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DEPOSITED BY TH
UNITED STATES OF AM:RIGA

Guiding Missile Weapons by TV

LCDR Stuart D. Kearney
Air Programs
Office of Naval Research

If the pilot of an aircraft armed with air-to-surface missiles is to have a good
chance of surviving an attack as he approaches his target, he must have the
ability to launch his weapons at a greater distance from the target than is now
possible. One way this striking range can be increased is by relying on sensors
located in the nose section of the missile to provide the information the pilot
needs to orient the missile and to identify the surface target. Of course, for the
pilot to receive information from the sensors, a link has to be set up between the
aircraft and the missile. This can be done by means of a TV display mounted in
the cockpit and a corresponding TV camera located in the missile.

At the close of World War 11, radar and television were both being emploved
in development stages for homing systems which would greatly increase the ter-
minal accuracy of a guided missile. However, a difhiculty common to all of these
systems was encountered when the missile came within the vicinity of a target
that was not readily distinguishable from its surroundings. Such targets must be
recognized at an carly stage of the missile’s flight to avoid excessive command-
link corrections during the latter stages. The general conclusion of investiga-
tors as a result of these early trials was that television could provide a limited
capability in guiding a missile over enemy terrain, but that it did not give accu-
rate enough control when the missile was within close range of the target. Mal-
functions of the television equipment and of the auto-pilots available at that
time caused the missile designers to rely more heavily on radar techniques,
which had reached a higher degrce of sophistication and reliability. The TV
approach to missile guidance was sct aside after problems were encountered
with the picture tube, video data, and radio transmission links, and after numer-
ous inconclusive test flights had been made.

Further attempts were made to develop TV missile guidance during the
Korean War, but the progress achieved was insufhcient to warrant recommend-
ing television for a guided-missile system. Basically, these later test programs
consisted of determining the design parameters of a system by monitoring off-
the-shelf closed-loop television circuits installed in either a drone or an aircraft.
Although the basic conclusion reached was that the use of television for missile
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guidance was both attractive and feasible, design engineers were left in doubt
as to the basic parametric requirements for the TV system.

Effective new methods have been emerging since the early experimental days
which now can be used to achieve rapid improvement of designs for missile-
guidance systems. These methods are economical, as compared to past proce-
dures, which culminated in a series of costly experiments in which prototype
missile systems were test flown to their destruction, all too often unsuccessfully.
These new methods are:

e The analytical approach, in which mathematical tools inter-relate such tech-
nologies as aerodynamics, propulsion, ballistics, and servo-mechanism.

e The simulation approach, which involves interactions that cannot be de-
scribed mathematically. The human operator in the control loop usually sub-
stitutes for such arrangements.

This discussion concerns the second method.

Participation by a human operator in a system has always presented a problem.
For the past year the Norair Division of the Northrop Corporation, under sup-
port and sponsorship of Air Programs, Office of Naval Research, has been
studying the extent to which the human operator can effectively close the mis-
sile servo-loop between his control station and the missile; under what con-
ditions the human operator can effectively participate in the terminal phase of
guided-missile control; and the extent to which the operator can augment a
guidance and sensor mechanism by interpreting and supplying information
relating to a missile’s terminal stage of flight. The initial phase of this current
ONR program has been directed toward the development and refinement of a
terminal-guidance simulator whose basic elements would be sufficiently flexible
and versatile to permit scientific analysis of the man-machine relationships
involved in missile guidance. The basic simulator has been designed. It con-
sists of an analogue computer, an electro-optical projection system, a closed-
circuit television, and display consoles to monitor the missile’s flight.

The terminal-guidance simulator will simulate a majority of the variables
that are encountered by the pilot in his attempt to keep a missile on the desired
line of flight as it approaches its target. These factors include the missile’s
position with respect to the target (in three dimensions and in real time), field-
of view, line-of-sight distance between the missile and the target, missile velocity,
and the missile’s maneuverability. The simulator is designed to incorporate
major significant factors affecting guidance control, such as illumination, con-
trast of the target image, spurious noise, and various other operational and
environmental elements.

During the mission-simulation phase of the program now underway, the man-
machine relationship of the problem is being investigated. Automation of the
operator’s various functions is being studied carefully and is being evaluated to
determine at what point during the approach to a target he can best concentrate
on guiding a missile. The performance of different operators is being deter-
mined on a statistical basis, and the manner in which the reactions of each alter
the conduct of various missions are entered into the simulator. The objective of
the human-factor studies is to minimize the operators’ reaction time for area
recognition and target identification. Although the human eye is capable of

Continued on Page 14
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The Encouragement of
Naval Research in Latin America

RADM L. D. Coates
Chief of Naval Research

[On July 10, RADM Coates met in the Panama Canal Zone with the Chiefs of Naval
Missions of U.S. and Latin American countries to discuss ways in which naval research
programs might be instituted in Latin American nations, and ways in which coopera-
tion between the nauvies of America might be extended. Partly as the result of U.S. encour-
agement and assistance, a fine naval research program is already underway in Braul
(it 1s described on pages 5-7 of this issue). The article beginning on this page is a portion
of RADM Coates’ presentation to the Chiefs of Naval Missions in July.]

