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COVER PHOTO: The Naval Research Laboratory on its
thirtieth birthday. For a picture of NRL in 1923, when it
began, see page 17. Since July of that year the Laboratory
has been carrying out its mission...to perform applied
research, development, and evaluation work to meet the
immediate requirements of the Naval Forces and to per-
form basic research in anticipation of future needs for
national defense. In working toward these ends, NRL has
been a pioneer in hundreds of developments. '"NRL Looks
Back'" by Mr. A. T. Drury, pages 14 to 24, tells about some
of these.
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Front-Line Studies of Combat Stress . . . Nello Pace

What are the physical and mental reactions of an in-
fantryman to combat stress? A direct attack on this
problem bya team of scientists who spent four months
in Korea and Japan getting first-hand information is
reported.

ThQWhY ofC|imate W. A. Baum

The numerous factors influencing climate are socom-
plex that even the ""simplest'’ problem turns out to be
complicated. By comparing their calculations with
observed conditions, scientists are gaining insight and
information that will help in weather forecasting and
in a basic understanding of our environment.

Logistics Computer

A new computer, designed especially for handling
large quantities of data such as those involved in
logistics problems, was recently demonstrated by
George Washington University.

Who’s Who in Naval Research

This month, when the Naval Research Laboratory
commemorates thirty years of research, we feature
the Director —Captain Willis H. Beltz.
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Since 1923, Naval Research Laboratory scientists
have been making an enviable record for themselves
and the Laboratory in the physical sciences. On July
2, NRL celebrated its thirtieth anniversary. Some of
the spectacular as well as significantaccomplishments
of these years are highlighted.

Improved Meteorological Soundings

Anew system has been developed for measuring, with
increased accuracy, the rates at which air temper-
ature and moisture content change with altitude.

On the Naval Research Reserve

CAPT Cook addresses Cincinnati Pamnel... Louisville,
Kentucky, company activated...Reservists are re-
minded of coming seminars... Washington seminar
opened by Admiral Bolster.
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Front-line Studies of Combat Stress

Nello Pace

...Associate Professor of Physiology at the University
of California, Berkeley, is also Project Director of
ONR Unit One, whose first mission he reports here.

Office of Naval Research Unit 1, established at the Uni-
versity of California, Berkeley in July 1951 as part of ONR's
San Francisco Branch Office, has successfully completed its
first field mission. The fifteen members of ONRU-1 were
drawn from Volunteer Naval Reserve Research Company
12-2 and placed on active duty when ONR needed a comple-
ment of scientists toinitiate a research program for the Navy.
Five of the group returned last winter from a four-month
operation in Korea and Japan studying the effects of acute
combat stress on infantrymen. Sponsored by the Operations
Research Office, an agency of Johns Hopkins University under
contract with the Army, Project FAST, as it was called, was
headed by LCDR Nello Pace, who is Officer-in-Charge of
ONRU-1. Dr. Pace here tells the story of Project FAST,

What actually happens inside an infantryman when he is subjected
to the stress of combat? What happens to his glands, his nervous
system, his mental processes? Seeking an answer to these questions,
ONR Unit One joined the Army and the Operations Research Office in a
front-line study of infantrymen inKorea—the first of its kind to be made
on men in actual combat.

Ultimately we hope to find enough answers to be able to counteract
the adverse effects of fatigue and stress—not only of the infantryman
but of anyone under severe stress. Because the body's reaction to
stress is the same, regardless of the stimulus. In fact, we might
not be able to distinguish, by physiological and psychological exam-
ination, between a Wall Street banker fatigued by business worries
and an infantryman just returned from active combat. Thus, although
the Navy (the Bureau of Medicine and Surgery) has the responsibility
for the care of Marine Corps personnel and, therefore, a special
interest in the combat soldier, our results should be universal in
application,

While a great many experiments have been carried out in lab-
oratories where different forms of stress have been simulated by
various means, there has always been a question as to the extent of
this artificial stress. Consequently, a study of the reactions of
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brought tanks of propane so that we had water, gas, and lights—alto-
gether a quite up-to-date, complete laboratory just 12 miles behind the
main line of resistance (the MLR).

