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'IM
!EWR A primarily lED-funded, centerwide approach to

improved hardware was instituted. This program
During the past year the Congress has initiLted a is based on the realizations that Naval Communica-

requirement that all military research be directly tions and Command Control functions will be us-
relevant to identifiable military applications. In ing digital techniques wherever possible and that
the same period the Department of Defense has the state-of-the-art microelectronics offer the fea-
stressed the necessity for minimum purchase cost, tures of low cost, reliability, and maintainability.
complexity, and maintenance of fleet equipment. If one looks at the detailed functions that these
These forces coupled with the decliae in research equipments are asked to verf:,rm, there should be
and development funds have changed the environ- sufficient commonality that a set of standard
ment in which the science and engineering programs building blocks will emerge which can be used in
are conceived and prosecuted at the Naval Elec- various combinations with minor modification to
tronics Laboratory Center. Within NELC, a new perform a wide variety of operations. This pro-
Commanding Officer and Technical Director have gram which has been given the acronym BAMS
revised the Center structure to respond to the new (Benchmarks in the Application of Microelectron-
environment and embarked on new programs un- ics to Systems) absorbs one-third of the I R/IED
der a modified philosophy. The new structure fimding.
represents a strong unifying force to achieve a true
Center approach to problem solution by making Another departure from prior experience in-
the resources and capabilities of all organizational volves the electro-optics program. Where in the
elements available through a matrix organization. past the primary emphasis of this effort was in
On a technical level, there is strong emphasis on phenomenological. basic research, the current
completely engineered hardware, ready for fleet program includes two engineering efforts to con-
use, based on low-maintenance, reliable, and corn- struct optical communication-system prototypes.,
patible equipment which requires minimally one aimed at exterior ship communication and the
trained personnel to operate and maintain, other primarily at interior communications.

The current IR/IED program has responded as The electronic materials program of the Infrared
well to the external and internal changes in guid- Division added from the Corona Laboratory, Naval
ance. Long-term high-risk research has been re- Weapons Center, has been continued at a slightly
placed in many cases by shorter-term, lower-rmsk reduced level without material changes in content.
programs which would feed directly into estab-
lished hardware requiriments. The higher risk In summary, the IR/IED program at NELC has
elements remaining in the program have been been integrated as much as possible with established
judged to be necessary for the introduction of Center and Navy programs and long-term technical
sorely needed technology improvements, objectives.
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6 HIGHLIGHTS OF FY 1970

DEVELOPMENT OF IMPROVED DISPLAY Electronic recording technique provides for the
TECHNIOUES FOR ADVANCED SHJPBOARD real-time, time-compressed display of sensor

DISPLAY SYSTEMS images. Tests with both trained and untrained ra-
dar operators show sharp rise in ability to detect,
track, and identify air targets when using time-

W. E. Milroy compressed format.

INTRODUCTION The experimental system was designed and
constructed as of the end of FY 1969. Since the

The value of time-compression techniques in early part of FY 1970, tests have been conducted
video displays has been enhanced by the develop- with both trained and untrained radar operators to
mient of an electronic recording process which determine their ability to detect, track, and identi-
overcomes the inherent limitations of film tech- fy air targets with a standard PPI format and with a
niques. The experimental Time-Compressed Dis- time-compressed format. In all cases, the operators
play System (TICODS) provides real-time analog were significantly more efficient using the time-
storage and time-compressed recall and display of compressed display.
sensors, providing the operator with a dynamic
display of the current sensor image and a selectable It should be stressed that the applications of
number of prior images. Desired returns (targets) TICODS are not limited to radar operation. At the
are thus detectable as a coherent process imbedded time the test program was initiated, radar equip-
in a rnoncoherent process (noise, interference, etc.). ment, and operators for test subjects, were availa-
The abstract physiological processes of the opera- ble and provided val'iable information for study
tor can thus be brought to bear on detecting and and comparison. Accordingly, the discussion here
tracking objects normally obscured by noise. The is in that context. However, the electronic record-
all-electronic equipment used to implement the ing process is equally useful in sonar, ECM, or in
system is relatively simple and inexpensive in com- fact in any high-speed visual presentation of se-
parison with alternative approaches which involve quential images where playback and analysis are
digitization of sensor signals and the subsequent desirable.
automatic processing of the digitized data in large-
scale digital computers. Film and development Details of TICODS operation and description of
time are eliminated; the displayed picture is cur- the test program are furnished in reference 1 (see p. 9).
rent; and the system has much more flexibility They may be summarized as follows.
than the film system.
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JDESCRIPTION OF SYSTEM

The electronic recording process is implemented
by a television camera (or, alternatively, a scan
converter) which interfaces with the radar PPI
display and "photographs" the PPI each antenna
scan (fig. 1). These data are recorded as a televi-
sion frame on one channel of a multichannel video
disc; each antenna scan is recorded on a separate
channel on the disc. The resulting electronic "pic- ,

tures" appear rapidly on the time-compression
display, up to 30 frames per second.

CAMERA PPI DISPLAY .- _I = ~CONTROL •• '
UNIT <'"

LONG-LAGTELEVISION

L.- ! TIME- TIME-

IUNIT (DISC) DISPLAY

RADAR
AZIMUTH

RADAR GATE
REPEATER Figure 2. TICODS rack.

Figure 1. Electronic time-compression display system.

The 6-foot cabinet containing the TICODS OPERATIONAL FEATURES
equipment (fig. 2) provides all signal conditioning,
processing, and controls for storage and retrieval of Figure 3 shows the basic block diagram of the
images in the form of television signals. The signals TICODS equipment. Television signal., -re fed to a
are stored on a magnetic disc recorder which has a modulator section whose output is a period-
capacity of 36 separate tracks of one television modulated carrier signal with modulation propor-
frame per track. The equipment accepts standard tional to input signal amplitude. The output of the
525-line TV signals consisting of two interlaced modulator is fed to the inputs of the (write) sec-
fields per frame at 60 fields per second. Manual tion of the read-write amplifiers. Each track of ',he
controls allow operator selection of the manual disc recorder has a read-write amplifier; the write
mode or several different modes of automatic read- function can be controlled from an external source.
write operation. The present system uses a closed- Thus, each track can be stored in a predetermined
circuit television camera as the input. The camera sequence by generation of control (write) signals.
is positioned over the CRT of a SPA-25 radar indi- One group of 32 tracks makes up the main video
cator so that the output is the PPI image in televi- storage section. These 32 tracks are controlled
sion format. The camera uses a long-lag vidicon to sequentially by the logic section. The remaining
provide storage so the image does not fade immedi- four tracks, available as auxiliary video images, are
ately as the PPI sweep moves, controlled manually.
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Figure 3. TICODS basic block diagram.

•the last track written. This track is demodulated in determine the improvement in operator capability

a separate demodulator and mixed with the se- in detection, tracking, and identification of air
quenced tracks as they are read. This gives a con- targets on a time-compressed display. In prepara-
stant display of current PPI plus the time- tion for the tests, one-hour video tape recordings
compressed display ot previolis antenna scans, were made from each radar. From each of these
The remaining three tracks are available for use in tapes a segment wa•; selected having sufficient air
investigating area mo,,ing-target indication (MT!) targets without too much traffic in any one area.
by scan-to-scan cancellation cf fixed returns. They Then another recording vas made of the same
may also be used for providing an overlay, such as segment, this time after the TV image had been
a map or chart, superimposed on the sensor images. processed through TICODS. Thus two tapes of

each radar were produced, one a standard PPI
display and the other a time-compressed display.

TEST PROGRAM
The test tapes were displayed on a TV monitor

Early in FY 1970, P 5cries of tests was per- for analysis, with the face of the CRT covered with
formed to establish the optimum parameters (num- a plastic overlay on which the operators (both
ber of prior image frames, time-compression ratio, trained ard untrained) marked the tracks of the
,tc.) to set into the system control panel when targets. In both detection-time and detect-and-
working with radar returns. A short-range, surface- track tests, all operators were significintly more
search radar and a mid-range,, air-search radar were efficient when the time-compressed format was
used to supply the signals. used. Table 1 and figures 4 and 5 show the cori-

parative performances.
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TABLE 1. DETECT-AND-TRACK TEST RESULTS

Radar A Time Radar B Time
Radar A P~l* Compressed* Radar B ePI** Compiessed**

Detect, Track, Detect, Track, Detect. Track, Detect, Track
Subjectt percent percent percent percent percent percent percent percent

A 47 73 71 38 46 31 92 89
B 47 58 77 89 39 28 85 90

C 47 32 65 74 8 3 85 70
D 41 60 65 88 39 30 93 87

E 47 51 76 84 39 25 92 92
F 35 62 65 79 31 22 69 72

G 35 60 77 88 46 35 93 71

H 35 58 59 83 39 48 62 61

1 41 46 47 81 62 45 85 67
J 35 54 47 76 62 49 77 59

Average 41 55 62 83 41 32 83 7o
*Short-range, surface search

"*Medium-range, air-search
"tA-G untrained operators; H, 1, J, trained operators

1 00
z 80

~40LFLL

0 A B C D E r G. H I J

SUBJECT
A. AIR TARGETS DETECTED ON RADAR. FIRST BAR

INDICATES STANDARD PPI RADAR, AND SECOND IS
TIME-COMPRESSED RADAR.

100

z w0

o

U 60-

MPI
20

A B C D E F G ti I J
SUBJECT

B. AIR TARGETS TRACKED ON RADAR, FIRST BAR
INDICATES STANDARD PPI RADAR, AND SECOND IS
TIME-COMPRESSED RADAR.

Figure 4. Detect-and-track results, short-range,
surface-search radar
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TIME-COMPRESSED RADAR.
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SUBJECT
B. AIR TARGETS TRACKED ON RADAR. FIRST BAR
INDICATES STANDARD PPI RADAR, AND SECOND IS
TIME-COMPRESSED RADAR.

Figure 5. Detect-and-track results, medium-range,
air-search adar,

SUMMARY IN-HOUSE PUBLICATIONS

The electronic recording process represents an Chandler, G. F., and Harris, L. G., Exploratory
important advance in the application of time- Development of a Real-Time, Time-Compressed
compression techniques to the display ot sensor Processor and Display System, Naval Electronics
images. Study on the process is continiing. Feasi- LaboraLory Center TR 1710, CONFIDENTIAL,
bility has been -.stablished for development of eco- 26 May 1970
nomical sensor-image processor/display systems in
which analog images may be stored, processed, and
accessed for real-time display in a manner analogous
Lo the processing of digital words in a computer.

ZFXX-212-00i Contact: W. E. Milroy,
(NELC Z214) NELC Code 3100,

Ext. 7333
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j APPUCATON OF SGNAL PROCESSING Mathematical methods of determining interceptor

THEORY TO NAV COM ICATO detection probabilities were developed for several
types of detection systems which employ energy
detection. The procedures are adaptable to a

B. LOW DETECTABILITY* varioty of types of secure communications involv-
ing large time-bandwidth product signals in white

Fr. A. Dillard gaussian noise.

Of taý:, Lying degrees of security requirements The designer of a secure communication system
that can Lbe imposed on a communication system, meeting low-detectability criteria must be able to
the requirement of low detectability is the most estimate interceptor detection probabilities for a
stringent. If an adversary is unable even to detect variety of candidate signal structures and pararne-
the existence of a radio transmission, he is certain- ters and for different levels of intercept system
ly unable to learn from the radiation the location complexity. During FY 1970, mathematical rneth-
or character of the emitter or to detei -tine the ods of determining interceptor detection probabili-
message content. By employing low-detectability ties were developed for several types of detection
communication systems, mobile units can reduce systems which employ energy detection. The
the chance of being observed by the enemy. Low analysis and computational proccdures developed
detectability is especially important to subsurface are adaptable to a variety of types of secure com-
Fleet strategic weapons. Low-detectability com- munications involving large time-bandwidth prod-
munications can be used to prevent the adversary uct signals in white gaussian noise. With simple
from measuring traffic patterns of Fleet tactical parameter changes, the formulas are applicable for
communication nets to learn of attack preparations. detection cases involving varying degrees of inter-

ceptor knowledge about the signals (knowledge of
The probability of detection by a hostile inter- position in frequency and time, bandwidth, dura-

ceptor can be reduced by spreading the radiated tion, number of transmitted pulses, etc.). Rules
energy over a greater time-bandwidth area. For were found and graphical procedures developed for
example, a communicator can distribute the signal comparing systems which energy-detect individual
energy in time and frequency in a way prearranged pulses with systems which energy-integrate over
with the intended receiver. The intended receiver entire transmissions. Special attention was given to
uses his "key" to extract and reassemble the signal. the various types of false-alarm rate deflinitions
His processing gain is then sufficient for determin- appropriate in different detection situations.
ing the message content. An interceptor, however,
knows neither the signal structure nor the signal Several of the detection procedures studied
positions in time and frequency, and he utilizes apply in particular to transmissions consisting of a
energy detection methods to determine the pres- number of distinct (and similar) parts. Each part
ence of a transmission. The amount of noise ener- could be a spread-spectrum pulse, a group of pulses,
gy that the interceptor has to integrate increases or any t ype of large time-bandwidth product sig-
with the time-bandwidth area over which the trans- nal. (For convenience, the individual parts are
mission is spread. referred to as pulses.) Of major interest were

*Subtask A of this problem, "Feedback Communication,"
is covered under "Signal and Information Processing,"
page 48.
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intercept strategies for detecting a transmission Procedures were derived for calculating detec-
consisting of a number of frequency-hopped, time- tion probabilities for interceptors employing con-
dodged pulses. ventional frequency scanning and energy detection

against large time-bandwidth product pulses. The
One such detection system investigated is as assumption was made that the energy of each pulse

follows. The interceptor knows that the pulses will is spread uniformly over its time-b;ndwidth area
lie within a particular band of frequencies and and that the interceptor's receiver has a rectangular
covers that band with a number of bandpass filters, shaped i-f passband. The analysis is applicable
each filter followed by an energy detector and a mainly to situations where the interceptor's signal-
thresholder. The filter bandwidth and the detector to-noise ratio is so small that he has to sweep over
integration-time are matched to the dimensions of a large portion of a pulse in order to have an ac-
the pulses. At the end of each integration interval, ceptable probability of energy-detecting it. Two
the output of each thresholder is a "1" or a 40," different models of message structure were consid-
corresponding to a pulse-present decision or a ered, and thus two different sets of formulas for
noise-only decision. If, at any decision time, one computing message-detection probabilities were
or more filter-detector units has a pulse-present developed, one set for each model. One model
decision, the input to a binary moving-window assumes that the pulses are equally spaced in time
detector is a "1." The window length corresponds and are all centered at the same frequency. The
to the transmission time or message duration. other model assumes that the pulses occur random-
Effectively, then, the system integrates individual ly in frequency and time.
pulse decisions over the message duration. The
moving-window detector alarms if its output
reaches a specified threshold. An NELC Research and Development Report

covering the above material is almo3'• complete.
For this binary moving-window system, formu- The report will also include many graphs Melating

las for false-alarm rate and detection probability detection probability, time-bandwidth area of
were found. These were programmed to examine integration, required signal energy, and false-alarm
relationships between false-alarm rate, detection rate, for a large number of parameter values.
probability, signal strength, optimum moving-
window threshold value, number of pulses, etc.

