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Our gasoline isn’t
good enough for
some people...us

We like to think that American Oil products are
the best you can buy. And they are. We also like
to think we can improve the quality of our prod-
ucts without increasing the cost to the consumer.
And we do. Consistently.

A considerable amount of work is done in
testing catalysts and searching for those which
will help produce the types of gasoline our cus-
tomers want at the price they can afford.

One of the people engaged in the research and
development of our manufacturing processes is
John Mitchell, 24, a graduate Chemical Engineer
from the University of Texas.

The opportunities for bright young scientists
like John Mitchell are virtually unlimited at
American Oil. American Oil offers a wide range
of new research opportunities for: Chemists—
analytical, electrochemieal, physical, and organic;
Engineers—chemical, mechanical, and metallur-
gical; Masters in Business Administration with
an engineering (preferably chemical) or science
background; Mathematicians; Physicists.

For complete information about interesting
careers in the Research and Development Depart-
ment, write:J. H. Strange, American Oil Company,
P. O. Box 431, Whiting, Indiana.

IN ADDITION TO FAR-REACHING PROGRAMS INVOLVING FUELS,
LUBRICANTS AND PETROCHEMICALS, AMERICAN OIL AND ITS
AFFILfATE,AMOCOCHEMICALS.AREENGAGEDINSUCHDIVERSIFIED
RESEARCH AND DEVELOPMENT PROJECTS AS:

Organic ions under electron impact e Radiation-induced reactions e
Physiochemical nature of catalysts @ Fuel cells ® Novel separations
by gas chromatography e Application of computers to complex technical
problems @ Synthesis and potential applications for aromatic acids e
Combustion phenomena e Design and economics: new uses for present
products, new products, new processes @ Corrosion mechanisms e
Development of new types of surface coatings.

STANDARD OIL DIVISION
AMERICAN OIL COMPANY




THIS IS TITAN "I United Technology Center is now at work on development of the first or solid

booster stage for the Air Force Titan Ill. UTC’s huge segmented solid propellant
rocket motors, each 120 inches in diameter and producing more than a million pounds of thrust, will blast the Standardized
Space Launch Vehicle from its launch pad. Titan I, with all stages assembled, will stand more than 100 feet tall on the
pad, and will be utilized to put multi-ton payloads into orbit.

TH l S IS U Tc Graduates planning careers for the Space Age will do well to talk with UTC. This young and

dynamic division of United Aircraft is one of America’s fastest-growing aerospace organiza-
tions. In UTC's unique professional atmosphere, you'll move ahead faster, team up with scientists preeminent in rocket
propulsion, enjoy the facilities of UTC's Research and Engineering Center and sprawling test site. Here are a few of the
projects . .. in addition to Titan Ill . . . underway to challenge your imagination and scientific skills.

UPPER-STAGE LIQUID MOTORS - HYBRID ROCKETS . FILAMENT-WOUND MOTOR CASINGS - ABLATION-
COOLED THRUST CHAMBERS - VARIABLE-THRUST CONTROL SYSTEMS -THRUST VECTOR CONTROL SYSTEMS
And that's not all. United Technology Center is located in the heart of the beautiful San Francisco Bay Area. Glamorous
San Francisco, skiing, sailing, and the scenic wonders of the High Sierra are within easy reach.
Pick up that pen. Drop a line to UTC. Tell us your engineering specialty. You'll be glad you did.
For information, contact Jay W. Waste, Department 26E, P. 0. Box 358, Sunnyvale.

DIVISION OF UNITED CRAFT CORPORATION

&> United Technology Center

““An Equal Opportunity Employer"

THE WISCONSIN ENGINEER
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® Award of a multimillion-dollar contract to Allison by the Atomic Energy
Commission for construction of a mobile Military Compact Reactor highlights
the progress Allison is making in energy conversion programs.

Objective of the high priority project is the design, construction and operation of
an extremely mobile, lightweight powerplant capable of generating 3000 kw. of
electricity. The plant will have a high temperature, liquid metal-cooled reactor
coupled to a power conversion system. In addition to its military ficld use, the
MCR could serve as a power source in civilian defense and power failure
emergencies. Allison, the energy conversion Division of General Motors, was
selected by the AEC as prime contractor on the basis of company capability to
act as systems manager for the complete project.

l In other fields, first and second stage rocket motor cases designed and produced
by Allison for Minuteman have achieved a 100 per cent reliability record. Too,
Allison research has made significant progress in the development of cases from
lighter weight materials, titanium and plastics, and now is in position to meet the
s case needs of the future . . . whatever they may be.

i Allison also maintains its position as foremost designer, developer and producer
of turboprops. Current emphasis is directed toward developing engines of greater

power with maximum fuel economy, and without increasing engine size.

Acceptance by the Army of the Allison 250-horsepower T63 turbo-shaft engine
for Light Observation Helicopters is further evidence of Allison capability in the
gas turbine areas.

Perhaps there’s a challenging opportunity for you in one of the diversified areas
at Allison. Talk to our representative when he visits your campus. Let him tell
you first-hand what it’s like at Allison where “Energy Conversion Is Our Business.”

>
Al].ls OIl An equal opportunity employer

THE ENERGY CONVERSION DIVISION OF
GENERAL MOTORS. INDIANAPOLIS, INDIANA
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TUITION HIKE

Lately there has been much talk in the legislature and on the
campus about a tuition hike. When people talk about a tuition hike
they should break their discussion into two different and completely
distinct categories—tuition hikes for residents and tuition hikes for
non-residents.

During the first week of May there was a bill passed in the State
Assembly which would establish a fourth system of schools in the
state for higher education. This bill, if passed by the Senate, will estab-
lish a school system much like the Junior College System in the State
of California. The best argument that was put forth in support of this
fourth school system was that it would provide a means for the people
of Wisconsin to receive a good, inexpensive education. If the means
to provide an inexpensive education for the citizens of Wisconsin is
needed in the state, why should the cost of receiving a college educa-
tion under the present system be raised for the resident who has
already paid for much of his education through high taxes?

The student who comes to Wisconsin is actually considering the
colleges in Wisconsin as private colleges. If he were to attend a good
private college of comparable quality he would consider himself lucky
to pay less than $1500 in tuition for the school year (compare this to
the $750 paid by non-residents for tuition at the UW). It has heen
said that raising the tuition for out-of-state students would drive them
away. Check around and see how many non-resident students would
transter if the tuition was raised to the suggested $1000 for a school
vear. You won't find very many.

R. N.

North American Aviation’s XSM-64 NAVAHO guided missile, developed by the com-
pany’s Missile Division in Downey, California, was used to gather high speed high
‘ altitude data for SAC’s newest weapon, the B-70 Mach 3 intercontinental bomber.
This program was known as project RISE (Research in Supersonic Environment ).

MAY, 1963
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THE BELL TELEPHONE COMPANIES
SALUTE: TOM HAMILTON

When the Bell System recently product-tested the new
Touch Tone telephone in Findlay, Ohio, they called on
Ohio Bell’s Tom Hamilton (B.S.E.E., 1960) to coordinate
the project. Quite an honor since this was one of two
Touch Tone trial areas in the entire country,

This happened on Tom’s second assignment with the
company. Since completing the project, Tom has joined
the Fundamental Planning Engineer’s Group. Here he

makes engineering economy studies and submits programs
for capital expenditures. Tom’s performance has earned
him the opportunity to attend a special six-month Bell
System engineering course in Denver.

Tom Hamilton and other young engineers like him in
Bell Telephone Companies throughout the country help
bring the finest communications service in the world to the
homes and businesses of a growing America.

BELL TELEPHONE COMPANIES

THE WISCONSIN ENGINEER




Garrett space radiator
for manned and unmanned
vehicles :

u Advanced solution to a heat transfer problem

Complex, long duration satellites and manned spacecraft
must get rid of large amounts of internally produced heat.
Through unique fabrication techniques and know-how with
exotic materials, Garrett-AiResearch is building active (fluid
cycle) radiator systems for cooling space vehicles.

Garrett is also developing heat transfer systems for appli-
cations from cryogenic temperatures to 2000°F, using heat
transfer fluids such as Coolanol 139, Freon 21, FC-75. mer-
cury and alkali liquid metals including potassium, rubidium
and cesium.

This eritical development work is supported by more than
a quarter century of Garrett heat transfer experience. It is
one more example of Garrett’s proved capability in the design
and production of vital systems and their components for
spacecraft, missile, aircraft, electronic, nuclear and industrial
applications.

For further information about the many interesting project
areas and career opportunities at The Garrett Corporation,
write to Mr. G. D. Bradley in Los Angeles. Garrett is an equal
opportunity ernph»ycr.

THE GARRETT CORPORATION ¢« AiResearch Manufacturing Divisions » Los Angeles 9,
California « Phoenix, Arizona « other divisions and subsidiaries: Airsupply-Aero Engineer-
ing » AiResearch Aviation Service * Garrett Supply * Air Cruisers » AiResearch Industrial
* Garrett Manufacturing Limited « Garrett International S. A, + Garrett (Japan) Limited
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Exploring the Moon:
What and How?

INCE October, 1958, when the

Russians orbitted the first ot

many Russian satellites, there
has heen much talk about manned
orbits, space probes, and solar ex-
peditions. Successtul attempts at
orbitting and returning manned
capsules by both Russia and
America have proven man has the
means by which he can explore
space, though it will be a matter
of years before all the problems
are solved. One of the first, if not
the first, places man will attempt
to explore is the Moon. What he
will find there and how he will go
about handling it is the subject of
this report.

In order to fully appreciate why
certain types of vehicles may be
used, it is necessary to know the
different types of surfaces man
may encounter on the Moon., A
discussion of these surfaces will
lay the foundation for the discus-
sion of the vehicles.

Almost everyone knows that man
can and will go to the Moon, but
few people know what he will do
when he gets there. The purpose
of this report is to explain what
will be done and how it will be
accomplished during the first
manned landings on the Moon,

BACKGROUND

When man finally reaches the
Moon, he will not land upon it as a
person entering a dark room and
striking matches to see what is
there. Rather, he will be landing
there knowing many definite facts
about the Moon and trying to
prove or disprove other theories

L0

By Roland Rucinski, M E-4

based upon scientific observations
and measurements.

Some of the facts already known
about the Moon have been known
for centuries while others have
been discovered only recently. For
instance, with the naked eye it can
be seen that the same half of the
Moon always faces the Earth. Ac-
tually, measurements have shown
that a total of 59% of the surface
is visible at one time or another.
Day and night last two weeks of
Earth time. From measuring the
size and density, it was found that
the Moon’s gravitational force is
only one-sixth that of the Earth’s.
Because of a lack of haze around
the Moon, it is safe to say there is
no atmosphere. This will be dis-
cussed in greater detail later. With
no atmosphere there can be no
wind, weather, or free water. The
lack of an atmosphere also means
the Moon’s surface is not shielded
from solar and cosmic radiation
and is subjected to large tempera-
ture changes.

