
Meeting of the ODM Science Advisory Committee wi th President 
Eisenhower and Arth ur S. Flemm ing, Director of the Office of Defense 
Mob ilization . Standing (left to right ): Emanuel R. Piore, Oliver E. Buck­
ley, Alan T. Waterman, James B. Fisk, Detlev W. Bronk, Bruce S. Old, 
J. R. Killian , Jr. , David Z. Beckler, Robert F. Bacher, Jerrold R. Zacharias, 
Charles C. Lauritsen. Seated (l eft to right) : Arthur S. Flemming; Presi­
dent Eisenhower; Lee A. DuBridge, Chairman; I. I Rabi. Photo by Abbie 
Rowe , courtesy National Park Service. 

I 

4 
SCIENCE ADVICE BEFORE SPUTNIK 

Science has been a formative factor in making both the federal 
government and the American mind what they are today. The 
relation of the government to science has been a meeting point of 
American political practice and the nation's intellectual life . This 
conjunction has been continuous from 1787 onward and has in­
teracted with both contributors . On the one hand, American de­
mocracy's very essence has been influenced by the presence of 
science . On the other, the institutions that harbored and fostered 
science in America would have been different, and much poorer, 
without the efforts of the government spread over many 
decades . 1 

A. Hunter Dupree 

PAST PRESIDENTIAL ACTIONS IN SUPPORT OF 
SCIENCE 
When we contemplate today's vast and intricate government 
structure for science and its diverse vitalities, we are inspired to 
understand the forces, many of them familiar, that created it. 

The Founding Fathers were intellectuals who perceived the 
symbiotic relationship between natural science and political de­
mocracy, between knowledge and power. There was the tower­
ing figure of Franklin, an inventor and scientist of great repute, 
an apostle of the Enlightenment, and a major influence in shap­
ing the alliance between government and science. There was 
Washington, one-time surveyor, as president advocate of a na­
tional university and of improved agricultural methods. There 
was the philosopher-statesman Jefferson, versed in many as­
pects of science and vigorous in putting it to work for the nation. 
And there was John Quincy Adams, who combined politics with 
an evangelical zeal for the advancement of science. Along with 
Washington, such men as Madison, Jefferson, Adams, and oth­
ers advocated a national university, understanding as they did 
the importance of knowledge in a republic. Their dream was 
shattered by narrow interpretations of the states'-rights doc­
trine, but the rational spirit of their visions helped shape the 
American mind . 

All these early presidents were active in initiating governmen­
tal institutions related to science, a number of which had to be 
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TB 
e and t chnolog made at my 

requt> t , the ommittee, of which Dr. 
JamesR ' 1lh abnef " lntrodu tiontoOut-
er pa " for der. 

Thi is not . i is a sober, realistic presentation pre-
pared by lea 1entists. 

I ha e found tatement o informative and interesting that 1 wish 
to hare it • th all the pt>ople of America and indeed with all the people 
of the earth. I hope that it can be w idely disseminated by all news med ia 
tor 11 clarifit>S man aspt>cts of space and space technology in a way 
which can be helpful to all people as the United States proceeds with its 
pt>aceful program in space science and exploration . Every person has the 
opportunity to share through understanding in the adventures which 
lie ahead . 

This statement of the Science Advisory Committee makes clear the 
opportunitit>S wh ich a developing space technology can provide to ex­
tend man 's knowledge of the earth , the solar system, and the universe . 
Thest> opportun ities reinforce my conviction that we and other nations 
have a great responsibility to promote the peaceful use of space and to 
util ize the new knowledge obtainable from space science and technol ­
ogy tor the benefit of all mankind. 

The While House 
26 March 1958 
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AN EXPLANATORY STATEMENT PREPARED BY THE 
PRESIDENT'S SCIENCE ADVISORY COMMITTEE 
What are the principal reasons for undertaking a national space pro­
gra m? Wha t can we expect to gain from space science and exploration? 
What are the scientific laws and facts a~d the technological means which 
it would be helpful to know and unders tand in reaching sound policy 
decis ions for a United States space program and its management by the 
Federal Government? This statement seeks to provide brief and intro­
ductory answers to these ques tions . 

It is useful to dis tinguish among four factors which give importance, 
urgency , and inevitability to the advancement of space technology . 

The firs t of these factors is the compelling urge of man to explore and 
to d iscover, the thrust of curiosity that leads men to try to go where no 
one has gone before . Most of the surface of the earth has now been ex­
plored and men now tum to the exploration of outer space as their next 
objective. 

Second, there is the defense objective for the development of space 
technology. We wish to be sure that space is not used to endanger our 
security . If space is to be used for military purposes, we must be pre­
pared to use space to defend ourselves . 

Third, there is the factor of national prestige. To be strong and bold in 
space technology will enhance the prestige of the United States among 
the peoples of the world and create added confidence in our scientific, 
technological, industrial, and military strength. 

Fourth, space technology affords new opportunities for scientific ob­
servation and experiment which will add to our knowledge and undt>r­
standing of the earth , the solar system, and the universe. 

The determination of what our space program should be must take 
into consideration all four of these objectives . While this statement 
deals mainly with the use of space for scientific inquiry, we fully recog­
nize the importance of the other three objectives. 

In fact it has been the military quest for ultra Jong-range rockets that 
has provided man with new machinery so powerful that it can readily 
put satellites in orbit, and, before long, send instruments out to explore 
the moon and nearby planets . In this way, what was at first a purely 
military enterprise has opened up an exciting era of exploration that few 
men, even a decade ago, dreamed would come in this century. 

WHY SATELLITES STAY UP 
The basic laws governing satellites and space flight are fascinating in 
their own right. And while they have been well known to scientists ever 
since Newton, they may still seem a little puzzling and unreal to many of 
us . Our children, however, will understand them quite well. 

,, 
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We al l now that the hard r ou throw a stone the farther it will travel 
before falling to earth . U ou ould imagine your strength so fantasti ­
cal! mult1pliedthat u ouldthrowa stonea taspeedof15,000m .p .h ., 
it would tra el a reat di tan e . It would , in fact, easily cross the Atlantic 
O ean before the earth's gravity pulled it down . ow imagine being 
able to thrm the tone ju t a little faster , say about 18,000 m.p.h ., what 
would happen th n? 

The tone would again cross the ocean , but this time it would travel 
mu h further than it did before . It would travel so far that it would over­
shoot the earth, o to speak, and keep falling until it was back where it 

tarted . in e in this imaginary example there is no atmospheric resis­
tance to low the stone down, it would still be travelling at the original 
speed, 1 ,000 m.p.h ., when it had got back to its starting point. So 
around the earth it goes again . From the stone' s point of view, it is con­
tinuously falling, except that its very slight downward arc exactly 
matches the curvature of the earth, and so it stays aloft- or as the scien­
tist would say, "in orbit"-indefinitely. 

Since the earth has an atmosphere, of course, neither stones nor satel­
lites can be sen t whizzing around the earth at tree-top level. Satellites 
must first be lifted beyond the reach of atmospheric resistance . It is ab­
sence of atmospheric resistance plus speed that makes the satellite pos­
sible. It may seem odd that weight or mass has nothing to do with a 
satellite's orbit. U a feather were released from a 10-ton sa tellite , the two 
would stay together, following the same path in the airless void . There 
is, however, a slight vestige of atmosphere even a few hundred miles 
above the earth, and its resistance will cause the feather to spiral inward 
toward the earth sooner than the satellite. It is atmospheric resistance, 
however slight, that has set limits on the life of all satellites launched to 
date . Beyond a few hundred miles the remaining trace of atmosphere 
fades away so rapidly that tomorrow 's satellites should stay aloft thou­
sands of years, and, perhaps, indefinitely. The higher the satellite, inci­
dentally, the Jess speed it needs to stay in orbit once it gets there (thus, 
the moon 's speed is only a little more than 2,000 m.p .h .), but to launch a 
satellite toward a more distant orbit requires a higher initial speed and 
greater expenditure of energy. 

THE THRUST INTO SPACE 
Rocket engineers rate rockets not in horsepower, but in thrust. Thrust is 
just another name for push , and it is expressed in pounds of fore~ . ~e 
rocket gets its thrust or push by exhausting material backward. It 1s this 
thrust that lifts the rocket off the earth and accelerates it, making it move 
faster and faster . 

As everyone knows, it is more difficult to accelerate an automobile 
than a baby carriage. To place satellites weighing 1,000 to 2,000 pounds 
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in orbit requires a first-stage rocket engine, or engines, having a thrust 
in the neighborhood of 200,000 to 400,000 pounds. Rocket engines able 
to supply this thrust have been under development for some time. For 
launching a satellite, or other space vehicle, the rocket engineer divides 
his rockets into two, three, or more stages, which can be dropped one 
after the other in flight, thus reducing the total weight that must be 
accelerated to the final velocity desired . (In other words, it is a great 
waste of energy to lift one huge fuel tank into orbit when the tank can be 
divided into smaller tanks-each packaged in its own stage with its own 
rocket motor- that can be left behind as they become empty.) 

To launch some of the present satellites has required rockets weighing 
up to 1,000 times the weight of the satellite itself. But it will be possible 
to reduce takeoff weights until they are only 50 to 100 times that of the 
satellite . The rocket's high ratio of gross weight to payload follows from 
a fundamental limitation in the exhaust velocities that can be achieved 
by chemical propellants . 

If we want to send up not a satellite but a device that will reach the 
moon , we need a larger rocket relative to its payload in order that the 
final stage can be accelerated to about 25,000 m.p .h. This speed, called 
the "escape velocity," is the speed with which a projectile must be 
thrown to escape altogether from the gravitational pull of the earth . U a 
rocket fired at the moon is to use as little fuel as possible, it must attain 
the escape velocity very near the beginning of its trip. After this peak 
speed is reached, the rocket will be gradually slowed down by the 
earth's pull, but it will still move fast enough to reach the moon in 2 or 3 
days. 