Our traditional ties with Latin America, especially with the Latin American
navies, have much more than historical interest. The Monroe Doctrine estab-
lished a policy from which we have never deviated, but which was not chal-
lenged until recent years. The Cuban crisis highlighted the urgency not only
for Western Hemisphere solidarity but also the requirement for close, effec-
tive cooperation between the United States and Latin American navies.

Much progress has been made toward that objective. Many Latin American
oflicers and enlisted personnel have been trained by the U.S. Navy. Strenuous
efforts have been underway for many years to standardize naval material and
naval operations to achieve the most effective coordination among the collec-
tive navies of the Western Hemisphere. There is one critical area, however,
which needs attention. No modern navy can hope to function effectively unless
it exploits the latest technology. On the other hand, even a small navy which
makes use of the most advanced equipment, techniques and weapons can all
but wipe out the disadvantage of a limited number of ships. In order to achieve
this, a navy must be constantly aware of and take advantage of the continuous
How of new scientific knowledge that pours forth from scientific research.

Unfortunately, it has become quite apparent that the navies of Latin America
are not making cffective use of their manpower resources available to provide
new scientific knowledge. This has been ascertained by the Ofhce of Naval
Research in its efforts in recent years to bring about closer cooperation be-
tween United States scientists associated with ONR and their Latin American
counterparts. As a matter of fact, it is obvious that very few of these navies are
conversant with the major problem of bringing basic research to bear on the
solutions of some of their problems. This is an ironic situation considering that
the collective scientific manpower resources in these countries, especially in the
biological sciences, is impressive both in quality as well as in numbers.

It is vital that these scientific resources be utilized and exploited in the in-
terest of both the United States and the Latin American navies. We are happy,
of course, to share with these navies the knowledge and technological know-how
developed in this country. However, we ourselves are rapidly approaching our
maximum effort both in manpower and available tunds. Any contribution by
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Latin American scientists to the storehouse of knowledge, upon which we are
continually drawing for further advances, would help all of us. Furthermore,
technological know-how can only be acquired on a do-it-yourself basis, and a
navy can only be an effective fighting force if it is backed up by its own native
technical capabilities.

That is why ONR is now planning the First Inter-American Conference on
Basic Research, with the biological sciences as the first area to be high-lighted.
The objective of this conference will be to encourage the representatives of
these navies to become better informed of the importance of sponsoring basic
research oriented toward naval interest and application.

ONR has already engaged in a cooperative effort with Latin America. An
excellent example is the scientific cooperation with Argentina in the study of
the Antarctic which has been continuing since 1954. This research program has
yielded fundamental information on marine biology, physical and chemical
oceanography, meteorology and associated areas of benefit to both countries.

A dramatic illustration of what can be achieved through greater participation
by the Latin American navies in oceanographic research is the long-sought goal
of charting every square mile of ocean. To understand and use the oceans both
for peaceful and military purposes, we first must map them. Through the ages
man has mapped the land areas in ever increasing detail, but accurate maps of
the ocean basins exist only for portions of their shallow rims. Only the gross
features of shape and structure are known of the 90 percent of the ocean floor
that lies beyond the continental shelf. Today’s maps of the ocean basins compare
in accuracy and detail to 18th century maps of the land.

World-wide, deep-ocean surveys are needed to make such maps. No one
country has enough ships and men to do the whole job within the foreseeable
future, the United States alone could not expect to have such a large number
of oceanic survey ships nor the scientific and technical personell needed to oper-
ate them. However, such a survey could be accomplished in about a ten-year
period by the participation of all the major maritime powers, including the
Latin American countries, which means that the navies of those countries would
have to take the lead in such a project.

This is why it is urgent that we convince the Latin American navies of the value
of conducting their own fundamental research programs. Our goal is to estab-
lish a sympathetic rapport between them and their own scientific communities,
leading to indigenous naval research programs supported by the navies of the
individual countries.

It is obvious that this result would be in the best interests of the U. S. Navv.
It would pay off in that the navies of these countries would learn to rely on their
own scientific resources in producing an effective naval force for our mutual
defense. Not only would this be of considerable aid to us in carrying out our
major role in our own nation’s defense cffort, but it would also cement the tradi-
tonal bonds between the United States and the maritime nations of the Western
Hemisphere.

Alphonse Chapanis, Projessor of Psychology at The Johns Hopkins University and for many years
an ONR contractor, received the Franklin V. Tavlor Award “for outstanding contributions to the field
of engineering psychology™ at a meeting of the Society of Engineering Psychologists held in Phila-
delphia in September. The award was instituted in memory of Franklin V. Taylor, formerly head ot
NRL's Engineering Psychology Branch.
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I was fortunate in being selected for this job, and as a result was attached to
the U.S. Naval Mission to Brazil for about a year and a half, beginning in early
1956. The many recommendations made during my residence in Brazil are con-
tained in 13 reports, written in English and also translated into Portuguese.
Both versions have been bound in book form by the Brazilian Navy. In response
to one of the recommendations, LCDR Robert D. Skorheim was attached to the
U.S. Naval Mission as a sonar advisor in 1961. For two years he worked full
time at the Institute, where he initiated the sonar research and development
program.

In the fall of 1962, the writer returned to Rio de Janeiro, at the invitation
of the Brazilian Navy, to review the progress of the Institute and advise on its
current problems. The brief descriptions of the Laboratory and its facilities,
and the outline of its programs, which are given in the following paragraphs.
are reported as I saw them on that visit.

