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THE JET PROPULSION LABORATORY AND THE BEGINNING OF AMERICAN EXPLORATION

OF SPACE

C. R, KOPPES

Department of History, Oberlin College, Oberlin, Ohio 44074, USA.

The Jet Propulsion Laboratory (JPL) in Pasadena, California, has played a leading role in space exploration. JPL’s
series of scientific space ventures - Mariner, Viking and Voyager - have helped to revolutionise our understanding of
the cosmos, The Laboratory’s embattled but ultimately successful Rangers and Surveyors in the 1960’ began the explora-
tion of the Moon and provided indispensable support for the Apollo manned landings. The forerunners of these under-
takings could be found in the Laboratory's role in the Explorers and Pioneers of the late 1950 — the f irst successful
United States space flights. Despite the extensive writing on Explorer I, however, JPL's role has remained obscure. The
purpose of this articie is to examine the Laboratory's part in the beginnings of American space exploration from 1954

to 1960,

EARTH-ORBITING SATELLITES, WHOSE principles had
been known since Iszac Newton, had approached technical
faasibility with the development of rocketry during World
War . The first requirernent for orbiting a satellite was
attaining the proper speed. Intercontinental missiles
attained speeds of about 6.4 kin/s {4 mifs) and went out
into space about 1230 km (800 mi) before falling back to

- Barth. Satellites required a speed of 8 km/s (5 mifs). Some

scientists at the RAND Corporation and the Navy had
proposed building satsllites in the late 1940%s, By 1954, a5
the United States initiated a crash programme to develop
intercontinental ballistic missiles and the scientific and
military uses of sateilites became apparent, satellite propo-
sals neared the hardware stage {1].

Although JPL was to play a major role in early space
ventures, it had conecentrated on basic research and hard-
ware development in the missile field during the 1940°s and
early 19507, This emphasis reflected the major source of
the Laboratory's funding, the U.S, Army Ordnance Corps.
Nominally managed by the California Institute of Tech-
nology (CIT), JPL operatad out of ifs own facilities several
miles from the campus and had Eitle connection with its
parent, The Laboratory had gotten is start in 1936 under
the aegis of the great zerodynamicist Dr. Theodore von
K#rman when severai graduate students and rocket
enthusiasts, headed by Dr. Frank 1. Maiina, began xeperi-
menting with rockets. The project laid the foundatiosn for
Amarican rocketry during World War I with its successful
development of solid-propeliant rocket motors and is
building of the first sounding rocket, the WAC Corporai (2
liquid-propellant rocket vehicle with a solid-propellant
booster stage) in 1945, After several years of basic research
in the context of weapons systems, JPL began development
of the Corporal tactical nuclear missile in §950. A hastily
modified fest vehicle, Corporal was suppianted by the solid-
propeilant, much more sophisticated Sergeant weapon
system, which the Laboratory began to develop in 1954
iz2].

Yet space expioration had never been far from the
minds of some of the Laboratory’s scientists and engineers,
Frank Malina and JPL engineer Dr. Marzin Summerfield
had calculated in 1945 that it was possible to build a
rocket that would “escape Earth’s atmosphere.” {n [949,
the Bumper WAC, 2 WAC Corporal mounted on a V-2,
became the first man-made object to reach extraterrestrial
space by ascending 400 km {250 mi); it had also proved
the feasibility of multistaged rockets. Passing the time be-
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fween test flights at White Sands, New Mexico, in 1950,
some JPL engineers scribbled back-of-the-envelope caleula-
tions that showed it was possible to cluster some Loki
rockets on 2 Corporal missile and land an empty beer tin on
the Moon. Mors seriously and certainly more formally, -
JPL Director Dr. William Pickering was active throughout
the 1940’ and 50’ on the Upper Atmosphere Research
Paneil, which sponsored research using high-aititude sound-
ing rockets [3].

Scientists won approval for a satellite 25 2 United States
contribution to the International Geophysical Year
scheduled for 1957-58. JPL became invoived in the venture
when the Army Ballistic Missile Agency (ABMA) and the
Office of Navai Research {ONR}) sent their proposals for the
joint effort, Project Orbiter, to Pasadenz for review in iate
1954, Orbiter's first stage wouid be an uprated Redstone
nrissile. The remaining stages would consist of Lokis, the
senall solid-propetlant antizircraft rockets developed at JPL;
the second stage would use 24 Lokis; the third, six; and the
fourth, one Loki and the {ive-pound pavioad. JPL reviewers
recommended against the use of Lokis because the failure
of one of the 31 rocket units could prevent the sateliite
from attaining orbit. Dr. Homer I, Stewart, the CIT agro-
dynamics professor, who also supervised systems analysis
at JPL, recommended instead that Orbiter use a smaller
number of the more powerful and more reiigble Sergeant
rocket motors, scaled down from 31 inches in diameter to
six inches in diameter. Revised in accordance with Stewart's
ideas, the Orbiter proposat appeared to be headed for
smooth sailing in early 1955 {4].

