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Fresh water and electricity...from one Westinghouse super-factory

Imagine a modern factory that can produce 500,000 kilowatts of electric power—and at

the same time take water from the sea and make it drinkable at the rate of 50 million gallons a day.
Thar’s enough power and water for a population of half a million.

No such super-factory exists anywhere in the world. Not yet. But a small-scale version of

the Westinghouse system is being built by Burns and Roe, Inc. for an electric utility in the Canary Islands.

Waste heat from the electric power turbines will convert sea water to fresh by a flash distillation
process, providing abundant electricity and water for industry, agriculture and home uses. And at a
lower cost than now exists in many parts of the world.

Westinghouse can build large or small sea water super-factories for electric utiliries

in any coastal area. And as research continues, scientists may find a practical way to harvest
chemicals from sea water in the same process.

You can be sure if it's Westinghouse

For information on a career at Westinghouse, an equal opportunity employer,
write L. H. Noggle, Westinghouse Educational Department, Pittsburgh 21, Pa.
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NEW DESIGNS

Another of your future’s many facets at Monsanto

With a company growing as fast as Monsanto (annual sales quadrupled to a hefty
$1.2 billion in little more than a decade), design of new plants, equipment and
systems has never been so important. Engineers are needed to apply their skills
and knowledge . . . in known and unknown areas . .. to help us manufacture the
new and improved products that move Monsanto ahead —500 new products in the
last 10 years.

We can show you what this means in terms of increased professional opportunity
. .. how Monsanto’s continuing expansion affords more and interesting growing
room for you. : M
See your Placement Director to arrange for an interview when we visit your campus‘ Onsanto

soon. Or write today for our brochure, ‘“Your Future and Monsanto,’’ to Manager, :

Professional Recruiting, Dept. CM 64, Monsanto, St. Louis, Missouri 63166.
An Equal Opportunity Employer
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USAF F-105, unleashing air-to-ground
rockets at simulated enemy target.

Right now, g_raduation seems way off in the wild blue
;rotnder. Butnltl's not too early to start planning. In the
uture, you'll look back on decisions vou ,
with satisfaction...or regret. il
What can an Air Force career m i

. i ean to you in tangible
gval.n'? The opportunity to take on executive respcgmsi-
bilities you_mrght otherwise wait years to attain And a
head-start into one of a wide range of possible éareers

in the exciting Aerospace Age. =
As an Air Force officer, for example, ". s. nll.

you may be flying a supersonic jet...helping to keep
America’s guard up. Or you may be in an Air Force
laboratory, working to solve an intricate scientific or
technological problem.

Doing jobs like these, you can hold your head high. In
addition to being essential to your country, they're the
begmnmg:s of a profession of dignity and purpose.

For more information, see the Professor of Air Science.

Force If there is no AFROTC unit on your cam-
pus, contact your Air Force recruiter.
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Bob Turley, on right, American Oil Company Sales Engineer discusses
cutting oil problem with Walter Binkley of Schwinn Bicycle Company.

When you
drill.tap -form.mill. shape

all in 22 seconds...

That’s the kind of problem a sales engineer here at
American Oil comes up against. It actually happened to
Bob Turley when the Schwinn Bicycle Company asked
him what o1l he’d recommend for this complicated metal
cutting problem. He had the answer—one of our special
cutting oils—he solved the problem, and made the sale.

Bob’s a graduate of Purdue—and the American Oil
Company Sales Engineering School. He knows machines
and oils. He’s our “outside” man with the inside track
on Jubricants. And, he likes meeting people. That’s why
he’s a sales engineer, combining two fields into a su(;-
cessful career.

what do you

use for o1l?

Bob’s a mechanical engineer. Yet, he might have been
working for us if he were a metallurgist, chemist, math-
ematician or physicist. Petroleum takes on a multitude of
uses and requires people of every skill. For information
regarding a career in sales engineering or other fields,
write to C. L. Wells, Room 1036, American Oil Company,
910 5. Michigan Avenue, Chicago, Ill. ZIP Code 60680

STANDARD OIL DIVISION (4 ANDARD
AMERICAN OIL COMPANY & W/
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The Dinosaur Problem

What grunts, groans, gesliculutions, and contortions would one cave man
have had to perform to convince another, whom he had never before seen,
that the dinosaur in the corner of the cave had no inclination to eat either
of them? How would the first caveman convey the difference between eating
a dinosaur, and being eaten by one? Without a common frame of reference,
communications of this or almost any other nature are totally hopeless. Un-
fortunately, ideas themselves cannot be transmitted. They must be translated
into some language, either audio or visual, before they can be conveyed. This
is the problem that faced our two cavemen and that faces each of us.

It is primarily through communications that this modern world came
about. While science has advanced through the efforts of individual scientists,
those efforts would not have been possible without communication with other
scientists. Scientific and technological advances alone are not sufficient; they
must be communicated not only to other scientists, but to the whole world.
As the volume and quality of communication between groups of scientists in-
creases, so does their overall productivity. In return, that productivity increases
the volume of communications and improves their quality by providing on
expanded frame of reference on which to fasten new ideas. This sort of
technological feedback has resulted in cooking ware made [rom nose cone
materials, antibiotics made from rocket fuel, and advanced communication
methods such as satellites.

Communication is of vital importance not only on this highly technical
level, but also on the very personal level. Every advance, whether on the job
or off, is made by means of and because of communications. On the other
hand, disputes with wife, girl friend, or buddy may arise not from a real dif-
ference of opinion, but, all to frequently, from a communication breakdown.
This breakdown is not usually of the sort that ends communication, but rather
the sort that leaves information gaps.

On the professional level, contracts, jobs, and salary raises are lost or delayed
because of similar breakdowns. These problems have a solution, but each in-
dividual must find it himself, just as the caveman found his. Ironically, the
means to the solution have been available to us since grade school — reading,
writing, and speaking. They are relatively easy to practice and someday may
save you from being eaten by a dinosaur — or the Boss.

LARRY L. HUSTON

CorLorano ENGINEER—May, 1964
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At the 1963 stockholders’ meeting, Arjay R. Miller, President of
Ford Motor Company, emphasized the Company’s far-sighted recruit-
ment program and its accent on developing management talent:
“Obviously, our long-run future will be determined by the develop-
ment of our management. Here, every one of us—at all levels of
supervision—recognizes this as his most important function. Since 1946,
the Company has recruited widely varied talent—talent that can be
blended to give us the required combination of tight administration and

DEVELOPMENT OF
MANAGEMENT
S OUR MOST
MPORTANT
UNCTION

creative scope.

“Under a carefully conceived management development program, we try to
recruit the best personnel available, both in training and experience. Once we
get them, we have a program for giving them varied opportunities and increasing
responsibility. This program is in force in all parts of the Company—in manufactur-
ing, finance, styling, engineering and marketing.

“The program is paying off. We have developed a real depth of management talent
in the Company, and we are dedicated to seeing it continued and reinforced. Because
of this, I feel not only very fortunate in being associated with this management
group, but also very confident of its long-run success. We know our goals and how to

achieve them.”

MOTOR COMPANY
The American Road, Dearborn, Michigan

Arjay R. Miller, President of Ford
Motor Company, and Henry Ford II,
Chairman of the Board, at 1963 Annual
Stockholders’ Meeting.

An equal opportunity employer

Cororapo ENGINEER—May, 1947




COMMUNICATIONS SATELLITE

BILL CHENWORTH

Although satellites have only re-
cently made their grand entrance into
the communications arena, the idea
of using spacecraft to relay radio
waves is not new. Almost twenty
years ago, this idea was conceived and
published by a British science writer,
Arthur C. Clark. His specific pro-
posal was to orbit three elaborate
manned space stations each packed
with radio broadcasting and relaying
equipment and traveling in the plane
of the equator about 22,000 miles
from earth. Clark maintained that
such a system would provide a relay
network capable of handling signals
from virtually any joint on the globe.
Even though Mr. Clark’s idea is now
dated by twenty vears, the concept
of communications satellites is very
much alive today and three distinct
systems are getting off the ground
and into the laboratory ol space.

The three systems undergoing in-
tensive development have been iden-
tified as follows:

(1) synchronous active satellite

(2) mnon-synchronous active satellite

(8) non-synchronous passive satel-
lite

Note that the first two systems em-
ploy an “active” satellite, whereas the
last uses a “passive” type. There is
a vast difference between the two. An
active satellite receives, amplifies and
transmits radio signals. Syncom, Re-
lay, and Telstar are examples of this
type: = A satellite which is passive
merely intercepts radio signals and
reflects these back to earth. Echo is
of the passive variety.

Synchronous Active Satellite

The orbit configuration of the syn-
chronous active satellite system is the
simplest of the three. This system is
composed of three satellites spaced
120 degrees apart in the equatorial
plane, rotating with the earth at an
altitude of about 22,300 miles.

(See Fig. 3)
Notice that the angular velocity of
each satellite is equal to (synchroniz-
ed with) that ol the earth about its
axis of rotation. In theory, syn-
chronization is achieved by simply
placing the satellite in a circular orbit TerstAR T AT LIFTOFF ABoArRD A DELTA ROCKET
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at the indicated altitude. If we in-
vestigate the centrifugal and gravita-
tional forces acting on the satellite,
this fact is readily apparent,

vz mMI
Fc — — m — @?rm Fc = G —
r i
In order to maintain orbit Fc = Fc
mM
w'rm = G ——
]-Z_'
GM
Or r = (——)%
(I)B
Setting @ — 27 rad/ 24 hr., we have

r = 22,300 miles + radius of earth

As of this writing, two satellites,
Syncom I and Syncom II (refer to
photograph) have been orbited as
preliminary steps in developing the
synchronous active satellite system.
Primary objectives of these shots were
to spin stabilize the satellite; to ob-
tain a synchronous orbit using the
satellite’s own rocket motor and a
nitrogen or hydrogen peroxide velo-
city pulse jet; to orient the spin axis
normal to the orbital plane; and to
utilize the spacecraft in communica-
tions experiments. Ground com-
mand was essential for the tulfillment
of these objectives and it is for this
reason that Syncom II was far more
successful than its predecessor, Syn-
com I. After Syncom I's rocket had
burned for 20.077 sec. all contact with
the spacecraft was lost. It should
also be noted that neither vehicle was
programmed for an equatorial orbit
primarily because of the limited
capability of the hardware involved.
Nevertheless, both launchings were
successful in that near 24 hour orbits
were achieved and much data was ob-
tained to evaluate the techniques em-
ployed at this stage of development of
a synchronous active satellite system.

The techniques and components
devel()ped to meet Syncom’s program
objectives will now be briefly pre-

 sEPARaTION
- PLYEW.

sented. Belore separation of the satel-
lite from its rocket booster, a 150
rmp spin is imparted to Syncom by
the booster’s third stage. This spin
serves to stabilize the spacecraft in the
same manner that a gyroscope is stabi-
lized. The satellite then enters a
highly elliptical orbit with an apogee
of about 22,300 miles. After the
satellite reaches this apogee, a ground
command or on-board timer ignites
the rocket motor to break away from
the elliptical orbit and establish a
circular orbit at the 22,300 mile alti-
tude. Spin axis precession is then ac-
complished by pulsing the nitrogen
(or hydrogen peroxide) orientation
jet in synchronism with the spin of
the satellite, producing a net average
precession torque. This torque posi-
tions the satellite so that its spin
axis is normal to the orbital plane.
This maneuver is required for cor-
rect antenna altitude. Small adjust-
ments to the satellite’s velocity may
then be effected by periodically firing
the nitrogen (or hydrogen peroxide)

THE HucE HORN REFLECTOR OF BELL'S SATELLITE COMMUNICATIONS

ANTENNA AT ANDOVER, MAINE.

Fic. 1. ScHEMATIC DIAGRAM OF THE TELSTAR SATELLITE RELAY SYSTEM

velocity pulse jet. Both the veloci
and orientation pulse jets must ther
after be fired periodically in orde
to maintain the synchronous orb
and proper orientation; therefor
the life of the satellite is determine
by the amount of fuel on board. T
order to handle communications vi
radio wave, Syncom is equipped wit
a 2 db skirted-dipole receiving ar
tenna, a receiver, frequency transl
tion transponders, a 2.0 watt trave
ing-wave tube amplifier and a 6 d
skirted-dipole-array transmitting ar
tenna. Voice, facsimile, and bot
simplex and multiplex teletype mes
sages may be relayed by Syncom. In
order to provide the necessary ele«
trical power, 35 watt-hour recharge
able nickel-cadmium batteries ar
employed in conjunction with a sola
cell array. Reliability of much of
the electronic gear is questionable
and backup components have been
provided to a large extent. In re-
view, Syncom is spin-stabilized before
separation; a self-contained, apogee,
rocket motor is used to circularize the
initial elliptical orbit; pulse jets are
used to establish and maintain a syn-
chronous orbit and satellite altitude;
radio signals are boosted by a travel-
ing-wave tube amplifier; electronic
component redundancy is common
and electrical power is provided by
batteries and solar cells.

Non-Synchronous Active Satellite

If you were to place a satellite in
an altitude below 22,300 miles, syn-
chronization would be impossible.
This is precisely what is done in the
non-synchronous active satellite sys-
tem. Obviousily, this type of system
needs more satellites to provide the
same amount of global coverage that
is obtained with the synchronous
type; therefore, the orbit configura-
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tion of the non-synchronous system
is substantially more complex and this
complexity is directly proportional to
the quality of service desired; i.e., the
larger the number of satellites in or-
bit, the greater the probability of one
of them being in a usable position
for any two ground antennas. (Some
proposals have been advanced which
would use well over 100 satellites).
Another factor contributing to this
complexity is that the non-synchron-
ous system is not restricted to an
equatorial orbit but may employ this
type along with polar and inclined
orbits. On the other hand, a non-
synchronous satellite is simpler than
the Syncom type in that it is not bur-
dened with position control equip-
ment. Thus trademarks of the non-
synchronous system are orbit com-
plexity and satellite simplicity.

The complexity of the orbit con-
figuration is revealed in the follow-
ing diagram which depicts a non-
svnchronous system proposed by the
American Telephone and Telegraph
Co.

(See Fig. 4)

This system would employ 55 active
satellites, 40 in polar orbits and 15
in equatorial orbits, in order to pro-
vide communication service 99.9 pei-
cent of the time to any region on the
earth. The altitude of these orbits
would be about 7,000 miles.

Another system proposed by A.T.
and T. would consist of 24 satellites
in 6000 mile circular orbits. FEach
orbital plane would contain four
equally spaced satellites. Three of the
planes would be polar and the other
three would be inclined 28° to the
earth’s equatorial plane. The ascend-
ing nodes (points on the ascending
portion of the orbit where it crosses
the equator) of the three planes in
each group would be 120° apart.
This system would provide essentially
uniform service throughout the world
with a modest number of satellites.

These examples merely serve to de-
monstrate the relatively complex
nature of a non-synchronous orbit
configuration and no attempt has
been made to discuss this in detail,
as this is beyond the scope of this
article. A more comprehensive pre-
sentation of the non-synchronous or-
bit characteristics may be found in
reference (1).

To date, three spacecraft, Relay,
Telstar I and Telstar II, have been
placed in medium altitude orbits as
prototypes of the future non-syn-
chronous active satellite. Differences
between the Relay and Telstar de-
signs are subtle and therefore the
remainder of this discussion shall be
devoted to the latter. Both Telstar

Cororapo ENGINEER—May, 1964
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FOR THREE
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SATELLITES

vehicles were boosted into highly
elliptical orbits inclined to the equa-
tor at about 45 degrees. As was the
case with Syncom, both satellites were
spin-stabilized by the last stage of the
booster. Neither satellite was equip-
ped with pulse jets or any position-
control hardware. Consequently, the
spin axis does not remain fixed rela-
tive to the earth or sun. This fact
had to be taken into account in the
design of the antenna and solar-cell
array. Two equatorial bands of rec-
tangular ports and L-shaped diagonal
probes make up the microwave anten-
nas. This design provides a nearly
isotropic pattern. The solar cells are
distributed approximately uniformly
over the satellite’s surface in order to
best collect whatever sunshine is avail-
able. Nickle-cadminum strogae bat-
teries are charged by the solar cells
and are the satellite’s primary source
of electrical energy during an eclipse.
One interesting point is that Telstar
cannot be operated continuously be-
cause of power limitations and con-
sequently it is turned on and off by
ground command. The following
diagram illustrates the transmission
of radio waves through the satellite:
Signals are received at 6390 mc, con-
verted to 90 mc and amplified by an
IF amplifier, which supplies most of
the repeater gain. The signals are
then converted to 4170 mc, amplified
by the traveling wave tube and radia-
ted by a separate antenna with a pow-
er of 2.0 watts. It is interesting to note
that the separation filter is deliber-
ately made “leaky” to the 4080 mc
signal so that a portion of it provides
a microwave beacon to be used by

ground antennas in acquiring and
tracking the satellite. Telstar is cap-
able of transatlantic transmission of
high quality television, or the equiva-
lent of 600 one way telephone chan-
nels. In summary, Telstar is spin-
stabilized; its spin axis is not fixed;
the antenna pattern is isotropic; elec-
trical power 1s provided by solar cells
and batteries; it is activated by ground
command and its microwave repeater
network employs a traveling wave
tube.

