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Microcircuitry actually began at 
Westinghouse in 1958, when we 
developed the first integrated cir- 
cuit for the Air Force. Today, we're 
the largest producer of very-high- 
reliability microcircuitry for the 
aerospace industry. 

And there's no end in sight. As 
space vehicles get more compli- 
cated, electronics have to get 

smaller and better. We're deep 
into R&D on the next generation. 

Westinghouse is also grappling 
with some down-to-earth prob- 
lems. Big-city problems. We make 
more products for construction 
than any other company. So, quite 
naturally, we're deep in urban re- 
newal and city planning. 

Which doesn't even start to de- 

You can be sure ... if it's 

scribe Westinghouse. We're also 
in computers, transportation, med- 
ical science, oceanography, and 
more. Is that any way to run an 
electrical company? We think so. 
If you think so, talk with our cam- 
pus recruiter, or write Luke Noggle, 
Westinghouse Education Center, 
Pittsburgh, Pa. 15221 . An equal 
opportunity employer. 



Engineering graduates who 
join the McDonnell Douglas 
team today can help lead 
the way to tomorrow's crea- 
tions in flight, space, elec- 
tronics, computerization, 
and other exciting fields. 

We've already established 
a substantial lead in these 
growth fields through activ- 
ities like these: advanced 
jetliners, orbital workshops, 
space logistics vehicles, 
planetary landers, advanced 
air superiority fighters, 

electronic medical monitor- ning your future career. 
ing devices, commercial Openings now exist in many 
computer services, and so- of our more than 39 loca- 
phisticated flight simulators. tions throughout the U. S. 

Our leadership in t Let's get together and 
aerospace industry is sup- talk about creativity-yours, 
ported by a balanced and ours. Contact your 
combination of military and placement office, or send 
commercial programs, a the coupon today. 
factor to consider in plan- 
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This photograph of a thin film of cobalt (750 
angstroms thick) was made by means of the 
process of Lorentz microscopy, a new technique 
using the electron microscope that allows direct 
observation of the detailed magnetic structure 
of ferromagnetic materials. The magnetization 
configuration here is revealed by the ripple, 
which is always perpendicular to the mean di- 

rection of magnetization. In Caltech's electrical engineering laboratories 
graduate student Takao Suzuki and Charles Wilts, professor of elec- 
trical engineering, are producing other exciting visual representations 
of magnetic structure through the use of Lorentz microscopy (page 14).  

Photo Credits 

Cover, 14,15-Takao Suzuld 
8,16,19-James McClanahan 
21-Robert L. Walker 

Staff 

Editor and Business Manager~Edward Hutchings Jr.; Associate Ed;- 
tors-Bruce Abell '62, Phyllis Brewster, Jacquelyn Hershey, Kathleen 
Marcum; Photographer-James McClanahan. 

Pnhlished monthly. October through Tune. at the California Institute of Technoloifv. Pasa- 
dCia.Calif. 91109. Annual subscription '$4.50 domestic 85.50 foreign single copies 50 
cents. Second class postage paid at Pasadena, Calif., under the Act of August 24, 1912. 
All rights reserved. Reproduction of material contained herein forbidden without anthoriza- 
tion. (0 1969 Alumni Association California Institute of Technology. 

JANUARY 1969 



Assignments exist for Engineers 
graduating in 1969 with B.S., 
M.S. and Ph.5 degrees in 
ELECTRICAL ENGINEERING. 

HUGHES-FULLERTON Engineering 
Laboratories assignments range from 
research to hardware development 
and operational support of products 
and systems in the field. Our current 
activities involve the advanced tech- 
nologies of phased-array frequency- 
scanning radar systems, real-time 
general purpose computers, displays, 
data processing, satellite and surface 
communications systems, surface-to- 
air missile systems and tactical com- 
mond/control systems. 

For addit ional information on the 
opportunities offered at HUGHES- 
FULLERTON in Southern California - 
and to arrange for a personal inter- 
view with our Staff representatives, 
please contact your College Place- 
ment Office or write: Mr. D. K. Horton, 
Supervisor, Professional Staffing, 
HUGHES-FULLERTON, P. 0. Box 
3310, Fullerton, California 92634. 

An equal opportunity employer - M & F /  U.S. cit izenship i s  required 



A long beautiful drive.. .just the hint of a slice.. . and almost on 
the green. Now, address the ball.. . concentrate-and, wham! to alie 
four feet from the cup. 

th i s  console 15 part of a computerized system that speeds 
tests on new poducts  and components. 

* I f  you need more excitement, you might find it 
on the 42 golf courses in the Rochester area. 

That's the excitement of the game that gets a golfer up at dawn 
on Saturdays:' We think it's analogous to the excitement that keeps some 
of our technical people on the job after hours: the pleasure of personal 
achievement in solving problems for which there are no book solutions. 

One of the concerns of our management is to see that our professional 
people experience this kind of excitement. They know where it can 
lead.. . a payroll that numbered 3,000 in 1960, for example, now exceeds 
24,000.. .products that have literally revolutionized communications and 
are having a world-wide impact on such problems as illiteracy. 

That's why we suggest that if you've been missing out on the kind of 
professional satisfaction you expected from an engineering career, 
look into what Xerox can provide in the way of engineering 
excitement. Your degree in Engineering or Science can qualify you for 
some intriguing openings in fundamental and applied research, 
engineering, manufacturing and programming. 

We're located in suburban Rochester, New York. For details on open- 
ings, and a copy of our brochure, write to Mr. Roger Vander Ploeg, 
Xerox Corporation, P.O. Box 251, Webster, New York 14580. 

An Equal  Opportunity Employer (m/f) 



"Working in data processing today pretty much 
means you work in a broad spectrum of tech- 
nologies," says Nick Donofrio. 

An Associate Engineer at IBM, Nick is a 
1967 graduate in Electrical Engineering. 
He's using his technical background 
to design circuits for computer 
memory systems. 

job," he says. "Today it can 
intothe front yard of half ado 
ferent fields. In my job, for exam- 
ple, I consult with systems design 
engineers, chemists, physicists, 
metallurgists, and programmers." 

Keeping up 
The interdisciplinary environmen 

puts it, "You're constantly exposed to what' 
happening in other fields." 

IBM needs technical graduates to work in 
research, design and development, manufactur- 
ing, product test, field engineering, and space and 
defense projects. We also need technical people 
in programming and marketing. 

Check with your placement office 
If you're interested in engineering or science 
at IBM, ask your placement office for more 
information. Or send a letter or resume to 
Mr. Harley Thronson, IBM Corp., Dept. 
CA2020,3424 Wilshire Blvd., Los Angeles, 
California 90005. 

