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RR 011-02-01, SOLID STATE PHYSICS, (Dr. D. K. Ferry, 202 (92-)217)

Nh 318-002, University of Pennsylvania, "Magnetic Memory Materials
and Liquid Crystals", P.I. - Dr. Herb Callen, N00014-76-C-0106

It is proposed to analyze the preferential-site-ordering mechanism
which determines uniaxia± anisotropy in garnets. This will provide
a new method of determining the dynamics and mechanism of crystal
growth in such materials. Such information is needed for improving
magnetic materials useful in magnetic bubble technology. Domain
hardness, wall mobility and velocity saturation are among the
areas to be investigated. In addition a study will be made of
modern critical phenomena theory and phase transitions in liquid
crystals. Progress: It was shown that the observations of Gyorgy,
Sturge, and Van Uitert, on the anisotropy of Y(3-x)Lu(x)Fe5Ol2,
are in excellent agreement with the mechanism previously suggested
by Callen and Akselrad. The data are consistent with a tetrahedral
iron mechanism, although they do not exclude an octahedral iron
mechanism. The relative contributions of the two sublattices and
the relevant physical considerations have been determined. These
effects are pertinent to the mechanism of preferential site ordering
in these alloys. The analogy between a smectic-A liquid crystal
and a superconductor is made closer by a transformation on the
smectic system. Within the context of the Wilson-Fisher recursion
relations, it has been shown that the critical properties of the
two systems are the same, and that therefore the phase transition
from smectic-A to nematic will always be at least weakly first order.

Recent Publications:

1. If. Callen, "Growth Induced Anisotropy in Garnets with Vixei
Dlamagnetic Rare-Earth Ions: Y3 -xL. FerO 1 2 ," J. Applied Physici',
Vol. 45, Ho. 5, pp 2348-50, May 197 . "
2. T. C. Lubensky and R. G. Priest, "Critical Exponents for a
.ymmetric Traceless Tensor Field Theory Model," Physics !I.ters,
Vol. 48A, No. 2, pp 103-4, June 1974.
]. H. Callen, "Thermodynamics as a cience of Iymmetry," 1';n'r-
tin: of Physics, Vol. )4, No. 4, pp 423-43, December l97)4.

IT. Halperin and T. C. Lubensky, "On the Analogy VIctwo-r
Lmeun iquid Crystal ,ii 9,uperconducturs , o 17 .
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NR 318-003, Harvard University, "Superconductors, Magnetic Detectors,
and Magnetic Electronics," P.I. - Dr. Michael Tinkham, Noool4-76-
C-0032

Far infrared spectroscopy and laser sources are used to probe and
determine the energy gaps in superconducting materials. Magnetic
resonanbe techniques are also applied to metals and to magnetic
materials. The major work is on the interaction of far-infrared
laser radiation with superconducting weak-link devices. Progress:
Far infrared cyclotron resonance has been observed in copper. The
observed lineshapes have been analyzed with various calculations
of the surface impedance change at resonance, taking into account
the Fermi surface anisotropy, in addition to retardation effects
and propagation effects.

Recent Publications:

J. M. Peech, "Far Infrared Cyclotron Resonance in Metals," Technical
Report 9, September 1974.

NR 318-004, Clarkson College of Technology, "Magnetic Control
Mechanisms at Critical Temperatures," P.I. - Dr. Earl Anderson,
NOool4-76-C-0051

A careful study will be made of representative samples of ferro-
magnetic, anti-ferromagnetic and ferrimagnetic materials in the
vicinity of their magnetic transitions in order to determine the
critical exponents which describe their behavior. The behavior
of these different types of magnetic materials will be compared
to see how they differ at the transition temperature and how they
are applicable as control mechanisms in magnetic circuits. The
device implications of magnetic behavior at the transition point
wil be surveyed. Additional magnetic materials having potential
magnetic control capabilities will be sought and magnetic measure-
ments to determine thei:- properties carried out. Progress: A
study has been, made of the critical magnetic properties of lutetium
iron garnet. Values of the critical exponents were observed to
fulfill the scaling relationship, within the limits of experimental
error. The critical temperature, obtain.d from the kink-point
plot of applied magnetic versus break-point temperature, was re-
affirmed through utilization of the Kouvel-Fisher analysis.

Recent Publications:

A. A. Stelmach, E. E. Anderson, and S. Arajs, "Magnetization olf
Lutetium Iron Garnet Near the Critical Point," J. !'hys. Chem-s.
;olids, Vol. 34, 1343-1346, 1973.
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NR 318-005, University of Pennsylvania, "Optical and Acoustical
Spectroscopy of Solids," Dr. Elias Burstein, N00014-76-C-0107

Surface electromagnetic waves and surface acoustic waves and their
interaction with electrons in solids and with each other are studied
to give the electrical properties of solid state riaterials. The
interaction of surface electromagnetic waves (polaritons) with
anisotropic dielectric and permeable solids will be studied via
techniques such as attenuated total reflection (ATR). Progress:
Surface polariton dispersion curves have been obtained for an n-
InSb-air interface in a magnetic field using the ATR method and
are found to be in qualitative agreement with theory. In particular,
the curves show the predicted non-reciprocal nature of the surface
polariton propagation, and the appearance of virtual excitation
type branches of the dispersion curves. On the basis of data
obtained in zero magnetic field on etched surfaces, the quantita-
tive differences between e-'rimental and theoretical dispersion
curves are attributed to su-.,ce damage.

Recent Publications:

1. D. L. Mills and E. Burstein, "The Electromagnetic Modes of
Media," Reports on Progress in Physics 37, 817-926 (1974).

2. E. Burstein, "Phase Matched Electromagnetic Generation and
Detection of Surface Elastic Waves on Non-Conducting Solids,"
J. Appl. Physics 45, 4360 (1974).

3. E. Burstein, W. P. Chen, Y. J. Chen and A. liartstein, "Propa-
gating Electromagnetic Modes at Interfaces," J. Vac. Sci. Technol.
11, 1004 (1974).

4. A. Hartstein and E. Burstein, "Observation of Magneto-p]anrmon-
type Surface Polaritons on n-InSb," Solid State ComjnunicntLcns 1 ,
1223 (1-974).

5. M. L. Shand, Y. L. Ching and E. Burstein, "Raman Scatterinr
by Optical Phonons and Polaritons in CuCI," Solid :Itate (onLunl-
cations 15, 1209 (1974).

6. A. Hartstein, E. Eurstein, E. D. Palik, S. Kaplan, H". W. Gammon
and B. W. Henvis, "Optic Phonon-Magnetoplasmon Tyrpe Surface
Polaritons on n-InSb," Int. Conf. Physics of Semionn'. Slttcart
1974 (Teubner, Stuttgart, 1974) p. 51I.
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NE 318-007, University of Colorado, "Band Structure Modifications in

Superlattice Structures," P.I. - Dr. Herbert Kroemer, N000114-76-

C-0L15

The effects of screening and self-energy are studied in the Peierl's

instability in periodic superlattices. Work on purely electronic
modifications of such instabilities is also carried out. A study
of the dynamics of the motion of a Peierl's instability through

its host lattice and of its high field behavior will be undertaken.
A study of two-dimensional surface superlattices created by atomic
steps on an off-oriented semiconductor surface will be carried out.

Progress: In layer-type superlattices the electron motion perpen-

dicular to the direction of periodicity is not quantized, a fact

that greatly weakens the beneficial effects of the superlattice.
The overlap of the energy bands in this structure essentially
orecludes the occurrence of negative differential mobility caused
by a transfer of electrons between minibands. The effects seen

sc far in the Esaki-Tsu type structures are more likely due to

..cd!fied Gunn effect. In order to realize more than just a fraction
0' tne promise of the superlattice it will probably be necessary
to preiare them in substances in which the electron notion is
inherently one-dimensional

Recent Publications:

H. ,Kroemer, "Negative Bulk Mobility Devices - What Next?", Proceedings
of the International Electron Devices Meeting, Washington, D.C.,
December 197h, pp 3-4.

1R 318-009, Rensselaer Polytechnic Institute, "Wave-Solid Interactions,"
F.I. - Dr. Harold Tiersten, N000l-76-C-0368

Theoretical investigations of the guiding of magnetoelastic and

uiezoelectric surface waves in deformable media and on the nonlinear
interactions in acoustoelectric devices will be carried out. Progress:
en analysi of the reflecti.on of surface waves by an array of
reflecting strips by means of derived approximate equations was

, arr ved out. These equations are expressed in terms of the known
Prr5 1imnta material constants and no measurement of model parameters
is required. Agreement with experiment in Y-Z lithium niobate is
good. The extremely accurate approximate solution for the fundamental

nomdispersive antisymmetric mode of the wedge waveguide in isotropic
materials has been completed. A method of analysis has been obtained
Ic the treatment of abrupt discontinuities in determining the
lnCl ;enc. )f the rad -ttin , ', :inui . su,-ctrum on the propagati -n fC'
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electrons per site was studied. The calculations were carried out
to the lowest order in the transfer integral. it was found that
a characteristic electron density (=2/3) existed below which the
thermoelectric power is negative at all temperatures. In contrast,
for the density larger than 2/3, the thermopower is small an,.
negative only above a characteristic temperature, below which
there is a change of sign and slope. The applicability of tht
results to the charge-transfer salts of tetracyanoquinodimethano
(TCNQ) was pointed out.

Recent Publications:

1. D. Davidov, K. Maki, R. Orbach, C. Rettori, and E. P. Chock,
"Re-Entrant Critical Field Behavior in GdxTh!_xRu : Correlatior. with
EPR," Physics Letters 45A, 163 (1973).

2. D. Davidov, C. Rettori, K. Baberschke, E. P. Chock, and R. Orbach,
"Correlation Between Electron Spin Resonance and Cuperconductivity
in GdxBlxRu2 (B=Th, Ce, La)," Physics Letters h5A, 161 (1973).

3. N. L. H. Li and R. Orbach, "Superexchange," A.I.P. Conf. Proc.

10, 1238 (1973).

h. P. Pincus, "Charge Transfer Molecular Solids," Selected Topics in

Physics, Astrophysics, and Astronomy, p. 138 (1973).

5. P. Pincus, P. Chaikin, and C. F. Coll, "Correlated Pairs in the
Attractive Hubbard Model," Solid State Communications 12, 1265 (1973).

6. C. Pettori and D. Davidov, "Comment on the Hyperfine Constant of
Rare-Earth ions in Dilute Alloys: Th: Fr," Physical Review B 10,

4033 (1974).

7. C. F. Coll and G. Beni, "The Effect of Polarons on the Conductivity
of the Narrow-Band Hubbard Chain," Solid State Communications 15,

997 (1974).

