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PAxALUALS Ui CUSKHLL FLLGHTS

by Prof. vr. Ary Szternfeld

‘ - - . - " - . e . o - - - . ) . - - . . .- .

<n the course of the 1% to 19 years of the realization of
cosmiec flights there have become familiar many paradoxical plee-

s AR T L e

nomena, inconsistent with the experiences of everyday life which
] are comnected with our ideas of the appearance of a force of
gravity of determinate magnitude. Yhe motion of artificial
§ ' heavenly bodies beyond the atwosphere of the earth is subject,
: howeveg,to the laws of mechanics of the heavens. That peculiar,
g albeit logically based relationships, prevail here, one can con=

vince oneself from the following several instances (examples)

I came acfross these paradoxical phenomena of which 1 am
writing here during the working out of problems of cosmic navi~
1 sation. About the fact that there is concerned here, in the face
4 of apparent contradictoriness, logically basea phenomena, one
can convince himself after investigation of the problems by
way of computations,

ine PrRlGis P&«KADUY

+he point of departure is constituted by an artificial sa- l

tellite of the earth, which without crew or people aboard, moves
along an elliptic orbit. from it there is about to follow the
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Tnis rocket is about to abandon completely
in order,

taxeoff of a rocket.
the sphere of gravitational
11 assignmentﬁfor rese
rocket a fiight speed. 1T is

to accowmplish this from a moving satellite,
with the use of less

predominance of the earth,

for instann% to fulfi arch in cosmic space,

then it is nec{éssary to give the
obviously possible
which already has a large cirecling speed,
energy than in tha case of a taxeoff from the surface of the
$arth. Vuring such a takeoff from the earth the rocket motor
finite acceleration from zerc speed to
an earth=circling sa=—
rease of

ought to accomplish a de
the speed of flight. vuring takeoff from
tellite to the rocket one needs to confer only an inc
speed equal to the cifference between the speed of flight and
the speed (velocity) already posessed., It is neccessary to des
termine however, at what height above the karth and thus at what
point of the elliptic orblt of the artificial satellite is iT
most advantageous frot the energy point of view to set the roc-
ket in motioné at the point closest to the warth, the perigee,

or at the most distant from it,~=the apogee?

t with Newton's law of universal gravie-
o warth's gravity diminishes as the square
gee there acts on the cireling body
This means

Since, in agreemen
tation the force of th
of the distance, at the apo
((and the rocket) less gravity than at the perigee.
pogee of the circling orbit the speed of flight is
less than at the perigee. %hen a person ig already located in
the attic of a building ne must exert less effort to e¢xtricate
himself onto the peak of the roof than 1f he had clinbed from
the level of the cellar. fhus indeed one could judge that it
will be more advantageous to put the rocxket motor into motiom
orbit and not at the least distance

that at the a

at the apogee of the
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frow the warth. This seems also obvious as well as logical, but
such an understanding is unfortunately false! For one needs herg
to take into consideration also tn§:§£€”§§eed of motion of tihe
artificial satellite of the -earth along its elliptic orbit
changes in a continuous way in accordance with Hdepler's second
lawé this speed is least at the apogee-==and greatest at the pe=
rigee, and this is a result of the force of gravitation that
changes with distance from the center of the earth (on the see—
tion of the orbit between the apogee and the perigee the eirciling.
body approaches the circled central body and then has a compow
nent of motion in the direction of fall, is subject to an acce~
leration, and on the section between the perigee and the apogee

makes itself more distant-=raises and therefore eases its motia@

Although at the perigee obviously also, the speed of flignt
is greater, it appears that the difference of the speeds (velo-
cities) between the circling speed and the speed of flight at
the perigee is less than at the apogee. lhe rocket motor set in

motion at the perigee, then)consumes less propulsive materials
in order to attain the speed of flightJthan after being set in
motion at the apogee==the point of least speed of circling and
flight. Yhis is not in any way obvious and thus constitutes a

