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COVER PHOTO: This scientistis carryingout mappingoperations
from a so-called “triangulation station”, one mile up in the Juneau
Ice Field. Ten miles away, on the eastern edge of the Ice Field,
Devil’s Paw, an elevation of 8,584 feet, is visible. This photograph,
taken by Zach Stewart, illustrates only one phase of the extensive
work being carried out on the glaciers of this region by ONR in-
vestigators. The article on pp. 7 to 15 of this month’s issue tells
more about their work.
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The Navy’s New Trailerized
Flight Trainers

As modern in designand as effective in performance as the actual
plane itself is the new trainer F3D OFT (Device 2-F-12) built under
contract for ONR’s Special Devices Center by Link Aviation. The new
OFTs provide remarkably complete simulation of all phases of actual
plane operation. Trailer-installed, these self-contained mobile units will
provide advanced training for pilots and, with the associated radar
simulator (Device 15-V-5) for radar operators in the operation of the
F3D night fighter and its airborne equipment. An auxiliary trailer is
being equipped with this simulated radar signal-generating equipment
which will be used with one of these traveling training stations.

The new trainer has been designed to provide complete on-the-
ground flight training under realistically simulated conditions of normal
and emergency flight. Its utilization in the jet fighter training program
covers every phase of flight instruction and practice--cockpit familiari-
zation (for pilot and operator alike), ground and air engine operation,
power settings and attitudes for varying conditions of flight under day

-and night instrument conditions, navigation by radio, and crew coordina-
tion between pilot and radar operator. The F3D mobile Flight Trainer
contains all the facilities necessary for the transitional training of new
jet pilots in addition tothose necessary for increasing the proficiency of
the experienced ones.

The setting for realistic flight is in no way left to the imagination
of the pilot or operator. As Figure 1 shows, the Link F3D Trainer
duplicates in detail the cockpit section of the F3D airplane. The pilot’s
and operator’s station--completely furnished with all of the controls,
switches, instrumentation, and associated equipment of the plane itself--
provides the proper environment for creating actual flight conditions.
Nor does the touch of realism end here. Built-in flight characteristics
and over-all performance of the trainer require the pilot to fly the trainer
as he would the airplane.

Electronic computing systems develop instrumentally all functions
of flight of the aircraft, including engine starting, warm-up, taxiing, take-
off, and landing simulation. Aerodynamic effects of dive brakes, landing
gear, flaps, external armament, wing tanks, and wing icing upon the
aircraftin flightare translated electronically into instrument indications
and control reactions. Even the effect of weight change by fuel consump-
tion and armament release is included.

Flight performance varies with altitude and power, and, as in the
air, critical airspeeds bear the proper relationship to Mach number.
Buffeting is encountered and the nose of the trainer tends to“tuckunder”
when excessive speeds are reached. In addition, short, sharp“G” effects
are actually produced during rough-air simulation by automatically

The material contained in this article was first printed in the November
issue of the Special Devices Center's Monthly Report.
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controlled vertical and roll movements of the fuselage. Stalls and spins
are realistically manifested through the instruments and control feel.

Flight in the trainer demands all the precautions and all the skills
of flight in the aircraft. For example, pilot pre-flight and flight checks
are a “must”. Even so, simulated failures and emergency situations
occur, as well as deviations from specified procedures. The instructor
keeps the pilot constantly on the alert by using the 20-odd failure switches
on the emergency control panel to provide realistic simulation of unusual
conditions ranging from false starts to landing crashes.

Actual operation of the trainer duplicates operation of the plane
in every detail. Under the canopied cockpit of the F3D OFT and ready
for his training flight, the pilot checks his controls, sets his instru-
ments, and prepares to “fire up” the engines. Battery cart plugged in
and switch “on”--throttle aft--master engine switch “on”--fuel switch
“on” --throttle over to start-ignition position - and with the whine of ac-
celerating rotors crescendoing into a roar of burners, the engines come
to life. The starting sequence of the airplane is paralleled electronically
in the trainer even to the actual sounds.

Throughout the flight, the pilot finds the same close parallel be-
tween trainer and plane. Engine controls and instruments provide every
feature of jet-engine operation. Turbine temperature, oil temperature
and pressure, percent rpm, fuel consumption--all vary with throttle
setting and altitude, and the pilot learns what to expect when the critical
rpm is exceeded or idling is too low. He learns too, how to restart
engines in flight and even discovers that the trainer will not fly without
fuel, any more than any airplane.

Equal consideration has been given to the instructor (Figure 2) in
the design and building of this modern jet training equipment. The in-
structor’s console (Figure 3)--the electronic flight control center of the
trainer--is an integral part of the Link F3D. His station within the
conveniently arranged U-shaped console provides comfortable operating
quarters as wellas full facilities for setting up, controlling and evaluating
all phases of the simulated flights.

The instructor is kept constantly informed of the progress of the
flight problem through an adequate set of duplicated cockpit flight and
engine instruments, two automatic aircraft position indicators, and a
panel of tell-tale lights. These lights, coded in color, give instant warn-
ing of any pilot error, its cause, and resultant condition of the aircraft.
For a more complete picture of what goes on inside the cockpit during
flight, the instructor has only to look through the observation window
which opens directly into the cockpit from the instructor’s station.

From the standpoint of instruction and effective pilot training, the
center panel of the F3D console provides the instructor with his most
powerful set of controls for testing pilot skill, alertness, and reaction
to the unexpected. Emergency situations--fire, ice, engine failure,
system (hydraulic, electrical) failures, over-speeding (many of which
are too dangerous too experiment with in the air)--can be duplicated in
the trainer by the push of a button. Other switches provide aural and
visual sensations of actual flight--clouds shadowing the canopy, rain,
static (crash and precipitation) and lightning.
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Exploring the Juneaun Ice Cap

Maynard M. Miller, Columbia University
and
William O. Field, American Geographical Society

For the past few decades glaciological research in the Alps and
Scandinavia has consisted of intensive studies on certain glaciers where
comprehensive observations could be carried out systematically over a
period of years. Because of the complexities involved the trend has been
to study one or two glaciers exhaustively rather than to conduct cursory
examinations of many. Closely related with the shift to greater concen-
tration has been a realization that, in order to achieve useful results,
studies of snow and ice and related glaciation require close cooperation
between a number of different scientific disciplines. Professor Hans
W:son Ahlmann, the eminent Swedish glacier expert, has stated:
“To serve its aims, glaciology must in future be founded in the first
place on physics, mechanics, crystallography and meteorology, and
must belong to the complex of sciences that incertain countries goes by
the name of geophysics”.

It is natural that such investigations should have originated among
the glaciers of the Alps and the Scandinavian Mountains which are
relatively close to centers of population and therefore exert a consider-
able influence on the economic life of these areas. On the other hand,
in North America glaciers have usually been considered as rather re-
mote phenomena, and the motivation to study them as a feature of our
immediate environment has been largely absent. As a result, most of
our studies have been spasmodic and have been carried out either by
individuals on a summer vacation basis, by occasional small parties
from scientific institutions, or by Geological Survey parties as a minor
adjunct to other investigations and mapping activities.

Despite this handicap, a considerable amount of data has been
accumulated in the past three-quarters of a century. It is largely con-
fined, however, to descriptive observations of the lower portions of the
glaciers, to short-term variations of glacier termini, and to the geo-
morphological aspects of glacial erosion and deposition. Prior to 1948,
few if any, worthwhile observations in North America had been made of
regimen (that is, the relationship between water accumulation and dis-
sipation) or of the conditions prevailing in the areas of accumulation in
upper parts of any glaciers. This is not for lack of direction or the

Maynard M. Miller, now a candidate for a doctorate at Columbia Uni-
versity, has been the leader of a number of expeditions into the mountain-
ous and glacialsections of Alaska. He received degreesin the geological
sciences from Harvard and Columbia and has published several papers
on his research.