ZFXX-212-001 Contact: R. A. Dillard
(NELC Z222) NELC Code 3300,

Ext. 7465
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ELF MD VLF PROPAGATION ENVIRONMEM
(COMMUNICATION SUPPORT) Improved forecasts of vlf broadcast coverage for
A. LOWER IONOSPHERIC PHYSICS* operational fleet commanders and for emergency

communication ,Vstem design are achieved through
W. F. Moler numerical modeling of earth/ionosphere waveguide.

BACKGROUND of a broadband horizontal dipole transmitting
antenna, a phase-stable, multiple-frequency trans-

The Navy has an enormous investment in the vlf mitter operated in a pulsed mode, and a number of
radio Fleet Broadcast communication system and phase and amplitude sensing receivers located near
the Omega navigation system. Othe. vlf and elf the transmitter. The measurables are elements of
systems are being developed to provide emergency the reflection coefficient matrix for waves once-
c •mmunications to the FBM submarines in the reflected from the ionosphere for each transmitted
event of nuclear warfare. Accurate forecasts of radio frequency.
broadcast coverage are needed for operational fleet
commanders and for determining emergency net- The central idt.a of the technique is the assumn-
work design parameters. tion that there exists a unique pair of electron-

density and electron-collision-frequency profiles
Precise numerical methods have been developed which yield calculated reflection matrices (using

which are capable of providing the needed coverage full wave methods of computation) which ap-
forecasts. The computer cc es require the height proach agreement with the ground-based measure-
distribution of electron density and electron colli- ments. The measure of agreement is the rms value
sion frequency within the D-region of the iono- for the differences between computed matrix ele-
sphere. Unfortunately the D-region is the least ments and the corresponding measurements. The
understood region of the atmosphere. best-fit profile is found when the rms value ap-

proaches zero. The profile search uses function-
The rocket sounding and hf radio ionosonde minimization techniques. It has been automated

systems, which provide good measures of the ioni- by expressing the electron-density profile in para-
zation above 100-km altitude, are ineffective in the metric form; thus the rms deviation is a function of
D-region because of the relative!y low electron a discrete set of parameters. The parameters de-
density and high neutral particle density. Im- scrioing the profile are systematically adjusted
provement; in knowledge of the D-region structure, until the rms deviation has reached some minimal
and subsequent improvements in vif broadcast preset value.
coverage forecasts, require new methods for prob-
ing the lower ionosphere. PROGRESS DURING FY 70

In FY 1968 a technique was conceived for ob- In earlier work, several parametric forms for the
taining the needed D-region ionization profiles electroit-density profiles have been tried including
from vlf reflection data measured with the NELC fifth-order polynomials, exponentials, and combi-
sounder at Sentinel, Arizona. The sounder consists nations of parabolic and exponential segments.

*Subtask B of this problem, "Elf Electromagnetic Wave

Propagation Research," i! covered under "Electromagnetic
?Popagation and Environment Studies," page 19.
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The most useful form has been found to be a series The error bands are defined such that if the form
of exponential segments in which the logs of the of the real electron-density distribution were ap-
electron densities at the heights where the seg- proximated by a series of exponential segments,
ments join are the unknown coefficients to be that approximation to the real ionosphere should
found. Figure 1 is an example of a profile consist- be within the error band with the same probability
ing of exponential segments which best fits night- that the reflection parameters are within their
time reflection data acquired at 13.2, 21.6, and respective standard error limits.
33.5 kHz by the NELC sounder.

The error analysis is useful in determining the
110 -' regions of the ionosphere which are most impor-
105 - tant for controlling the vlf reflection characteris-

tics. If more resolution is called for than can be
100 determined from the data, the error band widens.

E 9 Thus the regions where the error band is narrow
9 - are the regions where the ionospheric control is

3' 9greatest. For example, the error bands in figure 2o90
would indicate that all significant ionospheric

"85 effects are confined below 70 km and that the datq
contained little information about the ionosphere
above 70 km.

75 . I

100 101 10 2  103  104 105 85 -

ELECTRON DENSITY (cm"3 1 sI

Figure 1. Best-fit electron-density distribution for data E 75
taken 16 September 1969, 2223 MST. I.R/.RI, 7 0 I
i1-/q /' and 11RIj at 13.2, 21.6, and 33.5 kHz. 70

X 65

Until recently the set of predictors did not in- 60

clude the absolute phase of the normal wave reflec- 55-
tion coefficient. Although the general shape of the
profiles appeared physically plausible it was recog- 01 4
nized that the absolute heights of the piofiles 10 10 2 010 10

could be in error., The feasibility of measuring this ELECTRON DENSITY (cr"3 )

component was determined by a theoretical analy-sis of the transmitting antenna radiation character- Figure 2. Best-fit electron-density distirbution and error
istics and verified experimentallyr With the inclu- band for data taken 30 January 1968, 1330 MST, 15 min-utes after commencement of solar flare. Data at 8.3,sion of this element the height resolution has been 17.3, and 33.5 kHz.
greatly improved.

The most important addition to the computa-
tional procedure is an optional routine v, irich In the error analysis, each of the measured ele-
determines the error limits of the electron-density ments of the reflection matrices has a standard
or collision-frequency profiles from the standard error assigned, If a large sample of reflection data
errors in the sounder data introduced by noise or (e.g., portions of a diurnal cycle by season) is ob-
by calibration uncertainties. The error limits take tained, each element will have an average value and
the form of error bands about the derived curve, some measured standard deviation from the mean.

13



The electron-density and collision-frequency pro- In-house Publications
files derived will then be for the average values
and the error limits will define the standard devia- Sheddy, C. H., Determination of Electron Density
tion of the profiles. This approach will save a tre- Distribvtions From VLF/LF Reflection Data.
mendous amount of computer time over the usual Naval Electronics Laboratory Center Report
methods. Normally one would be forced to calcu- 1639, 7 August 1969
late a large number of electron density profiles, at
a large cost in computer time. and then perform Shellman, C. H., Absolute PhaRe, d 4 I, of the Nor-
statistics on the profiles. With this approach the mally Reflected Skywave Radiated From a Hori-
statistics may be performed on the raw data and zontal Dipole at VLF, Naval Electronics Labora-
only one profile calculation need be made. For tory Center Technical Note 1627, 16 February
example, the electron-density profile in figure 1 1970
shows a large spike-like maximum near the 92-km Shellman, C., H., Determination of Error Limits on
level. A large sample of nigh time data will be Electron-Density Distributions Derived From
analyzed to determine if this is a persistent feature VLF/LF Sounder Data, Naval Electronics Labo-
and, if so, the limits of its variability in height ana ratory Center Report 1676, 12 December 1969
intensity. These data should make it possible to
predict the variability of phase and amplitude of vlf Shellman, C. H., Least-Square, Method For Evaluat-
transmissions over long propagation paths at night. ing the First and Second Derivatives of a Furc-

tion in N-Dimensional Space, Naval Electronics
PUBLICATIONS Laboratory Center Technical Note 1636,

10 March 1970
Scientific Journals

Shellman, C. H., "Electron Density Distributions
in the Lower Ionosphere With Associated Error
Limits Derived From VLFiLF Sounder Data,"
Radio Science New Sries (In press)

ZR-01 1-01 01 Contact: W. F. Moler,
(NELC Z 135) NELC Code 2200,

Ext. 7677
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RELATIONSHIP OF PROGRAMS TO NAVY NEEDS
Increase our Basic Which Leads to

Investigations of Understanding of Improvements in

ELECTROMAGNETIC PROPAGATION AND ENVIRONMENT STUDIES (p. 12,19,37)

Vif propagation; electron- Formation and maintenance of Communication and naviga-
density distribution in the the ionosphere; radio propagation tion in normal and nuclear
ionosphere predictions environments

Elf p-opagation Prediction of propagation of Communication with
extra-low-frequency electromag- submarines
netic waves

Microwave satellite-to- Limitations on millimeter wave Satellite communication
earth propagation communications due to environ- systems

mental effects on propagation

MATHEMATICS AND APPLICATIONS (p. 21,39,41)

Research in numerical anal- Realistic estimates of errors intro- Effective and efficient applica-
ysis and symbol manipulation duced by computers and numerical tions of computers to engi-

determinations of derivatives by neering problems
computers

Mathematical programming Formulation and soiution of Quicker and better solutions
for optimization problems involving feedback con- of problems in engineering

trol under constraints dezign and in allocation of
resources

Distribution-free procedures Actual failure rates without as- Reliability and failure predic-
for reliability analysis sumption of an exponential fail- tion

ure distribution

Walsh functions Digital analysis and design Communications and comput-
ing equipment

MAN-MACHINE EFFECTIVENESS (p. 22)

Visually evoked cortical Information-handling characteris- Improved model (f human
potentials tics of man under comimtions of operator and improw ,d use of

stress and vigilance men in military envir( .:ment

OPTICAL TECHNOLOGY AND APPLICATIONS (p. 24,26,27,42,44,45,47)

Holographic techniques and Complex filtering, information Communications, surveillance,
optical analog processing storage, and display techniques and electronic warfare systems

15
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Increase our Basic Which Leads to
Investigations of Understanding of Improvements in

Nonaqueous chemistry of Stable, nontoxic, noncorrosive Improved pulse illuminators
inorganic solutions for lasers solutions for recirculating liquid for laser surveillance and rang-

lasers ing systems

Growing thin films of CdSe, Thin-film lasers and laser Small-volume laser amplifiers
CdS, and CdSexS Ix; multi- amplifiers and preamplifiers for electro-
layer coatings optical circuit elements, en-

hanced mirrors and optical
systems

Refractive index of amplify- Sources of stable monochromatic Far infrared communications
ing media in far infrared radiation
lasers

Two-photon absorption in Color cenier production in the Three-dimensional display
alkali halides body of a crystal devices; increased capacity

computer storage elements

Spectra of dyes Fluorescence and triplet-triplet Dye lasers which are continu-
absorption ously tunable for secure com-

munication and surveillance

Infrared measurements of Infrared emission by ships Infrared countermeasures
naval ships

MATERIALS RESEARCH AND DEVELOPMENT (p. 29, 30,32,34)

Photoemission of electrons The band structure of solids Microelectronic materials and
from solids devices

Optical absorption in heavily Photoelectronic characteristics Electroluminescent diodes
doped semiconductors and free carrier effects

Excitation, absorption, and Ouantum electronic materials Lasers, quantum detectors,
fluorescence spectra of rare and display devices
earth-doped compounds

Synthesis and growth of Intermetallic semiconducting Gunn effect and LSA oscilla-
intermetallic semiconducting compound films tors, solid-state iasers, and fast
alloy films infired detectors

MICROELECTRONICS TECHNOLOGY AND APPLICATIONS (p. 49)

Defects in microelectronic Causes of failure of microelec- Reliability of microelectronic
circuits tronic devices and means of elim- devices

inating them

16
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Increase our Basic Which Leads to
I Investigations of Understanding of Improvements in

SIGNAL AND INFORMATION PROCESSING (p. 5, 10,48)

Electronic time compression Image storage and retrieval in real Target detection and tracking
time

Communications signal Information representation, hans- Error control, spectrum utili-
processing fer, recovery, and interference zation, and resistance to

effects intcrference

REVERSE SIDE BLANK 17



SUMMARIES OF INDEPENDENT RESEARCH PROJECTS

RELECTOMME PROPAGATION AND ENVIRONMENT STUDES

ELF AND VLF PROPAGATION EO RMENT
(COMMUNICATION SUPPORT)

B. EXTREMELY-LOW-FREQUENCY ELECTROMAGNETIC
WAVE PROPAGATION RESEARCH*

H. G. Hughes

The extremely-low-frequency (elf, 30 Hz - 3 kHz) The horizontal electric fields are measured by ampli-
band of radio waves is of particular interest to the fication of the voltage developed by the wave be-
Navy because the associated electromagnetic fields tween two metal rods (earth-probes) driven into the
penetrate seawater to appreciable depths and can be ground and separated by 150 meters. A line of
received by submerged vehicles. Because of the long bearing to the source of the disturbance is derived
radio wavelengths it would be extremely expensive from a comparison of measurements obtained from
to build structures to radiate elf waves effectively, two orthogonal sets of earth-probes and the vertical
Consequently, researchers investigating elf propaga- monopole., The waveform's source location can then
tion characteristics must depend on naturally occur- be determined by its bearing relative to each station.
ring lightning flashes as sources of elf waves. Using the source distance from each station and the

To evaluate the potential of elf for future Navy ratio of the spectial amplitudes of the %ertical elec-

communication systems it is necessary to know how tric field received at each station, the wave-

tne elf attenuation depends on such factors as iono- attenuation rate can be determined. The two-

spheric structure, and the bearing of the propagation station recording technique, however, is limited to
spahereaic e s otructure, man the bearithe fixing of sources that lie off a great-circle path
paththrough the two stations. If the propagation param-
propagation of elf waves, NELC has employed a thro the t atons the propation paren -
technique which utilizes the simultaneous recording eters are different along the two paths, apparent
of the ver*ical and norizontal electric-field compo-
nents of elf atmospherics at two widely separated During October 1969, simultaneous rec.ordings of
stations. The vertical electric fields are measured the vertical and horizontal electric-field components
using a vertical monopole antenna 5 meters long. of elf atmospherics were made at two widely sepa-

rated stations. The source area was far from the
great circle through the two stations, one of which
was located on the Island of Hawaii and the other

*Subtask A of this problem is covered under "Highlights near Sentinel, Arizona.
of FY 1970", page 12.
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From several day and night waveforms recorded the night attenuation rates to be the greater fox all
simultaneously at both stations, the differences b-- magnetic-field dip angles. It must be concluded
tween the day and night apparent attenuation rates from the experimental measurements that the diurnal
were determined. The measurements showed the variation in the wave-attenuation rate may depend
day apparent attenuation rate to be greater than for on the propagation paths and cannot be explained
night by 1.5 dB/Mm at 50 Hz and 2.3 dB/Mm at by accepLed models of ionospheric conductivity.
300 Hz.

