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While an enormous scientific program currently is being focused on
the conquest of outer space, a much smaller—but vigorous —research
effort has been initiated to explore another relatively unknown frontier
adjacent to our coastline. This rich frontier area is the vast underwater
portion of the earth’s surface known as the Continental Shelf. An
exploding world population combined with dwindling economic resources
make essential the exploration and development of this underwater
world.

Two approaches to such exploration are being pursued. The first
approach is that of the underwater submersible; the second that of
the *‘free’ diver in the ocean. This paper will deal with the communica-
tion problems related to the free diver, Man-in-the-Sea. The development
of reliable diving gear and self-contained underwater breathing apparatus
has permitted man to extend briefly his explorations into the uppermost
few hundred feet of the earth’s lakes and oceans. Prolonged excursions
to even greater depths will soon become common. Such forays may be
for: scientific, military, economic, or recreational purposes.

Whatever the purpose of an underwater expedition there is the need
for voice communication among individuals comprising the diving
teams as well as the support groups on the surface (3,8,20,26). The
need for communication is particularly urgent in submerged environ-
ments where visibility is substantially limited, and where minor equip-
ment malfunctions can prove fatal, and where dangerous predators
or enemy divers may be part of the milieu.

While hundreds of research papers and many symposia have been
acdressed to questions related to marine bioacoustics, little is known
about man’s ability to communicate underwater. Hence, there is need
to obtain comprehensive data concerning the communication problems
of the Man-in-the-Sea; however, to do this one must consider the unique
difficulties imposed upon communication by a fluid environment. In
air, humans communicate both by written and spoken language, including
gestures and facial expression. In water, however, gestures and facial
expressions dwindle markedly due to curtailed visual contact, and the
use of a number of life support devices such as regulators and masks.
Writing is extremely limited as a method of underwater communication
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with the support of the Office of Naval Research and the Deep Submer-
gence Systems Program. This program is focused on a number of areas
of investigation. The first relates to the study of man’s ability to produce
intelligible speech under the constraints he encounters as a diver. The
second is the study of man’s auditory reception underwater. A third
area of investigation concerns underwater speech propagation and the
various effects of bottom-surface and thermocline wave guide channels,
distance, filtering, masking and other distorting underwater character-
istics on speech intelligibility. The fourth area focuses on the analysis
and appraisal of various types of underwater communicators and habitat
communication systems. In the habitat, of course, the emphasis is on
the evaluation of electronic systems that reduce speech distortion
resulting from exotic gas breathing mixtures usually experienced in
these diving conditions. Another part of this area is the analysis and
appraisal of divers’ voice communications systems.

Studies of Diver’s Speech Production

This major program of research is directed toward the problems
related to the ability of free divers to produce intelligible speech under-
water especially when encumbered by breathing apparatus. The research
studies are:

* investigations of speech intelligibility as related to ambient pres-
sures;

* regulator back pressures;

e constriction of the articulators;

¢ the addition (and removal) of cavities to the vocal tract; and

¢ the efficiency of the various types of compensatory speech modes.

These studies must be both basic and yet be relevant to diver applica-
tion. Consider the effects on speech intelligibility when an external
“‘cavity’’ to the vocal tract, such as a face mask, is added. In this regard,
research is being carried out in order to estimate the ideal size and
configuration of such a cavity. Data abstracted from the laws governing
the resonance characteristics of such cavities and from phonetic theories
of speech production will be used to provide predictions of the size
and configurations of the cavities optimal for intelligible speech. Later,
actual prototype units will be built. These units will include the con-
straints imposed upon such cavities by the nature of respiratory phys-
iology and the total configuration needed to provide a good seal over the
facial structures. Empirical research then would be utilized to discover
which of these muzzles most closely approaches the ideal. Additional
investigations of speech production which are presently being carried
out are those to assess the efficiency of available regulator bits, muzzles,
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discover just what speech sounds are most affected by the milieu, as
well as obtaining an index of a general speech intelligibility level. It
has been determined that speech intelligibility is reduced as a result
of depth and the HeO. mixture. At 600 feet for example, speech in-
telligibility levels are around 20 percent (14). Subjects for most of these
studies are Sealab-3 aquanauts in training.

A final series of investigations in the ‘“‘speech’ category have resulted
in the development of special underwater speech testing methods
which allow a more sophisticated assessment of speech production
under all diving conditions as well as in more efficient evaluation of
certain electronic systems designed to improve speech intelligibility
among divers. For example, the results of a number of studies on the
nature of speech testing materials allowed the construction of a *‘profile”
test based on a combination of phonemically balanced words, rhyming
words, vowels, and synthetic sentences. The “‘profile” approach may
allow a more precise definition of the specific speech problems under
investigation (15).