But Stewart, ironicaily, had to preside over the demise of
the ABMA-ONR-JPL proposai. He chaired the Ad Hoc
Cammittee on Special Capabilities, a sub-group of the
Department of Defense Guided Missiles Committee, which
was formed to referse the competition between the Orbiter
and Vanguard, a dark-horse entry from the Naval Research
faboratory (NRL). Orbiter's strength lay in its powerful
rocket motors and proven technology, which made possible
a launch by August 1955 to make Vanguard the first
American satellite programune. When the Soviet Sputnik up-
staged Vanguard while Orbiter waited in the wings, the
deci;io]n became one of the most controversial of the space
age $5].

JPL and the other Orbiter backers chafed under the
decision and tried repeatedly to get o reversed. The Luab-
eratory contributed seversi more sophisticated electronics

* studies, but Orbiter remained moribund. Yet through
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Orbiter/Expiorer’s competitor: Vanguard. In the end Vanguard had
1o take a back seat because of its spectacuiar failure in December
1957,

personal and institutional connections in the communica-
tions aspects of missilery, JPL remained near the centre of
action. Pickering was 2 member of the Technicai Panel for
the Earth Saieliite Program that was organised by the
United States IGY committee in October 1955; and he
chaired the working group on tracking and computation.
The JPL director was in the anomalous position of promot-
ing a competing technical proposal but organising operation-
al support for Vanguard {8].

JPL and ABMA found an institutional outlet for their
Orbiter studies in the Re-entry Test Vehicle, which, by a
circuitous course, eventualiy produced the first American
space triumph. ABMA, led by Wernher vor Braun and
Brigadier General John B. Medaris, was developing the
Jupiter, 2 medium-range ballistic missile that was engaged
in a competition with the Air Force's Thor, To counteract
the great heat the Jupiter encountered as it reentered the
atmosphere at high velocity, ABMA planned to use an
ablation-type nosecone in which the various layers bumed
away during reentry. IPL’s Qrbiter ejectronics proposals
thereiore proved readily adaptable to the fupiter's pro-
gramme’s nosecone testing. The Laboratory’s telemaetry
could send data back to ground control on the heating
effects of the missile during fEght and its tracking mech-
anism made it possibie Lo recover the nosecone 3! the end
of the flight {71,

The main JPL contribution was Microlock, a phage-
locked loop tracking system. The innovation in Microlock
was its ability to lock to a very low-level signal; under ideal
conditions it could lock on a signal as jow as a miliiwatt
nearky 9600 km (6000 mi) away. The origins of Microtock
could be traced to some of the early guidance and informa-
tion theory research for the Corporal. Researching the high-

. frequency.propertiss of transistors, JPL engineers dis-

covered they operatsd well but could put out only 50 mW

Such low power at first seemed to be useless but calculations

7
followed by experiments demonstrated that, if an appro-
priate phase-locked receiver were used, the signal might be
zeceived from as far as 1600 km (1000 mi) in freespace .
transmission. As adapted for the RTV, Microlock would
also extract information from five minimum-weight tele.
metry channels. Microlock was an interesting exampie of
how advances in technology sometimes lead to a string of
conceptual innovations [8].

The RTV also incorporated JPL's skills with solid-pro-
pellant motors in the delicate positioning of the upper
stages. The 1! motors of the second stage were mounted in
an annular ring inside a tub, the 3 motors of the third stage
were inside the second stage, and the fourth stage motor and
payload sat in the centre of the two outer rings, When each
stage fired, it broke shear pins that attached it to the lower
stage and jet that stage fall back to Earth. For greater
accuracy, the upper stages were enclosed in a spinning tub
that was powered by two battery-driven electric motors. |
The tub began spinning at 530 rpm before takeoff; about
70 seconds into the flight the rate gradually increased to
about 750 rpm. This procedure eliminated “resonance
between the spin frequency and the natural bending

- frequencies of the missile,” which increased as the first stage

propellants were consumed. The spinaing tub imposed
severe vibration and centrifugal force on the second stage.
Extensive ground testing under simulated flight conditions
showed that the motors performed well but small changes
in the nozzle design were necessary. Throughout the design

~ of the upper stages highly accurate positioning and balance

were necessary 10 cuird vibration and deflection {91,

The arrangement seemed somewhat ‘Rube Goldbergish,”
in the words of Eisenhower’s science advisor, Dr. George
Kistiakowsky, of Harvard University; but it worked. The
first was fired on 20 September 1956, from Cape Capaveral,
Florida. Some Pentagon officials waiched nervously be-
cause they fearsd the RTV was a ruse for a clandestine
sateilite iaunching. The first Jupiter C* set records for
American missiles to that point: an altitude of 1091 km
(682 mi) and a distanice 5360 km (3350 mi). Al the test .
objectives were met. The motor demonstrated the desired
power, the aerodynamic design worked satisfactonily, and
the Microlock system performed very close to theory. Since
the Army was interdicted from attempting a satellite, the
fourth stage was loaded with sandbags. Had the Jupiter
contained a small Sergeant motor for just a little extra kick,
JPL and ABMA would have put a sateilite in orbit — a year-
before the Soviet Union {10].