Paralleling the analysis of the experimental data, PUBLICATIONS
theoretical investigations of elf propagation under
realistic ionospheres was carried out by means of the Scientific Journals
NELC waveguide program for the full-wave solution
of elf propagation in arbitrary waveguides. The the- Hughes, H. G. and Theisen, J, F., "Diurnal Varia-
oretical calculations failed to show a significant path tos in the Appa rent A n ons tof
dependence on either the day or night attenuation mospherics Over Two Different Propagation
rates for frequencies below 100 Hz, and they showed Paths," Journal of Geophysical Research, 75,2795-2801, 20 May 1970

NELC Z135b Contact: H. G. Hughes
NELC Code 2200,
Ext. 7400
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MATHEMATICS AND APPLICATIONS

MEIHO)S FOR NAVAL EQUIPMENT AND
SYSTEM R LAIUTY ANALYSIS
AND PREDICTION
R. A. Shorack

Current reliability theory relies to a large degree The focusing study was completed. Contact with
on imperfect and unrealistic assumptions about the reliability work in industry disclosed a strongly
statistical nature of the systems and components specific-task orientation. A "comparative" testing
involved. To investigate the development of meth- procedure similar in format to M IL STD 78 1B,
ods which would utilize and develop distribution- without the assumption of an exponential failure
free procedures for reliability analysis, and which distribution, was investigated and a class of such
would provide meaningful estimates or bounds on procedures was devised.,
actual failure rates or system degradation using data
obtained by accelerated testing, a focusing study When the principal investigator returns from duty
was conducted during FY 1970. Distribution-free in Viet Nam, results of the work on c(,mparative
procedures derive their name from the property test programs will be submitted for publication.
that they remain valid regardless of the probability
distribution the underlying variables follow.

NELC Z154 Contact, R. A. Shorack
NELC Code 3300,
Ext. 7465
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MANMACHIE EFFECTIVENESS

*OELECTNC TECIDUWS FOR SCREENING
AND SURVILLANCE
OF MTARY PERSONNEL
C. T. White

In the immediate future, the main application of (such as in amblyopia). Preliminary btudies were
the results of the studies of visually evoked cortical also carried out on the effect that attending to a
responses will be in the medical and paramedical stimulus presented to one eye has on the brain's
fields; but since such fields play such an important response to visual patterns presented to the
role in the overall military picture, it is rather other eye.
artificial to differentiate too strictly. Another group of workers has reported that the

The work on sensory inputs could be utilized in stimulation of the upper and the lower visual fields
the large-scale screening of applicants or recruits by results in markedly different response patterns.
relatively untrained personnel, thus saving the trained Our group carried out a parametric study in which
optometrist, ophthalmologist, or audiologist for a series of checkerboard patterns consisting of
more important tasks. Since the techniques in various sizes of checks were presented to the upper,
question do not depend upon the verbal responses lower, and central visual fields. The earlier findings
of the person• being tested, it is obvious that malin- were verified, and in addition it was found that the
gerers could be identified. This could be of value upper and lower visual fields reacted differentially
both in the testing of recruits and in the testing of to the size of the checks used - the lower field
men claiming service-connected sensory impairment. giving the greatest responses to relatively large pat-

The other aspect of the problem, dealing with terru, while the upper field appears to be more
telemetered indicants of the physiological and psy- sensitive to smaller patterns. These findings sug-
chological state of an lividual, has direct potential gest that there are as yet unsuspected functional
for military use. It would give a person in charge of differences between the upper and lower visual
certain individuals in critical positions an indication fields which need to be investigated.
of those individuals' state of readiness to perform During this period I have continued to serve as a
critical tasks or make decisions. Other applications During thistperiod w have ocin ed to sr eof a classified nature could also be discussed in consultant to other groups who have decided to use
this regard. or techniques for their own purposes. Of special

interest is the work going on in the San Francisco
A major part of the work this year was a con- area, under the general direction of the Brain-

tinuing concern with binocular interaction effects. Behavior Research Group at Sonoma State Hospital.
A paper was published on the relationship between Their main interest is concerned with the develop-
such effects and the quality of the visual image ment of visual perception processes in normal and
presented to the two eyes. The promising results abnormal infants and children. At the present time
of this work led to further studies in which images laboratories have been set up at Sonoma, San Fran-
differing in quality (focus or sharpness) were pre- cisco Children's Hospital, and at the Kaiser Founda-
sented to the two eyes. These studies were carried tion Hospital. The last named alone plans to test at
out in an effort to get a better understanding of least 3,600 infants a year for both research and
the processes involved when a person's eyes are diagnostic purposes.
markedly different in their visual characteristics
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I PUBLICATIONS in Man," Physiology and Behavior, 4, 283-289,

Scie~itific Journals 1969

White, C. T. and Bonelli, L., "Binocular Summa-
White, C. T. and Harter, M. R., "Evoked Cortical tion in the Evoked Potential as a Function of

Responses to Checkerboard Patterns: Effect of Image Quality," American Journal of Optometry
Check-Size as a Function of Visual Acuity," and Archives of American Academy of
Electroencephalography and Clinical Neuro- Optometry, 47, 304-309, 1970
physiology, 28, 48-54, 1970 White, C. T. and Harter, M. R., "Intermittency in

White, C. T., Eason, R. G. and Harter, M. R., Reaction Time and Perception, and Evoked
"Effects of Attention and Arousal on Visually Response Correlates of Image Quality," A cta
Evoked Cortical Potentials and Reaction Time Psychologica, 30, 368-377, 1969

)

NELC Z150 Contact: C. T. White

A

M NELC Code 3400,
Ext. 6677

23
r7n



OPTICAL TECHNOLOGY AND APPUCATIONS
OPTICAL PROCESSING OF SIGNALS FOR

ULITARY INFOR1MAAIWON TRANSFER

A. HOLOGRAPHY

J. F. Bryant

Development has continued on the holographic The Fourier-transform case has the disadvantage
subtraction tect'nique, which allows the comparison that its dynamic range cannot be linearly recorded
of old and new reconnaissance data to detect changes by the photographic film. Recording the low-
that might have occurred in the time intervening be- frequency information linearly results in under-
tween them. exposure and consequent loss of higher-spatial-

The initial study was based on the image holo- frequency information.
gram. Recent work has been extended to include Other work areas investigated by this group
the two other kinds - the Fresnel and the Fourier- include searching for ways to apply optical data-
transform holograms. Each method invokes the processing techniques to high-resolution radar sig-
principles of interferometry but different arrange- nal analysis, theoretical and experimental study of
ments of the optical components are involved. In motion-degraded images, theoretical and experi-
the image case, a projection lens is used to image mental analysis of lens systems for optical data
the input transparency onto the film plane; in the processing, and development of digital computer
Fresnel case, the film plane is in the near field of programs to perform fast Fourier-transform analy-
the coherently illuminated input transparency and sis for optical signal-processing systems.
no lens need be used; and in the Fourier-transform
case, the film plane is in the focal plane of the PUBLICATIONS
projecting lens. During exposure, a coherent refer-
ence beam oblique to the input beam is used to Scientific Journals
create the hologram, and during reconstruction, the
reference beam illuminates the hologram to recall Bromley, K., Monahan, M. A., Bryant, J. F. and
the stored information. Thompson, B. J., "Holographic Subtraction,"

The image hologram system is the best to use be- Applied Optics (In press)
cause the interference between a uniphase image Bromley, K. and Monahan, M. A., "Vibration Meas-
and an oblique collimated reference beam results in urement by Holographic and Convention.! !nter-
straight-line hologram fringes. Degradations caused ferometry," ISA Transactions (Instrument Society
by temperature change, emulsion shrinkage, and of America), 9, 141, 1970
stress relieving, etc., can be compensated for by a Bromley, K. and Monahan, M. A., "Vibration Meas-
slight adjustment of the reference beam angle. urement by Holographic and Conventional Inter-

The Fresnel hologram has an advantage over the ferometry," Acta IMEKO (International Measure-
others in that artifacts in the hologram plane do not ments Confederation) (In press)
degrade the output imagery. There is, however, an Monahan, M. A., Bromley, K., Bryant, J. F., and
undesirable limitation in that the information con- Thompson, B. J., "The Use of Holographic Sub-
tent of the system does not use the full space- traction in the Optical Processing of Reconnais-
bandwidth product of the recording film. sance Data," Proceedings of the Seventeenth

A GARD Avionics Panel Technical Symposium
29 September - 3 October 1969 (In press)
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In-house Publications Monahan, M. A., Bromley, K., and Bryant, J. F.,
Use of Holographic Subtraction in the Optical

Monahan, M. A., Coherent Optical Processing of Processing of Reconnaissance Data, Naval Elec-
Motion-Degraded Images, Naval Electronics Lab- tronics Laboratory Center Report 1665, 23
oratory Center TR 1720, 26 August 1970 October 1969

* NELC Z 136a Contact: J. F. BryantNELC Code 2500,

Ext. 6421
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OPTICAL PROCESSING OF SIGNALS FOR
MIUTARY INFORMATION TRANSFER
B. OPTICAL COMPUTER STORAGE DEVICE

M. Geller

Three-dimensional writing with an optical beam electro-optical, high-density computer storage ele-
was first demonstrated at NELC in 1967, when ment. Since color centers can be produced in alkali
F-centers were produced in alkali halides by a halide crystals by two-photon absorption, a colored
pulsed N2 laser. The technique not only has prac- spot can be produced anywhere in the crystal by a
tical applications in high-density binary storage, but sharply focused ultraviolet beam. This provides a
could have important ramifications in the field of means of storing binary information, which can be
solid-state physics. The mechanism of the forma- read by measuring the interaction of a focused beam
tion of crystal defects in solids by intense optical (of another wavelength) with the color centers. A
radiation is extremely important. One type of such storage capacity of 5 X 1010 bits/cm3 and reading
defect, an F-center, is normally produced by ultra- and writing rates ,i 40 MHz are estimated for KBr.
violet radiation, X-rays, or other means. The proc- This analysis ha.; been documented and the report
ess has been studied since the 1920's and extensive submitted for publication.
work has bten done, but there is still a considerable
lack of understanding of the exact nature of the PUBLICATIONS
photochemical reactions involved. Two-photon
absorption offers another technique of examining In-house Publications
this problem. The nonlinear experiments which
have been conducted at NELC may shed valuable DeTemple, T. A., Stimulated Emission in th'e Near
insight into the photochemistry and photophysics Field, Naval Electronics Laboratory Center Re-
of interaction of high-intensity radiation with port 1655, 21 October 1969
matter. Johnson, W., Magneto-Optical Memories, Naval

A theoretical analysis based on experimental re- Electronics Laboratory Center TD 77, 7 January
suits was made of the feasibility of obtaining an 1970

NELC Z136b Contact: M. Geller
NELC Code 2500,
Ext. 7920
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FA INFRAE LAW FOR NAVAL
SURVEILLANCE AND COUMUIUA1ION
SYSTEMS
W. Schade

Advances in optical communications technology tunable far infrared gas laser which was constructed
will make increasing demands for detectors having during the preceding year. Preliminary scanning of
wide spectral bandwidth and fast response in the interferometer indicated the need for a more
coherent receivers. Evaluation of heterodyne de- stable source of monochromatic radiation to cali-
tectors requires sources of stable or controllable brate the change of length of the far infrared optical
monochromatic electromagnetic radiation such as resonator. The problem was solved by installing a
that from lasers. Since the oscillation frequency Spectra-Physics Model 119 He-Ne laser which has a
and amplitude of a laser depend on the index of re- long-term instability of ± 75 MHz/day from the
fraction of the amplifying medium in the optical center of the Ne 20 emission band at 6328A. A
resonator, knowledge of this dependence is neces- patent disclosure of this laser interferometer for
sary for evaluating the signal and noise components measuring optical properties of amplifying media
of heterodyne dztectors. was made.

Studies during FY 1970 were directed to develop- The passive instabilities of the far infrared laser
ment of a technique for making accurate measure- and the calibration interfero-neter were examined
ments of resonant wavelengths within the amplify- to determine the background variations in optical
ing media of far infrared lasers in the spectral range paths which would cause experimental errors. The
of 10 to 400 Am. Such measurements may be used far infrared laser and calibration interferometer
to compute the refractive indices of the amplifying were operated simultaneously and continuously in
media at the resonant wavelengths, a free-running mode at a fixed resonator length.