Reception of Speech

A second major research area focuses on the accumulation of informa-
tion concerning the hearing of divers underwater (11,22,24,25,30).

Auditory acuity for both pure tones and speech are included in the
study (4,5). The ability of submerged divers to understand speech
(diver’s speech discrimination) has also been evaluated (5). The param-
eters explored here have included auditory acuity as a function of:
depth (6), the contents (HeO; or air) of the middle ear, ambient pressure,
and contents (water or air) of the external auditory meatus (17). Gen-
erally, the findings have demonstrated that: ambient pressure alone has
little or no effect on hearing acuity; immersing the head in water creates
a substantial hearing loss; and underwater hearing probably is accom-
plished by bone conduction. However, it has been found that if the speech
signal is intense enough to hear, there appears to be little if any disrup-
tion of normal speech discrimination.

A second series of studies in the area of underwater hearing function
is designed to investigate sound localization. It would seem that there
would be very little sound localization ability underwater for human
subjects (1,2). This idea is reasonable due to the increased speed of
sound in fluid; the fact that sound can be readily transmitted to the
cochlea directly through the skull, and the impedance mismatch between
the water and the skull itself is relatively low. However, investigations
on underwater sound localization reveal that divers often make sur-
prisingly accurate identifications of an underwater sound source (12).
In fact, all subjects used in our studies were able to perform at levels
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provide efficient transmission under idealized conditions, it makes
little sense to evaluate it initially under more severe conditions, such
as in the open sea, over long distances. Appropriate methodologies
have been developed, and evaluations of most available commercial
and military underwater communication systems have been carried out
with respect to both diver-to-surface and diver-to-diver links (16,18).
These evaluations have been concerned with determining speech
intelligibility levels as well as the error matrices which depict listener
responses in such a manner that the phonemes and phoneme classes
most affected by the distorting factors are identified. These studies
essentially have demonstrated that while some promising units are
now available, none as yet can provide a totally acceptable communica-
tion link.

An important area of research on speech transmission must include
devices often referred to as ‘““Helium Speech Unscramblers.” These
systems attempt to process the grossly unintelligible speech resuilting
from the effects of helium-oxygen breathing mixtures and ambient
pressure and reconstruct such signals in order to provide adequate
oral communication. A number of such systems are available and have
been tested (15). A preliminary evaluation protocol has been developed
based on speech material spoken by divers under a variety of environ-
mental conditions: at a number of ambient pressures, in different HeO,
mixtures, and in underwater habitats as well as among individuals
swimming in the sea. Included in these tests are samples of highly
intelligible speech, low intelligible speech, and noisy environments.
These off-line evaluations of HeO. unscramblers obtain measures of
both overall and subtest intelligibility levels, as well as structuring
the data analysis in order to identify those speech sounds that are most
affected. The unscramblers evaluated to date provide substantial im-
provement in speech intelligibility, but this is not enough to allow for
easy communication, especially with divers at great depths. A study is
now in progress by which “‘unscrambler’’ units used in conjunction with
Sealab-3 are being evaluated on-line (see Figure 6) and eventually at
Sealab-3.

Development of Specialized Instrumentation

Many of the investigations in the four areas of diver-to-diver research
described above require precision instrumentation similar to that used
in speech communication conducted in air. Research design must allow
for experimental control of subject position, stimulus presentation,
and subject response.

Dr. Hollien has directed the development of two such systems (13), a
Diver Communication Research System (DICORS) and a Diver Audito-
ry Localization System (DALS). A group of divers may be seen in the
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Oceans as a Source of Carbon Monoxide

Evidence that the oceans may be a source of carbon monoxide (CO) for the atmosphere
has recently been uncovered during field experiments performed by scientists of the
Naval Research Laboratory. Previous theory indicated that the oceans might be a sink.
rather than a source, since more man-made carbon monoxide is being produced annually
than is being retained by the atmosphere.

Dr. V. J. Linnenbom, Dr. J. W. Swinnerton, and Mr. R. A. Lamontagne of NRL have
released results of research indicating that the surface waters of the deep ocean are super-
saturated with CO vis-a-vis the partial pressure of this gas in the atmosphere. This evidence
suggests that there may be a net transport of CO molecules from the ocean into the atmo-
sphere across the air-sea boundary. Calculations from these measurements also suggest
that the oceans are possibly the greatest natural source of this pollutant with a capability
for providing up to 10% of the amount annually added to the atmosphere by man.

