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ELECTRONICS Defects.” Deal ing with simple vacancy
_______________________________________ and substitutional defects in an other-

w ise ideal la tt ice , he calculated chem-
ica l hea ts of form ation and employed
thernody n amical argumen ts to pr edic t

DEEP-LEVEL IMPURITIES IN SEMICONDUCTORS the stablest configurations that can
occur. By applying these concepts

The proper ties of defects and impur- to self-interstitials and vacancies
ities in semiconductors that lead to in silicon , the prediction is that
ener gy leve ls iso’ated deep in the a precipitation of vacancies explaXns
energy-band gap have been of concern the so-called “swirl  defec ts” that
for many years. These deep levels , are common in the growth of silicon.
in contrast to the more familiar shallow Other researchers have argued that
leve ls that have made semiconductors precipitation of interstitials accounts
so use fu l , have no t y ielded very far for the swirl defects identified by
to theoretical and experimental analyses. electron microscopy . The controversy
Because of these difficulties , the deep- has not been resolved. (See also ~SN
leve l problem had not been very popular 30-12:555 and ONRL Report C-39-76.)
until recent years. As wi th mos t areas Ano ther impor tan t problem are a
of physics , the appearance of some suc - discussed was that of the dark-line
cessful studies and the wide acceptance defects that occur in GaAs lasers and
of the practical importance of the prob - GaP light-emitting diodes (LEDs).
len have bro ught renewed interest and These are considered to be vacancy
enthusiasm to this area of semiconductor loops which grow dur ing operation and
physics. The most recent evidence lead to serious device degradation.
of this was the convening of an Inter- Van Vechten has also used his thermo-
national Conference on Deep-Level Im- chemical approach to predict the
purities in Semiconductors held in Ystad , existence of antisite defects in 111-V
Sweden , from 30 May to 3 June 1977. (A-B) compound semiconductors. These
Ystad is a small summer-resort town occur when the B-type atom appears
on the southernmost coast of Sweden. on the A-type lattice site and vice
Summer had no t arr ived; so the conferees , versa. (See ESN article and ONRL Re-
established at a beachside resort hotel port cited above.) From these anti-
on the ou tsk ir ts of town , were able site defects that form ‘in the cooling
to spend all of their time involved of the grown crystal , it is possib le
with the problem . As for the good to construct vacancy loops that lead
news , the weather wasn ’t really too to the dark-line defects. For GaP,
bad; evidently it mi gh t have been much he ~ red icts concen tra tions up to
worse. iO~ 1cm ’.

The Conference format was unusual. The second paper was of an experi-
There were 6 half-day sessions spread mental nature by D. Lang of Bell Labs
over the 4 days. Each session began (Murray Hill , N.J.), who d iscussed
with a 45-minute presentation followed capacitance and current techniques
by 45 m inu tes fo r commen ts , ques tions , developed to examine the deep-level
and short cont ributions (3-5 minutes). defects. (See fSN and ONRL Report
Af ter a break , the same procedure was cited above.) Basically, a capac itor
followed for the second half of the or junction structure is formed in
session. In practice , this format crc- the material , and the resul ting chan ges
ated an extremely stimulating and inter- in capacitance or current are monitored
esting atmosphe re which carried over during photoemission or thermal emis-
to lunch and dinner conversations. sion processes. Transient and steady-
I found it a very successful me thod , state excitation are applied to give
and Professor Herman Grimeiss of Lund different effects, The variations
University is to be congratulated for available permit trade-offs for inves-
instituting these arrangements, Also tigeting fast transient effects , for
to be congratulated are the very able improving the signal-to-noise ratio ,
session chairmen who controlled the for varying sensitivity, or for look-
emotions and enthusiasm of 80 scientists ing at differences between majority-
during the discussion periods, and minority-carrier effects. Some

The opening talk was by J, van examples of the kind of information
Vechten of IBM (Yorktown Heights , N.Y.) that can be deduced are (1) a measure
on “Thermochemical Properties of of the lattice relaxation around a
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defec t , (2) photoionization cross sec- silicon are also in agreement with
t ions , (3) trapping cross sections , experiment. The results for oxygen
and (4) energies of deep donor and ac- in GaA s are not good. This may be
ceptor levels, a result of choosing the wrong model ,

Lang described a very interesting since other evidence suggests that
exper imental result that is found in oxygen does not appear as a substitu-
tellurium-doped GaA1A5 ; It is a large tional atom but rather is disp I~~~~Vpersistent photoconductivity after ces- along one of the high-symmetry axes.
sation of illumination. He explains This demonstrates once again the great
the resu lts in terms of a model in which need for better identification , i.e.,
photoexcitation of the deep level re- microscop ic models of various de fects
sults in a strong lattice relaxation, and impurities.
The resulting local environment forms The application of effective-mass
traps that are easily excited to pro- theory (EMT ) to the deep-leve l problem
duce the persistent photoconductiv ity . was thoroughl y d iscu ssed and reviewed.
Th e phenomenon is controlled somewhat Since EMT has been so successfu i in
by the alloying ratio of aluminum to shallow-level problems , applying it
gallium , to the deep-level problem was an obvi-

Desp ite the successes of the new ous thing to do. The electron-
deep-l evel spectroscopies there is a localization concepts , where dielectric-
fundamental limitation due to the lack screening effects are so important ,
of a microscopic picture of the defect , raise serious problems since the net
For example , of eight levels seen in binding potential has to be strong to
transient-capacitance spectroscopy of bind electrons; this requires large q
GaAs, only one has been modeled—it components in the Fourier transform
is the arsenic vacancy. There are abun - of the potential and immediately vio-
dant data on the other seven energy lates the effective-mass approximation.
levels , but their origins—whether due S.K. Pantelides (IBM , Yorktown Heights ,
to interstitial , vacancy, impur ity, N.Y.), in his presentation reported
or whatever—have not been determined, tha t he then turned to the use of pseu-

Other experimental work discussed dopotentials in EMT and was able to
was that of the group from Lund Univer- develop effective calculations for
sity under Professor H. Grimeiss . Their those impurities that have the same
main efforts are to measure photoioni- core atomic shells , apart from the Va-
zation cross sections. In order to lence electrons, He terms these
interpret their results , recourse to i8ochoric impurities in elemental semi-
a theory by Lucovsky has been made, conductors. For compound semiconduc-
However , the va lidity of this theory tors the pseudopotential approach falls
is very questionable. M. Jaros (on apart since there seems to be a lattice-
leave at the Univ. of Massachusetts site-dependent screening effect as
and supported there by ONR) has recently well as a need for site-dependent Bloch
made some progress in this area by using functions. The conclusion follows that
a pseudopotential calculation in a many- EMT is not the approach to use for the
band theory . He is just beginning to general problem. It fails for compound
apply the theory to deep-level problems, semiconductors , non i sochor ic impur i t ies ,

Jaros di scussed some of the conclu- transit ion-metal impurities , complexes ,
sions that he feels are significant. and vacancies , and it can ’t deal with
In any band-theory calculation , it is lattice-distortion effects.
important to consider many-valence bands Transition-metal impurities in semi-
and conduction bands in determining conductors present a separate problem.
the impurity wave functions. As a re- John Allen (Univ. of St. Andrews ,
suit of localization of the wave func- Scotland) discussed some of them.
tion , Franck-Condon sh ifts will be large. Because there Is a new dimension to
The wave func tions are relatively in- the deep-level problem as a result of
sens itive to the strength of the poten- the highly correlated electrons ,
tial . The theory has been applied suc- Hartree-Fock theory is not useful , be-
cessfully to the oxygen-impurity level ing a one-electron theory. The picture
in GaP , which Is 0,9 eV below the con- is very unclear , and so Allen was able
duction band. Energy levels are in to discuss only very general and quali-
agre ement with experiment as are photo- tative features of the problem. He
ionization cross sections. The photo- made a point about crystal-field theory
ionization cross sections for gold in and transition-metal impurities in some
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Il - VI and CaP com pounds. f-Ic showed mention was made of the low-temperature ,
a smoo th  monoton ic  inc rease in the persistent photocurrents in GaA 1As ,
c i v - .tal -fie ld-sp litting parameter with discussed by Lang.
increasing d-she ll occupancy in some My personal reactions are summa-
~r ;insi tion metals. He suggested that rized by saying that the research area
the impurity atom retains its identity of defect chemistry in semiconduc to rs
in all the systems studied . These and has a new potential for growth. The-
other empirical observations suggest ory and experiment have developed a
~ome possible theoretical models worth long way and now need to get clo ser
trying, In each case they will be together . There are numerous scien-
calculations in real space and not the tific problems of interest sith great
~-~~~ace formulation from usual band relevance to technolog ical developments .
tl~eor . One niodel starts with a free The outstanding problem is that of
itom modified by crystal -field split- knowing the structure and env i ronmen t
ting (transition model), with the Stark of the defect . One can do all kinds
effect and bonding-charge distribution of experiments and make all k i nds of
included. Other approaches suggested model calculations , hut , until one
are the X~ cluster and the LCAO (linear knows exactly what the nature of the
combination of atomic orbitals) methods, defect is—i.e., simple , complex , de-
\l1 of these make calculations in  real formed , or whatever— little understand-

~pace . ing will result. (La rry R. Cooper ,
Professor G. Watkins of Lehigh ONR , Arlington)

University (an ONR contractor) elabo-
rated on the use of the I~CAO approach ,
feeling most strongly that this tech-
nique is very well suited for the deep-
level problem . It g ives energy levels
and wave functions , handles lattice SOME ELECTRONICS AT C II ALM L RS
distortion , w ill account for many d cc- UNIVERSITY OF TECHNOLOGY
tron effects , and is a practial calcu-
l i t  ion al scheme. The LCAO technique There are three Departments of
applied to solids has been deni grated Electron Physics among the t uselvu in-
in the past as not g iving good hand- cluded in the School of il e c t r i c a l
structurr results , particularly conduc - Engineering at Chalmers ltniv c rsitv
tion hands. l~atk ins countered this of Technology , Gothenbei~~, Sweden.
by g iving examp les and saying that , if “Elektronphysik III ,” headed by Pro fes-
done properly, both conduction- and sor .1. Torkel Wailmar k , deals u~ith
valence-hand calculations give good the physics and app lica tions of solid-
results, Some of his comments ~e1ative state electronics , ei~ip ha si :ing the
to cluster-model calculations were sec- development of nove l ~eu ’ticond ucto r
onded by M. Stoneham but with reserva- sensors for special use~~, the under-
t u o n s  about availability of appropriate standing of semiconductor surfaces ,
input-parameter values and geometries, and the exploitation of some relativel y

The concluding presentation was strai ghtforward electronic m eans
titled “Unsolved and Bizarre Phenomena for medical and biochemical studies.
Related to l)eep Levels ,’ and given by A fe~ selected developments in these
C. Henry of Bell Labs , Murray fu ll , areas , observed during my recent visit ,
N. J . lie discussed the multiphonon , will be described.
nonradiative decay process proposed Wa llmark himself wa~ the ori g ina-
by Lang and Henry to exp lain phenomena tor of the use of the “lateral” photo-
in GaAs lasers. The effect is corre- effect in semiconductor photoce lls
lated with large lattice relaxations ~o perform “position- sensitive ” detec-
and is related to large motion of de- tion , i .e., detection of the position
fects. lie then extrapolated his obser- of a light spot imaged on the cell
va tion s on large-lattice relaxations surface [Pro od i n o IkE 4 5 , 4 7 4
by saying that even many substitutional (1957)1. Although W . Schottky had
spec ies (i .e., ox ygen in GaA s, sulfur discovered the lateral pho tO~~l t c c t
in GaAsP , etc.) must be associated with almost thirty years earlier , he had
surprising amounts of lattice relaxa- confined his attention to its theoret u -
t ion . Other areas discussed were the cal Implications and had not proposed
dark-line de fect in GaAs , which has any application for it.
been discussed elsewhere. Further
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The photoeffect usuall y dealt with junction will not he at its “dark”
in semico ductor detectors is the “trans- equilibrium potential , and holes will
verse ” effect , wherein voltage (or cur- flow hack into the n region , wher e
rent) is developed across a p-n junction they constitute minority carriers .
that constitutes the essential part Thus , as shown in 2 (h), a later al
of the detector. A potential difference field V~ is set up in the n region ,
can he set up parallel to the p-n junc- attract ing the majority carrie rs , the
tion , a— well , unJi~r certain circum- electrons , towa rds the point where
stances , and it is this “lateral” volt- the holes have been reinjected , and
age  that g ives the effect its name, the two charge carriers recombine.
Fho lateral voltage is due to the dif-
fusion properti es of free charge-
carriers alor .g the p-n junction. The
~o-c alle d “surface-recombination ” or
“o.i rr ier—l njection ” mechanism of this 9 4 8
ef fect is most easily illustrated in I
~.u1lm ark’ s original example of a zero- I
b ia sed germanium photocell , such as ‘

~ _____ ____________

~h i t  shown in Fi g. 1 , illuminated by
a ~c o t of l i ght focused at the junction . I

~ r~gton.

~ 
~‘kI 

_____________ 

(
~

)
~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~%~~ sx~

bo.u’conbGt ~a.ss

— — 
e eI I 

____
P ~~~~~~~~~~~~~~~~~~~~~~~~~~~ N

Fig t. WaLl ~~~rk phot oc.LL
2.. Char9s movsn’an~ w~d~ po~en~ a~

Ihe fi gure illustrates a junction s tbtPbton VL for ta~.rQL
hetsa-en an n-tyke region and a more ~i( ; iv i ly doped p - ty p e  region , the con- I
d uct  i v i t y  of  the l a t t e r  being so high
i l it  it is effectively an equipotential Similar considerations hold for an
i - i o n .  When a light spot is focused n - p  junction , hut the direction of
on the j u o c t  ion at the point A in the lateral field will have the reverse
Fi g .  ~(a )  below , free electrons and -ense . Walimark showed that correspond-
hole s ire fo rmed and injected into the ing results are obtained from any gen-
n m d  ~ regions , respectively; this eral kind of junction between materi-
‘ep arat ion of charges gives rise to als of different conductivity—n t -n ,
th e normal “transver se ” photoeffcct . ~~~~ etc.
lii the hig hly conducting p~ reg ion , Returning to the cell shown in
however , the holes w il l  quickly redis- Fi g, I , we see that position-sensitive
tr i b u t e  themselves un i formly. At points detection is accomplished by measuring
such as B, B’ , Ic’, theref ore , the n-p t the net voltage that appears across
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the two ohmic-contact base tabs . If ship, or a person—and a camera focused
a spot of light is imaged exactly at on a lateral photocell detector allows
the center of the cell , the lateral the positions of the diodes to he fol-
voltages set rip between the center point lowed in real time . By time-division
and each contact will cancel each other , multiple x ing, the system can he used
arid the measured volt age will he zero; to monitor the position s of up to 30
h ur t if the lig ht spot is moved nearer f il l s simultaneously. The company ’s
to one t i h  than the other , a voltag e literature describes a numher of
of the appropriate si gn and magnitude int e r e sting applications of the sys-
w i l l  he measured , which is the di ff- ~r- tem , and II ..!. W oltring (Laborator y
ence bet isc en the two lateral voltages, of Psycholog y , Univ . of Nijmegen ,
If the cell is provided with another Holland) has explored a - imp l i f i e d
pair of ohm ic— l ’ ;m se contacts at right version of this device , constructed
o r g i e s to the first set , an appropriat e from other commerciall y available
volta g e wil l  s i m i l a r l y  he developed position- sensitive cells , as well as
hetween the second i ’  I r , depending the SI I SPOT system it sd 1, and has
on the disp lacem ent of tire li ght spot ii l o t  r :ited the poss ib i lit lOs for
from the center alon g this axis . In human —motion studies by this means
p einci l le , then , a ‘‘J ier l— ; m \ i s ’’ Wa limark— IB :ole~’

, “ t o  1 , 132— 14 6 (1974);
t~ pe cell , used is the detector in an 3 , (‘S~~~ (19ThH.
op tical sv~ tem with appropri ate circuit’ Another clever application of sem i-
ro , can locate the position of a point conductor devic e s in llek tronp hy s i 1~ I I I
lig ht-source in the object plane, is the development of a hydrogen-

Similar late r al photoeffec ts can sensitive \IOS (m o t i f — o x i d e  sem i c ,ri j u c—
he obtain ed when the photocel l is used tor i tr ansistor. ~i .S. Shicaraman has
is ith -i bi a sing potential , hut in this recently comp leted a doctor ! thesis
case the surface-recomb jnation mechanism on this research (Chalmer s Fe ch nisil
is not nec es - ari ly t 1 operative one Report No. 68 , O e c e r h e r  19~ 6), a iried
and other effects can  dominate, The out in col lahorat ion s I th K . I . Luinds t iN n ,
p ho tocell isirame t u- r~ — th e magnitude .~1. Svcn sson , and others. The t S i  5

of the hulk semiconductor resistance is an introduction to and ~u 1 z a r v  of
and other added re~~ist ;rii c es , and the si x p ipers which Shi va raman has co-
bound ary sl i ap c - -— --a re involv ed irid strong— authored on this subject , the ft r st
lv affect the 1 ir r rity of the lateral being the init i a l  descri ption of ~liep hi t oeffec t in this mode of operat ion device in the .T~ 0 0 0 3 1  of - l:~~i i z
f - See an al y sis by II. ). W oltri ri g , ~ i ~ ‘~~~~ — 4t , 8Th (1975), and the last being
a- ’ n IEEE I I)—2 2 , 1’S 1 (1 9 1 5 3  j - a paper ent it led “Chem i ca l React ions

L.f . I j ridE~TiiEand G, Petersson (Di- on Palladium Surfaces Studi r d  with
v i s i on of  A pp li e d Ille cti - o nics and Re- Pd—MO S Structures ” submitted to ;~ar—search l ab orator y of Electronics , fo -ie [ -‘ n’ .
( i i  I n e r s , respect iv el y) (rave described Ihe initial paper descri b ed an
e x  t i mely lin e ar o i thin 0. 1%) , h i gh l y  ~~~ transistor in which the convent iona l
s e nsitiv e (‘.6 A/ h ) , and hi gh—resolution a luminum gate is replaced by p a lladium .
(I part in 5 x 10 ’) position—s e n s i t i v e Hydrogen eiec u l e s dissociate in con—
detect ors made by care il attention tact with the Pd , and the H ato~~ dis-
to the resistivity of the silicon used , solve in the Pd metal and mi grate rap-
by u -c of ion—implantation doping t i  i dly  to t i e  met al— S r0 2 interface , where

rn t i e  junctions , and by precisely t (cv a ia ad 1orbc d and g i ye rise to
defini ng the :ictivr’ are- i by means of a di pole layer. This layer changes
3ippropr l ate p hotour ;is k lu g and etching the w ork —func t ion difference hctr .oen
tei hni qrre s [;.  3 ’  - t 1  n i  E/,  ~rori i . —  the metal and the semiconduct or and
vi - “ - - - i Te ~~~ ~i V i ; e g t  , pp. hence changes the threshold voltage
•fl ’M— 410 (lu’b J . of the transistor by as much as 0.5 \ ;

L,p ec ial cells of this t t pe ire used this change is m measure of the hydro-
in the SI LSPOT ( “ S e l e c t  ive Spot Recog- gen concentrat ion in the amhient at -

flit ion ’’) system , a comp lete optoe lec— mosp fre re . The react ion is rever sib le ,
tr onic mov ement—monitoring system mar- the response time is rapid (of the
ket cd by the Selective ill ectroni c s Corn - order of a minute or so when the de-
pany, Box 30 , M8lndu l , Sweden . in this vice ’s temperature is 150 °C), and I ppm
system light—emitting diodes (LII)) are of hyd ro gen  in air is easi ly detected ,
attached to points on the object br ing wi t h  - t i l l  greater s en s i t i v i t -  when
inv es ti gated~~—a t e n s ile specimen , a the major component gas is nitro g en
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or argon. (;ases containing hydrogen over a wide range, The method is not
is a constituent (Nil 3, H2S, and others) limited to the particular type of ma-

c i i i  a l so  be de tec ted , the Pd evidently terial studied hut could probably deal
c a t a l y t i c a l l y  decomposing these gases w i t h  any other react ions  invo lv ing ad-
to give hydrogen , with the effect de’ sorption or desor~ t ion of molecules
scrihed above. Also , since a sm all on electrodes.
imount 01 hydrogen is evolved when most Lundstr6m and G .A. Corker , a visit-
ordinary m a t e i r a i s  hum , the possibility ing scientist on sabbatical from the
of using the Pd-MOS transistor as a IBM Watson Research Center (Yorktown
fire alar m was inve sti gated and found h e i ghts), have recently comp leted cx-
i he fe a s ible. A~ is evident from tensive studies of photovoltai c “sand-
t h e  t i t l e  of the second paper cited wich cells ” containing microcrystalline
above , Shiv araman has investigated the chlorop hyll a. In Research Report
fundamental chemistr y and phy sics of No. 42 , Chalmers Re search Laboratory
t i e  processes involv ed in addition to of I~lectro nic s , June 1977 , they corn-
exploring potential applications of pare cells mad e with chrom i um and mer-
the device. cury electrodes with those made with

fhe interest of Ilektronph ysik I l l gold and mercury electrodes. The re-
in surface effects has led l undstr ’dm suits of their study of the ac and dc
and Hans Ar win to develop a simple elec- electrical properties of cells of both
tric method for measuring er.:ym atic types lead to very interesting conclu-
a c t i v i ty  [i~~-~ ’ . i o ~~. m et - i ’. 47 , 1394 sions , among which are the follow ing:
1976) in con junction with the Peptide the chlorop hy ll layer is not a semicon-

Research Group at AR KABI in Mölndal. ductor hut an insulator with a large
Ihe latter group is inter ested in de- number of traps ; holes are the princi-
:ect in g serine proteases (thrombin , pal dc charge carriers and are also
tryps in , p iasmin , etc.), and they have responsible for the ac response; the
Jevel oped a substrate material , “ 5-2 1 6 0 ,” current , whether ac or dc , due to the
(N -hen zoyl-L-ph enyla lany l-l-va lvl -L - hopping or tunneling of holes. Other
;mi :inrrie - I’ -nitroan ilide), a synthetic papers based on this research work have
po l ipe ji t ide , The sub ctrate is Irydr o ’ been submitted to the ,~~~ r r .a l  o f  P~. c t o—
I y :ed by the pro teas e s  as m d i  c a t e d  ‘u ~-: 0t  i i  a n  -

~ P h o t o ) -  i o l o g i
in t l ie equat ion (James I I . Schulman)

- , ln :v rne
Bz-P he-’~i l sii Q ii ~

‘ ‘ N 2 16 ’ ’ ’ ’ )

3: i,e- \ ml - \ r g - C ) H  + )l~ N - 9 NO~‘ ‘ p - “ ‘ ‘  ) TIlE G IC I l l  RSF RISI ARCII CENTRE

The Ii ir s t Research Centre in
Wemb ley , Middlesex , UK , is the c eu tral

and the para-n itroani line )p NA) formed research facility of the Gener al I li-c-
carl lie detected by its light ahsorpt ion tri c company Limited (unconnected with
it 405 rn . Arwin and Lundström use Ci: hut sometimes using a logotype just

-i simpl e el e cti - ica l method for mea sur- like Gil ’s except for the addition of
jug a c t i v i t y  so low that i t  is bare ly a C). It has been thoroug hly Jm sciibe d
detecta b le by the optical method. They in the September 1972 a n d  1914 issues
observed that the ,rii ,strute S—2l60 is of Ear ’e~ - .~~ o ~~.ie~r t i f i o  V a
adsorbed on Pt electrod e: inserted into 26-9:246 and 28-9 :3221. The present
a solution containing the material , report therefore merely up date- some
the adsorption being detectabl e as a 01 the pr eviousl y p ublished information ,
change of the capacitance between the with part i cular emph asis on thc Fe b
t i electt ’odcs in the solution. If communications Division , one of the

smal l amount of enzyme is added to six now comprising the Centre.
the Solutio n , hydrolysis takes place The Microwave Division is resiron-
it once , the coverage of the electrod es sib li’ for research , development , mud

l v  i l - o r b e d  molecules decreases , and p ilot production of microwave comn po itun t—
rh capac i t m n c e  between the electrodes m d  s u b s y s t e m s  for com m u n ic m t ions ,
changes ag ain; this change tan he used radar , and avionics use , while t i r e
ii inr ’ :m - ui re t lie enzyme concent rat ion 11 oct mo—Opt i c s 1) lv i son i s c ’fli e ined
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w i t h  d i - 1 l avs , optic al fiber a i r d  a s s o —  ; m l s o  i n v u r l v u - d  in research stud ies t i
c i i t e i  compon r:t  s , l as e r s , an d lamps . i m p r o v e  the  pe r fo rma nce  o f  i na l o r3 r i e
ihe M i c r o e l ec t r o n i c s  D~ x- i s ion  is i n —  ra d i o  - y s t u - i l i s  in low r — t  i u - q r o - i i i v  bands ,
u~ ’ l ve d  w i t h  t h e  use of i n t e 1- r a t e d— it p resen t  c o r i c e n t r i t  ing on 2 — r i ) :  in-
c i r L  t i l t  a r i d p i c : r i t - Ie c t i ic t e c h n o l og ies t e g r a t e d  t r 3 m r i s i 5 t o r  a m p l i f i e r s  m d
and the i i app l i c i t  ions , pa r t  i c u b a  n y  l o w — n o i s e  pii ; i i : i~i I i f h - r s  at  6 Cli : .
in I i~~ f i e l d  of  med ic o  I d i a g n o s t i c s .  A I 2~~— M ) i  i t / s e c  di g i ii v o m n  i al
N y c  i :-  w o r k  of ’ i ll t ~pes , including I inc s y s t e m , l o t  w h i cii th e iii i i n - i l
la rg — s - ,i li- at (om: i t  ion , is handled r esea rch  w o r k  w a s  c a r r i e d  o u t  iii t h e
hs t i e  Eng I nec r i img I)i I s  ion , w h ichr 31 1 so Di g i t  m l  Cab le  Pro j  cc t , is  now- go in g
p rov i des e n g i n e e r i n g  Suppor t  for the into p r o d u c t i o n  f u r  t i r e  h i l t  ish l’ o - t
C e n t r e , w i r u l t -  t h e  s c i e n c e  and t echno logy  r r l f j c i  and u s i l l  he u p - r a d e d  t i  t he
o f el ;i is  and a 1 1 i i s s  , ceram ics , ~

- l a s s , I-I U— Mb i t/ s e c  s t  in d 1m r i  . Meanwii ii e t b
and polymers , to e t h e r  u s i t l i  phys i  al group is d e v e l o p ing syst em des i gns
an d c h e m i c a l — a n a l  c ic techn i queS , are and c i  rcui  t t echn i ques for c o i  x i i i  —
c o v e r e d by the  \ I m t e r ia I s  S c i e n c e  cab le  I rans irr ission at 56 (1  M i ’ i t / s e c ,
Div is i oii • the next h i ghc r standard mu It i p l cx

The Tel  cc omnmiiii i c a t  i ours Div is ion , rat  e • F ire i r e x i l e  rt i se is also l v i  ii -
w i h  a t t  Ii of 60 peo p le  w o r k i n g  in able to the  Opt ica l  Com rru in ic . it  ions
I f l i s t  for  the m a n u f a c t u r i n g  o r g i m n i :a —  P m o j c c t  team , w hich is i n c o r p o ia t i m i g

ion CI (  i - I c c  01:11-lull i cat  ions L i m i t e d , f iber  produced he I he [ i c c  t r n — o pt ics
c o n s i s t s  o t  se ve i m Groups entitl e d  S s -  D i v i s i o n  in an 8 . 1 4 5 — M t - i t / s e c  o p t i c a l —

l i i  Th u- ic , ‘ l ie  row a x e  Radio , Di g i t a l  t r-a nsm i ss ion sv t i  1:: , that (rI ms a pot iii -

Nw i t  c )  i ng , High— - ; - e c d  Dig it  a 1 (:oa~ lal t i i  1 use in tire i unct ion ie i ephone
T r : m t i s m i s s r ~~ r , ; - t  c a l  ( 1oi: i~un ic : it ion , n e t w o r k, A I i t — \ I h i t / s e c  s c - - t e r n  is
Ic r- - i n a ls , ari d ( i : ; i r t i - r  ‘r~ip l ic a t i o i r s .  a l s o  un ler  l e v e l ; ~ii r i t .
Th is  Lm~~t Cr0 1111 dea ls w i t l r  the c o n r p i l t e r —  The S~~s t e n i s  S r rul ies P r o j e c t , led
t i ded d r - s i - r i  { t A 1 r  of p r i n t e d — c i r c u i t —  by  1~. ‘-i r c h ; m e l  C l i c t i r i , c uop n ises four

hoar d ( i ’ ( lhr  log i ca l  c i r c u i t s  and w i t h  mt i th c ’ : i ; i t  i c i m r i s  ar id  t w o  p hy s i c i s t s ,
t he c o m b - l i t e r  co o t  r i b  of  communica t ion  m u d i s  c n r r c t - r r i i - d  r 5 i t h  i n v e s t  ig i t  ions
ne t . ,i r k s . lenr : i una ls for domes t i c  da ta  c o v e r i n g  a i r r i u - l s  o f  c o m m u n i c a t i o n
se rs i ce  and b u i l t — i n  T V — s e t  rd i i i t e i  - - systems . inn r n e : - : l i r s  o f the  t e a r : ,

i \ i ew di t a and i ci et c x  I I ‘. I — 2 :  12) f I r.  P e t e r  (:0 11 ins I w i  t ii a ( ar;ibr i ui ge
a i r  some of the c o n c e r n s  of  t h e  s e c o n d —  d i  t o r  i t i  in h i gh—e ri er g~- p irv ~ ic s )  a n d
f i t  grou p. ‘ - ( e r h i i ,c et t , :i re it  pr es i- rit n or k i ii

ito- I)i i t , m l Sw i t c h i n g  Group is  c u r —  t o n i r ds mo l i- e f f i c i e n t  use o f  b a n d w i d t h
i e i it l v  wo r~~lng on ( 1- — i-cry d i g i t al  t r a~i~ b r  d i c i t ; i l ra dio s y s t e m s  c a r ry i n g
n is s  ion ove r  a s i ng le  pai r-  o f  w i r e s  t n e — h i v i s i o n — : . : i i l t  i p le x e d  (FIlM I t i l e -
6 - . sr-ai r s o f t ime  d i v i s i o n , i .e . ,  al ter— I’ 1 oire coci mrirr i c ; i t  i ons  and ire c o m p i l i n g
n i t  ing in t i n e  l u - I n c i - I m  t ire t w o  d i n - c  the pe r f n rmr r ~iri cc of  p a r t  in I— r e s p o n s e

ion : . Another of t h e i r  t a s k s  i s  t i e  y t e m s  w i t h  that of  s y - t e m s  emp l oy i n g
deve l o y : r r - n ’  of in( ’xp ( ’n: ;  rye d e v i c e s  for dec i s i o n  f e e d b a c k .  The b : i t  t e r  0 : 1 1 -
t he c o t l v e r s l i i r  of  s i g n i l s  b e t w e e n  a n n —  niq iie i nvo l ves  subtractin g the future
Iog i ii  and d i g i t a l  forms in e x c h a n g e s  int e r sv rn h ol i n t e r  fu-r e i t cc that re s r i lt s
and ‘ c lep hon( s e t s  i i  homes and o f )  i ce s , f ro m t he i lre~id det ~ - r i : ined - y s i ) ’ , l s ,
is a par t  o f t i re w h o l l y  d i g u t a l  ne tn i rk w h i l e  the fo rmer tech ni que m i - i s  a t

w h i c h  liii Br it  ish  Post  O f f i c e  is de~~ - l -  s li q ing the  i n l i r s v n r h ’ i i i  i n te r f e r e n c e
o p i - - . lh is  te mi r  is a l s o  1’ v c i o l i i r r ~ (due t o u s i n g  an unu i i i l lv  smal l  h i n d —
in H pt i ve  e c h o — c a n c e i e r  t i m  b c - r i  w i i l t h )  so is t i  ( l i v e  more than  t m . i ,

mrr: i luguc ne t wo r k~ t P  i t  101 luJe ‘ ‘ l i r c i j i —  (e.g., th ree)  di f f e r e r i t  p o s s i b l e  s i g
e . t e i i d e i ’’ amp l i f i e r s ;  u c b ~i,s w i t h - b l u r t  nal v o l - i C e s  :mt the d e c i s i o n  t i m es ,
de l  a ‘-. resu l t  he m r  f i moS I a l a  lance in each rep re - e r r )  i ng some unique c I i nti -
the ‘ ‘hyb r id ’ ’  c i i i  ui t  t l i m t  enables t h u  t ion of p r ese n t  arid p r e c e ding s y m b o l s ,
amp l i f i e r  Iii so rvt -  l i t  ii d i  roe t ion -i of  The r i - i t  of  more th a n  t w o  l e v e l s  reduces
t r ; m i i s r r r i s s ion s i m u l t a n u - i i - h  w i r l i rt  t h r i t -  1 i i c i l r g  (ca l l ed  the  ‘‘ i v , - rr i ) e m r i n g ’ ’ )

undue) fec dh ;mc k in) ’ i t s e l f .  m u d  50 i r i c i r a s e s  the s r i s i i ’~~t i h i l i t y
Ihe M u i rs:mve Pod i i’  Group is , f e v u - 1  - t o  n o i s e.  De c i s i o n  feedback m s  more

o p in i g hi gh — - p e e d  d i g i t a l  i m d i o  equ ipment  immune to weak n o i s e , hu r t , as the n o i - e
to op e r a t e  m t  11 o ; f l  amid 19 Cii , tiiid g r o w s  s t r onge r  and  c a u s e - i  i n c o r r e c t
is  c u r r e n t l y  us i ng  loca l ly  i n . t : i l i ud  d e c i s i o n s , t he e f f e c t - i  o t  t h e s e  e r ro r- -
t e s t  l i nks  to i s s e s s  the e f f e c t  of p rop -  can Ii rr l ; m g a t e , caus ing a s h r m r p  drop
i g i t  ion l !o-r i~nnena a t  75 Cli:. They arc  i n  pe n l i i r r r r a n c e .
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- h i - r  s o t -k in  pT i ) g r ( ’ s t, urmth- r Sy s t e m  - r f undamenta l  s i n us o i d  of unit
S t u d i o s  c o n c e r n s  er r i m — r a t e  monitoring amp I it ide -

for c m  ia 1 t ran m is s io n  , j i t t em and The I i i  rs t Re -i e:i rch Ce nt me h -m s
i t ~~ ;mcsi ir sii lat i on in regenerator chains , s e rv e d m s a t ra i n i n g  ground for s - a ny
~‘e r f o  rr’l:i rt~ e stud ies of h w -  and hi g h— well known peop le in the  f i e l d  of con-
spee d o p t i c a l— f i b e r -  t r a n s m i s c  ion , and munica t ions , suc h is P r o f e s s o r  I ii  in
5 p r o s i m a t i o n  t e hni ques in queuing Che r ry  o f  Im p e r i a l  l i l l e g e , london.

i :  w i t h a p p l i c i  ion t i  the c- otnput’  r R. C . ~Ii i t ) i u rs t  h i )  h - ; ided ( I i  S v s t i - m
c o n t r o l of t e l e p hone exc ha ng - s .  fheor~ Grou p ( now - ca l l e d  Sy~~t e n  S t I l l-

Recen t  problems i n v o l v i n g  nionl inear i e s )  f o r  many y e : m r s  be fo re  hi h e a t h
si gn i l processing Live included the in l 9 1  . -\nnr r1~ t hose he hel ped to
di r u - c t  di S i i i  Ii :at ion of a fne ; 1 ;ft y — t no in was  John II. Rober ts  , now at
d i v i s i o n — m u l t i p l e x e d  (FIIM I s i gna l l i i -  P le ss e  A v i o n i c s  and C o m m u n i c a t i o n s ,
c’ - t her w i t h  ; l i t  tones (w h ich  w e r e  Roke ‘-hu ron , Pi i r : isev , l l : r t n i i : h i re , the
pr ’ - h ic ’a h ly  b i r d  to  he t r l i r r o i t t r i ; r l I !r i ’ r o f  the rsnnro ~~rap h l : r i~ !- ‘

r s ac ( i -- n i  ly desp i t e  t lie i r being 1 st -I l k— - 1. ii , i wit pub i i shed U t he I not  i tu—
em t han ‘ he quant i : : mt  io n—s i - I -  s i : e )  , l ion of  I Ie c t r ic : i l  h ng i n c - e r - - ( 1LI:j ,
an d t b  U l l a r ac t u - r i z a t  ion of a m ion lj ne ; i r - A ni t her :iutioor , at  t he i b i r s t  R~~-- c i r c h
i t  i in t s of  it it - u - a  s r i r c d ie-ipo ti - 1 ( -r i t n -  since 1:168 , i s 1)ona I d Bear ,
to  - m pair of l i n t - s  ra’ b ier t h i n  its w h o s e  hook P r : c ’ r I -  Zoo -

o r i t pu ’ - v e r s u s — i n ( - u I v n lt : i s :e  curv i- . ‘~~ t : -  r :  ~‘r’ ‘~~- ‘ : Z ’ : ,- - - - - was publ ished
Suc h a c h a r : m c ! e r i : i t i o r i  is c lo s e l y  l a s t  year  by the lid: , — t i ll ano the r
re in ’ - - ) t o  t he n o n l m n i - i r i t v ’ s r c t r i : i l l ) ’ b  ILL monoe . r i p h , t’ ; r ~~~:l  T, ’: ’: .n - — / a —
p e r t i r n : m ; i c c  In ;‘ r- i’ i r i c r n g  i n t e m - r i e d r i l a —  .- u i n n ;‘ , no , s i m s  w r i t t e n  by P.

