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ADVANCED RESEARCH PROJEGTS AGENCY

WASHINGTON 25, D. C.

25 January 1960

Ir'LEMORANDUM FOR THE SECRETARY O¡'DEFENSE

SUBJECT: Progress Report on Milítary Space Projects for Ouarter
Ended December 31, 19 59

This transrnits the Military SPace Projects Report for tåe quartet
ended Decernber 3I, 19 59,

During the past quaïteï, decisions were made to transfer a nurnber
of military space projects frorn the rnanagernent cognízance of the
Advanced Research Projects Agency. As a result of these transfers,
it has been deterrnined that futr-rr e quarterly reports on rnilitary space
projects will be prepared by the Office of the Director of Defense

iesearch and Engineering. ARPA and the rnilitary services will furnish
necessary data to ODDR&E on sPace projects under theír cognizance'

Highlights of rnajor events occÌrrring during the quarter are covered
briefly in the attached draft of your letter which will transrnit the report
to the President"

-

I Inclo sure:
Quarterly Report on
Military Space Projects

r+æA, W" Betts ,6f,.Ð\.
Brig. General, USA /È âDirector \___J
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THE SEGRETARY OF DEFENSE

WASHINGTON

January 26, 1960

Dear Mr. Pr es ident:

I a¡n forwardíng herewith the Military Space Projects RePort
for the quarter ended Decernber 31, 1959.

The DISCOVERER VII was launched succes sfully into orbit
frorn the Pacific Missile Range on Novernber 7 , L9 59, Due to a power
failur e, the vehicle turnbled, thus making it irnpossible to eject the
recovery capsule. DISCOVERER VIII, launched on Novernber ZO' 1959'
also achieved orbit, Because the orbital period \Ã¡as greater than planned,
the recovery capsule was ejected on the fifteenth pass, Aircraft and a
surface ship tracked the capsule bearn after ejectíon, but the signal was
Iost after a short tirne and no contact was rnade' The next DISCOVERER
Iaunch is scheduled for January 29, 1960' following extensive rnodifi -
cations airned at coirectíng earlier problerns.

The second navigation satellite, TRANSIT' is scheduled to be
launched in April 1960 frorn the Atlantic Missile Range.

In the SATURN Project (clustered booster), configuration of
the upper stages has been approwed and it has been deterrnined that all
upper Êtages will be fuel.ed with hydrogen-oxygen propellants ' Testing
of all H-1 engines has been successfully cornpleted, and the fu1l eight-
engine captive test firing is scheduled for April. 1960.

With great respect, I arn

Faithfully your s,

/ s / Jarnes H. Douglas
DePutY

Inclosur e:

Military Space Pr oj ect s Report

The Pr esident

The \,V hite Hous e

!
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PROGÈESS HIGHLIGHTS

During the Quarter Ended December 3I, 1959

On Novernber 7, 1959, DISCOVERER VII was successlully launched
into orbit frorn the Pacific Missile Ran.ge. Due to a cycle power failure,
the stabilization systern becarne inoperative and the vehicle turnbled. It
was irnpo s sible, therefore, to initiate the sequence to eiect the recovery
capsule, DISCOVERER VIII, launched on Novernber 20, also achieved
orbit. The orbital period" however, was greater than pLanned and the
recovery capsule was ejected on the fiftee nth pass. Nine aircraft and a
su¡face ship tracked the capsule beacon after ejection, but the signal was
lost after a short tirne and n.o further contãct was rnade.

In the SAMOS (reconnaissance satellite) Proiect, rnodification and
checkout of t}le AGENA second stagc ha,6 been cornpleted. This vehicle will
be used, iogether with a.n ATLAS booster, for the first SAMOS launch, now
scheduled for Ju¡re 19 60,

The MIDAS (Missile Defense Ala rrn Systern) Project flight schedule
hâs been revised to attain higher altitude flights earlier in the developrnent
prÕgïaÍl, Flight 3 is now scheduled to be launched into a 2,000-rnile polar
orbit.

The second TRANSIT vehicle (navigation satellite) is scheduled to be

launched in April 1960 frorn the Atlantic Mlssile Range.

The comrnu¡rications satellite project (NOTUS) is undergoing
re- evaluation with a vie,w toward the possible elirnination of one or rnore
interrnediate hardware'siag€s originally planned i¡r the developrnent of the
Z{-howr satellite - DECREE"

the satellite detection systern, under Project SHEPHERD, conti¡ues
to track satellites in space. DISCOVERER VII carne down on Novernber 26,
and DISCOVERER VIII is still in orbit. A decision h¿s been made to phase
out of the tracking netwo rk the doppler systern cornplex, known as DOPLOC.

In the SATURN Project (1.5 rnillion pound cluster engine), configuration
of upper stages has been approved. It has also been decided that all upper
stages will be fueled with hydrogen-oxygen propelLants"." Testing of all H-I
engines has been successfully cornpleted, and the full eight-engine captive
test firing is now scheduled for April 1960.
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During the qr:arter, decisions were made to transfer rnil itary sPace 

I
projects frorn the management control of the Advanced Research Projects 

I

Agency. Projects DISCOVERER, MIDAS and SAMOS have been transferred 
¡

to th€ Departrnent of the Air Force, The SATURN project is being trans- /

ferred to the National Aeronautics and Space Ad.ministration. Future t 
!

reassignrnents to tì.e rnilitary services will be made on the TRANSIT i-*a I
NOTUSJ and SHE PHERD Projects and portions of the LONGSIGHT Project. i
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SE-CREtr*
TOPICAL SUMMARY

DISCOVERER PROJECT

(COMPONENT TESTING SATELLITE)

Project Objectives -
Developrne nt and te st-
ing of cornponents for
Military Space
Technology Prograrn.

DISCOVERERS VII
and VIII launched into
orbit succe s sfu1ly,

Payload re covery
efforts unsucce s sful.

INTRODUCTION

The objective of the DISCOVERER Satellite
Prograrn are to conduct research and d.eveloprnent
on cofiiponents, equíprne nt, irì.strumentation, pro-
pulsion, data processing, c ornrnunications and
operating techniques all dealing with rnilitary
space technology. I'

The DISCOVERER project is characterizedby an
open-end series of space flights to be utilized
testing classified equiprnents withitr the space
environrnent, AII of the earLier flights pLanned
for this project will utilize tÏe THOR-IRBM
Booster and the AG'ENA second stage.

