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

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

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

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

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

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

IN ADDITION TO FAR-REACHING PROGRAMS INVOLVING FUELS,
LUBRICANTS AND PETROCHEMICALS, AMERICAN OIL AND ITS
AFFILIATE, AMOCO CHEMICALS, ARE ENGAGED IN SUCH DIVERSIFIED
RESEARCH AND DEVELOPMENT PROJECTS AS:

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

STANDARD OIL DIVISION
AMERICAN OIL COMPANY




If you want to specialize in data processing...

YOU SHOULD BE AT COLLINS
Why? Because Collins is taking an entirely new approach
—the Microprogramming Technique — to computer
design. We're using this technique in combining com-
munication functions — message switching, priority
routing, data transmission and conversion — with con-
ventional computer data processing applications. This
new Collins concept of what a computer can do opens
up a whole new field of programming and design. You'll
be able to experiment and explore. You'll have the
opportunity to actually participate in logical design,
You'll be looking for new ways to use this computer
system, new applications in which it ¢

an be used, new
product development ideas. Talk about ground floor

opportunities! We've already sold and are installing
these systems in airline and railroad communication
networks. But the surface has just been scratched. If
you have the qualifications listed at right, we'd like to
talk with you. Check with your placement office or write
the Collins engineering center nearest you.

RAAMITER CHANGES  P7BI6300
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Atomic power

Monsanto...a world leader in chemicals, plastics and
petroleum products . . . has also taken a giant step into
the atomic space age. Now broadcasting signals from
space is a Transit satellite transmitter, powered by an
“atomic generator.” This long-lived power source is
fueled with plutonium 238 processed and encapsulated
at Mound Laboratory, which Monsanto Research
Corporation, a wholly owned subsidiary of Monsanto,
operates for the Atomic Energy Commission.

This achievement is important to yox because it suggests
the kind of future the Monsanto family offers the young
engineer of exceptional promise. You’ll be joining a

lustration Courtesy The Martin Company

for outer space

company that’s ready and able to move vigorously in-
to new fields. And that means plenty of growing room
for you . . . ever-expanding opportunity as your pro-
fessional interests broaden.

See your Placement Director to arrange an interview
when we visit your campus
soon. Or write today for our
new brochure, “You, Your
Career and Monsanto,” to
Professional Employment
Manager, Department EM-5,
Monsanto Chemical Com-

pany, St. Louis 66, Missouri. i
®

ALL QUALIFIED APPLICANTS WILL RECEIVE CONSIDERATION WITHOUT REGARD TO RACE, CREED, COLOR OR NATIONAL ORIGIN
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In aircraft parts, as in men, excessive stress accelerates the
aging process. And stress aging per hour varies for each
aircraft. Yet the present way of determining servicing
schedules is based primarily on hours flown. 0 Now Douglas
researchers have developed a device which, when installed
on an aircraft, provides a more positive method of determin-
ing check-up times for aircraft parts. O Called a “Service
Meter,” and weighing less than 114 pounds, the Douglas
unit computes the accelerations encountered by its aircraft
in relation both to number and severity. It allows servicing

to be perfa d on the basi
AEROS PACE G ERIATRICS of the tru:l\.\r'ls:k :;e ofepai::
_..A STIMULATING AREA FOR CREATIVE ENGINEERS and will be an important

aid to maintenance procedures that keep aircraft young.
o Research like the foregoing has helped build the Douglas
reputation for producing the world’s most reliable aircraft.

If you .are seeking a stimulating career in the thick of the
most vital programs of today and tomorrow, we invite you
o contact us. Write to Mr. S. A. Amestoy,
Douglas Aircraft Company, 3000 Ocean Park

Blvd., Santa Monica, California, UG LAS
Box 600-F. An equal opportunity employer.
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OUR LEADERS' EXAMPLE

As students on this campus, 411 of us have been aware of the seemingly
endless bickering that consumes the time and energy of each of those various
factions which claim an altruistic interest in this University and the students
within it. Most of us have been content to allow these factions to grind their
axes on the stonework of our institution and then to pass, unmissed, from the
newspaper headlines. Normally, our only comment is a passive observation
about this or that ridiculous statement, untenable position, or pitiable lack
of knowledge.

Yet, in spite of, or perhaps because of, the legion examples of apparent
intolerance that reach our ears, many of us readily grasp those same weapons
of idiocy when we as individuals or we as a department within the college feel
insulted by some other department. Most of us identify ourselves intimately
with our particular department and thereby gain a security of numbers and a
professional loyalty to our colleagues. This is good only so long as we are
not blinded by that security and loyalty to what else exists in the rest of the
world. The once great controversy between the East and West ends of the
campus has finally begun to die a much too slow death. Be happy? Nol The
engineering students began to pour the same energy into interdepartmental
conflicts. For a while, the rivalry was healthy. On occasion an engineer would
be so radical as to produce an original non-technical thought. Now, however,
the thinking has stopped and only clichés remain.

The most notable of these cliché-ridden rivalries is that between the stu-
dents of Physics and those of Engineering. The battle-lines are drawn at
“Physics discovered the real world” and “Engineering invented Physics to study
falling apples.” The battle-lines once fortified with reasoned knowledge, the
common tool of both fields, are now strengthened by weak rebuttals that even-
tually reduce to an anemic Bronx cheer. The bickering so passively condemned
in campus politics is repeated without any trace of thought. '

S Which side is
right? Is either side right?

Instead of wasting time and energy, and more
important, losing real knowledge because of disrespect, we might refresh the

founders and contributors to each method of thought. A purti:ll list would

include Coulomb, Da Vinci, Descartes, Edison, Euler, Franklin, Hooke, Kelvin,

Newton, and Rankine. Were they Physicists or Engineers?

—LARRY HUSTON.
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Richard E. Covert, lowa State BSME
'62, utilizes an analog computer to
study heat transfer transients and
their effect on the control mecha-
nism of a mobile military compact
reactor being developed by the Alli-
son Division of General Motors un-
der contract to the Atomic Energy
Commission. Covert is one of sev-
eral young engineers now engaged
in various studies connected with
nuclear powerplant engineering
programs at Allison.

® NUCLEAR ENERGY CONVERSION—For the last 5 years, Allison,

the energy conversion Division of General Motors, has participated in the
design of various nuclear powerplants requiring compactness and low weight.
Work on these projects has resulted in the compilation of a formidable back-
ground in nuclear systems engineering for space and terrestrial powerplants.

Announcement by the Atomic Energy Commission of the selection of Allison
as prime contractor for development of MCR ( Military Compact Reactor)
now creates opportunities for well-qualified Engineers and Scientists in a long-
range program in the nuclear field.

The MCR is a lightweight, completely self-contained nuclear reactor power
system—easily transportable by truck, aircraft or rail—designed to provide
packaged power for a wide variety of applications. It will have a high
temperature, liquid metal cooled reactor coupled to a power conversion
system. Incorporating long plant life characteristics compatible with military
field equipment, the powerplant is expected to reduce the burden which shipment
and storage of petroleum imposes on combat forces.

Along with its nuclear, missile and space activity, Allison is maintaining
its enviable position as designer and producer of air-breathing engines.
Recent developments include advanced types of turboprop engines for
greater power with maximum fuel economy and without increase in engine
size; a compact lightweight turboprop selected as the powerplant for the
Army’s next generation of Light Observation helicopters, and thermally
regenerative gas turbine engines for a wide range of vehicular and
industrial use.

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

“Energy Conversion Is Our Business.”

Al].is OI]_ An equal opportunity employer

THE ENERGY CONVERSION DIVISION OF
GENERAL MOTORS, INDIANAPOLIS, INDIANA
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F .
United Technology Center is now at work on development of the first or solid

THIS IS TITAN "I hooster stage for the Air Force Titan IIl. UTC's huge segmented solid propellant

rocket motors. each 120 inches in diameter and producing more than a million pounds of thrust, will blast the Standardized
Space Launch Vehicle from its launch pad. Titan Ill, with all stages assembled, will stand more than 100 feet tall on the
pad, and will be utilized to put multi-ton payloads into orbit.

THIS Is UTC Graduates planning careers for the Space Age will _do well to talk wi_th UTC. This young gnd

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

UPPER-STAGE LIQUID MOTORS - HYBRID ROCKETS - FILAMENT-WOUND MOTOR CASINGS - ABLATION-
COOLED THRUST CHAMBERS - VARIABLE-THRUST CONTROL SYSTEMS -THRUST VECTOR CONTROL SYSTEMS
And that's not all. United Technology Center is located in the heart of the beautiful San Francisco Bay Area. Glamorous
San Francisco, skiing, sailing, and the scenic wonders of the High Sierra are within easy reach.

Pick up that pen. Drop a line to UTC. Tell us your engineering specialty. You'll be glad you did.
For information, contact Jay W. Waste, Department 26E, P. 0. Box 358, Sunnyvale.

DIVISION OF UNITED AIRCRAFT CORPORATION

@ United Technology Center

(Formerly United Technology Corporation) An equal opportunity employer

CoLorADO ENGINEER—May, !
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TELEVISION

“TV Studios? Where are they?” is
usually the reaction I receive when I
mention to someone where I work.
The purpose of this article is to dis-
pel some of the mysteries about
where we are and what we do in the
Department of Radio and Televi-
sion.

The Department is part of the
Bureau of Audio-Visual Instruction,
which in turn operates under the Ex-
tension Division of the University.
The Bureau, in addition to its Radio-
TV services, operates a film library
containing educational [ilms of all
types for instructional wuse at all
levels, elementary to college; a tape
duplicating service which employs
Ampex 3000 series high-speed dupli-
cators for the repmducti(m of quar-
ter-inch magnetic tapes, and a library
of such tapes for classroom use; a
graphics department which prepares
slides, charts, graphs, etc., to be used
with visual teaching aids such as
slide or overhead projectors; and an
equipment department which issues
and services most of the tape re-
corders, film projectors, and other
audio-visual equipment in use on the
campus. The Bureau also does a con-
siderable amount of research in con-
junction with educators in the field

CoLorADO ENGINEER—May. 196 3
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of audio-visual educational aids,
seeking methods of increasing the
scope, quality, and efficiency of the
learning process.

There are only four full-time stafl
employees in the Department of
Radio-TV, so extensive use is made
of part-time student help to produce
the programs and maintain the equip-
ment. Four students, two EE’s, one
Physics major, and one ex-EE Busi-
ness major, take care of the technical
work in the Department. With one
exception, all of the technical crew,
including the two staff members, are
amateur radio operators, and all hold
F.C.C. radiotelephone licenses of one
grade or another, mostly First Class.
Practical experience in working with
electronic “hardware” as well as a
fairly good background in theory was
stressed in the hiring of these stu-
dents, as might well be expected in a
technical, rather than engineering,
job such as this. The technical crew
installs, operates, and maintains all
of the electronic equipment in the
department, and often designs and
builds some of the more specialized
equipment in use. In addition, some
outside jobs are done for other de-
partments of the University, such as
the language laboratory we built for

the Department of Spanish, Italian,
and Portuguese two summers 2ago,
and the music listening facilities in
the library installed the same sum-
mer. New projects include another
language laboratory for the Depart-
ment of Slavic and Eastern languages,
and working with the Bell Telephone
Company on new systems for teach-
ing large groups or groups separated
by considerable distances.

As I mentioned, considerable use
is also made of students in the pro-
duction side of the operation. About
seven or eight students are employed

-
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as cameramen, floor directors, audio
operators, production assistants; and,
for two of the three classes taught,
even the director is a student. Most
of these students are in the College
of Arts and Sciences. Most of the
tape recordings the Department
makes are of Sl)c(_'(‘h(‘.'b on campus and
many of the radio shows prn;luccd
by the Department are made by these
students also.

Studio Location

The I)ep:n‘tmcm's Studios are lo-
cated on the third floor of the
Stadium Building, above Gate SiX.
The layout includes: two television
studios, a master contirol room, an
audio control room, an announcer’s
booth, I)r()jcclinn room, shop facili-
ties, and an office for the engineering
.supervis()r. Two General Electric
Image Orthicon cameras are available
for use in either of the studios, which
are equipped with so much lighting
equipment that a 2l-ton air condi-
tioning system was installed to main-
tain proper temperature for both
man and equipment. In addition to
the studio cameras, there- is a GE
Vidicon Camera in the pr()jc(‘l.i(m
room which, through a system of
prisms, takes the output of either
a  dualidrum slide projector or a
heavy-duty Kodak 16mm film pro-
jector. These three cameras consti-
tute our video sources. All control
and switching facilities for this equip-
ment, as well as distribution equip-
ment and power supplies, is located
in the Master control room. Also
located in the racks in master control
is the heart of the whole system, the
syncronizing generator, and its spare.
This generator, consisting of a crystal
oscillator, automatic frequency con-
trol to lock the generator to a
harmonic of the power line frequency,
and transistorized count-down units,
provides  the syncronizing pulses

which keep the scanning in all cath-
ode-ray tubes in the system in step,

and also prm‘idcs the horizontal
drive pulses (15,750 cps) and vertical
drive pulses (60 cps, locked to line)
which control the frequency of the
sweep circuits which drive the yokes
on the camera tubes, causing the
electron beam to scan the target of
the tube. The video information re-
covered from the changes in beam
current as the tube is swept is pre-
:unp]ii'icd. and sent via the camera
cable to the channel :\mpliiicrs in
master control, where the syncroniz-
ing pulse is added, the signal is
:mlplil’iecl. excessive white or black
information is clipped, and shading
correction 1s npplicd. all under the
control of the video operator. S he
video then goes to a picture monitor
which the director can see, and also
the input of the switcher, a bank of
relays controlled by pushbuttons
mounted on the director’s control
p:mcl. By ])ushing the proper button,
the director can select the picture
going out on the line from the three
cameras available. The director can
also switch two pictures to the inputs
of a mixing amplifier; the bias on an
amplifier in each of the two chan-
nels is variable by a lever-actuated
potemiomelcr on the switcher pzmcl.
Thus, he can mix the two pictures in
any proportion or fade gradually
from one picture to another. The out-
put of the switcher goes (o a series
of distribution amplifiers, which
maintain isolation and imp(*d:m('u
matching from the switch to the
many loads the system must feed,
including a line monitor the director
watches, monitors in the studios; a
line to room 367 in the Stadium
which is used as a TV classroom; a
line to another distribution amplifier
in a closet near rooms 104, 106, and
107 in the Stadium, which are also
used as classrooms, and a line which
runs through a crawl space under
the rim of the stadium all the way
around to the field '

house, where

e UNIVERSITY OF COLORADO'S TELEVISION CONTROL CENTER

10

Mountain States Telephone main-
tains the first link in a microwave
relay to the Denver Extension Center
via Sunshine Canyon and the Tele
phone Company building in down-
town Denver. In Denver two rooms
on the fifth floor of the Extension
Center are presently equipped for
television teaching. All direct video
lines are properly matched and ter-
minated 75 ohm coaxial cable and
41l distribution eguipment is flat
within one db to at least 8 mega-
cyles: this gives a horizontal resolu-
tion of above 700 lines per inch on
a standard test pattern when all
equipment is properly aligned ({a
xli])ul:ni(m which i1s met only alter
a long evening session with a sweep
generator and oscilloscope) .
Audio System

The audio system is separate from
the video, but [):ll':l“(‘lh it closely. The
audio control room contains a GE
audio mixing board, which combines
the outputs of the microphones n
the studio, the Ampex 351 tape
decks, the Rek-O-Kut turntable, and
other sources, and sends them down
600 ohm balanced lines to the various
classrooms. L-p;ul\ are pr()\‘idul on
all loudspeakers in the classrooms to
I)L'nnil individual adjustment of
audio levels. There is also a “talk-
back™ system from the various rooms
back to the studio area, so that stu-
dents may ask questions of the lectur-
er. A microphone in the classroom
feeds a prc;unplilicr which feeds a
line going back up to the audio
control room. A ])Ush-nrmlk button
on the microphone actuates a relay to
kill the loudspeaker in that class
room to prevent feed-back, and the

signal from the microphone is fed
into the rest of the audio system

through the mixing board, and to
the lecturer through an auxiliary
amplifier and loudspeaker in the
studio. In this manner, a question
(Continued on page 48)
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Instant portable power...any time, any place

In this battery-sparked new world of portable convenience, hand tools are driven by their own re-
chargeable batteries . . . toys perform their tricks by remote control . . . 2 hearing aid with its
button-size power cell can be slipped into the ear . . . cordless radios and television sets are lively
companions in the home or outdoors . . . missiles and satellites are guided through the vastness of
space. p Developments like these have brought more than 350 types of EVEREADY batteries into
use today, 73 years after Union Carbide produced the first commercial dry cell. Ever-longer service
life and smaller size with power to spare are opening the way for batteries, such as the new alkaline
cells, to serve hundreds of new uses. p» For the future, along with their research in batteries, the
people of Union Carbide are working on new and unusual power systems, including fuel cells.
And this is only one of the many fields in which they are active in meeting the growing

needs of tomorrow’s world. u NI 0 N
A HAND IN THINGS TO COME CARBl DE

LooK for these other famous Union Carbide consumer products—
LinpE Stars, PRESTONE anti-freeze and car care products, “6-12" Insect Repellent, DYNEL textile fibers.
Union Carbide Corporation, 970 Park Avenue, New York 17, N. Y. In Canada: Union Carbide Canada Limited ,Toronto.
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I'he advent of the high-speed com-
puter has only started its revolution
in engineering education and engi-
neering design. A machine (IBM
7090) that can add two 8-place num-
bers in 1/240,000 of a second is sure
to completely alter our approach to
the analysis and design of an engi-
neering project. One may start with
the basic laws and concepts of the
physical and engineering sciences,
frequently formulated as a nonlinear
partial differential equations; add to
these the properties of the materials
to be llst‘({: then develop the neces-
sary initial and boundary conditions,
and come out with a detailed analysis
or with studies that lead to an opti-
mized design. Heretofore, because of
our inability to handle the funda-
mental equations in a general way,
many simplifying assumptions were
made that yield results not necessar-
ily close to physical facts. Evesy
undergraduate engineer should write
at least a few simple computer pro-
grams before grzu{uutiug. He may
never write another one after grad-
uation—but he is sure to come into
contact with and be influenced by
the application of computers. An
understanding of the simple com-

puter programming 1ec1miques_('ou_ld
also open many possibilities for in-
teresting work and for advancement
in his profession.

This article illustrates one phase
of the progress being made by des-
cribing ‘)riefly the nature of research
work in fluid transients as applied to
sipes and arteries. The progress be-
ing made in this field depends upon
research and development in several
other fields: the development of
mathematical methods for handling
nonlinear (or quasi-linear) partial
differential equations; the develop-
ment of computers and of computer
languages for the engineers to com-
municate with the computer; and the
development of accurate electronic
measuring instruments for recording
of simultancous flow, pressures, and
displacements, etc.

Unsteady Flow Through Closed
Conduits

The same basic approach is util-
ized for a water-hammer problem on
a large hydraulic project as for pul-
satile flow through the arterial sys-
tem of the body. In unsteady flow
the usual form of the Bernoulli equa-
tion does not apply—it is only good

when conditions at a point do not
change with the time. Velocity, pres-
sure, flow, etc., change with distance
x along a tube, as well as with the
time t in unsteady flow, and require
special mathematical treatment. Two
basic equations of mechanics, the con-
tinuity equation and the equation of
motion, are written for a segment Ax
of the fluid within the tube, consid-
ering that the tube wall is made ol
elastic material and that the liquid
within it is compressible. Then ap-
propriate expressions are taken 10
describe the elastic properties of tube
and liquid, and are substituted into
the two basic equations. The effects
of fluid friction are also introduced
into the equation of motion in the
form of a shear force exerted on the
fluid by the wall. The resulting equa-
tions are a pair of quasi-linear hyper-
bolic partial differential equations
containing two dependent variables,
say, velocity V, zm({ pressure head H,
as functions of x and t.

These equations for water-hammer
or for flow through arteries differ
only in the nature of elastic propertics
of walls and liquid; except that the
artery equations may be written for
a tzlpcreé tube.