The H20 laser transition at 78.4 Am changed by
Two resonant wavelengths of the H2 0 laser at ± 10-6 /hr and the calibration interferogram changed

27.9 Am and 78.4 Am were measured to a precision by (Xc/4)hr 1, where Xc is the calibration wave-
of 1/ 106 with a Michelson interferometer for cali- length. These instabilities indicated the required
brating the change in length of a scanning optical improvements for more accurate measurements.
resonator. These preliminary measurements indi-
cated the role of electrons in the water-vapor The first precise measurements of resonant wave-

discharge because the index of refraction was less lengths in a laser were made on the 78.4 pm and
than unity. Modifications in the technique for 27.9 Am transitions of H20. Reported vacuum

scanning the optical resonator have improved the wavelengths for these transitions were used to com-

accuracy of the measurements to about 1/106. pute the index of refraction, n = Xo/IXr, where'o
These improvements make it possible to analyze is the wavelength in vacuum and Xr is the resonant

the dependence of the resonant wavelength on the wavelength in the laser discharge. The results indi-
electron density in the laser discharge. cate that n - 0.999 which is consistent with the

electron density of the H2 0 discharge.
During the first quarter of FY 1970, a Michelson

interferci aeter was assembled and installed on the
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Higher accuracy can be achieved with the im- PUBLICATIONS
provements that were made during the last quarter.
The optical resonator is scanned through several In-house Publications
hundred longitudinal modes in about one minute
while the calibration interferogram is recorded with Spehn, R. W. and Schade, W. J., "Far Infrared Laser:
an electronic counter. This technique reduces the A General Graphical Analysis of Wavw length and
experimental errors caused by optical instabilities Gain as Functions of Optical Length in Gas Laser
to about 1/106. Measurements using the recent Resonators," p. 7 -17 in Naval Weapons Center,
modifications are in process. Corona TP 899, Foundational Research Projects;

Quarterly Report July - September 1969,
December 1969

NELC. Z 157 Contact: W. Schade
NELC Code 2600,
Autovon 933-4316
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MATERIALS RESEARCH AND DEVELOPMENT

I0OICS TECHNIQUES FOR
MILITARY APPUCATIONS

C. R. Zeisse

There is certain to be an increased need for micro- With the intention of improving these data, the
electronic devices in Naval communication systems. apparatus was experimented with and a number of
A creative response to this need requires not only changes were made to reduce the amount of spurious
the application of existing microelectronic techniques, current caused by scattered light, increase the total
but also research in the physics of solid-state devices, signal-to-noise ratio, and improve the accuracy of
Work on this problem has therefore been concentrated the measurements.
on developing a photoemission apparatus for studying
the band structure, surface properties, and charge The improved apparatus was then used to obtain
transport in various metals, semiconductors, and final data on tungsten. The:se investigations were
solid-state devices. Preliminary work on the band supported by X-ray work on the samples and by a
structure of tungsten metal is in progress for the computer study on the effect of instrumental
purpose of testing the apparatus. When these meas- broadening.
urements are completed the apparatus will be used
to investigate some of the following mechanisms: PUBLICATIONS
radiation damage and charge transport in metal-
oxide-semiconductor (MOS) devices, integrated cir- Scientific Journals
cuit failure due to electromigration, and sodium ion
ecntamination of integrated circuit devices. This Zeisse, C. R., "The Band Structure of Tungsten as
research can also have an impact on other areas of Determined by Ultraviolet Photoelectric Spec-
interest to the Navy, such as the development of troscopy," in National Bureau of Standards
very efficient infrared detectors tW be used to Institute For Materials Research Symposium,
increase night vision. 3rd. Electronic Density of States (Special

Dutiiig FY 1970, preliminary results on the 5d Publication 323) (In press)

electron structure of tungsten were obtained and
presented in November at a National Bureau of
Standards Symposium.

NELC Z145 Contact: C. R. Zeisse
NELC Code 2600,
Ext. 7024
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SPECTRAL RADIOMETIRIC STUDIES OF
PHOTOELECTRONIC SOLIDS CHARACTERISTICS
FOR DEVICES WTH APPLICATION IN NAVAL
SURVEILLANCE AND COMMUNICATION SYSTEMS

D. L. Stierwalt

The design and development of both passive and The electronic band structures of several semi-
active optical components for military and defense conductors were investigated by determining the
applications require a detailed knowledge of the spectral characteristic; of the optical constants. A
optical properties of the materials under a wide joint program with NWC China Lake was carried
variety of conditions. To increase the knowledge out for investigating amorphous germanium films.
and understanding of these optical properties. a Details of the electronic density of states were
continuing program of study of materials being determined by meaPis of the pseudo-Brewster angle
used or showing promise of potential application technique. T'. se details were related to the state
in the infrared region of the spectrum has been (or its lack, of crystallinity. The electronic states
conducted. of the low-band gap semiconductor SnTe are being

As part of this program, several lines of investiga- examined by the same technique as a function of

tion were pursued during the past fiscal year: The specimen stoichiometry.

optical constants of a partially transparent sample
can be determined from measurements of spectra! PUBLICATIONS
emittance and of emittance plus transmittance, by a
method developed here. This year the method was Scientific Journals
expanded to enable us to calculate the optical con-
stants of a thin film on a transparent substrate. This Gabriel, C. J., "Nonresonant Interband Faraday

technique was applied to several samples of gallium Rotation in Silicon," Physical Review.

antimonide grown epitaxially on gallium arsenide. Series B (In press)

The effect of plasmon-phonon coupling was studied
in a series of bulk gallium antimonide samples having Nedoluha, A., "Selection Rules For Anharmonic

a range of carrier concentrations. Similar measure- Interactions of Nearest Neighbors in Crystals

ments were made on a series of lead-tin telluride With the Zinc Blende or Diamond Structure,"

films. These films exhibited a large shift of the Physical Review. Series B, 1, 864-875,
plasma frequency with temperature. 15 January 1970

The study of the spectral emittance of potentially Potter, R. F., "Optical Constants of Opaque
useful optical materials was continued. A new pro- Semiconductors," Journal of Vacuum Science
gram was initiated for measuring the infrared spec- and Technology, 7, 293-299, March/April 1970
tral transmittance of solids at cryogenic tempera- Stierwalt, D. L. and Nedoluha, A., "Infrared Emit-
tures. These measurements are made down to tance and Plasmon-Phonon Coupling in Doped
transmittance values as low as 10-6. n-Type GaSb," Solid State Communications,

Cryogenic optical materials play a critical role in 8, 309-312, 1 March 1970
extra-low-photon detecting systems. ARPA has
indicated a support level of 50K for precise meas-
urements of infrared properties of windows and
filters at very low temperatures.

30



In-house Publications Gabriel, C. J., "The Error in Faraday Rotation
Measurements With Mirrors," p. 31-41 in

Bernstein, J. B. and Stierwalt, D. L., Infrared Naval Weapons Center. China Lake TP 4868,
Spectral Emittance of Five Black Coatings, Foundational Research Projects: Final
Naval Weapons Center, China Lake TP 4919, Report, October 1969 - March 1970,

1June 1970 May 1970

I

NELC Z156 Contact: D. L. Stierwalt
NELC Code 26030,
Autovon 933-4316
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QUANTUM ELECTRONIC MATERIALS FOR
DEVICE APPLICATIONS IN NAVAL SURVEILLANCE
AND COMMUNICATION SYSTEMS

H. H. Caspers

The application of quantum electronic materials Ions in crystals are not isolated, but interact with

and methods to detectors, lasers, frequency con- the host lattice. The degree of this inteaction and
verters, optical communications systems, and dis- its mechanism significantly modifies the optical

play devices has been accelerating in recent years. properties. The present program has had to direct

The present program has been devoted to solid- some attention to this question. Since the interac-

state optical materials which have found applica- tion is principally through the phonons, the lattice

tions for lasers and narrowband quantum counter vibrations of laser-host crystals have been examined

detectors. The purpose of the program has been to by Raman scattering experiments and infrared-

examine in great detail those physical properties emittance measurements. These measurements

which characterize the special optical utility of the permit the deduction of the frequencies and sym-

materials, metries of the phonons. The degree of interaction
of the lattice with the electronic properties of the

During the past fiscal year, the spectral properties ions may be indicated by the appearance of

of Ho 3 + doped into single crystals of LaF 3 have vibrational-electronic (vibronic) lines in the optical

been examined. The electronic energy level struc- spectra, reduced fluorescence, or effective energy
ture has been deduced out to 50,000 cm- I from transfer between electronic levels of ions.
absorption and fluorescence experiments. The
analysis has permitted calculation of empirical A study of the infrared and Raman active phonons

wave functions in intermediate coupling which of LiYF 4 has been completed. This is a new optical

should prove useful as a basis for more extensive material which has been shown to be a good host

calculations concerning fluorescence lifetimes, for the Nd 3 + 1.06p laser. Moreover, doped with

quantum efficiencies, line strengths, and the like. Er3 +, the material is an excellent quantum counter

detector. 1,2,3
In addition: to the foregoing, a major problem is

that of increasing the 'pumping" power so as to Work was initiated on Pr 3 + doped into LiYF 4 .

increase the fluorescence output. In the case of Still in progress, this work will strive to obtain the

rare-earth optical materials, the 5d configuration energy levels fluorescence and excitation spectrum,

serves as one of the ultiaviolet pumping bands. The and to derive the crystalline electric field effective

program has sought to shed some light on the struc- at the site of the doped ion.

ture of these 5d levels and their interactions with

the 4f energy levels. The simplest case is that of 1. Brown, M. R. and Shand, W. A., "Infrared Quantum

Ce 3 +; during the past year, instrumentation was de- Counter Action in Rare Earth Doped Fluoride Lattices,"

veloped to examine these levels in detail in the range IEEE Journal of Quantum Electronics QE2, 251 (1966).

1400 to 3000A. Films of pure CeF 3 and single 2. Esterowitz, L., et al, "Rare Earth Quantum Counter,"

crystals of LaF 3 doped with Ce3 + have been studied Applied Optics 1, 2053 (1968).
to obtain the location of the levels, and intensities 3. Brown, M. R. and Shand, W. A., "Quantum Counter

of the 4f -* 5d transitions. Cerium has been exten- Action in Er 3 +: Yb 3+ Doped LiYF 4 ," Journal of Physi-

sively used as a sensitizer in many important cal Chemistry, (Solid St. Phys.) 2, 1908 (1969).

phosphors and this work could possibly reveal the

critical parameters involved.
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PUBLICATIONS TP 4868, Foundational Research Projects; Final
Report, October 1969 - March 1970, May 1970

Scientific Journals
Miller, S. A. and others, "Lattice Vibrations of

Caspers, H. H. and Rast, H. E., "Absorption Fluores- LiYF 4 ,"' Journal of Chemical Physics, 52, 4172-
cence and Energy Level of Ho 3 + in LaF 3 ," 4175, 15 April 1970
p.43-76 in Naval Weapons Center, China Lake

NELC Z158 Contact: H. H. Caspers
NELC Code 2600,
Autovon 9334316
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INTERMETALUC SEMICONDUCTING COMPOUND
FILMS FOR DEVICE APPLICATION IN NAVAL
SURVEILLANCE AND COMMUNICATIONSYSTEMS

H. H. Wieder

The three intermetallic semiconducting com- electron-hole plasma oscillations generated in high
pounds, indium antimonide, indium arscnide, and electric fields above and below the threshold for
gallium arsenide, are of importance in a wide range impact ionization. Depending on the direction and
of active and passive electromagnetic energy sen- magnitude of a steady, transverse magnetic field
sors, mechanical and acoustic transducers which in- applied to a film, the current through it exhibits,
clude Hall generators, magnetoresistors, photocon- above a threshold electric field, either a large in-
ductive and photovoltaic infrared detectors, crease with field or a very small value and a negligi-
acoustoelectric and praetersonic devices and trans- ble change due to a difference in the electron-hole
ferred electron (Gunn effect and limited space recombination rates on different film surfaces. This
charge accumulation (LSA)) oscillators. A NELC work will be continued and expanded to include
program of research and development is aimed at coherent plasma oscillations in InSb and in epitaxial
improving the technology of synthesis and growth InAs films.
of the intermetallic semiconducting alloys, InSb
(indium antimonide) and InAs (indium arsenide), Infrared polarizers, for the 8-14 pom range, are
in the form of thin films, 0.1 to 20 tAm in thickness. needed for the construction of nonreciprocal opti-
Work in progress is concerned with the characteri- cal analogs of microwave Faraday rotators, circula-zation of such films by means of electrical and tors, and phase shifters. Work on two-phase,
ation omeasurements for the purpose of determin- semiconductor-semimetal (InSb + Sb) films carriedopg their type, density, distribution, homogeneity, out during the past year has led to the developmenting hei tye, dnsiy, istrbutonhomoenety, of an infrared polarizer with lower absorption

and galvanomagnetic and thermal transport proper-
ties as well as the electron and hole lifetimes, characteristics a' lower cost than bulk materials.

recombinations, and trapping rates. (See Davis et al., below, and Authorized Invention
Disclosure #50,225, p. 59). At present there is only

During FY 1970, work on electron-beam zone one other polarizer available for this wavelength
crystallized film has continued with emphasis on range.
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S~ PUBLICATIONSPULCTOSLile, D. L., "The Effects of Surface Recombina-

Scientific Journals tion on the Transverse Magnetoresistance of Thin
InSb Films," Journal of Applied Physics (In

Clawson, A. R., "Crystal Morphology of Melt press)
Grown InSb Films," Journal of Vacuum Wieder, H. H., Intermeallic Semiconducting Films,
Science and Technology, 6, 769-772, July! Pergamon Press, (1970)
August 1969

Davis, N. M. et al., "Lamellar Eutectic InSb + Sb Wieder, H. H. and Francombe, M., "Progress in
Films as Infrared Polarizers," Applied Physics Thin-Film Studies Discussed in Boston,"
Letters. 15, 213-215, 1 October 1969 Physics Today, 22, 91-95, August 1969

NELC Z 159 Contact:, H.. H. Wieder
NELC Code 2600,
Ext. 6877
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SUMMARIES OF INDEPENDENT EXPLORATORY DEVELOPMENT PROJECTS

ELECTROMAGNETIC PROPAGATION AND ENVIRONMENT STUDIES

SATELUTE COMMUNICATION MEASUREMENTSOF MILUMETER WAVES

F. M. Tirpak

Investigations have continued to determine the one year's data ishould be collected and analyzed so
possible usefulness to the Navy of a millimeter that all seasons are taken into account.
wave satellite under various weather conditions,
using the existing NASA ATS-5 satellite. During Various compnter programs for controlling the
FY 1970 the 60-foot parabolic dish antenna at the antenna and for tracking satellites were modified
Microwave Space Research Facility, La Posta, was andcimproved corin t ecna Notes.
calibrated for gain and beamwidth at 15.3 GHz. Technical Notes covering the antenna pointing
The NASA millimeter wave receiver was then in- accuracy and antenna gain were also completed and
stalled and used to record signals from the ATS-5 a TN on the ATS-5 millimeter wave data is

at 15.3 GHz. forthcoming.

