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In this pheto, the resonence pattern of o
device that emits electromagnatic radiation
is made visible for tho first time, The areas
of most intenst radintion are the lighter
areas. Those patteras can be readily changed
by varying the axcitstion frequency.

The peuern is medo visible by using o
detactor {sbricatod from Naquid crystals. The
rpsongtor itsobf is 3 ematl ceramic dise about
one inch in diametor. {See article in this
issue, "“‘Color Display of Resonanct
Patterns.”"}

OARRP 801

torate of R&D Interactions (PGR), HQ Office of Acrospace
Research, USATF, 1400 Wilson Boulevatd, Arlingion, Va., 33209,
The objactive of this publlcation s to mako a positive coi.
tributlon to the exchange of liformation concerning Alr Fores
conducted and sponsored fessacch activities,

JACOR SEIREN Edlior

Yor sglo by the Suporintondent of Documents, U.S, Governmont
Peinting Office, Washingion, D.C. 20402 — $3.00 par yoor domestic,
73 cents additional for foreign malllng, 45 conis per single copy and
30 conts per Annual lndex. Back is  ~xwill not be furnished.

THIS DOCUMENT HAS BEEN APPROVED FOR FUBLIC RE.
LEASE AND SALE; 175 DISTRIBUTION 1S UNLIMITED,




MCROWAVE PHYSICS LABSRATORY, AFCHL

color display

it

Figere 1, Thit phote dows a visible resonznce patrara trom the
rame disx as the ona relorred to e ths capiion for the cover photo;
howevar, the resonance poltarn is somewhst differcnt. (Ses captien
for tho cuver plioiol.

A quick and simple method for measuring the reso-
nance patterns of dclectric resonators a raethod using
liquid crystals—has been demonstred by James C.
Sethares and Martin R, Stiglitz of AFCRL. Resonance
patierns, or modes, of a resonatar are presented on a
deicctor as a visual picture in color. What is seen--and seen
far the fust time—are the specific areas within the total
-esonator matensl that vibrate and emit clectromagnetic
<nergy . Thus the sources of EM enavgy are pmpointed.

Resonutors are used in clectronic cireunits as filters to
extract @ narrow band ot equencies trom a broadet
sneerrum, The detector that AFCRL has developed to
study the emission pauerns vi . cnators 15 uncompheated:
it looks something like a 3S-mm gliss-mounted slide sand
has no electrical or other connections. I eperation, the
detector plate s mounted close to the flat face of the
resonator, leaving a gap of % inch or so.

Depending on the resonsnce mode, EM energy s
emitted from differcnt arcas on the flat resonator surface.
The mode pattern is prejected across the gap to the
detector where it is visibly mirrored. When the trequency
used to excite he resonator is changed, the arcas on the
resonator surfa * that emit radiation also change.

The dominnt frequency of the resonator is seen as a
large darkene ! spot with gradations of color outward,
indicoting thar the source of the EM emissions is centered
on the face of the resonator. (See cover phote and
Figure 1.} Various harmonics of this dominant freguency
can be seen=depending on the excitation frequency —as
two, four, six, eight, or more darkene arcas arranged ip
geometrically symmetrical rosettes. Since mathematical
calculations to obtain such mode patterns are prohibitively
complex, they can only be approximated.

M addition to changes produced by different excita-
tion frequencies, resoiance patterns are strongly dependent
on the physical configuration of the resonator. One
resonator used by AFCRL in its study consisted of a small,
tlat ceramic disc lightly ore than an inch in diameter and
12 ineh thick, With this dise resonator, AFCRL has observed
more than 25 diiicrent resonating patterns produced by
exciting the vesona or at different frequencies between 1.5
to 7 Gl

The detector s a simple, three-tayered plate, with
liquid crystals comprising the center layer. These crystals,
introduced ouly recently, have already had a range of
applications discovered for them by researchers and manu.
facturers. They have the property of changing enlor with
temperature, At 33°C. for example, they are red. with color
changes being approximately linear throvsh the speotrum
unti} blue is observed at 37°C, As organic materials, they
have a composition similar to that of cholesterol in the
blood stream, and can be spread like paint.

The AFCRL detector can be fabricated in about 10
minutes. First, a tiquid-crystal layer is spread on a .esistive
substrate layer. Then, the liquid-crystal layer is covered
with a clear sheet of Mytar.

The conversion of EM-energy emiissions from the
resonator to the heat energy required to change the color of
the liquid ¢rysials is also straightforward, The electric-field
component in the EM radiation from the resonator setsup
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an electric current i the resistive layer. Resistive heating
slectively ramses the temperature at those points i the
remstive layer that contespond to the points on the
resonator emitting EM energy. This beats the overlaying
hquid crystals, thus changing ther color. Color changes
persist in the detector for about a second after exposure to
radiation. This process can be repested hundreds of times
batore the crystals lose their sensitivity.

M James C. Sethares 1s o reegrclt sl aerst in the Microwave
dovwcties Jrgo r o) AFCRE's Microwave Phiyics Laboratory. e is
at preseat concerned with experimental and theorctical ivestiga-
tions of spin-wenve phonon interactions in singele-crvstal ferrites a1
microwsre frequencies,

Sie oy he L eavpied hiv BN g Fieprricg) Fusin, iaad fEoen th
University of Massuenuzeres i 19389, and his 3.8 b Elecirical
Il‘:'glg'l“"("’i'w from the Masoachywsrs fnstiute of Tecknology

02

During the summers of (Y39 amd 1960, Mr. Sethores was
employed by the Woods 1w Oceanographic Instiiiie. He has also
been a parttimte Leetur: o+ on Mathemalics in the Department of
Continuing Educalion o Boston Unijversity, a part-time teacher in
fhe Depariment of Electrloal Enginives ing at Lowell Teclmialogieei
Instirute, and @ fulltime teaching assistant it the Department of
Elecirical Enginearing at ST,

Mr. Svihares is a member of RESA, IFEE, Tou Beta i, Stgna
Xi znd Phi Kappa Phi, and has published @ number of papers on his
work,

M. Martin R. Stiglie2 is an clectronic enginece i the Microwave
Acoustics Branch of AFCRL s Microwave Phyvsies Lahoratory. He is
preseaily engaged in fesearch on the interaction of EM waves and
acoustic waves in solids. He received @ BBA. in Engineering and
Management fron: Northeastem Univerate in 1959, and it
member of HEEE,

smos €. Sdthares Geft) sind Mertin R, Stighiez make adlustnants on the spparatus uRd 10 obtain displays of rasonance paftarng,
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BALLOON-TRAGHING
SYSTEW TESTED

AERQSPACE
INSTRUMENTATION
LABORATORY, AFCRL

A new AFCRL.dJesigned system
for locating and tracking resecesh he!
1oons was tested during lnst August in
two balloon flights. The flights origi-
nated in Virginia and terminated in
New Mexico after n crosscountry
flight of three days.

Once a balloon is aloft, its path is
usually maonitored by tadar.
Obviously, tincking capability is lost if
the balloon drifts beyond the range of
the mdar. The new AFCRL system cen
locaty the balloon anywhere in the
continental US. The experimental
balloon-locating and tmeking systom
takes advantage of the nation’s exist.
ing VHF Onwidircctionsl Ronge
(VOR). VOR ground transmitters,
opetuted by the TAA for sirerall
navigation, cover the entire U8, The
AFCRL system consists of a conven.
tional VOR receiver, o decoder, and a
bulloon-borne transmitter which sends
the recived VOR data on the batloon,
location back to ground-receiving sta-
tions.

The some AFCRL exporimontal
package was carried aboard two dif-
ferent balloons, In & separate experi-
ment for NASA during the same time
period, AFCRL lnunched two balloons
from g Wallops Island, Va. site. The
NASA balloons carried an carth re
SOUTCE Cainera sysiem and an aicborne
recovery system. The NASA flights
weree terminated over the Atlantic,

These four research batloons were
the fist to be launched in the Bast in
severa! years. All four balloons -two
AFCRL and two NASA-after an
initial ascond which took them out

over the Atlantic, reached & maximum
altisude of 90,L00 feet. At that alti-
tade, the AFCRL balloons were
caught i prevailling east winds and

transported across the country The
wids  took them o New Mexico
where the flights were terminated by
radio command. When gas was valved
fiom the twa NASA balloons, these
balloons deseended into a prevailing
wind system that kept them near the
Atlantic Coast,

Francis X. Doherty of AFCRL
was project scientist for the AFCRL
experiment, and Major Robert M.
Brown of AFCRL was in charge of ali
four balloon launches.

Mr. Fyuncis X, Dohcrty is a supervisory
physiclst, and Ciief of the Experinental
Balicon Activities Branch, Aerospace Insiry.
mentation Laboratery, AFCRL, He is pres
Sty cnguged in vrk g hokglritude
ballogn research and develapment, and e
clfically concerecd  with developing spe-
cinlized balloon svstems for the Air Foree
anid other Dod agencites.

Frances X. Dohasty llold) end Mnjor
Robert M. Brown who dasigned the AFCRL
baltoon-locating and trecking sysiom, The
track on the mep v the background thows

Mr Doherty  grtended Bovton Codlege,
and recened e BN 0 Mathiemainy in
1948 and his MS i Phesies mr [O49. Frem
Mtarch 1950 1o January 1954, as an ocegh
wgrapher, he speciglized i the study of
physical eceanography with e U8 Naval
Hvdrographic {)}}h'@‘

Mr. Doherty has several publtcations on
Balleans 1o s eredit

Since fere 1967 Magor Rohert A
Brown has been a project offleer o the
Expetimental Balloon Activitis Bminch of
ALCRL's Aerospace Histrinnentofion Labao:
raiory,

In June 1957 Major Hronn recenved tus
H.5 I Naval Seience from the U5 Vawl
Academy, and m 1e6d his B8 in Fleciiveal
Enginvering from the Untversity of Michiyen
Hwaugh the Ar Seres Bstitate of ek
nology. From 1963 (v 1965, he wes as
signed 1o the stafl of Bab's Manager Jor
Manned Space Flight s an cleciricnl enyi.
teer

Mainr Brawm fc php reeipient of W
wllltary decovations for Bis duiies ax @
fighter pilor tn the Air Defense Conmmand
(1939-1961) and the Tectical Air Command
[4965-1967), Heisa m«‘mbz'r.)j thel b EE

the path tukan by e balloan used to st
tha systom, The balioon was launehod from
Waltops teland, Virginia,
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free-molecular flow
through a circular tube
of finite length

DR, K. 8. NAGARAJA, Hyporsonic Resoarch Laboratory, ARL

The internad flow of rareficd gases has, b recent years,
ghned ncreasing impotlance due to a vanety of spage
progemms, Flights at very high altitudes have inercased the
aed for information pertannng to the low-density regimes,
and the tlow characteristics in these regions cur be obtained
oily from kinetic theoretic ¢onsidentions.

the problem of Kiudsen or Bieen. " .0 7o
tubes of rght-gircular cross section has relevaner to the
design of vernier and clectrie thrustors, to the technology
of highsvacuum systems, and to the design and operation of
low-density facilitics, The frec-molecular flow o Yinfinite
tubes™ has been considered in many texts on Kinete
theory, {eg., Ref, 1) Kundsen flow in Ginite tubes has been
studic:t by several authors, and a swivey ol the available
literature is given in Referenee 2.

Some wcent experiments tof determinmg the fow
tates through tubes with opepings of 1 to § m.crons in
diameter involved tube length o radius ratios of 100 and
larper (Ref. 3}, When the ratio UR exceeds 10, the
nwnerical evaluation of the Clusing equaton, which gives
the Mux distribution of molecules along the interior surface
of the tube, requires a great deal of computing time even on
an tRM 7094, The larger the L/R becomes, the worse the
situgtion gots,

The present work incorporates i the pumencal schene
certal propertics {indicated w the ensuing discussion) of
the hux distribution glong the interior surface of the tube,
The computing time is not only reduced by this scheme,
but the reliability of the data is also ensured, With the flux
at the inferion surface of the tube thus obtained, the radial
flux of molecules at the exist section is caleulated by a
straiphtforward integration scheme,

Particles entet n rightecircular cylindrical enciosure . The
entenng flux is assumed to be uniform across the epening
section, The neutrakparticle mean free path s assamed to
he sufficiently hwge so that the flow remains essentially
free-moleculas in the tube, Further, it is assumed that the
reflection from the wll surface is diffuse,

The amval rate of flux (et & umt area element) of
molecules coming from an arca clement dSj located at a
distance €y is given by Ref. L.

