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In tro duction

HE invertion and dewvelopment of manned®ight is

one of the de ning ewverts of the 20th certury. It
has e®ectedalmost every aspect of daily life, from va-
cation travel and mail delivery to humanitarian relief
and international con’ict. It de ned a transition from
aworld seenby the averagepersonasdecidedlylocal to
onethat was global; the world e®ecti\ely shrank. The
path to the invertion of the aircraft wasnot a straight-
forward and easy one, howewver. In many instances,
the journey that led to the dewvelopmert of an aircratft,
particularly those that pushedthe limits of the tech-
nology of the time, was often circuitous and in many
instancesgoverned by unrelated events (politics typi-
cally beinga major unrelated force). This is even more
soin the caseof aerospacevehicleswhosedevelopmert
cycleswere not completed. Take the caseof the diri-
gible or rigid airship. At its height in the thirties, it
nearly ruled the skiesand provided one of the most
attractiv e way to crossvast distances. The future of
the airship endedsuddenly however when the Hinden-
burg burst into °ame in May, 1937in front of cameras
and radio reporters. How would the airship had faired
if the Hindenburg disaster had not occurred, or even
if it had not beenrecorded and reported as it was?
Though the airship would probably have taken a badk
seat to the airplane, no one can say for certain if the
Lakehurst-Frankfurt run would still be available or not
today for wealthy and adventurous travelers. Take the
caseof the XB-70. If the accidertal crash betweenthe
F-104 chaseplane and the Valkyrie that had occurred
on June 8, 1966had not taken place, what would have
beenthe evertual outcome of the just canceledpro-
gram? Would the pair of XB-70s continue to be used
for researd into supersonic®ight? What would be the
e®ecton future supersonic and hypersonic programs,
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and imp ortan t aspects of the historical
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In early rocket developmen t, the liv es of the rocket scien tists
and Sergei Korolev

are similarly examined.

both military and commercial? Similar \what if ?"
thought experimerts can be asked about any disaster,
from the Titanic to the Challenger. As an example of
both sciertic and technological (and possibly politi-
cal) signi cance, what if Theodore von K&rm§n had
stuck with his rst instinct on March 21, 1908 and
not agreedto drive Margrit Veszito seethe °ight of
Henry Farman in his Voisin biplane?® Miss Veszi, on
her way to the air eld, had spied von K&rm@n in the
window { an act of great coincidence. The unplanned
visit to his rst aircraft demonstration sparked his in-
terest in aeronautics and encouragedhim to return
to Géttingen to cortinue study under Prandtl; von
K®rmén's graduate work was in buckling and it is
likely that he would corntinue his work in this area as
he was eagerto break with Prandtl. How would the
dewvelopmen of °uid dynamics been di®eren if von
K®rm&n had been passedby that day? What °uid
dynamicist can imagine his “"eld without von K&rm$§n
in it? We cannot say what the outcome would be for
certain, but the examination of such possible events
allows us to speculate, both for education and amuse-
ment, on how things might have been.

The examination of such possibleoutcomesis com-
monly called alternate history or allohistory (hereafter
referred to as AH) but is more commonly known by
historians as counterfactuals and economistsas clio-
metrics. AH can be used as a tool to examine the
factors that in°uenced signi cant historical everts.
Primarily it allows one to explore how the outcome
may have changedgivendi®erent initial conditions and
determine the important reasonsfor why evens oc-
curred as they did. Most commonly, AH is usedas a
vehicle for popular “ction, sud as Stephen Baxter's
Voyagewhich considershow a Mars mission may have
developed post-Apollo.# It is also frequertly used by
military historians, particularly since the outcome of
military engagemets often dependson uncortrollable
parameters such as weather, logistics, and of course,
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luck. Sudch works as Peter Tsouras' Disaster at D-Day
in which it is shown that a few small changesmay have
resulted in a German victory at Normandy and Get-
tysburg (also examinedby Winston Churchill) in which
the well known chaotic everts that took place before
the battle occurred in a slightly di®erert fashion® 16
(For an overview of typical military AH, seeRobert
Cowley's (ed.). What If ? The World's ForemostMili-

tary Historians Imagine What Might Have Been which
contains 20 essgs on various divergences.j Typically,
military historians are interested in only the imme-
diate outcomesof a battle or campaign (or at best,
the entire war). But AH can also be usedto examine
long term ewverts, such as Robert Sobel's For Want
of a Nail which is a detailed examination of the politi-

cal, economic,and societal changesover a 200 hundred
year period that resulted from the British defeatof the
revolutionary Americans at Burgoyne.l® Becauseof
the vast complexity and number of unknowns of any
scenario, AH is sometimesdescribed as the ulimate
thought experiment in chaos.

In this paper, we use AH to examine the histori-
cal signi cance of certain everts related to aerospace
history. Sincethere are almost an unlimited number
of events and divergencesthat can be examined, we
will examine seweral that were de ning events or wa-
tershedsin aerospaceengineering.

