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Abstract

This bibliography lists all AFCRL in-house reports, journal articles, and

contractor reports issued from 1 January to 31 March 1971. Abstracts are

included.
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Bibliography, With Abstracts, of AFCRL

Publications From 1 January to 31 March 1971

INTROIIU(CTION

This bibliography lists all AFCRL in-house reports, journal articles, and con-

tracto,- reports issued during the reporting period. The DD Form 1473 (Document

Control Data - R&D) for each publication is included.

In Part I, tme 1473's for in-house reports are arranged numerically by the

series in which they were issued; in Part ii, the 1473's for journal articles are

arranged alphabetically by author; in Part III, the 1473's for contractor repcrts

are arranged alphabetically by corporate author. For cross-reference purposes,

an index is included, listing the publications numerically by the AFCHL document

number.

1% of \(AII. Ileports

AFCRL technical reports include those prepared in-house and those prepared

by contractors. The in-house reports are issued in six series, and the contractor

reports are of two types. The in-house series and the ty'pes of contractor reports

are described below.

In-I ou -r I11rip rt 'ý.rit ,

AIR F'OR('E SUIRV FYS IN (GEOPIHYSICS

"This series is utilized f•o two types of environtoental research information

(a) research results that arC di(citly applicable to design, d(-vviop ict'ntal, (r



2

operational problems of the Air Force, and (b) survey or state-of-the-art papers

in a specific area of the environmental sciences.

INSTRUMENTATION PAPERS

Instrumentation Papers present information about new techniques, procedures,

instrumentation, components, or vehicles utilized in AFCRL research efforts.

PHYSICAL SCIENCE RESEARCH PAPERS

In general, these papers report results of AFCRL research in the information

and mathematical sciences, microwave physics, laser physics, solid state

sciences, and spectroscopy.

ENVIRONMEN rAL RESEARCH PAPERS

Papers reporting results of AFCRL research in the environmental sciences,

including space physics, upper atmosphere physics, optical physics, meteorology,

and the terrestrial sciences are published in this series.

SPECIAL REPORTS

l'he Spec:al Reports series provides a publication medium for (a) papers that

do not report specific research results, such as bibliographies and proceedings of

symposia, (b) papers by special employees of AFCRL, such as summer employees

or cooperative students, (c) theses written by AFCRL employees, and (d) signifi-

cant management and administrative reports. Other speci&l categories may be

accommodated in this series as the need arises.

TRANSLATION SERIES

This series, including Russian, Chinese, and Japanese works, represents a

highly selective collection of translations of scientific and technical articles per-

tinent to AFCRL interest.

ContraLtor ltiiports

SCIENTIFIC REPORTS

Scientific Reports are normally prepared when a definable phase of the re-

search has been completed, when the research effort reaches a point where it is

natural and logical 'o summarize the results, or if no other scientific report was

issued during the contract year. Scientific Reports cover all phases of work

undertaken during the period of the report, includ.ng the contents of papers

published in scientific jourrals or presented at .i.ientific meetings.

FINAL REPORTS

These reports summarize the work performed under the contract.
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How to Obtain Copies of AFCHII 1'eclinj'al HIeports

The reports listed in this bibliography can be obtained by -.gencies of the

Department of Defense, their contractors, and other government agencies from:

Defense Documentation Center

Cameron StationI Alexandria, Virginia 22314

All other persons and organizations desiring copies of AFCRL technical

reports should apply to the:

National Technical Information Sc--vi•e (NTIS)
Springfield, Virginia 22151

I
I
I'

i



I

Part I
AFCRL In-House Reports

by Series

PRECEDi•NiG p,•. BLANK

I



Air Force Surveys in Geophysics

PRECEDING PAGE BLANK



rI

AIR FORCE SURVEYS IN GEOPHYSICS
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OPTICAL OBSERVATIONS OF CHEMICAL RELEASES IN THE UPPER
ATMOSPHERE DURING 1969, WITH DESCRIPTION OF INSTRUMENT
USED FOR DAYTIME VAPOR-TRAIL TRACKING
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S. AUTHrOR(S) (First rmie. middle initial, last ntowe)

Gordon T. Best
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10. OISTRIBUTION STATEMENT

1. This document has been approved for public release and sale; its distribution
is unlimited.

11. SUPPLEMENTARY NOTES I. SPONSORING MILITARY ACTIVITY

This research was partially supported Air Force Cambridge Research
by the AFCRL Laboratory Director's Laboratories (LK)
Fund. L. G. Hanscom Field

Bedford, Masrachusetts 01730
13. ABSTRAC r

During 1969, a number of rocket payloads flown by AFCRL released clouds of

chemical vapor, which were measured by triangulation and spectroscopy. This
report discusses the results of spectroscopic measurements made on bariup.s
clouds and the spectrum of the luminous cloud produced by a release of diborane.
A tracking instrument for detecting high-altitude vapor trails during the day is
also described, together with the results of a successful field test.

The results of these studies are relevant to current Air Force needs in the
areas of electromagnetic wave propagation through a disturbed medium, accurate
prediction of satellite orbits, and prediction of motion o.' nuclear debris.

KE}YWORDS" Upper atmosphere dynamics, Chemical releases,
Optical instrumentation, Spectroscopy
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Unc lassified
S€cutlty Classification



AIR FORCE SURVEYS IN GEOPHYSICS 9

Unclassified
Security Classification

DOCUMENT CONTROL DATA - RLD
(Security classification of litl, body of abslrac• and indexing annotaton must be entered when tAe overall report is dlassifiedj

I. ORIGINATINO ACTIVITY ((pofluI aultor) 24. REPORT SECURITY 'LASSIFIVATION

Air Force Cambridge Research Laboratories (LKC) Unclassified

L.G. Hanscom Field ZGl GROUP
Redford, Massachusetts 017/30
&. REPORT TITLE
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1-This document has been approved for pul'ic release and sale; its distribution
is unlimited.
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Air Force Cambridge Research
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I). ADSTRACT

Geodesy plays an important role in determining satellite orbits and paths of
chemical releases. A simple hydrostatic model gives the correct flattening
ratio of the six oblate planets within a factor of 2. 05. A conjecture is
hazarded as to why the agreement is not even better.

KEYWORDS: Geodesy, Planets, Flattening ration, Oblateness
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Air Force Cambridge Research
Laboratories (LY)

TECH, OTHER L.G. Hanscom Field
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fl. ASTAACT A radar weather index forecast was used to provide a measure of
precipitation coverage which in turn would serve as a guide to more detailed
forecasts of ceiling, visibility, etc. The index equals the percent coverage by
radar echoes within a 50-nmi radius of the station. Hourly indices were com-
puted for Tan Son Nhut, Pleiku, Ubon, and Udorn.

From the analysis of cloudiness, winds, and pressure distributions it was
found that weather over the three southernmost stations is best related to prior
conditions to the east. Activity at the northernmost station also relates to prior
conditions to the east, but weak pressure correlations are also found over the
Tibetian Highlands and western Indochina, suggesting an influence from the north-
west and0 west.

Using a stepwise multiple regression program, equations were developed for
forecasting 1,2, and 3 days in advance the probability that the radar index in the
afternoon, 1230 to 2330 LT, would be low, average, or high. Variables of
cloudiness, sea level pressure, and pressure gradients were found most useful.
Nomograms were made to simplify calculations of the forecasts.

Independent test forecasts over the 1969 season showed no skill over recur-
rence when scored by the Heidke usethod. Forecasts for 1970 showed skills of
+0. 18 and +0. 14 for days +1 and +2, or about the same as those found with the
dependent data. Scores for the day +3 forecasts were near zero. These scores,
although low, are considered important because forecasts for these periods are
usually bas d orecurrencp oroersistence.KEYWORDS: Forecasting

~A~ii ýj3~as ~ a 5 3out lesl Mn~ on iouts
DO, .0""y 141n
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TO THE IONOSPHERE
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I-This document has been approved for public release and sale;
its distribution is unlimited.
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This research was fully supported by Air Force Cambridge Research
the AFCRL Laboratory Director's Laboratories (LII)
Fund. L.G. Hanscom Field
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13. ANSTRACT

The mapping of ionospheric parameters for the purpose of extending and
extrapolating observations is studied. It is found that a relatively simple con-
touring program can be used to specify the ionosphere in the lower regions that
are under strict solar control. Using electron density data representative of
various ionospheric stations in North America, it is seen that the shape of the
generated contours for the F region depend upon the location of the various
stations. These results seem to imply the need for more sophisticated methods
of synoptic representation of the upper level ionosphere.

KEYWORDS: Areal mapping, Ionospheric forecasting,
Specification, Electron density

FORM 47
DOV Nv Unclassified

Security ass9ificmaio.
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Air Force Cambridge Research

TECH, OTHER Laboratories (LI)
L. G. Hanscom Field

13. AMT ACTBedford, Massachusetts 01730
I). ARSTRAT

Amplitude fluctuations produced by small irregularities in electron density
in the F-layer of the ionosphere (at 300 to 400 km height) can be a problem to
communication and navigation systems in the VHF-UHF range. Recent measure-
ments, primarily by AFCRL, are shown with emphasis on results at high and
equatorial latitudes. At high latitudes an irregularity region exists whose lower
boundary reaches 570 invariant latitude near midnight. During magnetic storms
the boundary descends to lower latitudes and the fading becomes deeper. Over
the polar cap scintillations are somewhat diminished. When observing synchro-
nous satellites through the irregularity region, deep and fast fading is frequently
seen. with fade rates to one per second.

Irregularities produce deep scintillations in the VHF range ±150 from the
geomagnetic equator. In equatorial regions maximum occurrence of high level
scintillations takes place between 2 100 and 2400 local time during the equinoxes;
a minimum occurrence is observed during the solstices. When the sunspot numbe
decreases, the equatorial irregularity region spreads and becomes larger. The
data for various latitudes has been placed in statistical form, that is, distribution
of amplitudes for 15-min samples as well as for periods of 1 yr and longer. To
minimize the effect of this ionospheric phenomenon on satellite transmissions,
the system designer can utilize amplitude distributions, fading rates, depths,
and other aspects of scintillation observations in designing his modulation.

KEYWORDS: Global morphology, Ionospheric scintillations,
Satellite communications. Navigation systemig
DO, IDOR. 1473
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__Unclassified
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FORWARD AND BACK SCATTER CHARACTERISTICS OF SPHERICALLY
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Air Force Cambridge Research
TECH. OTHER Laboratories (LKC)

L.G. Hanscom Field
Bedford, Massachusetts 01730

A3. ANSTRACT Knowledge and understanding of the propagation of electromagnetic
waves through the ionosphere, ionospheric irregularities, and artificial electron
clouds, provide the information and criteria needed to solve Air Force problems
of discrimination, detection, and communication. Because the electron density
distribution changes during expansion of a cloud, it is desirable to know how the
change affects the scattering characteristics of the cloud.

A determination, in geometric optics approximation, of the forward and bact
scatter characteristics of spherical overdernse clouds having: (1) a gaussian de-
crease with distance from the center, (2) a sech 2 , or exponential, decay, and
(3) an inverse-square decrease, showed that the back scatter cross section for
the inverse square distribution is always larger than for the other two distribu-
tions. As the center point density increases. the back scatter cross section ob-
tained with the gaussian sphere most rapidly takes on the characteristics of a
conducting sphere, that of the sech 2 distribution lags slightly behind, but that of
the inverse-square sphere never gets close to the result for a conducting
sphere. In forward scatter, the inverse-square distribution shows the largest
cross section and a fairly rapid increase with center point density, the sech2

distribution has an essentially constant cross section, and the gaussian, which
has the lowest forward scatter cross section, shows a slight decrease with
center point density.