paradox,

In order to prove this,one needs to compute the correspon-

ding relations for examples. Let us assuume,then,that the saTA.-
lite, from which the takeoff occurs circles the Karth along an
elliptic path whose perigee is loecated at a distance of 1/20

of the radius of the planet, ie 319 km from its surface ((hp),
while the agpogee is distant frow it (surface) by two such radii
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ie 12756 km/ha. This is a demonstrative example about the orbit
parameters encountered in actual cases. Precisely thus the Aue~
rican artificisl satellite of the marth "ATS 2" ((1967=314) sent
out on 4pril 6th, 1967, had a perigee of 178 km, and an apogee
of 11124 km, whereas the"explorer 15" which took off on Uct 27,
1962, posessed a perigee of 31% km and an apogee of 17640 km,

Une needs now to compute how greayjin actuality, is the
speed at the apogee on the orbit selected as an example. Cne .
needs here to take into consideration the so~calléed "zero cire
cling velocity" V.o 1@ the speed of circling which a precise
body would have above the eguator on a cirecular orbit ((which
could not be realized in actuality, among other things due to

the resistance of the airl). This speed is Vo = 7912 w/s.

G

Lhe radius of the equator of the karth is equal to r, =
6378 xm. Consequently the distance of the perigee of the com—
tenplated orbit from the center of the karth will amount to:
ro=r *h = 6378 *319 = 6697 knm,

b b
and the distance of the apogees

r, =T, + ha = 6378 * 12756 = 19134 km.

Hence orf can determine the size of the large semiwaxis a
of the elliptic orbiti
a= (rp *r 2 = (6697 * 19134)32 = 12917.5 kn
as well as of the small semie=axis bs

b =J rp~ra = @697-19134 = 11320 km




‘he circling speed of the gircular orbit decreases with ‘the
distance from the center of the sarth, At the apogee 1t amounts
tod

v, = vsdéroira - 79123 6378119154 = 4568 m/s

The actual circling speed on the elliptic orb.t isjat the
apogeg,howeveg less than the speed vsp, and this i1s due to the
eccentricity of the orbit)the measure of which id the difference
of the distances, apogee and perigee, fror the center of the
Barth.s

. = 328° w/s
= 4568 | 6697 * 19134

“However for the purpose of a complete extricating of oneé
self to beyond the region of the predominance of the gravitatio-
nal field of the %arth i1t is necfessary that the object attain
a speed of flight Vo 1his so=called"second cosmic speed" is
always{ihtimes greater than the gireular sveed on a satellite
orbit of the &arth at the same distance from its (earthis) sur-
face, or the so-called ‘first cosmic speed”. Thus the speed of
flight on the circling orbit assuuied by us will amount tos

Yo, = vséx_-= 4568{5_ = 6460 m/s

At takeoff from the apogee of the circling orbit the rockel
engine must add to the object a speed equal to iMe difference
of speeds between the speed of flight froz this point and the
circling speed along the satellite orbit, and thus confer on this
object the additional speed’

Av, = v, =~ v = 6460~ 3239 = 5171 w/s

ua
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We are pursuading ourselves now as to what additional speed
the object must attain during an analogous takeoff from the pe--
rigee of a circling (not nec circular) orbit. We are computing
this with another method. The circling speed of the satellite
at the perigee of the elliptic orbit is greater than the girQu~
lar speed at the given distance from the center of the earth, In
accordance with Kepler's 2nd lav’the sprec of the satellite at
the perigee will amount tod

Y= Yoarh-  * 3289 Sk = 9397 xu/s

Yhe speed of flight on the surface of the earth which amow'§
to 11189 m/s, at the perigee of the orbit will be equal tof

Y = V
up uo\r

'\F“ = 11189 %9"‘ = 10919 m/s g
P |

Thring tazeoff from the perigee the additional speed which
the object must attain in this case, will amount then to only:
Ny, = 10919 = 9597 = 1522 n/s