In the second test, 15 May 1957, the missile took an
erratic course because of a guidance maifunction shortly
before the fuel cutoff. The nosecone was tracked to its
point of impact but was not recovered. {The missile-men
suspected sharks beat them to the cone since on some sub-
seguent tests jaws had ripped open the balloons that kept
the sosecones afloat). The third firing, on 8 August 1957,
was a success. Ajl major systems worked satisfactorily and

* Fhe Jupiter and Jupiter C nomenciature is confusing,
because of bureaucratic sleight-of-hand stemmung from
interservice missile rivairies of the time. The saliens point
is that the RTV, Orbiter, and Expiorer all used the Red-
stone missile as a first stage. In these series the Redstone
was designated Jupiter € by Medaris because they were
therefore accorded ahigher priority at the Cape. The
Jupiter, an intermediate range ballistic missile, with solid
propeilant upper stage rockets, was used to launch the
Pionieer space probes of 1958-39. The vehicle was called
Juno 2. The common denominafor in thess series was
that FPL’s spinning cluster of solid propeliant rocket

. stages was mounted on both the Redstone {or Jupiter C}
and with 2 single rocket motor attached to the sateilite,
the Juno |, and Jupiter missiles,
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the nosecone was recovered at 4 range of 1856 km (1160 mi).

The ablationdype nosecone proved superior to other tech-
niques and was subsequently adopted in two other American
intercontinental ballistic missiles. The design of the Jupiter
hitd been validated and the tests ended with several sets of
flight hardware in various stages of fabrication remaining.
Indeed, the successful culmination of the programme
appeared to thwart the efforts of ABMA and JPL personnel,
particularly Stewart, who wanted to keep the series going as
a backup to a Vanguard, which was expected to fail. With
the firings terminated, ABMA and JPL did the next best
thing, Medaris and von Braun put the surpius hard ware in
controiled storage, from which it could be made flight-
ready in less than four months for “more spectacular
purposes,” JPL Fupiter C Project Manager Jack Froehlich
assigned the remaining Sergeant motors to longterm life test,
which had the same effect [111].

Ag the series concluded in the summer of 1957, JPL
found itself in a period of seif-analysis and frustration. The
Sergeant missile programme was moving along well but more
weapons projects were unattractive to JPL. Fearing that
JPL might become just a ‘lob shop’ for the Army, Pickering
and CIT President Lee DuBridge had agreed in 1954 that
the Sergeant would be the Laboratory's last major weapons
development, The radio-inertial guidance programme the
Laboratory had undertaken on Jupiter ranked as a backup
to a backup in an interim development. Sateilites seemed
the best new direction for JPL. As Pickering noted in mid-
1957, “the whole trend of rocketry is in this ares.” That
seemed to mean working through the Army but the Air
Force’s near-monopoly on military satellite planning seemed
ta leave the Army with only the marginai activity of
reconnaissance sateliites limited to tactical uses. Indicative
of the uncertainty at the Laboratory, as late as the summer
of 1957, it seemed that primary atiestion over the next
three years should be gven to extending the Jupiter C
flights, Then, on Friday night, 4 October 1957, JPL and the
world discovered that Darth had a new satellite and that its
name was Sputnik [12].

Pickering had gone to Washington five days earlier fora
week of IGY meetings. On Monday, he had heard a Russian
scientist announce that the USSR would launch a sateilite
“in the near future,” as the translator rendered the phrase;
but an American seientist who knew Russizn leaned over to
Pickering and whispersd, ‘““That's not what he said — he said
‘imminent.”” Even so, the JPL director was not prepared
for what he heard at a party at the Soviet embassy the night
of 4 Qctober, Waiter Sullivan, the New York Fimes science
writer, bustied into the room and asked him what he knew
about the satellite the Russians said they had just launched.
It was the first that Pickering — and probably anyone else
in the room, including the Russians — knew about Sputnik's
success, Pickering hurriedly conferred with sgveral persons,
including Dr. Lloyd Berkner, who hushed the room and
proposed a toast. Amid successive torrents of celabratory
vodka, Pickering and his IGY colleagues slipped out to the
IGY offices a few blocks away. Thore thoy pieced togiine
what information they couid to see whether Sputnik was
in orbit, caiculated when it would pass over New York,
relayed the information to the press, and went to sleep -
only to be awakened after an hour wien their calculations
proved mistaken, and they had to recaiculate the time of
passage and call the presy again. It was a long night that left
indelible impressions. JPL personnel could remember vears
later whers They were when they heard the news, what they
first thought, and what they did, much as other peopie
could recall how they felt when they heard of the deaths of
presidents or of the bombing of Pearl Harbor {13},