The first new laboratory building, containing about 41,000 square feet ot
floor space, has been completed. Occupation of this modern, well-designed.
two-story structure started during the first part of 1961. Also completed and
recently occupied is a new support building containing an excellent kitchen
and cafeteria, maintenance and garage facilities, and space for environmental
testing equipment. Some costly items, such as the environmental testing equip-
ment and a large digital computer, have not yet been obtained. An excellent
cooperative arrangement has been worked out with the Catholic Universitv
of Brazil, however, for use of its digital computer for the solution of scien-
tific problems of the Institute. A major asset of the Institute is an excellent tech-
nical library, which was started in 1955 as a part of the Diretoria de Eletronica
(Bureau of Electronics) and transferred to the Institute in 1961.

As of October 1962, the Brazilian Naval Research Institute had a total of
152 employees in Rio de Janeiro and eight additional people at a field station
at Guarapes, near Natal, about 1,200 miles away. The field station is located
about 6 degrees south of the Equator, where especially interesting ionospheric
measurements are being made.

The scientific program at the main laboratory in Rio de Janeiro is starting to
expand in the areas of communication, sonar, mechanics, chemistry, oceanog-
raphy, methodology, nucleonics, and automation. The first technical report
of the Institute, dated July 1962, covers work done for the Brazilian Navv
Hydrographic Ofthce. A program has been developed for the computer at
Catholic University to make coordinate transformations for maps automat-
cally. Automation of the process reduces the time required to complete a trans-
formation from about 45 days to about 1 hour.

A problem in methodology under study for the Brazilian Bureau of Naval
Personnel is concerned with taking illiterate young adult naval recruits and
training them quickly to perform shop work, operate mechanical and electrical
machines, and do simple accounting work, planning, and scheduling. People
trained by the navy along these lines are valuable not only to the navy, but to
the general Brazilian economy after they leave the navy. The Institute is making
a study to determine the best method for selecting illiterate adults who will
learn quickly. A related study being made concurrently seeks eficient methods
for quickly teaching individuals selected for training to take their places along-
side persons having a more favorable cultural background. In April of this
year, a paper entitled, “Acceleration of Education and Training of Adults of
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A New
Generation
of
Particle
Accelerators

David J. Clark
Kenneth R. MacKenzie
Edward L. Petersen
J- Reginald Richardson
Byron T. Wright

Department of Physics
Cutaway drawing of the U.C.L.A. spiral ridge cvclotron. Universily Of Caliform'a
at Los Angeles

Recently, the University of California at L.os Angeles placed in operation a
50 Mev cyclotron, the first of a new generation of particle accelerators. The
new machine, like its predecessors, is being used to investigate the atomic nucle-
us, which can only be observed through its interactions with other nuclei. Such
investigations are accomplished by bombarding the nucleus with faster and
faster protons—hence the nickname “atom smasher™ for the accelerators used.

The design and construction of the new machine was supported in part by a
program of the Oftice of Naval Research and the Atomic Energy Commission.
For the past two years, ONR has provided the only outside support for the
program, and it will continue this sponsorship in the future.

Before describing the U.C.L.A. particle accelerator, a brief account of the
evolution of cyclotrons may be helpful.

Conventional Cyclotron

The original way of giving a charged particle energy was to inject the particle
into the space between two metal plates which are maintained at different elec-
trical potentials. The resulting clectrical field between the plates accelerates the
charged particle toward the plate having the charge opposite to that of the par-
ticle. The unit of energy used in nuclear phvsics — the electron volt —is the kinetic
energy that an electron would gain in being accelerated from the negative to the
positive plate, across which the difference of potental is one volt. The energy
that a proton or electron would acquire after falling across one million volts is
called a Mev. A proton cnergy of 50 Mev corresponds to a velocity of 60,000
miles per second.
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Energies of this magnitude cannot be obtained in one step. It is impossible to
hold such high voltages. E. O. Lawrence realized that protons could be acceler-
ated by passing them through the same potential repeatedly so that they would
acquire an energy corresponding to many times this potential. A repeated pas-
sage can be obtained between the poles of a magnet, where a charged particle
feels a force at right angles to the direction of motion and to the matnetic field,
so that it tends to travel in a circle (Fig. 1). The voltage is then applied to elec-
trodes, called dees, which are placed in a vacuum tank so that the particle motion
is not blocked by air molecules. An alternating voltage is used so that a proton
is accelerated twice during each revolution. The additional energy acquired at
each passage between the dees forces the particle 1o a larger radius, so that it
spirals outward. Increased velocity combines with the longer path so that the
time around is constant, and the accelerating voltage can have a constant fre-
quency. The total length of the spiral path from the center to the outside of the
magnet is often several miles, and the proton must remain continually in the
inch or so gap allowed by the dees. Therefore, the particles must be directed, or
focused, to the middle plane of the cyclotron by the use of a magnetic field which
decreases with increasing radius (conventional cyclotron, Fig. 2).

