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NASA SCHEDULES
FIRST IN NEW
PIONEER SERIES

The National Aeronautics and Space Administrétioh will
begin a systematic exploration of interplanetary space this
month with the launch of Ploneer A, first in a new Pioneer

serlies.

The heavlily-instrumented spacecraft 1s scheduled for

launch from Cape Kennedy, Fla. no earlier than Dec. 15.

Pioneer A, to be designated Pioneer z; if successfu11y
injeqted into solar orbit, and subsequent spacecraft in the
series méy be the only United States probe returning
interplanetary data from space during the next several yéars.
‘NASA's Mariner IV, which returned interplanetary data for 10
months and photographed Mars last July, is stillvoperating but is
not being tracked by ground stations.‘ Mariner IV approaches
Earth in 1967, however, at which time it may yield additional

data.

The Pionee.s will orbit the Sun in a strip of space about

40 million miles wide in the plane of the Earth's orbit. Some

12/6/65
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will travel in an orbit inside that of Earth's; others will

be launched to regions beyond Earth's orbit.

Pioneer A will be launched in toward the Sun. Its
eliptical orblt is expected to carry it to within about 77
million miles of the Sun after six months of flight. Its

"vear" is expected to be about 310 days long.

Data on interplanetary events will be obtained by measuring
many types of atomlc and sub-atomic particles and magnetic
fields. Pioneer data also may improve understanding of the
Sun. Combined with exlisting solar knowledge, infbrmation Crom
the Pioneers should aid in determining the extent of the solar

magnetic fleld and atmosphere,

The new Pioneer series bears the name of an earlier group
of deep space probes, the last of which was Pioneer V, which

returned data from 22.5 million from Earth in 1960,

The launch of Pioneer A will be by the Thrust-Augmented
Improyed Delta -- the second launch attempt for this vehicle
and the first attempt by a Delta to launch a spacecraft into

solar orbit.

Pioneers have the highest ratio of welght of scientiric
instruments to overall spacecraft weight of any interplanetary

spacecraft. Pioneer A weighs 140 pounds and carries 35 pounds

of scientific experiments.
-more-
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The Pioneer is the most "magnetically clean" spacecraft
ever built in order to allow magnetdmeter experiments to sense
interplanetary magnetic fields ﬁithout interference from the
spaqeﬁraft. The background spacecraft magnetic field 1is less

than one hundred-thousandth of Earth's magnetic fleld.

Pioneer will be the first spacecraft to attempt a radio

propagation experiment in interplanetary space.

It will also have the highest data-return capability of
any interplanetary spacecraft and will be able to respond to 57

distinet ground commands.

Pioneer A 1s a cylinder 35 inches long and 37 inches in
diameter. It will be spin-stabilized at about 60 revolutions
per minute in the ecliptic (plane of the Earth's orbit)-which
will give its experiments a 360-degree scan while the 10,368
solar cells look at the Sun and 1ts radlo beam is alighed to
Earth. |

The six sclentiflc experiments aboard Pioneer A are
designed to improve our knowledge of: |

-- the turbulent solar atmosﬁhere or solar "wind" stream
of charged particles. | _

-- the magnetic fields of the Sun’

-~ the boundary region between the solar atmosphere and
interstellar space

-more-
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- == the physics of the Sun itself
-- the basic interactions of high-energy chargéd particles

and magnetic fields

Soﬁe 14 months of interplanetéry measurements”héve been
provided by previous NASA missidns -- Pioneer V, Explorers X
and XVIII, and Mariners IT and IV. Characteristics of the Sun
change greatly over its ll-year cycle, however, so much

additional information is needed.

The current Pioneer prbgram got underway late_in71962 and
is directed by NASA's Office of Space Science and Applications.
Project management 1s assigned to NASA's Ames Research Center,

~Mountain View, Calif., the first time Ames has managéd a Space

flight project.

The Improved Delta launch vehicle is managed by NASA's
- Goddard Space Flight Center, Greenbelt; Md., and is launched
under:.direction of the Kennedy Space Center's Unmanned Launch

Operations, Fla.

Communications and tracking will be by NASA's Deep Space

Network which is operated by Jet Propulsion Laboratory, Pasadena.
Calif. '

The Pioneers are bullt by TRW Systems, Redondo Beach,

Calif.,, and the Improved Delta was developed by Douglas Aircraft
Co., Santa Monica, Calif. ‘

— —=more- .
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The six sclentific experiments were provided by four

universlties and the Ames and Goddard Centers.

(Baekground Information Follows)

-more-
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PTIONEER A SPACECRAFT

Overall Confilguration

Pboneer was designed as a simple, rugged spacecraft to
- operate and return data for long duration f{lights at distances

of many millions of miles from:Earth,

The structure of the spacecraft, its subsystems and
maneuvering operations all were chosen for simplicity and
reliability. All orientation maneuvers, for example, are

handled by just one cold-gas jet,

The Pioneer A spacecraft is a drum-shaped:container., 3%
inches high and 37 inches in diameter, enclosing scientific
experiments, communications,.data handling, and orientation
control systems, plus electric power and temperature control
equipment.A It weighs 140 pounds. including 35 pounds of

.

sclentiflc instruments.

Its cylindrical exterlor is covered with solar cells
divided_by a narrow clrcular band containing apeftures for
four experiments and four orientation Sun sensors. A fifth
Sun sensor provides the experiments a continuous directional

reference to the Sun's position;

-more-
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Projecting from the center of the one end of the cylinder
is a four~foot, four—inch long rod. the upper quarter ol
which contains two low-gain antennas. the lower three quarters
a high-gain antenna. Extending dbwnward from the cylinder
on the end opposite’ the bommunication,boom is another rod-
shaped antenna to recelve signals for the Radio Propagation

Detector. one of the scientific experiments.

