Doing Science With a
Spacecraft’s Signal

by David Doody

Mariner 2 to Venus, the first interplanetary flight, was
launched August 27 fifty years ago. This was a time when
scientists were first learning that Venus might not harbor
jungles under its thick atmosphere after all. A Russian
scientist had discovered that atmosphere during the rare
Venus transit of 1761, because of the effects of sunlight from
behind.

Mariner 2 proved
interplanetary flight
was possible, and
our ability to take
close-up images of
other planets would
be richly rewarding
in scientific return.

But it also meant
we could use the
spacecraft itself
as a “light” source,
planting it behind
an object of our
choosing and
making direct
measurements.

Mariner 4 did the
first occultation
experiment of this
sort when it passed
behind Mars as seen
from Earth in July

1965. But, instead of 73, s poster art of Mariner 4, you can see the parabolic reflector atop the spacecraft bus. Like the reflector
visible light from the inside a flashlight, it sends a beam of electromagnetic energy in a particular direction. Credit: NASA/JPL/

Sun, this occultation  Corby Waste.
experiment used the
spacecraft’s approximately 2-GHz radio signal.

The Mariner 4 experiment revealed Mars’ thin atmosphere.
Since then, successful radio science occultation experiments
have been conducted at every planet and many large moons.
And another one is on schedule to investigate Pluto and its
companion Charon, when the New Horizons spacecraft flies
by in July 2015. Also, during that flyby, a different kind of
radio science experiment will investigate the gravitational
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field.

The most recent radio science occultation experiment took
place September 2, 2012, when the Cassini spacecraft carried
its three transmitters behind Saturn. These three different
frequencies are all kept precisely “in tune” with one another,
based on a reference frequency sent from Earth. Compared
to observations
of the free space
for calibration just
before ingress to
occultation, the
experiment makes
it possible to tease
out a wide variety
of components in
Saturn’s ionosphere
and atmosphere.

Occultation
experiments
comprise only one
of many categories
of radio science
experiments.
Others include
tests of General
Relativity, studying
the solar corona,
mapping gravity
fields, determining
mass, and more.
They all rely on
NASA’s Deep Space
Network to capture
the signals, which
are then archived and studied.

Find out more about spacecraft science experiments in
“Basics of Space Flight,” a website and book by this author,
http://www2.jpl.nasa.gov/basics. Kids can learn all about
NASA's Deep Space Network by playing the “Uplink-
Downlink” game at http://spaceplace.nasa.gov/dsn-game.

Page 11



If It’s Clear...
by Fulton Wright, Jr.

Prescott Astronomy Club
OcToBeR 2012

Celestial events (from Sky & Telescope magazine, Astronomy magazine,
and anywhere else | can find information) customized for Prescott, Ari-
zona. Remember, the Moon is ¥z degree or 30 arcminutes in diameter. All
times are Mountain Standard Time.

On Wednesday, October 3, in the early morning, you can see
Venus and Regulus within 1/4 degree of each other. They are
closest when they rise at 3:14 AM. Twilight interferes about
5:30 AM.

On Sunday, October 7, the Moon is at last quarter phase and
rises at 11:31 PM.

On the night of Friday, October 12, you can watch 2 of Jupi-
ter’s satellites play hide and seek in the planets shadow. From
1:21 AM (Saturday) to 3:40 AM, Ganymede is hiding in Jupi-
ter’s shadow. At 4:21 AM lo disappears in Jupiter’s shadow.

lo goes behind Jupiter before it emerges from the planet’s
shadow. Ganymede goes behind Jupiter at 6:05 AM, just as
morning twilight interferes.

On Sunday, October 14, it is new Moon and you have all night
to hunt for faint fuzzies.

On Thursday, October 18, about 6:45 PM, you might want to
checkout the Moon, a planet and a star near each other. Low-
est in the southwest you will find the red star, Antares; above
and to the right, the red planet, Mars; up and to the left, the
crescent Moon. The red star and planet will be near each
other for a few nights, while the Moon moves higher in the
sky each night.