Between October 1969 and June 1970 a total of PUBLICATIONS
105 hours of data were recorded. An unusually dry
winter limited the usefulness of the test results; In-house Publications
measured rainfall rates of 6 or 7 hundredths of an
inch per hour caused about 2 dB of attenuation in Kohne, J. F., Compu.*er Algorithm For Solving
the 15.3-GHz signal. However, attenuation of this Exponentials, Naval Electronics Laboratory
order was measured during cloudy weather when Center Technical Nate 1613, 23 January 1970
no rain was falling in the immediate area of the
receiving antenna. It is difficult to draw firm con- Kohne, I., Digital Resolver Test Programs, Naval
clusions about the feasibility and/or desirability of Electronics Laboratory Center Technical Note
implementing a Ku-band SATCOM system without 1585, 13 November 1969

definitive experimental results on the effects of Kohne, J. F., A Quick Fourier Transform Algo-
rain on electromagnetic propagation. Further ex- rithm, Naval Electronics Laboratory Center TR
perimentation appears warranted, to permit formu- 1723, 2 July 1970
lation of valid conclusions on such effects. At least
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Kohne, J. F., Satellite Prediction Programs, Naval Niemi, R. 0., Update Program For the La Posta
Electronics Laboratory Center Technical Note Microwave Space Research Facility, Naval Elec-
1681, 18 June 1970 tronics Laboratory Center Technical Note 1680,

Niemi, R. 0., Drive Displays Diagnostic Program 18 June 1970

For Use on the DDP-24 Digital Computer/Inter- Paulson, M. R., A TS-5 Millimeter Wave Propagation
face, Naval Electronics Laboratory Center Experiment Data Report For La Posta, Naval
Technical Note 1675, 11 June 1970 Electronics Laboratory Center Technical Note

Niemi, R. 0., Input, Output and Utility Programs 1707, 10 July 1970

For the La Posta Microwave Space Research Paulson, M. R., Discussion of Near-Field Gain Meas-
Facility, Naval Electronics Laboratory Center urements For Large Parabolic Dish Antennas With
Technical Note 1653, 21 April 1970 the Results of Antenna Gain and Pattern Meas-

urements Made on the La Posta 60-Foot Antenna,
Niemni, R. 0., Peripheral Utflity Package For Use on nal Eleonics Labora Ce nter nal

the DP-4 Dgita Coputr, avalEletroics Naval Electronics Laboratory Center Technicalthe DDP-24 Digital Computer, Naval Electronics Note 1664, 8 May 1970

Laboratory Center Technical Note 1674,

11 June 1970 Paulson, M. R., La Posta Antenna Alignment and
Calibration, Naval Electronics Laboratory Center

Niemi, R. 0., Real-Time Monitor and Command Technical Note 1642, 26 March 1970
Generation Program For the La Posta MicrowaveResearch Facility, Naval Electronics Laboratory Voss, P. and Ortwein. N., The La Posta Microwave
Center Technical Note 1703, 7 c uly 1970 Space Research Facility Installation, Naval Elec-tronics Laboratory Center TR 1716, 8 July 1970

ZFXX-212-001 Contact.' F., M. Tirpak
(NELC Z308) NELC Code 2350,

Ext. 6507
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MATHEMATICS AND APPUCATIONS

MATHEMATICS OF COMPUTATION
FOR NAVAL APPLICATIONS

B. F. Witte and J. C. Pigniolo

In the computation processes essential to scien- was developed. For systems of simultaneous non-
tific investigations at NELC, the most powerful linear equations many methods require low-order
mathematical procedures should be available. The derivatives of analytically given functions. Deriva-
large-scale digital machines involved in such compu- tives of functions are also required in a variety of
tations must be used as efficiently as possible, or other contexts. The main effort during FY 1970
time and cost factors may become prohibitive, was directed toward the development of a method
Toward that end, the program is directed at advanc- for evaluating derivatives. It resulted in a powerful
ing computation methods in both numerical analy- algorithm which employs finite-difference approxi-
sis and non-numeric techniques and at upgrading mations in combination with higher-order extrapo-
the utilization of large computers in many of the lations to a zero difference. The algorithm was
scientific programs of the Center., Two tasks are tested in over ten thousand cases involving deriva-
involved: (1) to develop solutions of realistic non- tives of orders one through ten; it performed
linear systems of algebraic or differential equations exceptionally well in regard to obtainable accuracy,
with emphasis on the reliability and accuracy of sharpness and reliability of error estimates, and
the computed numerical results and their error esti- computer cost economy, No other finite-difference
mates; and (2) to develop means for extending the algorithm is known capable of matching its
scientist's access to the computing machine and for performance.
increasing the amount of meaningful, preevaluated
information returned to him after machine Associated with the above described develop-
processing. ment of numerical differentiation procedures was

some work leading to analytic differentiation for-
Under Task 1. an error analysis of the triangular mulas for the probability density function and for

decomposition of matrices was nearly completed the set of functions xtei /, xtcos( I /x), xt sin( 1 /x).
for application to linear systems of equations, and These resulted in recurrence relations with simul-
was incorporated into NELC's computer library., taneous recursions on t and on the order of the
For single nonlinear equations, an efficient method
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derivatives. Their stability against cancellation of PUBLICATIONS
significant digits was found excellent.

In-house Publications
Less directly related to the specific problem of

numerical differentiation was an effort which re- Pigniolo, J. C., POL YNELIAC. A Syntactic and
suited in a proposal to create for NELC and other Semantic Description, Naval Electronics Labora-
DOD laboratories a comprehensive mathematical tory Center Technical Note 1580, 27 October
problem-solving capability. All persons currently 1969
engaged in scientific computing are expected to
benefit from the proposed question-and-answer
type of interaction on standard computer
terminals.

Work on Task 2 has been devoted to developing
advanced computer software which will permit en-
gineers to study complex circuits and system net-
works using algebraic models. The software capable
of manipulating algebraic matrices was completed
for the CDC-1604 computer.

ZFXX-212-001 Contact: B. F. Witte,
(NELC Z304) J. C. Pigniolo

NELC Code 4200,
Ext. 7282
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APPLICATION OF DESIGN AND OPTIMIZATION
ALGORITHMS TO NAVY DESIGN PROBLEMS

D. C. McCall

The main objective of this effort is to provide Also, an experimental antenna-matching dei:ice
analysis and synthesis of real-world Navy design was built from a design obtained by MP concepts.
problems either where no synthesis techniques The device was fabricated out of pieces of inex-
exist or where the design problem has unique spec- pensive coaxial cable the lengths of which were
ifications. Additional goals which support this ob- chosen by an iterative optimization scheme.
jective are: (1) to develop an in-house capability The concepts and algorithms of iterativt, optimi-
for handling mathematical optimization problems, zation were continuously reviewed and investigated
(2) to develop techniques for expressing engineer- for possible application to Navy engineering design
ing design problems in a form suitable for the problems. Those methods found pertinent were
application of mathematical optimization methods, tested on a variety of problems, documented, and
and (3) to spread the information acquired through- made available to the scientific community.
out the Center so that the practicing engineer may
be able to use these methods. PUBLICATIONS

An optimum design for a tunable bandpass filter
was obtained using mathematical programming In-house Publications
(MP) techniques. Existing methods for solving this
type of design problem did not allow realizability Dejka, W. J., Direct-Search Methods For The Solu-
constraints to be included in the problem. The tion of the Two-Point Boundary Value Problem
advantages in using MP techniques are: (1) a rea!iz- (TPBVP), Naval Electronics Laboratory Center
able design can be guaranteed by the design equa- Technical Document 82. 30 January 1970
tions at the outset, and (2) one is assured of Dejka, W. J. and McCall. D. C.. Study in the Design
obtaining the "best" possible design. of a Practical Tunable Bandpass Filter Using

MP methods were used to obtain a straightfor- Mathematical Programming, Naval Electronics
ward method for solving a two-point boundary- Laboratory Center Technical Note 1641,
value problem (TPBVP) which occurs frequently in 4 March 19'70
engineering applications, typically control engineer- McCall, D. C. and Ogata, C. T., Two Direct Search
ing and trajectory optimization. The TPBVP was Methods of Mathematical Programming, Naval
first cast as a mathematical optimization problem, Electronics Laboratory Center Technical Note
then solved using direct search methods. 1628, 26 January 1970

ZFXX-512-001 Contact: D, C. McCall
(NELC Z223) NELC Code 3300,

Ext. 6258
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OPTICAL TECHNOLOGY AND APPLICATIONS

EXPLORATORY DEVELOPMENT OF THIN-
FILM AND UQUID-LASER DEVICES FOR
NAVAL APPUCATIONS

A. LIQUID LASERS

E. J. Schimitscnek

Present and future plans in the Navy call for sur- Using this liquid solution, a liquid laser unit was
veillance systems which will allow identification of built capable of delivering several pulses per second
objects .t a distance of several miles under very low at a peak power (Q-switched) of about 5 megawatts.
light-level conditions (TDP's 36-60 and 36-41), The liquid was constantly recirculated through the
Systems of this sort require active illumination laser cell and an external nickel heat exchanger dur-
sources which can proide very high-intensity light ing operation. In a clo.ed ntoistuie-frec system,
pulses of short duration and repetition rates of up there was no deterioratio•n of the laser tiquid what-
to 30 pulses per secoWd.. The liquid-laser program soever. The practicability ,,; i,:,'h P liquid laser sys-
at NELC is concerned vith the investigation of li- tern was thus successfullfy pr:,eiwJ. Biilding ad-
quid media to be applied as laser sources in such vanced muoels with high P1o:: r-ed c.lls for faster
surveillance systems. pulsing seems to he a relatively strw.aito.'rward

Liquid laser solutions of the type Nd 3 + PoC13 / problem, although some careful enp.,neerng is

ZrC1 4 were further improved and their properties required (circulating pump, flow fattern, and so

measured. Values were determined for fluores- on). This part of the project is now aciivel5 pur-

cence decay times, quantum efficiettcy, cross see- sued under the LLL Electro-optical Surveillance

tion for stimulated emission, dynamic scattering Program (Sponsor NAVSHIPS 065).

losses, viscosity and index change with temperature. Based on our original work at NELC, the liquid
The following table Hists some of the data measured laser solution is now commercially available from
on a 0.2 m Nd 3P, 0.4 m ZrCl 4 solution: Sylvania Metallurgical Division.

Decay time 300 psec As a side product of the work with liquid laser, a
Quantum efficiency 49%new preparation method for Nd (0 PC 1 and
Linewidth, Af 3.8 X 1012sec- 1  nd prep a r ediTa method 2)3 mt d
Cross section -*-10-11cm2 Nd (O2PBr2)3 was discovered., That method seems

Dyndmic less, -..0.3% to be applicable to other rare-earth metals beside
•J Viscosity, rt 2.676 cp neodymium and might find some interest in chem-

Index change, dn/dt -6 X j0 c ical research.
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Jrf, .. d-, absorption-, fluorescence-, and P-Diketonates," Journal of Inorganic and Nuclear
excitation-spectra were taken of the solid neodym- Chemistry, 32, 811-83 1, March 1970
jium phosphorusdichloridates, suggesting their
molecular structure to be a coordination polymer Schimitschek, E. J. and Trias, J. A., "Nd (III) -

consisting of eight-membered rings. Phosphorus Dichloridate and Nd (III) - Phos-
phorus Dibromidate: Preparation and Possible

PUBLICATIONS Structure," Inorganic and Nuclear Chemistry
Letters (In pres.,)

Scientific Journals

Schimitschek, E. J., Trias, J. A. and Liang, C. Y.,
"I. R. and Raman Spectra of Europium (III)

ZFXX-512-001 Contact' J. M. Hood, Jr.
(NELC Z212a) NELC Code 2500,

Ext. 7831
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EXPLORATORY DEVELOPMENT OF THIN-
FILM AND UQIUID-LASER DEVICES FOR
NAVAL APPUCATIONS

B. THIN-FILM LASERS

V. N. Smiley

Thin-film laser work at NELC during the past efficient operation at room temperature. Prelim-
year has not only advanced the state of the art in ina&, calculations of a new mechanism for produc-
laser development, but has contributed to a newly ing stimulated emission in II-VI compound lasers
emerging technological area. This new area is opti- based on an exciton molecule have been carried
cal electronics, in which electrons are replaced by out.
photons, information is carried on modulated light A diffusion experiment was started and will
beams, and circuit elements are optical devices in-eludng igna sorce, amlifers modlatrslead to large-area, thin-film lasers and optical cir-
cluding signal sources, amplifiers, modulators, cuit elements. In this experiment, sulfur (S) was
gates, and directional couplers. diffused into cadmium selenide (CdSe) platelets

