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COVER PHOTO: One of two radio telescopes
used in Sweden by Naval Research Laboratory
scientists to study radio emissions from the
sun during the total solar eclipse of June 30,
1954. This equipment receives radiations from
the sun in the 0.85 centimeter wavelength region.
Details on the recent expedition are given on
p. 23.

Research Reviews endeavors to report briefly highlights of technical
progress in research by Navy laboratories and contractors and the de-
velopment of important naval research facilities. Articles which meet
these broad criteria and possess a good degree of readability are wel-
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Office of Naval Research, Washington, D. C.
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In This Dssue

The Polaroid Color-Translating
Ultraviolet Microscope Miriam N. Swaffield

What does cancer look like? All too often, we don't find
out until after the results of the autopsy are revealed.
The problem of detecting this dread disease in its early
stages when something can be done about it has been the
one big hurdle for medical researchers. An instrument
has now been devised which will do the job. By means
of the ultraviolet microscope, cancer cells can be dis-
tinguished from normal cells merely by difference in
color. The chemophysiological basis on whichthisamaz-

ing instrument works is described in this article. 1

wp: ”C:
Ripple Tank” Simulates Prof. Lloyd A. Woodward,
Radar Waves Dr. Nelson L. Walbridge

and Prof. Howard L. Smith

Simulation devices have been widely used in the field of
human engineering to test the suitability of various in-
struments and machines for the men who have to use
them. Encouraged by their success in that field, radio
engineers have tried to devise an equally simple way of
simulating electromagnetic radiation. The results ob-
tained in a ripple tank have eliminated the huge amounts
of time and money involved in the construction of radar
components for research in this field. 7
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A very special type of vessel is required to successfully
conduct oceanographic research. The author describes
some of the characteristics it should have and explains
whynaval architecture is soimportant tofuture progress
in this field. 14
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The steps the Navy is taking to fill its need for officers
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here by one of its students. 20
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The Polaroid Color-Translating
Ultraviolet Microscope

Miriam N. Swaffield

Cytologist, Research Department
Polaroid Corporation, Cambridge, Mass.

Ever since the invention of the microscope, centuries ago, biolo-
gists have constantly sought methods which would reveal the chemical
constitution of cells and concurrently permit correlation of these data
with structural detail. The light microscope, by itself, was inade-
quate, for it has long been known that fresh tissue cells examined in
visible light are completely transparent and colorless. Consequently,
the biologist was forced to resort to the application of dyes as a means
of revealing and differentiating cellular structure. Innumerable staining
methods have since beendevised. Although indispensable tothe histolo-
gist, most of them are subject to the criticism that the images so ob-
tained represent a physical rather than a chemical combination of the
dyes with different cellular areas.

At the beginning of this century, however, a new and different
microscopic method was developed which soon contributed significantly
to the problem of correlating observable cellular structure with chemi-
cal constitution. This new microscope system utilized the ultraviolet
portion of the electromagnetic spectrum, which, as indicated by Abbe’s
formula for theoretical resolving power, should permit approximately
twice the resolution obtainable with visible light. Realization of this
was demonstrated in the first published ultraviolet photomicrographs
which showed structural details previously unobservable. At the same
time a second and more valuable aspect of the method was demonstrated—
namely, that biological materials contain chemical compounds which
exhibit strong and characteristic absorption of ultraviolet wavelengths.
This discovery that unstained tissue, which is transparent and colorless
in visible light, has considerable contrast in ultraviolet light has made
possible the photography of microscopic preparations without preliminary
staining procedures and at the same time has provided an accurate method
for localization within the cell of ultraviolet-absorbing materials, It is
as if tissue cells possessed characteristic “color” in a spectral region
where man’s eyes are not sensitive.

In spite of the early recognition of the capabilities inherentinultra-
violet microscopy, few investigators were immediately stimulated to
use the method, and it is only within the last two decades that the tech-
nique has been extensively pursued. At the present time many labora-
tories in this country, England, and Sweden are actively engaged in this
phase of biological research. Progress has been slow, however, as
ultraviolet photomicroscopic techniques are, in general, tedious and
time consuming. Until recently the only available ultraviolet microscope
objectives were monochromats which require a change in focal setting
for each change in wavelength. In addition, the optical requirements of
these lenses impose serious limitations on choice of wavelength and
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(1) Light Source. The source is a General Electric AH-6 high-
pressure, water-cooled mercuryarc operatedat 600 volts. The radiance
of the source is excellent down to 240 my and is greater than other
available ultraviolet sources.

(2) Monochromator. The monochromator delivers to the micro-
scope ultraviolet radiation of any desired wavelength and bandwidth. It
employs a Bausch and Lomb 4-inch square plane grating, ruled on
aluminum with 15,000 lines per inch. It was blazed to deliver about 70
percent of its light in the first order, which avoids overlapping spectra,
and has maximum efficiency near 250 mit. Bandwidths as small as 3.0
mpy can be obtained at any wavelength from 230 myu through the visible
region.

