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, The vehicle .to be used ,.in the·. launch of- •• the TRANS-IT IIA sate 1-
-lite is ·an A:i.~. Force two-s-tage_ Thor_:::Abl"e-Stiir missile. It stands· __ _ 
over 79. 3 f ee·t tal;:L ancl weigh_s more than 105, 000 pounds at the time 
of 'lift-off. • • • . ,_. 

-
This is the second time that the Air Force has used the Thor-

.Able-St&r combination in the TRANSIT satellite series. 

In the TRANSIT IIA Project, the Air Force is responsible for 
the launch vehicle, .mating of the payload to the vehicle, the launch 
powered flight and Clrbltai injection of the satelJ.ite; the Navy is 
responsible for the satellite, the conducting o:f.' the experiments 
contained therein, and the reduction 0f data obtained from the 
experiment. • 

Here is a breakdown of the Air Force. Thor-Able-Star mis,sile: 

First Stage 

Air Force Thor, intermediate range ballistic missile, minus 
guidance and modified to receive additional stages. 

I 

Weight -- Over 100,000 pounds 
Thrust -- Approximately 150,000 pounds . ' 

The liquid-fueled Thor propels the vehiple for about 160 seconc 
after launch. .Dur:tng this peri,od of time, the rocket is controlled 
by roll and pitch programmers. -

Second Stage (Air Force Able-$tar~rbital Vehicle) 

Propulsion: Aerojet General Able-Star engine with a thrust o.f. 
7,890 POl!nds. 

Weight -- Ove.r 1.000 pounds 
Length~- 14 feeb 10 inchds 
Diameter -- 4 feet 7 inches 
Fuel and Oxidizer.,._ Inhibited Red Fuming Nitric Acid, UDMH 

(Unsymetr-.i~al Dimethyl hydrazine) 
MORE 

I 
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Description: .• .The .Able-Star has a total: .. burn:ing time of \/ 
approximately 300 seconds. The first 285·secoricts·or thrust will 
oe used for initial orqital injection. • The remaining burning time 
will be used, if needed, to inject payload· into final. orbit. 

The Able-Star vehicle was developed from the original. -Air Forc.e 
Able stage by ARPA. Able stages were used on Pioneer, Expi'o'rer, 
Tiros, Tra:hsit I and other space launches. Aerojet-General built 
the .propu1-si6n system for Able-Star. Space Technological Labora.:. 
tories built the attitude control and guidance system . 

., 

Attitude' control for Able-Star duri.rig,'non'-r,iower flight is ac
complished through 8 small jet nozzles which control pitch, roll and 
yaw. This system uses a total of 14.8 pounds of. pressurized nitrogm 
gas. The Able-Star system has a. total operating life of q.bout 
10 minutes. • ,. ····: • • -<•'" - • 

END 
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F .ACT SHEET: PROJECT TRA~:SIT II-A SATELLITE & EXPERIMENT 

:_;SATELLITE VEHICLE 
36-inch sphere 
223 lbs. 

PAYLOAD 
Two ultra-stable oscillators, in temperature resistant flasks., each 

• .. L> capable of transmitting continuously on two frequencies. 
Antenna: silver painted spiral band 
Solar cells and storage batteries 
Infrared scanner to measure satellite's rotation 
Electronic clock as a t_irne standard 
Carn=idian receiver to measure galactic noise 

.Pickaback sstellite for addition~l study· of nature and effect of. 
ionosphere 

FREQUEdCIES 

ORBIT 

54; 324, J.62, 216, and 108 megacycles 

'\ 

I0tsn.d3d O:.'bit near circ1Jlar, altit,ide about 500 naut:i_cal mj_les, 
j_nclination about 67 1/2° with thff equate:- p:'oviding' an expected 
sate1lite life of more than 50 years. Faintly visible, vrnather 
permitting, in par·~s of U.S. 

GROUND TRACY.Ii-,G STi,TIONS 
' -T6hns Hopkins University, Applied. Physics Laboratory field station, 

Howard C011Ety. 11/br:ylan.d 
Uniyersity of.Texas, Austin, Texas 
University of Washington, Seattle, Washington 
University of New Mexicc, Las Cruces, New Mexico 
u·.s. Naval Air Station, Argent·ia, Newfoundland, Canada 
Ro~;al Aircraft Establishment, Th sham, Han ts, England 
San Jose' dos Campos, Brazil 

RESPOi~SIBILITY ASSIGNlVlENT 

" . .... ~ ... 

Development of n&vigation satellite pc=iyload: 'Na~y I s Bureau of Naval 
Weapons 
Launch into orbit: Ballistic Missile Division, U.S. Air Force 

PRHi:E C\)1✓TRACTOR 
Johns-Hopkins University's Applied Physics.Laboratory, Silver Spring, 
Maryland 

,. - i~AVAL ACTIVITIES 
U.S. Naval Ordnance Test Sta ti.on, China· Lake, California 
·u .S. Naval Weapons Laboratory, Dahlgren, Virginia 

- I 
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TRANSIT II-A is the second satellite launched in the Navy's prograir1 to de
velop ~n all-weather:, global navigational· systerii:"which would be. used by all na
tions of the world. ' 

The· first satellite.launched Aprii 13, how circling the earth at··heights of 
approximately 230 to 465 miles constantly provides new and important· data on the 
ionosphere, its effect on satellite signals, as well as telemetered· data to assist 
in j_.rnproving subsequent TRANSIT vehicles. Orbiting of several satellites-is con
templated be.fore the TRANS IT system is operational. 

~1 •\-·. 

The new satellite is similar in appearance to its prepecessor, both being 
36 inches iri''ci.'iameter, an::l. utilizing a band antenna which spirals·:the exterior. 
Both the I-B and II-A operate on the same four frequencies. The heart of each 
satellite consists of two ultrastable crystal oscillators, each of which generate 
two of the four transmitted signals. 

Unlike I-B, the new sphere will be dependent completely upon solar cells to 
generate power .for the transmitters. The first satellite carried an auxiliary 
chemical.battery as.·a precaution. Also _new is a digital clock or time standard 
based upon the ultrasta.ble oscillators which may open the way to providing a 
world-wide time standard to replace the chronometers in ships. 

