rness ,
wi th its extensive series of modifica- is by all accounts a mos t successful
t ions  from a 1000 seater in 1932 to small theater (800 seats) designed to
the present 1536—which works , the de- meet a variety of requirements , includ-
s ign of an excel lent  ex i s t ing  opera ing drama , opera , bal le t, orches tral
house tha t could no t work , and experi- music , conferences , popular concerts
ences w i t h  a very noisy ventilating and social events . I t has a tiered

U sys tem , apparen t ly accep table to many horseshoe form with raked stalls , and
who lived with such environments! Dis- is described as “papered wi th people .”
cussing the roles of the acoustician The main theater of the Crucible ,
and the thea ter consul tan t at dif fe ren t Sheffie ld , has a thrus t stage and sea ts
stages in a des ign , he identified three 1000 on a steep rake with no one more
important coming changes affecting de- than 60 ft from stage center. Reverber-
sign . First, introduction of efficient ation times at 250 Hz and above are per-

haps too short .
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U The Royal Exchange Theatre , Man- the bleachers , and possibl y too much
chester , is carried on steel trusses attention was given in the design to
from the marble columns inside the Ex- speech rather than music.
change building. Its structure is Quite a collection, and if repre-
largely steel and glass, the latter sentative of the 200 UK theaters and audi -
to meet safety requi rements for audience tonia designed and built in recent years ,
visibility of a fire in the surrounding indicative of the complex nature
Exchange . The design accommodates up of the current theater acoustic problem.
to 750 for “theater in the round” using One can appreciate a call for a return
steep raking.  The upper panels of the to established proven designs !
walls can be opened as louvres, increas- All in all this was an excellent
ing the feedback from the outer building Meeting; the Meeting ’s environment prob-
and this is exploited for music, ably aiding an appreciation q f the sub -

- The Alfred Beck Centre Auditorium , ject. The centuries-old discussion
Hillingdon , Middx ., was designed for of theater acoustics was enthusiastically
a wide range of uses from cinema and continued. Whether any f i r m  conclusions
speech to symphonic and choral music , were reached or could be reached is an-
The bulk of the seating is on a single other matter. A questioning of the na-
rake, with 3 additional rows of seats tune and timing of the interaction of
which may be lifted from the pit. It the various disciplinary inputs to the
accommodates 598. An assisted resonance design team was repeatedly called for
system is available. This is fortunate as was clarification of acoustic design
as there are d i f f i c u l t i e s  wi th  K~ which guidelines.  A c r i t i ca l  review of ex i s t -
has proved substantially shorter than ing theaters and of their characteris-
designed. The speaker noted a critic ’s tics and problems , advocated by a number

- comment after a chamber orchestra con- of those present , should be a very good
cent to the e f fec t  that  “Sound is suc - s ta r t ing  poin t .

• ces sf uh l y  defused (ejo) rather than A Proceedings of the Meeting is cx-
localised” adding that “One has to be pected to be available from the Insti-
thankful for every kind word , even for tute of Acoustics, 47 Belgrave Square ,
a misspe h t one .” But was it? London SW1 8QX at a cost of about £2.

The theater  of the Grange Arts  ( $ 4 . 0 0 ) .  (A .W . Pryce)
Cen tre , Oldham , has a Greek cross p lan
wi th a cen tral stage and music rooms ,

PHYSICAL
P 

- 

SCIENCES

M LAsER s:EcTR:scoPy AT E:INBu:GH 
U

Watt University is located on the Ric- U
carton campus site in the suburbs of

p P Edinburg h . The laboratories and facili-
ties are relatively new having been built
up in the period 1970 - 1974. Professor
SD. Smith (presently on sabbaticalP-Plant M-Music Rooms leave at the Projectgruppe f~ir Laser-

GRANGE A~~S cn~rrn~ 
forschung den Max-Planck Gesellschaft
at Garching, FRG) came to head th is  de-
partment in 1970 from Reading Univers i ty

etc., in the corner spaces. Seating and brough t a project on in sounding
for 400 is on movable bleachers in the from satellites with him along with sev-
arms of the cross. Provision is made eral people . The group now consists
for d i f fe ren t  stage and seat ing config- of 23 facul ty , 15-20 PhD students and U

urations. There are difficulties with 10-15 postdoctoral assistants.
acoustic insulation and with noise from
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The primary emp hasis  of work in cavi ty mode wid th tha t has the effec t
the Department  is in the area of laser of reducing the modula tion and tuning
spectroscopy . The most important con- nonlinearity. The second method uti-

- tribution by Smith’s group in this f i e ld  l izes  a long ex ternal cavity in conjunc-
has been the development of cw and tion with the antireflection coatings .
pulsed sp i n - f l ip Raman lasers (SFRL ) The external  cavi ty is now dominant
which produce tunable in radiation, over the cavity formed by the crystal
These lasers are based on stimulated so that the cavity-mode frequencies
Raman sca t t e r ing  from conduction elec- are determined by the latter cavity .
trons in InSb in the presence of a mag- One of the mirrors of the external cay-
netic field. Other laser spectroscopy ity is mounted on a piezoelectnic trans-
work is being conducted through develop- ducer that is connected to a lock-in

- 

U ment of tunable dye lasers and opto- amplifier , and a feedback signal  applied
acoustical detection techniques. In- to the transducer which changes the
frared optically-pumped lasers are also cavity length so as to maintain maximum
being developed. These lasers are output as the laser is tuned by the
pumped with CO2 or other in lasers magnetic field. It is expected that
and popula t ion invers ion produce d on these new techniques wi l l  permi t the
vibrational or rotational transitions SFRL to be used as an in spectrometer

- in absorbing gases. Additionall y work with good linearity and with a resolu-
on mesh interference filters for the tion of 100 kHz over a lO-cn ’ spectral
ir spectral region 60 - 1000 pm is being range.
pursued. There are a few other efforts Addiiional work related to cw SFRL
being carried on in the Physics Depart- is being carried out on single frequency
ment ; however, the laser work is the opera tion of the CO p ump laser and fun-
mos t s igni f ican t and w i l l  be the mai n damen tal optical processes in InSb in-
topic of discussion in this report . cluding four- photon mixing and stimu-

-
. The InSb tunab le SFRL opera tes la ted Stokes radia tion to produce other

in the spectral range 5 - 6 pm and holds tunable outputs. A second aim is to
much promise for spec troscop ic studies obtain cw SFRL operation at 10 u’r.

