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ABEL, W.G.
B.S., Catholic University, 1939
M. S., Fordham University, 1947

"A VHF Solar Radar System" MS 433
(co-authors J.H. Chisholm, P.L. Fleck, J.C. James)
IRE Intl. Convention Record, Pt.5 (1962)

Radar echoes from the sun at a frequency near 38 Mcps have been obtained regularly since
April 19, 1961 at the MIT Lincoln Laboratory radar site near El Campo, Texas. These echoes
are buried in solar and cosmic noise and can be detected only after cross correlation with the
transmitted signal and integration over at least several minutes. The equipment and techniques
employed at the El Campo site are described here together with a brief summary of data
analysis to date.

ALLEN, J.L.
B.S., Pennsylvania State University, 1958
S. M., Massachusetts Institute of Technology, 1962

"Gain and Impedance Variation in Scanned Dipole Arrays" JA 1890
Trans. IRE, PGAP AP-10, 566 (1962)

The effects of mutual coupling on the gain and element impedance of large electronically-
scanned arrays of dipoles above a ground plane have been analyzed as a function of scan angle.
The resulting calculated gain and impedance variations are tabulated for planar arrays with
elements located on a square grid with spacings ranging from 0.5 to 0.8 wavelength, for dipole-
to-ground plane heights ranging from § to 3 wavelength.

The results of the study show that the gain of a dipole array as a function of scan angle de-
pends markedly upon the element-to-element spacing and appears to be quite insensitive to
certain other parameters, such as the height of the dipoles above the ground plane. On the other
hand, the change in element impedance with scan is considerably affected by some parameters
which have little effect on the array gain behavior, and possibilities for minimizing mismatch
caused by scanning are pointed out making use of these results.

* * *

"Array Radars — A Survey of Their Potential and JA 1892
Their Limitations"
Microwave J.5, No.5, 67 (1962)

In recent years, there has been an upsurge of interest in radars of the array type, in which
the antenna beam location and shape are controlled by the relative excitations of many small
antennas. If the characteristics of the interconnections are electronically varied, extremely
rapid changes in the beam-pointing direction and shape are possible, even for very large
antennas. While such a high degree of flexibility naturally intrigues the radar user, examination
of the design, construction and maintenance problems inherent in such a radar causes sobering
second thoughts about the complexity of such a design.

The intent of this paper is to examine the extent to which array configurations can lead to
enhanced capability in long range, high performance radar and the degree of complexity attendant
with a desired amount of increased radar performance.

To accomplish this, several types of array antenna configurations of different degrees of
performance and complexity are briefly described. The radar design problem is then examined
in terms of three basic tasks of radar — detection, resolution and measurement — and the in-
fluence of the operating parameters of any radar on its ability to perform these tasks is exam-
ined. The ability of array radars to perform these tasks is then compared with that of more




ALLEN, J.L. (Continued)

conventional radars, and it is pointed out that in certain tasks, arrays can give superior per-
formance, while in others, they may be inferior to more conventional techniques.

Finally, an attempt is then made qualitatively and quantitatively to assess the cost of array
performance in applications in which they may be warranted, and some suggestions are put forth
as to how this cost can be reduced, both by proper "marriage" of task and configuration and by
applied research in areas in which present technology is deficient.

% A% %

"On the Effect of Mutual Coupling on Unequally Spaced Dipole Arrays" JA 1952
(co-author W. P. Delaney)
Trans. IRE, PGAP AP-10, 784 (1962)

Present analyses of unequally spaced arrays often neglect the effects of mutual coupling
between the antenna elements. It is shown that the antenna patterns computed in the absence of
mutual coupling*are a poor approximation to the actual antenna pattern that will be achieved in
practice. Computed patterns which account for mutual coupling give a much better approximation
of practical results. Measurements and computations for a 16-element unequal spacing dipole
array are shown to verify this conclusion.

* * %

"On Array Element Impedance Variation with Spacing" JA 2304
Trans. IEEE, PTGAP AP-12, 371 (1964)

It is pointed out that contrary to popular belief, the variation with scan of the apparent
impedance of an element of a large dipole array can be made to decrease as the elements are
brought closer together. This fact largely negates the value of the magnitude of the coupling
between two isolated antennas as a measure of interaction difficulties.

* * *

"Array Antennas. New Applications for an Old Technique" JA 2407
IEEE Spectrum 1, No. 11, 115 (1964)

Array antennas come in a wide variety of configurations with as few as two and as many as
several thousand radiating elements. Nevertheless, all are governed by a common set of
fundamental principles, the more important of which are surveyed in this paper. The theory
of ideal arrays (i.e., error-free arrays of non-interacting, non-directional radiators) is first
examined. The applicability and modifications to this idealized theory for arrays of interacting
and directional radiators are then explored, and the effects of errors in array excitation ex-
amined. A survey of some representative types of networks for exciting array antennas is also
included as well as a fairly extensive bibliography.

b ] *

ANDERSON, A.H.
B.S., University of Wisconsin, 1957
S. M., Massachusetts Institute of Technology, 1959

"Drive Current Margins for Magnetic Film Memories" MS 680
(co-authors T.S. Crowther, J.I. Raffel)
J. Appl. Phys. 34, 1165 (1963)

The effect of spurious fields on magnetic-film memory operation is to considerably reduce
digit-current margins by lowering disturb and raising writing thresholds. These fields are
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generated by fringing from drive lines, closure flux of neighboring magnetic elements, and sneak
currents in the word selection matrix. Margins for the 256-word 370-nsec memory of the Lincoln
Laboratory FX-1 computer are described and the process of "creep" disturbing which occurs

due to spurious transverse fields in combination with normal digit fields is examined as well as
methods for improving margins.

ARGYRES, P.N.
A.B., University of California, 1950
M. A., University of California, 1952
Ph.D., University of California, 1954

"Quantum Theory of Kinetic Equations for Electrons in JA 2138
Phonon Fields"
Phys. Rev. 132, 1527 (1963)

A method is presented which yields a kinetic equation for the time development of the one-
electron density matrix for dynamically independent electrons in phonon and other arbitrary
static fields of force under the influence of a weak but otherwise general external dynamical
disturbance. The exclusion principle, the finiteness of the phonon energies, and the quantum-
mechanical nature of the processes involved are taken into account rigorously. The effects of
the electron-phonon interaction are described only in the Born approximation. A kinetic equa-
tion for the steady state is also derived in an arbitrary one-electron representation. An itera-
tive solution of the kinetic equation is discussed and the power absorption due to direct and in-
direct transitions is derived from the general kinetic equation. The case of a uniform but
oscillating electric field is considered in detail for free, Landau, and Bloch electrons, for
which special kinetic equations are derived. A "local density matrix" — useful in the calculation
of space-varying densities of various physical observables — is introduced and a kinetic equation
for it is obtained from the general theory. Applications of it are made to the case of free and
Landau electrons for disturbances of arbitrary space-time variation. The applicability of the
method to more general situations is indicated.

% * *

"Theory of Spin Resonance and Relaxation” JA 2277
(co-author P. L. Kelley)
Phys. Rev. 134, A98 (1964)

A quantum-stdtistical-mechanical theory of spin resonance and relaxation is presented,
which avoids the assumptions of earlier theories, is capable of extension to other than the lowest
Born approximation for the strength of the relaxation mechanism, and is applicable over a
broader range of physical situations. From the Liouville equation for the combined system of
spin + bath, the theory yields a non-Markoffian equation for the time development of the statis-
tical density operator for the spin system alone. Detailed consideration is given to the response
of the spin system linear in the driving field, and an equation for the steady-state spin density
operator is deduced. A simple application exemplifies the new features of the theory and it is
shown that it describes the phenomenon of "motional" narrowing. The response to an arbitrary
external field is studied with particular reference to the problem of approach to thermal equilib-
rium and the phenomenon of spin resonance saturation. The latter is considered in some detail
for a system of independent spins, for which an equation for the steady-state magnetization is
derived and discussed.




ARGYRES, P.N. (Continued)

"Statistical Mechanical Theory of Resonance" MS 449
Proc. Intl. Conf. on Magnetic and Electric Resonance
and Relaxation, Eindhoven, July 1962

A general model of magnetic and electronic resonance consists of a driven system of interest
in interaction with a heat bath. Starting from the Liouville equation for the density operator for
the combined system, we derive a Boltzmann-like equation for the density operator of the system
of interest only, which describes its resonance. In this derivation, the unsatisfactory statistical
assumption of repeated random phases is eliminated; the only statistical assumption made con-
cerns the state of the total system just prior to the application of the time varying driving field.
In addition, no further assumptions are made about the heat bath, and the method is simple both
conceptually and mathematically. The theory is valid for arbitrary strengths of the driving field,
thus describing the phenomenon of saturation. Formal expressions describing the relaxation to
all orders in the interaction of the system of interest with the bath are given.

* * *
ARNOTT, R.J.

