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THE ERA OF SERENDIPITY

Ranger 3, 5 missed moon; gamma ray detectors
worked and gave first detection of background
(1962 flights; report 1964 Nature, Metzger,
Arnold et al). Ranger 4 crashed, 6 transmitter
failed, 7 finally sent back moon pictures

1962 rocket flight to look at lunar X-ray fluor-
escence (finally seen by ROSAT!) finds Sco X-1,
X-ray background, Nobel for Giacconi!

1967~7/3, Kosmos and Vela satellites find gamma
ray bursts

1967 0SO-3 meant for solar stuff; saw flares as
intended; also upper limits for extra-SS source
gammas (Peterson +) and background detection
(the "Kraushaar point') .

GRB location by triangulation using Zﬂ ray moni-

tors on just about everything flown down to
present



LOW-GAIN ANTENNA
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Figure 12-9. Ranger‘; 3 through 5 contained a seismic package (seen
at the top of the craft) that was to be hard-landed on the Moon.

rocket performed well, and after reaching orbit, the Agena fired
and sent the Ranger on its way to the Moon. Approximately 38
minutes after leaving the Earth’s orbit, electrical power supplied
by the probe’s solar panels abruptly stopped. The spacecraft au-
tomatically switched to its on-board battery, but it only had suf-
ficient power for a few hours of operation. Halfway through the




THE APOLLO ERA

Some deliberate non-SS science on AESEP and
ALSEP (12-17) (11)

Most notably the corner reflectors — indeed
moon 1s moving away from earth, but also
significant limits on violation of GR

Apcllo 16 - some UV imaging, cosmic ray data

Apollo 17 (December 1972, last flight) The
sad tale of the Lunar Surface Gravimeter,
which would have worked very well where the
group had put earlier gravimeters (South’Pole
fecr Louis Slichter of UCLA). In fact was as
deploved a better seismometer than the real
s’esmometers, but NASA pulled the plug.

Apollo 18-20 cancelled. Would have included

LSG reflight and a good deal more other
science.



yeace for all mankind.

—From the plaque left on the Moon by the Apollo 11 astronauts
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Figure 20-1. Neil Armstrong, commander; Michael Collins, CM
pilot; and Edwin Aldrin, Jr., LM pilot.

was finally cleared when Apollo 10 flew to the Moon and per-
formed all the tasks required for a landing except touching
down on the dusty lunar surface.

Despite this careful work, as the nation prepared to
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to radio this information back to Earth. The second experiment
was called the Laser Ranging Retro-Reflector Experiment.
Once deployed a laser beam would be shot toward it from the

Figure 20-8. Experimental packages were set up on the Moon's
surface. Aldrin leaves the laser reflector to set up the seismic
experiment. . ; =
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i-foot tall Apollo 15 Satul n' V is launched from Pad A, Launch Complex 39, Kennedy Space Center, Florida. July
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Figure 23-11. The crew of Apollo 17: (left to right) Harrison
Schmitt, Eugene Cernan (sitting ), and Ronald Evans.
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munity had urged NASA to include a scientist on at least one
Apollo mission, so he was their standard bearer. Not only did
he feel great pressure to meet the expectations of the scientific
community, he also had to prove to NASA that a scientist/as-
tronaut could contribute to the flight and landing. He and mis-
ston commander Ceman got on well together even though
their personalities were quite different. Cernan was among
the most talkative of the astronauts, whereas Schmitt was one

of the most quiet and introspective.
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WHAT WERE THE RUSSIANS DOLNG?Y

A good deal of space science 1961-65 published
in open literature, mostly Doklady, which I
have not read. The Salyut/Soyuz era 1971+

Salyut 4, 1974, X-ray observations of the Crab
Nebula (but Uhuru launch Dec. 1970)

As for UV competition, OAO-2 = Dec 1968
Copernicus = Aug 1972
TD-1 = March 1972
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—Brain Harvey in The New Russian Space Programme
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Figure 29-2. The launch of Soyuz 11 from Baikonur on June 6, 1971,
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module, was pressurized.