U of molecules. Smith , Dr. R.B. Dennis , Another program on pulsed-laser
Dr. C.R. Pidgeon , and several graduate spectroscopy is being actively pursued

U students and other assistants have been at Heriot-Watt with an impressive group
working in this area since 1970. In of 10 peop le includ ing Pidgeon , Dr.
the last  few years the group has been R.G. Harrison , Dr. R.L. Aiwood , Dr.
concen t ra t ing  on achieving the charac-  G. Crowder and Dr. P.D. Maggs and sev-
teristics of ultra-narrow linewidth , eral postgraduate students. One of
stable amp li tude , and linear tuning these efforts is on pulsed SFRL at 10 pm
capabil ity, using a CO2 TEA (transverse excited Sat-

The cw SFRL is pumped wi th a CO mospheric pressure) laser as a pump .
laser which has several lines (5 - 6-pm A major obstacle to the work was the
wave leng th)  wi t h i n  the band gap of InSb . lack of a single-mode TEA laser pump .
The InSb crystal is cut with parallel  Th is prob lem was solved by deve lopmen t
ends thus fo rming  a Fabry-Perot  laser of a hybr id  laser consist ing of a low-
c a v i t y .  The c rys ta l  is them lowe red pressure , narrow-linewidth amplifier
in tempera ture to 4 K and then p laced sec tion in a cav ity along with the regu-
in a variable magne tic field which tunes lan high-pressure discharge laser tube.
the Raman scattered radiation. However , W ith th is hybrid laser and ex ternal
there is a competition between the optics a linewidth of 0.03 cm 1 at 10 pm
var i ab le - f r equency  Raman gain and the is obtained. The tun ab le range is 9 -

f ixed  Fabry-Perot  mode f requencies  that  13 pm or 5 .3  - 6.6 pm (two photon res-
depends onl y on the opt ica l  th ickness  onance) when pumped wi th a pulsed CO 2
of the cavity. The output shows modu- laser.
lat ion , discontinuities , and nonl inear  The cw and pulsed SFRL sources
tuning  rate  through a mode as the nag- described above leave large gaps in
netic field is varied , the ir spectrum . Smith ’s group is at-

Two techn iques have been used to temp ting to f i l l  these by develop ing
reduce these effects. The first uti- new pump lasers for the SFRL and also
l izes antireflection coatings on the other new laser sources. Two programs
end faces of the crystal. This reduces are underway. One investigation con-
the cavi ty “Q” resul ting in a broader cerns the far infrared (FIR) and the
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other the near infrared. The FIR work of fluorescence alone was insufficient
is based on the use of small-waveguide to determine the complete picture as

• laser, cavities containing various gases radiationless decay also reduces fluo-
at pressures of about l0~~ atm pumped rescence y ield. Opto-acoustic measure -
by a quas i - tunab le  CO3 laser .  Far-  ments  provide direct  informat ion  on
inf ra red  emission has been obtained the radiationless decay path . The total
from several gases including methanol energy put into the system is determined
at wavelengths of 118 , 193 , 570 , and by absorption measurements . Colles
70.6 pm and from methyl f luor ide at feels  that  measurement of a l l  three
496 pm. Laser action in these systems spectra permits  the de te rmina t ion  of
is brought about by inversion of speci- the extent of predissociation for par-
fic rotational levels as a result of ticular vibronic levels , the position
absorp tion by levels coinciden t with of level cross over and variations
those of the pump laser. The group in quantum yield.

- has recently made significant advances Dr. G.D. Holah and others in the
in near-ir sources in the 1 - 30 pm Department are working on FIR mesh in-
range through optical pumping of vibra- terference filters for NASA. This is
tional levels of various molecules , an offshoot of a satellite program start-
An important example of this is the ed ear l ier  by Smith at Reading Univer-
production of 12.8-pm laser emission sity . Holah believes he and his col-
from NH 3 a f t e r  exc i ta t ion  by a 9-MW , league s are fan ahead of others working
CO 3 pulsed TEA laser operating at in this difficult f i e ld .  They have
9.29 pm. This work was described re- successfully produced narrow-handpass
cently in the literature [F.A. Al-Wathan , f i l ters havin g 60% t ransmission for
R.G. Harrison , J.G. Crowder , and C.R. A > 50 urn with half widths less than
Pidgeon , J. Phys . D: App i -. Phys 10 , 5* ~.‘i thout using space rs. They have
Ll67 - Ll70(l977)J. A 70-cm lenifh also produced lowpass filters and now
of NH 3 was contained in a 12-mm square are attempting to produce broad-bandpas s

• cross-section brass tube. The latter filters. Dr. C.. Peckham is also pur-
served to deflect the pump radiation suing satellite work which is a contin-
in to the NH , laser mode volume to pro- uation of his earlier work at Reading .
vide efficient pumping . A maximum out- He is concerned with passive in-tempera-
put power of 775 kW was obtained at ture sounding and surface pressure meas-
a pressure of 9 to 10 Torn. uremen ts based on active microwave

Another project in laser spectros- measurements on an 0 2 line at a wave-
copy in the Department d i f f e r s  consid- length  of 5 mm.
erably from the work just described . Thi s is a large and produc t ive
Dr. M.J. Colles is doing what he refers group with high auality researchers
to as “triple spectroscopy .” He sin- and excellent leadership. Th e group
ul taneously conducts absorp tion , fluo- has also been instrumental in establish-
rescence , and opto-acoustic measurements ing a small company , Ed inburgh Instru-
on gaseous samples using a tunable dye ments Ltd., which is located in close
laser as excitation source . Colles proximity to the University . The corn-
and E . Maninero have recently studied pany has developed commer c i a l  produc ts
I~ with this technique . It was found such as dye , CO, and CO lasers , opto-
that the energy absorbed by the vapor acoustic detectors , monochromators ,
was not equal to the thermal energy and electronic instruments. They work
detected in the opto-acoustic measure- in close coordination with peop le from
men t p lus the f luorescen t rad iat ion . Smith ’s Department and others in the U

Colles and Marinero interpreted this University . (Vern N . Smi ley)
resul t as ar ising from spon taneous
predissociation of iodine in the
state (B state) due to level cross-
ing of this state wi th the 1 v

~ 
state .

