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eoslnoph llia , f ever , and l yaphangitis.

‘SCIENCES ‘ 
t)og and cat roundworms , Toxocura , can

I I also Infect humans causing a generali zed
infection with enlargement of the liver
and spl een , as well as , feve r , eoslno-

$LI5A IN LONDON phi l ia , and occasionally epileptic sei-
zures and eye lesions. This also can

Dr. Al ister Vt’iler of the Nuffield be very difficul t to diagnose , requiring
Institute of Comparative Medicine , Re a tissue biopsy . Serological techniques
gents Park , London , who is also Senior have been used in the past to assis t
Lecturer in the Department of Clinical In the diagnosis of these infections.
Tr plcal Medicine at the London School However , there is considerable cross
of Hyg iene and Trop ical Medic ine , is reactivity between other worm infections ,
develop ing and app lying a aicro-modift- inc luding intestinal helminths. Dc
ca tion of the Enzyme-Linked Imaunosor- Savigny has developed a technique in
bant Assay (ELISA). The ELYSA is an which he cultures the larval stages of
accurate and relatively simple technique the parasite s. The paras ite secretions ,
for both qualitative and quantitative ca lled exoantigens , are taken from the
detection of substances tn biological cul ture med ium , pur i f ied , and concen-
fluids. It can be used to detect any - trated , and then used as the antigen
thing that Is immunogenic by detecting in the ELISA test to detec t antibodies
ei ther the antigen itself or an antibody in the blood from patients. Preliminary
to the antigen . It has been used C X dsta show that the technique is exceed-
tensively in the serodiagnosis of in- ingly sensitive for detecting the anti-
fectious diseases (See ‘FLISA in Stock- bodies to Toxooar a and that there is
hoim ” by S. Jos eph. 151 31-10:593). no cross reactivity with other parasitic
Voller has led the field in developing Infections . Therefore , for the first
micr o-modifications of tests to diag- t ime , it appears that there will be a
nose paras itic diseases , such as malaria , spec ific and sensitive test for the di-
schistosoalasis , trypanosomiasis , as agnosis of this infectious disease.
well as viral end bacterial infections. Pc Savigny believes that he can also
BLISA can also be used for detec ting use exoantigens in serological tests
other substances circulating in human for other parasites that can be culture ’
blood such as blood clotting fac tors and i~ ~~~~~~~~ (CAPT G.T. Strickland , MC ,
carri.r-proteins. It has a potentially USN , L ia ison Technolog ist from the Dc-
ex tensive commercial application in partment of Medic ine, I ln ifor med Serv i~ es
d iagnostic medicine. Of major importance University of the Health Sciences ,
Is the use of this technique to detec t Bethesda , MD)
antibodies to rubella (German measles),
hepa ti t is , and other common infectiou s
diseases.  ____________________________________

Voile? and his colleagues are vis- F NERGYIted by many scientists , usually under I
the sponsorsh ip of t he  Wor ld  H e a l t h
Organization (WHO), who work wi th him
for periods of t ime. He and h i s  col-  FUSION RESEARCH AT THE CULHAM LABORATORY
leagues also conduc t work shops on EL I SA
and speak at international conferences. The Culham Labora tory , located in
Dur ing August and September , he was Ab ln gdon , Oxfordshire , is the controlled
i n the Peoples ’ Republic of China help- fusion research center of the Unaited
ing to introduce the techniqu. to s d -  Kingdom Atomic Energy Authority. The
entists there. British have engaged in theoretical and

A postdoctoral research associat e experimental work in controlled fusion
working wi th Voller is Dr. Donald de since the very early days of atomic en-
Savigny a Canadian , who is sponsored ergy . It seemed at one point in the
by the ~anadian Medical Research Coun - early l9S Os that a major breakthrough
cii. He is utilizing the ELISA tech- had been accomplished under the  direc-
nique to diagnose tissue nematode in -  t i o n  of S i r  John Cockc r o ft , but as we
fec tions. One, filar iasis , is caused now know , the problem proved to be much
by several species of tissue invading more formidable than had been expected .
nematod•s of the filarale family. It At Culham , activities are limited
Is difficult to diagnose and can cause to investigating the magnetic confine-
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ment of plasm~ts in closed toroidal con- In this confi guration , the toroidal con-
figu rations . Magnetic fields in the finement field reverses direction from
toroldal configuration generally have inside to outside the torus . The re-
components in two directions : One is verse field pinch p romises more effec-
the azimuthal direction about the axis tive utilization of the confining nag -
of symm etry of the torus and the other netic field and operation at a higher
is in the direction o~ the minor cir- efficiency factor B , the ratio of the
d e s  of the torus. The fields in the plasma pressure to the magnetic confine-
azi.uthal direction about the symmetry ment pressure. The reversed field pinch
axis are called toroidal fields and concept has been applied to an experi-
those in the direction of the minor mental program called the High Be ta
c ircles , polo idal fields. Since the Toroidal Experiment , or HBTX. A new
demonstration of relative success in version of the HBTX experiment , denoted
the USSR of the TOKAMA K device , great IIBTX lA , is now under construction.
interest has been focused in many of The relevant parameters of this experi-
the controlled fusion laboratories of ment are a major radius of the confining
the world on TOKAMAK type experiments , torus of 0.8 m , a minor radius of the
A pure TOKOMAK device has only applied confining shell of 0.285 n, whi le the
toroidal fields. At Culhaa, TOKAMAK m inor radius of the shell liner is
research is concerned with two experi- 0.26 in. The maximum toroidal current
mental setups: one, a Diverter and is 400 kA . A reversed field experiment ,
Injec t ion TOKAMA K Exper iment, deno ted RFX , has been des igned , and it is hoped
D ITE , and the other a smaller one called that this experiment will be built.
a TOKAMA K Shaping and Compression As- In this , the major radius of the confin-
sembly and known as TOSCA. In the D u E , ing torus is 1.8 in , the minor radius
magnetic coils pull flux lines out of is 0.6 m , and the maximum plasma current

I’ the princ ipal toroidal magnetic field is 1.5 MA.
SO that plasma can be diverted away The stellerator , deno ted CLEO , is
from the exper iment and analyzed after ctill under study at the Culham Labora-
it collides with a suitable target and tory . It has a major toroidal confine-
is neutralized in the diverter chamber. ment radius of 90 cm and a minor radius
In this manner , impurities that inhibit of 14 cm. CLEO differs from the TOKAMAK
the reaction can also be removed . As in having a helical field in addition
the temperature of the plasma rises to the toroidal one , ach ieved by p lac ing
during confinement its ohmic resistance helical conductors around the toroidal
decreases, and hence ohmic heating be- confining chamber. Experiments with
comes less efficient. In order to heat CL~EO indicate that the stellerator con-
the plasma further , powerful injectors uinement system seems at least as ef-
of neutra l particles are used to add ficient as an equivalent TOKOMA K, though
energy to the plasma. In the TOSCA there are fluctuations and oscillations
experiment , var ious modes of shaping that are not yet well understood and
the confining torus arc used in order that could have an adverse effect on
to study the effect of the torus cross confinement .
section on the stability of the confine- An interesting plasma confinement
men t configuration , hence confinement device that has also been studied at
cross sect ions that are elliptical , t n -  Culham is the superconducting Levitron.
angular , and D-shaped have been and are In this device , a superconduc ting r ing
under study. The DITE apparatus has is levitated in the middle of the to-
a major radius of torus of 1.17 in , a roidal confinement cavity. The ring
m inor radius of torus of 0.27 in , a isaxi- current is of the order of 400 kA.
mum magnetic field of 28 kG , a maximum Although the Levitron has permitted in-
plasma curren t of 240 kA and a pulse vestigation of interesting plasma phe-
length of 0.6 sec. Electron t emperatures nomena , it is a highly improbable de-
of 15 x 10 K have been achieved on vice for a controlled fusion reactor.
D u E , while ion t emperatures of 7 ~ 10’ K , Al though not under the direction
plasma densities of lO’~ particles/cm ’, of the Cuiham Laboratory , a very impor-
and confinemen t t imes of 30 msec have tant experiment called the Joint Euro-
also been achieved though not concur- pean Torus (JET) (see ONRL R-20-75 and a

rently. A’SN 29-8:388 by R.T. Schneider) that H
Closely related to the TOKAMA K will be sited in the Laboratory grounds

are the class of confinement configura- completes the experimental picture 
‘
I

tions known as reversed field pinches , there. JET is a joint undertaking of
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E u r a t o m  and member organi zations from for the  dr i ft waves is essenti ally in
the 9 EEC countries and Sweden , and Is ;s Jirection perpendicular to the confin-
in t ended  as a study of plasmas in con - ing magnetic field and the gradient of
dit ions and with dimensions that approach plasma properties. The intetest in drift
those needed in a full-scale fusion waves arises because such wa v es can cause
reactor , tha t i s , p lasma  dens i t i es  ap-  enhanced t r anspo r t  f rom the plasma.  It
proach ing l0~~ p~~ t icles/cm ’, tempera - is possible that the effect of such waves
tures exceeding 15 ,000,000 1, and a plas- can be estimated by considering that they
ma minor radius larger than 1 rn The grow asymptotically until t1~ey ach ieve
relevant parameters for JET are: A major a saturation amp l itud e and become mar-
rad ius of 2.96 a, a m inor radius for ginally unstable . The anomolous trans-
the cross section of 1.25 m in the hori - port associated with the marg inally un
zontal direction , a minor radius for stable linear problem could be related
the 0 cross section in the vertical di- to the actual transport in the nonlinear
rection of 2.10 m , a pulse length of marginall y unstable situation. (Martin
20 sec , a toroida l magnetic field of Lessen)
2.77 T, and a maximum plasma curr•nt
of 3.8 MA.