The II-A vvi.11 carry pickaback a 40-pound 1'f,ilifflB'. satellite ·to measure, solar 
radiation. It will be released from the 'TRANSIT satellite after orb:f.'t~·l injec- -
tion, and will pperate independently. 

--~: . 

A special antenna and receiver to detect cosmic noise beyond_ the ionospher~ 
will also be a passenger. It was developed by the Defense' Research Telecominunica
tions Establishment of Canada. The new TRANSIT satellite will also include an im 
proved telemetering sys tern, a greater number ?f solar cells·, and will be ,42--pound 
lighter than its older si~ ter. Llke the I-B, the new satellite carries an in
frared scanner which was developed by the Nav~l· Or_d11-ance Test Station, China lake 
California, J;_o_.n).easure the _rotation, of the -spner~. 

: ;1.,• •• 

PURPOSE 

Proje~;i;,.., T~ANSIT is designed to develop and <3:e~onstrate e(luipment to provide 
a reliable ineans of fix,ing the position of s·urface· craft, subJ¥.rines,: and air
craft anywhere in the world, and in all weather conditions, more precisely than 
has heretofore been possible, and to provide under any _weatn,er c·onditions more 
accurate rreans of maritime and q.e;rial.navigation than:ds 'now ·::avc;3.ilable. 

• T _, , • • , ;\ ; .- :, . •,\ , , • 

', '" RO•, 

,', 

The launching of the second experimental ·TRANSIT. satellite is another_.:ph~se 
in the development of t~e navigational system. Thi.s _test is b'ased on ·the capa
city of the ground stations and a c.qmpu,t·i ng ·center tci • 'extract positional informa
tion frcrn the signa~, of the TRANS'iT ·satellites. 

• • • ., :.. : \
0 /1 • • ~,·. 1:.' 

As measured from a -ground station, the. -isignals, froui· the ultrastable oscil-
lators in a satelli:t,~ change frequency as the satellite approaches and passes· ,,._,,. 
over the grou•nd···s·tation. This phenomen_on, known as the Doppler shift,. i~ the .J.{ey 

-to the nav~gational syste~. By measurement of this shift, .the·:•fu~ure 6±-b,tt o~: .. . , 
the satellite can be predicted perhaps several days a:head •.. ThJ.$ information, pro
vided through another satel].:Lte signal, wB.l pe;r:'!llit ships ·at·· sea to mark their 
positions with a high degree···of iit;CC;ur·a:cy in·"any weather. • . 

• ... • - 2 - (More) 
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TRANSIT II-A, like TRANSIT I-B, will· transmit on four widely separated fre
quencies to provide broad experimental control. The change in frequency of the 
si~nal will be checked automatically by a ground sta:tion agaiB.st a time and fre
quency standard. This infonnation will be teletyped· to a computing center where 
the satellite's positi'0n can be· accurately computed.· Since the Doppler shift· ia 
a direct measure of the rate of' -change of dist·ance· between the transmitter aml. 
the receiver at a known location of the ground, future positions of the satellite 
can be calculated as the satellite's orb;j..t is governed by astronautical laws. 
Navigation is analogous tq,·'tracking anq_.the· q~ver91~ .. of_.the tracking procedure will 
be used. Since the sa·tellite 1s posit,iop,s at .future .,time8 will-b.e·.known-; Doppler 
data received by a n'aviga.tor at one, ,o'f ·-these future times may ~e· used to determine 
his positi0n: on the' surfac'e of the' 'earth. . • • . I 

The operational navigational system will consist of several satellites and a 
network of stations at altitudes and positions optimum for accurate tracking. In 
the operational sys·tem, however, a grourid station will transmit to the satellite 
its orbital d?-ta for a minimum of one clay in the future which will be recorded on 
magnetic t·ape. ··;T~reafter, until new_r~r,~ital data are transmitted, the· ·s.~tellH;eJ·. 
circles the earth' ~!?-nsmt tting oh two -sta,ble, :~:r.JP,onically related f:requencie's .... 
Thus navigators wilP'·need only special receiving equipment to obtain their posi
tions from the satellite. There will be no need to trigger or interrogate the 
satellite. 

Operational satellites will ·weigh 50 to ioo pounds, and will be designed to 
have an operational life of 5 years. Theywi+l contain a miniaturized digital 
memory for s•tqring orbital inforrnatien .. teceived • from the ground station and a 
mod.ulator for-'pulse-moduJa:;ing this information on the ·transmitted frequencies for 
retransmittal to the navigating stations. The satellites will be completely 
transistori~ed and will use solar power. 

TRANSIT II'-4\. 

The United States has orbited a second TRANSIT experimental satellite, TRANSL" 
II-A, in a program to establish an all.;.weather global navigational system, far 
more precise than any yet devised. 

Launched from the Atlantic Missile Range, Cape Canaveral, Florida, the spiraJ
striped, 22J-pound sphere was successfu.lly launched into orbit by a two-stage 
Thor-Able-Star vehicle. Th6. first TRANSIT experimental satellite successfully 
launched w~s the I-B. It was· launched into orbit on April 13, 1<960, by a two
stage Thor-Able-Star vehicle at Cape Canaveral. An earlier attempt to launch 
TRANSIT I-A into orbit on September 17, 1959, was unsuccessful due to failure of 
the Thor-Able second and third stages to separate properly. _;,,:- •. 