Non-Synchronous Passive Satellite

The non-synchronous passive satel-
lite system is simply a modification of
the preceding system—the fundamen-
tal difference being that a “passive”
satellite is employed rather than an
“active” type. However, once again
the orbit radi are below that required
for synchronization and a variety of
orbits—polar, equatorial and inclined
—may be used. Thus orbit com-
plexity is a characteristic, but on a
larger scale since the orbits must be
closer to earth in order for a passive
satellite to radiate a signal of the
same strength obtainable with an
active satellite at a higher altitude.
This is understandable, if you recall
that a passive satellite merely reflects
the radio signal whereas an active type
amplifies this signal before returning
it to earth. Moreover, passive satel-
lites presently being developed are
necessarily restricted to low altitudes
due to the mammoth size which they
must take on at higher altitudes in
order to be effective. An enormously
powerful booster would be required
to place such payloads into high or-
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bits and consequently cost ol such
magnitude would be incurred as to
make this operation economically un-
feasable. One approach to placing
this type of satellite in high orbit
would naturally be to lower the
weight, but this would require a
formidable breakthrough in passive
satellite design. Thus, at the mom-
ent, it appears that the non-synchron-
ous passive satellite system will be
restricted to low altitudes. Of course
at low altitudes, more satellites are
needed to cover the same amount of
land areas as high-orbit types. Con-
sequently the orbit configuration of a
non-synchronous passive system would
be akin to the active system but more
complex.

The Echoes

The passive satellite is an entirely
different animal than the active type.
It is essentially a big balloon with
-adio beacons. Two of these, Echo
I and Echo II have been successfully
orbited (see photograph). Echo I
was placed into a 900 n. miles orbit
inclined 47°¢ to the equator on 12
August, 1960. Echo II was launched
in January of this year.

Echo I was constructed for short-
time use to demonstrate the feasability
of large, inflatable spheres as com-
cunication reflectors. It was made
of strips of Mylar, 0.0005 in. thick,
coated with vapor deposited alum-
inum for radio wave reflectivity. It
weighed 136 Ib. and was folded into
a small 26 inch diameter container.
Fully inflated, it assumed a spherical
shape with a diameter of 100 feet.
The folded balloon was ejected into
space and became partially inflated
by the residual air it contained. Com-
plete inflation was achieved by using
two sublimating powers, benzoic acid
and anthroquinone, of very low vapor
pressure. It was calculated that 10 Ib.
of anthroquinone and 20 1b. of ben-
zoic acid would provide a final skin
stress of 150 psi in the Echo I struc-
ture. The stiffness of the structure
was considered marginal in its ability
to maintain a spherical shape once
the gases have escaped due to punc-
tures.

Echo II was designed to resist the
space environment almost indefinitely
and consequently was more rigid than
its predecessor, Echo I. It was made
from laminate strips each composed
of two layers of aluminum foil,
0.00018 in. thick, bonded to a central
skin of Mylar, 0.00033 in. thick. Fully
inflated, it measured 135 feet across
and was folded into a 44 inch dia-
meter container. As was the case
with Echo I, inital deployment was
accomplished by residual air. Com-
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plete inflation however, was achieved
by 72 bags of acetamide, sealed clpsezl
with wax. The melting poim of the
wax slightly below the eguilibrium
temperature of the fully inflated bal-
loon so that until this temperature
was reached the acetamide was free
to sublimate. This structure also
contained two so!ur-cell-powered 25-
mw. radio beacons located at the
equator of the sphere, 180 degrees
apart.
Problems

The non-synchronous passive satel-
lite system, at a glance, is composed
of numerous balloon structures cap-
able of reflecting radio waves and
located in low-altitude orbits which
may be polar, equatorial or inclined.

Now that we have some concept of
the communications satellites systems
being tested today, let’s take a look at
some of the advantages and draw-
backs of each. To provide constant
global coverage the synchronous sys-
tem would employ only three satel-
lites, if no backups are used. Since
the position of each satellite is station-
ary relative to the earth, the ground
antennas may be fixed thereby al-
leviating the necessity for costly
aquisition and tracking equipment.
On the other hand, each satellite
must be equipped with intricate posi-
tion-control equipment in order to
stay put. The nonsynchronous active
satellite system would consist of num-
erous non-stationary satellites. Con-
sequently the ground equipment

would have to be more complex in
order to acquire, track, and switch

between satellites. Also, since the
orbits are subject to drift, there may
be times when no satellite is “visible”
between two ground stations, thus
causing an outage. However, the type
of satellite employed in this system is
simple in that position-control equip-
ment is not used. The disadvantages
of this system also apply to the non-
synchronous passive satellite type. An
additional disadvantage is that more
satellites would have to be used to
provide equivalent earth coverage
since they must be placed in low-
altitude orbits. The primary advan-
tage of the passive system is that th
satellites are simple balloon struc
tures. In addition, since both of the
non-synchronous systems are locate:
in low altitudes, the satellites are sul

ject to proton bomardment whic

plays havoc with transistors.

In conclusion, intensive activity
now being directed to establish th
role of satellites in world-wide con
munications. Some practical ex
perience has already been obtaine
with the launchings of Syncom, Tel
star and Echo and these launchings
have demonstrated the feasibility of
satellite communications system. W
have come a long way since Clarl
first advanced this concept but mucl
work remains to be done until a com
mercially acceptable system i
achieved.

FiG. 4. AN ARTISTS REPRESENTATION OF EXISTING

OVERSEAS CoMMUNICATIONS CIRCUITS
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THE BELL TELEPHONE COMPANIES
SALUTE: CHUCK SCHNORENBERG

Chuck Schnorenberg (B.S., 1957) is plant manager for
Pacific Northwest Bell at the communications center in
Roseburg, Oregon. He is responsible for the economical
and efficient operation of all communications in the area.

This is quite an assignment for a man less than 3 years
with the company. But Chuck’s career has been based on
increased knowledge of the company and its operations,
which has been followed logically with the increased re-
sponsibility and authority he has proven he can handle.

As a supplies foreman and in subsequent positions in
the accounting, engineering and plant departments, he has
never reached the limit of his managerial capacities. No
doubt he has a long way to go and grow with the company.

Chuck Schnorenberg, like many young engineers, is
impatient to make things happen for his company and
himself. There are few places where such restlessness is
more welcomed or rewarded than in the fast-growing
telephone business.
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ADVANCED PROPULSION

For the present, rocket propulsion
by chemical means is sufficient, but
the time is rapidly approaching when
space exploration will demand more
advanced sources of power. A chem-
ical-burning rocket is capable of pro-
ducing very high thrusts, but it does
so by burning large quantities of fuel
in a very short time. While this high
thrust is needed to overcome the
downward acceleration of gravity
here on earth, such extravagance is
not feasible for long journeys into
space. With this problem in mind,
much research has been done to find
a more efficient method of propul-
sion.

The specific impulse (Iy) of a
rocket engine is defined as the pounds
force of thrust produced, divided by
the mass flow rate in pounds mass per
second of the propelling steam. This
is sometimes expressed in terms of
seconds by assuming pounds force
and pounds mass to be equal. The
maximum Iy, for chemical propel-
lants appears to be about 400 1bf-
sec/lbm, with present rockets being
Capable of specific impulses of about
350 Ibfsec/lbm. Research in ad-
vanced propulsion systems indicates
that an I, of over 20,000 lbf-sec/lbm
is possib]e with other methods.

The space probe of the future will
most probably be launched from an
orbiting satellite. Thus it will not
require the large thrust to overcome
gravitational attraction that can only
be provided by chemical propulsion
systems. The space probe will in-
stead need a propulsion system that
can produce enough power for the
journey’s requirements without ex-
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pending large amounts of energy.
Some of the more promising attempts
to satisfy this need are described be-
low.

FREE RADICAL SYSTEMS

Any rocket propulsion system Tre-
lies upon Newton's Third Law, i.e.,
it pushes itsell forward by expelling
mass in the other direction. When
the mass expelled is a gas, it is found
that the lighter the gas, the higher
will be the Ig produce(! by its ex-
pulsion. For example, gaseous hy-
drogen at 3000°K will produce an
I, of 707 1bfsec/lbm, while CO, (a
common result of combustion) pro-
duces an I, of only 197 lbfsec/Ibm
under the same conditions. Of course
the energy released must come from
somewhere. In the case of CO,, this
energy was provided by the chemical
reaction which produced the gas. In
other words, if an efficient means
could be found to add energy to the
gaseous hydrogen, a much superior
rocket engine for space exploration
could be obtained.

One source of this energy could be

FRED LOVE

the combining of unstable free radi-
cals. For example, the gaseous hy-
drogen could contain some mona-
tomic hydrogen. The H will release
244 Kcal/gm when it recombines to
H.. This released energy will be
absorbed by the surrounding gas and
later released as the gas is expelled.

Because of the free radical’s high
instability, it is very ditficult to pre-
serve as a distinct species. However,
this free radical may be stored for a
period of time by trapping it among
inert atoms. This is done by supply-
ing energy to a stream of H, (either
with an electric arc or with radiation)
in the vicinity of a cold surface (the
temperature of liquid N, or He) . As
some of the H, molecules are broken
into atomic hydrogen, they become
surrounded by inert H, molecules.
Because the low temperature prevents
much migration, the free radicals re-
main trapped. Il the temperature of
the inert mixture is increased suf-
ficiently, the free radicals will be able
to diffuse through the now active Ho
and recombine with other free radi-
cals.

trode
T

: Arc! 7

o

Fic. 1. A Prorosep Prasma ROCKET

Cororapo ENGINEER—May, 1964




The low temperature mixture of
inert H. and atomic hydrogen is
pumped to the reaction chamber.
Here some of the energy of previously
recombined free radicals releases the
trapped [ree radicals, allowing them
to recombine to H,. The energized
stream of gaseous H, then flows from
the nozzle, providing thrust. While
such an engine is years in the future,
it is, nevertheless, a promising solu-
tion to the problems of rocket propul-
sion.

NUCLEAR AND SOLAR
PROPULSION

The much publicized nuclear
rocket engine is very similar to the
free radical engine. In this case, how-
ever, the energy required by the pro-
pelling H. stream is provided by a
nuclear reactor. The liquid H, is
pumped through the reactor where
1t picks up thermal energy from the
atomically active core. The H, then
expands through the nozzle to provide
thrust. The Kiwi-A nuclear rocket
presently being tested is essentially
this type.

Another type of heat-utilizing
rocket engine relies upon solar energy.
In this engine, a heat exchanger is
placed at the focal plane of a large
collecting mirror. Radiant energy
from the sun is directed upon the
heat exchanger, where it supplies the
energy to vaporize and heat the H,
that propels the cralt. This design is
very interesting in that it reguires
no self-contained energy supply. The
engine literally pulls energy out of
space to provide the thrust.

PLASMA AND MHD PROPULSION
There is also research being done
on a propulsion system that uses the
above two sources of power in an
indirect way. The nuclear or solar
energy is convreted to electrical
energy. This electric power is then
used to produce an arc (see fig. I).
The arc then transmits the necessary
energy to the H, stream, and In so
doing, creates a thermally ionized
plasma. Thrust is produced as the
plasma expands through a nozzle.
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When a relatively dense plasma is
produced by the arc, it may be fur-
ther accelerated by magnetohydro-
dynamic (MHD) action (see fig. 2).
The ionized particles are expelled
by the arc. This technique is capable
ol producing specific impulses of up
to 10,000 1bf-sec/lbm.

ION ROCKET ENGINES

A completely different type of en-
gine uses electrostatic expulsion of
ions as a means of producing thrust
(see fig. 3). Liquid cesium is
pumped to a boiler and wvaporized.
The gaseous cesium then passes
through a porous tungsten disc where
electrons are literally “scraped off,”
leaving cesium cations. The cations
are then accelerated across a poten-
tial and expelled from the engine,
much like particles in a linear accel-
erator. The electrons scraped off are
also accelerated and expelled. Thus
both the positive and negative ions
provide thrust.

The ion engine is both the most
promising and the least developed
of the advanced propulsion systems.
Specific impulses above 5 x 10° 1bf-
sec/lbm have been theorized, but such
power is far from a reality.

PROBLEMS TO BE SOLVED

Like any evolving ideas, all phases
of advanced propulsion are filled
with severe problems that must be
solved before the systems can become
practical realities. In most cases,

these are “state of the art” problems
without any apparent solution. That
is, man is unable to solve these pro-
blems with what he now knows. How-
ever, in the past, thorough investiga-
tion has always pr()vided knowledge,
and eventually solutions.

There is, as yet, no way to produce
a sufficiently high concentration of
stabilized (trapped) free radicals in
a mixture to provide the energy for
a free radical propulsion system. The
best attempts in this direction have
resulted in only trace amounts of
free radicals in the inert liquid.

The nuclear propulsit)n system has
a weight problem. Reactors mean
radiation and radiation means bulky
shielding to protect the crew. Thus
unless a light-weight radiation shield
can be developed, a workable and
efficient atomic rocket cannot be a
reality. Like its namesake, the Kiwi-
A nuclear rocket cannot fly. Techno-
logy must advance considerably be-
fore the Kiwi can be changed into
an eagle.

This technological gap is especially
great in the propulsion systems using
electrical power. Although great
strides are being made in the efficient
production of electricity from other
sources of power, we still rely upon
bulky mechanical generation or in-
efficient chemical and physical sources
(batteries—solar and chemical, fuel
cells, etc.). The promising ion pro-
pulsion systems require very high po-
tential differences to create thrust.
While this power could be supplied
by a steam turbine-generator system,
complete with boiler, condenser, heat
exchangers, and other equipment, the
resulting vehicle would be too cum-
bersome for its purpose.

The outlook is not completely
black. Work is continuing on all of
the problems, and one by one they
will be solved. Interplanetary and
even interstellar travel will one day
be a reality. With man’s curiosity

about his universe as a driving force,
nothing is impossible.

Fic. 3. Axn ToN ENGINE FOR SPACE TRAVEL
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False career starts are frustrating from both an achievement and an advance-
ment viewpoint. Getting the right start the first time is often the most
important step in your entire engineering career.

You can make the right start at Collins and yaou’ll be working with the top
men in the field. The scope of our work — Data Processing, Space Communi-
cations, Avionics, Microwave, Antenna Systems and HF, VHF and UHF
communication — offer graduates every opportunity to follow areas of engi-
neering which best suit individual interests and capabilities.

Start your career out on the right foot by contacting your college placement
office for full information.

COLLINS RADIO COMPANY e Cedar Rapids, Iowa ® Dallas, Texas ®
Newport Beach, California

An equal opportunity employer
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LASER
DEVELOPMENTS

DODD PRICE

The laser is a little over three years
old. At present, by conservative esti-
mate there are approximately 500
organizations engaged in laser re-
search or exploitation.

Lasers have progressed to the point
where their basic principles are well
understood, but the engineering and
application work has just begun. It
is predicted that a split between the
scientific work and the applied tech-
nological work will take place in
the next few years. The effort put
into the development of laser col-
lateral equipment, such as modula-
tion and demodulation apparatus is
increasing rapidly.

Operation

The laser is a high frequency de-
vice operating in the visible and
infrared portion of the electromag-
netic spectrum. Unlike conventional
high frequency devices, the klystron
for example, which obtain their out-
put from a decrease in the kinetic
or potential energy of I[ree charged
particles such as electrons, the laser
output is derived from the transfor-

mation of the internal energy of ex-
cited neutral atoms to the electro-
magnetic field.

The basic parts of a laser are a
resonant cavity, an active medium,
and a pump. The first part, the
resonant cavity, is usually formed by
two reflecting surfaces, ground to a
fraction of the operating wavelength,
set precisely parallel to one another
with one surface slightly less reflect-
ing than the other. The second part,
an active medium which passes gain
at the desired wavelength, is placed
in the resonant cavity. Some active
mediums are (1) gas—a noble gas
such as helium mixed with neon and
contained in a glass or quartz tube,
(2) crystal—such as high purity ruby,
or (8) liquid—an organic liquid such
as benzene or pyridine. The third
part, the pump, is the source of power
that is applied to the active medium
to stimulate laser action. The pump
may consist of high power flash tubes
used with crystal lasers, or a radio
frequency source as used with gas
lasers. The configuration of the
laser must be such that the energy

supplied by the pump is absorbed by
the active medium. The idea is that
some of the energy supplied by the
pump will be stored in the active
medium and later released as laser
or coherent light.