THE MOON AS A GOAL 
Moon exploration will involve three distinct levels of difficulty. The first 
would be a simple shot at the moon, ending either in a "hard" landing 
or a circling of the moon. Next in difficulty would be a "soft" landing. 
And most difficult of all would be a "soft" landing followed by a safe 
return to earth. 

The payload for a simple moon shot might be a small instrument car­
rier similar to a satellite. For the more difficult "soft" landing, the carrier 
would have to include, as part of its payload, a "retrorocket" (a dtceler­
ating rocket) to provide braking action, since the moon has no atmo­
sphere that could serve as a cushion. 

To carry out the most difficult feat, a round trip to the moon, will 
require that the initial payload include not only "retro-rockets" but 
rockets to take off again from the moon. Equipment will also be required 
aboard to get the payload through the atmosphere and s.lely back to 
earth. To land a man on the moon and get him home aa.fely again will 
require a very big rocket engine indeed-one with a th.rust in the neigh-



k-orhN'<i .:,f c-nf' c-r ,~ m1ll1c,n rc'unds \\'h1l nuclear po r ma pro e 
supenC'r tc, chem1.:al fuels m engines of mult1-m1ll1on-pound thrust, 
e-,-,,n the ah~m "' 111 rronde no short cut to space e plorahon . 

_ ndtnF, a small instrument earn r to ars , althou h not requu-ing 
much more m1ti.al rroruls1on than a 1mple moon hot , ould take a 
much lonfer tra\'el time 1' month or more). and th problem of navi• 
gallon anJ final gu1dan e are formidable. 

Mt~::,AGE 

Fortuna tel ·. thee ploration of the moon and nearb planet need not be 
held up for lac of et engine big enough to end men and ins tru· 
ment earners out into pace and home again . Much that scient is ts wish 
to learn trom ~telhte and pace voyage into the solar sys tem can be 

athered by m trument and tran mitted back to earth . This transmis• 
10n, 1t turns out, is relat1 ely ea with today's rugged and tiny elec• 

tromc equipment . 
For example , a tran mitter with a power of just one or two watts can 

e~i.ly radio mformation from the moon to the earth . And messages from 
Ma.rs , on the average ome 50 million to 100 mill ion miles away at the 
tune- the roe et wouJd arrive , can be transmitted to earth with less power 
than that used by most commercial broadcasting s ta tions . In some 
ways , indeed , it appears that it wil l be easier to send a clear radio mes• 
sage between Mars and earth than be tween ew York and Tokyo. 

11us all leads up to an important poin t about space exploration . The 
cost of transporting men and material through space will be extremely 
high, but the cost and difficulty of sending informat ion through space 
w ill be comparatively low . 

WILL THE RES UL TS JUSTIFY THE COSTS? 
Since the rocket power plants fo r space exploration are alr~ady in exis­
tenc.e or being developed for military need, the cost of add itional scien­
tific research, using these rockets, need not be exorbitant. Still, the cost 
will not be small, e ither . This raises an important question that scien­
tists and the general public (which will pay the bill) both must face : 
Since there are still so many unanswered scientific questions and prob­
lems all around us on earth , why should we start asking new questions 
and seeking out new p roblems in space? How can the results possibly 
justify the cost? 

Scientific research, of course, has never been amenable to rigorous 
cost accounting in advance . Nor, for that matter, has exploration of any 
sort. But if we have learned one lesson, it is that research and explora• 
tion have a remarkable way of paying off- quite apart from the fact that 
they demonstrate that man is alive and insatiably curious. And we all 
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feel richer for knowing what explorers and scientists h.lve learned about 
the universe in which we live . 

It is in these terms that w e must measure the val ue of launching satel­
li tes an d send ing rockets into space . These ventures may have p ractical 
util ity, some of wh ich will be noted later . But the scien tific questions 
come firs t. 

THE VIEW FROM A SATELLITE 
Here are some of the things that scientists say can be done with the new 
satellites and other space mechanisms. A satellite in orbit can do three 
th ings : (1) It can sample the strange new environment through which it 
moves ; (2) it can look down and see the earth as it has never been seen 
before ; and (3) it can look out into the universe and record information 
that can never reach the earth 's surface because of the in tervening atmo­
sphere. 

The sa tellite's immediate environment at the edge of space is empty 
only by earthly standards . Actually, "empty" space is rich in energy, 
radiation , and fas t-moving particles of great variety. Here we will be 
exploring the active medium , a kind of electrified plasma, dominated by 
the sun , through wh ich our earth moves . Scientists have indirect evi­
dence tha t there are vas t systems of magnetic fields and electric currents 
that are con nected somehow with the outward flow of charged material 
from the sun . These fields and currents the satellites will be able to mea­
sure for the firs t time . Also for the fi rst time, the sa tellites will give us 
a detailed three-dimensional picture of the earth's gravity and its mag­
netic fi eld . 

1,ysicists are anxious to run one crucial and fairly simple gravity ex­
J-l~riment as soon as possible . This experiment will test an important 
prediction made by Einstein's General Theory of Relativity, namely that 
a clock will run faster as the gravitational field around it is reduced. ff 
one of the fantastically accurate clocks, using atomic frequencies, were 
placed in a satellite and should run faster than its counterpart on earth, 
another of Einstein's great and daring predictions would be confirmed. 
(This is not the same as the prediction th.It any moving clock will appear 
to a stationary observer to lose time-a prediction that physicists 
already regard as well confirmed.) 

There are also some special questions about cosmic rays which can be 
settled only by detecting the rays before they shatter themselves against 
the earth's atmosphere . And, of course, animals carried in satellites will 
begi~ to a_nswer the question: What is the effect of weightlessness on 
phys1olog1cal and psychological functions? (Gravity is not felt inside a 
satellite ~ ~a~se the earth's pull is precisely balanced by centrifugal 
force . This 1s Just another way of saying that bodies inside a satellite 
behave exactly as they would inside a freely falling elevator.) 
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Th ~telhte that ,11 tum 1ti. attentH,n downward hold grea t pro m1s 
form teon. ... k ... i. , and the e, ·entual improvement of w at her foreca ting . 
Pre!'t'nt weather _ tall on. on land ands a can • ep only about 10 percen t 
ol the atmosphere under urve11lan Two or thre , eather satellite 
could ma ea ck-ud inventory ot th whole glo b every f , hour . From 
th J.S inventor,• met('(\l"\."'11,,psts behev the ould pot lar e tonn (in-
luding hurrKane!'\ in their earl tage and hart their direc tion of 

mo em nt w ith much more a ura than at pre ent . Other instruments 
in th ~telhtes ·ill mea ure fo r the fi rst time how much olar energy is 
falling upon the earth ' a tmo phere and how mu hi reflected and radi­
att'd bac mto pa b I u ean , the cont inen t , and by the great 

polar ice field . 
lt 1 not general! appreciated that the earth has to end back into 

pa . over the long run , e actly a much heat energy as it receives from 
the un . lf tlus were not o the earth would ei ther heat up or cool off. But 
there 1 an e of income over outgo in the tropical regions , and an 
excess of outgo o er income in the polar regions. This imbalance has to 
be rontmuousl rectified by the activity of the earth 's atmosphere 
w hich e call weather. 

By loo mg at the atmosphere from the outside, satellites will provide 
the first real accounting of the energy imbalances , and the ir conseq uent 
tensions , all around the globe. With the insight gained from such s tud­
ies , meteorologists hope they may improve long-range forecasting of 
world weather trends . 

Finally, there are the satellites that w ill look not jus t around or down, 
but out into space . Carry ing ordinary telescopes as well as special in­
struments for recording X-rays , ultraviolet , and other radiations , these 
satellites cannot fail to reveal new sights forever hidden from observers 
who are bound to the earth. What these sights will be, no one can tell . 
But scientists know that a large part of all stellar radiation lies in the 
ultraviolet region of the spectrum, and this is totally blocked by the 
earth's atmosphere. Also blocked are other very long wavelengths of 
"light" of the kind usually referred to as radio waves . Some of these get 
through the so-called " radio window" in the atmosphere and can be 
detected by radio telescopes, but scientists would like a look at the still 
longer waves that cannot penetrate to earth. . 

Even those light signals that now reach the earth can be recorded with 
brilliant new clarity by satellite telescopes. All existing photographs of 
the moon and nearby planets are smeared by the same turbulence of the 
atmosphere that makes the stars twinkle. Up above the atmosphere the 
twinkling will stop and we should be able to see for the first_ time what 
Mars really looks like . And we shall want a really sharp VIew before 
launching the first rocket to Mars. 

295 
Appendixes 

A LOS -UPOFTHEMOON 
While these satellite observations are in progress, other rockets will be 
s triking out for the moon with other kinds of instruments. Photographs 
of the back or hidde·n side of the moon may prove quite unexciting, 
or they may reveal some spectaru lar new feature now unguessed . Of 
greater scient ific interest is the question whether or not the moon has a 
magnetic field . Si nce no one knows for sure why the earth has such a 
field , the presence or absence of one on the moon should throw some 
light on the mystery . 

But what scien tists would most like to learn from a close-up study of 
the moon is someth ing of i ts origin and history. Was it originally mol­
ten ? Does it now have a flu id core , similar to the earth's? And just what 
is the nature of the lunar surface? The answer to these and many other 
questions should shed light, directly or indirectly, on the origin and 
his tory of the earth and the surrounding solar system. 