At 120-degree intervals around the sides of the spacecra’™f
are three five-foot, four-inch long booms, These are folded

up against the antenna during iaunch and deployed horizontall:

in flight by the spin of the spacecraft. One boom carries a

gas Jjet at its end to change spacecralt attitude. A second

is tipped by a "wobble damper" to eliminate wobbling rotation.

A third boom carries a magnetometer at its tip.

Within the cylindrical épacecraft is a circular platform
on which are mounted most of the electroniés equipment and
experiments; Below thls platform are narrow pie-shaped.
heat-control louvers, and a pressure cylinder contalning gas

for the orlentation system.

The spacecraft structure. made principally of aluminum. =
lightweight and 1ts cylindrical shape is inherently strong.
There are more than 56,000 parts in Pioneer.A including its

sclentific instruments.

-more-



Communications System

Pioneer A will maintain two-way radio communication
with the Deep Space Network (DSN)aat about 2300 megacycles’

on S=band.

Commands go out from the DSN antennas invthe form of
binary code. and are handled on the spacecraft as [ollows:
Commands are received either by the low-gain_or high-gain
antenna. and are routed to one of two redundant radio receivers,

They then go to one of two command decoders. Once decoded.

each command 1s routed by the command distribution unit eit
to a spacecraft system or an experiment, where it is carriled
out. The spacecraft has a capablility to receive 57 separate

commands.

To send information back to Earth, the spacecraft driver
puts coded data on the basic S-band carrier and routes it
to one of the two spacecr&ft traveling wave tubes, w#hich
amplifies the signal to about eight watts. From here the
signal goes to the high-gain antenna ﬁhich transmits it to

the big-dish antennas of the DSN,

The spacecraft low-gain antennas transmit a broad beam

covering an anglé of about 125 degrees in a full circle. The

}

E1 ] < mm AT a0 o P,
high-gain antenna transmits a beam covering only a five-degree

I

angle in width. but also sent out in a full circle. If the
narrow-beam antenna should drift from the Earth during the

first 10 million miles, the broad-beam, low-galn antenna can

-more-
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take over until the spacecraft is repositioned.

Pioneer A will have the greatest data return capacity
of any interplanetary spacecraft because 1t can match the
most efficient rate of data return to its distance from ﬁhe
Earth. It can return data at five speeds: 512, 256. 64, 16 and

8 bits per second.

Data can be sent in four baslc forms{ (1) measurements
from scientific experiments only, (2) high resolution measuré-
ments from the Radio Propagation Detector only, (3) engilneering
measurements of spacecraft performance only, and (4) 1imited

samplings of engineering data superimposed on sclence data.

A1l data are sent in binary code, forming six-bit "words'.
Words are arrangements of 1's.and 038. For example, the word
"110010" 1s the number 50, Sclentific and engineering data
are handled in 32- and 64-word frames. Periodic code words

identify the part of the frame being sent., |

- . . v

The spacecraft data storage unlt can recelive ub to 19.
hours of selected information.from experiments and store it
for later trénsmission. It is a'compact,_solid;state memory
core with no moving parts. 1Its 15,é3a.bits of Information

storage provide 2,176 data words in 68 frames.

-more-
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~ The data telemetry unit turns spacecraft data into
binary code for transmission to Earth, 'It recelives information_
from the data storage unit or directly from experiments and

equipment

Attitude Control

Throughout 1ts mission, Pioneer A will use the gyroscopic
effect of its 60 rpm rotation to maintaln a stable attitude.

L Changes in position are achleved by turning the°spacecraft
.about an axis through many bursts from the nitrogen gas Jet

at the end of one boom. Force from the gas Jet must be applied
perpendicular to ‘the desired direction of motion because ‘the

spinning.craft;precesses like a gyroscope.

Each thrust is appliead for only a quarter of a second
at Just one point on the circle of spacecraft rotation. Thrusts
are timed by Sun sensors which see the Sun once each spacecraft
revolution and eachvthrust turns the spacecraft only three-
‘tenths of one degree. The many thrusts required at Juat.one'
_point.produce_wobbling rotation. Wobble is'eliminatedpby the s
wobble.damper.at the end of one boom, Two small balls :float
in. fluid inSide'ajcylinder; The friction of the balls moving
thriough the"fiuid changes thepkinetic energy of'the wobble K
movement intoéheat which is dissipated.‘ All three spacecraff

booms are flexible to help counteract wobble.

-more-
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To operate properly. Pioneer A must have its spih ax's
perpendicular to both Sun-spacecraft line and Earth-spacecrait
lihe, so that solar cells are efficiently illuminated and

the narrow beam of the high-gain antenna strikes the Earth.

The Sun-orientation maneuver is expected to take place
shortly after Pioneer achievés orbit. Earth orientation
is planned for some three days later to focus the high gain
antenna at Earth. essential for Pioneer to be heard by ground

stations beyond 10 million miles.

Reference points and timing for placing the spacecrait
in this position are provided by four Sun sensors, To orient
itselr? pérpendicular to the Sun. Pioneer A uses two sensors.
One can see the Sun for 80 degrees above the'plane of space-
craft rotafion, anoéther for 30 degrees below this plahe. When
one of these two sensors sees the Sun. loglc circuits turn

the spacecraft so that the other sensor will also see the Sun.

Turning stops when both sensors see the Sun. and hence.

spin axis is nominal to the spacecraft-Sun line.

To position the spacecraft perpendicular to the plane
of the Earth's orbit so that its narrovsbeam radio signal
strikes the Earth. ground commands must rotate it around

the spacecraft-Sun line.

-more-
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Controllers will first make a short trial rotation

around the Sun line and calculate proper direction of rotation
from resulting changes in the pattern of the incoming radio

signal.

Once the spacecraft has rotated until it acquires the
Earth, it can be oriented precisely by halting rotation
at the point where peak power 1is received from the high-gain

antenna.

