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Science, L iteral Arts,
or Both?

Br ig a d ie r  Ge n e r a l  Ge c il  E. C o mb s

N
O T  m any years ago, the part that education played in the 

career of fhe officer in the Arm y or the Navy was fairly 
simple. T he Service academies provided what, at the time, 

seemed an adequate grounding in the liberal arts, a degree of 
scientific literacy adequate to the operation of the weapons of the 

day, and enough experience w ith the hardw are to perm it a grad- 
uate to function effectively as a jun ior officer in a tactical unit or 
aboard ship.

U pon this basic education, actual Service experience built a 
high degree of competence for the em ploym ent of troops, planes, 
and ships in action, and professional Service schools provided spe- 
cialized instruction in the art of logistics, planning, and the com- 
m and and employment of larger units. O nly a few officers finally 
attended the higher institutions of learning, such as the Arm y and 
Navy W ar Colleges where for the first time, and somewhat late in 
an officer’s career, he was exposed to problems that went outside 
the field of m ilitary and naval operations.

This pattern , which I adm it is oversimplified, has not met the 
requirem ents of the Air Force, even back in its early days. From  
the beginning, the problems of flight have required men who, if 
not in themselves scientists or engineers, were men with the scien­
tific spirit of inquiry, and with an understanding of scientific 
method and an awareness of technical potential. We must remem- 
ber that the phenom enal growth in m ilitary aviation has not been 
a technical advance forced upon unwilling m ilitary aviators but 
ra ther has been a response to the dem ands of these aviators, and, 
I m ight add, a response that has always been behind the require- 
ment. W hatever one m ay say about the conservatism of the mili­
tary mind, there can still be no question tha t the im petus to the 
development of m ilitary aviation has in large measure come from 
the farsighted recognition of its possibilities by the m ilitary avia­
tors themselves—and this during a long period in which they were 
considered little better than visionary enthusiasts.
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If this was true during the years of adolescence of air power, 
it is certainly even more im portan t today. For example, the Air 
Force today expends annually for research and development a sum 
of money which exceeds the average annual appropriation to all 
the m ilitary Services during the thirties. T he adm inistration of 
research and developm ent programs of this size obviously requires 
on the part of the officers engaged a higher levei of scientific 
com petency than was ever heretofore necessary. Even though we 
contract with civilian institutions of learning, with research foun- 
dations, and with industry to perform most of our basic research, 
we cannot let, adm inister, or evaluate such contracts w ithout a 
great deal of knowledge of what we are about, w hat results we 
hope to obtain, and w hàt chances we have of success. T rue enough, 
we have m any able and devoted civil servants working for the Air 
Force who help in these deliberations; but we must not forget that 
the Air Force Chief of Staff bears the ultim ate responsibility for 
the m ilitary decisions that have to be m ade and that he must 
depend upon the decisions of his officers at all leveis. This is the 
responsibility which today requires that m any of these officers be 
trained as scientists and engineers.

As weapon systems have grown so m uch more complicated, 
the operational readiness of these systems becomes more and more 
dependent upon the technical efhciency of m aintenance. The de- 
sired technical competence seems to approach very nearly the 
quality of scientific know-how of the engineer who built the equip- 
m ent. T here are those who say that for this reason we should 
contract with the industry that builds the equipm ent to m aintain 
it. VVhenever we do so, we are to a certain degree passing on by 
means of a financial contract an essential part of our responsibility 
to defend the country. T here is certainly a limit to which this 
process can be carried w ithout an abrogation of that responsibility.

E d u c a tio n  fo r  a m ilita ry  e a re e r  c a n  n o  lo n g e r  be co n fin ed  to  m ilita ry  o p e ra tio n s . 
M any officers m u st have a h ig h  levei o f  sc ien tific  co m p e ten cy  to  en ab le  th e  A ir 
F o rce  to  p e r fo rm  th e  ro les an d  m issions w ith  w hich it is c h a rg ed . Even th e  non- 
sp ec ia lized  lin e  officer m u st have suffic ient sc ien tific  lite racy  to  h a n d le  m anage- 
m e n t fu n c tio n s  th a t have  been  co m p lica ted  by rad ica lly  new w eapon  system s. Also 
le a d e rsh ip  in  th e  A ir F o rce  m u st re s t on  a b ro a d e r  base th a n  na rro w  sp ec ia liza tio n . 
M ilita ry  a ffa irs  a re  now so in te rtw in e d  w ith  n a tio n a l a ffa irs  th a t m ilita ry  leaders  
m u st m ee t d u a l d e m a n d s : p ro fe ss io n a l co m p e ten ce  an d  rea l s ta te sm a n sh ip . B riga- 
d ie r  G en era l Cecil E . C om bs, C o m m a n d a n t, A ir F o rce  In s titu te  o f  T echn o lo gy , sets 
th e  c o u rse  o f  A ir F orce  e d u ca tio n  tow ard  b o th  Science an d  th e  h u m a n itie s  to  p re p a re  
fo r  “ th e  c o n tin u in g  an d  in c rea sin g  d e m a n d s  p laced  u p o n  A ir F orce  le a d e rsh ip .”
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I t seems clear to me therefore that, to whatever degree technical 
readiness demands, we must possess those technical engineering 
skills within our own ranks or we cannot perform the roles and 
missions with which the Air Force is charged.

So much for the scientific and engineering aspects. I do not 
believe that these remarks will be considered exceptional by other 
than those fanatics who might wish to turn  over the defense 
responsibility entirely to private industry. These remarks do not, 
however, entirely dispose of the problems. T here is the related 
question of the degree of scientific and engineering emphasis that 
is needed in an officer’s basic education. Some years ago, for 
example, the B.S. degree from West Point and Annapolis was 
considered by the engineering profession equivalent to a civil en­
gineering degree from a good engineering school. This has changed 
as the Service academies have broadened their curricula to include 
more needed breadth and coverage of the hum anities and as the 
engineering schools have loaded more heavily the pure engineering 
content of their curricula. T he same situation will probably hold 
with respect to the graduates of the A ir Force Academy.

W hat is the degree of scientific literacy required of an average 
oíficer? By that I m ean not a specialist but one who, like most of 
us, has spent most of his time in operational units or in general 
rather than  special staff duty. Will the Air Force of ten years 
hence have a continuing need for the generalist? We know we will 
need specialists in great variety, but w hat about that traditional 
Jack-of-all-trades, the line oíficer?

A clue from industry and from our own experience m ay indi- 
cate the answer: the more complex the problem , and the greater 
the specialization, the more dem anding has become the problem  of 
m anagem ent. Look at the vast increase of staff work that has 
resulted from more com plicated weapon systems. This is not the 
mere operation of some Parkinson’s law— there has been an actual 
increase in the problems of planning, coordinating, organizing, and 
supervising. These jobs m ay be assisted by m echanization, but, as 
usual, this will merely produce greater accuracy or speed; it will 
not lessen the load. To put it another way, we may hope for better 
quality from these processes, but we can only foresee a continuing 
increase in quantity.

These m anagem ent functions, once simply considered part of 
the tasks of a com m ander, along with actual com bat, have aiways 
been in the traditional fields of the line oíficer. T he requirem ents 
for them  have aiways largely determ ined w hat we m ight call the 
m ilitary virtues, with emphasis on those qualities which produce
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leadership and integrity and devotion to the task. These require- 
ments will always exist, but are they enough? Simple courage and 
loyalty, rare nevertheless, m ight once have sufficed to make a 
general officer. These are things, by the way, which educators do 
not know too much about. But w hat are the things that education 
m ight do something about? W hat will these line officers and com- 
m anders need to know about things scientific in order to com m and 
and coordinate com plicated scientific weapon systems? (I have left 
out the task of “ employing” these systems on the assumption that 
if we are ever forced to tha t point the next task will be one of re- 
building a shattered world, and our current problem  will have been 
replaced by a greater one.)

Such questions lead into problems which ultim ately are ex- 
plored by H eadquarters USAF in its determ ination of the educa- 
tional requirem ents of the airm an. These are exceedingly difficult 
determ inations, and in the process a great deal of consultation must 
take place. Some of the needs are immediately known to the com- 
m anders in the field and are obviously current needs. O thers are 
equally apparent to the various staffs. Some needs are clearly tied 
to future requirem ents where the specific educational preparation 
involved is m uch more difficult to estimate. In  addition, as I have 
im plied, the m atter of the general educational requirem ents for an 
officer in today’s Air Force is an open question. Selected individuais 
from the professions are more and more called upon to exercise 
leadership at high leveis where professional specialization is usually 
less im portan t than the ability to lead and direct large enterprises. 
Thus we are faced w ith the growing need for more professional 
specialization in scientific areas, while at the same time the prob ­
lems facing our leadership are such as will require a broader 
com prehension of national and International problems than is 
com patible w ith specialized courses of education.

For one thing, it seems possible that a baccalaureate degree, 
even in one of the Sciences, m ay not provide a sufficient breadth 
of understanding of the various scientific disciplines which coalesce 
in a weapon system. For another, there is the alternative danger 
that b readth  alone m ay be associated with a very superficial 
knowledge th a t could be more dangerous than ignorance. This 
danger lies in the fact that the nature of an officer’s responsibilities 
limits somewhat the extent to which he can depend on outside 
advice. We do not hesitate to turn  our medicai problems over to a 
doctor, and when we do so we freely put ourselves in his hands 
and pass on to him the complete responsibility. At the various 
decision-making leveis we must at least know our own limitations.
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It is still an open question, therefore, and only a great deal of 
open discussion, to include a consideration of the kinds of jobs 
that line officers will fill, may help us to an answer.

On the other hand, we can easily foresee requirem ents which 
necessitate a condnued or even greater emphasis on the study of 
the humanities. In those good old days of which I spoke the Arm y 
and Navy officers of the country had few occasions to be concerned 
about the im pact of the cost of defense upon national resources. 
Not only were the m ilitary problems seemingly less urgent but the 
implications of those problems to the rest of the nation were very 
minor. This also, of course, has changed tremendously. We cannot 
open or close the smallest m ilitary installation anywhere in the 
country w ithout im m ediate far-reaching political and economic 
repercussions. We cannot calculate our requirem ents w ithout 
realizing that their m agnitude nowadays is such as to compete 
materially with other aims and expectations of a free people. We 
can no longer go before Congress and talk of a pure m ilitary re- 
quirem ent. Should we do so, we would íind ourselves so far out 
of the bali park that our budget estimates would be worse than 
useless. O n the international scene more and more of our officers 
are put into positions in which they and their men are in a very 
real sense representatives of the Governm ent of the U nited States 
in a foreign land.

W ith considerations such as these in m ind there appears to 
be at least one conclusion we can accept w ithout question: that 
any educational program  designed to meet the needs of the Air 
Force must be designed to meet the continuing and increasing 
dem ands placed upon Air Force leadership. There was an old 
saying that West Point did not train second lieutenants— it trained 
generais. T here is an element of tru th  in this statem ent which 
explains what I am talking about.

The educational program  of the Air Force must be, in my 
opinion, sufficiently inclusive as to be concerned with what the 
Chief of Staff of the Air Force needs to know and w hat he needs 
to be able to do. No career developm ent plan or career educa­
tional program  can serve the needs of the Air Force and the nation 
unless it produces at least once every four years an officer qualiíied 
to hold down that job— not only that job  but the two or three 
dozen other top jobs which call for three- or four-star generais. 
Few of these positions can be filled by narrow  specialists, no m at- 
ter how highly trained. M oreover, if these men are to be adequate 
and if the Air Force is to be able to count on adequate leadership, 
they must be the few best selected from the m any potentially
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qualified. T he choice of these leaders is obviously based on what 
men they are rather than on what they know. But what they are 
and w hat they know add up to what they will be able to do; and 
what they will have to be able to do is very clearly to be seen in the 
trem endous dem ands inherent in these jobs as we see them  today.

This represents a change from past tradition, or rather an 
addition. The art of generalship used to be dependent on the 
knowledge of the capabilities and limitations of men and weapons 
under the varying conditions of land warfare. Despite the rules or 
principies of war, it was finally those heights of accomplishment 
and daring and sacrifice to which men could be led, driven, or 
inspired that really measured generalship. In  aerial warfare it has 
been a similar story with an added emphasis on example. Men 
íollowed where they could not have been driven. This will still be 
a major criterion of the special knowledge required of our leaders. 
The leader must know what the job  is, w hat the plane or other 
weapons will do, w hat the obstacles are to be overcome, and how. 
In short, he must have been there.

But aside from this problem, which is ageless, let us look 
again at the dem ands placed upon our leaders. M uch argum ent 
has been m ade in recent years about civil-military relationship. 
O ur governm ent was deliberately designed to separate m ajor gov- 
ernm ental functions and powers and to provide that the major 
divisions of governm ent should serve as m utual checks and balances. 
This system, while somewhat weakened by the experiences of two 
world wars, still exists both in form and in fact, and in peacetime 
it creates problems which were never foreseen by the Founding 
Fathers for the simple reason that they never contem plated the 
existence in peacetime of such large and perm anent m ilitary forces 
as our security dem ands today. This system puts our military 
leadership in the m iddle between two opposing forces. It makes 
dem ands upon our leaders that seem to require not merely great 
professional competence but also a great measure of real states- 
manship. Each Chief of Staff must be a great Chief of Staff, and 
in a sense this means he must have a great staff.

R ecent thought-provoking studies have shown the m agnitude 
of this problem . O ne such would see the answer in a complete 
w ithdraw al of the professional m ilitary from all save professional 
m ilitary interest. A nother school of thought urges wide recognition 
of the fact that there are no purely m ilitary aspects of our problem 
and that the m ilitary must be citizens First and ofhcers second.

FIow can such a problem  be solved? Not by the edict ot a 
Chief of Staff—or even of a President, but only eventually by the
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concurrence of the views of officers themselves on their duties as 
citizens and officers. And upon what can such a concurrence be 
gained soundly except upon a liberal and comprehensive under- 
standing of historie forces and the realities of power and opinion? 
In short our professionalism like all others requires a liberal edu- 
cation— one broader than ever before and not to be found in any 
undergraduate curriculum . It is a need too great to be so easily 
met. I t can only be met by a continuing process of education— 
self-education.

A great am ount of this continuing education is going on, 
some of it formally and measurable, a great deal informally and 
on the job—a process of learning by living. M uch of it, however, is 
without direction and lacks purpose and goal.

One of the purposes of this paper has been to indicate that 
this goal is not an easy one to discover. The problems indicated 
here can only be answered out of the breadth  of experience of our 
most experienced people, as well as from the soundest intuitions 
of those vvho have pondered most about the future of the Air 
Force. It is my hope that such analysis of our experience and spec- 
ulation as to our future bring to bear on this problem  the wide at- 
tention and interest which alone can lead us to a wise solution.

Air Force Institute of Technology



age—at least for the gen-
A Q u a r t e r l y  R e v t e w  St a f f  St u d y  eral public—came on 4 October 1957

with the launching of the first earth 
satellite. Here was tangible, occasionally even vis- 
ible, proof that man could put a vehicle outside 

the earth’s atmosphere and use the laws of nature to keep 
it there.

To the airman the promise of the space age had perhaps been apparent 
some years earlier. But even he, caught up in the events of the present, is apt 
to lose sight of the broader patterns that mark more clearly the means by which 
man will expand his activities into interplanetary and eventually interstellar 
space. Even he, caught up in the almost concurrent development of the big 
missile and the application of this missile’s power plant to the purposes of the 
earth satellite program, is apt to lose sight of the two parallel strands of vehicle 
development—the missiles and the aerodynamic systems. At their present stage 
both are married to the rocket engine for propulsion. As long as man must 
depend on the rocket’s brief, violent surge of power to spring free of the earth’s 
atmosphere or its field of gravity, probably both the missile and the aerodynamic 
vehicle will have useful roles.
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But as the next major cycle of propulsion comes into being, perhaps in the 
form of packageable atomic povver, and as a true space combat capability comes 
within reach—in terms of being able to operate in space against other craft in 
space as well as against ground targets—then it would seem that the aerodynamic 
vehicle would soon crowd the missile to the wall. For then the requirements 
that molded the airplane will be superimposed on those dictated for space flight 
by the laws of nature. The vehicle will have to be able not only to re-enter the 
atmosphere but to land at any of a number of points on the earth’s surface. The 
vehicle will have to be able not only to fly a trajectory in space but to maneuver 
with intelligence and versatility, to make judgments and choices of a kind that 
come better from a human pilot than from the memory bank of a Computer.

The first flight of the X-15, now scheduled for early 1959, serves as a re- 
minder that the aerodynamic vehicle is moving apace the ballistic missile in 
controlled space flight. This is by no means an accident of technological timing, 
for the X-15 is the culmination of a distinguished family of rocket-powered 
research aircraft. Designed to fly at hypersonic speed and at altitudes up to 100 
miles, the X-15 is a test not only of a machine but of man in a machine in space. 
The major objectives of the X-15 flights will be to study the effects of frictional 
heat during re-entry into the earth’s atmosphere, the problems of stability and 
control at high speeds and altitudes, and the psychological and phvsiological 
effects on the pilot of weightlessness and of rapidly accelerated and decelerated 
flight processes. The X-15 may well be an historie landmark in the development 
of the aerodynamic space vehicle.

research concepts
In considering the point now reached in the State of the art of research air­

craft, we might well think first of the role of research aircraft in relation to such 
ground test facilities as wind tunnels, high-speed sleds, and free-flight models. 
Although these ground facilities provide much valuable information, they have 
definite limitations in simulating the conditions of actual flight. For example, 
wind tunnels, now capable of surpassing for a fraction of a second the minimum 
speed necessary to propel a vehicle beyond the earth’s gravity into space, provide 
important data on the heat problem of atmospheric re-entry; but it is impossible

T he  X-15 resea rch  a irc ra f t , recen tly  unveiled  a t th e  Los A ngeles p lan t o f  N orth  
A m erican  A viation, In c ., is u n d o u b te d ly  a m a jo r  m ile s to n e  in  m a n ’$ a e ro n a u tic a l 
p rog ress  tow ard space trave i. As p a r t o f  th e  c o o p e ra tiv e  flig h t re sea rch  o f th e  
USAF, th e  Navy, and  th e  N a tio n a l A dvisory C o m m ittee  fo r  A e ro n au tic s , th e  X-15 
will be used  to  study th e  a e ro d y n am ic , th e rm o d y n a m ic , an d  h u m a n  p ro b lem s o f 
space flig h t. W ith  th e  assistance  o f  M ajo r A rth u r  M u rray  an d  M r. C h este r McCoI- 
lough  o f th e  X-15 W eapo n  System  P ro je c t Office o f H e a d q u a rte rs , A ir R esearch  an d  
D evelopm en t C om m and , th e  Q u a rter ly  Revievo c o n sid e rs  th e  p o te n tia l use o f  w inged 
vehicles fo r  space fligh t (a s  o pp osed  to  ba llis tic  m is s ile s ) , review s c e r ta in  concep ts  
u n d erly in g  research  a irc ra f t an d  th e ir  p ast a p p lic a tio n , sets fo r th  th e  b a c k g ro u n d  
o f th e  X-15 p ro g ra m , an d  conc ludes w ith a w ord a b o u t “ fo llow -on”  p ro jec ts .
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to duplicate the size of the vehicle in wind-tunnel tests. Also, high-performance 
data are obtained only for short durations. Sled tests are useful in investigating 
such problems as escape at high speeds, but here limitarions are imposed by the 
length of the track, which requires high starting and stopping accelerations in 
order to achieve the necessary speeds. Free-flight models provide helpful aero- 
dynamic and thermodynamic information, but operations are on a small scale 
and yield only limited data.

Larger unmanned test vehicles, which are extremely expensive, may be 
used for essentially one data point in each experiment, and recovery of the vehicle 
for re-use is sometimes impossible. YVith the possible exception of sophisticated, 
remote-controlled vehicles, which would have the disadvantage of great expense 
and unwieldy complication, none of these tools is capable of investigating the 
flying qualities of an aircraft with a human input in actual environmental 
conditions.

Manned research aircraft obviously are not limited in full-scale simulation 
of flight conditions, since the craft actually enter the environment of flight. 
They do, however, have certain limitations. To design and build a research 
aircraft and to maintain the organization necessary for research testing are expen­
sive operations. The amount of data recorded is somewhat restricted by the space 
and weight that may be devoted to instrumentation. Since research aircraft are 
to probe certain unknown areas of flight, there is some risk involved for the pilot. 
Electronic devices cannot be substituted for a human being because there are 
no practical means of adapting the equipment to the flight situation until the 
environmental conditions and the characteristics of the vehicle in flight have 
been explored.

In the evaluation of the advantages and disadvantages of the various methods 
of obtaining data discussed thus far, the need for the manned research aircraft 
is clear. The main attraction of such an aircraft is that by no other means can 
the effects of the actual operating environment on piloted vehicles be accurately 
determined. This is considered justification for the expense and risk to human 
life involved. Manned research vehicles have been accurately described by E. 
Kotcher of Wright Air Development Center as “ necessary full-scale flight labo- 
ratory facilities to confirm, supplement and consolidate the model data obtained 
from ground test facilities before undertaking prototype development of manned 
operational vehicles.”

In the design and construction of research aircraft, many of the require- 
ments of operational aircraft are subordinated to obtaining research information. 
The payload is the instrumentation required to bring back the information. 
Range is of no importance and flight duration is important only at the points 
of flight being investigated. The brute force of rocket propulsion necessary to 
get the craft to desired speeds can be built into the vehicle at the expense of 
ordinarily important features. The research aircraft is designed to operate in one 
vicinity only (Edwards Air Force Base, Califórnia, in the case of the X-15). 
Consequently there is no need for the aircraft to be able to withstand certain 
conditions such as high humidity and salt spray. The pilot obviously does not 
need equipment for arctic, tropic, or other unusual conditions. Lengthy flight 
preparation is acceptable in a research aircraft. It may be air-launched at high
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speeds and altitudes, thus offsetting the high propellant consumption of rocket 
vehicles. The flight plan may be selected so that dry lakes are available for 
landings. This feature, together with the fact that once landed the craft may be 
picked up by auxiliary equipment, permits the use of skid-type landing gear.

background of the X-15 project
Toward the end of World War II the United States embarked upon a series 

of projects for the development of manned aircraft designed to probe the unknown 
areas of aeronautical technology. This program led to the historie breaking of 
the sound barrier in 1947 by the Bell X-l. The German V-2 guided missile had 
exceeded the speed of sound, but the Bell X-l was the first inhabited aircraft to 
accomplish the feat. Like the others of the series, this airplane was designed for 
the purpose of pure research. It was a rather conventional aircraft except for 
the liquid-rocket engine, which developed a thrust of some 6000 pounds. An 
alcohol-water mixture was the fuel and liquid oxygen the oxidizer. Major prob- 
lems in development were making the plane strong enough to withstand the 
rigors of supersonic flight and crowding the necessary equipment, especially 
instruments, into the limited space available. It is interesting to note that the 
Bell X-l was the first of the research aircraft projects in which the National 
Advisory Committee for Aeronautics (NACA), the military Services, and the 
aircraft industry participated.

The Bell X-l A attained a speed of two and one half times the speed of sound

Powered by a Reaction Motors liquid-rocket engine that developed a thrust of 6000 
pounds, the Bell X-l on 14 October 1947 became the first aircraft to break the 
sound barner, reaching a speed of mach 1.06. The wing span was approximately 
28 feet, the length 35 feet, the height 10 feet, and the aircraft weighed some 
16,000 pounds. The original Bell X-l is now in the Smithsonian Institution.



The Bell X-1A, approximately pve feet longer than the X -l, weighed about the same 
and was powered by the same engine as the X-l but modiped to afford some 4.2 
rather than 2.5 minutes of powered flight. It was flown at a speed of 1650 mph 
at an altitude of about 70,000 feet in December 1953; and in May 1954 a height of
90,000 feet was reported. Both the X-l and the X-l A were air-launched from a B-29.

in 1953 and the following year exceeded an altitude of 90,000 feet. This plane 
had a skin of duralumin and the general contour of a .50-caliber bullet. It was 
approximately 35 feet long with a wing span of some 28 feet. The craft was 
powered by the same type engine used in the Bell X-l except for the use of a 
pump feeding device instead of high-pressure propellant tanks. A big problem 
with this plane was aerodynamic control in the rarefied atmosphere of high 
altitudes. Aerodynamic heating was no special problem because flights were 
made at altitudes where aerodynamic heating is not acute in speed runs of short 
duration. The altitudes and speeds of the Bell X-l A necessitated the wearing of 
a partial-pressure suit.

New records in both speed and altitude were set by the Bell X-2 in two 
flights in September 1956. The aircraft reached more than three times the speed 
of sound and an altitude of almost 25 miles. Pencil shaped with swept-back 
wings, the Bell X-2 was powered by a 15,000-pound-thrust, double-barreled 
Curtiss-Wright rocket engine. With this aircraft, altitudes and speeds were such 
that the effects of aerodynamic heating presented a considerable problem to the 
design engineers. So the aircraft was constructed primarily of K-monel, a new 
metal at that time which possessed good qualities of heat resistance.

The latest research aircraft to be developed is the X -l5. The origin ol this 
program may be traced to a resolution passed in the spring of 1952 by the Com- 
mittee on Aerodynamics of the NACA directing the laboratories of NACA to



The Bell X-2, powered by a Curtiss-Wright liquid-fueled rocket. engine with 15,000 
pounds thrust, reached an altitude of some 126,000 feet, just under 24 miles, and 
a speed exceeding 2000 mph at about 70,000 feet, in tiuo flighls in Septernber 
1956. This swept-wing aircraft weighed 18,000 pounds, had a wing span of some 
32 feet, and a length of 37 feet. The X-2 was air-launched from a B-50 carrier.

initiate studies of the problems likely to be encountered in space flight and of 
the methods of exploring them. Ground facilities, missiles, and manned airplanes 
were considered. By the spring of 1954 the NACA had a team at work to determine 
the characteristics of an airplane suitable for exploratory flight studies. This work 
led to an NACA proposal for the construction of an airplane capable of investigat- 
ing aerodynamic heating, stability, control, and physiological problems of hyper- 
sonic and space flight.

When on 9 July 1954 NACA representatives met with members of the Air 
Force and Navy research and development groups to present the proposal as an 
extension of the cooperative research airplane program, it was discovered that 
both the Air Force and the Navy were already actively interested in similar 
types of research. This fact made for early acceptance of the NACA proposal for 
a joint eflort and eventually led to the X-15 project.

Areas of responsibility were designated by a memorandum of understanding 
signed in December 1954 by the Special Assistant, Research and Development, 
of the Air Force, the Assistant Secretary of the Navy for Air, and the Director 
of the NACA. Technical direction of the project was assigned to the Director of 
the NACA acting with the advice and assistance of a Research Airplane Com- 
mittee composed of one representativo each from the Air Force, the Navy, and 
NACA. The Air Force was charged with the responsibility of developing the X-15, 
which included establishing the contract as well as coordinating the various
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development phases of the program. The responsibility of conducting flight re- 
search after acceptance of the airplane as an airworthy article was assigned to 
NACA. The Director of the NACA and the Research Airplane Committee were 
to inform the military Services and the aircraft industry of the progress and results 
of the program. The memorandum concluded with the statement that this project 
was a matter of national urgency.

After Department of Defense approval was obtained, the Air Force was 
authorized in December 1954 to issue invitations to prospective contractors to 
participate in the design competition for the X-15 airplane. Approximately one 
year later North American Aviation, Inc., was awarded the contract.

development and flight of the X-15

By October 1955 it was fairly certain that the development contract would 
be awarded to North American. In that month a meeting of representatives of 
this company, NACA, and USAF was held to establish the requirements and 
features of the aircraft and to coordinate generally the X-15 program. A list of 
customer comments and requests concerning the configuration submitted by 
North American was presented and discussed. Most of the items were quickly 
settled when contractor representatives agreed to the proposed changes. In those 
cases not settled, it was agreed that the contractor would provide studies to 
enable more accurate evaluation of the questions. At this point in the program, 
one of the more diíficult problems was the type of escape to be used. A second 
meeting was held in November 1955 to discuss the results of the contractor studies. 
Importam among the results of this meeting were evaluations of possible engine 
and propellant variations.

In February 1956 a letter contract was executed with Reaction Motors, Inc., 
for development of the XLR-99 throttleable liquid-rocket engine. Anhydrous 
ammonia was chosen as the fuel, with liquid oxygen as the oxidizer. The propel- 
lants account for well over half of the iaunch gross weight and are contained in 
tanks which form an integral part of the fuselage. Separator baffles counteract 
the surge of the liquid propellant in flight. Sustained firing time of the engine, 
at varying thrust, is up to six minutes.

By July 1956 the cockpit arrangement had been established and the decision 
had been made to use a full-pressure suit for altitude and acceleration protection. 
This lightweight, flexible suit is considered one of the significam accomplishments 
of the program thus far and will doubtless be of value to pilots of our present high- 
speed and high-altitude aircraft. The instrumentation bay and pilofls compart- 
ment will be pressurized to 35,000 feet and cooled by expansion of liquid nitrogen. 
A stabilized ejection seat will be used for emergency escape.

Of the human problems, the physiological and psvchological eflects of weight- 
Iessness and of acceleration and deceleration forces are the areas where new 
Information is most needed. A condition of weightlessness, in which the gravita- 
tional pull of the earth is nullified, will be experienced by the pilot of the X-15 
for several minutes as the plane coasts over the peak of the flight path. Recently 
pilots of other high-performance aircraft have been subjected briefly to this 
condition without serious impairment of their ability to function properly. 1 hough 
the eflects of weightlessness seem to vary considerably with individual pilots, some



Research and development of the X-15, one of the most 
extenswe projects in aviation history, involved innumerable 
steps. For example, (1) wind tunnel testing of X-15 model 
reveals high-speed-flight shock waves. (2) To produce the 
Inconel-X fuel cylinder of the X-15, North American de- 
veloped new techniques for zuelding this high-strength, 
thermal-resistant metal. (3) X-15 test pilot undergoes 
centrifuge tests at U.S. Xavy Aero Med­
icai Laboratory, Johnsville, Pennsylvania, 
to simulate extreme g-forces anlicipated 
for maximum performance flights of X-15.
(4) Dummy is ejected frorn 
supersonic sled run at Ed- 
wards AFB to test effective- 
ness of seat stabilizer fins.
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becoming nauseated and others experiencing a feeling of exhilaration, the dura- 
tion of this condition in the X-15 flight trajectory is thought to be insufficient 
for it to be one of the severe human problems of the program.

It is felt that the pilot of the X-15 will have good control over the forces of 
rapidly accelerated and decelerated flight processes. He will be subjected to 
about 2 g as the engine is ignited and the plane begins to climb. This force, 
roughly comparable to that experienced in a catapult launching of an aircraft, 
will tend to immobilize the pilot but not to the extent of preventing him from 
perforraing the tasks necessary to control the aircraft. As the fuel load is rapidly 
consumed, the speed is increased and the g-forces become stronger. Maximum 
g-force is reached as the engine burns out prior to the peak of the flight path. 
It is in the latter stages of the flight, however, that deceleration and pullout forces 
can combine with atmospheric disturbances to give the pilot most trouble in 
controlling the X-15. An entirely new control design has been created to avoid 
involuntary pilot inputs. To study this problem area a series of simulation tests 
have been conducted in the Navy centrifuge at Johnsville, Pennsylvania.

An inertial flight-data system is being built into the X-15. The equipment 
includes a lightweight Computer and a three-axis gyrostabilized platform on 
which accelerometers are mounted. The output of the accelerometers is fed to the 
Computer, which derives speed, altitude, rate of climb, and other data. This 
information is supplied to the pilot through conventional instrument presentation. 
Built to withstand accelerations more than ten times the force of gravity, the 
system has the advantage of being adaptable to other space experiments.

Aerodynamic control will be accomplished by movable outboard portions 
of the upper and lower vertical stabilizers and by differentially operated, all- 
movable horizontal tail surfaces. The movable portion of the lower vertical 
stabilizer will be jettisoned before landing. One of the surprising features of the 
X-15 is the wedge-shaped vertical tail, which measures no less than 12 inches 
thick at the trailing edge. These surfaces are moved through an irreversible 
hydraulic control system, with the pilot using a control handle on his right con­
sole along with conventional rudder pedais.

Small peroxide rocket motors will provide control at altitudes where aero­
dynamic Controls become ineffective. Two motors controlling movement about 
the pitch axis and two motors controlling movement about the yaw axis are 
mounted in the nose of the aircraft in the form of a cross. Movement about the 
roll axis is controlled by a motor mounted in the tip of each wing. The pilot will 
operate these motors by means of a single control on the left console.

A diflflcult problem in development has been the eflects of high temperatures 
on the aircraft. Air friction will heat the skin of the X-15 to approximately 1000° F, 
the heat being greatest on re-entry into the atmosphere. At the other extreme, 
temperatures will be as low as -300° F in sections of the plane containing liquid 
oxygen. To withstand skin temperatures up to 1200° F the aircraft will be con- 
structed for the most part of Inconel-X, a new metal consisting primarily of 
nickel. About 70 per cent of the structure will be welded, with only about 30 
per cent bolted. Passage through the highest temperature is expected to be 
accomplished so quickly that the metal will not be heated beyond the design point.

Although the X-15 was originally conceived as a “state-of-the-art aircraft”



Voar views of the À'-/5 taken upon its first public showing, 15 October 1958. fíuilt 
by Sorlh American Aviation to attain speeds over 3600 mph and altitudes above 
100 miles. it will permit exploration of problems of aerodynamic heating, stability 
and control, and the psychological and physiological effects on the pilot of hyper- 
*onic space flight. The conpguration features short, square-tip, swept-back wings 
and u edge shaped vertical stabilizers. The lower vertical stabilizer is removed 
while the X-15 is on the ground. Specifications: length 50 ft, heighl 13 ft, wing 
span 22 ft. iving area 200 sq ft, swept-back wing angle 25 degrees, launching 
weight 31,275 lb. The XLR-99 engine is capable of over 50,000 Ib thrust.
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(i.e., built with the materiais, techniques, and knowledge available at the time 
of requirements), there have been many difficult technical problems in the 
development phase of the program that required new techniques and new 
knowledge. One such problem was in the area of structure. Like K-monel, of 
which the Bell X-2 was constructed, Inconel-X had never before been used in 
building an airplane. A pioneering effort was necessary, a type of activity which 
in itself is of value to the aircraft industry.

Olher landmarks in the development phase of the program that should be 
mentioned include the two industry conferences, one in October 1956 and the 
other in July 1958, to review progress on the program; and a development en- 
gineering inspection of a mockup of the vehicle in December 1956 at which 
comments and suggested changes were presented. Also there was the decision in 
the summer of 1957 to use a B-52 as the carrier instead of a B-36. By the end of 
that year the basic design configuration had been established and manufacturing 
had begun.

The first powered fiight of the X-15 is expected to take place on schedule in 
early 1959. The B-52 carrier will take ofT from Edwards Air Force Base and fly 
northeast toward Wendover Air Force Base, Utah, some 500 miles distant. Just 
before drop, the pilot will carry out final preparations such as checking electrical 
circuits. In the vicinity of Wendover the X-15 will be air-launched at approxi- 
mately 40,000 feet from beneath the right wing of the carrier. After launch the 
engine will be started and the aircraft will then fly a semiballistic path, during 
which research data will be recorded both internally and by telemeter at the 
three stations of a special radar range. Early in the flight the X-15 will be trailed 
by a jet “chase plane” from a nearby base. Re-entering the earth's atmosphere 
at the correct angle will be one of the criticai tasks of the pilot. Two aft skids 
and a nose wheel will permit landing the X-15 on the dry lakes around Edwards 
Air Force Base. Because of delays in development of the XLR-99 rocket engine, 
an interim engine package of two X L R -ll’s from the Bell X-l program will be 
used for initial flights. The program of demonstration flights by North American 
will continue until the fali of 1959 when the aircraft is expected to be accepted 
by the Government and turned over to the NACA-Air Force Flight Test Center 
Joint Operating Committee for initiation of the flight research program.

Research flights of the X-15 will be flown by pilots from the NACA, the 
Navy, and the Air Force. These pilots will take the airplane through the full 
exploration of its performance capabilities.

the future
Just as the accomplishments of earlier research aircraft paved the way for 

the design of aircraft now operating in our first line of defense, so it is expected 
that the information obtained from the X-15 flights will be useful, mainly to the 
aircraft industry, in the design and development of more advanced vehicles for 
atmospheric and space flight. Data pertaining to all the major areas of interest 
in the program—the aerodynamic, thermodynamic, and human problems of 
space flight—will be of value in conjunction with information obtained from 
ground test facilities. This phase of development must precede the prototype 
development of manned operational aircraft. Technical reports regarding the
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results of the project will be disseminated to interested concerns in accordance 
with the memorandum of understanding mentioned above. North American 
Aviation, Inc., will retain no proprietary rights concerning the techniques and 
devices developed and the information gained through the program.

The project which is perhaps closest to a continuation of the X-15 program 
is the development of a boost-glide aircraft called Dyna-Soar, a name derived 
from “dynamic soaring.” The Air Force and the NACA are now engaged in 
developing this advanced test vehicle, thus continuing the productive partner- 
ship that resulted in the earlier research aircraft and the forthcoming X-15.

Preliminary investigations indicate that it will be possible to vary the original 
thrust and thus the velocity of Dyna-Soar, enabling the pilot to complete one or 
more orbits around the earth and make a normal landing. The vehicle will oper- 
ate from space altitudes down to well within the atmosphere where it can maneu- 
ver and be recovered undamaged. It will utilize both centrifugai effect and 
aerodynamic lift.

The Martin Company and the Boeing Airplane Company have been selected 
as development contractors for the Dyna-Soar. These companies will each head 
a team composed of five or six of the ablest contractors in the aircraft industry. 
Martin will draw heavily on the aeronautical pioneering experience of the Bell 
Aircraft Corporation. The specialized abilities of contractors throughout the 
country will contribute to development by both teams. Early efforts of the two 
teams will be competitive to ensure that the Air Force receives the most advanced 
and complete designs. The Air Force, NACA, and the aircraft industry have been 
obtaining and assessing data and knowledge on the boost-glide concept since 1951.

Possible operational craft following the test version of Dyna-Soar will be 
capable of various missions, including bombing and reconnaissance. As a weapon 
this vehicle promises to have some of the best features of both guided missiles 
and aircraft. It will have long range and great destructive capability, especially 
with nuclear payloads, and the judgment of the pilot will make for reiiability 
and versatility. Such a weapon would be particularly useful in case of loss of our 
overseas bases.

It would naturally be almost impossible to predict the exact course that 
space technology will take. We can say with some assurance, however, that the 
information gained from flights of the X-15 and similar aircraft will be extremely 
valuable. In fact, later craft in this same line of development may well play the 
predominant role in the conquest of space.