B. Sc., University of Manitoba, 1943

M. Sc., University of Manitoba, 1949

Ph.D., Columbia University, 1954
"Electron Ordering Transitions in Several Chromium Spinel Systems" JA 2117A

(co-authors A. Wold, D. B. Rogers)
J. Phys. Chem. Solids 25, 161 (1964)

Several systems of chromite spinels have been prepared and studied crystallographically
from liquid nitrogen to room temperature in order to investigate the relative influence of
Jahn—Teller and spin-orbit effects. In the system CoyFe4_4CrpOy4 there is a cubic to tetragonal
{c/a < 1) transition for x < 0.3. For the system NiyFe,_4Cr,04 there is a cubic to tetragonal
(c/a <1) transition for x < 0.2 and a cubic to tetragonal (c/a > 1) transition for x > 0.3. It appears
that A-site Co2t is more effective than A-site Ni2* in maintaining a tetragonal (c/a < 1) distor-
tion at A-site Fe2*. This implies that more A~site Fe2+ is needed to change the sign of a
tetrahedral Ni2*t from c/a > 1 to c¢/a < 1 than is needed to cause a cooperative distortion of the
structure with non-Jahn-Teller Co2t sharing the A-sites.

The system NiFe,Cr,_,O4 shows a cubic to tetragonal (c/a > 1) distortion for x < 0.15 and
a cubic to tetragonal distortion (c/a < 1) for x 2 0.28. At 0.2 < x < 0.28 there is a cubic —~ tetrag-
onal c¢/a < 1 - orthorhombic series of transitions. This system is more complex than the others
that were studied. In this system both spin-orbit and Jahn-Teller contributions are present; the
sign of the distortion indicates which is dominant. In the orthorhombic region the two contribu-
tions are presumably of comparable magnitude.

It has also been shown that a Jahn-Teller distortion of tetrahedral Fe2t may not only stabilize
tetragonal (c/a > 1 or c/a < 1) distortions but also give rise to an orthorhombic distortion.

* * *

ATHANS, M.
A.B., University of California, 1958
M. A., University of California, 1959
Ph.D., University of California, 1961

"Time Optimal Control for Plants with Numerator Dynamics" JA 1909
(co-author P. Falb)
Trans. IRE, PGAC AC-7, 47 (1962)

In this communication, the problem of time optimal control for plants with numerator dy-
namics (i.e., plants whose transfer functions have zeros as well as poles) is discussed. Under




ATHANS, M. (Continued)

the assumption that the magnitude of the control is bounded, a necessary condition, in the form
of a linear differential equation which must be satisfied by the optimal controls, is obtained
through the use of the Maximum Principle of Pontryagin. An example which shows that pure
relay (or bang-bang) control does not lead to minimum time response is also presented.

A& ¥ *

"Optimal Control for Linear Time-Invariant Plants with Time, JA 1923
Fuel, and Energy Constraints"
Trans. AIEE, Appl. and Indust. 81, 321 (1963)

The structure of optimum control systems and the form of the optimal control signals are
discussed for minimum time, minimum fuel, and minimum energy' control of linear time-
invariant plants. If the control variables are bounded by 1 in magnitude, then the control signals
must have the values +1 or —1 for minimum time response; +1, 0, or —1 for minimum fuel
operation; +1, —1 or be linearly related to the state of the plant, between these limits, for
minimum energy operation.

* * *

"Time=-, Fuel-, and Energy-Optimal Control of Nonlinear JA 2060
Norm-Invariant Systems"

(co-authors P. L. Falb, R.T. Lacoss)

Trans. IEEE, PTGAC AC-8, 196 (1963)

Nonlinear systems of the form x(t) = g [x(t); t] + u(t), where x(t), u(t), and g [x(t); t] are n

vectors, are examined in this paper. It is shown that if |[x(t)|| = x,lz(t) +...+ xz(t) is constant
along trajectories of the homogeneous system x(t) = g [x(t); t] and if the control u(%) is constrained
to lie within a sphere of radius M, i.e., ||u(t)|| £ M, for all t, then the control u*(t) =
—Mx(t)/||x(t)|| drives any initial state £ to 0 in minimum time and with minimum fuel, where the

consumed fuel is measured by fOT [|u(t)|| dt. Moreover, for a given response time T, the con-
trol u(t) = —||&|| x(t)/T ||x(t)|| drives £ to 0 and minimizes the energy measured by

1 foT ||u(t)||2 dt. The theory is applied to the problem of reducing the angular velocities of a
tumbling asymmetrical space body to zero.

* X* *

"On the Fuel-Optimal Singular Control of Nonlinear Second-Order Systems" JA 2415
(co-author M. D. Canon)
Trans. IEEE, PTGAC AC-9, 360 {1964)

Given a body subject to quadratic drag forces so that the position y(t) and the applied control
thrust u(t) are related by - - (t) + ay(t) |y(t)| = u(t), |u(t)| <1, the control u(t) is found which
forces the body to a desired position, and stops it there, and which minimizes the cost

J = foT {k + |u(t)|} dt. The response time T is not fixed, k > 0, and |u(t)| is proportional to the
rate of flow of fuel.

Repeated use of the necessary conditions provided by the Maximum Principle results in the
optimum feedback system. It is shown that if k < 1, then singular controls exist and they are
optimal; if k > 1, then singular controls are not optimal. Techniques for the construction of
the various switch curves are given, and extensions of the results to other nonlinear systems
are discussed.
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"Minimum-Fuel Feedback Control Systems: Second-Order Case" MS 615
Trans. IEEE, Appl. and Indust. 82, 8 (1963)

The control u(t}, |u(t)| £ 1, is determined for the control of a linear plant G(s) from an
initial state to a terminal state, such that the fuel F = fotf |u(t)] dt is minimum. The maximum

principle is used to prove that the optimal u(t) is necessarily piecewise constant and that u(t) =
+1, 0, or —1. The optimal feedback control function is derived for the plants G(s) = 1/52 and
G(s) = 1/(s + 1) (s + 2) using the concept of the iso-fuel curves. The phase plane is divided into
three regions of operation such that to each region corresponds a value for the control u(t).

* * *

"Time-Optimal Velocity Control of a Spinning Space Body" MS-703
(co-authors P. L. Falb, R.T. Lacoss)
Trans. IEEE, Appl. and Indust. 82, 206 (1963)

The problem of minimum-=-time angular velocity control of a spinning space body, with a
single axis of symmetry, is examined. The control thrusts are assumed bounded. Two-axis,
gimballed, and single-axis controls are considered. The optimal controls law is derived for
each method. Comparison of the response times indicates that gimballed control is best.

* * *
"Optimal Control of Self-Adjoint Systems" MS 709
(co-authors P. L. Falb, R.T. Lacoss)
Trans. IEEE, Appl. and Indust. 83, 161 (1964)
Given the linear self-adjoint system
x(t) = A(t) x(t) +u(t) , x(0)=¢

with A(t) = —A'(t), ||u(t)|] £ 1, and terminal state x = 0, it is shown that:

n

(i) the control u = —x(t)/||x(t)|| minimizes the response time

(ii) the control u = —x(t)/||x(t)|| minimizes the fuel fot [u(r)|| dr

(iii) the controlu = —||£]| x(t)/T ||x(t)|| minimizes the energy

1 7T
> 5 <u(r) , u(r) >dr , and
0
5 A tg2 1
(iv) the control u = —~2kx(t)/]|x(t}|| minimizes fO {k" + 5 <u(r), u(r) >} dr
which is a weighted combination of energy and response time.
The theory is used to determine the optimal control for a space body such that an original

tumbling motion is reduced to pure spinning motion in minimum-time and with minimum-
consumed fuel.




ATHANS, M. (Continued)

"Minimum-Fuel Control of Second-Order Systems with Real Poles" MS-710
Trans. IEEE, Appl. and Indust. 83, 148 (1964)

The controlled system has the transfer function G(s) = K/(s—)\i) (s=A,). The control input
is u(t), |u(t)| < 1, and the output is y4(t). The control which forces any initial state y(0),
¥4(0) to the terminal state —K/A A < y4(T) < K/AyA2, ¥4(T) = 0 and which minimizes the fuel

F(T) = foT lu(t)| dt is determined. The phase plane is divided into three regions such that in
one region the control u(t) = +1 is used, in the second, the control u(t) = 0 is used, and in the
third, the control u(t) = —1 is used.

* o *

"Fuel-Optimal Control of a Double-Integral Plant MS 770
with Response Time Constraints"
Trans. IEEE, Appl. and Indust. 83, 240 (1964)

Given the double integral plant ¥(t) = u(t), |u(t)| < 1, the control u(t) is determined which,
in the time interval [0, T], forces the state of the plant to zero, minimizes the fuel consumed,

as measured b &4 u(t)| dt, and results in a response time T which does not exceed a pre-
Y Jo p

specified multiple of the minimum time. A design of the nonlinear controller necessary is
included.

AUTLER, S.H.
B.S., City College of New York, 1942
Ph.D., Columbia University, 1954

"Current Status of High-Field Superconductivity" MS 591
Metallurgy of Advanced Electronic Materials, Vol. 19
(Interscience Publishers, New York, 1963)

Recent progress in understanding the behavior of "hard" super-conducting materials, as
well as their application to the generation of strong magnetic fields, is reviewed. Some of the
significant experimental results appearing in the current literature are discussed, and various
models which have been proposed to explain the persistence of superconductivity in strong
magnetic fields are outlined. A critical analysis of these results is presented, and particular
attention is given to those areas in which further work is especially needed.