8. D. J. Scalapino, Y. Imry, and P. Pincus, "Generalized Ginzberg-
Landau Theory of Pseudo-One-Dimensional Systems," Physical Review P

11, 2042 (1975).

9. J-P. Gallinar, "Thermodynamics of an Extended Hubbard-Model
Chain. II. Strong-Coupling Limit," Physical Review B 11, 4421 (1975).

10. T. Tonegawa, H. Shiba, and P. Pincus, "Thermodynamics of the
Impure Classical Heisenberg Chain," Physical Review P 11, 4683 (1975).

11. P. M. Chaikin, P. Pincus, and G. Beni, "Peierls' Transitions in
Alternate Lattices," Journal of Physics C: Solid 2tate PhysicsS, 9, 5

(1975).
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12. P. Pincus, "Basic Principles and Concepts in the Physics of
Low Dimensional Cooperative Systems," in Low-Dimensional Coopera-

tive Phenomena. J. T. Keller, Ed., (Plenum, New York, 197) PI. 1-21.

13. C. Rettori, D. Davidov, and H1. M. Kim, "Crystalline-Field
Effects in the EPR of Er in Various Cubic Metals," Physical Review

F 8, 5335 (1973).

14. R. Orbach, "Electron Spin Resonance in Superconductors," Physics

Letters 47A, 281 (1974).

15. R. Orbach, "Energy Transfer and Anderson Localization," Physics

Letters 48A, 417 (1974).

16. R. Orbach, M. 'eter, and D. Shaltiel, "The Magnetic Resonance
of Dilute Magnetic Alloys," Archives des Sciences 27, 141 (1974).

17. l. Beni and P. lincus, "Thermodynamics of an Exterded 1ubto:
bi . 1: Atomic Limit for the Half-Filled Band," Physical Rer.;
3, 29363 (1OT4).

Beni, P. Pincus, and J. Kanomori, "Low Temperature Properties
the One-Dimensional Folaron Band. I. Extreme Band-Narrowing

Regime," Physical Review B 10, 1896 (1974).

19. U. Bernstein and P. Pincus, "Thermodynamic Properties of the
Dimerized Half-Filled-Band Hubbard Chain," Physical Review B 10,
3626 (1974).

20. G. B. Arnold, "Upper Critical Field and Critical Temperature

for Superconducting Alloys Described by the Anderson Model," Physical
Review B 10, 105 (1974).

21. S. E. Barnes, "Fine-Structure Splitting of a Localized Moment

in a Metal: A Diagrammatic Analysis," Physical Review B 9, 4789 (19 7).)

22. G. Beni, "Peierls Transition in a Quasi-One Dimensional fystem,"

Solid State Communications l-, 269 (1974).

23. C. F. Coll, "Excitation Spectrum of the One-Dimensional Hubbard
Model," Physical Review B 9, 2150 (1974).

24. 0. Entin-Wohlman, G. Deutscher, and R. Orbach, "Anomalous Spin-
Flip Lifetime Near the Heisenberg-Ferromagnet Critical Point,"

Physical Review B 11, 219 (1975).

25. G. Beni and C. F. Coll, "Thermoelectric Power in Half-Filled

Bands," Physical Review B 11, 573 (1975).
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26. J-M. Morei * . Yr.c., 7. ........
W. ?ingg , R. A. F. 1evirne, ,noti { .':,,.: ' . ...-
Relaxation Narrowing of thF: F!: t.l-,,, ;, :
of' Pd," Physical heview, 13!,"' (i'.,

27. F.. Pryne, "'egnetie -e > ,,i:.. .. , .

Behavior of - rTaagn- 1t ,

metallic Ccmco,',v.

29. (J. Beni , '"' eri-m ele ' .-,wi Awt I,
Chain at Arbitrary FA o,.

B 10, 21% ( icyh

NR 318-al Rockwel 2ci~nce ',er . ' '

PbSnTe," P.I. - Dr. J l':. 'U, .- I
This program will study Ionven'- nl "f , ''. . , ' '

grown epitaxial films in -" .-.
induced scattering from fide r-
with ESCA data, and will study the ste,.
thin film of Pb or other rietal. Pr-re-es: '.. , .:i ~
have indicated that Te precipitates ur- o ,

PbSnTe. Scattering from ' -n 4.

signals from suitably etched PVSr
the presence of Reaman scatterir',
from the 11 zone center pIJn.

NR 318-017, Naval Weapons ,'en,.er,
of Solids," P.I. - Dr. Victor Po_

This program, will utilize the "'WC faoi I it1 '-<
Radiation Projeot to study the il t 'a;i- 1,
h-25eV, and the deep-lying r r 'Jew ".''
excitations in the 25-300eV rarir,. .in ,
on the material GCaAs, Tol', 7'i, 0, <. '. .. .,., .

mentally determine the reiuy ,. ...... ,

parameters of interband ori't , - io '
band gap, to seek exorri q, ,vi rni.
exciton or electn--, .r "-: .

fundamental gap, trpl . -' ', . . . - ..

near their Lulx an(! r' T . ....

emissive total y , 'or- ' .-
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a-axis bars 1<

111 318-020, Plaval V'ux d
Magnetophonen T f f'pctuI

Magnetophanonirc'a'cUC

electronic staites.- i a c!r

With which thie electr 'n 0 'ni t
the phonon frequency, w. -L t11  C
integer. The effect is MfeacuIre' a

for th-e semiconductor nd vo"',-n''- -.

involved in the rnp r' '.
studies on the u. t:. , .

carrier esi* t*'
rmeas-urement, rWi 1I
seniconductiri( illc y;
have been observedi betw-
Sn20)CTe and PbTe. T'or c -
calculating thre T71 P.. .

of the magnet: reczi.m 'r.'..
measuring the Vr.-c

deppendlence '.-
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v. -0. 3, The Ameriour. .ii -t, II .!I w",r 7;k-test i v,

r jr3 I.

T t '' rtt - o , it r" e'.or c en (2 > .

: :;>'t:-,11: :Iil LI2?'.t: I: :xtitr's 1 t 'e e 'erinn thei- lir' ' 10 s' 0- * ..

t.. ''le for yieldin I arre .':'ne'ct,: [ i']1'I c t it ~ ':~ l , I {+ f t. .1. -,ru t lr
str - t, on w511 1e ''re501Wvi10 001 21 1 o c_' Iuti. iy r', structura P '.. . ." 07.:

rtranwdier aypl i c at i on. 'he rin±teri al s will be vrepare '
.'!:,, !',r their magnetic 1100.,-ti1: by has sbauer a",aly ,

strain gagt-es, by conventional torque and direct rr'ovemen'"'. r'

mrtts. ?rogress: In terbim-iror,-yttrimn (ThF'eY) alloy, at i-:na.'

concentrations of Y, the magnet ostriction drops linearly wit'-

increasing Y. At a critical concentration, the magnetostr tir

4riys to zero. It has been shown in terbium-iron-cobalt (rTnFec)

that the rhombohedral deviates strongly in a nonlinear f'sci t I

n.entrat.icn of Fe or Co i t: varied. "'lie underlying mechar1t 5j 5 1fo0

this change is just th dependence of the Curie temperature on the
•t-loY concentration. Thie maiooetostriction ccmes almost .... i.

t'rom the T) sublattice, which dominates the magnetostrict ion c' the

transition metal ions.

Recent Publications:

I. A. E. Clark, J. R. Cullen, and E. Callen, "Rhorbohedral agneto-

s/rictive and Magnetic Materials, Distortion of Highly 'b Alloys",

Proc. of Conf. on Magnetism ard Magnetic Materials, 1975.

. R. Abbundi, H. fegnan. J. J. Rhyne, and P. Sweger, "Ky,-

Fields in the Absence of Magnetic Order in DySc Alloys" r f.

on Magnetism and Magnetic Materials, 1975.

NR 318-024, General Electric Corporate Research and Pevelopment

Center," Improved Permanent Magnet Materials," P.I. - Dr. J. J.

Becker, NOOOl4-7-C-0271

Tie coercive force in high-anisotropy materials will be investigated

in order to supply a basis for the development of permanent magnet

materials surpassing the best in existence today, all of' which are

now based on Co5Sm. Present techniques are senr-itt',-e enough to

permit the measurement of' magnetization and hysteresis behavior

of single microsample particles in great detail . Further informa-

tion on the nature of the defects responsible for nucleation events

in single particles will be obtained by analysi:; of agnetisation

behavior and its dependence on variouis phys icil parareters,

especially temperature. Progress: Very tiny samnples from bulk
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a complettly rectangular hysteress op. Ul io

" th fir, t i

a strong link has been (:., tablisR d tetween earlier reversal '
studies and the behaviorf u , ' m:tknt 1 1 the 515: .t-
nucleated reversal behavior beini observed in loth.

Recent Publications:

1. J. J. Becker, "Properties of %licrosai-iples of ,istered C']-
Saniarium Magnets," presented at 20th Annual Conferenct- on Magnetisr:
and Magnetic Materials, San Francisco, AID Confercncc Frn(ceedings'

2h 676 (1975).

2 J. J. Becker, "Origin of Coercivity Jn Cobalt-Rare-Farth a
and Sintered Magnets," University of Dayton iyn-ss'c u Crys-'K
Anisotropy and Coercivity of Rare-Earth-Trans'tio-.M< taI Aley ,
Dayton, Ohio, Oct. 17, 197h.

NE 318-027, Massachusetts Institute of Technology, "Magneti(,
Semiconductors, Detectors, and Electronic Devices," F.I. -
Dr. George Pratt, NO001h-75-C-0785

Use is made of new models of many electron systems in magn7 i, ic
in order to determine their points of transition from metal to
insulator and conditions of spontaneous magnetization. Calculation:
of energy levels associated with deep traps, defects, and impurities,
are calculated by means of cluster techniques of energy band theory.
The magnetic after-effect will continue to be investigated as a
sensitive detection scheme. Progress: The electronic energy levels
associated with vacancies and interstitials in PbTe have been calcu-
lated using the Johnson-Slater cluster method with a Pb4Teh cluster.
This is a SCF relativistic calculation and the results are similar
to those reported earlier. Agreement with the previous Parada-Pratt
first principles calculation using conventional band theory is also
good.

Recent Publications:

G. W. Pratt, "Production of Quasistatic High Magnetic Fields by
Switching Low Voltage d.c. Generators", IEF Trans. on Magnetics,
MAG-]0, 201 (1974).