IPES AND ARTERIES
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The two equations’ may be con-
\'L:rted into a family of four total
differential cquuli(ms' by the methods
of ('ll{ll‘:l(‘[@l‘ix[i(‘s’. The next step is to
lrunsif)rm them into finite difference
equations so that they may be solved
xilumcri('ull}’. One additional trans-
lnym:lti(m is then made which per-
mits them to be solved for equal
length segments and equal time inter-
\'5lls—f‘ulle(l the method of specified
time intervals.

One may visualize the solution as
being worked out on a grid on the
x-t plane, as indicated® in Fig. 1. A

1
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MARKED X REQUIRE BOUNDARY CONDITIONS.

t=o0 steady flow may be assumed to
exist, and values of V and H are
worked out for each point indicated
by a dot on the x axis. By going to
specified values of Ax and At, only
two equations are needed to find V
and H at a new point P, if values of
V and R at R and S are developed
from known points A, C, and B by

BASIC WATERHAMMER PROGRAM

L= 1,u0ubuvg Gas A s 3747,500000. .- ey 0. «.090330
F = 2917000, o - 3.,370000. C = 19,000000. Twar = 20,000003
1.2 2 G - 32.200000 = 14300000 " o- 100.000000
HEADS AND VELOCITIES AT TENTH POINTS ALONG THE P1PE
Ting Tav AiL= v -l . .3 - .5 o8 .7 . . i
a0001,000  We 107.49 106,75 106,00 105.2% 104,50 103,73 103,00 102,25 101.50 100,75 100.00 W54
Ve 3.37 3.5 .37 %.37 %, . e 3T 3.37  NedT V3T v 3
534 921 He I07.89  106.75 I0G.00 105,25 IUAC3U O IUNGTS I93.09 102.73% 106,21 11128
V= 3.37 3.37 3.37 3.3 3.37 3.37 1.37 3.37 3.32 3.27
1,067 o846  He 107,49 106075 106,00 103,25 104.50 103,73 103,00 107,70 112,72 118.08 123.83
V= 3.37 337 37 5. 3T nY ERS I 7 T T v 3
1.601 770 He I07.59 108.75 106.00 10525 I0ALSU 10¥.ZE IIRIv  IIVeYN I2%.26 T IFIL3T IITW
Ve 3.37 3437 3.37 3.37 3.37 3432 3.27 3.22 2.7 3.11 2.0%
24135 o698 Me  107.49 106475 106,00 110.70 113,87 121,00 126470 132,78 13%.28 146420 153458 .
Ve 3.5F  3.371 3,37 3.32 N7 e T ¢ g 7 FRmwr e . R FIEMTO
4008 o540 e I0TeAY IIZe20 TITL.I5 122035 12813 I3R:20 18087 IST.3%  178%9 I82.87 17OV
Ve 3437 3e52 3427 322 3.17 3.11 3.05 2.94 2494 P 2.77
34202 o306V e 10T.49 110.45 &9.57 135461 142,06 148,92 156.23 163,98 172.19 180,87 190.03 =
V= .18 .18 3.17 31T 305 1. = LEA Zell o5y 250
3,756 a96  Fe IOTAY IIDLY0 I32:33 1AAL83 ISTSSE 165.29 173.47 INZIIZ CIVINIE 70008 219.9%
V= 2,97 2,56 2,95 2.94 2.92 2.8% 2.77 2.89 2.61 2.52 2,42
20270 <434  He 107.49 121,46 135,45 149,51 163.66 177.92 19248 202.06 212412 222.67 233.69
Ve 2+73 275 2.72 270 Y3 .58 P-LI 2 752 AT Ze3% rLrsd
%803 <375 W& IOT:AY 123.1% 138,80 154352 170s32 185.50  202:21  Z18i33 T ZINTY 28EIN 238913
g Ve 2.41 Z.87 2443 Zohs 2.1 2.58 2.3 2,29 224 2,14 2.03
50337 o318 H=  107.49 126.91 162,34 159,80 177,32 194.50 212456 230,30 248+13 266403 284.19
Ve Z.18 .15 .15 e P T b T R 11 S IR T NN T BN T R
SIBTI 265 He  I0T.RV IZ6:7% I45:9Y  165:Z6 18835 Z0T.B3  ZZIe1Y TAZIIF 26TTE 27344929938
¥ Ve 1.86  1le85 1e84 1.82 1480 1.78 1.72 1.67 1.6l 1.57 1e53
5ed0M o216 M= 107649 128,60 149.69 170,77 191.83 212.85 233.82 251.99 26%.57 286437 4
V= 1.51 1.50 1.55 TeaT o o v WY T R . . s Y e
5958 J160 He TUT.RY "ISUSKZ 153.3Z7 I76+1& 19B.9% 2ZI8:37 238.18 236.86 27%:23 299489 38837
. U A% Eedd 1.11  1.09 1.07 1,06 1.05 1,03 1.02 1.01  1.00
7.472 «127 He 107.49 132414 156,73 178451 199.63 219.96 239,33 251.72 274.97 291,00 305.79
Ve 7T T L] <71 o7t STZ CErs ST T3 v TS
F.0U5S0BY e I0TeRY I30:9% “I53:82 1T3.92 19T.IA T 21T.AS 23eun 25AL2Y 270480 2aSiey 299527
Ve «28 +30 .32 .34 «36 .38 «40 .42 oa5 o8 32
Fic. 4

linear interpolation. Points R and S
connect with point P by “Character-
istic’ G+ and C— coming out of the
method of characteristics. Values of V
and H at each dotted point in Fig. 1

INTEGER IsNsJaU i 2 #001
DIMENSION VI2V]1sVPI20)sHI{20)sHP(20) #002
BY READ DATA #003
PRINT COMMENTSI13 *UUG
PRINT RESULTS LoAsNsDsFavVUsTC»TMAX»JsGoMeHO Ot i s SO
STEADY STATE CALCULATIONS =% T . S0k
DHF =F#L*VORVU/ (2. *G*D*N) —— #0506
THROUGH Bls FOR I=0s1sI «Ge N #007
vil)=vu ¥008
Bl HUI1)=HO+(N~1)*DHF o = i N e A5 " 8 #009
HP=H e
C2=G/A 8 _:g;;
Ca=visvVu/i(c2=H0) = = — = AT
TAU=1l. #013
T=Ua 'q;:
DT=L/ (A*N) S
FF=F#DT/(2+%D) —*01%
U=y ‘017_
PRINT COMMENT S0 “HEADS AND VELOCITIES AT T ¥018
2ENTH POINTS ALONG THE PIPES %018
PRINT COMMENT S0  TIM TAU X/L= O. o1 <2 ¥019
o3 o4 «5 6 o7 - il S BRSO V3 e MDY
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VECTOR VALUES B21=$1HOsF8433F5.3»5223H H=s11F8.2/51603H4 v=sl1 Bt | Bl ;g%%
2FBe2%S
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DOWNSTREAM SOUNDARY CONOITION o
C1=VIN-1)+C2¥H(N-1)-FF*V(N)* .ABS, VIN] '333
WHENEVER T oLe TC iy
TAU=(1.=T/TC) <P« M = el
OTHERWISE .
TAU=0. il
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TRANSFER TO B5 et
END OF CONDITIONAL . il bt o RS
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T#C4E

TRANSFER TO 83
END OF PROGRAM
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may be developed in this maner. At
the ends of the tube, however, only
one equation in the two unknows V
and H is available from the theory of
characteristics, and information on
outside, or “boundary” conditions is
needed to supply enough informa-
tion so that both V and H may be
obtained. The boundary condition
equations may take several forms, de-
pending on the problem. The flow
might be specified as a function of
time, or the head may be related to
the velocity in some manner.?
Figure 2 is a MAD (Michigan Al-
gorithmic Decoder) language state-
ment of a water-hammer problem

illustrated in Fig. 3. The reservoir
22
| Hy
! D
L - — = 4
=% R
| g ] 5.
Fie. 3. Gate Motmioxn At DownstrREaMm ENp
oF A PipELINE CAUSEs TRANSIENTS
10 DEVELOP.
elevation is assumed constant and

the elevation of hydraulic grade line
and the velocity is desired for 1097
increments of the length. For a valve
closure given by a formula, (TAU is
the dimensionless valve opening,
changing from 1 to 0). Fig. 4 shows
the form in which the computer
prints out the solution to the prob-
lem. The valve is located at X/L = 1.
As it closes the pressure wave travels
across to the reservoir and reflects
from it. With very little reorganiza-
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tion this program may be applied
to a variety of fluid transient prob-
lems in a single pipeline.

Figure 5 shows an experimental
set up to study pulsatile flow through
distensible tubing. A cam drives a
piston to simulate the stroke output
from the heart. This flow passes
through check and bypass valves, then
to a flow measuring probe (square-
wave electromagnetic flow meter)
then through pressure transducers to
the flexible tubing. The set up is to
study the role of energy dissipation
in pulsatile flow.

Figure 6 is a portion of the solu-
tion by computer of pusatile flow
through a tapering i'lcxi})le tube. The
upstream (proximal) boundary con-
dition gives the flow as a function of
time which is taken from in vivo
experiments. The downstream (dis-
tall) boundary condition is a terminal
arterial bed relation in which the
outflow is proportional to the head
difference inside and distal from the
end of the tube. Q is the flow (cc/
sec), D the diameter (cm), V the
velocity (cm/sec), and H the pres-
sure head (cm Hg).

The goal of the arterial research
project is to realistically simulate ma-
jor portions of the arterial system so
that specific detailed relations be-
tween cause and effect may be
studied. Examples would be the ef-
fect of obstructions or stiffening of
the arteries.

In the applications to water-ham-
mer+ 3 several special situations have
been examined by use of the high-
speed digital computer and the
method of characteristics. Studies of
ralve stroking have been made so

V. L. Streeter is a Visiting Professor of
Civil Engineering here at C.U. during the
second semester 1962-63. He is Professor of
Hydraulics at the University of Michigan,
and has previously worked with the U.S.
Bureau of Reclamation in Denver.
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that flow through a pipe from a
reservoir may be brought to rest with
controlled fluctuations in pressure
and velocity. Water-hammer has also
been studied for complex piping con-
figurations such as series and parallel
systems, and networks. Other applica-
tions are to transients set up by re-
ciprocating pumps. Figure 7 shows
the growth of a resonance condition
in the suction line of a triplex pump.

The problems described ('()uld not

have been solved practically until re-
cently. The mathematical methods
were developed® for supersonic flow
studies in the 1940', and the great
amount of computation involved
would have been prohibitive until
the last few years.

Summary

Progress is being made at such a
high rate in all the engineering fields
that it is essential that engineers take
every opportunity to keep abreast of
the new developments. Computing is
one field that 1s most easily learned
in college, and the University of Col-
orado has excellent facilities for use
of computers in class work and in
research.
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fabrication techniques and know-how with
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Through unique
exotic materials, (
eycle) radiator systems for cooling space vehicles.

Garrett is also developing heat transfer systems for appli- applications.

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

opportunity employer.

sations from ervogenic temperatures to 2000°F, using heat
transfer fluids such as Coolanol 139, Freon 21, FC-75. mer-

cury and alkali liquid metals including potassium, rubidium

and cesium.

THE GARRETT CORPORATION + AiResearch Manufacturing Divisions « Los Angeles 9,
California « Phoenix, Arizona » other divisions and subsidiaries: Airsupply-Aero Engineer-

ing » AiResearch Aviation Service » Garrett Supply * Air Cruisers « AiResearch Industrial
Garrett International S. A. » Garrett (Japan) Limited

« Garrett Manufacturing Limited
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Go A.F.0.T.S!

These letters stand for Air Force Officer
Training School—a three-month course for
those who realize they want to become
Air Force officers, but don’t have enough
school time left to enroll in AFROTC.

We prefer our officers to start their training
as freshmen, so we can commission them
directly upon graduation. But right now we're
accepting applications for another fine way
to become an Air Force officer—OTS. We
can't guarantee that this program will still

be open a year or so from now.

As an Air Force officer, you'll be a leader on
the Aerospace Team, serving your country

| while you get a flying headstart on the tech-
' nology of the future. The U.S. Air Force

sponsors one of the world's most advanced
research and development programs —and
you can be part of it.

If you're within 210 days of graduation, get
more information on OTS from the Professor
of Air Science.

U.S. Air Force
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THE SCHROEDINGER

As we are aware, classical physics at
the turn of the century had conven-
iently sundered the description of
natural phenomena into two distinct
interpretations: field theory which
embodied the wave nature of exper-
imental occurrences, and particle
theory which dealt with the Newton-
ian description of matter interac-
tions. In dealing with interference,
diffraction and p()lzlril;lti«)n. the
wave-nature suited the experiments
of optical and electromagnetic pro-
cesses, whereas, with atomic proper-
ties, the particle-nature was suitable,
for it yielded distinct paths obeying
the descriptions of Newtonian me-
chanics. Soon, however, experiments
were detailed in which it could be
illustrated that electrons, for ex-
ample, exhibited a wave-nature as
well as a classical purli('lc-nul.urc.
Notably, it was electron diffraction
and black-body radiation that served,
not to force a wedge between the
existing wave-particle theories, but to
provide genesis for the quantum
theory of matter that now unites the
two int:'rprct;ni()ns'.

Historically, the union between the

COLORADO ExGINEER—May, 1965

WAVE EQUATION

RON GOULD

wave and particle nature of matter
was achieved, though not necessarily
appreciated, when Max Planck, in
1900, undertook the explanation ol
black-body radiation. His assump-
tion, in opposition to the classical re-
sult, was that the energy (E) of an
oscillator of natural frequency (f)
was restricted to integral multiples
of a constant times this natural fre-
quency. Using this constant entity,
Planck was able to match the em-
pirically determined radiation curve
to within experimental error.

The Planck action constant (h:
joule-sec) can now be shown to be
the link between the misroscopic and
Macroscopics worlds. On an atomic
level the magnitudes of the properties
involved are of the same order as that
of the constant and the value for h
(6.625 x 10-34 joulesec) is certainly
significant, whereas, macroscopically,
h may gneerally be set equal to zero
because of its relative exceedingly
small magnitude, resulting in a wave
picture for field qu:mtilic». zm(! a
I);n‘ti(‘lc picture for atomic constitu-
ents such as electrons. It is the de-
tection of these units of energy in the

mascroscopic sense, that is the barrier
to the appreciation of them. Consider,
for example, common springs or pen-
dulua with periods of the order of
one second. The product, hf, then
retains its non-detectable magnitude
of 10-34 joules and the allowed energy
levels do indeed seem continuous un-
der experimental conditions. Light
waves, on the other hand, yield
energy values that are detectable, hf
being of the order 10~ joules, and
the basic energy units become empiri-
cally meaningful and observable.

These two examples imply the cor-
respondence principle, wherein, when
many quanta are involved, the laws
of quantum mechanics must lead to
the classical equations as an average
result. Consider also the quantization
of the gravitational field which, be-
tween partcipating planets, certainly
leads to an average force.!

The quantum nature of matter
suggests, in fact demands that we
yield to the interpretation of matter
as having no intrinsic properties
whatsoever. We may find this a diffi-
cult concept to grasp with only super-
ficial investigation of the proposition.
We must now think of matter as be-
ing something containing only in-
completely defined potentialities that
are developed when the object inter-
acts with an appropriate system, by
this system the one used to measure
some characteristic of matter or mere-
Iy the neighborhood of the matter
itself. Specifically, the wave or par-
ticle nature of matter cannot be de-
fined except to the extent that, under
given experimental conditions the
matter may lend itself to one or the
other description as a result of the
experimental conditions themselves.
This may perhaps be thought of as
continual transformations between
the two conceptual descriptions which
in themselves are not describable ex-
cept statistically. In the classical limit,
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however, these transformations are
more meaningless because the wave-
nature of matter becomes negligible.

It is carefully poimcd out by most
modern })hil()s()ph(‘l‘\ of science that
these descriptions of matter cannot
be considered to be a p().sxihle com-
plex construction of even more ob-
scure and undefined parts that ar-
range themselves into waves or par
ticles as the situation demands. This
would imply the existence of “hid-
den variables” as yet not included in
the quantum mechanical theory and
this ])().s.sil)ilil} is not only inconsist-
ent with the existing theory, but can
be satisfactorily argued as mnoncon-
clusive. This is not to say that it is
rigoriusly proved an impossibility,
but the test for any theory, experi-
mentation, does not lead one to anti-
cipate these “hidden variables.”

Once again the situation rests on
the correspondence princ iple, the fact
that. in the limit, the quantum prop-
erties must assume the classical prop-
erties. Quantum mechanically (miy
the probabality of an observable (pos-
ition, momentum, et al) has signifi-
cance, whereas, classically, obserables
are empirically available. The reso-
lution of this is, of course, the fact
that when viewed classically, the dis-
continuities are small and unobserv-
able. and so many quantim processcs
take place that deviation from the
actual result from the satistical aver-
age is too small to be detected.

Historical Development

above discus-

Quite obviously the
heels of

sion did not follow on the
Planck’s black-body anlysis. In the
year 1913, however, the quantum
theory took its initial steps with the
achievements of the late Niels Bohr.
At that time Bohr dealt with the so-
called “old quantum theory of spec-
tra” and delined the familiar Bohr
atom concept. Because of this new
theory’s ready explanation of optical
and Rontgen spectra, and the new
light it threw on the structure of
atoms, valency and the periodic sys-
tem of elements, it was employed as
a tool in physical research even
though it was entirely alien to the
contemporary foundations of physics.
Bohr’s fundamental postulates “were
tolerated only on account of the
extraordinary  successes O f the
theory.”™

Next appeared the “Bohr-Sommer-
feld quantum condition,” the quanti-
zation of the action variable, J, of
classical mechanics, where J= f p dq.
and p represents the momentum con-
jugate of the space coordinate (-
Significant was the quantization of
angular momentum P, where the con-
jugate coordinate is ¢ and the in-
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tegral is the phase integral of one
period of ¢ (Phi) .
J=JP do = 27P,

where the integration is over the
interval (OZd=2m) » and the sub-
sequent quantization of J.

(lﬁ = h = 27 dp;
and,

dp, = h/27m = )
or,

A —o il

where L = 0,1,2,3, .. .

Bohr suggested that this quantiza-
tion would apply for very small quan-
tum numbers. (The actual expres-
sion, according to the “new quantum
mechanics™ is, however,

P; h[L(L—H) 1.
Here, then, we have seen how micro-
scopic events were taking on a char-
acter of intergral uniqueness.

de Broglie’s Method

In the fall of 1924 an entirely dif-
ferent line of attack was publishcd
by Louis de Broglic. Guided by the
Compton effect that had shown that
the laws of mechanics held for colli-
sions of electrons and photons, and
that light transports linear momen-
tum (p) as well as energy, de Broglie
sought to establish a wavelength to
be associated with matter. The fun-
damental postulzne of “old quantum
mechanics,” as evidenced by Planck,
held that the energy of a photon
could be represented by the relation
E = hf, whereas, the Einstein theory
of relatively required that the energy
of a parli(*lc at rest be mc2 where m
is the mass of the p:n‘ti('le and ¢ is
the velocity of light. De Broglie pro-
yosed that the equality hf = mc
should therefore hold for material
waves. However, as he immediately
showed, the attempt to localize an
oscillating particle of frequency [ in
some frame of reference violated the
relativity theorem conditions. The
fact that he did not abandon his pur-
suit at this contraduiction led to the
remarkable results of wave mechanics.

De Broglie's progress was through
two propositions: phase-waves and
wave-groups. 1o maintain the valid-
ity of the equality hf = me® for any
yarticle in all systems moving uni-
formly and rectilinearly with respect
to the particle (i.e. the relativity con-
ditions) , the vibration event with the
frequency [ was extended over all
space (not localized) . He then asso-
ciated the particle, traveling with
velocity v, with a wave traveling in
the same direction with phase velo-
city u = ¢2/v. In this sense the in-
stantaneous particle localization had
absolutely no meaning.