A major accomplishment during FY 1970 was forming mixed crystals of CdSexS IX, This tech-
the thermal tuning of cadmium selenide (CdSe) nique is useful for producing lasers of desired
thin-film lasers over a range greater than 200 A at operating frequency and for making miniature
a central wavelength (,.- 5950 k. A detailed ex- optical waveguides, Mixed crystals with various
perimental study was made of the mode-hopping percentages of S have also been successfully grov. n
and tuning effects of the same lasers. Experirmen- using a vapor transport system.
tal measurements of near- and far-field laser emis-
sion were carried out. An analysis was made of a two-cavity laser

interferometer. In particular, its application as a
In the continuing effort to improve semicon- hydrophone or microphone was investigated.

ductor layer materials, a method was developed Such a device would be extremely sensitive.
for growing platelets in a flowing vapor-transport
system by adding a unique step-shaded substrate. PUBLICATIONS
In addition, a study was directed at finding a satis-
factory way of growing crystal laser films of large Scientific Journals
area and of controllable thickness and configura-
tion. Experiments were made on recrystallized Smile,, V. N., Lewis, A. L Taylor, H. F. andCdSe films deposited in vacuum; fluorescence Albares, D. I., "Mode Hopping and Tuning of
was successfully attained from some samples. Thin CdSe Platelet Lasers," Optical Societyof America. Journal (In press)

A thorough study was made of all reported
work relating to the mechanisms for laser action In-house Publications
in platelet lasers. Knowledge in this area is im- Taylor, H. F., Physics of Stimulated Emission
portant to understand the problems in achieving in II-VI Semiconducting Compounds, Naval

Electronics Laboratory Center TR 1713,
3 June 1970

ZFXX-512-001 Contact:. V. N. Smiley
(NELC Z212b) NELC Code 2500,

Ext. 6422
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EXPLORATORY DEVELOPMENT OF THIN-
FILM AND LIQUID-LASER DEVICES FOR
NAVAL APPLICATIONS
C. LIQUID-DYE LASERS

T. G. Pavlopoulos

Dye lasers are a special class of liquid lasers from the lowest T, state to higher ones are
and share the advantage of high repetition rate spin-allowed (T-T absorption) and therefore
and high power output with the parent cate- strong. Unfortunately, this absorption very
gory. A major advantage of dye lasers is that often overlaps with the singlet-state fluores-
they are continuously tunable over a wide wave- cence spectrum, and consequently the accumu-
length 4 .rge. This property opens up hereto- lation of molecules in the T1 state may pro-
fore unavailable possibilities in target identifi- duce a large loss at the wavelengths for which
cation (and other surveillance areas) by applying laser emission is most probable. T-T absorption
reflectance spectroscopy. The dye laser shares may be strong enough to quench or even pre-
with other lasers capabilities in secure commu- vent laser action. Further, molecules excited
nication and ranging. into higher triplet levels are highly reactive

The ground state So and each higher excited chemically (photodecomposition).

electronic state of organic compounds (dyes) To minimize the detrimental effects of the triplet
consist of a superposition of many vibrational state and improve the gain of dye lasers, a very sen-
levels. This gives rise to their broad absorption sitive spectroscopic arrangement has been built
and emission (fluorescence spectra). Laser which allows one to measure even very weak T-T
emission results from the stimulated transition absorption spectra of dyes. The system employs a
from the lowest vibrational level of the S1 band high-pressure mercury-arc lamp of very high bright-
into one of the vibrational levels of the ground ness to produce a high concentration of triplet mol-
state So The concentration of dye molecules ecules in a very small area. Noise is reduced with
in the excited singlet state S1 must reach a cer- the aid of a lock-in amplifier. This experimental
tain value (critical inversion) before coherent setup will be useful for:
emission will be produced. The magnitude of
the critical inversion depends upon losses in the 1, Dye selection. It would be advantageous to
complete laser system. From the excited singlet use as a lasing material a dye which has a win-
state, the molecule can relax nonradiatively to dow in its T-T absorption spectrum for its own
the lowest triplet state T1 (intersystem crossing). fluorescence.
This relaxation route competes with the fluores-
cence in the deactivation of S1 and presents the 2f Reducing photodecomposition of the dye, by
main source of losses in the dye laser system filtering out portinns of the flash-lamp spec-
for the following reasons:. The lifetime for de- trum which coincide with strong T-T absorp-
cay of the triplet state to the ground state
(T1 -+ SO) is about 10-3 sec, but the fluores- 3. Selection of quenchers for the triplet state.
cence lifetime is 10-9 sec. Therefore, owing to Molecules in the triplet state can be efficiently
the relatively long life time, the triplet state deactivated to the ground state So by the
acts as a trap for the excited molecule in the S1  presence of quenchers. One promising way
state and quickly depletes the supply of mole- uses the intermolecular TA -* TB excitation
cules available for the laser process. Transitions transfer effect (sensitizJ phosphorescence).
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Molecule A in proximity to molecule B may PUBLICATIONS
transfer its excitation energy to B in a radia-
tionless mode. If molecule B contains heavy Scientific Journals
atoms, the transition T1 I SO0 in B is very
fast. Experimentally, one focuses on a strong Pavlopoulos, T. G., "Polarization of the Triplet-
T-T absorption band of molecule A (the dye) Triplet Absorption Spectrum of Pyrene,"
and adds the quencher B. If the result is a Journal of Chemixal Physics, 52, 3307-3308,
considerable reduction of the intensity of the 15 March 1970
T-T absorption band, a usable quencher has
been found.

All parts for a dye laser setup, such as power sup-
ply, capacitors, and flash lamps, have been ordered.
A laser head is under construction.

ZFXX-I 12-001 Contact: T. G. Pavlopoulos
(NELC Z212c) NELC Code 2500,

Ext. 7024
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INFRARED RADIATIONS FROM NAVAL SHIPS
AND HYDROFOIL PATROL GUNBOATS

R. A. Eastley

Low-a.-le quantitative and qualitative harbor The infrared measurements performed in this
investigations were condt&ted during FY 68-69, to program have direct application to the NRL ship
determine ths, infrared radiatiens from all areas of model program. The hydrofoil measurements are
various types of naval vessels. Diurnal studies of being used by DEPCOMOPTEVFORPAC to pro-
ship signatures relative to water and sky back- vide comparative IR radiation data for operational
grounds were also conducted. evaluation. This information will aid in defining

mission applications and future designs.
In addition, during FY 69 an infrared non-

contact radiometric temperature survey was made Further operational evaluation work has been
of the Navy's advanced surface craft, patrol gun- stimulated by this effort. A trials plan for signature
boat hydrofoils PGH 1 and PGH 2, while they studies of a new vessel undergoing test by OPTEV-
were operating off the coast of southern California. FOR is tentatively scheduled for FY 71.
These measurements were supplemented by quali-
tative real-time pictures obtained from an infrared PUBLICATIONS
scanner.

In-house Publications
During FY 70, comparative investigations of the

hydrofoils were conducted. Real-time infrared pic- Eastley, R. A., and Putnam, W. H., Infrared Radia-
tures of the craft were obtained from the beam, tions From Naval Ships and Hydrofoil Pav! ol
bow, and stern aspects while they operated in for- Gunboats (U), Naval Electronics Laboratory
mation. High-radiance areas were identified and Center TR 1704, SECRET, 8 July 1970
compared between the craft.

Eastley, R. A. and Putnam, W. H., Infrared Radia-A final report was prepared presenting the quan- tion Investigation of the Hydrofoil Patrol Gun-

titative findings of the ship signature study and the boats Ff PGH P au n-

information contained in the Technical Notes of PGH 2 atr Center
the ydrfoi invstiatins.PGH 2, Naval Electronics Laboratory Center

the hydrofoil investigations. Technical Note 1527, SECRET, 21 August 1969

ZFXX-1 12-001 Contact-, R. A. Eastley
(NELC Z221) Code 2500,

Ext "7200
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SIGNAL AND INFORMATION PROCESSING

APPLICATION OF SIGNAL PROCESSING
THEORY TO NAVAL COMMUNICATION
A. FEEDBACK COMMUNICATION*

C. Nuese

Two classes of feedback communication - sym- the unlimited station can use essentially noiseless
metric and unsymmetric - have been coisidered. feedback to confirm its reception or to request
Particular attention has been given to the use of additional signal. This case is particularly amenable
binary error detection and correction codes. The to the techniques of sequentia! detection.
constraints and restrictions inherent in the use of
feedback have been examined, with emphasis on During FY 1970, algebraic and convolutional
Navy needs, codes which can serve to detect errors at the receiv-

er and to determine the need for repetition or addi-Symmetric feedback communication involves toa eudnyhv eneaie.Sm

ca stations, each transmitting messages or other ttention has been given to channels in which the
traffic along a communication link to the other. at istics are not tonrand in which

The links in each direction are essentially identical, eors tendsto or n sts. The pb of

and the amounts of traffic passed in each directionof
a andthely am ual. o Etrafcopassed iin errr detrol identifying both feedback signals and the responses
approximately equal. Economy in error control they are intended to produce has been examined.
can be achieved by using signals along one link to Study of the work of other investigators has

request as much additional redundancy as is needed continued.

in the other link to confidently determine the mes-

sage or other traffic received. Signals along one PUBLICATIONS
link can also be used to control the mode of opera-
tion on the other link in response to changing In-house Publications
conditions.

Unsymmetric feedback communication involvesone taton hichmus trnsmi ovr alimied ink Dillard, R. A., Detection Probabilities For
one station which must transmit over a limited link Frequency-Scanning Interceptors Vulnerability
to a second station, which can transmit much more of a Secure Communication System Which
easily back to the first station over a second link. Uses Spread-Spectrum Pulses, Naval Electronics
An example is that of an aircraft or satellite with Laboratory Center Technical Note 1515,
limited power transmitting to a ship or ground sta- 30 July 1969
tion, or that of a reconnaissance craft or vehicle
which must transmit back the information it has Nuese, C., Feedback Communication, Naval Elec-
gathered, but which wishes to minimize the likeli- tronics Laboratory Center Technical Note 15 16,
hood of hostile interception. In either case the 30 July 1969
limited station can transmit a marginal signal, and

ZFXX-212-001 Contact: C. Nuese*Subtask B of this problem is covered under Highlights (NELC Z222a) NELC Code 3300,
of FYi970, page 10.. Ext, 7465
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MICROELECTRONICS TECHNOLOGY AND APPLICATIONS

MICROELECTRONICS EFFECTIVENESS

D. W. McQuitty

The objective of the NELC microelectronics conditions. Failures in plastic packaged integrated
effectiveness program is to assure thai devices circuits were found to be caused by defective ther-
which are now in the design phases will meet the mocompression bonds and metallization failure.
Naval requirement for reliability, interchange- This study is still in progress and when it is corn-
ability, producibility, and serviceability., pleted, recommendations will be made to improve

the effectiveness of microcircuits for use in NavalSince the program was started, late in FY 1970, systems and a technical note will be prepared. In
techniques have been perfected for determining addition the X-ray system's versatility permitted it
the cause of failure of plastic and ceramic encapsu- to be applied to a wide range of other electronic
lated integrated circuits. X-ray equipment for fail-ure nalsishasbee seecte an puchaed.The components. One example: By use of X-ray, de-
ure analysis has been selected and purchased. The fects were found in a high-contact-density relay.
equipment has been calibrated and is being used as These defects could not have been detected by any
the first step in the analysis of failed microci"icuts. other nondestructive method.
One hundred microcircuits, which failed electrical
tests, have been subjected to X-ray analysis. Both Approval was secured for lease of a scanning elec-
plastic and ceramic packaged circuits were used., tron microscope which is being used for analysis of
Whenever any deviant or questionable indications microcircuit failure., During the course of its instal-
were observed, a photographic enlargement was lation, which was completed on 26 June 1970, the
made of the X-ray, Procedures were developed to microscope was successful in determining the cause
remove the encapsulant to confirm or clarify the of two microcircuit failures that could not be deter-
physical nature of the defect. Extraneous encap- mined with more conventional equipment, Work
sulated materials, such as parts of the gold pre- will continue during this year in the application of
form, were the most common form of defects scanning electron microscopy to microelectronics
found in the ceramic packaged circuits. Obviously, effectiveness. Results will be reported in a tech-
this could cause a potential short under vibration nical note.