KEYWORDS: Scattering, Geometric optics, Radio frequency,
Overdense plasma, Spherically symmetric distribution
Do, Fo 1473
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Air Force Cambridge Research
This research was partially supported Laboratories (LKC)
by the AFCRL Laboratory Director's L.G. Hanscom kýield
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13. AISTRACT

Photography of barium releases was performed by AFCRL from two sites,
the primary purposes being to obtain quantitati,.? data on peak and integrated
intensities and to study the spatial structure rnd dynamics of the releases by
means of stereo techniques. High-speed photography of the release phase was
also performed, and a preliminary analysis of the initial expansion mechanism
is given. Sample photographs of the releases showing several features of
interest are presented.

EYWORDS: Barium, Chemical release, Plasma, Ion clouds,
adial ..xpansion
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Air Force Cambridge Research
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13. ASITRI.CT

Acoustic-gravity waves in the ionosphere create moving, undulating.
reflecting sur-faces. Overhead passage of such surfaces causes variations of
amplitude, plase, and frequency of reflected radio waves. The patterns of
these variations change with the characteristics of the reflecting surface. For
the study and prediction of these patterns, computer experiments were carried
out ot simulate the effects of sinusoidal reflecting surfaces on propagating
radio waves. The simulated parameters included field strength and path length
and its derivative. The results are compared with high-frequency measure-
ments made over an oblique, ionospheric transmission between Ottawa, Canada,
and Bedford, Mass.

Phase height, Group height,
KEYWORDS: Ionosphere, Acoustic -gravity waves, Radio

propagation, Doppler effect, Focusing, Simulation
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13. ABSTRACT

This paper deals with the use of riometers as an aid in ionospheric fore-
casting during both disturbed and undistrubed conditions at various geographical
regions of the earth. Both the physical and technical aspects of riometry are
discussed. Riometer observations during special solar geophysical events
such as polar cap absorptions, auroral absorptions, and solar flare effects
are presented and discussed. Suggestions for the improvement of riometer
out'tut and a description of experiments to be performed using riometers as
as integral part of forecasting systems are presented.
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II. AMSTRACT

Qualitative descriptions of the morphology of PCA events are given.
using data from the followiaig riometer stations: Thule and Godhavn,
Greenland; Churchill Range, Manitoba, Canada; and Reykjavik (Leirvogur),
Iceland. The dependence of commencement time on solar zenith angle and
subsequent daily variations in absorption following the initial day are
described. The morphology of PCA events is very important for forecasting
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season and time of day must also be considered for forecasting th( expected
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tt. ,

Optical observations following the release of barium vapor at high altitudescan be described in terms of three phases. The first, lasting of the order of asecond, is the initial release and expansion of a neutral barium cloud. Thesecond is the ionization phase that can iake from 3 to 100 sec, depending onrelease altitude and size. The remaining history is characterized by thedevelopment of striations in the ion cloud and of a tail joining the ion and neutral
clouds.

Observations of each of the above phases with various optical instrumentsshowed the ionization mechanism to be via metastable levels, and experimentswere conducted which led to a more detailed description of the processes in-
volved.
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" 13. AISTRACT

The coupled equations representing the horizontal neutral air winds

arising from the diurnal variation of atmospheric pressure, are solved
numerically. Taking full account of the diurnal and seasonal variation of
electron density, meridional and zonal winds have been computed at
mid-latitudes for both solar maximum and solar minimum conditions. The
daily variation of both the meridional and zonal wind can be well represented
by a daily mean plus a 24- and 12-hour oscillation and tabular values of the
winds for each season are given for the height of the F2 maximum and for
every 100 km interval from 200 to 500 km. These values can be used to
readily compute the associated vertical drift velocity at any middle latitude
location when account is taken of the local geomagnetic field.
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I). ABSTRACT

T he impedance and radiltion properties of a ground-wire antenna are ana-
lyzed using transmission line theory. For the purpose of computing these prop
erties, considering the large number of parameters necessary to describe the
antenna, a computer program was developed. Several sample calculations are
described, directed towards the design of an antenna for use with a low fre-
quency stepped ionosonde.
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13. AUSTtACT

The purpose of this report is to provide a new clarity of insight into concepts that
are involved in the design and understanding of devices which have importance in
a wide variety of Air Force applications. The formulas derived herein provide
new tools for clarifying the mode operation and optimizing the performance of
devices that involve dielectric components. The standard theory of dielectrics
that involves the vector D is clarified by expressing its basic but implicity assump-
tion as an explicit postulate. For a dielectric sample with polarization density
P(r), a discussion is presented concerning the approximation involved in calcu-
lating the external field of the sample from the surface and volume polarization
charge densities ap * P - n and pp - -V P. If El is the field generated by the
surface density op, it is shown that the usual theory of dielectrics is equivalent to
the pct4ulate that for a homogeneous dielectric in an applied field Ea, the polari-
zatiorn -s related to the field by P a XeE, where the mean field E is the sum of
Ea and Es, and Xe is the electric susceptibility. The vector D is defined by
0 a 't + 47rP, and this definition is shown to be the one implicit in the conventional
but sometimes ambiguous treatment. The field of conductors embedded in dielec-
tric matter is discussed in terms of the present formalism, as is the force on,
and energy density of, a dielectric body in an applied field. The standard expres-
sion .- P • E a for the energy density w of polarized matter is derived from a
micro9copfc viewpoint, without invoking the vector D.
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13. ABSTRACT

Crystals of high chemical and mechanical perfection are required for research
in electronic devices. The purpose of the research reported here was to produce
diamonds for use in the fabrication of semiconducting devices. This was one portion
of a laboratory-wide program investigating the utilization of diamond as a high
temperature semiconductor.

Diamond synthesis is explained in terms of crystallization from a super-
saturated liquid. The major driving force is thermodynamic. The primary condition
for synthesis is a stable diamond-liquid equilibrium in which the liquid is composed
of carbon and certain metal solvents.

Thermodynamic expressions are developed for describing the pertinent portions
of the nickel-, cobalt-, manganese-, and iron-carbon binary systems. Temperature-
composition diagrams at high pressures are drawn to show stability relationships
and the allowed limits for synthesis. The theoretical model is verified by an exten-
sive ultra-high pressure-temperature experimental investigation. Theoretical and
empirical results are employed in predicting conditions for producing high quality
single crystals.
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13. ABSTRACT

A mathematical filter for eliminating persistence in meteorological data
is proposed and discussed. This filter takes the form

zt = Xt - PlXtl •

Relationships between statistical parameters of the filtered and the original
data are derived and found to depend only on the value of Pl.
Examples of the effect of the filter on the power spectrum of various
types of input data are also given.
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It. ANSTRACT

A technique that utilizes a reference signal of varying phase for measuring
the phase of millimeter signals in free space is described. The phase of the
reference signal is measured independently and subtracted from the total phase
measured to determine the desired phase. The use of ý varying reference phase
is necessary because flexible or movable waveguides whose phase characteristics
can readily be measured are not available at millimeter wavelengths. The theory
of the technique described is based upon the interference pattern of slowly vary-
ing electric fields.
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I. AESTRACT

The need for high-dielectric constant, low-loss, temperature-stable
ceramic materials for microwave-device application has given impetus to the
study of various titanate and oxide mixtures. In the course of this research
we have developed a material which has a temperature frequency coefficient
of 530 ppm/°C and a dielectric constant of 106, comparable to the American
Lava T-96 Ceramic, but has a higher dielectric constant. Methods for mixing,
firing, and aging of ceramic materials, as well as microwave measurement
techniques, are presented and results are given in graphic form and tables.
These results may be valuable to workers wishing to pursue the development
of zero temperature coefficient materials further.
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IS. ABSTRACT

Self-orthogonal codes have been used on many occasions due to their added
ease of decoding. In particular, moderate length self-orthogonal codes are often
needed. This paper gives a complete listing of all self-orthogonal codes of rate
one-half whose length is between 2 and 18, and also lists all their properties.
Someone who wants to use such a code can see what is available from the list and
then select one based on the characteristics listed.
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To improve "he reliability of digital communications systems, an encoder/
decoder was designed, constructed, and evaluated for failsafe and error
correction capabilities under stationary gaussian noise conditions. It employs
a random error -correcting (73,45) cyclic code in a binary erasure channel.
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Force Cambridg1 o Research Laboratory Sumnmary Report.
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A new method for counteracting the damping effects of interpolation makes
use of simple symmetric linear filters. Specifically for use in numerical
integrations involving multiple mappings of a grid network on a sphere, it has
been designed to take advantage of the relative simplcity of map representations
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porating nonsynoptic data into an objective analysis procedure or in limited-
area nesting problems.
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13. ABSTRACT

There are many potential applications of computers in which it would be desirable
for the user to be able to communicate with the machine in English. A number of ex -
perimental computer programs have been written which were intended to have the
capability of accepting input in at least a restricted subset of English. Some of these
programs have been fairly successful at understanding and answering simply phrased
questions on some specific topic. None, however, can deal with more than one type of
data base, and none can deal with sentences of very great syntactic complexity.

The theory of transformational grammars represents the linguists' most elabo-
rate attempt to date to formalize the syntactic structure of English. The result of
analyzing a sentence according to a transformational grammer is a so-called "deep
structure," which expresses various information about the constituent portions of the
sentence in a treelike form. In view of the relatively high state of development of the
transformational theory, it is natural to use it as the basis for the "front end" of an
English-understanding program.

The system discussed in this report provides a general method of interpretation
of transformationally parsed sentences for use in question-answering. It is based on
a general scheme for using the information contained in the deep structures to interro-
gate a data base. The primary effort is aimed at handling a wide variety of complex
syntactic structures, with particular concern for the problem of embedded structures.

The system provides a general facility for handling syntactic structures, to which
a user can add routines corresponding to the specific nouns, verbs, and adjectives he
wants to use. The present implementation includes a vocabulary suitable for dealing
with sets; the noun, verb, and adjective roulines for this area of discourse constitute
about 10% of the entire program. KEYWORDS: Transformational grammar,

Computers, Man-machine interaction. Semantics, Natural language
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13. ABSTRACT

This Bulletin is a quarterly publicatio, .,t contains AFCRL contract and
inhouse data reported from sites throughout the world. The first four issues,
which encompassed 1964 data, constitute Volume I. Volume II (numbers 1-4)
contains quarterly data for 1965 with Volume Il1 (1966). Volume IV (1967),
Volume V (1968), Volume VI (1969), and Volume VII (1970).

Program descriptions for all data sections are updated annually or as required,
and are presented in Number 1 of each volume.

The following types of data are contained within each issue: magnetometer,
cosmic ray, ELF noise, riometer, solar optical and radio emission, and ionosonde.
This issue covers such data for July, August, and September 1970.
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13. ABSTRACT

The L.G. Hanscom Field S&E Awards Meeting, held in the Base Theatre on
3 November 1970, served as the vehicle for recognizing selected outstanding
research performed by scientists of the Air Force Cambridge Research
Laboratories and those of the Electronic Systems Division. This volume is the
collection of eight AFCRL papers (three were jointly authored), and two papers
prepared by researchers of the ESD, given at this Meeting. The S&E Awards
Meeting was also the forum for informing the RDT&E communities at
L. G. Hlanscom Field of the significant research completed or continuing in a
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13. ABSTRACT

This is the fifth in a series of reports on research at the Air Force
Cambridge Research Laboratories. The report covers a three-year interval.
This report was written primarily for Air Force and DOD managers of
research development-and more specifically, for the managers in our
Headquarters office, the Air Force Systems Command. But it is hoped that
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discussed separately in chapters with an overall introductory chapter on AFCRL
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13. ABSTRACT

This two part paper investigates the propagation of light in the visible region through a crystalline medium.