The la tter state is repuls ive , hence
coup ling to this state results in pre-
dissociation . Changes in fluorescen t
y ield were observed for different vi-
brational levels of the B state , thus
the cross over position of the B state
and repulsive sta.te can be estimated.
Howeve r, it was found that measurement
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FLUID MECHANICS AT THE UNIVERS I DAD other through layers of react ion prod-
POLITECNICA DE MADRID ucts; the diffusion flame consumes those

U reac tan ts not consumed in the premixed
At the Universidad Poli técnica  de flame region.  No t only have s imi la r

Madrid in the Escuela Tecnica Superior solutions been obtained for the flames
U de Ingenieros Aeronauticos (~TsIA), between reactants initially at rest

there is an up-to-date program in Fluid with respect to each other, but a treat-
Mechanics. The director of ETSIA is ment of the corresponding problem with

U 
- Prof. F. Garcia Moreno~ and the Chair  velocity shear between the reactants

in Fluid Mechanics is held by Prof. is projected for the laminar flow case.
Amable Liñan. A related Chair in Aero- It should be noted, however, that such U
dynamics at ETSIA is held by Prof. a laminar  shearing region is highly

U Ignácio Da Rjva. The Fluid Mechanics unstab le and a turbulent mixing and burn -
program at ETSIA is closely associated ing region is a more realistic situation

- with the research activities of Drs. for study. U

Carlo S. Tan i fa  and An tonio Crespo of The probl em of the igni t ion of a
the I n s t i t u t o  Nacional  de Te~ nica Aero- reactive solid by an inert (nonreact ive )
spacial “Esteban Terradas ” (INTA) in hot spot such as an electrically hea ted 

U

Madrid. wire is also under study. In the case
The research activi ties in Fluid of a ho t wire , a hea t pulse propaga tes

Mechanics are concerned in good part out from the wire in the form of a cy-
wi th combus tion , and in this regard , lindrical surface . If the surface cur-
a number of in te res t ing  interface prob’- vature is too high (the radius is too
lens have been and are under investiga- small), extinction of the reaction may
t ion .  In the area of fuel droplet evap - occur due to the geometrical dilution
ora t ion  and combustion , Crespo and Lilian of the heat flux. Therefore , in order
have j o in t ly s tudied the nons teady burn- for ignition to occur, there ex ists
ing of drop lets in terms of an asymptotic a minimum critical radius of the wire

• theory which is a perturbation about which is a function of the wire tempera-
the usual quasi-steady analysis. The tune . U

quasi-steady theory holds for a liquid A recen t study of Lilian’s when
droplet which is of much greater density he was still at INTA concerned the pro-
than its steady, gaseous environment, duc tion of ni tric oxide in lam inar and
However , the conditions inside liquid- turbulent diffusion flames. The pro-
propellant rocket motors and diesel duct ion takes place in the normally
engines are such that nonsteady e f fec ts  assumed “frozen” high- temperature region
are important . The analysis assumes adjacent to the principal (fuel-oxidizer)
that the droplets are at their boiling reaction zone and is modeled as an ap-
temperature and that the flames are prox imation of the reac tion mechan ism
characterized as thin spherical shells first proposed by Prof. Ya. B. Zeldovich
concentr ic  with the droplets. The of the USSR Academy of Sciences. The

U CresTo-Lilian theory is consistent with turbulent case is modeled using a prob-
previous numerical results and expeni- ability distribution function for the
ment. concentration of the chemical species

Lilian and Crespo have also studied as f i r st int roduced by W.R. Hawthorne ,
unsteady diffusion flames for large D.S. Weddell , and H.C. Hottel , and it
activation energies. The problem eon- is shown that the nitric oxide produc-
cerns the mixing and simultaneous chem- tion is dependent on the detailed shape

U ical reaction of two reactants under- of this function. A method for calcu-
going a single-step irreversible reaction. lating the probability distribution
If the fue l and oxid izer  reactants con- function has also been devised.
tact each other i n i t i a l ly  across an Dr.  Javier Jimenez , who in addit ion
interface , a premixed region develops to his activity at ETSIA also works
in which thermal runaway (ignition) for the IBM Company in Madrid , is invest-
occurs. A deflagration region in which igating the mixing layer experimentally
the deficient reactant is consumed by in Lilian’s laboratory. The study is

U flames propagating from the ignition being carried out in a water tunnel
point then develops . F ina l ly ,  there of 15 cm x 15 cm cross section where

U is a region in which a th in  di f fusion the streams on each side of the mixing
flame exists where the reactants are layer can be independently varied in
present in stoichiometnic proportions. velocity from 10 cm/sec to 70 cm/sec.
The reactants must diffuse toward each Jiminez will obtain the angles of
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spread and the doNinant disturbance
U 

wave numbers for a range of velocities
of both streams. The purpose of the SCIENCES
investigation is to study the details
of the roll up of the interface between
the- streams so that the turbulent com-
bustion properties of Such a flow con-
figuration can be inferred. IF HEBREW CAN BE TYPED WITHOUT MUCH U

Lilian is also cooperating with TRAINING , CAN ENGLISH BE FAR BEHIND?
Prof. Juan R. Sanmartin , who holds a
Chair in Physics at the Universidad The digital computer is a remark-
Polit~cnica, and Dr. A. Barrero of the able device , but there is nothing re-

• ETSIA in a theoretical study- of the markable about human input to it. Our
fluid mechanical aspects of laser fusion, information-processing institutions
In part icular, they are obtaining the use computers wi th  alphanumeric  keyboards

U 
self-similar solution of the one-dimen- for manual da ta entry much like the U
sional motion of an electron-ion fluid office typewriter , and keyboard users
with d i f fe rent electrOn-ion temperatures will often painfully enter data with
as generated by a hypothetical laser the hunt and peck system. Hundreds
pulse depositing energy in a plane sur- of hours of practice are required to
face, The integral solution compares achieve 60 words per minute , which is
to a numerical solution of the governing a typical speed for a good secretary ,
equations with remarkably good agreement .  and thousands of hours of practice will
However, the solution is laminar,and push the typ ist toward the 150 words
in view of the instabilities which are per minute that is championship speed .
certainly present, it would be well A stenotyping system (the Court steno-
to estimate what the dominant disturbance writing system), wh ich uses a “chord”
wave number and turbulent compression keyboard where two or more keys are
wave thickness might be. pressed simultaneous ly and the unit of

Da Riva at ETSIA is concerned with encoding can be larger than the sing le
designing flow experiments for a space- letter , can yield 150-200 words per m m -
laboratory. Such subjects as processing ute or more with long training . Host
in space, growing crystals, and the people, howeve r , lack the will to reach
study of spin-up along with attendant these enviable levels of proficiency ,
tydrodynarnic instabilities are projected. and no one seems to mind very much,

The equipment of the laboratory Management is tolerant of the personnel
consists of a 1 m x 1 n-c ross  section costs associated t~ith slow data entry ,75. rn/ sec s t r a igh t - th rough  wind tunnel and the info rma t ion sys tems in which
which is being used for demonstration computers are commonly embedded (inven-
purposes and industrial testing of wind tory , payroll , banking, research data)
forces on buildings , a smoke tunnel do not require speedy entry. There are ,
(2 m x 10 cm) that is used to study however, computer-using systems that
the wakes behind windbreaks and for stu- benefit from rapid input. Computers
dent ‘demonstration , a demonstration are now commonp lace in hi gh-speed air-
water  tunnel , and equipment providing c ra f t , and there  are circumstances where
a hydraulic analogy to comp ressible fast  data entry by the aircrew is neces-
flow. Despite the difficul ty in obtain- sary. Military command and control
ing and maintaining support for the functions can use a digital computer for