On Sunday, October 21, at 11:49 PM, the first quarter Moon
sets.

On Monday, October 22, you have a chance to see the Moon
occult the globular cluster, M72. The northern part of the dark
limb begins to cover the cluster about 8:40 PM. By 9:00 PM
the cluster is pretty much covered. Around 9:25 PM the clus-
ter starts to emerge from the bright limb of the Moon. By 9:40
PM the motion of the Moon has revealed the cluster. This will
not be an easy observation. The cluster is magnitude 9 and
the Moon is magnitude -10. That 19 magnitude difference
means that the Moon is 36 million times brighter (however,
spread over a much bigger area.) A big telescope and high
power will help.

On Tuesday, October 23, at 8:09 PM, Jupiter rises with Gany-
mede’s shadow on the planet. At 9:41 PM the shadow leaves.
At 10:21 PM lo emerges from behind the planet. At 11:31 PM
Ganymede moves in front of the planet. At 1:17 AM (Wednes-
day) Ganymede moves from in front of the planet.

On Monday, October 29, at 5:35 PM (4 minutes before sunset),
the full Moon rises, spoiling any chance of seeing faint fuzzies
for the whole night.

On the night of Tuesday, October 30, you have a fairly rare
chance to see an entire transit of Ganymede. Here is the
schedule:

11:41 PM Ganymede’s shadow falls on Jupiter.

(12:07 AM lo appears from behind Jupiter.)

1:40 AM Ganymede’s shadow leaves Jupiter.

2:57 AM Ganymede moves in front of Jupiter.

4:43 AM Ganymede moves from in front of Jupiter.
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Looking for that perfect weekend activity?
Why not resolve to getting involved?
Contact Dave Coshow to join the staff at GRCO

Email: grco@evaconline.org

T
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Curiosity Mission Overview

The Mars Science Laboratory spacecraft launched from Cape
Canaveral Air Force Station, Florida, on Nov. 26, 2011.

Mars rover Curiosity landed successfully on the floor of Gale
Crater on Aug. 6, 2012, Universal Time (evening of Aug. 5,
Pacific Time).

Engineers designed the spacecraft to steer itself during
descent through Mars’ atmosphere with a series of S-curve
maneuvers similar to those used by astronauts piloting NASA
space shuttles.

During the three minutes before touchdown, the spacecraft
slowed its descent
with a parachute,
then used retrorock-
ets
mounted around
the rim of an upper
stage. In the final
seconds, the upper
stage acted as a sky
crane, lowering the
upright roveron a
tether to the surface.

Curiosity is about
twice as long (about
3 meters or 10 feet)
and five times as
heavy as NASA's twin §
Mars Exploration
Rovers, Spirit and Op-
portunity, launched
in 2003. It inher-
ited many design

including six-wheel
drive, a rocker-bogie
suspension sys-

tem and cameras
mounted on a mast to help the mission’s team on Earth select
exploration targets and driving routes. Unlike earlier rovers,
Curiosity carries equipment to gather samples of rocks and
soil, process them and distribute them to onboard test cham-
bers inside analytical instruments.

NASA's Jet Propulsion Laboratory (JPL), Pasadena, Calif.,
builder of the Mars Science Laboratory, engineered Curiosity
to roll over obstacles up to 65 centimeters (25 inches) high
and to travel up to about 200 meters (660 feet) per day on
Martian terrain.

The rover’s electrical power is supplied by a U.S. Department
of Energy radioisotope power generator. The multimission
radioisotope thermoelectric generator produces electric-
ity from the heat of plutonium-238's radioactive decay. This
long-lived power supply gives the mission an operating
lifespan on Mars’ surface of a full Mars year (687 Earth days)
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This artist concept features NASA's Mars Science Laboratory Curiosity rover, a mobile robot for
investigating Mars’ past or present ability to sustain microbial life.
elements from them, In this picture, the mast, or rover’s “head,” rises to about 2.1 meters (6.9 feet) above ground level.