Photons

The pumping energy is made up
of photons or quanta that are sent
into the active medium. Atoms inside
the active medium absorb some of the
photons of the l)umping source, and
in so doing, a number of their orbital
electrons are raised to an energy level
above the normal position. The nor-
mal energy level is ordinarily the
lowest possible, and hence is called
the ground state. The level to which
the electrons are driven, usually two
energy levels above the ground state
is not very stable, and the electrons
fall back to a position only one energy
level above the ground state. This
middle energy level is known as a
metastable level or state. The elec-
trons tend to stay in this position for
a relatively long time ( a few micro-
seconds) .
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When most of the electrons are in
the metastable state, a popula-
tion inversion is said to have taken
place. As electrons fall from the
metastable state to the ground state
they give off photons. Most of these
photons are lost through the sides
of the active medium, but if some
happen to be traveling parallel to
the axis of the resonant cavity in such
a manner that they will be reflected
between the two reflecting surfaces,
they will encounter electrons still in
the metastable state. The photons will
induce these electrons in the meta-
stable state to return to their normal
ground state and in so doing, the
electrons will give off photons that
are exactly the same as the ones that
stimulated their return to the ground
state. This process continues as the
photons bounce back and forth be-
tween the reflecting surfaces until the
light waves “gain” enough energy to
pass through the less reflecting of the
resonant cavity surfaces as a beam
of coherent light. This light pro-
duced by the laser is termed coherent
because it consists of electromagnetic
energy which is all of the same fre-
quency, direction, and polarization.

If the pumping power comes from
a flash tube as in the ruby crystal
laser, and the flash is too powerful,
the tube will destroy itself. Dr. Frank
A. Barnes and Kenneth R. Lang of
the Electrical Engineering Depart-
ment of the University of Colorado
have done some research in shock
waves in xenon flashtubes in an effort
to determine what ways the tube may
be constructed and operated to pro-
duce a more powerful flash without
causing permanent damage to the
tube itself.

Semiconductor

One of the newest types of lasers is
the semiconductor or gallium arsen-
ide diode laser. Semiconductor lasers
were developed almost simultaneously
by LB.M., G.E., and M.L'T. late in
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1962. The semiconductor or diode
laser is constructed of a gallium
arsenide crystal. Two opposite sides
of this crystal are perpendicular P-N
junction planes, and form the reflect-
ing surfaces for the resonant cavity
The top and bottom surfaces, which
form the P and N portions of the
diode are connected to the electrodes.
A forward bias causes electrons and
holes to be injected into the junction
region where they occasionally re-
combine emitting a photon. Under
proper conditions enough photons
will be induced from the electron-
hole recombinations to produce a
coherent laser beam from the plane of
the P-N junction (See figure 3).
Some of the advantages of the semi-
conductor laser are: (1) it is jumped
directly by an electric current, and
therefore does not require any of the
bulky optical pumping apparatus, (2)
it can be made to operate with an
efficiency approaching 1009%,, com-
pared to a few per cent for gas, liquid,
and crystal lasers.

Power

Jim Reynolds of the Electrical En-
gineering Department of the Univer-
sity of Colorado is working on a
scheme to operate three lasers in series
which should produce one or two
joules of energy in one millisecond.
As a comparison, a flashlight bulb will
produce about one joule in several
seconds of operation. This is enough
energy to burn a hole thru a 1/32 inch
thick piece of sheet steel if it is trans-
mitted in a concentrated burst of
about a millisecond, as in the pulse
laser, The American Optical Com-
pany has under development a laser
that should have an output some-
where between 2000 and 3000 joules.
It is predicted that lasers with out-
puts of 10,000 joules will soon be
a reality, There is a laser scheme
which could theoretically generate a
billion or more joules. This is
enough energy to destroy an ICBM.

Fic. 2.
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The laser beam has extremely
small spread, that is it tends to remain
as a narrow beam even a long distance

from the source. For example, one
second of laser beam width, spreads
only 14 inch for every mile it travels
from the transmitter. Because the
laser beam can carry a large amount
of energy and the beam has minute
spread, it may be feasible to transmit
power using lasers. Theoretically, a
system utilizing a point source with
a minimum beam spread ot 0.005°
can be used together with optical
antennas to transmit power via laser
beam with a loss of only 1/30 of one
per cent over a distance of twenty
miles. This is far better than pre-
sent day transmission lines. Power
transmission will be even better if the
medium separating the transmitter
and receiver is not absorbent, as in
outer space. Again theoretically a
beam with an aperture of 10 seconds
of arc would be completely inter-
cepted at 100 kilometers by an aper-
ture of b meters in diameter. Such
a system could transfer several kilo-
watts of power. These theoretical
systems are possible in the future, but
there is a tremendous amount of re-
search and engineering work to be
done first. For example, a system
has to be devised to convert light
energy received into usable energy,
such as electricity.

Since the laser beam has a fre-
quency that is in the visible or near-
infrared part of the electromagetic
spectrum, it is susceptible to attenua-
tion caused by atmospheric condi-
tions. A laser beam will be absorbed
and scattered by rain, snow, clouds,
and fog. Even clear weather will
bend the beam, because differences in
temperature produce deviation in the
index of refraction in various air
masses.

Communication

The laser is well suited for com-
munication systems. In fact it is pos-
sible that a single laser beam could
carry as much information as all com-
munication channels now in existence.
Put another way, using optical fre-
quencies for communications would
open a frequency band of 250 million
million cycles per second. This is
thousands of times more space than
is presently available in all the crowd-
ed radio frequency bands combined.
A realizable communications system
here on earth would have to be pro-
tected from the atmosphere which
would attenuate and disperse an in-
formation filled laser beam. It would
be possible to contain the laser beam
in a pipe filled with non-absorbtive
dry air or nitrogen. Such a system
certainly would have many difficul-
ties to overcome. One of the biggest
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problems would be ground stability
since the position of the laser beam in
the pipe would be critical. An even
better application of the laser beam
would be in a space where there is no
atmosphere to attenuate or disperse
the beam. A realizable system with
a range of 100 million kilometers
could have a receiver with a light
gathering area of only one square
meter.
Non-Linear Optics

One of the problems in communica-
tions using lasers is the modulation
and demodulation of the beam. The
Ford Motor Company has reported
progress in this field. They have
achieved second and third harmonic
generation using non-linear optics.
In general two types of modulation
are under experimentation. The first
type could be called internal modula-
tion. That is, modulation is achieved
as the laser beam is generated inside
the active medium. One method of
internal modulation involves chang-
ing the Q, or optical alignment, of the
laser cavity by using an electro-optical
shutter between the laser material and
one reflecting surface of the caviry.
This introduces a variable loss which
causes large variations in the operat-
ing power somewhat akin to ampli-
tude modulation of radio signals.
Internal frequency modulation may
be obtained by subjecting the laser
material to a transverse electric or
magnetic [ield.

External Modulation

The second general type of modula-
tion is external modulation applied
to the beam as it leaves the laser.
Electro-optical materials are being
examined for use in modulating
beams in this manner. These ma-
terials change their light transmit-
ting characteristics when subjected
to an electrostatic field. An ex-
ample is ammonium dihydrogen
phosphate, which has been used suc-
cessfully  for relatively low fre-
quencies. One difficulty in using the
electro-optical crystals is the high
voltage required for modulation. The
voltage is on the order of 17,000 volts,
and it is difficult to handle at the re-
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quired high frequencies. Semi-
conductor lasers are excited, or
pumped, directly by an electric cur-
rent hence modulation may be ef-
fected simply by varying the excita-
tion current.

Demodulation presents another
problem, here the light energy must
be converted to electrical energy. One
possibility is heterodyning. This may
be accomplished by beating two laser
beams together and obtaining an in-
termediate frequency in the micro-
wave band. If this can be done ef-
fectively, existing microwave equip-
ment may be used to work with this
intermediate frequency. In general,
however, the same techniques apply
to laser signals as to microwave
signals, so that the difference is in de-
tail, not principle.

Radar

High resolution radar systems have
already been devoloped. Currently
various types of laser radar are being
investigated by Hughes, R.C.A,, G.E,,
and Sperry. The R.C.A. tracking
system is expected to have a range
accuracy of 6 feet over 70 miles.

The Doppler shift frequencies for
laser beams reflected from moving
objects are quite high even if the ob-
ject is moving very slowly. Sperry is
developing a system, using the Dop-
pler effect, that can measure the fre-
quency shift caused by vehicles mov-
ing from 18,000 mph to 0.2 inch per
hour. Such systems which possess
great accuracy are expected to be
used in spacecra[t rendezvousing.

Long-range radars are also feasible.
A system using 1 megawatt in pulses
of one microsecond could detect a
target having one square meter ef-
fective surface area at a distance of
4500 kilometers. It is expected that
by 1965, laser radars will produce
high resolution maps of the moon and
Mars, making it easier for man’s first
landing on their surfaces.

Since the laser beam is light—usual-
ly of one, or at most a relatively few,
frequencies or colors—it can be con-
centrated quite readily by optical
means to a spot whose concentration
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of energy will produce energy den-
sities greater than on the surface of
the sun. This intense power in small

areas is usable in small dimension
welding, such as connecting leads to
semiconductors, fusion of any mater-
jal, and in local chemical reactions.
Lasers are presently being used in
production lines to cut components to
size for use in micro-circuits.

The laser affords a tool for the sur-
geon that is precise enough to cut a
single human cell. A ruby laser has
been used by opthalomologists to
coagulate a human eye retina to pre-
vent it from becoming detached. Such
an operation can be performed in
0.001 seconds, thus eliminating the
possibility of damage due to eye
motion during the operation.

Lasers in Biology

At the University of Colorado, ex-
periments have been performed by
Dr. Frank A. Barnes and Kenneth R.
Lang of the Electrical Engineering.
Department in conjunction  with
Joseph C. Daniel of the biology de-
partment to determine the possibility
of using lasers for tools in embryo-
logy and cytology (the study of cells) .
This team has used a laser beam to
effectively stop growth of selected
portions of a chicken embryo without
damaging the other parts. They were
also successful in killing the nucleo-
lus of a HeLa cell, which is an animal
cancer cell used for research purposes,
without damaging adjacent parts of
the cell. This experiment was per-
formed by directing a laser beam
through one ocular of a binocular
microscope onto the cell and using the
other ocular for viewing the work.
The spot size obtained was only one
micron in diameter, which was even
smaller than the nucleolus.

In order to study the absorption
characteristics of the various cell
structures the wavelength of a laser
beam could be changed using a de-
vis2 known as the Roman cell. Then
beams of various frequencies could be
used with the binocular microscope
system to determine how much energy
of a specified wave length is required
to stop growth.

Theoretically, the laser has practi-
cally unlimited applications. How-
ever, from an engineering and econo-
mic point of view many of these ap-
plications may not be practical or
even possible. It may be more feasi-
ble to apply a somewhat less glamor-
ous and older concept to some of these
theoretical applications. Neverthe-
less, the engineering student of today
should prepare himselt fully in order
to utilize this new and powerful tool
effectively.
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The groove on this Malleable iron cam for a packaging machine requires a : |
fine finish. A shell core used on the outside of the part produces such a smooth, . : |
accurate surface that no machining is required. : }

The machining once required to produce this
lever bracket included broaching the square hole,
milling the slot, drilling and reaming the two large
bolt holes, and drilling the small hole. All machin-
ing has been eliminated through the use of a
single shell core.

Shell coring produces such exact detail that the acme thread on this Malleable
il iron trench brace wing nut is used without any machining. Previously pro-
duced with a standard oil sand core, it required reaming and tapping.

Solve Design Problems, Reduce Machining
with Shell Gored Malleable Gastings

Shell cores are most often used to create interior surfaces but, in
addition, they can be utilized at other locations in a green sand
casting to impart smoothness, provide closer tolerances, reduce
machining, and solve a variety of design problems.

Shell cores create surface finishes of 50 to 250 microinch rms.
Thus, excellent detail can be obtained in Malleable castings for gear

teeth, holes, dove-tails, mating surfaces and threads with this modern  Precise dove-tails, intricate air channels and other
casting technique. interior details of this impact wrench handle are

: : 2 ; produced in the Malleable casting by the three
The internal air passages and chambers in the pneumatic wrench  chaii cores shown. A variety of machining opera-

handle, shown at right, are excellent examples of the amazingly tions is eliminated by this relatively low-cost
complex details which can be created accurately and economically technigue.
in Malleable castings with shell coring. They are produced—complete-  For further information on Malleable castings,
ly finished except for tapping—in the basic casting. call on any company that displays this symbol—
The advantages obtainable from shell coring in
selected applications, combined with Malleable’'s
high strength, ductility, easy machinability and
reliable uniformity, make Malleable castings an
outstanding choice for high-quality, low-cost parts.
Send for your free copy of this 16-page ‘“Malleable
Engineering Data File.”” You will find it is an excel-
lent reference piece.
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The jet and missile age has created
many new environments that mechan-
ical and electrical components must
endure. The speeds at which modern
aircraft and missiles travel create pro-
blems in the structural and thermal
design which arise from air friction,
temperature, and pressure changes ot
outer space. Another design pro-
blem is the magnitude and frequency
at which vibrations may occur and
the damage to components which
might result. A vibration of one
magnitude and frequency could re-
sult from the vibration of the engines,
another from the fuel pumps, and still
another from skin vibrations. Many
more could be caused by any of the
moving parts in the aircraft or mis-
sile. Since a large number of dif-
ferent amplitudes and frequencies are
possible at the same time, it has been
necessary to develop a test to insure
the success of the subsystem compon-
ents. This is the purpose of the
random vibration test.

Random vibration can be under-
stood with greater ease if first a com-
mon sinusoidal vibration is investi-
gated. Sinusoidal vibration is de-
termined when the displacement,
velocity, and acceleration follow a
sinusoidal curve as time varies. This
vibration has a single frequency and
given double amplitude displacement
(at any specific time) .
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RANDOM

VIBRATION

The standard method of measuring
he force that is exerted on a test item
during sinusoidal vibration is in
“G’s”, the force or acceleration of
gravity that is felt by the test item.
Chis is measured as a multiple of the
pull of gravity at sea level. Sinusoidal
vibration is normally expressed in
peak G's, although it is sometimes
more convenient to express the ac-
celeration in terms of Grwms, (root,
mean, square), as in random vibra-
tion.

At a certain frequency, there is also
a possibility that the component may
experience resonance. Resonance oc-
curs when the frequency of vibration
approaches the natural oscillation
frequency of the component. This
causes relatively large amplitudes and
can destroy the component if the am-
plitudes are too large. A component
must therefore be designed so that
resonance occurs above the range of
frequencies to which this part is sub-
jected.

As mentioned before, the possibility
of an infinite number of frequencies,
each at an infinite number of am-
plitudes, may occur simultaneously.
Random vibration would be the com-

RICHARD LUBINSKI

posite of all the possible wave forms.
There are three factors that must be
considered: namely, amplitude, time,
and frequency (see above).

Since it is not possible to determine
what actually will occur in random
vibration, statisticians have used the
Gaussian  Distribution Curve (see
figure 3) to represent what will hap-
pen if time is to go to infinity while
an infinite range of amplitudes are
considered. The Gaussian Curve re-
presents the amplitudes of one fre-
quency, although this curve is used
for all frequencies.

The 0, =10, =20, and =3¢ cali-
brations on the horizontal axis re-
present the deviation from a nominal
amplitude of vibration, infinitely
high deviations would be represented
at the far right and the far left of the
curve,

The area under the Gaussian Curve,
as applied to random vibration, re-
presents time. Since 689, of the total
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area under the curve lies between
-+ lo, this represents 689 of the time.
Of the area under the curve, 959, is
between =2¢g, and 99.79 is between
+3%a. Therefore, these represent
959, and 99.79, of the time, respec-
tively.

Because the curve represents one
frequency of vibration, it shows that
689, of the time the deviation will be
less than one times the nominal value.
The deviation will be less than twice
the nominal value 959, of the time,
and less than three times the nominal
value 99.79, of the time. Statistically,
all of the possible frequencies will
have the same amplitude distribu-
tion curve.

Since 8¢ includes 99.79, of the
time, the manufacturers of vibration
equipment feel the test is sufficient
for any component, therefore they
limit the machinery so that the ampli-
tude of vibration will not exceed this
value. The possible frequency input
is also limited to the range of 10-200
cycles per second, since the designers
feel these frequencies are most prob-
able to occur. A block diagram of
the vibration circuit is shown in
figure 2.

The noise generator consists of a
“noisy” thyratron, which generates a
completely random noise signal at all
frequencies. This noise signal is then
fed into eighty frequency filters. Each
filter has a band width of 25 cycles
per second, thus limiting the fre-
quency input to that required by the
designers. An automatic gain-control
amplifier is connected to each of these
filters, and the desired power is ap-
plied to the frequency band at this
point. These signals are then added
and transmitted into another ampli-
fier and are sent into the exciter
where the actual vibration is per-
formed (see figure 1).

The armature of the exciter is sup-
ported by a large amount of D.C.
power and the vibration is created by
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the A.C. signal as described above.
This system is very similar to that
acting on the cone of a radio speaker.

Two accelerometers, piezo electric
crystals that transform pressure to
electric current, are generally placed
on the exciter. One is connected
directly to an RMS voltmeter to mea-
sure the Grwms that is felt by the
test item. The other is connected to
an amplifier, to eighty more filters

and amplifiers, and is then fed back
into the automatic gain control ampli-
fiers. This acts as an equalizer and
completes the feedback system.

Random vibration is an essential
test in an age of jet aircraft and mis-
siles. Practically every engineer that
makes his career in the aerospace in-
dustry will come in contact with it
at some time during his career.
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s it news that a leading maker of

spacecraft alloys had a hand in dolling
up Mildred Kinne's potting shed?