The Synchrocyclotron

The conventional approach is limited to about 200 Mev per proton by the
relativistic increase* of mass in the higher energy range. At such high energies,
part ot the energy acquired is converted to mass: consequently, the velocity does
not increase as much as it otherwise would. The particles then get out of step
relative to the applied voltage. The first success in removing this difficulty came
with the realization that the driving frequency could be decreased o allow for
the increase in mass. The frequency is modulated so that it takes one pulse of
protons from the center to the outside, and then returns for another. A machine
utilizing this technique, called a “synchrocyclotron,” can achieve high energies,
but is limited to low average beam currents, because only one group of protons
can pass through the accelerator for each frequency modulation cycle.

Under these conditions, many problems of interest to cyclotron users cannot
be approached. As is indicated in Fig. 3, an isochronous accelerator — one
whose magnetic held increases with radius so as to allow the particle to remain
in step with the applied voltage — would not tocus the particles to the median
plane, and they would be rapidly lost from the circulating beam.

Achieving Higher Energies

The first method found for obtaining higher energies and high currents used
iron wedges in the magnetic field to create alternate regions, or sectors, of high
and low field (Figures 4A and B). The particle curves more in a strong held
than in a weak field, so that the path is slightly scall()pcd‘ralhcr than circular,

*According to Einstein’s Theory of Relatinity, the inertial mass (resistance to acceleration) of an
object increases with the object’s speed. This effect becomes experimentally observable only at very
high speeds, approaching that ot hght
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Ficure 4 — The effect of placing iron wedges in the magnetic field is illustrated in these two
diagrams. Alternate regions, or sectors, of high and low field are created. “Hill” indicates a
region of high magnetic field, and “valley” indicates a region of low magnetic ficld. As a result
of this arrangement, the radial component of velocity combines with the magnetic field to give a
focusing force (F). Figure 4B provides a view in the median plane of section A-A of Figure 4A.

FicUre 5 — Spiral sector focusing. The focus-
ing force on the convex side of each sector is
stronger than the detocusing force on the
concave side, and the net focusing becomes
larger as the spiral angle increases.
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and the particle crosses the boundary between high and low fields at an angle.
The radial component of velocity combines with the magnetic field to give a
focusing force.

Later work showed that the focusing effect is increased if the sectors are
spiraled. The focusing force on the convex side of each sector is stronger than
the defocusing force on the concave side, and the net focusing gets larger as
the spiral angle increases (Fig. 5).

A third method, called alternate-gradient focusing, is based on the fact that
a particle is subjected to a larger force as it moves farther away from the median
plane. A particle passing through alternately focusing and defocusing regions,
such as at the entrance to and exit from spiral wedges, under the proper con-
ditions, will experience a net focusing toward the median plane. This focussing
is illustrated in Fig. 6.

The Spiral Ridge Cyclotron

Such developments have permitied the energies of constant-frequency cy-
clotrons to be increased considerably. Machines have been constructed which
can be operated in the range from 20 to 100 Mev, and proposals have been made
for models capable of operations at 900 Mev. These machines can be exem-
plified by the UCLA cyclotron, which was the first constant frequency cyclo-
tron to operate at relativistic energies.

The UCLA spiral-ridge cyclotron, as it is called, was built within a magnet
originally acquired for a 50 Mev synchrocyclotron. Spiral iron “shims” were
placed in the magnet gap, and the average field was made to increase with radius
by decreasing the gap between the shims so that the field is increased only in
these regions. This arrangement allowed a very small gap to occur at large radii
so that conventional 180° dees could not be used; the dees were narrowed from
a “D” shape and placed in the valieys between the shims. The two dees were
connected outside of the magnet so that they formed a resonant system which
could be made to oscillate by an ordinary transmitter tube. On page 8 is a cut-
away drawing of the machine viewed from the experimental side. The machine
operates with approximately 60 kilovolts between each dee and ground, or 120
kv dee to dee. Some of the features of the beams produced by the cyclotron are
listed on page 13.

The UCLA cyclotron is located in a vault so that the surrounding areas are
shielded by five foot thick concrete walls and fourteen inches of steel (surplus
armor plate furnished by the U.S. Navy). The shield is designed to reduce the
maximum possible radiation that could be produced in the vault to a safe level
by the time it penetrates the walls. Slits are located in the vault walls so that the
proton or neutron beams can be directed to the appropriate experimental areas.

Exploring The Atomic Nucleus

A cyclotron such as this one is basically a tool for examining the atomic nu-
cleus. After the protons are accelerated, they can be used in a number of ways
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INTERNAL BEAM:

Particle protons
Energy 50 = 3 Mev
Current 100 microamperes

EXTERNAL BEAMS:

Particle protons Particle 75% polarized protons

Energy 20 10 45 Mev Energy 30 to 50 Mev

Current One microampere Current 10° protons/cm?/sec at target
Particle Neutrons Particle 30% polarized protons

Energy 10 to 50 Mev Energy 30 to 50 Mev

Current 1.5 X 10# neutrons/cm?/sec al target Current 2 X 107 protons/cm?/sec at target

toward unraveling nature’s puzzles. The following list of experiments planned
with the UCLA machine covers almost the entire field of low energy nuclear
phvsics and demonstrates the versatility of this type of accelerator.