U research program, along with the pre- information storage and processing, and
vail ing low academic salary scale , manuall y inserted data wi l l  cone to it
the Fluid Mechanics ac t iv i ty  is one from many sources. That amateurish typ-

U 
of quality. e4artir. Lessen) ing could degrade the performance of

a commander in charge of thousands of
men and bi l l ions of dollars in equipment
speaks to a l ink in need of strengthenim~ .The standard English typewriter
keyboard , called the QWERTY keyboard ,
is difficult and requires long training
for proficiency, so there is little
hope of easily training the world to
use it well. If so, why not go the hu-
man engineering route and re-design the
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keyboard so anyone can learn to type Behavioral and Social Sciences , Ja n.
quickly? This possibi l i ty h as not been 1974), One-handed operation of three

• ignored. A notable interest , which keys is all  that  is needed for the 36
has now faded , was in the Dvorak keyboard alphanumeric characters . Each charac-
that arranged the keys according to ter is entered by two strokes , with
frequency of letter occurrence in the each stroke consistLng of one or more
language , wi th  the most commonl y used keys pressed down s imul taneous ly ;  the
letters on the home row . The problem coding is both parallel and serial.
w i t h  the Dvorak keyboard is r e t r a i n i n g ;  Another  way to look at it is that  a
typists have negative transfer from charac ter is spread ou t in time , wi th
experience with the QWERTY keyboard , part of its structure represented in
and extensive training is requ ired to the f irst stroke , and the rest of it
overcome it and acqu ire the new s k i l l,  in the second stroke, The letter A ,
One study by E.P. Strong (US General for example , consists of pressing key
Services Administration , 1956) gave No. 2 on the first stroke , and keys No.
an exper imental group 28-days retraining 1 and 3 on the second stroke . Notice
on the Dvorak keyboard , and performance that the key press sequence forms a t n -
was found to be abou t the sam e as a ang le , resembling, crude ly ,  the triangu-
QWERTY control group. Strong found lar ity of the letter A. The coding that
litt le justification for advocating Al pha-Dot exploits is in the shape of
the Dvorak keyboard . R. Seibel (Dept. the characters , and it is stored in men-
of Psychology, Penn. State Univ., Univ. ory for all of us as the i~nagerv that we

U Pa rk , PA) estimates that re-desi gn of have for alp hanumeric characters . That
U the QWERTY keyboard cannot expect to spatial imagery can benefit human per-

y ield gains of more than 10% , and a t fo rmance is ga in ing a so li d experimen tal
the expense of extensive re-training, base I for examp le , see the chapter by
[See Seibel’s chapter in Human Engineering L,R. Peterson et al, the Psychology of
Gu1d~ to Equipment Desi gn , ed., H.P. Learning and Motivation , ed. G.H. Bower
Van Cott and R.G. Kinkade (US Govern- (Academic Press , New York , NY , 1977)
ment Printing Office , Washing ton , DC , Vol X l i .  Sidorsk y reported a pilot ex-

U 
1972).] periment in which his subjects , who we re

Chord keyboards have held promise , substandard typists , were g iven five
but the experimental studies of them hours of practice on Alpha-Dot. Perfor-
have not caused us to throw out the mance on Alpha-Dot was compared with per-
QWERTY keyboard. Consider a study by formance on the OWERTY keyboard , and
Seibel (Human Factors 6, 189-192, 1964) Alpha-Do t performance was 60% of that
where a QWERTY keyboara was modified on the QWERTY keyboard when conventional
for chord response to parts of words , text was typed . These are not stirring
words , or phrases. With 75 abbreviations results , so Sido r sky ’s stud y did not a-
and 70 hours of practice , rates were rouse the keyboard scene at the time .
112-125% of QWERTY rates. With 150 The next chapter in this saga is
abbreviat ions and more t ra ining s t i l l , set in Israel. D. Gopher (Israeli Air
rates  were 150% of QWE RTY rates .  In Force Aeromedical Center , Tel Hoshomen ,
effec t, Seibel demonstrated what steno- and the Faculty of Industrial ~ Manage-typ ing demonstrates—that a chord key- rnent Eng ineering , The Techn ion, Ha ifa)
board can be better than a QWERTY key - is an engineering psychologist who be-
board. Like  the QWE RT Y key board , a came i n t r i gued  with the potential of
chord keyboard is costly in training. Alpha-Dot. He believed that the modest

The v i lli ans  of the piece are t r a i n -  outcome of Sidorsky ’s study was a matter
ing and negative transfer , and they of the perceptual complexity of the char-
would be el imina ted i f a keyboard could acters of the Latin alphabet, and the
be conceived that requires very little difficulty of translating our imagery
training and does not suffer from prior of the characters into double-stroke
exp er ience with the QWERTY keyboard . presses of three keys , not a weakness

U E s s e n t i a l l y  such a claim was made by of the Alpha-Dot concept. Hebrew , he
R.C. Sidorsky (US Army Res. Inst. for reasoned , is simple and “square” in form
the Behavioral and Social Sciences , and can be easily imaged and external-
Alexandria , VA) for his new chord system ized in presses of three keys. Gopher
called Alpha-Dot which has the single found that Alpha-Dot touch typing of

U letter as the unit of coding (Tech. Hebrew characters could be learned in
Paper 249, US Army, Res. Inst .  for the 5-10 minu tes, with some subjects getting

150



r 
U

ESN 32 -4

all letters correct on the first try. one consideration (although obviously
In one hour the subjects had the same an important one).
speed that they had on the Hebrew ver- These problems were highlighted
sion of the QWERTY keyboard . Experi- for RAP personnel psychologists when
enced subjects did 120 letters/minute. they found that , for the wor ld of per-
Currently, Gopher is collecting more sonnel selection , both a 4-hour training
data on Alpha-Dot. Plans are acti ve pr og r am in a f l i g h t  simulator and a
for its operational use. Pilots are 14-hour training course in a light plane
enthusiastic about it because its one- were highly successful in producing per-
hand touch operation is a minimal dis- formance measures that predict achieve-
traction from the central task of air- ment of RAP p i lo t  trainees- in their
craf t  control, flight training program . The correla-

The time will come when voice rec- tion between performance in the flight
ogn i t ion is pa r t of our everyday tech- s imulator  and success in flying school
nology (see ESM 31-11:466 , for example), was 0.76, and the corr elat ion for the
and we will be able to talk to machines light plane was a phenomenal 0.91 (a
with a standardized vocabulary. Voice perfect positive correlation is 1.0).
can then be used for data entry rather The test battery that is regularly used
than keyboards. A voice recognition has a validity of less than 0.40, so
m achi ne wi l l  ne ver beat the cost of validities of 0.76 and 0.91 were cause
a keyboard , however , so Alpha-Dot may for excitement , but restrained excite-
find its place in the sun, at least ment because the cost and complexity
in Israel. The ultimate achievement of simulators and aircraft place them
w i l l  be one mas te r fu l  keyboard that  in a different league from printed tests.
can handle the imagery of all alphabets , L,V. Bennett and A.D.W. Partridge
from square Hebrew to the swirls of [Ministry of Defence, Science 3 (RAP) ,
Arabic , with minimal training. Whitehall , London] ,and I.G. Lidderdale

• (Jack A. Adams) (RA F Headquarters Training Command ,
RAF Upwood , Cambrid geshire) faced the
p roblem by building two computer models ,
called RESET, to weigh the factors and
prov ide the substance for decision.

