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STS-30

MAGELLAN

U.S. planetary exploration resumes with the
STS-30 Space Shuttle mission, which has as its pri-
mary objective the deployment of the Magellan space-
craft on its quest to map the surface of Venus.

The flight will be the fourth for the orbiter
Atlantis and the 29th Space Shuttle mission. Atlantis
will be launched from Pad 39B at Kennedy Space
Center into a 184-statute mile circular orbit inclined
28.85 degrees to the equator.

Commander of the five-member crew is David
M. Walker (Capt., USN), who piloted STS 51-A in

November 1984. Pilot Ronald J. Grabe (Col., USAF):

had the same role on STS 51-J in October 1985. The
three mission specialists are Mary L. Cleave (Ph.D.),
Norman E. Thagard, (M.D.), and Mark C. Lee (Maj.,
USAF). Cleave was a mission specialiston STS 61-B,
Thagardon STS-7 and STS51-B; STS-30is Lee's first
flight.

Magellan marks the first U.S. planetary mis-
sion since Pioneer Venus 12in 1978. It also kicks offa
core program of solar system exploration involving
NASA and organizations from the United States and
the international community. The 31-day launch period
for the mission extends from April 28 to May 28, when
Earth and Venus are properly aligned.

The Magellan spacecraft arrived at Kennedy
Space Center in October 1988 for pre-launch process-
ing. In February 1989, it was mated with the Inertial
Upper Stage (IUS) booster which will place it on its
trajectory toward Venus.

Three middeck experiments willbe conducted
during STS-30. All have flown before. The Fluids
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Experiment Apparatus, a joint endeavor agreement
between Rockwell International and NASA, is a modu-
lar zero-gravity biology, chemistry and physics labora-
tory. The Mesoscale Lightning Experimentis a NASA-
sponsored effort involving several universities. Its ob-
jective is to study the visual characteristics of large
scale lightning in the upper atmosphere. Atlantis will
actasa calibration target for a third experiment, involv-
ing the Air Force Maui Optical System Facility in
Hawaii.

After afour-day flight, Atlantis and hercrew are
scheduled to land at Edwards Air Force Base, Calif.
Atllantis’ next mission, STS-34 in October, also in-
volves deployment of a planetary explorer. Galileo, a
spacecraft and atmospheric probe, will study Jupiter
and its satellites.




MAGELLAN

Since 1961, the United States and Soviet
Union have sent more than twenty missions to Venus,

making it the most visited of Earth’s fellow planets. But-

the Magellan Venus Radar Mapper will yield the most
detailed and comprehensive picture to date of the
veiled planet. Magellan will map up to 90% of the
planetary surface with a resolution as sharp as 130
yards. By contrast, the Pioneer Venus spacecraft
launched in 1978 was able to map about the same
amount of surface, but with a resolution of only 60
miles. The Soviets’ Venera spacecraft attained better
resolution—about 1.2 miles—but mapped only about
30% of the surface near Venus' north pole.

The Magellan mission's three specific scien-
tific objectives are to improve knowledge of Venus’
structure and geologic history; its geophysics, such as
density distribution; and its small-scale surface phys-
ics, such as surface temperature and roughness.

Spacecraft, instrumentation:

In keeping with the core program goal to keep
costs down, much of Magellan's design and flight
hardware came from earlier programs, primarily Voy-
ager and Galileo. For example, its Synthetic Aperture
Radar (SAR) antenna is a flight-qualified spare from a
Voyager spacecraft.

Because Venus is obscured by a thick cloud
cover, radaris the mapping instrument of choice, rather
than an imaging instrument which relies on optics.
Unlike conventional radar, where resolution is linked to
antenna size, SAR uses spacecraft motion to simulate
a large antenna. Computers at the Jet Propulsion

Laboratory in Pasadena, Calif., will take into account
this spacecraft motion and synthesize a much larger
antenna than the 12-foot one Magellan actually has.

Besides radar imaging, the SAR will also col-
lectradiometry data (measure of surface radiation from
which material contentcan be inferred) and its antenna
will serve as the telecommunications link with Earth.

Other features of the three axis-stabilized
spacecraft are a low-gain omni-antenna to receive
transmissions from Earth and a horn-shaped altimetry
antenna. Its two movable solar panels are capable of
producing up to 1,545 watts of power in Venus orbit;
two nickel cadmium batteries will supply alternative
power.

Together with its Star-48 solid rocket motor,
Magellan weighs 7,603 pounds. The Jet Propulsion
Laboratory, Pasadena, Calif., manages the Magellan
project for NASA. Prime contractor for the spacecraft
is Martin Marietta Astronautics Group, Denver, Colo.,
and for the SAR, Hughes Aircraft Co., Los Angeles,
Calif.

Deployment, Journey to Venus:

Magellan will arrive at Venus in August 1990,
after a 15-month journey through space. The trip will
include one and a half revolutions around the sun and

~ two planned mid-course corrections.

The spacecraft and IUS will be deployed from
the orbiter payload bay nominally about six hours into
the mission. Magellan's solar panels will then be de-
ployed. Less than an hour later, the 1US first stage
motor will fire and then separate. Only minutes later,
the IUS second stage motor fires, placing Magellan on
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its interplanetary trajectory toward Venus, and then
separates. This rapid sequential firing of the IUS mo-
tors means the spacecraft is not parked in an interme-
diate orbit, as occurs when the IUS is used to place a
spacecratft in geosynchronous Earth orbit. In the latter
instance, aninterval of several hours separates the first
and second stage motor firings.

Once Magellan arrives at Venus, the Star-48
motor will fire to place the spacecraftinits elliptical orbit
around the planet. Magellan wilf be in a fixed polar orbit
and will pass nearly, but not quite, over the planet's
north and south poles, coming as close as 155 miles
when near the equator and moving as far away as
4,977 miles.

After an approximately two-week checkout
process is completed, the spacecraft will begin its
mapping operation. Since it takes Venus 243 Earth
days to complete a single rotation, it will take the same
amount of time for nearly every point on the planet to
pass under Magellan's radar; hence, the mapping
mission is meticulously timed to last exactly 243 days.

Mission:

Magellan's highly elliptical orbit will be divided
into two phases, mapping and playback. When closer
to the planet - about 35 minutes of each three and a
quarter hour orbit - Magellan's high gain antennawill be
pointed toward the planetary surface for radar map-
ping, and the data saved on an onboard tape recorder.

As the spacecraft swings away from Venus,

the same antenna will be turned toward Earth. Magel-
lan's tape recorder will play back to Deep Space
Network (DSN) ground station antennas the raw data
it has just collected. Monitor, command and control of
the spacecraft will be from the Jet Propulsion Labora-
tory, which also manages the DSN for NASA. Magel-
lan's Star Scanner, a navigation instrument, will be
used in conjunction with reference stars to res<t the
spacecraft attitude control system's pointing knowl-
edge during the playback phase.

During the mapping phase, the SAR willimage
a swath of the Venusian surface between 10 and 17
miles wide and 9,942 miles long, starting at or near the
north pole and continuing into the southern hemi-
sphere. Altogether, 1,852 of these immense imaging
swaths will be produced. They eventually will be com-
pressed into mosaics which will then be made into
maps of the planet.

Magellan's altimeter will measure with up to
better than 50-yard accuracy the height of surface
features. When combinedwithradarimaging, research-
ers will be able to catalogue the volcanic, tectonic,
cratering and erosional processes shaping Venus.

Gravity data will be obtained through radio
measurements of the minute deviations in the space-
craft's orbital path, caused by variations in the planet's
density.

Once this primary mission is completed in
1991, and should there be adequate fuel remaining,
Magellan will map areas previously missed and per-
form gravity experiments.
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The Shuttle orbiter Atlantis (OV-104) joined
NASA's fleet of reusable winged spaceships in April
1985 when itwas delivered to Kennedy Space Center
for flight processing. It was ordered under a January
1979 contract with Rockwell International.

OnOct. 3, 1985, Atlantisroared off Pad 39A on
its maiden flight, STS 51-J, the second Shuttle mission
totally dedicated to the Department of Defense. On
Atlantis’ secondmission, STS 61-Bin November 1985,
three' communications satellites were deployed. The
orbiter flew its second classified Department of De-
fense mission, STS-27, in December 1988.