Air University Quarterly Review



T hat "M ilitary Minei”
Br ig a d ie r  G e n e r a l  H a r o l d  W. Bo w m a n

IN T H E IR  penchant for oversimplificadon, Americans tend to 
lum p all people into categories: you have good guys and bad 
guys. In the W estern movie, it is always the hero versus the 

villain. T he public servant is either a politician or a statesman, 
depending on the plus or minus sign on his public esteem. If one 

lends money, he is a loan shark or a financier. The owner of a 
factory is a tycoon if dogs bark as he slinks past, an industrialist 
if children climb on his knees. Ju st as a news photo is worth more 
than a thousand words, the nicknam e given to a public figure 
depicts his reputation far more accurately and quickly than a 
G allup poli could do it.

T he professional m ilitary m an has not escaped his sobriquet. 
As a group we are tagged as “ m ilitary m inds.” The num ber of our 
profession referred to as m ilitary strategists or leaders, indicating 
a high levei of public esteem, is discouragingly small.

Like most such nicknames, “ m ilitary m ind” is never accu­
rately defined but we know it is uncom plim entary and we cringe 
when we hear it. By this term  our critics seem to imply that we 
are inflexible, rigid, unim aginative, uncreative. W hile recognizing 
loyalty as a virtue, they see m ilitary loyalty as a fierce and narrow 
chauvinistic quality  bounded by the confines of the individuaPs 
own organization— sometimes at the expense of a higher obliga- 
tion. They think of a little m ind, limited in vision to what one can 
see with the naked eye.

How did we in the m ilitary get that way? We are impaled on 
the horns of a serious dilem m a.

H orn #1 . We must develop disciplined minds immediately 
responsive to authority . We must have standardization. We must 
have consistency and continuity and long lead times in order that 
developm ent, procurem ent, training, and the budget can all pro- 
gress in an orderly way on a scale never before needed in peace- 
time. O u r weapons and methods must be tested and proved before 
we risk lives and gam ble on victory.

H orn #2. O ur efforts to atta in  perfection along these lines 
lead toward the undesirable qualities of inflexibility, lack of imagi-
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nation, and resistance to change. We tend to become overconserva- 
tive conformists. Today we are witnessing the greatest technological 
revolution in the history of warfare. M ore radical changes in the 
art of war have taken place in the last thirteen years than in all 
previous time. U nfortunately there has not been a com parable 
breakthrough in the art of thinking.

But we are not hopelessly im paled on these horns. T here is a 
way of escape and I am  happy to say that m any of those recog- 
nized as national and international m ilitary leaders have found the 
way. Just as the politician must break out of the confines of his 
local district and think in terms of tomorrow, of the country, and 
of the world before he becomes a statesm an, so the m ilitary m an 
must raise his sights and broaden his horizon before he can join 
the more exclusive group of highly respected leaders. He can be­
come bigger than his com bat unit or the problems of today w ithout 
sacrificing his loyalties, his discipline, or his fine ideais and senti- 
ments in any echelon. Fortunately  this growth can come from the 
developm ent of capabilities which are inherent in the professional 
officers of our Services. T here are five qualities which the m ilitary 
man must cultivate if he is to escape being labeled a “ m ilitary 
m ind” :

1. Breadth oj Viewpoint. If one’s horizon is lim ited to his own 
levei of responsibility or current duty  assignment, the “ big p icture” 
will forever rem ain an undeveloped negative. Every organization 
has a purpose bigger than itself. T he squadron is the means to 
an end— not the end. T he Air Force exists to support national 
policy. O ur national policy exists as an expression of the ideais of 
free men. T here is always a higher force to m otivate and guide our 
thinking. O nly when we keep our eyes on the higher purposes of 
our responsibilities can we function in harm onv with the ideais we 
are employed to support.

2. A Fertile Imagination. The hab ita t of im agination is a mind 
that is wide open to new ideas and capable of fitting old ideas

A h igh  levei o f  pub lic  esteem  fo r lhe  p ro fess io n a l m ilita ry  m an  is lack in g  in th e  
L n ited  S tates. O ne evidence o f th is  is th e  f re q u e n t c h a rg e  th a t  th e re  is a “ m ili­
ta ry  m ind,'"’ th e  p ro d u e t o f a u th o rita r ia n ism  an d  s ta n d a rd iz a tio n  w hich re su lt in 
in flex ib ility , lack  o f im a g in a tio n , an d  res is tan ce  to  c h an g e . B rig a d ie r  G enera l 
H aro ld  W. B ow m an, D eputy  C o m m a n d a n t, A ir F o rce , A rm ed F orces S taff C ollege, 
advances five q u a litie s  w hich , if  deve loped , can  h e lp  lif t  a m ilita ry  m an  ahove 
m ilita ry  p aroch ia lism  an d  in to  th e  rea lm  o f  pu b lic  re sp e c t: b re a d th  o f  view ­
p o in t, a fe rtile  im a g in a tio n , an  an a ly tica l m in d , bo ldness , an d  in te llig en t loyalty .
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into nevv relationships of time, space, and hardware. T h at does 
not mean throwing out everything old merely because it is not a 
new model. Everything we possess should be subject to continuous 
questioning, adapting, and testing, since victories are not won by 
any second-best com bination of ideas ,and gadgets. Im agination 
must be tempered with wisdom and discipline.

3. An Analytical Mind. The rose-colored glasses of tradition 
and party  lines do not lend themselves well to scientific investiga- 
tion and logic. We must develop the capacity to separate in our 
own minds fact from fantasy, doctrine from party line, logic from 
sentim ent. Placed in proper perspective, there is a legitimate place 
for them  all. But we must develop the m ental habit of listening, of 
attem pting to understand the viewpoints of others, and of accept- 
ing or rejecting proposals on the basis of logic. W hat action we 
take is another question and that brings us to the fourth quality.

4. Boldness. It takes courage to be a nonconformist, to stand 
up and be counted when one’s ideas are unusual. Ju st as the satel- 
lite needs trem endous thrust to escape from the earth ’s envelope, 
so m an’s m ind needs a special force to carry his ideas beyond his 
conventional m ental atmosphere. Boldness is the m ental propellant 
that carries a new idea into higher echelons.

5. Intelligent Loyalty. I stress the word intelligent because here 
is the area of greatest confusion and m isunderstanding. M ilitary 
men are generously endowed with loyalty. F ar too often it is mis- 
directed. We tend to develop an “ either-or” philosophy wherein 
we limit our attention to the wheel that is closest and squeaks the 
loudest. We are inclined to feel that we cannot support a sister 
Service w ithout hurting  our own. But just as sister Suzie can love 
her parents, all five brothers, and the boy next door with equal 
fervor, an infinite num ber of focal points merits our favors.

Logical thinking and boldness are not at all inconsistent with 
loyalty. No goòd com m ander wants a bootlicking yes-man around. 
H e wants and depends upon solid, logical thinking, and loyalty 
dem ands that we give it to him. Loyalty also dem ands that once 
the com m ander has m ade his decision, it be fully accepted and 
carried out. T h at is the difference between the team worker and 
the m artyr. They m ay both have im agination, analytical minds, 
and boldness. The team w orker can see the other person’s viewpoint 
and, when appropriate, can subordinate his own. The m artyr can 
not. M artyrs have an honored place in the world. They have added 
luster to history. T heir shock effect has spurred progress and reform. 
But if the spirit of m artyrdom  were a criterion for selection of
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military officers, our organizational responsiveness to the national 
will would be nil.

Since boldness and loyalty are not incom patible, where should 
the courage of our convictions leave off and loyalty take precedence 
vis-à-vis the boss? T he answer is quite simple. Courage and bold­
ness take precedence within the framework of our own responsibili- 
ties and prerogatives. But when the focal point for decision resides 
elsewhere, then loyalty dem ands our support and our willingness 
to “ render therefore unto Caesar the things which are C aesar’s.”

If our contrary convictions are so strong that we cannot bow 
to the responsibility and authority  of others, then it would not be 
disloyal to step out of the organization; it would be disloyal to 
stay in. Since m artyrdom  reaches its flower only in personal sacri- 
fice, then if convictions are strong enough to justify it the logical step 
is—out. Sabotage from within is not even honorable m artyrdom .

Yes, m ultiple loyalties— in proper balance and relative priori- 
ties— are legitimate and necessary.

Only to the degree that we as a group shed our parochial 
viewpoints and take on more of the qualities that distinguish the 
esteemed military leader will our directors, the Am erican public, 
drop the tag of “ m ilitary m ind '’ which they have ascribed to the 
officer corps of the arm ed forces.

Arme d Forces Staff College



Industry an d tlie Military 
in the United States

COLONEL EDWARD N. HALL

D
E F IN IN G  large, am orphous organizations is always diffi- 

cult. The definition of the relationship between two such 
entities is even more so. T he m eaning of the term  “ mili­

tary" is fairly clear and is intended to imply all the organizations 
comprising the arm ed forces of the nation. Industry, however, is 

generally seen to consist of a heterogeneous m ixture of producing 
organizations, both light and heavy, Service organizations, develop- 
m ent organizations, and possibly scientific organizations. T o a 
surprising extent the fate of all these diverse elements of industry is 
m aterially influenced by their relationship with the military. Be- 
cause of this fact the definition of this relationship, although beset 
with difficulties, is believed to be a worthwhile exercise.

In  addition to the am orphous nature of the organizations 
under discussion, another obstacle which must be surm ounted in 
this effort is found in the changing nature of this relationship 
through the years. The interaction of one upon the other was of 
little significance in the days of Xerxes, grew somewhat in impor- 
tance during the long period of dom inance of the British navy, 
becam e really significant if poorly understood during and after 
W orld W ar I, and has now become a crucial issue. T h a t it remains 
singularly poorly understood is attested by the comments on this 
subject of m any informed people. O u r news m edia are replete 
with statem ents to the effect tha t the m ilitary budget is too large, 
that it is too small, that the m ilitary should be run in a business- 
like fashion, that no profit-m aking organization could stay in 
business if it were run on this pattern , tha t all m ilitary expenditures 
are a dead waste, that m ilitary aid to industrial research and 
developm ent is the key to economic health for the nation’s econ- 
omy. Some of these must be wrong.

O ur efforts to define this significant relationship may be con- 
siderably aided by reviewing some aspects of this problem as they 
existed in the past. The elements of this relationship which seem
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worthy of careful examination include the needs of the military as 
a function of time; the driving forces enabling industry to expand 
and rem ain healthy under varying social conditions; the m anner 
of transmission of m ilitary requirem ents to industrial organiza- 
tions—in brief, the way in which industry may best be guided by 
the m ilitary to ensure defense of the nation with economic good 
health.

History oí the Relationship
Chronologically the periods under discussion can be divided 

arbitrarily into the era preceding W orld W ar II, and the time 
from the conclusion of W orld W ar II to the present.

bejore World War I I
The story of hum anity from the daw n of recorded history is 

largely a saga of the dom inance of mass land armies. I t  is true that 
interposed between periods of vigorous activity of these mass armies 
there were times of relative peace. These, however, were of limited 
duration and seem to have served prim arily to provide sufficient 
time to generate enough steam to reinvigorate the mass armies.

In  the time of Xerxes the activities of these mass armies broke 
down, as they do today, into operational and technical elements. 
The relative im portance of the two at that time was heavily 
weighted in favor of the operational. T he act of providing Xerxes 
with a large num ber of catapults built to the best designs of Archi- 
medes m ight possibly have reduced his m anpow er requirem ents 
by a small percentage.

As th e  a ir-je t age b ridg es in to  th e  sp ace-ro ck e t age , te ch n o lo g y  lo om s la rg e r  a n d  
la rg e r  in  th e  sh a p in g  o f  s tra te g ie s  a n d  th e  n a tu re  o f  w a rfa re . H en ce  th e  im p o r ­
tance  o f th e  p ro p e r  ba lance  betw een  a h e a lth y , fo rw ard -lo o k in g  in d u s try  a n d  th e  
cap ab ility  w ith in  the  A ir F orce  to  k e e p  in d u s try  p u sh in g  th e  f ro n tie rs  o f  th e  State 
o f  the  a r t , to  eva lua te  th e  p ro p o sa ls  ad vanced  by in d u s try , a n d  to  m o n ito r  th e  
d ev e lo p m en t an d  p ro d u c tio n  o f eac.h new w eapo n  system  to  th e  e n d  th a t it best 
sa tisfies th e  m ilita ry  re q u ire m e n t. C o lonel E dw ard  N. H a ll, D ire c to r  o f  W eapo n  
System  133A (M in u te m a n ) ,  A ir F orce  B allis tic  M issile D iv ision , H q  A R D C , p o in ts  
o u t th a t even a reco g n itio n  o f th e  n eed  fo r  such  a b a lan c e  is re la tiv e ly  re c e n t an d  
th a t th e  ac tu a l a ch iev em en t o f  such  a b a lan ce  has been  ra th c r  sp o tty . H e analyzes 
th e  various system s th a t have  b een  used  an d  a re  b e in g  used  to  try  to  ach ieve 
th is  b a lan ce , an d  p o in ts  u p  th e  im p o rta n c e  o f  th e  m ilita ry  d e v e lo p m e n t e n g in e e r .
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The advent of gunpowder had a small but m aterial effect in 
slightly increasing the relative significance of the technical element 
of m ilitary activity, but operational considerations still comprised 
the transcendent aspect of m ilitary activity. The defeat of Napoleon 
at W aterloo presents an early illustration of the rapidly increasing 
im portance of the role of technology in m ilitary action. Napoleon 
organized his forces in his traditional pattern, completely ignoring 
the development and potential use of shrapnel on the part of the 
British. His troops were cut to ribbons by Colonel ShrapnePs 
invention, and the outcome of the battle was determ ined to a large 
extent by proper use of this technical development.

In  many ways the Am erican Civil W ar can be considered as 
the first modern conflict. In num bers of casualties and particularly 
in num bers of deaths, it was a long step from its predecessors. This 
was the result of a num ber of factors, am ong which was a more 
effective exploitation of technical developm ent than had occurred 
previously. Here for the first time we find arms requirem ents 
building up to a levei constituting a respectable part of the total 
industrial potential of the nation. The industrial load was an ex- 
tremelv variable one, going from next to nothing before the war to 
a trem endous requirem ent in certain fields at the height of the 
conflict, and receding to insignificance after its close.

Because of this, as well as a lack of previous knowledge in 
handling the delicate relations between the m ilitary and industry, 
the pattern  of the relationship which developed can only be 
described as random . O u t of an appreciation that standardization 
makes for high production rates and that anv development effort 
inevitably becomes a disrupting influence, General Ripley, Union 
Chief of O rdnance, insisted that any deviation in battlefield use 
from the standard smoothbore, muzzle-loading musket would be 
accomplished only over his dead body. So strong were his and his 
subordinates’ convictions on this point that the terrific effective- 
ness displayed by Spencer rifles at Gettysburg was completely 
ignored, and the Spencer com pany obtained governm ent contracts 
only through the illicit activities of various State government offi- 
cials and the pressure of President Lincoln.

W ith the conclusion of conflict most of the small industrial 
organizations which had contributed to the war effort converted 
to peaceful pursuits and lost contact with the military entirely. 
T he small continuing burden of research and development was 
carried on within the arm ed Services. Two elements of this type 
of activity which have since become of criticai importance, the 
cycle time from concept to use of a weapon system and the lead



time for its production, were not recognized as im portan t in 
tha t era.

During the course of W orld W ar I for the first time, the 
significance of technical as contrasted with tactical activity be- 
came param ount. Masses of men were of little avail against well- 
emplaced machine guns. M achine guns were of limited value 
against tanks. In  no case involving these weapons could the issue 
be decided by employment of mere masses of men with hand 
weapons, regardless of how superlatively trained.

D uring the period between W orld W ars I and II our nation 
was slowly and reluctantly forced to recognize that we were no 
longer immune to attack from abroad, that wars would probably 
never again be initiated in a gentlem anly fashion, and that the 
m aintenance of a sizable m inim um  State of m ilitary preparedness 
might become an unhappy necessity. This period, an interval of 
peace preceding a great conflict, is in some ways similar to the 
situation in the world today, so a careful study of selected events 
might be highly rewarding. Because my íield of activity has been 
most closely connected with engine developm ent and because I 
really believe that the story of engine developm ent in the U nited 
States during this period is most significant, most of the history 
which I shall now cover will involve propulsion.

The great questions tha t dom inated m ilitary research and 
development during the 1920’s and 1930’s and tha t still rem ain 
unsolved in im portant aspects include the following: How do we 
balance a program  between the Scylla of potential rapid  obso- 
lescence and the Charybdis of extreme technical difhculty? How 
m uch effort should be put into analyses and paper activity as com- 
pared to empirical hardw are exploration and consequent scrap- 
heap generation? How is industry to be guided into developm ent 
rates not in consonance with profitable civilian patterns? A con- 
siderable am ount of light is cast on these questions by the episodes 
which follow.

After the conclusion of W orld W ar I the U nited States found 
itself in a position where the m ajor part of its aircraft engine pro ­
duction was in the form of a foreign engine of limited performance, 
built under license. This situation seemed a com fortable one, in 
that the small num ber of relatively low-performance airplanes pos- 
sessed by the military were able to fly and the organization produc- 
ing the engines and m aintaining them operated at a profit. A 
certain am ount of m ilitary pressure was brought to bear on the 
producer of this engine to develop and produce higher perform ance 
power plants, but the effect was zero. T here was no commercial
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interest which could be served by the development and production 
of superior power plants and the only exeuse for such development 
work lay in armed Services requirem ents.

Late in the 1920’s a verv small organization had begun to 
produce air-cooled radial engines radically different in design from 
the foreign units producecl under license. It was evident that this 
product of native talent had the potential of far outstripping its 
foreign com petitor in power-weight ratio, but large engine pro- 
ducers were extremely reluctant to undertake its development and 
production. Small companies were not capable of meeting military 
requirem ents imposed upon a prime contractor. This unfortunate 
situation was resolved in an apparentlv unorthodox m anner. The 
governm ent agreed with the producer of the obsolescent foreign 
power plant that he could indeed continue to produce these devices 
as long as he saw fit, but it was difficult to see how further contracts 
for support of m ilitary aviation could be placed with his organiza­
tion unless vigorous efforts were m ade to exploit the newer tech- 
nology of the radial air-cooled engine. Very reluctantly the larger 
firms movecl in the direction indicated, and achieved great success 
in the development of these power plants, resulting in profits to 
their stockholders and engines to the Air Corps.

T he lesson here is a subtle one— the Air Force strongly feels, 
and has traditionallv felt for m any years, that American industry 
is its partner. To use properly the talents of this partner, the Service 
is loath to interfere in direct m anagerial prerogatives. Yet to ensure 
the defense of the nation, m ilitary developm ent must inevitably 
occur at a pace faster than that characterizing the civilian economy, 
and some m ilitary pressure must be brought to bear to accomplish 
this. Too m uch pressure is rightly regarded as an invasion of 
m anagerial rights; too little inevitably leads to the development of 
a second-rate military force. T he objective in this instance was 
achieved through exercise of careful discretion which did not in ­
fringe unduly upon the rights of the com pany but indeed reacted 
beneficially to it while attaining the ends deemed neeessary for 
the defense of the nation.

Tow ard the end of the 1930’s a highlv significant phenomenon 
was taking place in Europe. T he Otto-cycle engine, which for 
m any years had held the center of the stage in several forms for 
aircraft propulsion, was being challenged. In Italy, Germany, 
France, and England other cycles were recognized and were being 
investigated. Heinkel had built and operated an axial-flow turbo- 
je t and had vigorously investigated about half a dozen other seem- 
ingly promising approaches. The Italians had operated the ducted-
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fan reciprocating engine com bination of Cam pini-Oaproni, and 
the Englishman W hittle was well advanced in the development of 
the centrifugal-compressor turbojet.

In the United States our engine contractors and most oí' our 
development people regarded these advances with contem pt. In 
the íield of rocket engines during the 1920’s the key approaches 
leading to the large engines of today were recognized and vig- 
orously and successfully pursued by Professor R obert H. G oddard 
in the U nited States. D uring the entire period of the 1920’s and 
1930’s he labored with very considerable success in this íield. 
\Vhen at the close of the 1930?s he offered his work grátis to the 
militarv Services, he was refused and little effort was m ade to 
exploit the brilliance of this individual in engine developments 
aimed at the prosecution of W orld W ar II . T he G erm ans on the 
other hand, enjoined from developm ent of conventional aircraft by 
the terms of the Versailles T reaty, sponsored the developm ent of 
the rocket engine which ultim ately led to its successful exploita- 
tion in the V-2.

These instances clearly are symptoms of the same disease. 
Traditionally the United States has turned out large num bers of 
extremely reliable power plants over the years. This has been ac- 
complished through very' eftective em ploym ent of high-quality, 
complex tooling requiring very large capital investment. A natural 
corollary of the existence of this tooling is the desire to use it as 
extensively as possible to write off the large original investment. 
Thus we find in the instances above tha t the U nited States has a 
greater stake in the retention of the status quo than other nations 
less extensively tooled for production of existing engines. High- 
class, expensive tooling therefore should be regarded as both a 
blessing and a curse in that it enables us to turn out large quantities 
of high-quality power plants at reasonably low cost but tends to 
inhibit rapid acceptance of radical departures in technology, even 
when significant gains may be achieved.

A nother phenom enon vyhich carne to light during this period 
pertains to the difhculties involved in the transfer of a design de- 
veloped by one agency to some other agency for production pur- 
poses. As the devices of war become ever more complex, involving 
ever finer tolerances, clearances, surface conditions, etc., the ability 
of m an to precisely identify these things by means of drawings and 
specifications becomes ever more deficient. O ne could be fairly 
confident that the spears handled by Xerxes and turned out by 
the brass shop of X antippe could be equally well produced by the 
metalworkers of Aristophanes II. Not so the complex devices of
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m odern warfare. Early in W orld W ar II a certain adm iration was 
felt for the performance of the Rolls-Royce M erlin engine and it 
was decided that the engine would be put into production in the 
U nited States. Little difhculty was contem plated, since it was a 
device in massive production and well proved in Service. In actual 
fact, in spite of the transfer of tens of thousands of drawings from 
Rolls-Royce to Packard, it took years to iron out the low-toler- 
ance, highly specialized techniques required to produce reliable 
power plants. Similarly the initiation of production by the Ford 
M otor Com pany of the B-24 airplane at Willow R un was quite 
painful. The airplane had been designed, developed, and was in 
production by Convair, but again the generation of a competence 
to produce this proven device by some other agency was a task 
of no small m agnitude.

T he significance of these two illustrations rests in the conclu- 
sion that the transfer of complex engineering entities between 
production organizations is a difficult, time- and dollar-consuming 
process. T he transfer of devices which have yet to be completely 
developed and thoroughly checked out to production agencies is 
naturally  even more painful, time consuming, and dollar consum- 
ing. I t is for this reason that the U.S. Air Force has rem ained 
firmly convinced that the best way to obtain efficient m ilitary 
m ateriel w ithout this painful and expensive transition is to employ 
balanced teams of industrial organizations to accomplish the de- 
velopm ent and production tasks consecutively within one organi- 
zational complex.

since World War II
D uring the period since W orld W ar II  a pattern  of relation- 

ship between industry and the m ilitary has evolved which still 
defies precise definition but the significance of which seems obvious. 
T he provision of large masses of advanced engineering equipm ent 
upon which the m ilitary security of the nation must depend has 
become a task of tremendous and continuing economic significance. 
T he highly seasonal character of this operation, typified by the 
Civil W ar period, has largely disappeared, and a requirem ent has 
emerged in its stead for systematizing the developm ent pattern  of 
this equipm ent to exploit scientific potentials expeditiously while 
m aintaining a healthy economy at all times. The development- 
cycle time for these massive weapon systems from concept to mili­
tary inventory has become param ount. W e are concerned now 
not merely w ith the exercise of adequate discretion to ensure that
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each development program  neither reaches too far into the blue 
of the technicaJ unknown nor sits in the gutter of technical com- 
placence and inevitable rapid obsolescence, but also that the proper 
steps in improving our complex of weapon systems are taken on a 
rational and timely basis to ensure that vve neither lose ourselves in 
a forest of dissimilar prototypes nor luxuriate in a sea of standard 
muzzle-loading muskets.

A survey of major development programs conducted since 
W orld W ar II  indicates that this criticai time cycle has averaged 
something like eight to ten years. Is this kind of extended efifort 
essential? Does it save money? Does it enable us to do our jobs 
better? I think the answer to all three is no. This excessive time 
cycle stems from m any things, not the least of which are lack of 
skill in budgeting and program ing as exercised by both m ilitary 
and industry; failure to prosecute simultaneously facility, produc- 
tion, test, and training, as well as vehicle developm ent aspects; 
and the pains involved in attem pted transitions from government 
to industrial organizations.

Among the notable exceptions to this pattern  of extended- 
time-scale development are the program s which led to the large 
liquid-rocket engines available to the U nited States today, and the 
T hor missile. These have been singled out not so m uch for their 
uniqueness as for my own close involvement in them  which has 
perm itted some light to be cast on how these time scales can be 
cut. In the case of large liquid-rocket engine developm ent a quite 
significant sum of money had been spent by the arm ed Services 
prior to 1951 with very limited results. The feasibility of m any 
propellant combinations had been established and several rocket 
designs, some employing advanced mechanical features, had been 
explored. But no large rocket engine had been developed to the 
point where reliability and safety had been dem onstrated suffi- 
ciently to permit its inclusion in the m ilitary inventory.

The prim ary reason for this sad State of affairs was a failure to 
realize that the m ajor elements of developm ent programs for en­
gines and missiles are not dem onstrations of feasibility after the 
execution of much analytical work but instead are extensive com- 
ponent test and rework followed by even more extensive engine 
test and rework over wide ranges of com binations of adverse m ar­
ginal conditions. This philosophy had long been applied to recipro- 
cating and turbojet engines, but until the time period in question 
most of the rocket engine development program s in this country 
were set up by scientifically oriented souls possessed of a great dis- 
dain for empirical procedures.
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The unique success of the Air Force large liquid-rocket devel- 
opm ent program can be traced to application of development pro- 
cedures clirectly based upon successful operations in reciprocating 
and turbojet engines. It is of interest to note here that the applica­
tion of these development principies necessarily had to be pressed 
by the Air Force itself, since its industrial contractors in the rocket 
field had little or no knowledge of the general philosophies of 
development employed for reciprocating engines and turbojets.

In the case of the T hor missile development program  the Air 
Force found itself in a very nearly classical position to exploit 
properly the development of components which had been spon- 
sored independently of this program  and were ripe for use. Because 
of this situation it was possible to lay out a prelim inary design in 
a very short time, followed by a detailed test schedule developed 
very early in the program , with great conftdence that momentous 
changes would not have to be made. T he use, from the inception 
of the program , of the team  of industrial contractors selected to 
ultim ately produce the missile precluded the loss of significant 
am ounts of time for transition into production at some later point 
in the program . M oreover, efforts to employ final production 
specifications and acceptance test procedures as early as possible 
paid off handsomely in exeellent definition of the items tested. On 
the other hand, tests performed on model shop items are frequently 
inconclusive in nature even when exeellent instrum entation is 
used, because of lack of clear definition of what has been tested. 
Even when the items to be tested are sharply defined, unless pro ­
cedures in fabrication and assembly are identical to those antici- 
pated in production their significance with relation to production 
items is questionable.

T he speedy success achieved with the T hor program , then, 
stemmed largely from no loss of time in transition from model shop 
to production tooling, early establishm ent of production specifica­
tions and techniques, exploitation of reasonably well-developed 
com ponents at the inception of the program , complete elimination 
of dead-end testing of so-called test vehicles which generally have 
little bearing on final configurations, and a realistic appraisal of 
the budgeting program . This last element is of great significance, 
in that the typical m ilitary program  budgeting procedures involve 
preparation and justification in great detail of all major items re- 
quired for development by men intim ately familiar with the task 
at hand, followed by arb itrarv  cutting of these am ounts at various 
leveis by people much less familiar with the programs in question. 
Such cuts are frequently expensive.



Patterns of Military-Industrial Relationsliips
There is considerable alarm  and confusion today on the part 

of the American public concerning the effectiveness of our m ilitary 
activities. This is completely understandable and stems in no small 
degree from the fact that the m ilitary task has changed profoundly 
since 1940. Today we must recognize that the only constant in the 
military picture is that technical changes vvill continue at an ever 
accelerating pace. T o resist this is suicidai, while intelligent ac- 
commodation to it can yieid m any benefits. The criterion of success 
for a m ilitary Service has become the ability to conceive, develop, 
and operate effective, complex weapon systems at a pace to 
exploit efficiently the ever increasing rate of scientific advance.

W ith these thoughts in mind, then, it should be profitable to 
explore patterns of m ilitary and industrial relationships which 
have been tried. These include the arsenal concept, the service- 
industry team  concept, and operation by com m ittee.

the arsenal concept

Inspection of the arsenal concept, largely adhered to by the 
United States for a good part of its history, reveals certain difficul- 
ties. If it is agreed that indeed the massiveness of the industrial 
base to support the m ilitary precludes placing it all in the hands of 
the government, em ploym ent of this arsenal concept necessarily 
involves some split between the activity of private industry and 
that of the arsenais. I t vvould seem most rational that this be effected 
in a pattern  perm itting research, developm ent, and limited produc- 
tion to be conducted largely by arsenais, while massive production 
would be accomplished by private industry. This indeed has fre- 
quently been the pattern  followed. A significant advantage of this 
system lies in the fact that developm ent up to the prototype stage 
can probably be conducted more rapidly than through most other 
systems. However, production of large num bers of complex units 
of any given weapon system can be accomplished more favorably 
by teams of large private industrial contractors.

Can we take advantage of both circumstances by using arsenal- 
type installations and industry each for the task for which it is best 
suited.J I think the answer is sometimes yes, with the proviso that 
the point of compromise between the activities of one and the
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other of these entities be very carefully selected. Inevitably the use 
of this com bination involves a transition at some time from arsenal 
fabrication, assembly, etc., to the execution of these activities by 
teams of private contractors. Unless this occurs very early in the 
program , or unless the program  is limited to few or simple devices, 
the operation can be extremely time-consuming and expensive. It 
should also be pointed out that such a pattern  of operation gen- 
erally fails to make best use of the m anagem ent, test, and engineer- 
ing competence of Am erican industry and tends to force the use of 
highly integrated industrial facilities along courses of fabrication 
and assembly which are not optim al for their particular layouts, 
equipm ent, and skills.

A nother adverse aspect of this m anner of operation relates to 
the potential exploitation of m ilitary development by the civilian 
economy. O ne of the key elements in ensuring continued prosper- 
ity in our nation is the unceasing developm ent of newer, more 
attractive commodities to support an ever expanding population 
of increasing industrial efficiency. W ithout these new commodities, 
techniques, and m ateriais our economy would stagnate or shrink. 
O f prim ary significance in this advance of the nation’s economy 
is the ratio between expenditures upon effective research and de­
velopm ent and those for production and Services. I t  is through 
this m édium  that the arm ed forces can contribute very effectively 
to the civilian economic health of the U nited States.

the service-industry team concept

The service-industry team  concept, which is the typical pat­
tern of Air Force research and developm ent, is like the others in 
that it is not perfect. To be effective, it requires the exercise of 
discretion and inspiration. W hen handled properly, this concept 
can be most effective; but its distinction from the arsenal concept 
when that is handled properly need not be great.

A developm ent program  from its inception until the prototype 
assembly stage can almost certainly be accomplished more rapidly 
by specialized job shop than by closely coordinated teams of mas- 
sive industrial contractors. Generally, however, the total elapsed 
time and cost from inception of program  to delivery of first produc­
tion items can and probably will be very considerably shorter in 
most cases when the service-industry principie is employed than 
if developm ent through prototype were isolated. This system also 
facilitates to the m axim um  the exploitation by civilian industry of 
m ilitary developm ent of commodities, techniques, finishes, and
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materiais and thus contributes most effectively, if handled properly, 
to the civilian economy of the nation.

The major potential weakness of the service-industry system 
lies in the fact that it vvill operate in an apparently  healthy pattern  
even w ithout the exercise of adequate technical discretion on the 
part of the military Service employing it. Thus unless a definite 
effort is devoted to the training of m ilitary project engineers, the 
possibilitv exists that m ilitary engineering competence could be 
reduced to a dangerous levei before the deficiency is recognized. 
Since a contractor industrial organization is necessarily and appro- 
priatelv proíit oriented, it inevitably attem pts to propose to the 
m ilitary w hat it thinks the m ilitary would like to do. This may or 
may not be what is best for the nation. U nder these circumstances 
sufficient technical competence must be available w ithin the mili­
tary to provide these contractor teams with adequate guidance to 
develop and produce m ilitarily profitable devices. I t is exclusively 
within the military that the peculiar synthesis of technical feasibility 
and m ilitary attractiveness can best be made.

operation by committee
D uring the last decade it has become increasingly more fash- 

ionable in the United States to use large num bers of committees 
for the control of m any diverse activities. In the case of m ilitary 
development this seems to be particularly true. Large num bers of 
learned scientific committees continually circulate within Defense 
D epartm ent activities. VVhere do these fit into the scheme of things?

It is very proper that scientific committees evaluate the tech ­
nical feasibility of approaches proposed by the m ilitary, but it does 
not follow that scientific committees are necessarily com petent to 
adjudge the validity of developm ent program s with respect to 
facility requirements, dollar requirem ents, time scales, etc. W hile 
history has occasionally dem onstrated that an individual com- 
pletely unversed in a specified art may exercise com petent judg- 
ment, this is rarely so. Most frequently the m an best qualified to 
estimate the validity of developm ent schedules and requirem ents 
for facilities and hardw are is one with extensive experience in this 
particular field.

Although a steady trend away from pure line organizations 
has existed since the turn of the century, it may well be that the 
exaggeratecl staffs and committees employed by typical develop­
ment organizations today have become too large and that much 
good could come from some reversion to the coupling of authority
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and responsibility in the hands of single program  managers. Even 
the best of committees composed of individuais with expert skills 
in all activities under consideration should not be expected to 
contribute more than good general advice on most aspects of com- 
plicated development programs.

Wliat Have We Learned?
We have covered a somewhat extensive history of military 

developm ent activity as related to industry. I t  is a haphazard 
story of an unfortunately seasonal relationship which has developed 
to gigantic proportions under the same laws of growth that covered 
the well-known Topsy. Can the implications of this story be reduced 
to simple general terms? Can these observations provide signposts 
in the apparently trackless morass of future m ilitary activities? I 
am  firmly convinced that the answer to these climactic questions 
is yes. Intelligent application of the answers to these questions, 
however, is completely contingent upon a determ ined effòrt to 
shake off prejudices and dogmas which have extended back thou- 
sands of years to m ankind’s obscure past.

M uch discussion has raged regarding the nature of the next 
war. Shall we direct our defense efforts prim arily along the lines 
of massive retaliation? Shall we prepare mainly for a series of so- 
called fringe wars? Shall we go back to developing superior species 
of horses and better stream lined spears? In  the light of hard, cold 
fact all these are almost equally irrelevant. I t would hardly have 
seemed appropriate when we were in the midst of W orld W ar II, 
fighting for our lives, that a ponderous public debate should break 
out occupying m any acres of magazines and newspapers with 
questions of w hat we will do in the next war. Surely it was evident 
at that time that the first business of the nation was to win that war.

We are at war today. I t  is called cold. We will be in this kind 
of war for an indefinite period into the future. W hile it is of philo- 
sophic interest to consider massive retaliation versus fringe efforts 
versus heavier spears and larger horses, it must be recognized that 
these are all of secondary im portance. T he m atter of prim ary 
im portance is to win this war. It is understandable that m any of 
us have not recognized that we are at war. I t is a very different 
type of war than any in which we have engaged previously. For 
all that, this war is not merely as deadly but much more so; we 
are fighting not merely for our survival as a nation but for the 
very lives of every one of our citizens. For the first time we are
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confronted with potential enemies who can destroy us totally. 
The objective of this war, in contrast with that of previous con- 
flicts, is not to gain a decision on the battlefield but to avoid going 
to the battlefield. The use of the battlefield by the com batants 
involved would probably ensure the annihilation of both sides, a 
feat which could hardly be regarded as victory. U nder these cir- 
cumstances it would seem that the objectives stand out very clearly. 
We must dem onstrate to potential enemies clearly and continu- 
ously that a decision to take to the battlefield would inevitably 
result in suicide.

The means we have at our disposal for accomplishing this 
objective are limited. Any threat on our part that an attack on 
this nation would be met with the landing on foreign shores of 
hordes of men equipped w ith rifles, spears, bean-shooters, or atomic 
cannon would be completely futile. In fact it would constitute a 
tem pting invitation to disaster. I t must be m ade clear to potential 
enemies that any openly hostile act will result in rapid, inevitable, 
effective retaliation against the sources of the aggression.

The objective of a m ilitary force, then, is to continually dem ­
onstrate that attack cannot be profitable. This can only be achieved 
by coupling the rapid exploitation of scientific progress, through 
development of high-perform ance weapon systems, w ith an obvious 
capabilitv to deploy and use the results effectively. In short the 
m ilitary tasks during the kind of war in which we find ourselves 
boil down to technical developm ent, planning, and training.

Acceptance of this concept of warfare necessarily calls for a 
revision of past m ilitary values. F ar from being a seasonal venture, 
the prosecution of this type of war is a long-continuing process and 
must be planned to support a healthy eivilian economy as well as 
to provide the prim ary means of survival. It is not merely with 
respect to the nature and duration  of war, however, that our con- 
cepts must change radically. Even more im portantly we must re- 
consider the type of people necessary to achieve success at this 
new kind of war.

Traditionally the m ilitary Services have been com bat-oriented; 
their major task has been operational, and everything else has been 
treated as an unfortunate diversion to be delegated whenever pos- 
sible to appropriate eivilian agencies. The acceptance of technical 
development as a task equal in significance to that of plans and 
training radically alters this position. It seems manifestly absurd 
to contem plate contracting for the defense of the city of Oshkosh 
by some eivilian agency, while dircction of the developm ent of 
essential weapon systems frequently is blithely contracted for with
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a m inim um  of guidance provided by the military Services. In our 
current kind of war it is fully as im portant to demonstrate to po- 
tential enemies the ability to develop advanced major weapon 
systems in the shortest time from concept to inventory as to display 
the competence to deploy and operate these systems about the 
city of Oshkosh. Perhaps more so.

Continuing developm ent of weapon systems to short time 
scales inevitably involves selection and guidance of the most com- 
petent industrial contractors available. The direct guidance takes 
the form of discussions, visits, formal technical meetings, and, most 
significantly, the defmitions provided by exhibits in requests for 
proposals. It is in the preparation of these exceedingly im portant 
exhibits as well as in the evaluation of the ensuing proposals that 
the need for technical competence within the m ilitary becomes 
param ount. G resham ’s law classically relates to the driving of 
sound currency out of circulation by unsound during economic 
disorders. T h a t this law works equally well to drive out technically 
com petent contractors in favor of gifted advertisers is appallingly 
evident when the technical evaluation competence within the 
arm ed Services dips below a threshold value.