The model domain is i l lustrated by
th is  f igure  showing the re la t ionship

COMPUTER MODELS FOR PERSONNEL SELECTION between a selection test that is the
predictor and a cr i ter ion that  is being

Both the military and industry predicted :
face the continuing problem of personnel

U selection . A pool of applicants is
available for a job, and a test battery [1is commonl y used to select those that
are best qualified. Most often , the
tests are printed paper-and-pencil ~ —.
ins trumen ts , which are low cos t and
easy to administer , but in principle
they can be any device or s i tua t ion  .~~~ ~~~ ~~~‘

that yields a performance measure. ‘
~~~~ 

B

The essent ia l  requirements  for a test  
F / ‘ _______________in the ba t te ry  are that the score be I. • . 

•rel iable , or stable on different test
occasions , and val id , or correla te with • D .
success on the job , For a long time
in psychology,  r e l i a b i l i t y  and va l i d i t y
were the onl y operations that were per-

fulness , but today personnel psycholog ists
formed on a test to establish its use 

-

_____

are aware of a more comp lex pic ture.
Testing can produce a number of difficult ______________ ______________

management decisions that  relate to 
~~~_ Ae.cePreDcosts and adequate numbers of personne l

- ,  for the system , so the powe r of tests Test Score U

to select perso nnel rel iabl y is onl y (rhe Predictor’)L U
U 

—
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The ellipse surrounds a hypotheti- to decrease , but because fewer trainees 
U

cal plot of a score pair for each in- are being selected the output of the
dividual of a sample of applicants (the training program will be reduced.
dots in the drawimg)_.._a score on a se- To maintain a sufficient output, the
lection test and a score for success number of applicants tested and screened
in a training program. The measure must be increased, A good selection
of achievement is pass/fail in the train- test like a simulator or a light plane
in g progr am , with those fal l ing above will decrease the failure rate in the
the line PP passing and those below training program , which is economical ,
fa i l ing.  If the students were unselected, but higher recruiting and testing costs
the proportion of passes would be that result from their use oppose the
(A + B) / (A + B + C + D) .  When a selec- savings. Both of these opposing factors
t ion test  is used , only those to the are a function of the level of the cut-
ri ght of the cutoff line RA are admitted off PA , and analysis showed that an
to t raining,  with the propor tion of inte rmediate posi t ion fo r RA produces
passes now bein g de fined by B/ (B + D), the required output of personnel while
which is the output of the training minimiz ing  costs. U
program. Other cost analyses were directed

The rat io B/ (B  + D) can be inf lu -  at the optimum point in the selection
enced in three ways: and t ra ining sequence at which an expen-

1. The validity of the test. sive selection test, such as a simulator
The more valid the test the more com- or a light plane, should be used. It
pressed the ellipse, is costly to make such an expensive

2. The cutoff (vertical line PA) test part of the printed test battery
assigned to the distribution of test and administer  it to the large pool
scores. The number of trainees admitted of applicants that are tested at the
to training is controlled by moving outset. And it is cos tly to adminis ter
the line PA to the left or the right, it near the end of the tra in ing program

3. The standards for judging per- because much money has been spent on
formance in the training program , rep- those who are rejected and who must
resented by moving the l ine FP up or be rep laced if the output is to be guar-
down, anteed. The most cost effective approach

The RESET models basical ly do three is first to screen the large applicant
things: First, they examine the impli- pool with inexpensive printed tests ,
cations of tests with different costs and then apply the expensive test at UI
and validities. Secondly , the using an intermediate point in the sequence
organizat ion requires a specified num- to furthe r select among the smaller nun-
ber of successful graduates from the ber that remain.
training program to maintain its opera- Actual cost f igures from RAF ac-
tions , and this output of the training countants were used in the models.
program is a function of the number The recommendations that are derived
of applicants recruited , the number of from the models and made to RAF manage-
applicants admitted to t ra in ing  (posi-  nent are in terms of real is t ic  functions
tion of cutoff PA), and the standards expressed in ac tual money ra ther than
of the program (posit ion of line FP). idealized functions that lack explicit
The computer models examine the costs ties to the real world. (Jack A. Adams)
of these variables that determine the
output. Thirdly, the models assess
the imp lications of location of a selec-
tion test in the sequence. Tests such
as simulators and light planes might 

_______________________

be used along with printed tests for QPJRL REPu.~~ rB ]th e in i t ia l  screening of the large num-
bers that are recruited , or they might
be used to select further from the smaller See the back of this issue
number of applicants that  survive the for the abstracts of current
in i t ia l  screening with pr in ted  tests, reports.

Exercising the models reveal the
complex effects of the variables and
their interactionS . Rais ing the cutoff
PA on a selection test will cause the

U failure rate in the training program
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EVIDENCE FOR A NEW BIOLOGICAL RHYTHM the spiral aftereffect. Fixate a rapid-
IS EMERGING ly ro ta ting Archimede s spira l for , say ,

30 seconds. When the spinning is stopped,
Biolog ical rhythms , as per iodici -  the subject wil l  have the illusion that

t ies  that  affect biological and beha- the movement is continuing for some sec-
vioral responding , have interested sci- onds , and the duration of the illusion
entists for some time. Prominent among is timed. Lavie found longer durations
these periodicit ies are the circadian after REM sleep than after nonREM sleep.
(24-hour) rhythm and the menstrual cy- The other perceptual test was Beta move-
cle. The evidence relating these cy- ment , or apparent motion. Alternately
d e s  to biological  and behavioral  func- f lash  off  and on two li gh ts a small
tions can be mixed , but it is posit ive dis tance apar t wi th f lashing frequency
enough to convince investigators of as the variable. At high frequencies U• their  real i ty  (See W.P. Colquhoun , Edi- the subject will see the two lights
tor , Biolog ica l Rhythms and Human Per- as being on simultaneously. As the

U formance , Academic Press , 1971). . Dr. frequency is lowered the subject has
Peretz Lavie , (Dept. of Behavioral Bio- the illusion of one stimulus moving U

logy , Aba Khoushy School of Medicine , across the f ield , and when the frequency
Technion , Haifa , Israel) is the force is lowered still fur ther , the subject U
behind a series of experimental studies sees two li ghts being on in succession .
whose findings converge on a new rhythm Lavie found that his subjects saw move -
of about 90 minutes , which he calls ment over a greater range of frequen-
the ultradian rhythm. dies after REM sleep than after nonREM

