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A SCIENTIFIC SATELLITE PROGRAM

This is a proposal for an earth satellite program. It proposes
(1) a useful purpose for the satellite, (2) a method of achieving that
purpose, and (3) an organization capable of implementing the method.
Purpose

The moat useful function that can be served by the first artifieial
satellite lies in the field of geodesy. The United States has been and
is now expending considerable effort end funde to refine geodetic
neasurements, One of the moast difficult geodetic tasks involves tying
togother ths various continental grida and locating the many islands
vith respect teo theme grids. Whereas it is possidble to map entire
continents by well-kmown methods of triangulation, the technigue fails
vhen it must bs extended across large bndiss of water. A4s a resuly,
geodesists have turned to other methods which are, in gsmeral, besed on
the use of the only presently available sateliite, the moon, as a
measuring vehicle. Both the Army Map Sexrvice and the Naval Observatory
are active in the use of the moon as a refersnce body for geodetic and tinme
neasurenents,

An artificial satellite, which would be small in size and mass, and
8t a short distancs from the earth, would bave numerous adventeges over
the moon (mes Appemdix A). The acourscy of measwrsmsnt of geodetic constemts
could be improved about 10 times. Equally important - the emall satellite
technique would yield & large volume of gsodetic data im a relatively short
time. Improved geodetic data is required to provide meps of sufficient
accuracy for locating potential military tergets end loran navigation
stations, |
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In order for a satellite to have geodstic use, it must be
trackable with a high degree of prseision. Although even a fou
accurately timed transits of the satellite will yisld some data, the
real geodetic meat will bae derived from a large number of observations.
Opticel obgervation is recormended, but it has certain limitations.
First, the orbiting objeet will be visible only for brief periods -
&t davn or sunset, and when seelng conditions are good. Seecond, it
will be exceedingly difficult to acquire the satellite in an optical
instrument of sufficient power (smd hence restricted field of view)
uniess there ls previous precise knowvledge of where the satellite will
be, Indeed, it 1z readily conceivable that an object could be placed
in sn orblt and never obserwd, if only optieal methods wore used,

It appesrs highly dasirable, therefore, to have some other mathod
of observation. Such a method hes been proposed by the Naval Research
Ioboratory (Appemdix B). It depends upon redio interfercmetiry and involves
caryying a small trangunitier in the satellite., The I.aborat.orj;hns proven thig
technique experimentelly im its balliatic miseile research. It will provide
precise observatlon of the satellite once every orbit at every statiom,
day or night, falir weather or foul. The period of radio observation
depends upon ths lifetime of the transmitter (assuming = long-lived satellite)
and could be weeks or months, if sufficient payload cen be placed in the
orblt., For @ 10 1b payloed the tranawmitter lifotimes ia ebout 5 weeke (using
presemtly available equipment). A payload of 40 lbs would permit 4 months

of aeperation. The greal edventages of the redio tracker are (1) that
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acquieition of the satellite is practically certain and (2) that the
mmber of observations possible is an order of magnitude greater than
for any optical tracker,

In view of the facts cited above, it is felt that the minimum
payload the first satellite should earry is 1Q pounds. It would be highly
dssirable to choose a satellite system which can place as much as 40 pounds
into a stable orbit. 7This would permit redio tracking forl long periods of
time or alternatively, use of the satellite for geophysical measurements,
i.e,, the particle and lonic composition of inter-planetsry space. The
creation of an instrumented satellits has bsen recommended by the
Bational Committee for the International Geophysical Year.

In seleocting a wehicle to place ths payload into an orbit; it is
important to anclyze the flight path end detsrmine what factors are mast
critical, with & view toward allevialing any factor that requires & high
degree of precision. It is generally agreed that the most critical factor
in producing an orbit is the angular precision required in projecting the
£inal stage. The required anguler precision varies inversely with the
altitude of projection. For instance, at 200 miles the tolerance 1s a
fraction of a degrese, and & very precise and compliceted orienting mechaniem
ia required., Above 300 miles the tolerance is several degrees permitting
use of simple and more reliable orisnting equipment. If the same equipment
js used in both cases, the ehance of obtalming an orbit is much greater at
the higher altituvde (Appondix D).

Thia proposal recommends use of & vohicle comprising the M~10 Viking

and two z01id propsllent stages. (See Appeundix C), This combinetion can
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cexry peyloeds ranging from 10 to 40 pounds into an orbit around the earth.
For the lower payload the perigee is 334 miles, thus permitiing a
considerable tolerance on the angle of projection. The 40 pound pa&load
would have a 223 mile perigee and hence would require'more precise orientation
equipment. Although a 10-1b satellite is considered sufficient initially for
goeodetic work, the particular vehicle was chosen with a regard to its growth
potential - its ability to satisfy the Imternational Geophysical Year _
requirenent for an instrumonted satellite inm 1958,

The M-10 is & modification of the existing Viking which has exceeded
100 miles altitude in six £1ights and presently holde the eltitude record
for single atage rockets, Viking /4 was launched from a Naval vessel
&t sea to a record altitude for ship launched rockets. Viking offers
the capability, which may have logistic advantages, of launching the
gatellite from a ship. _

The M-10 modification has bean studied for two yeara. Deotailed design
drawings have been prepared. No major functional change to the presant
Viking is envisloned.

