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What is Creep?

N. J. Hoff
Head of the Department of Aeronautical Engineering
and Applied Mechanics
Polytechnic Institute of Brooklyn

When structural engineers talk about nuclear power plants and
hypersonic missiles, the word '"'creep' is frequently mentioned. Just what
do these experts mean when they refer to creep? It is the purpose of
this short note to answer this question on the basis of research carried
out at the Polytechnic Institute of Brooklyn under contracts sponsored
by the Office of Naval Research, the U. S. Air Force, and the NACA.

Engineers are in the habit of calculating the structural behavior of
their designs on the basis of highly simplified assumptions. This is, of
course, necessary, because nature is so complicated that a consideration
of all of its aspects would lead to unending research rather than to the
design of practical structures or weapons. In 1678 Robert Hooke dis-
covered one of the laws of nature whichwastobecome extremely impor-
tant in engineering stress analysis. He expressed this law by the latin
sentence ''ut tensio sic vis," which can be translated into our current
language of engineering as ''stress is proportional to strain." An over-
whelming majority of all engineering stress analyses has been based on
this law.

Today we know that Hooke's law is valid only for very small defor-
mations. As the accuracy of measuring instruments improves, a small
permanent set in thedeformations canbe discovered at lower and lower
stresses. Consequently, elastic analysis can have only limited validity.
Nevertheless, it is used almost invariably by engineers, because it is
hard to break a habit 300 years old. As long as we can afford to use
very high safety factors in architecture or structural engineering and
can restrict the maximum stress to comparatively small values, the
validity of Hooke's law is not impaired. But when the engineer wants to
calculate the actual failing load of a structure, the simple law has to be
abandoned. In the last twenty years or so progressive civil engineers
have made a determined effort to introducethe concept of plastic defor-
mations into civil engineering practice. On the basis of what is today
known as "limit design' or '"limit analysis,' they were able to develop
rules of calculation which in many cases are even simpler than those
based upon Hooke's law and which at the same time give the actual fail-
ing load of the structure with a reasonable degree of accuracy.

At ordinary temperatures and very high stresses it seems, there-
fore, that we have to abandon Hooke's law in favor of a law describing
plastic behavior. In a similar manner, whenever the temperature of the
structure or machinery is raised to a high level, the concept of perfect
elasticity has to be abandoned and that of creep deformations must be
introduced.

What do we mean then by creep? Whenaweight is suspended from
the lower end of a rod whose upper endis rigidly fixed, the rod elongates
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Metallurgists and metal physicists have not yet agreed upon a final
explanation of the atomic mechanism of creep deformations. It appears
likely that plastic slip and viscous flow are equally responsible for the
phenomenon. In plastic slip, neighboring layers of the material slide
over one another like playing cards in a pack. Pure viscous flow, onthe
other hand, is something resembling the deformations of hot asphalt or
glass. In polycrystalline aggregates, which make up most of the struc-
tural metals in use, free sliding and free viscous flow are complicated
by the geometric restraint existing among the crystals and the inter-
crystalline layers. Duringthe creep process the crystals not only slide
over the intercrystalline layers, but they also roll, deform, and often
even recrystallize. The physical phenomenon is complex, and this
complexity is reflected by the variety of mathematical formulas that
have been proposed to describe creep.

An overwhelming majority of all creep tests has been carried out
on rods in tension. This uniaxial state of stress is the simplest one that
canbe observed experimentally, Whenthe stress is maintained constant,
the elongation is only a function of time. The application of the load is
followed by an instantaneous deformation which in most creep tests is
perfectly elastic and linear as a function of the stress. Immediately
afterwards, high creep rates can be observed which diminish with time
until a uniform rate of creep is reached. The initial stage of changing
creep velocities is usuallydesignated as the transient or primary phase
of creep, whilethe phase in which the creep rate is constant is referred
to as steady or secondary creep. In constant-load tests this second
phase is followed by a thirdone in whichthe creeprates again increase,
first slowly and then rapidly, until finally the rod fractures. This last
period of the experiment is referred to as the tertiary phase of creep.

In structures designed for a comparatively long lifetime, the sec-
ondary phase of creep is usually the most important one. This is the
reason why secondary creep has been explored more than any of the
other phases. If the experimenter plotsthe minimum creep rates against
stress on semilog or log paper, he usually obtains reasonably straight
lines connecting the experimental points. In the first case the creep
rate is an exponential function of the stress, and in the second one it is
a power function. These laws have been used extensively in the literature
of creep behavior. In addition, other laws, such as the hyperbolic sine
law, also have been proposed. For the person who does not want to
specialize in creep-stress analysis, the important thing to remember
is that with our structural metals the creep rate increases very much
faster than the stress. It is a linear function of the stress only with a
few materials of limited usefulness in structures, such as glass-like
materials and high polymers.