BACHNER, F.J.
S. B., Massachusetts Institute of Technology, 1961
S. M., Massachusetts Institute of Technology, 1963

"Peritectic Reaction in the Superconductor Nb3Sn (Cb3Sn)" JA 2412
(co-authors H. C. Gatos, M.D. Banus)
Trans. Met. Soc. AIME 233, 227 (1965)

The portion of the Nb-Sn phase diagram between 75 and 79 at. pct Nb at temperatures near
the liquidus has been investigated by melting alloys of known composition and examining the
microstructures resulting when these melts were quenched. The Nb-Sn samples were contained
in magnesia sleeves, and were mounted in a high-pressure apparatus. It was shown that
Nb3Sn melts by a peritectic decomposition

Nb3Sn -~ aNb + Liq
and that the composition of the compound Nb;Sn at the peritectic horizontal lies between 77 and

78 at. pct Nb. Analysis of the phases present in the samples was accomplished by anodic
staining techniques and an electron-microbeam analyzer.

* * *
BALSER, M.
B.S., Brooklyn College, 1948
M. A., Harvard University, 1949
Ph.D., Harvard University, 1952
"Some Statistical Properties of Pulsed Oblique HF Ionospheric Transmissions" JA 1916

(co-author W. B. Smith)
J. Research Natl. Bur. Standards 66D, 721 (1962)

A study is made of the amplitude fading of 35-psec HF pulses transmitted via the ionosphere
over a 1,566-km path between Atlanta, Ga., and Ipswich, Mass. The distribution functions for
about half of the records taken fit the family of distributions for a sine wave in Gaussian noise,
with most of these best fitting the curve for pure noise (the Rayleigh distribution). Some ex-
amples of two sine waves with random phase are observed. It is concluded that most of the re-
maining curves which do not fit these distributions correspond to samples of nonstationary func-
tions. The median fading time for one-hop paths is of the order of 20 seconds, and many ex-
amples occur with considerably longer fading times. Multiple-hop paths give fading times of
a very few seconds. Space correlation distances are also considerably greater than expected,
averaging around 40 wavelengths, which corresponds to a mean angular deviation of the order
of two tenths of a degree. Many crosscorrelation functions show peaks displaced in time from
the origin, reflecting the effect of ionospheric winds.

%* %* ¥

"On Frequency Variations of the Earth-Ionosphere Cavity Modes" JA 1917
(co-author C. A. Wagner)
J. Geophys. Res. 67, 4081 (1962)

ELF spectra taken on 12 days in February, 1961, were examined for variations in the peak
frequency of each of the four lowest modes of the earth-ionosphere cavity. Distinct diurnal
variations were found for each of the modes. These variations were different, indeed some-
times contrary, for different modes.
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"Effect of a High-Altitude Nuclear Detonation on the Earth- JA 2038
Ionosphere Cavity"

(co-author C. A. Wagner)

J. Geophys. Res. 68, 4115 (1963)

The spectrum of ELF radio noise around the fundamental resonant frequency (about 8 cps)
of the earth-ionosphere cavity was analyzed for the period including the time of detonation of
a large nuclear device in the ionosphere over Johnston Island. The peak-power frequency of the
first mode was found to drop abruptly by about 1/2 cps at the time of the burst. The time re-
quired for recovery of the cavity from the disturbed condition appeared to be of the order of 3
or 4 hours.

* * %

"Early Synchrotron Radiation Resulting from the July 9 High-Altitude JA 2144
Nuclear Detonation"

(co-author J.H. Pannell)

J. Geophys. Res. 68, 4119 (1963)

Equipment was installed on Palmyra Island, 1450 km southest of Johnston Island, to observe
the synchrotron radiation resulting from the high-altitude nuclear detonation of July 9, 1962.
Following the burst, the received noise power rose to a maximum of 15db above the preshot
cosmic noise level. Indications were that this noise was partially polarized. Observed drift
times corresponded to trapped electrons with energy just under 3 Mev. It is estimated that
15 seconds after burst time perhaps a total of 1025 electrons were traveling along the earth's
magnetic field lines.

BANUS, M.D.
S. B., Massachusetts Institute of Technology, 1944
Ph.D., Massachusetts Institute of Technology, 1949

"Nb3In: A B-Tungsten Structure Superconducting Compound" JA 1863A
(co-authors T.B. Reed, H.C. Gatos, M.C. Lavine, J. A. Kafalas)
J. Phys. Chem. Solids 23, 971 (1962)

High pressure techniques were employed to synthesize a new compound, NbjIn having the

B-tungsten structure (A15) with a lattice parameter ag = 5.303;‘;. Its superconducting transition
temperature was found to be 9.2 + 0.1°K.

* * *

"Distribution of Sulfur in InSb Single Crystals" JA 1929
(co-author H. C. Gatos)
J. Electrochem. Soc. 109, 829 (1962)

The distribution of sulfur impurity in single crystals of InSb pulled from the melt in the
<111> direction was studied by high resolution autoradiography, electrical measurements, and
analytical techniques. Autoradiography was found to be more suitable for the microdistribution
of sulfur than the other techniques employed. A (111) facet present at the solid-melt interface
led to the formation of a longitudinal core with a higher sulfur concentration than the rest of the
crystal. The ratio of the on-core to off-core concentration of sulfur was greater with rotation
than without rotation. It also varied with sulfur concentration in the melt (Cy)) going through
a broad maximum for values of Cy, between 1.5 x 1018 and 4 x 1018 sulfur atoms/cc. The
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effective distribution coefficient (kg¢f) of sulfur was found to vary with sulfur concentration in

the melt and with orientation. For Cy, = 1018 sulfur atoms/cc the following values were obtained:
on-core keff = 0.4, off-core kg = O.iLé. The results are explained on the basis of specific
adsorption of sulfur at the solid-melt interface and on the dependence of adsorption on crystallo-
graphic orientation.

* % *

"High-Pressure Tetragonal Phase of InSb" JA 2045
(co-authors R. E. Hannemann, A.N. Mariano, E.P. Warekois,

H.C. Gatos, J.A. Kafalas)
Appl. Phys. Letters 2, 35 (1963)

High-pressure x-ray and electrical measurements show that InSb transforms at room tem-
perature under a pressure of 23 Kbar to a metallic phase with a body-centered tetragonal struc-

ture whose lattice constants are: =579 0.05A and c = 3.11 £ 0.05A. The x-ray data
presented were obtained employing a diamond anvil high-pressure device. The pressure-
temperature phase diagram is shown.

* * *

"High-Pressure Transitions in A(IDB(VI) Compounds: Indium Telluride" JA 2243
(co-authors R. E. Hanneman, M. Strongin, K. Gooen)
Science 142, 662 (1963)

Metallic InTe(II) has a NaCl structure with a_ = 6.15411 and becomes superconducting below
3.5°K. These results are substantially different ?rom those previously reported. The pressure-
temperature diagram to 850°C and 50 kb is presented.

* * *

"Superconductivity in the High-Pressure InSb-Beta-Sn System JA 2265
(co-authors S.D. Nye, H.C. Gatos)
J. Appl. Phys. 35, 1361 (1964)

InSby1-8 Sn alloys prepared by annealing for 20 or 40 hours at 320-350°C and 37 kbar show
solid solubility over the entire composition range as determined by measurement of their super-
conducting transition temperatures (T;). A single transition was found for each alloy. The T,
increased from that of each terminal component on the addition of the other to a maximum of
5°K for 0.5 atom fraction Sn. Data reported earlier, which showed two transitions for alloys
with atom fraction Sn of 0.2 to 0.6, were the result of difficulty in reaching equilibrium.

%k % *

"Efficiency in a Tetrahedral Anvil Press as Related to Anvil JA 2384
and Pyrophyllite Size"

(co-author S.D. Nye)

Rev. Sci. Instr. 35, 1319 (1964)

The efficiency of a tetrahedral-hinge high pressure apparatus was studied using four anvil
sizes from 38.1 to 63.5 mm on the edge and the transitions of bismuth I-II (25.4kbar), thallium
{37 kbar), and barium (59 kbar) as calibration points. Efficiency is defined as the pressure of
the transition divided by the applied pressure (load per anvil area) to obtain the transition. The
sizes of tetrahedra were varied to determine maximum efficiency at each pressure. Correlation
of these data with those of previous workers shows (1) that the maximum efficiency for each

10
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transition is constant for anvils from 12.7 to 63.5 mm on the edge; and (2) that the size ratio
giving maximum efficiency is a function of pressure. These data are discussed in relation to
the flow and compression of pyrophyllite in the gaskets and cavity.

* % *

"Pressure Dependence of the Alpha-Beta Transition Temperature JA 2456
in Silver Selenide"
Science 147, 732 (1965)

The pressure dependence of the a-g transition temperature in Ag;Se was determined by
observing the temperature at which the sharp change in resistivity occurs when Agj;Se is trans-
formed from the low-temperature orthorhombic to the high temperature body-centered-cubic
form. The transition temperature increased from 133°C at 1 atmosphere to 298°C at 47 kilobars.
The value of AHt, the heat of transformation, of 2.19 kcal/mol measured calorimetrically agreed
well with the value calculated from dT/dP of the transition.

* * *

"The Reaction of Stannane with Niobium Wires, and Their Resulting MS 594
Superconducting Behavior™"

(co-authors H.C. Gatos, M.C. Lavine, T.B. Reed)

Metallurgy of Advanced Electronic Materials, Vol. 19

(Interscience Publishers, New York, 1963)

Superconducting niobium-tin compounds are readily formed on clean niobium wire by ex-
posure to stannane (SnHg). The decomposition of SnH4 on niobium takes place at about room
temperature. The niobium-tin compound formation starts at temperatures of a few hundred
degrees centrigrade owing to the reactive nature of the deposited tin. The composition and
physical characteristics of the niobium-tin compounds depend on the heat treatment of the
niobium wires before and after the tin deposition. The superconducting transition temperatures
of some of the niobium-tin films were determined, as well as their current-carrying capacities
in magnetic fields of up to 15kgauss. A current density of approxirmately 104 amp/cm2 based on
the total cross sections of the wire was determined at 15kgauss for some wires.