This mast supports two remote-sensing instruments: the Mast Camera, or “eyes,” for stereo color view-
ing of surrounding terrain and material collected by the arm; and, the ChemCam instrument, which
is a laser that vaporizes material from rocks up to about 9 meters (30 feer) away and determines
what elements the rocks are made of Image credit: NASA/JPL-Caltech

or more. At launch, the generator provided about 110 watts
of electrical power to operate the rover’s instruments, robotic
arm, wheels, computers and radio.

Warm fluids heated by the generator’s excess heat are
plumbed throughout the rover to keep electronics and other
systems at acceptable operating temperatures.

The mission uses radio relays via Mars orbiters as the prin-
cipal means of communication between Curiosity and the
Deep Space Network of antennas on Earth.

The overarching science goal of the mission is to assess
whether the landing area
has ever had or still has
environmental conditions
favorable to microbial life,
both its habitability and
its preservation.

Curiosity landed near the
foot of a layered mountain
inside Gale Crater. Layers
of this mountain contain
minerals that form in wa-
ter and may also preserve
organics, the chemical
building blocks of life. The
portion of the crater floor
where Curiosity landed
has an alluvial fan likely
formed by water-carried
sediments. Selection of
Gale Crater followed con-
sideration of more than 30
Martian locations by more
than 100 scientists partici-
pating in a series of open
workshops.

Selection of a landing
site of prime scientific in-
terest benefited from examining candidate sites with NASA's
Mars Reconnaissance Orbiter since 2006, from earlier orbiters’
observations, and from a capability of landing within a target
area only about 20 kilometers (12 miles) long. That preci-
sion, about a five-fold improvement on earlier Mars landings,
makes feasible sites that would otherwise be excluded for
encompassing nearby unsuitable terrain. The Gale Crater
landing site is so close to the crater wall that it would not
have been considered safe if the mission were not using this
improved precision.

Advancing the technologies for precision landing of a heavy
payload yields research benefits beyond the returns from
Mars Science Laboratory itself. Those same capabilities would
be important for later missions, both to pick up rocks on
Mars and bring them back to Earth and to conduct extensive
surface exploration for Martian life.
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NGC 253 is the brightest member of the Sculptor Group of galaxies and is often referred to as the Sculptor Galaxy, but the RASC Observer’s Handbook gives the
common name Silver Coin Galaxy.

NGC 253 was one of the major discoveries of Caroline Herschel, the sister of William Herschel. She discovered this object on September 23, 1783 with “an excellent
small Newtonian Sweeper of 27 inches focal length and a power of 30” (William Herschel’s description), and added it to her list as No. 10. William Herschel later
included it in his catalog as No. V.1.

As one of the brightest galaxies in the sky (visual magnitude 8.0), the Sculptor Galaxy is viewable through binoculars. It is a good target for observation with a
telescope with a 300 mm diameter or larger. As seen through such telescopes, it appears as a galaxy with a long, oval bulge and a mottled disk.

Visually, NGC 253 is an impressive sight in larger instruments. Its huge envelope is an elongated 25’ x 7', and its disk shows complex dust lanes north of the core.
In 1961, Allan Sandage wrote in the Hubble Atlas of Galaxies that the Sculptor Galaxy is “the prototype example of a special subgroup of Sc systems... galaxies of
the group are dominated by the dust pattern. Dust lanes and patches of great complexity...”

NGC 253 itself lies some 10 million light years distant. NGC 253's true size is estimated to be 70,000 light years, comparable to the diameter of the Milky Way. But
NGC 253 has a luminosity considerably less than the Milky Way’s. One supernova has been discovered in NGC 253 to date: SN 1940E (Fritz Zwicky).

NGC 253 (Sculptor Galaxy) Spiral Galaxy in Sculptor
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NGC 253 Sculptor Galaxy
Photograph courtesy of Jon Christensen

NGC 253
Sculptor
October 27, 2005
12.5 inch RCOS RC at F/9
SBIG STL 11000 Camera
120 Minutes Luminance; R30, G25, B30
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The Observer is the official publication of the East Valley
Astronomy Club. It is published monthly and made
available electronically as an Adobe PDF document
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