(3) Wavelength Drive System. The exact wavelength delivered to
the microscope is determined by the grating angle which is adjusted
mechanically. Three wavelengths may be set at once. In operation,
these are evoked cyclically and automatically with less than one second
required for the grating to shift from one position to another. The wave-
length settings are reproducible to better than 0.5 mu.

(4) Flux Monitor or Automatic Exposure Control. This system
automatically compensates in. exposure time for any fluctuation in the
source brightness. In operation, the exposure is automatically ter-
minated, by closing the shutter, when a preditermined amount of radiant
energy has reached the microscope. The system includes a beam-
splitter, a photocell, an amplifier, and a system of variable capacitors
which handle exposures in a ratio of 1-1000.

(5) Microscope Frame. The microscope frame is of the inverted
type for maximum convenience in working with living cells. A “direct-
vision side tube” is provided. Focusing of the objective to a precision
of 0.1 u is permitted.

(6) Ultraviolet Apochromatic Lenses. These were designed by
Mr. David Grey of the Polaroid Corporation and were constructed by the
Bausch and Lomb Optical Company. They are apochromatic from 220
my through the visible range which means that the specimen can be
focused in visible light and photographed at any ultraviolet wavelength
without change infocus or magnification—features essential to the color-
translation technique. They employ mirrors and also refracting ele-
ments of quartz and fluorite. Available numerical aperture values are
NA 0.4, NA 0.7, and NA 1.0 (immersion). The objectives are used with
specially-designed ultraviolet oculars. Total magnification to the film
can be as small as 86X or as great as 540X.

(7) Photographic Film. The film used is Eastman Kodak’s 35 mm
“Spectrum Analysis No. 1,” which has not only high sensitivity to ultra-
violet radiation, but high resolving power as well—155 lines per mm.

(8) Drive System. This system automatically moves the film
along and accurately positions it at the exposure, processing, and
projector-stations.

(9) Rapid Processor. This functions as a miniature darkroom
‘wherein the film is developed, fixed, washed, rinsed and dried. Con-
ventional photographic materials are employed at high temperatures so
that the total process requires less than 20 seconds for completion.
Three frames of film are simultaneously processed.
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“Ripple Tank” Simulates Radar Waves

Prof. Lloyd A. Woodward, Dr. Nelson L. Walbridge,
and Prof. Howard L. Smith

Department of Physics, University of Vermont

Armed with nothing more than an oscilloscope and a sharpened
pencil, the radio engineer canplot wave-forms fromtheory. The chemist
goes the engineer one better, however, in that he can actually visualize
what happens by means of molecular models—structures composed of
little sticks and plastic balls. Scientists have long tried to devise an
equally simple way of demonstrating the interesting properties of wave
motion. A “ripple tank” comes pretty close to doing this.

The tank is essentially a shallow tray of water with aglass bottom.
Small waves, or ripples, are generated on the water surface, and then,
by transmitted light, the motion of the waves is portrayed on some sort
of a screen. The resulting two-dimensional pattern illustratesdramati-
cally many of the mathematical theories of electromagnetic radiation
including x-rays, light, infrared rays and radio waves. Of special inter-
est are the short wavelength bands employed in radar.

In 1949 Allen Schooley, Superintendent of the Electronics Division
at the Naval Research Laboratory, described such a device, which he
had constructed and usedas an aid to phase-front visualization. A group
at NRL considered the possibility of extending its use to include the
accurate measurement—as well as demonstration--of the radiation from
certain sources and reflectors. This idea was submitted to us at the
University of Vermont for study, and in 1951 a contract was arranged
through ONR.

The first step was successful in thatan improved method was found
for measuring th e amplitude of vibration at any pointin the wave pattern.
When light rays are directed vertically upward through the water sur-
face, they are refracted differently at each point of the wave. As a con-
sequence, each small section of the wave crest acts as a lens with its
own focal length, and line images of a point source are distributed in
space above the water surface.

By considering the coincidence of two images from corresponding
sections of two different waves, very convenient equations were derived
which relate the amplitude directly to the distance betweenthese waves,
or the wavelength, and to the distance of the point of coincidence from
the ripple lens. In practice, the imagesare projected throughanauxiliary
lens onto a ground glass. They are brought into coincidence by moving
the glass back and forth along an optical bench, in much the same way
as a portrait photographer focuses his camera. A scale marked on the
bench and calculated for a single fixed frequency allows the amplitude
of wave motion to be readdirectly from the position of the ground glass.
This method is accurate to 1 percent for large wave amplitudes (up to
.05 mm) and to 5 percent for the smallest ones (.001 mm). Waves as
low as .0002 mm, and having a length of about 11 mm, can be detected.
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In order to get that degree of accuracy, the light-source must be
flicked or strobed in exact synchrony with the waves, so that the light
will pass through successive waves at exactly the same phase. This is
done by having the same oscillator that makes the waves, also operate
simultaneously the stroboscope screens or “flags.”