. fn, ds,
dinl =7 ws O cos & ()

< 3 2

\'u

where @ and ©) are the angies that the line joining the
centers of the urea elements makes with the nofmals to the
respactive aren elements d8; and d; The quantity iy cefers
1o the flux of molecules at the wrea clement 5. Equation
{1) is the basic relation in the analysis of the problem.

‘The radial flux of molecules at the exit seciion depends
an cenfribuindis voinifiy fluim two sources. Jome of the
molecules entering the twbe fly straight (o the exit planeg. A
fraction of the molecules reflected from the wall also
contributes to the Mux ot the exit plane. The flux density
n, of molecules epntering the tube is known (from the
upstream chamber conditions), but the flux of molecules at
a point on the intepor wall surfsce is not known a priori.
This flux is determined by contributions from malecules
entering the tube and those reflected from the wall surface
itself, Mathematically, this leads to the foliowing integral
equation (called the Clausing equation} for the flux, 1'\5. at
the interior surface: )

-

iy (LR L) = /R i Hran R dr
JO

~L

g

In cquation {2), x refers o the distence of the station
{where tie flux is 1o be determined) from the entrance
planc, and R and L are the qudius and length of the tube,
respectively, The functions H and 1 arise lrom the use of
cquation (1) in the analysis, and are therefore geometric in
character, Nondimeasionalizing the equation by the use of
the transformations

ny WL R dy, Q)

- Ba - ' - R
a ey
BN vw T angd R &0
Ha ﬂ‘ L 4] {h‘.] (59 L

the Clausing equation ¢an be writien as

D e 133 .
X, R) = J_‘ .'\_.i..:.t_{., - X

MR + A

-
v J ny (3, 00 TOEEY) dF. ()
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[t can be gastly shown that

=l AR T Uit

o (LI oy (LX RY = i)

e AR R i

i, therefore, follows thy ﬁ_, (x=% R)y=yu,

- The integral equation (3} is solved on an HIM 7004
the range 0%-x = %, since the values in the interal (45, 1
follow from equation {4). This scheme reduces the comput:
ing time considerably. Further, the itefation scheme uses
= the faet that fiu (4.R) = W and themby aveelerates the
compuiation. This iz particularly yes™ ! vban /R 5 10w
above. |he fesults are also checked against the fequirement
= that the number of molecules enfering the tube is equal 1o

o b

Pigwra Y. Diswtbution of

o the 3um of the number of molecules leaving the tube at the the tubm,
axit section and the fwmber of molecules fying straight 1o
= the entrapge ection after expliiencing » reflection from 2 pey e . At
] the wall surfuge, o
The results of the computations are showa (see also :
- Ref. 4V in Figuree 1 and 2 which show, respectively, the flux b - o SIS 3
o distribution at the interior wall susfuce and at the exit ot T /
plane. T E
Further work to include intermolecular collisions s o : L v E
) TULAr | 7y [ o - o o . W T
being pursied, '
; G =3
,q; 3
REFERENCES ﬂi g
- La k3
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[light conditicns He hos also developed an analysis for obiaining
aeFoayiamic Hft disiribefion on swepl siags.

e, Nagurapa has been with ARV sinee Scptemiber 1962 He s
cerrertly duing rewarch i rarefiod gas dvaamtes and VASTOL
acrodynamics,
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Solar flares are the wnest energeti
and camplex events on the s, and
wduce brllant and ofien diseuptive
events on earth auroras and nognens
storms. Almost all solar obscevitornes
continuously monttos the sun, kKeeping
A least ane telescope pointed at the
s throughont the day, and taking
prefures of 4t vy few seconds wath
an sutomatie vamera. tsing  these
photogiaphs, solar astronomers
manaally and liboiowsly charactense
sular flares by ared, peak intensity . and
mteprated wilenaty, and assign a class
to epch.

Paul 1 Tatlant of AFCRL s Sacra-
mento Ivak Ohsor\mm} i Mew
Mexice has developed mstramentanion
fur classifying solar flaves pregusaly,
wnifornly, prompiy, and in el time.
He calls the new instrumernd for doing
this the solardlare wideometer  The
videuneter momnes 1o become the
most impotant wew sodar anadytical
INSrLIMEN (o appear i many yvears,

Visually, flares, i contrast 1o
bemgn and fascinating solar | rom.
Noes, aren’t very spectacular 1§ we
ook at the sun in the highly filiered
light regon of hydrogen alpha {ia),
structures on the solar disk are seen i
tugh contiast. tn Ha hght, g solar tare
appeni: as 3 sudden, almost wstanta.
neous, bright spot of light which may
PSSt 1o an Bor o s

Fiw eoncept ot the solar-tare
videometer  onmnated  wath [y
Rictird B Bunn ol the Sasimento

Beak Obsetvatory The basiv clement s
a cdosedcaunt telewsion system $ac
Peak keeps this FV svstein trned on
the sun continuously Solar Ha ma pes
ate presented an moaitors located for
comveient  viewing theoughout  the
Observatory  The  videometer rakes
advantage ol upnal-processing mecha.
nsme inhérent in fhe LiEm A
line selector s wsed 1o obtain o ungle
television line (of the total 52%), with
the hine displayed on an uscitioscop
The video simal slong 2 given sean line
» aifuiar to that of o mgphviomete
Sean along o photographic imgge Wigh
suitable aunibary procassng iy,
the video signal can be used to meas-
ure tare wea, peak intensity, and
integrated intens. v in roal time.

The technique, while simple in
pringiple, fequiced many refinennts
before veaching applicability . First,
because flares octur only m uctive
centers characterized by sunspois, sun-
spot regions gre gated off for close
sefutiny. Next, is the plage problem,
Plages are extremely bnignt areas sur
founding suaspots A bnght tare must
be detected against the boght Lack-
ground of the assovated plage aica
Amphtude discrinvnation techniques
ate used to oveiteme this problem.
Last, flare brightness appeans much
preater at noon than v the lare aiter-
HOGH Bedatisg of ihe viewing angie andd
the carth’s dmosplieie. To catrect for
such  dumal effeets, hght enutted
from 2 quict portion of the solm
chivmosphiere s wed as g relerence.
The signal obtained frow the chro-
masphere is wsed @ control the widee
gaint so that the signal level 1s constamt,
regardiess ol the postion of the sun.

The videometer permits the as-
tronomei to see the fine structure of
Hates not appatent sunple photos
graphic analysis. In one case, a Dare
was visible 10 winutes earlier, and
persisted 18 minutes longey

& N cary ey bl
sue flare seen o pho

iograpis The
bigest advantage of the videometer 13
that 1t ehmunates the subjective lactar
of flare analyus, which presently ae.
counts for the large spicad n Hare
classification by ditferem observers.
The videometer, because ot the objer-
tve and  quanttative  data that it
presents. could lead to a more phys-
cally meamingiut classification wheme
for saelar flares,

SACRAMENTQ PEAK
OBSERVATORY, AFCRL

INSTRUMENT
FOR
SOLAR-FLARE
ANALYSIS

Mr Panil & Tali nt iv 3 research M
ettt ot the Novremenio Paak hiervatory,
New Menico, where he s presently naking
flere olachetioni with the videeraieler, an
sralviing selected obtervations. He & alo

{ g ' § &f e valonily

fletis within snd  Germeath
caloium plages. the sequeace of ocrurrence
of flarecngsgon peringy within the calcium
wperganude network  ond the  oonrelation
of Cali M oamd K mieniits with TS
nitic-fidd atreagth

fn 1937 Mr Tallart receied his 8 A
m Phyvsiwes trom La Sierra Coliege in Arling.
o Califevms MHe hay taken graduale
CUOTSES 1 physks @t the Umvessity ar
Coltfornia, Riversile. € aliformrg. and 6 cir
FOMIY cnguped in @ groduare phoscy e
wast with ihe Univelsitv of New Meveen
Exdeanion Sviem uf Hollomen 4y Foree
{hige. New Mexgsr,
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a multiprpese instrument for

meastiring many properties
simultaneously

DR.W. LEIDENFRQST
Professor of
Mechanical Engineering, Purdue University

*

Much effort i5 currently being expended to measure
andfor calculate the properiies of materials over contin-
uously widening ranges of pressure, temperature and, in the
case of nuxtures, composition, The wser of such data is
often confronted with different types and quality of
information, and many times he must estimate new values
for a needed conditien. This is true for a single property
such as density, viscosity, cte. Even if data can be found,
the values usually are not physically concordant.

The present investigation, sponsored by the Air Foice
Gftice of Scientific Research, is an attempt to determine
sisnultaneously many propecties of substances in order to
(a) climinate sample variations in different tests; (b) secure
identical conditions for all dufferent properties; (¢) greatly
reduce the time and expense otherwise needed for separate
measurements. Most of the data is observed absolutely,
with high precision over wide ranges of temperature and
pressure. This data can then be used for theoreticul studics
to verify and check models for predicting properties by
statistical mechanics, especially for those ranges of temper-
ature where it is impossible to make measurcments.

The most significant result of the work done to date
has been the design and construction of a unique instru-
ment that can make these property measurements simul-
taneously. This instrument is shown schematically in Figure
1, and pictorially in Figure 2. It consists of four major
parts. A hot body cylindrically shaped with hemispherical
ends i enclosed in a similady formed but siightly larger
upper cavity of the cold body which has three parts. The
lower part encloses a pressure-measuying device, valves, and
a standard platinum.resistance thermometer which is lo-
cated in the lower spherical cavity formed between the
lower and middle paris of the cold body. The upper part
suspends and centers the hot body and houses a feed-in
device. Th2 system: is filled with test flvid either from
below or through the feed-in device, The instrument can be
sealed off completely for constant volume measurements
or, in connection with outside instrumentation, can be used
for other types of measurements. The temperature of the
instrument is regulated by thermostated fluids channeled
bifitarly through passages provided as indicaved in Figure [,
The temperature range of the instrument is from -190
degrees C 1o +650 degrees O the pressure range extends
from vacuum to 500 atmospheres.

T4 ore d(’;a—v:,'cd descript’ a1 of some of the matevial of this
paper muy be found in Reference 1.
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Figure 1. Multipurpose insteunwont schomatic.

Properties which can be determined or measwred are as
follows:

1. The hot body son ains & heater clement and serves
{0 generate a thermal poteniial between it and the
cold body when thermal conductivity is io be
determined.

2. By cstablishing an clectrical potential difference
butween the hot and cold bodies, the fluid electrical
conductivity can be measured.

(Inthe fwst case, Fourie.s law is applied. In the second

case, Ohm’s law is used. The geometric constant for both

cases is determined by capacitance measurements.)

Additional properties of Auids can also be determined
absolutely under steady-state conditions. These include:

3. Dielectric constant computed {rom the ratio of
capacitance measured with test fluid in the system
to that observed under vacuum at the identical
temperature.

4. Index of refraction computed from the dielectric-
constant vaiues whenever the square-root relation-
ship to the diclectric constant holds true,

AC. electrical conductivity, determined with the

aid of 1 capacitance bridge,

w
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Figure 2, Equipmont associated with multipurpose instiument,

above, but with the hot body placed off center in
an axial direction.

6. P-V-T properties of vapor and gases determined by
observing the change of pressure with temperature

under various constant specific-volume conditions, 14. Young's modulus. Pressure change of capacitance
. Specific heats of liquids and solids measured by with a test Huid (which has o known dielectric
replacing the heater clement with a calorimeter constint) is obtainad as a function of pressure.
container. Consiant heat input by the heator will 15. The measurements listod under 12 above yield the

heat up the sample continvously. The temperature

rise with time together with the heat inpui and the

geomotric constani of the armagement which s

equal to the mtio of the aren and widih of the gap

between the hot and cold bodies.
Other possibilities not deseribed in any detail here lead
10 the following properties determinable absolutely or
telutivaly by the present instrument when operating under
unsteady o1 transient conditions:
16, Dittusivity of heat.

mass of the sample vield the specific hoat when
there are no heat Josses. This is assured by the cold
body acting as an adinbutic envelope, T3 tempera-
ture is regulated so as to be identieal 1o the
temperature of the container at all times.