Fortunately, research has already yielded a considerable amount
of information on how to introduce the concept of creep into practical
stress analysis. In particular, it has been shown that at the moment of
load application the distribution of the stresses is exactly the same as
it would be without creep. This initial distribution begins to change as
soon as creep sets in, and after a certain amount of time a rather dif-
ferent stress distribution is approached. This second, and more or less -
final, stress distribution is approximately reached after a period of
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The Application of Research to

Management Problems

Luigi Petrullo
Head, Group Psychology Branch
Office of Naval Research

The old attitude toward management research is giving way to a
new and healthy one. The previous position was essentially that of the
old Greek Sophists, who had a negative sort of philosophy. Gorgias,
one of the leading Sophists, used to argue that: (1) nothing exists, (2) if
something did exist, you couldn't know about it, (3) if you did know what
it was, you couldn't communicate it. This argument could be paraphrased
to apply to management problems in the following manner:

*We don't need any research on management problems, because
we already know enough.

*Even if we did need some research, the people who do it are too
academic and not practical enough.

e When they're not too academic, they come out with results which
we already know.

There may be a great deal of merit in this point of view, as there
also was in Gorgias'. But there is another one which is gaining more
and more acceptance and which assumes that: (1) management prob-
lems are on the increase, (2) trial-and-error methods are costly and
clumsy, and (3) systematic observation, measurement, and control are
necessary adjuncts of the management process. Associated with the
development of a new attitude toward research is the realization that
the conduct of researchand the application of research are two different
processes. In other words, a person who is both a good research man
and a good human relations engineer is a rarity.

For a great many reasons, some of them good and some not so
good, research on management problems has had a slow start. But to
say that there has been little systematic researchon management prob-
lems is not to imply that there is no knowledge on how to handle such
problems. There is a great deal, much of which has arisen from many
years of solid experience. But organizations have complicated them-
selves at an accelerating pace, and trial-and-error experience is too
slow and costly. Because we are eager to increase the speed at which
new concepts are discovered, it is necessaryto resort to the more sys-
tematic and, generally, less costly methods of research for solution to
problems of the day.

While struggling to apply to current problems the latest research
findings, we must keep an eye on the changing industrial picture and be

ready to face the future with something more than just hope. It is part
of the job of the research man to keep abreast of events as theyconcern
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him and initiate plans and research for use when the event occurs. For
instance, it is now the policy of the U. S. Air Force to develop a profi-
ciency test for personnel to operate a new weapon while it is still in the
design stage. This is a far cry from the day when, less than 10 years
after inception, a set of trade questions constructed in Cincinnati for a
number of occupations were found to be 50% obsolete. In the field of
management it is equally disastrous to apply outmoded ways—and it is.
necessary, in this field, to be alert to future changes.

Two processes appear to me to have utmost importance in the ap-
plication of research results:

* The synthesis and coordination of researchresults and concepts.

¢ The development and application of theory to assist in the solu-
tion of difficult problems.

As an example of the need for coordinating research results and
concepts, I would like to discuss briefly some aspects of supervisory
problems that have appeared in the literature under such headings as
"The Employee-Centered Supervisor vs. the Task-Centered Supervisor."
In some of these articles it has been loosely stated that the group led
by the employee-center supervisor tends to be more productive than the
work group of the task-centered supervisor. Actually, before such a
concept can be applied to a particular situation, we need to know exactly
how precisethe statement is, where andunder what conditions it applies,
and what other related concepts would be useful to help solve a partic-
ular supervisory problem. Fortunately, there is a growing body of
research on this subject, and reference to it is extremely helpful.

In one study, for example, it was found that increased pressure
toward productivity had different effects, according to whether initial
pressure had been low or high. At low initial pressure, increased task-
centeredness of the supervisor raised both productivity and morale. At
higher initial pressure, increased production-emphasis failed to increase
production and significantly reduced morale. Another study showed that
group cohesiveness in small work groups lowered or raised production,
according to whether the members perceived the organization as a
threatening or as a friendly and secure place to work.

To aid in explaining these results, projects sponsored by the Office
of Naval Research havedeveloped such concepts asthe "social distance"
between a supervisor and his subordinates. Social distance has been
found tobe measurable through a leader's perception of his subordinates.
The more differences he perceives between them, the greater his dis-
tance from them. Perhaps, surprisingly, a supervisor well accepted
by his subordinates has been found to operate more effectively if he
maintains some social distance between himself and his men.

There is also the concept of "initiating structure,'" indicating the
process by which the leader communicates what is expected of each of
his subordinates, and the concept of 'consideration," the morale-
supporting function of the leader. These dimensions appear to be un-
correlated. To do a good job, we should know and bring together these
ideas, as well as concepts of followership, interaction, situational
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variables, and much more. Just thebringing of thesetogether hellps tode-
velop abetter program thandoes the use of a set ofunrelated assumptions.

The coordination of research results is important; if it is done
properly it may lead to the creation of new concepts and new theories.
The development of such concepts and theories—provided they are sound
and backed by research findings—is the highest and most profitable step
in the research and applicationladder. The advantages of good concepts
and theories over poor ones are that more facts can be fitted into the
good ones, analysis is made easier, and solutions to new problems come
at a rapid rate.