It isn’t really surprising that a single U.S. corporation pro-
vided the metal for the outer skin of Mercury space capsules.
It's perfectly natural to be called in on that kind of a job when
you lead the nation in developing a line of alloys that resist
extreme heat, wear and corrosion.

You'd also expect that a leading producer of petrochemi-
cals could develop a new base for latex paint—called “Ucar”
latex—since paint makers are among ifs biggest customers.
Now Mildred Kinne can paint right over a chalky surface with-
out priming. It's dry in minutes. And her potting shed will look
like new for many New England summers and winters.

But it might indeed be surprising if both these skills

Union Carbide also leads in the production of polyethylene,
and makes plastics for packaging, housewares, and floor cov-
erings. It liquefies gases, including oxygen and hydrogen that
will power rockets to the moon. In carbon products, it has been
called on for the largest graphite shapes ever made. It is the
largest producer of dry-cell batteries, marketed to millions
under the trade mark “Eveready.” And it is involved in more
atomic energy activities than any other private enterprise,

In fact, few other corporations are so deeply involved
in so many different skills and activities that will affect the
technical and production capabilities of our next

UNION century.

were possessed by the same company. Unless that (o \:4:1[2]3W Ii's already making things a great deal easier for

company were Union Carbide.

Mildred Kinne.

UNION CARBIDE CORPORATICN, 270 PARK AVENUE, NEW YORK, N.Y. 10017. IN CANADA: UNION CARBIDE CANADA LIMITED, TORONTO

Divisions: Carbon Products,

Chemicals, Consumer Products, International, Linde, Metals, Nuclear, Olefins, Ore, Plastics, Silicones, Stellite and Visking
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Everything we learned from

building 10,000 small gas turbine engines

has been packed into this new
600-horsepower turboprop engine

—and it shows!

ou’d probably expect the

world’s largest manufacturer
of small gas turbine engines to
turn out the world’s finest small
turboprop job.

And we have.

We call our new engine the
TPE-331. (The military version is
designated T-76.) Itis a versatile
turbine capable of powering many
vehicles. Its 600-horsepower cate-
gory makes it particularly suitable
for the new generation of executive
and military fixed-wing aircraft.

More specifically, our new prime
propulsion engine is designed to fill
the gap between reciprocating
engines and larger turboprops.

And the reason we built it, is
because both civil and military
sources have asked for a simple,
rugged, reliable, easy-to-maintain,
economically-operated, light-
weight turboprop engine. i

The Garrett- AiResearch TPE-
331 more than fills the bill.
Obviously, building such an
engine is a specialized art that
demands experience, especially in
miniaturization of controls, oil
pumps, and starter motors.
Manufacturing tolerances are
precise and have a greater effect

The fuel system of the TPE-331
consists of a fuel filter, single high-
pressure pump, speed-governing
: fuel control, manual shutoff valve,
[ flow divider and fuel nozzles.

JP-5 is the normal fuel, but this
engine will take all kinds of fuel,
ranging from AV-gas to light
diesel fuel.

If this new turboprop engine
sounds like something very special
to you, we’'ve made our point.
The TPE-331 is an excep-

tional engine.

It’s the kind of a power
development you’d expect to come
on performance than in a large  from Garrett. For when it comes
engine. Scaling down big engine  to turbine engines under 1000
techniques is not the answer. horsepower. ..

The TPE-331 has a specific fuel

consumption of .62 pound per
shaft horsepower hour. Its Garl:ett -
/s experience

weight to power ratio is
.45 pound per horsepower.
Response rate from flight idle
to full power is approximately
1/3 of a second.
Single-casting turbine wheels
are typical of the simple, rugged
components of this new engine.

A two-stage centrifugal
COmpressor is
driven by a
3-stage axial
turbine.
Propeller drive X
is through a
2-step reduction
gear box offset for
flexibility of aircraft design.

PN Glets] [os Angeles -+ Phoenix

For )further information about many interesting project areas and career opportunities at The Garrett Corporation,
write to Mr. G. D. Bradley at 9851 S. Sepulveda Blvd., Los Angeles. Garrett is an equal opportunity employer.
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THE ENGINEER'S ANSWER TO REGISTRATION —
THE ANNUAL E-DAYs PicNic.

The keynote speaker at the Convo-
cation was Mr. Robert D. Lilley of
Western Electric Company. Mr.
Lilley spoke on the advances in our
society that have both directly and
indirectly resulted from engineering
achievement. The list is long and
impressive. Mr. Lilley concluded his
talk with a few predictions about the
role of the engineer in the years to
come. He felt that the modern
society would come to depend more
and more upon the engineer.

LUNCHEON

Immediately following the con-
vocation, a luncheon was held in the
UMC Ballroom. After the meal, en-
tertainment was provided by the
Hustlers. Fortunately, laughter does
not interfere with digestion, as the
group interspersed their folk music
with jokes and comedy. The lunch-
eon also gave the engineers a chance
to display their success in the Beard-
Growing contest. Appropriately, the
award was an electric shaver.

SEMINARS
The ASME seminar proved to be
an extremely interesting presenta-
tion of the Leyden Mine Gas Storage

E-Days, as always, falls just when
the engineer is in need of a study
break. The weekend provides a wel-
come relief from the strain of lab
reports, hourlies, eyeballing, and
other assorted miseries that seem so
common in the spring. It is also a
time for honoring outstanding mem-
bers of the college, attending semin-
ars, and having fun.

CONVOCATION

Engineers’ Days 1964 officially be-
gan with the convocation in Macky
Auditorium. At this time, scholar-
ships and awards were presented. As
in years past, Dean Hutchinson was
called upon to make these presenta-
tions. The Dean is noted for the
speed and efficiency with which he
distributes awards. A coffee was held
Saturday morning in honor of the
recipients.

Lynn Kramer, the out-going Presi-
dent of the Associated Engineering
Students, was named “Outstanding
Senior” by the Colorado Engineering
Council. Runnersup were Ross
Fraker and Larry Huston. Keys were
presented to the incoming AES of-
ticers—Marshall Silver, Bob Joselyn,
JoAnn Cram, and Dean Peed. The
Associated  Engineering  Students
Faculty Appreciation Award was pre-
sented to Professor R. C. Rauten-
straus, of the Civil Engineering De-
partment; A letter of appreciation
was also given to Professor Maler of
the Electrical Engineering Depart-
ment in appreciation for his work as
Faculty Advisor to AES.

Project. This was given by G. Paul
Cook, a C.U. graduate in Chemistry,
and the head of the gas storage pro-
ject. In this project, gas is stored in
a completely sealed, abandoned coal
mine. Water, which is constantly
leaking into the mine, prevents the
gas from escaping through the floor,
and an impermeable layer of shale
prevents leakage upwards. A crew
patrols the area every two days to
look for any leakage. To date, no

BaLMy WEATHER HAs BECOME A TRADITION
AT THE PICNICS.
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FACULTY PARTICIPATION WAS ENTHUSIASTIC, AS USUAL.

leakage has been found, and the pro-
ject has been perfectly satisfactory.

At the ASCE seminar, Arthur Krill,
president of the Ken R. White Con-
sulting Engineers, Inc., spoke on the
47th Ave. Freeway Project in Denver.
In this interesting and informative
talk, Mr. Krill told of the role of the
consulting engineer in the Interstate
Highway Project. Today about
percent of the work in the IF
performed by counsulting engis
In this respect, the Civil Engineer is
reaching his greatest potential tc
contribute to society. This point
illustrated with a description of
Afghanistan Highway Project.
Krill then presented a film wl
explained the 46th Ave. Project
the role of the consulting engineer in
its construction.

The president of IEEE was unable
to attend the seminar presented Dy
that department, but he wasn't
missed, as some 70 of the EE's ap-
peared to hear the talk given by the
Hewlett-Packard Company.  The
seminar began with a photographic
history of the instruments made by
the Hewlett-Packard Co. since their
beginning. This series of slides was
followed by a survey, via slides, of
the various HP plants. The rest of
the time was spent in a discussion of
the philosophies and the practicalities
of manufacturing electronic instru-
ments. The talk ended with a brief
discussion of how to package instru-
ments for shipment. The trick here
was to outwit the US Post Office. At
this point the EE’s got their chance

CoLorapo ENGINEER—May, 1964

to speak, and a discussion period
concluded the seminar.

At the AILChE. Seminar, Mr.
David Furakawa spoke about various
methods of purifying unpotable
waters for human use. In his very in-
teresting talk, Mr. Furakawa discussed
the most promising methods of de-
salting water, together with the pro-
slems encountered in each method.
. rough economic evaluation of each
process pointed out the rapid gains

that have been made toward a puri-
fication system that is competitive
with fresh water from natural sour-
ces. Among the more promising tech-
niques are: evaporation, freezing,
and ion exchange. Mr. Furakawa’s
specialty in his work at the Bureau of
Reclamation is electrodialysis as a
desalting process. In this system, the
jons of the dissolved salts are drawn
through ion selectivemembranes —
away from the water to be purified—
by an electric current.

As is their tradition, the Society of
Women Engineers conducted 2 semi-
nar on one of the more general lines
of engineering. This year the speaker
was Dr. W. D. Weir of the Honors
Department. Dr. Weir's topic was
“Ignorance is Bliss—Or is it?” In his
presentation, Dr. Weir stressed the
need for more individuality in our
society. This is the basis upon which
a better education can be built. He
also discussed the role of understand-
ing through education in the world
today. Dr. Weir felt that the only
way to reach world peace is through
this better understanding. The pre-
sentation also included a discussion
of the role of the woman in society,
much to the members’ enjoyment. A

uestion and answer period followed
the seminar.

The A.LLA.A. Seminar was con-
ducted by a panel of engineers from
Martin Company of Denver. The
topic was “Educating the Engineer.”
The panel discussed the quality and

Hey!! SoMEBODY MoOVED THE GROUND.
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quantity of education necessary in the
development of the engineer. ~ At the
S.LA.M. Seminar, Dr. Hultquist from
Ball Brothers Research spoke on
“Aspect Determination of Satellites.”
The presentation covered the de-
scription  of satellite position and
orientation through numerical analy-
sis.

ENGINEERS’ BALL

The 1964 Engineers’ Ball was held
in the Glen Miller Ballroom. The
engineers and their dates danced to
the music of Duane Kramer under
decorations of balloons and stream-
ers, During the intermission, Dean
Hutchinson crowned Miss Janey Cris-
well, a freshman from Lakewood,
Queen of the 1964 Engineers’ Days.
Miss Criswell’s court consisted of
Vicki Craig, JoAnn Cram, Jacki
Faust, and Bonnie McGrew. Miss
Criswell and Dean Hutchinson led
the first dance after the intermission.

The results of the Meanest Profes-
sor contest were also announced dur-
ing the intermission. This culmin-
ated a week of enthusiastic campaign-
ing, including a television appear-
ance. Professor Robert Branch of
the Electrical Engineering Depart-
ment won this dubious distinction,
and was awarded the “Purple Screw”
as a symbol of his popularity, or lack
of it. Smaller “Purple Screws” were
presented to the other candidates—
Retched Ron West, the Raging Rat-
Fink, Chopper Chinn, the Un-Civil
Camikaze, Wicked Wagner, the Whip
\-Vielding Warden, and Viscous Vlases,
the Vicious Varlet.
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THE BACK-STRETCH

E-DAYS PICNIC

Saturday morning, students, faculty,
friends, wives, and children all as-
sembled at Chautauqua Park for the
annual E-Days Picnic. A lunch of
hamburgers and potato salad was
provided,”along with coke for those
who had not come equipped. Im-
mediately after the lunch, the field
évents were begun. There was hot
competition between the various de-
partments in the Tug-OWar, the
Four-Legged Race, the Egg Toss, the
Wheel-barrow Race, and the Bat Race.
Once again, the Civil Engineers came

ALL OF THE Bobiks Look Perrrcr From

HERE,

OF THE WHEELBARROW RACE.

out on top, as they outscored the
Mechanical Engineers and the Elec-
trical Engineers by a wide margin.

The final event of the day was the
selecting of the Most Beautiful Body.
This award went to Miss Carol Lee
Thorpe, of Santa Monica, Calif.
Other contestants were Ginny Ann
Penn, Penny Goldstein, Norma Acker-
mann, Gloria Hillman, Marilyn
Algyer, and Barbara Krebs. Specta-
tor enthusiasm was quite high as the
contestants were introduced. A cool,
windy day is no match for a girl in
a bathing suit.
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With the advent of the nuclear
rocket, the propulsion field has
gained a radically new type of pro-
pulsion which has a much larger
specific impulse. One of the draw-
backs of the nuclear rocket is that
there must be a considerable amount
of shielding to protect the other hard-
ware and the personnel involved.
This shielding, which is normally
lead, accounts for a large portion of
the engine’s weight. Since the nu-
clear rocket is usually planned as the
propulsion unit for the second or
third stage of a missile, the problem
becomes one of designing a nuclear
rocket light enough to be boosted
into the upper atmosphere and yet
large enough to accomplish its mis-
sion once it is placed there. Thus the
consideration of thrust/weight be-
comes a critical one.

This paper presents a new method
of increasing the thrust to weight
ratio by increasing the heat transfer
coefficient in the nuclear heat ex-
change. The same thrust can then
be generated by using a smaller and
lighter reactor.

The beneficial effects of turbulence
promoters on heat transfer have been
recognized by many observers, (il
11). However, none of these authors
have undertaken an analysis of the
application of these results to the
nuclear rocket. The physical size and
weight, and therefore the cost, of a
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nuclear rocket depends on the heat
transfer coefficient. Hence, by in-
creasing the heat transfer coefficient,
the weight of the nuclear rocket can
be decreased for a given thrust level.
Promoting Turbulence

During the course of an experimen-
tal investigation at the University of
Colorado, turbulence promoters were
consisting of twisted tapes of 3 dif-
ferent twist ratios: H/D=3.54, 8.5,
and 22.0 (where H is the length re-
quired for a 360° rotation of the
tape) . These are shown in figure 1.

The insertion of these tapes into
the air stream has several effects on
the flow characteristics. First the
density gradient is altered from that
which  normally exists for straight
flow. The centrifugal force generated
by the vortex motion will tend to
force the more dense (cooler) gas
outward to the larger radius while the
less dense (hotter) gas is displaced
inward. This density gradient is
more favorable for heat transfer.
Also, in the case of swirling flow, the
velocity relative to the wall is greater
than for flow without swirl. This
larger velocity will tend to reduce
the boundary layer thickness. In
particular the laminar sublayer where
the heat is essentially transferred by
conduction will be decreased. The
thinner laminar sublayer will tend to
increase the rate of heat transfer.

In general, it was believed that the

BLACKWELDER

swirl flow should increase the rate of
heat transfer. This was subsequently
shown to be true.

The equipment used in this investi-
gation consisted of a high pressure
air supply, a metering section, a test
section and associated instrumenta-
tion. The arrangement of these
items is shown in figure 2.

The air supply was a 2500 psi com-
pressor from which air passed through
a de-oiling chamber and desiccation
tube containing silica-gel and was
stored in a receiving tank. From
there it passed through a pressure
regulator, which maintained a con-
stant supply pressure of 500 psi, and
then went to the metering section.

The results indicated that the rate
of heat transfer was significantly in-
creased for the swirl flow. The Nus-
selt number for the tightest twisted
tape, H/D=3.54, was increased by
more than a factor of two. The other
two tapes affected the Nusselt num-
ber to a lesser degree.

Calibration of Equipment

As a check on the experimental ap-
paratus, runs were made with the
straight flow. The Nusselt numbers
for these runs were calculated and
compared with those of previous in-
vestigations, (3, 5). Humble et. al.
(5) presented Nusselt numbers for a
wide range of heat fluxes. The pre-
sent results agreed within +=2.6%, of
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their data. However, the results of
the present investigation lay from 1.1-
7.9, below that of Deisler and Finn's
(3). It should be noted that they
evaluated their fluid properties based
on the wall temperatures, whereas the
fluid properties in this investigation
were based on the fluid bulk tempera-
ture, which was found by assuming a
linear temperature increase between
inlet and outlet. Hence Deissler and
Finn's different approach would tend
to make their results lie above those
of this investigation.

After the temperatures and pres-
sure drop were obtained, the Nusselt
number and the Darcy-Weisbach
friction factor was calculated based
on the fluid bulk temperature. The
pressure drop, Ap, increased as H/D
increased. This is expected because
of the increased restriction to the flow
for the more tightly twisted tapes.
From the pressure drop data and the
static pressure data, the Darcy-Weis-
bach friction factor, 4f, was calculated
by the following equation.

286 D
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Here again the friction factor was
increased for the more tightly twisted
tapes.

The most important result was the
effect of the tapes on the heat trans-
fer coeflicient, the greatest increase
being for the tightest twist ratio,
H/D — 3.54. This increase agrees
within 6.29, of the data found in
Smithberg and Landis (10).