Since the environment is so hos-
tile, one may ask, “Why does man
want to go to the Moon?” The an-
swer to this is that man can use
these properties to his own advan-
tage. For example, the lack of an
atmosphere will enable him to per-
form high-vacuum experiments
impossible to perform on Earth.

Besides using the Moon for
scientific experiments, an important
reason is to use it as a stepping
stone for the exploration of other
planets. It will be far more advan-
tageous to launch spaceships from
the Moon than from the Earth to
make long-distance voyages.

The Moon may be used as an
observation post as effectively as a
launch pad. From it the Earth’s
weather could be predicted farther
in advance and much more ac-
curately. Other planets could be
viewed more clearly because of the
lack of a light diffusing atmos-
phere. If it must be, it can also be
used as a military observation post,
or even a “battle station” armed
with rockets pointed to any place
on Earth.

LUNAR SURFACE

Since its formation, the surface
of the Moon has been changing
continuously. As it cooled from a
molten mass, it formed a crust
much as the Earth did. Shrinking
caused mountain ranges to be
formed and volcanic eruptions of
ths still molten center. Moonquakes
caused cracks and crevasses. Even
today the surface is being changed
by the bombardment of meteors.
This is probably the greatest single
cause of changes in the Moon’s
surface since its formation.

Some of the common types of
surfaces are:

1. Faults—fractures which occur

on a vertical plane.

2. Drowned structures—walls or
other formations covered with
lava at a time later than their
own formation.

3. Craters—walled plains, empty
craters, or craters with central
elevations.

Hills, valleys, and depressions.
Swellings—five to ten miles in
diameter may have cavities
underneath.

6. Mountain ranges.

ok
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Though the Moon may look
very bright on a clear night it is
known. that the surface is fairly
dark, because the measured re-
flected light is a small amount as
compared to how much is directed
to the surface. This is one of the
reasons many scientists believe
there is a layer of dust covering
the Moon; however, there are
many theories as to how thick this
layer may be.

One piece of evidence support-
ing the theory that there is a layer
of dust is the recorded temperature
change during an eclipse. The
change in temperature is so rapid
it was concluded the material just
below the surface is very cold and
the high day-time temperatures
apply only to the outer surface.
This leads to the conclusion that
the surface materials consist of
insulating substances such as dust
or porous lava.

However, as telescopes increased
in power, it was seen that the
lunar surface was rough. There
were really no smooth areas visible.
Also, the color of the surface was
not uniform, as might be expected
from a layer of dust. Therefore,
the theory that the Moon is cov-
ered by a thick mantle of dust is
probably incorrect.

Though the question of dust on
the surface of the Moon may be
unanswered, it is a fact that there
are rocks and rock formations. In-
deed, if the theory that the Moon
was once a part of the Earth is
true, these rocks may be exactly
like those found on Earth, contain-
ing the same elements. Some ter-
restial igneous rocks contains as
much as five percent by weight of
water. Thus, if this is true on the
Moon, water may be recovered
during the extraction of minerals.

The water contained in the rocks
of the Moon’s crust will be the only
water found on the Moon. There
is no free water, because of the
lack of an atmosphere, Calcula-
tions of the Moon’s gravitational
force and speed of rotation have
shown that any gases originally
present would have been “thrown
from” the Moon by centrifugal
force. The maximum amount of at-
mosphere that could be present is
only 1/1,000,000,000,000 that of

MAY, 1963

the Earth’s. Any free water present
at that pressure (approximately
zero) would evaporate and also
be “thrown from” the Moon.

On Earth, the insulating effect
of the atmosphere allows the tem-
perature to vary between about
150F. at the equator to —I130F at
the North or South Pole. Tempera-
tures on the Moon, however, vary
from 272F during lunar day to
—243F during lunar night. To say
the very least, man would find it
very uncomfortable without heat-
ing or cooling facilities.

Just as man would find it un-
bearable to live without protection,
it seems impossible for plant life
to exist under these conditions.
However, some astronomers say
there is a mist during the lunar
sunrise, but that it dissipates later.
“Moreover, it has been suggested
that definite cyclical changes which
repeat at each lunation might be
caused by the growth and decay
of vegetation such as lichens or
moss which has become adapted
to complete its life cycle during
the fourteen days of sunshine.”
Possibly, contrary to common be-
lief, man will find life on the
Moon,

PROPOSED VEHICLE DESIGNS

Whether or not man finds life
on the Moon, he must have some
means of transportation over the
Moon’s surface. He could, of
course, use the means with which
Nature has provided him, but
walking has too many limitations.
The distance he can travel and the
supplies he can take with him are
too small to be practical. There-
fore, he must invent machines to
carry him about as well as keep
him alive. Necessity is the mother
of Invention, so it must be known
what is necessary in the design of
a lunar surface vehicle.

Before venturing from the safety
and security of their spaceship, the
first astronauts to land on the
Moon may send out an unmanned
vehicle first. The operations this
vehicle must be able to carry out
are: surface exploration, evalua-
tion of environment, atmosphere
sampling, chemical and physical
surface analyses, seismic experi-
ments, gravitometric measure-
ments, determination of a magnetic
field. If facts from these operations

allow, a one-man vehicle may be
the next step. This would perform
the same operations as the un-
manned vehicle except with
manned observation added. Even-
tually, three-man wvehicles may
emerge from the spaceship to ex-
plore the Moon more fully,

As manned operatione are ex-
panded, the functions would be
broader and would include: ex-
ploration; construction of a lunar
base; personnel transfer; remote
placements of instrumentation;
equipment repair, servicing, and
maintenance; remote emplacement
of power plant; and connection of
remote equipment to lunar base.
Initially, a vehicle capable of trav-
eling 50 miles and sustaining three
men for 72 hours would be satis-
factory, One of the major problems
of design in that respect is the
fact that the vehicle must be able
to operate independently of any
air supply, be lightweight, have
low volume, require a minimum of
fuel, and be extremely reliable.
These provisions require materials
having maximum strength at low-
est weight and maximum load-
carrying capacities.

The fact that it must have max-
imum strength to density ratios is
not dictated by conditions on the
Moon alone. Many of the limits
of design are imposed by condi-
tions on Earth. The high gravita-
tional field of the Earth requires
maximum strength to density ra-
tios of materials. This is necessary
to have the least amount of weight
in the launch vehicles. Atmospheric
friction requires the spaceship to
be streamlined, which means any-
thing inside should have low vol-
ume. Many other conditions on
Earth will have a bearing on the
design on lunar surface vehicles.

The type of material to be used
in constructing a lunar surface ve-
hicle will also be based on the
temperature differences present on
the Moon. Since metals expand at
high temperatures and contract at
low temperatures, the wvehicles
must be designed to take into ac-
count the high thermal stresses oc-
curring during temperature
changes. This does not apply only
when the vehicle passes from
lunar day to lunar night, but it
also applies when the vehicle is in
the light of the Sun for the four-
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Roland is a senior, and ex-
pects to graduate in January,
1964. He is married and has
no children. He is a member
of ASME and wanits to work
in the aircraft industry after
graduation.

teen Earth days of a lunar day.
Part of the vehicle will be in direct
sunlight and subject to high tem-
peratures, and part of the vehicle
will be in shadow and subject to
low temperatures. The simultane-
ous expansion and contraction of
different parts of the vehicle under
these  conditions must be  taken
into account to prevent failure or
rupture of the vehicle's body.

Besides knowing the kind of
material to use to build a lunar
surface vehicle, the designer must
know what and how much instru-
mentation should be incorporated
into the vehicle, Wherever feasible,
operations  should be manual to
conserve power and facilitate
emergencey  operations.  This  was
proven during the orbital Hlight of
Commander Walter Schirra when
he saved 60% of his fuel by switch-
ing off all automatic operations
and controlling the capsule man-
ually, rather than running out of
fuel as Commander Scott Carpen-
ter did when he let almost all op-
erations be performed automat-
ically. The amount of instrumenta-
tion should also be selected on the
basis of weight and reliability.
However, weight should not be
conserved at the sacrifice of im-
portant instrumentation necessary
to the successtul completion of a
lunar exploration.

Successful completion of a lunar
exploration means, of course, that
the men doing the exploring must
be kept alive and in good physical
and mental health, Life support
svstems must be incorporated into
the design of lunar surface ve-
hicles. The most important require-
ment for sustaining human life in
the vehicles is that there must be
an ample supply of food, water,
and oxygen. Waste products must
be removed, stored, or converted
into usable products. There must
be protection from the extremes of
temperature. There must be pro-
tection from cosmic rays, ultra-
violet rays, and other radiation,
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Micrometeorites which will cause
atmospheric leakage must be
guarded against. All these things
are necessary to keep man alive.

Man performs best when the
conditions around him are most
tavorable, rather than when he is
just  barely existing. Therefore,
such factors as pressure and mois-
ture content of the air inside of the
vehicle, acceleration, noise, vibra-
tion, confinement, isolation, and
detachment from the mother ship
must be accounted for in the de-
sign of a lunar surface vehicle. In
order to leave the vehicle for re-
pairs or manual operations outside,
the men must pass through air-
locks, which are chambers that
connect the inside quarters to the
outside and are able to be filled
with air or oxygen.

All the things mentioned above
are essential requirements in any
design of a lunar surface vehicle.
Different  designs handle these
problems in different ways and

may or may not have additional

features. One design already pro-
posed has a large, cylindrically
shaped body with track wheels,
capable of traversing flat or rough
terrain, but not capable of cross-
ing deep, wide crevasses or ridges.
Attached to an arm extending from
the main body is a smaller one-
man capsule. The arm provides
access to any point within a 40-
foot radius of the vehicle. The
capsule on the end of the arm has
actuators provided with shoulder,
elbow, wrist, and finger motions,
Hand parts of the actuators have
vise-like grips for holding and
using special tools, such as ham-
mers, wrenches and drills. The ad-
vantages of using a capsule in
comparison to a spacesuit are
many. Some of these are that it
has greater reliability, less atmos-
phere loss, it is more economical
of vehicle space, and there are no
insecurities resulting from separa-
tion from the vehicle, However,
suitable protection must be pro-
vided for bearings, joints, and
other exposed components. It must
be provided with controls for
drives and safe-travel limits for
shoulder, elbow, and other move-
ments. High reliability in these
controls is essential. Space suits
should not be abandoned alto-
gether, since some repairs or oper-

ations may call for work being
done on the outside of the vehicles.

The entire vehicle is capable of
sustaining three men for 72 hours.
While one man is in the capsule,
another is covering the controls,
communications, and instrumenta-
tion, while the third is operating
the vehicle.

Variations of this design may
include a vehicle with low pressure
tires similar to swamp-crossing ve-
hicles of the southern states of
America. Though there are no
swamps on the Moon, these tires
will be helpful in traversing areas
thickly covered with dust, if there
are any. Or the vehicle may have
tracks in long, rigid sections which
could cross crevasses. In this case,
the vehicle itself would lay the
tracks.