The remaining two Sun sensors provide timing for gas

Jet thrusts to make the Earth orientation maneuver.

Power System

Pioneer's 10,368 silicon crystal, n-on-p solar cells
will provide about 80 watts'of-power at Earth's dlstance
from the Sun. and additional power will be available as the
spacecraflt épproaches the Sun. About 30 watts will be
required for telecommunications. 10 watts for experiments,'
and 15 watts for other equipment. Required voltages for
individual systems, ranging from three to 12,000 volts will
be provided by nine voltage converters, and power for all
equipment and experiments will be supplied frém a'?S-volt

maln bus.

-more-
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Auxiliary power 1s provided by a rechargeabieAsilver-
zinc battery with a life qf about an hour without-rechafging,
during operation of the low-power radio. The battery will
be used primafiiy during"iaﬁnch before solar cells begin

to pfovide power,

Temperature Control

Temperature aboard Pioneer will be controlled by managing
- the internal heat produced by equipment and by heat-reflective
coatings on the surface of the spacecraft to ward off heat

radiation from the Sun.

Twenty louvers under the spacecraft equipment platform,
actuated by bimetallic springs, will open and close automatically
to release enough heat from the spacecraft interlor to main-

tain proper temperatures at specific locations,

- Magnetic Field

The magnetic field of the Ploneers 1is one-half gamma at
80 inches from the center of the spacecraft, making the spacecraft

magnetically the cleanest ever bullt. The Earth's surface

measures 50,000 gamma and up to 70,000 gamma at the poles.

Engineers achieved this low magnetism by usiﬁg ﬁonhmagnetic
materials throughout, particulary plastics, non-ferrous metals,
and certain types of wire as well as new fabricafion and

inspection techniques, and design innovations for low magnetism,

-more-
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SCIENTIFIC INVESTIGATIONS

Interplanetary space 1s often regarded as a hﬁge void,'
and, in fact, 1t 1s an extremely tenuous medium with pressures
or densities hundredths of thousandths less than have been
obtained in the best laboratories on Earth. Nevertheless,
space between the planets constitutes a medium through which
solar and galactlc events propogate and greatly influence our

terrestrial environment,

;“'The phyéigal extent of these disturbances and the condltions
which they create 1s much larger than the orblts of Earth
séte;lites or even lunar probes, and their variations over

an 11¥year solar cycle call for more continuity of measurement.

Known phenomena in interplanetary space generally divide
-ihto fhe following cgtégories:

Particlesé electrons and hydrogen ahd hélium nuclel

| carrying an electrical charge which make up.

the "solar wind;"

cosmic rays which are.extremely
fast moving or energetic charged nuclear particles
6f'many elements; and cosmic dust and meteoroids. |

.Radiation: the entire electromagnetid speétrum ‘such as

light, radio, and X-rays.

The six Pioneer A experiments fall into these areas of
study:' '

- a(magnetic field investigation (Single Axis Magnetometer)

-more-
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- investigation of the sblar wind (Plasma Cup Detector,
Quadrispherical Plasma Analyzer, and Radio Propagation
Detector) _
- cosmic ray studies (Cosmic Ray Anisotropy Detector and

Cosmic Ray Telescope).

Magnetic Fleld Investigation

The chgracter of the Sun's magnetic field 1s known only
in part. ft may be somewhat like the Earth's magnetig field,
generally a distorted doughnut-shape with lines of force coming
out of one pole, curving through space, and reentering at the
other pole. |

But this plcture is complicated by several factors,
Charged particlés éf—thé solar wind are belleved to_flow con-
stantly/EGE;;;a in all directions, carrying-the so1ar magnetic
field with them, and férming a spiral magnetic structure as

tﬁe solar wind moves out from the rotating Sun. - : v

The Sun's magnetic field varies during the ll-year solar

cycle'and may even reverse its polarity every solar cycle.

At times there appear to be relatively small, intensely
magnetic regions on the Sun with thousands of times the average
strength of the solar magnefic'field. “And huge tongues of
ionized gas emitted from the Sun (solar storms or flares) carry

e

their own field along with them,

-more-
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Single Axis Magnetometer - Goddard Space Flight Center

The objective of this experiment 1s to chart the Sun's
magnetic fleld from many locations in the plane of the Earth's
orbit (the ecliptie).

The experihent sensor 1s mounted on a boom five feet from
the spacecraft to minimige interference from Ploneer's tiny

magnetlc field.

The experiment uses a single fluxgate sensor, a device
which employs a mggnetic core and electronic circutry to

measure the magnetic field along the axis of the sensor. -

The sensor 18 orlented at about 55 degrees to the spin
axis of Pioneer:and takes three readings for each rotation
of the spacecraft. Becéuse the axes at the time of these
three measurements are perpendicular to each otﬁer, they enable

one to compute the strength and direction of the magnetic field.

The magneﬁometer can sense magnetic field strengths from
plus 64 gamma to minus 64 gamma (at its surface, the Earth's
magnetic field is about 50,000 gamma). It has a sensitivity

of one quarter gamma or one 200,000 of the Earth's field.

The experiment weighs 5.3 pounds and uses 0.9 watts of

e
MUWGCL ,

-more-



PIONEER A SCIENCE EXPERIMENTS ARRANGEMENT

Plasma'Cup Detector (sensor) - Massachusetts Institute
of Technology

Plasma Cup Detector (electronics)
Radio Propagation Detector - Stanford Universlty
Cosmic Ray Telescope - University of Chicago

Single Axis Magnetometer (electronics) - Goddard Space
Flight Center ‘

Single Axis Magnetometer (sensor at end of five-foot
long boom)

Quadraspherical Plasma Analyzer - Ames Research Center

Cosmic Ray Anisotropy Detector - Graduate Research Center
of the Southwest.