The master oscillator generates vibrations of a pre-arranged
frequency, say 20 cps, which are transmitted to phonograph cutting heads.
One set of cutting heads operates the strobing flags, while another ac-
tivates the rods which support the radiating points which make the waves.
The radiator probes are small metal points dipped in wax to form small
round buttons. The buttons are then immersed in the ripple tank, just
flush withthe surface of the water. There may be one, or more of these
probes, according to the type of radar-antenna “feed” in the system
being simulated. The antenna reflector is also simulated, but more
about that later.

By referring to Figure 1, it should now be possible to follow through
the entire arrangement in the best Rube Goldberg manner. The vibra-
tions are set up in the master oscillator (a), are passed electrically
through a phase shifter and amplifier (b,c) simultaneously to the probes
(h) and the strobing flags (d). Meanwhile a light source (e) sends out a
beam that is pulsed or strobed by (d), reflected at (f) through about an
inch of water in the ripple tank (g) and is reflected again at (i) onto the
ground glass (j). The auxiliary lens, mentioned earlier, is not shown.
Figure 2 isa cross-section of the tank itself showing the “beaches” which
absorb waves and prevent reflected back-wash.

The problem chosen as the first to be investigated was the beam
from a small dish reflector. For this problem a suitable source of pri-
mary radiation, and a reflector of adjustable size and shape, were nec-
essary. The “double-H” type of radiator was chosen because it would
produce a directed beam and would have a relatively small “shadowing”
effect on the radiation coming back through it from the reflector.

Figure 1. Ripple tank and equipment.
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Figure 2. Diagram of ripple tank.

This radiator, as treated in theory, consisted of one pair of points
separated by a one-half wavelength and vibrating in phase, and a second
similar pair alongside the first at one-quarter wavelength from it and
vibrating 90 degrees ahead of it in phase. We soon found that small
bodies instead of points, with the absorbing effect of an actual medium,
produced a beam quite at variance from that calculated by theory, the
principal defect being a “back” radiation where there should be none.
Two particular modifications were found, however, which would bring the
experimental beam into conformity with the theoretical and desired one.
First, the relative powers of the two vibrating pairs should not be equal
but that of the “back” pair must be reduced by as muchas 40 or 50 per-
cent. Secondly, the phasing had tobe adjusted atthe time of each experi-
ment. This, as yet, has notbeen measured since we have been interested
in the result, and the measurement of phase is not particularly accurate
with this apparatus.

In practice, these two adjustments are made while watching the
pattern on the screen, attention being directed to this “back” radiation.
It has been found that the spacing between the two pairs need not be the
one-quarter wavelength; in fact, it is usually somewhat larger for the
purpose of reducing overcrowding of the four radiating heads whichhave
a diameter a little over a tenth of a wavelength. The relative powers
and phases are adjusted until the back radiation is reduced to a minimum.
Usually this is 20 db or so down from the main beam and often may be
40 db or more.

The second component of our problem was the reflector. In order
to provide enough variety of form to try out the various parameters a
“segmented” reflector was devised. The segments were machined from
eighth-inch brass sheet. They were then placed on edge on a lucite
holder or platform so that their top front edges formed a section of a
line which would be flush with the water surface and reflect the ripple
waves with little loss in energy. The dimensions of waves, radiators,
reflectors and other apparatus were kept strictly to scale.

At present only the parabolic reflector dish has been simulated.
For various shapes of this type a master parabola was first plotted from
which optical templates were made. The plotted parabola is placed on
a glass plate under a bright light and condensing lens, and then a good
lens is used to make a sharp, reduced image of the curve. The focal
length is reduced to the desired value by adjusting the magnification of
the lens. The brass segments are then placed so their edges just touch
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straightedge was then set upthree or four wavelengths from the source,
perpendicular to a radius and with its edge on this radius. It consisted
of a brass plate resting on edge on the bottom of the tank and with its
top flush with the water level. Thus, no waves passed over the barrier,
and diffraction effects were observed in the region outside it. It is not
necessary to go into the details of the comparisons with Fresnel’s ex-
periment, and the many pages of mathematical calculations required.
Suffice it to say that, though no simplifying assumptions were made, the
data calculated from the light experiment were in close agreement with
the data plotted from the ripples.

Another problem that suggests itself for its interesting possibili-
ties is that of the radome, in which the refraction caused by the radia-
tion passing through a medium of differing index can cause trouble.

In our apparatus a glass plate can be placed with its surface just
under water andthe depthof the layer above maybe carefully controlled.
Since the speed of the water waves is dependent upon the depth, and since
the speed corresponds to the index of refraction, forms may be con-
structed and so placed that they are, to scale, models of actual radomes.
We have found that, by carefully varying the depth between 1.0 and 0.5
millimeter, indices may be simulated from a value of 1 to over 1.5.

Asin work with model basins and wind tunnels, simulationis seldom
exact. However, scaling-factors have been worked out successfully
for the basins and tunnels, making them invaluable tools for the naval
architect and aircraft designer. It seems possible that similar factors
can be worked out for the ripple tank, making it indeed a crystal ball
for wave-propagation research.