Another proposed design con-
sists primarily of three airtight
compartments, mounted by an ex-
ternal crane. It is 65 feet long, 1614
feet high, and has an internal
diameter of 12 feet. The forward
section contains the control room
where the crew on duty works and
where the vehicle driver crevasse
bridging crane operator sits in a
conning dome., The section also
contains lunar suit stowage, lock-
ers and work tables for the ex-
ploration team, five television re-
lays, the galley, food store, and air
conditioning equipment. Water and
liquid oxygen are stored in a seg-
ment above the section.

The middle compartment con-
tains beds for sleeping nine of a
crew of twelve, since at least three
men will be on duty at all times.
Personal lockers are also provided
in this section. The compartment
contains washing and shower facil-
ities and two toilets. Water and
liquid oxygen are above the com-
partment, while silver-cadmium
batteries are stored below. On
either side are food stowage spaces
and also light, rigid crevasse
bridges. A second air conditioning
unit is in this compartment.

The rear compartment contains
photographic and observation
equipment, the electronics cab
containing monitoring equipment,
a mechanical and electronic repair

(Continued on page 28)
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Result: "*Cushion Recoil” provides a
dramatically smoother ride
in 1963 Ford-built cars

The challenge given Ford engineers was to design suspensions
that would permit wheels virtually to roll with the punches—not
only in a vertical plane but fore-and-aft as well. Conventional
suspension systems provide only a partial solution to road shocks
by limiting wheel recoil to an up-and-down motion.

The solution? Exclusive Cushion Recoil suspension design inall  SOAKS UP ROAD SHOCK. Exclusive Ford
Ford-built cars for '63! Cushion Recoil, with cushioning action Motor Company Cushion Recoil action moves
in a fore-and-aft plane as well as vertical, smothers the jars and  back as well as up for a smoother ride.

jolts of rough roads, adds to your comfort, safety, and driving

pleasure. Even the thump of freeway tar strips is reduced, and

on deeply rutted roads you experience better control of the car,

Furthermore, your Ford-built car is spared the wear and tear of

road-induced vibration, MOTOR COMPANY
The American Road, Dearborn, Michigan

Ancther assignment completed—one more example of engineer-  where ENGINEERING LEADERSHIF
ing excellence at Ford and new ideas for the American Road. BRINGS YOu BETTER-BUILT cars
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The Tennessee Valley Authority

VA IS NOT a very impressive

name, but it represents the

biggest development project
in the history of the United States.
To people throughout the world,
the Tennessee Valley Authority
represents the greatest achieve-
ment of American democracy.

The knowledge of what TVA is
will help people to better under-
stand the great achievements
which can be made when people
plan and work under a democratic
form of government.

PROBLEMS

The Development of TVA was
slowed by many obstacles. In a
project which would develop an
entire river valley spreading over
42,000 square miles, the problems
are numerous, frequent and varied.
The problems encountered in con-
struction and planning alone were
enough to stop most projects. In
addition, political difficulties stalled
the start of TVA for many years.

Political Problems

After General Jackson settled the
issue of soverignty in that part of
North America, the national gov-
ernment took more interest in the
strategic Tennessee area. More
than 120 vyears ago, the Treasury
Department began the first big
project at Muscle Shoals, where
many problems would later occur.

The South was financially ruined
by the Civil War and until the end
of the century nobody was inter-
ested in financing Southern proj-
ects at the expense of the North.
Before the twentieth century there
was no thought of public owner-
ship of large scale projects. 1t was
assumed that the project would be
exploited by private concerns.

Senator George Norris of Ne-
braska became interested in public
control of the project. In 1922 he
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introduced his first bill for public
development of the Tennessee Val-
ley area. The bill did not pass
Congress. Norris introduced sim-
ilar bills in 1924, 1926, and 1927.
None passed. In 1928 Norris intro-
duced a sixth bill. The bill was
passed by the Senate and by the
House in 1931. President Hoover
vetoed the bill. Again in 1932 the
seventh Norris bill was introduced.
Hearings were held on the bill but
no action was taken. There ap-
peared to be little hope for public
development of the Tennessee Val-
ley area.

At the time when prospects were
looking worst for supporters of
public control, a new administra-
tion came into power. The advent
of the Roosevelt administration in
1933 gave the needed boost to get
the project started.

Although the first large obstacle
had been passed, the real prob-
lems of development were just
beginning.

Planning Problems

The planners of the project found
many problems in dealing with the
people of the area. Many people,
remembering the days of the CCC
camps and the bad conditions ac-
companing some of the camps,
were trying to prevent the con-
struction of the dams and other
structures. They did not want
their quiet towns turned into con-
struction camps.

The creation of about twenty
lakes would require the relocation
of not only many farm families but
also entire villages. Numerous
people lived in the same houses
that their ancestors had lived in
for several generations. They were
not willing to leave the only homes
they had ever known and move to
a new location.

Some of the residents of the
valley felt that the project and re-
sults of the development would

attract too many tourists and inter-
rupt their quiet lives.

Economical Problems

A project as vast as TVA has
many economical problems. The
first problem was finding funds to
finance the development. It seemed
almost impossible for any under-
taking to justify the neceded ex-
penditure for developing an entire
river valley.

Southern power companies ar-
gued that the cheap power pro-
duced would financially ruin them.
Northern companies feared their
markets in the South would be
greatly damaged because of the
new industries which would spring
up there.

Much discussion arose about the
value of existing facilities, such as
those at Muscle Shoals. Needless
to say, the owners of these facil-
ities. would require a purchase
price greater than the actual value.
When the government did pay the
higher prices, opponents of the
project made charges of graft.
Similar problems were encoun-
tered with the prices to be paid
for land.

Rates would have to be set on
the prices of power sold to the
existing power companies for dis-
tribution. Rates would also have
to be set of the prices that the
distributors could charge for the
electricity.

Engineering Problems

Designing the Tennessee Valley
project was one of the greatest en-
gineering and architectural feats
ever accomplished. The basic plans
called for structures which would
be both functional and pleasing to
look at. It was no easy task to de-
sign the huge masses of steel and
concrete so they would meet both
requirements.

The location of the dams was
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very much of a problem. The dams
had to be designed and located to
get the most value out of the reser-
voir behind them. They had to be
located so the public could get the
most value out of the lakes and
recreational areas which the dams
would create.,

It is impossible to mention all
the problems encountered in the
construction of the various struc-
tures. Some of the dams were built
during the war when some con-
struction materials were unavail-
able. Structures were planned so
they could utilize some of the
materials which were close to the
site. In an area which has 70-80
inches of rainfall per year, the
problem of building dams is very
big. Construction was stopped
many times by floods and high
water,

These and many other problems
plagued the planners of The Ten-
nessee Valley Authority. The im-
portant fact is that the problems
were overcome and the dream of a
Tenessee Valley Authority became
a reality. Construction could now
begin.

CONSTRUCTION

After the problems were settled
and the project was ready to be-
gin. the program was given a
name. Tennessee Valley Authority
was the name given to an organ-
ized plan which was composed of
many smaller projects. All these
projects were aimed at the devel-
opment and improvement of the
Tennessee Valley region. The con-
struction in the region can be di-
vided into four classifications:
main river dams, storage dams,
steam plants, and NONpPoOwer proj-
ects. Each of the divisions is dis-
cussed below,

General Layout

The main river has been changed
into a series of huge lakes sepa-
rated by nine dams. In the tribu-
taries of the river, a total of 19
dams provide water storage and
control. Each dam plays its own
important part in the whole system.

Main River Dams
The main river dams have made
the Tennessee River open to nav-
igation from Knoxville to Paducah
and have added 650 miles to the
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inland waterways of the United
States. The Tennessee Valley is
now joined by a cheap transporta-
tion route to the Great Lakes re-
gion, the Middle west, and the
Gulf Coast. The nine foot channel
created by the dams allows the
large Mississippi River barges to
travel safely on the Tennessee
River.

Besides the added transportation
route, the dams have provided
flood control for the entire river
valley. Floods which once caused
millions of dollars of damage are
now reduced to a slight increase in
the water level of the lakes.

The dams making this naviga-
tion and flood control possible will
be discussed and listed in order
of construction.

Wilson Dam was authorized for
construction in 1916 and started by
the Corps of Engineers in 1918.
After completion, the dam became
a subject of national controversy
until 1933 when Congress turned
it over to TVA.

Although Wilson Dam was not
constructed under TVA, it is still
considered a part of the system.
The contrast between the architec-
ture of the Wilson dam and the
other TVA dams is very striking.
The classical revival of Wilson
Dam seems to have no place
among the other style of design.
The newer dams are much more
functional than Wilson Dam. The
generators at Wilson produce about
the same amount of power as each
of the newer generators but they
require twice as great a water head
per kilowatt of electricity. The con-
trasts show what a difference is
made in a well planned and well
engineered project.

Wheeler Dam, the first of seven
multipurpose dams, was built at
Elk River Shoals, sixteen miles
above Wilson Dam. Wheeler has
the distinction of being the lowest
dam on the main river. Unlike the
other TVA dams, there is no gen-
erator room at Wheeler and the
generators are built under exposed
steel cowlings. A highway passes
over the dam on an elevated
roadbed.

Pickwick Landing followed
Wheeler by a year and a half, and
was located 52 miles below Wilson
Dam. This dam, combined with
Wilson, completed the task of cov-

ering the dangerous Muscle Shoals.
The dam is constructed mainly of
earth and rock. A natural inlet was
developed just above one end of
the dam to provide a recreation
area with facilities for camping
and boating. The construction
camp contained many permanent
buildings. The houses are now oc-
cupied by the families of the men
who operate and maintain the
dam. Pickwick is the only TVA
dam designed with the switchyard
(the area from which power lines
lead) built above the powerhouse.

Guntersville Dam was the fourth
built by TVA. It completely re-
vitalized the town from which it
took its name. The town of Gun-
tersville, in Alabama, was a quiet,
dusty little river town in 1935. To-
day it is an industrious, prosper-
ous port and recreation center. The
backwater from the dam almost
surrounded the town. Anticipating
this, the engineers built three
causeways to connect the town
with the major highways near by.
Guntersville Dam is made of rock
and earth over more than half its
length. The capacity of the spill-
way is s0 great that no foreseeable
flood could ever reach the top of
the embankments.

Chickamauga Dam, started one
month after Guntersville, is lo-
cated ten miles northeast of Chat-
tanooga, Tennessee. In 1936 Chat-
anooga was the most vulnerable
to flood of any city in the Tennes-
see Valley. Had it not been for
Chickamauga Dam and the rest of
TVA above Chatanooga, a flood
would have rolled over the city in
1957 which would have damages
conservatively estimated at $66,-
000,000. The amount saved in just
this one case was more than the
cost of the dam. TVA designers
made provisions for a bridge to be
built across Chickamauga Dam
and the State did the erecting.