The transfer compartment had dimensions ol 6.6 X Y8
feet with a docking fixture attached to its front. Once a Soyuz
wits docked, the cosmonants entered the station through an
air-tight hatche The transter compartment also housed the sta-
fon’s biology experiments, cameras, and a telescope, This
fatter instrumient, called the Orion stellar telescape Gidentified
as #11 inthe Focus Box). was the station”s primary optical as-
tronomical mstrument. It was designed 1o abram ulfraviolet
stellar spectrie in the wavelength range of 2000 3000A. A

gammu-ray telescope was also carmed by the Salyut that was

A series of pioneering biology experiments to gather new
information about the effect of weightlessness on the growth
of living organisms was planned as part of the Safvnr 1 ons-
ston. Observations would be collected on the growth of trog
eggs and other small plants and tnsects. Genetic changes of
short-lived fruit flies would also be collected as well as data
about the growth of higher-order plants.

The fourth Salyut compartment, the propulsion unit, was
unpressurized and could not be emtered by the cosmomuns.
It had a length and maximum diameter of about 7.2 leet
and contained the station’s mam rocket, stabilization and

Focus Box: Salyut 1 with Docked Soyuz

Docker Soyurz
Rendervous radar

@ L e

Solar panel

4. Maun control console

S. Exercise treadmill

6. Scientific mstrument bay
————— . . S, i B g

7. Main rocket fuel

8. Propulsion uni

9. Auitude thrusters

1. Movie camera porthole

J1. Orion teleseope

Fhe World's Fiest Space Station: Sadvae / 223




Focus Box: Soyuz 11 Time-line and Sample Activities

Date Sample Activities Date Sample Activities
June 6 Launch from Tyurtam. June 18  Orion telescope observations. Television
June7  Docking successful. broadcast.
June 8 Salyut 1 systems activated. June 19 Aerosol content of atmosphere measured.
June 9 Salyut engine used to change orbit. Medical tests. Meteorological observations.
June 10  Physical exercises. Medical tests. June 20  Television broadcast. Earth photography.
June 11 Spectroscopic Earth measurements. June 21 Orion Telescope studies. Gaama-ray
~ Gamma-ray felescope used to measure radiation study. Space environment sitidy.
“distribution of celestrial gamma-rays. June22  Polarization of reflécted light from Earth.
June 12 Television broadcast. Medical tests. Meteorological study. '
Photography. June 23  Photography of USSR Engine firings.
June 13 Earth Resources experiments. Measurements ~ June 24  Space endurance record. Weather observations.
“of cosmlc radiation. Physical exercises. Earth photographs
June 14 Navlgahon experiment. Coordinated weather ~ June 25  Experimental program activities. Preparation
observations. for return to Earth. Television broadcast.
June 15  Simultaneous space and aircraft photographic ~ June 26  Micrometeorite measurements. Increased
studies. Joint Salyut and Meteor satellite exercises. Preparation for landing.
cloud cover measurements. June 27  Soyuz 11 checks. Television broadcast.
June 16  Salyut sy51ems evaluated. Atmospheric study. Weather observations.
June 17  Spacecraft antenna tests. Medical tests. June 28 Medical tests. Soyuz system reactivation.
Space environment density measurement. June 29  Departure from Salyut 1.

broadcast from the station had made the cosmonauts nearly
as well known as Gagarin and Leonov. The joyous recep-
tion that had been planned in Moscow was now replaced by
yet another somber procession as the cremated remains of
the cosmonauts were carried to the Kremlin wall and
placed in a position of honor next to their comrades. Trib-
utes flowed in from around the world, and in what seemed
like an endless line, grief-stricken Soviet citizens walked
by to pay their last respects to a crew they had grown to
greatly admire.

Soviet space officials had hoped a successful Salyut mis-
sion would relieve some of the pain the nation still felt about
the lost Moon race. The tragic end of Soyuz /1 dashed those
hopes and caused a further time-consuming reevaluation of
the Soviet manned spaceflight program.