William O. Field is Head of the Field Research Section of the American
Geographical Society and Chairman of the Committee on Glaciers of
the American Geophysical Union. For many years he has made detailed
observations on glacier fluctuations in Alaska and other parts of the
world,
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the general scientific picture will unfold more slowly than we might
wish, our main concern must be to amass useful data on a sound and
considered basis. Other such projects, we hope, will soon be initiated
elsewhere, especially on representative glacier systems in Alaska and
British Columbia, and further south in the United States, as well as be-
yond the equator in the high mountains of South America.

In the meantime, studies of the variations in the terminal portions
of the glaciers all along the Western Cordillera, in the interior and
coast ranges, from California and Colorado to western and northern
Alaska must be evaluated and their relationships established. At this
time there is perhaps as much desk work required as there is need for
careful and comprehensive field investigations. Particular attention
must be paid to systematic classification, collation of all data now
existent in published and unpublished reports and photographs, and an
analysis and correlation of this data. Nor should we forget that while
our immediate concern may be regional, the broader aspects require
that the results of studies in one area should be compared with those in
other parts of the world. Interchange of information to bridge distance
and language barriers is essential if the broader aspects of glaciology,
especially those dealing with the relationships of glacier variations to
climatic change, are to be adequately understood.

The present glaciological program is thus divided roughly into
three parts. First is the concentrated, systematic, and well integrated
observations as represented by the Juneau Ice Field Research Project.
Second come the still useful though more general and cursory observa-
tions of glacier termini ona continental, hemispheric, or even world-wide
basis, to determine their over-all characteristics and to recordcompara-
tive variations and other attendant phenomena. Third is the desk work
which must bring together and correlate the results of past and current
studies, and provide the means of cooperation and liaison between disci-
plines and between glaciologists and other scientists whose contributions
may alsohelp, not only inour own country but in various other parts of the
world. Only by such a well-rounded program can we hope to begin to
understand the physical character of glaciers, their meaning, their use
to man, and their influence on him, as well as their potential role as
registrars of past and future climatic change.

Because we are living at a time when both Antarctica and Greenland
are still in anIce Age and some glaciers in other parts of the world are
advancing amid general conditions favoring recession, we have a unique
opportunity of studying this interesting and important feature of our
planet. The answer to some of the most complex problems of glaciology,
such as the mechanics of ice flow and the exact relationship of glacier
variation to climatic change may well be found, or at least suggested, in
the detailed study of one glacier or a single glacier system and the ex-
ternal factors which influence their regimen. From the glaciological
point of view this is the objective of the Juneau Ice Field Research
Project. The task cannot be accomplished in one or two seasons but will
require a long period of time as well as the continued cooperation of
many individuals and organizations. We believe that a significant and
useful beginning has been made, however, and that such studies are
proving of considerable value in the development of glaciology as well
as in the general problem of living and operating in, near, and over
areas of perennial snow and ice.
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to taking underwater pictures by means of photoflash powder. Now, as
some of you know, flash powder does not detonate in air. It simply burns
rapidly with a brilliant flash. I started by suspending under water a
couple of drams ina bottle by means of a string from a platform mounted
on piling. It was one of the beehive devices used in degaussing work.
Instead of burning with a gentle “pouff” and emitting the customary
bright, white flash, the powder detonated with a distinct bang. I gradually
increased the charge to about 10 ounces, whereupon the whole platform
shook and swayed, but the observable light emission was only a feeble
yellow flash. At that point my assistant and [ were mutually agreeable
to calling off the experiment.

While discussing the lower order of underwater explosions, I think
it fitting to mention that Captain Williamson, in the course of making
his famous movie, “20,000 Leagues Under the Sea”, reported the firing
of 45-70 Army rifles under water. He claimed this did no harm to the
mechanism of the rifle. He probably was using blanks. I have seen a
motion picture of the firing of a.22 rifle underwater, which showed that
the bullet travelled only about three feet.

Thus, we can come toour first conclusion inrespect tounderwater
explosions~--namely that underwater guns using powder as a propellent
are of no use, and one need not fear shrapnel from an explosion. The
underwater shock wave will probably harm you at a much greater range
than will underwater shrapnel. This is just the reverse of an explosion
in the air.

Now is the time to stop and consider a little more carefully the
nature of an explosion under water. Then we will try to acquire a little
better conception of how much explosive it takes to hurt you or damage
a vessel, and at what distance. If you have a mind to explore the thing
mathematically, you can start out by remembering that you are dealing
with a much denser medium than air, and that the explosion starts from
what may be regarded as a point source; and that in the course of its
outward travel it is globular in form and, therefore, diminishes rather
rapidly, more or less in accordance with the inverse square law. But
after that, you will immediately run into trouble in your calculations be-
cause of reflections from the bottom, from the surface, and because of
other variable factors.

Let us now step up the scale of our example explosions and note
their effects. Just by way of a parting salute to some friends one night,
I fused up a half pound of TNT and tossed it overboard while underway,
half a mile from several yachts. The charge was suspended from afloat
sothat it would go off about one fathom under water. My yachting friends
didn’t even hear it. On another occasion I tossed a half-pound charge
into 12 feet of water, at a distance of less than 100 feet from several
yachts. This explosion produced a little lump or dome on the surface
of the water. There was very little noise audible above decks, but my
friends accused me of swimming under water and using a hammer on
the hulls of their boats. Of course there was no damage.

So, let us stepup our charge a little bit to slightly over 1000 lb of
Torpex. At one time I had duty aboard an explosion test barge, and my
station was about 70 feet away from these charges, which were about 10
feet under water, and in contact with the hull of the barge. When we
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first began firing we all stood on life preservers or took station in a
house mounted on steel springs. After two or three charges had been
fired, however, nobody bothered about such precautions. The end of the
barge which was bearing the charge was heaved up into the air a
little -~ about three or four feet -- but the heave-up was quite slow, and
the shocktransmitted through the decks was not enough to sting anyone’s
feet. Of course, there were numerous barriers between us and the
chargein theform of armor platesand steel compartments. The damage
was considerable where the charge actually made contact. In the course
of these experiments we showed that shaped charges reduced the diameter
of the damage but greatly increased its penetration. One point to re-
member, then, is that shaped charges are as effective under water as
they are in the air.

Now let us develop our sense of proportion in respect to under-
water explosions a little further by shifting to a wooden barge which by
range finder was anchored at a distance of 312 yards from these same

.explosions. This craft was sheltered from the direct path of the shock
wave by the body of the explosion barge. On several occasions when I
went aboard this wooden barge the effect of the shockcould be distinctly
heard striking it with a gentle “thud” sound, and a slight tremor could
be noted. That was all.

Before we leave this level of explosions, that is, those ranging from
600 to 1000 pounds, let us consider what happens to human beings in
the water under such conditions. There is little doubt in my mind that
a human being will be killed at a much greater distance from the center
of an explosion than that at which a small craft or a submarine will
sustaindamage. For example, you have practically got to hit submarines
with a depth charge before they suffer enough damage to sink. Probably
in all cases where submarines are actually sunk by depth charges, the
charge has been dropped and sunk below the level of the submarine and
exploded almost or directly underneath it. Hedgehogcharges and similar
devices of smaller power than the depth charge must actually hit the
submarine.