N. Kleitman (Univ. of Chicago , sleep . After establishing that these
retired) suggested the 90-minute cycle two percep tual responses are correla tes
several years ago (see Kle i tman ’s chap- of the REM-nonREM cycle , Lavie wen t
ter in A. Kale ’s book , Sleep Physiology on to show that they have a 90-100 m m -
and Pathology : A Symposium , Li pp incott , ute cycle during waking hours as well ,• 1969) . Rap id eye movements (REM) during and that the two responses cycle in
sleep have gained status as a scientific phase. As Kle itman hypothesized , the
topic because they are a reliable index REM-non-REM rhythm would seem to be part
of dreaming,  and Kle i tman  was the pio- of a basic rhythmic pattern overlaying
fleer in vesti gator of it. Kleitnan , the full 24 hours.
in his well-known book , Sleep and Wake.- Lavie has turned toward physiology
fulneee (revised ed i t ion , Univ. of in his most recent work. Urine samples
Chicago Press, 1963), repor ted tha t were collec ted from h is subjec ts every
REM-nonREM sleep has a cycle of about 10 minu tes for 10 hours.~ The measures100 minutes , which Kle i tman  found con- were amount of urine , Na and K~ concen-
sistent  wi th  report s in the literature trations , and urinary osmolality . All
of regular and i r regular  respiratory variables  had one cycle per 80-133 m m -
movemen ts during sleep having a period- utes, bu t urine outpu t was ou t of phase
ici ty  of about 100 minu tes , an EEG per- with the other 3 measures , wh ich were
iodicity during sleep of about 90 m m -  in phase with each other . Another study
utes , and penile erections in the sleep- recorded stomach contractions and eye
ing male having an 85-minute cycle, movements throughout a night’s sleep.
Klei tma n suggested that  these sleep Gastric contraction cycles and REM-nonREM
phenomena were part of a more encompas- cycles were both about 100 minutes but ,
sing biorhythm that continues around as with the other study, the physiolog i-
the clock whether we are asleep or not , cal measure was out of phase wi th the U

and he called it the “basic rest-activity behavioral measure. Why behavioral
cycle” ; it has also been called the and physiolog ical measures maintain
“biolog ical hour .” the same frequency but lack phase rela-

Not much was done with Kleitman ’s tionship, and what this means for
hypothesis un t i l  Lavie picked up on Klei tman ’s hypothesis , is not clear.
it , using the REM-nonREM per iodic i ty  Grant ing  a 90-minute cycle , how
as his point of departure. If REM and is it explained? Rhythm theorists think
nonREM sleep are part of a fundamental along 2 l ines .  One line says that a
rhythm, then it should determine more rhythm is sustained internally without
than dreams , and so his initial approach dependence on an environmental period-
was to awaken subjects during REM and icity. The menstrual  cycle is an cx-
nonREM sleep and adm inister perceptual amp le. The other l ine says that  rhythm
t ests to them. One of the tests was is a response to periodicity in the
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environment. The diurnal rhythm is INSTITUTE OF PHYSICS AWARDS
an example. But what internal or ex-
ternal events have a 90-minute cycle? The Institute of Physics has made
No one knows, but an absence of theory the follc’wing awards for 1978: Charles
is not hampering for the many who are Vernon Boys Prize: jointly to Dr. R.A.
fascinated with unraveling empirical Sherlock (Univ. of Waikato , Hamilton ,
puzzles and do not need theory or want NZ) and Professor A .F.C,. Wyatt (Univ.
it. Nor is theory necessary in order of Exeter , UK) for their work on the
to ask if a 90-minute cycle can accoun t propaga ti on of phonons in l iqu id and
for some of the variability in perfor- solid helium .
mance on a job. (Jack A. Adams) Duddell Medal and Prize: to Pro-

fessor E.G.S. Pa4e (Univ. of Oxf~F~)
?~r his contributions to the phys ica l
unders tandin g , invention , and des ign
of device s based on surface acous tic

INE~
AlS & NOTES waves. 

Medal and P r i ze :  to
Sir George Macfarlane , formerly of the
Ministry of Defence , for his adminis-

ELECTIONS TO FELLOWSHIP IN THE ROYAL tration of governmental science and U

SOCIETY technology .
Cuthrie Medal and Prize to Profes-

Among the 40 elected to Fellowshi p sor P.W. Anderson (Bell Laboratories ,
by the Royal Society on 16 March were New Jersey) for his contributions to
the following: Prof. J.E Baldwin - theoretical solid-state physics.
Prof. of Organic Chemistry , Massachu- Maxwe ll Medal and Prize to Dr.
setts Insti tute of Technology . For M.V . Berry (Un iv . of Bristol) foi~ Eisunderstanding chemical reactions and contributions to theoretical physics
their applicat ion to synthesis of na tu-  in several f i e l d s .
ral products; Prof.  G .H .  Dixon - Prof. Rutherford Medal and Prize to Pro-
in the Divis ion of Medical Biochemistry fessor P.T. Matthews (Univ. of BathT
at the Univ. of Calgary, Alberta , for his contributions to elementary
Canada. For the biochemistry of pro- particle physics.
teins ; Dr. D.A. Ramsay - Principal Re- The Council of the Institute also
search Officer at the National Research elected the following as Honorary Fel-
Council of Canada , Ottawa. For contri- lows of the Institute: Sir Charles
butions to molecular spectroscopy and Frank , formerly Univ. of Bristol and
molecular structure; Prof. A.I. Scott - Professor S. Chandrasekhar , Enr i co Ferm i
Prof. of Chemistry, Texas •A ~ M Univ. Institute , Univ. of Chicago. The pre-
For his contributions to synthesis and sentation of all these honors will be
biosynthesis of complex natural products; made in London at the Institute ’s Annual
Prof.  J .V . Smith - Prof .  of Mineralogy Dinner , 2 May 1978 .
and crystallography at the Univ.  of
Chicago . For experimental and theoreti-
cal researches in crystallography ,  m m -  PROPOSED NATIONAL PROGRAMMING RESEARCH
eralogy , and petrology, and problems LABORATORY
of ancient crustal rocks of the Earth ,
evo lution of the Moon , and of chemical According to Computer Weekl y of
nat ure of the planets; Dr. i.H. Steele - 9 March 1978, a group of leading Bri t ish
Director of Woods Hole Oceanographic computer scientists is proposing the
Inst., Massachusetts. For work on ma- establishment of a national programm ing
r ine production and mathematical  mode ls research labora tory tha t could pu t

U for predict ing primary product ion in B r i t a i n  in the fo re f ron t  of a new and
nonsteady-state  condi t ions ;  and Prof. important field of computer research.
E .W . Taylor- Prof .  of Biophysics ~IW Professor  David Barron (Southampton
Theoretical Biology , Univ.  of Chicago.  U n i v . ) ,  Robert Hopgood (Brunel Univ.