We'd like to hear from you even if you're headed 
for graduate school or military service. 

n Equal Opportunity Employer 
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By GEORGE W. HOUSNER 

A Caltech engineer looks at the prospects for building-in protection 

against earthquake damage i n  seismic regions. 

From an individual point of view the most alarm- 
ing aspect of earthquakes is the possibility that they 
might kill or injure people, as in fact they often have 
done. In September of 1967 an earthquake in 
Iran killed more than 10,000 persons. In 1962 an 
earthquake there killed nearly 12,000. In 1960 
Morocco had an earthquake that killed 10,000 peo- 
ple in the city of Agadir, whose population was only 
30,000. In 1927, in China, over 200,000 were killed 
by an earthquake; in 1908, Messina, Italy, was 
struck by an earthquake in which more than 80,000 
people died; in 1755, Lisbon, Portugal, had more 
than 60,000 casualties; in 1730, an earthquake in 
northern Japan killed more than 130,000. One schol- 
ar of the subject has estimated that during the past 
4,000 years approximately 74 million people have 
been killed by earthquakes. 

The danger to life and limb resulting from earth- 
quakes is due primarily to poorly constructed build- 
ings which have, as it were, built-in hazards. In 
some earthquakes, it is true, numerous casualties 
have resulted from tsunamis, the earthquake-pro- 
duced ocean waves that sweep up on shore and 

wash away towns and people; and in other earth- 
quakes people have been kille by the destructive 
movement of soils. Fires resulting from earthquakes 
have also killed many, but, in general, the major 
part of the death toll is due to poor buildings. These 
hazardous structures can be readily identified, but 
in some places the economic development of the 
country does not permit an improvement in the 
quality of construction, and in other countries the 
hazardous buildings are simply tolerated. 

Buildings erected in southern California since 
1933, when the earthquake provisions of the build- 
ing code were adopted, are, in general, relatively 
safe. The typical southern California wood frame 
house with plaster walls, light in weight and rela- 
tively stiff and strong, is also quite safe during earth- 
quakes. Indeed, houses that are being built now 
have certain earthquake-protective measures incor- 
porated. The building department insists upon seis- 
mic braces and other precautions, such as reinforc- 
ing the chimney, to prevent injury and loss of life 
and to minimize damage. 

However, it has been estimated that something 
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George W. Housaer, Galtech professor of civil engi- 
neei'ing and applied mechanics. 

on the order of 40,000 buildings in the metropolitan 
area of southern California are pre-earthquake- 
code, unreinforced masonry buildings. 

Some of my colleagues and I are currently in- 
volved in preparing a report for the National Acad- 
emy of Engineering on the significance of the 
earthquake problem to the public and on the 
measures that should be taken to provide protec- 
tion. In this report the overall point of view is taken 
rather than the viewpoint of the individual. What 
should the federal government, for instance, do 
about earthquakes in this country? What an earth- 
quake means to a nation or to a large, highly indus- 
trialized community is quite different from what it 
means to an individual. 

At the time of the large 1857 earthquake in south- 
ern California, the state was undeveloped, and Los 
Angeles was just a village. The earthquake is re- 
ported to have damaged a significant number of 
houses, but it could not be called a disaster, and 
from the point of view of the government it was not 
a serious event. On the other hand, now, when there 
are eight million people living in the area, a similar 
earthquake has the potential for creating a disaster 
if precautions are not taken to protect against it. 

I t  appears that earthquake-protective measures 

are not usually adopted until a country reaches a 
certain stage of industrialization. For example, there 
were very large earthquakes in California in 1857, 
1868,1872, and 1906, but none of these induced any 
action to require that buildings be designed to re- 
sist earthquakes. Only when the population and in- 
dustrialization reached certain levels was action 
taken-following the medium-sized Long Beach 
earthquake of March 10,1933. 

In most underdeveloped countries of the world, 
no earthquake precautions have been taken in the 
past even though the countries were densely pop- 
ulated. But when these countries began making 
large investments in dams, power plants, bridges, 
and factories, they began requiring earthquake- 
resistant design. Because an essential element of an 
industrialized economy is a skilled labor force, con- 
sideration must also be given to ~roviding protec- 
tion for the population. I t  is clear that what moti- 
vates society to spend money for protection against 
earthquakes is basically a desire to protect its in- 
dustrial investment. 

In the United States, as a whole, about 70 billion 
dollars a year are spent on construction. In the 
more seismic regions of the country about 10 bil- 
lion dollars a year are spent. Considering that the 
average life of a structure is over 50 years, it is ob- 
vious that an enormous investment will accrue, 
and the desire to protect it is understandable. How- 
ever, if everything were to be built so that it would 
survive a very strong earthquake without any dam- 
age, it might cost an additional 25 percent or more. 
In the more seismic regions of the country such an 
increase would mean $2.5 billion a year. From the 
overall point of view, it would be improper to spend 
that much money for this purpose. 

If nothing at all were spent to protect against 
earthquakes, we would indeed be courting disaster. 
Each time there was moderate shaking, costly dam- 
age would have to be repaired. Obviously prudence 
dictates spending something to reduce the damage. 
Suppose that, on the average, each dollar spent to 
provide earthquake resistance would reduce future 
damage costs by $4. This would certainly be worth 
doing. If more protection were desired, each addi- 
tional dollar spent would result in a saving of per- 
haps $2. At some point, however, for every extra 
dollar spent, only a dollar would be saved, and be- 
yond that the value purchased would be less than 
the expenditure. This would clearly be inappro- 
priate. So a certain optimum amount should be 
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spent on protection against earthquakes, and, as a 
corollary, there is a certain amount of non-hazard- 
ous damage that should be expected and tolerated. 

When an earthquake occurs, a building vibrates 
back and forth, excited into vibration by the accel- 
eration of the ground, and the amplitude of the de- 
formations determines how much damage is done 
to the building. Strong ground shaking might cause 
the top of a 50-story building to sway back and 
forth as much as five feet. 

The severity of shaking depends on the magni- 
tude of the earthquake and its distance from the 
building. The magnitude of the earthquake can be 
associated with the length of slip on the causative 
fault (below). The 1906 San Francisco earthquake 
of magnitude 8.2 resulted from a slip on the San 
Andreas fault over a length of 250 miles, with a max- 
imum relative fault displacement of about 20 feet, 
so that the area that experienced destructive shak- 
ing was at least 250 miles long. The 1964 Alaska 
earthquake of magnitude 8.4 had a slip of about 450 

MAGNITUDE 
From charts like this, showing the idealized relation- 
ship between the magnitude of an earthquake and the 
length of slipped fault, engineers can estimate the area 
of severe shaking that will result from an earthq~~ake 
of a given 9mgnit1~de. 