Allusion has been m ade to the steady loss of com petent devel­
opm ent engineers from the arm ed Services. If the function of these 
men is as criticai as indicated previously, why does this exodus 
continue? Can it be stopped or reversed? The reasons for these 
conundrum s are fairly obvious, and they tie back to the pro- 
foundly changed nature of war as it is fought today. We still 
regard the m ilitary as prim arily com bat Services; we still regard 
developm ent engineering as an unfortunate adjunct having no 
legitim ate place in m ilitary activity. W hile it seems quite reason- 
able to expend hundreds of millions of dollars on training men to 
navigate, fly airplanes, and shoot guns and m any millions on the 
continuai conduct of exercises through which proficiency in these 
skills may be m aintained, equivalent expenditures in the engineer­
ing developm ent fields are generally regarded as completely un- 
w arranted, although they would only am ount to a small fraction 
of w hat is involved on the operational side. Development engineer­
ing is not regarded as a m ilitary profession. Doctors, dentists, law- 
yers, navigators, pilots, preachers are all professional men and 
recognized as such, but not developm ent engineers.

T he significance of this statem ent lies not merely in the psy- 
chological snub implied, but far more im portantly in the fact that 
this lack of status has prevented the form ulation of a professional 
career pattern  whereby such men can be acquired, trained, and
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effectively exploited. It is only by good fortune that occasionally 
an engineer is employed over a period of years as an engineer, 
becomes highly com petent in his field, and contributes to the 
nation’s defense in his professional capacity. This in spite of the 
enormous signiíicance attaching to these activities during the in- 
definite span of this new kind of war.

I t has often been said that the arm ed Services cannot retain 
engineers under any circumstances because of the miserable pay 
scales offered. This is a very questionable statem ent. If a good 
engineer wished to become rich he would cease to be an engineer; 
in fact he would never have been an engineer in the first place. 
Good engineers, in common with good professional people and 
craftsmen the world over, usually seek more than pecuniary 
recompense. No doubt there is a financial threshold value below 
which engineers are economically forced out of the Service, but 
this is not very high. The lure of the Service to the professional 
development engineer lies in the opportunity  to participate mean- 
ingfully in great engineering adventure.

It is the failure to recognize the significance of developm ent 
engineering as a constituent of m ilitary strength, and the conse- 
quent failure to set up any career plan to develop and exploit the 
engineer, that have caused the deplorable exodus of these key 
people. W ithout com petent m ilitary developm ent engineers there 
can be no stable relationship between industry and the m ilitary, 
for w ithout these men the power to exercise technical discretion 
with regard to where we go, how we do it, and when it can be 
done ceases to exist. For the reasons dwelt upon above, this dis­
cretion cannot be contracted for.

The key to the dilem m a of the relationship between industry 
and the m ilitary during extended periods of a new type of war lies, 
as we m ight have suspected from the beginning, in people. I have 
spent a good deal of time of late listening to organizations debate 
their relative merit in terms of how m any P h .D .’s or M .S .’s are 
found on the com pany payrolls. T h a t such fatuous discussions can 
take place at all is a sad com m entary on our m odern sense of 
values. A massive program  will prosper or die as a result of the 
vision, drive, technical skill, and ability to handle men of a handful 
of people in key positions. O rganization can never substitute for 
inspiration. The m an does not exist who can m anage a complex 
task w ithout a deep and abiding knowledge of the arts and Sciences 
involved. The existence of mere ability to “ m anage” as a skill 
unrelated to specific endeavor is questionable. T he m odern tend- 
ency to refer the conduct of difficult program s to com m ittees and
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teams is merely a convenient way to shirk responsibility. No team 
is worth anything without a captain, and the captain is the man 
responsible.

It seems quite clear that a delicate but well-defined and effec- 
tive relationship can indeed be set up between industry and the 
m ilitary which will provide both the defense of the nation and con- 
tinued industrial good health. The m ilitary Services must recognize 
developm ent engineering as a profession and undertake enough 
engineering work on their own to ensure a supply of competent 
developm ent engineering officers at all times. In doing so, thev 
should not go into com petition with massive American industry 
but ra ther should investigate technical approaches with a marginal 
chance of payoff, largely under conditions not appropriate for 
contract work, and undertake test evaluation of massive contractor- 
developed equipm ent. In this way our numerous m ilitary gradu- 
ates from engineering schools can be developed into the high-class 
engineers required to make the momentous decisions involved in 
m ilitary development activity. By this means also, significant con- 
tributions are sure to be m ade over the years in the State of the 
art, thus generating and sustaining the prestige of the military 
developm ent officer. These officers, then, through their ability to 
combine the potentially m ilitarily useful with the technically 
feasible, can act to inspire, stim ulate, and guide industry along 
lines to best exploit its own skills for m ilitary programs. T he num- 
bers of men involved need not be large. I t  is surprising how rapidly 
the point of diminishing returns is reached in any organization.

T he industry-m ilitary team thus formed would be enormously 
benefited by the return  of m any learned scientific scholars to 
Science—for this country is proportionately weaker in straight 
scientific research than any other advanced country on the face of 
the earth— and by return  of adm inistrative politicians to politics.

Air Force Ballistic Missile Division (Hq ARDC)



. .  .a  searchíng look a t th e  ph ilosophy  and
m anagem ent of research  and  deve lopm ent

The Stever Report
A  Q uarterly Review S ta f f  R eport

O
N 21 November 1957, some six weeks after the launching of Sputnik I, 
General Thomas D. White, Chief of Staff, USAF, sent a memorandum to 

the Chairman of the Scientific Advisory Board, calling for a “searching review” 
of the Air Force research and development program:

DEPARTMENT OF THE AIR FORCE 
OFFICE OF THE CHIEF OF STAFF 

UNITED STATES AIR FORCE 
WASHINGTON, D. C.

21 November 1957
M EM O R A N D O » FOR C H A IR M A N , SC IEN TIFIC  ADVISORY BOARD

s u b j e c t : Review of Air Force R&D Accomplishments
1. Eíght years ago, the USAF Scientific Advisory Board surveyed the reseirch 

and development program of the Air Force at the request of General Vandenberg, then 
Chief of Staff. Their recommendations, combined with similar recommendations from 
the Air University, resulted in our establishing the Air Research and Development 
Command and the Deputy Chief of Staff, Development. Clearlv, the Air Force program 
of research and development is today far ahead for having taken those steps.

2. To insure our best contribution to the national technological effort, I should 
like the Scientific Advisory Board to conduct an impartial and searching review of the 
oriçanization, functions, policies and procedures of the Air Force and ARDC in relation 
to accomplishments in research and development over the past seven years. After 
completing this review, I would expect the Board to make recommendations as to how 
we can do our job bettcr in the future.

3. Lt. General D. L. Putt, the Deputy Chief of Staff for Development, and Lt. 
General S. E. Anderson, the new Commander of ARDC, will welcome this study. I re- 
gard it as a most important task and an opportunity for the Scientific Advisory Board 
to make another significant contribution to the progress of lhe United States Air Force.

/ s /THOM AS D. WHITE
Chief of Staff

Approximately seven months later the report of the Scientific Advisory 
Board’s Ad Hoc Committee on Research and Development was submitted by the 
Chairman, Dr. H. Guyford Stever of the Massachusetts Institute of Technology. 
The letter of submittal summarizes the major findings and recommendations of 
the Committee:



DEPARTMENT OF THE AIR FORCE 
HEADQUARTERS UNITED STATES AIR FORCE 

WASHINGTON 25, D. C.
20June 1958

Dr. James H. Doolittle, Chairman 
Scientific Advisory Board 
United States Air Force 
Washington 25, D. C.
Dear Dr. Doolittle:

In his memorandum of 21 November 1957, General Thomas D. White, Chief of Staff 
of the United States Air Force, requested the Scientific Advisory Board to investigate 
the manner in which the Air Force conducted its program in research and development 
and to recommend methods by which the Air Force might improve its management of 
research and development. You assigned responsibility for fulfilling this request to the 
Ad Hoc Committee on Research and Development, appointed especially for this task.

The Committee’s report is herewith submitted. Its recommendations are based on a 
few broad concepts which are considered most important and are noted briefly below:

a. In all of its activities the Air Force will continue to experience at a growing 
rate the impact of advancing technology. The research and development phases will 
enlarge and become of greater importance. Though in the past the Air Force has intro- 
duced major changes to adjust to this increasing role of research and development, it 
has not yet kept pace with the need.

b. In order to handle its increasing technological problems, the Air Force 
will need a higher percentage of better trained, more capable technical personnel— 
officers, civilians, and airmen.

c. There is a growing lack of trust in the capability and performance of 
individuais at the working levei in research and development, not only in the Air Force 
but throughout the government. This growing lack of trust has resulted in taking away 
from the working levei the authority, but not the responsibility, for research and develop­
ment projects, and diffusing this authority in a host of organizations and individuais 
in higher echelons; it has resulted in an increase in staff work of all sorts on matters of 
minutia; it has resulted in increasingly detailed technical direction from higher policies 
and planning echelons to lower working-level echelons in the research and development 
organizations; it has resulted in an increase in the constraint on the use of money, people, 
facilities, and on the resources required at the working levei to do the research and 
development job. The lack of trust is extended into the contractual relations with 
industry, academic, and other private organizations.

Unless trust is restored and these symptoms of distrust eliminated the Air 
Force can never hope to reduce the length of its development cycle to that required to 
maintain technical superiority in weapons over our potential enemy.

d. Many of the changes needed to improve management and conduct of re­
search and development in the Air Force depend upon other governmental agencies, 
such as the Department of Defense, the Bureau of the Budget, the Congress, and the 
Executive Office of the President.

I n  1957  th e  C h ie f o f  S taff, USAF, req u es te d  th e  S cien tific  A dvisory B oard  to  re- 
view th e  A ir F o rc e ’s resea rch  a n d  d ev e lo p m en t o rg a n iz a tio n  w ith  th e  view of 
e n su r in g  th a t it was p ro v id in g  th e  n a tio n  w ith  th e  best w eapon Systems in  th e  
sh o rte s t lead  tim e . T he  re su lt o f  th e  in v es tig a tio n  is th e  S tever R ep o rt, w hich 
derives its n a m e  fro m  the  c h a irm a n , H . G u y fo rd  S tever, o f  th e  c o m m itte e  a p p o in te d  
by th e  Scien tific  A dvisory B oard  to  m ak e  th e  study . C oncisely w ritten  an d  p o in ted  
in  its la n g u ag e , th e  R ep o rt fin d s  m u c h  to  be d on e  in  reo rg a n iz in g  A ir Force 
re sea rch  a n d  d ev e lo p m en t an d  in d ic a te s  th a t m an y  o f  th e  sam e p ro b lem s a re  pres- 
e n t in  g o v e rn m e n ta l h a n d lin g  o f re sea rch  a n d  d ev e lo p m en t on  leveis above th e  Air 
F o rce . B ecause  o f  th e  w idesp read  in te re s t th a t th e  R ep o rt evoked  a t th e  tim e  o f 
its re lea se , th e  Q u a rter ly  R eview  o ffe rs  an  a b r id g m e n t o f  th e  te x t o f  th e  R epo rt. 
I ts  f in d in g s  a re  s till u n d e r  s tu d y  by th e  A ir S ta ff an d  n o n e  o f its co n tro v ers ia l 
rec o m m e n d a tio n s  have yet been  im p le m e n te d  by th e  C h ief o f  S taff. B u t its d istin- 
g u ish ed  a u th o rs h ip  a n d  its d e p th  o f  p e rsp ec tiv e  o n  p ro b lem s o f A ir F orce  research  
a n d  d ev e lo p m e n t m a k e  it an  im p o r ta n t d o c u m en t fo r  th e  th o u g h tfu l a ir  officer.
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The Committee’s recommendaiions, too numerous to list here in detail, are designed 
to eliminate to the maximum extern possible lhe undesirable conditions in research 
and development which are indicated above. The major recommendalions are suin- 
marized briefly hcrc, as follows:

a. The Air Force must sharply reduce excessive administralive Controls and 
detailed technical direction which are exerted by higher echelons both wiihin and 
without the research and development chain of command over the working-level project 
engineers, laboratories, and contractors. Authority and responsibiliiy must be delegated 
together and concentrated at the working levei.

b. Air Force must make clear to higher authorities the necessity for a reorien- 
tation of those activities of government above the Air Force that prevent the Air Force 
from doing the most effective job in research and development.

c. The Office of the Deputy Chief of Staff, Development should concentrate 
its efforts along the important staff lines of research and development requirements, 
policies, resources, program integration, and program evaluation. These tasks can be 
accomplished in such a way that the total number of staff personnel is reduced and de­
tailed technical direction of the Air Research and Development Command is eliminated.

d. The Air Research and Development Command should be reorganized along 
the distinct functional lines of the research and development program, i.e., research, tech­
nical development, weapon systems, and testing. There should be Deputy Commanders 
in Air Research and Development Command in charge of each of these areas, who not 
only have responsibility for the program, but also are in charge of the Centers, labora­
tories, and other facilities which are directly engaged in their activity. An objective of 
this reorganization is to consolidate and reduce the stafT and overhead personnel of the 
Headquarters, Air Research and Development Command and its Centers. This change 
should be accomplished in a way that the detailed research and development program 
is carried out directly at the working leveis in the Centers and the laboratories.

e. Those portions of the research and development budget used for research, 
state-of-the-art development, and the development of radically new wreapons should be 
substantially and immediately increased.

f. All operating funds for research and development should be Consolidated 
within the research and development appropriation and placed completely under 
Deputy Chief of Staff, Development-Air Research and Development Command control, 
w ith Air Research and Development Command designated as a procuring activity.

g. The ponderous procedures for funding, approving, designing, and con- 
structing research and development facilities must be streamlined.

h. The concept of giving the operating research and development agency 
packaged resources—funds, facilities, and personnel—should be followed more fre- 
quently, particularly for weapon systems development.

i. The budgetary and financial Controls for research and development should 
be made more flexible.

j. Some research and development programs, particularly the exploratory 
research  p ro g ram , should be p rov id ed  lo n g er-te rm  fund in g  an d  g re a te r  s tab ility .

k. Contracting procedures should be changed to give contractors greater in­
centive to do research and development work more efficiently.

l. The Air Force should raise the technical qualifications of its research and 
development personnel by increasing opportunities for higher education in technical 
fields.

m. The Air Force should attempt to obtain and retain better qualified research 
and development personnel by improving its career managemem and rotation policies.

n. Qualified civilian personnel should be given greater authority and respon­
sibility in research and development work.

The Committee is strongly of the opinion that the Air Force research and develop­
ment activities wiil be substantially and immediately improved and the total Air Force 
missions w ill be better discharged if the spirit of these recommendations is accepted and 
their sense is effected by the Air Force.

Sincerely,
Mr. Bennett Archambault /s /H . GUYFORD STEVER , Chairman
Dr. W. Randolph Lovelace, II for the Ad Hoc Committee
Dr. Clifford T. Morgan on Research and Development
Professor Courtland D. Perkins
Mr. Perry W. Pratt
Dean Ralph A. Sawyer
Dr. Teddy F. Walkowicz
Mr. Raymond J. Woodrow
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Because of the widespread public interest in the Stever Report and because 
of the important implications which its recommendations may well have for the 
future organization and functions of Air Force research and development activi- 
ties, the Quarterly Reoiew ofifers a summary of this outspoken and controversial 
document.

l he Report begins by reviewing the events which led up to General White’s 
memorandum. When the Deputy Chief of Staff for Development, Hq USAF, and 
the Air Research and Development Command were established, six months had 
passed since the first Soviet atomic explosion in August 1949. The Stever Report 
States that, even so, “ the Soviet ability to master modern Science and engineering 
was still not widely understood or appreciated. . . . In June of 1950, however, as 
a result of the Communist aggression in Korea, major support was given to all 
military activity, including research and development. . .

With these additional funds ARDC improved both its facilities and its 
products. This rate of progress was short-lived:

Hardly three years after the initiation of these changes, when these improvements 
in USAF R&D were beginning to bear fruit, a new and Iess favorable environment 
emerged to give them a serious setbaek. Toward the end of the Korean War, the govern- 
ment moved to reduce the cost of the military establishment by placing greater reliance 
on modern weapons and technology. This policy should have called for increasing R&D 
budgets to develop the more modern weapons. Instead, because of overall economic 
considerations, the Air Force R&D budget levelled off, then declined.

At the same time, the greatly increased interest in the military economy brought 
about stricter administrative Controls, particularly in R&D. Project direction was often 
carried to much higher administrative leveis than before. Decision-making becamc more 
ponderous as did procedures for providing the resources—people, dollars, and facilities— 
required to get the R&D job done.

These two general factors, limited budgets and excessive administrative Controls, 
together with some evident reservations within the Air Force about either the capability 
of the R&D organizations, or the importance of R&D, have partially vitiated the early 
accomplishments of the new R&D operation within the USAF. . . .

Nevertheless, the Report goes on to say, the USAF R&D organizations have 
done an effective job in many areas, most notably perhaps in accelerating and 
giving direction to the ballistic missile program.
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P h i l o s o p l i y  o f  O p e r a t i o n s

Af t e r  the introductory remarks concerning mainly the history of DCS/D and 
ARDC, the Stever Report considers in rather general terms the Department of 
Defense R&D program and the changing nature of the Air Force.

. . another national awakening"
There has been an intense research and development rivalry as each of the Services 

has worked hard to establish its future in the air defense, guided missile, and space fields. 
In this competi tive process, the Defense Department has been unable to limit inter- 
service competition to that essential to most rapid progress. As a result, the roles and 
missions of the Services have become competitive rather than complementary.

This situation has imposed an additional burden on top of the alreadv heavy cost 
of modern weapons. Because of it, budget agencies outside the R&D management 
structure have sought to reduce costs by themselves intruding into the detailed R&D 
phases of management. From the point of view of the USAF, the situation has been fur- 
ther aggravated by a lack of understanding of Sciences related to air power at leveis of 
government above that of the Air Force.
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VVe havejust gonc through another national awakening to the importance ofsdence 
and technology. In its aftermath, the President has taken tvvo steps of major importance: 
first, he has presented a reorganization plan for the Department of Defense, including 
the establishment of the Advanced Research Projects Agency; second, he has appointed 
a Special Assistant for Science and Technology and revitalized the President’s Science 
Advisory Committee. It is hoped that these steps will lead promptly to major improve- 
ments in military R&D manageinent, and that the appointment of a number of officials 
throughout the decision-making strueture of government who understand the dominant 
technologies of our time will come about. As the needed improvements in R&D manage- 
ment are studied by the higher echelons of government, the USAF has a major respon- 
sibility to make known its problems, needs, and recommendations.

. . an increasingly complex technological Air Force”
The USAF is now faced with dividing its efforts amongst the continuing needs for 

manned aircraft, the growing needs for missiles, and the ernerging, though not clearly 
defined, needs for space technology. Guided missiles and electronics already amount to 
approximately one-half of the total USAF R&D and Materiel budget. The USAF must 
face the problems inherent in this rapid trend toward an increasingly complex techno­
logical Air Force without having the strength in depth of scientific and technical per- 
sonnel that is required to discharge its responsibilities. Over the past eight years the 
increase in the technical education and training of company grade Air Force officers has 
been somewhat impressive but still inadequate. In the field and general officer grades, 
only about one-third have technical degrees, rather less than in sister military Services, 
and the percentage has been sliding slowly downward over the past eight years.

The USAF must come to understand that its ability to do its job depends to an 
ever greater degree on having a far greater proportion of its personnel trained in Science 
and technology; otherwise, it will fail first to carry out its expanding R&D responsibili­
ties, and eventually, to operate effectively its increasingly complex weapons.

“this separation between authority and responsibility . .
The past decade has seen a growing tendency within the government and the mili­

tary to centralize authority, thus removing it from the operating units which still have 
the responsibility. This philosophy has seriously affected R&D. The typical Air Force 
R&D project officer, who has the responsibility for bringing a technical development 
or weapon system into being, has above hlm too many officials who have or assume 
authority for controlling criticai portions of his resources and for approving in detaii his 
project decisions. This separation between authority and responsibility, which is wide- 
spread, has been bogging down the R&D program, and in many cases it is dangerously 
lowering the competence of the R&D operating staff. . . .

The Committee is convinced that a principal reason for the long weapon develop­
ment cycle, which must be of such a serious concern when we compare our military 
progress with that of our potential enemv, is this failure of each echclon and organiza- 
tion to trust lower echelons and other organizations, and to discipline itself to do its 
own job well and not to meddle with others. The maze of communication channels, the 
excess of paper work, the continuai reviews and justifications, the diffusion of decision- 
making responsibility and authority, which are prevalent throughout the Air Force R&D 
program and which constitutc a most formidable single barrier to its success, are mani- 
festations of this lack of trust and discipline.

The trend of the past few years must be reversed. Authority and responsibility must 
be delegated together. The authority must include control of all resources required to 
get a job done, and the opportunity to stand or fali on the basis of competence to make 
sound decisions. Higher headquarters must limit the dircction which thcy give the 
operating echelons to general policy and fiscal guidance. The operating leveis must -be 
freed from the present unending demands for information on all minutiae of all phases 
of their activity. . ..

O r g a n iz a t io n  a n d  P r o g r a m  M a n a g e m e n t

T h e  heart of the Stever Report is the section recoramending a reorganization of 
DCS/D and ARDC. It begins with the problems of the existing system:
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There is frequently a lack of clear understanding of the intended functions of each 
of the several echelons of the Air Force concerned in R&D. Even in cases where such 
understanding exists, there sometimes is poor discipline in confining the actual functions 
to those intended. In addition, direction is too detailed, and authority is too confused 
from the higher echelons to those beneath them.

The organization of DCS/D does not appear to be optimum for the important func­
tions it has to carry out. The ARDC Centers are organized primarily along geographical, 
rather than functional, lines. Staff activity is duplicated to excess among the Centers, 
Headquarters ARDC, and DCS/D.

AIR  U N I V E R S IT Y  Q U A R T E R L Y  R E V IE W

“D C S /D  sh o u ld  d irec t a n d  g u id e  A R D C  . . . a vo id  d e ta ile d  p ro je c t d irec tio n "

DCS/D should be responsible for five primary functions: generating R&D require- 
ments, formulating R&D policies, obtaining the resources for conducting the R&D pro- 
grams, integrating these R&D programs into the total Air Force and governmental 
programs, and evaluating and analyzing progress on R&D programs in order to facili- 
tate the decisions of the Air Council, Weapons Board and other Headquarters USAF 
organizations. . . .

The generation of R&D requirements, presently is participated in by both the 
Directorate of Requirements and the Directorate of Development Planning. These or­
ganizations must hear and weigh the opinions of military planners, scientists, and en- 
gineers from both within and outside the Air Force, including the USAF operating 
Commands, in order to formulate requirements that are meaningful, obtainable, and 
worthwhile. Because these two Directorates have such similar objectives and activities, 
we recommend that they be combined.

The Committee is informed that consideration is being given to removing the require­
ments function from DCS/D and placing it in DCS/Operations. The Committee 
strongly believes that this would not be desirable, since it is convinced that the continu- 
ous development of the optimum in advanced requirements must be based primarily 
upon considerations of technical feasibility. Clearly, Operations personnel must have 
an important voice in the establishment of forward requirements, but leadership in this 
function should be the responsibility of the R&D organization.

The Air Force can only have the most advanced weapon systems by making maxi- 
mum use of the state-of-thc-art developments taking place in industry, scientific insti- 
tutions, and its own laboratories. It requires technically trained people from the R&D 
structure to evaluate these developments and to know what is feasible. To be sure, any 
requirements group must have inputs from Operations personnel, who are often in the 
best position to point out deficiencies in the existing weapon systems, and to indicate 
what they consider to be desirable in future weapon systems. Even so, what should be 
possible often depends on new developments not familiar to Operations officers. So 
in the final analysis, the stating of requirements must remain in the hands of those who 
are most competent to judge the possibility of meeting any particular requirement. To 
put it elsewhere is to insure that our technological progress will be slowed at a time when 
it is essential to our survival that we do everything possible to speed it up.

There is at present no organization within DCS/D with specific responsibility for 
the formulation of R&D policies, the second function of DCS/D listed above. This 
function is so important that a separate office within DCS/D should be responsible for 
it. Such office should, among other things, monitor the efíectiveness of the USAF R&D 
organizations; develop policies and plans to improve the quality and utilization of R&D 
personnel; work toward the improvement of R&D contractual relations with industry, 
academic, and other research and development organizations; insure that R&D activi­
ties and problems receive proper consideration in all Air Force policies and regulations; 
and, in general, be responsible for the formulation of optimum policies with respect to 
all R&D activities in the Air Force.

At present, within DCS/D the third and fourth functions listed, those of securing 
resources for the R&D program and of integrating the R&D program into overall Air 
Force activities, are carried out by the Directorate of R&D and the Assistant for De­
velopment Programming. In this area greatly increased emphasis must be placed on 
providing fully integrated resources for all major R&D programs.

The necessity of an adequate evaluation organization within the Air StafT is recog- 
nized. The Committee recommends the establishment of a separate office within DCS/D 
responsible for continuous evaluation and analysis of all present and planncd weapon 
systems. This organization can provide the Air Staff authorities in the Weapons Board
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and Air Council vvith continuous and competent evaluation to help in their day-to-day 
deliberations and decisions.

In summary, it is recommended that DCS/D conccntrate its efforts along the im­
portam staff lincs of requirements and development plans, rescarch and dcvelopmcnt 
policies, resources, evaluation, and program integration. It is firmly believed that these 
functions can and should be carried out by fewer people than at present.

for ARDC—“functional Deputy Commanders”
The ARDC should be organized primarily along functional rather than, as at pres­

ent, geographical lines. More specifically, the Committee recommends that ARDC be 
organized vvith Deputy Commanders placed in charge of all distinct functional areas of 
the R&D program, these areas to be research, technical development, weapon Systems, 
and testing. These Deputy Commanders should be responsible for overall program 
guidance and direction as vvell as the packaging of resources which are required for the 
execution of the programs. These functional Deputy Commanders may or may not be 
located at Headquarters ARDC but vvill control their programs vvithin anv Center 
vvhere capabilities for such work exist. The operation of each Center vvill be directed by 
the Deputy Commander to vvhom the Center is assigned, presumably the Deputy Com- 
mander whose function dominates the work at the Center. Deputy Commanders will carry 
out their work at a Center directed by another Deputy Commander on a tenant basis. 

The basic objectives of such a reorganization vvould be:
(1) To eliminate the excessive costs and confusion that now result from un- 

necessary duplications in staff work at Headquarters and at the Centers;
(2) To provide an improved basis for achieving the packaging of resources 

needed to expedite the entire R&D program;
(3) To minimize the present costly and wasteful tendencies toward “empire 

building” both at the Centers and at Headquarters;
(4) To eliminate to the maximum possible extent confusions in management 

authority and mission responsibility;
(5) To reduce sharply the redundance which now exists in many areas of 

Center activities, and thereby make feasible contractions in the activities of certain 
Centers and, possibly, the eventual elimination of some Centers.
VVith determined and sustained effort all these objectives—and the Committee 

regards them as essential to the future success of R&D in the Air Force—can be accom- 
plished by means of the type of reorganization discussed in detail belovv, and with 
reductions in headquarters personnel.

In addition to believing that circumstances require a reorganization of ARDC along 
the lines proposed in this report, the Committee also believes strongly that clear criteria 
need to be established to govern the functions and methods of operation of Headquarters 
ARDC. The Committee recommends that these criteria include:

(1) Delegation of the maximum reasonable authority to the functional Dep­
uty Commanders;

(2) The concentration of Headquarters ARDC’s efforts toward providing:
(a) Overall program guidance that is specific, directive, and consistent 

vvith the operational plans and requirements of the USAF;
(b) In cooperation with the DCS/D, resources adequate for the execution 

of the programs planned;
(3) Emphasis upon the continuous appraisal of all major projects and programs 

to insure that they are consistent with the objectives of the Air Force;
(4) Emphasis upon the continuous assessment of technical progress and man­

agement effectiveness;
(5) The avoidance of short-term project guidance or control.

1. RESEARCH. The research program of the Air Force is widely scattercd through 
various Centers and other offices and badly compromised by confusion as to the purpose 
of this research program and its overall direction. Research is interwoven with technical 
development and even weapon system projects, usually to the detriment of the research 
program.

In order to provide a sound basis for improving this situation with respect to research,



the Committee recommends the establishment of a Deputy Commander for Research
(DC/R).

Before considering the mission of the DG/R and of the other functional Deputy 
Commanders to be discussed in these organizational recommendations, certain defini- 
tions need to be established:

a. For purposes of this discussion, basic research is divided into two categories:
(1) Basic research which is completely nondirected, has no specific end 

item in view, and is oriented only toward increasing the sum total of 
human knowledge is referred to as exploratory research;

(2) Basic research which is directed toward a definite problem area is 
referred to as supporting research.

b. Applied research (and development) is also considered in two categories:
(1) Applied research which is not oriented toward a particular weapon 

system and concerned only with improving the state-of-the-art is re­
ferred to as technical development (state-of-the-art);

(2) Applied research which is oriented toward some specific Air Force 
equipment problem (e.g., the development of components for a particu­
lar weapon system) is referred to as technical development (supporting).

In terms of these definitions the unique mission of the DC/R would be respon- 
sibility for the entire exploratory research program of the Air Force. It is desirable that 
this responsibility be separated and placed under a Deputy Commander in order to 
ensure that exploratory research is given adequate attention and not neglected in favor 
of the much larger technical development program. The DC/R should be responsible 
for exploratory research in the USAF wherever located, and whether such research is 
performed in-house or by contract. It is desirable that the DC/R be located in or near 
Washington in order to operate in close proximity to Headquarters USAF, the Depart­
ment of Defense, and such governmental agencies engaged in exploratory research as 
Office of Naval Research, National Science Foundation, National Advisory Committee 
for Aeronautics, and the Atomic Energy Commission.

The Air Force exploratory research program should be concentrated under the 
cognizance of the DC/R, and his office should both advise the Commander ARDC 
and represent the Air Force in all matters relating to exploratory research.

The DC/R should have under his jurisdiction the present Office of Scientific Re­
search, and supervise such in-house laboratories of ARDC as are engaged primarily in 
exploratory research. Believed to be in this category are the Aeronautical Research 
Laboratory of Wright Air Development Center, the Geophysics and Electronics Research 
Directorates of the Cambridge Research Center, the Aeromedical Field Laboratory of 
Missile Development Center, the Brussels Office of ARDC, and the nonclinical research 
laboratories of the School of Aviation Medicine. The DC/R should supervise and imple- 
ment all requests for contract exploratory research which might be generated at other 
ARDC laboratories or at other Air Force Commands, e.g., the contract program of the 
School of Aviation Medicine. Consideration should be given to placing the Armed 
Services Technical Information Agency under the DC/R.

Under the DC/R there should be separate divisions for physical and life Sciences. 
This is to ensure that life Sciences (medicai Science, biology, psychology, and social 
Sciences) are given proper recognition and emphasis in the total Air Force program of 
exploratory research. In-house work in life Sciences is dispersed throughout Centers and 
laboratories primarily concerned with development and testing. It tends therefore to 
be subordinate to the physical Sciences and engineering. Yet in the advancing technology 
of the space age, human factors of all kinds are becoming increasingly important. To 
see that they receive the priority they deserve, they must be represented at a high levei 
in DC/R on a par with the physical Sciences and not subordinate to them .. . .

2. TECHNICAL DEVELOPMENT. Technical development embraces three fields 
defined earlier in this rcport as supporting research, technical development (state-of-the- 
art), and technical development (supporting). All are vital to the acquisition by the Air 
Force of continuously superior weapons and equipment.

ARDC has within its Centers both a substantial competence for conducting in-house 
technical development and for contracting for technical development work tò be per­
formed bv others. Each of these capabilities is cssential to the successful conduct of new 
weapon development and, in many respects, the two are complementary. Much attention 
must be paid, however, to the emphasis to be placed on each, and this emphasis will 
necessarily change from time to time. With few exceptions, however, the leveis of com-
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petence in technicai devclopment are somewhat higher outside than within thc Air 
Force. Nevertheless, the Air Force must maintain some in-house capability in tcchriical 
developmem because at times it may be either impossible or impraciical to have certain 
highly specialized types of devclopment pcrformed under contract. Clear criteria, how- 
ever, shouid be established with respect to thc types and scale of technicai developmcnt 
work to be done within ARDC. Such in-house work is now too cxtensive and thc prcsent 
policies are not too clear. Such criteria might include these considerations:

(1) Can the work to be done effectively by one or more outside contractors, 
without the necessity for duplicating important facilities already available within 
ARDC?

(2) At what point in the development can the responsibility be transferred to 
an outside contractor?

(3) Is direct participation by ARDC in the development work essential to 
providing ARDC with sufficient competence to monitor contract efforts in this or 
in some closely associated field?
The greatly increased emphasis which has been placed during recent years upon 

both weapon Systems project management and Category I procurement has tended to 
ignore the technicai competence which is available within the Air Force. As a conse- 
quence, competence is decaying and morale is sinking in many important areas of the 
Air Force technicai development effort. In addition, technicai development directed 
toward the support of specific weapon systems is increasing at the expense of the state- 
of-the-art development.

The competence of the Air Force to conduct effective technicai development in a 
particular field has been acquired over many years. Yet, present practices in the procure­
ment and management of research and development on weapon systems largely bypass 
this competence. There appear to be at least four undesirable consequences:

(1) The Air Force may frequently fail to obtain the benefits of the optimum 
state-of-the-art developments in its weapon system programs;

(2) The cost of such programs may be unnecessarily high;
(3) The incentive for intensive state-of-the-art development is sharply reduced;
(4) The basic competence of the Air Force R&D organization declines.

The present organization of ARDC does not provide means for correcting these 
deficiencies. In order to do so, the Committee strongly recommends that the entire Air 
Force program in technicai development, wherever located and whether conducted 
in-house or by contract, be placed under the direct supervision of a Deputy Commander 
in ARDC for Technicai Development (DC/TD). The DC/TD shouid control all ARDC 
Centers and laboratories which are engaged primarily in technicai development. The 
Committee believes that the following Centers shouid be considered for inclusion in this 
category: VVright Air Development Center, Rome Air Development Center, possibly 
Special Weapons Center, and probably Arnold Engineering Development Center. While 
the Arnold Engineering Development Center has substantial activities in testing, these 
activities are primarily concerned with development testing. For that reason, Arnold 
Engineering Developmcnt Center might be placed under lhe DC/TD. In addition to 
his direct supervision of certain Centers, DC/TD shouid also be responsible (on a tenant 
basis) for all important technicai development work conducted at other Centers, whether 
done in-house or by contract. . . .

3. WEAPON SYSTEMS. The weapon system concept is relatively new, and in 
some respects it has been carried too far. In theory, it is desirable; but a practical means 
must be found for taking advantage of its inherent capabilities. Although the Air Force 
faces many difficult problems in this area, it must nevertheless become more effective in 
the development of complex new systems—all depending, in the end, upon the successful 
devclopment of criticai components. This concept has helped simplify the management 
of large weapon system programs, but at the same time has generated new management 
problems. These problems arise partly through the advent of weapon systems that employ 
new technologics with which ARDC has had little experience, and partly for other rea- 
sons outlined earlier in this report. In the development of airborne weapon systems, for 
example, ARDC has available many competent people capable of providing effective 
technicai management. This competence has been acquired over several decades. In 
electronics, however, Air Force experience is narrower, and ARDC’s competence is 
limited largely to the management of major air defense systems development; hence,
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ARDC has relied greatly on outside organizations, particularly for systems planning. 
The Air Force had even less experience in the development of ballistic missiles, and real- 
izing this it decided to contract for outside technical assistance in the management of 
this program.

The weapon systems divide themselves naturally into two major categories: flying 
vehicle systems, and ground environmental (i.e., air defense) systems. The present ARDC 
organization for weapon systems project management recognizes these categories but 
separates the management responsibility for flying vehicle into ballistic and aerodynamic 
systems. This separa tion arose because of the high urgency of the ballistic missile program 
and the decision to contract for its technical management. It has already caused some 
confusion and may well cause even more as the differences between the characteristics 
of aerodynamic and ballistic systems become less clear. The Committee, therefore, 
recommends that ARDC work toward the consolidation of management authority over 
the vehicle weapon systems development program, while at the same time it recognizes 
the current need for separate management of the aerodynamic and ballistic systems.

a. The Committee recommends that a Vice Commander be placed in charge 
of all aerodynamic and ballistic weapon systems and under this Vice Commander there 
be a Deputy Commander for Aerodynamic Weapon Systems and a Deputy Commander 
for Ballistic Weapon Systems. The establishment of this Vice Commander will aid in 
handling the overlap of vehicle systems to be managed by the respective Deputy Com- 
manders for Aerodynamic and Ballistic Systems. Obviously, the missions and authority 
eventually assigned to the Advanced Research Projects Agency and National Aeronau- 
tics and Space Agency will bear directly upon the decisions as to which types of weapon 
systems will be managed in these different organizations; but we presuppose that the 
Air Force will continue to have R&D responsibilities in both areas. . . .

b. Deputy Commander for Air Dejense Systems Management (DC/ADS). The equiva- 
lent of a Deputy Commander for Air Defense Systems has recently been established, and 
the Committee believes this action most desirable. The DC/ADS should have complete 
authority with respect to the management of the development of all major ground 
environmental systems. The Committee notes with approval the Air Force’s decision to 
obtain for this Deputy Commander the assistance of a contract-operated technical 
management organization.

In making the foregoing recommendations with respect to the organization of 
weapon systems project management, the Committee wishes to emphasize again the 
importance of ensuring that these systems managers utilize to the maximum possible 
extent the full capabilities of the entire ARDC technical development organization. 
Attainment of this objective obviously will require, among other things, that the choice 
of procurement policy (e.g., Categorv I versus Category II) be given the most careful 
consideration on a project-by-project basis.

4. TESTING. A major task facing ARDC is to clarify and strengthen the manage­
ment of the Air Force testing program. It must utilize more efiectively its test facilities 
and ranges. Testing is the largest single functional activity of ARDC in terms of funds, 
personnel, and facilities. The present system of organization does not provide for an 
eflective management of these major Air Force resources.

It is recommended that there be established a Deputy Commander for Testing 
(DC/T) who has complete responsibility for all phases and types of evaluation testing 
for the Air Force wherever conducted. It is the intention of this recommendation that 
operation of ARDC’s extensive test ranges should be under one authority and that 
responsibility for evaluation testing be independent of those responsible for research, 
technical development, and weapon systems development.

The DC/T should have direct responsibility for the operation of Flight Test Center, 
Missile Development Center, Air Proving Ground Center, Missile Test Center, and 
possibly, Special Weapons Center. The DC/T should be responsible for providing 
facilities and Services, as requested, for developmental testing, but the conduct of all 
such developmental testing should be under the supervision of the DC/R, DC/TD, 
DC/AWS, DC/BWS, or DC/ADS, as the case may be. It would be desirable for the 
DC/T to be located at a major test Center. For the long term, APGC seems the most 
likely to be suitable, however, FTC might be a preferable location during the present 
phase of testing requirements.

