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BIOL OGICAL ] response to local heat production—
U U compare cooking by microwaves with

-_______________________________________ 
cooking in an ordinary oven—because
they were at a loss for any mechanisms
that would compete with the thermal

MICROWAVES FOR BIOLOGISTS noise in the system. Nevertheless ,
among those who have studied the bio-

An outstanding physicist interested logical effects of emr there have al-
in the biological effects of microwaves ways been some , more usually perhaps
complained to me of his difficulties in in medical circles , who thought that
getting either support for his work or radiowaves could produce specific ef-
the cooperation of biologists. The phys- fects which did not originate from
icists told him that b iology has no thermal degradat ion of the absorbed
place in a solid-state laboratory . The energy. It was generally acknowledged
biologists said that microwaves are of that the beneficial effects of diather-
no importance because they had played my, originally applied with emr cur-
no part in evolution , rents at about 100 kHz, were primar ily

These attitudes seem to me to be the result of heat , but a lot of infor-
profoundly mistaken. In this and the nation and discussion was built up
succeeding article I shall refer to some around the subject of nonthermal change
European work that would seem to justify in colloids , cel ls , ti ssues , and s ick
a deeper interest on the part of both people placed in the “condenser field”
of these types of scientist and their genera ted by “shor t waves ” and “ultra-
several hybrids. I shall not introduce short waves” of 100 to 500 MHz.
the military and diplomatic considera - While these contentions have not
tions that will oc cur to the reader who been generally accep ted, they der ive
knows about the use of microwaves for a certain plausibility from the fact
overt and covert communication -and has that enr in this frequency range is
read the newspapers. differentially absorbed , wi th respect

All elec tromagne tic radiat ion (emr) to ord inary wa ter , by water associated
is biologically active , if only because with macromolecules. Local “heating”
temperature , undeniably a biolog ically of macromolecules by changes in the
significant determinant of state , is de- ambient “bound” water m ight be quite
fined by the distribution of emr with specific and might not be attended
which a body is in equilibrium . In non- by any rise of temperature , as ordinar-
equilibrium conditions the eventual con- ily measured , in the irradiated sample.
vers ion of absorbed emr to heat may be To this extent the distinction between
postponed by the intervention of proc- thermal and nonthernal effects is Se-
esses set in tra in .by local excitation. nantic , as E. Schliephake and othe r
These are far-reaching and fundamental: early inves tigators real ized when they
think of the act of seeing , the greenery discussed the concept of “PunktwRrme .”
thriving on sunlight , or the production The possible importance of selective
of cancer b~’ x-rays. absorption by bound wa ter has been

X-ray frequencies are around discussed recently by Professor E.
3 x l0 ’~ Hz. Those of vis ible light Gran t (Queen E l i z a b e t h  Col lege , Univ .
are about 6 x 10 11$ Hz. Nobody doubts London) and Dr. A.J. Berteaud [Centre
the existence of biological phenomena National de la Recherche Scientifique
initiated by the primary act of absorp- (CNRS) Research Group on Molecular
tion of such radiation : the evidence and Macromolecular Organization , Thiais ,
is overwhelming. This is no longer France].
quite so obvious if one drops the fre- As technology broadened the range
quency by a factor of ten thousand or of frequencies available so as to en-
more , to the nicr~wave region belc’w compass the microwave reg ion (roughly

• 
• 3 x 10 ’’ Hz (or 300 GHz) and on down 500 MHz to 300 GHz), w ith eve r grea ter

through the rad iofrequenc ies approach ing occasion for the de libera te , incidental
ord inary ac. Over this range the most or accidental exposure of people , in-
noticeable effects of emr are sensations terest in the physiological consequences.
of heat in creatures capable of describ- was no longer confined to the hospitals
ing their experiences and other evidence and physiotherapy clinies. Some inter-
of therma l change in those who are not. esting data on the world-wide energy

Orthodox physicists have tended to output of microwave communication
attribute any peculiarities of biological towers were presented , for instance ,
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in an ar t icle by J.H. Schulman on the into a single mode which then presents
hazards of nonionizing radiation (ESN a strongly excited coherent longitudi-
29-12:546). Once again the question nal electric vibration” [Intez’nat. J.
of possible nonthermal effec ts became Quantum Chem. 11, 641-649 (1968)].
a topic of study and discussion , with As a result , metabol iz ing cells  in
joyous flogging of horses previously which the threshold energy-production
believed dead. A new factor entered , rate is exceeded would be expected
with apparent polarization of opinion to emit emr , of specif ic frequency
along national lines , typified by wide and narrow band-width , in addition
divergences among the maximum levels to the black-body emission given by
of exposure deemed safe for man : the Planck equation. ‘im ilarly, m ci-
10 mW/cm 2 in the USA, on the basis of dent coherent emr would be absorbed
an acceptable transient thermal burden , selectively at the resonant frequency
and 0.01 mW/cm2 in the Soviet Union , to generate a store of nonthermal
on the basis of supposed nonthermal or high-grade energy confined to a
effects, single mode and its har.nonics and sub-

There are now experimental and the- ject to long-range correlations .
oretical grounds for taking nonthermal This stored energy may well be avail-
microwave effects rather more seriously able for cellular activitieS’ such as
than was the case when short and ultra- mitosis or enzymic catalysis. Indeed ,
short waves were therapeutically popu- the need for cooperative or cumulative
lar. Typical of the experimental evi- effects in biology has been recognized ,
dence is the ser ies of abs trac ts in and in the case of enzyme ac tion an
Uep ekhi. Fiaicheekil<h Nauk 110, Nos. 3 alternative mechanism based upon large
and 4 (1973). These experiiii~nts are electrostatic fluctuations in the vi-
of immediate relevance to a novel ap- cinity of the active site hs~r been
proach sketched by the theore t ical phys- proposed by Careri (ESN 30-9:395 , 1976).
icist H. Fröhlich (Univ. Liverpool and This account does scant justice
Univ. Salford) in several papers dating to Fr6hlich , who presents other major
from 1968 to 1977. considerations and additional details.

Fr6hlich’s ideas force our attent ion It suff ices , though, to lend specia l
upon the microwave region for the fol- interest to the papers from the USSR
lowing quite primitive reason. Dis tan ces mentioned earlier. The systematic
of the order of magnitude 10 nm are of investigation of frequency-dependent
spec ial biolog ical s ignificance. This biological effects, wh ich was said
is , for ins tance, the thickness of many to have been started in 1965, became
membranes surround ing cells or structures possible as a result of the develop-
within cells. If such a membrane is ment of tunable millimeter- and
electrically polarized , as is probab le , submill imeter-wave generators. In
it wil l contain on its oppos ing surfaces the paper by N.D. Devyatkov it is em-
opposite charge s, separa ted by 10 nm , phasized that “for almost all of the
which may be mechan ically linked so biological objects studied.. .“ the
as to be capable of long itudinal elastic- , effects are strongly frequency-dependent
vibrations. The frequency will be de- but only slightly dependent upon the
termined by the ve loc ity of sound, say “power” over several orders of magn i-
l0~ cm/sec , and wil l therefore be of tude . These features are precisely
the order of l0 5/lO _ 6 or lo l l  Hz. This those predicted by Fr~hlich. In the
too will be the frequency of the emr case of the yeas t Rhodotorula rubra
generated by the oscillating dipole . the data shown graphically , with wave-

So far nothing remarkab le , for the length (in air?) as absc issa , indica te
vibrations will be randomly distributed a very sharp resonance band of cell
and lost in thermal noise. Fröhlich , division stimulation at 41.783 GHz
however, examin es the properties of (wavelength 7.18 mm) flanked by inhi-
a model in which long-range  Coulombic b i t i on  at 4 1.841 and 4 1.725  GHz , the
interactions of the individual quantized band width thus being about 100 MHz.
oscilla tors are considered. He shows Apparent resonance effects are

— that energy suppl ied , perhaps by loca l reported in other systems , including
chem ical reac tions or by ex ternal a remarkab le series of four closely
sources , is shared among the various spaced ones at about 46.15, 45.94,
oscilla tors . Furthermore , “if the rate 45.77, and 45.52 CHz, for the stimula-
of energy supply is sufficiently large ,” tion of colicin synthesis in a colicino-
he writes , “the energy gets channeled genic strain of Eacherichia coli.
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Again , there was a pronounced threshold There I also met Dr. A.J. BL.,l.eaud who
intensi ty  (around 0.01 mW/cm 2 ) above was la rgely  responsible  for the physi-
which the ef fec t  was independent of cal adequacy of their joint experiments ,
intensity (A .Z. Smolyanskayaa and R.L .  referred to in the preceding a r t i c l e .
Vilenskaya). There is no space to re- I accompanied Berteaud to his  CNRS
view all of the remarkable effects de- laboratory in Thiais , where biology
scribed in the Russian papers , but I forms only a small par t of the research
ought to mention the note by D.S. program . Berteaud has a strong personal
Chernavskij who refers to Russian work interest in the properties of water
in which apparently the electric oscil- in polymeric systems as studied by di-
lations of protein molecules with fre- electric measurements , differential
quenc ies around 100 GHz are discussed thermal analysis and other techniques.
in relation to mechanisms to enzymic Averbeck, for his par t, has no t ex tended
catalys is, the published data on cell-growth in-

Unhappily, like so much other work h ibit ion  by microwaves already referred
on nonioniz ing radiation, mos t of these to , bu t is examining more c losely  h is
researches are reported in insufficient conclusion that the observed effects
detail for critical appraisal to be do not involve any change in mutation
possible. A degree of confirmation rate and thus are not broug ht abou t
of the existence of resonance effects at the level of DNA. A more sensitive
in microorganisms can be seen in pub- test for possible changes in rate of
lished work on N. ccli. Papers by S.W. reversion of tryptophane-dependent
Webb and A,D. Booth (1969) and A.J. strains of N. coli is being used.
Berteaud, M. Dardahlon , N. Reybeyrotte The fluctuation method of DelbrUck ,
and D. Averbeck (1975) contain reports Bridges , and Green should be capab le
of inhib ition of cell division at about of detecting deviations of 1.5% from
71 and 73 GHz. S.J. Webb and M.E. the spontaneous mutation rate.
Stoneham (1977) claim to have detected Aside from this , Averbeck has
several resonances in metabolizing shifted his interest to the lethal
Bacillu8 megaterium and N. ccli cells effects of simultaneous or sequential
in the laser Raman spectra between 70 irradiation of bacteria with x-rays
and 5000 6Hz but , aga in , necessary and microwaves , a study which is readily
details are lacking . Some more recent assimilable at the Fondation Curie
attempts to resolve the question of mi- where major effort is being put into
crowave selectivity are reviewed in the an attemp t to express the effects of
article which follows. (J.B. Ba teman) chemical  agents in term s of a “rad

equivalent” or comparable dose of ioriiz-
ing radiation. The experiments to date
show clearly that the strictly exponen-
tial course of decay found under the
influence of x-rays alone is distorted

MICROWAVES UPDATED by microwaves given before , af ter , or
during x-irradiation. The effects

The preceding article dealt with are not frequency-dependent between
the alleged existence of nonthermal bio- 17 and 73 6Hz and may be positive (sen-
logical effects of microwaves. Such sitization) or negative (protective)
effects have been thought to arise at even within a given series of experi-
field strengths too low for significant ments at a particular frequency .
gross changes of temperature to be pro- Shortage of funds makes it expedient
duced , and are said to be characterized at this stage to work at 9 6Hz. This
by sharp spectral select ivity, will no doubt cause some delay , if

Aware of the scepticism aroused nothing worse.
• 

. by the accounts of this work , I was in- At Neuherberg, near Muni ch , micro-
terested to learn from Professor H. wave experiments on yeast are being
Fr5hlich (Univ. Liverpool and Univ. done in one of the 33 Institutes and
Salford , UK) of two laboratories in Divisions of the Gesellschaft für
Germany where efforts are being made Strablen- und Umweltforschung mbH
to arrive at definitive answers . Miinchen (6SF), an organization con-

I visited those laboratories , but trolled by the Federal Ministr y of Re-
first let me mention a call on Dr. search and Technology. The investi gator
Dietrich Averheck at the Fondation i s  a young physicist , Dip l.-Phys. N.
Curie—Institut du Radium in Paris. Grundler , whose main responsibilit y
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is establishing correct conditions irradiated cells is followed in a
for irradiation experiments in the double-bean spectrophotometer with
Neuherberg researc h reactor within the a buffer solution in the control
Physikalisch-Technische Abteilung . The cuvette.
Ch ie f of the Abte il ung , Dipl. -Phys . W . It would perhaps be more satisfac-
Westphal , made it clear that the micro- tory to use the apparatus differential-
wave work a sideline , though of suf- ly, with an unirradiated suspension
ficient importance to justify its inclu- on the control side. The actual
sion in his program . In a detailed irradiation is done in eitu by means
b r i e f i n g  I was much impressed by of a t w o - p r o n g e d  T e f l o n  probe immersed
Grundler ’s critical approach and his in the contents of the cuvette and

• keen appreciation of the pitfalls O~ connected to the metal waveguide , the
biological experimentation. This feel latter being about a wavelength (7 mm)
ing for biology was inherited , Grundler thick. This design ensures a large
says , from B. Rajewsky , his scientific area of contact that is enhanced by
“grandfather. ” Close cooperation is a plunger agitating the cells. Loss

• maintained with Rajewsky ’s former lab - of field intensity along the probe
oratories in Frankfurt/Main , now the amounts to about 50°c. The temperature
GSF’s Abteilung für Biophysikalische of the cuvette ’s contents is measured
Strahlenforschung under Professor N. continuously with a bimetallic spring
Pohlit. that serves also to position the cu-

• Grundler ’s plan , still in its early vette. The temperature is also meas-
• stages , is first to repeat the Russian ured at the end of the experiment with

• experiments on yeast , referred to in a crystal detector placed in the cell
• the preceeding article , using increase suspension .
• of optical absorbance as the quantita- At the date of my visit (April l9~ 7)• tive criterion . Then , recognizing tha t Grundler had found a rather unconvinc-

this -ietho~ , in common with counts of ing tendency for lag time to be sli ght-
visible colonies generated from surviv- ly shortened and growth to be sli ghtly
ing cel ls , fails to tell us anything inhibited at certain frequencies.
about the number of cell divisions In the meantime a significant spectral
that have taken place before the “death” fine structure of growth rate seems
of those cells that cannot produce col- to have been established in some 67
onies , he proposes to examine the kinet- experiments , and a manuscript has been
ics of the first few generations. submitted for publication in Ph~’s~~cs

Any real success in observing the Letters. Peaks of stLnulation and
sharp resonances reported by Devyatkov inhibition alternate over the range
would require elaborate frequency con - 41.62 to 41.82 GHz with a bandwidth
trol measures. This is done at of the order of 10 MHz. The amplitude
Nueherberg by tapping off 0.1% of the of the effect , between peak and troug h ,
oscillator output through a resonator is around 20% , though variable: less ,
and processing it to give a rectified therefore , than the 80% shown between
signal roughly proportional to the de- maximum and minimum in the data of
rivative of the output with respect Devyatkov cited in the previous article.
to frequency, wh ich must be zero in the Nevertheless , the effect is consider-
resonant condition . The feedback cir- ably larger than the random variability
cuit controls the oscillator so as to of about ±3% , and these experiments
minimize this signal. Constancy of fre- go much further than those of Devyatkov
quency to within 1 MHz at 40 6Hz is in plotting the detailed course of
claimed . Corrections for the effects events , with a series of six maxima
of small temperature changes in genera- and six minima as against Devyatkov ’s

• tion time of the synchronized and frac- single ripple. Whereas Devyatkov re-
tienated yeast cultures can be made by ported results at only four frequencies
determining families of growth curves in steps of 58 MHz , Grundler ’s meas-
at different temperatures and calculat- urements are spaced at irregular in-
ing d(log A)/dt in the linear reg ion , tervals often as small as 10 MHz.
where A is absorbance and t is time . It is notable also that Grundler found
The grow th of the stock cul ture is a lso a range of f requencies , roughly 41.80

• moni tored during each experiment so as to 41.90 GHz , over which the growth
• • to detect any aberration that might of yeast was unaffected by the micro-

otherwise be attributed to the electro- wave field. Perhaps it would be un-
magnetic field. Growth of the wise at this stage to attach too much
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importance to discrepancies that one made use as far as possible of large
notes when making a more detailed corn- plane reflectors and beam splitters ,
parison. It is preferable to accept but the final convergence upon the sam-
Grundler ’s work as broadly confirmatory ple cuvettes had to be done with poly-
of ear lier claims , while leaving several thene lenses because computation and
questions unresolved, construction of concave reflectors is

In his search for mechanisms of too expensive. The lenses gave some
these strange effects , Grundler plan s trouble , being optically nonuniform.

• to use instrumentation already avail- The sample cuvettes were designed to
able from cancer research and radiation contain water films of an adjustable
bio logy to follow the growth of single thickness about 1 mm.
yeast cells on an agar surface by ap- The power output of the

• plying correlation analysis to growth “Rllckw~ rtswe1lenoscillator ” (Siemens)data processed by computer. Kobler or “carc ino trom ” (French vers ion) is
illumination gives sharp-ed ged images sharply and irregularly frequency-
that can be scanned to give a numerical dependent so that adjustment of the
plot of cell profile. This can be pro- double-beam system has to be extremely
grammed to read out the numbers of one- , precise , and elaborate frequency sta-
two- , and four-cell groups and to de- bilization is essential. When I was
tect buds . The changes in distribution there Mr. Chandrasekar , a guest , was
after x-irradiation have already been very happy to have obtained an absorp-
determined elsewhere in considerable tion curve for water between 60 and
detail. 90 6Hz free of ripples. So the system

The second German laboratory men- is promising, and from a physical point
tioned by Fr~h1ich is the Max-Planck- of view they could proceed with biolog-
Institut für Festkörperforschung (In- ical experiments if a suitable coworker
stitute for Solid-State Research) were available. The experiments planned
at Vaihingen near Stuttgart. There include measurement of the microwave
the microwave program is in the hands spectra of dissolved and crystalline
of Professor Dr. Ludwig Genzel , a noted proteins as well as detection of pos-
physicist whose laboratories for semi- sible biological disturbances.
conductor research encompass an irnpres- The Genzel laboratory would be
sive range of spectroscopic instrumen- an admirable place for other work
tation : frequency-doubling tunable bearing on the Fr~5hlich theories ,
lasers , microw ave genera tors , Raman such as closer examination of the
and resonance Raman spectroscopy , laser Raman spectra of bacteria , attrib-
Brillouin scattering, and far infrared . uted by Webb to resonances but possibly
Genzel’s plans for research in micro- due in part—i f not to experimental
wave biolo gy have received a setback artifacts—t o fluorescence. This could
from the unavoidable cancellation be tested by iooking for the correspond-
of collaboration with an Australian ing anti-Stokes lines. It will be un-
biologist. Nevertheless , the necessary fortunate if lack of support from the
instrumentation has been developed and Max-Planck-Gesellschaft or other sources
is undergoing tests. It will have other should-enforce cancellation of these
uses if the biological venture cones plans. The Institutes generally are
to naught . suffering from a wanihg of official

The microwave setup is being treated interest , and the spl~ ndid ly equipped
as an optical system in order to avoid buildings are not always being effec-
the standing wave artifacts which may tively used. For thth very reason ,
well vitiate the results obtained with guests from abroad are doubly welcome.
waveguides and resonant cavities. Two The reputation of the: Sblid State
coherent beams from the same oscillator Institute seems to guarantee it a

— are processed so as to give an inter- healthy flow of visitOrs: 63 from
ferogram and an amti-interferogram . 22 countries in 1976. A physically
These modulat ions cancel as long as inclined biolog ist cobid not do better
the losses from both beans are identi- than to spend a year or so with Genzel
cal. When an absorber is placed in investi gating microwave resonances in
one beam , a signal is obtained, the cells and tissues.
Fourier transform of which gives the My excursion into microwave biology
absorption spectrum . Several inodifi- was rounded off by a visit to Toulouse
cations are being studied. The assent- where current French work formed the
bly that was working during my vis it subject of a symposium at the Centre
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d’E tudes et de Recherches de Toulouse at 2.3 and 2.5 6Hz and elevated at
(CERT) , a government research organiza- 2.4 6Hz.
tion responsible for training research These experiments , too , invite
engineers who wish to acquire proficien- scepticism. There are no dose-response
cy in advanced techniq ues needed in the curves , and the properties of the mi-
aerospace industry . A separate report crowave field within the waveguides
(ONRL C-14-77) deals with the sponsor- in presence of the test objects seem
ship, terms of reference , and technical to have been incompletely character-
coverage of the symposium . ized. One can conclude only that the

Some of the work done at CERT data of Thourel and Dumas are not in-
showed frequency-dependent effects which consistent with the Fr6hlich prediction
were taken to be of nontherma l origin, of sharp resonances. From the diagram
B. Thourel exposed yeast cells (identi- in Thourel’s manuscript one can esti-
fied only as “beer yeast”) , harvested mate that the bandwidths for inhibition
during exponential growth and washed and for stimulation of the growth of
with water , to microwave s at intervals yeast , at the frequencies where Thourel
of 0.1 6Hz between 2.0 and 12 .4 6Hz. claims to see distinct effects , are
Heating occurred. Cultures similarly around 200 M H z ;  so too are those im-
heated in a waterbath served as conttols . plied by Duinar ’ results cited above .
Irradiated and heated suspensions were I do not propose to discuss the
diluted and plated for colony counting. vexed question of specific effects
The scatter between experiments was of low-intensity microwave fields
large—greater at certain frequencies upon the central nervous system.
than at others—but Thoure l claims to The subject is being investigated

• have shown that growth was stimulated with very modest resources by B.
at 6.4, 8.6, 9.1, and 11.0 6Hz , and in- Servantie (Centre d’Etudes et de Re-
hibited at 2.1 , 3.4, 5.0, 6.9, and cherches de Biophysiologie App 1iqu~e
10.0 6Hz. h la Marine , Toulon) to whom we owe

Effects reported for individual the salutary , if rather obvious , obser-
experiments were considerable : 80% in- vation that monthermal effects tend
hibition , for exa mp le , after 30 sec at to be masked by heat production in
2.1 GHz. The effect then leveled off “acute” exposures to high field inten-
until the chosen “cut-off” temperature sities. They are more likely to be
of 31°C was reached after 4 minutes ex- seen after prolonged exposure to very
posure . Although I have chatted with weak fields. The Fröhlich effect ,
Thourel and have seen a manuscript de- on the other hand , postulates a thresh-
scribing the experiments in some detail , old rate of energy input below which
I find important loopholes aad a failure coherent vibrations are not generated.
to perform (or perhaps merely to record) The absorbed energy can , however ,
controls of several kinds , the most seri- be accumulated , so that prolonged
ous being the lack of evidence on the exposure to weak fields may be equiv-
intensity-dependence of the effects re- alent to proportionately briefer expo-
corded. There is in fact some reason sure to proportionately stronger fields.
to think , from measurements in the Obviously there are limits to the Va-
Coulter Counter and observations in the lidity of this idea , and it would be
scanning electron microscope , that unprofitable now to try to bring
the radiation may merely produce cell Servantie ’s data on the results of
aggregates that invalidate the results chronic exposure for hours , weeks ,
of colony counting . and months , into the Fröhlich framework.