Div ergences: Early Aviators

This section will examine the possible divergences
from ewerts circa 1900, most notably the ertry of
the Wright Brothers into aircraft design. Also ex-
amined are the failure of Sanmuel Langley's aerodrome
(and subsequehrewriting of history) and the untimely
death of Otto Lilienthal.

WI: Lilien thal did not die

What it Otto Lilienthal was not involved in a fatal
glider crash?

At the time of his death in 1896, Otto Lilienthal
(1848-1896; gure 1) wasthe preeminert aviator in the
world. From a hilltop outside of Steglitz, Germary, he
succeededn designing,building and testing a number
of gliders capable of carrying a man up to nearly a
thousand feet. He was the most successfulaviator to
date, combining theory, experimental resear®, design,
and °ight testing with a true love and poetic vision of
manned °ight. Betweenthe years 1873 and 1896, he
published over 30 manuscripts on °ying. Also a pro-
li'c medhanical engineer,he published over 20 patents,
only 4 of which wererelated to °ying apparatuses.

Lilienthal was a formally trained engineerand be-
gan his rst experiments with bird °ight at the ageof
19 while at the Royal Acadeny in Berlin. He main-
tained a strong interest in °ight and with his younger
brother, Gustav (an architect), beganperforming nu-
merousexperiments in his sparetime with lift surfaces.

To measurelift, heconstructedboth whirling armsand
natural lift balancesof his own design("gure 2). With
these, he constructed the rst drag polars (gure 3)
and obtained a massive amount of data regarding the
aerodynamics of various airfoils.

He began experimerting with miniature gliders in
the 1870s but didn't begin testing macines large
enoughto carry a single personuntil the 1890s. He
deducedthe importance of glide slope in unpowered
°ight and in 1893 constructed a large man-made hill
(Fliegelerg) to usefor his tests. He becamewell known
for his °ights, often °ying sewral hundred feet at a
time and frequertly attracted crowds of spectators,
including noted aerodynamicists of the time sud as
Langley and Zhukovski.

In his 1894 publication, \The Carrying Capacity of
Arched Surfacesin Sailing Flight,” (published in a
translated form in Octave Chanute's Progressin Flying
Machines®?) Lilienthal discussedhe developmert of a
steam engine suitable for °ight. Developing 2 hp and
weighing 44 Ibs (20 kg), this would have beencompa-
rable to the enginelater usedby the Wright Brothers
in the rst Wright Flyer developing 1/6 the power at
1/4 the weight. However, Lilienthal also statesin the
samearticle that he intended to useit for ornithoptic
rather than propulsion using a propeller. Lilienthal
seemedo be xated on using °apping wingsfor motive
power even though they had beenthoroughly discred-
ited by other aviators at the time of his experimerts.
He had previously deweloped a carbonic acid engine
for a small °apping wing airplane and despite the dis-
couragingtests, hewert on to completea larger model
(gelen®igelapprat) that was never tested before his
death. As Lilienthal stated,

| have already completed a steam-engine
which | intend to use for moving wings in
some experiments to be made in the near
future. It dewelops 2 hp, will work half an
hour, and weights 20 kg, including all its ac-
cessories. In this way the \work" required
will be increasedto 60 kg-m/s. When the
separatesurfacesat the tip of the wings, cor-
responding to the primary feathers, move up
and down, (1) the surfaceswill move at a
move favorable angle of incidenceand (2) a
further increasein lifting power is produced
by the beating action of the wings, both
of which facts deceasethe necessaryexpen-
diture of power. It thus appears possible
that we may succeedn maintaining horizon-
tal °ight with the above-mertioned motor,
though the upright position of the body is
unfavorable to °ying. *?

In order for Lilienthal to succeedhe would have had
to overcome 2 shortcomings. The “rst is the above-
mentioned method of propulsion. While he excelledat
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glider design, his experienceswith ornithoptic propul-
sion were not promising but Lilienthal's optimism was
not daunted by his failures. It would be necessaryfor
Lilienthal to realize that this method was less ideal
than the propeller. Secondly Lilienthal lacked an ad-
equate cortrol medanism. While changing the certer
of gravity by shifting his body weight a®ordedan ad-
equate form of control for level and steady °ight, it
did not provide suzxcient cortrol to overcomea stall,
particularly with his corvertional tail design.

Lilienthal well understood the problem with his con-
trol method. In testing biplane designs,he discovered
that the gliders created the samelift with lessspan
thereby responding more directly to changesin the
certer of gravity. It is this reasonthat he beganto
re ne his bi-wing gliders in his later years, rst start-
ing with his monoplane Sturme dgelmalell and then
moving to various biplane designs,with and without
°apping wings. Though he concerrated his cortrol
e®ortson changing the certer of gravity, he appeared
to be aware that this wasan inetcient method of con-
trol (most likely from his study of birds and observing
their method of cortrol). To this end, he developed a
leading edgeslat (Vor® Agel( that altered the e®ective
camber of the airfoil to help prevernt crashes(patented
in 1895)and alsotested various methods of wing warp-
ing similar to the Wright Brothers as well as drag
creating spoilers for corntrol. None of these devices
saw signi cant application prior to his death, however.
(Interestingly, it was one of the \uncontrolled" mono-
plane gliders Lilienthal was °ying at the time of his
death.)