As there was very little active combat at the time, our original
plan was to use patrol actions as a sharply definable tactical operation—
to study the men a few days before they went out on patrol and immed-
diately after they returned and then again a few days later. Comparing
these data would then give us some idea of the effect of a patrol action
on the individuals, We scheduled our first patrol group to be studied
for October 7. But on the night of the 6th the Chinese started their
limited fall offensive on the White Horse Hill area. This was right
next to the Tth Division sector; the action actually overlapped it slightly.
Patrol schedules therefore were cancelled. We did take advantage of
the increased action, however, and, to get some idea of the physiological
changes accompanying psychiatric breakdown, we studied a few men
who were psychiatric casualties as a result of the action.

It then developed that the Tth Division had been planning an of-
fensive which turned out to be the Triangle Hill battles, and we were
able to make studies on a group of 24 men from Able Company of the
31st regiment which led off the Triangle Hill assault, We tested them
the day before they went into combat, again shortly after they were
relieved from the active assault area two days later, then four days
after their return, and finally again 3 weeks after return. We were
also able to study another group of 13 men from George Company of
the 17th regiment who had been in the same area a little later on during
the Triangle Hill battles. They had been in active combat for five
days, and we got them within five hours after they retired from the
assault area. We were not able to get prestress tests on these men,
but we did measure them again 10 days after their return.

In order to get a little more detailed information on the normal
situation for a combat infantryman in Korea, we thought it would be
desirable to test another group of men who had not been exposed to
acute combat stress for a while. Consequently, we studied a final
group of 24 men from the 15th regiment of the 3rd Division. On these
men we ran repeat tests four days apart, thus gaining a good retest
estimate of the various measures used. All told, some 106 soldiers,
including company officers, were examined in the course of the study,
and an average of two to three tests were performed on each man.

In line with recent developments in the field of stress physiology,
we centered our interest largely on investigating the part played by
the pituitary-adrenal system in the body's reaction to combat stress.
The autonomic nervous system—long known to play an important role
in resistance to stress—was also studied, to a lesser degree. An
estimate was made of the influence of nutrition., To complement these
organic indexes of the effects of stress, we examined behavioral changes
of the individual—by quantitative psychological tests primarily to
measure higher mental function, and by general and psychiatric
interviews,
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autonomic nervous system., This was made by examining the blood
pressure and heart rate response to a single dose of the parasympa-
thonimetic drug Mecholyl ® .

The psychological tests, aimed at quantitative behavioral changes
in the soldiers, included measurement of visual flicker fusion fre-
quency and auditory flutter fusion frequency. In addition, tests of
higher mental function—such as digit span retention, color recogni-
tion, and recognition of geometric forms—were employed. General
interviews with the men were also held by the psychologists. Finally,
an attempt was made through psychiatric interview to assess the back-
ground of the individuals examined in order to correlate physiological
changes with psychical characteristics.

Results from the study are not yet complete—in part because
some of the analyses are not finished, but also because it will take
some time for statistical analysis of the data. In general, however,
we can say that combat stress results in marked organic changes
indicating that both the pituitary-adrenal system and the autonomic
nervous system are considerably affected. Specifically, a profound
drop in white blood cell count was noted, a marked decrease inplasma
cholesterol level occurred, and a significant change in the sodium
potassium ratio of the blood, urine, and saliva was seen. Changes
in both the nitrogen balance of the body and in the urinary sugar out-
put were detected. The response to Mecholyl was also altered.
Both the visual flicker fusion frequency and auditory flutter fusion
frequency were depressed. No discernible changes occurred in the
measures of higher mental function. However, there were noted
subjectively pronounced personality changes of a transitory nature
in the individual as a result of the combat stress. These apparently
provide a promising field for future research.

The cooperation received from both the infantrymen subjects
and all elements of the chain of command was excellent. We wound
up our work on November 11 and returned to Tokyo. After writing a
preliminary report on our findings, we left Tokyo for the States on
December 7. Most important of all, our trip had demonstrated that
such studies can be carried out effectively, and it is anticipated that
others will be made in the near future.

“"Radar Darkroom” Material Developed at NRL

A new absorbent material has been developed by the Naval Re -
search Laboratory for,use in creating "radar darkrooms." The ma-
terial facilitates study of extremely high-frequency antenna patterns
(2,500 to 35,000 megacycles), since it effectively cushions bounce-
back from walls and ceiling. Called ""Darkflex,' the material is made
of rubber-bonded curled animal hair, which is inexpensive, light in
weight, convenient to handle, and readily available.
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The Why of Climate

Werner A. Baum

. ..Head of the Department of Meteorology at Florida
State University, is Editor-in-Chief of the American
Meteorological Society's Journal of Meteorology.

