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Jobs that just might change the world 

Move people through rush hours at 
80 mph. Westinghouse built the experi­
mental transit expressway in Pittsburgh. 
And we are building the computerized 
controls for the San Francisco mass-
transit system that will be the model for 
others throughout America. We're look­
ing for people to help us build equipment 
that will move people as they've never 
been moved before. 

These graduates needed: Engineering, 
Physical Sciences, Social Sciences, En­
gineering Administration, Industrial Tech­
nology, Business & Liberal Arts. 

Tap the atom with the company that 
started it all. Westinghouse supplies some 
of the largest nuclear generating plants in 
the world. We are building nuclear rocket 
engines. Our reactors power nuclear sub­
marines. But this is only the start. We 
need people for some of the most fas­
cinating projects we've ever attempted. 

These graduates needed: Electrical En­
gineering, Mechanical Engineering, In­
dustrial Engineering, Chemical Engineer­
ing, Engineering Mechanics, Marine 
Engineering, Structural Engineering, Ce­
ramics, Nuclear Engineering, Materials 
Science, Physical Sciences. 

Desalt the world's oceans 

You can be sure if its Westinghouse 

Westinghouse has 73 water-desalting 
units operating or on order around the 
world. Now we need people to help us 
design and build facilities that can de­
salt 150 million gallons a day—and solve 
some of the toughest water-supply prob­
lems we've ever tackled. 

These graduates needed: Electrical En­
gineering, Chemical Engineering, Materi­
als Science, Physical Sciences, Industrial 
Engineering, Engineering Mechanics, Me­
chanical Engineering, Civil Engineering. 

Take a dive and explore the ocean 
20,000 feet down. Westinghouse is devel­
oping a fleet of self-propelled undersea 
vehicles. In them we will dive deep, ex­
plore, salvage and probably discover 
more than any other single company in 
oceanography. We need adventurers to 
join the quest that has already taken us 
all over the world. 

These graduates needed: Electrical En­
gineering, Mechanical Engineering, 
Chemical Engineering, Materials Science, 
Marine Engineering, Ocean Engineering 
& Science. 

Build a city from scratch—the way a 
city should be built. 

Westinghouse has just purchased an 
embryo city. We're looking for people 
to help us rebuild many of the existing 
cities in America. We can do it—Westing­
house now provides more products, sys­
tems and services for construction than 
any other single company. 

These graduates needed: Engineering, 
Physical Sciences, Social Sciences, En­
gineering Administration, Industrial Tech­
nology, Business & Liberal Arts. 

Fly to Mars 
When the first expeditionary vehicle takes 
off, Westinghouse will be there. 

We are building the nuclear engine for 
voyages into deep space—to Mars and 
Venus and beyond. The jobs are exotic. 
We need more people to help us now. 

These graduates needed: Electrical En­
gineering, Mechanical Engineering, 
Chemical Engineering, Materials Science, 
Nuclear Engineering, Aerospace Engi­
neering, Physical Sciences. 

Want to change the world? Your best 
opportunity lies with a company like 
Westinghouse. Contact L. H. Noggle, 
Westinghouse Education Center, Pitts­
burgh, Pa. 15221—or see the Westing­
house interviewer on your campus. 

An equal opportunity employer. 
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You keep hearing about "advancing the state of the art." But you seldom hear it  defined. 

Simply put, it  means adding something to existing knowledge. That 's OK, so far as it 

goes. But we at Ryan believe the "art" in the phrase should stand for "original." In pur 

book, innovation is the key to expanding a technology. It goes beyond just addinilto 

known data. It 's talent to see ahead, to anticipate a future need, and determinati 

do something about it .  We live by the philosophy: "Tomorrow's Technology Today 
see evidence of that in the firsts we have racked up in Jet Target Drones, in V/ 

Science, in Space Age Electronics. To keep the firsts coming, we continuously 

believers in the art of innovation. When a Ryan representative visits 

your campus, ask what we mean, "being first is a Ryan tradition." 

Speaking 

We welcome your inquiry about Ryan opportune Write Mr. Harlow McGeath Ryan f  ' & 

eronautical Company, Lindbergh Field, San Diego, Calif. 92112 



EDITORIAL: 

NUTS AND BOLTS 
At CI, as well as at other universities across the countr\ and the world, 

there have been demonstrations, sit-ins, harangues, et cetera, all of which seem 

to point to a lack of effective communication between students and administra­

tors. Some of the issues which have been debated are quite valid-others, 

trivial—but they have helped to bring to light the need for more student 

participation in the formulation of university policies. 

Student government, often a joke but sometimes very effective, is the 

means lor this participation. The Associated Engineering Students has in the 

past two years been rather exemplary in demonstrating what can be accom­

plished when there is effective student-administration communication. The 

tutoring program and the Freshman Newsletter are just two examples of 

Worthwhile programs that have been implemented by AES. 

1 he Associated Students of the University of Colorado does not have such 

a good record. But recently, more active participation, more interest, more 

concern have forced the ASUC into a different position. The communica­

tion has begun. And what started the change? 

Nuts and bolts are useless by themselves but when working together, they 

serve a very useful function. 

—Kathy O'Donoghue 
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"I used to think IBM 
would be one of the 
last places for an M.E." 
"I was skeptical about IBM as a place for a me­
chanical engineer to work. E.E.'s, sure. But M.E.'s?" 
(This is Dick Driscoll, B.S.M.E. '67, a Manufacturing 
Engineer at IBM.) 

"I was wrong. There are plenty of opportunities for 
M.E.'s in just about all areas, especially in development 
and manufacturing. 

"When I joined IBM, I chose manufacturing engineering. 
In my case, this got me involved in producing core planes for 
memory components. After the component has been designed, I 
coordinate the tooling and all the other manufacturing processes. 
I initiate basic ideas on the design of tooling and work closely with 
the machine tool and die designers and builders, and with the install­
ers of the production machinery. 

"It's sort of like solving a very difficult three-dimensional jigsaw 
puzzle. And it's a 'pure' engineering job. The kind I was trained for. 
Because, in the final analysis, product responsibility for manufacturing 
the memory component rests with one person. Me. 
Interdisciplinary environment. "You get exposed to a lot of dif­
ferent disciplines in manufacturing engineering. Electronic. 
Metallurgical. Chemical. This kind of interfacing broad­
ens you as an engineer. 

"It may sound square, but I think IBM is a great 
place for an M.E. to work." 

If you'd like to know more about a career in me­
chanical engineering with IBM, visit your campus 
placement office. Or send a brief outline of your 
educational background to Bud Purtell, Jr., IBM 
Corp., Dept. E, 3424 Wilshire Blvd., Los Angeles, 
Calif. 90005. We're an equal opportunity employer. 



DEAN'S  C OLU M N :  

NOT RHETORIC 
BUT 

DEEDS 

This past year has seen consider­

able excitement on our campus with 
student activities, faculty involve­

ments, and administrative actions, 
much of which has made headlines. 

I have been very proud of the way our 

students and faculty have responded 

during the past year with responsible 

statements and the clear awareness 

that a university is primarily an 

educational institution. In our pro­

fession, we prefer to express ourselves 
not through rhetoric but deeds. In 

our college, students prepare them­

selves intensively to bring significant 
engineering solutions to the social 

problems caused by explosive urbani­

z a t i o n  a n d  o t h e r  s o c i a l  d i l e m m a s .  W e  
are aware that social progress and 

well-being depend to a great extent 

on the enduring contributions our 

students are expected to make. 

Many of the things which are very 

important to us as engineers would 
find little echo, unfortunately, in 

other areas of our university. Some 
personal examples are the concern I 

feel about the lack of coordinated 
national activities to develop new air 
pollution control methods and re­

search approaches for solving some of 
our air pollution difficulties; the 
problem I see developing in our uni­

versities because of the minimal in­
dustrial cooperation and support for 
many of our educational functions; 

and the real need to attract more 
high school students into engineer­

ing as a career. The preceding are just 
a few examples of things which are 

extremely important to us as engi­
neers, and they illustrate why we 

engineers often have a totally differ­
ent approach to education than per­

sons in other areas. 