Forrestal Anchor Chain

The Navy’s new attack carriers of the Forrestal Class will be
equipped with the largest anchor chain ever used. It will have a breaking
strength in excess of 2-1/2 million pounds. A single dielock link of the
4-3/4-inch.size as used in this chain, weighs approximately 360 pounds
and measures 2 feet 4-1/2 inches in length, 17-1/4 inches in width and
4-3/4 inches in diameter at the smallest cross section. The Boston
Naval Shipyard was chosen as the site of the 25,000-pound drop hammer
and other principal facilities required for its production. Planning for
this new chain-making venture required solutions to several problems,
chief of which were location, isolation of vibration effects on buildings,
installation, and material handling.
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Oceanography and Naval Architecture

Dr. C. O’D. Iselin

Senior Physical Oceanographer
Woods Hole Oceanographic Institution
Woods Hole, Massachusetts

Physical oceanography in this country had its origins in the in-
terests of two famous men in the effects of environmental factors on
shipping. Benjamin Franklin’s concern over the slowness of westward-
bound mail from England led him to undertake a pioneer study of the
Gulf Stream. Some 5U years later, after the chronometer had come
into general use, Matthew Fontaine Maury organized the collection of
weather and surface-current data on an oceanwide basis. Navigators
contributed the basic observations, which were then combined and ana-
lyzed by Maury, and returned to them in the form of pilot charts. This
early, statistical, two-dimensional oceanography was rather elemen-
tary science, but in the days of sailing ships its practical applications
were quickly apparent to all seamen, both naval and commercial.

It is significant that Maury’s current charts were dependent on a
major advance in the technique of navigation. Loran navigation repre-
sents a more recent step forward; during the last 10 years it has
greatly increased our knowledge concerning the characteristics of
ocean-surface currents. Meanwhile, of course, three-dimensional
physical oceanography has been evolving, several means of precise
navigation in addition to Loran are under active development and it
may well be timely to consider what these developments mean to ship-
ping and to naval architecture in general.

The statistical picture of ocean-surface currents and of the aver-
age winds as shown on pilot charts has not been considered of much
practical impertance since the advent of full-powered vessels. Ships
bound south for tne Florida Straits have in general avoided the Gulf
Stream and those northbound from the Gulf of Mexico have to some ex-
tent followed its mean path, but elsewhere in the North Atlantic the
currents have seemed to be too weak or too variable to justify depart-
ing from the great-circle shipping tracks.

The new picture of ocean circulation which is developing from
modern oceanographic surveys indicates that such an attitude may not
be much longer justified. As our ability to navigate precisely has in-
creased, it has been found that currents are often narrow, swift and
streaky in nature. They meander widely and do not remain in the same
track for long. The swifter streaks of current are usually bordered by
relatively weak countercurrents. Thus it is quite possible for two
ships on parallel courses only 10 miles apart to be experiencing radi-
cally different conditions. One of them may have a fair current of say
five knots and the other one—in the nearby countercurrent--may have a
head current of one and a half knots. Loran, if used at sufficiently fre-
quent intervals, enables the navigator to know quickly and easily the
speed and direction of the current he is experiencing. If he under-
stands the general oceanographic situation he is in, through slight
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passing through swift currents such as those encountered in the west-
ern North Atlantic, such refinements to navigation might well be justi-
fied. However, these matters have been stressed here for a somewhat
different reason. In studying the performance of ships under actual
operating conditions in the past it has not been customary to take the
currents into account. The number of miles made good each day is
available from the log and when these figures are compared with fuel
consumption, for example, the correlation is sometimes not at all
close. To separate the effects of wind and sea from those of the cur-
rents for ships not equipped with means of measuring their speed
through water has seemed a hopeless task to those who have tried
to study such data. Recent advances in physical oceanography can go a
long way toward remedying this situation. We now know in which areas
the currents are so weak as to be negligible and where strong currents
are likely to be encountered.

The effects of local winds are of course superimposed on the
deeper and much swifter permanent currents. Until recently there has
been an embarrassing lack of reliable observations on the nature of
wind currents. We know that, on the average, surface water moves at
about 3 percent of the wind velocity and in a direction of about 30 degrees to
the right of the wind in the northern hemisphere and to the left in the
southern hemisphere. A very convincing theory of wind currents was
published by Ekman in 1905, but only during the past year has anyone
succeeded in making convincing measurements. Beginning last autumn
Mr. Henry M. Stommel of the Woods Hole staff has been studying wind
currents in the Bermuda area. He has used free-floating buoys which
measure the difference in direction and velocity between the surface
water and the water at a depth of 300 feet. The buoys transmit this in-
formation along with other pertinent data by radio every few hours.
They show that inertial oscillations of up to a knot and a half are sur-
prisingly common. In general the surface water circles to the right
relative to the deeper water (and presumably to the left in the southern
hemisphere). These irregular, eddylike motions are by no means yet
fully understood, but at least a start has been made.

Superimposed on the wind current is the shallow, downwind trans-
port of water due to waves. This is at a maximum in high, steep waves.
During storm conditions it may average up to a knot in the upper 30
feet or so. This type of motion is due to the asymmetry of the waves
and is believed to decrease logarithmically with depth. It is probably
negligible for deep-draft ships in winds below 30 knots.