IM.
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NE 318-039, North Texas State University, "Investigation of Optical

Biasing on the Quantum Transport Properties of Semiconductors,"

P.1. - Dr. David Seiler, N00014-76-C-0319

The investigator will study the quantum transport of electrons and
holes generated by optical irradiation in the presence of high
electric and magnetic fields. During this study, new tools will
be developed and utilized to provide information on determination
of the non-equilibrium electron temperature and the effect of
laser irradiation upon this temperature, to determine the transient
effects of the Shubnikov-de Haas and magnetophonon resonance effects
in pulsed electric fields and the corresponding energy relaxition
times, and to study the properties of the non-equilibrium carriers
through spin-splitting of the Shubnikov-de Haas effect. Progress:
New

NR 318-040, Stevens Institute of Technology, "Research on Chalcopyrite
Semiconductors," P.I. - Dr. George Wright, N00014-76-C-382

Theoretical calculations of the electron energy bands will concentrate
on the differing influence of these effects: the change in the
chemical potential of the A-B cation sublattices in perturbation
frim III-V or II-VI lattices, the effect of the c/a distortion,
and the effect of the anion distortion. This study will utilize a
blend of symmetry, pseudopotential, deformation potential, and k-P
techniques. Experiments will utilize piezo-spectroscopy to ascertain
deformation potentials and optical pumping luminescence measurements
to ascertain g-factors. Progress: New

NR 318-041, Emory University, "Far Infrared Optical and Magnetooptical
Studies of Semiconductors," P.I. - Dr. Sidney Perkowitz, N00014-76-
C-0429

Far infrared optical and magnetooptical reflection and transmission
measurements will be made in III-V, Il-VI, and IV-VI semiconductors
and their alloys with particular emphasis placed upon the 1IT-V
ternary solid solutions. These data will be utilized to investirate
dielectric behavior, coupled phonon-plasmon modes, and multi-carrier
properties of the materials. The role of multiple coupled oscillators
on the dielectric behavior will be investigated. Polaron couplinF
and the role of plaoma interactions in narrow-gap materials will be
investigated. Progress: New
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3l'-n42, l . £an Jose llese'irc L Eahc:',t. ."",
o" Anisotropi,, (ranic c. - r. , .....

The contractor will investigate the fo I wvi: ( ..- ::: , :"-

cation, and film and crystal -rIwt o fe
involving intercalation, substitut on, anI I ,. i at 0 !,,--n-
(_I) measurement of tne conductivity, thermo.ower, "r! f
of these crystals as a functio, n of temperature; ald K ir-err r-
the above experiments using phenomena oriented1 mee le to rc rr%-
insight into molecular and solid state origins of electronic ':'t:

.

metal-insulator transitions, densities of states, banuwiltVh, ele '-r_."
effective masses, anisotropies and electron-phonos inter ct
1'rogress: New

11 318-O)-, Western Michigan University, "Magnetre-transp:rtt ,
in "emiconductors," T.I. - Dr. Vijay Arora, UO00l-7C

,alculatiens will be carried out on magnetotranspert effects
semiconductors in the presence of electric fields and thermal ra ii~ r.
A quantum mechanical approach based upon the solution cf Licuville'c!
equation for the density matrix will be utilized. Pesults will le
extended to the cases of nonparabolic bands, inelastic accustic
scattering, many valleyed band structure, and the effects cf hi h
electric fields. Progress: New



FF n1 1-i-l nTF T! '" .Pesc 0 o-j

NB i9-'~.,Ntt 1 cn-i liA We al r (Ia aisGithersburr- "Oaet ec+
U' F an rt'ng~~t>"~ '0 r J-.%"'v'- T,,erhcznn Tiij'4t onc

IT - ~ P.Pnnrr O'

hne electrody' nafi r' ner c'ca arrays of interact nr
T

, 7-t~n +tunn-.K jiic t i~n nr rrp b ei ni invest irated . Both r adiatiocn
emi scion a~nd microwave., i niusic repoPnse chnracterisFtics are being,

Fuie 111jpJTunc i-rn are tw(ins vi-e uising high- transitv-n
t enterat nre, large, energy rat ma er 1  Pror,,ressF: The mrost+
wgi nitcant new resu' t s 'm lvr'wthlrge area Pb-Pb oxide-Pb'
Iune Tosole b5nct rn were: (i 'he suoesfuij inieo-tiorn-
*'ajkng (with an exr.,rna1 . lU min('r-wav so- urce) nr small arrays,
4n-4 (") the- fTr, rct (Isprvat 2, G cohe,(rent emi ssion frrm, arai-

* + fl,rtree- .unet+ i r - rn, ou ' m; or-wnve stri line.
iat intin from thi n arraiy 'g'm C7 rrci a frequenc~ 4 s near

2.F.Fnneg an, .' f7 '?c r an T -ilsn, "Prequenoy-Pul:' ir,
aint -ohrent -oking in Thin'r, Filin Jcserhsc n Oscillators," C:

.TP f9'% niversity rf (ali forn ia, Terkeley' , "Microwave nt!
Far Infraredj V-urrnduct i- r F-et ot -r -'>r'urv cillanre yo m

*eTroreTlrtip r of high frenien'v, wi Er' 'nwi- 1-'w n ire ara
me sF+ir' amr'l ifi err using T-nrhsnnotC 0 sa o1icse nr

qir- bring i nves±7 i ga ted , -r~brer' : X- Px'r n F a+U ~i
r winjnt h 'i 5,r' + +n hgr' Pi hi nrr 1 *a'hI'

To r'rhn 9 ini- in -~r"~ r rr'tnl 'rwnh~'
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Recent Publications:

1. "Noise in Josephson Fffect .r.n-Wave IMixers," !. -7sser.,
T. Taur and P. Richards, Prcceedinr ,f I97L Av.ile: ?uveron-
'luctivity Conference, Cakhrook, I1!., 197L.

2. "Josephson Junctions as7 Heterolrne Peteotrr," T.T ,:r,
J. Classen and P. Pichards TFF} Tr-ansacinF r. .icrw'xe
Thenry and Techniqes, December O7.L, 0 ar .

B 119-057, ~Massachusetts Tnstitute c" Technology, ""'oornn-
ducting Electric Machines for Naval Proulsion," '.. ,
Smith, NOOlO-r7-A-ORO4-OO4P.

The contractor is investigatinr iie ctair. er 0.

superconducting machines for ship proTulsior an- r - ,
with the characteristics of newly conceive-, m hine ". ':w, --w
machines concepts under investigation are: ( ''t''.. i,
machines having a DC superconductinv fi el-I w'n,.4, W .-
conducting armature windings, ani (7) a high e

speed ship propulsion system utilizino AC silT" r. i.
an I surerconductin, generatcr. Prr re s: The .t,,oa :.
testing of an iron and cor per prot(tyTe f e so1-' :A. !:,t-If,
armature motor was completed. A startink- winlir- w-i:- ,n.:
and installed on the inner rotor o-f this m tr. A :icco i
circuit model for this new dual-rotor clasr io h. nolr beof.
doevel oped.

Recent Publications:

I. "Multipole Superconducting Electric Motors for 2'hi. Tr(,-
,ulsion," by P. Thullen, T. A. Keim and J. V. Minervini, 7 TEF
.rans. on Magnetics, Vol. MAn-II, No. 2°, March l'7', T. F7-5.

NP 319-062, State University of New York, Stony Brook, "Fuper-
conducting Broadband Arrays," P.T. - Professor J. F. Lukens,
NOO l -75-C-O7(9.

The radiative properties of broadband superconducting arrays in
the l-l nHz frequency range are being studied. These series
ronnected arrays consist of many thin film microbridges whose

properties are precisely controlled by means of electron-beam and
ion milling fabrication techniques. The effects of array size and
couplinv on microwave output power and on the intrinsic array
noise are being studied. Progress: A most important result has
ben the observation of voltapge locking between two serieF connected



superconducting indium micobid A cl. were ;i cl' st r x~ri
Data show the existence of an internal synchroni7z td-n rnrci.
without need of a cavity or external r adi ation.

Recent Publications:

1. "Observation of' the intrinsic noise of thin-film irb'e
Josephson lunctions," Appi. Phys. Lett. Vol. Pr,, L 0, 15 A~r 7,,
S7. '. Pei and J. F. Lukens.

2. "~Use of Fluxoid Quantization in the !,easurement of' the Induc-
tance of Single Junctions SQUIDs," with -. 57. Pei, J. Anol2. Phys.
46, 2257 (1975).

NR 319-072, The Aerospace Corporation, "Josephsoni Parametric
Amplification at Microwave and Millimeter Wavelenrths," P.1.-
A. Silver, N000l)4-7,T('MP0007.

Parametric ampqlificat-io n properties cf srerccndIuctingr Josep-hs -n
Junctions at microwave frequencies are being stde.Paramel 1iC
-amplification is being studied as a function of critical current,
leakage resistance, junction geometry, and frequen~cy, in order t-
deternine the conditions for optimization of x-amn, banli~iith, noise(

figuire and frenuency' conversion. Progress: Impedance niensureTnenf F
were made at 9) (11z on niobium sup,2rconductinp point contact Ilunr'ionc-

in a broadband waveguide for the purpose of studying ij.nction pir5,i-
meters. Results were inconclusive due to spurious reelectionno and
lack of an absolute reference impedance. Alternate exrerimento
are being attempted. Experiments to study parametric anrlificati'-n
at 10 0z are underway.

Fecent Publ ications:

T arametric Amp1i ficat ion with Felf-Pumped! 7o-ephso-n Junct io ns ,

K'inter, 15FF Trans on Magnetics, Vol. MAr-l, 70197'.