Soiar Wind Studies

An ionigzed or electricelly charged gas boils off ffOMu
‘the Sun's gravitational field at supersonic speeds. This
thin moving gas is known as the solar'plasma or solar wind ‘
and is believed.to be made np of hydrogen ilons, helium and

other lons, and electrons.

Many scientists regard ‘the solar plasma as .a dominant _
factor in 1nterplanetary space because it shaped magnetic |
fields whigh;;n,turn;defleet cosmic rays and the Earth's magnetic
fleld.

Three experiments on Pioneer A will gather data on these
Aionized particles coming from the Sun, their quantities,

energies, and directions.

Plssma_Cup,Deteetqrsg-rygssachusetts Institute of Technology

‘Thisue;periment:igfgeeigned to measure the number, densityf
:g;rectignmgngﬁenegggﬁggqusitivepigns'and electrons in the
solar wind, | . | f

The detector 1s a Faraday cup with fine tungsten wire
grids through which particles must pass to reach a collector
plate., Systematic varying volteges on the grids.allow the

passage of particles in a sequence of 20 energy ranges.

At the enersY;range being measured, the particles create
an electric current which is a measure of the number of
particles in each energy range in turn. |

. -mora'-
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Because the spacecraft i1s spinning, the difedtion of the
1n¢om1ng particles in the plane of rotation isvméasured by
‘nbﬁ%ngﬁinlwhﬂch direction the probe looks at any instant. The
collegtor 1s>sp11t‘1nto upper andilbwer halves fb measure direction

of incoming particles in the=veftiqél plane. =

This instrument measures electrohs with energiesAfrom
500 to 2500 electron volts and hydrogen nuclei from 40 to 10,000
. eleqtﬁbn volts., It can heasure particles ranging-in_denéity.
frbh:MO0,000 to four billion particles per square centimeter

per second.

The experiment weighs 6.1 pounds and requires an average

of 2;5:watts of power with peaks of 10.7 watts.

Quadfigpherica}.?lasmavAnalyzer -- Ames Research Center

-

: Th;s_experiment_is designed to measure particles‘in the

splar wind -- quantities, directions, energies aﬁd temperatﬁres,

It gets its mame from the fact that the instrument is
made up4of twovcufved prlates, one fitting'over the other,
whi¢h represent oﬁé-qugrter of a sphere, A voltage across
the plates is varied to select partiéiés 1n'a sequence and
barticles being measured at any moment pass between the piatés
anqgland on'a collector, Tt produces 2 chrent showing the

number of pérticles arriving 1n‘each‘energy range in turn.

-more-
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Horigontal direction of the particles 1s measured by
noting the direction in which the probe 1is lédéking out from
the spinning spacecraft at the time of arrival of particles.
Vertical direction is measured by elght collector plates which

look out in elght directions over a 160 degree arc.

The experiment measures electrons with energles from two
to 500 electron volts and positive ions with energies from 200
to 10,000 electron volts. It can measure ffom 50,000 to 100
million particles per square centimeter per second. It weighs

6.3 pounds and uses 1.6 watts of power.

Radio Progation Detector -~ Stanford University and Stanford

Research Institute

The objective of this experiment is to determine the
variations in total electron content in the space between -

Pioneer and Earth,

A 150-foot dish antenna at Stanford University in Pald
Alto, Calif., will be used to send radio signals at two
different frequencies to a special antenna and ree¢elver on

the spacecraft,

The speed of radio transmissions are affecfed by the
electroﬁs of the solar plasma and depends on the frequency
of the radio signal A high: frequency—signal ~(423+3-megacycles).
w111l be- sent as-a- referéAcé—énd experimenters will then
compare the relative phase and delay of receipt of the low
frequency signal (49.8 megacycles) to make total electron content

calculations, : -more-
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‘nese calculations will be useful in detecting sudden
increases in electron density resulting from solar flares, and
the data may alsb be used to refine measurements of Pioneer's

position 1in space.

The experiment and antenna weigh 6.0 pounds and require
1.6 watts of power,

Cosmic Ray Studies

Cosmic rays are extremely high energy charged nuclear
particles moving through space. They aré thought to originate
from both the Sun and from interstellar sources. Most of the
particles are hydrogen nuclel but some are helium nuclei and

nuclel of the heavier elements.

The Pioneer A experiments will attempt to differentiate
between cosmlic rays coming from the Sun and galactic cosmic
rays originating. from interstellar space far beyond our solar .

system.

Solar cosmic rays are present in interplanetary spacé
principally during solar storms and probably origihate fréﬁ

small disturbed areas on the Suny

-,Galactic cosmic ray particles are far fewer than solar
cosmic ray particles during solar stbfms and they seem to
come from all directions in space whi1e gsolar cosmlc rays comé
largly from a single area. In addition, galactic particles
have far higher energies than solar cosmic rays with occasional
galactic rays reaéhing almost the speed of light, giving them
tremendous energies. '

-Mmore-



-21-
The Pioneer cosmic ray experiments should add to under-
standing. how both solar and galactic cosmic rays are produced

and propagated through the solar system.

Cosmic Ray Anisotropy Detector -- Graduate Research Center of

the Southwest

The objective of this experimenthis_to measure the characteris_

tics of both solar and galactlc cosmic‘rays.

It gets 1t name from the fact that the experimentswill be
directional or anisotropic: - it will be able to measure Qiggggences“m
‘in the number of galactic cosmic ray particles arriving from
various directions and to determine whether the mass and
'energy of these particles arriving at the spacecraft vary with

incoming direction.

In past experiments, scientists have found Variations
of around one percent in the number of galactic! rays arrivlng
.ufrom various directions Study of these differences could
provide information about the nature of the boundary regioni:

between-the solar and interplanetary magnetic fields.

_ The experiment consists of a crystal scintillator which
'produces flashes of 1light of varyling intensity depending on 4
"the energy, direction and ‘type of cosmic ray particle which -

’ strikes its crystal lattice.