Like its two sister orbiters, Discovery and
Columbia, Atlantis is named for a famous sailing ship.
The Woods Hole Oceanographic Institute, a research
facility, operated a two-masted ketch named Atlantis
that traversed more than half a million miles of the
Earth’s surface between 1930 and 19686.

As part of the Shuttle return-to-flight effort,
Atlantis underwentmore than 200 modifications. These
included various vehicle upgrades and hardware
changes to enhance performance and provide added
safety margins. Post-STS-27 modifications included
extensive repairs to the orbiter's outer Thermal Protec-
tion System tiles.

The delta-winged spaceship looks alot I|ke an
airplane and is about the size of a4 DC-9. Itis launched
into space like a conventional rocket, bolted to an
external propellant tank and two solid rocket boosters.

- Kennedy Space Center engineers and techni-
cians prepare the orbiter for flight by servicing its
systems and loading cargo into its bus-sized payload
bay. They attach the orbiter to the tank and boosters on
a mobile launcher platform and the entire vehlcle is
transported out to the launch pad.

After liftoff, the boosters burn for a little more
than two minutes. They are jettisoned, and parachutes

slow their descent to the Atlantic Ocean, where recov-

ery ships are waiting to retrieve the spent casings and
return them to port. The orbiter's three main engines
burn for about six more minutes following booster

-separation. After the engines shut down, the external

tank is jettisoned to break up upon reentry into the
Earth's atmosphere. '

The orbiter then carries out its mission in

space and returns to Earth like a glider. Planned end-
of-mission landing site is Edwards Air Force Base,
Calif. Atlantis will then be towed to NASA’s Dryden

Flight Research Facility and prepared by the Kennedy

Space Center recovery team for the ferry flight back to
KSC and turnaround for its next mission.
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Magellan Fact Sheet

Mission Summary

The Magellan spacecraft will be launched in April 1989 by the Shuttle and Inertial Upper Stage on an interplanetary trajectory to
Venus. The selected trajectory has a heliocentric transfer angle slightly greater than 540° and requires 15 months of flight time. Upon
arrival at Venus in August 1990, the spacecraft will use its solid rocket métor to get into an elliptical near-polar orbit around Venus.
During a mapping period of 8 months, the Synthetic Aperture Radar (SAR) will be used to obtain radar i images of 70 to 90 percent
of the planet, with a resolution about ten times better than that achieved by the Soviets’ Venera 15 and 16 missions. Precise radio
tracking of the spacecraft will provide gravity information. The resulting geological maps will permit the first global geologlcal
analysis of the planet comparable to those that have been done for the other planetary bodies of the inner solar system.

Venus , S ' ‘ ' Venus at

ival
Radius: 6051 km ©)10750)
Rotational Period: 243 Earth days )

Orbit Period: 225 Earth days ‘ Eareh . Venus at
Distance from Sun: 1.1 x10°km . ' ~— Launch
Average Density: 5.2 g/em® :
Surface Gravity: .907 times that of Earth’s gravity
Atmospheric Pressure at Surface: 90 times that of Vernal
Earth’s surface Equinox
Temperature at Surface: 850°F (730°K)
Atmospherie Composition: Carbon dioxide (96%); mtrogen .
(3+%); trace amounts of sulfur dioxide, water vapor, " Earth at
carbon monoxide, argon, helium, neon, hydrogen chloride, Launch Earth at
hydrogen fluoride ' 4/28/89 Arrival

Major Mission Characteristics
Launch Date: April 28 - May 27, 1989

Launch Vehicle: Shuttle/IUS (2 stage)
Interplanetary Cruise: 442 - 468 days

Venus Arrival: August 10, 1990

Mapping Orbit Period: 3.15 hours

Radar Mappmg' 37 xmnutes/orblt

Mapping Orbit Inclination: 86°

Superior Conjunction (SC): October 26 - November 9, 1990
End of Nominal Mission: April 28, 1991
"Data Gap Recoverable: June 27 - July 10, 1991

< The Magellan spacecraft employing
SAR to pierce Venus’ cloud
" cover and map its surface

MlSSlOl‘l Objectives

¢ To obtain near global (>70% coverage) radar i 1mages of the planet’s surface, w1th resolution equivalent to optical imaging of
1 km per line pair -

¢ To obtain a near global topograplnc map with 50km spatlal and 100m vertical resolution
¢ To obtain near global (>76%) gravity field data with 700km or better resolution and 2-3 milligals accuracy
* To develop an understandmg of the geological evolution of the planet, pnnc1pally its density distribution and dynamics

Mission Timeline Magell T ea
Lounch Period (4128/69-5127/89) ’ « Solar System Exploration Division -~ - Gravity: Wilias Sjogren JPL)
Iinterplanetary Cruise (442-448 days) . : . - . .
Venus Orbit Insertion (8/10/90) : A - William L. Piotrowski, Program - Gravity: Michel Le!-‘ebvm (CNES)
Test and Calibration (17 days n ) Manager - ‘
RadarMapping (243 8ays) — -Joseph M. Boyce, Program Scientist ~ ® System Contractors
Superidr Conjunction Gop (11/2/90) ] m  GopRscovery = JPL . - Spacecraft: Martin
£nd of Nomina! Mission (4/28/91) A . : -
End of Project (9/30/91) 7 R - John H. Gerpheide, Project. Mxnnger g:;;thll)D;nver,
Potential Extended Mission (4729/91 1o..} —— y.ss = Anthony J. Spear, Deputy Project ona e;e 3 m}vln, ):anager
: Manager - ar Sensor: Hughes Aircraft,
-R. Stephen Saund t Robert R. Mullen, Man;
Jan Jul Jon Jul dan Jul Jan sﬂm‘t‘p“ unders, iju en ager
1929 ‘m 1991 1992 ¢ Principal Investigators = Review Board

_-8AR & Altimeter: G. Pettengil (MIT) - Kane Casani, Chairman (JPL)
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Key Radar Sensor Characteristics
¢ Synthetic Aperture Radar (SAR)

- Frequency......ueomnnned 2.385 GHz
- Operating Altitude.......coerrirersens 250 - 2100 km
- Look Angle.....cccceercerenesrecserennene 14° - 44° (from nadir)
- Swath Width........cccecvereeerecenee...25 km (variable)
- Pulse Length...c.cccceccncncrcnnnccnncs 26.5 msec
= PRF.cciiinnniarisnsinsncsssisssssssises 4400-5800 Hz
- Peak Power.......cccicceenceenerenecannas 325W
- Quantization......ccceerecvecrenns -.......2 bits
- Data Acquisition Rate...............806 kbps
¢ Operates in SAR, altimeter, and radiometer modes
- SAR Resolution......ccoceeceevrennnan 300m range/
. 150m azimuth
- Altimeter Resolution..........cc..... 30m
- Radiometer Accuracy......ccoeesne 2°C

* Operating parameters controlled via ground command

Key Spacecraft Characteristics

¢ HGA (3.7m diameter) used both as radar antenna and as
telecommunications antenna

¢ Spare GLL CDS reéonﬁg'ured to MGN specifications

° Single science instrument operates in SAR, altimeter,
and radiometer modes

* Radio subsystem used for gravity data acquisition

° Powered by solar panels with rechargeable batteries

° Star-48B solid rocket motor for Venus Orbit Insertion

* Monopropellant thruster system (0.9 to 445N) with
133kg Hydrazine

¢ Spacecraft injected mass of 3475 kg
° Spacecraft on-orbit dry mass of 1046 kg

* Orthﬁgonal reaction wheels (3) used for spacecraft
control '

¢ X-band downlink 268.8 kbps

Entry —'
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, to DSN
L ' L /
i ' /
\

\
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!
/

Exit -
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Magellan Mapping | Telecommiunications Attitude

Playback

56.6 min
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Desaturation
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This artist’s rendering shows the Magellan spacecraft in an elliptical orbit around Venus and illustrates the mapping and data-transmission phases
of the mission. During the mapping phase, the spacecraft will turn its large antenna toward Venus. For 37 minutes, the Synthetic Aperture Radar
(SAR) will map a 15-mile-wide swath from the north pole to 66 degrees south latitude, acquiring imaging, altimetry and radiometry data. As the
spacecraft reaches the high point of its orbit, the antenna will be turned toward Earth and, for 115 minutes, the data will be transmitted to Earth
receiving stations.