*j is Planck’s constant divided by 2q.—Ed.
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This peculiarity was resolved by
assigning not a unique [requency i,
but a narrow band of frequencies
(f + df) to the particle; that is, the
construction of a wave-group or wave
packet. Now the macroscopic observ-
ables associated with a p;n‘ticle could
be ascribed to the characteristics of
a wave pu('ket that maximizes itself
according to the laws of wave-kine-
matics and at the maximum carries
the majority of the total energy. To
associate, say the particle velocity
with the wave group, it must be true
that the group vcllo('ixy equals the
observed particle velocity. Hence

ow mv P

2k
where ®
propagation, k

m m
the angular frequency of
the packet propa-

Vg =

gation vector, 2@/ Ve = the group
velocity, v = the particle velocity and

p = the p;n‘ti('le momentum. From
the fundamental relation, E = hf =
hiw, then

ow

1 9E
ok h gk :
yet, classically, E (Vo) mv?
(146) (p*/m). so that

2w 1 ap2

P OP

2k 2mh Pk mh 2k
This result must be equal to (p/m)
as originally asserted. Therefore

1 2P

h 2k
which, upon integration, vields the
de Broglie relation.
p=hk= h 2%/x) = h/\

Although this derivation is not that
of de Broglie, it is used here to illus-
trate the nature of the wave packet
and its relation to the particle inter-
pretation of matter.

De Broglie was also able to arrive
at the Bohr-Sommerfeld condition of
quantized angular momentum. He
assumed that the allowed Bohr orbits
corresponded to a wave propagated
about the nucleus, a stationary wave
therefore representing an electron in
a stationary state. This wave, then
must necessarily be continuous about
the circumference defined by the par-
ticular Bohr orbit to meet the bound-
ary conditions implied by the char-
acter of a standing wave. Then the
relation nj = 2nr must surely hold,
where n is an integer and r is the
Bohr radius. Using the de Broglie
relation, we have 27T = nh/p, and
finally, p; = 1p = nh/27 = nh, the
Bx)hr-S()mmerfelld condition.®*

Stemming from the quamilation
achievements of Bohr and the subse-
quent wave nature of material intro-
(Ll('ed by de Broglie in 1924, the phy-
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sical foundations were reconstructed
at the microscopic level and the post-
ulates of quantum and wave me-
chanics were introduced during the
next two vears, 1925 and 1926. It is
interesting to note that the structure
of these two theories is radically dif-
ferent; that of quantum mechanics
being the l‘el;nionshiﬁ)» between quan-
tities that, in principle, are observable
(i.e position, momentum, et al) and
that of wave mechanics, being the
introduction of abstractions that are
not observable (waves of unknown
physical meaning in a multi-dimen-
sional space.) Nevertheless, the con-
clusion drawn from these two theories
are practically the same, the wave
mechanics, though, lending them-
selves to a more amenable mathe-
matical treatment.

The two theories mentioned above
are. of course, those of Heisenberg
(expanded by Born, Jordan and
Dirac) and Schrédinger. Historically,
the quantum mechanics (matrix me-
chanics) of Heisenberg preceeded the
wave mechanics of Schrédinger and
will be given brief, but due mention
here.

Matrix Approach

Heisenberg observed, generally, that
the application of the macroscopic
quantities, position, momentum, or-
bit. et al, to microscopic considera-
tions of atomic theory was not mean-
ingful in dealing with spectroscopy
where energy levels and their differ-
ences accounted for the sl)c('n‘ul lines.
He reasoned that a new scheme, in
view of Bohr's analysis, must replace
the mechanics and kinematics des-
cribing macroscopic systems. This
reasoning took the form of matrices
describing quantum mechanical quan-
tities, each quantity corresponding to
an elementary process which had a
unique frequency, intensity and polar-
ization. The achievement of results
then involved the calculation of mo-
mentum and position elements from
their respective matrices, forming the
Hamiltonian function (as a diagonal
matrix, independent of time) which,
in turn, becomes identical with the
corresponding energy level. The uni-
que Irequency associated with two
energy levels was then calculable. As
here implied, the Hamiltonian of
mechanics, H (p.q), where p is the
momentum and q is the pusili(m co-
ordinate becomes a matrix which is
a function of the momentum and co-
ordinate matrices themselves. Except
in rather simple cases the matrices
involved vield a cumbersome number
of equations and unknowns, a diffi-
culty that is not encountered in the
wave mechanic formulation of Schro-
dinger.

During the first month
Erwin Schriodinger, of the

of 1926,
Physical
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Institute of the University of Ziirich
(:S‘\\'itlm'l;uul) submitted the first of
h.]\ papers dealing with “Quantiza-
tion as a Problem of Proper Values”
(Eigenvalues) in which he proposed
to ‘“‘show that the cutsomary quan-
tum conditions can be replﬁaw:l by
another postulate, in which the no-
tion of ‘whole numbers’, merely as
such, is not introduced . . . but arises
in the same natural way as it does
in the case of the node-numbers of a
vibrating string. The new conception
is capable of generalization, and
strikes, 1 believe very deeply at the
true nature of the quantum rules.”?
The validity of the statement is now,
of course, self evident.

Schrédinger, at a later date, con-
tinued, “My theory was inspired by L.
de Broglie. . I did not at all sus-
pect any relation to Heisenberg's
theory at the beginning. I naturally
knew about his theory, but was dis-
couraged, if not repelled, by what
appeared to me as very difficult
methods of transcendental algebra,
and by want of l)erspi('uily."-"

One might, at this point, deal with
Schridinger’s succession of publica-
tions for the derivation of the wave
equation and its interpretation. This
would not, however, be necessarily
informative in as much as he initially
concerned himsell with uppli(‘uliunn
to specific problems. A reading of his
publi('uti(ms should, on the other
hand, generate more excitement, as
it were. than will the unobstrusive
derivation to follow.

Wave Equation

Consider a mon energetic beam of
electrons of uniform intensity to be
described by a plane wave in the
form

2

q'(q. t) = Aexpi (—q— wt)

¥
where 27/ is recognized as the fam-
iliar propagation constant k, and q
represents any of the spatial coordi-
nates in this simple one dimensional
case, and 1 represents the square root
of minus one. The wave function '
(Psi) , however, has no meaning at
this point. (Variables not identified
are assumed familiar or have been
previ()usly noted above.) The appli-
cation of the de Broglie relations (E=
hf = wh; » = h/p) yields

i

I (q. t) = Aexp— (pq — Et).

h
Differentiating once with respect to t
and twice with respect to yields
the relations

h oW
B = s

1 9t

and

a:ll

])'—"I' = h?
09°
which can be substituted into the ex-
pression for conservation of energy
of electrons
E= (1/2) mv: = (I 2m) p*

vielding the one dimensional Schrod-
inger wave eguation

h® ¥ h ¥
2m - 9g° i al.

The extension of the one dimen-
sional case of a plane wave traveling
in any direction involves the replace-
ment of p and q by the momentum
vector p and direction vector r, and
the realization that the spatial differ-
entiation becomes the gradient oper-
ation as defined in the coordinate sys-
tem under consideration. An exter-
nal field may be added to the con-
servation equation: E = (1/2m) p*
+ V(r): the final result being the
time-dependent, general Schrodinger
wave equation

h* h ¥
S ndeE M VY = ——

2m i ot
where del? is understood to be the
operator del dotted into del as inter-
preted in vector analysis.

From the wave equation in this
manner, one can deduce one of the
wave mechanic p()stul;ucm that of
operator substitutions. Into the class-
ical energy equation (Total Energy=
Kinetic Energy + Potential Energy)
the following dynamic variables are
repl:u'e(l by their r(’.s])cn‘live (Ku:m-
tum operators (or observables, follow-
ing Dirac’s notation):

q (position) remains q

P (momentum) becomes

(h/i) (3 /29
E total energy) becomes
(—hi) (3 /20
and the wave function ¥ is inserted
as the operuml."
Generally the wave equat.ion is
shortened to an equivulem form
—h
H¥=EY', where H=— del*> + V (1)
2m
and is the Hamiltonian function of
the system, operating on \J'. Notice
that the Hamiltoniton may be inter-
preted as the energy expressed in
terms of the momentum and position
coordinates.

We are now left with the problem

of giving siginificant, though not
necessarily physical meaning to the
Schrodinger wave function W' The

()pcrzmd in the more familiar wave
equations we deal with does not pre-
sent this problem of interpretation.
For these, the “wave disturbance”
might be transverse displacement, or ,

(Continued on page 48)
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Cushion Recoil” provides a
dramatically smoother ride
in 1963 Ford-built cars

The challenge given Ford engineers was to design suspensions
that would permit wheels virtually to roll with the punches—not

nly in a vertical plane but fore-and-aft as well. Conventional
suspension systems provide only a partial solution to road shocks

by limiting wheel recoil to an up-and-down motion.
The solution? Exclusive Cushion Recoil suspension design in all  SOAKS UP ROAD SHOCK. Exclusive Ford
Ford-built cars for '63! Cushion Recoil, with cushioning action  Motor Company Cushion Recoil action moves
in a fore-and-aft plane as well as vertical, smothers the jars and back as well as up for a
jolts of rough roads, adds to your comfort, safety, and driving
pleasure. Even the thump of freeway tar strips is reduced, and
on deeply rutted roads you experience better control of the car.

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

er ride

road-induced vibration. MOTOR COMPANY
The American Road, Dearborn, Michigan
T P n AT = . '
Another assignment completed—one more example of engineer- wWHERE ENGINEERING LEADERSHIP

ing excellence at Ford and new ideas for the American Road. BRINGS YOU BETTER-BUILT CARS
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EXPERIMENTS IN ENGINEERING

Many educators feel that one of
the biggest problems facing an engi-
neering student is that of making
some sort of coherent “whole™ out of
his formal course work. Oftentimes it
seems to the student that courses,
even within his own field, are entire-
ly unrelated. Furthermore, the con-
nection between theory and practice
seems. to him, to be nebulous—if it
exists at all. Ideally it should be the
function of his cxpcrinwnml Courses
to bridge this gap, and to help him
realize the connection between the
various disciplines that he is study-
ing. However, many students feel
that this is definitely not the case.
To them, laboratories add up to an
unending series of ‘“‘cookbook™ ex-
periments followed by long lab re-
ports. At the end of an interminible
semester of lab, many an engineering
student feels that about all he has
accomplished is to gain a tiny bit of
proficiency in the time honored art
of executing busywork. This p()sitiou.
taken by some students, is clearly not
entirely correct; on the other hand, it
is not without merit.

With these thoughts in mind, sev-
eral educators have set out to see€ if
they could improve the laboratory
curriculum at their schools. This
article is a report on some of the
ideas that were tried at various uni-
versities.

Probably the least radical :11)1)1‘0;{(‘1]
to the pmblcm was tried at the Case
Institute of Technology during the
fall semester of 1958. The results of
the experiment were published in an
article by Walter J. Fahey in the
IRE. Transactions of Education,
June, 1959. At Case, the primary
emphasis was on the lab reports. Of
the twelve cxpcrimcnls‘ conducted,
only the first and the last one had to
be summarized by the student in a
written report. For each of the other
ten experiments, the student was re-
quired to keep a permanent bound
notebook with data, calculations,
graphs, etc. These notebooks were
used for reference in an oral report
given by the student at the next lab
session. The reports averaged fifteen
minutes in length and were conducted
as reports organized and given by
the student, rather than as an oral
quiz by the instructor. During the
I-H\L few minutes of the report, the
instructor tried to obtain any neces-
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sary clarification and to clear up any
major misconceptions of the student.
Time limitations made it impossi-
ble for he instructor to hear every
student every time, so sam bling tech-
niques were used in the }w:iring of
the reports. Though the method of
choosing the person to report was in
a random fashion, individual cases
became prediclublc as the semester
progressed. A schedule of those ex-
pected to report was posted at the
beginning of each session. Students
were informed that failure to be pre-
1);11‘ed for an oral report would re-
sult in zero credit for that experi-
ment.
Student’s Point of View

The time required to prepare for
an oral report varied from 50 to 100
per cent of that required for a written
report. The biggest factors in reduc-
ing the time needed for preparing the
report were: 1) the student no longer
had to type a final draft, and 2)
organization of thoughts in outline
form replaced detailed explanation,
much of which would be well-known
fact but necessary for continuity of
presentation. Therefore, a greater
percentage of the time required for
preparing the report could be spent

in the actual understanding of the
experiment.
It was also found that the oral

report provided an opportunity for
questions which might not otherwise
have been asked. Also, corrections
were noted and understood, more
often than was the case with written
reports. One serious drawback with
the oral report, however, occurred
in conjunction with those c:\'})cri-
ments that r(‘quircd some synt 16818
or creative effort by the student. Un-
less a student was called on to give
a report, he was never sure how
fruitful his own efforts had been. Of
course, he always had the privilege
of taking the initiative and talking
to the instructor about his efforts
on any given experiment. In spite of
this drawback, the student cmph;ni-
cally endorsed this type of experi-
ment in preference to those Wili(?h
pmvidcd little latitude in pr()ccdure.

The student also felt that the
written report was necessary and de-
sirable, and since the instructor had
fewer reports to grade, he was able
to give more individualized attention
to each report.

Taken together, the student res-
ponse seemed to be one of active
enthusiasm stemming from their esti-
mate that they learned from two to
four times as much per unit time
expended on laboratory work, as

compared with weekly written re-
p()l'l\.




The value of direct communication
was quite evident as it facilitated
much better evaluation of the stu-
dent’s creative effort, and synthesis
for the experiment. Also whatever
understanding of the physical phe-
nomena and of the related theoretical
description was displayed by the stu-
dents’ oral report could be accepted
as the student’s own work. This was
further evidenced by the fact that
despite loss of credit, the few students
found unprepared when called u])()n
simply admitted the fact rather than
attempting to “bluff” through an
oral report.

There are, however, two things that
the instrutcor must be very careful
to do. One, is to see that the labora-
tory is in very good working order.
Since most of the instructor’s time in
lab is occupied by hearing oral re-
ports, he does not have time to
“trouble-shoot” the student’s appar-
atus. Secondly, he must be on guard
at all times to keep from laying too
much emphasis on the particular stu-
dents’ ability at public speaking.
Though the ability to communicate
is of prime importance, the instruc-
tor's job is to find out about the
student’s understanding of the ex-
periment.

In total, it seemed that net effect
of the experiment at Case was an
improvement in the undergraduate
lab involved.!

Queen’s University

A rather different approach was
taken by W. G. Godden of Queen’s
University, Belfast, N. Ireland. Mr.
Godden felt that one of the stu-
dent’s main problems is that of re-
lating all the widely different courses
he takes to the main purpose of his
study—his own branch of engineer-
ing. For example, in the general field
of structural engineering, it is quite
likely that a student will study draw-
ing, strength of materials, properties
of materials, structural analysis,
mathematics, and design without ever
really understanding how these sub-
jects are interrelated. Another prob-
lem with respect to civil engineer-
ing education is, it seems to Mr.
Godden, that in the undergraduate
training the student may not gain
a knowledge of real as opposed to
theoretical structural behavior. The
student spends years analyzing ideal-
ized problems, and rarely does he
face a real problem in which the
idealized case is at best an approxi-
mation.

To combat this situation, Godden
proposed an undergraduate “project”
in structural engineering.

22

Purpose of the Project

The purpose of this project was

threefold:

(1) to encourage “inventiveness’;

(2) to show the inter-relation _;md
application of the various
branches of study to the gen-
eral field of structural engineer-
ing;

(3) to provide some insight into
the complexities of real struc-
tural problems and struclurt}l
behavior, and to develop engi-

neering judgment.2

To meet the first purpose, the pro-
ject must have as broad a scope as the
student could handle. In particular,
it was felt that the student need not
be restricted to only those methods
or projects which he could analyze
exactly if he could justify a more ad-
vanced approach on theoretical
grounds. In order to meet the second
objective, the project had to be gen-
eral to include as far as possible, all
the various fields used by structural
engineering. The third purpose pre-
sented no problem since any project
which s:nis}icd the first two aims was
easily complex enough to introduce
the student to the ‘“‘real life.”

It was found that the simplest pro-
ject which would satisfy these aims
was that of building a model struc-
ture. For example, the student would
be given the profile of a gap—say the
distance between banks at road level
(e.g. six to eight feet.)) He is also
given a design load in pounds per
square inch acting on the road sur-
face, this could be continuous or dis-
continuous loading. He then has to
design a bridge structure for this
roadway with the given material and
two given response criteria—a maxi-
mum vertical deflection of any point
of the road surface, and a collapse
factor for the complete structure. The
minimum weight would also be
given, not from a theoretical stand-
point, but so that this factor would
be kept in mind studying the overall
geometry on the weight of the struc-
ture. It was found that the best
material to use for these projects was
silver spruce which (T()lll(} be bought
in miniature rectangular sections, and
was also a reasonably consistent ma-
terial. :

The student, then faced the gen-
eral project and was forced to inte-
grate his knowledge in order to carry
it through to completion. He had to
start from scratch, by determining
the material properties he needed,
then designing the structure. It some-
times happened that he had to test
a partially completed section and
hence had to design a test that would
make the section react as it would
in the finished structure. And in test-
ing the finished structure, he had to
design the test so that it would min-

imize the destruction when it was
tested to the point of collapse.

It usually took two students work.
ing four to five hours a week, twelye
weeks to finish a project. If, in the
project, the student was being sub.
jected to this kind of work for the
first time, he was usually very slow
in getting started. Naturally, he feels
that he is wasting his time for the
first couple of weeks. But during
this time he is sharpening his fauli.
ties for analysis and synthesis. The
seeming waste of time is a necessary
evil and is well worth the effort,

The success of the project as a
learning device is very dependent
upon the instructor. He must be able
to help the student when he gets
stuck without actually giving him a
pat answer to his problem. The most
critical time for talking with the stu-
dent about his project is after he has
submitted his first report and when
all aspects of the project can be dis-
cussed. The talk must take place
promptly after the student has sub-
mitted his report in order that he
may have sufficient time to review
the discussion. If this is not the case,
much of its value will be lost. This
procedure obviously takes much
instructor time, though not as much
as might [irst be expected.

Most of the results of the projects
have been gratifying in that they
have fulfilled the purposes set out
earlier. One unexpected result was
that the student was often surprised
that theory can be so meaningful.
The close correlation between exper-
imental and theoretical results seem
to be something he did not expect.
And it gives him confidence in theo-
retical work as well as some caution
when applying these results. It was
noted that when a student becomes
involved in a project that is mean-
ingful to him and that gives him
scope for imagination and opportun-
ity to use all of his knowledge, it is
the sort of work in which he will
take a genuine interest, and [rom
which he will learn a great deal, and
in which he will take pride in pre-
senting in the form olJ a well pre-
pared report.®

Syracuse University

The most radical change noted in
laboratory curriculum, was made by
Syracuse ‘l'ni\'crsity. In 1959 all ll'lb-
oratories previously associated with
required E. E. courses were dropped.
In their stead, all required laboratory
was incorporated into three course,
each carrying three credit hours.
With the laboratory removed from
its traditionally dependent role, a
wider choice of technical topics was

(Continued on page 47)
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The New Astronomy

A4 collection of articles by various

authors published by Simon and

Schuster, New York, 242 pp., $1.45,

paperback, 1955.

The New Astronomy is a collection
of articles previously published in
“The Scientific American.” The arti-
cles are written in non-technical Eng-
lish and include many helpful pic-
tures for the interested layman. The
book is divided into three general
categories: the universe, our galaxy,
and new methods of observation.
These articles do a wonderful job of
linking the astronomy of the past with
modern theory and its applications.

In the first article, George Gamow
discusses the subject of Cosmology
(the attempt of man to relate ob-
served facts of the universe with
known physical laws and thus piece
together a consistent picture oll' the
structure in space and time of the
universe) . One theory of its origin
is that it began as expanding photons
which gave way to solid particles of
matter. Slowly the solid particles
formed more complex nuclei which
(after 750 million years) broke into
galaxies and condensed into stars and
planets. Today, with observation done
at Mount Palomar, the earth is be-
lieved to be five billion years old.

Other observations and experi-
ments have led to the idea of the
fourth dimension and of space being
curved “like a saddle in the shape
of a negative sphere” which is ex-
panding. (This curvature has asso-
ciated with it, due to the presence
of matter, a turbulence which is now
being studied under the new subject
of magnethydrodynamics.)  Albert
Einstein theorized much of these
ideas, but he had the aid of earlier

mathematicians such as Gauss and
Reimann who believed in “curved
space.”