In Part I, which is a slightly shortened version of the author's doctoral thesis of 1912, the objective is to determine if the
anisotropic arrangement of ordinary (isotropic) dipoles at the nodal points of an orthorhombic lattice would account for the
existence of double refraction. The value of the computed birefringence is found to be comparable to the observed value.
Additionally some features of the traditional "theory of dispersion" are disclosed and clarified. In the older theories the
"incident optical wave" plays a role but it is shown that in a medium which extends to infinity in all directions no such wave
should be assumed: The refractivity is shown to arise as an internal property of the medium.

In Part I1, a crystaline medium is considered as rfiing a half.uipace and having a plane boundary at z = 0. A plane optical wave is
incident on this medium. Because of the linearity of the equations it has to be superimposed on the field originating in the
crystal. It is shown that this incident optical wave is actually prevented from entering the crystal because of the modification
produced in the field of the crystal by the introduction of a boundary. Boundary waves are found to exist on both sides of the
boundary. The higher their order, the more rapidly they attenuate as a function of distance away from the boundary but the
zero order waves are ordinary undampted plane waves of vacuum velocity c. The fields outside and inside the medium are
connected by the Frennel formulae: These follow from the condition that the optical field inside the medium and the
oscillations generated there form a self-consitent system.

Material Added 1970. The conclusion that the incident optical field cannot penetrate the crystal boundary, together with a
similar conclusion in a paper by Oseen. is the basis of the Ewald.Oween Extinction Theorem.
The same methods and field transformations developeJ in this two part paper were applied in two later papers which were
published as Parts Ill and IV. These extend the treatment to the passage of X-rays through crystals. "Postscripi 1970" published
here indicates the relation.ship of these four parts asid further developments of the subject as well as referencing the papers noted
above.
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13. ABSTRACT

Cross sections for the dissociative charge transfer reactions He+ + N 2 , 02

and Ne+ + N 2 , 02° CO 2 have been measured over an energy range from 3 to 200 -V

and are compared with values given by other authors. The values were determined

from m-asurements of the current of the slow charge exchange ions formed with a

collision chamber.
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Single-crystal materials currently in the use in various fields of opto-
electronics are reviewed from the viewpoint of materials science. The
characteristics of crystal-line laser hosts, nonlinear optic crystals, electro-
optic crystals, and ultrasonic light diffraction solid media are described. The
present status of crystal growth by the pulling method is discussed, and rela-
tions between the growth conditions and defects in the obtained crystals are
stressed. The necessary steps in the process of device fabrication are
analyzed, and some important factors such as phase diagram information,
domain structure in oxide ferro-electrics, and laser damage susceptibility are
pointed out. Some theoretical treatments of oxide ferroelectric crystals useful
for materials scientists are reviewed.
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T"his report describes the theory, details and performance of the laboratory
prototype of a small-scale Fourier spe~ctrometer to measure the absolute
spectral intensity of the radiation from the Earth or other planets in the
10 to 40 ;~A range from aircraft, balloons, rockets or satellites.
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11. ABSTRACT Earlier studies of ionospheric scintillations outlined the lower
boundary of the high-latitude region where intense scintillations at 40 MHz were
observed. The quiet-day scintillation boundary reached a lower position of 570
invariant latitude at 2200 LT. Dyson's (1969) recent observations with a
Langmuir probe have verified the existence of a lower latitude boundary of small-
scale irregularities. The boundary concept has been extended to include the effect
of magnetic storms. Observations of satellite beacon signals at 40 and 54 MHz
during 1961 to 1966 indicate that the mean change in the lower boundary latitude
of the irregularity region is a decrease of approximately 1.60 per unit change in
local K index. This is quite similar to the change of 1. 80 per unit change in Kp
noted for the trough position by Rycroft and Thomas (1970). In examining the
data available from high-inclination and synchronous satellites, it was noted that
the change in latitude with K index is a function of time. The maximum change of
latitude as a function of K index, approximately 20 to 30 per unit K, occurred
between 0300 and 0600 LT; the minimum change, about 10 per unit K, occurred
over a broad interval from 1600 to 0200 LT. If the irregularity structure is
produced by an interaction of the plasmapause with the ionosphere, the morpho-
logic behavior of this region of the magnetosphere can be studied by reviewing
the large inventory of scintillation and spread F data that has been amassed in
the course of ionospheric research.
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13. ABSTRACT

High altitude chemical vapor trails may not be photographed by day because
of the intense background light of the sky. A comparison of several possible
emission line detectors is given. An instrument incorporating an ultra-narrow
interference filter in a differential radiometer is described and the results of a
successful field test are given.
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t3. ABSTRACT

The Flying Ionospheric Laboratory, a NKC-135 jet aircraft of the Air Force
Cambridge Research Laboratories, made during the winter of 1969-1970 four
flights which examined the continuity of the auroral oval. Two passed completely

around the oval; two covered the afternoon-evening half of the oval. 'Ihe all-sky
camera photographs taken during these flights strongly suggest that the auroral
oval, defined as the band of visible auroral arcs, is under moderately disturbed
magnetic conditions (EKn>10) a continuous band around the geomagnetic pole.
Under quiet conditions (LK <10) discontinuities in the occurrence of au. ra in the
oval were observed in the tnorning, noon, and evening sector. Discontinuities in
the morning sector were of temporal nature, the discontinuities in Lhe noon and
evening sector could be tither temporal or spatial.
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-13. ABSTRACT

A study of 19-Gliz (1. 58-cm) solar radio bursts i-ecorded at the S'lough
Solar Radio Observatory from July 1967 to June 1969 suggests that they, can be
used as reliable indicators of proton events and of PCA t s provided that (a) the(
peak flux increase duringý the burst is >50% of the pre-ourst values, and (b) that
the flux enhancement is >10% for longer than 5 min. The warning period, from
the time of ,he burst to the arrival of the first detectable protons in the vicinity
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dela ,of three or more hours to the time of maximumi proton flux. Since only one'
frequer.cy is involved, a proton warning solar radiomete.r' oulti he. litted to anly
aeropiane, satellite, or spacecraft to supplement ground oh)Servations.
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13. ABSTRACT

The total energy in fixed-frequency solar microwave bursts that exceed
certain threshold values, when normalized in terms of the peak intensity of the
burst, is a much better guide to the intensity of a'ssociated solar proton fluxes
than either the peak burst intensity itself or the total, un-normalized, energy
produced in the burst.
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13, ABSTRACT

The mean motion of particles in a thunderstorm anvil has been measured at
various heights and elevation angles by Doppler radar, using the velocity-
azimuth scanning mode of Lhermitte and Atlas with the harmonic analysis scheme
of Browning and Wexler. An error analysis indicated that the measurement
accuracy, even at elevation angles as high as 800, is comparable to the inherent
radar resolution of 0.90 in direction and 0. 6m sec-I in speed. The scale of
temporal and spatial variability of wind at anvy'. height was more than an order
of magnitude greater than the errors; consequently, the measurements of anvil
winds obtained by Doppler radar are considered to be significantly informative.
Estimates of divergence, on the other hand, were quite unreliable at elevation
angles >500 and not especially trustworthy at any of the smaller elevation angles.
All measurements of divergence, however, showed a trend of increase with
greater height in the anvil. Pronounced anomalies in the measured wind com-
ponents, with respect to the components required by i:,L mean anvil flow, provide
a rough map nf the intense, upper level outflow of the thunderstorn.
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13. ABSTRACT

The band strengths of the Cameron system of CO, a 3 1-_X 1 E, have been
measured. The data yield an electronic oscillator strength of 1.7X10- 4 ± 10
percent. TI he radiative lifetime depends on the rotational quantum number
and estimates are made of these from published line strength formulae.
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We simultaneously measured atmospher'ic emission and absorption under
clear sky conditions at frequencies of 15 and 35 GHz and compared the values
with those calculated from the radiative transfer eqiation. The measurements
show that atmospheric attenuation determined from emission and absorption
measurements agree within experimental error and that the calculated values
of attenuation agree with the measurements on a statistical basis when the Gross
form factor is used with the model of a plane stratified atmosphere.

KEYWORDS: Millimeter waves, Atmospheric attenuation

DO, ,'ORM 1473
NOv

Unclassified
Sccuty Classificaticn



54 JOURNAL ARTICLES

Unclassified
Security Classification

DOCLtMENT CONTROL DATA. R&D
(._Security classification of •'de, body of absiroci and indezxng annotation ,ius! be entered when the overall report is classitsed)

I. ORIGINATING ACTIVITY (Corporate oultor) 20. REPORT SECURITY CLASSIFICATION

Air Force Cambridge Research Laboratories (LQR) Unclassified
L.G. Hanscom Field 20 GROUP

Pedford, Massachusetts 01730
3 REPORT TITLE

IMPURITY EFFECTS ON ANNEALING OF RADIATION DEFECTS
IN p-TYPE SILICON

4. DESCRIPTIVE NOTEs (Type ofreport andinclssive dates)

Scientific. Interim-
S. AUIH',ORWSI (First nrime, middle initjial, last ni )

P. H. fang P.J. Drevins'.y
Tarko P. Iles

S. REPORT DATE T7. TOTAL hO. OF PAGES 17& NO. OF REFS

January 1971 2 7
60. CONTRACT OR GRANT NO. 9'S ORIGINATOR'S REPORT NUMBER(S)

AFCRL-71-0038

& PROJECT. TASK. WORK UNIT NOS. 5621 -01 -01

c. 000 ELEMENT 61102F 9b. OTHIERP.EORT N.S) (Ay o,,r ,,br. that ,y be
assiive ASS report .

d OOOSUBELEMENT 681300

IS. DISTRIBUTION STATEMENT

1-This document has been approved for public release and sale;
its distribution is unlimited.

It. SUPPLEMENTARY NOTES IL SPONSORING MILITARY ACTIVITY

Reprinted from Applied Physics Letters, Air Force Cambridge Research
Vol. 17, No. 10, pp. 426-427, Laboratories (LQR)
15 November 1970. L.G. Hanscom Field

Bedford, MassacLusetts 01730

13. ABSTRACT

A study of p-type silicon shows that (1) the annealing temperature of
electron-irradiation damage increases as the acceptor concentration incrc .es
and (2) the isochronal annealing behavior of damage in samples with gallium and
aluminum impurities is different from that in boron-containing samples, which
show a higner annealing temperature.

I

KEYWORDS: Radiation effects, p-type silicon, Annealing, isochronal

Electron irradiations

DO,. 1473

Unclassified
Securlty Classification



JOURNAL ARTICLES 55

Unclassified
Security CIassification

DOCUMENT CONTROL DATA - R&D
(Security classification of title, body of abstract and indexing annotation must be entered when the overall report is classified)

I. ORIGINATING ACTIVITY (COPpoate Mihor) a2. REPORT SECURITY CLASSIFICATION
Air Force Cambridge Research Laboratories (LWW) Unclassified
L.G. Hanscom Field 2& GROUP
Bedford, Massachusetts 01730S]1. REPORT TITLE

EFFECT OF AXIAL RATIO CHANGES ON T3E ELASTIC MODULI AND
GRUNEISEN y FOR LOWER SYMMETRY CRYSTALS

4. DESCRIPTIVE NOTES (Type of report ard inclusie dates)

Scientific. Interim.
S. AUTHOR(S) (First name, middle initial, last nan)

E. S. Fisher
M. H. Manghnani

E. REPORT DATE 70. TOTAL NO. OF PAGES . NO. OF REFS

February 1971 4 17
0a. CONTRACT OR GRANT NO. 9a. ORIGIHATOR'S REPORT NUMBEIVS)

AFCRL-71-0l02

h. PROJECT. TASK. WORK UNIT NOS. 7639-01-01

C. DODELEMENT 62101F€. DOO LEMENTSk• OTHER1Iq~L~PORT NY'S) (Any other nwnbe:rs lthatma b

d. DOO SUSELEMENT 681000

I0. DISTRIBUTION STATEMENT

1-This document has been approved for public release and sale;
its distribution is unlimited.

