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COVER PHOTO: The balloon being released by this aerologist on
a carrier vessel in the Pacific represents only one phase of the
Navy’s around-the-clock, around-the-world activities ingathering
and disseminating weather information. Not only ships but shore
stations as well participate in this vital task. At the same time,
scientific methods are constantly being sought to improve the
accuracy of the forecasts obtained. Some research of this type
is described in “An Aerologist Puts an Ear to the Ground”, on
pp. 26 to 30 of this issue.
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California’s Laboratory
Above the Clouds

by
Nello Pace and S. F. Cook
University of California, Berkeley

As Alice in Wonderland would have put it, scientists are becoming
“curiouser and curiouser” about the regions above the earth’s surface.
This is probably the result of the huge advances made in the past half-
century in man’s ability to send men and equipment higher and higher.
Soaring planes and electronically guided rockets have torn aside the
barriers that once made the sky a romantic mystery, and the new acces-
sibility of its “wide open spaces” has prodded men of science to ask a
thousand questions about it. What is the composition of the atmosphere
at great distances from the earth’s surface? What kind of radioactive
particles does it contain? What are the effects of the temperatures and
pressures encountered on animals, humans and plants?

Some of the information sought has definite military or other
practical applications. Some, on the other hand, is of interest solely as
fundamental scientific fact, helpful in guiding manto abetter understand -
ing of the universe in which he lives. In either case, the establishment
of a new high-altitude research laboratory is a development of very
great importance.

Within the past two years ONR has been instrumental in making
available a much-needed new year-round, high-altitude research facility
for scientists of the United States. This laboratory, open to any investi-
gator interested in the problems of high altitude, is located in the White
Mountains of central California near the eastern edge of the state, 200
miles from San Francisco.

Access may be had to the White Mountains by way of Westgard Pass
from the little town of Big Pine on the Owens Valley floor (4000 feet
above sea level!). A paved road leads from Big Pine through Westgard
Pass over into Nevada in the region of Tonopah, Goldfield and Lida—
names that recall legends of gold and desert thirst. At the summit of
the pass, 13 miles from Big Pine, a good dirt road branches off to the
north and winds upward for 30-odd miles along the crest of the White
Mountains to an altitude of 13,200 feet and just short of White Mountain
Peak itself (at 14,246 feet). Although extension of the road to the top of
the peak is quite practical, it has not yet been done.

Nello Pace, Associate Professor of Physiology at the University of Cali-
fornia in Berkeley, is Project Director of ONR Unit Number One there.
Formerly he headed the Physiology Facility at the Naval Medical
Research Institute in Bethesda, Md.

S.F. Cook was formerly a member of the Donner Laboratory Aero-
Medical Unit at the University of California, where he is now Professor
of Physiology. He is conducting ONR-sponsored research onburn shock.
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The road was built in 1948 by the Bureau of Ordnance’s Naval
Ordnance Test Station at Inyokern, and a laboratory installation erected
at an elevation of 10,500 feet. This installation is located on the head-
waters of Crooked Creek in the lee of Campito Mountain,an 11,500 -foot
peak, about 20 miles north of Westgard Pass on the White Mountain
Road. The installation consists of a wooden frame building which serves
as living quarters and a Quonset hut which houses a weather station and
provides laboratory space. At present, a colony of laboratory rats and
mice is also located in the Quonset.

Although the original installation was used for classified work by
NOTS, it was soon made available to outside investigators for high-
altitude research. Thus, in 1949, investigators (led by Dr. Carl D.
Anderson under an ONR contract with the California Institute of Tech-
nology) discovered the important and still-mysterious V-particles in
cosmic radiation. During that same summer Professors R. B. Brode
and W, B. Fretter, under ONR contract with the University of California,
also made extensive cosmic-ray studies.

A full year’s data on relative atmospheric purity of the White
Mountain Station was obtained by Dr. Fritz Zwicky of the California
Institute of Technology under an ONR contract in 1943. A comparison
of these data with similar data from Sacramento Peak in New Mexico
and from Climax, Colorado was made by Dr. Walter Orr Roberts,
Superintendent of the High Altitude Observatory of Harvard University
and the University of Colorado, and it was clear that the White Moun-
tains are definitely the superior sitefor solar coronal research, although
both the other sites are very satisfactory. In the fall of 1949, the White
Mountain Station was turned over temporarily to two groups of investi-
gators working under government contracts. One of these groups, com-
prised of scientists from the University of California at Los Angeles
and led by Professors L. P. Delsasso and R. W. Leonard, conducted
extensive experiments onthe velocity of sound under various conditions.

