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To THE PRESIDENT OF THE UNIVERSITY : 

T echnical Activities 
The Laboratory 's technical activities 

have continued with extensive and com
plementary programs in fleet air defense, 
evaluation of fleet ballistic missile 
systems, military and scientific satellites, 
and supporting research and explora
tory developments. During the year the 
technical effort was distributed as 
follows : research-13%; exploratory 
and advanced development-20 %; 
engineering-26%; system engineering 
and integration-17%; and technical 
evaluation of operational systems-24%. 
In each field the Laboratory has brought 
teams of scientists and engineers from 
a broad spectrum of disciplines to bear 
on the solution of problems of national 
significance. 

FLEET AIR DEFENSE 

Improvement of Operational Systems.
The Fleet Systems Division has recently 
undertaken a new high-priority program 
to improve the defense of existing naval 
ships against antiship missiles. The 
Laboratory serves as System Integrator 
for the Ship Anti-Missile Integrated 
Defense (SAMID) program. The main 
initial effort is to formulate the first 
increment of improved equipment and 
procedures for selected ship classes for 
early tests at sea. 

The Ship Installation Group assists 
the Navy in the integration of the Basic 
Point Defense Surface Missile System 
aboard ships varying in size from 
destroyers to carriers . In support of this 
effort , the Group has studied the effects 
of ship motion on the performance of 
men and equipment . The Laboratory 
has also identified the new features 
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necessary fo r evolution of tht: Basic 
System into an Advanced Point Defense 
System, and has defined them in 
Performance and Compatibility Require
ments for the radar, launcher, and 
weapon control systems. 

A new type of test for system opera
bility has been developed by the 
Weapon Direction Group to aid in 
maintaining a high state of weapon 
system readiness. The test , known as 
the Digital Daily System Operability 
Test (DDSOT), will be conducted 
routinely by shipboard personnel using 
a special digital program in one of the 
general purpose computers provided 
aboard ship . 

The Laboratory has also prepared a 
comprehensive series of Performance 
and Compatibility Requirement docu
ments for currently operational ship 

missile systems, with the overall objective 
of facilitating system integration and 
program management. 

An operational data recording project 
was conducted at sea aboard a missile 
frigate by the Instrumentation Group 
using the APL-developed Radar Video 
Recorder (R A VIR), a device for record
ing and playing back radar data to 
reproduce displays of air traffic environ
ments. This operation was the first 
at-sea recording of video representing 
major air operations, sea-air rescue, 
and combat air traffic under realistic 
combat conditions . It is now possible 
to evaluate such aspects of ship 
performance as target detection, tracking 
accuracy, reaction t ime and air-traffic
handling capabilit y. The RAVIR equip
ment and tapes have also been used 
in training Fleet personnel in detecting 
and tracking ta rgets, and the Labora
tory is engaged in a rranging for RA VI R 
equipment to be placed aboard combat 
ships as permanent tra ining equipment . 

Antiship capability of the Terrier, 
Talos, and T arta r miss iles is being 
enhanced by a nal ys is , engineering 
development , and tests, Sys tem modifi
cations have been proposed and are 
being tested . 

The Missile Systems Analysis G roup 
is continuing a wide variety of a nalytical 
studies to provide a basis for rea listic 
system tests a nd system integration 
programs. The a nalyses establ ish sys tem 
capabilities a nd limita tions. suitab ili ty 
of equipment applicat ion. eval ua tion of 
predicted effec ts. feas ibility of intended 
procedures, defin ition and determination 
of required system to lera nces. a nd 
evalua tion of proposed modifica tions. 
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Missile Technnlngy.- The Missile 
Systems Division is conducting programs 
to assess the capabilities of the Terrier, 
Tartar, Talos, and Standard Missiles, 
to provide design concepts and approach
es for improving those capabilities. and 
to provide technical support to the Navy 
in the development , production, and 
deployment of these missiles. 

Dynamic simulations by the Missile 
Performance Analysis Group and the 
Aerodynamics Group have been con
ducted to determine missile performance 
limitations for a variety of target tactics 
and environments and to establish the 
effectiveness of design improvements . 
An understanding of the nature and 
sources of target glint phenomena , a 
source of error in semiactive homing, 
has been developed by experimental 
measurements of target signatures by 
the Electronic Design Group and 
correlated with Aight behavior through 
dynamic simulations. A design for 
reducing the effects of glint has been 
proposed . 

More than seventy Standard Missile 
Aight tests have been analyzed through 
the cooperative efforts of the Standard 
Missile Office, the Aerodynamics Group, 
and the Test and Evaluation Group to 
determine the degree of success and the 
causes of Aight anomalies. Missile 
design changes have been expedited to 
preclude additional failures and to 
provide early introduction of necessary 
modifications into production. Warhead 
designs and experiments have been 
carried out to explore the feasibility 
of particular concepts, including aug
mentation of the terminal effectiveness 
of the Terrier missile against surface 

targets . 

Fuze-warhead effectiveness studies by 
the Missile Performance Analysis Group 
have included formulation of missile 
performance requirements and a design 
concept for an advanced ordnance 
section for Standard Missile . 

The adaptation of new missile designs 
and new components to older missiles 
to improve Fleet air defense capability 
is a subject of continuing study. 