* * *

BARRY, J.G.
B.S., George Washington University, 1935
M. S., University of Pennsylvania, 1936
Ph.D., University of Pennsylvania, 1938

"A Proposed Spacecraft-to-Earth Communications Link" JA 2237
(co-authors G. F. Dalrymple, J.C. Fielding, B.S. Goldstein,
W. F. Higgins)

Trans. IEEE, Commun. Electron. 83, 593 (1964)

This paper documents the design and performance of a proposed unified carrier, range-
tracking, and communications system for cislunar ranges in which phase-locked loop techniques
are used in the spacecraft to relate received and transmitted carriers coherently. The design
of the composite angle-modulated carrier waveform for the spacecraft-to-ground link has been
accomplished by using a statistical method of waveform design. The pseudonoise ranging code
is biphase; telemetry is pulse-code modulated (PCM); and voice is frequency modulated (FM).
The "best" selection of modulation parameters and frequency locations for the various functions
has been determined by a method of successive iteration. The unified carrier system has been
tested for a simulated lunar mission for spacecraft velocities of 36,000ft/sec (feet per second),
and the results indicate that the statistical method of waveform design used is practical for this
case.
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BARRY, J.G. (Continued)

"Tracking Performance of the Mercury Quad-Helix Acquisition Aid" MS 525
(co-author G. F. Dalrymple)
Trans. IEEE, Commun. Electron., No. 69, 657 (1963)

Project Mercury uses a telemetry-frequency direction finder as an acquisition aid for
assisting narrow-beam radars to acquire the spacecraft, but the broad beamwidth of the quad-
helix antenna allows multipath reception to degrade tracking accuracy at low elevation angles.
Analyses of aircraft and spacecraft tracking results prove that aircraft tests at close range are
valid for evaluating orbital tracking performance. Aircraft acquisition tests show the ability of
the equipment to place the AN/FPS-16 tracking radar on target.

* * *

BARTEE, T.C.
A.B., Westminster College, Fulton, Missouri, 1949

"Computation with Finite Fields" JA 2012
(co-author D.I. Schneider)
Inform. and Control 6, 79 (1963)

A technique for systematically generating representations of finite fields is presented. Re-
lations which must be physically realized in order to implement a parallel arithmetic unit to add,
multiply, and divide elements of finite fields of 21 elements are obtained. Finally, techniques
for using a maximal length linear recurring sequence to modulate a radar transmitter and the
means of extracting range information from the returned sequence are derived.

%* * *

BLAKE, C.
S.B., Massachusetts Institute of Technology, 1949
S. M., Massachusetts Institute of Technology, 1949

"Tunnel Diode Burnout from the Video Transient of Gaseous Noise Sources" JA 1847
(co-author W J. Ince)
Trans. IRE, PGMTT MTT-10, 88 (1962)

The process of igniting a coaxial gaseous noise source generates a video transient that may
be destructive if allowed to propagate in circuits containing semiconductor diodes or transistors.
The insertion of some form of high-pass filter at the output of the noise source can effectively
remove this hazard.

* * *

"Helium-Cooled L-Band Parametric Amplifier" JA 2013
(co-authors L. W. Bowles, E.P. McCurley, J. A. Nuttall)
Appl. Phys. Letters 2, 17 (1963)

A parametric amplifier using a GaAs diode has recently been operated in a liquid helium
bath (4.2°K). Noise measurements on this amplifier indicate the total diode noise contribution
was 9.8 £ 5°K. Measurements of diode characteristics indicate very little change in diode loss
between temperatures of liquid nitrogen and liquid helium.
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BLAKE, C. (Continued)

"Liquid-Helium Temperature Regulator" JA 2097
(co-author C. E. Chase)
Rev. Sci. Instr. 34, 984 (1963)

An electronic regulator is described that is capable of controlling the temperature of a
liquid-helium bath within £10 udeg for a few minutes and reducing long-term drift to less than
40 pdeg/h. With occasional adjustment, the temperature can be indefinitely maintained within
+10pdeg. The circuit is designed to be used with a resistance thermometer bridge previously
described. The error signal from the bridge is displayed on a meter, so that the bridge can
be balanced without use of an oscilloscope and the performance of the regulator can be con-
tinuously monitored.

* * *

"Cascading Low-Gain Parametric Amplifier Stages" MS 632
Proc. Natl. Electronics Conf., Chicago, October 1962

A cascade of several low-gain parametric amplifiers offers a number of attractive features.
The gain of the cascade is less sensitive to pump power variations than is the case for a single
stage amplifier exhibiting the same gain. By stagger-tuning the individual stages, bandwidths
of 10% or more may be achieved without critical adjustments. Arbitrarily high gains may be
realized at no loss in stability as long as the gain per stage is kept low. The use of a cascade
permits a greater dynamic range than that afforded by a single stage. All these advantages
accrue with little or no loss in noise performances.

% o %

BORISON, S. L.
S. B., Massachusetts Institute of Technology, 1947
Ph.D., Massachusetts Institute of Technology, 1961

"Diagonal Representation of the Radar Scattering Matrix JA 2409
for an Axially Symmetric Body"
IEEE Trans. Antennas Propag. AP-13, 176 (1965)

The plane of incidence is defined by the symmetry axis of the scatterer and the incident
wave vector. Using the invariance properties of the scatterer under spatial rotations and in-
versions, it is shown that the radar scattering matrix is diagonal if the polarization basis con-
sists of the normal to the plane of incidence and a vector in the plane of incidence.

* * *

BOSTICK, H.A.
A.B., Pomona College, 1952
M. A., University of California, 1954
Ph.D., University of California, 1958

"Stimulated Infrared Emission from Small Glass Fibers" MS 654
Proc. Boston Laser Conference, Northeastern University, August 1962

Glass fibers having neodymium activation have been operated as laser oscillators and ampli-
fiers. Single fibers and multifiber bundles have been studied.
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BREBRICK, R.F.
B.S., Montana State College, 1947
Ph.D., Catholic University of America, 1952

"Deviations from Stoichiometry and Electrical Properties in SnTe" JA 1957
J. Phys. Chem. Solids 24, 27 (1963)

The maximum melting point of SnTe has been found to be 805.9 £ 0.3°C near 50.4 at. per cent
Te by thermal analysis. The apparent hole concentration, p* = 1/eR, at 300° and 77°K has been
measured for single crystals saturated with Sn or Te between 550° and 797°C and quenched. For
saturation at 700°C, the apparent hole concentration at 300°K (p3qg) is 2 X 1020 ecm=3 for Sn-
saturated SnTe and 1.5 X 1021 c¢m=3 for Te-saturated SnTe. The corresponding concentrations
for saturation at 775°C are 5 X 1020 and 1.1 X 1021 cm=3, respectively. The maximum melting
composition corresponds to about 8 X 1020 holes/cm3. The relationships between apparent hole
concentration at 300° or 77°K and at. per cent Te have been determined by equilibrating small
crystals of SnTe at 750°C with large ingots having known compositions within the SnTe solidus
field. In both cases, it is linear and for p’§00 is given by

sk
P300
1020

= 16.94 (at. per cent Te — 50.00) + 0.51

On the basis of the above, the solidus field of SnTe lies entirely on the Te-rich side of 50 at.

per cent Te above 600°C and has its maximum width near 600° where the limits of stability are
50.1 and 51.1 at. per cent Te. The density determined by weighing is 6.445 + 0.010 gm/cm 3 at,
25°C for all samples. The lattice parameter varies linearly with at. per cent Te from 6.318A

at 50.17 at. per cent Te to 6.306A at 51.06at. per cent Te. Comparison of the ideal and observed
densities indicates that Sn-vacancies are the predominant atomic point defects.

The ratio of the apparent hole concentration to the Sn-vacancy concentration varies between
3.4 and 3.2 for p%(( and between 4.5 and 3.2 for p¥7. _Cu is a fast diffusing donor in SnTe crys-
tals which have values of p§00 between 2 and 2.5 X 1020 cm=3. Hall measurements of SnTe
crystals grown from Bi-doped melts indicate Bi is a donor and/or the SnTe solidus surface in
the Sn-Bi-Te system is not symmetric about the SnTe solidus lines. The Hall mobility at 300°
and 77°K and the absolute thermoelectric power at 300°K are given as a function of the apparent
hole concentration.

b % *

"Anomalous Thermoelectric Power as Evidence for Two-Valence JA 2068
Bands in SnTe"

(co-author A.J. Strauss)

Phys. Rev. 131, 104 (1963)

The thermoelectric power (@) of p-type SnTe has been measured between room temperature
and 450°C for apparent hole concentrations (p* = 1/eR3qg) between 1 x 1020 and 1.8 x 101 cm=3.
At room temperature, a does not decrease monotonically with increasing p* in the usual manner
for a p-type semiconductor. Instead, it increases from 5-8 uV/deg at p* = 1 —2 x 1020cm=3 to
a maximum of 34 pV/deg at p* = 8 X 1020 cm=3, after which if decreases to 20.5 uV/deg at
p* = 1.8 x 1021 cm-3. The maximum gradually disappears with increasing temperature. At
400 and 450°C, « decreases monotonically with increasing p*. By means of numerical calcula-
tions for a particular set of band parameters, it is shown that this type of anomalous variation
in @ can be exhibited by a p-type semiconductor with two nondegenerate valence bands. It is
found that the observed properties of SnTe, including the variation of Hall coefficient with tem-
perature and carrier concentration, are qualitatively consistent with a two-valence-band model,
but are difficult to explain on the assumption that SnTe is a semimetal. However, it has not
been possible to obtain a quantitative fit to the data with a two-band model in which both bands
are of simple parabolic form.
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BREBRICK, R.F. (Continued)

"Partial Pressures in Equilibrium with Group IV Tellurides. JA 2270
I. Optical Absorption Method and Results for PbTe"

(co-author A.J. Strauss)

J. Chem. Phys. 40, 3230 (1964)

An optical-absorption method has been developed for measuring the partial pressures of
Tez(g) and MTe(g) in equilibrium with MTe(c), where M is Pb, Sn, or Ge. The partial optical

o -]
densities of Te,(g) at 4360 A and of MTe(g) at 3650 or 3100 A are obtained by a Beer's-law anal-
ysis of the data, which use optical constants for Te,(g) and MTe(g) found in calibration experi-
ments. Published vapor-pressure data are then used to calculate the partial pressures of Te;(g)
and MTe(g) from their respective partial optical densities.