Magellan Mission

Scheduled for launch in 1989, the Magellan spacecraft will conduct the most comprehensive observation of the surface and gravitational
features of Venus ever undertaken. During its 243-day (one Venus rotation) primary mission, the spacecraft will map up to 90 percent of the
planet with high-resolution imaging radar and will return more digital imaging data than all previous U.S. planetary missions combined. Lifted
into Earth orbit by a shuttle, Magellan will be sent on its 15-month journey to Venus by an Inertial Upper Stage (IUS) booster rocket. On
arrival at Venus in 1990, a solid rocket motor will insert the spacecraft into an elliptical orbit and then will be jettisoned. For 37 minutes of
each orbit, the imaging radar, called Synthetic Aperture Radar or SAR, will image a 15-mile-wide swath of Venus’ surface while also acquiring
altimetry and radiometry data to determine the altitudes and temperatures of surface features. Then, as the spacecraft moves toward the high
point of its orbit, Magellan will turn its large antenna toward Earth and, for 115 minutes, will transmit the radar data at 268 kilobits (1 kilobit
equals 1,000 bits of data) per second to Earth receiving stations. Also during this period, gravity data will be acquired as small accelerations
of the spacecraft are measured from Earth.

JPL 400-344D 9/88
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Venus, our nearest planetary neighbor and one of the brightest objects in the night sky, is perpetually
hidden by thick clouds of carbon dioxide and sulfuric acid. Since the 1960s, scientists have used
ground-based radio telescopes to bounce radar waves off the surface and, with the aid of computer
processing, have produced images of the planet beneath the clouds. During the past two decades,
Venus has become the most visited world in the solar system. Five American and 15 Soviet spacecraft
have probed its clouds, measured its atmosphere and, with automated landers, photographed small
portions of its surface. Venus is very similar to Earth in size and volume, but its surface is a scorching
900 degrees Fahrenheit and its atmospheric pressure is 90 times that of Earth. Venus has no water, and
no magnetic field has been detected. Unlike most other planets, Venus rotates very slowly in a retrograde
direction (clockwise as viewed from the north pole). One Venus day is equal to 243 Earth days. This image
was obtained by the Pioneer Venus Orbiter in 1979.

Magellan Mission

Scheduled for launch in 1989, the Magellan spacecraft will conduct the most comprehensive observation
of the surface and gravitational features of Venus ever undertaken. During its 243-day (one Venus rota-
tion) primary mission, the spacecraft will map up to 90 percent of the planet with high-resolution imaging
radar and will return more digital imaging data than all previous U.S. planetary missions combined. Lifted
into Earth orbit by a shuttle, Magellan will be sent on its 15-month journey to Venus by an Inertial Upper
Stage (IUS) booster rocket. On arrival at Venus in 1990, a solid rocket motor will insert the spacecraft
into an elliptical orbit and then will be jettisoned. For 37 minutes of each orbit, the imaging radar, called
Synthetic Aperture Radar or SAR, will image a 15-mile-wide swath of Venus’ surface while also acquiring
altimetry and radiometry data to determine the altitudes and temperatures of surface features. Then, as
the spacecraft moves toward the high point of its orbit, Magellan will turn its large antenna toward Earth
and, for 115 minutes, will transmit the radar data at 268 kilobits (1 kilobit equals 1,000 bits of data) per
second to Earth receiving stations. Also during this period, gravity data will be acquired as small accelera-
tions of the spacecraft are measured from Earth.

JPL 400-344C 9/88
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The Magellan spacecraft, attached to an Inertial Upper Stage (IUS) rocket, will be carried into low Earth-
orbit by the space shuttle in 1989. After six orbits of Earth, the spacecraft will be deployed from the
shuttle’s cargo bay. When the shuttle is safely 25 miles away from Magellan, the IUS will ignite and the
spacecraft will begin its journey to Venus, traveling one and one-half times around the Sun and departing
slightly from the Earth’s orbital plane to intercept Venus 15 months later. JPL’s Photography Group used
models of the space shuttle, the Magellan spacecraft and the IUS to create this photograph.

Magellan Mission

Scheduled for launch in 1989, the Magellan spacecraft will conduct the most comprehensive observation
of the surface and gravitational features of Venus ever undertaken. During its 243-day (one Venus rota-
tion) primary mission, the spacecraft will map up to 90 percent of the planet with high-resolution imaging
radar and will return more digital imaging data than all previous U.S. planetary missions combined. Lifted
into Earth orbit by a shuttle, Magellan will be sent on its 15-month journey to Venus by an Inertial Upper
Stage (IUS) booster rocket. On arrival at Venus in 1990, a solid rocket motor will insert the spacecraft
into an elliptical orbit and then will be jettisoned. For 37 minutes of each orbit, the imaging radar, called
Synthetic Aperture Radar or SAR, will image a 15-mile-wide swath of Venus’ surface while also acquiring
altimetry and radiometry data to determine the altitudes and temperatures of surface features. Then, as
the spacecraft moves toward the high point of its orbit, Magellan will turn its large antenna toward Earth
and, for 115 minutes, will transmit the radar data at 268 kilobits (1 kilobit equals 1,000 bits of data) per
second to Earth receiving stations. Also during this period, gravity data will be acquired as small accelera-
tions of the spacecraft are measured from Earth.
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The Magellan spacecraft is being prepared for testing in Denver, Colorado, at Martin Marietta Astronautics,
prime contractor for the spacecraft. To save costs, several major pieces of Magellan’s hardware are spares
from the Voyager, Galileo, Viking and Ulysses projects. The spacecraft is topped by a 12-foot-diameter
dish antenna (from the Voyager Project), which will acquire imaging and radiometry data and will com-
municate with Earth stations. Attached to the dish is a horn-shaped antenna that will be used to measure
the height of surface features. Two solar panels with a total collecting surface of about 15 square yards
will provide nearly 1,200 watts of electrical power. Most of the major parts of the spacecraft are wrapped
in reflective white thermal blankets to maintain temperature control.

Magellan Mission

Scheduled for launch in 1989, the Magellan spacecraft will conduct the most comprehensive observation
of the surface and gravitational features of Venus ever undertaken. During its 243-day (one Venus rota-
tion) primary mission, the spacecraft will map up to 90 percent of the planet with high-resolution imaging
radar and will return more digital imaging data than all previous U.S. planetary missions combined. Lifted
into Earth orbit by a shuttle, Magellan will be sent on its 15-month journey to Venus by an Inertial Upper
Stage (IUS) booster rocket. On arrival at Venus in 1990, a solid rocket motor will insert the spacecraft
into an elliptical orbit and then will be jettisoned. For 37 minutes of each orbit, the imaging radar, called
Synthetic Aperture Radar or SAR, will image a 15-mile-wide swath of Venus’ surface while also acquiring
altimetry and radiometry data to determine the altitudes and temperatures of surface features. Then, as
the spacecraft moves toward the high point of its orbit, Magellan will turn its large antenna toward Earth
and, for 115 minutes, will transmit the radar data at 268 kilobits (1 kilobit equals 1,000 bits of data) per
second to Earth receiving stations. Also during this period, gravity data will be acquired as small accelera-
tions of the spacecraft are measured from Earth.

JPL 400-344A 9/88
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Shuttle Mission STS-30
Prelaunch Profile

Orbiter: (OV 104) Atlantis
Altitude: 160 nautical miles
Inclination: 28.85 degrees
Mission Duration: 4 days

Crew

David M. Walker, Commander

Ronald J. Grabe, Pilot

Norman E. Thagard, Mission
Specialist

Mary L. Cleave, Mission Specialist

Mark C. Lee, Mission Specialist

Payloads
Magellan Spacecraft

Middeck Payloads

Fluids Experiment Apparatus (FEA)
Mesoscale Lightning Experiment
(MLE)

Highlights

The Magellan mission marks a return
of the United States to planetary
exploration — the first planetary
spacecraft to be launched in nearly
12 years. It also holds the distinction
of being the first planetary probe to
be launched aboard the Space
Shuttle. And, it will be the first to use
a complex, suncircling “‘type 4"
trajectory to reach a planet.