The concentration of authority over all evaluation testing in the hands of a Deputy 
Commander can assist greatly in the achievement of several of the essential objectives. 
These are:
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(1) Clarification of the missions of the Center now cngaged in evaluation 
testing aetivity;

(2) Improved utilization of testing resources;
(3) Elimination of duplications in testing resources;
(4) Substantial reductions in the testing resources now being employed, includ- 

ing the possible eventual disposal of certain major physical facilities; and
(5) Better planning with respect to future requirements for testing facilities. . . .

5. CENTER COMMAND AND ORGANIZATION. The reorganization of 
ARDC in accordance with these recommendations will have the obvious effect of greatly 
reducing the authority and responsibility now held by the Center Commanders, reducing 
or eliminating Center staffs, and possibly eliminating certain Centers. This seetns to be 
essential to more effective performance of the research and development mission. Many 
of ARDC’s present problems appear to stem directly from the natural tendency of Centers 
to broaden their missions and resources to the extent of serious overlap; these attempts 
have not been effectively controlled under the present system of organization.

Under the proposed system, it is the Committee’s conception that the Centers 
themselves would, in most cases, be operated by Base Commanders having no authority 
or responsibility beyond that required for facilitating the technical aetivity, and that all 
authority with respect to program management would reside in the respective Deputy 
Commanders. . . .

B u d ^ e ts ,  A c c o u n t s ,  a n d  C o n t r o l  E x p e n d i t u r e s

A f t e r  the recommendations for reorganization, the Report focuses attention on 
R&D budgetary matters. Reviewing past R&D budgets, the Committee notes 
that in the period 1946-50 the Air Force R&D budget remained constant at 
around $200 million, despite repeated efforts to get it raised; that the Korean 
War period boosted this figure considerably but it was again sharply cut after 
the war ended; that with inflation and allocation of certain operating expenses 
out of R&D money, funds available for development contracts have dropped to 
less than 50 per cent of the total, this in a period when both ballistic and aero- 
dynamic Systems must be developed. To halt this “debilitating process,” the 
Report lists the following basic points that must be recognized:

(1) So long as the Soviets engage us in an armaments race, we dare not fali behind 
in quality of aerial weapons;

(2) So long as the technological complexity of weapons continues to increase, a 
steady increase in the emphasis on the R&D as compared with produetion pro- 
grams should be expected;

(3) So long as the Soviet technological threat exists, and so long as the numbers of 
scientists and engineers to meet it are available, the overall R&D effort should 
increase:

(4) The commercial aircraft manufacturing and transport industries eannut 
appreciably support the military R&D program. The entire net worth of these 
industries would keep the program going for less than one year. Thus, the grow- 
ing budgetary demands of the USAF R&D program must be met by the 
government.

These four points, it is believed, lead to the conclusion that those portions of the 
R&D budget which are used for research, state-of-the-art technical development, and 
development of weapons of entirely new concept should be increased substantially and 
immediately. The Committee readily grants that there may be some unnecessary dupli- 
cation and some marginally useful projects in the R&D program; but this is true of all 
R&D programs and “squeczing the water” out of these areas is not the important prob- 
lem. Though every effort should be made to spend R&D funds efficiently, it is still 
necessary to increase the size of this portion of the R&D budget. Required savings of 
money should be achieved by a sharper selection of weapon systems for produetion, with 
a quick and final elimination of those that are technologically clearly behind the times.
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R & D  b u d g e tin g  sh o n ld  be " th e  serva n t a n d  n o t th e  m a ster”

The Committee understands . . . that approximately 80% of the funds employed 
in the research and development activities in the Air Force are not under the direct 
control of DCS/D-ARDC, but come from procurement, construction, and military per- 
sonnel appropriations. DCS/Materiel-Air Materiel Command, are responsible for 
representing to the funding authorities budgetary Information concerning by far the 
largest portion of the R&D operating budget, after having exerted an important influence 
on the character and size of the items going into this portion of the budget. In addition, 
DCS./M-AMC also have control over the obligation and expenditure of these funds once 
they have been appropriated. As a result, DCS/D ARDC are in a position of having 
responsibility for the R&D program of the Air Force, but only a very limited authority 
over the budgets and expenditures involved. Even with respect to R&D appropriations— 
the bulk of which are spent through contracts with industrial organizations, educational 
institutions, and independent laboratories—ARDC may contract only on the basis of 
delegated authority from AMC and is subject to its review and control of important 
contracts and contract terms and procedures.

The Committee further believes that the present budget categories for research and 
development do not correlate sufficiently with a sound organizational structure for R&D 
management, particularly with respect to appropriations for technical development not 
directly related to specific end products such as aircraft or missiles. Present budget 
categories do not provide sufficient flexibility to accommodate the rapidly changing 
science and technology of air warfare. Nor do they fit the need for a firmer foundation 
of stability and continuity of funds for most basic research and certain technical develop- 
ments.

In general, there should be greater emphasis on the philosophy that the R&D 
budgeting and accounting structure should, within the sound limitations of Executive 
and Congressional control, be the servant and not the master of those managing R&D.
This is not to say that the managers of R&D should not be interested in economy or 
reduction in costs, but that they should be held responsible for total costs in major areas 
of performance in terms of results produced, not told in detail how their dollars should 
be spent. . . .

The Report considers these points in some detail and makes recommenda- 
tions for substantial changes in the handling of Air Force R&D funds, including 
those for R&D facilities construction. For example, it is proposed that all operat­
ing funds for research and development be placed under DCS/D-ARDC control. 
The Committee further urged that ARDC be designated a Procuring Activity, 
as is Air Materiel Command, having “ the authority commensurate with such a 
status.” Also that the funding system should be reorganized to provide greater 
flexibility in fund management on the one hand and greater stability and con­
tinuity on the other. Another important recommendation is in regard to R&D 
contractors. The Report strongly emphasizes the need for greater incentives, such 
as higher fixed fees, for industrial contractors to undertake research and de­
velopment.

P e r s o n n e l

T h e  final section of the Report deals with R&D personnel. Primary attention is 
given to the problems of obtaining men who can fulfill the ever changing tech­
nical requirements of the modern Air Force and of making an Air Force R&D 
career attractive enough to retain them.

The problem now is not so much one of numbers but of the technical training and 
capabilitv of officers and civilians manning the Air Force R&D eflort. In all of its com- 
ments concerning the capabilities of the officers and civilians in the USAF research
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and development effort, the Committee recognizes that some really outstanding individ­
uais, both in uniform and in Civil Service, are doing the Air Force’s R&D work. The 
Committee, however, vievvs with alarm the inadequate nuinbers of such personnel and 
the apparent absence of serious plans to eliminate the shortage.

“notable shortcomings still exist”
VVhile the Air Force has improved certain aspects of its management of technical 

personnel, there are other areas in which notable shortcomings still exist. To understand 
these shortcomings, it is necessary to consider the following impacts of the current tech- 
nological revolution in weapons on technical personnel requirements:

(1) Weapons of all kinds have become more complicated. To appreciate what 
a weapon does, or may be capable of doing, now requires a levei of sophistication 
and technical knowledge far higher than it did only a few short years ago.

(2) With the advent of the missile age the flyer is becoming relativelv less 
important and a technical knowledge of weapons is becoming relatively more im- 
portant. Hence, the Air Force needs more and more officers who need not be pilots 
but who are highly competent in technical matters. . . .
The Air Force has made an effort to improve the supply and quality of its technical 

personnel without success. In regard to officer personnel, the following changes have 
taken place since the Ridenour Report:

(1) The fraction of general officers with technical degrees has gone down about 
one per cent.

(2) The fraction of field-grade officers with technical degrees has decreased 
about four per cent.

(3) The fraction of company-grade officers with technical degrees has increased 
about ten per cent.
The levei of training of sênior officers was too low to begin with, and the trends 

are in the wrong direction. With regard to junior officers the levei of training was seriously 
inadequate eight years ago, and the commendable progress made since then must be 
further accelerated if the Air Force is to have technical leadership equal to the challenge 
of its increasingly complex tasks. Much of the improvement in numbers in the junior 
officer ranks is a result of getting for only a short time ROTC officers from technical 
schools.

As regards civilian personnel, red tape, unequal opportunity between officers and 
civilians for sênior positions of authoritv and responsibility, as well as the more commonly 
recognized handicaps of government employment are depriving the Air Force of the 
Services of highly qualified civilians.

The Air Force must make a herculean effort to recruit, retain, and utilize effectively 
greater numbers of technicallv qualified R&D personnel.

“a bacheloPs degree is not enough”
At the present time only a small percentage of officers in the R&D assignments do 

not have a bachelor’s degree. Although the holding of such a degree does not in itself 
guarantee technical competence, and some can achieve such competence without a 
degree, it is believed that, as a general rule, officers in technical and supporting assign­
ments should hold at least a bachelor’s degree in technical fields. The data given to us 
indicate that currently 93.5 per cent of ARDC officers in technical assignments have at 
least a bachelor’s degree.

In many technical areas a bachelor’s degree is not enough. Rather, a master’s 
degree or doctor’s degree should be the minimum qualification for the officer holding an 
assignment. To spell out such areas and assignments is not possible in this report but, in 
general, the more an officer is concerned with the use or application of Science or ad- 
vanced technology, the higher should be his educational quaíifications. The number of 
officers holding master’s and doctor’s degrees should be substantially increased. The 
statistics with respect to ARDC technical officers indicate that 32 per cent have master’s 
degrees and 2.5 per cent have doctor’s degrees. In all R&D assignments in the Air 
Force the statistics are 31.1 per cent for master’s degrees and 2.9 per cent for doctor’s 
degrees.
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The Air Force has been doing an impressive job of sending officers back to school 
in order to raise their educational levei and hence their technical qualifications. For 
example, this year the number of officers sent to the Air Force Institute of Technology 
for additional schooling at bachelor’s and master’s leveis is 82 and 90; to civilian tech­
nical universities the numbers for bachelor’s, master’s, and doctor’s are 497, 230, and 4.
For this the Air Force should be complimented. It is noted, however, that, despite these 
efforts, the number of officers in ARDC who hold bachelor’s and master’s degrees is 
not increasing rapidly enough to meet the demand. For that reason the program of 
sending officers to schools of higher learning, particularly the civilian technical uni­
versities, should be expanded and certain changes in the present program should be 
made. More specifically, the following is recommended:

a. Officers should be permitted to apply for training and to learn the result 
of their applications be/ore obligating themselves to a specific tour of duty. The 
present practice, of requiring such an obligation before applying for and being 
accepted for training, discourages many company-grade officers (ROTC) who might 
otherwise remain in the Service. Having been accepted for and having received train­
ing while in the Service, the officers in the Air Force ought to be required to obligate 
themselves for post-training active duty on a scale adjusted to the amount and levei 
of training received. Something like three years of duty for each year of training 
at the Air Force’s expense seems to be a reasonable figure, and it would be more 
equitable than the flat three-year rule now in force.

b. Where university facilities are in the neighborhood of R&D installations, 
the Air Force should do even more to improve the opportunities for officers to do 
part-time graduate work by contributing to the tuition that must be paid and by 
giving the officer some time off from regular duties.

c. The Air Force provides a limited number of duty assignments at univer­
sities or research laboratories so that its more capable, highly trained officers might 
bring themselves up to date in the latest scientific and engineering developments.
If the Air Force broadened this program, it would help considerably to raise the 
levei of capability of the R&D officers.

d. Experience of some of the Committee members indicates that the Air Force 
does a good job of reassigning R&D officers to R&D positions after they have com- 
pleted additional schooling in the technical subjects, and in keeping them there 
after the completion of their training. Even an occasional deviation from this 
practice, however, represents a serious loss in technical potential, both directly and 
by discouraging those who want to be assured of an R&D career.

e. At present the Air Force requires that an Air Force flying cadet need have 
only two years of college training. Since many of these young officers are highly 
motivated to remain in the Air Force, including in R&D, this requirement should 
be incrcased as soon as possible to a bachelor’s degree, preferably an engineering 
or scientific degree, prior to starting flying training.
Such steps are essential if the educational levei throughout the Air Force is to be 

improved to the extent necessary for manning the technologically complex Air Force 
cf the future.

The Committee then offered a number of recommendations on R&D per 
sonnel management, designed to make careers more attractive and to get maxi 
mum use from trained personnel.

Air University Quarterly Review



Atlas Launcli Crew Proíiciency
M a j o r  E d w a r d  H. Pe t e r s o n

T
HE SM-65, the Atlas, will soon become the first operational 
intercontinental ballistic missile in the USAF inventory. T he 
integration of this weapon into the operational structure of 
our air units op.ens up an entirely new set of organizational, main- 
tenance, operational, and em ploym ent concepts. As with most new 

weapons, the problems of the m aintenance of the hardw are will 
probably constitute the bulk of the shakedown effort. But in this 
system there will be other problems scarcely less new. O peration- 
ally the immediate objective of the Strategic Air C om m and is to 
get the missiles and their crews up to operational readiness as 
quickly as possible. Secondly, having achieved this, we must keep 
them there. The big new problem here is how launch crews can 
be trained and their proíiciency m aintained w ithout deteriorating 
the constant com bat alert that must be m aintained, and with only 
very rarely carrying the training to its logical culm ination— the 
full launching of the ICBM .

In reviewing the progress that has been m ade on the problem  
of Atlas launch crew proíiciency, let us first consider the factors 
that serve to frame the training of launch crews— the weapon, 
operational posture, the lim itations of the hardw are, and the 
simultaneous phasing requirem ents; then review the analysis of the 
various types oí training that were considered possible under these 
conditions; and finally discuss in broad outline the launch crew 
training program  as it now stands.

the molding factors

The Weapon. T he Atlas is a liquid-fueled, one-and-one-half- 
stage rocket designed to place a nuclear w arhead on a target 5500 
nautical miles from the launch point. This is accomplished by 
firing three large rocket engines at take-off, jettisoning two engines 
íthe boosters) after part of the fuel is consumed, continuing to 
gain speed and altitude on the sustainer engine, and trim m ing the
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final velocity vector with low-thrust vernier motors. Since the 
final control of velocity is applied relatively early in the flight, the 
bulk of the flight is free fali—hence the term  ballistic trajectory. 
To complete the flight requires about one half hour; this, coupled 
with ability to rapidly invoke this weapon system, provides an 
extremely fast retaliatory system.

Operalional Posture. T he capability of fast reaction presents a 
series of operational difficulties. O n the m anning side we must 
have a perpetuai alert status— a crew standing by at all times. 
Various schemes of “ fire-house” m anning versus shifts have been 
considered, but under any plan each job  must be multiple- 
m anned. This m anning increases the loads in all training phases 
and generates a greater dem and for proficiency exercises to be 
conducted within the operational unit. A nother complication 
arises from the fact that the weapon is beyond recall shortly after 
its launch. To preclude an accidental triggering, the control pro- 
cedures must be fast, accurate, and foolproof.

T he com bination of long alert periods and tight com m and con­
trol are presently under study from a morale and m otivation point 
of view. In addition, there is a dual requirem ent on the launch 
procedures themselves: (1) the developm ent and refinement of the 
operational procedures to provide m axim um  effectiveness when 
and if im plem ented, and (2) the continuous exercise and evalua- 
tion of the launch crews’ proficiency in performing these functions.

Hardware Limitations. The hardw are lim itations that affect this 
weapon system can be defined in four m ain categories: single 
flight, high performance, weight penalty, and irreversibilities. 
First, single flight simply means that ballistic missiles are non- 
recoverable vehicles. Second, missile components must meet very

R econcile  su ch  d iverse  o p e ra tio n a l in g re d ie n ts  as p e rp e tu a i a le rt s ta tu s , m u ltip le - 
m a n n in g , p ro fic ien cy  exerc ises, an d  tig h t c o m m a n d  c o n tro l— an d  one  h as  som e 
m e a su re  o f  th e  ICB M  la u n c h  crew  p ro fic ien cy  p ro b le m . A dded co m p lica tio n s  lie 
in  h a rd w a re  lim ita tio n s  and  in  re q u ire m e n ts  th a t  crew s be tra in e d  an d  p ro fic iency  
m a in ta in e d  w ith in  th e  o p e ra tio n a l u n i t  w ith o u t low ering  c o n s ta n t c o m b a t read in ess 
a n d  w ith o u t la u n c h in g  the  ICB M . M ajo r E dw ard  H . P e te rso n , H e a d q u a rte rs  SAC 
M ike, su rveys th e  A tlas lau n ch  crew  p ro fic ien cy  p ro b lem  an d  som e o f  its possib le  
S olu tions. T h ese  in c lu d e  ( 1 )  a s im u la ted  o p e ra tio n a l e n v iro n m e n t (m o c k u p s  o f 
la u n c h  c o n tro l co n so les) to  ana lyze  la u n c h  crew  p ro c ed u re s , an d  ( 2 )  th e  sam e sim - 
u la tio n  c irc u itry , c ap a b le  o f  b e ing  q u ick ly  sw itched in  a n d  o u t o f  th e  m issile  system , 
to  p ra c tice  on-site  o p e ra tio n s . T h is  a p p ro a c h  “ will p e rm it th e  fu ll-sca le  e x e r ­
cise o f  th e  b a llis tic  m issile  fo rce  o r  th e  exerc ise  o f  an y  desired  e le m e n t.”
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high quantitative and qualitative performance requirements. T hird , 
all components must be reduced to m inim um  weight because any 
excess weight causes a sizable penalty in range. Fourth, these 
hardware parameters cause certain irreversibilities: a launch means 
the expenditure of a missile; a static firing saves the missile but 
requires a period of cleanup and rechecking that costs wear and 
tear plus some hours' loss in readiness; a practice countdovvn short 
of firing still causes a recycle period. Essentially these conditions 
permit the missiles to be brought to the fully ready State and then 
kept at this levei by periodic functional checkouts. Any attem pt 
to practice procedures beyond this readiness point means system 
stand-down.

Simultaneous Requirements in Phasing. Com plicating the phasing 
of ballistic missiles into the operational inventory is the require- 
ment for the three elements of the system— hardw are, skills, and 
techniques— to be developed simultaneously. Several developm ent 
actions in the area of skills are presently under way. T he Q u alita ­
tive Personnel Requirem ents Inform ation (Q P R I) defines the 
skills required of the individual members of ballistic missile units. 
The individual training program  develops these skills in the per­
sonnel. The Integrated W eapon System T rain ing  (IYVST) pro­
gram welds these individuais into launch, checkout, and main- 
tenance teams. It is during this training period that the launch 
crews receive their initial practice as a complete team. To establish 
these launch crew procedures a thorough analysis process was 
required.

the analysis

The hardw are test program  was examined for the possibility 
of servi ng as the source of information on pure operational pro ­
cedures. There are certain inherent drawbacks with this approach: 
(T) the compressed schedules that limit personnel research and 
practice in the test program ; (2) the overlay of telemetry and in- 
strum entation to the point where the test countdown bears little 
resemblance to the anticipated operational countdow n; and (3) the 
quantitative and qualitative superiority of m anning in the hard ­
ware test program over that in an operational unit. (This is to be 
expected. Since the purpose is equipm ent testing, it is essential to 
remove all possible hum an variables.) To satisfy the requirem ents 
of procedures analysis, it was necessary to design a program  specif- 
ically aimed at investigating the operator variables.

I lie mockups of launch control consoles constructed for the
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Atlas development engineering inspections offered an economical 
means of creating a simulated operational environment in which 
to conduct such an analysis. After the addition of a Communica­
tions system and certain recording devices, this set of launch control 
consoles represents the future operational system and has the 
capability of presenting normal and abnorm al situations. These 
mockups consist of the control consoles of a blockhouse, a guidance 
station, and a squadron com m and control console. W ith this 
facility Air Force crews can practice and test the countdown pro- 
cedures in a controlled environm ent. Similarly we can test alternate 
schemes of organization, m anning, procedures, Communications, 
Controls, and information displays. C ertain information derived 
from this analysis will be fed back into the hardw are development 
to assist the continuing im provem ent of the product. The bulk of 
the information derived is centered around the personnel in the 
system. It suggests answers to such problems as validation of pre- 
dicted personnel requirem ents, exercise frequency and content, 
evaluation standards, and future personnel economies.

After the analytical program  is completed, this set of console 
mockups will augm ent the operational equipm ent used in the 
In tegrated  W eapon System T rain ing program . The IW ST pro­
gram  calls for four launch crews, plus a proportionate num ber of 
m aintenance crews, to be trained on each of two shifts. The train ­
ing equipm ent consists of one complex of operational launch 
equipm ent. This training load requires a separate facility to aug­
m ent the basic complex for the practice of crew procedures.

unit projiciency training program
After operational personnel have completed individual and 

IW S training phases and have been deployed in operational 
squadrons, frequent exercises must be continued to build and 
m aintain  launch crews’ eflectiveness. T here must be periodic eval- 
uations, since neither individuais nor crews can be considered 
com bat-ready unless they periodically dem onstrate their capa ­
bility. T he hardw are factors previously m entioned are the limiting 
ones in this exercise and evaluation program . It is presently planned 
for each Atlas squadron to expend a limited num ber of missiles 
per year in actual launches. This num ber is determ ined by various 
factors, including economic and force m odernization considera- 
tions and the progress of the training programs. These launches 
are essential for the proofing of the m an-m achine relationships oí 
the system. Because of the lim ited num ber of actual launches
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expected, the operating crews will not be able to continuously 
sustain and dem onstrate their proficiency by this means alone. To 
the actual launchings there must be added simulated forms oí' 
launch training.

Static firings and aborted countdowns have also been explored 
for their possible use as an exercise and evaluation m ethod. Un- 
fortunately these processes also involve penalties in system wear-out 
and readiness degradation. The conclusions reached in an early 
study of operational launch equipm ent are presented in chart 
form. The checks indicate the kinds of exercises that can be con- 
ducted under three approaches involving clifferent types of equip-

� � � � fl

Exercise vs. Equipment
o p e ra t io n a l o p e ra t io n a l e q u ip -

type  of e q u ip m e n t m ent p lu s  s im u la - se p a ra te

exerc ise o n ly tor a n d  re co rd e rs s im u la to r

com bat training 

launch V V
static firing V V
aborted  firing V V
simulated launch V V
command control V V
unit simulated com ­

bat mission (emer- 

gency w or plan) V V

ment. The top three exercises in the left column provide the best 
evaluation of men and equipm ent, but they are also costly. T he 
day-to-day practice must be done by some synthetic means, and 
this exercise can be com bined with a true com m and control exer­
cise under the second approach. Also a U nit Sim ulated Com bat 
Mission (USCM ) can be conducted realistically in the hrst two 
approaches. A simulation capability at the operational site will 
perm it more frequent and less costly exercises of this sort. The 
principal conclusion reached by this study was that a means 
should be provided to practice operational procedures w ithin the
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job  environm ent w ithout im pairing the readiness State of the 
missiles. This means adding sufficient simulation to the primary 
system to prevent activating criticai or delicate parts of the missile. 
So as not to ham per the system readiness criteria, this simulation 
circuitry must be capable of being quickly switched in and out of 
the system. To evaluate the perform ance of the operational crews 
it is necessary to determ ine standards against which these crews 
should be measured and to provide a means for recording the 
essential da ta  to be com pared against the standards.

A t the present time the analysis and development of this U nit 
Proficiency System are in process for the Atlas and the other 
ballistic missile systems. These U nit Proficiency Systems are sched- 
uled to go into the field at the time the weapons become opera­
tional. C oncurrent with the development of the proficiency systems 
and standards will be the generation of the methods and techniques 
to be employecl in these exercises. T he m anned bom ber system of 
SAC has a series of regulations and m anuais defining the periodic 
training requirem ents for the personnel of the bom ber systems; the 
corresponding regulations and m anuais will be developed for these 
ballistic systems.

T he approach being followed will perm it the full-scale exer- 
cise of the ballistic missile force or the exercise of any desired 
element. I t  will perm it the exercise of the com m and Communica­
tions from H cadquarters SAC down through the elements of com ­
m and to the operational crews, the im plem entation of a typical 
Emergency W ar Plan by the crews, and the flow of data back 
through the com m and channels for decisions at the higher leveis.

T h e  launch crew proficiency problem, then, can be divided into 
two main areas: the developm ent and refinement of the procedures 
to yield m axim um  effectiveness; and the capability to train, exer­
cise, and evaluate the crews in these procedures. The first part of 
the problem  is being solved through the use of a dynam ic simulator 
designed with the flexibility to test experim entally a variety of 
organizational, m anning, Communications, data-flow, and deci- 
sion-rendering functions. T he training of the launch crews during 
the Integrated YVeapon System Training phase will be accom- 
plished on operational equipm ent augm ented by the same simu­
lator used in the analytical program . The continued proficiency 
practice in the operational units will be accomplished through the 
addition of the necessary simulation and recording equipm ent to 
conduct the exercises on-site. This approach will perm it the 
exercise and evaluation of the complete Atlas force or oí a wing,
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squadron, or individual launch crew. The frequency and content 
of each levei of exercise must be designed to bring the m anned 
system to maximum effectiveness. Adding this capability to an 
otherwise static set of hardw are is the only aceeptable m anner for 
the SAC units to build, m aintain, and prove their constant com- 
bat readiness.

Headquarlers SAC Mike
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T H E  HUMAN SIDE OF T H E  BERLIN A IR L IFT

D r . W . Ph il l ips  D a v is o n

T
H E  B erlin  a ir lif t o f  1948-1949 h as b een  w id e ly  reco g n ized  as a  m a s te rp iec e  
o f im p ro v isa tio n  a n d  o rg a n iz a tio n . W h e n  th e  S oviets c o m p le te ly  severed  la n d  
C o m m u n ica tio n s  b e tw een  B erlin  a n d  W est G e rm a n y  in  th e  la s t d ay s  o f  J u n e  1948, 

B ritish  a n d  A m e ric a n  a irc ra f t  w ere  su d d e n ly  ca lled  u p o n  to  su p p ly  a ll th e  neces- 
sities o f life to  n e a r ly  tw o  a n d  a  h a lf  m illio n  p e rso n s  in  th e  b e le a g u e re d  c ity . 
I his fea t w as a c c o m p lish e d  w ith  a  sp eed  a n d  effic iency  th a t  c a u s e d  m a n y  o b serv ers  
to  la b e i i t  a  te c h n ic a l m ira c le . D u r in g  J u ly  1948, w ith  a lm o st no  a d v a n c e  p re p -  
a r a t io n  fo r a  la rg e-sca le  o p e ra t io n , th e  W e s te rn  p o w ers w e re  a b le  to  fly in  a n  
a v e ra g e  o f  so m e w h a t o v e r  2000 to n s  p e r  d a y . T h is  f ig u re  rose  s tead ily , a l th o u g h  
w ith  f lu c tu a tio n s  cau sed  by  b a d  w e a th e r , a n d  by  A p ril 1949 m o re  th a n  8000 
to n s  p e r  d a y  w e re  a rr iv in g  in  W est B erlin  v ia  th e  a ir lif t.

C o n s id e ra b le  a t te n t io n  h a s  b e e n  g iv en  th e  te c h n ic a l lessons le a rn e d  fro m  
th e  B erlin  a ir lif t , e spec ia lly  in  re g a rd  to  a irc ra f t  a n d  a irsp a c e  u t i l iz a tio n , tra in in g  
p ro c e d u re s , c a rg o  h a n d lin g , a n d  so o n . Less a t te n t io n  h a s  b e e n  g iv en  th e  h u m a n  
fac to rs  in v o lv ed  in  th e  a ir l if t’s o p e ra tio n s , a l th o u g h  th ese  w e re  c e r ta in ly  no less 
im p o r ta n t  to  its success o r  fa ilu re  th a n  w e re  th e  m a te r ia l  a n d  o rg a n iz a tio n a l  
a sp ec ts . T h e  fo llow ing  p ag es  a re  d e v o te d  to  a  d iscussion  o f so m e o f  these  h u m a n  
fac to rs : th e  im p o r ta n c e  o f  e n th u s ia sm  as a  s p u r  to  im p ro v isa tio n , th e  w a y  in  
w h ich  a  c le a r  d e f in itio n  o f th e  m ission  h e lp e d  e n su re  c o o rd in a t io n  a m o n g  th e  
n u m e ro u s  a g en c ie s  c o n c e rn e d , th e  s tra in s  th a t  th e  g ru e lin g  p a ce  o f th e  o p e ra t io n  
p la c e d  on  th e  m o ra le  o f a irc re w s, th e  c o m p e n s a tin g  m o tiv a tio n s  th a t  c o m b in e d  
to  e n su re  h ig h  p e rfo rm a n c e  in  sp ite  o f  th ese  s tra in s , a n d  th e  sp o n ta n e o u s  c o n tr ib u -  
tio n s  to  g o o d  p u b lic  re la tio n s  m a d e  b y  in d iv id u a is  w h o  to o k  p a r t  in  th e  a ir l i f t . 1

enthusiasm and improvisation
O n  th e  A m e ric a n  side, th e  first s tep s  to w a rd  e s ta b lish in g  a  la rg e-sca le  a ir lif t 

c a rn e  on  29 J u n e  w h en  te m p o ra ry  h e a d q u a r te r s  fo r a  B erlin  A irlift T a sk  F o rce  
w e re  se t u p  u n d e r  th e  c o m m a n d  o f  B rig a d ie r  G e n e ra l J o s e p h  S m ith . G e n e ra l 
S m ith  w as g iv en  th is  a s s ig n m e n t b y  G e n e ra l  C u r tis  L e M a y , a t  th a t  tim e  com - 
m a n d e r  o f  th e  U .S . A ir F o rces in E u ro p e , w h e n  h e  s to p p e d  in  a t G e n e ra l L e M a y ’s 
office “ on  th e  w a y  b ack  fro m  lu n c h .”  In s t ru c te d  to  fly as m u ch  food as possib le 
in to  B erlin  s ta r t in g  im m e d ia te ly , G e n e ra l S m ith  m o b ilized  a ll a v a ila b le  tra n s p o r t  
a irc ra f t ,  m a n n e d  those p la n e s  th a t  d id  n o t h a v e  assig n ed  crew s by  ta k in g  fly ing  
p e rso n n e l o ff desk  jo b s  in  U S A F E  h e a d q u a r te r s ,  a n d  b e g a n  tra n s p o r t in g  su p p lies 
for th e  B erlin  c iv ilia n  p o p u la tio n  o n  th e  sam e  d a y . M a n y  o f th e  officers w ere  
fly ing  “ in  a d d it io n  to  th e ir  o th e r  d u tie s ,”  a n d  su d d e n ly  fo u n d  them selves w o rk in g
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six teen  to  e ig h te e n  h o u rs  o u t o f  e a c h  tw e n ty -fo u r. B u t th e  a ir lif t  w as e x p e c te d  to 
last a t  th e  m ost a  few  w eeks, a n d  m a n y  o f th e  p e rso n n e l r e g a rd e d  th e  su d d e n  
d e m a n d s  on  th e m  as a  la rk .

B ritish  a irc rew s o f th e  R o y a l A ir  F o rce  T r a n s p o r t  C o m m a n d  h a d  a  s im ila r  
e x h ila ra tin g  ex p e rien ce  w h e n  o rd e re d  to s ta r t  a  la rg e -sca le  a ir lif t  to  B erlin . A 
B ritish  a c c o u n t d escribes th e  o p e ra tio n s  o f th e  first few  d a y s  as h a v in g  b een  co n - 
d u c te d  in  a  c a re free , a lm o st a  h a p h a z a rd  m a n n e r :

Pilou full of doughnuts and tea went forih to seek any aircraft which happened to bc luclcd, 
serviced, and loadcd. Hot was the compctition, and great was the joy when one was found. Soon 
the summer skies were full o f . . . aircraft heading in the general dircction of Berlin.2

M u c h  th e  sam e  s itu a tio n  p re v a ile d  in  o rg a n iz a tio n s  resp o n s ib le  for p ro c u r -  
in g  su pp lies to  be  tra n s p o r te d . S ince  as y e t th e re  w e re  n o  p ro v isio n s fo r m o v in g  
la rg e  q u a n tit ie s  of food to th e  a irfie ld s , A m e r ic a n  a n d  B ritish  A rm y  offic ials co m - 
m a n d e e re d  sh ip m e n ts  of foodstu ffs w h e re v e r  th ey  c o u ld  find  th e m  a n d  ru sh e d  
th e m  to th e  p lan es . G e rm a n  a n d  m ili ta ry  stocks w e re  th u s  d iv e r te d  to  th e  a ir lif t  
fo r severa l w eeks before  a  m o re  sy s te m a tic  p ro c u re m e n t System  w as se t u p .

S to ries a b o u t  th e  confusion  a n d  also  th e  e n th u s ia sm  o f  th e  e a r ly  d a y s  o f  th e  
a ir lif t a re  leg io n . O n e  tells o f  a  C -4 7  th a t  w as c a r ry in g  a n  e m in e n t d ip lo m a t o n  a  
to u r  a ro u n d  E u ro p e . T h is  p la n e  la n d e d  a t  W ie sb a d e n  a n d  th e  m a c h in e  w as left 
u n a tte n d e d  w hile  c rew  a n d  p a ssen g e r h a d  lu n c h . W h e n  th ey  re tu rn e d , th e y  fo u n d  
th e  p la n e  lo a d e d  w ith  th re e  tons o f f lo u r .3

T h e  p e c u lia r  p ro b lem s o f th e  a ir lif t c a lled  fo r c o n s id e ra b le  in g e n u ity , b o th  
in  u til iz a tio n  o f  a irc ra f t  a n d  a irsp a c e  a n d  in  o p e ra t io n s  o n  th e  g ro u n d . F o r  in - 
s tan ce , som e o f th e  h eav y  m a c h in e ry  re q u ire d  for a irfie ld  c o n s tru c tio n  in  B erlin  
h a d  to  be  c u t in to  m a n a g e a b le  p ieces w ith  a  b lo w to rc h  b efo re  it c o u ld  be  flow n 
in ; once  in  B erlin , it h a d  to  be w e ld e d  to g e th e r  o n ce  m o re .4 A g a in , to  fa c ili ta te  
b a d -w e a th e r  la n d in g s  a t T e m p e lh o f , it w as necessary  to  c o n s tru c t  to w ers  o f  u p  to  
seven ty -five  fee t o n  w h ich  to  m o u n t  a p p ro a c h  lig h ts . A fte r  se a rc h in g  th e  c ity  for 
m a te ria is , e n g in ee rs  d e c id e d  to  try  to  b u ild  th e m  o u t o f  w e ld e d -s te e l la n d in g  
m ats , a n d  th e  e x p e r im e n t w o rk ed  p e r fe c tly .5 N ew  m e th o d s  o f  c a rg o  h a n d lin g  
w ere  dev ised , w ay s w ere  fo u n d  o f sc h e d u lin g  a ir c ra f t  a t  c loser in te rv a ls  th a n  h a d  
p rev iou sly  b e en  co n sid e red  possib le , a n d  n u m e ro u s  o th e r  in n o v a tio n s  h e lp e d  sp eed  
th e  o p e ra tio n .

T ra n s p o r ta t io n  o f su p p lies fro m  B erlin  a irfie ld s  to  s to rag e  d e p o ts  w as a cc o m - 
p lished  la rg e ly  by  G e rm a n  c iv ilian  tru c k in g  firm s u n d e r  th e  su p e rv is io n  o f  m ili-

M ore o ften  th an  n o t the  B erlin  A irlift is acc la im ed  as e ith e r  a te ch n o lo g ica l tr i-  
u m p h  th a t eo n firm e d  th e  ro le  o f  av ia tio n  in b ig -tim e tra n s p o r ta t io n  an d  Iogistics, 
o r  a p sy ch o p o litica l victory in  th e  cold w ar. Less sp e c ta c u la r  b u t e q u a lly  v a lu a b le  
a re  th e  h a rd -e a rn ed  lessons in  h u m a n  m o ra le , e n d u ra n c e , te a m w o rk , m o tiv a tio n , 
in g en u ity , e n th u sia sm , an d  sp o n ta n e ity  th a t a re  th e  h e r ita g e  fro m  th e  h u m a n  side 
o f  th is  a ir lif t . T hese  h u m a n  fac to rs  have  been  c losely  s tu d ied  by D r. W . P h il­
lips D avison, R esearch  S c ien tis t, Social Science  D iv ision , T h e  R an d  C o rp o ra tio n . 
H e con c lu d es th a t ‘‘h u m a n  lim ita tio n s  sh o u ld  be ta k e n  in to  a c c o u n t”  a lo n g  
w ith h a rd w are  co n sid e ra tio n s  in  u n d e r ta k in g  any  such  la rge-sca le  o p e ra tio n .
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ta ry  t r a n s p o r t  agen cies , b u t  fuel eco n o m ies  w ere  effected  in sev era l in g en iou s 
w ays. U .S . M ili ta ry  G o v e rn m e n t, fo r e x a m p le , p u t  in to  o p e ra t in g  c o n d itio n  a 
sm all, p r iv a te ly  ovvned ra ilro a d  e x te n d in g  som e six m iles fro m  T e m p e lh o f  a irfie ld  
to  o n e  o f  th e  c ity ’s c an a is , a n d  th e re b y  saved  su b s ta n tia l  q u a n tit ie s  o f gaso line . 
T w o  lo com otiv es a n d  tw e n ty  fre ig h t c a rs  w ere  “ b o rro w e d ” fro m  th e  R u ssian s 
for th is p u rp o se , a n d  w ere  th e n  c re d ite d  a g a in s t th e  ra ilw a y -c a r  d e b t  th a t  the  
S ov ie ts  ow ed  the  W est G e rm a n  b izo n a l a r e a .6 T h e  B ritish , fo r th e ir  p a r t ,  con- 
s tru c te d  a  p ip e lin e  fro m  G a to w  a irfie ld  to  a n  o il-b a rg e  lo a d in g  p o in t o n  B erlin ’s 
c a n a l sy stem . T h e y  w ere  a b le  to  d o  so o n ly  b ecau se  th e re  h a p p e n e d  to  be a v a ila b le  
in  B erlin  som e le n g th s  fro m  th e  oil p ip e lin e  th a t  h a d  b een  la id  o n  th e  floor o f th e  
E n g lish  C h a n n e l d u r in g  th e  w a r  to p u m p  oil su p p lied  fro m  E n g la n d  to  th e  
a rm ie s  o n  th e  C o n t in e n t .7

T h o se  w h o  w ere  in v o lv ed  in  th e  o p e ra t io n  of th e  a ir lif t r e p o r te d  th a t  th e  a t-  
rn o sp h e re  w as fav o ra b le  to  in g e n u ity  a n d  im p ro v isa tio n . T h e  e m p h as is  w as on  
g e tt in g  th e  jo b  d o n e  r a th e r  th a n  o n  d o in g  it a c c o rd in g  to  th e  book . A lth o u g h  th is  
e m p h a s is  w as sp a rk e d  b y  th e  sp eed  a n d  e n th u s ia sm  w ith  w h ich  th e  u n d e r ta k in g  
w as la u n c h e d , so m e of it p e rsis ted  to  th e  v e ry  e n d . A n tic ip a te d  b o ttle n e c k s  a g a in  
a n d  a g a in  fa iled  to  m a te r ia liz e , a n d  th e  a ir lif t b ro k e  its ow n  reco rd s  w eek  a f te r  
w eek . T h e  a tm o sp h e re  w as s u m m a riz e d  by  a  U .S . A ir  F o rce  officer w h o  w as 
try in g  to  e x p la in  th e  success o f th e  a ir lif t  to  a n  in q u ir in g  r e p ó r te r :  “ . . . if  you  
ru n  across a n y o n e  in th e  th e a te r  w h o  te lls y o u  th a t  h e  k n ew  w e co u ld  d o  it  a ll 
th e  tim e , pass h im  u p . W e d id n ’t k n o w  a ll th e  an sw ers  all th e  tim e . W e  k in d  o f 
a s to u n d e d  o u rse lv e s .” 8

definition of mission as an aid to coordination
Successful o p e ra tio n  o f th e  a ir lif t r e q u ire d  n o t o n ly  sm o o th  te a m w o rk  w ith in  

th e  A m e ric a n  a n d  B ritish  a ir  forces, a n d  b e tw e en  th e  tw o , b u t  also c o o rd in a tio n  
a m o n g  F re n c h , B ritish , a n d  A m e ric a n  m ili ta ry  g o v e rn m e n ts , B e rlin ’s G e rm a n  
officials, a n d  c iv ilia n  ag en c ie s  in  W est G e rm a n y . A ll th ese  a u th o r i tie s  p lay e d  a  
v ita l ro le  in  a ssu rin g  the  su p p ly  o f  W est B erlin  a n d  w ith o u t fu ll c o o p e ra tio n  fro m  
all o f th e m  th e  success o f th e  m ission  w o u ld  h a v e  b een  in  d o u b t.