To return to the more interesting subject of what will happen to
humans who may be in the water when an explosion occurs, we can say
that their air-containing cavities will take the worst punishment. Ina
diving suit you can go to a great depthand sustainpressures in the order
of 200 or 300 pounds per square inch without harm, but this is because
the pressures are equal inside and outside when applied and when
relieved. But when you are near an explosion you will experience un-
equal compression. Eardrums rupture; brains suffer concussion; in-
testines and lungs receive bruises, and sometimes ruptures and bleed-
ing; spinal cords suffer concussion which leads to paralysis. Facing
away from the expected center of the blast, and keeping your head out of
water, will afford some protection by reason of the heavy muscles in the
back. Water can enter the anus, however, so it is advisable not to be
swimming directly away if any judgment can be exercised as to the
position and time of the expected explosion. Probably the best position
in which toreceive an underwater shock wave would be with back toward
its center and slightly bent by drawing up the knees, and, of course, with
head held out of water. This position can be maintained with a little
paddling of the hands and feet. Distance is the best protection, and one
should swim away if there is a reasonable chance that the explosion will
not come for some minutes.
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Very little is known about how far away a man can be from a given
amount of underwater explosive charge and survive. But the experience
of Baron Roberto Frassetto an Italian naval officer fighting against the
British at Malta, should encourage hope that a man can survive in the
water during bombing and depth charging at much less than 1000 yards.
Frassetto was piloting a one-man surface torpedo boat in a flotilla with
several other similar craft when the British discovered their approach.
The boats were put under full speed and attempted to run into the harbor
under a hail of fire, depending on their speed to skitter over the top of
the torpedo nets. All boats were hit and all personnel were killed with
the exception of Frassetto, who was thrown clear. He was in the water
some 14 to 17 metres away when his burning gasoline supply detonated
his 600-pound charge. His injuries included a concussion, cracked
lower ribs, collapsed lung, a compound fracture of one leg, and intestinal
damage. He spent three and a half years in hospitals and now, ten years
:fter the explosion, is sufficiently recovered to engage in shallow water

iving.

This recalls tome a story in a lighter vein, which is illustrative of
how a light craft can sometimes survive where heavier ones are de-
stroyed. While reading reports in the Bureau of Ordnance during the
war, [ came across one which mentioned that a native canoe with two
persons in it was seenover an influence mine when the noise of a motor-
boat propeller set it off. The natives and their canoe were blown into
the air, but upon landing they righted their canoe and bailed out the
water. When last seen they were paddling northward at a high rate of
speed]|

Not comical at all was the experience of a civilian tug off of
Cape May. A German submarine had laid a circle of influence mines
with period delay mechanism, but reports were that the area had been
swept clear. We were carrying out some underwater tests connected
with Mine Countermeasures. One of my group later went fishing along
the shore and observed a large civilian Navy contract tug; this craft
was steaming through the area where we had recently conducted our
tests. The observer had turned away, but suddenly heard a terrific
blast. Looking back again, he saw the plume of the explosion subsiding.
There was no sign whatsoever of the tug. All hands were lost except
two who had been seated on the fantail, and they sustained serious back
injuries.

In general, water should be regarded as a tamping agent for ex-
plosives. Sound and blast travel a little faster than in air. If a charge
is dropped into water, and it is desired that it do damage below the sur-
face, there should be a little delay in the firing mechanism so that the
pipe of bubbly water above, created by the plunge of the missile, has
time to pass away. Otherwise a good portion of the blast will expend
itself upward through this pipe.

Shock waves in water are clearly visible when photographed with
high-speedcameras. If the charge is setdeep, adome will rise which will
be related in size to the size and depth of the charge. If the charge is
set shallow there will be the same sequence of events: first, a shock
wave, then a dome arising, and eventually the appearance of a plume,
rising upward from the center of the dome (see NRL photograph at
beginning of article). Finally, there will be a series of surface waves
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moving out concentrically from the explosion center. In large-scale
explosions, these waves in themselves can do a great deal of damage.
In the case of the atom bomb they were 90 feet high in the center, and
even at a distance of two miles they were tenfeet high. For anexplosion
taking place in shallow water the waves at the same distance might be
twice as high.

It is probable that maximum lethal damage radius is achieved by
a charge in deep water. Therefore, the figure of about 1/2-mile, es-
timated as maximum radius for serious damage, may be taken to repre-
sent an upper limit for the more complicated cases of shallow shots in
either deep or shallow water. The shock wave is the source of the largest
amount of available energy in the waters surrounding the charge, even
though the secondary bubble pulses which follow are of greater duration.
Although the latter have impulses comparable to that of the shock wave
they have much lower peak pressures and their importance for damage
is strongly dependent on the position and state of motion of the gas
sphere in reference to the surface, the bottom, and the target.

It generally may be concluded that a bubble pulse is of significance
only if the arrangement of the charge and target and other surfaces is
favorable. The lethal or sinking range of all types of surface vessels is
very much the same--in the neighborhood of 1200 to 1800 feet from sur-
face zero. Serious loss of efficiency is to be anticipated within a radius
of 3600 feet from surface zero. Submerged submarines will probably be
lost at 2700 feet from the explosion, while vessels underway may be
expected to suffer somewhat more severe machinery damage than vessels
at anchor.

Although the major portionof a shock due to a shallow underwater
atomic explosion is propagated through the water, a not inconsiderable
amount is transmitted as a shock wave in the air. It is admitted in the
literature however, that damage to shore installations would be a little
more than half of those of an air burst. As a consequence of a deep
underwater atomic bomb explosion, apart from damage caused by waves,
it is believed that little harm would result to harbor and shore installa-
tions with the possible exception of damaged piers and breakwaters.

In the case of the atom bomb, there is, in addition to the normal
effects of an underwater explosion, a distribution of radioactive ma-
terials. The radioactive content of the gas bubble is vented through a
hollow plume and forms a mushroom-shaped cloud at the top. It con-
tains some of the fission products and other bomb constituents as well
as water droplets. In addition, there is evidence that material sucked
up from the bottom fell on the decks of ships some distance from the
Bikini Baker burst. In that test it was observedthat the column of water
and spray, constituting the plume, fell back into the lagoon, but there
developed on the surface, at the base of the column, a gigantic cloud of
mist approximately 1000 feet in height which completely surrounded
the neck of the plume. This was a dense cloud of liquid droplets which
has the property of flowing almost as if it were a homogeneous fluid. As
it traveled outward at high speed it gradually lifted from the surface of
the lagoon and, after about five minutes, assumed the appearance of a
mass of cumulo-stratus cloud which eventually reached a thickness of
some thousands of feet.
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A moderately heavy rainfall, moving with the wind, and lasting for
nearly an hour after the atomic bomb explosion, developed from this
cloud mass. In its early stages the rain was augmented by small water
droplets, equivalent in a sense to the fall-out of an air burst, still de-
scending from the cloud. This was highly radioactive. It may have
represented a serious hazardfor a distance of several miles, especially
in a downwind direction; but most of the activity was retained in the
sea water. The deposition of highly active foam on a nearby shore
might, however, represent a hazard. Should an atomic burst occur in
bottom sand or mud, the debris would, of course, be very radioactive.

I attended a lecutre on the atomic bomb at the Navy Yard two or
three years ago and asked the question of whether it would be best for
an enemy to explode one in the river or in the air over the Navy Yard.
The answer was that there was so little water and mud in the river that
the radioactive cloud and debris would not be a great factor. There
would be, of course, a diminution of the explosive force and a reduction
in the fireball due to dropping the bomb in the water, and, therefore,
should an attack be planned on the Navy Yard it would be better to fire
the bomb up in the air above the Yard. However, it may be easier to
deposit a bomb off the Navy Yard from a passing ship, so in spite of the
reduced efficiency the attack on the Yard may be by means of an under-
water explosion.

These thoughts are, of course, in the realm of conjecture; yet such
speculation can serve a useful purpose by training us to think interms
of possible emergency situations and of ways to cope with them.

ONR Launches Program to Study
Burn and Blast Injury

Research into burn injuries resulting from blast and
thermal radiation has been launched by ONR's Physiology
Branch. This program aims to fill important gaps in the
knowledge and understanding of this medical problem, the
solution of which is so vital to both the civilian and military
in time of disaster.