One common factor coming out of all research on the behavior of
groups and of man-machine systems is the importance of the perceptual
process—in motivation, in interpersonal relations, in productivity, in
accidents, etc. Those concerned with management problems can obtain
more insight into the science of human relations by an understanding of
this complex process and its relation to management problems than by
studying any other psychological concept. For instance, there is an
""hypothesis' theory of perception, developed by Professor Jerome
Bruner of Harvard University, which can be very useful when applied
to problems of interpersonal relations.

The "hypothesis' theoryof perception, as applicable to the present
discussion, may be stated in three parts. First, each individual is not
the passive recipient of all the events that are goingon around him. He,
at every moment, has certain attitudes, a '"set'" of expectations or, as
Bruner says, certain ""hypotheses'; he ''tunes in." To take a somewhat
facetious example, if one strikes a person, he immediately sets up cer-
tain hypotheses as to what events will probably occur within him and in
his immediate vicinity.

The second step in the perceiving process is the receipt and im-
pact of information—the events generated lead to activity in and around
the person, which may be thought of as information feeding into the per-
son. In the illustration given above, this information may derive from
hard looks, running away, retaliation of some sort, etc.

The third phase is the checking phase—confirmation or lack of
confirmation of the original hypotheses takes place. If the original
hypotheses are confirmed, they are reinforced; if they are not confirmed,
they are weakened, and changing forces are set up. In the striking inci-
dent, if the abused person runs away when expected to do so, then the
hypotheses are confirmed, and that is that. If, however, the blow is
returned, then the original hypotheses have not been confirmed, and a
new set of hypotheses has to take the place of the old. Needless to say,
the behavior of the recipient of the blow also may be described in terms
of hypothesis theory, just as well.

Now if you substitute for the blow some other interaction among
people, it is possible to use hypothesis theory to analyze, explain, and
eventually develop remedial action, if required, on any problem of an
interpersonal nature. This theory may have operational application to
such problems as absences, turnover, accidents, individual or group
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productivity, morale, training, and supervisory problems. For instance,
an explanation of those behaviors which prevent solution of a problem
may help pave the way for the development of more positive action.
Let's say that the problem is how to carry on effective supervisory
training. There are a number of individuals involved:

* The supervisor,

* Members of the group he supervises.
e His supervisor.

* The training officer.

e Others (e.g., policy-makers).

An understanding of the perceptions of each one of these people is very
helpful in dealing with the problem.

Let's start with the supervisor. He has certain hypotheses con-
cerning himself, his work group, the training officer, and management;
and concerning his skills, abilities, interests, desires, need for train-
ing, etc. These may or may not be different from those of the training
officer, the employees, and management. In this case, we will assume
they are not. Now suppose that a training program for supervisors is
started. Lectures, demonstrations, visual aids, participative sessions—
all the information that a good training program possesses—is passed
on through use of the best methods to the supervisor.

The process of absorbingthis information is determined to alarge
extent by the number, kind, and strength of the hypotheses the trainee
holds. If he has a strong and determined hypothesis that no training
person can show him how to do his job, it takes a good deal of informa-
tion and training skill to get him to change his hypotheses. He will not
change his attitude toward the training until there is a change in his
perception of the entire situation. Nevertheless, in spite of himself, he
may learn and remember something.

The third stage is the feedback or confirmation-nonconfirmation
stage. If he goes back to his job and fails in those instances where he
tries to apply some principle he has learned, his original hypothesis is
strengthened, and the training has had no effect on him. If, however,
he tries out some new thing that he has learned and it does work, then
his original hypothesis loses a little strength. Each successful repeti-
tion weakens the hypothesis even more until he finds that he has to sub-
stitute a new hypothesis for the old one. At that stage, he has learned.

Consider the training officer. He starts a training program with
the expectation, or hypothesis, that such a training program is a good
thing. This hypothesis may be subjected to attack by individuals who
apparently have different hypotheses or who may not want to be trained
because of poor motivation, pig-headedness, ignorance, or some other
reason. If the feedback he gets indicates that no value is being received
from the training, he should then either change his hypothesis about the
excellence of the course (if the student hasn't learned, theteacher hasn't
taught) or, if his own hypothesis is strong, try to change the attitudes
or motivation, i.e., the hypotheses, of the trainees.
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Atmosphere Analyzer

for Atomic-Powered Submarines

F. S. Thomas
Chemistry Division
Naval Research Laboratory

The Navy's two atomic-powered submarines, the USS NAUTILUS
and the USS SEA WOLF, are now equipped withthe Atmosphere Analyzer
(Figure 1), an apparatus that quickly determines and records the con-
centrations of the major components of the atmosphere in the ships'
compartments. The analyzer is an outgrowth of the Naval Research
Laboratory's long-standing program of basic and applied research in
personnel protection.