8. Vapor pressure of liquids,

9. Compressibility coefficient of liquids. 17, DIffusivity of mnss.
10, Thernul-expansion coefficient of liquids. 18. Biffusivity of momentum.
11. Break-down voltage. 19, Critical-point conditions.
In addition to the properties of test fluids listed abore, 20. Phaseschange conditions.

several important properties of the instrument itself can be 31, Joule-Thomson cocflicient.
determined, such as:

12. Thermal expansion coefficient of instrument wall
(representing a composite structure), This property
is determined by observing the capacitance of the
arrangenient under vacuum as a function of tem-
peraturc.

13. Thermal expansicn coefficient of centering rod.
Yleasurements are carried out as indicated under 12

Note that some of the properties measured are nceded =
to correct other propertics observed under perfectly iden- -
tical conditions. For example, knowing the index of
refraction of a test fluid mmkes it possible to correct
thermal-conductivity measurements of the same sample for
radinnt-heni transfer. Likewise, the observation of the geo-
mietric constunt as a function of temperature and pressure
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makes clectrical- and thermal-conductivity values more
aecurate. Knowng the thermal-expansion coeffi jent and
Young’s modulus allows deviations fiom const. at-volume
conditions ‘o be corrected when PWV-T data are observed.
By measuriag many properties simultangously, it is pos-
sible, by cross-checking measusements of related properties,
to determains if any observed anomalous variation of one
proporty really oxists.

In Figare 2, the capecitunce bridge is shown on the
rightband side; next to it are the conductance bridge and
the master switch., Further to the left can be seen the
potensiorncrer. The muitipurpose instrument itself is
mounted on a conscle shown in the center of the
photogiaple. The mounting platform is electrically insulated
from the ground, and i past of the shield of the bridges.
The console on the right-hand side of the instrument houses
devices for filling and emptying the instrument, and for
pressurizing the test fluid. It also contains pressure-
measaring equipmetit. A vacuum pumyp and thermostats are
located o the other side of the instrument. Further to the
left is . antomatic control unit needed to heat the cold
body to (e temperature of the calorimeter container when
specific heats are weasured. Next to the unit is a Muelier
bridge used to calibrate the platinum-resistance thermom-
eters built into the cell, The cquipment is so arranged that
it ¢an be operated by a single observer,

" The concept of the muliipurpose instrument resulted
from propetty vesearch carried out by the author over the
past 20 years with various kinds and types of instruments,
many of which he developed himself. (2,3,4) In June 1965,
Air Force support was obtained. Although the instrument
was designed, developed and built in 1 year, it took almost
another full year to line the surfaces wetted by the test
fluid with a I-mm-thick gold layer. By 1968, the laboratory
was completed and the instrument became operational.
Since then, all necessary calibration has been completed,
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Figure 3, Capecitence of geomatrical arrangimant under vacuum as
afunction of temperature.

and property measurements at single conditions of temper-
ature and pressure have been initiated, Some properties
wore observed over wider ranges of those parameters.

Figure 3 shows the capucitance of the device under
vacuuim a$ a function of temperature. The scatter of only a
few thousandths of a percent of the measured values
around the smooth curve secins to indicate that the wiring,
shielding and guarding were done propeily.

Figure 4 shows the prelintinary results of thermal-
conductivity measurements of helium measured along two
isothierms in a limited presswre range. Those measurements
wete the most critical ones because they were used to check
out not only the proper functioning of the total system,
but also to prove the quality of the goldbond lining.
Improper bonding would cause indeterminable and unre-
peatable changes of the geometry of the system. This, in
turn, would make it impossible to determine most of the
properties listed.

The measured values of the thermal conductivity of
helium agree very well with reconunended data and seem to
confirm a very nonlinear pressure dependence in the
low-pressure range.(5) The observation of data at 25°C was
carried out tather rapidly. For the 30°C isotherm, mote
time was allowed for measurements after each pressure
change. The data scatter was substantially less, which might
indicate that a rather long time is noeded to re-establish
thermodynamic equilibrivm in helium. This point will be

9 Meoaured of Jecreowng prossurs
Preoi’ekm —{' Madgsured ot increcsing pressure
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Figure 4, Thormat conductivity of helium gas vs. pressure,
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investigated further.

reduced cost.

The instrument presently is being used to observe the
ransport, thernodynamic, and electrical properties of

other gases, and will be used in the near future
determine the properties of liquid refrigerants and organic
matter. However, many other applications are envisioned for

the versatile instrument,

For example, the device is ideally sulted for measuring
the properties of fluids uvsed as heatetransfer media for
in guidance systems,
missile-control and computer devices, high-speed aircraft
and space vehicles, These cooling fluids must not only keep &
the electronic equipment at a safe operating temperature
but, in addition, must have the proper elecirical propertics.
They must also be good insulators. And they must meet
certain requivements with respect to boiling and freezing,

cooling electronic components

and be chemdcally inert.

The nwltipurpose instrument is able to observe all the
importaunt properties of these fluids, and so could be used
to select the optimum coolant in a minimun time at greatly

to
(1) Leidenfrost, W,
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NUCLEAR STUDIES WITH 8-MeV
TANDEM ACCELERATOR

WILLIAM A, ANDERSON
General Physics
Research Laboratory, ARL

The Nuclear-Structure Group at
ARL iz currently engaged in nuclear
spectroscopic  measurements  related
to, and defined by, the general prob-
lems of auclear structure. These meas-
uremenits are  accomplished by the
detailed investigation of nuclear inter-

actions induced by the charged-
particle  bombardment of selected
target nuclei.

In order to initiate a nuclear

interaction by chmrged-particie bom-
bardment, the incident particle must
have sufficient cnergy to penetrate the
Coulomb barrier which exists between
the particle and the target nucleus.
The rescarch potential for future
nuclear structure studies was considers
ably enhanced recently with the acqui-
sition, by ARL, of a particle accelera.
tor of unique design and capability.
Prior to the installation of this new
aceelerator, the maximum aceelerating
energy available to the Group was 2
MoV provided by the standard-charge
belt-type electrostatic accelerator of
Van de Graff design. This limited
accelorating capability restricted in-
vestigations to nuclei at the lower end
of the periodic table having an atomic
number £ less than about 20. Figere |

shows a rough comparison of this
capability to that of the new tandem
accelerator.

This report briefly summarizes the
design, operation, and increased capa-
bilities incorporated in this new 8-MeV
tandem accelerator and its applications
to the wide uarea of investigations

publication) See also Proceedings of 6th Conference on Thermal
Conduciivity, Dayton, Ohio (1966).
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conducted in the. ARL Nuciear-Strues -
ture Group.

INSULATING CORE
TRANSFORMER

The insulating core transformor
(ICT) is the source of power for the
acceleration system. It is capable of
providing 12 milliamperes of current
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Figure 2. Lowlo% AC network.

at a potential of 4 multion volis (MV).
The 3-phase transformer core, cone
sisting of 3 legs having 44 insulated
core segmonts 15 inches in diameter,
produces a magnetic path of high
dicloctric strength and low reluctance.
Each core segment is surrounded by a
secondary coil, the output of which is
rectified and doubled in a voltape
doubler circuit, The doubler circuits
are connected in series, and the total
voliage obtained is terminated at a
fighly pofished stalnless-steel hemi-
sphere at the top of the transformer,
Equipotential rings around each triple
core section establish a uniform elec-

trostatic gradient along the trans.
formier. Bleeder resistors establish the
voltages for the equipotential rings and
provide a path for termingl discharge.
The primary power required for
operation of the ICT is 60-cycle,
3<phase, and is provided by a servo-
controlled variable transformer.

TRANSMISSION LINE

The terminal voltage generated by
the ICT is coupled to the acceloration
ystem by a highly efficient, lowsloss
RC network illustrated in Figure 2.

TANDEM ACCELERATOR

The ion-beam acceleration process
is accomplished by two muitisection,
8-footdong acceleration tubes joined
together bv another highly polished
stainless-el | terminal. (Figure 3) This
terminal is supported by a very-high.
resistance bleeder network similar to
the ICT, The clectrode-toselectrode
voltage gradient for the tubss is estab-
lished by a voltage divider network
and equipotential vings,

I the tandem accelerator, nega-
tive jons are accelersted from es-
sentially ground potential to the high
voltage terminal, converted to pusitive
ions by an electron stripping process,
and further acceletated to ground
potential. The ions to be accelerated
are originally produced as positive
hydrogen jons (H,*, Hy*, and
H, H, *) obtained froma plasma vessel
surrounded by a high RF field. Some
negative fons are produced from the
initially  un-ionized portion by a
charge-cxchange process with the
positive fons in the source.

These negative ions are atiracted
to the positively charged high-voltage
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Figure 3. 8:MeV 1.C.T, tandem accolerator,
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(H.V)) termingl. Upon arival at the
terininal, the ions pass through a
stripping canal where the electrons are
removed by collision with oxygen-gas
molecules. The remaining particiss
(protons), which already have an
¢nergy corresponding to the potential
of the H.V. terminal, are repelled away
from the terminal toward ground
potential, thercby attaining an ulti-
mate energy equal to iwice the
terminal voltage

With moditications of the ion
injector, it will soon be possible to
accelerate heavier particies and provide
pulsed-beany operation.

ANALYZING MAGNET SYSTEM

The 90° Beami Analyzing System
is used to select positive ions of a
pasticular mass, euergy and charge. it
operates on the principle that a
charged particle in motjon is deflected
by @ magnetic field, and that the angie
through which the particle is deflected
varies with the nwss. energy, and
charge of the particle. Knowledge of
the exact positive jon-beam enorgy is
extremely important for nuclear-dnter-
action experiments. Therefore, the
strength of the magaetic field must bz
accurately determined, This informa-
tion is provided by nuclear magnetics
{flux measurement equipment and a
frequency countor.

The deflected, analyzed, positive-
jont beam passes through an adjustable
slit system placed in the plane of
deflection. An error signal is picked up
by one edge of the shic if the beam
energy changes. This signal is fed back

1o the ICT power-supply stabilizer for
precise terminal-voltage control,

nitial studies with the new ICT
tandem accelerator show that it is a
powerful new tool for nuclear-
structure research. Beam-energy reso-
lution of about & 200 ¢V or better bas
been demonstiated on many occd-
sions. (See Figure 4) It is believed <o
be the largest ultmhigh-resolution ac.
celerator presontly in existence.

The nature of the research pros
gram which requires sush a sophisii-
cated tool involves the continued do-
velopmont of a systemutic study of
cnergy levels of low-medium mass
nuclei. The nuclear reactions produced
by the accelerator bean., when
spectroscopically  analyzed, provide
data on properties of encrgy levels.
The comparison of these data is made
with theoretical predictions to deters
mine the nuclear stfucture, nuclear
interactions, and validity of various
theoretical nuclear “models, —

Mr, William A, Anderson is clief teclt
nictan in charge of ceeeleraior ogcraﬂom in
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Mr, Anderson Joined ARL as g elvilian
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Wright State University, and will soon re-
ceive his B, S. in Physics. He is ¢ coauthor of
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gravity-gradient-stabilizing torques
MAJOR JAMES C, MC SHERRY
Deot. 8 {(LOOAR) OAR

The technique of stabilizing satellites by exploiting the
torques gonefnted by differences In the spacecraft momenis
of inortia is known as pravity-gradisnt stabilization, The
technique Is quite simple, By designing a satellite to have
large differences between the moments of inertia about the
spacceraft axes, the satellite, with appropriate damping, will
stabilize about the local vertical.™ The best example of o
gravity-geadient-stabilized satellite is the moon, The slight
differences in the moments of ingrtiz of the moon crate
small torques which, over the yeurs, have stabilized the
moon such that one side slways points to the earth,

Artificial earth satellites, such as OAR’s OV, use this
technique for stubilization when experiments require the
spacecraft to view the earth, The uswal techaique is to
extend very long slender rods with small tip masses to
ereate the favorable inert ratios. On the OV satellite,
there nre S booms, Two arg ¢sseniially vertical and are 62
feet long; the othor 3 are horizontal and 50 feet long. Other
satollites have used | to 6 bouins, ond lengths have been
from 30 feet to 750 feet. Damping mechanisms vary
widely, Lut usually tely on intersction with the earth’s
mapgaetic field or relative motion between booms to
dissipate energy, But, to fully appreciate these mechanisms,
one inust first undorstand the basic concept of gravity.
gindient stabilization: the generation of the stabilizing
torques. In other words, how can you expect a satellito to
stabilize simply by sticking out a long rod?

ftau:a 1. Soetellite batonced botween cantritupat snd gravitutional
TS

THE FORCES

To best explain the mechanism which produces the
stabilizing torque, we should return to the basie concept of
circular orbits, That is, the satellite is precisely balanced
between centrifugs! and gravitational forces, as in Figure 1.