The primary objective of this flight is
to successfully deploy the Magellan
spacecraft. Deployment of Magellan
is scheduled for revolution 5 of the
mission. The first stage burn of the
Inertial Upper Stage (IUS) will begin
at deployment plus one hour and last
for two minutes and 30 seconds. The
second stage burn follows and lasts
for one minute and 42 seconds.

Alternate deployment opportunities
are available on orbits 6 and 7, with
additional back-up deployment
opportunities available throughout
flight day 2.

Magellan will be carried into low Earth
orbit by the Atlantis, then deployed
from the cargo bay into its own orbit
with the IUS rocket motor attached to
its base. After several revolutions
around the Earth, and spacecraft
check-out, the IUS will fire to boost
Magellan toward the planet Venus.

Magellan is scheduled to arrive at
Venus on August 10, 1990. The first
30 days in orbit around Venus will be
devoted to orbit adjustment and
instrument check out. Magellan’s
primary mission through April 1991 is
to map 70 to 90 percent of the
planet’s surface for the first time,
using a synthetic-aperture radar (SAR)
instrument.

As Magellan passes over the surface
of Venus, its dish antenna will iook
downward and to the side of the
spacecraft's orbital path. The SAR
antenna will illuminate an area 15
miles wide with rapid radar pulses,
then record the returning signals.
Each point on the planet’s surface
can be located. A measurement of the
time it takes for the radar signal to
return to Magellan will give the
spacecraft’s distance to that point.

Magellan will pass closest to the
surface just north of the equator at 10
degrees Venus latitude, then will move
up over the north pole and around the
planet in a wide loop. As a result of
this elliptical orbit, Magellan will only




be close enough to the surface to
conduct mapping operations for about
35 minutes out of each three-hour
orbital period. The rest of the time
will be spent transmitting the raw data
from the just-completed mapping pass
and receiving telemetry instructions
from the Earth, or calibrating the
spacecraft’s navigation and guidance
system. Transmissions will be received
by the large antennas of the Deep
Space Network, then relayed to the
Jet Propulsion Laboratory in
Pasadena, California, where images
of the Venusian surface will be
constructed by computers.

Since it will take 243 days for every
point on the surface to pass once
under Magellan’s gaze, the mapping
operations are planned to take exactly
243 days. After completion of the
primary mission, an extended mission
may be undertaken, during which
areas that were missed would

be mapped, and additional data of
particularly interesting areas could

be taken.

More than any other single mission,
Magellan is expected to unveil the

secrets of the Venusian past, just as
Mariner 9 revealed the unsuspected
richness of Martian geology in 1972.

Middeck Payloads
Fluids Experiment Apparatus (FEA)

The Fluids Experiment Apparatus is a
modular, zero-gravity biology,
chemistry, and physics laboratory. It
supports space processing research
in general liquid chemistry, fluid
physics, thermodynamics, crystal

growth biological materials, and living
organisms. FEA has the functional
capability to heat, cool, expose to
vacuum, and manipulate experimental
samples that can be gaseous, liquid,
or solid. Samples can be mixed and
stirred in containers or processed in a
semi-containerless float-zone mode.

Mesoscale Lightning Experiment
(MLE)

The Mesoscale Lightning Experiment
is designed to obtain nighttime images
of lightning in an attempt to better
understand the effects of lightning
discharges on each other, on nearby
storm systems and on storm
microbursts and wind patterns and to
determine interrelationships over an
extremely large geographical area.

The experiment will use Shuttle
payload cameras to observe lightning
discharges at night from active
storms. Using color video cameras
and a 35mm hand-held camera, the
experiment will provide synoptic
coverage of an area roughly 200 by
150 miles directly below the Shuttle.

Three co-investigators will analyze the
lightning data taken from the Shuttle
as well as corroborate information
received from the ground-based
lightning monitoring network. They are
Dr. Bernard Vonnegut, State
University of New York, Albany;

Dr. Max Brook, New Mexico Institute
of Mining and Technology, Socorro;
and Otha H. Vaughn Jr., NASA
Marshall Space Flight Center, (MSFC),
Huntsville, Alabama. Richard E.
Valentine, MSFC, is the mission
manager.




STS-30 Distinguished Guests Schedule
Friday, April 28, 1989

Friday, April 28

10:00 a.m.

12 Noon

12:30 p.m.

1:30

1:45
2:24

2:45

p.m.

p.m.
p.m.

p.m.

p.m.
p.m.

p.m.

Depart Andrews Air Force Base for Cape Canaveral Air
Force Station. (Brunch served enroute.)

Arrive Cape Canaveral Air Force Station.
Board buses for Spaceport USA.

Briefing in the Galaxy Theater Spaceport USA
Welcome: Forrest McCartney, Director of KSC (5 min)

Remarks: Dale D. Myers, NASA Acting Administrator
(5 min.)

Remarks: Richard H. Truly, NASA Administrator-
Designate (5 min.)

Remarks: Dr. Lennard Fisk, Associate Administrator,
Space Science and Applications (20 min)

Presentation: Astronaut Charles Bolden. Discusses
deployment of Magellan spacecraft (10 min)

Introduction and viewing of 15 minute film about
Magellan and its mission.

Depart Galaxy Theater for Guest Viewing Site at
Banana Creek.

Arrive Banana Creek.
Launch of Magellan (23 minute window).

Depart Viewing Site for tour of Vehicle
Assembly Building (VAB).

Tour VAB.
Depart VAB for Shuttle Landing Facility. (SLF)

Depart SLF for Washington. (Light dinner
served enroute.)

Arrive Andrews Air Force Base.
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| O f all the planets in the solar
M sy stem, Venus is the most
//ke our own Earth in size, mass, and
distance from the Sun. The motions
of our planetary “twin” were known
to the ancients, and its apparent
changes in shape, similar to the
phases of the Moon, were first
studied by Galileo more than four
centuries ago. In the modern era,
Venus has been one of the most
visited planets in the solar system—
20 spacecraft from the Soviet Union
and the United States have been sent
there since the early 1960s. Venus’
sulfur-yellow clouds have been
probed, its atmospheric structure and
composition have been measured,
and automatic landers have
photographed portions of its
landscape and chemically analyzed
its rocks.

Yet, for all our fascination with
Venus, we have only a sketchy,
general knowledge of the planet’s
surface. While the faces of the other
“terrestrial” planets—Earth, Mars,
and the lighted sides of Mercury and
the Moon—~have long since been
mapped, details of Venus’ face are
still largely unknown, due to the
planet’s dense, constant cloud cover.
The clouds prevent us from
photographing the solid surface from
space with conventional cameras.

Since the early 1960s, scientists have
used radar to counter this problem.
Unlike visible light, radar waves
penetrate the Venusian clouds and
reflect off the solid planet back to
Earth. With the help of computer
processing, these radar reflections
can be turned into pictures of the
Venusian surface. Earth-based radar
imaging is thus extremely valuable,

but it also is limited—Venus always
shows the same hemisphere to us
when it is near enough in its orbit for
high-resolution study, so only a
fraction of the planet can be explored
from Earth.

Therefore, in the late 1970s and early
1980s, the United States and the
Soviet Union sent the Pioneer Venus
and Venera spacecraft, respectively,
to study Venus more closely and to
image its surface with radar. These
missions have answered many of our
questions about Venus’ atmosphere
and large-scale surface features.
However, many more questions
remain unanswered about the extent
to which Venus’ surface has been
shaped by volcanoes, plate tectonics,
impact craters, and water and wind
erosion.

To help answer these remaining
questions, NASA plans to launch a
new radar imaging spacecraft,
Magellan (named for the 16th century
explorer Ferdinand Magellan), from
the space shuttle Atlantis in April
1989. Arriving at Venus in August
1990, Magellan will spend eight
months mapping most of the planet
at a resolution (a measure of the
smallest objects that can be seen in
its map) nearly ten times better than
that of any previous spacecraft views
of the surface. More than any other
single mission, Magellan is expected
to unveil the secrets of the Venusian
past, just as Mariner 9 revealed the
unsuspected richness of Martian
geology in 1972. In 1990, for the
first time, we will really come to know
the face of our planetary “twin.”