As we complete the 1967-68 school 

year, I extend my congratulations and 
best wishes for a bright future to all 

of our graduating seniors in engineer­
ing. I give my thanks to Kathy 

O'Donogluie for her work as Editor of 

the COLORADO ENGINEER and to 

Don Caldwell for the leadership he 

has given us as President of the As­
sociated Engineering Students. We arc-

looking forward to another good year 
in 1968-69 with Randy Lorance as 
editor of the COLORADO ENGI­

NEER and Dick Langor as President 

of AES. 

I am very much impressed with the 

job our faculty in engineering is doing 

at our University, and 1 am equally 

well impressed by the response from 

our students. I have said it before 

and I will say it again: "We are very 

special people—we are engineers—and 

in particular—we are engineers from 

the University of Colorado." 

Dean 

D E A N  M A X  S .  P E T E R S  
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Doesn't it seem like yesterday when you took everything in the house apart. 
First the toy cars and trucks . . . then your electric train . . . finally mom s 
toaster. You caught it for that, but you found out how everything worked, 

and later why. 
At Teletype we're looking for answers too—on a bigger scale, and we 

need bright young engineers to help us find those answers. As one of the 
nation's largest manufacturers of message and data communications equip­

ment and a member of 
the Bell System, we need 
the kind of minds that 
can take apart a problem 
and find the answer to 
tomorrow's equipment. 

If you're an Electri­
cal. Mechanical, Indus­
trial. Chemical or Metal­
lurgical Engineer with a 

need to find the answer—we need you. Talk to your Bell System recruiter 
when he visits your campus, or write for more information to: 

REMEMBER 
WHEN? 

machines that make data move 

TELETYPE CORPORATION 
College Relations Department A47 

F.RRR W Touhv Avenue • Skokie, Ill inois 60076 



TAU BETA PI ESSAY: 

RADICALISM IN TODAY'S 

YOUNGER GENERATION 
ROBERT FEARN 

In recent years there has been a 
tendency among people of the younger 
generation to support radical ideas. 
Only a few years ago, the "beatnik" 
was the subject of widespread contro­
versy (and the object of considerable 
contempt) because of his radical 
thinking. Today, the "hippie" has re­
placed the beatnik with ideas that 
are even more radical. Because the 
beliefs of these two groups and others 
like them are regarded as dangerous 
to society, they have received con­
siderable attention from the older 
generation, a generation seeking the 
cause as well as the solution to what 
they consider unreasonable and im­
moral beliefs. Although the solution 
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is by no means simple, a brief reflec­
tion on present day society can yield 
substantial information as to the 

cause. 

As most people are aware, the 
world today is in a period of great 
scientific revolution. The world is 
growing and changing faster than it 
has ever clone before. As a result of 
the expanding world and the expand­
ing communication within it, each 
person is confronted with an ever 
increasing amount of information. 
Today, the amount of information 
that a person comes in contact with 
far exceeds his ability to learn and, 
as a result, he is not able to under­

stand all of it. In order for progress 
to continue under these conditions, 
society incorporates two major means 
of solving the problems resulting 
from the unlimited amount of infor­
mation confronting an individual 
man's limited intelligence. The two 
means, increasing education and in­
creasing specialization, both aid the 
progress of society, but do not produce 
the -same effects on the individual. 

S t r i ve  f o r  More  Educa t i on  

Members of today's younger genera­
tion have been continually told, since 
the time they were able to compre­
hend, that they should strive for more 
education and for highly technical 

9 



and specialized jobs. For this reason, 
many people find themselves in 
college and pursuing a specialized 
field before they are really aware of 
what they are doing. Once in college 
for a short period of time, however, 
a student begins to think about his 
life. The first thing the student 
notices is that his inborn idea of 
education, as a process of learning 
about life, does not exist in college. 
The college is working toward a single 
end, the production of a more special­
ized labor force. Little or no emphasis 
is placed on anything outside a stu­
dent's major field. The student finds 
that his education offers him no in­
sight into real life. Most education, 
most specialized jobs, and most ad­
vice from members of the older gen­
eration are evidently incompatible 
with life as the student had hoped to 
see it. As the incompatibility between 
the preachings of society and natural 
life becomes more evident, the stu­
dent's mind is subjected to increasing 

stress. If the coaching he has received 
from the older generation in his 
earlier life was sufficient, the student 
will combat the stress by convincing 
himself that he desires the extrinsic 
values imposed on him by society. If, 
however, his resistance to the stress 
is low and that stress becomes too 
great, he will react, and his reaction 
against education will soon extend to 
a reaction against all the teachings 
of society. In this way, the radical 
youth is born. 

The older generation and its society 
attempt, of course, to stop this radi­
calism because it is considered danger­
ous to society. Many of these people, 
however, have failed to notice one im­
portant point. The free thinking radi­
cals are not different people: they are 
people reacting in a different manner. 
They do not carry a seed of rebellion 
in them; they carry a seed of the 
natural world. It is this inborn feeling 
of the natural world that causes them 
to react against the world formed by 

society. The socially acceptible person 
and the radical person differ only in 
the forces to which they have yielded. 
The socially acceptible person has 
abandoned his inborn nature when­
ever it did not comply with the restric­
tions of society. The radical, on the 
other hand, has rejected society in 
order to comply with his own free 
will. 

Resists Society's Control 

It should now be evident that 
radicalism of the type seen in the 
beatnik and the hippie, is not 
temporal"}', nor is it the result of men­
tal aberrations. The radical is a pro­
duct of society, and the more society 
tries to control him, the more he will 
resist and the faster his philosophy 
will grow. It is the present society that 
must yield. People must take a closer 
look at the world they are offering to 
the younger generation and make the 
necessary changes. 

MALLEABLE FOUNDERS SOCIETY .  UN ION C OMMER C E BUILDING 

C LEV ELA N D ,  OHIO 44115  

DUCTILITY 
One of the outstanding properties 
of Malleable Iron Castings 

2 .  A  d u c t i l e  m a t e r i a l  c a n  b e  f o r m e d  i n  
p r e s s e s ,  a n d  M a l l e a b l e  c a s t i n g s  a r e  c o m -
m o m l y  p u n c h e d ,  r o l l  t h r e a d e d ,  j o i n e d  t o  
o t h e r  p a r t s ,  o r  o t h e r w i s e  f o r m e d  t o  m e e t  
d e s i g n  r e q u i r e m e n t s .  

A  w e l l - k n o w n  a p p l i c a t i o n  i s  t h e  M a l l e a b l e  
d i f f e r e n t i a l  h o u s i n g  o n  a n  a u t o m o b i l e .  
O n  m a n y  c a r s  s t e e l  t u b e s  a r e  r a m m e d  
i n t o  e a c h  o f  t h e  s i d e  p o r t s  o f  t h e  M a l l e a b l e  
d i f f e r e n t i a l  h o u s i n g  t o  c r e a t e  t h e  a x l e  
h o u s i n g .  T h e  M a l l e a b l e  e x p a n d s  s l i g h t l y  
t o  a c c e p t  t h e  t u b e s  .  . .  t h e n  h o l d s  t h e m  
r i g i d l y  f o r  t h e  l i f e  o f  t h e  a u t o m o b i l e .  
D e s p i t e  t h e  a n t i c i p a t e d  r o a d  j o l t s ,  t h e  
o n l y  j o i n i n g  o p e r a t i o n  i s  a  s m a l l  p u d d l e  
w e l d  t o  m a i n t a i n  a l i g n m e n t  o f  t h e  t u b e s .  

D u c t i l i t y  i s  a  p r o p e r t y  w h i c h  p r o v i d e s  M a l l e a b l e  i r o n  w i t h  a  v i t a l  s a f e t y  m a r g i n  f o r  p a r t s  
u n d e r  s t r e s s .  