T ¥Local wrilcal-a e from a point in pace to the conier of
the earth,

R
the ceater of the ecarth. The centrifugyl foree is mRew?,
where w is the orbital angular velocity, expressed in radians
per ssoond. Expressed in vector notation, it is méd x (F’x Wk
thus its line of sction is parailet to the orbitsi plane.

The gravitational force is mg( 10)3 and always acts towards

TORQUE GENERATION IN THE PITCH PLANE

Imagine o satellite made up of two cqual masses
separnied by a very long weightless rod, as skeiched in
Figure 2a. The gravity-foree acticn on muss 1 is smaller
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Figure 2a. Pitch plano, Gravitational torque imbalanca,

than the force acting on mass 2, The moment arm through
which the force acts is shorter for mass | than Tor mass 2.
Therefore, the net gravitational torque will rotate the
dumbbell towards the local vertical. The centrifugal torgues
exsctly canee! boeause the stronger force hiag the shorter
arm, and vice versa. (Figure 20 containg & derivation of this
cancellation.)

TORQUE GENERATION IN THE ROLL PLANE

The centrifugal forces scting on nuiss | and miuas 2
have equal arms. Therefore, the force imbalance generates a
clockwise torque in this view, The gravitational force on
mass 2 is less than on mass 1, and has a shorter arm, The
resulting torque will also be clockwise. Therefore, both
centrifugal and pravitational forces produce a restoring
torque to move the dumbbell into the orbital plane,

TORQUE GENERATION IN YAW

For visualization of the yaw torque, imagine that our
dumbbeli satellite is stabilized along the local vertical, and
that another mass and boom combination has been added
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Flgure 2b, Pltch plane, Contrifugal torquus batance.

normal to the first boom, The angle between this boom and
the velocity voetor is Oy, Note that no gravitational torque
esists on this horizontal boom, The cenirifugal forces arc
equal for each mass, but o small angle oxists between them,
The torces can be considered es the resultant of a vertical
andd horizontal component. The vertical compoinents exeri
no torque, but the horizontal components are equal and
oppasite, resulting in & couple which rotates the satellite to
align the second boom with the velacity vegtor.

DAMPING

It is obvious that the torques generated by the
imbalance of the centrifugal and gravitational forees depend
on the angle by which the boom is offser from the ocal
vertical and the welocity vector. If no damping is present,
the satellite would oscillate like a perfect pendulum from
its original offset to a position equally offset on the othey
side of the reference line. Therefore, for truc stabilization,
some sort of dumping mechanism is essential to the gravity
stabilization of a sateilite.

RELATIVE SIZES OF THE TORQUES

From the sbove analysis, it is apparent that the
strongest torque is in roll, where both pravitational and
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centrifugal forces contribute to the restoring torque. The
sccond strongest would be in pitch where gravity alons
generates the torque. The weakest is in yaw, where only a
small component of the centrifugal force is contributing to
the torque,

The equations for the torques produced bear out this
relationship. lgnoring second-order effects (which ace
usually considered), the equations are:

Trot = 42 (Ipieeh * Traw) w3 sin 20go
Thitets = 312 ( ron - Fyaw) t03 sin Wpiteh
Tyaw = 12 (picen - Lron) w§ sin 2 vaw

where 1 is the satellite moment of inertia about the
respective axis, wy is the satellite’s orbital angular velocity,
and © is the angular offsct from the desired position, These
squations were first derived by Lagrange some 200 years
ago during his work on librations of the moon.

Examination of the equations shows that a satelli
circulay  orbit with dissimiler momonts of inortis will
eventually be stabilized with its minimum moment of
inertia (yaw) aligned with the local vertical, and its
maximuny moment of inertia aligned with its instantaneous
velocity vector.

As can be imagined, these torques are exceptionatly
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Gravity-siebilized satellites are possible because of
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- - smull. For esample, on OV117, iT the vehicle is displaced VEC FOR
to 5° off the desired yow direction, the sestaring torque is

o, in the welightless
environmont of clreulnr orbit, the disturbances are ulso
quite small, and this seemingly infinitesimal torque is

smali - differences in the delicate balance between grawta.
tional and eontrifugal forces in e circular orbit, Il a satellie
is properly desigmed to use the torques generated by these
slight differences, an carth-orienied satellite can be manu-
factured that will require no continuous power far ifs
stabilization,

HIGH-TEMPERATURE
SEMICONDUCTOR

R. ROBERT H, REDIKER, Dopartment of Blectrical Enaineering ond Conter for
Materials Science and Engineering, M.1LT.

Since the carly 19503, the Air
Foree has been very interestad in the
developmont of semiconduetor com
ponents that will operate effectively at
higher temperatures than available e
vicos, Examples of Air Force-spon-
sored programs 1o extend the high-
temperature limit of semiconductor
devices are those that led to the
development of silicon  transistors
which operate st temperatures up to g
Hmit of 200°C, those programs to
davelop  palliumigrssnide  transisiors,
and those (o dovelop conrponents of
silicon carbide.

In response to this comtinuing
need, the Air Porce Office of Scien.

tfie Resewseh is sponsoring basic re-
search by Professer R, H, Rodiker at
M.LT. on the conduction titechanisag
and technology of single-crystal sian-
nic oxide, Sn0,. Since Sn0; is physis
cally and chenmeally stable at elovated
tomperatuies, and is 3 wide-bundgap
semiconduetor with a bandgap of 3.7
cleciron volts, it scems suitable for
semiconduetor  components  which
could operate at temperatures up e
500°C.

While single erystals of S0y have
previously been obtained in the lsbora.
tory by several  differens  tech-
niques, (1-6) the vapor-phase growth
technique, which is deseribed below, is

Moie comparable 10 (at used by
Schafler (7) to grow Al Oy in that no
varrier gases are usdd and all resctions
and growths oceur at low pressure.
The crystals are grown from the vupor
at 1250°C and ut 10 torr pressure
using the reaction

SHC!-Q i 2“’_- {: 07 ~r SnOg + 4 “Cl .

The stennic chloride {SnCly) is ob-
tained from the reaction of tin and
chlorine prs st 100°C and 10 tonr
pressuge

Sn 1 2CH = SaCly .

The resistivity of the tipox1gde semi-
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typical crystals.

conducter s coptinlled by pdding so-
lecled imputites such as antmony 10
tho tin charge.

The ecrystalygrowing apparatus is
shown in Figure 1. MNote that by
adjusting the relative amount of chio-
rine flow Huouglt the “pure™ teactor,
which contning enly tn, ond uwough
the doplng renctor, the resistivity of
the i oxide grown can bo predetes-
mined: also, by varying this relative
amount during n run, a desired resistiv
ity profilo cun e obinined. Thiz nud
other features of tho system have been
described more thoroughly in a rocons
publication in the Joumat of the Elee
trochemicnd Socieiy, (8)

A photograph  of two typical
crystals that have been grown is shown
in Figure 2. Spectrochemicenl mialyses
of such orystals indicate that they are
purer than any previously reported.
Electrical measurements have yielded a
value for the Hall mobility nt 77°K of
1200 em?fvolt sec, wiich is higher
than any proviously reported and is
consistent with the Wgher purity. The
eloctrical proporties of a crystal doped
with antimony te a roomstemperature
resistivity of 0.1 olimeem nedypes are
shown as n function of temperature In
Figure 3, Plotted ure the Hall mobility
1, the resistivily p, and the conduction
electron concentration n detormined
from the equation, n * [ e, where o
is the eloctronic charge. The electrical
characteristics in Figure 3 inudicate that
single-crystal Sn0, should be usable n
semjconductor  components  which
oparate at tempernturas of S00°C; hu
much more basic research on the
conduction mechanism  and  {ech-
nology are still required before pract-
cal 5nOg  high-tompsrature  come
ponents can be built,
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OR, ANGELD MIELE

Department of Machanical snd Aorospaes
Engingering and Materiats Scionces, Rice University;
and

LT COL PAUL J. DAILY

Directorato of Mothematical Seiences, AFQSR

From taft € £, Cragy. Prof. A. &l toansor) and 4. C. Hatdeman
faxing the compuidr with numarical optimization probloms. Mr.

Y

For several yeurs Professor Angelo Micle of Rice
University, under 8 grant from the Apphed Matheomatics
Division, AFQSR, has been condueting research on aero-
dynamic configurations optimmim for flight in the supe-
sunic, hypersonic. and Treenolecular flow regimes. The
methods of the calculus of vatiations m one or twp
determing configurations having minimums drag, minimum
ballistiv factor, or maximum Wit-tedrag rto.

During these research activitics, Professor Micle identi-
fied a need Tor concentrated reseacch to develop new and
improved pumerical technigues spplicable to probloms
aristag in acraspace applications, sich as optinal Nigh
trajectories and optinul aerodynamic shapes. Typical aieas
of  mathematical  wvestigation  include  fisst-variation
methods, sccondvariation methods, and  two-poing
buundary wvalue probizns, fo 1we recent reports, Prolessor
Micle discloses <ignifivant accomplishments related to tha
testaration of constisints in holonomic problems, and 1o
gradtent methods 1 mathemantcal programming. (1,2)

tin problems deseribed by holonomic equations {equa-
tions which may be algebraie or transcendental), a nominal
state approximating a solution (but not satisfying all the

Cragg and Mr. Hoidoman 14 graduate sludents in Acro-Aztgnautics
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equations exactly) may “e available. Starting from the
nominal state, one may wish to determine a varied state,
close to the nominal state and satisfying all the equations
more exactly, This situation arises in some of the iterative
algorithms for minimizing functions of variables subject to
holonomic constraints, namely, first-variation and second-
variation methods.

Professor Miele has developed a systematic procedure
to change the state in an optimal way: this is the
reguitetnent that the constraints be restorcd with the
leastsquare  change of the coordinates. A resulting
algorithm has been applied to several numerical examples
Dased on systems described by p algebraic or transcendental
equations involving n variables, with n gieater than p. It is
asswned that a nominal state, not satisfying all the
equations, is given. Using a Burroughs B-5500 computer
and double precision arithmetic, an iterative procedure is
applied leading to a varied state satisfying all of the
equations to a desired degree of accuracy based upen a
preestablished performance index.

While considering the problem of minimizing a scalar
function f(x) of an n-vector, x, Professor Miele reviewed the
ordinary gradient algorithm and the Fietcher-Reeves
algorithm. Compared with the ordinary gradient method,
the Fletcher-Reeves algorithun has the advantage of high
speed since it produces quadratic convergence. Compared
with othier Cohjugate gradient metheds (such as the
Davidon variablesmetric algorithm), it has the advantage of
simplicity of concept and small storage requirement while
yielding comparable computing time. A new accelerated
gradient method, the memory gradient method, for finding
the minimum of a fuaction f(%) whose variables are
uncoustrained has recently been reported by Professor
Miele. The new algorithm can be stated as follows:

X =x+6x, 5x = -ap(x) * p5x’
where §x is the change in the position vector x, g(x) is the
gradient of the function f(x}, and « and g are scalars chosen
at each step so as to yicld the greatest decrease in the
function. The symbol %' denotes the change in the
position vector for the
consideration.

arnfios
iferation

pieceeding ihat under

‘Thig algotithm, for a quadiatic function, reduces 1o the
Fletcher-Reeves algorithm; thus, quadiatic convergence is
assured. However, for a nonquadratic fuaction, initial
convergence of this method is faster than that of the
Fletcher-Reeves method because of the extra degree of
freedom avaitable. A two-dimensiona! search is required at
each iteration as opposed to the one-dimensional search of
the Fletcher-Reeves algorithm because of this added degree
of fizedom; however, for a test problem, the number of
iterations was about 40-50% that of the Fletcher-Reeves
method, and the computing time about 60-75% that of the
Fletcher-Reeves method, using comparable scaseh tech-
niques.

A continned investigation combining the memory
gradient and restoration of constraints techniques has been
conducted by Professor Miele. The preliminary resulls
should be available in report form in the near future.
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Dr. Angelo Micle has been a Professor of Astronautics at Rice
University, Texas since 1964, Prior to that, he was a Research
Assistant Professor of Aeronautical Engineering af the Polyrechnic
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Guided Missiles Division of the Douglas Aircraft Co., and the Allison
Division of the General Motors Corp., and has been associated with
the Boeing Scientific Research Laborgtories as Director of Astro-
dynamics and Flight Mechanics (1959-1964).