ZFXX-512-001 Contact: D. WMcQuitty
(NELC Z229) NELC Code 4800,

Ext. 7023
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PULICATIONS AND PATENTS, FY 1970

PUBLICATIONS IN SCIENTIFIC JOURNALS

INDEPENDENT RESEARCH

Bromley, K., Monahan, M. A., Bryant, J, F. and Monahan, M. A., Bromley, K., Bryant, J. F. and
Thompson, B., J., "Holographic Subtraction," Thompson, B. J., "The Use of Holographic Sub-
Applied Optics (In press) traction in the Optical Processing of Reconnais-

Bromley, K. and Monahan, M. A., "Vibration sance Data," Proceedings of the Seventeenth

Measurement by Holographic and Conventional AGARD Avionics Panel Technical Symposium

Interferometry," ISA Transactions (Instrument 29 September - 3 October 1969 (In press)
Society of America), 9, 141, 1970 Nedoluha, A., "Selection Rules For Anharmonic Inter-

Bromley, K. and Monahan, M. A., "Vibration actions of Nearest Neighbors in Crystals With the

Measurement by Holographic and Conventional Zinc Blende or Diamond Structure," Physical

Interferometry," Acta IMEKO (International Review. Series B, 1, 864-875, 15 January 1970

Measurements Confederation) (In press) Potter, R. F., "Optical Constants of Opaque Semi-

Clawson, A. R., "Crystal Morphology of Melt conductors," Journal of Vacuum Science and

Grown InSb Films," Journal of Vacuum Science Technology, 7, 293-299, March/April 1970

and Technology, 6, 769-772, July/August 1969 Shellman, C. H., "Electron Density Distributions in
the Lower Ionosphere With Associated Error

Davis, N. M. and others, "Lamellar Eutectic InSb + Limits Derived From VLF/LF Sounder Data,"
Sb Films as Infrared Polarizers," Applied Physics Radio Science New Series (In press)
Letters, 15, 213-215, 1 October 1969 Stierwalt, D. L. and Nedoluha, A., "Infrared Emit-

Gabriel, C. J., "Nonresonant Interband Faraday Ro- tance and Plasmon-Phonon Coupling in Doped
tation in Silicon," Physical Review. Series B (In n-Type GaSb," Solid State Communications, 8,
press) 309-312, 1 March 1970

Hughes, H. G. and Theisen, J. F., "Diurnal Varia- White, C., T. and Bonelli, L., "Binocular Summation
tions in the Apparent Attenuations of ELF At- in the Evoked Potential as a Function of Image
mospherics Over Two Different Propagation Quality," American Journal of Optometry and
Paths," Journal of Geophysical Research, 75, Archives of American Academy of Optometry,
2795-2801, 20 May 1970 47, 304-309, 1970

Lile, D. L., "The Effects of Surface Recombination White, C, T., Eason, R. G. and Harter, M. R.,
on the Transverse Magnetoresistance of Thin "Effects of Attention and Arousal on Visually
InSb Films," Journal of Applied Physics (In press) Evoked Cortical Potentials and Reaction Time in

Man," Physiology and Behavior, 4, 283-289, 1969
Miller, S. A, and others, "Lattice Vibrations of

LiYF 4 ," Journal of Chemical Physics, 52, 4172- White, C. T. and Harter, M. R., "Evoked Cortical
4175, 15 April 1970 Responses to Checkerboard Patterns-' Effect of
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Check-Size as a Function of Visual Acuity," Atmospherics Over Two Different Propagation
Electroencephalography and Clinical Neuro- Paths, "Journal of Geophysical Research, 75,
physiology, 28, 48-54, 1970 2795-2801, 20 May 1970

White, C. T. and Harter, M. R., "Intermittency in Pavlopoulos, T. G., "Polarization of the Triplet-
Reaction Time and Perception, and Evoked Triplet Absorption Spectrum of Pyiene,
Response Correlates of Image Quality," Acta "Journal of Chemical Physics, 52, 3307-3308,
Psychologica, 30, 368-377, 1969 15 March 1970

Wieder, H. H., Intermetallic Ser *"onducting Films, Schimitschek, E., J. and Trias, J. A., "NdIlI) -
Pergamon Press, (1970) Phosphorus Dichloridate and Nd(III) - Phos-

phorus Dibromidate: Preparation and PossibleWieder, H. H. and Francombe, M., "Progress in Structure," Inorganic and Nuclear Chenistry

Thin-Film Studies Discussed in Boston," Physics Letters (In press)

Today, 22, 91-95, August 1969

Schimitschek, E. J., Trias, J. A. and Liang, C Y.,Zeisse, C. R., "The Band Structure of Tungsten as "I. R. and Raman Spectra of Europium(Ill)

Determined by Ultraviolet Photoelectric Spec- l3-Diketonates," Journal of Inorganic &

troscopy," in National Bureau of Standards Insti- Nuclear es, 32, 811-31,garc 1

tute For Materials Research Symposium, 3rd.

Electronic Density of States (Special Publication Shellman, C. H., "Electron Density Distributioni
323) (In press) in the Lower Ionosphere With Associated Error

Limits Derived From VLF/LF Sounder Data,"

INDEPENDENT EXPLORATORY Radio Science New Series (In press)

DEVELOPMENT Smiley, V. N., Lewis, A. L., Taylor, H. F,. and
Albares, D. J., "Mode Hopping and Tuning of

Hughes, H. G. and Theisen, J. F,., "Diurnal Varia- Thin CdSe Platelet Lasers," Optical Society of
tions in the Apparent Attenuations of ELF America. Journal (In press)
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PAPERS SUBMITTED FOR PUBLICATION

Fason, R. G., White, C. T., and Bartlett, N.. R., Taylor, H. F., and Geller, M., "Three-Dimensional
"Effects of Checkerboard Pattern Stimulation Information Storage in Alkali Halides by Two-
on Evoked Cortical Responses in Relation to Photon Absorptioi," submitted to Applied
Check Size and Visual Field" submitted to Optics
Psychonomic Science Witte, B. F., "Numerical Differentiation," sub-

Schade, W. and Spehn, W., "A Graphical Analysis mitted to Communications of the Association
of Wavelength and Gain as Functions of Optical for Computing Machinery
Length in Gas Laser Resonators," submitted to
American Journal of Physics Witte, B. F., "Successive Derivatives of xtei/x,

x cos l/x, xt sin l/x," submitted to Communi-
Schimitschek, E. J. and Trias, J. A., "Quantum cations of the Association for Computing

Efficiency of Liquid Laser Solutions, Nd 3 +: Machinery
POCA3 /ZrCI4 ," submitted to Journal of the Witte, B. F., "Successive Derivatives of the Prob-
American Optical Society ability Density Function," submitted to Com-

Smiley, V. N. and Lewis, A.. L., "Laser Emission municationv of the Association for Computing
Perpendicular to Film Plane in Thin, Ar Laser Machinery
Pumped CdSe Lasers," submitted to Applied
Optics
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IN-HOUSE PUBUCATIONS

IJ

INDEPENDENT RESEARCH

Bernstein, J. B. and Stierwalt, D. L., Infrared Sheddy, C. H., Determination of Electron Density
Spectral Emittance of Five Black Coatings, Distributions from VLF/LF Reflection Data,
Naval Weapons Center, China Lake TP 4919, Naval Electronics Laboratory Center Report
June 1970 1639, 7 August 1969

Caspers, H. H. and Rast, H. E., "Absorption Flu- Shellman, C. H., Determination of Error Limits on
orescence and Energy Level of Ho 3 + in LaF 3 ," Electron-Density Distributions Derived From
p. 43-76 in Naval Weapons Center, China Lake TP VLF/LF Sounder Data, Naval Electronics Lab-
4868, Foundational Research Projects; Final oratory Center Report 1676, 12 December 1969
Report, October 1969 -March 1970. May 1970 Shellman, C. H., Least-Squares Method For Evalu-

DeTemple, T. A., Stimulated Emission in the Near ating the First and Second Derivatives of a Func-
Field, Naval Electronics Laboratory Center tion in N-Dimensional Space, Naval Electronics
Report 1655, 21 October 1969 Laboratory Center Technical Note 1636, 10

Gabriel, C. J., "The Error in Faraday Rotation March 1970

Measurements With Mirrors," p. 31-41 in Naval Shellman, C. H., Absolute Phase, 1. l, of the Nor-
Weapons Center, China Lake TP 4868, Founda- mally Reflected Skywave Radiated From a
tion Research Projects; Final Report, October Horizontal Dipole at VLF, Naval Electronics
1969 - March 1970, May 1970 Laboratory Center Technical Note 1627, 16

February 1970
Johnson, W., Magneto-Optical Memories, Naval

Electronics Laboratory Center TD 77, 7 January Spehn, R., W. and Schade, W, J., "Far Infrared
1970 Laser: A General Graphical Analysis of Wave-

Monahan, M. A., Coherent Optical Processing of length and Gain as Functions of Optical Length
Motion-Degraded Images, Naval Electronics in Gas Laser Resonators," p. 7-17 in NavalMaboration-D Centegraded I , Nv ElecstronicsWeapons Center, Ccrona TP 899, Foundational
Laboratory Center TR 1720, 26 August 1970 Research Projects; Quarterly Report July -

Monahan, M. A., Bromley, K., and Bryant, J. F., September 1969, December 1969
Use of Holographic Subtraction in the Optical Voss, P. and Ortwein, N., The l.a Posta Microwave
Processing of Reconnaissar.ce Data, Naval Elec- Space Research Facility Installation, Naval
tronics Laboratory Center Report 1665, 23 Electronics Laboratory Center TR 1716, 8 July
October 1969 17

41970
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INDEPENDENT EXPLORATORY
DEVELOPMENT
Chandler, G. F. and Harris, L. G., Exploratory Kohne, J. F., Satellite Prediction Programs, Naval

Development of a Real-Time, Time-Compressed Electronics Laboratory Center Technical Note
Processor and Display System (U), Naval Elec- 1681, 18 June 1970
tronics Laboratory Center TR 1710, CONFI-
DENTIAL, 26 May 1970 Kohne, J. F., A Quick Fourier Transform Algo-

rithm, Naval Electronics Laboratory Center TR
Deika, W. J., Direct-Search Methods For The Solu- 1723, 2 July 1970

tion of the Two-Point Boundary Value Problem
(TPBVP), Naval Electronics Laboratory Center McCall, D. C. and Ogata, C. T., Two Direct Search
Technical Document 82, 30 January 1970 Methods of Mathematical Programming, Navallecctronics Laboratory Center Tccchnical Note

Dejka, W. J. and McCall, D. C., Study in the Design 1628, 26 January 1970

of a Practical Tunable Bandpass Filter Using
Mathematical Programming, Naval Electronics Niemi, R. 0., Input, Output and Utility Programs
Laboratory Center Technical Note 1641, 4 For the La Posta Microwave Space Research

March 1970 Facility, Naval Electronics Laboratory Center
Technical Note 1653, 21 April 1970

Dillard, R. A., Detection Probabilities ForFrequency-Scanning Interceptors Vulnerability Niemi, R. 0., Peripheral Utility Package F~or Use on
Freqenc-Scnnig Itercptos Vlneabiitythe DDP-24 Digital Computer, Naval Electronics

of a Secure Communication System Which Uses theoDDP-24 Digtal Computer, Nava Electroni
Spread-Spectrum Pulses, Naval Electronics Laboratory Center Technical Note 1674, 71 June
Laboratory Center Technical Note 1515, 30 July 1970
1969 Niemi, R. 0., Drive Displays Diagnostic Program

Eastley, R. A. and Putnam, W. H., Infrared Radia- For Use on the DDP-24 Digital Compater!

tion Investigation of the Hydrofoil Patrol Gun- Interface, Naval Electronics Laboratory Center

boats FLAGSTAFF, PGH 1 and TUCUMCARI, Technical Note 1675, 11 June 1970

PGH 2, Naval Electronics Laboratory Center Niemi, R. 0., Update Program For the La Posta
Technical Note 1527, SECRET, 21 August 1969 Microwave Space Research Facility, Naval Elec-

Eastley, R. A. and Putnam, W. H., Infrared Radia- tronics Laboratory Center Technical Note 1680,

tions From Naval Ships and Hydrofoil Patrol 18 June 1 •; '0

Gunboats (U), Naval Electronics Laboratory Niemi, R. 0., Real-Time Monitor and Command
Center rR 1704, SECRET, 8 July 1970 Generation Program For the Lu Posta Microwave

Research Facility, Naval Electronics Laboratory
Huston, T. 0., Large Screen Laser Display Study, ReserchnFc al ElectronicsJlabraorNava ElctrnicsLabratry Cnte TRCenter Technical Note 1703, 7 July 1970Naval Electronics Laboratory Center TR

(in publication) Nuese, C., Feedback Communication, Naval Elec-

Kohne, J., Digital Resolver Test Programs, Naval tronics Laboratory Center Technical Note 1516,

Electronics Laboratory Center Technical Note 30 July 1969

1585, 13 November 1969 Paulson, M. R., La Posta Antenna Alignment and
Calibration, Naval Electronics Laboratory Cen-Kohne, J. F., Computer Algorithm For Solving ter Technical Note 1642, 26 March 1970

Exponentials, Naval Electronics Laboratory

Center Technical Note 1613, 23 January 1970
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Paulson, M. R., Discussion of Near-Field Gain Pigniolo, J. C., POL YNELIAC: A Syntactic and
Measurements For Large Parabolic Dish Semantic Description, Naval Electronics Labora-
Antennas With the Results of Antenna Gain tory Center Technical Note 1580, 27 October
and 2attern Measurements Made on the 1969
La fosta 60-Foot Antenna, Naval Electronics
Laboratory Center Technical Note 1664, 8 May Taylor, H. F., Physics of Stimulated Emission in
1970 II-1VI Semiconducting Compounds, Naval Elec-

tronics Laboratory Center TR 1713, 3 June
Paulson, M. R., A TS-5 Millimeter Wave Propagation 1970

Experiment Data Report For La Posta, Naval
Electronics Laboratory Center Technical Note
1707, 10 July 1970
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PATENT A•CTIVITY DURING FY 1970

PATEN14

M. Geller and D. E. Altman Patent No. D. E. Altman and

Transmission Line Gas 3,458,830 M. Geller Patent No.

Laser. Describes a new (NC 42,644) Laser Energy Pump 3,470,493
design of a gas laser Issued 29 July 1969 which Employs an Ex- (NC 44,102)
tube and its power tension of a Coaxial Issued 30 Septem-
supply which results in Transmission Line. ber 1969
high peak power and Describes a method of
short optical pulses. It exciting - liq.id laser
may be used as a sourcc by radiation from
of blue-green laser electrically pumped
pulses for underwater gas in a coaxial Hash
communication, view- tube. It may be used
ing, and antisubmarine in communication or
surveillance systems. surveillance systems.

"CLAIMS ALLUWED, PENDING ISSUE

E. J. Schimitschek,
E. R. Schumacher and Patent Application E. J. Schimitschek and Patent Application
"R. B. Nehrich, Jr. Serial No. E. R. Schumacher Serial No.