Problems of a fundamentalnature inthe field of thermal
burn require solution. We need to know what changesare pro-
ducedinthe organism byburn injuries and howthese changes
canbest be simulated in experimentalanimals. The hormone
changes produced by thermal burns, the cause of the anemia
which follows thermalinjury, and the problem of pain inther-
mal injury are typical areas needing investigation. Basic
studies which will provide the information necessary to the
development of protective, diagnostic, and therapeutic meas-
ures for personnel exposed to, or suffering from these in-
juries will also be initiated. '

Dr. J. L. Lilienthal, Jr., Professor of Environmental
Medicine, Johns Hopkins University, is handling the admin-
istration of the program. His project steering committee
is headed by Dr. Isaac Starr, Professor of Therapeutic Re-
search, University of Pennsylvania.
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Auditory Communication

by
Hallowell Davis
Central Institute for the Deaf

The generalized idea of communication has just recently made its
appearance in full scientific regalia, with a special vocabulary and
mathematical formulae. Only withinthe past few years have such terms
as “cybernetics” and “communication theory” become familiar to us.
Because few are interested in or capable of understanding the mathe-
matics involved in the work of experts in the field (Wiener, Shannon,
McCulloch) there has been little understanding of the unifying ideas in
the academic areas of speech and of audiology. Nevertheless, with the
expression of the concept of information in precise mathematical form,
a greatstep forward has beentaken in this important branch of scientific
knowledge. 1 venture the prediction that we will someday look back on
the postwar era of 1945-1950as marking the beginning of a development
in the non-material sciences as important for psychology and biology as
relativity and the quantum theory have been for the material sciences of
physics and chemistry.

Let me explain and illustrate some of these generalities. Trans-
mission of information cuts across the disciplines of physics, anatomy,
physiology and psychology. To understand the process of auditory com-
munication we must know something of each of these disciplines. Each
of us must be more expert in one than in another, but we must be able to
use the language and the principles of all three in our thinking.

An idea starts in the mind of the talker, in the realm of psychology.
An idea is hard to define, but we all have ideas or we wouldn’t be here.
It may be something as simple as “it is too hot in here” or “I don’t like
the speaker’s necktie”. If you decide to communicate this idea to your
neighbor you somehow formulate this idea into language, still at the
psychological level, although presumably the process involves operations
of physiology inyour brain. The message emerges clearly into physiology
and anatomy as nerve impulses stream over certain nerves and cause a
complicated series of muscular contractions. We candescribe the action
more clearly at the next stage--in the movements of tongue, jaws,
and larynx, and in the final output, the series of sound waves that is-
sues from the mouth. The message has emerged in this physical form
and has entered the channel of audio communication, the air between you
and your neighbor. Here we canstudy and describe the message in some
detail as a pattern of physical events occurring in time, in a single
channel. A certain wide but finite band of frequencies is involved, the

Hallowell Davis, Director of Research for the Central Institute for the
Deaf, was author of the article “How Noise Affects Our Behavior", which
appeared in last month's issue. His contribution this month is a slightly
abridged versionof a paper he recently presented at the meeting o% the
American Speech and Hearing Association in Columbus, Ohio. Dr. Davis
received his M. D. from Harvard University, became a faculty member
there and was eventually made Head of the Ehysiology Department. He
took his present position with the Central Institute for the Deaf in 1946.
He has been active in the field of scientific writing for some time.
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familiar speech band from about 100 to about 5000 cycles per second.
The intensity of the energy involved varies continuously over a range of
many decibels. But in this phenomenon of sound (described here in
physical terms), the message (i.e., the information) is carried. The
sound may be transformed into a corresponding pattern of electrical
events, as in a telephone or a hearing aid, and back again into sound
waves if we wish. In such transformations, however, the basic code
remains the same. We still have a single channel, and the frequencies
and the relative intensities remain the same as in air.

We have learned a great deal from studies of how much the range
of frequencies and the range of intensities can be reduced in the electrical
channel without losing the message. Very interesting also has been the
successful attempt to translate the audio signals automatically to visible
signals and thus convey the information to our neighbor through another
sensory channel, namely vision. Irefer, of course, to the “Visible Speech”
of the Bell Telephone Laboratories. I believe that the greatest contri-
bution of Visible Speech will not lie in any practical application, either
in speech correction or in teaching speech to the deaf, but rather in
the analysis of the structure of speech and of those aspects of speech
which are essential for the successful transmission of information.

But let us return to normal auditory communication. The sound
waves enter the ear, mixed with the ambient sound always present in the
common channel that connects the talker and the listener. The ambient
sound may be informative in its own right or, on the other hand, it may
interfere with the message by masking the speech; in extreme cases it
may even be injurious tothe ear. In any case the ear analyzes the speech
sounds and recodes theinformation in the form of nerve impulses in the
fibers of the auditory nerve. The processes now are physiological, and
the channels (i.e. nerve fibers) are described in anatomical terms. The
nerve fibers converge in the nerve centers and the nerve impulses in-
teract in various places in the gray matter of the brain. Our knowledge
of both the physiologyand the anatomy of the process is still elementary
but some important principles are already clear. The greatest gaps in
our knowledge lie at the highest level where the information finally
emerges in the mind of the listener as an idea more or less closely
corresponding to the idea that originated in the mind of the talker. The
point is that the information gets through, and we know therefore that
it was present, coded in one way or another, at each point along this
elaborate pathway. This fact is of the utmost importance as a unifying
principle and as a guide to identifying and understanding the essential
features of the various steps along the way.

Let me call attention at this point to what we call “speech control”.
This refers to what happens as the talker hears the sound of his own
voice. This “monitoring”, as you all know, is essential to good normal
speech. The deaf, deprived of this monitor, have great difficulty in
learning to speak intelligibly. Other sensory channels, tactile or
kinaesthetic, must be substituted, but since the substitution is very
imperfect and incomplete, communication by speech is a real task
for them. It requires much conscious effort to mobilize and use these
substitute mechanisms of control. Here, in the principle of “feed-back”
and control, i.e. the continual automatic directing of action toward a
goal, is one of the central ideas of the “cybernetics” to which I referred
in my opening sentences. The goal toward which the action of speech is
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directed is the production of signals that can be understood through the
ear of a listener. We speak much better if we are continually informed
as to the success or failure of the nervous messages to our muscles of
speech in producing sounds that are actually intelligible to ourselves.
A demonstration presented by the University of Illinois, in which the
“side tone” returning to the talker is artificially delayed, shows dramati-
cally how seriously speech can be disrupted by tampering with this
automatic control.

Now let us look more closely for a moment at the inner ear and
consider what it does in transforming the patterns of speech sounds into
corresponding patterns of nerve impulses. How do we study this
process? The tools include the wave analyzers and sound level meters
of the physicist that enable us to describe quantitatively the sounds that
we use as stimuli. We take advantage of the art of the electro-acoustic
engineer to produce known andrelatively simple patterns of sound waves
such as pure tones, “white” noise, and clicks, of definite frequencies,
intensities and time relations. We also need the dissecting tools and the
microscope of the anatomist to learn something of the structures that
are moved by the energy of sound. Physical studies of the mechanics of
the ear and of properties such as the mass and the stiffness of the moving
parts help us topredict their probable behavior. Some skillful investiga-
tors such as von Bekesy have made direct physical observations of many
of these movements. We are now quite sure that motion of the delicate
basilar membrane and the organ of Corti that rests on it is an essential
step in the process of audition. We also know that, by virtue of the
special anatomical structure and the physical properties of the moving
parts, the inner ear acts as an acoustic analyzer. This means that one
part of the structure moves more in response to sound waves of
one frequency and other parts of the structure in response to
other frequencies.

The neurophysiologist takes up the task at this point. His most
powerful tool is the electrical amplifier and oscilloscope. Fortunately

for him each nerve impulse generates an electrical disturbance, the so-
called “actionpotential”. These signals are weak and lie just at the limit
of our ability to detect them. Our recent successes in studying their
relationships to the sound waves that initiate them depend on several
technical procedures. First, we employ animals, under anaesthesia of
course, and we place very fine wires within the inner ear or in the
auditory nerve or in the nerve centers of the brain, as close as pos-
sible to the places where the electric signals are generated. This
method alone has told us much about the exact location within the brain
of the pathways that conduct the auditory impulses to the higher levels.
Second, we use auditory signals such as clicks or very brief bursts of
pure tone thatset up impulses in many nerve fibers at the same instant.
The actionpotentials re-enforce one another and the combined signal is
easier to detect and study. In some fortunate situations, however, using
electrodes of microscopic dimensions, we have been able to study the
activity of one single nerve cell and to learn how it behaves.