A  s p e c i a l  h e a t  c o n v e r s i o n  p r o c e s s  t r a n s f o r m s  t h e  m a t e r i a l  f r o m  b r i t t l e  " w h i t e  i r o n "  
to a tough, ductile metal with 10-18% elongation in two inches for ferritic grades, 2-10% 
f o r  p e a r l i t i c  m a l l e a b l e s .  D u c t i l i t y  i s  i m p o r t a n t  f o r  t w o  r e a s o n s :  

1 .  I t  g u a r d s  a g a i n s t  s u d d e n  f a i l u r e  o f  a  
m a t e r i a l .  U n d e r  a  s t a t i c  o v e r l o a d ,  a  d u c t i l e  
p a r t  w i l l  d e f o r m  g r a d u a l l y ,  g i v i n g  v i s u a l  
e v i d e n c e  t h a t  f a i l u r e  i s  o c c u r i n g .  I m p a c t  
w i l l  c r e a t e  s u d d e n  d e f o r m a t i o n ,  b u t  u n ­
l e s s  t h e  o v e r l o a d  i s  f a r  a b o v e  a n t i c i p a t e d  
l e v e l s ,  t h e  p a r t  w i l l  s t a y  i n  o n e  p i e c e .  

T h e  f a i t h  w h i c h  e n g i n e e r s  p l a c e  i n  
M a l l e a b l e  c a s t i n g s  f o r  s h o c k  a p p l i c a t i o n s  
i s  t y p i f i e d  b y  t h e  b r i d g e  r a i l  p o s t s  p i c ­
t u r e d  a t  t h e  r i g h t .  M o r e  t h a n  3 0  s t a t e s  
n o w  s p e c i f y  M a l l e a b l e  f o r  t h e s e  p o s t s  
b e c a u s e  t e s t s  s h o w  t h e  m a t e r i a l  c a n  
a b s o r b  g r e a t e r  i m p a c t  t h a n  l i g h t w e i g h t  
m e t a l s .  
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Ready for engineering growth? 

Check the fields of interest to you, 
and AiResearch, Phoenix will do the rest. 

Turboprop engines for business 
and military aircraft 

Nuclear turbo-electric power 
systems for space 

• 
I 
4*> 

Valves and control systems for 
space vehicle boosters 

Gas turbine propulsion systems 
for high-speed rail cars 

Onboard turbines and control 
systems for jetliners 

Gas turbine energy plants 
for on-site power 

You can build a rewarding career in these and other 
exciting growth fields at AiResearch, Phoenix. Our 
training program lets you immediately apply your 
education in laboratory, preliminary design, and 
development projects. Then, you are assigned to 
an engineering team working on a project compat­
ible with your interest and aptitudes. 

At AiResearch, Phoenix, you can tackle problems 
in the design of high-temperature or cryogenic 
valves; work on secondary power systems for tran­
sonic, supersonic, or hypersonic aircraft; advance 
the state of the art in turbomachinery; or help 
develop sophisticated systems for missiles, 
boosters, or manned spacecraft. 

Interested? Fill in the coupon. We'll send you 
all the facts about AiResearch, and let you know 
when our representative will visit your campus. 

Mr. Harley Petterson 

AiResearch Manufacturing Company 
Division of The Garrett Corporation 
402 S. 36th Street, Phoenix, Arizona 85034 

Name. 

Home Address. 

City 

College or university 

Degree: • BS • MS 

I am interested in the field of: 
• Turbomachinery 
• Pneumatic, hydraulic, and 

mechanical control systems 

.State. .Zip. 

• PhD Graduation date. 

I am interested in this type of 
work: 
• Preliminary design 
• Mechanical design 
• Development 
• Testing 
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EARTHQUAKES 
STRUCTURAL EFFECTS 

JAMES HARRIS 
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Earthquakes are the most frighten­
ing and destructive naturally occur­
ring phenomena known to man. Not 
only do they level much of the work 
of men into piles of rubble, they also 
destroy one's faith in the firmness of 
terra firma. The destructive nature of 
earthquakes makes every structure 
potentially dangerous to human life, 
and because replacing these structures 
is expensive, structural engineers must 
be vitally concerned with the effects 
of earthquakes on whatever they may 
design. (See Figures la and lb). Con­
sequently much work is presently 
being done to learn more about what 
earthquakes are and do. 

The mechanism of earthquakes, 
which is not presently understood 
fully, is a part of the study of seismo­
logy. The most acceptable explana­
tion of what happens is known as the 
elastic rebound theory. This postu­
lates that the crust of the earth is con­
tinually being distorted; the cause of 
these distortions is unexplained—they 
are simply acknowledged. As the crust 
of the earth moves, the rock is strained 
and stresses build up. When stresses 
reach a high level the rock will fail 
by fracturing along planes of weakness 
known as faults until a new position Figure la: Saada Hotel in Agadir Morocco Before Earthquake. 

of equilibrium is reached. Large 
amounts of strain energy can be built 
up and released this way; the energy 
being transmitted through the ma­
terial in the earth's crust surrounding 
the fault zone. The following dia­
grams give a simplified picture of the 
elastic rebound theory. Figure 2 (a) 
is the initial unstrained position, with 
imaginary lines superimposed on the 
rock; Figure 2 (b) is the strained con­

figuration before fracture (notice the 
deformation of the lines) ; Figure 2 (c) 
is the equilibrium position after the 
fracture-slip. 0.16-7) 

Ea r thquake  Measurement  

There are two methods presently 
employed for measuring earthquakes. 
The most familiar to the layman is 
known as the Richter Magnitude 
Scale, which measures the relative 
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Figure 2a: Before Straining. Figure 2b: Strain—Before Earthquake. Figure 2c: After Earthquake. (1.17) 
(Courtesy of American Iron and Steel Institute.) 

amount of energy released in the earth 
movement. It is based on a logarith­
mic scale from zero to eight point 
nine. For each unit increase on the 
scale the energy increases about thirty-
fold. To illustrate, the Alaskan earth­
quake of Good Friday, 1964, (magni­
tude 8.3) was over 30,000 times as 
large as the earthquake recently ex­
perienced in the Denver area. <5-3> 
A second method of measuring earth­
quakes is known as the Modifield 
Mercalli Intensity Scale and is used 
mainly by structural engineers. The 
criteria for measurement on this scale 

are only indirectly connected with the 
movement of the earth; rather they 
are based on observations of physical 
movement and damage of objects on 
or in the ground. The scale is ar­
ranged in Roman numerals from I 
to XII. For instance (in abridged 
language, intensity II is described 
"Felt by persons at rest, on upper 
floors, or favorably placed," while 
intensity XI is described, "Rails bent 
greatly. Underground pipelines com­
pletely out of service." (Mo-ao) -phe 
two scales are based on such widely 
different measurements that no gen­

(Figures la and lb courtesy of American iron and Steel Institute.) 

Figure lb: Saada Hotel After Earthquake. (1,40) 

eral relation between them will hold 
true, yet both are helpful in realiz­
ing the true size of an earthquake. 

Energy liberated in an earthquake 
may cause various types of distur­
bances. Seismic tidal waves and large 
landslides are two which are impor­
tant, but the one structural designers 
are most concerned with is vibration 
or shaking of the earth's surface. It 
is this which can cause disastrously 
sudden failures of buildings, such as 
the Saada Hotel in Agadir, Morocco 
shown at the beginning of this article, 
and it is against this which buildings 
can be strengthened to successfully 
withstand earthquakes. 