While the moon is believed to be devoid of life, even the simplest and 
most primitive, this cannot be taken for granted. Some scientists have 
suggested that small particles with the properties of life-germs or 
spores- could exist in space and could have drifted on to the moon. H 
we are to test this intriguing hypothesis we must be careful not to con­
tam inate the moon 's surface, in the biological sense, beforehand. There 
are strong scientific reasons, too, for avoiding radioactive contamin­
ation of the moon until its naturally acquired radioactivity can be 
measured . 

. .. AND ON TO MARS 
The nearest planets to earth are Mars and Venus. We know quite enough 
about Mars to suspect that it may support some form of life. To land 
instrument carriers on Mars and Venus will be easier, in one respect, 
than achieving a "soft" landing on the moon. The reason is that both 
planets have atmospheres that can be used to cushion the final ap­
proach . These atmospheres might also be used to support balloons 
equipped to carry out both meteorological soundings and a general 
photo survey of surface features . The Venusian atmosphere, of course, 
consists of what appears to be a dense layer of clouds so that its surface 
has never been seen at all from earth. 

Remotely controlled scientific expeditions to the moon and nearby 
planets could absorb the energies of scientists for many decades. Since 
man is such an adventurous creature, there will undoubtedly come a 
time when he can no longer resist going out and seeing for himself. It 
would be foolish to try to predict today just when this moment will 
arrive . It might not arrive in this century, orit might come within one or 
two decades . So much will depend on how rapidly we want to expand 
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at earth, atellite wilJ be entering into the everyday 
affau-s men. ilJ they be aiding the meteorologists , b u t they 

uld urel - and rather quickly- be pre ed in to service fo r expand­
rid-, ide communications, including intercontinental televis ion . 

t pre ent all tran -oceanic communication is by cable (which is 
tl to in tall) or b hortwave radio (which is easily d isrupted by 

olar t rm ). Televi ion cannot practically be beamed more than a few 
hundred miles becau e the wavelengths needed to carry it w il l not bend 
around the earth and will not bounce off the region of the atmosphere 
known a the ionosphere. To solve th is knotty problem, satell ites may 
be the thing, for they can serve as h igh-flying radio relay s ta tions. Sev­
eral suitably equ ipped and properly spaced sa tell i tes would be able to 
receive TV signals from any poi nt on the glo be and to relay them d irectly 
-or perhaps via a second satelli te- to any other point. Powered with 
solar batteries, these relay s tations in space should be able to kee p work­
ing for many years . 

MfLITARY APPLICATIONS OF SPACE TECHNOLOGY 
The development of military rocke ts has provided the technological 
base for space exploration. It will probably continue to do so, because of 
the commanding military importance of the ball is tic missile . The sub­
ject of ballistic missiles lies outside our present d iscuss ion . We ask in­
stead, putting missiles aside , what other military applications of space 
technology can we see ahead? 

There are important, foreseeable , military uses for space vehicles . 
These lie , broadly speaking in the fields of comm unica tion and reconnais­
sance . To this we could add meteorology , for the possible advances in 
meteorological science which have already been described would have 
military implications. The use of satellites for radio relay links has also 
been described, and it does not take much imagination to foresee uses of 
such techniques in long range military operations. 

The reconnaissance capabilities of a satellite are due, of course, to its 
position high above the earth and the fact that its orbit carries it in a 
predictable way over much of the globe. Its disadvantage is its necessar­
ily great distance, 200 miles or more, from the surface. A highly magni­
fying camera or telescope is needed to picture the earth's surface in even 
moderate detail . To the human eye, from 200 miles away, a football sta-
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di um would be a barely di s tingu is hable speck. A telescopic camera can 
do a good deal be tter, depending on its size and complexity. It is cer­
ta inly feasible to obtai n reconnaissance information with a fairly elabo­
rate ins trument, information which could be relayed back to the earth 
by radio . 

Much has been written about space as a future theater of war, raising 
such s uggestions as satellite bombers, military bases on the moon, and 
so on. For the most p ar t, even the more sober proposals do not hold up 
well on close examina tion or appear to be achievable at an early date. 
Gran ted tha t they w ill become technologically possible, most of these 
schemes, nevertheless, appear to be clumsy and ineffective ways of do­
ing a job. Take one example, the sa tellite as a bomb carrier. A satellite 
canno t si mply drop a bomb . An object released from a satellite doesn' t 
fall. So there is no special advantage in being over the target. Indeed, the 
only way to " drop" a bomb directly down from a satellite is to carry out 
aboard the satell ite a rocke t launching of the magnitude required for an 
intercontinental missile . A better scheme is to give the weapon to be 
launched from the sa tell i te a small push, after which it will spiral in 
graduall y. But tha t mea ns launching it from a moving platform halfway 
around the world, w i th every disadvantage compared to a missile base 
on the ground . In short, the earth would appear to be, after all, the best 
weapons carrier. 

Th is is only one example; each idea has to be judged on its own mer­
its . There may well be important military applications for space vehicles 
wh ich we cannot now foresee, and developments in space technology 
wh ich open up quite novel possibilities . The history of science and 
technology reminds us sharply of the limitations of our vision . Our road 
to future strength is the achievement of scientific insight and technical 
skill by vigorous participation in these new explorations. In this setting, 
our appropriate military strength will grow naturally and surely. 

SPACE TIMETABLE 
Thus we see that satellites and space vehicles can carry out a great vari­
ety of scientific missions, and a number of military ones as well. 

Indeed, the scientific opportunities are so numerous and so inviting 
that scientists from many countries will certainly want to participate. 
Perhaps the International Geophysical Year will suggest a model for the 
international exploration of space in the years and decades to come. 

The timetable below suggests the approximate order in which some of 
the scientific and technical objectives mentioned in this review may be 
attained. 

The timetable is not broken down into years, since there is yet too 
much uncertainty about the scale of the effort that will be made. The 
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ln conclusion, we venture two observations . Research in outer space 
affords new opportunities in science, but it does not d iminish the im­
portance of science on earth. Many of the secrets of the universe will be 
fathoml'.!d in laboratories on earth, and the progress of our science and 
technology and the welfare of the Nation require that our regular scien­
t ific programs go forward without loss of pace, in fact at an increased 
pace. It would not be in the national interest to exploit space science at 
the cost of weakening our efforts in other scientific endeavors . This 
need not happen if we plan our national program for space science and 
technology as part of a baJanced national effort in aJI science and tech­
nology. 

Our second observation is prompted by technical considerations. For 
the present, the rocketry and other equipment used in space technology 
must usually be employed at the very limit of its capacity. This means 
that failures of equipment and uncertainties of schedule are to be 
expected. It therefore appears wise to be cautious and modest in our 
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p redictions and pronouncements about future space activi ties- and 
quietl y bold in our execution . 
Dr. James R. Killian, Jr., Chairman , Dr. Robert F. Bacher, Dr. William 0 . 
Baker, Dr. Lloyd V. Berkner, Dr. Hans A. Bethe, Dr. Detlev W. Bronk, 
Dr. James H . Doolittle, Dr. James B. Fisk, Dr. Caryl P. Haskins, Dr. 
George B. Kis tiakowsky, Dr. Edwin H. Land, Dr. Edward M. PUiceU, 
Dr. Is idor I. Rabi , Dr. H . P. Robertson, Dr. Paul A. Weiss, Dr. Jerome B. 
Wiesner, Dr. Herbert York, Dr. Jerrold R. Zacharias. 
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ism ' and go on to demonstrate leadersh ip m human affairs - th 
apantv to use and shape technology as a powerful ins trument 

for enhancing the quality o t our society and for cont ri but ing 
to the solution of the great human problems of our time . Thi 
emphasis on broadenmg engmeermg educa tion anticipated the 
current development of new programs in engineering schools to 
prepare engmeers more effectively fo r deali ng with sociotechni-
al problems and for helping to participate effectively in national 

hey making w ith respect to such problems as urban affairs, 
improvement of the environment , and technology assessmen t. 

The report was also prophet ic in its anticipa tion of today's 
emphasis on equal opportun ity for women . "Women constitute 
an enormous potential resource for research, sc holarsh ip, and 
teachin g which we have not even begun to tap . We should begin 

nsc ious efforts to assist them to make contributions ." 
In th is sampling of the wide-rang ing observations and recom­

mendations of the DuBridge report , I wou ld note particularly the 
great emphasis it gave to curriculum reform, to the importance of 
scholars ' in the univers ities join ing with teachers in precollege 
schools in develop ing modem curricula , and to the great need for 
teacher tra ining for handling the new curricula . This emphasi s is 
not surprising. One of the members of the PSAC panel which 
prepared the report was Professor Jerrold Zacharias, an innova­
tive..phys1cTo t at MIT, who took pioneering leadership in the 
curriculum refo rm movement for science instruction . In 1956, 
Professor Zacharias came to me in my capacity as president of 
MIT with a memorandum he had written on the need for improv­
ing the teaching of science in h igh schools and on the possibility 
of using fi rst-rate films as teaching aids to improve science 
teaching . This memorandum was the beginning of what later 
became the Physical Sciences Study Committee, a panel of lead­
ing physicis ts in the universities which addressed itself to think­
ing through what a modem high-school curriculum in physics 
should be, and then to the arduous labor of preparing such a 
curriculum with the necessary textbooks, films, laboratory 
equipment, collateral readings, and other aids. This was to grow 
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into a major enterprise commanding support from private foun­
dat ions, bu t principally from the National Science Foun dation 
and, in total, rep resenting an expenditure of more than 
$6,000,000-a mod est amoun t when one computes the cos t per 
s tudent instructed by th is PSSC course in physics. This course 
was to have worldwide impact, and i t became the flagship of a 
whole group of efforts that brought together scholars in the uni­
versities with outstanding teachers in secondary schools to pre­
pare modem conten t and improve teaching aids for courses in 
chemistry, biology, mathematics, and other su bjects . This cur­
riculum reform movement was to have its impact on the im­
provement of college curricula and on the development of new 
courses in the social sciences. It Jed to the es tablishment of a new 
kind of educational institution, a nonprofi t corporation known 
as Educational Services, Inc ., which became a vehicle for bring­
ing together scholars and teachers to engage in the development 
of new teaching materials . It is now known as the Education De­
velopment Center, Inc., and is still engaged in curriculum devel­
opment in science, mathematics, and social science, here and 
abroad . 