Adjustable Recirculating 656,628 Liquid Lens Liquid Laser 656,631
Liquid Lens Laser Cell. (NC 43,895) Cell. A liquid lcns inate- (NC 42,976)
A recirculating system rial if a selected index of
for liquid lasers to main- refraction surrounds a
tain both the liquid lens capillary filled with the
material and the laser lasing material for im-
material at the same tern- proved energy transfer.
perature. This system A moro" efficient energy
improves the performance transfer to the lasing
of the liquid laser for material by the selected
building future laser liquid lens material will
devices. :ead toward building

better laser devices for
the Navy.
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S~Patent Application
A. R. Clawson and Patent Application
"•H. H. Wieder Serial No. J.F. Bryant and W. T. Hyde Seria! No.

Ohmic Low Resistance 771,222 Character Identification 774,737
Contact to Gallium (NC 47,938) System. An optical sys- (NC 43,817)
Arsenide, A simple, tem for identifying
direct technique for characters, symbols, and
producing complex alphanumerics. The
shapes of low-resistance system allows the serial
contact which are useful reading of alphanumeric
for microwave oscillators characters and symbols
as well as field-effect for input to computer
transistors. Low re- logic editing and trans-
sistance ohmic contacts lation of foreign text
to gallium arsenide are material.
imperative for imple-
menting vhf and micro-
wave oscillators.

AUTHORIZED INVENTION DISCLOSURES
D. C. Arrington, R. L. Bates,

E. R. Schumacher Navy Case No. J. D. Merriam, W. L. Eisen- Navy Case No.
man, and D. L. Stierwalt

Laser Stimulator (Exter- 49,219 Black Submidlimeter
nal). A tubular light Radiation Detector. This50,224

source, closely coupled inveation de s a
to an elliptical reflector invention provides a
working in conjunction sensitive spectral refer-
with two spherical ence detector to estab-
retror'flectors and two lish spectral response

plane reflectors for the performance criteria for
purpose of reflecting as the infrared detector in-

much energy as possible dustry. It has been ap-

into a laser cavity, ex- proved for Navy use and

ternally connected to provides the capability

the cavity fonneater for a standard that has

laser output power., It a er

is significant to the available,

Navy's effort in finding
ways to make more
efficient laser devices.
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A. R. Clawson, N. M. Davis,
H. H. Wieder, and
D. A. Collins Navy Case No. V. N. Smiley Navy Case No.

Lamellar Eutectic InSb+Sb 50,225 Laser Interferometer 50,980
Films as Infrared Polar- Acoustic Sensor. A
izers. A process for two-cavity laser inter-
making polarizers using ferometer which is ex-
eutectic indium tremely sensitive to
antimonide-antimony acoustic signals. It
films for the infrared makes possible a very
portion of the spectrum, sensitive hydrophone for
particularly for the at- sonar or passive listening
mospheric window of and an ultrasensitive
8-14 urm. It can be microphone for intelli-
used for both digital gence gathering.
and analog information
processing for CO2
lasers, high-frequency
phase modulators, ro-
tators, and circulators.

PATENT APPLICATIONS FILED

Patxnt Application Patent Application
V. N. Smiley Serial No. Serial No.

Wide-Rnge Con tinu- 842,914 Method of Producing a 842,916
ously Tunable Thin- (NC 47,273) Thin-Film Laser. A (NC 49,107)
Film Laser. A thin- method of producing a
layer laser of mixed laser material by deposit-
crystal composition ing recrystallized material
with a gradient in corn- on an unoriented substrate.,
position along one di- It is a more practicable
rection in the plane of method for producing
the layer so that varying thin-film lasers because
the position of the thickness ana lateral
pump energy varies the dimensions can be aLccu-
frequency over a range rately controlled.
ofl100OOA. It will bevaluable as a tunable, Continuously Tunable 842,915
multicbannel source for Thin-Film Laser Employ- (NC 47,243)
short-range optical corn- ing the Electric Field
municatio p systems. Effect. A thin-film laser

with attached electrodes
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M. Geller, D. E. Altman,
Patent Application T. A. DeTemple, and Patent Application

V. N. Smiley (Contd.) Serial No. H. F. Tayler Serial No.

which can be tuned High Density Binary 858,693
whrcgh cnb tue 100AStorageSystem. A laser (NC 46,17 1)
through 50 to 100 A by beam produces distinct,
applying a low voltage colored spots inside a
to the electrodes. It t :ansparent crystal re-
will provide a moderate- suiting in a high-

power, tunable source capacity computer

for communication or storage element, A fast,
random-access, high-

Thin-Film Active Inter- 842,917 density storage element
ference Filter. An optical (NC 50,200) is needed for many Navy
filter with amplification computers.
(gain)., It will be useful
for enhancing detectivity H. H. Wieder
and for eliminating back- Two-Layer Magneto- 865,708
ground ,n optical surveil- resistors. A method of (NC 49,169)
lance and communication increasing the change in
systems. resistance with magnetic

field by more than a
Thin-Film Laser. A 842,938 factor of two over pres-
device consisting of a (NC 47,272) ently available devices.
thin film or layer of Such magnetoresistors
active material, often are used in linear and
with an auxiliary coat- angular displacement
ing, such that laser sensors.
action is produced
perpendicular to the D. E. Altman and M. Geller
plane of the layer. It
will be valuable as a Selectively Controllable 873,323
moderate-power, co- Radiant Energy Device. (NC 46,517)

herent radiation source A magnetic field is used

and amplifier for com- to selectively control the

munication, surveillance, output wavelengths from

display, and underwater a gas discharge. This tech-

photography, nique has potential ap-
plications for obtaining

Narrow Band Tunable 843,939 higher efficiencies from
Laser Oscillator Ampli- (NC 47,057) lasers.
fier. A variable-gap
Fabry-Perot thin-film
laser which can be tuned
through approximately
50 angstroms. It will be
a moderate-power,
tunable source for com-
munication or surveillance.
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N. M. Davis and Patent Application K. Bromley, J. F. Bryant, Patent Application
A. R. Clawson Serial No. and M. A. Monahan Serial No.

Controlled Nucleation in 885,923 A Complex Spatial 17,550
Zone Recrystallized InSb (NC 49,351) Filtering Technique (NC 50,024)
Films. Improvement in Employing H1olographic
the technique of electron- Subtraction. A real-time
beam recrystallization of holographic process
InSb films allows proc- (complex spatial filter-
essing of more homoge- ing) for observing
neous and higher qual- directly the difference
ity films. High quality between a reference and
(crystallographic and elec- an input coherent light
trical) films of InSb make waveform. It allows the
possible the construction direct observation of dif-
of more reliable and ferences between surveil-
cheaper infrared lance photographs taken
detectors. of a given area at different

times.
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'ARDS AND HONORS, FY 1970

INVITED PRESENTATIONS AT PROFESSIONAL MEETINGS

CLAWSON, A. R. STIERWALT, D. L. ZAESCHMAR, G., AND

"Preparation and Properties of InSb Films," NEDOLUHA, A.
University of Southern California, Los Angeles, "Optical Constants of Semiconductor Thin Films
California, June 1969 from Combined knfrared Emittance and Trans-

mittance Measurements," Meeting of American
DAVIS, N. M. Vacuum Society, Anaheim, California, 15 June

"'Electron Beam Microzone Crystallization of 1970

InSb Films," Conference on Crystal Growth,
Washington, D.C., 13 August 1969 WHITE, C. T.

"Evoked Cortical Responses and Vision":
HOOD, JOHN M., JR. World Congress of Oto-Rhino-Laryngology,

"Phase Imaging," Meeting of San Diego Section, Mexico City, August 1969 (tutorial lecture)
Optical Society of America, San Diego, Annual Meeting of Alumni of U.C. Berkeley
California, 17 June 1970 School of Optometry, U.C. Irvine Campus,

October 1969
POTITER, R.F. ,, Joint Psychology Department/Division of

"Optical Constants of Opaque Semiconductors," Optics Colloquium, University of Arizonaf

Thin Film Symposium, American Vacuum t ics on , ArizonatNovemberz1969

Society National Symposium, Seattle, Washing- Tucson, Arizona, November 1969

ton, 1969 Psychology Colloquium, University of
Connecticut, Storrs, Connecticut, December

SCHADE, W. 1969

"Precise Measurement of Resonant Wavelengths Psychology Colloquium, Rockefeller Univer-

in Far Infrared Gas Lasers," Seminar on Quantum sity, New York City, December 1969

Electronics, School of Engineering, University of Psychology Colloquium, University of Illinois,
California, Irvine, C lifornia Urbana, Illinois, December 1969

Panel member on Symposium on Computer
SCHIMITSCHEK, E. J. Applications, Winter Prain Research Meeting,

"Liquid Lasers," Meeting of San Diego Chapter, Aspen, Colorado, January 1970
American Optical Society, San Diego, Convocation address, Chapman College,
California, 22 April 1970 Orange, California, October 1969

"Properties of Liquid Laser Solution," Meeting All-Campus Seminar, University of California
of Sylvania Eloctro-Optics Group, Mountain at San Diego, La Jolla, California, April 1970
View, Californi.., 7 December 1969
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WHITE, C. T. (Continued)

"Cortical Responses Evoked by Visual Patterns,"
Lecture demonstration, Internatignal Congress of
Electroencephalography, San Diego, California,
September 1969

"Binocular Summation in the Evoked Potential
as a Function of Image Quality," Annual Meeting
of American Academy of Optometry, Phila-
delphia, Pennsylvania, December 1969

"Time-Compression of Radar Displays," Institute
of Aviation Seminar, University of Illinois,
Urbana, Illinois, December 1969

WIEDER, H. H.

"Transport Properties of InSb Films," David
Sarnoff RCA Research Laboratories, Princeton,
New Jersey, July 1969

J
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CONTRIBUTED PRESENTATIONS AT PROFESSIONAL MEETINGS

BROMLEY, K. MONAHAN, M. A., BROMLEY, K., BRYANT,

"Vibration Measurement by Holographic and J. F., and THOMPSON, B. J.*
Conventional Interferometry," Instrument So- "The Use of Holographic Subtraction in the
ciety of America Symposium, Houston, Texas, Optical Processing of Reconnaissance Data,"
27-30 October 1969 Seventeenth AGARD Avionics Technical

Symposium, Tonsberg, Norway, 29 September -
BROMLEY, K. and MONAHAN, M. A. 3 October 1969

"Vibration Measurement by Holographic and *Of Institute of Optics, University of Rochester, Rochester,
Conventional Interferometry," Fifth IMEKO New York
(International Measurement Confederation)
Congress, Versailles, France, 25-30 May 1970 POTTER, R. F., ROCKAR, E., and DONOVAN, T.
(read by title) "Optical Constants of Amorphous Germanium,"

Meeting of American Physical Society, Dallas,
CASPERS, H., H., RAST, H. E., and FRY, J. L., Texas, March 1970

"Optical Absorption and Fluorescence Spectrum
of Ho 3+ and LaF 3 ," Meeting of American RAST, H. E., CASPERS, H. H., and MARLIN, H. R.,

Physical Society, Dallas, Texas, 1970 "Ultraviolet Absorption Spectrum of CeF 3 and
LaF 3 (Ce3*)," Meeting of American Physical

EASTLEY, R.A. Society, Dallas, Texas, March 1970

"Low-Angle Investigation of Infrared Radiations SCHIMITSCHEK, E. J.
from Naval Ships," Fifteenth Annual ElectronicWarfare Planning Conference. Eglin Air Force "Liquid Laser," Photochemistry mceting (ONR
Warfare, lannida, Cnerce , 1969 Asponsored), University of Calitornia at Los
Base, Florida, 3 December 1969 Angeles, Los Angeles, California, February 1970

HOOD, J. M., JR. SCHIMITSCHEK, E. J. and TRIAS, J. A.

"A Recursive Method and Notation for Phase "Performance of a Nd3 +: POCI3 /ZrCI4 Liquid
Grating Diffraction Analysis," Holography and Laser," Sixth International Quantum Electronics
Computer Conference, Houston, Texas, 10-12 Conference, Kyoto, Japan, 7-10 September 1970
December 1969

MILLER, S. A., RAST, H., E., and CASPERS, H. H.

"Raman Spectroscopic Study of Ferroelectric
Triglycine Sulfate," Meeting of American Physi-
cal Society, Honolulu, Hawaii, September 1969
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SHELLMAN, C. H. STIERWALT, D. L.

"Determination of Error Limits on Electron "Low Temperature Spectral Transmittance of

Density and Collision Frequency Distributions Infrared Optical Materials," Advanced Ballistic

Derived from VLF/LF Sounder Data," 1970 Missile Defense Agency Meeting, Huntsville,

Spring URSI Meeting, Washington, D.C., 16-18 Alabama, 7 April 1970

April 1970
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PROFESSIONAL HONORS

CASPERS, H.H. SCHIMITSCHEK, E. J.

Selected as Chairman of the Western Spectroscopy Nominated for Arthur E. Fleming Award, 1970;
Association meeting ih. 1971 one of 20 semifinalists

CASPERS, H. H., RAST, H, E., and MILLER, S. A. SMILEY, V. N.

Awarded Research Society of America (China Requested by Applied Physics Department, Uni-
Lake Chapter) award for best scientific paper of versity of California at San Diego, to give series
the year 1968 (awarded summer, 1969) of lectures on Quantum Electronics for year

1970-71; asked to serve as advisor for doctoral
EASTLEY, R. A. and PUTNAM, W. H. candidate working on laser project.

Received letter of "Appreciation for Assistance
in Hydrofoil Gunboat Evaluation" from Deputy WHITE, C. T.
Commander Operational Test and Evaluation Received San Diego Council on Creativity Award,
Force, Pacific, 23 September 1969 1969

MILROY, W. Received Man of Distinction Award, Temple
Bethel, 1969

Active member of ODDR&E Advisory Group on

Electron Devices
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