The study of our own galaxy with
emphasis on our solar system make up
a major portion of this book. There
is a section discussing the birth and
death of stars with relation to their
size, color, and brightness. Fred L.
Whipple explains the origin of the
earth with his “dust cloud” hypo-
thesis. The mass of this “dust” has
been calculated by Jan Oort of The
Netherlands, and even though the
small “dust” particles are spread so
thinly as to be less dense than the
greatest vacuum on earth, the force
(.)f attraction between particles helped
form larger particles.

Ever since man believed the earth
was on the back of an elephant
while the elephant stood on a turtle,
man has been adding these theories
on the origin of the universe. But
today, with the aid of two most im-
portant instruments, the radio tele-
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scope and the photocell, (which are
discussed in the last section of this
book) many of these theories will be
either discarded or confirmed.

It is an extremely interesting and
readable book.

Grateful acknowledge is hereby made to
Sandy Pyle, a sophomore in Acronautical
Engineering, for the contents of this review.

Electronic Rectification

By F. G. Spreadbury, 428 pp., i
Van Nostrand Co., Inc., New Jer-
sey, 1963, $10.00.

Due to the increasing and continu-
ous demand for direct current (d.c.)
the conversion of a.c. to d.c. by static
devices is becoming increasingly im-
portant. :

This subject is dealt with by Mr.
Spreadbury in Electronic Rectifica-
tion, a book based on fifteen years ex-
perience in the design and construc-
tion of rectifier installations.

The first chapter discusses the prin-
ciples of rectification. Chapters Two
through Six deal respectively with
Solid-State Rectifiers, Vacuum-Tube
Rectifiers, Gas and Vapour-Filled Rec
tifiers, Mercury-Pool Rectifiers. (Al-
though the theory of Solid-State Rec-
tifiers is relatively advanced only for
silicon and germanium, this lack is
no impediment to the practical ap-
plications of other solid-state recti-
fiers; these applications are fully dis-
cussed.

Chapter Six deals with rectifier cir-
cuits. After stating some simplifying
assumptions, the author proceeds
from single-phase circuits to bridge
circuits to star circuits and to higher
prase circuits, to mention some of
those discussed.

Chapter Seven is on rectifier oper-
ation and control and discusses the
types of control which best fit each
type of rectifier, as well as opera-
tional problems such as cathode heat-
ing, overload and fault, and fuse
failure.

Chapters Eight and Nine deal with
rectifier applications and rectifier de-
sign considerations and construction.

CARR

Each chapter contains its own bib-
liography, making cross-reference con-
veniently easier. The book is up-to-
date and authoritative—valuable for
anyone doing work in this field.

The Analysis of Sensations

By Ernest March, 371 pp., Dover
Publications, Inc., 1959, S$1.75,
paperback edition.

The name of Ernest Mach is fami-
liar to all students of science and
engineering. He is also well known
by students of human thought as
the initiator of the study of the phil-
osophy of science. Albert Einstein
write, “I see Mach’s greatness in his
incorruptible skepticism and inde-
pendence The idea has also
been suggested that had physicists
been discussing the constancy of the
speed of light during Mach’s time, he
would have formulated the theory of
relativity.

What was obvious to others was
to him a subject for thought, exper-
imentation, and observation; this
characteristic is closely related to his
faculty for discovering something new
and startling in what had hitherto
seemed exhausted. (It is interesting
to note that A. C. Bradley attributes
a similar characteristic to Shake-
speare’s Hamlet.)

Although this book is mainly in-
teresting from a historical viewpoint—
that of showing what the brilliant
thinkers of the intellectually active
Nineteenth Century were discussing
and pondering—it also contains some
thoughts relative to current problems.
For example, Mach believed that the
confusion resulting from transferring
preconceived opinions from physics
to psychology was quite serious.

He also believed that the fear of
ghosts is the true mother of all reli-
gions, although he gives no basis for
this belief, other than a few observa-
tions which indicate that this fear
exists innately (ie. his young child
avoided the coal shuttle, which re-
sembled a pair of gaping jaws, at
night) .
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He considered out-

as philosop

mt'(.crh\ siCS
13} was con-

old

metaphysical conceptions which the

date as far

cerned: advocates of the

philosophers have already largely
.I').'l]("l[l('il

He felt that there was no real dis-
tinction to be made between a teleo
logical “why” and a “why.”
(Teleologically, a hawk-moth spins
a cocoon with a bristly lla]» t:i»fllillz
cocoon iIs

cater-

causal

outwards because such a
best suited for preserving the
pillar’s existence. Causalty asks what
illl}»('l\ him to do this.) Mach felt
that the idea of survival of the fittest”
answered both these “whys.”

Mach discusses in some detail and
with psychological inferences the
sensations of the eye. For example,
he discusses the similarities and dif-
ferences of a geometrical and a psy-
chological space. Geometrically, a
square resting on its side and one
resting on its corner are the same;
psychologically they are different.

According to Mach, “Memory and
Association are the fundamentals re-
quired of a developed psychical life.”
He discusses several theories, current
in his time, on the memory process.
He discusses the questions of animal
sensations and even of inorganic sen-
sations; concluding that the last ques-

tion has no meaning since behavior
of inorganic substances cannot be ex-
plained by assuming that they have
sensations.

He also felt

inertial sensation

exists an
which could, for
example, reverse in the mind the
order of two nearly simultaneous
events, as compared to the order in
which they actually occur.

I'his book contains some interest-
ing and appealing ideas, and I feel
that much food for thought can be
gained from it.

that there

Mechanical Springs

Second Edition, by A. M. Wahl,
317 pp., McGraw-Hill, $12.75, 1963.
Mechanical Springs is a book de-

signed to bring together as much as
possible of the large amount of ma-
terial available on mechanical spring
design and spring materials. The ma-
terial selected is both theoretical and
practical. The basic theories under-
lying the design of a wide variety of
types of mechanical springs are treated
extensively. These types include
coned-disk, torsion, flat, leaf, ring,
volute, torsion-bar and rubber
springs: primary emphasis is on the
helical compression or tension spring,
since it is the most widely used type.

One reason for the second edition
was the need to cover impml;ml ad-
vances in the field of mechanic
springs. Mr. Wahl discusses such de
velopments as buckling and latery)
loading in helical springs, plastic flow
effects due to presetting of helicl
springs, elfects of bar curvature fo
helical springs under fatigue loading
elevated temperature effects, expan-
sion of coils of helical springs, and
effects of pitch angle.

The book will be especially usefu]
for spring designers, stress analysts,
and engineers employed in this field.
Numerous charts, tables, and curves
are given throughout the book for
the convenience of the designer. The
topics mentioned above should be of
interest to stress analysts and engi.
neers.

Mr. Wahl is now Advisory Engi-
neer in the Research and Ii(‘\'(‘lup-
ment Center of the Westinghouse
Electric Corporation in Pittsburgh,
Pennsylvania. A graduate of lowa
State University and the University
of Pittsburgh, Mr. Wahl has been
with Westinghouse for the past thirty-
six years and has written approxi-
mately seventy technical articles. This
experience indicates that his book
would be extremely valuable from a
practical standpoint.
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wCIVIL ENGINEERS:

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

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

technology and pavement construction as new Inter-
state and other superhighways in all parts of the
country are being built with advanced design

DEEP-STRENGTH Asphalt pavement.

Your contribution—and reward —in our nation’s
vast road-building program can depend on your
knowledge of modern Asphalt technology. So
prepare for your future now. Write us today

THE ASPHALT INSTITUTE, coliege Park, Maryland

o T — . ———————————————, T — =

THE ASPHALT INSTITUTE, College Park, Md. |

Gentlemen: Please send me your free student |
library on Asphalt Construction and Technology.

CLASS.

CITY,

ADDRESS

STATE—o——————

SCHOOL
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E-Days COMBINES

FUN

As CAN BE SEEN BY THE FACES
OF OUR STUDENTS ENGAGED IN A
Tuc-0-WwAR CONTEST AT THE

ANNvAL Pienic.

The College of Engineering’'s 1963

ENGINEERS DAYS
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AND THE

LEARNING

PROCESS, WITH THE VARIOUS
SEMINARS SHOWN HERE, 1S THE

Civi.. EnNciNeers FieLp TRrip.
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CONVOCATION

Every year in May, engineering stu-*
dents take time from their respective
studies to celebrate Engineers’ Days.
During this time, the engineering stu-
dents honor outstanding members of
their college, attend seminars, and re-
lax at the luncheon, ball and picnic.

Jerry Cashen, President of the Asso-
ciated Engineering Students, opened
the convocation at Macky Auditori-
um on Friday, May 3, and quickly
turned the program over to Dean
Peters and Dean Hutchinson. To-
gether they announced and presented
the awards and scholarships to out-
standing students. Associate Profes-
sor Herbert Johnson was awarded the
Associated Enginering Students Facul-
ty Appreciation Award for outstand-
ing service to the student body. Pro-
fessor Leo C. Novak was awarded the
Civil Engineering Faculty Apprecia-
tion Award for his work with the
Civil Engineering student organiza-
tions. Keys were awarded to the new-
lv elected AES officers for ’63-'64—
Lynn Kramer, Jean Dexheimer, Dean
Peed, and Ross Fraker. The incom-
ing editor and business manager of
the Colorado Engineer, Larry Huston
and Ross Fraker, also received keys.
The highlight of the awards program
was the presentation of the Colorado
Engineers Council Silver Medal for
the Outstanding Senior Engineer.
Mr. John E. Martin, President of the
Council, presented the award to
Frank Cazier.

EvVERITT

KEYNOTE SPFAKER DR. WiLrLiAMm

Dr. William L. Everitt, Dean of the
College of Engineering at the Uni-
versity of Illinois, was the keynote
speaker for Engincering Days. Dr.
Everitt received his B.S. in Electrical
Engineering from Cornell University
in 1922, his M.S. from the University
of Michigan in 1926, and his Ph.D.
from Ohio State in 1933. He taught
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FrANK Cazier RECEIVING QUISTANDING SENIOR
ENGINEER AWARD FROM
Mg. Joux E. MARTIN.

at Ohio State until 1944 when he
went to the University of Illinois,
where he became Dean in 1949. Dr.
Everitt has served on many govern-
ment committees and is presently on
the Army Scientific Advisory Panel.
He has numerous articles and publi-
cations to his credit and is a member
of several techmical societies.

Dr. Everitt pointed out that engi-
neering is a learning profession, which
requires constant study to keep
abreast of current knowledge. He
said that for this reason the objective
of the enginering student should not
be simply knowledge, but wisdom and
understanding. The student should
gain confidence in his ability to learn
so that he will be able to learn for
himself the things which are not
taught in college.

Dr. Everit then went into the dif-
ference between open and closed con-
trols. Open controls give a single
command to start a process and then
have no further effect upon it. Closed
controls employ feedback to make
corrections during the process. For
instance, as an animal walks it uses
its eyes to guide itself. Dr. Everitt
said that this feedback process, often
found in biological mechanisms, can
be studied and put to use in com-
puter development.

The moral of John Steinbeck’s
play, Of Mice and Men, is that power
without control is dangerous. Dr.
Everitt cited this play as an example
of why we must apply feedback to
life in general. He stated that too
often we go through life with open
controls and do not try to under-
stand those around us.  He pointed
out that American engineers in their
work all over the world have an ex-
cellent chance to use feedback to de-
velop an appreciative understanding
of other people and their needs.

SEMINARS

A. MATH.

The Society for Industrial apg
Applied Mathematics sponsored Dy
Paul Hultquist of the Universig
of Colorado who presented, “Mathe.
matical Problems of Satellites.” Ope
of the main problems discussed was
that of release of the satellite from
the rocket. Dr. Hultquist gave the
derivation of a formula which essep.
tially expressed the type of orbit 1o
be expected as a function of the ener-
gy given to the satellite at the mo-
ment of release. As the satellite is
carried from the earth it gains in
potential energy. If, at the moment
of release, the kinetic energy given
the satellite in a tangential direction
to the proposed orbit, is less than
the potential energy it has acquired,
the orbit will be elliptical. If the
kinetic energy equals the potential
energy, the orbit will be parabolic,
and if the kinetic energy is greater
than the potential energy, the orbit
will be hyperbolic. Determining the
correct amount of energy needed to
maintain the proper orbit is a mathe-
matical problem.

Another problem results because
the earth is not spherical but spher-
oidal in shape with more mass dis-
tributed around its equator. There-
fore, attraction of the earth distorts
the satellite’s path near the equator
causing the plane of the orbit to

rotate 10° per day toward the west.

ENTERTAINING
AT THE LUNCHEON.

Jimmy  LEEDS

These problems confront mathe
maticians, everyday, and although
most cannot be exactly solved, by
coordinating theory and observation,
suitable solutions have been found.
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CHEM. ENG.

The American Institute of Chemi-
cal Engineers sponsored Mr. John
O'Brien of Continental Oil Company
who presented a talk on “Technical
and Social Problems of Automation.”
It was brought out that the petroleum
and chemical industries have had a
certain degree of automation for
many vyears, with many technical
pmb‘lems but few social problems as
a result. One technical problem is
the degree of automation actually
needed to produce a more efficient
but less expensive system. For in-
stance, the chemical industries gen-
erally have more automation than
the l')etmlcum industries because the
raw materials of chemical industries
cost more than the raw materials of
the petroleum industries. Therefore
any decrease in the cost of the raw
materials, which accompanies auto-
mation, would result in a larger over-
all gain for the chemical industries
than for the petroleum industries.
The machinery necessary for automa-
tion is expensive and the gain in
profit must offset the loss in auto-
mation expense which is not always
the case with petroleum industries.

It was also mentioned that the
social problem of less work for people
as a result of automation is perhaps
not as serious as is sometimes thought.
No machines are able to work con-
tinuously and companies must have
employees capable of taking over the
work of the machines when the auto-
matic system breaks down.

CIVIL ENG.

Mr. Herbert Haymaker, Vice-Presi-
dent of the Falcon Airmaps spon-
sored by the American Society of Civil
Engineers, spoke on the history of
the camera and photogrammetry. He
defined photogrammetry as the art
and science of using photography to
make measurements. Some examples
of this are building measurement for
historic purposes, X-ray measurements,
and topographic mapping. The most
extensive use of photogrammetry is
aerial surveying for maps. After the
seminar, the CE's went to Valmont
Power Plant for a tour of the new
plant facilities now under construc-
tion.

ELEC. ENG.

Mr. Edward Ramaley of the Martin
Marietta Corp. discussed “The Role
of the Engineer in Manufacturing.”
In particular, Mr. Ramaley spoke at
length on the working relationship
desired between the engineer and
shop personnel.
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S.W.E.

An open discussion on “Engineer-
ing Education” was directed by a
panel composed of professors John-
son, Timmerhaus, and Rautenstraus.
Topics discussed included the engi-
neering curriculum, recent trends in
engineering enrollments, student mo-
tivation, and the role of high school
and college counselors in guiding
prospective engineers.

AERO. ENG.

Mr. Allen Pope, director of a high-
altitude rocket research team at the
Sandia Corp., spoke on “Experience
with 500 Research Rockets.” Mr.
Pope highlighted two projects under-
taken by his team. The first project
was that of determing wind veloci-
ties between 200,000 and 300,000 feet
over an area of northern Nevada.
The project’s obejctives were achieved
through the use of a two-stage solid

propellant rocket which ejected alum-
inum chaff at the desired altitude.
The motion of the chaff, recorded by
elaborate radar tracking equipment,
provided a means for determining the
wind velocities. The second project
was designed to facilitate development
of a barometric fusing system. Al-
though Mr. Pope did not elaborate
on this system, he did discuss the
rocket employed. The operation of
this rocket was unique in that the
second stage was ignited while in its
earth-bound freefall. This method
allowed the vehicle to attain Mach
5 velocity at impact.

Mr. Pope boasted that his team has
attained a level of success unexcelled
by any other group in the country.
Over 959, of the more than 500
launchings attempted have been un-
qualified successes. In addition, not
one member of the team has yet sus-
tained a serious injury.

DeaN HUTCHINSON AND QUEEN LINDA LAKE.

E-DAYS BALL

The Dave Etheridge Orchestra provided a balanced pro-
gram of very enjoyable and danceable music for the Ball. The
Glen Miller Ballroom was comfortably filled by 9:30 Friday
evening. At 10:30 the candidates for E-Days Queen were
presented. Dean Hutchinson had the enviable honor of
crowning Linda Lake Queen. Miss Lake’s attendants were
Linda DeBroeck, Judy Lesser, Frances Field, and Diana
Lapp. The queen and her court led the dancing after the

crowning.
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LuncH TIME ON THE GRASS.

LEFT: AIN'T NOBODY
Torp M THREE LEGs
ARE BETTER THAN
Two.

RIGHT: HAPPINESS IS
A Kiss FrROM
Miss PERFECT

Boby CONTESTANT.

ON Your MARK; GET SET; WHEEL!!
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BEASTLY BLAKE, THE BRAWNY
BRASIER AND THE PURPLE ScrEw.

PICNIC

The E-Days Picnic at Chautauqua
Park on Saturday brought the festivi-
ties to a close. After a long wait in
the chow-line and a plentiful lunch,
everyone gathered around the depart-
ment teams to see who would wear
egg for the rest of the day. After
this first messy event, the depart-
ments competed for top honors in
the tug-of-war, the 4-legged race, the
bat race, and the double-wheelbarrow
race. A box score of the results ap-
pears at the end of the article. The
results of the “Meanest Professor Con-
test,” after a vigorous campaign high-
lighted by several demonstrations,
colorful advertising, a television ap-
pearance and many jeers, were an-
nounced. Assistant Professor John H.
Blake was awarded the Purple Screw
trophy and Assistant Professor Robert
Christopher, who was voted the least
mean of all the professors, was award-
ed the Green Weenie Trophy. The
contestants were Beastly Blake the
Brawny Bruiser, Fearsome Pearson
the Unprincipled Paranoid, Thunder-
ing Thoman the Bad Luck Omen,
Matrix Meyers the Morbid Mystic,
and Cruel Cranky Christopher the
Crushing Crucifer. Spectators declar-
ed the “Miss Most Perfect Body” con-
test the highlight of the afternoon.
After considerable debate, the judges,
who were men of long experience,
declared Carol Hirsch the winner.
The contestants for that event judged
Jody Javernick the ‘“Most Kissable
Engineer.” After these special events,
the trophy for field events was award-
ed to the Electrical Engineers, who
had tied the Civil Engineers in total
points, but had won more first places.
The Civils plan to spy on EE labs to
prevent any practicing for next years
events.

Ist 2nd 3rd
Egg Toss EE CE ChemE
Tug-of-War EE CE AeroE
Wheelbar. Race CE EE  AeroE
Bat Race CE AeroE ME
4-legged Race EE ME CE
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DEAN’'S PAGE

DEAN PETERS

As our 1962-63 school year draws University for many years, and we
w0 a close, 1 want to wish all of you wish them the best of success and
who will be graduating the best of happiness as they retire from active
success in your future careers. I hope service at our University. We, also,
you will always look back on your wish the best of success ‘to Professor
davs at the University of Colorado Willis Worcester of our Electrical
with pleasure, and I hope you will Engineering Department who will
always be ready to announce with bc.*('omc Dean of Engineerng at
pride that you are Engineering alum- Virginia Polytechnic Institute this
ni of the University of Colorado. summer.