Thus for the first two years of its existence the White Mountain
Station was used exclusively for physical research in a wide variety of
fields. During this time, the authors had been seeking a suitable location
for investigating the problems of adaptation to high altitudes in animals
and man. Although higher altitudes existed in the region of Mt. Whitney
(elevation, 14,495 feet) in the Sierra Nevada, the White Mountains pos-
sessed marked advantages from the point of view of year-round acces-
sibility and relative gentleness of terrain. Accordingly, plans were
formulated for the construction of another installation some nine miles
north of the Crooked Creek quarters, and 2,000 feet higher, onthe slopes
of an unnamed peak just south of White Mountain Peak itself. The peak
chosen, reaching 13,023 feet above sea level, has now been officially
named Mt. Barcroft in honor of Sir Joseph Barcroft, the British physi-
ologist who pioneered in high -altitude physiology. Manyfactors influenced
the selection of Mt. Barcroft as the site for the second installation, but
the chief ones were the presence of an adequate water supply and the
matter of protection from the prevailing westerly winds of the region.

In the summer of 1950, the entire Crooked Creek installation was
transferred to the cognizance of ONR, and operation of the Station was
delegated by contract to the University of California at Berkeley in the
fall of 1950. This arrangement is still in effect. Thus the Crooked Creek
installation has been kept in continuous operation for over three years.
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In the course of the summer, 14 graduate students in physiology,
two Ph.D.’s, and three physiologists at the professional level (led by
Robert B.Choate, a professional engineer), had learned about road blast-
ing, concrete-concocting and Quonset hut assembly under the very try-
ing conditions of cold and low oxygen encountered at 12,500 feet above
sea level. At this altitude, physical exertion becomes difficult, and the
very reason for establishing an installation here operates against those
constructing it. Moreover, a pronounced mental depression developed
in most individuals after a few days, which made it difficult to continue
the effort, but continue it they did. Consequently there are now some
two-score physiologists who have a far keener appreciation of the prob-
lems faced by man at altitude than do their “flatlander” colleagues.!

A rather humorous and very fortunate incident occurred during
the construction work,which illustrates how adversity may sometimes
be turned to advantage. Early in July, when excavation for foundations
was begun, the same difficulty that beset Mr. Blanding in building his
dream house was encountered--the continual seepage of water into the
excavation. It was believed that this was caused by snow melting on
the flank of Mt. Barcroft. When the snow was all melted and gone by
the end of August,however, the seepage continued. It had been originally
intended to pump water for the building from a spring several hundred
yards away, but instead, a well-driller was persuaded to bring in his
rig and a well 30 feet deep was installed right beside the building. It
continues to supply water at this writing, in the dead of winter. 1t is,
possibly, the highest well in the United States, and a much less costly
water system than the one originally planned.

Both the Mt. Barcroft and the Crooked Creek quarters boast hot
and cold running water and modern plumbing of the indoor wvariety.
Heat is provided by oil stoves,and electric power by Diesel generators.
There are two generators at each installation capable of producing 25
kva of 60-cycle AC at 220 volts and all the buildings are wired with
standard 110-volt, 60-cycle, AC outlets. In addition, there are several
smaller auxiliary generators available for field workor emergency use.

Both installations are provided with short-wave transmitters and
receivers,and daily radio communication is maintained with the Univer-
sity of California at Berkeley and NOTS, Inyokern to provide weather
reports. In addition, a telephone land line connects the Crooked Creek
quarters with the Bishop telephone exchange.

The entire White Mountain Range lies within the Inyo National
Forest, and Special Use Permits have been issued by the U.S. Forest
Service to allow the construction of the Crooked Creek quarters at
10,500 feet and the White Mountain Road. A slightly different arrange-
ment is in effect with the Forest Service for the Mt. Barcroft installa-
tion at 12,500 feet. In this case, a cooperative agreement has been

Iconsiderable assistance was rendered by various Naval facilities
in central California in the form of loans of mechanized equipment of
all sorts. Great help was also received from the San Francisco Branch
of the ONR in making the necessary arrangements. The continuing
interest and material assistance of Mr. C. L. D'Ooge and Dr. H. W.
Hunter of NOTS, Inyokern was also an integral part of the success of
the entire project.
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formulated betweenthe Forest Service and the ONR under whichan area
of 20 square miles has been set aside for purposes of high-altitude
research. This area not only includes the Mt. Barcroft site and White
Mountain Peak itself, but also is essentially all above 11,000 feet.
Furthermore, the terrain is quite gentle with mild to moderate slopes
interspersed with numerous broad, flat, grassy alpine meadows. The
whole area is of course above timber-line, and in character resembles
an altiplano of the Andes.