The M-10 Viking has & 4~foot diametsr, a longth of 40 feot and a dry
weight of 2250 pounds, It is readily tramsportable by motor vehicle,
rail or air. I¢ is actually the smallest available vehicle that could
serve es & satellite first stage and, ae such, will require a minimum
of logistic support. |

The aolid propellant stages were designed by a reliable contracior teo
the Navy. The design has been checked by the laboratory ard is considered
to be sufficiently congervative. There are meny adventages, in addition teo
the apparent one of increased reliabilily, in using two rockets zs opposed

to & large number of small rockets in clusters,
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The method proposed here would employ manpover and facllities
not presently vsed in any operational military project,

In addition to providing payload flexibility, the proposed vehicle
is capabls of producing a variety of orbits. The equatorial orbit or
one somewhat inelined (30° or less) to the sguator is preferred (see
Appendix D). But the vehicle is capable of producing a polar orbit
(vith a 10 1b payload), one that would traverse erery location on the
sarth, |
Iime Scala snd Cost

It ie proposed to construct tem M-10 Vikings and a sufficient number
of so0lid propellant stages for groumd test end satellite use, Of the
M-10's, three would bs devoted to tests of the M-10 itself, leaving ths
remaining seven for satellite use.

On ths basis of experience in Viking production, the first M-10 cam
be delivered in eighteen months, Succeeding M-10 vehicla can b:e delivered
at a rate of one every six wesks. The pericd bstween 18 and 2A months
would te devoted to firings of the M-10 alone, either at White Sanda Proving
Ground or the Alr Force Misailo Teast Center. |

The firat satellite can be launched two ysars from the ataﬂ; of the
program; the remaining satellite vehicles within the third year,

The lead time of two years prior to launching the first satellite
provides suff‘:ic:lént time for production end test of the 20lid stages and
assambly of radic end optical tracking equipment. logistle plamning would
atert at the outset of the program; logistie preparations ahould be
completed during the sscond yesr, The proposed time scale is summarized
in Figure 1.



TIME _SCALE FOR SATELITE PROGRAM

Ist Year 2nd Year 3rd Year

M-10 Production 77777777 77777777 7]

M-10 Pre-Satellite Tests [ZZZ

Solid Propellant Rocket Production /S L L L L

Solid Propellant Rocket Tests LS L L L
Instrumentation Production LSS LS

Instrumentation Tests L L L L

Logistic Planning LS L

Logistic Preparations V/ /L /L L

Satellite Launchings ¥ £ S L

FIGURE - |




At this time, the cozt csm only be beoken dowm into major categories.
Tho coste are Lased on Comtractor's egtimates and on experience in building

instrumentation. The estimated costs, exeluding logistic support, are:

Vehicle proguetion $5, 000,000
Instrimentstion 1,500,000
Contractor supplied fisld
eguipment end servicee 31,000,000
TOTAL $7, 500, 000

Orgenization

The creation of sven a =mmell satellite is & project of sufficlent
wegnitude to require an organisation of broad scientific talent., Even
the preparation of this repovrt reguired advice from experts in meterlals,
optics, electronics, asironomy, geophysics and geodeticg, Although a
specific approach has besu prescated here, it 1z not the only one thatb
could be followad. Hence, in this section, it is proposed, at first, to
take & breoad visw end to recompend several sgenciep ag examples of those
who might gqualify for specific tesks,

l. Mansgement snd logletic Suoport -~ AJl three services qualify,

e

and it is 1likely that the combined efforts of at least twe will be required.
2, System Contracztor « & project of this typs will require a

continuing system anmalyeis. Agencies suggested for this work ars those

which have brosd seisntific telent and, in addition, heve handled at least

vne large vocket veblole preject. The Bell Tslephone leaboratories, the

Jat Propulsion Laboratory and the Naval Regesreh leboratory exe in thie

category; Bell has had aystem responsibility for Nike, JFL for Corporal

and NRL for Viking.,

3. Goodetic Measmrsmenis - Four sgencies are lnown to have experlencs

in this fislds the Aray ¥ep Sevvics, the Cosst and Gecdetlc Survey, the
Haval Hydrogrephle OFfice, and ihe Yavel Observatory. The gecdetle informetdon
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in this report was prepared in cooperation with the Army Mep Servics.

4. Yehicle Contrsetors — Mo attempt ie made to list the varlous

contractors who have experience ip rocket propulsion and airframe design.
A glzeable mumber of industrial companies would qualify.

5. Ingtrumentation - The agsncy chosen for gecdetic measurements would
be the logical one to provide optical instrumentetion. The radio system
deseribsd in this report was designed by NRL. Other egencies known to have
developed radie interferometer systems for missile tracking are the
Convelr Division of General Dynamics Corporation and the General Eleetric
Compeny. With regard to geophysical measurements, the advice of the IGY
conmittee could be sought. Ths Havel Hegearch laboratory has meny years
of ezperience in this fisld.

An organization capable of implemsnting the specific satellite
proposed in this report la:

1, Management and logistic support - Tri-gervice

2. System contractor - Navel Resesmrch Laboratory

3. Geodetic maaauramentg - Army Map Service

4. Vehicle contractors -~ The Glemn L. Maxtin Compeny
#tlantic Research Corporation

5. Radic tracking - Heval Ressarch laboratory

6. Geophysical measurements - ieval Resesrch Laboratory
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