It was found for the straight flow
case, that the equation

0280 mesly e
3 i L
Nu = .021 R P —

N 5 \ e

W

fit the data with a mean deviation of
4.99;, The Nusselt numbers for
swirl flow were compared with equa-
tion 2, and equations were obtained
along with their deviations.
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This method of approxima[ion was
reliable for H/D = 8.5 and 22.0.
However, for the tighest twisted tape,
H/D — 3.54, the data lay above this
approximation at the lower Reynolds
numbers and below the approxima-
tion for the higher Reynolds n umbers.
This suggests that the Reynolds num-
ber plays a greater role in the deter-
mination of the Nusselt number for
the increased twist ratio. Therefore
the tightest twist ratio must decrease
the boundary layer thickness con-
siderably more than the two other
twist ratios. For H/D — 8.5 and
22 (), the Nusselt number ratio is 189
above that of reference (7). For
H/D — 3.54, the present results are
859 greater than those cited in the
above reference.

The solid nuclear rocket achieves
its thrust by heating gaseous hydro-
gen in the nuclear reactor. The hy-
drogen is heated to approximately
5000°R as it passes through tubes em-
bedded in the reactor core as shown
in fignve 835 1By inserting twisted
tapes in these tubes the heat transfer
coelficient is increased and hence, for
the same amount of thrust, the reac-
tor size and shielding weight can be
reduced.

To compare the case ol swirling
flow to that of straight flow in the
reactor, it is assumed that the fluid
properties at the reactor’s exit are the
same in both cases. This can be ac-
complished by increasing the size of
the pump and by reducing the length,
L, of the reactor. Since the weight of
the pump is small compared with the
weight . of the reactor (9), the in-
creased weight of the larger pump
will still be less than the decreased
weight of the reactor. This assump-
tion remains valid until a point is
reached such that the increased weight
of the pump equals the decreased
weight of the reactor.

To generate the same thrust at a
given altitude with the same mass

Fic. 1.
THE VARIOUS
TAPE
CONFIGURATIONS
UseEp TO
ProMOTE
TURBULENCE
IN THE
Gas

STREAN,

Fie. 2.
THE AppPArRATUS USED IN
THE EXPERIMENT.

rate of flow, the exit velocities must
be equal. This is accomplished by
letting T, = T, where the prime
supercript indicates the case of swirl-
ing flow. Neglecting end effects, T,
can be found from the heat transfer
equation

where q is the heat flux, Ty is the
wall temperature and h is the heat
transfer coefficient. Since the wall
temperature in both swirl flow and
straight flow will be the maximum
temperature imposed by the materials,
equation 3 and 4 yield

The heat flux per tube, q, is given
by the following expression:

CP(T1 - Tin)m

s DL

1f the temperature of the gas at the
reactor’s inlet is assumed to be the
same in both cases, and the weight
of the reactor is assumed to be a
linear function o [the length, it is
found that:

h' 1

h - (WTW)

Thus an increase in the heat trans-
fer coefficient will promote a decrease
in the weight of the reactor for a
given thrust level. This will also
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promote a further reduction of the

shielding weight.

Assuming that the weight ot the
tapes is negligible compared to the
weight of the reactor and shielding,
the substitution of the above rela-
tions into the thrust equation yields

- Nu w 1
Fic. 3. w Nu /W

SCHEMATIC Theoretical considerations indicated
OF A that the heat transferred to the fluid
Frcion should be increased due to the de-
crease of the boundary layer thickness

REACTOR 2 o % = =
imposed by the swirling motion. Ex-
FOR perimental results proved that as the
NUCLEAR amount of twist of the tapes was in-
Risw e creased, the pressure drop, [riction

factor and the heat transfer coeffic-
ient increased. Equations were found
for the Nusselt number in swirling
flow with a maximum mean devia-
tion of 11.79, It was found that
the weight of the nuclear rocket en-
gine could be reduced by the inser-
tion of twisted tape into the heat ex-
changer tubes. The tightest twist
had the most effect on the weight
ratio and the thrust.

“2 CIVIL ENGINEERS:

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

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

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

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, College Park, Maryland

THE ASPHALT INSTITUTE, College Park, Md. :
Gentlemen: Please send me your free student i
library on Asphalt Construction and Technology. :
NAME CLASS, :
ADDRESS i

I
CITY STATE e I
SCHOOL :

|
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THE
USE

TOM DAVEY

The recent claim by Soviet Premier
Khruschey that the Soviet Union did
not intend to compete any longer in
the race to the moon came not only
as a surprise, but as a relief to the
American people. The people
thought that as long as the Russians
were not interested in going to the
moon, we might just as well quit also
and save ourselves a tremendous
amount of tax-financed expense. At
the same time the military planners
of the United States recognized Pre-
mier Khruschev's proclamation for
what it was: an attempt to make the
United States slow down its military
programs in space while the Russians
are still ahead.

The ruse Premier Khruschev is try-
ing to put on the American people is
that the exploration of the moon is
strictly a peaceful venture, that can
wait until the future when the Rus-
sian economy is improved. How-
ever, few people recognize more than
the military that thoughout history,
peaceful exploration has generally
followed only after military explora-
tion, and usually, exploitation. This
has been true not only in geographical
exploration, but in scientific endea-
vors as well. The greatest example
of peaceful use of military scientific
studies has been the development of

30

the aircraft in the twen
The jet transport would
been economically feasi rout
the development of the } the
B-52 by the Air Force. 711l
never go to the moon unt:
derstand much simpler p
such as space rendezvous and
lication of space vehicles.
Force is primarily responsible for
basic studies such as these at this
time. It is the fear of the military
that this proclamation of Khruschev
will develop a state of euphoria in
our people reducing our vigilance and
our willingness to extend our re-
sources to space exploration. They
fear that the demands of the peoplé
for budget cuts will severely disrupt
not only our moon projects, but also
space projects that are necessary for
our security in this period when mili-
tant communism remains committed
to the destruction of our society.
Before the people of the United
States spend money on any space pro-
ject, they must be convinced that the
programs are necessary. It is there-
fore up to the military leaders of the
United States to chart the future in

space operations. They must also
make the people realize that even
though detailed forecasts of most mili-
tary operations in space cannot be
clearly made now, the people must
not believe that there will be no such
requirement in the future. We can
find a parallel from the early days
of aviation when there were no well
defined trends in aerial warfare.
Large elements of conjecture and
imagination at that time, however,
enabled us to build the greatest aerial
force in history.

I therefore believe that we should
not let ourselves be fooled by this
Russian ruse. We should re-empha-
size our military space projects and
hope that one day they can be put
to peaceful use. We should always
be reminded of the words of President
Lyndon B. Johnson, “We go Into
space as pioneers came into the West,
for one purpose only: to find for our-
selves and our families a better life
on Earth and to assure the ultimate
success of the cause of freedom we
uphold. If we do not succeed in these
efforts—as one great American has
put it—we will not be first on the
Moon; we will not be first in space;
and one day soon we will not be first
on Earth.”
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“I hold that the architectural pro-
fession should assume responsibility
for nothing less than the nation’s
MAN-MADE ENVIRONMENT, in-
cluding the use of land, water, and
air, AN ENVIRONMENT IN HAR-
MONY WITH THE ASPIRATIONS
OF MAN.” These words, of Philip
Will, former president of the Amer-
ican Institute of Architects, express
the demand, the challenge, that lies
before every nation today. The de-
mand is not new; however the attack
is now under the direction of the
architectural profession. Never be-
fore in history has America so needed
the design professions. Never before
has the opportunity for leadership by
the architects and city planners been
so overwhelming and self-evident.

Since the profession is using what
is called “modern architecture” to
create an environment in harmony
with the aspirations of man, an out-
sider might ask why it was necessary
to invent a new kind of architecture.
Wasn't the Parthenon good enough?

The ques[ion may be answered in
three ways: first, our era had come to
need two entirely new types of build-
ings—the first completely new types
since the cathedral. We have de-
veloped a need for the tall building,
a building which could not take the
shape of the Parthenon nor be satis-
fied in function by a Chartes Cath-
eral. An entirely new expression was
needed and Louis Sullivan gave that
expression to America with the first
steel structured, multi-story buildings.
The second new type of building was
the modern factory with its one story
coverage of large areas to allow for
modern machinery and conveyor sys-
tems. A good example of this type
is the Dodge truck plant by Albert
Kahn in Detroit, Michigan. Walter
Gropius was a definite leader in the
design of factories with the Fagus
Works in Alfred, Germany, which is
believed to have been the first use of
what is now called “curtain-wall con-
struction.”

MODERN
eREHITECTURE

T. L. TURMAN

Second, our era—and our architec-
ture—had to respond to the remark-
able change in modern man’s life, a
change from a slow-moving to a fast-
moving society. Frank Lloyd Wright
understood and expressed this change
with his concept of “space in motion”
as early as 1909 with his Fredrick C.
Robie house.

Finally, the world needed a more
mechanized building technology to
keep pace with the expanding popu-
lation. The fact that the population
tripled in the one hundred vyears
from 1850 to 1950 was responsible
for every major change in the way
we live today.

These three developments—larger
scale, faster motion, and more effici-
ent technology—are usually associated
with America. Thus modern archi-
tecture is related to America where
freedom and space have allowed it
to mature. America was by no

means the birthplace of the modern
movement, but in the United States,

with its seemingly unlimited space
resources, the development was more
pr(mounced. The United States’
nickname “the continuing revolu-
tion” serves as a good title for the
chapter of advance in architecture
written by America.

The creation of an environment 1s
not attained overnight nor is it gained
by letting communities grow as thev
may. It is created by great architects
working together in 5pii‘it to mold the
tools, influences, and ideas into a
system of order. Such architects were
Richardson, Sullivan, and Wright in
America and Machintosh, \\'ﬁgner.
and Le Corbusier in Europe. They
recognized the impending crisis of the
individual in a mass society; and
they all had an intuitive graslj of the
technical tools that had been placed
into their hands, and, more impor-
tant, of the technical tools that would
soon become available.

Who needs modern Architecture?

Only the human race!
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COLORADO

Back in 1954, three years before
history’s first earth satellite hurled
into orbit, Beech Aircraft Corpora-
tion started preliminary studies of
ways (0o contain a new rocket pro-
pellant — liquid hydrogen.

The work performed under a
classified USAF contract, involved in-
sulation development, component

evaluation and material compatibility

evaluation and material compati-
bility. They called it cryogenic en-
gineering.

Cryogenics is the realm of super
cold where the temperature range
begins at about -200 degrees F. and
descends to absolute zero-or -459 de-
grees F. Over the past decade what
happens physically at these low tem-
peratures has grown from a purely
scientific interest to a practical tech-
nology.

Founded in 1932 at Wichita, Kan.,
Beech is traditionally known as a
leading builder of business and util-
ity aircraft. Yet today it is also
widely known as a major participant
in some ol the nation’s most advanced
space programs, such as Apollo and
Gemini.

As a resut of its liquid hydrogen
investigations ten years ago, Beech
became one of the first aircratt com-
panies to develop cryogenic systems
for space vehicle applications. And
it has continued to expand its capa-
bilities in the space sciences, notably
in cryogenics, ever since.

To vigorously pursue diversified
projects relating to rockets, missiles
and space exploration, Beech in 1955
established a new division at Boulder,
Col. This division now employs
nearly 400 specialists and maintains
a fully integrated space systems Tre-
search, engineering and production
complex on some 15,000 acres of
Beech-owned property four miles
north of Boulder in the Rocky Moun-
tain foothills.

With ten years of experience in
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cryogenics, Beech technical innova-
tions in a number of areas have im-
measurably advanced the state of the
art:

Boulder Division scientists, engi-
neers and technicians, in fact, work
on solutions even before they know
if actual problems exist. The ability
to convert research projects from test
prototypes to operational hardware
has made Beech a principal source for
complete programming in highly
specialized space fields.

Environmental Testing

Boulder's environmental testing
and contamination control facilities
are among the finest in industry.

Complete space vehicle systems,
components or subsystemsgincluding
storable, cryogenic, pneumatic, hy-
draulic, electrical and electronic types
—are evaluated under conditions of
vibration, altitude, radiation, ac-
celeration and temperature extremes.

Such capability enables engineers
to duplicate on earth the alien condi-
tions anticipated on flights ot the
moon and beyond.

Boulder operates America’s [irst
transient heat laboratory capable of
thermal testing liquid hydrogen fuel
systems, including boost stage tanks
with capacities up to 20,000 gallons.
To duplicate the effect of aerodyna-
mic heating, tank skin temperatures
are instantly elevated to 1,000° E-ior
more.

The test complex, which is used in
the Apollo program, features a 20,-
000-pound-force shaker. Other in-
dividual chambers simulate alien
conditions of outer space, such as

climatic, radio frequency interferen
high vacuum, acceleration, altitu
and tensile loads — even explosiol

Functional and environmern
tests are monitored by a battery
precision electronic instruments
automatic control mechanisms.
vestigations of a hazardous nat
are performed through use of clost
circuit television and windows of bt
let-prool glass which permit direc
visual observation.

Advanced analytical techniques and
modern high speed electronic con
puting and recording devices provide
tast, accurate data reduction, theore-
tical correlation and solutions to com-
plex problems.

Boulder engineers have also turned
liquid hydrogen into icy slush. These
experiments were aimed at determin-
ing the feasibility of further reduc-
ing hydrogen volume and thus in-
crease fuel loads without increasing
tank sizes and weights.

Weightlessness
In the field of zero gravity feed
systems, Beech has experimented
1Mied

with gelatinous fluids.  Pre-]
fuels would save weight by elimis
ing pressure Trequirements. Beech
also leads the industry in develop-
ment of positive expulsion systems
for delivering cryogenic fluids in zero
gravity environments.

And in the not-too-distant future,
electric propulsion may power vehic-
les in the most prodigious undertak-
ing ever attempted by man — first-
hand exploration of deep space.

Beech is already working on sys-
tems for these exotic propulsion

|
cu
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A BrrcH-BUILT MOBILE STORAGE DEWAR FOR LiQuIFIED GASES

1odes, such as electrostatic, electro-
magnetic and electrothermal engines.
Drawing power from either nuclear
or solar energy, high elficiency and
long life of electric engines makes
them ideal for orbit adjustments,
space stations and altitude sustainer
missions.

Other low acceleration space Sys-
tems projects include those which will
constitute a natural outgrowth of cur-
rent electrothermal propulsion pro-
grams. And in addition to chemical
fuels, Beech has considerable re-
search experience in solid propellants.

A broad background in cryogenics
proved a key factor in selection of
Beech by NASA and North Ameri-
can Aviation’s Space and Informa-
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tion Systems Division for the develop-
ment of Apollo’s “cryogenic storage
subsystem.”

Forming the heart of the Apollo
environmental control and electric
power systems, Beech’s subsystem in-
stalls in the spacecraft’s service mo-
dule. It consists of four storage ves-
sels and the required flow lines for
supplying the gases used to operate
the fuel cell (electric power genera-
tion equipment) and to provide the
three astronauts with breathing oxy-
gen during the mission.

North American awarded Beech its
Apollo contract in July, 1962. The
task includes the design, development,
evaluation and manufacture of the
complete cryogenic storage subsystem.

The Beech Boulder Division is per-
torming the bulk of the work, with
support from the main plant in
Wichita.

The subsystem's four spherical
tanks, each about two feet in dia-
meter, contain hydrogen and oxygen
at 300 to 400 degrees below zero and
at pressures as high as 1,000 pounds
per square inch. The amount of gas
in the four tanks would occupy 20,
000 cubic feet at room temperature
and normal pressure — oOr enough
volume to fill two average size five-
room houses.

To keep the hydrogen and oxygen
utracold, and thus in a fluid state,
the tanks or pressure vessels are in-
sulated with Beech-designed mater-
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ial, a special form of fiberglass inter-
spersed with layers of aluminum foil.

Space available for the insulating
material between inner vessel and an
outer sphere is less than an inch and
a half. If the glass fibers in this in-
sulation were placed in a straight line
they would reach from the earth to
the moon. Also, all air is removed
from the insulation in much the same
way as in a vacuum bottle.

The vacuum must be so hard that
tor every 75 million molecules of air
between inner and outer spheres, 74.-
999,999 must be removed. And to
maintain this vacuum, the tanks must
be built so perfectly that it would
take more than 65 years for a thim-
bleful of air to leak in.

Put still another way, if the tanks
were filled with boiling coffee, the in-
sulation would keep the beverage too
warm to drink for at least nine
months or more of storage.

Beech has achieved several signi-
ficant technical breakthroughs in con-
nection with subsystem development.
One involves a small electric motor
that will operate in temperatures as
low as-425 degrees F. and at pressures
as high as 1,000 psi. Tests indicate the
motor would be capable of running
on the planets Jupiter and Saturn.

Boulder Division technicians have

also successfully developed a method
of electronic beam welding simi_l:n‘
to the principle used in‘ projecting
pictures on home television u_ﬂms.
Additionally they have pert&e(‘ted
new techniques for welding (_[iflc_rem
metals, such as aluminum to titanium.
Last December, Beech shipped to
North American the first oxygen and
hydrogen assemblies. Concurrentl
with hardware production and
liveries, the company is conductis
rigid qualification testing at Bo
including evaluation of each
dual component part of the
subsystem. Reliability goals

i

ceed the standards for most acrospace
projects

Beech is also involved
important work for NAS E

NASA’s Launch Operati
it is performing cryogen
ing studies and design
of spacecraft launch system

Advanced insulation
studies of quarterscale
boost stage tanks are in
Boulder under subcontra
American. This activity
ried out in the company’s
namics facility.