This has been a good year for us Another “first” for our College this
in the College of Engineering. Our year is the closed circuit television
faculty has been active in expanding course being offered by Dean Hutch-
its research activities and in develop- inson in Applied Mathematics. Dean
ing new teaching programs. I have Hutchinson, as we all expected, has
been particularly pleased with the become a real television star and is  ylating equipment and will offer
additional emphasis we have placed doing a fine job in teaching the ., ypdergraduate course in numeri-
on acquiring up-to-date and complete course. He appears on camera in ;] methods in addition to the exist-
Library holdings and in bringing in Boulder with the class being broad- jho oraduate course. We have ac-
outstanding technical speakers to our cast to 11 students in Boulder and 46 (]lTiI’C(l for the Center a small analog
College from all over the country. students at the Denver Extension computer and will offer a course in
Our faculty has been unusually active  Center. An audio system enables stu- analog computation and simulation.
in attending technical conferences all dents to ask questions and take part Cyrrently, master’s degree work may
over the United States while simul-  in discussions. be completed in the Engineering Div-
taneously developing plans for high- The television course being offered  jsjon of the Denver Center in Aero-
level types of conferences to be held at the Denver Extension Center iS  pautical Engineering, Applied Math-
here on our campus. We have been part of our expanding program at ematics, Civil Engineering, Electrical
having excellent success in attracting the Center to serve the Denver area  Engineering, and Mechanical Engi-
outstanding men to join our faculty, with Engineering instruction on both  peering. Plans are under way to per-
and I will have a very significant the undergraduate and graduate it completion of the undergraduate
report to give on the new additions to  levels. At the present time, :1])1))‘()x:i- Engineering degree requirement at
our faculty in the Fall issue of the mately 1350 students are enrolled in  (he Denver Center with the labora-

CoLORADO- ENGINEER. the Engineering program at the Den-  1ory courses being taken on the Boul-

Two of our faculty members, Pro- ver Extension Center, including 960  der campus by means of a commut-
fessor Frank Eastom of our Electri- undergraduates and 390 graduates. jng arrangement. A Committee,
cal Engineering Department and Mr:  Just as on our Boulder campus, the ynder the Co-chairmanship of Dean

Vernon Parker of our Engineering teaching program in Engineering at  Hutchinson and Professor Rauten-
Graphics and Machine Design De- the Denver Extension Center is con-  sgraus, are working on plans to en-
partment, will be retiring at the end tinually being improved. For ex- Jarge our Engineering program in
of this school year. These men have ample, the Center has recently ob-  Denver in an effort to offer a more-
done a fine job for us here at the tained the latest in desk-model cal-  complete program for the local stu-
i dents and to meet the educational
needs of an urban community in
which many thriving technically
oriented industries exist.

With our Engineers’ Days being
held on May 3 and 4, we have taken
an opportunity to recognize the ac-
complishments of our students and
review the advances we have made in
our College during the past year. As
vou return to your home or new pos-
itions for the coming summer, I hope
vou will carry with you some of the
enthusiasm all of us on the faculty
have for the developments occurring
in our College of Engineering. We
sincerely hope you will pass on to
vour family and friends your feelings
as to the progress we are making in
Engincering at the University of
Colorado.

29

CorLorApo ExciNeEr—May, 1963

e




As we all know, the old-fashioned
concept that exercise and perspiration
must go together has been out-moded
by the revolutionary discovery of the
principles of isometric exercise or,
“How to Do Nothing while Really
Trying.” These principles say that a
man can put in an entire day’s work-
out while riding home on the streetcar
and nobody will even notice (as long
as he doesn’t turn blue) . All that one
has to do is push, pull, or squeeze
something that won’t push, pull, nor
squeeze; keep it up until fatigue sets
in and presto—with literally no sweat
—bigger, better bicepts.

The potential for isometric exercise
(LE.) 1s vast indeed. Perhaps some
day LE. will rank right along with
the great inventions of mankind such
as the steam engine, T.V. dinners, and
antiacid pills. New applications of the
principles of LE. are appearing every
day. Right now, for instance, vou can
buy a half of a golf club with a chain
on one end for attaching to the wall.
by assuming different positions of the
golf swing so that the chain is held
taught one builds power, grace, and
accuracy into his golf game.

As yet, however, no devices or exer-
cises have been designed specifically
for the engineer. This oversight is
probably not intentional on the part
of physical educators and should only
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be attribtued to a lack of appreciation
of what isometric exercise fully im-
plies. (This will be explained further
on in more detail.) Let us consider
LE. from the point of view of the
needs of the engineer. Of course the
beauty of this system lies in its sim-
plicity. The first device that probably
comes to every engineer's mind would
be a slide-rule that doesn’t slip. This
will enable the engineer to strengthen
his thumb and index finger to at
least three decimal places. A little
more expensive but still reasonable
device would be a test panel covered
with knobs, switches, buttons, and
levers. It is essential, of course, that
nothing on the panel be able to move
or the whole purpose is defeated. Iso-
metric exercise is founded on the
principle of no motion.

Besides the obvious advantage of
these exercises in strengthening the
engineer in his job the vaster impli-
cations should not be overlooked.
Consider, for example, the engineer
who works in an office and merely
pushes a pencil, dials a telephone, or
pushes intercom buttons all day. Since
the dawn of the industrial revolution
this has been considered sedentary
type work—lacking sufficient body
movement. These men have had to
supplement their lives with several
hours of mode rate-to-heavy  exercise

Isometric Exercise For The Engineer

each week just to stay healthy. The
principles of LE. now clearly show
that the problem has been u})pr(m(h-
ed just backwards. It is now clear that
the trouble has been too much move-
ment. The pencils, paper, and ujlc-
phone dials all move much too easily.

Some day, perhaps, corporations
will realize this, start installing their
own inexpensive, highly specialized
gymnasiums for their employees. In
the meantime though, the ambitious
engineer can do fairly well for !nm»
self by taking his lunch hour in a
bank or post office where they have
ball-point pens chained to the wall.

Many ;u}\';m(‘es in education have
been made lately. Some claim to cut
learning time in half. However, as
yet no applications of LE. have been
devised for the mind. Thinking is
perhaps not clearly enough defined
yet so that one can tell exactly what
is meant by mental effort without
mental activity. The field of psy-
chology is relatively young yet and
we must be patient. As a final thought
on this subject for future research,
the yoga principles of deep concentra-
tion on absolutely nothing, look ex-
tremely promising.

—NICHOLAS STILWELL.

-~ “ () 2
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THE DOUBLE-FOCUSING

A double-focusing, beta-ray spectro-
meter has just been completed in the
hasement of the Physics building,
maily as a result of the work of Prof.
\. A. Bartlett of the Department ol
Physics of the University. Through-
out the development of the spectro-
meter many graduate students con-
ributed to the project. The work
was supported by the National Science
Foundation and by the Council on
Research and Creative Work of the
University of Colorado.

A betaray spectrometer measures
the momentum of high speed elec-
trons. When a radioactive material
decays, it emits beta-rays and gamma-
rays. Betarays are electrons, which
may be studied directly in the spec-
rometer, while gamma-rays are elec-
tromagnetic radiation, which cannot
be directly studied. However, its
energy and intensity can be found
by converting some of this energy
into kinetic energy of an electron.
I'his is done by projecting the gam-
ma-rays against a thin sheet of a
heavy metal like uranium. The gam-
ma radiation interacts with the atoms
of the heavy metal, resulting in the
emission of electrons. The energy of
the gamma-ray (E,) can be found
by: KE (electron) = E; — ¢; where
é is the binding energy (the work
function of the Einstein photoclec-
tric equation) of the electron in the
atom of that particular heavy metal.
The thin metal sheet is called the
converter,

The spectrometer collects some of
the electrons, either those directly
from the source or from the con-
verter, and focuses them at some
point. The ideal case would be to
collect all the emitted electrons; how-
ever, this is impossible, so one usually
settles for a percent of the total elec-
trons emitted into the solid angle
which the spectrometer is able to
focus. That is, the only electrons that
are focused to an image are those
in a cone of some solid angle: in the

Warren Wilson is a junior in Engineering
Physics. He is a member of Chessman, the
men’s residence halls honorary, works as
librarian in Nichols Hall, and plans to do
graduate work in Physics.
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BETA-RAY
SPECTROMETER

WARREN WILSON
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University of Colorado’s this is 59,
of 44 steraradians.

-

Magnetic spectrometers* are of two
basic types: those in which the mag-
netic field is perpendicular to the
plane of motion of the electron, (‘;1!1-
ed “flat” spectrometers, and those in
which the magnetic field is in the
direction of motion of the electron,
called the “helical” spectrometer.
The University of Colorado spectro-
meter is of the “flat” type.

The two most common types of
“flat” spectrometers are the 180°
spectrometer and the double-focusing
spectrometer. The 180° spectrometer
uses a uniform magnetic field, and
the focusing properties of the field
are such that a point source gives a
line image focused 180° downstream

from the source. (See Fig. I). The
r
B
ine
Image
Point
Source
y
X
Fic. 1. THE LINE FOCUSING OF THE
180° SPECTROMETER

double-focusing spectrometer uses a
field that varies with radius and a
point source gives a point image. For
instance, in optics, a cylindrical lens
focuses similar to a 180° spectro-
meter, while the double-focusing sys-
tem is similar to a simple spherical
lens, in that all the light (electrons)
is focused at a point. (See Fig. II).
Abberations and astigmatism also
exist in spectrometers. The spherical
aberration is the result of the non-
»oint focusing or the non-line focus-
ing of the electrons in the outer edge
of the solid angle, which can cause
an electron line to appear as a line of
some finite width. As in optics, one
can define a corresponding resolution
which measures the ability of a system
to resolve closely adjacent momentum

*There are also electric spectrometers.

Line Image

Cylindrical
Lens

groups of electrons. 'I"hc resolution
of the University of Colorado spec-
trometer can vary from 1 to 2 per
cent at the largest tr;msmissifm.s to
0.05 per cent at small transmissions.
This electron aberation can l)e. re-
duced by shaping the magnetic field.
Of the two, J)c double-focusing spec-
trometer is more versatile because it
has a larger transmission (solid angle),
and because it can work at smaller
transmissions with high resolution.
The equation of a magnetic tjic.l(l
whose strength is a function of its
radial position can be given by
B = B@E) [a/f]?
where r = a is the radius of the orbit
at equilibrium, :usuming cylindrical
symmetry. (This equation and the
others that follow come from theo-
retical studies of the stability of elec-
tron orbits in betations.) It is now
necessary to find the value of n for
which the magnetic field will become
double-focusing. It can be shown that
if the electron is displaced by a small
amount in e¢ither tllle axial (z-direc-
tion) or the radial direction, it will
oscillate around r = a with frequen-
cies given by

We — W.E (1 — 1)
W = Wi )
where W, = V = Be

R m

These oscillations are approximately
simple harmonic motion. For the
electron to oscillate and not diverge
exponentially from the equilibrium
orbit, both W, and W, must be real
or 0 < n < 1. If the vertical fre-
quency (W,) and the radial fre-
quency (W;) of the oscillations are
equal, then the electrons that are be-
ing emitted in all directions form a
point source will arrive at the image
plane at a single point. Therefore
setting W, = W,;

W2 (1—n) = W2m); ..
therefore the field is given by

B(r) = B(a) [a/r]"

This is not the only value of n at
which double-focusing will take place.
There could be any number of radial
oscillations for every axial oscillation,
or;

SWr e B W R SR )
(See Fig. IIT) . In the above case where

n = yé

t Oscillations

In  Axial Direction

s = t = 1, the value of ¢, at whig,
the electrons are focused, is ¢=V3,
radians.

Trying to get maximum resolutioy
along with maximum transmissjoy,
has led to many different designs of
spectrometers. There are three stand.
ard “magnet” designs of “flat” doy.
ble-focusing spectrometers: 1) core
in the center, 2) inside-out design,
and 3) iron-free design. The theon
of focusing is the same for all these
designs, just the method of obtaining
the required field differs. An iron
form was chosen for the University of
Colorado spectrometer because “the
shape of the magnetic field could he
varied by shaping the iron pole faces,
and because 1t would be difficult 1o
achieve the environment suitable to
operate the iron-free spectrometer.
Also, less current is used. In the iron
free design a much greater current is
needed to produce the required field
than with the iron spectrometer. The
inside-out design was chosen because
no part of the magnetic circuit needs
to operate with the iron near satura-
tion.

The name “inside-out” refers to
the coils, surrounding the working
region rather than being “inside” the
working region. With all these de-
signs, the magnetic field could be
changed by varying the current den-
sities in the coils. The magnetic field
determines the momentum of the
electrons detected, according to the
relation: Be = MV where the elec

R

tron is moving in a plane perpendi-
cular to the magnetic field B with
velocity V in a circular path of radius
R. Since the charge e is constant, and
the detector and the source are placed
at a common radius R. the momen-
tum of the electrons deteced is di-
rectly proportional to the strength ol
the magnetic field. Therefore, it is
possible to choose the range of mono-
energetic electrons  (the electron
spectrum) you wish to examine by
changing the magnetic excitation cur-
rent.

Since there is a close mathematical
analogy between the electric field in
an electrolyte and the magnetic field

imege {q,002%)

s Oscillations
In Radial

Simple Lens

Direction

Equilibrium
OrbR® r=a

Source (0,0,0)
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~HOLES PROVIDE ACCESS FOR CONTROL OF SUITS.~,
SOURCE

ELECTRICAL CONNECTIONS, AND

Fic. 4

between magnetic iron-pole faces, ex-
tensive studies were made with an
electrolytic tank to determine what
shape the poles had to be to achieve
a field that varies as r—*2. The re-
quired shape was found to be that of
a large cone. At small radii, the
shape had to deviate from this cone
\\'il}l the pole faces coming closer to-
sether than was the case with the
conical surfaces. (See Fig. IV) . Three
central coils were also added to main-
tain the field shape at small radii
and to provide electrical control over
the field at small radii.

With the inside-out design, the
working region is surrounded by the
coils and the pole pieces. This com-
plete enclosure of the working region
makes it difficult to have direct ac-
cess to the source area and the detec-
tor area, which is needed for the in-
sertion of the sources and for the
control of the different apparatuses
inside the spectrometer. Access can
be obtained by going through the
pole pieces or by going through the
outer coil region. In Colorado’s spec-
trometer both methods are used.

Any hole drilled through the pole
pieces will affect the field shape near
the hole, although this change in the
field is pronounced only within,
approximately, two hole diameters.
At small radii, the pole faces are
closer together and any hole drilled
at small radii would affect the work-
ing portion of the field more. Also,
since the magnetic field is bowed out-
ward, any disturbance in the field at
small radii would also distort the
field at a larger radii. Therefore, if
the holes are placed at large radii
(near the outer vacuum wall) the
field will be kept as uniform as pos-
sible. Accordingly many small holes
were drilled in both the upper and
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lower pole picces. These holes were
used mainly for the vacuum system
and for the rods that controlled the
different slit mechanisms.

Larger holes, which had to go
through the outer coil region, for
access to the working region were
still needed. To do this, a space may
be left between two adjacent coils
(which essentially meant removing
entirely the center coil in the outer
coil region) or else one can drill
directly through this central coil. It
was found that the later method
would affect the field shape the least.
Therefore. the central coil could not
be wound of ordinary wire since the
holes would interrupt the current
flow: hence a new technique of
winding coils was used whereby the

F1ic. 5

coil was wound of pure aluminum
foil four inches wide. Since the maxi-
mum hole diameter is about two
inches, these holes can be drilled di-
rectly throught he coil without affect-
ing the current flow. This method
was developed by Prof. Willis G.
Worcester of the Department of Elec-
trical Engineering on campus. Ten
holes were therefore drilled through
the coil, seven of which were of large
diameter. All of these larger holes
were placed in the unused sector of
the field region between the source
and the detector. (Sce Fig. V).

The completed spectrometer looks
like a large tin can, fifty inches in
diameter and thirtysix inches high
(See Fig. VI). The spectrometer cas-
ing weighs about 6,700 pounds while

Fic.
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3,000
pounds. The assembled spectrometer

add another

the seven coils
weighs about four tons. The mean
radius, which is the radius at which
the source is placed and about which
the electrons are focused, is 30.0 cm.,
and the field strength of r = a is
120 gauss amperes. The spectrometer
was designed to work with a currrent
of about 3 amperes, which presents
no cooling problem since the magnet
resistance is approximately 25 ohms
(P=I2 R=(9) (2:');::})pmx. 250 watts).
If stronger fields are needed, space
has been left between the coils for
cooling pads which may be added
later.

The interior of the spectrometer is
almost as complicated as the exterior
“Lead Photo” The slits are the main
feature of the interior, and they de-
termine size and position of the beam
of electrons transmitted to the detec-
tor. The position of the slit edges in
the spectrometer are controlled by
shafts which pass through the holes
in the upper pole, rotating to change
the slit position. The number of
outside the

turns on turnscounters

spectrometer indicates the slit posi-
tion. The detector itsell is a thin-
window, GM (Geiger-Mueller) tube,

located at an angle of V27 radians
downstream from the source, and es-
pecially constructed for this use. The
detector has the feature that it can

Joux KEerrH, GRAD-

UATE  STUDENT N
Puysics, TAKING
DATA  FROM  THE
CONSOLF OF THE
BeErTA-RAY SPECTRO-
METER.

be filled with a counting gas while
the rest of the spectrometer is evacu-
ated. Plans have now been made to
use, in place of the GM tube, a scin-
tillation counter to increase the ver-
satility of the spectrometer.

Several research projects have com-
pleted using this spectrometer and
several more are underway. At pres-
ent the sources used come from the
University of Colorado’s cyclotion, or
from commercial supplies of radio-
isotopes. The sources are made in the
cyclotion and are then rused up to

the Physics Biulding to be put into
the spectrometer for study. The short-
er the half-life of isotope produced,
the more difficult it becomes to make
a sample at the cyclotron and trans-
port it up to the Physics Building for
study. When the spectrometer is re-
located in the cyclotron building, it
is planned to use automatic equip-
ment to transport sources of short
half-life from the cyclotron to the
spectrometer. This will greatly in-
crease the research possibilities of the
.\})1‘('1]‘()”1('1(']'.

What's
your group
doing?

.

i B SEERRY 3 Per T

Oh, I might wear a coat when | go to the
cafeteria. The informality and freedom here is
one way of saying that JPL conducts its affairs
on a highly professional plane.

We're developing two specific systems for JPL
spacecraft. The first cccepts the data output
of transducers and instruments on board and
prepares it o pass through our communication
channel. A data-handling system.

I've been trying to find an excuse to be
unhappy for five years —since | graduated
from the U. of Michigan. I haven't been able
to do it yet.

The other system allows us to efficiently transmit
signals over great distances from the spacecraft
to Earth and vice versa. It's an interesting
operation. Thankifully, it's a shirt-sleeve operation.

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

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

fifty more here. If your future doesn't

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

Attention: Personnel Department 106

“An equal opportunity employer.”
Operated by California Institute of Tachnology for
the Nationol Aeronautics and Space Administration.

1“1):

CoLorapo ENGINEER—May.



-

THE BELL TELEPHONE COMPANIES
SALUTE: BOB DiICIOCCIO

Bob DiCioccio (B.S.M.E., 1956) handles microwave trans-
mission projects for Pacific Telephone in San Diego. Bob’s
jobisto select and test sites, prepare plans and specs, obtain
cost estimates, let bids, and supervise construction and
installation of equipment. An important responsibility for
a man with the company less than a year.

Bob proved his engineering ability early when he solved

TELEPHONE MAN-OF-THE-MONTH

a tough problem concerning spring relay stress tension.
A report of his findings won praise for its thoroughness
and sound recommendations.

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

BELL TELEPHONE COMPANIES




Harry A. Curtis, B.S.(Chem.E.)
1908, M.A. 1910; received the Mis-
souri Honor Award for Distinguished
Service in Engineering from the Uni-
versity of Missouri, March 22. Curtis
is a retired director of the Tennessee
Valley Authority and former dean of
the College of Engineering at the
University of Missouri.

The Missouri Honor Awards for
Distinguished Serivce in Engineering
were presented to three outstanding
American engineers and one corpora-
tion that designed and built the first
orbiting, manned, American space-
craft. The award is presented to those
who have made outsanding contribu-
tions to world progress through engi-
neering.

Dr. Curtis was born in Sedalia,
Colorado, in 1884. In addition to his
B.S. and M.A. degrees from CU, he
received a Ph.D. degree from the
University of Wisconsin in 1914. He
holds honorary doctor of science de-
grees from both CU and Wisconsin,
and an honorary doctor of engineer-
ing degree from the University of
Louisville.

He has served on the faculties of
the University of Colorado, North-
western University, Yale University,
and the University of Missouri. He
has worked as a chemist with several
industrial firms, was chairman of the
Division of Chemistry and Chemical
Technology of the National Research
Council in 1930-31, and he is now a
member of the board of directors of
the Oak Ridge Institute of Nuclear
Studies.

Dr. Curtis retired as director of
the Tennessee Valley Authority in
1957. He had previously served as
chief chemical engineer before be-
coming dean of the College of Engi-
neering at the University of Mis-
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souri. He was dean for 11 years, re-
turning to TVA when appointed
director by President Harry S. Tru-
man in 1949.