The night of Sputnik 1, von Braus and Medaris were
chatting with the new Secretary of Defense Neil McElroy,
who by coincidence was visiting Huntsville. “Vanguard
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Explorer hefore being mated with the final stage motor.

will never make it,” cried von Braun. “We have the hardware
on the shelf. For God’s sake turn us loase and let us do
something. We can put up a satellite in 60 days, Mr. McElroy!
Just give us a green light and 60 days.” As von Braun kept
repeating 60 days,”” Medaris cautioned; “No, Werhner, 90
days.” McElroy returned to Washington noncommital {14].

The Eisenthower administration took the news of Sputaik
in its stride. AE his first meeting to consider g response to
the Russian sateilite, on 9 Qctober, the President asked
Quarles if it was correct that the United States could have
orbited a satellite more than a year earlier by using a Red-
stone, Quarles said yes. But Vanguard had two advantages,
he continued. It stressed the “pesceful character of the
effort,” and it avoided “the inclusion of materizl, to which
foreign scientists might be given access, which is used in our
own military rockets.” The Army still felt if couid launcha
sateliite within four months, & month ¢atiier than Vanguard.
Eisenhower demurred. The need for military classification
of the rociket still impressed him. The sateliite had been tied
to the IGY and Mad never been a crash programme, he
recalied. “To make a sudden shift in cur approach now
would... belie the attitude we have had ail along,” he point-
ed out {15].

The administration soon agreed fo advance Vanguard's
first launch date; and on 31 October, the President cautious-
Iy accepted McElroy’s suggestion to use the Army backup
to Vanguard. Eisenhower also strengthened his science
advisory system by appointing his first advisor on science

_and technology, James R. Kiilian, Jr., presidenst of the

Massachusetts institute of Technology. On 8 November,
Eisenhower delivered 1 nationally televised address designed
to reassure citizens that their security was not endangered
and that the presumed humiliation of Sputnik was only
temporary. Among his props was the recovered nosecone
from the ABMA-JPL Jupiter € [16].

Public opinion showed a mixture of alarm and concern,
apathy and caim. But in Congress, the military, and the
scientific and technical communities, & storm of recrimina-
tion was breaking. "We do not have as much time as we
did after Pearl Harbor,” said Senator Lyndon B. Joknson.
The hysteriz over Sputnik represeniad varying proportions
of wounded pride, & domestic political weapon, 2 genuine



international challenge and an opportunity for promoting

- institutions’ projects of self-interest. Brigadier General Homer

- Boushey, U.‘S_.:Air: Force, who bmi piloted the plane bearing
~the'first JPLL JATO's in 1940, deputy director of Air Force
- esearch zad-development, wamed: “Who controls the

" - Maon controls the Earth.” Pickering remarked sourly: “I
is pretty obvious that very few people.in this country had

- any appreciation of the political significance of the Russian
satellife,” and that included the politicians “in a position to
make decisions.” It was an “obvicus fact’ that the Russians
were “weil ahead” in weapons technology he continued. To
“recover national prestige”™ the United States did not need
dramatic scientific breakthroughs but “good management
and good sngineering on programmes which already exist.”
Not voincidentally, this meant using the capabiiities of
ABMA and JPL on Jupiter, and perhaps on a more daring
attempt to leapfrog the Russians { 7]

The Laboratory staff hastily drew up Project Red Socks,
a plen to launch nine rockets to the Moon in great haste.
The Laboratory used the full cachet of its parent in the
proposal, dated 25 October, 1957 “The California Institute
“of Technology believes-that it is essential for the United
States to initiate an immediate programme for the scientific
exploration of the Moon.” Sputnik implied the Russians
could send flights to the Moon, the proposal stated,

" “Nationa} interest appears to require the United States to
demonstrate a3 soon as possible that US science {ikewise has
this capability.” The first rocket, which would use the RTV
nardware, wouldbe scheduled for Juns 1958, and send

6.7 kg {15 ib) around the Moon. The remaining eight flights
would consist of scaled-up RTV equipment and send 54 kg
(120 b} peyloads to the Moon from January 1939 to the
end of 1964, The first flight would carty instruments to
measure tetaperature, pressure and lght intensity. The
remaining flights would expand on these experiments, and
the last several vehicies might incorporate more sophisticated
guidance to refine the orbit around the Moon. In the quest
for spectacular science, YPL officiais flirted with even bolder
ideas. Pickering and other scientists toved with the idea of
expioding an atomic bomb on the lunar surface, which
would “shower the Earth with samples of surface dust in
addition to producing beneficial psychological results "[181.