Other work at CERT under the direc- So there are many questions still
tion of Pro fessor Dumas appeared to show to be answered. This can hardly be

• that there arc frequency-selective done withou t the cooperatiun of biol-
effects of microwaves on the coagulation ogists as competent and imaginative
of blood plasma in vitro and on the as the best of their colleague s in
lipid metabolism of mice in vivo . In physics and eng ineering. And they
the former case the coagulation time , ought to challenge the assertion , re-

• in presence of a cepha lin-kaolin reagent ported in the preceding article , that
and added ca lci un , was normal at 8 microwaves can have nothing to do with
and 10 6Hz and elevate! at 9.8 6Hz. evolution or genetics. The microwave
In the in vieo experiments serum tri gly- component in our surroundings is now
ceride levels w~’ found to be normal quite si gnificant , thanks to contem-

p o r a r y  communications technology.
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It has never been totally absent , conducted on membranes is being done
Fröhlich makes the interesting remark in that city; of the twenty-four 40-
that life has developeu by exploiting minute presentations made during the
all the possibilities inherent in the 3-day program (there were also 48 p05-
properties of matter. It is reasonab’e ter presentations), six were by inves-
to expect that protoplasm has antici- tiga~ors frorn the Univ ’~rsity of TUbingen
pated , and perhap s improved upon , the and the Max-Planck Institut fUr Biol-
latest findings of quantum mechanics , ogie in Tii’ ingen . Other co’:tributions
solid state physics and cryogenics. were from other German cities , the
For ins tance , Früh lich goes so far as United States , Jap an , Great Britain ,

• to suggest that local superconducting France , and Austra lia. The 124 biol-
regions may exist at ordinary tempera- og ists who attended the meeting were
tures in biolog ical materials. This from 11 nations , wh ich besides the
idea , initially supported by the report above , we re the Netherlands , Sweden ,
of a Meissner effect in lysozyme , has Swit zer land , Belg ium , and Finland.
suffered from the publication of incon- The cell envelopes of Gram-negative
trovertib le evidence that the diamag- bacteria consist of a cytoplasmic mem-
netic susceptibility of lysozyme does brane and a cell wall. The cytoplas-
not change over the relevant range of mic membrane is a lipoprotein struc-
field intensities. The set-back may ture that produces trilamellar images
be on ly temporary. In any event , the on electron micrographs. The wall
importance of these matters for biology is composed of a rigid peptidoglycan
is such that biolog ists ought to become layer and an outer membrane which is
whole-heartedly involved. (J.B. Bateman) structurally similar to the cytoplasmic

membrane. Periplasnic spaces contain-
ing envelope enzymes are located between
the cytop lasmic and outer membranes.
Although the concentrations of lipid
and protein in the cytoplasmic membrane

FUNCTIONS OF MICROBIAL MEMBRANES are sim ilar to those in the outer men-
brane , they are qualitatively dis ’inct.

The symposium on functions of mi- The structure and function of the pro-
crob ial membranes , which was held at teins in these membranes were the pr~n-the University of Tilbingen on the occa- ci,~al subjects addressed at the sympo-
sion of its 500 year ’s ann iver sary , sium. Their arrangement and proper-

• was sponsored by the University and ties were outlined in the introductory
the Deutsche Forschungsgemeinschaft . presentation of Dr. U. ~1emming (Max-
T’übingen is a charming old city of Planck Institute , Tübingen). Hemming ’s
80,000 inhabitants located approx imately remarks concentrated on two of the
20 miles south of Stuttgart . The Uni- major E. coli outer-membrane proteins ,
versity has 17 ,000 students and is now I and 11* , their capacity to serve
spread throughout the city. Most of as phage receptors , and the apparent
Tübingen and its University was spared requirement for the presence of lipo-
dur ing WWII , and many of the bu ildings polysaccharide for this function.
have been standing for half a millennium. There are at least three different
The symposium , which was superbly organ- species of outer-membrane protein I.
ized by Dr. V. Braun , was held on J. Mizushima (Nagoya Univ., Japan)
5-7 September 1977 at the Naturwissen- found that these can be purified with-
schaftliche Institute , wh ich is a modern out heating in sodium dodecylsulphate
complex of buildings overlooking the (SDS) solution . Unlike cytoplasmic
city. The facilities and hosp itality membrane proteins , the tertiary struc-

4 provided by the hosts were outstanding ture of protein-I species was stable
and included a reception and dinner in SDS solution at physiologic temper-

-
~ at beautiful Kioster Bebenhausen . atures , making it possible to study

• It was most appropriate that such the interactions between these proteins
scientific discussions should be held and peptidog lycan , or these proteins

• at TUbingen since it was there that and li popol ysaccharide . Two of the
H ‘ serious investigations on membranes protein-I species were shown to inter-

began 25 years ago by Weidel , who stud- act with the peptidoglycan layer.
ied phage absorption and membrane Althoug h these proteins are distinct ,
changes. Also , a great deal of the they are structurally similar and most

• si gnificant work currently being

439



F - —-- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

ESN 31-11

likely interact with the same site of localized in the cytoplasmic membrane.
the peptidoglycan layer. There is , in some cases , clear struc-

Dr. M.E. Bayer (Institute for Can- tural resemblance between the trams-
cer Research , P h i l a d e l p h i a )  presented ported drug and the physiolog ical
evidence that there is a junction be- nutrient. These investigators studied
tweem the inner and outer membra nes , the oligopeptide pernease systems as
that these are recep tor sites for phage s, mean s of facilitating the uptake of
and that they comprise 5% of the total drugs. They found , f or examp le, that
surface area. He showed fascinating sulfuric acid penetrates when coupled
elec tron micro grap hs of plasmolized with phe-gly.
cells showing points of adhesion. His A murine-hydrolase system respon-
hypothes is was suppor ted by Carl sible for morpho log ical alterations
Schnaitmen (Univ. of Virg inia , in the peptidoglycan layer, thereby
Charlottesville) who transmitted suscep- allowing modifications of bacterial
tibility to colicin from cells requir- shape during cell enlargement , was
ing arginine to cells that grew in described by U. Schwarz (TUbingen) ,
arg inine-free medium. At various times and studies on the biosynthesis of
after mating and during subsequent cell-wall peptidoglycan were presented
growth , recomb inants we re trea ted wi th by M. Matsuhashi (Univ. of Tokyo , Japan).
colicin and the percent of survivors N. Sumper (Univ. of Wtirzburg) discussed
determined. The result s of these exper- purple membranes of holobacteria as
iments suggest that only new colicin a model for studying membrane biosyn-
receptors can function in colicin kill- thesis. Iron transport in bacteria
ing (although old proteins can still was described in four presentations:
bind colicin). This indicates that H. Hankte (Tubingen), R. Negrin
the colicin receptor sits on a “sens i- (Berkeley), H. Rosenberg (Australian
tive” site (possibly a “fusion site ” Natiomal Univ., Canberra), G. Winkelmann
between outer and inner membranes) in (TUbingen) .
order to mediate killing . N.J. Osborn M. Schwart z (Institute Pasteur ,
(Univ. of Connecticut Health Center , Paris) fused the gene for maltose trans-
Farmington) suggested that lipopolysac- port with that for B-glactosidase and
charides and phospholipids are synthe- a resultant strain had the enzyme ,
sized in the cytoplasmic membrane and which is normally cytoplasmic , in the
translocated to the outer membrane and outer membrane. The results of his
that this occurs at specialized areas experiments suggest that the informa-
of contact between the two memb ranes. tion that directs the maltose-transport

H. Nikaido (Univ. of California , protein to the outer membrane lies
Berkeley) discussed the structura l basis with the transport gene itself. R.
of the selection permeability properties Teather (Tiibingen) produced a plasmid
of the outer membrane. He found that that produces high levels of lactose
the outer membrane is permeable to hydro- permease and has shown this protein
phi lic molecules smaller than 600 daltons to be a true cytoplasmic-membrane car-
suggesting the presence of nonspecific rier and not a “porin. ” W. Boos
diffusion pores. T. Nakae (Tokai Univ. (Universit ’dt Kon stanz) described a
School of Medicine , Japan) reproduced soluble protein contained in osmotic
this permeability property in vitro shock fluids and is therefore a pen -
in vesicle membranes reconstituted from plasmic component. In contrast to
isolated phospholipids , lipopolysaccha- transport-related periplasmic substrate-
rides , and outer-memb rane proteins, binding proteins , this protein does
The constituent that could confer this not bind its supposed substrate. The
permeability property to the reconsti- author suggests that it plays a role

• tuted vesicles was identified as the in specifically overcoming the diffu-
outer membrane protein with molecular sion harrier of the outer membrane .
weight around 35 ,000 daltons (“porins ”). The cell-cell interactions in hac’

Various methods by which antimi- terial conjugation were discussed by
crobial agents penetrate cell envelopes M. Achtman (Max-Planck Tn stitut ,
were presented by T.J. Franklin and Berlin). Althoug h the initial inter-
G.A. Snow (Imperia l Chemical Industries , action s involve F p i l i , once stable ,
Ltd. , Cheshire , UK). Some relatively wall-to-wall contacts are formed , pili
nonpermean t molecules such as phosp horo- are no longer involved. The major
mycin , cycloserine , and the sideromycins outer membrane 11* has been shown to
make use of facilitated transport systems he involved in the stabilization of
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the wall-to-wall contact.  Cells in a
mating mix ture are found in aggrega tes
of up to 50 cel ls. These often exhibit ______________________________________
more than one conjugation specific con-
tact with other cells in the mating
aggregate. GEOPHYSICA L FLUID DYNAMICS IN MUNICH

In the sympos ium’s only evening
lecture , F.M. Harold (National Jewish The Fourth European Geophysical
Hospi tal , Denver) discussed the role Society (EGS) Meeting was held at the
of ATP in potassium and calcium trams- University of Munich at the beginning
port. Although ATP appears to provide of September , when Ger man y was rocked
the •energy for accumula tion of these by another wave of terrorism resulting
ions , other fac tors , particularly elec- from the kidnapp ing of the industrial-
trical potential or pH , seem to regulate ist H.M. Schleyer by the Baader-Meinhoff
the process. terrorists.

Posters were presented under four Through its annual meetings , the
categories : (1) 13 were on transloca- EGS seeks to provide a forum where
tion of subs tra tes across membranes , Earth scientists can discuss and ex-
most of which pertained to the role of change new ideas. These meetings ,
outer-membrane protein in transport and while being primarily devised for Euro -
transport of antibiotics , (2) 9 were pean scientists , are open to those
on receptor interactions and primarily from other continents. One of the
involved cell interactions with phages primary aims of the EGS is to provide ,
and colicins , (3) 8 were on biosynthesis through such annual meetings , an oppor-
and assembly , and (4) 18 were on struc- tunity for the younger scientists and
tural organization . Several of the pos- research students in the geophysical
ters in this last group were on lipid disciplines to talk about their research
composition of membranes and two were and meet with established and senior
on enterobac terial common antigen. scientists. To that effect the Society

The presentations were always well has instituted a Young Scientists ’
received and followed with lively con- Travel Award Scheme (age limit : 27
nent and discussion . The poster ses- years) to make it easier for graduate
sions were also well attended. Consid- students to attend such meetings.
ering the caliber and amount of material The next EGS meeting is to be he ld
presen ted and the charm of Tfibingen in Sep tember 1978 in Strasbourg , France ,
and its University , the only criticism at which the Geophysical Fluid Dynam-
I make is that it should have been ex- ics Symposium will be convened by Prof.
tended to five days. It might then have B. Gjevik of Oslo University, Norw ay ,
included some papers on the immunolog- and Dr. P. Davies of the University
ical properties of membrane components. of Newcastle upon Tyne, UK.
(LCDR John E. Sippe l, MSC , USN , Naval In this recent meeting, the Geophys-
Medical Research Ins titute , Bethesda , ical Fluid  Dynamics Sympos ium was of
MD) specia l interes t to me , for it dealt

with bas ic hydrodynam ica l processe s
in the oceans and atmosp heres of the
Earth and other planets. It was reward-
ing to see among the f ifty or more
participants several well-known scien-
tists , from both the US and Europe.
The three invited papers were each

E ONRL . REPORTS I of 30 minu tes ’ duration , while the
contr ibuted ones were al lowed 20 mm-

• u tes .  The topics discussed could be
See the back of this issue broadly divided in to the fo l low ing
for the abstracts of current areas: atmospheric and oceanic turbu-
reports. lemce and turbulent flows, dynamics

of fronts , ef fects of mountains on
• large-scale atmospheric flows or their

exper imen tal analogs , and ocean and
ocean-atmosphere dynamics.  Ra the r
than discuss each presen tation, I will
br iefly describe the highli gh ts and
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refer the interested reader to the EGS talk the reasons why such an under-
compilation of abstracts of the various standing is important. The presence
talks. These may be obtained by writing of rotation can be felt in gyroscop ic-
to Dr. P. Davies at Newcastle upon Tyne. like effects that inhibit three-

Turbulence is a central problem dimensional fluid motions and tend
in many areas dealing with fluid flows, to render the flows two-dimensional.
It is especially important in geophysi- When the effects of rotation are strong
cal applications in which charac ter istic compared to those of iner ti a, so-cal led

• dimensions are often large compared Taylor columns develop above bumps
to other fluid-flow problems , so that or depressions . The remaining f l u id
the characteristic nondimensional mum - attempts to move around these fluid
bers that describe these geophys ical columns which rema in over the obs tac les
situations are for the most part such or the depressions as if they were
that these flows are turbulent. Prof. solid. It appears that when the height
J.D. Wood (Univ. of Kiel , FRG), presen t- of the obstacle divided by the total
ing the invited paper on geophysical depth of the fluid reaches a certain
turbu lence , stressed the enormous range fraction of a nondimensional parameter
of scales involved—this is made evi- that measures the importance of the
dent if one considers the spec trum of iner tial ve rsus Cor iolis forces , the
averaged kinetic energy which spans a flow changes from one having a two-
very wide range of wave numbers . Ob- dimensional character to one having
servations of these turbulent flows can- a three-dimensional one . Topography
not be made on spectral ranges that night play a part not only in the un-
exceed two orders of magni tude. Yet , ders tanding of atmospheric large-scale
the effects that represent the cascade circulations but also in circulations
of energy to the various scales of no- in the Earth ’s l iquid core where the
tions must be accounted for in atnos- main geomagnetic field originates ;
pher ic and oceanic models. The rotation it might also be important in a wide
of the Ear th , its spherica l shape , and range of planetary and astrophysical
the presence of both the gravitational investigations. Other papers contrib-
field and topography confer to geophysi- uting to this theme discussed synoptic
cal turbulence its special character, situations leading to cyclogenesis
Woods discussed and compared kinetic- in the lee of the Alps , numerical mod-
energy spectra for the ocean and atmos- els of time-dependent flows over air
phere and aiscussed the various sources obstacle , experimental investigations
and sinks of energy , pointing out simi- in which the flow moving over some
larities and differences between these obstacle exhibits a horizontal shear ,
two spectra. He concluded that approxi- as well as the three-dimensional lee-
mations used in two-dimens ional turbu- wave patterns which develop behind
lence theory appear to be more applica- a small obstacle.
bl~ to the ocean than to the atmosphere. Dr. G. Walin (Institute of Oceanog-
Woods also discussed the role played raphy , Gothenburg, Sweden) presen ted
by oceanic fronts in the cascade of an invited talk on the hydrodynamics
energy to smaller scales : ocean eddies of the Baltic. This body of water
having a three-dimensional character is dominated by the competition between
become stretched and elongated and in water masses of very different salini-
the process develop into ocean fronts ties that meet in the shallow entrances
in which shear instabilities develop, of the basin; these shallow and narrow
resulting in the break-up of these sharp reg ions exert hydraulic control on
velocity and temperature interfaces, the remainder of the basin dynamics.
Other papers dealing with turbulent Walin introduced a somewhat different
growth of atmospheric-mixed layers , descri ption tha t re l ies  on us ing the

• grow th of turbulent billows , and the salinity rather than depth as an in-
• exper imental development and nonlinear dependent variable (see E’SN 31-9:278)

break-up of internal gravity waves in Experimental evidence of complicated
a stratified shearing layer contributed and sometimes unstable gyres in van -
to this theme on turbulent flows. ous basin configurations with either

The role of topography in geophys- a homogeneous or a two-laye r model
ica l fluid-dynamical problems is not was presented; Professor J. Charney
ye t quite unders tood, and Dr. R. Hide (MIT) discussed - . simple coupled ocean-
(UK Meteorolog ical Office , Bracknell , atmosphere mode tha t wo uld exp la in
Bucks., UK) presented in his invited the presence of the Inter Tropical
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Convergence Zone (ITCZ) away from the GLORIA is am ancronyin for Geolog-
equator.  The ITCZ is a cloud belt  found , ical Long-Range Inclined Asdic. The
on average , at some 10 degrees of l a t i -  GLORIA sys tem is , however , much more
tude on each side of the equator. Sin- than an asdic or sonar. For useful
pie arguments show that if the ITCZ and efficient operation the central
were at the equator and if it were dis- component , a large transducer , mus t
placed , a sequence of events would lead be deployed so as to be suitably stable
to upwelling of cold waters at the equa- for receipt of the returning echo ,
tor and a shifting of the warmer waters and suitably placed to avoid the ad-
at latitudes a few degrees away from verse effects of vehicle noise , possi-
it. ble cavitation on transmission , and

In conclusion , the Geophysical propagation variabilities of the medium ,
Fluid Dynamics session at the Fourth and yet be able to take advantage of
European Geophysical Society Meeting forward motion for scanning purposes.
proved to be a most worthwhile one , This was achieved w ith the 5 X 1.3 m
well serving the objectives of the EGS GLORIA transducer array by installing
meetings. (A. Barcilon) it in a heavy towed body , 10 m long• and 2 m in diame ter , and isolating it

from unwanted ship motions by tow ing
it via a fam ed cable from a submerged

GLORIA II lOS buoy towed in its turn by the ship .
The highly successful results ob-

Under the heading GLORIA , J.E. tam ed with this system with their
Bennett in July ‘66 briefly reported mosaics of sonographs of the ocean bot-
in these pages on the development at torn (Fig. 1) have been well reported
the National Institute of Oceanography in the literature and have added much
[s ince June 1973, the Institute of Oce- to our knowledge of bottom topography
anographic Sciences (lOS)], Worinley, and of the nature , structure , history ,
Surrey, UK, of a 7-kHz long-range and indeed , dynamics of the ocean hot-
siçleways-logking sonar intended for geo- tom [for example , see R.B. Whitmarsh
physical investigations in deep water and A.S. Laughton , “A long-range sonar
(Es N 20-7:105). R.O. Rowlands , later study of the Mid-Atlantic Rid ge crest
repor t ing in some detai l  on th i s  system . near 37°N (FAMOUS area) and i ts  tectonic
noted its successful use in the implicat ions ,” Deep-Sea Reaearch 23 ,
Mediterranean and Atlantic , and that 1005-23 (1976)]. These results have
development work was continuing particu- been obtained , however , only with the
lanly in the signal-processing area accompanying difficulties of handling
(0NRL R-26-7l , A British Long Range a complex towing arrangement including
Side-Scan Sonar). a large heavy “fish ,” and requiring

B.~sically a side-scan sonar trans- a large team to handle launch and
mits echo-ranging underwater acoustic recovery.
pulses in a narrow sideways-looking beam Experience with the GLORIA system
which illuminates the bottom. As the and continuing RGI) over the years at
sonar advances , the beam sweeps out a lOS have now resulted in a substantially
rectangular area defined by the effec- different design of the sonar and par-
tive range of the sonar and the distance ticularly of the transducer array , per-
covered. mitting a smaller-diameter towed body

GLORIA was , in fac t , succes sfully adap tab le to much s impler handling
deployed in 1969 and was the first side- procedures. This improved system ,
scan sonar reported to have given ranges GLORIA II , has been deployed and oper-
in the excess of 20 km. The development ated for extended periods during the
was the result of experience at lOS with summer months of ‘77 in areas extending
substantially higher-frequency short- from Iceland to the Atlantic , including
range side-scan sonars dating back to the Mid-Atlantic Ridge , and into the

- - the late 1950s. This has also served in Eastern Mediterranean.
pa rt as the base for con tinued ex~ loita- Primary factors permitting a rede-
tion of this technique in research on sign of the sonar have been (1) success-
the seabed led by Prof. W.D. Chesterman ful outcome of the signal-processing
at the Univer sit/ of Bath (ES?! 31-6:254). research which resulted in a linear-

correla tion signal proce ssor be ing
added to the GLORIA I system in the
ear ly 197 0s , giving an improvement
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of some 20 dB in s ignal  to noise , and The neu t ra l ly  buoyant GLORIA II
(2) demons tration that the 100 vertical body is towed from its nose by a heavy
beam wid th of the GLORIA I, which deter- cable without  f a i r i n g ,  considerably
mined its 1.3-n dimension and which had simplifying the launching, recovery ,
been based on experience with higher- and winching operations , wh ich can
frequency short-range shallow-water now be achieved with a team of 2 rather
systems , was too narrow , and that a than the 8 required for GLORIA I.
wider angle of up to 30° was accep table. The-dep th of the body is controlled
Redes ign of the transducer array into by the towing speed and cable scope.
two arrays looking 20° down to opposite Launch and recovery are made from and
sides , has been accomplished using the to a hydraulically controlled tiltable
Tonp ilz elements built for GLORIA I. ramp of unique design , carried at the
One array is operated at 6.2 kHz and stern of the surveying ship and having
the other at 6.8 kHz. The elements (120 1000-n cable drum storage. The ramp ,
in all) are now disposed in two rows which is designed for easy installation
of 30 elements each in each array. and remova l, can be ins ta ll ed on any
They are housed in 30 machined Nylatron vessel with adequate deck space . Ad-
blocks each accommoda t ing four elemen ts , ditional space is required for a port-
comprising a vertical pair from each able hut containing the transmitters
of the two opposite arrays. The 30 and batteries , and a hydraul ic power
blocks , bolted together at the corners , supply also requires deck space near
are tied toge ther by a cen tral tie bar , the ramp . Laboratory and darkroom
pres tressed to 6 tons , that runs through space is required for the receiving
them . With the additional fairings , and processing equipment.
etc. , and top buoyancy to prevent roll , Substantial detail on the GLORIA II
the transducer array vehicle is now development and a brief of the system ’s
about 7.7 m long with a section 66 cm first summer ’s operation will be coy-
in diameter having a top protruberance ered in a paper “GLORIA II—An Improved
of about 15 cm to accommodate the buoy- Long-Range Side-scan Sonar” by M.L.
ancy float. Somers , R.M. Carsons and others to

be presented at “Oceanology Internation-
al” to be held at Brighton, UK ,

in the Proceedings.
• Initial sonographs taken during

the summer of ‘77 over the Mid-Atlantic
- Rid ge demons trate an effective range

from each array of 16 nautical miles

I 

5-10 March 1978, and wh ich w ill appear

(30 km) with little if any noise back-
- ground. There can be no doub t that

GLORIA I I  i s a much impr oved sys tem
over GLORIA I both in terms of perform-

• ance and ease of hand ling and that
it will contribute much to our knowl-

I edge of the ocean bottom. Kudos to
lOS ! (A.W. Pryce and J.D. McKendrick)

36°- -

5O Kms. IONRL REPORTS I

— 
34°W See the back of this issue

- - for  the abs tra cts of curren t
Partial Mosaic of GLORIA Sonographs over Mid- repor ts .
Atla ntic Ridge (after Whitmarsh & Laughton cited)
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1INOINEERSNG I signal amplitude . However , FM sound
L J and negative vision modulation are most

widely used , as in Lhe US, though not
in France.