DÏSCOVERER FLIGHTS

DISCOVERERS VII and VIII

During the quarter DISCOVERERS VII and VIII
were launched and placed into orbit. DISCOVERER
VII was lar:¡¿ched on November 7 (see Figure l)
and DISCOVERER VIII was launched on Novernber 2Q
both frorn the PaciJic Missile Range. Lift off and
first stage trajectory were norrnal and accurate in
both flights and orbital status was achieved, al-
though the DtrSCOVERER VIII apogee was rnuch
higher than plarrrred. These flights represent the i::_
fifth and 6ixth AGENA vehicles to be successfully l¡.,
injected into orbit since February 1959,

Although both flights attained orbit successfully,
neithe r of the payload. recovery atternpts was
achiewed, Initial- telernetry received on the first
pass of DISCOVERER VII indicated t'nat. a 4OO

cycle power failure had occurred. As a result,
the stabilization systern was inoperative and the
vehicle was turnbling. AIso it was irnpossible to

se@{R181P""-
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Launch of DISCOI¡ERER
lJ( set fo¡ late JanuarY"

Final .A.GENA rrAtr

vehicle in rnodification"

Firet ,{GENA trB

vehicle ready for
checkout.

siÆ.GiRÆ-æ*

irnproperly oríented at the tirne of, capsule
ej ecÈion

prsçovE4EL ry

Launch of DISCOVERER IX is scheduled ten-
iatively in late January. The exact flight
date depende upon cornptreti on qf varioue
ptra.nned- rnodjJicaÈíons and delivery of the
payload to Vândenbe rg AFB.

s:r'ATUS Or. AGENA VE4lqI-,E

initiate the ejection aequence' Subsequent

investig,atioÊs i-ndicate lt'¿:t tlne power failure
was probabtry causeil by the load lirnite r'
BecJuse of ihe greater than planned orbital
period, the DLSCOVERER VIII capsule waÈ

e¡ected on the fiJteenth pas.s' Nine O-119
aircraft atrd a sur{ace ship tracked the cap-
Eule beaco:1 after ejeetion, but the sígnal was
i-ost after a short tirne a¡rd no further contact
was mad.e. Subsequent an-alysis indicated that
the veirictre guidanc e sycterrr ilhurltingrr for a
stable attitude at ttre greateÏ than planned'

apegee resu-nted in prernature exhaustion of
contïol gas" The vehieie, therefore, was

The last three AGENA r!4" veh.{cles fo¡ the
i.nitial DÎSCOVERER flåght design prograrn
underwent hoi fÍLrilg at Santa Gruz Teet Base

(SCTB). Two of theõe lÃ¡eïe accepted by the

Ai.r tr'o:ce on Novernber 1? and are now at

Vandenberg AFB.

The first AGENA' rrBtr vehicle in the follow-on
progxafir wae esEenti.afLy ready for rnodification
ãnd checkout at the alose of this ÏePorting
period. This vek¡-tctre has an engine re start
capab:if.ity and i.nc}ud e s inie gral p ropellant
tanks of doubtre the AGENA I'A'r aaPacity to
perrnit extended engine burrring tirne'

.s"ts@R"ÞT
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Bionedical caPsule
therrr¡al tests
conducted.

Live specirnen testing
to be resurned in
Jadruary.

First inc rernent of
Test Oenter corn-
pleted.

sE.GR#T-
BIOMEDIC.AL PROGRAM

Thersral tçsting of a special biornedical capsule,
inst rumented to deterrnine the rrnal re Éistanc e s

thrþ ughorlt the capsule syÊtern, wae cofryúeted
on Novernbe¡ 25, 19:59, in the High Altitude
Ternperature Sirnulatol" T.he testF 

'vère 
coll-

ducted to deterrrrine the rrnal profile extrerneã
for the biornedical- capsule (prirnate passenger)
under antícipated orbital conditions. kritial
results indicate that sirnplification of the eyotern
rnay be feaçible" However, it appears that
additional $/ater evaPorator capacity rnay be
required. to satisfy extrerne heat flux conditions.

Bio:nedical testing with a live prirnate ia oçected
to be resurned in Ja-nuary, foll'owirrg capsule
rnodiJicati.ons now being rnade. MqdiJications
include correction of an aif conditioning defic-
íency which caused the abort of the last test
with a live specirnen.

¡.AGILIT]ES

I¡rc rernent one of the Satellite Test Center
(forrne rly Developrrent Control Genter)
Sunny¡¡ale, California, waÊ cornPleted and
accepted Jrorn the constructipn agenc)¡ during
Decernber. Irrc rernent two ip scheduled fo¡
cornpletion in June 1960.

SÆ-@RE-TT
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S.{MOS PROJECT

(REþ ONNAISS,{NC E SAT ELLIT E)

SAMOS to provide
both {is ual (Photo-
grapbic) and I'erret
(Electrotnagnetic )

Data.

Acquisition of data
by capsule recoveryo

AG-ENA vehicle fo¡
first SAMOS flight
neats cornpletion.

I'irst payload (E-l)
operated successfully
under orbit
conditions.

INTRODUõTION

The objective of the S,{MOS project is the
developrnent of a reco¡naissance syÉtern utzlizing
polar orbi.tíng satellites to collect and procçee
visual (photographic) data and ferret (electro-
rnagnetic) data" The SAMOS sys:tern is expected
to acqu-ire a great anaou.nt of technical intelligence
regardíng enerny rnilítary and induetrial etrength-

T\Ã¡o approaehes are being developed for acquiring
i.ntetrtrígence data; (I) the recoyery systern - for
visual- daüa - in which a capsule is ejected frorn
the saiellíte. and recovered, and (2) the electronic
data readout sysiern - fo¡ both visual and ferret -
in which data ia. trans¡ni.tted to grognd stationE"

GENEB4L

Stacking of the rnajor corrrponents of the .{GENA
second stage for ti:e first S¿'MOS flight vehicle,
shown in Figure 2, was cornpleted on Noyernber 6,

I959. Cornpletion of rnodification and checkout
is schedu-Ted for Jari.uary 1, 1960. Subass ernbly
of the seco:nd ,{GE:I\"{ vehicne is progressing
on schedule. The fi.rst SAMOS launch is now
scheduled for June 1960.