Techniques for simplification of the 
mechanical design of missile seekers 
have been under investigation. A direct 
drive torque-motor antenna-stabilized 
platform has been developed by the 
Missile Control Systems Group to 
replace the motor-clutch gear train 
version currently used in Standard 
Missile. Engineering tests on this 
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model indicate very good performance 
characteristics and potential for reducing 
production costs. The Missile Control 
Systems Group is also studying tech
niques for simplifying and improving 
missile autopilot systems . Modifications 
for improving missile response time have 
been designed for the Terrier HT-3A 
and Standard Missile autopilots . 

Radar Technology .- The necessity of 
coping with targets in unfavorable 
environments has led to special studies 
and the development of new procedures 
and equipment. The need for determin
ing the effects of land background 
clutter has resulted in a number of 
studies and simulations of the effects 
of such clutter. 

An adaptive video processor that 
enhances the visibility of targets obscured 
by clutter has been developed by the 
Radar Development Group. The proces
sor uses a scaled average of returned 
signals to establish a threshold below 
which all extended clutter returns are 
suppressed , while discrete targets 
become visible. This processor has been 
evaluated on various radars with con
siderable success, particularly in three
coordinate radar systems. 

Advanced Surface Missile System.
Development of prototype units of an 
advanced radar signal processor suitable 
for use with the Navy 's Advanced 
Surface Missile System (ASMS) , which 
is planned as the successor to Terrier, 
Talos, and Tartar, have been completed 
during the past year by the Radar 
Development Group and the Missile 
Electronics Development Group. Exper
ience with these prototype designs has 
enabled the Laboratory to define tech
nical specifications for a complete 
system and to design a " Baseline " 
system which will constitute a point of 
departure for industrial team proposals 
during the coming year. 

A new Laboratory role under the 
ASMS Project Office, which will con
tinue throughout the development of the 
Advanced Surface Missile System by 
industrial contractors, is the design 
of a total ship combat system. Integra
tion of several weapons systems, 
including the new antlalr warfare 
system, an antisubmarine system, a gun 
system, and possibly other new weapons 
systems, is to be accomplished on a 
single, multipurpose ship. 

FLEET BALLISTIC MISSILE SYSTEMS 

The Polaris Division continued its 
function as evaluator of the FBM 

Weapon System. This effort includes 
the analysis and evaluation of FBM 
submarine weapon system performance 
during Demonstration and Shakedown 
Operations (DASO) at Cape Kennedy, 
on tactical patrols, and in operational 
tests. Highlighting the DASO program 
during the year was the deployment of 
the USS Will Rogers which marked the 
last of the total Aeet of 41 Polaris 
submarines. This readiness program is a 
continuing one, however, with the 
earlier-built submarines going through 
DASO again after having been refitted 
with more advanced missiles and equip
ment during shipyard overhauls. In 
addition, the Laboratory conducted the 
DASO and special studies for the 
first United Kingdom Polaris submarine, 
HMS Resolution . 

An increasingly larger measure of 
effort was devoted to special studies 
and preliminary design and testing 
to solve technical problems affecting the 
performance of the total weapon system. 
Of special significance was sonar 
development work and investigation of 
sound propagation characteristics. To 
support the field testing of these new 
developments and techniques, the 
Laboratory acquired a larger sound 
boat during the year and equipped it 
with an underwater acoustic instru
mentation system. 

The Pershing Analysis Staff is 
continuing its analysis and evaluation 
of the U.S. Army Pershing Weapon 
System. This work includes planning, 
monitoring, data collection, analysis, 
and detailed reporting of test and 
firing operations . 

SPACE SYSTEMS DEVELOPMENT 

The Space Systems Department con
tinues a broadly-based research , devel
opment, and engineering program, 
including exploration of the upper 
atmosphere, design of satellites , and 
development of associated ground 
equipment. 

Navy Navigation Satellite System.-The 
Space Radio Frequency Group has been 
active in development of new applica
tions for the Navy Navigation Satellite 
System. 

A portable high-accuracy receiver 
called "Geoceiver," applicable to 
gravity field measurements and world
wide precision surveying, is also under 
development by the Space Radio 
Frequency Systems Group . The Geo
ceiver can receive signals from both 
Navy navigation satellites and the 
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White Cirrus II, which is equipped with an underwater acoustic instrumentation system. 

NASA geodetic satellite GEOS. It can 
also be employed within the Navy's 

world-wide satellite tracking network. 
A compact "backpack " navigation 

receiver was fabricated for installation 

aboard the Navy oceanographic ship 

USNS Kane to provide position fixes 

during continental drift studies. Design 

studies for the Bureau of Commercial 

Fisheries have demonstrated the 

feasibility of equipping free floating 

buoys with low-power receivers capable 

of measuring doppler shift and relaying 
the data to shore for computer determi
nation of the buoy's positions. 

Timing signals from the Navy naviga

tion satellites have been used by 

stations of the operation and tracking 
networks as a means of setting clocks . 
In view of the interest expressed by the 

United States Coast and Geodetic 
Survey (USC & GS) , a receiver was 

developed by the Space Operations 
Control Group for clock-setting especial

ly for this purpose. Tests of the prototype 

were made at Wallops Island, Virginia , 
and demonstrated capability for timing 
precision better than 50 microseconds . 

A model unit is under construction at 

APL to the order of USC & GS; 
additional units are expected to be 
deployed to remote sites including 
Antarctica. 

A design study has confirmed the 
feasibility of a microelectronics brief
case-sized dual-channel receiver for 
recovering time and doppler data from 
the Navy navigation satellites. Investi-
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gat ions of navigation satellite timing 

measurements indicate the feasibility 

of recovery of time data to better than 
a microsecond . 