In regard to color , the early
WHY IS COLOR TV SO MUCH BETTER OVER American experience with the NTSC sys-

ten and subsequent advances in avail-
able components led to the development

Amer ican visitors are often struck of the PAL and SECAM systems in West
by the excellence of British and Euro- Germany and France , respectively . PAL
pean color-TV reception. To understand (Phase Alternation by Line) was devel-
the American inferiority in this field oped by a team under Dr. Walter Bruch

• we must remember that the Federal Corn- at the Telefunken Laboratories in
munica tions Comm iss ion (FCC) accepted Hanover and was accep ted as a s tandard
the recommendations for color TV of by the European Broadcasting Union
the National Television System Committee in 1966. SECAM (SEquential Color with
(NTSC) in 1953, thirteen years beforc Memory) based on the work of Henri
color-TV standards were adopted in de France was introduced in France

• Europe. The first regular monochrome in 1967. East Germany , the USSR ,
TV broadcas ting began , however , in Hungary , Lebanon , Libya, Tunisia , and
Britain in 1935. The 405-line system Morocco a-re among those that adopted
introduced at that time is still in use the French system , while PAL is used
for the VHF broadcasting of the BBC— l in Britain , much of the res t of Europe ,
and commercia l networks , though no and other parts of the world.
one knows whe ther any significant mum- In order to appreciate the improve-
ber of receivers remain for this anti- ment afforded by PAL and SECAM , it
quated standard, is necessary to understand the NTSC

In 1941 the FCC adopted a superior system on which they are based. Each
(black-and-white) TV standard involving resolvable spot of a color picture
525 (hor izontal) lines per frame and needs three numbers to descr ibe how
30 frames per second , each cons ist ing much red , green , and blue it requires.
of two interlaced “fields” containing Instead of these three , however , the
alternate lines of the frame in order NTSC sys tem transm its three linear
to reduce flicker. Thus, there are combinations of them. One of these
60 fields per second in the US, whose represents the total luminance of the
standard has been adop ted throug hout spot , and it is the only part of the
mos t of North, Cen tral , and South signal to which monochrome sets respond ,
Amer ica as well as in Japan , Korea , referred to earl ier as the vis ion
Tha i land, and Cambod ia. Other countries signal.
delayed their decisions and ultimately The other two linear combinations
se lec ted 625 lines per frame , w ith 2 5 of the red , green , and b lue vo ltag es
f rames per second , as the ir standard , together indicate the hue and satura-
again with two interlaced fields per tion of each spot , bo th combina tions
frame . Aiming for even sharper pictures , being zero when the spot is to be gray
France chose 819 lines per frame but or white. In the NTSC system , this
is now phasing it out in favor of 625 color information is transmitted by
lines, the chrominance carrier , which in the

Bri tain joined in the selection US is 3.579545 MHz higher in f requency
• 625 l ines , which is in use now for UHF than the luminance carrier. (This

TV broadcasting while the 405-line mono- value minimizes interference between
• chrome broadcasts of the same programs luminance and chrominance sidebands.)
• (except BBC—’2) continue on VHF for the The amplitude of the chrominance car-

pre sent. Despite the widespread agree- rier indicates the saturation , and
ment on 625 lines per frame , however , its phase angle relative to a refer-

• some of the other system characteris- ence pulse (the “color burs t” trans-
tics differ from country to country , mitted once per line just after the
such as the separation between the vi- horizontal synchronizing pulse) m di-
sion and sound carrier frequencies. cates the hue. More precisely, the
The sound signal may also be AM or FM, saturation and hue are determined by
and the vision modulation may be posi- the polar coordinates of the chromi-

• tive or negative , i.e., the lum inance  nance phasor , whose rectangular coord i-
may inc rease or decrease wi th inc reas ing na tes I and Q ar e suitable l inear
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combinat ions of the red , green , and coordinates of the chrominance phasor .
blue voltages R, G, and B. At the trans- Since the reversal is introduced at
mitter I and Q amplitude modulate two the transmi tter and removed by means
equal-frequency color carriers that of electronic switching in the rece iver ,
are 90° out of phase with one another , the effec ts of phase distor tions in
and at the receiver two color~ referenc e between are opposite on success ive
waveforms 90° apar t in phase are gener- lines. In the orig inal , s imple  form
ated which are used to recover I and Q of PAL receiver, it was lef t to the
by means of coherent demodulation (pro- eye to perform the averag ing,  wh ich ,
duct detection). From I, Q, and the when the distortion is not too large ,
luminance , the receiver is able to de- gives the proper hue to every group
termine R, C, and B , which are used of four successive lines in the frame
to control the beam currents from the (one adjacent pair from each of two
three electron guns in the picture tube, successive , interlaced fields). In

The principal problem arising with the advanced form of PAL receiver ,
the NTSC system results from phase dis- a 64-psec delay line is incorporated
tor t ion , which alters the phase rela- which stores an entire line of chromi-
tiomsh ip be tween the color signal and nance information and thus enables
the color reference waveforms. To the the receiver to average electronically
extent that this phase shift is cons tant, the information from the presen t line
it can be correc ted by adjustment of and the preceding one. Although phase
the hue (“tint”) control on the receiver, distortion causes a slight reduction
However , phase dis tort ion has many in sa turation, this delay-line form
sources , and it generally varies with of averag ing y ields the proper hue
both t ime and position on the screen , for every spot on every line. A fur-
Phase distortions as snail as 5°, cor- ther advantage of the use of a delay
respond ing to delays of the order of l ine is that it permi ts the recovery
4 nsec (4 x i0 ’ sec) at 3.58 MHz , pro- of the two rectangular components of
duce noticeable changes in hue , but the chroninance phasor by simply add-
would be of no consequence for mono- ing and subtracting the delayed and
chrome television . Among the causes undelayed signals , and there is no
of phase distortion are the nonhineari- need to generate local reference wave-
ties of transistor circui ts, which can forms in the receiver.
permit the luminance signal to produce In the case of SECAM, only one
a varying phase shift ; slight mechani- rectangular chrominance component is
cal imperfections in video tape record- transmitted for each line , conveyed
ers , which can introduce varying delays ; by means of frequency modulation of
switching between cameras that are not the color carrier , and a delay l ine
quite identical; and unsymnetric filter is again used for combining the infor-
response curves , especially the frequen- nation on one component from the pre-
cy responses of long-distance transmis- ceding lime with that on the other
sion channels over which TV programs component from the present line. While
are sent by means of frequency this approach results in some loss
modulation , of vertical color resolution , it is

To overcome the effects of phase not necessary to have chrominance
dis tor t ion, the PAL and SECAM system s resolution as fine as that of the lum i-
use different approaches , bu t bo th per- nance and , in fact , a sma ller bandw idth
m it the receiver to dispense with the is used for the chrominamce signal ,
tint control and allow the viewer to thus giving a coarser horizontal reso-
turn up the saturation (“color”) with- lution for it , too. The SECAM system
out revealing serious flaws in the hue , is immune to the effects of phase dis-
Th e resu lt is a very pre tty picture , tor tion because it does not use phase
also enhanced by the greater number to carry color information. For the
of lines per frame than in the US , which same reason , it does not require a
can be a pleasure just to look at. local reference oscillator locked to

In the PAL system freedom from the phase of the color burst , and so
hue erro rs due to phase distortion is the design of the receiver is somewhat
achieved , in e f f e c t , by us ing phase simpl ified , just as in the case of
modulation of the chrominance carrier the advanced PAL receiver.
in opposite senses 3fl successive lines. The use of frequency modulation
Th i s reversa l of sense is accompli shed prov ides immunity to variations in
by reve rs ing one of the rectangular ampl itu de , and the sepa rate transmission
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of the two color components avoids un- to 50,000 bags of mail each day, is
desirable interactions between the two, the outcome of a 1911 investigation
Flicker does arise, however, at hori- into the problems of moving mail within
zontal edges between different hues the capital , which accurately foresaw
as a result  of the system ’s switching that , “even wi th the introduc t ion of
between color components from line to motorised vans , the average speed

• line, and the FM chrominance signals , for- cross-London traffic will not rise
which are present even in white areas, above 8 mph .”
produce some degradation of monochrome Work on the electric railway
images. To overcome some of these started in 1913 but was interrupted
problem s a modification , “SECAM-IV ,” by WWI and the financial difficulties
has been proposed which is like PAL that followed it . In 1926 the exca-
except that, instead of using reversed vation of the 5.5-mile tunne l connect-
phase modulation of the chrominance ing 7 stations along a curving line
signal on alterna te lines , its phase from Whitechapel to Paddington wa s

• is held fixed, completed , and the English Elec tric
Thus , we see that the US is paying Company then fitted them with 2-ft-

a penal ty for having been the first gauge rails , a fleet of cars , and the
country to introduce color television , necessary power supply and control

• but the improved systems also have dis- equipment. The 440-V dc power is sup-
advantages, including some 12.5-Hz plied on a third , center rail , while
flicker due to the odd number of lines a low voltage on one of the running
per frame and distracting moire inter- rails is used for detecting the pres-
ference patterns occasionally resulting ence of a car on any section of track.
from the interaction of stripes in the When this low voltage is connected
scene with the chrominance-switching through the ~~~~~~~~ wheels to the other
pattern. In addition , PAL and SECAM running rail, the current that flows
require acoustic delay lines of very is used to disconnect the high voltage
prec ise ly controlled length, particu- from the preceding section of track ,
larly for PAL , and these add to the and the brake solenoids on any car
cost of the receiver , but the result in that  section thus become de-
is worth it. (Nelson M. Blachman) energ ized, br inging it to a stop.

The present tunnels , with an aver-
age dep th of 70 f t, are m a i n l y  9 f t
in diameter to accommodate two tracks ,
one wes tbound and the other eas tbound;
near stations these divide into sepa-
rate 7-ft tunnels to allow access from

POSTAL AUTOMATION IN LONDON a center platform , and the voltage on
the cen ter ra i l  is reduced to 150 V

Since ESN was not around to record to cut the speed from 33 down to 7 mph.
the inauguration of London ’s automated In addition, there is a several-hundred-
underground postal railway in December foot-long 1:20 upward grade toward the
1927 , its golden anniversary affords stations for deceleration , conven ience
an occasion on which to describe this to the surface , and accelera tion.
still unique means for conveying mail (A 33-mph velocity can 1i~ t the car
between sorting offices and (British up to 36 ft.)

• Rail) train stations. Having tried Several stations are equipped with
pneumatically driven unmanned cars rum- transformers and mercury-arc rectifiers

• ning on rails in a 30-inch tube 9 ft to convert 11,000-V ac power from the
below ground level from 1863 to 1866 national electric grid to the required
and a larger sys tem 2 .5 miles long with levels of dc. Each s t a t ion  has cont ro l s
a tunnel 49 inches high and 54 inches for s t a r t ing , stopp ing , and swi tch ing
wide from 1873 to 1874 , the Pos t Office cars as we ll as for routing them to
gave up this approach on account of sidings or reversing ioops in some
difficulty in maintaining the working cases , but the unmanned cars rum auto-

• vacuum. (The telegraph offices through- matically between (and sometimes
out France , on the other hand , are in- through) stations , keep ing to regular
terconnected by a sys tem of pneumatic schedules 2 2 hours a day Monday to
tubes that are still in use today for Friday and 12 hours on Saturdays ,
the transmission of telegrams.) The with a train each way every 4 minutes
present electric railway, carrying up during peaks. Maintenance is carried
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out from 0800 to 1000 daily, with rou - benefiting from the resulting li ghter-
tine service every 2,500 miles , and corn- weigh t vehicles and reduced noise and
plete overhaul every 80 ,000 miles for vibration . Tracked air-suspension ye-
each car. hid es developed from proven Hovercraft

Nearly the entire fleet of 60 cars cushion-seal , or skirt, technology
dates from 1930-1931 , and each has run would continue this trend to still
a total of 1.4 million miles . The cars lighter-weight vehicles that would run
are 27 f t long , weigh 7.5 tons , and car- more quietly on maintenance-free tracks .
ry 4 mail conta iners , each holding 1.8 There has been some full-scale pro-
tons of mail—60 bags of letters or 24 totype testing of tracked base-supported
of parcels. The containers are on cast- air-cushion vehicles . However , Mr.
ers and are easily rolled onto and off Denys Bliss (Bliss-Pendair , Ltd.,
of the cars by means of metal ramps London), the inventor of the universally
which , when ra ised , form part of the adopted segmented type of Hovercraft
side of the car and keep the containers skirt , is conv inced that his recent
aboard in place . Traction is provided design for a vehicle suspended like a
by a 22-hp series motor on each car , pendulum from an overhead track and us-
and pairs of cars are sometimes run to- ing suction suspension will overcome
gether. There are also manned battery - drawbacks of base-supported cushion
powered locomotives for use in case of vehicles. In addition , it will yield
breakdowns and for pulling maintenance several advantages over conventional
cars through the tunnels , but breakdowns tracked systems and the more sophisti-
seem to be rare. cated monorail systems being developed.

Al though the English Electric Corn- His configura tion was chosen mainly:
pany developed an improved car for this (1) to allow use of a s imple monobeam
railway in 1963, only 2 have so far been track requiring minimum maintenance;
procured for use. More will eventually (2) to help contain propulsion and
be bought to replace the older vehicles , suspens ion noise; (3) to protect track
but there are no plans for other altera- running surfaces from snow , ice , and
tions in this sys tem, which includes obstacles resulting from vandalism; (4)
well-designed devices for handling to reduce vehicle and ground vibration;
containers  and moving ma i lbags  between and (5) to f a c ih i t a t e  li ghtwei ght vehi-
p l a t fo rm and sur face .  Desp ite i ts  being cle cons t ruc t ion .
50 years old , it continues to be very Bh i s s - P e n d a i r  vehicles use an over-
effective in its mission of speeding head track of prefabricated hollow con-
up the mai l , evening out the flow of crete girder of inverted channel sec-
work in the sorting .off ices , and making tion. Each car is suspended beneath
a con t r ibu t ion  to the r e l i e f  of t r a f f i c  the channe l - sec t ion  g i rder  by a 1-shaped
congestiQm in London . Meanwhile moderni- lift platform connected to the car at
zation is proceeding slowly in regard a number of points along its length .
to the automatic sorting of letters Edge sections of the platform are made
(FSN 31-2:45). (Nelson M. Bhachman) of heavy rubber to form a seal (skirt)

with the vertical sides of the “track ,”
and suspension is achieved by am elec-
tric fan producing a partial vacuum
between the platform and the roof of
the track. Vertically mounted , sprung
guidance wheel s mounted at each end

SUSPENSION IN THE TRANSPORT INDIJSTRY of the car contact the roof of the
track and operate air-entry valves for

Today , the great majority of rap id- p itch and elevation control of the sup-

transit systems existing and being in- port platform within the channeled
troduced are s teel  wheel on steel rail , track. Horizontally mounted wheels ride

al though a few hybr id sys tem s have against the vertical track walls and
•

been employed recently us ing rubber- provide lateral guidance and propulsion
t i r ed  wheels  on concrete  t racks . Con- via convent ional  r o t a r y  e l e c t r i c  motors
s e r v a t i v e l y ,  most of these r u b b e r - t i r e d  der iv ing  power from a t h i r d  r a i l  a t -
systems employ steel wheels in steel ~ached to the outside of the track
track as a back-up ! Only very recently eam. 

- . -

have rubber-tired systems been intro- Thi s type of suspension distributes

duced without this expensive back-up the load over a large area under low

so tha t the systems are finally bearing pressure without contact (except
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for the rubber skirts). It results in Bliss , w i t h  the backing  of the
a virtually maintenance-free track large civil-engineering firm , Sir Robert
of relatively light weight able to car- McAlpine and Company , ha s progressed
ry heavily loaded vehicles. The pendu- with research to the stage where a
lum suspension allows vehicles to nego- prototype can be b u i l t .  He claims that
tiate curves more rapidly than existing designs can be produced in a few months ,
ra i l vehicles , although the track is because most of the proposed engineering
not banked (see the figure). Accord - componen ts are orthodox ones alrea4v be-
ingly , there is no danger of derailment . ing manufactured for other purposes.
Thus track curvatures much greater than Vehicles can be sized to meet require-
in current use are feasible. The sus- ments , but a typical design m igh t be
pension seal has been proven in prim- 15 m long by 2.5 m wide and would carry
ciple by the French transport engineer 160 passengers.
Bertin , who has operated a tracked cush- Ironically , whi le the Bliss-Pendair
ion vehicle at speeds over 400 km/h and approach us ing established technology
has experienced skirt-wear lifetimes awaits a sponsor able to appreciate the
of 50 ,000 miles, economics and simplicity of the system ,

three German firms (AEG-Telefunken ,
~~~~~~~~~~~~~~~~~~~~~~~ BBC , and Siemens) are being funded to

bui ld a la rge tes t track at Donauried
near Augsburg to test their magnetic-
suspension train. This German system

______________________ comb ines several high-risk technologies
/ such as linear motors and superconduct-

c~~~CUVM ing magnets for the magnetic levitation
of the train. The progress in this
h igh ly  advanced technology is impres-
sive and long awa ited , but even its
s t ronges t  supporters  would agree there
is s t i l l  a lot of technical  r i sk  to

- overcome before economical ly  v iab le
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ commercial systems are poss ib le .  The

McAlpine engineering calculations m di-
ca~te that the technical risk for aPendair system is quite low , that con-
struction costs would be competitive

C~~. with conventional steel-rail systems ,
and that operation would be significant-

~~~~~~~~~~~ ly less expensive . Although an
overhead-monorail configuration would
be the most economical surface level

D and underground installations are also
technically and economically feasible.

