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Abgract

After NASA's tremendous effort, Apollo 11 was launched on the 20" July 1969. after
spending 2:36 hours on the moon, it returned to the Eath on 24™ July 1969. Apallo 12
was launched on 14" November 1969, spending 1 day 7:31 hours on the lunar surface
returning home on 24" November 1969. Apollol3, an unsuccessful misson was followed
by another successful expedition of Apollo 14, which was launched on 31% Jenuary 1971,
which stayed 1 day 9:30 hours on lunar oil. It came back on 9" February 1971. With
better equipment and scientific instruments Apollol5 was launched on 26" duy 1971, for
2 days 18:54 hours it was on the lunar surface and came back on 7' August 1971. Apollo
16 left on 16" April 1972 and retuned to Eath on 27" April 1972 &fter a stay on the
moon for 2 days 23.02 hours The last and probably the most successful lunar landing
misson Apollo 17 was launched on 7" December 1972 having onboard, for the first time,
a geologist whose contribution added to the success of the mission. It came back on 19"
December 1972 after having spent the longest time of the Apollo series 3 days 2:59
hours. This document outlines the fine details of these missons.

CONTENTS

1 Apdlo 11

1.1 Crew and Spacecraft
1.2 Hight Preparation

1.3 The Launching

1.4 Trandunar Injection
1.5 Descent

1.6 On the Lunar Surface
1.7 Departure



TAKVEEN - KHWARZIMIC SCIENCE SOCIETY
http:/mnww.khwarzimic.org/takveen/index.asp

2. Apdlo 12

2.1 Crew and Spacecraft
2.2 Lift off

2.3 Descent Orbitd Insertion
24 Hnd Touchdown

2.5 Lunar Module Ascent

3. Apallol4

3.1 Crew and Spacecraft
3.2 Setting of f

3.3 Unexpected Hiccups

34 0n Landing

3.5 Heading for the Earth

4. Apdlo 15

4.1 Crew and Objectives
4.2 Departure from Earth
4.3 Reaching the Dedtiny
4.4 Tasks Performed a Lunar Surface
4.5 Heeding for the Earth

5. Apallol6

5.1 Crew and Spacecraft
5.2 Teking off

5.3 On the Moon

5.4 Getting back to the Earth
6. Apallo 17

6.1 Crew and Spacecraft
6.2 The Launching

6.3 Trandunar Injection

6.4 Landing on the Moon
6.5 The Ascent

I ntroduction

Man is characterized by his insatisble quest to explore the unknown redms of the
universe, no matter how cogly his endeavour can become This condant thrust for
knowledge and ungoppable fervour to conquer the universe has led mankind to navigate
the oceans, travel the deserts and cherish a dedre to penetrate the unfathomable depths of
heavens Ever dnce the times of Aristarchus, we have witnessed an unbdievable progress
with regard to man's obsessve pursuit to let loose his credive potentid; to firgt
undergand comprehengvely his mother planet and then to go beyond the frontiers of this
terredrid prison, into the depths of space and eventudly stab the lunar surface. The firgt
footseps on the lunar terrain sand as a testimony to the greatness of man’'s deeprooted
desire to explore and conquer whatever comesits way.

The conquest of the moon was the culmination of man's incessant efforts, tremendous
research and indescribable devotion panning many centuries. In times long ago, the very
idea of touching the moon must have been congdered nothing but a tempting fantasy - a
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far and digant cry and an unredizable dream. This dream was findly turned into redlity
by the Nationd Aeronautics and Space Adminidration (NASA), which earned for itsdf
envidble presige amongst dl mgor ressarch and development organizations worldwide.
On 1% October 1958, the inauguration of the NASA was the beginning of a rich history of
unique scientific and technologicd achievements in human space flight, aeronautics
gace stience and technology. Formed as a response to the chdlenging competition by
Soutnik, NASA inherited the ealier Naional Advisory Committee for Aeronautics
(NACA), and enguifed other government organizations and admos immediatdy began
working on the options of humen space flight. NASA'’s firs high profile programme was
project Mercury, an effort to learn if humans could survive in space, followed by project
Gemini, which was built upon Mercury’s success and used a spacecraft built for two
agronauts. NASA’s human space flight efforts then extended to the Moon with project
Apadlo, culmingting in 1969 with the Apdlo 11 misson which fird put humans on the
lunar surface.