%g Ground Acreleiohon 

The probability of experiencing ground sha1ci;lg (with 
maximum acceleration equd to or greater than a speci- 
fied percent of s,rai"-ity) can be predicted by plofting 
a chart based on occurrence of eartliquakes in Cali- 
fornia, assuming them to occur at random in time and 
space. Tins gives average wives flint are on?!{ indim- 
five of the general earthqvfike hazard in the state. 

miles. On the other hand, the Long Beach earth- 
quake of magnitude 6.2 had a slip of perhaps five or 
six miles in length. The intensity of the shaking 
011 the surface of the ground varies relative to the 
distance from the slipped fault. 

Given this information, an idealized chart can 
be plotted which shows the approximate areas af- 
fected by earthquakes of different n~agnitudes, with 
the intensity of shaking specified in terms of per- 
cent of the acceleration of gravity. A magnitude 7 
earthquake, for example, will cover an area of about 
2,500 square miles with ground shaking having a 
maximum acceleration of 20 percent of gravity or 
greater. 

With this data, computations can be made 
(above) of the probability of experiencing ground 
motions of certain intensities, assuming the occur- 
rence of earthquakes in California to be random in 
time and space. For example, in a 50-year period 
there is about a 40 percent probability of getting 
shaking of 20 percent of gravity or greater. The con- 
clusion is clear; on economic grounds, when the 
probability per hundred years is less than 10 per- 
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cent, it would be improper to design so that no dam- 
age would result in the event of such very strong but 
unlikely ground shaking. On the other hand, the 
probability of weaker shaking, say 10 percent of 
gravity, is large enough that buildings should be 
designed to come through with little damage. 

Earthquake hazard is much like an iceberg in 
that a very large amount of the potential damage is 
not visible, and the invisible part can be even more 
serious and might constitute a greater disaster than 
the visible part. Suppose a big earthquake were to 
knock out our water supply. Most of the water for 
southern California comes over the Colorado River 
Aqueduct, which conceivably could be so damaged 
by an earthquake that it might take several months 
to put it back into shape. Of course, a portion of our 
water comes from wells, but in some earthquakes 
the movement of the ground has fractured the 
water pipes and stopped the distribution of water. 
Imagine the disaster that could result from pro- 
longed interruption of our water supply. 

Suppose an earthquake were to destroy the elec- 
tric power-generating stations. What would we do 
without electricity for several months? Last year 
an earthquake in the south central part of India 
damaged Koyna Dam, located about 150 miles 
south of Bombay. It was not extremely serious dam- 
age, but the dam provides water for a hydroelectric 
power plant which is the source of much of the 
electricity for the city of Bombay. The shaking 

damaged the power-generating station enough to 
stop the generation of power. Although Bombay 
felt only mild tremors, and no one was injured and 
no damage occurred, suddenly, because of loss of 
electricity, more than one million people were out 
of work. This is an economic disaster. 

What would happen if an earthquake were to 
knock out all of the freeway overpasses, putting the 
freeways out of action for several months? We de- 
pend upon truck and rail transportation to bring in 
our food and the raw materials for manufacturing, 
and to take out the finished products. If those chan- 
nels were cut off, the chaos that would result stag- 
gers the imagination. 

The Alaska earthquake knocked out many 
bridges, and landslides took out the rail lines in 
many places. Rail and highway traffic were im- 
mobilized. The docks at Anchorage harbor col- 
lapsed, and the control tower at the airport col- 
lapsed. What would it be like in Los Angeles if this 
were to happen? 

Imagine what would happen if an earthquake 
were to knock out our communications systems by 
damaging radio and TV transmitters and telephone 
relay stations. Or suppose the earthquake did ex- 
tensive damage to manufacturing plants. What if 
all of the water, gas, transportation, electricity, 
communication, and manufacturing were out of 
operation for a month or so? This would be an in- 
conceivable disaster, even if there was no injury or 

The ground story of this 
university building in 
Japan collapsed in a 1968 
earthquake. Although no 
one was killed, the cost of 
repait h g  such basic 
damage is prohibithe. 
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This eight-story building 
in Mexico City telescoped 
into a pyramid-shaped 
structure as a result of 
the 1957 eart17qt~ke. 

loss of life caused by the earthquake. 
This imaginary disaster won't happen because 

people who are responsible are taking precautions 
to make sure that it doesn't. For example, electric 
power companies design their generators to with- 
stand earthquake forces larger than specified in the 
building code just to be sure that the generators 
will not be put out of operation by an earthquake. 

There are other projects in which the potentiality 
of an earthquake must be given very special con- 
sideration. One of these is the nuclear reactor power 
plant. It is estimated that during the next 25 years, 
some $30 billion will be spent on nuclear power 
plants. All of these will be very carefully designed 
against earthquakes, not only in California but 
everywhere in the country. To prevent any radio- 
active materials from getting into the atmosphere, 
these plants are designed to withstand, without 
damage, the strongest earthquake likely to occur. 
The cost is no object in making these facilities safe. 
In California they will be built on the ocean shore, 
so the possibility of tsunamis must be considered. 
Although we haven't had any major tsunamis in 
southern California, there is a remote possibility 
that we might. Because of this, the Southern Cali- 
fornia Edison plant at San Onofre is protected 
against tsunami action by a high wall. 

A second example of projects that require special 
consideration is the high-rise building. In San Fran- 

cisco there is now a 52-story building; in Los An- 
geles there are at least two 50-story buildings on the 
drawing boards, and consideration is being given to 
a 70-story building. A building of that size may well 
have from 5,000 to 10,000 people working in it, and 
its collapse might cause 5,000 deaths. Also, since 
such buildings are very costly, extensive damage to 
them would be a severe economic penalty for poor 
design. 

Some of these high-rise buildings are being given 
very careful study. A digital computer is told the 
dimensions of the building, the distribution of mass, 
and the stiffness and strengths of the structural 
members. The con~puter is then told how the base 
of the building is shaken by an earthquake, and it 
then calculates how the building will vibrate dur- 
ing the earthquake and what forces will act on the 
structural members. 

At Caltech we are providing earthquake data for 
the computer. Natural earthquakes of all sizes have 
not been recorded, and we are particularly lacking 
in records of big earthquakes. For example, a mag- 
nitude 8 earthquake has never been recorded in the 
region of strong shaking. To overcome this lack of 
data, we have developed a method whereby the 
digital computer generates simulated earthquake 
ground shaking which has the characteristics of a 
real earthquake. This can be generated for any de- 
sired size of shock. Simulated earthquakes are pro- 
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In the 1964 earthquake in Alaska, large areas of land 
slipped into the ocean. The apex of the pyramid 
shown here is the only remaining bit of lawn from a 
front yard that slid away in the Turnagain landslide. 

duced for design engineers, who then study their 
effects on buildings. 