In short, the movements of the surface layer in which a ship
floats are verycomplex phenomena. Velocities up to 6 knots are fairly
common and at times—when all factors are working on combination—
can probably reach 8 knots. What the pilot chart shows is only these
movements averaged widely in time and in space. A ship would have to
make many voyages indeed along a given track before the average of
the currents detected by its navigator began to agree with the averages
derived at the Hydrographic Office from many thousands of log books.
Nevertheless, I believe that through understanding such matters and
with a little work on the part of the navigator of a new ship, a reliable
estimate of her performance can be obtained in areas where Loran
navigation is available.
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Storm waves are another and perhaps more fundamental factor
with which naval architects are concerned. Until recently, oceanogra-
phers have not been able to be particularly helpful. Until World War II,
means of observing the significant statistical characteristics of waves
had not been devised. At first the effort was directed toward predicting
surf height; that is to say, the initial interest was mainly in swell. The
longer-period components of the wave spectrum could be readily meas-
ured by setting out pressure recorders on the bottom in shallow water
beyond the surf zone. These were usually connected by cable to the
shore. Wave-period analyzers were developed both in this country and
in England. The net result of this wartime research program can be
summarized as follows:

1) A considerable number of able investigators became interested

in wave phenomena.

2) Especially under circumstances when the storm is traveling
toward the area for which a forecast is desired, it became pos-
sible to make useful predictions of surf height and period 24
hours or more in advance.

3) The reverse process under certain circumstances was equally
successful. By observing the periods of the swells at several
points along the coast, it became possible to locate distant
storms and to make estimates of their intensity.

4) Refraction effects in shallow water became thoroughly
understood.

5) Charts of average sea and swell conditions over most ocean
areas became available.

6) The concept of the energy spectrum as a means of describing
the sea state was born.

After the war a continuing research program was at first mainly
supported by the Beach Erosion Board, but more recently the Office of
Naval Research and the Bureau of Ships have provided funds for a
broad attack on wave problems. Great advances have been made in
wave theory and improved practical means of predicting the character-
istics of the waves in the open ocean have been devised. One practical
consequence of these new techniques is that in judging the performance
of a ship in heavy weather it is not strictly necessary that the heights
and periods of waves be recorded. Knowing the position of the ships,
these can be deduced from the weather map.

Attempts to develop open-ocean wave recorders have as yet met
with only marginal success. Wave theory at present is well in advance
of our ability to measure large waves. It is believed that this bottle-
neck will shortly be broken. Free-floating wave recorders, capable of
dealing with waves up to about ten feet in height, have been perfected.
The British have developed a shipborne device that holds considerable
promise of being able to measure the characteristics of large waves.
At Woods Hole, work is in progress on a more refined, and more easily
calibrated shipboard system.

What is probably the chief deficiency in the mathematics of wave
theory and what is certainly the main difficulty in devising precision
wave recorders is that wind waves innature are not symmetrical. More-
over, it is their short-crestedness that is their dominant characteristic.
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be reliably contoured, the wind must be blowing 30 knots or more. For
the photography to be adequate, the lighting must be fairly good and fi-
nally all these conditions must coincide with slack water. However, an
investigation having somewhat different objectives might not have such
difficult environmental requirements. For example, to compare the
motions of two different hull forms operating together in small natural
waves would be very much easier and perhaps equally fruitful. Once
the scale relationships in natural waves have been worked out, and this
should not take long now that reliable wave recorders are beginning to
be available, many meaningful, self-powered model experiments can be
envisioned.

As has been discussed briefly, there seem to be several ways in
which modern oceanography can be of help in advancing some of the
problems of naval architecture. In turn, oceanography could greatly
benefit through developments in naval architecture and marine engi-
neering. The sorts of problems which an oceanographer can undertake
with a reasonable chance of success often depend on the capabilities of
his vessel. The desirable qualities are somewhat specialized and have
few commercial or naval applications. The oceanographer requires a
highly seaworthy and maneuverable vessel of great endurance. In
terms of efficiency he would be willing to pay a considerable price for
these characteristics. He needs a vessel that can be operated by a
small crew, that can be at sea 250 or more days a year and will be
comfortable to an outstanding degree. There seems to be no clean-cut
prototype for such a vessel. It should combine some of the capabilities
of a North Sea trawler, a submarine, a cable ship, a pilot boat, a Coast
Guard cutter and a houseboat. In addition, it should be the quietest
vessel ever built because underwater acoustical devices have become a
basic means of studying the ocean.

The starting point of a successful design seems to require the
marriage of an acoustical engineer and a naval architect. Further-
more, the electrical background noise of the research vessel must also
be suppressed to an extraordinary degree. Its ability to navigate pre-
cisely, which is a prime requirement in oceanography, will depend
largely, in all probability, on its ability to receive weak acoustical and
electromagnetic signals. In short, the ideal research vessel would be,
to say the least, somewhat unconventional.