Electrical studies such as this (not all confined to the auditory
system) have shown that the basic code of signalling of the nerve fibers
is very simple. All nerve impulses are alike. Either a nerve impulse
is present or it is absent. For a given fiber there is no significant
gradation in the size of its impulses. They are, we say, “all or none”.
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And the frequency at which impulses can follow one another in a nerve
fiber is not over 1000 per second -- usually somewhat less. The only
degrees of freedom are, first, in differences in frequency below 1000
per second; second, in the exact time-relations between impulses in
different fibers; and third, in which nerve fibers or how many nerve
iibers are active. Nevertheless the auditory system carries all the in-
formation that makes up the spoken message, in spite of the severe
limitation of the all-or-none law. This it can do because of the large
number of nerve fibers, i.e., the large number of independent channels,
that it contains. This property is in sharp contrast to the single channel
for sound waves in the air. In the air, however, higher frequencies can
be carried and all gradations of intensity are possible.

These, then, are some of our problems and our methods of attack
upon them. There are many other phases of the subject which require
study. One involves obtaining a complete description of the relations
between the pattern of sound waves and the pattern of nerve impulses.
Another concerns the nature of the process of excitation that initiates
the nerve impulse. This problem is of interest to the physiologist in its
own right. The solution will have large implications, for it may give us
a lead to the next major problem: how the nerve impulses interact with
one another in the gray matter of the brain.

In the gray matter, the many channels of the auditory nerve con-
verge and the impulses interact with one another. The generalization
that the information carried in the message is still preserved tells us
that, as the number of channels is reduced in this convergence, there
must be some compensatory gain in another dimension. Some escape
from the straight-jacket of the all-or-none law must be possible in the
form of gradation of intensity. We have not found this gradationyet with
certainty although there are clear indications of it. We know what kind
of process we are seeking, and with this sign-post to guide us we can
look forward with confidence to ultimate success. The same kind of as-
sistance can surely be found in examining other steps in the process of
auditory communication from the point of view of transmission of in-
formation. Such other steps are the generation of speech sounds, the
control of the organs of speech, and possibly, in due time, the very dif-
ficult problems of aphasia and of the rate at which we can assimilate
and react to the information that reaches our brains.

Let me now return to my very first point, which is at the philo-
sophical level.

The importance of a unifying principle that connects physiology and
psychology cannot be overestimated. Inthe exact concepts of information
and communication we shall find, I believe, the key to understanding the
relationship between mind and body. More precisely I should say that
they will show the essential unity of mind and body. Ideas are patterns
of information, some of it just arriving, some of it stored from previous
experience. The old and the new interact, and various bits of the old
interact with one another. But the information andthe interaction do not
exist apart from matter and energy. Information and ideas are patterns
of interrelated physical events occurring in time and in definite places.
The key words here are patterns and physical. I believe that our
minds are the successions of our ideas, including our mator ideas. By
motor ideas I mean the initiation of an action like clenching my fist or
communicating an idea to my neighbor. The identification of information

- 28 -

Google



as negative entropy specifies the nature of the relation between mind
and body. The natureof this relationshipis difficult to grasp and I will
not attempt to explain it here. The concept is as difficult as the concept
of transformation of matter to energy--and its implications are fully
as profound.

At a more practical level let me emphasize that anall-out, all-
around attack on the problem of auditory communication is now going on.
Itinvolves the diverse disciplines and techniques of physics, of physiology
and anatomy, and of psychology. Each has its own methodology and con-
cepts. Each speaks its own language. But they can be coordinated and
unified by attention to something that is common to all of them, the
concept of information itself.

Snorkel--1905 Version

This sketch from the patent of
the first workable snorkel bears a

N.. 803,176 PATENTEL OCT 311325

AIR SUPPLY APPAIA;‘}::‘:: SUBMARINE VESSELS date that will Surprise many__OCto-
o ber 31, 1905. For although by this
TR (= S time the device is familiar toevery-
) -”1,[?&_ o one, comparatively few people

"\

— are aware that it dates back to
W the pioneer American submariner
Simon Lake. This canny inventor
equipped his first submersible with snorkel--though his term for it, as
described in the patent, was “an air-supply apparatus for submarine

vessels.”

Today the first cruise of Lake’s submarine usingthis device sounds
like a hilarious affair, for the craft was equipped with wheels enabling
it to run along the bottom while the crew stood over the opened diver’s
hatch gathering oysters, sea-shells and other souvenirs. The internal
pressure of the diving compartment equalized the water pressure and
prevented flooding.

Essentially Lake’s invention is similar to today’s snorkel. He
terms it “adevice projecting from the vessel but slightly above the sur-
face even when the sea is otherwise than entirely calm, the temporary
submergence of the receiving device being insufficient to permanently
cut off the air supply or permit water to enter the boat.”

The rest of the storyof snorkel--its development by the Dutch and
Germans during World War II--is morefamiliar to us, but it is interest-
ing to recall that the American Navy was the first to make the device
workable.
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On the Naval Research Reserve

Fourth Annual Research Reserve Seminar
Scheduled for June 10-23 by ONR

For the fourth successive year, 100 specially qualified Naval Re-
serve officers will have the opportunity to observe and study Naval re-
search programs at first hand. The occasion will be the annual scien-
tific seminar to be held June 10 to 23 in Washington, D. C.

The Seminar, sponsored by the Office of Naval Research, will
feature lectures by outstanding scientists and engineers closely identi-
fied with researchand development activities of the Naval Establishment.
In addition to hearing these first-hand reports, visiting reservists will
have the opportunity to see for themselves the activities proceeding at
various Government laboratories in the Capital area. These will in-
clude the Naval Research Laboratory in Washington D.C., and several
Maryland laboratories: the Naval Ordnance Laboratory (White Oak),
the Applied Physics Laboratory (Silver Spring), the Naval Medical Re-
search Institute (Bethesda), the Engineering Experiment Station
(Annapolis) and the United States Naval Academy (Annapolis).

A number of the Naval Reserve officers attending the seminar are
presently working as civilians on Navy research projects in university
and college laboratories throughout the country. These meetings give
them a unique opportunity to make the acquaintance of their fellow-
researchers and to gain a thorough knowledge of the Navy’s long-range
scientific interests.

The Chief of Naval Research will welcome the Reserve officers
at the opening seminar session at 2:00 p.m. Monday, June 11 in the Navy
Department.

Effects of Atomic Weapons Being Studied
By VNRRU 4-2, Philadelphia, Pa.

The effects of atomic weapons are the timely subject of an intensive
program of study by VNRRU 4-2.

The Philadelphia unit has organized its investigation in a thorough
manner which other units, contemplating similar programs, may wish to
emulate. The problems involved are being studied under three broad
categories of interest. The first period of study, now completed, dealt
with the fundamentalaspects of atomic phenomena. Lectures were given
on nuclear physics, explosion phenomena, explosions of atomic bombs,
and the effects of radiation. The article “Underwater Explosions” by
LCDR E.R. F. Johnson, USNR, whichappears on pp. 17-22 of this month’s
issue, was first presented in this series of lectures. The second series
will include studies of atomic detection and instrumentation, while the
final group will deal with after-effects of atomic explosions and methods
of survival.
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Desig-
nation

Officially Activated

Volunteer Research Reserve Units

Time and Place of Meeting

1-1

1-2

1-2

Sub-Unit

1-2
Sub-Unit

1-3

1-4

1-5

1-7

3-1

3-2

3-3

1930, 1st & 3rd Mon.
Rm. 4-370, M.I.T.

77 Mass. Ave.
Cambridge, Mass.

1930, 2nd & 4th Tues.
USNROTC Bldg.

Brown University
Providence, R.I.

1600, 1lst & 3rd Tues.

Rm. 305, Ranger Hall,
Rhode Island State College
Kingston, R.I.

2000, lst & 3rd Tues.
Oceanographic Institute
Woods Hole, Mass.