Scientific Satellites.-The Space Data 
and Control Branch is designing and 

developing a Small Astronomy Satellite 
(SAS) that will be adaptable to future 

sc ientific missions outlined by NASA. 
The design will be such as to require 
minimal changes to accommodate a 

variety of experiments. The first Small 
Astronomy Satellite (SAS-A) will 

include an X-ray experiment. The 
satellite will be launched by a Scout 
vehicle in early 1970 from the San 
Marco Launch Platform off the coast 

of Kenya. The Launch Platform is 
operated by the Italian Government. 

The Space Data and Control Branch 
has also begun a study to provide a 

design for the SAS-B satellite. This 
will be the second satellite in the SAS 
Program and will support a gamma ray 
experiment. The experiment will 

provide a complete celestial survey for 

gamma ray sources and locate them 
with a precision of ± 0.25 degree. 

The GEOS-2 satellite , the third 
geodetic satellite designed by the 
Space Development Department for 
NASA, was launched on January 11 , 
1968. The satellite has six different 
geodetic instruments: a doppler system ; 

a flashing light system; C-band trans
ponders ; a range-and-range-rate trans
ponder; a range transponder ; and a 
la se r reflector. APL transferred 

operational control of the satellite to 
NASA on February 20, 1968. 

An experiment to determine the 
effects of prolonged weightlessness on 

sense of balance was developed for 

NASA Ames Resea rch Center. Frogs 
will be used in the test. The experi
ment will be launched by a Scout 
vehicle from Wallops Island, Va. , in 
early 1969 under the project title, 
" Orbiting Frog Otolith. " 

Satellite T echnology.-A continuing 
program of engineering development on 

satellite technology has produced an 

important set of new techniques and 
equipments. 

On July 1, 1967 the DODGE 

(Department of Defense Gravity Experi

ments ) satellite was launched into a 

near-synchronous , equatorial orbit at 

an altitude of 22 ,000 miles . The objec

tive of this experimental satellite was 
to determine whether the exceedingly 

small gradient of the earth's gravity 

field at this high altitude was sufficient 
to sustain vertical stabilization. It 
carried a number of instruments and 
methods of stabilization. 

The Space Control Group was 
responsible for the design and instru

mentation of the satellite. A first 

success was achieved with the satellite 

when its initial spin was removed by an 

enhanced magnetic despin system. The 

satellite was then placed in a magnetic 

stabilization mode with one of its axes 
aligned a long the local magnetic field 

direction. Four long, extendible booms 
were then deployed and DODGE 

became the first satellite to be three

axis gravity-gradient stabilized at this 
high altitude. The enhanced magnetic 

damping system was shown to be most 

effective in damping satellite oscillations 
about the vertical direct ion. The best sta
bilization achieved with this system, with

out the aid of an angular momentum 

flywheel , gave peak angles in pitch, roll , 

and yaw of 2.5 , 3.5 , and 15 degrees 

respectively. Three-axis stabilization 

was achieved using four short booms 
and a fl ywheel with its angular momen

tum vector parallel to the satellite 's 

orbital angular momentu m vector. The 

best stabilization achieved to date using 
the flywheel provided peak angles in 
roll , pitch , and yaw of 2, 3, a nd 5 
degrees respectively. Attitude cont rol 
experiments are continuing using a large 
variety of inertial configurations and 
damping system parameters . 

In addition to the stabilization results 
achieved with DODGE, this satellite 
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produced the first color picture of the 
full earth disc. The satellite has now 
produced over 10,000 television pictures. 
The extendible booms have been oper
ated more than 200 times in orbit , and 
the satellite has responded to over 
15,000 radio commands from ground 
stations at APL and in Australia. 

In the first year in orbit the satellite 
provided more than 20 million discrete 
engineering measurements by means of 
its sophisticated telemetry system. 

A variety of optical image processing 
techniques potentially applicable to the 
DODGE pictures are under study using 
an experimental coherent optical system 
based on Fourier transform methods 
rather than computer process ing 
methods . 

Other optical sensor developments by 
the Space Radio Frequency Systems 
Group include an experimental low
light-level TV camera based on secon
dary electron conduction . Field evalua
tion indicates that stars of magnitude 
7 are clearly detectable with reasonable 
exposure times. Both satellite astronomy 
and attitude determination applications 
are currently under consideration. 

APL developed an advanced capability 
in the design and production of micro
electronic devices during the past year. 
The Microelectronics Laboratory is 
equipped to produce limited numbers of 
thin-film and monolithic devices , and 
the output has already been extremely 
helpful to the product ion of certain 
satellites. A number of new items are 
under development including micro
power logic components. Micropower 
connotes power dissipation at the 
microwatt level as distinguished from 
the usual milliwatt levels in micro
electronic devices . Micropower will 
permit greater packaging density and 
lower power requirements. 

Perturbations in the inclination and 
longitude of the node of four nearly 
polar satellites were used to find values 
for the tidal numbers and phases of 
the lunar and solar semidiurnal tides. 
Values found in this way represent the 
average displacement for the total of 
ocean and body tides . The deceleration 
of the earth 's rotation deduced from the 
studies agrees well with deductions 
obtained from data on ancient eclipses 
and is lower than other recent estimates. 

