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Whenever great inventions or discoveries are made, we observe some
confusion with regard to their potentialities and the length of time it
will take for their full realization. This has been notably true with
the application of the rocket prineiple of propulsion to flight. The
moment the words rocket flight and space flight are uttered in publie,
the mind visualises trips to the Moon or to Mars, As long as these
trips do not materislise, in the public view there is no such thing as
space flight. This &1l o nothing attitude is often found in conversa-
tions, on the radio, and in television programs, and in print.

It is true that the development of the rocket principle of propulsion
is an achievement of revolutionary significance, Yet its complete ex-
ploitation will probably follow the pattern of a gradual evolution step
by step. These stages can be understood best if we examine three factors:
the physiclogical and mechanical properties of the enviromment, the
speeds attained by rockets and the distances they travel over and away
from the earth. These factors will serve as yardsticks in the following
attempt to classify the various stages of manned flight - as it has been
achieved today, as it can be expected temorrow, s it may occur in the
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remote future, or perhaps not at all.

Enviromment: Itamhmmtmwmmmnw.mpum‘

and spece, in meteorological and astrophysicel terms, lies at en altitude
of sbout 600 miles. As an envirorment for the flyer and the vehicle,
however, the atmosphere shows conditions typicel of space at much lower
altitudes. As verious publicationsls3»5»17522,2h have explained, we
encounter within our atmesphere, beginning at 50,000 feet, a2 region which
becomes inereasingly space equivalent with regard to one or more of the
conditions that are important for menned flight. These conditions are
anoxia (50,000 feet), the boiling point of bedy fluids (63,000 feet), the
necessity for a sealed cabin (80,000 feet), meteors at 75 miles, and the
darkness of space (100 miles).

From the standpoint of serodynamics and aerothermodynamies, we face
space equivalent conditions at 120 miles in the permanence of the gravity
free state and in frictionless mevement,

Above 120 miles, we find space equivalent conditions in almost 2ll
respects. The atmospheric regien from 50,000 feet (about 10 miles) wp to
120 miles may be considered pertially space equivalent, and the reglon
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sbove 120 miles totelly space equivalent, if we ignore certain environmental

effects which are caused by the solid body of the earth, its magnetic
field and its own and reflected radiation.?3 Figure 1, Above the 120 mile
_ level, the atmosphers is unrecognisable in menned flight. It is imper-

ceptable to the flyer slthough for the asironomer it exists up to 600 miles.



3.

This being true, the rocket powered plane which has carried man to
90,000 feet and the rockets which have carried animals up to 36 milesl3,
have flown in a region, which is space-equivelent to a high degree. A
two stage rocket, the WAC corporal mounted on the nose of a V-2, which
attained an altitude of 250 miles, was flying under conditions of total
space-equivelence, even though for a few minutes only. Do not these
achievements in very high altitude flying, Justify the statement that we
have already reached the era of space flight? From the standpoint of
the enviromment we are at present in the partisl space equivalent phase
of manned flight.

Speed: Just as we find levels that are characteristic in the
enviromment around the earth, so too do we find certain characteristic
points in the factor of speeds They also mark distinctive stages in the
development of flight. Figure 2.

The first of these is the speed of sound (760 m.p.h. at sea level),
Exceeding this speed, or breaking the somic barrier, is now past history
(Major Charles Yeager, USAF 1948). The present record in the supersonic
speed range exceeds Mach 2, In the higher range of Mach 3 or L - in
horizontel flight - centrifugal forces begin to counteract gravitation
to an inereasingly noticeable degree. This bringes on the phenomenon of
decreased weight or subgrsvity. Theoretically, at about 19,000 m.pehe Or
5 miles per second - in a horizontal flight - a state of weightlessness,
or the gravity free state, is finslly reached, This speed of 5 miles per
second or 8 lm per sec, where centrifugal force equals the gravitational
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pull of the earth, is kmowm as the orbital, or better, circular velocity.
It 4s the speed which will enable a craft to circle sbout the earth in a
fixed circular orbit like an artificial satellite.

Beyond 5 miles per second the eircular orbit will expand into an
eliptic orbit and eventually at 7 miles per second or 1l km per second,
into & parsbolic trajectory. When this speed is attained, the craft
breaks away from the earth's gravitational pull and escapes into the depths
of interplanctary space. It is called the escape velocity.

The highest speed so far attained in & two stege rocket (the WAC
Corporal mounted on & Ve2) is 1.h miles per second. This is 30 percent of
the orbital and 20 percent of the escape velocity. This is where we stand
today with regard to speed., The three stage rocket?’ 0 or the atomtc
roumt" 21‘ may perhaps bring in the remaining percent.

Distances: The various stages of flight can also be classified by
the factor of the distance they cover. The craft may fly frem one peint on
the globe to another point on the globe, in a certain distance around the
globe or far away from the globe into spacee.

If we combine the factors of enwirvomment, speed end distance with
their charscteristic levels into one picture, we see an evolutionary
course in the development of manned flight that looks somewhat as follows:

The long distance flights of today teke us at subsonic speed, under
normal gravitationsl conditions, in pressurised cabins through the lower
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regions of the atmosphere, from one point on the glebe to another distant
point on the globe, across a mmber of time zones and/or across senss of
different seasons - in a single day. These are global flights., This epoch
in flying began, when Charles Lindbergh first crossed the Atlantic, 1926,

We are now on the threshold of the next stage. In that epoch, rocket
powered plenes will take us at supersonic speed under subgravitational
conditions, in seeled cabins through the space equivalent regions of the
atmosphere, from one point on the globe to another even more distent point
on the globe in a matter of hours.8 St111 bound to the earth, they will
£al1 into the cetogary of global spasé flights The precursors of this
long distance global space flight are seen in the short distance, short
time flights of rocket powered planes and ummanned rockets of today.

They can be termed local space flight.

As soon &s the eircular velocity (5 mi/sec) is reached, flights of
long duration around the globe in a satellite orbit under conditions of
gero gravity and in an enviremment equivelent to space will become
possible. DBut these craft still will operate within the gravitational
hold of the earth and will remain within the earth's vicinity. This
eventual stage mey be called gircumglobal space flight.

The next step will follow as the esecape velocity (7 mi/sec) is reached,
When, ome day, a menned rocket leaves the earth, attains this speed and
moves freely in space, then we will have arrived st interplanctary spacd
flight or what we may now call "space travel."
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This classification™ (Table I), gives us, I believe, a clearly
defined and realistic picture of the stage at which we stand today &nd
of the possibilities we may expect in the future, At present, we are
actually in the first phase of space flight, the phase which we have
defined as globel space flight. Solution of the medical problems in
this stage is, therefore, of immediate concern to the physiclogist, the
engineer, and the flyer, Incidently, most of the medical problems
involved in the final stage (space travel) are encountered in the stage
of global space flight.

This step by step approach to the possibilities of rocket powered
flight by human beings is perhaps more stimulating, and more fruitful
for research end development, than the all or nothing attitude displayed
by those who constently gasze upon remote ecelestisl bodies like the Moon
or Mars, with e kind of spece fascination. The psychological power of
stiraction of thess bjects as the finsl goa12#6s7s10s128515516 1oy,
must not be underestimeted. They ere extremely valusble as a background
stimilus for our efforts towards the advancement of human flight.

#To complete the picture with regard to specific lines of work in the
technical development of flight the reader's attention is directed
to the references 2" 9, 13, 11, ]-h. 19, 21,
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