It is possiblethat if he lived, he may have even cor-
responded with the Wright Brothers asthey did with
Octave Chanute. The Wrights used his data exten-
sively. One of the problemsthe Wrights encourtered in
there researt is the e®ectof aspect ratio on lift. They
could not correlate their data for similar of smaller
spanwith those of Lilienthal.® If Lilienthal had lived,
he may have beenable to guide the Wrights such that
they could have °own soconer than they did.

In line with Lilienthal's role as a dreamer, he be-
lieved the invertion of the aeroplanewould usherin a
new era of peaceand prosperity. In a letter written
circa 1894, Lilienthal stated,

...1t is precisely here where changescan be
made which would have a radical e®ecton
our whole way of life. The frontiers between
the countries would losetheir signi cance as
they could no longer be barricaded up. With

man's increasingmobilit y the distinctions be-
tween the languageswould be blurred. De-
fensewould ceaseo take up all a singlecoun-
try's energy as it would becomeimpossible
in itself. There would be no needto “ght
bloody battles over borders, sincethey would
have becomemere gments of the imagina-
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tion, and we would discover an urgent need
to settle the nations' quarrels in some other
way, which would, in its turn, lead usto eter-
nal peace'3

Onehasto wonderwhat Lilienthal would have thought
about the ewlution of the aircraft and how °ight en-
hancedrather than limited man's ability to wagewar.

WI: Langley succeeded

What if SamuelLangley's manned aerodrome °ight
had suceeded?

Though not well known by the general public,
Samuel Pierpont Langley (1834-1906; gure 5) con-
structed the rst successfulinmanned heavier-than-air
°ying machine. During his tenure asthe director of the
Smithsonian, Langley dewveloped an intenseinterest in
manned °ight. Unlike most of his contemporaries, but
much akin to the work of Otto Lilienthal, Langley pur-
sueda strict scierti ¢ approad to the construction of a
°ying machine. Though he reached erroneousconclu-
sionsin many of his ndings, hedid succeedn building
an aircraft that actually °ew under its own power, al-
beit unmanned and uncortrolled.?

Langley was a self-trained man of many talents, in-
cluding architecture, civil engineering,and astronomy.
Despite lacking a collegeeducation, he was able to ob-
tain a faculty position as a professorof mathematics
at the US Naval Academy in 1866. Soon thereafter
he becamedirector of the Allegheny Obsenatory in
Pittsburgh and built a reputation as a solid experi-
mental physicist and astronomer during his 20 year
tenure there. In 1887, Langley, then director of the
Smithsonian, turned his attention to the developmen
of a manned °ying machine. He beganby construct-
ing a large whirling arm 30 feet in radius capable of
speedsup to 70 mph at the tip. Though he was not
an experiencedresearter in the area, he was famil-
iar with current researd in the "eld and aware of the
lack of understanding of how lift was generated. He
approaded the problem by using his whirling arm to
study the behavior of various lifting surfaces.He mea-
sured both the e®ectof aspect ratio on lift and angle
of attack on drag of °at plates. His copious amourts
of data werepublishedin 1891in the text Experiments
in Aerodynamics.

At the sametime, Langley was also constructing
small models of aircraft powered with rubber bands.
He had decided that a propeller would provide suf-
“cient thrust to propel the craft and primarily used
his models to test various wing con gurations. From
these tests, he moved on to larger prototypes, even-
tually designing and constructing seweral small scale
steam or gasoline powered aircraft (which he mistak-
enly named aerodromeg using a secondwhirling arm
at the Smithsonian to test cambered airfoils and pro-
pellers. On May 6, 1896,Langley launched a 25 pound
aerodrome from atop a houselpat on the Potomac.
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Langley designedthe aircraft so that though it was
uncontrollable, it was stable sothat it °y in a circular

path. Two successfulights were made totaling over
1 mile in °ight distance. This wasthe rst successful
unmanned heavier-than-air °ight in history. He re-
peated the feat sewral months later using a slightly

larger model.