He is internationally recognized as
a chemical engineer, educator and
administrator. He is active in nume-
erous l)rofes.si()nal societies, and 1s a
past \'1('e-l)resident of the American
Institute of Chemical Engineers. Dr.
Curtis holds 25 U. S. patents and is
a well known author of many tech-
nical journals. He is also author of
the book, “Fixed Nitrogen.”

GrorGE M. WirLiams, B.S. (C.E.)
1927; Director of Engineering and
Operations for the U. S. Bureau of
Public Roads, was presented the U. S.
Department of Commerce Exception-
al Service Gold Medal Award on
February 14. The award cited Wil-
liams “for major contributions of ex-
ceptional value to the science and art
of highway and bridge engincering
and highway administration which
have fostered economic and social ad-
vances for the people throughout the
entire country.”

Williams has been with the Bureau
since 1927, and he has served in a
variety of positions, including Bridge
Engineer in Alaska and the Philip-
pines, Regional Engineer, Deputy
Commissioner for Engineering, and
Director Offices of Engineering and
Operations. Williams was awarded
the Department of Commerce Silver
.I\(I)E‘(_lal for Meritorious Service in
957.

Glenn Murphy, 1929, M.S. 1930,
C.E. 1937; has served as president of
l!l(.‘ American Society of Engineering
Education during the past year. Mur-
phy is currently head of the Depart-
ment of Nuclear Engincering at Iowa
State University at Ames.

ALUMNI NEWS

Russer. M. HOLDREDGE, B.S. (Mech.
E.) 1956, M.S. 1959; has been awarded
a faculty fellowship by the National
Science Foundation. Holdrege plans
to study at Purdue University starting
in June where he will work toward his
doctorate. He is an assistant professor
in mechanical and electrical engineer-
ing at Utah State University at
Logan.

Harmox C. RicHarpson, B.S. (C.E.)
1923; has been appointed chiefl engi-
neer for Dravo Corporation’s shaft
and tunnel department. This depart-
ment, which has been in existence
more than 65 years, specializes in
shafts, slopes, tunnels and mine face
openings. Richardson has been with
the Dravo corporation since 1929. He
held various engineering and sus)cr-
intendent positions until 1956, when
he was assigned to the shaft and tun-
nel department. Richardson gradu-
ated from CU with honors.

RICHARDSON

Harmox C.
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LAW AND THE ENGINEER

The engineering degree is a ver-
satile piece of paper. In most in-
sances it is the means by which a
young man gets an opportunity to
gain pmtlicul experience in his
chosen field. But for some students,
this degree provides an opportunity
1o further his education and profes-
sional accomplishments—for example,
it allows him to enter law school. It
is a mistake to believe that the engi-
neer cannot succeed in law, but he
should recognize what is expected of
him and he should realize the weak
and strong points of his education.

One of the many impnrt;mt assets
that an engineer has 1s the ability
to think logically and clearly. A law-
ver must be able to evaluate data
and condense it into a clear, mean-
ingful argument. The four years engi-
neering curriculum tends to develop
the basic techniques of logical
thought. A student cannot hope to
encounter every type of problem in
his course work, but he can acquire
the ability to start at the beginning
of a problem and solve it by clear
thinking, -

Other qualities associated with
c'nginecring are self-reliance and pa-
tience. He develops self-reliance
through the process of applying his
knowledge to the physical world both
in simulated pruLlems in the class-
room and actual problems in the
labc_)ramry. In addition, he develops
patience through the process of
“grinding out” solutions to horren-
dous mathematical puzzles and other
common types of necessary “‘busy-
work.” These are both necessary traits
of the successful lawyer. :

I'hus the engineer brings many
necessary qualities to law school, each
f(').stcrcd by his technical education.
Unfortunately, there is an equally
]({ng list of deficiencies that are a
direct consequence of his course of
study. The engineer usually lacks the
ability to write well. Legal writing,
J{kc technical writing, must be clear.
Hlejuml)lcd technical report and the
ambiguous legal paper both lead to
the same consequences — confusion,
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waste and expense. Further, the poor
legal draft may place the lawyer's
client in jeopardy. i

At times, the engineer lacks social
sensitivity. He has a tendency to
think in terms of physical rather
than sociological problems. Conse-
quently, he does not relate his work
to society. Society and his work are
two independent spheres. On the
other hand, the lawyver works directly
with eople and their problem§,
hence he must have a great deal of
social awareness.

Admission into law school in many
instances depends on whether or not
the student has strengthened the
good parts of his engineering educa-
tion and eliminated its deficiencies.
Most schools grant admission accord-
ing to undergraduate grades and rank
in class. Law schools have found that
engineering students in the top of
their class usually have few deficien-
cies. Good students have acquired
the ability to learn quickly and well,
a prime requirement for the lawyer.
Furthermore, through his extra-cur-
ricular activities, the top student has
developed a social awareness that will
help him understand and communi-
cate with people.

A further requirement that is be-
coming more and more necessary in
qualifying for admission to law school
is an acceptable score on the law
school admission test. This test is
administered by the Educational
Testing Service. Such subjects as lit-
erature, art, music, and history are
covered on this test. These are sub-
jects that are given only scant atten-
tion in a standard engineering curri-
culum: hence the average engineering
student knows little about them.
Again, it is the top student who wi!l
do well on this test because he is
usually well read. ¢ 5%

Specifi(' requirements fo.r a(!nuﬁsmn
to law school vary among Institutions,
but most schools require at least
three vears of college training, and
manv schools require a bachel_<_>_r's de-
gree. Few s(‘honls_rcqun'e SI)CCII!(.‘ pre-
law courses, but it would be wise for

the student of engineering to famil-
iarize himself with the requirements
of the school that he wishes to at-
tend.

The lawyer with an engineering
background may choose either to use
or not to use his engineering training
in the legal profession. Many of the
top law graduates, no matter what
their pre-legal training, go into gen-
eral practice. These lawyers handle
any type of case that is presented to
them irregardless of the type of work
involved. An engineer engaged in this
field might expect to use his tech-
nical knowledge as little as ten per
cent of the time, but his specialized
training would be invuluzlblc to him
when dealing with clients in the engi-
neering or scientific professions.

For the patent lawyer, engineering
and law is an essential combination.
The patent lawyer may help prepare
the specifications needed in order to
secure a patent in the United States
or in foreign countries. He is also
concerned with protecting his client
from patent infringements and in
some cases he may also assist in ex-
ploiting the invention if it has com-
mercial value.

Another possibility is corporation
law. The corporation lawyer acts as
an agent for the corporation and as
such he advises and represents the
officials in all legal actions. 'The
lawyer, if he chooses this speciality,
must be prepared to move to the
eastern part of the country since most
corporations are centered on the east-
ern seabord. This may seem trival to
some people, but many people from
the West find eastern living distaste-
ful.

A small but growing field for the
western engineer is the specialty of
water law. Water is essential to the
growth of the West and as with any
scarce resource, the law concerning
it has become highly specialized and
technical. But since it is so important
in the West, anyone who plans a
western law career must have a fun-
damental knowledge of water law.

(Continued on page 49)



MoUNTING A PistoN ON A LATHE

If you own an American-made car,
the chances are excellent that your
pistons were made by Triplex of
America, located in Pueblo, Colo-
rado. Triplex supplies pistons to
major American automobile manu-
facturers, engine manufacturers, and
to jobbers throughout the Unitel
States and the world.

There are three main steps in the
construction of a piston. First is the
smelting of the alumnium alloy to be
used in a particular type of piston.
The next step is casting the molten
alloy into the desired shape. Finally,
the piston is turned, grooved, and
ground to the specifications of the
order, packaged, and shipped. One
of the main reasons for the com-
pany’'s success is that it is self-con-
tained, having the smelter, foundry,
and machine shop all at the same
location.

Piston construction begins at the
smelter, which has three open-hearth
furnaces. The largest furnace has a
capacity of fifteen tons, and takes
twelve hours to run a heat of this
size. The temperature of the furnace
walls climbs to about 1800° F, and
the temperature of the metal to about
1300°. At the end of the smelting
process the molten metal is poured
mto thirty-pound ingots, which are
cooled and stored for use in the
foundry.

At this point, samples of the alloy
are tested for content on the pl:ml';
arc spectrograph. Seventy-five per
cent of the Triplex pistons are made
of the “F-132" alloy. This alloy is
about 859, alumnium, with 249
copper 109, silicon, and small (but
precisc) amounts of magnesium,
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FINISHING LINE.

IN THE

iron, nickel, zinc, manganese, titan-
ium, lead, tin, chromium, and so-
dium.

From the smelter, ingots are taken
to the foundry, where they are fed
into holding furnaces. Hand-ladles
pour the re-melted metal into auto-
matic molds. One man usually oper-
ates two or more molds, placing
“struts,” if necessary, into the mold,
closing the mold, filling it, and then,
after mold has opened automatically,
picking the hot piston out of the
mold and putting it in a bin. The
term “‘strut” refers to the steel in-
serts molded into the piston to con-
trol thermal expansion in the finish-
ed product. The three types of struts
are the autothermic, the conformatic,
and the round band. The molten
alloy takes about thirty seconds to
set. The pour-holes in the mold are
connected to the piston section by
cylindrical pathways. The resulting
arms on the cast piston are called
“risers.” Since the risers are geomet-
rically above the piston when the
metal is setting, the impurities mi-
grate up into the risers.

After the piston has cooled, the
risers are chopped off, the piston is
tempered in a heat-treatment oven,
;l_ml then taken to “foundry inspec-
Ilf)n" for a dimension check. If the
piston is to be shipped to the cus-
tomer for final machining, the sides
are preturned and the head faced to
()l‘_’”) inches over the final size. This
eliminates the cost of shipping for
l.l?c removed waste material. If the
piston will remain at Triplex for
final machining, it may be preturned
to 0.160 inches over, or may not be
preturned at all. Some 1)1'.((0115 are

COLORADO

INDUSTRIES

JIM TOEVS

molded with a complex contoured
head and are not faced. This head is
a special configuration to improve
the distribution of fuel in the com-
bustion chamber.

For final machining, inspection,
and plating, the {)ismns go to the
machine shop, which served as a
hangar during the war. (Triplex is
located beside the Pueblo Memorial
Airport) . The finish machine depart
ment has eight finishing lines which
are set up for different sizes and

specifications. The first step is to
bore and face the piston skirt. This
important step determines the sur-
faces on which the piston will be
centered for each of the remaining
cuts. Now a special lathe assembly

REMOVING Pistox rFroM Moip N THE
Fouxpry. Nore Haxp Labii
BEHIND WORKER.
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rough-turns the outside (.lizunct,er to
0014 inches over, cuts ring grooves
.nd chambers, and drills center holes.
A grinder rough-grinds the skirt to
within 0.005 inches, and finish-
rinds the “lands” (the surface area
hetween the grooves) . The wristpin
hole is then bored to =.0001 toler-
ance of its final specification, the
lock ring groove is machined if the
design requires it and any necessary
Jots are cut. The piston is weighed,
and a ~pm‘iul machine evenly removes
metal so that all pistons of a par-
ricular design will weigh within two
grams of each other. A grinder
{inishes the piston skirt to an ellipti-
cal contour and it goes to final in-
spection, where its diameter, weight,
pin hole, etc., are checked at a con-

stant temperature of 70" B,

\fter inspection, most pistons are
tin plated, and all are then pin
fitted. The pins and pistons are ('()Im'-
coded for size and matched to pro-
vide proper clearance. After pin fitt-
ing, the pistons are packaged and
shipped.

Triplex, founded in Chicago by
Frank L. Lamb, originally built parts
for drycleaning machines. During
World War 11, the plant constructed
such items as tank pistons and ma-
chine gun parts. Immediately after
the war, the company switched to

TriPLEX FINISHIN MACHINING DEPARTMENT, SHOWING VARIOUS LATHI

DRILLS, AND
automotive parts, and, in 1949,
moved to Pueblo to make pistons.
There is also a Cincinnati plant,

which primarily makes valves. The
Pueblo plant employs about 600. Tri-

OTHER FINISHING

\SSEMBLIES,
OPERATIONS.

plex has warehouses throughout the
United States and Southern Canada.

For cnlploynlcnl information, write
Mark Rochon, Triplex of America,
P. O. Box 666, Pueblo, Colorado.

DENVER
SALT LAKE CITY
HOUSTON

P.0O. Box 5888, Terminal
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DENVER

our central
engineering
office

4 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
contract.

Current projects include oil and

& gasplants,power stations,chemical

and metallurgical plants, sugar fac-
tories and defense-related instal-
lations and equipment.

Stearns-Roger

CORPORATION

Annex, Denver, Colorado

e



40

Malleable artillery shell pierces 2 feet of solid oak at a velocity of 2,000 feet per second. In U. S. Army tests,

pearlitic Malleable 105 millimeter shells were fired at 1 12% of rated maximum pressure. T_h.e ngw Malleable
shells pierced the solid barricade, performing to the exacting requirements of the specification . . . proof

of STAMINA.

“Guaranteed for Life” is the halimark of confidence
the manufacturer of this vise has had in its all-
Malleable housing since first designed in 1917.
These machinist's vises really earn their reputa-
tion as the most abused tool in the workshop, and
about one million are now in use. All carry this
unconditional guarantee . .. proof of STAMINA.

Add Greater Stamina,
To Your Products With
Malleable Castings

Pearlitic Malleable shoe for air-powered compactor
delivers 900-pound blows at the rate of 350 per
minute. Day after day, month after month, this
rugged casting batters away on dirt, gravel, clay
and rocks without significant wear or damage...
proof of STAMINA.

Your Free Copy of Malleable Engineering
Data File is now available from any mem-
ber of the Malleable Founders Society. Or
write to Malleable Founders Society, Union
Bl 1 Commerce Building, Cleveland 14, Ohio.
s

_-’.’.w

For more detailed information
on how Malleable castings can
Improve your products, call any
of the progressive companies
that display this symbol —
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JOE CAYER

WAFFLE IRON MEMORY DEVICE
A new magnetic memory device
that looks somewhat like a miniature
walfle iron has been developed at
Bell Telephone Laboratories. Be-
cause it has one of the shortest stor-
age paths for a single bit of any
magnetic memory device, the struc-
ture is extremely compact, and can
operate at high speed on low imput
power.
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The new memory will be particul-
arly useful for Jarge-capacity, econom-
ical stores operating at read-write
cveles of less than a microsecond. It
looks I)romising for computers a.nd
switching systems which are now using
ferrite cores and thin films.

The walffle-iron device consists of
4 base plate made of a high perme-
ability ferrite in which a grid of slots

is cut, leaving a regular array of

rectangular posts. This gives the sur-
face the appearance of a miniature
walffle iron. Pre-printed wiring pat-
terns—a set for the read-write and a
set for the digitsense wires—are
placed in the slots. An overlay of
square-loop magnetic material—such
as a type of permalloy—is laid across
the tops of the posts.

Information is stored in the over-
lay material between the posts in the
direction of magnetization of the
magnetic flux. The width of a slot is
the effective length of the magnetic
path in the storage material. The high
permeability base and the square-loop
material connecting a pair of posts
form a closed magnetic flux path.
One type of walfle-iron memory has
posts 100 mils long and 30 mils wide
and a slot width of 30 mils.

Both destructive and nondestruc-
tive walfle-iron memories have been
built; the basic difference is in the
magnetic overlay. Destructive mem-
ories use an overlay of a single mag-
netic material. Nondestructive mem-
ories ues an overlay of two magnetic
materials—one for storage and the
other for sensing. When a nondes-
tructive memory is read, only the
sensing material is switched; thus
the memory can be interrogated in-
definitely without affecting the stored
information.

WALK ON AIR

A permanent magnet with a “mem-
ory” which can in effect, be turned
on and off has been produced by
Westinghouse Electric Corporation.
The on-off behavior comes from a
unique new magnetic circuit in which
the permanent magnet is the key
element.

The circuit’s capability has been
demonstrated by an “earth walk”
much more difficult than any walk
in space—upside down on the under-
side of a steel beam against the full
pull of gravity. Attached to the soles
of a man’s shoes, the magnets clamped
his feet securely to the beam to sup-
port him and freed them when he
wanted to take a step.

The new circuit differs from ordi-
nary permanent magnets in three im-
portant ways: (l) it exerts strong
magnetic force at one end while
exerting hardly any at the other:
(2) the strong and weak magnetic
poles can be switched end-for-end
easily and at will, thus, in effect,
turning the magnetism on and off;
and (8) it remembers its direction of
greatest magnetic pull indefinitely.
Lacking these features, conventional
permanent magnets attract objects
without preference, cannot be easily
controlled, and have no magnetic
memory. The new cricuit combines
the desirable features of the perma-
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nent magnets and electromagnets.
Like the permanent, it needs no ap-
plied energy to create a strong mag-
netic field. But like the electromag-
net, the strength of the field can be
varied easily and continuously, while
the magnetic condition is remember-
ed indefinitely.

I'he circuit is described as a “three-
laver sandwich” by its developer,
typically about one inch square and
a half inch thick. The middle layer
is a ceramic magnet. The two outer
layers are thinner pieces of solft steel
which act as magnetic “funnels” that
concentrate the magnetic lines ol
force of the magnet into the end
areas. The funneling elffect creates a
pull of about 30-50 pounds at either
end, where a pair of opposite mag-
netic poles exist. Two metal pieces,
or keepers, one at each end, complete
the circuit.

I'he memory of the circuit and its
on-off feature come from transfer of
the magnetic lines of force, or mag-
netic flux, which is within the sys-
tem. The transfer can be made me-
chanically or by a short pulse ol
low-voltage current. Mechanical trans-
fer is accomplished by moving the
keepers at the ends of the magnet.
The keeper first placed in position is
always held with the strongest force.
Removing the keeper automatically
shifts the magnet’s flux, and its
greatest pull, to he opposite end. The
magnet always remembers which
keeper was put in position first by
exerting maximum force on it.

For electrical switching, a coil of
wire is wound around one pole of
the magnet. A short pulse of current
is sent through the coil in such a
direction as to oppose the magnetism
at the strong end of the circuit. This
transfers the flux to the weak end,
and the same shifting occurs as that
in the mechanical shifting.

The circuit may be used as a re-
motely controlled lock for the doors,
trunk, and hood of automobiles, all
under control from pushbuttons in
the driver’s seat. It could also serve
as a magnetic memory unit for digi-
tal computers. The idea may be used
for magnetic shoes to enable space-
men to have a kind of artificial grav-
ity and enable them to walk around
in the weightlessness of outer space.

VERRAZANO-NARROWS BRIDGE

The United States Steel Corpora-
tion is producing wire for the cables
going into the new Verrazano-Nar-
rows bridge. The bridge will link
Brooklyn and Staten Island and will
be the world’s longest suspended
span. The total length of the bridge
will be 13,700 feet while the length
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of the suspened structure is 6,690 feet.
The length of the main span is to be
4,260 feet, 60 feet longer than the
Golden Gate bridge, and the side
spans will be 1,125 feet. Its width
will be 103 feet, with twelve traffic
lanes.

The crews spinning the more than
38,000 tons of wire for the cables
have been working one shift per day,
but will start a second shift to speed
completion of the four 7,205 foot-long
cables. Each cable will measure 3574
inches in diameter. About 145,000
miles of 0.196-inch diameter galva-
nized steel wire will go into the
cables. The wires will actually be
placed parallel to each other instead
of being twisted or braided as the
word “spinning” suggests.

ROTARY SURFACE GRINDER

A rotary surface grinder taller than
a two-story building is helping Gen-
eral Electric Co. reduce delivery time
on steam turbine-generators and
marine propulsion plants. The 30-
ton, 25-foot-diameter grinding surface
table makes this the largest known
machine of its type in the world to-
day. The table has an area of more
lh:m‘ 490 square feet. Capable of re-
moving ten cubic inches of stock per
minute, General Electric engineers
l).l‘(%dl(:t the grinder will cut machine
tme in half. The grinder is now in
operation at GE’s Lynn, Massachu-
setts plant. :

Work pieces up to 85 tons can be

ground to a guaranteed flat and
parallel accuracy of .002 inch. The

BrinGe

grinder will be used to finish grind
steam joint surfaces on turbine heads
and casings and flat oil joints on
gear casings. The department where
the unit is used manufactures steam
turbine-generators for power genera-
tion and marine propulsion plant.
The column unit, with its counter-
weighted head, weighs 150 tons and
provides the rigidity required for l}\.t'
250 hp. drive. The entire column is
supported on three shoes for adjust
ment of wheel alignment.