"Torw Noi cc Pgramotric Amplificaticn with ano 0
tp

Jfoser-oon Junction," 1;. Kanter, 7. AypiiPyi

.> anford University, "Supere on'lict ing Piviy !tal' i

'~sc Iiat r fr Ulltra High S'tability F-adi 0 Frequency(7. e ''11

Trrte sr H. A. S'chwettman, T00~(--11?ff~

T!he (- ect ri ro,j oroeic mech~ani (-I and env iros'' 1 r
which off t the f- rr trerm fr,--iun,v t Ab i I., !)n 0

djri t of nuperconiii(- inic -avit.l' -'nlV imied ci ' r r
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ide1 cic oe. '!he locnsg terrn fr equenc,. On ift of the PeOare
ne~ sc aect;- a cesiumn beam frequenc-y standardi and as part

tf chic studIy the lipsies I imi t, of the seculIar dri ft rate of thta
fne s-tructure (- nst ant i n. beino- measured . Prnrcre s Recent

-have resultF-i in the fo.i lwine- cuhl-stantm Pn rvemnt
ithe -.CSn performance characteristics at 2.6 G~z: 01) the
-,--trol density of c~hase fluctuations have been rediuced by tw

CS)- the shr-emfeunystability as measured in
t.e t irre iomila has teen reduced(, 1bY a factor of DOto x 1 O0 -

. or ,xnrinn times between I ms to( ?0 ms and (") the Iqn-te- rm
a ct - nal frequency ftr has teen reduced by a fac-tor of fo-ur

+

unecon luct inv-Ca-iitv Stabilized Oscillators of (. x 1)I

S'talIy, .F Stint'nd- J. P). Turneaure, 11FF Proceedings

M2 39 CIBO, Ilationza. Pureau of Standards, Boulder, "Mlicrowave
aind Far infrared Supqerconducting Detectors," P.:. - 1). ?c~onald,

The high frequency recro'",n7se to millimeter and sutlm!iimeter
radiation of' tuecodct in, point contact and tunnel type
,Toserhn;cn liuncticns ore i-i no t.ii e Frequencies ofI ur t-

rQ 711, are b-ei no xloe1 A theo-retic-al study Of TicCneo-o:

:nulse cenera'i--n ity loe "o t7 sin i'roo-ress. Por
wr >r yr. "- -'' e re r-: o rs orma P e rn

...... : e !r r.i -o hn'ain o

at I r,.-.>1 IS n,, o . r er. Thnn io

co tr ~ r ' Tl!-.

reforol to c'"m -'il C~ - +bp ronl -~

coccno-'... 1
.c~> tr'p mrr 1 en '-nnoC.

an !Cr'r r'W-!-i
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2.1.~~ -et'"

euotins urn c1e enr e

men*il vy !m.-e qy. . (

ansi senq itiv are - "

Of ~ ~ ~ ~ ~ I :ni'er ea r~lucc 11(2"'
rroxin'~itx- e'n 2n0

torether n v;-'~'m W

janet i v' 1--

in atrray-fV' a"
2

ci "~ rc:o.i v: .

rhenomeno-n 'vr '~l'fQ''~'2m ' . '-

radiation o)r a rq"a: a' 4 C

Recent Publicatio-ns :

I . "uo sof M4easurements ~-T'-eT1ac1POT'X0
P.K. Decker ani- J . F.- Mercerea'o, A1rW.2" _ '

2."trii21ne C7ourli1nFo to JoseFpthF n C "

3.F. Mercerenai, JI.AnI.Oq'( (2

NP ~ ~ ~ ~ ~ ' 19OS? 1:ivrst of1 Per':

Excited! -urerconductin7 Levine:-,' 7 .f14

The do 1-V charaoteristi ,F ,,f the -Ti
0 0
(,1 y-irn~.A wo',k lipO'

are beino- studiec1 in several :y' rdn-ro079''<C
dependence of the criticail mirror4l Or+rn'"r,,. ;,-h*- e
and magnetic field are be~nr, invef t 'ated. Th r-ft"""cI ic
optically induced weak l inks to- m'nrowavr' ra-!"i>i:ni le; i
studied. Progress: U sinr c~+1a exci.at- n1 ""rrune ar exceF""
of ouasi part icl es 'i.e. non ramred oer-o ra th1.q Cjp

surerce ndan-tino, rm"''rbr e 7a
4 n" ''r''.

a n al'ernate xetii 1 : r-ia"m9~4''4

on aI I mc in 0 -"r e'"'I....:'"r"W"'a
thr,,'iih ' he tari ' p n'. 'y'

in i~tr~nru In 4"4 't''h~ ' ~ 2 'T.e 'IT!:~

inje-ti -f 1" X' 4 ' Tr'~ Ian 'vet'.n. tr

"w .'tnj4'r'i' ir, I'' y~.', U
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3l9-O9L., "Tassarh'isetts institute ofTehor' "n e r'

Iiirh Transition Temrerapure All ?urpercoridu-ctirr b~T Vpprc'F r' 77n

ubst-rates f Pb4 will be prepared, characterized and impian.'el;
wigj*V ins %ft r'i cseares and enerries. Measurement f- c
'r-.ns,-flen temperature an other sur-erccnductino- p-roperties will

be al asa unction f 'rrulanta~ion temuerature and inta-'
siper~men rrerarat qr. 

m'rCCres: '!ew.

-ecent Pub I cat ions:

TF Ta0 ~ r~vrnr im, -f' 'i'arvl-r4 " -ie anl F elaxation rThenomena
-a

t Low Tem:ieraitures , -7 ~pbVbeCCIL~'~

rfce reaxatio n tim asorate,- with, the noise from metal ani ii-
-'eIrio :rvstn at' low emertrswill be, inves~ti4rjad e e
n0. -ln] o nio.biui, -Y-linder at lw tem erature will be

cF rll( Con el Tnive ri ty, "?uperoonduct in Det ec to-rsF
* . uhrman, N;OC)rl-)I_

Thie elect rodynami c pronerties and intrinsic noise c' ;uierconductinr-

4uant 1ur mnarnetometers- biased ait rf frequencies above 100 M-z will
be dietermined employinr both computer analysis and experimentation.
r
TTsinp sunerconductin4r, thin film indiuim weak links and variable
thickness niobium.b~e as microwave d~etectors, a detailed

tuf'> heatinic effects will be made. Prress: Pew.

Flecent Publlicat ions:
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-, ~ ~ ~ ~ ~ J ,* . .O: 67t O~<T~hr -I

*oeIsn ,nc~ r." croo!;ts will r't anlnta'
m 'u-~ m F nvesti rt e- :now iie t ; "r- br 1

rro-x 4net-t'* -htm e emi t'c;: raseater tr n- -te:rcin
a' N-boand 'rec.'_enc eo wi-I l ereino' "''c>-

to noto t -Fl+ , ro,.wer t'o " n'fi;&w'' '

tO@'InoVrage KV-ato0are, nr,nc +,. T-r," os-so Is-

UP ?-CSUniversityo California, 2a a bri, "TransaTrl
Prorerties of N'nea:'Cbriur 07uperconiuc'jr 'ataer-*-'.-"0 -

i. J. S calarino, OCK0'1-7--C--OG.

The Trrocesses by which various; moner.o> tl~u i tal>te
catuse breop-iowr in aureroorilutor:- wil-'lbec*A, r

perturb~ations from the eciirumsae he :w''"
rhonon jevi atin wil beF oorae fo a7 4ai' *X'

mechanisms. Changes -in enercy ar transi : r:K'a :, >

nuia s ir artice r-e xnt a < rt e wil V- neri~ r or:; w

Recent P'ublicat.ions:

nq-jqnUniversity of C-alifornia ,?k'ev--
Elect romagnetic Faliation Iv ei'not§r-yre

The current-volta~e characteristics of s er'y
type tunnel Junctions containing- silic n lr-s r:n
thicknesses and doping" profiles will. b-e rtuiiW,. -'- n
circuit model of' the semicondiucto-r barrier Wil4 : I I-i

uirn ng hree series-connected s~hunt P icci :'010:>
-jias iparticle and displIacPeent ourrents . Pers: -
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W6 I

T. *1 'f rr r

.el n ~ r. t'- c

n n 1 S+ - r7liE C Nr'" " '1

::bpesvatv anj~ w-er r4t t>V~' + T',' sszts re( s
L 4 me fr t he diif'ric,- + > o t

*,

i:'i ic, in l.aras Fex-itu i,!e .i ~ U~i 4 U tI

o 'Jo r- r pa -a t i, n -1n f er-rit (I e w'I eg W i i(.e s, .~ i TJ~ 4<

:es i,- a' nicrcvstrip devices su-ich!- as is r Ia torr s, phase 'h i~ nr, sir-
culat-r 0 and- Jistributed unidlirectional microwave amplif'iers. Prototype
aievices ,tilizinrx the edge id.ed monde have b een b-uilt. and are charuc-l
teri~pe' I-v extremely wide band p'erformance which may be .s'l 

4 cr high-
data rate cr spread. spectrumr m.uni cat ions, 1'r f-r frequency h~oppi nr

:, ittl "enel.uticen radiars, hi r a basic unders!tand4ingr this m-'e
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is lacking. '-he propagation chsm e~ ~ o
edti, gruided rodes will le deterrms ! f' can

4 ncrenog lexity usiip- int eon eatIL Y:
-techn~iques . FrOgress : unerisa, 'Cr
relations for surface modes en k ie C t' !-i C_10!14tI% ~,
beer, developed. 2onrar- sn with t',.,"Et-"
edice c7uidled mode sh ows siia hro r tie risr roa
were, Jevel uped f or the surface roj de. wlh ,.i I )r fo !.
part -L" the more complex programs requ red to a n al I, :.e '

c-uidled mode.

Recent Publications:

L'h7'-O', University ofl Colorado, ;o~r ooao ~et
m-ag-netic S'usceptibility Study of' Mea-i -clos'ures an,',
Circuits", P.I.-P.C. Chang, UOl.

This nrogram will investigate, theoreo_ lIy, the electron.ooa-etis,
penetration into apertured cylindrica'l 0: ;losure o' circular
cross-section. 7we types of plane wave i so(t ratios scheme wijI
be considerel, -ne with the wave incidont 1,r aldeto the cylirier,
and the other wi th the wave nezr.-al' ly ic icent, _ f, the endf tee(
enc los ure. in addition, a theo_-retical stuoo-, wil le made oTthle
conditions for the existence of low-attenicati r, s,.trate-attaclled
nodes in electronic circuits and transinissln srtructiores. The
excitation and propag-ation characteristics o,' such modc~es will_ also
be investirated. Progress: New.

Recent i'blications:

N:one

NEl 371-089, University of' California, los Anfgeles , ."Y ro-pacatirr'i
Characteristics of Arbitrarily-S"haped Dielectric vue" P1-

C..Yeh, i.0001o4-76-C_-0321.