These schemes seemed audacious, even bizarre, for a
space programme that had yet to get off the ground.
Pickering and DuBridge peddied the Red Socks proposal
through the corridors of the Pentagon, Lisutenant General
James Gavin, head of Army research and development,
tiked it immensely and told JPL he would consider its
approval the crowning achisvement of his career. Donaid
Quaries, assistant secretary of defense for research and
development, seemed interested; but he wanted to involve
the Air Force. Back in the corridor, Pickering turned to
DuBridge and said, “Weil, that kills that.,” Red Socks never
got into the race {15},

Through October and November, however, the pressure
built for Juno {, the modified Redstone, A few days after
Sputnik 1, the audacious Medaris told the crews at ABMA
to take the rocket out of storage and begin readying it for
faunch. Medaris lacked higher authority for this action:in
fact, he issued his instructions at the same time the President
reaffirmed his atiention to stick with the nonmifizary
approach. Medaris figured the amount of money was
relatively smali and that he could bury it somewhere, if
necessary, He was assuming, too, that Vanguard would
falter. The Soviet Union boistered his pians when, on
3 November, it orbited Sputnik 2 with a dramatic payicad:
495 kg {1100 IbY in weight and 2 live dog, Laika. On
3 November, the DoD at last gave the Army and JPL
authorisation to prepare their sateilite, Expiorer, as Orbiter
wis known, remained a backup;bot it was the moment the
two agencies had sought since 1954, Then on the night of

S EXPLORER I
Genesal layout of the early Explorer satelijtes.

20 November, ¥anguard was readied for take-off, was fired,
exploded, and sat burning on its Jaunch pad in the flat giare
of internationsl publicity, Orbiter's moment had arrived:
[201.

When von Braun blurted to McElroy that the hardware
was on the shelf, he was correct except for one detail; the
sateiiite itself had vet to be built. Von Braun confidently
assumed his team would get that plum, but Pickering was
determined that it should go to JPL. The Laboratory had
earned the job because of its work on Orbiter and Jupiter C,
and the payload logically fitted in with JPL’s communica- -
tions work, particularly Microtock. Just prior to the mesting
at which the roles wouid be assdigned, Pickering ssked
Medaris for 2 few minutes alone. He argued that JPL shouid
build the satelite; Medaris agreed. The Generzl probably

“felt the Laboratory could handle the electronics work betier
than Redstone Arsenal and bhe wanted to keep JPL actively
in the Army’s orbit. Von Braun's jaw dropped when Medaris
and Pickering walked into the meeting and informed them
of the decision, but the collaboration proved fruitfui; and
there was more than encugh work for both teams {21].

The quarter of an hour Pickering spent with Medaris was
momentous. If Redstone Assenal ad built the Explorer |
satellite, it would have had bath the missile and the sateiljte.
JPL would have been reiegated to 2 minor supporting role,
chiefly in its tracking network, from which it would have
been highly unlikely to develop into 2 maior space labora-
tory. Electronics, which had begun pushing propulsion
aside as JPL’s dominant activity duting the Corporal
weaponisation, opened a window to space for the Labora.
tory.

Laboratory personnel worked intensively on what was
code-named at JPL “Project Beal.” Project Manager
Froehiich, s formidable poker player, had bestowed the
name int the aftermath of the Sputniks with the remark:
“When a big poi 3 won, the winner sus oround and oracks
bzd jokes; and the loser cries, ‘Deal’ ' The next round was
cOMming up even sooner than the 90 davs Medaris had
promised. for scheduling conflicts at Cape Canaveral
dictated that the vehicie be ready for launching by 29
January 1938, just 80 days after the go-zhead. Aithough
Vanguard had promised 2 11 kg (25 ib) instrument pavioad,
IPL more cautiously elected to Hmit its to $ kg (20 |1b). The
payioad structure weighed 3.9 kg (30.8 1b), including just
% kg (IR Tb) for the instrument compartment {22].

Thyee refatively simple experiments were chosen to
nvestigate the satellite's environment, about which httle
was known. The first two, although having some scientific

L]

_ - ment, were designed primanly to furmsh information for

future satellite design. The first experiment tested the
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extreme temperaturss the sateflite would encounter as it
passed from full sunlight to the complete shadow of the
Earth. A thermistor recorded the internal temperature of
the high-power transmitter and the sateilite’s skin tempera-
ture. Resistance thermometers performed a second skin
measurement as weil as one of the nosecones. The second
experiment recorded the impact of micrometeorites on the
sateliite's surface by means of an impact microphone, an
amplifier, and a circuit of 11 wire grids, The third experi-
ment was primarily scientific and resalted in the most
dramatic findings of the eariy satellite programmes. This
was the cosmic-ray experiment of Dr. James Van Alien,
State University of fowa, and invoived placing a Geiger-
Mueller counter and associated equipment in the sateilite to
messure radiation, Originally programmed for Vanguard,
the Van Allen experiment was added to Explorer at
Pickering’s suggestion {23}

JPL's work on Explorer was straightforward, and surpris-
ingly informal. Two considerations — shape and temperature
« were among the main constraints in designing the fourth
stage. At first, JPL engineers considersd but later rejected a
spherical shape, A sphers probably could not be made
magged enough to survive launching through the atmosphere
without either adding too much weight for strengthening or
adding a protective shroud. A cylindrical shape seemed _
preferable. This shape was consistent with the last stage
rocket motor and with the instrumentation {0 be carried.