Because of its ever-present influence on virtually every human
activity, the prevailing climate over our planet has long been a subject
of wide attention. But the science of climatology has been largely in the
descriptive phase. For a variety of reasons, the quantitative explanation
and understanding of climatic phenomena has lagged exceedingly far
behind the description. It is not our purpose to discuss the reasons;
suffice it to say that the stress of the geographical (as opposed to me-
teorological) approach toward climatology, and the inherent mathe-
matical and physical complexity of atmospheric processes, are major
contributors to the dilemma.

Consider a 'simple'" problem. At locations north of latitude
23-1/2° N, the sun reaches its maximum altitude in the sky (and the
days are longest) in late June. But, generally, the highest temperatures
are not observed until the middle of July or even later. Why? Text-
books are likely to gloss over this point, or to make some superficial
statement such as: The temperature increases for some time after the
summer solstice, for, even though the solar radiation decreases, it is
still for some time greater than the outgoing radiation.

Actually, the vertical energybalance which determines the annual
temperature variation at a particular location is quite complex. In-
volved are the annual variations of numerous factors: (a) reflectivity
of the atmosphere and earth, (b) incoming solar radiation, (c) heat
radiation to space from the earth's surface, (d) conductive and con-
vective heat transport from the earth's surface to the atmosphere,
(e) heat radiation from atmospheric water vapor to the earth's surface,
(f) heat radiation from clouds to the earth's surface, (g) heat loss due
to evaporation at the surface, and (h) heat conducted into the ground.
The graph on the following page shows the annual variation of these
quantities at Ely, Nevada, as determined by Dr. Thomas A. Gleeson of
our group. Positive values for conductive and convective heat transport
in the atmosphere (curve d), and conductive heat transport in the ground
(curve h), indicate heat transport away from the earth's surface; neg-
ative values indicate transport toward the surface.

Dr. Gleeson has utilized the indicated energy balance, in com-
bination with solutions for the differential equation of heat flow, as
applied to the atmosphere and to the ground, to obtain a theoretical
representation of the annual temperature variation at Ely. From the
second graph, the computed annual variationis seento be incloseaccord
with the observed variation. In fact, the theory leads to fairly accurate
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representation of the annual variation at land stations in general. Be-
cause of the increased complexity of the problem and the paucity of
pertinent data, no attempt has yet been made to apply an analogous tech-
nique at oceanic locations.

One readily sees how an analysis of this sort greatly increases
our insight into the nature of the annual temperature variation at agiven
location. While the most dominant influences in the energy balance
are, indeed, solar radiationand heat radiation to spacefrom the earth's
surface, the annual variation of the temperature is in response to the
superposition of a number of physical factors of varying amplitude and
phase.

1073 cAL o2 sEc”!

-2 L L ]
JAN 21 MAR 2 APR I MAY 21 JUN 30 AUG 9 SEP 18 0CT. 28 DEC 7 JAN 16
TIME

Theoretical energy balance in the vertical direction at Ely, Nevada:
(a) Albedo; (b) incoming solar radiation; (c) heat radiation upward
from the surface; (d) conductive and convective heat transport from
the surface to the atmosphere; (e) heat radiation from atmospheric
water vapor to the surface; (f) heat radiation from clouds to the surface;
(g) mean annual heat loss due to evaporation at the surface; (h) heat
conducted into the ground.
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Computed and observed annual variations of temperature 2 m above the
surface, Ely, Nevada.

A potentially important limitation of Dr. Gleeson's treatment is
the fact that he considered only vertical energy exchanges. There re-
mains the possibility that energy is "advected", i. e., brought to the
place under consideration via the essentially horizontal motions of the
air. Drs. Seymour L. Hess and Robert M. Frank, of our group,
attacked the problem of temperature variations from a quite different
viewpoint, with major emphasis on the horizontal mixing processes.

About 25 years ago a Yugoslavian meteorologist, Milankovitch,
computed the variation of mean annual temperature with latitude which
would exist if there were everywhere equilibrium between the incoming
solar radiation and the outgoing terrestrial radiation, and if the atmos-
phere were at rest and therefore could accomplish no heat transport.
Naturally, he obtained temperatures which were too high in equatorial
regions and toolow in polar regions, because in reality the atmospheric
transport does accomplish a moderation of the temperature difference
between these regions.