After obtaining funding from the governmert, Lan-
gley constructed a quarter-scale aerodrome and °ew
it unmanned without incident in both 1901 and 1903
(‘'gure 6). Scalingup the aircraft proved unsuccessful,
howewer, astest °ights on October 7 and Decenber 8,
1903 ('gures 7 and 8, respectively), resulted in sewere
damageto the craft and nearly killed the pilot Charles
Manly. The failure and resulting derision in the press
and from governmert represetativ esdestroyed Lang-
ley and he died a broken man in 19062

Langley's failure came primarily from his poor de-
sign. He simply believed that his quarter-scaledesign
could be scaledup and it would still work. His "nal
designof the full scalecraft had adequateaerodynam-
ics, marginal cortrol, and poor structure. It was the
latter that failed in his nal test. On the cortrary,
his powerplant was phenomenalfor the time. It was
dewveloped by Manly from a previous designand ended
up producing over 50 hp in a 200 pound package. If he
had spent more time on ensuringthe structural sound-
nessof his craft, he may well have succeededust days
before the Wright brothers did.

If Langley had succeededit would have set a decid-
edly di®erer tone for the birth of aeronautics. While
the Wrights gave an impression of can-do engineering
mentality, Langley's arrogance and scierti ¢ haugh-
tiness may have relegated aerodynamics, at least in
the US, to ivory tower academiciansrather than tried-
and-true engineersfor a brief period. Furthermore, his
poor aeradynamic design would lead many followers
down the wrong path beforeturning to more etcient
designs. Lastly, due to Langley's experiments in the
region on the badk-side of the power curve, Langley
had the mistaken belief that one neededlesspower to
°y ewver faster (if successfuin °ight, he would have no
doubt soon reconciled this notion with intuition and
obsenation). Theseissueshave the ability to set back
aviation by a year or two just due to confusion. The
Wrights would alsobe touting their decidedly di®erert
craft and it would taketime to sort out the details, par-
ticularly sincethe Wrights were secretive and slow to
produce details to the public. It would probably have
taken public demonstrations of the two craft, both in
the US and abroad, before the world would be certain
of the invertors of a true airplane.3

WI: Wrigh t Brothers failed

What if the Wright Brothers had not suaeeded in
building the rst true airplane?

Every aerospaceengineeris familiar of the story of

the Wright Brothers (‘gure 9) { seeOrville Wright's
How We Invented the Airplane for a rst hand ac-
court.’” Their unique approad of design, build, test
and repeat contrasted with the trial and error meth-
ods utilized by most aeronauts of their era. They
overcamefailure by diligently unraveling the causeof
the particular problem and then heading back to the
laboratory to 'nd an alternate solution. They were
cautiousin their designs,utilizing a canardrather than
a \convertional" tail to decreasethe risk of injury
in a stall. (This may have beenthe direct result of
Lilienthal's death as they were well acquairted with
his work, not to mertion the numerous other fatal-
ities of practicing aeronauts.) Due to the increased
dizcult y in maneuwering their craft, this led to their
unique and extremely e®ective wing warping technique
for roll corntrol.

The Wrights had made themselves familiar with all
writings on aeronautics readily available to them at
the time, including Langley's Experiments in Aero-
dynamics and Lilienthal's published data. They cor-
responded regularly with Octave Chanute who kept
them from becoming discouragedwhen encourtering
setbadks. Chanute probably had a larger role in keep-
ing the brothers focusedon their goal than any other
person. If Chanute had beenat all reticent about aid-
ing the brothers, they may have given up never to
return the sand dunesof Kitt y Hawk.

The question then arises, who would have taken
their placein history had they not °own their Wright
Flyer on Dec. 17, 1903? There are seral possible
ways to historically remove the Wrights from the path
of successn an alternate timeline, suc as restricting
their accessto Lilienthal's data and Chanute's guid-
ance. Sincemuch of the successf the brothers arose
from their badk and forth banter of ideasbetweenead
other, it is quickly seenthat a single Wright would
probably not have succeededvhere both Wrights to-
gether did. Orville, the younger of the brothers, con-
tracted typhoid in 1896and nearly died. (Wilbur later
cortracted and died of the samediseasein 1912.) The
brothers later stated that it was during this time that
that Wilbur learned of Lilienthal's death and became
interested in °ight, discussingthe possibility of build-
ing an airplane with Orville after his recovery (even
though they didn't begin experimerting until 1899)1*

Supposethat Orville did succunb to typhoid? What
then? Who would be the rst to construct a
manned powered cortrollable aircraft capable of sus-
tained °ight? Langley had already failed and been
disgraced at the time of the Wrights rst °ight, but
seweral possibilities still remain.

“For the sake of this discussion, we assumethat Wilbur does
not invent the airplane on his own, for whatever reason.
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S. P. Langley/Charles Manly

One of the most obvious possibilitiesis Langley him-
self. Though he had failed, there were still those
who championed him after his death including no-
table inventors sudch as Alexander Graham Bell. In
our timeline, there was great dispute asto who should
be credited as the inventor of the airplane, Langley
or the Wright Brothers, and this disagreemen lasted
until the '20s. The Smithsonian even hung the full-
scale aerodrome in its museum with an inscription
cortributing Langley with the “rst successfuimanned
°ight. Manly would later refurbish the poorly de-
signedcraft enoughfor a short hop in 1914to further
prove the point. In an alternate timeline, the lack of a
clearly successfuhirplane such asthat designedby the
Wrights would give credenceto the beliefthat Langley
wasjust the rst incremertal stepin a gradual process
of developing a machine that would travel ever farther.
As long as a true aircraft remained elusive, Langley
would remain as one who had come closest, albeit af-
ter his death and with no small amount of distortion
of the truth.