S ince  m a n y  o f  th e  ag en c ies  th a t  v ita lly  a id e d  th e  a ir lif t d id  th is  in  a d d it io n  
to  th e ir  m a n y  o th e r  fu n c tio n s , it w as im p o ssib le  to  p lace  a ll o f  th e m  u n d e r  a  sing le  
c o m m a n d . C o o rd in a tio n  w as e n su re d  in  p a r t  th ro u g h  a  c o m p lic a te d  n e tw o rk  o f 
a ir -g ro u n d , in te r-A llie d , a n d  A llie d -G e rm a n  c o m m itte e s , b u t  ev en  m o re  by  th e  
fac t th a t  e v e ry o n e  u n d e rs to o d  th e  m ission  a n d  a p p re c ia te d  its im p o r ta n c e  a n d  
u rg e n c y . W h e n  U .S . a ir lif t u n its  first s ta r te d  u s in g  a irb a se  fac ilities  in  th e  B ritish  
zone  o f G e rm a n y , for in s ta n c e , it w as fo u n d  th a t  c e r ta in  v ita l su p p lies  h a d  n o t 
y e t b een  b ro u g h t  fo rw ard  fro m  th e  U .S . zo n e . T h e  B ritish  im m e d ia te ly  fu rn ish ed  
th e  n ecessary  su p p lies , in  sp ite  o f th e  ab sen ce  o f a n y  a g re e m e n t c a llin g  o n  th e m  
to d o  so. S im ila r ly  A rm y  p e rso n n e l d iv e r te d  su p p lie s  th a t  h a d  b een  a llo c a te d  for 
o th e r  p u rp o se s  a n d  sh ip p e d  th e m  to W est G e rm a n  a irfie ld s  so as to  m a in ta in  a n  
a d e q u a te  flow , a n d  G e rm a n  officials c h e e rfu lly  c u t  across fo rm a l a d m in is tra t iv e  
c h a n n e ls  to  h e lp  b o th  in p la n n in g  re q u ire m e n ts  a n d  in d is tr ib u tin g  su pp lies .

A ll o f these  a r ra n g e m e n ts  m ig h t v e ry  w ell h a v e  n ecess ita ted  tim e -co n su m in g  
n e g o tia tio n s  a n d  co n feren ces. T h a t  su ch  n e g o tia tio n s  o rd in a r ily  w ere  n o t neces ­
sa ry  w as in  la rg e  p a r t  becau se  th e  s ig n ifican ce  o f  th e  a ir lif t w as c le a rly  u n d e rs to o d
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by  all p e rso n n e l a t all eche lo ns. As a  G e rm a n  su p e rv iso r a t  R h e in -M a in  A ir Base 
sa id  a fte rw a rd s  w ith  re fe ren ce  to  th e  p e rfo rm a n c e  o f his m a in te n a n c e  c rew : “ W e 
d id n ’t h av e  to  e x p la in  to  th e  m en  th e  im p o r ta n c e  o f w h a t th ey  w e re  d o in g ; th is 
th ey  saw  ev ery  d a y  in  the  n e w sp a p e r .”

T h e  ex p e rien ce  o f  th e  a ir lif t th u s  suggests th a t  a  c le a r  d e f in itio n  o f o b jec tiv e , 
w h ich  is u n d e rs to o d  b y  all p e rso n n e l, m a y  o n  o ccasio n  d o  as m u c h  to e n su re  goo d  
c o o rd in a tio n  as a  s tre a m lin e d  o rg a n iz a tio n a l se tu p .

the strain of the long haul
O n  20 O c to b e r  1948 th e  B ritish  a n d  A m e r ic a n  u n its  e n g a g e d  in  th e  a ir lif t 

w ere  b ro u g h t u n d e r  th e  d ire c t io n  o f a  C o m b in e d  A ir lift T a sk  F o rce , w ith  M a jo r  
G e n e ra l VVilliam H . T u n n e r  as c o m m a n d e r  a n d  A ir  C o m m o d o re  J .W .F .  M e re r  
as d e p u ty .

G e n e ra l T u n n e r  re c o g n iz ed  th a t  th e  a ir l if t’s success m ig h t d e p e n d  o n  w h e th e r  
m in u te s , o r  ev en  seconds, co u ld  be  sh a v e d  o ff  th e  tim e  n ecessary  to  p e rfo rm  e ac h  
in d iv id u a l o p e ra tio n . T h is  c a lled  for c lock like , s ta n d a rd iz e d  effic iency  a t  all th e  
a ir  bases. In  G e n e ra l T u n n e r ’s o w n  w o rd s :

The basic concept of the líft was to pace the emire procedure to a sleady, even rhythm  with 
hundreds of planes doing exactiy the same thing every hour, day and night, at the same persistent 
beaL*

T h e  so u n d n ess  of th is  c o n c e p t w as c le a rly  d e m o n s t ra te d  by  th e  re su lts  a ch iev ed  
d u r in g  th e  e n su in g  te n  m o n th s .

M a in te n a n c e  o f th is  s te a d y  rh y th m  o v e r a  lo n g e r  p e r io d , w h ile  i t  e n su re d  
o p tim u m  u til iz a tio n  o f  a v a ila b le  e q u ip m e n t a n d  a irsp a c e , im p o sed  se rio u s s tra in s  
o n  p e rso n n e l, a n d  m o ra le  p ro b lem s  w ere  in e v ita b le . S o m e o f  th ese  w ere  c a u se d  
by  p h y s ic a l a n d  m e n ta l  fa t ig u e ; o th e r s  w e re  b ro u g h t  o n  b y  in a d e q u a te  base  
fac ilities , u n c e r ta in ty  a b o u t  th e  le n g th  o f t im e  th e  o p e ra t io n  w o u ld  c o n tin u e , a n d  
d o m e stic  w o rrie s .

S oon a f te r  the n o v e lty  o f th e  a ir l if t  w o re  off, fa t ig u e  b e g a n  to  be  re p o r te d . 
T h e  m a jo r  causes o f fa tig u e  w ere  r e p o r te d  b y  B ritish  a irc re w s in  a  s tu d y  c o n d u c te d  
by  m ed ica i a u th o r i t ie s :

M a jo r  C a u se s  o f  F a t ig u e  R e p o r te d  by B ritis h  
A irc rew s in  R e s p o n s e  to  a  M e d ic a i Q u e s t io n n a ir e i t>

Problem Per Cent*
L a c k  o f  sleep  o r  la c k  o f u n d is tu rb e d  s l e e p ..................................... 57
W a itin g  a b o u t  b e tw e en  t r i p s ............................................................ 46
U n sa tis fa c to ry  liv in g  c o n d i t i o n s .................................................... 40
U n sa tis fac to ry  g ro u n d -c re w  o r g a n i z a t i o n .....................................28
L o n g  w o rk in g  h o u r s ................................................................................... 28
A irc ra f t  d e s i g n ...........................................................................................26
I r r e g u la r  m eais a n d  p o o r  f o o d ............................................................ 23
E x tra  fly ing  i n v o l v e d ............................................................................20
D om estic  w o r r i e s ...........................................................................................20
L a ck  o f re c re a tio n  . ,   10

‘ Figures add to more than 100 per cent, sincc many respondents cited more than onc cause 
of fatigue.
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T h is  s tu d y  also  fo u n d  th a t ,  w h ile  th e  m en  a t  first su ffe red  p r in c ip a lly  fro m  m e n ta l 
fa tig u e  re su ltin g  fro m  th e  u n a c c u s to m e d  p ressu re , th e y  g ra d u a lly  b e g a n  to  su ffer 
p re d o m in a n tly  p hy sica l sy m p to m s, in d u c e d  n o t o n ly  by th e  w o rk  itse lf b u t also 
by  th e  fac t th a t  m a n y  m en  h a d  to  sleep  w h e re v e r  th e y  c o u ld  w h e n e v e r th ey  h ad  
th e  o p p o r tu n i ty .

S tu d ie s  o f U .S . crew s, o f  w h ich  th e  p r in c ip a l  o n e  is by L t. C o l. H a r ry  G . 
M ose ley  o f th e  A ir F o rce  M e d ic a i C o rp s , d isclosed  s im ila r  find ings, w ith  p ro b lem s 
o f sc h e d u lin g , in a d e q u a te  base fac ilities , a n d  d o m e stic  co n ce rn s  th e  g re a te s t 
th re a ts  to m o ra le  a n d  th e  c h ie f  causes o f fa tig u e .

I he  necessity  ol o p e ra t in g  th e  a ir lif t tw e n ty -fo u r  h o u rs  a  d a y  a n d  seven 
d ay s  a  w eek re q u ire d  e x h a u s tin g  sch ed u les  for th e  in d iv id u a l m en . M a n y  v a ry in g  
sch ed u le s  w ere  tr ied  a t on e  tim e  o r a n o th e r  by  d iffe re n t u n its . F o r  th e  m ost p a r t ,  
c rew s w ere  o n  d u ty  a b o u t  fo u r te e n  h o u rs  a n d  o ff tw elve  h o u rs . U .S . A ir F o rce  
p e rso n n e l m a in ta in e d  th is  sc h e d u le  for th re e  d ay s, fo llow ed by  tw o  d ay s  o f rest. 
F o r  N a v y  p e rso n n e l it w e n t on  for fifteen  d ay s , w ith  five d ay s  off before  th e  n ex t 
ro u n d . A p e rio d  o f d a y  fly ing  fo r a n y  g iv en  c rew  w as o rd in a r i ly  fo llow ed  by  a 
p e rio d  o f n ig h t fly in g . 11 R A F  crew s u su a lly  flew tw o ro u n d  trip s , fo llow ed  by 
tw elve  h o u rs  ofT d u ty . A fte r a b o u t tw o  w eeks o f th is th ey  w ere  se n t to  B rita in  for 
five d a y s ' le a v e . 12 T o w a rd  th e  e n d  o f th e  a ir lif t a  ro ta tio n  sch em e w as dev ised  
for R A F  c rew s w h ich  ca lled  for th re e  m o n th s  in  G e rm a n y  fo llow ed by  tw o m o n th s  
in  E n g la n d . 13

T h e re  w e re  m an y  v a r ia t io n s  in these p a tte rn s , h o w ev e r, since  sch e d u lin g  
w as left to  s q u a d ro n  a n d  g ro u p  c o m m a n d e rs , w ith  little  g u id a n c e  fro m  a b o v e , 
a n d  sc h ed u les  w ere  c h a n g e d  f re q u e n tly . M o s t m en  a c tu a l ly  h a d  to w o rk  m ore  
h o u rs  th a n  th e ir  sch ed u les  c a lle d  for a n d  w e re  o n  d u ty  a t  least as m u c h  tim e  as 
th ey  w ere  o ff d u t y . 14 As a re su lt fly ing  p e rso n n e l ra re ly  w ere  a b le  to  g e t e n o u g h  
rest, a n d  effic iency  w as c u t d o w n  by  fa tig u e  a n d  illness. T o  c o m p lic a te  m a tte rs  
still m o re , la u n d ry . m ed ica i, a n d  p o st e x ch an g e  Services u su a lly  w ere  n o t av a il-  
a b le  a ro u n d - th e -c lo c k , so in e v ita b ly  som e o f  th e  m en  w ere  o ff d u ty  o n ly  a t  h o u rs  
w h e n  th ese  Services w ere  c losed.

T h e  a irliíY s ra p id  e x p a n s io n  s tra in e d  a ir  base fac ilities  for h o u sin g  a n d  feed- 
in g  p e rso n n e l a lm o s t to  th e  b re a k in g  p o in t. T h e  w a te r  su p p ly  a t  YViesbaden w as 
in a d e q u a te  a t  first a n d  F assb e rg  a n d  C elle  h a d  r e c u r r e n t  w a te r  sh o rtag es  w h ich  
w ere  b o u n d  to in te rfe re  w ith  p e rso n a l h y g ien e . In a d e q u a te  m ess h a ll fac ilities , 
m a n n e d  by  u n tra in e d  p e rso n n e l, o ften  c re a te d  u n s a n ita ry  c o n d itio n s . N o n e  o f 
th e  bases h a d  p ro p e r  re f r ig e ra tio n  fac ilities . O n ly  th e  re la tiv e lv  cold  c lim a te  k e p t 
sp o ilag e  fro m  b e co m in g  a  m a jo r  p ro b le m . 15

A ir p e rso n n e l felt th e  e x tre m e  h o u s in g  sh o rta g e  k een ly . E v e ry  ty p e  o f  sh e lte r  
h a d  to  be e x p lo ite d  a n d  ev en  d is ta n t  b a r ra c k s  w e re  re n o v a te d  for use. H e a tin g  
a n d  lig h tin g  w ere  often  p r im itiv e  a n d  so m e d o rm ito ry  ro o m s co u ld  h o ld  no 
fu rn i tu re  besides d o u b le d e c k  bu n k s. B ecause  th e  m en  w ere  n o t s e g reg a ted  a cc o rd - 
ing  to th e  sh ifts th ey  w o rk ed , th e re  w as a  c o n tin u a i tra ffic  p ro b le m , espec ia lly  in 
th e  la rg e r  roo m s. a n d  s leep ers  w ere  c o n s ta n tly  d is tu rb e d . C o lo n e l M ose ley  con- 
c lu d e d  fro m  his su rv ey  th a t ,  a t  th e ir  w o rst, c o n d itio n s  a t  th e  a ir lif t bases w ere  
c o m p a ra b le  to  those fo und  in  N az i c o n c e n tra t io n  c am p s  in  194 5 .16

T h e  m o ra le  o f a ir  p e rso n n e l w as a ffec ted  also  by  d o m e s tic  w o rries  a n d  u n - 
c e r ta in ty  a b o u t  th e  fu tu re . A ll th e  m e n  se n t to E u ro p e  d u r in g  th e  first m o n th s



. . . AI R  FORCE R E V IE W 69

o f th e  a irlift h a d  com e o n  te m p o ra ry  d u ty , e x p e c tin g  to r e tu r n  to  th e ir  h o m e  
bases w ith in  vveeks. As te m p o ra ry  d u ty  a ss ig n m en ts  w ere  e x te n d e d  first to  60 , 
th e n  to  90, a n d  finally  to  120  d ay s  a n d  b ey o n d , p e rso n n e l p ro b lem s  m u ltip lie d . 
S eldo m , even  in  w a rtim e , h a d  p e rso n n e l b een  rem o v e d  so a b ru p t ly  a n d  u n e x - 
p e c te d ly  fro m  th e ir  hom es a n d  c o m m u n itie s . S om e m e n  left th e ir  fam ilie s  in  
to u ris t co u rts , o th e rs  p a rk ed  th e ir  c a rs  a t  so m e a irfie ld  o f e m b a rk a tio n , a n d  m a n y  
h a d  to  leave all k inds o f lega l o r  f in a n c ia l p ro b le m s  d a n g lin g  in  m id -a ir . As 
a ssig nm en ts  w ere  p ro lo n g ed , th e  u n c e r ta in ty  a n d  th e  u n so lv ed  p e rso n a l p ro b le m s  
b ecam e  m ag n ified  to  th e  p o in t w h e re  th e  m en  c o u ld  c o n c e n tra te  o n  little  e lse . 17 
M o ra le  o f  U .S . a ir lif t p e rso n n el im p ro v e d  sh a rp ly  fo llo w in g  th e  e s ta b lish m e n t o f a  
ro ta tio n  p la n , b u t th is c o u ld  n o t b e  p u t  in to  effect u n til  e a r ly  in  1949.

S om e m en  w ere  ab le  to  h a v e  th e ir  fam ilies se n t to E u ro p e  to  jo in  th em , b u t 
ev en  th e n  th e ir  s itu a tio n  w as sca rce ly  im p ro v e d . W ith  b a re ly  e n o u g h  fam ily  
h o u sin g  a v a ila b le  for the r e g u la r  o c c u p a tio n  forces, a ir lif t p e rso n n e l o f te n  h a d  to 
resign  them selves to  h a v in g  th e ir  fam ilies o n e  h u n d re d  o r  m o re  m iles fro m  th e  
a ir  bases a n d  to see ing  th e m  o n ly  o n ce  o r  tw ice  a  m o n th , e v en  th e n  a t  th e  sac rifice  
o f  res t a n d  sleep . O n e  m a n  w ro te  in  resp o n se  to a  q u e s t io n n a ire  th a t  h is fam ily  
w as liv in g  o u t o f su itcases in  a  h o te l 100 m iles a w a y  fro m  his base  a n d  th a t  he 
w as an x io u s  a b o u t  th e  eflfect o f th e  in se c u r ity  o n  his c h ild re n . H e  c o n c lu d e d : 
“ I feel th a t  w e h a v e  b een  le t d o w n  b y  o u r  Service v e ry  b a d ly .” 18 T h e  fac t th a t  
m a n y  o f th e  re g u la r  o c c u p a tio n  p e rso n n e l in  G e rm a n y  liv ed  in  c o m p a ra tiv e  lu x u ry  
d id  n o th in g  to  ease  th e  s i tu a tio n .

compensating factors
A n u m b e r  o f fac to rs h e lp e d  to  c o u n te rb a la n c e  th e  p h y sica l a n d  p sy ch o lo g ica l 

p ressu res  u n d e r  w h ich  a ir lif t p e rso n n e l lived  a n d  w o rk ed . M o st im p o r ta n t  a m o n g  
th e m  w ere  th e  g ro w in g  sp ir it o f  c o m p e tit io n , a  sense o f th e  im p o r ta n c e  o f th e  jo b  
to  be d o n e , a n d  th e  a b ility  to see h u m o r  in  e v e ry  s i tu a tio n . A irlift h e a d q u a r te r s  
d id  e v e ry th in g  possib le to  s tre n g th e n  th ese  fac to rs , o n e  o f  its d ev ices  b e in g  th e  
p u b lic a tio n  o f a  v igo ro us little  d a ily , th e  Task Force Times.

N u m e ro u s  o b serv ers  o f th e  o p e ra t io n a l side o f  th e  a ir lif t h a v e  c o m m e n te d  
o n  th e  sp ir it  o f  c o m p e titio n  a m o n g  th e  v a r io u s  u n its . In  th e  o p in io n  o f a  N a v y  
m ed ica i officer, m a n y  aggressions w e re  s u b lim a te d  in  th e  k een  c o m p e titio n  a m o n g  
th e  sq u a d ro n s :

Thcrc was no failure on the part of our personnel to recognize the hum anitarian aspect of their 
activities, and the international importance of the operation; but rather it seemed that the coni- 
petitive aspccts ovcrshadowed the global aspects in immediate conccrn.|,J

T h e  e d ito r  o f Air Transportation, w h o  v is ited  m ost o f  th e  u n its  e n g a g e d  in  fly ing  
th e  lift, re la te s  his e x p e rien ce  o n  c o m in g  in to  th e  o p e ra t io n s  ro o m  a t  C e lle  A ir 
Base w h e re  a n  officer w as sh o u tin g  a n g r ily  in to  th e  p h o n e .

“ W hat’s hc yelling about?” I asked the sergeant at my elbow.
“ Figures,” he replied wearily. “ Everybody’s tonnage-whacky. He’s claiming the tonnage high for 
the day. Somebodv in Wiesbaden gave it to the 3131h or some other group. You’d think this was 
the Kentucky Derby.” *0

I he  sam e  n ew sm an  n o te d  th a t  th e  sp ir i t  o f  c o m p e tit io n  c a r r ie d  o v e r  to 
G e rm a n  w o rk ers  w ho  lo a d e d  a n d  u n lo a d e d  th e  p lan es . A t C e lle  th e  3 1 7 th  T r o o p  
C a r r ie r  G ro u p  c la im ed  a  re c o rd  fo r lo a d in g  a  C -5 4  a irc ra f t :  a 1 2 -m an  G e rm a n
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c rew  h a d  stow ed  19,580 p o u n d s  o f co a l in  5 m in u te s  a n d  45 seconds. (T h e  n o rm a l 
tim e  for su ch  a  jo b  w as c o n s id e red  to  be  16 m in u te s .)  A  lie u te n a n t co lon el to ld  
the  in q u ir in g  e d ito r : “J u s t  tell lo ad e rs  a t  o th e r  a ir lif t bases w e believe  C elle  
lo ad e rs  c a n ’t be  b e a t .” 21

T o  som e e x te n t m o ra le  w as a id e d  by  th e  sense o f h u m o r  w ith  w h ich  m ost 
p e rso n n e l w ere  a b le  to v iew  th e ir  w o rk in g  co n d itio n s . T h e  a ir lif t w as w ell served  
by tvvo e x c e lle n t c a r to o n is ts : T e c h n ic a l S e rg e a n t J o h n  S ch u ffe r t, a n  A m eric an  
w hose c re a tio n s  a p p e a re d  re g u la r ly  in  th e  Task Force Times, a n d  B ritish  F lig h t 
L ie u te n a n t  “ F ro s ty ” W in te rb o tto m . T h e ir  incisive  c a r ic a tu re s  b ecam e  fam ilia r  to 
a  w id e  a u d ie n c e . Jokes a b o u t  th e  d isa g re e a b le  w o rk in g  c o n d itio n s  a b o u n d e d . A 
ty p ic a l o n e  d e a l t  w ith  th e  a lm o st in c re d ib le  m u d  th a t  h a m p e re d  o p e ra tio n s  a t 
m ost a irfie ld s  d u r in g  th e  w in te r . A n  officer, th e  s to ry  w e n t, w as slosh ing  a lo n g  
th ro u g h  th e  m u d  a t R h e in -M a in  a irfie ld  w h en  he  saw  a  s a ilo r’s c a p  ly in g  o n  th e  
g ro u n d . H e  s to p p e d  to  p ick  it u p  a n d  fo u n d  th a t  a sa ilo r’s h e a d  w as u n d e rn e a th  
it. “ YVhat a re  you  d o in g  h e re? ”  asked  th e  officer. “ E v e ry th in g  u n d e r  c o n tro l, 
s i r ,”  re p lie d  th e  m an . “ F m  ju s t  try in g  to  s ta r t  m y  je e p .”

M o re  b i t te r  is th e  h u m o r  o f th e  “ F assb e rg  D ia ry ,”  a n  im a g in a ry  c h ro n ic le  
o f h a lf -s ta rv e d , c o a l-b la c k e n e d  a irm e n  a t  F assb e rg  A ir B ase. A fte r  h a v in g  b een  
o n  3 0 -d a y  te m p o ra ry  d u ty  for sev e ra l y ears , th ese  m en , now  in  rag s a n d  ta tte rs , 
a re  v is ited  b y  a  n e w sp a p e r  r e p ó r te r .  H e  is im m e d ia te ly  p ressed  in to  Service as a  
“ re p la c e m e n t,”  th e  first th ey  h a d  e v e r  seen . T h e  “ F assb e rg  D ia ry ”  w as w id e ly  
c irc u la te d  in  ty p e sc rip t; its u n re s tra in e d  la n g u a g e  re n d e re d  it u n p r in ta b le .22

T h e re  w e re  e n o u g h  o f th ese  c o u n te rb a la n c in g  fac to rs  to  k eep  m o ra le  fro m  
s lip p in g  to  a  p o in t w h ere  o p e ra t io n s  w o u ld  h a v e  b een  se riously  h in d e re d . B u t 
th e re  is n o  d e n y in g  th a t  fa tig u e  a n d  p o o r m o ra le  p re v e n te d  th e  fu llest u til iz a tio n  
o f a v a ila b le  p e rso n n e l. E v e ry  m o n th  10 p e r c e n t o r  m o re  o f th e  a irc re w s a t  a ir lif t 
bases h a d  to be rem o v cd  fro m  fly ing , as c o m p a re d  to 2.5 p e r  c e n t a t  n o n a irlif t  
bases. R e s p ira to ry  d iseases, th e  m o st f re q u e n t cau se  fo r su ch  rem o v a is , w ere  five 
tim es as c o m m o n  a t a ir lif t  bases as a t  o th e rs . C o lo n e l M o se ley  in  his m ed ica i 
an a ly s is  n o tes h o w ev er th a t  it w as n o t u n u su a l to  assign  re s p ira to ry  d isease  as th e  
cau se  fo r rem o v a l w h en  th e  re a l re a so n  w as so m e ty p e  o f  su b c lin ica l fa tig u e . T h is  
seem s to be c o r ro b o ra te d  by  th e  fac t th a t  o th e r  d isab ili tie s  d id  n o t a p p re c ia b ly  
exceed  n o rm a l e x p e c ta t io n s . 23 C o lo n e l M o se ley  p o in ts  o u t fu r th e r  th a t  fly ing  
itse lf  w as n o t th e  p r in c ip a l cause  o f  e x h a u s tio n , th a t  th e re  w as in d eed  su rp ris in g ly  
little  o p e ra t io n a l fa tig u e . In  his o p in io n  it  w as th e  c o m b in a tio n  o f  o th e r  p ressu res 
th a t  led  to  p e r io d ic  b re a k d o w n s .24

As fa r  as c a n  be d e te rm in e d  th e  g re a t  stress o n  p e rso n n e l a n d  c o n se q u e n t 
loss o f  h u m a n  effic iency d id  n o t le ad  to  a  lo w er p e rfo rm a n c e  th a n  w o u ld  h av e  
been  possib le  h a d  h u m a n  reso u rces  b een  used  m o re  co n se rv a tiv e ly . In  th e  B erlin  
a ir lif t th e  su p p ly  o f p e rso n n e l w as a d e q u a te  to  a llo w  for som e loss o f h u m a n  
effic iency  w ith o u t lo w erin g  th e  v o lu m e  o f su p p lies  tra n s p o rte d .

T h e  e x p e rie n c e  of th e  a ir lif t d o es su g g est th a t  in  s i tu a tio n s  w h e re  th e  fu llest 
u til iz a tio n  o f  a irc re w s is a  c r it ic a i fa c to r  it w o u ld  be d e s ira b le  to  a ch iev e  g re a te r  
s ta b ili ty  in  e a c h  in d iv id u a F s  tim e  sch ed u le , to  g ive  h im  as m u ch  tim e  as possib le 
in  w h ich  to  m ak e  a d v a n c e  p re p a ra tio n s , a n d  to try  to  secu re  m o re  a d e q u a te  base 
fac ilities . G iv en  th ese  a d ju s tm e n ts  a n d  th e  ex is ten ce  o f  a  h e a lth y  sp ir it o f co m p e-
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titio n . even  very  in tensiv e  p e ac e tim e  fly ing  a t  low  a lt i tu d e s  does n o t a p p e a r  to 
be d e tr im e n ta l to  h e a lth  o r  efficiency.

public relations
T h ro u g h o u t th e  a irlift a h a n d fu l o f p u b lic  in fo rm a tio n  officers in  th e  m ilita ry  

forces d id  th e ir  u tm o s t to  assist n ew sm en  in  assem b lin g  m a te r ia l  th a t  w o u ld  p ro - 
v ide  a  p ic tu re  o f th e  to ta l o p e ra tio n . M o st o f th e ir  elTorts w ere  d ire c te d  to w ard  
In te rn a tio n a l new s m ed ia  se rv in g  th e  free w o rld , b u t th ey  also  g av e  a tte n tio n  to  
th e  in fo rm a tio n  re q u ire m e n ts  o f th e  G e rm a n  p u b lic .25

E a rly  in  th e  a ir lif t  H q  U S A F E  a p p ro v e d  a p la n  b y  w h ich , fo r a  p e rio d  o f o n e  
m o n th , G e rm a n  co rre sp o n d e n ts , p h o to g ra p h e rs , a n d  ra d io  c o m m e n ta to rs  w ere  
p e rm itte d  to  fly a b o a rd  a ir lif t  p lan e s  so th a t  th ey  m ig h t g ive  ey ew itn ess re p o r ts  
o f th e  o p e ra t io n .26 B ritish  a u th o r i t ie s  a d o p te d  a  s im ila r  p ro c e d u re  a n d  n ew sm en  
fro m  b o th  W est G e rm a n v  a n d  B erlin  to ok  a d v a n ta g e  o f  th e  in v ita tio n s . In  a d d i-  
tio n  som e o f th e  a irfie lds w e re  o c ca s io n a lly  th ro w n  o p e n  to  G e rm a n  v isito rs. 
T h u s  o n  12 S e p te m b e r  1948 a b o u t  15.000 G e rm a n s , m ost o f w h o m  h a d  a rr iv e d  
on  foot o r  b icyc le , sw a rm ed  o v e r W ie sb a d e n  a n d  R h e in -M a in  a irfie ld s  to w a tc h  
the  o p e ra tio n s . A n  A m e ric a n  o b se rv e r  d e sc rib e d  th e ir  re a c tio n  as o n e  o f  “ I see it 
b u t I d o n ’t be lieve  i t .” 2 ' O n  th e  sam e  d a y  so m e 150 p ro m in e n t B erlin e rs , re p re -  
se n tin g  g o v e rn m e n t, business. schoo ls, a n d  w e lfa re  o rg a n iz a tio n s , w e re  in v ite d  to  
in sp ec t o p e ra tio n s  a t  T e m p e lh o f .28 As tim e  w e n t o n  “ o p e n  h o u se ”  d a y s  a t t r a c te d  
ev e r la rg e r  c ro w d s a n d  th e  a ir lif t rece iv ed  e v e r w id e r  co v e rag e  in th e  G e rm a n  
press a n d  ra d io .

T h e  a ir lif t’s m ost effective c o n tr ib u t io n  to  p u b lic  re la t io n s  lay  in  sev e ra l u n - 
p la n n e d . in fo rm a l ac tiv itie s , a ll o f th e m  sp o n ta n e o u s  g e s tu re s  o f frien d lin ess  on  
th e  p a r t  o f  A llied  p e rso n n e l. T h e  m o st ex ten siv e  o f th ese  w as O p e ra t io n  L it t le  
V ittle s , o r ig in a te d  b y  a  L \S . A ir  F o rce  officer, F irs t L ie u te n a n t  G a le  S. H a lv o rse n . 
In  th e  su m m e r o f 1948 L ie u te n a n t  H a lv o rse n  h a p p e n e d  to  be  ta lk in g  w ith  som e 
G e rm a n  c h ild re n  o n  his d a y  o ff a t  T e m p e lh o f . E m b a rra s se d  b ecau se  h e  h a d  no  
c a n d y  to  offer th e m , he p ro m ised  th a t  o n  his f lig h t in to  B erlin  th e  n e x t d a y  he  
w ou ld  d ro p  som e c a n d y  as he ca rn e  in  fo r a  la n d in g . H is  first d ro p  co n s is ted  o f  a  
few c a n d y  b a rs  w ith  p a ra c h u te s  m a d e  o u t o f p o ck e t h a n d k e rc h ie fs .29 T h is  c a u g h t 
th e  im a g in a tio n  o f H a lv o rse n ’s fo rm e r m ili ta ry  u n i t ,  th e  521 st A ir  T r a n s p o r t  
G ro u p , w hose m en  u n d e r to o k  to  su p p ly  c a n d y  a n d  h a n d k e rc h ie fs  in  q u a n t i ty  
fro m  th e ir  o w n  ra tio n s . W ith in  a  few  w eeks L it t le  V ittle s  h a d  rece iv ed  so m u c h  
p u b lic ity  th a t  th e  l ie u te n a n t w as ca lled  to  N ew  Y o rk  to  a p p e a r  o n  “ W e  th e  
P eo p le”  ra d io  p ro g ra m . O n  his r e tu r n  to R h e in -M a in  he fo u n d  his q u a r te r s  o v e r-  
flow ing w ith  800 p o u n d s  o f  c a n d y , 1000 h a n d k e rch ie fs , a n d  n e a r ly  1000 le tte rs  
a n d  p ack ag es fro m  m ilita ry  a n d  c iv ilian  w ell-w ishers in  th e  U n ite d  S ta te s . “ W e 
the  P eo p le ” a r ra n g e d  to send  h im  40 ,000  c a n d y  b a rs  a n d  25 ,000  p ieces o f b u b b le  
gum . In  a d d it io n  th e  vice p re s id e n t of th e  H u y le r  C a n d y  C o m p a n y  o ffe red  to  
su p p ly  a t  least 10,000 m o re  b a rs  p e r  w eek , a n d  th e  w ife o f th e  c o m p a n y ’s o w n e r  
u n d e r to o k  to  p ro v id e  re a d y -m a d e  m id g e t p a ra c h u te s .30 L it t le  V ittle s  th u s  b e c a m e  
a  la rg e  o p e ra tio n . W h e n  H a lv o rse n  w as re tu rn e d  to  th e  U n ite d  S ta te s  in  J a n u a r y  
1949 his p ro je c t w as c a rr ie d  o n . As tim e  p assed  th e re  w e re  fu r th e r  rc f in e m e n ts . 
F o r  e x am p le , ev ery  tw o w eeks 2500 o f  B e r lin ’s u n d e rp r iv ile g e d  c h ild re n  w e re
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in v ited  to a  c a m p  o n  P eaco ck  Is la n d  in  W an n se e  L a k e  a n d  th e  c an d y  d ro p  w as 
m a d e  o n  th e  is la n d .31

T w o  s im ila r  p ro jec ts  also  rece iv ed  c o n s id e ra b le  p u b lic ity . T h e  first o f th ese  
w as O p e ra t io n  S ch m o o , o r ig in a te d  by a  g ro u p  of a irm e n  a t R h e in -M a in  airfield  
w h o  su ggested  the  id e a  to  c a r to o n is t  A l C a p p . As a  re su lt a r ra n g e m e n ts  w ere  
m a d e  to d ro p  a p p ro x im a te lv  o n e  h u n d re d  S ch m o o  b a llo o n s , to  e ac h  o f w h ich  
w as a t ta c h e d  a  ca rd  th a t  co u ld  be e x c h a n g e d  fo r a  C a re  p a c k a g e .32 T h e  second 
w as O p e ra t io n  S a n ta  C la u s , o rg a n iz e d  a t  F assb e rg  A ir Base by B ritish  a n d  
A m e ric a n  p e rso n n e l. T h e y  co llec ted  tw e n ty -fo u r  to ns of asso rted  sw eets for B erlin  
c h ild re n  a n d  flew th em  in to  th e  c ity  ju s t  befo re  C h ris tm a s  o f 1948.

A n u m b e r  o f o th e r  a c tiv itie s , la rg e  a n d  sm all, w ere  a im ed  a t  sp re a d in g  ch ee r 
a m o n g  th e  c h ild re n  o f B erlin  a n d  W est G e rm a n y . O n e  a ir lif t u n it  a d o p te d  an  
o rp h a n a g e . A n o th e r  g av e  a  series o f  p a r tie s  fo r 1300 c h ild re n  in  th e  B ritish  zone. 
T h e  sn ack  b a r  a t  G a to w  a irfie ld  o n ce  h a d  to  be closed te m p o ra r ily  b ecau se  tw o 
officers h a d  p u rc h a se d  a ll a v a ila b le  e d ib les  in  a n  a t te m p t  to  feed a  c ro w d  of 
h u n g ry - lo o k in g  c h ild re n . F ew  if a n y  o f th ese  v e n tu re s  w ere  co n ce iv ed  as p u b lic  
re la tio n s  g estu res . Y et in  te rm s o f p u b lic ity  a n d  go o d  w ill th e ir  e ffec t w as a p p re c ia b le .

T h e  B erlin  a ir lif t th us offers a  n u m b e r  of il lu s tra tio n s  o f th e  im p o r ta n t  c o n tr ib u tio n  
th a t  in d iv id u a l e n th u s ia sm , en e rg y , in g e n u ity , u n d e rs ta n d in g , a n d  h u m a n ita r ia n -  
ism  c a n  m ak e  to a  la rg e -sca le  o p e ra t io n . I t  a lso  suggests th a t  h u m a n  lim ita tio n s  
sh o u ld  be  ta k e n  in to  a c c o u n t, a lo n g  w ith  th e  c a p a c itie s  o f m ac h in es  a n d  o th e r  
p h y sica l o r  o rg a n iz a tio n a l fac to rs . O n e  o f th e  p r in c ip a l p ro b lem s  in  p la n n in g  
su ch  a n  o p e ra t io n  is c e r ta in ly  to  a llo w  fo r h u m a n  lim ita tio n s  w h ile  a t  th e  sam e  
tim e  p ro v id in g  full sco pe  for th e  u n fo ld in g  o f b o th  su sp ec ted  a n d  u n su sp ec te d  
h u m a n  c ap a b ilit ie s .

The Rand Corporation
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Lunar Flight Dynamics
D r . R o b e r t  W . Bu c h h e im  a n d  

H a n s  A . L ie s k e

T
H IS  P A P E R  p re sen ts  a  b r ie f  su rv ey  o f th e  g e n e ra l su b je c t o f lu n a r  flig h t 
w ith  p a r t ic u la r  re fe ren ce  to  f lig h t tra je c to rie s , in c lu d in g  d iscu ssion  o f th e  
g e n e ra l n a tu re  o f th e  tra je c to ry  p ro b le m , classes o f tra je c to rie s , in itia l 
c o n d itio n s , a n d  sensitiv ities to  in itia l co n d itio n s . T h e  asso c ia ted  su b jec ts  o f o r ie n -  
ta tio n  c o n tro l a n d  la u n c h in g  re q u ire m e n ts  a re  also in tro d u c e d .