The need for a device that determines the concentrations of the
major components of a submarine's atmosphere—oxygen (O9), hydrogen
(Hg), carbon monoxide (CO), carbon dioxide (COg), and hydrocarbon
vapors ("HC')—is readily apparent when one considers the effects of
variation of the concentrations of these gases. Through respiration,
oxygen is constantly being removed from the atmosphere, and carbon
dioxide is constantly being added to it; as the concentration of oxygen
progressively decreases, or that of carbon dioxide increases, personnel
suffer progressively increasing physical distress, leading to complete
disablement. Carbon monoxide results from incomplete organic com-
bustion and, in even very small amounts, produces an oxygen insufficiency
in personnel dueto reduction of the oxygen-carrying ability of the blood.
Hydrocarbon vapors are alsotoxic, particularly if personnel are exposed
to them for long periods of time. Hydrogen is produced in the ship by
the batteries, and even low concentrations in air present an explosion
hazard.

Although studies of the atmosphere of submarines have been car-
ried on for many years, it was not until 1948 that a program was initiated
at NRL to develop a gas-analysis system. This program was sponsored
cooperatively by the Chief of Naval Operations, the Office of Naval
Research, and the Bureau of Ships. As anapproach, investigators studied
many physical, chemical, and electrical methods of gas analysis, including
thermal conductivity, infrared absorption, and mass spectrometry.

As the NAUTILUS developed, such an urgency was put on the work
of producing agas analyzer for it that it became necessary for the Labo-
ratory itself to undertake production of the first unit. Commercial
analysis elements that had been modified and improved as a result of
the previous studies were utilized. Many of the established practices
in naval equipment development were either cut short or bypassed
altogether because of the shortage of time.

The first completed model of the composite analyzer was installed
on the NAUTILUS early in 1954. A second and much improved model,
which was later constructed to replace the first model, was installed on
both the NAUTILUS and the SEA WOLF. (See Figure 2,)
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The standard handbook in use at NRL on radiological safety lists
78 airborne isotopes which might occur in an atmosphere under test.
The new device is able to detect the maximum permissible exposure
levels of 68 of these isotopes and shows a significant deflection for an
activity of 10-9 microcuries per cubic centimeter.

The atmosphere is sampled at the rate of 2.5 cubic feet per minute
by pumping the air througha slowly moving filter tape. Emanations from
any radioactive deposit collected onthe tape strike a scintillating crystal
whose light flashes are detected and amplified by a photomultiplier.
Suitable electronics provides a meter deflection and alarm signals at
several locations if the activity level is too high. In order to achieve
the reliability required of the equipment, scientists at NRL gave careful
attention to the selection and lubrication of the air pump, the tapedrive,
and chassis construction, to the choice and mounting of electrical com-
ponents, and to circuit details.

The equipment was designed so as to be easy to maintain, Its
drawer-type construction permits easy access to all parts of the main
instruments, warning lights automatically indicate certain instrument
malfunctions, and calibration and voltage checking systems are built in.
In all, the equipment weighs 543 pounds and occupies 13.29 cubic feet.

The protection provided by the Computer-Detector has been of
great importance to the successful operation of the NAUTILUS. As the
Navy's transition to nuclear power continues, the equipment is sure to
be given much broader application.

A more detailed description of the Computer-Detector is given in
Report of NRL Progress for June 1956, which is obtainable from the
Office of Technical Services, Department of Commerce, Washington, D. C.

Analyzer for Speaking Voice

The Electronics Branch at ONR has a contract with the Inter-
national Business Machines Corp. to develop a machine which will
recognize spoken English. The making of this machine has been com-
plicated by the fact that different individuals enunciate the same words
in quite different ways. Thus it is not sufficient to have the machine
recognize a particular pattern of sound. Project engineers have ap-
proached the problem by analyzing phonemes into their linguistic char-
acteristics and then following throughtofinda systemof characteristics
for the sounds or combination of sounds. The object is to make the
system hold true regardless of the individual who may be speaking.

Phonemes have been classified into the following linguistic char-
acteristics: Vocalic, consonantal, compact, diffuse, grave, strident,
nasal, continuant, tense, voiced. An analyzer has been built which will
separate a phoneme into its frequency components and assign one of 32
fixed levels of amplitude to each component. This information is coded
on a tape and fed into a Type 704 computer in which detailed analysis is
performed. In addition to spectral analysis,temporal analysis also will
be performed to measure short-time average power of sound components
and the density of axis crossings per unit time.
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Seasonal Changes in Sea Level

June G. Pattullo

Scripps Institution of Oceanography

For pure lazy fun, try lying on a sandy beach in the sunshine
watching the waves wash in and out. Just the sight of all that motion
has a relaxing effect. This hardly seems to be a scientific activity, but
it was surely in some such way, thousands of years ago, that men dis-
covered the rythmic rise and fall of the sea we know as tides.

There are limits, though, to human patience (or even laziness).
It eventually becomes necessary to let a measuring stick of some kind
do your watching for you. You get unbiased, untiring observations—and
frequently your measuring stick gives you answers to questions you
hadn't thought to ask! This is what happened with the tide gauge.

As early as 1828 an engineer named Palmer had an automatic
gauge recording water levels in the port of London. Slowlythis practice
spread to other European ports, and by 1900 more than 100 gauges were
rolling out records. It was soon noticed that sea level not only changes
throughout the day but that the level is different from month to month.
At almost all European ports it is higher in the second half of the year
than in the first. Why?