The theoretical activity at the 
~~~1

Cuiham Laboratory is under the direction I~~ATERIAL
of Professor J.B. Taylor. Some years CSRI%1~ E8
ago , the stab ility of cylindrical con-
finement configurations had been fully
explored using an MHI) model for the POLYMERS AND SURFACES AT QMC
plasma . Because of the cylindrical
geometry , the linear stability problem Queen Mary College of the London
was separable so that finally all modes University , is situated about midway
could be exp lored through an ordinary between the Mile End and Stepney Green
d ifferential equation and its charac - Underground “Tube” stations. Mile End
teristic values. However , for a toroi- was the site of the hamlet of La Mile
1*1 confinement configuration , the situ- Ende first recorded in 1288. Stepney
ation is much more difficult. Recent Green derives from Stybbanhype (c.a. 1000
work by Taylor has succeeded in solving AD) which loosely translates into Seb-
the toroidal problem to the same compre- bings ’ landing . As picturesque as these
hensive degree that the cylinder was ancient hamlets may have been , the tube
first studied . In addition to Inylor ’s stop empties onto the very busy, noisy,
work , Drs . F.A. Heas and P. yielding and grimy Fast London street of Mile End
are repeating the analysis of the torus Road . The College buildings that stretch
using a pressure tensor which is not out along this road show the gre~ ing ef-
the same in all directions , and h ence fects of the surrounding industr y and
anisotropic. They ~re also exploring traffic.
the utilization of neutral injection So it was a relief to arrive at QNC ,
for stabilizing a toroidal configuration. be ushered into morning coffee , and

Another area of theoretical invest i- warmly greeted by Rood friends of long
gation at the Culham Laboratory lies standing : Prof. Edgar Andrews , Dr . Peter
i n studying the stability of drift waves. Reed , and Dr. Rober t Young. Also at
A drif t wave is one that occurs at the coffee was Dr. Willia m Bonifi eld , editor
edge of a plasma confinement configura- of the Journ~2Z of Mat 9rial8 S~’iea~v~~,
tion , where the properties of the plasma which is a very popular journal with ma-
have a gradient. The unstable distur - terials scientists worldwide . Andrews
bance of such a configuration has a is head of the Department of Materials
wave number vector which lies perpen- and has in recent years been active in
d icular to both the gradient of plasma determining the intrinsic cohes i ve and

confining aignOtic field. Drift wave s the rubbery state above their glass
hive been extensively studied for the transition temperature (Tg). Coincident

~~ properties and the direction of the adhesive failure energy of polymers in

• case where the confining surface con- with this research he has been develop -
figuration is planar. More recently in; a generalized theory of fracture
Dr. R.J. Hastie has been studying drif t which he feels can incorporate all the
waves where the confinement confi gurs- m icro-deformation processes involved in
t ion Is toroidsi and finds that even polymer fracture , including their time-
in this situation the wave number vector temperature dependence. Recently, he
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has been struggling (his words) wi th The simplest homolog , when k—H ,
the fracture of epoxy polymers in their is polyace ty l ene  which has been studied
g l a s s y  region below T . The r e s u l t s  b y a numbe r o l a b o r a t o r i e s  around the
an , not as easil y ana’ysed ~s is the world. Polyacetylene is prepared by
data taken in  the rubbery state. None- gas phase polymerization of acetyle ne
theless , And i -ews has found a means  of and has some in te res t ing  electrical
co rrelating the data ~~~~ o b t a i n  the  in-  propert ies , notably i t s  conduct iv i ty
t r i n s i c  thermodynamic work of f r ac tu re ,. when doped with iodine. It was hoped
Currently, he has been investigating that the organo-substituted polydiacety-
the adhesive failure of epoxy polymers l enes would also be electroactive.
bonded to titanium . He has been look- However , Bloor has found them to be non-
ing at the effec t of moisture and heat conducting even though the crystals
on c rack propagation at the epoxy- are vividl y colored and have a metallic
t itanium interface and believes he can sheen . The toluenesulfonate polydia-
use these data to ex trapolate back to cetylene absorbs strongly below 1.57 x

an intrinsic interfacial energy. He l0’cn~~ . This absorption is due to
has also been able to obtain rate con - a delocalization of electrons 2 eV above
stants for moisture debonding of the the ground state. However , this delo-
interface. calization is not into a conduction

Dr. Dav id Bloor and his associates band . The electron and hole are ap-
in the Department of Physics have been parently delocalized over only a few
do ing some fascinating work on the prop- repeat units.
erties of diacetylene polymers. They Doping the polydiacetylene crystals
have been preparing single polymer crys- with iodine and other halogens has not
tals by exposing crystals of the monomer induced electrical conductivity as it
to either heat or light. This solid does in polyacetylene. Bloor believes
state polymerization can be represent ed that in polyacetylene the dopant enters
by: reg ions of crystal disorder , bu t beca use

the d iacetylene crystals are so struc-
p P turally perfect the halogen doping is

ineffective . They are currently working
C C C~ ~~ on ways of introducing regions of dis- j.

c hr order in their diacetylene crystals. &
“ ‘~ “c A The lack of el ectroactivity of the

C C C~ 
~ 

polydiacetylenes is offset somewhat by
c c c C their interesting crystallographic prop-

erties. Most often the crystals are
P i n the form of th in pla tla ts al though

they can be made to form fibers. They
are  unusua l a s po lymer cry stal s go in
that the polymer molecules lie parallel
to each other in the plane of the plate-
let or in the axial direction of the
fibet. Most polymer single crystals ,
such as polye thy lene , form pla telets

C... in which the molecules are folded with
~ 

C~~~ C~~1 ~ 
C*~ 1C.~ # the folds perpendicular to the plane

of the platelet (~SN 32-8: 271). Moor
p p P and his associates have measured the

shift in the 2-eV excitation as the poly-
diace tylene crystal is mechanically
strained in the chain direction . They
have been able to show that the measured

Because of the highly ordered structure spectral shift is essentially equal to
of the monomer crystal and the relatively the shift calculated from a molecular
little atomic rearrangement In the forms- orbital description of the polymer.
z ion of the polymer , the result is a The yielding behavior of the poly-
h ig h~ v ordered polymer single crystal . diacetylenes is also interesting. They
The P-group can be widely var ied , but exhibit the phenomenen of twinning con-
the compound most extensively studied monly observed with metal and inorganic
by Bloor ’s team is the toluenesulfonate salt crystals. The QMC group believe
d iacetylen c ; P •-CH,-O-SO.-C.I1.-CH ,. that in this phase change the side group

42
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structur e i~ m o t i i i i e d  b u t  the backbone the sho~~ tube study with th~ failure
s tructu~ e rema ins unchanged . Young , ~tn~i l v ’ i s  ot the drums a r e  expected to
i n  the Department of Materials . is doing lead to improved drum des ign .
an  el e ctron mi croscopy study of Ihe  SLh h ~. lo se coordi n a t ion h~~t~.oen
deLorma t ion of ver y th in (~ 5ti0t) A) fundame ital and applied pol ymt-: research
c r y s t a l S. of p o l y d i a c e t v l e n e .  As m i g h t in  t he  U~ i s  unusual. In fact , the
be expec t e d . the y fail by cleava;e he- Science Research Council has formed
tween chains , an~, i ihnil ~ of’ c h a i n s  can the Polymer Engineering Directorat e (PED)
be seen e x t e n d i n g  a c i ss t h e  c l e a v a g e ,  to  p romote c l o s e r  l i n k s  bet een the  u n i -
Young po in t ed  out t h e  p o s s i b l e  use  of ve t  s i t i e s  and the  B r i t i s h  p l a s t i c s  in -
t he  s i n g l e  c r y s t a l  f i b e r s  as reinforce- du s t r y  by f u n d i n g  r e s e a r c h  aimed a t
aen t in c omposit e s  s i n c e  t h e y  have t e n -  s p e c i fi c  p r o b l e m s . Reed ’ s s t u d y  of plas-
s i t e  s t r e n g t h s  of  ~ CPa , which approaches tic drum f ai l u r e  i s  suppor ted by the
that of grap hite fibers , modu li of PED. We hope to report further on the
50 CPa , and a r e l a t i v e l y  hi gh strai n - PFD in a later y:~N issue .
t o - f a i l u r e  of 4 % .  In the Department of Chemistry ,

Dr.  Pe te r  Reed in t h e  Depar tment  tin . John P n i t ~~hard is s t u d y ing the  ad-
of M a t e r i a l s  I s  c o n t i n u i n g  h i s  e l e g a n t so r p t i o n  of ~;inal l m o l e c u l e s  on meta l
~.tuJic s of polymer yield ing using elec- sing le crystals. He is using low en- •
tron spin resoiance (ESR). ESR spec - ei-gy electron diffraction (LUll)), sun-
t r o s c o p y  d e t e c t s  th .  f o r m a t i o n  of  f r e e face  p o t e n t i a l  m e a s u r e m e n t s , and i n f r a -
r a d i c a l s  as the polymer chains break , red spectroscepy to determine the bond-
Reed had been e x a m i n i n g  t h e  yielding ing and configuration of adsorbed films
of n y lon f ibers In pure  N , ,  CO, and tie of small molecules , CO , N ,, ethane , on
and find ing that the magnitude of the various metals. The infrared studies
ESR signal (radical formation) increases are especiall y interesting since the
with the surface area of the fiber, adsorption level is only 0.1% or le s s  - -.

It would appear that the gaseous environ- and so the sign al-to-n oi se ratio iS/N )
ments are inducing surface crazes , is low . Pritchard and his coworkers
Reed has l aunched a study , quite di f- overcome this problem hr using a li quid
feren t from his ESR work , on the failure He cooled bolometer as the detector.
of poly tetrafluo roethylene (PTFE) tubes Also , the ang le of incidence is set
at h igh loading rates. The tubes are at 88’ for maximum adsorption of the
mounted on the end of a shock wave wave component vibrating perpendicular
tube , and loading rates of quasistatic to the samp le surface. ITh e parallel
to essentially infin ity can be achieved, component is poorly absorbed and
The apparatus has been designed to g ive exhib i ts no max imum.) The princi pal
minimum interference w ith the loading S/N enhancement is achieved by slig htl’~frame and uniform stress distribution , modulatin g the beam wavelength and re-
The stress can be applied as a step cording the detector signal at the nodu-
or ramp - loading . The strain rate is lation frequency. This g ives the Je-
not especially hi gh because of the fi- rivat ive of the spectrum . Integrat ion
nite response time of the PTFE tube . of the si gnal averages much of the noise .
Among the result s obtained thus far , The net result is a redu t io n o t  the
there appears to be a max imum in the S/N to 0.01%.
failure stress with increasing loading The infr .mred absorpt ion study , in
rate , and this maximum might be associ- combination w ith surface potential and
ated with a viscoela sti c limping peak . L.EED measurements , can reveal detailed
Other features of the results also in- information about the confi guration of

I dicate that even at these hi gh load ing the adsorbed Liver , esp ecial l y .~~s the
rates , visco elastic processes are in- coverage approaches a monolayer. For
volv.d. exa mp le , Pritchard has found that on pal-

In addition to its intrinsic sci- ladium the adsorbed CO shows continuous
entific value , the shock wave loading changes in the absorption frequency with
of polymer tubes is aimed a t  developing increasing coverage owing to changes
failure criteria for plastic drums used in the type of bonding t o  the met i l and
to transport l u id c In a companion the development of repulsiv e interaction

• . study , Reed sod hi ’ coworkers are drop- between CO molecules as the overage
ping 4 5 - g a l l o n drums filled with water approaches a monolayer.
and covered w i t h  strain gauges onto These studies , especi a ll y it h igh
a platform fitted with pressure trans- coverages , are very relevzm nt t I  ~as phaseducers. Coupling failure criteria from catalysis . Cui-rentlv . Pri tchard is in-
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v e s t  i gat  i rig the i f —  I pi ion of N , on s i i i  e t h e  pa  C V  i c ( t ~ - meet I ngs in t hi — se
nic kel an ! eipec t~ to -i ’ s tti h ing i i  i me s hm ~ i- b -i-m I h - f l  in m u c h  more es~ it —

so r p t i o n  on t a m- . .  I n  this wo rk the ins internatio nal c i t ir- ~ inc luding buda-
emp h as i s i s  i -  I i m I - l a ’ r - . t a n u l  the cat a1~~t ic pest (l9~ S) and V enice (1972). The
behavior of ¶ 1 ~ mc~~a f s , ~ r o g m a m  c o~i sisted of mt -ut 201’ paper s ,

The scient ific e’. ellenc e of the including l.~ invited talks in sing le
research at QP4C i s  km - ,, internationall y, sessions , l2~ contributed uril papers
and their Current ~ur k reinforces this in triple parallel sessions , and ~3
reputation. Much of their success comes posters .
f rom a willingnes s to adventure on to If you ’re not in this field , you
unch arted ground . Ari d ri ’s ‘ th~ oreti~ i f  ar e  p robab ly  w o n d e r i n g ,  as I sac , lil t
work -u polymer frac tum - e is unique in how thin is a thin film7 l-oi purposes
it —  - atte mpt to uni f~ tht - v i scoelas t i : ot discussion , the thin fil m  community -

-
and mo lecular auptu re contribut ions seems to agree that a fi lm is ‘~fat ” if
to t )u.~hness . Hi’ novel experimental i t  i s  more  t h a n  abou t  a m i c r o n  1 0 ’  m)
t e c h n i q ue f o r  - t u d v i n g  adhe~~lve  f ri . - i n  t h i c k n e s s . On t h i s  s c a l e , s t r u c t u r a l
t u r e  r e p r e s e n t s  ~ new approa ch  to  this features of t b -  films can have profound
d iff i cult problem. The work hr Bloor et fects on various important properties.
and Young on the polydiacetylene s i s  The conference program was based on a ‘1
showing that these are a novel cla ss framework of invited talks accompanied
of poirriem c r s —t a l ’ wh i ch may find in- ‘ hr sessions -1 conir ~buted papers in
portant pr a c t i c a l  app lication s . Reed ’s the v a r i o u s  p r o p e r t y  c a t ego r i e s  o f
hig h loading rate testing of polymers —tr uctur e-pr ope rt~ relations.
us i nnovative both In the design of Perhaps the most log ical place to
the equ ipment and the use of the result s begin a review of the Congress program
in the fai lure anal ’. -. ‘s  Of elastic drum s , i s with the methods of producin g thin
Prit chard ’s a b i l i t y  to use infrare d ah- films. A vari ety of new and old methods
sorption to investi gate metal/gas in- were evident , some of the newer ones
t erf a le— gives him a vm-rv powerfu l tool including molecular beam epitax y (M~E),• in the study of gas-phase catalysis. ioni :e1-cluster beam deposition and epi-
( W i l l a r d  0. Bascom) taxy (ICBDE), and quench condensation

(vapor quenching). Reports on methods
developed i n t e r e s t  f rom b o t h  t h e  prac-
ti ca l side (device fabrication) and from

r I l i  f I L M S  W E R E  NOT FAT the fundamental view (studies of film
formation). Some of the newer methods

the 4th Intern a tional Thin Films repor ’ed involve m u c h  better conditions

~ongress was held l i - I S  Septembe r l ’ S  th.in older techni ques , and these all os
at Loughhorough Univers ity of Technology , c m i  eful basi c stu3ies to he carried cut
about 1 0  miles north of london , This , it the same t ine as offering new pos-
the latest in the triennial s~~ries of s i I i l i t i ~~ for film structure formation.
major thin fil m s conference s , in c l uded -\ .C. Cossard (Rell labs , Murray H ill ,
many report s on important de ’v-l opme nts \ opened the Congress with a rev i ew

• over the -ist t o w  r e - it- - . The Congress of ‘f~ t , in which an electr on bean is
program ..as devqted m a inl y to the re impinge d at a shallow ang le to the stir L
lations i . ips between s t r u c t i i r e  and prop - face to impart act iva ting energy to the
c it i e s  of t h i n  film s . Thi s  t h e m e  was v a r i o u c  v a p o r i z e d  e l e m e n t a l  spec ies  as
developed for  aU c l as s e s  of propei-tles t h e y  ar r i v e  at the  su r f a c e .  The a im
i m i ~~1ud1ng e l e c t r i c a l , m a g n e t i c , o p t i c al , of  t h i s  scheme i s  t h e  same as in some
and m e c h a n i c a l , and a t t e n t i o n  was g i v e n  o f  the  newer ion d e p o s i t i o n  t e c h n i q u e s ,
to their relation s with many aspects t h a t  were  r e v i e w e d  hr C . W e i s s m a n t e l

• of structure , including ~ r v s t ; a l l l n e  (Technische Hochschule , ;DR,. In these
— form , morphology , defectc , composition , methods , the acceleration of the film

etc. Because of the  conference commit- forming species offers a versatile way
tee ’s decision to narrow the V (TV l a r ge  to supply activating energy to the
thin film field to this more speclali :ed growing film. This solves many prob l ems
theme , the Congress attra cted less thin of conventional thermal or chemical de-

‘ ilt O attendee s , somewhat fewer than the po sition , and leads to the preparation
5)O or so that mig ht have been expected of previou sly unknown thin film phases.1 if the subject had been thin films in For examp le , plasma-induced chemical
general. It Is possible that the loca-’ vapor deposition (CVI)) enables the rapid
t ion had something to do w ith this , preparation of films at reduced stih -~tra te
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tempera ture s ; W eicsmant el diccusced re- and 0~ Hun d e r i  (No r w e g i a n  I n s t i t u t e  of
~u l t - . b r  N i and SAN dep o sition. It Teihno logv , Tronaiheim ). Hunder i reviewed
was pointed out that often a compromise the general relationshi ps between struc -
m u s t  be made be tween  st o i c h i om e t r i c a l  t u r e  and o p t i c a l  p r ope r t i e s , then  cen-
quality and deposition rates , or be- tered on metallic thin films produced
tween activation effects and radiation by quench condensation , which usually
daaag.. Int eresting results were re- produces microcrystalline and sometimes
por ted on the condensation of ionized amorphous structures. Additional op-
organic mol ecules; very hard carbon tical absorption is often found in
f i l m s  have been formed in this way . mi crocrys tall ine f il ms , an effect simi-
!CBDE was reviewed by T. Tagaki (Xyoto lar to those seen in metal films with
Univ ., Japan) ; this is a method developed other odd structural features , including
in the last few years which is unique rough surfaces , discontinuous films ,
in that clusters of lOOs to l000s of and in two-phase metal-insulator films.
atom s are generated by adiabatic expan- For the microcrystalline case , increased
sion through a nozzle. The clusters absorption is interpreted as being a
are partially ionized by electron bom- result of excitation of surface plasnons
bardment and accelerated onto the sub - propagating along grain boundaries ,
st rate. In addition to the general and Hunderi presented theoretical calcu-
effects of accelerated ions , even more lations to support this expl.nation.
enhanced migration of ions is obtained Cossard ’s review presentation also dealt
w ith this method , and an assortment with the optical properties of films Iof spec ial film structures and proper- with rather unusual structure , using
ties can be obtained. Tagaki described liRE to produce alternate ultrathin epi-
examples of films with high packing taxial layers of the 111-V compounds
d e n s i t y  and strong adhesion formed GaAs/AlAs , each as thin as a monolayer.
on various substrates , including results Optical properties and their dependence
for oxide and nitride fi ~s (e.g., ZnO , on structure were stud~ od for composites
A1N) and the app lication of the tech- of up to 10’ layers . As would be cx-
nique  to electronic device fabrication pected , the layered structures produce
reported. optical anisotropy , ca us ing birefringence

Of course one of the classical areas and polarized luminescence. In addition
of interest regards mechanisms of thin to these reviews , a number of papers

• f i l m  fo rma t ion , i.e., the de tails of considered the optical properties of
the nucleation and growth processes. a range of this film material , with par-
This area was reviewed by li. Krohn and ticular interest in structural effects
H. Bethge (Akad emie der Wissenschaften on band gap, refract ive indices , and
der DDR) and J.J. Metois and R. kern absorption coefficients , including the P
(Facu lt~ des Sc iences de St-J’~ r8me , effec t of f i lm anneal ing , surface rough-
Marseille , France) , and qu ite a few ness~ tempera ture , etc.
contributed papers presented theoretical Further considerations of optical
models for  the  behavior  of the adatom s. properties dealt with the modeling of
One of the c e n t r a l  i n t e r e s t s  was in so -ca l l ed  op t i ca l  mu l t i l a y e r s .  The tra-
the  s e l f - d i f f u s i o n  of atoms on subs t ra te  d i t lo n al  model of a thin film used in
surf aces , which has a profound effect optical calculations is a homogeneous
on the  u l t i m a t e  shape and structure of isotropic slab of material . However ,
an adsorbed l a y e r .  The var ious  stages it has long been known that real films
of film development  (adsorption , nud e- depar t from this ideal , particularly
at ion , cl uster formation , etc.) were in terms of inhomogeneity of refractive
all treated. Experimental studies re- index , which the model s usually treat
flected th. use of a variety of film by represen t ing  an assembly  of hoatogen-
c h a r a c t e r i z a t i o n  techniques , inc luding eous layers of different indices . Tak-
t ransmiss ion  electron microscopy (T~ 4 ) ,  ing the ana lys i s  a large step closer
Auger e l ec t ron  spectrocopy (ABS),  low to the  real s t ruc tu r e , which  may con-
energy electron d i f f r a c t i o n  ( L E E D ) ,  s i s t  of columnar grains r a the r  than
etc . layers , a mu l t i na t i ona l  group headed

Because of various important ap- by M. Hams (Newcas t le  upon Tyne Poly-
p l i c a t i o n s , optical  p roper t i e s  comprised technic , Uk )  and F . P e l l e t i e r  and B.

- • one of the most emphasized property Vidal (Un iver si t$ d ’Aix- l lar s e il le ,
categories at the Congress . In fact , France) presented some perhaps more re-
the program was actually opened on this a li s tic  s t ruc tu ra l  models .
theme with two invited t a lk s , by Gossard

45

_ - -~~~~~-~~~~
- -

— - ,~~~~~~
- _

-~ ~~~~~~~~ ~- -  -~~~~~~ - ‘



—

FSN 33- 2

A n o t h e r  i m p o r t a n t  c a t e g o r y  is  t ion  ( R H E L I ) )  , TEN , AE S , and x-ray spec-
t r a n s p o r t  p r o p e r t i e s  ( e l e c t r i c a l  con- troscopy (XRS) to characterize the
d u c t i v i t y ) .  One of the  obviously unique structure of CaP f i lms  in order to make - -

‘structural’ features of a thin film correlations with electrical and photo-
is its lack of thickness , and there electrical properties .
is also often a lack of continuity ; The composition of thin films is
both these features cause different of great importance , of course, and re-
electrical behavior t’~an for bulk ma- cent advances in surface microanalys is
ter ials. Surface effects predominate have allowed the determination of this
in thin films; resistance tends to be structural aspect with greater accuracy
high; and as thickness and continuity than previously possible. Several re-
increase it drops . Thus electrical views and contributed papers evaluated
conductivity in discontinuous metal the capability of these methods to an-
films was considered by several authors , alyze thin film composition by depth - 

- -

including a lead paper by K. (Jozumi profiling (composition vs depth plot-
(Univ. of Tokyo , Japan) who reviewed ting) with emphasis on AES. There are
the various models for this situation , certain problems in the interpretations
A systematic study b)- 1’. Anderson and of AES depth profile data that are re-
S. Norm an (Chalmers Univ. of Technology, lated to the ion sputtering process
Goteborg , Sweden) exemplified the type used to erode away the surface continu-
of experimental work being done on this ously or sequentially as the profile
subject by describing attempts to de- is obtained . For example , artifacts
termine the dependence of conductivity can arise owing to nonuniform erosion , - •

in discontinuous Au films on structural and this leads to uncertainty in depth
parameters such as particle sire , shape , resolution. AES depth profiling was ap-
and distribution , which in turn depend plied in several studies , including the
on substrate geometry and chemistry, subject of diffusion along grain boun-
deposition temperature , annealing , daries in thin films , a phenomenon often
history , etc. associated with device failures at ele-

The (lack of) thickness as pe c t  re- vated temperatures and hi gh current den-
ceived theoretical attention relative sities.
to the so-called “quantum size effect” The Congress program gave limited
(QS E ) ,  which arises because mobile elec- attention to mechanical properties al-
trons in a sufficiently thin film of though some thin films , such as the gold 1 -~
metal or semiconductor are subject to ones used in the electronics industry

— particle-in-a-box quantization. The for electrical contacts , do have require-
relevant theory and importance of this ments in this area , such as hardness
for all electronic properties of such and ductility . A paper from J.A. Augie
f i lms was rev iewed by A .A. Cottey (Univ. and C.C. Lo (Bell Labs , Columbus , OH)
of East Ang u s , Norw ic h , U K ) ,  and ex- reported on strengthening mechanisms
perimental data for QSE in Pt films in sputtered pure gold films as compared
was presented by C. Fischer and H. to electroplated gold solid solutions.
Hoffman (Universität Regensburg , FRG), Another mechanical property aspect is
who used A l/A1,O,,/Pt sandwiches to cyalu— internal stress , and several papers con-
ate  the  e lec t ron t u n n e l i n g  c h a r a c t e r i s -  cerned themse lves  w i t h  its measurement
t i c s .  The r e l a t i o n s  be tween  m a g n e t i c  in thin films and its affect on prop-
proper t ies  and s t ruc tu re  were also dis- erties in other categories .
cussed by Hof fman  in  a review paper. Thin film researchers refer to semi-

Most of the  exper imental  papers conductor chips and such as “devices.”
involved studies of quite sophisticated These designed arrays of thin film layers
properties augmented by very thorough were not  d iscussed  d i r ec t l y beca us e
charactv - i - z a t i o n  of f i l m  s t ructUr e . of the s t r u c t u r e - p r o p e r t i e s  theme ,
An arsenal of ana ly t i ca l  techniques  but many papers wandered into this  area
was used , often in a single study. in terms of the appl ica t ion  of their
For exampl e, in a session of contributed thin film work to devices of various
papers on “compounds” in which the par- kinds. For example , ep itaxial multi-
ticutar interest was in the effect of layers of GaAs are widely used for fab-
defects and impurities on carrier no- r ication of active elements of high fre-
bility in semiconductors , a study by quency microelectronics. A paper by
J. Kohout and coworkers (Czechoslovak R.V. Konakova and Y. Schwaz-z (In stitute
Academy of Sciences, Prague) utilized of Semiconductors , Kiev , USSR) treated
reflection high energy electron diffrac- the problem of low device efficiency
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w i t h  a s t r u c t u r e / e l e c t r i c a l  prop ertu ”. cept t he iti ~ iden t r a d i ut i o ti in photo
study. In add i t  on to e lee t run c de - therma l o tt- i ~ ~

- i t ’ i i ~ o r or , mu~ t h a v e
v i c e s , there were hoards of paper s In se v e r a l  O s s i l i t  t a l  i t - i t i t t e s , t ill liidiiig
v a r I o u s  o t h e  i*~~~~ t i i CUt ion ii l O a ’ I u i l i tid - II S p0 ’. t i - L i t  p FL ’  I i i  r l’°P’~ 

lv m.~ t d ied t o  —

ing solar cells , resistor s , dielectri c , th e solar e m i s s i o n  and thermal i- ei-adia-
solar coat ings , etc. tion p r o p e r t i e s , and stability at ele-

Devices for o u r  cells received vated temperature s . In the application
quits a bit of attention. In recent of films of this type , optimum performance
years , study in the area of binary semi- always involves a tradeoff between sola r —

conductor compounds has been intensif ied absorptanc e and thermal emit tance.
In order to f i n d  new m a t e r i a l s  for  Recent deve lopments  in  the  chemica l  vapor
v- ray detectors and solar photocells deposition (CVI)) of amorphous silicon
I ll -V and TI- V I compounds have been absorbers with improved t emperature sta-
found quite effi cient , especially CdTe , bllI ty~ and of reflector films of Mo ,
to which some international meeting s were discussed by B 0 . Seraph in (Univ.
have alread y been devoted. In genera l , of Arizona , Tuscon), and a detailed
the key structural features In such study of the structural , thermal , and
films are the minor compositional con- optical properties of sel ective black
stitu ents , such as dopant s a nd Impurities nickel coatings was outlined by P.K .
which affect t h e  band gap characteristics Gogna (Indian Institute of Technology ,
and may serve as recombination centers . New Delhi , Ind ia) and coworkers.
The impor tance  of the nature , location , The subject of m et astab le thin films
and concentration of such centers was ircelved ~onsiderahle attention. Such
d i s c u s s e d  In  a paper  by C. Lhermite f i l m s  may he d e p o s i t e d , by the quench
and C. Vaut i e r (L a bora to i r e  de Physi que condensation method discussed by Hunderi ,
des Couches Minces , Mont-Saint-Ai gnan , or created in-place by ion implantation .
France ) ,  who described methods to deter- Qu ite different from the ion-deposit ion
mine th. band s t ruc ture , accompanied  p roc e s s e s , ion  i m p l a n t a t i o n  is a grossly
by a sophisticated e x p e r i m e n t a l  n o n e q u i l i b r i u m  proce s s  that is gaining
s t r u c t u r e - p r o p e r t i e s  stud y.  A r e l a t e d  c o n s i d e r a b l e  a t t e n t i o n  fo r  p r o d u c i n g  *1-
a sp w c t  of t h i s  class of t h i n  f i l m s  is b y  su r f ace l a y e r s  i n a c c e ssi b l e  by con-
that  the demands for ca re fu l ly  c o n t r o l l e d  vention al t echn i ques .  J . M .  Poate  ( B e l l
doping present difficultie s with some labs , Murray Hill , NJ) reviewed the gen-
f i l m  d e p o s i t i o n  t e c h n i q u e s  such as MBE eral area of met astal~le allo) - f o i - m a t i o n .
wh en dopant s  of  h i g h vapor  p r e s s u r e  t ie po in t ed  out t h a t  t h e r e  a re  ob v i ou s
a re used . T. Suzuk i (Tokyo I n s t i t u t e  s i m i l a r i t i e s  between the rapid quenching
of Technology, Japan) and coworkers and Ion implantation techniques and that
proposed a new method  to dope GaAs w i t h  indeed i m p l a n t a t i o n  may be v i e w e d  as ef-
Zn by ionizing the Zn with an e l e c t r o n  f e c t i v e l y  p r o d u c i n g  quench  r a t e s  on t he
beam and d e t a i l e d  the  s t r u c t u r e -  o rde r  of l 0~~ K/ sec . There  a l t  two i n -
p ropert ies  r e l a t i ons .  t e r e s t i n g  p o s s i b i l i t i e s  offered by t he se

The typ ical approach seen i n  %o techniques , one of which is to produce
ma ny of the Congress papers , I.e., extended sol id solub il i t v , the other
c h e m i c a l / s t r u c t u r a l  I n f o r m a t i o n  with to produce amorp hous stru c tu r e- . The
mea su remen t s  of p h y s i c a l  p r o p e r t i e s  l a t t e r  is mo l e’ d ifficult to a chieve in
was a iso r e f l e c t e d  in various pape r s  t e r m s  of t hi’ quench rate equt i red and
on resistor film , these Include d such in fact is v u r t u i l l v  t f l h l ’ L ’ - s  t i le t O  1 1 1110
mater Ia Is as Ni  Cr , Ta , and Ta N • wher e m et i t s  ; se t I — i mil l i l i t  i t  t o n  I en d ui~ to
the e f f e c t  of deposit ion method on amorphous surta co I ave rs cait be o b t a i n e d
S t r u c t u r e  and  e l e c t r i c a l  I r u p e r t  ics  i n  e l e m e n t s  5111 11 a s  ~‘ I  , t i t l 5 t ’ V ( I . II
was  t h e  t y p ic a l  theme , and a s e r i e s  re qu i s  i t o  c hot i t ’  of a l l  c l v  ing e I emeti t S

of contribution s on die ’lct- t r ii I I n s , on the other hand , iimoi-pbous il b c  s t i r —
— - - p a r t i c u l a r l y  St O .  and S I N .  For e x a m p l e , face  l a y e r s  can  he produced on m e t a l s ;

R .  I-lt’zel and N. L i e s k e  ( U n i v e r s i t l i t P o a t e  r epor t ed  out such ta v e u s  produced

r -
~ Er l e n g e n , FRG) employed a combination by implanting i u  or Fe with Ta or  W .

of ABS and electron loss spectroscopy It is generally possib le to produce amer
(F.LS) to study these latter films , w i t h  phous layer s on trans i t ion metal element s
the aim of e l u c i d a t i n g  the nature of (Fe , Co , Ni) b y implanting m et .tllol ds
chem ical bonding , whi ch is one of the (B, P). The suhiec t of amorphous alloy
primary Intere sts r e l a t i v e  to understand formation was recently the subject of
Ing propert ies in this app l ication area , Its own third Internation al conference ,
Solar i oatim gs , the sur fa te , that Inter reported earl icr ( N  32:10-326). 
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the compounds -i o . ~ n l  Iii ,)  , ( Si t  — d o p e . d  ) - t ’ u i t  S i i i  c x i  i - i l  c ut  c r u - s  so’.  t j o l t  o I t h e
w hich are ui~ i iiI 1 I l t t O e l l  ii> ’ l O J I  t i V e  British c o t  rosi on - - ‘ .  it-li ce scene with
sputtering of rh o met a l , or- by CVI) or about 12S dele gates from more t~ran 50
vacuum e v a p o r a t i o n  in t i d - . A group s i t e s  a t t en d i n g  this year. Half these
of papers were  d e v o t e d  to t h e  a p p r o p r i -  de lega tes  r ep resen ted  u n i v e r s i t i e s  (about
a te  s t r u c t u r e - p r o p e r t y  r e l a t i o n s  for  15 d i f f e r en t  s c h o o l s) ,  w i t h  the  rest
t h i s  a p p l i c a t i o n .  W . B .  Spear ( U n i v .  about  e q u a l l y divided between govern-
of  Dundee , Sc o t l a n d )  r e v i e w e d  recen t  m oo t  r e s e a r c h  e s t a b l i s h m e n t s  and indu s-
a d v a n c e s  i n  t h e  n ew f i e l d  of  suh st t tu - tr y . Onl y a handful of de legi t c- were
t i o n a l l y  doped a m o r p hous  semico n d u c t o r s , f i n n  o u t s i d e  the  U K .
p a r t i c u l a r l y  a m o r p hous s i l i c o n .  Based Thi s is a meeting that emphasizes
on m e a s u r e m e n t s  of  such electron ic prop - corrosion Sc i e n c e ~ ye t  has a ve ry  s t rong
o r t i e s  as c o n d u c t i v i t y ,  H a l l  e f f e c t , app 1jcatjons~ orjented flavor , reflect-
drift mobilit y , thermoelectric power , tri g the balance b e t w e e n  t h e  a c a d e m i c
and pho tocondu cti vt tv , he showed that an d  technolo g ical communiti es in the
electronic properties can ho controlled ICST. In  particular , the SYmposium in-
sys tematicall y over u remarkably wide eluded an extremely large ait,l active
range. Recent woz- k on the charge dis- contin gent from the Central t iec t r i ci l y
t r i b u t i o n , p r o f i l e , and d i f f e r e n t i a l  b i - n e r a t i n g  Board  ( C E G B ) , with no fewer
capacitance of amorphous harriers and than 10 CEGB sites represented , amount-
p-n  j u n c t i o n s  w e r e  a l s o  r e p o r t e d  and in g  to  a f u l l  10% of t h e  d e l e g a t e s .
their appl i cation in “large scale ” de- The program included about 40  pa-
vices (big chips) was considered. pers on “research-in-progress ,” with

In sum mar y , i t  can he said that the followin g topics receiving part icu-
the Congress a li t- re t ver y well to i t S  lar attention: film growth in aqueous
intended structure-properti e s theme , solutions , inhibi t ors and other envi-
A v~ rv high proportion of the extensive ronmental chemistr y consider ations
program consisted of top-quality sophis- in aqueous corrosion , and hi gh tempera-
ticated analyses in this vein. The tech- tore gaseous corrosion anil oxidation.
niques used to characterize film struc - The program opened with a session
ture and properties were varied and un- on film growth. Mechanisms of film
pressive . Also , this field , which is growth were reviewed i n  general terms
essentiall y a branch of app lied solid by T .F. Evans (Briti sh National ti ll C ot - -
state phy sics , seems to approac h its porat ion , Giasgow), tol l sever al papers
prob l ems with ri gorous attention to (10 considered the st abilit y of films for
l ineation of fundamentals , and even the specific ca ses , particularl y elevated
occasional emp irical stud y doesn ’t seem t emperature solutions . B . Mc Enanev and
to be.toler ated , whatever its practical P.C. Smith (Univ . ‘1 Bath) discu ssed
value • Vi rt ua 11 v every con tr ihut or s c a l e s  formed on e i s  I i l - o i l  in oxv gen
had a reasonabl y sound model developed ated near-neutral waters at ab o u t  S0°C ,
to accompany hi s experimental data , and IT .G.N. Thomas and cow ork er s (Na-
(Jeff Perkins) tional Physical laboratory , Teddington ,

Middlesex) considered the intl iue nce of
d i s so lved  oxy gen  and o t h e r  f a c t o r s  on
the s t a b i l i t y  of o x i d e  f i l m s  on m i l d
steel in sodium hydrogen c-rh on ate and

BRITA IN FIGHTS COkROSION sodium chloride sobu t ions at ‘5-00 °C
the latter work has been mentioned i n

Probably you are t h i n k i n g  t h a t  an e a r l i e r  b~SN (PSN 32-11: 384) and has
the British should quickl y sell the relevance to the corrosion of steel Iii
co u n t r y  and s h i p  i t  off in blocks to hot water central he ating systems .
Arizona. Ac tually, the catchy title Several papers considered the phe .
of this note refers to the rampant nomenon of electrolyte ion Incorp or ati on
ac t i v i t y  In co r ros ion  s c i e n c e  research  i n  growing anodic films , which can have 

- 
- -

I n  the UK t h e s e  days . T h i s  is  d emon- i m p o r t a n t  i n f l u e n c e s  on film growth
st r a t e d  a n n u a l l y  at  t he  C o r r o s i o n  S c i -  k i n e t i c s , s t r u c t u r e , and m o r p h o l o g y .
ence Symposium of the Institution of D.II. Davies anti (‘,.i. Burstein (Univ.
Corrosion Science and Technology, of Cambr i dge) de~crihed their work on
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t h e  , s s i ’ .j t i , nn  of coba lt in borate int e r is ting ss ep ( u n o d i ’ .  c ithod ic
and b i irhonate solutions They used anodic) pot ent iokinet ic polarization
Auger d o  tron spectroscopy to ana ly. e method to chara cte r -i .e changes in .ot -

• films for-med by constant potent i:i l anodi- rosion behavior due to imp lant a t ion. - -

z a t i o n  and proved the incorporation of The work has shown (of course) that the
anions from the electrolyte. The novel copper-based surfac. alloys of im-
pres.nce of these anions profoundly proved corrosion resistance can be pro - - -

a f f e c t s  the  n a t u r e  and s t a b i l i t y  of duced b y ion implantation. However , it
the films , based on correlations between was reported that the beneficial effects
polarization behavior as measured by are most marked in environments in which
cyclic voltammetry and the film composi- pure copper already tends to passivate
t i o n . By t h i s  approach it was pos sib le and much less s i g n i f i c a n t  in environments
to explain the aggressive nature of in which pure copper tends to dissolve
bicarbonate and the i’rhibiting proper- (Hmmm). The audience , a conservative
ties of borate i n  t he  cor ros ion  of and p ragmat i c  lot , expressed serious res-
c o b a l t .  B. Pea r son  and J .S .L.  Leach e rva t ions  about the longev i ty  of such
( U n i v .  of N o t t i n g h a m )  p resen ted  a t he - s u r f a c e  l aye r s , and the  p o s s i b l e  disas-
o r e t i c a l  model based on F ic k ’ s law of t rous  consequences that  mig ht a r i se
diffusion to account for the conditions if the  environment  even tua l ly  reaches
tha t  lead to e l e c t r o l y t e  ion p ickup  the  much more suscep t ib le  base me ta l .
and supported the  model w i t h  some a c t u a l  Other  problems pointed  out were the d i f -
examples .  d .C. Scul ly  and A. C ak i r  f i c ul t i e s  in o b t a i n i n g  these  layers  at
( U n i v .  of  Leeds)  descr ibed t h e i r  research a l l  on complex shapes , the  present  cx-
on the classical topic of the breakdown pense of the  process , and d i f f i c u l t i e s
of p r e - ex i s t i n g  pass ive  f i l m s  on s t a i n -  in c a l i b r a t i n g  the composi t ions  obtained
less s tee l  by hal ide ions .  This  has  and measur ing  them accu ra t e ly .
long been a sub jec t  of con t roversy , - Considerat ions of aqueous corrosion
the c rux  of w h i c h  is  an e t e r n a l  deba t e  a l s o  included a session t ha t  centered

I ~ over whether there is some sort of chem i— on the effects of environmental chemistry
cal e f f e c t  of ions f rom t h e  e l e c t r o l y t e , w i t h  r e l a t i o n  to i n h i b i t i o n.  P . G .  Fox
such as by incorp ora t ion  and local (Univ . of N o t t i n g ham) and coworkers dis-
breakdown of the  f i l m s . The work re-  cussed chemical  aspects  of the  corrosion
ported by Scull y approached the  probl em i n h i b i t i o n  of copper b y benztriazole
experimen tally by examining the effec t (BTA). The key result was that BTA
of var ious ha l ide  ions on r e a c t i v a t i o n  doesn ’t ac t  d i rec tl y as a chemical  in-
t i m e  and changes in p o t e n t i a l  under h i b i t o r , but r a the r  as par t  of a compound
ga lvanos t a tic  ca thod ic  c h a r g i n g  condi- that precipitates and covers the surface
tions. Both alkaline (K,SO~) and acid when a critical ‘linhibitor ” concentra-

t 

(H,S04) sulfate solutions were studied. tion is reached . I). Gabe (Loughb orou gh
For a l l  s o l u t i o n s  t he  v a l u e  of t h e  F l ade  U n i v .  of Technology )  discussed the use
p o t e n t i a l  was u n a f f e c t e d  by the  h a l i d e  of var ious  Group TV an ions  for  i n h i b i -
a d d i t i o n s , but  the  c r i t i c a l  concentra-  tors. This  stud y has p r a c t i c a l  re levance
t ions were seen to exist for  e f f e c t s  in terms of the  poss ib l e  b a n n i n g , for

— on react ivation t ime . The results were toxicity reasons , of chromates (Cr0),
interpreted in terms of a faulted or the common inhibitor of thi s class.
porous f i l m  model which  argues that  Turn ing  to seeming ly  more p r a c t i c a l
halide ions may penetrate pores but studies , a “CEGB” session on condenser/
t ha t  there  I s  no e v i d e n c e  of h a l i d e  ion b o i l e r  cor ros ion  problems inc l uded a nun -
m i g r a t i o n  within the oxide crystal struc- ber of interesting paPers. These con -
ture . tribution s were un i formly of sound sci-

— One of c o r r o s i o n  sc ience ’ s newer entific character , emphasizing corrosion
tools  i s  t he  use of ion implantation mechanisms while dealing in the context
to mod ify surface layers arid environ- of practical situations. W. Moore (CECIl ,
menta l  response .  The process of ion Midlands) presented work on the chemical
i m p l a n t a t i o n  was conc ise ly  reviewed by c lean ing  of a l l o y  s teels  in bo i le rs ,

— V. Ashwor th  [U n i v .  of M a n c h e s t e r  l n s t i -  p a r t i c u l a r l y t he  use of c i t r i c  ac id /
tute of Science and Technology (UM I ST) 1,  glyoxal and citric/formic acids , and
whose group is conduc t ing  r e sea rch  on the  mechanisms of o x i d e  s c a l e  removal
the effect of implantation on the cor- were studied in deta il. It was shown
rosion of metals such as copper in why the  common c l e a n i n g  agen t  for  m i l d
aqueous env i ronmen t s .  They use an steel , ammoniated citric acid , is not

- 

49 

-—j

- - ---a—--.---.--- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~



1-SN 33 - 2

su It i it-nt 1 il b y  s t  ,.~~
. Is and wh~ that may n o t  be des i i- ed o r  ca nno t be

r t d u c  m g  a geri t s mu st be added o .115 - c a i t  i ed out , 11111 i i i  t ins t civ more
solve  t h e  o x t d e ~ p roduced b y the latt er ~o ir -oslon —r esis t an t m ateria ls ui-c- b eun ~’

11 . I t e t i i l s . ‘~ .F .  Furlong t t~~~~, Mi dlan1isl sought.
d e s c r ib e d  r e l a t - d  work on h it- effec t Most ot the paper s on h igh  t e m p e r a -
of various inhi bi t o r ‘.-.stem s for use ture gaseous corrosion were also related
i n  acid-cleanin g o f - lense r s .  The to power plant applications. The best-
ide* here is to reduce general di s s olu -  lec ture  award was g iven in this category
lion of the base m e t a l  w h i l e  r emoving to Peter  Hunt  ( U n i v .  of N e w c a s t l e  upon
the  scales. Inh ibi tor “mixes ” In t hese  Tyne ) a s tuden t working with Dr. k.N,
cases must be effective for both brass Strafford , for his pre sentation on the
and steel components . As compared to mechani sm of inh ibition of hi gh tempera-
b o i l e r  c l e a n i ng ,  w h e r e  the  p r im a r y  a im tore corrosion (in 4:1 fl1:SO, biox i dant
is  to p reven t  l o c a l i z e d  corros ion attack gas) of N i - l S  Cr a l l oy  by u d d i t  ions of
under  scale d epos i ts , in condensers Zr (around 1 wt. i) It was suggested
the main advantage of cleaning i s to that a pro-existing intermeta ll ic net-
improve performance. work in the as-cast microstructu i-e is

P.J. Nolan (CEGH Macclesfield) and the key factor In explaining the slower
coworkers contributed art excellent paper scaling rate of thi s alloy (than bin ary
analyzing the errosion-corrosion of mild N i- IS Cr). The oxidation session was
steel in hi gh velocity water and steam! otherwise dominated by contributions from
water mixtures. This is the classic- al i group at the CECIl main research center ,
p rob lem of perforat ion of tubes at the CERL (Central Electr icit y Research Labo-
outside of bends , yet Nolan prov ided ratory, Leatherhead , Surrey), particu-
cons ider ab le In sig ht to the mechanisms larl y in cooperative efforts with Ut-fIST.
of corrosion attack. Using a number These studies emphasized the structure
of carefu l experimental approaches , par and growth kinetic ’- of oxide films of
t icularly detailed metallography , he iron and i ron-chromium alloys , a subject
analyzed the nature of attack and o ffered of considerable attention over the years .
interpretations in terms of flow effects Most of the contributions involved the
on the electrochemis try of the system. growth of oxides in carbonaceous gas
The “erosion-corrosion” mechan ism pro- atmosp heres (CO./CO). U. Metcatfe and
posed differs from others that have been ~\ . Charalambous (CERL) presented studies
put forward , but seems quite valid and of CO,/CO oxidation of pure iron single
reasonable, He showed very neatly how crystals on an env ironmental hot stage
mass transport analyses correlate with within a scanning elec tron microscope
the carefully-determIned experimental (SUM), where oxide crystal growth kinetics
data on surface structure, a nd morphology wet-e s tudied on various

Another very interesting paper re- ci - ystallograp hic faces. .J.M . Calv ert
Itited to power plant problems , on acid- m d  coworkers (UMIST and CURL) discus sed
dew-point corrosion , was presen ted  by oxide layer formation on Fe-OCr imllo v s
Dr. CW . Morris (CEGH , hlarrogate ) . This i i i  CO,/CO using a radioactive ti -acer
is a problem unique to the “back end” i S 0) method , and a similar study was.
of the power plant where emitted SO, contributed by A. Pritchard (Atom L i n .  —

m ay be converted to SO, by excess oxygen orgy Research Establishment , Harwe lt)
and then deposited In moisture on plant and coworkers u s i ng  1 0-deuterium pro -
components as s u l f u r i c  ac id  s o l u t i o n,  f i l i n g  in  a 3-14eV nuclear m i~ roprohe .
Typically the acid concCntration may P . C .  Rowlands (UMIS-r and coworkers pro-
be 70 wt . % sulfuric acid. Work in seated work on transpo rt paths in double-
t h i s  concen t ra t ion  range f a l l s  I nto a layered oxide scales on ferr iti c steels ,
data  void;  whersas much is known about a l s o  for  CO,/CO , u s i n g  SUM and IbM
s u l f u r i c  acid corros ion in more d i lu te  ( t r a n s mi s s i o n  e l e c t r o n  m i c r o s c o p y )  dat a
and more concen trated ranges, the presen t from f r ac tu re  and pol i shed s e c t i o n s  of
range actuall y yields much h igher cor - the  oxides  to s tu d y  the pore s t r u c t u r e
r -o slon rates , Basic research on this and morphology.
s i t u a t i on  Is  bad ly  needed , since the Another considerati on t o i f e r r o u s
present  remedies are s tr i c t l y  meat - axe  a ’ ioys  exposed in carbonaceous gas at-
i n approach , i.e., the r.duct ion of ox- mo rp heres I s the’ uptake of carbon by the
cess combustion air in order to limit alloys. Approaching this problem from
SO , and/or to increase metal surface the theoretical aspect , F .G. Ifick s (CURL)
temperatures above the dewpoint, These presented a mode l for the simulation of
requ ire changes In power plant operation carbon uptake diffusion In Fe-9Cr allo ys

So
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undergoing oxidation in CO,/CO. The Undoubtedly the most interesting
phenomenon of “breakaway oxidation” lecture of the Symposium was presented
is bel ieved to be associated with con- by Dr. L.L. Shreir (Head , Dept. of Metal-
d itlons that lead to the deposition lurgy, City of London Polytechnic) in
of carbon in the oxide , and H icks ’ model accepting the presti gious IJ .R. Iv ans Award
analyzed this situation. On the same (previous recipients T.P. Hoar and P.
subject, P • Banks and coworkers (IJ?4IST Lacombe). Although not a research pa-
and CECIl , )4acclesfield) presented ox- per , his talk made man y val uab le poin ts
perimental studies centering on the regarding corrosion science in tech-
morphology and structure of carbides nological situations . Shreir accomplished
formed in association with th. break- this through the unique and daring ap-
away phenomenon. proach of reviewing his own prof essional

One of the few papers from outside career. This turned out to be a very
the UK was presented by a Briton , J.M. effective way of making a number of valid
Harrison (Pettan Research Centre, the points regarding the education and train-
Netherlands). It concerned carbonaceous ing of corrosion scientists and engi- - -gaseous a tmospheres , but in this case neers. It is impossible to capture the
for the behavior of austenitic super- entertaining manner or to relate the mu-
alloys in conditions relevant to the merous anecdotes that Shreir used , but
petrochemical industry (CH~/H.), not several of his points are worth citing .
power generation. Here the situation He emphasized that it is inappropriate
is quite different in that the environ- to try to separate corrosion science from
ment is reducing , not oxidizing. The corrosion technology or academic from 4

— study involved extensive use of surface industrial research , points thai were
m icroanalytical tec~mniqu es tSE14, Auger partly demons tra ted by this Symposium
electron microscopy (AES), elec tron itself , and he decried the low status
spec troscopy for chemical anal ysis  of corrosion sc ience in me tallurg ical
(ESCA)] to eluc idate corrosion mechanisms , and engineering curricula. He also took
The importance of alloy surface condi- t ine to knock down a few classic axioms
tion on the carburization (uptake) of corrosion “sc ience ,” including “Cor-
behavior was demonstrated , and the use rosion protection begins at the design
of a unique magnetic susceptibility stage” (an “out” fo everybody except
technique for nondestructive testing the designer) and “Avoid crevices , and
(NDT) evalution of subsurface carburiza- if they occur fill them in” (often im-
tion was shown. Another foreign con- possible). He a~so ¶.trong ly suggestedt r ibut ion  was from M.J. Graham (National. that ,corrosion science educators should
Research Council of Canada) , who dis-  devise means to include exercises in the
cussed the determination of oxide th ick-  practical relat ionship between academ ic
ness and structure on iron by the  use pr inciples  and rea l -wor ld  problems , such
of t5 ssbauer spectroscopy . as through the inclus ion of pract icun s

In recent years it has been the (experience tours).
practice to include in the  program a In summary , th is Symposium demon-
somewhat “offbeat” topic with some pe- strated without question that Britain
ripheril relevance to corr’)sion science is corroding at a substantial rate , that
but outside the mainstream of the ac- there are a great number of local sites
tivities of the Institution ’s members , at which this corrosion (research) is
Th is year , Symposium organizer Dr. Peter occurring , and that the corrosive environ-
J. Boden (Univ. of Nottingham) selected ment and corrosion modes at each site
the topic of surgical implants of ma- tend to be different. Fortunately, each
te r ials , where there are clearly identi- corrosion site has also a group of cx-
fiable material/environment incompati- perts and long practitioners in corro-
b i l i t i e s  that  can be readi ly  understood s ion science who are carry ing out sig-
in terms of bas ic  materials science nificant studies to understand and ul-
and corrosion science principles. The timately defend against the various forms
topic was reviewed by Dr. D. Williams of deterioration. (Jeff Perkins)
(Univ. of Liverpool), a dental surgeon
from the internat ional ly  prominent  bio-
materials group at Liverpool , who demon-[ strated exceptional familiarity with
physical metallurgy, and corrosion sci-
ence , as well as general medicine and
surgery.

51

- - 
~~~~~~~~~~~~ - ~~. ~~:-- ~~ ~~~-