An anticoincidence scintillator, two photomultiplier tubes
‘ which translate the flashes 1into electric impulses to radio

to Earth, and other electronics will categorize the cosmic ray |

iparticles and their directions.

~more-
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As the spacecraft spins, the instrument detects fharticles
arriving from four different directions in space. It uses the
Sun as a reference point in computing the incoming directions

of thexzcosmic rays.

'The energy range for hydrogen nuclel is from 7.5 million
to 90 million electron volts and for helium nuclei from 130

million to 360 million electron volts.

The instrument weighs 4.4 pounds and requires an average

‘of 1.8 watts of power

Cosmlic Ray Telescope -=- Fermi Institute, University of Chicago

"This expeerent i1s desligned to measure both solar and

galactic cosmic rays.

.In measuring galectic cosmic rays, scientists are interested
in variations of energy and eemposition ofathe particles es
the spaceéraft‘moves near the Sun. They'alsolwant.to determine
_1f the distribution of galactie cosmic particles;éhanges with
time-as.the ievel of the Sgn'e activity increases during the

current solar cycle.

It has Been inferred that the Sun's'magnetic;field indirectly
affects the number of low energy galactic cosmic reys affiving
aﬁ Earth and'these measurements aretexpected to provide information
: ohtﬁhe hature and extent of the solar magnetic influence'within

the selar'system.

-more-
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The experiment also will atﬁehpt:to determine numbers
~and energles of hydrogen and .helium cosmic ray parﬁicles
arriving from interstellar space and 1t may provide-clues as
to khat interstellar forces have accelerated these hydrogen

and helium nuclel.

The experiment will use solld state detectors which produce
electric impulses of varylng strength depending on energy,
direction and type of charged particle passing through their

atomic structures.

Equipment includes three solid state detectors, a ceslum-
iodide scintillator tube, and assocliated electronics. The
instrument looks out in a 60 degree cone and in a full circle

as the spacecraft spins.

It will measure hydrogén and helium nuclel with energl8is -

from one million to 200 million electron volts. -

The instrument welghs 4.7 pounds'and will require about

1.2 watts of power, ‘ , R v

-END-
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IMPROVED DELTA LAUNCH VEHICLE

The Pioneer mission will require the most ambitious

flight traiectory in the flve-year history of Delta launchings

from Cape Kennedy.

The 97-foot tall Delta with an enlarged upper stage also
will carry three strap-on solid rockets on its first stage to
give 1t a lift-off thrust of 333,550 pounds. Delta, the 35th
to be iaunched, will undergo a countdown of 14 hours and 40
minutes at Complex 17 before lifting-off on an azimuth of 101

degrees from true North.

Earlier Deltas used line-of-sight radio commands to command

second stage cup-off. Delta 35 will go over Cape Kennedy's

~ e
T R R e s

horizon about seven minutes é?%éf“lift-off-sona.raq;p_cpmmand

at that time will set an accelerometer 1n the second stagé to

activate the cut-off system.

Thrust-Augmented Delta Characteristics

Helght: 92 feet (includes shroud)

Maximum Diameter: 8 feet (without attached solids)
Lift-0-f Weight: about 75 tons

Lift-0ff Thrust: 333.550 (1nc1udes'strap-on solids)

-more-
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First Stage (1liquid only):

Diameter:
Height:

Propellants:

Thrust:
Burning time:
IWeight:

Strap-on Solids:

Diameter:
Height:
Weight:
Burning Time:

Second Stage:

Propellants:

Diameter:

Height:

Weight:

Thrust:

Burning Time:

Guldance:

Modified Air Force Thor, produced by —— .
Douglas Aircraft Co., engines produced

by Rocketdyne Division of North American .
Aviation

8 feet

-51 feet

RP-1 kerosene is the fuel and liquid
oxygen (LOX) is the oxidlzer for the
Thor stage

172,000

About 2 minutes, 45 seconds

Approximately 67 tons (including solids)

Three solid propellant rockets produced
by the Thiokol Chemical  Corp.

31 inches

19.8 feet
7,510 (9,170 each)
43 seconds

Produced by the Douglas Aircrpaft Co.
utilizing the Aerojet General Corp.
AS110-118 propulsion system.

Liquid--unsymmetrical dimethyl hydrazine
(UDMH) for the fuel and red fuming
nitric acid for the oxldizer.:

4,7 reet (compared to 2.7 feet for the
earlier Deltas)

16 feet

6% tons *ompayed to 2% tons for the
1t 3

(c
n!:-v-'l Iar De

a
Lefw SN B S v § a

About 7,800 pounds

400 seconds

mpared to 150 seconds for
earlier Deltasg

Western Electric Co.

~-more-
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Third Stage: Aliegaﬁy Ballistics Laboratory X-258
motor. .

Propellants: Solid

Height: 3 Teet

Diameter: 11 feet

Welght: 570 pounds

Thrust: 6,414 pounds

Burning Time: . 23 seconds -

Nominal Delta Flight Events

IGNITION BURN OUT ALTITUDE SURFACE VELbCITY
EVENT _ (seconds) (seconds) (miles)  RANGE (miles) __ (mph)
Strap-on solids T minus O +43 . 4y 2 o 1,760
First stage (Thor) T minus O <4147 55 w04 9.500
Second stage T + 154  +551 172 1.363 17.960

Third stage T + 1501  +1524 346 . 5,650 24,200

THE DEEP SPACE NETWORK

The Deep Space Network (DSN) consists of six perhanent spéce
§ommunications stations, a launch moniﬁoring and spacecraft '
checkout station at Cape Kennedy, the Space Flight Operation
Facility (SFOF) in Pasadena Calif,,‘and a ground communications

system linking all locations.

The DSN is under technical direction of the Jet Propulsion
Laboratory rfor NASA, Its mission is tO'track. recelve telemetry
from and send commands to lunar, planetary, and interplanetary |

spacecralft from the time they are injected into orbit until

they complete thelr missions.