Drs. Hess and Frank reworked the problem, including the effect
of large-scale turbulent heat transport by the atmosphere. With use of
an approximate analytic expression for the incoming solar radiationand
another for the outgoing terrestrial radiation, and under the assumption
that the large-scale turbulent heat transport is proportional to the lat-
itudinal gradient of temperature, an appropriate form of the heat diffu-
sion equation was set up and solved in terms of Legendre polynomials.
The solution gives the temperature as a function of time and latitude,
after adoption of a reasonable value for the eddy-exchange coefficient
and other physical constants.

By averaging over a year, one obtains from the solution a theo-
retical variation of mean annual temperature with latitude. The

-9 .
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Latitude (°N): 0 20 40 60 80

Milankovitch: 910F 83O0F 570F 120F -260F
Hess and Frank: 80 75 58 33 13
Observed: 79 78 57 30 2

accompanying table gives the temperatures at various latitudes as so
determined; for comparison, the theoretical results of Milankovitch and
the observed values for the northern hemisphere are also given. The
agreement between the Hess-Frank theory and observations is quite
good, the only serious discrepancy being confined to the polar area.
The nature of the approximate analytic expression for the incoming solar
radiation largely accounts for this discrepancy; the chosen expression
had to be a mathematically tractable one, and it was not possible to find
a sufficiently simple expression which reflects the complex fact that no
solar radiation at all is received in large parts of the polar region for
part of the year. Thus, the adopted expression exhibits too much polar
heating in the winter and leads to mean annual temperatures which are
too high.

But from the point of view of the original question, the cause of
the temperature lag, it is more interesting to look at the solution for a
specific latitude and examine the nature of the time-temperature curve
at the latitude. When this is done, at any latitude, it is seen that the
theory calls for the maximum temperature to occur only two to three
days after the summer solstice, instead of the observed several weeks.

It is clear, then, that the lag is not the result of factors included
in the Hess-Frank theory. Thus, this approach to the problem of tem-
perature variations not only produced interesting results of its own, but
supported the Gleeson conclusions by showing that the process of hori-
zontal mixing, ignored in his treatment, indeed does not contribute
materially to the production of the lag.

With respect to the problem at hand, there immediately suggests
itself the desirability of an approach which will combine the vertical
and horizontal energy exchanges into a single, unified treatment. But
temperature is only one of the group of elements and complexes which
is climate. In our work intheoretical climatology we are also concerned
with the effect of various physical factors in the production of slope and
valley winds, with the relative importance of mountains and heat sources
(such as warm oceans adjacent to cold continents) in the production of
the large-scale flow patterns observed in the atmosphere, and with
other atmospheric problems.

Some of our results will find early application in weather fore-
casting, and some will prove useful in the climatological work involved
in strategic planning. But our basic objective is to increase ourunder-
standing of one important phase of our physical environment, for what-
ever unforeseen benefits mankind may derive from that increased
understanding.
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like a huge upended bedspring, was slowly revolving in the darkness.
A few feet aft, in a closely guarded corner of Air Plot, a small group of
men were gazing intently into the greenish glow of a small fluorescent
screen.

"There's one of them!" said Page suddenly, pointing to a slightly
higher hump in the jagged green line wavering across the screen.
"About eight miles, I'd say."

As they watched, a second pip, and a third, were identified on
the magic screen. '"He's getting cagey, " remarked the Admiral. "He
has apparently divided his cans into three groups."

"Yes Sir, " answered the Captain, "And he thought he'dfool us by
sending the third bunch in on the same bearing as the second. We'll
let them get within searchlight range and then pick'em off."

At the precise moment the nearest group had approached to 5,000
yards, the searchlight stabbed into the darkness to starboard. Far
out, where the cone of blue-white light began to fade, the observers
could see a tiny mustache of white foam and above it the narrow sil-
houette of an oncoming destroyer. Then the light switched off, swung
over to port, and again stabbed out into the night. And again ten minutes
later. Both times the lead ship of the would-be attackers was caught
dead-center in the probing beam.

The date: February 21, 1939; the occasion: Fleet Problem XX
and the acceptance trials of American radar; the cast: Vice Admiral
A. W. Johnson, commanding the Atlantic Fleet, Captain R. M. Griffin
of the TEXAS; and R. M., Page, R. C. Guthrie and H. E. Reppert of
the Naval Research Laboratory.