Finite element techninues will be us-ed tc lv 'irI-' Torrp'Wkt(I
characteristics ()I electromagnetic, waves alcn le1 ecvlo uiia
structures whose cores maybe of arbitrary c-'c et oa hapje nnio:
whose material media maybe inhomcogfeneous in morec thar r.r tranoy 'r.,
direction. 7he proposed rrethodolog,_-, will be ajp1ie; tr( se(vpral
important problems dealiro, with practicail optical IiDe (,r irnteogratoei
opt ical waver, L'Ies, whosce e rr s-sectional i nd e - fi' rrP ;(is i
tion Maybe quite arlitrrr. IT'r)'er C :-( - An of-"i est 7'h': o 1,);
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th e Aisp-ersio.n characteristics and, P"nin lux distribut.r.
raf-t l1lv stratified fibers usini--nly x r'otrix opTerat-.-ns
Pus lk.,er 'kvel( ped.

seen ublications:

>L , Plytechnic Institute of ',ew York, !Brooklyn-, ..
- i Z veT r onurkatlion thrs ugh Tart ulnt 1 i ,rd '> i ' 0

5. at thrcwh non-lIincea- n o
S.ve. tcd;-,. T :he -eneral- techniques Ic v, :eV e

the wavenarkets as quasi-particeles , and treats t(
thncu - rr-n-l inear/turbuient media usin,- kire(dti e-at no.
fro-resfc The areas investii-ated inclu-de electr e ntrat
wit:: a tcrun:p--asrna with c2-eneration of el ect-rn-%cou-stic
waves, sohere-nt wave rr, r~auatio',n in a nocn-linear 7no w.h
uie~ectric -onstant is- a fu.nc'tioni of the nteaan sar-'c-1ei("

>9K intensity, wave-wave interactions excited lhI-,
iwves , waive-mat!tes interactions , and Tr~wv C 0U + r-f

from turbulent p"lasmia.

re,&rnt Publicu-tioss:

U.Attwoocld, "MIicrowave -Scatterine fro-m "n dyer ier,se As to:
- Iasma," Physics of Fluids, Vol. 17, No. (, jujne JQ'7)L

Attwoodi, "Cappression. of io)nizationi Waves ly rs_.
r ushlence "Physics ofF-- uidn , Vol. -1 * u lne lt

F.M. Marcuvits, "On the Theory of Plasma I arbulenee,"
of athematical Physics, Vol. 15;, N T C une

1;q 2'71-108, The Ohio, State University Res.-earch Pudt w
Chic, "Fundamental Invest ig-at io(n cf a !yb-ri K Techniqe t - -

Riectromag7netis -caFtt erers- an'! Antennas", I MA
,::0oC 14-76-C-057

A hybrid technique of determining, antenna impedance nrid rF1
pattern will be developed by uni fying the method of mlomer±- n~
geometric therory of diffraction. The method of momrent s t ~
for calculating the impedance matrix will be extendedi U: ela;-
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CO. C~l~ttl. the '~ntributic'n to the riatrix elennents t'rr'.th
u~rm:wI.r- the n ,ef: '4' rrents arid r-ertret riotC~r

:i!f:rroti r r-rr ectively apply. "T e

sjer t tt::cat i'n: apl. roes e

Nr e

NR 7'lU.C' Mayachsettv tnstit,.te 7f echr1 I,.cgoy, CartridPge,
Mrs~., "HitreW Frecency -iic 'i'Vi aoden,

The poryse ~ thiz; t-crr invert irate rat iral'l / C urri~.r
1'1 radiat icr, knc'wn an 1 at ,!.'icrry'il st en near
the .ihuzr.m~~n a a.h t' n etect la c
tonospheri: intubar, o.ar calp al E rrti-n 'r1(CA

,,ie!n lrin sTr Leniw Asirto e N71 )exa-nrA ar. c 1 ntce- Ia
:uethe- ron. r ances ame exi tc' lv ANLX theyto 'at le 1 &

sk: !oc 4 ' AceCx wit-~r-~o

+ C-* 1 7: ,

ML i''' r 1p. tart 'or'-. " r, F

:y - ctrina cr. :nol'i' & rt,
r., trii'Lw frequency n ,rer- c'_;r1tl-i.

*e:, r, ''rh~ treatment, of the errar ar'Ie -' F -

nrprn- nnc wrr c-rar-etteC 1 ll2. n1-v

wer"e Mn x a, 'eoteAl by the ox I-t re'

tr r r" -e r~eotswere also _ tr'uaa ait t -I

-'cc',-

r:.4 .r't'rny r

's,.,.............
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The use (1f reactively icaded antenna arrayst- For.. a.
directive beams will be investigated. The effect of' t. e r.rer
choice of the reactive loads in influencing, the frequency tar.:-
width will te investigated. Characteristic modes a r t. n -
structure are usedA to synthesize a desired tattern, r 4 1r 4
a givez. parameter, and then to resonate the current by rFct' v
loading of elements. Progress: rood results have I ee.. I I
cn small reactively-loaded linear snd circular arrays -r
directive beams and scanning them by varying the reactive
Such arrays have the following advantages cer ccrventina' 

4ae:-

array antennas: (1) Only one element is fed by the transmittr-r,
hence, matching the array to the transmitter is accomplisheu ly u
single one-port matching network. (2) Sc transmission lines: are
connected to the remaining elements, their excitatirn leing rtaire
from the electromagnetic interaction. (3) Control. of' the directive
bean is obtained by reactances which can be varied L-v electronic
means. (4) All mutual interactions between elements o'e acc-uinte:
for in the theory, and in fact are necessary for proper ccntrol r:
the array. Techniques for mazimixing endfire gain of' a linear
array have been developed. Mathematical techniques 'or the anaysis
of a non-linearly lcaded multiport antenna structure was develoed,
including the effect of imperfect ground.

Recen, Publications:

1. R. F. Harrington and J. F. Mantz, "Reactively Loaded Firective
Antennas", Technical Report 74-6, September 1974.

2. Y. Chang aoc R. F. Harrington, "A Surface Formulation for

Characteristic Modes of Material Bodies", Technical Report 74-7,(ctober i971..

If, K. Schuman and F. F. Harrington, "A Low Frequency xransi -
for Characteristic Modes of Conducting* Bodies", Technical Oeprt

75- , Auust 1975.

F. F. ;Iarrin-ton , F. F. Wallcnbu rr anc A. -. Farvey, "esin
of Reactively (7Controled Antenna Arrays", Tecnnical Fr Tort 7-..,
Ceptember 1o"5

J T. Luzwick ani B. F. iarrimt,,r, "A' Ctrari.s:r. , itimisa~>.

Techniques as Appliei t( ain rptimization of a Reactively Ia' v,

Linear Array", Technirs I.Letrt 70-], Vo, "

6. '. K., arkar, I . 1 . W inf-r, ):s. F. {a. irrint-tn, 1r -
of' S;n inearly -ia .!e *.- tr".. . .r.. r ,t re:'', e l Ira r f-e .
7(-;, Aptr I 7(

' -[111 I - II i ...J.
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ITz ermtv ,,WO ' 2 1 r't

ci aia. i r in.ea TC-E:, .. teracticnc witl. teMc:tci'
n shtr Fl'ffcts 4' ~z~iairi i*->f

>-rtphaisis in cr. -er-ouscular radi-atio:ns trapre r'. r r-7
-resent in the earth's marnetic fijeld, and -Iar, +re,

and terrestrial rhenomnena asszrciated' with, t lnem " 'h'r

so-lar ft ares, auro-rae, reecrnarret4-c st-ru, -pt r '+>" -rprr,

airc: ionospheric eff1ects, of, rartic>e preciritatirr) 5energ-
eliectrons; solar x-rays; very lcw frequency r,, i-
in the -magrnetosyhere; radii, freq'iercy e-' r-. Ic n
fl are atvy;and interact i rnc c F I- --.r w; ma.
c i-here. hi-c gress : i]TY a 1'cce 'i c- le nt 4

c-tr-zerts are (-reratin' iete 'at i +' nU

enerc'etic particle, electric ,in: d'F- F -~e
re:!,ce:. toi a, T-,eliminary matrci " '~ r rca,. n.(-
The ent ire diata acquis ition an rf. c, r nv i5~ c-ft t 4ni

standard fo(r the ef'fic ient and rap id lard' - ' ' atn from a ;
lrelimirnary papers on the scientitic rpcultc. r" these experimert
in the polar cusp region o-f the agetrirrhave teen rero: -ei

Recent Publications:

1. F. ". z arris and 7. A. Van Al den, "ETffects- of Interplanet4ary
::hock Waves on Energeftic t-!arj-ed ini-tic] e5", 2.Geophys. P-er.,
79, )!157-)t1M, 197L.
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:Mcul. tcatti ;rls Mantsphrcfusom 7r'
,, FQ~&--OO-~

ru'iru arid satell:ite miagnetic f-ield cata wi>" I E:c
Darm~r:tere of' models of field aligned current.-oj

I-Irase a substorm.. Studies U' sutstcrnatgrf- i
w nu.e. This work inclides i4rvmr
! a :.t-,-rapping- prcecedures, improvements int
sulstr mgrowth and expansion phases , an 1 iI

icr rti ro cedures to a large set cof cc ru,-ter
e x oa ns mnr.s . An attempt wi' 1le male '-o deter.:n 4 .

-art ial ring, current development precec, es ma:'c: Ch"

anz' no frequently a mT.ajor expansion causes furthr r cit,

ennancem ent duringF the expansion phase. P rogres:
ccuiandi satellite sio natures of" multiple onset :
wnthat the near earth rlasma sheet thins Fr;i r t --

a -ai-i exsranso: -n in respcnrre tc eac-h onset Whii
r~'c'osa heet thins 'c 1 '~wing- the firs-t nsct I,-.i

n~ afethe last c -L sequence onsets.

*etn -- blicati-ns:

I 'u" e1 ,t , Uc herror , in ihrt
c-,e ,ecm~agnetic stitms", J. Icphis. F* 9<

a Se FT. and M-cfherr n , 74 , "Mapping t~he l:cal tine-
~r_'~"atine iev'copnent of na,'netos.-phe:'ic sttmsat ns-

Tat 1Ies", e I Ieohys. Ie.%(2n), oS> ior

- .'later, '.I: and i,; er~ "Variabilityofmdltte
..agnetic parwreters used to characterized magnetospheric substorms",
J. Geophys. Res. 79 (19), 2898, 197L.

rr'n',17. t'tinrmo, .. nd .ackson, P.?., > i ti-r
* "ear j' tO'he - y t( a~ sr'e current thei e1

'' a ,j 1 , . 'ec'4' .5. Pes5.

,C]'"*T Irn ear de.,-
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... ..... C e !'a' lc Rt cesearch Lab, a-'. AIt,-, 'a'
-v *ent -aneto-Ionospheric l1asma",P.I.-Dr.

'!.e .,.en Cis an ener ,etic ion mass spectroneter an' a multi-
electron spectrometer which measures !ow-energy ions an,

elciosin the range from a fraction of a keV tc about 30 ke:.
e , -rtuni t to use heavy icns as tracers to probe mass an,]
a.r. e- e e n. ent magnetospheric processes will furnish a new

technique tc study the still unknown mechanisms responsible for
t'he energization and transport cf magnetospheric plasma. A
measurement with higher sensitivity and better mass resolution
will be performed and extended to energy ranges not covered in
toe previcus experiment. The possibility also now exists of per-
formin- active exreriments in cordination with chemical releases
P anned by LEA NASA, and the Hax-Planck Institute o fernar.
jroeress: Ccnstruction of instrum.ent is proceeding according

t sch edule.

-031, Cornell University,, Ith-aca, :-ew York, "CommIunications:
_lectrostatic Waves", P.I.-Dr. M.C. Kelley, N00014-75-C-C780.