The earthquake safety of the very tall buildings 
now being constructed in California is a question of 
much interest to the public. Actually, the very tall 
buildings are, in general, safer than the shorter 
buildings because the building code requirements 
for them are relatively more stringent and because 
special engineering attention is given to them. 
There is also a natural law that ensures their rela- 
tively greater safety. Buildings must be designed to 
resist windstorms of an intensity specified by the 
building code. The maximum wind force is directly 
proportional to the height of the building, whereas 
the maximum earthquake force is approximately 
proportional to the square root of the height. Be- 
cause of this, at a certain height the wind force be- 
comes larger than the earthquake force. For most 
buildings this is in the 40- to 50-story range. I t  fol- 
lows that the skyscrapers in New York, which are 

designed for wind forces, will be relatively safe in 
the event of an earthquake-more so than buildings 
of 20 stories or less. 

Some industrial plants are so sensitive to ground 
shaking, however, that they are not built in Cali- 
fornia or in other regions where ground shaking is 
anticipated. An example is a special plate glass 
manufacturing process. In recent years a new meth- 
od of making windowpanes has been developed, in- 
volving a large, elevated pool of molten glass which 
discharges a continuous sheet of glass at one end. 
We know that the water in swimming pools sloshed 
out during the 1952 Tehachapi earthquake. This is 
what would happen to the molten glass, a possibility 
that has discouraged glass manufacturers from 
building in seismic regions. 

A final example of a special project sensitive to 
earthquakes is the California State Water Project, 
which will bring water from the Feather River to 
southern California, a distance of some 400 miles. It 
is essential that the water provided by this project 
continues to be available without interruption. I t  
would be intolerable for a large community to be 
dependent on a water supply and then to have it 
shut down for half a year for repairs of earthquake 
damage. Clarence Allen, Caltech professor of geol- 
ogy and geophysics, and I are members of the 
Earthquake Advisory Board of the State of Cali- 
fornia Department of Water Resources, which sug- 
gested the earthquake ground motions that needed 
to be considered in designing the project. We also 

Simulated earthquakes, produced by  the computer, 
enable engineers to study the effects of an earthquake 
of a specific magnitude on the buildings they are de- 
signing. This chart shows a simulated earthquake of 
magnitude 8.0. There is no recorded data from natural 
sources for an earthquake of this magnitude. 
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During the 1964 Alaska earthquake traffic was immobilized when many railways, highways, and bridges (such as 
the one shown here) were knocked oui. The lesson for engineers !'s that, in seismic regions, bvilding design should 
take into account the largest earthquake which might occur in that area. 

recommended that the project should be so de- 
signed that there would be no damage that could 
not be repaired within a short enough time that 
consumer services would not be interrupted. This 
means that the dams which form the water reser- 
voirs must not fail; the pumping plants which can't 
be repaired quickly must not fail-but the aqueduct 
could be permitted to fail if it could be repaired 
in a reasonable period of time. 

The aqueduct crosses the San Andreas fault three 
times, and where it crosses, its design was predi- 
cated on occurrence of a fault slip of 20 feet. This 
required that the aqueduct should not cross the 
fault in a tunnel, because in case there should be an 
offset, it might take too much time to dig a new tun- 
nel. Therefore, the aqueduct crosses the fault on the 
surface of the ground and is specially designed so 
that, if the faulting occurs as anticipated, the 20 
feet of displacement will be accommodated with- 
out interrupting the flow of water, and, if faulting 
occurs in an unanticipated way, the aqueduct will 
be repairable in a short period of time. 

The earthquake problem affects us all, not only 

through the possible loss of life or limb, but in the 
effect it can have on our economy and our society. 
Even if no earthquakes come during our lifetimes, 
the problem still affects us because we are spending 
money to provide earthquake protection. It is im- 
portant to remember that strong earthquakes come 
infrequently. Years may go by with no destructive 
earthquakes, but this doesn't mean that none are 
coming. There is a tendency on the part of the pub- 
lic to forget this. Periodically there are misguided 
attempts to have the legislature repeal the Field 
Act, which requires school buildings to be designed 
to resist earthquakes. But we do have an earthquake 
problem, and it is important that we keep it in mind. 
I t  is imperative that proper engineering be done on 
all of the construction that is going up, especially 
during a period of seismic quiescence. Otherwise 
we will be building ourselves a disaster. 

Just as forethought has provided arid southern 
California with one of the most plentiful and reli- 
able water supplies in the country, so can fore- 
thought make California one of the safest regions 
in the world for protection against earthquakes. 
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A new use of the  electron microscope 

allows detailed observation of the  

rnagrietic structure of ferromagnetic materials 

Lorentz microscopy is a new, somewhat differ- 
ent, use of the electron microscope. The technique 
is used for observing the ferromagnetic character 
of a material instead of its shape and size. 

In normal microscopy work, the electron micro- 
scope is focused on the sample, producing an image 
according to the intensity of the electron beam as it 
passes through various thicknesses of the sample. 
This image, when magnified on a photographic 
plate. produces the electron micrograph. 

In Lorentz microscopy, however, the microscope 
is focused a small distance (about a quarter inch) 
from the sample. Differences in electron intensity 
are no longer observed, because they are out of 
focus. However, as the electrons pass through a fer- 
romagnetic material, they are deflected slightly by 
the local magnetic field in the sample. Thus, if the 
field is different in different parts of the sample, 
a difference in electron intensity will be obtained 
at the focal plane caused by the very small Lorentz 
deflection of electrons (one thousandth of a de- 
gree ) . 

The resulting image is magnified and photo- 
graphed by the electron microscope, allowing de- 
tailed investigation of magnetic changes within the 
sample. 

Observed structures-such as domain walls ( I ) ,  where the 
magnetization changes by  large angles in short distances- 
can be seen as either light or dark lines in this photograph. 
Various irregularities in wall shape can be seen, such as 
cross-ties (2) and Bloch lines 0, where the direction of ro- 
tation of magnetization within the wall changes. The general 
low-angle changes (about one degree) of magnetization direc- 
tion throughout the sample can be observed as ripple (4) of 
the magnetization. This photograph of a pure cobalt film 300 
awstroms thick was taken with a 100-kilovolt electron micro- 
scope at an out-of-focus distance of 1.1 mm. 