VISUÁI REC ONNAISSANCE SYSTEMS

Following eornprehensåve teeting, the first fLyable
(E-1) payload was operated successfully for 72

hours under sí¡nui.ated orbital conditíons" During
subsequent vaeuuzn tests, hQwever¡ irnproper
installation of a clarnping ring assernbly resulted
in the payload pressure ohell being darnaged
beyond repair. The paytroad has been diverted for
type test use on1y. W'ork on the secoûd deliverable
E*l Payload has been accelerated for use as the first
flight articte. Delivery is scheduled for January 15,

1960, to Lockheed.

wcßæ.Æ-*""
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E-l payload support
equipme nt in stal-lation
cornplete .

E-2 pa.yload pr ogr es s
on schedule.

Extensive deliverie s
of support e qui prne nt
made at Vandenberg
AFB.

Recoverable systern
pararnete rs being
established.

F-l payloads in
rnodification and
checkout area.

AtI E-I payload support equípment has been
i¡rstalled in the Sunnyvã.le checkout area, Pe¡sonnel
are being trained in operation and rnaintenance
of the equípment in advance of the January
delivery of the first flyable E-l payload.

Cornponent fabrication and subas sernbly of the
two flyable E-2 paylo.ads with rnore sophisticated
design are proceeding on schedule. Design studies
are being rnade to reduce weight and irnprove
perforrnance of subsequent payloads,

Two prirnary record fikn processors and
au:<iliary equiprne nt have been delivered to
Vandenberg AFB" Installation will be made in
the Missile Assernbly Building (for payload checkout)
beginning January 5, 1960: and at the tracking atd
data acquisition station (for orbital test operations)
beginning January IZ. Other iterns delivered to
Vandenberg Atr'B include payload handling equip-
rne nt, payload test support equiprnent, oscillograph
reco¡d carrÌera, and 3 5rnrn quality evaLuation
viewer.

Final design pararrretets are being established for
the E- 5 (recoverable photographic reconnaissance
systern). As presently planned, the E-5 payload
will use a rnirror systern to perrnit rnor:nting of
the panora.rnic carnera lens horizontally while in
orbit. The systern w ill use capsule recovery of
both the fikn and caÍrera. Recovery will be
initiated no late r th-a.n tåirty days aftet launch,
and the systern wiII include the capability for corn-
mand. recovery any day prior to the thirty day
lifetirne lirnit. Recovery will be effected il the
Hawaii area on a north-to-south pass, Launch
will be frorn the Pacífic Missile Range.

FERRET RE CONNATSSANCE SYSTEMS

The first two F-l payloads were delivered to
Lockheed on October 23, 1959, These units are
in the rnod.ification and che ckout center undergoing
fi:¡rctional testing and preparations for installation

,.SJE"ffi
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Training course s

corrrpleted.

Launch stands
near cornpletion.

in the vehicle. The third F-l payload is under-
going systerns testing and is scheduled for
delivery to the Lockheed MissiLe and Space Divisian
on January 29" L960.

Training colrrses on the characteristics and
operation of the F-l payload and gro und suPPort
equiptne nt were cornpleted for rnodification and.
checkout personrlel and for personnel who'¡¡ill be
as signed to Vandenberg AFB.

FACILITIES

Beneficial occuPancy ùaf,e fo¡ LaunÈh.Stãnd No. 1,

Point Arguello, California, except for the pro-
pellant loading syõtern, is Janr:ar y 1960. Final
cornpletion of Stand No. I is scheduled for March
and Stand No. 2 for Aptil.

Plans and specificatíons for the Technical Support
Bullding at Vandenberg AFB have been cornpleted.
Prelirninary concÊpt studie s for a Technical
Súpport Building at Point Arguello were cornpleted
on Decernber 14" 1959 .

SÆ€ffiT*
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FIGURE 2. Stacking of Majo¡ ConPonents Agena
Stage for Fi¡ st SAMOS I'light'
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MIDAS PROJECT

(VERY EARLY I,VARMNG SATELLITE)

INTRODUCTION

The MID,A.S project is.airned toward establish-
ing a reliable, operational satellite-borne
rnissile alarrn capabilíty in the 1962 tirne period.
The MIDAS project (Missile Defense Alarrn
Systern) will place a series of satellite s around
the earth in polar o'rbits. The se will carry
payloads consisting of inf¡ared detection scannels
capable of detecting ernanations frorn ballístic
rnissit.es being launched, as tlle rnissiles rise
above the atrno sphere.

CURRENT STATUS

GENERAL

The MIDAS flight schedule was revised early
in the quarter to x ealíze highe r altitude flights
earlier in the developrnent Prograrn. Comrnencing
with Flight 3, MIDAS satellites will be launched
ínto circular polar orbits of 2,000 nautical rnile s

altitude. The 1,000 nautical rnile orbit fli ght
has been elirninated" Flights I an;.d Z rernain
r:-rrcharrged at 2,6I natrtical rniles, with Flight I
scheduled in Febrr:ary. The slippage reflected
in this date was caused by del.ay in obtaíning
occupancy of an Atlantic Missile Range laurrch pad'

MIDAS COMPONENTS

The AGENA second stage vehicle for the first
MIDAS flight test vehicle was hot fired at Santa
Cruz Test Base (SCTB) on October 23, L959.
On Novernber 30' 1959, a successful full-duration
hot firing was conducted, lt is now being prepared
for launch at the Atlantic Missile Range' The
AGENA vehicle for the second flight is being
prqpared for acceptance hot firing at Santa ftKz.

SÆÆæffiry*
9

MID.A'S will provide
early warning of
balli stic rnissile
attack.

3'light schedule
revised to perrnit
earlie¡ attainrnent
of objectiwe s.

AGENA vehicle
being prepared at
,A,MR for first flight.

1..r
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Cornrnon design
possible for MIDAS
and SAMOS airfrarne s.

.{erojet -GeneraI
eqrriprne nt deliverie s

cornpleted.

Baird Scanner r¡¡rit
the rrnal te sts conducted'

Use of pyrote chnic
targets evah:ated"

Integration of MIDAS/
B MEWS fa cilitie s

considered.

Sumrna.ry of con-
struction progress for
MIDAS prograrn
facilitie s.

s$Æææ'æ*

Design studi"es conducted during the quarter
indicate tb.e feasibility of a comrnon MIDAS/
SAMOS airfr.arne design {frorn tÏe forward end
of the forward equiprnent rack aft) for flights
3 and subsequent. Eqrriprnent installations need
not be interchangeable.