Watts Bar Dam is located mid-
way between Chattanooga and
Knoxville. Original plans for the
dam specified that two of the pro-
posed generators should be post-
poned until the additional power
was needed. Because of the war
developing in Europe it was de-
cided to install all five generators
during the initial construction. A
steam plant was also built a mile
downstream from the dam. The
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state of Tennessee built a bridge
over the dam.

Kentucky Dam, the greatest of
all TVA dams—approximately 7
million cubic vards of concrete,
earth, and rock—backs up water
for 184 miles. The maximum sto-
rage capacity of the lake behind
the dam is more than twice that
of the next largest lake. The gan-
try crane is the largest ever built
by TVA, and also one of the most
attractive. Unlike any other TVA
dam, Kentucky supports both a
highway and a railroad. Recreation
facilities provided are: a boat
basin, a vistors building, and a
picnic area.

An interesting object at Ken-
tucky Dam is a floating guard wall.
This guard wall is a long, cubical,
hollow concrete beam which guides
hoats into the locks. Usually a solid
pier type guard wall is used. The
pier type wall is solidly anchored
to the river bottom. The floating
guard wall was less expensive than
the pier type.

Fort Loudoun Dam was the
last dam to be constructed on the
Temnessce and is the farthest up-
stream. This dam is in most re-
spects the most harmonious of all
TVA multipurpose dams. Here the
engineers and architects were able
to assemble all their knowledge
and skill from the past construc-
tion. Fort Loudoun, located a few
miles from Lenoir City, Tennessec,

Guided tours of the dam can be
arranged upon request.

Hales Bar Dam, built in 1905-
1913, was completely remodeled
after purchase by TVA in 1939.
The dam was improved in many
ways: the foundation water leaks
were stopped; effective height of
the spillway was increased; the
navigation lock was improved; and
two additional generators, each
with a capacity equal to several of
the existing ones, were installed.
Hales Bar Dam is a very good ex-
ample of the difference between
old design of dams and the new
designs adopted by TVA.

Storage Dams

The fact that the tributaries of
the Tennessee River are not nav-
igable results in a change of dams
on these streams. The dams on
the tributaries differ from those on
the main river both in appearance
and function, Navigation locks are
not necessary. Since the tributaries
are mainly in the eastern moun-
tains, their banks rise sharply re-
sulting in higher and more dra-
matic dams. Referred to as storage
dams, their purpose is to control
the flow of the Tennessee River.
The storage dams hold back water
during certain seasons and later
release it as it is needed down-
stream.

The area around these dams re-

any other part of the country ex-
cept the Pacific Northwest.

Although Apalacia is only 150
ft. high, the water head at the
powerhouse is 400 ft. The power-
house is located eight miles down-
stream and the water is piped
through 18 ft. diameter conduits.

An interesting aspect of Hiwas-
see Dam is a pump-turbine. It can
be used to produce electricity and
then be reversed during periods
of low power consumption to
pump water back into the reservoir
to use for periods of high power
consumption. Hiwassee 1is con-
sidered by many people to be the
most beautiful dam built by TVA.

Chatuge is the only TVA-built
dam made entirely of rolled earth.
Studies showed that ecarth, faced
with riprap on the upstream side,
would make an adequate dam
here.

Ocoee No. 3 is a sister project
to Apalachia Dam. An extra 270
feet of head was gained by lo-
cating the powerhouse 2.5 miles
downstream from the dam. Both
the spillways and the powerhouse
at Ocoee No. 3 are remotely con-
trolled.

Nottely is the fifth and last
dam to be built by TVA in the Hi-
wassee River Basin. A low bridge
spans the crest of the spillway and
a road crosses the full length of
the dam.

Fontana is the most dramatic of

is very popular with tourists. ceives more annual rainfall than all TVA dams and the highest dam
STATISTICS OF T.V.A. MAIN RIVER DAMS
Name Length Helght Generating Capaclty Cest
wilson L5351 137 436,000 Kw % 52,000,000
Wheeler 63421 72t 259,200 kw $ 48,000,000
Pickwick 7715! 113" 216,000 kw $ 74,000,000
Landing
Guntersville 3979! gl 97,200 kw $ 39,000,000
Chickamauga  5800" 120! 108,000 kw $ 41,000,000
Watt's Bar 2960" 112! 150,000 kw $ 35,600,000
Fort 41901 13224 128,000 kw $ 43,000,000
Loudoun
Hales Bar 23151 143 99,700 kw $ 35,000,000
Kentucky gLz2" 206! 160,000 kw $119,000,000
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in the United States east of the
Rocky Mountains. Fontana is a
popular tourist resort and is visited
by thousands of people every year.
The rainfall on the Fontana water-
shed averages 75-80 inches each
year.

In 1940 an order was given to
begin a dam on the Holston River
and to have it in operation in 21
months. This was the shortest con-
struction schedule ever planned by
TVA. In 16 months the gates of
Cherokee Dam were closed and
water started to back up behind
it. Two weeks before the sched-
uled completion date, the first gen-
erator was producing power.

Douglas, a wartime project, was
impounding water and producing
power only 13.5 months after con-
struction began—an incredible rec-
ord of speed in such construction.

Boone was TVA’s nineteenth
dam in nineteen vears of construc-
tion. As in most TVA projects, its
beauty lies largely in its simplicity
of form and detail.

Fort Patrick Henry Dam is like
Boone Dam in many ways. It is
remotely controlled from Boone.

South Holston is the fourth
highest dam in the system. It has
two means of discharging water:
through the turbine, and through
an underground spillway.

Watauga Dam was made by
filling a deep, narrow mountain
gorge with 3.5 million cubic vards
of earth and rock. The layout
here consists of three parts: the
dam; the powerhouse and control
building, located one mile below
the dam; and the visitor's building,
which is a few hundred yards
above the dam. Watauga Lake is
one of the most picturesque in the
entire Tennessee Valley.

Wilbur Dam was one of several
existing dams which were pur-
chased by TVA. Remodeling con-
sisted of: raising the height of the
dam, increasing its generating ca-
pacity, and removing silt deposits
trom behind the dam.

Steam Plants

When TVA  began producing
power, back in 1933, few could
imagine that someday the valley
economy would require more
power than the dams could pro-
duce. Today the power generating
capacity of the valleyv region is

MAY, 1963

over ten million kilowatts, more
than twelve times the 1933 ca-
pacity. This extra output is due to
the construction of eight steam
generating power plants.

One plant like Johnsonville can
produce more power than the
combined peak production of Hi-
wassee, Douglas, Cherokee, Norris,
and Fontana dams.

The operation at the plants is
basically the same for all plants:
(1) coal is brought to the plant by
barge, except at John Sevier, (2) a
conveyor brings the crushed coal
to the pulverizers, (3) from the
pulverizers, the coal is blown into
the boilers, (4) in the boilers water,
heated by burning the coal, is
turned into steam, (5) the steam
drives turbines which turn a gen-
erator, (6) the generator produces
power which is distributed to the
consumers.

At the end of the last century,
seven pounds of coal were re-
quired to produce one kilowatt-
hour of electricity. Because of ad-
vanced engineering and planning,
TVA’s latest steam plants require
only three-fourths of a pound per
kilowatt-hour.

Kingston is the world’s largest
steam electric plant. It was orig-
mally planned with nine 150,000
kw generators, but during con-
struction it was decided to make
the last five generators 200,000 kw
units.

The four units at the Colbert
plant are only part of the ten units
planned. If completed according
to plans, Colbert would have had
a total of at least 2 million kw. It
is probable that units of 250,000
kw capacity could be used for the
last six. This would bring the ca-
pacity to 2.3 million kw—by far
the largest in the world.

The present generators at the
Colbert plant each burn 76 tons
of coal per hour. This fantastic
flow of coal requires the most effi-
cient methods of transporting the
coal from the barges to the plant.

The John Sevier plant is unique
in the respect that it receives no
coal by barge. All of the coal is
brought in by rail. TVA is making
studies for transporting coal to the
plant from Virginia. The coal
would be piped to the plant in a
mixture of coal and water.

The plants in the TVA system
represent the largest and most ad-

vanced steam electric generating
system in the world.

Nonpower Projects

The dams and steam plants rep-
resent the major achievement of
TVA’s construction program, but
they do not represent the entire
works by any means. The creation
of many new lakes would change
the valley. Many roads and high-
ways; dozens of bridges and miles
of railroads, telegraph, and tele-
phone lines; even cemeteries would
be under water. TVA had the
responsibility of relocating all of
these things.

The same designers and engi-
neers who had planned and built
the dams and steam plants also
worked on the new roads and
bridges. Like the great dams and
steam plants, these projects were
given very much planning, Many
of the bridges represent the best
in American bridge design.

BENEFITS

The realization that our demo-
cratic way of life can achieve goals
such as those achieved through
TVA can not be expressed in dol-
lars and cents. In fact it is difficult
to express such things in mere
words. We can not know how
other nations feel toward us and
our success in such an undertaking.
Dr. Julian Huxley, an Englishman,
wrote, “In a way most significant
of all, TVA has succeeded in
demonstrating that there is no an-
tithesis between democracy and
planning, and that planning can-
not only be reconciled with indi-
vidual freedom and opportunity,
but can be used to enhance and
enlarge them.” The Honourable
John G. Winant, former Ambassa-
dor of the United States to the
Court of St. James, described TVA
as: “—an American democratic ex-
periment that can be applied in
many areas of the world and
would add to the wealth of na-
tions and the general welfare of
the common man.”

Economical Benefits
The TVA dam control system is
able to reduce flood crests on the
Mississippi by three to four feet.
This results in a multi-million dol-
lar saving annually due to fHood
(Continued on page 20)
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The Birth and Death
of the Moon

Neil is a senior in ME and
lives in Green Bay, Wiscon-
sin. He is planning to enter
into research after graduation.

HE moon has been an object

of wonderment and awe for

man since the beginning of
recorded history. Today the inter-
est in the earth’s only natural satel-
lite is intensifying as, within the
next decade, it promises to be the
first heavenly body to be visited
by man. A vast amount of knowl-
edge will be gained when man suc-
ceeds in traveling the 238,000 miles
to the earth’s nearest neighbor, but
one of the most important ques-
tions that may be answered is,
where did the moon come from?
When this question is resolved,
man will take an important step
towards discovering the origin of
the earth, the solar system, our
galaxy (the “Milky Way"), and the
universe itself.
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By Neil E. Christensen

A BRIEF SURVEY OF THE
FORMATION OF THE
UNIVERSE

According to one of the most ac-
cepted theories based on present
scientific knowledge, the solar sys-
tem, our galaxy, and the universe
were formed in spectacular fashion
in the far, far distant past. At that
time according to this theory, the
whole universe, including the earth,
the sun, and all of the stars, was
condensed into one gigantic body
referred to as the primary mass.
When this mass became too dense
and the pressures became too
great, a fantastic explosion took
place which vaporized some of the
mass and completely shattered the
rest, and sent vapor and firey par-
ticles flying in every direction
from a common center. Eventually
these particles and vapors recon-
densed to form stars which are still
moving away from the common
center. Some of these stars changed
course due to the gravitational at-
traction of their neighbors, and
one star passed so close to the
star which we call our sun that it
pulled a long trail of matter and
gases from the sun which later
condensed again into droplets and
continued to rotate around the sun.
These droplets are now the planets
of our solar system.