~ iil m u d is t i tus  :t i c l r  more tmc cu m - :m t e  Pc la nob  i , who has been at the IIRC
for t h i s  p i t -  o . lh is  L i t t e r  w o rk  s i nce  bib S , and I).G. l~. In- - n a n , who
on t~on Ii rica r i !  l i - 1 w a s  done foi- the w i  - the ri I : - : -  l i t  8 to  19
I ir - i r ean S pace R e s e a r c h i r i : lm rr i:a lion It can thus he seen tha t  t he  I c  I re

r o w  an i n t e g r a l p a m (  o f the contin uieti t o  he an e x c i t i n g  p l ; rce  for
I i r H iJ c : i f l  Sp :ice A g e n c y )  , Nordwij  k , the t r i g  inee no and mathemat  i ci air s to w o r k ,
he t b i e r  I ands , I I ro ug h SI C — M r  rcon i S lilict ’ t ough some of t l ie S move c i  sew- he re
l~ 1)e fcnce 5 y t  en-  as prinme c i ll! r :m c t o r .  for advancemen t , t hmis en r i ch ing  (her

A n in t e r es t i n g  lilt 1 e prob lem t h a t  organi :at inns ’ -:apah i lit ies and h r i b e n  -

had been g ix - c’n to t he S~’s te in  S t u d ies  ing SI (‘ s C o n t a c t s ,  ( N e l s o n  ‘ ) . B la chman)
team was t 0 ic ;:etienii t ion of a s inusoid
o f  sor tie des i red f requency by h u n  —pass
f i l t e r i n g  a v i l l a g e  t h a t  is  s w i t c h e d

t H i l l y  l i t  s t - i - n  • 1, the cr i t e r i o n
ii f opt  i i :  :1 l i t  y lit ’ i ri g i c i  im m m t  iun
of  ImS mar r y  l is e i — i  m i t - i  ha rrnon ic s  i s
l i - s  ihi e for a gi vei l  n u m b e r  of trans i - (d C— M - \ R CO N I

__
Rh . Sl A R ( l (  LARO RA TOR II S

lions l - e t i s e t f l  i) t’t- r cy c l e  so a s
T o  m in im i  :e the d m- ri a mid J i b e d  on the -

f ij i  y r , CIa Vt  on found t ( l I lt  I I to  th i rd The Ma nc on i Re-t ea r c h  h~ ilici r i  tories
him  m uo n  i c can  Ire el m m  it  i d  by us ing in Great Badd sw near She irri s ford , Ls s e x
4 i n s t e a d  of the minimum of 2 t r a n s i -  Ilk , an te d i t e  ‘hir coni’ s nc- r~ er w i t h
lions to - n t i c  b e , an d t h u  f i f t h  and s e v —  the Ge nera l I l e c t n i c  C o m o r r i , I r ig l is } i
1 1 t h  ha rmon i c s , liii , cli ’  tie removed :1 c c l  r i c , A l I , and LII io I t  -rot hors
1 :m p J i n l r [ n i a t i - l y  local iii - 6 or B tran s i— A ut u i ri ration . I he serve Cl C— M a r c o n i

i uri s per eye be , it the fundament ii 1 ccl ron ics l i m i t e d  in such d i v e r s e
com ponent i- i  then  n - I i i c e d  liv about 2 dB a m - e m s  as b r o a d ca s t  t r i g ;  ma r i n e , t e r r e s —
in ir ip litude fri r- i t s  m: i \ imum v a l u e  t r i a l , and aerospace communication;
- 1 /- , w hic h is obt a ined wit ) 2 t i - iiri~~i —  g round— ha iu u- d , sh iphorne , mil d a i rborne
ions c r eye Ic. It is my co n  i ect ure radar; navi ga t i ‘r i run tell it vs ; a i rena ft

that , is t I e  number of  t l r l r s j t ions control; and n- -apon guid :ii rce . In ad—
per c y c l e  is i nc reased  anti more harmon- d i t i o n , t hey u n d e r t a k e  r esea rch  for

e s ar e e l i m i n a t e d , the fundamenta l  such bodies as the Luropean Space
amplitude w i l l  a l i b r il ich unity , repre ’ A gency (I SA) defense ministries , and
se ntin i a loss of 2.1 uB . The switch- posta l-and-tele phone agencies.
ing h e t w e - r i  ±1  thi n In comes very rap id Mv one— tI m v i sit to th~ I i b o r a tt i
and mi ght be zi rr ;mn rgeif ti ’ produce a s h o r t -  r i e s  c o n c e n t r a t e d  on t h e i r  T h e o r e t i c a l
icr Ii :iver:ige value equal to that of Se rvice s Support Group (TSSG) , which

3 4) ,
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is headed by Mr. J i ’ sm- p h  K .  S k w i r z y n i s k i , a f t e r  f i l t e r i n g ,  R i c h a r d s  represents
I d e  m u it bo m i t  .mu ~~~ ’: 1, - e r  HI-! :~~ t l  t he input n o is e  a t  the s e v e r a l  t i m e s

r S~ ‘i’i~~ F r ’ ? , r ’n  1 mr u No strand- in terms of independent normal random
R e i n h o l t , 1 9 ) 5 ) .  lIe is a l s o  s c - i l  know- ri v a r i a b l e - s  ( w i t h  d i f f e r e n t  v ; m r i a n r c e s )
Ic r h ay i n g  on g ,m n i :ed s e v e r a l  NA! I’ Ad-  by me tmir s  of  -- e ( i e n u  t ia 1 Sc l rm i  dt or thog-
uan t c i  ~t udv Inst  it lit es  , t he lat c o t  ‘ri m ii sat  ion - be c m l  c-ct ures t h a t  i t
( ic i ng  t hat  on ( o r u m n i m r i 5 a t i o n  Sy stem s w i l l  be useful  t o  app ly the non l inear -
m n )  P m ~~~’on P r o c e s i t  t h e o ry  , 8— 0 AU g USt  i t  y to  t hese  independent i i p ri t — n o i s e
197” , mir  Darl lngt o n , C i t y  Durha m , va l ut- - and then to  r e g a r d  t I e  ou tpu t
I ng l r r d . noi se as being produccd b y passing the

The FSSG , w i t h  30 e n g i r r e e r - , mat he- n u- s u i t i n g  inde nendent i i iI ; i i t  va l ues
mat  i t  i a r io , m n )  b o - - i c i s t s , compri ses t h roug h a f i l t e r  tha t  s- i l  I ‘ ed u c e
f i v e  s e c t  ions:  \ ) v n e I  s - i i i ct i t i o ns  t h e  o u t p u t — n o i s e  s p e c t r u m  d e t e r m i n e d
m d Con t ro l , A n t e n n a :  , I . I c ’ c t  : i r r i i i - n e t i c  from the ou tpu t  c o r r e l i t  ion f u n c t i o n .
heorv , I- u t e r i  mil d l og i c , an d M r c r o r s a x s -  Other w o r k  in R i c h a r d s ’ S e c t ion

i , c s . T he I i ns t  of  t h e s e , w i t h 3 i r r c l u d es  radar trackin g , co t i m a t i o n ,
or -t peop le in O l x , i  i ced  commun i i  t ions a m 1 dv nrar r i i c s imu I a t  ion , e • . , s m mu i i  -

timi d 6 or in c o n t r o l , is head ed by t ion of ~ ke t  launch ing 1 r i - . - h i ~ihi :i rd
Ilr. Cor don \ .  R i c h a r d s , w h o u c -  own work  or au toma t ic la r t d  ing for Cor ico r  he by
r i ’ - t he  Euro pean S i d e  A genc y ’ it Tech-  t he  i n t e g r a t  ion of nonl i R  ir di f r e r e r :
n ic l i l ( e n t e r , \ i u )i5i j k , t h e  ‘,i - t h e r la n d s , t i ; m l  e q u a t i o n s .  The Mu iPu,IM h i g h— L v i i
cm  the o t t  ‘ut s i g n m I  i n )  liii so front computer h a n g i m g t -  (ut iii: ing FORTRA N I
a fl in t I i rico r i t  v was of mr I cu l a r inter - deve loped by t hi s Sec t  ion f i r  s i mu l a ’
e- ‘ to me . ing com irm u n ic at ion s 5 s t t r i ~- h i s bee n sold

Hit  mppr ach is to express the non- t o  the (o t u S m t  Corp., to I SF0 , m m id to
l i n c m n l v :m~ i n odd power—s e rie s w i t h  groups in — w - ilcn , I t , m l t , inS e l - ’e: , L-r - .
comp Ii- .. coe if  i ci en I — I r a ke icc our t I t i i~ he i rug used in ci~ erm in i ng l i e
of i i — - mmpl i i t . ) e ’ d c - p r - n dent  ~hase  s hi  f t )  e f f t - c t s  o f  i n t - r r m ! u i la t i on , ad i - m ~~e n t —
in r- - of its  complex- m m - h  itude si gnal- channel in terference , noise , and i ;  or-
; ‘ l u - —~~’ i - e  i npu t  -* a + ‘ - ;  he then f e c t i o n s  in f i l t e r s  and modu ba ~~o r~ ~ -on
c x ; i .mt ds the  -r iduc t of jiowers t b -  e r ro r  r I m ! , - - in d i g i t z m l cornnt lu i t t i  i-
i ,- • ,i, ~ 1 9~ ,

~~
) .  . r - p e r r  ing in the l i ons  so t h a t  the r i d  e s s i r v  d e s i g n  s J - t c —

- h t e n :  0)  ( i i ’ -  power -u ’ r i t - s  and m V d i ’  i f i c~it  ions for - v - i t - - - - and t h e i r  con —
m t c S  ( i v ’ -  I the s l I m ! i - t i c s  o f  t i e  no ise  ponents  can he d u - t e r m i  ned ri advance

b ‘ a m  t he ou tpu t  s i gna l ( A  deno tes  of  p r o c u r e m e n t .  ‘li) IiS i’l inc l i !’ : s r i-
t b -  cor -r ; l c-x i r i jugate). The remainder F l Y , w h i c h  permits c ’ r r i g to the Ire-
ut m l , - - I t it r e i r r e s e r n t s  mmoi  so , ii quency domri a in to t a k i -  m c i  ‘ i t  of  t he
R i c l t m rds o ! t m i n s  it s  co m ic bj t  i n n i m i  c i r r e -  e f f t - c t s  o f  f i l t e r- i  and t o  the t i m e  do-

- i  ‘ ion tine i on i ni erms of t h e  input ma in for iron ii ire,, m i t  ies , b i t t  r Mon te
SN - r i .  I i  lou t  i c r  r r i i s f i r r of the Carlo approach  is g e n e r a l  by  rc -qu i red
m v ’  r , m g e  u : m l i e  o f  t h i s  c o r n u - i n t  ion f u n c —  in o rder  t i  a v c - r m g e  over the f l u c t u a —

ion is  t h e  u t i u t — n o i s ( -  p’ - t i- urn , and l ions of s i g n u m i s  and noise in f i n d i r t i
u i- -,;, l i t i u i(in li ,i~~ i -en  inc - !  o r a t e d  suc h q u i m m i t i t i c s  i-  t he  output  si gna l —

in t i ’  ~~‘
. b m m  N b u r r  t b s I inmu Ia ’ ton of t 0—no 15 e rm t io I NSF) or t he  resu l t  i ng

eomn r ; I i c i ’ i rni sc - t e n s .  di gi t a l error rate.
In ~- ) d i t  i o u , R ichar )- ; i s  con sidering Barr>’ ice st has been apply i n g  M (li (NIM

r u .  i - a (io n s for t Ir e r iiliahi iii t v d is  - t o  ~‘L-\ROTS , the Marine (l rh i ta 1 l e s t  S i t  -

( n h  i ’ i o n 0) t hr c I I -x out  i’u~ noise oil i t  e , n h  ich ret r mnr ~ i i ts quate m ary
iS  t he - - u of  a s m a l l  u i - l i - n  ( i s  f e w  phm t m s e — s h i  ft—keyed (QPSK) signals after
m s t i )  Of  ui> ri -i l d i s t n i h u i t i o n s , for non l inear  amp l i f i c a t i o n  invo lv ing  an
i - i -  r n t - r t r n l nr ing th u  e n n r , r  r a t e  of a m p l i t u d e — d e p e n d e n t  phase s h i f t .  The

- i  d i i  i - -l I ‘ i r r i r i u n i  i c i t i omm c y s t  i - :  a It t -  r mi i i lys is is s imp Ii f i ed by not icing
- mk  I rig lit Ci ai r I of i i i )  put f i l t ,  ri itg. t ha t  a high SNR i s requi red in order

he :m~i~ rox i - m t  ii iris Ii e ha - ted  on mat c hi - t i  keel) the error p r o b a b i l i t y  be low
rig ;i s u m  t i l e r l n rn 1 er  iii r r u ’ r n ’ - r u t  s of l O _ 6  , ari d er rors  a r e  due p r i n c i p a l l y

t h e  d i s t r ib r u t i o n ;  t I - - e f f - i t of l i r u - a r  lii down —link noise , which is processed
Ii 1- u r i ng i ’  ri a surnm of norma I random linearly, Thus , i t is neces s m r v  only

i n i m b l e s  is  T h i n  h e t r m i ’ u i r r r d  by icarus to de te rm ine  the system ’s complex re—
of c b r : m i . m ! , - r i s t  iL h i n t  i ions w i t h  t h e  sponses to a r e p r e s e n t a t i v e  v a r i e t
m m d  01 tb i e f i s t  I oni ri e r t r i r u s f o r r u  H I I ) .  of  message  sequences and to e v a l u a t e

I i Ii n~l t I e  J oint l i t  r ihut I ‘‘i i of the the Imrobah iii  t 
~ 

that down—link noise
i i t l i it  noN ~t - t it  s e v e r a l  t imes for u s e  w i l l  move the worst of these to the
i i i  c I t  t r i g  t he s i n g l e — I  inc d i s ’ r i b i i t  ion w r o n g  s ide  of the boundaries of the

c i  7
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d e c i s i o n  regi om i (a i i u m ; m d r m n t  of the corn - among them t b -  f o l l o w i n g .  The App l i ed
b e \  p l an t ’ for  Q I’SK I a s s o d  i a t e d  w i t  in Phys icc Laborat ory develops microwave

t b i  I n  m n s m i t  t e l  di g I • l i i , - p r e d i c t  ions soi id— s t a i r -  devices , li ’s—noise ampi i-
01 m n u r l y s e - i t  iii t h i s  s o r t  h lm v c-  been von - fiers , l a s e r  app l i c a t ions , ul traso’ric
I m ed c x l i i  r b e nt ml ly - d e v ic e s , and ; i c n n n l s t  o — o p t  I c  modulators;

The I In - c t  nom i g ne t  ic h e n ry Section , t he Autonomics l ,ahorat, ,r ; -  i n v es t  ig a t e s
he’~~eleJ by Mr. I .~~. ‘a t e l l o , d e a l s  w i t h  d a t a - p r o c e s s i n g  t e c h n i ques for such
it e m I t  er - i  rig an d dill rat  t ion prob lens , app Ii cat  ions as veh Ic It’ 10c m t ion , t a b  r—
pi n! iculle r l v  by -u t - an t  of  t he e-ometric plot processin g , ye-hi d e tracking, d a t a
) r m  — t rac  r u t ) 0 h t Nh.  some- of this transmissi on and pi i ’-i e- n t i t i o n , int l  au—
w o r k , done b- v  Mi  - - M m  r j o r  ii’ Sadler , toma t id t - s t  ing; and the M a l i - r i m  is A 1’ -
u r n s  m t f i n d i n r i :  t he  I t i m u i n u  p lac en re r t t p l i c a t i o n r - i  ( m h o r a t i n r v  deve lops  e x t r e m e l y

m t  m i r c r : i m t  m nt e n r n m s  t i n  the D o v m 1  -\m r— hi gh— f r e q u e n c y  i n te g r a t e - i c i r c u i t s
c r i  I t 1 s t _ i l -  1 i shnmen t I RAI ) in I i  rnlio r i o - I  , an d he- v  I e l- -i

’ 
stir f t  c- e— a c o u s  t i c — s i  ye de -

wh ich verif i es t h e  Marconn i t h e o r e t i c i l  v i c e s , di g ital memorie ° , d ispla y s , and
p r e d i c t i o n s  h>- mea s urc - u ni emuts on ph ysical detect o r s for- icoust  ic , i n f r : m red , and
mode is of the mi  rc r i f t  arid i t  -i antenna • v i s i b l e  r a d i i  t ion ms w e l l  as  proc i di  r ig
For b o nu > : — s a v c -  mm dc l i ng, the ~-Ilmr con i can on - related services. The Me- c ba rr  i
peo p Ii’ li m e- dove lopetl a w i  i - u - — g r i d  p ro-  ca l  ling inee ring La b o r a t o ry  h a n d  l es  con-
g r i m , w h i c h  i nvo l ve s -ua ’ r i x  i n v e r s i o n , t ro l e n g i n e e r i n g ,  electromechanical
N- r e 3 re - -~e - n m t t he co n duc t ing s n i r f : m c e  d e v i c e s , f i be r  o p t i c s , env i r o n m e n ta l
0) t h e  v ehi c le , :mmr d for intermediate testing, optical gr :mtings , mnd dat a
w avelengths t h e y  ire w r i t i n g  software print—out equi pment; the M i c ro c i r c u i t
i rep ne se n n t m he approach of Dr. S. Assembly Techni ques labora to ry produces
Co rmib l ’ i t  (Physics De p t . ,  Su i r n m - v U n i v .). thin— and thick—film circuitry as we il
Iwo pe ople ire- currently involved in as printed —c incu it — b o :mr d des i gns ; and
- i  er ie - — v ein m a  I vt  i c 51 oily of the cur - the Radar laboratory pur — u lu - s new- radar
re mu t i - p ri duced in an aircraft by mn techniques (e.g., clutter reduction)
d c i  I n ’m agnit -t ic puls e - i i  Ml’) , sucli as for m ii i  tar ; m d  air—traffic—control
mi i ’h i t res ult from Ii it uclear e-\p losion , app l i c :mtion s , and sp re ;mJ—spect rum ap-
in ou d i r  t -  find time resonances that proaches involvin g su rfa ce—tm cou st iC—s:m ye
are m o t  l i k e l y  to Ic- md t o  da mage- of filters , coders , and decoders . The
el ”~~t ron ic systems . f ire- going fa c i l i t i e s , wi th occ a sional

h Ire ~nt c-n i n a Sc-c t ion , tir e l a r g e s t  he lp  from the Hi ro t  R e s e a r c h  Ce n t r e
of  - k s i n : y n i - ; k i ’ s Cr op ,  d e s i g n - g round— (bC’ ;  2 6 — 9 :~~4~i, ~8 — 9 : 3 2 2 , m d 3 1 — 9 : 3 4 4 )
ha -- i d  ar id s i  t i- I l i t  e— b u o rn e antennas, and other GEC I ahor at en ri es , are provid-
I or t Inc MAR O I S , which i - i s  t at Lined rye- r ing Marconi 1.1 oct ron ics ari d it i l—tom—
I lii- (int r o , t ire -v h ive l iv e loped a cr5 tire research and b e v y I ‘p: ;-’ t needed
( i s— e gra inr i :mrl antenna that w i l l  cove’r N’ keep up with I md t ;m m uci ng technolog y
the- - \ t l i n t ic and Indian Oce: mni s to pro- and chan g ing pr ob lems .
vid e u- m n - I t i me ii : r i u r r u i i : m t i o n s  t I e - n i - , u N i - i s o n  ~- l_ Blachni mn l
e l i m i n a t i n g  m i r a d i a t i o n  of \frica I v
in! rod,mc i ng iii i - m b  it- i ri t e- r ference in
its direct ion.

I 1 i t -  ‘ t i c  tiu w. mve DevICe Sect ion car-
r me t out th e- co :ili i t t  e r  — i i  dod des i gri I CAD)
of st r i p li ne- , semiconduc t r , m d  ferrite
th e - v i c e s  ms wm I I i i  m m e r u n  li ve I~ m It ens
an t i. n mi 

t~~om°~~~2 
— ‘. N 1

100 
i~r t  lie i n ’ , 

[9NRL Ri~POflTS]
In t h e  I m It en tm nd log i c Des I gn Sect ion
algorithms are ~i e-vi se d for the test ing See- the hack of t h i s  i S s u e S
of log ic m u  Js , intl m iume-rous c i j i t e n  for a b s t r a c t s  of current
p ru g rams lii ye- been dc-v , loped and i re- repor t s -

ri c on - I m m i  t mi - -c for f i l t e r  and log ic
de s ig n and m t m a l v s i s .  I i  is Hu m- c l e a r
t h m t  t I e -  1 SSC of Ii rs vast CA!) resources
that a r m  l iii ) i i- o f  n I  not only in
M m n c o n i ‘s owni w ii i~ hu t  .m lso in i ’th e- r
o r  - : 1 1  i otis , r in the UK and ahi road.

In odd it  ion to I li e- TSsG , I Iii- t o , >  t a -

‘ - ‘ n i e ~ inc l ude ce v e n ~ m I  othe’ r d i v i s i o n s ,
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Ià~~NERAL there is no question in his mind about
______ ____________ _________________ the value and importance of basic re--

se-arch , Oiv ing recognizes that Chalmers
has alwa y s been stimulated by connec-
tions with practical app lic a tions of

Cii\I MI RN tt\lVl RS!T’n AN t ) l I d  NI l’, Wrl )lSII science . Moreover , he believes that ,
_____ 

in the present age , coup ling to prac-
tice requires even further educational

hinder rh , I , , tr i in i lge of W i l l i a m  steps: students intending to go into
(b u rners , \ hm n ; i g i r of t h u ,  l a st India Corn- in dustrial work must he taught about
pa n v , .m “ -~chool of im rdu s try for poor managemen t , product ion , and marke ting
ch i l i r e - r n  ~I r i  e on read and w r i te ” was du ring their un i v er sit y c - mreer s rather

und -d in Cem t hre - nnh ’ c - rg , Sweden , in 1 829 than rel ying on on-the-job experience
tm n l n m . :c- l tir e Chalmers Schoo l of Arts to pro vide these c o s c m r t i a l s .
and C r a l t s  in hi in: i ’r of its patron . The Univ ersity ’s in timate connec-
I t ci ’n u c e n t r a t e ~h o n  te cl u n i i c a l  instru c - tio n with technology and ‘I c ing ’s un-
ion , and during tIme- ni mr et e -e-nt i i centu n - y den otanding of the needs of the indus—

b e - t i e  ,m t e chnical institute of hig her tr i a l  world thus combine to produce

~l Uc  i t  ion , achieving the status o a more s vn: up m t Iu~ for the reforms , i tic I ud -
iver s i ty of Tec humm o l ogy in l93~

’ • It ing eve-ni the provis ion that permit s
In - run, a —tate—supported institution a candidate for univ e r s ity admission
w i t h  an uni m n u m I  budget of $50 million ; to substitute vo cational experience

mn c ; i r i i l l ’ : e i u t  of abou t 3,51)0 undergrad- for academic credi ts. The Chalmers
ii t e ’ ’- m d  500 :.:raduate stude n ts in u~ facul ty feels that it would be ,m dis-
sch ools : I irg ine e- ring Phy sics , Me chani— s e r v ice  to these people arid t i  the D i i i —

c m l  h . n r g i n e e r m n n g  ( i n c l u d i n g  Naval  A r c h i -  v c - r s i t y  if they w e r e  to be- exposed  im-
t e -ct ul r e ), I l e - c t r n c a l  I r i g i n e e r i n g ,  Civil in iediate l y to the w o r k — l e v e l  and tempo

n u .~ l ur eert li g, Chemic al I n u h ince n in s , and i ce d  b y the usua l group of entering

~re) i ’eciur c; a h ; m c r i h t y  of about ~l u I i , str ob e -nuts , s-ho are aca demic all y better
‘- o t  whom ire p r u ’ f e - s o r s ;  and a t o t a l  q ua l i f i e d  and whose -- tandards the Uni—
co- - p lc - se nt or  about 2 ,000 e-r’u ~;loy e’e- s, ver ity intends to m a i n t a i n  at t i r e t n : i -
i n c l u i I i n g  r ’-search worker s , i~~s I s tan t s , di tiona lly high level , So special of-
t - - c h n i i c i : m n s  and a d m i n i - t r a t i ;e  person - forts are made to make the former
m e l. ~bo ut 1 ,000 gueSt lec’ :i -r s and group of en trants feel at home in the
con-- un i t - m Is come to the llm iiv e - r- ity each university environment , ami d speci :m l
year as l e v i -on nn ~ u f f  menrthc -n s. in troductory courses are emp loyed to

The’ history and t e - c b n o b a u in ’ul c h m r  cope with t I n e - j r d e f i c i e - n c ie s  in academi c
:mct c m on ( h i i l n m e - r s  ire pitt 1 > m -espo ns u h e background. Olving has had experience
h i  t h e  U n : i e c - i - - i t y ’ s re-lit i ve -ly calm w ith student - , in t h i s  Nuso e l i tbi ‘‘ up~ mi- el
r e -  - ion to i l le r u e -u , re- I c ’ r v i - - in  h i g her mobili ty ’’ ca tegol- y rind he r e c o u n t e d
ed- t i n > i n s t i n : i t c d  in lul u I  t h i s  his gre-a t  s i t  isf act ion in seeing Peolile-
v t - u . 1 he’se- r eforms , sb i. Ii lure lii i c- tided I rom t he - - _ buum h : floor r-etun n i rig i n ’ the i r
‘o nsm ~ ‘ . , cdu c ;m t lonial ~- st m I I i s lrn ~m~- nrt e— -Iahl i b unue - o ts ms Sup e iv i sc , i-s oi- w h i t e - —

i t ,  r t o i l  for ac-hit- r i ng Nis-eclen ’s c e i l l m r  n,i rki -r s . As for th u  i n c reased
socia l goals , ire e g u l i tari an (n - c l inic d o r :r un cr 1i ti :ation and pa rt ie- ipat im r y man—
so n  I d say , an t  ic I i  t i - - t I in sp i rit urn i ti g er- i c-nit requ ire- i liv t h -  re fo rms , 01 v i ii
c ul l  foi part ic i pa t ion of the noii mc tmebenn -  h i - , confidence- that poi it ician s and
t e~ co t - -e n it e iii deter mini i rig e’duea t m o m ma I mi t her commun it v figures w ii i  exercise -
p o l i c y and I i r mr ~: r m r u  c o n t i n t .  l Ine - s e- ; m -  r b i i - ir new rol e- s in u n i v e r s i t y  i ff : u i r —
- e c t s  of the re- for inm have aroused con— re- spon sihlv i-other th an in du ct ri na i r - e
c er n i n n ;  nnm :uny m l t m t i y e  and meir e - i gn oh- fas h i o n , and that the- east ma u r i t y

c m e e - u s  mh i o i l t  t I r e  future i i u m m l i t ~ of of the Chalmers student body are re - m i —
-‘sed i  -ii hi gb :e ’ r  e lu ic l i t ion i- ?i 1 1 — S :  2)2). i - i t  ic , hard—working, t e - c h n i ca i  ly in—

\i u i ’ t b i n r e m — o n  wii~ - the Ch alm eis vo le -ed i n d i v i d u a l s , not s o c i a l  a c t i e
i~~ ui h e m i e - c ’ ’ : - - u i m u i t y  is li-s w app r e h e n s i v e  i s is tr y ing t i m  mak e t h e - i t  point 1w lir e - ---
ab out t I:t re t irms is th en ski l lful leader— — ni ne - m i ni the l l n i v e t — i t y .
- , lr i j of t h e  I b n i v c - r s i t y ’s Re- c t c rr , See -n It is ‘- toted (Repor t O f  ‘‘S (’ :nmflu n
u ) lv i ng , who pref ers to ‘‘acci - r u t emo te- on lii gh et I d ue i t ion and t he- Conmn uimn it ~ , ‘‘
the’ I’’ SI t 1 t .~~ ( l i n i n g ,  m vet -> competent , Cl m1 m ~i School of l d ut  i t  ion , l iii . I~i~~~1
t a c t f u l , m mmd i t t  i c i l i t e  ~m I — I s b m  ph ys i cist , th a t the new r e f t i r t were trot r n -  lied
is a I’ n i I e - °sor uf b l ee tr or i l’h>-sics and through Parliament p r e c i p i t a t e - I - n - , Hue-

t 

was o n e - - I ’ - ot th m Com e’ II bin i ee rs it ideas behind th orn hav ing been I m m  - -

f i e ui Iv d n tr in g t i m e - i -  .irly I9hOs . Whil e- Imropoundcd many years ago m m d  pum hil 1 I n
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Ic-hated qu i t e  extensivel y . It appe- turs environment , research plann ing, and
tb m m t  the ud vocates of tine re form s were economics, The A c idemy also has an
tireless crusaders who ove-r u ame the Indu stria l Council consisting of rep -
resistance of their acade’mic opponents , rc - se n t ;mt i ve- s of about 230 priv a te corn-
many of  whom f i na l l y he-c l ime r econc i l ed  r mnu ie- s i n t e r e s t e d  in Rh~), arid t h i s
ii ‘h u e i c y  it tub il i I> -  o f  t h e  reforms (m i u nrc ii pm omo t e ‘- into ru e  t ion w i t h  the

zmnd i’ve-n c lime to se- c- some virtue in business communit y ,
them. One- w ould o r d i n a r i l y  consider The’ IV \ b u rt iC i lui tes  v - r y  e n e r g e t  -
this to be an id irabl e- i ll u s tr ;m tion i c a l l y  in all aspects of the- intc-rac—
of cO nn mu ri ity deeel opment of public pol- tion of science w ith serc i e n t y. I b u ~~,ic >- , bu t a su b’-  t tmtr t ia I proport ion of it is hear i ly engaged in s t ui~I ies u r u l
t he peop le I t i l k e - d w i t h  in Sweden e v ;ulmua t ions of tir e Swedish energy prob-
view i t as a commentary on how j’e-rs ist- 1cm and hrm s put forth proposals in this
en t rej i- l  ition cm l ,  w e - m r  down opposition :mrea for more efficient enn er -(v u—c’ .
;uni d c r e a t e  the co nve-n i t lonal wisdom Inn n- j ronrne-nta] problems and the-  sound
of the day- . (James II. Schu lman )  economic  m a n a g e m e n t  o f  r u s  materials

are - oi li e r area s of intense l\ \  met iv ~
i t y .  The A cademy is invo I ced in ‘ lu-
tu re- t ’’ s t u d ies  an d in tc - chne u log > -  a s s e s s -
inc-n t  through a se para te  compan y , t h e
Sw edish Ins titute- of Futu res  t i id i c s ,
wh cli proc ide- s in f;~ ru ,a t ion on these

Sl~lDISH SCILNCI - A l l  ACHES AND TIlE ROYAL t O p i c s  to s u b s c r ibe r s  and is ill undo
SWFDTS1I ACADE~n V tNGINfERING t u k e  con-mt r ;u ct s for -- tudies. In the

area of tir e’ more c l u - - s ical technical
Tire Roy-al Swedish Academy of Eng i- d isci plines , the IV \ monitors r-s c ,i rch

ne tT in g ( IVA = Ingenjörsvete nrskapsakade- in chemistr y and phy s i c s  w i t h  the oh-
P mien), founded Tn 1919 to promote en- jectiv u of promot ing c l o s e r  c u - i n t a c t

g ineering science and industry, is the between ac aden nn ic circles and p r i v a t e
so ungest  s c i e n t i f i c  ac nud erniy ’ in S i — e d e n  e i r t c r - p r i se ;  it c i c r d i n a t e s  ne s e a r c-h
hut the oldest organization of its in ar e zm s o f  i n t e r e s t  to  di f i e r y - n t  or-
kind in the world. It is 1 learned ganizations (e.g., w e l d i n g , m i - r u e d
societ y consisting of elected fellows mathematics ) and u l timatel y - promot e -
(there are at p resen t  about 400 Swed i sh  t h e  establishment of com nnu issions or
and more- than 60 fore i gn fellows) and consort i i to support the- ce t i e s  of
se r ve- S as ii forum for connecting dif- resear ch. In tire are- a of the worldwide
fe-remi t scientific fields as we-li as soc i nm l responsibility of scienc e- , ~he
for promo ting in teraction among science , Academy b u m s  h r e l p e d i n i t i a t e  t i r e -  Int e r -
technology - , governmen t , Iiu~~iness , and na tional Foundation for Scieni c e , whic h
t he- humm iani t i e - s . s u p port  s researchers in deve lopin g coun -

The Ae-a de nm uy is air autonomous organi- tries by means of scholarshi ps and
zation with semiofficial status; it r ’th cr aid.
is c h a r t e r e d  by the governnuent , which Although in sor e- r e cp e ct s the I V - \
approv e-s its by-laws , con tributes about titus resemb les our own Nat i o na l  -\~~ idc- rn nv
-15% of the Academy ’s SKr 15 million of Eng ineering, i t has one aspe c t that
(mpprox im tm tely $3. 1 million ) bud get , i s most unusual—-tho J \ - ’n , rather t h n : unr
m d  appoints the president , the three the M i n i s t r y  of Foreign Affairs , m m -
vice-j rre - si d ent s , and the manag ing direc- ages tIre ope rations of the Sw e dis h n
tor. The- re-st of the financi nmg comes te - chni c - a l - s cien t i i i c ni tta ci ,(- - in for-
in the form of grants front th e inusine ss ei gn coun tries , tir e attache s heinrg in ’ -
communi ty- , project-oriented grants and cated in the appropri ate Swedish enmhas-
contr a cts for investigations from a sies , where t h e y  zmre rm pparent lv p a n t
vari e ty of sources , and income fr om o f the embassy complement in all other
conf e-rence fees and suie, of respects. A tta cb~ s are pl aced in the’
public a tions , ei gh t forei gn coun tries that t m g - t b r c - r

l i e  Academy ’s work is carried on account for over 90% of tire wor l d ’ s
l ;m r g e-J y through its eleven divisions , R~ [): (IS , UK , France , Canada , Federa l
some of which deal with specific tech- Republic of German y- , Japan , USSR , and
nologies (mechanical engineering , d cc- the People ’s Rep ublic of China . Long-
t r u cal  eng ineering , building and con - term plannin g of the attache program
st ruc t ion ) and others with broader areas is done by a group with members re-lire-
su ch m s industri a l man age-meri t and work senting IVA , the Ministry of Indu s try ,
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the Sw e - d i s h  Board for T e c h n i c a l  Deve l-  Supp lement ing  the i n t e r n r u m t i o n a l
opment ernie of the major government contact network afforded hy the at-
RED -fundin g agencies o r g a n i z a t i o n a l l y  t r m c h~~s , the Academy has a f e w  b i l a t e r a l
cinder the ~4iIl , and t he Ministry for re-sc-arch agreements with France - , tire-
b o rei gn -\ff;m i r s , but the program was IRh , and J rm p anr , under which informa-
ori g in nm te d and is now administered by tion and specia l ist eschanges are
the A crmde mn y . arranged.

A fe-a tt ire of the program is ti -mat Sweden , despi te its ex tensiv e ’ rind
each overseas atta che has a correspond- competent re-search esta bl i sin ment s ,
it -m g m t  e r n rat I n ’ r u r m l secre t a ry  a t  IVA head- c n mrri c-s out only - about 1% of the w o r l d ’ s
quarters in Stock h olm , the pair operat- total R~ I), and technic a l liaison w i t h
ing as a teanr to cover technological the - r u - c t  of the globe is t h i n - r e - f o r
development s in their assi gned country considered to he an ohc-ious nc- c e - s sit y .
and rep ort on them back home. Once The lV \ forei gn at tache pro~~rrm nn see-ms
a ye- h r the entire contingent gives a to be a well—or g anized , v ig o r o u s , and
join t pr e ’s ent mt ion n t  an “A ttache I)ay” fl e- xi hl e mechan i sm for keeping Sw -e den
in Stockhol m . The att n mch ~~s and in ter- in touch with world science - - m d
na tional se-cr etarics v i s i t  Swedish technolog y . (-Jam es H. Sch nil m an )
e O u p a n i e - 5 and ‘ t I e r  domestic e~~tah l ish—
ments and brie- f the-ni ‘ur n the nmtta ch ~-- e n c i c e s  • Aniu m t h e r  impor tant  b — r o y  is ion MATERIALS
of the program is t ha t  the - n m t t a c b i ~~s SCIENCE
earn carry nut work uu nrde - r contract to
priv ate husinesse’ s or other est nmh l ish-
men ts . Re-port prep ared in this wa y -
for m specif ic client are Jlwa \ s sent LLICTRON I RANSPOR1 A\ l t u b l i ( I J I \R 0 l 1 1 1 - ,
dir e c t l y to him and n;uv even be stamped
“clas s ified, ” Cos ts of the contract The juxtaposition of nn~ rmr l v m inre-
services tange from about 100 to latee l terms like o l e  • ‘ . u e’~~ 
l~~S ~Nr/h our depending run tire e x p e r i  - and “mole - 

~~‘ :n- cr l i  !c in a confere-nce
ence of the- re-searcher invo l ved and title nnu ay - se- c-n- od d. It us tire r e - a l t
the ser c-ice ’ -- required , which enc ompass of a pattertn e s t a h b i - -hc- d by the Con-
almo st any thing front c o v e rag e  of an densed Mr m t  te r  Iuivis ion of t h e  I- u t ri ~I - rmnn
ove rseas technical conference or exhi- Physical Socic -ty in el esi gnn i nig meet i r u g s .
hition , to l e o k i n u g  In te’  f u n r e i gn pa ten t  In t h i s  pattern the- Divi s ion meets
information and licensing possibilities , onl y every third ye- ar , rind e r i ch r ect-
or e’- t n u ! ’ l i s i m i n g  contact with experts ing features topics chosen b- n- two  o f
in unive r s i t i e s  or i - th e m institutions the six -- e c tio rr s int o which the Divi-
abr r md . S ion is subdivided. Tbui ~ , no spe- c i u l

Im iform a t ion from the fore’ ign a t —  conni e- c t  ion i n t - t w e - e n  t i re-  l ie - ld- ~ is im—
t ach~~s is distri h e i t -d in six p uh l ica- p lied. The con fere- ni ce- on gni rni z er un made
t ions ( i n  S~~e- d i s b t ’ f i r  a variety of tin r itt -nipt to bridge time’ g ri p e t r ~ e ef l
pu rposes and re-r i ik - rs h l li- . The pr inc i  - fields and to educat e- e r mc h t g r e u n m ; ’  of
pal  p u b l u e n u t ions are  a - to n u th l y n ew s le t -  s p e c i a l i s t s  about the otirer area by
t e r  (c a l l e d  , ; , n r h t o i t m )  , which g ive- s having p l - n n m r y  sessions for the twc’l ve-

I n - i t  running a c c o u n t s  of current c ci - in ivit c- d talks. There we-re two par :i l-
e n t i f i c  e~~n - n n t s  and new foreign R~ D de- lel sessions fo r most of the r e m a i n i n g
velopments , rind t i me ‘~re r’ n Re~- - r t m  time .
(.,‘ - r a Z r : n n  ort  r’) , w i r i c i u  g i ve  m n u i l v c e s  This conference , held 2(~— 29 July
of trends u n  s ped f i c  d i s c  ip lines  or 197~ at the (Jnive-rsit y- of Leed s , w a s
re-search policy in the country where the third in the s e r i e s  of Condensed
iS ’ - a t t m c h ~ is stationed. The- s e- 1 u b l i -  Matter Di c-ision Conferences and mark—
ca t ions are avai l ,mhle free t i  Swe- ih i sh tire- end of a cycle , since the last
sci ent i s t s , eng i n e e r s , rind decisi on two of the six sections were involved.
mak ers , al thoug h the- h i s t r i h u t  ion of Tire first con le-r eir ce in l9~’l a ttracte d
the n~~u ’i ’ i z t  ~e~~’~r ? n  is selec tive , line- about 500 partici pan ts; the second
I V A , of course , also pu ts out a variet y in l9~~l about 400; t h i s  tii i rd erie only -
of re-por ts on other ma tters besides aI ’ou it 200. For the conference organ-
the fui rei gn attache program , l, m . on izers th i s  was a disappointingl y small
meeting s held under its ausp ices or number. Perhaps travel funds were
investi ga tions it linu s sponsored , short this year , or perhaps Leeds did

not seem especially r ut tract lye ms a
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Los t  s i t e , or pe rha ps  there were  other  W e - g e - n c r, and S. ilautec ler IStud iece’nr -
in ’upct ing u i m m f e - u e n c e s  that reduced at - t r u m  voor Ke rncne r g ie- , Ce -n i t n e d’~~t uele

t emrd a nrc t- . Wha teve r the reasons , it 1 ‘I nne -r g u c- Nui c I~~;m i re I SCK/Cb N I , ~Iui l/
w i s  c l e i r  that the c ondensed Mutter Antwerp , Bel g iumj. 1 mm this tempera-
D i vi si oi i Confe-rences have not i-i yet tur c- range tine si lnm ne ira s a p l i s tic
u c i b uu ir edl a strong and loyal followi n g, phrase t h at is ch n mra c t e- ri zed by- -i h u h
St the end of this a r t i c l e  there is mobility in the molecul ar - i ’  t io n s .
a br i e f repor t on some plans proposed They measured the t im e -—of—fl ig h ut s j u e - c  -

m t  t he Con ference for improving this t rim of tre a t rons s e n t  t eroj i nc o h e - r c n t  b y
s i t u a t ion in the future . from t h i s  phase  and s e p a r r m t u - d  the s p e c -

