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How will the stars get to the

The world's brainiest elevators are going
into the new CBS Headquarters building
in New York. They're Westinghouse Se-
lectomatic Mark 1V's.

They “think" their way to your floor.

top at CBS? On 16 new Westinghouse elevators.

They don't believe in keeping you waiting Westinghouse Mark IV elevators get to
for needless trips to top or bottom. They'd you 30% sooner than the most efficient
rather wait for you somewhere in-between. elevators ever could before. That's why

When you ring, an electronic brain sends  they're the quickest way to the top at CBS
them instantly to your floor. —and 163 other buildings across America.

|

You can be sure if it's Westinghouse

FO{ information on a career at Westinghouse, an equal opportunity employer,
write L.H. Noggle, Westinghouse Educational Department, Pittsburgh, Pa. 15221.



DEVELOPI!
NEW DESIGNS

’ Another of your future’s many facets at Monsanto

With a company growing as fast as Monsanto (annual sales quadrupled to a hefty
$1.2 billion in little more than a decade), design of new plants, equipment and
systems has never been so important. Engineers are needed to apply their skills
and knowledge . . . in known and unknown areas ... to help us manufacture the
new and improved products that move Monsanto ahead—500 new products in the

last 10 years.

We can show you what this means in terms of increased professional opportunity
.. . how Monsanto’s continuing expansion affords more and interesting growing

room for you.
See your Placement Director to arrange for an interview when we visit your campus
soon. Or write today for our brochure, ‘‘Your Future and Monsanto,’’ to Manager,

Professional Recruiting, Dept. CM 64, Monsanto, St. Louis, Missouri 63166.
An Equal Opportunity Employer

Cororapo ENGINEER—[anuary, 1965




At Phillips, the road to greater oppor-
tunity is always open to the talented
college graduate. We believe that suc-
cess is made up of brains, determina-
tion, hard work and a program of
continuing personal development. We
set no limit on a man’s progress. If you
feel the same way about your future
we'd like to talk to you.

Phillips manufactures a diversity

GOING OUR WAY?

of products which includes fine chem-
icals, plastics, fertilizers, automotive,
aviation and marine fuels and lubri-
cants. Our growth is insured by ade-
quate reserves, a background of
successful experience and a core of
technically oriented employees eager
to build even greater success.

: In whatever phase of the petroleum
industry you may wish to specialize—

W s

research, production, sales or ¢ .
a myriad of others—you'll find roor
to grow at Phillips. Ask your cat
placement office about arrangerm®
for an interview or write to us today:

PHILLIPS PETROLEUM COMPANY

EMPLOYEE RELATIONS DEPARTMENT (pHiLuips
BARTLESVILLE, OKLAHOMA 74004

AN EQUAL OPPORTUNITY EMPLOYER

A PHILLIPS REPRESENTATIVE WILL BE ON THE CAMPUS OF UNIVERSITY OF COLORADO ON JAN. 14
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@ airborne air condn‘fon/ng

Dunham-Bush uffers yuu “sky high” opportunity
in air condltmmng, refrigeration and heating

industry, we offer our associates the op-
portunity to get to the *‘top’. You can spe-

There are many ways to get to the top—of a
building—or a company. In tbfscase through
engineering initiative, our. roof-top con-
ditioners took to the air te save time and
money.

This is the type of engsneenng creativity
that we are looking for. From the design
board to field sales, engineers with imagina-
tion and drive are our most important asset.

No—we’re not the largest but we do make
the world’s most complete line of air con-
ditioning, refrigeration and heating equip-
ment. And as part of a rapidly expanding

_ REFRIGERATION .

DUNHAM BUSI-

MANUFACTUHEHS OF THE WORLD'S MDST COMPLETE LINE C
AIR CONDITIONING +» HEATING EQUIPMET

cialize or diversify...go into research or
sales ... concentrate on specific projects or
work across an industry or product line.

If you want to go—and grow—write our

Director of Technical Services, Dunham-
Bush, Inc., West Hartford, Conn.
Plants in West Hartford, Conn. « Michigar

City, Indiana - Marshalltown, lowa « River
side, California - Weston, Ontario - Ports
mouth, England
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A BETTER
CAREER OPPORTUNITY

FOR YOU AT

RESEARCH and DEVELOPMENT:

MACHINERY: Automated machinery and allied equipment
for food preparation and processing, farming and gardening,
materials handling, packaging and paper box making, paper
and film converting, industrial, agricultural and household
pumping requirements, waste disposal, oil field operations,
fire fighting, and automotive servicing.

DEFENSE: Armored and unarmored military tracked and
wheeled vehicles, hydrofoil vehicles, amphibious landing
craft, nuclear handling equipment, remote control systems,
electric drives, gunfire simulators, propellant handling sys-
tems, missile ground support systems and equipment, and
missile and rocket propellants.

FMC offers challenging opportunities
for technical personnel to engage in work in areas of electronics, automated
controls, hydraulics, plastics, radiation, fabrication techniques and industrial
design, as well as immediate and long-range projects in organic chemicals,
including polymers and plastics, fibers and films, and inorganic chemicals.

CHEMICAL: Insecticides, fungicides, and herbicides for
agriculture; concentrates for grain fumigants and household
pesticides; basic inorganic chemicals for industry; and organic
chemicals, intermediates, plasticizers and plastics for indus-
trial and specialty applications.

FIBERS AND FILMS: Rayon filament and staple fiber, and
acetate yarns for textile manufacturers and specialty products;
tire yarns; cord strapping, cellophane, cellulose bands and
casings for packaging; plastic molding powders; and micro-
crystalline cellulose for food, drug and cosmetic industries.

Putting Ideas to Work in Machinery, Chemicals, Defense, Fibers and Films

Corporate Personnel Administration
P.0. Box 760
San Jose, California
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resents the approximate size of space

age through NCR’s PHOTOCHROMIC
MICRO-IMAGE process. The small
white dot on the right shows the area

taining useful materials) produced

ess of MICRO-ENCAPSULATION.
One apparent application of the

ess isthatit permits easy and efficient

The small white rectangle above rep-

required to contain one page of news-
paper-size document reduced for stor-

that would hold thousands of micro-
capsules (cell-like structures con-

through NCR’s amazing chemical proc-

NCR Photochromic Micro-Image proc-

storage, access and reproduction of
voluminous data. The process of
Micro-Encapsulation has applications
cutting across many fields of interest
including paper coatings (such as on
our Carbonless Transfer paper), food,
pharmaceuticals, adhesives, etc.

Our Research and Development
programs are not limited to the fields
of Photochromics and Micro-Encap-
sulation. Rather, the programs ex-
tend into many disciplines including
physical and chemical research in the
areas of semi-conductor materials
and devices that will have practical

application in computer development
and add to the total effort of the
company. The NCR effort is concen-
trated on the total systems concept.
To determine whether your career
plans fit in with our research and de-
velopment plans, merely drop us a
note with a brief description of your
interests and scientific background.
Applications at all professional levels
will be considered. Write to: T. F.
Wade, Technical Placement, The
National Cash Register Company,

Main & K Streets, Dayton 9, Ohio.
AN EQUAL OPPORTUNITY EMPLOYER

BE SURE TO VISIT THE NCR PAVILION AT THE NEW YORK WORLD'S FAIR

THE NATIONAL CASH REGISTER COMPANY ®
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THE ENGINEER AS A PROFESSIONAL

The term ‘‘profession’”’ immediately brings to mind the fields of
medicine and law, both of which are quite similar. In each case, practice
is permitted only after extensive education and examination, and in
either field, there is a rigid code of ethics which must be followed.

Unethical practice means expulsion from the profession.

Thus, in general, professionalism is nothing more than public confi-
dence in the quality of the individual members of that profession, and
such confidence can be maintained only through continuing high stand-
ards of ability and ethics. The advocates of professionalism in engineer-
ing have sought to establish these standards through the creation of an
all-encompassing professional society. The lack of success in this respect
is mainly due to the heterogeneity of engineering. The feeling of unity

necessary for the existence of professionalism is not found in the general

field.

If professionalism is to be the goal of engineering, a system of

standards must be developed and enforced. However, success would be

more probable if the system were established through the existing and

more specialized engineering societies.

—Fred E. Love
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“The development
of management
Is essential

to our goal of
great growth”

An equal opportunity employer

At the 1964 stockholders’ meeting, Arjay Miller,

President of Ford Motor Company, emphasized the
Company's far-sighted recruitment program and its accent
on developing management talent:

"'One aspect of our planning is crucial to the success of

everything else we do. It engages the best thoughts and efforts of
our whole management team, from top to bottom, throughout the
world. | am speaking of the development of management. The
immediate future of our Company depends heavily upon the abilities
of the people who are now key members of our management team.

“In the longer run, our future depends on what we are doing at

the present time to attract and develop the people who will

be making the major decisions 10 to 20 years from now. We are
developing management competence in depth in order to attack the
problems that will confront a company of great growth—and

great growth (both in profits and sales) is exactly the goal

we have established for Ford Motor Company.

We are continuing to emphasize recruiting. Last spring, 180 of our
management people devoted part of their time to recruiting
outstanding graduates from colleges and universities throughout
the U.S. Last year, these efforts resulted in our hiring over

1,000 graduates, 220 more than the year before.

“We are seeking and we are finding young men—and young women,
too—with brains and backbone—people who have the ability and
the desire to make room for themselves at the top. We give our
trainees challenging assignments with as much responsibility as
they can carry. We promote them as fast as they are ready. Those
who are interested in easy security soon drop out. Those who

have what we want stay with us, and move up quickly to increased
responsibility and the pay that goes with it. Thanks to the quality

of the people we are recruiting and developing, | am firmly
convinced that our outlook is most promising.”

MOTOR COMPANY
The American Road, Dearborn, Michigan
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* PROFESSORS...

ENGINEERS...

CLEARPRINT IS THEIR COMMON DENOMINATOR

The reason for that is quality. To do the best work
you have to start with the best materials. For over 30
years Clearprint Technical Papers have served stu-
dents, educators, and professionals with distinction.
W Clearprint’s unchanging character includes 1009%
rag umform:ty, permanent transparency, outstandmg
erasing and handling qualities. You get all this in
addition to Clearprint’s ideal ink and pencil surface.

B Everyone who uses technical papers should try this
comparative test: Draw, erase, and hold the sheet to
the light. Not a chance of a ghost! M Repeat and re-
peat this test. The results will amaze you. You will
agree — Clearprint is America’s finest technical pa-
per. Introduce your students to it today. ® Write now
for Clearprint samples, sizes, and prices.

;:.lh.h.-:q.-w-.'..-z": ...ﬁ S L

[ enrpnnt is Wutermarkeli Fnr me Prutechun

b o D
Ly T
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CERAMIC UNDER

The impact failure of the tile tested
was caused by a combination of sev-
eral stresses which will be discussed
individually. All of these stresses will
then be analyzed in a cross section to
show how the tile should fail theore-
tically. By embedding the tile securely
to obtain as uniform a supporting
force as possible, it will have two pri-
mary types of stresses; one due to
bending and the other due to the
shearing forces. First consider the
shearing stresses, next the bending
stresses, and then a combination of
the two.

There will be shearing stresses on
the section through the tile around
the impact area when an impact force
strikes a tile. The maximum stress
will be adjacent to the impact load
as shown in Figure 1. The stress
would vary over the entire tile but
we are only inierested in the maxi-
mum value.

This shearing unit stress is due to the
difference of the forces on the top
and bottom of a small section which
will tend to force the area out of the
tile creating a shearing unit stress on
the particles around the affected sec-
tion. This is shown in Figure 1.
There are failures due to this which
are called “‘shear failures” but which
are actually diagonal tensile failures

10

IMPACT

STALEY F. ADAMS

due to the shearing unit stresses. Any
point that has a shearing unit stress
in one direction always has an equal
shearing unit stress at an angle of
90° to the first stress as shown in
Figure 2a. At any angle § to these
shearing unit stresses, there will be a
normal and a shearing unit stress
which are equal to $,=S; sin 2 § and
§s=S: cos 2 @ where S, is the shear-
ing unit stress developed and S, and
§’s are the stresses acting on an area,
at an angle @ to S as shown in Figure
2b. In this case, the maximum stress
will occur when 8 = 45° where Sn =
S¢ and §'s = O. In tile, it probably
has the approximate ratio of stresses
as most brittle materials such as cast

iron with the weakest value in tension,
somewhat stronger in shear and
strongest in compression.