-more-
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During launch, Delta-will be tracked by Eastern Test
Range stations at'Cape Kennedy, Antigua, Gfand Turk, Grand
Bahama islands, Ascension, Pretoria and a tracking éhip in
the‘South Atlantic, |

Tracking data obtalned during launch will be computed both
at Cape Kennedy and at the SFOF so that accurate predictions
can be sent to the DSN.stétions of ‘where Ploneer will appear

on thelr horizons.

The permanent DSN stations provide 360-degree coverage
around the Earth, so that ore or more of their 85-foot dish

antennas can always "see" the spacecraft.

Three permanent DSN stations will be used fér‘Pioneer.
The Echo statibn at Goldstone, Calif., and the Tidbinbilla
station near Canberra, Australia, will be the prime stations, -
The station at Johannesburg, South Africa, will track during
the first four days of the mission. All haVe 85-foot diameter

recelving antennas and 10,000-watt transmitters,

For the Pioneer A mission, the DSN will moﬁitor the
spacecraft as folloWs: continuously for the first four days;
for around 18 hours a day from Goldstone and Tidbinbilla during
the next 26 days; and for from'nine to 11 hours dally from

either Tidbinbilla or Goldstoneé for the rest of the mission.

For Pioneer, the DSN stations have been equipped with
speclal .command engbders to code commhnds for transmission to

the spacecraft. Other station equipment for Pioneer includes:

-more-
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demodulators and synchronizers to translate ﬁpaCecraft telemetry

and Pioneer computer programs for station computers.

The DSN tracks the spacecraft using two-way Doppler, which

" works generally as Tollows:

A signal is sent from the DSN antennas at a precisely
knqﬁn frequency, and a transponder aboard the spacecraft
returns it a% a frequency increased by an exact ratio. Motion
of the spacecraft away from the Earth caused both frequencies,
as tﬁey are received, to shift slightly downward. The total
.frequency shift both going and coming is used to calculate the

average one—way‘shift.

ince the frequency of this signal is precisely known,
this average Doppler shift can be used to calculate velocity A
to a feﬁ feet per second, desplte distances of millions of
miles, From velocity measurements, exact spacecraft. orbit

-and distance from Earth also can be derived.

Sclentific and englneering measurements radioed from the
spacecraft will be received and recorded on tape at the tracking
stations. A computer checks the data and "strips off" 15
to 20 percent quick-look engineering information. Quick-
look data 1s then transmitted to the Space Flight Operatlons
Facility via teletype froh overséas'and microwave radio from

Goldstone torbgggsgd for dally operations.
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The complete tape of data received from the‘spacecraft '
will be mailed to the SFOF for checking and duplication and
then sent to the Ames Center. There it will be processed
at the Pioneer Data Reduction Center, and be distributed to

experimenters, contractors. and project personnel.

The nerve center of the Net is the Space Flight Operations
Facllity at Pasadena. The DSN stations are linked to the
3FOF by a ground communications network, operated by the Goddard

Center‘overseas and the DSN in the U.S.

The SFOF,_designed fpr 24-hour functioning and equipped
o handle two spaceflight missions concurrently whilé monitbring
a third. will bé manned by some 50 people during the Pioneer
mission. This group will be divided about evenly among Ames

Research Center, DSN, and TRW Systems personnel,

Mission control personnel:are supported by three technical
teams. The DSN Flight Path Analysis Group is responéible tq
evaluate tracking data and determine flight path of the space-

craft,

The Pioneer Project Space Science Analysis Group is

responsible for evaluating data from experiments, and to

3 o~ ot — 5
the experiments.

generate commands controllin

HE

The Pioneer Spacecraft Performance Analysis Group evaluates

the condiltion of the spacecraft from quick-look engineering daté

-nore-
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radioed to Earth and generates commands to the spacecraft

ai'fecting ' is perilormance,

FLIGHT SEQUENCE

These are the planned events in the Delta 35/Pioneer A

The main Delta engine and three solid strap-on motors
iire together. The solid.motors burn for I3 seconds and
thelr burned-out caslings are jettisoned at 70 seconds after
launch, The ma'.n engine burns out after two -minutes and

4y seronds.

Alfter two minutes and 55 seconds, the Delta second
stage 1ignites and, one second later. the first stage separates
and Talls away. The shroud covering the spacecraft 1s jettisoned

at two minutes and 59 seconds.

The second stage burns for some six-and-two-thirds minutes
with burnout a 1little more than nine minutes after launch.
A“ter second stage burn out, the second stage coasts for some

16 minutes.

fibout 10 minutes after launch, during the coast phase,
the vehicle is pitched down to point in the precise directlon

“or iniection oi -the spacecraft Into solar orbit.
The pitching maneuver lasts about flve minutes. Control

-more-



-31-

during the coast phase of the second stage is by cold gas Jjets.

At the end of the coast phase, the spin-upltable in the
nose of the second stage begins to revolve from the thrust
o” four small rockets, spinning both third stage and spacecraft,
o assure that both will travel in the precise direction
established by the second stage pitch-down. The spacecraft

retains this stabilizing spin for the 1life of the mission.

Nine seconds after spinQup, the third stage separates
from the second stage, and four seconds later, the third

stage ignites and burns for 23 seconds.

Two seconds after third stage burn-out, Pioneer separates
from.the burned out stage 346 miles above Africa, some 4900

miles from Cape Kennedy.
Pioneer now is injected into a solar orbit,

Two seconds after'third stage sepération-(about 25.minutes
aiter launch),'tﬁe spacecraflt booms automatically depley. At |
the same time, automatic changes 1in spaqecfaft attitude begiln
to orlent the spacecraft covered wifﬂfsolar cells perpendicular

to the Sun.