11. SUPPLEMENTARY NOrEs I2. SPONSORING MILITARY ACTIVITY

Reprinted from Journal of Applied Air Force Cambridge Research
Physics, Vol. 41, No. 13, pp. 5059-5062, Laboratories (LWW)
December 1970. L.G. Hanscom Field

Bedford, Massachusetts 01730

13. ABSTRACT

Gerlich has shown that Sheard's model for calculating mode y's from
hydrostatic pressure derivatives of the elastic moduli of hcp Mg and Cd yields
Gruneisen y's at both high and low temperatures that are in good agreement with
the y's derived from thermal-expansion measurements. For hcp Ti and Zr,
however, large differences arise, primarily from very small values for
dC44/dP. It is proposed that these small values are caused by the changes in
c/a ratio with hydrostatic pressure because of a large dependence of C 4 1 on the
c/a ratio. The disagreement with thermal-expansion data can be removed by
taking into account the difference in d(c/a)/dV between hydrostatic-pressure and
thermal-expansion conditions. The effect of A(c/a) is not found in tetragonal
TiO 2 , rutile, wherej7 H is in excellent azreement with the thermal expansion y0o.
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The photoactivitv of active bacteriochlorophyll and the absorption spectrum
of bacteriochlorophyll absorbing at 800 nm are temporarily lost at low pH but
partially regenerated by incr easing the pH within a certain time limit. This
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Nitric oxide has ben expanded from a high-pressure reservoir against a
supersonic stream of hydrogen atoms in an inert carrier. A chemiluminous
headglow was observed in which the emission intensity exceeded by three orders
of magnitude the intenfity of the afterglow. The spectrum consists of the
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Measurements of solar extreme ultraviolet radiation in the wavelength
range 1310-270 A have been made from the satellite Oso 3. The flux variation
over a solar rotation period was Dbtained for emission lines representing
elements in various stages of ionization. Since no correction need be made for
atmospheric absorption, the accuracy of these results is superior to the accuracy
of the results we previously obtained with similar instrumentation aboard
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Reprinted from Canadian Journal of Air Force Cambridge Research
Physics, Vol.49, No. 2, pp. 218-223, Laboratories (LZP)
1971. L.G. Hanscom Field
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13. ABSTRACT

Using an independent derivation by Kohn, the full meaning of Kato's
formulas for upper and lower bounds to eigenvalues of a Hermitian operator is
shown. These bounds are the best possible when the only information available
on a particular eigenvalue problem is a suitable trial function and an estimate
of the neighboring eigenvalues to the one in question. This was a:serted by Kato
but not proved. A comparison is made of Kato's bounds with those derived in
papers by Stevenson and Crawford and by Cohen and Feldmann. Under the con-
ditions which result in Kato's bounds it is shown that the Stevenson-Crawford
and Cohen-Feldmann bounds reduce to those of Kato. When more information is
available these bounds are an improvement upon Kato's. This makes more Di e-
cise the recent work of Walmsley and Cohen-Feldmann, whose results appear to
prove in general the greater accuracy of the Stevenson-Crawford and Cohen-
Feldmann bounds over those of Kato. A general discussion of all three sets of
bounds is given in terms of the parameter X appearing in the Stevenson-Crawford
formulation.
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13. ABSTRACT

The vaporization of Na 2O(c) has been studied mass spectrometrically. It

was found that the vaporization yields primarily Na(g) and 0 2 (g), with NaO(g)

and Na 2 O(g) being minor vapor constituents. Fro~m equilibria involving

Na 2 0(c), Na 2 0(g), Na(g), NaO(g), and 0 2 (g), it was possible to measure

AHf., 9 8 O[NaO(g)] = 24.3±4 kcal/mol and ýHf2 9 8 °[Na20(g)] = -9.9±3 kcal/mol.

These values yield D0 °(NaO) = 60.3±4 kcal/mol (2.61±0.20 eV) and Do°(NaO)

119, 8±3 kcal/mol (5.20±0.15 eV). The appearance potentials of NaO and

Na 2O+ were measured and found to be 6.5±0.7 and 5.5±0.5 eV, respectively.

These appearance potentials are suggested to be close to the true ionization

potentials of the molecules. Jmplications of these results regarding some

recent beam experiments are briefly discussed.
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IS. ABSTRACT

A Two-step ionization and excitation model is proposed as an alternative
mechanism to the commonly accepted direct-excitation one for the genr:ation of
ionic meteor spectra. A near-'resonance criterion is invoked to indicate when
this mechanism is expected to predominate. The implications of the model are
calculated in a slip-flow "threshold" approximation. That is, first and second
collisions of atmospheric molecules as well as first collisions of vapor atoms
are taken into account. Qualitative agreement with observations is obtained. The
model ii: then applied specifically to the example of the bright Ca fl spectra,
which are enhanced by this mechanism over the direct-excitation mode.
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.ABSTRACT 
Bedford, Massachusetts 01730

The spectral dependency and polarization were measured for visible light
scattered from polydisperse distributions of ice crystals grown in a laboratory
cold chamber.

Within the limits of experiment accuracy, there was no discernable
spectral variation in the shape of the scattering diagram. The polarization was
small but discernable, having a negative value in the region of the 220 halo and a
broad positive peak near 1150.
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I1. ABSTRACT

A mechanism is proposed for the formation of ice fog particles in the city
and environs of Fairbanks, Alaska. Equations are developed for calculating the
size distribution resulting from growth by deposition of water vapor. The equa-
tions are numerically solved with a computer for three major types of ice fog
sources: (1) automobile exhaust, (2) exhaust from heating plants, and (3) open
water. The size distributios, produced by an individual source is determined by
the cooling rate of water vapor injected into the environment. The cooling rate is
a function of the source characteristic- and the ambient temperature. The pro-
posed mechanism adequately represents the observed size distribution if the
cooling rate cf the water vapor injected into the environment is not too large
(source types 2 and 3). Because of the large cooling rate of the water vapor
injected into the atmosphere by source type 1, the size distribution from this
sourcf is not adequately rep,-!sented by the model. In agreement with observa-
tions, the computational results predict a decrease in the size of ice fog
particles with decreasing ambient temperature for source types 2 and 3.
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13. ABSTRACT

Photojonization of the metastable 02,(li~g) molecul e has been proposed as an
important source of ioniiation in the D region. The wavelength region of interest
is from 1027 to 1118 A, where ground state 02 is the primary absorber of the
incident solar flux but is not ionizedt itself. This ppaper presents improved ion
production rates basad on new laboratory data, including new 02 (1'Ag) photoioniza
tion cross sections and more detailed curves in several ground state 02 windows.
Recent solar flux measuremer.ts reduce the continumn intensity by about a factor
of 5. This reduction is partly compensated by including in the calculations the
Si fiT multiplet, which is at the deepest r02 window (1108.2 A, minimjum cross
section = 4.4 X10 2 1 cm 2 ) a,,d by the newv ionization cross sections, which are
generally larger than the previously assu'ned values. An important factor not
previously considered is absorption by carbon dioxide, which has a much larger
absorption cross section than ground state 02 throughout this region. The ground
level mixing raaio has been assumed. The ion production rates are somewhat less
than Ilunten and McElroy's [19681 curves if CO2 is not included. With C0 2 , a
production rate of 1 ion cm-3 sec-1 is reached at approximately 80,. 34, and 86kmn
for zenith angles of 00, 450, and 600, respectively ' Tunten and McElroy find this
rate to be 1.0 to 15 km lower. Concentrations of Of' are calculated for a zeni-h
angle of 450 for a variety of conditions, including a dry atmosphere and an
atmosphere with 5 ppm 1120.
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13. ABSTRACT

A device for selecting any two small areas in a telescope image plane,
and alternately focussing them on the same detector element by means of an
optical mechanical chopper is described.
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13. ABSTRACT

I find that a one-dimensional strong coronal shock (Ms> 3, will grow outward
until the Mach number (Ms) ceases to increase with height TdMs/dh=o). The shock
is driven by the pressure gradient and it is damped by gravity and by energy
losses (radiative and conductive). The driving and damping terms reach
equilibrium for Ms - 4.

Standard shock jump conditions for Ws ~ 4 lead to post-shock temperatures
in the corona in the r. nge 107 to 1. ax10'K and emission measures from
3.8 x 1047 to 3.8 X 10, 8 cm- 3. For isolated simple events, I predict an exponen-
tial decay of the emission measure with decay times in the range 1<r < 6.5 min.

:n a detailed study of over 4000 X-ray bursts, Drake (1970) compares
1 to 6 keV X-ray data with 7.7 to 12.5 keV X-ray data (the 'thermal' component)
and finds ranges for the temperatures of 1.2 X 107 to 1.8 X 10 7K, for the
emission measures of 5.1 X 1047 to 3.8X 1048 cm- 3 and for the decay times
0.5 < 7 < 20 min. He also finds that the emission measure varies "..both from
event to event and within the event, by more than a factor of two".

The agreement between the predictions and the observations makes it appear
that a strong shock in the corona will produce a post-shock state that yields the
observed characteristics of the soft component of X-ray bursts (the 'thermal'
X-rays).

I give several examples where sprays and fast eruptive prominences(M.- 1),
that are not associated with solar flares, are associated with 'thermal' X-ray
bursts. There were two slow eruptive Drominences (M << 1) in the sample, and
neither of them yielded a detectable X-ray burst.
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Reprinted from Solar Physics, Vol. 14, Air Force Cambridge Research
pp. 147-156, 1970. Laboratories (LM)
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Ii. ASSIR ACT

We co:'tsider the effect that coherent motion has on the observed brightness
of moving clouds above the photosphere. We find that steady state clouds (constant
Ne and Te) that are moving perpendicular to the line of sight will appear brighter
in Hx for speeds between 8 and 100 km/sec and dimmer for speeds greater than
135 min sec. The brightening and dimming are due to apparent Doppler shifts of
the respective Ha absorption and the Lyman-a emission profiles 'seen, by the
absorption profile of the moving cloud.