The investigations were conducted at two sites in the tropical Atlantic, one, east of
Trinidad and the other, east of Barbados. Atmospheric and seawater samples were taken
every two hours at each station for twenty-four hours. The analyses were performed aboard
ship in a specially equipped chemical laboratory by means of an improved gas chromatog-
raphy technique developed by the scientists. The method is based on the conversion of
carbon monoxide to methane, a light hydrocarbon which is more readily measured by the
system than CO.

Samples were also analyzed for methane, a common atmospheric pollutant derived
from the decomposition of organic matter. The results indicated that methane in the surface
waters is generally in equilibrium in respect to methane in the atmosphere. in contrast
to the situation prevailing with carbon monoxide.

(Continued on Page 30)
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Plague

Daniel M. Eisler
Naval Biological Laboratory
Oakland, California

Plague, a disastrous evil or affliction, caused by the bacterium Pasteur-
ella pestis (P. pestis), has been a recognized and feared entity the
past two millennia. The disruption of social and economic life by war
and famine, and changes in the ecology of rodents and man, has led
to outbreaks of plague in which millions of people have died with re-
sulting drastic changes in the patterns of civilized life. Plague’s malig-
nancies have induced a descriptive literature, as well as somber records
in the annals of the graveyard. Some outstanding examples are found in
Hecker's account of the effects of plague on life and civilization in the
Middle Ages, and in MacArthur's report on plague in England. Defoe’s
famous “‘Journal of the Plague Years™ was a fabrication designed from
records and hearsay about events in London. A flight from an epidemic
afforded Boccacio the device of congregating the refugees who whiled
away with fanciful tales. During World War 11, there were epidemics
of plague across North Africa. In our time, therefore, Camus in *‘Plague™
gives a philosophic account of a make-believe outbreak in Oran in 194-
and of human reactions in the struggle for survival. Of more immediate
concern in our time has been the sizeable plague outbreak in Vietnam.

The disease, primarily one of rodents, is passed to man by flea bites.
In common with other infections, the causative organism was unknown
until the advent of adequate technology and scientific judgment in the
late nineties and the early years of this century. Kitasato and, indepen-
dntly, Yersin found the causative agent in cadavers during an epidemic
in Hong Kong in 1894. The latter investigator also found Pasteurellu
pestis in rats in the same year, thus substantiating the hitherto suspected
relation between epidemic mortality in rats and plague in humans.
In 1887 Ogata “‘produced plague in mice by injecting an emulsion of
crushed fleas taken from a plague-infested rat.” Independently, Simond
(1898) confirmed the finding. The interrelationship of the rodent and
the flea in the genesis of epidemics was verified by many subsequent
investigators who provided knowledge required for control in many
instances. Modern control by vaccination, according to Wu Lien Teh.
was initiated by the work of Yersin, Calmette and Borrel in 1895 and in
1896 by Haffkine.

The United States has known epidemics of both bubonic and pneu-
monic forms of plague in its seaport cities of Seattle, San Francisco.
New Orleans, Los Angeles and San Diego among others, and these
were traceable to sources outside of North America. Enzootic plague
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composition of the aerosol to which the animal is exposed, one must
know the volume of aerosol inhaled by the animals, the duration of
exposure and weight of the animal. Not all organisms may be retained
in the lungs; some are exhaled and some are swallowed and lost as a
result of ciliary action in the large bronchi and trachea. Special measure-
ments were therefore made to determine the retention of radioactivity
tagged P. pestis in the lungs of exposed animals. The studies showed a
27% retention. This value was considered more accurate than one ob-
tained by cell enumeration from crushed infected tissue. _

One of the earliest studies at NBL was a complete description of
gross and histopathological changes in infected lungs and other organs
of animals (Figure 4). In general, findings were similar to pathognomonic
changes in human pneumonic plague.

The relationship between dose of P. pestis and subsequent mortality,
or dose of P. pestis vaccine and protection against challenge was deter-
mined as part of studies on the experimental epidemiology of respiratory
infections. A special statistical process was developed for this purpose
at NBL. The results of investigation at other laboratories could be
conveniently compared with those obtained at NBL. Standardized
treatment of dose-mortality relationships were possible from experiment
to experiment.

Since large numbers of mice have been required for a host of prob-
lems, a colony was established at NBL in 1943. The NAMRU mouse
was bred from a plague susceptible albino-black cross originally main-
tained at the George Williams Hooper Foundation for Medical Research
in San Francisco. In addition, a Hartley strain guinea pig colony was
established in 1967 to provide animals for current projects.

Many strains of P. pestis were isolated from world-wide human
cases. It was necessary to preserve them, as nearly as possible, with
their original virulence, biochemical characteristics, morphology and
viability. Investigations at NBL, defined the conditions under which
these properties could best be preserved by lyophilization (freeze
dried in a vacuum); NBL scientists designed a manifold type of lyophili-
zation apparatus and defined detailed data on the techniques of pres-
ervation. About 120 strains of P. pestis were lyophilized. Over the past
ten years, about a dozen were recovered from the lyophilized form and
these retained their virulence for mice and guinea pigs and were readily
adaptable for day-to-day laboratory use.