1900, lst & 3rd Tues.
University of Mass.
Amherst, Mass.

2000, 1st & 3rd Tues.
Coburn Hall
University of Maine
Orono, Me.

2000, 1st & 3rd Mon.
Stratton Hall

Worcester Poly. Institute
Worcester, Mass.

2000, 1st & 3rd Tues.
Wentworth Hall
Dartmouth College
Hanover, N. H.

1915, Alt. Thurs.
Auditorium, Med. College
Cornell University

New York 21, N. Y.
1930, 2nd & 4th Mon.

Special Devices Center
Eng. Bldg.

Port Washington

Long Island, N.Y.

2000, 1lst & 3rd Mon.
USNRTC & MCRTC

3 Porter Ave.
Buffalo, N.Y.

1930, 1st & 3rd Tues.
Harkness Hall
University of Rochester
Rochester, N.Y.
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Commanding Officer and
Mail Address

CAPT L. M. SMITH, USNR
34 Parkland Ave.
Lynn, Mass.

CDR Charles J. FISH, USNR
CDR Carl PFAFFMAN, USNR (O in C)
16 Cabot St.

R.I.

Providence,

CDR Charles J. FISH, USNR (O in C)
Narragansett Marine Lab.
Kingston, R.I.

LCDR Mary SEARS, USNR
Glendon Rd.
Woods Hole, Mass.

LCDR E. D. EMERSON, USNR
Dept. of Mech. Eng.
University of Mass.
Amherst, Mass.

LT Francis J. SULLIVAN, USNR
Dept. of Mech. Eng.
University of Maine

Orono, Me.

CDR Emerson A. WIGGIN, USNR
25 Bay State Rd.

Worcester 6, Mass.

CDR George Z. DIMITROFF, USNR
Dartmouth College

21 Lyme Rd.

Hanover 30, N. H.

CAPT Robert H. GRIFFIN, USNR
105 Pennsylvania Ave.
Tuckahoe 7, N. Y.

LCDR A. A. CHESTER, UNSR
Navigation Training Section
Special Devices Center

Port Washington

Long Island, N.Y.

CDR Morris BEERMAN,
479 Eggert Rd.
Buffalo, N.Yf

USNR

CDR Henry C. SHEVE, USNR
USNRTC & MCRTC

900 East Main St.
Rochester 7, N.Y.



Desig-

nation

Time and Place of Meeting

3-5

3-6

3-7

3-8

3-9

4-2

4-3

4-4

4-5

4-6

4-7

4-8

4-9

1930, 2nd & 4th Thurs.
USNRTC

Fort Nathan Hale Park
New Haven, Conn.

2000, 2nd & 4th Mon.
USNRTC
Syracuse (Liverpool), N.Y.

2000, 2nd & 4th Thurs.
USNRTC
Scotia, N.Y.

1930, 2nd & 4th Tues.
Conf. Rm.

General Foods Personnel
Offices

New York, N.Y.

2000, lst & 3rd Wed.
Brookhaven National Lab.
Upton, Long Island, N.Y.

2000, lst & 3rd Wed.
Nassau Tavern
Princeton, N.J.

1930, Alt. Thurs.
Franklin Institute
20th St. & Parkway
Philadelphia, Pa.

2000, 2nd & 4th Thurs.
Bm. 232, Cathedral of
Learning

University of Pittsburgh
Pittsburgh, Pa.

1900, lst & 3rd Wed.

Rm. 200, Engineering “E”
Pennsylvania State College
College Station, Pa.

2000, Alt. Mon.
USNRTC

Foot of Madison St.
Wilmington, Del.

1930, 2nd and 4th Wed.
USNRTC
Bethlehem, Pa.

1930, 2nd & 4th Tues.
Am. 107, Old Armory
Ohio State University
Columbus, Ohio

2000, 1lst & 3rd Mon.
USNRTC

1089 E. Ninth St.
Cleveland, Ohio

1930, 2nd & 4th Mon.
USNRTC
Dayton, Ohio
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Commanding Officer and
Mail Address

CDR D. S. ROWELL, USNR
USNRTC

Fort Nathan Hale Park
New Haven, Conn.

LCDR Leslie R. PARKINSON, USNR
117 Harrington Rd.
Syracuse, N.Y.

LCDR Edward E. VEZEY, JR., USNR
USNRTC
Scotia, N.Y.

CDR Alfred WEEKS, USNR
Rm. 1205, 247 Park Ave.
New York, N.Y.

CDR John S. MEDD, USNR
Brookhaven National Lab.
Upton, Long Island, N.Y.

CDR Herbert G. DYKE, USNR
c/o CDR Harry C. HART, USNR
21 Lilac Lane

Princeton, N.J.

CDR John H. NEHER, USNR
Philadelphia Electric Co.
1000 Chestnut St.
Philadelphia, Pa.

CDR Neil D. OOLE, USNR
University of Pittsburgh
Rm. 303, Thaw Hall
Pittsburgh, Pa.

LT Robert F. MARBOE, USNR
215 West Foster Ave.

P.0. Box 274

State College, Pa.

LCDR Donald MacCREARY, USNR
USNRTC

Foot of Madison St.
Wilmington, Del.

LCDR John O. CHELLEVOLD, USNR
USNRTC
Bethlehem, Pa.

LCDR Karl E. KRILL, USNR
Engineering Exp. Station
Ohio State University
Columbus, Ohio

LCDR Viktor SCHRECKENGOST, USNR
2366 Noble Rd.
Cleveland 21, Ohio

LT Nathan L. WENER, USNR
1007 Amherst PI.
Dayton 6, Ohio




Desig-
nation

Time and Place of Meeting

L
Battalion

5-2

5-5

6-2

6-3

6-4

2000, 3rd Thurs.
Auditorium, Interior Dept.
Washington, D.C.

2000, lst Thurs.

Lecture Room

Material Testing Laboratory
National Bureau of Standards
Washington, D.C.

1900, 1st Thurs.
Auditorium, Bldg. 8, NRL
Washington, D.C.

2000, 2nd & 4th Tues.
Rm. 6618, Interior Dept.
Washington, D.C.

2000, 2nd & 4th Thurs.
Conference Room, NMRI
Bethesda, Md.

1930, 1st & 3rd Wed.
Rouse Physics Lab.
University of Virginia
Charlottesville, Va.

1915, 1st & 3rd Fri.
Bldg. 364, Virginia
Poly. Inst.
Blacksburg, Va.

2000, each Tues.
Camp Detrick
Frederick, Md.

2000, 1st & 3rd Thurs.
Rm. 202, Maryland Hall
Johns Hopkins University
Baltimore, Md.

1700-1900, 2nd & 4th Mon.
Medical College of Virginia
Richmond, Va.

2000, Alt. Thurs.

Bm. 103, Physics Bldg.
Ga. Inst. of Tech.
Atlanta, Ga.

1915, 1lst & 3rd Mon.
Rm. 204, Ross Lab.
Ala. Poly. Inst.
Auburn, Ala.

2nd & 4th Wed.

AEC Townsite

Oak Ridge, National Lab.
Oak Ridge, Tenn.

1930, 1st & 3rd Tues.
Engineering Bldg.
University of Florida
Gainesville, Fla.
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Google

Commanding Officer and
Mail Address

CDR Fred C. WIESNER, USNR
ONR, LI 5-6700, X-65755
Rm. 2714, Bldg. T-3, Navy
Department

Washington, D.C.

CDR W. M. RICHARDSON, USNR
ONR, LI 5-6700, X-61235
Bm. 2602, Bldg. T-3, Navy
Department

Washington, D.C.

LCDR H. A. TANNER, USNR

NRL, JO 3-6600, X-561

Rm. 152, Bldg. 8, Naval Res.
Washington, D.C.

Herbert B. CHANDLER, ET 1/c, USNR

RR #2, Silver Spring, Md.
National Institute of Health
Bethesda, Md.

CDR Barry G. KING, USNR
5617 Wood Way Circle
Summer, Washington 16, Md.