Random Movement  

During an earthquake the ground 
moves randomly in all directions. 
The accelerations are equally as ran­
dom and horizontal accelerations have 
been recorded as large as one-third 
of gravity. The magnitude of the 
earthquake does not always indicate 
the magnitude of the ground accelera­
tions. The strongest acceleration on 
record occurred at El Centro, Cali­
fornia, in 1940, (3-1> during an earth-
quike of Richter magnitude 6.7. 
Strong motion records, from which 
accelerations are measured, have been 
recorded for earthquakes as large as 
magnitude 7.7 with a corresponding 
acceleration of 18% of gravity. (9-121) 

The dynamic response of buildings 
is related directly to the ground ac­
celeration by Newton's law: force is 
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Figure 3a: Rigid Structure: F"=rna 

Figure 3b: Flexible Structure for Very Short 
Duration of Motion F<ma 

Figure 3c: Flexible Structure for Prolonged 
Duration of Motion Whose Frequency is 
Near that of Structure F>ma (4,3) 
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equal to mass times acceleration 
(F=ma). Since buildings are com­
plex continuous systems and not sim­
ple rigid bodies, no simple analytic 
relationships exist. Three generalized 
cases of response are shown in the 
Figure 3 (a,b,&c). (4-3> In these 
Figures no specific type of deforma­
tion is indicated; it is simply pointed 
out that deformations are produced, 
which in turn produce stresses in the 
various members of the structure. 
There is more than one possible way 
for the structure to deform, and in 
actuality several types of deformations 
probably interact, but separate ex­
planations for each type are easier 
to visualize. Nearly all have one as­
sumption in common: that only hori­
zontal accelerations are considered. 
This is because structures are overde-
signed with factors of safety in the 
vertical direction to begin with, and 
therefore, vertical accelerations are 
not normally considered important. 

Structures Deform as 
a Shear Beam 

Flie most common idealization of 
deformation for a framed structure is 
that it deforms as a shear beam. This 
means that the building is considered 
to be a series of lumped masses posi­
tioned at each floor, which are con­
nected by shear springs. Floors are 
considered to be rigid and the 
columns in the framework are the 
shear springs. A mechanical analogy 

to this system is shown in Figure 4. 
The dashpots are symbolic of the 
damping in the system. Each shear 
spring acts as a beam which is fixed 
against rotation at both ends. Even 
when a building is idealized to this 
degree, analysis is still a difficult task, 
primarily because the system has as 
many degrees of freedom as there are 
floors, and because no general expres­
sion of the forcing function for 
ground movement exists. Even though 
there are serious drawbacks to this 
idealization, it is the basis for earth­
quake design in our present building 
codes. Under the shear beam type of 
deformation, stresses are induced in 
the columns. It is these stresses which 
must be allowed for when designing 
to resist earthquakes. It is easy to see-
that the horizontal shear forces ac­
cumulate until very large forces are 
induced in the columns in the lower 
section of the building. In massive 
structures this may cause failures in 
horizontal shear, such as shown by 
Figure 5. 

A second type of idealized deforma­
tion is that of a cantilever beam in 
which the columns take additional 
compressive or tensile forces catised 
by the overturning moment in the 
structure. Not many failures due to 
moments were recognized in years 
past; (3,62-4) thus, the building codes 
tend to ignore this as a prime con­
sideration. More recent evidence. 

2 & 
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Figure 4: Mechanical Analogy of Shear Beam. 
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Figure 5: Column Shear Failure (2,58) 
(Courtesy of American Iron and Steel Institute.) 

particularly from the Caracus earth­
quake of 1967, indicates that rigid 
structures when subjected to a strong 
"spike" of accelerated ground move­
ment may fail as a result of compres­
sive stresses in exterior columns in­
duced by an overturning moment. 
Structures designed as ductile frames 
may in actuality act as rigid shear-
wall structures because of tile, brick 
or block walls and other so-called 
nonstructural elements. Shearwall 
structures are not to be confused with 
the shear beam deflections mentioned 
earlier. In shearwall buildings hori­
zontal forces are resisted in walls, 
usually of reinforced concrete, rather 
than columns of a framing system. 
These shearwalls are also often used 
to support the building vertically. A 
simple example of a shearwall type of 
construction is a one-story building 
with the roof being supported by the 
walls. A common example in large 
buildings would be when elevator or 
stairwell shafts are used to support 
some or all of the weight of the struc­
ture. When a frame with infilled walls 
attempts to deform, stresses are taken 
in the infilled walls also and the 
structure becomes more rigid. In the 
case of tall buildings subjected to 
sudden acceleration this can com­
pletely change the intended response 
of the building so that a large over­
turning moment develops. 

Beam F a i l u r e s  
Both deformation effects which 

have been discussed so far are mainly 
concerned with stresses in the col­
umns. The effects on beams should 
not be neglected even though a beam 

failure is usually not as dangerous as 
a column failure. In the analysis 
known as the exact method, (which 
is misnamed because it is not exact) 
deformation of beams as well as col­
umns are considered. Figure 6 (a) 
shows that beams as well as columns 
are deformed, instead of all deforma­
tion occuring in the columns. This 
is a more realistic picture of deforma­
tions which actually occur in a frame 
than either of the two previously men­
tioned. One can see that in large or 
irregular frames, this analysis can 
quickly become quite cumbersome. 
An ironic thing about the exact me­
thod is that it neglects the shorten­
ing or lengthening of members, which 

for tall buildings can become pro­
nounced in the exterior columns, thus 
destroying the accuracy. There is a 
method, known as the approximate 
cantilever method, shown in Figure 
6 (b) , which is more accurate than the 
exact method because shortening of 
various members is taken into ac­
count. T22-3) Neither of these two 
methods have borne fruit yet in the 
sense of contributing a usable method 
of analysis and design for most engi­
neers. They are still in the research 
stage. 

O sc i l l a t o ry  D a mping  
All real oscillatory systems have 

some damping present, which should 
be considered in a rigorous analysis. 

Figure 6a: Exact 

Figure Gb: Cantiliver (4,23) 

Courtesy of Bethlehem Steel.) 

EXACT ACTION COMPARED 
TO CANTILEVER ACTION IN 

TALL STRUCTURES 
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In many mechanical systems it is un­
desirable because it causes loss of ener­
gy, but in a few systems damping is 
desirable for dissipating unwanted en­
ergy. As far as structural vibrations 
are concerned, damping is desirable 
and necessary. A moderate amount 
will lower deformations and stresses 
beneficially. The importance of damp­
ing has been pointed out by many-
authors. Old and apparently weak 
structures have been observed to re­
sist strong ground motions even 
though their computed lateral load 
capacity appears too small, whereas 
structures designed for high lateral 
load resistance may suffer failures 
during the same apparent ground 
motion. One explanation lies in 
damping. Older buildings are often 
loose jointed and are capable of dis­
sipating large amounts of energy with­
out overstressing members. Non­
structural elements may also play a 
role in increasing ultimate strength 
and in absorbing and dissipating 
energy, as when a wall may slide back 
and forth within its frame. Many 
modern buildings are quite ductile 
and tough, but have a small amount 
of damping. During elastic vibra­
tions, particularly when the frequency 
is near the natural frequency of the 
building, large deformations and high 
stresses occur. The building may be 

experiencing stronger accelerations 
than the ground, which the ordinary-
method of static design would not 
predict, consequently overstressing 
would occur. O.123-8) 

I n f i l l ed  Wa l l s  

Since nonstructural elements play 
a role in stiffening a building and in 
damping vibrations, an explanation 
of how they fulfill their role is in 
order. The most prominent example 
of an important nonstructural ele­
ment is the infilled wall. In most 
calculations of stress due to lateral 
load they are neglected. However, it is 
obvious that they stiffen a structure 
(See Figure 7) . Considering the wall 
only, the top and bottom are subject 
to equal and opposite forces. To 
satisfy equilibrium the sides are sub­
jected to equal forces to counterbal­
ance the couple formed. When stress 
analysis is performed it is noticed 
that a large tensile stress exists on an 
inclined plane. Since most wall ma­
terials are brittle, high stresses may 
develop upon small deformation; and 
since these same materials are usually-
weak in tension, failure will occur on 
this inclined plane. If the applied 
stress is reversed, as in vibratory mo­
tions, this plane rotates ninety de­
grees. If this analysis were to be cor­
rect, failure of brittle' walls should 

occur before the frame is in any 
danger of failure and should result 
in cracks shaped like an X. Examples 
of this are shown Figure 8. If 
the analysis of nonstructural walls 
were to stop here, the picture might 
still be considered good, because the 
frame would not have been injured, 
and a large amount of damping would 
be introduced as the walls failed and 
slipped back and forth. However, 
there are other factors to cloud the 
picture. As mentioned before, tall 
ductile frames may be stiffened to 
such a degree by brittle walls that a 
rigid structure is the result. In this 
case the resultant force acts through 
the center of mass which may be far 
enough away from the ground re­
action that the overturning moment 
will cause failure of exterior columns 
in compression (See Figure 9) . 