Right after the turn of the century several papers appeared offer-
ing explanations. Geelmuyden suggested that changes in atmospheric
pressure and winds were the causes. A man named Van Der Stok dis-
agreed volubly. Petterson said there was a ''general pulsation of the
ocean from the tropics to the Polar Sea' and concluded that local effects
could not be very important. Gallé argued that European sea levels
were changing in responseto changing flow of ocean currents in the Gulf
Stream system.

Thirty years later other kinds of data were introduced into the
discussion. Nomitsu and Okamoto showed that changes in sea level
along the coast of Japan were accompanied by changes in temperature
(and hence in volume) of the water. LaFond, of the Scripps Institution,
showed that the same thing happens on this side of the Pacific—the
changes in sea level observed at Scripps pier corresponded to changes
he could compute by using temperature and salinity measurements taken
offshore.

Then came a breakthrough. The International Union of Geodesy
and Geophysics (UGGI) decided to organize the sprawling body of tide-
gauge data that was accumulating all over the world. The first two
publications, which appeared in 1940 and 1950, contained 100,000 values
of the mean monthly height of sea level. Here was a rich source of
material. No longer was an oceanographer tied to the data from his
own gauge or from a few neighboring stations. Now he could compare
his observations with what had been going on at Oslo, or Buenos Aires,
or Bombay.
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This was immediately attractive to two globe-minded workers at
Scripps, Walter Munk and Roger Revelle. Here were tens of years of
records on the behavior of the sea surface. Surely these records could
tell us much that would improve our knowledge of the motion of the sea
surface,

The sea surface undergoes oscillations and changes in shape of
many different time scales. The yachtsman recognizes a quick gust of
wind by the dark patch of tiny ripples it makes as soon as it touches
the sea surface. On the other hand, the slow loss of water from oceans
to icecaps is revealed by benches the water has cut into the edges of
the continents—benches that took thousands of years to carve. The
whole range of such variations we call the "spectrum" of sea-surface
changes. Until quite recently oceanographers were familiar with only
parts of this spectrum.

We recognize ripples, with fractions of a second between crests;
chop, that is several seconds long; and swell, perhaps 20 seconds long.
Then there is more or less of a gap until we get to periods around 12
and 24 hours, when we find tides. But practically nothing is known
about changes with longer periods than the tides but shorter than the
slow changes in level that take many years. Are there no waves in
between, in the ""holes" in the spectrum? Within the past few years
muchwork hasbeen done at Scripps, and at other oceanographic institu-
tions, in an effort to learn more about the gaps. The UGGI averages
provide a source for work of this type. With them one can study changes
with long periods as compared with a month but not long when compared
with the number of months of record.

The period with which we chose to start seemed to us the obvious
one—waves of annual period. The earlier papers had shown that an
annual period is usually observed—we thought we'd like to know some-
thing about how it looks on a global scale.

This problem is not just an isolated curiosity. If the sea surface
changes its level or its shape, there must be some physical reason.
Perhaps the ocean currents change from one season to the next. Per-
haps the changes are a reflection of wide-spread atmospheric effects.
Our tide gauges may be more versatile tools than we had thought—and
relatively inexpensive and reliable tools they are. It would be good
luck, indeed, if it turned out that the tide records could serve as land-
based observation posts of such oceanic phenomena as currents.

The possibility was interesting enough to make us sit down with
the Union's publications and go through the long task of reducing their
tabulations to the point where a summary could be given. We finally
emerged with a new set of numbers, only 5000 this time, and all in
comparable units. We proceeded to plot and combine these in an effort
to get a general description of world sea-level variations throughout
the year. The tabulated values and the derived charts were published
recently by the Journal of Marine Research. *

*June Pattullo, Walter Munk, Roger Revelle, and Elizabeth Strong, '"The
Seasonal Oscillation in Sea Level,'"Journ. Mar. Res., Vol. 14, No. 1, 1955,
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There is one most striking result. The seasonal variations in
sea level are about the same over very long distances, even across
oceans. Most of the gauges at the European coast show cycles similar
to one another. Furthermore, these are also similar to the cycles
observed on the American coast across the Atlantic. This is exciting;
it means we are dealing with a large-scale phenomenon, perhaps an
ocean-wide one.

Over all of the Northern oceans there is agentle rise in sealevel,
starting in spring or summer and reaching a maximum in fallor winter.
Figure 1(c) shows a typical case. The amount of rise from lowest to
highest mean-level averages about 8 inches, although it varies greatly
from place to place.
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Figure 1 - Seasonal variation in sea level at selected
gauges. (Left) North Pacific Ocean; (Right) North
Atlantic Ocean.

The cycle in the Southern Hemisphere is more or less a mirror
image of what we observe in the north—when sea level is high north of
the equator it is low in the south. We can visualize the sea surface tilt-
ing back and forth throughout the year, with the equator as a sort of
fulcrum, but the data are not completely conclusive on this point.

Closer inspection of the data in the Northern Hemisphere reveals
that the oceans here are not behaving quite as units. Tide gauges
between the equator and about 45°N show a maximum height in Septem-
ber; gauges north of 45° have a maximum 3 months later, in December.
(See figures.)