Thug,during takeoff from the perigeé with an additional
speed of 1522 m/s there is attained the same as during takeoff
from the apogee with an additional speed that amounts tq,howeveg
%171 m/s. In the case of takeoff from the perigee there is ate
tained then a significant conservation (saving) of fuel, although
the earth is located closer and its gravity operates more power-
fully than at the apogee. Both of these mentionned factors are,
however, compensated with surplus by the egignificantly greater
momentum which the object has at the perigee.
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THa PARADVA OF THE APOGKE

Similarly paradoxical relations arise when it is desired
that the cosmic object which is circling the earth, should land
on it%:gﬁ%face. As is well known,one putd Lf¥Emotion in this
case the rocket engines in the direction opposite to the direc—
tion of motion around the satellite orbit. 4s a result of this,
the speed of the object undergoes a small reduction and become§
smaller than (that) needed to attain circling along the satelli-
te orbit. “he path of the object thus undergoes a bending in th¥
direction ofthe earth, and finally there follows an invasion in-
to the denser layers of the atmosphere. the motion is subjected
to a substantial braking action and finally the object falling:
by parachute, lands on the surface of the planet, Yhe propelliné
materials are in such a case necfessary only for a small braking

of thgzggisct and a bending of its path in the direction of ths
earth.

It is necgessary again to reflect what is the more advanta-
geouss braking by putting into operation the rocket engines at
the perigee or at the apogee. Frou the point of view of experi~
rents (experience/ on earth)it appearﬁﬁhat the perigee must con-
stitute the point at which it is more advantageous to carry
out the corresponding operation. ji‘veryonelhawever‘,’5nows perfect~
ly that it is easier to jump down from a table than froia window
on the second floor. in astronautics life experiences from the
surface of the earth are, however,without significance.

Let us assume that the satellite circles the earth along




the orbit assumed already in the preceding reasonings. After
the starting -+ . of the rocket motor in the course of the neAr
cycle it is about to carry out only half of a full encircling

of the earth, and about to approach simultaneously to ié%fgﬁ%,
face at a distance of only 35 km. At this height of the"condi-
tionfled perigee™ the atmosphere of the earth is already so densg
that the object which is however moving along its orbit that is
s0 slightly directed downward toward the surface of the planet-
=encounters effective aerodynamic resistances Precisely thus
during the return of the rocket container from the lunsi probe
"Zond 5"2@%15 height v selected in order to realize optimum

aerodynamic braking.

Une needs to reflect now about how much the speed of motioN
at the perigee must be decreased in order that the object after
performing another half cycling of the earth along a downward
reduced e]lipggfgiproachgﬂ its surface at a distance of 35 km,
4t this height its distance frow the center of the earth will

amount tod

r= 6378 * 35 = 6413 kn

ihe gireular speed at the perigee of the original orbit is

equal tod
r
_ —_— 15328. _
Yep = Veo T = 7912% 6597 = 7721 w/s

“Using the already used expressions we attain a value of thE
exit speed of the object which it must attain in order to enter
an orbit which approaches the surface of the earth at a distanéE
of 35 kmi

iRt
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2o ~ = 7637 w/s
va = vsﬁ{;i* rp = 77221\| 6413 + 6697

4he speed of motion at the perigee, which amounts to 9397u/,
musﬁ,then)in order to prepare for landing, be decreased to 7637
m/q,and thus by 1760 m/s. After ecarrying out a further cireling
on half of its orbit around the earth, the object approaches th
surface of the globe at a distance of 35 km. Tis speed of inm
vasion into the atmosphere at a helght of 35 km will amount thew
K(neglectingbbesidespthe minute resistance of the atmosphere
appearing during desecent from the satellite orbit.):

= 7637+ =S89— _ 9395 gy V)

r
Y35 = Ywp B 6413

Ig moreover, the object is subject to (abrupt) braking at .
the apogee of the original orbit, the exit speed on the orbit of
descent to the surface of the earth at a distance of 35 km must
amount toé

Yoa = Ysalz * o = 4568\ 6413 * 19134 = 3237 w/s
a

Yhis speed is,however, smaller only by 52 m/s than the spes
of circling along the satellite orbit at the apogee which amounn
to 3239 m/s. *he rocket motor must then decrease the actual spad
of the object only by 52 m/s.