The tests indicate the above as-
sumptions are true, and the tile could
be expected to crack along diagonal
lines which have an approximate
slope of 45° at the center of the tile
and near the edges of the contact area
of the impact load. The tile would
react similar to a beam with the
maximum shearing unit stresses
located at the neutral axis which is
near the center of the tile. In Figure
3, a section through the center of the
tile is represented showing the loads,
reactions, and the diagonal tension
due to the shearing forces.

)'_ _Impaet load _ ._

=

Approzimate uniform pressure

Ss- Shaoriﬁg _
Stress

Ficure 1
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This is further illustrated in the
photograph in Ilustration No. 1
which shows an initial crack in the
center pointed out by the top arrow
in the illustration.

By embedding the tile securely, the
stresses due to bending have been re-
duced, but they will still have an im-
portant part in the failure of the tile.
The uniform support would reduce
the bending moment to approximately
1, that of a simply supported tile.
The bending stresses will vary from
zero at the neutral axis and Increase
towards the surface. The maximum
bending stress in tension will be on
the outside fibers on the bottom of
the tile and normal to a vertical sec-

InLusTRATION 1

FIGURE 2
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W crocks.

S¢- Bendin g

lensile stress

tion through the tile. A vertical crack
should form at the bottom of the tile
as shown in Figure 4 and also as
pointed out by the bottom arrow in
Ilustration No. 1.

The shearing unit stress here is
zero; therefore, the maximum tensile
stress at the bottom will be this tensile
stress which would start vertical cracks
as shown in Figure 4 and also as
pointed out by the bottom arrow in
Illustration No. 1. There is a com-
pressive stress due to bending above
the neutral axis, but this stress will
not affect the tile except when com-
bined with the shearing stresses.

There will be a combination of the
shearing and bending unit stresses in
a section between the center and bot-
tom of the tile. There is a shearing
and a tensile normal unit stress due
to bending on a point at this section
as shown in Figure 5.

Although S, and S, are reduced from
their maximum values here, they will
combine to produce stress S, which
is greater than S,. This maximum

value of §'; is equal to

s "52

t "t 2
T ¥y A

which would occur at the angle whose
tangent is 2S;/S; and the shearing
stress on this area is zero. This would
cause a crack which would progress
away from a vertical as it moves up

Resistant

°7  Moment

5

Ficure 4

FIGURE 3

from the bottom of the tile as shown
in Figure 6.

There is a compressive unit stress
S’ on a plane which is at 90° to §';
which is equal to

J 32 + S e
4 s

but this stress should not have any part
in the failure in the bottom section.
Above the neutral axis a compressive
bending unit stress combines with
the shearing unit stress to produce a
maximum compressive unit stress and
a small tensile unit stress at 90° to
this compression as shown in Figure
7. This §’; can be calculated from

i

——
escz 2 S
=== tgtg el
4 s 2

where S, is the
bending unit stress and S, is the shear-
ing unit stress. The maximum value

FIGURE 6

§’t is on a plane whose tangent is
25./S.. A crack should form on a
very flat slope next to the edge of the
impact load. By combining all of
these into one predicted crack we
would have a break along the line
indicated in Figure 8. With the
stresses produced as follows: S¢; + Sis
combination of bending S. and shear-
ing S;, 8¢ due to S at the neutral
axis: S, due to bending S; and S,: and
Si5 due to the bending stresses. These
are constantly changing values but
they are all acting and reach their
maximum value at the same time.
This has been brought out in most
of the tests made and is clearly shown
in Illustration No. 2 which is a photo-
graph of a test specimen which was
broken by an impact load.

It can also be observed in illustra-
tion No. 2 that the normal stress has
been exceeded, therefore causing a
separation of the material. This break
is without deformation as the pieces
will fit back together to form the
original object. This further shows
that it is a brittle fracture as we as-
sumed in analyzing the tile.

There is always a certain amount of
chipping or crushing directly under
the load due to large localized stresses.
These stresses are a function of the
area of contact with an impact load.
They could alter or change the angle

Cororapo ENGINEER—January, 1967



of fracture a small amount during the
breaking process. An example of this : “ ,

 Impaal land
chipping is shown in Hlustration No. = -

Ses
The angles may vary since the tile
is not a perfectly homogeneous body.
Due to these slight variations of the
material in manufacture and the
ridges on the bottom, the break may _ L
vary several degrees from the pre- . Neuirol oxis
dicted direction. -
The results of a large number of
tests indicate the assumption as to
the distribution of forces and stresses
are reasonably accurate. The con-
clusion of the investigation adds em-
phasis to the age old difficulty of pro-
ducing a tile with greater tensile
strength and more ductility. These _ - :
two problems are still to be solved FIGURE 7
by the ceramics industry for the manu-
tacture of tile by the stiff mud process.

S
si_g

" Sez

ILLUSTRATION 2 TLLUSTRATION 3

N E ERS . 2 ?:UIINEVMHE.FS];I? wmmﬂ:;u.imuw;mun, I:UIEF’HWI;]:S b e
B CALFORNIA BEARING RATIO (CER)
3? 25 3 4 5 & 7 3 ILA ’?1! ] ‘Zﬂ
Prepare now for your future in highway W .//ﬁ(-;:{;:‘
. . a i = = L"
engineering...get the facts on The Asphalt | ¢ = LT e
Institute’s new computer-derived method = \ ./%//41 ] 6,
ek . il 1 2 = =
for determining structural design of Asphalt | ¢ e ///_ -~ x
E 8 =T W - =
pavements for roads and streets R
Today, as more and more states turn to modern Deep- % < f /“;Eg;‘:/J'_/ e ]
Strength® Asphalt pavement for their heavy-duty highways, = — /1;\%3/ = | e el
county and local roads, there is a growing demand for engi- 8 e s oESON Taashc PeR0D 1 TwenrY eats ]
neers with a solid background in the fundamentals of Asphalt u l i
tEChHOIOgy and construction. - : Thickness Design Charts like this (from the MS-1 manual)
HefP to prepare yourseif now for this Cha]]e{]gmg fUture_by are used in this new computer-derived method. This chart
getting the latest information on the new Thickness Design enables the design engineer quickly to determine the
Method developed by The Asphalt Institute. Based on exten- over-all Asphalt pavement thickness required, based on
sive statistical evaluations performed on the IBM 1620 and projected traffic weight and known soil conditions.

the mammoth IBM 7090 computers, accurate procedures for p—————————————— — —
determining road and street structural requirements have THE ASPHALT INSTITUTE
been developed. r : Callege Park, Maryland

All the facts on this new method are contained in The As-
phalt Institute’s Thickness Design manual (MS'I)- T_hls help- struction and technology, including full details on your
ful manual and much other valuable information are included new Thickness Design Method.

|
|
|
| Please send me your free student library on Asphalt con-
|
] |
in the free student library on Asphalt construction and tech- Il S At
|
|
I
|

nology now offered by The Asphalt Institute. Write us today.
*Asphalt Surface on Asphalt Base

THE ASPHALT INSTITUTE

College Park, Maryland

School
Address.

e e e e s S et e )
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Challenge: simulation of activities under zero-gravity.
Experiment: establish neutral buoyancy for astronauts in unique underwater testing sequence.

ENGINEERS & SCIENTISTS: The future? Man in space.

General Dynamics | Astronautics offers you the challenges of helping to develop man’s
usefulness and support in this awesome environment of the future. The tasks are complex.
The problems are many. The challenges are significant. As the space-oriented

division of the great General Dynamics Corporation, Astronautics will meet them with

the vigor and full range of resources that have characterized our past successes.

Join our teams of experts in realizing man’s destiny in space.

Scientific and technical opportunities exist at all degree levels in activities that include
RESEARCH, DESIGN, DEVELOPMENT, TEST, COMPUTER PROGRAMMING,
RELIABILITY, and ADMINISTRATION.

For General Dynamics | Astronautics career information, see your placement officer and watch
for campus interview schedules, or write to Mr. B. L. Dobler, Chief of Professional Placement
and Personnel, Dept. 130-90, General Dynamics | Astronautics,

6004 Kearny Villa Road, San Diego, California 92112. An Equal Opportunity Employer.

% T
ASTRONAUTICS “RREE
GENERAL DYNAMICS (] ﬁ E? D
We Will Visit Your Campus March 8, 9, 10

f g
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AERO ENGINEERS

MECHANICAL
ENGINEERS

To design missile components
for nuclear arming and safing;
pressure, temperature and
spin sensors; timers &
programmers; and to evaluate
weapons environments and
structures ... .

To design high-performance
re-entry systems and solve
basic problems in theoretical &
experimental hydroballistics. ..

MATHEMATICIANS

To conduct numerical analyses,
programming, and trajectory
plotting.

ELECTRICAL
ENGINEERS

To design instrumentation for
aeroballistic research; to
develop portions of a new
underwater communications
or advanced submarine
detection system; to solve
fire control & guidance
problems; and to perform
circuit analyses . . . and

but we want Tau Beta Pi

Of course, every employer WANTS the cream of
the crop, but the point is: we can get them! Not
because of money or blue sky promises or “Extra”
benefits, but because the Naval Ordnance Laboratory
offers the best opportunity for vital research work
in a near academic environment. (Some graduate
degree courses are actually held here at NOL, and
this is prime ground for PhD theses, as you may
know.) Fact is, some 40% of those graduates we hired
last year were Tau Beta Pi members, so you can under-
stand our obvious pride.

The Naval Ordnance Laboratory takes the lead in
the research, design, development, and test of all
kinds of weapons systems and devices . . . ranging
from the smallest arming circuit to a complete
underwater-to-air-to-underwater nuclear missile sys-
tem. (Not only was the SUBROC missile itself con-
ceived and developed at NOL, but also its long-range
sonar detection system and its digital computer
fire control system.)

The NOL campus includes over 100 buildings on 900
acres of suburban countryside just outside Wash-
ington. The annual budget for in-house research aver-
ages some $30 MILLION, and our facilities are the
finest in the world. But hypersonic wind tunnels,
pressurized ballistic ranges, 2,000,000 gallon hydro-

types or equivalent!/

dynamics tanks, Mach 20 shock tunnels, 10-million
volt x-ray equipment, IBM-7090’s and all the other
material benefits don’t make a research laboratory.

It’s the pervading intellectual atmosphere . .. the
freedom to think and create . . . the encouragement
to better oneself that sets NOL apart. For instance,
we want engineers (and engineering-oriented physi-
cists) who are willing to push an idea {from original
design straight through to prototype testing out at—
or beneath—the sea. We want people who are inter-
ested in our excellent advance-degree program, and
in associating with recognized authorities on a
day-to-day basis. We want people who will take
advantage of what the Washington area has to
offer—people who live the full life.

If this appeals to you—whether you are Tau Beta Pi
material, or even a guy with unfulfilled genius—drop
by your College Placement Office to arrange an
interview with an NOL representative. Or, write

direct to Mr. L

E. Probst, Pro: g :
fessional Recruit-
ment Division,

with your speci-
fic questions. US. Naval Ordnance Laboratory,
White Oak, Silver Spring, Maryland

NOL is an Equal Opportunity Employer

CoLorADO ENGINEER—January, 1965




A RANGER TO

On July 31, 1964, the spacecraft
Ranger 7 hit the moon. In the few
minutes before it crashed on the lunar
surface, it recorded and sent back to
earth photographs, many of which
showed detail never before seen. In
this way, America advanced another
step in her quest to land men on the
moon. Before this important step
could be taken in the manned space
flight program, however, it was neces-
sary to get Ranger 7 close enough to
the moon to hit it. This was probably
the toughest problem that faced the
Ranger 7 flight. The following is a
running account of the different
phases of the successtul flight of Ran-
ger 7. It illustrates the problems
which NASA engineers faced and
which all scientists, engineers, and
technicians face in the field of Astro-
nautics.

Ranger Trajectory

To launch a Ranger spacecraft on
a trajectory from Earth that will put
the craft on an acceptable course to
the Moon requires threading the
vehicle through a 10 mile diameter
target 120 statute miles above the
Earth’s surface at a velocity within
16 mph of 24,470 miles per hour. If
these accuracies are achieved, then a
midcourse maneuver is capable of ad-
justing the trajectory to yield an im-
pact on the Moon in the desired area.