The aerosol studies were accompanied by supportive investigations
of the biochemistry and nutrition of P. pestis. Investigators formulated
several chemically defined media which were used for production of
highly concentrated suspensions of P. pestis. The chief ingredients
included such diverse materials as purified amino acids on the one
hand, to fish hydrolysate syrup on the other. All requirements for the
production of P. pestis for laboratory studies were satisfied.
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The biochemists were occupied with problems of intrinsic academic
as well as applied interests. Thus—the degree of catalase activity of
P. pestis was tentatively correlated with virulence of the organism:
the mammalian hormone insulin was found to accelerate glucose oxida-
tion by P. pestis . the validity of the inclusion of amino acids, in synthetic
media was established, and the inhibitory effects of organ extracts and
component fatty acids on gluconate metabolism were observed.

The period following World War Il was marked by varied interests
in plague research at NBL as well as in laboratories throughout the
world. A number of people were engaged in problems of particular
interest to themselves. Emphases were on host response to infection
and toxicity, the pathology of bubonic and pneumonic plague; and
immunity in laboratory animals. The many studies included within these
categories are pertinent to attempts to immunize humans against bubonic
and pneumonic forms of plague.

Mechanisms by which P. pestis kills the host and by which the host
defends itself have been studied. The organism produces a toxin which
kills the untreated host. Studies in rats given purified toxin showed
vital changes in heart action, respiration, and blood volume. After the
injection of toxin there ensued a series of physiological changes. phys-
iological compensating mechanisms arose, and final respiratory and
circulatory failure was induced by the direct action of toxin on pen-
pheral vascular elements.

There have been several studies relative to immunity to plague in
laboratory animals. One series was concerned with the response of the
normal and immunized host to pneumonic plague. A most important
clearing mechanism was ascribed to activity of cilia of the nasal and
bronchiolar mucosa: chemical interference with this function resulted
in enhanced parenteral dispersion of P. pestis and hastened fatality.
In this series of studies phagocytosis, so important in survival in other
infections, was shown to have relatively little effect on the outcome.
Interference by blockade of phagocytic cells of immunized animals
with inert chemicals did not result in measurable decrease of immunity.
In other studies, the vaccinated and therefore resistant mouse was
shown to be possess of an undefined localization factor which confined
P. pestis to the lung, resulting in recovery of the infected animal.

The capabilities of NBL were extended by the development of a
well-designed unit to infect monkeys by aerosol. Safe procedures with
highly excitable subjects were guaranteed to the sober investigators.
Monkeys (Macaca mulata) were exposed to large numbers of P. pestis.
The mortality was lower than expected and gross and histopathological
examinations revealed chronic pneumonic plague in which fully virulent
P. pestis was present in fewer numbers than in the lungs of nonsurvivors.
The results hinted at a partial natural immunity in this species. The
possibility of chronic pneumonic plague and human carriers is perhaps
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far-fetched but still of interest as an aftermath of epidemic. Further
studies with monkeys showed that both vaccinated and control animals
were equally susceptible to challenge even with concomitant strep-
tomycin therapy. Living avirulent organisms, a killed vaccine and a
chemical extract, Fraction IB, were equally ineffective in producing
significant protection against aerosols containing P. pestis. All of which
suggests that confidence in plague vaccines may be misplaced.

With the advent of hostilities in Vietnam, there was a renewed interest
in plague; in 1965 and 1966 many cases were reported among the civ-
ilians. Protection of our military personnel became important, and,
in addition to environmental control, a vaccination program was in-
stituted. The manufactures of the Plague Vaccine in the U.S. were
charged by the Division of Biologics Standards of the National In-
stitutes of Health to maintain standards of sterility, afebrility and immu-
nogenicity. Acting as an arm of DBS, the Naval Biological Laboratory
has been testing many lots of vaccine to insure that the standards have
been met. This work has been in progress since September 1965. In
addition to the assays in mice, numerous problems attendant on varia-
tions in techniques, stability of reference standards, problems in immu-
nizing different types and strains of animals have arisen. Problems of
more basic nature have also arisen and are under investigation. Thus the
immunogenicity of vaccines prepared by selective inactivation of vital
enzymes has been compared with those prepared by conventional
methods, and in general, may be proved superior, especially against
pneumonic plague in mice.