On Decernber L4" 7959, the fourth and final unit
of the initial (Aerojet- Gene raL) scanner configu-
ration was delíve::ed to the Lockheed Missile and
Space Division following acceptance testing.
The second unit and the data linl< van are at the
Atlantic Missile Range. (An Aerojet-General.
infrared scanner is shown in Figure 3. )

High altitude Èernperatuïe sirnulation tests of
the the rrnornechanicaÌ rnodel of the Baird-Atornic
scanneï unit were conducted early in Decernber'

Detaited teÊt plans are being forrnufated for
using pyrotechnics on the ground for MIDAS
target. Minirnurn perrrrissible burÍúng tirne
would be 30 s.econds, assuring at least one 'rlookrl
by the orbiting MIDAS scanrÌer in the full scan
rnode.

FACILI'TIEI

A prelirninary deterrnination has been made that
Ballistic Missíte Early rrV'arning forward site
cornputer s were loo heavily loaded to perrnit the
processing ol raw MIDAS data; that MIDAS
could use BMEWS c ornrnunication s routes but
not necessaïily the s arne terrninal e quiprne nt;
and that mutual electronic interÉerence con-
siderations rnade it irnpractical for MIDAS and
BME\MS to share forward site buíldings.

i. Notth E4!!4çé!"49t 41""þ. Con-
struction of the various facilities is on schedule
with cornpletion planned on an incrernental basis
between .Iune and October 1960.

2. Nor tl: AtlanËic Station. Studie s are being
continued to locate a suitable site for this station'

s,ÆffiÆry%
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3. East Àtlantic Station. Action has been

initiated to obtain use of RAF Station Kirkbride
as the site of this station,.

4. New Boston Station. Final acceptance
io"p. 

"tião 
oTEfrã-To*.t *, Cornrnand Trans-

rnitter, and UHtr' Telernetry Receiver faci.Iitíe s

was accornplished in Novernber 1959. The
rernaining facilities are scheduLed for cornpletíon
incr erne ntatrly between February and Septernbe r
1960"

5, O!!g!q-4r Ig-" Ste49o. Plans and
specifications for the techrrical facilities for the
station are cornplete and ready for advertising.

ó. Srtullit* T."t C."t.
fortia. ln.crerneni one of this center (forrnerly
Developrnent Contïol Cerrter) was cornpleted and
accepted frorn the construction agency during
Decernber. trncrerÂent two is scheduled for corn-
pletion in June 1960"

7.spaqçq@
Processinq Facility, Offutt AFB (forrnerly
Te"è"lqolqp*tg!&tt" Co"t"of ""d P"o..
Cqnter. Desi-gn was initiated in. October 19 59-and
is scheduled to tre completed in March 1960.
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PROJECT TRANSIT

(NAViGATION SATELLITE)

Obj ective s

Analysis of data on
TRANSIT 1.A. disclose s
impo rtant objective s

achieved.

TR.dNSIT IB is
scheduled to be
launched in. AþriJ
!960,

INTRODUCTION

Objective of the Navigation Satellite Project
(TRANSIT) is to provide a global all-vreather
rneans of fixing precisely the position of rnobile
rnissile launching platforrns such as surface craft,
submarines and aircraft to an accuracy oÍ 0.2
nãuticaL rniles. l::

NAvl@

The TRANSIT 1A satellite was launched frorn the
Atlantic Mis sile Range on Septernbe r I7 , 1959 .

This satellite was the first in the planned series
of TRANSIT experirnents. AII cornponents of the
satellite operated satisfactorily during the lar¡nch-
ing and subsequent ballistic trajectory. In spite
of the faih:r e to place the satellite into orbit,
valuable data were obtained concerning the oper-
ation of satellite and. ground station equiprnent'
The se data provided the following useful inJo rrnatio n:

1. An accurate deterrnination of the satellite
trajectory by rneans of Doppler tracking.

2, A prelirninary appraisal of refraction
effe cts .

3. ,{ quantitative evaluation of the stability In*^

and. accuracy of the frequency generating and [.iî
rnea suring equiprnent.

4. A prelirninary evaluation óf TRANSIT
navigation capability.

FU!qB4_I1qI4!çFIEq

Two TRÂNSIT 1B satellites are being fabricated
and tested i:n preparation for the launching ín.
April 1960. TRANSIT 1B will transrnit on four
frequencies: 54, 162, 2!6, and 324 rnc " By

S"E"GR]E 1F."
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Launching s cheduled
for May 1960.

Light- we ight
TRANSIT satellite
being designed for
operational use.

Receíving Stations -
The Lasharn, England,
dtation is being fully
instrurnenfed.;..

SreR€T"
using a new cornrnand receiver switching circuit,
it will be possible to trãnsit four frequency data
for short periods of tirne eve-n after the energy
in the che rnical (silver-zinc) batteries has been
depleted, An assernbled TRANSIT IB €atellite
installed in its fl.ight shroud is shown in Figure 4.
TRANSIT type oscillator s will be installed on the
next three DISCOVERER satellites. This wi]l
provide an opportunity for.additional testing of
the TRAIISIT tr.acking system.

The TRANSIT 2A satellite, scheduLed to be
launched in May 1960, incorpor.ates several firnc -
tional and structriral changes. The 2A satellite
wilt depend entirely on solar power used in con-
junction with nickel- cadrniurn batter ie s to supply
10 watts of operating power. An electronic clock
running frorn the 3-rnc stable oscillator will be
used in the telerneter system and wiII aLso províde
a rÌeans for accurate tirne correlation between
ground stations. The to tal payload weight is 265
pounds including the GREB, pick-a-back, satellite,

Operational TRANSIT satellites and prototype
configurations irnrnediately pr e ceding thern will
weigh between 50 and 100 pounds. Current versions
of the NASA SCOUT vehicle appear to rneet the
basic requirernents for launching these satellites,
Use of SCOUT will substantially reduce the cost
of launching TRANSIT satellites. Several lar:nch*
inls are planned fo¡ Fiscal Year 1961 using this
vehicle with lighter and smaller TRANSIT satel-
lite s currently being designed.

TELEMETRY AND TRACKÏNG

At present the¡e.are five fully instrurnented gro und
stations. The sixth TRANSIT station at Lasharn,
England, wilt be completely equipped by June 1Ç60.
The Naval Ordnance Test Station (NOTS) at China
Lake, California, has started construction of
eight additional ground stations which the TRANSIT
satellite can use. These stations rePresent an
advarrce, in that in strurnentation designed specifi-
cal1y for the TRANSIT application wíll replace
general purpose cornmerical units, é"'tt%sE-@*R-E'r q.j
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PROJECT NOTUS

( COMMUNI CATION SATELLITES)

Satellite s to be used
for receiving and
retransrnitting rneÊ sage s '

Project being
re - evaluated,

couRttR -
Delayed Repeater.