The solar proton events of May 1967 
have been studied by the Space Physics 
and Instrumentation Group using data 
from Explorer 34 and the APL satel-
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lite 1963 38C. The objective was to 
compare the intensity and spectrum of 
protons in the interplanetary medium 
with those observed in the near-earth 
polar regions in order to better under
stand the propagation of particles into 
the magnetosphere. Preliminary conclu
sions are that protons with energy 
greater than 1 Mev generally have 
ready access to the polar caps, but 
that exceptions do occur. Spatial 
variations in proton flux in the polar 
regions and occasional significant differ
ences in intensity inside and outside 
the magnetosphere indicate that access 
may be a function of the interplanetary 
magnetic field configuration. Analysis 
of solar proton data acquired by 
satellite 1963 38C established that the 
geomagnetic cutoff for 1 to 100 Mev 
solar protons is independent of particle 
energy but depends on magnetic 
activity and moves towards the equator 
during the main phase of a magnetic 
storm. These findings are of interest in 

studies in the distortion by the solar 
wind of the geomagnetic field in the 
auroral and polar regions. In this case, 
five years of data from one satellite are 
being put into a form where the effects 
of time on the various aeronomic 
phenomena become available for 
detailed st udy. 

The Time and Frequency Standards 
Laboratory has continuously monitored 
signals from several VLF transmitters 
located in the western hemisphere, and 
VLF phase perturbations have been 
quantitatively related to satellite obser
vations of solar protons in three events. 
The analyses of VLF phase perturba
tions have led the Electronic Physics 
Group to an examination of the produc
tion and loss processes of ionization 
in the D-Region of the ionosphere. 
SUPPORTING R ESEARCH AND 

EXPLORATORY DEVELOPMENT 

Aeronautio Division.-Exploratory 

development of supersonic combustion 
ramjet (Scramjet ) propulsion for 

Lift-off of GEOS-2 launch vehicle at Western Test Range, January 11, 1968. 
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possible application to high-perform
ance missiles is continuing in the 
Hypersonic Propulsion Group . A full
scale engine was tested at the Ordnance 
Aerophysics Laboratory and functioned 
well on the first test. 

The Aerodynamics Group has co~ 

pleted a study of slender missile 
configurations at hypersonic :vlach 
numbers to discover potential stability 
and control problems prior to the act ual 
design of such missiles. This study has 
pointed up the significance of aero
dynamic interference effects at these 
:vlach numbers . Of special importance 
is the dominating inRuence of the 
hypersonic body Row field which differs 
both qualitatively a nd quantitatively 
from that at lower speeds and which 
largely determines the behavior of 
lifting and control surfaces. A collection 
of useful design principles for hyper
sonic aerodynamic missile configurations 
is evolving from this research study. 

A compact propulsion system is 
being developed for advanced missile 
systems using the booster rocket 
chamber as a ramjet combustion 
chamber. Air inlets are located on the 
sides of the missi le body. Ground tests 
on a full-scale combu stor over a wide 
range of simulated Right conditions 
have confirmed predicted combustion 
efficiency. Development of an air inlet 
system spatially compatible with exist
ing missile launching systems is under 
way, as is the development of an aero
dynamically suitable missile configura
tion which would use such a propulsion 
system. 

In the investigation of the effects of 
ablation or transpiration products on 
high-velocity wake characteristics, the 
Fluid Mechanics Group has carried out 
a series of hypersonic wind-tunnel tests . 
An infrared scanning and recording 
spectrometer, deve loped in rocket tunnel 
research tests , has been used for evalua
tion of species and static temperature 
level determinations in both the arc-jet 
and near-wake Rows. 

During this year the Fluid Mechanics 
Group also conducted experimental 
work in evalliat.ing materials and "Cooling 
designs for sharp leading edge struc
tures , and several approaches now 
appear feasible for Right at speeds up 
to about Mach 6.5 at sea level. Analyt
ical work on heat transfer, stress 
relaxation by plastic yielding, and 
thermal creep of materials was also 
accomplished. 
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For hypersonic Right at low altitudes, 
the thermal environment is such that 
some means of protection is essential. 
Generally this thermal protection is 
provided by an ablation materia l, but in 
some applications it is necessary to 
retain a fixed geometry. One such 
application is the leading edge of a 
ramjet inlet where drag must be mini
mized by maintaining a sharp leading 
edge. Use of a transpiration cooling 
system integral with the structure can 
provide the stable geometry required . 
A the~retical method for predicting 
cooling Rowand heat transfer has been 
developed . Also, experimental deter
minations have been made of the coolant 
friction coefficient and heat transfer 
coefficient with suction in a porous tube. 

A system for making dynamic drag 
measurements in the APL hypersonic 
gun tunnel has been developed . This 
system e~ploys a hydraulic coupling 
between the model and a piezoelectric 
pressure transducer. 

A joint effort with the Georgia 
Institute of Technology to develop and 
evaluate a radome and attachment 
assembly suitable for Right at hyper
sonic speeds has been in progress . Four 
radomes were fabricated using slip-cast 
fused silica and fitted with specially 
developed attachments. Tests have 
demonstrated the capability of the 
radome assembly design to withstand 
the hypersonic Right environment for 
adequate periods . 

During the past year, the Engineering 
Group made considerable progress on 
theoretical developments in radome 
thermal stress analysis. Results were 
distributed to scientists at more than 
forty universities and national defense 
establishments . Procedures have also 
been developed to yield estimates of 
structural frequencies for airframes 
and also a measure of accuracy of these 
estimates. Computer programs which 
accept missile stiffness and mass data 
and calculate rigorous upper and lower 
bounds to bending frequencies have 
been written . 