It w a -  apparent tha t  much of the tra into m e - la st Ic , q ua si u -b;m -- tic , rind
wo rk in molecul a r so l i ds  had profi ted e l ;m -u ti c components. Oc e-Om~)ni rifl g
g n e - ; n t l v  from ti-m e use of the neutron- these results w i t h  the p r e d i c t i o n s
s c a t t e r i n g  f a c i l i t y  in Grenob le .  Th is o f  various poss ible models , ti r e- v c~e-re
f u c i l i t v  is i n t e r n a t i o n a l  in c h a r a c t e r  ab le  to conrclude th rmt tine mo le cu l rm r
m d  in financial support. It w a s  de— mot ion i nvo l ve- il i n s t r m n m t r m n m c - u i u u s  120 0

si gned expressl y for neu tron—scrutterin g jumps arounne ! three- fold ri c es w i t h  t in
cel ’erim ents , and i t s  f lux is ‘eve  m u  a c t i v r m t  ion energy’ o f  a p p r o x i m a t e l y
tine ’ s t! m t of any si r -rilar facility’ . 0.2 kcal/mol.
‘u t v p u c r l e c l ucriment use’s a ‘‘cold” ne-u— I i. S t iller (lii ) i c hu , Ii . Ge rm anry ~

rein — une ur ce w i t i r  w r iv e - l e n g t h s  near I A , discussed collecti vt mot i r m a -  in o le - v -

a neut ro nr guide that is 150 meters long , ul ni r cry’ n; trils . Ibis g i-oup has s t ud ied
rind a u- e-b ocit - selector. The beam then methane (Cil 4), which also has a pl u s-
goes t h re r ue l t  an e n t r a n c e  s l i t , is  e u -  t i c  phase where the m o l e - c u b i c  r o t a t e -
t n r c  te’ d I roru t i ’ -  sa ml i lc- , an d the dii— freel y and a b o w e r — t e n n i p e r n u t u r e  ph- muse

n n t ed  luc -ams are detected. Ihe beam in which those molecule- s th nu t form
di tur r e t e - r  is about I e mit ; typ  rca I samp le a fcc Ia t t i ce  he c e u n uc- on c-li t ru t  I ona l i
t b icknesses are r i hn ,u it u u .S mm , For an fixed, Ihi s tr run s it ion involve’ s a
i - - t r o p ic s m i le , a run may require cooper ative multi pole in tt- ra eti on hi- -
only 30 n un o f he -rum time. tweerm the m o l e c u l e — , which can he stud-

II . Benoit (NR S , Strasb ourg , I-rance) ied with neutron s cutt e rin g as the
d u s c u i s e u l  tire- ruse- of neutron diffrac- tc -in u l u er r mtu re is varied . Stiller demon-
li on in po l yme r i’ b uy sics . Using the str rmt ee l a simple’ effective - model 0
p n m m m e t e r  = lnA sin 0 , where in is the phenom c-na th n ut could he set on
a d i f f r a c t i o n  angle , Benoit poin ted tir e ove rhead  p r o j e c t o r  tunnel i i c w e d  on
out th ir i t •wi th l i g h t  ; iri s ii r - ur m x imum the screen. It was a p ln ns t ic j ’ l tm t e’
of lU - ~~~ rmnd w i t h  x— r a y a maximum on which were- mounte d a S S m a t r i x
of l u -2 A st. For mu ’ -utrons , however , of rota tors separated s l i g h t l - u f ri -n -
the r~ nu~~e of n v a l u e - s  extends from e-ach o t h e r ,  To s i u u l a t ( - i h u u a i n i ; ’le-
l0 \ to 10 ~~~~~~~~ In po ly - me- r s t h i s  i n r t c - r : m c t i u u n  t h e  r o t a t o r s  w e - r e -  u - mih c -
t i n ge- ‘ i f  v r m l u i n - s  al le uw — sc att em i m n u front of metal tubes with ru ~ie rn- - m i n e - n t  n r n i , n e t
hy d r o g e n  rind d e u t e - r i u m  m l i i - . lurt i r e r _ n it  each end and a p i \ i i t  i t  t ine ’  ce-ni t u -r ,
re m ’ , bc j u r u u p e r lv choos ing  - 7 ,  t h u  s c a t —  a~ i l l us t  r i t e - e l  here’ in h i  t u i 1 ’  v i e -us .
e r i ri g I n ’  dc-ut e n  u un n u can he- made nnuch

I n n  ge— n m imi  I n n  h m y d n i i g i - n u . For d e u t e r —  ___________________________________________________

i i (- ’I chu ; m i n s  in an und cut -ru ted matrix
a con t r a w  t of  400 can he f t  m i n e d , w in icir NS SN
e r - m m  he’ u-~c-d to e onc u rut n u t e  On pa r t  icular
b i r m r t s  f pub e n t e r s  p ic L ed o u t  b y d e u t v r n m —
l i on , Suc h e~~h u m r i m n u t s  as sume t ha t  By spinning all the rotator s rap idl y
t h e r e  nrc  no other eff - ct s of d e’ uut t- r r i - b y- hand and w at c hing them as they slow-
ion , h u t  t h i s  n - uri s riot i l n s n i y 5  lie- com— d u iw nu , one c an see the c o l l v c t i v e  in-

p I e - t e  lv  t rue • lii gene- m m  I t Ime-  shape t e r n i e  t ion t a le  o v -  r ins th u - c  f i  nrm 11 >-
o f  t h e  s C at  t e n  inu ~ c e ni t e r - can he oh — h iecome o r e l e - r e d  with alt e r nir it m u g  n o r t b —
ta m e-ni ; rod s , - ; 1 i h e - n-es , m m d  Ianuinae can south and e a s t — w - e- - t  o r i e n t r u t  i ons .
hi e l i -- n  u n u u m u i s hcd f r om c- rich eithe r, Also , lire’ l i e - I d  of electre u n t n n m n u - n p o r t
t i m e - u m v - r r i l I din n me -ns  ions of po lymer chains is an e’ treme ls- bro,ud e n ~ cover ing,
i n s ol v e-nu ts c m i  li t det -rmi ne d as func- as it did here , m et a i- - and a l lo y s  ut

i m i n i - ’ o f  C i u m u u  e l m t n n i t  i on • high arid low- te m per- n t mire-s , c i v  — t  a l l  i nrc-
S s t u dy iii so lid xi  m u m -  (Si l l 4 )  in m d  di sorde r-ed semicondu ctors , 1— and

the - t e n ’ i j n e r m t u i e -  ran u’e f rom 64 to 88 K 2 — d i m e n s i o n a l  mnni t e - r i a l s , and ex c i t o n s
Wi n S re- ;no n t e d  b u y  1 , Vnun m uh e - r hmn me g he - ni , W . in mo l ecular - e l  i u b -u , There was
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e u u n r — n I e - m - u h u l e -  n a t e - n u t iii m e t a l l i~ alloy s e- I e - e t r i e a l  co n d u c t i v i t y , rin d t h e r m o —
nt b i g h t  ~ u u s l u e - r u t u r e ’ s .  1.1 . I nelerh y- e l i - c t  n c  power t h a t  r u e  in reasonab le-
I R n n ~ l u  I , I m m c l  mind f r e v  i e w e - e l  t he c-c ha - r i  - ru g re’ement w it hi experiment
‘ u - r u t u I in fe u m r u h m  u - nm . If the re-s i — t i x- n t c 5 no ce- I cx tie-ri mental method for
of  I i t  hi anti - i  11 o y s  is p b i t  t e-d m c a func - a b u t mm in ing h i g h —  temp e ra  I n n -  data u n  met —

u r n  o t  t ime- c n n n n c e i m t r n l t h u n  of r n l i o y ing m i s  us mi s d e s c r i be d  by V . Seydel (Kid
~‘ l e ’ n n m e - n u t ~~ , t b i c m t - m m_ c large e i m n i n r g e s . W , :t- n- n u n m n u y - ), lie nms e ’s inn exploding—wire
b u i r  hn~~m mmmu t h and lead there-  mi re - nin i~~~i e - t e - i’ f u n i i u i u i c -  w i t h  a r i — c - t i n n c -  t i n  time - b o i l—
— p i ked n n r u c i ’ : r n i  o c e u r ’ r i n i g a t  c o m p u s i t  mi n I inig h ’ - ’ u n m t  o f  about I i~~ e-C. The tun ic
n u t  m e —  c u i n r e s ~r o r n h i n g  to L i 1bt i m u d  i i ,, bm h. i- c ’ - o l u t  ion 01  t in e- m e r u — i u r i n g  5 5 - s t e - u n  is
b - o n  n h d i t ions of  t h r i l l  un~ ari d magne t - mum h e ’ t t - r  than 8 n-c c -c .  W i t i n  the rap id
i i  compositi o mm r n l effect- - hire- sm ni l l e n  b i e a t i n g  no c o r r e c t i o n  i-c neede d f o r
rin d on I c - hroaeb l v peaked. In a s imi Iru r hc e f f e c t  o f  - m u m  ii e- t c - in s  ion air w I me-
w e e  t h e re a r e -  - hn u rp a - r m k s  Ion- x ! y _ R i  - c o m e - t r y -  in t i re -  f l n u ) l t e - m m  s t a t e - .  -‘u l so

~bg j K i 2 c- oIip ei s n tion and f u r  C ;— t h u cii enn n i cal in ch t lre n ni l i n t e r a c t i o n s
S u m m t  u r a i l  u r o m i c  c i~ nice ’tm t rni t n u u n i - - . msi t b m t b uu’ s rm r r- nuindings hire n r e - g h i h l e - ,
S iu~- b - c  r oh ’ I c - l i e u  ion nil b o y s  a l s o  s i-tow and ~o t i r e  mue t hod hm:i ~ some ~h i s t  m e t
t b -  — i r e  c t  r ung com pos i t  ion i i’  - m u c h ,  m u c e -  ; nid~~:int ni c ’e-~ ove - r  s Iow - e-r heat  m it t  in the

- - — n  l i m e I mi d u -i I I oys us i t  h ‘cc ~ , I - a , N u , h i g i n — t e m pera  t u n e -  m e g  - inn  . Ni , Fe , Co
u m  - h i t  nre) t w i t h  A u. ar id  Pd showed l e s s  thiu n ni 2 % c’ m n r i m t  ion

ud m es  burn ye b e - e u  nnadu - of  t u e  local  in r e s is t  iv i  t v f rom the -  s t  ane lnu rd vu I ‘ m e —  -
s ’ ru n e  t u i r e  i f some of  t i i e s u  mol ten  a l l oys  S c ’ e e b c - l n n l s o  i u h t a ini — good v m i lu e- -c  of  the’
ni t t h e i r  m ti ruu lr n mm m n n e S t s ’ i v i ty  va lue-s .  ir e - ru t of  fusion. lie- has re - c e - n t i s -  begun
S itho ug h t h u - m i - is no l o m i g — r a n g c -  orde r  t o  s t u dy  t Im e opt i e h i l  e n u i s s i v i t y  o f  h is
in the li ~1 i id , the r a d i n i l— - h m s t r i hmm t  ion s h m n m u h i l e s  m t  h igh t e m n p e r n u t n i r e - s  n i x an ad—
cu rve~- s how- e - v j d e’ n e e  of sbr o rt —r r n mn ge c u t  iu u n u r i l p a r n n m u e - t e r .

o n d e m  . be- e a r i s e  t here-  are l w ’ ’  mi t - m n - - Fi,o b u m p e r s  on L i NhO 1 usc - m u  o f  s pe-
in ruin AR m l  b y ,  t he’ u — s i gnme - m i t o~ a cim u l intere 1 , i~, O r b o w s k i  (Ph il  i j- -
N’’ i nil m r pe - n u k in the nnu j  in I — Lniho m n  t r ies , Hamburg, K . e - m m u n m m u v  1 d i s —
di,; t n  i hu t ion  c i r c e  1 ’ ’  a ~p e c u f i c  r i t o m  ens-red the e f f e c t  o f  n n b m l ’ b , ’ i n m g  urn ele ’~
mmmx - ~‘ u -  di Iii cult , Thu is t h u  - k is m a d e  t ri c field t o  t ii’ - min t e- n i m I rifle1 i ll an i -

c h i c i c - n’ i ri the c m  Sc- of nun - r i ’  ron c r i t t e r —  n i t  I ng it • I f  t he  I I gi r t  is  in t h e - u i - u r—
ung fuy’ t he’ - a!- , t i t ut io r r  of  i- - ’ ’ t , -- 1 ’u ’S a lt  n’ , u v i o lc ’ t mc - g i i i n n , u i - i - n  i - m lu le hot -
o f  Lu , Ag ,  Cu , and Ni w i t h  d i lie-ring cond uctivity is produced , n mne b t i - m e f r e e d
t ie -ut m ini ross  s c i ions . The resu l t s  e l e c t r o n s  go from t I re l b  im inated me -

I i - - H a rmi b ‘ u - — l u -  m m , -  t i t an  t h u  l o c nm l g ions to the - da rk  regions , w ire- re space—
‘ r , m t u m e  um ~, e t ;  iOli ~~C hr o im dinu g .  I h u e  c h a r g e - f i e ld s  bu i ld  up. W hen t h e

m e  m l t s  f u r  N i - l e  seem to  i n d i c a t e  some b i N b i O 3 i s  u- c u- c l nis t i  medium to re - co rd
ro Ft’ c ui ’ ’ j ’ I e x  m i - u - il b o n d i n g  - n i - n m u u v u u - n n r i . c’ uu lume h o i u i g m n m - —- , t i - m i s  sp r uce  c h a r g e —

F ine- o r e  m n II Cone Ir is t tin is t h u  r u t  rue’ t mu I — i i i  uu b r u t e s  tire- re f n ’ m c t i  xe I nidex t h noug ht
- t h u  I a I u show i on ic bond i mu ~‘ ut the t lie e l e c t  r o — o p t  i c e ffect • Us i rig 3S 0—nm

- i iv i t >  pe a k s  ; for -c - t nu l — I e m u l l  m y’ s Ii ht a n d  0 - c i di :-d cr y s tals 
• Or I owsk I

-‘ t ~ he- rich ng i -  i o n i c  w l u c - m u  t h u ,  mc - is mu oh’ — u - n c  ccl h r i in 1 o n  - u ge - c~ f f i c  i e n u c ’v  an d
I ri rgm - ‘Ie - ct n o r m e - g u  t i c i t  - - di fference hut I ruts e n um n i le u c t  i v  i t  v us i t  ii s t u n  r u , , - t u mmm c

- a m r u c c - d  b i n d i n g  i n t h e r w i s e ,  o f  at least a 5 , - m r .
A n h ue-u i  r e t  u ca l n u n n ni I y- - is of t i m - s e  Wi t h i I 1 u r n  n u t  1 , 1 m m  in the - is i hu 1 e
u - c - r u m  has m e - e u  made h \ t m - u  Ros~’ h u nu ’ gio ti , I iNhl~~ S i nu u uu c-ce rn mor-e unusu n u I

b u r l  in , ~% , Cc- r’ uofly b . i l s i u r g  a t ig i r t— - i u e - n i O ; ~e- t rhn , w hich w e r e  de- s~~r’ iheei by- F .
n r r d u m u ~~—:- c,

~b n l  a b u i , m i ae - im , s he w a s  n n hn b e- K r ~it i g,  a l s o  o f  t i r c -  P h i l i p s  l a h o r a t o —
- , Ime u w t hat m e-tall nc eI c mr n e’ nu t s wid e l y ’ r ks  in h i a r m b n u i  rg • No c -x  n e  m mc m I f i e l d

in t i ~ u t - ‘‘ - n c t nnhle w i l l  is nm p p l i u - cb t o  the c r y s t a l .  h b o w e v e ’ m’ ,
c h a n u ’ u -  I r u i n  me ta l  l i e  t o  ionic and h~m c~ m 11 mmm i n i u t  ion a c t  ivhi t c- -n n i photo c-ol tri m

m l  n ull ic bond I rig a t lie- co nmce nt ru- c-I f e -c t that m e-stilts in O p e u i — c  i rcui
t i onu s v n m my • A t  t ime -  e r r  i t  i ca l  compos i — vo l t  ag u’s as h igh as 100 kS / c -  . Fhe

io n t h e m e -  is sb u u i r t n n u n i g c  order w i t h  max imu mnu i i i o toc ’o lta ic  e - I f e - c t  c ’c curs  for
¶ ho-  A n n t u r m t u s  s u m n u i u m n d e d  Ii>’ B atoms and i Il un m in at ion n i t  r uh out  tof u nm rind i —
v u -  e- v c r - c nu , A t  t i n i s  po in t  nn l ’ ; rm t he r e  s t r o ng l y- deponden t on t Ine  amount of

ft w i l l  c-n-- se -nu t l a b  I> he the - tr im - - ic r of i ron prese’nt  us nun impuri ty in the
-u ~~i r u c l e  e - l c - c  t re i li ic ~hargc - fronn one- cry t al ; l .1% of Fe 2 0 seems t i  pie-Ju ice

~~
‘ a t - r n - -  t u ’  t iiu - other, b ie r c :u l cuma tions tIme l a r g e -s t  e f f e c t . ~o t h  }m e i+ and

g i v e  iii t a n c e s  of n e - t i r e - I  nei ghbors , Fe 3
~ ions are l i re-sent  ~fl the cry s t~i l.

f ree u m e r C y ,  d e n s i t y  o f  s t a t e s , Kr i ltz i g s ugg e ’s t s  t ha t  t ime v i s i b l e  

- - 
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nihso rp t i on  is due- to 1t e Z
~ ions that  are ava i lab le’  e l s e w h e r e  on the Continent

nrc photo n onized by l igh t ,  ri-m e r es u l t -  hut may not he known to the student
i n g  e l ec t  n-on is t rnupped by Ie ’~ ions , or his adv i so r.  -

~~~~~~~~ it hnus been determined that There- was no consensus that
the nni i m hu ~t ni m b ) i c ci nrurge transport that Balkanski ’ s p l an  w o u l d  w o r k . The tig ht-
g ive - n- n - i cc to the p i m o t o v e u l t a r c  e f fec t ness o f  t rave l  funds is  a d i f f i c u l t y .
is det c rminu e- d hr the e x c i t a t i o n  p r o c e s s  Some fe l t  that  if  this new meeting
n m t h e r  t h i n  by trapp ing c ’ f f e - c t s .  The were to succeed as sugges ted  by Balkanski
— u u u r g e s t  ion In c made that  the Fe~~~-ion i t  would he at  the -  expense of tir e
s i t u is nu c v mmuu m r e-tric w i th rCSl)ect to ti -m e established national meetings . In
Nb ion -. b i U i ’ i 4 iu ~f it , and so ph o t o e l e c t r o n  the ye - n ur s ahead it should be instruc-
emission is m i  a particul a r lattice tivc - to rue -c how this “Common Market ”
direct i on. This photovolta ic effect approac ir works in solid-state physics.
leads to c h anges in r e f r a c t i v e-  index (Clifford C. Klick)
t ha t  b m g r m i n  can he used to s to re
hologrnunrn s ( c f  . nre xt FS article).

As nre-ntion ed above , the attendance
at  the men- I  ing  wnu s a disappointment ,
an d it g n v e -  r i s e  to nu cons ide rab le
amo unt of discussion concerning the NEW MATERIALS FOR HIGH-SPEED VOLUME
role of the Condensed ‘batter Division HOLOGRAM S
o f  t he I u m m o h i c - n n u  Physica l Society and
what to do nubout fu ture meet ings . It The Thomson-CS F be n u t r a l  Research
wa s also the time for a new head of Laboratory (ICR) is situated in a quiet
tI me ’ D i v i s io n to take charge. ‘uI. wooded area on the Corbeville estate
Bal k m n n s k i  of the University of Paris near Orsay’, a suburb of Paris.
had be-en chose -n , and he approached ti-me - se Thompson-Brandt and Thomson_CSit form
problems with strong l y- held views about a group of companies ti -mat is heavily’
‘h e ir solution , lie would lik e- to h ave- involved in electronics products.
a y e a r l y  nme e t ing  of the D iv i s ion  w i t h  T iromson-CS F expends one-quarter o f
a l l six of its s e c t i o n s  represen ted  i t s  sa les  on R~D and employs severa l
each y e - a r .  Ba i k r m niski hopes for a meet -  thousand r e s e n u r c h n  people for R~D ac-ing w i t h  1 ,000 people in at tendance- . t i- c i t i e s.  The LCR has 450 research
b u s  mo del i s  the March meeting of the people and about 500 developme-m-m t people.
Amer ican Phys ica l Soc ie t y ,  which is The mission of ICR is thre-efold:
the ‘le e-ca for Annerican solid-state phys-
i d - - I n c . In spit e- of the confusion , (1) To conduct basic and advanced
nu do:en par allel sess ions , and the teni - research to ~‘~~ve- the way for tire- long-
minute tm u b k s  of the March meeting, term future ,
i t s  v i r t u e s  and drawing power remain— (2 )  To conduct s tud ies  acco rd ing
e- v em ryom ie ’ w i l l  be there , t i- me l a t es t  in to a prearranged p lan and to o rgan i :e
all relevant fields w i l l  appear , and time - transfer of r e s u l t -  to app l ied
it is the l ie -s t  way to xe- c- and be Se- c-rn . resc i r ch  or development work ca r r i ed
ln Europe tim e situation is more complex. our in o t h e r  d iv i s i ons , and
I nc h coun t ry has i t s  own we l l  a t t - n d e d  (3) To render speci nu l services
solid-state meeting which serc-es as to the Group.
m ’ u c ’ e t i f i g  p lace and job ) shop. It is un-
li ke ly that t u e - r u e- w ill he supplanted. The purpose of my visit was to
H,u l k a n rr ki hopes to have the Conder,sed see the work of Dr. Fr amm ~~-is Miehero nn ,
‘-la tter Division Con ference in conjunc- head of videodisc work, Micheron has
tion with tim e- sc- national meetings To- nm group of six people cond u cti mnm ’ funda
t ;i t ing, sri >’, among I rance , Gern nnany, mental material re-se -arch re late ! to
and t he Ilk , If that turns out not to the storage and r e - t i - i c- c a l  o f  infornn a-
he pos sible , he may try - to pull a meet- tie -n by optical m e t h o d s , lie has nm
uf lg  t o n - n t i i e i  h i m s e l f  in Paris . His fairly free hand to ~ie -t e ’niuine the’
hope is that  t ime l uropean community d i rec t ion  and amount o f  e f f o r t  d c v u m t c - d
w i l l  come to he aware of i t s  own to various research p r - O ) e c t s .
strength ’’- and make b e t t e r  misc o f  them. Most  of inn>’ d is cuss  ion w i t i m
It is now common , for ins tance ’ , for Micheron ’ s group concerned i m u u b o g n u ~’ b ic
l .mu rope an post-doctoral scientists to memorl t - -c . For s -vera l ye rmrs t t u e m u
spend a ye-ru m or two in the LbS. In man y h as been considerab le int c ’ r c’st in lurid-
C r i s e s  eu~ u mnu I oppor tun i ty  and t r a i n i n g  il - m g a p rac t i ca l  way to s t e u re  a mid
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r e- t ri ev e i n f ’u ’ i ’ m m n , m t m o n  n b t i e a l I c  I n n ii se n s it v l ’ r- iii ru - bu ic ’ e- ii , ib uru t i s  t I n ,
t h r e e — I i m e - n i - e n o n i n n l s t o r a g e -  ‘ m u- i l i u m : , . m u -  s i t n m n i t i -nm w i t h  I ,i \b u) 1 c l  - pp.  ~~ ‘ — i t .
r e - n - o n  fo r ’  t I i s  i n te n ’ u - - — t  is t h a t , in In ~mn - e t i e - c- 1mm e - r t c ’ r n m n u l e l , -~~t n  Ic
i-~~~n~ Ip l e , t Ire- s t m m r , m r ’ e ’  d e n s i t > ’  c o u l d  l i e - I m b  lip t o  ‘m kV/crni m n~~Iie -d d i r u n u
I c ’ i s b i n  r i m  ;n s I / or ml ’ , ’ cut lii I 2 in t s/  ire expo ire - nu n - I t hem : re ’nnnu n c ’ c - ml - lii I
cm ’ fo r  an ;nv e ra ge-  w a v e l e n g t h  of I n e - I d  c a u s e - s t Iii I i n f r - i c  I i in e- t u e  I e n c v

6 u r n . ~b I other ru t  u ’n’ :m g e- m c d i i i , suc ir t o  inc - n- c ,n -e n , - nnie -mi cboi i rul y- o v u - r t n u t  w t i n  -

nis di c r c  t u -  r u e - i n n  t y  e - i e m ’ rc - n u t S , t e n  rn n m : : ,u - in I iii’ l ie lii. \o l i t  i g n l e  is i - i n - - e n ed
n -met i c co n’ e - c , raid se-inn I co nrulue ’ tors , fr i 1 I rind t I n e -  s t - n  n m  n e -  I u nti e iii d, u ri, ru e -sc i s
shor t of thi - - mark by s e - v e ra 1 o r d e r’ s :n l ’ ou i t  311 - n u n s . bho h n u g n ’ run i n r e - c o r d i n g
n f nn n au ni i t u n Ic ,  i 5~~~n e -  n I n n  m n - ,! 

- w i tin r u n nut  - On 1 u n - e r  I s _ u  c i  —

Re s t - - m r - r h  in t h i s  a rea  is irnnpo r ta n r t  l e - n e t b i  > 1  IS \ )  , m o b  -:0, ’ !  in n m ; u c e -  n’ c’COli —
for L n ’ i u t  inued iic -v e - lopm ent of t h e  v i d e o —  — t r u i c t  ion is  - I - - c - r e e d  f rom n u t  — u i t — f o c u i --
d i s c - v - - t c - m , one u f  Tho nrson- ( ’SI  ‘ s corn - I ou i r ie r  b m m ’ l o g n m - - -c . In t h e s e -  c- ’c p e r i  -
me r c ia l  p ro i l u u (  t s  t h um ! use - s  o p t i c a l  re - — m e n t s , r u - i l u nut is I r i t me  n i t  the ’ -~ , m n : - i  w a v ~--
cor d ing m m m i i  r eadou t  o f  v i d e o  in f om m n nr u — I c - n r g t h  nl’ ~ the- w r i t  i nn ,  ; n i - m i c e  c - r u -  t im
tion on nu flc - x i h l e  !ulnus ti c d i s c  rot ;ut— o c c u r —  d u r i n g  r e ; m i b - n u t . \o nn th--- t m n m e - m  iv,-
ing ut  1500 n - } n n . This System :, now u-n e- r n u - : u - l u n n i t  e u r n  he p e r fo rn h e-cl w i t  I n b - ’ m u n i - r —
d irec t  recor ’ i l m n m g o f a ca r r i e r  f req u ic -ney u~nnv e l e m n y t H n m a c l i n t  i t o  1—nit image- e in s t ei n’ —
‘ u i ’ d n i l r u t e d  i-v t in e v ideo  s i g n a l, hut b r o l o —  t i o n  t h e n  o c c u r s .
t’r,-n l) i r ic r e c o r d  m u g  may b’e i nc o r p o r a t e d A l t h o ug in i t ha d I - i-n-mm sho wn - - m u  ic- n
in f u i t : m r m -  s y - s t c - n n u s , b v u m ni der Linde t ! i r i t K u  l r u , ! H n 1 I K i N )

‘- I n , , b c — n u n r ind his assistant , h r .  cr y - st :nls n m l so can achic- ve h i  in p hoto-
3 .P . llui gnareb , dc— c r ihed the - i r co rk sc-ns it i v i  Iv , RSO nn n cl ltG() c u r  ‘c made’
on s c - n n - - n i t i v e  I log rn im s t o r : ug e  in c r y ’ s —  in la rge r  s i z e s  ;unnd hnuvc h e t t e n  opt i c r u l
t a l s .  Tin s w ork  was -- t a r t e - ,b in l9 ’~3 uj ua l i tv . ~l ici ie- ron d a m n —  t h a t  he- i s
rin d nie1~ tb -me- v f e-c- I t hum t t iney hnu ve found nu o w nib Ic to recon st  rnic t c- in Ia v ’ inn be--
the ideal : - : i t e r iaI -—-B i1-, S i O ~ 0 I BSO) grams w i t h  i m ’ u : m g e- r  s u r p a s s i ng  those  p 
on’ B ij ,Ce-(1~~0 ( j~~u n J ,  i n  t o - C  ‘ u ; m t , - n ’ n r m m s , e luceel by- pho tograp hic P lu ut u - s , bl e In c b s

l i n t - n e - s  nur e absorbed and genr e’rnu te d cc— tha t r c - r n l — t i m e  i n r t e r f e r o m e t r ’ >- is ru i n
t n n n i u - s L i d - h d i :  a - c  o r-  drift under the- u m: u h m m n -tr mnu t nu l’b’ l ic r ut ion for t u e — c -  hole--
influence of urn e l e c t r i c  field and are g r rum ! ns . bor e \ am p le , s t ra i n  n m n a l v s , - s

ye- nu t m u l l > ’  t n i j - t m- !. of  tur-h ine hl ; me le - s  or m m m v  o t l u - r  h i g h —
Pro j  c -ct  i a r u  o f  an image- on hologram speed object could he ca n ’ I cii out in

n e - u t o t i ,e t u n m t e r i n u l s  thus prod uce -s ;u non— real time- b’v usin g ru ho lograp h i c  m n t e n  -

un i f ’ ci rl c h r i r u n ’  d i s t r i h i m t i o n r  w h i c h  - n e —  Ic - rom e- t i - ic t e - c h n i que. In g c n r c - t - rn l ,
duces a s l mn uc e -  — e ion i :e field re~ sul t ing h ow -eve r , ~i i cheron be 1 i eve- n-- ’ ~ hunt  he
in - u m m u n n d u i l , u t  i i i  o t  t i - me r e f r n i c t i v c -  i n d e x  is w e - li ahead of the applications people
v i a  the e l u - t r o — o j u t i c  e l l e ct . The pro-  in his rc- senurch on volume ho log rams .
dnu c ‘ ion of ~- m u 1  n u nne — I nha rc e- holog rnnn n s in Mi cheron ‘s g roup is co nu dumc t i ng h i g h —
I, iNi , n m 1 w n u s demo ni -- t r a t e d  by ear l  icr work  - quali ty -  research ari d lin us been act ive
em s . ~hc- ph o t i - - - e n s i t i v i t y ,  however , in seve ra l  o the r  a s l n e c t s  o f  optical
w a n - ab - i t  three or ,lu -r- - of m:: u m g ni  t ude- inform nu t ion st o r ruge  which nu n’ c d e s c r i b e d
be low t h a t  of ; I ’ t , ’  rap h u c  1 - b r u t e s , in a chapter - ent i tl c -d ‘‘Optic rn l Systems
l Ine -  l u - c -  o f I i --,t i ~ 1 l i-ed w i t h  h e - 2 ’  or rin d P h o t os e n s i t i v e -  M n it e r i a l s  for Ini t’or-
other ions m c i - c r u e l  t i um -  —c - nm t e i t i v i t y ,  mat ion S to rage ,” h> ,J. P. I l t m i~~ m u r u r i b ,

- n u t i t  - t i l l  re- , nnn uu ned a t  mu l e v e l of I . ‘h i c i ne- ron , and I. Spi t : , inn a book
about ~O0 n ,J / c rnm 2 nut a wa v e l e - m u g t h  of  ed i ted  b y’ H. O . Sc’rap h i n , - i  t n - n  7 Pr CT —

5145 ~m . ‘I n c heron a-nd his c o l l e a g u e ’ s ,‘- l’t u u - ’a ‘- S o Y - ? . -: ‘u m ’i’ , - i i on  - , ‘,~~~r ,
have- fou n d t im mi t w i  t im t he i r  new ‘ r u  t i- r i  — pub i ishe -el  by’ the No rt in—Ho!  1 n in A Puh I i n- li -

m Is t I n t - v  c u r l  ach ieve-  ,u p h o t o s e n s i t i v i t y  ing Company in 19Th. ( X e - r n  Snnn i l e v)
n n u ” I - : n r n i t u l ( -  wit h that of a photogra phic

‘ b u t - - ,u u n , t /c rnr 2 with HSn ), The eli f— ___________________________________
1mm r n n n n  mmiii d r i f t  lengths ( fo r  an applied ONRL REPORTS Ie l e c t r i c  field of 10 kV / c m )  in these
cr — - t a l c  nrc- 0.5 mu m and 10 mum , r e - s p e c -  S - e  t he hack of this i s- u c -

i v e l v . S i n u r e these  l e r n g t h r -  n r c  c ompar- for n i i ’ s t  r a c t s  of c ur rent
a ble w i t  l m or i n n  rge  ~ I l a i n  holographic re-port s .
f r inge — r u a c  I ngs , good I l u ’ ’ t i’ ’ - u n u s i t l v i t y
can ht- iu- ,iched. If the thrif t length
is  s n n m i l lcr than the fringe spacing,
space-e l u ru r g e  ov e r l a t u  occurs  and the
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I l b u u l m n l  ‘ lbs Ie)\ h l i t  I bIOS ‘-l it Re m i l l  i nrc 1. it le e pot nut u m l )  in tb -me otir e r two
u - I c c t r e u n  i n n i c r o s e  c lues , t he snmur , l n l c  is
ut g r u u e n nd p o t e n t i a l .  I t s  c ’ c t c - r n r n i l p b nr’ -n —

I l e c t n i i n  m i c ! - o s c e n ln c - s have -  he-come i c a l  a b up t - a r u n n ice , w i t h  i t s  a r r n u v o f  at ’-
n - eu p i e ’v nu l en t  t hun t 1 i m m  —on cc i  c-ni t m S t  S j i c - nn mbn i  gt ’ -n ( u ’ — g . , v r u cu umrn n c-q m m p i n t -n i t I i d’- ru -

n - - u i u l lv  sjme nd l i t t l e  t ime v i e - s m ug t ime - rn  t i f >’ t b -  e m i s s i o n  m l c r i n - ~c ’np c ’ m s nu c l o s e ’
d i u r m n m g  a t i ’ u l r  t hi-ough ~u l n l u n r u t o i - v c o i n s  in o f  o t h e r  c - I c - c t  mcmi  m i c n ’ i n - co !nc ’ -n .
gene - ra i l>-  p r e sc - rm t c - d to  the-rn. i b i s  wn n s P ig um i - e  1 shows  a s c l r e - m ’ o ’ u t  ic  v i c - i ~

- t  the c nn- c for me turn a \ i s i t  t en t i n , -  o f  t i r e -  lrl t o c n n i - n s i o n  m i c r o s e o j n e ’ . l ine
Un i v e r s i t y -  of  Leeds • s I n e - r e -  Pro fe s s o r  s I’c- d- i nm c- n ho li er  ( 1 1  sui ~’ pon  is  t he samp le
1 • Sun t t i ng , he-ri d of the Pc - I nn rt rnu c - nu t of  ( 1 )  w hose-  s i mm I nc  e - i r t i m  he- i m m n : u g e ’ dl.

e t r i l lurg>’ , enr t h u n - i n u s t i e u l l v  t- ~ i n u h i t e ~l t b l t r , u v i o l c - t l i - H u t  fm i nmi four h i r i —
h i s  l) epartm e- im t ’ s i c - w e s t  e l e c t r o n  m i c r o —  I n r u - - ~s u l re -  m c - r c n n n v — e a p o i - l : u n n l n s  (

~~) i s
scope a rid pim o t  ‘c rnup hs t niken w’i th i t s  re- f l  c d t  ed I t lie- b r i e  h I y pol i-Hued
u i - - c - , l i n e -  reason for t h i s  p a r t i c u l a r  n n uu i ’ d e- p l nm t e’ ( S I  o nto  t I e ’  S i M i l e- scnr—
In t tent ion i — t ha t  the l e e d s  mic  ro- : ce n l nc -  f ace .  m m it ted c-I ec t  ru i n —  r i me -  m c c c -  I c r —
is un ique in b n i t n u i n  and there are few  u t e d  in - n s t , m t  ic fi e ld n u l ong ,m -mm
l i k e  i t  in tir e w o r l d .  It is  a b u bm oto - b u at i r tiirou gi r tO I-V . li me’ e l e c t r o n s  tire -n
emission electron mic roscope ,  pass  t l u m i n n u , I n the mnodc ’  m p e I ’ nm t u re -  i n to

Photoen nission el e -ctron microscopy- ru t h r e e — n c t n m g e  m r n g r n e t  c n n l u i m ’ nn - m m d  f i n n u l l e ’
u b ’ I I M )  is so new , rin d t i n  r e s u l t s  I ont ’ a f l n m ’ - r e — i : e - n n t  c - n n w i n g  se- re d -n i (Pu ,

e m b — e r c e d  nt  L e e d s  w er e -  so impr essive
mt I have looked somewhat closel y

rut Pb I-S . A sh ort dcccn i i nt ion is pre—
-n e - nut c-i hen - c-; a m :n u ’ r c- c i r m u i l i l  etc ac-coun t
wi II m i n pe m r as an 05kb I e e h nm i cal Report.

l b  l iii is riot new in c O n c e p t  , hnu v i ng
l id -en  desc r i bed  in 19 ~~. Techn m cmi i di f-
f i c u l t i c s  de lru v e- d the dc ve - lopmer n t of  - -

~~~ - -

mi p n a t i -  m l  i r us t  runrueni t unt ii t he la t e - ~ ---9 ~1 0Os , b nowc -vc’r . - 
-

Imi s sio n electron microsc op y js -,

ban- ed orm tire emission of electrons from S

the sni mu l ’ ic- s carder obse-rvat ion. In ti -me
e a r l  ic - s t de velopment s , e l e c t  r u n e - S  w e - r e ’ 

-
ge-n e-ra ted h~~ th erm ioni ,, emission; tiu i s
nu - q u m i r e d  tiu mi t the — nm cp le be he - a te - e l  to  y

elevated t t -:n i u ’ n I u t u n e - ~ in order to t ’ l ’ t a i n  - -

-mu s u f f i c m t  nut exoe lect i nn , current. TI-me-
pn t-- ee nt --lu ” pimotoemission microscope ,
too , n i - e n -  l he ’ rm ion i c  em iss i on  at hig h
tempe -r t n i n e —  hut produce - s e l e c t  ron enniis-
siotm rut less t i c - l O u t  cii te ’mperat lire -s by ,i \
bat h ing the — rnn ’ u p l e  in a he -n mv v f l u x  of ,
photons — Ac c c  n- i l  ng l v , t he- i i i me t o c - : mu m n - s  iOn —

mi c rosco l me ’ s o p t i c s  c l o s e l y  r e s e m b l e -
tho se ’ of the me t nil b uurg ical micro— c o l i c -  -

In time- l a t t e r , the- l ig i u t ref it - e tc ,l Iron-
Iii- oh j ect i s  c o l l e c t e d  and f o c u m — e - d
i n n  e m b u n - e r v u t  ton i by 1i - e t  of glass lens es . ____________________________________
In t i m e -  emission microscope , ele-c trons

u ’ n n m n m u n r m t ing Ire -m u I - c’ - ‘ r u r n u h u l e -  are cob  le c t e d
mii i  f o c u s e d  by magn etic l e i u s e - s .  lie-rein I i g . 1. Schennat m c d iagrr unu of t ime
lie- s nu fun damental d i s t i n c t i o n  h ui tw c -e n photoemissiorm ele ctron microscope.
t iuc c l c c t  rUI n emission mi cro-n cop es rind 1. Spec imcn holder. ~~. Spc cinn nen r m e a t  -
ma ni- - m i s s i o n  and sc a nmn i ng ci c-ct norm m i — i n - m g stage. 3 IIV lamps . 4.  S r u m r m p 1 e - .

c ro scopes . in tine lru t t e r  two case ’ s , 5. 1’ ic  rc c - ~l anode. 6. Object i’~ c- lens.
t imc e l e c t r o n s  t hunu t ar ’ -  n i c c e - l e r n u t e d  7. Inte mmec l i r ut o lens. 5 . P r o j c - c t c i r
tinr (nUg h time - m i c r u n - n c o p e  column ori g in ma te lens. 9. b’Iuo r c- ---cence screen and
f rom ni h n - n it u -J Ii I m i u m u c - n u t  or a s e j u r i n ’  u t e -  cam e- i- a .  —

cnn is i-i on c ru t h- mode. Con — e - qu et m t i > ,  in
tine emission microscop e , tir e samp le
is mounted ‘‘ rut the to;) ’’ ( i . e .,  ut high

~ Sn
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A camera m s s i t u a t e d below th i s  screen , o r i e n t a t i o n s.  In fac t , t he s i t u a t i o n
‘lru~ n i f i ur ations are variable between is comp l icnu ted  by surface contaminants ,
1 (1 mind lO b,; the reS9lUtion varies be- which frequently’ provide contrast
tween 150 A ari d 300 A , depending on enhancemen t.
the specimen m a t e r i a l .  At temperatures Relief contrast , in which scanning
above- about 1 ,000 °C , thermionic emission electron microscopy (SFM I excels , is
heg mn n c , ar-m d the uv light sources may the most difficul t one for Pb b ,M , Such
he -s tched off. The combinat ion of Con t ras t  comes from the defle ’ction of
photo- nin ub thermionic emission allows electrons by the variation in the elec-
a c o n t i n u o u s  st u d y  of m a t e r i a l s  in the t r ic  field near a ma te r ia l’ s sur face.
range from room temperature to 2 ,000°C. However , d is to r t i ons  in e l e c t r i c  fields

The P1rPM l o c a t e d  at the University are common , leading to images t h a t  mae
of i,eeds w a s  produced l’y B alz e r s  not be e n t i r e l y  fa i th fu l .  -\ pparc- mn t lv
- l iechtenstein). -‘es of the end of 1975 , relief microscopy is the proper domain
th e - jr “Me- tioscope KE3” microscopes were of SEM ; in material and gra in contrast ,
l o c a t e d  in: Nc -uch~i te l , :uur ich , PEEM should e x c e l .
Liechtenstein , ‘fllbing en , Karlsruhe , Photoelectrons originate from
Aachen , MUnster , Grenoble , Leeds , S~ o depths of about 100 A in metals to
Paulo , and Moscow,  In the Met ioscope , 500 A in nonmet nuls. The same is t rue
a sample is loaded by t i l t i ng  the holder in SEM when secondary e l e c t r o n s  a re
into a position from which it can be used for relief-contrast studies. In
lowered in to a vmicuunn lock.  h-urther mater ia ls  and grain c o n t r a s t , SIi-1 uses
rotation allows the --ui -face’ to be backscattered electrons mis sell as sec-
cleaned by- bombac mi ment w i t h  a stream ondary electrons , and so an ru 11 un’ e-~~m ably
of argon ions. A motorized cross table deeper depth is probed (2 ,00u .\ t o
allow - s any location in a 3-muir x 3-mm 2 mum) . Consequently, P1 1:5 lends itself
area on the specimen to be examined , very well to samp le examinations in
During opera tion a vacuum of the order which flat polished surfaces ire em-
of 10 ’ Torr is maintm uined by use of ployed . It offers the uni que ca pu h il-
a cone- enn tional oil-diffusion and rotrnrv ity of produci nn g images of surf ,m i - e-s
pumping S I-stem in c o n u u n c t i o n  w i t h  a w i t h  m a t e r i a l  c o n t r a s t  an -m d submicro-
l i quid- nitrogen cold t rap. Two type- s scop i~ re-solutions down to a few burr
of specin ni en-ineating methods are employed. dred A.
Radia ion is nm - n ed  for slow heat ing and The aforementioned advantages of
cooling of l2 -mrumn -di am. cylindrical spec- PEEM , together with the ahi li t e to p ie ’
imens in the range Ire-ur n room tempera- duce surface nnm icro graph s s u i t , ui n le for’
tore to l ,2 00°  . An electron beam automated hi gh-resolution quanti r ativc-
is used for rap id hc -: mtin g of 1-nan-diam . structure analysis , form the basis for
spec imens  in the range from room temper- i ts use in m e t a l l u r g i c a l  ut - md mineralog-
a tt i re  to 2,000°C and also for heating ical investi ga t i o n s. Four exrmrr p les
tensil e - Sb n e cm m c ns in the mn unge from of  micrograp hs t n uke n i  w i t h  P E I M  are
room tem pera tu re  to l,2 0 0~~

( ’ . shown in Fi gs. 2—5 . i i g e m r e  2 shows
The i n tens i t y  d i s t r i bu t ion  in a a nnicrograph of w i n i t e  c r u s t  iron. The

photoemission micrograph is determined cementite phase (dark) is etched , where-
by three main contrast phenomena: re- as the white needles of marte- n i site in
lief (topograp hical) contr rust due to the austenite reg ions arc unetch e-d .
different i n clination s of e-miriou s sur- The figure shows both t rue r n ,m teria l
face-  e lements  w i t h  r e - h u e - c t  to the opt ic cont ras t  and orientation (strtmcture)
a x i s , g r Im m c o n t r a c t  due’ t o  va r ia t ions  c o n t r a s t . Fi g u r e 3 is a mic r our raph
of the mate r imn is ’ work functions as of a defo rmed ber vl1 ium- buro n~ e w j t h m e u r i t
functions of lattice orientation , and chemical etching. Note the - slip litres
material contrmu st due to variations and the deformation twins. Figure 4
in work function -ms between materials, is a m icro graph of nu cemented carb ide
The l a t t e r  mc i c o n t r a s t s  are part icu- w i t h  three d i f fe ren t  carbides embedded
lo ris- we l l  developed in P l U M  since in a cobalt m a t r i x .  Most of  the grains
the i n t e n s i t y  of e m i t t e d  e lec t rons  de- here mire too small to he i n v e s t i g a t e d
pends s t r ong l y  on phu c uton c- nne-r gy . Thus v ia mum e lec t  r o n- be a m  microprobe , the
tine cho ice-  of pa r t i cu l a r  photon-energy stand ,mrd  chem ical- - ina lys is  m ic roscope
bands , which generally lie in the s pec-  technique . However , w i th  su i tab le
trum of mercu ry -a rc  lainnius , o f fe rs  the markings on the sample , microprobe
opportuni ty  of c l e - nur ly  d i s t ingu ish ing  ana lys is  can he made and matc hed aga i rms t
differ&-nt mu n e r i n u l s  or cry stallograp hic l’I EM to yield submicroscopic chemical

357

_ _ _ _ _  - -_ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _



I S S  3 1 - P

smel t i ce -  nmmi , u l v s i s .  h i n r u i l u ’ , b i g. S shows
in o eu di :ed n i c ke l  s u r f m , e .  The oxida-
t ion s-mi s ca r r ied o u i t  i u r  a i t : u  at nun oxy-
gen p r es s u r e -  of  lu~~ T o r r .