Because the White Mountainslie just eastof the Sierra Nevada, the
moisture-laden prevailing westerly winds coming off the Pacific lose
most of their water on the latter and as a result a yearly total of only
about ten inches of water fall on the White Mountains. Of this, about
one-third falls as rain during the summer months and the other
two-thirds as snow in the winter. The latter represents a total snow-
fall of about 100 inches. While the limited precipitation results in a
semi-arid environment, it also determines a very marked advantage
of the White Mountains as a site for a high-altitude station in that
year-round access is possible. The snowfall is, of course, moderately
large but can be coped with, and in comparison with other high-altitude
regions of the United States it is far less.

Continuous weather observations have been taken at the Crooked
Creek site for over three years, and similar observations have just
been started at the Mt. Barcroft site. The coldest recorded tempera-
ture at Crooked Creek was -19° Fahrenheit. Although this is not as
low a temperature as that found on other parts of the earth, the mercury
commonly hovers in the vicinity of zero for days at a time during the
winter months. The maximum summer temperature has been consist-
ently in the low 70’s with 73°F the highest recorded. During July and
August the temperature does not fall below freezing at night. The rela-
tive humidity fluctuates from about 40 percent in the summer to about
60 percent in the winter, and wind velocities up to 50 knots average for
one hour havebeen recorded during the winter months. The barometric
pressure exhibits a regular and rather large cyclic variation over the
year. The monthly average pressure falls from a value of about 515
mm Hg in the summer to approximately 506 mm Hg in the winter,
which represents a change of about 500 feet in equivalent altitude.

It has been no surprise to find that weather conditions are more
severe at the higher White Mountain Station. The limited observations
made thus far at the Mt. Barcroft laboratory indicate that the air tem-
peratures are quite consistently about 10° F lower than those at Crooked
Creek. Moreover, higher wind velocities are encountered; an average
one-hour velocity of 71 knots has already been logged.

The meteorological conditions over the White Mountains appear
to be unique. Within the past year or two, it has been discovered that
a tremendous updraft exists here, and the town of Bishop in the Owens
Valley has become the glider capital of the world. All previous altitude
records for gliders have been broken recently,and flights to 45,000 feet
have become almost commonplace.

Two maintenance crews, each consisting of two men, live at both
the Crooked Creek and Mt. Barcroft quarters throughout the year. The
Operations Manager is Mr.Jack Rose. A rotation plan is in effect under
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which each man works twenty days and then is off for five; thus, there
are four men in residence at all times. It is seldom that they cannot
get into Big Pine or Bishop at least once a week for mail and fresh
food. Between storms the road is usuallykept clear of snow witha bull-
dozer, but two snow weasels are also a very important part of the
Station equipment.

The duties of the crews are varied and on a 24-hour-a-day basis.
In addition to the routine care of the laboratory animal colony and
weather observations three times daily,there is a never -ending stream
of maintenance and repair problems on the mechanical equipment,
together with the task of completing the construction at both installa -
tions. In the winter there is the additional burden of snow-clearing,
and in the summer of road maintenance and improvement. Then there
are the sporadic visits of the “flatlanders” — scientists who arrive to
work. While all visitors share in the cooking and k.p. duties, the
arrival of eager investigators always means time diverted from the
basic maintenance effort. The Station exists solely for them, however,
and their needs must be served.

Both the biological and the physical sciences are represented in
the research being conducted or planned at White Mountain. In general,
the biological research is concerned with the effects of low oxygen and
low temperatures on living organisms, and with what kinds of adapta-
tions the organisms can make in combating these environmental
extremes. More specifically, experiments are being carried out on the
acclimatization of man and laboratory animals, and parallel observa-
tions are being made on the native species which have successfully
adapted themselves to the extreme conditions over many generations.

The experimental colony of pure-strain laboratory rats and mice
was established over a year ago, so that successive generations of these
animals may be compared for adaptive changes with the same strains
kept at sea level. The native fauna above 10,000 feet include numerous
marmots, ground squirrels, deer mice, meadow mice, coneys, snowshoe
rabbits, jackrabbits, coyotes, a few mountain lions, deer, wild horses
and bighorn sheep. An extensive bird population is also found at these
higher altitudes, and a conservative estimate places the number of plant
species occurring above the timber-line at least at 500, many of them
yet to be described. Thus an amazingly varied native population is
available for comparative studies.

The purpose of these researches is to obtain information on how
acclimatization of man to these environmental extremes might be has -
tened or even induced artificially, an objective of great importance in
aviation and in cold-weather or alpine operations of either military
or civilian nature.

Related experiments are being planned on the effects of cold and
low oxygen ondomestic stock animals. The broad objective in this case
is of economic as wellas of fundamental importance in that much of the
marginal land of the United States suitable for grazing and farming lies
above 5,000 feet., In order to utilize this land more effectively it is
essential toknow and make allowance for the effects of altitude upon the
stock animals involved.