It was a dramatic high-point in an outstanding success story,
the story ofa thenlittle-known scientific institution that had cost the
American taxpayers less than the price of a light cruiser in sixteen
years of research operations for the Navy. If the Naval Research
Laboratory had done nothing else except produce radar, it would have
justified itself as one of the best investments Congress ever made.
But it also, in those same years, gave to the Navy the finest radio-
communications afloat, greatly shortened the life-expectancy of enemy
submarines, and contributed diverse other improvements and 'black
boxes'" that proved their worth in the great sea battles of World War II.
Furthermore, it gave solid vindication to the once-tenuous proposition
that academic research can prosper in a military environment.

The proposition, as has oft been told, was Thomas Edison's. It
was taken up enthusiastically in 1915 by Secretary of the Navy Josephus
Daniels, and Congress passed the enabling act in 1916. But the sands
of peace ran out too swiftly, and we were in World War I before an
experimental laboratory could be built. The postwar Congress, though
economy minded and in a mood for disarmament, had learned that
America could not with impunity afford to stay technically behind the
other nations of the world. So on July 2, 1923, the Laboratory came
into being, as planned by Edison, Daniels, and the Naval Consulting
Board. And their blueprint—a research institution headed andad-
ministered by Naval officers, but with the scientific work in the hands
of civilians-—-was followed to the letter.
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Greater-range, around-the-clock communication, more channels,
and stability within channels—these were the goals of the Navy's radio-
men. By seeking ever higher frequencies, by adoption of crystal control
and continuous waves, they had achieved in 1930 reliable transmission
from such remote places as Australia and the South Pole. Thanks
largely to the wide-awake research and salesmanship of NRL, Naval
Communications became the recognized leader in American radio
development.

Naturally the Navy's modest laboratory, with only a handful of
radio engineers and little money to spend, couldn't do this alone. Radio
improvement depends probably more on the development of better tubes,
capacitors, resistors, transformers, and similar components, than
on intuitive research. These were a mass accomplishment of the radio
industry, both in America and abroad. But what Taylor and his asso-
ciates did do was some highly effective "scientific bird-dogging'"—
sniffing over new discoveries and pointing the way to new applications.
Lacking the wherewithal to make components themselves, they prodded
the radio industry into making them.

Along the way, NRL did some impressive radio research on its
own—such as the Taylor-Hulburt wave-propagation theory which revo-
lutionized prior thinking on how radio waves travel. And it did some
very ingenious gadgetry, like the guidance circuits for the first suc-
cessful radio-controlled aircraft, flown by C. B. Mirick in 1923, and
for the first target drones in 1938. As for prototype development, many
an NRL "breadboard" model was translated into specifications for
standard equipment used throughout the fleet—for instance, radio
direction-finders.

It was this combination of "bird-dogging' the work of others, and
home-base research where necessary, that led NRL to radar.

The task wasn't easy. Pulses of radiant energy are measuredin
millionths of a second, and they travel out to the target and back at the
speed of light. Fortunately, the men of the Navy's laboratory had the
know-how, and they had ten years of radio-detection studies behind them
(see table). A project was established for the program in 1932. Two
years later two operable systems—one continuous-wave, the other
pulse—had been worked out, and by 1938 a reliable pulse system had
been designed, built, sea-tested, and was ready for submission to the
Fleet.

It is always an interesting pastime to speculate on "who done what
first." It is particularly interesting in the case of radar, because
without any interchange of specific information the development was
almost concurrent and parallel in the United States and in England.
The wonderful new device was sea-tested in the same year, 1939,
aboard the U.S. Navy's NEW YORK and TEXAS and aboard the Royal
Navy's RODNEY and NELSON. Our Navy was apparently a year ahead
of the British in the original development, but the RAF closed the gap
by greater speedin producing an operational prototype. The significant
fact is that both Allies had radar when the shooting began, and were
able to use it to great strategic andtactical advantage in overcomingthe
common enemies. Letcreditbe where creditis due, however; American
radar was conceived and born at the Naval Research Laboratory.
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agency to take an active interest in nuclear energy. In 1939 Ross Gunn,
of the Mechanics Division, enthusiastically backed by his Director,
Admiral H. G. Bowen, established a project that later led toan isotope-
separation process (liquid thermal diffusion) which produced some of
the materials for the Hiroshima bomb.

This effort in nuclear physics serves to point out that busy and
alert researchwas going on at NRL in fields other than radio and sound.
Studies in Optics began about a year after the Laboratory opened, and
by the mid-thirties, three other divisions had been established: Met-
allurgy, Chemistry, and Mechanics. Always short on manpower and
shorter still on funds, their achievements were fewer in number, and
less glamorous, than those of the two larger more powerfully supported
groups. Taken together they accomplished two big things, however.
They proved that there was both a place and a need for basic-science
research in the Navy, and they gave the Naval Laboratory professional
stature among the critical brotherhoods of learned men.