Sun orientation is critical to survival of the spacecraft,
Without power from its solar cells, spacecraft batteries would
fail within around an hour. The Sun orientation maneuver is

experted to take about five minutes.

-more-
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. The high power amplifief for the spacecraft radio turns
A‘on immed;ately after third-stage separation. sending out a wide

beam signal via the spacecraft's low-gain antenna.

About 35 minutes after 1lift-off, first acquisition by the
DSN tracking station at Johannesburg occurs. Condition of the
apacechaft is ehecked via incoming telemetry and all spaceeraft
s&stems are cheqhed out. A key task is to check solar cell
epefatieh and'electric power output. Within the first three
héhrg after 1aphch, this checkout process 1s expected to be

complete.

Johannesburg also is planned to start the crucial Earth.
acquisition by ground command and to continue 1t long enough
to assure that the spaceoraft'q low-gain antenna are pointed

ioward the Earth to maintain a strong, two-way radlo signal.

Thls process 1s expeoted to take up to three days.

After thts 1s completed 1f the spacecraft drifts from
either Sun or Earth orientation commands will be sent to

reaequire.

Durihg the first three hours, the six sclentific experiments

are planned to be turned on, one at a time.

At about 14 hours after launch, . the first scientific data
from the Radlo Propagation Detector 1s expected to be sent

lrom Goldstone to Stanford UniverSLty at Palo Alto. Calif.

-more-
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Experimenters there will begin a process which will continue
{hroughout the misslion, They will send radio signals from:
Stanford's 150-foot dish antenna directly to the Stanford

radio recelver aboard the spacecraft.

The spacecraft will return data on the Stanford signal
to Goldstone, which will forward it to Stanford. There
then beglns a continuous process 1nvwhich each Stanford
communication fo its spacecraft receiver is based on the laﬁgst

data returned from its sclentific experiment aboard Pioneer;'

For the next six months, the spacecraft's sclentific
experiments will make their interplanetary measurements and

report them to Earth.

After the first few weeks, the DSN is planned to track

thé spacecraft for only one pass a dav of around 10 hours.

aﬁ elther Goldstone or Canberra.

For this partial tracking, Pioneer A uses its memoryisystem
to store up to 19 hours of data. When contact with the space-
craflt 1s resumed each day, it is first comménded to send this
stored data. After this, the spacecrafﬁ reparts in real time

Zfor the rest of the pass.

About 75 days after launch, to get a clearer signal, it

15 planned for Pioneer to shift its rate of transmitting information

i

-more-
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down from the original 512 bits per éecbnd’(ﬁﬁﬁ) to 256 bpé
on ground command. As the spacecraft travels farther from
Earth 1ts rate of'transmissidn is.furthef reduced: at 100
days -to 64 bits per second,-at 125 days to 16 bps, and at 150

days to 8 bps.

'PIONEER PROJECT'TEAM

NASA's programs for unmanned 1nvestiga£ion of space are
directed by Dr;lHOmer E, Newell; Assoclate Administrator for
Space Science and Applications. Oran W, Nicks 1s the Director
qf OSSA's Luﬁar énd Planetary Programs and Glen A. Reiff -
is the Pioneer Program Managef. ' Andrew Edwards 1s Brogram
Ehgineer at NASA’Headquartérs and Dr, Edward GaugierAis

Program Sclentist.

T. B. Norris is Delta Program Manager for OSSA's Launch

Vehicle and Propulsion Programs.

NASA has assigned Ploneer Prqjeét management 6 the Ames
Research Center, peér Mountaln View, Calif, tH. Julian Allen
1s Director of the Ames Center and Robert M. Crane is Assistant
Director for Developmént at the_Amés'Research Center with over-

all responsibility for Pioneer.:

Charles F. Hall 1s Pioﬁeér'ProjeCt’Manager and Howard F.

Matthews 1s AssiStaﬁt Project.Managef; both of Ames.

-more-
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Dr. John H. Wolfe of the Ames Center Space Sciences

Division is Pioneer Project Scientist,

The Pioneer project 1s divided into four systems:
spacecraft, launch vehicle, sclentific experiments and the

Deep Space Network.

Two of . these systems, spacebraft and scientific experiments
are managed by Ames, The launch vehicle,system is managed
by Goddard Space Flight Center and the Deép Space Network

is managed by the Jet Propulsion Laboratory.

The Piloneer Project Office at the Ames Center includes
45 people. and ten people from the Ames Systems Engineering
Diwvlsfion have been assigned full time to Pioneer. Various

Ames divisions are providing support.

" Ames Research Center people with Pioneer responsibilities -
are:?

Howard F. Matthews -- Flight Operatlions and Data Processing

Ernest J. Iufer (Systems Engineering Division) -- Magnetic
Characteristics

Robert U, Hofstetter -- Launch Vehicle and Launch Operations.
Tragectory Analysis

John R, Mulkern (Systems Engineering Division) -~ Quality
Assurance and Reliabllity

Eldon W, Kaser (Procurement and Supply Division) -- Contracts

Donald B. McKellar -- Reports and Budget

Lewis W, Dickerson -- urlentatlon Operations

Arvid S, Natwick -- Data Processing

Carl H, Keller (Systems Engineering Division) -- Mission-
Dependent Ground Equlipment

Ralph W. Holtzclaw -- Spacecraft Systems Manager

Myles D, Erickson -- Assistant Spacecraft Systems Manager
George J. Nothwang -- Spacecraft Test Program

Herbert V. Cross -- Sclientific Experiments Systems Manager

-more-~
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Spacecraft contractor for the Pioneers is TRW Systems,
Redondo Beach, Calif., an operating group of Thompson Ramo
Wooldridge, Inc. President of TRW Systems is Dr. Ruben F
Mettler and Vice President for Spacecraft Systems Program
Management is Dr. Adolph K. Thiel. Pioneer Program Director
is Dr, Aubrey G. Mickelwailt.