The PSAC report with the endorsement of President Eisen­
hower certainly helped to further this currif ulum reform move­
ment and to encourage federal agencies such as the National 
Science Foundation and the U.S. Office of Education to make 
funds available for the improvement of education. 

In his statement accompanying the publication of the report 
by the White House, President Eisenhower expressed the hope 
that it would stimulate a wider understanding of the importance 
of excellence in our educational system . "One subject discussed 
in the report warrants special emphasis," he said . "The impor­
tance-of raising the standing of our teachers in their communi­
ties. Higher salaries are a first requirement, but we need also to 
recognize the great importance of what teachers do and to accord 
them the encouragement, understanding and recognition which 
would help to make the teaching profession attractive to increas­
ing numbers of first-rate people." The New York Times gave 
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been tronger if 
me of it own pecial brand of 

t p-ra ' ing officer freely predicted 
uld unque tionably be fought with space 
of the mailer air force fry had visions of 

, • and dropping bomb from satellites . The air force, 
·er, did not t e thee treme view of Medaris that its on-

om m i tie program would be a technological fallo ut from its 
pa e program . 

lt trange now to recall the fantasies that Sputnik inspired in 
the minds of many able military officers . It cast a spell that 
caused otherwise rational commanders really to become roman­
tic about space . o sir, they were not going to fight the next war 

1th the weapons of the last war; the world was going to be con­
trolled from the high ground of space. (Lyndon Johnson also took 
this view.) And they were convinced that their service, be it 
army or air force, was best qual ified to develop the exotic tech­
nology that would be needed for space warfare-and for civilian 
use, too. In recall ing these conflicts and fantasies, I also recog­
nize that most of these star-struck officers were also motivated 
by a laudable concern for the defense of the nation. I cannot say 
the same for some parts of the aerospace press which outra­
geously conjured up even wilder fantasies and scare talk, usually 
in the interest of circulation and advertising from the aerospace 
industry. 

To cope with this fierce competition within the department of 
defense, Secretary McElroy created a new agency within his of-

12 
f, nh AJv, ry mm1tt (P 

fi e to und rtak ad vane d research and development a p ar from 
th lhr rv1ces The Advanced Research Projects Agency 
(ARPA) had b n r commended to the secretary by an mformal 
advi ory comm1tt of astute industr1al1sts in which Charles 
Thomas, onetime chief executive officer of the Monsanto Com­
pany and sometime member of the ODM Science Advisory Com­
mittee, played a leading role, with me coming up fast in close 
support. It proved to be one of the most valuable organizational 
inven tions of the period. My enthusiasm for it led me to recom­
mend Dr. York to be chief scientist of ARPA, although he would 
be a grea t loss to my group. He talked with me at length about the 
job, and I encouraged him to accept Secretary McElroy's invita­
tion to take the pos t. 

The secretary saw another function for this central DOD 
agency. He indicated that ARPA was to centralize the DOD's 
space programs and he hoped that it would reduce the rivalry 
among the services . This centralization of space in the DOD 
drew bitter opposition from the air force and the cacophony in 
creased . In announcing plans for ARPA, McElroy had also indi­
cated that ARPA stood ready to work with any civilian space 
agency that might be established or even to manage the civilian 
as well as the military space programs. The establishment of 
ARPA was a fine idea for the DOD, but this tentative and self­
serving offer to give it the responsibility for the nation's space 
program was ill timed. Several days before ARPA was formally 
launched, Eisenhower had announced that he had asked PSAC 
to recommend an organization to manage the national space 
program. 

Among the other organizational possibilities was the Atomic 
E_nergy ~ ~mmissi~n, which had been urged by the Congres­
s10nal Joint Committee to add space to its responsibilities, a pro­
posal endorsed by the Federation of American Scientists. There 
were premature visions of atomic-propelled rockets and other 
fantasies involving the use of nuclear power, but perhaps in the 
distant future nuclear-propelled space vehicles will be needed. 
Still another organizational arrangement was proposed by sena­
tors Humphrey, McClellan, and Yarborough, who introduced a 
bill to create a department of science, which would include a 
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Th h I pro rc1m wa und r gre t pre ure to meet dead-
lin , part1 ularly th d dime for the voluntary one-year cessa­
t1 nofnu I ar t t thattheUrntedStateshadcommitted1tselfto 
a of l ctob r 1958 Staggering rn cale and comple 1ty, 1t was 
a b auttfully managed and highly successful expenment from 
beginning to end. Three rockets were launched from the rolling, 
pitching d ck of the Norton Sound, and all three were successful 
in delivering the nuclear test devices. Although thousands of 
people were involved , the tests were conducted in almost perfect 
secrecy- I say " almos t" beca use Hanson Baldwin of the New 

York Times had advance knowledge of the exp eriment, but the 
Times responsibly p ublished nothing about it until 19 March 
1959, when it broke the s tory, with the science parts written 
by Walter Sullivan . The tes ts had been conducted in September 
1958. 

Once the tes ts had been conducted, a great debate within gov­
ernment developed as to what kind of public announcement 
should be made, if any. There was a tricky question involved 
relating to the International Geophysical Year because some of 
the data-gathering facilities that were employed were IGY facili­
ties, and there was a general IGY commitment to publish the data 
from work done under the program. 

While recognizing that there were important military uses for 
the data yielded by the experiment and that this information 
should be kept secret, nevertheless there were strong convic­
tions in PSAC that the experiment should be made public and 
such results as could appropriately be published should be made 
available for the benefit of the scientific community. I think it 
was appropriate that the execution of the experiment at the time 
it took place and its results analyzed should not have been an­
nounced , because there were certain features of the experiment 
in which it was important that information be gathered about 
the extent to which it might have been observed by the Soviets. 
The matter, however, was taken out of the hands of the govern­
ment by publication in the New York Times, displayed with a 
front-page splash : " U.S. Atom Blasts 300 Miles Up. Mar Radar, 
Snag Missile Plan; Called 'Greatest Experiment. "' Walter Sulli-

.. 
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0 UNITED STAT ES GO\'ERNl\[ENT 

OP. ~l as~if,ed by ~::>~-375' DATE :Jl l!:?..rch 1949 
dat 2 0 A?P. 1:77 

"" i:.,,_ _ s !.c~ t 1ne of 1.rnconv-:>'!J.. t io'!1nl obj 0c t 'J c~ b e bro:~en down into the 
~ ollO\:i.::-.._:;: 

l. Objects ldent! fied ~s conve'!1 t~o~al ~ircr~ft~ 

a. Astrophysi cal ( □ <:!t'.:'o rs, co:":e t!J, ~12.ne toids). 

b~ . Elec~ro~oie ticQ.l (bn.11 li f!ltn.ir.6 , 
p!1osp~1ores ce?1cc, corona , etc.). 

4. Hoa.":. 

St. Zlt10' s !'ir~, 

-. 

5 . . Unexplained . n 
> 

• ' Of t!le 1mexplained ob_ject s there ar:? t'hc followi:r.g pcssib!Ht!e~ 
(."') 

JJ.. ITa.tur2.l terr~strial pheno::1e~a: 

( 1) re t ~oro lofi. cal (b~ll U ~h tnin~) • 
(2) So::1e ty:')e of :l..'1. ,:m!-::-.al. 
(J) llallucinz.tor., or ps j·choloe;! cal oric;!n. 

c. Extra-terr~stri~l objects: 

(1) Met gors. 
(2) .Antoo.ls. 
(3) Sp~c~ t hi~s. 

-
N 

Studie o~ th v~rto~s ,~ssibilities hnve been J:1:1.dc by Dr. u..~~ 
,OE, Dr. Vntl 1 of !HT, Dr . Li.pp of Proj,c•t R~d., Dr. •J!)"!!l'}'i~ ot --Qb ~ 
c.nd. , ero !-ted.!.cal te • 

That th9 ob., f!c t n nr~ fro::, outer sp:-.ce or arff a..'l advo.nc~e.. o.i:-crn.f't of a 
rorcit·n pover le a possib!.lity , but th~ abov~ croup have concluded. tna.t it 

ts bir.hly ir:tr,roba"ole. . . . 1 
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Washington-Drive to hold down defense spending is not expected to 

affect the Advanced Research Project Agency's Project' Defender, in which 
exploratory research and development is being conducted in the field of 
ICBM defense techn ique and penetration aids for U. . missiles (see p. 
n). Defense Dept. i e -pec ted to seek $125 million for this effort in Fiscal 
1965- the appro:,imate amou nt appropria ted for th current fi scal year. 

RP will, however, on en tr te on ct:tting back or abandoning programs 
that how little promise, o it may apply the funds to new projec ts. One 
program that ha )read , been aba ndoned for lack of promise is the Bambi 
roncept of I Bl\1 d fen e (A\ ct. 21, p. 23), which involves the use of 
satellite-born int r ptor mi ile . 

"While the Bambi onccpt migh t 
hav~ _b en tcchnicc11l po iblc, the re­
hah1hty required wa man order of 
magnitude beyond what we can hope to 
obtain in the foreseeable future" ac-
.rording to Dr.- Charle He~feld 
ARP ' deputy director. ' 

pproximately half of the Project 
Defen?er budget i expected to be 
spent m the effort to gain more knowl­
edge of the re-eo try cha racteri tics of 
di.fferen t types of warheads th rough 
mea urement ?f their aerodynamic per­
~nnance, their radiation in the optical, 
infrared wavelength and thei r radar 
brget characteristics at different fre­
queneie , broadly termed " ignatures ." 