All stars, and our solar system,
are still moving in directions
roughly away from a common cen-
ter. If we accept the foregoing
theory, sometime in the very dis-
tant future (a billion billion bil-

lion years hence), the stars through
mutual gravitational attraction will
again condense into a gigantic pri-
mary mass and the cycle will
begin again.

How many cycles has this mass
already gone through? There is no
way of knowing. Does a theory
such as this refute the existence of
God? No, on the contrary, it helps
to substantiate the existence of a
Supreme Being, for if we go back
in time far enough, to a point be-
fore the beginning of the first
cycle, we reach a point where
there was nothing but empty
space. Where did the primary
mass come from in the very begin-
ning? In science there can be no
answer, for it is impossible to ob-
tain mass when there is nothing at
all to start with, so we must rely
on the existence of the Supreme
Being, God.

THE FORMATION OF THE
SATELLITES IN THE
SOLAR SYSTEM

The foregoing theory has brought
us to the time when the solar sys-
tem was very young. In the ages
that followed many of the planets
captured satellite which revolved
around their hosts as their hosts
revolved around the sun.

Our moon is not unique as a
satellite in the solar system. Start-
ing with the planet nearest the sun
and working outward, (Fig. 1), we
find that Mercury and Venus have
no satellites, probably due to their
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MECURY

VENUS

Fig, 1.

small size. Earth is the next planet
and has one satellite, followed by
Mars with two. Jupiter, the largest
planet in our solar system, has nine
satellites; Saturn has nine and
three rings; Uranus has four; Nep-
tune, one; and the last planet,
Pluto, has none. These satellites,
with the exception of our moon,
have long been considered to be
stray meteors or asteroids which
were captured by their hosts when
they wandered too close and fell
under the influence of their host’s
gravitational field. This conclusion
was arrived at from considerations
of size, position with respect to
their hosts, and orbits of the res-
pective satellites.

The moon is, however, unique in
the solar system in size with
respect to its host, the earth. The
moon has a 1:4 ratio of diameters
with respect to the earth and a

SATURN

Fig. 2.
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The Planets of the Solar System

mass ratio of 1:81, while Titan, the
largest of Saturn’s satellites and
the second largest satellite com-
pared to its host, has a diameter
ratio of 1:20 and a mass ratio of
1:4,700, both with respect to its
host. This makes the moon way out
of proportion compared to the
other satellites in our solar system
as can be seen clearly in Fig. 2.

It is highly unlikely that a body
the size of the earth could pos-
sibly capture a body the size of
the moon for a satellite. Another
theory must therefore be devel-
oped for the formation of the
moon.

THE FRACTURE THEORY OF THE
FORMATION OF THE MOON

Origin of the Fracture Theory

The fracture theory of the for-
mation of the moon (the theory

O

TITAN

.. ;URANUS j

NEPTUNE

PLUTO

no scale

that the moon was torn out of the
surface of the earth) was first pre-
sented in the latter part of the
19th century by the English mathe-
matician, G. H. Darwin, Since then
the theory has been altered slightly
by more recent research and many
pieces of evidence have heen found
to both substantiate and refute the
theory.

Tides Raised on the
Earth's Surface

Atter the earth was pulled from
the sun it remained in an extremely
hot, plastic or semi-liquid condi-
tion for millions of years. During
this time the earth was spinning
very rapidly on its axis; at the ap-
proximate rate of one revolution in
six hours instead of the one revo-
lution in 24 hours which is its spin
rate today. Since the earth was in
a semi-liquid form, the gravita-

O

MOON

(all to same scale)

Sizes of Titan and the Moon Compared to Their Hosts

The Moon, George Gamow, London:

EbeTard-Schuman, 1959
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(sizes not relative)

Fig. 3. The Sun's Braking Effect on the Earth

tional attraction of the sun raised
huge tides on the surface in the
same manner that tides are raised
in the oceans by the gravitational
effects of the sun and moon today.
This tidal wave, the bulge on the
carth’s surface caused by the sun,
(Fig. 3), was not obstructed by
land masses as are the ocean tides
of today, and was able to run clear
around the earth unhindered, with
the bulge always directed approxi-
mately toward the sun. Because of
the rapid rotation of the earth and
the viscous effects of the molten
rock, the tidal bulge was dragged
bevond a line drawn between the
center of the earth and the center
of the sun. The gravitation of the
sun was trying to pull this bulge
into a direct line between it and
the center of the earth, while the
carth, due to viscous forces, was
trying to keep the bulge stationary
on its rotating surface. The com-
bined effect was to act as a brake
and very slowly, slow down the
rotation of the earth.

Resonance of the Gravitational
and Rotational Forces

There was a second major force
acting on the earth, besides the
gravitational attraction of the sun,
at this time. This force was the
earth’s own natural period of vi-
bration (rotation). When the earth
was spinning rapidly this second
forced had little effect, but as the
velocity of rotation slowly de-
creased, the natural period of vi-
bration of the earth came closer
to equalling the actual period of
revolution. These two periods fin-
ally became equal and were in re-
sonance. Now that the forces were
in resonance they acted together,
and the effect was a steadily in-
creasing height of the tidal bulge
as each rotation now added to the
height of the bulge during the last
rotation.

The reason for the increasing
height of the tidal bulge when the
forces came into resonance can be
seen by comparing it to an event

that we are familiar with, such as
a car stuck in the snow. If the
driver merely puts the car in gear
and steps on the gas he may move
forward slightly but he will prob-
ably remain stuck. If however, he
alternates stepping on the gas and
resting (letting the car rock back),
in the right time sequence, which
will be the natural period of wvi-
bration of the car, each rocking
motion will build on the last and
he will slowly move forward. This
same effect is demonstrated by
pushing a swing or throwing a
heavy object, We can push it
higher or throw it farther by using
the right rhythm and swinging it
back and forth, so that each push
builds on the push before it.

The Moon Breaks Away
from the Earth
This resonant effect of the tidal
period and the natural period of
vibration (rotation) of the earth,
continued for several million years
and slowly drew the earth into an

(not to scale)

Fig.L. Steps in thr Fracturing Off of the Moon from the Earth
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elliptical shape. The ellipse drew
mto a dumb-bell shape with one
end of the dumb-bell larger than
the other as shown in Fig. 4. Fi-
nally the neck of the dumb-bell
became stretched too far and
broke. The moon was born,

The moon did not go hurdling
off into space, but held its relative
position with respect to the earth,
and the semi-liquid neck slowly
sank back into the masses of the
carth and the moon. Because of
the nearness of the earth and the
moon, the tides of molten rock
raised on the surfaces of both
bodies were enormous. The forces
due to the tides and the natural
period of vibration of the earth
were no longer in resonance how-
ever, because of the change in
mass of the earth. Therefore there
was no further “building” effect of
the forces. The same mechanism
that caused the sun to slow down
the rotation of the earth in the
past again came into play, but
now between the earth and the
moon, and the velocity of rotation
of both bodies decreased slowly.

Conservation of Momentum in
the Earth-Moon System

The earth and moon were the
only cause of the significant forces
acting to slow each others rotation.
Therefore, if we consider the two
bodies together, there was no sig-
nificant outside force acting to de-
crease the momentum of this sys-
tem. From physical laws, the mo-
mentum of a system with no exter-
nal forces acting on it must remain
constant, so the decrease in mo-
mentum due to slowing of the ro-

tations must reappear at some
other point or in some other
form in the system., The only

way that this could be accom-
plished was for the bodies to
move farther apart, thereby in-
creasing the length of the moment-
arm between the two bodies and
increasing the momentum of the
moon circling the earth,

After a period of time, both
bodies became essentially solid and
the tides could no longer be raised
to an extent great enough to cause
an appreciable braking effect. How-
ever, the earth was massive enough
to produce a bulge in the moon
due to the earth’s gravitational
force as the moon was solidifying.
This stationary bulge acted in the
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same way that the tides had to
cause a braking action on the ro-
tation of the moon. This braking
action pushed the moon further
away and eventualy slowed the ro-
tation of the moon to zero with
respect to the earth so that the
same face of the moon would
always face the earth. It is inter-
esting to note that this condition
still exists today: there is a size-
able bulge on the face of the moon
facing toward the earth, and the
moon still presents the same face
to the earth at all times.

The moon’s effect on the earth
was slightly different after solidi-
fication took place. The moon was
not massive enough to raise a
bulge on the face of the earth to
get a grip on, but the tides raised
in the oceans had the same effect.

Tides are raised in the oceans by
the moon and travel around the
earth at the same relative speed
that the moon travels around the
earth. These tides do not flow un-
obstructed, however, and eventu-
ally hit land and are stopped. The
stopping of these tides produces
the force that is acting to slow
down the rotation of the earth at
the present time and the decrease
in speed of rotation continues to
push the moon further away in or-
der to conserve the momentum in
the earth-moon system.

PHYSICAL VERIFICATION OF
THE FRACTURE THEORY

The Scar Left on the
Face of the Earth

If this is the correct theory of
the formation of the moon, we
would expect to find some remains
of a scar on the face of the earth
that would have been left when
the moon was torn away. We
would expect this because the
carth was in a plastic state at that
time, with at least some crust al-
ready formed on the surface and
further solidification taking place
fairly rapidly. Such a scar is, in
fact, visible.

In searching the features of the
globe for such a possible scar we
can see that the Pacific Ocean
basin is the only feasible answer.
Even the Pacific Ocean basin is
not large enough to form the moon
out of the surface material that
could have been taken from the
depression, so we must continue to
search.

Another feature of the globe’s
surface that is evident is the simili-
arity in shape of the shorelines of
the continents, especially the shore-
lines on the Atlantic Ocean. By
using a little imagination, the con-
tinents can be pictured as pieces
of a jig-saw puzzle. It is scen that
North and South America could
slide over to fit very neatly against
Europe and Africa. Australia and
Antartica can roughly fill in the In-
dian Ocean, and Greenland can
slide between Russia and Canada
to fill in the Arctic Ocean, This
leaves us with a greatly enlarged,
roughly circular Pacific Ocean
basin that would be the size of all
the present terrestrial oceans. In
W. H. Pickering’s The Moon, Pro-
fessor Pickering states,

“A body the size of the moon would
equal a section of the carth’s crust hav-
ing an area equal to the terrestrial
oceans, and a uniform depth of 35
miles.”

This basin would be the approxi-
mate size that we are looking for.