This circular target (injection
point) remains relatively fixed in
space each day of the firing period.
The Cape Kennedy launch site, how-
ever, is continually moving eastward
as the Earth rotates. Therefore, the
firing angle (azimuth angle) from the
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launch site, and the length of time
spent in a parking orbit, must change
minute by minute to compensate for
the Earth’s rotation. Actually the
trajectory engineer computes a set ol
lunar trajectories for each day of a
launch period.

In calculating a trajectory for a
Moon flight, the trajectory engineer
must include the influence on the
path angle (azimuth angle) from the
launch site, and the length of time
spent in a parking orbit, must change
minute by minute to compensate for
the Earth’s rotation. Actually the
trajectory engineer computes a set
of lunar trajectories for each day of
a launch period.

In calculating a trajectory for a
Moon flight, the trajectory engineer
must include the influence on the
path of the spacecraft of the gravita-
tion pull of the Earth, Moon, Sun,
Venus, Mars and the giant planet
Jupiter. At the same time he must
satisty numerous constraints imposed
by mechanical limitations of the space-
craft, a moving daunch site, photo-
graphic requirements and tracking
and communication considerations.

For example, Ranger can only be
launched during a portion of the
Moon’s third quarter. For photo-
graphic purposes the Ranger must im-
pact the Moon on the sunlit side visi-
ble from Earth and within 10 to 40
degrees of the terminator or shadow
line for lighting angles that will pro-
vide good contrast and shadow detail
in the pictures.

The new Moon and full Moon
phases are not acceptable because of

attitude control requirements for the
spacecraft. The spacecraft locks onto
the Sun and Earth for orientation and
in these periods the orientation is in-
sufficiently accurate to provide mid-
course or terminal maneuvers.

In the first quarter of the Moon the
sunlit side is the trailing half and,
there are technical limitations on tar-
get areas and satisfactory lighting
angles.

This leaves the third quarter as the
only acceptable lunar phase for
launching.

Knowing the days of the month in
which he can launch, the trajectory
engineer must now determine which
portion of each day is acceptable.
The answer is that only a few hours
of each day are useable. The fact that
his launch site is moving eastward,
and his launch angles are limited,
means he can only fire at certain times
and reach the injection area above the
surface of the Earth.

Other constraints imposed include
the requirement that the Moon be
visible to the Goldstone tracking
station in the Mojave desert at im-
pact. The transit time to the Moon,
controlled by the injection velocity,
must conform to this requirement.
The injection velocity changes, from
day to day, from 24,459 mph to 24,486
mph as the Moon’s distance and de-
clination relative. to Earth changes.

Further, the trajectory selected must
not place the spacecraft in the Earth’s
shadow beyond specified amounts of
time. Too much time in the Earth’s
shadow would chill spacecraft com-
ponents and then subject them to too
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rapid heating when the spacecraft
emerged into the glare of the Sun.

Assume that a set of trajectories for
the launch period have now been
computed that satisty all the myriad
constraints that are imposed. The
launch vehicles will then impose
errors in the flight trajectories due to
inherent limitations in the accuracy
of the guidance system. Guidance
errors, within design limits, can be
corrected by the small rocket engine
carried by Ranger. This midcourse
correction will be commanded at
about 16 hours after launch. Prior
tracking of the spacecraft will have
revealed the extent of the correction
required.

Additional tracking of the space-
craft after the midcourse maneuver
will verify and /or determine the final
portion of the trajectory and the re-
sulting impact location. This will
allow accurate calculation of the ter-
minal maneuver (changing of attitude
of spacecraft to yield desired pointing
direction of camera) to be performed
prior to impact.

The spacecraft will be accelerated
as it nears the Moon by the lunar
gravitational pull. This will slightly
alter the trajectory from the original
elliptical path about the Earth and
yield a lunar impact. The spacecraft
will impact the Moon at about 5800
miles per hour.

The location of the impact can
only be predetermined within a
circle approximately 24 miles in dia-
meter. This circle is defined by the
effects of the uncertainties of: loca-
tion of the Moon in respect to Earth,
evaluation of tracking data, influence
of Sun, Moon and planets on the tra-
jectory, location of tracking stations,
precise shape of Earth and Moon and
other factors. Analysis of tracking
data after the flight will considerably
reduce this uncertainty of the impact
location.

Mission Description

The Atlas-Agena launch vehicle
will boost Ranger to an altitude of
115 miles and on orbital speed of
about 17,500 miles an hour using the
parking orbit technique pioneered
in the first Ranger flights. Orbital
speed will be achieved by the first
burn of Agena alter Atlas has sep-
arated.

Some 23 minutes after launch,
Ranger’s Central Computer and
Sequencer (CC&S) will give its first
command, ordering the Ranger trans-
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mitter to full three-watt power. Un-
t1l this time, the transmitter had been
kept at reduced power—about 1.1
watts. This is required during the
time the launch vehicle passes through
a critical region between 150,000 and
250,000 feet altitude where arcing can
occur in high voltage devices and
cause damage to components.

Agena and Ranger now coast in
the parking orbit over the Atlantic
Ocean until they reach a point where
the second firing of the Agena will
aim the spacecraft at the target in
space where the Moon will be ap-
proximately 68 hours later. The sec-
ond firing of the Agena engine will
accelerate the spacecraft to about 24,
470 miles an hour and inject Ranger
on a lunar trajectory.

The length of the coast period is
determined by the time of day and
day of the month of launch, i.e., the
changing distance between launch site,
which is moving with the rotation of
the Earth, and the point in space
where Ranger must be injected.

Spring-loaded explosive bolts then
separate the Ranger from the Agena.
The Agena will perform a 180-degree
turn and a retro maneuver to remove
it from the spacecraft trajectory. Pro-
pulsion for the retro maneuver is pro-
vided by a small solid fuel rocket
motor. The retro maneuver insures
that the Agena will not impact the
Moon and that it will not be in a

position to reflect light that could
confuse the Ranger’'s optical sensors
and cause them to mistake the Agena
for the Earth.

Separation from the Agena will
cause the Ranger to begin a slow
tumbling motion. The tumbling
continues until cancelled out by the
attitude control system during Sun
acquisition. The yaw, pitch and roll
gyros will generate signals to fire the
cold gas jets to counteract the tumbl-
ing motion. Separation of the Agena
will start the mechanical back-up
timer, the TV back-up clock, and re-
lease the CC&S for issuance of flight
commands. During launch the CC&S
will be partially inhibited to insure
that flight commands will not be
given inadvertently.

The mechanical back-up timer will
remove an inhibit on the TV system
at separation plus 30 minutes. Until
this time the TV system has been in-
hibited trom being turned on. How-
ever, the television back-up clock
which is mechanized to turn on the
TV at lunar encounter is still in-
hibited and remains so until launch
plus 32 hours. About one hour after
launch the CC&S will order deploy-
ment of the solar panels. Explosive
pin pullers holding the solar panels
in their launch position will be de-
tonated to allow the spring-loaded
solar panels to open and assume their
cruise position.
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Opening of the solar panels will
trip a switch to release the inhibit
on the TV system as a back-up to the
back-up timer.

Acquisition Modes

With the solar panels deployed, the
CC&S will activate the Sun senor
system, gas jet system and command
the attitude control system to seek
the Sun. At the same time that the
CC&S orders Sun acquisition, it will
order the high-gain directional an-
tenna extended. The drive motor
will then extend the antenna to a pre-
set hinge angle that was determined
before launch and stored in the an-
tenna control module.

In the Sun acquisition mode, the
Sun sensors will provide signals to
the gas jet system that maneuvers the
spacecraft about until its long axis
is pointed at the Sun, thus aligning
the solar panels with the Sun. A
back-up command for Sun acquisition
will also be given by the mechanical
timer. Both the Sun sensors and the
gyros can activate the gas jet values.

In order to conserve gas, the atti-
tude control system permits a point-
ing error toward the Sun of one de-
gree, or a half-a-degree limit in each
direction. It is calculated that the
gas jets will fire one-fiftieth of a sec-
ond each 60 minutes to keep the
spacecraft’s solar panels pointed at
the Sun.

The Sun acquisition process is ex-
pected to take a maximum of 30
minutes. As soon as the solar panels
are locked on the Sun, the power sys-
tem will begin drawing electric power
from the panels. The batteries will
now only supply power in the event
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of a peak demand which the panels
cannot handle and during midcourse
maneuver and terminal sequence.

The next event initiated by CC&S
is the acquisition of Earth by the
Earth sensor. This will occur at about
three and one-half hours after launch.
The CC&S will activate the Earth sen-
sor (turning off the secondary Sun
sensors at this point) and order a roll
search. The gas jets will fire to initi-
ate the roll. A radio command cap-
ability is provided to back up the
initiation of this event.

During Earth acquisition, the space-
craft will maintain its lock on the
Sun, but with its high-gain direc-
tional antenna pointed at a preset
angle, it rolls about its long axis and
starts to look for the Earth. It does
this by means of the three-section,
photomultiplier tube operated Earth
sensor mounted on and aligned with
the high-gain antenna. During the
roll, the Earth sensor will see the
Earth and inform the gas jets. The
jets will fire to keep the Earth in
view of the sensor and thus lock onto
the Earth. Earth acquisition requires
a maximum of one-half hour.

The spacecraft now is stabilized on
all three axes. There is some possi-
bility that the Earth sensor, during
its search for the Earth, may see the
Moon and lock onto it, but the Deep
Space Network stations have the
capability to send an override com-
mand to the attitude control system
to tell it to look again for the Earth.
If this is not sufficient, the stations
can send a hinge override command
to change the hinge angle and then
order another roll search. When the
Earth is acquired, the transmitter is

SEQUENCE
OF THE
MID-COURSE

MANEUVER.

switched [rom the omni-antenna to
the high-gain antenna by a command
from Earth.

A rise in signal strength will be an
indication that Earth acquisition has
been achieved by the high-gain an-
tenna.

With Sun and Earth acquisition
achieved, Ranger now is in its cruise
mode.

Midcourse Maneuver

The cruise mode will continue un-
til time for the midcourse trajectory
correction maneuver. After launch,
most of the activity on the lunar mis-
sion will be centered at the DSN
stations and at the Space Flight
Operations Facility at JPL.

Tracking data collected by the DSN
stations will be sent to JPL and fed
into a large scale computer system.
The computer will compare the actual
trajectory of Ranger with the course
required to vield the desired impact
on the Moon. If guidance errors be-
fore injection have put Ranger off
the optimum trajectory, the computer
will provide the necessary figures to
command the spacecraft to alter its
trajectory. This involves commands
for roll, pitch and motor burn. Roll
and pitch orient the spacecraft and
motor burn controls the velocity in-
crement required to alter the flight
path and time of flight.

The first command from Goldstone
will give the direction and amount
of roll required, the second will give
the direction and amount of pitch
needed, and the third will give the
velocity change needed. This data is
stored in the CC&S until Goldstone
transmits a “go” command.
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SEQUENCE
OF THE
TERMINAL

MANEUVER.

Prior to the “go” command, Gold-
stone will have ordered the Ranger
transmitter to switch from the dish-
shaped directional antenna at the base
of the craft, to the omni-directional
antenna mounted at the peak of the
superstructure. The directional an-
tenna will not remain Earth-oriented
during the maneuver.

Commands pre-programmed in the
CC&S for the midcourse sequence
initiate the following: the Earth sen-
sor, mounted in the dish-shaped an-
tenna, is turmed off; the hinge-
mounted directional antenna itself is
moved out of the path of the mid-
course motor’s exhaust; the autopilot
and accelerometer are powered and
pitch and roll turns are initiated.
During the maneuver the CC&S will
inform the attitude control subsystem
of the pitch and roll turns as they
occur, for reference against the orders
from Earth. An accelerometer will
provide acceleration rates to the
CC&S during motor burn. Each pulse
from the accelerometer represents a
velocity increment of 0.03 meters per
second.

The roll maneuver requires a maxi-
mum of 9.5 minutes of time, includ-
ing two minutes of settling time, and
the pitch maneuver requires a maxi-
mum of 17 minutes including two
minutes of settling time. When these
are completed, the midcourse motor
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will be turned on and burned for the
required time. As the attitude con-
trol gas jets are not powerful enough
to maintain the stability of the space-
craft during the propulsion phase of
the midcourse maneuver, movable jet
vanes extending into the exhaust of
the midcourse motor control the at-
titude of the spacecraft in this period.

The jet vanes are controlled by an
autopilot in the attitude control sub-
system that functions only during the
midcourse maneuver. The autopilot
accepts information from the gyros to
direct the thrust of the motor through
the spacecraft’s center of gravity to
stabilize the craft.