Dr. Micle has a Doctor’s degree in Civil Engineering (1944), and
a Doctor's degree in Acronmautical Enginecring (1946}, both from
the Jriversity of Rome, Iuly, He has quthored or coauthored more
than 100 technical papers in his field. He is an Associate Fellow of
the American Institute of Aeronautics and Astronautics, @ Senior
Member of the American Astronautical Society, and a Member of
the Assoclazione [taliana di Aerotecnica, Associazione ltaliqnua
Razzi, and Sigma Gannna Tau, Dy Miele is also an Associate tditor
of the Journal of the Astronautical Sciences and Editor-in-Chief of
the Jourml of Ontimizatiovn Theosy and Apnliceiivis He was
recontly elecied a Corresponding Momber of the futernational
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MEASUREMENT OF UPPER-AIR POLLUTION
OPTICAL PHYSICS LABORATORY, AFCRL

Air pollution is worsening. So
everybody says. But is it? And if it is,
at what rite? Have increased pollu-
tants {rom automobile exhausts
merely balanced the amount of pollu-
tants generuted a half century ago by
the wood and soft coal heating of
individual homes?

All this is by way of saying that
we really don’t have any way of
gauging long-term trends. In this con-

nection, the concentrations of pollu-
tants—or aerosols—found at altitudes
between abowt 7 and 35 km may
prove instructive. Acrosols at these
altitudes have less day-to-day varia-
bility and may provide a better way of
measuring long-term trends than meas-
ursments of air pollutants nearer the
surface. (In addition to man’s contr u-
tions to upper-air pollutants, acrosols
in the upper atmosphere have come

from a variety of other sources—
voleanic eruptions, meteoric dust, and
dust {rom the tropics carried aloft by
convective currents,) The Air Force is
not interested in air poltution as such,
but is interested in the extent to which
pollutants mask the data obtained
from iK and visual sensors aboard
aircraft and satellites. It is this prob-
iem that gives rise to AFCRL’s interest
in the field.
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In recent years, a number of
rosearchers  concerned  with atmos-
pheric aerosols have legun to use
lasers to probe the atmosphere for
aerosol concentrations at various alti-
tudes. With this techaique, a laser
beam is projected upward and meas-
urements are made of the amount of
light scattered by acrosols and mole-
ciles at given altitudes. Most of the
researchars entering this new field have
evolved their own measurement proce-
dures independently. Eack of wni-
formity in measwrement procedures
makes it difficult to correlate the
results obtained by ditterent observers,

At the Second Conference on
Laser Atmospheric Probing held last
Aprit 15-16 at the Brookhaven
National Laboratories, Louis Elternuan
of AFCRL, a pioneer in the measure-
ment of aercsol concentrations by
light-scattering techniques, reviewed
six arcas where standardization is im-
portant. He has suggested that the
establishiment of uniform standards
can be based on the following six
considerations:

1. Atmospheric conditions vary,
causing variations in the optical trans-
mission of the lasev path. This can

affect the results of measurenients.
Researchers to date have ignored the
problem or have asstmned the transinis-
sion of the path to be consiant.
Elterman suggests that it should be
treated asa variable.

2. The choice by researchers of a
normalizing aliitude to be used for
calibration appears in many instances
to be arbitrary. The choice should be
based on the best current kKiowledge
of the distribution of atmospheric
constituents. The same normalizing
sltitude should be used by those with
the same or similar measurement
objectives.

3. Altitude resolution is a prob-
lem in probing the atmosphere because
laser probers use considerably differing
altitude intervals from which the laser
pulse retum is measured. Comparison
of results among laser probers can be
more meaningful if some standards for
altitude resolution are established.

4, and 5. Elterman f{reats molee.
ular measurements and aerosol meas-
urements as separate entities; but his
recommendations in these areas are
combined here, Contained in the total

scattering response, we have scattering
from both atmospheric molecules and
from aerosols. Not only is it desirable
to separate the relative amounts of
seattering from each, but one would
also like to know the absolute values
of aerosol parameters and molecular
number density. This can be done with
proper mathematical treatment; but
there must be a uniform set of assuinp-
tions and tmathematical approaches.

6. Blterman’s last recommenda-
tion for standardization conceins sta-
tistical treatment. Because the de-
tected product of laser probing is a
photon count, this gives the overall
problem a distinct statistical character.
The use of statistical parameters such
as standard deviation, probable error,
and o on should be an essential part
of standards for laser probiag.

If uniform measurement standards
are set along the Bné of Elterman’s six

recommendations,-then-we- can-bogiti—

to collect a consistent body of data
from many laser probers which, with
time, will permit us to establish trends
and to wonitor long-term increasss or
decreases in upper-atmospheric polius
tants.

OBSERVATIONS OF IONOSPHERIC MOVEMENTS BY THE USE OF

A LARGE AERIAL ARRAY

DR, 8. H, BRIGGS, Dapartment of Physics
University of Adelaide, South Australia

The ionosphere does not behave like a smooth mirror
for radio waves, but more like an irrepular diffracting
screen. When a radio wave is reflected {rom it, a random
diffraction pattern is formed over the ground. Simpic
arguments can be used to show that this pattern will move
over the ground with a velocity which is twice the
horizontal velocity of the ionosphere.(1) This phenomenon
can be used for the detection of movements taking place in
the ionosphere,

In the past, observations of the moving pattem have
been made by the use of a small number of spaced radic
aerials (usually three). The records obtained from such
experiments are subjected to a complicated statistical
analysis in order to derive the best estimmate of the velocity

*Tlrié a;:iclc’ ha‘g beeulmiapmd from a paper w'{c’.,s‘ originaily
anpeared in the Proceedings of the _Astronomical Socicty of
Ausinlio, Volume I, No. 4 {December 1968), 150151,
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of the pattern(2)} The statistical theories make certain
assumptions about the nature of the mmovements, which are
difficult to test. There has therefore been some uncertainty
and controversy about what is teaily being measured in
experiments of this type. In particular, it has been
suggested that the movements may not be a bodily motion
of the ionization, but rather some kind of wave which
propagates through the ionosphere3)

In order to obtain more complete information about
the nature of the movements, a new method of observation
has been developed recently at the Buckland PFark field
station of the University of Adelaide. (Figure 1 illustrates
the principle.) In this method, the radio diffraction pattern
is sampled at 89 points, and converted into a visible
pattern, The sampling is achieved by the use of an array of
89 radio aerials arranged as in Figure 2. Each aerial is
connected by an underground coaxial cable to a radio
receiver in a ceniral iaboratory. The output voltage from
each receiver (which is proportional to the amplitude of a
selected ionospheric echo) controls the brightness of a smalt
lamp; thus the 89 lamps are arranged in a small array with
the same configuration as the aerials. In order to obtain a
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Figure 1. This disgram illustrates the principlo of the method used
to mesrure the horontal drift velocity of the onosphers,

____smwooth pattem, a diffusing screen is placed in front of the
array of lamps.

Examples of the patterns obtained in this way are
shown in Figure 3, These are successive photographs taken
at intervals of 0.5s. The motion of the pattern from one to
the next (““a” through “h™) can be clearly seen. The field of
view topresents a circle on the ground with a diameter of 1
km. In order to study the movements visually, it is
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Figure 2. The aengement of the 89 aerials of tho receiving array
and the ass~ciated transmitting acrials are shown in this diagram,

advantageous to speed them up rather than observe thetn in
“real time.” It has been found best to take successive
photographs at intervals of 0,25s, and then to project the
resulting 16 mum film at the standard rate of 24 frunes per
second. 'The movements are then speeded up by a factor of
6,

Preliminary results give some support to 8 “wave”
intetpretation--at any rete on some occasions, Ripplelike
“wavefronts” are seen to cross the field of view in various
directions, though with a preferred direction of movement
ot any one occasion. This behavior could arise from a
bodily motion of the medium upon which there was
superimposed a system of waves with a random azimuthal
distribution of wave-normal directions.{(3) However, further
analysis is needed Lefore any firm conclusions can be
dvawn,

For quantitative apalysis, digital recordings of the data
from the 82 channels will be made on magnetic tape. It will
then be possible to evaluate on a computer the
two-dimensional crosscorrelation function Letween the
patterns exisling at two chosen instants of time, This
function should have a naximum value at & point which
represents the vectorial displacement of the pattern in the
given time interval and, from this displacement, the pattem
velogity can be deduced. It can be shown that this method
avoids some of the arbitrary assumptions which were
inherent in the earlier methods of correlation analysis,
when applied to records from three aerials.(4) Also, more
rapid variations of velocity can be studied.

The acrial array will also be used for othet experiments
in ionosphere and meteor physics, and for low-frequency
radio astronomy.(§)

The project is supported by the General Physics
Division of the Air Force Office of Scientific Research
(OAR} under AFOSR Grant No. 864.67, the Australian
Research Grants Committee, the Radio Research Board,
and the University of Adelaide,

Or. B. H. Briggs (right) and Dr. W, G. Eiford {left), with a
modeol of the aerial atvay. Dr, Etford is wel konown for his work on
the radio obsarvation of meteor trails, and is interasted in the uso of

the array to axtond this work to lower radio frequencios.
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Figore 3. Photographe of the moving diffraction pattern taken at
intervals of 0.5s. The fiold of view is 1 km in dismieter,
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As technology advances along
some *front,” a level of sophistication
is encountered which tequires cone
sideration of stochastic phenomena for
refined analysis. In modern com-
munication and control systems, the
use of many techniques for statistical
inforence s now classival, with the
major classifications for such tech-
niques  being decision theory and
estimationt theory. The general prob.
lem in decision theory is to perform an
observation having a stochastic nature
and to decide among the possible
causes which produced it, while the
ostimation problem consists of deters
mining values for parameters or
processes of interest which are ob-
served only remotely, (1)

It is usually possible to formulate
a problom of statistical inference in
commwnication or control as consist-
ing of an observed process which is the
sum of a signal process and a noise
process, A comprchensive list of the
important problems in estimation and
dotestion which atise in modern sys
tems employed by the Air Force
would be too extensive to give here.
They would include, however, the con:
ventional communication and radar
systems which are limited in power
such that the received signalto-noise
ratio is unacceptable, and the guidance
and control systems with accuracy
limitations in basic components, In the
more familiar problems, the signal is a
known waveform (as in digital,
synchronous communication systems),
or else the signal is described by a few
unknown parameters (as in some non:
synchronous  communisation, radar,
sonar, and inertial systems), However,
the more complex situation, in which
the signal process itself is stochastic in
nature, has more recently become of
interest,

Communication systems now
employ media such as troposcatter
meteor trails or suroral and orbital
chaff  belts—-randomly varying
channels—which give rise to the recep-
tion of 2 stochastic signal. For pur-
poses of secure communication, a mas-
sage mav be encoded by random
processes, hence generating a sto-
chastic signal detection problem for
the receiver, In radar and sonar sys
tems wsed apainst dispersive tasgets,
the stochastic signal-detection problem

MAJOR ROGER A, GEESEY
Aerospace Mechanios Division
FJSRL

computational
aspects of

a unified approach
to problems in
estimation

and detection

again arises in  processing returns,
Radio telescopes and seismic detection
systems utilize detectors for noise-like
sources, Guidance and control sys:
tems, which are subject to time-
varying disturbances, require an es
timation of nonstationary stochastic
processes to perform effectively in the
disturbed environment. In estimation
problems for control, the stochastic
signal process is usually the plant
output itself. Pattern recognition may
also be formulated in terms of sto-
chastic signal estimation by viewing
the signal as the statistics of a duta
subelass.

As in all engineering which seeksa
numerical answer to a physical prob-
lem, it is necessary to exgress a prob-
lem in terms of a mathematical formu-
iation to  which an  effective
mathematical theory can be applied to
yield the desired numerical solution, It
is oot supgested that, in every case
mentioned above, a mathematical for-
mulation is known such that an exist-
ing theory is effective; but what is
known is that a large class of such
problems yields a formulation in
which the signal and noise stochastic
processes have known covariance func-
tions in separable form. The separable
form for a covariance function R(i,s)
consists of a finite linear combination
of terms of the form

ab(s), s b(als), t<s

where the functions a(*), b(*) are de-

pendent on only a single time varisble.
That such a covariance function is
known includes the possibility that
sufficlent data is available to accu-
rately determine the separable form by
empirical methods.