L SN 33-2

MATERIALS I N  SPORTS p o l e  v a u l t i n g ) ,  and i n  most  cases t h i s
is true. In fact , almost all sports have

Hel lo  a g a i n , s p o r t s  f a n s .  The r e g u l a t i n g  groups t h a t  i n c l u d e  c o n t r o l s
following report is on the 19~ 8 Annua l over the perfornance of equipment . In
Co nfer .nce of t h e  M a t e r i a l s  S c i e n c e  a d d i t i o n  to t he  d e s i r e  to p rese rve  the
Club (UK), Which this year chose as game , it is important that no player gain
its subject “Materials in Sport_—Scien - an advantage over others simply on the
tific and Techolog ical Aspects .” This  ba si s of equ ipment i .e., new equipment
may at first seem to be a somewhat super- must be readily available to all compet-
f icial top ic from a scientific stand - itors. In recent years golfers have been
point , and in fact , I initially ap- presented with clubs that hit balls
proached the Conferenc e with t h i s  at- straighter through the development of
titude. However , since the meeting was composite shafts: t ennis players have
organized as a two-day residential con- acquired li ghter rac iuets of aluminum , - -

ference at the Bisham Abbey National steel tubing, or composites; and other
Sport Centre (near Marlow , about 30 materials developments have had signifi-
miles west of London) and there would cant impacts on various games.
be some opportunity to engage in some A dramatic example of this was the
special sports “laboratories ” (squash , recent boom in skateboarding (which un-
tenn is , baske tba ll , etc), it seemed that fortunately now has reached a state of
there would be nothing to lose by at- market saturation , bemoaned one of the Itend ing . princ ipals at the meeting). Di. N .A.

As it turned out , the Conference Waterman [Fulner Research Institute , UK ,
was extremely interesting especially and editor of the Fulmer Materials Opti-
from th e standpoint of technological mizer , a materials selection scheme re-
app l ication of new materials. One of ported on by Bernstein (F’SN 32- ‘:211)]
the unique aspects of the subject was noted tha t the 1977 boom was based es-
that it concerns the development of ma- sent ially on one key materials develop-
terials for direct application in the rnent , namely the resin of which the wheel
consumer market , rather than for i ndus- rolling surface is composed . This has
trial or military uses. This puts a made contemporary skateboards much qui-
special emphasis on expediency and cost- eter , faster , and maneuverable than those
e f f e c t ivne ss  in R~ D, and it was quite available in the  West Coast skateboard-
star tling to see what can be accost- ing fad of the earl y 60s , when the ye-
pu shed . It must be admitted that the hi d es were essentially small surfboards
meetin g presented little in the way - on metal roller skates. Roller-sk ute - -
of basic scientific discovery, and wheels at that time were made of steel
this summary will therefore be limited or compositions of clay and rubber , and
to some interesting developments in gave an unstable , noisy ride . Elasto-
materials which were presented . meric polyurethane , the essential ma-

The meeting was organized so tha t teri al for modern skateboarding wheels ,
the first day was concerned mo stly with was originall y intended as a competitor
marine , water , mountain ,and a i r  sport s , t- nylon , but found application as a
while the second dealt with ba l l game s r - ler material in the paper-making in-
and sports sur faces. The specific sports dustry and as a solid tire on industrial
applications included water and land equipment such as fork-lift tracks.
yachting, scul l ing, hang glid ing, noun The unpara l le led properties combination
taineering , tennis , squash , badminton , of hi gh fr iction , abrasive wear resis-
sk-tre-boarding , skiing, fishing , golf , tance , and resilience makes possible the
and several others, spectacular and graceful movements that

Near ly every sport discussed is characterize skateboarding today . The
currently pushing hard at the frontiers materia ls used in the wheels , trucks ,
of available ma terials. Ever since and decks , and their methods of fabrica-
the fiberglass vaulting-pole revolution tion are prominently featured in sales
of the mld-1960s , sports manufacturers promotions , a relatively rare occurrence
have come to realize the dramatic gains in consumer marketing . Thus potentia l
in that performance can be achieved by buyers are exhor ted  to buy hand-poured
using advanced materi als. it is important and hot-poured urethane wheels , aircraft
to note that when a new material Is In- aluminum alloy trucks , and pultruded
troduced it is with the hope that It will glass-fibre-reinforced plastic decks .
not substantially change the nature of Skateboard enthusiasts are quite know- - ‘

the game (as Indeed has been the case in ledgeable about choosing between alternate
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m a t e  I .1 I -. I ~- it ti~ t i i g h t he p s c i  u i ut  I t I — I i ii t~~~t ii I II ’ ~. ,- s ( i t t  i i i  d i i  ~ ~ t ’e.
ma ter i al t~tr wheel s is a lwa y s a poly - in sports equipment , whi~ ti p r e sentl ~ ~one t h e r - b a .~ed e l a s i o m e r  m;s n u f a c t u r e d  by -.uste-. almo st h a lt thi- world produ~ tion .
hot c i - ~ t t i tg  t e~ hniq u . th i s — t i l l  al liowe i-ei a t • r l t ~

• and spt ’t i s

lows a wide t ange for tailoring to t ion-. h av e  s i m i l a r  r e q u i r e m e n t s  for  ma-
in d i v id u a l needs; thus s o f t e r  g r a d e s  t e r i a l  p r o p e r t i e s  so t h a t  i t  I i  not ii- -;

a r e preferred for freestyle (tricks), logical that the unique combination of
ha rder grades for  speed , and intermediate properties offered by CFRP should be
hardness for slalom events , It is exp lo ited in this way . The commercial
in teresting to note that the wheel ma- and sports breakthroug h fo r CFRP came
terial d.v.lopa.nt has now led to a in 1973 when over 500,000 golf club
resurgence In outdoor r o l l e r  s k a t i n g  s h a f t s  were manufactured in the US ,
per se , according to report s from using an estimated 40 tons of prepreg
Cal ifornia, mater ial, The golf club market has sub-

Anothe r recent sport s equi pment scque’ntly slowed down , but the manufac-
development concerns aluminum squash turing technology has sinc t- been applied
racquet s , which currently are opposed to many other items of sports equipment
by a sanctioning group regulation tha t such as fishing rods , ski poles , tennis
allows only the c lassical wooden rac- and badminton racquets , etc. The sports
quet. One mig ht think that this would market has actually served to advance
not eliminate the use of the very li ght the state of technology by demonstrat ing
aluminum racquets from friendly and the effective use of relative ly simple
unoff icial competitions , but there turn- . hut expensive fabrication techni ques ,
out to be general opposition to them suc h as mandrel wrapping , adhesiv e bond-
by cour t  o p e r a t o r s  who be l i eve  that ing, inj ection mould Ing , e tc. It has
t he  m e t a l  r acque t s  w i l l  cause more enab led  the  development of proces s tech-
damag . to court walls (which are s t r u c k  no log ies  fo r  l a rge  sca le  production ,
of ten in squash ), not to mention the opening up po s sibiliti e s for use in
human body, t han conven t iona l wood ones , general engineering and industrial ap-
The analogous problem in  tennis , scrap - pitcattons .
tag of compos i t ion  cour t su r f aces  by One of t he  o r i g ina l  d e v e l o p e r s  of
ex t ruded aluminum s’aquet frames , was i-arbo n  f i b e r s  a t  the Royal Air c raft I s-
solved s imply by the now-familiar plast i c tablishment (a t rue m i l e s t o n e  in  ma-
clip-on guards . In the squash case , terial s research ) , Lesley P h i l l i ~ts ,
experiments have recently been conducted talked about one of his current interests ,
in attemp t to eliminate prejudice by the appl ication of (FR)’ in racing sculls.
showing t h a t  a l u m i n u m  racquets  ac t u a l l ’,’ T h i s  is  an area  i n  w h i c h  t r a d i t i o n  and
cause less damage to wall and body than prejudice are pi-ime opponents to intro -
wooden ones. In this connection , one luctlon of better and c heaper mater ials.
of the d e s i g n  a r e a s  in w h i c h  the re  Uowever , u n l i k e  the squash racquet case ,
is considerab le room for innovation , there a r e  no o f f i c i a l  r e g u l a t i o n s  a g a i n s t
if not theoretical analysis , Is that materials for rac ing sculls ; one ~an makeof selection of the crns~ section for them of anything he want s , the t ra di-
extruded aluminum allo y racquet frames . tional materials be ing veEr expensive
George Anderson ( E l i t e  Sports  In t e r -  wood c o n s t r u c t i o n , whose  co~ t can be
nat iona l Ltd ) and i’ i of. C.N. Reid  (Open e a s i l y  halved by CFRP.  Re~~ei it  develop-
Univers ity, UK) d e-~~rihed the develop - ment s at kM have finall y alit ’s-oil the
mont of the fi r s t alum i num-fr amed squash construction of ~FRP hulls that are
racquet. The designer her e is a bit li g hter than conventional hu ll s , this
more limited in hi s selection of •x t ru - be ing  the  p r i m a i - v p e r f o r m a n c e  f a c t o r .
-ti on design than in the tennis case , John Skt-Iton (E:RL Cor1’, Iledham ,

— where there is less chance of I n f l i c t i n g  Ma ss. l presented fasc inating result s of
a wound on your opponent w ith a sharp a detai,led stud’,- it t hal1-s t~~ing inter-
ed ge . actions in tenni s racquet s . This i s  a

Carbon f ibre reinforced plastic mat erials-related topic in tha t the study
( CFRP ) is a hig h technological material was conducted as a prelim inary step to - 

-

whose commerical applicat ion is increas- develop ing a new —v nthet ic str ing state-
tng rapid ly. Or iginal ly developed to i-ta l (i.e., , a new polymeil th u sil l pro -
meet the exigencies of th . aerospace duce the reputed superior te atu i - t’-. of
indus try for high performance lightwe i ght natural (gut) strings. Part of the folk-

I structural materials , i t  is somewhat lore of tennis that Skelton tried to ra-
paradoxical that one of the lirge st t i o n a l i z e  w i t h  the  s tudy  was t h e  r e p o r t e d

__________ — — —p — —
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su p e r i o r  “c o n t u o l ”  (roug hl y d e f in e d  as l i g h t  st’ig ht of the glidet , i i i ’t  b r the
t i m e - o f - h a l i - n n - t  a ~i u e t l  one  g a i n s  wi th usual li ft-drag r eu—& ’ ui -- but hecouse the
gut str ing s as t ompared I n  t h e  mu ch glider enthusiast t’.-p iial lv ti~u s  t i  ( t a g
cb.aper nYlon strings , lie a l so  addressed the 40-SO lb . rig up a hil l and then r un
th, cont r o?er s tat sub ject of stringing with it until he takes off. A wide range
tension ; one world-cl ass p la yer uses of m a ter ial s are involved in gliders ,
hi gh , another low ~- tu  i ging tension . includ ing aluminum alloys (usually 2024),
He reviewed the scores of man-made galvani :ed steel , stainless steel , and
string designs that have been used in various synthetic fabrics and adhesives.
an attemp t to reproduce the response What seemed to be a potentially dangerous
of gut strings qualitatively, including design from the standpoint of galvanic
some attempts to reproduce manually the c-rro sion was nonchalantly revealed : the
cross-sectional micros tructure of the use of stainless-steel gu ide -wire fas-
gut (essentially a compressed bundle teners in holes in the aluminum alloy
of polyme r ic ribbons). Skelton ’s study frame ; it is probably fortunate that at
attempted to characterize the behavior least the more active aluminum co.prises
of various strings quantitatively, con- the bulkier components , so that the cor-
sidering the effect of basic materials rosion current is lower.
properties , particularly stress-strain Land yacht ing is another sport where
response as a function of strain rate lig ht weig ht and aerodynami -s are the
(ball velocity) . In summary, he made key design features that are sought.
the following conclus ions in terms of 1 was amazed to learn that the sport
tennis folklore: (1) gut does have better has progressed to the level of sophisti-
control than nylon in general; (2) onl~ cation where the cross-sectiona l profile
very good (high velocity) players can of the mast is significant in terms of
distinguish between gut and nylon; (3) the overall aerodynamic performanc e of
thinner strings give store control by the yacht. The development of special
lowering the effective dynamic modulus hollow and tapered glass-reinforced plas-
(at the sacrifice of string life , of tic (Gill’) masts with an a i r f o i l  pro f i l e
course); (4)  touch players should use was described by researchers frost the
l ower s t r i n g ing t ens ion , s ince this in- Materials Department at the Open Univer-
creases  t i m e - o f - b a I l - o n - r a c q u e t .  sity (Milton Keynes , IlK) who have been