Further verification of the Pacific
Ocean being the scar left by the
moon is the material that makes up
the floor of the Pacific Ocean. The
entire earth is covered with a layer
of granite, with the exception of the
the Pacific Ocean basin which does
not have any granite but has a
basalt floor. Over the rest of the
globe, basalt rock protrudes to the
surface in only isolated locations.
Because of this we would expect
the moon to have the approximate
density of granite if it came from
the Pacific Ocean basin. We find
this to be true. The overall relative
density of the ecarth is about 5.5
times the density of water, while
the relative density of the moon is
3.3, which corresponds very closely
to the density of granite,

Drifting of the Continents

The one problem that remains,
if we are to accept the Pacific
Ocean basin as the scar that we
are looking for, is accounting for
the movement or drifting of the
continents. Is this drifting of the
continents plausible? Professor W,
H. Pickering pointed out in his
book, The Moon, that the crust of
the otherwise fluid earth must have
been torn apart at the moon’s birth
leaving a huge hollow where the
torn off mass had been, Moreover,
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he stated that the shock caused by
the final fracture would have been
violent enough to crack the crust
in other places. This could have
caused the cracks that allowed the
continents to drift apart on a sea
of molten basalt.

Evidence of the possibility that
the continents had drifted in the
past is derived from the fact that
the continents that drifted, like
North and South America, all have
mountain ranges raised on their
leading  edges. These mountains
are of the pressure or folded-crust
variety (not volcanic mountains )
that would have been caused by
the resistance of the underlying
rock, which was slowly solidifying,
to the movement of the continents.
Besides raising mountains on the
leading edges of the continents,
huge stresses were built up in the
same places due to the movement
and the building of mountains,
These stresses are still present to-
day and are being relieved by
carthguakes and volcanoes.

Earthquakes and Volcanoes Act
to Relieve the Stresses

The volcanoes appeared because
of the heat built up by the stresses
and the resulting cracks in the
rock surfaces. These volcanoes
built the land mass we now call
Japan; the string of islands extend-
ing from Alaska far out into the
Pacific Ocean known as the Aleu-
tian Islands; the Cascade mountain
range along the north western
coast of the United States; and the
voleanic mountains of the Andes
mountain range of South Africa.
During the time of the volcanic
action and continuing today there
were, and are, earthquakes along
the perimeter of the Pacific which
relieve the stresses and  strains
caused by the release of the moon
and the cooling and contraction of
the earth. Some of the most violent
quakes of modern history have oc-
cured in this area, including the
San Francisco earthquake of 1906,
the Yellowstone quake of 1959, and
the Chilian earthquake of 1960.

It is true that earthquakes and
volcanoes occur in other parts of
the world, but in no place do they
occur as a definite concentration
as they do along the shores of the
Pacific Ocean. Other quakes and
voleanoes are isolated events
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caused only by the slow cooling
and contraction of the earth which
cause stresses that become too
large to be carried by the rock for-
mations of the locality.

THE FATE OF THE MOON

We have reached the present in
our theory, We will now look into
the futuer and predict what the
fate of the moon might be.

Future Movement of the Moon
Relative to the Earth

Using modern methods of re-
search it has been calculated that
the earth’s rotation is slowing
down at the rate of one second in
100,000 years, that is, the length
of the day in 100,000 years will be
one second longer than it is today.
According to these figures, every
rotation of the earth takes
00000002 seconds longer than the
previous rotation. In 100 years
therefore, since the effect is ac-
cumulative, it can be calculated
that we would be 14 seconds be-
hind our present time. This differ-
ence shows up at present in the
timing of eclipses of the sun and
moon. Astronomers have been able
to accurately predict the time of a
future eclipse to the nearest sec-
ond for over a century, and the
present eclipses that were pre-
dicted a century ago are consist-
antly 14 seconds late as compared
to their predicted time. This is
conclusive evidence that the speed
of rotation of the earth is
decreasing.

Since the earth is slowing down
with respect to its period of rota-
tion, the moon must be moving
farther away from the earth be-
cause of the conservation of mo-
mentum law. The days will con-
tinue to grow longer until they
equal a month, in other words, the
time it takes for the moon to ro-
tate once around the earth will
equal the time it takes for the
earth to rotate once on its axis. At
that time the month and the day
will both equal 47 of our present
days, compared to the present
length of the month which equals
twenty seven and one third days.
At that time the moon will be
340,000 miles away from the earth
compared to 238,000 miles at pres-
ent, and it will be about the vear
50 billion A. D.

The Future Effect of the Sun on
the Earth-Moon System

Up to this point the eftects of
the sun on the rotation of the earth
were neglected because they are
very small compared to the effects
of the moon. When the length of
the day equals the length of the
month however, the moon will be
stationary with respect to the earth
and therefore will have no effect
on the rotation of the earth be-
cause the tide that it causes will
be stationary on the face of the
earth. Even though the tides
caused by the moon will have
ceased (the “tide” will now be
just a bulge), there will still be
tides due to the sun which will
still further slow down the earth’s
rate of spin. The effect now how-
ever, will be to draw the moon
closer to the earth.

“A tidal bulge will thus be left a
little behind the moon. The lunar pull
on this will try to speed up the earth’s
rotation; the angular momentum due to
the terrestrial rotation will therefore in-
crease, and that due to the revolution
of the moon will decrease. The result
will be that the moon will gradually
close in again.”—Patrick Moorg, A
Guide to the Moon, New York: W. W,
Norton & Company, 1953, p. 40.

The moon will continue to move
closer to our planet until some-
time in the very distant future the
moon will approach so closely that
a strange fate will overtake it. It
will be broken up into fragments.

The ‘“Roche Limit”

It may seem strange that the
moon will shatter into fragments
instead of hitting the earth like a
giant meteor, but according to
present scientific knowledge, this
will be the case. The gravitational
attraction between the earth and
the moon is proportional to the
combined masses and the square
of the distance between them,
therefore, this force will grow fan-
tastically as the moon approaches
the earth. The safety limit to
which an object can approach the
earth is dependent on the mass of
the object, its density, and many
other factors not yet entirely un-
derstood. This limit is called the
“Roche Limit”,

(Continued on page 30)
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Malleable artillery shell pierces 2 feet of solid oak at a velocity of 2,000 feet per second. In U. S. Army tests,
pearlitic Malleable 105 millimeter shells were fired at 112% of rated maximum pressure. The new Malleable
shells pierced the solid barricade, performing to the exacting requirements of the specification . . . proof
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Pearlitic Malleable shoe for air-powered compactor
delivers 900-pound blows at the rate of 350 per
minute. Day after day, month after month, this |
rugged casting batters away on dirt, gravel, clay
and rocks without significant wear or damage . ..
proof of STAMINA.

Your Free Copy of Malleable Engineering
Data File is now available from any mem-
ber of the Malleable Founders Society. Or
write to Malleable Founders Society, Union
Commerce Building, Cleveland 14, Ohio.
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NEW COLOR PICTURE TUBE

A new color cathode ray tube
tor television sets, that can be pro-
duced for substantially less than
present color television tubes, has
been patented by D. M. Goodman
of New York University, Mr.
Goodman, a Senior Research
Scientist at N.Y.U.s Engineering
Research Division, is entering the
race with his revolutionary tube
for the rapidly growing markets in
data display and color television.

The tube emplovs a single elec-
tron gun instead of using three
guns which is now standard prac-
tice in the industry. The new tube
also dispenses with the mechanical
“shadow mask”, a selection device
that substantially cuts down the
brightness of the projected picture,
The Goodman tube has a target
sereen consisting of repeating
groups of vertical color strips and
thin indexing strips, all deposited
on the face of the tube. When
bombarded by the scanning beam
released from the single electron
gun, the index strips give off short
bursts of ultra-violet and x-ray in-
dex signals, which locate the posi-
tion of the electron beam on the
target screen. Attached to the elec-
tron gun are light pipes which pick
up the index signals and send them
through the neck of the tube to
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very rapid gating circuits. These
circuits sample the different video
color signals, and then control the
modulation of the electron beam
to insure registry of the different
color signals on the target screen.

The new tube does not employ
the wire grids and apertured
masks used by the expensive color
cathode ray tubes now in use. In-
stead, the Goodman tube provides
a unitary, non-vibrating, sandwich
assembly of index strips and color
strips on the face plate of the tube.
The index strips operate at the
same voltage as the color strips,
requiring no additional high volt-
age power at the target screen.
Also, because the index signals are
transmitted as electromagnetic ra-
diation to the light pipe members,
additional high voltage circuitry is
not needed. This arrangement,
which simplifies the target screen
and index signal pick-up struc-
tures, makes the tube less expen-
sive to produce. In addition, the
new tube is better adapted to meet
the broad range of environmental
conditions likely to be imposed by
industrial and military users.

Initial production plans are for
a 600 color line tube, with a
brightness capability of 75 foot-
lamberts unmodulated, to be avail-
able for television receivers this

SCIENCE
HIGHLIGHTS

By Patrick D. Meagher, EE "66

autumn. The tube will be pro-
duced in the 21 inch-72° round
envelope now available, and also
in the 23 inch-90° rectangular en-
velope. Both tubes will be price
about $40 each in quantity. The
tube with the 90° deflection angle
desirably will be much shorter in
length.

TELSTAR REPORTS: HIGH RUSSIAN
BLASTS CAUSE SURGE OF
RADIATION IN SPACE

Telstar detected large increases
of radiation in a particular region
of space following the Russian
high-altitude nuclear tests of Octo-
ber 22 and 28, a scientist of Bell
Telephone Laboratories reported.

Two concentric belts of intense
radiation, called the Van Allen
belts, bulge upward from the
earth’s atmosphere for thousands of
miles. Walter L. Brown, head of
the semiconductor physics research
department, told the annual meet-
ing of the American Physical So-
ciety in New York that immedi-
ately after the blasts, the “gap” or
“slot” between the two belts was
nearly “filled up” with energetic
electrons. There was less of an in-
crease of electrons in the belts
themselves than in the slot.

The number of electrons added
by the blasts gradually diminished
during succeeding weeks, but in
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the center of the slot the decrease
was more rapid than it was on the
sides of the belts and more rapid
than would have been expected.
Scientists do not yet know the
reason for the existence of a natu-
ral gap in the intense radiation.
That is, they don’t know why the
region of radiation is not one con-
tinuous belt,

Telstar showed that the October
22 blast nearly filled up the slot,
increasing the number of electrons
there a hundred to a thousand fold.
The electrons then decreased in
the center of the slot at the rate of
50 per cent per day, but much
more slowly elsewhere, The Octo-
ber 28 blast again nearly filled up
the slot, and again the number de-
cayed at approximately the same
rate as before,

Scientists are not agreed about
the precise results of the U.S. nu-
clear test in space on July 9 (called
Starfish) at altitudes above 600
miles because there were no radia-
tion-measuring satellites in orbit
that high at the time of the test.

UNISPHERE

United States Steel began the
construction of the Unisphere, the
permanent symbol which it is pre-
senting to the 1964-1965 New York
World’s Fair,

Workmen for U. S. Steel's Amer-
ican  Bridge Division, fabricator
and erector of Unisphere, set in
place the first 20-ton section of the
tripodic-shaped base that wil] sup-
port the 12-story-high globe of the
world.