This paper reports results obtained by the optical absorption method for the Pb-Te system.
Between 725° and 924°C, the maximum melting point of PbTe, the partial pressure of PbTe(g)
in equilibrium with solid PbTe is given by logp(Torr) = —11,430/T°K + 10.612, corresponding
to a heat of sublimation of 52.3 * 1.0kcal/mole. The PbTe(g) partial pressure is independent
of the composition of PbTe(c) within the limits of experimental error. The partial pressure of
Te2(g) varies strongly with the composition of the solid phase, as shown by data for Pb-saturated
and Te-saturated PbTe. The maximum partial pressure of Te;(g) in equilibrium with PbTe(c)
is 12.5 Torr, which is attained between 796° and 832°C for Te-saturated PbTe. At these tem-
peratures the partial pressures of Te;(g) in equilibrium with Pb-saturated Te are about two
orders of magnitude smaller. The partial pressures of PbTe(g) and Te,(g) in equilibrium with
PbTe(c) at its maximum melting point are 11.8 and 2.5 Torr, respectively.

b * *

"Partial Pressures in Equilibrium with Group IV Tellurides. JA 2285
II. Tin Telluride"

(co-author A.J. Strauss)

J. Chem. Phys. 41, 197 (1964)

The partial pressures of SnTe(g) and Te;,(g) in equilibrium with SnTe(c) have been measured
as a function of the temperature and composition of the solid phase by an optical absorption
method. At 806°C, the maximum melting point of SnTe(c), the partial pressures of SnTe(g) and
Te2(g) are 0.86 and 0.3 Torr, respectively. Between 727° and 806°C, the partial pressure of
SnTe(g) is given by logp (Torr) = —[{10.19 % 0.26) X 103)/T°K + (9.38 + 0.26), independent of the
composition of SnTe(c) within our experimental error of about 3%. The difference between the
standard free energies of formation of SnTe(c) and SnTe(g) from Sn(g) and Tep(g) is therefore
AG® [% SnTe(c)] — AG° [ SnTe(g)] = —23.31 + 14.87 (10~3) T kcal/g-atom. Combining this result
with the value of AG® [+ SnTe(c)] obtained from the electrochemical data of McAteer and Seltz
gives AG® [+ SnTe(g)] = —27.34 + 6.81 (10~3) T kcal/g-atom. The partial pressure of Tez(g),
which varies strongly with the composition of SnTe(c), has been determined for samples of seven
different compositions within the SnTe(c) solidus field. Solidus temperatures in good agreement
with those found by an independent method are obtained from the results. These results have
also been used to obtain relative partial molal enthalpies of Sn and Te in SnTe(c) as a function of
temperature and composition, and in addition they are discussed in terms of the disorder in
SnTe(c).

* * A*

"Partial Pressures in Equilibrium with Group IV Tellurides. JA 2332
III. Germanium Telluride"
J. Chem. Phys. 41, 1140 (1964)

The partial pressures of Te>(g) and GeTe(g) over Ge-Te condensed phases between 1 and
52 at. % Te have been determineé between 525° and 940°C by measuring the optical density of
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BREBRICK, R.F. (Continued)

the vapor. Partial optical densities due to each species are calculated and converted to partial
pressures by assuming Beer's law and published vapor pressures.

Over Te-saturated GeTe(c), pTez reaches a maximum value of 2.5 + 0.2 Torr between 644°
and 679°C. In the same temperature interval PTe, over Ge-saturated GeTe(c) is about 20 times
smaller. At the maximum melting point of GeTe(c), 725°C, pTeZ is 0.6 + 0.3 Torr and PGeTe is
17 Torr. Values of PGeTe and p_ over GeTe-saturated Ge(c) reach maximum values of re-

spectively 125 and 2.2 Torr near 890°C. The value of pgeTe is the same over Te- and Ge-
saturated GeTe(c) and up to 725°C is given by logp (Torr) = —(10.1 + 0.2) 103/T + 8.84. The
standard Gibbs free energy of formation of GeTe(c) according to Ge(g) + 1 Tep(g) = GeTe(c) is
AG® = —(117.8 + 3) + 41.3(10‘3) T kcal/mole. The heat of fusion of GeTe(c) is 11.3 = chal/mole.
For the dissociation of GeTe(g) into Ge(g) and Te,(g), AG®= (71.5 £ 2) — (14 = 1) (10-3) T kcal/
mole between 637° and 940°C. This leads to a value of 95 + 4 kcal/mole for the dissociation
energy, D3, of GeTe(g) at 0°K in close agreement with the spectroscopic value of 95 + 9kcal/
mole. Our previous data for the standard enthalpies of formation of PbTe(g) and SnTe(g) lead to
dissociation energies of PbTe(g) and SnTe(g) at 0°K of 52.7 and 79.3kcal/mole, respectively.

* * *

"Partial Pressures and Gibbs Free Energy of Formation JA 2383
for Congruently Subliming CdTe(c)"

(co-author A.J. Strauss)

J. Phys. Chem. Solids 25, 1441 (1964)

The partial pressures of Cd(g) and Te2(g) over congruently subliming CdTe(c) between 780°
and 939°C were determined by measuring the optical density of the coexisting vapor at 2287,

(-]
3650, 4357 and 5000A. It is found that Pcq = 2pTc2 and logpTey(atm) = —(1.00 X 104)/T + 6.346.
The standard Gibbs free energy of formation of Cdy_xTex(c) from Cd(g) and Tep(g) is AG®
[CdTe(c)] = —68.64 + 44.94(10-3) T kca.l/mole, independent of composition. This expression
agrees quite well with those which represent the data obtained in electro-chemical and effusion
experiments at lower temperatures, although the equilibrium state studied in the present
investigation is different from the steady state attained in effusion experiments.

%* * %*

"Partial Pressures of Hg(g) and Te,(g) in the Hg-Te System JA 2480
from Optical Densities"

(co-author A.J. Strauss)

J. Phys. Chem. Solids 26, 989 (1965)

The partial pressures of Hg(g) and Tep(g) in equilibrium with Hg-saturated HgTe(c), Te-
saturated HgTe(c), and some Hg-Te melts between about 400° and 700°C have been determined
by measuring the optical density of the coexistent vapor as a function of wavelength. In agree-
ment with mass spectrographic data, no evidence was obtained for HgTe(g) molecules. The
partial pressures of the elements depend strongly on the composition of the solid phase. The
maximum value of pyy in equilibrium with HgTe(c) is 19 atm, the pressure over Hg-saturated
HgTe(c) between 643°and 656°C. At 670°C, the maximum melting point, PHg = 12.5atm. At
any temperature Hg(g) is the predominant vapor species over HgTe(c) of any composition.
Liquidus temperatures for compositions between 31 and 58.5 at. % Te have been obtained from
the partial pressure data, which also show that at 488°C Hg-saturated HgTe(c) contains
49.9 £ 0.2 at. % Te and Te-saturated HgTe(c) contains less than 50.5 at. % Te. The Gibbs free
energy of formation of HgTe(c) from Hg(g) and Te,(g), which is practically independent of the
composition of the solid phase, is found to be AG® = —41.66 + 42.71(10-3) T kecal/mole.
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BROWN, R.N.
B.S., Rutgers University, 1956
S. M., Massachusetts Institute of Technology, 1958

"Magnetoreflection in Bismuth" JA 2001
(co-authors J. G. Mavroides, B. Lax)
Phys. Rev. 129, 2055 (1963)

Direct interband transitions have been observed in the infrared magnetoreflection of single-
crystal bismuth at low temperatures. They are manifested by oscillations which are almost
periodic in 1/H. Analysis in terms of a two-band model yields the energy gap, €g = 0.045 &
0.002 eV, and also the cyclotron masses at the bottom of the conduction band for two orientations
of the magnetic field with respect to the crystallographic axes. Within the resolution of the
instrument, the g factors of the conduction and valence bands are equal.