In a d d i t i o n  to this discussion of working with yacht manufacturers. Also ,
strings , the subject of rope received P. Ba l l  ( A l c a n -B o o t h  E x t r u s i o n s  L t d )  de- - -

more attention than I would have believed scribed the technology of tapered cx-
pos si ble . However , this only reflects t ruded masts for water yachts.
my ignorance of the complexity of the Several contribut ion s dealt with
subject. The properties of a rope as small boat desi.gn. M.G I~ade r (Univ.
a whole depend on numerous variabl es , of Surrey) , whcse primary research area
the most Interesting from a materials is conposite materials , gave a compre-
standpoint being the choice of the typ e hensive revie w of materials selection
of synthetic fiber (polymer), assuming tradeoffs , using as an examp le the ap-
that na tural hei~p ropes have been aban- plicat ion of materials in small sailing
doned . This subject was reviewed by craft. He compared conventiona l ~truc -
B.J. Dunn (~ ridon Fibres and Plastics tural materials such as steels and al-
Ltd , UK ) , who somehow made the subject uminum alloys with composit es , both na- - -

of rope interesting. In the case of tural (wood) anti manmade. He also dis-
rope , several tYpes of extruded polymers cussed deterioration problems of glass-
are coffimonlv used : nylon , polypropylene , reinforced pl~u -i t ic (GRP) in seawater.
po lyethy l ene , and polye sters. P. L.P. I;iflg er (Ro ltn x , Ltd , Eng land) de-
Ilutchlnson (Univ. ot Manchester ) also scribed the engineering development of
considered ropes , specifically for awun - thermoplasti c hu lls for  s m a l l  s-~ii [b o a t s ,
t am climbing, where the primar y require- a recent pro e~ t sti t ch invo lv ed t h e
ment s  are high-rate energy absorption largest injectioii-moulded components in
(for s l i ps and falls) and minimum stretch history (by a factor of about t). Po)v -

(hig h modulus). propylene was chosen as the pol ymer for
It was a start ling revelation to this app l ication on the h a - i s  of its en

m e to discover that the prima ry mate r1al~ g ineering prope u t ie s , cost , iind mouldi ng
pr oblem in hang glid ing is fatigue fail- flow rate,
ure of structural components , with its -Inother categ oir of ma t ct -i -~u ls ap
obviously catastrophic consequences. pl icat lon in sports is sporting sur faic’ .
This arise s because of tht- des ire I or both ii ’, ~ut,d oti tdooi s . S~’nthet i c po i r ‘
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aeric materials for sports and games marketplace more rap idl y and in greater
surfaces first appeared in Britain in proportion than mi ght init i ally be sus-
the mi d-s ixt ies when au all-weather pected . (Jeff Perkins)
athle tics t rack was installed at the
Crystal Pal.i~ e National Sports Stadium
in London. This facility, a counter-
part to the Bisham Abbey center , is 29TH MEETING OF THE INTERNATIONAL SOCIETY
operated and maintained by the Greater OF ELECTROC1thMISTRY
London Council , which operates a Sci-
ent ific Branch that includes a materials Many US chemists are probably not
laboratory . Graham Tipp , head of the acquainted with the 1SF ; a few words de-
Polymeric Materials Section , described scribing it are in order. The Society,
the bradeoffs Involved in the selection founded in 1971 as a successor to the
of synthetic sports surfaces . One of~ International Commission of Electrochemi-
the b ig advan tag es of such surfaces  ca l Thermodynamics , has abou t 650 mem-
j c  their much greater proportion of bers and has recently been organized into
utili :ation on a t ime basis as compared 7 scientific divisions : Electrolytes
to conventional ones which beco me use- and Electroctieinical Thermodynamics ,
less due to ra in , mud , etc . They also Electrochemical Physics , F le ctrochemical
ten d to have lower maintenance costs. Kinetics and Electro-ana lvsis , Organ ic
These factors combine to make synthetic and Bioelectrochemistry , E lectrochemical
su r fa ce s  much more cost effective than Energy Conversion , Corrosion and Blec-
mi ght be imagined on the basis of their trochemical Surface Treatment , and Elec-
initial cost. 

- 
trochemical Engineering. It sponsors

This br ings us back to the subject the internationally recognized journal
of the Conference venue itself , wh ich ~Zaotroohimioa Acta , small meetings
Inc ludes one of the most versatile dealing with a few selected top ics and
sports surfaces in the world . Among broad-based annual ones.
its many uses , var ious British national The Society ’s president is Prof.
teams train here: such sports as cricket , C.W. Tobias (Univ. of Cal ifornia ,
rug by, soccer and tennis can be accost- Berkeley), who wa s born in Hunga ry and
modated indoors under conditions that received his training at the Technical
simulate normal play in terms of test- University of Budapest where the meeting
pera ture , lighting , surface , and space, was held 28 August-2 September . Tobias
This  has been accompl ished with what in his opening remarks noted that this
must be one of t h e  most  c a r e f u l l y  and was the l a rges t  mee t ing  in the h i s t o r y
intelligently designed indoor sports of the 1SF with about 700 participants
facilities in the world. From a mate- from 34 different countries and 469 pa-
r ials standpoint , the surface is the pers. All pape rs were presented orally
primary feature of interest, with 2 plenary lectures daily fo ll owed

In summary , the ma terials R~D pre - by as many as 8 parallel sessions,
sented at this meeting was interesting With in these sessions there were so-
because it demonstrated what can be called keynote papers scheduled for
done under the pres sures of marke tplace 30 minute  dura t ion , fo l lowed by con-
cond itions . Of course , many of the tributed papers of 15 minutes in length .
mater ials developments discussed have Around 90% of the presentations were
drawn heav ily on knowledge that derived in Eng l ish , with a few papers presented
f rom hig h- technology mater ials RID. in Russian , French , or German . There - 

-
In fact, in the UK , government l abora- were symposia on 4 main themes: electro-
t o r i e s  are in some cases directly in- chemistry of membranes , direct energy
volved w ith industry in this sort of conversion , solid electrolytes , and new
consumer RtiD . Along with numerous small electroanalytical instrumentation , while
commercial  o r g a n i z a t i o n s  i t  was interest- each of the Society ’s divisions had
ing to note the partici pation in this one or more sessions dealing with areas
field by universities (Manchester , Surrey , of part icular interest to it. In total ,
Open , etc.) and high- technology research the technical program required a booklet
establishments (RAE, Fulmer Research of Sb pages while the abstracts distri-
Institu te , etc), whom one mi ght think buted to all participant s filled two
would be working on mo re pressing needs , volumes totaling 1200 pages !
It was obvious from this Conference Welcoming the participants , Dr.

‘ that the resul ts of public-funded ma- 1. Ldng, Deputy General Secret ary of
— terial s RID are reaching the commercial the Hungarian Academy of Sciences,
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b r i e f l y  revie ~ r~l the current -t a te of \ . K. Despic (Be l grade). He compared
Hunga r tan RIP in ~ t i  h ‘ 00 cc te ’ t t ‘- t s 1 i h i  urn , magne S i  urn , and a1umin~m andand eng ineer s are i -

~~~ - l i ~J , i-oug h l I ound I ith i~jm , although the lighte st ,
double the nusthet ~-o  i~~~~~~ eJ t n  i Q o - . l e a - st p r o m i s i n g ,  o w i n g  to  i t s  s u s c e p t i -
Three perc ent ot t h e  n ’tional budget h i l ity  to corrosIon. It appear s from
is spent on RIP . ~~t - -~~~e i nvolved in  h i s  own studies and work in other labo-
-.u ch a c t i v i t .  , oo l  a i ~ a o r k l n g  in ‘t ech-  r a t o r i e s  t h a t  bo th  magnes ium and alumi-
n i ca l  development . ” Fourteen percent nust show great promise when alloyed with
of RID is devoted to b *SIL research , minute amounts of other metals. Thus
and the government has stade a commitment an alloy of aluminum containing 0.0.~%
to maintain th i - . ~l ts t r i hut1 on of effoit ot gallIum , 0,07% indium , and 0.01% tha I-
for the long term future, lie further h u m  is far more efficient as an anode
mentioned the importance attached to than pure aluminum ( . / . App Z . b!.’.’tr ~~’h.-~’. ,
internationa l activit ies statin g that 1976). He also pointed out that one of
about one third of Hungarian scientists the importan t problems in using these
ind engineers have been abroad for cx- metals for energy conversion purposes
tended visits or for international meet- is the high cost tin energy) of produc -
ings . ing them in the fir s t place.

Obviousl y from such a conference In view of th~ current strong in-
onl~ a sampling of the papers ~an be terest in the conversion of sunl ight to
i-eported . In the field of e l e c t r o d e  e l e c t r i c a l  energy it is not surpris ing
mate r i a l s  there was an interesting that there were a numbe ,- of papers deal-
keynote lecture by Prof. W. Viels .tich ing with sem iconductor electrodes that
t Rheinlsch. Friedr lch-W ilhe lms - show potent ial usefulnes s for this pur-
Un iversitit , Bonn , FRG) discu ssing the pose. Two papers from the facult y of
relative advantages of aluminum and engineering of the u niv . of rok.-o (Prof.
aluminum a1loy~ over lithium as an anode ~~~. Honda) dealt with this topic. The
mater ial for high energy density hat- first , primaril y concerned with the
terles. In his opinion , aluminum a l - chemical stabilit y of the semiconductor
loys are even better than aluminum photoanode , i-resented an extensive re-
i t s e l f , s p e c i f i c a l l y  al umi num a malgam view of the litera ture dealing with
or aluminum-Indium alloys, Vielstich sta hi1i ~~1ng agents for a variety ~fa l s o  pointed out  t h a t  i n  h i s  l a b o r a t o r y  s emiconduc to r  m a t e r i a l s . The second pro -
they found ordinary sea water as a very v ided an overvi ew of cur ren t  research
usefu l electrolyte. In a p l e n a r y  Icc - in  Japan in the f i e l d  of pho t o e l ec t ro -
rure , Prof. Y .M. Kolotyrkin (USSR) dis c hemistr ’ , including discu s-ion of phot o-
cussed the electrochemistr y of *Ilovs electrol ysis , spectr aI -sen siti~ ation
pointing out that the solution of allo .” of photoelectrochemica l processes by
Is a very complex process, and although means of dyes , photogalvanic and “b y -  - 

-
it is necessary to know the partial b rid processes ” (a combination of a
rat es of solution of each of the corn- photoelec trochemical process sith an
~onen t metal s , in an ah oy these are ordinary e le ctroche ini ca l process). They
interdependent and cannot he resolved conclude tha t there is promise from the
b y e lec t rochemica l  m e t h o d s . To d e t e r -  i n t e r d i s c i p l i n a r y  coopera t ion  among
mine the rates of the v a r i o u s  p rocesses , e l e c t r o c h em i s t s , p h o t o c h e r n i s t s , and
i t  is necessary  to use Independent an- physicists with respec t to the ultimate
aly ti ca l techniques such as var ious  o b j e c t i v e  of u t i l i z i n g  so lar  energy
me thods of electron spectroscop v (ESCA , in today ’s world. In h is plenary lee -
Auger or XES ) or , be tter still , radio- ture Dr. Adam Hell e r (Bell Lab ., Murray
isotope t racer methods.  Using this Hil l , NJ) reviewed some of the ir recent
approach , Kolo tyrkin ’s group have found research activities dealing i.it h electro-
that in a salt solution containing 1% chemical solar cells. The most promi s-
hydrochlor ic  acid , zinc is initially 1mg candidate so far has been a cell - -

dissolved faster than copper from a using gallium arsenide anode with pota s-
sample of alpha-bra ss , but after S a i m -  s ium selenide and diarsenide in alkaline
utes a steady state is  reached be tween  s o l u t i o n  as t he  e l e c t r o l y t e .  Thei’ have
the two rates of solution with copper also studied • variety of photoant-iile s
going into solution slightly faster consisting of n-type semiconductors and
than zinc . Another paper dealing with a carbon-counter electrode and find that
the properties of lightweight anode such sys tems have several advantages over
materials was a keynote one by Prof. classical p-n junction cells . It is felt
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t h a t  f o r  e f f i c i e n t  so la r  e n e r gy  c o n v e r -  in  the FuhI /-~h I and N h h l / h I 1  s.stem which
s i o n  i t  i s  i m p o r t a n t  to  c o n t r o l  t h e  a r e  accompanied by :i ~I~ i nge f r o m  ir r e -
c h e m i s t r y  of  t he  s u r f a c e  s t a t e s  of t he  ~ v e r s i b i h i t y  to  comple t e  rever sibility.
semiconductor and to avoid changes  in A l l  of the  c r v p t a t e s  s t u d i e d  have  been
the c o m p o s i t i o n  of  t he  semiconductor  found to be ine r t  and s t a b i l i z e d  p r e f e r -
at or near the surface. One o ther pa -  e n t i al ly  in the diva le?t t state. In his
per dea l ing  w i t h  the  material s aspects plenary lecture Prof. R.A . Huggin s (Stan -
of e l e ct r o c h e m l s t t -y  tha t  should be men- ford Univ., CA) reviewed the present
t ioned was by Dr. J. Agh (Research In- state-of-the-art with respe~ t to solid
st itute of the Electrical Industry , electrolytes. He pointed out that both
Hungary). Ho described a “separa tor” the chemical nature of the mobile ion
(apparently a membrane) made of poly- species and the crystal structure of the
vinyl alcohol (non-crosshinked) that host lattice are of importance in deter-
is useful in preventing the diffusion mining the transport properties of such
of the spent electrolyte in zinc bat- ionic conductors. Structural studies
teries. (x-ray and neutron diffraction) coupled

In the area of fuel cell research with theoretical Investi gations have now
there was an unexpected contribution largely clarified the mechanism involved
from one of the six scientists from in materials of this type. It is now
mainland China who were tour ing several poss ible to have a fair idea of the aim-
meetings in Europe this summer which imum energy path followed by the mobile
dealt with an ammonia-air fuel cell species , and one can p r ed i c t  tha t  for
s y s t e m .  Dr. H. B8hm (AEG-Te le funken , some c rys t a l  s t r u c t u r e s  there  w i l l  be
F r a n k f u r t , FRC) descr ibed a fuel  ce l l  an opt imum ion i c  s i z e  t h a t  w i l l  lead to

-m using tungsten carbide as the anode a minimum value of activation energy for
and  a p l a t i n u m  cathode with phosphoric motion . On the more practical side Prof. —

ac id  as the e l e c t r o l y t e .  This  cel l  w i l l  T. Takahashi (Nagoya Univ.) discussed
operate effectively with either hydrogen the behavior of the th ree  types of s o l i d
or oxygen or else crude gas plus air electrolytes tha t have been identified
mixtures. An Interesting paper or and classified . In the first group are
a topic of considerable importance (non’ the silver and copper ion conductors that
noble metal catalysts for fuel cells) have been known since the middle sixties.
was presented by Prof. K. Wiesener The second group contains the alkaline-
(Chemistry Dept., Technical Univ. of metal ion conductors , the best known
Dresden , GDR) covering extensive research being sodium-heta-alu minate , hut work - -

to find an electrode material that is is underway in various laboratories to
catalytically active and yet has the find new alkaline metal conductors.
required stabi l ity for fuel cell applica- The third group involve s anioni c conduc -
tions. Promising results have  been to r s (fluoride , chloride , and oxide).
ob tained wi th ca rbon tha t ha s had van - The best ioni c conductor to date is
ou~ pre-treatment with organic materials the complex salt Rh~Cu. ,l,Cl~, ; amongcontain ing oxygen coupled to the d cc- the alkaline-metal conductors sodium-beta-
trodes , w i t h  some o x i d e  or mixed  oxides a l u m i n a t e  has the  lowest temperature co-
adsorbed  on m e t a l  s u r f a c e s , w i t h  some e f f i c i e n t , and in  g e n e r a l  t he  conduc -
carb i de~ (particularly tungsten carbide), ti vi t v increases sith increasing tempera
and wi th a variety of organic chelates. ture. Among the anion i~ conductors , the
In addi t ion they  have had very good highest conductivity tha t has been found
resu lts with some metal phthalocyanines to-date is in ~~~~~~~~~~~~~~~ although
(both monomeric and polymeric) and tetra- some of the simplei fluoride (BaF , and
phenylporphyrin s that had been heated SrF,) outperform it at higher t empera -
to 500-800’C In a nitrogen atmosphere . tures. In general Takahashi feels that
Among the  l a t t e r  m a t e r i a l s  cobal t  do- there  is much p romise  not  o n l y  for a b e t -  - -

r ivative s are the most stable , and the  ter understanding of the mech anism of
i ron ones most active , these conductors , but also for potential

In the field of research dealing practical applications.
with electrolytes there was an interest- Among other contributions was one
ing paper by Prof. N.J. Weaver (Michigan by Di, R. Moshtev (Central Laboratory
State Univ.) that describes recent work of Electrochemica l Power Sources , Sof ia ,
on the  e l e c t r o c h e m i c a l  p rope r t i e s  of B u l g a r i a )  on recent work  on t h e  passiva-

— 

~ r ar e  e a r t h  c i -y p t a t e s .  They f i n d  tha t  t ion of l i t h i u m  in h i t h i u n i - t h i o n y l
— i n  cyc l i c  vol ta mmet ry large positive chloride e lec t ro ly te  solut ions . He con-

ih i ft s of the formal p o t e n t i a l s  r e s u l t  c ludes  t ha t  the  pass ive  f i l m  p r o t e c t i n g
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t h e  m e t a l  from the strong o siJt ~ er , titles such as “Gu iding Chara cteristi c s
SOC~ ,,  js 1 i ~t~ t icallv nonporous amid m m - and Radiation C h a r a c t e r i s t i c s  of  l l g n a,
pervious to the e l e c t r o l y t e  s o l u t i o n .  W a v e g u i d e s ” (H. Ermet , Univ. of lrl an ge ’n,
Studies hs- a group at the Nuclear Stud- ERG) were presented .
tea Center in ~ien obte , France , under The planning and execution et a c~ n
the d i r e ct i o n  o t  Dr. G , C a u q u m s  of w e l l -  f e r en c e  t h a t  had the international par-
known r e a c t i o n  i i i v o l v t n , ~ t he  e l ec t r o -  t i c i p a t i o n  of t h i s  one , w i t h  an acceptance
chemical fluorin ati o~ ~~~‘ organic con - rate of contributed papers of only 40%,
pounds were discussed in another paper. must have generated oroblems not gem-
U s i n g  the t echn iques  of voltamperometr y eral~y found in conferences in the US.
and tensammetry , they have investigated It appears , that these problems were
t h e  f lu o r i nat i o n  of some ~ t i -y l su l fo ny i -  solved s a t i s f a c t o r i l y  b y i n t e rn a t i o n a l
f l u o r i d e s  by means  of s o d i u m  f l u o r i d e  partic ipation at n e a r l y  e~ e ry s t e p .
snd hydrogen fluoride , the. have con- A Management Conmi ittee , chair ed by Prof .
~luded that in most instances the re- D. Gudmunsen of Denmark , had represen-
action proceeds by an oxidation mech~ tatives from 13 countries . Reviewing
a n i sm  and t h a t  t he  r e a c t i o n  occurs  of t e c h n i c a l  papers  was apparently a two-
on t h e  s u r f a c e  of t he  n i c k e l  or  n i c k e l  step process , with initial reviews by
fluoride at the electrode. individuals from Ui c o unt r i e s  and f in a l

Desp ite the fact that this was decisions by a technical Program Commit-
the largest meeting in the history of tee with an equally international repre-
1SF , It was a most informative one . sentation , including the u SSR and several
Interes ting ly 75% of the participant s other Eastern European countries . The
were from Eastern Europe , although it final program was composed of 141 con-
was difficul t to tell whether this tributed papers and 9 invited ones.
was due to the locale of the meeting The chairman of the Technical Pro- 14
or to trends in its membership. Papers gram Committee , as well as Conference
presen ted , with significant contnibu- chairman , was Prof . F. Constant lUni —
l i o n s  f rom the  Eas t , covered  the wide versit~ de N il e . \ i l l e n e u ve d ’A s c q ,
range of topics within the Society ’s France) . itoth he and the  p r o f e s s i o n a l
purview fundament al to advances in a o r g a n i z e r , Roger M a r r i o t t , can  be corn-
number of potential applic ation areas mended highly for the success of this
but  p a r t i c u l a r l y  i n  the topical ones Conference .
of energy conver s ion , s o l i d  e l e c t r o l y t e s  S ince  on ly  5% of the  a t t e n d e e s  were
and corrosion.  (George N . Wyman , US American s , and since only 2 invited and
Army Research and Standardization Group 20 contributed papers were of American
(Europe)) origin , the Conference w as indeed prin-

c i p a l ly  “European. ”
As a new a r r i v a l  in Europe , a f t er

an absence  of  s eve ra l  r ea r s , I w a s  sur-
__________________________________________ p r i s ed  to f i n d  t h a t  a l l  papers  were  pre-

1 sented  in E n g l i s h , in sp i t e  of the f a c t
PHYSICAl — I t hat t he  C o n f e r e n c e  wa s  he ld  in  P a r i s .
BCSEN~ ES 1 ~ave s i n c e  found out that the ust- of

only E n g l i s h  a t  con fe r ences  in Europe
has become v i r t u a l l y  s tandard  p r a c t i c e .

MI CROWAVES IN EUROPE—THE 8~ru EUROPEA N (Other surprises were that the cost of
MICROWAVE CONFERENCE registration was $140 , even for members
— of a sponsor ing  p r o f e s s i o n a l  s o c i e ty —

In 1963 , wh en t h i s  observer  was  much h i g her than in t h e  U S . )
on the team responsible for the Micro- The only p o r t i o n  of t he  p rog ram tha t
w a v e  SY mposium in Santa Mon ica , there w as in Frenc h ( w i t h  “ i n s t a n t  r e p l a y ”
was a feeling that microwave research translation by earphone)  was the  o p e n in g
activities were on the decline . Far address by Dr . Pierre A igi-ain , the Mm-
from it now: The participa tion of about ister of State for Research in France.
‘00 engineers , scientists and phys icians While there were many topics unden
( l )  In  the  1978 European Microwave  Con- d i sc u s s i o n  those  cons ide red  to  he at  the
ference held in Paris 4-8 September forefront wore Millimeter Waves , Gallium
dem onstrates that th is  f i e ld  is pr obably  Arsenide F ie ld  E f f e c t Transistors 

-
more active than ever. And although (GaAsFLTs ) and Ap p l i c a t i o n s , and M i c r o -
this Conference miiht have been expected waves In Medicine. To stimulat e up-to-
to deal strictly with applications to date exchanges of information on these
sys tems , still a number of papers with topics , separa te one-day workshops on
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each were held on the day following requirement of rapid line scanning sets
th e forma l Conference program. Since an upper limit.
some readers may wish to find out more Dr. E.J.  Mum (Observato~ re de
about these , the following paragraph Paris , Meudon , France), in discussing
gives names and affiliations of the Millimeter Wave Astronomy , stated that
organizers . desp ite the need for improved receivers

The M illimeter Wave Workshop or- his field has become very active. Doz-
gan izers were Gerard Cachier (Thomson- ens of new molecular lines have been dis-
CSF , Domaine do Corbeville , 91401 Orsay) covered to shed a new light on the chema-
and J.R. Mahieu (L.T.T., BP No. 5, 78702 istry of the universe , on its history ,
Conflans Ste. Honor ine). Responsibility through isotopic ratios , and on basic
for the GaAsFET session was shared by problems of star formation. To perform
John Mag arshack (L .E.P., 3 Avenue Des- these mea surements , instruments with sen -
cartes , 94450 Limeil Brevannes) and sitivities in the microjansky range have
Henri Deroy (Thomson-CSF/DMH , Domain been developed (1 janskv l0~~’ W/m

2 -Hz).
de Corbevi lle , EP 10 , 91401 , Orsay). Blumn also stressed the importance of sig-
Coordinators of the workshop dealing nal process ing techniques in radio as-
with microwaves for medical diagnosis tronomny . An example is tha t if two an-
and therapy were N, Gauthenie (Univer- tennas are used instead of one , the
site de Strasbourg, Facu1t~ do Medec ine, different individual system noise tern -
11 Rue Hurnann, 67085 Strasbourg) and peratures allow greater sensitivity to
A. P r iou  (ON ERA - CERT , DE..~.IO, BP 4025 , be obtained by a signal correlation
31055 Toulouse). technique than by straight addition.

The subject of millimeter waves In a humorou s though very lucid talk
has been touted for years as the “im- N .y. Schneider (Bell Laboratories ,
portant new area in microwaves.” Per- Holrndel , NJ) summarized recent improve-
haps , because of the desire for secur e ments in Low Noa~e Schottky MillimeterL point-to-point communication in a hos- Wave Mixers , those nonlinear circuits
t i l e  env i ronmen t , for  pa s s ive  sens ing  t h a t  convert information from a milli-
w ith good spatial resolution of , say,  meter wave carrier to l ower frequencies .
enem y tanks , and because of the develop- He discussed the desired characteristics
ment of solid-state sources , millimeter of the diodes that result in low noise
wave systems are beg inning to beco m e tempera ture s (e .g., ideality factor
a reality. n~ l , l ow dop ing concentration at the in-

Illustrations of such passive sens- terface , low series resistance), diode
1mg were given in the invited paper construction (e.g., wh isker-contacted ,
of ~~~. Grflner (Deutsche Forschungs-und junction-netallized 2-rmm -diam . “bathtub
Versuch sanstalt flir Luft-und Rauntfahr t , diodes ” made of 0.15-urn ep itaxial n-types
Oberpfa f fe n hofen , FRG ) , who presen ted GaAs on n+ GaAsl , m i x e r  c i r c u i t s , and

— data and showed a series of impressive mixer performance. A sketch of a “bath-
slides (with microwave temperature g m -  tub” diode is seen in the figure on the
dations depicted as color changes) of following page. Some recent circuits
l ine-scanned radiometric ground scenes have used the crossed-vavegutde struc-
taken in both the 32-GHz and 90-GHz ture long known to millimeter-wave work-
ranges .  He stated that the improvement era; some are reduced-hei ght waveguides
in receiver noise figure during the with filters , others use subbarmonicall y
past several years has allowed consider - pumped stniplines , and yet a fou r th
able improvements in radiometer mapping . group has a quasi-optical structure.
As an example , a 90-GHz receiver in Among performance figures g iven , Schneider
1972 had a noise figure of 21 dB quoted the following from recent work
(30 , 000 K noise temperature) . Gr’üner ’s in which he was involved : At 81 GHz a
rece iver (1977) had a noise figure cryogenically cooled waveguide mixer that
of 10.5 dB (2700 K noise temperature). used a diode prepared by molecu lar beam
He stated that with the latter , for 10 epitaxy and was followed by a cooled
msec integration time , the temperature paramnagnetic amplifier (18 K) had a re-
differences that could be sensed were ceiver system noise temperature of
1 K at 32 GHz and 2.1 K at 90 GHz. Since , 312 K— . very s a t i s f a c t o r y  f i g u r e .
as is well known , the minimum detectable Such numbers are now typ ical; in general
temperature difference varies inversely mixers now have a noise tempera ture  of
w i t h  t he  square  root of t h e  i n t e g r a t i o n  a few hundred degrees Kelvin at lflfl (~I I z
time , smaller differences can be obtained and about 1000 K near 200 GIl-’ . Improve-
by longer in tegration times , bu t the mnents at the higher frequencies can he
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tors FliT’ s Technology and Modelling
and ~ET Amplifiers . Clearly , the GaAsFET
i s the hot item in  the microwave de-
si g~~7’s bag o

’ tricks.
GaAsFETs are of great interest to