The re-entry physics program "has 
been particularly productive during the 
past year," according to Dr. Herzfeld. 
"We are gaining important new knowl­
edge from almos t every shot we make." 
~use of the large amount of re-entry 
Signature data obtained during the past 
~ear, where formerly there was almos t 
~ void, there will be increased emphasis 
u_nng the coming yea r on analvsis of 
~~ data ~nd develop(ng theories that 
'1il permit more basic understanding 
and future extrapola tion without the 
Deed for so many expensive test shots. 
A Whe~e pr~viously there was some 
- l'lllf 1mpa t1ence with the re-entry_ 
~ysics program iri _its eagerness to pusl:i -

ead with product10n of the Nike Zeus 
fOh- lCBM missile, today there is uni-
~sal agreement that the research effort 
ct paid off handsomely ill' greatly in­
~ed understanding of the ICBM de-
f.q problem, according to Herzfeld. 
ia!Ually important, it has provided in­
a uabJe knowledge for the develop-

;:crit of devices and techniques to im­
Ootte the ability of our own ICBMs to 

~ ate an enemy missile defense sys-
p' he said. 

~ ogr~m to investigate technical and 
"rn °rn1c feasibility of a relatively 

reached a to whether such a defense 
would be ufliciently effective and inex­
pen ive to warrant its adop tio n, or 
whether the funds could better be spent 
to build additional mi ss iles. Present 
c timatcs indicate Hardpoi nt defense 
cos t wou ld be quite high, but the final 
an wer depends in part upon the future 
adva nces that can be expected in tech­
nology, particularly in high-acceleration 
defensive missiles. 

Boeing currently holds an ARPA con­
tract for feasibility studies on the Hibex 
,·cry-h igh-accclera tion defensive missile. 
Contract calls for Boeing to build full ­
size experimen ta! models for flight test 
during the coming year. Boeing's choice 
of ~ company to develop the fast-bum 
solid-propellant booster is expected to 
be announced very soon. 

ARPA's research program in propel­
lant chemistry has reached the point 
that the agency believes it should be 
transferred to one of the military serv­
ices to accelerate application of new 

propellants to weapon systems,, acc~>rd­
ing to Dr. R. L. Sproull, ARPA s d1~ec 
tor. The agency has been spe~dmg 
about $23 million annually on thIS ef­
fort, or roughly 10% of its total budget. 
proull came to ARPA _ last fall from 

Cornell University. 
About half of Project Defender's cur­

rent budge t is being spent on the re­
ent ry physics program, including _re­
sea rch in penetration aids. The Pacific 
Range Electromagnetic Signature Study 
- PRESS- now is in full operation at 
Kwajalein Atoll . The facil ity includes 
the Tradcx radar, built by Radio Corp. 
of America, an extremely high-power 
equipm-ent That oper~tes _!,oth at_UHF 
(425 me.)_ and_L-band (1,320 me-.} fre-
_quencies . - - _ _ 

Recently, the ARPA Measurements 
Radar (Amrad), built by Raytheon, -has 
become operational at the White Sands 
Missile Range. 

The remaining 50% of the Project 
Defender budget is being spent to de­
velop new types of radar techniques that 
have possible application to ICBM de­
fection and defense. This includes, for 
example, new techn iques for electroni­
cally scanning radar beams. 

ARPA also is supporting research in 
optical masers (lasers) under Project 
Defender. While lasers "are an exciting 
new technology, and certainly an im­
portant one, we have a very long row 
to hoe before they may play a role in 
ICBM defense," one ARPA spokesman 
said. 

lo r>le ICBM defense sys tem designed 
ll'Jepr?tect hardened underground mis­
~ tes and vital command centers, 

th aa Hardpoint, till is under tudy 
. c Rand Corp. and Columbia Una-
1?'. (AW Jan. 7, 1963, p. 34). No 
nttive conclu ion ha yet been 

AMRAD RADAR, developed by Raytheon for Advanced Research Projeds Agency's Project 
Defender ICBM defense program, ii irutalled at White Sands Miuile Range to make 
precision radar cross-section and Doppler ahift re-entry measurements on Athena and other 
target,. Radar uaa a 60.ft. antenna and 1 10-mepwatt peak-power tnnnnitter. 
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------- THE AMERICAS-----------------~ 
changed to minuses in 1954. Foreign 
trade declined, too. 

PANAMA: 

Death at the Track 
Col. Jose ntonio Rem6n, -16- ear-old 

Presiden t of Panama, was a greu t sports 
lover. He never missed a ball gam , a 
fight or a hor e race if h could help it. 
Thi 11nday, as h did whenever h 
could spare th time, h dropped in at 
Juan Franco racetra k- for th last tim . 

r the race , ere over and th 
crowd had filed out, th Pr sident and 
hi part\' lingered in the brightly-lighted 
pr idential en lo ure. Suddenly there 
' a bur t of ub-machinegun fire fro m 
the darkened infield. The President fe ll 
with a bullet in his right side. He was 
ru hed to anto Tom ho pital, where 
the. announcement came hortl after 
9 :32 P.~f.: "The Pre id~nt is dead." For­
eign fini ter Jose Ramon Guizado took 
over the presidenc at once. 

During the night in a eries of raids 
police arre ted more than twenty sus­
pects including former Pre ident Arnulfo 
Arias. He had been removed from office 
in 1951 by Rem6n's police forces follow­
in a blood palace battle. 

"Chichi" Rem6n, as chief of the Na­
tional Police-Panama has no army-had 
been his country's strong man and Presi­
dent-maker since 1947. After four Presi­
dents had moved into and out of office in 

rapid and disord rly succ ssion, he re­
luctantly cl cided to run himself and was 
el ted easily- and honestly- in 1953. 

He proved to b on of Panama's 
ablest and most honest Pr sidcnts. He 
was a good fri nd of th U.S., a bitter 
fo of omnrnnism. and a stabi lizing in­
Huenc ' in the s nsitive ar a around th 
Panama ana l. 

Rem6n's last offi ial accompushment 
was a diplomatic triumph, when h nego­
tia ted a n w Panama Canal treaty with 
th U.S. on terms markedly fa vorable 
to Panama. 

CANADA: 

A Bouncing Economy 
The Canadian story of the year in 

1954 was covered in the financial sec­
tions of the newspapers. It was the.story 
of how this country of 15 million people 
pulled through last year's "inventory re­
cession" with only a slight pause in its 
progress from a raw, undeveloped land 
to a strong, industrial nation. 

The 1954 picture wasn't unrelievedly 
bright; the post-Korea recession did hurt 
Canada. There were SO per cent more 
business failures , 4.3 per cent of the 
working force was unemployed as com­
pared with 2.6 per cent the year before, 
national savings were down, and many 
plus signs in the 1953 economic indices 

W•telulo• •I th Nertlt, Sensitive instruments in the rubber-coated 
domes of radar stations liJce this are the first line of Canadian-U.S. defense 
against transpolar attack. Eventually there will be three lines. The Pfnetree 
~ . 111rea-dyopentfng; 1s an umbrella over southem·Ontario and Quebec 
a d rtain w_ ian.-.ei . The mid-Canada line, now being built 
by the Canadian,, stretche above the settled areas. The U.S. will spend a 
billion dollan ( with Canadian contributions ) on Distant Early Warning 
(DEW) line through the Canadian Arctic. The DEW line will be a 
"McGill Fence: per, more efficient, and more automatic than ordinary 
radar. Some of the station, will be on ice b l nds in the Arctic Ocean. 
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But in spite of higher unemployment 
and business vicissitudes, the country's 
over-a ll income increased slightly: Peo­
ple with jobs were getting higher wages, 
and slightly lower taxes meant more 
spendable pay. Third-q uarter figures on 
the gross national product, about which 
economists had '4'0rried earuer in the 
year, showed anadians producing 
goods and services at a rate of $23.8 
billion a year, only 2 per cent less than 
the record $24.3 billion total in 195,3. 

If 1954 wasr 't as good as the peak 
year of 1953, it! was better ( as in the 
U.S.) than any other. On the whole, the 
outlook was far from depressing. Trade 
and Commerce Minister C.D. Howe 
admitted in his year-end review. 

Howe listed some reasons for the 1954 
slowdown : ( I) Many businessmen un­
loaded goodo/ they had stockpiled during 
the Korean ~risis. ( 2 ) International com­
petition wi s getting sharper. (3) The 
brief recession in the U.S. had a depress­
ing effect' on Canadian exports. 

But tne chief reason was lower farm 
output,. caused by the failure of the 
wheat crop. Wheat production totaled 
less than 300 million bushels, the smallest 
since 1943 and less than half the record 
harvest of 1953. Farm cash income was 
down 13 per cent. 

The dip in business last year was 
notable because it was so limited in ex­
tent, according to Gordon R. Ball, presi­
dent of the Bank of Montreal. Present 
conditions, he said in his annual report, 
contain the ingredients for gradual re­
sumption of normal growth. 

Among these conditions: A sharply 
growing exploitation of. natural resources ; 
the establishment of new and diversified 
manufacturing industries ; and a popula­
tion that is increasing at a rate approach­
ing 3 per cent a year. 

There are signs that last year's down­
turn in foreign trade has about run its 
course. In November, commodity exports 
and imports both increased substantially 
over the figures for preceding months 
and for November 1953. Wheat orders 
are mounting; the market for base metals 
has improved; and conditions in the im­
portant American market, which absorbs 
just over 60 per cent of Canada's exports • 
are generally finner, The overseas de: 
mand for raw and processed materials is 
stronge! and , is expected to improve. 