The Propulsion Research Laboratory 
augmented its instrument and control 
capability by the installation of a new 
Digital Data Acquisition and Control 
System (DIDACS) , electronic signal 
conditioning, and an electronic test
control unit. The new system will 
provide capability for recording wide
band signals associated with supersonic 
combustion and reentry experiments. 

A study of the performance criteria 
and technical feasibility of a specific 
hi gh- speed ground transportation 
system, i.e., the Urban Gravity-Vacuum
Transit (GVT) System, has been 
conducted by the Aeronautics Division 
for the Department of Housing and 
Urban Development. The study 
exami ned certain potential problem 
areas such as gas dynamics, systems 
tole ra n ces , t ra i n- t u be-s us pens io n 
dynamics, wheel-rail interaction, and 
noise control. The general conclusion of 
the st udy is that , except for uncertainty 
regarding the requirements for the 
wheel-rail interface, development and 
operation of a GVT system for stage 
lengt hs up to 5 miles appear technically 
feasible . 

Reseanh Center.-The past year has 
seen APL enter the new field of 
Fourier transform spectroscopy, a tech
nique that offers several orders of 
magnitude improvement in signal 
detection over the conventional spec
trometer. A Michelson interferometer 
spectrometer, adaptable to the 1 to 1000 

micron wavelength region, was designed 
and built by the Excitation Mechanisms 
Group. 

Extensive studies have been made by 
the Microwave Physics Group and 
Plasma Dynamics Research Group on 
the operating mechanisms of HCN and 
H 20 lasers emitting far-infrared radia
tion. Several new emission lines in 
both lasers were discovered during the 
past year. Using a number of sub
millimeter wavelength emission lines 
from these lasers as radiation sources, 
a far-infrared laser interferometer 
suitable for measuring electron densities 
over a range from 1014 to 1017 cm-3 has 
been developed. Several projects on the 
structure of free radicals trapped in 
various solids were completed during the 
past year. Using result s obtained from 
the electron spin resonance of H02 in 
argon at 4°K, it was possible to inter
pret the more complex spectrum of H02 

in ice at 77°K obtained by British 
workers. In another investigation, the 
resonant spectra of the radical ion 
HCN- in KCI crystals were interpreted. 

Mass spect rometric studies have been 
extended to the analysis of very fast 
chemical reactions by the Electronic 
Physics Group. Free radicals found in 
atomic hydrogenation, oxidation, and 
chlorination reactions have been 
identified, and an unusual reaction has 
been observed in which an oxygen 
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atom, apparently in a single reaction 
step, removes two hydrogen atoms from 
opposite ends of a hydrazine molecule 
to form diimide . 

A new field of microwave-optical 
investigation into the paramagnetic 
properties of atoms of molecules in 
crystalline solids was initiated in the 
Research Center about two years ago. 
Various experiments have been done 
at liquid helium temperatures below 
the ,\ point on a ruby crystal (CrH ion 
in AI20 3 ) , using its fluorescent light 
for detection. Very strong magnetic 
resonances have been observed for the 
excited and ground states of the CrH ion 
pairs as well as for isolated ions. 

Research cont inued during the year 
on the exploitation of various uses of 
electron spin resonance spectroscopy in 
the chemical kinetics of gas reactions . 
As pioneered by the Chemical Physics 
Group , this technique proves to be a 
tool of great power and versatility in 
the detection and quantitative measure
ment of many atoms and free radicals , 
these being the significant reactive 
species in essentially all reactions in the 
gas phase. Emphasis has been centered 
recently on the precise measurement of 
a number of simple atom-molecule 
reactions. 

In another area, the first nonzero 
eigenvalues of Stekloff eigenvalue 
problems are being studied by the 
Applied Mathematics Group since 
they are the optimal constants in a 
priori inequalities that have applications 
in bounding solutions of elliptic and 
parabolic partial differential equations. 
The present work aims to find lower 
bounds to these eigenvalues; this is of 
considerable interest to engineers . 

Clear air turbulence investigations 
were continued with the Wallops Island 
multiwa vele ngt h high-power radar 
system. Jet aircraft making vertical 
ascents provided a check on the actual 
presence of turbulence over the radar. 
The most significant result was that 
every clear-air radar echo above about 
3 km was associated with at least some 
degree of turbulence. Between the 
altitudes of 3 and 7 km almost all 
reported occurrences of clear-air turbu
lence were detected with the radars ; 
however, the ability of the radars to 

detect weak turbulence decreased with 
increasing altitudes. The results of the 
experiment suggest that an improve
ment in radar sensi tivity should make 
it possible to detect most of the signifi-
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cant turbulence in clear air up to 15 km. 

Cooperation with The Johns Hopkins 
Mediwl lnstitutions.-The active collabo
ration with the Medical Division enters 
its third year with substantial results 
in the established programs in radio
isotope scanning and ophthalmology. 
Further pilot studies have led to 
improvements in the three-dimensional 
radiography technique and to the 
formulation of a collaborative program 
of basic science and engineering to 
develop a related series of devices aimed 
at measuring and alleviating cardiac 
insufficiencies. 