The research conducted by the
author ar the Aerospace Mechanics
Division, FJSRL, has determined
mathematical techniques which are ef-
fective in solving both estimation and
detection problems in terms of a for.
mulation  with separable  covar-
iances, (2,3) This rescarch has enlarged
the body of mathematical theory ap-
plicable to estimation and detection
by allowing a less detailed problem
formulation and by giving more ef-
fective digital computational methods
for solutions. Also, the research has
shown more clearly that the under-
structure for problems in estimation
and detection 15 common to both, and
consists of modeling an  observed
stochastic process as the output of a
causal linear filter, driven by white
noise, which is invertible on an arbi-
trary, finite-time interval. The signif-
icance of invertibility in such a model
for an observed process is that the
obssrvation  may then be eqsily
“whitened,” and the solutions for es-
timation and detection obiained by
solving the simpler problem based on
white-noise  observations. “Whitening
filter” techniques have been wsed pre-
viously, with large success, in engineer-
ing; this rescarch has extended their
utility to a broader problem formula-
tion.

The modern Kalman-Bucy theory
for cestimation of nonstationary,
Gauss-Markov processes has received
widespread utilization. This theory is
based on a problem formulation which
includes a complete model for the
signal process in the form of a finite
dimensional lincar system. But the
problem of determining such a dynam.
ical model from statistical information
about the process has only recently
been effectively solved; and it is the
sepatable form for the covariance
function which yields a process model
to which the Kalman-Buey theory is
applicable. However, the research re-
ported here has shown that, for a
design based on the covariance func-
tion as data, the computational effort
for solution to estimation problems
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can be minimized by achieving in
vertibility in modeling and by using
whitening filter techniques.

Although studies basic to detec-
tion theory preceded the groundwork
for modem estimation theory by half
a century, the solutions available »
detection theory have remained difs
ficult to implement in practical situa.
tions because analysis has been con-
centrated on integral equation
formulations. But the solution for
detection can be given, quite simply,
by use of the whitening filter which
results from an invertible model of the
observations. So, as in the estimation
problem, the key to solution is the

appropriate model for the observation
process, and the whitening filter tech:
niques show that the essential aspect
of solutions for both estimation and
detection is the common modeling
problem.

The desired invertible model and
the resulting solutions for estima-
tion and detection are obtained by an
effective digital computational scheme
for problems having the formulation in
terms of separable covariances. This
reseprch has shown that 4 matrix
differential equation of the Riceati
type may be associated with the sep-
arable covariance to determine the
invertible model. The initial value

matrix Riccati cquation, although non-
linear, has been extensively studied in
estimation and control, and its famil
farity makes this approach effective.
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MASS SPECTROMETRIC STUDY OF LOW-FIELD
MOBILITY, DIFFUSION, AND REACTIONS
OF IONS IN GASES

DR. RALPH E. KELLEY
Directorate of Physical Sciences
AFOSR

At the Georgia Institwte of Te
nology, Professors Earl W. McDaniel
and David W, Martin have developed o
unique  diift tube massespectrometer
apparatus (1) which is being used to
study the drift velogities, diffusion,
and reactions of jons in gases in
low-to-mwderate electric fields, This
apparatus produces a high-resolution.
time profile of the swarm of cach
distinct ion species present, as a func-
tion of the distance from the ion
source. The pattern of ion-molecule
reactions taking place is elucidated by
comparison of the profiles for the
species prestnt at various gas pressures
and drift distances.

Prinary ions, which are produced
directly in the ion source, are identic
fied by their characteristic profile
shapes; aud, from the details of the
shape, it can be determined whether
the perturbing effects of any reactions
are sufficiently small to permit a true
drift velocity to be measured. For
primary ions, techniques have already
been developed to determine the longi-
tudinal diffusion coefficient from the
profile widths. Both the transverse
diffusion coefficient and the raies of
reactions which deplete the primary
species can be found from the attenua-
tion of the swarm with increasing drift
distance.
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For secondary species, true drift
velocities ¢an also be obtained whan
cortain criteria, involving the details of
the profile shapes, are met. Al deter:
minations are made over ranges of
E/N, the ratio of clectric-field strength
to gas numbar density, which generally
extend from small values, where the
ions are essentially w thermal equilib-
rivm with the gas, to values where the
departure from equilibrium is constd-
erable.

In addition to quantitative deter-
minations of basic transport coeffi
cients, the method has the important
effect of permitting the identification
of ion species present and the slucida-
tion of the ion-molecile reaction
patterns which prevall in  varicus
weakly ionized gases.

The quantitative determinations
are of basic interest because compari-
sons of experitnental values with theo-
retical calculations provide tests of
postulated ion-molecule  interaction
potentials at separation  distances
greater than those which can be tested
by the results of beam experiments, A
knowledge of the way in which trans-
port coefficients change with E/N is
particularly useful in this regard. The
ceefficients enter also into basic caleu-
laticus such as the rate of dispersion of
ions by mutual repulsion, and the rate
of ion recombination, processes which
are important to the understanding of

phenomena occurring in the upper

atmosplisre. The coefficients are of
practical importance to the under
standing of devices in which pas dis-
charges occur, and to the solutlon of
communications problems related to
high-altitude explosions, rocket
exhausts, and reentry trail ionization.

Information obout ion-molecule
reactions, both qualitative and quanti-
tative, is particularly important for
understanding the propagation charac-
teristics of gaseous media such a3 the
upper atmosphere and cortain regions
of space, The propagation characteris
tics are dependent on free-eleciron
density which, in tumn, B dependent
on the molecular composition of the
gaseous Medium. The rate of electron-
ion recombination is generally several
orders of magnitude greater for molee
ular fons than for atomic ions. The
natuic and rates of {on-molecule reao-
tions strongly affect the abundance of
various molecular-ion species  and,
therefore, the electromagnetic propa-
gation characteristics.

Tlus research is supported jointly
by the Office of Naval Research
through Project SQUID and the Gen-
eral Physics Division of AFQSR,
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a third-order phase
transition

in water

DR. GEORGE 0. ZIMMERMAN
Physics Department, Boston University

Of the three classical states of matter—gases, liquids
~and solids—the tiquid state is the hardest to depict on 3
miccoscople or molscular seale. While an ideal gas could be
depicted as an assembly of molecules with a perfectly
random distribution in space as well as in velocity (as long
as some boundory conditions are satisfied, ¢.g., the average
enorgy is constant, no wolecules are allowed outside an
enclosure if the gas is confined in a container, ote.), and
while an ideal solid could be depicted as a perfectly
spalially ordered array of molecules, a liquid is depicted as
something between those two,

Mathods of statistical physics based on the concept of
random distribution, with intermolecular forces added nsa
perturbation, ate highly successful in the treatment of real
gases. Theoretleal methods of solid-state physics, based on
the idea of an ordered molecular state, with some imper.
fections due to thermal, zero- poim\ and omcr ¢xcitations
added o5 perturbation, are similatly suceessfui in treating
solids. Liquids are treated alternately as portially ordered
gases or as very rare and disordered solids, (1) In the iatter
case, the liquid is considered as a solid with vacancies whose
size is of the order of molecular volume, and the fraction of
vacancies per mole can be defined as (V. Vg)/V where V
and Vg are the molar volumes of the liquid and solid,
respectively, taken at the meiting point.

The true molecular picture is undoubtedly somewhere
between the two extremes, with the proximity to either
dependent on the temperature, According to Rice (1) at
temperatures above but ncar the melting temperature, the
long-range order inherent in a solid is destroyed; but the
short-range order, on the scale of a few molecular diam-
cters, etill persists. At higher temperatures, this short-range
order is gradually climinated until, at the boiling point, we
hiave a mainly disordered array. The amount of order can be
described by a correlation function, g(r), which describes
the relative density of molecules as 3 function of the

distance 1. It is here assumed that g(r) s an isotiopic
function, independent of the polar angles & and v, Onee
this functon and the energy of biteraction between
molecules as a function of distance are known, one can
caleulate macroscopic properties of 2 substance which can
be determined experimentally. It is very hard to caleulate
g(r) except in some very simple cases, It can, however, be
detarmined from Xeray difTraction experiments or from
measurements of macrostopic quantities. In the latier
determination, g{r) plays the role of an adjustabie parame
eter,

Water, although one of the most abundant liquids on
this planet, is also onc of the least typical and consequenily
hardest to understand, To begin with, the specilic vohune
of water contracts upon mcltmg and goes through a
mininiim at about 4° €, which corresponds to a density
maximum. Were one 1o simply calculate the traction of
vacancies in the liquid, (V « Vg)/V, a negative number would

result. A related phenomenon is that, in ice-water mixtures
at the melting point, the fraction of the solid is decreased
with increasing pressure, while in most substances it
I(CTeases.

Ainong other atypical properiics of water are its high
specific heat and, as will be shown later, when the results
of our sound welocity measurements are discussed,
adiabatic compressibility. The adiabatic compressibility is
defined as the fractonal change of the density upon
application of pressure at constant entropy. 1n thermo-

dynamic notation, it is 1 (QQ) where o, p, and S are the
pops

density, pressure, and entropy. respectively. The adiabatic
compiessibility of water is a monotonically decreasing
function of temperature from 0° to about 74° C, where it
has a minimum and then increases to infinity at the critical
point. The remarkable fact about this is that water becomes
stiffer, or more resistant to compression, as temperature
incteases {i.e., the density change in water per unit change
in pressure decreases between 0° and 74° C). Thus, it scems
that there are more vacancies in the solid, ice, into which
molecules can 8¢, when pressure is 'mpliui with 2 con-
oC\’i‘\ii‘:u change in density, than there are in the liquid. in

“normal” liquids, compressibility increases with empera-
wre. The atypicm properties of water mentioned above,
and others, have to be explained if onc considers the
molecular theory of water.

Several theoties of the molecular structure of water
have been advanced; the most quoted are those of Bernal
and Fowler,(2) Euken,(3) and Pople{d) The starting point
of es:h is the molecuie itself, which can be described as a
triangk with the center of the negatively charged oxygen
ion 3t its apex, and two pos-un.l) charged hydrogen ions
moking an angle of 109° (the actual experimental deter-
mination shows 105°). The water molecule will thus possess
a permanent eclectyic dipole moment, with the nepative
charge near the oxygen and the positive

ive cham

charges near the
hydrogens; consequently, it is a polar molecule, Because the
water moiecule is polar. it will attract other polar molecules
and thetefore becomes the good solvent that it is. Because

it is a polar molecule, it will atiract other water molecules,
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thus forming sgpregates in the liquid. In such an sporegate,
the positively churged hydrogen nlom of one molecule will
be altracted to the negetively charged oxygen atom of
another motecle, thus forming a hydrogein bond.

The situation becomes somewhat more complicated if
we consider that the hydrogen atom can detach itself from
an oxygen atom, leaving a hydroxyl molecule behind and
forming o positively charged complex with other water
molecules, Experiments show that the average thi¢ a
hydrogen atom can be nssociated with a particular water
w olecule in the liquid is of the order of 1017 sccond.

If, however, we consider the water moleenle as a stable
entily, we can describe the liquid, as Bernal and Fowler(2)
do, as g mixture of 2 aggregates. One is an nggregate of <&
molecules, arranged as a tetrahedron where the hydrogen
atom of one always points at the oxzcen of its ncighbor.
This structure is loosely packed and has a molar volume of
about 19.5 ¢c, as compared Lo closely packed single water
molecules whose molar volume can be calculated to be 6.6
¢c. Another denser strueture, also an aggrepate of 4
melecules but now in 3 thombohedial ariangement with a
molar volume of 16,7 ce, is also present. The fraction of
cach species of aggrogate in water is a function of
temperature. The density maximum at 4° C is explained by
the gradunl change of the tetrahedral structure inle the
thombohedral, uperimposed on the thermal expansion of
both stractures. Thus, a process which inercases the density
with increasing temperature, superimposed on a process
which decreases the density with temperature, will gen-
crally result in a maximum if the two procesws are
different functions of tenmperature,

The two aggregates correspond to the structures of ice
I and ice I, respectively. Recently, Erlander(S) suggested
the eXistence of a different species of water formed of
rhombohedral aggregates only, with different physical
properties from those of ordinary water. He calls the new
Ppecies supenwvater.

Euken{3) suggests that the liquid phase of water
consists of four kinds of aggregates whoss concentralions
vary with temperature. The four kinds are single molecules,
H:O0 wve mokeestarn, (1 G four molecuiar, (11;0),; and
cight moleculas, (13 Q)a —clusters with different volumes
per molecule and different energies of dissociation, Those
would account lor the high specific heat of water.