We apply this analysis, along with optical depth and geometrical considera-
tions, to the observed brightness variations of the 1 March 1969 limb eruptive
promii•ence. We find that all of the observed brightening and dimming can be
explained by the motions, and that no significant change in the prominence Ne or
Te was necessary during the observed Ha event. This conclusion is significant in
interpreting and X-ray burst that began as the prominence velocity increased
abruptly at the time of maximum Ha intensity. The 'thermal X-ray' peak

associated flare that was visible in Ha. We discuss the relative brightness of Haand D3 in a specific moving prominence knot.
We note that the observed range of limb speeds (30-150 km/sec) may be dup

to the combined Ha Doppler brightening and Lyman-a dimming effects. We also
discuss generally the Ha brightness of disk surges (bright and dark) and flares,
and sprays and puffs that occur at or near the limb.
KEYWORDS: Solar spectroscopy, Solar physics, Solar chromosphere
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IS. ABSTRACT

The output of a ruby la-;ei opera-ed near threhold at liquid-nitrogen
temperature normally consists of one or more loi~gitudina2 zavity modes
near the center of each member of the RI doublet. The nominal doublet
spacing i s 0. 38 cm - , but by mna,-kig a portion or the ruby rod from the
pump radiation the separation of the laser components can be reduced
significantly 1:'elovk that 4ralae. For example, masking 1/4 of the length
of a 5. 08X0. 64-cm ruby rod has been observod to result in a laser com-
ponent separation of cnly C. 20 cm 'I This paper presents typical laser
spectra for masked rubies and also Dresesits ana discusses time-resolved
laser spectra aisd fluorescence spectra observed under the same masking
conditions. The latter provide insight in'o the mechanisms responsible
for the observted obnoinadies, and a theoretical model is developed to explain
the principal features of the obser-'atiorns.
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13. &GSTRACT

Wind tunnel and field experiments have shown that the fast-response three-
component sonic anemometer is a highly accurate wind speed senmor. When
sonic anemometers were used as reference sensors for wind speed, slower
response cup anemometers were found to consistently overestimate the wind
speed. Despite measures taken during a field program in Kansas to minimize
tower influence on wind measurements, the errors due to the tower effect on
the windward side are inferred to be about ±5%oof the observed wind speed ratios
of cup to sonic anemometers. When the observed speed ratios are compared with
the errors due to tower influence, the overspeeding of the cup an'-mometer is
estimated to be about 10loof the reference wind speed.
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13. AB3STRACT

Needle-shaped single crystals of 2H (wurtzite type) SiC, grown by a vapour-
liquid-solid mechanism, are transformed to the 3C (sphalerite type) structure
on annealing in argon at temperatures above 14000 C. The temperature at which
the structural transformation is induced varies from one crystal to another
ranging from 1400 0 C to 1800 0 C. The structure of the crystals before and after
the heat-treatment was identified by X-ray diffraction photographs. The dis-
covery of this transformation explains the absence of the ABAB. . . packing in the
structure of SiC polytypes formed at high temperatures above 2000 0C and suggests
that cubic SiC is the stable modification, at least over a temperature -range from
14001C to about 18000 C.
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13. APST ROACT

Infrared spectra have been acquired under simulated lunar conditions that
demonstrate that, contrary to popular belief, features of high spectral contrast
are available for small-particle-size samples. The spectral information occurs
in the form of emission maxima that are associated with the principal Christianser
frequencies, and these maxima are diagnostic of gross composition. The features
represent a 5 to 30% effect, depending on particle size and composition. The
effect is explained in terms of the sharp thermal gradients produced close to the
surface under lunar conditions.
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13, ABSTRACT

These recollections were written at the request of the Project on the
History of Recent Physics of the American Institute of Physics. The author
was "head assistant" to James Franck from 1922 to 1930. Discussion of
Franck's meihods of thought centers around Klein-Rosseland processes
(impacts of the second kind) and the Franck-Condon principle.
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13. ABSTRACT

The times-of-flight of reactant and product ions from some low energy ion-
neutral reactions are measured using a longitudinal double mass spectrometer
system. This system consists of a 2. 54 cm 90 degree magnetic sector ion beam
selector, a collision chamber and grid system, and a 46 cm quadrupole mass
filter, together with a multichannel scaler, operated at dwell times of 50 nanosec
per channel, that serves as a flight-time recorder. Reactant ions are produced as
a pulsed beam by applying 0.1 to 1.0 microsec pulses to an electron control grid.
The time-of-flight of these ions to the collision chamber is obtained by measuring
the delay between the pulse on the electron control grid and pulse applied to a grid
close to the collision chamber used to stop th, reactant ion beam. Times-of-flight
of the reactant and product ions through the collision chamber, grid system, and
mass filter are then obtained by difference. The apparatus has been used to study
ion-neutral reactions in the range of reactant ion energies from 0.3 to 250 eV and
of product ion energies from thermal to about 150 eV. Consideration of the source
of error indicates that the system is most useful for the range of ion energies
from thermal to a few tens of eV. Results obtained in the study of three ion-
neutral reactions are presented. These are Ar 4 + Ar-eAr+Art, COI+ C0 2 -.CO2
+CO , and CO+ + CO 2 -CO+CO.
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IS. ABSTRACT

A method has been developed of deriving the fundamental absorption spectra
of solids directly from experimental infrared data without having to resort to
computational evaluation. These characteristic lattice absorption spectra
represent the true energy absorption spectra of solids. As opposed to the tra-
ditional absorption coefficient (k) vs frequency curve, which is regarded as the
absorption spectrum for soiids in the region of anomalous dispersion, the spectra,
as derived by the proposed method, clearly resolve the transverse and longitudinal
modes of vibration. They also exhibit the characteristics of anharmonicity and
damping. The method uses the combined reflection and transmission data on
single-crystal and thin-film specimens. Its validity has been verified on a wide
variety of solids. The most recent data obtained from emission, laser-Raman,
or cold neutron scattering techniques, is in complete agreement with the derived
values. A method of calculating the various modes of vibration of solids,
directly from elastic constants, is also advanced. It is simultaneously used to
render further support for the developed characteristic energy absorption spectra.
The importance of these spectra is discussed with regard to some problems in
solid state physics.
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I1. ABSTRACT

The damping of lattice vibrations in solid compounds is treated using kinetic
theory analogous to damping in gases. It is based on the collision frequency of
atoms, taking into consideration the atomic coordination due to the crystalline
structure, the cross section of collision, the radius ratio of the component atoms
(atomic size factor), as well as an anharmonic factor which is an expression for
the anharmonicity of lattice vibrations. A semiempirical formulation is derived
without need for constants fitted to experimental data. This formulation of damp-
ing is shown valid for more than eighty solids, mostly binary compounds, also
some ternary compounds and elements. They may have either ionic or covalent
or metallic binding. They cover ten different structures and valencies from one
through four. In addition, a close relationship is shown between damping and
thermal expansion as a function of temperatures. Based on this relationship, the
temperature dependence is empirically expressed by an exponential function of
the coefficient of therrxcq1 expansion. This function agrees with the variation of irenergy absorption vs tenmneratures. The complete dampirg formulation is shown

valid for the entire temperature range of solids, from absolute zero to the melt-
ing point, for a variety of solids for which all pertinent data were on hand.
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13. ABSTRACT

An exacL longitudinal wave solution of nonlinear equations for a cold and
collisionless one-fluid magneto plasma has been obtained. The wave is found to
be anharmonic (non-sinusoidal) in form and its amplitude involves an arbitrary
parameter. By means of a pseudopotential well, the domain of nonlinear
oscillations is defined and the maximum amplitude up to which a nonlinear wave
can grow is determined. Intensity of th" equatorial sporadic-E irregularities is

yom~uted and the coherent energy density Is found to be of the order of
10 -•rg/cm3.
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I1. AESTRACT

A theory of hydromagnetic propagation is developed for the case in which the
isotropic and guided modes are coupled. The hydromagnetic wave equation, in-
cluding ioncyclotron terms, is derived and is applied to the cylindrical geometry
of the MHD wedge. The low frequency, axisymme.tric case, which corresponds
to weak coupling is considered in detail. A steady state solution is obtained which
involves the formation of a period-dependent, reflecting barrier. This barrier,
a direct result of the toroidal resonance, confines the wave energy to definite
regions within the magnetized plasma. The numerical results obtained for this
particularly tractable model are applied by analogy to the plasmasphere. The
anticipated spectra and the associated latitude effects are 'isplayed for both
bounded and open systems.
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13. ABSTRACT

The ionospheric spectrum of the critical frequency of the F2 region, f0 F 2 ,
is studied in detail at 35 locations during solar maximum and at-21 stations
durirg solar minimum. The spectra contain prominent lines superposed on
background continua. The most prominent lines correspond to solar periods of
24, 12, and 8 hours. Lines at half a lunar day (period of 12.48 solar hours) and
at two lunisolar periods have also been detected in all the spectra investigated.
The lunisolar lines have statistically significant amplitudes oniy at the low-
latitude stations. Our analysis indicates the influence in the F region of pli.sma
transport processes such as EXB drift, ambipolar diffusion, and iondrag effects
of the neutral air wind generated by the thermospheric diurnal density variations.
An assessment of the roles of some of these processes is attempted in terms of
the results obtained from our analysis.
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13. ABSTRACT

Their findings are discussed in this note and average dew point
corrections are suggested for selected constant pressure levels.
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13. ABSTRACT

The temperature and frequency dependence of the attenuation of 0. 5-5-GHz
acoustic surface waves on LiNbO 3 has been measured. For propagation in
vacuum a frequency-squared dependence of the total attenuation is obtained with
"a value at 1 GHz of 0.9 dB/p sec. Temperature-dependence measurements using
"a novel three-transducer technique show the dominant loss (0.7 dB/Isec at
1 GHz) mechanism to be the interaction with thermally excited elastic waves.
Propagation in air results in an additional loss linearly proportional to frequency
with a value of 0.2 dB/M sec at 1 GHz. The effects of beam steering and diffrac-
tion losses are also investigated both theoretically end experimentally. Both
misalignment of transducers with respect to pure mode propagation axes and
misalignment of the propagation-plane perpendicular can add significantly to
delay line insertion loss. This beam steering loss on Y-cut Z-propagating
LiNbO 3 is considerably higher than on the 41.50 rotated-cut X-propagating
orientation. The loss mechanisms measured in this paper are sufficient to com-
pletely account for the insertion loss of surface-wave delay lines.
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13. ABSTRACT

Measurements of the 7 March 1970 solar eclipse were made by AFCRL at
the Sagamore Hill radio observatory on the frequencies of 35 GHz, 15 GHz,
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13. ABSTRACT A

Difficulties concerning the creation of H3 0+ - (H2 O)n ions in the D-region
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A significant gain in signal-to-noise ratio for photodiodes and avalanche
photodiodes is realized by bootstrapping the duevice capacitance. A specific
example is detailed for the detection of 6328 A light modulated at 30 MHertz.
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IS. ABSTRACT

Absolute gf-values for 118 Fe I liaes in the visible region of the spectrum
have been measured by shock-tube emission spectroscopy. Special atterntion was
given to choosing relatively faint l'nes in a region of reasonably well-defined solar
photospheric continuum and to eliminating systematic errors. For the latter
purpose, the gas kinetic temperature was measured accurately by an ultrasonic
technique for every shock, and a special study was made in which the various
experimental parameters were varied over extreme ranges and in which the
validity of the assumptions of local thermodynamic equilibrium (LTE) and of
optical thinness were verified. Our results are in fairly good agreement with
Corliss and Tech's free-burning-arc measurements for low-excitation lines but
show large disagreements for lines having high-excitation potentials. The mag-
nitude of the discrepancies is largely dependent upon upper excitation potential
and to a lesser extent upon wavelength. Our measurements for low-excitation
and high-excitation lines agree to withir. a factor of about 2 with values obtained
by other independent investigations, which include shock-tube, wall-stabilized-
arc, atomic-beam, and beam-foil measurements. These results suggest that the
solar photospheric abundance of iron may need to be revised upward in the light
of the vatrious recent measurements of gf-values for high-excitation lines, which
are consistently smaller than reported free-burning-arc values by nearly I order
of magnitude, '1lhese free-bu'ni ig-arc f-values and the furnace-absorption
f-values upon which they are based have repeatedly led to the paradox of solar
photospheric iron abundance about an order of magnitude lower than coronal. Ac-
cording to a line-rprofile fitting analysis by Ross(lsj70) our FeT -f-value gnr-
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A new method of measuring turbulent electric fields and electron
temperatures from broadening of hydrogen Balmer lines is presented.
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13 ABSTRACT

The post-burnout angular motions of" three divergent NIRO soundin
rocket flights have been examined using rigid body energy techniques
previously developed under contract F19628-69-C-0029, Report AFCRL-
69-0222. Two of these flights exhibited roll-pitch lock-in through
burnout and for several seconds after. All exhibited a rapid initial
increase in coning angle followed by an actual decrease and a later
more gradual divergence consistent with increased altitude. The rigid
body kinetic energy histories show a double peaked character which
implies that energy is temporarily stored internally such as in
structural deformation. The magnitude of the energy in transverse
motion is small eno,,1h so that de-spun damping of reasonable weight
penalty is feasible.

The previous study indicated that coning divergence of a spin-
stabilized sounding rocket could be eliminated by the use of a passive
de-spun rotor stabilization system. In an effort to effectively and
economically verify the performance of this system in hardware form
an electromechanical simulator was designed and fabricated. A passive
rotor stabilizer, included in the system, was tested with positive
results. Performance of this system checked closely with predicted
results.