THE PREVIOUS RADAR MISSIONS
In 1978, NASA launched the Pioneer Venus Probe and Orbiter missipn to conduct the most comprehensive investigation
of Venus undertaken to date. Most of the experiments concerned the planet’s atmosphere, but the orbiting spacecraft also
carried a radar system that mapped 92 percent of the surface with a resolution of about 50 to 140 kilometers (30 to 84
miles). For the first time, planetary scientists had a global map of Venus. This map showed the existence of continent-
like highlands (Aphrodite and Ishtar), hilly plains, large volcano-like mountains, and flat lowlands. However, as important
as this radar map is, it shows only large-scale features. The hills and valleys, craters and lava flows—the telling details
of Venusian geology—are as yet uncharted. W  Five years after the Pioneer mission, in 1983, the Soviet Union sent
two Venera spacecraft to map Venus at a resolution of approximately 2 to 4 kilometers (1.2 to 2.4 miles). Because of
the nature of their orbits around the planet, the spacecraft were able to map only about 25 percent of the surface, near
the north pole. In comparison, Magellan will map 70 to 90 percent of the planet at a resolution varying from 250 to 750
meters (820 to 2,461 feet).
THE MAGELLAN SPACECRAFT
A key feature of the Magellan spacecraft is the economy and relative simplicity of its design. To save costs, spare
hardware has been used from other planetary projects, notably Voyager and Galileo. The 3,449-kilogram (7,604-pound)
spacecraft has only one science instrument: a radar sensor. This one instrument, however, will perform three important
functions: collecting imaging data of the surface of Venus, acquiring altimetric data of the planet’s topography, and
measuring the natural thermal emissions from the Venusian surface. Magellan’s only visible moving parts are a pair

of 3.5 by 3.5 meter (11 by 11 foot) square panels that collect solar energy for charging the spacecraft’s nickel-cadmium




The Magellan spacecraft is prepared for
testing in Denver, Colorado, at the Martin
Marietta Astronautics Group, prime contractor

Jor tbe spacecraft. Most of Magellan’s major
| parts are wrapped in reflective white thermal
| blankets to maintain temperature control.
The spacecraft’s radar sensor was built by the

Hugbes Aircraft Company of El Segundo, California.
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batteries. W  Magellan’s 3.7-meter-diameter (12-foot-diameter) high-gain antenna dish (used both for radar imaging
and for communicating with Earth) and the ten-sided “bus,” which contains some of the electronics subsystems, were both
spares from the Voyager Project.

THE RADAR
With conventional radar, the resolution of an image depends on antenna size: the higger the antenna, the better the
resolution. A large.antenna on a spacecraft, however, would be expensive and difficult to manipulate. To solve this
problem, the signals from Magellan’s synthetic aperture radar (SAR) will be computer-processed on Earth so that they
will imitate, or synthesize, the behavior of a large antenna on the spacecraft. Through this synthesis, the onboard radar
sensor will operate as if it has a huge antenna and will produce high-resolution images, even though the antenna is only
3.7 meters (12 feet) in diameter. This computerized process of “aperture synthesis” is what gives SAR its resolving power
as well as its name. W  As Magellan passes over the Venusian surface, its dish antenna will look downward and to
the left side of the spacecraft’s orbital path. For 37.2 minutes, the SAR antenna will emit several thousand radar pulses
each second. Traveling at the speed of light, the pulses will strike and illuminate a 25-kilometer-wide (16-mile-wide)
swath of the planet’s surface, and then will immediately bounce back and be rgceived at the instrument. H By
recording the returned pulses, we can use two measurements on each pulse to locate each point on the planet’s surface.
The first measures the time it takes for the radar signal to return to Magellan; this will give the spacecraft’s distance (or
range) to that point. The second carefully measures the returned signals for their Doppler effect, a shift in frequency
caused by the spacecraft’s motion over the surface. This second measurement will give the location of the point with

reference to the spacecraft’s line of flight, since Magellan will be either approaching or receding from the point at any
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distance to the point (determined
by the time it takes for the radar
signals to return to Magellan),
and the amount of Doppler shift o
in the signal (a shift in frequency ’ ‘
caused by the spacecraft’s motion
along its orbit). However, two
widely separated points (such as
A and B shown bere) bave the
same delay and Doppler shift.
Consequently, to avoid confusion
between these two points,
‘ Magellan’s SAR antenna will be
| pointed to the left of the orbital
‘ ground track to illuminate only
’ one of these possible points
| (A as shown bere; B will bave
already been mapped in a
previous orbit’s swath). The
resulting radar map will
therefore show only features
to the left of the ground track.
The portion of the Venusian
surface shown bere is a
radar image from the Soviet

Venera mission.




giventime. W  Since each point in the radar image will have a unique range and Doppler shift, these two coordinates,

together with knowledge of the angle of the antenna’s line of sight with respect to the surface, are all that is needed to

determine the location of any returned signal. The brightness of the image at that point then becomes an element of the

map image. W Through this technique, data will be collected by the radar instrument and radioed back to Earth,

where images of the Venusian surface will be constructed by computers at the Jet Propulsion Laboratory. In these images,

it will be possible to distinguish features as small as 250 meters (820 feet) for the equatorial regions of the planet (where

Magellan will pass closest to the surface) and about 750 meters (2,461 feet) near the poles. By comparison, the hest

existing ground-based and spacecraft maps of Venus show no features smaller than 2,000 meters (6,562 feet).

APRIL 1989 TO AUGUST 1990: FROM EARTH TO VENUS

In late April 1989, Magellan will be carried into low Earth orbit by the space shuttle Atlantis. After several revolutions

around Earth, the spacecraft, with an Inertial Upper Stage (IUS) booster attached to its base, will be deployed from Atlantis’

cargo bay into its own orbit. After two-thirds of another revolution around Earth, the IUS will fire and propel the Magellan

spacecraft toward Venus. The IUS will then be jettisoned. W  The launch period will begin on April 28 and will last

for 30 days. During this launch period, Venus will be approximately 255 million kilometers (158 million miles) from Earth.

After launch, it will take just under 15 months for Magellan to reach its destination. Three adjustment maneuvers along

the way will keep the spacecraft on time and on target for its rendezvous with Venus. B When Magellan arrives at

Venus in early August 1990, a solid rocket motor attached to the spacecraft will fire to place Magellan in orbit around the

planet. After a few adjustment maneuvers, the spacecraft will be in an elliptical orhit, with its lowest point at an altitude

of 250 kilometers (155 miles) above the planet’s surface and its highest point at 8,029 kilometers (4,989 miles). The time
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This depiction of
Magellan’s interplanetary
trajectory shows the orbits
of the four inner planets, as well as
the positions of Earth and Venus at the
times of the spacecraft’s launch and of
its arrival at Venus. Magellan will
travel an elliptical flight path one and
one-balf times around the Sun before
intercepting Venus. A traditional
trajectory to Venus would use
approximately one-balf of a revolution
around the Sun; bowever, shuttle launch
scheduling bas dictated the longer

trajectory for Magellan.




required for Magellan to make one complete orbit around Venus—the orbit period—will be three hours and nine minutes.
Since the orbit will be tilted four degrees to the axis of Venus, the spacecraft will pass nearly, but not quite, over both
the north and south poles.