* * b

BUTLER, J.F.
B. S., University of California, 1959
M. S., University of California, 1960
Ph.D., University of California, 1962

"Diffused Junction Diodes of PbSe and PbTe" JA 2305
J. Electrochem. Soc. 111, 1150 (1964)

A technique is described for producing diffused p-n junctions in Pb salt single crystals which
utilizes an interdiffusion mechanism to introduce controlled deviaticns from stoichiometry, ex-
cess Pb giving rise to n-type and excess Se and Te to p-type PbSe and PbTe, respectively. An
analysis of the p-n junction depths of the basis of Fick's law of diffusion results in the following
effective interdiffusion constants: D = 4 X 107°cm* sec™" for producing a p-layer on n-type
PbSe at 600°C; Da = 9 X 102 sec=1 for an n-layer on p-type PbSe at 650°C; Dp = 6 X 10-7 cm?2
sec~1 for an n-layer on p-type PbTe at 650°C. In the first case the diffusion has been studied as
a function of time, and the results show that the assumption of Fick's law of diffusion was valid.
As expected the interdiffusion constants are two to three orders of magnitude larger than the
self-diffusion constants. Electrical characteristics of the diffused diodes are presented and can
be explained as resulting from a combination of diffusion and tunneling current components.

* * *

"PbTe Diode Laser" JA 2405
(co-authors A.R. Calawa, R.J. Phelan, Jr., T.C. Harman,

A.J. Strauss, R.H. Rediker)
Appl. Phys. Letters 5, 75 (1964)

Laser action has been observed at 12°K in diodes of PbTe which had been prepared by
diffusing lead into appropriately annealed p-type material. The emitted coherent radiation was
at 6.5 microns as compared to 5.2 microns from InSb diodes, the longest wavelength semi-
conductor laser previously reported. For a diode with a cavity length of 0.62 mm, mode struc-
ture has been observed in the spectrum of the output radiation with a spacing between maxima

of 67 3;; this should be compared to a value of 59?& calculated using tHe room-temperature value
of 5.75 for the refractive index and neglecting the dispersion term. The width of the individual

o
modes is less than the 20-A resolution of the spectrometer used. Lead telluride, a IV-VI
compound, is a direct-gap semiconductor and has its band extrema at the edge of the Brillouin
zone in the <111> direction (L-point), rather than at k = 0 as in the III-V laser compounds. Thus,
in addition to extending the wavelength range of semiconductor lasers to 6.5 microns, we have
demonstrated that laser action is not restricted to III-V compounds and may be associated with
direct transitions other than those at k = 0. The range of semiconductor materials in which laser
action should be possible has been further expanded.
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"PbSe Diode Laser" JA 2419
(co~-authors A.R. Calawa, R.J. Phelan, Jr., A.J. Strauss, R.H. Rediker)
Solid State Commun. 2, 303 (1964)

Laser action has been observed from diffused diodes of properly annealed PbSe. At approxi-
mately 12°K, a laser line at 8.5 1 and a well-defined mode structure were evident above a
threshold current density of 5600 A cm=2. A resolution-limited spectral line width of 65A was
measured.

BUTTON, K.J.
B. S., University of Rochester, 1950
M. S., University of Rochester, 1952

"Perturbation Theory of the Reciprocal Ferrite Phase-Shifter" MS 180
(co-author B. Lax)
Proc. IEEE 109B, Suppl. 21, 56 (1962)

A quantitative comparison is made between the results of the perturbation-theory analysis
and experimental observations. It has been necessary to consider only the fundamental mode
of propagation in a waveguide containing an equivalent dielectric slab and to use as the perturba-
tion the change in the diagonal component of the ferrite permeability tensor as the ferrite be-
comes magnetized. An explicit expression for the phase shift is derived. A simplified form
valid for ferrite specimens large enough to be useful in the reciprocal phase-shifter reveals
the principles of operation. This result shows that dielectric concentration of the microwave
fields within the ferrite produces a magnification of the permeability change as the ferrite
specimen becomes magnetized in the small applied d.c. field.
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CAHLANDER, D.A.
S. B., Massachusetts Institute of Technology, 1960
S. M., Massachusetts Institute of Technology, 1960
Ph.D., Massachusetts Institute of Technology, 1965

"Correlated Orientation Sounds and Ear Movements of Horseshoe Bats" JA 2016
(co-authors D. R. Griffin, D.C. Dunning, F.A. Webster)
Nature 196, 1185 (1962)

Most of the bats which rely on echolocation have relatively large and complex external ears
compared with those of other mammals. Some of the Microchiroptera, especially the family
Vespertilionidae, hold their ears in a virtually fixed position relative to the head when they are
active, while others move them in a variety of ways. One of the most striking of the various
patterns of ear movements are those of the horseshoe bats.

Of the various types of ear movements adopted by the European greater horseshoe bat,
Rhinolophus ferrum-equinum, the alternating ones associated with the scrutiny of objects at
close range are of especial interest.

High speed motion pictures and synchronized tape recordings of this species, at 768 frames/
sec, were used to analyze the correlation between the ear movements and the ultra-sound
emitted by the bat. It appears that the bat moves his two ears in opposite directions during the
emission of the ultrasonic pulses.

% * *

"The Determination of Distance by Echolocating Bats" JA 2266
(co-authors J.J.G. McCue, F.A. Webster)
Nature 201, 544 (1964)

Pye has put forward the hypothesis that vesper-tilionids measure range to nearby objects
by means of a beat tone generated by nonlinear mixing of the returning echo and the outgoing
pulse. Since the outgoing pulse is swept in frequency, the frequency of the beat note would
depend on the delay between transmission of signal and reception of echo; the frequency of the
beat tone would therefore be correlated with the range to the object producing the echo. An
essential element of the theory is that the bat must still be transmitting a signal when the echo
is received.

To test Pye's hypothesis, we have made high-speed motion pictures of Myotis lucifugus
catching tossed mealworms, and simultaneously recorded the echolocating pulses made by the
bat, using a magnetic tape recorder with a bandwidth of 100kc. A second channel on the
magnetic tape recorded pulses generated by the servomechanism that controlled the speed of the
camera (768 frames per second). Combining the data from film and tape yields simultaneous
measurement of the pulse duration and the range, as the bat closes on the mealworm. The
measurements show that for a M. lucifugus catching mealworms indoors, there is no overlap of
the outgoing and the incoming acoustical pulse, and that therefore undér these circumstances,
the beat tone cannot exist, even for ranges as short as 10 cm.

In order for the beat tone to exist, the length of the echolocating wave train would have to
be greater than twice the range to the object under scrutiny. We find that actually the wave trains
observed in this study have a length approximately equal to the range.
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B.S., University of New Hampshire, 1954
M. S., University of New Hampshire, 1956

"Injection Electroluminescence in Gallium Antimonide" JA 2028
J. Appl. Phys. 34, 1660 (1963)

Emission of high-intensity infrared radiation at 1.6 p has been observed from forward-biased
GaSb p-n junctions. Visual inspection indicates that the radiation is coming from the junction
or close proximity to it. Optical pumping of the base material produces the same spectrum of
radiation as p-n junction injection. Lack of significant line shift in both absorption measurements
and measurements in magnetic fields up to 90,000 G indicates that the radiation is not produced
by band-to-band transitions, but is probably connected with impurities. Further evidence that
the transitions are via an impurity level is obtained from the fact that the radiation spectrum is
changed by the addition of a different impurity.

* % %

CARBONE, R.J.
B. A., University of Connecticut, 1952
M. A., University of Connecticut, 1953
Ph.D., University of Connecticut, 1956

"Interferometric Phase Shift Technique for Measuring Short JA 2306
Fluorescent Lifetimes"

(co~-author P. R. Longaker)

Appl. Phys. Letters 4, 32 (1964)

The measurement of fluorescent lifetime was accomplished by using a two-beam inter-
ferometer to null the signal from a photomultiplier detector at the modal difference frequency
of a gaseous laser. The laser was the radiation source for the interferometer and fluorescence.
The signal was nulled when the beam path difference was adjusted to 1/2 the wavelength of the
difference frequency. Then introducing a fluorescent sample into one beam would shift the null
point because of a phase shift due to the material lifetime. The lifetime, 7, for a single-step
process is given in terms of the incremental change in position, x, and the difference frequency,
w, of the optical modes by 7 = 1/wtan 2wx/c. A gallium arsenide sample was measured by this
technique and a lifetime of 3 X 10-9 seconds was found for this semiconductor.

* * *
CAREY, D.R.
B. A., St. Joseph's College, 1959
B. S., Purdue University, 1960
M. S., Purdue University, 1962
"A Pulse Compression System Employing a Linear FM Gaussian Signal" JA 1974

(co-authors E.N. Fowle, R.E. VanderSchuur, R.C. Yost)
Proc. IEEE 51, 304 (1963)

Some of the factors involved in the design of a radar pulse compression system are discussed.
These include the compression ratio, the detailed characteristics of the signal, the sidelobe
level of the receiver output waveform (signal autocorrelation function), the sensitivity of the side-
lobe level to Doppler frequency shift in the signal, and the relative complexity of the equipment
required to generate and receive the signal. A signal of Gaussian envelope and linear frequency
modulation is shown to have an autocorrelation function of Gaussian shape. When the receiver
is designed to autocorrelate the linear FM Gaussian signal, it is shown that the shape of the
receiver output waveform does not change when the input signal has a Doppler frequency shift.
The design and construction of equipment used to generate and receive the signal are discussed.
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In operating equipment with a compression ratio of about 50 to one, sidelobe levels 40 db below
the peak amplitude of the receiver output waveform are achieved, and the shape of the receiver
output waveform does not change appreciably until the Doppler frequency shift exceeds 25 per
cent of the 3-db signal bandwidth.