STEER - Strategic
Pola r Cornrnunications
SateLllte .

TACKLE - Advanced
PoIar Cornmunications.

INTRODUCTION

The objective of the Cornrnunication SateUite
Project (NOTUS) is the developrnent of a
comrnunication systern, utilizing satellite s to
provide long range radio comrnunication lints.
The satellite comrnunication gystem is expected
to relieve tJ..e presently overcrowded trunfting
facilities and to irnprove reliability of global
cornrnunicatioq;

The Corn¡nunication Sateltite Prograrn is being
re - evaluated. Prograrn decisions reached will
be included ín the next report.

DELÂYED REP.EATER

The initial phase of the Project is the develop-
rnent of an opera.tional delayed repeatel satellite
(COIJRIER) rvhich receives ûìessages ov€r one
point and ïetransrnits thern over another.

INSTANTÂNEOUS REPEATER

The advanced systern consists of three phases:

1. STEER - Strategic Polar Comrnr¡ni-

""tiorl" S an¡nch-
ing of four instantaneous com¡nunicâtions satellites
into six-hour polar orbits to obtain trpo-way corn-
rnunications, through the satetlite, betwe€n ground
stations in the United States and Strategic Air
Cornmand aircraft flying in the northern polar
region.

2. TACKLE - ,A'dvanced Polar Comrnuni-
cations Satellite. An interirn PlograÍl to use a
STEERi"".i.p.d test bed for the early develop-
rnent and testing of cornponents to be used in
Project DECREE. Project TACKLE wiLL be

SE"@RËqI
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FIGURE 4. TRANSIT Sateltite in Shr oud



DECREE - 24-hou¡
Cornrnunic ations
Satellite.

All de sign plans
approved; equiprnent
fabrication is under
\ ay'

Construction of the
Puerto Rico site
under way,

No action on
Spanish site.

Equiprne nt fabri-
cation in progres s .at
contractorsrplants.

ÞHrW"lf¿*ll

consolidated with Project DECREE and will
be flight tested on the last three CENTAUR R&D
fLight test vehicles.

3. DECREE - Global (24-hour) Comrnuni -
cations
1".".h1"ñ? "."en satellite s into 24-hour
equatorial orbits to obtain broad-band, point-to-
point, comrnulication and ground - to - ai r cr aft
c omrnunicatron.,

CÜRRENT STATUS

GENERAL

Design plans subrnitted by the three contractors
(ITT Labs for the ground cornplex, Radiation
Laboratories for the ground antenna, and Philco
for the satellite) were appxoved and the con-
tractors are proceeding with fabrication of equip-
ment and systerns. IÃrork on all phases is on
schedule with the exception of the satellite
contract where sorne prog?arn slippage has
occurred.

The first cornplete cornponent and systerns tests
for the fi::st phase of the COURIER prograrn are
planned for March 1960,

FACILITIES AND SITES

The concrete tower foundation of the Carnp
Salrnas, Puerto Rico site has been. cornpleted,
and installation of the comrnercial power líne
and security fence is currently in progress.

Action to irnple rne nt use of the site at Torrejon
Air tr'o¡ce Base, Madrid, Spain, has been wiih-
held pending site negotiations.

Final circuit and rnechanical design for the
ground station cornplex is 90 percent cornplete.
AJl equiprne n.t units have been breadboarded and
are operating satisfactorily. The vans are
expected to be delivered to the subpontractor

S.IÞER#-T"
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Relíability
irnpr ove rne nt 

"

COURIER systern
capacity noìv estirna ted
to be in excess of 12

rnillion bits per ground
station orbit.

Equiprne nt being fabri-
cated at Philc o.

Trajectory studie s

define rnaxi¡nurn
payload weight.

Sfr€Rffi
in Jan.uary 1960 and cornpleted vans aïe
scheduled to be sent to the sites by May 1, f960.
A final systern assernbly of the antenna towes
and reflector equiprnent will- be completed in
Jãnuary 1960 and in-plant cornpon.erit and. systern
tests will be gin,

SATELLITE EQUIPMEN'T

A propo sed Reliabiliiy lrnprovernent Pro grarn
for the COURIER payload provides for increased
confidence in retiability and is predicated upbn
procurernent of an" addi'Èiona1 test satellite and
facilities. A delay in the COURIER 1A launch
until approxirrrately September 1960 may result
if this proposal is approved.

Devel.oprrÌent of the satellite recorder/pIay back
equiprnent and the gr.ound station data readout
equiprnent has progressed to a point that perrnits
a re-deterrninati.on of COURIER systern capa.city.
It is currently believed that the original e stirnafe
of 6 rnilIion bits per gror:nd station per orbit is
too conse r:vative and th¿ut the COURIER sy stern
wili. have a capacity in excess of 12 rnillion bits
per ground station per orbit.

Cornpon.ents for the satellite pa.ckage are all
under developrnent and are in. the brea.dboard
stage, Models will t¡e built as soon as a.11. te sts,
now in progresÈ, ar:e successfully cornpleted,

PROJ'ECT STEER

Trajectory studies, usin.g the rnost recent per-
forrnance figures for: the ATLAS/AGENA 'rBrr
cornbin.ation ha.ve revealed a rnaximurn payload
capability of 600 pounds in a circular polar orbit
of 6 hours" General. Electric Cornpany is re-
evaluating the e stirnated weíghts of final stage
vehicle cornponents on a basis of tåi s rnaxirnurn
weight.

SE,GR-BTÊ"*
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Prelirninary guidance
and staging sequence
deterrnined.

Cost teduction to be
effected by use of
available space olt
CENTAUR flights.

SÆ"GREtr

The Space Technology Laboratory has studied
the guidance and staging sequence of the
ATLAS/AGENA rrBrr cornbination. The pre-
Iirninary decision has been rnade for the Stage 1

General Electric grridance systern to steer the
ATLAS to achieve the required velocity vector
direction.