Google



Original from
UNIVERSITY OF CALIFORNIA

Digitized by Google

91b00bh-pd#asn ssadde/6103sninyiey mmm//:diy / paznibip-916009 ‘urewoq dlqnd
G102L9d$'1oN/L202/ARu d|puey’|py//:d1ly / LIND TZ:6T €1-80-GT0Z UO (dled 263(|0D ‘puelhiel Jo AJSISAIUN) JOqUISW 10} pajeIBUDD



Free-Piston Engines

A. L. London
Stanford University

The Navy, more than any other organization — military or com-
mercial — has a vital interest in the development of a wide variety of
engines for the conversion of thermal energy (from fuel combustion or
nuclear fission) to mechanical work. Such prime mover systems are
employed not only for ship and aircraft propulsion, but also for air-
and water-borne guided missiles, and for drives of numerous
auxiliaries such as electrical generators, air compressors, and fire
pumps.

No one type of engine canbest serve this multitude of applications.
For this reason the Navy has always encouraged not only the use of
existing prime movers in new applications - for example, the diesel
for submarine propulsion — but, what is possibly of greater long-range
importance, has pushed new and revolutionary systems such as the gas
turbine plant and the atomic -powered submarine.

One of these revolutionary prime movers is the free-piston engine.
This system, in one of its several variations, may ultimately supplant
the conventional diesel as a main propulsion plant for the smaller Naval
surface ships and submarines, or for auxiliary electrical generator
service on the larger combat vessels. In other variations it may
replace, to some extent, electric-motor-driven air compressors, which
are used in substantial numbers on the larger surface ships and
submarines.

A free-piston machine (see Figure 1) consists essentially of an
opposed-piston two-stroke diesel driving a reciprocating air compressor.
The reciprocating work derived from the diesel pistons is used directly
to provide the compressor piston work requirement, without the inter -
mediary of the two crank mechanisms employed inthe conventional sys -
tem, wherein the reciprocating work of the diesel engine is converted
to rotary shaft work by the engine crank, and then back to reciprocating
work for the compressor by the compressor crank.

Consider specifically the free-pistondiesel compressor described
schematically in Figure 1la. On the outwardor power-stroke of the pis -
tons, air is compressed in both the compressor and the “bounce”
cylinders. From the compressor cylinder the high-pressure air is
delivered to the “load”. The air compressed in the bounce cylinder,
however, remains there to provide the energy required for the return of

A.L. London, Professor of Mechanical Engineering, Stanford Univer-
sity, is Supervisor of ONR-sponsored research on convective heat
transfer and the thermodynamic-dynamics aspects of free-piston
machines. As a Lieutenant Commander (USNR) on active duty at the
Bureau of Ships, 1943-46, he worked on new developments in propulsion
machinery.
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This is just one of several possible cylinder configurations for a
single stage of compression. Other alternatives include: (a) the use of
air, compressed in the clearance space of the compressor cylinder, to
provide the return stroke energy instead of a separate bounce cylinder;
and (b) the use of several stages of compression with intercooling, in
order to realize pressure ratios greater than 7:1. Inanydesign, how-
ever, it is important that the right- and left-hand piston assem-
blies have essentially equal mass.

It is to be noted, too, that the stroke length is not limited by the
kinematics of a crank, but rather by the compression of the gases within
the cylinders. Piston movements are not completely free, however, as
the two piston assemblies are linked by a synchronizing mechanism
which insures exactly opposed motion. Unlike the crank, though, only
negligible amounts of power have to be transmitted by this linkage.

In contrast to the air-compressor system, Figure 1b is a sche-
matic description of a free-piston, gas-generator turbine engine. On
the out -stroke, all the work done by the combustion gases on the diesel
pistons goes into compressing air in the bounce cylinder. Then, on the
in-stroke, this stored energy in the bounce cylinder is employed to
deliver compressed air, at four to eight times atmospheric pressure,
to the diesel cylinder. As a consequence of this high “supercharge”,
the diesel exhausts at a high back pressure, about 10 - 15 percent lower
than the charge pressure. The resulting high-pressure, hot exhaust is
then employed in a gas turbine to produce shaft work. In principle this
prime mover system has a better fuel economy than the modern diesel,
which has the lowest specific fuel consumption (lbs/hr per unit of power
output) of all heat-power systems now known. Effectively,thermodynamic
performance equivalent to that of a 40:1 compression ratio, internal-
combustion engine can be obtained. Sucha high compressionratio cannot
be designed into crank engines, because load limitations in connecting-
rod and crank-shaft bearings preclude compression ratios above 8:1 for
gasoline and 16:1 for diesel systems. Moreover, crank engines with
compression ratios even approaching these limiting values need expen-
sive fuels, highly refined and with suppressor additives such as Ethyl
Fluid.