“The final stage measured 203 cm (80 in) jongand 15 ¢m

{6 in} in diameter. The easiest and most reliable way to
counteract the extremes suggested extensive insulation and
a carefu] ratio of bare steel, which provided a relatively high
temperature, and aluminium oxide, which furnished a low
temperature {24].

Two typicat JPL approaches to design characterised the
design and fabrication. First, simple and relizble components
were used instead of more complicated designs which might
have yisided higher performance but presented more desipn
risks. The booster stages, for instance, used the relatively
small scale Sergeant motors. These units had underpone
more than 300 static tests, 50 flight tests and 290 ignition-
system firings without a faijure {25].

Second, the Laboratory used to the maximum the
experience its engineers had derived from the minute details
of manufacturing. For instance, it was very difficuit to
determine misalignment of the components because the
simple methods of measuremsnt were fess accurate than the
misalignment itself, JPL engineers thus precaiculated the
miszlignment of all components “with only experience as
a guide;” this made possible field assembly of the large
rotating second stage with a discrepancy of less than
0.0025 cm (0.001 in). In anothey case, a structural engineer
checked the strength of a motor case by standing on it until
it was deformed the maximum amount and observing that
it suffered no appareat il effects: these informal findings
were later confirmed by sophisticated spin tests. Such tech-
niques had contributed to JPL’s problems in vreparing
drawings and insuring reproducibility when dealing with
contractors in its missile programmes, but for producing 4
iimited-edition prototype under severe time pressure
experience proved a trustworthy guide {261,

Third, dual or triple systems were used wherever possible
50 that a malfunction would not endanger 2 system or the
entire mission. The igniter, for instance, might have {0 be
fired in a vaeuum, its failure would abort the mission. Three
safeguards were emploved: the igniter was designed to fire
in a vacuum, the motor was sezled (o hold atmosphernic
pressure, and the igniter was sealed in 3 container holding
atmospheric pressure. The List {wo considerations made it
stightly heavier, but the added weight purchased much
greater reiiability at low cost. The concept of redundancy
came to play a vitzi role in space missions {27],

128

‘The night-time launching of Explorer 1 by Juno 1 *UE' (missile 29).

Besides work on the Explorer itself, JPL had {o quickly
expand the tracking network. Two primary Microlock
stations already existed from previous experiments, at
Earthquake Valiey near San Diego, California and the Air
Force Missile Test Center in Fiorida, JPL designed equip- . -
ment for pew stations which were set up in Nigeria and
Singapore in cooperation with the British IGY committee.
These stations were to receive telemetry data from the
experiments. The orbital caiculations would be handled
through the Florida and California stations; and since
Expiorer 1 was launched sastward, 1 hour and 45 minutes
would elapse before confirmation of orbit would be possible
[281.

By early January, JPL had finished its upper stages and
satellite and moved them o Cape Canaveral under axtra-
ordinary secrecy. After the Vanguard failore, the Army had
clamped maximum security restrictions around Explorer,
which was known even in highly classified cables between
ABMA and JPL oniy as “Missile 29.” Medaris wanted to
make the preparations for launch appear o be just another
Redstone missile test. Any JPL personnel who could be
obvicusly related to a sateilite launch, particularly Froehiich,
maoved under elaborate decoy plans. Secrecy during the
erection of the missile and mating of the upper stages was
particularly important. The upper stages were to be covered
with canvas for the hurried predawn movement to the
iaunch pad. Then, the lavaching structure was brought up
so that the top section was not visibie away from the
isunching area, Missile 29 could then be “identified as 1
Redstone since the part in view will appear the sameasa
Redstone booster.” Medaris warned: I cannot over-
emphasize the importance of these decoy plans and the
absolute necessity of covering this Jaunching 15 a3 normal
test of a Redstone missiie, and [ desire well understood

" that the individual who violates these instructions wili be

handied severely™ [19].