Thousand of computer programmers, agronomers, geologids aegronautical  enginears,
hardware designers, and hardworking labourers combined their efforts and energies to put
yet another jewd in the crown d man’'s accomplishment as Nell Armstrong took a smdl
gep which in his own words, has proved to be a“ giant legp for mankind”.

After the Second World War, with disllusonment and despondence gripping  humeanity,
one could hardly imagine that after such a short span of time, mankind was to celebrate
its grestest victory ever made thus far. Amidst the cold war, the two super powers USA
and USSR feverishly battled for edtablishing their supremacy in gpace. The Russians took
the lead initidly by sending the firg satdlite Soutnlk which was launched on 4" October
1957. Laika (a femae dog) aboard Sputnik 2 on 3 November 1957, was the first species
to traverse space. The first spacecraft; Luna 1 to resch the moon on 4™ January 1959 was
d0 Russan foloved by Luna 2. The firs man in space, on 12" April 1961, was Uri
Gagarin, another Russan, followed by the firs woman, Tereshkova on 16" June 1963.
Man's wanderings in space caused tremendous euphoria dl through the USSR,
prompting the USA to accderate its stentific and technological focus as wel as money

spending on the space programme.

Recently releesed audio recordings from the Kennedy White House reved that palitics
more than science, may have fuded America's race to the moon agangt the Soviets. The
discusson reveds a Presdent who fet that landing men on the moon should be NASA's
top priority and a NASA chief who did not. When asked by Kennedy if he consdered the
moon landing to be NASA's top priority, Webb (NASA Chief) responded. “No sr, | do
not 0. | think it is only one of the top priority programmes” Kennedy then urges Webb to
adiut his priorities because, “This is important for politicd ressons internaiond
political reasons. The is whether we like it or nat, it isan intense race.”

In 1962, NASA was dill generdly percelved as a military operaion and dl the astronauts
were active duty military personnd. Stressing the importance of beating the Soviets to the
moon, Kennedy tdls Webb, “We hope to beat them to demondrate that, sarting behind,
as we did by a couple of years, by God we passed them.” The largdy unrivaled spate of
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Soviet successes had dready left Americans with chilling visons of nucdear bombs
raining down on them from orbit, and maybe even the moon.

As the White House conversation continues, Kennedy reminds Webb of the fantastic
amount of money the federa Government had spent on NASA and assats that future
funding should be directed exdusvely towards the moon landing. “Otherwisg’ declares
Kennedy, “We shouldn't be spending this kind of money because | am not that interested
in goace.”

This competitive atitude of the American nation, the Congress and Presdent John F.
Kennedy fructified man's firg landing on the lunar surface which opened a new horizon
for man’s technologica and space advance.

Man's landing on the moon was undoubtedly an ambitious project for which thousands of
preparations, immeaculate caculations and infalible assessments had to be made. The

numerous risks inherent in the project could endanger severd lives and huge amounts of
money were & dake. The environment outsde the protective blanket of the amosphere
was definitdy going to be harsh, with unforeseen dangers. On the other hand, a victory
for NASA could mean a rguvenated hope for mankind, dispeling the ave and mydery
that had enshrouded the moon for centuries The centre of folklore and witchcraft, the

moon, could now become a surmountable redity for mankind.

We as dudents of science, a the Khwarzimic Science Society, have a lot to owe to these
men of courage and unwavering scientific will, whose passon to reech the moon has
indeed ignited in usthe flame of scientific inquiry.

This paper outlines dl the stages, which the astronauts, homebound scientists and other
sientigs underwent in ther collective journey to the moon. It adso gives a grgphic
account of the fedings, emotions and a few interesing conversations — these accounts
give us a rare indght into the mindset of those agtronauts who were undergoing the rarest
of experiences — leaving ther planet of birth.

At its stiettific zenith in 1996-7, the Apollo programme involved about 420,000 people
The project dso collaborated with 20000 big ard smdl indudrid firms and 100
univergties.

1. Apollo 11

1.1 Crew and Spacecr aft

Commander (CDR): Neil Alden Armstrong (Born on 5" August, 1930)

Lunar ModulePilot (LMP): Edwin Eugene Aldrin (Legdly changed to Buzz Aldrin
1979, Born on 20" January, 1930)

Command Module Pilot (CMP): Michad Collins (Born on 31% October, 1930)
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Lunar Module (LM): Eagle
Command Module (CM): Columbia

In May 1961, American Presdent Kennedy sood before a joint sesson of the Congress
and sad, “I believe this nation should commit itsdf, before this decade is out, to land a
man on the moon and returning him safdly to the Earth.”