Two variations of free-piston systems have been described: (a)
the diesel -compressor system for producing compressed air for pneu-
matic purposes; and (b) the gas generator system for producing “power
gas” for a gas turbine. A third variation, representing a combination
of these two, consists of a diesel compressor (Figure 1a),a combustion
chamber, and a gasturbine. Atmospheric air is compressedin the com-
pressor, heated in the combustion chamber, and then delivered to the
turbine for the production of shaft work. This system has a fuel economy
better than that of the simple gas turbine system but poorer than the
gas-generator -turbine engine of Figure 1b. It does not, however, involve
the development problems of the latter system and appears to be capable
of much earlier general usage—for example, in a small boat or a truck
power plant.

The most notable mechanical features of free-piston systems in
general are: (a) constructional simplicity arising from the absence of

cranks and associated bearings; (b) essentially vibration-free operation
provided by the opposed-piston, crankless design; and (c) reduced
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Figure 6. A schematic representation of the “gas™ spring-mass nature
of free-piston machines. The thermodynamic processes of the gases
with the cylinders establish the character of the gas springs.

contrast, for the free-piston engine, the absence of the crank results in
a “spring-mass” system (Figure 6) which operates at a “natural fre-
quency”, or speed, established by the mass of the piston assemblies and
the nature of the “gas springs” within the various cylinders. Conse-
quently, the thermodynamic considerations, which fix the character of
the gas springs, cannot be separated from the dynamic considerations,
even in preliminary design calculations. Moreover, in a crank-engine
system the volumetric compression ratio is fixed, while in the free-
piston system it varies as the piston stroke length changes with load.

For these reasons one of the first objectives of the Stanford-ONR
free-piston project was to outline a procedure for the thermodynamic-
dynamic design of such engines and to prepare several illustrative
designs of compressor and gas generators.

In the free-piston compressor variation (Figure la) the combus-
tion rate per unit of diesel cylinder volume is comparable in magnitude
to conventional crank, two-stroke diesel engines. Consequently the cyl-
inder heat transfer intensities are not severe and the associated cylinder
wall lubrication and ring wear problems pose no more difficulties than
in current engines. In contrast, for the gas generator system (Figure 1b)
the combustion rate, and consequently the cylinder heat transfer inten-
sities, increase roughly in proportion to the supercharge pressure level
— a factor of from four to eight-fold compared to conventional engines.
The associated lubrication and ring wear problems may prove to bea
serious hindrance to the development of gas generators operating at the
higher pressures resulting from, for example, an 8:1 as compared toa
4:1 supercharge ratio.
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In the SIGMA gas generator of Figure 4, the pressure ratio is just
4:1 at maximum load. For these conditions the diesel combustion occurs
with a larger amount of excess air, which reduces the gas temperatures
sufficiently so that in spite of higher gas density (due to the 4:1 super-
charge) the cylinder wall heat transfer intensities are not excessive.
Nevertheless, as the fuel economyfor the gas generator-turbine system
is improved by operation at higher pressures, future developments will
probably carry into the region where heat transfer problems may prove
to be a limiting consideration. As a consequence, a theoretical study
of heat transfer in highly supercharged engines is one of the objectives
of this research project.

There are other problems which need investigation. Although the
fuel injection timing requirements of free-pistonengines are essentially
conventional, proper injection timing must be obtained by other than con-
ventional means, because of lack of a continuously rotating shaft to drive
a fuel-pump. Another problem involves the fact that the control of a
single gas generator is affected by changing the fuel pumpdelivery as in
a conventional diesel. However, when gas generators are used in par-
allel to obtain increased capacity, as described in Figure 4 (where two
units supply a single gas turbine) the gas generators have to be operated
out of phase in order to smooth out the flow to the turbine and to mini-
mize the pressure fluctuations at the gas generator discharge. Reflec-
tions of these pulsations back through the engine and compressor valves
may cause serious malfunctioning of the system.