Is this also true in the Southern Hemisphere? Unfortunately, we
at Scripps were unable to tell from our data. But another worker in
this field, Dr. Eugenie Lisitzin of the Finnish Oceanographic Institution,
believes there is evidence for a breakdown of the Southern gauges into
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two sets or zones, also. This means we have three, possibly four, great
oceanic areas, each going through an annual oscillation more or less as
a unit. One is north of 45°N, another between 45°N and the equator, a
third south of the equator, and a fourth, possibly, in some deep southerly
latitudes.

Let us suppose that the Northern Hemisphere "humps up" in
winter and spring, so that the water stands high in the center and low
at the edges. If the Southern Hemisphere behaved in the same fashion,
then the coastal gauges would show high levels while the Northern
Hemisphere coastal gauges were low. But the averagedifference across
the equator could be zero!

A test for this humping possibility is provided by gauges on
islands in the middle of the oceans. In the past there have been too few
island gauges to ensure an answer. At those islands that do have
records, such as Hawaii and Bermuda, the level is high at the islands
at the same time it is high on the mainland; thus the humping hypothesis
does not seem to be the correct one. There may be some humping—the
island gauges generally show reduced oscillations as compared with
the coastal ones—but the seasonal change is primarily a north-south
tilt, not a hump, apparently. ‘

This is really a fairly simple picture. Is there a simple explana-
tion for it? Four possibilities seem likely:

e There is an annual tide caused by astronomic bodies.

oThe ocean is acting like an inverted barometer under changes in
atmospheric pressure.

eThere is a net seasonal transport of mass from one part of the
ocean to another (blown there by winds, perhaps).

*The water is expanding because of local heating in the summer.
Let us look at each of these in turn,

Tides. The oscillation cannot be a tide, in the usual sense of the
word: The amplitude of the annual astronomic tide can be computed to
within a fair degree of approximation. It is only an inch or so at most,
and has a maximum at the poles and a minimum near 30° latitude. This
just does not agree with the observations. (See Figure 2.)

Atmospheric pressure does have an annual cycle, but only part of
this will have an effect on a tide gauge. If the average pressure over
all the oc€ans goes down 1 millibar, nothing may show up on the gauge.
(Because water is relatively incompressible, average changes have
negligible effects.) But if the average pressure goes down 1 millibar
and the local pressure goes down 2 millibars, then the sea level at the
point of observations will rise about 1 cm, or 2/5 of an inch.

It turns out that this effect is observable, but is not generally
large. It is most important around Japan, China, and Greenland, but
even then atmospheric pressure plays a secondary role. Around Japan,
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for example, the atmospheric cM
pressure decreases 5 to 10 mil- -
libars from winter to summer,
But the observedrise insealevel
is almost a foot—4 or 5 times as
large as could be caused by baro-
metric changes alone.
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Net mass transport. From
thetide-gaugedata alone we can-
not be sure whether the sealevel
rises because there is more 2or
water under the gauge or simply
because the water under the gauge
has a larger volume in summer
than in winter. We recall that
Nomitsu and Okamoto, and later Figure 2 - Recorded departures from
LaFond, found the second case to0 mean sea level as afunction of lati-
be true off Japan and California. tude for eachof four months (North-
In other words, summer water ern Hemisphere).
just takes up more space.

LATITUDE
Subtropical

Equatorial

(o]

The direct way to decide between these alternatives would be to
use two recorders. A pressure gauge at the bottom would tell the total
weight or mass of water above the bottom. A surface float would tell
the height of the water column.

Unfortunately, we do not have many pressure gauges sitting on the
bottom; at least we have no year-long records. So we resorted to the
method Nomitsu, Okamoto, and LaFond used: we computed the volume
of the water near the tide gauges fromtemperature and salinity observa-
tions. Many of these new computations were made possible by the large
number of bathythermograms taken by Navy and Coast Guard ships during
and since World War II

The results are curious. The northern oceans again split into two
zones. In the area south of 45°N there is almost no change of mass
during the year; the changes are in the volume of the water and are
caused largely by changes in temperature. Salinity effects are small
but not negligible. North of 45°N, temperature changes are not large
enough to explain the observed variations in height. The salinity ob-
servations are too scarce for us to draw conclusions from them. And
we do not know whether or not there are mass and volume changes in
this zone. South of the equator, in the Southern Hemisphere,data are
few, but the indications are that the changes are volume changes, not
net-mass changes.

Local heating. We would think now that we have found little evi-
dence for any of the other three possibilities and that local heating must
be the cause of observed changes—at least for 0-45°N. But is it? Let
us look at the temperature data more closely.

The observations tell us only how much heat is in awater column,
not how it got there. Some preliminary computations suggest that ad-
vection as well as local heating may be important. That is, it seems
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as if, during summer and fall, warm water must be flowing into the
Northern Hemisphere from somewhere—presumably from the Southern
Hemisphere. To settle this question we need to make many more
observations south of the equator.