A logical next step in this program is the design, fabrication
and flight testing of several rotor stabilizer systems.
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1.ASRCTonditions for the single crystal preparatiorbof the perylene -iodine charge trans-
.er compounds and the nitro-derivatives of fluoren - A malononitrile have been investi.
;ated. Ternary phase relationships for the perylene-iodine carbon disulfide system have
)een obtained at 250 C and 35 0 C. Smoothed solubility curves for the P (I ) ,P (I ) and

25C nd30 C Te oubliy7 2 10' 2 23 'I
(I '2 species are presented for both 2Can35 .Thsouitycurves for 9 - dicyan
e hylene - 2,4,7 trmnitrofluorene and 9 - dicyano-methylene 2.7 dinitrofluorene in acetoni

rile have been determined and the conditions for crystal growth of these materials are pre-

ene.The free energies of formation, heats of formation and entropies of formation ha
een deduced for the P (I P I and P(19) species from the solubility data and pre-1 ous~ ga-oi recto studies.3

The factors which hinder the crystal growth of the perylene-todine compounds

lave been identified as extremely small solubilities coupled with large changes of the solu

'ility with temperature. The requirements for isothermal and temperature gradlent techni-
ues for growing single crystals of these materials are stated. These include specifica-
tons on the allowed temperature gradients and concentration changes which will prohibit

the onset of dendritic growth through constitutional supersaturation.
Results from the program indicate that the solution growth of good siggle crystal!

of both the perylene -iodine compounds and the nitro -derivatives of fluoren - 'n - malon-
onitrile will require extremely close control of solution temperatures and temperature
Iradients and use of growth solutions of six liters or more in size.
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13. ABSTRACT

This report is the concluding scientific report to record the status and
progress of Scientific Analytical Investigations, the preparation of Computer
Prograias, Data Reduction, and the development of mathematical and computer tech-
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13. ABSTRACT

Approximations have been considered which lead to a simplified model
for non-linear microwave breakdown. Using the simplified model we

have then analytically considered the propagation of a high power plane

wave into a steady state ( -, ) gaseous half-space. We have
also presented numerical results for the non-steady state case
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Advances in instrumentation based on the spark-chamber technique for making

charged particle studies of the aerospace environment have included the development

of (1) spark-discharge modules that are sealed against the space environment, (2) a
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The objective of the study that is the subject of this report was to determine the

fcasibility of estimating variations in ground strength on the basis of electrical con-

ducitonoies measured from the air. A review of the literature indicates that for a
wide variety of crystalline igneous rocks, a reasonably unique relationship should

exist between resistivity and strength. Three airborne electromagnetic surveying

techniques hold promise for measuring ground conductivity in the desired range.
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indicate. The long-grounded -wire method rr Lkes use of fields from a current-

carrying cable installed specifically for a survey. The INPUT method makes rie of

a transmitter carried on the aircraft with the receiver. However, in order to mea-

sure conductivities in the range of interest with the existing commercial INPUT

system, major modifications would be required.
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During entry into the earth's atmosphere of a manned or unmanned space
vehicle, a plasma sheath envelope the vehicle because of shock heating of the
ambient gases and ablation of the heat shield material. This plasma sheath
causes the interruption of radio communications between the space vehicle and
ground based stations commonly referred to as the reentry communications
blackout. To solve the blackout problem, a knowledge of the reentry plasma
sheath properties (electron density, electron collision frequency, electron
temperature and plasma stand-off distance) is required. A summary of the
causes and effects of the reentry plasma sheath is presented in this report
together with a discussion of reentry plasma diagnostic techniques and
review of the flight experiments performed to determine the properties of
the reentry plasma.
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Measurements of antenna impedance are frequently used to determine the
properties of plasmas which occur in the ionosphere and during the atmospheric
reentry of space vehicles. An accurate understanding of the performance of
antennas in plas•-as is required for these purposes as well as for determining
ways to minimize the reentry communications blackout problem. The results of the
ionospheric rock-t experiments have indicated the necessity, when analyzing antenna
performance, of using a "warm" or "compressible" plasma theory which takes into a
account the the-mal motion of the plasma particles. The classical derivation
of the hydrodynamnic, compressible plasma theory equations is included in this
report together with a discussion of appropriate boundary conditions. A
review of the antenna analyses which have been performed using this compressible

i plasma theory is presented to illustrate the present "state of the art" of
antenna-plasmA analysis.
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An analysis of surface-mounted aperture antenna admittance has been
performed in this study to determine the conditions under which admiLtance
measurements can be used for reentry plasma diagnostics. The primary
ccntribution of the present work is the determination that the admittance
of a thin, microwave aperture antenna, located on the surface of a reentry
vehicle, can be used to obtain the values of the electron density, electron
collision frequency, ion sheath thickness and electron temperature of the
reentry plasma. It is further demonstrated, by using admittance measurements

made during a reentry test flight as repcrted b', Mayhan et al. (1968 IEEE
Trins. Antennas and Propagation, AP-17, 5/3), open-ended-waveguide
antenna admittances can be used to determine tne plasma electron density,
electron collision frequency and plasma stand-off distance when the reentry
plasma is separated, due to aerodynamic boundary layer effects, from the
surface of the reentry vehicle.
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A seismicity map of the Arctic region north of latitude 700N
containing 310 ep~centers has been compiled from data tabulated by ESSA,
Coast and Geodetic Survey, for the interval January 1, 1961 through
September 30, 1969. All of the hypocenters are less than 100 km deep.
The main feature is the continuation of the Mid-Atlantic seismic belt
through the Arctic, which follows a complicated pattern of non-linear
segments between Iceland and northern Greenland and follows a remark-
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Recent seismological abt~des suggest lateral inhomogenteities in P and s velocities of tilemantle that are associated with slab. of mobile lithosphere descending into the mantle be-
neath island arcs. In special cases, travel times of P traversing such zones can differ by a.much as 5 sec Sod of S by up to 10 sec from standsrd travel times. In addition, such zones
rare characterized by relatively low attenuation of 8-wave energy compared with high attenua-
ti,.z in a broad zone on the landward aide of the active volcanoes. To explain the observed
anomalous travel times sod attenuation phenomena, it is necessry to trace the path of body
waves through laterally heterogeneous earth models. The technique of ray tracing developed
here uses Fermat's principle to obtain the differential equation of a ray in spherical coordi-nates. The position, direction, and travel time of the seismic'wave front at any point aliongt
the curved rmy path are obtained by numerical integration of the dirierential equation for soassumed three-dimensional, continuous velocity, distribution. The problem of representing arealistic three-dimensional velocity structure in the earth is solved id a way that is especially
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This is a review paper that was presented orally at the IUGG meeting in
Madrid in the fall of 1969. The basic theme of the paper is that plate
tectonics, or the new global tectonics, is undergoing widespread testing
and development. Evidence from a number of disciplines, including
seismology, gravity, sub-bottom profiling, geomagnetism, and various
branches of geology, supports the moving plate model of plate tectonics.
While observations of geophysics have been outstanding during the
development of plate tectonics and will no doubt continue to be important
in the future, it appears that the observations of geology will play an
increasingly important role.
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The design, construction, testing and flight performance of a rocket-
borne dual-photometer system for investigation of the aerosol partlcle
distribution in a noctilucent cloud is described. One photometer is
mounted with the axis of the field of view parallel to the spin axis of
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Electron production from. the high temperature shock layer
of blunt re-entry bodies are considered at high altitudes.
The dissociation and subsequent ionization of air sp.3cies
due to the high flight speeds are predicted by analytical
techniques with the consideration of the prevalent viscous
effects at low dr.nsity throughout the flow and with chem-
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tional nonequilibrium is also determined. Finally the
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velocity conditions.
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I$ AIBSTRAC T

An experiznental investigation of a pair of coupled linear antennas in an in-
homogeneous dissipative medium has been made. The medium was obtained by
diffusing a water solution of NaC1 iz•to a large block of agar agar gel contained in a
wooden tank. The relative dielectric constant was approximately 78 while the loss
tangent could be varied from 0.13 to 3.0 at 114 MHz, the frequency used throughout
the investigation.

Driving point admittances and current distributions were measured with the
medlum inhomogeneity oriented parallel to the axes of the antennas. Self and mutua!
input admittances were measured as a function of the antenna length (•h = 0.3 to
2ff in steps of 0. I). Symmetric and antisymmetric current distributions were
measured for four different antenna lengths (h/k = 0.25, 0.50, 0.75, and I. 0). Each
measurement was repeated for three antenna separations (b/k=0. 125, 0.25, and 0.50).

Self and mutual driving-point admittances were measured as a function o• base
separation (b/k=0. Z5 to I. 5 in steps of 0. IZ5) for four antenna lengths (h/k=0. Z5,

0.50, 0.75, and I. 0) with the medium inhomogeneity direction perpendicular to the
antenna axes.

Also studied were the effects of a medium discontinuity at the input, non- l
identical elements, and input apvrtur• •ze on the measured input admittance.

KEYWO•DS: Coupled linear antennas, Inhomogeneous dissipative mediums
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I1. ABSTRACT

High-dispersion spectra of the core of the K line of CaIl as
seen at the center of the aolar disc have been reduced. Resolution
on the spectra approach 1 arc sec. Line profiles of individual
elements are very asymmetric and often are peaked on only one side
cf the line center. Variations of the line profiles and the emission
peaks are discussed. The doubly reversed mean profile of the K line
is explained as a spatial average of individual profiles, and it is
suggested that single peaks may be caused by Doppler-shifted discrete
elements in the chromosphere.
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A short summary is presented of the major results obtained under
Contract F 19628-68-C-0196. Reference is made to the previous technical
reports and scientific publications in which detailed discussion of the
various phenomena is presented.
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13. ABSTRACT

This report reviev' k accomplished from February 1970
through January 1971 on - design, integration and launch support
of various sounding rocket payloads. A synopsis of each payload
states the basic experimental objectives of the payload; the support
electronics and instrumentation supplied; and the results of launch
support efforts. Additional material presents a versatile battery
charger; a squib power monitor assembly; and the results of
evaluation of magnetic detection techniques for motion and position
monitoring.
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Air Force Cambridge Research
TECH, OTHER j Laboratories (LZ)

L.G. Hanscom Field
_ Bedford. Massachusetts 01730

1, ABSTRACT

Work performed during 1970 on the transmission and radiation
characteristics of antennas on the surface of a plasma-covered wind
tunnel model is reported. The model used is a blunted cone-cylinder
operated in a supersonic wind tunnel at M = 4, T0 = 80 - 100*F and
P = 1.2 - 3 psi. The plasma sheath is obtained by injecting nitrogen

plasma from a DC arc jet located in the model nose.
A new chemical injection system was used to inject a number of

halogenated hydrocarbons into the plasma layer through .0012 and .0006
inch diameter orifices at rates between .3 and 6 gm per minute
(additive mass fractions from 5 to 100 percent). It was found that
nearly complete restoration of free space antenna impedance and trans-
mitted power could be achieved from 25 mw S-Band signals at 50 percent
or less additive mass fraction.

Data from electrostatic probes is presented which indicates that
the mechanism of alleviation is electron attachment to form heavy
negative species.

Teflon and carbon phenolic ablative plasmas were also studied and
the effects of these ablative materials on the plasma sheath are
presented.

The effect of ultrasonic energy on small fluid jets was also
studied, as was the penetration of these jets into the wind stream.
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13 ABSTRACT

The measurement of small scale wind motions in the 30-60 km region of the atmosphere

by means of the smoke trail method is described. This method obtains wind motions by

photographing the deformation of a trail of smoke with time. The experiment consists

of the analysis of four such trails deposited by two rockets which were fired simulta-
neously from different positions and which deposited a trail on both the upward and
downward trajectories.