/

~~~~~ /
~~~~~~~~~~~~~ / / / : ,‘ / ,‘f~.’~~

- f~~
. - -

F i g. 2 .  ~‘ b n~ , )g rrnj ’ h m n f  de formed b e r ” l l m n m u  -bron:e . S l i p lines mind d u - I - -u r - i ’ ion t w i n —
a : n ; n e - ~l r  on t h e ’ poi  i shed unetche-d su r f - m e- c .  The approx imat ,- f i~~u m r ,  d imens i — m s i re

, u u ,,mn 70 n~m .

‘I

I /n
*

p _ _i

I~- ‘- 
-

i
- c , meoil~- .4

1 ig. 3. Ml cro g r,u -h of w h i t e  c m s t —  Iron , Cement i t c’ ( d a r k  , r u m  it i ii-, i te  (s-hi t e )  , and
a u s t e n u t e  (gras ’ ) n hru ’- e - ’ are v i s i b l e .  The a pprox imate -  f i gure d ime ns io ius  are
85 mum 120 1mm.
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- - - - -~ The re is , at ’ c - a n s e ’ , s u b s t m u n t i u l l v

- I more ifl~~~rn a t j o n t Lmt an i n v e s t j~~~ t ’ r

p ph one to p l i c c -  iii order fi r -n UI 1.M ,
4’ - an d some of these ‘ -r ue he a n s w e r e ’cI n

the inu re- C \ l ’ ru u lded  d i s e u i — - -- i o n in a
f o r thcom m ru e  u i\R T e c i nn i  e n I R e p o r t .
h o w e v e r , it  is d e n n y  u~5 ropr i a t ~-t o  l)re~~ - n u t  one f u r t h e r l i t  mi u rn—th e cost.
B r u l z c ’ r — ’ J ur i c e  for t h e i r  k b 3  i s  a p p r e u x —
i u r u n t e l v  one m j li j onn ‘sw iss I r n n l e ’S

i n ’ , 1 , ~1 ic rog ra ~nh of nm c -nn e-nm t c- d cmi’ — (about S - h i)0 ,000 ) . (A . Si)SIti )
h ide  s u r u in t in re- , w i t h  three distinct
t y p es  of car hiS part id e- - emr n b ’eu bd e eb in
a oh i m u It mat r’ I s . The s amp he b u ri d h u m eri
me’ bom n i c u l  lv  01 I’~b me c I. ‘l ire- a l u l n u i x  I —

m n a te f i g m . m e  - h m m e n s i o n s  flu-

See t b , - hack of t h i s  issue
for  ahst n u c t  S of c u r r e n t
re- J i m ) r t S
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I LECTRON MICROSCOP ES AJ’~D MICROPROBII he trans fe— rre el to n u ma gnet i c-t ap e- cur- -

~~Xt~~fl~ I N  THE WONDERFUL WORLD OP -- ett e w i t h  p rovision for up  t n  38 maps.
~OLOR b - u m r t b u - r  processing m i l e - c - d i- - j n l u i y

t h r o u g h  8 s h nmn b c -  - of  grey or 8 c o l o r s .
I f  a picture , presumably black-and- As e- m i u mnu l c o n c u - m u t  n - m i t ion lo v e - i s  may hu-

wh i te , is wo r th  a thousand wo rd s , what ’ s cuude-d wi th the  same c o l o r , isoc om ncen-
the value of a colored picture? Color t i - nu t  iron mu m ps nu.ny hu e- ge-ne -rated he d im-
displ uv is ~he l a tes t  contr ibut ion to m a t  in - m g t ine  ot u - - i  c o l o r s .  M m u J’ -  o f  t 5 n n

scann ing electron microscopes (SEM) diff e r e n t  element- , “ m ui r on-m e coded w i t h
and e’lectron —probe microanalyzers (UPMA) , mm different color , may he sn i l’ e r im p o- n c - uI
coming from Israel , in a j o i n t  develop- and tim e o v e r l a p p ing reg ions L o b e d  w i t h
me-nt e f f o r t  between Prof. David Brandon -m a s t i l l  diffe rent color. If desired ,
(Technion , Haifa) and El scint Ltd. the da t ,m m n ny he f i l t e r e d  t , n  p rovu d e
(Ha i ía) . a smoo t l ied mn u n mp p in g o f  concen t m m t  ions ,

Color  d i s p l m u y has already appeared Ether fc :mture s  i n m c h u d e  s i n :  l e -c e l l
in v ideo d i sp lays in other f ie lds , par-  readout , two-channel simultaneous anal-
t ic u l a r l y  in medicine (ONRL Re- Imort ysis and display, etc.
C-13-76), See the cover of Scn~i ’ r -e The effe cts of this enhanced datu-
(V o l .  194 , 24 Dcc. l97tu ) for a d i s p l a y  p rocess ing  l a t i t u d e  n r c most inr npre - ssiv e - .
of si gnal ampli tude : , via color , of The b la c k - a n d — w i u i t e  “ foggy p a t t e r n s ”
a nuclear-magnetic-re-s ee ance probe of that tempt the imag ination l im i t le nuv u-
a t n m m - n u r , and E’?,

~’ 31-4:142 for a descrip- much doubt are replaced b y easil y vis-
ti on of color-display development at uali :ed contours . (u i m u p m n i s o n s  of  al-
Cambridge University. The addition ternative di ’c1ulays , featuring Pn nttc-r nrS
of color disp l rue for S i M s  an d EPMA s of different colors to b r i n g  o u t  di f-
is , nevert heless , n e - t a ble in i t se l f  fe - rent  e l e m e n t a l - c o m p o s i t i o n  c o n t o u u r - n ,
and is uni que in some ways . are ex t r eme l y  he lpfu l .  A v n u - t  number

A convc-n ient  s t a r t i n g  point for of m ic roscop ic i n v e s t i gat ions of  mate-
desc r ib ing  the Is r a e l i  color  d i sp l ay  r ia ls  should p ro f i t  f rom such color
i s  the c mu er m mt io n  of x - rays  by the in- d i sp l a y .  (A.  Sos in)
p n u C t  of  e l e c t r o n s  upon a possibly in-
bm n u moge -n m e- o i - -: t n m r g e t  I i .e .  , sample
h u e- x-rnuy Juh O to n s are - sorted l v  disper-
51Cc’ -pneCtrometerS to v i e - id a bo t hy—
dot imnm g e - inn co lo r  showing the e l e m e n t n m l
composi tion . ‘- t u n i c  p rec i se  q u a n t i t a t i v e
elemen tal analvs is calls for focusing LASERS r s C H E M I S T R Y ~~~~ o S b l , R b :s b;
the el e ctron be rur n on - -~u e-c ific points
arid coun t i ng  the number of e m i t t e d  pho- A con fe rence  on Lasers  In Chemistry
tons or s w e ep ing along a f i x e d  l ine , was held a t  the Royal I n s t i t u t i o n  in
g iv ing  s i n u g l e -  point  e , ’ u i m m t — - and summed London , 31 M:uv-2 June 1977.  The con-
line  : o m i r u t s , rc- r ;j e - c t i vc ly .  Th is  is fer n -uuce was international in character ,
- m u  on —line hm roc e - chml r e , requiring s ib-tan- with 14 countr ies re p r e s e n t e d  by 2 53
t i u l  i u J n e rnu to r involvement , and i t suf- participant s . I t was opened with a
fers Irium ire-accuracies due to  c o n t r m m i -  few welcoming re-marks by P ro fesso r
nat ion problems m ind inherent in rsta h ili- Sir u e-or ,’e Porter , \ohel Laureate and
t ie - c- of the syst em. Diru - ctor of I ui: Royal In s t i tut  , ‘u u .

The j s r m c - l i e l e m e n t — c o n c e ’ r m t r a t  ion The 2~ - - l , u y conferenc e- w ,u s divided m t
d i s p l a y  and p r o c e s s o r  ( EC D P b con t inu-  8 e - s s io ns  Raman mind ‘ t h e r  s c r u t t e r -
rm i h y  s t o i c - s  the x—ra y h a t , j  in a ing, po l lu t ion  and ce imhust ion , d ia t o m ic
2 — d m m e n s i o n u i  ~t 91 - i - i — hi t  me m ory ‘- J e - L t r o s c o luv , I s o t o pe  Se l)arat ion , e l m-
b lock , addre ssed m ncco rdin g to the posi- f r u r e d  phot o chemus t rv , liser techniques ,
t i o n  of the e- l &-ctron beam , A ‘ t i t i s t i ’  po lya to mic n  spec t ro s copy , and short-
call > si gr uificant di ’1 -la y of t b ’  d a t a  pulsed techn iques .  The format of the
can then he generated. ‘Ihe image c n n meeting was somewhat uu n u u — u r i l .  -‘s ev eral
he ~ t e - n . - n j  either in the ImCDP memor y Invit e d speakei - s gave lengthy presen-
or on tape for off-microscope- s t umi h s , t u t i o n s  while the rui mthor s of contrmb-
rn - l e a s i n g  the m ic roscope  fu ii- o ther uses,  c i t ed  papers had a maximum of  S m inu tes

The l n te-i m sin ~ of the x-r ay s may to  summar ize  the ir findings and answer
be scal  e-d be for .’ - ‘to rage to p rim V ide a few c lue -n t m ‘rn ~~~

elemen tnu l - c oncentra t ion maps wit h a I was not present for three of the
dyn amic range of 1:256 , and these can session s , but have included some
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infor mm n t ion on them from the- conference hs~~ee’— ur n ’r , res p e c t i v e l y .  A c c o r d i n g
di g e t , which cont mu ine’ el the comp let e - to D.A . l un g c t  a l  (t J ni , - . of bradford ,
papers . Br uu df ,u r cb , ~e t  Yorkshire ) a Q— sw itched

kannuan mind 0t h- u S c n m t t e r i ~~~. J.i’. rub y—l aser pulse wit h a flu ’- of
Tarm un ( O f f i c e  ‘

~~m u i o r u m u 1~~ PTtuidc et de lO~~~ W/cm 2 typ ic nm l l y  produce -s 10 17
Reche rches \ i~ i u ~~s j - m t  i a l e s _ i i \ h  RA) g ;ivc h v p e r — R a >- le i  n h  ph o t o n s , h-ut onl y 0 .01
nun m n i v i t  e l  m J n c ’ r on coherent ant i — S t u b - e s  to 10 Stokes )uv p u-r— R ~im n u u n  photons .
Rn m ru a n s p e c t r o s c o p ’.- 1 ,- \R5 ) .  This is l ong  i t  al  n u m b l e d  the technique I

technique wh i ch  hnu -c been knowir for a s ing le c r y s t a l  of  NiI4 CI wh i ch  under-
ic -v er mu l y e - a r - n, hut it- - app l ic mm t i on to goe- s an o r d e r — d i s o r d e r  p h i r u uc e t r , u n m - i -
spec n r o s c o J n y  is r e l a t i v e l y  new. Tar m n im t ion mit 2 4 2 . 3  K.  lie mm mdc memn s urem e nts
des c r i b e - e l  t b me bas i c  p r i r r ci p le -— t h at  f i r s t  a t  306 K on n u c r y s t a l  tha t  had
CARS makes n m - n c of a nronl inrear i n t e rac -  bee- ni k e p t  at roonru ten l uperat mi re for 12
t ion i’e - t ce en ti. laser he -nu n s focused months be- fore- the experiment. Lie then
o n t o  t he cain e sm n u l l  ‘.- inlume in ru medium , co o led  the c r v s t n m l  h e l m s  the transi—
When tin e’ diff e -rc-nc c- in frequency hetw-en tion temperatu re to 23 u  K and allowed
t he  t w o  l asers  is e-qual to a vibrational it to Sa ra n up aga i n  t i  3 u I t  s over  a
R n m m ’ u r m r m  r esonance in the neel i uinr ’s mole- perio d of 9 hours . The h y p e r - R n i v l e i e l m
emi l es , a hue - am o f cohern ru t  l i g h t (CARS s c a t t e r i n g  i n t en r s i t v  w u n c 100 t imes
rmu diation j is em i t t ed  w i t h  mm f rc- i~uencu- l a rge r  for the second measurement than
v - ~ suc h that  2 ’~

- l ~ 
- v~~, wher- v 1 it w a s  for the first one. The lnvp er-

mu c h - - , nl re- the t w o  lm m s er frequenc i e’s Raylei gh scat tering was thus showru
nmmud 

~~ 
the- CARS f requency.  As the tech-  to he a good indicator of residual

n m q u ~e is Use - c! ~fl p r a c t i c e , v 1 is oh- order  in c e r t a i n  c r y s t r m l s .  Further
t m u i n e d  from -m fixe-d-freque rncy laser studs’ is necess nu ry to determine whether
and 

~~
-, from m u tunable laser , us u irm il v heper-Raman emiss ion w i l l  be mu u s e ful

m u dve~~laser. -‘c- - v~ is tunc- d , V 3 r u l s o  tool.
u n I t i e s mind the .- un t i -S tokes  Raman spec-  Three papers  were  p r e s e n t e d  on

rum is - i t  mined , the - use of laser-heat spect roscopy
CARS emission is coherent and can to stnmd > - the ’ s u r f a c e s  of liqu ids ,

be- collimated where-mi s sp nn nn t a neou s Rn u m uumm n c Ba s i c a l l y  the p r incip le  c o n s i s t s  0
emission i s emitted into 4” st e m n m d i n m n s  bc - m u t i n g  laser li ght , sc i ttered from
i n  the same manner as Rmm ylei gh s ca tter - therm a ll y driven flumctu ,mtion s at the
ing. T ime- re - fo re - , nearly mill the CARS 1 iquid s m m r t n m c e  , c- i tin unse n t t n - r e d l,u s c r
radia tion cn mn i  he co l l e c t ed , resul ting radiation at  tim e cath o de of u non l i near
i n  mu relativel y hi gh received mni te- ni sit y de t ectinr to ‘re-due ,- a b e n u t — f r n . n~ ueu u~ v
mind discr imination against flnu u ’r c- scc -nt spec t rum . -\ccor ling to G. R i n d
and th e -  ru’s-m I hack m r- num rud radiation • 1hc (‘n nu i t  hm mc u J n to n r Univ . , UK) t h e - s e  m i c r o —
intensity of CAR’~ rn u - Jir n tion is non -m l in- scopic surface - waves , called ri: 1 no ,
e n u r l y  dependent on t ime molecular  number hav e - f r eq ue nc ie - s in the range D - 1~~- ’ kb
d e n s i t y  whereas s pc nntaneous Raman emis-  mind ampl i tudes  l ess  t han S r e - n . \ study
s m o n  is m l inear  e f f e c t .  Then -fore , of the autocorrelat ion functuon , which
the r e ’ l n u t i v e  s e n s i t iv i t y  of t I me CARS is tir e Fourier transform of the power
techn ique is dependent on the dens i t y .  spect rum , for d i f fe r c - n r t s c a t t e r i r u g
In one examp le  the L-\RS signal was s ix  ang les  provides a irnea - cuur e ’rne: ut of vis-
orders  of magni tude larger  than the c o s i ty  in a -.‘e rv  t hin l nuv c - r .
s po nt runeous Raman signal . An interest- ‘ un I lut ion and eomhni s t m curt • I- ive
ing p o s s i b i l i ty  e x i - t s  in generating p ru l u ers wcrc presenteff ’

~ 5T ~
‘T
~ich four

an m e - m t  i re s ( u e c t  rum ru - n opposed to a s in -  Je- nuc r ihed some form of re- rn etc moni tor’
g le line wi th one laser jnulse by using ing of pollu tan ts in the n itmo -j ib uere
a broadband dye lrm se - r nm -c one of the and the f i f t h  -i Raman method f i r  remote
pumping s n u i r c c - s .  m e a c u r e m u m e - n i t  0! tempera tu re  in a g a s - a i r

Two other nonlinear e f f e c t s  may flame .
occur mis time - r e - c u l t  of i l luminat ion S. Sutton [Central Electricit y Re--
of a mate r i n u l wi th  intense monochrom at- se -arch  laborator ies , C e n t r a l  E lec t r i -
ic light of a single f requen cy . Sca t -  c i t y  benera t ing  board (CERL , CEG8) ,
tered radiat ion aIuii ’mu rs at 2v 0 and Le- nmthierhe a d , UX] desc r ibed  a c o i h u b o r a -
2si 0 t v 1, where V o is the frequency t hee J u ru n gram bet ween Cb ,RL and Marchwood
of the incident radiation and v 1 is Eng ineering Laboratories (ME L CEGB) ;
the frequency assoc ia ted  w i t h  -u transi- the te n im has developed a d i ffer e - ntia l
t ion betwe e n two energy lev e l - n . T he lidar (opt ica l  radar) sys tem for remote
e f f e c t s  are termed hypai’—Ray ’ . i m,’h and detection of pollutants. The scheme
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mi s c-S an n i le -n i  f i r s t  pr u i p u i cu - il R. 37 Cl + hi~~~Cl(~ 1 )  ~ ~t l  lh 3 5 C l (v—u )
Sc heu t Lunu ,I (Un i v.  o f  ‘ c r i  :‘ m i i , - on I
in l i l t in which t , . n -  l a c e r  p u ls e - -- mt n u nu m b
t wo wa ve-lengt h s mire ;‘ r op n i g n u t u- ~l n e m m r l y
si mu l t - u n ie- c ’ u s l v t h irou m h T i n e  atm o sp here. ‘7 C1 * W ’ .C l (v ~~lJ — — . - - hi 3 7 Cl (c - 0 )  21 C 1.
On e- Sri ’, e Ic- nm m t  In co i ne u des ci t  an ib’ - -o r u m —
ion li re in nu ; nn u rt ic- ui mr poll want I’io t b’ c en r i chmu - um t o H 3 7 C1 c-mis pro -

gnu s , the - t h e n ’  w i t ’ mtmo sp h u -ric c-inn — , I u c - I  tnt t i , - f inal  m m  u t na re .
c b s , A n’.~ e - i m  collec ts ~b n ’ - r a i m n m t  uo r n I .u - F e - m u - ,  n ’ - , V a n i - r i s  I in i ls
- - .~~ S . m ’ t i - r e s i  f r m n nn r aer n ’so l s ut bo th  o f  Iri s r - . m r m j  L u - i - n  ‘ e ’ chn n 1 u m e- s n. i -r ,-
w u y e l e n r t b n - -- u - n a fim n ct io rn of time . d i s cm i-c ed , H. !.. Dc) and I.! -

re- Inn the tw o l’nuck sca~ re-red si gnals it ( u n i v . of hul l , II~ h ave developed a
i s  poss ible to deduce- the c- m ule e lm t m i t  m e - n i  t mr uah  Ic , hi g h — n  ud i  mm m i - , e ( 1 0 1 2  K / e r r 2 sr )

U t he  p i ’ l l i m t n u n m t gru c u —  1 fu nrct i n n  of n : - .!r i . , ’ i - u u ’ f l n m u u r i . de / l n - n i t , n -  m u - - n — f l u o r i d e
r u mmr m , e- . t ine  g m - u n ; ’  is mi - - ing -i fre’ - 1 ’ n ’  i -  ‘- — F i b  n I n !  I l a s e r  s u i t a b l e  for  d i s s o c i —

- r i F led dye l nm -s e- r o p e u . u t  ing rue-nu n 1uu OI I  ~u at ion or ether  s t u d i e s  inn t h u . - 2.u — to
te; n m ~ - u r e - SO2 conc e- ni r r u t  mon in mu ‘‘s m— 3.0— rn reg ion for Hb- m in m J 3,t’— to
p la n t  plu. - . (‘ O n m cu m u t t  nit ions of ‘-, uu 1 .0 — r n  re gion for DC. The- l a s i m i g  m c d i —
i t  t he 0 . l — t’t ’n le-~~e 1 m . m re m e - m t - s i r - n.! f r - n m  n orm c-a s f n n m r n , .I in l o w — p r e s s u r e  m i x t U r e - --

- m distm ince of 600 : _ of ‘ 1 m, and b I ~ o n  
~ 2 •  A n m~~np o r t u n i t fe-mi-

c c i  o t h e - r pa p e rs  w e - r e  ‘r~ - — ’  r u r e d  t u r e  o l  the  s y s t e r  w a s  a pl an oc . nuv e - x
onu t I -  crime- m e t  h i d:  one w nu s - , i v u - r u  by u: is t , u h l e  r e - s u m m i t

~~. Koh ~~ r~ (IJ n uv . of  i-lu l l , Ilk) m i t  ial experi m ents wer e- p e r f o r m e d
min d t l m m  - t h e r  l v  l),1 . ‘ r a s s i n g t o n  Cb . b d ) .  cnn m mb- cor ln i nr g grmse- ’c in w h i c h  v i s i b l e
Ih e tnr mc- r pa~’e- r d e s c r i b e s  nun inn  frn n re el l unm in e sce-n e e ui rm s re -JuIced. ‘c—n v e t  the
S y s t e m  base d urn n u lO . - — e - n u  u 5 , l a s e r .  or i g ir of this c m i - -  unn n  is nm ni k mu o u , r m ,
‘cn u nO t c -me t in i c - u t  u r e of t hr m s cork r - it s n u rn I m r  rem sul t - - in e x p e r t  nrc -ni t ‘ w m t h
is the usc- ot n u F ’  ter e -n!-c m ie receiver. i n t e n s e  10. 1 —  , u r a d i rmt i on  a re  t hou gh t
R r n u s s i r n g t m n ’s ; . u’,-’e ’- r  described the per- ti m ar i se  from d i s s o c i a t i o n  p r u i n i c t - n
f o r n n - m n n e e -  o f  m J i l ’ iu - r e n m t ia l l i h u r  s ctem produced after hi gh ‘.‘ihratiorra l e’ x g i —
emp l o y i ng  a t m n n m r m l ’ l e -  ; u m m u m u - t r i c  o s c i l  I a -  t - m t i o n  o f  t l e  n ubsor i nin g mole-cu le .
i o n  w h i c h  c o v e - m s  t r ~ m s m m v e l e n g t h  reg ion R.G. h arrison e t  -~~~~ ( h l e r i o t — b ’ . m m t t

m in im 1, 4 to 1 . 2 -rn. The senn — - it i ~‘j t ’ c ’ U n i v .  , bld inhurg bn ) c l a im  to have p r o  -

c m i  m mcd i s  100 pph nf CO ni t l-~~m r ra nn gc duced an o p t i c al l .  n u b - c d 511 3 la s e r
w i t h  1 5 0 - m m  r u i n  -n - n e- -o lu t m ‘nm . with mm efficiency i n t I --20%—t he hi gh-

i - - - - ‘ . 1 n m  r u t  u r n ,  A l u m b e r by c t  e l i  ne - i e n i c v  re- ~n n ’ r t e d for  an ‘~ n t  i c a l —
_ i . - t - m ~. ’ - .mrJ  T~.T.  S:l~ T i u - r  ~I m m x — 1 ’ l m u n c k  ly punmrj ned l u -  Y r .  A l m e m u k  ‘ o w m - r  o n  1 MI~In - t i t  it f U r  B i o p hy s i knu l I ‘;, bu e- Chemie , i s  produced at a wave lengt In o f  12 . c rn,

~ t t i m  :i- n ) d i Sc us c e e h mm mmmc t hod of en r i cii — The opt ical pum p is a t m u m  s ye r - -

“ne- nit ot c h l n r m r m . -  m t ui ; i e- s by se lec t i ve  exc i t ed  mmtmo sp h e r i c — j ’ r e - - -- u i r m -  I H A )  CO 2
;- b n m n n o a d d i t  mmm i of ILl t i  a c e t > - l e  n u n - , I n m s e r  operati m ng r u t  ~u w a v e - l e n g t h  of
I h im - v xc- lec t i ye- I cx c ii ed 1 7 I t i n  an  9 ,  29 tim. Possible- n m 1 n 1 n l i e u  t ions include
e- l e- c t r onic—exc i ’ e-d S t n u t e below time- t h u  purnp ir n g  of - 1 n i i n — f l i p Ramn m nm I - u s e r s .
d u s s o c j u t i o n  l i m i t .  The e’xcited moie- P.K, Schench  I S m i t t o n a l  b u nt -mi m i  of
euler. me- m u -  t - - t n n , n u  ly w i t h  certain —m c n m v —  b t m n m c h n m n l - - , h n m s h i n g t n r u , DC) r e - p o r t e d
c -r u . - -c I i i e  ni c t- t y l cn ie -  t o  y i eld a lie- S t n u , I — —-- t h n c -  -

~~
l n -  n l v u u m m c  e f f e - - t .

- - I u i  . -‘cmi u -un r ichm ent true t n t  of ibm is ci feet is an elect rica I Si g rn nu 1
r Cl Sc um. o h t m m n e d  I ruum m n mu na tu ra l  r iumiuced mit tIn e e l e c t  ri le- s ot~ .m gnu -c —

m i n t u H e of In I .m fle r 10 m inute ’s of ir— hu s c h u n u n u r e- t ubum- e)r t m . ’ e l ’ - t r m ,In s mi t
n ; i d mnu t ion - - t  nu l S i n — m n h m t e - r vo lume at  a f lame when t u  gm u s or f i n e - r e- is irr ac t

p o w e r  l u - y e - i  of 50 n ih ’ .. m t - n i t  iny a lace- n o pe r a t i r r g in re ’ S of l num rce-
I,m f r , m u , - t l’b, un t, , eine - um , i -.t r y . ,J _ l~ol f r u n  ~‘ i t h u  an e l e c t ron ni c t r nu n n - c i t i o n  of some-

r \1 n u , ’ T m 1nimu , r ~ T u. i  t um t m r  b t i ’~i” iumn m u s fcnr -- m u t on rni c species pr c- n u t .  This t i - c h n i q uc-
S e u u i rn g (ditt i n , .  en) t m u l k e e l  r u b e - n i t  ~ i u m u l i - —  is free from tire- rmul ’ l e ’um n —~ u s s o c u u t c -d
i i. t i , u u — s e l ’ , T m  vu - i n t r a r e - d  j n b m n n i m c h e n m m i s —  w i t h  mon - c- convent i - u n t i l  opt  ica l  nnet irods
t m • be- ri n d hu ’i col lc mm L ’mie s n i - - I  a whe N - e - ’ . t  r m n i u - m ’ m m - - s c a t t e r e d  e x c i t a t i o n
ii! -n ed I l L  I la I t i  se Ic- i t Ivel y e x c i t e  li ght and broadband e-nuu l - -- s ion I iou’ .  the

Ii’ Cl vl hm it ion al 1 - ’ . b mm e - x m imn u l i l e , d ischa rge -  or f lame con t r i hiute  noi— ~-I m u r  1 1 m m first t iu rue , u nu , -rm - u i r u - unu l-nts S- c- n e - to the ibe-tect ion scheme , Appli m t  i -mis
n m - be - on the non i- e- , m i - n i v e- minim!  r e - m i c t i v e  include- : i d e n t i f i c m u t ion and de te rm i - -
cb m r m r m u - 1 5  na t ion  of concen n rmution of atomic

S . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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s ;m e cn e s , m u ee)nvemui e flt and i n i e - x j e n s l v c -  t im e  w i n i lm u w’ m-n v nu r v i n g  from 100 puc e-c t ’u
method f u r  l a s e r cni v e l e r m g t h  rind l i ne -  80 use - c in w i d t h  rind , in e f f e c t , f rom
width c a l i b r a t i o n s , and a conven ient 0 to - - in delay w o r m -  o b t a i n e d ,  b , vm-
source of - c i gn n a l s t i lock i n — e r - - to elence of  two  or more e m i t t i n g  s t a t e s
vmmri ou- c a t o m i c  tr nm r n s i t  ionS. SnI s cl e -murl y ob ta ined.

i’ u u l v n t o m i e r  5~’ec t r un - -c uu j’v . Most of Porter himself gave an i ruvited re--
the b1m1 l~er~~

T’
~ ii c e r n u e T  re - cen t  s pec t  ro- v i e w  pm uper in wh ich  he sumnnar i  zed p- ne- c

-n~~ ’l ic m m e t t u e ) d s  u n n ~~lo s i n g  l as e r s . ‘l i m e - - n e  T echniques a p p l i e d  to chemica l  k i n e t i c
i n c l u d e  tw o - p ho ton  ul ~s n n n ! t ion - n p e c t r o s -  .tu ,t i es . Porter pointed out that laser-
c u p ’ . , w h m c h  prov ides i rm fo r mat ion  on f lm ms l m ~b m i t n l y s i s  is the only a v n u i l a l m l e
svmme t r-v -fenrbidden tr m m n n s i t i o n s  in d cc- method for studies involving t imes
t r o n i c al l y  exc it e - el stu t c’ s , and level- -,b n u .urter than I nsec . t i n e source for
cm o s ing s i n e - c t  r o s c o lny ,  bu u ch is free -  such s t u d i e s  is cisu m ul ly a mode-locked
n ’ t~ I)opp i - r  b roaden ing mm md can he used l a s e r .  Because t i re l if e - I imes of some
to r e - s o l v e  hv p e r f i n e  c t ructnmr e . st a te- c in organic molecules are ex t rem e - -

Three papers on t lie spec t roscopy lv  shor t , ye’ my shor t pulses must be
o f p o l — u t o m i c  molecules were given in n m- n ed . A lower limit ex i sts for useful-
which ti’e n . I m t o a c n - n m t i c e f f e c t  wmm s used ru -s s of short p u l — n e s  for chemical s t u d -
m is ru t o o l. T h i s  - f f e c t  has been know- n its at nu ln out one fe m m utos e cond  (10 - 1 5  s e e )
f i r  several ye ars mi nd u i ~- been umse d  where the u n c e r t a i n t y  energy is of the
by mu fe-n. invest m u m n u t o r s . The c e n s i t  i v-  -c rime or der o f  magn i tude as bond erie-n-
i t  y has he -err i nr c  n u , m sc - d  , and t I ne- - mn - I hod ies (see !-~~,V 2 9 — 7 : 2 9 - I ) . The record
is tie-corn i rig n o n e -  l m u l ul ar. In tin is t cci i -  so fmi r inn fI a s h — p ho tol  y~ is cork is
til clue a c h m u l l - e e b  , na r rem , ( rind tunable 2. 1 psec.
I n — e r  he-r im js passed through a cell The conference cove-re , !  tire- mire -a
- - - u n t a i n i n g  mu gas  un der mn u v e- s t ign ut io n of lasers in cire imnistr y comprehens ive l ; ’ .

m m mm crophone . W he n the l ase r  is Severa l  papers were , inowever , somewhat
tun ed n ’  ann ahcon -p tion line of some far  a f i e l d  from chemical n u i u i u l i c m u t ions .
- -j ~ -c ic -c , ml fi n i ct uat i rug pressure- change (‘cern Snrn i 1e v)
is produced which is ml e-tectee j by the
microp h n m - n u - . I d e n t  i f i cn m t ion of spec ies
mind c o r u c - n t  rmi t ions mire two app I ic nm t ions.

- , hlaner - rl (School of u b c- n m- —-

ist mc , Univ. of b ristol , UK) used tir e IVIATHEMATICAL
, n b t , u r m . o us t  ic t e e - b n n ique w i t h  a tunable SCIENC ESdye- l a se r  t i n  study fo rb idden t r a n s i t i o n s
in u n s t n m l I e -  sulfur conupounds. C e - l i e - n -
d e s c r i b e d  h is  wor k wit Ii this T e c h n i que
to ma ke hi - h — r e - m r . ,  I ut iorn nu e- m m s u u r i - r u u m - m u t s
0! t I , , Pc i. t m mu of nit rm n so imn et b u am ne and ‘ 1111 CONTR IHI (I ION (ii J.}i. WILKINSON TO
t r i f l u o m i m n i t r o — o m e t h ’ .m ne and , addition- S’UMFRTCAL7 \TY~T~~~~ IUANT STItm P
a l ly , t I n e - J ’ c  c t m n i  ce - p ie d c - t e e  t i on  and

F h i  gb —  ru —ui u t  ion mmru mn lys i s of low jnhoto—
p m n n l m ic t concentrati orn s f nitro — ouue -t tn - In ce nemonies at Buckinghr i rn Palmuce-

u m u e  du n iri g the pin onm ’ l v s i c  of on ~I May the i)uke of 1 dinhurg h , Prince
n i t r o m e t h m m n t - . Phili p, p r -s ent cel Dr. .1 .11. Wilkinson

l u m t - l’u Is e  :1~
-
~~

m
~~i~ iu me- - - . !Fveryone ’ s a Di ploma of Iioncnrary J r e l l owsh ip  in

con m - ; n t  ~m nu -nlTbrt pulse- is d i f f e r m - n u t . the Inst  i t u tc  for Ma thema t i cs  and I t s
Ih i ngs ar m even more  confusing m ow t h rut A p p l n c m t  ions ( IMA).  Three other ce- l i -
f ’r m m c t i n u m n m l — b n - n e - c pu l ses are being pro- known B r i t i s i m  mipj nl ied mathemat ic ians
deiceeb . 11ue - - n e- sion chu ;m i rmm ummlm w isel y were also pre se - rnt for the occasion hon-
n r O nm b u e I t i m . -  papers m t  t w o  ca t e - g or i es— - nu n i n g  Wilkinson—Sir James I,i gb t hill

- -  Ii rst , “psec and nsec scm rk” an d S i r  h e - m ann Hondi , an d Prof . -l . Brooke
t i -  scconr d , ‘‘U S cc invest g r i t ions .’ he-ni b am in.