~~~~~~~~~~~~~~~7
_ _ 

~~~~~
the microwave eng ineer because they can
replace traveling wave tubes in broad-
ban d amplifiers for both low-noise and
med ium-power amplification. They are
also or will soon be of interest to the
digital circuit eng ineer because they
are much faster than silicon devices .

L~~~~~~~~~~~~~~~~~~~~~~~~~~V All this is becausc of the greater drift
velocities for electrons in GaAs than
in Si. Greater speed leads to ultra-
fast , so-called “g igabit log ic” circuits .
It can be expected that gigabit logic
will become much larger dollar-wise
t han  the  microwave use of  GaAs .

All devices mentioned by Liechti
- are MESFETs , i. e ., they have metal , or

Schottky barrier gate electrodes. (Al -mat t.,ta 

‘1.~

_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  
though not discussed in the talk , no de-
pendable passivating technology for gal-
lium arsenide comparable to the oxide 

J technology for silicon has yet been dis-
closed.)

An example cited of recent low-
noise GaAsFF.T amplifier performance , at-
tam ed with a MESFET of 0.5-urn gate
l ength , was a dev ice that had a room tern-

Schottky barrier mixer diodee described by perature  gain C and noise f i g u r e  F at
n.y. Schneider. Not. the “bathtub.’ etched 18 GHz of 7 dB and 2.3 dB respectively ,
in the Sio, layer and n-layer (top). Thu.. with G and F at 77 K of 10 dE and 1.2
“bathtub.” ar. then nearly filled with metal, dB. Such remarkably  low— noise  f i gures
o that a metallic whisker will smeLly elide are due to high mobility at active layer/
into on. of them and make contact with th . subst ra te  interface , short channel length ,
metal (botto.). minimum parasitic capacitance , low con-

tac t resistance , and low gate-metal re-
expected by using t h i n n e r  e p i t a x i a l  s i s t ance .  Predic ted  were f u r t h e r  im-
layers and new junction geometries for provernents, such as 0.2-urn gate lengths ,
the m ixer diodes, that will lead to MESFETs operating at

It may be of interest that desp ite 40 GHz with C greater than 6 dB and F
these papers describing improved per- L e ss than 5 dB.
formances in the millimeter wave range The broad-band feature of GaAs ) iTs
the re  were v i r t u a l l y no contributions was illustrated recently by an amplifier
describing the behavior of millimeter operating from 4-12 GHz , with maximum
wave systems. While this may have been F only 2.5 dB above the basic F of the
caused by the fact that some of the GaAsFET, Liechti predicted low noise
work is classified , it could also be amplification over 6:1 bandwidth in the
that , despite the publicity, the mn il li- near future.
meter range remains as yet the spectral In the field oi power FET’s state-
r eg ion  of tht ’  f u t u r e ,  o f - t h e  a r t  pe r fo rmance  is 4 W of ou tput

This pattern was not found for with 6.dB gain at 10 GHZ from a single
the second of the lead topics: GaAs) ETs. chip. Liechti predict s the power output
For , here , in addi tion to an invi ted per chip (at 4-dB gain) to rise to 25 W
paper by C.A. Liech ti (Hewlett-Packard at 4 GHz~ IS 14 at 10 CPa , and 1 14 atPalo Al to, CA) ,  the subiect was treated 26 GHZ, with lOO-W cw output power from
In sessions entitled Su6nanosecond Logic , 8-12 OHs to be obtained by radial-line
Microwave Equipments for Phased Array combiners.
Communica tion Satelli tes , FET Oscil la-
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-I number n t I - L I  (wi lure mode ’. , t ’r c  wu  ‘. e- o I iiunun i t o  i-rn m i  c i ~~av e ftc Id
such ~is sl,.s .lc-g rada ttoii ot ohmit -tont .i~ t .listi - thut un and to t al ~hangt’s i i  dielec-
r es i ‘. t ~*n ~ e , h ivc  1 een I den t  i f t  ed and t r ii on’. t n it  t i t i  i ng  the t hay iii 

~ 
p in c ess .

cnrrettt’ .I . so that the rel i a b i l i t y  of ~-~e ’vc i . i l p~ipt-r ’ . de al in~ mor e dtt t - ~ t i r w i t h
low-no tsr t . i A s  N F S I F T s  has been estab m n l o w a % ’ -. iii m cdi. inc were found Lii
1 i shed . I n s u l f i t  t e n t  l i f e - t e s t  da ta  t h e  p o s t e r  session of the tonference.
exists at this tim e to reach equivalent One of these  by Mam oun i , Leroy , Houdas ,
mean ingful c onclusi ons for power MESFETs . and Maschetto (Untvo rstt ~ des Sciences

As s t a te d ear l ie r , the most impor- at Techn iques de h u e , and associated
tan t use of GaAsFETs say well be in organizations), demonstrated that 9-OHs
the construction of dig ital circuitry nadiometric techni que s cou ld be used to
wi th g igabi t data rates. Here circuits measure subcutaneous temperatures. An-
with m e d i u m - s c a l e - i n t e g r a t e d  c o m p l e x i t y  o t h e r  (14. Bu ck , L J n i v e r s l t ~~t Stu t t g a r t ,
(e.g., 100 logic gates , comprised of ) R G) d i s cussed  a cooled slotted cylinder
500 MESFETs) c a n  already be built with a n t e n n a  fo r  s e l e c t i v e  microwave heating
satisfactory yield , t hanks , in part , of a tumor. Two papers discussed new
to ion Imp lantation techniques . These antenna ‘.~ ruct u ies for selr~ t ive micro -
Logic gates operate with only 2 mW of wave heating . Another reported on
power con sump t ion , at high speed (100- changes of a few hundred m i crovolts in
psec propagation delay), and with ade - the v- i curve for electrodes in contact
quite noise margins. Though not in with an enzyme-substrate system . Quite
the actual hardware  as ye t , we can  possibly the most significant paper here ,
soon expect to see such circuits as however , was a repor t by P.C . Myers , N.L .
d irec t microwave frequency counters , Sadowsky and A.H . Barrett (MIT , Canbtidge ,
frequenc y synthes i zers , and mul tiplexer ’.. MA , and Faulkner h ospital , Boston , MA),
I n look ing further ahead , advancement who have been applying mi crowave radio
towa rd large-sca le integration (IS!) astronomy techniques to the detection
of more than 1000 gates looks feasible , of breast cancer. Their work indicates
though major advances in the growth that when used together w i th infrared
of semi- insulating substrates and in thermography, t rue positive rates for
hig h-yield processing of planar circuits tumor detection of 90% result. This
w ith submtcron lines and spacings are sugges t s  that microwave thermograp hy may
necessary. Such ultra-high -speed cir- be useful as part of a first-pass , no-
cults , of both digital and analog van - risk screening procedure .
ety , will be used for appl ications in The work of Myers et al was reported
real-time radar-signal processin g , cache in  g r e a t e r  d e t a i l  in the workshop and
memories , A/ fl converters , and even corn- is  discussed in a separate article (A’SN
pletel y monolithic microwave subsystems . 33-1:27).

Al thoug h hi.chtl spok. principally The use of microwaves In medicine
about  work In  the  US , it is well know n is only one of the nonconventional uses.
tha t Japan is  very active in this field. Others were discussed by Wolfram Schils
Much gallium arsenide activity exists (Philips CmbH Forschungslahoratorium
also in Europe , with at least one con - Hamburg, FRG) i n  an invited talk “Novel
patty in the UK (Pl.ssey) manufacturing Microwave Technique for Industr i al Meas-
GaAsFETs and claiming to ash the best urement. ” Advan tages ovei- conventional
low-no ise units produced anywhere, measurement techniques cite4 were con-

It should be no surprise that micro- tact-free and remote-sensing ; signal
wav es can be used to destroy tumors , transmission through otherwise opaque
since microwave cooking is poss ible medi a ; insensitivity to a dirty environ -
because of deep penetration into b io- rnent and electromagn etic interferen ce;
logical tissue . The use of microwave s specific Interaction , refle ction , and
for diagnosis was more of a surpr i se  absorpt ion;  and p r o p o r t io n a l  itv of that -

• to me. loth subjects were treated in rnally emitted energy to the temperature
the Microwaves in Medicine workshop . and emissivity of the ohje.-t.
While in the Conference proper there An industrial measurement oft•n de-
was an invited paper entitled “Microwave sired is that of distance with a resolu-
F ield Influence on Some Chemical and tion of a few m illimeter ’ .. Thi s would
B iolog ical Objec ts,” by A.!. Tereshenko he extr emely difficult with pulsed radar
(Kharkov Institute of Radio Engineers , techniques; the alternative is the fre-
Kharkov , USSR) , i t dealt principally quency modulated continuous wave sy stem
with problems of nonuniformity of heating (Ft4CW). Here the instantaneous frequency
during thawing of biological  specimens of an FM signal sent toward the target
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i s  compared w i th th.* t t e c e i v e d  b y up to ‘UO GHz) Josephsoii Junctio n 0’.
tlecti on . I. ’, l i nea r FM , t hi s re su lt- . t i lla t~~i s (voltage controlled o sc i l la —
in di stance to t h e  t a r g e t  of i t  / k , 101’.  which , though t’I t-j y low- pose! ,
where f i s  the fraqu,ncy difference , have frequency tuning sens itivities
c the  velo c ity of I ght . and I. th e  i - a te  L U ’ t tees those o f  conve~it t~~ al VCO --
of frequenc y change  ~ t sign al sent out . with much lower phase noi se , greater
Ph i lips has b u i l t  in—titim e n t s using tuning speed and bandwidth); cavity sta-
th is technique , sonie w i t h  the added faa- blitzed oscillators of excellent spec -
lures of measurement of velocity or tral purit y (with pos atb i . a I)pli cati ons
v ibrational amplitu de . Examples of in radar , long base Interferosetry,
applications are the d e t e c t i o n  of hurled and frequency synthesis tip to the
ob j e c t s , and t h e  m o n i t o r i n g  of human visIble ); and such instrume nts as analog
heart beats ~tnd res p iration. Illu st ra - samplin g dev ices with ~ res olut ion of
li ons of other uses of m i c r o w av e s  a re  a few p icoseconds , fast countei s , and
t h e  measurem ent  of t h e  d i a m e t e r  of 3- - a / d  conve r t e r s .
mm w i r e  to an a c c u r a cy  of 10 ’, t h e  non -  Add. r e f e n i e t  i n t e r e s t e d  i i s l e n e r s
ito rin g of gas concent ration and oxygen  to  m a t e r i a l  p resen ted  at the ton t eit’iict ’
pres su re  in  blood , m o i s t u r e  d e t e r m i na - on Fu tu re  Trend s of S u p e r c o n d u c t i v e
l ion in grain , and thermometri c measure- E l e c t r o n i c s , held on 23-25 Ma rch l ’r’s
meu t throug h - u itaiiis of hot flames , at the Univ. of Vi rg in ia , Ch ar lott es v i lle .

A most  i n t e r e s t i n g  i n v i t e d  paper  VA. He was a co n t i - itutot - ti this ( ‘ii
on t h e  subject of Microwave Supercon- ?rence .
due 1 1mg 1- L e c t r o n i c s  was delivered by In an Invite d paper eat it led “Li t ill-
R . Adde (In stl tu t I ’F l e c t r o n i q u e  Fon- r a t i o n  of M i c r o w a v e  Bands for  l) i g i t a l
Jament ale , Univ ei - sit ~ (‘art s Xl France). Radio Systems “ R . W . Sw a i n , ( Post O f f i c e
Superconduct ing davi es have , of course , R e se a r c h  Stattt~n , Martlesham Heath ,
been men t ione d  f o r  years but have al  Ipawi ch , UK) discu ssed the influence
w a y s  ha d t h e  d r a w b a c k  of  r e q u i t i n g  tern - t h a t  geograp h i c a l , n a t i o n a l , and systems
peratures In s- . than L i )  K.  W h i l e  this constra ints can have on the utilization
i s  still the case , it may soon ceas e of m i c r o w a v e  f requency  binds fo r  d i g i t a l
to be such a disadvantage , for there transmission of public commun ication s
a re  now s t r o n g  hopes fo r  t h e  d e v e l o p -  by radio.
sent  of  small superconducting computers An area receiving considerable at
capable  of subnano-.r ond operation and tention during the last dozen years i’
of c omputational capacity several orders that of surface acoustic wave (SAW) Jr.
of m a g n i t u d e  g r e a t e r  than room tempera- vices . A review of this field was given
ture system s of compar able size . Since by D.l’. Morgan  ( t h e  A l l e n  Clark Ri-search
data acqu isit ion and treatment are now Centre of Plessey Research ltd ., l o w
a large part of m v  e l e c t r o n i c  system , caster , Northant s ., UK). SAW dev ices
t h e n  why not  i n c l u d e  m i c r o w a v e  super -  o p e r a t e  g e n e r a l l -,’ in  the  range from 10

— conducting electronic ’ and ut iI i ~ e its to 1000 M H z and owe t h e i i -  p o p u l a r i t y
advantage s ! to the f a c t  that devi t’c w ith virtuall y

Some o t  t he  d e v i c e s  ~t i i t sy s t e ms  aiiv desired impul se  response s can easil y
and perform ince f i g i s i r - - q u o t e d  Inc lud e be constructed by proper photol itho
super-Schottky m i seis (Idea lir y (actor graphic deposition of conducting l u t e s
of 1; mixer noise t emperature TN — on a p i e z o e l e c t r i c  s u b s t r a t e  ( e . g . ,
6 K w i t h  (.~) ( l f l~~~) N of Local oscillator single crystal quartz or lithium nm
power at 10 tHz , or a dynam ic range bite) , since the inpu t- -c response i s
of 10~ to l t ) ’ fo r  a 1 Cli i bandwidth ); virtually the pattern of the conducting
.Tosephson junction m ixer s (at 301) (Hz , lines . Thi s  has led to  de 1~i v l i n e s

— 
.t mixer conversion e ffic ienc y ot (1 ,4 , tw ith delay s of about \ usec p(’ i~ in of
w i t h  Tp,1 2 .~t) K. ); v i d eo Iett’~ l o i s  s u b s t r a t e  l e n g t h ) ;  p u l s e
( i l s i og supe i- —Sc ho t t k . diode ’. , an Nfl’ . a iii e xpande i -. ; band ~~ s’. I i I t o I -‘ ; m a
i . e . ,  a m i n i mu m  de t e c t a b l e  power  101- log Fourier transforme rs; aii,L other

- h I ,  p o st  de’tec lion bandw idth , of ( ‘s .4 ) linear dev ices ; and • bet-aust’ of the
(I 0 ’’) w/,~~T a t  9 (flI~ ) ; ‘.iipei- -ond ti cti n g uti l Iratlon of nonl inear response , con
bo tome’ t a t  -

‘ ( e’omp.i ra f i l , ’ t o  the f t ’ s t vol vet s and o i re 1 at ~ i s , s i t  h w di’ ii’.-
s.mlcomductor bolomettirs); parametric for many signal p rocessing app licati on s . -

a m p l i l i ri - ’. ,int for front ends , bu t  The m i  i-tiw ir t ’  f i e l d  has  many f a t - I - - .
as  e s ce ll e ni a .f. amp lifiers); super- Some of these w e r e  covered by i n v i t e d
conduc ting cavities (Qa as hi gh as lU~~ ); talks and fol lowed by a session of con
mic roa tt ip components (of h i g h qu a li ty tu t hu t e d papers , such as the  s u b j e c t s
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‘ of radiometry , m i x e r s , and m icrowa v e subjects from the theoretical “A pplica-
ac oustics. Th. most popular subject , t ions of the Impedance Transformation
GaAsFE T s , rated four contributed ses- Properties for Analysis and Measurements
sions that covered device technology, of Microwave Networks with V a r i a b l e  Ele-
m o d e l i n g ,  and c i r c u i t s  and systems. ments ,” by J. Modelski and ‘I. Morawski
An •zsmple here was the  paper “ Improved  (War s aw  T e c h n i c a l  University ) to the
Desigh Method for X-Band Microstnip very applied “Microwave Thawing of Large
FE? Amplifiers w i t hout Experimental Pieces of Beef ,” by A. Prlou , C, Fournet-

- Adjustment Techniques” (A. D.lgado, Fayas , A. Deficis , and E. Gimone t (ONERA -

C. Casacho, V. Ortega , Escuela Tlcnica CERT , Toulouse , Prance).
Superior de Imgeniero s de Telecomuni- To encourage high quality papers ,
caci6n , Cuidad Universi taria , Madrid a Microwave Priz e is awarded annually
Spain) . to w h a t  is j udged to be the best con-

Among the session of contributed tnibuted paper. This year ’s winner ,
papers were two dea l i ng  w i t h  an tennas  an al umnus of Cal Tech , was Prof. ~.T.( E x a m p l e :  “A New Travelling Wave An- Wrix on (University College , ork , F i r e ) .

F t enna  In M i c r o s t r i p, ” by W. Menzel , In h i s  paper e n t i t l e d  “A Superheterodyne
Department Ailgemeine und Theoretische Receiver from 350-400 GHz” Wr ixon dis-
E l ek t r o t e c h n i k , Univ .  of Du isburg , FRG) ;  cussed a receiver in which he combined
several dea ling with transmission l ines , quasi-optical techniques with a specially -
res ona tors , circuits and filters (Ex- c o n s t r u c t e d  GaAs Sch o t tky  b a r r i e r  d iode
amples : “Coupled-Line Directional Coup - of 1. 5 urn d i a r n .  that was contacted by
t a r s for 141C,” by N. Houdard, Thomson- a low-inductance s p r i n g  of on ly  100 urn
CSF , Nalakoff , Franc e, and “The Design length. Initial measurements at 380
of t4ultipole Filters for Use in Milli - GHz (A - 0.8 mm) gave a SSB conversion
metre Wave Image Line Integrated Cir- loss of 16 dB and a SSB mixer noise
cuits ,” by N . J .  Ay lward and N. Wil l iam s, temperature of 12 ,900 K. These rather
RC Technology Centre , ERA Ltd., Leather- hi gh f igures easily reveal the diffi-
head , UK); and sessi ons covering f er -  c ul t y  in m a k i n g  h igh q u a l i t y  r e c e i v e r s
r i tes , and such miscellaneous devices when compared to , say , X-hand . Never-
as phase shifter and oscillator diode s , theless , Wrixon suggested methods of
and communication systems and devices improving h i s  mixer  to the lower figures
(Example: “Voice Under Data: A Method of 8.5 dB and 1800 K , respectively.
for Transmitting Hybrid Information As can be seen from this survey,
Over Microwave Communication Links “ many interesting facets of microwaves
by I. Fr igyes , Research Ins titu te ~or were brought into focus. As usual ,
Telecommunica tion , Budapest , Hungary). also , there were a few humorous aspects.

The session “Dielectric and Opt ica l  For example , one German author was de-
Waveguides ” had a paper with an inter-  scribed in the book of abstracts as work-
eating tie-in of microwaves to solar ing for the “Institut fur Slugsunk ,
energy u t i l i za t ion .  In “Theoretical i n Oberp fas senhosen ,” when h is emp loy er
and Experimen tal Studies of Inductive really was the  “In s t i t u t  fUr Rundfunk ,
Grids ,” R.C. P4cPhedran and L.C, Rotten in  Oberp fa f f enho fen ,” and a paper dea l -
(Univ. of Sydney , Aus tralia) , P. Bliek ing wi th broadcasting became “broadwas t-
and R. Delevil (Universit$ de Provenc e, ing .” But these small errors did not
Marseille , France ) ,  and D. Maystre ((m i-  detract from the value of t h i s  generally
versit4 d’Aix-Narseille) discussed well-run conference.
theory and good agreement with 26.5-40 According to the book of abstracts ,
GHz experiments of the u se of circular copies of the Conference Pr oceed ings ,
apertures in thick conducting screens a volume of 835 pages , can he obtained
as high-pass filters and concluded that at £23.00 a copy from Microwave Ixhibi-
if such structures are scaled down t ions and Publishers l,td., Temple House ,
they should do well In passing visible 36 Hig h Street , Sevenoaks , Kent TN13
(desired) radiation and blocking longer 1J6, UK. (Irving K a u f m a n )
wavelength (heat) radiation.

‘ Fina l ly , what can be considered
a very successful  set of p r e s e n t a t i o ns ,
s inc e it allowed direct interaction
between authors and attendees was the

• poster session. Consisting o~ 26 papers ,
and enti tled “Measurements and Novel
Applica tions ,” this sessi on covered

_ _ _ _  - ~~~~~~~~~~~~~ ~~~~
- 

- _ _ _