The purpose of the experiment is to -demonstrate the feasibility of .:a·. n:ew 
navigational concept which would be a maj'or scientific breakthrough and ~prove a 
boon to all nations of the world to whom it would be made available when operal;iora~ 

The development of the specific system is earried out uqder-th:6/. direction of 
the Bureau of Naval Weapons by the Applied Physics Laboratory, of The Johns HopkinE 
University, Silver Spring, Maryland, who originated the concepts_.C?JJ,-Which the spe
cific system is based.. Cormnander W.L. Clark, USN, has responsiq,i'.1ity for the 
Bureau of Naval Weapons, while Dr. R. B. Kershner of the Applied''·Physics LaboratcrJ 
directs the technical program. , • 

- 3 - (More) 
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• . TF'.ANSIT II-A. DESCRIPTION-

TRAl\BIT II:-A • is _similar to tl).(3 I-B in appearance and fw1cyion. It is a 36-
inch diameter spher.e and weig~s .approxirnate) .. y 423. pounds.. Structurally, it con
sists of a shell divided into twC? h~mispheres, a central;support tube·, an instru
ment tray, and a cylindrical radiation shield. The .shell ~s a lamination ·coi:isist
ing of two pieces of Eiberglas with a h.oneycanb plastic -filler. The tube., made 
of pressure..;laminated Fibergla~, connec:ts the hemisphers and supports the instru
ment tray. 1The tray and its outer l~cing ring. is· tie-d .to the cylindr0ica1 radiatio 
sheili •. This shield, familiarly- called "the :bellybanc:1 11 , ;:i.lso· .serves as .an attach-
ment ring for the hemispheres and the- solar panels. • 

The components on the tray include two transmitting systems, each containing 
an ultras table oscillator and transmitting continuously on two frequencies. The 
frequencies are 54 me and 324 me,. and. 162 me and 216. me, respectively. 

,4. • • ., 

Also on· the tray are tw~ .command receivers that change operat:honai modes. of 
the satellite in acc;ordance _with _signals rec.eived from a groun,d station, a tele
metry system. that sends temperature and other data to the ground stations, a de
::.:pin .system that stops the spiD:. of the. sateliite at·~, set .t;i.me, a digital clock 
that acts as a ½ime standard for the rec.eiv;ing stations, an infrared .scanner that 
measures the rotation of the satellite before despin occurs; a Canadian receiver 
that measures galac.tic noise; and .nickel-cadmium storage batteries that are para
lleled to the solar_ panels-. 

A radiation and. insulation shield .is.·over .the· tray .. <?-11d one under the tray. 
Four metal ro.ds of'. higl). magnetic permeabi;J..:i.t;y:., ·part of the. desIJin system, are 
mounted on each shield. 

. ' . 
Two banks of solar cells and two despin weights are mounted on the "bellybanc 

Broadband antennas are painted on the shell in a spiral pattern. 

TRAJ\lSIT II-A will carry in pickaback fashion a 40-pound satellite called 
~ which 1uill be used .to ITBaeur __ e_ -solar rad~ation. Af½er orbital injection, 
~will be released from TRANSIT ar:id _will operate inder:endently. 

DESPIN SYSTEM, . -

It is necessary tq spin the satellite, abmt its axis during the launching 
operation. This· spin c~uses an unde_sirable shift. in, the Doppler frequency trans
mitted by the satetlite. I\ff..echanical and -magne,tic devices have ··been fos talled in 
the satellite to stop its spin motion after it,_is in. orbit. 

. . . 
The n:echanical device ,consists of two weights attached to cables that a,re 

wrapped around the sairal.lites equator. After sev(;m .days in orbit a preset timer 
causes these weights to fly out, and separate from the satellite thereby ·causing 
a spin-stopping action. • • • • • 

The magnetic despin_ device consists of magn~!ic rods wrapped with a. short
circuited coil of. ,vire. As the satellite spins in the ea!th's magnetic field it 
causes the rods to be magnetized first. one way and then the other. To. magnetize 
the rods in th is manner requires energy wb.ich is supplied by the spin of the sate 1. 
lite. The sate.llite twists against the earth's magnetic field _with a dragging ac
tion similar to a ball spinning in a sticky liquid. This action causes the satel
li:t:,e I s s,p:lruling_- moti~n' to stop· completely wit:hlJi se-reral d&.;ya. after· the mechanical 
weign:l:.s are de~loyec.t; ., . • • 

(More) 
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TEST OBJECTIVES 
··.1 .. 

TRANSIT II-A, like TRANSIT I-B, .will supply the tracking stations with data 
_from which the fol;I.owing objectives a.re expect~d to be realized: 

1. A .basis for navigation trials and demonstrations in elementary form. 

2. An improved understanding of the effects of ionospheric refraction of 
radio waves at higter latitudes. ,·,:. 

· ·· • 3. Increased accuracy in geodetic measurement such as a better kriowledge of 
the earth's shape and the distances between land masses and of the earth's gravi
tational field. 

4. Improv$d orbita.l tracking. 

TRANSIT II-A will also provide an accurate time standard for TRANSIT tracking sta
tions. 

An infrared scanner is a passenger in the II-A satellite, as in the I-B, to 
attempt to measure the .rotation· of the satellite. It was designed and built1 by 
the Naval Ordnance Test Station, China Lake,. California. 

The .galactic receiver with its antenna is also a passenger in TRANSIT II-A. 
This equipment will measure the cosmic radio noise levels above the ionosphere. 
It was designed by the Defense Research Telecommunications Establishment, Ottawa, 
Canada. This experiment in the TRANSIT satellite is in preparation for 'the launc~ 
ing of the top side ionosphere sounding s·atelli te being conducted by DRTE. 

END 
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A Canadian Receiver witp its anten.na is a passenger in TRANSIT II-A. This 
equipment ivill· mei:lsure the cosmic radio ·ridise above· the ionosphere:· ... It was ·.de-· 
signed by the Defense Research felecommimications Establishment, Ottawa, Canada. • • 
This receiver and its antenna will detect cosmic noise at a frequency of J.8 me. 
The information of the· nois-e Jevels measured will be -telemetered to the ground 
stations where it will be decoded. 

After one week the Canadian equipment will be shut off;:aricVthe_satellite.·wil'· 
cont:inue its normal functions. At this time t).ie satellite spin vti.11 be stopped by 
releasi~g the despin vv'eights that als p·:s·erve a~ the· 'DRTE anten·na~ • The· antenna will 
be cut loose when the satellite ··stops ·spinning~ • • 

This exr:eriment in the TRANSIT satellite is in preparation. for the launching 
of the top side ionosphere sounding satellite beihg conducted· bjVDRTE~·, The re,,.. 
ceiver in the TRANSIT satellite is similar to the equipment that will form par:t; 
of-·tll.e top side sounder. ' 1 

•• • 

• BACKGROUND 

The TRA:NSIT navigation system is based upon the ability to extract extremely 
accurate positional infonnation fra.'11 the measured Doppler shift of a satellite's 
transmitter during a singte· pa:ssage' of ·the satellite over a tracking station :or· 
ship's re_ceiver. • • • ·, • • 

• ... - . . , . . - .. - . . r : . -. . . 
• • • The Doppler shift is· the measurement of the change iri frequency of a radio• 

signal continuously transmitted from a satellite~ Thisi change, or :shift, is • 
caused by the satellit 1s motion relative to a receiving or tracking station. 