For McDonnell Aircraft, Beech is
building the propellant load: &
tem for the Gemini launch complex

CONGREE

Another Interstate System highway that won’t be
wearing detour signs! Only concrete has load-bearing
strength that can be computed mathematically to match
future traffic. There are no “moving parts’ in con-
crete to cause hidden wear. Concrete can’t oxidize. It
doesn’t dry out, lose strength and need expensive sur-
face build-up treatments every few years. Then, too,
concrete actually grows stronger year by year.

All this adds up to built-in thrift. Upkeep costs will
run as much as 60% lower than for asphalt.

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

34

at Cape Kennedy. Beech has also
been engaged in flight qualification
testing of major Centaur cryogenic
systems components tor General Dy-
namics/Astronautics.

The company designed and built
the nation’s first non-refrigerated
liquid hydrogen dewar (a double-
wall vessel for storing and transport-
ing cryogenic fluids) and the first all-
aluminum liquid oxygen dewar. It
constructed and tested the largest
titanium assembly ever built, a 460-
pound tank designed to hold 7,000
callons of pressurized liquid hydro-
gen.
~ For Titan II, first missile to use
storable propellants, Beech has been
active in development and reliability
programs on various systems. The
firm also performed literally thou-
sands of environmental tests on both
Titan 1T and Atlas ICBM propulsion

system components. It built fuel
transport trailers for Titan missile
sites and  liquid oxygen “topping

units” for the Atlas.

Already making vital contributions
to America’s goals in space, Beech
will intensify its activities in these
challenging areas as man continues
to push the limits of his environ-
ment.
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DISARMAMENT AND DEPRESSION

This paper is a discussion of the
economic effects of a drastic cut in
national defense spending that will
accompany the disarmanent that the
author feels is already in its early
stages, as discussed in an earlier paper,
(“Keepers of the Peace,” Colorado
Engineer, Nov. 1964). This paper
suggests steps that should be taken
by the State of Colorado to protect
her economy in the event of such a
budget cut.

The steps are based on the three
most probable methods the govern-
ment would use to balance the bud-
get: (1) by a tax cut (both income
and corporate), (2) reduction of the
National Debt by retirement of
bonds, (3) by increasing government
spending in other fields, such as
Foreign Aid, nationally administered
research grants, state aid, domestic
welfare, and government loans.

Looking at these three methods in
view of the national economy, 1t
seems that the last method could
result in an uneven distribution, of
the surplus funds helping some parts
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JIM TOEVS

of the economy and some sections of
the country more than others. For
instance, increasing foreign aid will
be an advantage to agriculture, farm
equipment industries, and coastal
states because of the shipping in-
volved and the proximity of the pro-
duct to the transportation. Expand-
ing the basic research programs
(A.E.C., NS.F., etc) could be quite
fair if the government tried to let
contracts and give grants to the cor-
porations most dependent on defense
contracts. This would present pro-
blems, however, because research and
mass production do not go hand in
hand, and many companies would not
be able to employ their full labor
force for work under research con-
tracts and grants.

It appears that the tax cut would
e the most inflationary of the re-
maining two methods. With reduc-
tion of the debt, money would be
paid both to the banks, increasing

their loan capabilities, and directly
to corporations holding bonds. This
would increase the available capital,
encouraging expansion and new de-
velopment. The tax cut would also
increase capital insofar as corporate
taxes might be lowered, but the con-
sumer would benefit directly from the
income tax cut. The producer might
well take advantage of the extra dol-
lar in the consumer’s pocket by rais-
ing prices. With the debt reduction,
the first direct benefit to the con-
sumer would be the creation of jobs
through industrial expansion.

Of the three methods, the author
favors debt reduction, possibly
coupled with low interest govern-
ment loans made available to the in-
dustries hardest hit by the defense
cut.



At the state level, there are several
things that Colorado should do now
to build up the state economy so that
it will not depend so much on de-
fense spending. Perhaps the way
to start is with a committee or-
ganized by the governor to study
Colorado’s situation, smilar to a re-
cently-organized national committee.

Because of transportation costs and
.shipping costs, Colorado would do
well to attract industries that build
products having a high price density
(cost per unit volume), such as elec
tronic instruments and computers.
Colorado must appeal to the educated
man, the technician, and the skilled
craftsman, because high-priced pro-
ducts are generally built by people of
this caliber. To increase such appeal,
we must build up the image of Den-
ver and northern Colorado as a scien-
tific and cultural center. National
recognition of state colleges and uni-
versities will help, but the universi-
ties find it difficult to become great
when the state legislature is so frugal
with its educational budget. State
work to make Colorado accessible to
Coloradoans, instead of placing so

much cmphasi» on the tourist, woult[
also help. An excellent example of
such a program is the Winter Park
ski area. We should also play up
Colorado as geographicall_\‘ near the
center of the nation, and therefore a
good location for home offices of
national chain stores. Further de-
velopment of the state’s railway sy-
stems and other means of interstate
transportation would prove benefi-
cial.
Public Works

These suggestions will provid
the skilled laborers and white
workers. But if the national ¢
ment chooses to reduce income tax,
this will not help the laborer who ha
been put out of a job. In ¢
the state government should spc
the building of new librarie: Is,
and other public works proje
marily to create jobs. T
done on the national level
thought of a second “New |
the accompanying socialism v
much harder for most
stomach. We should
use of products manufac
own state, such as C.F.&I

DENVER

tearns-&gg

CORPORATION

maintain jobs already in existence.

If the government chooses to re-
duce the national debt, then an am-
plification of programs based on the
previc)us suggeslions would pmbabl‘_.'
be the best path for the state to fol-
low.

The choice of other government
spending would present state pro-
blems that would depend on the
form taken by the spending. If more
money is spent for research, especially
space research and the moon race,
then Martin could get contracts and
we might not be hurt too badly.
But if the emphasis is placed on
foreign aid, then we are fairly help—
less. We could lobby to get the Air
Force Academy turned into a training
academy for the Peace Corps, but
aside from that, we can only hope
that some contracts come our way.

It is my belief that the transition
in government spending due to dis-
armament will be a fairly gradual one,
giving us time to prepare for its con-
sequences.  The important thought,
however, is that the time to begin
our preparation is now.

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

< gas plants,power stations,chemical

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

Denver Hilton Office Bldg., Suite 411,
1515 Cleveland Place, Denver 2, Colorado
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RoserT B. HARRIS

Robert B. Harris, BS (Arch. Eng)
1940, has been elected counselor for
the North Central District of Chi
Epsilon, honorary Civil Engineering
traternity.

After receiving his degree from CU
he accepted a position as Structural
Steel Detailer for the American Bridge
Company in Trenton, New Jersey.
He was an instructor in Civil Engi-
neering at the University of Connecti-
cut from 1943 to 1944, and he was a
teaching assistant at California In-
stitute of Technology from 1946 to
1947. Harris received his MS (CE)
from Cal. Inst. of Tech iIn 1949.
From here he went to the University
of Michigan where he became an As-
sistant Professor. Professor Harris
was appointed to his present position
as Associate Professor of Civil Engi-
neering in 1957. He served in the
Navy as a Lieutenant j.g. during
WW II.

Professor Harris is a member of the
American Society for Engineering
Education, American Concrete In-
stitute, Michigan Society of Profes-
sional Engineers, Michigan Associa-
tion ol the Professions, and the
American Society of Civil Engineers.
He has served as Faculty Advisor to
the Student Chapter of A.S.C.E. since
1954, as Vice President of the Michi-
Section, A.S.C.E. as Chairman of the
District 7 A.S.C.E. Conference in
1959, as Vice President of the Michi-
gan Section in 1960, and as President
of the Michigan Section in 1961.

Professor Harris holds memberships
in the following honorary societies:
Chi Epsilon; Kappa Kappa Psi; Phi
Kappa Psi; Phi Kappa Phi; Pi Mu
Epsilon; and Tau Beta Pi. He re-
cently has been elected a Member of
the Supreme Council of Chi Epsilon.
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He is a member of the Committee on
Scholastic Standing, the Committee
on combined Courses with the College
of Literature, Science, and the Arts,
and the Committee on Placement, all
of the College of Engineering. From
1959, to 1962, he was Secretary of the
Column Research Council of the En-
gineering Foundation. He is also
the Assistant Chief Marshal for the
University.

Prolessor Harris has played a prin-
cipal part in the layout and design
of large terrain models for wind tun-
nel tests for smoke pollution and cur-
rently has done research on the effects
of wind on mobile homes.

He is the author of the following
publications: Two Structural Theor-
tes — The Influence Line and Mo-
ment Distribution, 1957; “Can Engi-
neering Teaching be improved,”
Civil Engineering, Oct. 1958; and
“The design of Rigid Frame Bents,”
Proceedings of ASCE, May, 1958.

He, his wife, and four children
reside in Ann Arbor, Michigan.

LINDEN E. SNYDER

Linden E. Snyder, BSChE '47, is a
senior development engineer at Titan-
ium Metals Corporation America in
Henderson, Nevada. He was a re-
presentative of the Boulder Dam
section of the American Chemical
Society on the Society’s national
council which met in Philadelphia,
April 7.

JACK R. HALL

Capt. Jack R. Hall, BSAeroE '61,
MSAeroE '62, of the Air Force is as-
signed to Germany for a three-year
tour of duty. He recently completed
an 18-month tour of duty at Seymour
Johnson AFB, North Carolina, where
he was with the Tactical Fighter

Squadron flying the F-105. Hall flew
in the funeral [ly-by for the late John
F. Kennedy.

ROLAND E. RAUTENSTRAUS

Roland C. Rautenstraus, BS (CE)
1946, MS, professor and chairman of
Civil Engineering, has been ap-
pointed Associate Dean of the facul-
ties to coordinate academic planning
and development of the Denver and
Colorado Springs Extension Centers.

Rautenstraus has taught at the Den-
ver Center every semester since he
joined the faculty in 1946. He has
been chairman of the civil engineer-
ing department since 1959.

He was a lieutenant in the Navy
Civil Engineering Corps during

World War 1I. He has been a con-
sultant to Boulder, Colorado and
U.S. Governmental agencies and to
industry and has conducted special
schools for State Highway Department
personnel.

PROFESSOR RAUTENSTRAUS



The Colorado Engineer is the engineering journal of the University
of Colorado, published four times a year. Most of the work of
chasing down the material and of putting the mugczme together
is managed by the students. In this, the final issue for the year,

we would like you to

MEET

LARRY HUSTON Tau Beta Pi, Sigma Tau, ai
Larry Huston, the retiring editor, even the Engineer as Circ
has served on the staff for three After graduation he plans to
vears. Besides contributing several graduate school at CU
articles and editorials, he has edited Ph. D. in Applied Math
the joke page for the past two years. FRED LOVE
His other campus activities have in- Fred, who came to CU £
cluded ASCE, secretary of Chi Epsi- (erson, Nevada, has acted :
lon, the civil engineering honorﬂ.r}", Editor of the Ill'dgl'l?ifl('_' this
AES control board, and membership s presently a Junior followin
in Tau Beta Pi and Sigma Tau. He vear curriculuim in Che:
has financed his education b} pal‘t’ heering and Business i
time work, his wife, and scholarships. Qther activities include A.1.C
In June he and his wife will move to which he is currently Tre
Oakland, California where he will Sigma Tau- l:nqmeelmu I
work for Kaiser Engineers Inter- znd Alpha Chi Sigma

national. Professional Fraternity. In
ROSS FRAKER time, Fred is either study
This last year Ross served as the ing his brain, with the latter
Business \anager of the Engineer. ity having the better odd:

This year he will finally come the sult of this arrangement
end of his undergraduate (!Ays (hope- grades and a thorough
fully but regretfully) after spending brain.

four busy, interesting years trying. MARK SHERIE
Ross has been taking part in groups Mark Sheridan is a sen:
such as the Superior Student Pro- combined five year Chen
gram, Alpha Phi Omega, A. E. S., neering and Business progi

STAFF

planning to graduate in 1965. Be-
sides writing, he participates in the
student chapter of ALCh.E. and is a
member of Alpha Chi Sigma, profes-
sional chemical-engineering frater-
nity. On the weekends he enjoys
skilng or water skiing. depending on
the season.
CHERYL ANDERSON

Cheryl Anderson from Short Hills,
New Jersey has been the Assistant
Business Manager of the Colorado
Engineer this past year. Cheryl is a
50} phomore in Arts and Sciences, and
is majoring in Political Science.
Cheryl also serves as an A.W.S. Re-
presentative and a member of her
i\'ing council. This is Cheryl’s second
vear on the staff.

In addition to Assistant Business
Manager, Cheryl has also helped out
in circulation, advertising and as a
ecretary.

BOB BARRY

Bob Barry, This Today editor, is
1 sophomme in Civil Enqmeermg
He is a graduate of Littleton High
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School, Littleton, Colorado. Bob's
main extra-curricular activity at pre-
sent is Alpha Phi Omega, national
service fraternity. He also enjoys
mountaineering, skiing, and fishing
whenever he gets the chance. After
graduation, Bob hopes to serve in
the Peace Corps and then get into the
heavy construction industry.

JUDY BECKER

This year's cover - arfist, Judy
Becker, was a mechanical engineering
major for 2 years and at that time
helped organize the chapter of SWE
now on campus. She changed to Fine
Arts and then was employed for a year
as a search analyist for Denver Re-
search Institute. She returned to CU
this fall and is graduating with a
major in pure math. She plans to
work in research after graduation.

RON BLACKWELDER

Ron Blackwelder is a fifth year
student in Aerospace Engineering
Sciences. Besides the regular four
vears of engineering, Ron has taken
a year of Arts and Sciences with the
R. J. Tipton Scholarship. He is the
president of Tau Beta Pi, national
engineering honorary, vice president
of the American Institute of Aeronau-
tics and Astronautics, Production

Manager for the Colorado Engineer,
and a member of Sigma Tau, national

Row (
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engineering honorary.  After gradu-
ation this June, Ron will leuc for
Munich, Germany, where he will
study Eluul mechanics with the Bavar-
ian State bcholms,up.

PAUL BUGG
Paul Bugg, Head Proofreader of
the Engineer, is a sophomme in Arts
and Sciences who is majoring in 199
after a somewhat dm]luslonmg fresh-
man year in the Superior Student
ngrdm in EE. He h()pﬁ‘\ to stay
away from his home in Ohio this
summer by uotkmg on a survey crew
in the mountains around Climax,
Colorado. Paul delights in watching
movies, playing bridge, and pmnimg.
galleys, while occasionally using his

spdre moments to cram.

JOANN CRAM
]o Ann Cram, Book Review Editor,
is Junior majoring in Applied

\[d[h A member of Sigma Tau,
Mortar Board, Superior Student Pro-
gram, Society of Women Engineers,
and Society for Industrial and Ap-
plied Mathematics, she has recently
been elected to receive the Tau Beta
Pi Badge. Other activities include
the Convocation Committee for E-
Days and the steering committee for
the campus-wide Aerospace Week
May 3-7. Free and other stolen mo-
ments are spent on a ski slope trying

Dick Cys, Pauvr Buce, MITcH ALLIES.

CHERYL ANDERSON, Jupy WALLACE, ELLEN HARRIS, SANDY PYLE.

to figure out how to avoid trees. She
is recognized by her smile and a
Beatle? haircut.

RICK CYS
Rick Cys is a sophomore in the
combined Chemical Engineering and
Business curriculum. He is house
manager of Phi Kappa Tau fraternity
and a member of Phi Epsilon Phi,
sophomore men’s honorary. Skiing,
intramural sports, and carpentry tdke

up Rick’s leisure time.

ELLEN HARRIS

Ellen Harris, a member of the
Superior Student Program, is a junior
in Mechanical Engineering. During
the summer, she worked on an under-
graduate research project attempting
to discover the effective surface areas
of certain plant specimens for the
absorption of unidirectional radia-
tion. Her home is near Falcon, Colo-
rado, where her family ranches.

LARRY HILL

Larry Hill is orginally from Gree-
ley, Colorado. He now commutes
from W heatridge where he lives with
his wife who teaches school in Lake-
wood. Larry worked this year as
editor of the puzzle page and will
graduate this June with a degree in
Civil Engmeermo After graduating
he will work in San Francisco.

511;1-'51 Dexnis Lotito, MARK SHERIDAN, Ross FRAKER, DAVE PARKHURST.

Jm Torvs, Rox BLACKWELDER, LarRry HustON, DAVE PEERCY.




MARY ANN MIKLICH
Mary Ann Miklich: Mary Ann did
the cover of the November issue. She
has been a P.W.G. (Poor Working
Girl) , helping put her husband, Don,
through school, ever since she grad-
uated from C.U. in 1963. Don is a
graduate student working on his doc-
torate is Psychology. Art is a long
standing hobby of Mary Ann’s and
she has contributed several drawings
and sketches for article headings in

addition to the cover last fall.