Assistant Program Directors for Pilioneer at TRW Systems
are:

Robert Zacharlas -- Systems Engineering

James H. Allen -~ Fabrication

George J. Sidio -- Integration and Test

Dr., Nathaniel L, Sanders -~ Experiment Integration

Thomas M. Lough -- Reliability and Quality Assurance

Bernard J. O'Brien -- Program Control

By terms of the flxed-price incentive contract. TRW
Systems has, under Ames-supervision, produced and delivered
the spacecraft to Cape Kennedy. The contraet includes multipie
incentlves on cost schedule, and performance. Perforﬁance
incentives cover spacecraft welght, magnetic cleanliness, .

completion of orlientation maneuver, and communication lifetime

in orbit,

Independent determination of Pioneer spaceeraft rellability
has been made by Walter V. Sterling,'Inc., a reliability

assessment firm.

The Pioneer project has procured scientific instruments

for this mission developed by scientists from four qniversities

-more-
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and two NASA field centers. The séientiéts_responsible are:

Single Axis Magnetometer:

Principal Investigator: Dr., Norman F., Ness, Goddard
Space Flight Center. '

Plasma Cup Detector: _
Principal Investigator: Dr. Herbert S. Bridge,
Massachusetts Institute of Technology
Co-Investigators: Dr. Alan J. Lazarus and Dr. Frank
Scherb, MIT ‘

Quadréspherical Plasma Analyzer:
Principal Investigator: Dr. John H. Wolfe, Ames
Research Center S
Co-Investigator: Richard W, Silva, Ames

Radio Probagation Detector:
Prinéipal Investigator: Dr. Von R, Eshleman, Stanford
University _
Co-Investigators: Dr. Allen M, Peterson and Dr. Owen

~ Garriott, Stanford University; Dr, Ray L. Leadabrand,
Stanford Research Institute _ '

Cosmic Ray Anisotropy Detector;
Principal Investigator: Dr. Kenneth G. Mccfacken,
Graduate Research Center of the Southwest
Co-Investigators: Dr, U. Ramachandra Rao and William
C. Bartley, GRCSW ’ ‘
Cosmic Ray Telescopeé |
| Principal Investigator: Dr. John A, Simpson, Fermi
Institute, University of Chicago '
Co-Investigators: Dr. Chang-Yun Fan and James E.
Lamport, Fermi Institute, Unversity of Chicago.
The Improved Delta Launch Vghiéle 18 under technicail
management of the Goddard Space Fiight Center, Greenbelt, Md.,
and launch is directed by the Kennedy Space Center. Fla., including

inititial tracking, guidance,'and sontrol.

-more=-
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Acting Director of the Goddard Center is Dr. John F.’
Clark, and William R. Schindler 1s Launch Vehicle System
Manager and Delta manager at Goddard. Director of the Kennedy
Center 1s Dr. Kurt H. Debus; and Robert H. Gray is Assistant

Director f{or Unmanned Launch Operations.

The Delta is built by the Douglas Aircraft Company, Santa

Monica, Calif.

NASA's Deep Space Network (DSN) managed by the Jet
Propuléion Laboratory, Pasadena, Calif,, will conduct a
variety of operations in command. tracking. and data acquisition

{or the Pioneers,.

Director of JPL is Dr, William Pickering. John W. Thatcher

is Pioneer DSN System Manager.

The DSN stations at Goldstone, Calif., are operated by
JPL with the assistance of the Bendix Field Engineering Corp.
Walter E. Larkin is Engineer in Charge at Goldstone and Assistant

Manager for DSN Operatilons.

The Tldbinbilla station is operated by the Australian
Department of Supply., VWeapons Research Establishment. Tidbinbilla
Station Manager is Robert A. Leslie and DSN resident is Richard

Fahnestock.

-more-
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The Johannesburg station 1s operated by the South

African government through the National Institute for

Telecommunications Research.

and Robert Terbeck is DSN resident.

Spacecraft Subcontractors

~

Eagle Picher
Joplin, Mo.

Radio Corporation &6f America

Mountain Top, Pa.

Optical Coating Labs, Inc.
Santa Rosa, Calif.

Rantec
Calabasas, Calif.

Hughes Aireraft Company
Los Angeles, Calif

" Electronic Memories, Inc.

Hawthorne, Calif.

Vitro Electronics
Silver Springs, Md.

Solid State Products, Inc.
Salem, Mass.

Western Semiconductors
Santa Ana, Calif,

Sterer Engineering and
Manufacturing '
Los Angeles, Calif.

Weston Hydraulics
Van Nuys, Calif,

Quantitron
Los Angeles, Calif.

-more-

Doug'Hbgg is Station Manager

Batterios
Solar Cells
Solar Cell Cover Glasses

Diplexer and Bandpass
Filter

‘Traveling Wave Tubes

Data Storage Unit

Telemetry Recelver

" Photo Silicon Control

Rectiflers

Photo Silicon Control

Rectifiers

Pressure Regulator and

‘Relief Valve

Pneumatic Solenoid Valﬁe

Coaiial Switch
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Ground Equipment Subcontractors

Clary Corporation . Printer
San Gabriel, Calif. ’

Ampex Corporation : Tape Recorder
Redwood City, Calif.

Astrodata. Inc, : Data Processing Equipment
Anaheim, Calif. L

Launch Vehicle Subcontractors

Minneapolis-Honeywell. Inc. Autopilot
Minneapolis, Minn. '

Texas Instruments, Inc.: Autopilot
Dallas, Tex.

Electrosolids Corporation Autopllot
Sylmar, Calif. ,

Western Electric Company. Inc. QUidanné Syastem

Winston-Salem. N. C, ‘

In addition to the rfirms 1isted. more than 100 other
firms are contributing to the Ploneer spacecraft and its

supporting systems,

-END-