After the midcourse maneuver has
put Ranger on the desired trajectory,
the spacecraft will again go through
the Sun and Earth acquisition modes.

During midcourse, Ranger had
been transmitting through the omni
antenna. When Earth is acquired,
the transmitter is switched to the
high-gain directional antenna. This
antenna will be used for the duration
of the flight.

Ranger is again in the cruise mode.
‘This will continue until time for the
terminal maneuver.

A “go” command will be sent to
Ranger from the DSN Goldstone sta-
tion at one hour from impact, and
the CC&S will switch the attitude
control system from the primary Sun

sensors to the gyros and command
the first pitch turn. The spacecraft’s
solar panels may now be turned partly
away from the Sun and, in that event,
electrical power for the bus is sup-
plied by one of the two spacecraft
batteries.

The terminal maneuver, if per-
formed, will require about 34
minutes. It will begin when the space-
craft is approximately 3940 miles from
the Moon traveling at about 3400
miles an hour.

At impact minus approximately 15
minutes, the CC&S will send a com-
mand to turn on the television system
to allow it to warm-up. A radioed
command for this event can be sent
as a back-up. The F chain can also
be commanded into warm-up by the
TV back-up clock if the latter has not
been inhibited.

The spacecraft will be approxi-
mately 1100 miles from the Moon and,
its velocity will have increased to
about 4400 miles an hour due to the
increasing effect of lunar gravity.

About a minute later, the camera
sequencers turn the television system
on to full power. This command will
be backed up by another command
from the CC&S il necessary.

At this time, the cameras will start
pictures and transmitting them to
Earth by the two 60-watt transmitters.
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SCANDINAVIA'S CONTRIBUTION

TO

GOOD DRINKING

Scandinavia has made two major
contributions to good drinking by
introducing the word skoal and the
drink Aquavit. To my great sorrow
I have noticed that Americans do
not really appreciate either of the
two. This article will, therefore,
serve as an introduction to the cere-
monies surrounding the word skoal
(which is really spelled skal), how
Aquavit is produced, and how and
why it is enjoyed in the Scandinavian
countries.

American visitors to any of the
many fine Scandinavian restaurants
often witness the following fascinating
scene:

Two middle-aged couples, obviously
Scandinavians and obviously married,
are shown to a ncarby table. As soon

CoLorADO ENGINEER—January, 1965

JAN WENNESLAND

as they are seated, the women start
chatting. The men say little or noth-
ing; they sit stiffly in their chairs,
looking uncomfortable. It should
here be mentioned that even though
the Scandinavians are supposed to be
very friendly (according to the travel
agencies and travel guides) they are
really very reserved toward people
whom they do not know very well.

A waiter approaches the two Scan-
dinavian, middle-aged, married and
slightly uncomfortable couples. One
of the men gives a brief order. The
waiter disappears to appear a few
minutes later with a tray laden with
several bottles of beer and another
bottle solidly encased in ice.

From the ice-coated bottle, the
waiter deftly fills four small glasses

He then pours the beer and leaves.

The two men look at one another,
nod, smile; the women stop talking.
All four exchange glances and, as if
on signal, all lift the small glasses
to the height of their second chins.
Holding them there, all look from
one to another in turn. Then they
say in unison, “Skoal!” They nod,
all lift their glasses to their lips and
down the contents in one gulp. All
smack their lips and say, “Aaahhh!”
Then all lower the empty glasses to
their hearts, look deeply into one
another’s eyes, and nod as if in greet-
ing or salute before they [inally set
their glasses down. Without further
ceremony, all enjoy a long, cooling
draft of beer.

At this point the waiter reappears
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with the ice-encrusted bottle, refills
the little glasses, and disappears.

The two men no longer seem ill at
ease; they beam—even at their wives,
who have resumed their chattering.

The fascinated Americans have
witnessed a traditional Scandinavian
drinking ceremony. It is ceremony
repeated whenever Scandinavians
drink together, whether they drink
Aquavit, beer, Scotch, wine or cham-
pagne. It does not matter whether
you are in a restaurant or a small
cabin, in your own home or in an
old sailboat. At all gatherings, it is
a ceremony repeated at least as many
times as there are guests or drinkers,
as everyone skoals everyone present,
and some forgetful ones might skoal
the same person twice.

This is probably what has led many
to believe that the Scandinavians are
heavy drinkers, but while the custom
is to down Aquavit in one gulp, all
other alcoholic drinks are sipped.
However, the ceremony explains, in
part, why Scandinavian dinners and
get-togethers may last for hours, and
why the guests are able to leave the

table sober. An American on rye for
an equal length of time would be
wanting to fight every man in the
house. Also aquavit is mostly served
along with very heavy food. As a
matter of fact, Aquavit prevents
indigestion much better than any of
the thousands of pills the Americans
swear by. It is also well known that
without a glass within his immediate
reach, a Scandinavian has a very hard
time finding a way to end his speech.
Even a small, informal Scandinavian
dinner party will have at least two
speeches—one by the host welcoming
his guests, and one by the man seated
with the hostess, thanking her for the
meal. The host will end his speech
by saying, “Skoal, and welcome to the
table!”, while the guest will end his
speech and the meal with the follow-
ing words “Skoal, and thank you for
the meal!” After each of these toasts,
of course everybody will raise his
glass and go through the Ceremony.

An English drinking song begins,
“Cold water is the best of drinks,”
and ends, “but even beer is good
enough for me.” The Scandinavians

make some excellent beers, but beer
was not good enough or strong enough
for them, so they invented Aquavit,
distilling it from an over supply of
potatoes into a potent liquid of some
86 proof. Apparently this was not
strong enough to satisfy the Scandina-
vians' taste for firewater, so they
spiked it by adding spices that add
fire to its taste. Then it was dis-
covered that only a good Scandinavian
beer would quench the fire. This ex-
plains why aquavit is never served or
drunk without a beer chaser. The
invention of aquavit proves the in-
genuity of the Scandinavians. Tt
helped not only to dispose of a surplus
of a surplus potato crop, but it also
increased the domestic beer sales.

I shall end this little introduction
to Scandinavian drinking habits with
a word of warning to all Americans.
It seems to me that one of the great
American hobbies is the mixing and
drinking of Martinis:

DO NOT EVER MIX OR DRINK
AN AQUAVIT MARTINI!
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a. Join a large company? ( ) or medium? ( ) or small company? ( )

B. Prefer to work in systems analysis and techniques? ( ) or on

For those graduates who are uncertain regarding their career
plans, we welcome the opportunity to discuss the wide variety
of interesting and challenging assignments available with
Sylvania Electronic Systems. SES is equipped to foster the
professional growth of graduates with widely differing goals.
This is possible primarily because SES is actually a highly
diversified complex which encompasses 19 R&D l|aboratories,
4 manufacturing plants and a world-wide field engineering
operation. The Division's mission is to manage government
systems programs for General Telephone & Electronics, the

parent corporation.

The small group form of organization —a traditional small
company advantage — is practiced at SES to encourage indi-
vidual progress and development. SES offers its personnel
absorbing assignments to perform, yet also affords a bird’s-

equipment design? ( ) or multi-unit large systems? ( )

€. Aim to be a Technical Specialist? ( ) or Administrative
Manager? ( ) or Program/Project Manager? ( )

. Have an advanced degree in your sights? ( ) or feel BS is sufficient
for satisfying career growth? ( )

GENERAL TELEPHONE & ELECTRONICS
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on’t worry!

eye view of the total picture in advanced electronics.

A wide variety of current in-house projects enables you to
move right into the heart of today's most advanced develop-
ments in electronic systems. You may start here in a tech-
nical or administrative capacity in any one of these broad
areas: space/earth communications * electronic reconnais-
sance * detection * countermeasures - information handling
* arms disarmament and control + sophisticated electronic
networks such as the ground electronics system supporting
Minuteman command and control functions.

Finally, opportunities are numerous for ambitious individuals
to accelerate their advancement through participation in
division-wide conferences, in-plant courses and seminars,
and post graduate study plans conducted on an unusually
generous scale.

Total Communications from a single source through

SYLVANIA ELECTRONIC SYSTEMS

SES LABORATORIES ARE LOCATED SUBURBAN TO SAN FRANCISCO, BUFFALO AND BOSTON

For further information about any of these locations, see your college placement officer or write to Mr. Robert T. Morton
40 Sylvan Road — Waltham, Massachusetts 02154. An Equal Opportunity Employer
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Lightning, to the average person
is simply a brilliant flash of light
which seems to splinter the sky in long
jagged traces. The great quantities of
energy that are contained in these
flashes is evidenced by the destruction
which often accompanies their con-
tact with the ground. This energy
builds up as a static charge resulting
from friction between rapidly mov-
ing air currents inside thunderstorms.
The release of this charge to an ob-
ject at a lower potential (another
cloud, an aircraft, or the ground) is
the lightning flash which we see. The
tremendous quantity of energy which
is generated within the clouds some-
times manifests itself in other strange
and often spectacular ways. One of
these manifestations is ball lightning.

Ball lightning is a strange, often
frightening, but little understood
phenomenon of nature which has im-
pressed men for thousands of years.
Ball lightning almost always occurs in
conjunction with St. Elmo's Fire
which is commonly referred to now as
corona effect. St. Elmo’s Fire or
corona effect normally manifests it-
self as a blue-white glow and is most
often seen around high voltage power
lines. It occurs less frequently along
fence lines or even on automobiles or
houses during severe electrical storms.

Most of the recorded observations
of ball lightning have also occured
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BALLS OF
FIRE

ART ROSCOE

during electrical storms when St.
Elmo’s Fire was present. The “Balls
of Fire” have been reported as shoot-
ing out of the mouthpieces of old
fashioned upright telephones, hover-
ing over fence lines, or rolling along
the ground. These reports have
characteristically been greeted by a
great deal of skepticism and many

authorities in this country have stout- -

ly denied the very existance of ball
lightning. On the other hand, re-
searchers in the Soviet Union have
compiled a great deal of data on its
observed characteristics.

Personal Experiences

My first experience with ball light-
ning occurred in 1958 when I was fly-
ing as a pilot with the Military Air
Transport Service (MATS). The air-
craft (a C-124) was flying through
a thunderstorm over the North At-
lantic at an altitude of 8000 feet when
a small, blue-white ball appeared
briefly almost directly in front of the
cockpit. I was watching it wide-
eyed when it discharged with an ex-
tremely bright flash and blinded me
for about 30 seconds. This experience
was repeated several times during the
next five years in all parts of the
world.

My experiences with ball lightning
and those of my colleagues on other
flights are remarkable in their simi-

larity. They all occurred while flying
at altitudes between 6000 and 12000
feet above sea level inside thunder-
storms. In every case of which I am
aware, the aircraft was enveloped in
St. Elmo’s fire and was giving off a
relatively bright blue-white glow from
the leading edges of the wings and
tail and from the propellors, just prior
to the formation of the ball lightning.
The ball would then appear, usually
on the radome directly in front of the
cockpit, and would begin to roll or
slide back and forth across the radome
at a rather leisurely rate. This would
normally continue until the aircraft
left the thunderstorm at which time
the ball would discharge with a brill-
iant flash and violent explosion.
Though the explosion would shake
the entire aircraft, I know of only two
cases in which physical damage ol any
consequence was done to the aircraft.
In one instance the radome was
separated from the rest of the air-
craft, and in the other an eight inch
hole was blown in the sheet metal of
the upper part of the rudder—from
the inside out.

My own opinion as to the cause
of the damage in both cases is that a
great deal of heat was generated by
the rapid decay of the lightning ball.
This heat caused very rapid expan-
sion of the air in the radome and in
the tail and because both of these
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Microwave relay towers assure reliable land transmission of tele-
phone, radio, television and data traffic—with complete flexibility.

To serve a growing America, we are steadily en-

larging our communications system . .. opening new
route-miles of cable and microwave . . . bringing more
customers into the network . . . adding new services.

As a result, the Bell System offers unique career op-
portunities to ambitious young engineers who want to
work on projects commensurate with their talents.

In the Bell System there are literally hundreds of in-
triguing engineering assignments ranging from the plan-
ning of telephone service for large communities to the
development of miniaturized components for equip-
ment. A Bell System career can bring an engineer an
exciting variety of tasks, every one important, with every-
thing needed to carry them out.

The Bell System companies are equal opportunity
employers that match the benefits, salaries and working
conditions of other companies. Few can match them,
however, for work that is interesting and important.