GARY O’'KEEFE

Gary O’Keefe is a transfer student
in his first semester at the University
of Colorado, having previously at-
tended Long Beach, California. He
is presently a junior majoring in Civil
Engineering. Summers he is engaged
in materials testing work with the
California Division of Highways.
Tennis and handball are among his
favorite activities and he hopes to
get in some skiing while in Colorado.

DAVE PEERCY

Dave Peercy is a sophomore in the
College of Engineering, majoring in
Applied Mathematics. The year is
fairly busy for Dave as he is a mem-
ber of the band and the track and
football squads. His current grade
point average is 3.7 and he attends
Wesley foundation. This summer he
expects to work for the Socony-Mobil
field research group from Dallas,
Texas working near his home town
of Rifle, Colorado.

SANDY PYLE

Sandy Pyle, Office Secretary this
year, is a junior in Aeronautical En-
gineering. She is Vice-President of
the Society of Women Engineers and
an active member of A.I.A.A. Her
hobbies include flying, softball, and
most other sports (skiing excluded).
She is commuting this semester from
her home in Lakewood, Colo., where
her father is a wood products manu-
facturer.

DAVE PARKHURST

Dave Parkhurst, Assistant Editor, is
a senior in applied math, with a fifth
year to go. Dave is a participant in
the Superior Student Program and in
the Undergraduate Research Program
in Engineering. He is a member of
Tau Beta Pi and of Sigma Tau. His
job with the Institute of Arctic and
Alpine Research fits well with his
love for mountaineering.

MARSHALL SILVER
Marshall Silver, this vear’s Feature
Editor, is a junior majoring in Civil
Engineering. He is presently a mem-
ber of Tau Beta Pi, Eigma Tau and
Chi Epsilon, Secretary of AS.C.E,
and Scholarship Chairman of Beta
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Theta Pi Social Fraternity. He also
owns the Silver State Engineering
Company, a Boulder firm speciali-
zing in geologic mapping. M:u‘sha}l's
outside activities include competative
rife shooting and adding to his collec-
tion of Nineteenth Century literary
first editions. Originally from Sher-
man Qaks, California, Marshall now
makes his home in Boulder where
he will complete his schooling with
the help of various scholarships and
grants.

JIM TOEVS

Jim Toevs, a senior in Engineering
Physics, is a fourth-year participant in
the Superior Student Program. He
is a member of Sigma Tau, Tau Beta
Pi, Sigma Pi Sigma, and
Kappa Psi, and plays trumpet in the
University Band. He spent
two summers doing research 1
NSF undergraduate grant, an
sently engaged in high-en
tive ion research at the University's
cyclotron. Outside interest clud
music, tennis, mountain climmbing,
and a pretty medical studen:
University of California. i
to do graduate work in Physic

CHUCK HANSEN
Charles E. Hansen, Alumni
reporter, is a junior in Aecr
Engineering. He is in the An

Kappa
et

ROTC program and intends to re- '

ceive a degree and a commissi
66. He is from Gunnison, Co!
is a native of the state.

He has been on the Coloradoe E
gineer staff three years, is a Sigma
Tau pledge, 2 member of Arno '
Society, and holds a 3.0 grade :

LARRY FOWLER
Larry Fowler is a senior majoring
in electrical engineering. 7
member of the U.S. Air Forc i
ing C.U. under the auspice
Air Force Institute of -
He served this year as vi
of IEEE, Treasurer of Eta I
and Correspondinig Secretary o
Beta Pi. He is also a mem
Sigma Tau and A.E.S.

TOM DAVEY

Tom Davey is a senior in Aero-
space Engineering. He is a i
in The Air Force and is being spon-
sored by the Air Force Institute of
Technology. He belongs to Tau
Beta Pi and recently won that or-
ganization'’s pledge essay contest.
Tom’s major interests lie in aviation.
He has a commercial pilot’s license,
as well as being a military jet pilot.
After receiving a Masters’ Degree in
Aerospace Engineering, Tom plans
to apply for the Air Force Aerospace
Research Pilot School,
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C-B-S ROLLING

General Electric Research Labora-
ory recently announced the inven-
ion of a new technique of metal
blling.  The new process, in which
netal strip is squeezed, bent and
sulled simultaneously, is called “Con-
-act-Bend-Stretch” (C-B-S) rolling.

The technique is a result of studies,
nade by Dr. Louis F. Coffin, Jr., on
he eflects of cyclic plastic strain on
netal. He discovered that metal
sirip can be made thinner and longer
more easily it plastic bending is added
to the pressure and tension forces
usually applied in metal rolling. In
conventional rolling the metal strip is
deformed by the pressure of two rol-
lers while the strip is pulled between
them under tension. If the metal is
bent plastically at the same time,
C-B-S rolling takes place. In one
lorm of C-B-§ rolling, a small roller
with strip wrapped around it lies in
a “saddle” between two work rolls.
These work rolls revolve in the same
direction, rather than in opposite
directions, as in conventional rolling
mills.

In C-B-S rolling easier deformation
of the strip and the consequently
smaller forces needed may make it
possible to use smaller, lighter, less
expensive mills. Also, larger reduc-
tions in thickness can be achieved on
each pass through the rolls. During
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the later stages in the development of
the process, stainless steel was reduced
from a thickness of 0.090 inches to
0.012 inches in four passes without
intermediate anneals. This same re-
duction, using conventional rolling
methods, requires about a dozen
passes and several intermediate an-
neals.

A variety of metals have been rolled
using the C-B-S method. These in-
clude a number of carbon and alloy
steels, Rene 14 and other nickel base
alloys, copper, and molydbenum.
Since C-B-S rolling permits greater re-
ductions in thickness without inter-
mediate annealing, it will be espec-
ially advantageous in rolling mater-
ials that harden with working.

LIGHTING PATHFINDER

Dr. Edwin Whitehead, professor of
electrical engineering at Illinois In-
stitute of Technology, has invented
a simple, inexpensive instrument
which registers the path followed by
electric current after lightning strikes
a power transmission system. T}_lis
pathfinder is expected to provide in-
formation about the path of lightning
strokes which will aid in the redesign
of power transmission systems in such
a way as to minimize lightning-caused
power failures. :

According to Dr. Whitehead, pre-
sent theories of lightning paths are
unreliable and unscientific.  Data

THIS
TODAY

ROBERT BARRY

yielded by the pathfinder should help
scientists to develop a general law
describing how lightning strikes
power transmission systems. This
will enable electrical engineers to
design future high voltage lines in
such a way that lightning will strike
only on one insulated part of the
towers.

Dr. Whitehead said recently that
power failures due to lightning are
caused by two kinds of trouble.
Lightning may strike the high voltage
tower, or it may strike the electrical
conductor causing failure at the point
where the transmission wires are con-
nected to the tower. The pathfinder
will provide a scientific method for
determining which of these occurs
most frequently.

When the pathfinder is connected
to a transmission system it records the
direction taken by the electric current
from any stroke of lightning which
causes a power failure. The instru-
ment gives a clear permanent signal
indicating the part of the power line
hit by the lightning. The signal can
be read either from the ground or
from a helicopter.

Edison Electric Institute is sponsor-
ing the present research program
which involves testing 700 pathfinders
on 500 miles of transmission line.
Later 7000 of the instruments will be
installed on hundreds of miles of line
for at least a five-year period.
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BELL LAr’s NEw THIN FiLm ANALYZER

FILM ANALYSIS BY XENON

A new, quick method for determin-
ing the gas and carbon content of
thin films has been developed by
William G. Guldner of Bell Tele-
phone Laboratories. This method,
unique in the field of analyzing gases
in metals, uses a xenon flash-discharge
lamp to remove thin metallic films
easily and quickly from inorganic
substrates.

Other methods being used today
are not sensitive enough for these
analyses. The problems involved are
that the amount of material is very
small, the thin film is difficult to dis-
solve or remove [rom the substrate,
and the metals form very stable com-
pounds. For example, before the
development of the xenon-lamp
technique, nitrogen could not be
separated [rom zirconium or tantalum
although it was known to be present.
Mr. Guldner has successfully used the
xenon lamp method to dissociate
simultaneously tantalum compounds
of nitrogen, oxygen, carbon, and hy-
drogen from films deposited on glass
substrates. Argon is also evolved
from films deposited by sputtering.

In making an analysis, the thin
film is placed in a vacuum and
flashed with a xenon lamp. The heat
absorbed from the flash vaporizes the
film completely from the substrate.
The gases are collected by conven-
tional vacuum techniques and analyz-
ed b ya gas chromatograph, an instru-
ment that separates chemical mixtures
by the difference in adsorption pro-
perties of the components,

At present, the xenon lamp techni-
que is being used to determine the
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composition of thin tanu
used in electronic circu:
films that are used as resis:
ponents are (leliberatel.\'
nitrogen to improve their
Additional studies are bein
correlate the electrical anc
properties of the films with
position. One future u
Xenon lamp technique may
quality control tool during |
facture of thin film compo;

ALUMINUM-POLYETH®

A new type of light-wei:
strength laminate and a
deep drawing it into 2
shapes have been develo} e
Pohl and Arthur Spencer :
Telephone Laboratories.
ate, made of two alum:
bonded to a solid polyethy
is wellsuited for many
applications. These include
for ships and airplanes,
hulls, Iuggagc, and automaok

parts.
Unlike other reinforced plastic
laminates, this new material can be
welded. ' Tt can also be riveted,
bolted, punched, sheared, I ad-
he.sively bonded to a number of other
materials. The laminate’s flexural

properties in relation to jts weight
are superior to most widely-used com-
mercial materials. For example, a
four-pound laminate sheet and a ten-
pound steel sheet of equal width
would deflect the same distance when
subjected to equal bending moments,

The laminate is prepared by first
cleaning the aluminum and polyethy-
lene surfaces with actone, The alum-
inum is then roughened with 2 blast

of steel grit, cleaned in trichloroethy_
lene vapor, etched in an acid bath,
rinsed, and dried. One polyethylene
sheet is sandwiched between  (wo
aluminum sheets and this assembly is
inserted into a preheated press. The
polyethylene melts and forms a strong
bond with the aluminum. Pressure
is applied to squeeze out any excess
molten polyethylene and reduce the
laminate to the desired thickness,

Laminates of this type in sheet
form are attractive commercially he-
cause of their efficient use of mater-
ials.  In most applications sheet
naterial is stressed in such a way that
tends to bend or buckle. Since
ximum bending stresses occur at
the surface of a sheet, most of the
trength of a homogeneous material

waste and only adds unnecessary
weight. A laminate sheet, however,
an have a light, relatively weak
naterial for its center where bend-
1z stress is small.

I'he developers of the laminate
1ave also devised a method of form-
g it into various shapes. The lam-
inate is first secured under a ring
opening into a cavity. The ring,
hich is maintained at room tem-
perature during the deep drawing
process, holds the laminate in place
as a heated punch descends into the
cavity, The heated punch, under
pressure  from a hydraulic press,
softens the polyethylene core and
forces the laminate into the cavity.
Softening the core allows the alum-
inum skins to be drawn, in effect, in-
dependently of each other; thus,
minimizing the stresses in the lamin-
ate. The cool laminate underneath
the ring forms a seal of hard polyethy-
lene against the pressure of the soft

~OTe
core.

A DEMONSTRATION OF
'HE RIGIDITY OF THE NEW
ALUMINUM-POLYETHYLENE LEMINATE
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DEAN'S

COLUMN

DEAN PETERS

As we approach the end of the 1963-
{+ academic year, I feel it is appropri-
te to discuss the tremendous help
ur Engineering alumni and friends
ave given us through their con-
inued support of our activities. This
support is given, not only in the form

of financial donations, but also in the

‘form of many hours of time taken
rom an already busy life to consult
vith us on our Engineering develop-
nental programs and to inform others
[ our activites here in Engineering.

THE UNIVERSITY OF €COLO-
RADO ENGINEERING DEVELOP-
JENT FOUNDATION is a group of
ledicated and outstanding alumni and
friends of our College of Engineer-
ing who serve the University by help-
ing to formulate and put into effect
plans for the development of our
College. To give an idea as to the
caliber of men who freely devote
their time to the development of our
College, following is a list of the pre-
sent members of our Engineering De-
velopment  Foundation Board of
Directors:

Earl W. Almgren — Valmont Plant,
Public Service Company — Boulder,
Colorado — B.S. (EE), 1922.

Vincent B. Baker, Vice-President,
Allied Instructional Developments,
Inc., Pittsburg, Pennsylvania, B.S.
(EE), 1938.

Wellwood E. Beall, Sr. Vice-President,
The Boeing Company — Seattle,
Washington. Degree “Aeronautical
Engineer,” 1948.
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Gilbert Beck, Rancher, Phoenix,
Arizona. B.S. (Chem. E.), 1933.

C. D. Belt, Manager and Partner,
C. D. Belt and Company — Denver,
Colorado. B.S. (EE), 1931.

Louis P. Benedict, Vice-President and
General Manager, Wm. A. Revelle
Corporation — Gardena, California.
B.S.(EE), 1957

Harold E. Benson, Vice-President,
Eastman Oil Well Survey Company
— Denver, Colorado. B.S.(EE),
1926.

Charles R. Burlingame, Retired. Pitts-
burgh, Pennsylvania. B.S.(ME),
1918.

Elmer W. Coyer. Chief Engineer,
Mountain States Tel. and Tel.
Company — Denver, Colorado.
BS(EEY 1957

W. Clinton DuVall, Professor Emer-
itus. Boulder, Colorado. B.E. (EE),
1912,

Harry Ellsberg, Arch. Engineer, Gif-
fels & Rossetti — Detroit, Michigan.
BS:(EE), 1913.

William C. Fagerquist, Engineer,
U. S. Bureau of Reclamation —
Pueblo, California. B.S. (CE), 1932.

Frank W. Fink, Vice-President, Ryan
Aeronautical Company — San
Diego, California," B.S. (CE) , 1928.

W. M. Hall, President, Charles T.
Main, Inc. — Boston, Massachu-

setts. B.S. (CE), 1916.

Cloid B. Hammer, President, Cal.
Cast Product Corporation — Los
Angeles, California.

C. A. Herbst, Jr. — Resinoid Engi-
neering Corporation — Skokie,
Illinois. B.S. (Chem.E.), 1950.

Charles E. Hornback, Physicist, Na-
tional Bureau of Standards — Boul-
der, Colorado. B.S. (E.Phys.), 1951.

Arthur Horner, President, A. S. Hor-
ner Construction Company — Den-
ver, Colorado. B.S. (CE), 1922.

Samuel Judd, Member, Phillips, Car-
ter and Reister — Denver, Colo-

rado. B.S. (CE), 1915.

Olin Kalmback, Vice-President, Tip-
ton & Kalmback, Inc.,, — Denver,
Colorado. B.S. (EE), 1934

John C. Kreiling, Assistant Staff Con-
struction Engineer, Colorado De-
partment of Highways — Denver,
Colorado. B.S. (CE), 1955.

Frank ]J. LaRocca, Assistant Superin-
tendent of Combustion Depart-
ment, The Colorado Fuel & Iron
Corporation — Pueblo, Colorado.
B.S.(ELEY, 1955,

G. Elbert Messer, Manager, General
Electric Company — Kansas City,
Missouri. B.S. (EE), 1926.

Thomas E. Orr, President, Secretary
and Treasurer, D&O Products,
Ine., — Wichita, Kansas. - BS.
(Aero) , 1948.
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Orley O. Phillips, Member and Part-
ner, Phillips-Carter-Reister, Inc., —
Denver, Colorado. Degree “Civil
Engineer,” 1957.

James W. Pollock, U. S. Atomic
Energy Commission — Idaho Falls,
Idaho. B.S. (Chem.E.), 1945.

Charles H. Sells, Consulting Engineer.
New York City. B.S. (CE), 1914.

Earl J. Shelton, Jr., Director of De-
velopment, Eitel-McCullough, Inc.,
— San Carlos, California. B.S.
(ME), 1943.

Stanley C. Shubart, Partner, Schloss
and Shubart — Denver, Colorado.
BSLEE) 1927,

Herbert ]. Strelesky, Engineering
Personnel Manager, Mountain
States Tel. and Tel. Company —
Denver, Colorado. B.S. (EE), 1938.

A R “TFayler Manager Custom
Operation Analysis, General Elec-
tric’s Commercial Engine Opera-
tion — Topsfield, Massachusetts.
B.S. (ME), 1950.

In addition to two regular meetings
of the entire Board on our campus
each year, members of the Board
regularly meet with our faculty to dis-
cuss various aspects of our Engineer-
ing program. This type of dedicated
support from our Engineering alumni
and friends is highly gratifying to
those of us on the campus. In addi-
tion to supplying us with valuable
guidance on our over-all Engineering
program at the University of Colo-

Foundation Board of Directors, as
part of the Engineering Developmept
Foundation, aids us by helping obtain
financial support for our activities
from our alumni. Support for stu-
dent scholarships and gifts to Depertv
ments for equipment are often fore:
most in the minds of our alumni
when they make a contribution.
However, one of the most difficult
types of funding to obtain for a Uni-
versity is that for developmental ac-
tivities of our students and faculty.
It is very difficult to obtain full fund-
ing from State sources for items such
as paying expenses for visiting scienti-
fic speakers, expenses for faculty and
students to attend special short courses
or technical meetings away from
campus, support of the COLORADO
ENGINEER, high school and under-
graduate science prizes sponsored by
the University, and other activities
which are essential for development
of our faculty and students as well-
rounded Engineers.