CHASE, C.E.
S. B., Massachusetts Institute of Technology, 1950
Ph.D., Cambridge University, 1954

"The Dielectric Constant of Liquid Helium" JA 1788
(co-authors E. Maxwell, W. E. Millett)
Physica 27, 1129 (1961)

The dielectric constant of liquid helium has been measured between 1.4°K and 4.2°K under
the saturated vapor pressure with a resolution of approximately one part per million. When
compared with direct measurements of the density, the results show that the polarizability is
essentially independent of temperature; if this is assumed to be exactly true, they can be used
to determine the density-temperature curve and the coefficient of thermal expansion. The
density passes through a maximum about 5 X 10=3°K above the A point. As the A point is
approached from either side, the expansion coefficient tends logarithmically to minus infinity.
This behavior is similar to that of the specific heat, and is consistent with various thermo-
dynamic relations applicable to a second-order phase transition. The specific heat ratio y
and the isothermal compressibility K have also been calculated within 0.05°K of the y point.

* * *

"Thermal Conduction in Liquid Helium II. I. Temperature Dependence" JA 1921
Phys. Rev. 127, 361 (1962)

The thermal conductivity of liquid helium contained in a cylindrical stainless-steel capillary
0.080 cm in diam by 5.16 cm long has been studied between 0.9°K and the A point. The relation
between temperature gradient and heat current density W for heat currents greater than the
critical heat current density W¢ is best expressed in the form gradT = DWN, where D is a
temperature-dependent constant and n varies from about 3.0 at low temperatures to about 3.5
above 1.7°K. Below W¢ the temperature gradient is much smaller, and is determined entirely
by the viscosity of the normal component. W, was measured over the entire temperature range
by a combination of two methods, which are in complete agreement in the region of overlap. The
results suggest that, below about 1.7°K, W, is the result of some sort of normal turbulence
describable by a Reynolds number involving the normal fluid velocity but the total density. At
higher temperatures such an explanation is no longer adequate, and some other type of critical
velocity must be invoked.

* * *

"Thermal Conduction in Liquid Helium II. II. Effects of Channel Geometry" JA 2090
Phys. Rev. 131, 1898 (1963)

The critical heat-current density W in liquid helium II has been measured as a function of
temperature in channels of various geometries. For channels of both circular and rectangular
cross section, W¢ varies almost inversely with channel diameter, but for the same hydraulic
diameter W¢ is about 25% smaller in rectangular channels. In channels with more irregular
cross sections, W¢ is much smaller than in cylindrical channels of the same hydraulic diameter.
The hydraulic diameter is thus not a useful parameter for comparing data obtained in channels
of different shape. The temperature dependence of W is in all cases similar to that reported
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in I for a cylindrical channel, and suggests that W, may be associated with ordinary turbulence
below about 1.7°K but at higher temperatures is caused by some other mechanism. The effects
of varying the channel length and shape of orifice were also studied. Shortening one of the
channels to 60% of its original length had no observable effect on W.. W, was also unaffected
by moderate changes in orifice shape, but a severe constriction apparently disrupted the sub-
critical flow region so completely that W, could not be measured at all. Various theories of the
origin of the critical velocity are discussed in the light of these measurements.

* % *

CHATTERTON, E.J.
S. B., Massachusetts Institute of Technology, 1951

"Optical Communications Employing Infrared Emitting Diodes JA 2076
and FM Techniques"
Proc. IEEE (Correspondence) 51, 612 (1963)

A major limitation on the range and reliability of optical communications systems is noise
introduced by the turbulent atmosphere and by microphonics in the alignment of narrow-beam
optics. The large modulation bandwidths obtainable with IR emitting injection diodes permits
the use of frequency and pulse modulation techniques to overcome modulation-type noise intro-
duced by path turbulence and optical microphonics. An optical communication system is de-
scribed which employs a cooled GaAs IR emitting diode that is modulated with a frequency
modulated subcarrier. It is shown that the FM technique eliminated amplitude modulations as
high as 90 percent originating in the turbulent transmission path.

* * *

CHISHOLM, J.H.
B. S., Georgia Institute of Technology, 1934

"Properties of 400 Mcps Long-Distance Tropospheric Circuits" JA 1861
(co-authors W. E. Morrow, Jr., B. E. Nichols, J.F., Roche, A.E. Teachman)
Proc. IRE 50, 2464 (1962)

Measurements are reported on beyond-the-horizon propagation losses at 400 Mcps. Data
are given on the losses and their variations from 98 to 830 mi beyond the horizon. The trans-
mission loss between isotropic antennas varies from about 190db at 100 mi to about 300db at
800 mi distance. Also described are measurements of frequency-selective fading, space
diversity, and variations in the angle of arrival of the signals.

* * *
CLAY, W.G.

B. A., University of Utah, 1953

Ph.D., University of Utah, 1956
"The Measured Transition from Laminar to Turbulent Flow JA 2422

and Subsequent Growth of Turbulent Wakes"
(co-authors M. Labitt, R. E. Slattery)
AIAA J. 3, 837 (1965)

Turbulent transition distances and growth of turbulent wakes behind 3/46 inch copper-clad
aluminum spheres traveling through rarefied air at 18,000 to 20,000 ft/sec are presented. The
data are taken by two independent methods; twin schlieren systems (optical) and a UHF micro~
wave cavity (electronic). The turbulent transition distances are measured to several thousands
of sphere diameters at the lower pressures by both methods. Turbulent wake widths are also
determined by both techniques and the 1/3 power growth rate is confirmed for these velocities.
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B.S., Rensselaer Polytechnic Institute, 1952
Ph.D., Cornell University, 1958

"Anomalous Magnetic Films" JA 1882
J. Appl. Phys. 33, 2968 (1962)

A study of three types of anomalous nickel-iron magnetic films has been made: high
coercive-force films, which have unusually large hysteresigraph values of wall and rotational
coercive forces; rotatable initial~susceptibility films, for which the value of the initial suscep-
tibility as found from low-field hysteresigraph measurements is determined by previously-
applied high magnetic fields; and mottled films, whose high-field hysteresis loops show low
remanence and a high wall coercive force, and whose Bitter patterns have a spotted or mottled
appearance. Anomalous films have been produced by a variety of techniques. In general, for
a given technique, a mild treatment yielded high coercive-force films, a moderate treatment
gave rotatable initial-susceptibility films, and a drastic treatment produced mottled films. The
techniques used were evaporation at slow rates at high substrate temperatures, evaporation on
aggregated metal deposits, electroplating on annealed gold films, and annealing normal films.
According to a qualitative model postulated to explain these results, these production techniques
cause the formation of small, scattered inhomogeneities which have high values of randomly
oriented magnetic anisotropy associated with them. As the production technique becomes more
drastic, the density and anisotropy values of these anisotropy centers increase, causing the
gradual transition from high coercive-force films through rotatable initial-susceptibility films
to mottled films. It is concluded that inhomogeneous strain in conjunction with magnetostriction
is a likely cause of anisotropy centers. It is thought that "rotatable anisotropy" films discussed
by previous workers are closely related to the films investigated in the present study.

* L %*

"Influence of Anisotropy Dispersion on Magnetic Properties of Ni-Fe Films" JA 2069
J. Appl. Phys. 34, 1841 (1963)

The dispersion of the magnetic anisotropy was monotonically increased in several Ni-Fe
films by subjecting them to increasingly severe heat treatments, and the room-temperature
magnetic properties were monitored after each anneal by Lorentz electron microscopy. A
gradual transition towards increasingly anomalous properties in a single film was thereby ob-
served. An increase, with annealing, of the magnetization ripple intensity, the measured
angular anisotropy dispersion, and the wall coercive force Hy, was found. After sufficient
annealing, locking was seen upon reversal parallel to the easy axis; further annealing increased
the locking-wall density. The anisotropy field Hx monotonically decreased with annealing until
the uniaxial character of the film was lost and it became a rotatable-initial-susceptibility (RIS)
film. Reversal at azimuths away from the easy axis proceeded by labyrinth propagation after
the early anneals, but by partial rotation after more severe annealing.

* % %

"A Lorentz Attachment for the RCA EMU-3 Microscope" MS 601
Proc. Intl. Cong. for Electron Microscopy, Philadelphia, August 1962

A modification of the EMU-3 microscope is described which permits the observation of
magnetic domains in ferromagnetic films. The double condenser lens is used to form an
effective source high above the specimen which is mounted in a chamber which replaces the
intermediate lens. The projector lens is used to magnify the shadow image. The specimen
can be rotated in its plane and in another version heated to up to 900°C. Air core field coils
permit the application of a horizontal magnetic field to the specimen.
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"Spiral and Concentric-Circle Walls Observed by Lorentz Microscopy" MS 640
J. Appl. Phys. 34, 1221 (1963)

Thin Ni-Fe films specially prepared by vacuum deposition on thin carbon substrates sup-
ported on electron-microscope specimen grids showed inward-growing spiral, or concentric-
circle walls when rotated in a constant field. For either configuration it was necessary to have
a film which was thin enough to support 360° walls, and which possessed high easy-axis dis-
persion, particularly near the film edge. Whether spirals or concentric circles were exhibited
depended on the value of the easy-axis dispersion in the center of the film.

b % %*

"Magnetic Properties of Ni-Fe-Cr Films" MS 917B
J. Appl. Phys. 35, 834 (1964)

Films of Ni-Fe-Cr were vapor deposited on heated glass substrates in vacuum. In each
preparation increasing amounts of Cr were added to the original Ni-Fe source, and a fresh set
of glass substrates was exposed to the vapor beam after each Cr addition. In this way, Cr
contents ranging from 0% to about 5% were produced in different films in each preparation, while
Ni-Fe ratios of various preparations ranged from 78%Ni, 22%Fe to 90%Ni, 10%Fe. For all
Ni-Fe ratios the anisotropy field Hy, the magnetization M, and the wall coercive force Hy,
decreased montonically with Cr content, while angular dispersion and electrical resistivity p
increased with Cr content. The variations of M and p with Cr content were consistent with
bulk data. The empirical relation Hy = A(M — B) was found valid except for very small or very
large additions of Cr; the constants A and B were independent of the initial Ni-Fe ratio but
dependent on the substrate temperature. Addition of Cr always tended to make the magneto-
striction more positive, regardless of the initial Ni-Fe ratio.