U. Phi 1 1 1 1 m m .  (tin iv. f ‘um u t ln uu nu i i t on , i l k  i n s o n  , c- ho c- m is e lec t  e-d a Fel low
JR I describe d im is work and that ui his of the b t e y n i l Society in 1969 , is best

c i , Ile - acr u e - s on the si mn ne il tnu ni e , n u s mm- r e of known for h is  work on the ana l ys i s  of
time and s~u e ct r a 11y esolved emission error in the solution of large numbers
cum rve s . Ib mey excited aromati c molecu le- -n of simultaneous linear algebraic equa-
in t l u -  t rip e - n state- w i t h  2 5 7 3 — A  rn id i a -  t i ons.  His books on the subject  in-
t i on  I m um , a m i l s u i l , f requency-doub led  elude Rounding 8rr ore fn  A 7~,.~~r m n o
Ar I n -e r. 1 r um- - re-solved sp ectrn u w i t h  Prooea em - m r and the comprehen sive volume-
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e n t i t l e d  T~m m - A l gebr aic Eige ne- - z lue - Prob- two years he was elected most m i l l st - m d-
1cm . At  the Bucking harn Palace ceremo - ing student in the en t i re  U n i v - r - i t y .
n i e s , Sir James outlined Wilkinson ’s By the age- of 19 , he had graduated w i t h
con t r i bu t i ons , re- ferr ing to him as first-class honors and a d i s t i n c t i o n
one of the heroes of the great revolu- in the infamously difficult Part II I
tion that has t a k e - n  p lace dur ing the of the Mathemat ica l  Tri pos. Since 19 -t n- ,
25-year rei gn of Queen Elizabeth 11— he has been with  the Nationa l I ’hmm si cal
the computer revolution, Lighthi ll Laboratory (NI’L), Teddington , M iddlese x ,
mm ude the point tha t the major contribu- where he received several posts of dis-
tio n that the computer has made to en- tinction , called “Individua l Me rit ’
gine erin g, science , and industry is posts . In 1974 he was appointed Chief
the ability to analyze very large , corn- Scientific Officer of NPL.
p lex systems quantitatively, taking The award ceremonies at Bucking ham
into account the mutual interactions Palace were limited to a very s nunmll
among hundreds or thou cninds of differ- group of invited guests. Later , on
ent elements of the systems. Before 6 July, the IMA sponsored a one-day
Wilkinson ’s work , virtuall y nothing symposium at the Royal Society in
was known about the propagation of tir e London entitled “The Contribution of
numerical round-off errors that occur Dr. J .H. Wilkinson to Numerical An nilv-
m t each step in the immensely long chain sis.” The symposium featured four tech-
of arithmetic operations required to nical presentations on various facets
solt-e a system of many hundreds of of error analysis , in addition to corn-
simulta no em u- — a lu~t hr aic equations . I-Iencc , memorative personal reflections by two
u t  the - end of t i n e- long calculation , of his closest colleagues , Prof. L e s l ie-
it was t-irtua ll y impossible to conclude Fox of Oxford and Prof. C.W . Clenshaw
anything about the accuracy of the corn- of the University of Lancaster.
puted solution. To quote Lig hthi l l , Wilkinson himself spoke on “A Case
“ J im broke- away completely from the- History of a Problem in Numerical Anal-
pre -v ious l>- ex i sting approaches towards ysis.” The symposium attracted 130
calculating how rounding errors mi ght participants from throughout British
nuccunu lat e- . lie replaced them by one industry , government , and the univer-
comp le tely new piece of philosophy , sities . In addition , there were about
and then founded on it a vast library a dozen people from Cmunada and the US ,
of e- f fec ti v e - , fmm st , reliable methods and a few from Europe.
for oh tmm i ri i rm g solutions with acce-~’tah1y On a personal leve l , Jim Wil kin son
-- m m m l i  errors . The rre- W philosophical is regarded by all who know him as warm
m i le- a was b a ckw mm rd error analysis. When and witty, and always good company.
a computer f~mieTa question and produces Amusing stories , many perhaps apocry-
finally an answer to it (or, more phal , about Wilkinson are leg ion .
-- t r i c t l y ,  an mupproximate answer), back- One concerns an occasion on which he
w a rd error analysis means finding just and the Archbishop of Canterbury were
b r m , c  small a change in the numbers ap- se-muted togettr er at High Table in one
peaning in the question would have suf- of the Cambrid ge colleges . When the
ficed t i n mmu ke that answer the exact Archhis huu p asked about hi - c field of
answer!” scholar ship, Wilkinson replied that

Among W ilkinson ’s other num~ rous he sorke-d for Her Majesty ’s Gove rnment
scientific distinctions , in 1970 tue in the- area of error analy sis . “I see .”
received br oth the John von Neumann Award said the Archbishop, “I do e- x nm ctl the
ot the Society for Industrial and Ap- sam e thing for tin e Church , but we c u l l
p lied Mathematics (SIAM) and the A.M . it sin.”
Turing Awa rd of the Association for At present , Wilkinson is on leate-
Comru 1 m m t  m u g  Machinery  ‘ cCM J • lie is the from N1’l. mind is spending the fir- - t — e
only person to have received both these meste r  of this , ie m Rbe - n n ic year in t i ne -
n i cnm rd s . In 1973 he was elected a Dis- Computer Scien ce Pepartmnrent at s t m l n n f , u
tinguished Fellow of the British Corn- Un i vers it’.- . (William -1 , Gordon t
l u t e - n Societ y and in 1974 michieved
the rare’ d is t inc t ion  of being e l e c t e d
an Honorary Foreign Member of the
Amn c~rican Academy of A rt s and Sciences.

A t  the age of 15 , Wi l kinson received
a “major open scholarship ” to Trinity
College , Cambridge , where in his first
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GETTING Th INGS INTO FOCUS IN NORWAY— the lens t h ic k n e s s  is air integral mul-
ACOUSTIC-WAVE AND WATER-WA VE RE5FARCJr t i p le of the acoustic wavelength.

Many attempts have been made to over-
The focusing of waves is the common come the resonance problem , and some

deno mmna tor of several fascinating re- m uc o u sti c lenses are commercially avail-
st-arch projects being carried out by rub le -  that are - used with a pu lst- d source.
a small group of applied mathematicians In contrast to these earlier at-
and experiment ml physicists at the Ce-n- tempts , the CUR lens is a flat di s k
tral Inst itute for industrial Research into the surface of which a series of
(d IR) in Oslo , Norway. These projects l-resne l- type diffraction zones are photo-
range from acoustic and infrared photog - etched to produce the focusing effect.
raphy to an investi gation of the possi- The calculation of the posit ionin g
bilit v and p racticalit y of focusing and depth of etching of the :onc- s is
water waves, based upon Mehlum ’s own analysis of

My host at the CUR was Dr. Even the wave equation for sound i n 1 a g ive-nm
Mehiurn, who shares the supervisory re- acoustic medium and a lens of known
sponsibi lity for these and other pro)- acoustic properties. Althoug h he would
c- i. tue with the research group ’s admin- not elaborate on the - details of the
istr at iv e head , Dr. Stefan Ljunggren . analysis , he- stressed that the- m u m o r

To those familiar with computer- breakthrough en~ h 1in g the construc t ion
aided ship design , Mehium is well known of an acoustic lens tha t wi ll f c m m - ~
as the chief architect of Norwni v ’s ship- at a given image distm u mnce a l l  points
desi gn system called AUTOKON , The Ce-n- within a certain t n mr g e-t vol umt-u e- c m - c  the
tral Institute ’s research and develop- mathe ni uat i ca l - f o r m n u l n u t i n n u u  m i d  c n n - - - m ; u t , m
me-nt program in computer-aided ship de- tional solution of mu h i g h ul y n o n l u m , , m r
sign began in the late 196in 5 with spon- m u J i t im i:n it join iuroh l em involving integr ;i-
sorship from the Aker group of shi pyards . li on over ho tiu the tr mmg e - t and im um :e
The mathematical theory anti practical rm inges . ,\t th e -  ceure of tin s m t  imi :a-
computer algorithms upon which \utokon t ion problem resides the wave equati om r
is based were developed by Mehlum and for :l c o u m—t ic tr nm n smis si on tiurou gh the
his collaborators over a period of sev- lens mrmteria l mind the- st m rro nm nd m n r g media.
era] years. in  l9’4, ri ghts to the The cini s sica l me -th~.ds of Fo urier and
marketing and maintenance of the system I’ raunrho t ’i-r arc hase- 51 upon fa r - f m e - l d
were tr mm nu -e ferred to Shipping Research a pprox imrm t join s that are va lid only m u m
Services (-~R~~ , an Oslo-based consulting a v e r y  s n- mi l l vi e -wing n u t ug le ant ! re-suit
o r c n m n m z a t  ion providing professional i n  lenses with ~ num !ne- rs of m ihou t 200 .
s e r v i c e s  t o  t I ne -  ship building, offshore , The C u R  le-irses , whose fritm gt- p rm t tern - n
ae - m on - j n n ic e, and automotive industries. are computed b y asymptotic ex ;i iuu s io rr
SRS operates world wide with more than of near-field r i J u m o n - i m m u t  ions , have-
a dozen offices in  the US alone , the numbers close to 1.
main one of which is at 205 S. Whiting The- C u R  g i-oup hri s carried out pre--

- t  re -ct , Alexandria , \‘ri . 2 2~~ 4. Altho ug h 1 iminrur e ’ tests on mu p rotot e ; - - ricOust Ic
a group nut ‘J IR continues to develop lens d e s i g n n e d  m uee ~~rmJ i nmz to t~~~~~~ne- - ’ ç

and me t inc .\n i t eke-mm in conj umm c t ion ci tb m spec i fi cat ions and i - c- ar to have- oh -

~ukS , the fu nm ebam e -n ta l mathematical re- ta m ed eru~ e 1len t results. -~ lens c u s
search work is complete and Me imlum him- demonstrated about 1 m in dia n’e -ter a n d
self is no longer involved w - ith the 50 mm tin ick . It focused sound from
f m n ( i j e c t ,  a source about 4 mm in diameter at a

The fir st of the three wave-focusing distanc e of 2 nun to a remarkably clear
projects that I will describe is what image at an equivalent distance from
the CUR group refers to as the “acous- the lens , the Image being explored by
t i c  camera. ” This re -scare Ii is aimed a small probe hydrophone and disp layed
at developing equi pm e nut for t-isua l im- on a pmm jm er recorder. The lens has an
aging of underwater ob je c ts via acoust ic  e n e r g y - t r a n s m i s s i o n  e f f i c i e n c y  of 8 5 % ,
i ll umi nation and reflection , The’ basic with only 15 % of  the inc ident  energy
problem , which is to design a lens that lost by absorption or reflection.
can focus acoustic waves , was addressed Experiments are now under wa y to inv e -c-
ru. early ri - c the l930s hut failed because ti g m u te lens aberrations .
the lens was in the shape of a conven- Application of the eimmele r ly ing
tional double-convex optical lens, mathematical theory developed by Meh i um
A-. Mehium explained , the geometry of is not restricted to the design r of
such a refracti t- e- lens produces m cv i -  acoustic lenses for use In “acoustic
table rm- sonanc es at those plac es where photography. ” Ind eed , it has alread y
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been app l ied  to the exper imenta l  design conscious wor ld , the a b i l i t y  to concen-
of l e - n s -n - for electromagnetic waves in trate (and extract?) wave energy is
tine- infr ared spectrum . Ihe types of an exciting prospect.
infrare d lenses now commercially avail- It was only this year that the
u b le ire- ve’ry e s ln e nsiv e~ and are l imi ted exper imental  program in a shi p-mode l
to ribo ut a 200 mimi dirm r n e - t er . For abou t tank at Trondhcim began and , al though
Sl ,000 , CUR coiustructed an experimental it ’s too soon for definite conclu sions ,
infrared lens that more than riva l ed the early indications are ve ry encou lr-
t ime- focusing a b i l i t y  of a $20 ,000 ger- ag ing. For more than two yc-ars before
n:unium lens. It seems possible to con- this , Mehium and his associ ates had
— t r ei ct infr ared lenses of the C u R  type - been working on the theory and computer
with aperture- -c of up to 2 m without simulation of the water lens. In brief ,
si gnificant energy absorption. More- the lens consists of a string of buoy-
over , since the lenses arc basically ant obstacles that are anchored to the
flat disks w ith interference zones bottom and float sli ghtly beneath the
etched on the faces , it seems possible surface of the water. The purpose of
to mass-produce such lenses cheaply by these obstacles is to retard and in-
means of pressing machines such as those crease the amplitude of a wave as it
used to produce phonograph records. passes over top. The- theory is that
Although null refractive lenses suffe r a collection of such anchored , under-
fn om chromatic aberration , this can water buoys , if strateg ica ll ,- placed
he largely compensated for by the use off a coastline , will produce sufficient
of f i l t e r s .  Of course , such problems re lmmtive re-tardation along the length
do not occur if the enn ergy source is of the wavefront as to cause the wave--
monochromatic. An unspecified Nn rwe g ian front to distort and thereb y focus ,
companY is about to take over this The much-publicized “Salter ducks ”
infrared pr oject from the C u R  in order extract wave energy by bobbing up and
t -  deve lop  the conc e -p t  further and it down as the wave passes by. Inn other
is hoped , to be gin to market such lenses, words , they capture energy from a very

Mehium is e-nthusiastic about the distributed source. The Nor wt-g iann ide -a
further m le -v e - l opment and refinement of is to concentrate the wave energY first
refractive- lenses m m mi i cameras . He and and then to attempt to extract it.
his Cowork ers envision app lications to If Mehluni ’s theory actually works
a host of sit uation S in which one would out in practice , the wrmter lens will
like to ‘ — ce- ” th mo ug lm nontransparent create quite a splash.
media. b r  instance - , one- industrial (William J. Gordon)
group in Norway is a Ire udy engaged in
the further development of tine - ~ I I R
wo rk for the- purpose of viewing chemi-
c m ii re - actions taking place within ovenn s .
M e dical and other rm j np l i cations concerned IVIECHANICSw ith no n destructive t e s t i n g  and nonin-
v as i v e ’  o b s e r m - u n i o n  also come qu ick ly
t n  mind.

Having had suc h success  w i t h  the
focusing of acoustic and electromagnetic PHYSICAL CHEMISTRY AND HYDRO DY NA NI CS—
w a v e s , why not try to focus wa te r  wave s ’ TTW T ITVTCTT 60TH-BIRTHDAY CONfl RENC[
W h y  not , indeed! W i t h  funding from
the Royal Norwegian Council for Sc ien-  A ( m i nu fe rence  e n t i t l e d  “Physical
t i f i c  and I n d u s t r i a l  Research , t his Chemis t ry  and Hydrodynirinnni -. ,” on the
is precisely wh a t M ehlum and a group occasion of the 60th Birthday of
o expe-rimenta li st s at ‘l rondheim are Veniamin G. Levich , who first identi-
n mtt empting to do. Mehium claims that fied this important interdisci plinary
the problem of designing a “water lens ” f i e l d , was held on 11- 13 July at
is mathematically of the same sort as Somerville College of Oxford University.
for the acoustic lens hut is more corn- The Conference spor.sors included 18
p licated because of the wide frequency Nobel laureates in addition to other
and angular spectra , the dispersivity di gnitaries in science and technology.
of water waves , - tc , In spite of the Levich was prevented from being present
complications , he has managed to demon- at this testimonial occasion by the
strate in theory that water wave s can , governmen t of the Soviet Union , whi ch
in fact , be focused. In an energy- refused to grant his request for a visa