The third picture, proposed by Pople(d) aprees with
that of Bernal and Fowler insofar as the existence of
different agaregates is acknowledged; but the density
behavior is not explained by the change in the fractional
composition of mggregates with temperature, Instead, the
explanation is that the hydrogen bonds become more
flexible with temperature, thus allowing the agpregates to
interpenetrate. This explains the density maximum at 4°,

The supposition common to the first two theories, that
of Bemal and Fowler, and that of Euken, is that the
propertics of water can be explained by the uvansformation
of wggregaies into esch other as g function of temperature.
The view of this process, given abowve, is somewhat
simplistic since it assumed that the aggregates are per-
manent structures. fn reality, the sggrepates are evanescent
structures which constantly form and bresk up. Any one
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molecule i5 astoclated with sny one aggregate for only a
very short time. However, a centaln number of aggrogates
exist at any instant, so that one can describe water as
consisting of 8 certain number, an average number, of
aggrogatus.

A chainge in the nverage proportion of one kind of
agursgate as a function of temperature might show up at
certeln temperatures as o third-order phase transition.

According to the classification of phass transitions, the
N'th ovder transition is defined such that o discontinuity
appears In the N'th ovder derivative of the Gibbe free
energy, The Gibbs free energy is deflned as

G=2U-TS+FV

where U is the internal onergy, T the absolute temperature,
S the entsopy, P the prossure, and V the voiume,

4G = dU - TdS - ST + PaV + VdP = 34T + VdP

There are two first derivatives of G with respect to its
naturel vadiables P and T.

3Gy - 3G o
d9p=-5 and (5§)T V.

In a first-order phuse transition, examples of which are the
solid-liquid and liquid-vapor transition, usually -both S-and-
V are discontinuous. There are three second-order deriva-
tives of G

Sp
T
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where Cp is the specific heat at constant pressure,
v =
(BT))T = ’VKT = p¥yp
where Ky is the isothermal compressibility, and
aV
(ﬁ){) = Vﬁ'l,

whete &p s the thermal oxpansion coefficient at constant
pressure.

Discontinuities in apy of the second-order derivatives
define a stcond-order phase transition. Examples of second-
otder phase transitions are the transition at a critical point,
the superconducting transition at zero wagnetic field, and
the superfluid transition in liquid hietium, A cusp or kink in
any of the second-order derivatives would denote 3 discon-
tinuity in a third-order derivative, and thus indicate a
third-order phase transition.

W. Diost-Hansen{6) made a survey of experimental
data on water and claims to have observed such kinks in
several measured properties of water, among them the
viscosity and dielectric constant. He claims that thess
discontinuities oceur at approximately 15°, 30°, 45°, and




!
1
3

&0 €. Ow the other hand, M, Palk and G, S. Kel(7) have
wrnminad doin onr the physical properties of water where
discontinuities or kinks ware reported. Among the prop.
erties exauined were tha vibeational spectnum, compres-
sibility, surfuce fension, viscosity, and others. They clain
that the discontinuities are spurious and within the scatter
of the dats 1t is indeod instractive to plot some quantities
and ¢ how euch kinks or discontinuitios could have been
inferred,

Figare | is a graph of the temperatuse derlvative of the
speciflc heal, obinined from the specific heat data given in
ihe Chemical Rubber Company's Handbook of Chamisiry
and Physics8) One could imagine discontinuities at several
temperntures: however, those are within the precision of
the data, 30 that no definite conclusion can be drawn about
tholr mxistence. Another example is shown in Figure 2
where  the isothermal  compressibility of Kell and
Whalley(®) and that of Greenspan and Tschiegp(10) have
Deen plotied. No smooth curve can be drawn thiough the
centers of the points of Kelt and Whalloy between 40° and
70° C. This would suggest a kink iy the quantity, However,
the smooth cugve Is displaced by only the widih of the
arror in the point; thus, this suggestion cannot Le taken
seriously.
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Figurs 1. 3Cp/aTas 2 obtained by taking the difforonces batwesn

spocilichest valuei one degroa spart. The pecific hoat is taken from
the CRC Handbook, (8)

Several investigator(9,11) have looked for these dis
contiguities or kinks, and repori no discontinuities outside
the scattor of their data, Those investigations have, how-
ever, taken relatively few points in any given temperature
range, and a kink or discontinuity. if its effect sxtended
over less than one degree, could have been overlooked.
Because it is possible to measure the velogity of sound with
great precision, we decided to search for kinks in the
velocity of sound in water.

The velocity of sound, u, &5 relaied to the adiabatic
compressibility Kg by

3 .. (P 1
w = b‘ps=ﬁz_
5

kg I8 it turn elated to e by
Hop 2 g

where 7 is the ratio of the specific heat at constant pressure
to that ar coustent volume. A kink in Ky OF ¥ would
indicate o third-order phase transition.
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Although the velocity of soundt In water has been
maeasured 1y othors, the number of polnts in any emporas
turo fange was small, We have inken 2300 poiits in the
temporature 1onge betwoen 3% and 80° ©.(12) The measure.
mests were carred ouwt by Immorsing 8 quartz transducer
tuned 10 10 MHz (which also served as a receiver), and a
refloctor paralld to the wansducer, In distiiled water
contained in 4 vacuum flesk. The waier was stirred
continuously to maiitain  temperatere unifopmity, The
teanperature was measured by means of a platinum resistor.

The velocily of sound was messured by s pulsed phase
compuriten technique{13) A bleck dingram of the elee-
troties is shown In Pigure 3, 1n this mathod, the phass of
the sine wave of 4 received cohio s brought into coineltdonee
with that of @ vontinueusly runping master oscillaior by
delaying the owillstor wave by areans of an adjustable
delay line, I our apparstus, the first echo was recelved at
about 100 microseconds after the transmitted pulse, while
the time resolution of the apparatus was 0,2 nanosecond.
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Figure 4, Vailocity of sound as a function of temperatura,

Figure 4 shows the velocity of sourd in water as n
function of emperature, No seatter can be observed on this
seale, One should notice that the maximuin occurs at
™ C, conesponding to ¢ mindBwm it g, b order fo
detect ihe presence of any discontinuities or kinks, the data
was {itied to polynoadals in temperature of the form

N
us X e\nT“
n=o0

und the devigtions of the points weie plotted. This is shown
in Figure § for N = 2,4, 6, and 8, The main contribution to
the devintions in the fit to the N = § pelynomial, where the
velocity in meters per sccond Is given by

ue 140344 + 4,79242T - 3.22874 x 1G3T?
SLIBB1S x 10T + 497534 x 1073 T
S 1BD3T7 % 10°0TS ¢ 1140062 x 108 TS

P

FORTORICITY 4 1,79249 x 10793 T8

is due to tempaemture inhomopeneities in the water. 1t ¢an be
seen from IFgure 5 that no snoimalies groater than 35 ppin
exist. This is within the seatter of our data, One could not,
however, exclude the possibility of kinks at 20°, 25°, 32°,
38°, and 47° €. 1n cur opinion, the devigtions from the it
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are spurious and caused by our experimental uncertainities,

The question of the existence of discontinuities or
Rinks in water will have to be resolved by more precise
weasuremenis. Howewr, even then, people could infer
either the existence or nonexistence of anomalies because
no cxperiment can be performed with infinite precision,
and one heeds that Lo prove the absence of o phenomenon.
Thus, the question of the structure and propesties of water,
the most abundant and most atypical liquid on carth, will
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be with us {or some time 1o come,
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‘The Biochemistry of
Learning and Memory

DR, HARVEY E, SAVELY
Dlractor of Lifa Sciances, AFOSR

Over a t0year periad beginning in
1959, the Air Foree Oifice of Scien-
tific Research has supported research
by Professor Holgni Hyddn ot the
University of Goteborg on biochemical
changes that oan be detected in narve
colls afwer learning. Trofessor Hydén
was pble 1o consider a problem of this
kind beeause hie had developed tech:
niques for biochemical analyses of
stgle  celis, This required not ouly
extreme manual dexterity in teasing
out single cells, but ofso new micro-
methods for dealing with the small
mass of a cell. In 1959 Professor
Hydén was just beginning this linc of
work, wiich was received quite skepti.
cally nt the time by some neuraphysi-
ologists.

Anothor application of this tech
nique has been to study the interrela.
tion between neurons (nerve cells) and
glia, which are the cells that surround

the siettuns evernywheie. b the Hia,
for example, the glia are 10 tines as
numerous as nerve cells and constitute
more than 50% of the total mmss.
Hydon assumed that such a pervasive
association suraly wnplicd something
wore than just mechanical support,
and that the [unction of the neuion
probably depended in important ways
on biochemical processes in the glia,

Ower the last 10 years Professor
Hydén aud his colleagues have pub-
lished 62 papers dealing with these
two research themes,

The biochemical correlates of
learning were sought in the hippo-
campus of the brain (a region known
to be active i learming) by rats tramed
to chonge from right-handedness to
left-handedness. It was shown that the

synthesis of two acidic protem frac-
tions increased during truining, and
that this was related to the learning
process. A analvsas for nibonuciee
acid (RNAY m the aewvons in a control
center for the transfer of handedness,
located in the brain cortex, showed
that the acreased synthesis was assos
cirted with the reversal of handedness.
Sinular changes were also found w
bram centers hnked 20 the vestibular
apparatus, which provides sensory
inpu for batancing and spacial orienta-
ton, i animals subjected 10 new
experiences stimulating these systens.

The newrongha interastions have
Leens shown by an analysis of adjacent
nerve and plin cells that have heen
teased apart. Analyses of enzyme ac
tivity, RNA, and protein content re-
vepal that the nearon is donunmant from
an edergy-requirement poit of view,
Rhythaue changes could be shown in
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neurons and ghe in the reticulat forina-
tion of the bealn during transition
from sleep to wakefulness. Chonges in
the base ratios of RNA in the glia in
ihe globus pallidus preceded similar
changes in thei associsted noutons in
Purkinmn's disease (a form of palsy in
man assogiated with changes in spe-
ofic brain nucler sueh s the globus
pattidus).

In genersl, the neuron and Hs
assochted glin were found to fonn g
physiolagical unit where the gl show
3 mure rapid turnover of RNA and
protein and are apt to take to anuero.
bic glycolysis under changed condi-
tions: oh the other hond, the neuron
under the sme conditions would in-

INSTITUT

DE SAINT LOUIS:

Geman— French

LT COL RICHARD T. BOVERIE, EOAR

creste the utilizaten of eneigy by way
of the respifatory Liochemisal chain,

Professor  Hydén's studies bave
stnufated o widespread mterest in the
biochamistry of learming and memory,
A munbe: of his findings have now
been cunfirmed in several laboratoties,
Al of this 15 but a first step on what
will ultimately lead 1o powerlul in-
sights into the binin mechaniems that
underkie learning and memory. One
line of investigation will undoubtedly
pioced toward possibie changes in
these mechanisims by drugs. Anathet
ling is already pointing toward a anidy
of the offects of pulition and toxic
substances on the brain during critical
periods of its development before and

after birtir. Professor Hyddn's contii
butions and his siimulaiion of bioe
chemical analysis ot the cellular level
will be a significant landmark an this
ndventure,
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The Institut de Saint Louis (1.8.1.) in the town of 5t

Louis, France on the Freneh-German botder (sec Figurs 1}
was formally established effective 22 June 1959 in aceord
ance with an agreement signed by the West German and
French Goveraments on 31 Masch 1958, Its misslon, us
stated in the ageement, was to seek elose cooperation of
scientific and technical reserrch and development in arma-
ment to strengthen the defense of thelr countries.” By

* Profeer Gf‘ffr;r: Lj‘mm the Huropean @, of Aerpipace
Rerearch perlodically vl varinyg restsrek nglitutons o Evrope,
the Mildle East. Indio. and Africe. These vigits dre made 1o klentify
cutnent forgigmresparch ‘)mgrums gﬂguu!ble ugv jo Air Foree
sctentlas, Such mformaition ofien t 1o the egiallithment of
working relationships Petween forelgn and WS, A Foree selonifdit
This ‘:n{de bricfly describes ond  Important mIiiruiion visved
recently.

Figuro 1. Matn onteanoe of LS.L,

\

%

ety

Nl




W

N R I T TP

W1 vy yorer -

agreement, the Iustitut is referred to in Cerman as the
“Deutsch-Franzdsiches Forschungsinstitut,” and in French
as the “Institut Franco-Allemand de Recherches,” but quite
often simply as the “Institut de Saint Louis.” Essentially,
LS.L. is active it cooperative research in such areas as
hypersonic flow, shock waves, and ballistics.