U For research es on biolog ical mot i l e  and also of the Rutherford Laboratory) ,
systems , and for isolating protein which Donald Michie (Univ. of Edinburgh),
forms microtubules , and for analyzing Michael Foster , (Royal Signals and Pa-

U chemical events in muscle  contract ions.  dar Es tab l i shment )  and Dr. Horace Town -
U 

send , a consultant  in c l inical  neuro-
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physiology presented the proposal at Mathematics in the Faculty of Technology;
a recent meeting at the Atomic Energy and Thomas Kenneth Ross , Professor
Research Establishment at Harwell. of Corrosion Engineering in the Faculty
The first task of the new laboratory of Technology .
would be to st ud y the newly discovered Dr. G.F.J. Dutton , Reader in the
subject they call “knowled ge refining.” Department of Biochemistry , has been
Th is consists of taking existing con- appointed to a personal Chair of Pharna-
puterized prob lem-solving techniques colog ical Biochemistry at the Univ. of
and using them to improve the codifica- Dundee .
t ions of knowled ge used by human experts Dr. B.D. Edwards , Director of Chlo-
in a wide range of specialized fields, ride Technical Ltd. and Director of

The process starts with a human Electric Vehicle Associates-Chloride ,
expert feeding the machine with all Cleveland , Oh io , has been appoin ted

- - pieces of advice he can think of about a spec ial professor  of the Depar tmen t
— how he would tackle a spec ific problem. of Electrical and Electronic Eng ineer ing

This advice is communicated in a special at the Univ. of Hull.
“advice language ,” usually in tabular Dr. D.C. Ellwood Head of the Bio-
form. The machine then analyzes all chemistry Section o t e Microbiolog ical
his rules in detail in interac tion with Research E stab li shmen t, has been ap-
him , correla t ing the m , and considering po in ted to an honorary professorsh ip
a vast number of different situations in the Department of Environmental Sci-
and sequences of events. The end re- ences at the Univ. of Warwick.
sult  is a c o d i f i c a t i o n  of the rules Dr. M.S.  Ha lliday , Lecturer in Ex-

• that is much simpler and more consistent perimental Psychology , Sussex Univ.
than the expert’s or iginal one. This has been appointed to the Chair of Psych-
output , again in the Advice Languages ology at the Univ. of Manchester in suc-

U 
is translated back into English ready cession to Professor J. Cohen. In re-

U for use by human beings. spect of h is re ti remen t, Cohen has had
the t i t l e  of Emeri tus Professor conferred
upon him by the University.

Sir Alan Hod gkin, Professor of Bio-
phys ics at the univ. of Cambrid ge s ince

PERSONAL 1970 and Chancellor of Leicester Univ.,
is to be Mas ter of Trin ity College ,

Professor J .C.  Bass has been re- Cambridge , in succession to Lord Bu t l e r
appo inted as an honorary professor  in of Saf f ron  Waldon , who retires in June.
the Department of Engineering at the Sir Alan was President of the Royal So-
Univ. of Warwick . ciety from 1970 to 1975 and was joint

Mr. G.G. Bloodwoth, Reader in Elec- winner of the Nobel Prize for nedicine
t ronics at the Univ. of Southampton , in 1963.
has been appoin ted to the Chair of Professor David Thomas has been
Elec t ron ics an~ to the headsh ip of appo in ted to the Cha ir and headsh ip of
the Department which is to be established the Department of Geography in the Univ-
in October. ersity of Birmingham from 1 September.

Mr. D. Cardwell ,. Chief Scientist He has been head of the Department of
(Army) and Deputy Controller R~D Estab- Geography at St. David’s University
l ishments and Research B (MOD) has been College , Lampe ter , Wales.
appo in ted Direc tor of the Atomic Weapons
Research Es tab l i shmen t , Aldermaston ,
in succession to Mr. W..T. Challens,
who is retiring from the public service. OBITUARIES
Mr. I . H .  Joh nstone has been appointed
to take up Cardwell’s former position . Professor C.W. Davies, a distin-

Manches ter Un ivers ity has conferred gu ishe d electrochem ist, di ed 1 March U

the title of Emeritus Professor upon at the age of 82. He began his work
Jack Diamond, formerly Beyer Professor in physical chemistry in 1923 with
of Mechan ical Engineering; Geoffrey Gee, L.J. Hudles ton at Aberystwyth on pure
former ly Pro fessor of Chemistry; Henry HF. Because this substance becomes
Solomon Lipson, formerly Professor  con tam ina ted by any con tac t w ith glass ,
of Physics in the Fac u l ty  of Technology~ al l experimental work was done in home-
George James Kynch, Professor of made wax apparatus. These studies yield-
— ed accurate values for the transport U
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numbers of the vario’&s species. It He followed Blackett to the Univ. of
was th is work tha t led Davies to pre- Manchester , and from 1938-47 was one of
dict that the mobility values varied the leading members of the Manchester
with the concentration . In 1928 he cosmic ray research group . He left to
wen t to Ba tt ersea Col lege of Technology take up a senior professorship at the
where he soon built an active research Dublin Institute of Advanced Study.
school concerned with the very precise He re turned to Hungary in 1950 to play
measurement of the conductivities of an important role in the academic and
elec t ro ly tes  in aqueous media , and the scientific development of that country.
solubili ties of sparingly soluble salts. He was Director of the Central Research 

U

In 1944 he was recalled to the Univ. Institute for Physics from 1956-70 and
of Wales at Aberys twyth  to the Cha ir represen ted Hungary on many in terna t ional

- of Chemistry . Until his retirement scientific bodies. He was a member of
- in 1960, he continued his conductivity the Hungarian Academy of Sciences and

studies and also made important contri- was its Vice-President from 1958-73.
butions to the understanding of ion- Jdnossy was known for his many scienti-
excha nge resin s , kinet ics  of crystal f ic  papers and books on cosmic rays ,
grow th , and the effects of ion associ- photons , relativity , and quantum mech-
at ion in reaction k ine t i c s .  On h i s  anics , many of which have been transla ted
retirement , he returned to Battersea from English into five other languages.
as Senior Research Fellow , leaving this Professor J.W . McLeod , OBE , FRS ,
post when the College became the Univ.  who died 11 March at the age of 91, was
of Surrey and moved to Guilford in 1969. one of the p ioneer bac ter iologis ts of
Davies was the author of several books Great Britain. His ou tstanding work
among which are The Conductivity of was on the diptheria bacillus , or
Solution8 (1930) and Ion Association Corynebacterium dip htheriae as it is
(1962), now known. He was one of the authors

Professor James Archibald  Doug las , of a clas sical repor t publ ished in 1931
FGS , who was Professor of Geology at which f irs t showed tha t the variab ility
the University of Oxford from 1937 to of the lethality of the causative micro-
1950, died on 2 7 February at the age organ ism of diphtheria was due to dif-
of 93. Prior to MW!, he carried out ferent types of C. dip htheriae ranging
geolog ical explorations in the Andes in toxicity from ~he deadly gravis type
of Peru and Bolivia , the publication to the relatively benign mitis type.
of the results of which led to his being He was also a pioneer in the investiga-
awarded his doctorate. During World tion of bacterial oxidations , a subjec t
War I , he was twice wounded. Returning on which he wrote in the Medical Research
to Oxford , he became deeply interested Council’s System of Bacveriology (1931).