Fa i lu r e s  Due  t o  Non- s t ru c tu r a l  
E l emen t s  

There are examples of buildings 
which have failed structurally be­
cause of the effects of nonstructural 
elements, which wotdd not have failed 
otherwise. In Caracus, Venezuela, 
some buildings apparently failed be­
cause they were constructed with 
brittle walls between upper floors 
while ground levels were left open. 
The added stiffness in the upper 
levels made shear and moment forces 
higher than they would have been 
with the frame only, yet the open 
columns on the ground level were de­
signed without considering this. Fig­
ure 10 shows a building which was 
made of two nearly identical wings 
with a connecting stairwell between. 
The only difference was that one wing 
had an open ground level, while the 
other had all levels enclosed. The 
wing with the open level collapsed, 
while the other remained standing. 
It is also possible that the failures 
could have been caused by sudden 
stresses induced in frames upon ex­
plosive type failures of brittle walls. 
(*,43-5) 

When designing a structure to re­
sist earthquakes no one consideration 
will be enough to justify safety. The 
overall picture must be kept in mind. 
The type of deformation, the type of 
support, nonstructural elements, 
damping, stress concentrations, and 
dynamic effects must be taken into 
account. The starting point is to de­
sign lateral strength for capacity to 
carry a static horizontal force. Var­
ious building codes contain methods 

1  i  - 4  
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Figure 7: Effect of Infilled Walls 
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Figure 8: Detail of the X-Cracking in Exterior Rein­
forced Concrete Walls (6,10) 
(Courtesy of Pacific Fire Hating Bureau.) 

Figure 9: Column Compression Failure '8, 

>£ arriving at this hypothetical force 
jased on the mass of the structure, the 
eismic activity of the region, the 
undamental period of vibration of 
he structure, and the type and ar-
angement of the structural elements 
esisting the load. (7>2314) Then one 
nust consider whether ductility will 
ead to excessive deformations; build-
ngs built close together have been 
mown to knock each other apart 
while vibrating back and forth. It is 
important that the ductility of the 
structural elements be compatible 
with the nonstructural elements. It 
is important that the damping exist 
to a worthwhile degree. One effect 
that is often neglected and that occurs 
nearly always is torsion. Torsion is 
produced by random three dimen­
sional motion and will always occur 
when the center of rigidity does not 
coincide with the center of gravity, 
which is the case in most unsym-

Figure 10: Palace Corvin Hotel <8.45) 
(Figures 9 and 10 courtesy of Portland Cement Association.) 

metrical sections. Stress concentrations 
will occur, especially at reentrant 
corners. Methods are available to ap­
proximate torsional stresses and 
should be used. 

The only rule which stands fast in 
earthquake design is to think com­
prehensively. All possible stresses 
should be considered and provided 
for. There are no effects which can 
be ignored before they are at least 
considered, even though it may turn 
out that some are rarely important. 
It is the duty and responsibility of the 
designer to make every effort to avoid 
catastrophic failures of buildings. 
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Why engineering students graduate to Lockheed. Progress is a matter of 

degrees. But, that's only the beginning. At Lockheed Missiles and Space Company, we're working on wideworld 

otherworld...upperworld...and subworld projects. • We're pretty high on space... we've got Agena to prove it. 

And, when it comes to ballistic missiles, Polaris and Poseidon show an arc of triumph. We think deeply, too 

consider our deep submergence vehicles, for example. And, just to show you our feet are solidly on the ground, 
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TAU BETA PI ESSAY: 

THE ROLE OF 

ENGINEERING 

IN HUMAN ENDEA VOR 
BOB LARSON 

It has traditionally been the social 
sciences and medicine which contrib­
uted to a better understanding of 
human beings, and the physical 
sciences which contributed to an un­
derstanding of nature. And engineer­
ing has always been an applied 
science, putting this understanding to 
work in order to attain a goal. Engi­
neering has longest been associated 
with physical science, first in building 
temples, military machines and roads, 
and then in digging mines and build­
ing civilian roads and structures. 
Finally engineering became associated 
with the industrial revolution, in 
building metal tools, machinery, and 
railroads. And engineering assisted 
the march of materialism and mass-
production, for engineers ("ingenious 
men") were the inventors who gave 
the world (for better or worse) the 
mass-produced automobile, electric 
power, motion pictures, phonographs, 
radio, airplanes, and finally television. 
Throughout history, engineering, in 
one form or another, has been apply­
ing mathematics and natural science 

to ensure man's survival against the 
forces of nature, and to increase man's 
comfort. 

Engineering and Human Sciences 

Nowdays there are some instances 
where engineering is involved not 
only with natural sciences, but with 
some "human sciences" (psychology 
and medicine), and is carrying on re­
search efforts in these areas as well. 
The invention of the electronic com­
puter has made a powerful new tool 
available to economists, sociologists, 
anthropologists and others to help 
them quickly understand a massive 
amount of information about human 
activities. Computers are also help­
ing doctors better understand the 
nervous system of animals. Scientists 
and engineers in California are using 
computers to analyze the functions of 
neuron groups behind a fly's eye to 
better understand visual perception in 
higher animals. Engineers have 
helped to devise medical machines 
like the heart-lung machine; now the 
laser is being used in some opera­

tions to burn tissue in a very con­
trolled way. 

And yet engineering can be in­
volved in social progress even more, 
for parts of all our big cities must be 
reconstructed to ensure everyone a 
decent living standard, and engineers 
might be able to devise the most 
economical way to do it. Someone 
must find much better and more 
economical ways to dispose or use 
sewage and industrial wastes, in or­
der to help clean up rivers and air, 
and engineers are probably the best-
trained people to do this task. 

Social Progress and Electrons 

Perhaps social progress is like elec­
tron current in a wire: electrons mov­
ing in a hectic, random fashion in 
every direction but slowly tending, on 
the average, in the direction of an 
applied electric field. Man's many 
activities, at times fervent, at times 
in opposite directions, at times collid­
ing, might be like electrons in a wire. 
Man's spirit of striving for a better 
world and his ingenuity then would 
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have the same effect of directing the 
electron motion in a wire. According 
to R. Buckminister Fuller, man's goal 
is to increase the order in the uni­
verse. Entropy, or disorder, is continu­
ally increasing according to observed 
natural laws of thermodynamics. 
Man. through creative synthesis of 
ideas and materials for his own pur-
jK>ses, tends to increase order in the 
universe, says Fuller. This is the engi­
neer's function in human endeavor, 
to order nature for the purpose of 
man's well-being, by applying natural 
principles to obtain the best leverage 
on nature. 