Postflight Changes

After the disaster of Soyuz 11, the Soyuz craft was re-
designed. It was also decided that on future missions the cos-
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F.  Skylab’s Stellar Research Program
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Frgure A3-3 () An oprical ymage of the Large Mugelians Clond.
thiAn tmage taken at 25008 () The same abyec? seenin b ehtw ith
awavelength of 14004
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have Jow surface gravities. A F2V star has a higher surface
pravity than a F21 star but both of these stus have the same
surface lemperature since their spectral types are F2

Both the surface temperature and gravity can be deter-
mined by the strength of absurption lines in & star's spectrum.
By providing ultraviolet spectra. Skylab therefore allwed as-
tronomers i vastly increase the sample {or which these val-
ues were known (see the Focus Bes on page A-22)

Skylah's Galactic Research Program

Galaxies are huge conglomerations of starz, They cun be
tens of thousands of parsecs i dlameter and can contain hun-
dreds of billions ol stars. Brllions of galaxies exist in our Uni-
verse but they have three basie shapes; spiral, elhptcal, and
iregular. The Large Magellapie Cloud (LMC) is one of the
nearest galaxies to the Milky Wayv. Located at a distance of
ubout 33,000 parsecs {1 parsec = 1.8 < 10" miles), v contains
hllions of stars distributed in a choone Gshion, Gas and dust
clouds comprise about 40 percent of its mass and stars are
being vontinuously formed within 1. Although the majonty
of galuxtes have either a spirul shape (like our own Milky
Way) or an elliptical shape, approximately 25 percent of all
ghlaxies do not have a definable shape, and tike the LMC.
they are classified as rregular galaxaes,

Figure A3-3a shows an image of the LMC taken through
a red hiter hy Dr. Karl Hemize. A bar-like structure composed
of ared star Jﬂmé‘;r?;n‘bﬁnl slowing hydrogen gas called
30 Doradys dommates this view Two faint glowing hydro-
gen s clonds (Regiens A and ) are tocated above and 1w
the nght of the bar. Figure A3-3b shows a Skylab uliravielet
photograph of the LMC, The enussion from Region A re-
mains strong, but the bar-like structure 1s absent. Figue A3-
3¢ shows o far ultraviolet picture fuken frum the Moon during
the Apolle 16 mission, Region A s the most prominent fea-
ture even though it was barely visible in Figure A3-3a and 2
new cmission site, Region B, 15 visible. 1t is clear that these
type of mulnwavelength photographs provide dramatically
ditferent views that are important for leaming about the struce-
ture and enerpetics of galaxics

The Glowing X-ray Sky

Xerays created in space by énergetic objects are absarbed
when pussing through the Eanth's atmosphere. Therefore, be-
fore the launch of the Skylub, the x-rayv sky had only been
explored by unmanned probes, By 1973 about 100 x-tay
sources had been discovered, bul they possessed a bewildering
range of properties. Seme appeared 1o be associated with stars
while others covered an extended region of the sky, Some were
{ocated within our galusy. while others were beyond it. Same
emitted pulsed s-ray radiation, while others emitted this light in
acomtinuods fashion. In addinon wthis perplexing picture, the
shy itself seemed 10 be umformly glowing in soft x-rays

Animpartant goal of Skylab was to identify the source of
this dittuse <-ray emission The mstrument used Tor this -
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Cornes Kotimaek
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MORE SERENDIPITY + PLANNED (PASTEUR) CHANCE

The Pioneer effect (uncertain IR radiation
recoil more likely?) |

The fly-by effect (changes in tracking geometry
and antennas used before/after perigeon more
likely?) (with thanks to Peter Bender)

Factor of 50 improvement in limit on PPN param-
eter Y , which comes from Cassini tracking
behind Sun and the '"'Shapiro delay'", which
says light is slowed down in potential well
by amount proportional to (1 + ) ) where
X! = 0 is GR prediction

Additional improvements on PPN limits can be
expected from Beppi-Colombo in a few years (or

if you think GR is right, better numbers for

J2 of the sun)
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Figure 13,12  Plaque carried out of the Solar System on Pioneet
10 and 11 spacecraft. Short vertical lines and dashes are binary
numbers. An extraterrestrial smart enough to catch the spacecraf
should be smart enough to understand the numbers. Courtesy
NASA.
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T’HE ONLY REGUIREMF_’NT
FOR EVENTUALLY
GETTING THERE

1S TO KEEP GOING
IN THE RIGHT
DIRECTION.