@ NucLEAR REACTIONS. When a very energetic proton hits a nucleus, the nu-
cleus absorbs this energy and then emits one or more particles immediately,
so that we are left with a different nucleus. A study of the number of times that
a given reaction happens and of the angular distribution of the emitted parti-
cles gives us information about the processes involved and about the nucleus
itself.

e ELasTiC SCATTERING. Sometimes the incident particle is scattered with no
energy loss. The angular distribution of scattered particles tells us about the
size and shape of the nucleus.

e ToraL Cross SEcTION. Information about the size of the nucleus can also
be obtained by observing the fraction of incident protons that undergo nuclear
reactions.

e PropucCTION OF RaDpiO1sOTOPES. The nucleus left after a nuclear reaction
often has a small amount of excess energy. This can be removed by the emis-
sion of a gamma ray or of an electron (beta decay). The study of the time of
emission of the particles and of their energies leads to knowledge of the struc-
ture of the nucleus. Radioisotopes can also be produced for use in biological
and chemical investigations.

o NEUTRON PropucTION. Most nuclear reactions produce neutrons. If a very
light nucleus, such as deuterium, is bombarded with protons, a beam of fast
neutrons is produced which can then be used in many of the same ways as a
proton beam.

® DOUBLE AND TRIPLE SCATTERING. Nuclear particles can be described as
having a spin. If an unpolarized beam of particles, whose spins are orientated
in random direction, is scattered, the particles which then move in a given direc-
tion often are polarized—a majority of them spinning in one direction. The
relative intensitics of particles moving in various directions after a second scat-
tering depends upon the polarization of the particles. Sometimes it is even de-
sirable to cause a third scattering to sce what changes of polarization were in-
troduced by the second scattering. Studies of this type help us to understand
the dependence of nuclear interaction upon the particle spin.
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® SCATTERING FROM POLARIZED TARGETS. It is possible to line up some of the
nuclear spins in a crystal at low temperature. Protons or neutrons can then be
scattered from this crystal, providing another approach to nuclear interactions.

® RADIATION DAMAGE IN SoLips. A beam of very energetic particles hitting a
material can cause a great deal of damage. Studies of this damage in semi-
conductors is of interest from many points of view and can be easily examined
with the help of the cyclotron.

The Machine’s Versatility

The versatility of the U.C.L.A. cyclotron results in part from the many ways
that the original internal protons can be used for experiments. Neutrons and
scattered protons can be produced over a considerable energy range by allow-
ing the circulating current to intercept targets placed at various radii within
the machine. The internal or external beam can be made to fall directly on a
substance for the production of radioisotopes. If these are very short lived,
they can be sent to the experimental apparatus by means of a pneumatic sys-
tem. A very nice beam of protons can be obtained ‘externally by accelerating
negative hydrogen ions to a desired energy and then stripping the two elec-
trons off in a thin foil: the remaining protons curve out of the magnetic field
so that they can be directed to the desired apparatus. All of the features of this
cyclotron indicate the great increase of research potential inherent in the new
generation of high current, constant frequency cyclotrons.

Guiding Missile Weapons by TV — Continued from Page 2

assimilating many millions of bits of information, just which elements in the
visual field, displayed electronically on a TV monitor scope, are responsible for
recognition stimuli are not 'known.

The initial phase of this study program is nearing completion. Sufficient runs
have been conducted on the simulator, utilizing Naval pilots from Pt. Mugu,
California, to obtain the basic information to establish the criteria for further
and broader coverage of research on the guidance of missiles during terminal
flight. Some factors which initially were believed to be significant have shown
themselves, in the simulator tests, to have little effect on an operator’s ability to
recognize targets. However, additional trade-offs in system-design parameters
have begun to appear which were not anticipated at the outset of the program
and, in some instances, opportunities for simplifying design are now becoming
evident.

These studies of fundamental factors influencing the human operator’s ability
to control effectively the terminal phase of a missile’s flight have provided in-
formation on the requirements for adequate control, and these can now be in-
corporated in system design. With this work as a background, comprehensive
design parameters can now be provided that will permit the orderly develop-
ment of future missile systems employing electro-optical terminal-guidance
mechanisms.
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The machine’s oxygen-driven engine is mounted on a platform supported by
a post rising from an aluminum base. When the machine is to be used, the com-
pletely assembled, sterile package is unwrapped and attached to the engine
block by merely adjusting two screws. Three short plastic tubes are then slipped
into place. They supply oxygen pressure to the pumps and to the surge chamber.

A stationary glass cylinder houses a slightly smaller, rotatable stainless steel
cylinder. Inside the latter is a nest of open-ended stainless steel cylinders and
then a closed-end cylinder. When the outermost stainless steel cylinder rotates,
the other cylinders roll on each other in an attempt to remain in the lowest pos-
sible position in response to gravity. Thus, although the blood level may be low,
all surfaces become filmed with blood.

Blood from the oxygenator Hows through a metal valve into a blood pump,
inside which is a silicone rubber tube 1-1/8-inch in diameter and 8 inches long.
Oxygen under pressure enters the space between the tube and its metal housing.
Blood is expelled through a valve at the other end of the tube. A surge chamber,
similar to the tube except that it has no valves, softens the blood’s pulsations.
A gauge on the engine block shows the rise and fall in pressure in the surge
chamber.

After the machine has been used, everything that came in contact with the
blood (oxygenator, pumps, surge chamber, and piping) is cleaned and complete-
ly reassembled. The equipment is wrapped, sterilized and remains in that con-
dition until needed.