U in the geology of oil; he had an expert In 1921 , he was appointed Brothe rton Pro-
knowledge of the paleontology and strati- fessor of Bacteriology at Leeds Univer-
graphy of Persia and other Asiatic areas. sity, and from 1948 to 1952 , he was Dean
He was elected to the Chair of Geology of the Faculty of Medicine . After his
and Paleontology at Oxford in 1937. retirement in 1952 , he continued his ac-
Much of his time was taken up in planning tive research with the Scottish Hospital
a new department , the opening of which Endowments Research Trust and later with
was delayed by MW!!. Finally in 1949, Central Microbiolog ical Laboratories
it was opened and now is a fitting men- in the Western General Hospital. He re-
or ial to his service to paleontology mained active in research until 1973.
and geology in the Un ivers i ty .  He re-
tired in 1950 and was made Professor
Emeri tus .  He served on the Council
of the Geolog ical Society of London
for an aggregate of nearl y 20 yea r s ,
was one of the honorary secretaries
for 7 years , and for a time was a vice-
preside n t .

Professor Lajos Jdnossy, Pr ofessor -

of Physics at Eötvös Univers i ty ,  Buda-
pest , died 2 March at the age of 66.
In 1937 he joined P.M.S. Blackett at
Birkbeck College in cosmic ray research ,
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I ONRL REPORTS

R-14-7 7 PHOTOEMISSION ELECTRON MICROSCOPY : ANOTHE R POWERFUL TOOL FOR
THE MICROSCOPIST by A. Sosin

Photoemission Electron Microscopy, largely unknown in the U

United States , is an actively employed techn ique in several U
European laboratories. This report describes microscope de-
sign, image formation and contrast considerations, resolution
and depth of information , and app li cation. Photographs illu-
strate varying app licati ons in metals , ceramics and semicon-
ductors. U

C-l -78 THE 45TH MEETI NG OF THE STRUCTURES AND MATERIALS PANEL OF TH’
ADVISORY GROUP FOR AEROSPACE RESEARCH AND DEVELOPMENT (AGARDj
by I.M. Bernstein

The results of an A GAR D meetin g on nondestructive inspection
techniques as well as a planning session on corrosion fatigue
testing are reported. Designers and users of aircraft compo- U

nents and structures discussed the need for reliable crack de-
tection procedures. The importance of both automated tech-
niques and human inspection were emphasized. The corrosion
fat igue program wil l  serve as the topic for a future AGARD
meeting.

C-2 -78 QUANTUM -ELECTRONICS---.~ NATIONAL CONFERENCE AT SOUTHANPTON by
V.N. Smiley U

At the Univer sity of Southampton , a National Conference on
Quantum Electronics was held 14-16 September 1977 . This is

U the thi rd in a se r ies o f such conferences. The topics included
laser theory , superfl uorescence , laser applications to atomic

U and molecular physics , scattering pollution monitoring, non-
linea r opt ics , isotope separation and biomedical applications .

U This report provides some general comments on the meeting as
a whole and summarizes a few of the most interesting papers.

C-4-78 OPTICAL COMPUTING—A NATIONAL CONFERENCE AT VI SEGRA D , HUNGARY
by V .N . Smiley

The International Conference on Optical Computing in Research
and Development was held in Visegrad, Hungary 4-9 October 1977.
Th e fact that this f ie ld  is in an early state of evolution
was brought out by the speculative and preliminary nature of
many papers. Hybr id sys t em s combi n ing d i g i t a l  or analog elec-
tronics and optical devices were emphasized in several papers
and in a roundtahle discussion. A factor slowing the develop-
ment of such systems is that people from different disciplines
are required to integrate their ideas. The main subjects dis-
cussed in the report are: laser graphic devices , hologram s,
hybrid image processing, and biological applications. In ad-
dition , some critical discussion of the general field of op-
tical computing as well as some specific areas is included .
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C-5-78 THE SECOND INTERNATIONAL CONFERENCE ON THE ELECTRONIC PROPER-
TIES OF 2-DIMENSIONAL SYSTEMS by B.D , ?4cCombe

The Second International Conference on the Electronic Proper- U
ties of Two Dimens ional Systems, 19- 22 September 1977 , is re-
viewed critically. Topics discussed include : Space charge
layers in Si MOS structures;  carrier local izat ion , elect ric
field subband spectroscopy and many-bod y e f fec t s , dc and high
frequency magneto-conductivity, cyclotron resonance , charge
density waves , surface “superlattices” ; elect rons on l iq u id
helium , bound state spectra and lifetimes , electron motion
parallel to the surface , two dimensional plasmons , and Wi gner
crys ta l l iza t ion;  semiconductor superlatt ices; and other semi-

U conductor MIS structures.

C-6-78 THE 13TH INTERNAT IONAL SYMPOSIUM ON APPLIED MILITARY PSYCHOLOGY
by M .J .  Farr and C.R.J .  Lafleur

The 13th International Symposium on Applied Military Psychology
was hosted by Can ada at the Canadia n Forces Ba se , Lah r , Fed-
eral Republic of Germany, on 2 5-29 April 1977. There were
22 participants from 10 countries. The conference theme was 

U

the mi l i t a ry  in society. Four maj or topics were discussed:
(1) mil i tary  management and organization , ( 2) m i l i t a r y  person-
nel practices and problems , (3) at t i t udes toward the m i l i t a r y ,
and cha nge in those a t t i tudes , and (4) the organizat ion and
p rograms of mi l i ta ry  psychology research u n i t s .

U 

C-7-78 FIRST INTERNATIONAL CONFERENCE ON MATRIX ISOLATION SPECTROS-
COPY by R .R.  Smardzewski

This report disucsses the content of several papers presented
U at -the Fir st International Conference on Matrix Isolation Spec-

troscopy held on 21-24 June 1977 in West Berlin , FRG. A brief
discussion of the technique of matrix isolation spectroscopy
is included.
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