.rf one then initiates the operation of landing at the apo-
gee at a height of 12756 km by the initial braking on the satel~
lite orbit one needs less than 1/33 parts of that energy that
is necfessary during initial braking at the nearest-to=theeearty




point of the orbit, at a height of only 119 km.

Actually during the initial return at the apogee the speed
of invasion to a height of 35 km will amount tos
r 19134

'35& = 'wa "":' = 3237 6413 = 9659 kn/s
and thus will be greater by 1684 m/s than Bufff-CeRE 8figinaL
braking at the perigee, This does not have K however, any greater
signifiecance, since after invasion into the atmosphere further
braking happens without consumption of propulsive materials, amd
only due to the resistance of this atmosphere. Lven however in
the case where tHfre werent any of it and further brmaking of
the fall from a height of 35 km onto the surface of the planet
would have to happen in the presence of use of the rocket motog

the total consumption of propulsive materials during the return
frou the apogee would be less than from the perigee.

VHE PARADOAES OF WHi PunlHeilUM anD aPHwLiui

The aerodynamic phenomena appearing at the perigee and apo--
gee exist nov only in relation to the earth, but appear in thy¥
case of every other heavenly body that constitutes the centrel
body of a dynamic system, Especially interesting such phenomena
exist in the solar system, when the sun appears in the role of
the central body of the system, and the cosmic object finds it~
self under the action of the gravitational fields of the earth
and the sun, 4 situation of this type taikkes place in the case
of the determination of the speed c¢f an object which is about
to abhandon the solar system for ever,
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Lhe eceentricity of the elliptic orbit of the earth around
the sunks the reason for the nomeuniform speed of its circling
motiom. in January our planet passes thru the polnt of its orbil
closest to the sun==the perihelion. Then, however, the speed of
motion of our “Mlobe is least. Correspondingly, in July this specd
is greatest/since then the earth passes the point of its orbit

%

most distant from the sune=its aphelion.

SRR

iy

lion gmounts tod

_— e
wp = ¥ ¥ o

where wp is the average speed of motion of the earth along its
orbit around the sun?, equal to 29,766 km/s, where e = 0.01687
constitutes the eccentricity of this orbit. If we substitute

the siven values into the expression, there is obtained %he vallsg
of the gradual speed of motion of the earth at the-yerihelidﬁ»
W, = 30,268 km/s. At the aphelion, moreover, the speed of this

;

1 !

y Ihe speed of the gradual motion of the earth at the perihe-
{

]

i

i
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motior amounts tod

wo=wl 2 = 290272 k/s
a 1* e 3
An object sent out from the earth which is about to leave g

the solar system for ever, must have an absolute minhmum speed
of L42.451 km/s. This does not meag,howeve:,completely that the
rocket motor must add this whole speed to the object. Lhe take-— 3
off, however, is about to happen from the earth==a body which is |
circling the sun and which has alone already a definite precise :
speed of gradual motion with respect to the central star of thE& é
system, ‘ne cosmic object must then attain only an additional ;
speed that constitutes the difference between the nminimum speed

11
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of flight frou the solar system, and the speed of circling of
the earth around the sun. 4t the periheli®h this difference
amounts tod L2451 = 30,268 = 12,183 km/s. Since, however, at the
aphelion the speed of gradual motion of the earth amounts cnly
to 29.272 km/s, the comsumption of propulsive materialgin the
case of the sending out of an object beyond the solar system
from the periheliﬁ% of the orbit of our planet is less, in spit¥
of the more powerful action of the force of gravity of the sun.