These, then, are the chief contributions to the study of plague at
NBL since about 1945. While the main outstanding achievements have
been in the development of techniques for aerosol studies, there have
been other contributions in the biochemistry, physiology and immu-
nology of plague. Their nature has been determined largely by the
interests of a diverse group of investigators. It is to be expected that
work with plague will continue because of the ever present interest
attending an organism so profoundly important in human epidemiology.

Dr. Cleeton Presented Navy’s Highest Honorary Award

Dr. Claud E. Cleeton. who recently retired after 34 years of service with the Naval Research Labora-
tory. has been awarded the Navy's Distinguished Civilian Service Award.

Dr. Cleeton was presented the award for his conception and formulation of the basic principles of
the Mark XII Secure Identification System. The citation read in part: *“through his foresight and personal
efforts, the Mark XII program was originated and directed toward its present adoption by the Depart-
ment of Defense for implementation and use in our military forces.”

Prior to his retirement on October 31, 1969 Dr. Cleeton was Associate Director of Research for
Electronics at NRL where he was highly regarded in the field of microwave spectroscopy. As Associate
Director of Research, he was responsible for five Electronic Divisions of the Laboratory including
Applications Research, Electronics, Radar, Communications Sciences, and Electronic Warfare.
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Skyhook

CDR W. R. Wilson, USN
Office of Naval Research

The Navy’s Skyhook program has passed another scientific milestone.
The completion of the 1969 flight series at Churchill Research Range
(CRR) in Northern Manitoba, Canada, marked the tenth successful
year of high-altitude balloon-borne research from that location. Since
Skyhook is virtually world-wide in scope, each operation is named
for the geographic location from which the flights are conducted. Thus.
Skyhook Churchill, may be added to the list which includes Skyhook:
Panama, India, Australia, Iceland, Minneapolis. and Sioux Falls.

Background

The Skyhook Churchill Program originated in 1959 when five sci-
entific experiments were flown on rather small polyethylene balloons.
Subsequent years have seen an increasing number of scientists partici-
pating in the program and great technological advances developed in
response to demands from the scientific community. Also, there have
been considerable changes in the management of the range during this
period. The original organization of the Canadian Defense Research
Northern Laboratory which was under military control has shifted to
the present civilian management of the Churchill Research Range
(CRR) which was officially established in 1962. General managment of
CRR was assumed by the National Research Council of Canada in
1965 and continues under the joint funding of that agency and NASA.
The CRR directorship is occupied by Dr. J. H. Brandy of NRC.

Flight Operations

The Skyhook Churchill 1969 field program began 13 June which is
slightly earlier than the traditional commencement date. The starting
time was established by scientific considerations since the first payload
was required to be in the stratosphere coincident with the OGO-F
satellite polar passage. These particular flights had all data recorded
on-board; thus recovery was absolutely essential. The same scientific
group conducted additional flights with instrumentation which measured
the spectra of cosmic ray positrons and electrons. These flights were
more complex than normal since data were collected at the highest
attainable altitude. then the balloon system was ‘“‘valved down™ to a
lower specified altitude for the duration of the flight. Generally, *“*valving™
commands were given from the command center at CRR and elec-
tronically monitored at both the command center and the down-range
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stand alone in the spotlight of efficiency because two additional pay-
loads —from previous years operations —were also recovered.

Highlights

Skyhook Churchill 1969 provided some unique occurrences in the
field of high altitude research. It was the first time at CRR a 15 million
cubic foot balloon was flown. The balloon was a single-cell model made
by Winzen Research, Incorporated, and it performed flawlessly. Another
unique requirement generated by the 1969 flight series was the complex
logistics support required for a newly devised super-cooled magnet.
For the first time it was essential to provide 1500 liters of liquid helium
for the payload. Special air-freight arrangements were made by the
ONR Field Office, Minneapolis, which assured the desired support in
a timely manner. '

The Skyhook Churchill 1969 program is complete; twenty successful
fights flown; one balloon failure; twenty-two payloads recovered and
1 wealth of high-altitude research data gathered.

New Ship for NRL Scientists

A new Oceanographic Research Vessel, (T-AGOR-16) which is expected to be a great
mprovement over those presently employed, is being constructed for use by Naval Re-
earch Laboratory scientists.

The ship, under construction by Todd Shipyards Corporation, Seattle, Washington,
vill be a catamaran (twin-hull) design which provides for increased capabilities. The
‘essel is being constructed in modules which are expected to be assembled on the ways
eginning in December 1969.

The area developed in the new vessel for laboratories and scientific space, is more than
ouble that of other existing oceanographic research vessels. The catamaran design permits

large increase in open-deck work areas and the wide beam gives the ship more stability
han other AGORS. The catamaran design includes a large center well between the two
ulls for scientific gear streaming, both forward and aft. This also would allow the handling

f deep-research vehicles such as “‘mini-subs,” at the center point of minimum ship motion.
’he extensive separation of the hulls results in large separation of the controllable-re-
ersible-pitch propellers insuring excellent maneuverability at slow speeds which is nec-
ssary to scientific investigations.