This phenomenon was first stated by Christian Doppler, an Austrian physicist, 
in 1842, but its application to precision tracking of an artifical satellite was 
discovered by two Applied Physics Laboratory scientists, Dr. William H. Guier 
and Dr. George Weiffenbach. • • 

It was Dr. F. T. McClure, head of the Research Center of the Applied Physics 
Laboratory, who recognized that the Doppler shift phenomenon could also be used 
to locate accurately a receiving station and recommended to Dr. R. E. Gibson, Dir
ector of the Laboratory, the study of the Doppler shift as a basis of a new ne thoc 
of navigation. Dr. McClure is thus credited as the originator of the TRANSIT 
navigational systemo 

GROUND STATIONS 

TRANSIT II-A is being tracked in its orbit by seven ground stations which are 
recor0ing the signals broadcast on fo~r frequencies of 54, 324., 162 and 216 mega
cycles. The headquarters station to which is being flashed the recording of the 
signals from the satellite picked up by the other stations, is located in the HCW3l.'! 
County, Iif.iaryland, Applied Physics Laboratory. 

Other stations are located at the Defense Research Laboratory of the Uri.iver
sity of Texas, Austin, Texas; the New Ivexico State University Las Cruces, New 
Mexico; the University of Washingtcm., Seattle, Washington, and the u.s. Naval Air 
Station, Argentia, Newfoundland, Canada. The last two are van-mounted. A sixth 
station has been provided with the cooReration of the British Government at the 
Royal Aircraft Establishment, Lashami Han ts, England. A new seventh station has 
been proyided with the cooperation or the Brazilian Government·at San Jose' dos 
Compos, Brazil. _ 5 _ (More) 
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NA VY NA VIGA.TIONAL SATELLITE 
TRANSIT ·11-A LAUNCHED TODAY 

NO. 710-60 

OX:ford 7-6161 

The Navy's. second na:viga~ional satellite, T~IT Il-.i.1., was launched into 
orbit June ~on the nose'~f an Air Force Thor,;.Able-Star missile from the 
Atlantic Miss~le Range, Cape Canaveral, Florida. 

It marked another major _step in the Navy's program to provide a world~ 
wide, all-weather,· navigational system which could be used by all nations on 
earth. Several satellites will be placed into orbit before the navigational 
system is operational. 

TRANSIT J;[-A is 36 inches in diameter, weighs 223 potmds, and was· 1atmched 
to achieve- a ne·ar circular orbit at an altitude of about 500 nautical miles 
and at an incl:ination of 67 and-a ... half degrees to the equator. The sphere is 
expected to have a life of _more than 50 years:, and m.ay be. faintly visible in 
parts of the'United States~·.,._ • · · .-:,. 

Object of the high orbital latitude is to expose the satellite to the 
more intense disturbances ·9£ ~he ionosphere. The intended orb~t wil~ also 
carry the lI-A over'·a:r'eas .of the earth not covered by its older ·sister, ·the 
1-B, first navig"a:iional satellite placed ·in orbit on April 13. The new satel
lite in a higher orbit t~n that or I~B will be affected differently by the 
bulges of the earth which. it will survey. _ _cont~a~ to popw..a.r opinion, the ~ 
earth is not a per.feet sphere, but bulges at tp.e middle. This is. an import·ant 
consideration -ih _determina\ion of' the geodetic:_ information which the TRA~ IT 
system is expected to relate. • 

The TRANSIT program is being developed by the Applied Physics. Laboratory 
of the John Hopkins University for the Astronr:tutics Group of the Bureau of 
Nayal Weapons. Sponsorship of the program was recently transferred to the 
Navy from the Advanced Research Projects Agency. ' . . 

Similar in appearance and function to the I .. B, tl:ie new "sphere will trans.
mit the same f'pur frequencies of 54, 324, 162, and 216 megacycles, and utilize 
the same spiral band antenna, painted around the outside of the satellite. It 
also contains, as did I-B, an infrared scanner developed by the Naval Ordnance 
Test Station for measuring the rotation of the satellite. 

New in theII•A is the digital clock or time standard which could lead to 
a new global time system, itself a significant change in th,e"""pa~i~-tri of navi
gation. The satellite will be completely solar powered, and include twice as 
many solar panels as its predecessor. A nickel-cadmium battery will 
store power for use by the satellite when it is not in the sunlight. The I-B 
utilized a separate transmitting system power~d by cheuiical batteries -as a. ;. 
precaution. 

MORE 
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The_,,..heart of· the satellite consists of two ultrastable oscillators, each 
of which generat.es two of· the four frequencies. ·The sign·als ·a;r-~e picked up by· 
seven· ground .stati!:ms which relay them to ·the Applied Physics Laboratory 
where they are interpreted. • 

Riding pickaback on the TRANSIT II-=-A is a 20-inch solar radiation measure
ment satellite designed to de~ect an~ analyze solar radiation and provide new 
inform9.tion on the ionosphere. Bound to the TRANSIT by a.metal -ring, the 40-
pound unit is hurled from the TRANSIT by a spring, after orbital injection 
from the second stage rocket. This satellite which was designed and developed 
by the Naval-R.esearch laboratory, is prog~ammed to travel in the same orbit 
as the II-A TRANSIT but a short distance ahead of it. The NRL satellite will 
have an operational life oi ·ohe year·;· -the life of: its chemical batteries, al
though it may remain alof't as long as 50· years. 