366

~~~~ _ _ _ _ _ _ _ _ _ _ _ _  ‘ - -



ESN 3 1-9

to a t tend the - Conference.  Ne v c - r t h c - l e sue , of this discipline is the ablating ,
his review paper “Phys icochem ical Hydro- re-mu cting nose-shield of a reentering
dynamics ” was read to the international space capsule.
audience by Professor G.K. Batche lor The meeting , comprising some- 60
Dept. of Applied Maths, and The-or, papers , was run in two parrm l lel se- s-

Physics , Univ. of Cambridge). sions and wa-~ organized a l-o mit s ix top-
Venia nu in Levich , a student of I.e- v ics , namely, phy sical transport , inter-

Lan dni L , u s one of the most distinguished face mechanics , i n t em -~persed phases ,
of Sov iet scientists and a member of chemical hydru u dvnamics , electrochemis-
t h u  Soviet Academy of Sciences. He , try , and physics . A considerable per-
however , incurred the di -’luleasure of centage of the papers were concerned
the g m .uve- r t uru e-nt when in 1 9 2  he asked with turbulent mixing and diffusion.
for an exit visa in order to emi grate Some papers treated the- rmal convection
t n  Israel; almost imme el i mutely hi s uni— and others studied reactin g Inart icl e s
ve - r s itv chair evaporated , thus leaving and drop lets in flames. l eperiments
h im without a post. Cut off from his using laser anemone -try were described;
lahorat cn mv , form er colleague’s , and stu- tine - particle and drop l et sizes and
de-n t s , he is now trying to write a new the i r  ve loc i t i es  cou ld  be evrm l umuted ,
hook on phy sicochem ical hydrodynamics and changes in t im e - se quantit i es could
and is waiting for the day when he wi l l  allow react ionn rrutes t o  he inferr e-d .
he allowed to leave . The effect of cap i ll arity in inducing

In orde- t for the reactants in a fluid motion c-mi -c descri bed. An inter-
i.b n -mic ru l process to come into intimate e-.t ing e-~ amp le of a useful effect of
contact with each other on the atomic cmu p i llmi rity is in the centrifuu n mu l ~m u— -t-
or mo le cul nm r level , it is gene -rally ing of soft contact li -mu ses , where tb m e
necess ary for at least one of tbnu- m to optical surf niec- s are formed b~ the
he in a fluid state. For the continu- interaction of surface tension and the
rution of the - reaction not to he blocked acceleration field while- time - I c -m r ’ ma-
l v  the reaction products , some fluid- t -ria l cures. Turbulent entrm u i nm e-nt
flow field must be- present . It is clear , of pr urticles , diffm u s iomn of p a rticl e - -c
ti re-re- fore , that the reaction and the in turhule-mut flow fi e l d s , and dti’fusion
flu c field in te r m u e t  with each other; of particl e - s in convective flow- f i e l d s
t I r e  — t u d y  of this interact ion was ide -n- ce-re- the subjects of various pipers.
t u fied us the disci p line of phy sicochcm- -\ considerable pmirt of the re - ct ing
i 5m u l hydrodynamics 1nu Levich in the was devoted t o  the m u t r i t i m u g - d i s k  d cc-
early l9SOs. t rode , including the basic theor y and

The various classes of physicochem- applicati cu mu n. to the s t u d y  of reaction
ical hvdro k-miamic problems involve ’ sol- kinetics , convective- diffui — i on , che-mi-
id , liquid , and gas phases with inter- cal vapor deposition , and cor m n n sion
fruces h etwe e-n i all possible combinations processes .
of pha se- s . Aum interesting device in- A number of papers were concerned
vt’n’ u- I by l e - vich is the rotating—disk with rheolog ical fluids (fluids with
electrode ; in this device , a disk elec - mixed liquid and solid pr op e-rties l ,
trode rotate- s in its plane about its and a ve ry informative lecture was l u r e - -
sy n u rm u- try ix is while immersed in a li quid sented on the hydrod~-namics of li quid
electrol yte. The laminar boundary lay - cry - .t n u ls . -\ li quid crystal js an or-
Cr t o t m n m m - I j im tim e flow fit-i d is of con- dered fluid pha se in which the d on-
stant th i c i u u - s s ;  thus diffusion proc- gated molu-cules u u m n s t i t u t i f l g  the ’ cr55-
e-cst-s are - simil ar all over the - surfrice ta l are - locally aligned in a preferm- ed
nu t the di ck . (The same situation pre- direction. In the nemritic phase -, tine -re
vails at a m unt n u t i o n a l l y  symmetric stag- is no ordering of the cent roi ni s of the
nation point , ,us was pointed out by nm olecu le , whereas in the smecti c pha se
Bitche lor .) When the flow is turbulent , the c e - m m t m m u i d s  lie in i n a m u l l e l  regularly
trans port is enhanced a n d  turbulent spacc- d planes norma l to the direction
diffusion scale len gths are therefore of orient rution of the molecules. The
much greater than corresponding laminar pref ormed orientation of molecules ,
onu e- s . Thus , the ph ysicochemical hydro- which cami he ali gned by  a magnetic

— dynam i u r is t m nm u s t concern himself with fi eld , ne - c ults in an anisotrop ic vis-
react ions taking place a t  the surfaces cosiry. The deviation of tin e viscosit y
of bu ibb i e- , droplets , thin films , and in the smectic phase from the - i- e emt rop ic
it the interface of two fluui.I streams , V~~5CO5 j tm of the unordered state is —

~t dramatic exinnp le of an application greater than that of t I n e - nematic pha se.
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The v i s c e u c - l a s t i c  behavior and the gem- The papers concerning the structure
eral beh avior of the - nematic phase o f  turbulence were reports of experi-
in s imple shear ing  and a l t e r n a t i n g  f lows mental  observat ions of unbounded j e t
we- re- described , as well as various hy- and  shear ing- layer  ( two-s t ream inter-
drodvnnamic in s tabilities and the onset face) flows as well as boundary-layer
of turbulence in tinis very interesting flows over walls. In the unbounded
mime - d in e , the study of which is called flows , investi gations of the effect
nem at -b u y dr cu dv na nn ics. of initial conditions , such us the

A paper on tine ph ysics of ice-lens initial thickness of the shearing layer
formation rum nd ice- heaving described tine- or a disturbance mit the trailing ed ge
m u e c m m u : m u i l m T  ion of ice by diffusion of of the structure separating the two
moisture throug h a porous medium to an streams , indicated a ma eke- d influence
ice nucleus . Tir e drive causing the dif- on the near-field properties of the
t i m—ion is , the difference in chemical mixing layer. However , it seemed that
po ten t i a l  h ue - t se - e - n the li quid and solid the far field (downstream l returned
phases.  And so , when spring ar r ives , asymptotically to the classical simi-
it is observed that the former billiard- larity solution , wh ich is independent
table smoothness (7) of last summer ’s of the - initial conditions. Organi zed
im uw n i is now replaced with lumps and structures consisting of a moving row
hu mps crui sed by ice-lens formation (if of vortices with their axes perp endicu-
one i s l u c k y u  or m o l e s  ( i f  one is not l a r  t o  the - flow direction were found
so fortunat e ) . Rolling easily takes in turbulent jets and shearing layers ,
c u r e  of the fin rnm uer . and a discussion of the “pairing ” or

In all , the meeting was a successful “coale sci ng ” of these vortices as they
and kaleidoscop ic presentatio n of a proceed downstream followed . It is
broad and varied subject. The Confer- un fortu nrate- that the coalescing of
c-nec organi~ e-r , Prof. D.B. Slnal din g these vortices to form larger ones
Dept . of Me c iu nm n i c a l En g ineerin g , with larger spacing as they move down-

Ir u i nc - ria l Col lim-ge , London) deserve- s spe- stream , was first called pairing; an
cia) commendation for his tireless ef- examination of many incidents of coa-
forts in imm uring the Conference ’s le-scing indicates that the vortices
-- ui c ce s s . Martin Lessen) may combine even in a noni m nte ger man-

ner. Thus , 1.7 old vor tice s  may com-
bine to form one new one , and t he re-
maining 0.3 may combine with 2.4 un thers.
Also , when coalescense occurs , the
tra c e lines demarc u iting the vortices

liii ItI RII\ SYMPOSIIM O\ IURBUI I NCI show prie t i c all ~ no act 1vi t~ , ~ind so
- - it seems that only the dead or dying

ihe late-st in a series of meetings remaimns of the [urevious gene-rrm tion of
dealing with turhuli-nce-, transition , v ortice- s combine to form the next ge-n-
rind /or drag reduc t ion was held in Berlin , c-ration, Indeed , a mechanism for the
1-S \ u ig u i - - t  at the- Iier m ann -Fii ttin ge -r In- evolution of the large-scale st r u c t u r e
st i t ut f~im lh e - rnio— und Fluiddyn am ik of inn terms of a mar g inal instability of
the lechn i ca l Un i ver s it y of Berlin. the mean flow field was advanced.
Ihu ’ ynun posuum on Turbulence was spon- Ihe papers and discussion of wall-
sore- h ny the Technical University, the hounded shear-flow turbulence - structure
Iue-eim sch e - lor cchungs- unid Ver suchsa n stalt dealt with an even more difficult proh-
fUr l u f t - ufici Raunifahrt , the k-ut sche len t hrt nr the- unbounded—shear- f leuc  case.
bo r — c h u n n g s g e m c i n s c h a f t , and the rhe reason is that the unbounded sime ar
I n u it sc h e - u Akademi sch e-r .-\ust au schdie-im st . f l o w s  are everywhere “hur ting, ” while
l i me- conference chairman was Prof. II. the bounded shear flows consist of
Fie-d i er (lee hnica l Univ . of Ke rl in) with b u rsts embedded in nonbur sting regions.
Prof. L.S .u . Kovas:nay (Johns Hopkins A “burst ” can be considered tuu be a
Univ. and recently of 05k-Tokyo) as sci- high-frequency , large-amplitude self-
c m m t i f i c  advisor, excited disturbance associated with

ic e- program of t ime -  meeting was di- an inflection point in the velocity
vided into sessions in the area3 of profile- . An unbounded shearing flow
St m ucture , ~t ru I u i I l t y ,  th e oret i cal anal- has an in fle - eted velocity profile
ysis amid modeling, tmr i nsport , nois e , throug hout the flow field while a
a ge-neral u t e l u - a i l , and a final discus - boundary- layer flow may not have such
sion period , a profile it mill, If , however , the
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boundary layer is unstable in the sense tuned “closure ” model adequately “pre-
tirat -i self-excited traveling-wave- dicts ” the flow characteristics of the
like disturbance grows within it , the class. Of course , the equations and
combination of the wave and the average constants so obtained will not work
flu uw may produce local reg ions spaced for —In unrelated class of flows ; it
one disturbance wavelength apart where is therefore clear that little more
tine’ ve locit y profile has an inflection fundamentu l than curve fitting is in-
point and  is susceptible to bursting. volved in the whole procedure . -\ pumper
What hmu s he-en described is a two - Iu~ -\ . Barcilon (05k , London), T.E.
d imensionru l phenomenon ; the- actua l Butler (Univ. of kochester , 511 , and
bursting, howe ’ver , is three-dimensional. me , however , involved the theory of
And so , mmunv e-xperiments have been hydrodynamic stability in predicting
performed in orde- r to observe the occur- the characteristics of a turbulent
re-nec and app- ni ranc e- of turbulent bursts. shearing layer in the at uuuins p here with-
The m i uuw popular techni que of “condition- out recourse to fitting any parameters
mu sampling ” uses the si gnature from to data .
a hur t to trigg e-r detailed data acqui- In the area of transport , the tur-
sit io n from a battery of probes. Smoke bulent transport of heat i n  J et s , wake-~~,and other flow v isualization schemes and shearing layers was reported. The
are - use-el to try to picture the bursts, transports of momentum and heat proceed
In -i paper reported at the Meeting, differently in a turbulent flow ; momen-
a turbulent spot induced by a spark turn can be transported by turbulent
c-is studied as it de-ve- loped within a fluctuations through the mechanism of
turbulent boundary layer; the relation a Reynolds stress (similar to a stress
between such a spot and a naturally tensor in a gas with random particle
occurring burst , however , was not clear, motion) whereas turbulent heat trm ins-

An interest imig paper by G.L. Brown port occurs only when there is wave-
(Univ. of Adela ide , A u s t r a l i a )  presented brea king. Since the wave-break ing  zone
theor y and supportiuu g experimental ob- in a turbulent flow is narrower thm u m r
servati ons of a secondary G~ rtler (ii. the reg ion where turbulent fluctuations
(;Urtler , Freihurg i.R., Germany) insta- occur , the thermal-change width of a
b i l i t y in unstable boundary-layer flow, turbulent shearing layer is narreuwer
The ud~r t le - r  i ns tah i l i t~’ is associated than the momentum-change - width.
w ith a c u r v e d  flow having such a ye- b c- It was noted that , w hereas the re-
jtv d is t r ibu t ion  that the f low elements searc iners in the s t ruc tu re  of turhu-
at two diff e- renr t -radii tend to inter- lence were , by and large , very hes i t an t
change . A t rav e l i ng -wr uve  d is turbance to re la te  the i r  observat ions to hydro-
so distorts an otherwise parallel dynamic stability theory, some of the
boundary-layer flow that a Görtle -r (in- investi gators of noise from turbulent
terchm in ge) inst r u ln i l ity develops it jet we-re not at~ all inhibited in this
point- , inn the- hound rury layer spaced regard and furthbrmor e- pointed out the -
a wavelength apart. ftc vortices do- re-lations h ip . Sound radiation from
ye-loping from the- i m u m t a b i l i t y  have their ri jet is most pronounced when the phase
axes ali gned with time’ flow . Though velocity of the instability wave of
such vortices may modify mu hur t , th e -ir the ju t  is supersonric relative to the
m e t  effect on the- average flow Inroper- flow outside the jet ; the disturbance
tie - s may not be great . A p~p~ r by wruves then have- conical wave-fronts and
P.O.A.L.  Davie- s (Southampton Uni v. , radia te  t h e i r  energy eu uit to i n f i n i ty
UK) demonstrrited ring-vortex formation (~ erenkov radiation (.
in the neru r field of a jet and then The meeting was largely comprised
- b ow-c-ni an a~ imutha 1l y periodic struc - of a re-wc n rking of various aspects of
turd in the ring vorte’ ; such a t rue- shearing layers (interest in which
ture may indeed be related to the brutes brick at least teu Kelvin and
(;ortler secondary Instability. Helmho ltz), the gathering of additional

A number of papers dealt with van - data icy condition n al sampling, the ta il
ous schemes for calculating turbule ir t end of the present phase ot n e- t -mroi s e
flows . A common feature of these “d o -  re-a c-ar ch , and a further mas smi g in ng of

mi re” models i-u that parameter in “closure ” (dat a—fitt ing ) s c i u e - n ne - s .
the re- .u l ti u m g equations are fitted to spite the fact that there e s i sted -i
dat a from a “canoni m. ru l” experiment re- - paucity of new id e -m i s , a number cii m mcm
1 - ited tn the class of flows being mod’ thors presented more than one h’ u l - e - r ;
c-l e d , and then it is found th a t the in fact , one author pre sent e-h f u n u u r !
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Some of the session chairmen did not neut rinos and the rest of the universe ,
help matters by allow ing authors to and they would vastly extend the infant
overrun allotted times . The scarcity science of neutrino astronomy . One
of new ideas suggests that tine field might hope to ie-te ’ct neutrino fluxes
could hen n efit from fewer meetimug s and from the galactic ce -nntcr , from point
b - u tt e r  planning of re-search, sources like expanding supernova shells ,
(Martin Lessenr i and perhaps from remote - galaxies whose

neutrinros date from an early epoch in
which the sources may have been much
bri g h te r .

W h >- the ocean? Because de tec to r s
PHYSICAL of enormous mass are needed to detect

SCLENCES the feeb le  current of neutrinos , which
_________________________________  i n t e r a c t  w i t h  m a t t e r  s o w ’ e - i k ly t h a t

on the m uve - rmi g e  they may,  if t heir en-
erg ies are- in the ri ght rr mn ge - , read i ly

THL l~~’ DIEMASI) SUI.~IIR ~0I~Kslh0 I , MOSCOh p e n e t r a t e  the e u r t h , o r  e~~e m i  a s t i r
w i t hout u nd e rg u i ng  a s ing le  in te rac-

The 1977 Deep U n d e r w a t e r  ~luon and t i e - n .  The ocean alone o f f e rs  the re-qui-
N eutrim n o Dete-ction (I)11M-\NIt) Summe r W o r k -  s i t e -  m a s s .  Two modes of  d e t e c t i o n  ap-
shojn u~r u— held under the spon sorshi in pear possible. The- more - certain , but
and rut the invitation of the Soviet probabl y the more expensive ’, is o p t i c u l
A cmudem y of Sciences. Dire-ct ) y follow- detection : photomulti p liers pick up
ing the \cu u trino-7 confe rence at l ibrus , t h e -  ~erenkov li ght that is generated
which ended ~S June , It started on a in transp ar ent media by hi ghly rel:itiv-
S u m m i d a y  to avoid del ayi mun ,’ the Part I d —  ist ic partic les—i n tin is cm u s e - the sec -
pants who attended both meetings. ondar ie- s produced by the neutrino in-

The- IutIMANI ) I - rule - ct is not e t  an te -raction . This is a standard lahora-
officiall y es t , u !n l m - ,hed one ; it has not tory method and  is w ell developed and
a-. v et  t b - n -  hli- ssirng of a funding r u g e n u c y ,  we - Il umrder -ctood .
nor does it as ye t boast an a n n u a l bud )-, - l ess certain , h u t  p o s s i b ly  l ee s
n - i .  It is  a c o l la ho r m u t  ion of hi t -E u -  e x pens ive , is the a c o u s t i c  met inod , inn
end - - . , c o s m i c - r a > - , and t lne -or c t  ic ru l which the sound produced by t he- ne-u-
ph y s i c i s t s , mn~t r o t n i n v s i c i s t s , a s t r o r u u n - m e r - ~, trino inter action is p i c k e d  up h~ an
m u c eu u m t i c ians , computer s c i e n t i s t s , geo-  murray of sensitive hydrophones. The
p h ysicists , oceanograp hers , ocean en- sound ori g inate- c from t he -  p ressu re
g i m i c - e r s , m m d  other assorted enthusiast- ---— pulse generat ed when the energy of the
mi ll crupt  iv m ut e - d by a s imple hut r u u ud r uc ious neut r ino , div ided among many se-condar-
ob j e c t i v e - : to u-~c the 0cc-run as a gi- ies , is conver ted  in to heat as t he pan-

- mi n t ic m u - m i t  rino d c t v c t o r . The aims t id e- s mire brought to r e s t .  T h i s  moth-
mi r e’ to o b s e r ve and s tudy cosmic - ray  oil, f i rs t  s u g g e s t e d  i c y  C . A s k m i r i a n
ne u t r i n o s  (and muons) at ene rg ic - s far (1,ebedev I ns t i t u t e , ~b uuscow ) in t n
m u b n u n v e -  t h e s e  zuv a i lable from any present  f i f t i e s , b ri e been shown to work in the
or fo re - seeab le  ac c e l e r ~u t  - - r — t lmose - ne- u- l a b o r a t o ry , but f u r t he r  s t u d i e s  are-
tr inros (and nmuon s ) that arise from the St i l l necessary to ris e - m ain homs ’ w e l l
inte r r u um ’t ion s u u f  the I rima r~ cosmic-r ay it c-ill work in the o c c- rimn a t  the ener-
pro t ons (and h u c- rivi c i - nucl e i) in tine - g ies of interest . It e princi j u mu l id-
earth’ s ritmosphere , as well is those va n t m u -, c- is that sound is attenu ~’ t- dt h a t  impinge upon us di rc-ct ly from u cx- in b e  0cc-ann far less r i ; i d I V  t han
t r m i t e r r c s t r i n u l sources. h ue - l a tter li ght; thus the l u -tee ters ma’- he fan - -
brave hit be r t  not heeni uui n~~ c r ve - d .  ihe ther m u j u r i r t  mui rd fe-w e- r in number. I a r l v
de tec t i on  of the low -e - n re r gy  n e u t r i n o  work on t h e s e -  pr ’ h u lems is summar i zed
bni rs t  s that  rucco m pan~ grav i  t mi t i ona  I i n  t h e  i i ’ ~ - ’ ,’ .~i ’ r m ’  of t ;o- 

~
- - M,i .’,: 7 n  n~~

s t el l mi m u i  lapse Is also one of its :- m,r1 — u,mr W rk &m - r -
~ 

1nuh l i - h u e d  by DUM\\D ,
aims , hut tha t  has m en - m u t empora r i ly  Fermi lab , B a t a v i a , I l l inois ~O S l 0 ,
she l-c- d until someone- devises ml l e s s  A t m o s j n h e r i c m i l l y  ge - nerm i t m. -d  ne u t r i u re u~expensiv e- detection procedure for neu- mire accompanied he hig hly pennetrr i t l nm g
tr mnos in the 20-M e-V region than any charged muons , whose intensity mi t sea-
now known to nm. . level is relatively hig h. To avoid

Su icin studies would em. te - nd our knowl- the interference such particl e s would
edge of the “we- a k int e raction ,” th e produce , it is neces sru ry to go to mu
sole mechanism of interact ion between considerable depth in tin e- ocean; a t u nn u m!
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5 t u u  6 kmm ; is desirable. linus the proh- um u i m a t e d  discu ssions l u - i .  On t he f i r s t
1cm i cr  Iu LIMA NI) eng ineers is to design day [‘re-f. F. R e -m e-s (Univ. of California ,
an e \in erim e - ntal appar atus in which t h i n-  I r v i m ne )  d e s c r i b e d  t h u  history of the
si nu nis of se -m is or s , dist r i i ’ u u t e l  thr uig h u IIM \ \i n pr ob e - ct arud its p re sent s t;u tn n --
mu vo lume n u t  pe n r a  j~ ; I to 100 km o 2m m t se - l u in II c-he -dc- v Inst  i t  ut e and bin iv .
c ’ cm. - u n , can In c a c c u r a t e  I y loca t -d h-i tin 01 ~l c n - c n n w  I re-v i c-wed t b ue- cosm id—ray c m (np—

re s l e- ci t - each n - m i m e r  and w i l l  t e r u t u - - e- rties that deter m ine l i e n -  con d i t i o n s
continu e - cu - . I- , re -i i m u h l v , mmm d c m ’ u u u u n t b u l y  for the inropo seel d e t e c t  ion s c h e mes and
b r  many ye a r s , r e t  C i r c e  ing t i -j r  data d i s c u s - e l n- - iuat mi ght be- b a n n e d ;  mind
to sin e - re- ln u ’ suhn nmmi r ine cab le -  as they are Prof .  D. N . Sch ra rnm (thni — • o f C hi c a g o  I
accumuL ute - d . d i s c u s s e d  the- m i s t r o p hy s i c r i l ;msp - m l s ,

Ihe Moscuc u- c-flue of tine- conference part icu larl >- wi t h u n e - g u n  to e st  ima t I ng
em aph u s i : e d  t h -  ser ious and su i’~t ained tine - ant ici T ri m n - I  ir I gb—ener gy ex t rater—
i n t e m e - - . t  e u f  t m _ n  S u v i e - t  s c i e n t i s t s , wh i c h  re - s t r i a l  r-ueut rino flu’ .
I r i s  been manife - --t from ibm - h e g i m u n i u m  rhe un c e r t a i n t i e s  in these r ’S t im r u t e - s
e l  the p r o j e c t  about four ~‘e- mir s n - , r m n m u e u unt to several orders of ma gnitude ,
In the y e-mu m f e n l low i ng  the l~~~1- ~I ’ 1 \ \ ,~ and so p red ic t  ions range from hi g l i l e
workshop in Ihonolulnn , c ; - u - r i m e - n n ’  m u )  and p e s s i m i s t i c  n u n  oh s - m v : u i n l e- s i gn a l)  t o
o i g a n n i :a t i o n a l  ~n r u n g r e s s  m s  he-en t a r  b i g lu ly  o p t i m i — 1  ic (mmmcm v le i g h - e - u ue rg y
more ra p id , am i d t i n e -  l9~~? Lon f e - r e m u c e  eu- e m i t s )  -

vi dod an oppor~ icr it y for m e e t  ing u ) mu t ine s e c o n d  mime- rn i ng I opened the -
to d iscuss  pm g re - s s  a u l  f o r m u l a t e -  T n l m i 15 . p n n g r a n ’ u  w i th u ~l e C  ri pt ion of  the -  di- -
The D I I M \ \ l n  u ee t ing cru e hr id at t h ue -  si gn o f a f o u r — s  tmu ge’ p r o t o t  v Ic e - 1 0~ — t o n
Lebe-dev I n s t i t u t e  in Moscow ; t ine - a r range-  combin ree l o p t i c a l  rind aco , : - - t x c  d e t e c t o r .
ments were- suiuer vis ed b -v P r c . . 1 . Ibis nic - scri otion e l i c i t e d  the - objection

u t s u l i n , run , l the- o r u r uuu i :m i t i on of the th .u~. t i n  r u c n n u s t i c  t b c m n - s h e ’ l d  01 ’ d e - e c —
confe mence 1,- mis in the capable hands tion (which the Sovic - t scientist- - place
of Dr. V. ’ - . Berezin s]- v (be-tin of t i e  ut about 10 ’ s  e’~ , at ln-a ~~t t ’mu t i nc - --
Leb -de- v Inst it e r i e )  — the value f.m c n n  reel inn the US) u sc- u i Id be

Two p re v io u s  cu u rkcduo 1 n - . , in l9~~ c o o  hi gh for  t ine a c o u s t i c  d e t e c t o r s
mind i ~ 6 , had bee- mr concerned w i t h  es- to he use ‘ n i l  en so sinaI I a l e t  c C t  r ;
m u l i sh ing  t ) u - e n n u e m i - t u a l  fe asibility th- ’ eve-n t rates would m e  too to - . - [ h is
of hot h the ;n E y Ic a 1 mm u e- asu re -r ue-m i t i m  and wr is fol Iu nwn -d i-v discussions by 0: c -r e , I
t he o c e m i m e  eng i n e - e u- in c .  W i t h  l a s t  yea r ’ s m m u u d by Be r e : i ns k v  on tine ’ prohah im ’
suigge - -- c i o l u  of acoustic dc t e-~~tion , m I ne sources and int e n s i t i e s  0 - - .stra te- riu- s-
econonuics of the pro n e-ct began m look tr i a ,  m n e - -utrin os . Ben m-insk y concluded
far mite- re- favorab le , an d the’ no~~Iuu n of t h it  w i t h  mi d e t n - c t n n r  ~~ ~ 10 m 1  1 - s
d e l  c - c t o n  s oi 10 ’ t nunr s ( i k:, I ) or  e ve - n m 1 300 ~ mi - 

, e e c - m u  a jn t - -. s imi st Id c-c t I i  tu-
ne-re , b e g u n  to , l j j e  mr re-mu t i c  t ic , and of the in e n S  i t  c cii n r inos 01
e e c - n  c n m u — e r v a t j v e - . l’his c e - r u r ’ s W o r k —  10 1! n-\ and m ub muve - ic-mu d s co run ob- e r v e - l
s hop was c o n e e - m m i e - d  c i t b  es tab l ish i umg e v e - m i t  r a t ’ , of  hmJ /> - r or  mo re .
more  C l e - r u m l v  t b ,  t u S ih . Ie  e x t : , u t e - m n ’ e - ~ — Pu ’ ) . L, Su la~ ( i I m r v u r  d i s c u s — c - cl
t r iru l I _ c u r e , -  of u l t n a — ! n i c h — e n e r g v  ([Jill I the u - S h e - c l e f  s ignature- of h i g h — e - n e r ,y

.1 r if l e - s  and time- r t m  l a i n  1 -  in I emu s i — ne-ut r i mne u i ni m u - t ions and the  ins’ mu-
i n c - e s , and in r u - v u n - ~~ung t i n e  m e n - n e s s m e n t m m t i o n  r u- ~~u n r e b to u x t u  m c i  the- mum i-
I- da t e  nun acoustic det -~ t ion , i t i u m e l e e  i n fo  m u ’r i t  i n  m uir t ”em .  - - c rong oh—
in the USSR rind in the ITS. T em i l at - 

~u edt ions cc- re r u i -~m -I  - o the mmc m lvs i s ;
t e - m u danc e -  u , a-  approx i ’ - u u t e l y  2 5 — 3 0 , of t i me - r u - wrus skept i c i s c ~ c o r c e - u mn ing the
c h u m  e - i~~b e t we - re Us ! b u e - ; i c i - t n .  - e v i c t  u n i u t i m i e t i c  con c lum s ion  re-au - bred , t n m m t
par ’ c i  pants incl ude d -‘c . I . Al ikhar. ian , ml ii ne- ma e ic ana l ’  s is c m . r i f n i r u b - I c  w i t h
B. P r u t ’ -  o r v o , -\ .l.. Chue lmu l nv , V.~- . th r u t of  a c c e - l e - r u t o i  ex p e r i m e n t — n  is p c — -
Be -rc :inr -- i , - , C _ i . at - u epin , Ro s e -n t b u : i l, s ib le - . l i ne In eu l mu t cni~ (amid isl not
L.kI . u)~ e-r mio i , B.!,. Ioffe , C. ? e s k r i r i a n , r n s o l e - l .
B. Dol hem , A .I. I’etn’ ukhin , mind V.1). Be-re zin sky the - mu d i - . c n i - s e d ex p e n i -
Volovi~- , t I me- l a t ter n-port Ing on his m e - n t - - t o  b unk I n n  r e - — - nu m n m m n m t j m o d u c t  i o m n
p ionee r i r u  work on the acoust ic  d o t e - c -  of W b ce - —~n m i m (intet- n n e d i u t e vec t e~m in c - c e - mu- c
l ion of part  id e- i n e a m s .  I u m, - utu ia t e d  a~ thi’ ca r r i • - r  of i c  we- ma k

rhe- ;ugenda of the t h r e e - —day meet - imn t e- r r u c t  ion). Th.,m ru- ~m c t  ion w o u l d  he
ing , w h i c h  was conduc te d cmi urn Informa l V e + u - W anything. he - c-x p ev te -~I
basis (amid most ly in b~ng 1 i sh n l , was  v a n -  mass ot time- W Is about 0 Ce-V in the
ied i nn - r i  i t  the Int e r e s t s  and ne -c - mis W i - i  nrhe rg form of  gnu i l ge ’ theom y , hut it
of t he j n m u i t l c i p a n t s  ann d t n  follow t h u e u - l e t  be mud heav ier .  l o f f e  commented
directions In wh ii Em the f r e q lu  nut  by t h a t  the  expe r m n Ic e- mu in i gin t p05-u i hi v
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determine the mass; he also thoug ht 1 . Sulak (Harvard) then presented
it important (mi s suggested also liv D. the results of DUMANI) experiment s at
C l i n e )  to look for the Higgs boson , Brookhaven and ilarvard using proton
a postulated scalar boson necessary in beams at 150-200 Me-V and at 32 Ge’c.
gauge theory . Tire -ru- are some discrepancies between

I’. Kotze -r (Seattle) gave a short the - results of Sulak and Vo lovik , par-
d e - s c ri m n tion of a proposed experiment ticularl y concerning the - temperature
to attempt to observe neutrino osc illa- amid pressure dependenc e-es, which are
tions by r ing an c int ica l d e t e c t o r  in not y e t  r e c o n c i l e d .
the - ocean near S eattle and mu nre -utrino Dr. John Learned (Unriv . of
beam produced at Fermilab po u nrting in California , Irvine) presented a new
that direction. Neutrino oscill ations exposition of the theory of thermoa-
mire - flu ctum u t ions in intensity that mi ght coust i c  pressure - pul ce- -s pr nu duc ed by
he observed if a coirerent beam contains particle beams . It uses a Fourier-
neutrinos of two different types whose - transform approach into the time domain
rest masses are slightly different and rmn ther than the frequency domain;
which can transform into each other, it will shortly be published. Comments

The- third rind last day of the meet- were made that it needed more detailed
ing was devoted mainly to discussions accounting of absorptive- and dispersive
of u c - m u s t i c — d e t e c t i o n  p o s s i b i l i t i e s. e f f e c t s .
First B. Dolgoshein (Moscow Physical Finally, Prof . - ‘c .  Parvul e--cu (Inst.
l-ngin eering Ins t itute - ) gave a mu- v i e w  of Geophysics , Hawaii) discussed a few
of the subject and detailed tine re -cults observations on an altern ative - site
of new’ Monte- (‘m u r l o  c a l c u l a t i o n s , using for DIP-IAN!) , to t ine w e - s t  of  the -  is land
the !LARS program rut Serpukhov to deter- of h awaii . He presented some actu mu l
mimic the shower distribution fronnm very spectra l analyse -s of hydrophone record -
hi gh-energy hadronic cascades  amid the inguu made at  Barking San ds , Kaua i, to
resultant acoustic radiation pattern , show the exist cnrce of si gnals , p r n b ~;ub 1y
The acoustic pat tern is not symmetrical due to porpoi ses , which in w r u veln u imn ,
about the plane through the mm lximwni of mit Ic -m ist , appear remarkably similar
the- ca-ccade that is normal to the shower to those to be expected fronmi a nuclear
axis. It rises more sharply on t he - side cascrude - . (They could be di s tin gu i-rh e -d
t owa rd the orig in (the upstream side) by their radiation patterns , since the ’
mind falls off more - slowly on the down - cascade si gnal is confined to a narrow
s I r e -mu m side . Hence , with sufficiently disc.)
m a c c u r a t e  ob s e r va t i o n  of the a c unu es tic ‘[he m eeting closed with expressions
pa t t e rn , the esc nns e of motion of the in- of thank s to the orgmm ni: ers and of
cid e -nt paiticle along the cascade axis hopes for cont inued m i d  closer coope-ra-
can he inferred. Other new results in- tion in the - future. there are no
d ude the- prediction of a considerable , plans for pub l i s iri n u g t i n -  pr oceedings
thou gh rap i d l y ribsorh ed , acoustic radi- of the Workshop. ,\rthur Rohe-rts ,
am ion flux inn the 100- to 200-kl (: hand, Fermilab , I-bat m m vi a , Illinoi s )
The direction of the shower can readil y
he determined to 10 mrad or better.

V ,D. Vo lovi k (tInn y, of Kharkov) de-
scribed the- acoustic-research expe-ri-
mmu e - m n ts  thm et have- he-en going on there for
se-v , mc i  I ve - r i r s  ( S i n c e  1971) and sb ich , ill Gil—PO IsER LASI RN ANJ ) -\PPLICA UI0\N----- -—
mil l  h(uug lu n u i b l i s h e - d , had been unknown ~ CONFEREN(T AT MTJNrCJ !
to t he’ DIPIAND ore-up. (he- belie- u- i-s t hat
t he  r u -  l u m m u i s m  of sound produc t ion by The Fourth ( c c l boqn i ium on E lec t  roni
m a rt i d e  h u e - m ie n - is not purely thermorm- Tr rm n sjt ion 1, mc ers was held in Munich
u e n u — t  ic bo ut inc lu d es bubble or micro- on 20-22 Tune- under the sponsorshi p
hul l - lu- fornum u tion . The t lu e- or cti ca l anal- of the Deutsche }-or-cchun gsgemeinschaft ,
V SI S 1 nn ’ -d i ct s that , as t i m  pressure in the US Air Forc,e hrough the Office
ti m e -  l i q u i d  i n cr , - mi- ; e - -e bu eyoflu ( 200 itm , of Scientific Re-serm rch (AFOSR) and the
t b u&-  b n u h ! i e - f u u r m a t  ion c o n t r i h u t  ion van- European Office of Aerospace Research
isbie - cs ; ,-m t the’ p mu s s ; ire - s to he encoun— m u d  lIe -Ce - i u i n u rn e - u u t (FOARD) , and the’ US
t e - r-d in J u I l ’ l \N l )  (500-100 m u tm) the effect ArMy European Research Office tIS ,\RSG)
he - c omm a -  - - j ee r re I y I f c c  r r n u , n u e u ) u z  C t i c except Fin e La~ er 7 0~uto— E I ect re-’u I ~- Congress
ib u u t  d i esol v e d j,’r m nes , i f  p r e - c e - - m e t  , can and Tr,m~b u- Fair with equipment di sp 1a~ s
co n t ri ” ut t - too , arid i technical seminar was in progress
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—n i m u lmmn ne- e u umsl v r ut t h e ’ Congress C e n t e r .  of 11.4%—the most  e f f i c i n - i e t , purely
One- had u c o ’rs id e r ui-le choice as to che- mic nu l cw laser report ed to date.
what kind of l r ise r  i n fo rmat ion  to a r - R.l’m’ . Field re-ported on his success-
t ,uke ot ut mm iv given time. More- h u m  ful work with an optically pumped cw-
1 uP j n i r t  i c i ( - u lu t s from 11 coun tr ie- s 1 2 1 r i se r  tha t  u n i n e r a t e s  on more than
we’re - mi ni ut tendance and about - 10 papers 100 e lec t ron ic  t r - u m n s i t i o n s  b e t w e e n
were present ed. The conference was ~,700 amid 13 ,400 ~~ . Only one other
nn n t divided i n n t O  c u t e  o r iz e d  s e - s s i o m r s ; mo lecu la r  sys t ee: e , N a2, has been made
0- un - - v er , the - major i t e  of -u jc - r s  S e -e - i ~e n !  t n  produce - cw laser n e t  ion on elect ron-
to mull m t  onc of t h e -  Inc h ow i n g  fuuur Ic transitions , l ie - l e d  beli ev e - s thI s
cate u :e r u - :  muew - l a s e r  d e-ve iop rn e -n ts , :s c’ - - te n n has the potential for hi gh ef-
c ( e c - c e c i c n u l Imu es e- i s , e ~cime r l ase rs , -u re l fi ci encv , hut loss mechanisms , as - et
s t - e - c i f i c  i r io in -power  I ru --ors . Se-vn ’ral no t un-Ic r s tood , degrm m de - the p e r f o r m a n c e .
re -v iew  paper we-re pr e- i -mnted that suns - One of time problems associated with
r c u r m : c - d  work on various (iioh-power achievimu e high-average power from xenon-
l a se r  s y s t e - r - s and r e l a t e d  t o p i c s  cur e l u  and k r y 1 n t o m n — h a l  ide lcu ~~ers has h -mm -en tine
mu c~ -~~c t  r - - -co p  ic methods ,  Tine - p i pe r s  e- x I nu - m noe  of  rep lac ing the xenon and
ill n e I n cu b i ished in inoo~ fo rm icy k r y p t o n , w h i c h  rap id ly  become contami  -

-~m r m n g c’ r_ \c- r l a g . I w i l l  c o n c e n t r a t e  nated.  C.P. C h r i s e o m u eren (Depa r tmen t
o re d c - sc r i b i ng  a few of the results t 1 - c mt of Electrical i r ug i nc e r i n g ,  UN( ) de-
m u r e -  rel nu t rve- ly  r e c e n t .  s c r i b e - ed  mm c ryogen ic g a s — r e c y c  1 ic u g sys-

l u - - c- i : u — e - l’ e are continually being tern that permits him to o p e r a t e - h i s
lu- up re,vc d , es  tended in w ru u-c length , and laser a t a pulse rn te of 2 ((C) Hz a m id
inc r en u ,-e i n  pow er or e-ru e’r e- v , and new an av e rage ou tpu t power  of  52 ee lS ,
uppl i c a t  ions are b e i n g  1o u u m u d .  P r o f e s s or  l ,x c imer laser  sv s tetmn s n t  her than

h .P. Scte~ife r (Max—Planck Tm i ,stj t u t fUr those ui - s ing rare—e m - s — h a l i d e -  n m - a l e - c u b e s
B i o p ley sika l is c bu e - u,di creie , G’d ttin g en , have- he-en the s i i t e e c - c t  of rece nt
Germ m univ I sunun num iri zed two areas of dye— — e c u  rchcs. !.iI. Park~ (Avco O v e n e~l a s e r  re -se ru rch  : vapor—p hase ’  d ye- l a s e r s  Re’sc ;nrc h La h o r u t  c r c , Inc.)  r e p o r t e d
amn d hig h — a v e r a g e - -powe r I iquid-pl iase on his sg c c c s s  w i t h  ilgC l at  u w n u u - l e m n g t h
dye lasers . Present dy e- lasers w i l l  of 5576 - - Excitation was i cy  e l e c t r - -c
no t - ‘‘ crate- in the uv Inc- low about  hue-m e nu , and the- c - f f i c i e m i c ~ c- us 0ic-~3 2 0  bec nm u~ e s o l v n - m i t s  nib e n  t m  re . which is comparab le  with that of \rF
[he hope is that v apor- - state- dyes ca - lasers .
jn a h l u -  o f  ‘ ‘1mm ~i mr~:’’ car be deve loped  for The subject of hi u-lu— i e - e s e- r 1k 1 u s e r s

uv. A t  p r e s e n t  ~ — h r x~~~ _ ( T n — p 1 e c - m n e - l o_  has r - c u e m v e d  intense i n t e r e s t  for im manv
u z o l v I )  ] t u e - r e - u ric- 1 U u e l e , — t I e ’ J - ) - n - i , \e-mu r s  s ince i t f i i ’ st  w mmes demo n rs t r nu m ed

t I i e - c -  o ’ he r  nnin l u e e m r u d  ( , n C ’ e ( - - - n - r e  t h a t  I bet - CO 2 laser  at 10.6 pm cc -cu d
m mmdc to ‘‘l m us e - ’’ in t i n  ; : u i -  e n s t , m t e - . Tern- o p e m n i t n  at very hi gh pow- e r 1 ye-Is in

r u t n i res abov, 300°C i re -  necessary to both time ci~ and pulsed modes. I .E.
a c h i e v e  c o m r c c m i t r a t  ions ( u g h enough Wilson [Air Force- Weapons I a b o r a t o r v
r > l 0 ’ r u e - h e / l i t e r )  t ach ieve laser  \i-W , Albuquer que , New M e x i c o )  revie w e d
ac tion . tn  imU fer stated t Em it ci c - c t  ron— t Ice -  du t n i i ic e of  HF and DF che -mic mi 1 I mm un e rs
t n  m m exci tri m i uen of vapor-phas e -  d e s  The A i r  Force dev ice  use s C 211, or  1: 0 ,’.
es e ecr u d I - c- i d e m i l  and is being ~cu r - c u d , ru in fuels (or  s im i la r  deuter atcd corn-
‘-nit - uc cess seems to he e l m s  i xc- . p o u n u b a  for the - DF In n e r )  , I- - or  N b

Sc im~i fc r described the b i u i n . I e u n n r  mis o x i d i ,u ’rs , mind lie mu- - a ~hi 1uem n m-
1 m ~~U ie I — d ~~ l as e r  w n n r k  go ing on in his ‘eu import unit  m o d i f i c u t i o n i  o the rrcn ::le-

,m )or ,u m ry. i~cc u -i em  ly lie m a c; ach it -ved in~~S te - cm is the- r m dd i t je mu of tri p hole’s
t he  Impress ive  f i u ’ u i r  of 10 9 — W  avc n ’ m u g e  w h i ch  prov ide turhm i lc - m r t  m i x ing. I n
i - h e r from a I la- mi ;  I n i u e ; l n — p u i ee- d  dye at t h i s  w a y  th e- p o we r  out pu t is increas ed
i S O — l i z  nel l - h i t  ion rate , l ie ‘rid it by 50 %,  Continuous Om m t ) eeut j n ;uwe- i’ of
sh ncm lul be 1)055 i in I c ’  t o  m n - u cii m um ave rage 8—9 kW h a v e -  been re-ac i c e

-o 1 loi , Sev eral n peers were presen -u t e d  on
- . . I inc t e n  (Defense Re- s n m u m  ch U s  - t h e ’  i t  un ru, i — iodine laser. A summa i-v

t aM is h e e m u t ‘ . :il cmi t icr , Coun celette , of time latest work was pre s ente d ml m ndt
Qiiu (u ec , Canad u ) reported on an IIC 1 e un i t s  I mu t en t im i l  fun n l u  cr fus ion w u s
chemical 1-user  tha t  operr it  c- -c over tb uu discuss ed (ce- ~

‘ m~ u’ . 1 — 9 :
wa v e l e n u o t h  r o uge- f rom 3.6 to I m e re . T h n e s ho l d  c u r r e n t - s  of  ~- 50 .\ are
1-os ter minted his c~~l 1 e e :~~n obt m u m ned a re- u~u iurc d for rare—g as uv i o n — l a s e r s ;
l owe r u~~t 13 ~ w i t h a chemical  e f f i c i e - m u cu ’ t he re fore , it is nl~ i f i c u u l t  to rea ch
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i n i g h - ; e n w c - r l e v e l s .  G.J. Coll  iris (De- end 333 nm; 3.8 W at 300 , 302 , m m m d
1- i r t m e n t  o f i~~~- c t r i cal  in g ineer ing,  305 nm; and 0 . 4  W nit 2 7 5  nm. In the
Colormudo S t a t e  t J m -i iv. ,  Ft . Col l ins , kryp ton  s y s t e m  t h e y  obta ined 19 W on
( u u l o r a deu ) has uchie- ve d or metal-ion- the 356-  and 3st-nm transitions and
l i n e r  met ion with , thresholds as low 4.5 W on the 312— , 324— , and 33 7-nm
u - 2 A. In a d d i t i o n  he ~as e xtended transitions. For ever y iine studied
Cie 1 m m - e r  met ion t o  2200 A— l000 P~ lower the output power increas e-I without sat-
t hmu e u  mmc v o t r  - c y s t - e c u . Co l l i ns  has ii r e t  ion up tee t he’ ava i lab le discharge
inv e~~t igat ‘~l ‘ em T I , -\ I I  , and Au II curren t , 480 -\ .  The sy stem has a di s-

t ! e e ’ c i e e c t r o s c o p i s t s ’ nota t ion for charge h -nm gth of 1.7 m and an over all
C n u , A g ,  mind Au~~) ~ h o l l o w — c a t h o d e  e f f i c i e - n n c y  o f  0 . 0 3 %  at 35 1 nm.
d m s c hmmrg c -cs in rare ga se- ec , An oven is P ro fesso r  D. J . Bradley of  Imperial
not reqeu i r c - d  rus the me ta l  ions are c ;put- Co l lege , I~on don , d i - ;c us s e d  advance - s
t e r e - nb into tir e d ischarge from t he in e l e c t r o n - b c e-am-pumped ra re -gas  m i s e r
, m ut h r - d e .  s y s t e m s ,  lie- attributes recent advances

A t t e n - e ; - t s  to  a c h i e v e -  hi gh pulse-  to a new e l e c t r o n - b e a m  o u r c e , w h i c h
energy ,  low beam-d ive rgence , mmm d tuna- frumps iris X e laser at 10 pul ses per
b l e , nrarrow line -wid th simultaneous l y second. The Xe lase- r produces 12-m ~Jf r o m  dye las ’~rs bmni ve gene-rall y bee- ru Pu lses  of  10-nsec dur r ut ion  in the 1700-
u n s u c c e - - n u n f u ,  - I .J. Bigio (J ) e p u r t e m e e - r u t 1755 A r m e m u ge. The third harmonic at
ci f l ie-ct roni es , The We-i :n c r unumn  Institute , 570 ~ hmi in ne - u -fl i n d uced I r e m -  the -se
R el ue n v en t , Is r u e  1 1 gave an excel ln’ nt pu lses , an d he i ‘ m u t t  c rep t  i c e  to  nh t a in
p a l - e r in w hich t e e d e - s c r j be d  h is work the f i f t h  harmonic at 340 Y~. He also
cu rd a c u e n m xiui l flashlamp—pumped dye l a c e r  intends to use the - new -no n m n c e  t e n  e x c i t e
m m - s i n g  an n m r e s t a h l e -  resonator and injec- the- rare—gas halide systems.
ion Icu ckin g with mu cw dye laser, lie- Dr. V . Haas of t E n -  lie-b rew 1 n u i v e r -

hum s o l - t a i n e d  n u e - m i r l y  d i ff r n mc t i o n - l i m i t e d  s i t y  o f  Jerusalem is s tudy ing  the oxe-
pul ses of one’ jou le  w i t h  mm line -widt h tane famil y of compounds as possible
of l e s s  t b e m t u  15 Y-fl l z. laser media. These molecules decompose

Unti l  recen t l y  trm m ns\ - e - r - n e - e x c i te - d  on hea t i ng  mm nd leave the- jr pro d uct - s
a t m o s p h e r i c - p r e ss u r e -  (TEA) CO Iarc e-r c  in e x c i t e d  s t a t e - s . He d i s s o c i a t e d
have- n e t  produced se -n y u-rue- rp e- t ic P u lse -e n  • t e - t  rm imet buy I d io~~- t ane into t w o  n u c e t  ‘eec -

I . Sn ben hi [ P r o j e c t  rum i n l ee f u r  Lase r -  mo lecu les  [ I  ( dh ~~)~~C 2 O 2 2 (CH 3) 2 C01
forschung d e n  Mn m s - P l n m n u e k - G e s e l l s c h a f t  and b e - ry e - e l  t he  1- ‘rn i lum imc e - u - cenc c - pro-
:ur i P rd e r u e m g  he - n Wi csenschaften e.V. , duce- d from them in the lO — m n u u  region.
(PInE) C-i nching , Ger rem nuny ] ha-n made a hurther - - t uchies of l i m e  kinet ics of thi s
50-fold i c-elero vern ent ove r previous en y -c - p n ee c e -ss and of the- decomposition of
tems by s l i g h t l y  cooling the- gas and other nu mb ers of tin e fancily ire - being
mmc le l ing a - mur i ns tanc e  to h nel j r in preioni - u nde - rt nu ken .
za tion . Schmid obtains J in a 5 0 - p e m e - c  Er . J. Woi f rum of the  ‘ t m m x - P l a r m c k
pulse w i t h  an e f f i c i e n c y  of 2 % from In st i t u t  fUr St r Fr -ni mueu- - f e n c e  i m e u n u ( - ,
an n u n  t ive- vo l ume unf  only 1.25 liter. G Ot t i nu ge n , di — c u  - 1k- m m d  ia t  ionu —
l ine  l u - e r  o s c i l l n m t e d  on nus n ’ un m mu y m c -  18 i m u e i e i c e - d r e - a c t  ions of the form
(-branch t rmm r m c - itiue m i ~ and w ith as much AR + C • A + i~0 , One re - n m c t ion o f  in-
rice 30% of  the - energy in a s ingle l ine t e i e c - t in t h i s  c a t e g o r y  imnv c u l v e - -- c n o u n d —
when m n t r n m c r u v i t v  - ne - l e e  ion h-mu - u- ed. s t a t e -  CX rind a t c n r m m i c  oxygen to - n e c i e m c e
\ t  ope- r u t  ing t e m p e r m u t u r e ’ s  be low —20°C CO inn an e-xcit cub un t  c u t  e .  l)r, ~ . i m - e lm er
the - d i s c h a r g e -  becomes uns t n mh l c .  The of the T e c l u n i c r u l  Un i ve rs i t y  o f  Munich
elect rcu th -s muse- a sliding— sTu n rI ar range  - de -sc r  i m e d  his at tempt in t e n  1n re - e d i c t  the-
me-nt and mire- f a bric m ut e - d by ru- ing mm cop- energy d i s t  r ihut ions of  tin e- produm n ’t s
; e r  mesh embedded in pla t ic. of  the fore-going genie-rn li :c- d re n uct ions

H.R. i , U t b i  and W. ‘-n t - c-h g, ne- -search- and compared his ca l culutions wit h  c-x-
e - n -  n i t  t i m e i ns t i t u t e  of App lied Phys ics , jierimental results , il l s j ure - d ict i o mi s
Uni x e- rs in ,- of Borne-, imm u v e- b u i l t  w arc -re— include the vii ) m i t  i ona 1 , t r ans l a t i o n a l
m m m c d  ~- u ; t r e - i o f l  lasers ui - s ing anodized and electronic - excitation of t iu
A l s e ’ g r c e e - n t ~~ . Thei r  l ; m e n e - r - s  mi re capab le -  p roduc ts .
e-f 1 7 e ~~tn, cw on the- basic Ar lines ; how - This conference covered t i n e - a m - m u
eve r , i n  tin s case they we ’ re- r u - j n u r t  ung of high—power  la-n e - r n  c u n r u l e m - u h e e n s  i v elv
the power e n n u t  it of tine uv lines of in accordance with the t it Ic. In doing
Ar II ( A m  +~~~) and Kr I ll (Kr I • In so the coverage ha- n gone som c - w ’ b u i t  he--
the m n g u n, r s - t e r n  t i e n ’ r  can o h t a i n u  n - I  W yond the- area of e l c : t r o n n h — t r a n r n i t  ion

m t  352 rind ~6 4 flnn ; I - IS m l  330 , 334 , lasers , which wa s the o r i g ina l t (e l c

374

_ _ _ _ _ _ _ _ _ _ _  - -,_ 
—~~~~~- - —-



. 

m N  3 1 - u

of this ser ies cc l corrference-s. I)r. m mm n d r u - - , n m l t s  in mu m u - g e -  u i e - o r ( t min i m  u nit i i
K. Kompa (PFL) , one of tine’ conferenc e tine - m t  en c i t u - mu - m e hue-s m u h e w  1 fcm
organi :e n - n , said that the nrc-st meet i mg w im ichi i in ~m h u i n -l u c m n oug b u I - ‘ s e  1 to - i  C mm
in the - s e - r u e - - s  may special i :e- in short — m h e  t h e e -  I mi c c er t ‘a nn in it ion m u d  t e n - m e  i v
w’nu c’ e’ ler u n - t h  I cusers . .-\ t l an ta , C e - o mgum m c - u n - c  t h e n -  ce - I I to  he- e ’ uu rrc e - t m ini - u m e ’ m m t ,
is he’ ing cons i de- red  for the - con fe rence  A t  p : ’ ’ — e - n t  t i m e - r e.- r i c e  emi ly  t b n r ee -
s u t e in order to cc nc ide s - it in the ‘tent h lu  e c e r  revs  t ems m m v c u m 1 m b ’  le for f u m u ciii
i r u t e m n m i t m on al e~ emu m n t u m e - n  E l e c t r o n i c s  e u I n e - m i e mm c c h i n , They a rc - ‘ ‘ ~2~ 

\d— g i u - s ,
he - re fe rence . \‘ e - rn  Sm i le -v  mmc d ‘I-\ J . b n ure n u - - s m n m ~I iodine’ . \ m n i c u n b i n e  e n v n t u - m  is  t h u ~ii. Gorre -i l , Jr. ( h u ~ -\RI ) I J Ie-m i ~mt e xj u e- nn s i ve t co mr cn t cc c - m i m i l I e u -

me -el i uirn is u - u  - i lv  re- p I m c -  I . l e n uc e c u r ,
- I nw e- f Ii c i c - m u  cc ’ is mm dc fin n m t e- I m c m i  —

I at i c e nm compmi re-el s-u tim t in e o t i-i c n i ~ - -

5 5 5  l e ’ : n S ,
rhe- iodine 1 m m - n c r  o p em nut e -s ut mu

u )Xi ’ —T l RAWAT I IODINE LA Sh R—A SIl RI X I l l  u-uv el e’n n ’ th of 1 .3152 mrm on cm fe-rh i dde -n
u toni c t nam i s it ion Ire  cm, the f i n -s t c i  cc -

A prey i - u- s art i c Ic (ESM 2 9 — ( n  : 28 0  I t re)n Ic ex ci t e - e l  St mite to the - ground
de scribed Aste - ri x III , w hich w a s  under s t m u t e  r i f l e - n  l d i e n e t O d i s s u n c i a t i o m i  o f  the
c o n n t r u u e-ti o n ut l i e  t OH u t the ‘- l u c —  m o l e c u l e .  bee i u uIse ’m ~i d t lm is e m , um’nceu s e- nh
Planck In” t it ut fU n- j n I cm _ n r 1un m I n iec ~ n i k in b y i n c  renu s i ru g t ime -  I i nem ~ i it  in . ,\ b - c m  I fe- n-
e - u n - n l’n i e n e m ,  FRG . t h i s  i o d i n r e— I n i s e- r d e v e l —  gas - m a c b e  mis (‘U , C 3 ]’ ;, or Ar is . u d e b e e !

d e e m - n e i l  u s  now c n m m n i e - d  out at the - n m m n c u e t e n  the en v ent e -m to (‘ - r e - e l e m~~n ’ c e c i l  i—m jom r —
lO c . u t ion , but by t hee -  P r o e e c t  m m - e m ; - p e b r o u den im i g of t ine  r a t h e r  n a n ’ r e c u s  l n m -nc r
fUr L a s e r f o r - s c h u n m - de-r xt u , _ I u i u e n ,  k~ t n.in s i t  io u . The most  e - f f i n l i v e -  b - n u n - m d -
Gese l l r e e- h a f t  zeu r i O r d e n n m e e - der lS’ i s s e n —  enim ig—i ’v  a I n u c t o r  of ~is ;m uch rice I~~~—
s c ha !  t e r u  e- .V , under the dn re - c t i on  of is pro duced by CO -

Dr. -n • lu i t  kc ew ’c e i . ,\ ccn e n ’ ni ir e m , - -  1 - i n e , mu m I n e -  w i d t h
The eie u n ; u c t .- n is t i cs of li en -  iodine of  100 ~~~e c nuuu n ee c- c -e r r s  n,n~ ’ t i n r i um for fu—

1mm -s e- n we - re  d e r ~e r i b c e eI m v  Dr. K. il oh la , sion work, lie feels time best method
Dr . .1 . Wit te , and net i u c - r st muff membe-rs is act ic e- mode—lock em , - -the- thee e i nter-
inn two ; nmp e - rs nut tire- Confe re n c e  on h i g h c-s t ing - : e t h e - c l  is ti ne- nm—c- of e e ] e t  ical
l’ owe r ri sers mind App l i c n m t  i unmr s inn bh m incici n , b nr e-a k (e e- e inn mm \~ ce- l i , which e b m e -~ -

2 0—22 Jun e- , 1977 (se-c- this ;_ ‘v i s s u u u - , o f f  t i n e - t u il of  a Iuuiger  p u l s e .  H u n u s
- 3 2  , and a l s o  dur m u g  a v i s i t  to e’ve - n , ot lee- n pi-ocesse’s in hre nm kdown i r e

u r i n u i ’ o r ; u t n n y  m i f t u - r  the Coni ferc-mnc e- . no t yet t b en ’ ro nmg hnl y under st - - - -d. I’h e’
Last fr il l  

— 
t he s y s t e m  reached the h e ’  r u  use “ C a hot F ,n ce II , p ne -v  u ous lv dc -

~nmt t (10 1 n pow-er leve l : 500 1 inn sc i H :d mis a 1 re- — ; - u i e e e ii e ’ n i t er , mm Iso
500 en - ‘l ime 1 m m - n e - n  cons i St  H of in c sha m liens tine - I e ’ nu el mci edge of a pu l inc
osci I 1 u t e m r  w ith Ice-a r amp lif i e r  — t n i g e S .  l ie - lila describe- el t h e ’  use of a Pocke ls
The l i - - h nmmp l i f ier use-s -I flash I amps ce- I 1 to shorten the pulse -, which is
m m mn d is 10 rn long. The maximum p u l s e -  t i u c m  pm msse - d through cm hot 

~2 
cell,

ra te -  is 1 pu lse -  c-v e ry 8 minutes , mind Pulses o f  2 0 0 - p s e c  durmi t ion a re u: e-m ic - n
‘he - c iv c - n m m l l  efficiency of the- 1 mm -er ally oi,tained in t h i s  m m u nmrer :  howeve r ,
uS e- 15%, I S ’ i t t n ’  feels t~ u nu t tine c e - l ine - pul - -e - - mi s s hor t as ~O m c - s d ~c hnn v c- been
sys tem c e n u m i c !  he s c a l e d  t e e  t ime -  10 t e n  ei h- erved . x te - l n — I e n n t e . o pem n m t ion ml
i i i O — t , i  energy n u r e g e .  500 F u s e - c  iS ge- nn e- i- n m l h v  m i n e d  le e r p n - _

~ern C
lii i s lu - -c r has -i ve ry hi gin 5 i c e  I e — w e e  n

- i n s  g a in , about 10 d fr i 10 1 0 , for t I e  When ml in u e c i n — p o w e r  I n — e r  is m u - c - e d
ent ire- s y - - t e m .  Co nse - quem nt  IX e n e - ~~pu 1 s u i m u -, w i t h a t u n’ c - n - t , m m d d i t i u u n n u l  j e re c a e i t i o n n - e
c n n  be mu prob lem.  Ree , e m u t l v , m e — l n i -m imm u: u m e  nece’~ smu mn t o  ln r e v e mn h o p t i c a l fee-d-
c - n i t  1 e u i t S  i m nm c .e - bee -ri re-duced In - nrc So rn.F i n n u n k  to t ine- m i s e r  t h m t  Cain mc-dn i~ it
10 I r e t . Fhi cc has been r uccomp i  ished output  pown- n  and mu I so  e l m u r i r i g u  n i t ica l
by inn t r o b u i c  m u g  c m s u t u r r u b i c -  i b - - m u u r b e c - n compon ents. W i t t e  s t n u t e d  t h a t  the mc-
cc- I 1 o h h ued mm dc -  win i cii adds nun it tenuuu t ion sul t s of 15 C e n t in from As lu -n  i s I I I  %s i t
of 3 0 _ l e t  dli t e n  l o w — l e v e l s i u m r u u i - - . I n i r -  mu t a r g -t i r n d i c m u t e -  t i r n u t t ine power  can
t } m n rmore , lm rurru nl ay nu~t m u t o t - ’ ,uu e used b n ~ h r - e n u m e m b ut to tine’ same level mis w j t b u u n m i t
to decouple tim e s e n e e m u d  s t a g e  t ’ n e e n n u  t he the ’ t m r g n - t  • The - e f f e c t  of tir e tar e- I
I l e i r n I  and the t h ird from t in e  f o u r t h .  on t he spec t rum of u~~k s c n i t t e r e d  raci n-
The- 1 7 c e l l  u hue - m u ted  tee a t ern ; n e-I ’ mt cure- ru t  ion helps reduce feedback  prob lems .
c c l  800° C , wh i ch c a u - - e S  tir e- molecule-s The c x  it pulse a r r iv ing  at  the t m m n mm e t
to  di ssoc m i t  n - Into ( m m  c e u m n c ~b — s t r u t i- a toms t h rotugh a f ina l  focusing 1 emi s has mu

37 5

— - -  - - —--— - - —~~~- - ‘ —
---- - 

-~~ —



l i-SN 3 1- 9

- i e n  t n i l h m m n d w i I t b e  of about 0.1 ~~ . About i~u I %  o f  t i m e -  ic e-arch effort in
l~ i t t  n un - ! Or.  K. l : idmeu nn eie~nc rihe cl n e -  m u pp i i c ed  optics i - n in the a rea  of image
-ul ts of a spectral an a l y sis 0!’ t h e  to- processing. Within that framework

t n m l n n m c e s c m m t t e - r e d  m n m d i a t i o r i . The spec- there - are ; n e m c e c t s  on hybr id imag e--
t n  c u r e  5 m m  a ‘‘ sp ike- ’’ 3 A w i d e  sift irc on p r u i c e s s i m u g  t h e n -  combined use o f  e i p t  ical
a l’ e e l e St a l  about 15 e~ w ide ’ , Add ition- met i eend s w i t h  IV ari d o ther  e l e c t r o n i c
a l l y , some e’mnerg v appemun - ml 2

~~l ,  3 / 2 , tee’inn m~~e me- s) , holography, and image-
mm m l  5c n 1_ / 1  , w here -  L is the- I mi~~-r f ne- e1w- m i- l u e n c e m m n i t  t in ronu gh u  turbu le n t media.