Wha t  Sp i de r s  D id  W i th  
Tha t  Much  Go ld  

The only practical method I found 
for solving this problem is exhaustive 
search and correlation of the given 
data. The specific method I used in­
volved initially assuming all charac­
teristics for all planets and eliminat­
ing those that the data or combina­
tions of data suggested. This method, 
with no further assumptions, gave the 
following correlations: 

Penta I: Insects, Decadent, Dia­
monds, Airless 

Penta II: Hydrogen, North Pole 
Penta III: Stone Age 
Penta IV: none 
George: none 
At this point, a trial assumption 

had to be made. I chose to assume the 
landing place on Penta I, since that 
was all that was necessary to complete 
the characteristics of Penta I. The 
choices available at this point are 
Highest Mountain and Equator. 
Equator, if chosen, leads to a con­
tradiction, so Highest Mountain is the 
correct choice. Adding in this correla­
tion adds to each planet: 

Penta I: Highest Mountain 
Penta II: Crustacean, Feudal Sys­

tem. Sugar 
Penta III: none 
Penta IV: none 
George: none 
At this point, a further trial as­

sumption had to be made. I chose to 
assume the atmosphere of Penta III. 
as it had the most characteristics al­
ready determined and only two 
choices were available for the atmos­
phere. I chose Chlorine, but that led 
to a con tradition, so Oxygen was the 
correct choice. This choice uniquely 
determined the remaining character-

INTERESTING ENGINEERS 
IN PROGRESS 
And why not? Companies scattered from here to Istanbu 

are depending on plans drawn up in Stearns-Roger's Denve 
offices. The projects include new chemical facilities, ore bene-
ficiation, commercial power plants, special materials handlin: 
unusual manufacturing facilities, aerospace assignments anc 
many more. 

Some require on-site investigation. Some demand a break 
thru in various engineering disciplines. Stearns-Roger engineering 
utilizes the latest in data processing. Always there's the chance 
for developing really good ideas and for recognition of capability 

Our staff is still short-handed for the contracts facing us. Is 
this the challenge and opportunity you have been seeking? 

Contact Leo McKinney, 
Manager of Personnel 

Stearns-Roger 
660 Bannock, Box 5888, Denver, Colo. 

ENGINEERS FOR INDUSTRY SINCE 1885 

An equal opportunity employer 

istics for all the planets, yielding: 
Penta I: Insects, Decadent, Dia­

monds, Airless, Highest Mountain 
Penta II: Crustaceans, Feudal Sys­

tem, Sugar, Hydrogen, North Pole 
Penta III: Humanoid. Stone Age, 

Gold, Oxygen, Anywhere 
Penta IV: Reptiles, Atomic Age, 

Copper, Chlorine, South Pole 
George: Arachnid, Industrial Re­

volution, Plastics, Methane/Ammonia, 
Equator 

As for the order in which Finstei 
visited the planets on the route, since 
the largest delivery is adjacent to an 
other large delivery, the order is uni 
quely determined by the location ol 
the largest delivery and the direction 
of the adjacent large delivery. Thus 
Finster went first to George then tc 
Penta IV and on around the pentagon 
counter clockwise to Penta I in mini­
mal time. 
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SATELLITE TRACKING SYSTEMS 
EARTH STATIONS FOR COMSAT 

RARE EARTH PHOSPHORS 
VIDEO TELEPHONES 

MICROWAVE CARRIER SYSTEMS 
COLOR TELEVISION 
LASER RESEARCH 

CABLE TELEVISION 
ELECTRONIC SWITCHING EQUIPMENT 

FLASHCUBES 
MISSILE TRACKING SYSTEMS 

ENERGY STORAGE 
BLACKBOARD BY WIRE TEACHING SYSTEMS 

INTEGRATED CIRCUITS 
INCANDESCENT AND FLUORESCENT LAMPS 

SEMICONDUCTORS 
ELECTROLUMINESCENT DEVICES 

TELEVISION PICTURE TUBES 
RECEIVING TUBES 

ELECTRONIC SHIELDS 
MISSILE LAUNCH CONTROL SYSTEMS 

INDUSTRIAL CONTROL SYSTEMS 
DATA TRANSMISSION SYSTEMS 

AIRPORT LIGHTING 

And you still call us a phone company ? 
We really don't mind. 
After all it wasn't that long ago that we were just in the telephone business, but 

now because we're involved in so much more, we need bright college graduates 
with' practically any kind of degree, whether it's in Engineering or Commerce. 

Ask your placement director about us. The misunderstood phone company at 
730 3rd Avenue, N.Y. 10017. 

General Telephone & Electronics 
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DROP EVERVTUIKG! 
Pick up a copy of "Careers with Bethlehem Steel and the Loop Course" 
at your placement office.* Sign up for an interview when our recruiters visit your campus. 
They're looking for prospects with pizzazz. Do you measure up? 

*Or write to Manager of Personnel, Bethlehem Steel Corporation, Bethlehem, Pa. 18016. 

An equal opportunity employer in the Plans for Progress Program 

BETHLEHEM STEEL 
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DAYS 
LUNCHEON AND HONORS CONVOCATION 

Dave Hattan, Circulation Manager of the Engineer, re­
ceiving a Boeing Company Scholarship from Deans Maler 
and Timmerhaus. 

Kathy O'Donoghue, Editor of the Colorado Engineer presenting Award to 
Mr. Burton G. Dwyre, retiring advisor to the Engineer. 

Allan Thaut receiving the Colorado Engineering Council Outstanding Senior 
Award from Mr. Orley O. Phillips while runners-up, Herman Husbands 
and James Harris look on. 
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ENGINEERS' BALL 

Engineer's Days Queen Candidates (I-eft to Right): Sherry Saxe. Zoc Brown, Louise Bates. Queen Jeanie 
Brinkman. Linda Boy and Janice Jaggcrs. 

PICNIC 

Miss Perfect Body Candidates (Left to Right): Barbara Ruisch. Donna Bessar Bonnie Zaiic Conni 
kesner. Haliee Morgan. Ronnie Gold, and Lynn Pranglev. J 
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Dean Peters demonstrating his winning form in the Dean's Challenge Race. 

Below: Fun and games at the E-Days Picnic. 

Beard Contest Winner with his shaving partner 
Bonnie Zajic. 

Meanest Prof Harley Carlev ( L e f t )  with runners-up Madman May and Dirtie 
Herbie and Miss Perfect Body, Lynn Prangley. 
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COLORADO ENGINEER BANQUET 

Above: Kathy O'Donoghue, Editor (1967-68) and Randy Lorance, Business 
Manager (1967-68) and Editor (1968-69). 

Night: Dean Emeritus Charles A. Hutchinson presenting the Certificates of 
Merit to staff members, an annual tradition at the Colorado Engineer Ban­
quet. 

is^00000<>0<>00<x>0000000<>00000<>000c>0<>000<>0000000000000^0^r^^^^ryvvwv^ws^^fv^^ 
8 

a uno us. 0 
Sentimental? 

SUBSCRIBE TO 

1 YEAR S2.00 

3 YEARS 5.00 

J list Interested? 

THE COLORADO ENGINEER 
ECOT 1-7 ,  Unive r s i ty  o f  Co lo rado  
Bou lde r ,  Co lo rado  80302  

Amount  enc losed  

Name 

Address  

C i ty  S ta t e  

I f  a lumnus ,  yea r  o f  g radua t ion  
Z ip  

>:<x<x<x<x<xoooc<>o<xc<)<>o<xioo^oc<>oocoo<>^o<>x<>^ooo<x>ooooQocooococoooQOQQoocooooocoocP, 

2(5 COLORADO ENGINEER—May, 196S 



Dean Peters speaking at the Engineer Banquet. 

Above: New Editor Randy Lorance with the new Business Advisor, 
Mr. Larry Feeser. 

Below: Associate Dean Maler and Dean Peters posing for this 
picture. 

Research 
opportunities 

in highway 
engineering 

The Asphalt Institute suggests 
projects in five vital areas 

Phenomenal advances in roadbuilding techniques dur­
ing the past decade have made it clear that continued 
highway research is essential. 

Here are five important areas of highway design and 
construction that America's roadbuilders need to know 
more about: 
1. Rational pavement thickness design and materials 
evaluation. Research is needed in areas of Asphalt rhe-
ology. behavior mechanisms of individual and com­
bined layers of the pavement structure, stage construc­
tion and" pavement strengthening by Asphalt overlays. 

Traffic evaluation, essential for thickness design, re­
quires improved procedures for predicting future 
amounts and loads. 