· The II&•A also carries· an experimeQtal receiyer and 'antenna for measure
ment of the cos_mic noise· above the ·1onosphere. It is a guest in the TRANSIT 
and was designed by the Defense Researoh Telecommunications Establishment, 
Ottawa, Canada, to detect cosmic noise-at a frequency of 308 mco The informa
tion of the noise levels measured in the satellit·e _is teL:imetered to the 
TRANSIT grour1d stations where it is d_ecod.ede _A;fter a ww3k, the Canadian. 
equipment will be shut off and t.he satellite will ·continue its norme.l functions. 
The DRTE·antenna is connected to the II-A despin weights.· After seven· days, 
these weights are released to fly out and separate from both sides of the 
sphere. This will have the effect of· bringing the TRANSIT satellite tq, a- near
stop, and·the weights will then be cut_loose. Magnetic bars within th~- satel
lite, acting against- the earth' s·'.magnetfo field, will remove any' resid48,l spin. 

Telemetered data from the I-B satellite revealed a reduction in the spin 
from 2.815 to 0.004 revolutions per second with the ope~ation of its despin 
devices. 

The TRANSIT ground stations, including one in Newfc;,undland:·~bd :one in. 
England, have been able ·to track the I-B with precision: _:f.ro~ tiine to la.Ul).ch. 
From this tracking information excellent orbi.ts have been dete:r-iliined ru;:d f,fie 
relative positions of several TRANSIT receiving stations havE; been daterwfued 
to within a few hundred feet of the surveyed posit::i.ons~ Results to_.date_ 
clearly indicat_e the feasibility of usfr1g the TRANSIT system to· perf'.orm navi
gation with the precision that may be required for any military application. 

E·N D 

..... 
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The final operational system will consist of a family of sa·c.ellites and sta
tions at altitudes and positions optimum for tracking. The type of signals pro
viding Doppler data will remain as in the TRANSIT I--13 anq Il:-A, except that in 
the operational system an injection station will transmit back to the satellite 
its orbital parameters for a minimum of one··aay in ,the future. Thereafter, until 
new orbital data are •. ,jected, the satellite ·orbits around the earth transmitting 
on two very stable, harmonically re lated frequencies. Th'Js, navigators need only 
use spec_t.al receiving equipment to obtain f,rom .the satellite their positions. 
The navigational fix can .. be made in _any weather,._ and there is no ·need fo-r the 
ship or station to int,e-rrogate the sate_llite .. 

Operational satellites would weigh 50 to 100 pounds, 1-iave a useful life of 
several years, and contain a stable oscillator. Th9y will also contain a minia
turized digital memory for ;storing orbital information re~ei ved from the. injec
tion station plus a modulator_ for pulse-modulating _this iDfcrmation on tl;le -t:,rans-
mitted.·,frequemies. for re,-t,ransmittal to tpiq qav:i.gating .statiorn, .. The satellit~s 
will be completely t_rarnr:i.stor:i.zec). and will .use _solar power., 

A9 unusual.and highly versatile an_tenna, painted as a silver spiral band• 
around the surf.ace of each TRANSIT satellite :j_s part of tl;le vital_ communications 
link betvieen the sphere and the statiQris .·and. sb:i,.ps which it- wL)..l serve .. 

Instead of, prov:ic-:ing a separate antenna for .each frequency be:i,.ng transmitted, 
the oroad band anten.na_in.-the fqrm of a logarithmic spiral is.used to transmit all. 
four frequencies. The silver sr:·,;~•al pattern is painted onto the outside of the 
fiberglass radomes and is Goated on the inside with a gold film to deflect thE:J • 
heat coming from the sun. 

. . 
The radiating fields, are -confined to th~. edges qf , 

the conducting surface of the silver paint.. Over-all, the lo~arithmic. spir,al de
sign of-the antenna around the sphe.re resembles t0at on a barber's pole. 

In order to determine. some of the navigational errors, four frequencies will 
at first be utilized. Once the most desirable frequencies have been determined, 
only two frequencies will be reqµired. 

The _frequencies al'.'~ controlled by two staple oscillators which .are housed 
in Dewar .. flasks ( tempera tu:rs. resistant_ jugs). bf cause thermal changes would alter 
the frequencie$ of the: osc:1.'Llato:~s. · Tb';) chemical batteries and banks of solar 
cells (on.,the outside .of tl10 sphe):e) _power t:Ce .·four transmitters. TRANSIT 1-D
has an. auxili:;,.ry cl:}.emical battery ~s a sa,fety factor. The II-A. relies· complete
ly upon solar power. 

Contained ·.al~o in the sate J_lite are two :r:eceivers, two. telemetering gather
i.ng and sending devices and an •infra-red scann;i.ng,·system. 1 . • 

·.. . ' . 
The antenna for the Canadian receiver is an integral part of TRANSIT II-A1s 

despin weights. The antenna and weights.a~e released when despin of the satel
lite occurs • 

4 
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BACKGROUND INFORMATION ON TRAM3IT 

HOW IT WORKS 

.... 

The f.easibili ty test of a new navigational system launched by the orbiting 
of TRANSIT I-B experimental satellite and continued by the orbiting of the 
TRANSIT II-A experimental satellite is based upon the capacity of seven ground 
receiving stations and a computing center to e:Xtract positional information _from 
the signals of an orbiting sphere. 

The signals as mea:sh~:d on the ground~ although originating in an ultra
stable oscillator, neve·rtheless change their frequency as they approach and pass 
over the ground station. This change caus-ed by the movement of the sa-te.llite is 
called the Doppler shift. It is the ·:ttey to the entire TRANSIT system • 

•. J. 

Measurement of this Doppler shift ·permits scientists of the fl.pplied Physics 
Laboratory to predict the future orbit of the satellite, perhaps days ahead. 
These -data, when later provided to ships through another satellite signal will 
permit them in any weather to mark their positions to a high degree of accuracy. 
Also, the TRANS1T systan will permit man finally to measure the sizes of land 
masses and the distances between points on them~ 

If orbit is achieved·, the TRANSIT II-A wil:l beconie the second pione.er satel-
,. 1 ,:.~.t· . 

lite of the- system which is expected to be operat·ional· in 1962. •• 

The satellite is designed to transmit on four widely varied frequencies to 
provide room for experimentation. Each signal is controlled by the· ul~rastable 
oscillator in the satellite. The received signal is speeded up or slowed down 
(frequency change) as a result of satellite· (transmitter) motion. This change 
in the -frequency of the signal is piclted up by the receiver in the ·ground sta
tion. It is checked· automatically ·against a time and freE]_uency standard and 
reveals at .the station the change in the signal frequency. This chai:ige is the 
Doppler shift. 