With the advantages of a pendulum
air-suspension system fairly obvious
and the technical risks low , whe re are
the bold innovators  in the t r a n s p o r t
indust ry  to carry th i s  sys tem i n t o
operat ion? (CAPT L .  Roy Pa t t e r son)

lONRI
~~~~~~

EP0,q 8

See the back of this issue
for the abstracts of current

— ‘ reports.
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SEVENTH INTERNATIONAL CONGRESS ON t ime at the end of which a fr a c t i o n a l
INSTRUMENTATION IN AEROSPACE SIMULATION cycle remains , and t is an interpolated
PACILITIES time required to complete the cycle.

A minicomputer is required to perform
About 65 people from the United the calculation , and a unique combina-

Kingdom , the United States , and a num- tion of high data-rate and accuracy
ber of European countries attended the is achieved.
Seventh International Congress on In- M. Timmerman [von Karman Institute
strumentation in Aerospace Simulation (VKI), Belgiuni was concerned with
Facilities during its three-day meeting preprocessing the Doppler signal to
held 6-8 September 1977. This Congress , improve the signal-to-noise ratio.
sponsored by the Institute of Electrical He accomplished this with a bank of
and Electronic Engineers is a biannual band-pass filters and some decision
affair held more or less alternately circuits to select the optimum filter
in Europe and North America . This automatically. Six different filters
Congress was the first one held in the were used to cover the range from
UK. 10 kHz to 20 MHz.

The site was the Royal Military G. Smeets (ISL) described an in-
College of Science (RMCS) at Shrivenham terferometric technique for converting
in Wil tshire , not far from the prehis- the observed Doppler frequency to
toric stone circles at Stonehenge and a voltage proportional to velocity.
Avebury . The College at Shrivenhain The time resolution obtained was of
is the post-war successor to the RMCS the order of a microsecond . Still
at Woo lw ich (Lc ndon) , where formal from the ISL , H.J. Schaefer then de-
courses in artillery had been taught scribed some LDV applications to con-
since 1864. Degree courses in engineer- bustion flows , revea ling per iodic
ing and applied science are offered structures (related to injector config-
to both military and civilian students. urations) at burner exits.
Short courses on topics ranging from Velocity measurements in porous
procuremen t science to bomb disposal media have been made using glass spheres
are also given and are attended by stu- and a flowing liquid with the sane
dents from a large number of foreign index of refraction as glass. B.
countries , including the US. The lab- Richards (VKI), presenting Buchlin ’s
orator ies appear to be very well work , showed laser-beam propagat ion
equipped for teaching and the overall through a liquid-filled packed bed—
layout is that of a sma ll college campus, actual velocity data were not yet

Twenty-six papers from seven dif- available.
ferent countries were presented, Of J.B. Abiss [Royal Aircraft Estab-
these , the larges t number , eigh t , came hishment (RAE), Farnborough , Hants.,
from the US. Six additional papers , UK] reported some new LDV measurements
all from the US, were withdrawn after obtained with the photon-correlation
the program had been printed, technique that various members of E.R.

The first session was on laser- Pike ’s group have descr ibed at a mum-
Doppler velocimetry (LDV), starting ber of LDV meetings and workshops.
with a summary paper by Alain Boutier The questioning revealed continued
and others from ONERA (Office National skepticism of the results which , in
d’Etudes et de Recherches Mrospatiales , view of the ir good quality , seemed
Ch~ti1lon-sous-Bagneux , France). After unjustified.
a review of the basic concepts , he The session devoted to da ta  acqui-
described some recent applications t- sition and processing as such began
mix ing  regions , shock-wave-boundary - with a paper by M.L.G. Oldfield (Univ.
layer interac tions , f lames , compressor of Oxford , UK) on heat- transfer meas-

-
~ 

. rotors , and a recirculation zone with urements in a short-duration cascade
veloc ity reversal. The next paper , by tunnel , using the thin-film technique
K8nig and Pfeifer [Institut Franco- originally developed for shock-tube
Allemand de Recherche de Saint-Louis use. The discussion centered on a
(ISL), Saint-Louis , France], described mean s of plotting heat-transfer rate
a novel counter technique for data acqüi- versus temperature difference in order
sition . Here the ±1 count ambiguity to extrapolate to an isothermal model.

‘ in signal cycles is eliminated by count- It was also noted that the use of
ing an integral number of cycles in MACOR(TM), Corning ’s g lass ceram ic
a time T + t. T is a prechosen fixed
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which machines like brass , has made mod- impingement heating from an array of
el construction much easier than with 24 small nozzles. C. Witliff (Caispan)
the formerly used PYREX (TM). reported on shock-tunnel measurements

To subs titute for a cancelled US of hea t transfer on the lead ing edges
paper on holographic interferometry , of the Space Shuttle. Thin-film gauges
R,J. North (RAE) next described the corn- mounted on pyrex were used , and the
puterized data-acquisition system for main part of the paper described the
their new 5-rn tunnel. Although planned very complex manufacturing technique
several year s ago , this system features used to obtain contours smooth to
the currently fashionable distributed 0.0005 in. In the subsequent discussion
processing by a number of small compu- it was suggested that it would have
ters. The last paper , by P.H. Fuijkshot be en much simpler to use the machineable
(National Aerospace Laboratory , ceram ic MACOR(TM), whose use had been
Amsterdam), described a computer- described in an earlier paper. However ,
controlled sys tem for de termining the the thermophy sica l proper t ies of
transfer functions associated with the MACOR (TM) are not yet as well defi~iedpressure distributions on oscillating as those of PYREX (TM).
airfoils. There were papers on temperature

A session organized under the title measurements at both low and high tern-
of Flow Diagnostics occupied the entire peratures. J.C. Way (lIT) was concerned
second day of the Conference. It began with tracking eddies in very low-speed
wi th a proposal for the development of turbulent flows , using temperature dif-
an infrared-streak camera , presented ferentials as small as 0.001°C. He
by J.H.L. Ransom (Pilking ton Ltd., IlK), discussed 24 variations of the
In essence , a detector array would be Wheatstome bridge and evaluated them
directly coupled to a light-emitting- in terms of sensitivity and common-mode
diode (LED) array which in turn would rejection . The winner was the constant-
be viewed by a streaking-image tube such current broken bridge. VKI has a free-
as the one incorporated in Hadland Pho- piston hypersonic tunnel producing
tonics “Irnacon” camera. It is reminis- high Reynolds-number flows with a very
cent of the forward-looking infrared short (about 10 msec) duration. E.
(FLIR) systems developed in the US by Backx described fine-wire probes used
Texas Instruments and others. It was in work performed at VKI to measure
not made clear whether Pilkington in- boundary-layer profiles , both on the
tends to proceed beyond the few experi- nozzle walls and on flat-plate models.
ments , using visible light , reported Quite accurate measurements of tempera-
here . ture can be obtained , bu t the probe s

W .J. Miller (Max-Planck Institute are fragile and require frequent
for Fluid Dynamics , Gl5ttingen, FRG) replacement.
reported on a flow-visualization tech- The newest high-Reynolds-number
nique using laser- induced fluorescence hypervelocity facility is at the White
of gas molecules. The flow is seeded Oak Laboratory of the Naval Surface
wi th jodine which responds to the Weapons Center (NSWC/WOL). It has been
5145-A line of an argon laser. Shock operating fo r abou t a year at Mach 14
waves and m ixing layers were clearly and a Reynolds number of 4 x 106/ft.
visible in the photographs shown of low- The run time is about 1 sec , with
density jets. A much older means of 0.5-0.7 sec available for data record-
flow visualization , smoke , is still be- ing. In that short time , models are
ing used in very low-speed wind tunnels pitched at rates up to 100 deg/sec and
at the Illi nois Institute of Technology data are obtained for a 30° range at
(lIT) , as reported by J.L. Way. They angles-of-attack . J.A.F. Hill described

• produce very clear , close ly spaced how d ig ital filters are used to elimi-
streak-lines by pulse heating a wire nate model oscillations from the force
coated with mineral oil and mounted in data. Pressure measurements caii also
the flow upstream of the test section. be obtained during these rapid-pitch

• There were two papers on heat- sweeps , using pneumatic tuning of the
: transfer measurements in short-duration pressure tubing.

fac ilities, B.F. Richards (VKI) de- Concluding the session of Flow Di-
scribed a parametric curve-fit technique agnos ti cs , E,S. Hanff described the
for analyzing data from time-dependent continuing effort at the National Re-
flows. lie also •~~scr ibed a calibration search Council (NRC) in Canada on the
technique for thin-film gauges using measurement of aerodynamic cross
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der iva t ives  ( e . g . ,  ro l l ing  moment  due 6 0 % - 7 0 %  of the p ro j ec t i l e  energy is
to yaw). Their most recent development dissipated as heat in the target.
is a calibrating device in wh ich such Rotating or rifling band s are used
moments can be simulated outside the to transmit rifling torque to spin-
w ind tunnel , using electromagnetic stabilized projectiles. J.P. Barber
torques.  I t  was used to check the spe- (Univ .  of Dayton Research I n s t i t u t e ,
c ial balances built to measure cross Dayton, OH) described a device for
derivatives and showed that they work launching a barrel over a stationary
very well, projectile , thus saving the rotating

The final sess ion was devoted to band for examination and analysis.
ball istics. This was the first time While some ballistic ranges are
such a session had been included in being closed , such as those at the
an ICI-ASF conference. The first paper , Naval Surface Weapons Center, others
by R.E. Hendrix [Arnold Eng ineering are just going into operation . One
Development Center (AEDC)] described of the latter is at Eglin Air Force
the instrumentation used in a high-speed Base , and its shadowgraph sys tem wa s
range equipped with a track. This fa- descr ibed by C. Babham. Multiple sparks
c i l i t y , as wel l  as a newer and larger are used to obtain closely spaced shad-
sim ilar facility , has been developed owgrams for accurate determination
so that re-entry-vehicle nose tips can of angular motion.
be exposed to various erosive environ- P.W.W. Fuller , the Conference chair-
ments and subsequently recovered. The man from RARDE (the Royal Armament
instrumentation includes laser photog- Research ~ Development Establishment ,
raphy; x-ray shadowgraphs; stereophotog - Fort Halstead , UK), gave the last paper.
raphy; photographs of the rain , snow , His problem was to selec t from a lis t
or dust fields; and a five-frame laser of ten candidate methods the best one
sequential system with a framing rate for determining the s4tvt-exit time
of up to l07/sec. from a gun barrel. His standard was

Ballistic research at the Cavendish a flash-x-ray system. The best per-
Laboratory at Cambridge includes impact formers were a wipe switch and a pair
research (both liquid and solid) , frac- of strain gauges mounted directly on
ture nechanics , and work on stress-wave the barrel. The latter would be the
propagation . The paper presented by first choice when the barrel cannot
J.E. Field described instrumentation be drilled.
for high-speed photography, again up The size of the group attending
to io ’ frames/sec and various methods and the quaiity of the papers presented
for measur ing the velocity of propaga- comb ined to make this Congress a very
tiom of cracks. sucessful meeting of specialists in

At the Harry Diamond Laboratory wind-tunnel and ballistic-range instru-
(Silver Spring, MD) there is consider- inentation . The audience was well enough
able interest in determining the effect informed that most of the papers were
of launch accelera tions , ca lled se tback , fol lowed by m ean ing ful discussions .
on fuzes for various kinds of ordnance. The excellent living and dining facili-
I. Pol lin described a facility for du- ties at the RMCS provided opportunities
pl icating this acceleration pulse by for many in formal exchanges amon g the
launch ing  tes t ar ticles , called birds , participants at the Congres s.
to impact on crushable targets con- (J.A.F. Hill , Nava l Surfac e Weap ons
structed of aluminum honeycomb . The Center , Whi te Oak , Silver Spring , MD)
fuze to be tested is , of course , moun ted
backwards. It was shown that very faith-
ful s imulations of a w ide var iety of

• pulse shapes can be obtained.
E. Schneider (Ernst Mach Institute ,

Freiburg , FRG) descr ibed some experi-
• men ts in which they measured the ten- 

_______

perature rise in stee l targe ts impac ted NRL . REPO~~T8
by hypervelocity projectiles . Constant-
an wir es we re ins tal led inside the See the back of th is issue
target and formed thermocouples in con- for the abstract s of current
junction with the steel. Analysis of reports.
the temperature data showed that about
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.~~ :(Cambridge Univ , UK) , the historian
_______________________________________ of Chinese science , opened the 1977

Congres s w ith a Presidential Address
that harked back to the earlier meet-

15TH INTERNATIONAL CONGRESS OF THE ing in Britain, and other s r e fe r red
F IITSTORY OTF SCIENCE to it as the Congress progressed.

But the Sov iet delegat ion , wh ich might
As they have every few years since have looked with pride back to its

1929 , histor ians of science gathered predecessors of 1931, could say little.
this summer for papers , d iscus sions , Both Hessen and Bukharin perished in
tours, and the other modes of scholar ly the purges of the l930s along w ith
fellowship. Their meeting place in other members of the delegation .
1977 was Edinburgh, Sco tland, for ten In Soviet physic s, unlike genetics ,
days preced ing the Edinburgh Festival, it was the ideologues rather than the
Part of the charm of “the Athens of scientific leaders who fell victim
the North” is that it is , like Vienna , to Stalin.
a capital without a country . Thus one Nothing so stirring as the 1931
of its principal activities is enter- papers took place in 1977. The his-
tam ing visitors , and in recent years tory of science is too well established
Ediburgh has developed the scholarly now for that. About 700 persons at-
side of tourism , playing host to a num- tended the 11 symposia of invited pa-
ber of bod ies , affiliated with the In- pers and the 50-plus sessions of con-
ternational Council of Scientific Unions. tributed papers. - The program committee

The 1977 Congress was the first (chaired by Professor Hall and served
to mee t in the Un ited K ingdo m since as secretary by Dr. E.G. Forbes of
the famous 2nd Congress of 1931. There the University of Edinburgh, whose
the Soviet delegation , led by N.I. kilted recital of Burns ’ “Ode to the
Bukharin , caused a great sti r among his- Haggis” was the high point of the
torians of science by their Marxist Scottish Evening) discouraged contrib-
claim that the kinds of science done uted papers and organized many more
in a society reflected the political symposia than have been customary
economy of that society . The most fa- at History of Science Congresses.
nous of the Soviet papers of 1931 was The result was a higher level of schol-
the physicist Boris Hessen ’s “Social arship and delivery than has been usual
and Econom ic Roo ts of New ton ’s Princip ia ,” at these meetings. Again breaking
which claimed that Newtonian mechanics with custom , Gnly the symposia papers
served the need of 17th-century English will be published in the Proceedings
bourgeois  society for improvements in of the Congress .
ballistics and marine transportation . Two symposia will be of particular
Hes sen ’s paper , crude but pathbreaking , interes t to the readers  of ESN. The
stimulated a substantial response from first , International Cooperation and
Engl ish sch olars . A.R. Hall (now Pro- Diffusion in Science , was organized
fessor of the History of Science l~ Tech- by Professor M.P. Crosland (Univ. of
nology at Imper ial College of Sc ienc e Kent, UK). Discussing international

— 
and Tech nology ,  London) wrote a disser- cooperation between 1900 and 1945 ,
tatiom at Cambridge (published in 1952 Brigitte Schroeder-Gudehus (Universit~as Ballistics in the Seventeenth Century) de Montreal) pointed out that , contrary
which showed that contemporary ballis- to the internationalist ideology that
tics were too crude to profit from they professed , the scientists who
New ton ’s theories. Hall thus demolished took part in international “umbrella
the weak er half of Hesse n ’s argument , organizations ” expressed in their ac-
that Newtonian science helped solve the tions national , personal , and disci-
technical  p roblem s of the “rising bour- plinary rivalries. Nathan Reingold

-
~ geoisie.” But Hall left intact the (Smithsonian Institution , Wash ington ,

-~ 
- s tronger half , that science finds its DC), seeking in the United States from

problems in the technical needs of so- 1850 to 1900 for an “American style ”
ciety, and most histotians of science of science , pointed out that earlier
today would probably find this a historians of science had looked at

• commonp lace. the content of science rather than
With the sociological study of at the behavior of scientists for their

science that Hessen began in 1931 now clues. Comparing government support
very much in vogue , Josep h Needham for sc ience in Germany, the Un ited
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Kingdom , and the United States, he noted but rather that its progress is usually
that by 1900 the United States was be- reported elsewhere , for instance at
ginning to pull ahead. But the areas the larger and more frequent Conferences
of science supported differed consider- on Magnetism.
ably from one country to another. The This year ’s Conference had approxi-
United States , with its vast land area , nately 120 participants with a total
spent much more on earth sciences (re- of 71 papers. By interspersing oral
lated to inventorying resources) and with poster sessions , the organizers
agricultural sciences (related to the managed to accommodate the relatively
export of farm products), large number of papers without losing

In the symposium on Problems of either the informal character of the
Source Materials in the History of Sci- Conference or the opportunity for a
ence , Charles We iner (MIT) rev iewed reaso nable dis cuss ion of each paper.
the pas t two decades of collecting irre- Most of the participants seemed to re-
placeable source material before it act favorably to this mix , citing the
is destroyed and the associated record- ample opportunity for discussion that
ing of oral history interviews with prom- it allowed. The major task of organiz-
inent scientists. With the end of the irig the Conference fell to Drs. W .D.
twentieth century now in sight, he asked Corner and B.K. Tanner of the Physics
whether there m igh t no t be a need to Depar tmen t , University of Durham .
broaden this collecting beyond naterials The meeting was opened with an in-
useful for internal and institutional vited address by Prof. K.A. Gschneidner ,
history of science. Historians of sci- Jr. (Ames Laboratory and Iowa State
ence and technology may not be the prim- Univ.) who described the evolution of
cipal users of these archives , he sug- rare-earth research during the twenty-
gested , since the interface between five years which have elapsed since
science and society in such issues as the first significant quantities of
nuclear power and recomb inant DNA re- pure rare-earth metals and salts began
search may be explored in future years to become available. He pointed out
by soc ial h istorian s, political scien- the major impact that technological
tists , and sociologists, innovations , such as use of rare-earth

In spite of the effor ts of the phosphors for color TV , hav e had on
American delegation on behal f of the development of the field , and pre-
Berkeley, the Assembly of the Interna- dicted that the discovery of rare-earth
tional Union of the History and Philos- permanent magnets and the development
ophy of Science voted to convene the of magnetic-bubble devices for computer
16th Congress (1981) in Bucharest , memories will have an even greater ef-
Rumania. (Harold L. Burstyn , US Geo- fect in the future. We shall return
logical Survey , Res ton , VA) to these applications later in this

review.
In another invited address Dr. D.W .

Jones (Univ. of Birming ham) reviewed
the state-of-the-art in a field dear
to the heart of every rare-earth experi-MATERIAL mentalist: spacimen preparation. Par-

SCIFNCES ticular  emphasis  was g iven to the prep-
aration of relatively high-purity sin-
gle crystals of rare-earth metals by
solid-sta te electrotransport techniques.

RARE EARTHS AND ACTINIDES: RESEARCH In this method a rod of rare-earth met-
AND APPLICATIONS al is held in a high vacuum (10 ’° to

l0 12 TorT) and hea ted for a day or
A sprinkl ing of Americans cele- more by the passage of a large current.

brated the 201st Fourth of July in These extraordinary measures result
Durham , England, by attending an Inter- in substantial purification—typ ically
national Conference on Rare Earths and from starting impurity concentrations
Actinides , This was the second confer- of 1000 ppm to final values of 30 ppm.
ence on this topic to be held at the The high vacuum is necessary to prevent
University of Durham in what promises the very reactive materials from degrad-
to become a regular series. The six- ing by combining with ambient gases
year interval between these meetings in the vacuum system . Purity is an
does not imply neglect of the field even greater problem for those who work
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w i t h  metal  al loys or wi th  ra re-ear th  e l l ip t i c  dens i t i e s  of s t a t e s .  Agree-
compounds . ment between theory and experiment was

Gschneidner ’s es t imate tha t only impressive .
10% of the current research uses s ingle  There was cons iderable interes t
crys tals po ints out the of ten crucial at the Conference in aniso tropy and
nature of spec imen preparat ion in this magne toelas tic effec ts , especial ly  in
field. Only recently have single crys- the cubic RFe2 Laves-phase compounds
tals of rare-earth metals been produced that exhibit large magnetostriction
with sufficiently high purity for the at room temperature . Dr. H.T. Savage
use of such powerful me thods as the et at (Naval Surface Weapons Center ,

• de Haas-van Alphen effect for the study Washington , DC) reported on nagnetome-
of the electronic band structure. chanical coupling-factor measurements
The availability of high-purity crys- in both positive and negative magneto-
tals and the data obtained from them striction RFe2 materials , while Dr.
have been a very important recent link J. Cullen et at (Naval Surface Weapons
in the attempt to develop more ref ined Center , Wash ington, DC) found changes
band-structure calculations for both of the C4, elastic constant in low
the rare earths and actinides—a sub- anisotropy Tb9Dy.7Fe, as great as 50%
ject that was reviewed in detail by Pro- with different field orientations. Dr.
fessor A .J. Freeman (Northwestern Univ.) C.M. Williams et at (Naval Research
in an invited paper. Lab , Washing ton, DC) presented a de-

One of the most significant methods tailed study of anisotropy and spin
for studying the microscopic magnetic reorientations with temperature in a
properties of rare-earth metals and con- series of HoN Tb,-~ Fe2 single crystals.pounds has been neutron inelastic- Good agreements with single-ion crystal-
scattering measurements of magnetic- field theory were obtained when magneto-
excitation energies. The crystalline elastic contributions to the anisotropy
electric fields in rare-earth metals were taken into account. Dr. S.B.
and compounds are frequently as strong Palmer et at (Univ. of Hull , UK) inves-
or stronger than the exchange interac- tigated magnetoelas tic effec ts in pure
tions , leading to complex excitation Pr and found that the acoustic node
spectra. Dr. P. -A. Lindgârd (Research associated with C.6 does indeed soften
Establishment , Rise, Denmark) reviewed at low temperatures in accordance with
the current theoretical situation , in- a theory by Dr. J. Jensen. Previously
cluding the standard basis operator tech- reported negative results had been due
nique as well as a discussion of how to transducer-bonding problems.
single-ion anisotropy terms in the The cubic RC02 Laves-phase compounds
Hamiltonian can give rise to apparent are still the subject of active research
two-ion terms . On the experimental because the cobalt moment is so close
side , Prof. A.R. MacIntosh et at (H.C. to instability. Dr. W. Steiner et at
Orsted Institute , Univ. of Copenhagen) (Technical Univ. of Vienna , Aus tria)
discussed the effect of Nd impurities studied the nature of the magnetic-
in Pr on the excitation energ ies , while phase transition in Ho .Y 1-5 Co2. With
Dr. N.C. Koon (Naval Research Lab , increasing Y content they found the
Washington , DC) and Dr. J.J. Rhyne (Na- transition to go from first- to second