NASA had jugt garted to put man in the space by Alan Shepard on a fifteen minutes sub-
obitd flight on 20" Februay 1962, he cirded the Eath every ninety minutes & an
dtitude of 160 Km.

1.2 Flight Preparation

The hardware that would put man on the moon would be the Apdllo spacecraft with its
Saturn V boogter rocket.

The US was ready to go to any limit in completing their misson. According to Chaikin
(1998), “Already the space budget had increased to forty cents per person per week for
evay man, woman and child in the United States more than the dlocations of the
previous eight years combined, and soon it would be more than fifty cents”

On Monday, 6" January 1969, NASA’s Sayton summoned Armstrong to his office and
told him that he was planning to asign his crew to Apollo 11. Buzz Aldrin would be his
LMP, and Mike Coallins would be his CMP. Buzz Aldrin, the firg Ph.D. Astronaut was not
a tes pilot. He did get a chance to fly in Gemini 12. He ds0 made the most successful
waks of the Gemini program. Armstrong who had flown X-15, capable of reaching five
times the speed of sound, in Mike Collins words was “far and away the most experienced
test pilot among the agtronauts.” It was Armstrong who was chosen to be the CDR of the
Apollo 11 misson. On 24" March, NASA made the Apollo 11 crew names, offididl.

The Saturn V rocket, that would take them to their dedination, was some 110.6 m high,
cgpable of burning fud a the rate of 20 tons per second giving a thrust of about 160
million horse power (7.5 million pounds).

The adtronaut’s space suites were pressurized a 3.5 pounds per square inch. Their gloves
were too clumsy to manipulate a camera or grasp a geologic hammer. Armstrong and
Aldrin were trained carefully to make use of every minute of their stay of 2 hours and 40
minutes on the moon's surface. They would collect rock and dust samples, for which
NASA condructed an $8 million Lunar Recelving Laboratory a the Space Center to
dore the lunar samples in totd biologicd isolaion. They would dso lay out a few smple
scientific ingruments and teke pictures. In Chaikin’s (1998) word,” Never in the hisory
of exploration had 2 hours and 40 minutes been so carefully planned”.

Armgtrong and Aldrin hed little time to study the world they would vigt. Armstrong was
cealy intereted in the scdence of his misson, and the geologiss hed long conddered
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him a promisng sudent. For Apdlo 11, he made time in the over crowded traning
schedule for a fidd trip to the mountains of Westernmost Texas. The press found out in
advance and dmog turned it into a circus. They followed the adtronauts cars with a
caravan of their own. TIME magazine hired a helicopter that roared overhead and made it
nealy impossble for Armstrong and Aldrin to her wha the Geologists were saying.
Adde from that one outing, they depended on briefings by geologigs from the Manned
goacecraft center and from the US Geologicd Survey lon Hagdaff, Arizona Armstrong
adso asked wentig-agtronaut Jack Schmitt to act as ther liason officer with the scientific
community.

Moving dong its orbit a& a mean orbitd speed of 3682 Km per hour (NSSDC 1997), the
moon offers an dmog unimagingbly hodile environment, devoid of ar and water,
expoed to the vacuum of space, bahed in deady sola and cosmic radiaion, peted
incessantly by micrometeorites. There were some fears dready risng about the misson.
The Corndl Universty astronomer Thomas Gold indsted that a layer of fluffy powder
dozens of fed thick covered the moon. He warned that the LM would snk out of dght as
soon as it touched down. One theory emerged that Charged particles emanating from the
sun had so dtered the rocks over eons that they would burs into flames as soon as they
were exposed to oxygen ingde the LM; no one would know the answer until it happened.

On 12" dne the Apollo program director Sam Phillips officialy announced that Apollo
11 would leave Earth on 161 Jly.

With just deven days to go until launch, Armstrong, Aldrin, and Collins spent the 4" duly
weekend a home, alagt vist with their families before heading to the Cape.

1.3 The Launching

The Apollo spacecraft launched from Kennedy Spece Center, Horida, on July 16, 1969,
a 93200 an EDT (Kennedy Space Center 2000). All initid stages induding ignition,
tower dearance, Saturn daging sequence, insation in the orbit went as  planned.
Communications were dso gsmooth. The adtivities during Eath orbit checkout,
Trandunar Injection (TLI), trangpostion and docking, spacecraft gection, and trandunar
coadt dl performed as planned.