A vector electric field measurement has been designed and built
tc be flown on an Air Force satellite S3-3 expected to be launched
this year. The launch into a polar orbit with an apogee of 5000
miles will enable vector electric field measurements in a pre-
viously unexplored region. This launch is part of the DoD S-F
.light 70-2. Progress: Electric field date from satelite observa-
tions has revealed an isotropic electric field vector at I4O0 iu
in the high latitude regions which is not coincident as had been
previously reported by others. The region of this trubulent electric
field is in frocd acreement with that of ionospheric plasma turbulence
as deduced from scintillation of radio stars and measurements (f
siread F. An additional mode, not electrostatic, is due tc the
electric comonent of an electromarnetic wave giving an observed.
eoission of ELF hiss. Observations of intense !ow-frequencey
electric field fluctuation near the magnetic equator are crrelated
with spread F at equatorial ground stations suggrest ionosphere
-.- +t i... field turbulence is caused by same instability resrm7n-b]e
in. the h in' itu-le case.
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',ecePit Policati(ns3 'e oin'" ret r

Eosor, ".h
t al ivat the "cftrwar" . t shrc

o-'zications Cuatitatixe rrbad IM, e I r'
nDensity" ,I . 'K Pd , LOG P u

.,,,Ltitative mnodel, 7,lobai in extent, willo eeCrO
t1, 4C ionospheric electron density using- mond t&red' jata 4'r,
stations and sateliite systems such as Z'CL EAT) and j??

-- a.r electromagnFetilc fluxes, fluxes of charred rarticles Ir
the ionosphere will be used to inrut this m- Je Pro,tress:

<rk is prog-ressing on schedule.

e.- it~ PubIio at iscas:

V i...unjaticr.s IVF/LF Propagation EfTfects",P. r ecr
7:iwell , :ooh6-- 0

study the eff'ects of wave-induced particle pi ocipitat cmr Cn
oil ';IFTE/ELF prop-ag;ation in the earth-ionosphere waveri-ilie, ava '"' ,

experimentalI data on whistler-induced perturbationc wal te ue
to, develop a physical model cof the perturbation, From toil
physical model an electrical model will be derived to I
the o)bserved perturbations (up to 6db) in VLF/F.E si, r-ronzr

""ismodel. will be used to predict the wIh.Jt~er rde lid el: A.nte-.i

gt iven ground observation point from. a g-iven transmniter
Progress: Artificially stimulated VLF emissions (P)are triF:-ered

ithe magnetosphere by whistler mode signals from transmit4 erc
These emissions may be separated into two clase, risi-.nn a

fI' ing in f re quencey. -'everal hundred 11 1 no ce ann.v
-at Fourier transf'orm. Averages taken yVes '" events- 1:.

thiat bo-th rising and falIing- to-nes show the -~ in'.-I 'F. I :1 i

Semissions begin at the freonency of' tli aI - os
soter t ha:n at an offset f'requeny 1-1 V E . 4 n 1
!frequency. falling- to(,nes reversing clone ri':' , r

S'etysiggo-rino- si ,mai.
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L't r-Ar

- , .! 'P J .Watson Researc ('enter , letni 'rctr
an: :~t eries f the )xides of Tetrahelcl emcndctr,'LI

Yr. scra tes Dantelides , NOCOI-7(-C-

Thei ox! des o:* the tetrahedralseicndctr (2'iC- u i

th 'v.tyeoxides- of the PAP-twp'e cOmpcani, sem. cunr 17it r
Ar,aGAr-,d4 , etc. ) are important technolog) ical mat er 1'-

wilth, in the fabrication of electron devies. The-ir crx..!,
structures are Fenerally complicate I and the over:,I ' s 1 mel "y low

cthat tb ecre t4iCal studies of the prcrertl icr of" t e>
toi. tIeeY vory limited -ii1 scope. In this program, a ,n(rc f-c

nv,-' !-utT'n of, the properties_ o ' thiese mat eri-a:wl
1 t I,- t4 , -(conventional and' tiewy -lovelhoned tem-niq--

""'r v e to the situation and; exolc1(itin1 'at''I
t1,'nr1in- pseudop tent ial methoi-. This irvo' .t!at-'_ S 011

i.IsVtlit energy bands , x-ray photomris irn sp -

1721et.a x-ray en> ssion and ah,,,rrt ionopUs tiI
!'cc 915,effective charges, elastic constants, i

:tz'ucturer , hieats, o f formation, the electrun>'- riaruIN(in
* .~.cs c 'Iefet , and stir ace andI intr( u~" at r, re"-

''20 room Tini vtr- *ly hxyeer r' an - '''>

- ~ - r Pt~I 'I it'P

.t~r~pivt, w4, r.-e w'i' 7'' +u' i r ' r ;.t

'K''rh-s!::U "orse~rai-r~ ~r' rpii ' ' .:u':4

LIx.rie 1 ft sc ' '' ' 50 '

r r, 4,
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NP D72-025, University of Colorado, "Heterojunction Contacts for
Transferred Electron Devices," P.1. - Dr. Russell !,ayes, IN0OCIl-
75-C-0472

Controlled heterojunction contact barriers will be prepared by rrowtl
of quaternary lattice-matched layers of (In, Ga) (As,P) solid
solutions on indium phosphide. By varying the constituency of the
quaternary compound, it will be possible to vary the heterojunction
barrier height continuously, and thus to determine its effect on the
performance of transferred electron devices in indium phosphide.
Lattice matching is important to minimize defect states at the
heterojunction interface. Theoretical analysis will accompany the
experiments to provide a sound scientific basis for a rational
heterojunctioh technology. Progress: InGaAsP layers have been
Crown on InP with composition that are approximately lattice matched
to the InP and with a band gap in the 1.35-1.37 eV range. The
layers were compensabed n-type with a net donor concentration ofI
ixl01 7/cc and an electron mobility of 2250 cm2/V-sec. Fhotol'wmi-
ne;soence studies indicate a Zn or Cd acceptor is present.

M 372-026, California Institute of Technology, "Condensation of
Injected Electrons and Holes in Semiconductors," P.T. - Dr. Thomas

McGill, N00014-75-C-04 23

A comprehensive experimental progra. will study the condensation
of the electron-hole gas injected in semiconductor double injection
devices at low temperatures. Emphasis will be placed on studyinr
the electrical device double injection process at low terx4,ra~or:
ani its interaction with condensate will be developel. 'rm iro:
Electrically injected carriers at low temperatures may bt- foun! a!s
fre electrons and holes, as excitonic pairs, as bound excit'n _
or a an lec'tron-hole condensed liquid. IThis latter jh'e i' a

ril-h !en:sity 1ha!o e containing about 3xl 0 /cm' in r1 ii '.. .

!a; an i n.rt-tt rol e in determining which state the ,arriers ar-
i,; ar,! thfe time decay of the nonequilibrium distributi>-., l.!,ct-i.
"ields have been shown to affect the populatiion Iynavri-s ofl'

.,I.Tnt Pih b Iicaticns:

i. V. Marrello, T. F. Lee, F. M. Vilver, P. c i1i, an. *. .

',rn,,Pnsat ion ()f injected Electrri:< ai,i lhuldes ri ;ernrinlau.,
7 vI'-tt "r 1, No. q, 59 ,%9 1197

. Ifarmmoni, V. Marrell-l , P. N. Vi lv', T. o li ,a! W.

.. ..' '' . , ... .... .? 1 alf .o .
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3. V. Marrello, F'. B. Hammond, R. N. f'ilver, 7. a c~il, anf
J. W. Mayer, "Electron Hole Condensate Radiation from Ge Double
Injection Devices Between 1.50 arid 1;.20K," Phys. Letters 7A, 3,
237-238 (1974).

NR 372-03 5, Stanford University, "Control of Impurities in the
Epitaxial Growth of High Quality GaAs," P.I. - Dr. David '?teverlson,
N000 14-75-c-o887

The investigators will analyze the thermal-cieni-a1 react'ions in a
controlled growth system to determine the source of iimpurities,
correlate the residual impurity with gas species, and modify the
reactions accordingly. Two principal activities are to be under-
taken: the development of liquid phase epitaxial growth techniques
to control impurities; and the design and construction of a molecular
beam-mass analyzer system to sample, at growth temperatures an:
atmospheric pressure, the gaseous envirormrent involvedi n the
chemical transport reactions during crystal grcwt h. trogre:
has been shown that a major source of impurltiez i the rrcwth if
GaAs epitaxial layers arises from chemical trar.z:_rt rencti<'.
involving the protective gas atmosphere, containercri
materials and growth ingredients. In growth stu ,ics, dramlati-
changes in layer properties occur for different pre-t<r -r. af-tl . ,
conditions. The shallow and deep levels al ear he i.peide;:t 4-
impurities that arise from chemical reactions holweer. the- rrnh
system components. A model on the attachment at the iiqui l-s.:1'
interface has been developed that predicts that impurities are,
segregated at the boundaries of clusters r.f 'Ths. >cth n- :
p-type layers were produced, depending upon th. "no.t . -
and construction of a molecular beaim-mass cnaysr is d.s'cri,>
thet is capable of analyzing a gaseous s t l-i- h tet.:e, rh

and at atmospheric pressure.

Recent Publications:

B. L. Mattes, YuIV . !ouni,, 'al
of Eemi-Insulating Fpitaxial raAs", .T . .,'
869 (1975).

IT, 372-055 , Princeton Un ivers it y, "'%nl u• 'o i i,
P. 1. - Dr. Peter Mark, P)00011 4-7%-C-r01.

h"his prograrr, will carry iit r n . rd .:
bulk properties ," semi or us in 1 lou ,
film overlayers an,! surfare i r. it,
ioplng and of surf'a ce ,ry,,tall cpir [h it.x
c fli' ,5i:t 5n ;.nh: oust p ( + ro ratq,' Wi ,
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,,is will include luw energy elIe ctrc. :-r, 1,~i'

Zectrosc..)y, scanningj- eltectron rnc Tst' I:,- 1j v'ity ms~i
I ellipsunetri aaysis. TProg:ress.'?- '-

IresurCa c e tructure c," various s

1..y 111 texasinatln o-f 'A1.' cir '

ymn+y anal;ss -* t has been scacl% 'e' T~cr
surfaces.. ten rinate 5 ~ wit h an i ioal surfis -o; i !:.f allr
CiL'i I t ct t ce lrie ,jjc nr 15 wi t?;li i

r.' e I (a.. w is e rIi e r m i Iaa r v, r,
4t rtct. lep Dr surfaces, ir. r~''~4

I'Usliii,-. r They ire either re '
term; I ,e t r fl Z , t rh the incorrect rrta4 L B -na

-r aijn i%......c! *ht,. -rf~ce were wur t ztrec
at c hes- were! I.i~b.u~- n~ce .Ass r i ;:

rfflcth.~i~ inci~, the k-ineti c.'os-
.r 1i:. r-ido at' c r7t.. sw s 5.s u~' r C c

l~v x

o- -: v .k tn ,

I I-' I
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.-7,crow-n University, "Transport Properties of lnO&_A._ r -1

z'i at ::i rh EFlectric Fields," P. 1. - Dr. Maurice C12 icksmani,

00 tv~t1(ttorwill measure the velocity-electric field charrer
n-yesamples of' high quality solid solutionrs oflna..