tional Bureau of Standards , Washing ton, order. Dr. D. Gignoux et at (CNRS,
DC) presented an interpretation of Grenoble , France) studied the effec ts
crystal-field effects in cubic rare- of nonmagnetic impurities on the order-
earth-iron Laves-phase compounds. ing temperatures of RCo2 compounds ,

Lindgârd and B. Spuznar (Inst. of while Dr. A. Tan et at (Manchester
• Metallurgy , Crakow) presented an inter- Univ., UK) repor ted on the effec t of

es ting analysis of the magnetic moments nickel subs titution for Co in HoCo 2
and transition temperatures of a series and Ho..1Gd.,.Co,.
of rare-earth/transition-metal alloys The amount of work reported on the
assuming an RKKY interaction between actinides was notably less than that
the rare-earth moments and the for the rare earths. There are several
transition-metal pseudospins. An ef- possible reasons for this. Work on

• fective alloy medium mediating the in- actinides that is related to nuclear
teraction was calculated using the energy is probab ly reported elsewhere .
coherent-phase-approximation theory and Another reason is that the extraordi-

nary health hazard of even very minute
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amounts of some of these materials makes competitor is emerging in charge-
them unattractive for university coupled devices. Plessey is making
research. 16-K bi t chips of permalloy on YIG

Dr. G.H. Lander (Centre d’Etudes (yttrium iron garnet). They are work-
NuclEaii-e, Grenoble , France and Argonne ing on 64-K bit devices , and l 0’-bi t
National Lab) introduced the actinide experimental units have been reported
portion of the Conference with a review in the industry . The best potential
talk on their magnetic properties. He of these memories seems to be in mod-
pointed out that early expectations erate applications—many of them prob-
of complex magnetic and nearly-magnetic ably commercial—where both moderate
behavior caused by the close proximity speed and storage are useful.
of the Sf band to the Fermi level have Gschneidner informally suggested
been fulfilled, ~but that generally more an interesting use for rare-earth
precise experimental data are needed be- oxides. The very high stability of
fore microscop ic theories can be taken these ma ter ials may make them useful
seriously, as coatings for surfaces exposed to
- 

In a separate talk , Lander et at reactive atmosp heres and h igh tempera-
presented measurements of induced nag - tures. Little or no work seems to
netization in parainagnetic URh, deduced have been done in this direction as
from polarized neutron data on a single yet. Perhaps this will be one of the
crystal. They found that an induced new applications for rare earths that
moment exis ts at both the uranium and might be disc ussed at the nex t Durham
the rhodium sites , suggesting a partial meeting. The Proceedings of the Con-
filling of the rhodium 4d band due to ference will be published by the In-
hybridization. stitute of Physics. [Norman C. Koon ,

A welcome change of pace for the Conrad M. Williams (Naval Research
Conference came in a novel evening ses- Laboratory , Washing ton, DC) , and
sion with discussions of the status of Clifford C. Klick]
some of the rare-earth applications from
the point of view of interested indus-
tries. Dr. H. Zijlstra (Philips Re-
search Laboratory , Eindhoven, the
‘Jetherlands) talked about rare-earth
permanent magne ts of the SmCo , type .
He pointed out that these high-energy
dens ity magne ts are very attrac tive , ex- NEW DIRECTIONS FOR TRINITY
cept for their relatively high cost.
Since commercial users will almost al- In the Republ ic  of Ir eland there
ways employ the cheapest product that are primaril y three centers for aca-
will do the job , he predicted that pro- demic physics research : Trinity Col-
duction of rare-earth permanent magnets lege in Dublin , University College
will continue to be a relatively small- in Dublin , and Un ivers ity Col lege in
scale industry geared to applications Galway . There have been new appoint-
in which high energy-density or high ments to head important physics groups
coercivity are critical and for which at two of these institutions in recent
the customer is willing to pay the price . years. Prof. G.F. Inbush is now head
Furthermore , the production of rare of experimental physics at Galway ;
earths is so limited that they can at and Prof. Brian Henderson is head of
best account frr no more than 2% of physics  at T r i n i t y  Col lege .  Both of
the total volume of permanent magnets . these men are from the solid state
Applications of rare-earth magnets may community, and it seems certain that

• be in traveling-wave tubes and servo- an increasing emphasis will be placed
motors that need to reverse in minimal on solids in Ireland.
time . On a recent visit to Dublin I had

R.J. Fairholme (Plessey Memories , the opportunity to visit with Henderson
Towcester , UK) showed a lot of clever and some of his colleagues at Trinity
hardware development of magnetic-bubble College. It seems clear that  the

• memories. However , the future of bubble new direc tions for physics  research
memor ies is not clear. They are faster at Trinity have been charted and the
than magnetic discs but have less stor- voyage is well underway . Henderson
age. They are slower than semiconductor views the work of the dozen staff men-
circuits but have more storage. A new bers as fall ing into three areas:
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Solid State Spectroscopy , Nuclear Instru- spectra are quite different depending
mentation , and Surface Physics. on how the Mn2~ is added. If it is

The surface physics group is the added by diffusion after the crystal
newest and is in the process of adding is grown , the Mn2+ enters the 8-alumina
men and machines . Low-energy electron through the relatively open mirror
diffraction (LEED) and Auger apparatus planes and is prevented from diffusing
exis t , and there is an on-going program further by the close_?

~
cked ovygen ions.

in the photoenhancement of surface- On the other hand , Mn that is present
electron emission , during the 8-alumina synthesis will

Nuclear Instrumentation includes occupy all the Al~~ sites , not only
some of the work in the Department that those near the open conduction planes ,
is a continuation from earlier times, thus leading to a much more complex
Dr. E.C. Finch is concerned with the spectrum .
pulse-height response of semiconductor Trinity College has an ancient tra-
detectors to heavy ions and has made dition as one of the most senior insti-
extensive measurements using the fission- tutioms in English-speaking academia.
fragment mass separator “Lohengrin” at Its old brick and lovely stone buildings ,
the. Institut Laue-Lamgevin in Grenoble. the cobblestoned walks , and the lush

Solid State Spectroscopy is p l ay ing  f i e ld s  are being accentuated
Henderson ’s own interes t, and the col- by the addition of a new library and
lection of Dewars , magne ts, microwave an Arts building. It is in this set-
gear , optical benches , and lasers is ting that current practioners of Quan-
growing steadily. Dr. V.J. McBrierty tum Mechanics ply their art as the past
heads a group concerned with polymers . heroes of Trinity—like Hamilton , the
The tools at their disposal include developer of an earlier mechanics—
esr , nmr , positron annihilation , elec- look fondly down. (Clifford C. Klick)
trical conductivity, and x-ray analysis.
They have set out to study a somewhat
unusual problem : how does carbon-black
interact with elastomers to enhance
the ir physical properties? The group
works wi th a local commerc ial company THERMOMECHANICS OF MAGNETIC FLUIDS
that supplies samples and with the Chem-
istry Department . Their most recent An advanced course and workshop en-
studies using nmr are consistent with titled “Thermomechanics of Magnetic
the exis tence of a tightly bound layer Fluids” was held from 3-7 October at
of elas tomer in the immediate vic inity the International Centre for Mechanical
of the carbon-black particle in addition Sciences , Udine , Italy. The program ,
to a loosely bound component, sponsored by UNESCO, was direc ted by

Henderson is cont inuing his long- Prof. B. Berkovsky , Head of Mechanics ,
term involvement with the study of de- Science Sector, UNESCO , Paris , on leave
fects in MgO and other alkaline earth from the Luikov Institute for Heat
impurities. One of these studies is to and Mass Transfer , Minsk , USSR. The
examine the photo-excited states of the “course” was attended by some 30 par-

center in MgO. Other recent work ticipants who, for the most part , were
is concerned wi th  hole traps and lumi- active contributors to various aspects
nescence phenomena in alkaline earth of the field.
oxides. A new area of interest is the A magne tic fluid is a fluid that
study of excitons in GaSe and CdTe. An- has a high magnetic permeability ; such
other is the study of CdF, doped with a fluid is achieved, in practice , by
rare earths , with emphasis on the opti- suspending magnetic particles in a
cally excited states, liquid. The particles often used are

A recently completed study at magnetite , cobalt , and Fe203 and are
• Trinity involves the analysis of Mn2~ so small (i~1O0 A) that they are of

in sodium 8-alumina. The high comduc- monomagnetic domain. In the paramag-
tivity of this mater ial, caused by mi- netic temperature range (well below
gration of the sodium ions , can be al- the Curie temperature) the grains are
tered by adding impurities. As a result , saturated magnetically. Besides the

- - ‘ the specific locations of impurities liquid in which the particles are sus-
and their role in the conduction process pended , it is necessary to have a sur-
is of considerable importance. In the factant consisting of long-chain mole-
case of Mn2+ the magnetic-resonance cules which coats the particles and
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keep s them separated . Due to the Brown - has a higher permeabili ty than the body ,
ian motions of the suspended particles , the energy stored by the field is mini-
the properties of the fluid suspension mal when the body is in the location
are isotropic in the absence of a mag- of the smallest field. Similar reason-
netic field. Howeve r, when a magne t ic ing indicates how a magnetic body
field is applied to the fluid , the can be self-levitating in a ferrofluid
par ticles line up so that the preferred with at least one (though free!)
di rection of their magnetic domains co- boundary.
inc ides with the applied field. If the The workshop consisted of lectures
direction of the applied field varies , on the colloid chemistry , preparation ,
the particles rotate to accommodate static conformation , dynamic magneti-
the changes. However , if the tempera- zation , reversib le field-induced ag-
ture is sufficiently hi gh , the part icles g lomera tion, properties , small-angle
become superparamagnetic (the domains x-ray scattering, theoretical model ing,
do not show a preferred or ientat ion) and applications of ferrof luids , as
and they need no longer rotate to accom- well as round-table discussions . The
modate the changing direct ion of the applications discussed by the lecturers
appl ied field, all depended on the static aspects

The action of a directionally vary- of ferrofluidics and included such
ing applied magnetic field upon a nag - devices as ferrofluid bearings and
me tic fluid with paramagmetic particles seals, Since a ferrofluid with applied
ca uses body moments in the fluid because magnetic field will statically suppor t
of the oriented rotation of the parti- a bearing journal, the bearing w ill
d e s , and therefore  the resul t ing  mag- funct ion equally in ro ta t ion  as well
netic stress tensor (caused by particle as in axial translation . The ferro-
interaction) is asymmetric, fluid , held in place by the app lied

There are two methods of preparing magne tic field, also serves as a seal.
magnetic materials for use in magnetic Another current application of ferro-
fluids : the firs t consis ts of gr inding fluidics is the elimination of a spider
magnetic material into fine particles ; to locate the voice coil of a loud -
the other of chemically synthesizing speaker within the field magnet. The
the particles. The usual method of ferrofluid is used to center the voice
chemical synthesis is to precipitate co il, and since the st i f fness  of the
magnetite from a ferrous chioride-ferric eliminated sp ider is absent, the funda-
chloride solution using sodium hydroxide . mental loudspeaker resonant frequency
Magnetic particles can also be electro- is lower and the loudspeaker response
lytically deposited on a mercury cathode is closer to linear, The ferrofluid
that , •if agitated , keeps the part icles bearing finds fur ther app l ica tion in
small, inertial-guidance naviga tion dev ices

The solvent (fluid carrier) of and is of par ticular interes t in
a magnetic fluid (also called ferrofluid) gravity-free environments.
may be wa ter , hydrocarbon, Freon, or At the present state-of-the-art ,
even a liquid metal such as mercury. bearing loads of 0.15 psi and pressure
Generally, the ferrofluid has very seals (for 8 stages) of 4 psi are prac-
low electrical conductivity, although tical; the future projected relevant
in the case of a liquid metal carrier , figures are 120 psi for the bear ing
the electrical conductivity is high, load and 960 psi for the seal. At
The suspension of magne t ic par t icles low speed , the bearings and seals are
in a nematic liquid-crystal carrier virtually frictionless. At high speed ,
fluid is being pursued and if accom- hydrodynamic forces enter the picture ,

• pli shed , would raise a number of inter- and the suspended particles cause ero-
esting application possibilities. sion and wear. The seals are leakproof.

‘ When a monmagnetic body is immersed If used in high-speed applications ,
• in a magnetic fluid with an applied the ferrofluid seal and bearing will

- 
- 

- magne tic f ield, it will gravitate to probably be subject to hydrodynamic
a reg ion where the magnetic field is instabilities that will further increase
lowest. If the field is caused by two the friction losses over and above
pole pieces of similar polarity oppos- that corresponding to laminar Couette
ing each other across the fluid, the flow (flow between differentially -
nonmagne tic body will be levitated at rotating coaxial cylinders).
a point midway between the pole pieces. The only modeling of ferrofluid
The reason is that since the ferrofluid dynamics presented at the meeting was
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by Berkovsky 
inois). Berkovsky lectured MATHEMATICA L 

Ion “Physica l , Mechanical , and Mathemati- SCIENCES
cal Models of Magnetic Fluids” whereas
Buckmas ter spoke on “Ferrodynamic Bound-
ary Layers.” All present, however ,
realized that a lot more ferrofluid COMPUTER-AIDED SHIP HULL DEFINITION
will have to be available before appli. AT THE HAMBURG SHIP MODEL BASIN
catioms involving large~ scale flow
fields can be seriously considered , The Hamburg Ship Model Ba-sin
The other speakers and their topics were (Hamburg ische Schiffbau Versuchsanstalt—
Dr. R.E. Rosensweig (Exxon Research HSVA) was first established in 1913
Labs., Linden, NJ) who with J,L. at the initiative of German shipbui lders
Neuringer wro te the pioneering paper and shipowners. With the exception
in the field; Dr. P.C. Scholter of the post-war years 1945-53 , it has
(Philli ps Research Labs , Eindhoven , operated as a self-supporting nonprofit
Netherlands), Colloid Chemistry ; Dr. company providing a host of experimen-
E.H. Bogardus (IBM Research Labs., tal fac ilit ies and services to dozens
Yorktown Heights, NY) Dynamic Magneti- of shipyards and shipowners as well
zation ; Prof. P. Pincus (UCLA, CA) , as navies and ship certification au-

— 
Static Conformation and Dynamics of thorities. More recently , it has Un-
Isolated Grains; Dr. A. Martinet (Lab. dertaken experimental investigations
of Phys. of Solids , Univ. of Paris , and simulations of the behavior of
Orsay , France), Experimental Evidence offshore structures . The experimenta l

— of Static and Dynamic Amiso tropics ; facilities at HSVA include two towing
Dr. C. Petipas (Univ. of Rouen, France), tanks of 300 m and 80 in in length , each
Small-Angle X-ray Scattering ; and Prof. equipped with wave makers , an 80-n
T.S. Jones (Colorado State Univ., Fort shallow-water flow channel , three cay-
Coll ins , CO) who spoke on Ferrof luid itat ion tunnels , a computer i zed tow ing
Seals, and data-acquisition carriage for the

The mee ting brought out the wide study of planar-mo tion maneuvering
interest in the general area and appli- and a 37-rn Ice Model Basin for the
cations of ferrofluidics of many ada- testing of ice-going ships, For a
demic and indus trial labora tories , mor,e complete description of the exper-
in various countries. As better ferro- imental facilities at HSVA , see the
fluids are developed , there will cer- article by M. Lessen in ESN 31-6:248-
tainly be an accompanying increase in 250.
devices and applications to uti~~ ie them; My own principal interest in visit-
I fully expect this before much more ing HSVA was to discuss the computer-
ferrofluid flows over the dam, aided shape—definition techniques used
(Martin Lessen) for the automatic numerically controlled

production of the scaled ship models
used for towing-tank experimentation .
Dr.-Img. GUnter Collatz , Head of Mode l
Manufacturing , was my hos t for a tour
of the experimental faciliti es , af ter
which we were joined by his assistants ,
Ings. Walter Alef and Eckhart Seiffert.

IONPL REPORTS I The research and development of the
present computerized system for hull-

See the back of this issue shape definition was due princ ipa l ly
for the abstracts of current to Collatz and Alef. However , the prime
reports. responsibility for the further develop-

ment of the sys tem now seems to rest
with Seiffert who has only fairly re-
cently joined the staff.

Some of the considerations which
‘ must be taken into account in desi gn ing

a ship hull are the commercial and eco-
nomic requirements , the hydrodynamic
and structural characteristics , and
the empirical knowledge gained from
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experience ~nd experimen tation. Since design lines to meet the specified
not all of these factors can be opti- displacement and center of bouyancy
mized simultaneously, the actual hull requirements as well as hydrodynamic
shape represents a compromise which and aesthetic criteria.
satisfies all of the practical con- From the point of view of the mathe-
straints but , in general , op timizes  mona ma tical techn iques employed , it is the
of them, first of these three steps that is of

As a rule, HSVA does not have the greatest interest. In general , this
responsibility for the design of ship f i r s t step is termed “splining,” in
hulls. The designs are provided in deference to the traditional drafting
the form of a small-scale “lines plan” technique in which a thin elastic beam
drawing by clients who wish to have (a spline) is forced , by means of heavy
tow-tank models produced and tested, weights (ducks) strategically positioned
The job of HSVA is to enlarge- the h u e s  along its length , to smoothly approxi-
plan to an appropriate size for the mate a set of measured curve offsets.
model which is to be made and tes ted. The thin-beam (mechanical) splines used
The lines plans provided by clients by draftsmen have the desirable prop-
are surprisingly crude and usually er ty of minimiz ing the s tra in energy
contain only the minimum number of key of the curve which approximates the
design curves (e.g., water-l ines and offsets. Since the minimization of
ver t ical sec tion profiles) needed to s train energy is found empirically to
define the 3-D hull surface. The gross be closely related to the intuitive
imperfec t ions in the blueprints together concep t of smoo thness or fa irness , many
with the necessity of enlarging the systems for the computer-aided design
lines-plan curves by a factor of 10 or of free-form curves are based upon
perhaps 100 leads to the mathematical ma thema tical func t ions that emula te
problem of “lines- fairing ,” i.e., the the curvature properties of thin-beam
process of making all curves smooth , splines.
of removing any local humps or hollows , The specific fairing techniques
and of making sure that all intended in use at HSVA are: (1) Bernstein-
intersections of curves are actually Bêzier polynomials and (2) Cornu spi-
achieved, rals. The f irs t of these techniques

As a service organization , HSVA was developed a lecade or so ago by
is always under time pressure from cli- Prof. P. B~ zier - f R~gi e Renaul t for
ents who are impatient for test-tank the computer-aided design of automobile
results. Thus , in addition to reducing exterior curves and surfaces . The
the labor content of model making, there method is bas ed upon class i ca l Berns te in
is a strong competitive incentive to approximation of functions and , a lt houg h
reduce the lead- time froii receipt of it requires a high degree of draftsman
the lines plan to the comple tion of the interac tion and itera t ion in order to
test model. Since it is difficult , if accura te ly fi t prescr ibed offse t da ta ,
not impossible , to quantify the subjec- it has met with considerable success
tive notion of fairness, the HSVA system and is used extensively in the French
of lines-fairing adopts the pragmatic automobile industry .
approach of automating those facets of In order to exercise maximum con-
lines- fairing that are most laborious tro l over curve shape , USVA uses only
and time-consuming while leaving all cubic B~ zier curves. While satisfactory
decisions regarding aesthetic accepta- for a large number of curve types , they
bility and fairness to the discriminating do not have sufficie i~t flexibility to
eye of an experienced draftsman . In handle all ship limes. Consequently,
other words , the lines-fairing and hull- they have developed a r-ethod of lines-
surface definition system is based on fairimg based on Cornu spirals which
the philosophy of interactive work- seems very similar to the method deve l-
sharing between the draftsman and the oped by Dr. Even Mehlum (Cer,trdl Insti-

• computer. tute for Industrial Research , Oslo ,
There are three basic steps in the No rway) for use in the AIJTOKON system

h ines-fairing procedure: (1) fitting for ship hull design. The bas ic notion
data points (“offsets”) measured from here is that a Cornu sp i ra l is  def ined
the design blueprint with a mathemati- “intrinsically ” (i.e., without reference

‘ cally defined curve, (2) calculatinR to amy particular coordinate system)
the ship ’s displacemen t and position of as a curve whose curvature varies
bouyancy, and (3) modifying the key linearly as a function of the arclength
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S along the curve , i.e., K — as + b fot surface . Rather , the final result
some constants a and b. The nonlinear is a fairly dense collection of cross-
mathematical problem which arises with section limes (e.g., water-limes) which
the use of Cornu spirals for curve are digitized and used to drive a 3-axis
smoothing is that of integrating the mill which cuts the actual model. The
nonlinear differential equations which grooves left by the milling machine are
define the spiral subject to the con- removed by hand-finishing to obtain the
straint that the resulting curve deviate smooth hull model that will be used for
minimally from the prescribed offset experimental testing .
data. The group at HSVA has developed Depending upon the type of experi-
mathematical software to solve this non- ments to be performed , the models are
trivial problem and report that , except made of wood , wax , glass-fiber reinforced
for some d i f f i cu l ty in specify ing curve plastics or epoxy resin with a filler.
tangents at end-points , the method pro- The latter material is also used for
duces very acceptable results in most alterations of models when tests m di-
cases. cate a potential for improvement in the

The fairing of individual lines ship ’s form.
(curves) leads eventually to a collec - The hardware used for geometric
tion of curves, each of which is accept- design at HSVA consists of a Hewlett-
able in its own right. However , if one Packard Zl -MX computer , a Haroma t digit-
views this set of curves as an ordered izer for the initial digitization of
sequence of , for example , water- lines offsets from the small lines plan , and
at differen t heigh ts, then it is natural an electronic drawing table for the pro-
to require that adjacent curves have duction of dra .’thgs. An interactive
similar curvature or aesthetic features. graphics terminal will soon be added
In othe r words , the “charac ter” of the to make the system more efficient by
curves should change smoothly and gradu- decreasing the waiting times between
ally from one curve to another . Again , user commands and visual output . The
as with the term “fairness ,” the concept drawing table will then be used only
of the “charac ter ” of a curve is not for the generation of final drawings.
easy to quantify , although it is an in- (William J. Gordon)
tuitively meaningful notion to am experi-
enced draftsman.

Wha t is done , therefore , to take
into account the interrelationship be 

-

_______________________________________
tween curves of the same family is to PHYSICAL
locate the critical points on each curve
at which its curvature is a maximum , _____________________________________
minimum , or zero (an inflection point).
One then connects- the critical points
of corresponding type (e.g., loca tion
of inflection points) by a curve which LATTICE DYNAMICS—~--l977
cuts more or less orthogonally across
the family of faired curves. In gener- An International Conference on Lat- - 