When the ship is delivered and fully equipped it is expected to be used by some 30 Naval
esearch Laboratory scientists and operated by the Military Sea Transportation Service.
Jthough the T-AGOR-16 will be home ported in New York, N.Y. it will often return
» the Washington Navy Yard harbor for loading and unloading scientific data and equip-
ient.

The Naval Research Laboratory uses three other oceanographic research vessels,
hich are operated by the Military Sea Transportation Service in exploring the ocean’s
awvironment. The new ship will be used in investigations of the ocean on a world-wide
1sis in both the Atlantic and Pacific waters.

Construction of the T-AGOR-16 was authorized as the third catamaran design in the
avy's ship-building program. The first two catamarans which are slightly larger than
e T-AGOR-16, are the auxiliary submarine rescue ships. ASR’s. one of which has been
unched.
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Research Notes
Navy Studies Possible New Form of Water

The discovery of what may be a new form of water chemically identical to ordinan
water but with dramatically different properties has stimulated research on this compound
by the Navy.

Studies of the nature and structure of this apparent anomalous form of water have
been recently initiated by the Office of Naval Research.

“Polywater,” as the substance has been named by one group of scientists, is formed b:
carefully controlled condensation of water vapor in tiny quartz capillary tubes a few
microns in diameter. A Russian scientist was the first to discover that water so formed has
little resemblance to ordinary water, and independent experiments conducted in England
and the United States confirmed this observation.

Although all the polywater produced up to now would not cover the head of a pirn.
ingenious measurements indicate that it appears to be about 40 percent denser and about
20 times as viscous as ordinary water. At a temperature of —50 degrees centigrade it doe:
not freeze but turns into a glass-like material. Further, it fails to decompose even when
subjected to temperatures high enough to melt lead.

So far scientists have been unable to explain polywater in terms of known chemical-
physical processes. Its structure hints that it is a water polymer—many water molecule:
bound together in a long chain or sheets. This accounts for the name *“polywater.™

In the United States, investigations in this field were spurred by a symposium sponsore.
by the Office of Naval Research in February 1969 devoted to a discussion of gener:!
anomalies of water. One purpose of the gathering was to determine what was known about
polywater and what were the chances that it is actually a new form of water.

Although ONR feels that this fact remains to be established, it is pursuing research on
this phenomenon because of potential broad Navy applications in oceanography. mete-
orology and biology as well as in chemistry and physics. As part of an ONR-supported
program dealing with liquid structure in general, contracts were recently awarded to the
University of Miami and the University of Missouri at Rolla.

The immediate objectives of the research there are to produce a couple of milliliters
(a thimbleful) of the substance to analyze its structures and properties. It is also hoped to
determine the role of solid surfaces in the production of this kind of substance. For ex-
ample, if the surface of the quartz capillaries is instrumental in the formation of polywater.
the phenomenon will help to understand the catalytic role of surfaces in condensation and
other surface-influenced processes such as boiling and corrosion.

If polywater turns out to be a stable compound, it may be found naturally in such diverse
places as ocean sediments, in clays, and dispersed in fuels and lubricants as well as ir
clouds, fog and ice in the atmosphere.

Polywater could lead to a better understanding of ocean sediments and beach processes.
and it could be a critical factor in programs of weather prediction and modification. The
properties of polywater may also make it an excellent medium for moderating nuclear
reactors.

Launching an Aerobee Rocket

Recently an Aerobee rocket, instrumented by the Naval Research Laboratory with
the assistance of the Ball Brothers Research Corporation of Boulder, Colorado. was
launched from the White Sands Missile Range. The launching was timed to coincide
with a solar flare which was detected a few moments before, nearing its peak intensity
These flares cause disturbances (solar storms) in the earth’s ionosphere that prevent cam-
ing on world-wide conversations by radio.
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The mission of the rocket was to record the short wavelength ultraviolet and near x-ray
emissions from the flare and to send back to earth a moving picture of the flare’s appearance
in these rays by means of a new type of television system. These findings will help reveal
what a solar flare is. Because flares are so short-lived and unpredictable, a rocket launching
requires split-second timing and perfect coordination. Solar storms, like tornadoes. appear
without warning. Their effect on the earth is to bombard with x-rays the upper atmosphere,
which screens life on earth from the lethal rays. When the atmosphere absorbs the x-rays.
it changes character. Its mirror-like ionospheric layers move down and stop serving earth
as a relay station for radio transmissions.