Doppler shift data are teletyped to the computer center at t:4f A}Dplied 
Physics Laboratory in Howard County, Afu.ryland. Here, APL scientis'ts· u,se the 
Univac 1103--a high-spe~d digital computer--to calcuiate ·satellite positions. 
These calculations are possible since the Doppler shift is a direct measure of 
the rate of change of the d:i:stance between the transmitter in the satellite 
and a re:ceiver on the ground. If the position of the ground receiver is known., 
the position of the satellite transmitter can be calculated. Future positions 
of the satellite can be caiculated since satellite rotation 9-round the earth 
is governed by strict astronomical laws. Navigation occurs analogously to 
satellite tracking. Actually, the reverse of the tracking procedure is used. 
Now that the satellite's position is knovvn at future times, Doppler data re
ceived by a navigator at one of these future times may be used to calculate his· 
position. 

1Nhile TRANSIT II-A, as well as TRANSIT I-B, is aimed at determining the 
feasibility of the Doppler navigation sys-tern, it will also initiate geodetic 
measurement and analysis, and provide data fo_r a better understanding of the ef
fects of ionosphere refraction of radio waves. Eventually, the composit:ii.on of 
the ionosphere in terms of electron densities will be determined., 

- 3 - (More) 
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V V 
TRACKING STATIONS 

Seven groun0 rec~iving st·ations stretching from England to Newfoundland to 
the nar thwest and southwest United States to Brazil are the scien ti.fie. ears of 
the Applied Physics Laboratory of The Johns Hopkins University which plots and 
pre~ic ts the orbits of TRANSIT .I-B and II-A satellites. 

They will receive Doppler data from the TRANSIT I-Band II-A satellites 
launched from Cape Canaveral, Florida. The string of stations will be the vital 
receiving posts. vifhich will.furnis.h man a new·-navigational technique and permit 
scientists for the• first time to mark the ·exact locations of land •masses. 

The TRANSIT stations are situated at the Howard .County site of the Applied 
Physics Laboratory; at the University of Texas, in Austin, Texas; the University 
of Washingt'on, at Seattle, Washington; at the New Mexico State University, lai;, 
Cruces, New Nlexic o; the U.S. Nava 1 Air Station, Ar gen tia, Newfoundland; the Royal 
Aircraft Establishment at La.sham, England, and S~.n Jo;se t Dos Compos, Brazil. 

In the he.art• of each satelJ,ite, APL engineers have installed two stable os
cillators. The frequencies are· gene:rated fran each oscillator. At the grotmd 
receiving station, engineers measure the_ Doppler shift.· '.fhis measurement is made 
IJy determining the amount of time required to receive ·a preset number of Doppler 
cycles. 

This Dapple r shift information is recorded in the ground receiving station 
and special equipment reduces it to data suitable f.or the. transm;ission on tele
tape to. the APL computing center· at Howard County, Maryland. The next stati0n 
completes an identical recording and processing function until the total of the 
information i.s prepared and transmitted by· al.l .of the stations to the big Univac 
1103-A at· th(:) Applied Physics Laboratory .. • 

With the stations and the ccmputing center., APL scientists will be able not 
only to mavk the' ·parameters of the satellite but also predict its orbital paths. 
for several days ahead. 

Once the satellite's future positions are calculated, they can be used by 
navigators as stable reference points with which to obtain .an accurate naviga
tional fix. This is possible since the· size of the Doppler shift depends on the 
rate of· change in the position of the satellite and. th.e pqsition of the r..av:ij,atcr. 

Present techniques have been inadequate to give ex~ct positions on land 
masses.:. This means the exact distance; for example, betweer:i the top of the Empire. 
State Building in New York City, and the top of tre Eiffel Tower in Paris is not 
known precisely. As a by-product of satellite navigational development, important· 
contributions ar.e expepted to be made to the science of. geodetics. 

• A future navigational pattern might well incJnde an injection terminal· which 
would transmit the ·predicted satellite parameters to the sphere itself. Heid Iii 
a storage device which could be erased fran time to time, the information could 
be relayed continually to ships and aircraft navigators. Knowing the path or • 
parameters,· of the sphere, navigators would be able to mark the_ir own pd'sit.ioris -
withih ·a few minutes, under any condi tlons of visibility anywhere iri, the world.' 

•'.i" 

=.: Equipment in the station includes a non-directional antenna, stable frequen
cy reference, receiving equipment and facilities for both pre.cisel.y measuring the 
Doppler shift and for reducing data to form suitable for transmission. 

- 5 - More) 

,, 

I 
Approved for Release: 2024/06/11 C05025388 



C05025388 
,Approved for Release: 2024/06/11 C05025388 

T'rIE 1i!ANAGEMENT. OF PROJECT 'I!RANSIT 

The success of Project TRANSIT is,. due to the coo:i:e·ration and teamwork ·of 
the United States Navy and Air .Force. 

The Air Force Ballistic Missile Divisiori (ARDC) has responsibility for launc:· 
sequence, ·and the Department of the Navy, Bureau of Naval Weapons, fol'.' the .. over~. 
all payload experimant. • 

A Thor-Able three-stage missile. combination .. was. chosen. as the launch vehicle· 
for the first attempt to place a TRAI\BIT satellite .into orbit.· .The third stage 
·Jas:redesigned arrl modified to accommodate the Navy's satellite. Air Force ~nd· . 
Space Technology Laboratory engineers· started workirig on the complete· sys.tern to 
insure proper functioning of.the ·thousands of parts that .comprise a cornpl:ueated 
space .vehic~. • • • ·,· 

late: in IBcember, 1958, • the ·first of a series of ·regularly. scheduled .Tech
nical Direction meetings was held at Air Force Ballistic Missi1e Division-Space, 
Tec1mology laboratory~ In attendance--were ·representatives of all agencies, .both 
governmental and civilian· irivolvea· in_ the prcj'.'}ct to review, evaluate, .criticize 
correct, .modify' and discuss what· had· already been done•, arid :·1ivhat was proposed to 
be dme~· • 