The Engineering Development
Foundation permits us to carry on
this type of activities to, at least, a
limited extent by means of a so-called
“Dean’s Discretionary Fund of the
Engineering Development Founda-
tion.” As the name indicates, this
fund is used at the discretion of the
Dean for the development of our
over-all activities in the College of
Engineering. Examples of the way
the fund is used are: the provision of
Science Fair Awards for high school
students, a mathematics prize for one
of our undergraduates, partial sup-

NEER, visits to high schools in the
State to discuss Engineering as a

career, publication of an Alumni
Directory, partial support for bring-
ing outside Engineering speakers to
our campus, and publication of an
Alumni Newsletter.

The source of the money for the
Dean’s Discretionary Fund is dona-
tions from our alumni through the
Engineering Development Founda-
tion. Many of our alumni feel that
this type ol developmental money is
extremely important for the College
and, accordingly, designate specifi-
cally that their donation should be
used for this purpose. I am very
pleased that so many of our alumni
recognize the extreme importance of
having this type of developmental
money available for use in the Col-
lege. It is also significant to note
that last year, 969, of our Engineer-
ing faculty made a donation to the
Engineering Development Founda-
tion, and a large portion of these
donations were designated for the
Dean’s Discretionary Fund. This
year, 979, of our Engineering faculty
have donated to the fund.

This type of support from our
alumni and faculty is a major factor
in the forward progress being made in
our College of Engineering. I can
assure you that the progress our Col-
lege of Engineering is now making
will continue, and I sincerely hope
that the support we have had in the
past will also continue.

rado, the Engineering Development port of the COLORADO ENGI- Dean
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BOOK REVIEWS

¥

JOANN CRAM

B

trouble explaining them to an Arts
and Science roomate. Besides, the

The Science of Science

By scientists of the Westinghouse

2 way the set of laser applications is =
Research Laboratories Russell Fox, growing, soon every field of engineer- = n ?(n
Max Garbuny, Robert Hooke, and ing will be affected. =l 3 2 ‘Q"
Sharon Banigan (executive editor), w o i 5 Q
13 Vilber : o / [PLAT .
243 pp., Walker and Company: 10 Magers and Lasers: How They s a 91 s
West 56th Street, N.Y., 1964; $5.95. Work. What T Z s a o
i _ ork, What They Do S/ f—1) o
What is the ultimate purpose of L b M drthanion et it 4 Jj#'tz
Gt . B T by Dr. M. Brotherton, Head, Ad-
Science? How do scientists them Goraring D Bell. Tele- =

selves regard their professional aims
and what is their motivation? How
constant are scientific ‘“constants’?
What are the links between pure
science and applied science?
Scientists want to explain their
methods of interpreting physical
phenomena, and the rest of the world
wants to listen and to understand.

phone Laboratories, Inc. 201 pages,
McGraw-Hill Company, 1964, $8.50.

L

7
AwriGowe [H
In terms understandable to the in-

DIFFERENTIAL EQUATIONS
terested layman, Dr. Brotherton ex- ANALYTICAL "g
plains the principles, significance, and Sk GRS e
usefulness of masers and lasers to

science and technology. Starting with &“'5“ Lsleaws - =

the fundamentals of electricity and

I .

I'his book is the first in a series for
interested students and adults, the
Search Books, which offer a meeting
place for the scientist and his audi-
ence. The Science of Science is writ-
ten about the basic modern methods
and objectives of science, which have
been somewhat obscured by the on-
surge of complex advances in this
field during the past few years.
Among the topics the reader will en-
counter are the methods of science,
the language of science, the observable
and unobservable phenomena with
which science is concerned, various
types of experimental apparatus and
their use, change and control of phe-
nomena, some limits of observation
and other obstacles with which scien-
tists are confronted, constants, the re-
lationship of space, motion, and time,
examples of experiments, and two es-
pecially informative sections entitled
“Some Facts” and “Some Figures.”
The appendix includes a brief review
of calculus, a table of certain scientific
symbols, a list of fifty-two scientists
and their achievements, and a list of
books in which further reading of this
type of material can be done. The
book is richly endowed with numer-
ous diagrams, tables, and illustra-
tions which assist the reader to un-
derstand the ideas presented.
(Grateful acknowledgement to Sharon
Varian for the contents of this re-
view) .

At last, a book for those of us who
have a vague or even more concrete
notion of lasers and masers, but have
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magnetism, the reader is guided step-
by-step through the principles of
amplifying with atoms. The basic
principles and ideas involved in
masers and lasers, the development
of the maser principle, and the
method of producing laser action by
harnessing the orbital electron system
of atoms and molecules are discussed.

The sixteen chapters of the book
include discussions on: Electromag-
netic waves, laser radiation, spectro-
scopy, atomic theory, nature of the
atom, concept of the photon, concept
of stimulated emission, traveling-
wave ruby masers, ruby and helium-
neon lasers, the semiconductor junc-
tion laser, uses of masers and lasers,
communication with lasers, signifi-
cance of frequency bandwidth, and a
capsule history of masers and lasers.

The following book is very impres-
sive and equally sobering. An auth-
orized translation from the Russian,
it is a collection of six papers dealing
with the seismic effect of high ex-
plosions. The papers are written in
excellent technical form with chap-
ters explaining apparatus, and ob-
servation methods, and results are
likewise clearly presented with graphs
of ground displacement at specified
distances, trajectories of typical parti-
cles, etc. The reports are complete
and empirical formulas state conclu-
sions. My reaction to the book is
that these people not only know what
they are doing by also where they are
going. Think I'll blow some dust
off my text books.

( ORiG N of the Species




Problems of Engineering
Seismology

Edited by S. V. Medvedev, 111
pages, Consultants Bureau, New
York, 1963, $27.50.

The first paper is entitled the

“Seismic Effect of Eruptive Explo-
sions in Nonrock Coherent Ground,”
and it describes a method and certain
results of an experimental study of
ground surface oscillations induced
by different forces of underground
eruptive explosions. Apparatus de-
veloped by the USSR Academy of
Sciences made it possible to measure
ground motion at various distances
from the explosion epicenter, includ-
ing very close to the explosion crater.
Consequently, it was possible to mark
certain characteristic features in the
ground motion in the zone where
ground displacement reached several
tens of centimeters and the velocity,
several meters per second. The mea-
sured parameters of ground oscilla-
tions were compared with observa-
tions of ground motion which were re-
vealed by motion pictures, as well as
with the data obtained by other in-
vestigators at greater distances from
an explosion. The nature of the re-
corded waves and the problems of
modeling them are discussed.

The next article, the “Seismic Ef-
tect of Mine Explosions,” lists results

of an instrumented study of the seis-
mic effect of explosions in a mine.
Ratios are obtained between the
charge weight, distance from the ex-
plosion ,and the intensity of seismic
oscillations. The possibility of com-
paring the seismic effect of explosions
with the effects of earthquakes is
examined.

“Reduction of the Seismic Effect of
Explosions by Microsecond Delay
Blasting.” Microsecond Delay Blast-
ing (MDB) is a compromise between
exploding a large weight of charge to
blash out a lot of volume and the
safe amount of explosive charge in
order to preserve buildings and other
structures surrounding the site. This
article gives the results of experiments
to determine the optimal delay time
for reducing the seismic effect in
MDB. An empirical formula is de-
rived for the reduction of the seismic
effect in MDB as a function of the
number of delay groups.

“Correlation between the Velocity
of Seismic Oscillations of Particles
and the Liquefaction Phenomenon
of Water-Saturated Sand.” The
liquefaction phenomenon named has
not yet really been explained or even
defined. We know the sand settles
and large amounts of water are re-
leased, and that this doesn’t happen
with dry sand or watersaturated

This short article compares
the velocity values of particle oscil-
lations with the liquefaction of water-
saturated sand caused by explosions
ol various charges.

“Instructions for Investigating the
Seismic Effect of Explosions on Struc-

gravel.

tures.” This article is exactly what
the title states: it is an inspection
checklist and report form for a struc-
ture that has been shaken naturally
or by a nearby explosion.

The last article, “The Problem of
Investigations of the Seismic Effect
of Explosions at the Institute of
the Seismic Effect of Explosions at
the Institute of Physics of the Earth,
USSR Academy of Sciences,” sum-
marizes the results of the investiga-
tions with respect to engineering
seismology.  Attention is devoted
mainly to the zone nearest to the ex-
plosion center, the zone of residual
deformations, and the elastic zone.
The development of the concept of
determining the intensity of ground
oscillations and the parameters direct-
ly associated with it—the frequency
and elastic energy going into the
formation of seismic waves—is also
traced. In addition, the works on the
study of the effect of ground oscilla-
tions on structures and the calcula-
tion of the radius of seismically dan-
gerous zones during blasting opera-
tions is examined,
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LARRY HILL

Smith drove at a steady clip along

e highway, his wife beside him.

Have you noticed,” he said, “that

ose annoying signs for Flatz beer
>em to be regularly spaced along the

ad? 1 wonder how far apart they

Mrs. Smith glanced at her wrist
atch then counted the number of
‘latz beer signs they passed in one
ninute.

“What an odd coincidence!” ex-
claimed Smith. “When you multiply
that number by 10, it exactly equals
the speed of our car in miles per
hour.”

Assuming that the car’s speed is
| constant, that the signs are equally
{ spaced and that Mrs. Smith’s minute

began and ended with the car mid-
way between two signs, how far is it
\ between one sign and the next?

An engineer, noted for his ability
to visualize three-dimensional struc-
ture, was having coffee and dough-
nuts.  Before he dropped a sugar
cube into his cup, he placed the cube
on the table and thought:

“If I pass a horizontal plane
through the cube’s center, the cross
section will of course be a square.
It T pass it vertically through the cen-
ter and four corners of the cube, the

CorLoravo ExcINEER—May, 1964
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PUZZLE

cross section will be an oblong rec-
tangle. Now suppose I cut the cube
this way with the plane . . .” To his
surprise, his mental image of the
cross section was a regular hexagon.

How was the slice made? If the
cube’s side is half an inch, what is
the side of the hexagon?

After dropping the cube into his
coffee. the engineer turned his atten-
tion to a doughnut lying flat on a
plate. “If T pass a plane horizontally
through the center,” he said to him-
self, “the cross section will be two
concentric circles. If I pass the plane
vertically through the center, the sec-
tion will be two circles separated by
the width of the hole. But if I turn
the plane so . . .” He whistled with
astonishment. The section consisted
of two perfect circles that intersected!

How was this slice made? If the
doughnut is a perfect torus, three
inches in outside diameter and with
a hole one inch across, what are the
diameters of the interesting circles?

ANSWERS TO PUZZLES
IN THE MARCH ISSUE
(1) Two-Digit Numbers:

The values for D and E (3 and 6)
are interchangeable, also for V and O
2 and by - o1 find 8 different solu-

tions, or 10 if we include a couple
in which A is allowed to have the
value 0.

Answers:” (a). 36, (b) 27,
(d) D4, (e) 29, 38, 47, b6

(© 25,

(2) The Kitchen Linoleum:

Answer: The linoleum need be cut
into only two pieces, as shown by the
diagram. Each “step” is 4 feet wide
and 3 feet deep. If the right-hand
piece is moved one step down and

leftward, a square 12 by 12 is
formed.
(3) Adam and Eve:
Answer:

The solution 8381
with the 80 3
maximum 6 26
total is 50
8
987 1

(4) The Tennis Tournament

Answer: 77 of the entrants have to
be eliminated: hence, 77 matches
are required.

T



A third-grade teacher in Florida
was discussing the habits of birds.
“When it gets cold up North some
friends of ours leave the ice and snow
and come to Florida to enjoy the sun-
shine. Who are these friends we are
so glad to see” she asked. An alert
voungster piped up. “Tourists!”

Is it true they don’t have phone
directories in China because there are
so many Wings and Wongs they are
afraid too many people will wing the
wong number?

At West Point a visitor noticed that
all names engraved on a famous battle
monument were those of the men in
the Union army, killed in action dur-
ing the Civil Wazr. “Say,* he called
to a cadet, “what’s this?”

“A tribute to the markmanship of
the confederacy, Suh!” drawled the
cadet.

A voung man just received his col-
lege degree and rushed out saying:
“Here I come, world! I have an A.B.”

And the world replied: “Sit down,
son, and T'll teach vou the rest of
the alphabet.”

Before my son enlisted, 1 assured
him that the Army would make a
man of him. Not long ago I got this
letter: “Dear Dad, T have learned to
make a bed with the best of them. I
do my own laundry, ironing and
mending. Every morning I sweep
and mop, and once a week we house-
clean. and I wash the walls and win-
dows. Between times, I peel pota-
toes, set tables and wash dishes. Are
you sure the Army intends to make a
man out of me?”

i8

LARRY HUSTON

Overheard in a C.E. class:
last quiz, 1 got docked three |
for having a decimal point
down.”

First there was nothing.
came the stone age, followed
bronze age. Next came the
age, and now we're in the s
Space is nothing, so we're back
we started.

A man walked into a restauran
and left the door open. A
man called out: “Shut the do
you brought up in a barn?” i
closed the door, sat down and began
to cry. At this the fat man I
uncomfortable and went ov
sorrowful one. Said he,
“I didn’t intend to hurt your
I'm not crying because you
feelings,” was the reply, “but
is, I was brought up in a
every time I hear an ass bray it makes
me homesick.” '

Daffyinitions:
Ginger Ale. A drink that tastes like
vour foot feels when it's gone to sleep.

Golddigger: A girl who breaks dates
by going out with them.

Alcoholic  rheumatism: Getting
stiff in every joint.

Home. Where you can scratch any
place it itches. ‘

~The regular noontime poker ses-
sion of a group of Phoenix, Ariz.,
electronic engineers is neatly labeled
with a sign reading: “Probability
Seminar.” ' i

A white rat, recently returned from
the laboratory to his cage, ran up to
a fellow rat in great excitement.
“I've got Dr. Zilch conditioned!”
“How so?" asked his buddy. “Well,”
said the first rat, “every time I go
through the maze he gives me food!”

I think that I shall never see

A girl refuse a meal that's free;

A girl with hungry eyes not fixed
Upon the drink that's being mixed;
A girl who doesn’t like to wear

A lot of junk to match her hair;
But girls are loved by guys like me
‘Cause I don’t like to kiss a tree.

I never kiss, I never neck.

I never say hell, I never say heck.

I'm always good, I'm always nice.

I play no poker, 1 play no dice.

[ never drink, I never flirt.

I never gossip or spread the dirt.

1 have no lines or funny tricks,
but what the heck—

I'm only six.

How many magazines does it take
to fill a baby carriage? One Made-
moiselle, One Country Gentlemen, A
Look, A Few Liberties and a
Little Time.

A woman on a television audience
—participation show was asked the
name of her favorite author. “Why,
it'’s my husband,” she replied. “Your
husband?” questioned the interviewer.
“What does he write?” The woman
smiled  brightly, then answered:
“Checks.”

There are only two kinds of park-
ing left on campus#illegal and no.
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(3 PERIOD CALINE
s wanns

After McNair designs it,
Kelly has to manufacture it

In the broad spectrum of engineers and scientists we con-
stantly seek, we can use more manufacturing engineers like
Edward Joseph Kelly (right, six years out of Tufts this
June). Mark well the distinction between Kelly’s responsi-
bility and that of his opponent in the debate pictured. Out
of it upon completion of their differing assignments will
come a photographic information storage and retrieval
device that will bear our “Recordak” trademark, well known
in banking and other businesses.

Dave McNair has determined how the mechanical, optical,
and electrical components and subassemblies have to work
and fit together for the equipment to do its job. He has
come up with a working model. Management likes it.

Enter Kelly. His task: to tell us exactly down to the last

EASTMAN KODAK COMPANY,

Business and Technical Personnel Department, Rochester, N.Y. 14650
hoice of three communities:
Rochester, N.Y., Kingsport, Tenn., and Longview, Tex.

An equal-opportunity employer offering a ¢

detail what we have to do to multiply McNair’s working
model by x, a number chosen by the marketing people. To
make the production-run machines work not merely as well
as McNair’s hand-built one, but better. To decide which
parts we should buy and which we should make. To specify
the tooling for the parts we make. To specify also the tools
for assembly and inspection. To design the fabrication proc-
esses. Better than just designing the processes, to see the
need for a process which no previous manufacturing engineer
had realized was needed and which happens to make the
product an irresistible bargain for the ultimate user and a
money-maker for us.

We need that kind of manufacturing engineer so that we
can teach him how to run a big business.

Kodak
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Advancement in a Big Company:

How it Works

An Interview with General Electric’s C. K. Rieger, Vice President and Group Executive, Electric Utility Group

C. K. Rieger

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

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

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

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

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

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

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

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

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

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

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

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

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

GENERAL @3 ELECTRIC

An Equal Opportunity Employer