1.4 Trandunar Injection

TLI was performed 2 hours 44 minutes and 16 seconds, after the ignition, by reigniting S
IVB engine to accderate the spacecraft to the veocity required to escape from Earth's

gravity.

On the day before lunar orbitd insartion, an initid checkout of the LM sysems was
satisfactory and after a planned rest period, the CDR and LMP entered the LM to prepare
for descent. The spacecraft was insarted into lunar orbit a 75 hours 49 minutes and 50
seconds. It was an dlipticd orbit of 313 by 113 Km according to Apolloll Misson
Report. It had an inclination of 1.25 degrees to the lunar equatorid plane (NASA SP-214
1969). The drcularizetion maneuver was peaformed two revolutions later & 80 hours, 11
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minutes, 37 seconds. Searvice module propulson sysem was regnited, and the orbit was
made, nearly circular, 122 by 100 Km above the surface of the Moon. Many photographs,
taken from lunar orbit, provided broad views for the sudy of regiond lunar geology.

1.5 Descent

“You cats take it easy on the lunar surface. If | hear you huffing and puffing, | am going
to dart bitching a you’(Chaikin 1998) were the words of CMP Michad Coallins, minutes

before the undocking of LM Eagle from Service module Columbia.

Callins pushed the button and the two gpacecrafts were undocked a 100 hours, 12
minutes, followed by separation of the command and sarvice modules from the LM a
100 hours, 39 minutes 53 seconds.

The controllers & Misson Operations Control Room (MOCR) had sent the Data to Eagle
for Descent Orbit Insertion burn and the powered Descent. (Chaikin 1998)

Descent orbit insation was peaformed a goproximatey 101 hours, 36 minutes and 14
seconds and powered descent to the lunar surface began a 102 hours, 33 minutes and 5
seconds. Operation of the guidance and descent propulson sysems was nomind. At
12192 meters from the lunar surface the landing radar darted giving its sgnds about the
goead and dtitude of Eagle (Chaikin 1998). Haf way through the powered descent, right
on schedule, Eagle’s engine automaicdly throttled to hdf its maximum power. Just as
planned, a 2286 meters above the lunar surface, Eagle's thrusters fired the craft forward.
(Chaikin 1998). At 915 meters up, Eagle was descending a 22 meters per second, about
89 Km per hour. At 305 meters Armstrong took the control in his own hands and darted
to look for a landing ground. At 30 meters, the blast of the rocket was blowing the lunar
dus and darted to obstruct the view of the surface. Knowing the fud will give him few
more seconds before he will be forced to abort, Armstrong was trying his best and findly
with the engine dill firing he touched down 0 gently that nather man sensed it. It was
102 hours, 45 minutes, 40 seconds dter the firg ignition. Aldrin’s words “Contact light”
made Armstrong felt deeply rdaxed and radioed back to Earth, “Houston, Tranquility
base here. The Eagle has landed.”

The landing Coordinates were 0 degree 41 minutes 15 seconds North Latitude and 23
degrees 26 minutes East longitude.

1.6 On the Lunar surface

During the fird 2 hours on the surface, the two crewmen performed a pos-landing
checkout of dl LM sysems. Aftewards, they ae ther firs med @ the moon. Bath men
were not feding tired and more because of ther excitement, there first rest period was
postponed and they were given pamisson a 104 hours, 40 minutes to proceed with the
EVA ealier than planned.
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Immediady after landing on the Moon, Armstrong and Aldrin prepared the LM for liftoff
in case of any emergency. Both men darted ther preparations of stepping outsde the
cat and landing on the moon a 106 hours 11 minutes After having suited up,
condderable time was deliberaiedly devoted to checkout and donning of the back-mounted
portable life support and oxygen purge sysems. 3.5 pounds per square inch of pressure
was kept indde their space auits After venting Eagle's oxygen outsde, they opened the
hatch a 109 hours 7 minutes and 33 seconds. The CDR gectedthrough the forward hatch
and deployed a Modulaized Equipment Stowage Assembly (MESA) on which the
surface televison camera was stowed, and the camera recorded humankind's first step on
the Moon and telecasted live coverage of the CDR descending the ladder to the surface.
Chaikin (1998) writes “Grasping the ladder with an upraised glove, Armstrong turned to
his left and leaned outward. ‘Okay’ he sad, “I am going to sep off the LM now.”
Caefully he rased his left foot over the lip of the footpad and lowered it to the dust of
the moon. Making fird comtact a 109:24:15 (956:15 pm EST 20" duly, 1969) with
resing one foot on the moon Armstrong uttered the famous sentence, “That's one smal
gep for man” -pause-“one giant legp for mankind.”