~~~~ ..a1~—~- s—. , 
~~~~~~~~~~~ ~~~~~



ESN 33-2

SOM E SOLID S lA T E  I ’IIiSI CS IN I I A L i  At  t h e  U n i v .  of Rome P r o f .  G.
Chiarutt i is head of the  experimental

Recen t ly I visited three univer- work on sol id state physics . His own
attie s in Italy—-Rome , Genoa , and efforts have recently been concerned
Milan —end learned about some of the w i t h  looking for  the small optical
work there in solid ‘tate physics. absorption arising from surface states
First , however , I ~.h~ u1d like to com- in semiconductors . Using samples with
ment on th. present health of the uni- a surface cleaved in high vacuum and
ver sity system In Italy. In an earl ier measur•d in the same apparatus , he has
note (tSN 31-6 :239) Bar cilon described seen absorption in both Ge and Si; so
vividly the problems resulting from far none has been observed in GaAs .
the revolution in ItaLian universities in freshly cleaved Ge the symmetry
when the doors were thrown open in an of the surface as seen in low energy
almost unli m ited adm ission s policy , electron diffraction (LEED) experiments

Some of t he resulting chaos has can be satisfied by having surface atoms
bean sorted out , and the universities raised above or lowered below the gea-
are beg inning to r e g a i n  c o n t r o l .  For m e t r i c a l  plane in a regular pattern . ‘

instance , in th e University of Rome Theory shows that the raised atoms
about 50% of those declaring a major become negatively charged while those
in physics  f a i l  In  e x a m i n a t i o n s ; s tand-  that are lowered acquire a positive
ards of performance are being maintained , charge . Chiarotti reasoned that if this
~~. Rarci lon pointed out , the students mode l of the surface were correc t , an
are now Intensely concerned that the ac electric field appl ied perpendicular
employment opportunities for university to the surface would modulate the aver-
graduates are so very meagre . Just age positions of those atoms and there-
as one set of problems seems to be eased , fore also modula te the surface absorp-
others arise. There are two additional t ion band . This has been clearly seen
problems that I should like to mention , in Ge. A complication is Introduced
One is that a new law on universities in the interpretation because the elec- - 

-

is expected soon. It will cover items tric field also changes the position
such as university appoin tmen ts , salS- of the Fermi level  at the surface .
r U e s , dut ies , q u a l i fi c a t i o n s  for  the  In Ge t h i s  can al l  be accounted fo r
PhD , and the relative role of depart- nicely, and the analysis even g ives a
m e n t s  vs institutes in the university value for the force constant for the
structure, Obviously it will affect  displacements of the surface atoms .
the character of the universities for Chiarotti , and others at Rome , are
.i long t in, to come. During my visit now engaged in a major effort to estab-
th e universities were not operating nor- l ish optical measurement facilitie s
mally because the younger faculty were at Frascati where the nationa l sync-hro-
on strike to influence the government tron facilities are being built. By
to provide be t te r  s a l a r i e s  for  them the  end of 1978 t hey hope to have ex-
and to resolve the i r  insecure  employ-  pe r imen t s  go ing  in SEXAFS (Surface I~x-ment status, tended X-ray Absorption Fine Structure ),

The other problem is money . People photoemisston , optical spectroscopy ,
in  solid s t a t e  ph y s i c s  had lived on and the development of detectors for
constant budgets for several years - in x-rays all us ing  the  i n t e n s e  broadband
spite of national inflation rates of optical emission from the synchrot ron .
20% per year, Their money and that (See ~s~i 32-1:25 for a descriptionof all of mon-nuclear physics comes of the French synchrotron facilit y .)
through one organization; nuclear and One of the staff member s in Chi~,-
elemen tary particle physics are complet - rotti’ s group is U.N. Grass;ino who has
ely separate. What hurts is that the been very active In studying the  opti czi l
government appropriates less than 10% p roper t i e s  of s imple  d e f e c t s  in in c u l ~,-
as much for non-nuclear physics as for t or s .  Recently this has been concerned
the prestigious (in Italy) nuclear fields , wi th a detailed analysis ot the ahsorp-

Faced with all of these problems tion and emission spectra of NaRr :Tl
for  so many years , t he  people I saw and an interpretation of thcm In t e r m s
seemed to react more in sorrow than an- of the crystal field interact ions In
ger. Given the constrain ts , they seem the solid. A similar goa l marks h i s
to be able to adjust to doing the be st work In studying magnet ic irc uli r
research they can with the student . dichrolc effects In the luminescence
and th. funding that is available , of F c e n t e r s  t a n  elec tron at a n- ~~it iv~In many cases the best is very good Ion vacancy )  i n  v a r i o u s  ,- i l I  i i i  h.ili,tt-- .
Indeed.
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Two of Grassano ’ s recent studies is about 0.6 A. The sample is usually
are espec ially interesting to me because cooled to either 10 IC or 80 IC. Provi-
they seem to have uncovered new effects. sion is made for rotating the surface
In one of these 14. Casalboni, Grass ano , around two axes to allow for all dif-
and A. Tang a examined the optical scat- fraction angles. A doped silicon bob -
tering background near the Nd-Yag laser meter cooled to 1.6 IC detects the dif-
line at 1.06 ~m in KC1 and NaP with van - fracted atoms. The system design is
ous color centers present. Measuremen ts such that a collimated incoming bean
were made at temperatures between 4 K may be used that has an intLn sity 2 x io~
and 195 IC, When only U centers (a sub- times the minimum signal detectabl e by
stitutional H ion) are r~~esen t, the scat- the bolometer.
tening is  absent . On conversion of the Careful and quantitative measure-
U centers to F centers , the scattering inents coupled closely with theory have
appears. Their conclusion is that this led to a broad variety of results.
large back ground scattering , which also Measurement of the intensity of the
appears in many other materials , is lu- surface diffraction peaks as a function
minescence resulting from the return of temperature has allowed a determina-
of excited electrons to shallow traps. tion of the surface Debye temperature.

The other experiment by the same Inelastic scattering has been detected ,
au thors shows tha t  two-p hoton absorption and a beginning has been made in the
experiments can be conducted on color identification of the relevant phonon
centers in NaP. Because the concentra- processes. There are dips in the scat-
tion of defect centers is down five tering intensity at particular angles
orders of magnitude from that  of normal that can be related to bound state res-
lattice ions and because the cross sec- onances between the incident atom and
tion for two-photon processes is very the attractive part of the surface po-
low anyway, direct absorption measure- tential . The relative intensities
ments would be enormously difficult, of the diffraction peaks lead to infor-
Instead , they chose to look at the lu- nat ion about the surface corruga tion
minescence from various centers when produced by the repulsive part of the
exc ited by a Q-switched Nd-Yag laser, atom surface potential. Boato and his
The intensity of these spectra varied students have studied Li? using He and
with the square of the incident laser Ne atoms as a simple test situation.
intensity, which supports the view that They have also used molecular hydrogen
it is a two-photon excitation. Such and have studied both the elastic and
an excitation allows the experimenter the- rotationally inelastic diffraction
to study the even parity excited states of these molecules from LiF. More re-
of centers that are centrosymmetr ic .  cent ly  they have studied graphi te  and

Both of these s tudios  would  be s i lver. In the case of silve r they
greatly fac i l i t a ted  if the group had were the first to see diffraction of
access to a tunable dye laser . However, thermal atoms from such a densely packed

- I the financial resources for new equip- metal surface. It seems clear that this
ment are limited; the dye laser would technique is both versatile and fruitful
take all the available equipment funds in the difficult arena of unravelling
for the whole solid state group in Rome the surface properties of solids.
for a year . At the Univ . of Milan , C. Benedek

Prof. C. Boato a t  the Univ.  of is pursuing a program of theoretical
Genoa is stud y ing the surfaces of solids stud ies on surface physics  which is
using the diffraction of atoms from the closely al l ied wi th  Boato ’s experiments.
surface as a tool. The advantage of Benedek uses a Green ’s function approach
this technique is that Only the outer to determine the surface lattice dynamics
layer of atoms on the surface is sampled; of ionic crys tals including the long
this contrasts with many other surface range interionic potentials. He pre-

• measurements in which penetration below dicts that Van Hove singularities in
the surface occurs, the surface phonon dispersion curves

In the experiments , a beam of He will give rise to major peaks in the
or Ne atoms is allowed to pass from a observed scattering. Comparison of
high-pressure room-temperature source the calculated curves with experiments
through a nozale, chopper , and various from the Genoa group show excellent agree-
baffles and collimators into the high ment. There is , however, much additional
vacuum chamber that surrounds the sample, data in the experimental curves and a
For He atoms the de ~roglie wavelength 

large variety of physical phenomena that
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~ a ~ i t - a t  ~ i i  ~‘ t ~Ic t ei -mj imv— . s I t •i -~c~ heig ht .
in forma t i o n  about ~isrt a~ cs s t i l l  t o  a r e  many other laser mu- ~trume nt~ , but
he obta ine ’ upon  the prope t ~oi- re lstmo n they are i n  devo lopunental status. t t hri
nt exp erim ent m d  t uoI -~ . me teorolog ical pdrame ters that Lan t’e~One c an on~~l ud e  th at s yence is measured w ith lasers include vi s ibility ,
alive and we ll in Ita l y . Solid state wind , prec ipitation , temperature , and
p h ys i cs m- . ~e rtam n 1~ -~~ u and hungry; humidity .
money is d i ff i cult; the un iversity sys- Pettifer holds a somewhat pes si-
tern is bounc ing from crisi s to cri sis; mi stic view for the future of laser de-
and students Si re discouraged . Povera vices for meteorological applications.
Ita lia! And vet ~m nd vet—the inventive He feels that after ten years of in-
~en t u s , t h e  i o~ ci  d i ~. c o v e r v  and t h e  v e s t i g a t i on  l a s e r  i n s t r u m e n t s  have
s~- m r k l e  of  o u t s t a n d i n g  r e s e a r c h  a re  not generally become useful for routine
s t i l l t o  be found in I t a l y  as m uch , measureme nts because of cost and because
perhaps , as e~ or . Deo G ra t im * .l they are limited by bad wea ther cond i
(Clif ford C. Ki iLk ) t ions .

One scheme for remotely measuri ng
wind velocity with a CO. laser operating
at ‘.lO urn was explained by J. Vaug han

AtMOSP HERIC SENSING WITH LASERS (Royal Signals and Radar Estab lishment
— - (R SR E ) ,  Great Malvern , Worcestershire ,

A co n f e r e n c e  on t h e  use of .lasers UK~ (See ~SN 32-10:344). The eye-safe ,
for investigati ng the atmosphere was S-W , cw-laser beam is focused at t he
held in London , 9-10 October 1978. position in space under investigation.
Representat ives from the Ilk , Belgium , Radiation backscattered by aerosols is
t r ance , Germany , US , Canada , Italy, collected by the receiver telescope which
and Sweden , presen ted paper s. The topics doubles as the t r a n s m i t t i n g  t e l escope .
included the use of lasers for pollution The velocity information , obtained
measureme nts and meteorological app lic a- from the Doppler shift in the backscat-
t-ion s. The emphasis was on remote san- tered radiation , i s ex trac ted from an
s i n g laser techniques using either back- In detector in the receiver using hetero-
sca t t e red  r a d i a t i o n  ( l i d a r)  or long pa th  dyne techniques.  Ranges beyond 1 km
attenuation (transmissometer) . are possible. Vaughan predicts that

In the  f i r s t  two sessions (Trends when s tab le  compact pulsed lasers become
i n  Atmosp h e r i c  M o n i t o r i n g  and i,i-.i*u available , ranges of tens of k i lome ters
Me asurements )  speakers  f rom the  UK De- will be possible and the detection of
partnent of the Environment and the clear air turbulence may then become
Environmen tal Sciences Group , Greater practical .
London Counc il (GLC) discussed monitoring J.W. Bni tton ~Fl ig ht Systems De-
in general terms and their individual partment , Royal Aircraft Establishment
poin t s  of view concerning the need s for  ( RAE) ,  Bedford , U K )  descr ibed  a l a se r
pollution monitoring , If the Conference anemometer based on the same scheme ,
organizers and audience had allowed but modified to contain four telescopes .
t h e  t~..mc t o  be set by these early Each telescope is independently adjust-
speakers , ther, would have been no able in range and elevation. The laser
rea~~ n to continue. Both speakers were beam can be sequentially presented to
rather negative regarding what they each telescope. This device then can
~h s 4 r ibed as developmental gadgets scan a prede te rmined  sequence of p o i n t s
and new ins t ruments  that add to prob - in space. The in strument is be ing used
lens  ins tead of eas ing  them.  It would  to measure  wind velocity , wind shear ,
not be very encoura ging to IJIC scientists and turbulence. As one would expec t
w o r k i n g  in th i s  field to learn that from the dependence of the size of the
some users  have l i t t l e  in te res t  in focal  “ spot ’ w i t h  range , tu rbu lence
t h e i r  new develo p ments. Aside from measurements at long range d i f f e r  from
this aspect the ~onfer. nce was informa- those at short range.
tive and worthwhile. For some years i t has been hoped

In the last several years the laser tha t  ex t i nc t i on  measurements  in m i s t s  . - 
-

-

has been put to use for several meteor- and fogs with in lasers could yield
olog ical app lica t ions , and these were information on pertinent meteorological
r.vi.w.d by R, Pettlf.r (Meteorological variables including visibility. How-
Office , Iracknell , UK). Th. only opera- ever , J.C. Pethera rn (Plessey Radar Ltd ,
tional laser cyst.. us•d for meteor- Atmospheric Sciences Group, l oves, Isle
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of W igh t , U K ) ,  in a report summarizin g and c i r r u s  c louds . This work was de-
field work with three-wavelength (0.63 , scribed by J. 1 . G i b b s .  They are par-
1.06 and 10.6 Mm) transm issometers at ticulanly interested in the “Junge Layer ”
two different locations found rather at  an a l t i t u d e  of about  2 0 km where
poor Correlations between extinction aerosols , mostly of volcanic origin , ac-
values and meteorological variables,  c umula te . These aerosols influen c e
Purthermore , the  resu l t s  we re s i te  de- the  rad ia Li on  propert ies  of the atmos-
pendant. phere , hence knowled ge of their effects

The use of mult i-wavelength lidar on radiat ion and temporal chances are
for quantitative remote aerosol sensing important. In private discossions with
was described by W. Carnuth (Institute this group i t  was b rough t  out tha t  the
for Atmospheric Environmental Research UK is a very poor location to conduct
of the  Fraunhofer Society, Carmisch- th is kind of work because of the low
Par tenkirchen , PRG). His group has a probability of clear weather.
two-wavelength s t a t i ona ry  sys tem using A few papers  were presented on the
a 0.6943-urn ruby laser and a frequency- subject of pollution monitoring usinc
doubled output at 0.3472 urn as well as long path transmissometers operated in
a four-wavelength  mobi le  sys tem (10.6 , the  differential absorption mode . This
0.53, 0.6943 , and 0.347~ Mm). Both of requires  measurement of transmission at
these systems are used for determining two wavelengths one of which coincides a
aerosol concentration profiles vs height with an absorption line of the gas under
up to 35 km. F. Koepp described work study and the other a t a waveleng th
on aerosol measurements by ano ther group free of absorption . B. Marthinson de-
from Germany , Deutsche Forschungs-und scribed a computer-auto m ated system in
Versuchsanstalt  für L u f t -  und Raum fahrt  operat ion by the Department of Electrical
(DFVL R) in Oberpf fa f fenhofen , FRG. They Measurements , Cha lmers U n i v .  of Tech-
made l idar measurements look ing  down nology, Cothenburg , Sweden. It uses a
from an aircraft over the US and Germany CO. and diode lasers and is capable of
as part of an assessment of a spacelab- scanning 2 simultaneously operating
borne lidar which will be a future NASA lasers to 54 different wavelengths .
experiment (see ssmv 33-1:31). The group has used the instrument on

The use of a two-channel polariza- ethylene , viny l chlor ide, and SO..
t ion -sens it iv•  l idar system to discrimi- The subject  of d i f f e r e n t i a l  absorp-
mat . between ice crystals and water drops tion measurements of backscattered radi- r
was described by V. Smiley (Off ice  of a t ion , i .e . ,  by l idar , was reviewed by
Nava l Research (London) and Desert Re- H. Wai ther (Sektion Physik den Univ .
search Institute , Reno , Nevada], He Mttnchen and Projectgruppe für Laserfor-
has been making measurements at the schung den Max-Planck-Gesellschaft zur
South Pole and also at a coastal region F5derung der Wissenschaften e.v.,
i n Antarctica wi th  a polarized laser Garching ,  FRG ) .  Th e most recent work
transmitter and a two-channel receiver , carried out by his  own group consisted
One channel measures the back acatt er of 11,0 vapor d e t e r m i n a t i o n s  near  a power
received polarized parallel  to the out - plant cooling tower and also ethyl ene
goi ng beam and the other measures the profiles near a petrochemical factory . - -

backscatter polarized perpendicular to Both measurements were made w i t h  a CO .
i t .  The ra t io  of these two quantities laser transmitter tuned to the pertinent
is called the depolarization. Spherical absorption l ines by a grating .
water drops have zero depolarization In s p i t e  of the “cold water” treat-
in the bac kscatter while ice crys ta ls  ment by UK environmental officials , the
st ron gly depolariz e the light. Sailey meeting was of value to people working
has found tha t not only are there pure in the field as well as to those who
ice-crystal layers present in the tropo- would like to apply these new techniques
sphere but that  pure water-drop l ayers to pollution monitoring and meteorologi-
as well as mixed-phase layers also exist cal measurements. As evidenced by the
a t various t ime s in the polar troposphere lar ge number of papers on the sub ject,
during the austral summer in spite of differential-absorption lidar has become
temperatures being well below freezing . a topic of keen interest in the las t few
Often these layers precipitate ice crys- years . Also a fairly large number of
tals and sometimes are not visible , hence mobile lidar instruments have been built
the term clear-sky precipitation is used. and placed in operation recently. It

The Meteorological Office (Iracknell , remains to be seen , however , how long it
lerks., UK) has been conducting lidar will take before lidar measurements will
measurements of stratospheric ae rosols be widely accepted by environmental agen-

d e n  as valid for enforcing env i ron-
67 me ntal  p o l l u t i o n  r egu la t i ons . (Vern N.

Smi ley)

-

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - — — ,~~~-.. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ — ~~—~~~~~~ - ~~~~~



ESN 33-2

PBYcIIOL.OOIcAL s~~
p Vari~ us beha~ iora 1 andSCIENCEB j psycholog i c a l  measures will track the

temperature function. For example , in
EUROPEAN RLS E A R CH ON HUMAN BI ORHY THMS one s tud y by Aschoff  et al , (reported

ifl 4apsota of 8uj~an A~fficisnoy , edited
liorhytha refers to cyclical ef- by Colquhoun , published by English Uni-

fec ts in beh av ioral , ,;hvsiolog ical , versi t ies Pre ss , 1972) measures of re-
and biolog ical meas ures , and there is action t ime , tapp ing,  time estimation ,
a crank side and a serious side to it. , speed of canceling random digi ts on a —

The crank side will appear in popular page, and grip streng th , were all in
magazines and will try to sell you a synchrony with the body temperature func-
computer printout of your emotional tion . Measures derived from urine
and intellectual cycles from birth to samples showed the same synchrony .
death. The serious side has responsi- These are the kinds of data on which the
ble scientists who are conducting l abo- phenomenon of circadian rhythm is based .
ratory and field studies in search of No one knows the explanation of it.
periodicities in human functions and While body temperature is the basic func-
the effects of disrupting them. Sys- t ion against wh ich other mea sures are
tematic evidence i s beg inning to appear referenced , inves ti ga tors shy from say -
on a 90-minute cycle (see ASN 32-4:153), ing that changes in body temperature
but the circadian , or 24-hour , rhy thm , cause changes in the other measures .
is the most w idely s tud ied , and Europe Correlation is not causality.
is the locus of the study of it in hu- Of special interest to workers in
mans, this field is disruption in the circadian

There are four centers of research rhythm and its effect on performance.
on circadian rhythms in Europe. One The most familiar effect of disruption
is the Perceptual and Cognitive Per- is jet lag, wh ere one ’s pa ttern of l iv ing
formance Uni t , Medical Research Coun- gets out of synchronization with the cir-
cil , attached to the Laboratory of Ex- cadian rhythm . The body temperature
perimental Psychology , University of function is unable to track the environ-
Sussex , Brighton. W.P. Colquhoun is mental time cues quickly so, perhaps ,
the professor in charge . A second is we are required to do our daytime activ-
the Institut für Arbeitsphy siologie in ities when the temperature curve is in
Dortmund, West Germany . Their research its nighttime phase , or vice versa.
on circadian rhythms is headed by Pro- Getting back into phase takes time , as - 

-
fessor J. Rutenfranz. The third is all international travelers know. Sleep
the Institut für Umwelthygiene of the disturbance is a particularly prominent
University of Vienna , where the bio- symptom of jet Ia?. Klein has been a
rhythm research is directed by Professor keen analyst of circadian rhythms and
N. Haider. On 21-23 September 1978 the performance of airc rews , particu-
Haider conducted the “European Seminar larly international ones that cross sev-
on Performance-Time Functions “ which eral t ime zones and have their circadian
had many of Europe’s leading ~nvestiga- z~iy thrns disrupted (for a review , see the
torn of circadian rhythms present. The chapter by Klein et al ., in R. P4ackie
fourth is the DFVLR-Institut für Flug - (Ed.), Vi g ilance Theory , Operational
nedi zin , Bonn-Bad Godesberg, West P .rfo rmanc.~ and Ph yaiolog ical C-rre-
Germany , with Dr. IC. Klein as the di- lat.a, New York , Plenum , 1977). The
rector (see also A’SR 24-6:166). As official regulation governing work and
migh t be surmised , the interest of rest for German aircrews is based on the
Klein ’s group is the effect of the cir- circadian rhythm and its disruption ,
cadian rhythm on the efficiency of air- which Klein estimates to be an efficiency
crews . These research centers are manned loss in the neig hbo rhood of 8- 10% .
by both MDs and experimental psycholo- Even a minor disruption of one hour when
gists. dayl ight savings time is adopted has its

The basic datum of the circadian consequences. T. Simon and S. Folkard
rhy thm is that human body temperature of Colquhoun ’s unit found that the ef-
follows a 24-hour cycle. Temperature fect on body temperature persisted for
wil l  rise in the waking hours , peaking six days. Effects on waking up time
in the lats afternoon and early even- after the change to daylight savings time
ing , and then decrea se and reach a lasted five days. They have evidence

_______ ~LJ
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t ha t  road a c c i d e n t s  inc rease  in  the were five simultaneous technical ses-
week a f t e r  the change . IS.. the i r  pa- slons as well as the current events
per in Natmdre 241 6$$-6$9 (1976)J. meeting and press conferences. In

A preoccu~it~on of the participants orde r to reflect a consistent picture
i n Ha lder ’s seminar on performance-time this report draws upon personal notes ,
functions was shift work , or a chang. the preprinted abstracts and formally
in work pattern , usually the change issued daily reports of the meeting.
from day to night w .rk. Th. change All formal papers are avai lable  from
should disrupt the circadian rhythm , the lAP.
which should take its toll , accord ing About 600 professionals from 36
to modern thinking . Knauth and Ruten- countries and S cont inents registered .
franz (Int.rmsatiomai 4rohiu. . of Ooow- The geographical distribution was most
p ationa l and rnuiro’im.neal Health 37, interesting as is indicated by the
12 5-137 (1976)) found that the body following list of nations with 10 rep-
temperature function had not yet fully resentatives or more: Czechoslovakia
ad apted after 21 days . Correlating din- (16), Prance (61), Germa n Democra t ic
ruption of the circadian rhythm and of Republic (GDR) (10), Federal Republic
work performance is not easy because of Germnay (ERG) (65), I taly ( i s) ,  - :
social factors  introduce confounding Japan (14), Pola nd (10), UK ( 13), USSR
elements ,  A person who works at night (73 ) ,  US (120) , Yugoslavia (123) .
must sleep in the day , which is noisier , The heavy registration from the s .
so he is less well rested. H. sees Eastern European countries must be noted
his family less , which can be a source (roughly 40% of all attendees). The
of tension. Social patterns with friends reason for this was apparently two-
can be disrupted. One possible solu- fold. First , the East Europeans appar-

• tion is permanent night workers who ently find permission for travel within
fully adapt their work , family life , the confines of their political sphere
social life , and circadian rhythm , and much mo r e readily attainable. Indeed ,
presumably find contentment th•reaftei. the IAF meets more frequently in East
(Jack A. Adams ) Europe than “~‘st other internationalorganizations . And , second , the East

~~~~~ r— —1 Europeans obviously believe a great
I deal of prestige is due them from their

J recent space achievements and their
general space e ffort. This fac t was
made most evident by the presence of
a contingent of six Fast European cos-

THE XXIX CONGRESS OF THE INTERNATIONAL monauts: Alexei Leonov (USSR), Vitali
ASTRONAUTICAL FEDERATION Sevastianov (USSR) , Va leri Kubasov (USSR),

Peter Kl t.ek (U SSR), Vladimir Remek
- - The X X IX Congress of the Interma- (Czechoslovakia), and t4iroslov Herman- —

tionsi Astronautical Federation (TAP) zewski (Poland). The pre sence of Leonov , - -

met in Dubrovnik, Yugoslavia , 1-7 Russia ’s claim to the first man to walk
October 197$. Th. theme of the Meeting In space , and the first multinati~ na1was “Astronaut ics for Peace and Human space team of Klimek , Remek , and
Progress ” and consisted of programs Hermaszewski drew a great deal of at-
developed by the IAF , the International tention.
Academy of Astronautics (TM) , and the The technical meetings consisted
International Institut , of Space Law of the following symposia: On-going
(liSt). The Co-Chairmen for th. entire Space Activities; Systems for Space
progrim were Profs. C.C. Cherny i (USSR) Exploration (Scientific Spacecraft , un-
and R. Monti (Italy) . The program was manned Solar Explora ti on , Space Power
augmented by a series of current-event Systems , Materials and Structures , Pro -
reports and extre mely Info rma tive ache- pulsion and Bioastronautics ); Communica-
duled press conferences , This review t ion Satellites (Opera tional Systems ,
will attempt to reflect some sense of Experiments , and Future Systems and
all these asp.cts of the meeting along Technology) ; A strodyna mics (NatuiaI S~-with personal observations and conclu- tees , Optimization , Motions Around Cen-
sioms of what occurred bo th inside and tern of Mass ); 11th Internationa l Space
outside of th. formal congregating areas. Rescue and Safety Symposium ; Supervised
Obviously it is not possibl , to cover Experi Mental Model Rocketry ; Earth F.x-
all aspects of the meeting since there ploratio n from Space (Observing the
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l t r th , Weather ~,,tt Iim ate , Earth aiid research rather than ‘expensive tern-
Oc ean Sensors , Mission App lications fy ing weaponry.”
and Spacecraft , and Pollution of the The initial opening forum re)ating
Atmosphere) ; 7 th  I n t e rn a t i o n a l  Review to “On.going Space Activities ” was the
MeetingS •,n Communications with Extra- only other event of the opening proceed-
Terrestrial Intelligence; 8th IAF Stu- ings and had no other conflicting ses•
dent Conference; list International sion. As planned , Dr. Robert A. Frosch ,
Space Law conference; 5th International NASA Administrator , Mr. Roy Gibson, Di-
Symposium on Space Relativity ; Fluid rector General of the Europe Space
Mechan ics in Pl anetary Atmospheres ; Agency (ESA) , and Dr. Boris N. Petrov ,
Space-Based Power Systems for Earth; Chairman of the Intercos mos Council ,
Space Processing ; Mth International Moscow , were to present overview s of
Sympo s ium on Space Economics and Bene - their on-going and prospective space
fits; and the 12th International History programs . Un fortunately, Frosch was
of A-.tronautics Symposium . delayed owing to President Carter ’s vi sit