Foreign capital, especially U.S. dollars, 
is still being attracted to Canada. Close 
to 500 million U.S. dollars sought invest­
m~nt . opportunities in Canada last year, 
bnngmg the total American investment 
to about $9 billion and helping to main­
tain the Canadian dollar at a premium. 

Most experts would probably agree 
with Howe that Canada in 1955 will 
bounce out of an economic decline but 
that there will ,till be IOIDe trouble spoa. 



Military Research, Development Contractors 

Na me of Cont ractor 
•nd Location Th ous ,rnd 

of Dollar 

(Top 500-Fisca/ 1967) 

R11nk 

u.s. Bu in s Compani s 

Nam o f Con tra ctor 
11 nd l oca tion 

Philed lr,hh1 , Pa ......... .. 

Thousa nds 
of Doller !i Renk 

Nam of Contractor 
and location 

Thouaanda 
of Dollars 

Lockheed Alrcraf1 Corp .. .... . . 
Huntsvflle. Ala ........ . ... . 
B urba nk. Callf ............ . 
£d ards AFB C11III 
Gu11d11lupe , C

0

11llf .. ::::: ::: 
Lompoc. Cellf . .. . . ....... . 

708,779 
667 

10,869 
14 

I 0 ,663 
12,605 

Vall ey Forge , Pe .. . ...... .. 
Burlington, Vt. .. ..... . ... . 

4 Wes t rn I c trl c Co. I nc ... ... . 
TT Pa c .... .. ........ ..... . 
Lompoc, Cell! . . . . ....... . . 
Point Muru . Calif .. ....... . 
Redoncto Bee ch , Calif . . . . . 
Santa M on ica , Calif .. . .. . . 

98 ,68 1 
21 ,086 

4 , 153 

41 3, 974 
138 

1,247 
3 ,569 
1,986 

Son ClemPnte I s., Calif .. . . 
San DI po,Ce llf .. .. . ... . .. 
Torranc e, Cellf. . .... ... .. , 

Plin AFB , Fla ........... . . 
PeluKent River, Md . . . ... . 
Na<>sho, Mo ... . .. .. . .. . . . 
Cloudcroft, N . M .. ... . ... . 
Whil e Sanc1 ~ M S, N . M . , .. 
Columbus, Ohio . ...... ... . 

20 
102 
35 
58 
31 

Los Anpele . Cellf ...... .. . 
ounte ln iew. Calif ..... . 

Ontario , Call! ............. . 

43 -
25 4 

Orlando, Fie ....... . . ..... . 
B edford , Me ss ...... ... .. . 

t . Peul. Minn . .. .... . .... . 

39 , 127 
66, J l 0 
50,938 
16, 13 2 

Tulr a . Okla . ........... .. .. 
Johns ville , Pa ...... .. . ... . 
McGrepor , TeK .... .. ..... . 

9,075 
150 

54 
41 ,590 

302 
11 

877-
25 

3 

Palmd11le , Calif .. . ........ . 
Pa lo A lto . Cali f .. . ...... . . . 

J 05 
550 

Redlands . Calif ........... . 
San Die Ro, Cali f .......... . 

l ,796 
J ,480 

97 
4 03,05 4 

27,656 
5 ,689 

21 7.474 
6 .930 

l 15 
2 .3 44 
3 ,302 

53 

unny ale . Calif ......... .. 
an uvs . Calif ........... . 

Cocoa B each , Fla ......... . 
Marietta , Ga ............. . 
le Ve as , N ev ........... . 
Edison. N . J ............. .. 

etuchen , N . J .......... . 
Pla infield , N , J ..... ...... . 
Watchung , N . J .......... . . 
Wes t long Branch , N . J .. . 
Holloman AFB. N . J ...... . 
White Sends MS. N . M ... . 
lan(!ley AFB , Ve .... .. .... . 

orlolk , Ve .......... . . ... . 

2 G1mer11 I Dynamics Corp . . .... . 
Lom poc, Ca lif .. . ......... . 
Pomona , Ca li f ...... .. .... . 
San Diego, Calif. . ..... .. . . 
Fenwick , Conn ........... . 
Groton , Conn .. . ....... ... . 
Cape Kennedy, Fla .. ... . . . 
Cocoa Beach , Fla ... . .... . 
Orla ndo, Fla . .. . .......... . 
Bethesda. Md . ......... . .. 
Petuxent River. Md ...... . 
Quincy, Mass ............. . 
Les Vegas, Nev ... .. ...... . 
Wh ite Sands MS, N . M ... . 
Rochester, N . Y .... ..... . . 
De inperfleld, Tex .... . . .. . . 
Fort Worth , Tex . . . . ...... . 
Camp McCoy. Wis ..... .. . . 

447 
JOO 

2 ,01 8 
178 
362 

461 , 130 
11 ,044 
6 1, 766 
76,919 

4 ,500 
8 ,027 

105 
60-
51 
57 
30 

5 ,490 
159 

l .433 
l 1,583 

2 ,367 
277,619 

40 

ne.-el Electric Co ... ... . ... . . 
TT Pac . .. ..... .......... . 

439,090 

United Kingdom .......... . 
Phoenix, A.-lz .... .. ....... . 
Pleaunton, Calif ....... . . . 
San Jose. Cali f ........... . 
Santa Ba.-bara , Calif ...... . 
Bloom fle ld , Conn ......... . 
B ridl!'eport, Conn ........ . . 
Washington , 0 . C ......... . 

39 
209 
214 
710 
24 

4, 723 

Daytona Beech, Fla . . .... . 
Gelnesvlll . Fla ... •4.... . .. -

-Owensboro, Ky . .......... . 

92 
139 
785 
399 _ 

40 
546 

21 
505 

20 
46,922-

5 ,546 
1,3 72 

36 

ChHapeake Beach, Md •.. 
Boston. Meas .......... .. . 
lynn. Mesa . ... . ... , ..... . 
Plttafleld , Mau ...... . ... . 
West Lynn. Mess ........ : . 
White Sanda M S, N . M . : . . 
Auburn , N . Y ..... , .... , .. . 
Ba llston Spa, N. Y ....... . . 
Binghamton , N. Y ........ . 
Johnson City, N . Y ... .... , 
Schenectady, N . Y ..... ... . 
Stockbridge, N. Y . ....... , 
Syracuse, N. Y . ......... .. 
Utica, N. Y .. , ...... , ..... , 
Cincinnati, Ohio .. . ....... • 
Evendale, Ohio, ...... ....• 
Oklahoma City, Okie ..... .. 
Kina of Prussia, Pa ....... . 

250 
18 

1,646 
23,590 

555 
26,953 
18,823 

111,668 
36,944 

12 
32,369 

Note: Dollar total followed by • minus algn 
1-) lndlcataa contract cancellatlons In •xceaa 
If new awards. 

Fallon . N ev . . .. .. . ....... . . 
Kearn y, N . J . .......... .. . 
Wh ippany, N . J .. . ....... .. 
la ~ Cruce s, N . M .. .. ..... . 
Whit e San d s M S, N . M ... . 
N ew Yor k , N . Y .. .. ...... .. 
Syrac u se , N . Y ..... . ..... . 
B u rlinpton , N . C ..... . . . . . . 
Green sboro, N . C . ........ . 
Winston -Salem , N . C .... . . 

5 M cDo nnell Douglas Corp . .. .. . 
Johnstn . .. . . . ... . . . . . . . . . . 
Huntington Beach , Ca lif. . . 
Lompoc, Calif . . . .... .. ... . 
long Beach , Calif . .. .. . . . . 
Los Anpeles . Calif ........ . 
Newport Beach , Calif. ... .. 
Santa Monica , Calif ... . .. . 
Torrance , Calif. ... ... ... . . 
Cape Kenn edy, Fla . .... . .. 
Cocoa B each, Fl a .... ... .. . 
Titus ville, Fla .. .... ...... .. 
Robertso n, Mo . . ... . .... . . . 
St. Lou is, Mo ..... ..... . .. . 
Tulsa, Okla ...... ..... . ... . 
J ohnsville, Pe . .. .. .. . ... .. 

6 N orth Amer ican Rockwell Corp . 
A na h eim, Ca li f . .. . . . ..... . 
Canoga Pa r k , Calif ....... . 
China Lake, Calif . .. . .... . . 
Downey, Ca li f .. . .. .. .. ... . . 
El Segundo, Ca lif . .. . . .... . 
Lo s A ngeles, Ca lif .. . ..... . 

11 
12 

80,670 
623 

1, 464 
55,301 
2 3 ,675 
68,958 

1,200 
2 ,813 

236,826 
30 

l 0 7,028 
19,669 
3,659 

94 
2 1 1 

28, 463 
129 
126 

14-
8 ,8 16 

185 
58,301 
10,031 

98 

236,1 65 
135,178 

15,005 
300 

2 ,552 
451 

32, l 03 

Quantico, Ve .......... . .. . 

7 Boeing Co . . .. . . .... .... ...... . 
Hunt svlil P, Ale .... . .. . . ... . 
Wichi ta . Kan ... ......... .. 
la~ Vepas , Nev ... . .. . . ... . 
Coil inpdale , Pa . . . . . ...... . 
Mort on . Pa . ........ ...... . 
Renton , Wa sh ...... .. .... . 
Seattle , Wash .... . ...... . . 