Domain walls appear in Lorentz microscopy because an elec- 
tron is deflected according to the direction of the magnetic 
field in the sample-as given by the "right-hand rule." Some- 
times electrons on one side of the wall are deflected toward 
the domain on the other side of the wall, giving a convergent 
or bright wall, while at other times the electrons will deflect 
toward their own domain, giving a divergent dark wall. 
Additional structures such as cross-ties and Block lines can 
also be seen here. The upper walls are 180' walls; the lower 
wall, with fewer cross-ties, is essentially a 90' wall. This is a 
picture of an 80 percent nickel, 20 percent iron, film 805 
angstroms thick, taken with a 100-kilovolt electron microscope 
with an out-of-focus distance of 5mm. 

Observation of this convergent domain wall, under very high 
magnificafion, shows the electrons behaving as predicted, 
from a quantum mechanical point of view. They are exhibit- 
ing diffraction fringes similar to those expected from an elec- 
tron beam passing a knife edge. Although this is a very basic 
prediction of quantum mechanics, if is seldom observed in 
nature. This photograph, a 79 percent nickel, 21 percent iron, 
film 146 angstroms thick, was taken with a 50-kilovolt elec- 
tron microscope at an out-of-focus distance of 3cm, using an 
extremely fine point source for electrons. 



Caltech has, for nine years, had a research group 
studying the flow of blood in living and artificial 
systems. The work has been done under the direc- 
tion of Harold Wayland, professor of engineering 
science, in collaboration with Wallace Frasher, 
M.D., of USC's medical school, who is also a senior 
research fellow in engineering at Caltech. The two 
men have now designed an experimental operating 
table that greatly expands the scope of their investi- 
gations. 

The new instrument, which is called a Preci- 
sion Animal Table and Intravital Microscope, is 
basically a 212- x 4-foot table with attached micro- 
scopes, television equipment, high-powered lights, 
a life-support system, and measuring instruments. It 
took a year to design, six months to build in Cal- 
tech's engineering shops, and cost $20,000. Al- 
though it has been installed in the Thomas Engi- 
neering Laboratory for only a few weeks, other 
research institutes have already expressed interest 
in borrowing the design. 

The new equipment has several features that are 
a considerable improvement over the ordinary 
microscope table previously used by the research 
group to examine blood flow in the tissue of experi- 
mental animals. 

First, it has a high degree of stability that allows 
the observers to make precision measurements of 
flow rates in vessels as small as 5- to 10-micron capil- 
laries. 

Second, it permits the researchers to switch the 
area of their observation from one part of a subject 
to another because the ancillary equipment can be 
moved along with the animal without disturbing 
the normal functioning of the blood flow or of 
the optical equipment. The complete life-support 
equipment and measuring instruments, which must 
be rigidly attached to the animal, can be moved 
as a unit. 

Harold Wanland focuses the microscope and Peter Gaeht- 
gens adjusts the TV camera on the Precision Animal Table. 

And third, the new table can accommodate the 
handling of both small and relatively large animals 
-up to the size of a mini-pig (250 lbs. ) . 

The most significant advantage of the new equip- 
ment, however, is that it allows the research team 
to examine a much larger area of tissue than they 
could before. With the old-style table they could 
look at only one vessel at a time. Now they can ex- 
plore a microbed (network) several millimeters 
square of associated blood vessels as large as 100 
microns. In this way they can study the overall flow 
patterns of neighboring vessels and determine their 
relationship to one another. 

The current research project is being carried on 
by Peter Gaehtgens, M.D., research fellow in engi- 
neering science at Caltech, who is exploring the 
distribution of blood flow in intestinal microbeds. 
The new equipment permits him to do careful quan- 
titative study (how much, how fast, and how dis- 
tributed) of blood flow. 

The design and production of the table was a 
joint venture of the Institute and the L.A. County 
Heart Association-USC cardiovascular research lab- 
oratory, and was largely financed by the Alfred P. 
Sloan Foundation. The research is supported by a 
National Institutes of Health grant. 
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The chairman of Caltech's chemistry division 
never went to school until the seventh grade, never 
took a science course in high school, and took- chem- 
istry in college only because physics wasn't avail- 
able his freshman year. Then he made the decision 
to major in chemistry mostly because he needed 
the $37-a-year job as lab assistant that went along 
with it. 

If his choice of a profession appears to have been 
made haphazardly, it is a misleading measure of 
the man. Nothing in the makeup or the career of 
George Simms Hammond is accidental. Today the 
chairman of the division of chemistry and chemical 
engineering at Caltech has gained international 
recognition for his ideas about making radical 
changes in the teaching of chemistry. And the quali- 
ties that have made him a brilliant researcher and 
educator are the same ones that years ago took him 
away from the New England farm life he wanted to 
escape-Down-East determination. independence. 
enthusiasm, and honesty. 

George Hammond was the oldest of seven chil- 
dren living in relative isolation on his parents' dairy 
farm in Auburn, Maine. He was taught at home 
by his grandmother for his first six school years- 
just as his father was before him. By the time he 

got to high school George knew that he wanted 
to get out of farming and had already decided that 
a science major in college would be the way. 

His father's death, when George was 13, shifted 
the responsibility of running the farm onto him 
and his chances for going to college looked slim. 
I t  was finally possible only because Bates College 
was seven miles away. ("Another 20 miles and 
I'd have been out of luck.") As it was, he worked 
for a year after high school to earn tuition money, 
and then commuted to Bates for four years, keeping 
up the farm along with his studies. 

After graduation he went to work for a chem- 
ical firm in Philadelphia and stayed just long 
enough to decide that business was not for him. In 
the summer of 1943 he filled out applications to 12 
graduate schools, and, with one exception (the Uni- 
versity of Illinois didn't answer ), they all offered 
him teaching assistantships. 

"I was convinced there must be something charis- 
matic about me-on paper," he recalls. "But the 
truth was that the government had just dumped 
hordes of Army and Navy trainees into the colleges, 
and there was a crying need for anyone who could 
function as a T.A. They probably would have 
snapped up my grandmother." 
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At Harvard, a decision to work under the well- 
known chemist Paul Bartlett put Hammond's scien- 
tific life into focus. Bartlett's nondirective brand of 
leadership was one that fit perfectly with George 
Hammond's independence. He still remembers with 
pleasure a period when Bartlett didn't talk research 
with him for 18 months. 

Hammond now uses the same approach on his 
own students. "I'm interested in what my research 
students are doing, and I want to participate in it 
intellectually, but I'm not going to tell them what 
to do and have them miss all the fun." 

"Of course," he adds, "this system only works be- 
cause the people in the group are extremely talented 
and enthusiastic." 