.. ' Through 'such meetings, progress was made. Problems ·were encountered ·and 
solve'd. The enci. result ·of this teamwork~ of these· meetings, of this coordina-· . 
tion, was an init'ial· launch ~ttempt on ·september 17, • 1959·, of TRANSIT I-A which:, 
~vhile unsuc·cessful in orbiting·, proviaed·. data to confirm the system concepts. • 
Intensive' efforts since September, 1959~ resulted in the ·launching· of a second· • 
satellite - TRA.t'\JSIT r~B on April 13, 1960. • This improved satellite was injectec 
into orbit by a complet.ely new two-stage booster" ·vehicle - the·· Thor--Able-Si;ar.
The Thor-Able-Star was a;J_so used to launch another improved satellite, TRANSIT . 
II-A';· · • · • · on Juh:e ~ 1960. • Comp.lete· coordination was essential to suc
cessful integration of satellite' and launch vehicle,. arid t:he resulting sucqess-
ful r-rbi ting of both TRANSIT I-B and TRANSIT II-A. • 

• .. SUMMARY· OF- TRANSIT I-A OPERATION 

Data from the ·s·hort-lived flight ·of the TRANSIT I-A ·navigational satellite . 
:from Cape Canaveral, Florida, or:i September 17, 1959, classed as a failure, has 
furnished scientists with a complete test of· me· space vehic1e I s· internal compler 
and a prelilllibary· confinnation of its feasibility a:s the· basis· of a new, more ac-
curate system of world..:.wide navig~tion·. . • • • 

TRANSIT I-A was launched bi a Thor-Able rocket and the first two stages op
era.tea as planne~. The third stag1:J w_as not ig~ited and the satellite apparen~ly 
burned up· when it entered· the· atmosphere' several hundred.• miles· west ·cif Ireland .• 
The f]ji.ght. lasted twenty-five rrd.riutes •. .-· Despite this· failure ilie satellite reach
ed an altitude of 400 miles, exactly the altitude planned for the test, and infor"":': 
mation was received on ·all fc:iut of its frequencies· from the manent of lift-off 
at Cape Canaveral to its de'stru.ction •• The portctble station located at the U.S. 
Nav:al Air Station at Argentia, Newfoundland., reco·roed· the sani.e informati.on it 
would have received o_n _two frequencies, 162 .and .216 megacycles., if ·the satellite·· 
had··been in orb;it. • • • • • 
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In short, although the satellite did not get into orbit it did provide the 

mechanism for determining in a preliminary way the feasibility of mak:iing refrac
tion c0rrections and determining the orbit by means of the Doppler signals. 

By comparing the Doppler signal of the two frequencies received at Argentia., 
the refraction of the ionosphere has been preliminarily calculated. When this 
correction was applied to the signal originally received, it yielded a Doppler 
curve unaffected by ionospheric refraction. The TRANSIT I-A trajectory deter
mined by the Doppler curve was in close agreement with track data obtained by 
other means. 

The flight also exposed TRANSIT I-A to the punishment of launching., accelera
ted thrust, and later the hard vacuum environment of 400 miles altitude. Contin
ual telemetering recorded all components as operating. Solar cells provided elec
trical energy utilized by the transmitters. The frequency of the transmitters was 
off only one cycle per second out of 100 million cycles from pre-launch tests 
under ideal conditions on the ground. 

Although only a partial pass of the satellite was obtained, acquired data 
indicate that major objectives of the flight were accomplished. 

SUMllARY OF TRAl'ISIT I-B OPERATION 

TRANSIT I-B was launched into orbit around the earth by a Thor-Able-Star 
vehciel fired from Cape Canaveral, Florida, April 13, 1960. 

At the designated time of injection into orbit, the satellite separated 
satisfactorily from the second stage of the Thor-Able-Star vehicle and was trans
mitting on all four Doppler channels. Signals were received at all tracking 
stations at the expected time of launch. Although some noise was experienced on 
two frequencies radiated by the satellite, an excellent orbital det_ermination was 
made a few hours after launch. 

Since TRANSIT I-B satellite was injected into orbit it has met several 
test objectives and notable progress has been made on others. The pickaback 
satellite separation technique, subsequently used in the TRANSIT II-A to release 
GREB, was successfully demonstrated, and despin of the satellite occurred. 

Telemetered data from the satellite indicate that the temperatures are 
within design limits and tbat the solar cell power supply is functioning as 
designed. 

From the tracking data excellent orbits are being determined, and the 
relative positions of several TRANSIT receiving stations have been determined, anc 
to within a few hundred feet of the surveyed positions. 

The use of two frequencies in making corrections for the refraction effect 
of the ionosphere has proved effective. Investigation of the earth's gravitation
al field and the geodetic surface of the earth has been started. 

The reduction and analysis of the tracking data and experiments on 
position determinations are continuing, but the results to date clearly indicate 
the feasibility of using the TRANSIT system to perform navigation with the 
precision that may be required for any military application. 

END 
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NRL RADIATION MEASUREMENT SATELLITE 
··pucED INTO ORBIT ,WITH .TRANSIT II~ 

Placed into orbit with the TRANSIT II-A-~atellite was a 20-inch solar 
radiation measurement satellite developed by the Naval Research Laboratory, 
Washington, D. c. The two spheres were clamped together in the nose cone of 
the rocket and were separated at orbital altitude and injected into orbit 
separately by a spring. 

The NRL device measures solar emissions. 

The accuracy of the Doppler measureme.nt by stations:. tracking TRANSIT 
satellites is affected by the ionosph~re; the mult_i-layered and electrified 
belt. of thin air that.-extends from 3·5 to hurtdr~ds- o.f, miles above the eartho 
This. layer refracts radio ,signals se.n-t/ from :the .satellite. to stations on the 
ground. Since the intensity of 'the ionosphere is a function of solar act_ivity, 

• measurements of solar emissions made by the NRI, radiation measurement satell:i.te 
should provide_ a better understanding of the ionosphere. This, in turn, wouJ.d 
be an important st~p toward perfecting Doppler-navigation .. 