cv . In o t her words , muc h ee l tir e h a c k -  ( tm nne-  e - x p e r i n c e n t a l  p roj e c t  t ha t  could
- s c a t t e r e d c ’ ne- r mv is  s h i f t e d  in w a v e - —  he- o f  u t  c - u t  m c m l l i e - n e - f i t  to  t ime-  N nm v v
l e n g t h  be ernd t e e l i ne-w id th  of thee- 1 m m - n e - n  mmc d oh b e e r  a ge - nc  ic - s is c o e ue e r n e - d  w i t h
t r m n s i t i o n  and t i n e - r e - f o r e  -do’ s not cause r ea l - t i m e  seeing t i i r o rm g iu  mos - ing f og .
a problem. In 1973 I ohmanrn and C . A .  Sc inuman [ r

A srr~~l l e - r iod ine lam -er , Ini s t u - n i s , rc’- ”-nn ee . T , 03 ( 1 9 7 3 ) ]  re-por t e- I t lueir
is l e e n u t e d  i n a room below An - t e n i x  I I I .  inve-sti gn i t j un O - n on the u- -c of holography
This laser us the m- m r ’ ee- mi en A — e ter i x III through fn c n . Their techni que , however ,
w u t l c e n e i l  a final m r ’p l if i er. A beam (30 J suffered I r m a  t uimm e - -del ay necessitated
m i t 1 nsec)  from l’la- - t e n s  i s  brought i n ,’ tir e pho tograp hic dc- ye- lu c ; e ememc t of
up by mirrors to the sanne tar e -c t c i c n m e m n ! e e - r t i e  ho logram p l a t e .  ii. Schr u - enu l fuss , -

u -  is m m — e d  f o r  t l m u  A r - t e - n i x  I I I  ml gran l u n u te -  re - -~e-a re in a s s i s t  nu nt , ic n ms now-
n s p u - r m m e n t - - . extended t h i s  t n m i n n i u ~u m n - t e n  re-al time

ln m m t h e - r t a r : e t - i n t e r n m ~~tio ir experi- by re -placing the photograp h ic  d e v e l o p -
mer i t s  a rm ’  p lanned le e r I n u t e r this ye - nun. m e-nt with an e- le - ctronic n n - thod incor-
(Ve ,-r n  ‘-ne m n u l e - ) p o n u t i n g  a c l o s e d — c i r c u i t  TV systc - .

An image - p l m mn u u- inologra m is - s t o r e d  t e m -
porar i ly on the cathode of a TV t u b e e .
The ho logrm u m is then reconstru cteui elc-c-
tronic m u l l y mi t TV speed and d i e m p l n m y c d
on nm m o n n t c r r .

-H I Nu:  il-: cw;ii F/U ; AND BLTTLR IMAGES Thu ~ t e c h n i que- wor ks on v in t bc-
‘- I  T L d T pre - semn eum of moving fog  or o t i u u : r scat -

tering me’diuitn hut is ineffective- inn
lice I’b mv - s i kal j s ch c s Institut den a c l a t i o m i m m n c  med ium. A bl ock diagram

J n ~iv e - r m -  i t i t  I . r l a n g c - n— .Niin ’ nm berg  i s  lu - c n u t e ’ -~ of tir e e- s ]n e ri mmn entm l l arrangement is
in En n u e ~~-en , ERG , a rather snum ul 1 t m - se c g i v e -mi in Fi g.
c l o s e -  t - n  Nflrnberg in i nnunconia . ‘he
purpose of my tr u e t I~~re was to d i c e c u s s  LASL~~ Ill ~ Ml
i n c a , - pro~~’ - - n s i ng  and r e - m u t e d  top ics w i t h
O n e - b  . Dr. Ado If W . I o b r c n m n n m m  . ____________ ________________ -

1 ° 2 , Lohmann w o r k c d i n n t h e - US a~ 
~~ SF 

~tFE~~~C~
i n San los e- run e - I  l a t e r  was - i p ro f m m  sor OIUCT SIAM
mt the A l n i e l ici d Ph ysics a n d  Information
Science- s Uc-~em m r tm e n t of time Un ive-rs i t s
of Ca l i f o rn i a  at S imm Diego 1ICSD) - l i e-
le mi ’- bee- mu m m ci innovative- cour t rihutor to -

h is f i e l d  of - ; - h i c s  for many years .  - — -
\ L n  e r e l ing  to Lohmann the lJn rive r- n i ty M~ O~ U1

is composed of 12 Fnmch bee ne ichc ( S c h o o l s )
under the Un is - c r s i t y  P r e s i d e - c u t . Mathe- Fig. la Opt ical recording setup . SF is
m at ics and Phy s i c s  is one o f  thes e , spatial f i l t er , A an attenuator , ~Sl . BS2 are
l , m ich u Schoo l is divided into l mic hgru~r~u e m n  beamum p li t t t - r - ; , Ml, M2 are mnlrre ra , and L is the
- mcii am- 1’hys I CS , el 1  time-remit i c S , e t c  • 

Im aging lens.
Lo buman mu h i s  the chair m m  A iuplied Opt ics ,
w h i c h  is  one o f f i ve  cha i rs  in t h e  Phys- V AM
i k a l i s e  h e m -  I n st  u tU t (~ ~~o r i m e n t a 1 Ph y s -  

_____

Lohmann ’s g roup consists of fourteen
m ’e-0P Ic inc 1 ud jug inc i - -S ~ S tan t l u n d  fe-s so r , Fig. lb. Electronic rt’const ruction setup.
mmc l ing u - - si m- tant profes sorn , reseMu h HP Ia the high—pas s f il t u - r , RECT the rectifier ,
ass i - t m m m m t s , and MS and PhD s t m c i e n ts .  and MON the monitor.

_ _ _ _  
_ _ _  _ _ _ _ _ _ _ _ _ _  — —-—
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A Doppler sh i f t  is a s s o c i a t e d  with laser produce an image si gnal that contains
l i ght sca t te red  from movi i ’g fog drops. in-focus information over a much larger
If the Doppler shift is sufficiently depth, The processed image is then
large , the scattered light will not displayed on a monitor.
interfere with the unscattered image- G.P. W e -u ge- lt descrubed his projects
li ght nor with the reference-beam lig ht. on speckle inte - rferometr e , p hotograp hy,
Hence the scattered l i ght can he sep- amid mci --king techniques t b c m m t  have-  been
a rated from the unsca t te red  l ight,  car r ied  out under Lohmann ’ s gu idance - .
A necessary condition on fog velocity Speckles are formed when laser light
in order that the separation of scat- strikes any roug h surface- arid are
te-re d and unscattered li ght can occur 5aused by thee surface -acting like -m
i s :  random d i f f r a c t i o n  g r n m t i - c e m . In general

~ > - --
~~ 

t h e y  are imot d esir a ble as they result
— ~~~~~~~~ ‘ i n  nonun iform i l l nmm ina t i on .  However ,

- - t i m -y  c a n  he p u t  to practic ui l u~ e .
Speckle are also observed in t e l escope

where v is the fog velocity , A is t i m e  images when the li ght passes throu gh
wavelen gth of the- laser , is the object- an inhomeigeneous medium ‘- nm b e as m m tur-
to-fog distance , M the image ma gnifica- bulent ate -sph ere. Far l ier we - ri b
ti o n , -r the exposure (or inte gration) this group was co n c u r r e d  w ith mo difi-
time , and x the resolution limit of cn mt i on s of mu method developed b y  A .
the recording sys te -m. l aheyr ie , whu u e used si-cc kie interfero n -

The mathematical expression for e-tr y to m ncremse the me solving power
the - intensity distribution across the of telescope- -- .
TV camera tube contains six terms , only The image of a star in a large
one of which c n u n i ~ie- s t im - unscattered- telescope is a disk con~~m imt imn g a l n u r ,ge-
image in fo rmat ion .  Some of tine other nn u rm -!e e- r o n  random s pe - e kle’ s , each o f
terms disappear LI the ve loc i t y  condi- wh i ch  is  a h e e m c l  the si:e of t b e  ,-\ iu - v
tio rm above is met; the rest fluc t emn i te - disk (the d i ffrn m n t u o n - l imi ’ ed enp ei t
sl ow ly and are eliminated by an d cc- that w oul d be present in a perfect
tronic hi gh-pass filter. e e j - t i c a l  system with no tun b- ul e nt atmos-

In i t ia l  expe r imen ts  have been mmmdc ‘bce - re preec e-nt). The l i m i t i n c g s ir’e of
in the laboratory W ith artifici m ml fe- mm , the n -  image di sh is about I sc- c of arc.
simulated by a thin sheet of foam numb For the 200-inch telescope at Paloma’
ber containing particles having radii the - speckle- size c’o rr e m n l e ee mun l in g to
equal to about 10 wavelengths of the - the Airy disk is about m n .m c /  sec of arc.
Inmser l i gi ut. I saw movies made of the Lahey rie showed thrut the resolving
laborator y experiments in which the ~~~~~ of telescopes can be jnc rc - used
image - recovery was very impressive- , by taking a large - number of photograp hs
Future plans call for experiments in of the imag cm with a spectral bandwidth
mcmm tn ir a l fog and further development of about 2S0 A at exposure times short
of the theory , enoug h to fr-c:e the speck le  p a t t c r m r .

Lohmann and Dr. G. lCi u s l- r showed Each speckle photograp in was optically
me another project w i t h  important p rac -  Fourier ransfo rnned and all t rans fo rm s
t i~~mu l applications to medical , bio log i- were superposed on a photographic film ,
cal , ari d other f ie lds.  They have de- thus forming the muvenage power spe-ctrunc,
ye-loped a hybrid system for real-time This power spectrum had considerably
increase in the detthn of focus of an improved resolution over an individua l
ordinary inc oheren et ue j’ tica l system, photograph. However , the powe r spec-
A nicru m’ cop e produces a poor image trum rather than an image was obtained.
when t i e  object ha-n delnth~~ a re - en ult A new technique for reconstructing
of the extrem e-i>- tri al i dept h oi ’ field real images from astronomical speckle
c-f the optical system . In order to photographs was described by Wei gelt.
see different depths , one must refocus This method is useful for a limited
the device on different obje- e- t planes . number of objects , including double
I chmann and H~ usler attach a TV syst em stmmrs and objects such as galactic nu-
t o t he mic roscope  and move the object d c i  or moons of planets where - two
b a c k  and forth rapidly . The electrica l parts are present , one of which is un-
s ig n ua ls  are t hen processed. A combina- resolvable and the other is resolvable
t ion of high-pass f i l ter ing,  which pre- but small. The techni que requires
s e r v e s  the hi gh_ s ~n- i t i a I  f requencies , three steps o f im age proces s ing o f an
and si gnal integration is used to ori g inal set of speckle photograp hs.
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Wei gelt has demonstrated that the scheme properties of molten salts , leading
works in the - laboratory with a simulated into studies of these phenomena in 501-
turbulent atmosphere. lie w i l l  now con- ids . For some years Lund~ n’s main in-
tinue the experiments with real tele- terest has been lithium sulfate and
scope images. Another interesting proj- its various solid solutions with other
ect , w’ith medical applications , is a alkali sulfates and sulfates of diva -
technique employ ing holographic inter-  lent cations (Ca~~ , Mg~

4 , Zn44).
fe - rome - t ry  to make strain analyses of These sa l ts  are good ionic conductors ,
t b e i m : h hones to which a prosthetic hip and as such are of interest for solid-
joint has been added. A real-time holo- state batteries in competition with
grm m m of the bone when pressure Is ap- systems involving beta-alumina and tPi e
plied is compared with a previously silver-iodide /alkali-iod ide double
made hologram of the bone not under salts . In contrast to the latter two
pressure. When pressure is applied types of sol id e l e c t r o l y t e s , in which
te e the joint , differences in deformation only monovalent ions have hi gh mobil-
between the pronthesis and bone show i ty,  both mono- and  divalent cat ions
up clearly mis interference patterns. are highly mobile in the lithium sul-
In this way new prosthetic hip joints fate salts. These salts are thus use-
c~mn be studied and eva l uated. ful with a variety of active metal

Lohmann has a good group of active anodes (such as calcium , magnesium ,
and talented assistants and students or zinc), the electrolyte being a solid
and a well-equipped laboratory. One solution of the corresponding lithium -
can expect that they will continue to divalent-metal sulfate , and the cathode
pnu nduce hig h-quality contributions in being an oxidizing agent such as man-
applied optics. (Vt-rn Smiley) ganese dioxide.

Exper u .mnental cells as shown in the
accompanying figure were formed by
pressing layers of powder in a steel
die. The electrode layers also con-
tained the electrolyte powder and often

SOME PHY SI CS RE SEARCH AT CHALMERS had grap hite admixed to g ive both ionic
TNSTTTUT E OF TECHNOLOGY and electronic conducti vity , Flat

spirals of silve r wire were used as
The Physics Department at the the current leads. When operated in

Chalmers Institute of Technology is the the temperature range 350-750°C , these
l a r g e s t  Ph ysics Department in Sweden , cells , which wei gh a -few grams , gener-
in p r mrt because its faculty provides ate voltages from 1.2 to 2.6 volts ,
physics instruction ~or the nearby Uni- and have internal resistances of the
yer sity of Gothenberg as well. My visit order of I to 1000 ohms with electro-
was at the invitation of Professor lyte thicknesses of 1 to 4-mm in 20 mm-
Arnold Lund~ n , who had , incidentally, diameter cells. The highest power
‘ust  f in ished a term as head of the De- densi ty  of 400 W/kg was obtained from
partm n ent , which is one of five in the a cell with a Li 7 SO4-MgSO4 electrol yte ,
School of Engineering Physics. The re- a Mg anode , and a Mn02 ca thode , oper-
search program in experimental physics ated at 745°C. The open-circuit cell
covers a very wide area , from nuclear voltage was .~.3 volts , and it delivered
physics to surface physics ; of particu- 1.35 volts on discharge across a a-ohm
tar interest to me were - Lund~ n ’s own resistor, The theoretcal energy den-
i-c--u -arches on solid-state electrolytes , sity of the cell was 1170 Wh/kg.
the surface physics studies by Stig 

-
Andersson and P.O. Nilsson , and some
aspects of the operation of the Materi-
als Science Center affiliated with the
Department. s~ac4,’o~~

Lund~ n ’s interest in solid electro - m~.itin’i~ 
‘

~~
-s (

~ ~lyte s arose from his involvement many 1. ~ -

years ago in research on electromigra- ioli4 1O~4s4OfiS)
tion in molten salts , undertaken with
th u aim of isotope enrichment of nuclear
fuels. These investigations got him 

~~fl ~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~interested in the basic aspects of dif-
fusion , conductivity, and relat ed ~~~~~~~~ of ~tW.r ~~~~~~~~~~~~
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It appears that for primary batter- investigating the mechanism of the
ies , at least , the sulfate-based cells catalytic action of Ni surfaces on the
m ire competitive with other hi gh- disproportionation reaction:
t -mperature alternatives (see ~-~ N 2CO C + CO2. In his most recent pa-
31-6:219). More complicated cells , per [Solid State Communicationa 21 ,
-nu a ch is onc e using a complex lithium- 75 (1975)) Ander sson has propose~rthat
silver -magnesium lodo-sul fate as an there are two confi gurations in which
electrolyte with a silver anode and an CO is bonded to the Ni . One of these
iodine cathode , can operate at room is linear , with the C bonded to the
temp ern mtur e , Ni and the CO molecule standing out

Be’fore exp loring their applications perpendicular to the Ni(lOO ) surface.
in batteries , Lund~ n and his associ ates In the second configuration the CO
studied the ph ys ical properties of the -molecule is bridge-bonded to two
lithium-sulfate-based salts for many nearest-nei ghbor Ni atoms; i.e., there
years and made measurements of their is a bond between the C atom and two
ther mn u l expansion , thermo e-lectnicity, mudjacent Ni atoms , and the CO molecule
t h - rm :m l d i f fus ion , e lec t rom igration, is or iented perpendicular to t he sur-
- m u d  mechanica l properties . X-ray stud- face mien in the previous case. In the-
ies in the literature had shown that first confi guration the bonding is very
the sulfate ions in lithium sulfate form much the same as that in nickel carbon-
a f a c e - c e n t e r e d - c u b i c  or pseudocubic yl , Ni(CO) 4 ,
lattice in which both tetrahedral and Andersson ’s more re-cent (unpub-
octahedral positions are available for lished) theoretical study of the l IE D
cations . This results in a lnmrg e excess intensity measurements in this system
of vacant cation sites , which is a rough in cooperation with J .R. Pendry
exp lanation of the high cation-mobility (Daresbux-y Laboratory , Cheshire , UK)
and electrical conductivit y , An over- has modi fied the first model. The Ni- (
simp hi lied descri ption of these salts and C-O distances in the adsorbed lay-
is that they are “half liquid and half er , derivç d from the theory , were 1.80
solid .” X-ray diffraction patterns of and 0.95 A , respectively. The first
lithium su l fn ute - and similar salts show distance - is in agreement w ith the Ni-C
a surprisingly small number (only 3-4) distance in nickel carbonyl , but the
of s !inm rp line s . Leif Nilsson has under- C-U distance in t~ e carbon>- l is 1 .15 A
taken a neutron-diffraction stud>’ of rather than 0.95 A. It is considered
l j th j m n r e sulfate at the Institut Laue- highi >- unlikely that the C-O bond could
Lange-y in  ( ILL)  in Grenoble;  a prelimi- be compressed so much simply because
nar y account of his results should ap- of adsorption of the CO molecule. The
pear soon in letter form and will pro- authors therefore propose that , instead
x-id e additional insight into the struc- of being perpendicular to the Ni(l00)
ture of these salts, surface , the CO molecule is tilted at

Sti g Andersson carries out a very an angle of about 34° with respect to
extensive and enthusiastic surface- the surface normal ; the actual C-O bond
physics program based on combined length in the adsorbed mol çcule would
electron-energy-loss spectroscopy and then be close to the l .IS-A value found
1mw-energy electron diffraction (EELS- in Ni (CO)4, but its projection in the
LImE D) studies. Ammder s so n has designed direction perpendicular to the Ni(lO0)
a particularly precise EELS equipmen t surface would he 0.95 A.
which is briefly described in Solid Andersson and collaborators from
S r - m t e Co’~mm4nf c~it~ ona 20, 229 (1976), the Universit y of Aarhus , Denmark (B.!.
but the full details ~T its design have Lundqv ist and J.K. N~~rskov), have also
not yet been published, The energy res- studied the mechanisms of the catal ytic
olution of his EELS spectrometer Is miction of nickel surfaces on the dis-
0.7t , and when operated at primary clec- proportionation reaction :
tron energ ies in the range 1-2 eV it 2C0 C + CO2. They propose ’ that the -
yields a resolut i on of 7.14 meV, role of the surface is to circumvent

Andersson has concentrated on nickel the symmetry restrictions that ex Ist
as a substrate and has studied the ad- for the corresponding gas-p hase re-ac-
sorption of Na , K , 0 and CO on the (100) tion . A paper on this subject will
face of Ni. He has done a very thoroug h be- g iven at the Seventh International
job of study ing the structure and vibra - Vacuum Congress and Third International
tiona l excitation s of CO adsorbed on Con ference on Solid Surfaces , in
the Ni(100) surface , as well as Vienna , 1977.
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Ander sson has also studied the Finally , there is a well-equipped
structure of an adsorbed surface of 0 laser laboratory under Morgan
on Ni (l00) as well as the vibrational Gustafsson , abundantly provided with
excitations of such a surface, He has a variety of US-made lasers. In addi-
also investi gated the effects that a tion to a program of basic studies ,
preadsorhed saturated chemisorption lay- the group is concerned with pollution
e-r of hydrogen on Ni has on the struc - monitoring by laser-optical techni que s
turc- of the subsequently adsorbed CO and is involved in collaborating with
molecule. Preadsorption of H eliminates groups that operate field equipment.
the - linear bond described previously (-James H. Schulman)
and favors the “br idge” bond of the
CO to two Ni atoms. This latter work
is also to he presented at the Vienna
Con ference in 1977 , whereas the work
on the oxygen adsorption is given in
the 1976 Solid St-ite or?r n4 n -n~ , a t i on 8  ACOUSTI CS AT TRO NDHE I M
article cited above .

P.O. Nilsson and his colleagues In a recent article in these pages
have he-en carrying out a variety of entitled “Norwegian Offshore Technol-
-tud ies using x-ray photoelectron spec- ogy—Small is Beautiful” (ESN 31-3:119),
t roscopy : the band structures of V 3Si Nunn and McKendrick provided a valuable
and copper , and the chenisorption of overview of the noteworth y concentra-
CO on copper. In a paper on the last- tion of expertise in the I rondheim are-a
named subject , to he given at the Fifth ava i lable for app lication in the off-
Int ern ationn u l Conference on Vacuum liv shore-eng ineering field. The>- have-
R ;udiat ion Physics , Montpellier , in indicated the central position of the
~i-ptenber 1977 , angle-resolved ultra- Norwegian Institute - of Te-chn o1ou~yviolet photoelectron-spectroscopy stud- (Norges Tekniske H~ gskole , NTH), part
ies of CO adsorbed on Cu (lll) show that of the Uni versity of Trondheiin , in this
the CO is in a tilted orientation with concentration. Further , they have
respect  to the normal to the copper pointed out the role of the OTTER (Off-
surface , reminiscent of the tilting shore Technology Testing and Research)
of the CO molecule on Ni(100) observed group in bring ing the needs of industr y
by Andersson. to the attention of NIH and as a means

Closely connected with the Physics of integrating the activities of three
Department is the Materials Science princi pal independent research and
Center. One of the features of the - development activities: the Foundation
Center is a secondary-ion microanalyzer for Scientific and Industrial Research
(SIM ), an IMS 300 made by Camec a o f m t  the - University of Trondhe -im
1-rance , the only one of its kind in (Se-iskapet for Industrie -il og Teknisk
Scandinavia. It is used as an analyti- Forskning, S INT Il ), the Norweg ian Ship
cn , l s e r v i c e  inst rument  in interd isci- Re-search Institute (Norges
plinary materials research. The SIM Skipsfor skningsin stitutt , NSI l~~, and

m u n perform a three-dimensional elemen- the River mind Harbor Laboratory
i i i  a n aly s i s  of l aye rs  from 50 A to (V assdrags -  og Hav nmel abora t e r i e t , V III).
.(1 jmm b e -i -mw- the surface of solid speci- Acoustic research at l r o n m d i u e i m - -  cen-
mens. It o p e r a t e s  by eroding the sur- t e r s  in the Electroni rs Research Lab-
fare- throug h sputter ing, mass- oratory of 5111 (Elc k t r o n i k k 1 a h o r u t m u i i e ~spectrometrically analyzing the second- ved NTF{, ELAB) , which is aff il i ate ~ar ions ejected by the sputtering, with SINTE!’ and is also an affiliated
and then performing mass- reso lved  ion- member of the O F ’ I E R group . ELAB’ s mal.
u l et ica 1 imag ing. A . Loddiñg and L. ob j oct ive is to carl - y out R~D in the
Lund kvi st , the two people who preside fields of electronics and acoustics ,
over the instr um ent , have done a great and to strengthen and stimulat e - scien-
deal of work on Ga diffusion in Si 3N4 tific and technical activit y at S Il l .
fi lms , on nonmetal impurities in metals It works in close cooperation with tli ~
(generally steels), and the distribution Department of Electrical Eng ineering
of fluorine and other elements in apo- of NTH , and facilities and scientific
tite s of biolog ical interest , particu- equipment are to a large extent share- d ,
larly in teeth . Much of their work The universi ty s t a f f  con t r ibu tes  to
is done in response to outside interest the l IAR research activities both as
and sp (mnm sor ship. scientific supervisors and as re se arch
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pa r t i e i 1m a n es , wh i l e  members of the I LAB other  ac t i v i t i e s :  f i r’-t , the bu i ld ing
staff contribute in  the un lversit )- ’s of a new large anechoic chamber for
educational m i re -na, investi gation of the noise- of large ,

l I A R  has a t o t a l  s t a f f  (excluding heavy machinery , and , second , stud y
~l m e e r t - t e r m  emp loyees) of about 120 , of the origin of noise-induced hearing
of whom 80 are scienti sts and eng ineers, loss. In the work on hearing loss the
Its funding (NKr 11.4 million in l9 ’ô , correlation between various measures
approximately $2 .5 million) comes large- of industri al noise and basilar -
lv from industrial and government con- membrane disp lacements (measured by
tracts , which provide about 65% of the the M~ssbauer technique and calculmut ed
total. An additional 30% is from the from a transmission-network model of
Royal Norwegian Council for Scientific the inner ear) has been studied.
and Industrial Research (Norges Teknisk- It suggests that noise-induced hearing
5 :ituirvitenskape lige Forsieningsrftd , loss is possibly due to mechanical
NISF) for research  in i t ia ted  by the s t imulat ion and des t ruc t i on  of hair
laboratory , hut this is largely on cel ls caused by movement of the basilar
a matching basis against industrial membrane (Kringlebotn at ml , Contrib-
contracts. Less than 5% is provided , uted Paper 11. 5, 9th m t .  Cong. on
via SIN’I’LF , from NTN F as “basic ” funding. Acoustics , ?‘ladrid 1977).

The Acoustics Division of ELAB— Acoustics at ELAB is b~- no means
w ith sections for electroacoustics , limited to the Laboratory of Acoustics.
environmental acoustics , and acoustic A section within the Telecommunications
mcasurements—constitutes the Labora - Division is almost exclusively con-
tory of Acoustics (Akustisk Lahoratori- cerned with underwater-acoustic app li-
urn), and is under the scientific super- cations. This section , which is also
vision of Prof. A. Krokstad of 5Th . under the scientific supervision of
The laboratory perfo rms in the Norwegian Krokstad , is led by Dr. J.M. Hove-rn,
structure a role similar to that played who about three years ago zc tu rn e - d to
in Denmark by the Acoustical Laboratory Trondheim after completing a tour of
of the Technical University of Denmark duty at NATO ’s SACLANT Anti-Submarine
(Danma rks Tekniske H$jskole-) at Lyngby Warfare Researc h Centre , La Spe:ia ,
(Prof. 1 , Ingerslev) . This includes Italy, whore he worked on underwater
the provision of facilities and exper- acoustic-propagation problems. h ove-rn
tise in airborne noise measurement , has recently been appointed a d 
and in the architectural , environmental , (asst. professor) for underw mu t e r acous-
and room-acoustic areas , which can be tics in the Univ e rsit en and is g ivin i~u t i l i m e d  in the preparation of national a course in this subject to electrical
~jer-c i fication s and positions . ihe ía- eng ineering students.
c i l i t i e s  are comp letely automated and Recent and ongoing ac tivities with-
all routine- measurements are computer in this section include work in the
programmed and processed, following areas: parametric sonar in

in addition to more routine meas- which operation of the source is based
urements and studies , ongoing projects on a nonlinear acoustic effect , in con-
include (i) J-v e - l opment of a computer junction w-ith and supported b>- SIMRA D
model for the investigation of room A/S (Ilorten), unde rwater-navigation
acou -tics , which has been applied to instrumentation for a small underwater
the investi gation of a number of exist- vehicle - fuer the Contin-nmta l Shelf In-
ing concert ba lls , many simple room stitute - (Ins titutt for Kontinenta lsok-
shapes , and in co cisu ltation work on k-lund ers$kelse r , IKU) , shipboard pro-
room amM u— tic s ; (ii) studies of road- peller noise with the NSFI , underwater
t e - iffic noise including computer-model m u coustic cla s sificmution ot fish with
simulation ; and (iii) SAMSIN , a high i> the Marine Rescaich Institute
flexible computer-controlled system (hlavforskninginstitutt), and consulta-
for speech-transmission-channel simula- tion m i ssistance to the N orw - -g ian Petru-
ti on and t (- s ti ng for th e Norwegian Tele- leum Directorate and the IKII on under-
communication Administration . water site inspection. Throughout

These- h m ro jec ts  and the laboratory Hovem has encouraged his sect ion to
facilities reflect a hi gh level of ap- work closely with other national insti-
p licat io ’~ of ~1ectronlc and computer tut i ons , and a ll tasks are e s s e n t i a l l y
technology to a wide range of acoustic joint efforts.
problems. The diversity of current In the fish-classification work
interests is further indicated by two emphasis is on resonance phenomena and
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study of target -~t rength as mu function noise from a model propeller mounted
of freque n cy, spec i es, si:e , and depth. in its test section. Measurement s on
For t h i s  w ork  a downward- look ing sonar model propel lers in this f a c i l i ty  have
system is being constructed capable been compared with full-scale radiated-
of operating over the frequency range noise measurements (made in open water
I to 4 KU:. It w i l l  be insta l led this w i t h  the shi p pass ing a measuring hydro-
summer on a ra f t  in p r o t e c t e d  w a t e r  phone and a lso by a lmvdrop hone p l a c e d
to l~ ok it the a ce e ustic returns from on tim e- hull near the p rope l l e r )  to
caged individua l fish. It will subse- evaluate a procedur e they have dove-I-
eh uentl y he used to study echoes from oped for scaling the level and frequency
f i sh  schoo ls . The primary in te res t  o f  a propeller noise spectrum. Initi a l
in these s tud ies is that the may pro- no ise  measurements have -he-en made on
v ide info rmat ion help ful in the conduct a four-bladed 2 .55 - rn -d i ame te r  p rope l le r
of fi sh- po pulmtion surveys. Current for a 950-ton ocean res enurch ve ssel
surv eys , is , for example -, the in terna-  operat ing over a range- of  s p e e d s , both
t i o na l  UK , USSR , Norway)  cat l in  sur- w i t h  the propeller mis o r ig ina l l y  de-
v e v - - in neer thern w a t e r s , rely on con- si gned and again as redesi gned to re--
vent ion ni l singl e-frequenc y echo-sounder duce radiated noise . This work has
infer- na tion , aided h~- echo-integration shown good agreement between spectra
techni q u e — , and supported by fish predicted from the model measure-ments
sa rnp l i n~~. and full-scale observnutions. It and

The group ’s parametric-sonar work the scaling technique w-ere re-ported
is par t  of a r - s e -n i rch  e ffo r t  in which in September 1977 in a paper given at
SIMRA D —~ / ‘~ and the De par tment  of Phy s -  the I ns t i t u t i on  of ‘~Iec hanica1 l-ng ine-e rs ’
ics o the University of Bergen also Conference on Scaling for Performance
p u t ic i pn m t e . An i n i t i a l  experimental Prediction in Rotod ynam ic Machines at
sonar w a s  designed p r imar i l y  for hi gh- the Univer sity of Stirling, Sco tland.
resolution subbotto rn profiling. Time In the navigation mire - a h ove -rn’s sec-
difference --frequency output of the tion has worked closely with and  for
m u c o u s t i c  source of this sys tem , w h i c h  the IKU on instrumentation for preci-
w a s  d r i ve -n  at f requenc ies  near 38 khl z , s ion  underwa te r  topograp hic s u r v ey i n g ,
c o u l d  be v a r i e d  b e t w e e n  1 and 

- kHz which has been installed on the remotely
and had mu heamwidth of S to 10°. The controlled u n m a n n e d  underwater vehicle
sourc e , housed in -i towed body , was SNLJRRL . Included in this instrumenta-
in tended ‘o he towed nm h ou t 100 m above - tion pa ckn ige are- a long-ba si-line icous-
the - hott er : , ‘- b i l e -  a trailin g ten-meter- tic navi gation system using bottomed
long 4~- -e1eme nt array w a s  us ed for re-- t r a n s ponders , depth measurement , an
ce - pt  ion. la r l y  t e-sts in Oslo F jord , echo sounder for distance above the
off hi orten , gni vr- acoustic re-turns from bottom , a computer interface , and proc-
m is dee-p as 40 m below t ime bottom . essing a n d  displ ay equipment. The h i gh
P a r a l l e l  to the -  Il - \b work , hl alvo r hlobaek noise level of SSIIRRF presented diffi-
at Ber gen hnus , s i n c e  the- m i d — 1 ~m(, Os , c u l t i e - s  in reception of nac-i gation-
conducted hot l theoreti en i l mind e-xp eri- sstem a c o u s t i c  si gnals on the v e h i c l e
m e n t u l  re -se-arch on parametric acoustic itself , and it has been neces s a ry
T r u r m - .m it t i n g  a r r ay s  and has recentl y to m o d i f y  the in i t ia l  navi gat ion s y s t e m

irv e-ved the theoretical and expe -rim en - so that return si gnals are sent hack
mu  work in this field (Univ. of Bergen , to the surface command ve-sse l rather
De
~ - of Physics Report No. 99, Feb. th an to the SNURRE . Transmiss ion

19 7). With M. \estruh e-im , now at the to SNIJRRE from the command v e-ssel is
I J n i v e - r s i t ~ o f T e x a s , Hobaek has paid then via the- cont ro l  cab le-  (To i’sen ci
p m u r t i c u u l a r  a t t e n t i o n  to the prope r t i es  a l  “Instrumentation of an underwater
of ti u - mir - a r field. His survey high- vehicle for hi gh-pre-cision topographic
lights part icul a r top ics of the near- surveys ,” I r-c ~’. o ” ~ympo 8iurn - ‘ n Au ’ c’ —
field b ehavi or for furthe r study. mae ion i ’m Orf~ hr rr- Oil F i e ld  (~~- .- z ’z t i o ~~,

-\ . LU~-i k of Hove-rn’s group is work- B e r g e n , Jun e  lm ~76 , pp. 273-277 , N orth
ung closely wit h  the Shi p Model Tank Holland Pub . Co., 1976).
of the NSFI on shi p nois e - and particu - The diversity of acoustic projects
larly on propeller cavitation noise, underway at lI A R , with its clo se- con-
lie and 1 . Vmussende n of that facility nection with the electrical engineering
have demonstr ated the practica lity of department of the uni versit y , is un-
u s i n g the- I nsti t ute ’s la rg - cavitation duuh ted ly of considerable valu e in the
tunne l  for meas u r i ng  the  C ; uv i t : u t i o f l  cent i- mul t r a i n ing  role of t he u n i v e r s i t y.
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I n this connection i t  is worthy of note  nu s ins t rument  design and ar rangement
thit S il l is the training school for for easy visual processing, have been
en g ineers i n N ~rway. The acoustic R~ I) inve ’ti gated. None of these approaches
m u c t i v u t v  i t LIAR mind , p a r tl r l m4r lv , has touched the t i m e - s h a r i n g  of the
th ut of the -  Hove- rn’ s “und e r w n ut c r ” se - c -  e x t e r n a l w o r l d  w i t h  the cock p it panel ,
n o n  s t r o n g ly r e f l e c t  the g r e e w i n g  re- which is the most demanding v isual  re-
sponse to , interest in , mi ni app lication quirement of all .
o f a c o u s t i c  t echn iques  and k n o w l e d ge In recent  y e a r s  we have  had i n t e r -
in the offshore-en gine- c-ring mari rm e- - esting atte-mpts to ease this problem.
te chnology are - n i . In t e e t n i l the I rondhe im t n -  is time head-up display, where
eff o rt al’’ p lern ent s the- eff orts flight instrume-nt and weapons informa-
of o t} e - r Norw eg ian inst  itut ions w i t h  t ion are p r o j e c t e d  t r a n s p a r e n t l y  it
s t rong  ca p a b i l i t i e s  in t i e  unde rwa te r -  c-ye l eve l  onto the w i n d s h i e l d  so t h m m t
a c o u s t i c s  f i e l d , such as t h o s e  e e l  the t h e y can he e a s i l y  t i m e - — s h a r e d  w i t h
Ilnd e rw a t e r  D i v i s i o n  of the- N o r w e g i a n  the o u t s i d e  w o r l d .  Another  is  the
Defense Research I - :ta h lishm en t and the h e lm -t -mounted disp lay (I1MD) , where
comme r c i a l  c a p a hi l i ty  nit SIMRAI) A/ S .  mi m i n ia t u r e  L m ut h o d e - r a y  tube (CRT)
(A.W , le rv(e) (abo u t 25 mm in diame-ter) is mounted

over one c c - . Fli ght or weapons  datmi
can he shown on the- CRT and shared w i t h
t ime scene o f  the o u t s i d e -  w o r l d  v iewe- d

PSYCHOLOG ICAL ii show the o u t s i d e  -w o r l d  v i aSCIE~ ICES li ght television oi- infrared , and t e
unencum bered e s e  can p ro ce -— s the -  i ns t ru -
ment pm une l . No m a t t e r  wh ic im  wa y  t ime
equipment is arranged , e y e  - e v e -men t s
are reduced and the e f f i c i e n c y  o f  v is-

liii. HUMA N FACTORS bo )t !l AT i t iL  ROYAL roi l scanning is increased.
kT~c~~ rT ESTART T~flMT\’T - - - 

.- \ l l of this seems a neat answer
to an old problem , but Dr. John Lm mvLo - k

The F l ig ht - n v s t e m s  I) epn i r t mn ent  of of  the Human Fac to rs  (;roup has been
the Roya l Aircraft t~~ t i le l i -  ir e - n t  (RAI ) w e e r k i n g  on the IIMD in a s imu la ted  s i t u -
it ( i r r i horoug l-r h is  m m s un , i 11  hut v igorous  a n i o n , mind he f inds t h a t  it in t roduces
hiri r ra n m t ors (; r e im p of exlec r im e-nt ml binocular rivmu 1 rv where different
1~~vc h o l o gi st s  uTmd e - r  the s t e - w n u r d c h i p  of 5cc-ne -s to the t w o  eye-s do not blend
Pr. R,i ; , Cumm i rig , an MD. The atmosphere hut oscillate in ml confusing f i s hi o m u
of installations lik e In arnhorough is and compete -  for a t t e n t i o n .  Binoculni r
a m m e e f  ii rc u - i ft desi gn and develop — r i va l  rv is comp I cx. Among t lie vmi r i i  -
me-n t and applied re- s e- m u re-h , and the b le s  t h m n m  t h i v e -  be-e-n found to de te rmine
h uman I actor s Group performs on mill suc h rivalr y are luminance , color , and
t h e s e -  d imensions.  They provide consult- image c om nplr - x i t y; iris control for
ing -- c -r e - ice s to a i r c r a f t  des igners  and hrig ht i R - s s  and lens accommodation f or
u’- c - rs , arid they do labora to ry -  re -se - m i re - h  fo c us  c a nno t  occur inde pendent lv for
on mu e - m n u t i o n — i e I ; i t m - d  top i c s , the two eye -s (AGARI) Report No . h4 ,

A n  ii re raft p i lot ‘ s t i— k is one 1 97 5)  . u~ i nec ul mr ri v i i  iv is w e c r t when
of  heavy w m e r k l o a d , and when the heavy image s in the two c-ye- s mire pe rcept  w i l ly
work l oad  is combin e d w i t h  hi gh work ing  comp l e x , sue-li as t he i ns t rume n t  panel
speed we have- a wor k — s t  ross s i t m m m t i o n  for the t i ne - r ic r i i r the- re -~I c-ye ari d a low—
t h u  iri I i r e s SC s e v e ryone , including I i g h r t  t e l c v i s i o n  d i s j l m v  I r e m i  the’ lI~hI) ,
the’ p ilo t -  . lime- p

~ 
l e t ’s t m — k  is par— and i s h e - u t  when the 1>11 ) is pr e - -~~- r t  h u g

t i c i u l m u r l v  heavy on the visua l side - he— a j ee r c c j e t r m m i l l v  s imple  d isp lay such us
cmuu s - he must sca n both the ins t run rc-nt  a w e - u p o n — a i m i n g  re - t id e - .  Lm ivco ck  mml v
; mm u j i e l  mind thu i- x u m - rr ual world almost he- on the t rm ic k of a so lu t ion, l o w e - ye- c ,
con t inuou s l y ,  and i t  is easy for the bee m u m u s e  in  i m i s  own extensive experience
gru m c- tee he in the - wrong p lace- . A de- - w i t h  the s imu la ted  s e - t—up ,  he- has oh-
sign c h a l l e n g e  is arr armging the coc k p i t  se- r y e- e l  that  p r a c t i c e -  can br ing h i r i oc u u—
t e e r  t i n e  e f f i c i c - r m t  p rocc -s s i ng  of v isua l  lar r i v a l r y  under c o n t r o l .  Through
i n f o r m a t i o n . Var ious re - se -a rch  rip- pe rcep tua l  learn ing  he can  “w i 11” an

c i  e r i e - h e - s  h i ve  been taken ove r the ye m ur s  . image for one of t h e -  c - y e s  in or out
U i -  t r ib u t i n g  some of the v i s u u n u l e v e n t s  of attent ion , Th is  s o l m m t  ion is v e t
ove r ot lie- r se -ri sc’ modmu Ii t ies , us well to he docum en t ed c -\ I e e -r im entm j II v , and
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Lm uv c ock  sa id  t h a t  the cure , if it is m is unaided eyes. Buffett has various
one , may have- detrimental side effects, refinements in mind , and he is contin-
The act of w i l l i n g  an image in or out uing with other experiment s . Buffett ’s
of attention t uke ~ a considera b le amount rese-arches, like l aycock’ s, are good
of time; it is fur from instantanteous. examples of the complementary- interp lay
Is the central switching time longer between behavior and engineering
thin for the perip he ra l eve movements desi gn . (lack A . Adams)
t i i it  we seek t o  mini m iz e? Perceptual
le arning may- he a genera l solution to
binocular rivm ul r y - but , if it is not ,
null t~ n u vnir i i hle s for binocular riva l ry-
w i l l  then have to be broug ht into deli-
C i t e  hu la nce leer null conditions and
all p i l o t s  in order  to make the hIM! ) A IIWRFW TRAINING RI ~LARCII AT SC1L NCP 3
operationally m i—e fu l . If the balance 

- —

cannot be achieved , the h{?’Ifl will he
restricted to simple symbology, hut According to t h e-hr org ani zation
then there mire other way’s of presenting chart , the - British Rovm u l A i r  Force hni s
simp le svmle o logy that do i t  have the mu considerable unio unt of its psycholog-
l cb iav io ra l  comp l i ca t i ons  of the MMD ical research  housed under Sc ience 3 ,
~e- .g., the he- rid-up d ispl : iy) .  Other  a personnel and re -scar e - b r  unit l o c a t e d
p m -- I -lens , which have human-factors ram - in the l ondon area. ihey conduct stud-
i f i c m u t i o n s  t h a t  may he so lv m uh le  by en- ies and make recommendat ions to the
g i ne u ring ingenuit y- , are the tLMI)’s RA I- management on such t o p ics  as per-
wei ght on t I C  head ari d neck and the sound selection , aircrew training ,
danger thm it it mi g ht pose during cock- flight safety, recruitment , and air
pit ejection. traffic control. Scien ce S is unde r

‘1r. A lan Buffett is investi gating the direction of K.W. Ti lle y .
1 - e r c i c tU a l problems of fli ght also. One can only guess how much the
- w - l i g h t  TV or infrared used for night world has invested in fli ght simulators
ui in g has a sing le sensor for image for the tr ru ining of air cr ews . Ce rt .ein-
- :nhi ection and a sing le cathode-ray-tube - ly the investment is over a bill i o n

-p lay- in the cockpit. Such an m ur- dollars , with t he 1)5 r n i l i t i r v  and corn-
rie gement provides a vi e- s of the out- mere - mu airlines having a share w-orth
side w orld , but it is a monocu lnu r one scve - rm i l hundred million dollars. The-
that ‘- m u c r i l i c e s  ti re com ponent of depth investment w i l l  he a c celeratin g rmi p i dl ~-
pCr~ c l t i O n  coming from binocular dis- in the next few years because the cost
pan t — (; lace a pencil on the edge of of aircraft and the energy - to run them
you r d s ~ and try fl i c k i n :  it off with is becoming so gre-at that more and
your finger with one eyt closed if more aircrew training wil l  be diverted
you don ’t believe t ha t  two eye-s are to the simulator. Air cre-w s will not
b etter than one for depth perc e-ption . care for this trend very much bec murm ’-e
A p i I t  needs ill the du 1 - t h cuu - s he the - v like- to fly (as good m u ircre- ws
can get • mrticu l ar l y when he is fly ing mus t ) ,  hut economic force -s  w i l l  un-
hi gh l e e -  and low l -v c- l at  ni ght and douhtedly  p r - s s  for less t ra in ing  t ime
m ust f u r l  t a r  m e t s  mind nav i ga t i on  check-  in the air  mind more in t i r e simulator
points. Of course , therm are othe r whether mu i rcrews like it or not. It
depth cut s , such mis size in which more is u n l ik e l y  that the sim u l a t o r  w i l l
d i s t a n t  obje t s  ire- sma l le-r , hut depth re-p l a c e  the mu i r c rn uf t  (m u though in prin-
information fr u e uri re- i ina l d i s p a r i t y  is c i p l e  -there is no rea~ on why- no t) , hut
pr i m a r y , and a pi l e t  would he c o m f e e r t e d  there is l i t t l e  doeuht thm u t i t  w i l l  p la~-to have i t .  Bu f fe t t  b e l i e v e - s  that a s t ronger  ro le  in a i r - c rew  mr - m i n i n g
the urr ~ w e- r may l ie j i m a s t e r e o - T V  sys-  than ever before.
tern in th e - airc raft , wher e - ti re - re would A distre-ssing thi n g about fl i g h t
be two se-li- separated ext -rnal cameras simu lators is that mo st a re - dee -c-lop ed
mind a b i n e e c e i l a r  cockp i t  v iewer . Ills arid used without ev e r  having their
laboratory research compared one—camera t r a in ing  value a s s t - s s e - d , m e l so w e  ( t i e - c
TV , st e - r e-r e I\ , rind unaided hinoculir little id e - m u of the tr a ining worth tel
v i s i o n  is w - m i ys  o f  v iewing a se e-ne for our billion—plus inv e- stment . \ rr rue--
w hich d - ~~t h m judgments were required. cepted method of  a s s e s s m e n t  is t hu-
So f u r  h -  f inds tha t  s te reo  TV Is h - t  - t n r i n s f e r — o f — t  f m  ining exper iment  t le a
te r  than one-Camera ‘IV hut not as good measures the degree to w h i c h  s k i l l s
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learned in the -  s imu la to r  t rans fe r  to make s e n s e - .  A i r c r e w s  encounter the
the a i r c r m u f t .  T h i s  experiment has Ph urr ton m at advanced s~~n e . ~ of training,
t .ee standard forms : (1) measurement and by tha t  t ime they - h ive had hundreds
of transfer for the simulator mi s it of hours of fli ght training in other
is dc-signed and as it is used under a i rc r a f t .  I yen t hough t h e y  are-  t ra inees
standard conditions in  the fl i g h t —  t i m e - v  ne v e r t h e l e s s  are exper ienced  in
t r a i n i n g  curr icu l r mr , and (2)  memm smmre- - a i  r. r i f t  con t ro l , and so a few hours
me-nt of transfer to assess features more or less in a fli ght simulator
of simulator design or methods of its should not make much difference for
use in the curr iculum . In (1) we musk p ro f i c i ency  in f l ight cont ro l .  On the-
the s t r a igh t f o rward ques t ion  of whether other hand , the radar and fire-control
the simul ator is doing a training job systems of th e- Phantom arc - new to a i r -
or not , and in ( 2 )  we mi ght ask , say, crews. There is plenty of ne-ed for
whether a v isunu l displ v for the - pres ’ training in new subsystems , and so en-
en t ;iti on of landing cues , or whether tra time in the simulator is beneficial .
m m doubling of the amount of training The Nimrod is a maritim e pm m t ro l
time - in the simulator , will m e - re -mis c aircraft that is a d e -rivn m t ive of the
tr ansfer of training, The value of t omet :iin li ru er , and Science - 3 has done
experiments like these is obvious , and a training stud y on i t —  behalf. Among
we can only surmise that tht - reason N i rru rod’ s functions ire submm u rine hunt-
the~- nure-  l i t  rout ine ly-  run is tha t  they  ing and k i l l i ng,  Its mu ircrew can be
ire expens i ve  and t ime-consuming. They- d i v ided  into ti l e “f ron t  end ” and the
invo lve  s i m u l a t o r s  that  are ins t rumented “hack c-nd ,” w - i t h  the front end being
for ai re- rew p r o f i c  iency measurement , tire St mm nd a rd c r e w  pos i t i ons  for f l ig l i t
instrumented ni u re- raft , a large re- searc h con t ro l n uir d r i m e - i gni t ion , mind the  hack
— t a f f , and a good supply of t e s t  per - son-  end having mm number of crew positions
ne -I (who car l be expensive if they nm re d i r ec t ly ded ie- a t e d  to t he- d e t a i l s  of
operational air cre -ws ) to serve as cx- se-a rch rind destro y . The Nimrod has
pe r -im ental subjects. a simulator for tire crew of the hack

It is particularly gratifying , there- end , called the ~- i m mn itime Crew Trainer ,
fore , t o  find that Science 3 is well and a stud y- on how best to rise it hnms
down the r e ,s em u r ch road on a major he-ci t conducted by Alan Parfitt. Like
transfer-of-training experiment for the Phantom simulator study , I I -  cx-
the - Phantom 1-4 simulator . The- study pe niu nent is about training me-t l i c t s ,
Inc in tim e spirit of how best to use but in this instance - the - ic- is no trans-
t he -  s i m u l a t o r  because- in co r r r l e nmr c s a fe-n to the aircr aft. The -stu- Iv is con-
standard amount of training (30 hours) ce-rued entirely- with air crew he - hmivio r
t b m n u t is c - s t a h l i s he d  in the f l i g h t —  changes in the -  s imulator , and so it
t r a in ing  cur r icu lum w i t h  an augmented is assun ted thm m t t ime he- s t  t r a i n i ng  condi-
anoint (47.5 hours). Six Phantom air- tion s in the simulator produce the best
craft were fitted with fli gh t- d nit m u re-- transfer to the - mmir c raft. Transfer
cording equipment for 20 continuous of trm u ining to t h e - uir ~ raft is assumed ,
vari ab le - s and 15 discrete variables which is less than desirable , hut the -
for the rec ord ing of aircrew proficien- request of Nimrod nm i r crm u ft for research
cy. Ihe simulator was correspondingly purposes would have- been a request with
instrumented. The study was i r mitiated a foreordained negative response (it
and di i e - cted through major stages by is not n ews to r e s-ur cher ~ th a t opera-
Graham Shep he rd , but he transferred tional a c tivities come fir st in the
I c  the Research Branch of the RAF in m i l i t a ry ) .
Northwood , London , and so time- wrap-up Par f itt divide-d 12 operational air-
is in the hands of John Anderson and crews jut o 3 g r e r r u p s  of -l crews , and
his colleagues at Sc i ence ~‘. Ihe cx -  they were given e m t h e r  1, 2 , or 3 simu-
p e ri m e -nt is in tire da t mu-analy sis stage. lator sessions a month for 6 months.

Anderson reports that a prelimi nary A se-ssion wmm - a (‘-hour mission. lach
review of the findings Sugge-;ts that group was further subdivided into 2
i r mc rea s ing  the amount of simulator suh groups of 2 crews.  A subgroup wa s
training makes li t t l e  differenc e in given either a routine debriefing after
the - p r o f i c ie n c y  of a i r c ra f t  co nt r o l, a mission or an intensive debriefing
but i i  does i n c r e a s e -  p r o f i c i e n c y  in In which the mission w-as c r i t i c i z e d
procedural activity, which is mostly in detail , m i s tm mk e- s were pointed out ,
discrete acts assoc m i t e - el with t im e rada r and recommendations were made about
and fire-control system. These’ findings correct actions. An assessment crew ,
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re-lying mostly on rating scales , me -as- ink blot is an examp le- of a p r o j e c t i v e
mired the performanc e- of each crew t e t , and i t - - st imul i are not only am-
throughout erie -h session . The re - stilts biguous hut objectively meaningless.
were t h a t  the m mr :m e erri e t of s imul at or t rain - W hm m t e-ver mean i rig an ink blot hm u s lies
jug had nun uneven e f f e c t  err crew leer- in the percept ions of  tire- obse rver ,
( m a n e-c , b e n e f i t i n g  some a c t i v i t i e s  wh ich  mire the source -  of its alleged
and not ethers . The interact i err s he— vmi l rue. By contrast , t ir e  l)MT — t irnul i
twe -en crew members were mimong tire skills are ambi guous mind objectivel y meaning-
h e ne - f i t e - d ;  i n te rac t ions  are , af te r  all , ful hut are still caj abl e of  imposed
l e m m rnahlc s k i l l s , jus t  l i ke  individual meaning. For example - , a sober- look ing
opera t o r  s k i l l s .  Findings such as woman mi ght he shown s tand ing  ove r a
these show training-program managers cat. Is she going to feed it? Speak
how to use simulators effectively by fondly- to it? K i l l  it? The sub ect
giving training emphasis to those skills of the DMT is as ked to draw re r r i gi r
in wh ich  op c-rm u t ional ai rc rew - s mire  know n s k e t c h e s  and Sr i  te - b r i e f  descr i p t i o n s
to he deficient. In addition , Parfitt of what he infers f r o m the ambiguous
fourr d thm u t better performance was asso- stimuli. His responses are scored to
c r u t e d  w i t h  t h e -  i n tens i ve  d e b r i e f ing ,  y i e l d  nun index of de fense -  mechan isms ,
These findings have - now been incorpor- or tie de gree - to which the subject
mi te? d in tire N imrod’ s training routines , mounts mental defenses against thr em its

m u ck A . Adams) to his ego.
W hat do de fe - nr r;e nt c -chanisms have

to do w i t h  f l y - j u g ? The idea is  i i r . e t
t ir e maintenance of dcfense mechanisms
requ ires cons ide rab le  p s y c h i c  energy ,
leaving fewer mentm u l resources t i  cope
w i t h  the s t r e s s e s  o f  f ly ing.  A l l  of

-\ ‘dl S IA! .  TF.S T FOR r \L l .  SgA SO\’ S t h i s  w o u l d  strike the - tvp i cal psvchome-
t r i c i n u n  in the armed f o r c e -  us imag ina-

l’sychometrics , or eec- t rtal testing tive nonsense, lie -muds were turned , how-
us sonic would say , hm u s ma hai-d- headed ever , by tire- impressive per formance
empir ical  t r a d i t i e r i  of o b j e c t i v e -  t e st s w h i C h  T. Neuman , mu Swedish psychologist ,
and t - t ;mt i St ics. k- -c t s have been d e v i s e d  repor ted for the I i ’dI at t i e  l9’S mt - c t -
th at measure such human mm hil it ies as ing of the We -stern Furr ) r e an A s s o c i a t io n
p e- rcejtu nm l , verbal , mind reas oning,  min d of .- \ v i n m t i o n  P s y c h o l o g i s t — . N~~t only
h ) rt te n ies of tir e - rn mire we -ight ed in d i f— w i —  there c-\ C el lent pre - e l i t  ion of  fr i i —
fe-rent wa y- s to predict success m n trai n ure in fl y ing schools of the Sw edish
ing. Bo th t i e  B r i t i s h  Roya l  A i r  Force A i r  c i r c e , hut t he re  was  l i i  p r e d i c t i o n
and US \ i r  l or c e  ruse i r n m t t e r i e s  o f  ;m h i l -  o f  m i c c i r l e o r t  be h a v i o r  ~is w ell ( t he m u i r
i t y  t e t s  in tir e se l e c t i o n  of cn m ndid mm tes force- s m i nd n i i n l i r r e s of the- w e-rid wouli
for f l~~ i r r g  sc hoo l .  ‘ir s t a k e s  in p i e - l i e - -  dea n -- love I sc r een  mind ground t i r e -j r
tion mire- made (the cor ieI - ition betw t-rm a c e - i m l e - r r t — ; e r o n e  p i l ot s ) ,  lire- h r r c d ic t i or l
te s t  ha t’ e - r y  and SUe-c sS in in a i n i r m g  of ac e-i m n t  behav io r  by m e a n s  of mm pc-n-
is n t  p e- r f e c t~~, but they  arc  f a n  f e - w e - n  s o n m l i t y -  t e s t  im p lies that icc ide - nt -
t han ruc e S SeS  mind so t h t - ‘es’s a r e  p roneness is u d i m e n s io n  o f  pe rsonu l it -
pract ic ml ly u s e f u l  • ‘h at can he - i d e - nt i lied and measured ,

W i t h  the e-mp irical t raditio ns i i  ~- - m t  the re mi r e: many ps ycholog ists who
psy- c home t r I es  , it is r~- i is inc - f t nd do not (relic-vt- it . Frm m e , some people
~~~ ~~~ 