The method of reduction of the photographic data to obtain the position in space of

the smoke trails with time and subsequent velocities is discussed and an estimate of

the error in the resulting smoothed wind profiles is obtained.
The wind profiles obtained by this experiment are compared with an independent mea-

surement which was made some 90 minutes later by a STARUTE sonde.
The wind profils: are analysed in terms of the spectrum of vertical wavelengths,

the phase orientation and wavelength in the horizontal and the distribution of verti-
cal shears.

A temperature profile obtained in the region is also analysed and an attempt is

made to relate the wind and temperature profiles in terms of simple gravity wave

theory.
The results of gravity wave theory are discussed and the measurements are shown to

be compatible with the theory although a complete identification of the motions is
not feasible.

KEYWORDS: Winds in stratosphere and mesosphere, Smoke trail measurements

DD ' 14 73 (PAGE 1)

S/N 0 10 1•807-680I Se u t p P 1 5132

JN 3 J$



110 CONTRACTOR REPORTS

_Une •1 .saoifipd
Secudty Classification

DOCUMENT CONTROL DATA - R&D
(Securily Claessficatian of title, body at obetect eld Indexing nnotatton must be entered whai the overall report to leoi.ellod)

I ORIGINATING ACTIVITY (Corporate outhot) a. K REPORT SErCURITY C LASSIPICATION

Unclassified
McDonnell Douglas Astronautics Company lb n.ou,,
P.O. Box 516, St. Louis, Missouri 63166

3. REPORT TITLE

A POTENTIAL HIGH ENERGY RESOLUTION IODINE NEGATIVE ION SOURCE

4. Ot .. ;RIPTIVE NOTES (Typo I report mid Inclumiv desoe)

Scientific Interim
S. AU tNOR(S) (flot notes, lint name, ilnitia)

Ronald L. Cowperthwaite
Howard Myers

S. R 3RT DATE 70, TOTAL NO, OP PAGES 7b. NO. Or REPS

1 November 1970 13 10
I& C -NTRACT OR GRANT NO. S*. ORIGINATOGR1 REPORT NUMONR(S)

F19628-70-C-0134
b PR•OJECT I Task, Work Unit Nos. Scientific Report No. 2

4642-02-01
c.DoD Element 62101F Sb. QT .t RPORT NO(S) (Any *h--,-bof, tat "ybe ass.. ed

.'DoD Subelement 681000 AFCRL-70-0643
10. AVAILAUILITY/LIMITATION NOTICES

l.This Document has been approved for public release and sale; its distribution
is unlimited.

I I. SUPPLEMENTARf NOTES 12. SPONSORING MILITARY ACTIVITY

Air Force Cambridge Research Laboratories
TECH, OTHER (LZ)

L. G. Hansecon Fipld- Rpdfnrd Mann- n17117
13 AUSTRACT

The dissociative attachment reaction e + HI -H + I is suggested as a source of
I ions. The desirable characteristics of the source are: (1) large attachment
cross section, (2) small value of the H/I mass ratio, (3) nearly thermoneutral
attachment, and (4) insensitive to the electron beam energy s 2 read. When
formed from stationary HI, these factors combine to give an I energy spread of
2-3 millivolts. The dominant I spread results from the thermal motion of
HI, and Is estimated to be 0.03 - 0.06 eV, FWHM. By using the heavy I ion to
bombard a stationary light target molecule, a large difference in laboratory
and center-of-mass (CM) energy scales further improves energy resolution and
calibration. The reaction I + H 2- H 2 + I is suggested for measuring the22
electron affinity of H2. For this case, the energy scalecompression factor is
64.5 and the energy spread in the CM system, due to the I spread, is estimated
to be the order of one millivolt.

KEYWORDS: High energy resolution I source
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13, ABSTRACT

The influence of phase angle, compactness of material and particle size on the
total reflectivity in the frequency range 10-10,000 cm- 1 on a variety of inorganic
materials is presented.

The determination of the k s 0 longitudinal optic frequencies and lifetimes from
the dielectric and inverse dielectric response functions of simple cubic solids is
discussed. The results of the temperature dependence over the range 5-400'K of the
k , 0 LO frequencies and lifetimes of 18 alkali and thallium halides are given as
determined from Kramers-Krorig analyses of near normal incidence single-crystal
reflectance data and from sma I grazing angle reflectance data from thin films on
conducting substrates. In addition, the pressure dependence up to 5 kilobars at
290

0
K of the LO frequencies of RbI, CsBr and CsI is reported.

Far infrared transmittance and reflection spectroscopic measurements at near
normal incidence and Raman spectroscopic measurements are reported for poly-
crystalline thallous iodide in the temperature range 5-550

0
K.

The results of reflectivity measurements as a function of phase angle for fused
quartz and calcite single crystals are presented together with the reflectivities as
a function of particle size, packing fraction and phase angle for powdered samples
of quartz and calcite.

Infrared and Raman measurements of a number of minerals are used to determine
their characteristic lattice and Christianson frequencies and are directly applicable
to the interpretation of remote sensing data.

A measurement and a discussion of the far infrared Stark and Zeeman splittings
of Er

3
+ in the rare earth fluorides is given. The occurrence of silicon monoxide

bands in some low temperature stars is also discussed-
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The roport give- a survey of work on the me-hanism of crystal nucleation in
gels and the various factors. which influence it: heterogeneous nuclei and gel
strucbirc. it shows 0ow both faccors can in principie be coiducolled, thirough
Uie u'se of sJo -called, hybr,.id growthi systems and a recently devised process

Ss ca .yridThe report also describes research on seeding and

re nii..ion ~proces•.eý, their problems and potentialities, and discusses
HL ,.. dial role Gf cusps, il coCtrolling crystal growth in the gel medium.
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13. ABSTRACT

Electrostriction is a cause of laser beam self-trapping and damage in transparent
glass. It predominates over other self-focusing mechanisms, such as Kerr effect
or thermal self-focusing, under certain conditions. This paper shows that
self-focusing can occur even if the laser pulse is so short that no steady state
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I,. ASUTRACT

Silicon cold cathodes were successfully operated for the first time.
Planar structures were operated at efficiencies as high as 5x10-4

while Si:S102 structures had efficiecies as high as 0.3%. Pulsed
currents as large as 0.6 mA were drawn, corresponding to current
densities in excess of 100 mA/cm2. The silicon cold cathodes were
also operated continuously, and it was found that tens of micro-
amperes could be drawn for several hours, an encouraging result
from the viewpoint of practical devices. The procedure for
fabricating and testing Si:S1O2 cold cathodes is discussed, an
methods are proposed for achieving more efficient operation.
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The analysis and the design of the elermen t-s of a large array of circular

infinite structure rotationally symti n eidcalong the cylinder axis.
Because of this particular symmetry every possible excitation is the superposition,

with suitable weights, of a set of fundamental excitations having uniform magnitude

and linear phase progression in the azimuthal direction and in the direction of
the cylinder axis ("eigenexcitations"). Thus, by invoking superposition the
kdectromagnetic analysis of the array is reduced to the solutions of the simpler
boundary value problems pertinent to the set of e ige nexcitat ions. This is done
by expanding the field in normal modes in the region exterior to the c.ylinder
and in the waveguides feeding the apertures, followed by a field matching at the
cylinder surface (obtained approximately through Galerkin's method). The
realized gain pattern of the radiators can be modified to a considerable extent by
using an "element patterii shaping network" (in the radiator waveguides), servingP the purpose of matching the array for a selected eigenexcitation. Criteria for the
network design are given. A series of numerical examples illustrates the tech-
nique and shows that a "flat" element pattern can be thus obtained with a gain fall

off with respect to the peak of less than 6 db at 80 degrees.
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13. ABSTRACT

The consecutive ion-molecule reactions in ace'ylene within the pressure limits
-5 -2of 10 and 10 torr have been investigated as a function of the energy trans-

ferred to the acetylene molecule during the initial ionization by charge exchange

with incident positive ions of low kinetic energy. The reactions of the molecular
-1

ion in the ground electronic state (r u") are distinguished from hose of the

molecular ion in an excited electronic state (u g ). The various chain sequences

of reaction, including those involving ions with uneven numbe-s of carbon atoms,

are elucidated, and numerous reactions proposed by earlier workers are shown

to be unimportant in the pressure range investigated. Rate constants are

calculated for the various ion-molecule reactions.
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13. ABSTRACT 15s report describes an investigation of methods Tor
measuring the electron density in a r, entry shaft. The methods

include excitation of electroacoustic resonances and the observation
of enhanced microwave breakdown. Good agreement is obtained
between electron density profiles determined from electroacoustic

resonance frequencies measured for a laboratory plasnma and those
calculated theoretically. if higher order resonances can be observed,
departures of the profile from linearity can be obtained. Measureme ts
of enhanced breakdown in a laboratory plasma under simulated
reentry conditions suggest that this method should be feasible for
some reentry plasmas. A hollow cathode plasma source was
constructed in an attempt to simulate low altitude reentry plasmas.
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11 ADSTRACT

An esperimntanl pulsed neodymium fidar system was modified and calibrated to obtain a~ccurate data on atmospheric extincolon
propergc% in fol and low cloud condiiions. The objective wats to establish the theoretical and practical basis of a system for mcasur-
In% slant visibility conditions for aircraft Landing Operations. To operate In conditions of fol; and low cloud the lidai tystem'o dnatniic
range was emtended to SJ d11 by using a two-stage receiver system. In addition, she trsnsmitter and receiver beams were made voasmat

licld trials were carried out at A temporary site ait Kalf Moon boay, California. and at the National Bureau of Standards site at

.Jray fu ofv NGl-1 iniitue- Observations weemade In clear weather and in conditions of foo and losw cloud
usjng arraysl of pashis largess to provide Information on atmospheric estlnction. The coerelation between atmospheric transbmittance
derived fronm fidarltaroge dasa and fromt AN/GlO-lU transstiivsometers equalled that found between the data from individuai trarInmis-
wometiers. Thus, a sdtar with the support of passise targetts could rcplace a transmissometor system with compartible accuracy in dc-I ternuning atmospheric. transmillance.

Single-eonded lidar data were obtained along lioriaimntl paths adacent to the passive targets and to a SOO-tt base line sraismis-
susntrter. Atnioslieri.h tranomittances were computed from these lidar data using analytical methods twhlch are discussed in detaili of
evaluating atmospheric; astinction coefficients front a consideration of the "'slopse" of the lidlar trace. A coraclation coefficient of 0.9?
*as found between tihe lldir door, and the trantmissometer data for comparable path transmnittaascas in a variety of low-vlibiblity con-
ditlusnt.

The conce pt of remotely deriving; c~tinclion coctficients aloft fiom obsiervations by a Seound-based lidar was applied to the aikrsraf
linduing problenm. Using values of ctvtinetion coiefficient for itmosphecric layers above tile surface derived front series of lidar vbseria-
tions as different angles of elervation. e~aniplesi are Itien of tile calculation of transnitttance Ginr the ln-fsgtpath from whivh a
111101 would loo (at a cockpit cut-off Atlelo fronm tile critical height to the surfac, to cquitis visual refetrence. No corrohoraison ofI these evaluations, of slant rash translmttlanke was available. possible mean, of deriving and presenting suc~h data for operational purposes
ire outlined, and the poteontial use of lidar for reveraling the Scrneral ;onditions of cloud And fog conditions in tihe airfield approich
are described.

Thse problem of realmeing an operational qasnser in an ultimiato form is considered anod some potential approac~hes, to this end are noted.