8 Hughes Ai rc raft Co . . . . .. . .. .. . 
For eign . ... ... . . . .... . ... . . 
Tu cs on. Ari z . .. . ... . . .... . 
Ca nopa Park , Ca li f . . . . .. .. 
Ch i na Lake , Calif. ... . ... . . 
Culver City , Ca li f ........ . . 
£1 Segundo, Calif ......... . 
Fullerton , Ca li f .. .. ....... . 
Goleta , Calif . .. ........... . 
Los An,:,eles , Ca li f . . . .. . .. . 
Malibu , Cal i~ . . . ....... . . . . 
Newport Beach , Calif .. .. . . 
Sen Diego, Ca li f . . .. . . . . .. . 
Torrance , Ca li f . . ... . . . . .. . 
Dayton, Ohio .. . . . .. .. . . . . . 

9 Marti n Marietta Corp . .. .. . .. . . 
Ch ina Lake, Cal if.. , ... . . . . 
Lompoc, Calif .. . . . . . .. .. . 
Los Angeles, Calif ... . .. .. . 
Point Mugu, Calif . ... . . . .. . 
Denver, Colo . . ... . .... .. . . 
Littleton, Colo .. . . . . .. ... . . 

(Conti n urd on p . 75) 

Rover Jet Designed for Belgian Drone 

220 ,3 20 
378 

4 , 146 
2 0 7 

16 
3 .604 
I ,884 

210,085 

165,909 
200-
203 

3 ,4 14 
2 5 

128.62 8 
1,092 

26,395 
150-

4 ,9 fi 5 
1,0 62 

42 
80 

16 5 
188 

155,821 
19 
10 
32 
28 

82,949 
2 ,571-

Prototype Rover T.J.•125 turbojet, designed to power the Belgian Epervler unmanned 
aurvelllance drone, weighs 43 lb. The 114-lb.·thruat engine 11 1 derivative of the 
Rover 2S/ 150A used II an auxlllary power unit i n aircraft end ground effect 
machln • · It has I pressure ratio of 3.9, 1 m111 flow of 2.05 lb./nc. and • turbine 
ntry temperatur of 1,185K. 

Awlation WNk & Space Technology, March 11, 1968 
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ts MANAGEMENT 
ai:i Nikita . 

,tt~~ DOD Lists Biggest Research Contractors 
Russi1, The following tabulation by the ffi ce of the ccr tary of Dcfen e lists 500 CONTRACTOR NAME 

• 00 RANK AND LOCATION ommunist military pnme contra tor a ording to the net value of awards of $10,0 or 
t until ll'· 1110re for experimental. cb·clo1 mental , tc t and research ( E TR) work 

r\I-20 tw- during Fi cal 1963. T h li. t i arra nged in thr e ec tions. Section one in lucks 
r-enginc 

V n-1,, 
~erio~ a 
time. _!)( 
] eogin 

m U. . bu inc fim1 . ; s tion two list 119 educational institutions, gov­
ernment agencie and oth r non-profit instituti n ; four foreign contractors 
romprise ection three . -

... :\ portion of tion one appear in -- thi issue. The rema~ncl~r- of the list 
of 3 firm , along \\' ith e tions two and three, will appear _in a subsequent _ 

confinncd ~11e. Of the 00 ontractor on the Fiscal 1963 Ii t, 125 were contractors who 
ding hig) did not app r on the Fi ca l 1962 Ji t. Of the 377 busin ss firm s on the cur-
lent cos t 1· ('d 'fi d • fi Th turboprq, trn I t I n ti e by a ten k), 118 were mall business rms. ese are 
\\ est denoted by an after the location. 

1dignanth In addi tion to the 500 1i tcd contractors, 1,339 other .contractors received 
, fev fri- prime con tract award of 10,000 or more for EDTR work during Fiscal 1963, 

aking a total of l. 39 contractors in all. 
:hi Fi cal 1963 edition of the list was reproduced from accounting ma­

dune tabulation . Becau c of machine limitations, non-standard abbrevia­
tion ha,·e been u eel in some cases. Other changes in presentation: 
• In tead of a single entry and location for each contractor, this report shows 

ie Ill location where the prime contractor was expected to perform the work. 
,ce. Last , ~-­
's "exit v0ntractors were formerly ranked separately in each section, so that there 
heduld ' 45 a number one busine s firm and a number one non-profit institution. In 
for U ~is report, contractors in all sections are ranked in a single sequence. Omis­
twin~ llOn of a number indica tes contractor with that rank is in another section . 
r-tufbt>. ~ Foreign firms have been listed in a separate section, instead of being included 
use tlt h m t e section with government agencies and non-profit institutions. 

ep~ 
s" d IANK 

CONTRACTOR NAME 
ANO LOCATION 

.. St2t: 

~. t1t 
el. . 

w· 
tesb 

'. [ 
00 hr 

's ':" 
ni.nlT 
Coat 
~ 

wot 
:oB~ -:f Ill 

l.ocltheed A ircroft Corp. 
8urbonk 
Lompoc 
Lo, Ang ele, 
Moywood 
P'o lmdole 
P'a lo Alto 
Redlond 1 
Sunnyvale 
Cocoo 8eoch 
Morietta 
M ludlen 
f'loinfleld 
Clar1i 
Wright f'oltersc-i 

G al 0y11amla Carp. 
lompoc 
,OffiOfta 

Son Diego 
Graton 
Coc.oaa odl 
Roct.este, 
Jo twille 
Dolngerfteld 
fan WOtfh 
Co111p~ 

Cali f . 
Calif . 
Ca li f. 
Ca li f. 
Ca li f . 
Ca lif . 
Ca li f. 
Calif. 
Fla. 
Go. 
M. J. 
M. J. 
M. J. 
Ohio 

Cali f . 
Ca li f. 
Calif . 
Cortn. 
flo. 
N. Y. 
ra. 
Tea. 
Te&. 
w . 

J M rr111 M rletto Corp. 
T uc:aon Ariz. 
O.ic.o C lif. 
lo.poc Collf. 
De11ver Colo. 
Ufflet°" C Jo. 
Coc.oa Ho. 
Orlo11do flo. 
Wldllto K 11. 
10111-• Md. 
Middle lbvor Md. 
fort~ N. J. 
Wrlfht '•".,._ Ohio 
lopld City L D, 

' Nortti Alilorko1t AvlotlcNI Inc. 
Aliahol11t CaUf. 
l11rba11k Calif, 
CallOfo ,ark Callf. 

(000) 
547 , 82' 0 

5,227 
89 

2'9 
17 -
136 
722 

3 , 021 
536,692 

Al 
1, 034 

23 
323 
264 

I .C 

519,31 .C• 
22 , 995 
63,952 

337,5 46 
1,72.C 

II, 263 
S,33 8 

21 
S,33' 

71,048 
93 

457, 891° 
IU,613 

2,600 
19 , 220 
99,117 

141,S.n 
24 

U,212 
JI 

.U,294 
1,910 

20 
I.SO 

10,001 

'94,37'e 
U ,IU 

s, 
36,UI 

RANK 
CONTRACTOR NAME 

AND LOCATION 
Downey 
El Segundo 
Inglewood 
La, Angelea 
Me01ho 
Reno 
C0lumbu1 
McGregor 

5 Boeing Co. 
Lom poc 
Santo Morla 
Cocoa Beach 
W ich ita 
Knob Noller 
Great Foll, 
M inot 
Morton 
Rapid City 
Renton 
Seattle 
Cheyenne 

6 Western Electric Co. 
Lompoc 
Santa Monica 
Cocoa leach 
Orlando 
Keorny 
Monmovlh 
Murray HIii 
Whippany 
lot Cruc .. 
Whippany 
New York 
lurllnglOII 
W lntlon al.,., 
Allentown 

7 O0110,al llodrlt Co. 
H1111t1vlllo 
,hoenla 
Loytonvlh 
lo111,oc 

~: .... :i~ ... 
"•01onl01t 

Calif. 
Ca lif. 
Cali f. 
Cali f. 
Mo. 
Nev. 
Ohio 
Tex. 

Cal if. 
Calif. 
Fla. 
Kan. 
Ma. 
Mont. 
N. D. 
Pa. 
s. D. 
Wo1h. 
Wa1h. 
Wyo. 

Calif. 
Calif. 
Fla. 
Fla. 
N. J, 
N. J. 
N, J. 
N. J. 
N. M. 
N. J. 
N. Y, 
N. C, 
N, C. 
,a. 
T, T. he. 

Ale, 
Aris. 
Calif. 
Calif, 
Calif, 
Calif, 
Colif. 

fl 4VIATION WEEK & s,ACE TECHNOLOGY, January 13, 1964' 

(000) 
162,776 

39 
98 

17A ,395 
977 

I ,-112 
I, 621 
I , 1 33 

363,701 • 
I A, 877 
3,200 

,40 

8,707 
860 

3,006 
I, 160 

822 
77 
SJ 

329,509 
1,390 

273,959· 
574 

77,186 
943 

2,361 
303 

10,561 
692 

133,731 
.CII 
190 

1,773 
32,099 
,,639 

.n• 
1,416 

m,1;:: 
tf-
92 

3,S06 
136 
S79 
793 

San JoH Calif. 
Santo Barbaro Calif. 
Washington 0 . C. 
Doytono Beadl Flo . 
Owen1boro Ky. 
Balt imore Md. 
Bethe1da Md. 
Fitchburg Mau. 
Holyoke __ . - Mau. 
L-ynn _ Mou. 
Pi ttsfleld Mau. 
West Lynn Mau. 
Ballston Spa ~ - Y. 
Buffalo N. Y. 
Ithaca N. Y. -
Johnsto" City N. Y. 
Schenectady N. Y. 
Syrocu1e N. Y. 
Ut ica N. Y. 
Cincinnati Ohio 
Evendale Ohio 
W . P. A. F. 8. Ohio 
Oklohomo City Okla. 
Er le Pa . 
King of Pruula Po. 
Ph iladelphia Po. 
Plthburgh Pa . 
Valley Forge Pa. 
Irmo S. Co, 
Bur lington Vt. 
Lynchburg Va . 
Roanoke Vo. 
Waynesboro Va. 