%* % %

"Lorentz Microscopy of Small Magnetic Particles" MS 1186
J. Appl. Phys. 36, 1060 (1965)

Theoretical considerations show that uniaxially-anisotropic ferromagnetic particles of
sufficiently small size will not exhibit complex multi-domain states, but simple magnetization
configurations. Special methods have permitted the preparation of two-dimensional analogues
of such particles, i.e., islands of NiFe film on a nonmagnetic substrate. Lorentz microscopy
of these specimens gave direct evidence for the predicted configurations: (a) a circular mag-
netization configuration, (b) a two-domain state, (c) a single-domain state. Islands in the single-
domain state reversed not by domain wall motion, but by creation and breakup of a "locked"
magnetization configuration.

CROWTHER, T.S.
B. S., University of New Hampshire, 1954
M. S., University of Maryland, 1960

"Angular and Magnitude Dispersion of the Anisotropy in Magnetic Films" JA 1979
J. Appl. Phys. 34, 580 (1963)

A physical model for the angular and magnitude dispersion of the anisotropy of magnetic
films has been investigated. It is based on the effect of anisotropic strain on a microscopic
scale acting on magnetostrictive material. If the strain-induced anisotropy components Hyg is
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less than the intrinsic unstrained value Hy the following results are obtained: (1) Regions with
highest and lowest local Hy values are unskewed. Regions with maximum skew have approxi-
mately average Hy. (2) Although local skew a and the resultant'anisotropy Hy are not uniquely
related since each depends on both direction and magnitude of applied stress, their maximum
values for a composite film having isotropic strain on a macroscopic scale are related by;
@max = (1/2) aresin (Hy max — Hp o) /Hyq-

The following measurements have been taken which tend to support the theory. (1) The
angular distribution function has been found to be Gaussian using a measurement technique for
which the angle can be read with £0.4%. (2) The broadening of the Stoner-Wohlfarth switching
threshold depends on both angular and magnitude variations. A machine calculation was per-
formed to give this broadening as a function of a; and Hy,, the standard deviation of the angular
and magnitude distributions, respectively. Using a measured ay = 1.0° the best fit gave
Hye = 0.1 Hy, which agrees with theory within a factor of three. The data showed that the Hy
distribution is not completely symmetric but has approximately 10% of the film with Hy > 2H) .

Measurements of angular dispersion as a function of applied stress for films of known
chemical inhomogeneity yield results an order of magnitude below those calculated, using the
model described. This is thought to represent the "stiffening" effect of magnetostatic and
exchange interactions.

* * ¥

"Magnetoelastic Sensitivities in Evaporated and Electrodeposited MS 683
Permalloy Films"

(co-author I. W. Wolf)

J. Appl. Phys. 34, 1205 (1963)

When a magnetostrictive Permalloy film is stressed in the direction of its preferred axis
of magnetic orientation, an effective anisotropy is induced in the film causing a change in
measured Hy. Magnetoelastic measurements were made on evaporated and plated films 100—

4000 A thick and varying in composition from 70%Ni, 30%Fe to 85%Ni, 15%Fe. Composition
was determined by x-ray fluorescence. It was found that the magnetoelastic coupling constant
B=(2/M) (dHy/de) was significantly less for plated than for evaporated films of the same com-
position. There is evidence of both intercrystallite or internal crystallite slip and film-to-
substrate slip, but neither is large enough to account for the observed differences.

%k * *

CURRY, G.R.
B. S., University of Michigan, 1955
S. M., Massachusetts Institute of Technology, 1959

"Measurements of UHF and L.-Band Radar Clutter in the Central JA 2382
Pacific Ocean"
IEEE Trans. Mil. Electron. MIL-9, 39 (1965)

Measurements of clutter with the TRADEX radar at UHF and L-band are described. Clutter
is shown to be due to sea return and returns from clouds. Sea clutter predominates at range
less than 13n. m., value of 0, of —100db being typical at both frequencies. Coherent scattering
from clouds is postulated, and the observed frequency independence of the cloud returns is
offered as supporting evidence. Values of cloud cross section per unit volume are given. Below
15,000 ft altitude, values of —140db (reference m-1) are typical at both frequencies. Clutter
spectra are presented.
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A. B., Phillips University, 1951
M. A., The Rice Institute, 1954

"Solid-State Room-Temperature Operated GaAs Laser Transmitter" JA 2453
(co-authors B. S. Goldstein, T.M. Quist)
Proc. IEEE (Correspondence) 52, 1742 (1964)

The development of a practical, triggerable, solid state transmitter suitable for pulsing a
GaAs injection laser diode at room temperature is reported. Results of operation are presented.

%* * *

DELANEY, W.P.
B. S., Rensselaer Polytechnic Institute, 1957
S. M., Massachusetts Institute of Technology, 1959

"An RF Multiple Beam-Forming Technique" JA 1841
Trans. IRE, PGMIL MIL-6, 179 (1962)

An RF beam-forming matrix is described which forms "n" simultaneous beams from an
"'n" element array in a passive and theoretically lossless manner. The principle of operation
is explained using some simple matrix configuration. A general expression for the far-field
pattern of any beam is derived and then used to study the positions of beam peaks, the position
of beam nulls, the crossover level between beams and the frequency sensitivity of beam posi-
tions. This matrix provides a uniform illumination of the array aperture; however, simple
beam combining techniques will yield tapered illuminations. An experimental 16-element
beam-forming matrix which operates at 900 Mcps is described, and results of RF and antenna
measurements on the matrix are presented.

* * *

DENNIS, J.H.
S. B., Massachusetts Institute of Technology, 1956
S.M., Massachusetts Institute of Technology, 1956
Ph.D., Massachusetts Institute of Technology, 1961

"Index of Refraction of KDP" JA 2198
(co-author R.H. Kingston)
Appl. Optics 2, 1334 (1963)

The indices of refraction of KDP have been measured over most of its transmission range
from 0.25 to 1.5 microns.

DIAMOND, B.L.
B. S., University of Utah, 1959
S. M., Massachusetts Institute of Technology, 1961

"Idler Circuits in Varactor Frequency Multipliers" JA 1903
Trans. IEEE, PTGCT CT-10, 35 (1963)

This paper presents a general large-signal analysis for frequency multiplication with
"ossy" abrupt-junction varactors. A Fourier-series representation of the current, the non-
linear elastance and the voltage is used to obtain exact closed-form solutions. Lossless coupling
networks are considered in the theory so that the performance limits obtained will be fundamental
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to the varactor itself. Additional circuit losses can be added quite simply to find the expected
performance in a practical case.

Idler currents (currents flowing at frequencies other than the input and output frequencies)
are shown to be necessary for multiplication by integers greater than two with abrupt-junction
varactors. The effects of these currents are included in the general theory and a particular
case, the tripler, is completely solved to demonstrate the procedures involved and to show the
performance limits set by varactor and idler losses. Graphs which show the comparative
theoretical performance of several multipliers are presented.

* * *

"Comments on 'Similarity Considerations for Varactor Multipliers'" JA 1987
(co-author P. Penfield, Jr.)
Microwave J. 5, No. 9, 22 (1962)

In the July 1962 issue, Uhlir derived from simple dimensional analysis the low-frequency
asymptotic behavior of varactor multipliers. The efficiency and power formulas depend on
arbitrary constants (¢ and K) which cannot be supplied from dimensional considerations alone.
We shall augment Uhlir's analysis by giving theoretical values for these constants for those
multipliers and dividers for which exact solutions are known. They include the abrupt-junction-
varactor doubler, tripler, quadrupler, 1-2-4-5 quintupler, 1-2-3-6 sextupler, 1-2-4-6 sextupler,
octupler, divide-by-two circuit, and divide-by-four circuit, as well as the graded-junction-
varactor doubler. (The numbers indicate which idlers are present. We assume that all idlers
are lossless and tuned, and that the load is tuned.)

* * *
DIMMOCK, J.O.
B.S., Yale University, 1958
Ph.D., Yale University, 1962
"Band Edge Structure of PbS, PbSe, and PbTe" JA 2335

(co-author G. B. Wright)
Phys. Rev. 135, A821 (1964)

The available experimental data on PbS, PbSe, and PbTe indicate that the valence- and
conduction-band extrema of these semi-conductors occur at the L. point of the Brillouin zone.
The nearly-free-electron model predicts that the valence and conduction states in the vicinity
of the forbidden gap at L. each consist of three simple spin-degenerate bands. These bands
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