We hope to see a lot of progress in the Southern Hemisphere dur-
ing the forthcoming International Geophysical Year. At that time agreat
and international increase in effort will be made all over the world.
Dozens of new installations will be made on islands, by more than 15
countries. For example, the South American nations, Australia, New
Zealand, France, and the United States all have major programs in the
South Pacific.

The expanse of area covered, especially that away from the edges
of continents, will be increased many fold. For the first time we will
have widespread temperature and salinity observations that are syn-
chronous in time and are near the tide gauges,

Perhaps we will be able to track the water from one hemisphere
to another. Probably we will get some surprises. Almost certainly we
will find better ways of asking the questions that now perplex us. As a
case in point, suppose that the water is tilting up in the north and down
in the south during September. What in the world is keeping it from
simply running down hill ?

Symposium on Naval Hydrodynamics

The Office of Naval Research (Mechanics Branch) with the National
Academy of Sciences - National Research Council sponsored an unclas-
sified symposium on naval hydrodynamics which was held in Washington,
D. C., from 24-28 September 1956. This symposium~—the first of a
series now planned to be held on a yearly basis--was an outgrowth of a
continually growing need for meetings devoted exclusively to develop-
ments in the rapidly advancing field of hydrodynamics, particularly in
the areas basic to naval and marine applications. Emphasis was placed
on critical surveys of those areas, including identification of require-
ments for further research;these surveys were presented by recognized
authorities.

The program, which was presented to 430 participants, included
the following speakers and subjects: C. C. Lin on boundary layer sta-
bility, S. Corrsin on turbulence in shear flows, G. K. Batchelor on wave
scattering due to turbulence, M.J. Lighthill on river waves, W.H. Munk
and M. Tucker on the ocean wave spectrum, D.Gilbarg on free stream-
line theory and steady state cavitation, M.S. Plesset on physical effects
in cavitation and boiling, H.Snay onhydrodynamics of underwater explo-
sions, G. P. Weinblum on seaworthiness, H. Lerbs on hydrodynamics of
marine propulsion, J. V. Wehausen on ship wave phenomena, M. Strasberg
and H. M. Fitzpatrick on hydrodynamic noise, J.B. Parkinson on hydro-
dynamics of water-based aircraft, J. W. MacColl and R.N. Cox on basic
hydroballistic phenomena, J. C. Niedermair on hydrodynamic barriers
in ship design, and L. M. Milne-Thomson on some problems and methods
in hydrodynamics.
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Research Nateo

Marine Biology Studies at
University of Rhode Island

Very little is known of the beginning stages of algae and seaweed,
and still less about the interrelation of the plant and animal life at
various levels of the ocean and the biology of the plant and animal com-
munitiesthere, Consequently, ONR is sponsoringtwo projects in marine
biology at the Narragansett Laboratory of the University of Rhode Island.

Dr. David M. Pratt is undertaking a "study of the dynamics of
biological productivity of the benthos." (Benthos is a general term for
anything that grows on the sea bottom.) Dr. Charles J. Fish has under-
taken a project entitled ""The biology of marine fouling growth on and
adjacent to the bottom." Theprojects embracetwo different approaches
to the same goal—to lay the groundwork for further steps to prevent
fouling of objects such as anchors, ship bottoms, mines, and cables
submerged in the sea.

Cathodic Protection, 1956 |

Since shipbuilders first began constructing ships of iron they have
been pestered by electrolytic corrosion. This occurs when two different
metals—say a steel hull and bronze propellors—find themselves near
each other in sea water. There are now in use two standard methods
for combatting this insidious corrosion. The first involves the use of
"sacrificial anodes," blocks of zinc or a similar metal bolted to the
ship's underbody near the propellors, which cause current to flow to the
hull, thus protecting it. The other method is to coat the bottom of the
ship with nonconducting paint., Neither of these methods has prevented
corrosion; they only extend by a few months the time between drydockings.

For the past five years the Bureau of Ships and NRL have been
working cooperatively on more effective protectionby utilizing impressed
currents. Various types of anodes are placed in the water at critical
locations and an external source of voltage applied such that current
flows in the water to the hull. This current offsets or counteracts the
flow caused by thedifference inpotential between steeland bronze. Like
many another concept that is theoretically excellent, this one has been
difficult to achieve in actual practice. Designing the best type of anode
and insulating mount has been one problem; a more serious one has
been to impress exactly the right amount of current under conditions
that vary with water environment or speed of the ship.

These systems of cathodic protection by impressed current have
worked out quite well for ships of the mothballed Reserve Fleet (Research
Reviews, May 1952 and January 1955). But similar systems applied to
operational ships have been less successful. The twin requirements
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On the Naval Research Reserve

New Companies Activated

The March issue of Research Reviews reported activation meetings
of two new Naval Reserve Research Companies, NRRC 6-17, Huntsville,
Alabama, and NRRC 6-18, Nashville, Tennessee, Naval Reserve
Research Company 6-17, with LT H. F. Thames, USNR, as Commanding
Officer, held its activation meeting on 20 March 1956 at which LCDR
J. T. Bedsole, USNR, then Naval Reserve Research Program Officer,
Southeastern Area, was present. The present Commanding Officer of
NRRC 6-17 is LCDR Curtis B. Williams. Naval Reserve Research
Company 6-18, Nashville, Tennessee, commanded by CDR G. B. Suddeth,
USNR, held its activation meeting on 4 May 1956, with CDR H. F. Burr,
USNR, Special Assistant to the Chief of Naval Research (Research
Reserve), attending.