Reorganization of

Human Resources Division

In line with a recent reorganization within ONR's Re-
search Group, the Human Resources Division is now desig-~
nated the Psychological Sciences Division. The Division,
with Dr. J. W. Macmillan as Director (Code 450) will con-
sist of three branches as follows:

Human Relations Branch
Dr. H. E. Page, Head (Code 452)

Physiological Psychology Branch
Dr. William Berry, Acting Head (Code 454)

Personnel and Training Branch
Miss Marguerite L. Young, Acting Head (Code 458)

Dr. Ralph M. Hogan, the former Head of the Man-
power Branch, is now the Scientific Manpower Consultant to
the Director of the Psychological Sciences Division. The
Psychological Warfare Officer, CDR J. P. Dickson, is as-
signed to the Office of the Director of the Psychological
Sciences Division.
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activate the disease and the other to the human being who is subject to
the disease. While scientists in the laboratory study the biochemical
change that occurs when the disease strikes, field studies are made to
find out what factors in diet might correct an inherent susceptibility to
the rheumatic process. As eachproblem isexplored, others are raised.
Each scientist in the Institute, pursuing problems in his field of spe-
cialization, uncovers new possibilities and stimulates his colleagues in
other aspects of the inquiry. Workers at the Institute have high hopes
that this amassing of knowledge will eventually snowball into a solution
of the rheumatic fever problem, or at least into an understanding of the
mechanism of the disease, which would eventually lead to its conquest.

At present the status of the rheumatic-fever problem seems com-
parable to that of diabetes before an understanding of the relationbetween
abnormal urinary findings and pancreatic function led to the develop-
ment of insulin treatment. In the same way, the discovery of a signifi-
cant substance in the urine or blood of rheumatic-fever patients would
indicate which of the body’s many chemical systems is poisoned at the
onset of the illness.

When science finally conquers rheumatic fever, Dr. Coburnbelieves
the story of its conquest will read like a detective story in which no
single clue was decisive, in which every lead had to be explored and the
whole jig-saw puzzle of evidence assembled before the murderer could
be apprehended. When that time comes, millions of people will have a
chance for a more healthful, productive life and the Rheumatic Fever
Research Institute will have performed its function in hastening the day.

* * *

Medicine and Basic Research

He who attempts to contribute to fundamental knowledge in medicine
must do so through basic research. However, one may also accelerate
the progress of medicine through applied research or through the care
of the patient. The differences between these three functions: (a) the
practice of art; (b) the application of knowledge resulting from basic
research; (c)the discovery of fundamental principles, are apparently
not generally understood.

Perhaps anillustration will bring clarification. The average house -
wife knows that she needs freshly ground coffee beans to prepare excel-
lent breakfast coffee. She is an artist in the kitchen and cooks without
knowledge of the principles underlying her task. In contrast, the bio-
chemist knows that the bouquet from coffee is due to liberation of volatile
oils by oxidative enzymes; he has worked out first principles and re-
placed empiricism with knowledge. This is basic research. Later,
coffee manufacturers, utilizing the fundamental knowledge made avail-
able by the biochemist, devise means for packing coffee in oxygen-free,
vacuum-sealed tins. The preservationof the appealing aroma is thereby
assured; this has been accomplished by applied research.

In medicine, the physician practices an art; the clinical investi-
gator collects observations on man through his ability to apply basic
knowledge; the scientist...makes his contribution through basic
research.

-~~Alvin F. Coburn, in a report to ONR
- 23 -
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The Aerologist Puis
An Ear to the Ground

by

Erwin Kammer and J. E. Dinger
Naval Research Laboratory

One of the problems confronting aerologists is the composition of
up-to-date and comprehensive weather maps for ocean areas. This task
is difficult because there are so few observing stations on the oceans
which report meteorological data on a systematic basis. During peace-
time, ships and aircraft plying the normal trade routes supply some
information during transit, but the oceans are so vast in area that this
coverage is far from comprehensive. Moreover, radio reports from
these sources are, of course, unavailable in wartime. Yet the impor-
tance of knowing weather conditions at sea is very great, both for naval
operations and shore activities. Little wonder, then, that the aerologist
is eager to try any suggestion which might add to the small stock of
meteorological information he now receives from the sea.

One such suggestion has carried the aerologist into the field of
seismology. It was suggested that large intense storms at sea—hurri-
canes, for example —might cause in the ocean bottom vibrations of suf-
ficiently large amplitude to be detected by seismographs located on the
nearest land areas. Perhaps these vibrations could be identified with
the small, persistent vibrations termed “microseisms” which have long
been known to seismologists as a seemingly useless nuisance. These
vibrations seemedin general to increase in amplitude with the existence
of rough weather at sea. It was thought that they might travel from
directly beneath the storm center to distant shores. If so, they would
facilitate the detection and location of the larger storm areas without
the aid of conventional meteorological data. The possibility was worth
an experimental field test.