I . L u n a r  F l id h t  E n v ir o n m e n t

1. Environment Components

T h e  s tu d y  o f  a n y  v eh ic le  sy stem  re q u ire s  a n  e x a m in a tio n  o f th e  co m p le te  
p h y sica l e n v iro n m e n t in  w h ic h  it is to  o p e ra te . T h e  e n v iro n m e n t in  w h ich  a  
ro c k e t fired  to  th e  m o o n  w ill o p e ra te  is g e n e ra lly  s im ila r  to  th a t  for a n  e a r th  
sa te llite . H o w e v e r  som e fac to rs , su ch  as th e  g ra v ita t io n a l a t tr a c t io n s  o f th e  su n  
a n d  th e  m o o n , for ex am p le , w ill be o f g re a te r  im p o r ta n c e  in  th e  p re se n t d iscu s ­
sion . O th e r  fac to rs , su ch  as th e  d r a g  p ro d u c e d  b y  th e  e a r th ’s a tm o sp h e re  d u r in g  
free flig h t, w ill te n d  to  be o f less im p o r ta n c e .

T h e  v a rio u s  c o m p o n e n ts  o f  th e  e n v iro n m e n t m u s t be in v es tig a ted  fo r th e ir  
in flu en ce  o n :

a . V e h ic le  o p e ra tio n
b. T ra je c to ry
c. V e h ic le  o r ie n ta tio n

In  th is  t r e a tm e n t  th e  c h ie f  a re a  o f in te re s t is th e  tra je c to ry  p ro b le m .
E ffec ts  o f th e  e a r th -m o o n  e n v iro n m e n t o n  v e h ic le  o p e ra t io n  a n d  o r ie n ta tio n  

w ill be c o n s id e re d  briefly . T h e  p r in c ip a l  c o m p o n e n ts  o f th e  e n v iro n m e n t a re :
a . G ra v ita t io n a l  fields
b . E le c tro m a g n e tic  a n d  p a r tic le  ra d ia t io n s
c. S ta tic  e le c tric  a n d  m a g n e tic  fields
d . M a te r ia l  bod ies

2. Gravitational Environment

O f  th ese  item s th e  o n e  o f  g re a te s t in te re s t is th e  g ra v ita t io n a l e n v iro n m e n t, 
w h ich  is th e  d o m in a n t  fa c to r  in  th e  tra je c to ry  p ro b le m .

T h e  g ra v ita t io n a l e n v iro n m e n t c a n  be  d e v e lo p e d  b y  se ttin g  u p  a n  a n a ly tic a l 
m o d e l d e sc rib in g  a n  id e a liz e d  e a r th -m o o n  sy stem  a n d  th e n  by  c o n s id e rin g  th e  
d isc re p a n c ie s  b e tw een  th is  “ id e a l”  w o rld  a n d  th e  “ r e a l”  w o rld  as c o rre c tio n s  to  
th e  m o d e l.
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R o u g h ly  sp eak in g , th e  e a r th -m o o n  system  c a n  be  d e sc rib e d  as follow s: T h e  
e a r th  a n d  m o o n  a re  se p a ra te d  b y  a  d is ta n c e  o f  a b o u t  o n e  q u a r te r  m illio n  m iles. 
T h e  d ia m e te r  o f th e  e a r th  is a b o u t  8000 m iles a n d  th a t  o f th e  m o o n  a b o u t  2000 
m iles. T h e  m ass o f th e  e a r th  is a b o u t  80 tim es th a t  o f th e  m o o n , a n d  th e  a c c e le ra -  
tion  o f g ra v ity  a t th e  e a r t l r s  su rface  is a b o u t  six tim es th a t  a t  th e  su rface  o f  th e  
m oon . T h e  c e n te r  of m ass o f  th e  e a r th -m o o n  sy stem  is in s id e  th e  e a r th ,  a b o u t  
3000 m iles fro m  th e  c e n te r  to w a rd  th e  m o o n . B o th  e a r th  a n d  m o o n  rev o lv e  
a b o u t th is co m m o n  c e n te r  o f  m ass a t  a  r a te  o f  o n e  re v o lu tio n  p e r  m o n th .

In  se ttin g  u p  th e  a n a ly tic a l m o d e l it w ill be a ssu m ed  th a t  th e  e a r th  a n d  m o o n  
a re  sp heres iso la ted  in  space. se p a ra te d  b y  a  fixed d is ta n c e , rev o lv in g  a ro u n d  th e ir  
co m m o n  c e n te r  o f m ass a t  a  c o n s ta n t ra te .  A  d ia g ra m  o f th is  sy stem  is sh o w n  in  
F ig . 1. T h e  sy stem  c a n  be n u m e ric a lly  spec ified  by  th e  c o n s is te n t se t o f p a ra m e te r s  
sh ow n  in  th e  T a b le  o f N o m e n c la tu re .

Figure 1. The earth-moon model. E , earth; M , moon ( M c =  mass of earth; M m =  mass 
of moon).

S ince  it is c o n v e n ie n t fo r m ost p u rp o se s  to  use a  u n i t  sy s tem  th a t  d o es n o t 
re q u ire  ve ry  la rg e  o r  very  sm all n u m b e rs  to d e sc rib e  th e  v a ria b le s , n u m e ric a l 
v a lu es a re  expressed  in  a sy stem  u sin g  o n e  d a y  as th e  u n i t  o f tim e  a n d  a  “ lu n a r  
u n i t”  as a  u n it  o f d is ta n c e , th e  lu n a r  u n i t  b e in g  d e fin e d  as th e  d is ta n c e  b e tw e e n

R ecen t in te re s t in th e  p o ssib ilitie s  o f  lu n a r  fligh t h as p e rh a p s  n o t fu lly  a p p re -  
c ia ted  the  co m p lex ities  o f  such an  u n d e r ta k in g . At th e  re q u e s t o f  th e  Q u a rte r ly  
R eview  two R and C o rp o ra tio n  soientist»— D r. R o b e rt W . B u ch h e im , p ro je c t le a d e r 
o f  space fligh t s tud ies, an d  H ans A. L ieske, hcad  o f th e  F lig h t M echan ics G ro u p  o f 
the  E n g in eerin g  D ivision— e x p lo re  th e  su b je c t o f lu n a r  flig h t w ith e m p h a s is  on 
the  p ro b lem s o f fligh t tra je e to rie s . T ra je c to r ie s  fo r  six  m iss io n s a vehicle  c a n  p e r- 
fo rm  in th e  earth -m o o n  system  a re  d iscu ssed : im p a r t on  th e  m o o n , la n d in g  on  th e  
m oon, escape fro m  the m oon, c irc u m lu n a r  flig h t, lu n a r  sa te llite , an d  flig h t f ro m  
the  m oon to the  e a rth . T o  fac ilita te  th e  re a d in g  o f th is  te ch n ica l a rtic le  two d if- 
fe re n t type sizes a re  u s e d : la rge  type  to  d is tin g u ish  th e  g e n e ra l d iscussion
which can be read  as an  en tity  an d  w ith  p ro fít by th e  p e rso n  in te re s te d  in  
th e  b ro a d e r aspects, and sm all type  fo r  th e  p a r t c o n ta in in g  th e  m o re  d iflicu lt 
m ath em atica l e x p lan a tio n s  th a t m ig h t in te re s t th e  m o re  tech n ica lly  m in d ed  re a d e r .

E

D
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th e  c e n te rs  o f th e  e a r th  a n d  m o o n . T h u s  a  lu n a r  u n i t  is ta k e n  to be 239 ,073 .7  
s ta tu te  m iles in  len g th .

oi =  0 .22997084  ra d ia n s  p e r  d a y  
D =  1 lu n a r  u n i t
K  =  0 .052886587  ( lu n a r  u n i t ) 3/ d a y 2 
R =  0 .01655926  lu n a r  u n i t  

| x, | =  0 .012128563  lu n a r  u n it  
|x 2 | =  0 .98787144  lu n a r  u n i t

T h e  so u rces o f these  p a ra m e te r  v a lu es  ra n g e  o v e r a  co n s id e ra b le  v a rie ty  of 
m e a su re m e n ts  a n d  d ed u c tio n s .

The mean radius of the earth is derived from geodetic survey data, and is consistent with 
the dimensions of the International Ellipsoid of Reference.O)

The mass product (product of the gravitational constant and earth mass) is computed from 
this radius and an authoritative figure for the mean value of gravitational acceleration at the 
surface of the earth,W  after removal of the centrifugai acceleration due to the earth’s rotation.
The mean value of g is deterinined from world-wide gravity surveys with precision pendulum 
apparatus.

The angular velocity of the earth-moon system is based upon astronomical determination 
of the mean duration of the month.O)

The value for the moon’s mass in terms of the eartlvs mass is computed from estimates of 
the location of the center of mass of the earth-moon system; and this location is determined from 
fluctuations in the apparent orbits of asteroids as referred to the earth’s center.(3) The nominal 
value used in this discussion is that adopted in the American Ephemeris.T

The distance between the centers of the earth and moon has been computed from the other 
constants mentioned above to satisfy the relation

------ 15!—(1 — nW
which is a necessary consequence of the following expressions for the angular velocity of the moon 
and the acceleration of gravity:

I--------------------------------------------------------------------------------------------------
T a b le  of N om e n clatu re

R =  mean radius of spherical earth 
=  6.371221 (1 0a) centimeters 
=  3958.885 statute miles 

cu =  angular velocity of earth-moon system 
=  2 .6616995 (10‘6) radians per second

K — product of the gravitational constant, G, and the total mass of the earth and moon, Mo 
= 4 .035187 (1 O20) cm3/sec2 

D =  distance between the centers of the earth and moon 
=  3 .847527 (10’°) centimeters 
=  239,073.7 statute miles

/! =  ratio c* the mass of the moon, Mm, to the total mass of the earth and moon, Mo 
=  1 /82.45

|x ||=  distance from the center of the earth to the center of mass of the system 
=  D/i
=  2899.622 statute miles

|x2|=  distance from the center of the moon to the center of mass of the system 
= D(1 — >i)
= 236,174.2 statute miles
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. GMoor = --- —
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The quantity D is derived rather than adopted from observation in order to establish a sei 
of parameters that are internally consistent. This somewhat artificially contrived consistency is 
necessary in the constructíon of a modei that is to be simple yet useful. This derived value is 
239,073.7 st mi, whereas the observed mean distance is 238,857 st mi, a difTerence of about 0.09 
per cent. The modei parameters cannot match observed reality exactly, because the modei does 
not include all the factors that contribute to the real situation. The physical quantities that are 
included in the modei are known to degrees of precision that are adequate for most of the appli- 
cations we are going to consider.

R e le v a n t fac to rs th a t  m u s t be  tre a te d  as c o rre c tio n s  to  th e  id e a liz e d  g ra v ita -  
tio n a l m o d e i a re :

a . T h e  g ra v ita tio n a l field  o f th e  su n
b. T h e  o b la ten ess  o f th e  e a r th
c. T h e  e cc en tr ic ity  o f th e  m o o n ’s o rb it
d . T h e  in c lin a tio n  o f th e  m o o n ’s o rb it  to  th e  e a r th ’s e q u a to r ia l  p la n e

An observer at the center of mass of the earth-moon system would not detect, by dvnamical 
measurement, any force field due to the sun. The force due to the sun’s attraction would be exactly 
canceled by the reaction forces due to his orbital motion about the sun. He could, however, 
detect a gravitational gradient due to the sun, and would encounter a net gravitational accelera- 
tion due to this body as he moved away from the center of mass of the earth-moon system. The 
maximum value of the gravitational effect of the sun is approximately

§sm ~  2fií"r o

where £2, =  angular rate of the earth in its orbit 
around the sun, =  2(10-7) rad/sec

r0 =  distance of vehicle from center of mass 
of earth-moon system.

At the distance of the moon the space vehicle would be acted on by an acceleration due to 
the sun that is never more than about IO-4 ft/sec2. The integrated effect of the sun’s action over 
a typical earth-moon trajectory implies a shift in vehicle projection velocity at the earth of roughly 
10 ft/sec out of about 35,000 ft/sec.

The oblate figure of the earth causes the gravitational field of the earth to depart from the 
ideal inverse-square law assumed in the modei. At the moon’s distance the effect of the earth’s 
oblateness is of the order of 10“ 11 ft/sec2. The integrated effect over a typical earth-moon trajectory 
is roughly comparable to that of the sun’s field.

The eccentricity of the orbit of the moon causes its actual distance from the earth to vary 
over a range of some 30,000 miles about its mean value. This also produces a change in angular 
velocity to keep the total angular momentum fixed. Rough estimatcs of the net effect of these 
changes indicate a possible shift in projection velocity of roughly 50 ft/sec out of about 35,000 
ft/sec.

The effects of the inclination of the moon’s orbit away from the earth’s equatorial plane 
are associated only with the oblateness of the earth; the magnitude of the effects, therefore, should 
be no more serious than those indicated above.

B u t n o n e  o f these fac to rs  n eg le c te d  in th e  m o d e i is lik e ly  to  a l te r  s u b s ta n tia lly  
the  n a tu re  o f th e  m o tio n  in  m o st a p p lic a tio n s . H o w e v e r, so m e o f th e m  w ill a l te r  
specific n u m e ric a l resu lts  b y  a n  a m o u n t su ffic ien t to  re q u ire  th e ir  in c lu s io n  in  
tra je c to ry  c o m p u ta tio n s  for a c tu a l  f lig h t p ro g ra m s .
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T h e  p ro p e r  u t i l i ty  o f  th e  s im p lified  g ra v ita tio n a l m o d e l lies in  ex p lo rin g  th e  
n a tu re  o f th e  p ro b le m  o f e a r th -m o o n  tra je c to rie s  b y  a n a ly tic a l tr e a tm e n t  a n d  
p r e l i m i n a r  c o m p u ta tio n a l  p ro g ra m s . A n  a c tu a l  lu n a r  flig h t p ro g ra m  m u st be 
b ased  u p o n  m a c h in e  c o m p u ia tio n s  w ith  a ll re le v a n t effects in c lu d e d . S ince  th e  
m o tio n s  o f th e  system  a re  n o t e n tire ly  p e rio d ic . e ac h  c o m p u ta d o n  c a n  rea llv  o n lv  
a p p ly  to a  s in g le  f lig h t d a te — e ac h  try  is a  C o m p u te r p ro b le m  o f its ow n ,

T Radiation Environment

T h e  p h y sica l e n v iro n m e n t d iscussed  th u s  fa r  h a s  b e en  c o n c e m e d  w ith  th e  
g ra v ita t io n a l fields in  w h ic h  th e  v eh ic le  w ill o p e ra te . T h e  c o m p o n e n ts  o f th e  
a c c e le ra tio n  a c tin g  o n  th e  v eh ic le  c a n  be w r it te n  a n d  re su lt in  th e  classical 
e q u a tio n s  o f m o tio n  for th e  ‘ R e s tr ic te d  P ro b le m  o f T h re e  B o d ies .”  In  a d d id o n  
to  these  g ra v ita tio n a l forces a n o th e r  so u rce  o f  v eh ic le  a c c e le ra tío n  is th a t  p ro d u c e d  
by  r a d ia t io n  p ressu re .

T h e  r a d ia t io n  e n v iro n m e n t in  e a r th -m o o n  sp ace  is v e ry  la rg e ly  th a t  d u e  to  
th e  su n . F o rces  on  the  veh ic le  d u e  to  th e  p re ssu re  o f th is  r a d ia t io n  m a y  o r  m ay  
n o t h a v e  a n  a p p re c ia b le  e ffec t o n  th e  ira je c to ry . d e p e n d in g  u p o n  th e  n a tu re  of 
th e  veh ic le . G e n e ra lly  sp ea k in g . th e  e ffec t w ill be  sm a ll o n  veh ic le s o f  c o n v e n d o n a l 
d e n s ity . b u t  it co u ld  b e  q u ite  la rg e  o n  lo w -d en s ity  o b jec ts  like “ b a llo o n s .”

The pressure on a perfect absorber due to solar radiation at about the earth’s distance from
the sun is

p =  4.49 X 10"3 dynes cm2

On a nearlv perfect reflector this pressure is about twice p, so the total force due to radiation 
pressure that can act on a bright vehicle with a projected area .4 is 2pA, and the acceleration aT 
produced in a vehicle with an earth-weight of W  1b is

ar =  6.04(10-6) (A /M7) ft/sec2

with .4 in sq ft. If we represent the vehicle. for rough estimating purposes. as a body with the 
projected area and volume of an equivalent sphere of radius Rv and mean density pr, we can 
wríte ar as

ar =  1.81 (10_3)(pr Rr)~l ft/sec2 

If we assume that the vehicle radius lies in the range 

1 < Rt < 1000 ft

and that its mean density lies in the range 

10"3 < p P < 102 lb/ft3 

ar will lie in the approximate range

2(10",0) < a r < 2(10"2) ft/sec2

This acceleration will, over a flight time of about 2.5 days, produce a velocity change vr that 
lies in the approximate range

4(10"s) < v, < 4000 ft/sec

Clearly, for the wide range of Rt and pF postulated, the consequences of solar radiadon 
pressure can vary from neglígible to very serious. As a more spccific example, consider the case
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of a possible spacc vehicle discussed in Ref. 4. This vehicle has a projected arca of about 10 sq ft 
and a weight of about 300 lb. For this case

af =  2 X  IO"7 ft/sec2

and, over 2.5 days,

vr =  0.04 ft/sec

which is undoubtedly negligible for most purposes.

S im ila r  effects w ou ld  be p ro d u c e d  by  ra d ia t io n s  fro m  th e  veh ic le , su ch  as 
rad io  transm issions, h e a t  d isch a rg e , e tc .

4. S ta tic  F ields

I t  a p p e a rs  th a t th e  k n o w n  s ta tic  fields o f e a r th -m o o n  sp ace , sp ec ifica lly  th e  
e a r th ’s m a g n e tic  field . w ill h a v e  n eg lig ib le  e ffec t o n  th e  tra je c to rie s  o f v eh ic les  of 
c o n v e n tio n a l c o n s tru c tio n . I t  also seem s h ig h ly  likely  th a t  a n y  o th e r  s ta tic  fields 
in  e a r th -m o o n  space  a re  s u b s ta n tia lly  sm a lle r  in  m a g n itu d e  th a n  th a t  o f  th e  
e a r th .15)

5. Material Bodies

A p a r t  fro m  th e  e a r th  a n d  m o o n  th em se lv es (a n d , e v e n tu a lly , m a n -m a d e  
space  tra sh ) , th e  m a te r ia l  c o n te n t o f e a r th -m o o n  sp ace  consists o f  m e te o ro id s  o f 
w id e ly  v a ry in g  size a n d  m ass. T h e se  b o d ies , if e n c o u n te re d , c a n  in flu en ce  th e  
tra je c to ry .

I f  a  veh ic le  of m ass M„ e n c o u n te rs  a  m e te o ro id  o f m ass m w ith  a  re la tiv e  
v e lo c ity  V, a n d  all th e  m o m e n tu m  o f th e  m e te o ro id  is d e liv e re d  to  th e  v eh ic le , 
th e  veh ic le  w ill ex p e rien ce  a  ve lo c ity  in c re m e n t w h ich  w ill c ause  its tra je c to ry  to  
be d is tu rb e d . T h e  a m o u n t o f tra je c to ry  d is tu rb a n c e  w ill, o f  co u rse , d e p e n d  u p o n  
the e n e rg y  o f  the  veh ic le  in  its tra je c to ry  a n d  also  u p o n  th e  d is ta n c e  o f th e  col- 
lision p o in t fro m  the e a r th . F o r  e x a m p le , a  m e te o r  co llis ion  n e a r  th e  e a r th  w ill 
c h an g e  th e  ap o g ee  d is ta n c e  o f a  n e a r -m in im u m  e n e rg y  tr a je c to ry  to  th e  m o o n  
by  a b o u t 800  m i for ev ery  1 f t /s e c  c h a n g e  in  th e  v e h ic le ’s v e lo c ity . S in ce  th is  
d is ta n c e  is o f th e  o rd e r  o f th e  m o o n ’s ra d iu s , it is re a so n a b le  to  in v e s tig a te  th e  
m ag n itu d e s  a n d  freq u en c ie s  o f m eteo rs  w h ich  w ill cause  a  v eh ic le  v e lo c ity  c h a n g e  
o f o n ly  0.1 f t/s e c .

T h e  veh ic le  ve loc ity  in c re m e n t òv is g iv en  by

M0

The kinetic energy Uk of the meteoroid will be

U k=  -  M 0 V òv 
2

If the vehicle velocity increment òv is to be 0.1 ft/sec or less, and the meteor velocity is assumed to 
be 40 km/sec/®) the energy Uk must be

Uk <  6.08(10®) M v ergs
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or

Uk <  2.76(109) W  ergs

with W  the earth-weight of the vehicle in pounds.
It is usual to relate the kinetic energy of a meteoroid to the visual magnitude M  it display 

upon entry into the earth’s atmosphere. This relation is given approximately by Ref. 6,

Uk =  Pq~M ergs

where p =  1013 ergs and q ~  2.5

Using this relation, we find that òv >  0.1 ft/sec will be imparted by encounters with meteoroids 
that display visual magnitudes equal to or less than AI0, with

M 0 =  8.94 — 1.091 log, W

A plot of M 0 against W is shown in Fig. 2.

Figure 2. Limiting magnitude of meteoroids that will impart a velocity of 0./ ft/sec or 
more to the vehicle.

The number of meteoroids entering the earth’s atmosphere per day of visual magnitudes 
(M  — l/2 ) to (M  -f- 1 / 2) can be approximated by the empirical relation

N{M) = gbM

with g and b dimensionless figures which are determined by observation.
Thus the number N 0 with M  <  M 0 is given by
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AT(\Í < M0)
gbM° + 1/2 

6 —  1
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For g =  1.21(10®) and 6 =  2.69 (see Ref. 7), we find 

.V =  7.16(10®)[(2.69) (9-44 — 1 091 1o8í w )]

This is the number, with M  <  .V/0, entering the earth’s atmosphere per day. Since the earth’s 
surface area is about 5.59(1015) sq ft, the number per day passing through a surface with an area 
of one sq ft is about

n =  1.28(10* 10)[(2.69) <9-44 — 1 091 >°gc **)]

This is the average number of meteoroids per day, per sq ft of surface area, that will impart a 
velocity increment of 0.1 ft/sec to the vehicle. A plot of n against W is given in Fig. 3.

W e see fro m  F ig . 3 th a t  th e  3 0 0 -lb  v e h ic le  o f  R ef. 4  w ill e n c o u n te r , o n  th e

vehicle weight, W ( I b )

Figure 3. Frequency of hits by meteoroids that will impart a velocity of 0.1 ft/sec or more 
to the vehicle.

av e rag e , 3 X 10 -9 m e te o ro id  h it p e r  d a y  p e r  s q u a re  foo t th a t  w o u ld  g e n e ra te  a  
Ôv > 0 .1  f t/s e c . S ince th is  e x a m p le  has a  v e h ic le  su rface  a re a  o f a b o u t  10 sq ft 
a n d  th e  to ta l fligh t tim e  fro m  e a r th  to  m o o n  is a b o u t  2 .5  d ay s , w e find  th a t  th e  
veh ic le  w ill receive , o n  th e  a v e ra g e , a b o u t  8 X  10 -8  “ se rio u s”  h i t  p e r  tr ip , o r  o n e  
h i t  in  e ach  10 ,000,000 tr ip s .



I I .  A n a ly t ic a l  R e la t io n s

1. Coordinate Systems

P r io r  to d iscussing  th e  e q u a tio n s  o f m o tio n  o f th e  veh ic le  in  th e  e a r th -m o o n  
sy stem , th e  v a rio u s  c o o rd in a te  System s sh o u ld  be  rev iew ed . T h o se  of p r in c ip a l 
in te re s t a re  sh o w n  in F ig . 4. T h e  e q u a tio n s  a ssu m e  a  c o n v e n ie n t fo rm  in  a  c o o r ­
d in a te  sy stem  fixed a t  th e  c e n te r  o f  m ass o f th e  e a r th -m o o n  system . T w o  co o r­
d in a te  System s a re  of c h ie f  im p o r ta n c e . T h e  first is an  in e r t ia l  system , a n d  the  
seco n d  is a  c o o rd in a te  sy stem  vvhich ro ta te s  to  k eep  th e  e a r th  a n d  m o o n  o n  the  
x-axis.

F o r an a ly s is  o f th e  tra je c to rie s  re la tiv e  to  th e  e a r th ,  a  n o n ro ta tin g  c o o rd in a te  
sy stem  fixed a t th e  c e n te r  o f th e  e a r th  is c o n v e n ie n t. S im ila r ly , a  n o n ro ta tin g  
sy stem  c e n te re d  a t  the m o o n  is used  to  in v e s tig a te  th e  v eh ic le  tra je c to ry  in  th e  
v ic in ity  o f th e  m o o n . T h e  (x0,y0,Zo) se t is a n  in e r tia l  re fe re n c e  sy stem  w ith  its 
o r ig in  a t  th e  c e n te r  of m ass o f  th e  e a r th  a n d  m o o n . T h e  (x,y,z) se t, w ith  its o rig in  
also  a t  th e  e a r th -m o o n  c e n te r  o f m ass, is ro ta t in g  a t  th e  sam e  ra te  as th e  e a r th  a n d  
m o o n  fro m  a n  in itia l p o s itio n  ch o sen  so th a t  th e  e a r th  a n d  m o o n  a lw ays lie o n  th e  
Ar-axis. The (xm,ym,zm) se t is a  n o n ro ta tin g  system  w ith  its o r ig in  fixed a t  th e  
c e n te r  o f m ass o f the m o o n ; (x„,,ym,£m) is tra n s la tin g  re la tiv e  to  (x0,y0,Zo) w ith  
th e  m o o n ’s v e lo c ity , a n d  is a c c e le ra tin g  in  th e  ( - a t )  d ire c tio n  re la tiv e  to  (x0,y0,Zo) 
d u e  to  th e  m o o n ’s c irc u la r  m o tio n . T h e  (xe,ye,ze) se t is a  n o n ro ta t in g  system  w ith  
its  o r ig in  fixed a t  th e  c e n te r  o f m ass o f th e  e a r th ;  (xe,ye,Ze) is tra n s la tin g  re la tiv e  
to  (x0,y0,z0) w ith  the e a r th ’s v e lo c ity , a n d  is a c c e le ra tin g  in  th e  (-f-x) d ire c tio n  
re la tiv e  to  (x0,y„,z0) d u e  to  th e  e a r th ’s c ir c u la r  m o tio n . T h e  p o la r  c o o rd in a te  
System s (r,<*>), (r,0), a n d  (rt ,7 ) a re  re fe rred  to  (x0y 0,Zo), (x ,y ,^), a n d  {xe,ye,zà, 
resp ec tiv e ly .

Figure 4. Coordinate Systems. E , earth; M , moon; P , particle.



2. Equations of Motion
T h e  e q u a tio n s  o f  m o tio n  o f  a  sm all b o d y  in  e a r th -m o o n  sp ace  c a n  be w r it te n  

m ost d ire c d y  in  the  (x0,y0,Zo) sy stem . T h e  x0, y0, a n d  z0 c o m p o n e n ts  o f a c c e le ra tio n  
a re  g iven  sim p ly  b y  th e  c o rre sp o n d in g  g ra v ita t io n a l  a i tr a c t io n s  o f th e  e a r th  
a n d  m oo n .

These equations are

— AT(1 — fJ.)(x0 Xoi) x oo)
x0 = r2

y° =

Zo —

—  A f(i —  m ) ( >  —  yoi) m y o  — yo-i)
r-i

A"(l — n)zo A>Co

(la)

(lb)

(lc)

where AT is the product of C, the gravitational constant, and the total mass of the earth and moon. 
Transforming to (x,y,z) coordinates these are

x — = trx  — K (l — fJL)(x — jt ,) KfJi(x — x2)

_  , K( 1 - H)yy  +  I oíx = wly ------------;------ Kny

z =
— Af( 1 — ix)z Kni

r o

(2a)

(2b)

(2c)

The terms 2o>y and 2ux are the Coriolis accelerations, and uPx and u 2y  are centrifugai terms. 
The advantage of form (2) over form (1) lies in the fact that equations (2) do not contain time 
as an explicit variable since x0l, x03,y l>u and y 02 have been eliminated.

3. Jacobts Integral

I n  th e  case of a  b o d y  m o v in g  u n d e r  th e  g ra v ita t io n a l in flu en ce  o f a  sing le  
p o in t m ass, th e  e q u a tio n s  c a n  be  in te g ra te d  c o m p le te ly  to  d e fin e , a n a ly tic a lly , 
th e  ve loc ity  a n d  position  o f th e  b o d y . F o r  a  b o d y  m o v in g  u n d e r  th e  in flu en ce  o f  
tw o  bod ies like th e  e a r th  a n d  m o o n , h o w ev e r, o n ly  o n e  in te g ra l to  th e  e q u a tio n s  
—J a c o b i’s in te g ra l— is k n o w n .

Jacobi’s integral to the equations of motion can be constructed as follows:
If we write

W(x,y,z) =  ^ ( x 2 +  f )  + *•(1  ~ M ) , A>

r, r2

then the equations of motion (2) can be written
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, , àWy  +  2cox =  - — 
Óy

Z
d\V
dz

Multiplying these by 2x, 2y, and 2z, respectively, adding, and integrating, we obtain Jacobi’s 
integral:

(*)2 +  (y)2 +  (z)2 =  V2 = 2 W — C

or

2 2/2 1 2\ I 2K(1 — M) , 2 Knvr — +  y )  H-------------------- 1-------------- C
'2 (3)

where v is the magnitude of the velocity of the vehicle in rotating (x,y,z) space; and C is the “Ja- 
cobian Constant.”

T h is  sing le  in te g ra l is ó f  g re a t  im p o r ta n c e  since  it w ill p ro v id e  us w ith  a  
g re a t  d e a l o f g e n e ra l in fo rm a tio n  a b o u t  m o tio n  in  e a r th -m o o n  sp ace .

4. Energy Relations

T h e  first p iece  of in fo rm a tio n  p ro v id e d  b y  J a c o b i ’s in te g ra l is th e  fac t th a t  
th e  to ta l e n e rg y  o f an  u n p o w e re d  v eh ic le  in  e a r th -m o o n  sp ace  is n o t c o n s ta n t. 
R a th e r  i t  c a n  be  sh ow n  th a t  a  l in e a r  c o m b in a tio n  o f  to ta l  e n e rg y  a n d  a n g u la r  
m o m e n tu m  a b o u t  th e  £-ax is is co n se rv ed . T h is  la c k  o f e n e rg y  c o n se rv a tio n  m akes 
th e  lu n a r  tra je c to ry  p ro b le m  m a rk e d ly  d iffe re n t f ro m  te r re s tr ia l  b a llis tic  f lig h t 
a n d  e a r th -s a te ll i te  o rb it  p ro b le m s . T h e  e n e rg y  c h an g e s  a lo n g  a n  e a r th -m o o n  
tra je c to ry  a re  la rg e  e n o u g h  to  a d d  g re a t  c o m p le x ity  to  tra je c to ry  c o m p u ta tio n s  
b u t  a re  n o t g re a t  e n o u g h  to  h a v e  a n y  su b s ta n t ia l  s ig n ifican ce  in  a  p ro p u ls io n  sense.

I I I .  G e n e r a l  C h a r a c te r is t ic s  

/. Regions of Possible Motion

T h e  c h ie f  u t il i ty  o f J a c o b i ’s in te g ra l  lies in  th e  fa c t th a t  it p ro v id es  a  b ro a d  
sp ec if ic a tio n  o f th e  possib le  ty p es  o f  b a llis tic  f lig h t w h ich  c a n  be  ach iev ed  in  
e a r th -m o o n  sp ace  a n d  also  a  p a r t ia l  d e f in itio n  o f th e  p ro je c tio n  c o n d itio n s  re- 
q u ire d  fo r th ese  v a rio u s  ty p es . T h u s , it p ro v id es  a  p re lim in a ry  g u id e  to  m o re  
d e ta ile d  c o m p u ta tio n s .

F o llo w in g  th e  re a so n in g  e m p lo y e d  b y  G . W . H ill in  th e  d e v e lo p m e n t o f his 
lu n a r  th e o ry  w e reco g n ize  th a t  v5 in  J a c o b i ’s in te g ra l, E q . (3 ), c a n  tak e  on  
p o sitive  v a lu e s  o n ly  in  re a l m o tio n . T h u s , fo r a  g iv en  v a lu e  o f  th e  c o n s ta n t C, 
if su b s ti tu t io n  o f  th e  c o o rd in a te s  of a  g iv en  lo c a tio n  in  E q . (3) resu lts  in  a  positive  
v1, th a t  lo c a tio n  lies in  a  reg io n  o f  possib le  m o tio n ; if  th e  re su ltin g  v’ ls n eg a tiv e , 
th e  g iv en  lo c a tio n  lies in  a  reg io n  in  w h ich  m o tio n  o f  th e  b o d y  is n o t possib le. 
T h e  b o u n d a r ie s  b e tw e e n  reg io n s  o f possib le  m o tio n  a n d  e x c lu d e d  reg io n s a re  
c o n to u rs  o n  w h ic h  v = 0 ; th ese  a re  ca lled  cu rv es  o f ze ro  re la tiv e  ve loc ity . A  rea l 
p a r tic le  c a n n o t  cross o n e  o f th ese  cu rv es .



L U X A R  F L I G H T  DYNAMICS 85

S ev era l su ch  sets o f c o n to u rs  in  th e  (.v.y) p la n e  a re  sh o w n  in  F ig . 5 ( th ese  co n - 
to u rs  a re  in te n d e d  o n ly  to  show  th e  fo rm  o f th e  reg io n s; th ey  a re  n o t d ra w n  to  sca le ). 
T h e  C v a lues o f Fig. 5 a re  n u m e ric a lly  in  th e  o rd e r  C, >  C2 > C3 >  CÁ >  C 5. 
F o r in itia l c o n d itio n s  c o rre sp o n d in g  to C = C t, th e  b o d y  c a n  m ove  e i th e r  in  a  
closed reg io n  a b o u t th e  e a r th  o r  in  a  closed  reg io n  a b o u t  th e  m o o n — it is fo rev e r 
re s tr ic ted  to  th e  n e ig h b o rh o o d  o f  its p a re n t  a n d  c a n n o t tra v e i fro m  e a r th  to  
m o o n . T h e  In te rn a t io n a l  G e o p h v sic a l Y e a r  sa te llite s  a re  b o d ies  o f th is  k in d —  
res tr ic ted  to  th e  n e ig h b o rh o o d  o f e a r th . C o n v e n tio n a l b a llis tic  m issiles also  fali 
in  th is class.

Fiçure 5. Contours of zero rdative velocity in (x, v) plane. E , earth; M , moon.

F o r a  se t o f in itia l c o n d itio n s  c o rre sp o n d in g  to C = C3, th e  b o d y  is re s tr ic te d  
to a  closed c o n to u r a ro u n d  th e  e a r th -m o o n  sy stem  b u t m o tio n  fro m  o n e  b o d y  to 
a n o th e r  is now  possible. C =  C  rep re se n ts  th e  lim itin g  case s e p a ra t in g  s i tu a tio n s  
in  w h ich  m o tio n  be tw een  e a r th  a n d  m o o n  is possib le  fro m  s itu a tio n s  in  w h ich  it 
is n o t possible.
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F o r  a  case w h e re  C =  C 5 th e  c o n to u r  d e lim itin g  th e  reg io n  o f possib le  m o tio n  
is o p e n  b e h in d  th e  m o o n , in d ic a t in g  th a t  th e  b o d y  c a n  escap e  e n tire ly  fro m  the 
e a r th -m o o n  System . C =  C\ is th e  lim itin g  case  m a rk in g  th e  o n set o f th is co n d itio n ,

In  a d d it io n  to these  c o n to u rs  w ith in  w h ich  a  p a r tic le  is b o u n d , th e re  a re . 
fo r th e  sa rae  C v a lues, o u te r  b o u n d a r ie s  a ro u n d  th e  e a r th -m o o n  system , as show n 
in  F ig . 5. A  p a r tic le  w h ich  s ta r ts  a t  a  g re a t  d is ta n c e  fro m  th e  e a r th -m o o n  system  
w ith  C >  C 4 c a n n o t a p p ro a c h  these  b o d ies  m o re  closely  th a n  th e  c o rre sp o n d in g  
o u te r  C =  C 4 c o n to u r  o f  F ig . 5.

A t C =  C , th e  in n e r  a n d  o u te r  b ra n c h e s  o f th e  c u rv e  o f zero  re la tiv e  ve lo c ity  
coalesce , a n d  for C  <  C , a  p a r tic le  s ta r t in g  n e a r  th e  p r im a ry  b o d ies  can  escape  
fro m  th e  sy stem . O n e  s ta r t in g  a t  a  re m o te  p o in t c a n  re a c h  e ith e r  b o d y .

As C v a rie s  fro m  C, th ro u g h  C 5 a n d  b e y o n d , th e  o p e n in g  in  th e  c o n to u r  b e h in d  
th e  m o o n  w id en s . W h en  C = Cu is re a c h e d  th e  c o n to u r  also  b eg in s to  o p e n  b e h in d  
th e  e a r th ,  a n d  w h en  C = C7 th e  c o n to u r  in  th e  p la n e  consists o f  tw o  b ra n c h e s  
en c lo sin g  k id n e y -sh a p e d  reg io n s  a b o v e  a n d  below  th e  x-axis. T h e  in te r io rs  o f these 
reg io n s a re  th e  o n ly  p o rtio n s  o f th e  p la n e  e x c lu d e d  fro m  rea l m o tio n  fo r C = C..

As C v a rie s  b ey o n d  C- to  a  v a lu e  o f  C 8, th e  reg io n s  o f  ex c lu sio n  sh rin k  to  tw o 
p o in ts , e ac h  o f these p o in ts  c o m p le tin g  a n  e q u ila te ra l tr ia n g le  w ith  th e  e a r th  
a n d  m o o n .