Octave Chanute

It is unlikely that Chanute (‘gure 10), aged 71 in
1903, would have been able to navigate a path to
deweloping a successful’ying macdine. While an ac-
complishedglider designer,he lacked both the control
capabilities and the meansof constructing a suitable
powerplant, though in regardsto the former he had
realizedthat Lilienthal's method of cortrol by moving
the body was inferior and Chanute dewveloped moving
wings for in°ight cortrol. His role would probably re-
main that of a facilitator and proponert of manned
°ight. His text, however, would most likely still serwe
asthe principle guide for whoever succeeded.

Horatio Phillips

Englishman Horatio Phillips is primarily known to-
day for his odd aircraft design using numerous very
high aspect ratio wings ('gure 11). He had tested and
patented a number of airfoils in the later 1800sand
turned to aircraft designin the 1890stesting a hum-
ber of unmanned models. His 1902 model with 120
wings was capable of lifting over 300 pounds, but was
uncortrolled. In 1904, he manageda short °ight of
50 feet with an airplane having a single cascadeof 20
wings. To create more lift, he increasedthe number
of wings in a single row to 50 and placed 4 setsin a
row. This allowed a °ight of approximately 500 feet
in 1907,the rst sud °ight in England, but the °ight
was uncortrolled and would probably forfeit any claim
asinventor of the airplane.

Samuel Cody

Sanuel Cody designedand °ew the British Army
Aeroplane No. 1in 1908, °ying up to 1400feet before
crashing. His aviation expertise up to that point had
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beenprimarily designingkites capable of lifting a sin-
gleman and heturned his attention to heavier-than-air
°ight after constructing an airship for the Navy. He
cortinued to build upon 1908 success,creating craft
capableof carrying passengersand °ying for extended
periods. These designsearned him seweral monetary
prizes. He was killed in 1913 in a crash of one his
planes.

Alberto Santos-Dumont

Best known for his successfulLTA designs,Alb erto
Sartos-Dumont (gure 12) was a wealthy Brazilian
studying in Paris when he begandesigning, construct-
ing and °ying balloons and dirigibles. He was able
to win seweral awards for his achievemerts from 1898-
1903and he thereafter turned his attention to heavier-
than-air vehicles. His \14-Bis," a box-kite canard
design, °ew successfullyin 1906 and still receivesthe
erroneous claim that his was the rst to aircraft to
take-o®and °y under its own power (as opposedto a
catapult launch) as shown in "gure 13. He was, how-
ever, the 'rst to °y an aircraft in Europe, even though
he only °ew a distance of 60 meters (and was still
well within ground e®ect)at the sametime the Wright
Flyers were making °ights of seweral miles. His later
design,the monoplaneDemoisele, wasa vastimprove-
ment and was probably largely in°uenced by other
designsat the time.However, the 1906 °ights, which
apparertly were made with little or no knowledge of
the Wrights' °ights, would have certainly made him el-
igible as\'rst in °ight" had the Wright Brothers not
°own “rst. The impact of a non-US aircraft inventor
would probably have a postive rather than negative af-
fect on the US aviation community, however, sincethe
Wright Brothers were very combative whenit cameto
useof their patents. Sadly, Sartos-Dumont committed
suicide in Brazil at the age of 49, supposedly due to
the growing use of aircraft asa weapon of war.

Other Candidates

In addition to the above possibilities, there are other
aeronautswho had laid claim to successfuPights prior
to the Wrights' °ight, but were never able to prove or
repeattheir claims. Theseinclude Clemert Ader, Gus-
tave Whitehead, John J. Montgomery, and Richard
Pearse. Since these claims were never substartiated
in our timeline, it is unlikely they would be in an
alternate oneeither. Also note that the famed Ameri-
can aviator Glenn Curtiss is not listed. With backing
of Langley supporter Alexander Graham Bell and the
AEA, Curtiss °ew in 1908, much after the 1906 °ight
of Sartos-Dumont. Also, there is historical disagree-
ment about how much in°uence the Wrights' designs
had on the rst aircraft of Curtiss, Red Wing, though
his later contraption, June Bug, was very successful
and uniquely Curtiss and signaledthe future direction
of aircraft design.
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Rocket Pioneers and the Space Race

Early in this certury during the time of rela-
tive peacebetweenthe World Wars, public attention
turned to the stars thanks in part to the advocacy of
early rocket theorists and their enthusiastic support-
ers. This includes Robert Goddard in the US, Her-
mann Oberth in Germary, and Konstatin Tsiolovsky
in Russia/lUSSR (‘gure 14). While the latter rocket
sciertists were primarily theoreticians Goddard was
alsoan ardent experimentalist, developingthe rst lig-
uid fueledrocket. While many theoretical foundations
of rocketry were developed simultaneously by the trio,
only Goddard put these theories into practical use
while Oberth and Tsiolovsky left this work to younger
contemporaries (such asvon Braun and Valier in Ger-
many and Tsander and Korolev in Russia). Despite
the extensive experimental work by Goddard, there
was little support given for his e®ortsand the rest of
the world quickly fell behind in rocket scienceuntil af-
ter the defeat of Germary in WWI | with its shift of
rocket sciertists from Germarny to the US and USSR.