The hurricane type of storm was selected, for several reasons, as
the most satisfactory to use as a test for this hypothesis. Accurate
information is available, from systematic air reconnaissance, on the
position and character of such storms. Thus, the results obtained by
the seismic technique can be objectively evaluated. Furthermore, hur-
ricanes occur in the Caribbean during the summer months when the
“microseismic noise level” is lowest. The term “microseismic noise
level” refers to the fact that some microseisms are detectable at all
times, regardless of weather conditions. They are, however, of lower
amplitude during the summer months; thus, those created as a result of
a storm are more apparent. It is a situation analogous to listening to a
speaker on the radio. He will be heard much better in a quiet room than
in one where a number of people are talking.

Erwin W.Kammer receivedhis Ph.D.in applied physics from lowa State
College and has been a physicist in the Aerology Branch of NRL's
Mechanics Division since 1943,

J. E.Dinger, who also received adoctorate in applied physics from Iowa
State College, is Head of the Aerology Branch.
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Figure 2. Average amplitudes of vibration at Atlantic Coast stations
after passage of “Easy”.

From this and similar tests it was clear that the vibrations which
exist during the critical time when a storm is approaching from the sea
provide no relevant information for early warning or location purposes.
Disappointing as these facts were, there still remained the intriguing
question: Where do these vibrations come from?

The answer is suggested in Figure 2, which shows plots of the
average amplitudes of vibration at the various stations along the Atlantic
Coast after the passage of Hurricane “Easy”. These graphs have been
adjusted onthe ordinate scale to avoid overlap. The important data they
show are the times during which signals of indicated periods existed
with sufficient amplitude to be recognizable above the noise level. It is
seen that a signal of 7.2-sec period arrived at the San Juan Coast and
Geodetic Survey Seismograph Station about midnight September 8. The
storm, however, was actually closest to San Juan early on the morning
of the seventh; thus, a lapse of about a day and a half exists between the
time the signal was at a maximum and the time the storm was the
closest. The signals at Grand Bahama, Orlando, and Chapel Hill indi-
cate 2 maximum during early morning on the twelfth. But the storm
was closest to these stations during the morning of the eighth—a lapse
of about four days. Furthermore, the period is slightly longer than
at San Juan, averaging a little less than eight seconds per cycle. These
time lapses and period changes would be expected if the vibrations
(microseisms) were generated close to shore by the swell radiating from
the storm. The distances traveled in the time intervals indicated are
consistent with the rate at which energy is being transported by these
waves.

Additional confirmation of this interpretation was available from
the Hurricane “How”, whose path is shown in Figure 3. Two wave gages
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installed at PAFB on the
eastern shore of Florida and
a seismograph at USRL
Orlando provided the infor-
mation displayed in Figure 4.

From Curves B and Cit
can be seen that the amplitude
of the microseisms reached
a maximum at Orlando some
time after the maximum
water wave activity at Cocoa
Beach. This was to be
expected as this storminten-
sified as it moved out to sea
along a northeastward path
parallel to the coast. There-
fore, the maximum micro-
seisms as recorded at
Orlando probably came from
highly excited areas to the
north of the wave gage
position.
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Figure 4, Correlation between microseismic and water wave activity.
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The correlationbetween the water-wave periods and ground-vibra-
tion periods is even more striking. During the interval of maximum
water -wave activity, the water-wave period is double the microseismic
period. When stationary patterns are set up by reflection of the swell
from a coast, the resulting synchronous forces on the ocean bottom
beneath these wave patterns have a period 1/2 that of the swell. Thus,
microseisms couldbe excited whenever storms are able to set upcoher-
ent stationary or standing wave patterns in the water. This condition
apparently can be achieved by reflections of the waves from a shore.
The fact that this vibration source is so remotely related to the storm
in both time and space means thatlittle more information about a distant
weather disturbance at sea canbe derived from microseisms than could
be gleaned from direct observations of ocean swell emanating from that
storm.

The aerologist, then, is faced with the discovery that putting his
ear to the ground has enabled him to hear, not the wind as he had hoped,
but only the waves. Reluctantly he relinquishes the seismograph to the
oceanographer, for whom it can provide valuable information about
ocean waves under conditions similar to those described above. The
prospects are bright for applications of the seismograph in this field,
for it has two advantages over the wave gage. First, it is considerably
less expensive to install and maintain than the latter instrument; second,
itcan sense signals arrivingfrom any point onthe compass, whereas the
wave gage candetect activity only onthe shore in whichitis submerged.
Actually, since seismographs have been accumulating records in all
parts of the world for many years, there is no doubt that seismological
observatory files already contain much interesting data which the ocea-
nographer can now interpret systematically.

Project “SNEEZE”

A World War II project, held under high security classification
until recently, has been declassified and can now be described. This
was the “gesundheit mine™, developed for the Navy during the Battle of
the Atlantic but never put to operational use.