The preparations moved smoothly and by 19 Famuary,
Missile 29 sat ready for countdown, The secrecy had to end
somewhere, of course, and by then a crowd of VIP's and
newsmen had journeyed to Cape Canaverzl, but under an
agreement by which no news was released unti after the
faunch, Missile 29 perched on the pad for two days while
flight personnel consulted weather forecasts as anxiously as
General Eisenhower before D-Day. On the 19th and 30th
high winds from the jet stream forced postponement; the
engineers feared the-missile could not withstand the force.
But on the 3ist the winds, while stil] strong, subsided
enough 1o justify the risk. The countdown proceeded
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Press conference 31 January 1948 at the Nattonal Academy of
Science following the laurch of Explorer I by the fupiter C. Left to
right are Dr. Witliam H. Pickering, Director, Jet Propuision Lab; Dr.
-James Van Adlen, Head, Physics Department, State University of
lowa; and Dr. Wernher von Braun, Director of Development Opera-
tions, Army Ballistic Missile Agency.

normaily and was only 25 minutes behind schedule. After
428.6 seconds of flight — 9 more than predicted -
Explorer ! reached zn altifude of 365 km (228 mi), 16 km
{10 i) higher than forecast. The fourth stage rocket
ignited and gave the {inal stage a kick that shouid have sent
the sateilite into orbit. At the Pentagon, where another
watch party was going on, von Braun turned to Pickering
and said, “It's yours now.”” JPL took control. “Right, it's
our now,” said Pickering [30}.

But JPL personnel feit helpless. There was no way of
knowing for an hour and a haif whether the sateilite had
achieved orbit. There was nothing to do but “sweat it out,”
as Medaris said, and be poised to pick up Explorer’s signal,
if it was in orbit. Froehlich, Stewart and other JPL person-
nel at Cape Canaveral pored over the telemetry from the
down-range stations, in order ro send their West Coast
colieagues a prediction of when the sareilite should pass.
The velocity seemed adequale for orbit, they krew, but
they had no data on the angle of inclination. *The thing
could be pointing up too high or pointing down so fow
from the horizontal that it would have been a disastrous
faunching,” Stewart recalied. As best they could figure,
Expiorer should pass within about 105 minutes, or certain-
ly by |10 minutes. But Explorer did not show. Seven
minutes late; everyone throughout the organisation was
“reaily getting pretty upset.” Elght minutes late [31],

Finaily an improbable sonrce, the San Gabriel Valley
Radio Amateur Club near Pasadens picked up the signal.
The Earthguake Valey Microlock Stanon soon confirmed
the orbit, The satellite was {ate because the jet stream had

Vice-President Richard Nixon visits the Jet Propuision Laboratory
after the successiud launching of Explorer 1. Left to rght: Clark .
Milikan, Dr. BuBridge, Dr. Pickering, Jack Froehiich, Val Larsen and
Robert Parks.

given it an extrs kick of about 30 m/s {100 fps), which sent
it into an orbit with a higher apogee, and, hence, longer
transit time, than JPL trackers had thought possibie. When
injected into orbit, the satellite had ample margin {or error.
Its position was only about 0.8 deg from the horizontal,
but a satisfactory orbit would have been possibie with a
deviation as great as 4 degrees. Explorer ['s apogee was
2541 km (1580 mi) and its perigee 357 km {223 mi). The
period was 2528 km (113.2 min}. Explorer 1 was in orbit,
and JPL was jubilant [32].

When the Microlock received the signal from Expiorer,
it aiso turned the internationaj limelight on JPL, No longer
an obscure Army laboratory known chiefly to missile
cognoscenti, JPL basked happily in the warm glow of
favourable publicity. Pickering, Van Allen and von Braun
hoisted 2 model of the Explorer | satellite over their heads
at a Washington news conference the next day; and a wirg-
service photograph of the occasion appeared in hundreds of
Amegican newspapers. The New York Times ran a story on
the Laboratory, and Time magazing included a profile of .
Pickering with those of Medaris and von Braun, Most of the
attention focused on von Braun and his colleagues; pre-
occupation with the more dramatic and more easily under-
stood rocketr, and with the human-interest story of the
former Germans working for America, was perhaps under-
standable. However, JPL, with pride, began preparing for a
major tole in space expioration, In triumph, and in defeat,
IPL would not return to its former obscurity [33}.

iPL and ABMA continued o collaborate on a series of
Evnplorers through oo Iuby, 1958, Theee sateliites ware
designed to exact guickly the maximum use from existing
technology, and they focused on the intriguing cosmicray
dats rerurned from Explorer 1, While basically similar to
the first satefiite, they introduced some refinements.
tExplorer I, launched on § March [958, did not achieve
orbit when, because of 1 structural failure, the fourth stage
failed to ignize. Expiorer 3 placed the second successfui
American satellite into orbit on 26 March 1958, Meteorite
and temperature measurements were 1y Close agreement
with those on Explorer |. The major innovation was a tape
recorder that made it possible 1o transmit much more
cosmic-ray data. Because of the small number of tracking
stations. theehtire orbit could not be tracked; just as this
had causéd an anxious two hours on 31 January, it also
meant that much of the telemetered data was lost. Explorer

29
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3 contained a miniature tape recorder. Moving at a very siow
rate of 0.013 cmy/s (0.0005 in/s), the recorder needed Jess
than 1 m (3 ft) of tape to record data from an orbit. When
the satallite neared a tracking station, a ground signal
switched on the playback head and the high-power trans-
mitter. In less than § seconds sl data from the orbit were
sent, and the tape was erased and reset [34].