4n analogous situation appears when there is taken into con=
sideration here also the gravitational attraction of the earth,
The speed of flight from the earth into infinity ©’ the so=cale
led "third cosmic velocity", which the object must attain that
takes off frous the surface of our planet, amounts to, at the af-
helion ==at the beginning of July== to 16,758 km/s, at the peri-
helion -=at the beginning of January-- to 16.541 km/s. <1he thirp
cosmi¢ speed inereases, considering this, in the first half yeak
gradually by 215 m/s, only to decrease to its original value in
the course of the next half year,

If it is desired that an object taking off from the earth
should reacn the sun by a simple path, one needs to add to it
a specific substantial velocity (syeed) which let us designate
« In a flight of this type
the object must not only overcome the force of the earth's gra-
vity, but also be additionally so accelerated that the componenT
of its velocity added to it by the circling motion of the earth

here as the "solar cosmic speed" >

undergoes neutralization. Since the component there, as already
specified, is greater at the perihelium than at the aphelium,
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also for these two points one obtains different magnitudes for.
the solar cosmic speed. 1t one takes into consideration the for.
ce of gravity of the earth, then at the -perihelion this speed
amounts to %2.270 km/s and at the aphelion, moreover, it is less
by 04932 km/s.

Thuslless energy needs to be consumed in order to throw an
object out onto the sun, when the eartn is most distant from thg
sun, than when it is at the least distance from it. Yhe solar
cosmic speed decreases in the course of the first half year, thi
third cosmic speed, however, increases. in the second half year
the situation is reversed.

the instances of paradoxes of the perehelion and the aphew
lion show that the third and solar cosmic speeds to some extent
depend on the season. In every day life the chances of the sea—
sons are noted in the changes of weather and vegetation, in
astronautics==«in changes in the orbital speed zand distance of
the sun from the earth,

lhe magnitudes of the third and solar coswie speeds for

other planets of the solar system also change with their circling
around the central star of the system, and thus in the course

of the elapse of their planetary year. For some of these planets
the anual variations of the corresponding speeds are small, for
others, for instance for ﬂercury;-considerable. On precisely tals
planet the third cosmic speec changes in the course of
the Mercury half-year, that lastc 44 earth \24 hour) days, frow

15




2%,2 km/s to barely 17.5 xm/s, while in this same time the solak
cosmic speed inereases from 8.1 km/s up to 59.1 km/s.

Thus at last we can draw a paradoxical final conclusion,
that one can more easily penetrate onto a heavenly body from
the apocentrum of the circulating orbit surrounding it,

and thus from the most distant point from it, than from the clo~.

sest point =-the pericentrum. Moreover, from the point of the
earth's orbit closest to the sun==the periheliei, where the fore
ce of gravitatioal attraction of this star is greatest one can
more easily extriecate himself beyond the solar syatem than from
the apheligﬁﬁat which the earth is most distant from it,
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NULLd BY LHE abiTOnldl STALF

1. in practice,invasion into the atmosphere follows at mo-

re or less around 120 km, and the maximum braking happens on thg
section of the path within distances of around 30-90 km from thg
surface of the earth, in the article we are concerned, however,

not about details of the course of the operation of the corres-
ponding changes of the orbit and its factual course, but about

the more general problem of certain paradoxes of astrodynamies.
During practical realization of the return,it often is importanT,
however, that the invasion into the atmosphere should occur with

the very least speed, especially in tne casec of flights with ecrews.

2e dere we are concerned with a tlight within the limits

of the galaxy, to which the sun belongs. in order to abandon thi

galaxy, one needs during the takeoff from the earth, to add to

the object a greater speed,called the "fourth cosmic speed" The

absolute value of this speed (velocity/ amounts to 550 kn/s.
fiploiting}howeveg,the speed of the motion of the sun with res~ :
pect to the center of mess of the galaxy, it is sufficient ]
zrxxx that the object attain at the takeoff from the earth a 3
speed of only around 130 km/s.