Flat work accuracy is accomplished
by hyraulically actuated wedges that
raise and lower the column to adjust
the plane of the grinding wheel
parallel to the table. From ])'.11‘])&
located just to the rear of the grind-
ing wheel, the operator can read in-
strument increments of .001 inch and
follow the vertical movement as .xlu“
wedges are positioned. Both verucal
and in-and-out travel allows the oper-
ator to move his power driven pulpit
into the work area to inspect the sur-
face and set the stops for the powel
operated wheel dresser.

The design of the grinding head is
unique in that it uses 30 separale
stones of standard size for easy re
placement. When in operation, ~Iu'l]~
ing gu:n‘ds mounted on a monorat
completely enclose the grinder and
contain the coolant spray. Coolant,
slung at high volume under the
stones, washes sludge and chips from

the work surface. The coolant 15 ¢

circulated and filtered at a rate ol
- be

100 gallons per minute througa 2

paper filter unit.

v . ’ 0943
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NEW COLOR TV TUBE

A new color cathode ray tube for
ielevision S€Ls, that can be produced
at substantially lower cost than pres-
ent color television tubes, has been
atented by David M. Goodman of
\ew York University. I'he tube uses
2 single electron gun instead of three
quns 1 is NOW standard practice in
the industry. The new tube also dis-
penses with lhc_nler}l:nl_u'ul “shadow-
mask,” a selection device that sub-
qantially cuts down the brightness of
the projected picture.

The Goodman tube has a target
<reen consisting of repeating groups
of vertical color strips and thin in-
dexing strips, all deposited on the
face of the tube. When bombarded
by the scanning beam released from
the single electron gun, the index
stips give off short bursts of ultra-
violet and X-ray index signals, which
locate the position of the electron
beam on the target screen. Attached
w0 the electron gun are light pipes
which pick up the index signals and
«nd them through the neck of the
whe to very rapid gating circuits.
These circuits sample the different
video color signals, and then control
the modulation of the electron beam
i insure registry of the different
color signals on the target screen.

The new tube does not employ the
wire grids and apertured masks used
by the expensive color cathode ray
tubes now in use. Instead, the Good-
man tube provides a unitary, non-
vibrating, sandwich assembly of index
strips and color strips on the face
plate of the tube. The index strips
operate at the same voltage as the
color strips, requiring no additional

high power voltage power at the
target screen. Also, because the index
signals are transmitted as electro-
magnetic radiation to the light pipe
members, additional high voltage cir-
cuitry 1s not needed. This arrange-

ment, which simplifies the target
screen and  index  signal  pick-up
structures, makes the tube less ex-

pensive to produce. In addition, the
new tube is better adapted to meet
the broad range of environmental
conditions likely to be imposed by
industrial and military users. :

Initial production plans are for a
600 color line tube, with a brightness
capability of 75 foot-lamberts un-
modulated, to be available for tele-
vision receivers this autumn. The
tube, in addition to its obvious use
in television receivers, is expected to
have wide application to inl’ormuti()n
display and electronic data presenta-
tion systems for civilian use and for
military installations.

NEW PORTABLE TV TAPE
RECORDER

A new portable television tape re-
codrer, weighing only 68 pounds and
designed to record closed circuit edu-
cational television on economical one-
inch wide tape, was announced by
Precision Instrument Company. De-
liveries of the fully transistorized
device, which will record audio and
a full 3.5 megacycle band width sig-
nal output from any image orthicon
or vidicon camera, will begin this
spring. The two-cubic foot sized re-
coder is called the PI-3V.

The easy-to-operate PI-3V will re-
cord 96 minutes of programming on
a single 1014-inch reel of one-inch

GOODMAN I - COLOR CATHODE RAY TUBE

1| INDEX
GENERATOR

SCINTILLATOR

SCINTILLATOR
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I'ArE RECORDER

Portasre TV

tape. With only two recording heads
as opposed to present non—pm'tublc
recorder’s four, the new unit places
the video signal on tape by a helical
scan method using a 180 degree tape
wrap. Tape moves at a slow, 7/
inches per second.

Priced at a fraction of TV record-
ers on the market, the new Precision
recorder fulfills a long-sought re-
quirement in hundreds of United
States closed circuit educational tele-
vision systems, according to a sp()kcs-
man at Precision Instrument Co. Ex-
(‘epti(mul illustrations of audio-visual
instruction can be filed and replayed
100 times or more. Similarly, since
the recorder’s construction and tape
drive and scanning performance en-
sure complete interchanegability of
tapes among all PI-3V units, note-
worthy tapes can be rotated among
institutions. Teacher evaluation and
acquisition and storage of exception-
al lesson material, such as scientific
experiments for scholastic audiences,
are other uses for the unit.

The devise is portable, requires
only 110 volts, and consumes only
350 watts, an important consideration
when portable power supply is need-
ed. This, coupled with the simplicity
and light weight of present closed
circuit television cameras and audio
recording equipment, extends the
educator’s sources of audio-visual ma-
terial. ()p(-r;uinn of the PI-3V, from
threading the tape to recording under
various audio and visual levels, is no
more complex than running familiar
audio tape recorders.

GoopMAaN I — Coror CatnHopeE RAy TUBE




The Colorado Engineer is the engineering journal of the University

of Colorado, published four times a year. Most of I.'he work of
chasing down the material and of putting the magazine together
is managed by the students. In this, the final issue for the year,

we would like you to

MEET

The
COLS

LOWELL BROOKS

Lowell Brooks, this vear’s editor,
is a fifth year student in Applied
Mathematics. This graduate of La
Junta High School, La Junta, Colo-
rado, has been rather busy at C. U.
He is a member of Tau Beta Pi,
Sigma Tau, and Sigma Pi Sigma. He
also works in the Department of Ap-
plied Mathematics Numerical Analy-
sis Center as an Assistant Program-
mer. He teaches a lab section in com-
puter programming and helps stu-
dents learn to run the digital and
analog computers. Next year he will
start work towards a doctorate in
Continuum Mechanics at the Uni-
versity of Maryland in College Park,
Maryland.

PAT BROOKS
Pat Brooks has been on the staff
of the CorLorapOo ENGINEER for three
years. This last year she served in the
capacity of business manager. This

native of Salida, Colorado, began as a
student in Chemical Engineering, but
after three years, finally decided that
she would rather go into Arts and
Sciences. Next vear, Pat will be in
College Park, Maryland.

CHERYL ANDERSON

Cheryl Anderson from Short Hills,
New Jersey has been Office Manager
of the CoLORADO ENGINEER this past
year. Cheryl is a freshman in Arts and
Sciences; and is majoring in Political
Science. Unlike most students on the
staff, she is entirely dependent on her
parents for her education. Cheryl en-
joys many outdoor activities includ-
ing woodsies. She also enjoys F.A.C.,
parties, and a certain Texan by the
name of Dan.

In addition to Office Manager,
Cheryl has also helped out in cir-
culation, advertising and as a secre-
tary.

ANEEE ~

STAFF

LARRY L. HUSTON

Larry L. Huston is this year's assist
ant editor (he edited the joke page)
and next year's editor (no joke). He
came to the College of Engineering
shortly after spending three years in
the Army. This is his second year on
the staff and his third year in school
studying Civil Engineering. He is ac-
tive in ASCE, the Newman Club,
Chi Epsilon, Sigma Tau, and Tau
Beta Pi. In addition, he works ap-
proximately ten hours a week in the
Dean’s office.

RON BLACKWELDER

Ron Blackwelder, who hails from
Brighton, Colorado, is a senior in
Aeronautical Engineering. He has
worked two years on the ENGINEER,
last year as layout editor and this
year as production manager. In addi-
tion to spending some time in (-ln?xex.
Ron is a member of the American
Rocket Society, Buff Flying Club,
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Gioma Tau, and Tau Beta Pi. He

o works 27 hours a week, cooking
jor the Farrand Sweethearts. In spite
of all this, Ron has been able to
maintain a 3.65 average.

ROSS FRAKER

Ross is a junior in Applied Math.
who came to C.U. from nearby
Greelev. He became a member of the
Superior Student Program as a fresh-
man and steadily fell into more activ-
ities, the chief ones being wvarsity
wrestling and Alpha Phi Omega, a
national service fraternity. This year,
in addition to these, he acts as cir-
culation manager for the CorLorapo
ExcINEER in between hashing, grad-
ing papers, being active in SIAM,
T'au Beta Pi, and Sigma Tau, and
going to class now and then. Among
his other outside interests are coin
collecting, listening to records, and
a certain Miss Deanna Borden [rom
S.C., to whom he is engaged to
marry at the end of the coming sum-
mer. He lacks only something to keep
him busy, and even this deficiency
will be filled by his position as busi-
ness manager of the ENGINEER next
year.

i
alst

MITCHELL ALLIES
Mitchell Allies is a sophomore in
Engineering Physics. He has a 3.5
average and enjoys courses in both
Science and Humanities. During
summers he likes to fish, hike, and
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participate in outdoor activities. After
a long school year, he is looking for-
ward to a summer in which he can
let his mind loaf and contemplate
some interesting ideas.

CHARLES HANSEN
Charles Hansen, Alumni News re-
porter, is a sophomore from Gunni-
son, Colorado. He is majoring in
Aeronautical Engineering and in-

tends to do graduate study. This is
his first year on the CoLORADO ENGI-
NeER staff. He enjoys hunting, fish-
ing,

ing

and F.A.C. He is presently study-
under a Perrine Scholarship.

CHERYI
Ross FRAKER, LARRY
MARSHALL SILVER, RON BLACKWELDER,

ANDERSON, Jo ANN Cray, PAT BROOKS, ELLEN CARR.
1 HustoN, DAVE PARKHURST, CHUCK FIANSEN.
PinG CHaN, FrRED LOVE.

JIM TOEVS

Jim Toevs is a junior Engineering
Physics major from Pueblo, Colorado.
A Boettcher Sc holarship and part
time work at the cyclotron help 1m
through school. His outside interests
include tennis and music. He is a

member of three University bands,
a member of Sigma Tau, Kappa
Kappa Psi, the national band honor-
ary, Sigma Pi Sigma, the Physics
honorary, and participates in the
superior Student Program and the
NFS Summer Research Program.
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Say, THAT'S A Prerry Goop

MIKE PELOQUIN

Mike Peloquin, the Head Prool-
reader of the ENcINEER for the past
three years, is an Arts and Sciences
senior majoring in Sociology. He is
an “Old-Timer” with six (miserable)
years of active duty— 434 years in the
Air Force and 114 years as a cadet
at West Point. Mike is presently
chairman of the Membership Com-
mittee of the campus chapter of Al-
pha Phi Omega, the National Service
Fraternity, and the Assistant Scout-
master of troop 175. He plans to work
as a Scout Executive in the Boy
Scouts when he graduates (finally)
next February.

ELLEN CARR
Ellen Carr, Book Reviews Editor
for the CoL.oRADO ENGINER, is a soph-
omore in Mechanical Engineering.
She is a member of the Superior
Student Program, Tri-C, and the
Boulder Chapter of the Society of
Women Engineers, and has served as
Secretary of Inter-Varsity Christian
Fellowship during the past semester.
Her home is near Elbert, Colorado,

where her family ranches.

MIKE MARTIN
Mike Martin serves as advertising
manager for the CoLORADO ENGINEER.
A former frustrated areonautical engi-
neer, Mike transferred after three

AWARD

PROFESSOR MALER RECEIVING
SERVICE TO THE COLORADO ENGINEER.
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JOKE. I'He
semesters to Arts and Sciences where
he found himself as an Economics
major. He is a sophomore with a 3.00
average and calls Grand Junction,
Colorado, home. Mike's main extra
curricular activity is learning to play
a guitar — he wants to become a
folksinger or at least accompany other
folksingers.

JOE CAYER
Joe Cayer is a junior political
science major. He has written for
the CorLorADO ENGINEER for two vears.
He plans to teach at the college level
after doing graduate work in his
IIIIIJ()]'.

DAVE PARKHURST

Dave Parkhurst, articles editor for
the Engineer, is a junior in Applied
Math. He came to engineering from
anthropolgy, and plans to do grad-
uate work in energy ecology. Dave
has participated in the Superior Stu-
dent Program, in the engineering
Undergraduate Research Program,
and in the Winter Undergraduate
Program of the Institute of Arctic and
Alpine Research. Other interests put
him in such activities as Alpha Phi
Omega national service fraternity;
Sigma Tau engineering honorary; the
University Hiking Club; and the
Rocky Mountain Rescue Group, of
which he is presently secretary.

YEARS
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AND

NEW-—LARRY

P
Cororano ENGINFER BANQUET.

ARLAN SIMMONS

Arlan Simmons, going to school in
his own home town, is a junior in
Electrical Engineering and Business.
His job on the CorLorADpO ENGINEER
is pounding the pavement for the
Advertising Dept. Married and the
father of three boys, he spends his
spare time with his family and motor-
cycle racing. After working as a
draftsman for five years, Arlan de-
cided that the college route was the
fastest way to success.

MARSHALL SILVER

Marshall Silver began his engineer-
ing training at the Colorado School
of Mines as a mining engineer. Ex-
treme claustrophobia made it im-
possible for him to continue his sub-
terranean existence so a move to the
surface and the civil engineering pro-
gram of the University of Colorado
was necessary. Last year he worked
for a Denver civil engineering firm,
helping to develop transmountain
water diversions in Colorado and he
has returned to school in order to
get his degree. Marshall's extra-cur-
ricular activities include keeping
above a B average and participating
in rifle and pistol tournaments.
Orignially from Sherman Oaks, Cali-
fornia, Marshall now makes his home
in Boulder.

FRAKER,
EptToR,

Ross
BROOKS,
MANAGER.

HustoN, EbpItor, AND

PA1 Brooks, BusINEss

CorLorADO ENGINEER—May, 1967



—

EXPERIMENTS IN ENGINEERING
(Continued from page 22)

sossible. It was no longer necessary
1o assign meaningless laboratory ex-
ercises while waiting for the develop-
ment of theory in another classroom.
[t became feasible to introduce stu-
dents to new technical areas with an
cmphasin on the important experi-
mental problems. When needed, some
laboratory time was devoted to assist-
inz students in understanding the
theoretical results necessary to carry
out the experiment.

Fach section has approximately 14
students working in two man groups,
and each student had seven contact-
hours per week with the same in-
gructor. A further advantage to the
separale course concept was that stu-
dents realized that they were now
taking a three hour course, and
placed more importance on their lab-
oratory; hence, studying harder for
the lab. Also the separate course
placed the responsibility on the in-
structor to create a course which
could stand on its own merits and
be equivalent to the rest of the E.E.
curriculum.

At Syracuse the fundamental cri-
terion in the selection and presenta-
tion to the students of a laboratory
problem was their concept of student
motivation. They believe that the
junior-level student possesses an inter-
est in electrical engineering and in
some cases is blessed with a measure
of intellectual curiosity. The problem
therefore were selected to combine
experimental work with some theory
and technique of measurement, treat-
ment of experimental observations,
and occasionally some theoretical
analysis. It was felt, that for a stu-
dent to learn something about scien-
tific laboratory practice, he must at
some point have the opportunity to
~n1e.v an experimental problem in its
entirety without specific directions.
Obviously this could not be done on
the first experiment. Accordingly,
the problems were presented as guid-
ed projects which became progressive-
ly more difficult and required in-
(reasing subtly in planning and exe-
cution. In every case a significant
part of the planning had to be done
by the student. For some problems
there were a number of alternate
acceptable experimental procedures
for which equipment was available;
for others the alternatives were limit-
(f(l..;m(l the students were required to
amve at one of these solutions with
4 minimum of guidance.

At the University they were af-
l“r'd(_'(l an early measure of student
opinion from a survey conducted by
4 member of the junior class. From
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a sample of 27 students, 22
“yes,” to the question:

said,

“Do you find the electrical engi-
neering laboratory more interesting
than the physics lab.?” One answered
"‘no." and for the remainder the ques-
tion was irrelevant. Although no
comment was offered with the nega-
tive answer, one student wrote that
he was not taking the course and he
l}opul he never would. Those who
found it interesting offered both ad-
verse and favorable comments. Among
the reasons for enthusiasm, many stu-
dents mentioned the flexibility of the
project schedule, the cmphzlsis on
thought and planning in lieu of rote
procedures, and the challenging na-
ture of the problems leading to an
atmosphere of research. The reasons
are implicit in typical comments such
as:

“I am able to work at my own
speed, and this enables me to under-
stand what I am doing before 1 go
on,

At the end of the second semester,
the staff conducted a student opinion
survey. They found that there was a
clear preference for those projects
which provided an opportunity to
use unfamiliar instruments and novel
techniques. There was a clear dis-
like for the projects in which most
of the required thinking had been
done by the author of the experi-
ment.

Staff reaction to the course was
quite good. Instead of trying to avoid
laboratory duty if possible, staff mem-
bers showed an enthusiasm for con-
tinuing their present assignments.
They gave several reasons for their
interest:

(1) They felt they were doing a
better job of laboratory in-
struction.

(2) The students seemed to show
a genuine enthusiasm for the
course.

{3) "Ehey a})pre('i;uml the projects
themselves as challenging
scientific problems.

Syracuse feels that they are now
doing a good job in laboratory edu-
cation and are enthusiastic about
continuing.*

These then, seem to be three fairly
new uppmzu'hes to the pl:oblcm o.f
creating a suitable course in experr-
mental engineering. They seem to
differ from one another however, in
execution rather than in their basic
>hilosophy. And they seem to have
all shown one basic fact:

The student shows much more in-
terest, works harder, and learns more
from a project in which his thinking

(Continued on page 48)
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#9000 Castell Wood
Drawing Pencil or
#9800SG Locktite Tel-
A-Grade Holder and

#9030 Castell Re- ?
fill Drawing Leads =

Perhaps you will
choose Castell wood
pencil, because you
like the feel of wood,
because you like to
shave the point to the
exact length and
shape you desire.

Or you may vote for
Locktite Tel-A-Grade,
the lightweight bal-
anced holder with its
long tapered, no-slip
serrated grip that
soothes tired fingers.
And its ideal team
mate, Castell Refill
leads, of the same
grading, undeviating
uniformity and bold
image density of
Castell wood pencil.

Whatever your choice,
you will be using
Castell tight-textured
microlet-milled lead
that gives you graphite
saturation that soaks
into every pore of
your drawing surface.

Your College Store car-
ries all three famous
A.W.Faber-Castell
drawing products,
backed by over two
centuries of pencil-
making experience.
Start your career by
using the finest
working tools money
can buy.

A W.FABER-
CASTELL
Pencil Company, Inc.
41-47 Dickerson Street

Newark 3, N. 1.
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EXPERIMENTS IN ENGINEERING
(Continued from page 47)

has not been done for him. Contrary
to popular opinion, the engineer does
like to think.

I. Walter J. Fahey, “Undergraduate Labor-
atories—Some Comments on Efficient Use
of a Student’s Time,” IRE Transactions
on Education, Vol. E-2, No. 3, June, 1959,
pp. 75-78.

2. W. G. Godden,
Structural Mechanics,”
neering Education, Vol. 53, No. 7,
1963, pp. 479-486.

3. Ibid.

L. G. Kent and W. H. Card, “An Experiment
in Laboratory Education,” IRE Transac-
tions on Education, Vol. E-4, No. 2, June,
1961, pp. 62-67.

“Models for Teaching
Journal of Engi-
March,

TEACHING BY TELEVISION . . .
(Continued from page 10)

asked in one room may be heard in
all rooms in the system. Also located
in the Audio control room are a
patch bay which enables the operator
to connect any source, load, ampli-
fier, etc., to any other source, load, or
amplifier, allowing great flexibility
for special set-ups or for bypassing
breakdowns in the system; and a
Gates “Level Devil” expansion-com-
pression amplifier, which is an auto-
matic gain control amplifier which
takes an input varying in level by as
much as 30 db. or so and increases
or decreases its gain in proportion to
the level of the input signa& to main-
tain a nearly constant-level output.
This amplifier is a great help in
maintaining  comfortable listening
levels throughout a program, as
changes in speaking levels of lectur-
ers do not affect their audibility in
the classroom. The audio control
room is also used as an editing and
recording facility for the radio pro-
grams produced by the Department,
such as Greenway’s Primitive Music
course offered last semester on one
of the Denver radio stations, or the
course on Colorado History being
produced this semester.