Hammond has held to this philosophy for many 
years, in both teaching and research. After a year of 
postdoctoral work at UCLA, he taught at Iowa 
State College in Ames for eight years. In 1957 he 
and his wife, Marian, and their five children spent 
a year on a Guggenheim and NSF fellowship at Ox- 
ford, Basel, and at Caltech. The next year he re- 
turned to Ames for one year before joining Caltech 
permanently as professor of organic chemistry. In 
1963 he became Arthur Amos Noyes Professor of 
Chemistry, and. in 1968, division chairman. 

W h e n  the explosion In chemical dynamics 

comes, as George Harnrnor~d predicts 

it will, you can be iiure he 

will meet the change with 

some ideas of his own. 

"It bothers me, now that I've become division 
chairman," he says, "that my opportunities for inter- 
action with my research group are cut down. The 
personal and intellectual interaction with students 
is one of the best things I have." 

But the job of chairman does not deter him from 
pursuit of other interests, such as his current cru- 
sade-curriculum revision. 

Basically, he is convinced that the traditional sub- 
divisions of chemistry are inappropriate for modern 
research and that their overwhelming influence in 
the standard undergraduate curriculum is stultify- 

ing. He thinks that a more realistic categorization 
of chemistry would be into structural chemistry, 
chemical synthesis, and chemical dynamics-his 
own field-which he predicts will soon surpass struc- 
tural chemistry in importance. 

About two years ago, Hammond decided it was 
time to put his ideas into practice, and he began to 
design a new course in freshman chemistry. He re- 
cruited his colleague Harry Gray as a "believing 
collaborator," and together they made their own 
chemical mix and served it to a group of 16 Caltech 
freshmen as an experimental chemistry course 
About 40 percent of the course was devoted to an 
introduction to chemical dynamics. "Chemical re- 
actions," Hammond says, "have just about disap- 
peared from freshman courses. We put them back 
in, with enough system to intrigue most of the 
students." 

This year Harnmond and Gray are giving a sopho- 
more course-their own brand of structural chem- 
istry that Hammond describes as "a mishmash of 
organic, inorganic, and physical chemistry." But out 
of it they hope to bring a new coherence based on 
experimental and theoretical structural chemistry. 

Hammond sometimes finds that there is more in- 
terest in his ideas in faraway places than at Caltech. 
This summer, at the invitation of the government of 
India, he will take part in a planningconference in 
Bangalore to revamp the teaching of chemistry in 
the universities of that country-a conference based 
largely on his ideas. 

Maybe the Hammond approach will revolution- 
ize the teaching of chemistry. Or maybe it won't do 
anything of the kind. Harn~nond himself is philo- 
sophic about the possibility of failure. 

"Why should we always be so uneasy about fail- 
ing?" he asks. "The real pioneers of human thought 
and action are forever trying new things and set- 
tling for partial success. If we'd talk to each other 
more about our oddball interests. we might learn 
something-and have fun trying. Maybe we'll look 
ridiculous part of the time. So what's new about 
that? If nothing else, we might learn to live with 
the feeling of foolishness." 

When the explosion in chemical dynamics comes, 
as George Hammond predicts it will, you can be 
sure he will meet the change with some ideas of his 
own. 

"After all," he admits with a grin, "in a straight- 
forward way, what I want to do is change the 
world." 
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A tribute by M a y  Delbruck and Robert Edgar 

Jean Weigle, Caltech research associate in biol- 
ogy since 1949, died of a heart attack on December 
28,1968, at the age of 67. 

Jean Weigle's scientific career consisted of two 
very distinct and distinguished halves-the first as a 
physicist and the second as a biologist. As a physicist 
he obtained his PhD at the University of Geneva, 
Switzerland, in 1923 at the age of 22. After a few 
years at Westinghouse and of teaching at the Uni- 
versity of Pittsburgh, he returned to the University 
of Geneva as a professor and head of the physics 
department, where he remained for 17 years-from 
1931 to 1948. 

His physics was concerned with the solid state: 
refined applications of x-ray diffraction to the study 
of crystal structure; the effects of temperature on 
this diffraction; the diffraction of light by ultra- 
sonics. The importance of this work was recognized 
by an honorary degree in science from the Case 
Institute of Applied Science in Cleveland in 1947 
and by the award of the Prix des Trois Physiciens in 
1962, given by the Academic des Sciences in Paris. 

In 1946 Weigle had his first heart attack. In part 
because of this and in part because of a natural in- 
clination to be free of obligations, he resigned his 
university positions in Geneva and became a re- 
search associate in biology at Caltech. He quickly 
learned the basic lore of working with bacteria vi- 
ruses and focused his interest on a particular one 
called lambda, a virus that displays a tantalizing 
intimacy with its host bacterium. Weigle's early 
work concerned the interaction between viruses and 
host, and includes the discovery of a means by 
which the host specifically modifies the virus. In 
later years this phenomenon of specific host modifi- 
cation was proved to be a manifestation of a much 
more general mechanism, a cellular defense mech- 
anism that operates at the level of the gene. 

More significant was Weigle's role in uncovering 
the manner by which the lambda virus carries genes 
from one host to another. He was instrumental in 
revealing that special virus particles carry some bac- 

Jean Weigle on a desert camping trip-a favorite retreat. 

terial genes in place of viral genes. This discovery 
helped reveal the manner in which this virus is able 
to insert its DNA into the structural continuity of 
the host DNA. The intimate relationship of the 
lambda virus to the host cell has served as a model to 
account for the action of viruses that cause cancer. 

The work for which Weigle is most noted is his 
demonstration, with Matt Meselson at Caltech and 
Grete Kellenberger in Geneva, that genetic recom- 
bination involves actual breakage and reunion of 
DNA molecules. This work has become a molecular 
biology classic-described in all texts, reprinted in 
all appropriate collections. Weigle displayed su- 
preme craftsn~anship in his experimental work. He 
cared about every step in his experiments. Most of 
his work was done in close and real collaboration, 
often with graduate students, whose development 
he aided in decisive ways. 

A number of Weigle's friends are establishing 
the Jean Weigle Memorial Fund for the purpose of 
bringing to the biology division at Caltech scientists 
of outstanding talent. Through this they hope to 
preserve the nearly extinct species of the scientist 
who is indifferent to the organizational aspects of 
science and is wholly devoted to the beauty of the 
scientific endeavor as a way of life. 

A memorial service for Dr. Weigle was held in 
Dabney Hall at Caltech on January 10, 1969. A 
transcript of the remarks made by some of his col- 
leagues will be prepared for distribution to his nu- 
merous friends. 
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Thanks, bu t  they're just not our type. 
Young engineers who join us are expected 
t o  move in on some rather formidable 
programs.  . . with alacri ty and lo ts  of  
gusto. And a willingness to assume early 
responsibi l i t ies on demanding assign- 
ments is an attribute which we welcome 
warmly. It's the kind of engineering ag- 
gressiveness that has brought Sikorsky 
Aircraft to  dominant stature in a new 
world of advanced VTOL aircraft systems. 