Yuasace"'-rer; .- w.I be made on material epitaxially Fgrown n Oak:-
wt r ate:, On0  aving values, of composition corresronding t x

p.' 'g ~ ~ -5q i 5 nitial studies will focus on thlemesren
a,-H'"-Histics using, snort pulse and microwaive techr',i'e

the focus will. be on the theoretica' a; alys/ _
a, determine the scattering, paraxneters of, the matera

.-e Tejmnr measurements of' InGa-As alloy saw ;1 e A *

odfieldl for d'unn. effect increans 'ir
c ;"''t. Aparatus ha.,: b-een assembcd !-r

wP Wi, r ' ,ert ies ofthe all1oys

..,w mr& r real: zi nc reus ona iy -Ml !,x iy-

m-' ii mumi of proces- in, 6 ,r +' '1
.a z. tt. e- r o rtures formed by thi5 ''' H'

i. thin t ise fo rm ed- by serial -i )*In:rn
.'c r ccr wv' I'-i a ar:.i interfuce

'err.: T- '' r i i' a !nt la t ic, i siat che-'+

it 'al rt i 'at ion. The "a' -1%

t:. r e )i r, o te rm ,

r, a~ 'ition , he 'mn:'tra in 1, ' ' 1,~ M' i

r.- ..w

1 i t ' a.: 1 ,

''' '' t! I i r.'.t .'r .. o it -xl tc 1.



:(1',' A) I~ fictt x:'. 2

1''' e r,'c . I rerj i- ic" t 'ove led t, , C~~o n '

'10 r ,> tt7 a 'J ,1- z anar ldc n ry' re',tt

ti CL!o i-tti '-rleni t sting ccr> j .>ni * 1'
'itra' at Lt1 rt ' ~ buik equ ilbc 1 ;12.-: pa.-,r

r't'ry "' I si s',f t efl ii t i at formait,c;u!is n ilnar r.

t. 'at th.e tolit> of proper-, n p~iu - '-'-A

:ietn t rcoat~'iLon V~ase', is dependent a'. thc ast e
-of'ir 0 ii f h ineti'tors pro>;Lt- that,

st'i' a-) the interface system is possii1:, an0''
wt 1 i tl~ lowest eutec t ic concentration I '" ' -.. P

:t,,.sii iy of this interface'is related-, to w> : ' w 1'>'-
a',. nucleafed-1 A, teci> t ''es where 1 -c

git enerated by tl1± i" ,et. o ucemical5 r-,ct * * +1 -%r

.r T27-077, aifn> n..ueof' '.I'liri I tL;:' T1 r

xr ow-th1,' I.I D Dr. *'ar'" c let, [uC o o,>

'Thlie ')r roa 3 obje c t ive cf thIie prcr ar i s uIIv e t, i's ,at e I
prooesses which contr, L this form o)f 'Y. 1,i w ~ ' :r

to study: (1) g.-rcwt h k inet i as, 'P) the Ia' fl t~ .7
1 Ver

( irlcorparat ion of dopant at oms , and(A'' carrel' ir n w i r(0
egr wg-

at' implanted arrorphous- layers and corks iderat ion )tl,1-r .o4oci

suer as 'e or GaAs .A second' task will1 further nec 'ci cil-

'41 L ter. interface and ii,-salution anc growth1 iou i(! WitOiI, to>.k

plate cit this interface. .0 asurement s will be madat" on he e]'1ic:'
of' jissol ition and./or growth- proceedriir s.issltrineu.- It,
r'v::tl direct ions. A third , new tnori; wil1 iivesr. irate 1 1 etl -t

ot h -i ;7h1 do se rat e andi(' h F,!ig dn se e ffec t v- on i on i ap] a nt tat i' (--' tI h

Cr(wth, of the epitaxial layer:7 Prngre: --s :Purl sg thei(n 1,i year,
hack scatter] ng spectrmet ry <cii seannti i IctrilL r, p(I

have- been used to study thfranspo)(rt 'Ifj.'a isr'
lay'sr (< 1 Wm) through ai 11-silioaric loer(,, O> ,'''e i.

'uS at rive-n annea i ng tcrr p'rat, ire , tw- '' j it ' 1',: 't '~

hI've ben o-bserved1. Ilt i i* -l tsar ,v-T W t tr: 1

gr '. of 'iA rind endc1; wit 1, t Iniform 1cf- n 11'. r
The thickness- ;f' the rrtsatr' .i%! i nl' rt'

t,(, t~ltX th c n s o l !-: iIi i 'de I]!:,, '1 , --'n ! rt firt

tr w t, ,,' . I i r'ha a t ri -1 '- t i i nt-i (ar ti , ,i t - w , i :-
5. lower thlan fte fran: o'ri* fra:.r 's 'retr

I ;:1 th,,t crsi t '; at . ' 'i n -ri thle

lay-r:, probably a ! la 'r' 2 'he( oarl : i'I -t F h '

Y: ,,r Thef': cairt' i i r 7i'': MIroV 1' aht, 'h a'

rr 'wt~ rat t i r%-'' % '-.:'fr'''' ...........

a''- ' 'p : . v :':''-. *
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trarn.ient stuge i: Ico,,istinct. Investigations -' intent lcna'
dopin,: of the grown layers has begun.

.,ecent Publica: bns,:

. J. C. Mo:aidir, "Atom rovements occurring at solid metal-
semiconductor interfaces," Journal Vacuum Science and Technolog y
11, 99c' (>9L).

...uller, .. u, J. Gylai, J. W. 'ayer, 7. W. Sis.on,
and T. T. Cass, "Crystal orientation dependence of residual disorder
iIs-Imiantedl i," -pplied Physics Letters 26, 292 (1975).

. C. Canai, S.U. Campisan, S. S. Lau, S. L. Liau, and J. W.
.ayr, "Sclidaphase epitaxial growth of Si through palladium-

' er," Journal of Applied Physics ),(, 2831 (1975).

4. J. Pest and J. 2. cCaldin, "Si-Al Interface Shapes teveled
durint" heatin :f integrated circuits," Journal of Appliej Physics

, hcn1 (l ..

NR 7 S aval Surface Weapons Center, "Ejgh Field Transport in
Ternary A' Thy Semiconductors," P.I. - Dr. Gary Carver

This prograi,< will study the transport properties of the semiconduct ing
alloy syster (Pb, Sn) Te in strong electric fields. This material i:
finding ett':' ye application in 8-14 micrometer wavelength ranre
imaging devi. -, but little is known about the transport properties.
The thru he effort will be to determine the saturated drift
velocity : ostigate whether dynamic instabilities, related t,
bulk negat'.t '"ferential conductivity, may be initiated in this
alloy syste". -.rrenologically, the PblxS nxTe alloys are a rlc,!
system. Th- f: l 1 ey land structure, the evidence for sbi:s i 'i
minima in 'Lot' nduecti n and valence bands, and the pcssbfl't"
of 3tronw, non cr. o 's 'ie to electric fieli derenden4  .
scattering i r,' n". 0.t :ai 1 all point towar , l ertile c, u,2ni
for new phy " :e.I devi,'es. Progress: The el ectc!,n
velocity as a fur' -f eectric field has been meacur ,  

' ,
samples o!' n-bTe ' at urited value was: foon t t 1,- r ry, o,

?ewfr'cr 1 an' 1 x , . '",()K The e, ec s I
n~on-nec li-it a~%nd -. .ied to red o- fu'" c :'
Ireliminarn oh nrv.t'hs :: ' 4-n-field domali:, fr.". V .
in sample's .f ,Te an': T -he- domain: nr ar'O ' w'41
near to x ' cm/sc : ins appear , , .
mirometers in lenth, he eath ,-, at. I-v . ,

travel toward the anoie.
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Y''-, Colorado 'tate University, "Compound Semiconductor
Suroaces and Interfaces," P.I. - Dr. Carl Wilmsen, !;00014-'(-

-C 387

Insulators on InP, InSb, and InAs will be investigated for their
electrical7 and mechanical properties and for low surface state
densities. Several analytical techniques, such as Auger electron
spectroscopy, ESCA, capacitance-voltage, and capacitance-conduc-

tance measurements will be utilized to study the interface properties
to obtain a correlation between surface state properties and chemical
composition. Theoretical calculations of surface oxidation energies
as a function of position and coverage will also be carried out.
Initial studies will focus on a double layer insulator with an anocdic

oxide overlaid with a sputtered oxide, such as silicon dioxide.
Progress: New

NR 372-096, Naval Research Laboratory, "Solid Phase Fpitaxial ,tui,
Using Molecular Beam Deposition Techniques," F.I. - Dr. John >ane

Solid-solid surface reactions (solid phase epitaxy) may offer a.
important new method for realizing reasonably complex layered e;

structures with a minimum of processing complexity. O.UR has recently
begun a coordinated program to investigate the physical proper-.,- -
these interactions in several universities and industry. While
striking recrystallization effects have been seen, evaporaticr cf
the amorphous silicon has disadvantages. Similarly, growth of

single crystal silic,n by molecular beam epitaxy (vacuum evapCratic,
at low temperatures has been singularly unsuccessful. Preliminary
studies at ,RL indicate that by placing a metal layer on the silicon
substrate and heating to 600 C during evaporation, thus combining
solid-phase-epitaxy with molecular beam epitaxy, single crystal
silicon can be grown, a result that could be an important stride
forward in semiconductor technology. This prograr, will continue tht,:,
investigations. Vrogress: New

R 372-097, Yeshiva University, "Pieso- ptical ,eterm nal i, !I
ef ormatti,-n Potentials in Multi-Valleyed emic(ndurters ," i.. -

L:r. Fred Pollak, ,0,oo4-76-C-0481

An investigation of the stress-dependence of the op[t. ical lib rit-,r.
wil be carried out in several Ill-V semicondiuct rs. WnXve elgf h
moiu bated transmission and reflecti(on will be utii .e
tcth indirect and ,irect trans itions frcm valence t. 'n1duci

I ,.. Vr rm the tr insiticn rates a i i I t ' ;cattcrin n r es , .

o " t w1i fIr., f , e r h t r -n- 1 i r , n d e i or n i e rr.: o

[.-''n~a S cr nt'r ; l )'pr ce,, : '' : - .et ,r~t,' . r.= m,.o:o,.
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-ate~ by Tre.l-rntinl TC1. 11V'

O)C) "7 l,1 1 J, (e 1 '