When the machine is needed again, it is charged with sterile saline, then with
blood. A special float valve brings the system to an even keel. Venous blood
enters the oxygenator by gravity. Inside the stationary cylinder, rotation causes
the other cylinders to dip into this pool of blood, where they are filmed. Oxygen-
ation can be increased by increasing the number of cylinders or the rate of
rotation.

The blood goes from the oxygenator down through a U-tube and up through
the pump’s inlet valve. This gravity-controlled valve can be opened only by a
head of liquid of 8 inches or more. Thus air cannot enter the pump so there is
no need for a large supply of blood to be stored in the oxygenator.

The blood flows through the pump’s outlet valve to a surge chamber. This
compartment has a filter, an outlet at the top to release air bubbles, and an out-
let at the bottom through which blood flows to the patient. During each cycle ot
the pump, a pressure gauge registers systolic and diastolic pressures.

Two small air pumps, called coronary suckers, are located in the engine block.
They siphon leakage blood from the operating area and deliver it to the oxy-
genator.

In charge of the research was Dr. Samuel C. Collins, Department of Mechani-
cal Engineering of the Massachusetts Institute of Technology. The machine was
built at MI'T's Cryogenic Engineering Laboratory. Dr. Ernest M. Barsamian
assisted Dr. Collins on the project. In addition to ONR, the National Institutes
of Health and the Massachusetts Heart Association provided support for the
research. Laboratory and clinical tests were conducted at the Sears Surgical
Laboratories and the Harvard Surgical Service at Boston City Hospital.

A by-product of this research program was the development of a new infusion
pump for use in chemotherapy. This pump is already being produced and used.
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the test period, observations were made of the physiological states of the men,
as well as of visual acuity, color perception, auditory abilities, voice communica-
ton, and psychomotor phenomena. The capacity of the men to talk intelligibly
to each other under the influence of helium for long periods was a subject of
considerable interest. As has long been recognized, the breathing of helium
changes the sound of a person’s voice, raising its timbre and creating what is
familiarly known as a “Donald Duck” effect. In an MRL report on this subject,
Dr. Russell L.. Sergeant, of the Laboratory’s Acoustics Branch, observed that the
subjects experienced difficulty understanding each other’s speech during the
first two days, but that by the fourth day they had adapted their voices to some
extent to the breathing medium and were able to communicate more easily.

The Phase D experiments of GENESIS I were performed in April of this
vear at the Experimental Diving Unit, Washington, D.C. This time the subjects
were three chief petty officers from the Escape Training Tank at the New
London Submarine Base. They lived in a two-section chamber, breathing an
artificial atmosphere composed largely of helium. The men’s only regular con-
tact with the outside was via a couple of tiny, thick glass ports, and over an
“intercom” system. The chamber included a “dry” compartment, 12 feet long
and 6 feet high. This room was linked by a passageway to a cylindrical “wet”
room, 10 feet in diameter and 18 feet deep, filled partly with water. The men
could drop into the “wet” room to swim underwater and do special energy-
consuming work under the chamber pressure, which was roughly equal to four
times normal atmosphere, or to that existing under 100 feet of sea water. In
the “dry” room, they underwent a continuous series of medical and psychologi-
cal tests similar to those of Phase C. Most of their food was canned, but they did
not have to eat it straight from the container as the tank was equipped with a
stove and refrigerator. Fans kept the air circulating at a comfortable tempera-
ture. Reading matter and games were supplied for recreation.

Phase E is expected to conclude the project’s series of laboratory tests involv-
ing humans. Plans now call for the next experiments —operational testing —to
take place at ONR’s Research tower Argus Island, located near Bermuda, next
May or June. At that time, teams will live in a pressurized habitation —actually
a Texas Tower survival capsule — 180 feet below the surface of the ocean (see
inside front cover). The capsule is now being modified for this use at the U.S.
Submarine Base. The men will work on specific projects, returning to the pres-
surized tank at night. The teams that completed the recent laboratory tests are
expected to be the first of several small groups to conduct the experiment off
Bermuda. CAPT Bond has reported that information now available gives every
indication the undersea tests will be carried out safely.

Approximately 75 percent of the earth’s surtace is covered with ocean water.
Of this submerged land, 14 percent lies at a depth of 600 teet or less. From the
water covering these shelf areas comes a yearly harvest of fish and other forms of
marine life that feed many people. On the ocean floor at these relatively shallow
depths are vast stores of vital materials —concentrated mineral deposits, petro-
leum deposits, and 20 percent of the fresh water stores of the earth. To date,
man’s efforts to retrieve these riches have been sporadic, very limited, and
rather clumsy. It is hoped that GENESIS I and the investigatons which are sure
to stem from it will help toward achieving a fuller utilization of the underwater
world’s vast potentialities.
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get the gas into a plasma state, it must be heated to an extremely high tempera-
ture. The heating is done by magnetic compression —squeezing the gas in an
intensely strong magnetic field. The magnetic envelope also keeps the white-hot
plasma away from the fragile walls of a quartz shock tube.

The essential features of the invention are pre-heating and pre-ionizing of
the gas in an evacuated chamber by a high-current discharge into a coil about
the chamber. An axial magnetic field is produced in the ionized gas, then a
second magnetic field is produced thereby “trapping™ the first field, com-
pressing the ionized gas, and raising its temperature.

The device has aroused considerable interest as a producer of high gas tem-
peratures, as an X-ray source, and as a neutron source.