Here we investigate possible outcomesin the lives
of rocket dewvelopers Robert Goddard, Wernher von
Braun and SegeiKorolev. In the caseof the former,
we examine the e®ectof increasedinterest and fund-
ing by the governmernt on Goddard's output in the
crucial yearsbefore his death in 1945. In von Braun's
case,we examinea number of de ning momerts in his
life that led up to his researt at Peeneniinde suc
as his early meetings with Hermann Oberth and the
Raketen°ugplatz® We also examine possible variants
on von Braun's work after the war if he were to stay
in Germary or be captured by the Soviet Union rather
than cometo the US. Lastly, we considerwhat would
have happenedif Korolev had not suddenly died dur-
ing the "nal stagesof developmert of his N-1 moon
rocket.

WI: Goddard had better supp ort

What if Goddard had publicized his reserch and re-
ceivad more funding?

In 1926, 23 years after the launch of the Wright
Flyer, Robert Hutchings Goddard (' gure 15) launched
the “rst liquid fueledrocket in Auburn, Massadusetts.
Consideredto be the father of modern rocket propul-
sion, Dr. Robert Hutchings Goddard was a physics
professorat Clark University for 30 yearsand director
of the Physical Laboratories from 1923-1943. Along
with Hermann Oberth of Germarny with and Kon-
stantin Eduordovich Tsiolkovsky of Russia, Goddard
ervisioned the use of rockets as a tool for the explo-
ration of space. He had a keen mix of theoretical
acumenand experimental ingeruity.

Goddard received a small amount of funding from

YThough Oberth performed many experiments, he did not
have the practical experience to perform anything beyond basic
researc.

the Smithsonianin 1917and published his mathemat-
ical basis for rocket theory in 1919,\A Method for
Reading Extreme Altitudes." The paper was well

received both scierti cally and publicly and became
widely usedby rocket researters acrossthe globe. He
spent the next seweral years developing liquid rocket
motors using liquid oxygen and gasoline. Much like
the Wrights, he overcame many obstacleswith clever
designsand keeninsight and this led to the "rst suc-
cessfulliquid rocket °ight in 1926 with a maximum

altitude of just over 49 feet. Amazingly, he did not
publicize this event, waiting instead for a more de ni-

tive demonstration. His funding agency the Smithso-
nian, respected his desiresand it wasn't until 10 years
later that this wasmadepublic. During this period, he
produced an enormousamourt of inverntions, turning

many into patents. He was reluctant to demonstrate
his work, however, moving to Roswell, New Mexico as
it provided larger °ight areaswith lesspublicity. His
most successful®ight was in 1935 with a maximum
altitude of 7,500feet. He remained in Roswell during

World War |1, but the War Department had him work
on JATO rather than ballistic rocket researd.

Though Goddard did not seekpublicity, he did at-
tract it nonetheless. Aviator Charles Lindb ergh was
an erthusiastic supporter of his work which helped him
obtain funding. Other rocket researters were pick-
ing up on his work as well, particularly Wernher von
Braun in Germary. Besideslimiting his funding, his
secrecyhad other drawbacks. He was fairly isolated
in his work, leaking out details of his successesnough
for others to realize what was possibleand determine
their own solution but not enoughto have his inven-
tions provide the basis for other rocket design. He
alsohad trouble integrating his own designsinto work-
able systems. This combined with a small e®ortled to
Goddard being eclipsedby the much better organized
and funded rocket program in Germarny. At the time
of Goddard's launch in 1935, von Braun was already
deweloping larger and more ambitious rocket designs,
though none were truly successfuluntil the 1940s. As
an example, Goddard is picture in 1932 and 1940in
“gure 16 with experimental rocket designs. While he
had progressedfar sincehis ‘rst launchesin 1926, his
designshad not signi cantly increasedin size up to
the time of his death in 1945. In fact, he was able to
view a captured V2 just months before he died and
lamented the fact that he had never been allowed to
attempt similar designs.

If Goddard had beenbetter at promoting his work
and seekingfunding, his cortributions may have been
more e®ectie. This would have required two things -
(1) Goddard would have to be lesssecretive and will-
ing to sell his work on its own merits, and (2) someone
would have to be willing to fund it. The latter could
have changedwith someproper pushing. If Lindbergh
had beenwilling to champion Goddard's causeto the
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Army, this may have been enoughto corvince them
to provide adequatefunding to Goddard for the devel-
opmert of large payload carrying rockets. This would
also require that Lindbergh not be discredited with
his decoration by the Luftwa®ein 1938. The for-
mer, however, is more ditcult to nd away to alter.
This requiresa personality changein Goddard himself,
something not likely to happen.