.. Since observations of the ion95.pher.e. f~om the earth's· surface a~e limited 
··by the atmosphere and .the va:ria:b1lity' 'i:>t ·rocket observations, the NRL satel
lite constitutes the first above=atmosphere 1 long-term study of solar radia
tion. This type of study is vital in that the .solar radiation environment in 
which the earth moves determines al~ost completely its status as· an inh.abita
ble planeto 

One of the principal problems with_ which upper air physi,~s have been 
concerned is that e.if the forma.ti(_,L of the· ionosphere. The latter is strongly 
s?lar dependent, with much greater ionization being present during the.day than 
during the night. The nucturnaJ ionosphere, is thought to be -the unJ".,'(;cbmbined 
high altitude remnant of t~e intense ionizat:'i.9n p~0duced duri::.tp; the·'.ciay·« _In 
addition, the ionosphera is el":\etricf:illy d•j,1i,:~r·,q.:.rr_ing~•;Ihe pe:·:-fod of sun spot -
maximum than durL1g . .-sun spot rr.::tiimum" • ·Ftii-+.}·_,0:!.'more~ spor;:ific solar events, 
particularly large solar :q,ars:' ·" are foJ_loJJvej }?)l!",1-J.n i.t'ifdi::diate :Lncrease in the 
lowest.'leyel of the: ionosphere with resµltirig,,~isa-pp_earance of short wave 
ionospheric reflection.- - . , _ ... :·· , 

. .. .· . . . ~:· .. :: \ 1.:. ··~ ... ~ /' 
• ·since 1950, the solar rad~_atioris .. proditc,/'."lg- tpe jpnosphere have been mea-

sured intermittentiy from rockets. 'The measurements- hav:e indicated a consider
able variability in the short wave X- 0 :r:·ay ':i-_,egion of the st,n' s emission. At 
wavelengths below 20 Angnt:::-oms, more :iT\te~!.,0.5,t,y has been observed during the 
recent sun spot maximum than was observed d.m•j_ng the lcw activity period 
1953-55. Rocket measurements during solar flares (short-lived brightening of 
the solar surface in the neighborhood of a sun spot) have given further evi-

. dences of thj_s relation betwee:::. X-rmr emission and solar activity.. Measure
ments showed that the larger flares produced greatly increased quantities of 
penetrating solar x .. rays, 2 to 8 .Angstroms in wavelength., (MORE) 

I 
Approved for Release: 2024/06/11 C05025388 



C05025388 
( Approved for Release: 2024/06/11 C05025388 

V V 

The Command Receiver - This unit is similar to the Vanguard command 
receiver providing a sensitivity of =90 dbm (power level in decibels with 
reference to power of one milliwatt). For sacurity, the detector is followed 
by a tuned audi,-,··.amplifier. The detected audi.:, signal opsrates the command 
relay. The receiver only responds to the proper carrier f.t'equenc;y- when it is 
modulated more than 60% by the p1.·oper audio tone o The commar!d recej,v-0r will 
turn off the transmitter at the end of the useful life of the experiment. 

The Antenna System - The sphere h~.s .four rigid tube antennas protuding 
from the equator o:f the satellite at. right angles to each other. Arranged in 
a plane perpendicular to the spin axis, they prov::.de a signal which will not 
vary at the spin rate. The system serves :for bot:-i trans!:':is sion and reception e 

The antEinnas, hinged for folding during the J..auncll, extend b7 S:ndepen:dent 
sprj.ng action ais- ·the ·nose c,me falls away., 

The Power Supply - The sateJ.:Lite 1 s .entire system is powered by a nine··· 
cell, 12-volt storage battery cha1~ged by 936 silicon solar cells. These solar 
cells, which provide two wa-tts of charging power to the chemical storage -.,:,.~ ::
batteries, are distributed equaLy among the six c:l.rcu¼,r solar patches 
symetrically located on the strrface of the sphere. Fused silica windows, one
sixteenth of' an inch thick, protect the patches from meteoric erosio:n.o 

END 
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As a result of a joint Navy-Air Force effort, the United States made 

a major advancement in the realm of space satellites early t0day by launching 

two satellites at once. 

The Navy's TRANSIT II-A navigation satellite and a radiation measurement 

satellite developed by the Naval Research Laboratory were launched together by. 

a Thor-Able-Star Rocket from Cape Canaveral at 1:54 A.M. (EDT). At 3:30 A.M. (EDT) 

the satellites passed over Seattle, Washington confirming their bei~g in orbit. 

Telemetering data is still being ana]yzed by the Applied Physics Laboratory of 

JohnsHopkins University to determine the exact orbit, although preli~inary 

indications are that it is in a much better orbit than TRANSIT I-B which was 

launched on April 13. 

The TRAJJSIT II-A is a 36-inch sphere weighing 223 pounds. Attc1ched 

to it by a metal band was the 20-inch solar radiation measuring satellite. 

After the second stage of the rocket cut b~ck in to give the necessary 

speed for orbit, the two satellites seperated from the rocket shell, then 

fl spring seperated the two satellites. Both satellites are broadcasting loud 

and clear. 
END 
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As a result of a joint Navy-Air Force effort,, the United States made 

.a major advancement in the realm of space satellites early today by launching 

two satellites at once. 
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The Navy's TRANSIT II-A navigat~on satellite and a radiation measurement 

satellite developed by the Naval Research Laboratory were launched together by 

;i;;,f 
tlf, ... 
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a Thor-Able-Star Rocket from Cape Canaveral at 1:54 A.M.(EDT). At 3:30 A.M.(EDT) 

the satellites passed over Seattle, Washington confirming their bei~g in orbit. 

Telemetering data is still being analyzed by the Applied Physics Laboratory of 

JohnsHopkins University to determine the exact orbit, although preliminary 

indications are that it is in a much better orbit than TRANSIT I-B which was 

launched on April iJ. 

The TRANSIT II-A is a 36-inch sphere weighing 223 pounds. Attached 

to it by a metal band was the 20-inch solar radiation measuring satellite . 

. After the second stage of the rocket cut back in to give the necessary 

speed for orbit, the two satellites seperated from the rocket shell, then 

a spring seperated the two satellites. Both satellites are broadcasting loud 

and clear. 
END 
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