NRL had—in all its divisions—done something else for the Navy;
it had continued or resurrected scientific problems of purely military
interest. The American Government and American industry had mar-
shalled a vast developmental effort for World War I, but after the
Armistice military research was dropped like so much excess ballast.
When OSRD and NDRC were established on the eve of Pearl Harbor,
scientists flocked to the Laboratory by the dozens and scores to be
""briefed" up to date on such matters as camouflage, protection against
gas, submarine batteries, body armor, infrared signalling devices and
the like. Furthermore NRL inkeeping these subjects alive had prepared
its own house for the even vaster emergency to come.

It was fortunate that NRL had eighteen years in which to grow,
and to establish a firm organization and operating procedure. Because
when the war came the Laboratorywas swamped with rush projects. In
the yearsbetween 1940 and 1945 the number of buildings increased from
12 to 70, the number of projects from a few score to over 900, annual
appropriations from $900, 000 to $14, 000, 000, and the station personnel
from about 400 to over 5000. But mere increases in size and numbers
tell only part of the story. Far more significant changes had taken
place.

Most apparent was the increase in proportion of naval officers
and men. In an extremely tight labor market, the only way to get
technicians, stenographers, and even scientists was to requisition
them from the Bureau of Naval Personnel. And often the only way to
keep draft-eligible engineers was to put them into uniform.

Basic research almost went by the board as long-term investiga-
tions gave way to hurry-up applied research or prototype de velopment.
Such a wartime evolution had been foreseen and NRL was prepared for
it. The amazing diversity of the "inventions-on-demand'" ranged all
the way from radio sonobuoys to the sea markers that increased the
chances of shipwrecked seamen and down flyers being found by rescue
planes.
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of all wars, with its Wagnerian climax at Hiroshima-Nagasaki, had
been won largely because America was able to keep a technical stride
ahead of its enemies. Now Congress was willing to bear the cost of
extensive military research.

So the Naval Research Laboratory was not cut back. While ships
were being placed in mothballs by the thousands, research was main-
tained on a near-wartime footing. New equipment was acquired almost
for the asking, and manpower was limited only by the competitive
market for trained scientists. Furthermore, the merger with the new
Office of Naval Research assured NRL an ample and continuous backing
for basic research.

The first postwar task was a weeding-out job. The hectic war
years had left the research department with nearly a thousand unfinished
or partially finished projects. Many of them were of purely transitory
interest, already obsolescent, and others were performance tests or
application jobs which couldbe more profitably pursued elsewhere. The
remaining projects—the carry-over ideas and developments that seemed
to have a future—were set forth in a well-balanced program which has
been aportioned among twelve research divisions: three for radio and
electronics, two for nuclear physics and radiation, and one eachfor elec-
tricity, chemistry, mechanics, metallurgy, optics, sound, and systems-
coordination. The organizational designations are more or less arbi-
trary; actually there are some seventy-five different ""branches,' each
one following a distinct line of scientific endeavor.

This diversity means that the Naval Research Laboratory is no
longer devoted predominantly to applied researchinelectronics. Funda-
mental research in the basic physical sciences now has equal standing,
and it is this characteristic above all others that makes the postwar
laboratory unique among Government-managed military institutions. It
has enabled NRL to poke its roots into the newer fields suchas solid-state
physics, nucleonics, cryogenics, and engineering psychology—without
first having to prove that an end-use item will probably result.

The 1953 Laboratory has also dropped much of its former singular-
ity. Since 1945 it has been one arm (together with the Special Devices
Center) of thebureau-level Office of Naval Research. ONR'sother arm,
of course, is its vast network of private contractors at universities and
industrial laboratories. The two arms have learned, in the past seven
or eight years, to work increasingly together—the one supplementing
the other in a highly effective partnership. This teamwork extends into
some of the largest programs supported by the government. Guided
missiles, for instance, has over 100 participating agencies in the Navy,
Army, Air Force, in the colleges and in industry. The same wide
collaboration is evident in postwar radar development and in atomic
research and—to a narrower extent—in the prevention of corrosion in
ships, and in the tremendously complicated problem of fitting arrays
of electronic gear into already crowded ships and aircraft.