Theoretical work on data processing 
to achieve optimum fidelit y in the 
radioisotope scanning problem has been 
mainly concerned with effects due to the 
form of the collimator response function , 
which were reported at the Fifteenth 
Annual Meeting of the Society of 
Nuclear Medicine. Also reported was 
the analysis of the application of 
methods of decision theory to the 
problem of detect ion of regions of 
abnormality of isotope concentration. 

Theoretical analysis of the rate of 
formation of aqueous humor in the 
untouched eye using more realistic 
assumptions than have been previously 
used by other investigators has yielded 
results that explain the principal 
experimental features as determined by 
tracer techniques . A theoretical analysis 
of the relationship between the micro
structure of the normal cornea and its 
transparency has been carried out by 
calculating the scattering to be expected 
from the actual quasi-random distribu
tion of collagen fibrils as revealed by 
the electron microscope. This work was 
a cooperative effort by the Theoretical 
Problems Group and the Wilmer 
Institute. 

The study of the static and dynamic 
regulation of intraocular pressure has 
been concerned primarily with improving 
the precision and reliabilit y of tono
metric and tonographic measu rement s. 
These measurements are important in 
clinica l practice for the' detection , 
diagnosis , and treatment of glaucoma. 
The clinical instruments produce a 
small deformation of the outer surface 
of the eye for the purpose of measuring 
intraocular pressure, aqueous outflow, 
and the flow resistance of the outflow 
channel. To improve the precision and 
accuracy of clinical instruments , a more 
accurate knowledge is required of the 
fluid-mechanical and viscoelastic 

properties of the eye. These properties 
are being measured by means of special 
instrumentation built by the Adaptive 
Machines Group . Further animal 
experiments are being conducted to 
gather sufficient data to support and 
verify concurrent mathematical analysis 
of the action of various tonometers. 

High-frequency flicker studies are 
concerned primarily with the possibility 
that perception ability may provide a 
diagnostic tool , perhaps for the early 
detection of glaucoma. The initial study 
phase, directed toward establishing 
norms for a healthy population, is now 
essentially complete. Progress has been 
made in the construction of a theoretical 
model of retinal function to explain the 
ability of observers to detect high
frequency flicker. 

A relatively unique facility has been 
designed and constructed for high
pressure studies on small animals . It 
allows operation at pressures up to 4 
atmospheres , variation of the breathing 
gas mixture, mechanical respiration of 
the subject , monitoring of basic physio
logical parameters , injection of drugs 
and fluids as desired, and ophthalmo
scopic visualization of eye grounds. These 
latter efforts were also done coopera
tively by APL groups and members of 
the Wilmer Insitute. 

The plans for work on the cardio
vascular system now provide for carrying 
through the development of cardiac 
bypass systems, implantable artificial 
heart systems , and rechargeable pace
makers to clinical use . The concept of 
a skin tunnel transformer which solved 
the problem of transmlttmg large 
amounts of power through intact skin 
offers promise for application to an 
artificial implantable heart. Closed-loop 
feedback control technology is being 
applied to the control of an artificial 
heart . An engineering model of a con
trollable heart bypass pump is currently 
under development at the Laboratory 
and will be evaluated at The Johns 
Hopkins Medical Institution. Capital
izing on the miqominiaturized elec
tronics and battery power systems 
developed within the stringent require
ments of the operational Navy navigation 
satellites, a series of rechargeable , long
lived, controllable cardiac pacemakers is 
being designed and engineered by the 
Space Power, Thermal and Attitude 
Control Systems Group and the Medical 
Institute. 

Apparatus capable of reconstructing 
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a three-dimensional X-ray image has 

been demonstrated. A set of 20 separate 

radiographs of a subject is taken, each 
corresponding to a different angle. This 

apparatus is arranged so that the images 
superimpose in space and there recon

struct the original object. By passing 
a viewing screen through the display 

volume, structures lying in any plane 
cross section can be viewed. 

A study has been undertaken to 
develop a working model of a myoelec

trically controlled artificial hand . The 
Laboratory design incorporates the 

latest electronic and mechanical concepts 
to achieve a reliable working model. 

Projects for the Advanced Research Projects 
Agenq . - The AR PA Program Office 

has continued nuclear effects research, 
conducting experiments in underground 

tests and performing the required 

supporting analysis on behalf of ARPA. 

Work has been resumed on radar 

cross - section measurements of large 
size vehicles , and a study was completed 
on the feasibility of using naval antiair 

systems in terminal defense against 
short-range ballistic missiles , and the 
first phase of a novel method for rapid 
and accurate counter-fire against artillery 

emplacements was concluded . 
Work continued in support of ARPA 's 

over-the-horizon (OTH) radar program, 
primaril y in two areas: (1 ) design of 

an OTH radar calibrator ; and (2 ) 

experiments on the reciprocity of the 
ionosphere over a Florida-Maryland 

path . 

Special Studies.-A study by the Space 

Communications Group is currently 

examining data compression techniques 

for the worldwide Apollo ground com

munication and tracking data network 

which can significantly increase the 
information received at the Houston 

Center during manned missions . The 

data rate from the space vehicle is 
more than twenty times the rate that 

can currently be transmitted via the 

worldwide network. Recognition of 

redundancy in the high-speed link must 

be made at each ground station where 

the data are to be compressed to a rate 

compatible with the ground system 
capabilities before retransmission to 
Houston. The results have aided in 
elimination of unnecessary equipment, 
simpler and less expensive equipment 
modifications, and more efficient opera
tion of the system. 