i - l i i 5ts (in - u r e - - e a r c h r  u n i t  have more a c c i d e - r r t s  than others , hut
of tire R \ l  e mulled Science 3) , ~ ho monu m.hen accident opn e rt  -1111  t v ( t i re expo s un
to r  t i r e - t e s t ing 01 a i r e  re s — , , -v alir m l  I t r ~ l ac I e r is c o n s i d e r -i , a rid whe’n r indot
mu t e s t  W h ie rs c- o r  i g ins i r e  per - -r. • i t  

~ 1mm ’; to i- s a r e t uk ei r i n to  micc o u ri  t (by
t l r c -m i r ’y, p ro jec t  ivc ’ t e c h n u e ~m u-  , and chance , \ c ; me r  i r m m v e -  more m i c e - i d e  i t S  t u n i c
psy - c hoanaly ’ i s— — --d omai i m— w h e r e  t he r e -  8 ,1 , t here -  is l i t t l e  l e f t  tha t can be
is ordinarily f a r  l e s s  e t r e c t i v i t e  than m i scr ihed t e e  mu s y s t e m a t i c  d imension
p-~ y-~ hom e -t i- ic i minis demand. rh i s I — I  of c r  - c e l i a l i t  , r t i s a rgtued. Ihe gAl
i s  the l )e le-n se M e ch ru nu s r lus t  (leMi) p V r  i r e e I e e ~~is t  of S c i e n c e  3 , in  the
devised by Profe ss ee r Ii. ~ i - u 1 - mit the 5 !  u r it r e f  s k e 1 t  ic ism t i  e t  mot i v m m t e s
Un i ver s ity ol Lund , sw -de -n , The r e - s t  l i e ne p h i c n i t  ion of any v i s i b l e  re-search ,
u s - m proj c - C t  Vt- one siros e- it ems are mi ne n u nn  i rig I l i e - i T  own eva I l imi t ion O f

amb I gu o e i s  sr  (mull that are — r i le cc t t o  i f  e - It ’d I • It s - i l l  he ;m while be fe e n- c
V n m n i O i l ’-m i n t e r p re t a t i o n s . The Pee r s cha ch t i m e - j r  f i n d i r r i s  on t i r e -  p r e d i c t i o n  of
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f l y i n g success are a v a i l m m i e l e , and e ven 1919 , an d a iou r rd ing  member of  the
longer bef ore their findings on ace - i- Po l yme’ r Physics Group of the Inst i-
dent behav ior  mire in hand, tote- of Physics , Londorr . He h mi— pub-
(Jacs \. Adams ) li sh ed many article- s de aling w i t h  di-

elec trics mind w i t h  the - p hysics of sol-
ids , in pn m r t i c t u l a r  c r y s t a l  disloca-
tions , cr - cs ta l g r e i w t h , m e c h a n i c i l  prop-
ertie s of polyme r s , - m d  time- mechanics

_______________________________ of the ear th’ s cnu st -

W9 & NOTES -\no the r founding member of ‘he
I’o 1 yme-r P i tv s  c s it - r i p  , Pr o f - “ (mm nf red
Gor don , h i s  iee e- n  m w - m r d e a  the T a r o ~~l- mv -

IuRTH yOMINI;_ MI 1 MNGS iL - y r r e y s k y  Cold  “ t c -dmi I of  ir e - i : e-c h o s lo v a k
- Academy of Sciences . Gordon is Pro-
-\ Summer Sc i ie -o l of  T h e - o r e - t i e - n il I ’h y s — f e s s o r  of  C h e m i - t r y  it t i m e -  U n i v e r s i ty

ics  on Ill-Condensed Matter w i l l  be held of Essex in Cole -hester w i t h  int e rest
it Les Ilouches in the  French Al ps f re nt  in po lymer  S c i e n c e
~ i ci ly  to 18 Au g us t  1978.  Seminars
w i l l  he g i v e n  on the m Hi .  r e - s  of  d i s —  Pr b e - I c r  I . I - s - , Lectu t c-n in

r i l e - i - t i  sy - st ems : p e r c o l e t  ion and let — i;nrg i r re -J~-iTi~: Tt i c : !  r i l ; e  t l ni~~e r si t v
c- u l i z r t  ion , g L u m - -c - s an d sp in g l a s s e s , mind d i r e c t o r  o f  s t i r - l i e - s in eng ineer ing
:i llo y - s mind liquids , and po lymc-r - . A n-i mit  C i m i r e  College-, iim i s bee n appoi nrr
i n t ro d u c t i o n  to the ph y sics o r de f e c t s , t o a ( i mmmi r  o f  S t r u c t u r a l  Eng in e e r in g
S e t l l t e i i i -- , an d in - ~t m r i c i h i t i e - S s - i l l  he w i t h i n  t i re I ) epmmr tm c -n t  if  C i v i l  I r r g i —
inc luded  in t h e  prog ram.  Time ’ Summer n e - e n i n g  nut S r r a t i r c l y d e  U n i v e rs i t y ,
Se- i Re l i s  s p o ns re-d  i-v t i r e  U n i ve r s i ty  G l a s g o w - ,
of Grc ni rh le arid the- \ \ T O  Advanced Stud y
I n — i  i t u t e s  Program.  Dr . iLi ( r i c , it -ru e d L e c t u r e r  and

The o r g a n i :e r s  are  R. Bal i an , R , l) c 1 - i i t e 7iTrc~T~ r o f  I : n v i r o r r i m ; e u ; t i l  Biol-
‘diy r r i r d , mind C. l m i n r l r e r m e ;  f u r t i m e r  i n —  ogv at  t h e  U n i v e r s i t y  o f  L iv e  r - l - r - o l
t e ’ r m a t i u t r  c u e  he o h t m u i n e d  by w r i t i n g  has he-en m i ppo in ted  t o  the i m m i r  o f
t o  t he I c o l e  J~ I ii cii- l’ l iys ique Th~ or I que , B 101 ogy ’ at  t i re  tin i v c - r s  i t  of I SSe \ -

3 1 0 , ! c-< I f i ; r r  hum- s  , France.
E r  r - - - Ii - - ‘-i i t it - I I . Pro lessor

P E R S ON AL i f  d y - - m t  T~ e - a f l  r mC I f ~n i ye -u sit v , has
be e-ri m m !e i e e i flte - d Ii - - ! ce ’ s P r o f e s s o r  of

S i r  lie rmann Bond u i s m r ev u rig f ronn the -  I .s m i t _ i- ir ne r t m m I °h i I oso lrh v at ~ f o rd  Un i -

I ’ ; -  -cc ‘-~~rr i t  - t o  t ; i k e -  o cer the ve r s i t m  f r~r m r r I Oct obe r lfr8. He sue--
p o s i t  u n r  o f C h i - f  S ç i c n n t  151  i n t I n e -  ceeds l i i i .  i( r e - i r i s  h l e i r r c c , who is re—
li e - l e e I t  o re - tnt 0 Er i e -n ~ y vmi c a t e-d lie Dr . Ii urqu i ~TmT i~Et~ic - I> i i i --T~

i1--- i i  i i —  and tile ’
b\ . m i t ~ “1 c m  e l I .  h e ’ m m d — i r i ; 01 t he C I m n e r i r i i ii 1 _ u b o r i t - - r y-

t o e - e i r i c e n t  r a t e  on r e - s e - a r c  ii.
I’ m - f  - I I .  ( h u r r i e r k , li i i,  d r  0) the -

I n s t  t i l t -  r c ~~~
i
~~e . . m r r c , t i I h r e  S c i e n c e s , P r o f .  R.\  le r \ e r , l’ r o f c - — s o r  01

h i s  bc- c- t i  m~ po i n T e d  t o  t h e  C h a i r  of ‘-l i nr 1~~~~~~ t~~ iT ie - ~~T~i 1 School of Mines ,
(‘ h e - , u e m i l  (rm c - I r r e i g r a j - I i ~- nut - i l i - m i tt ! t o n  L r i r m d r e t r  , a n i  lie-ad 1)1 t he -  f l e pa r t n re r r t

ti u cc r S i t y I r r e m rr 1 1- , hi r i l e  v 1 ) 5 - ll~ r e t  ~‘t rim nr g mint 1 ~t i ne - i.e I Technol e g
he - i d  t i c  ~. h- i  u r I rom I u- h to 1971 . has become P r- s I dcii i I I t - ct of O t

Ins t i t  u t ion ‘f ‘1 m i r i n g  a tm - i ‘-I c-I - - 11 urgy
l)r . !r - e- ~~ii l i e )  I , l- (ea le -n in ~le c h a n i —  l ie- s i l l  m is-eume the presi _-n cy in

c i i  Fm )mi’ r e-e- r r r r g  m t  1 i v e - r h o d  l’ ol t e e - l i - June 1 1 8 .
i i i c , iris i r e- en nu l e h r r e u r e l  - cl I r e I e - m s o n  of
“li - : i i m n n e m u l Eng inee r ing  at  Renssel ae r P rolc—s or i~. I . _~j~~a r  of the
l’ , r l y tec~~njc ln’- t i t m i t e - , l r e e y ,  N e w  Yo rk , C a r n e g i e - F m m T e e r a t o r v  oT P i i e s i c s  at the
( e r  t h r e e -  y e - m r s .  U n i v e rs i t  01 I)urnie -c w a s tf ~~- f i r s t

reci p ient of a m e w  p m i:e—the Hewlett-
The u w m u r d  of mm k n i g h t h o o d  was g ive-n h e  k - end Aw- m u i-d. It wmm s presented to

to ‘ r e e l  - I - I r i nk , a Uemt , rv Ovc- t ton him on 28 ,Julv 1977 at the r c ’ r r f c - rence
Wi I (a  I i  - ( - - - - e n  r e f  l i e - - r e - s mind lii n e - c —  on m l I e - c t n e r r t r m m n - m j e o r t  and Molecular
t om of the 11.11. W i l l s  l’i r y - - - i c s  I m u l e e r m ’  Solids held it Leeds U n i v e r s i t y . The
te en  V , Un I y e -  r s i t  V o f  Br u s I  o l  , since
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p it  — e n i t a t  ion s i —  made - by Dr. W . J .  Me- r~~, rhe demith iu nm s been annrounced of
(‘ h mi i r m m m m t m  of the - u i e r r - I c - r r s e d  Matter D iv i P r o f e s s o r  S i r  1 - r e - d e r i c  W i l l  i mmr n s , aged
S i O t i  Cl the l i i r e e l e r m m n  Id i t y ~~1c i I S o c i e t y .  (;~

-;-
, ProL Wi l l  j ams ’ name sl iT u l w m i y - s

Ihe m w m m r ~l s m u S  f o r  l r e e f e - s s o r  S p - m m r ’ s he l i nked  w i t h  e l t m c t r o r u m c  r mi i r t e r ~
p mon - c- r ing w o r k  in ( e v e -  lopin g method- . mmii in pa r t  ic em I ar th e -  ‘ ‘W i iii ams tube
f e e r  dop ing amorp hous s e ’ m n i c e i t r d u u c t r e r s . w h ich a l rp l  icd tir e c h a r g e - s t e e r m m g~ pre~ r

e r t y ’  o f m u c m u t h o d e - r i ~ t ube  f o r -  computer
Pr. D. .J . )

~ i f f i r~m ;t c n , S e - n i c e r I c c —  memory- and sm is i — e l  in p a r a l l e l  hm m nks
t e a r e r  in i c  m u s t  r y  e l  t i -  Uni v e - r s i ty  in nil I o f  the f a s t  m m m c h i n e s  of  the l a te -
o f  Yo r k . hmi -s he -e r r  m l r l m o i n r t e  f t e  t he  l i l O s  mind c u r l y -  l g S O s .  Dur ing W W I I
r i r .i ir o f  Chem ic -a l I duuea t ion . W i l l  u rims wo r  led a t  t l i e -  Te l  ec on r rmuni c mm

ions R e - s e - e t c h  Es t u b l i  ~hi ;en i t (now i n —
OIt IT I IA R I I S  c o r p o r a t e - el i n to  the Roy-ni l Si gna ls  mind

R mudm i r E ;-ta hl is h m e r u t )  , w here  he p I u v - d
l ,om ! I n  m m m i ; , N e c i e e - 1 laureate , Chan— mu I m u r g e -  pa r t  in t h e  - I c .e lopme nt o f

ce llor  I He  I mi i e e - r s i t v  of m r r i c r i d ge , pr imary ant I secondary  r u l m i r .  It was
1 d b M - 5 , V 1c c - C h a n c e l l o r , 1 9 5 7 - S ! m , and then that he- had the  i - i t -mu he -hind the
fe e r n r c  - - y i - i r s  Pr cc fe-s son o f  Phys i ol ogy c a t h o d e -  - u n i v - t i l e -  Ii g it a I St 0 m m g  . Sf  -
c m id ~(mi ste r of  rr i n i t ~ Co I I e -gc - in the t er the war he worked at t m -  lI e i ce -n s it v

I l n i v e t S j t v , die -c l  on I S e - p t e - m f e c r mit  t he  of Manchester , where he was respon sible
mmm c o f 57 , In 19~~5 he wm is chosen to for one of the first s t e r e d - p r c e 1-ram
he th e - f i r s t  (hm er rce ll or of Ic -icester d i g i t m m l c o r r ou te r s .  The team he is-

m cm- rs i t  v - sc -u n c l e I eel at  ~immnc he - - - t ci  c a r r i e d  on w i  t im
E . D .  -‘e i r i run  w a s  min i o u t — t a n d i n r g t h e  comput -r s i n k  w h i c h  r e s u l t m - .l in

B r i t i s h  ~c f r y - ~i o I e e g i s t  mun d h is work  sm i s M m r n . h es t e - r  I i n i v e - r s i t y ’ s becom ing a
ele o t e d th roug hout t m  t i r e  c e n t r a l  p r e c h -  leader  nr t h i s  f i e l d .
ler re s o f  n e m m t e r ç c i r c s i o l e e g y .  D i m e I i i;  in- Sir  Frede r i c  w a s  m g r e a t ly  i t ’

v e s t ig u t  ions f r e r m u e -d the b mm s i s  of , m mmii ~pe’ c t e - -.i f igu i r~ in the- unive r s i t y  w o r l d ;
p r o v i d e d  t i ne s t i m u l u s  f e r r , meuc h o f  tir e he w a s  m i s mi rded  li ii c r y l )oc tor n i t c -  by
r e - s e - m i re - h on Iii i s  s u b j e c t  r i i r e u u g i r e r r t  Durham , Wa - s  , an d S u s s - x , a m n I he w a - n
the wor ld. He e- c tend - rl K e i t h  I i ic m~~ ’ d e e - r e - I  to  f e l l o s s h i p  o f  the -  R oy a l
ex i e t - r i m e - i r t s  and m m r e l v s e - ~ t o  t ime more- S o c i e t y -  in 1950. Among t i lt ’ honor - - t hat
cor n ; ! l e x  phe - no mc - r r i o f  - mc- imm m mi t  rote e n d  l m i t e r  he r e c e i v e -d w e - r e  t he- h ughes Me m l  (o f
to the central ne -r em us sy stem. his the R o y m i l Societv j and the - l u s t
s-e r p roved to  he a nat  ci m i  1 com plement l3e - n I m m i i i  ti F rm m n~ Ii n ‘11 31 o f  I ic P e e v e  I

- t hat  of  S i r  C h a r l e s  She- rr  i r r g t  e n , Soc Ic - IS of Sr t I . In his ow-n l n i v e - r
many re f s i r e — c -  d e - r l r u c  t i e e r r s , o b t a i n e d be- — s i t e  he i i m m e l  h e - I l  c f  f i c e  is - i l’ u - o- V i c e - -
fore t hut - days O f mode -rn eli -ct n e - mu I re- - ( ir m m nicel b r  m d  m is Dc-mitt of the m ae-ui y

c ur l ing  rind d i s p l m iy  , A el r i m u n s- mu m m b l e  of Sc i e - mrce  m d  of  the  F a c u l ty  of  M u s i c
- mmi k e- d i r e c t l y  cv i de- n it by si gh t  and Ne re-ce i c e - i  - t k n i g ht hood in 197 (1.

- m u r i e l S I r  ian and She - n n - i  r m g t c i i i  shat e d
the ‘, c e b e l  Pc i  :e in l u) ~~~~.

Ad r u n m r r  re-ct- i ved ti m e- Roya l mi nd t h u
( e r p ley  Me da Is of  t i r e -  Poe - a l  Soc 1 , -tv ,
ir w i c c i u r y  d o e - t o m m i e - s  f r om many l m n i ve r  -

Sit i e - s , l- ei r e e i r m r y  memb e r- hi p in f e r r t j g m r
societ ie s , mind sm i s  an e d i t o r  re f
- ur ,n ai ;~~~~~ - ic - - i  n u - In 1955 he- was
e l e v i t e d  t i I ira- r m - u - n m i g e .

- c r I i i  t r y  5 u r  tie r , who was Chief
Sc i - j et i - - t t e e  tir e M I O~ St ry - of u;r~~c l y

I r e m mi r 19 1 t e  1 153 , d ie - el ‘cit 8 A r u g u s t
mi t l i m e -  i ge of ~) 5 .  lie ent u red go v e r n  -

me nrt  s e r v i c e -  s o n  a f t e r  WWI and held a
n eimm r i e e m of pos’s in the ’ sc i e ntific de-
p r i n t ’ i t s  of  t he- A i m  “ Im n i - t r y .  lie be-
came Sen leer Scienti f i c (1$ f l e e r  at  t I m e
Royal A i r .  ;m I t  Inc t mil e Ii shme’nt iii I 927
mind ~ nu % C h i e f T e c h n i c a l  O l l i c - r  it the
‘~1mu i - I i re- -\ i i  r ru I t Re-sea re - li Im S t mile Ii shine-nt
mm ! F e - I l x s t e e w e - , also becoming l’ n m f l c i l e u I
D u n e - c  t o r , S c i e n t i f i c  ~e -- -, e i r e - h ( S i n ) .
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i l l  IC I ISC I IiS i)l V ARIOUS MI: r lho lmS FOR Sift-SR r~’-,S I RSIi i\
h e y - W .C,. oip en

Three ic -I hods a re -  e x a m i n e - e l  for  c o nv e r t  ing so l  um e - r r e n gy i - c
c I e - c t n i e n i t y or -- h u n i f t  work: heat eng ines , t h e - r m u l  le - compo-
s i t  im e n of u s u t e r  ti e produce 112 ,  m ind solar c e l l s  - \ i m e  i n - m u i r - i
e f f i e - i e n c H- m of - o n ve - rs i o n  are -  found t - -  l ie f - t ~~~~c - e - f l  0t - m r
SO t .  b-or  most  mc l i ! I Ic mi t ions , t he- he- u t engine i s sti l e n  i t

to t he s - i t e m - s p l i t t i n g  process.

I R l  L I M I \ \ R Y  D E S C R I P T I O N  - \N l i  S I d i C l F l C \ l I O N~~ ItmflR S I e \ \ l S h l
m e-lA Th-SI. MAR IN I  D A I S  COLL I,CT IOS SY ST I  ‘I lc~ J - P .  S imps on

To iii inc reas ing  e c t e n t  De nmar k is ( r i c e d  w i t h  -i se- n e-S of
prohl ems 1 inked w i t h  t i i -  S m  f e  navi gat i e rr c c l  I urge m d  c heep
d r a f t  sh i ps throug h the -  f l a n i s i n  w a t e r — . T h i s  is-~~- i m t  i c n i l m r
IY rr n ! c c r t m c n u t in the - n a rrc r s anti s h a l l o w  f m m i r s i v s  of i fr e-
B a l t i c  a pp rciucii c s w i r e - r e  the -  w a t e r s  hm iv e  u t r m m n s i e - n t  mn uture-
he-cause o f  t h e - j r  p o s i t i o n  b e t w e e n  t b -  f r e - - h  ha l ’  r c mini the

nil inc Kni t t e - g a t  . I n s t a n t a n eo u s  Semi l c y e - l  . s e - u  ‘ u t e , c r a m -

rent , ‘mo rund speed , ice prohahi I itv m d  h e i c c e  e l i  m i re mi mc mn g
the factors to he considered when n a v i g m t i n ~. t he- t e m n r i s h
-- t r a its . The Royal I)anim- h A d min is tr mu tiren of \ m u v i g u t u o n  m i d

Hydr ography h e m -  u n - I e - r t m c k e n  the - job of de~ ’ e I c c ~c i  t i c a s y s t e m
to  nre- a sum e or compute - i he - se-  p nun mime e r s , I’ I ov u ii n - -  n e ~m 1 - ‘ rn - c-
oceanog raphic d mm t - i  I r e  t r m m i u - i t  un g shi ps .

R— 8 - 7 ’  ‘uCI I T I R i I \ E r i N \ l Y e r i Y S I S  f ROM i \i I ye: Q u iSI L be ~ J.B . R u l e - man

A c u t e -  rha b d o m y o l y m  is r e s r u l  t s  f rom s i t - - :  e p t  ibl e ce r —ve n~ c u t  -

ing qm i ru i l  dur ing  the r i r i g r u t  ing se m u s on . l i re -  e l  i c e l o g v  is
unknown. ‘-h i - - c e l a n  e x e r  ciSc 15 u n l m po rtm um r l li r e- c l p it  e t  ing
f:u c t i e n  - In t h u s  r ipe r the l u t e r m u t i r r e  on t h i s  - mii i r e l u t ej
rhabdomyo l s t  ic c ru d i i i l ic l y t  uC s v n u I r c c r n n - s  u s  re-vie - h-ed , t i n g i n g
f rom b ib l  icn i l t i m e - s  t o  t i r e -  p i e  - c - n i t  dm m y- . It —c -ems I i~~c- I v
t i um e t the r e s p o n s i b l e -  age - m it  pr it m r  t he -  qua i l  ms 0!  c i 1 C
tar)’ ori gin am i d t f i a t  s ui- c i t  ll e i l i t  v t i c  po isoning in mmc m ii r s
‘ mused  upon nun i n h e r i t e d  b i ochem ica l  e l c f e - c t  - In v i e w  c t

t i r e  in- r i c e r  I m i r e - c  and - e - m i o u - m nue ss of  a c u t e -  e x e r t  t u c i r i l  mhah-
d in - yr I y-s u s  m imo n ug mi 1 r tar e personnel , all t vp c - r ee l  rhah -

ci i e r r j y c e V t i c ill n e ss mime - thought to he wo mli i  v of  c l o s e
I c - l i t  ion.

1) IPh i  I SAT Li LL IlI BROAI)CAST INL by N .M .  Blachman

l ire - sy m posiu m on Dire - ct S a t e l l i t e -  B r o a d c u — t i n r g  11 ) 5 11), h e l d
in I )ruie l in ~3 - 15 ~1 c m  1977 , ~f le- l UdCel 17 papers di s e - m u s s  ing
t ire pot c- m it i m m l i  t i es nur re l e r c i i  1 e nis e e l  t hi s new medium , wh ich
is tu e hr i ng tel ev i s ion to 1c t I vat e hcmec vi  -u ‘ i t  t m e r  1 - me- t er
I n n m i l c i c e i d  di — ice- ~ or l a r ge r  c o m r n u u r r i t v  mun t enna .  This Sym-
posium follows imp the World \ elrmu ini — tr a t i ve Radio Confe r -

ence - e e l  e ar l y l t ’7 , which assigned frequencies Io n DSB in
li i i  I. (‘

~1ha b m u r r d  - Al  thoug h i n t e n de d  p r i m a r i l y-  t m  r a i ls -
support  for OSI 1 , the -  Symposium also included discussions
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C -5- 7 7 r e f  previous DSB work , planned experiments , technical speci-
(cont ’d )  fications , cost comparisons , programming aspect- - , and dif

fic ul tue - s , m uny of which remain to he resolved.

- s 77 t u e ! I OQ lI I I l~l ON OP~f 1CAI. 1:1 BER CABLE , INST ITUTI)N OF
I L l  C I R I C A L I N (~ l N lnh  RS i l I K I  by D . A .  Har t

This re- po r t  p r e s e n t s  short summarie s of paper -i presented
at  a co l loqu ium on optical fiber -i held in Lon don on
17 May 1977 . Topics include propagation , cable- manufac-
ture , strength , testing and instnul l at ion of op ti c m u l fiber
cables.

C -9- 7 7 INC OMA T 1977—INTERNATIONAL CONFERENCE MAR 11 NS!T IC T RANS
FORMATIONS , KIEV , USSR , 16 - 19  MAY 1977 by 3. Perk ins

The third conference on ma m t ensitic transformations was
held in Kiev in May 1977. This report prese irts a nevi cw
of oral presentations made at the conference , generally
in Russian , which provided a uni que opp ru r t unity to learn
of the - extent of the Russian work in the field , Top ics
treated at this conference covered many aspects of mar-
tensitic transformations: morpholo gy of transformation;
thermodynamics and kinetics of transformation ; impact of
lattice stability ; wave propagation of nucleation; crvs-
tallography and structures; effects of deformation , dis-
locations , and s scking faults; shape-memory effects; and
effects of stresses and strains.
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