PROJECT T.ACKLE AND DECREE

Payload space available on the last three flights
of the CENTAUR R&D pïograrn will be used by
Project DECREE for prelirninary developrnent
and test of the satellite vehicle and cornrmrni -
cations payload, This will decrease booster
costs by precluding the necessity of separate
Project TACKLE launches and will provide the
additional advantage of testing the satellite
vehicle at the Z4-hour altitude and possibly in
the equatorial plane.
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Objective

DOPLOC to be
phas ed out.

Tracking of DISC OVERER
VI, VII and VIIL

Nawy furnished with
weekly search .. t

epherneris.

S€€REIT
PROJECT SHEPHERD

(TRACIilNG NETIIORK)

The objective of Project SHEPHERÐ is the
establishrnent of an effective õpace vehicle
detection systern which will detect and
identify all space objects" The systern rnust
also have the capability for orbit deterrninatíon
and futur e position prediction of space objecte'

To accornpl-ish thi.s objectiv,e, a rninitrack
fence has been constructed to act as a principal
sensoï for the detection sy6tern' In addition'
the Air Force has been assigned the responsibility
for deveJ-opment of a National Space Surveillance
Control Center (NSSCC) which wil.l receive
data frorn any and all sensor systelns' comPute
space vehicle orbits, and issue position pre*
dictions. Finally, Project SHEPHERD calls
for: the developm.ent of a wovld-wíde tracking
network in cooperation with the National Aero-
nautics an.d Space Adrni.nist::ation'

A doppler system. cornptrex, known as DOPLOC'
wa6 used initially to cornplernent the MINITRACK
Systern, In late Decer.nber, a decision was rnade
to phas e out both the R& D and oPerational aspects
of the Doppl,er systern' Thi s decision was based

= on. the deterrninati.on tbat, as an interirn detection
systern, MINITRACK i.s superior to DOPLOC '

CURRENT STATUS

Data received <.rn the Mi.nitrack System indicates
that DISCOVERER VI carne down on October 20

and DISCOVERER VII on Novernbe:: 26.
DISCOVERER VIII, taunched on Novernber 20,

is still in orbit.

The Chief of Naval Operations has directed the
establishrnent of a prograrn to farnilia.rize Fleet
Cornrnanders with the potential threat to naval.
operations irnposed by hostile reconnaíssance
satellites. The f'leet is being provided with a

weekly search epherneris based on data frorn
the Space Sg4veillance Systern"

S=EGRË{T
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MINITRACK furnishes During the reporting period, the NRL MINITRACK
data to NSSCC. systern began to furnish obs ervational data to

the inter i¡n National Space Surveillance Control
Center (NSSCC) located in BedJord, Massachusetts'

New NSSCC buitding The new buildíng at NSSCC was occupied on

occupied. Decernber I' 1959. The IBM comPuter at
NSSCC was also placed in operation dur ilg
Decerrrber.

central transrnitter As a result of prelir.ninary surveys, the central
site chos en. transrnitter site for the active MINITRACK System

has been located at Lake Kickapoo, near 
:

1¡ichita f'alls. Texas.
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Objective

Progress continue s
on space power suÞPIY
projects.

Space Propulsion
projects continue.

TNTRODUCTION

A deterrnination was rnade in several aleas ol
advanced research that there were serious gaps

in existing prograrrls that rnight be of futur e

rnilitary signíficance' Thís project resulted
in coordinating and broadening the base of the
basic effort to advance the state of the art'
especially in sPace technologY'

SPACE POÏYER SUPPLY

Progress continues in the literature search;
forrnulation of theories and rnathernaticatr
analyses; and in instrurnenting for projects in
energy sources, collection, storage, convetsion,
and in heat rej ection..

SPACE PROPULSION

Frogress continues orl about two dozen basic
projects in advanced space propulsion. A
contractor was selected for the neceseaay
reseatch and developrnent of a dernonstration
íon engin.e of . 0I pound thïust' The ORION
nuclear pulse propulsion concept appears
technically feasible and engineering practi-
cabj.Iity is being de.terrnined. A shock tube
was d.eveloped that sirnulates the actual blast
of a nuclear detonation.

SPACE MATERIALS, STRUCTURES,,
PHENoME@

CONTROL
lage

About two dozen projects are proceeding satis- ect t
factorily in these areas irnPortant to the space re a.

environrnent. Although the effort is oriented ;equ
toward solutions to problerns related to futur e

space operations, considerable application in
other fields u¡ill result frorn thís basic research'
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SE€R-ET:
PROJECT TRIBE

(VEHICLE DEVELOPMENT AND MODIFICATION)

SATURN to fill earlY
need for orbiting large
payloads '

Developrnent Operations
Division of ABMA and
SATURN Prograrn are
to be transferr ed to
NASA,

Booster contains eight
Rocketdyne H- I engines.

Re cornmendations
made on configuration
of upper stages.

PROJECT SATURN

INTRODUCTION

Project SATURN evoLved as the earliest possible
solution to the urgent need for boosting Large
payloads ínto orbit. The Arrny Ordnance Mis sile
C ornrnand was designated to pr:ovide a sPace
vehicle booster capabtre of generating approxi-
rnately 1.5 rnillion pounds thrust.

As a result of the President's decision to
transfer the Develo¡rrnent Operations Division
of tJre Arrny Ballistic Missile Agency and the
big booster Progr:arn to the National Aeronautics
and Space Adrninis tr ation, technicai. supervision
for the prograrn has been assurned by NASA
under an agreerrrent worked out between NASA
and DoD. Âdrninistrative supervision of the
prograrn rernains with ARPA and SATURN
d.eveloprnent rernains the r esponsibility of
AOMC until the transfer plan is approved by the
Congress.

The SATURN boosteï consists of three rnain
sections: the tail section' the container section,
and the upPer stage adaption section. The con-
taineï section i.s rnade up ol one JUPITER-type
tank ( 105 inches diameter) for LOX, and eíght
REDSTONE-type tanks (70 inches diarneter),
surroundin.g it - four for LOX and four for fuel'
The taii section contains eight Rocketdyne H-I
engines with a norninal sea-level thrust of
188,000 pounds each.

Upper stages for the SATURN vehicle have been

thï sub¡ect of continued studies and review to
deterrnine an optirnurn configuration and a desirable
growth s equence.

s.E-@-R{E"IF
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A cornrnittee, chaired by NASA and including
representatives fr orn ARPA, the Aír Force,
Deparknent of Defense, and ABMA, has
recornrnended adoption of the ABMA I'C'r seríes
SATURN developrnent prograrÐ.. The group
r ec ornrnended that:

I. A long range developrnent plan for the
SATURN vehicle be established that will provide,
through a consecutive developrnent of 'rbuilding
block'r upper stages, a substantial early payload
capability and a final conf,iguration that e>æloits
the rna:<irnurn capabíì.ity of the SATURN first
stage (booster). Vehicle reliability will be
ernphasized in the "buildi¡rg blockl pnograûr
through a continu.ed use of each developrnent
stage in later vehicle (onÍigurations.