AUGUST 1990 TO APRIL 1991: MAPPING THE VEILED PLANET
Although Venus is very much like Earth in size and mass, the veiled planet’s rotation on its axis has several peculiar and
unexplained differences. One is that Venus turns in the opposite direction from the way Earth does, spinning on its axis
from east to west, so that the Sun rises in the west and sets in the east. Another is that the Venusian “day” is very long—
it takes 243 of our Earth days for the planet to turn once on its axis. Since Magellan will be in a fixed, nearly polar orbit
around a very slowly turning planet, it will take 243 days for most of the surface to pass under the spacecraft’s géze once.
Thus the mapping will take 243 days. W  The arrival date at Venus, August 10, 1990, will place Magellan in Venus
orbit approximately three months before superior conjunction (the passage of the planet behind the Sun as seen from
Earth). During superior conjunction, radio interference from the Sun’s atmosphere will make it impossible to communicate
with the spacecraft and to conduct the radar mapping. The resultant gap in mapping coverage can be filled in during
subsequent 243-day mapping cycles. W  Circling the planet every three hours and nine minutes, Magellan will pass
closest to the surface just north of the equator, at 10 degrees Venus latitude, and will then move down around the south
pole and around the planet in a wide loop. Because of this elliptical orbit, Magellan will be close enough to the surface
to conduct mapping operations for only about 37 minutes out of each three-hour orbital period. The rest of the time will
be spent transmitting the recorded raw data from the just-completed mapping pass, receiving telemetry instructions from

Earth, and calibrating the spacecraft’s attitude control system with reference stars. W  During mapping operations,
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CONTROL
CALIBRATION

The 3.15-bour elliptical orbit of Magellan

will be divided into distinct phases. When

the spacecraft is closest to Venus, the antenna

will point at the planet and the radar will map

the surface (A), alternating between north and

south swaths on successive passes. After radar

operations are completed, the spacecraft will turn

to point its antenna toward Earth (B) so that data

can be transmitted (C). After calibration of the
spacecraft’s attitude control subsystem (D) and
another data playback, Magellan will turn its

attention once again to the surface.
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the high-gain antenna dish will point toward the surface of Venus. In addition to acquiring radar imaging data, the radar

sensor will use a separate fan-beam horn antenna aimed at the surface directly beneath the spacecraft to conduct

Magellan’s altimetry experiment. Radar pulses from this antenna will bounce off the surface and return to the radar

receiver. By measuring the time it takes for the signal to return, the aitimeter will determine the distance to the point

directly below the spacecraft, and so will construct a topographic profile of the planet in much the same way that sonar

is used on hoard ships to profile the ocean floor. By mission’s end, the Magellan altimeter experiment will have produced

a topographic map showing height variations as small as 30 meters (98 feet) for the entire mapped part of the planet.

B Several additional types of information will be collected by Magellan. When the dish antenna is pointing down at

Venus, it will also be used to measure the amount of natural thermal emissions, from which temperature variations on

the planet’s surface can be determined. Analysis of the way in which the radar signals are reflected will yield data on

the electrical conductivity and roughness of the Venusian surface. W After each mapping pass, the spacecraft will

recede from Venus and the tape recorders will be rewound in preparation for data transmission. Because the same

antenna used for mapping will also be used for radio communications, the spacecraft must reorient itself to point the

antenna toward Earth. The transmissions will be received by the large antennas of NASA’s Deep Space Network located

at various sites around the world, then relayed to the Jet Propulsion Laboratory in Pasadena, California. While Magellan

is in radio communication with Earth, precise measurements can be made of the slight changes in the spacecraft’s orbital

motions. These tiny motions, which are produced by variations in Venus’ gravitational field, will provide important clues

about the nature of the planet’s interior. After its “call home” is completed, the spacecraft will maneuver into position

to begin another mapping pass and will again point down toward the surface. B  Since Venus will be rotating slowly
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When Magellan’s elliptical orbit

brings the spacecrafi close to

the Venusian surface, the radar

instrument will look through the

clouds to map the solid planet.

Magellan will spend most of the rest of

its orbit transmitting data back to Earth.




beneath Magellan’s orbit, the surface will be mapped in successive, slightly overlapping strips. Each strip, or swath, as
it is called, will be about 25 kilometers (16 miles) wide and about 16,000 kilometers (9,942 miles) long. Close to the
north pole, successive swaths will naturally converge, causing considerable overlapping. Since complete coverage of the
north pole can be obtained by using every other swath, an alternating pattern of northern and southern mapping passes
will be used. Thus, on one orbit, mapping will be performed from the north pole to a southern latitude for exactly 37.2
minutes. On the next orbit, mapping will start 4.7 minutes later than on the previous orbit and will stop 4.7 minutes farther
south. W  Magellan’s inclined orbit and its limited time for transmitting data to Earth make it impossible to obtain
full coverage of both poles during the course of one 243-day mapping cycle. Scientists and mission designers therefore ’
faced a difficult choice: whether to fully map the northern or the southern hemisphere. Because the large “continent”
of Ishtar, which extends into high northern latitudes, seems to have a number of significant geologic provinces, it was
decided to provide full coverage of the northern hemisphere. Mapping of the low southern hemisphere, which does not
have as high a scientific priority, will extend to about 70 degrees south latitude. W  Thus, eight times each day, for
243 days, Magellan will take radar images of the Venusian surface. At the end of the primary mission, almost 90 percent
of the planet will have been mapped. The image strips will be combined by computers on Earth into photomosaic images
covering large regions of the Venusian surface.

THE PLANET VENUS
Earth and Venus have many similar characteristics, such as size, density, and the presenee of atmospheres. However,
they also show important differences. Although both planets are most likely made of the same type of silicate rock and

probably have similar interiors, Venus does not appear to have a magnetic field as Earth does. Venus is closer to the
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Sweltering under a
perpetual cloud cover, Venus
reveals no surface details

even in ultraviolet light, but a

radar instrument on the Pioneer
Venus Orbiter revealed the large-scale
geograpby of the planet for the first time. Blue areas represent
the Venusian lowlands, while bighlands

are shown in green, yellow, and red.



Sun than Earth and receives almost twice as much solar radiation. Although hoth planets have atmospheres, the Venusian
atmosphere is much denser than our own and is composed almost entirely of carbon dioxide, with a high-altitude covering
of clouds laced with sulfuric acid droplets. This thick atmospheric hlanket' of carbon dioxide traps outgoing thermal
radiation between the solid surface and the atmosphere. Far from being Earth’s “twin” at the surface, Venus is a perpetual
furnace, where surface temperatures reach 480 degrees Celsius (900 degrees Fahrenheit) and the atmospheric pressure
is 90 times that of Earth. Any liquid water that might have once existed has long since disappeared: Venus today is bone-
dry. WM We know some things about Venusian geology from past space probes and from Earth-based radar studies.
Soviet lander photos and chemical analysis experiments have shown that the rocks of the highland areas at the lander

sites are basaltic, like the rocks on Earth’s ocean floor or the rocks that are formed from oozing volcanic lava flows.

Bl Venus’ large-scale geography has been disclosed by radar studies from Earth, by the Pioneer Venus Orbiter in 1978,

and by the Soviet Venera 15 and 16 missions in 1983. Most of the planet consists of either rolling upland plains

(apparently composed of older crustal rock) or smooth lowland areas. There are two major “continents,” or elevated

plateaus—Aphrodite, named for the Greek equivalent of the goddess Venus, and Ishtar, named for the Babylenian

equivalent—that appear to be younger geologically. Ishtar is about the size of Australia; Aphrodite is about twice as large,

or approximately the same size as South America. Jutting up from the Ishtar highlands is one of the highest mountains

in the solar system, 10,800-meter-high (35,400-foot-high) Mount Maxwell. Two other highland areas of possible volcanic

and tectonic origin, Alpha Regio and Beta Regio, also stand out conspicuously.
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A portion of the elevated

“continent” of Isbhtar Terra
(about the size of
Australia) is shown in this
computer-processed
Pioneer Venus image.

At the center is Mount
Maxwell (also called
Maxwell Montes), which is
10,800 meters (35,400 feet)
bigh, more than a mile
taller than Mount Everest.
There is some evidence that
this buge mountain is an
active volcano. The
Laksbmi plateau, rising 4
to 5 kilometers (2.5 to 3.1
miles) above the mean level
of Venus, is bordered by
mountain ranges to the
north and nortbwest.

This plateau is thought to
consist of thin lavas
overlying an uplifted
section of older crust.
Soviet Venera radar data
suggest that the depression
called Colette is a collapsed
volcanic crater. On Ishtar’s
soutbern flank are the Ut
and Vesta Rupes (cliffs),
which descend to vast
lowlands.

ISHTAR TERRA

Apbrodite Terra, Venus’
largest elevated landmass
(about the size of South
America), bas two major
Diana Chasifia mountain regions on
opposite sides of the
“continent.” Apbrodite
also bas the lowest
elevations on Venus—in

the trenches of the Diana

APHRODITE TERRA

Chasma, which may be a
rift valley caused by the
movement of two blocks
of crust away from each

other.