INFORMATION ACTIVITIES 
Reports and Papers. -Approximately 
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150 unclassified and 125 classified 

formal technical reports were issued by 

the Technical Reports Group, about 318 

formal Polaris and Pershing reports 
were issued by the Polaris Division, and 

90 papers were published in professional 
journals. In addition , several thousand 

informal documents on a wide variety 

of topics were issued, largely by the 

individual Groups . Seventy-nine papers 
were presented by staff members before 
scientific, engineering, and lay societies, 

of which 22 were presented abroad . 

Library.-The collections have grown 
to include 40,000 bound volumes, 1,000 

journal titles , and over 250,000 technical 
reports . This latter collection is growing 

at the rate of 5,000 per month in the 

form of microfiche , and microfiche com

prises about half of the entire report 
collection . \1 icrofiche readers will be 

located throughout the Laboratory. Access 

to this large mass of information will be 

achieved through the DOC and NASA 
computer information retrieval tapes 

that are now being sent to the library . 

Both systems are also being used for 
selective dissemination of technical 
information to APL staff members . 

Twent y-two bibliographies were 
compiled and 134 technical translations . 

primarily Russian . were completed. 
A new edition of the Union List of 

Sdentlfic-T echnical Titles and Ho/dlngJ In the 
Washington-Baltimore Area was published . 
In addition to the 27 participating 

libraries , this tool is used by many 
other libraries in the area for inter

library loans . 

APL T echnical Dlgest.-The APL 

Technical Digest continued into its 
seventh year of successful operation. 

One of the highlights of the year was the 

use for the first time of four-color 
process printing on photographs used 

in a paper on " Orchids and Photog
raphy " published in the May-June 1968 
issue. 

Colloquia .- The Colloquium series con
tinued as in past years . Of the twenty

seven colloquia presented this year, 
three were given by members of the 

Laboratory. 
Patents.-During the year 111 inven

tions were disclosed to the Department 
of the Navy, 27 patent applications 
were filed, and 24 patents were granted . 

Cooperation between the Laboratory 
and The Johns Hopkins School of 
Medicine was reflected by the produc
tion of several inventions in the bio
medical field by APL staff members. 

Inventions in the radar, satellite, and 

solid-state physics fields , as usual , 
constituted the majority of the other 

inventions produced at the Laboratory. 

Chemical Propulsion Information Agenq.
During the year, in its regular informa

tion program, CPIA produced 32 

publications covering all aspects of 
chemical propulsion. Also fourteen 
editions of the Chemical Propulsion 

Abstracts and updating revisions of the 
four basic CPIA propulsion manuals 

were issued . The CPIA assisted the 
Interagency Chemical Rocket Propulsion 

Group (lCRPG) in conducting two 

major meetings devoted to presentation 

of papers and discussions on recent 
progress in solid and liquid propellant 

rocket technology. 

SPECIAL LABORATORY VISITS 

Board of Visitors. - The Board of 
Visitors met at the Laboratory on 

November 15 and 16, 1967. This 

meeting was unusual in being coincident 

with a regular meeting of the Trustees 

Committee for the Applied Physics 

Laboratory. 

Aside from the joint session with 

the Trustees , the Board had separate 

business meetings with the Laboratory 

management and with Navy officials . 
Program presentations and other data 

were provided to inform the Board in 

areas of expressed interest. 

Congressional Vis/t.-On Friday , 
March 15, 1968, members of the 

Maryland delegation to Congress visited 

the Applied Ph ysics Laboratory. 

Senator Daniel B. Brewster and 

Congressmen George H . Fallon , Samuel 

Friedel , Charles McC. Mathias, and 

Hervey G . Machen, Jr. were received 

by Dr. Gordon. During a short cere
mony Dr. Gordon, Rear Admiral Arthur 

R . Gralla , Dr. Gibson, and Mr. Fallon 

addressed the group of assembled 

Principal Professional Staff members . 

Mr. Fallon presented a Maryland flag 
to the Laboratory. 

The Congressmen were given an 

opportunity to learn of the work of 

the Laboratory, inspect its facilities , and 
discuss administrative problems. 

Staff Activities 

EVENING COLLEGE PROGRAM AT APL 

The Evening College Center at the 
.Laboratory continued the vigorous 
growth which has been reported pre
viously. The number of course offerings 
has increased from 6 in the Fall of 
1964 to 22 scheduled for Fall 1968 . 
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Summer Session courses were success
fully introduced at the Laboratory in 
the summer of 1967 and continued In 

1968. 

In 1966-67 the proportion of non
Laboratory participants exceeded the 
number of APL staff members for the 
first time. This trend has continued and 
the ratio of non-Laboratory to APL staff 
members increased to 2 to I in 1968-69 
and:) to I in the summer of 1968 . 

The degree program of Ylaster of 
Science (with a major in Numerical 
Science) was first announced in 1966-67 
and attracted 102 candidates. Twenty 

ADDRESSES 
Principal recent addresses made by 
APL staff members to groups and 

organizations outside the Laboratory. 

G . M. Starken, "Science of the Sea," 
American Sot'iety of Met'hanical Engineers, 
Ohio Section , Parkersburg, West Vir
ginia, December 10, 1968. 

A. N. Jette, "Comments on the Hyper
fine Interactions of V K Centers," 
American Physical Soddy, San Diego, 
California, December 19, 1968. 

R. YI. Fristrom, " Fire Research and 
Chemistry," American Chemical Sot'iety, 
Texas Section, San Antonio, Texas, 
January 7, 1969. 