Firing Artillery by Compressed Air

Until the idea behind Patent No. 3,088,225 was developed, men learning to
fire artillery pieces used live or blank ammunition, with the result that artillery
training was a rather expensive procedure, and seomtimes even a dangerous
one. Recently, Mr. E. Henry Amistadi of the Naval Training Device Center,
Port Washington, N.Y., was granted Patent No. 3,088,225 covering a system for
firing projectiles from artillery pieces by compressed air. Mr. Amistadi’s inven-
tion, called “Subcaliber Howitzer Trainer,” consists basically of a cylinder of
compressed air, which is secured to the operational gun barrel.

While operating a gun equipped with the compressed air cylinder, trainees
follow the same procedures they would follow before firing an operational gun.
They estimate the range of the target, make adjustments to the artillery piece
in elevation and azimuth, and select the power increment or charge number
required to hit the target. Dummy cartridges or powder bags and a dummy
projectile are then loaded and rammed into the breech of the gun. After calcu-
lating the air pressure required to shoot the range, the gun is fired.

The use of compressed air in this way is providing realistic training for artil-
lery recruits as well as increasing the margin of safety during practice sessions.

Escaping a Submarine Beneath the Sea

In the past, when a submarine was disabled bencath the sea and had to be
abandoned, each crew member made his escape by means of a life jacket and a

deep breath of air taken just before departing the escape lock. Unfortunately,
by this method, a man could not count on making it ts the surface without
coughing or choking —if there happened to be either smoke or chlorine gas in
the escape lock at the time he took his final breath —or without exhaling at the
proper rate, which could cause air embolism or drowning.

When LCDR Harris E. Steinke, Director of the Submarine Escape Training
Tank at the Submarine Base, New London, Conn., designed an “Escape Appar-
atus” that avoided these problems (NavaL ReseaRcH Reviews, May 1961),
trapped submariners were cnabled, literally, to “breathe easy,” on the way up
and reach the surface with little danger. Last March 12, Patent No. 3,080,586
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was issued to LCDR Steinke to cover his invention, which is actually a modifi-
cation of the submarine life jacket or preserver previously in use. The life jacket
is provided with a hood which encloses the wearer's head. By means of a passage
and a valve, air in the jacket, which expands as the submariner ascends, is pro-
gressively released into the hood to provide a stream of fresh air in that enclo-
sure, thus enabling the wearer to breathe normally during his escape.

The “Escape Apparatus” has now been adopted as standard equipment
aboard submarines. Currently, more than 15,000 are being purchased by the
Navy.

The Tandem Propeller

In “Propeller of Promise,” a story which appeared in a recent issue of Navar
RESEARCH REVIEws, the author, CDR F. R. Haselton of Undersea Programs,
Office of Naval Research, describes a unique method for driving submarines.
The system, which he originated, involves the use of a pair of propellers that
completely encircle the ship’s hull—one forward and the other aft. As the pro-
pellers rotate in opposite directions to each other and have variable-pitch
blades, they give to the submarine a degree of maneuverability not previously
possible.

By regulating the two propeller motors and the pitch of the blades, an opera-
tor can cause the submarine to ascend or descend while the ship is in a hori-
zontal attitude, to move forward in the same manner as a conventional subma-
rine, to back up, drive sideways, roll, turn in any direction without moving
forward at the same time, and even to stand on its “tail.” The system is de-
scribed in greater detail in NavaL RESEArRcH REVIEwS, Feb. 1963.

On August 29, the original grant of U.S. Patent No. 3,101,066, covering the
basic concepts of the tandem propeller system, was presented to CDR Haselton
by RADM L. D. Coates, Chief of Naval Research. Through issuance of the
patent, broad protection has been afforded the Government in an area of con-
siderable importance to the National defense.

WORLD DIRECTORY OF HYDROBIOLOGICAL INSTITUTIONS

Compilation of the WORLD DIRECTORY OF HYDROBIOLOGICAL AND FISHERIES INSTITUTIONS, a guide to
organizations around the world that are working in these fields, was completed last July. The publica-
tion was prepared with support from the Office of Naval Research.

The task of compiling information on the world's hydrobiological and fisheries institutions was
begun in 1959 by the Directory’s editor, Dr. Robert W. Hiatt, Dean for Research, University of Hawaii.
Previously, Dr. Hiatt prepared the only other directory of this kind, which concerned North America.
This compilation, which has now been superseded, was also sponsored by ONR.

The new directory contains more than 700 major entries, which include reports on the scope of activ-
ities, season and area of operation, and facilities of each institution. It can be obtained from the AIBS,
2000 P Street., N.-W., Washington, D.C., 20036, at the price of $9.00 per copy.
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Electronics Computers Seminar

The first Research Reserve Seminar on Electronic Computers was held at
A&M College of Texas, College Station, Texas, from August 25 to September 7.
The seminar was sponsored by the Office of Naval Research in conjunction with
the college and Naval Reserve Research Company 8-3, College Station.

The seminar was attended by 53 officers of the Navy, Army, and Air Force
Reserves. Forty-two attendees were Naval reservists (including one on extended
active duty), seven were Army reservists, and four were Air Force reservists.
Nineteen states were represented. The administrative staff for the seminar was
composed of two officers and one enlisted man.