LTJG Harold S. MORTON, USNR
P.0. Box 1716
Univ. Station
Charlottesville, Va.
LT Burt C. HORNE, USNR
University Club
Blacksburg, Va.

CAPT LeRoy D. FOTHERGILL, USNR
Camp Detrick
Frederick, Md.

LT Joseph T. MORAN, USNR
1801 Tower Rd.

Harundale, Glen Burnie, Md.

CAPT Roscoe D. HUGHES, USNR
Medical College of Virginia
Richmond, Va.

CDR J. E. BOYD, USNR
Physics Bldg.

Ga. Inst. of Tech.
Atlanta, Ga.

‘LTJG J. E. LAND, USNR

Dept. of Chemistry
Ala. Poly. Inst.
Auburn, Ala.

LCDR Edward I. WYATT, USNR
138 Tabor Rd.
Oak Ridge, Tenn.

LCDR Chester L. EGGERT, USNR
College of Education
University of Florida
Gainesville, Fla.

Lab.




Desig-
nation

Time and Place of Meeting

6-5

6-6

6-7

6-8

6-9

6-10
Sub-Unit

8-5

8-6

2000,
USNRTC
Gulfport, Miss.

lst & 3rd Thurs.

1945, 2nd & 3rd Wed.

USNROTC Armory

University of North Carolina
Chapel Hill, N. C

2000, 2nd & 4th Thurs.
Biology Bldg.

Duke University
Durham, N. C.

2000, 1lst & 3rd Mon.
Underwater Sound Reference
Lab.
Orlando, Fla.

1930, 2nd and 4th Tues.
Rm. 101, Baldwin Hall
University of Georgia
Athens, Ga.

2000, 1st & 3rd Wed.
Rm. S-110, Memorial
Classroom Bldg.

University of Miami

Coral Gables, Fla.

2000, lst & 3rd Wed.
151 South County Rd.
West Palm Beach, Fla.

1930, 1st & 3rd Tues.
USNROTC Bldg.

Tulane University
New Orleans, La.

2000, 1st & 3rd Wed.

Rm. 221, Coates Lab.
Louisiana State University
Baton Rouge, La.

1930, 2nd & 4th Mon.

PMA Bldg. or Bolton Hall
Texas A & M College
College Station, Tex.

1930, Alt. Wed.
USNROTC Bldg.
The Rice Inst.
Houston, Tex.

2000, Alt. Tues. & Wed.
Rm. 15, Chemistry Bldg.
University of Texas
Austin, Tex.

1930, Last Mon.
USNRTC

Galveston, Tex.

2000, 1lst & 3rd Wed.
USNRTC
1805 S. Yale Ave.

Albuquerque, N. M.

-32-

Google

Commanding Officer and
Mail Address

LT V. O. SMALLWOOD, USNR
2412 East Ave.
Gul fport, Miss.

LT Robert F. SCHENKKAN, USNR
103 Stephen St.
Chapel Hill, N, C.

LCDR John H. ROBERTS, USNR
2813 Legion Ave.
Durham, N, C.

LCDR D. T. HAWLEY, USNR
1027 Guernsey Ave.
Orlando, Fla.

LCDR A. R. ROBERTSON, USNR
Baldwin Hall

University of Georgia
Athens, Ga.

LT R. D. KRESKE, USNR
Dept. of Geography
University of Miami
Coral Cables, Fla.

LTJG John H. COLEMAN, USNR
121 Worth Ave.
West Palm Beach, Fla.

LCDR John M. SCOTT, USNR
Dept. of Chemistry
Tulane University

New Orleans, La.

LT John A. ALFORD, USNR
Dept. of Bacteriology
Louisiana State University
Baton Rouge, La.

LCDR Norman F. RODE, USNR
Dept. of Elec. Eng.

Texas A & M College
College Station, Tex.

LCDR L. J. CASTELLANOS, USNR
6513 Rutgers St.
Houston, Tex.

LCDR G. H. AYRES, USNR
Dept. of Chemistry
University of Texas
Austin, Tex.

LTJG C. N. SECHRIST, USNR
1235 3rd Ave., North
Texas City, Tex.

LCDR Sherman A. WENGERD, USNR
1044 N. Stanford St.
Albuquerque, N. M.



Desig-

nation

Time and Place of Meeting

8-8
8-8

Sub-Unit

8-9

8-10

9-2

9.2
Sub-Unit

9-3

9.3
Sub-Unit

9-5

9-6

9-6

Sub-Unit

9-7

9-8

2nd & 4th Wed.
Senior High School
Bartlesville, Okla.

1930, 2nd, 3rd, & 4th Thurs.
USNRTC
Stillwater, Okla.

1705 1st & 3rd Tues.

Bm. B-117

Los Alamos Scientific Lab.
Los Alamos, N. M.

1930, 1st & 3rd Thurs.
Physical Science Lab.
N. M. College of
Agr. & Mech. Arts
Las Cruces, N. M.

1930, 2nd & 4th Thurs.
USNRTC
Orange, Tex.

2000, 2nd & 4th Tues.
Bm. 127, Fondren Science

Bldg.

Southern Methodist University

Dallas, Tex.

1900, 2nd & 4th Tues.
Navy Pier Campus
University of Illinois
Chicago, Ill.

1930, 1st & 3rd Mon.
Rm. 319, Gregory Hall
University of Illinois

Urbana, Ill.
I11.

Peoria,

1930, Alt. Mon.

Rm. 18, Angell Hall
University of Michigan
Ann Arbor, Mich.

Houghton, Mich.

1930, 1st & 3rd Wed.
USNROTC Bldg.

Iowa State College
Ames, lowa

1930, 1st & 3rd Mon.
Rm. 4, Mech. Eng. Bldg.
University of Minnesota
Minneapolis, Minn.

2000, 2nd & 4th Wed.
ROTC Armory
Smith College

Brookings, S. Dak.

1930, 2nd & 4th Thurs.

Rm. 111, Stanley Coulter Hall
Purdue University
Lafayette, Ind.

2000, 1st & 3rd Thurs.
Rm. 101, Crew Hall
Washington University
St. Louis, Mo.
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Google

Commanding Officer and
Mail Address

LCDR Alvin R. GREGORY, USNR
915 Dewey Ave., Box 1102
Bartlesville, Okla.

LT Dariel E, HOWELL, USNR
1408 Lewis St.
Stillwater, Okla.

CDR Henry HEYMAN, USNR (Acting)
1072-48th St.
Los Alamos, N. M.

LT Calvin I. RICKETTS, USNR
Box 548
State College, N. M.

LT Joseph L. SCHWEPPE, USNR
2229 Cross Lane
Orange, Tex.

LTJG Homer B. HIX, USNR
2516 So. Llewellyn Ave.
Dallas, Tex.

LCDR Walter E. PETERSON, USNR
411 South 15th Ave.
Maywood, Tll.

CAPT Chauncy M. LOUTTIT, USNR
Dept. of Psychology
University of Illinois
Urbana, Ill.

LT Thomas J. PRIDHAM, USNR
1004 N. Underhill St.
Peoria, Ill.

LTJG Wm. C. TRUCKENMILLER, USNR
419 Second St.
Ann Arbor, Mich.

LCDR Roy W. DRIER, USNR
715 Pine St.
Calumet, Mich.

LCDR O. C. KREIDER, USNR
Dept. of Mathematics
Iowa State College

Ames, lowa

LCDR J. A, WISE, USNR

Rm. 222, Aeronautical Eng. Bldg.
University of Minnesota
Minneapolis, Minn.

LT Gerald B, SPAWN, USNR
South Dakota State College
Entomology - Zoology Dept.
Brookings, S. Dak.

LT L. M. BAKER, USNR
Dept. of Psychology
Purdue University
Lafayette, Ind.

CDR R. N. VARNEY, USNR
Dept. of Physics
Washington University
St. Louis, Mo.



cemmn. o

Desig-
nation

Time and Place of Meeting

9.8
Sub-Unit

9-9

9-14

9-14
Sub-Unit

9-21
9-22

9-23

11-1

Google

Louisiana, Mo.