2. All upper stages be fueled with hydrogen-
oxygen. pro¡reì.lants "

3, The initial vehicle conJiguration consists
of the following:

a. The eight-engine first stage (booster)
currently under devetr oprnent aü ABMA.

b. A newly-devetoped second stage with
a diarneter o{ 220 inches using four <¡f the cur:rent
CENTAUR engines uprated to 20, 000 Poufld6 thrust
each.

c, A thi.rd stage with a diarneter of 120
inches using the current CENTAUR stage ( with

,two 15,000-pound thrust engines) rnodified
-on1y as requited for vehicl.e and payload attachrnents.
. 4. The foll.owing devetroprnents be initiated
irnrnediately;

a, A 150, 000 to 200,000 Pound thrust
hydrogen-oxygerr fueled rocket engi.ne for ultirnate
use in second and third stages of later SATURN
vehicles of the ttCtt series'

b. ,A' design study of the hydrogen-oxygen
upper stages usi.ng th.e 150, 000 to 200' 000 pound
thrust engines as ultifi¡.ate second and third stages
of later SATURN vehicles of the "C[ series'

SÆ-@R{E'TI
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The fir st full eight-
engine captive firhg
of SA-T res cheduled
frorn March to April
r960.

Studies índicate the
2 4 -lnour com¡nunications
satellite rníssion can be
accornplished with one
engine out.

All fabrication and
a.s s ernbl.y drawings ha-ve
been r eleas ed for SA-T.

Hydraulic actuator s

show sati.sfactory
perforrnance.

S.E€REÆ*
CURRENT STATUS

GENERAL

The current SATURN test schedule provides for
one booster (SA-T) for captive üest firings and on.e

for each of four flight vehicles (SA'1, SA-2, SA-3'
and SA-4). As a result of rninor technical difficulties
associated wÍth prototype production, the full eight-
engine captíve firing of SA-T has been rescheduled
fr orn March to April 1Ç60. Faþrícation of SA-1
cornponents has begun and no slippage is expected
to result f:s rn the delay in the test vehicle.
This rescheduling should have no effect on flight
tests cr:.rr ently scheduled io begin in third quarter
I96I.

Studies of first stage rrengine-outl' capabilities
of a three stage SATURN vehicle w-ith a Z4-hour
com-rnu¡ri cations satellíte rnission have shovrn
that the rnissiôn could be accornplished i.f one

engine fails. A reduction of approxirnately
350 pounds in the optirnurn payload. for I engines
would perrnit a 350 por:nd propellant reserve for
use in the event of one enginers failure. Propellant
rese?ves for each flight will have to be deterrnined
by the particular rnission and pa7 troad requ.irements.

GUTpANCE ANp CONT4oL

All f¿brication and as s ernbly drawi.ng s have been
released for SA-T. Mi.nor layout rnodifications
have been initiated to in.colporate irnptovernerits
i.n SA-1, SA*2, and SA-3.

The first group of hydraulic actuatcr s fc¡r the
SATURN boosterrs control engines have treen
rnade available for testing in the laboratory and
on SA-T. Satisfactory actuator perforrnance has
been achieved during several hot firÍngs of H-1
engines on the ABMA Power Plant Test Stand"

S,EG{R"E_TT
LJ



Ice and rain shields
fo¡ the SÀTURN
booster have been
designed.

All SA-T engines have
been delivered.

S everal areas of inves -
tigation to iÏnprove per -
forrnanc e are under waY.

Nine H-I engínes have
been successfully tested
at ÀBMA.

Testing of the cornplete
in g tr urn ent cornpartrrlent_
cooling systerrr contínued"

Reliability te st procedures
are being established
for SATURN components.

SÆÆEËIP

Design of ice and rain shields for the booster'
to be rnade of rubberized fibergtas rnaterial,
has been cornpleted' The shields greatly reduce
forrnation of ice and snow on the LOX tanks
and pr event the snow and ice frorn dropping into
the tail area at liftoff.

PROPULSION

Deliwery of five H-I Production Engines during
the reporting períod cornpleted delivery of all
engines required for SA-T"

A nr:¡nber of studies are under way to provide
irnprovernents in the SATURN propulsion systern.
These include: Investigation of a dual ignition
systern for H-1 engines; Studies of engine aero-
dyrra:nic loading; and Investigations of a rrìono-
propellant gas generator sy.sterr¡..

TEST PROGR.AM

Testing of nine H-l engines (H-1001 tlrru H-1009)
for SA-T has been successfully cornptreted at
ABMA. There have been only r'ninor rnalfunctions,
¡e.nd. no rnaj or hardwaï e changes were required'

Testing of the cornpl.ete instrurnent corrrPartrnent
cooling systerrl was contínued.. Three test runs
cornpleted to date índicate that rninor adjustrnents
and rnodifications are necessary to prevent spot
cooling and. to irnprove circulation.

The sirnulated SATURN booster waÊ installed in
t}re ABMA Static T.est To'wer i:e a satisfactory
checkout of handling techniques and varíous
clearanceg, (s ee Fig. 5.)

RELIABILITY

Reliability test procedures are b ei-ng 'established
for SATURN C cornponents on which pr ocur errrerrt

action has be.en initiated. Cornpletion of test
procedures prior to cornponent delivery will
perrnit an early staït on relíability testing.

S E"@RdE-TË
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Appr oxirnately 5 0 test
fixtur es are already
available for testing
of SAT URN booster
hardwar e.

A plan for transporting
the SAT URN Booster
fr orn ABMA to AMR has
been devised.

Authorization given to
initiate design of the
ro11-on, r oll - off barge.

A plan has be.en devised
for recovery oi spent
SATURN B ooster€.

SEG-RAEft

Approxirniately 50 test fixtures are already
available for testing of hardware to be us ed on
the captive test booster. The fixtur e s are generally
adaptable for testing cornponents for the first four
flight boosters also.