KEYWORDS- Lidar measurements of visibility, Lidar measurements of atmospheric
transmittance
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The ;ffects of atmospheric irregularities on line-of-sight propagation

are studied both experimentally and theoretically. The experimental measure-

ments utilize a pair of 35 GHz transmitting antennas, time shared through a

rapid switching arrangement, and an array of receiving antennas at each of

which amplitude and relative phase of the arriving wave are measured

separately. This configuration is coordinated with 11 GHz transmissions

propagated over the same 28 km path. The entire set-up is highly versatile

and permits a variety of different typps of propagation measurements to be

made in near simultaneity.

Among the types of measurements made are some aimed at inferring the

extent of atmospheric inhomogeneity, as descibed by the refractivity

structure constant C2n, its distribution along the path, and the cross-path

wind. Measured data are combined with specific applications of the theory

to achieve these aims.
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The resultant is applied to the problem of weights in cyclic codes. The binary co4e arising from the

projective plane of order 10 (if it exists) is examined. T-design decodinp is discussed in general, ond

the special case of the (48, 24) binary extended quadratic residue cr.,e is worked out in detail. The

(60, 30) ternary extended quadratic residue code is proved to yield new 5-designs. Miscellaneous re-

sults include study of the question wheth!r Steiner triple systems support linear codes.
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from the operator formulation for the current. The mode currents form a weighted
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set over the sphere it infinity. it is shown that the modes are the same ones
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A large nanber of numerical and experimental results showing the influence of
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antenna are presented. These results may be very useful for the design of such
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The numerical, results have been calculatt.2 on a digital computer using a
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all cases, methods have been developed (where not already available) for purifica-
tion to a level of less than 10 ppm water or organic impurities, and for analysis of
the solvents at that purity level. Purification methods employed include vacuum
fractional distillation, dehydration with molecular sieves, chemical reaction to re-
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been determined and the effect of added water on this kinetic parameter has been
studied.
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13. ABSTRACT Neutral temperatures have been measured above 120 km altitude from

observations of the fluorescent emission of aluminium oxide and barium oxide clouds
released from rockets latuched at ESRANGE, Kiruna. The temperature observations
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1,. ABSTRACT Observations of the drift velocity of rocket-borne chemical releases have
been used to determine neutral wind velocity and ion velocity in the altitude range
90-230 km at ESRANGE, Kiruna.
The ion cloud drift measurements have demonstrated the orthogonality of the
simultaneous magnetic perturbation vector at ground level aiA the ion drift vector in
the F region of the ionosphere. This result implies that in the auroral zone Hall
currents are predominantly responsible for that part of the total magnetic pertur-
batioi, seen at ground level due to ionospheric currents.
A comparison af neutral wind velocity profiles obtained under quiet and disturbed geo-
magnetic conditions has shown that in the auroral zone the observed west-east neutral
wind component above about 120 km altitude is directly correlated with the mean south
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observations. This correlation is due to acceleration of the neutral atmosphere above
120 km by ions drifting in a meridional electric field. Both the ground magnetic per-
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Variance and power spectrum of intensity fluctuations of a single
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thrc.shold, however, were -lot accurate, because the acoustic disturbance

due to acoustical noise, bubbles in the cxioling water and temperature

fluctuations in the plasma tube were predominant over the fluctuaitions

due to spontaneous emission. The power spectrum observed at frequencies

above 10KHz showed features characteristic to the laser model otVan
der Pol oscillator driven by the random noise. Improvements of CO 2
gas laser deslriLble for further investigation are discussed.
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I1. ABSTRACT

This report is divided into three parts
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boundary conditions. For the special case where there is no dis-
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anomalous sounds from auroras. Preliminary results seem to show
that the theory of brush discharge can properly explain all the ob-
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Is. ADSTRACT

Measurements of spectral absorption and photoionization cross sections of CO0,
NH , 0 , COS, NO, N , and vinyl chloride in the region 580 - 1650 1 were made.
A u~mbir of new Ryilerg series were found and the convergence limits were compared
with the photoionization values.

In the study of dispersed fluorescence from molecules, particular attention was
given to the emissions from CO, NH , N , and NO in the spectral regioai 1800 to
6000 R. The experimental Franck-C~ndog factors for CO and N were fount to belin
good agreement with the theoretical values. The threshold f~r the NH cfll -- a A
transition was observed at (1245 1 10) X. On the basis of the observed threshold of
the KH emission, tht calculated energy separation of the a A statr from the ground
state of NH is (2.2 t 9.1) eV whick is somewhat higher than the value previously
reported. The excitation spectra of NO show many overlapping states. However, the
BI -- X trarsitions of NO were identified, and the experimental Franck-Condon
factors are in agreement with the calculated values. The results suggest that the
Y' band contrib,'tion in NO emission is negligible. The excitation spectra of other
molecules such as H , 0 , and SO were studied, and certain featurew of the emission
spectra can be relaieO o the spectral absorption.

The effect of molecular collisions on the fluorescence of NO 'as investigated.
quenching of the B', D, E, and F states with the ,nhancement of the y band emission
was observed.
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This final report summarizes research for a one-year project.
Abstracts for the two scientific reports are given, and some new
results are included on reduction of context-free granunars, decoding
binary block codes on Q-ary output channels, a procedure for decoding
binary product codes, on the minimum weight code words of a certain
ciass of cyclic codes, distance prorerty of the dual codes of
polynomial codes and on shortened Reed-Muller codes.
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13. ABSTRACT

Ion drag is one of the dominant forces which affect the motion of the neutral air in the
thermosphere. As a result, the neutral winds are modified bythe presence of ar
electric field. Improved agreement beo,,'een theoretical wind velocities and
experimental data has been obtained by including the effects of the dynamo field. Com-
parison with Thomson scatter data shows that the reversal of the theoretically
computed meridional wind occurs at the same time as the experimental data.
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The primary objective of the research conducted under
J.S.Air Force contract F19628-69-C-0009 was to determine th
Dxtent and nature of chemical changes produced in solid tar
ets by fast heavy particle irradiation. The major portion
f the work involved proton irradiation of solids using ene gy
"anges from 0.7 to 2.5 MeV. Alpha particles and deuterons
ere also available and were used for special studies. In
eeneral, the results of the bombardments were evaluated wit
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bhermal analysis [DTA] techniques.
The data provided by the ESR analytical methods tends to

ubstantiate the conclusion that proton bombardment of dia-
ond results in the formation of CH radicals. Furthermore,
uhere is no doubt that H atoms can be trapped in the dia-
ond lattice and will remain uncombined at liquid nitrogenCemperatCure.
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Townsend' s primary and secondary ionization caefficients have been measured in
0. 003, 0- 033, 0- 3 and 3% of n-penta~ne. ethylene and ace tylene mixed in argon for a
total pressure in the range of 0,5 to 50. tcrr and for a uniform field gap up to I1cm.
For n-pentant, a cancezitration of 15% was also employed. A marked Penning
effect is again observed and is greates-- in 4.bout 0. 1%1 of acetylene in argon; the
enhancement of Townsend' a primary ionization coefficient in this mixture exceeds
that previously observed in Ihe cOas uical rare gas mixtures. As usual, ',he hydrocar-
bons are observea to be efficient queis hing agents, acetylene in this respect being
the less efficient. At an~ cptimum co,Acentration of' 0- 03%o for all the mixtures the
sparking voltage is lowered considerably below that for pure argon, the lowering
being the most - andi amounting to a factor somewhat greater than 4 -in argon-
acetylene mixturee.
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1I. ABSTRACT

The influence on the prebreakdown processes and the sparking voltage of a
gas moving at an angle to an electric field across a uniformly stressed gap is con3id-
ered quantitatively by invoking the equivalent-pressure concept. The velocity with
which a moving gas displaces the charged particles taking pait in the processes
leading to a spark is found, and the variation of the gap strength with the gas flow
is calculated. With a pure cross gas flow, no change in the electric strength is
predicted, and this is in agreement with experiment where gas speeds up to 2 X 10 m/
have been attained. With axial gas flow, the moving gas can either Lcrease or
decrease the gap strength dependisig on the direction of the gas flow relative to the
field due to the direct applied voltage, and provided the gas speed is comparable in
magnitude with the electron drift velocity ( under a. c. conditions, a reduction in
strength always occurs). A novel method for obtaining the electron drift velocity,
and hence the electron-molecule-collision frequency, by the use of a moving gas is
evolved. The analogy between a moving gas and an applied crossed magnetic field
is pointed out. This leads to a s.cond metho-i A - obtaining the electron drift by the
simultaneous application of a moving gas and a -sed magnetic field. Poss'ble
relevance to compressed-air-blast circuit breakers is considered.
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Is. ABSTRCT

The final results of a three-pgrt experimental and theoretical research program
on gaseous Townsend discharge are contained in this report. Firstly, the
influence on the prebreakdown processes and the sparking voltage oi a gas
moving at an angle to an electric field across a uniformly stressed gap was con-
sidered quantitatively by invoking the equivalent pressure concept. The velocity
with which a moving gas displaces the charged particles taking part in the
processes leading to a spark is found, and the variation of the gap strength
with gas flow was calculated.

Secondly, Townsend' s primary and secondary ionization coefficients have been
measured in .003, .03, and 31 n-pentane, ethylene and acetylene mixed in
argon for a total pressure in the range 0. 5 to 500 Torr and for a uniform field
gap up to I cm. For n-pentane, a concentration of 15% was also employed.

Thirdly, further work on the dynamic Townsend discharge in a crossed magnetic
field is presented. This work includes both experimental and theoretical results
tr' pulsed discharge propagation and measurement of the E/P and other avalanche
uarameter. using the balanced pulse technique.
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A simple, four-level primitive-equation model of a zonally-
symmetric tropical atmosphere has been combined with a two-layer
model of the upper tropical ocean in order to predict three years of
inter-tropical convergence zone (ITCZ) behavior under the influence
of seasonaliy-variable solar heating of the sea. A cold equatorial
surface develops on account of oceanic unwe!iing and vertical mix-
ing; a single ITCZ establishes itself, rff the equator, over the
surface temperature maximum in the warmer hemisphere. This conver-
gence zone migrates quickly between hemispheres, with only a minor
lag, when the progress of the ;easons causes tle hemispheric sur-
face temperature asymmetry to reverse every half year. Such
behavior is qualitatively in accord with that of the updraft branch
of the mean tropical Hadley circulation in the real atmosphere.
The lag of maximum sub-equatoriai sea surface temperature behind
the overhead sun of late summer is computed to be about nine weeks,
a reasonable value.
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13. ABST RACT

A high energy neutron detector has beýun cornstructed to measure the solar neutron
flux, under quiet or active Sun conditions over the energy range 10 MeV to 200 MeV.
The detector consists of a plastic scintillator (the central detector) with anticoinci-
dence shield. The central detector is surrounded by an aluminium sheath, whose

purpose is to bring to rest the recoil protons, thus diminishing the "self-gating"'
effects and keeping the detection efficiency high enough at hih energies. No finite
flux has been however detected and an upper limit 5. 5 x 10 n/cm sec has been
establ4 shed for the continuous flux, which is comparable (althougi, somewhat lower)
with ctho % pper limitsaobtained over the same energy range. A time integrated
upper limit vf 30 n/cm is established for a 1N importance optical flare. Also the
omnidirectional intensity of atmospheric gamma rays, converted in the aluminium
sheath, I~as been measured at balloon altitudes at three energy levels. A value of
0.33/cm sec has been found for energies greater than 20 MeV. The results are in
good agreement with those obtained by Fichtel et al. (1969).
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To improve the measurement of the azimuth direction
of arrival of radar echoes at 36.8 hHz a digitally
controlled phase sequence interferometer technique
has been developed for incorporation into the
UiiH/AFVf[L meteor trails radar system. Phase
measurements are made with respect to a common
calibration pulse inserted between suceseive

echoes. Preliminary tests indicate an azimuth
measurement capability vf better than + 2° when
used in conjunction with an elevation measurement
system of comparable accuracy.
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