-al , the curves connecting corresponding tice Dynamics was held in September at
critical points will not be fair , and the Un iver sitê Pi erre et Marie Cur ie
the procedure is then to smooth these in Paris . The following report is an
new lines to obtain a fair curve which attempt to describe the present state
mos t closely f its the loci of cri t ica l of the f ie ld and its princ ipa l areas

• points. The faired curves obtained are of activity as revealed by this exten-
termed “charmin g l ines ” and are rea lly sive Conference .
only auxiliary curves which the drafts- Lattice dynamics is the study of

• man will then use to modify the initial- the motion of atoms (or ions) in a sol-
ly faired des ign curves of the lines id , and as such constitutes one of the
plan. The final set of lines which two basic disci plines of solid-state
are used to define the model’ s hu ll physics. The second discipl ine , wh ich
surface will only emerge after several deals with the motion of the electrons ,
iterations of the fairing and charming is the one that has traditionally ~lrawn
procedures . the interest of more scientists as well

It is interesting to note that the as the public at large . For example ,
HSVA techniques do not lead to a mathe- the Nobel prize for the invention of
matical definition of the entire hull the transistor came as early as 1956,
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when the word “s o l i d - s t a t e  e lectronics”— This year , the bas ic  separation—
as applied to radios and hi-fi equip-- to look only at lattice vibrations or

-ment——was already part of the vernacular . “phonons” and ignore electrons—was much
These applica tions deal largely with harder to detect. With large compu ters
elec tronic phenomena. Lattice dynamics one can now apply the old phemomenolog-
experienced it s explosive grow th la ter , ical models to rather complicated sys-
mos tly in the late 1950s , and it was tens ,. There were papers on surfaces ,
not until 1963 that the first large in- point defects , dislocations , amorphous
terna tional conference took place (in mater ials , and numerous perfect crystals
Copenhagen; the proceedings appear in with complex structures , e.g., crystal-
Lattice Dynamic8 , R.F. Wallis , ed., line DNA pyrinidines. There were two
Pergamon , 1965). This year ’s conference , sess ions on “weak anharmon icity ” (anhar-
the second , showed great changes in monicity asserts the failure of the es-
emphasis. sential lattice-dynamical assumption

The reader may wonder whether sep- of small atomic displacements ; the ad-
ara tion of phenomena in a sol id in to jec tive “weak” therefore conveys that
those caused by electronic and those the failure may be less than catastroph-
caused by atomic motion is at all logical ic). Beyond these , the failure of the
or justifiable. Lattice dynamics began separation of atomic and electronic mo-
with the simple assumpti on tha t atomic tion was usua l ly of the essence: phase
displacements must be small compared to transitions , which clear ly involve
the distances between atoms (Born and large motions—including even melting;
von Karman , 1913). Today we can view solitons—special propagating wave pack-
th is as litt le more than a def in iti on ets tha t can be found by solv ing highly
of a sol id (if atomic displacements are anharmoriic problems. There were also
large , we ’re ta lk ing abou t a l iquid or many attemp ts to unders tand “super ion ic
a gas). Nonetheless , a rigorous justi- conductivity”—experimentally not a new
fication ‘~f the assumption could not be phenomenon—in terms of the interaction
provided until the invention of quantum between a moving particle and lattice
mechanics , which is now believed to pro- vibrations .
vide the correct foundation of all phe - The lattice dynamicist became inter-
nomena on the atomic level (Born and ested in phase transitions when Cochran
Oppe nhe imer , 1927). The separation (1960) pointed out the connec t ion  between
remains a curious one: it is, after soft modes and structural-phase transi-
all , prec isely the action of the elec- tions . The standard picture involves
trons (which the l a t t i ce  dynanicis t  ig- a “ sof t  mode ” in the h i g h- t e m p e r a t u r e
nores) that provides him with the basi- phase that drives the lattice unstable
cally stable equilibrium of the atoms as the frequency approaches zero. This
and their small excursions about that node is commensurate with the low-
equ i l i b r ium tha t  he s tud ies .  By 1960 , temperature  s t r uc tu r e ;  i . e . ,  i t s  wave
van Hove had established the analytical vector is a simple fraction of a recip-
structure of the distribution of normal rocal lattice vector (normally at the
f requenc ies, computers existed to provide zone center or zone boundary). The
these rap idly for individual models , macroscop ic proper ties of the ma teria l
and experimen tal measurements were pos- in the very anharmonic reg ime near the
sible by the sca tter ing of cold neu trons , transi t ion tempera ture are expressible
a scientific by-product of wartime nud e- in terms of an order parameter , essen-
ar reactors; those were the main top ics tially the amplitude of the soft mode.
of the 1963 conference . The major con- However , two new phen omena , incommensu-
cern was phenomenolog ical models within rate phase transitions and central

• the harmonic approximation for fitting peaks , discovered by neutron-scattering
the expe rimental data without much con- measurements , have shown that the old
cern with their quantum mechanical o n -  soft-mode picture is not entirely ade-
gins (these included “shell” and quate. Most of the present interest
“deformation-dipole ” models  to take in phase t rans it ions deals w ith the se

— accoun t of charge distortion) . A note- two effects , but neither seems to be
worthy exception to this unconcern was clearly understood yet. The instability
the paper by Harrison on the pseudopoten- In incommensurate transition is appar-
tia l approach to ca lcula tin g phonons en tly of ten caused by a large coupling
in nearly free electron metals. Also , of the phonons to the electronic struc -
som e impor tan t work was be ing done on ture. Since the discovery (1972) of
defects and anharmonic effects, a very intense and narrow central peak
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in neutron-scattering measurements on deformation-dipole models) existed even
SnTiO, (later also in other compounds before 1963. Recently , a varia tional —

and in l ight-scattering measurements) theory for calculating phonon dispersion
many explanations have been offered , in nonmetals (R. Zeyher, Max-Planck
involving concepts ranging from coupling Institute , Stuttgart , FRG) , discussed
of sof t phomons to defects to domain at the Paris meeting , has been used
formation . After the Paris Conference to explain the various terms of these
it is still not clear if the central models on a microscopic level (S.S.
peak is of a static or dynamic orig in Jaswal , Univ. of Nebraska). In a first-
or even both, principles calculation applied to the

Of particular interest seem the at- simplest ionic compound LiD, it gave
temp ts to calcula te atomic motion from an accuracy of 20% in the phonon
“first principles.” Past practice— frequencies.
so-called “model calcula tions ”—had For simple metals , on the other
been to assume interatomic forces as giv- hand , the elec tronic struc ture can be
en and ca lcula te the la ttice dynam ics determ ined by trea ting depar ture s from
from them according to the old-honored free-electron behavior as a perturba-
recipe of Born and von Karman ; with a tion. This was worked out in the early
b ig enoug h compu ter , assumed forces can l960s and given the name pseudopoten-
be varied as often as necessary until tial theory. In this approach the de-
a fit is obtained. This process is nei- pendence of the energy of the system
ther conducive to physical understanding on the configuration of the atoms takes
nor even mathematically unique . At pres- a relatively simple form that can in
ent , several groups are therefore trying turn be used to calculate the phonon
to calculate , ra the r than assume , the spectrum. However , for mons imple me tals
force constants that go into the caicu- experimental information of some sort
la tion s ; and to do so by us ing ex isting mus t be used to de termine the
information about the electronic struc - pseudopotential.
ture of the solid. Take the example Density-response theory should in
of a phase trans iti on again : one may pr inc iple be applicable to any material.
be able to describe the essential fea~ I t gives the dynamical  ma tr ix as a sum
tures of the hi ghly anharmonic system of a bare int~ rac t ion minus a second
near a structural transition in terms term involving the density-response
of a mode that softens with temperature , fun ction , x(q), that accounts for the
but to understand why the mode softens response of the electrons to the moving
at all requ ires an accura te microscop ic ions. No complete calculation without
theory of interatomic forces in the har- adjustable parameters has yet been done ,
nonic lattice. The latter is, of course , but it has helped to understand anon-
a difficult task indeed , but one that alous phonon spectra in transition
may be ripe for a breakthrough. Accurate metals and their compounds. These ma-
first-principles calculations of elec- tenials are particularly interesting
tronic band structures and crystal-charge because many of them are high-
densities are becoming commonplace . temperature superconductors. For some
Further , it has been shown that the materials (e.g., NbC and TaC) the anon-
ground-state energy of a solid is a alous features in the phonon dispers ion
unique func tion of the charge dens ity;  can be understood qua litatively from
thu s all the informa tion needed for a the geome try of the Ferm i surfac e or
phonon calculation is in the electronic from calculations of 

~
(q) in the con-

structure just waiting for an effective stant matrix-element approximation.
way to be extracted. It was evident However , a more sophisticated treatment
at the Par is  mee t ing  tha t  some progress is required to explain the large anom-
has been made. alies in Nb. A paper was presented

The easiest systems to treat are by S.K. Sinha (Argonne National Labora-
those where the outer electrons are ei- tory , Argonne ) in which a ti ght-binding
ther tigh tly bound , as in ion ic solids , picture for the band structure was used
or nearly free , as in simple metals, along with parametrized short-range
For ionic solids one can do pre tty well forces to ob tain very good resu lt s for
by simply rigidly overlapp ing the charge Nb , including all the anomalous features.
dens ities of the free ions (see Born However , his exp lanation of the anoma-
and Fluang, 1954 , and references therein). b u s  behavior conflicts with earlier
Models for the charge distortion s that work by C.M. Varma and W. Weber (Bell
arise when the ions move (shell- and
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Labora tor ies , Murray Hill) that explains stable clock-controlled radio oscil-
the anomalies as a screening effect. lator. From any point on earth several

In sum , it seems that the basic of these satellites will be visible
separation of solid-state theory into at the same time . Comparison of the
electronic and lattice-dynamica l prob- signals from these satellites allows
lems will be with us for a long time to the ground point to determine its po-
come. We saw no attempt at a r igorous sition with great accuracy. In the GPS
solut ion of both problems together , but program several test satellites with
ever more work combining the res ult s of rubidi um and ces ium vapor clocks hav e
both theories. Those who find these been flown. It is planned that a
achievemen ts logically unsa ti sfy ing ,  how- hydrogen-maser clock will be part of
ever successful they may be in describing the next satellite launch , and inten-
reality, can take some comfort in the sive effort is being spent to develop
somewha t higher level of internal con- a small , reliable , and lightweight

— sistency of the “first-princi ple calcu- maser that will operate successfully
lations” of phonon spectra from in a space environment.
electronic-band theory. (L.L. Boyer In France the Centre National de
and Herbert B. Rosenstock , Naval Re- la Recherche Scientifique has concen-
search Labora tory , Washington , DC) trated its support of efforts to deve l-

op advanced f re que ncy standards a t the
Laboratoire de l’Ifor loge Atomique which
is on the campus of the Universit~Paris-Sud in Orsay near Paris. Dr.
C. Audoin is director of the laboratory .
It s staff consists of six scientists

BETTER CLOCKS IN FRANCE and an equa l numbe r of gradua te studen ts
w i t h  a few supporting engineers and

The desire to measure time ,-.ith technicians . The g roup is working ac-
grea t prec ision has had a long histor y . tively on hydrogen masers , he lium-neon
In earlier ages astronomical observa- lasers with an iodine absorption cell ,
tions and mechanical clocks serv ed man ’s me than e as an inf rared laser standard ,
needs. With the advent of vacuum tubes , :ontinuous-wave dye lasers , and long--
the quartz crystal-controlled oscillator lived excited ions trapped in a magnetic
became a widely used standard. The pas t f,ield as sources of very sharp micro-
several decades have seen a remarkable wave lines.
development of various other ways of The largest effort has been in the
te l l ing  time grouped under the genera l hydrogen-maser development. There are
title of “atomic clocks.” These include four hydrogen masers in operation.
alkali-vapor clocks such as rubidium Two are high pre cision standards which
and cesium; sharp laser lines which are nearly alike and are housed in the
are sometimes used for the complementary same room but are completely separate ,
problem of length measurement; and there even to the use of separate vacuum
has been a steady development of the pump s . Another hydrogen maser is de-
hydrogen maser as a frequency st in da ,- 1 ~zi gncd to operate ~vcr a temperature
because of its remarkable stahi Ii t v  r.un -e iron 77 K r - ~~~~ K; a unique de-
and good accuracy .  Not a l l  h i g h vclo 1 sent •~~~~ the 1 ’lo r atory. The fourth
prec is ion  c locks  are a tomic , h -  ve r .  Ii ~~d r n - I l _ r i  I -~~ r I J for atomic-
The use of a low—loss supercond’ - - i n ~ - i •  e~~p e r i m -~~ -

~ -~~t involving tern-
microwave c a v i t y  has also been r ’ o p n - e  ‘n r i t  I l i e  v a  t i a ’  I
and developed as a ve ry st :ihle ‘qi~ ‘u~ - t i J -

~ t ~- c a~—~ - has been deve l-
— • s t andard .  -~~

--~ 
- 
~ ith Pr ’ - !t ~~! i~~I md care. A high

Development  of these  h i gh f C d~~ -~~i ( -  \- - o es Jf — Ii ~ is maintained
clocks has made pos s ib l e  appi  i .•- :l t ions in he bulb cont - l  n i n g  the  exci ted
such as very l o n g — b a s e  r ad io  ronom -~, hydrogen ato~ s. ~i u g n e t i c  shields  are

-
• v e r i f i c a t i o n  of the genera l  the — ry of use l to i s o l a t e  t h e  h y d r o g e n  atoms

relativity , precision navigation and from v;iryin~ ambient magnetic fields.
spacecraft tracking. An ambit hits ‘ro l - l i~~i d ~- the --hi je lds all th~ vacuum appa -
ect currently being pursued II ; 01 tus i~ t i i ~~-’ of copper to avoid the
Force—Navy effort called the Global Pu possi b ility hat stainl ess steel might
sitioming System (GPS). Its goal is to not he entirely nonmagne tic, The micro-
disperse around the earth a large number  wave cavity, wh i ch su rrounds the bulb
of sa tell ites , each of wh ich has a containing the hydrogen , is m ade of —
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netallized quartz tubing with metal with an activation of about 2 x lO_ 2 eV
end plates. The cavity temperature which gives rise to some phase shift.
is regula ted to l0”~ K. A quartz bulb Wall losses are very small. There are
coated with Teflon and then baked is changes in wall interactions at 202
used to contain the excited hydrogen and 296 K that are probably connec ted
atoms ; the Teflon reduces the tendency wi th  the motion of some parts of the
of the excited hydrogen atoms to relax Teflon macromolecules . The wall mate-
to their ground state at the wa l l s .  r ial tends to be more l iquid in char-
Similar care is lavished on the electron- acter than at lower temperatures , and
ics to reduce no ise , isolate the oscil- the hydrogen atoms may be able to pene-
lator from the load , and make a m p l i f i e r s  t r a t e  to the qua r t z  substrate  that is
that have a phase shift independent of much more interactive than the Teflon.
signal level. The result of all of New losses and phase shifts appear at
this is that the two s tandard  masers  each of these higher temperatures.
have a f ract ional  frequency s t ab i l i ty  The measured values of the cross
wi th respec t to each other of 3 x 10 ~ section for exci ted hydrogen atoms to
for time intervals of 1000 sec and lO~~~’ interact with each other and relax to
for 5-day periods , the ground state is nearly independent

Although the frequency stability of temperature above 100 K and agrees
of a hydrogen-maser clock is impressive w i t h  the theory.  Coll is ions be tween
and is be tter than any other clock now atoms also g ive rise to frequency
used in pract ical  app l ica t ions , one can s h i f t s , and these have also been meas-
inquire about the source of the present ured as a funct ion of temperature.
limitations. In a recent paper N. Again agreement with theory is good.
Desa intfusc ien , J. Viennet , and C. It appears the re fo re  that  the one
~udoin , Metroiog ia 13 , 125 (1977), are a in which appr eciab le improvemen t
looked at some of tE~se lim itation s could b e made in hydrogen masers is
for hydrogen masers as a function of the wall coating. I t would be he lpf ul
temperature. Stability is related to to have some material that is as inert
(vIM) where v is the average frequency at 300 K as Teflon is below 200 K.
of the maser and t~v is the width of the There are several other activities
frequency distribution . It is obvious of Audoim ’s group tha t are of special
that one would like to reduce liv as interest. One is their development
much as possible. There are two primary of a very sharp laser-source by the
problems. One is that the excited hydro- use of a helium-neon laser combined
gem atoms react at the walls of the bulb with a saturated iodine vapor cell.
that contain them. The other is that Audoin says that this eliminates the
the atoms collide w ith each othe r. At first-order Doppler effect in the laser
the walls there is a finite probability line and leads to a source that is
tha t exci ted atoms will  no t be simply 100 times be tter than the kryp ton line
reflected but will interact with the widely used as a standard for length
wall in some way to make a transition measurements . The French standards
to the ground state thus reducing the organization (the Bureau National de
lifetime of :the excited state and broad- M~trologie) is now actively lookingening the line. Even if the atom is into this as an improved tool. Audoin ’s
reflected from the wall , a phase shif t group is look ing for other dyes tha t
may occur on reflection that also tends might make similar improvements for
to change the frequency slightly and specific laser lines in other portions
broaden the line, For atoms that col- of the spectrum.
lide in the bulb there is a frequency A novel idea, in the ear ly stages
shift caused by spin exchange between of development at this and other labora-
the atoms. There is also an effect re- tories, consists of the magnetic stor-
bated to the interruption of the oscil- age of ions. In the work in progress
lating magnetic moments of the atoms dur- at Audoin ’s laboratory, barium ions
ing the collision . Finally, there is are injected into an evacuated bulb
some loss as the ions relax to the with magnetic fields around it such
ground state, that the ions are deflected away as

The French group find that the they approach the wall. Lifetimes of
‘ effects of the Teflon wall appear to a second have been achieved for these

have three temperature regions. Below ions. The ions are excited by pulsing
202 K there is a simple physical adsorp - with a dye laser in the blue. Under
tion of hydrogen atoms on the walls these conditions the ions have a
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microwave t r ans i t i on  at 8 GHz that  has ce r ta in ly  must be one of the most de-
been seen on occasion with a width of manding of flying assignments , and so
10 Hz, By comparison , the hydrogen there is an unde rstandable  concern wi th
maser has a width of about 1 Hz at the human factors of the cockpit. With
1.4 GI-I z so that (v/M) is nearly the his human factors resear~ h program on
sane for these systems at present. site at the aircraft plant , Nords trom
The s tored- ion system has potential is the focal point of the concern.
advantages  in that wall effects are Test pilots and test aircraft are near-
reduced and the geometry can be arranged by, so he is in a good position to try
so tha t Dopp ler bro aden ing is el imina ted , out new design ideas and get the worthy
It would seem possible that with contin- ones adopted.
ued development the stored-ion technique One of the impressions distilled
could become another important frequency from discussions with NordstrOm and
standard, his colleagues is a preoccupation with

The hydrogen-maser clock was first eye movenents . Low-level , high-speed
proposed fifteen years ago by Professor flying involves attention to events
Ramsey of Harvard University and his both in and outside the cockpit , and
associates. The progress that has been eye movements not only take time but
made since then in the clock’s opera tion , the highly directional eyes can be in
in the understanding of its limitations , the wrong place at any particular moment
and in its application to major practi- and miss a vital event when it occurs.
cal endeavors is an illustration of the Apparently this preoccupation has been
rapid transition of basic research to with the SAAB-SCANIA human - factors
engineering characteristic of our tine, staff for some time. The head-up dis-
( C l i f f o r d  C, Kl ick)  p lay,  where symbology is projected

on the windscreen so that instrument
values and the outside world can be

_________________________________________ processed without appreciable eye move-

PSYCHOLOGICAL ~~r
15 in the Swedish AJ 37 attack

SCIENCES On the day of my visit to the SAAB-
SCANIA p lan t, NordstrOm was concerned
with finding panel space to move a
cathode-ray tube near the head-up dis-

THE EYES , THE HANDS , AND THE COCKPIT play so that the visual processing of
the two would be easier. NordstrOm

L. Nords trOm , Head , Man-Machine also has an interesting basic research
Systems , Airplane Division , SAAB-SCANIA idea that bears on eye movements and
AR , LinkOping , Sweden, is a corner of which , if supported , could have m p h -
a triangle whose other corners are the cations for cockpit design. He has
A irborne Electronics Division (I. the hypothesis that the eye does not
Car ls son , Head), Defense Materiel Admin- need to move to receive two spatiall y
istration , A ir Materiel Department , separated items of information. He
Stockholm , and the Forsknings Simulator - believes that the fovea and the periph-
(FOSIM , or research simula tor) Re search cry of the eye are two channels  t ha t
Facility (0, Hftll~ n, Head) , Depar tment can operate simultaneously, and that
of Aeronautics , Royal Institute of Tech- we can centrally select and attend to
nology , Stockholm. Standing in the cen- either one we wish.
ter of the triangle is aircraft cockpit The cockpit of an advanced , modern
design . The Airborne Electronics Divi- nilitary aircraft is a mix of conven-
sion , a~ a cen tra l governmen t agenc y , tional electromechanical instruments
provides the money as well as offering and one or more cathode-ray tubes for
de si gn and research ideas , the FOSIM radar and computer-generated informa-
provides research support , and the SAAB- tiom. If the present trend toward
SCANIA plan t is where the a i r c r a f t  are computer-generated i n f o r m a t i o n  in the
developed. They have mostly attack and cockpit continues , and there is every
fighter-interceptor aircraft on their indication that it will , the day prob-
minds , and they give considerable atten- ably will come when the cockpit panel
tion to low-leve l , high-speed attack , is nothing but cathode-ray tubes and
This kind of att’:~ k , in which the earth computer-derived information, On that
goes by with i ’icrediblc swiftness and day the cockpit designer will have a
fractions of a second make a difference , new power becau se he w ill be ab le to
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place any i tem of information at any methods of pilot input to the system.
place on the panel , at any time, in Experienced pilo ts were the subjects.
any reasonable s ize , and in symbolic The resul t  of the experiment was that
or pic torial form. There are many voice recognition had sli gh t ly less
ram ifications of the new power, and one error than push buttons. The pilots
of them is for eye movements. How are were delighted to have their hands
designers going to array the panel in- free of button p ress ing ,  and they were
format ion so tha t  eye movements are m m -  en thus ia s t i c  about the possibi lit ies
im ized? Are they going to spread it of voice recognit ion in the cockpit.
all in front  of the pi lot  and imitate Wi l l  the day come when we can f l y
the electrom echanica l ins trumen t arrnys an a irplane by talk ing to i t? If the
of the pas t , thus committing the e;e- system can receive the vocal input of