Evaluation of climatic effects on the performance of 
the pavement structure also is an important area for 
research. 
2. Materials specifications and construction quality-con­
trol. Needed are more scientific methods of writing spec­
ifications. particularly acceptance and rejection cri­
teria. Additionally, faster methods for quality-control 
tests at construction sites are needed. 
3. Drainage of pavement structures. More should be 
known about the need for sub-surface drainage of As­
phalt pavement structures. Limited information indi­
cates that untreated granular bases often accumulate 
moisture rather than facilitate drainage. Also, indica­
tions are that Full-Depth Asphalt bases resting directly 
on impermeable subgrades may not require sub-surface 
drainage. 
4. Compaction of pavements, conventional lifts and 
thicker lifts. The recent use of much thicker lifts in 
Asphalt pavement construction suggests the need for 
new studies to develop and refine rapid techniques for 
measuring compaction and layer thickness. 
5. Conservation and beneficiation of aggregates. More 
study is needed on beneficiation of lower-quality base-
course aggregates by mixing them with Asphalt. 

For background information on Asphalt construc­
tion and technology, send in the coupon. 

THE ASPHALT INSTITUTE 
College Park, Maryland 20740 

OFFER OPEN TO CIVIL ENGINEERING STUDENTS 
AND PROFESSORS 

THE ASPHALT INSTITUTE, College Park, Maryland 20740 
Gentlemen: Please send me your free library 

on Asphalt Construction and Technology. 

Name. .Class or rank. 

School. 

Address. 

City .State. .Zip Code. 
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Donna Demong. Engineer artist, at the banquet. 
Gary Taylor, photographer, receiving his Colorado 
Engineer Award. 
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28 

INDEX TO ADVERTISERS 

The  Aspha l t  I n s t i t u t e  27  

B e th l e he m  S tee l  Compa ny  22  

C le a r p r i n t  Pa pe r  Compa ny  2 9  

C o lo r a do  Eng inee r  . . . .  26  

Da i ly  Camera  28  

The  Ga r r e t t  Co rpo ra t i on  .  _ 1  1  

Ge ne ra l  E l ec t r i c  Compa ny  Ba c k  C o v e r  

Ge ne ra l  Te l ephone  and  E lec t ron i c s  . .  21  

I  B  M  Corpo ra t i on  6  

Lockheed  M is s i l e s  and  Spa c e  Co  — 18  

Ma l l eab l e  Fo u n d e r s  S oc i e ty  _ 1 0  

R yan  A e r ona u t i c a l  Compa ny  4  

S t eams -Roge r  Co rpo ra t i on  -  20  

Te l e type  Corpo ra t i on  8  

Un ion  Ca rb ide  Corpo ra t i on  .  1  

Un i t ed  S t a t e s  A i r  Fo rc e  In s ide  Ba c k  Cove r  

W es t i nghouse  E l ec t r i c  Co rp  In s ide  F ro n t  Cove r  

COLORADO ENGINEER—M a y ,  1 9 6 S  



" F A D E - O U T "  P A P E R  

T E C H N I C A L  P A P E R  
F O R M S  •  C H A R T S  •  G R A P H S  

" P R E - P R I N T "  P A P E R  

THERMS NO SUBSTITUTE 
Clearprint is Watermarked For Your Protection 22 

Name 

School 

Address 

State 

C L E A R P R I N T  I S  T H E I R  C O M M O N  D E N O M I N A T O R  
The reason for that is quality. To do the best work 
you have to start with the best materials. For over 30 
years Clearprint Technical Papers have served stu­
dents, educators, and professionals with distinction. 
B Clearprint's unchanging character includes 100% 
rag uniformity, permanent transparency, outstanding 
erasing and handling qualities. You get all this in 
addition to Clearprint's ideal ink and pencil surface. 

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

C^ A R t ^ T  

CLEARPRINT PAPER CO. 

1482-67th Street, Emeryville, California 

CEM -22 

• Send me Clearprint samples, with prices, for the following uses: 

COLORADO ENGINEER—May, 1968 29 



PUZZLES:  

THE TROUBLE 
WITH 

TERMITES 
(OR WHAT WOULD SPIDERS DO 

WIT H TH A T  MUCH GOLD?)  

In the year 2223, Phineus Fitz­
gerald's seventeen times great grand-
nephew, Finster Fitzgerald, was given 
a dishonorable discharge from the 
Space Marines for deriliction of duty, 
fraternizing with the natives, over­
time parking and practicing logic 
without a license. (Colorado Engi­
neer, January 1968) He immediately 
found employment with the Penta 
Systems Distribution Services, Ltd. 
(P.S.I).S.), which gave rise to the 
following problem: 

The P.S.D.S. was located in the 
Penta Cluster, a system of six stars 
arranged in the form of a regular five-
sided right pyramid, with the star 
Penta Prime at the apex and the 
stars Penta I, Penta II, Penta III, 
Penta IV and George spaced evenly 
around the base. The home office of 
the P.S.D.S. was located on the single 
planet circling Penta Prime: Finster's 
duty was delivering cargo from that 
planet to each of the single planets 
circling the stars in the system. The 
five stars comprising Finster's delivery 
route were numbered in order when 
they were named, with Penta I at 
Galactic North and the numbering 
proceding clockwise around the penta­
gon to George in the fifth position. 

The organization and implementa­
tion of an interstellar deliverv service 

present several sticky problems and 
the P.S.D.S. was no exception. To 
show a profit, an optimum of speed 
and efficiency was of utmost impor­
tance, so Finster was told immedi­
ately that his job depended upon his 
completing his route in the least 
possible time—no excuses. The order 
in which the planets were to be visited 
and the cargo to be delivered to each 
were to be on an invoice memo in the 
delivery ship's safe. Also in the safe 
was to be a pamphlet describing each 
planet, the inhabitants, the cultures, 
available landing space for delivery 
vessels and what merchandise was 
normally delivered to each planet. 

Finster checked out his ship and 
cargo (copper, sugar, plastics, gold, 
diamonds) and took off. After at­
taining maximum velocity, however, 
he opened the safe and was horrified 
to discover that a hoard of Antares III 
termites had eaten most of the con­
tents. Only scattered scraps of both 
invoice and pamphlet were left. Fin­
ster salvaged what he cotdd, although 
there was no way to tell in what order 
the scraps were to be read. Further­
more. it was obvious that at least 90% 
of the material was missing altogether. 
Below are the decipherable portions 
of the available scraps (seperated from 
each other by dashes) presented 

MIKE COLGATE 

in the order in which Finster fed them 
into his onboard computer. 

—about these liumanoid oxygen 
breathers—reptiles expect deliverv at 
their south pole—methane ammonia 
atmosphere prevented industrial re­
volution until very recently—23,000 
K1LOMASS SUGAR—feudal system, 
similar to Terra's dark ages, as should 
be expected among a race of crusta­
ceans—ends our discussion of this 
world of swirling chlorine and acid 
rain. The next star system clock wise 
is inhabited by a curious race of 
methane/ammonia breathers who— 
decadent remains of a former inter-
galactic empire—land the delivery of 
gold anywhere on the planet—have 
no naturally occuring diamonds be­
cause their planet totally lacks atmos­
phere, so they must import them. 
In the next system clockwise delivery 
vessels must land near the north pole 
-10 KILMASS DIAMOXDS—stone 
age culture on the planet of the third 
star—the planet orbiting Penta I with 
its race of insects—land on top of the 
highest mountain. Moving on clock­
wise to the next star, we find that the 
inhabitants of its planet value sugar 
above all else, even though thev must 
import it.—need copper desperately, 
as they have just entered their atomic 
age.—10 KILOMASS GOLD-27.000 
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KILOMASS PLASTIC MA-land on 
only level surface, near the equator-
arachnid ruling race finds many uses 
for imported plastic ma—world of in­
sects. In the next system clockwise, 
we find a hydrogen atmosphere, giv­
ing rise to—24,000 KILOMASS COP­
PER—unlike the planet of Penta I, 
this world has a methane/ammonia 
atmosphere— 

If the delivery ship's velocity was 
reduced by about one light-minute 
per hour for each kilomass of cargo 
and if the ship's empty velocity was 
five light-years per hour, in what or­
der did Finster visit each star, where 
did he land on each planet and what 
did he deliver to each? The linear 
distance between adjacent stars on 
the route was 7.2 light years and Fin­
ster did complete the route in mini­
mum time. 