The seminar was opened by CAPT R. H. Ballinger, USNR, who served as
Commandant’s Representative and seminar administrator. The keynote ad-
dress was made by CAPT W. E. Berg, USN, Assistant Chief of Research,
Office of Naval Research. CAPT Berg pointed out that the importance of elec-
tronic computers to the Navy is illustrated by the fact that almost every major
weapon and piece of equipment in the Navy needs a reliable electronic nervous
system for its operation. He discussed projects being conducted by the Office
of Naval Research for the application of computers to various tasks.

CDR B. C. Moore, USNR, served as seminar chairman and chief instructor.
The seminar was conducted as a working session. The participants were given
instruction in FORTRAN programming and were assigned problems for which
they wrote programs, which were compiled and run on the IBM 709 of the
University’s Data Processing Center. In addition to the instruction and work-
shops on programming, a wide variety of special topics and computer applica-
tions was presented. Special topics included random numbers, simulation, game
theory, linear programming, PERT, and impact of computers on statistics.
Applications of computers to artillery fire, supply and inventory problems,
t, industrial operations, and scientific research were presented by
authoritative speakers from Fort Huachuca, Arizona; Tinker Air Force Base,
Oklahoma; faculty members of Texas A&M University; and industry. Partici-
pants were encouraged to write programs on their own subjects of interest, and
many of them did so. These programs were also compiled and run. The Uni-
versity's Data Processing Center provided both facilities and personnel for the
support of the seminar.

A field trip to Houston, Texas, included visits to the computer facilities of the
NASA Manned Spacecraft Center and to a commercial computer facility.

On the last day, Miss Eleanor F. Kehoe (CDR, USNR), from the Office of the
Special Assistant for Research Reserve, Office of Naval Research, discussed the
Naval Research Reserve Program. A critique of the seminar followed. Partici-
pants had previously written programs compiling statistics on the group and the
group’s evaluation of the seminar. The latter showed enthusiasm for the semi-
nar and a strong recommendation that this training session be continued in the
future.
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National Commanding Officers Conference

On Wednesday, September 11, representatives of 104 Research Reserve
Companies arrived in New Orleans from all parts of the United States for the
National Research Reserve Commanding Ofhcers Conference. Also attending
were Reserve Assistants of ONR Branch Ofhices and representatives of ONR
Washington. Host of the conference was RADM C. H. Lyman, USN, Comman-
dant, Eighth Naval District. Excellent administrative services were provided
by two members of the staff of Headquarters, Eighth Naval District— CDR V. S.
Radlinski, USNR, coordinator, and CDR G. A. Fuderer, USNR, Research Re-
serve Program Ofhcer. Serving ably as seminar coordinator for ONR was
LCDR Idas W. Lohman, USNR, a member of NRRC 8-1, New Orleans. Con-
ference meetings were held at Headquarters, Eighth Naval District, and ofhcers
were billeted at either the BOQ or the Hotel Montelone in New Orleans.

CAPT J. W. Jockusch, Jr., USNR, Commanding Officer, Office of Naval Re-
search Branch Ofhce, San Francisco, was the official representative of the
Chief of Naval Research at the conference. CAPT Jockusch, formerly Special
Assistant for Research Reserve, presided over the preliminary meeting of
Reserve Assistants on Wednesday afternoon; this meeting was held prior to
convening of the Commanding Ofhcers Conference.

The conference convened at 10 A.M. on Thursday, September 12, with an
invocation by CAPT S. B. Bennett, USN, District Chaplain. CAPT H. C. Spicer,
Jr., USN, Chief of Staff, Eighth Naval District, welcomed the conferees on be-
half of the Commandant. The mayor of New Orleans, Mr. V. H. Schiro, pro-
claimed the week of the conference “Naval Reserve Research Week.” On behalf
of the mayor, Mr. W. Robert, Executive Assistant to the mayor, presented the
proclamation and a key to the city of New Orleans to CAPT Jockush.

The welcome of RADM L. D. Coates, USN, Chief of Naval Research, as well
as a paper “Research Builds the Navy of the Future” were read for him, because
circumstances prevented him being there in person. A presentation on sea
power by LT Robert L. Willard, USNR, a member of Public Relations Company.
concluded the morning session.

The afternoon session was opened with a Keynote Address by CAPT Jockusch
who needed no introduction because he is well-known to the Research Reserve
Program. The remainder of the afternoon was devoted to a panel discussion
of recruiting by all Reserve Assistants, which included lively participation of
the other conferces. A “happy hour” and buftet dinner concluded the day’s
session on a pleasant note.

Sbeakers from the ONR Ofhces discussed the following topics: Personnel
Matters, Training Pn;gram of the Research Reserve, Scientific and Technical
Studies by the Research Reserve, Naval Reserve Group Commander Concept.
and the Naval Reserve Manpower Center at Bainbridge and Its Effect on Mobili-
zation Planning for Research Reserve. Mr. ]J. O. Richardson, Head, Contract
Administration Department, ONR Chicago, made a most informative presenta-
tion on “Contract Administration.” CDR 1. A. Fossberg, USNR, a member of
NRRC 8-1, New Orleans, discussed an interesting subject, “Some Psychological
Aspects of Brain Washing.” With members of the NASA Michoud Operations in
New Orleans, the conferees were privileged to hear Mr. James Stamy, Deputy
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