If our criteria parallel your outlook, you'll 
f i nd  an excellent career environment with 
us. You would enjoy working (with a 
select group) on exciting, full-spectrum 
systems development. And you can watch 
your  ta lent  and imagination assume 
reality in  such diverse forms as Heavy- 
Lift Skycranes-Tilt Rotor Transports- 
High-speed VTOL Commercial Trans- 
ports-and much more for tomorrow. 

Does this responsibility stir your imagina- 
tion? Then you probably should be with 
us. There's ample opportunity for innova- 
tion in: aerodynamics a human factors 
engineer ing automat ic  contro ls  e 
structures engineering a weight predic- 
t ion s systems analysis e operations 
research e reliability/maintainability 
engineering e autonavigation systems - computer technology e manufactur- 
ing engineering Ã information systems 
e marketing. . . and more. 

And your career advancement can be 
materially assisted through our corporation- 
financed Graduate Study Program-avail- 
able a t  many outstanding schools within 
our area. 

Consult your College Placement Office for 
campus interview dates-or-for further 
information, write to  Mr. Leo J. Shalvoy, 
Professional and Technical Employment. 



Situation: Complete design scheme for tools, 
jigs, and fixtures needed. Also 
need plans detailing how much time 
will be required, under optimum 
conditions, for line changeover. 

Question: Is there some way we CU9Z 

implement thî  change by utilizing 
most of the existing machinery 
at the plant ? 

Problem: As a modest volume plant, it is 
imperative that we don 't lose 
valuable time and resulting sales. 
Suggest you visit the Mexico City 
Plant where a similar changeover 
occurred. Would appreciate soh- 
tion by Friday, next week. Thanks. 

Want to work on a challenging assignment like this? If you have better ideas to contribute, and you're looking 
A new member of the manufacturing engineering team for challenging assignments and the rewards that come 

at Ford Motor Company does. Today his job may be from solving them, come work for the Better Idea company. 
establishing the manufacturing sequence of a new engine. See our representative when he visits your campus. Or 
Tomorrow, if may be determining the manufacturing feasi- send a resume to Ford Motor 
bility of a new product idea. Company, College Recruit- 

To assist in solving assignments like these, our people ing Department. The 
have a giant network of computers at their service. Corn- American Road, Dear- 
plete testing facilities. The funds they need to do the job born, Michigan 48121. An 
right. equal opportunity employer. 





* Supply communication/navigation equipment for more 
than 75% of the world's commercial airliners. 
a Provide voice communication systems for all U. S. 
space flights. 
* Rank as the largest independent producer of micro- 
wave systems. 

Design and manufacture computer systems for airlines, 
railroads and many other military and industrial organiza- 
tions around the world. 
* Serve as prime contractor on NASA's worldwide Apollo 
tracking network. 

Design and install complete earth stations for satellite 
communications. 
* Rank as one of the world's leading manufacturers of 
commercial broadcast equipment. 

Today, Collins continues to diversify 'by putting added 

emphasis on a new data concept: complete computer 
controlled manufacturing processes for industry. What 

does this mean to you? I t  means that electrical, mechan- 
ical, and industrial engineering and computer science 

graduates are finding assignments that challenge their 
ingenuity in activities ranging from microminiaturization 
to airborne computers. 

CAREER OPPORTUNITIES: * Product Design and Development c+ 
Field Support Engineering * Electronics Research a Data Operations 
a Programming and Systems Analysis * Purchasing a Accounting a 
Systems Design Engineering 0 Manufacturing * Technical Writing 
Process Engineering * Integrated Circuitry Design a Microelectronic 
Thin Film Design e Reliability Engineering * Quality Engineering 

MARKETS AND PRODUCT AREAS: Aviation Systems Broadcast * 
Specialized M i l i t a r y  Systems * Telecommunication * Microwave 

Space Communication 4 Computer Systems Amateur Radio 

Collins representatives will visit more than 100 campuses 
this year. Contact your College Placement Bureau for 

details. Or you may send your resume, in confidence, to 
Manager of Professional Employment, Collins Radio Com- 
pany, Dallas, Texas 75207; Cedar Rapids, Iowa 52406; 
Newport Beach, California 92660; or Toronto, Ontario. 

COMMUNICATION /COMPUTATION /CONTROL 

COLLIN 

an equal opportunity employer 



As you contemplate one of the most important decisions of your life, 
we invite you to consider a career at Pratt & Whitney Aircraft. Here, 

you will find wide-open opportunities for professional growth with a 
company that enjoys an enviable record of stability in  the dynamic 

atmosphere of aerospace technology. 

We select our engineers and scientists carefully. Motivate them well. 
Give them the equipment and facilities only a leader can provide. Offer 

them company-paid, graduate-education opportunities. Encourage 
them to push into fields that have not been explored before. Keep them 

reaching for a little bit more responsibility than they can manage. 
Reward them well when they do manage it. 

And your decision is made easier, thanks to the wide range of talents 
required. Your degree can be a B.S., M.S., or Ph.D. in: MECHA 

AL a~ CHEMICAL e CIVIL ts M 

Consult your college placement officer-or write Mr. William L. Stoner, 
Engineering Department, Pratt & Whitney Aircraft, East Hartford, 

Connecticut 06108. 

n DIVISION OF UNITED 

EAST HARTFORD AND MIDDLETOWN, CONNECTICU 

WEST PALM BEACH, FLORIDA 



That's why we have a two- You may select special- 
year Rotat ion Program f o r  ized jobs, or broad systems- 
g radua t i ng  engineers who type jobs. Or you can choose 
would prefer to explore several not to change assignments if 
technical areas. And that's why you'd rather develop in-depth 
many of our areas are organ- skills in one area. 
ized by function-rather than E i ther  way, we t h i n k  
by project. you ' l l  l i ke  t he  Hughes ap- 

At Hughes, you migh t  
work on spacecraft, communi- It means you'll become 
cations satellites and/or tacti- more  versat i le  i n  a shor te r  
cal missiles during your first 
two years. you to workon several different (And your \ HUGH 

AH you need is an EE, ME assignments.. . and you can salary w i l l  L ------------ 
or Physics degree and talent. help pick them. show it.) H U G H F S  A I R C R A F T  C O M P A N Y  

A E R O S P A C E  DIVISIONS 

Microwave & Antenna Engineers For additional information, 
Electro-Optical Engineers please contact your College 
Microcircuit Engineers Placement Director or write: 
Space Systems Engineers 
Missile Systems Engineers Mr. Robert A. Martin 

Head of Employment 
Guidance & Controls Engineers Hugh es Aerospace Divisions 
Spacecraft Design Engineers 11940 W. Jefferson Blvd. 
Weapon Systems Engineers Culver City, California 90230 
Components & Materials Engineers 

Contact College Placement 
Office to arrange interview 

appointment. 
Circuit Design Engineers U.S. Citizenship is required 

I 
I 

I 
I 

Product Design Engineers An equal o ~ ~ o r t u n i t ~  employer 1 I 



Highway engineering i s  a rewarding career 

and the State of Washington is an exciting 

place to work and live. Every phase of high- 

way civil engineering i s  employed in the 

Washington Highway Department. 