R.Y!' Fristrom, " The Chemistry of 
Flames, " American Chemical Sot'iety, 
El Paso Section, El Paso, Texas , 
January 8, 1969. 

R .YI . Fristrom, " Ylolecular Beams
A Tool for Chemical Research, " 
University of Texas, Department of 
Chemistry Colloquium, El Paso, Texas, 
January 8, 1969. 

G.H. Ylowbray, " Some Research on 
and Theorizing about a Visual 
Transient Phenomenon," University of 
Arizona, Psyt'hology Colloquium, Tucson, 
Arizona, January 8, 1969. 

C. Feldman and K. Moorjani , " Amor
phous Semiconductors ," NASA Eln
tronit' Research Center, Cambridge, 
Massachusetts, January 9, 1969. 

R.M. Fristrom, ' " The Chemistry of 
Flames, " American Chemical Society, 
Wit'hita Falls, Duncan ' Section , Wichita 
Falls , Texas, January 9, 1969. 

R.YI. Fristrom, " Fire Research and 
Chemistry," Midwestern University, 

January - February 1969 

persons have now received that degree. 

Twelve APL staff members received 
the degree of Ylaster of Science (with a 
major in Electrical Engineering ) at the 
.J une 1968 Commencement. A check of 
the 31 other individuals who received 
the degree at that time showed that 
27 of these had taken a substantial part 
of their program at the APL Center. 

The evening College added two addi
tional ylaster of Science programs at 
the Laboratory, commencing In 

September 1967, in Space Technology 
and in Applied Physics. The program 
in Space Technology provides a special-

Department of Chemistry Colloquium, 
Wichita Falls, Texas , January 9, 
1969. 

R .YI. Fristrom, "Ylolecular Beams
A Tool for Chemical Research," 
American Chemical Society, South Plains 
Section, Lubbock, Texas, January 10, 
1969. 

K. Moorjani and T. Tanaka (Catholic 
University) , "Decoupling Schemes in 
the Green's Function Theory of Spin 
Yz Heisenberg Ferromagnet ," American 
Physical Society, New York, New York, 
February 3-6, 1969. 

S.N. Foner, " Mass Spectrometry of Very 
Fast Reactions," Fourth Middle Atlantit' 
Regional Meeting, American Chemical 
Sot'iety, Washington, D.C. , February 
12-15, 1969. 

A.1. Mahan, " Some Boundary Value 
Problems Involving Cylindrical 
Dielectric, Absorbing, and Active 
Media, " Optical Society of America, 
San Diego, California, March II-IS , 
1969. 

PUBLICATIONS 
Compilation of recently published 

books and technical articles written 

by APL staff members. 

C. Feldman and W.A. Gutierrez 
(Mel par, Inc .), "Switching and Nega
tive Resistance in Amorphous Boron 
Layers ," J. Appl. Phys. 39, No.5, 
Apr. 1968, 2474-2476. 

N . Rubinstein, V.G. Sigillito, and J.T. 
Stadter, "Upper and Lower Bounds 
to Bending Frequencies of Non
Uniform Shafts, and Applications to 
Missiles," Shot'k and Vibration Bull. 

ized training in space environment and 
spacecraft systems. The master's degree 
in Applied Physics is designed to 
provide the background for the develop
ment and implementation of advanced 
complex systems. 
PERSON EL CHANGES 

The Laboratory staff decreased from 
2566 as of .June 30, 1967 to 2519 as of 
.June 30, 1968. There was a gain of 32 
in the professional senior staff, bringing 
the number to 644, and in the associate 
staff a net loss of 41 reduced the total 
to 577 . 

R.E. GIBSON 

Dired or 

No. 38, Part 2, Aug. 1968, 169-176. 

R. Turner and T. O . Poehler, "Emission 
from HCN and H20 Lasers in the 4 to 
13 J..Lm Region," Physi(S Letters 27 A, 
Sept. 9, 1968, 479-480. 

W .H . Guier, " Note on Determining 
Range from Sextant Altitude," 
Navigation 15, No.4, Winter 1968-
69, 366-375. 

A.N. Jette and P. Cahill , " Theory of 
Polarization of Molecular Line Radia
tion Excited by Electron Impact ," 
Phys. Rev. 176, No. I , Dec . 5, 1968, 
186-193. 

W .G . Spohn, " On the Lattice Constant 
for 1 x3 + y3 + z31 ~ 1, " Math. Compu-
tation 23, No. 105 , Jan . 1969. 141-
149. 

APL COLLOQUIA 

Jan. 10-" Design of Small Submer
sibles," by J. P. Craven, Department 
of the Navy. 

Jan . 17- " Airborne Collision Avoidance 
Technology," by F. White, Aviation 
Transport Association. 

Jan. 24- "Ultra-Short Laser Pulses," 
by A.J. DeMaria , United Aircraft 
Research Laboratories . 

Jan. 31-" Terradynamics," by J.L. 
Colp , Sandia Laboratories . 

Feb . 7- " An Open-Ended Discussion 
on Human Settlements," by C .A. 
Doxiadis , Doxiadis Associates, 
Athens, Greece . 

Feb. 14-"How One Reconstructs an 
Ancient Civilization," by W.S . 
Albright , The Johns Hopkins Uni
versity. 

Feb . 28- " Are the Continents Drifting? " 
by J.L. Worzel , Lamont Geological 
Observatory, Columbia University. 
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