Chern yi and Monti did a memorable  to the Kennedy Space F l i g ht Center on
oh in organizing the meeting , and there the  occasion of NASA ’s 20th Anniversary .

were numerous outstanding and very in- Gibson reported that the Convention
formative papers. Many were reviews of the European Space Agency , si gned
of e f f o r t s  familiar to those working in 1975, gives his agency the task of
i nt imately in a specific field , but strengthening European cooperation
so developed as to give excellent pro- in research and technology for purely
spec tives and insights into the true peaceful purposes and the strengthening
state-of-the-art. The most disappointing of European space policy. He then
aspec t of the meeting was the l i m i t e d  b r i e f l y reviewed the major a c t i v i t i e s
discuss ion and very low attendance at in the European space program and gave
the technical sessions , which averaged , emphasis to the realization of the Ariane
excep t for the opening sessions , at Landing Program .
most 30 persons. Petrov tried to emphasize that the

Withou t doubt the most active in- Soviet Union recognizes the importance
terest in papers was that associated of cooperation with other countries in
with communication and weather satel- space exploration and that multinational
l ites. Since space telecommunication cooperation with socialist count?ies
s y s t e m s  have become iery economically is developing within the Intercosmos
v iable , the e xpansion of space research Program s as well as bilateral coopera-
i n this area appears to far outpace tion with India , France , Sweden , and
a ll others, Although the meeting showed the US. He further stated that the in-
the tremendous progress made in Earth ternationally manned missions with the
sensing , drama tic results in this area other countries who participate in In-
appeared to be more difficult to pin- tercosmos will continue and that candi-
poin t, although there is no doubt that date cosmonauts from Bul garia , Cuba,
p rogress is  substantial. Nevertheles s , Mongol ia , and Roman ia are now undergoing
the sessions devoted to these topics training near Moscow. -

alone , and those which included their In his paper prepared for the Con-
legal aspects , par t icular ly  w i t h  respect gress and reviewed a few days later ,
to remote sens ing , fully justified the Frosch said the US space efforts fall
Congress theme title “Astronautics for into three categories : The use of near-
Peace and Human Progress.” Earth space for remote sensing , communi-

The inv ited plenary lecture was catlons , and other programs directl y
delivered by Academician Leonid I. Sedov , beneficial to human welfare ; the scien-
leader of the Soviet delegation. His tific exploration of the solar system
basic thes is was that the rapidly di- to improve our understanding of our
veloping scien tific and technolog ical planet and its phenomena , coupled with
achievements should be used to play exploration by observation of the uni-
an important role in “the development verse in a continuing effort to under-
of modern mater ia l  and sp iritua l cul- stand the place of Earth and man in the
ture” and not to wage war. He stated , cosmos; and investigation of the Sun-
“The duty of all sc i*nt i st s , scholars Earth relationships basic to the whole
and engineers is to persuade all the biosystem in which we evolved and live.
world ’s nations and their governments He further emphasized the international
of th. necessity of war avoidance...” interest In Landsat , the general accep-
He focused on starvation , higher living tance of satellite communic~it io n andstandards , longevity, and reduction weather information da ta , and the fact

- of pollution as the areas for scientific that the US would continue to  improve
70
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and m u k e  o p t i m u m  use of e x i s t in g  sy s -  i n s t r u m e n t s  e v o l v e  and me t e o r o l o g i c a l
tems such ~s the Landsat Earth Resource modellin g improves , very reliable 2-~Satellite , the NIMBUS env i ronmental day numerical forecasts are in the fu-
~u alitv m onito r%ng sate llite , and the t u r e .  The group  from Dornier  Sy s tem
TEROS w e a t h er  s a t el l i te .  Natural ly GmbH (Frierichshafen , FRG) discussed
he rIviOwed the merits of the Space the  ESA sponsored Sun Observa to ry  and
Shuttle and the  fact that this system Climatology Satellit e Program which hopes
would el iminate many space and weight to monitor the Earth’s radiation budget —

res trictions currently affecting space by obtaining simultaneous measurements
and satellite systems , of the total and spectral distributions

The f i rs t day ’s afternoon session , of incoming solar radiation , reflec ted
w h i c h  drew the  biggest attendance ,wa s radiation fluxes , radiation leaving
related to operational communication the Earth’s atmosphere , and diurnal fea-
satellites . In his paper , H.W. Wood tures of the atmosphere and its varia-
(Intelsat , Washington) stressed Intelsat tion with solar age. They also seek
Jevelopment and reported that the In- to determine the physical nature of
telsat V spacecraft will be in operation the spatial and temporal change of the
in 1980. He said t hat in the 1990s radiation budget and its parameters and
l a r g e - s c a l e  spa ce s ta t ions  equi pped to deduce information about the strato-
with complex orbital antenna forms and spher ic ozone and temperature profile,
multi ple communication packages for cloudiness and cloud coverage , aerosols
a variety of uses would be technically and concentration of trace constitu-
feasible and would lave the potential ent s, water vapor content , temperature
for substantial cost savings to consumers, of the Earth’s surface, and global coy—
H. Svetarja , A.P. Djiwatampu, and A. erage of vegetation areas , oceans , snow
Gunawan (PERU I4 Telekomunikasi , Indonesia) and ice fields . A Japanese Radio Re-
reported the improving impl.c~entation search Group reported on their use of
of telecommunication systems in Indonesia microwave techniques for sensing pre —
w i t h  its 3000 inhabited islands . This cipitation . An unscheduled presentation 

- -
i s probably the prime example of space by a representative of Jenoptik Jena
benefit to a developing nation. (GDR) reported on the design and tech-

Papers by lntetsat Interim (Paris), nical parameters of the NFK-6 Multispec-
Weste rn Union , and the Japanese Radio tral Camera and the MSP -4 Multispectra l
Research Laboratory (Rogan.i City , Projector developed by Jena and the In-
Japan) reported on their developing stitute for Space Research at the USSR
communication system s as well. It ap- Academy of Sciences under the sponsor-
pears to this observer that this field shi p of Intetcosmos . The unit was used
is on the verge of enormous and rapid in Soyez 22 and takes 4 visible and 2
development in the same respect as the infrared pictures simultaneously. D.
explosive technological development that Nischev (hulgaria), the Chairman of
took place in the solid state device the session reported that Bulgaria has
field , used the camera in an aircraft with re-

The next day ’s meetings on Communi- sults of high quality pictures. The
cations with Extia-Terrestrial Intelli- camera with the color mixing projector
gence (CEll) are difficult to evaluate, for extracti ng visual information from
It was interesting to note , as stated the high quality multi -band photograph y
by others , that none of th. papers dii - obtained seems to be a remarkable in-
cussed wh.th~r there is life in outer strument.
space , but all argued th. way s and means Two papers were presented on sea
of detection with , perhaps , th. under- ice. They were “Scatterometer and Imag-
lying premise that life does exist. ing Radar Results of Sea Ice” by a joint

Dur ing the next three days ’ there Canadian and US group and “The Sea Ice
ware a number of sessions concerned with Discrimination by Means of Passive and
Birth exploration from space. C.M. Active Microwave Observations” by a group
Hsyd.n (National Oceanic and Atmospheric from the USSR Academy of Sciences.
Administra tion (NOM), Madison , WI ) Neithe r detailed reprints were avail-
reported on satellite data and the im- able to this observer , nor was I present
portance of their utilization in short- at this session. Unfortunately I choa•
term weather forecasting . Indirect to attend the session on space-base d
sounding of temperature and moisture power systems for Earth. In this session
has in the 10 years of operational data some pap.rs tried to show the feasibil-
given exc.ll.mt results. As soundiag ity of converting solar energy to micro-
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waves for energy transmission to Earth. lating an engrossing set of papers and
}~ven ~.irh projected technological ad- enticing most competent and responsible
vances , the analyses presented seemed people to deliver papers , chair sessions , - -

to me unrealistic from both an economic etc Dubrovnik offered some of the
and environmental point of view , finest resort hotel and other accommoda-

The sense of the p rogram devoted tions for a conference that I have seen.
to space (*aterial) processi ng indicated Further , the scenery in the area is out-
that the greatest interest was on grow- standing. These features are together
ing  crystals in a zero gravity field , enticing and detracting as was evidenced
A pparently this concept has one of at the XXIX Congress of the International
the greatest possibilities of economic Astronautical Federation. (Irvin
v iability . However, surface tension Glassman , Center for Env ironn ental
effects induced by temperature gradi- Studies , Princeton Univ., Pr inceton ,
ent impose convective motions (the NJ)
Marangoni effect). This effect presents
the  fascinating theoretical and experi-
menta l  challenge of balancing or off-
setting this surface tension force if
the zero gravity experiments are to SPACE SCIENCE IN SWEDEN
be effective. These efforts are just - -~~
beg inning. Sweden supports a very respectable

It  would appear appropriate to space program both through its participa-
close the technical aspect of this ar- t i on  in the European Space Agency (ESA)
t i d e wi th  some brief comments on the and through national program s that in
Conference held to present the East several instances involve bi la teral  co-
European cosnonauts to the Press, operation with other countries. The
Asked abo ut the d i f f i c u l t ie s  in adjust-  Swedish Board for Space Activities
ing to a non-gravitational field, the (SESA), under the Ministry of Industry,
cosmonauts agreed that initially kt is the central au thor i ty  respons ibl e ‘- 

-

was difficult to accommodate but that for funding all government-sponsored - 

-their special training and practice space activities both national and in- -
~~~allowed them to adjust. In fact, after ternational. In addition to the M i n i s -

— a long stay in space , the real adjust- try of Industry , the Ministries of
ment problems to the Barth ’s gravita- Education , Communication , Forei gn Af -
tional field were noted. Leonov corn- fairs , and Housing and Planning are rep-
nented that a journey to Mars is feasi- resented on this Board . The Board has
b le , but  tha t  interplanetary fligh ts three advisory committees : science, ap-
belong to the future. The cosmonauts p l i ca t ions , and remote sens ing ,  a l l  of
stressed the somewhat political element which include representatives of govern-
of international cooperation on manned nent, indus try , universities , and re-
space missions, particularly among search institutes as well as the Swedish
the socialistic countries . Space Corporation (SSC). The SSC is a

Roy Gibson (UJ~), Director of ESA , nonprofit quasi-governmental institution
was ele~ ted the Federation ’s new presi- that operates as a p r iva te  corporat ion
dent replacing Dr. Marcel Barrbre of handling the executive management func-

• ONERA (France). The new Vice-Presidents tions of the Swedish space program for
are: L.I. Sedov (USSR),- Prof. S. Saito the SBSA. Among these functions are
(Japan), R. Monti (Italy) , Dr. B. Hollax management of the Swedish sounding
(ERG), and Dr. J. Grey (US). rocket and balloon launching range,

The Guggenheim International Astro- Esrange, near kiruna ; technical execu-
nautics Award for 1979 went to C.C. t ion of the space science, remote sons-
Kraf t , Jr., Director of NASA ’ s Johnson ing and materials programs of the SBSA;
Space Cen ter , for direc ting the US and providing technical experts to ESA
manned space flight programs. The as required. The actual funding of space
Emil Memorial Award for international programs to research institutes , indus-
cooperation in space was awarded to tries and the SSC is in the form of con -

— G.S, Lunney of NASA and X. D, Bushuyev tracts let by the SISA.
of Moscow’s Institute of Space Research There is in addition to the SBSA
for their management of the Apollo-Soyuz and SSC an Association of Swedish Space
test project. Scientists (SRS) composed of active space

In closing , I would like to con- scientists who provide a forum for dis-
gratulate Chernyi and Monti for accumu- cussions on scientific problems and joint
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proje Lt s within the s~ ientific progi-am. processes and composition between 80 and - 

-

In effect , the y prov i de an ~d hots ad- lSO km at  high latitudes using sounding
v i sory ca~ abil ity for the various of- rockets . The main groups involved in
fic~ al advisor y committees to the SBSA . this research are the Institute of Me-
The Swedish  space budge t  f o r  f i ’ -~~al year teorology , Stockholm Univers ity, and the
197? inc luded  S 1 S .5  m i l l i o n  fo r  ESA Uppsa L a Ionospheric Observatory. 3)
con t r ibu t ions  ( ‘ .1 of the  to ta l  con- Astrophysics— .with emphasis on studies
t r i b u t i o ns  to the ESA budget) and $6.S of solar and stellar uv and ir radiation
million for the national prog ram s . using satellite and balloor experiments
The national budget for space programs, on an international cooperation basis.
however , Is actually larger than m di- The Astronomical Institute , Lund Univer-
cated by the  above f i gu re  as on ly  equip-  s i t y,  and the Stockholm Observatory are
mon t  that flies in  space is included the p r imary institutions i nvolved in
in this. Funding for test equ ipment , these studies. 4) Material sciences—
ground computers , laboratory f a c i l i t i e s , in pa r t i cu la r  s o l i d i fi c a t i o n  processes
salaries~ and telescopes , for example , of metals and diffusion processes in
comes from various other sources, l iquid metals under zero-g conditions

Sweden par ticipates in the basic using sounding rockets. The major groups
and scien tific research programs of involved in this research are the Depart-
ESA as well as in the technologicall y ment of Casting of Metals , Royal Insti-
oriented programs such as OTS (telecom- tute of Technology, and the Department
munications satellite), Marots (maritime of Physics at the Chalmers Institute of
communications satellite) , Meteosat Technology .
(weather satellite) , and the Ariane Several satellite , balloon , and
launcher. The technical  program par-  sounding rocket programs cur ren t ly  under-  Lticipation is via two in ternat ional  way in Sweden are outlined in the fol-
consortiums-~ STAR and MESH..._with the lowing paragrap hs and nay be taken as
indus trial organizations of Telefonak- typical of the types of projects being
t iebolaget L .N.  Er icsson and Ssab-Sc an ia pursued in the Swedish space program .
AB being the respective representatives. The Kiruna Geophysical I n st i t u t e  has a
Bilateral scientific cooperation between particle spectrometer on board the ESA
Sweden and NASA involves participation CEOS 1 and 2 scientific satellites that
in the International Sun-Earth Explorer will measu~e electrons and protons inSatellite , the Orbiting Solar Observa - the 0.3-20 keV energy range .  Extensive
tory 8 , and the Jupi ter  Orbiter among software programs have be ‘~ developedothers. Official bilateral programs making possible the detez .ination of
are also underway with the Soviet Union pitch angle distribution and energy spec -
via the Soviet Academy of Sc i ences , tra. GEOS 2 attained orbit successfully
France via the French space agency in the summer of 1978, and data ate cur-
CNES (Centre National d ’Etudes Spatia les), rent ly being analyzed by the Institute.
and Austria. Other cooperative efforts The Soviet Prognoz ‘, launched
are carried out on a more or less ad 31 October , carried a Swedish-built
hoe basi s with Belgium , Denmark , Fi n- part icle experiment consisting of three
l and , ERG , the Netherlands , Norway , mass spectometers covering the energy
Switzerland , and th e UX , pr imar i ly  range of 0.2-16 keV and three other
thr~”çh balloon and sounding rocket energy-per-charge (E/q) spect ometers for
campaigns , the detection of el ectrons and positive

The national scientific activities ions in the 0.03-40-keV energy range.
of the vsrious Swedish research groups The orbit of the Prognoz 1 satelLit, is
fall into four basic categories: 1) highly elliptical (apogee 203,000 km,
Magn.tospheric and ionospheric physics— perigee 483 km) with an inclination of
in part icular the measurements of charged 65’ that will enable measurement of au-
particles and electric and magnetic roral particles over the auroral zone
fields using sounding rockets, balloons, and cusp regions at fairly high altitudes
and satellite s . The main groups involved (3000-20,000 k*). The Kiruna Geophysical
in thes e programs are the Riruna Geo- Institute and Swedish Space Corporation
physical Institute , the Department of were responsible for designing and build ~• Plasma Physics of the Royal Institute ing the experiment . Prel iminary studies
0f Technology, and the Uppsala lono - for a new Swedish-built magnetospheric

pheric physics—sp .cificall5 atmoapheric in cooperation with ‘-he USSR.

13

- 

I 

spheric Observatory . 2) ~pper atmos- satellite , N-Sat , have been initiated

~



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

~~~

---

~~~

-

~~

---- - 

I

ESN 33-2

Other future satellite programs Sweden is becoming increasingly
include participation by the Astronomi - interested in remote sensing of earth
cal Institute in Lund in the dus t de- resources and environment. Land mapping ,
t ec to r  exper iment  onboard the NASA Jup i- air and water pollution detection , ice
tot Orbiter ; studies of the vestibular sur veillance , oil spill surveillance ,
function with the Space Sled ; and stud- and sea ice mapping are examples of pro-
les of solidifica tion of metals during grams underway in this area. The SSC
zero-g conditions. The la t ter  two ex- has  ins ta l led a Landsat station at
per imen t s  w i l l  be flown on the f i rs t Esrange which will be integrated into
Sp ecelab . the Ea r thnet  system of E SA. In another  — 

- 
-

National sounding rocket experiments area of satellite applications , the SSC
have been carried out in Sweden since performed the study work for a Nordic
IQe’ l , most of them being international area television broadcast and telecom -
L ooporative programs . The sounding munications system_-the so-called NORPSAT . - 

-

rocket activities are mainly centered A decision to implement such a system
around physical and chemical investi ga- is now under consideration b’. the Scan- *
t ions of the upper atmosphere and charged di navian countries involved . -:

par t icle , elec tric f ield , and plasma Several of the space research in-
measurements of the ionosphere. Ow ing s t i t u t i o n s  mentioned in this article
to the geographical location of the were visited by the author and will be
sounding rocket launch facility (68’N, reported on in more detail in sub sequent
2l°E), studies of the aurora and other articles. One of the notable observa-
hi gh latitude phenomena are of particu- tions made while visitink the Swed i sh
l a r  i n t e re s t .  Several examples of plan- research institutes is that everyone
ned rocket experiments for 1979-80 fol- involved in space science and technology
low . Sub storm—GEOS will involve launch- is very familiar with the works of other
i ng three rocke ts in rapid sequence and groups and close cooperation exists among
in coordination with the GEOS 2 sate l -  these groups. This s i t u a t i o n  may be
lite ‘o study charged particles and l a rge ly  due to the wide representation
elect.tc fields during different phases on the SESA adviso ry commit tees  and the
of substorin activity. The Ba-GEOS will SRS by researchers from the universi ties ,
involve studies of the effect of a barium institutes , and industry . (Robert W.
ion jet released from a rocket at about Rostron)
400 km The GEOS 2 mass spectrometer
w ill be utilized for detection of the
bari um ions. PIRAT (Pointed IR Astro- SPACE PHYSICS AT TIlE SWEDISH ROYAL 1N
n r m *1 Telescope) is an experiment for STITUT E OF TECHNOLOGJ
pho’.-ime tric observations of extended
celes tiil gas and dust clouds using a The activities of the space Physics
li quid helium-cooled telescope . Group of the Department of Plasma Phys-

An in ternat ional  bal loon project  ics at the Royal Institute of Technology
known as SBARMO-79 is scheduled for the (XTH), Stockholm , are primarily concen-
summer of 1979. Some 36 balloon flights t rated on the plasma ph ys ics of the
w ill be i ‘rformed from northern Scandi- .iosphere and magnetosphere w i t h  par -
navia  dt - ng the period carry i ng det.c- t icu lar  emphasis on the role of elec-
tors  to neasure auroral x-ray~’. magnetic tric fields. These act i ’ .-i t ics include
and -lectric fields , vlf-emiss~ons , and 

both theoretical and experimental work
a tmospheric infrasonic  waves. The Swed- with the latter conducted both in space
l :;h experiments w i l l  be provided by the and in a l aboratory w h i c h  is wel l  en-
Royal  I n s t i t u t e  of Technology and in- dowed with al l  of the  modern equipment
d ude measurements of electric fields that  would make any exp er imenta l  phys .
in the aurotal zone of ionospheric o n -  icist envious. The space phy sics re-
g in. Sweden has also been participating search is carried out in cle’e contact
in a balloon project known as BIRA P wi th  w i t h  laboratory plasma p h y s i c s  experi-
the Netherlands in which a 60-cm tele- ments that have t r a d i t i o n a l ly  charac-
scope is used for long-wavelength infra- ten sed the research of this Department.
red studies of contracting dust and gas This is an asset that  appears to he bene
clouds. The scientific aim is to a t t ain f ic ia l  for progress In  both fi e ld s .
a better insight into the formation and The theoret ical  r esear ch in space
evolution of stars. The principal Swed- physics at the Institute covers a wide
ish Investigator is the Stockholm Obser- range of physical problem s of the io~o-
vatory . Two launchings have taken place sphere , magnetosphere , solar w i n d , solar

- 
- in 1978 and further launchings are plan- atmospher e , and other cosml p lassas.

ned for 1979 . In magnetospheric studies , the m aj o r

— 
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t n t  e it -’. t i ~ at  t ached  t ~ the behav o i- l a y e r s  in  c i i  rent —e a t - i- v tug p1 a s m a’ .
of c i t - c  t n .  f i e l d s , and models  of t h e  of the  geI i t i~t t  i on  and .liagitos t l e e  of , 

-

field distribution and asso c i a t ed  p~ issma col li sionless m agnettzt- J plasm a ’ . and
f l o w  are under development . The elec their interact ton w i t h  s o l i d  tos , t t t - s .
t r ic current systems in t h e  iono sphe re  ne u t  i.i 1 ~~.‘si- s , and m~i~ ite t I c  I ielel ’ .
and the magnetosphere are examined w i t h  The phenomenon  o f r t t ’~~t iie double
r e l a t i on  to t h e i r  e f f e c t s  on the pla sma layers iC1Ci-e to t h e  condi t ion In wh i~ h
In the upper ic c ii. sphere where they may potential da- ec onti nu itl es eiiist in pla-.
create density depletions and local mas. In c ertain cases the ’ - layei -s ar e
space charge sheaths . The conditions visible , e.g., In au at-c dnii harge. The
for the exis tence and of the processes phenomenon can occur i”. both low and high
of fo rmat ion  of space charge  sheaths  densit y plasm as and a r t - ec ’ . in a number
and othsr  types  of ma gnetic-field aligned of way s . In space p h v - etcs . the double - -electric fields are also under study , layer phenomenon ha’. %‘.‘e’n tt ’ .~ oked to e~Various aspects of these theoretical plain solar flaics and a c c e l e r a t i o n  of
s tudies  are supp lemen ted  by laboratory auroral electron s . ke-~ ent ele~ tr i. field
s i m u l a t i o n s  and cor responding  measure-  measurements  in  s a t e l l i t e  o r b i t s  above
meats, the auroral region ha’.’~ also given en

Rocket-bo rne experimeuta1 packages dence of localized spac e charge region . H
have been a part of the apace science with large electric fIelds (another def t
program for  over t e n  y e a r s .  These ex-  n i t i o n  of  d o u b l e  l~, ’ . e t - l . Ixpe t i m e n t - .
p e n i m e n t a l  a c t i v i t i e s  a l so  c o n c e n t ra t e  and n u m e r i c a l  s i m i t i a t i c i t - . ha~ r -e howit th at
on s tudies  of e l e c t r i c  f i e l d  and p l a s m a  one co n d it ioui for the t ’ i m at ion ‘t  doub le
parameters using a double probe tech- layers or potent ial dis ~ on ttn u ittes i s

niqu e (measurement of the potential dif - that the elec t ron drift c-d o. i t .  must
— ferenc e between two conducting electrodes exceed the therma l cli - T i o u i  .eloctti .

immersed in a plasma). This technique Tot-yen and Ander son of the Ins t itut e ’s
was originally developed for de measure- Plasma Phy sics Departuiei it have been work
ments , but it has been m o d i f i e d  to ope- in g  in the field of e l r , t i l .  double
r a t e  in special modes for intermittent layers for many years tn . t  i t - c  cut l y ha v e
determinations of electron temperature found conclu sive evldcu. e of double
and density alon g the rocke t ’s f l i gh t  layers in a magnetized p lasma column
path. During the period 1978 and 1979 , through d ire ’ .t observation, Their tech -
the  group I s  i nvo lved  in some ei g ht  n i que i s  o u t l i n e d  b r i e t i - . in the follow -
f l i g h t s  f rom E sr ang e  ( t h e  Swedish r o c k e t  in g  p a r a g r a p h ’..
range) , the Andoya range in Norway , and The observations .~ t t he  doub le  l a vei
Cap. Parry in Canada. Four of the were in the form nt a is ih ic boundary
f l i ght experiments will be carried out which divide d a p lasma ( u t t ’  a cathode
in conjunction with the GEOS 2 scientific and anode discharge . ihe pla sma was main -
satellite of the European Space Agency tam ed by a dc-arc discharge in  CCVCUr )
(ESA). In addi tion to the rocket-borne vapor and the p lasma ..~~l umn confined by
experiment s, the Department makes elec - an axial magnetic f i e l d  variable between
t r ic  f i e ld  m e a s u r e m e n t s  In the  upper 50 and 1500 i.. from a pair of He1mho1t~atmosphere us ing  b a l l o o n - b o r n e  e q u i p m e nt .  c o i l s .  A s c h e n at i .  of the apparatus is
Winte r  bal loon f l i g h t s  are  provid ing  shown in l i gure 1. The plasma was m a i n -
in teresting correlations between visible tam ed by the source t .-. provide a single-
aunoral arcs , elect ric fields , and x-ray ended plasma infl ow along the ma gneti c
precipitation. The Space Physics Group field with plasma ‘.oui-ce currents up
is  also pa r t i c ipa t i ng  in  e l e c t r i c  f i e l d  to  40 amp attainable between the cat hode
experiments on several satellites in- and the hollow electro d e t, . The plas ma
cludin g the Internationa l Sun Earth passed through both electrode and
Explorer and the forthcoming EXOS-B. a second aperture in the plate F, into
They are co l l ab o ra t i ng  with the Univ. the vacuum c hamber .  The vapor pressure
of Tokyo on th. latter experiment, in  the vacuum chamber was kept on an

Since many of th. key problems of order of magnitude lower than in the
understanding the ionosphere and magneto- source , and resulted In formation of
sphere raise questions of fundamental a plasma column between I. and the anode .
plasma physics , several reisearch projects A. If the anode was l e f t  f l o a t i n g , most
are being carr ied ou t  in the laboratory of the electrons were reflectc-d In an
to provide direc t correlation with the anode sheath , and a quit-scent and
space programs. Among ti si’ ar e  studies c u r r e n t - f r e e  p l a s m a  co lumn  was  formed
of the phenomenon of electric double w i th an axial electric field. The
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p..tentiai w i th a further increase ~~

sheath that reflected the positive tons .

N 

g i ving rise to an electron-r ich anode

-— 

. When 
~A 

reached a value of about IS I ,
- the anode sheath was converted into a

- double layer which assumed alt app roxi-
[ L t  

•~ j~ ~~

— ~~~ ‘~— mately stationary position a few centi-
r meters from the anode. The double layer

position betwe en ii . and A by a f urther-~
--

~k11 ~~~~~~ 
could th em be moved to an y new stationary

a increase in the external v o lt a g e  U
Once the layer was formed , the dtsc~ argecu r r e n t  was no longer  s a t u r a t . ’.t and t h e
current which was between S and 30 mA
fo r po s it t on s  close to A In c i-eased to
S’ mA for a p o s i t i o n  h a l f w a y  between

I c _ o

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

_____ —
~~~~~~~~ 1. and A. The layer could ~ie observed

as a v i s i b l e  boundary t ha t  dlv ided the
column into a cathode pla sma , maint ained
by the plasma sourc e, and an anod e i.las-