It is well known that we, as well as our enemies, had proximity
mines—usually acoustic or magnetic—which would detonate without actu-
ally being struck by the ship. The chief shortcoming of these weapons was
that they were non-discriminating; they were just as effective against
friendly ships as those of the enemy. Project “SNEEZE” was an
ingenious attempt to make the mines more choosy.

The mine was moored, set to float about twelve feet beneath the
surface. When a ship approached within attack range a proximity device
released the mine, allowing it to rise to the surface. A small projectile
launcher, mounted on the top of the mine and trained by magnetic
attraction of the ship, would then fire a canister missile onto the deck
of the ship. The canister was loaded with red pepper.

A sensitive microphone pickup onthe mine did the rest. If a crew
member on the ship said “"Gesundheit” the mine would explode; if he
merely said “God Bless You” the mine would remain unarmed.
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On the Naval Research Reserve

VNRRU Members at University of Nebraska
Receive Recognition for Research Work

Two publications issued recently by the University of Nebraska
show the prominent part that members of VNRRU 9-22 are playing in
the research activities of the institution.

In one publication, Research Report, the unit’s commanding officer,
LCDR L. W. Hurlbut (Chairman of the University’s Department of
Agricultural Engineering)is credited with important work in developing
a new method for preserving stored grain, a problem that has proved
costly to farmers the world over. The bumper grain crops of recent
years have increased such difficulties but the new method of storage
promises to save the waste caused by spoilage and insects. Since
moisture is the principal cause of the trouble, a cheap, efficient drying
system was needed that would not harm the grain. Such a system has
now been developed which will allow ordinary air to be blown through the
grain. It will be possible for most farmers to install the necessary
blower and duct system for less than $400.

In the same issue of Research Report the work of LTJG James
Heotis, an advanced student, is mentioned in connection with work on
enzymes—the mysterious catalysts of life processes.

Another publication, *Bulletin Board,” announces the appointment
of LT W. G. Leavitt, LTJG R. G. Lomasson and LTJG J. H. Looker to
faculty research fellowships for the summer of 1952. All three are
faculty members at the University.

SDC Seminar Plans Announced

The annual seminar at ONR’s Special Devices Center is scheduled
this year for April 20 to May 3. VNRR officers may be ordered to this
14-day seminar at Sands Point for training within the following quotas:

Naval District Quota

1 7

3 10
4 6
5 2

6 10
8 3
9 6
11 1
12 1
13 1
PRNC 3

Total 0

Officers ordered to this seminar from the 11th, 12th, and 13th
Naval Districts will berequired to travel by government air or at their
own expense.
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2. A search for new uses for intense gamma radiation. This is
aside from the service in which the company requests an
irradiation, and then analyzes the results inits own laboratories.

An example of the work described in (1) above is the cold sterili-
zation of heat-sensitive drugs and pharmaceuticals. This utilization of
intense gamma irradiation is undergoing active development at Brook-
haven in cooperation with drug houses that want to build such steriliza-
tion facilities at their plants as soon as possible. The economics of the
drug business is such that the costof a source produced by pile irradia-
tion is not prohibitive. Consequently, development in this particular
field need not await production of the cheaper fission product sources.
Another application now being developed elsewhere is the use of multi -
curie radioisotope sources in industrial radiography.

Some possible uses require further research before ultimate
application. These include cold sterilization or pasteurization of pack-
aged foods, the initiation of the polymerization of plastic monomers,
and the improvement of flame propagation characteristics in internal
combustion and jet engines. Although it is well-known that penetrating
gamma radiation will readily sterilize or pasteurize the contents of
meat or other food, the problems of changes in texture, flavor, and
color must be examined in detail. An added deterrent is the fact that
the food industries could afford to use this new method of sterilization
only if the cost per curie of the radioactive source were quite low (20
cents to two dollars per curie).

Promising results are beingobtained at Brookhavenusingkilocurie
sources of gamma radiation to initiate polymerization in a wide variety
of pure plastic monomers in the absence of heat, pressure, or catalysts.
There is an excellent chance that the dielectric properties and stability
of a plastic polymerized in this way may be much improved, because
there are no extraneous chemical agents present, such as catalysts or
initiators. In addition, many monomers or copolymers which are dif-
ficult to polymerize by conventional methods, may be induced to poly-
merize more readily, thus opening the way for new plastics with new
and improved properties. For this reason many manufacturers of
plastics and plastic monomers have been invited to cooperate in Brook-~
haven’s program.

It is expected that this entire program at Brookhaven will reveal
worthwhile applications for the radioactive fission products which are
a by-product of all atomic reactors. If such uses can be widely applied
in industry, our technology will benefit, and the Atomic Energy Com-
mission’s radioactive waste problem will be ameliorated.
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