Representatives from the Washington De- 

partment of Highways wil l  be on the Cali- 

fornia Institute of Technology campus 

Wednesday, February 19, 1969, interview- 

ing civil engineers. Interested students 

please sign up for an interview a t  your 

campus placement office. 

1 Shirley Verrett, mezzo-soprano. 
8 Repertory Dance Theatre of the University 

of Utah. 
14 Kipnis Mime Theatre. 
15 L.S.B. LeakeyÃ‘G'Lates Evidence on Man's 

Evolution in Africa." 
28 Isaac Stern, violinist. 

March 

7 Phaedre, performed in French by Productions 
d' Aujourd'hui. 

14 First Chamber Dance Quartet. 

13 The Pasadena Symphony, Richard Lert 
conducting. 

25 Ali Akbar Khan, sarodist, sitarist, drummer. 

ALUMNI ASSOCIATION OFFICERS AND DIRECTORS 
PRESIDENT 
Donald D. Davidson, '38 

VICE PRESIDENT 
Craig T. Elliott, '58 

SECRETARY 
Donald S. Clark, '29 

TREASURER 
John R. Fee, '51 

EXECUTIVE DIRECTOR 
James B. Black 

ALUMNI CHAPTER OFFICERS 

N E W  YORK CHAPTER 
President Frederick E. Wood, Jr., '51 

IBM Corp 1000 Westchester Ave. 
whiteplains, New York 10604 

Vice-President S. Kendall Gold, '42 
California Texas Oil Corp. 

380 Madison Ave., New York, New York 10017 
Secretary-Treasurer Harry J. Moore, Jr., '48 

IBM, Old Orchard Rd., Armonk, New York 10504 

B O S T O N  CHAPTER 
President John C. Russ, '62 

3A Edward Rd., Woburn, Mass. 01801 
Secretary-Treasurer Duane Marshall, '53 

205/5E Walden St., Cambridge, Mass. 02140 

W A S H I N G T O N ,  D.C. CHAPTER 
President Willard M. Hanger '43 

4720 Sedgwick St., N.W., Washington, D.C. 26016 
Vice-president Bernard B. Watson, '35 

Research Analysis Corporation, McLean, Va. 22101 
Secretary-Treasurer John T. Cookson, Jr., '66 

1225 Noyes Drive, Silver Spring, Md. 20910 

C H I C A G O  CHAPTER 
President Laurence H. Nobles, '49 

Dept. of Geology, Northwestern Univ., Evanston, Ill. 60201 
Vice-President Phii ip E. Smith, '39 

714 Forest Ave., Wilmette, Ill. 60091 

S A N  FRANCISCO CHAPTER 
President William N. Harris, '49 

5 Pembroke PI., Menlo Park, Calif.94025 
Vice-President Curt D. Schulze, '56 

1329 Terrace Dr., Millbrae, Calif. 94030 
Secretary-Treasurer Harrison W. Sigworth, '44 

10 Casa Vieja, Orinda, Calif. 94563 
Meetings: Engineers' Club, 16th floor, Hong Kong Bank BIdg., 

San Francisco 
Informal luncheons every Thursday a t  11:45 A.M. 
Contact Mr. Farrar, EX 9-5277, on Thursday morning 
for reservations. 

SACRAMENTO CHAPTER 
President Wayne MacRostie, '42 

3840 San Ysidro Way, Sacramento, Calif. 95825 
Vice-president Herbert H. Deardorff, '30 

3849 Annadale Lane, Apt. 4, Sacramento, Calif. 95821 

Meetings: University Club 1319 "K" St. 
Luncheon f i rs tFr iday o f  each month a t  noon 
Visit ing alumni cordially i n v i t e d ~ n o  reservation. 
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Absolutely. If you're a 30-year-old engineer who's 
hiled to keep up with the latest developments in his 
field. 

Because Western Electric's an acknowledged in- 
dustrial leader in graduate engineering training, that's 
one worry our engineers don't have. Our nearly- 
completed Corporate Education Center near Prince- 
ton, N. J., tor instance, will have a resident staff of 

offered, and about 2,400 engineers will study there 
in 1969. It's the most advanced facility of its kind. 

Ask around. You'll find that when it comes to antici- 
pating change, Western Electric is way out in front. 
And we make every effort to keep our engineers there 
too. See our recruiter or write College Relations, 
222 Broadway, New York, N. Y. 10038. 

A lot of study, and hard work, never hurt anyone. 
over 100. More than 31 0 engineering courses will be 



But not just for himself. 
Bob was Chairman of a special Jaycee project to se- 

lect the "Outstanding Young Educator" in Schenectady, 
New York. 

He began by rediscovering firsthand some of the vi- 
brant situations that confront young teachers. With that 
background he was ready to coordinate the nominating 
and judging. 

Planning and coordinating come naturally to Bob. 
As a Production Control Specialist with General Elec- 
tric's Medium AC Motor and Generator Department, 
he keeps production lines running smoothly. Coordinat- 
ing machinery. raw materials and labor is crucial to any 
efficiently run business. 

With a mechanical engineering degree from Cornell, 
in 1962, and an MBA in personnel administration from 
George Washington, in 1963, Bob sought to plunge 

directly into meaningful work. He'd had enough theory 
and simulations to last him for awhile. 

At General Electric he found people that agreed with 
his thinking, and what's more, GE offered him imme- 
diate responsibility via the Manufacturing Maria= cement 
Program. 

Like Bob Nerad, you can get a fast start at General 
Electric, in R&D, design, production or technical mar- 
keting. Talk to our man when he visits your campus. Or 
write for career information to: General Electric Com- 
pany, Room 801B, 570 Lexington Avenue, New York, 
N. Y.  10022 699-25 

AN EQUAL OPPORTUNITY EMPLOYER (MIF) 