You owe it to yourself to investigate your career pos-
sibilities in the Bell System. Have your Placement
Office arrange a date with our interviewing team, or getl
in touch with a local Bell operating company. Either
way, we'll welcome a chance to talk with you.

ﬁ BELL SYSTEM

&—=J American Telephone & Telegraph Co.
and Associated Companies

C.S. LONG LINES lays and maintains Bell System undersea tele-
phone cables that provide dependahle overseas transmission.




areas are relatively confined, the re-
lease was found by blowing out at
weak points. This, of course, is pure
speculation on my part.

The balls which I observed ranged
from about 6 to 14 inches in diameter
and glowed with a pale blue-white
light. Though they normally seemed
restricted to their position on the
radome or directly in front of the
wingtips, they would, on rare occa-
sions, actually come inside the air-
craft. At these times, they moved
freely inside the aircraft, and I have
actually seen one pass completely
through a metal bulkhead. To my
knowledge, no physical damage was
ever done to the inside of the air-
craft by one of the balls.

After several of these episodes, I
set out to determine the nature of
ball lightning, but soon became fru-
strated in my efforts. When I ap-
proached people who I thought should
know about such things (meteorolo-
gists, engineers, etc.) 1 was generally
greeted with conjectures, skepticism
or disbelief, but never any facts. The
only papers on the subject which were
available at that time were done by
Russians and had not yet been tran-
slated. I had reached an impasse un-
til last month when Professor Hanna
of the C. U. Electrical Engineering
Department brought to my attention
a recent translation of seven Russian
papers on ball lightning. The remain-
der of this paper will be essentially
a summary of the Russians’ findings.

Russian Work in the Field

In summarizing the Russian work,
it may in general be said that ball
lightning occurs most frequently near
the end of a severe electrical storm
when the air is highly ionized (elec-
tromagnetic disturbances caused by
streak lightning are also usually pre-
sent). The diameter of the balls
may range from a few inches to several
feet and the colors vary all through
the spectrum from red to blue-white.
They appear to move by rolling or
sliding along conductors, but may also
hang motionless in the air or travel
up or down rough waveguides such
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as chimneys. The reports suggest that
the lightning balls usually occur as a
result of lightning discharge, but may
originate randomly in space and are
frequently airborne or partially so.
They usually decay quite suddenly
(often explosively) but on occasion
will just fade away without a sound.

Estimates based on color and light
intensity indicate that the surface
temperature may be as high as 9000°F
and that a great deal of energy is
released during decay. D. L. Ritchie
of the Consultants Bureau in New
York suggests that for a ball 100 cm
in diameter, the stored energy may
be up to 1,250,000 joules. This is
about the equivalent of 60 pounds of
TINT:

The Plasmoid Theory

Lately, with the emergence of the
disciplines of plasma physics and
magnetohydrodynamics, the hypo-
thesis that ball lightning is a ball of
plasma or plasmoid has grown in
popularity. Recent Russian efforts
have been made to explain ball light-
ning as a ball of plasma in resonance
with an external radio frequency elec-
tric field. P. L. Kapista postulates that
electromagnetic disturbances caused
by thunderstorms serve to feed energy
into the ball of plasma. This would
seem to require electromagnetic waves
of a single frequency to nurture a ball
of specific diameter. However, Y.
Yankov has demonstrated theoretic-
ally that a stable plasma configuration
is compatible with multiple fre-
quencies.

According to Kapista, it is assumed
that the absorption frequency cor-
responds to that of the characteristic
oscillations of a sphere. This then
tixes the wave length at approximately
four times the diameter of the sphere,
or about 35 to 100 cm for the ma-
jority of the balls observed.

Sites most favorable for the pro-
duction of lightning balls are regions
where the intensity of the required
radio frequencies is greatest, and be-
cause the balls depend on the rf
source for their existence, their mo-

tion is independent of winds and
convection currents.

As a result of interference effects
in front of a reflective surface, stand-
ing waves are set up with antinodes
at 25X, .76, 1.25), etc. These anti-
nodes are points of maximum electric
field intensity and as such are favor-
able locations for the production of
ball lightning. In fact, several balls
may be formed in a line at half wave
length intervals. This no doubt ex-
plains the presence of the balls in
front of reflective surfaces of an air-
craft.

Kapista speculates that the ball
lightning penectrates into buildings or
aircraft by following the path of short
wave  electromagnetic  oscillations
which can propagate through apper-
tures or along a chimney conductor as
a waveguide. However, at the time
his paper was written (1957) he had
not definitely proved the existence in
nature of the electromagnetic oscilla-
tions necessary for ball lightning pro-
duction.

One of the Russian papers dealt
with the experiences of Soviet air-
crews with ball lightning, and it is in-
teresting to note that their encoun-
ters were, for the most part, quite
similar to my own and those of my
colleagues in MATS. One notable
exception was that the Russians, on a
number of occasions, observed the
balls floating freely through electrical
storms. In one instance, an aircraft
struck one of these free floating balls.
The ball immediately discharged with
its characteristic flash and explosion,
but again no physical damage was
done to the aircraft structure.

I regret that T must end with no
firm conclusions of my own concern-
ing the nature of ball lightning. This
is due in part to my limited ability
to understand the advanced field
theory and mathematics used by the
Russians to justify their own con-
clusions. However, this may be a
subject worthy of serious considera-
tion by researchers in this country in
the areas of plasmas, electro-magnetic
fields and magnetohydrodynamics.
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Another major step in the
ment of University-industry
and scientific industrial act
the State of Colorado was ac
through the recently anr
Boulder Research and Ind
Campus (BRIC). A major
and industrial campus of this
an essential ingredient for tl
economic development of t
State. For the past two years,
sentatives from the University
local Boulder area have be
together closely to have such a
initiated under conditions
trolled planning to permit a qu:
type of development. The n
search-industrial campus wil
have any direct financial conm:
with the University, but it wi
supported strongly by the Ur
and also, we hope, by the othe
propriate groups in the State of Colo-
rado.

The site to be developed is only
ten minutes by a main highway from
the University of Colorado campus
and five minutes more to the National
Bureau of Standards and the National
Center for Atmospheric Research. As
originally announced, the size of the
research-industrial campus was 340
acres. Through recent additional land
acquisitions, the size may increase to
567 acres. The site adjoins to the east,
across a four-lane highway, the Boul-
der recreational area with water sports
and fishing. To the north is the 640-
acre site purchased by IBM a few
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years ago, and to the east is the new
n Barrel Green residential area
rounded by the new Boulder
intry Club with its twenty-seven
golf course. Detailed plans for
campus, including the architec-
ural concept, are being prepared. In
1965, a conceptual and a pre-
1ary master plan will be pre-
ted. Plans will be formulated for

(9]

1gements with all service require-
1ts furnished. Also, high-quality
se standards will have been
blished and will be maintained
ough covenants as part of any

le or lease arrangement.

personally, am delighted with the
s under way for the research-in-
trial campus. I feel that our ad-
1tages are such that this campus
ill be unique in the nation with a
definite possibility of equaling or
surpassing those areas found presently
at Stanford Industrial Park and the
Route 128 installation at Boston. The
key importance of this campus to the
scientific and industrial development
of Colorado is obvious.

Other significant aspects related to
University-industry liaison are de-
veloping rapidly in our College of
Engineering. We are providing a
monthly Industrial Newsletter which
invites personnel to attend our en-
gineering-oriented seminars and col-
loquia. Approximately 200 industries
in the State are currently receiving
this Newsletter. Another exciting de-

velopment relative to our educational
function and University-industry liai-
son is the recently announced Crag-
mor Center in Colorado Springs. We
are now completing plans for initiat-
ing a graduate engineering program at
the Colorado Springs Center with our
first efforts being devoted toward a
program leading to a Master’s degree
in Electrical Engineering, with strong
emphasis on Applied Mathematics.
In addition, our engineering program
continues to develop and expand at
the Denver Center.

We feel that the engineering educa-
tional services we are providing
through our Denver Center, the Colo-
ado Springs Center, and the Boulder
Campus are of great importance to
the future economic development of
our State, with particular importance
relative to increasing the industrial at-
tractiveness of the State. We are cur-
rently making plans for a continua-
tion education type of program re-
lated to the engineering education
needs on an advanced level for in-
dustrial personnel.

The faculty of our College of En-
gineering feels that University-indus-
try liaison is essential to the future
development of our State. We are
making every effort to cooperate in
and give leadership to the further
development of this liaison .

Pty o Pottona

Dean
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DENVER

Stearns-

CORPORATION

our central
engineering
office

HEADQUARTERS FOR
DESIGN, CONSTRUCTION
AND MANUFACTURING
SERVICES TO INDUSTRY

To customers from the Gulf
Coast to the Canadian North-
west, Stearns-Roger provides
every needed service through
one responsible source...one
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Current projects include oil and
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and metallurgical plants, sugar fac-
tories and defense-related irnstal-
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660 BANNOCK, DENVER, COLORADO
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Young Ent

B Bob Reinstrom came to £
Motors, early in 1962 follos
the University of Minnesota w
anical Engineering.

As a research engineer at Allison, he has been asso-
ciated with the Nuclear Liquid Metal Cell Program, the
MCR (Military Compact Reactor) Project, and the
Energy Depot Project. In these assignments, he has
contributed to these studies:

1—Analysis and design of heat transfer equipment
to investigate boiling, condensing, and thermal cycling
in closed liquid metal systems.

2_The steady-state parametric optimization and
transient behavior analysis of nuclear reactor systems.

3—Thermodynamic analysis of open chemical pro-

cesses.
Presently, Bob is doing graduate work in engineering

at Purdue University-Indianapolis campus . . . O1€ of

n Lavision, General
his sraduation from
S degree in Mech-

Bob Reinstrom is observing a potentially more
economical system for producing enriched
uranium on a large scale by separating molecu-

lar species with supersonic gas jets.

Find Opportunity at Allison

the many advantages of a job with Allison.

Allison’s broad education and training programs offer
unlimited opportunities to the young graduate engineer
desiring education beyond the normal four or five years
of college training.

If you’re interested in knowing more about Allison’s
Graduate Study Program, see our interviewer when he
visits your campus. Or, write now for your copy of
Allison’s brochure, explaining your opportunities for
advancing your professional career at Allison. Send your
request to: Allison Division, General Motors Corpora-
tion, Indianapolis, Indiana 46206, Att: Professional and
Scientific Placement.

An equal opportunity employer

Allison

THE ENERGY CONVERSION Division oF NSNS
GENERAL MOTORS, INDIANAPOLIS, INDIANA  General Motors
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justable between I- and 4-millisecond
duration, at the rate of up to 1200
pulses per hour.

Harry E. Rockefeller, manager of
Linde’s Electric Welding Department,
said, “Unlike the few prototype laser
welders currently being tested by
other manufacturers, the Linde laser
welder is one of the first such systems
to be offered commercially as stand-
ard equipment.”

Mr. Rockefeller reported that the
laser welder is manufactured by
Korad Corporation, a subsidiary of
Union Carbide, and is marketed ex-
clusively by Linde’s Electric Welding
Department. Korad’s president, Dr.
Theodore Maiman, invented the first
laser — a pulsed ruby crystal system
similar to that employed in the new
welding unit.

The laser welder head contains a
Linde ruby crystal rod, xenon flash
lamp, and reflector. This unit is ther-
mally insulated to prevent condensa-
tion on the reflecting surfaces of the
ruby laser crystal, and is water-cooled
to dissipate the heat generated by
laser operation. The laser output
beam is essentially made up of light
waves at a wave length of 6943 Ang-
stroms. An optical lens system
focuses the beam onto a 0.010-inch
diameter spot approximately two
inches in front of the welding head.

Union Carbide’s laser welder has
produced high-quality spot welds in
joining fine wires (0.015- to 0.030-in.)
and in welding fine wires to foil.
Weld strength approaching the tensile
strength of the wire itself was achieved
consistently;  for example, joint
strength for 0.015-inch wire was at
least 90 per cent of wire tensile
strength. It is anticipated that the
laser welder will find a ready market
in the electronic manufacturing in-
dustry which currently scraps an esti-
mated $150-million worth of parts
annually because of joining faults or
tailures.

DESK COMPUTER

The first electronic desk calculator
that can be programmed automati-
cally has been developed by Wyle
Laboratories.