Practical experience indicates that such a vessel should have a
displacement of between 500 and 1000 tons. Thus it would fall in a size
range in which there is not a great deal of design experience. While
seaworthiness in its broadest sense should be the main consideration,
the requirement of great endurance (about 10,000 miles and ability to
remain at sea for at least two months) means that the hull must also be
easily driven at moderate speeds.

To a very considerable degree oceanography in this country
awaits the creation of much-improved research vessels. Like astron-
omy, oceanography depends on a costly and highly engineered facility.
As yet oceanographers do not seein to be nearly as well prepared to
design ships as astronomers are to design telescopes. We are just be-
ginning to realize that naval architecture could become the bottleneck
in some of our plans for the future of marine science.
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Science Education
for Naval Officers

LT B. I. Edelson, USN

Hammond Metallurgical Laboratory
Yale University, New Haven, Conn.

When World War II ended the Department of the Navy found itself
controlling a vast network of research establishments and employing an
army of scientists and technicians. More important, it recognized a
responsibility never before realized for the encouragement and protec-
tionof alarge area ofthe country’s scientific resources. The Congress,
too, recognized this responsibility and implemented it withthe establish-
ment in 1946 of the Office of Naval Research under Public Law 588, 79th
Congress.

The over-riding technological advances made by each ofthe armed
forces during the war had pushed tothe very frontier of scientific knowl-
edge. Applied military science found itself, for once, breathing onthe
neck of fundamental or so-called “pure” science. The Navy, as well as
the other military departments, employedthousands of civilian scientists
and brought hundreds of others into uniform to hasten the application of
basic research. During the war a host of chemists, physicists, mathe-
maticians and others found themselves taking experimental data with
one hand and passing it on to development engineers with the other. In
short, research scientists had taken their place alongside engineers in
the military establishment.

However, the great majority of naval officers with scientific train-
ing who developed the wartime research organization were reservists
who left the service after the cessation of hostilities. The Department
of the Navy soon realized that although there were many officers with
graduate engineering training inthe Regular Navy, few of them had grad-
uate training in the basic sciences. Officers with these qualifications
were vitally needed to fill the gap between civilian scientists and offi-
cers with engineering training in this great research program.

In recognition of this need, ONR in 1946 sponsored the establish-
ment of a new curriculum under the Naval Postgraduate School. This
course, known as the Advanced Science Curriculum, is now a continuing
program “to prepare selected officer personnel to deal with the prob-
lems of fundamental and applied research in the fields of general phys-
ics, chemistry, metallurgy and applied mathematics.” Each year a
small group of officers is selected from among the first-year students
in the Engineering School who apply for this science program. The
applicants are carefully screened for proper background and aptitude,
and those selected are given a choice of the field of study they wish to
pursue. Universities meeting all requirements in these chosen fields
are then selected. The officers must submit the standard applications
and meet all academic and other requirements for admission to the
selected universities.
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summer is spent at the University in a summer course, or at the
Office of Naval Research in Washington to obtain familiarity with the
Navy’s research program,

The Office of Naval Research assigns one of its seniorscientists
responsibility for coordination of the Advanced Science Program. This
scientist maintains close contact withthe U. S. Naval Postgraduate School
and provides advice and guidance to the students in selection of their
universities and courses. Dr. Immanuel Estermann, Director of the Ma-
terial Sciences Division, now serves in this role as the ONR “Dean” of
the program.

When an officer reports in September to the university of his
choice, he is thereafter governed by the same general requirements
imposed on any civilian graduate student. The officer selects courses,
studies and takes examinations, works on individual research, follows
all the customary academic routine, and even wears civilian clothes.
The Postgraduate School pays all tuition and laboratory fees, provides
textbooks for his use while at school, and exercises general supervision
over his courses of studies. His stay at the university generally lasts
twoyears and leads tothe Master of Science degree, but often is extended
an additional year to allow him to qualify on the doctorate level. The
pride with which the mature officer student dons his cap and gown to
receive his diploma certainly equals and often exceeds that of his civil-
ian fellow graduates.

Upon completion of this course of study an officer may expect
certain of his shore-duty assignments to be at ONR, one of the naval
research facilities, or a material bureau utilizing his specialty. At the
present time there is no special designation for an officer with scien-
tific training, but he may apply for the general Engineering Duty desig-
nation which restricts his assignments to a narrower scope of technical
administrative billets. It is not the purpose of this program to convert
naval officers into scientists, but rather to equip officers with special-
ized scientific knowledge based on a broad professional Navy background.
The officers can then better evaluate research data and determine pro-
grams in terms of practical military applications.

There are at present thirty-two graduates of the Advanced Science
Program and eleven currently in school. To quote Captain A. B. Cook,
Director, Military Services Division, “The Advanced Science Students
are just as much pioneers in the Navy today as were the naval aviators
thirty-five years ago.” These officers, judiciously employed, can com-
prise a nucleus of scientifically-trained personnel in the Regular Navy
better able to assume and administer the Navy’s new responsibility in
the field of scientific research.
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Researnch Nates

NRL Eclipse Expedition

A team of scientists from the Naval Research Laboratory has
returned from a trip to Sweden where the total solar eclipse of June 30,
1954 was observed. Both optical and radio measurements of the sun’s
radiation were made for the purpose of adding to man’s knowledge of
the sun’s atmosphere, information which is expected to be of ultimate
benefit to meteorology and long-range radio communication.