S The author gives this speed the namei "fourth cosmic
speed’ In order not to confuse it with the speed mentionned in
note #2 that is indispensible for leaving the galaxy, we have

accepted here the term "solar coswic speed'.
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(diagram calloutsl){pg #5)
la paradox of the perigee; 1b parado% of the apogee,=-retult
froi: the perigee 1 ¢ paradox of the apogee return from the
apogee 1=- earth 2= equatorial radius of the earth rg = 6378k
Zw- orbit of the satellite 4= apogee ha = 12756 km é=large
semi=axisof the elliptic orbit a=12915 km, 7= small azis of the
elliptic orbit 2b = 22640 km 8= speed of the satellite at the
apogee V.= 3289 n/s g=- second cosmic speed at the apogee
Vua
fi~parabolic orbit ((of flight/ at the apogee 12= speed of the
satellite at the perigee v, = 9397 m/s 1%~ the second cosnmic
speed at the perigee Vup = 10918 n/s 14=- speed of departure
at the perigee Vv, = 1522 m/s 15~ parabolic orbit ((of £1ign)
at the perigee 16~ conditioned height of the perigee 35 km
17= exit speed from an orbit around the earth at the perigee
Yop = 7637 m/s 18- retrograde speed at the perigee added by
the object's rocket motor 1760 m/s 19= speed of invasion int
the dense layers of the atmosphere during return from the perig
gee  Vyg, = 7975m/s  20= half elliptic orbit during retxzun
fro. the perigee 21= half elliptic orbit during return from
the apogee 22~ exit speed from an orbit around the earth at
the apogee B 3237 m/s 23 retrograde speed at the apogee
added by the object's rocket motor 52 m/s 24~ speed of invasiti
into the dense layers of the atmosphere during return from the

apogee Vg, = 9659 m/s

FTD-ID(RS)I-0L69-TT

17

= 6460 m/s 10- speed of departure at the apogee voa=3171 m/s
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2. a. Paradoks aphelium,

. Paradoks peryhelium .

1 — Slofice, 2 — orbita Ziemi, 3 — Ziemia w pery-
helium, 4 — Ziemia w aphelium, 5 — odleglodé Ziemi
od Stofica w peryhelium 147 min km, 6 — odlegtosé Zie-
mi od Slofica w aphelium 152 min km, 7 — predkoiéd
postepowa Ziemi w peryhelium wp=30,268 km/s, 8 —
predkolé postepowa Ziemi w ophelium we=29,272 km/s,
9 — predkosé paraboliczna (ucieczki) wzgledem Siofica

" w peryhelium 42451 km/s, 10 — predkoi¢ paraboliczna

(ucieczki) wzgledem Slofica w aphelium 41,747 km/s,
11 — réinica miedzy predkofciq paraboliczng (ucteczki)

6
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9.4

a predkolciq postepowg w peryhelium 12,183 km/s, 12 —
réinica miedzy predkodcig paraboliczng (ucieczki) a pred-
kofeiq postepowq w aphelium 12,475 km/s, 13 — trzecia

‘predkosé kosmiczna w peryhelium 16541 km/s, 14 —

trzecin predko$é kosmiczna w aphelium 16,758 km/s,
15 — orbita paraboliczna odloty poza Uklad Sloneciny
z peryhelium, 16 — orbita paraboliczna odlotu pozs
Uklad Sloneczny z aphelium, 17 — sloneczng predkobé
kosmiczna w peryhelium 32270 km/s, 18 — sioneczna
predkos$é kosmiczna w aphelium 31,388 km/s, 19 — prosty
tor ku Stofcu z peryhelium, 20 — prosty tor ku Slofheu
z aphelium.
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(diagram callouts P& #6)
2a = paradox of the apheliunm

1w Lhe sun 2= orbit of the earth
L= the earth at the apheliun 5= distance of

he sun at the perihelium 147 wln km 6= dist
tance of the earth fron the sun at the aphelium 152 mln km

7= gradual speed of the earth at the periheliun wp = 504268 lan fe,
he aphelium W, = 29,272 Bl

2b= paradox of the periheliun
%= the earth at the perih

nelium (helion)
the earth from t

§=. gradual speed of the earth at t
g= parabolic speed (vel)ifof flight) with respect to the sun at
the perihelium 424431 xn/s  10= parabolic speedupfflighﬁ)
with respect to the sun at the aphelium L1.747 xn/s