West Germany and France contribute equally to the
investment and maintenance costs of LS.L., which has a
staff of 465 people, 92 of whom have scientific or
engineering degrees. The Institute is managed jointly by
Ing. en Chef d’Armement A. Awvnol as the French Co-
Director, and Dr. R. Schall as the German Co<Director,
Major facilitics include a hypersonic shock tube, a hyper-
sonic tunnel, a high-velocity light ges gun (projectile
velocities up to 10,000 metersfsec), conventional powder
guns with projectile velocities up to 3,000 meters/sec,
special messucement and instrun.sntation devices, and an
1BM 360,48 wanputer,

Alther v L8.L, is primarily oriented towards defense
research for France and West Germany, it welcomes
vescatch  association with the United States and other
countries having mutual defense problems.

I.S.L. has developed an extensive capability in the
investigation of fast processes by photogeaphic techniques
embedying electric spark, Xeray flash, and pulsed-type faser
illumination. Twenty-four spark shots can be made at
nanosecond intervals, with the rosult that high-velocity-
projectile tvavel of only a few millimeters takes place
between shots. A recent improvement in this system
permits the acquisition of as many as 5,000 pictures. This
process has been used to examine the puncture of armor
plate (see Figure 2); 1 burning methyl-alcohol droplet in the
presence of a shock (the shock wave and wake tear the
flame from the droplet, which itself is deformed); and o
bullet moving at high velocity into an exploding gas
mixture, with periodic detonation of the gas ahead of the
bullet.

670us

Figure 2. Penstration of an armouwr plato {8.5 mm, R=4u kp/mm2);
eplibor 20 mm, impact volocity 420 m/s; taken with a 28spark
cRMora,

Figuro 3. X-ray-flash photography of a coppoer rod (3 mm @, 60 min
long) ponotrating an aluminum target; impact speed: 1000 m/s.

A sample of Xeray flash photography may be seen m
Figure 3 which shows a copper rod peneirating an
aluminum target at a speed of 1,000 meters/second. Also,
Figure 4 shows the jet formation of a shaped charge in a
sequence of flash radiographs, Shadowgraphs of a 9-mm
sphere fired into an oxygen-air mixture at 1,900 m/s, and
of a model fired in atmospheric air at M = 1.8, are shown in
Figures 5 and 6, respectively,

Figure 4. Jet formation of a shapod charge (sequence of flash
radiographs}.

Figure 5. Shadowgraph of 9.mm sphere firad into an oxygon-air

mixture as 1900 m/s.
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gure 6, Shadowgraph of a mwde! firzd in atmospharic oir at

Fi
M=128.

To analyze trajectories, 90-mm caliber models are
fired, with their behavior determined by photographic
records made at 16 positions, and with two orthogonal
views at cach position, Velocity profiles are established
thiough the use of microwave and Dopplereffect teche
aiques utilizing special initial-velocity and radar instrumen-
tation developed at L.S.L.

The expansion and effect of stroag and weak shock
waves, with particular emphasis on the sonic boom, are
under continual study at LS.L. One recent study was
certered on the quantitative analysis of sonic-boom focus-
ing phenomena. As 1 preliminary approach to the problem,
tie refraction of lowsintensity stationary shock waves in a
nonhomogencous atmosphere was studied. This nvestiga-
tion was restricted to the simple cases of the wo-
dimenstons! propagation of an N-shaped wave in an
axisymmetrical  atmosphere, and of a step wave in a
stratified atmosphere, Calculation methods were based on
shock  properties. The refraction of a step wave was
described by a differential equation for whick approximate

33

solutions ¢an be found, The numerical resuits obtainad
correlate well with flight-test data.

In addition to work in ballistics, whete the behavior of
projectiles from launch to impact is being investigated,
and research in nerodynamics concerned with hypersonic
phenomena (between Mach 5 and Mach 15), such as
encountered by reentry vehicles, LS.L. s conducting
investigations in: the compesition of che upper atmosphere,
using mass-spectroscopy wethiods; fame propagation and
supersonic combustion; the detonation of gases and explo-
sives; the expansion and effect of weak and strong shock
waves; the behavior of materials subjected 1o the stresses of
an explosion; holography; and the chemistry and mechanics
of explosive materials,
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DOUBLE-GUANTUM DETECTION OF MICROWAVE SOUND

DR. PAUL H. CARR
and
ALAN J. BUDREAU

Microwave Physios
Laboratory, AFCRL

The low velocilty of sound as
compared with that of electrons gnetic
radiation has metivated researcn into
sonic delay lines as compact solid-state
devices useful in radar signal process
ing, calibration, and other functions, It
is possible to operate such devices at
microwave frequencies, The interac-
tion of sound at such frequencies (100
MHz to tens of GHz) with materials is
also of considerable scientific interest,
permitting the study of energy levels
and elastic constants. These sound
waves ai¢ penerated picroclectrically
from clectromagnetic waves of the
same  frequency, using either a
vacuum-deposited thin film of piezo-
electric material, swch as cadmium
sulfide, or by using an appropriately
oriented piezoelectric material as the
sample.

In the past, detection has gen-
erally been by the inverse of the same
process, producing electromagnetic
signals, which can then be processed
by standard radar techniques, There
are disadvantages to this approach. It
is phasc-sensitive, so that a wave ar-

riving at a slight angle to the detecting
surface (duc to the nonparallelism of
the detecting and generating surfaces)
will partially cancel itself out, leading
to a weakened signal and therefore an
erroncous estimation of its strength.
Parallelism is particularly difficult 1o
obtain in the GHz range, since the
sonic wavelengths are comparable to
those of light. A turther disadvantage
is that, for volume or bulk waves,
piezoelectric detection can only oceur
at the sample end, committing the
builder of a delay line to a single delay
determined by the length of the sam-
ple.

A new method, double-quantum
detection, overcomes these disad-
vantages. In the presence of a magnetic
field, various paramagnetic ions which
can be added to a crystal by doping
undergo energy-level splitiing. The
quantum  theory of such a system
reveals that the crystal can absorb
sound energy plus electromagnetic
energy as a part of the same process,
provided that their sum is equal to the
line splitting. (See Figure 1) Thus a
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Figure 1. Enorgy level diagram of double-
quantum detoction, The doping lines and
tho contral lino roprosent the splitting of the
enorgy lavels of 5 paramagnotic ion, hare

MAGNETIC FIELD (kG)

farcous iron, as a function of magnetic fiold.
Dotection of phonons of 3.1 and 9.3 GHz,
both using 8.7 GHz continuouswave
photons, is shown.
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quantum of sound (phonon) plus a
quantum of electromagnetic enersy
(photon) which together have an
energy equal o the energy gap are
absorbed in a single event. Hence the
descriptive  term,  double-quantum
(DQ) detection. in practice, at agiven
magnetic field, the absorption of a

contipyous-wave (CW) clectromagnetic
wave by the sample is monitored.
When a phonon arrives, it provides the
additional energy required for the DQ
process, and an increased absorption
of the CW signal occurs. Thus, the
presence of the sound signal affects
the intensity of an electromagnetic
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Figure 2. Efoctronics {top) and oxperimontal
apparates {bolow the dashed line) used for
piezoclectric and double-quantum oxperd
ments. Microwavs pulses in the 3 to 9 GHz
rango oxcite the resntrant cavity, The CdS
film tanstducer in the high-ficld region of
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this vavity generates phonons. Each time a
phionon pulse passes chrough the sapphire.
{illed doublo-quantum detedtor cavity, it
causas 8 change in the rofloctivity of that
cavity, theroby modulating the sinal
coupled out through the waveguide.

wave, without the need for piezoelec.
tric conversion,

It these experiments, microwave
pulses from a magnetron were fod 10 a
resonant cavity containing a cadmium-
sulfide piczoelectric film transdueer on
the end of 2 magnesium-oxide rod, as
shown in Figure 2. The CdS film

generated phonons  which traveled
( DOUBLE-

o QUANTUM

< L

2 PIEZOELECTRIC

&

7

1 nml; | |
0 10 20 30 40
TIME (1S)

Figure 3. Doubie-quantum versus piszookc.
tric detection of mccsssive ochoes in the
same sample, Trua epergy detection by the
doubia-quantum detactor leads to an ox-
ponential docay in spite of the nonparal.
i@isn of tie sampie-ond faces, and aiiows
MOre scourate emont of at tion

along the rod and were reflected back
and forth from the ends. Thus a single
pulse propagated many times the
length of the rod. The detector cone
sisted of a sapy riredoaded cavity reso-
nant at 8.7 GHz. The reflection of
photons at this frequency was moni-
tored. and in the appropriate magnetic
field produced a signal for each
phonon pulse. The paramagnetic ion
was provided Ly doping with ferrous
ions. Note that the detector is nog
necessarily ai the end of the sample
rod, and can even be moved me-
chanically to provide a variabie delay.

The insensitivity of the DQ de-
tector phase eliminated the poor decay
pattern frequently scen in attenuation
experiments (Figure 3}, and thereby
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allowed more precise  attennation
measurenients. Accuracy in such data
will further research in the physical
mechanisin of attenuation, and there-
fore in producing delay lines with
lower losses.

For the same reason, measure
ments were also made of the attenua-
tion in different samples of magnesium
oxide and correlated with the quality
of their crystal structure as measured
with a laser uitramicroscope, The dif-
ference in attenuation was found to be
explainable by defects in the crystals.

Dr. Paul '}, Corr is @ supervisory res
search physicist (solid state), nnd Chicf of
the Microwave Acoustics Brench, Microware
Physics Laboratory, AFCRL. He received
both his B.S. in Phvsics (1957) and his M. S,
in Lhysics (1961) from ML T, and his Ph.]D.
in Physics (1966) from Brandeis University.

Dr. Carr spw active duty with the Army
asa 15t L, and was assigned to the Armed
Missile  Comnignd Calibration Center as
research physicist, There he worked on new
techniques for the calibration of accel
crometers, infrared and optical deteciors,
and vacum gauges. Presently he is meking
wse of microweve phonons for extending the
fundasmental  kuewledge of  solid-state
phenometa, and for use in microware delay
line applications.

r. Carr is @ member of the American
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Mi. Alan & Budreau {left) adjusts the
pparstys uwed for experiments involving
ohic dofsy lines while Or. Paul . Carr
watchos attontively,

Physicat Society, and an associate member
of Sigma Xi. He has published widely in the
field of microwave acoustics.

Mr, Alan ), Budreau is a rescarch
phliysicist with the Microwure Phvsics Lab-
oraiory, AFCRL. fe recelved his B.8. i
Physics from MY, in 1957, and his M.\,
Jrom Harverd in 1959. He took an addi.
ticnal year of gradunte work ai Duake
University  stedying  the structure of ma-
eerials with mivrowave specteoscopy.

Currently, Mr. Budrean is carrving out
research in microwave sound detoction. He
has several publications to lus credit.

36

O e A T vy

st

T

nide

Lt

A

%L!!E %ﬂ:gg‘.“w“

=2t

0

iy

s
(MR
e

- }i‘
B

=
!
Ej




VTR SRR i
it
13

TN ST AN T (AN T ISR T 100 e
i
|

(_.:’

T 00 BERES

Requests for further information should be directed to the individual or laboratory of origin
{except for those from Latin America),

Addrgsses are as foBows:

AlR FORCE CAMBRIDGE RESEARCH LABORATORIES
Attn: CRI

Laurence G, Hanscom Field, Bedford, Massachusetts 01730

AEROSPACE RESEARCH LABORATORIES
Attn: AR

Wright-Patterson Air Force Base, Ohio 45433

AIR FORCE OFFICE OF SCIENTIFIC RESEARCH
Attn: SRGC

1400 Wilson Blvd, Arlington, Va. 22209

THE FRANK J. SEILER RESEARCH LABORATORY
USAF Academy, Colorado 80840

DET. 8(ORA)OAR
Attn: RRR
Holloman Air Force Base, New Maxicp BR33()

Requests for further information from institutions and individuals in Latin America should be
addressed to:

DET. 7 (LAOAR)OAR
LS, Embassy-Rio
APO Naw York 09676

Detailed documentary reports may be obtained from:

CLEARINGHOUSE
L. £ Department of Commerce, Springfield, Vieginis 221517

pl fr

DEFENSE DOCUMENTATION CENTER®
Cameron Station, Alexandria, Virginia 22314

*Quualified requesters
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