W h e re  C <  C 8, n o  reg io n  o f th e  (x,y) p la n e  is e x c lu d e d .
T h e  c o n to u rs  a ro u n d  th e  e a r th  a n d  th e  m o o n  coalesce  w h e n  C =  C2. T h is  

co a le scen ce  w ill o c cu r  on  th e  x-ax is a t  p o in t  x„. T h e  co a lescen ce  o f c o n to u rs  for 
C =  C 4 w ill o c c u r  a t x =  xcm, a n d  fo r C = C6 a t  x =  xce. I t  c a n  be  re a d ily  sh o w n  
(see R ef. 1.0) th a t  p o in ts  xci, xcm, xce o c c u r  a t  v a lu e s  o f x th a t  satisfy

,  K ( \ — n)(x —  xx) Kn(x —  x2)
w2x ------------------------------------------------------------------ =  0 (4)r 3 r 3

S o lu tio n  o f th is  q u in tic  y ields, as re a l ro o ts  

xci =  0 .8 3 7 0 2 3 5 4 4 5  lu n a r  u n i t  

xcm = 1 .155597403 lu n a r  u n i t

xct = - 1 .0 0 5 0 5 3 4 7 0 1 5  lu n a r  u n i t

U se o f  these  v a lu es  in J a c o b i ’s in te g ra l , E q . (3 ), re su lts  in  th e  fo llow ing  va lues 
fo r th e  c r i tic a i C ’s:

C, =  0 .1 6 8609 735  ( lu n a r  u n i t / d a y ) 2

C, =  0 .167755543  ( lu n a r  u n i t / d a y )2

Cfi =  0 .1 5 9 3 0 1 0 1 8  ( lu n a r  u n i t / d a y ) 2

2. Corresponding In itia l Conditions

T o  in d ic a te  th e  s ig n ifican ce  o f th ese  v a lu e s  m o re  d ire c tly  w e c a n  c a lc u la te  
th e  v e lo c ity  o f a  veh ic le  n e a r  th e  e a r th  th a t  co rre sp o n d s  to  C v a lu es o f C„, C 4, 
a n d  Cn. F o r  th is  lo ca tio n , a  s ta n d a rd  p o s itio n  m u st be  a d o p te d ;  th e  o n e  a rb i tr a r i ly
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chosen  w ill be o n  the *-axis, 4300  st m i fro m  th e  c e n te r  o f th e  e a r th ,  on  th e  side 
o f th e  e a r th  a d ja c e n t to th e  m o o n . W ith  lh e  lu n a r  u n i t  D =  239 ,073 .7  st m i, th e  
s ta n d a rd  position  is th en  a t  x, =  0 .00585752  lu n a r  u n it .  U sin g  th e  c o o rd in a te s  
o f th is p o sitio n  in  E q . (3) a n d , successively , C =  C2, C 4, C6, w e find  th e  c o rre sp o n d -  
in g  velocities v3, v4, v6 to  be

v2 = 2 .375333 lu n a r  u n i t s /d a y

=  34 ,703 .7 6  f t /s e c

vt =  2 .375513 lu n a r  u n i ts /d a y

=  34 ,706 .3 9  f t /s e c

v6 = 2.377292 lu n a r  u n i t s /d a y

=  34 ,732 .38  f t /s e c

I t  c a n  be  seen th a t  v4 is lo w er th a n  v6, a n d  th e re lo re  th a t  i t  is e a s ie r  to  escap e  
fro m  th e  v ic in ity  of th e  e a r th  b y  p ro je c tin g  to w a rd  th e  m o o n  th a n  it is b y  p ro -  
je c tin g  a w a y  fro m  th e  m o o n .

T h e  r a th e r  g re a t q u a l i ta t iv e  d iffe re n c e  b e tw e e n  th e  C = C2 c o n to u r  a n d  th e  
C  =  C 4 c o n to u r  arises fro m  a d iffe re n c e  in  p ro je c tio n  v e lo c ity  o f  o n ly  2 .6 3  f t /s e c  
o u t o f a b o u t  34 ,700  f t /s e c , o r  a  d iffe re n c e  o f o n ly  0 .0 0 7 4  p e r  c en t.

T h e  p o in ts  in  th e  (x,y) p la n e  th a t  m ak e  u p  th e  C = Cs c o n to u r  a re  e q u i-  
d is ta n t  fro m  e a r th  a n d  m o o n . T h u s  th e ir  c o o rd in a te s  a re  x = ( 1 /2  — /z) =

0 .487871437 , y  =  ( +  ) -  V 3, in  lu n a r  u n its . T h e  v a lu e  o f Cs is

C 8 =  0 .1580261 ( lu n a r  u n i t / d a y ) 2 

a n d  th e  v e lo c ity  va a t  th e  s ta n d a rd  p o s itio n  r e q u ire d  fo r C = C 8 is 

vg =  2 .377560  lu n a r  u n i ts /d a y  

=  34 ,736 .30  f t/s e c

T h u s  a  veh ic le  s ta r t in g  fro m  th e  s ta n d a r d  p o s itio n  c o u ld  re a c h  a n y  p o in t in  
th e  e a r th -m o o n  system  if its v e lo c ity  ex ceed s 3 4 ,7 3 6 .3  f t /s e c  (a n d  if  it is p ro p e r ly  
d ire c te d ) .

T h e se  velocities a re  a ll r a th e r  n e a r  th e  v e lo c ity  o f  e sc ap e  Vt =  3 5 ,2 1 4 .5 2  f t /  
sec fro m  th e  s ta n d a rd  p o s itio n  a b o v e  a n  iso la ted  e a r th .

T h e  g e n e ra l n a tu re  o f  th e  in te rsec tio n s  o f  su rfaces o f z e ro  re la t iv e  v e lo c ity  
w ith  th e  (x,z) a n d  (y ,z ) p la n e s  is sh o w n  in  F igs. 6 a n d  7.

?. The “Zerogravity” Point

O n e  in te re s tin g  use o f  J a c o b i ’s in te g ra l  is to  e x a m in e  th e  v a lid ity  o f  th e  
p ro p o s itio n  fre q u e n tly  su g g ested  in  th e  p o p u la r  l i te ra tu re  th a t  g e tt in g  to  th e  m o o n  
is a  m a t te r  o f p ro je c tin g  a  v eh ic le  b e y o n d  th e  p o in t o f  b a la n c e  o f  th e  g ra v ita t io n a l  
fields of e a r th  a n d  m o o n , th e  “ z e ro g ra v ity ” p o in t. A c c o rd in g  to  th is  n o tio n , w e 
m u st p ro je c t th e  veh ic le  fro m  th e  e a r th  w ith  in itia l c o n d itio n s  su ita b le  to  re a c h
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b ey o n d  a  p o in t a b o u t 90  p e r  c e n t o f th e  d is ta n c e  to th e  m o o n , th is p o in t b e in g  
d e te rm in e d  by e q u a tin g  th e  N e w to n ia n  fields o f e a r th  a n d  m o o n . T h a t  is, we

Figure 6. Contours oj zero relative velodty in (x, z) plane. E , earth; M , moon. 

m u s t a ch iev e  a  d is ta n c e  fro m  th e  e a r th  g re a te r  th a n  P, vvith P su ch  th a t

M ' =  M m 
P2 (D —  P)2

N o w , a c c o rd in g  to  th e  d iscu ssio n  b ased  o n  J a c o b i ’s in te g ra l, th e  c ritic a i 
p o in t  o f tra n s itio n  fro m  c o n to u rs  th a t  d o  n o t p e rm it  e a r th -m o o n  passage  to  those 
th a t  d o  p e rm it  su ch  p assag e  is fo u n d  to  o c c u r  a t  a  d is ta n c e  th a t  is 84 .9  p e r  c en t 
o f  th e  d is ta n c e  fro m  e a r th  to  m o o n . T h e  d iffe re n c e  betvveen th ese  tw o  a p p ro a c h e s  
lies in  th e  fac t th a t  th e  s im p le r  sch e m e , b ased  o n  E q . (5 ). n eg lec ts  a  v e ry  im p o r ta n t  
d e ta il ,  th e  e ffect o f  th e  m o tio n s  o f e a r th  a n d  m o o n  a b o u t  th e ir  c o m m o n  c e n te r  o f 
m ass. T h e  d iffe ren ce  a p p e a rs  sm all e n o u g h  to  be re le g a te d  to  th e  c a te g o ry  o f a 
d e ta il , a n d  p e rh a p s  for so m e p u rp o se s  it is; h o w e v e r th e  m in o r  a p p e a ra n c e  of th is 
d iffe re n c e  is a n  a c c id e n t o f  th e  sy stem . O n  a n  in te rp la n e ta ry  scale  th e  fallacies 
o f th e  s im p le  b a la n c in g  o f N e w to n ia n  fields b eco m e  la rg e  in d eed . I f  w e co n sid e r 
th e  e a r th - s u n  sy stem , th e  b a la n c in g  o f  g ra v ita t io n a l  a t tra c tio n s  w o u ld  lead  to  
th e  re su lt th a t  w e c an  ju m p  fro m  th e  e a r th  to  th e  su n  ju s t  b y  g e tt in g  to  a  p o in t
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m ore  th a n  a b o u t 165,000 m iles fro m  th e  e a r th . O u r  m o o n — a t  a b o u t  240 ,000  
m iles from  the  e a r th — is itse lf good  ev id en ce  th a t  th e  th eo ry  is fau lty . J a c o b i ’s 
in te g ra l show s th a t w e m u st a ch iev e  a  d is ta n c e  of n e a r ly  1 ,000,000 m iles fro m

z

Figure 7. Contours of zero relative velocity in (y, z) plane.

th e  e a r th  b efo re  we a re  re a lly  o p e ra t in g  in  te rm s  o f d e p a r t in g  fro m  th e  v ic in ity  
o f th e  e a r th .

I V .  T r a je c t o r y  T y p e s

T h e  v a rio u s  b a llistic , o r  u n p o w e re d , tra je c to r ie s  w h ic h  a  v eh ic le  c a n  ío llow  
in  th e  e a r th -m o o n  system  w ill now  be d iscu ssed  in  te rm s  o f m ission  ty p es . í 11) 
S ince  c o m p le te  a n a ly tic a l Solu tions to  th e  e q u a tio n s  o f m o tio n  a re  u n a v a ila b le ,  
n u m e ric a l m e th o d s  m u st be used  in  th ese  in v es tig a tio n s .

T h e  v a rio u s  types to  b e  c o n s id e re d  a re :
Im p a c t  
L a n d in g  
L u n a r  escape 
C irc u m lu n a r  flig h t 
L u n a r  sa te llite  
M o o n -to -e a r th
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T h e  v e h ic le ’s tra je c to ry  a n d  th e  m o o n ’s o rb it  a re  assum ed  to be c o p la n a r . 
I n  th is  tw o -d im e n s io n a l p ro b le m , th e re fo re , a  set o f fou r in itia l co n d itio n s , sh ow n 
sc h e m a tic a lly  in  Fig. 8 , is re q u ire d  to  d e fin e  th e  tra je c to ry  of th e  veh ic le . T h e  
o rig in  o f th e  c o o rd in a te  sy stem  d e n o te s  th e  c e n te r  of m ass of th e  e a r th -m o o n  
sy stem , w ith  th e  m o on  lo c a te d  o n  th e  po sitiv e  x-axis. T h e  in itia l positio n  o f th e  
tra je c to ry  is d e fin ed  by  r, th e  r a d ia l  d is ta n c e  fro m  th e  c e n te r  of th e  e a r th , a n d  
by  <t>, th e  a n g le  b e tw een  th is  ra d iu s  a n d  th e  in itia l po s itio n  of th e  m oon . T h e  
in itia l  v e lo c ity  o f the v eh ic le  is d e fin e d  by  V, th e  m a g n itu d e , a n d  7 , th e  an g le  
re la tiv e  to  th e  local h o r iz o n ta l. I n  th is  s tu d y , th e  in itia l ra d ia l  d is ta n c e  r has been  
h e ld  fixed a t  a  v a lu e  o f  4300  st m i, c o rre sp o n d in g  to a n  in itia l a l t i tu d e  of a b o u t 
350 st m i. T h e  v a lu es  o f th e  v e lo c ity  a n d  p a th  a n g le  a t  a n y  o th e r  a l t i tu d e  c a n  be 
c o m p u te d  by  use o f th e  e q u a tio n s  o f to ta l e n e rg y  a n d  a n g u la r  m o m e n tu m  for a 
c e n tra l  fo rce  fie ld .

Figure 8. Paramelers used to describe initial conditions. E , earth.

T h e  m o tio n  o f  a  b o d y  is c o n s id e re d  to  be d ire c t  if  its a n g u la r  v e lo c ity  is in  
th e  sa m e  d ire c tio n  as th a t  o f th e  sy stem , a n d  re t ro g ra d e  if  th e  a n g u la r  v e lo c ity  is 
o p p o s ite  to  th is  d ire c tio n . T h u s  tra je c to rie s  w ith  in itia l p o sitio n s a ro u n d  th e  lo w er 
ed g e  o f th e  e a r th  in  th is  d ia g ra m  w ill be  la u n c h e d  in  d ire c t  m o tio n  re la tiv e  to  
th e  e a r th -m o o n  system .

T h e  g e n e ra l c o m b in a tio n s  o f in itia l c o n d itio n s  for tra je c to rie s  la u n c h e d  in 
d ire c t  m o tio n  re la tiv e  to  th e  e a r th -m o o n  sy stem  a n d  im p a c t o n  th e  m o o n  a re  g iven  
in  F ig . 9. T h e  cu rv es  o f  in itia l  p a th  a n g le  as fu n c tio n s  o f th e  v e lo c ity  a re  show n 
fo r sev e ra l v a lu e s  of th e  in itia l p o s itio n  a n g le  o f th e  tra je c to ry  re la tiv e  to  th e  
m o o n . T h e  m in im u m  v e lo c ity  re q u ire d  to  h it th e  m o o n  o n  th e  first “ pass” is 
fo u n d  to  b e  a b o u t  34 ,800  f t /s e c  re fe rre d  to  th e  ro ta t in g  c o o rd in a te  system , a n d  
th e  c u rv es  a re  e x te n d e d  in itia l  v e lo c itie s u p  to  37 ,00 0  f t/s e c . V e loc ities  below  
a b o u t  3 4 ,8 0 0  f t/s e c , d o w n  to  th e  m in im u m  v a lu e  in d ic a te d  by  J a c o b i’s in te g ra l, 
w ill also  lead  to  im p a c ts  o n  th e  m o o n  b u t o n ly  a f te r  th e  veh ic le  h as m a d e  a  la rg e  
n u m b e r  o f rev o lu tio n s  a ro u n d  th e  e a r th .

T h e  cu rv es  show n in  th is  g ra p h  a c tu a l ly  re p re se n t n a r ro w  b a n d s  o f in itia l 
v e lo c i ty -p a th  a n g le  c o m b in a tio n s , b ecau se  th e  m o o n  h as  a  fin ite  d ia m e te r . S ince 
th e  slope o f th e  cu rv es  c h a n g e s  fro m  n e a r ly  h o r iz o n ta l (v a r ia t io n  in p a th  a n g le ) 
to  v e r tic a l (v a r ia tio n  in  v e lo c ity ) , th e  re la tiv e  size o f  th e  to le ran ces  in each  o f 
these  q u a n t i t ie s  w ill v a ry  as a  fu n c tio n  o f  th e  m a g n itu d e  o f  th e  in itia l ve loc ity .
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Figure 9. Initial conditions required to kit the moon— direct motion.

T h e  d a sh e d  line  is in c lu d e d  to  show  th e  v a r ia t io n , w ith  re sp e c t to  in i t ia l  p o s itio n  
an g le , in  th e  m a g n itu d e  o f  th e  in itia l  v e lo c ity  w h ic h  c o rre sp o n d s  to  a  m a x im u m  
veloc ity  to le ra n c e . As th e  in itia l ve lo c ity  is in c rea se d  b e y o n d  th is  d a sh e d  cu rv e , 
th e  cu rves b e n d  o ver a g a in  a n d  th e  a llo w ab le  v e lo c ity  to le ra n c e  d ec reases  s lig h tly .

1. Transit Time

T h e  tim e  of f iig h t fro m  th e  e a r th  to  th e  m o o n  is s tro n g ly  d e p e n d e n t  u p o n  
th e  m a g n itu d e  of th e  in itia l  v e lo c ity , as sh o w n  in  F ig . 10. A c tu a lly , th is  c u rv e
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Figure 10. Transit time Jrom earth to moon.
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also  rep re se n ts  a  re la tiv e ly  n a r ro w  b a n d  o f  v a lu es, since  th e  tra n s i t  tim e  to  the 
m o o n  is a  fu n c tio n  o f th e  lo c a tio n  o f th e  lu n a r  im p a c t p o in t a n d  also of th e  in itia l 
tra je c to ry  p o s itio n  re la tiv e  to th e  m o o n . A t n e a r -m in im u m  velocities, 34 ,800 
f t/s e c  a t  th e  s ta n d a rd  in itia l d is ta n c e  fro m  th e  e a r th , th e  tra n s i t  tim e  is a b o u t 
5 .5  d ay s . As th e  in itia l v e lo c ity  is in c reased  by  a b o u t 1.0 p e r  c en t, to  a  v a lu e  of 
35 ,150  f t/s e c , th e  tra n s it tim e  is re d u c e d  to  a  v a lu e  o f 2 d ays. A t a n  in itia l ve loc ity  
o f  37 ,0 00  f t/s e c , th e  flig h t tim e  is d e c re a sed  to  a b o u t  1 d a y . As th e  in itia l ve locity  
is in c rea sed  fu r th e r , a p p ro a c h in g  in fin ity , th e  tr a n s i t  tim e  is g iv en  a p p ro x im a te ly  
by  th e  r a t io  o f th e  e a r th -m o o n  d is ta n c e  to  th e  in itia l  ve loc ity .

2. In itia l Tolerances for Im pact

In  o rd e r  to  discuss th e  v a r ia t io n  o f  th e  to le ra n c es  o f in itia l c o n d itio n s  for lu n a r  
im p a c t in  m o re  d e ta il, a n d  also  to  d e fin e  th e  v a r io u s  o th e r  ty p es o f tra je c to rie s  
w h ich  a re  possib le  in th e  e a r th -m o o n  sy stem , F ig . 1 1 p re sen ts  an  e x p a n d e d  g ra p h  
in  th e  v ic in ity  o f th e  c u rv e  fo r a n  in itia l tra je c to ry  p o s itio n  a n g le  o f —112.5 deg  
re la t iv e  to  th e  m o on .

initial path angle Y  (degrecs)

Figure 11. Initial conditions for lunar impact ( r  =  4300 miles; <t> = -112.5 degrees).

l  h e  so lid  lines en c lo sin g  th e  sm a ll sh a d e d  a re a  o f  th e  g ra p h  d e fin e  c o m b in a -  
tio n s o f in itia l  c o n d itio n s  o f  tra je c to r ie s  w h ic h  h i t  so m e w h e re  o n  th e  m o o n . T h e  
u p p e r  so lid  cu rv e  (left ed g e ) le ad s  to  h its  n e a r  th e  le a d in g , o r  e a s te rn , lim b  of 
th e  m o o n ; w h ile  c o m b in a tio n s  o n  th e  lo w er so lid  lin e  ( r ig h t edg e) d e fin e  tra je c ­
to ries  w h ich  h i t  n e a r  th e  w e s te rn  lim b  o f  th e  m o o n . A  cu rv e  ly in g  a p p ro x im a te ly  
m id w a y  b e tw e e n  the  so lid  lines w o u ld  g ive th e  lo cus o f  in itia l c o n d itio n s  re su ltin g  
in  tra je c to rie s  w h ic h  im p a c t  n o rm a l to  th e  su rface  o f th e  m o o n . P o in ts  to  th e  left 
o f  th e  h i t  b a n d  w ill g ive  th e  c o m b in a tio n s  o f in itia l  c o n d itio n s  for tra je c to rie s
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w hich  pass a h e a d  o f  th e  m o o n  in  its o rb it . T h e se , ty p ic a lly , co u ld  be  used as 
tra n s it tra je c to rie s  to estab lish  a  v eh ic le  as a  sa te llite  o f th e  m o o n  if its v e lo c ity  is 
red u ced  a t  th e  p o in t o f closest a p p ro a c h . T ra je c to r ie s  d e fin e d  by  a  se t o f in itia l 
co n d itio n s  to th e  r ig h t o f th e  h it b a n d  w ill in te rse c t th e  m o o n ’s o rb i t  a fte r  the  
m o on  has passed . T h is  ty p e  o f passage  m ay  re su lt in  in c rea s in g  th e  en e rg y  o f th e  
tra je c to ry  o f th e  vehicle  by  a c tio n  o f th e  m o o n ’s g ra v ita t io n a l field , a n d  th u s  be 
th ro w n  o u t o f  th e  e a r th -m o o n  system .

T h e  reflex c u rv a tu re  o f th e  h it  b a n d , m e n tio n e d  e a r lie r , is m o re  p ro n o u n c e d  
in  th is g ra p h  (F ig . 11). A lso, th e  re la tiv e  v a r ia t io n  in  th e  m a g n itu d e  a n d  p a th -  
an g le  to le ran ces  can  be seen m o re  easily . S o m e ty p ic a l c o m b in a tio n s  o f to le ra n c es  
to h i t  som evvhere on  th e  m o o n  a re : A V  = ± 5  f t /s e c  a n d  A t  =  ± 2  d e g  a t  an  
in itia l ve loc ity  o f a b o u t 34 ,800  f t/s e c . As th e  m a g n itu d e  of th e  in itia l ve lo c ity  is 
in c reased  to  a b o u t 35 ,000  f t/s e c , th e  to le ran ces  a re  A V  =  ± 5 0  f t /s e c  a n d  A t  =  
± 0 .3  d eg . T h e  m a x im u m  v e lo c ity  to le ra n c e  for th is  in itia l  p o s itio n  a n g le  h as  a  

v a lu e  o f  n e a r ly  ± 3 0 0  f t/sec .
F o r  in itia l velocities a b o v e  th is  p o r tio n  o f  th e  c u rv e , th e  to le ra n c e  in  th e  

m a g n itu d e  o f th e  ve loc ity  g ra d u a lly  d ec re a se s  a g a in  as th e  b a n d  cu rv es  o v e r. T h e  
co rre sp o n d in g  a n g u la r  to le ra n c e  also  d ecreases  s lig h tly .

A  ty p ic a l tra n s it tra je c to ry  re su ltin g  in  a n  im p a c t w h ich  is n o rm a l to  th e  
su rface  o f th e  m o on  is sh o w n  in  F ig . 12. T h is  tra je c to ry  is p lo tte d  in  a n  in e r tia l  
c o o rd in a te  system  fixed a t  th e  c e n te r  o f  m ass o f th e  e a r th -m o o n  sy stem . T h e  
e llip tica l c h a ra c te r  o f th e  tra je c to ry  re la t iv e  to  th e  e a r th  is e v id e n t. T h e  tra je c to ry

\
\

Figure 12. Moon-rockct transit trajectory— impact (r  =  4300 miles; </> =  -108 degrees; 
\  =  35,000ft/sec; y = 14.2 degrees). M , moon; E , earth.

is n o tic ea b ly  p e r tu rb e d  by  th e  m o o n ’s g ra v ita t io n a l field  o n ly  d u r in g  a p p ro x i-  
m a te ly  th e  last 0 .5  d a y  o f th e  2 .3 -d ay  tr a n s i t  tim e . T h e  in itia l  v e lo c ity  a n d  p a th -  
an g le  to le ran ces  a ro u n d  th is  p a r t ic u la r  tra je c to ry  d esig n  p o in t a re  a b o u t  ± 4 0  f t /  
sec o r ± 0 .2 5  d eg  to h it  so m ew h ere  o n  th e  face  of th e  m o o n  w h ich  is v isib le  fro m  
th e  e a r th . In  th e  im m e d ia te  v ic in ity  o f th is  p o in t, h o w e v e r, th e  se n sitiv ity  in  
im p a c t lo ca tio n  is a b o u t 25 st m i / f t / s e c  o r  450 0  st m i/d e g .
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T h e  te rm in a l p o r tio n s  o f sev e ra l tra je c to rie s , d iffe rin g  o n ly  in th e  v a lues of 
th e  in itia l ve loc ity  in  v ic in ity  o f  th e  n o m in a l case, a re  sh o w n  in  F ig. 13. T h e  
c e n tra l  c u rv e , fo r V = 35 ,000  f t/s e c , c o rre sp o n d s  to  th e  tra je c to ry  show n in 
F ig . 12. I t  c a n  be seen  th a t  th e  m in im u m  sen sitiv ity  of th e  im p a c t lo ca tio n  to 
in itia l  e rro rs  o ccu rs  in th e  v ic in ity  o f th e  tra je c to ry  w h ich  im p a c ts  n o rm a l to  th e

M

Figure 13. Effect of varying V  on impact location ( r  =  4300 miles; <t> =  -108 degrees; 
7  =  14.2 degrees). M , moon.

lu n a r  su rface . T h e  in itia l  c o n d itio n s  fo r th e  fam ily  o f  tra je c to rie s  sh o w n  in  th is 
d ia g ra m  c o rre sp o n d  to a  v e r tic a l c u t th ro u g h  th e  h it  b a n d  sh o w n  in  F ig . 11.

3. Lunar Landing

T h e  tra n s i t  tra je c to rie s  le a d in g  to  lu n a r  im p a c t d e sc rib e d  a b o v e  w ill resu lt 
in  v eh ic le  a p p ro a c h  sp eeds w h ich  a re  ty p ic a lly  in  th e  ra n g e  o f 10,000 f t/sec . 
T h e  r e s u lta n t  d e c e le ra tio n s  w o u ld  be p ro h ib it iv e  fo r m ost ty p es of veh ic les. S ince 
th e  m o o n  h as little  o r  no  a tm o sp h e re , th is  v e lo c ity  re d u e tio n  m u st be acco m - 
p lish ed  b y  m ea n s  of a  d e c e le ra t in g  ro c k e t. T h e  in itia l  a c c u ra c y  re q u ire m e n ts  for 
la n d in g  tra je c to rie s  wãll be so m e w h a t m o re  s tr in g e n ' th a n  for th e  s im p le r  im p a c t 
cases if a  n e a r ly  p e rp e n d ic u la r  a p p ro a c h  tra je c to ry  is n e ed ed  fo r th e  p a r t ic u la r  
la n d in g -g e a r  a r ra n g e m e n t.

S ince  th e  ty p ic a lly  h ig h  a p p ro a c h  ve lo c ity  m u st be re d u c e d  by m ean s  o f  a 
ro c k e t m o to r , a  p ro v is io n  m u s t be m a d e  to  o r ie n t th e  veh ic le  co rre c tly . T h is  
c o u ld  be  a c c o m p lish e d  e ith e r  by  sp in -s ta b iliz a tio n  o f th e  ro ck e t w h e n  th e  c o rre c t 
o r ie n ta t io n  is a ch iev ed  a f te r  b o o s te r  b u rn o u t ,  o r  by  so m e m ean s o f te rm in a l a tti-  
tu d e  sen sin g  a n d  c o n tro l System .

4. Lunar Escape

A n o th e r  ty p e  of u n p o w e re d  tra je c to ry  w h ich  th e  veh ic le  co u ld  follow  is to
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use th e  m o o n 's  o rb ita l m o tio n  a n d  g ra v ita t io n a l field to  a c c e le ra te  it o u t  o f  th e  
e a r th -m o o n  system .

T h e  in itia l co n d itio n s  fo r tra je c to rie s  o f  th is  ty p e  a re  lo c a te d  to  th e  r ig h t of 
th e  h i t  b a n d  show n in  F ig . 11. T h e  v eh ic le , o n  a  tra je c to ry  o f th is  ty p e , w ill r e a c h  
th e  m o o n ’s o rb it  sh o rd y  a f te r  th e  m o o n  h as  p assed . T h e  v eh ic le  w ill be  a cce le r-  
a te d  a n d  its tra je c to ry  d e flec ted  b y  th e  e n c o u n te r  w ith  th e  m o o n  fo r re la tiv e ly  
close a p p ro a ch e s , as sh ow n  in  F ig . 14. T h is  ty p e  o f m a n e u v e r  m ig h t be  used  to  
g a in  a n  effective  in itia l v e lo c ity  in c re m e n t o f  sev e ra l h u n d re d  fee t p e r  seco n d  fo r 
in te rp la n e ta ry  flights if th e  re q u ire d  in i t ia l  tra je c to ry  a c c u ra c ie s  co u ld  be  ach iev ed .

* 0

Figure 14. Transit trajectory— escape from the earth ( r  =  4300 miles; <f> — -112.5 degrees; 
V = 35,000jt ,  sec; y  =  12.3 degrees). M , moon; E, earth.

5. C irc u m lu n a r  F ligh t

T ra je c to r ie s  w h ich  pass a ro u n d  th e  m o o n  a n d  r e tu r n  to  th e  im m e d ia te  
v ic in ity  o f th e  e a r th  a re  re s tr ic te d  to  th ose  w h ic h  a re  in  r e t ro g ra d e  m o tio n  re la t iv e  
to th e  m o o n ; th a t  is, tra je c to rie s  w h ich  cross th e  m o o n ’s o rb i t  sh o r tly  b e fo re  th e  
m o o n  reach es  th a t  p o s i t i o n / 12)

In  o rd e r  to  show  th e  d e v e lo p m e n t o f th e  v a r io u s  ty p es  o f tra je c to r ie s  w h ich  
re tu rn  to  th e  e a r th , F ig . 15 p re sen ts  a  fu r th e r  e x p a n s io n  o f  th e  V  — y p lo t fo r 
th e  sam e position  an g le  (<f> =  - 1 12.5 d eg ) sh o w n  p rev io u s ly  (F ig . 11). T h e  c u rv e d , 
sh ad e d  b a n d  a g a in  in d ic a te s  th e  in itia l  c o m b in a tio n s  for tra je c to r ie s  w h ich  h it 
the  m o on . T h e  tra je c to rie s  w h ich  r e tu r n  to  th e  e a r th  a re  d e fin e d  by  in itia l  c o n ­
d itio n s  ly ing  to  th e  left (sm a lle r  p a th  an g les) o f th e  h it b a n d .

T h e  d a sh e d  line n e a r  th e  to p  of th e  g ra p h  d e fin es th e  lo cu s o f  in itia l  c o n d i ­
tions for tra jec to rie s  w h ich  re a c h  a  m a x im u m  d is ta n c e  (ap o g ee ) fro m  th e  e a r th  
e q u a l to  tw ice  th e  lu n a r  d is ta n c e  a f te r  b e in g  d e flec ted  b y  th e  m o o n ’s g ra v ita -
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Figure 15. Initial condilions to return to earth ( r  =  4300 miles; 4> = -112.5 degrees).

tio n a l field . A s vve can  see, th e  a llo w ab le  in itia l ve loc ities for r e tu r n  tra je c to rie s  
a re  re s tr ic te d  to  r a th e r  low  v a lues, r a n g in g  fro m  th e  h it b a n d  to  v a lu es  o f a b o u t
35 ,000  f t/s e c , w h ic h  is ro u g h ly  100 f t /s e c  be low  th e  lo ca l e scap e  v e lo c ity  fro m  
th e  e a r th .

1  hese r e tu r n  tra je c to rie s  fali in to  tw o  m a jo r  c lassifica tio n s as d e fin ed  by  th e  
ty p e  o f m o tio n  re la tiv e  to  th e  e a r th — th a t  is, r e t ro g ra d e  a n d  d ire c t. E a ch  o f these  
classes is fu r th e r  d iv id e d  in to  tra je c to rie s  w h ich  h it th e  e a r th  a n d  th ose  w h ich  
m iss th e  e a r th  b y  som e d is ta n c e  a t p e rig ee .

The sh o rt-d a sh e d  lines to  th e  left o f th e  h it b a n d  show  th e  b o u n d a rie s  of 
in itia l  c o n d itio n s  for tra je c to rie s  w h ich  h it  th e  m o o n  a n d  m iss th e  e a r th  on  th e  
r e tu rn .  T ra je c to r ie s  d e fin ed  by  c o m b in a tio n s  in  th e  a re a  b e tw een  th e  n e a r ly  
h o r iz o n ta l p o r tio n  o f th e  h it  b a n d  a n d  th e  lo w er d a sh e d  lin e , la b e le d  De , w ill 
m iss th e  e a r th  in  d ire c t m o tio n . S im ila r ly , tra je c to rie s  d e fin ed  by  p o in ts  in  th e  
reg io n  la b e le d  Re  w ill m iss th e  e a r th  in  re t ro g ra d e  m o tio n . T h e  d iv id in g  line 
b e tw e e n  tra je c to rie s  in re t ro g ra d e  a n d  d ire c t  m o tio n  w h ich  h it th e  e a r th  on  the  
r e tu r n  lies a p p ro x im a te ly  h a lfw a y  b e tw e e n  th ese  tw o  cu rv es. A tra je c to ry  d e ­
fined  by  V —  7 c o m b in a tio n  ly in g  o n  th is  c u rv e  w ill r e tu rn  to th e  e a r th  on  a 
n e a r ly  s tra ig h t lin e — a re c ti l in e a r  tra je c to ry  w hose  e c c e n tr ic ity  is 1 .0 .

F ro m  th is  g ra p h  we c a n  q u o te  a  se t o f a llo w a b le  in itia l to le ra n c es  to m ere ly  
go a ro u n d  th e  m o o n  a n d  r e tu r n  to  th e  e a r th . T h e se  v a lu es, w h ich  a re  a p p ro x i­
m a te ly  A F  =  ± 8 0  f t/s e c  a n d  A y = ± 5  d eg , d o  n o t rea lly  h av e  m u ch  signifi- 
c an c e , s ince  th e  d is ta n c e  o f c losest a p p ro a c h  to  th e  m o o n  w ill v a ry  fro m  zero  to 
a b o u t  8 0 ,0 0 0  m i w ith in  th ese  to le ra n c e  v a lu es. F o r  a n y  re a so n a b le  m issions, su ch  
as p h o to g ra p h in g  th e  fa r  side  o f th e  m o o n , th is  e x tre m e  v a r ia t io n  o f lu n a r  a p ­
p ro a c h  d is ta n c e s  w o u ld  n o t be a c c e p ta b le . T h u s  these to le ran c es  w o u ld  be re- 
d u c e d  to m o re  rea lis tic  v a lu es. L in es o f c o n s ta n t m in im u m  d is ta n c e  to th e  m oon  
a re  ro u g h ly  p a ra lle l  to th e  lin e  d e fin in g  th e  lim it o f h its  o n  th e  m oo n  (left edge
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o f th e  h it  b a n d )  as m e n tio n e d  e a r lie r , so th a t  th e  sen sitiv ities  o f  c losest a p p ro a c h  
d is ta n c e  w ill be fu n c tio n s  o f  th e  m a g n itu d e  o f th e  in itia l  v e lo c ity .

A n  in te re s tin g  co n c lu s io n  to  b e  d ra w n  fro m  th is  g ra p h  is th a t ,  a c c o rd in g  to  
these  c a lcu la tio n s , a  close a p p ro a c h  to  th e  m o o n  a n d  s u b se q u e n t r e tu rn  to  h it 
th e  e a r th  is possib le o n ly  fo r a  re la tiv e ly  lim ite d  v a r ia t io n  in  th e  m a g n itu d e  of 
th e  in itia l ve locity . V a lu e s  below  th e  lo w er lim it re su lt in  m isses o f  th e  e a r th  in  
d ire c t m o tio n , w hile  v a lu es a b o v e  th e  u p p e r  lim it re su lt in  m isses o f th e  e a r th  in  
re tro g ra d e  m o tio n .

T y p ic a l ex am p les o f tra je c to rie s  w h ich  pass th e  m o o n ’s su rface  a t  a b o u t  th e  
sam e  m in im u m  d is ta n c e  a re  sh o w n  in  th e  fo llo w in g  se t o f  g ra p h s  (F igs. 1 6 -1 8 ). 
T h e  in itia l ve locity  is in c rea se d  th ro u g h  th e  set, a n d  th e  in itia l p a th  a n g le  is 
se lec ted  to  re su lt in  a  d is ta n c e  o f  closest a p p ro a c h  to  th e  su rface  o f  th e  m o o n  o f 
a p p ro x im a te ly  3000 st m i.

F ig u re  16, for th e  lovvest in itia l  v e lo c ity  (V = 34 ,825  f t/s e c )  g ives a n  e x a m p le  
o f  a  tra je c to ry  w h ich  m isses th e  e a r th  in  d ire c t  m o tio n . T h is  p a th  is s im ila r  to  
th e  classica l “ f ig u re -e ig h t o r b i t .”  T h e  m in im u m  a l t i tu d e  a t  th e  e a r th  is a b o u t  
1300 m i a t  7 .4  d ay s  a f te r  la u n c h . T h e  tra je c to ry  is c o n tin u e d  to  a  flig h t tim e  of 
9 d ay s  to  in d ic a te  th e  ellipse  w h ich  th e  v eh ic le  w o u ld  fo llow  if no  p o w e re d  m a- 
n e u v e r  w ere  used  to  re c o v e r  th e  v eh ic le  a t  th e  e a r th .

Figure 16. Return near the earth ajter passing near the moon— direct motion (r  =  4300 
miles; <p = -90 degrees; V  =  34,823jt/sec; y = 17.0 degrees). E , earth; M , moon.

A n e x am p le  o f a  tra je c to ry  w ith  a  n e a r ly  r a d ia l  r e tu r n  to  th e  e a r th  is g iv en  
in  F ig . 1 7. T h is  tra je c to ry  is ty p ic a l o f  th o se  d e fin c d  by  a  v a lu e  in  th e  m id d le  
ra n g e  of in itia l ve locities. The d is ta n c e  o f  closest a p p ro a c h  to  th e  m o o n  is also 
3000 m i a n d  the tim e  o f r e tu r n  to  im p a c t o n  th e  e a r th  is a b o u t  7.1 d a y s  a f te r  
la u n c h .



Figure 17. Return to hit the earth after passing near the moon— direct motion (r  =  4300 
milrs; 4> = -90 degrees; V  =  34,850 ft/sec; y = 19.25 degrees). E , earth; M , moon.

T h e  fin a l tra je c to ry  sh o w n  in  th is  set, F ig . 18, is ty p ic a l o f a  re la tiv e ly  h ig h  
in itia l  v e lo c ity  ( V =  34 ,950  f t /s e c ) .  T h e  v e h ic le ’s v e lo c ity , a n d  h en ce  its en erg y , 
n e a r  th e  m o o n  is so m e w h a t h ig h e r  th a n  fo r th e  p re v io u s  e x am p le s  (F igs. 16 a n d  
17), so th a t  th e  tra je c to ry  is n o t p e r tu rb e d  as m u c h . T h e  v eh ic le  r e tu rn s  to  m iss 
th e  e a r th  o n  a n  ellipse w h ic h  is in  r e t ro g ra d e  m o tio n  re la tiv e  to th e  e a r th . T h e  
d is ta n c e  o f  c losest a p p ro a c h  to  th e  e a r th  is a b o u t  1500 m i a t  a  to ta l  flig h t tim e  
o f  9 .9  d ay s . T h e  free -flig h t tra je c to ry  is c o n tin u e d  to  a  to ta l tim e  o f 12 d ay s  to
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Figure 18. Return near the earth after passing near the moon— retrograde motion ( r  — 430( 
miles; <t> = -90 degrees; V  =  34,950 ft/sec; y = 22.0 degrees). E . earth; M , moon
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show , once  a g a in , th e  e llipse  o n  w h ic h  th e  veh ic le  w ill m o v e  u n til , a t  so m e fu tu re  
tim e , th e  m o o n  m ay  possib ly  p e r tu rb  th e  tra je c to ry  a g a in .

6. Lunar Satelliie
I t  m ig h t be of in te re s t, for so m e sc ien tific  e x p e rim e n ts , to  e s ta b lish  a  veh ic le  

as a  sa te llite  o f  th e  m o o n .O 3) T h e  tra n s i t  tr a je c to ry  for th is ty p e  o f m ission  co u ld  
be  th e  sam e  as th e  e a r th - to -m o o n  p h ase  o f  e i th e r  th e  c ir c u m lu n a r  (F igs. 16 -18 ) 
o r  lu n a r-e sc a p e  tra je c to ry  (F ig . 14) d iscussed  e a r lie r .