The pedestal section was fabri-
cated of U, S. Steel’s rugged alloy
steel, Cor-Ten, one of four major
types of steel being used in the
unique structure. Others are stain-
less-steel-clad  structural members
representing the latitudes and long-
itudes of the globe; rigidized stain-
less steel sheets, from which the
land masses and mountain ranges
have been fashioned; and USS
“T-1" steel, a super-strength alloy
steel, from which connecting bolts
have been made.

To be surrounded by a reflecting
pool, Unisphere will be one of the
tallest buildings in the 1964-1965
Fair. With its stainless-steel sur-
faces designed to reflect both nat-
ural and artificial light, it will be
one of the outstanding attractions
at the Fair as well as its permanent
symbol.
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NEW NORELCO TV SYSTEM FOR
VISUAL X-RAY INSPECTION ON
THE PRODUCTION LINE

Designed originally for inspec-
tion of missile case wall materials
and weldments in steel of one-
eighth inch thickness or less, an
image enlargement system has
found many new industrial uses. It
provides unique sesitivity for test-
ing thin-gage foils and sheets (from
0.001 to 0.250 in.) for cracks and
other discontinuities of the order
of 0.001 inch in dimensions. Com-
plex assemblies of thin materials
such as brazed honeycomb stain-
less steel components, are revealed
with extreme clarity, including all
fillets and braze bonds. Brazed
sandwich structures show clearly
all braze alloy voids, down to 0.001
inch in size. Butt weldments, in-
cluding electron beam welds in
thin materials, can be examined for
porosity, internal cracks, inclusions,
and surface discontinuities. In ma-
terials of one-quarter to one-eighth
inch thickness, for which standard
penetrameters are available, the
smallest penetrameter holes are
shown.

SLIPPERY ALUMINUM

General Electric has developed
new aluminum lubricants that have
coefficients of friction about one-
fifth those observed when conven-
tional lubricating oils are used.

Investigations into the chemistry
of “fresh” metal surfaces in ultra-
high vacuum—approaching that
encountered by Project Mercury
spacecraft at the top of their orbits
—led to the development of the
new aluminum lubricants.

The chemical reactions which
occur in a billionth of a second in
ordinary atmosphere can be slowed
down and watched for a period of
hours using the space-vacuum
method.

This led to the identification of
a class of compounds which form a
chemical attachment to the surface
of aluminum. The “secret addi-
tives” form a wear-resistant film,
and provide a coating for the tiny
wear particles which otherwise
damage the sliding surfaces.

(Continued on page 30)

Photo of model of Unisphere, permanent symbol of 1964-1965
New York World’s Fair.
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MISS MAY

BILLIE JONES

Our blond Miss May, Billie Jones, is a native
of Richland Center, Wisconsin. This 58",
18 vear old beauty resides at Elm Drive “A”
while attending classes leading to a Psychology
Major here at the University.

For those of you who might just happen to
have a ranch or a hot § K class boat, Billie
admits a love for horses and water skiing.

A refreshing sight at the lake shore, our
Miss May basks in the Spring sun.
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Exploring the Moon

(Continued from page 12)

bench, and a store of standardized
spares. There is also lunar suit
stowage and air conditioning
equipment,

The entire unit is powered by a
separate power generation trailer.
It contains a thermionic converter
for main supplies and a solar boiler
for use in the event of failure of
the converter.

Some other designs are more
radical. One such design calls for
a unipod stabilized by a large
gyroscope, which would move on
small tracks or wheels, and would
be capable of jumping crevasses.
Another is a walking-beam three-
man vehicle which would be sim-
ilar to an Army “Grasshopper” ve-
hicle. Still another is a sphere
which would roll over the Moon’s
surface. The quarters inside would
remain upright at all times, stabil-
ized by a gyroscope.

All of these designs may be built
with double walls for the outer
skin. The inner wall would be of
a material having low thermal con-

ductivity characteristics so as to
insulate the interior of the vehicle.
The double walls would also be
some protection from micrometeor-
ites. With a single wall, there
would be dangerous losses of ve-
hicle atmosphere when penetrated
by a meteorite. Double walls would
reduce the possibilities of rupture
of the inner wall and would
greatly facilitate repairs of either
wall. If it is found that more insu-
lation is needed than was put into
the vehicle, it may be possible to
further insulate the vehicle by
covering it with dust.

The power plant of the vehicle
is a very important feature. There
are a number of possibilities.
Hydrogen-peroxide or diesel-fuel-
oxygen engines may be used. Their
capabilities are known and are
lightweight. One disadvantage is
that they require a high fuel sup-
ply. Nuclear power plants can op-
erate on a low fuel supply, but
their weight would be excessive,
because of the engine and shield-
ing. Fuel cells or chemical bat-
teries may be applicable if ad-
vanced in time. Still another pos-
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CIVIL ENGINEERS:

Prepare for your future in highway
engineering — get the facts about new
DEEP-STRENGTH (Asphalt-Base) pavement

Modern pavement engineering has taken a “giant step
forward” with DEEP-STRENGTH Asphalt construction for new
roads and streets. There is a growing need for engineers
with a solid background in the fundamentals of Asphalt
technology and pavement construction as new Inter-
state and other superhighways in all parts of the

country are being built with advanced design
DEEP-STRENGTH Asphalt pavement.

sibility is the use of solar batteries,
powered by the energy collected
from the Sun.

STEPS TO ACHIEVE EXPLORATION
OF THE MOON

Much work has already been
done to solve all the problems aris-
ing from a proposed expedition to
the Moon. The National Aeronau-
tics and Space Administration has
instituted Project Mercury. This
project has orbitted man around
the Earth and is laying the foun-
dation for Projects Apollo and
Gemini. These projects will include
orbitting two men in a single cap-
sule and, eventually, a trip to the
Moon.

Instruments will be sent to the
Moon to gather information before
men will attempt a trip. These in-
struments will either be landed on
the Moon or put into orbit around
the Moon. The information they
gather will be sent to Earth by
radio and/or television.

Testing on Earth does not take
advantage of the Moon’s reduced
gravitational field. Dynamic analy-
ses will have to be modified for

Your contribution—and reward —in our nation’s
vast road-building program can depend on your
knowledge of modern Asphalt technology. So
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the reduced weight on the Moon.
Power plants for surface vehicles
are being designed and tested at
the present time. Since they are
such an important part of the ve-
hicle, much time, money, and ef-
tort is being put into their devel-
opment. Life support systems are
also being researched. These in-
clude compression-distillation units
tor regenerating potable and util-
ity water during normal opera-
tions, hydrogen-reduction electro-
lysis systems for regeneration of
normal breathing oxygen, refrig-
eration systems for storing food
and solid wastes, and food warm-
ing units. Experimentation with
the foods themselves is also being
carried on. Eventually all these
problems will be solved and man
will land on the Moon. The suc-
cessful exploration of the Moon
will be the end of the beginning.
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(Continued from page 17)
prevention. The construction of

the Kentucky dam alone saved the
Illinois Central and two smaller
railroads ten million dollars just
for the one reason that their tracks
would not have to be raised out of

flood danger.

The excellent transportation and
sources of cheap and plentiful
electricity attracted new industry
to the valley. This created more
and better jobs for the residents
of the valley and raised their
standard of living,

The beautiful lakes have at-
tracted tourists to the valley. This
tourist trade represents a new
multi-million dollar income source
for the people.

TVA has definitely proven that
it can return manyfold the invest-
ments which the people of the
United States trustingly made.

Conservational Benefits

With all the hard work that
goes with such a project as TVA,
there must also be provisions for
recreation. TVA planners and the

Government allowed for many rec-
reation facilities in the develop-
ment of the valley.

A major objective of TVA has
been to check soil erosion and im-
prove soil usage. Some of the steps
in this project are: manufacture
of fertilizers, turning lands unsuit-
able for crops onto grass or forest,
building check-dams and planting
shrubs and trees, contour farming,
rotation of crops, and filling of
gullies. More than 200 million
seedlings have been planted in the
valley. Reclaimed land amounts to
over 200 square miles,

Farmers are given classes on
how to get the best use out of their
farm land. The Tennessee Valley
has some of the most advanced
farms in the United States.

The conservational benefits can
be summed up in the words of Mr.
David E. Lilienthal, a member of
the TVA board of directors, “All
over the Tennessee Valley region
you can look upon land that eight
years ago was too gullied and ex-
hausted, declared too far destroyed
for productive use; now it is re-
stored and helping to support farm
families. You can go into com-

We're developing two specific systems for JPL
spacecraft. The first accepts the data output
of transducers and instruments on board and

prepares it to pass through our communication
channel. A dota-handling system.

I've been trying to find an excuse to be
unhappy for five years—since | graduated

from the U. of Michigan. | haven't been able
to do it yet.

The other system allows us to efficiently transmit

signals over great distances from the spacecraft
to Earth and vice versa. It's an interesting
operation. Thankfully, it's o shirt-sleeve operation,

You've just been talking to Benn Martin,
Engineering Group Supervisor at Jet Propulsion
Laboratory— responsible for R & D on lunar,
planetary and interplanetary explorations.

He's been at IPL for five years. He plans to spend

fifty more here. If your future doesn't

look as bright, you might write now to JPL
JET PROPULSION LABORATORY
4800 Oak Grove Drive, Posadena, California

Attention: Personnel Department 104

"An equal opportunity employer."
Operated by Califernia Institute of Technology for
the National Aeronautics ond Space Administration.
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munity after community and find
farmers and whole communities
alive with energy and  renewed
faith in themselves and their ca-
pacity to meet their responsibilities
to their land and to their country.”

Recreational Benefits

Over half a million acres of
fishable waters have been created.
\Most of this water is also open to
hoating. On Norris  Lake alone
there are over 3,000 pleasure boats.

TVA made an agreement with
the National Park Service to set
up parks. Because of the lakes and
these parks, the Tennessee Valley
has become one of the major tour-
ist centers in the United States.
Tourists bring at least $130 million
annually to the region.

These are a few of the benefits
of TVA that we know of at the
present. Undoubtedly, each year
will Dbring new benefits to the
Tennessce Valley and the rest of
the United States of America.
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Birth and Death of
the Moon

(Continued from page 22)

When the moon reaches this
safety limit the acting forces will
stretch the moon into a flattened
elliptical shape, and as the moon
continues to stretch in this manner
the stresses and strains will build
up until finally it will completely
shatter into millions of tiny frag-
ments. These fragments will spread
out in the orbit which the moon
occupied until there is a ring
around the earth similar to the
rings of Saturn. It is believed that
the rings of Saturn were formed by
one of its satellites which some-
time in the distant past approached
too close to its host.
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A question arises with the dis-
cussion of the “Roche Limit". If
the moon did come from the earth.
it must have been inside of the
“Roche Limit” at one time. If this
is so, why didn’t it shatter then in-
stead of moving off into space?
This is a serious flaw in the frac-
ture theory. Two possible answers
have been proposed however. One
solution is that at the time of final
break-off with the earth, the dumb-
bell shape was so elongated that
the part that broke off to form the
moon  was already beyond the
“Roche Limit”. The second answer
could be that the moon was still
in such a plastic state that it could
deform into a flat elliptical shape
without a critical amount of stress
while within the “Roche Limit”,
and after it receded past this limit
it was free to congeal into a
roughly spherical shape.