Dr. Edward O. Hulburt, Director of Researchat NRL, was in charge
of the optical experiments. He made color-distribution measurements
of the sun’s outer edge, or limb, just preceding and during totality, using
photoelectric cells. From analyses of limb-darkening spectra, scien-
tists hope to obtain additional information on the sun’s outer atmos-
phere—the chromosphere and corona—visible only during an eclipse.

Measurements of radio emissions from the sun’s atmosphere were
made under the direction of Dr. John P. Hagen, who is in charge of
NRL’s program in radio astronomy. He used two radio telescopes, or
radiometers, for this purpose. One of these scientific instruments re-
ceived radio waves from the sun at 9.4 centimeters (approximately 4
inches) and the other at 0.85 centimeter. Studies of the sun by radio
astronomy provide an index of the sun’s activity and useful day-to-day
predictions of its effect on the earth’s atmosphere, which, in turn, affects
meteorological conditions and long-range communication. A solar
eclipse affords radio astronomers an opportunity to study the effect of
the corona and chromosphere on the sun’s radiations.

This was the fourth eclipse expedition for NRL scientists. Sweden
was chosen as the site for the 1954 experiments, because of its more
favorable weather conditions and because of the sun’s elevation at the
time of totality. Oskarshamn, a town on the east coast, was the actual
observation point.

Adoption of International Nautical Mile

On July 1, 1954, the Dept. of Defense began using the International
Nautical Mile in lieu of the U.S. Nautical Mile. This decision, replacing
the U. S. nautical mile of 1853.248 meters (6080.20 feet) by the Inter-
national Nautical Mile of 1852 meters (6076.10333. . .feet), confirms an
official agreement between the Secretary of Commerce and the Secre-
tary of Defense to use the International Nautical Mile within their re-
spective departments.

The use of a mile derived from the length of adegree of the earth’s
meridian is very old. It is believed that the Chaldean astronomers first
determined the length of such a unit. Miles of this sort have been vari-
ously called meridian miles, geographical miles, sea miles, and nauti-
cal miles, and they have differed greatly in magnitude, some of the
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values providing 10, 12, 15, and 60 miles to a degree. The British and
the U. S. nautical miles were each derived by taking 60 nautical miles
per degree, but the values adopted were not the same. The nautical
mile adopted by the British Admiralty equals 6080 British feet, while
the U. S. nautical mile has had the adopted value of 1853.248 meters,
from which the equivalent 6080.2 U. S. feet has been derived. The
British foot is shorter than the U. S. foot by 1 part in 400,000, an amount
which is of no importance in the ordinary transactions of everyday life
but which is very important in precise measurements.

In 1929 the International Hydrographic Bureau obtained an agree-
ment from a large number of countries to adopt a value of 1852 meters
for the nautical mile, the unit thus defined to be called the International
Nautical Mile. However, at the same time Great Britain, the U. S. S. R.,
and the United States did not accept this value, each country preferring
to retain the nautical mile to which it had been accustomed.

Finally, in 1953 an informal group from the Department of Defense
and the Department of Commerce considered a proposal for international
standardization of abbreviations for the knot and the mile. At this meet-
ing the general situation regarding the nautical mile was discussed. In-
asmuch as the change from 1853.278 meters to 1852 meters would not
affect nautical charts, the calibration of navigational instruments, or
navigation, but would effect international uniformity and facilitate preci-
sion measurements, it was decided to adopt the new standard.

Joint Admiralty - U. S. Navy Meeting

Naval representatives from Great Britain and the United States
are attending a meeting on hydroballistics at the Admiralty Research
Laboratory, Teddington. Sponsored jointly by the British Admiralty and
the Office of Naval Research, the six-day meeting will conclude there
on 14 September. The group will meet at the Armament Research Es-
tablishment, Fort Halstead, on 15 September.

Mr. William L. Cook, Chief of the Royal Navy Scientific Service,
will welcome the group and Rear Admiral Frederick R. Furth, Chief of
Naval Research, will give the response.

This meeting takes the place of the tenth ONR Underwater Bal-
listics Conference. It is the first to be held abroad and will be attended
by 36 U. S. representatives. Included in the group are 17 navy contrac-
tors and 19 naval officers and civilian scientists from the materiel
bureaus of the Navy and ONR. In addition, representatives from the
Naval Attaches Office and ONR London are attending. One hundred and
seven British scientists and naval officers are also attending. .The
British Admiralty have been tireless in their efforts in setting up an
excellent schedule for the meetings, dinners and other events involved
in a conference of this nature.

All aspects of underwater weapon research and development will
be discussed, including motion of missiles, propulsion systems, hydro-
dynamic noise and air-water entry problems. The universal nature of
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the subject matter is significant. Its application is not limited to weap-
ons but is pertinent to ship design as well. This is evidenced by the
number of ship design and research people attending and contributing
to the meeting.