ARE EARTH AND VENUS TWINS?
Some 4.6 billion years ago, the planets of the solar system condensed as large, individual bodies in a whirlpool of solid
material and gas revolving around the Sun. Heavier elements like iron and silicon remained in the inner solar system
to form the rocky planets, Mercury, Venus, Earth, and Mars. The lighter gases—hydregen and helium—went to form the
giant planets beyond the asteroid belt. The largest rocky planet, Earth, was extremely hot in those millennia after it
condensed into a solid sphere, and in its early history the planet released this heat through viclent eruptions from great
volcanoes that covered its surface. Earth still sheds its heat today, but now as a low simmer, with only isolated chains
of volcanoes spewing hot material from its interior. M  Earth’s upper crust is divided into Airregular, flat pieces—
tectonic plates—that move around the planet’s surface, driven by convection cells in the hot, fluid rock underneath the
solid crust. Virtually all of Earth’s large-scale geological features, including mountain chains and ocean basins, result
from the movement of these plates. When continental plates collide, mountains such as the Himalayas and the Alps are
thrust upward. Where the plates pull apart, rift valieys and ocean basins form. Earthquakes and volcances, the major
geologic upheavals on our planet, occur primarily at plate boundaries where pieces of the crust are stretching apart or
crunching together. One of the most important questions for the study of Venus is whether similar tectonic plate
movements have shaped the surface of eur planetary “twin.” Bl  Although we might reasonably expect Earth’s “twin”
to have similar processes shaping its surface, the limited data about Venus do not provide evidence of planetwide plate
tectonics. On Earth, where plates are pushing away from each other in the middle of the Atlantic Ocean, there is a
volcanic ridge thousands of miles in length where a great deal of the planet’s internal heat is vented. No such conspicuous

plate boundaries appear in the Pioneer Venus Orbiter map, suggesting that if a system of plate tectonics does exist on

16

SIXTEEN




This glimpse of the Venusian surface
was taken by one of the Soviet
Venera landers. The reddish
appearance of the rocks is due to the
reddish color of the thick
atmosphbere. The slabby rocks, which
are probably volcanic in origin,
would appear neutral gray in
natural sunlight. The rectangular
color bar at the bottom of the photo
is a part of the lander.



Venus, it must he of a different kind than Earth’s. (However, evidence of plate tectonics, even on Earth, would only be
marginally visible at the image resolution of the Pioneer Venus Orhiter. Also, the Venera 15 and 16 coverage [25 percent
of the planet] may not be extensive enough to reveal a systematic, Qluhal pattern of plate tectonics.)
QUESTIONS FOR MAGELLAN’S EXPLORATION OF VENUS
Volcanoes
One of the most important tasks for Magellan during its mapping mission will be to take an inventory of volcanic craters
and other volcanic features on Venus so that scientists can reconstruct the planet’s geologic history. Ground-based and
Venera radar images have shown the existence of velcanic craters on the Ishtar plateau. Variations in the concentration
of sulfur dioxide in the atmosphere, detected by Pioneer Venus, suggest that Venus may be volcanically active. By
counting how many volcanoes are on Venus’ surface and identifying where and what kind they are, Magellan will provide
data on the planet’s internal processes. M The high-resolution radar images will allow us to discriminate hetween
individual overlapping lava flows so as to determine the sequence of volcanic events that have helped shape the surface.
By examining the slopes and shapes of these volcanic flows, scientists can make judgments ahout the composition of the
lava and thus obtain further clues about the nature of the planet’s interior and the thickness of the crust. W Earlier
spacecraft data have shown that the gravitational field of Venus is stronger over the planet’s elevated plateaus—evidence
that these topographic features are related to the interior structure. Magellan’s high-resolution gravity survey, constructed
by precise measurements of the spacecraft’s orbital motions, will provide details about this important correlation between

gravity and topography.
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The improvement in resolution
expected from the Magellan data
is illustrated in these images of
the Mount Saint Helens region of
Washington, which are simulations

derived from the radar imaging data

acquired by the Seasat oceanographic
satellite. The still-active volcano does
not show at the Pioneer Venus resolution.
Altbhough the feature is visible at the
Venera resolution, it is not possible to tell
whetber it is a volcano or a meteorite

impact crater.

MAGELLAN VENERA PIONEER




Impact Craters
Meteorite impact craters also appear in abundance in radar images of Venus. Such craters are more pientiful than on
Earth, but much less so than on Mercury, the Moon, and Mars. Another major task for Magellan will be to dislinjuish
these impact scars from volcanic craters, to count how many are still preserved on the surface, and to note where they
exist. It is important to establish Venus’ impact cratering record, since the more cratered a surface is, the older it must
be. Earth’s surface is relatively young-looking and uncratered. Although meteorites have struck our planet in the past,
most impact craters have been erased by wind and water erosion and by the constant motion of tectonic plates through
time. The surface of Earth is a slate that has been drawn on, wiped clean, redrawn, and rewiped over miilions of
centuries. Venus, on the other hand, appears to retain evidence of a comparati\'lely distant past. Magellan’s global
inventory of impact craters will have much to tell scientists about the history of the planet and the ages of different
geologic provinces. The rate of surface cratering may also provide information on how dense the planet’s atmosphere
has been through time. I At the hest resolutions obtained to date, it is unclear whether many of the circular features
seen on Venus are the scars of old impacts, collapsed remnants of volcanic craters, or domes of rock somehow warped
upward by teclonic forces. Magellan’s high-resolution radar images will clear up the mystery. If these images show large
stretches of old, cratered terrain, it would argue against tectonic motion in those regions, because crustal movements
would destroy old craters. It would also indicate that the processes of erosion proceed much more slowly on Venus than

on Earth.
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This computer-generated photo shows that

| only very general conclusions about the geology of a planet—
Venus or Eartb—can be drawn from radar images
with the resolution obtained by Pioneer Venus. The images
Jrom the bigher-resolution Magellan radar will give
scientists a better understanding of processes that bave

shaped the Venusian surface and interior.



Faults, Ridges, and Mountains

Some kind of crustal movement evidently is at work on Venus, because mountain-like folded ridges and rift-like valleys

appear in Soviet radar images of Ishtar Terra. These features are most probably caused by the compression or extension

of the crust. Magelan will reveal the details of these features, allowing scientists to characterize how Venusian tectonics

work. It has been proposed that the high surface temperatures on Venus play a part in the distortion of the crust, and

Magellan will provide new data to test that theory. Large rift valleys such as Devana Chasma in Beta Regio will be studied

to see whether they were formed by volcanic processes or by tectonic motions.

Water and Wind

Another critical question about Venus is whether it once had water on its surface. Modern-day ratios of deuterium to

hydrogen in Venus’ atmosphere (measured by descending atmospheric probes) suggest that at some point in the past there

was more water in the planet’s atmosphere. Magellan will look for evidence of ancient marine terraces, river channels

and deltas, or other geologic features that might point to the existence of ancient oceans. Such discoveries would have

profound implications for the evolution of the planet’s atmosphere as well as of its surface. W Although surface wind

speeds on Venus are believed to be lower than on Earth, there may be large windblown dunes on the surface that would

be evident in high-resolution Magellan images. The sizes and shapes of such dunes would allow scientists to reconstruct

the wind behavior on Venus.
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During its primary 243-day mission,
Magellan will acquire more digital imaging
data than all previous U.S. planetary missions
combined. These data will be a legacy for future investigators of the veiled planet, just
as the findings from the expedition of
Ferdinand Magellan, the Project's namesake,

were for the then-future explorers of Earth.






i T he Soviet Venera 15 and 16
M 5nacecraft mapped less than
one-third of the Venusian surface at
high resolution. Qver the course of
one Venusian day (243 Earth days),
the Magellan spacecraft will map
most of the surface with detail that
exceeds that of these best previous
radar images. The resultant maps
will reveal the traces (if they exist) of
many fundamental planetary forces:
volcanism, wind, water, and
meteorite impacts—in short, all the
processes that determine a planet’s
history and shape its face. By giving
us this new information, the Magellan
mission will help to tell us why
Venus, our planetary “twin,” is at the
same time so much a stranger.