B OOSTER TRANSPORTATION SYSTEM

A SATURN transportaÈion plan covering rn overnent
of the boosies fr orn the Arrny Ballistic Missile
Agency to the Atlantic Mis síIe Range has been
finalized. (See Fig. 6. ) The SATURN boos ter
will be towed on its wheeled transporteÏ, already
successfully road tested, over a rej¡-forced road
to Ëhe Redstone Arsenal docks on the Tennesgee
River, There is will be wheeled onto a roll-on,
roII - off .ocean- goíng bar ge, const-ructed s o that
it can also b.e used as an inland vv:atelway
carríer, The barge will be rnoved by ríver tug
down the Tennessee" Ohi.o, and Mississippi
Rivers to New Orleans, A sea-going vessel
'will take it acsoss tl:e Gulf and ar ound Florida
to tr'ort Pierc.e, Florida, An ínland waterway tug
v¡ill tow it up the Indian River to AMR" There the
booster an.d transpor:tey will be rolled off the barge
and towed about one rnile over a new road to the
SATURN launch È ite.

The Arrny Transportation Corps was authorized
to initiate design of the roII-on, roll-olf barge,
Th.is barge was chosen because ít can rnake the
entire trip to the launching site without inter-
rnediate rnoving of tå.e booster.

B06TER RECOVERY

Recovery of the spent SATURN booster is currently
envisioned a.s follows: A 57-foot diarneter drogue
chute v¡ill b.e ueed to slow the faLL of the booster
and deploy the three 108-foot diarneter chutes,
The 108-foot diarneter chutes rÃ/ill reduce. the booster
tate of fall to 90-100 feet pereecond. B eginning
at approxírnately 100 feet fr.orn the water, eight

$E€EBII
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r:etro-rockets will be f.i.red to reduce to zero
degrees the vertical irnpact velocity, TÌ¡.e booster
will be floãted into the flooded well area of a
Landing Ship Dock (LSD) stationed near the irnpact
area. The LSD wil.I ta.ke the booster to a Florida
port where ít wíl.L ?:e rernoved frorn the LSD by a
crane and loaded into the specia.l troosier tt:ans-
portation barge. Tugs will then return the barge
and boosterf;ô Redstone A::senal.

Recovery pa.rach.uùe desågno h.ave T¡een finalized.
Parachute i.terns with long-l.ead tirne s h.ave been
ordered.

A cornputer atudy of the water entry characteristics
of the SATURN booster, and a drop test progrãtrr
using a 1/ 10 sca.J.e boo sier r.nodel h.ave been corn-
pleted. Aru.i.ysis of drop-test results is in progress.

f-

Recovery parachute
de s igns have been
finalized.

A I/10 scate boo ster
rnodel was used in drop
tests of the SATURN
Boo 6te r,

Work on the ABMA
Static Te st Tower is
pfoceeding on
schedule.

,A' contract for con-
struction of the
SATURN cornplex
ha.s been awarded.

Methods of s upplying
Iiquid hydrogen to
AMR are under .study,

T"ACILT:TÏES STATUS

cw
In-hou.se r.vo:rk on. the ABMA Sûatíc Teet T'ower is
peoceeding on schedu.le. No difficulty is a.ntici-
pated in h.aving this :fa.ciliûy r:ea.dy for th.e first full
scale ca.ptive test firing in,A,príI 19b0,

LAUNCH FACÎLTTÏES

Launch. co:mpl.ex cons'ùructíon was initía'.;ed.
foliowing awa.rd of a coÍträ.ci; i.n Novernber coverin.g
construction of the la.unch. pa.d. a.n.d a:mplifier roorn,
LOX stora.ge ar:ea., fuel ãtorage, and high Pr:e65u.re I 

-

gas facilit'y. Consttuction of th.e SATURN tlock- l,¡î
llou se, whieh was i.nj.tiated earl.ier:, is procebding
satisfactorily a't the Aula,n.tic Mis sile Range.
(See l"igure ?)

T'he choice oxygen-hyd.ro gen powered uppet stages
for the SATURN vehicle calls for i.ncreased use
of J.iquid byd.rogen aü a.n early date" Storage and
transfe¡: fa.ciLities at the Atia.ntic Missile Range are
being pla.n-r:ed. Required size and location of these
facilitiee a.re u:lder strrdy"

S.EGRE-î
26



..j,lL..l:

: ... ::

FIGURE 5, SATURN Simulated Boôster at
.ABMA Static Tegt T owe¡.





FIGURE ?, SATURN Blockhouse Construction at AMR
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DISCOVERER FLIGHTS

DISCOVERER VII, (206-1051)

Date Launched: Novernber 7 ' 1959

Booóter: THOR #206, IRBM
Gross -Weight: 117,200 lbs.
Payload Weight 300 lbs.
Perigee: I03 Statute Miles
Apogee: 505 Statute Miles
EccentricitY: .05
Per iod: 94. 42 rrrín:utes
Payload: Mark II biornedical

ÌecoverY caPsule

DrscovERER VIrI (Zr2-1050)'

Date Launched: Novernber: 20, 1959

Booster: THOR #212, IRBM
Gross Weight: I17, 200 Lbs.

Payload \{ eight: 300 lbs'
Per ig ee: IZ0 Statute Miles
Apogee: I026 Statute MiIes
Eccentricity: .10
Period: I03. 67 Minutes
Payload: Mark II biornedical

recovery caPsule

$-E€"RE-flr
MILITARY SPACE PROJECTS

;
FLIGHT DATA ON

SATELLITF,S ACHIEVING ORBIT

S E C'Rtr TT"
2A

Subsysterns: Airfrarne, Propulsion'
AuxiliarY Power' 

r

Guidance and Bio-
rnedical I

Second Stage: DISCOVERER V ehicle
On-Orbit Weight: l' 753 lbs.
Propul.sion: XLRSI -Be-5 Engine
Fuel: . Unsymrnetrical Di -M ethY1

Hydrazíne llnhibited Red
Furníng Nitric Acid

Flight Char acteri stic s: BalListic
tsaj ectory to orbit.

Subsysterns: Airfrarne, Propulsion'
AuxiliarY Power,
Guidance and Bio-
rnedical.

Secon.d Stage: DISCOVERER V ehicl e

On-Orbit \{ eight: I' 7 50 Ibs.
P::opul.sion: XLRS I -B e-5 Engine
Fueh UnsJ,'rnrn etr ical Ði -M ethYl'

Hy clr azin e /l.nhibited Red
Furning Nitric Acìd

Flight Char acter isti c s: Ballistic
trajectorY tê orbit.