CONCLUDING REMARKS

Is this the correct theory of the
moons formation? At present no-
body can say for sure. Many scien-
tists are waiting for the day when
man reaches the moon and unlocks
the secrets of its formation. Until
that day man will use his knowl-
edge and imagination to find new
faults and proofs for this theory
and other theories of the moon’s
formation, and perhaps derive en-
tirely new theories.

Whether the fracture theory
proves to be the correct theory or
not it will remain a tribute to
man’s reasoning powers and imag-
ination.

Science Highlight

(Continued from page 25)

It is now possible to lubricate
aluminum to produce the low fric-
tion of the best babbitt bearings.
Broad applications for the new
lubricants are anticipated not only
in bearing lubrication but also in
aluminum fabrication methods
such as die forming, roll forming,
rolling, machining, extrusion, wire
drawing, spinning, and die casting.

gt// in your
Own o[)ined

By Rollo Everett, CHE "64

Tourist Guide: “We are passing
the largest brewery in the United
States.”

C.E.: “Why?”

e * %

Two cannibals were in an asy-
Jum. One was tearing pictures of
men, women and children out of
a magazine and eating them.

“Tell me,” said the other, “is
that dehydrated stuff any good?”

g L E3

Trying to rest after an exceed-
ingly hard day at the office, poor
father was being bedeviled by a
stream of unanswerable questions
from little Willie.

“What do you do down at the
office?” Willie finally asked.

“Nothing,” shouted the annoyed
father.

After a thoughtful pause, Willie
inquired: “Pop, how do you know
when you're through?”

& * o

An engineer is said to be a man
who knows a great deal about very
little and who goes along knowing
more and more about less and less
until finally he knows practically
everything about nothing, whereas,

A salesman, on the other hand,
is a man who knows very little
about a great deal, and keeps
knowing less and less about more
and more until he knows practi-
cally nothing about everything.

A purchasing agent starts out
knowing practically everything
about everything, but ends up
knowing nothing about anything,
due to his association with sales-
men and engineers.

THE WISCONSIN ENGINEER




In aircraft parts, as in men, excessive stress accelerates the
aging process. And stress aging per hour varies for each
aircraft. Yet the present way of determining servicing
schedules is based primarily on hours flown. 0 Now Douglas
researchers have developed a device which, when installed
on an aircraft, provides a more positive method of determin-
ing check-up times for aircraft parts. 0 Called a “Service
Meter,” and weighing less than 1}4 pounds, the Douglas
unit computes the accelerations encountered by its aircraft
in relation both to number and severity. It allows servicing

AEROSPACE G ERIATRICS to be performed on the basis

of the true work age of parts,

...A STIMULATING AREA FOR CREATIVE ENGINEERS and will be an important
aid to maintenance procedures that keep aircraft young.

O Research like the foregoing has helped build the Douglas

reputation for producing the world’s most reliable aircraft.

If you are seeking a stimulating career in the thick of the

most vital programs of today and tomorrow, we invite you /
to contact us. Write to Mr. S. A. Amestoy,

Douglas Aircraft Company, 3000 Ocean Park

Blvd., Santa Monica, California, JF O GLAS

Box P-600. An equal opportunity employer.
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CRANIAL
COMBA'T

By Don Vande Yacht, ME "65

OOD Luck with the last of
this vear’s puzzles. Don't
forget to stay in shape for

next vears Cranial Combat!!
This little trick would be good to
know, but don’t try it in church.

1. How could you take a coin
out of a plate without touching
either?

2. A postage stamp is hanging
by a short cotton thread, when
someone sets fire to the thread.
When it has all burned, the stamp
remains hanging in the same posi-
tion as before. Give an explanation
of how this is possible.

Here is one that should be a soft
touch for all E.E. majors,

If vou screw an electric bulb in
the socket by turning the bulb to
the right with vour right hand,
which way would vou turn the
socket with your left hand to un-
screw it while holding the bulb
stationary?

A To the right?
B. To the left?

Not overlooking the aeronautical
engineers, | offer this one.

If an autogyvro propeller revolves
from left to right when driven by
the motor to lift the machine into
the air. will it revolve in the same
or opposite direction if the motor
is shut off when descending for a
landing?

Deseribe four wavs of turning a
alass of water upside down with-
outl spilling the water. You must
vive four different wavs of turning
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based upon different natural laws.
There are at least six methods of
doing this.

ANSWERS FOR THIS MONTH'S
ISSUE

1. Blow it out.

#ow W

2. The thread had been soaked
in a saturated salt solution and
then dried. Then this is repeated
several times, the chain of salt
crystals forms a little tube around
the thread, and the tube will sup-
port a light weight after the thread
has been burned.

*ow

3. A. To the right; and it makes
no difference which hand you use.
LI

4. In the same direction.
E- I - - 1

3. Six ways to choose from:

a. Covering it first with the palm
of vour other hand.

b. Placing a sheet of paper over
it and letting atmospheric pressure
do the rest,

¢. Freezing it, so that a layer of
ice holds it in.

d. Swinging it at arm’s length
over your head, so that the water
is kept in by centrifugal force.

¢. Inverting it over another glass
of water; done by holding both
glasses under water at once.

f. Lowering the glass into a ba-
sin of water and turning it upside
down below the surface.

APRIL ANSWERS

(1) Under this system, the num-
ber of a male ancestor equals twice
the number of his son or daughter;
the number of a female ancestor
equals twice the number plus 1.
Therefore, we can write down 1
for the contemporary in New Or-
leans, 2 for his father, 5 for that
man’s mother, 11 for that woman’s
mother, 22 for that woman’s father,
44 for that man’s father, 89 for
that man's mother, 179 for that
woman’s mother, and so on.

If you run the number scale
backward, starting at 1,000, con-
tinually dividing by two and
watching the remainders, you will
find the following relationship for
the obscure ancestor number 1,000:
he is the father of the father of
the father of the mother of the
tather of the mother of the mother
of the mother of the mother of
our contemporary. (These are the
figures you will get by division, r»
meaning remainder: 1000, 500, 250,
125, r, 62, 31, r, 15, 1, 15, 1, 7, 1,
3, 1))

(2) Exactly 111 1/9 pounds.
E -
(3) L
go
wo%
(4) The fractions are 16/64,
19,95, 49,98.
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This kind of engineer designs jobs instead of things

Once upon a time there was a creature known to jokesmiths as “‘the efficiency expert.”” When he wasn’t being
laughed at, he was being hated. Kodak felt sorry for the poor guy and hoped that in time he could be
developed into an honored, weight-pulling professional. That was long ago.

We were then and are much more today a very highly diversified manufacturer. We need mechanical, electri-
cal, chemical, electronic, optical, etc., etc. engineers to design equipment and processes and products for
our many kinds of plants, and make it all work. But all the inanimate objects they mastermind eventually
have to link up with people in some fashion or other—the people who work in the plants, the people who
manage the plants, and the people who buy the products. That's why we need “industrial engineers.”

A Kodak industrial engineer learns mathematical model-building and Monte Carlo computer techniques. He
uses the photographic techniques that we urge upon other manufacturing companies. He collaborates with
medicos in physiological measurements, with architects, with sales executives, with manufacturing executives,
with his boss (G. H. Gustat, behind the desk above, one of the Fellows of the American Institute of Industrial
Engineers). He starts fast. Don Wagner (M.S.1.E., Northwestern '61) had 4 dissimilar projects going the day
the above picture was sneaked. He is not atypical, Want to be one?

IKodelk

EASTMAN KODAK COMPANY - Business & Technical Personnel Department
ROCHESTER 4, N.Y. = An equal-opportunity emplover,




An Interview
with G.E.'s
F. K. McCune,
Vice President,
Engineering

As Vice President—Engineering,
Francis K. McCune is charged with
ensuring the effective develop-
ment, use and direction of General
Electric’s engineering talent. Mr.
McCune holds a degree in elec-
trical engineering and began his
career with the Company as a
student engineer.

For complete information on
opportunities for engineers
at General Electric, write
to: Personalized Career
Planning, General Electric
Company, Section 699-07,
Schenectady 5, N. Y.

How Industry Tempers
Theory with Practice
to Get Good Design

Q. Mr, McCune, how do you define engineering design?

A. First let’s look at what engineering really is. The National Society of Profes-
sional Engineers calls it “the creation of technical things and services uselul to
man.” [ would paraphrase that to add an industry emphasis: engineering is linking
an ability to do with specific customer needs and wants. The link is an engineering
design of a useful product or service.

Q. In the light of this definition, how can the young engineer prepare himself
for industry?

A. In college he should absorb as much theory as possible and hegin to develop
certain allitudes that will help him later in his profession. The raw material for a
design, information, flows from three general funds: Scientific Knowledge of
Nature; Engineering Technology; and what I call simply Other Relevant Informa-
tion. Academic training places heavy emphasis on the first two areas, as it should.
Fngineers in industry draw heavily on theorems, codified information, and signifi-
cant recorded experience basic 1o engineering disciplines taught in college. The
undergraduate must become knowledgeable in these areas and skilled in the ways of
using this information, because he will have little time to learn this after graduation,
He also must develop a responsive attitude toward the third fund.

Q. As you say, we learn theory in college, but where do we get the ""Other
Relevant Information’'—the third fund you mentioned?

A. This knowledge is obtained for the most part by actually doing enginecring
work. This is information that must be applied to a design to make sure that it not
only works, but that it also meets the needs and wants that prompted its considera-
tion in the first place. For example, we can design refrigerators. turbines, computers,
or missile guidance systems using only information (rom the first two [unds of
knowledge—heat flow, vibration. electronic theory. ete. —and they will work! But
what about cost, reliability, appearance, size—will the prospective customer buy
them? The answers to these important design questions are to be found in the third
fund: for example the information to determine optimum temperature ranges, to
provide the features that appeal to users, or to select the best mmull‘m:luring
processes. In college you can precondition yourself to seck and accept this sort of
mformation, but only experience in industry can give you specific knowledge
applicable to a given product.

Q. Could you suggest other helpful attitudes we might develop?

A. Remember. industry exists to serve the needs and wants of the market place,
and the reasons for doing things a certain way arise from the whole spread of condi-
tions which a given design has to satisly. Learn how to enter into good working
relationships with people. Much of the Other Relevant Information can be picked
up enly from others. Also train yourself to be alert and open-minded about your
professional interests. In industry you'll be expected to learn quickly, keep abreast
in your field, and to grow from assignment to assignment. Industry will give you the
opportunity. Your inherent abilities and attitudes will largely decide your progress,

Progress s Ouvr Most Important Product

GENERAL B ELECTRIC
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