The calculator, the Wyle Scientific,
becomes automatic with the addition
of a specially engineered punched-
card input unit. With such a unit,
the scientist or engineer can solve
frequently-used equations simply by
inserting cards into the reader and
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WryLE's NEw ELECTRONIC DESK CALCULATOR

variables

then entering the number var
manually on the calculator keyboard.
No special card punching equipment
or programming knowledge is neces-
sary. The scientist or engineer simply
duplicates the problem-solving steps
of the calculator on the cards with a
stylus. The entire operation can be
performed right at his desk and the
prepared cards can be stored in a
convenient file for future use.

Capable of performing eight prob-
lem-solving operations a second, the
Wyle Scientific with its unique card
reader is considerably faster than cal-
culators without the automatic input
feature. Since the equation-solving
steps are automatic, the possibility of
error in manipulating the machine
is eliminated. In addition, each step
of the problem is visible in one of
the six registers on the calculator’s
cathode ray tube display.

AIR WAVE DETECTOR

P. G. Davey, of the Lawrence Radi-
ation Laboratory, and Walter C.
Marion of the University of Califor-
nia, have developed a system so sensi-
tive that it is capable of detecting the
drop in atmospheric pressure of less
than a one-quarter inch rise in eleva-
tion. It recorded both the ground
wave and the air wave of the Alaska
earthquake which occurred 1960
miles away.

Made from two large wine bottles,
open to the outside air, and a thermis-
tor bridge located in a tube leading to
the bottles, the system records the
effect of the air which passes in and
out of the empty bottles. Current is
only applied to the center thermistor
ot the bridge. As air moves in and
out of the bottles, the thermistor is
cooled off, the resistance changes, and
the bridge is thrown out of balance.
Surge tanks prevent slight breezes
from affecting the air flow. It will

be used at the University of Califor-
nia Seismographic Station.

NUCLEAR CONVEYOR

O. E. Gooding and Company of
Ypsilanti, Michigan, is using a nu-
clear scale to measure the fill dirt
being used in a road-building job near
Jackson. The scale automatically
weighs the fill as it moves over a
conveyor while being loaded into
trucks and thus informs the operator
when the load is complete.

In operation, radioactive cesium-
137 isotope contained in a tube be-
neath the conveyor belt directs gamma
radiation through the moving belt
with its load of fill dirt to measuring
cells in another tube above the belt.
The radiation waves vary with the
changes in the thickness or density of
the material. The density of the
material plus the speed of the con-
veyor belt is computed into quantity
of material delivered on a totalizer
which reads in pounds.

LASER SATELLITE TRACKER

Scientists at NASA and General
Electric are working on a system of
tracking satellites with a laser device.
The experiments were carried out at
the NASA Goddard Space Flight
Center, Greenbelt, Md.

A satellite, Explorer XXII, was
launched on October 9 with an array
of corner reflectors on it. The ruby
laser was mounted on a telescope, and
the telescope was aimed at the pre-
dicted path. The laser was then
tlashed on and off as the satellite
passed overhead, and the returning
signal was displayed on an oscillo-
scope. The system was first success-
ful on October 11, and has worked
nine other times since. The accuracy
is expected to be within 10 feet, but
much work still remains to be done
before the system is perfected.
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MICROFILM CATALOG FILE

Design engineers in Original Equip-
ment Manufacturing industries will
soon have access to the world’s largest
single source of definitively indexed
product data ever published. The
availability of such data will become
an engineering tool for product im-
provement.

The unique product information
and catalog distribution system de-
veloped for defense products indus-
tries, and currently being used by
over 200 aerospace, military, electron-
ics, and government organizations,
will be expanded and made available
to non-defense products manufactur-
ing industries and their suppliers. The
new OEM design edition will initially
contain over 100,000 catalog pages
from 3,000 suppliers to the OEM
market, and will be distributed be-
ginning in December of this year.

In announcing expansion of the
VSMF system, Thomas E. Falvey,
General Sales Manager of the OEM

edition for Information Handling
Services, stated, “Recent studies with
design engineers in the commercial
and industrial fields convinced us
that the need for VSMF was as great
in those fields as it was in the defense
industries. VSMF enables the design
engineer to select from a wide \'ar‘ie-ty'
and vast number of sources the best
part or material for each design ap-
plication.

“Engineers spend a large portion
of their time attempting to locate
the data they must have to find up-
to-date component information in
their highly-competitive markets. The
OEM edition meets these vital needs.
By the end of next year, we expect
the new file to be the design engi-
neer's prime source of parts and
material information.”

VSMF (Defense Design Edition) , is
currently being used by 54.000 engi-
neers who, last year, made more than
720,000 reproduction copies of cata-
log pages from the VSMF files.

VSMF has been used by the air-

craft/missile industry since 1961 and
has saved the government and its
suppliers an estimated $25 million
a )L’lli'.

MINIATURIZED FLAW
DETECTOR

All the big-time hotrodders and
racing boat enthusiasts will be pleased
to hear of the release of a revolution-
ary new type of magnetic particle
crack and flaw detector. Developed
by the Testing Systems Division of
U.S. Casting Repair Corp, Philadel-
phia, Pa., the system is called a
“Magnetic Flaw Finder.” It weighs
less than 4 pounds, is easily operated
by one man, and is capable of find-
ing even the most minute surface
cracks in any ferro-magnetic material.
Requiring no special training to oper-
ate, the Magnetic Flaw Finder is
ideally suited for finding stress cracks,
fatigue cracks, heat and grinding
cracks, and even welding defects in
ferrous parts of any size.
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For America’s finest office buildings
the choice is modern concrete

More and more architects today are finding new
beauty and economy in high-rise structures of
modern concrete. With concrete frames and new
handling methods, construction moves at rec-
ord speed. Multiple use of forms and concrete’s
ready availability keep schedules running
smoothly. Concrete needs no special fireproof-
ing. There is no need for painting. For structur-
al strength, beauty and freedom from upkeep,
nothing matches modern concrete construction.

PORTLAND CEMENT ASSOCIATION

721 Boston Building, Denver, Colorado 80202
A national organization to improve and extend the uses of concrete




Did you all read in the November
30, 1964, “Colorado Daily” that “you
can expect halt of what you are now
learning to be obsolete in five years
if you are studying physics, and in
ten years if you are studying en-
gineering”? The article (which was
on page nine it vou happen to save
old Dailies) also states that in some
ol the physical sciences, half of what
you will need to know in the next ten
years hasn’t been discovered yet. One
look at the mushrooming technicial
literature substantiates these com-
ments. Evidently, a good engineer
needs to maintain and read a personal
library of technical journals and
books. General information material
should be included for variety though,
and a book of famous mathematical
puzzles might be fun to have.

Probability and Its
Engineering Uses

by Thornton C. Fry, D. Van No-
strand Company, Inc., Princeton,
New [ersey, 450 pages, 1964, $12.00.

Dr. Fry, who, by the way, is a
Consultant to the Director of the Uni-
versity Corporation for Atmospheric
Research here at Boulder, has revised
the first edition of this book which
was published in 1928. The point of
view of the first edition has been re-
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REVIEWS

JOANN CRAM

tained in the revision although it is
now more postulational than was fash-
ionable in 1928.

The author recognizes that pro-
bability is a concept rich in economic,
social, and scientific connotations, and
he has selected and presented his
material is such a way as to bring
out these connotations without sacri-
ficing logical and mathematical in-
tegrity. The revision includes new
material on Random Walks, Markov
Processes, and the Foundations of
Statistics; much of the material has
been completely rewritten. The book
contains lots of examples, and pre-
sents a well-graduated introduction
to the mathematical theory of pro-
bability, followed by a treatment in
greater depth of topics of special in-
terest to physical and social scientists.
It presupposes a knowledge of college
mathematics through calculus. Some
of the chapter headings are the fol-
lowing:

Permutations and Combinations

Elementary Principles of the

Theory of Probability

Probability and Experiment; Ber-

noulli’s Theorem

Probability and Experiment; Bayes’

Theorem

Averages

The Distribution Functions most
frequently used in Engineering

Matrix Methods and Markov Pro-
cesses

The Foundations of Statistics

The Theory of Probability as Ap-
plied to Problems of Congestion

Life: Its Nature, Origin,
and Development

by A. 1. Oparin as translated from the
Russtan by Ann Synge, Academic
Press, September, 1964, paperback,
207 pages, $2.45.

This is stuff to capture the interest
of any engineer. Scientists the world
over argue the opinions of Russia’s
A. L Oparin. His claims in this book
that life and its origin are parts of
a single process, that organized sys-
tems are requisite to the synthesis of
ordered protein molecules, and that
artificial synthesis of living matter is
a “naive” expectation, are typical of
many of his theories which have
brought dissent and approval from
leading men ol science.

The book is divided into five parts,
the first being “The Nature of Life”.
Oparin discusses such things as the
extent of life ;the conflict between
idealism and materialism as to the
essential nature of life; attempts to
formulate definitions of life; attempts
to treat the organism as a machine;
cybernetics. He concludes that it is
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only possible to understand life by
studying its origin and development.
“The Origin of Life” concerns con-
temporary cosmogonic theories such
as the origin of the solar system and
the formation of the crust of the
lcarth. The formation of hydrocar-
bons and their nearest derivatives is
followed through an evolution process
‘o the origin of the first organisms.
“The Earliest Period of the Develop-
ment of Life” discusses more ter-
restrial history and develops life up
‘o the formation of cells. Photochem-
ical reactions, photosynthesis, and the
rigin of respiration are included
rere. Nutrition, growth and develop-
rent, movement, irritability and ner-
vous activity are the subject of “The
Zurther Evolution of Life.” A Con-
lusion chapter terminates the book.
'nd it’s all in a paperback edition!

"he Making, Shaping, and
‘reating of Steel 8th edition

Published by the United States Steel
Corporation, 1964, 1198 pages,
510.00, or $5.00 student price.

The Making, Shaping, and Treat-
ng of Steel is a complete one-volume
eference work relating to the iron
nd steel industry. Completely re-
ised since its seventh edition was
ssued in 1957, the new column offers
user and makers of steel a comprehen-
ive summary of present-day theory
and practice covering all phases of
iron and steel production from raw
materials to [inished products.

Recent developments in steel mak-
ing and processing that are reviewed
include basic oxygen steelmaking pro-
cesses, vacuum degassing and continu-
ous casting methods. Four new chap-
ters cover the manufacture of tonnage
oxygen for steel plant use, direct-re-
duction processes, manufacture of
heavy press forgings, and water re-
quircments for steelmaking. A fifth
new chapter presents the fundamental
principles for the physical chemistry
of iron and steelmaking.

In addition to the subjects men-
tioned above, extensive discussions
are devoted to the manufacture and
properties of carbon and alloy steels,
and the products made from them.
These include blooms, slabs and bil-
lets: heavy forgings; rails and struc-
tural sections; plates, merchant bars,
and hot strip mill products; cold re-
duction mill products; galvanized pro-
ducts; tinplate and terne plates; cir-

CoLorapo ENGINEER—January, 1965

cular shapes; axles: shafts; wire: tubu-
lar products; electrical sheets; and
corrosion-resistant and heat-resistant
products.

Copies of the volume, priced at
$10.00 each, may be obtained from
United States Steel, Office Service-
Stores, 1509 Muriel Street, Pittsburgh,
Pa. (15208) Students, however, may
obtain the book for $5.00 per copy;,
providing each order is counter-signed
by a faculty member.

Famous Problems, and
Other Monographs

By Klein, Sheppard, MacHahon,
and Mordell, Chelsa Publishing
Company, 1962, 350 pp.. Cloth
$3.95, Paperbound $1.95.

“Famous Problems of Elementary
Geometry,”-by Klein. A simple, easily
understandable, account of the fam-
ous problems of Geometry — The
Duplication of the Cube, Trisection
of the Angle, Squaring of the Circle—
and the proofs that these cannot be
solved by ruler and compass. Also,
the modern problems about transcen-
dental numbers, the existence of such
numbers, and proofs of the transcen-
dence of e.

“From Determinant to Tensor,” by
Sheppard. This monograph is written
simply and in nine parts: 1. Origin of
Determinants; II. Properties of De-
terminants; II1. Solution of Simultan-
eous Equations; IV. Properties; V.
Tensor Notation: VI. Sets; VII. Cog-
redience, etc.; VIII. Examples from
Statistics; IX. Tensors in Theory of
Relativity.

“Introduction to  Comvinatory
Analysis,” by MacMahon. A concise
introduction written as an introduc-
tion to the author’s two-volume work
on the field.