California has four new companies. Naval Reserve Research
Company 11-8, at the Naval Air Missile Test Center, Point Mugu,
California, is commanded by CDR Mark S. Jones, USNR. Naval Reserve
Research Company 11-9, at Aerojet-General Corporation, Azusa,
California, has LCDR James C. McConahay as the Commanding Officer,
Both of these companies were established 1 April 1956. Naval Reserve
Research Company 11-10, Ventura, California, with CDR Omar B.
Richardson, USNR, as Commanding Officer, and Naval Reserve Research
Company 11-11, Santa Monica, California, with CDR Carl H. Young,
USNR, as Commanding Officer, were both established 1 July 1956.

, Naval Reserve ResearchCompany 9-4, Peruy, Indiana, was officially
activated on 18 June 1956. LCDR George R. Wagner, USNR, is Com-
manding Officer of the new company.

Research Reservists at Brookings, South Dakota, who have pre-
viously operated as a Panel under Naval Reserve Research Company
9-6, Minneapolis, Minnesota, were formally activated as a company on
1 July 1956. LCDR Gerald B. Spawn, USNR, is Commanding Officer of
this company, designated NRRC 9-11.

Two Panels of Research Companies have recently been formed.
A Panel of Research Company 6-2, Auburn, Alabama, has been formed
at West Point, Georgia, with LT Carl Summers, USNR, as the Officer-
in-Charge. A Panel of Research Company 3-5, New Haven, Connecticut,
was formed at Hartford, Connecticut, with CDR Kenneth I. Boone, USNR,
as Officer-in-Charge.

New designations have been assigned the Washington area Com-
panies. Companies formerly designated as W-1, Washington, D. C.;
W-2, Washington, D. C. (NRL); W-5, Bethesda, Md. (NMRI); and W-T7,
Annapolis, Md., have been redesignated as Naval Reserve Research
Companies 5-8, 5-9, 5-10, and 5-11, respectively. This was occasioned
by the transfer of Naval Reserve activities inthe Washington area from
the Potomac River NavalCommand to Commandant, FifthNaval District,
on 1 July 1956.
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LAST MONTH WITH “VANGUARD”

Asthe earth-satellite program moves into high gear, in preparation
for IGY next summer, important disclosures are being made more and
more frequently. The following are quotations from addresses by NRL
personnel associated with Vanguard, or from Department of Defense
releases.

eDr. J. P. Hagen, Project Director of Vanguard, said in Chicago,
Oct. 1, "We are now moving into the Air Force Missile Test Center at
Patrick AFB, Florida. The launch pads, gantry crane, and blockhouse
are being readied . . . testing of parts will commence in a few weeks.
Within a few months the first of a series of test vehicles willbe fired . . ."

* The first radio tracking station for detecting and measuring the
path of, and obtaining other information from the satellite hasbeen estab-
lished at Blossom Point, Md., about 40 miles south of Washington, D. C.
This station will be used initially to evaluate all components of the
Minitrack radio tracking system and to trainthe operating crews for the
other tracking stations. Initial tests indicate a highdegree of efficiency
and reliability for the little satellite transmitter, which weighs only 13
ounces and has a potential broadcast range of more than 4,000 miles
using Minitrack receiving stations.

* Eight stations are to be provided in the basic north-south fence
(roughly along the 75th meridian), ranging from a latitude of 32°S, in
Chile, to 38° N, at Blossom Point, providing a probability of intercept
within this region of over 95%. Two additional stations will provide
initial acquisition and orbital determination during the first orbit, one
on the island of Antigua within the AFMTC test range, 1500 miles down
range from the launcher, and the other at Navy Electronics Laboratory,
San Diego, Calif., to provide pickup data approximately 85 minutes after
launch.

*On 23 Sept., Dr. John P. Hagen, Director of Project VANGUARD
announced the appointment of J. Paul Walsh as Deputy Director of the
project.

e Over the past ten years, rocket experiments have given the first
direct view of the solar spectrum beyond the ground level cut-off at
2856 A. From spectrographic and photon counter measurements we now
know the general shape of the sun spectrum all the way down to x-ray
wavelengths of a few angstroms. But the sum totalof all rocket measure-
ments add up to less than an hour of useful observations. To catch the
spectrum of such short-lived phenomena as solar flares is a tremen-
dously difficult task with conventional rocketry. A satellite offers the
nearest approachto a continuous observing station above the atmosphere.

The hydrogen-Lyman-alpha line at 1215,7A is the most prominent
feature of the far-ultraviolet solar spectrum. It is absorbed in the
earth's atmosphere between 90 and 70 kilometers, the D-region
ionosphere. A satellite experiment can monitor the sun in Lyman alpha
almost continuously for many days and would be worth hundreds of ran-
domly fired rockets for the same purpose.
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