And if postwar research hasbecome interdependent and more com-
plex, it has also become vastly more expensive. The research "tools"

are no longer a few coil-winding machines and generators and laboratory
crockery; they are such things as multimillion-electron-volt betatrons,
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2000-tube electronic calculators, electron microscopes, huge shock-
testing hammers, or a 50-foot astral-radiation reflector. So thousands
of postwar manhours have gone into tooling-up for the future, for pre-
paredness, to enable the Navy to have within its own establishment one
of the great laboratories of the world.

The scope of today's researchat NRL is so wide —about 480 projects
at present—that it would be out-of-focus to describe the whole program.
The type of work can be illustrated, however, by a few selected samples.

Certainly one of the outstanding examples has been the upper atmos-
phere research at White Sands and elsewhere—first with the German
V-2's and more recently with the NRL-designed "Vikings." The Labora-
tory's chief interest has beenin the fundamental knowledge that might be
gained by sending recording and telemetering instruments far above the
earth. In the 37 flights so far, two of the single-stage rockets(one V-2,
and one Viking) have reached a height of 135 miles.

A far different program—one which seldom hits the headlines yet
over the years has amassed as much professional credit to NRL as any
other —has been the outstanding basic researchin metallurgy. The pains-
taking investigations of''freezing'" of metals (what goes on inside a mold
when the molten metal solidifies), the study of welds and the analysis of
metal adjacent to welds, the explosion-testing of plate metal, and the
nondestructive testing of castings by x-rays and gamma rays, have at-
tracted the attention of foundrymen the world over. Not only that, the
basic knowledge thus acquired and disseminated means that the Navy's
ship's are better built, less liable to break apart on the high seas, and
less vulnerable to enemy attack.

The chemists have, in their line of special-purpose lubricants,
synthesized products that promise to be as useful commercially as they
havebeen to the Navy. These non-petroleum oils and greases, that stay
oily at temperatures down to -70%, have stopped our aircraft machine
guns from jamming in high-altitude combats over Korea, yet retaintheir
viscosity at engine temperatures as high as 45 F.

As might be expected, electronics research has greatly expanded
in the last several years, so much so that it extends far beyond the so-
called ""radio" divisions. Most of the recent work on radar, radio, and
underwater sound is still''under wraps,' but some successes canbe talked
about. An NRL engineer, for instance, developed the "memory tube,"
an electron video-tube that can store a picture indefinitely and play it
back when desired. Other engineers, bird-dogging again, have found
naval applications for the marvels of postwar electronics: the transistor
and the magnetic amplifier.

Because it has the specialized shops and facilities, or because it
has on board recognized experts in their field, NRL has become, if not
the leader, certainly aleading participant, in special lines of investiga-
tion. Typicalof this categoryare the research on mechanical shock and
vibration, harbor defense, radio astronomy, piezoelectric crystals,
tropical deterioration, new fuels and fuel additives, fire extinguishants
and extinguishing methods, and studies of materials and phenomena at
temperatures within a degree or two of absolute zero.
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Improved Meteorological Soundings

...an article describing equipment developed for BuShips by
P. D. Lowell, W. Hakkarinen, and D. L. Randall of the
Bureau of Standards electronic instrumentation laboratory.

Atmospheric temperature and humidity gradients—the rates at
which air temperature and moisture content change with altitude—can
be measured with increased accuracy, at heights up to 2000 feet, by
means of a low-level sounding system developed by the National Bureau
of Standards. The system was designed for use in connection with
measurements of the propagation of radio waves in the troposphere
(lower atmosphere). The curvature of the path followed by radio waves
initially tangent to the earth's surface varies with the refractive index of
the atmosphere, and the refractive index in turn depends on temperature
and humidity. At certain critical temperature and humidity gradients,
the refraction produced is equal to the curvature of the earth.

Since wave propagation is affected by changes in refractive index
occurring in atmospheric layers of the order of one wavelength in
thickness, changes occurring in relatively thin layers of air become
important at the higher radio frequencies. For instance, studies of
100-megacycle transmission require evaluation of the gradient averaged
over no more than a 10-foot thickness. The measuring equipment must
therefore be able to give high resolution in the analysis of air layer
structure,

The NBS system is a form of ""wiredsonde''; airborne instruments
are carried aloftby a balloon or kite and are connected to a light-weight
3-conductor electrical cable that is reeled out from the ground. How-
ever, several unusual features of the NBS arrangement make it more
satisfactory than previous wiredsondes for the intended high resolution
measurements,