11= difference between the parabeglic speed ((of flight) and
the gradual speed (of the earth/ at the periheliunm 12,183 ku/s
12= difference between the parabolic speedfof flight) and the
gradual speed at the aphelium 124475 kn/s 1%= third cosmic
speed at the perihelium 160541 kn/s 14= third cosmic speed
at the pahelium 16.758 /s 15~ parabolic object of departure

r System from the periheliun 16=- parabolic or

e beyond the Solar system from the aphelium

beyond the Sola

bit of departur
17~ solar cosmic speed at the perihelium 324270 kn/ s

18~ solar cosmic speed at the aphelium 31,398 km/s
19~ simple path towards the sun from the periheliun
20=- simple path towards the sun fronm the aphelium 3

FTD-ID(RS ) I-0469-TT

19




UNC

SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered) % : : .
REPORT DOCUMENTATION PAGE BEF‘gigDC‘gg;gggggN:m
T, REPORT NUMBER 2. OOVT ACCESSION NOJ 3. RECIPIENT'S CATALDG NUMBER
- PTD-ID(RS)I-0469-~77
8. TITLE (and Subtitle) 5. TYPEOF REFORT & PERIDD COVERED
PARADOXES OF COSMIC FLIGHTS Translation
6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s) 3. CONTRACT OR GRANT NUMBER(®)

A. Szternfeld

9. PERFORMING ORGANIZATION NAME AND ADDRESS
Forelgn Technology Division
Air PForce Systems Command
U. S. Air Force

12, REPORT DATE

11, CONTROLLING OFFI|CE NAME AND ADORESS
1976, May

13. NUMBER OF PAGES

19

15, SECURITY CLASS, (of thie report)

13. PROGRAM ELEMENT, PROJECT, TASK
AREA UNIT NUMBERS

IT8 T MORITORING AGENCY NAME & ADDRESS(/f different from Controlling Otfice)

UNCLASSIFIED

T8a, OECLASSIFICATION/ DOWNGRADING
SCHEDULE

[t e o —— T e SR A A
16. DISTRIBUTION STATEMENT (of thie Report)

Approved for public release; distributlion unlimited.

17. DISTRIBUTION STATEMENT (of the abetract entered In Block 20, If different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on teveree eide 1f necessary and ldentlfy by block number)

LG R TR T T

;|

;
i
i
2

20. ABSTRACT (Continue on reveree slde If neceseary and ldentify by block numbes)

22

3
=

DD, on's 1473  eoirion oF 1 nov 68 18 oBsOLETE UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (ﬁun Data Entered)




e e

““54»'35&2'?*"*}’-ﬂ‘:ﬁh"mx‘fwtaﬂlmﬂ ;».;u AR S

ORGANIZATION
£ A205 DMATC
¢ A210 DMAAC
£ B3ik DIA/RDS-3C
¢ Cok3 USAMIIA
e €509 BALLISTIC RES LABS

€510 AIR MOBILITY R&D
LAB/FI0

€513 PICATINNY ARSENAL

€535 AVIATION SYS COMD

€557 USAIIC
€591 FSTC
€619 MIA REDSTONE
2 D008 NISC
B H300 USAICE (USAREUR)
- : POO5 ERDA

P055 CIA/CRS/ADD/SD
NAVORDSTA (50L)
NAVWPNSCEN (Code 121)
NASA/KST

5Ll IES/RDPO

AFIT/LD

S S R

. ETD-ID(RS)I-0469-77

DISTRIBUTION LIST

MICROFICHE

Mo

O S T Sl o

DISTRIBUTION DIRECT TO RECIPIENT

ORGANIZATION
E053 AF/INAKA
EOl7 AF/ RDXTR-W
E404 AEDC
E408 AFWL
E410 ADIC
E413 ESD
FTD
CCN
ETID
NIA/PHS
NICD
; .ﬂécea/zw;

MICROFICHE

e

W

[ by

\
1