W. '7 . T.,.4to nr iM -rrr'n-

"'.'- ave , e'a n',- C.;,- j

.p;A ii ii waxf u e es o c'41 ci' leak ( torr', (but not II iriate

abso r ptio n cir -4 ~er i nl ar e an", a- '' e'r,1M 'aween nti
Cil-t t eI t l&"i' or a-beam formv'rc bin- lb --,
modIuatcuo rat inr struct Lures are st.,id it a,,- ~ me - to. ism to ii rodluc'

the desired brm behavior. Procress T"f' ' t rt' Iin.tjroach:
hasI been hi ghlv sucsflin Trovidj-ri t esltofr
thuw analysis of wave phenomena on Iinecctri. Thei worka,.
result !; obtained durino- the past, hal 1 -to 'ai i 'a: Ia je thie
formulatior: of solutions for t reatin- pP oarcobl er':s, whichi are
more complicated than those of TVE mode..........h pact. , th"
level opment, at' equivalent networles , wh ot''0 v 4-

ili 'l' h
'inter.ot. and im no of the phys ical mec! an inn in's c I te puilinc

and! scattering, of waves by dielectri, o-raliA ft, 'Ieivit r' n )t
l eaky-wave dIispersi on curves for I1Is5f in bea Iup e IO app I ao-t i en c
arid t.he development of s ys-tematic cr')r> r I hr v- r-
-. lecot r ic t,Tratirnus havinr ier oleffl ri 1 1, it

'cc ent. Pt i cat. ions:

1 . T. . Penr and T'. Tarn! r , "Pi r(,- i oena! 1-! r 1 i rl''ii All 1'
Aymmetric !'ielc.ri c Oral mo''' 's r1'. V, , r '->'

Augus-t, l9T)-
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2. A. Saad, I. L. Bertoni and T. Tamir, "Beam Scattering by Nonuniform

Leaky-Wave Structures," Proc. IEEE, Vol. 62, (Special Issue on Fays
and Beams), pp. 1552-1561; November 1974.

3. S. T. Peng and T. Tamir, "Effect of Groove Profile on the
Performance of Dielectric Grating Couplers," Proc. Symp. Optical
and Acoustical Micro-Electronics, Polytechnic Press, pp. 377-39?,
1975.

4. S. T. Peng, T. Tamir and H. L. Bertoni, "Theory of feriodic

Dielectric Waveguides", IEEE Trans. Microwave Theory aril Techniques
(Special Issue on Integrated Optics and Optical Wavewuiies), Vol.

M4TT-23, pp. 123-133; January 1975.

5. K. Handa, S. T. Peng and T. Tamir, "Improved Fertart tion Analysis

of Dielectric Gratings", Appl. Physics, Vol. 5, F 325- o;
January 1975.

6. S. T. Peng and T. Tamir, "TM-Mode Perturbatic Anays 

Dielectric Gratings", App. Phys., Vol. 6, pp. 5- May

7. T. Tamir (Editor), "Integrated Optics", pringer-Vriap,
New York, Heidelberg, Berlin; 1975.

NE 009-017, Rensselaer Polytechnic Institute, "Optical Pea] Tine
Signal Processors Using Surface Rayleigh Waves," F.1. - Pr.

Pankaj Das, N00014-75-C-0772

The interaction of acoustic surface waves and integrated optical

waves will be studied for signal processor applications. Th7w
acoustic surface waves can be correlated through the accusto-

optic interaction with the correlation signal appearing in the
diffracted optical signal. The application of this to correlatrr:,
modulators, and filters will be investigated. The use of acoustic

surface waves for determining the surface properties of semicon-
ductors will be investigated. Progress: Signal processing functions
such as convolution correlation, and Fourier transform have been
obtained in real-time using the efficient diffraction of laser

light from acoustic surface waves propagating on lithium niobte.
Different device configurations and detection schemes have been

considered. Results were found for the usual del ay-l ine trsn:ciucer
configuration, as well as for an improved schicme which eliminte,'
the problem of the refle',tion signal. A d c1ns sin wa: giver,
indicating the exter;ion of the arou, 'toopti ca co r 

'.' 1 ye th (

generation of ,mb i guifty functi-<ni-, an it he rre ati f j gh
nampliitude distril ' * - n with tri r iocira.
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Recent Publications:

1. P. Das, M. E. Motamedi, and R. T. Webster, "Determination of'
Semiconductor Surface Properties Using Surface Acoustic Waves",
Applied Physics Letters 27, 120 (1975).

2. H. Bilboa, M. E. Motamedi, and P. Das, "Study of GaAs EDitaxial

Layer Using the Separated Medium Acoustoelectric Effect", in Proc.
1975 Ultrasonics Symposium.

3. M. E. Motamedi, R. T. 'Webster, and P. Das, "Application of SAV
Delay Line Attenuation and Transverse Acoustoelectric Voltage for
Determination of Semiconductor Surface Properties", in P-oceedings

1975 Ultrasonics Symposium.

4. H. Gilboa, M. E. Motamedi, and P. Das, "Determination of Energy
Band and Surface State Locations in GaAs Using the Separated
Medium Surface Acoustoelectric Effect", Applied Physics Letters
641 (1975).

NR 009-018, University of Texas, "Multiple and/or Inhomogeneous
Layers for Integrated Optical Coupling and Modulation," P.7. -
Dr. Bruce Buckman, N0001-75-C-0753

Large, permanent refractive index changes are obtainable in Pt1l
films in the red and infrared portions of the spectrum when thes:_
films are subjected to 1188 mm Ar laser radiation at film tempor'7 rt,
around 165 celsius. Several novel coupling and modulation aeviee-,

which are feasible only when a refractive indox (u atinF 'ormt'i (-:
mechanism such as this is possible, will be investigated anal",',!,
and evaluated experimentaily. Progress: A ma trix met r -
fating the effective refractive index of' mi e' mode or so ,
dielectric waveguides was developed ard empnr1'eJyr to caJcat .
effective electroortic coefficient :f sash wavegui e 'tru
one of' the media composinr them is ele-trooptic. Ir properly
specified three-layer waveruides, enl.hanceme-nt of tile offect'vo
1 ectrooptic coefficient above thc 1)U11 v-, ,- , , _' mich a ,
';ct, - r equal to the sqjuare of the hir" ., , ,fr' - ,ve ,J x r Y ,
;triucture is possi he. The maximmi mc 3ii-n ,-I.',in'e': ni i.

.itt ainable with loosely, ts well or i h',, ',n i:c', wive-i :' r

i"rent Fhiblications:

A. t. uckrnan and N. 1;. llon ",'T re "" '

, Fllm:: by Phc)triynis "if 14O-],r;'", f,,'urn, '1' ih' -i4a.

-:,'" A,'r' ; v _, 91 ( 71) .
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1. Annual Progress Report datedepnieAP?-
'cearoLi for Cap,-qer-Veloc ity J emirunductt "r 1'. A. t K

J.V :auser.

t,!P. A. Littlejohn, J. ii. Roauser, T.:. lis;-na r
Q Ilculation o)f the Velocit'.-Fielu-, Belat±un.-hi- fo t --13 or. d>:
Applied Phys. Letters.

3.J. F. Andrews and %1. A. Litl V'. Gawt rn
from Trietiy lgallium !Monamine" , Journal -)* le< IrcOlhenicalLI t

4. J. FE. Andrews and A. Lttiejohn, "'.ass f'T-ectroscol icA.r;f
of 'jai; Films"1, (A write-up).
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-aul 1esuce 2 2§ , '2 r,-.. . 1 ... 1 'noer:;II

s'uil-u_:U SWI11, Wti~u or. utrc LueIre nfto z i i."

TV (

m,,: e n r' Ii _11r a

uIl cam frey'-l sio 1'e 'at ja 2 
1 ' 1 i c c "i- rc

eita fl\2 iDyer 'ifter r-'r: the an'ra le; erii -

12 _layer o n -i (111 is i.org. 5 t "org' " rientedu t tV> 
t-'

a_ d n irhe C'(O 1r0 ac c empe-atur slow"'c-rt rt''
oase e' p-x 4 ' :et naX nr

(:eLtrcll' '' tivc layers' with sha'N interfaces bhe y
e?'Ie tee r-oocry ceuldl be very great. 7here is expectati:.n . i

zos ws.ti a2 t c "tnribute t, 'iertanJinJ o' otherrc

'O~crmati- -ni iinc affect: or

' ulblia I:;

T-n -mLnvers'"y 'f IlI nois, "Ion Impjlantati-n ]af Balliu
P. 1. - . t -z etrian, I' O T (

ThIe Ur~perties of gallium arsenide (GaAs) implanted with varicus Co-a'-
reswill be studied. M~any unknowns will be ine _'at e3

t-e effects of radiation damage induced by the 4ion bomca~r- , he
:rjacesby which the dopant atoms become electrically Lciv 4e

Se,1,nuctor, the effects of various surface encacsu2 atinF, f,.Ts -
ror.taAs surface degradation during, heat treatmemt, the 'ete-''a-o

e soatial location of imp~urities before and after an-.ea rn (wit'
siecial attention to enhanced diffusion effects), the correlatiim c'
resultant optical and electrical Proper'ties w-th imratt , 4

an, t-e study of impurit, an defect. ;7enrerate, -'r ,- I-,
se"yll air and sulfu-r impurity sca in ' e~ s 9 Te , e r. i'ii

OfI.55~ analysis, electron oreit r~l wv(~IP'~C
ira, ) p ni c al .'ire c tros-,c c ry teeh'"'s"0'

ar IP rfe n nai' ar ae a' i usc''

iTnr.urity ceniters. P'hi:; tasa is, c-_-r it"inat(2 w, -~: it r'a

.rcgress: New
'een ublicaitior,- "'clip
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3 3-0,9, HCA Princeton Labs. " Transverse LomainI
~~.a!"r ayar1  0':-y(C'

*.1work seeks tocevlo op-timum PhDlL structure:: wt.reir a 0&.

mitd are excitec b a transversesraig i'tleU
is manner inter elernen- delay, andI parasitic cadin m',e

nm. 3e uch that carm~rlex logic computationis requirmin!' mnar: :
-,cLes by conventrional approaches may be redIucel to one _r w, t k

Le.Progress: New

t' r I e n" ~ r-ar 9 v_ "- e

ra new 01. C.

wer o ~ unsest- 31'.P K.' is t 257 -fta

£ ecn 17V icatior':

. ,et'aer :' 1 rres 'Pepor 1 "',-eh. 19 r(
c e E b ' C . , I ehy av'W I P

cc-r~- ''er r I' ' : "'' ,

'j a t rs , a nc u T



Nh 383-032, TRW Systems, Inc., "TLL A/ <nvcr" -

D. Claxton, :o00Ol-T6-C-
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