Three courses are presently being
presented via instructional television
this semester: Educational Psychology,
Economics 201, and a graduate ~\p
plied Math course being taught in
the evenings by Dean Hutchenson.
All of these courses are being offered
concurrently at the Denver Extension
Center, of course, via the microwave
relay. Anthropology has also been
taught via television in previous se-
mesters. The technique must still be
regarded as somewhat experimental;
however, experience so far seems to
indicate that for the proper subject
material properly h;mdle({, and with
supplementary discussion sections if
necessary, ETV can do a significant

18

service in making the teaching of the
outstanding instructor :n';iilz_il)le to
more students with no deterioration
of the quality of the instruction. Most
bias against the method on the part
of both faculty and students stems
from their unfamiliarity with the
system: opinion becomes decidedly
less negative as they get used to the
method. Future plans call for more
classrooms wired for TV, the eventual
acquisition of a video tape 1‘(.’('01‘(!01‘
so that lectures may be recorded for
reshowing at a later time, and
finally the establishment of an on-
the-air service covering about 659,
of the state via an educational tele-
vision station on Channel 12, which
has been reserved for educational use
in this area by the F.C.C. This ser-
vice will be another step in the Ex-
tension Division’s goal to bring better
educational opportunities to the peo-
ple of Colorado.

Anyone interested in learning more
about our operation or about educa-
tional television in general should
feel free to call us at 443-2211 exten-
sion 7341 or drop by the studios,
Stadium Gate 6, Third floor.

MEASURING TEMPERATURE
WITH SOUND

Research engineers have devised a
new kind of “thermometer” for tak-
ing the ocean’s temperature.

The job is done with ultrasonics—
sound waves too high in frequency
to be audible to the human ear.

Laboratory versions of the ultra-
sonic thermometer can pinpoint
underwater temperatures to five-
hundredths of a (legrec Fahrenheit.

Oceanographers agree that accur-
ate temperature measurement is basic
to a better understanding of the ocean
depths, now as little known and ex-
plored as the environment of outer
space. Such physical data are increas-
ingly important. For example, small
changes in water temperature are
known to critically affect the per-
formanec of sonar systems—the “eves”
and “ears” of submarines.

Heart of the new temperature
measuring system is an improved
type of device, called a transducer,
that changes electrical pulsations into
mechanical vibrations of ultrasonic
frequency. It also can reverse the
process, converting the mechanical
vibrations into electrical pulses.

The transducer contains a small
aluminum disk, about an inch in
diameter, which has a natural fre-
quency of vibration of about 40,000
vibrations per second. It is set in mo-
tion by a transistorized electronic
circuit.

—Westinghouse News

THE SCHROEDINGER WAVE . . .
(Continued from page 19)
pressure variation, or the electric or
magnetic fields associated with Max-
well’s equations. °, however, does
not lend itself to such physically
realizable conceptions. '

Because the description of | will
take either one of two natures cor-
responding to either quantum or
wave mechanics, it might be well o
observe an alternate statement for
the construction of the two theories
as a basis for discussion. The authors
of the quantum theory described
their theory as the “true theory of a
discontinuum’ and replaced the class-
ically continuous variables (position
and momentum) with systems of dis-
crete numerical matrix quantities,
dealing then with processes described
in terms of a finite number of de-
pendent variables occuring in a finite
number of total differential equations.
Schréodinger, as we have seen,
chose a “continuous field-like process
in configuration space, which is gov-
erned by a single partial differential
equation.”™ From these conceptions
of the theories we can understand the
difference between the significance of
¥ as given by Schrodinger and Born.

Following on his scheme of a con-
tinuum and from an analogy with
the classical theory of radiation from
a system of electrically charged par-
ticles where radiation is determined
by the electric moment of the sys-
tem, Schrodinger defines ¥ by des-
cribing the product ¥'*¥ (which
vields the intensity and frequency of
radiation) as being “the density of
charge, and implies that the system
consists of a continuous distribution
of charge.”* (Here the symbol {'*
denotes the complex conjugate of ¥.)
We would infer, from this interpre-
tation, that matter has no particle
nature, especially not in the sense ol
being subject to exact localization in
the Schrodinger multidimensional
configuration space.

The interpretation most generally
dealt with in contemporary literature
is that given by Max Born and is
related more closely to his quantum
mechanics. Here it is assumed that
quantum or wave mechanical prob-
lems are of a statistical nature and
that the product W*Y' measures a
probability factor. For example, the
probability that an electron will be
found in the volume element dxdydz
of configuration space is ¥'*¥dxdydz.
This analysis leads to another funda-
mental quantum (wave) mechanical
postulate: normalization. Since ll_l(‘
particle is certainly somewhere in
space, the integral of the function
Y *Wdxdydz taken over all configura-
tion space must yield a probability
value of one. Adjustment of the coel-
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ficient of 1" to meet this condition
hen the normalization of the wave

is th
function. L eyL 8
We are beginning to see that the

nterpretation of the isolated wave
function 1" is not physically meaning-
ful. nor in a one-to-one correspond-
ence with the actual behavior of mat-
ier. since, in the light of quantum
mechanics the intrinsic properties of
matter do not exist. Significantly,
however, the wave function contains
all possible intormfuion.rel;ning' to
anv system under discussion and des-
«ribes all the potentialities of the
sstem by assigning a certain proba-
bility to ecach “observable™ property.
Ihis quality of M is apparent in
another of the quantum mechanic
nostulates: the calculation of the ex-
pectation value of the observables
<u> (position, momentum, energy) .
where the integral is taken over all
configuration space (T).
<u> = [ ¥*u (operating on) ¥" dT.

T

In view of this, the quantity ¥W*Y'*
has been called the only contact with
the microscopic world available to
the macroscopic world.®

Finally, it should be pointed out
that ¥ and its first derivatives with
respect to each of the coordinates of
configuration space must be every-

where continuous, finite and single
valued to comply with the funda-
mental postulates.
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LAW AND ENGINEERING . . .
(Continued from page 37)

One of the fundamental questions
facing the prospective law school can
didates is what the future opportuni-
ties in law will be. For the last
thirteen years the opportunities open
to the young lawver have been ex
cellent and the competent man will
have no trouble in finding a good
job. Society is becoming more and
more specialized and the nezd for
lawyers can be thought of as being
directly proportional to our society’s
degree ol specialization

An advantage of the law profession
is that a large percentage of the law-
vers in the United States are in pri-
vate practice. The self employed law-
ver is something like the consulting
engineer. Until he has made a reputa
tion, his financial rewards may be
meager; but, once established, the
rewards are high. Also, the lawyer in
private practice is able to derive
great satisfaction from establishing
his own clientele and from develop
ing his own business.

I'hus it appears that the engineer
who is more interested in people than
in problems and who has enough in-
terest in the humanities to fill the
gaps in his education may find a
challenging and rewarding career in
law.
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T A e U S A N R
WORLD’S LARGEST LABORATORIES

FOR RESEARCH ON

PORTLAND CEMENT AND CONCRETE
T e UG SO S ]

How PCA helps keep you up-to-date on concrete after
you leave engineering school. At the $10,000,000
Research and Development Laboratories of the
Portland Cement Association is the world’s largest
assembly of scientists, engineers and equipment
devoted solely to the study of portland cement and

concrete. The findings benefit all.

Technieal literature, prepared by other PCA engi-
neers and specialists is made freely available. PCA
field engineers regularly inform project engineers
on advances in concrete construction. ¢

These services of the Portland Cement Association
are made possible by the voluntary support of its
more than 75 member cement companies.
PORTLAND CEMENT ASSOCIATION

721 Boston Bldg., Denver 2, Colorado
A naticnal organization to improve and extend the uses of portiand cement

CoLorapo ExciNeer—May, 1963

and concrete

49




Contest Announced . . .

The Gray Iron Founders’ Society announced today
that 1963 competition in its annual GIFS Design Con-
test, carrying seven cash prizes for the year's outstanding
new designs or redesigns utilizing gray or ductile iron
castings, will open May 15. Entries for the contest will
be accepted through July 15.

Donald H. Workman, GIFS executive vice presi-
dent, said engineers, designers, and manufacturers of
products and applications making cost-saving, product-
improving, or otherwise advantageous use of gray and
ductile iron castings are invited to enter into the 1963
competition.

Entries should be mailed anytime between May 15
and July 15, 1963, to Design Contest, Gray Iron Found-
ers’ Society, National City—East 6th Bldg., Cleveland
14, Ohio. Entry blanks are available from the Society

or from GIFS members.

In addition to cash awards for best entry, second
place, and five third place winners, suitable plaques
will be presented to winners. Chairman of the 1963

Design Contest judging committee will be William E.

Hoffman, editor of Tooling and Production Magazine,
Cleveland. He will head an outstanding panel of im.

partial judges who will select the contest winners.

Winners will be selected on cost saving, product
improvement, significance to the iron foundry indmn-_\,
and ingeunity of design.

GIFS Design Contest entries should include a de.
scrip of the new or designed part which utilizes gray o
ductile iron, the function of the part and product in
which it is used, reasons for using cast iron, compara-
tive cost details of old and new methods of making the
part, and advantages resulting from use of cast iron
in the design and construction

Entries should be accompanied by glossy photos,
engineering drawing, or rough sketch — preferably
photos — and in the case of a redesigned part, before

and after photos should be included.

Workman said the Design Contest is conducted by
GIFS, national foundry trade association, to stimulate
interest in the vast range of design possibilities provided

by gray and ductile irons.

Eu%nn CHARLES HANSEN
eSS

STAFF

EiLLEN CARrr

Mrrcu Apiies

RON  BLACKWELDER  Production Mgr.

Lowrkrr Brooks Ediior

GENE MiIvAzAwa

Parsy Brooks Business Manager

Vic DouvLcour

GEORGE MAILEFR

BurtoN Dwyre [ Faculty Advisors

KEN ObEL

LArrY Hustox Assistant Edilor

Poriy Hanx

Alumni News

Book Reviews

Cover Editor

Art Editor

ADVERTISER’S INDEX
Allison Div. of Gen. Motors T

American Qil Co.

Puzzle Page American Tel. & Tel. : 35
Asphalt Institute ¢ Ay 24

A. W. Faber-Castell Pencil Co. . 47

Lavout Boulder Camera o Losst > 49
Collins Radio Co. : a2

Phatographer Douglas Aircraft Co. Inc. .. . 5

Eastman Kodak Co. Inside Back

Ford Motor Co. e A L

Genvet Corpls . oL 15

GARY GOLDBERG Finance Manager : " ; General Electric Co. Back Cover
s Ross FRAKER Circulation Mgr. 3
Jet Propulsion Lab. 34
DAVE PARKHURST Articles Editor Rici CROCKETT | Malleable Founders Society . . e odl]
Rick HrcHMAN |
.(SI‘F\'F Novak ll Circulation Monsanto Chemical Co. . - 3
Frep Lovi riter SHANG PING
Wiiter Ricuarp Quingy | Portland Cement Association 49
. Stearns-Roger Corporation : 39
MIKE PrroQuin Head Proofreader MiKE  MARTIN Advertising  Mgr.
United Carbide Corporation 11
Jim Torvs Sections Editor CHFRYL. ANDERSON Office Manager United States Air Force : 16
United Technology Center ¢ 8
Jo ANN Cram l Westi :
. v Phie T b 902 3 - Secretaries estinghouse Electric
J iis Today ANN  JonEs f Cormp. : Inside Back Cover
50 : _ 2N
CoLorRADO ENGINEER—May, 1963




A e i

MITCHELL ALLIES

Anyone for dueling? Smith, Brown, great circle. It is assumed that the color and 14 of the other color. The
and Jones, agree to fight a pistol planes have the same constant ground termite’s path is always through
duel under the following unusual speed and rate of fuel consumption cubes that alternate in color along
conditions. After drawing lots to and that all planes return safely to the way: therefore if the path is to

determine who fires first, second, and their island base. include all 27 cubes, it must begin

third, they take their places at the and end with a cube belonging to the

corners of an equilateral triangle. It SOLUTIONS TO THE PUZZLES set of 14. The central cube, however,

belongs to the 13 set; hence the de-

is agreed that they will fire single IN THE MARCH ISSUE

shots in turn and continue in the The locomotive can accomplish sired path is impossible.

same cvclic order until two of them  he switch and return to its original * X *

are dead. At each turn the man who position in 16 operations:

is firing may aim wherever he pleases. 1. Locomotive moves right. hooks The monad can be bisected as is
All three dulists know that Smith al- to car A. shown below. Circle K's diameter is
ways hits his target, Brown is 80 per 2  Pulls A to bottom. half that of the monad; therefore
cent accurate, and Jones is 50 per 4. Pushes A to left, unhooks. its area is one-fourth that of the
cent accurate. Assuming that all three 5. Makes a clockwise circle monad. Take region G from this cir-
adopt the best strategy, and no one through tunnel. cle, add H, and the resulting region
is killed by a wild shot not intended 6. Pushes B to left. All three are is also one-fourth the monad’s area.
for him. who has the best chance to hooked. It follows that area G equals area H,
survive. It might be interesting to 7. Pulls A and B to right. and half of G equals half of H. The
see if you can find the exact survival 8 Pushes A and B to top. A is bisecting line takes half of G away
probabilities of the men. Hint: The unhooked from B. from circle K, but restores the same
answer might be a moral on inter- 9. Pulls B to bottom. area (half of H).

national politics. 10. Pushes B to left, unhooks.

11. Circles counterclockwise

* x *
through tunnel.

A group of airplanes is based on a 12. Pushes A to bottom.
small island. The tank of each plane 18. Moves left, hooks to B.
holds just enough fuel to take it 14. Pulls B to right.
halfway around the world. Any de- 15. Pushes B to t"l_’-_““l“"’k_s-_
' ( 16. Moves left to original position.

sited amount of fuel can be trans-
lerred from the tank of one plane to . x *
the tank of another while the planes : .
are in flight. The only source of fuel It is not possible for the termite
is on the island, and for the purposes to pass Once through the 26 (.)lltSIde
of the problem it is assumed that cubes and end its journey 1n the
there is no time lost in refueling center one. This is demonstrated by
cither in the air or on the ground. imagining that the cubes alternate in
What is the smallest number of color like the cells of 31‘1111”6(3- dimen-
planes that will insure the flight of sional checker bozlrtvl.v I'he large }‘ube
one plane around the world on a will then consist of 13 cubes of one

Cororavo ExciNeer—May, 1963
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LARRY HUSTON

Into every life let there come humor.

We have run across some abso-
lutely irrefutable statistics that show
exactly why you are tired. And broth-
er it's no wonder you're tired! There
aren’t as many people actually work-
ing as you may have thought. At
least, not according to the survey re-
cently completed.

The population of this country is
160 million, but there are 62 million
over 60 years of age, which leaves 98
million to do the work. People under
the age of 21 vears total 51 million
which leaves 44 million to do the
\\'()Tk.

Then there are 21 million who are
employed by the government and
that leaves 23 million to do the work.
Ten million are in the armed forces,
which leaves 13 million to do the
work. Deduct 12,800,000, the number
in state and city offices, and that
leaves 200,000 to do the work. There
are 126,000 who are in the hospitals,
and that leaves 74,000 to do the work,
but 60,000 are bums or vagrants who
refuse to work. That leaves 14,000 to
do the work. Now it may interest you
to know that there are 13,998 in jail,
so that leaves just two people to carry
the load. That's you and me!

After the flood, Noah sent forth
the animals with the admonition,
“Each of you multiply, and one year
hence meet here to show your accom-
plishments.”

One year later, the animals assem-
bled. All had multiplied except two
little snakes. Noah, not the least dis-
couraged, ordered trees to be cut and
a table made of the logs. Then he
said, “All go forth and multiply once
again, and one year hence meet with
me here.

When the animls met at the end
of the year, all, including the snakes
had multiplied. Amazed, Noah’s wife
asked how he knew what to do to
have the snakes multiply.

“Well,” said Noah, “they were
adders, and anyone knows that adders
can’t multiply without a log table.”
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DAFFY DEFINITIONS:

Bridge Game: One place where a
wife is always eager to do her hus-
band’s bidding.

Conference: A
bored.

Golf: A long walk punctuated with
disappointments.

Happiness: Good
poor memory.

Kiss: What the child gets free, the
young man steals, and the old man
buys.

Optimist: A person who tells you
to (sleer up when things are going
his way.

Pessimist: A person who looks both
ways before crossing a one-way street.

Politician: One who shakes your
hand before election and your con-
fidence after.

Small Business: A  business that
never has been investigated by a con-
gressional committee.

Stork: The bird that gets all the
blame and none of the fun.

Voltuptuous Woman: One who has
curves 1n places where some girls
dont” even have places.

Wolf: A man who believes in life,
liberty, and the Happiness of pur-
suit.

meeting  of the

health and a

A few years ago Uranium cost two
dollars a ton. Then someone found
out it would kill people.

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

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

A purchasing agent starts out
knowing practically everything about
everything, but ends up knowing
nothing about anything, due to his
association with salesmen and engi-
neers.

We understand that one of the
boys over in the EE Department is
trying to calculate what the speed of
lighting would be if it didn’t have to
zig-zag.

TOLERANCE is that
able feeling that the other
might be right after all.

uncomfort-
fellow

Rumor has it that one of our illus-
trious E.E. Professors is writing a new
text on DC machinery. Tt deals pri-
marily with hot circuits and is en-
titled Forever Ampere.

The reason the Romans gave up
their big holidays was because of the
overhead. The lions ate up all the
prophets.

Know the difference between a psy-
chotic and neurotic? The phychotic
thinks that two-plus two is five. The
neurotic knows that two plus two is
four—and hates it!

A person who claims that absolute
zero is impossible to obtain hasn't
taken a quiz in thermo yet.

Little Girl: “Mother, there
skyscrapers in heaven?”

Mother: “No, dear, it takes engi-
neers to build skyscrapers.”

are

Two goldfish in a bowl were talk-
ing. They were discussing religion
and finally one said in disgust, “But
if there’s no God, who changes the
water every day?”

Anyone who thinks he is indispen-
sable should stick his finger in a bowl
of water and notice the hole it makes
when he pulls it out.

One can of paint to another: “Dar-
ling, I think I'm pigment.”

Customer to Bank Teller: “May I
see the loan arranger?”

Teller: “He's out to lunch. Would
Tonto do?”

A half breed is a man with a cold
in one nostril.
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This kind of engineer designs jobs instead of things

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

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

A Kodak industrial engineer learns mathematical model-building and Monte Carlo computer techniques. He
uses the photographic techniques that we urge upon other manufacturing companies. He collaborates with
medicos in physiological measurements, with architects, with sales executives, with manufacturing executives,
with his boss (G. H. Gustat, behind the desk above, one of the Fellows of the American Institute of Industrial
Engineers). He starts fast. Don Wagner (M.S.LE., Northwestern '61) had 4 dissimilar projects going the day

the above picture was sneaked. He is not atypical. Want to be one?

Kodalk

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




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

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

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

ow Industry Tempers
Theory with Practice
to Get Good Design

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

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

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

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

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

A. This knowledge is obtained for the most part by actually doing engineering
work. This is information that must be applied to a design to r ke sure that it not
only works, but that it also meets the needs and wants that p:  pted its considera-
tion in the first place. For example, we can design refrigerators, turbines. computers,
or missile guidance systems using only information from the first two funds of
knowledge—heat flow, vibration, electronic theory, ete.—and they will work! But
what about cost, reliability, appearance, size—will the prospective customer buy
them? The answers to these important design questions are to be found in the third
fund: for example the information to determine optimum temperature ranges, to
provide the features that appeal to users, or to select the best manufacturing
processes. In college you can precondition yourself to seek and aceept this sort of
information, but only experience in industry can give you <]n-('i}i(' knowledge
applicable to a given product.

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

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

Progress [s Ovr Most Important Product

GENERAL &3 ELECTRIC