If Goddard had sough and beengiven the opportu-
nity to build a large scalerocket researt program, it
may have tipp ed the scalesenoughin the US's favor
that the launch of the rst man-made satellite would
have been from US and not USSR soil. At the very
least, it may have provided the US with a solid infras-
tructure on which von Braun (or other US researters)
could build.

WI: von Braun did not move to America

What if Wernher von Braun wasnot captured by the
Americans at the end of WWII?

In cortrast to Goddard, Wernhervon Braun wasthe
consummate salesman( gure 17). He was a skilled
engineerand probably the best mind that worked on
rocket dewvelopmert in the 20th certury. Instead of
hiding his work, however, he reveled in his celebrity
status.'* He sold his ideas. A admirer of Oberth ("g-
ure 18), he began his rocket researd at an early age
by becominginvolvedin the burgeoningrocket clubsin
Germany and quickly becameinvolved with the Ger-
man Army's rocket developmert program (‘gure 18).
Among others, Oberth was spreadingthe cult of rock-
etry acrossthe continent. Starting out asa mererocket
enthusiast in the late 1920s,he was in charge of the
German Army's rocket program in the mid-thirties.
By the end of the war, he had dewveloped the infamous
A4 (popularly known as the V2) and launched over
3,000 of them between 1942 and 1945. His advances
in rocket designwere rapid and the Army deweloped
a large researt program under his guidance, as with-
nessedby the numerousdevelopmerts at Peenenéinde
such as aeradynamic wind tunnel testing in conjunc-
tion with actual launch tests as shown in gure 198
Despite his cortribution to the German war machine,
he always maintained that his ultimate goalwasspace.

After the defeat of Germany, von Braun positioned
himself so that he and his team would be captured
by the Americans. They were eagerto immigrate to
the US where they believed they would be allowed
or compelled to cortinue their rocket researt. von
Braun was equally apprehensiwe about being captured
by the Soviets. In a highly secretie move, the US
military transported as much of the German rocket
team, infrastructure, and test articles bad to the US
aspossible. The Soviets did the sameusing Korolev as
onethe "eld agens in Germany. As sud, Hitler's V-2
sened as the foundation for both the American and
Russianspaceprograms. Once a major in the SS,von
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Braun would go on to dewelop the US spaceprogram,
both the technology and the propaganda. He had to
work to corvince the US that spacewasa worthy goal
and even worked with Walt Disney to promote space
exploration. It took almost 10 years before any real
rocket researd beganin earnestand various factions
in the US military were pursuing separate projects.
It took the launch of Sputnik in 1957 for the US to
take seriously their own spaceprogram, stripping the
Army of von Braun and placing him in e®ectiwe charge
of the US spaceprogram (‘gure 21).? The Soviets had
gained the edgeby that time and the US would not
take the lead again until 1969.

Other than the US and USSR, there were few other
options for von Braun after WWI I. England was pos-
sibly an option, but the small budget placed on the
UK spaceprogram would have rendered him ine®ec-
tive. The "nal option would be for him to remain in
Germany, where his researty would have beenforbid-
den under post-war conditions. Without von Braun,
it is ditcult soseehow the US could have caugh up
with the Soviets. It wasvon Braun's work that serned
as the basis for most of the US spaceprogram as we
know it.

WI: Korolev lived to 1970

What if Semei Korolev had not died prematurely?

Both Korolev (‘gure 20) and von Braun died at a
fairly early age,59 and 65, respectively, at the peak of
their careers.von Braun succunbed to intestinal can-
cerin 1977,then retired from NASA but still working
in rocket science. Korolev was still very much active
at the time of his death in 1966, howewver, leading
the Soviet manned lunar exploration e®ort. Known
anonymously to protect him from US spies,the \c hief
designer" was as much a driving force in the Soviet
spaceprogram as von Braun was in the US. Like von
Braun, he also succunbed to cancer, but during ex-
ploratory surgery that many speculate was botched.1©

Prior to his untimely death, Korolev was designing
and testing the N1 launch vehicle, the Soviet courter-
part to the Saturn V (‘gure 21). It was a troubled
program due to the extreme complexity of the sys-
tem. Only 2 launches of the N1 lunar version were
attempted, onein February 1969and the other in July
1969. The rst su®eredan enginefailure after launch.
The secondlaunch attempt exploded soon after lifto®
and destroyedthe ertire launch complex. It is doubtful
that Korolev could have made enough of a di®erence
to save the N1 from disaster due to its many short-
comings. He may have been able to save the Soviet
lunar program from disaster, however.