The detection of the flare was the work of many solar observatories, all reporting by
direct telephone to the Space Disturbance Center of ESSA at Boulder, Colorado. Some
seconds after the first report. the ESSA watchers sent warning that a flare had started to
the rocket launch at White Sands. At once the word was passed to the NASA engineers
and the Navy officer in charge to commence the final three-minute countdown, and to
alert the entire U.S. Army missile range to go into action. Tracking radars were swung
into position to follow the rocket at the moment of launch, and large dish antennas were
aimed at the rocket's tiny TV transmitter.

Three minutes after first detection of the flare the rocket was launched; two minutes
later it had climbed above the earth’s atmosphere, and observations of the flare began.
The instruments were turned to point precisely and steadily at the sun by means of a three
axis control system developed by the NASA Ames Research Center and Lockheed. The
photographic instrument commenced its picture taking, and the TV transmission began.
When the rocket reached its peak altitude of 124 miles and began falling back toward the
earth, a parachute opened and brought the highly valued instruments down to the desert
sands.

The instruments in the rocket were half-scale models of two of the large telescopes
being prepared by the Naval Research Laboratory and Ball Brothers Research Corp. for
the Marshall Space Flight Center of NASA, to fly in the first manned space station. They
will form a part of the collection of instruments to be carried in the Apollo Telescope
Mount, which will be joined to the orbital workshop in which the astronauts will live.
The whole cluster will be placed in earth orbit in 1972.

The extreme ultraviolet TV system is first of a kind. Not only is it the first TV system
ever to be operated in a small sounding rocket. but it is also the first TV system that is able
to view the sun in the mysterious region between the ultraviolet and x-rays, which cannot
be seen except from 100 miles or more up. The TV pick-up tube was an ultrasensitive
secondary emission conduction vidicon. made by Westinghouse, with its window coated
with quaterphenyl. a substance that converts ultraviolet and x-rays into ordinary blue
light which the tube can see. The picture was sent to ground by the rocket’s 10-watt UHF
band transmitter, and received by large dish antennas on the desert floor, some 100 miles
underneath.

This is a prototype of the closed loop TV system that will be a part of the Apollo Tele-
scope Mount, and will show the astronaut just what is happening on the sun in ultraviolet
and x-rays. With this image in front of him. he will be able to point powerful telescopes
and spectrographs at exactly the spots on the sun where he sees the strange regions which
are producing x-rays.

New Cosmic-Ray Detector

Naval Research Laboratory scientists have developed a new balloon-payload apparatus
that promises to yield important clues to the sources of cosmic rays. The new telescope,
designed to detect cosmic gamma rays was developed in NRL's Laboratory for Cosmic
Ray Physics, headed by Dr. Maurice M. Shapiro.

27

Google



Original from
UMNIVERSITY OF MICHIGAN

Digitized by Google

91b00bh-pd#asn ssadde/6103sninyiey mmm//:diy / paznibip-916009 ‘urewoq dlqnd
00¥T1686T0STO6E dpw/LZ0Z/ARUdIpURY |PY//:dNY / LIND 9€:9T TO-0T-T10Z U0 (3led 963|100 ‘puelhie J0 AJISISAIUN) JSGUISW 104 PRIRIDUSD



Original from
UMNIVERSITY OF MICHIGAN

Digitized by Google

91b00bh-pd#asn ssadde/6103sninyiey mmm//:diy / paznibip-916009 ‘urewoq dlqnd
00¥T1686T0STO6E dpw/LZ0Z/ARUdIpURY |PY//:dNY / LIND 9€:9T TO-0T-T10Z U0 (3led 963|100 ‘puelhie J0 AJISISAIUN) JSGUISW 104 PRIRIDUSD



NRRC 5-2

The theme for the fall schedule of NRRC 5-2, Blacksburg, Virginia
is environmental pollution. Lt. W. J. Kennedy, USNR, Commanding
Officer, started the series of lectures with a report of the Navy's program
to convert from black oil to residual fuel; a conversion partly aimed at
reducing air pollution. Other lecture topics were: the legal steps that
can be taken against water pollutors, the question of measuring water
pollution, land pollution and what can be done about it, political aspects
of pollution, and the disruption to ecological systems caused by pollu-
tion. Material for the winter program will be centered around applica-
tions of probability theory. Lecture titles will be: Modeling of Educa-
tional Systems, Modeling of Police Budget Processes, and GERT
(Graphical Evaluation and Review Technique).

NRRC 9-10

RADM T. B. Owen, USN, Chief of Naval Research announced that
this year’s winner of the Research Reserve Award for General Excel-
lence was NRRC 9-10, Evanston, Illinois, commanded by CDR Benedict
J. Jaskoski, USNR. The award is given to the most outstanding Research
Reserve Company out of a total of 87. The Commandants of the 10
Naval Districts each choose one company from his district; from these
10 choices the panel picks a winner.