Such joint collaboration has proven highly advantageous to both
countries. For example, while the British benefited from American
practice and experience when they started designing their facilities,
we are now deriving a return in terms of their experience which is aid-
ing in the design of new facilities in the U.S. It is anticipated that many
worthwhile developments will result from the present conference.

Navy Completes Series of 13 Cosmic Ray Tests

Under the joint sponsorship of the Office of the Naval Research and
the U. S. Atomic Energy Commission, a group of scientists recently
completed a northern latitude “Skyhook” expedition during which 13 suc-
cessful combined rocket-balloon flights were launched from a Navy
icebreaker. The experiments were conducted aboard the USS ATKA in
the North Atlantic during the period July 15 - 28, 1954.

The major objective of these high altitude observations was to
probe the ionosphere and to rediscover, if possible, an unexpectedly
large number of low-energy particles detected during similar experi-
ments in 1953. Last year’s tests had indicated a flux of particles, pos-
sibly auroral, 10 times greater than normally expected under existing
cosmic radiation theory. This chance discovery was the subject of more
refined experiments this summer.

Further evidence of these particles was obtained during the re-
cently completed series. Identification of their nature and origin awaits
final analysis of the data.

The relatively inexpensive rocket-balloon gombination utilizes a
68-foot diameter “Skyhook,” balloon anda Deacon meteorological rocket
to provide a suitable vehicle for the experiments. The balloon is used
to lift the rocket approximately 70,000 feet; at that altitude the rocket
takes over and the balloon is released. Continuing upwards to a height
of approximately 350,000 feet, the rocket with its instruments trans-
mits datato scientists aboard the ship. This balloon-rocketcombination
was used successfully on previous “Skyhook” northern latitude expedi-
tions during 1952 and 1953 for similar studies up to 350,000 feet.

“Skyhook” is a high-altitude research project, utilizing constant-
level plastic balloons for fundamental stratospheric research. Begun
T years ago by ONR and supported jointly by AEC. The low-cost balloon-
rocket technique, called “Rockoon,” was developed 2 years ago. It has
supplemented the basic balloon vehicle to provide additional opportunities
for stratospheric research. The Navy Bureau of Aeronautics, Bureau of
Ordnance, and the Military Sea Transportation Service also cooperated
in the recent experiments.
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Navy Demonstrates New Type of
Ignition System and Spark Plug

Recently the Office of Naval Research arranged for a series of
demonstrations of the “Smits” Low Tension Ignition System at the U. S.
Naval Experimental Station at Annapolis and at the U.S. Marine Corps
Base, Quantico. ONR scientists believe the new system, developed in
the Netherlands by Mr. W. Beye Smits, may have important naval
applications and therefore arranged for the demonstrations.

Of particular interest to aeronautical engineers were the demon-
strations of the system’s ability to operate under conditions of extreme
cold. Weight saving can be realized because its low voltage makes it
possible to operate with much lighter cables and insulators.

Among other outstanding features of the “Smits” system noted at
the demonstrations were: its ability to perform without any interruption
when thoroughly drenched with water; its ability to cope with high con-
centrations of lead, graphite and copper infuels and also to operate effi-
ciently regardless of the mostadverse atmospheric conditions or carbon
deposits or other fouling of the spark plugs; and its effectiveness under
water, which opens up many possible naval applications.

Other features observed were: the advantageous use of electrical
leakage caused by dirt or water on the spark plugs; less tendency to
preignition than high-tension spark plugs; condensers usedas the source
of supply for the ignition sparks; shorter length of time of the spark;
semi-conductive insulators constructed of non-brittle material; and coils
specially designed to increase energy.

Many of the advantages of the low-tension ignition system are
applicable wherever spark plugs are used. Economy of construction and
maintenance, ease of operation, adaptability, universality (only this one
type of plug is needed), quicker combustion, slower idling and higher top
speeds can all be attained. Quick, easy starting reduces battery wear.

The Navy hopes to test the low-tension ignition system under actual
operating conditions on aircraft reciprocating engines. After a series
of tests and analyses, its applicability for naval use can be definitely
determined.

Seated, from left to right, are Mrs. Moore, Mrs, Ibele, Mrs. Carlson,
Mrs. Hoistad, Mrs. Molitor, Mrs. Paulson, Mrs. Henrickson, Mrs.
Wise, Mrs. Coil, Mrs. Pruden, Mrs. Wands, Mrs. Pitt, Mrs. Friz.

Standing, from left to right,are LT W.E, Ibele, LTJG W.O. Carlson, -"
LCDR F. G. Moore, LTJG T. E. Molitor, CDR A, O. Hoistad, LCDR

J. 1. Paulson, CDR J. A. Wise, LCDR N.B,.Coil, LTJG M,A,Henrick-

son, LTJG A. Newman, LTIG C.T. Friz, LT L.E. Pruden, LT R.C.
Wands, LTJG D. A. Pitt.
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