Regardlessof the successof the N1, the Soviets
would have never beat the Americans to the moon

ZInterstingly , the Soviets were not aware of Sputnik's PR
value as the news was relegated to back page status until the
reaction of the Americans was noted.
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without a disastrous failure of the Apollo program.
The earliest planned Soviet lunar landing wasin 1972.
The Russiansnever had enough successwith the N1
booster to have a seriousschedule for the "rst Soviet
lunar landing and this was prior to the rst planned
launch of the N1 in January 1969 and its subsequeh
failure. In such a circumstance,only a complete disas-
ter leadingto cancelationof the Apollo program would
allow the Russiansto be rst to the moon. After
the explosions of the rst two N1 rockets, and the
triumphant successof Apollo 11, Kruschev directed
Russianengineeringe®ortsinto a crashdewvelopmert of
the Salyut spacestation in order to beat the American
Skylab into orbit. Despitethis, cosmonautstrained for
L3 lunar landing missions until October 1973, when
actual manned °ight of the original single-laund L3
spacecraftto the moon had been abandoned. Work
was then underway on the N1/L3, a twin launch sce-
nario that would placethe lander on the surfaceof the
moon in the late 70s for extended operations. This
would be a prelude to a permanert moon base. How-
ever, the entire N1 program was canceledin 1974.

Despite this, one can't help but wonder what it
would have taken for the Soviets to move forward with
a moon program. On the surface, one notices that
if the Soviets were rst, the Americans would follow,
though the reversewas not always true such asin the
caseof the lunar landing. One option is to have von
Braun work with the Soviets or just not for the US as
mentioned above. This may give the USSR enough
of an edgeto beat the US to the moon. Another
possiblealternativ e is to have a seriousdisaster befall
the Apollo program, suc asthe re aboard Apollo 1,
or the outright cancelation (and subsequen restart)
of the program by Nixon (never a fan of the space
program). Once the Soviets landed on the moon, the
Americans were sureto follow ('gure 22). Who knows
what would have happened after that? We may have
had a cortinuous presencein spaceand on the moon
from that point forward. In the long run, this Soviet
victory could have possibly led to the best chance for
mankind in space.
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Fig. 1 Otto Lilien thal, 1848-1896.

Fig. 2 Whirling arm (left) and natural wind balance (righ t) constructed by Lilien thal to measure lift of
various airfoils.

I Pt BT
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e robeady L itrtnd gemessen

Fig. 3 Lilien thal's drag polar measuremen ts of a curv ed plate.
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Fig. 4 Lilien thal taking o® from his launc hing place in a normal glider.

Fig. 5 Samuel Pierp ont Langley , 1834-1906.
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Fig. 6 Langley's 1/4 scale aerodrome on display in the National Air and Space Museum.

Fig. 7 Langley's launc h of the full scale manned aerodrome from a catapult in 1903.
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Fig. 8 Langley's second launc h of the full scale manned aerodrome from a catapult in 1903. Note the
collapse of the rear wings whic h resulted in a tail slide into the riv er.

Fig. 9 Orvile and Wilbur Wrigh t.
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Fig. 10 Octa ve Chan ute, 1832-1910.

a) Phillips' st multiplane. b) Phillips' second multiplane.

Fig. 11 Phillips' \unique" multiplane design resulted in the rst uncontr olled °igh ts in England.

Fig. 12 Alb erto Santos-Dumon t, 1873-1932.
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a) 14-bis.

b) Demoisel le.

Fig. 13 Alb erto Santos-Dumon t's 14-bis biplane °own in 1906 and his more successful Demoisel le mono-
plane.

14 of 18

American Institute  of Aer onautics and Astr onautics Paper 2001{0175



AIAA-2001-0175

Fig. 14 Founding fathers of rocket science; Konstatin Tsiolo vsky, 1857-1935; Rob ert Goddard, 1882-1945;
Hermann Ob erth, 1894-1989.

Fig. 15 Goddard next to the “rst liquid fueled rocket.

a) 1932. b) 1940.

Fig. 16 Goddard with similar sized rockets of his own design in 1932 and 1940.
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Fig. 17 Wernher von Braun, 1912-1975.

a) von Braun is second from righ t; Hermann Ob erth is b) Von Braun (age 18) in 1930.
standing next to the large rocket in the center.

Fig. 18 von Braun became a participan t in the amateur rocket scene at an early age.
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a) von Braun with A3 on launc h b) A4b wind tunnel test. C) Adb on launc h pad.
pad in 1937.

Fig. 19 Rocket experimen ts spurred by the Wermacht and led by von Braun.

Fig. 20 Sergei Korolev \Chief Designer,” 1907-1966.
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a) A4 (V2) b) N1 c) Saturn V

Fig. 21 Rocket launc hes of von Braun and Korolev designs.

Fig. 22 LK, the Russian lunar lander. (Photo courtesy Dan Roam, °c 2001 Dan Roam, used by permission.
http://www.de epcold.c om)
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