“Three Lectures on Fermat’s Last
Theorem,” by Mordell. This famous
problem is so easy that a high-school
student might not unreasonably hope
to solve it; it is so difficult that tens
of thousands of amateur and profes-
sional mathematicians, Euler and
Gauss among them, have failed to
find a complete solution. Mordell’s
very small book begins with an im-
partial investigation of whether Fer-
mat himself had a solution (as he said
he did) and explains what has been
accomplished. This is one of “the
masterpieces of mathematical exposi-

tion.”
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Why become an engineer at
Garrett-AiResearch? You’ll have to
work harder and use more of

your knowledge than engineers

at most other companies.

If you’re our kind of engineer,
you have some very definite ideas
about your career.

For example:

You’ve worked hard to get a
good education. Now you want to
put it to work in the best way
possible.

You will never be satisfied with
run-of-the-mill assignments. You
demand exciting,
challenging projects.

You not only accept
individual responsibil-
ity — you insist upon it

Does that sound like
you? Then AiResearch £
is your cup of tea,

Our business is
mainly in sophisticated aerospace
systems and subsystems.

Here, research, design, and de-
velopment lead to production of

actual hardware.
That means you
have the oppor-
tunity to start with
a customer’s problem
and see it through to a

system that will get the job done. b

The productlines at AiResearch,
Los Angeles Division, are environ-
mental systems, flight information

and controls sys-
tems, heat transfer
systems, secondary

power generator
systems for missiles
and space, electri-
cal systems, and
specialized indus-
trial systems.
In the Phoenix Division there are
gas turbines for propulsion and
secondary power, valves and con-
trol systems, air turbine starters
and motors, solar and nuclear
power systems.

In each category AiResearch
employs three kinds of engineers.

Preliminary design engineers do
the analytical and theoretical
work, then write proposals.

Design engineers do the lay-
outs; turn an idea into a product.

Developmental engineers are
responsible for making hardware
out of concepts.

Whichever field fits you best, we
can guarantee you this: you can
go as far and fast as your talents

can carry you. You can make as
much money as any engineer in a
comparable spot — anywhere. And
of course, at AiResearch, you’ll
get all the plus benefits a top com-
pany offers.

Our engineering staff is smaller
than comparable companies. This
spells opportunity. It gives a man
who wants to make a mark plenty
of elbow room to expand. And
while he’s doing it he’s working
with, and learning from, some of
the real pros in the field.

If the AiResearch story sounds
like opportunity speaking to you—
don’t fail to contact AiResearch,
Los Angeles, or Phoenix, or see our
representative when he comes to
your campus.

An equal opportunity employer

AiResearch
is challenge

AIRESEARCH

Los Angeles « Phoenix
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PUZZLE PAGE

/

BRUCE DUNN

Ficure 1

1) The first puzzle this month is
very simple problem in algebra.
Ve define an arbitrary A, B and G
uch that:
A= B
G =AlLEB

I'hen, from the second equation:
2C = AL B
2C(A—B) = (ALB) (A—B)
SAC_2BC — A —B:
A2_2ACH+C2 = B—2BCHC2

(A—C)2 = (B—C)?
A—C = B—C
Ael)

but A «B

Find the fallacy.

2) Next we look at the world of
plane gecometry. If you take a square
paper and section it into 64 squares
vou can divide it as shown in figure 1,
and form it as shown in figure 2.
However, the rectangle in figure two
has an area of 65 units, not 64. Where
did the extra unit come from?

8) Mrs. Davis, Mrs. Jones, and Mrs.
Smith, whose first names are Dorothy,

Helen, and Mary not necessarily re-
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spectively) went shopping together.
While they were deflating their hus-
bands’ bank accounts, Mary spent
twice as much as Helen, and Helen
spent three times as much as Dorothy.
If Mrs. Davis spent $3.85 more than
Mrs. Smith, what is each woman'’s full
name?

4) Another problem for the algebra
expert is the problem in which a cube,
measuring one yard on a side, is
placed exactly against a perpendicular
wall. Now a nine foot ladder is placed
such that it touches the wall, the
ground, and the cube. How high up
the wall can the ladder reach under
these conditions? (Figure 3)

FIGURE 2

References

2) Irving Adler; MAGIC HOUSE OF
NUMBERS, pp 57-58

8) G. R, Wylie Jr; 101 PUZZLES IN
THOUGHT AND LOGIC, Prob 68
4) DREXFEL TECHNICAL JOUR-
NAL Dec. 1961
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Answers To November’s Puzzles

PUZZLES
1) The first puzzle was answered
by only six people in one week's time.
I did get one answer that was wrong,
but Jeff Kohr, Bob Eckland, Paul
Voillequé, Gary Tufly, Bill Long,
and Michael Herzig all came in with
the right answer, in that order. The
ANswer was:
80809
124 ) 10020316
992
1003
992
1116
1116

Also, Mr. R. B. Egan of the graphics
department came in with the answer
to the puzzle from last year which I
could not answer. The answer does
vield two circles which intersect at
two places, and the sectioning plane
is as shown in figure 4.

2) Anyone who missed this problem
should feel pretty badly. At the worst,
the first two socks would not match,
but the third sock would have to
match one of them.

Ficure 5

3) To solve this problem you
simply must find the number of
digits occupied by any group of num-
bers. For example, the integers 1.9
will occupy 9 spaces. Therefore, the
ninth digit is 9.

1—99 will use 9490 * 2 or 189

spaces.
1-999 will use 2889 spaces.
1-9999 —— 38889 spaces.
1—-99999 ——— 488,889 spaces.
1-999,999 —— 5,888,889 spaces.

We want the million and first digit,
The last digit in the previous five

FIGURE 4

i

i
////w%

FiGure 6

digit number occupies space 488,889,
The remaining 511,112 digits must be
taken by six digit numbers. 511,112+
6 — 85,185 with a remainder of 2.
The 85,185th six digit number is
185,184, so the next two digits in our
original sequence are 1 and 8. Thus,
the million and first digit is 8.

4) There exists a multitude of equa-
tions for finding the ages of the family
members at any one time. Doing this
will show that the mother and father
have the same fraction of a year in
their ages and thus had to be born on
the same day of the year.

5) 'The key to this problem was
knowing that it involved solid geo-
metry. The center of the orange was
at the geometric center of the equila-
teral triangle, shown in figure 5.
As the triangle is six inches on a
side, the center distance is s—4.47.
Looking at figure 6, we see that

(3—1)2% 4+ (447)2 = (41)2
£ =166
=333
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What's going on
up there?

Ask us. Our space boosters have
launched every successful non-
military communications or weather
satellite. Our Saturn S-1VB will power
3 Apollo astronauts from earth orbit
to moon orbit. DC-8s have flown more
than a billion miles. DC-9s will double
the places you can go by jet. Which
all adds up to the fact that Douglas
can just about double your chances
for rapid career advancement, because
projects coming up are even bigger
than those mentioned. Also, univer-
sities offering evening courses
toward advanced degrees are close
by. And Douglas has a fine scholar-
ship program. Let's get together. We
are an equal opportunity employer.

Douglas

Send your resume to
S. A. Amestoy, Box 694-D
Corporate Offices
Douglas Aircraft Co., Inc.
Santa Monica, California
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COLORADO INDUSTRIES

BALL BROS. RESEARCH CORP.

FROM

FRUIT JARS

TO SATELLITES

The Ball Brothers Research Cor-
poration of Boulder, Colorado, was
organized in 1957 as a wholly owned
subsidiary of Ball Brothers Company,
Incorporated. The Boulder facility
functions as an independent division
of the parent company, undertaking
and performing a variety of reseach,
development, fabrication ,and testing
activities in the fields of aerospace and
electronics communications.

The parent company, Ball Brothers
Company, was founded in 1882 at
Munice, Indiana, as a fruit jar manu-
facturing firm. Since that time, it
has grown to include production of
plastic containers, zinc products, in-
dustrial rubber products, various plas-
tic products, and space systems.

The Boulder laboratory itself con-
ducts research and development work
for the government and the aerospace
industry in the fields of satellite sys-
tems, instrumentation, rocket systems,
and digital communications. At pre-
sent, approximately eighty percent of
the Boulder laboratory’s work has
been related directly to space systems
research, development, and engineer-
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ing. To support this activity, the
facility presently employs about 400
people.

The aerospace efforts of B. B. R. C.
have already been marked with one
very successful satellite, the OSO-1,
and are destined to be further en-
hanced in late 1964 when OSO-B is
schedule to be launched. Hopefully,
by the time this article is in print, the
OS80-B will be in successful operation.
Future plans call for production of
OS0-C: P and B.

The OSO satellites for which
B. B. R. C. is prime contractor to
NASA are a series of Orbiting Solar
Observatories whose function is to
gather scientific data about the sun
which cannot be obtained by obser-
vation from the earth’s surface. By
staggering the launchings over an
eleven year period, information for
an entire solar year will be obtained.
The OSO satellites can be character-
ized as “‘street car’ satellites in that
they carry a series of experiments
aboard as “passengers.”

The first OSO, OSO-1 was launched
on March 7, 1962 aboard a three-stage

Thor-Delta rocket. It achieved a near
perfect orbit and operated successfully
over a period of fifteen months, al-
though its design life was only six
months. OSO-1 weighted 485 pounds
and was designed to operate as a stabi-
lizing platform for solar-oriented
experiments. The craft had two main
sections (very similar to OSO-B
shown in the picture); a wheel-like
lower structure which rotated and
housed those experiments that scan-
ned the sun, and a fan-shaped top
portion which contained solar cells
and fixed sun-pointed experiments.
The upper fan “locked” on the sun,
and its cells provided the satellite
with twenty-seven watts of power.
Coarse and fine photo-detector sen-
sors located in various positions on
the craft served to orient OSO-1 to-
ward the sun. These sensors were de-
veloped by B. B. R. C. to maintain
0SO’s spin axis normal to the solar
vector and also to control the sail
(upper portion) in azimuth so that
it was perpendicular to the solar plane
to within a few degrees. Other sen-
sors provided error signals which held
the instruments pointed to within two
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BarL Bros. RESEARCH CORPORATION's OSO-B SATELLITE.

wnutes of arc to the sun. OSO-1 tele-

1etered information to the earth by

vo independent tape recorders and
ransmitters.

0OS0-B, the second Orbiting Solar

Ybservatory built by B. B. R. C., was
riginally scheduled for launching in

963, but the third stage of its de-
ivery rocket exploded on the pad at
_ape Kennedy, and the entire satellite
was destroyed. However, B. B. R. G
has since built up another OSO-B
from their original test model, and it
is scheduled to be launched in late
1964. The general physical configura-
tion of OSO-B is similar to OSO-I,
but OSO-B will be able to scan the
solar disc instead of fixing on one
point, and will be able to be focused
on any spot on the sun's surface which
researchers feel is especially impor-
tant. Of the total weight of the 0S0-
B, 409, will be devoted to scientific
experiments, which is an unusually
high ratio of scientific experiments
to total satellite weight.

Future satellite plans call for the
construction of more 0SQO’s, and
B. B. R. C. has NASA contracts for
the OSO-C, now under construction
and to be launched in early 1965, the
OSO-D and the OSO-E. All will be
similar in nature to OSO-B and will

CoLorapo ENGINEER—January, 1965

help scientists at B. B. R. C. and
elsewhere to learn more about the sun
over the eleven year solar cycle.

In addition to their satellite work,
B. B. R. C. has designed, built, and
provided launch support for twenty-
nine solar pointing controls and tele-
metry systems which have been flown
on the Aerobee sounding rocket ex-
periments. Out of the twenty-nine
packages launched, twenty-six had
10097, successful performance records.
The standard package includes a servo
pointing control system which can
orient the experimental package to
the center of the solar disc, and a
standard telementry system with in-
telligent frequencies up to 2,100 cps.

B.B.R.C. has also done considerable
research and development of digital
television. Digital television differs
from conventional TV in that the pic-
ture is made up of dots instead of
lines and, because of this, pictures
transmitted via digital means can be
fed directly into computers for analy-
sis. Another advantage lies in the fact
that digital signals can also easily be
scrambled and unscrambled as a
means of coding a transmitted mes-
sage. These digital transmission sys-
tems are capable of operating over a
range of from 2400 bits/sec. 2B.B.R.C.

has programs dealing with slow-scain
television, microwave transmission,
special cameras, and broadcast studio
equipment such as special effects gen-
erators. Work has also been done on
a visual data transmission system
which uses electronic scan conversion
techniques to produce a narrow—band
video signal suitable for phone line
transmissions.