A novel electromechanical altimeter, because it permits more
accurate measurement of small changes of height, gives the NBS system
a notable advantage over previous wiredsondes; these have had to de-
pend on optical observations for determinations of the height of the
airborne instruments. The NBS electromechanical altimeter, carried
aloft in the airborne unit, is a pressure-sensitive device consisting
essentially of a pressure capsule, a coil of about 10, 000 turns of fine
wire wound over a U-shaped high-permeability core, and a bar of high-
permeability metal, As the pressure capsule expands with increasing
altitude, it moves the bar and varies the air gap between the bar and
the core, thus varying the inductance of the coil. Changes in the in-
ductive impedance of the coil are sensed from the ground, using 60-
cycle alternating current,

Humidity is measured by sensing changes in the resistance of a
conventional radiosonde strip hygrometer, which consists essentially
of a non-hygroscopic insulator with metalized edges, coated with a
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LCDR Churchill Speaks at Memorial Day

Service in Michigan

LCDR E. S. Churchill, Washington Training Officer, recently
completed a profitable trip visiting a number of Reserve companies in
Michigan, Minnesota, and the Chicago area., While visiting Research
Reserve Company 9-16 in Lansing, Michigan, he had the honor of being
Officer of the Day in a Memorial Day parade held in Grand Ledge (a
suburb of Lansing), as well as main speaker at the Memorial Day
service,

Well Done, Company 9-6!

Research Reserve Company 9-6 (Minneapolis, Minn,) commem-
orated Armed Forces Day in one of the best ways we have heard yet.
The Company went en masse—all 24 members—to donate blood at the
local Red Cross.

Excellent Speakers Address Psychological

Warfare Group

Reservists attending the Psychological Warfare Course sponsored
by Company 11-4have been extremely fortunate in the excellent speakers
whom they have heard at the four meetings held to date. The first two
have been reported in previous issues. The third meeting of approx-
imately 100 Reserve officers, held on 6 May, was addressed by Lt
Col F. 1. Robinson, USAF. His presentation was exceptionally well
planned, effectively presented, and held the constant attention of the
group. Two captured propaganda films taken at New York and filmed
in Korea, gave a dramatic illustration of the methods used by the
Communists in their forced trials of captured airmen. At the close of
the meeting, a questionnaire was distributed to all officers attending
to get their reactions to the course. They were also asked to indicate
what contribution each felt he could make in the field of psychological
warfare,

The fourth meeting, equally successful, was addressed by Dr.
Victor Hunt of the Rand Corporation, Dr. Hunt effectively presented
the basic principles of psychological warfare, giving vivid illustrations
for each point of his discussion. He has an exceptional background as
the director of policy for the Voice of America, as a delegate to the
Paris Peace Conference and to the Foreign Ministers' Conference in
London in 1947, '
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A Reminder of Coming Seminars

Reservists are reminded to make plans for seminars to be held
this summer. Applications to attend should be submitted as promptly
as possible,

The psychological Warfare Seminar begins at Chapel Hill, N. C.
on 2 August 1953. The West Coast Seminar starts (wo weeks later on
16 August in Pasadena, Calif. Then comes the Naval Research Lab-
oratory Seminar in Washington, D. C., which begins 23 August. Quotas
by district for the three seminars are given below:

Psychological Warfare West Coast N.R.L.
No. of No. of No. of
District Officers District Officers District Officers
1 5 8 10 1 5
3 9 9 14 3 1
4 9 11 17 4 8
5 2 12 17 5 4
6 6 13 14 6 6
8 3 72 8 3
9 12 9 10
11 1 11 1
12 1 12 1
13 1 13 1
PRNC _8 PRNC _6
57 52

RADM Bolster Welcomes Washington

Seminar Members

The Chief of Naval Research, RADM Chester M. Bolster, greeted
officers attending the Washington seminar which opened on 14 June,
The Admiral's message is given in part below:

"It is a pleasure to welcome the Research Reserve Seminar for
its Sixth Annual meeting....The rapid changes of both national and in-
ternational scope thatare currently taking place necessitate a significant
scientific endeavor on the part of each of us. It is felt that the Research
Reserve Seminars have well established their value as a medium for
the exchange of information germane to the activities of scientists and
engineers represented in the Research Reserve Program,

"It is my earnest hope that your visit to Washington will be both
profitable and pleasant, and that this Seminar will afford an opportunity
for us to become better acquainted as we meet together to discuss the
over-all objectives of Naval Research. I wish to extend my personal
greetings and best wishes to you at this time, "
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