O 

The Too-Many-Suspects and 
Not-Enough-Evidence Case 

—Solved at Last. 

The following is from the diary of 
Mydih Wattsit. friend, counsellor, etc. 

February 6: I confronted Sherlock 
with the apparent lack of sufficient 
evidence and my fears that the case 
was unsolvable. His reply was typical: 
"Murder is obviously shorter than 
the deceased, but of at least average 
stature and arrived not less than 
twelve days ago. Therefore, Mr. 
Harold Wilcox is our man and I have 
so informed the constable." 

His reasoning, it seems, was as fol­
lows: The positioning of Hayden's 
Criminal Law and the ladder show 
that someone who could not reach the 
top shelf while standing on the floor 
was present at the time of the murder. 
The victim was obviously tall enough 
and the same reasoning eliminates 

Lord Beckwith and his son. From the 
butler's testimony, it is clear that the 
bell was rung the second time after 
the cord had been broken apart and 
wrapped about the victim's neck. This 
obviously eliminates Wee Willy as a 
suspect, because he could not have 
reached the truncated cord to pull it. 
Finally, from the gardners' testimony, 
it can be deduced that twelve days 
had passed since the argument, eli­
minating Dr. Hastle and leaving only 
Harold Wilcox. (Since each gardner 
was off the same number of days, they 
obviously both worked the same num­
ber of days. Therefore, each worked 
five days and was off seven days, mak­
ing a total of twelve days. 

See "What Spiders Did With 

That Much Gold" on page 20. 
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A young lady had a dream in which 
a handsome male angel flew into her 
bedroom and scooped her up into his 
arms. They flew out the window to­
gether and traveled through the air. 
Finally, they reached a castle in the 
sky and soared in through an open 
window. He gently tossed her on a 
luxurious bed. 

"What are you going to do now?" 
she asked in a frightened voice. 

"That's up to you." lie replied, 
"it's not mv dream." 

He: "Give me a kiss." 
She: No answer. 
He: "Won't you please give me a 

kiss?" 
She: Still no answer. 
He: "Are you deaf?" 
She: "No, Are you paralyzed?" 

A snowflake in an avalanche never 
feels responsible. 

"But darling, this isn't our baby." 
"Shut up. it's a better buggy." 

A motorist, after being bogged down 
in a muddy road, paid a passing 
farmer ten dollars to pull him out 
with a team. After he was on the road 
again, he remarked to the farmer, 
"I should think that at this price 
you'd be pulling people out of this 
stuff day and night." 

"Nope," drawled the farmer, "at 
night's when I tote the water for the 
holes." 

A girl's best asset is a man's imagi­
nation. 

A man's incomplete until he's 
married—then he's reallv finished. 

Girls get minks the same wav minks 
get minks. 

Don't worry about what you do in 
your life. God grades on a curve. 

She: "Where did you learn to kiss 
like that?" 

He: "Siphoning gas." 

"Am 1 the first man you ever made 
love to?" 

"Umm . . . might be. Your face 
looks familiar." 

A small kid. running out of a bur­
lesque show, was grabbed by a door­
man who asked him what was the 
matter. The kid said, "Mama told 
me if 1 ever looked at anything bad 
I'd turn to stone, and 1 can feel it 
starting!" 

Hear about the new deodorant 
called Vanish? It makes \ou disappeai 
and everyone wonders where the odor 
is coming from. 

The current re-emphasis on educa­
tion in colleges is typlified by the Uni­
versity of Golorado ruling that no 
athlete be awarded a letter unless he 
can tell at a glance which letter it is. 

Lectures are like steer horns—a 
point here, a point there, and a lot 
of bull in between. 

When Jane returned from a ride, 
her mother noticed that one of her 
shoes was muddy. 

"Why is just your right shoe muddy 
and not your left?" she asked. 

"I changed my mind." Jane an­
swered. 

Low neckline: Something you can 
approve of and look down on at the 
same time. 

He drove quite a distance into the 
country, stopped the car and asked 
the girl, "Are you a Chesterfield or 
a Camel girl?" 

Somewhat confused she asked, 
"What do you mean?" 

He said. "Would you rather satisfy 
or walk a mile?" 

The height of bad luck: Seasick­
ness with lock jaw. 

They're got a new parlor game 
called BUTTON, BUTTON, HERE 
COME THE FOLKS! 

"Show me a home where the buf­
falo roam, and I'll show you a house 
full of Chips." 

Engineer to blind date: "I never 
believed in reincarnation, but what 
were you before you died?" 
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Join a firm that'll 
give you executive 
responsibility your 
first day at VWCKK. 

Now,  t ha t ' s  a  p r e t t y  f un n y  t h i ng  fo r  a  
c iv i l i an  f i r m  t o  s ay .  A  bos s?  R igh t  ou t  o f  
c o l l e ge ?  The  f i r s t  d ay?  

Bu t  t h e  A i r  Fo rce  c an  make  such  o f f e r s .  
A s  an  o f f i c e r  i n  t h e  wor ld ' s  l a r g e s t  

t e chno l og i ca l  o rgan i za t i on  you ' r e  a  
l e ade r .  Eng inee r .  Sc i en t i s t .  A d mi n i s t r a t o r .  
R igh t  w he r e  t he  Space  A ge  b r eak ­
th r oughs  a r e  happen ing .  

O r  h o w abou t  t he  e xe cu t i ve  r e s pon ­
s ib i l i t y  o f  a  t e s t  p i l o t  c l ock i ng  2 ,062  mph  
in  a  YF-12A j e t ?  

Tha t  cou ld  be  you ,  t oo .  
Bu t  you  don ' t  have  t o  be  a  p i l o t  i n  t he  

A i r  Fo rce  t o  move  f a s t .  Wi th  y o u r  co l l ege  
d e g ree  you  z ip  i n t o  Of f i c e r  T ra in ing  
Schoo l ,  s p in  ou t  a n  o f f i c e r ,  s peed  on  
you r  w a y  a s  an  ex ecu t i v e ,  i n  t he  fo r e ­
f ron t  o f  mode rn  s c i ence  and  t e chno logy .  
R igh t  o n  t he  g round .  

The  Ai r  Fo rce  moves  p r e t t y  f a s t .  
Th ink  i t  o ve r .  A  man ' s  c a r ee r  c an  

some t imes  m ove  p r e t t y  s l ow .  

United States Air Force 
Box A, Dept. OEC-84 
Randolph Air Force Base, Texas 78148 
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Dan Johnson has a flair 
for making things. 

Just ask a certain family in Marrakeck, Morocco. 
A solar cooker he helped develop is now making life 

a little easier for them—in an area where electricity is 
practically unheard of. 

The project was part of Dan's work with VITA 
(Volunteers for International Technical Assistance) 
which he helped found. 

Dan's ideas have not always been so practical. Like 
the candlepowered boat he built at age 10. 

But when Dan graduated as an electrical engineer 
from Cornell in 1955, it wasn't the future of candle-
powered boats that brought him to General Electric. 
It was the variety of opportunity. He saw opportunities 
in more than 130 "small businesses" that make up Gen­
eral Electric. Together they make more than 200,000 
different products. 

At GE, Dan is working on the design for a remote 
control system for gas turbine powerplants. Some day 
it may enable his Moroccan friends to scrap their solar 
cooker. 

Like Dan Johnson, you'll find opportunities at Gen­
eral Electric in R&D, design, production and technical 
marketing that match your qualifications and interests. 
Talk to our man when he visits your campus. Or write 
for career information to: General Electric Company, 
Room 801Z, 570 Lexington Avenue, New York, N. Y. 
10022 699-23 

G E N E R A L  0  E L E C T R I C  
AN EQUAL OPPORTUNITY EMPLOYER (M/F) 