Another interesting project cur-
rently under study by B.B.R.C. is
called the Mars Microbiological De-
tection Equipment. This is a micro-
organism detector intended to be
landed on the surface of Mars by 1971.
The experiment measures turbidity
due to biological growth in each of
five culture cells into which soil
dust samples are inducted by vacuum
action. A breadboard of this system
has been built and tested, and work
is far along in eliminating the prob-
lem areas.

The past successes of B.B.R.C. are
indicative of its overall capability and
promising future. Being so basically
involved in the fastest growing tech-
nological field of the age, B. B. R. C.
can expect to grow to become even
more one of Colorado’s truly im-
portant industries.

43




44

MILLIONS OF DOLLARS
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1960 1962

YOU CAN SHARE IN A GROWTH LIKE THIS

Whose growth? Fisher Governor Company, manufac-
turer of automatic controls for any and all fluids, gases
or air that flow through pipe. We are the leader in our
growing industry. Our sales have shown a relatively
steady rise during the past decade (from 18-million
to 41.5-million—a 130% increase in just ten years).
See chart above. Our products—control valves, pres-
sure regulators, liquid level controls and instruments—
are key elements in industrial automation.

Location: Fisher is basically an ‘“‘Engineering’’ com-
pany with 1,500 employees located in a pleasant lowa
community of 22,000. It's less than 10 minutes to the
modern Fisher plant and engineering facilities from
any home in Marshalltown. The community has an

If it flows through pipe , chances are it’s controlled by

outstanding cultural and educational environment.

Type of work: Fisher offers a rewarding challenge to
the graduate engineer (BS and MS) who is interested
in design and development, research and test, sales
or manufacturing.

Advancement: Coupled with Fisher's policy to promote
from within, advancement opportunities reflect a grow-
ing company within a growing industry.

If a growing company like ours appeals to you, consult
your placement office or write directly to Mr. John
Mullen, Employee Relations Manager, FISHER GOV-
ERNOR COMPANY, Marshalltown, lowa.

An Equal Opportunity Employer

SINCE 1880
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The REAL Crisis In
College Education

This article was originally pre-
pared as a Tau Beta Pi Pledge Es-
say. Due to the timeliness and
definite importance of this topic to
the College of Engineering, we sug-
gest that students, alumni, and
especially faculty seriously consider
this problem.

We are told by the news media that
colleges and universities face a terri-
ble financial crisis in trying to meet
the ever increasing demand for a
college education. I believe that the
manner in which many of the scienti-
fic and engineering departments are
attempting to solve the financial prob-
lem may lead to an even greater,
more tragic crisis for America’s
vouth. The recruiting of research-
oriented staff members in an effort
to obtain research grants can, unless
the  faculty administrators are
thorough, leave the department with-
out teachers, and its students without
a good fundamental education.

With the advance of technology, a
college education is becoming more
and more essential to a prosperous
future.  Educational planners, re-
cognizing the growing demands, have
set forth requirements for expansion
of every facet of our colleges and uni-
versities. New [acilities must be built
and more teachers must be found, all
of which requires a great deal of
money.

Discounting a continual dunning of
the alumni, philanthropies, and
grants from various foundations, the
single greatest source of revenue Is
research grants — primarily from
Governmental agencies. To obtain
these grants, a University must possess,
or have plans for, advanced rescarch
facilities, and must have staff mem-
bers who understand the latest theo-
ries and techniques, and are capable
of original research. These research
personmel (Ph.D’s almost without ex-
ception) must also serve as members
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of the educational staff, since some
portion of their salaries will be paid
from education funds. At first glance,
this would seem to be an excellent
situation. Research personnel will al-
ways be conversant with new theories
and techniques, assuring that the
scientific posture of the department
will not stagnate. These researchers
are well qualified academically to
teach in their fields but they may not
possess the ability or the inclination
to teach others, and this is the real
danger. An instructor who approaches
his class with only resignation or per-
haps annoyance at his task transmits
this feeling to his students. A teacher
who is too busy to refresh his memory
on the fundamentals which he must
present to undergraduates, or who
fails to recognize the limiations of the
average undergraduate, will have
little success. In turn, the student falls
deeper into a sea of frustration as he
tries to grasp more complex subjects
without the necessary fundamental
background. Finally, he may resort to
rote memorization without compre-
hension, searching only for a degree,
not an education.

A Way Out

There is an old adage that criticism
should not be presented without offer-
ing a solution. I do not mean to im-
ply that college students must be
“spoon-fed” to succeed, but I do in-
sist that the fundamental educational
concepts must be followed if the
students are to be successful after
graduation. Men simply do not
absorb sufficient educational ability
by osmosis during their study for the
doctorate. They must, at least, un-
derstand the fundamentals of educa-
tion and have more than a passing
desire to impart their knowledge to
others. What is the solution? I be-
lieve that it lies with the administra-
tive faculty of the Universities. When

advertising and interviewing for
faculty positions, they must pla(.'e the
proper emphasis on the educational
duties of the position and be sure that
the applicants have an honest desire
to instruct, as well as perform re-
search. Next, Department Heads must
emphasize the importance of well-
founded educational techniques to the
new instructor, and he should not be
insulted by critical efforts to help him
improve his teaching abilities. Peri-
odic monitoring of his classroom pre-
sentation by senior faculty members
can be an invaluable aid, and student
critiques will also help. The depart-
ment should have course outlines
which detail the minimum material
to be covered in each course, and the
administrators should be sure that
these outlines are current and insist
that they be followed. The best in-
structors should be used for the group
of fundamental courses which are the
foundation of the department. In
many cases, teachers with the least in-
terest in research may be the best-
qualified instructors for these funda-
mental courses, but such courses
should not be the “proving ground”
for the new teacher.

The challenge facing the faculty
administrators is clear, then. It is
possible to gain the monetary bene-
fits realized from faculty research and
to have a teaching faculty that is both
current and commuunicative. This
will probably not be the case unless
these administrators have a firm and
emphatic policy regarding the educa-
tional posture of the department.
Effective instruction is the result of
preparation, practice, and proper
motivation. The college administra-
tors can assure that, as our institutions
expand, the students will continue to
receive a college education, not merely
a college degree. It is my belief, and
fervent hope that the real educational
crisis can, and will, be averted.
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GOING OUR WAY?

If you're mapping out your career destination, Ling-
Temco-Vought offers a wide choice of exciting and
challenging routes to your personalized goal.

Here at LTV, young, alert engineers are ‘‘going places’
in the fields of aircraft, missiles, space, mobile surface
vehicles, weapons systems, ground and airborne com-
munications, electronics, and range services. Support-
ing these activities is an excellent engineering climate
providing the opportunity to contribute and profes-
sional advancement which is a direct function of the
contribution. Assignments are diversified and stimulat-
ing in such areas as: aerodynamics * avionics and
instrumentation * dynamics ¢ systems design o pro-
pulsion « stress analysis * communications design
* telemetry and tracking * reconnaissance systems

amplifier and computer design « electromagnetic
interference control « technical administration. ..
among others.

In addition to a rewarding professional environment,
LTV offers engineers the opportunity to earn advanced
degrees through company-financed graduate education
programs,

Before selecting your industrial home, investigate the
career avenues available with Ling-Temco-Vought by
arranging an interview with our representative when we
visit your campus. Consult your Placement Office for
interview date and complete details. Or write Coilege
Relations Office, Ling-Temco-Vought, P. 0. Box 5907,
Dallas, Texas 75222. LTV is an equal opportunity
employer.

L ’ VLING—TEMCO—VQUGHT‘,ING.

LTV DIVISIGNS AND SUBSIDIARIES: LTV ALTEC LTV ASTRONAUTICS = LTV CONTINENTAL ELECTRONICS ¢ LTV LING ELECTRONICS » LTV MICHIGAN » LTV MILITARY
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The mechanical engineer who decides to join
forces with us upon completion of his formal
education will discover soon enough that the
biggest part of his education is still ahead of him.
This cliché can be interpreted two ways.

The literal way—‘‘Line spread function” mathe-
matizes certain aspects of image structure in
optical theory. Very few mechanical engineers
shelter behind academic ivy long enough to get
that deep into other men’s games. If, for example,
we need mechanical engineers capable of com-
municating with our optical physicists for a
common purpose—and we have such purposes in
our little-known but heavy aerospace commit-
ments—we had better provide the right fertilizer
for ivy ourselves. So we do. Some of the more
sophisticated current ideas on what constitutes

EASTMAN KODAK COMPANY,

Business and Technical Personnel Department, Rochester, N.Y. 14650
An equal-opportunity employer offering a choice of three communities:
Rochester, N.Y., Kingsport, Tenn., and Longview, Tex.
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engineering have strong partisans among the
men from whose ranks a newcomer can pick his
boss here.

The hard-boiled way—The nice part about
being an engineer here is that a man can find a
level of sophistication to suit his interests even
without risking the shifting sands of internation-
al policy. We are plainly, frankly, proudly, and
gloriously commercial. We need men to whom to
teach the technical subtleties of making money
from satisfying the everyday needs of people and
of business. When done properly, it can be as
challenging to the intellect as the work of the
engineer across the road who gets the same sig-
nature on his paycheck for ideas on palpating
the moon.

Drop us a line.

Kodak




Advancement in a Big Company:
How it Works

An Interview with General Electri\c's C. K. Rieger, Vice President and Group Executive, Electric Utility Group

&

C. K. Rieger

® Charles K. Rieger joined General Elec-
tric’'s Technical Marketing Program after
earning a BSEE at the University of Mis-
souri in 1936. Following sales engineering
assignments in motor, defense and home
laundry operations, he became manager of
the Heating Device and Fan Division in
1947. Other Consumer-industry management
positions followed. In 1953 he was elected
a vice president, one of the youngest men
ever named a Company officer. Mr. Rieger
became Vice President, Marketing Services
in 1959 and was appointed to his present
position in 1961. He is responsible for all
the operations of some six divisions com-
posed of 23 product operations oriented
primarily toward the Electric Utility market.

Q. How can | be sure of getting the
recognition | feel I'm capable of earn-
ing in a big company like G.E.?

A. We learned long ago we couldn’t
afford to let capable people get lost.
That was one of the reasons why G.E.
was decentralized into more than a
hundred autonomous operating de-
partments. These operations develop,
engineer, manufacture and market
products much as if they were inde-

M

pendent companies. Since each de-
partment is responsible for its own
success, each man’s share of author-
ity and responsibility is pinpointed.
Believe me, outstanding performance
is recognized, and rewarded.

Q. Can you tell me what the “promo-
tional ladder” is at General Electric?

A. We regard each man individually.
Whether you join us on a training
program or are placed in a specific
position opening, you’ll first have to
prove your ability to handle a job.
Once you've done that, you'll be given
more responsibility, more difficult
projects—work that's important to
the success of your organization and
your personal development. Your abil-
ity will create a “promotional ladder”
of your own.

Q. Will my development be confined
to whatever department | start in?

A. Not at all! Here's where “big com-
pany” scope works to broaden your
career cutlook. Industry, and General
Electric particularly, is constantly
changing — adapting to market the
fruits of research, reorganizing to
maintain proper alignment with our
customers, creating new operations
to handle large projects. All this rep-
resents opportunity beyond the limits
of any single department.

Q. Yes, but just how often do these
opportunities arise?

A. To give you some idea, 25 percent
of G-E's gross sales last year came
from products that were unknown
only five or ten years ago. These new
products range from electric tooth
brushes and silicone rubber, com-
pounds to atomic reactors and inter-
planetary space probes. This chang-
ing Company needs men with ambi-
tion and energy and talent who aren’t
afraid of a big job—who welcome the
challenge of helping to start new
businesses like these. Demonstrate
your ability—whether to handle com-
plex technical problems or to manage
people, and you won't have long to
wait for opportunities to fit your
needs.

Q. How does General Electric help
me prepare myself for advancement
opportunity?

A. Programs in Engineering, Manu-
facturing or Technical Marketing give
you valuable on-the-job training. We
have Company-conducted courses to
improve your professional ability no
matter where you begin. Under Tui-
tion Refund or Advanced Degree Pro-
grams you can continue your formal
education. Throughout your career
with General Electric you'll receive
frequent appraisals to help your self-
development. Your advancement will
be largely up to you.

FOR MORE INFORMATION on careers for engineers and scientists at General Electric, write
Personalized Career Planning, General Electric, Section 699-11, Schenectady, N. Y. 12305
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