movement sins of the past?  Wil l  only d ig i t s  in Hft l lén ’ s experiment , and so
a subset of the items be displayed at would be able to receive , say , naviga-
a time , thus keep ing the set to be tion coordinates, then a sys tem cou ld
scanned small so that eye-movement re- be expected in the future whereby the
quirements are minimal? The particular pilot would instruct his aircraft to
subset showing at any moment could be make a s tandard rate turn to heading
the pi lot’ s choice . Or should eye move- 180. (Jack A . Adams)
ments be eliminated almost entirely by
disp lay ing  one item at a t ime? Instead
of moving the eyes to the item , move
the item to the eyes . Items of a sing le
ca tegory , such as basic flight parame-.
ters , could be cycled to appear succes- THE SPIRIT OF NEGOTIATION RUNS HIGH
sively at the same place on the panel; N DENMARK
other ca tegor ies of in forma tion could
be displayed at the p ilot’s discretion, Not belong ing to a trade union in
It will be interesting to see if our Denmark must  produce a f ee l ing  of being
ideas of eye movements are defined well alone because almost everybody belongs
enough , and our knowled ge about eye move - to one. Even the armed forces are or-
ments strong enough , to dec ide on one ganized , and have been organized for
of the new options for presenting cock- much longer than most would believe .
pit information that will be open to The concern about trade unions in the
us. US Armed Forces is recent , but Danish

If the cockpit of the future will military have had the right of negoti—
be dominated by computer-generated in- ation since 1919 , and have had an offi-
formation , the pilot must have an input cial union since 1921 (the Chief of
&vice for  i n t e r a c t i n g  wi th  the compu- Defence , Denm ark’ s highest military man ,
ters. The input device is typically is a member of the officers ’ union).
a keyboard , and NordstrO”’ expressed With the exception of conscripts
concern about the growing numbe r of key- (Denmark has retained the draft), en-
boards in the cockp it. If the cockpit listed personnel have had the ri ght
panel is a spread-out array of imstru- of negotiation since 1953. The con-
ments that places heavy demands on the scripts have not been forgotten , how-
v isua l system , the controls can be said ever, In 1967 the Danish Parliament
to make analogous demands on the motor passed the Co-operation Act which re-
system . NordstrOm believes that the quired command personnel to establish
answer may lie with a voice-recognition negotiation and grievance procedures
system as the input device, Tnstead of for conscript s . .\ visit to the Social

• - punching a keyboard the pilot could Nychology li v i si o n of the Militar y
quite literally talk to a c o m p u t e r  and Psycholog y I n s t i t u t e , Cope n h ag e n , f i n d s
g i v e  it instructions , with a voice— one hearing that all of this is a good

-
- 

- recognition system identifying the corn - thin g , that it is ingrained in lanish
plex of sounds in the p ilot’ s voice and life , that the Parish peop le w a n t  and

• being the basis of the i n p u t  to t he  expec t  i t , and that i t  r educes  group
computer . An experiment in the FOS I \I tension and conflict . The M i l i t a r y  N v -

~
:Is conducted along these lines unde r  ch o l o g y  I n s t i  t t i t c  h o u s e s  a ]  1 of the

ht ~~h l ~~n ’s s , ) e r t i s i o n .  -I d i g i t — l e a d i n g  psycholog ists i n  the P a r i s h  ~\ rined
t a s k  was requi red sh i  le f l y i n g  a sta nd— Forces • In add i t  i O f l  to S o c i a l  P s y c h o l  -

ard -ian euv er , nd voice recog n ition ogn , i t  h a s  di r i S i o t s  c o n c e r n e d  i~i t h
a n d  push h itt er s were compared as personn el select i , - ,  md c l ; ~~s~ l i a t i o n ,
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and statistics. Major P.E.O. Sucksdorff the discipline. Borup-Nielsen also
heads the Social Psychology Division . pointed out that we have unionized

An attitude questionnaire ordinarily forces in society where superiors are
asks wha t one th inks abou t a top ic , with required to order their subordinates
nothing to do with negotiation , but not into very dangerous situations , and
so in Denmark , Each year the Social yet there is no breakdown of discipline ,
Psychology Division administers an atti- no failure of mission. These forces
tude questionnaire throughout the armed are called police and firemen .
forces. Last year they gave it to The debate about unions in the armed
20,000 personnel in 400 units , which forces has generated more argument than
is abou t 50% of the units in the armed research , al though there has been some
forces. The main part of the question- assessment of the attitudes of military
naire has items that fall into four main personnel toward trade unions. The
categories : attitude toward the job , thrust of the discussion with Borup-
relations with the members in your work- Nielsen was that we need more incisive
1mg group , relationship to super iors , research. It would be usefu l to study
and management and control. The results the behavior of unionized police and
of the survey provide useful information firemen under stress. We could ask
about personnel opinions , and this is how a unit fights. What are the atti-
where the usual attitude survey ends. tudes during combat when individual
In Denmark , however , the survey results and unit survival are at stake? Would
are fed back to unit commanders who are union action enter anyone ’s mind? A
strongly urged to discuss them with the search could be made of military his-
personnel of their command. In the tory for incidents in which personnel
discussion a commander hears negative resisted commands of their superiors
att itudes and the conditions that cause under combat conditions. What were the
them , and certa inly he is urged to do causes of such incidents? How would
something about them. Of course , there the presence of a trade union have af-
are problems that a unit commander can fected them? Research topics like these
do nothing about, like salary , but there are different from the conventional
are local problems that can be brought attitude survey, and potentially more
to his attention about which he can do fruitful , it would seem.
something. An attitude questionnaire (Jack A. Adams)
measures opinion in its usual applica-
tions , but here it is used to change at-
titude as well. It is as if a thermom-
eter could both measure temperature and
change it.

As one of his specialties , S. Borup- OUR BABEL OF TONGUES
N ie lson , a co llea gue of Sucksdorf f ,
deals with the subject of trade unions The NATO Conference on Language
in the armed forces , and he strongly en- and Communication , held in Venice
dorses then as a nechanisn of negotia- 26 September to 1 October 1977 under
tion . The strongest recurrent theme the stewardship of H.W. Sinaiko (The
in the contemporary debate over trade Smithsonian Institution , Washington ,
unions in the US Armed Forces is that DC) and D. Gerver (Univ. of Stirling,
unions may use their power of strike UK), could have been about many things ,
in wartime , interfere with discipline given the conference title , but actually
and command de ci sion , and generally un- it was about simultaneous conference
dernine unit effectiveness. Borup- interpretation. The conferees were
Nielsen does not take this criticism mostly conference interpreters and re-
seriously. He believes that firm disci- search psychologists , with a sprinkling
pline in training may transfer very of linguists and sociologists.
little to actual combat. Military units We are all familiar with simultame-
can become informa l under combat condi— ous interpretation from listening to
tions in which individual and group sur- sessions of the United Nations , which
v ival are involved , with little semblance is transposition from one language to
of garrison discipline , and yet can another at the moment of speaking,
fight very w e l l .  The enormous pressures Simultaneous interpretation is distin-
of surviva l can drive a unit to fight guished from consecutive interpretation
very effectively, he believes . Put an- where an interpretation of the speech
other way, surv iva l pressures guarantee is g iven after the speech is completed ,

- 
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-and from t r a n s l a t i o n  where the t ranspo ou ts ider  might  decide that the inter
sition is from a w r i t t e n  text in one preters had problems with their skills
language to a written version in another, and had gotten together with psycholo-
The or ig ins of in terpre tation lie in gists whose res earch on langua ge mi ght
antiquity. Christopher Columbus brought help them. Not so. Interpreters are
Amer ican Ind ians  back to Spain so that a self-confident lot who do not readily
they cou ld learn Spanish and serve as admit to problems , and so they were
interpreters. As recently as Worl d not the motivators of the Conference.
War I all international conferences What appears to have happened is that
in the Wes t were held in French , but Sinaiko and Gerver , on the bas is of
the British and the AmerLd,Is were weak their knowledge of interpretation and
in the language and so the profession research on it , saw that prob lems do
of conference interpreting was begun. indeed exist , and that the application
Today the profes sion is organized in to of psycho logi cal knowled ge and r ese a rch
the International Associaton of Confer- methods could ease the problems and
ence Interpreters , headquartered in smooth our passage through this babeling
Geneva , with 1500 members. The Assoc i- world. The research psycholog ists
at ion has a trade union quality, setting who were brought in were a solid but
as it does the standards for its mew- mixed group . All had an interest in
bers , working cond iti ons , and wage rates. language and most had dome research
The Assoc iation members refer to their on it , bu t in teres t and res earch on

— 
sk ills as A Langua ge, B Lan guage , and language is not the same as interest
C Language (no reference was made to in simultaneous interpretation and re-
language competence beyond C). The A search on it (research on simultaneous
langua ge is as w ith the mother tongue , interpretation is a very small propor-
and it is rare to have two A languages. tion of all research on language).
The B language is very good and will The interpreters and the psycholog ists
serve profess iona l ends , and the C lan- could hardly have d if f e r e d  more , butF gua ge wi l l  do in a p inch , with in a few hours they were communi-

Ori gina lly,  skilled interpreters cating , and within a few sessions some
were usual ly born , no t made , as a diplo- of the interpreters had admitted to
mat ’s child raised in two linguistic problems , particularly in the areas
communities , but now it is common for of workload and stress , and the psychol-
interpreters to have attended am inter- ogists had learned a great deal about
preters~ school, Some schools are in- simultaneous interpretation. By the
stitutes that train only in interpreta- end of the Conference there was some
tion , but a few universities have an agreement that a mutually beneficial
interpretation curriculum that , a long mee ting had taken pla ce , and that the
with the usual general education require- foundation for future meetings , col lab-
nen ts , leads to a university degree. oration , and research had been laid.
The interpreters at the Conference em- H.M. Parsons (Institute for Behav-
phas ized the importance of general edu- ioral Research , Silver Spring, MD ) ,
cation , not only about the culture of who is an engineering psychologist of
a language which helps in grasping the wide experience , observed that the Con-
nuances of express ion , but in technical ference was similar to the initial meet-
topics like politics , economics , and imgs in the late l940s and early l950s
the physical sciences which are so often between engineers and engineering psy-
the topics of international conferences. chologists on problems of human factors
An unavoidable impression of this meet- in cockp it design. The engineers , as
ing was the enormously hi gh language expe rts on mach ines , were on ly  d im ly
ski lls of profe ssional interpreters , aware of human factors , and they had
Most language majors of universities little idea of what psychologists could
in the US and the UK , and who hold de- contribute. Similarly, psycholog ists
grees , cannot qualify for entry into were only slightly aware of eng ineering
interpretation schools, Because the problems.  Progress  began when skilled
sk il l demands are so h igh , the Interna- organizers , with better perception than
tional Association of Conference Inter- either group had , broug ht the two sides
preters is an exclusive club whose men- together and started them talking to
bers are good and know that they are each other, Today our cockpits are
good , like a society of Olympic gold- showing the benefits of those
meda l winners would be . negotiations.

On examining the program and the It was evident from the Conference
creden tials of th e conferees , a naive papers that psycholog ica l research
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has little to offer interpreters at this to examine variables and study problems
moment in history , primarily because at the level of the complex phenomenon
the behaviora l complexities of simultan- itself rather than study basic constit-
eous in terpre t ing are in a reg ion where uent processes as laboratory scientists
few psychologists have dared to go do (but, of course , taking cogn izance
(Gerver is one of the few exceptions), of basic knowledge as it is uncovered).

F Psychologica l research on language has Simulation can be a sophisticated
been motivated by interests in learning , fo rm of applied science , and Parsons
memory , and percep t ion , and it has built hopes to simulate the interpreter ’s
up our knowledge of these processes with work situation. Realis tic sim ulation
investigations on syllables and words , would be easy, relying as it would on
and more recently on sentences and para- interpreters ’ booths, tapes of speakers ,
graphs. For whatever research progress and equipment for recording the perform -
that psychologists have made , their ances of interpreters. As for basic
experiments in relatively simple labora- psychological research , it mi gh t well
tory situations have little power of take a greater interest in the behav-
inductive generalization to the complex ioral characteristics of interpreters
behavior that is simultaneous interpre- that were mentioned above. And , it might
tation. Even psychological research profitably shift away from emphas is
on b ilingual ism, which seems relevant, on oral language and work toward an
is only marg inally pertinent because understanding ho* we go from one code
the subjects are usually several orders to another, whatever the code may be.
of language skill below that of profes- The interpreter goes from one code to
sional interpreters. In addition to another as he goes from one language
very high skill , an interpreter ’s pro- to another, as does the telegrapher
fessional behav ior is character ized by when he goes from printed text to f in-
the ex trac tion of meaning in transposing ger movemen t , the musician when he goes
from one language into another , not rote from musical notes to the intricate
transposition (the correct translation movements that is his performance , and
of “Ich habe daB buch gelcs- ’n ” is not the deaf person who uses sign language.
“I have the book read”), the anticipa- Fascinating presentations on sign lan-
tiom of what will be said on the basis guage and interpreting for the deaf
of what has been said and on the general by H.L.  Lane (Northeastern Univ. ,
in ten t of the speaker , and performance Bos ton , MA) , R.L. Dominque (Gallaudet
under heavy workload and time-stress in College , Washing ton , DC) , R.D. Tweney
a situation that is intolerant of error. (Bowling Green State Univ., Bowling
Psychological research on language has Green , VA) , R .L. Ingram (Brown Univ. ,
little to say about such matters. Providence, RI), and L. Ingram (New

What is the strategy that research York Univ.), underscored that the ear-
psychologis ts should follow if they mouth route may be a common human corn-
are to bear on the problems of simultan- munication channel but hardly the only
eous interpreting? They could urge pa- one. (Jack A. Adams)
tience and say that relevant knowledge
will appear in the decades to come ,
which is true , but this is an impatient
world in which we live , and in the fu-
ture we will all be dead. Is there
anything tha t psychologis ts can do to
provide help soon? An a f f i r mative answer
lies in the human factors research re 

-

_______

ported by Parsons; it was an applied ONPL. REPORTS
psycholog ica l research study indica tive
of a valuable direction to go. He ex- See the back of this issue
amined the equipment and working condi- for the abstracts of current
tions of simultaneous interpreters at reports.
the United Nations Headquarters, and
he interviewed them and had them fill
out questionnaires about their work and
their problems. In a short time he came
up with a number of recommendations ,
some of which are being implemented.
The philosophy of Parson ’s research is
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1 by addresses by the Pres iden t of the
Czechoslovakia Academy of Sciences and

TECI’INOLQGV the Chief of the Outer Space Affai rs
Division of the United Nations.’ These
addresses poin ted out two si gni f icant

USING SPACE—TODAY AND TOMORROW facts: one that the Congress was held
during the period of the 20th anniver-

XXVIIIth Congress of the International sary of the launching of the first earth
Astronautical Federation satel l i te, Sputnik I ;  and second , that

in attendance was the famous British
The International Astronautical scientific writer A .C. Clarke who, as

Federation (IAF) is a nongovernmental early as 1945, first proposed the con -
association of national societies and cept of the geostationary communications
institutions with the aims of fostering satellite system which today is probably
the de velopment of astronautics  for the mos t universal ly  successful appli-
peaceful purposes, encouraging the wide- cation of outer space.
spread dissemination of technical infor- Before delving into some of the
mation , s t imula t ing  public interest  in more poignan t details of the Congress
space flight through the major media it seems significant to mention some
of mass communication, encouraging as- of the scientific endeavors of
tronautical research, and conducting con- Czechoslovakia in the area of space
gresses and scientific meetings with science. The development of astronomy
other organizations in all aspects of has a history of over 600 year s in
na tural , engineering , and social s d -  Czechoslovakia and many non-Czech sci-
ences related to astronautics and the emtists such as Kepler , Doppler , and
peaceful uses of outer space. It is Einstein carried out research here.
these goals which make the TAP a truly The detailed history of Czech astronomy
international organization of societies over this period is beyond the scope
representing 35 nations of both the of this article , but the evidence of
Western and Eastern world, its current status is exemplified by

- The Federation organizes an Inter- the work of the Astronomical Institute
national Astronautical Congress every of the Czechoslovak Academy of Sciences
year in a different country with the and its Ondrejov observatory located
XXVIIIth Congress being held in Prague , 40 km southeast of Prague. The ongoing
Czechoslovakia from 24 September through research at the Astronomical rnstitute
1 October 1977. The main theme selected includes: solar-system dynamics re-
for the Congress this year was “The Util- search , research of interplanetary mat-
ization of Space—Today and Tomorrow.” ter, solar research , space research
This was approached from three main an- and stellar astronomy , and astrophysics.
gles: scientific, technolog ical , and The director of the Institute is Vaclav
biolog ical. In addition to the main Bumba.
theme more classical subjects were The solar-system dynamics research
treated including applica tion satellites , is directed mainly toward the investi-
as trodynamics , space medicine , and corn- gation of the dynamics of the Sun-Earth-
munication with “extraterrestrial intel- Moon system , mo tions of ar tif ic ia l
ligence.” Several papers of interest earth satellites , and determ ina tion
to the general public on an internation- of the earth’s polar motion. Research
al basis concerning the INTELSAT (Inter- of interplanetary matter is concentrated
national Telecommunications Satellite on meteor, meteorites , and micromete-
Consortium) system, the INTERSPUTNIK orites. Photographic cameras in the
system , and Spacelab were presented Ondrejov and Prcice centers are used
plus a paper by an American astronaut to study meteors and much original re-
and one by a Russian cosmonaut on their search has been carried Out in this
space flight experiences, field. In the area of solar research ,

• The Czechoslovak Academy of Sciem- focus is placed on studying both the
ces and its Commission on Astronautics physical substance of all processes
were the hosts for the Congress. As on the sun and solar effects on the
is customary, the opening session was earth and the upper atmosphere. Stud-
addressed by the h—ad of the host coun- ies of the interaction of active zones
try ’s governmen t, in this case his rep- of the sun and their magnetic fields
resentative the Deputy Prime Minister are of particular interest with efforts
of Czechoslovakia. This was followed concentrated on forecasting solar
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activ ity. A wide range of sophisticated the INTELSAT System by S. Astra in ,
equipmen t is employed to this end. Director General of INTELSAT, the Euro-
In the general area of space research , pean Communications Satellite System
the Astronomical Institute has provided by R. Gibson , Director General of ESA
instrumentat ion on many Interkosmos sat-  (European Space Agency) and the
ellites. These instruments have been INTERSPUTNIK System by J. Krupin , its
designed to measure solar x-rays , cosmic Direc tor General. INTELSAT is the In-
rays , charged par ticles , and aerosol ternational Telecommunications Consor-
layers in the upper atmosphere.  In the t i um cons i s t ing  of 99 member nations
stellar astronomy and as trophysics area , which through a Board of Governors and
close binaries , stellar atmospheres , a Direc tor General i s responsible for
star clus ters , planetary nebulae and the implementation and operation of
galactic structure , and dynamics are the space segment of an in terna tion al
studied. The main instrument of the satellite-communications system.
Stellar Department is a parabolic reflec- INTERSPUTNIK is the International Or-
tor telescope with a 2-rn prime mirror , gan ization of Space Communications con-
incorpora ting Cassegra in and coud~ foci , sisting of 9 member nations which , as
each of which is at tached to a will be described la ter, is respons ib le
spectrograph, for the implementation and operation

The Czech scientific community and of a different international satellite-
government are justly proud of the ad- communications system. This organiza-
vanced degree of space science being car- tion was initiated by the Soviet Union
n e d  out in Czechoslovakia with scien- whereas INTELSAT was initiated by the
tists and eng ineers actively participat- United States.
ing in the International Astronomical The INTELSAT System had its opera-
Union , the Comm iss ion on Space Research t ional beg inn ing in 1965 with the launch
(COSPAR) , the IAF , and Interkosmos. The of Early Bird (INTELSAT I). This geo-
trend in space science appears to favor stationary satellite had an on-orbit
a permanent organization which will mass of 38 kg, a pri mary power sys tem
continue to enjoy a high level of govern- of 40 W , a capaci ty to carry 240 tele-
ment support. phone circuits , a design l ife time of

The Congress was opened in the Old 1.5 years , and a cos t per telephone
Congress Hall which by no means gave circuit of $32,500 per year. The
any credence to the term “old” as the fourth-generation INTELSAT satellite
faci l ities were def in itely modern wi th became opera t ional in 1971 w ith the
respec t to faci l i ties ’ decor , size , and launch of INTELSAT IV. This spacecraft
comfort. The multiple sessions were (geostationary , as are a l l  INTELSAT
held at the Congress hotel in some six satellites) has an on-orbit mass of
different rooms. Over 300 papers were 700 kg, a pr imary power sys tem of
presen ted and the attendees numbered 400 W , a capacity to carry 4000 tele-
over 800. The Czech people are of an phone circuits , a des ign l ife time of
extremely f r i end ly  na tu re , p a r t i c u l a r l y  7 years , and a cos t per circui t of $1200
to v is i tors , and are very proud of their  per year .  The INTELSAT ea r th  terminals
culture and heritage. The willingness have until recently been large and ex-
of the hotel and Congress staffs  to pensive , utilizing 30-rn diam. antennas
accommoda te the par ticipants ’ needs made and costing over $5.0 million . Three
the Congress an administrative success, satellites provide global coverage with
The Congress was also a technical suc- the cost of the satellites and their
cess in every way as evidenced by the spares being borne by the 99-member
large participation of attendees from INTELSAT Consortium (which now includes
35 nations and six continents. The the People ’s Republic of China). The
technical quality of the papers was ex- cost of the 140 earth terminals is