Members of the panel commented favorably on the records of the
other companies entered in the competition. These companies and
their Commanding Officers for Fiscal Year 1969 are:

1-1 Boston, Massachusetts CDR Charles F. Davis, USNR
3-14 Poughkeepsie, New York CDR Richard J. Messina, USNR

4-4 State College, Pa. LT John D. Sink, USNR

5-4 Baltimore, Maryland LCDR John M. Backer, USNR
6-17 Huntsville, Alabama LCDR Alfred R. Morse, USNR
8-3 College Station, Texas LCDR Robert M. Olson, USNR
11-5 San Diego, Calif. LCDR Craig R. Allen, USNR
12-3 Stanford, Calif. LCDR Hugh M. Satterlee, USNR
13-1 Seattle, Wash. CDR Albert S. Hanson, USNR

(Continued from Page 13)

The nighttime and daytime concentrations of these two gases in the surface waters
and the atmosphere were studied. While no diurnal effect was observed in the measurements
of natural methane, the CO concentration in the surface water increased tenfold between
4 AM and 4 PM, although the atmospheric concentrations remained relatively constant.
The cause of this diurnal cycling of CO in seawater is probably related to biological activity
and/or photochemical reactions in the upper layers of the ocean.
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Continued from Page 28)

The new detecting instrument, which was only recently completed, consists of a unique
uray of detectors. These include plastic scintillators, nuclear emulsions, a novel type of
vide-gap spark chamber and a Cerenkov detector. It has been designed to provide good
ingular and energy resolution for gamma rays of 20 to 120 million electron volts. In this
'nergy region, the NRL team hoped to detect a higher flux, and to obtain spectral informa-
ion that would show how the cosmic gamma rays are produced.

The final results of the balloon package investigation will not be known for some time,
iccording to the NRL physicists, because it will take months to explore the results from
he telescope’s memory system.

The Laboratory for Cosmic Ray Physics at NRL has been widely recognized for its
:ontributions to our knowledge of the composition of cosmic rays, and for its earlier
liscoveries in elementary-particle physics.

NAVAL RESEARCH |REVIEWS publishes highlights of research conducted by

Navy laboratories and contractors and describes important naval experimental facilities. Manu-
scripts submitted for publication, correspondence concerning prospective articles. and changes
of address, should be directed to Code 109, Office of Naval Research, Washington, D.C., 20360.
Requests for subscriptions should be directed to the Superintendent of Documents, U.S. Govern-
ment Printing Office, Washington, D.C., 20402. Subscription price: $1.75 per year in the U.S.
and Canada; $2.25 per year, foreign; $0.20 per individual copy. The issuance of this periodical

approved in accordance with Dept. of the Navy publications and printing regulations.

Editor: WILLIAM J. LESCURE
Associate Editors:
T. B. DOWD, ONR BOSTON
L. A. WHITE, ONR CHICAGO
1. ROWE, ONR NEW YORK
E. GLOYE, ONR PASADENA
P. MILLER, ONR SAN FRANCISCO
J- DE LAUNAY, NAVAL RESEARCH LABORATORY

Google

NAVSO P-510



IN THIS ISSUE VOL. 1001, NO. 12

A Research Program in Diver Communication .............. ....HARRY HOLLIEN |
GILBERT TOLHURST

In order to answer fundamental questions about diver communication. it is mandatory to
acquire basic knowledge about the factors that limit or allow man 10 converse underwater.
Such a program has been started at the University of Florida with the support of ONR.

PlagUE. ...t re e e e e DANIEL M. EISLER 14

For many years the Naval Biolagicc;l Laboratory has conducted studies on plague. Even
though the main achievemenis have been in techniques for aerosol studies. there have been
contributions in the biochemistry, physiology, and immunology of plague.

SKYROOK. ..... ..o icei vt rreen e e e reenaanan CDR W. R. WILSON 2

The Skyhook Churchill 1969 program is complete. There were twenty successful balloon
flights, and twenty-two payloads were recovered. A wealth of high-altitude research data
was gathered.

ReESEArCh NOUES ......ooviniiiiiiiiiiii ittt ettt e reeeeneeeannans 2%
On the Naval Research ReSeIVe ...........coovviiiiiiiiiiiiiiiiiriiiiianaseaaseraans by ]
Indexes for 1969 ............c.ccoiiiiiiiiiiiiiiii ceveeeees k)|

DICORS, fully equipped for speech .intelligibility test recordings, being lowered in:c
position at Rainbow Springs, Florida. See Page 1.
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