Fig. i ma , formed between the layer and the
anode (F i g. 2 ) .  The l ay er  v o l t a g e  wa s

field was directed toward s A . The elec-
tron temperature equaled that in the
dc arc , and the eleclron gas was dis- doubI.~~ eu

thod~ plasma _ _ _tr ibuc ed along the colum n in an anproxi 

-

__________ _____

mate Roltzmann confi guration so t~iat
ieti1~ auIIIl_IlIIIlllIlIftumUt 

___________

t he  d e n s i t y  dec reased by ty ic a l ly  a ___________________________fac to r  of 2 between F. and ~~. A nag 

-

_________

He lmh olt z coils gave an electron radius dISt•AC• 
~~~~~~~~~ ‘f.IJJnotic field of 100 G provid.d by the

of gyration of 0.3 mm. The ion gy ro ‘* lfl t~ ______

radius was larger than the column dia - 3 *

me ter and the ions were confined by
a radial electric field (not shown in Fig. 3
FIg. 1). The electron number density found to fluctuate by up to  :O % , and
was proportional to the plasma source these fluctuations propagate d in the —

cur ren t  w i t h  an electron number densi ty  anode plasma , The lay.r al so exhiblt .d
of l0~ ’ m ’’ being used. This value , an axial  motion back and forth with ap-
which gave a plasma D.bye l ength of p l it u d es  somewhat larger than the l ayer
0.3S mm refers to the plasma density thickness
on the low potential side of the formed The above results at- c pre liminary ,
double layer as discussed below . The and Torven and Ande rson a r e  c ontinuing
mercury atom number density was new variations of their techn t que. Mean-
5 s 101s m ’. while , th. theorists art’ attempting

Three axially movable probe fi la - to corre late the observe d doub le layer
unents that could be heated to electron result s w i t h  vario us magne t osphsnic  phe’-

- - emission temperature were used for the nomens.
diagnostics. The emission current of An other ground - haseti plasma phyalts
the probes could be adju sted so that experimental program underwa’.-, w i t h  a
their floating potential equalled the hea t ing on space physic s , I’. the study
plasma potential. Plasma potential of pla sma flows In a curved magneti c-
variations from dc up to 400 kIlt could field. Two unp r ed icted p hen omena have
be follow•d . bee n observed : First a plasma beam was

Th. plasma curren t increas .d cx- injected into a curvcâ magne t ic  f i e l d
p on .ntially when the anod. potential, and deflecte d in the direction opposite
VA , was increased from the floattn p0- to which the field was cunve l and sec .
tent lal to the plasma potential. ~his ond , it contracte d Into a fli ~ slab tn
occurred since the e1ectro~ reflectin g- the plan e of curvatu re of the magnet ic
voltag, drop over Ii. ion-rich anod. fie ld, These phenomena have importance
sheath decreased. The current tended in the studies of plasma injeetson in
to saturate when V A reached the plasma spac. and solar phys ics as w e l l  as I n -  •

“I
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jection into magnetic bottles utilized SYBTEIVIB
in controlled fusion. In t h e  case  de- 9CIE~IJCESscr ibed h er e , the p l as m a was prod uced
by means of a conical theta-pinch gun
and studied by means of high-speed R~M AT MOD
photography, electric and magnetic
probes , ion analyze rs , and spectroscopy. Reminiscent of Mark Twain ’s f amous
It was found that a fraction of the remark about the weather , people have
traverse electric field ! • -y a ~~ , known for more than a generation that
induced when the beam enters the curved it is no use having a piece of equipment
magnet ic  f ie ld , was propagated upst ream tha t  doesn ’t work when you need i t , and
and caused the reverse deflection by t h a t  r e l i a b i l i t y  and m a i n t a i n a b i l i t y

I drift . The ups t re am p ropaga t ion  are t e r r i b l y  impor tan t  and should be
of the transverse electric field is given none attention than they receive
due to electron currents. The contrac- conventionally. Still , when pu sh comes
t ion of the plasma beam into a flat to shove , i t is hard for a procuremen t
slab is not yet understood . En e n g e t i -  o f f i c e r  to opt for lower performance
cally, the interaction phenomenon is and/or greater expense when the thing
an example of an energy transfer  process works beau ti f ul ly  in demonstration , and
in a plasma , whereby kinetic energy everyone is terribly optimistic about
is t ransferred from the  ions to the  how it is a lways  going to work in the
electrons and can even produce beam s future. Then catastrop h ic fa i lures occur
of energet ic  e lec t rons .  In space phys -  in the field , and we start a new cycle
ics , the phenomenon could have f a r -  of d i r ec t ives  ensur ing  r e l i a b i l i t y  and
reaching consequences in that space maintainability during procurement , which
plasmas often have a more or less beam d i rec t ives  are gradually eroded once
character and move between reg ions wi th again.
vary ing  c u r v a t u r e  of the  magnet ic  f i e l d , R e l i a b i l i t y  is also a bi g area of
e.g., entering the dipole field near academic interest , wi th journals and
a cosmic body or a curved field at books and the l ike  devoted to i t .  Reli-
the boundary of a magnetosphere. In ability theorists talk about 141FF (Mean - -

cases in which the field changes abruptly, Tine Between Failures , wh ich is the t ime
considerable e lectr ic  f i e l d s  paral lel  cons tan t  of an assumed exponential proc-
to the magnetic field could arise. ess) and the Weibull distribution , a
These could accelerate beams of runaway fancy dens ity function which fits some
elec trons , both ups tream and downstream , of dieir models nicely. But these models
It is poss ible  that the phenomenon of do not solve the fundamental problem
energetic auroral rays could be under- of the military : how does one achieve
stood by this mechanism , optimum cost/effectiveness in respect

The KTH has many other equally to reliability and maintainability ?
interesting and relevant investigations For example , by replacing the magnetron
In plasma and space physics underway , in a certain airborne radar with a tray-
and they certainly pull their share cling wave tube , one can increa se the
in enhaAcing the Swedish space program reliability of this subsystem at the
as well as continuing their long-standing expense of a decrease in performance
contributions to basic plasma research (specifically a decrease in detection
pioneered by the granddaddy of them ranj e) . One must  first train procurers
all , Professor Hannes Alfven who s t i l l  tO Dc alert to this kind of possibility;
retains a chair at the Institute , and second develop techniques for de-
(Robert W. Rostron) terming whether the possibility should

be followed up after it has been sug-
gested .

The Min istry of Defence (correspond-
ing to our DoD) has recently tackledONPI.. RSPOR r&__] th is  problem head-on. A two-year  study
was commissioned , w i t h  support from both

See the back of t h i s  s ides  of MOD , namel y the operat ional
issue for abstracts of and the  procurement .  From the former ,
current reports. an RAP office at the three-star level ,

and from the latter , a group from Air
Systems , estab lished the study under
Group Captain Donald Steward (RAP) as

77
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t ea m l ea der  ~. i t h  P e t e r  & .  k e h  (pro- f i ft e e , :  y e a r s  e l a ps e  before it is fut~i Il ~nounced the S~~)ttt sh way, “Reich”) as phased out (this Is not extreme—Phantoms
~.c t entjfi~. a~tv isui - The study I s  now have  been oj~erat ional for fi I t t - e n  years
completed , and it s final report will anti are still going strong). If lot Ia
be Istued Sh ortl y under the title “Re - t i o l t  proceeds at 10% (or equivalently
port of the Reliabilit y and Costing if we assume a 10% discount late), *1
Study Group .” The n e ~~ -~ t n t  doesn ’t use becomes 20* after 15 years or 12* after
the phrase ‘~Reliabi lit > and Costing ” ~L ) veers . If one is comparing an R~D
very much—rather it ta lks about Reli- cost before the system becomes opera-
ab i li ty and Ma intainability —hut the t i on a l  w i t h  an Rl~M sav i ng nea r  the  end
t h r e e - s t a r  o f f i c e  under  w h i c h  they  op- of  the o p e r a t i o n a l  l i f e , i t  may not  he
cra ted is called “Reliability and Costing clear just how the comparison should
Steering Group .” be made~ 

—

I met Reich in his office at 97 Every subsystem is a special cast- .
High Holborn Stree t in London , nea r For examp l e, the AWG- l0 Radar manufac-
th e British tluseuw—and it is a wonde r tured by Westing house as the Al radar
t hat 97 High Holborn Street isn ’t on on the Phantom had modifications made
d isplay in the Museum ; but office space by the manufacturer to increase RIM .
in  l ondon is hard to come b y ,  and the The return in cost was less than one-
headquar te rs  at W h i t e h a l l  i sn ’t nearly to-one for the expense  of the changes ,
b i g  enough . He pointed out tha t  the but the re  was a marked inc rease  in the
s tudy  was r a t h e r  extensive. There was operational effectiveness as measured
only a s i x - m a n  in -house  team for the  by de t ect i on  c a p a b i l i t y ;  tha t is , the
two years , but there were also s tudy maximum d e t e c t i o n  c a p a b i l i t y  was not
contracts to 8 f i r m s  to analyze 20 sub - changed , but the average detection caps-
sys tems  from 7 types  of aircraft. b il ity achieved operationally was sig-

Unlikel y as it may seem , the study ni ficant ly increased , which meant a con-
did actually come up with some conclu- siderab le improvement in cost/effective-
sions and some implemen table recommenda- ness as a result of the expenditures
tions , First the good news: one can for REM .
get a good return on inves tment  ( in  In the course of the study they
R~M) if one places the money shrewdly , t alked extensively to the itS nn i l: ta t-v.
The bad news:  i t  is not possible to The IJSN has had considerable unfortu-
make generalities , and i t is not pos- na t e experiences with the reliability
si b l e  to analyze systems in this way, of the P40, and was most interested .
only subsystems (a typ ical sy—te m i s  The USAF had been “running scared ,” Reich
an F4J airplane with all Its equipment told me , in connection with the FiS .
including Its load of missil es ; the They knew how to fix them , hut net how
subsystem s then inc l ude thing— . like to prevent then: from breaking d own .
the hydraul ics , the VHF transceivers , Eventually they got the reliabilit y of
the propulsion) . Some subsystems aren ’t this weapon systen up  to par .
good places to invest and others are. A f i n a l conclusion is t h a t  f o r  b e t-
Fur thermore  i t  is nece s sary  to be v e r y  t e r  R (M one needs bett er d a t a  s y — ~n ems .
clear on the  d i s t i n c t i o n s  between the For example , in  many cases  t h e  MTK F is
two basic criteria: savings in support calculated from statistic s whi ch i nvolve
cost on th. one hand and gains in op- dividing the total f a i l u r e s  i n t o  t h e
erational effectiveness on the other , total hours; hut the re sulting d a t a  may
which affect respectively the numerator he misleading because it i~ not known
and denomina tor of the cost/effectiveness during how many of those hours the sub-
ratio. It Is also nece ssary to be clear s~~stem was actuall y turned on.
on the distinction between Investment My conclu sion from listening to
costs ( i nc lud ing  p r o d u c t i o n  and mod i -  a l l  of the above was that no m atter
fication , and including things designed hos o f t en  a problem ha-j be t-mm stud ied
to improve R6M ) and support ~osts (namely i n  the  p a s t , and how intra ctable it
ground support , test , main tenance , may seem to be , the re  can st : l l  be a
and spare part s supplies), lot of p r o f i t  i n  t a k i n g  a new look at

Finally, discounting can have an i t  by a c ompetent sistems mna l y s is team
Incredibly strong effect on costs. that Is also thoroughly familiar w t t h
Typicall y , ten years elapse between the sub-c t ant i vi - t ech ni ca lit ie~~. (Rober t
the time when the weapon system n- a F . Mat-ho ll
gleam in someone ’s eye and the time
when it becomes operational; and a n o t h e r
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— cas iona l ly ,  we are made aware of such
S PJOTEB ar t ic les  that appear in European Jour-

nals, Such is the case for electrical
engineers. The Institution of Electrical

EINSTEIN CENTENARY SYMPOSIUM and Electronic Engineers (UK) each year
publishes the lEE ~~vi.wa as a specialTo commemorate the birth of Albert issue of the Proceedings lIE. In the

Einstein on 14 March 1879 , the scientific 1978 Special Isaac (Vol. 125, No. llR
Co~~unity in Israel are convening the November 1978: PIEEAH 125 (11R) 1075-
Jerusalem Einstein Centennial Symposium 1194), the following reviews may be of
on 14-23 March 1979. Organized by the interest to some of our readers:

— Israel Academy of Sciences and Humani- “Alphanumer ic display ,” by G.F.
ties , Hebrew University of Jerusalem , ~eston ‘(23 pgs); “Electronically scannedVan Leer Jerusalem Foundation , The antenna systems,” by M,F. Radford (12
Jerusalem Feunda tion , and the Aspen In- pgs); “Thermoelectric pow er genera tion ,”
s t i t u t e  for  H u m a n i s t i c  Studies , the by D.M. Rowe (23 pgs); “Permanent nag-
Symposium has 8 I s r a e l i  Honorary Sport - nets , ” by J.E. Gould (14 pgs); “Air

— sors and 17 international ones , includ - insulation at l arge spacings ,” by B.
ing the National Academy of Sciences Jones and R.T. Waters (24 pgs); and
(US) , The Opening Ceremony under the “Marine electrical  instal la t ions,” by
auspices of the President of I s rae l  0. Gray (17 pgs) .
will include an address by Sir Isaiah Although the III Revi ews are auto-
Berl in , President of the British Acad- natically supplied to Proceedings IA’E
emy, and a concert by Isaac Stern and and Records subscribers , it may be pur-
the Israel Chamber Orchestra, chased separately at the single-copy

The remaining four teen  Sessions price ($2 4.00). Photocop ies of in-
will cover the following: Einstein ’s dividual papers can be supplied from the
Scientific Contribut i ons—Ilistorical lEE Library at 10 p. (~.20*) a pagePerspect ives ; Recept i on of E ins te in ’ s (postage ext ra) .
Sc ien t i f i c  Ideas; E i n s t e in ’s Impact on
Scholarship and Sciences; Einstein and -

~ 
- -

His Work (Lectures in Hebrew); Opening ONRL NEWS -c

of E ins te in  E x h i b i t ;  E i n s t e i n  and Dc-
velopments in the  J ew i s h  h o r id ;  E m -  Dr . James I I .  Schulman , Acting Tech-
stein ’s Impac t on Modern Thought; E m -  nicariJirector of the Office of Naval
stein and the Culture of Our Time; Resea rch , Ar lingtqn , VA , and fo rmerly
Einstein-----the Coherency of his Life and Chief Scientist ,of ONRL from July 1974
Work; Einstein and the Nuclear Age; to November 197” , retired from govern-
Unification: Aims and Principles ; Gen- ment service 31 January 1979. We wish
eral Relativity and Cosmology ; Gauge him much happiness in what we expect
Theories of Gravity and Its Enlargements ; shall be a “busy” retirement .

[ Working with Einstein—Reminiscences by We bid farewell and smooth sailing
Associa tes and Ass istants; Quantum to Dr. Vern Snn~j,~~ , Liaison Scien t i s t
Chromodynamics;  Gauge Theories of Weak for Ph ysics [Opt ics) ,  who has re turned
and Elec t romagnet ic  In t e rac t i on s  and to his joint appointment in the Univ.
Flavor Dynamics; and U n i f i c a t i o n  The- of Nevada System with the Desert Research
on es. Ins tit ute as Resear ch Professor and the

The speakers in these Sessions are Physics Department as Professor of —

mostly internationally known persons Physics.
in the world of Science , Arts and the -
Humanities. The soc ial program includes —

dinner at the Knesset , and receptions PERSONAL
by the Mayor of Jerusalem and the
President of Israel . At H e r i o t - W a $ I U n i v . ,  Edinburgh ,

Dr. Coh n Davids~ n , Senior  Lecturer  in
the ElectricaTl i& l~1ectronics Engineer-S REVIEW .JOU RNAL 1mg Department , has been appointed

________- Head of the Department from 1 January
As pointed out by on” of our Liaison 1979 until 31 July 1983.

Scientists , researchers i i i  the limited Dr. Gordon Hobday , t hairman of Roots
States are frequently looking for rc- (Pharmaceu~~cals), has been nominated
view articles on various subjects and oc- as the new Chancellor of the Univ. of

_ _
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—
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Nottingham , In succession to Sir FrancisH i l l , who has resigned after sevenyears .
Dr. Ch~ isto 

~ 
Lance , Reader in

Pure Mathemati at Manchester Univ .,has been appointed the Chain of Pure
Mathematics at Leeds Univ . from 1 October.

Sir James Lighthill, Lucasiam Pro-fessor of Matheaatlcs jt Cambridge Univ.has been appointed Provost of University HCollege, London, in succession to LordAnnân , who is to become Vice - ChanciTlir
~TiWe Univers ity of London . Sir Jameswill  take up his appointment 1 October1979.

OBITUAR Y

Prof. Kenneth Walton , Vice-Principalof the Univ. of Aberdeen and Professor
of Geography, d ied 4 January at the ageof 55. Ne was appointed to the Chair
of Geography in 1963 afte r having servedas Senior Lecturer and Reader , and wasmade Vic e-Pr inc ipa l  in 1977 . He is per-haps best known for his books , The High-lands and Islands of Scotland (19~ I)and The Arid Zones (1969), although hepublished many articles on physical
geography in various journals.
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C-8- 78 EUROPEAN UNDERSEA BIOMEDICAL SOCIET’~ 4TH ANNUAL S C I E N T I F I C
MEETING by R. Goad

The 4th Annual Scientific Meeting of the European Undersea
Biomedical Society was held in Luxembourg on the 12th and
13th of October 1978. This report summarizes the meet ing
wh ich was concerned with the Medical Aspects ef Diving Acci-
dents , and reviews the 20 papers that were given . Pnesenta-
tions were divided into topics relating to one of the four
following areas: 1) Unconsciousness of the Diver in the Water ,
2) Diagnosis of Decompression Illnesses, 3) Treatment of Dc-
compression Illnesses , and 4) Coincidental Injury or Illness
While at Raised Environmental Pressure.

C 1 2 78 PR OGRLSS IN CARDIOLOGY by S.C. LaRoque

An international conference of cardiologists gathered to pre-
sent data and discuss the present status of thinking in four
ma3or areas of cardiology. In valvulan heart disease , there
arc numerous problems related to the presence of an implanted
valve in the body. Mortality curves are highly favorable ,
however , when compared with the natural history of unoperated
valve disease. Porcine hetenografts are the wave of the fu- j
tun e .  The echocardiogram has substant ia l ly  advanced diagnosis
in this area , but it has many limitations which are still
being discovered. Congenital heart disease patients are in
many cases surviving into adult ages , pre senting numerous
new problems in management. Though anatomy may be corrected ,
physiology is not completely corrected. In coronary ar tery
disease the classic question persists: whether thrombosis J

precedes or follows myocardial infarction. Only 55% of a
recent post-mortem series showed thrombosis , implying some
other physiologic cause may underlie at least 45% of infarc-
t i o n s .  Coronary spa sm may occur in 100% of pa t ien ts  wi th
unstable angina. Large clinical trials to limit infarct size
are being begun in humans, following the demonstration that
this is feasible in dogs , and that precordial napp ing is a
nt-liab le measure of infarct size in humans. Electrophysio- - -
logic techniques have dramatically increased our unders tanding
of rhythm and conduction disturbances. The mechanism of pro-
ducing and sustaining an arrhythmia can be worked out exactly
in many patients with supra-ventnicular tachycardia (SVT),
ventricular tachycardia (VT), and Wolff-Parkinson-White (WPW)
syndrome. Medical management of arrhythmias , however, still
escapes a completely rational approach , in spite of numerous I -

new drugs available. Electrophysiologic precision has a-iso
lut - rensed the opportunities for surgical treatment: VT and

-‘ SYT w i t h  concealed bypass t racts  m a y  now be sometimes cured
surgically , as well as the WPW syndrome. Congestive cardio-
my apa thy has been discovered to be associated with high titres
of coxsackie virus : Anti-viral therapy m ay be developed in
the future.  Obstructive cardiomyopathy has been shown to
have an abnormal but character is t ic  appearance on heart muscle
b i o p sy . Sudden death  remains the most important  problem in
t h i s  g roup ,  and high risk families have been identified .
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P-7-78 SY STEM DESIGN AND SOFTWARE ENGINEERING METHODOLOGIES IN EU
Eu ROPE by D.C. Ruiiamler , P.A. Santoni , H.G. Steuhing , and R.J.
Pariseau

This report is the result of a survey conducted durinj~ 1978
of systems design and software engineering methodologies at
var io us academic ins t i tu t ions , industrial facilities and
governmental research establishments in the United Kingdom ,
France , and Germany . Specific ac t iv i t i e s  surveyed inc lude
computer-based system requirements  der iva t ion  sys tem , desi gn
specification and program implementation method (~1og ies , con-cepts and tools.

R- ll-7 8 FLAT PANEL DISPLAY TECHNOLOGY IN EUROPE by D.C. Rummier , J.
Silva , A. Nedoluha , and H. Whitted

This  report is the resul t  of a survey of Flat  Panel Disp lay
technologies in ea r ly  1978. Countries  v i s i t ed  inc luded  the
United Kingdom , France , and FRG. Selected industrial and - ,

gove rnmental  research establ i shments were surveyed for de-
velop ment s in emissive (gas discharge , l ig ht  e m i t t i n g  diode ,
electroluminescence) and subtractive (liquid crystal; elec-
trophoretic , electrochromics) display technolog ies . Signifi-
cant new applications of these flat panel technologies are
also identified .

R-12- 78 EUROPEAN DREDGING—A REVIEW OF THE STATE OF THE ART by J.F.
Hoffm an

The state-of-the-ant of dredging in Europe is described . The
details are on a three-month on-site investigation in the
countries of Belgium , the UK, Franc e, Germany , the Netherlands ,
and Scotland . Information was obtained dur ing conferences
involving more than 40 persons. Visited were two dredging
f i r m s , one manufacturer of dredging equipment , three univer-
si t ies , six l aboratories concerned with the hydraulics and/on
sedimentation in harbors , eight port authorities , and three
miscellaneous federal agencies . New dredg ing technology—
modifications to old dred ging technology as well— as dredging
pr actices in selected European ports is discussed. The fa-
ci lities and capabilities of the hydraulic laboratories vis-
i ted are described. - 
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