ceptionally high and many opportunities borne by either the nations on whose
were available for private conversations territory they reside or the group
among participants , particularly at the of nations that share a common terminal.
receptions g iven by the Czechoslovakian The system has proved to be an efficient
Governmen t via the Academy of Sciences means of provid ing economical worldwide
and the various embassies, telephone , television , and data serv-

Certainly among the best-attended ices. The current system has an end-
sessions were those on communicat ions to-end r e l i a b i l i t y  of over 9 9 . 9 % .
satellites. In the initial session on The philosop hy behind the utiliza-
this subject papers were presented on tion of large earth stations by the
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INTELSAT System was to obtain the most to communications satellites ,
beneficial utilization of the limited INTERSPUTNIK “can be available to users
power and bandwid th of early sa tellites , other than the aforementioned coun-
Wi th the introduc ti on of the INTELSAT V t r ies .” INTERSPUTN I K is governed by
satellite , smaller earth stations of a Council composed of representatives
the 10-rn dian. antenna variety will be of the socialist countries with each
introduced into the system resulting country having one vote. The Counc i l
in a considerable savings in individual elects a Director General and approves
earth-station cost. This will be pos- the structure and staff of the Director
sible due to the uti l iza tion of hi gher General. The Office of the Director
microwave-frequency bands, permitting General is responsible for implementing
a t r ip l ing  of the prime power of the the decisions taken by the Council,
satellite. The cos t per telephone cir- The Council considers such ma tters as
cuit per year is expected to be reduced specification s for earth stations , a!-
to about $800. location of frequency channels , adop-

The paper presented on INTERSPUTNIK tion of plans for the use of the space
is probably one of the most comprehen- segment , and fixation of rates to be
sive summaries available to date on this charged for various services. There
Soviet-instituted system . Although much are many s imila ri ties among the
technical detail was lacking, there was INTERSPUTNIK Council and the INTELSAT
a wealth of information on the ~peration- Board of Governors , the notable excep-
al philosophy of the system, the tion being the “one-country-one-vote”
INTERSPUTNIK Organization and the meth- policy that is not followed by INTELSAT.
ods by which the Soviets are attempting INTELSAT basically follows the policy
to improve the system. In addition to of voting power based upon usage of,
the formal paper , a very attractive and therefore contribution to , the
public-relations brochure was also pro- financial support of the space segment.
vided to those interested. The brochure As with the staff of the INTELSAT Di-
is written in both Russian and English , rector Gen eral , the INTERSPUTNIK Direc-
and pictures of earth terminals and tor General’s staff  is selec ted from
satellites are vividly depicted. A la- member nations with dud regard to their
ter paper by a member of the techicai qualifications and equitable
Czechoslovakian delegation provided am geographical representation .
insight on obtaining cooperation between The INTERSPUTNIK system comprises
different satellite communications, a space segment which is owned by the
The classic example of such a situation organization (or in some cases leased
is , of course , the Washington-Moscow by it) and an ear th segmen t in wh ich
“hotline ,” wh ich incorpora tes bo th the the ear th sta tions are the proper ty
INTELSAT and INTERSPUTNII( satellites and of the countries building them . The
earth terminals, stations are brought on the air after

INTERSPUTNIK was off icially insti- they have been proven to meet the tech-
tuted and reg istered with the United nical specifications of the Council.
Na tions in June 1972 on the ini tiative The INTERS PU TNIK sys tem empl oy s h igh-
of the Soviet Union with the expressed power satellites which permit the earth
purpose of “strengthening and developing stations to operate with relativel y
the economic , cultural and other rela- small 12-rn antennas . Th is of course
tions of the socialist countries of resu l t s  in reduced costs for the ground
Bulgaria , Hungary , the German Democratic segment and higher costs for the space
Republic , Cuba , Mongolia , Poland , segment .  The s ta ted in ten t ion for such
Rumania , Czechoslovak ia, and the Soviet a policy is to allow the Soviets to
Union via artificial satellite communi- bear the initial high start-up costs
cations ,” As with the INTELSAT organi- of the space segment while permitting
za tion , any na tion wh ich conforms to its the less aff luen t member coun tr ies to
rules and regulations may join invest in the earth terminals that they
INTERSPUTNIK. Inasmuch as INTERSPUTNIK are better able to afford. The Soviets
coordinates its activities with the In- will recoupe some (and they hope all)
ternational Telecommunications Union of their space-segment investment
(ITU) and actively cooperates with other through the tariffs they levy for its
international org anizations (the Soviet use. It is hoped that eventually the
Union u t i l i z e s  the INTELSAT system on economics will become more equitable
occasion for purposes other than the for all members , particularly if the
“hotline”) whose activities are related INTELSAT and INTERSPUTNIK systems
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operate together in some fashion. The power communications satellite with
current tariff for a one-way telephone small earth terminals. ESA provided
channel is 1250 gold francs per month, equipment in the communications package
(Using the gold franc referred to, this and for the solar arrays for this sat-
is equivalen t to abou t $i 000/channel/ elli te which wa s successfully launched
month at the current market price of in January 1976. ECS (European Communi-
gold.) catioms Satellite) is still in the study

The current space segment consists phase and would result in the develop-
of the “P4olniya 3”-type satellites in nent of a European “domestic”
highly elliptical orbits and the communications-satellite system in the
“Statsionar” geostationary satellites 1980s. MAROTS is being designed and
over the Atlantic and Indian Ocean re- built to test the concept of a European
gions. This permits global coverage, mari time communica tions sa tell ite for
especially of the high latitudes needed possible incorporation into the inter-
for the nor thern reg ions of the Soviet national satellite-communications sys-
Union. However, the elliptical satel’ tern (IN MARSAT) , The decision was taken
lites impose the requirements of track- at the time of the Congress by ESA in
ing and handover of traffic, a condition Paris to utilize the 6/4-GHz frequency
which has intentionally not been re- bands for the communications system.
L4uired for the INTELSAT earth stations. With regard to the AEROSAT program ,

The Russian paper also outlined which was a joint US-ESA-Canadiam pro-
R~D efforts currently underway to in- gram for aeronautical communications ,
crease the capac ity of the system very litt le cou ld be repor ted as the
through the implementation of low-noise program is either dead or in a state
temperature receivers in the earth s ta-  of permanent suspended animation depend-
tions ; the development of wideband low- ing upon with whom you talk.
noise amplifiers ; the improvement of Mr. R. Gibson (Director General
an tenna and waveguide sys tems , transmit- of ESA) very benevolen tly concluded
ters and receivers ; and channelization his talk by forgiving the Americans
of equi pment. Higher-power and wider- for delaying their communications-
bandwid th transponders on the satell ites satell ite program by abor ting the OTS
are also under development , launch and promised to continue the

The Russian paper is summarized program with vigor.
with the observation that “the satellite A final paper worth mentioning was
communications which in recent time s have presented during one of the sessions
played an auxiliary role in spacecraft on Rescue and Safety. I am par tial
f ligh ts , is presen tly an independen t to it for two reasons : Firs t, it is
operation in the Soviet Union and holds a demonstration of one of the humani-
an important place in the ever-increasing tarian uses of communications satellites
exchange of information between the peo- and very small , eas ily por table ear th
pies of the world.” This is evident in terminals; and secondly, I developed
the Soviet’s determination to maximize the concept while at Comsat Labora-
the use of the INTERSPUTNIK system to tories. The paper, by N. Helm (Comsat
provide complete and comprehensive coy- Labs.) entitled “Disaster Communications
erage of the 1980 Olympic games. Via Satellite ,” describes a h ighly

In his paper on the European portable earth terminal , for use with
communications-satellite system the Di- the high-powered CTS satellite, The
rector General of ESA outlined the prog- terminal is capable of being made avail-
ress on the OTS , CTS , ECS , MA ROTS , and able to disaster areas originating from
AEROSAT programs. The OTS (Orbital floods , hur’r icanes , ear thquake s, fires ,
Test Sa t e l l i t e )  was developed by ESA and other natural disasters. The ter-
to test the concept of a European de- mina l  is of such a compact na tu r e  t h a t
si gned and buil t pla tfor m and pay load it can be delivered by small aircraft ,
for general communications of telephony , motor launch , stati on wagon , or para-
televis ion , and data via a geostatiomary chute, I t can be assemb led by one tech-
satellite. Unfortunately, the launch nician in a matter of hours. The sys-
of the first OTS had to be aborted when tern has been tested with the coopera-
the Delta launch vehicle malfunctioned. tion of the Canadian government , NASA ,

• A second launch is scheduled for 1978. the Red Cross and many local police
The CTS (Canadian Communications Tech- and fire authorities.
nology Satellite) was desi gned to test The entire transmit/receive station ,
the concept of utilizing a very high- less its prime power supply, wei ghs
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onl y 65 kg in its current configuration, pyramids of microwave-absorbent impreg-
it utilizes a 1.2-rn reflector antenna mated polyurethane foam is used to line
with Cassegrain feed and a 20-W the 975-m~ chamber. It has a quiet zone
traveling-wave-tube amplifier as the Li- measuring 3 x 3 x 3 m with a reflectiv-
nal transmitter. The receiver consists ity performance of -15 dB at 100 MHz
of a low-noise (noise temperature 275 K rising to -50 dB at 15 GHz. With re-
parametic amplifier. The transmitter duced quiet-zone requirements , reflec-
and receiver , mounted directly beh ind tivity performance improves consider-
the an tenna reflector , sit atop a light- ably as expected .
weight metal tripod with a base that al- The chamber has already been util-
lows full movement in azimuth and ele- ized to test the engineering model of
vation to allow easy aquisition of the the OTS (Orbital Test Satellite) corn-
satellite. Since the successful demon- munications satellite (which failed to
stration of the terminal , many modifi- achieve orbit in September because of
cations have been made to upgrade its a failure of the Delta launch vehicle)
performance without sacrificing its no- and is currently being used to test the
bility. The initial terminal could han- MAROTS maritime communications satellite
die 5 two-way voice channels while the to be launched next  year .  Both satel-
upgraded model can carry a nearl y f u l l -  l i t e s  are being developed under the
quality color video and associated voice direction of the ESA (European Space
channel. Agency). When not being used by

The Congress was closed with an Hawker-Siddeley Dynamics , the chamber
award banque t at which Professor L. will be available for lease to organi-
Fedov of the USSR received the coveted zations carrying out microwave -
Guggenheim award for his work in the development work . (R.W . Ros tron)
field of space relativity. Because of
the very large attendance by many prom-
inen t sc ientists and engineers from all
fields of space science and technology
and the high quali ty of papers presen ted
in these fields , th is Congress was one
of the most successful ever attended UPDATE ON ORACLE
by this writer. The realization that
so much effort is being devoted to space Since 1 Octol er the British Inde-
research and development, even by insti- pendent Television ’s teletext system ,
tutions and na tion s of meager resources , Oracle (ESM 31-2:72) , has been f u l l y
is a tribute to the role the space age updated seven days a week between 09:30
continues to play in the advancement and 22:30. This is an extension of the
of man ’s scien tif ic  and technolog ical previous service with its Monday to
advancement, (Robert W. Rostron) Friday 09:30 to 18:00 updates . The

sys tem , said to be the mos t advanced in
the world , is being watched wi th  inter-
est throughout the world and in particu-
lar in Ge rmany, Sweden , and the Low
Countries.

NEWS & NOTES The service is operating currently
with 350 pages of information with an
average 40-sec waiting time . It can
be ex tended to 800 pages , bu t the wors t
case waiting time will then be some

A FIRST FOR BRITAIN 3 minutes—this is not considered to be
generally acceptable. Improvements on

The world ’s largest commercially these times can be achieved by the use of
available anechoic chamber for electro- more than the 2 lines/field in use at
magne tic measuremen ts , built and de- present. The service , which can be
veloped by Plessey , Ltd. for the Hawker- viewed anywhere throughout the country
Siddeley Dynamics Division of the newly by any viewer possessing a TV rece iver
formed British Aerospace Corporation , equi pped wi th a decoder , is already being
has been completed at a cost of over seen in between 2 ,000 and 3,000 homes.
$1.3 million . The chamber is designed According to the British Radio Equipment
for a variety of measurement techniques Manufacturers Association there will be
in the radio-frequency range of 100 p.1Hz 12 ,000 sets ava ilable by the end of
to 15 GHz. A total of 14 tons of profiled
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year , with 50,000 and 250,000 projec ted council s may of ten seem the most ob-
for 1978 and 1979 , respective ly , in ad- vious r ec ip i en t s .”
di t ion to “Add-on ” units.

In the long term , a number of ex-
tensions to the service are feasible ,
a national air-call being the most strik-
ing as the signals could be received
virtually anywhere in the country on JET SITED
pocket receivers incorporating decoders
to provide selective calling . As long ago as September 1975 (ESN
( N . M .  Blachman) 29 -9 :388) , we f i r s t  publ ished am ar-

t icle on the European Economic Communi-
ty ’s thermonuclear fus ion pro jec t , the
Joint European Torus (JET). Those of
our readers who may have missed the
announcement on 26 October might like

NUFFIELD FOUNDATION TO FUND MORE to know that the choice of location
RESEARCH for this project has finally been made .

Af ter nearly two years of dispute , the
According to its latest annual re- EEC’s research ministers have agreed

por t, the Nuffield Foundation has de- to site the preject at the UKAEA ’s
cided to spend more of its income on Culham Laboratory in Oxfordshire .
research that would normally be sup- Latest estimates of the project ’s cost
ported by the four Research Councils over the next five years amount to
of Great Britain . The Foundation was $180 million , of which Britain , as the
founded in 1943 by Lord Nuf f ie ld  hos t country,  w ill contribute 25%—
(William Richard Morris), the head of the largest share—while the remainder
the Morris car dynasty and the “Henry will be shared among the other eight
Ford” of the UK , for the advancement of EEC members . The ministers also
health; the prevention and relief of agreed that should JET be eventually
s ickne ss , par ti cular ly by medical re- followed by JET 2, sites in every EEC
~‘search and teaching; for the advancement country except Britain will be con-
o,~f social well-being, particularly by sidered,
scientific research ; for the care of the
aged and for the advancement of educa-
t ion .

In the past , the Nuffield Founda-
tion has only supported projects  that
fe l l  be tween the Research Councils ’ PERSONAL
spheres of operat ion or had been turned
down for reasons the Foundation thought Dr. L. Stuart Bark and Dr. Evan
unjustified. Its new policy will help l~yn-Jones , Readers in the Department
coun terac t the danger tha t “ . . .the sheer of Chemistry and Applied Chemistry at
abruptness with which some of the re- the Unif. of Salford , have been pro-
search councils are being required to moted to professorships .
reduce their expenditures in real terms Dr. G.T. Best , Senior Research
will mean that research of acknowledged Associate at the Centre for Atmospheric
wor th is brough t to an un timely end , or Research , Univ. of Lowell , MA , has
that young men and women who would in been appointed to the Chair in Physics
normal circumstances be embarking on at the new University of Ulster.
distinguished careers in research are Dr. N. Crawford , Reader in Bio-
now prevented from doing so for lack chemistry at the Univ. of Birmingham ,
of support.” The report says , “The has been appointed to the Cotton Chair
Foundation expects that the flexibility of Biochemistry at the Institute of
wh ich it enjoys may be especially In- Basic Medical Sciences , Univ. of
portant during the years Immediately L....idon , as of 1 January 1978.

— ahead. The trustees therefore wish it Professor John Barry Dawson , Pro-
to be known that they welcome , now , as fess6~ of Geology at the Univ. ofalways , app lications for funds to sup- St. Andrews , has been appo inted to the
port outstanding rnsearch in science Chair of Geology at the Univ. of
and medic ine ev thoug h the research Sheffield.
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Dr. A.T. Diplock , Reader in Biochem-
istry at the Royal Free Hospital School
of Medicine , has been appointed to the
Chair of Biochemistry at Guy ’s Hospital
Medical School from 1 January 1978.

Mr. J. King,  Lecturer in the De-
partment of N~aval Architecture , Univ.of Newcastle upon Tyne, has been ap-
pointed Professor in the Department of
Maritime Studies at the University of

F Wales Institute of Science and Techno’l-
ogy (UWIST) , Cardiff.

Professor C,W. Rees, Heath Harrison
Professor of Organ ic Chemis try at the
Univ. of Liverpool , has been appointed
to the Hofmann Chair of Organic Chemis-
try at Imperial College , Univ. of
London.

Lord Todd , the first Chancellor of
the Univ. of Strathclyde and Professor
of Organic Chemistry at the Univ. of
Cambridge from 1944 to 1971, has been
made a member of the Order of Merit.
Membership in the Order is limi ted to
twenty-four . Since 1975 , he has been
President of the Royal Society .

Dr. A .F. Williams has been ap-
pointed Director of the Medical Re-
search Coun cil’ s Cellu lar Immunology
Unit at the Sir Wil l iam Dunn School of
Pathology , Oxford , in succession to
Dr. J.L. Gowans.

Dr. R. Williams , Lecturer in Chem-
istry at the Unii~i~~of St. Andrews , has
been appointed Head and Professor of
the Department of Chemistry at UWIST,
Cardiff.

Professor Eric Wilson, who pre-
viously held a personal professorship
in Hydraulic Eng ineering in the Depart-
men t of Civil Eng ineering at the Univ.
of Salford , has been promoted to the
Chair.

~;. .~ -
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ONRL. REPORTS

R-9-77 LIAISON TECHNOLOGIST PROGRAM: OCEAN FACILITIES ENGINEERING
by R.N. Cordy

This report summarizes the findings of a review of ocean-
faci lities eng ineering technology in Europe. Principal in- —

vestigation areas included cable/pipeline burial and trench-
ing, undersea work systems , underwater inspection and nonde-
structive testing, geotechnical properties of seafloor mate-
rials , seawater hydraulic-power transmission and diver elec-
trical safety. The investigation which this report summar-
izes was conducted during May, June, and July 1977 . Of par-
ticular interest to readers from Naval Laboratories will be
the Appendix to this report which describes the Liaison Tech-

F nologist Program under which this investigation was performed.
The Appendix also describes the investigation techn iques and
concepts on the benefits of the Program. For more detailed
technical informat ion the reader is encouraged to contact
the wri te r  at the Naval Civil Engineer ing Laboratory, Por t
Hueneme , California 93043.

R- 10-77 RESEARCH IN FRANCE by A, Barcilon

This report reviews some of the mechanisms of research sup-
por t in France as well as the major organiza tions dealing
with research. It also provides a glimpse at the mood of
French scientists in the face of shrinking research budgets.

C-7- 77 HYDROGEN-IN-METALS CONFERENCE , PARIS , JUNE 1977
by W.N. Cathey

The Second International Congress on Hydrogen in Metals was
held in Par is , 6-10 June 1977. This report presents a review
of a few important papers. Most of the papers were related
to applied problems. In particular , problems of H-related
dama ge to eng ineering alloys were treated extensively. In
addition to work on H in pure metals such as Pd , Nb, and
other transition metals , some work was also repor ted on H
in alloys such as Nb-Ti , Pd-Ag and various steels. Storage
of H in intermetallic compounds such as FeTiH~ or LaNi,H,was of grea t interes t because of the ir impor tance as ene rgy
converters .

C-lO- 77 SIXTH ANNUAL CONFERENCE OF THE INTERNATIONAL SOCIETY FOR EX-
PERIME NTAL HEMATOLOGY , BASEL , SWITZERLAND , 28-31 AUGUST 1977
by R.I. Walker

Th is repor t summar izes a mee ting held in Basel , Switzerland
(August 1977) in which over 300 scientists from Europe ,
United States , and several other countries interchanged cur-
rent informa t ion regarding c linical and labo ra tory exper ience
in hematology . The presentations concerned regulatory mecha-
nisms behind cell proliferation and functional aspects of
matured cells. Applications of these basic science princi-
ples to treatment of hematologic disorders in human and ani-
mal models were described,
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THIRD SYMPOSIUM ON NEUTRON DOSIMETRY IN BIOLOGY AND MEDICINE ,
1977 by L.S. August

The major  top ics discussed at the Sympos ium are summar ized ,
including depth-dose studies , dosimetry and monitoring ,
sources and f ac i l ities , spectrometry , radiation-quality stud-
ies , ioniza t ion chamber s, solid-state detectors , nove l dosim-
etry sys tem s , and dosimetry intercomparisons. Post-symposium
visits to two UK neutron cancer-therapy centers are also
br i e f l y  discussed. 

-

OPTICAL FIBERS , INTEG RATED OPTICS , AND THEIR MILITARY
APPLICATION S, LONDON , ENGLAND, 16-20 MAY 1977
by V .N. Smiley

A review is given of some of the papers presented at a Confer-
ence which was held in London, 16-20 May 1977. Emphasis is
placed on past, present , and future devices for military ap-
pl ications. The review is organized in the same manner as
the Conference format under the subtitles: systems , inte-
grated optics , propagation , sources and detectors , and
couplers.

SEVENTH INTERNATIONAL CONFERENCE ON AMORPHOUS AND LIQUID
SEMICONDUCTORS AT EDINBURGH by S.G. Bishop , T.L. Reinecke,
U. Strom , P.C. Taylor, and C.C. Klick

A review is given of the Seventh International Conference
on Amorphous and Liquid Semiconductors held in Edinburgh at
the end of June 1977. Topics covered in the report include
the nature of localized states in chalcogemide glasses , dis-
persive electronic transport, electronic conductivity at the
Si-SiO2 interface, amorphous Si and Ge , thermal and vibration-
al proper ties of amorphous sol ids , luminescence in oxide
glasses , and disordered organic solids .

MICROWAVE MAGIC by J.B. Bateman

This is a report, with critical comment , of a meeting con-
vened by a microwave research department within the French
national research center for space and aeronautics in order
to present the results of current French research on the bi-
ological effects of microwaves, The report proper is pre-
ceded by motes on the sponsoring organizations and by criti-
cal remark s on a series of papers describing the remarkable
biolog ical properties of the physically uncharacterized radi-
ation emitted by an apparatus assembled by the -inventor , A.
Priore. The topics discussed ranged from specific effects
of microwaves on microorganisms and on the vertebrate central
nervous system, to discussions of microwave thermography and
microwave heating in the diagnosis and treatment of cancer.

• - The empirical approaches generally used deflected attention
from any thorough-going attention to the vexed question of
thermal versus non-thermal effects , although a useful distinc-
tion was drawn between the conditions under which non-thermal
effec ts might be detectable and those under which such effec ts
would be obscured by temperature changes.
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C-15-77 ACOUSTIC DETECTION OF NEUTRINO INTERACTIONS IN THE OCEAN :
THE 1977 DUMAND SUMMER WORKSHOP , MOSCOW , 26-28 JUNE 1977
by A. Roberts

This was the third in a series of Workshops to fos ter the
collaboration of high-energy , cosmic-ray , and theoretical
physicists, as trophysicists , as tronomers , acousticians , corn-
puter scientists , geophysicists, oceanographers , ocean eng i-
neers , and other assor ted enthusias ts , all captivated by
the objective to use the ocean as a gigantic neutrino
detector.

I
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