The returns from Explorer 3 continued to astound
scientists. Pulse rates at the apogee registered at jeast a
thousand times what had been expected; counts excesded
35,000 per second at the highest aititudes, over South
America, and saturated the Geiger-Mueller counter. The
data from Explorers | and 3 enabled Van Allen to announce
on | May 1958, the discovery of “a very great intensity of
radiation about aititudes of some 800 km (500 mi) over 34
degrees north and south of the Equator.” He theorised that
these phenomena, ultimately known as the Van Allen beits,
consisted of charged particies trapped in Earth's magnetic
field {35].

‘These sxtraordinary findings led JPL, ABMA and IGY
scientists to devote Explorer 4 entirely 1o radiation studies,
in conjunction with the novel Argus experiment, The
sateHite was launched successfully on 26 July 1958, and
carried almost twice the weight of instrumentation of the
sarlier satellites. Van Allen developed new instruments that
could rscord 60,000 particles cm? fsec, severzl thousand
times that previously measured. Explorer 4 recorded data
from areas not sampied previously, Its predecessors had
ranged between 35 degrees north and south latitude;
Explorer 4 covered most of the Earth’s surface, with extrem-
ities at 51 degrees, The Argus experiment provided unigue
data. In late August and September, the US Navy sent three
rockets to an altitude of 480 km (300 mi) over the South
Atlantic, where small atomic bombs were exploded in
briliant pyrotechnic displays. Explorer 4’s instruments
recorded the radiation from the explosions that was trapped
in the atmosphere and made possible considerable refine-
ment of the knowledge of the Van Allen belts and rejated
phenomenz. Explorer 5 failed to achieve orbit. The radia-
tion experiments of the three successful Explorers had
scored a scientific coup with what Van Allen aptly termed
“the most interesting and Ieast expected results” of the
grobes [36]. '

The last major phase of the programme to adapt existing
technology to quick and easy projects bore fruit in the
space probes Pioneers 3 and 4. These probes were essentially
simpiified modifications of the fll-fated Red Socks proposal.
ABMA used the Juno 2, which developed 67,500 kgf
{150,000 1bf} of thrust. JPL’s three spinning upper propul-
sion stages remained basically the same. The paylioad con-
tained the familiar temperature sensors and Geiger-Muelier
counters; the Laboratory added a shutter-trigger mechanism
that was supposed 1o be tripped by the reflected light of
the Moon. The 5.8 kg (12.93 Ib) of instruments were
housed under a striped cone that somewhat resembled the
canopy of a carrouse! {37]. _

Two Pinnesrs, designed by the Air Force and Space
Technology Laboratories, preceded the JPL-ABMA probes
in the fall of 1958, Neither worked, and JPL and the Army
again had a chance to upstage a rival service, Ploneer ? was
{aunched from Cape Canaveral un 6 December } 958; but
it did not achieve escape velocity when the first stage cut
off prematurely. The payload rose to a height of 101,600
km (63,500 mi), about 11,200 km {7,060 mi) short of
that attzined by the previous Pioneer. Nevertheless, two of
the flight objectives were partially met; the new Goldstone
station tracked the probe without z hitch and the radiation
counters returned ‘urther refinements of J3ta on the Van
Allen beits {38].

Before IPL-ABMA had a chance to try again, the Soviet
Union sent Luna { toward the Moon on 2 January 1959,

330

The Pioneer 3 lunar probe underneath its protective shyoud atop
the Juno 2 lauacher. The same kind of spint assembiy that Iaunched
Explorer 1 was used but the greater speeds in the atmosphere meant
that a protective coves had to be carried.

SEAMMER n.
. e

The basic units of the Ploneer J and 4 lunii probes. Both faited o
reach the Moon.

Later renamed Mechta, or “Dream,” Luna | passed within
5,965 km (3,728 mi) of the Moon sad passed on into orbit
around the Sun — the fisst-velicie to attain Earth escape
veiocity. The flight of Pioneer 4, Jaunched on 3 March 1959,
therefore seemed anticlimatic, although it was by far the
most successful of the Pioneer series. The probe passed
within 59520 km {37,200 mi) of the Moon 41 hours and

N} munutes aorer onpection. The lght mechanism stayed dark
hecanse it had been programined to operate when Pioneer
came within 32,000 km (20,000 mi) of the Moon. The track-

" ing system worked superbly, however, and received Pioneer's
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