The International Science Team

Radar Investigation Group

Gordon H. Pettengill (Principal Investigator), Massachusetts Institute of Technology
Raymond E. Arvidson, Washington University

Victor R. Baker, University of Arizona

Joseph H. Binsack, Massachusetts Institute of Technology

Joseph M. Boyce, National Aeronautics and Space Administration

Donald B. Campbell, Cornell University

Merton E. Davies, RAND Corporation

Charles Elachi, Jet Propulsion Laboratory, California Institute of Technology
John E. Guest, University College London, England

James W. Head, Ill, Brown University

William M. Kaula, National Oceanographic and Atmospheric Administration
Kurt L. Lambeck, The Australian National University, Australia

Franz W. Leberl, Vexcel Corporation

Harold MacDonald, University of Arkansas

Harold Masursky, U.S. Geological Survey

Daniel P. McKenzie, Bullard Laboratories, England

Barry E. Parsons, University of Oxford, England

Roger J. Phillips, Southern Methodist University

R. Keith Raney, Canada Centre for Remote Sensing, Canada

R. Stephen Saunders, Jet Propulsion Laboratory, California Institute of Technology
Gerald Schaber, U.S. Geological Survey

Gerald Schubert, University of California, Los Angeles

Laurence A. Soderblom, U.S. Geological Survey

Sean C. Solomon, Massachusetts Institute of Technology

H. Ray Stanley, National Aeronautics and Space Administration

Manik Talwani, Geotechnology Research Institute

G. Leonard Tyler, Stanford University

John A. Wood, Smithsonian Astrophysical Observatory

Gravity Investigation Group

Michel Lefebvre (Principal Investigator), Centre National d Etudes Spatiales, France

William L. Sjogren (Principal Investigator), Jet Propulsion Laboratory, California Institute of Technology
Mohan Ananda, Aerospace Corporation

Georges Balmino, Centre National d'Ftudes Spatiales, France

Nicole Borderies, Centre National d'Ftudes Spatiales, France

Bernard Moynot, Centre National d Etudes Spatiales, France



is - = * g o -y, = ro T T £ = ™ ::sa.:: N &%' ® "-'m"'w ol A o B i ™

G R U LW W Y i T TS P .
poon . § » w oy e &g "’ -2,
- . 8w T T e o Y BT

z.u"‘_ g1 m'ﬂu » - o, T ol 3

L ow g e e S, e cowe o BT gige e | omm w

JIORE " A Naﬁgnmnam.cg and® - . P R R B il

% w. . - Space Administration “ e o |0 v P v
¥oad = Jet Prapulsion Labotratory ™ * ¥ P B T he 0 el Ceed™ L PRIV aw B e e M matvm. e j__..

wwe-Califonia Institute of Technology-rrm. | pmepe o o | o2 e wr e T wa Vet By .-* 'll
Pasadena, California o e | e : S et .o i

.- . —— e row W ¢ g | L — - T
. :
W S e T B ot B O R Pl B o il TR,

T S S T B e M Ty 0 WL S L ond il L

b e TS, R WP i s § o el B e B Y Bl Rl

: e e T el NG R mr‘m

Lt e d B D el e ri ‘ a

TR T ™ S Sl g R S Ty
s e e BRI e T T -

R T G B B P’ i .as.M‘ —-ﬂ-w-.

B g o —— ol gy v — | T ke Py T WS g, % i, ol S i R

I w T ; TR W e SR e o St Sl o, Moo S L W S e f jl' :l
- o
P U R e pee S ? ¥ RS " ¥ | a " !"WA PEg QLSS RGN NS B S | l_'!

= e BTV | BT PTTUET W L T ST o R e
Y ey ogy | SRS § B Bt o e ke aneli .l

- % e ol Ealh » S
i 2 R R - ; wie B ey o = g i ’raca?n" i i‘, mms.  » §a€b- f o —— -
RERE R 1 wit® m o wm [P e By e  PTREE o oefy O, g, 6 R xRy

g w® gt 0 SEERG MR e ” T B Bede 1R o B S el
e grm—ar 2 L i g B TR e S ™ M T R Bl Ty v " R "0
b ¥ ow - e % L L PE S I " Naw“! ™o By W [ T e 2P W m e B S Wl
L h e R E PSS L R BRI OO, R e W 2 ---nr'-* _.r"upl' i ol R
Ly IE"SYRE VRN FINBE | SR oo L B SO T S ‘aee I Am g B
ne e "’ i e ™ Y Caselhe® ML K Y me TaThes T Am‘-x@*ﬁwn SV e WG “WO™R 'I

P NN - e -y P o Y & T e BF LR PR TN e aw [ oo

. % T R T et SN U SR W T TR e T Mt
M e g ety s g | ety g Sy LTI SELRERE Lo T IR N R B e
B 2 pcet LI, st o o  pym—pes g WY R W el g opee e e, PR T GO UREC e T

- < ; S
T Rk T Y e R el TN ™™ ‘@"""ﬁ BT ol senelield™ Sl W e e W WM wﬂh"

- . o s o ey ecdilleos b K Pl s g ” B b T SRR R «

o e T SR R R R i T S R R N T
i e kW WY G VAN e e W P ) vuR .t ] ek 3 . &g

-, - o e e T R T e .
HE B B R e SO T WY Pyt SR LR TR R R BT PR el Tl ™ " il

% B N Y . Bl w A TR lal * Wt ST gpat s o A st "’rl' Lt
L B e el Mg ey e T e e e e e e e R 'll
RS e e e IR R R R Cas ta YA *__..ﬂta.m“u._.,n;% 4 -
i o T M b T e T ™ o TR R R R R qm:l_
| S L T LR B opgeepes g opopmes W Theow by mle T chogr v ooomms on oo oay
AW W e R W Y e R B VL YRR LR TR RS el C Sl CedB ™ ke e
B e oo [ W P Pt bk oA B B H O e 10T . ¥ Rl el - "N-.L'I’IJ .
T e S TR WS L M P L el W T M. DL e Pl 'wmaﬂ*ih Y e e
ey .-.l""!“"-"’"‘ﬁ" S Rl Y W P 00§ B § WY Teegp P § e geen ooy p ey ;_l'i.‘s-r'l
' e, Y Vas B THR B, "W EY - *“‘W"“T‘J“ el w SO T TR TE T .
MR R e e N g OWR d™ O RN Y P N e | SR WO Wm*a-.. el
S . - - e e T B R R Y-y e odun Vg wan gl smmngs v grd e g 2l o e -«i-.a-“
o JS g e WO A - || et -".-“ ™ B B R e ™ }! WL Voalh PEmgesgs e, See "o 1 B -*"‘“‘7
R e et . e Sl R 4 s - B - b ST -

& B T e WFEC C ek W BT TER ST POY B TWE e’ e il
ot TR R T R R TR ) e T ST I, e SR S WS W N e el

s BN R T § oY v g e o s ggpee p1 epemgge o ogeeeguy s 0, g, e ep—
ek = : i s S | h ’
,‘f b, T Rt L, B R o RPN "ol e "I . W ™ e *‘Mﬂl’& nw el Pume ]
ol “ENCE S i SRR PR R S 1 o B g bl | el wsed - il Y B il
o - Ao I o, o, W L W, B, B s BN R, oo ol ('™ e o N s ™ w—‘-.-—--—-'.n;—
Pl kT s e T L T L AW R e L gl
— g ... _;;_wu-— & s s we g ow L Tme pm oo gow o aee o E ey v el T w f e e oW om s — g
@ s B " gqigootdas JHOEE oWl ™Y T O T e B id“"'““"w T TR, TNy W SR
I BT AT e g gy e M“—n—r-*a_.qn e @ B Reded M e e Tk B Y
(W m ey gy g T o g e L e ey el erou wlme 0 S ol o el gl
O e T S AR s Bl i R T ol SR e i T R L e
B 4- " & “ B .‘j‘-*-..iw e 3 TR dee .;.‘. * o 'I-“' iu-f““im‘ ‘
. s ; . o :

4 A e = e, S B e § ol Y e T el Nl PR B b el R