8. W . Ind. 

8 Aeroiel General Corp. 
Yuma Ariz. 
Azu10 Calif. 
Downey Calif. 
El Monie Calif. 
Sacramento Calif. 
Valpara ilO Fla. 

9 Oougla, Aircraft Co. Inc. 
El Segundo Calif. 
Lompoc Calif. 
Long Beach Calif. 
Santo Monica Calif. 
Torrance Calif. 
Cocoa Beach Ao. 
Charlotte N. Car 
Tulsa Okla. 

10 Sperry Rand Corp. 
Phoenix Ariz. 
Edwards Calif. 
San Diego Calif. 
San f.:ronciKO Calif. -
New London Conn. 
South Norwalk Conn. 
Waterbury Conn. 
Clearwater Fla. 
Cocoa Beach Flo. 
Gaine1ville Fla. 
Oldsmar Fla. 
Bedford Mau. 
Sudbury Ma1t,. 
Detroit Mich. 
St. Poul Mln11. 
Fort Monmouth N. J. 
Alamogordo N.M. 
Corle Place N. Y. 
Garden City N. Y. 
Great Neck N. Y. 
Ilion N. Y. 
long l1lond City N. Y. 
Syo11et N. Y. 
Tulia Okla, 
llue lell ,a. 
rhllodelphlo Pa. 
Salt lake City Utah 
Charlotteavlh Va. 

II Herculfl ,awder Co. 
WllmlngtOft DeL 
Kenvll N. J. 
Port !wet1 N. Y. 
locchua Utah 
Ma911a Utah 
ltocliet Cet1tor w. Vo. 

12 We1tl119ho11ao lloctrlc Corp. 
Newb"'J.'orti Collf, 
Su1111yva Calif. 
Waallln9loll D.C. 
loltl1110,o Md, 
lllirld90 Md . . 
WlnthrOft Ma-. 
Detroit Midi. 
11001111\old N. J. 
Rod 1011k N. J. 

(000) 
285 

2 ,720 
143 
78 

.CH 
25 

100 
40 

113 
, ,-533 

11,43.C 
_ 8 ,53 6 

16 
- 42 

922 
1,69.C 

31,283 
U , 477 
3,758 

11,898 
7, IOI 

1'8 
911 
363 
271 

110 , 436 
, so 

1,137 
79 

.C ,509 
5,714 

16 
21 

100 

202 ,1 77° 
677 

38,7 11 
10,356 

76 
150, 953 

1,"40.C 

159,471 • 
495 

21,6.CS 
1,920 

131,267 
369 
623 
328 

2 , 824 

134 , 195° 
1,573 

198 
-78 
30 

1.,,9.C 
.Cl-
16 

705 
1"0 

86 
422 

24 
so 
59 

21,52" 
32 
27 

271 
179 

56,764 
327 

.C,200 
43,009 

17 
279 

39 
1,667 
1,026 

u2,122e 
19,741 

32 
31 

3,000 
79,SIS 
30,396 

130,9S2e 
327 

31,023 
SOI 

29,US 
370 

31 
97 
SQ 
0 

83 

I , , 

i 
II 

l:-
1 

I: . .. h· 
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RANK CONTRACTOR NA 
Malo AND LOCA TIO:E (000) 

RANK COANTRACTOR NAME 
Clnd"natl ND LOCATION (000) 

RANK CONTRACTOR NAME 
c11"°" AND LOCATION 

~"'Ira N. Y. 
o":;, ... ead, N. Y. 
Lima on ~ - Y. 

hendale Ohio 
Tvl,o Ohio 
Wllllamoporl Okla. 

730 
60 
71 

235 

Nutley H.J. 
l'oramvo H. J. 
lloowoll H.J. 
Allu1 H. M 

lla lnvlll e O~llo 
Cheowkk I' o 
Larve I' 

0

• 

~o ol l'lthburg ,.:: 
l:;;e:•t HIii ~o. 

30 
601 
127' 
269 
474 
170 
62 
82 
18 
,o 

16 Gen eral M l'a , 
El Sovun:~oro Cor p• 
Golo la 
~onfo lorboro 

Call f. 
Collf. 

~:'."· 

16,819' 
29 

1,55' 
295 

30 
283 

6,.057 
397 
219 

SA 

Spokane Okla.' 
Cheyenne Wool,. 

23 Wyo 
Thlokol Chemical C • 

Huntovlllo orp, Ala . 
CaHf. 
Md. 
Md. 
N, J, 
N. J. 
l'a . 
Utah 
Utah 

I' lladel ~1 I' o. 
l' ill b p,, a a . 
Shar.;vh ~a . 
Troff rd ,.:: 

vnv d l'o . 

I J l'on l'a. 
Tu "'n'kon World Alrw 

12 ◄ 

65, 9~~ 
116 
36 6 
661 

A~d:~:nCh y 
l"dla"opo llo 
Kokomo 
Dolrolt 
fl lnt 
MIiford 
Pont loc 
Warren 

Ind . 
Ind . 
Ind . 
Mich. 
Mich, 
Mich. 
Mich. 
Mich. 
Ohio 

76 
88 

loo Angolo, 
Baltimore 
Elkto" 
Denv ille 
Trenton 
Brl,tol 
Brigham City 
log an 

Co<0a I ad, a,C r!~c. 
Fla. 

121 ,2 1.S-
9,70.S 

109 ,83 6 -
1,67 4 

Cl •eland 
Hvd,on 
Mllwovkeo 
Ook Creek 

_ Ohio -
WI,. 
Wlo. 

346 
17,627 

57, 4~; 
2-' u nilod Alruafl Cor 

Edward, A F I P• 
San Diogo • •• -

n i.o dio Cor Fort H P• of Amerk 
Tvoon voclwca - a 

Po,ad no 
Von Nvy, 
'to invton 

1:::e~dloeodl 
fort Meade 
l urUnglon 
W inthrop 
Comden 
Horriion 
~oore,tawn 

P, :-::::nwn 
Somerville 
New York 
Croydon 
lonca1t r 
Philadelphia 
Alexandria 

Av«> Corp. 

St:;tft;_~don 

~,onn•n•ill• 
~ chmond 

Ca". 

Ari•. 
Ari•. 
Calif. 
Collf. 
D. C. 
Flo. 
Md. 
Md. 
Mon. 
Mou. 
N. J. 
N. J. 
N. J. 
N. J. 
N. J. 
N. J. 
N. Y. 
Pa. 
Po. 
Po. 
Va. 

111 , fi9• - -
83 

102 
320-

1, 56A 
I , 502 

36 
1,768 

265 
2$ , 557 

180 
30 ,746 

2
1, 659 
6,652 

HO 
12,.447 

463 
-' , 329 

63 
l,H7 
I , 642 

11" 

104,692' 
26 

25 , 026 
21 

1,784 
5,431 

71,li~ 

Arit. 
Ari• . 
Collf;­
Callf . 
Collf. 
Calif. 
Colif. 
Coli!. 
Colif. 
Colif. 

19 Sylvonio El eclric N. Y. 
,Ytounto in V' Products Inc. 
Needh ,ew C W I om He igh I olif. 
Woo tham Man. 

burn Mou 
An" Arbor Mau· 
l Ba Cruce, Mien• 

uffolo N M 
Towa"da N: y,' 

22 International T Pa. 
Lompoc elephano/ Tel. Co 

~~~ Fernando Calif. 
F ,cogo Calif 
Tort Wayne Ill. • 
opeka Ind 

Lincoln Ka~ . 

- 2 , 260 

80 , ou--
68 

65.m 
131 

9 ,160 
152 

3,225 
874 
191 
202 

49 

71,331 • 
29,153 

1
3,941 
5,448 

201 
12 

2"5 
22,268 

63 

65,.33"" 
3,.86.( 

710 
S,.149 

25 B 

Sunnyvale 
Broad llrook 
Ea,t Hartford ­
Hartford 
Middletown 
Norwalk 
Stratford 
Wlnd,or Lodi 
';'°'' Palm 11:ad, 
ort Bonning 

•ndlx Corp 
Edwardo 
loo Angolo, 

S
No,rth Hollywood 

Y mar 
Von Huy, 
Ml,hawoko 
South lend 
Davenport 
Baltimore 
Tow,on 
Ann Arbor 
Detroit 
Southfleld 
Eatontown 
Teterboro 
Sidney 
York Ever•" 

lowel 
W !lmington 
W ,nlhrop 

Conn. 
Conn. 
Ind. 
Ind 
Ma

0

u . 
Mau. 
Mau. 
Mau. 90 Omaha Neb Neb: 

271 
70 
31 
67 26 Ford Motor Co. 

The one oscillograph of trace velocit . paper for widest r. 
Thi ies-Ansco L. ange 

8 
universal h lnat clearly hi h P oto-recordin race A-4 

makea It ! /requenclea at h~ paper haa the h. I 
Anaco lndu:t;;:.lted to r latlvJt l~ace velocltl: • •p;;d required to reco d 

r pr aentatlve tor :.:.''tln1 ap~ ·•P;:,/~: latitude th:t P te detail on Lia ona. Ask your natrace A-,. 

Collf. 
c .. ~f. 
Callf. 
Conn. 
Conn. 
Conn. 
Conn. 
Conn. 
c­
Conn. 
Flo. 
Go. 

Calif. 
Calif. 
Ca li f 
Calif 
Calif 
Ind. _ 
Ind. 
Iowa 
Md. 
Md. 
Mich. 
Mid,. 
Midi 
H.J. . 
N. J. 
N. Y. 
l'a . 
Co"' 

(OQ 
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