1930, 1st & 3rd Thurs.
Bm. 204, Mechanics Hall
Missouri School of Mines
and Metallurgy

Rolla, Mo.

1930, 2nd & 4th Tues.

Rm. 2, Botany Bldg. Annex
Colorado A & M Col lege
Fort Collins, Colo.

1900, lst & 3rd Fri.
Boulder, Colo.

1930, 1lst & 3rd Thurs.
USNRTC

Des Moines Still College
Des Moines, lowa

1930, Wed. or Thurs. (2/mo)
USNRTC

University of Wisconsin
Madison, Wis.

1930, 1st & 3rd Tues.
Inst. of Paper Chemistry
Appleton, Wis.

1900, 2nd & 4th Thurs.
Conf. Rm.

Pers. Bldg., Dow Chem. Co.
Midland, Mich.

1900, 1lst & 3rd Mon.
USNRTC

1620 E. Saginaw St.
Michigan State College
East Lansing, Mich.

1930, 1lst & 3rd Mon.
Rm. 103, Eng. Bldg.
University of Wyoming
Laramie, Wyo.

1945, 3rd Thurs.

Senate Chamber, Old Capital
State University of Iowa
Iowa City, Iowa

2000, 1st & 3rd Mon.
Naval Science Bldg.
University of Kansas
Lawrence, Kans.

1700, 2nd & 4th Wed.

General Motors Research Lab.

485 W. Milwaukee St.
Detroit, Mich.

1930, 1st & 3rd Wed.
Military & Naval Sci. Bldg.
University of Nebraska
Lincoln, Neb.

1800, 2nd Thurs.
Argonne Nat. Lab.
Du Page County Site, Ill.

2000, 1st & 3rd Tues.
1030 E. Green St.
Pasadena 1, Calif.
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Commanding Officer and
Mail Address

LT Tracey P. MOORE, USNR
Bureau of Mines
Louisiana, Mo.

CDR R. A. ODOLEY, USNR
Missouri School of Mines
and Metallurgy

Rolla, Mo.

LTJG W. D. THOMAS, USNR

Dept. of Botany & Plant Pathology
Colorado A & M College

Fort Collins, Colo.

LTJG George J. MALER, USNR
Dept. of Elec. Eng.
University of Colorado
Boulder, Colo.

LCDR J. R. MALONEY, USNR
2920 48th St.

Des Moines, Iowa

LT Richard M. SHACKELFORD, USNR
Dept. of Genetics

University of Wisconsin
Madison, Wis,

LTJG Edward G. SNYDER, USNR
Inst. of Paper Chemistry
Appleton, Wis.

LTJG D. D. McOOLLISTER, USNR
1220 Michigan St.
Midland, Mich.

LCDR Ira B. BACCUS, USNR
407 Marshall St.
East Lansing, Mich.

LTJG Robert S. BRADFORD, USNR
Dept. of Physics

University of Wyoming

Laramie, Wyo.

LT John L. DAVIES, USNR
East Hall
Iowa City, Iowa

LTJG Russell C. MILLS, USNR
Dept. of Biochemistry
University of Kansas
Lawrence, Kans.

LCDR Ralph A. RICHARDSON, USNR
General Motors Corp.

485 W. Milwaukee St.

Detroit, Mich.

LCDR Lloyd W. HURLBUT, USNR
2640 Colonial Dr.
Lincoln 2, Neb.

LCDR Howard C. BALDWIN, USNR
c/o AEC, Box 6140A
Chicago, Ill.

LCDR Frederick P. DILLON, USNR
1030 E. Green St.
Pasadena 1, Calif.

U.S. GOVERNMENT PRINTING OPFICE : 1851 O - 938404




Desig-
nation

Time and Place of Meeting

11-2

11-3

11-4

11-5

11-6

12-1

12-2

12-3

12-4

12-5

12-6

12-7

13-1

13-2

13-3

13-4

13-5

2000, Alc. Thurs.
USNRTC
Pasadena, Calif.

2000, 2nd & 4th Mon.
USNRTC & MQRTC

851 Chavez Ravine Rd.
Los Angeles, Calif.

2000, 1st & 3rd Wed.
USNRTC

San Pedro, Calif.

1930, 2nd,
USNRTC
San Diego, Calif.

2000, lst & 3rd Wed.
USNRTC
Phoenix, Ariz.

2000, 2nd & 4th Mon.
1000 Geary St.
San Francisco, Calif.

1945, 2nd & 4th Mon.

Bm. 201, Donner Lab.
University of California
Berkeley, Calif.

2000, 2nd & 4th Wed.

Bm. 208, Engineering Corner
Stanford University
Stanford, Calif.

2000 2nd & 4th Thurs.
Bm . 103, McLane Hall
Fresno, Cale

1930, 2nd & 4th Wed.

Rm. 208, LeConte Hall
University of California
Berkeley Calif.

2000, 1st Tues.

1200 & 1630 3rd Tues.
Tower Rm., Animal Science Bldg.
University of California
Davis, Calif.

2000, 2nd & 4th Fri.
USNRTC, Fort Douglas
Salt Lake City, Utah

1930, 2nd & 4th Mon.

Rn. A-223, Health Science Bldg.
University of Washington
Seattle, Wash.

1900, 2nd & 4th Mon.
Ameri can Legion Hall
Richland, Wash.

1930, 2nd & 4th Mon.
Rm. 39, Holland Lib.
Pullman, Wash.

2000, Tues.
USNRTC & MCRTC, Swan Island
Portland, Ore.

1930, 2nd & 4th Mon.

Rm. 114, Chemistry Bldg.
Oregon State College
Corvallis, Ore.

Google

3rd, & Last Tues.

Commanding Officer and
Mail Address

LT Herbert D. STRONG, USNR
2208 Montrose Ave.
Montrose, Calif.

CDR Frederick W. HINRICHS, USNR
9425% W. Olympxc Blvd.
Beverly Hills, Calaf.

LCDR Philip B. WILSON, USNR
2633 E. Tth St.
Long Beach 4, Calif.

CDR Gifford C. EWING, USNR
1205 Muirlands Dr.
LaJolla, Calif.

LCDR Milton B. MORSE, USNR
522 West Virginia Ave.
Phoenix, Ariz.

CDR J. E. LAURANCE, USNR
1000 Geary St.
San Francisco, Calif.

LCDR Nello PACE, USNR

Rm. 2519, Life Science Bldg.
University of California
Berkeley, Calif.

CDR L. S. JACOBSEN, USNR
Dept. of Mech. Eng.
Stanford University
Stanford, Calif.

CDR R. A. JACK, USNR
Dept. of Physics
Fresno State College
Fresno 2, Calaf.

CDR C. F. GARLAND, USNR
Div. of Eng. Design
University of California
Berkeley, Calif.

LCDR T. R. HEDGES, USNR
Rm. 7, T. B. 2
University of California

Davis, Calif.

LCDR H. L. FOOT, JR., USNR
136 East South Temple St.
Salt Lake City, Utah

CDR H. S. BENNETT, USNR
Dept. of Anatomy

School of Medicine
University of Washington
Seattle, Wash.

LCDR Donald R. GUSTAVSON, USNR
1510 Cottonwood Dr
Richland, Wash.

LCDR W. G. GNAEDINGER, USNR
601 High St.
Pullman, Wash.

LCDR Richard F. STEVENS, USNR
830 N.E. Holladay St.

Portland, Ore.

LODR Albert V. LOGAN, USNR
Dept. of Chemistry

Oregon State College
Corvallis, Ore.

-



Original from
UNIVERSITY OF CALIFORNIA

Digitized by Google

91b00bh-pd#asn ssadde/6103sninyiey mmm//:diy / paznibip-916009 ‘urewoq dlqnd
$102£99$°1oNn/£20Z/3™u d|puey’|py//:diy / LIND G0:8T £1-80-GT0Z U0 (died 963||0D ‘puejhiey jo AJisidAluN) JoqUISW 10} paIRIBULD