A  tra n s it  tra je c to ry  like th a t  sh o w n  for a  c ir c u m lu n a r  m ission  w ill pass a h e a d  
o f th e  m o o n  in  its o rb it  a n d  w ill th e re fo re  re su lt in  a  lu n a r  sa te llite  w h ic h  is o rb it-  
in g  in  a  clockw ise d ire c tio n , a n d  be  in  re t ro g ra d e  m o tio n . C o n v e rse ly , a  tra je c to ry  
like th a t  sh ow n  for a  lu n a r-e s c a p e  m ission  w ill pass b e h in d  th e  m o o n  in  its o rb it  
a n d  th u s  w ill lead  to  a  lu n a r  sa te llite  w h ic h  is in  d ire c t  m o tio n . P re lim in a ry  
in v es tig a tio n s  in d ic a te  th a t  lu n a r  sa te llite s  o rb it in g  in  r e t ro g ra d e  m o tio n  m a y  be 
m o re  s tab le .

S in ce  th e  m o o n  c a n n o t  c a p tu re  a  v eh ic le  o n  a  tra je c to ry  fro m  th e  e a r th ,  th e  
v eh ic le ’s v e lo c ity  a t th e  p o in t o f  closest a p p ro a c h  to  th e  m o o n  m u s t be re d u c e d  
by  a n  in c re m e n t su ffic ien t fo r i t  to  re m a in  in  a  c ir c u la r  o r  e ll ip tic a l o rb i t  a ro u n d  
th e  m o o n , th a t  is, e n o u g h  to  p ro d u c e  c o n d itio n s  c o rre sp o n d in g  to  a  c u rv e  o f  zero  
v e loc ity  (F ig . 5) w h ich  is c losed  a ro u n d  th e  m o o n . T h e  m a g n itu d e  o f  th e  v e lo c ity  
in c re m e n t re q u ire d  to  e s ta b lish  th e  v eh ic le  in  th e  sa te lli te  o rb i t  w ill be  a  fu n c tio n  
b o th  o f th e  in itia l  v e lo c ity  a t  th e  e a r th  a n d  o f th e  d is ta n c e  o f c losest a p p r o a c h  to  
th e  m o o n . T y p ic a l v a lu e s  w o u ld  b e  o f th e  o rd e r  o f 500 0  f t/s e c .

T h e  re q u ire m e n t o n  th e  c o n tro l o f  th e  m a g n itu d e  a n d  o r ie n ta t io n  o f th is  
ve lo c ity  in c re m e n t w ill b e  s im ila r  to  th e  re q u ire m e n ts  o n  th e  d e c e le ra tin g  ro c k e t 
w h ich  is used  fo r a n o n d e s tru c tiv e  la n d in g  o n  th e  m o o n , d iscu ssed  e a r lie r .

7. Moon-to-Earth

T h e  fin a l ty p e  o f m ission  w e w ill c o n s id e r  is th a t  o f  f lig h t fro m  th e  m o o n  to  
th e  e a r th . T h e  in itia l v e lo c ity  o f  th e  v eh ic le  a t  th e  m o o n  w o u ld  ty p ic a lly  be  o f 
th e  o rd e r  o f  2000 to  5000 f t /s e c  g re a te r  th a n  th e  lo ca l lu n a r  e scap e  v e lo c ity  
(7800 f t /s e c  a t  th e  su rfa ce ) . T h is  r a n g e  o f  v e lo c ity  is n e a r  th e  u p p e r  lim it o f  th e  
c a p a b ilit ie s  o f  a  s in g le -s tage  m issile , so th a t  a  tw o -s tag e  b o o s te r , w h ic h  w ill g ive  
good  p a y lo a d -g ro s s  w e ig h t ra tio s , m a y  be re q u ire d .

T h e  tra n s i t  tim e  f ro m  th e  m o o n  to  th e  e a r th  fo r th e  r a n g e  o f v e lo c itie s  q u o te d  
a b o v e  w ill v a ry  fro m  a b o u t  2 .5  d o w n  to  1.5 d a y s— c o m p a ra b le  to  th e  e a r th -m o o n  
case d iscussed  e a r lie r .

T h e  to le ran ces  o n  th e  in itia l  v e lo c ity  a n d  p a th  a n g le  a t  th e  m o o n  w ill be 
q u ite  la rg e  if th e  v eh ic le  is m e re ly  to  r e tu r n  so m e w h e re  o n  th e  e a r th ,  b e c a u se  o f 
th e  e a r th ’s la rg e r  d ia m e te r  a n d  s tro n g e r  g ra v ita t io n a l  a t t r a c t io n .  A  ty p ic a l se t 
o f to le ran ces  m ig h t be ±  1000 f t /s e c  o r  ± 5  d e g  to  r e tu r n  to  a  p o in t  so m e w h e re  
o n  th e  e a r th .

T h e  sensitiv ity  o f th e  lo c a tio n  o f th e  im p a c t  p o in t  o n  th e  e a r th  (v a c u u m  
e n try )  is d e te rm in e d  b y  th e  v a r ia t io n  o f  th e  g e o m e tr ic a l lo c a tio n  (o n  a  n o n ro ta t-  
in g  e a r th )  w ith  resp ec t to  in itia l  v e lo c ity  v e c to r  e r ro rs  p lu s  th e  se n sitiv ity  o f to ta l 
f lig h t tim e  to  th e  in itia l e rro rs , s in ce  th e  e a r th  is s p in n in g  o n  its  axis.
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B ecause  th e  m o o n ’s p e rio d  o f ro ta tio n  on  its axis is e q u a l to its o rb ita l  p e rio d  
a ro u n d  th e  e a r th , the la u n c h  tim e  w ill be d e te rm in e d  by  th e  a n g u la r  lo ca tio n  
o f th e  d es ired  im p a c t p o in t o n  th e  e a r th  a t th a t  fu tu re  tim e.

T h e  th e rm a l p ro te c tio n  re q u ire m e n ts  for th e  veh ic le  e n te r in g  th e  a tm o sp h ere  
w ill be q u ite  severe , s ince  th e  e a r th -a p p ro a c h  sp eed  w ill be  o f th e  o rd e r  of escape 
ve loc ity . I f  th e  veh ic le  e n te rs  lh e  a tm o sp h e re  v e rtic a lly , th e  a e ro d y n a m ic  d ece le r- 
a tio n  w ill be a b o u t 300 g ’s. T h is  h ig h  g -lo ad  can  be red u ce d  e ith e r  by e n te r in g  
the  a tm o sp h e re  a t  a  so m e w h a t sh a llo w er an g le  o r by  usin g  a  d e c e le ra tin g  rocket 
to re d u c e  th e  e n try  ve loc ity .

S. Launch-Time Tolerance

O n e  of th e  o p e ra tio n a l c o n s id e ra tio n s  for a  lu n a r  sh o t is th e  a llo w ab le  tol- 
e ra n c e  o n  th e  in s ta n t o f la u n c h in g  th e  v eh ic le . S ince  th e  e a r th  ro ta te s  o n  its axis 
a n d  th e  m o o n  m oves in  its o rb it ,  th e  la u n c h  site  is m o v in g  w ith  re sp ec t to  the  
“ ta r g e t .”  T h e  decision  to  la u n c h  th e  veh ic le  a t  a  g iven  tim e  on  a  specific  c a le n d a r  
d a te  is, th e re fo re , e q u iv a le n t to  d e fin in g  th e  in s ta n ta n e o u s  o r ie n ta tio n  o f the  
la u n c h  site  re la tiv e  to th e  su n  a n d  th e  m o o n . F o r  a n y  p a r t ic u la r  b o o s te r  veh ic le  
th e re  w ill be a  specific p o w e red  a sc en t tra je c to ry  w h ich  is o p t im u m  for the 
d es ired  lu n a r  m ission. T h e  p o w ered  a sc en t tra je c to ry  is d e te rm in e d  by th e  th ru s t 
v e c to r  o r ie n ta tio n  as a fu n c tio n  o f p o w e rcd -f lig h t tim e . T h is  th ru s t v e c to r  fu n c tio n  
w ill, o f co u rse , d e te rm in e  th e  final b u rn o u t  p a th  a n g le  for a  g iv en  v eh ic le . T h e  
a llo w ab le  to le ra n c e  on th e  in s ta n t  o f  la u n c h  w ill, th e re fo re , be g iv en  by  th e  tim e  
in c re m e n t re q u ire d  for th e  e a r th  to  ro ta te  th ro u g h  a  p o s itio n  an g le  in c re m e n t 
c o r re sp o n d in g  to  th e  a llo w a b le  p a th -a n g le  to le ra n c e  for tra je c to rie s  w hose  im p a c t 
p o in ts  o n  th e  m o o n  v a ry  fro m  o n e  lim b  to  th e  o th e r . F o r  a  tra je c to ry  d e fin e d  by 
a n  in itia l v e lo c ity  o f 35 ,0 00  f t/s e c , th e  a llo w ab le  p a th -a n g le  to le ra n c e  is a b o u t  
± 0 .3  d eg , w h ich  w ou ld  c o rre sp o n d  to  a  la u n c h - tim e  to le ra n c e  o f a b o u t ± 2 .5  m in .

If, o n  th e  o th e r  h a n d , th e  th ru s t  v e c to r  fu n c tio n  o f b u rn in g  tim e  c a n  b e  con- 
tin u o u s ly  re p ro g ra m e d  as a  fu n c tio n  o f  th e  in s ta n t  o f la u n c h , th e  p lus a n d  m in u s  
la u n c h - tim e  to le ra n c es  w ill be d e te rm in e d  m a in ly  b y  th e  p ro p e lla n t a llo w an ces 
in th e  b o o s te r  s tag es o r th e  a e ro d y n a m ic  d ra g  d u r in g  a sc en t. F o r  m o d e ra te  p ro ­
p e lla n t  reserves, th e  la u n c h - tim e  to le ra n c e  co u ld  be in c rea se d  to sev e ra l m in u tes .

V . O r ie n t a t io n  C o n tr o l

P ro p e r  a lig n m e n t o f th e  v eh ic le  w ith  re sp ec t to  in e r tia l  sp ace  is im p o r ta n t  
for sev e ra l a p p lic a tio n s , su ch  as re tro -  o r  d e c e le ra t in g  ro ck e ts , o r in s tru m e n t 
o r ie n ta tio n .

T h e  p r in c ip a l sou rces o f o r ie n ta tio n  e rro rs  in  th e  free -sp ace  e n v iro n m e n t of 
u n p o w e re d  lu n a r  fligh t a re :

I n i t ia l  a lig n m e n t e rro rs  
I n i t ia l  a n g u la r  ra te s  
I n te r n a i  m o v in g  p a r ts  
F lu id  e x h au sts  
S o la r  r a d ia t io n
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V eh ic le  ra d ia tio n s  
G ra v ita tio n a l g ra d ie n ts  
M e te o ro id  im p a c ts

T h e  in itia l a lig n m e n t e rro rs  a t  th e  s ta r t  o f b a llis tic  f lig h t m u st s im p ly  be  
h e ld  w ith in  a c c e p ta b le  to le ran ces . In ic ia l a n g u la r  ra te s  m u st e i th e r  be rem o v ed  
by  a p p lic a tio n  of c o n tro l to rq u e s  o r  be  a b so rb e d  w ith in  a c c e p ta b le  p recession  
ang les by  a d e q u a te  a n g u la r  m o m e n tu m  d u e  to  v eh ic le  sp in .

As a  re su lt of th e  law  o f c o n se rv a tio n  o f  a n g u la r  m o m e n tu m  (fo r th e  v eh ic le  
as a  r ig id  b o d y , a n d  n o t to  be  co n fu sed  w ith  th e  n o n c o n se rv a tiv e  m o m e n tu m  
s itu a tio n  e n c o u n te re d  in  th e  tra je c to ry  p ro b le m ) , a n y  m o v e m e n t o f  m asses in te r ­
n a i to  th e  veh ic le , if  n o t in te rn a lly  c o m p e n s a te d , w ill le ad  to  c o m p le m e n ta ry  
ro ta tio n s  o f  th e  veh ic le  b o d y . T h u s  in te rn a i  m o v in g  p a r ts  m u st be a r ra n g e d  so 
th a t  ev ery  ro ta t in g  c o m p o n e n t is m a tc h e d  by  a  s u ita b le  c o u n te r ro ta t in g  p a r t ,  o r  
th e  veh ic le  a n g u la r  m o m e n tu m  c a p a c ity  m u s t be  la rg e  e n o u g h  to a b so rb  th ese  
d is tu rb a n c e s  w ith o u t excessive d isp la c e m e n t.

F lu id  ex h au sts  a re , in  essence, ro ck e ts  a n d  c a n  th e re fo re  p ro d u c e  c o u p les  if 
th e  ex it flow  lines a re  o ff th e  c e n te r  o f m ass o f  th e  v eh ic le .

S o la r ra d ia t io n  p re ssu re  w ill p ro d u c e  a  to rq u e  if  th e  c e n te r  o f r a d ia t io n  
p re ssu re  o f th e  v eh ic le , in  th e  a sp e c t p re se n te d  to  s u n lig h t, is n o t c o in c id e n t w ith  
th e  c e n te r  o f  m ass. S im ila r ly  a  to rq u e  c a n  be p ro d u c e d  by  th e  p re ssu re  o f  a n y  
ra d ia t io n  e m a n a tin g  fro m  th e  v eh ic le , su ch  as ra d io  tran sm iss io n s  o r  te m p e ra tu re -  
c o n tro l h e a t  ra d ia to rs .

T h e  g ra d ie n t o f th e  g ra v ita t io n a l fie ld  in  w h ic h  th e  v eh ic le  o p e ra te s  c a n  
p ro d u c e  a  to rq u e . T h e  p o r tio n s  o f  th e  v eh ic le  n e a re r  to  th e  e a r th  a re  a t t r a c te d  
m o re  s tro n g ly  th a n  th e  p o r tio n s  th a t  a re  f a r th e r  a w a y ; fro m  th is  d iffe re n c e  in 
a t tra c t iv e  fo rce  a  c o u p le  c a n  be p ro d u c e d .

I f  a  m e teo ro id  s trik es  th e  v eh ic le  a lo n g  a  lin e  o ff th e  c e n te r  o f  m ass, its 
im p a c t w ill im p a r t  a n  im p u lse  o f  a n g u la r  m o m e n tu m  to  th e  v e h ic le , a n d  th u s  
p ro d u c e  a n  a t t i tu d e  d is tu rb a n c e .

A ll th ese  sources o f o r ie n ta t io n  d is tu rb a n c e  a re  sm all, o r  c a n  be m a d e  sm a ll, 
b u t  a ll a re  im p o r ta n t  e n o u g h  to  re q u ire  c o n s id e ra tio n .

F o r  m ost in s tru m e n te d  fligh ts , th e  m ost c o n v e n ie n t s ta b i l iz a tio n  m e a su re  is 
sp in . I f  sp in  is n o t a n  a c c e p ta b le  s ta b i l iz a tio n  m e th o d  fo r a  p a r t ic u la r  a p p l ic a ­
tio n — such  as m a n n e d  flig h t, p e rh a p s — th e n  a n  a c tiv e  c o n tro l sy stem  b ased  on  je t  
e x h a u s t o r  o th e r  re a c tio n  dev ices w o u ld  b e  re q u ire d . S o m e o f th e  to rq u e  so u rces 
listed  ab o v e  as d is tu rb a n c e s , su ch  as flu id  e x h a u s ts  a n d  r a d ia t io n  p re ssu re , c a n  
also p ro v id e  useful c o n tro l forces.

V I .  H e a t  P r o t e c t io n

T h e  h e a t-p ro te c tio n  p ro v isio n s fo r v e h ic les  o n  m o st o f  th e  lu n a r  m issions 
d iscussed  e a r lie r  w ill be s im ila r  to  th e  re q u ire m e n ts  fo r th e  p re se n t sc ien tific  
sa te llites . I h a t  is, th e  lu n a r  v eh ic le  m u st be  p ro te c te d  fro m  th e  a e ro d y n a m ic  
h e a t in g  e n c o u n te re d  d u r in g  th e  p o w e red  a sc e n t tra je c to ry . D u r in g  th e  free -flig h t 
p o r tio n  o f th e  tra je c to ry  fro m  th e  e a r th  to  th e  m o o n , th e  m a in  so u rce  o f h e a t 
in p u t  w ill be  so lar r a d ia t io n . F o r  lu n a r  veh ic les w h ich  a re  sp in -s ta b iliz e d , a  so lu -
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tio n  to  th e  te m p e ra tu re  p ro b le m  w o u ld  be a lte rn a t in g  s trip es  of p a in t  a n d  b a re  
m e ta l  so th a t  th e  a b so rp tiv ity  a n d  em issiv ity  w ill re su lt in  a n  a c c e p ta b le  in te rn a i  
te m p e ra tu re .

V eh ic le s  w h ich  a re  to  be reco v e red  fro m  c ir c u m lu n a r  tra je c to rie s , o r  w h ich  
a re  fired  fro m  th e  m o on  to  th e  e a r th , m u s t be p ro te c te d  fro m  th e  a e ro d y n a m ic  
h e a t in g  d u r in g  e n try  in to  th e  a tm o sp h e re . T h e  use o f som e ty p e  of p a ra c h u te  to  
p ro d u c e  a  h ig h  d ra g -w e ig h t r a t io  w ill cau se  th e  h e a t in g  to  be  re d u c e d  a n d  to 
o c c u r  a t  h ig h e r  a l t i tu d e , l he  p a y lo a d  itse lf co u ld  be p ro te c te d  by m ean s  of e ith e r  
a  h e a t  sink  o r  a n  a b la t in g  ty p e  o f re -e n try  b o d y .

V I I .  G r o u n d  F a c i l i t ie s

L u n a r  f lig h t g ro u n d  fa c ilitie s  in c lu d e  fac ilities fo r la u n c h in g , o b se rv a tio n , 
c o m m u n ic a tio n , a n d  rec o v e ry . W h ile  e a c h  sp ace  a c tiv ity  w ill h a v e  u n iq u e  fea- 
tu re s  o f its o w n , th e re  a re  so m e g e n e ra l c h a ra c te r is tic s  th a t  c a s t lig h t o n  th e  
n a tu r e  o f th e  g ro u n d  p ro b lem s.

S in ce  flig h ts  in  sp ace  ta k e  a  lo n g  tim e  a n d  in v o lv e  f lig h t p a th s  c o m p le te ly  
s e p a ra te  fro m  th e  e a r th , th e  e a r th ’s r o ta t io n  w ill c a r ry  g ro u n d  s ta tio n s  in  a n d  
o u t o f v iew  o f  m o st sp ace  veh ic les in  d a ily  cycles. T h u s , c o n tin u o u s  re lia b le  o b se r ­
v a tio n  a n d  c o m m u n ic a tio n  c a n  b e  m a in ta in e d  o n ly  if g ro u n d  s ta tio n s  a re  d is- 
t r ib u te d  a ro u n d  th e  e n tire  g lo b e . S u c h  s ta tio n s  m u st be b u ilt, su p p lie d , a n d  
o p e ra te d . T h is , o f  co u rse , also  in vo lv es se c u rin g  re a l p ro p e r ty  a n d  r ig h ts  o f access. 
A  w o rld -w id e  c o m m u n ic a tio n  n e t w ill also  be n e e d e d  for c o o rd in a t io n  o f th e  
o p e ra t io n  o f g ro u n d  s ta tio n s .

U n c e r ta in ty  in  th e  a r r iv a l  p o in ts  o f so m e e x p e r im e n ta l p a y lo a d s  fro m  sp ace—  
fo r e x a m p le , r e tu rn in g  c ir c u m lu n a r  veh ic le s— in d ic a te s  n eed  for w o rld -w id e  
tra c k in g , se a rc h , a n d  rec o v e ry  o p e ra t io n s  w ith  th e  a t te n d a n t  n eed  fo r r ig h ts  o f 
access o r  in te rn a t io n a l  a g re e m e n t fo r c o o p e ra tio n . T h is  r e q u ire m e n t w ill b eco m e 
m o st p re ss in g  w ith  th e  a d v e n t o f  m a n n e d  flig h t.

L a u n c h in g  o f som e sp ace  ro ck e ts  w ill in v o lv e  h a z a rd s  th a t  sev ere ly  lim it 
f re e d o m  o f ch o ice  o f  la u n c h in g  sites; a n d , fu r th e r , th e  g ro u n d  ra n g e  co v e red  by  
these  v eh ic les  d u r in g  the  la u n c h in g  p h ase  w ill g e n e ra lly  be  v e ry  lo n g , so th a t  th e  
la u n c h in g  site  m u s t in c lu d e  a  lo n g , c le a r  g ro u n d  p a th — in  g e n e ra l, m a n y  h u n -  
d re d s  o f m iles lo n g — w ith  a d e q u a te  tra c k in g  c o m m u n ic a tio n  a n d  g u id a n c e  s ta tio n s  
a lo n g  its le n g th . V eh ic le  e fflc iency  is g e n e ra lly  e n h a n c e d  by la u n c h in g  in  an  
e a s te r ly  d ire c t io n  to  take  a d v a n ta g e  o f  th e  sp eed  o f ro ta tio n  o f th e  e a r th ;  h o w ever, 
access to  a  w id e  ra n g e  o f f ir in g  d ire c tio n s  is re q u ire d  fo r c e r ta in  o p e ra tio n s , in c lu d -  
in g  lu n a r  flig h t. L u n a r  flig h ts  r e q u ire  f ir in g  in  d if fe re n t d ire c tio n s  a t d iffe re n t 
tim es b e ca u se  o f th e  n a tu r a l  c h an g e s  in  th e  m o o n ’s p o s itio n  o v e r  a n  18 .6 -year cycle.

T h e  p h y sica l necessities o f th e  s i tu a tio n  c le a r ly  in d ic a te  a  tre n d  to w a rd  
la u n c h in g  ro ck e ts  th a t  w ill b e  v e ry  la rg e  b y  p re se n t s ta n d a rd s , p a r t ic u la r ly  for 
m a n n e d  flig h t. T h e  g re a t  p ro p e lla n t  lo ad  in  g re a tly  e n la rg e d  ro ck e ts  m ay  ra ise  
th e  leve i o f  h a z a rd  fro m  a c c id e n ts  to  a n  e x te n t th a t  m a y  re q u ire  so m e u n u su a l 
m ea su re s  to  a d e q u a te ly  iso la te  th e  la u n c h  site  fro m  p o p u la te d  a reas , in d ic a tin g  
a  severe  re d u c tio n  in th e  fre e d o m  o f ch o ice  o f g e o g ra p h y  for g ro u n d  s ta tio n s .

T h e se  “ e a r th y ”  p ro b lem s  a re  an  in t im a te  a n d  v ita l p a r t  o f a s tro n a u tic s .
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B riefly , som e o f  th e  p u rp o se s  to  w h ich  lu n a r  ro c k e t e x p e rim e n ts  m ig h t be 
tu rn e d  in c lu d e  m ea su re m e n ts  to a d v a n c e  o u r  k n o w led g e  in  th e  fo llo w in g  a re a s :

1. A  b e tte r  d e te rm in a tio n  o f th e  m ass o f  th e  m o o n . T h e  c u r r e n t  e s tim a te s  o f 
th is  q u a n t i ty  m av  be in  e r ro r  b y  as m u c h  as 0 .3  p e r  c e n t, a n d  s u b s ta n t ia l  in co n - 
sistencies ex ist b e tw een  m ass e s tim a te s  b ased  o n  a s te ro id  o b se rv a tio n s  a n d  th ose  
im p lied  b y  d a ta  o n  th e  m o tio n s  o f  th e  e a r th ’s p o la r  axis.

2. M e a su re m e n t o f  th e  m o o n ’s m a g n e tic  fie ld . A t p re se n t w e h a v e  n o  k n o w l­
edge  w h a tso ev e r of th e  m o o n ’s m a g n e tic  fie ld . D a ta  o n  th e  m a g n e tic  field  o f  th e  
m o o n  w o u ld  a llo w  us to m a k e  so m e p ro g ress  in  th eo rie s  a b o u t  th e  h is to ry  o f  th e  
m o o n , th e  processes o f its fo rm a tio n , e tc .

3. D e te rm in a tio n  o f  th e  c o m p o sitio n  a n d  p h y sica l p ro p e r tie s  o f th e  lu n a r  
a tm o sp h ere .

4. D e te rm in a tio n  o f th e  c o m p o sitio n  a n d  p ro p e r tie s  o f  th e  lu n a r  c ru s t.
5. M e a su re m e n t o f  lu n a r  su rface  te m p e ra tu re  a n d  its  v a r ia t io n  w ith  tim e  a n d  

d e p th .
6. M e a su re m e n t o f  su rface  ra d io a c t iv i ty  a n d  a tm o sp h e r ic  e le c tr ic ity .
7. S eism ic p ro p e rtie s  o f  th e  lu n a r  in te r io r .

The Rand Corporation
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in c lu d in g  a  lo t o f little  p eo p le— still f ig h t w ars , th e re  is m u c h  to  be le a rn e d  from  
books like W iley ’s Johnny Reb a n d  Billy Tank, M a rs h a l l’s The River and the Gauntlet, 
a n d  E d m o n d ’s They Fought With What They Had.

F in a lly , n o  m a t te r  w h a t o r  h o w  m u c h  h e  read s , th e  w ise s tu d e n t w ill keep  
a lw ay s in  m in d  th a t  h e  m u st n e v e r  a llo w  h im se lf to  be b o u n d  by  th e  p a s t. H e  
w ill n o t fo rg e t th a t  we c a n n o t  figh t to d a y ’s w a r  w ith  th e  specific  stra teg ie s , tac tic s , 
a n d  w e ap o n s  o f y e s te rd a y ’s w a r. H o w  th e n  w ill h e  use th e  rec o rd  of th e  past? 
H e  w ill use it to  u n d e rs ta n d  th e  p re se n t a n d  to  p la n  for th e  fu tu re . H e  w ill use 
i t  fo r in fo rm a tio n  a n d  b a c k g ro u n d . H e  w ill use it to  ta k e  a d v a n ta g e  o f ex p e rien ce  
a n d  success, to  av o id  e rro rs , a n d  to  le a rn  fro m  fa ilu re s . H e  w ill n o t a llow  h is to ry  
to  be  h is m a s te r ;  in s te ad , h e  w ill m ak e  i t  h is se rv a n t.

Research Sludies Institute, Air University



T h e  A ir  Force H is tó r ica / F o u n d a tio n

O  fulfill a  fe lt need  fo r th e  p e rp e tu a t io n  o f  th e  a n n a ls  o f  a ir  p o w er, th e  A ir
F o rce  H is to ric a l F o u n d a t io n  w as o rg a n iz e d  b y  a  g ro u p  o f  sên io r A ir  F o rce  

officers, a c tiv e  a n d  re tire d , a n d  a  s ig n ifican t r e p re s e n ta tio n  o f d is tin g u ish e d  
c iv ilians w h o  h a v e  a  c o n tin u in g  in te re s t in  a ir  p o w e r p ro b lem s. I ts  p r im a ry  a n d  
o v e rrid in g  p u rp o se  for its c re a tio n  is to  t r e a t  w ith  th e  h is to rica l fe a tu re s  a n d  
fac to rs  o f  a ir  p o w er g ro w th .

T h e  F o u n d a tio n  is a n  in d e p e n d e n t, in c o rp o ra te d , n o n p ro f it  o rg a n iz a tio n , 
su p p o r te d  w h o lly  b y  its m e m b e rsh ip . I t  o p e ra te s  in  close c o n ta c t  w ith  th e  official 
A ir  F o rce  h is to rica l p ro g ra m  a n d  fo r th a t  re a so n  is lo c a te d  in  M o n tg o m e ry , 
A la b a m a , o n  M ax w ell A ir  F o rce  B ase, w h e re  lia iso n  m a y  be  m a in ta in e d  w ith  th e  
H is to ric a l D iv ision  of th e  R e se a rc h  S tu d ie s  I n s t i tu te  o f  th e  A ir  U n iv e rs ity . T h e  
F o u n d a tio n  is ab le  to c o m p le m e n t th e  ac tiv itie s  o f th e  I n s t i tu te  in  th o se  a re a s  
w h e re  th e  A ir  F o rce  c a n n o t e n g a g e  b ecau se  o f b u d g e ta r y , le g a l, o r  p o licy  lim ita -  
tions. A  rea so n ed  in te rp re ta t io n  o f th e  lessons o f h is to r ic a l e x p e rie n c e  is o n e  o f  its 
m a jo r  ob jec tiv es in  th is fie ld .

B ecause  th e  m en  w h o  m ak e  h is to ry  a re  f re q u e n tly  n o t co n sc io u s o f th e  tre -  
m en d o u s im p o r ta n c e  o f  th e ir  c o n tr ib u tio n s  to  th e  S olu tions o f  m ili ta ry  p ro b lem s, 
i t  u su a lly  b eco m es th e  task  o f  o th e rs  to  a p p ra ise  a n d  e v a lu a te  th e  s ig n ifican ce  
a n d  m e a n in g  o f  th ese  h is to rie  c o n tr ib u tio n s . A lth o u g h  th e  la y m a n  in  th is  n u c le a r  
age possesses a  n a tu r a l  a n d  e x p a n d in g  in te re s t in  a ir  p o w e r, h e  m u s t re ly  o n  th e  
in te rp re ta tio n s  o f  specia lis ts if  h e  is to  a p p re c ia te  re a lis tic a lly  th e  s ig n ifican ce  of 
th e  e v o lu tio n a ry  g ro w th  o f w e a p o n  system s as th e y  re la te  to  th e  c u r r e n t  a n d  
c o n tin u in g  w e lfa re  o f W e s te rn  c iv iliz a tio n . S in ce  a ir  p o w e r is d ire c t ly  re la te d  to  
th e  a to m ic  ag e  a n d  in  a  sense fo ste red  it, a ir  p o w e r  m u s t be  t r e a te d  a c c o rd in g ly .

T h e  vo ice  o f th e  F o u n d a t io n  is a  q u a r te r ly  p u b lic a t io n  e n ti t le d , The Air 
Power Historian, d is tr ib u te d  o n ly  to  m e m b e rs  o f th e  F o u n d a t io n . O n e  o f th e  g u id -  
in g  e d ito r ia l beliefs o f The Air Power Historian is t h a t  o u r  c iv iliz a tio n  c a n n o t  
su rv ive  if th e  p eo p le  w ho  en jo y  its b lessings a n d  fav o rs  d isp la y  w eak n ess o f  co n - 
v ic tio n  a n d  la c k  o f  co u rag e .

A n o th e r  e d ito r ia l b e lie f  is th a t  h is to ry  m u s t b e  s tu d ie d  fo r its  flaw s as w ell 
as its m erits  a n d  ach iev em en ts . E x a m p le s  in  h is to ry  a re  to  be  tre a te d  fo r th e ir  
cau sa tiv e  fac to rs  a n d  n o t tre a te d  so lely  in  te rm s  o f fin a l a c c o m p lish m e n ts . F in a l 
resu lts  c a n  be , a n d  o ften  a re , th e  p ro d u e t  o f e n e m y  e rro rs  a n d  w eakn esses, as 
w ell as successful a c tio n  o n  th e  p a r t  o f th e  v ic to rs .

A ll ech e lo n s o f the  m ili ta ry  s t ru e tu re — A ir F o rc e , A rm y , N a v y , M a r in e s —  
as w ell as m em b e rs  of A llied  forces a n d  in te re s te d  c iv ilian s, a re  in v ite d  to  b eco m e  
m em b ers  o f th e  F o u n d a tio n . T h e  m e m b e rs h ip  fee is $3 .00  a n n u a lly . S p ec ia l 
m em b ersh ip s  a re  av a ila b le  a t  g re a te r  p re m iu m s . In te re s te d  p eo p le  a re  u rg e d  to  
ad d ress  a  c a rd  o r  le tte r  to  th e  E x e c u tiv e  D ire c to r , M a j. G e n . O rv il  A . A n d e rso n , 
U S A F  (R e t) , T h e  A ir F o rce  H is to r ic a l F o u n d a t io n , B u ild in g  830 , M a x w e ll A ir  
F o rce  B ase, A la b a m a , a n d  th e y  w ill rece iv e  d e ia ile d  in fo rm a tio n  in  a  b ro c h u re .
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For the midnight oil

W ith  th e  a irm a n  now  re a c h in g  o u t 
fo r th e  s ta rs  he  m u s t tak e  a  b ro a d ly  d i- 
v e rg in g  k n o w le d g e  for h is p ro v in c e . 
F ro m  tim e  to  tim e  Air University Quar- 
terly Review w ill re c o m m e n d  v o lu m es 
ra n g in g  fro m  u n d e rg ra d u a te  tex tb o o k  
a n d  a d v a n c e d  a m a te u r ’s h a n d b o o k  to  
too l sh a rp e n e rs  fo r th e  se rio u s in it ia te . 
C o n c e p t a n d  te rm , te c h n iq u e  a n d  o p - 
e ra tio n  a re  e x p a n d in g  in  th e  A ir  F o rce  
like th e  e x p lo d in g  u n iv e rse  so m e o f 
th ese  books w ill ta lk  a b o u t.

Discovery of the Universe, by Gerar d de 
Vaucouleurs, 328 pp, Macmillan, $6.— A n  
e x c e lle n t n a r ra t iv e  h is to ry  o f th e  d e - 
v e lo p m e n t o f  a s tro n o m y  fro m  th e  o ri-  
g ins to  1956, fro m  m y stica l sp e c u la tio n  
to  sc ien tific  c o m p re h e n s io n : th e  rise o f 
c lassica l a s tro n o m y , the  s tu d y  o f th e  
s te l la r  System  a n d  th e  so la r  sy stem  o n - 
w a rd  fro m  th e  e n d  of th e  e ig h te e n th  
c e n tu ry , th e  u p g ro w th  o f m o d e rn  a s tro -  
physics. C o m p a c t a n d  re a d a b le . T h e  
a u th o r  h a s  d o n e  tw o  e x c e lle n t su m - 
m a rie s  o f  w h a t  w e kno w  a b o u t  th e  
red  p la n e t  M a rs :  The Planet Mars, fo r 
th e  g e n e ra l r e a d e r ,  a n d  Physics of the 
Planet Mars, fo r re a d e rs  m o re  sp ec ia lly  
in te re s te d  a n d  e q u ip p e d . T h e  g e n e ra l 
re a d e r  w ill a lso  like to be  re m in d e d  of 
The Green and Red Planet, by  D r . H u b e r -  
tu s  S tru g h o ld , P rofessor o f S p a ce  M e d i­
c in e , S ch o o l o f A v ia tio n  M e d ic in e , 
U S A F , a  b rie f, lu c id  c o n s id e ra tio n  o f 
th e  b io lo g ica l possib ilitie s  o f M a rs . D e  
V a u c o u le u rs , a  d is tin g u ish e d  F re n c h  
a re o lo g is t, is now  R e s e a rc h  A sso c ia te , 
H a rv a r d  C o lleg e  O b s e rv a to ry .

The Planet Venus, by Patrick Moore, 132 
pp, Macmillan, $3.— A s u m m a ry  o f w h a t 
l i t t le  is k n o w n  a b o u t  th e  p la n e t  V e n u s  
a n d  its p h y sica l a spec ts . T h e r e  a re  tw o  
c h a p te rs  on  th e  su rface  o f th e  p la n e t  
a n d  th e  p o ss ib ility  of life u p o n  it. 
S u ita b le  fo r th e  a m a te u r  a s tro n o m e r .

B ib lio g ra p h y . “ P o p u la r  in te re s t in  as­
tro n o m y  is focused  m a in ly  o n  th e  p la n e t 
M a rs . I n  v iew  of th e  fac t th a t  M a rs  has 
a lw ay s b een  co n s id e re d  as a  possib le 
a b o d e  o f in te llig e n t life, th is p reo ccu - 
p a tio n  w ith  it is n o t su rp ris in g ; a n d  
ev en  n o w , w h e n  w e a re  to a ll in te n ts  
a n d  p u rp o se s  c e r ta in  th a t  th e  ‘M a r-  
t ia n s ’ d o  n o t ex ist, th e  in te re s t rem ain s . 
Y e t th e  fa sc in a tio n  o f M a rs  m u st n o t 
le a d  us to  n e g le c t o th e r  e q u a lly  in - 
tr ig u in g  p lan e ts . V e n u s , in  p a r t ic u la r , 
w ill r e p a y  close a t te n t io n  fro m  th e  
a m a te u r  as w ell as th e  p ro fessio n a l a s ­
tro n o m e r . H e re  w e h av e  a  w o rld  a lm o st 
th e  sam e  size as o u r  o w n , c o m p a ra -  
tiv e ly  close to  us a n d  y e t v ir tu a lly  
u n k n o w n .”  T w il ig h t a n d  ev en in g  s ta r!  
A  w o rld  so b ril lia n t-c lo se  y e t so sw a th ed  
in  d en se , c lo u d -c h a rg e d  a tm o sp h e re  
th a t  th e  p ry in g  te lesco pe  h as  n ev e r 
seen  its  su rface . M o o re  is D ire c to r  of 
th e  M e rc u ry  a n d  V e n u s  S ec tio n  o f th e  
B ritish  A s tro n o m ic a l A sso c ia tio n .

The Planet Júpiter, by Bertrand M. Peek, 
283 pp, Macmillan, $8.50.— A  cu rio u s ly  
in te re s tin g  book in  th e  o n c e -im p a c tiv e  
m e a n in g  o f th e  a d v e rb . A  su rv ey  of 
w h a t le a rn in g  w e h a v e  slow ly  a c c u m u - 
la te d  a b o u t  th e  G r e a t  P la n e t, b u t  for 
a ll its d e ta il  a n d  c o n sc ien tio u s  exposi- 
tio n  it is p e rm e a te d  w ith  th e  e n tic in g  
f ir s th a n d  o b se rv a tio n s  o f th e  d ev o tee . 
W r it te n  by  th e  D ire c to r  o f th e  J ú p i te r  
S ec tio n  o f th e  B ritish  A s tro n o m ic a l A s­
so c ia tio n .

Modern Chemistry for the Engineer and 
Scientist, edited by G. Ross Robertson, 442 
pp, McGraw-Hill, $9.50.— F o r u n d e r-  
s ta n d in g  o f  th e  la te s t d e v e lo p m e n ts  in 
th e o ry  a n d  p ra c tic e  a n d  fo r rev iew  of 
fo rg o tte n  fu n d a m e n ta is . A  co llec tio n  of 
le c tu re s  d e liv e re d  o r ig in a lly  to  g ra d u -  
a te  e n g in ee rs  a n d  sc ien tis ts  in  u n iv e rs ity  
ex ten s io n  courses. A  k n o w led g e  o f the  
fu n d a m e n ta is  o f  c h e m is try  is a ssum ed .
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D eals w ith  su ch  top ics as C hem ical 
th e rm o d y n a m ics , p h o to c h e m is try , a n d  
C hem ical syn thesis in  o rg an ism s.

Vector Analysis, by Louis Brand, 282 pp. 
John Wiley, $6.— In te n d e d  for a  sh o rt 
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R e s e a rc h  a n d  D e v e lo p m e n t C o m m a n d  
w ith  th e  G e n e ra l  D y n a m ic s  C o r p o r a ­
t io n . P a p e rs  in  th e  te c h n o lo g y  o f  a s tro ­
n a u tic s  fo r th e  v e ry  serious.
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