Armstrong’ s first step on the Moon

With lunar gravity bang one-sixth that on earth, he fdt like somewhere between waking
and floating. With al his gpacesuit equipment, he was 159 Kg on Eath but only 23 Kg
on the moon.

After taking the fird picture from the moon, standing in the Lander's shadow, Armstrong
care into lunar daylight and filled a bag with lunar soil and some smdl rocks This was a
precautionary early step s0 that an early-unexpected abort will not completdy spoil the
misson.

After fourteen minutes of the touch down of Armstrong, Aldrin aso came out of the LM
and upon gSghting the never before seen view with the words “Magnificent desolation”
swvung both feet out of the footpad and landed on the lunar soil. (Chaikin 1998)

Both crewmen used the initid period on the surface to become acdimatized to the
reduced gravity and unfamiliar surface conditions. A contingency sample was taken from
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the surface, and the televison camera was deployed so0 that mogt of the LM was included
in its view field. They erected United States dripes on the surface and then activated
thelr scientific experiments. A solar wind Detector was eadly deployed. As with the other
operdions involving lunar surface penerdion, it was only possble to penerae the lunar
surface for about 4 or 5 inches. The experiment mount was not as stable as desred but t
dayed erect. Two core tube samples were taken. The tube could be driven to a depth of
about 6 inches after a lot of effort. A passve sola powered seismometer was to be
deployed on a leveed surface and the crew found the place 15 meters away from Eagle
(Chaikin  1998). A laser retroreflector was aso deployed. In the middle of these
expaiments both moon wakers heard the voice of Presdent Nixon, “Hdlo, Nel and
Buzz, 1 am tadking to you by tdephone from the Ovd Room a the White house and this
certanly hes to be the mogt higoric phone cdl ever mede from the White House...”
(Chaikin 1998)

21 Kg of topsoil was collected to be returned for andyss. The surface exploration was
concluded in the dlotted time of 2 hours and 31 minutes

1.7 Departure

The crew re-entered the LM a 111 hour 39 minutes and 13 seconds. The deeping period
started after that but Armstrong could not fdl adeep a dl, dthough Aldrin estimated thet
he dept quiet wel for about two hours. (Apollo Misson Report)

Ascent preparation was conducted efficiently and LM lifted off the surface a 124 hours,
22 minutes. A nomind firing of the ascent engine placed the vehide into a 83 by 17 Km
orbit. After a rendezvous sequence, the two spacecrafts were docked a 128 hours, 3
minutes. Following transfer of the crew, the ascent stage was jettisoned and the command
and service modules were prepared for Trans Earth Injection.

The return flight (TransEarth injection maneuver) dated with a 150-second firing of the
sarvice propulson engine during the 31% lunar revolution a 135 hours 23 minutes, 42
seconds. As in trandunar flight, only one mid course correction was required, and passve
thermal control wes exercised for most of TransEarth coast. Inclement westher
necesstated shifting the landing point to 28 Km downrange. The entry phase was normd,
and the CM landed in the Pacific Oceen a 195 hours 18 minutes, 35 seconds. The
landing coordinates, as determined from the onboard computer, were 13 degrees 19
minutes North Latitude and 169 Degrees 09 minutes West Longitude.

After Landing, the crew abandoned ther biologicd isolation gaments and were then
retrieved by helicopter and taken to the primary recovery ship, USS Hornet. The crew
and lunar maeid samples were placed in the mobile quarantine facility for trangport to
the lunar recelving laboratory in Hougton. The CM was teken aboard the Hornet about 3
hours after landing.

With the compleion of Apodlo 11, the Nationd objective of landing men on the moon
and returning them safely to Earth before the end of the decade had been accomplished.
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2.APOLLO 12
2.1 CREW AND SPACECRAFT

CDR: Charles Conrad (Born on 2" June, 1930)

LMP: Alan La Vern Bean (Born on 15" March, 1932)
CMP: Richard Francis Gordon (Born on 5" October, 1929)
(All three of them were US Navy CDRs)

LM: Intrepid

CM: Yankee Clippers

The Apollo 12 misson weas the second manned lunar landing misson. Its objective was
to perform detailed scientific lunar exploration. The crew of Charles (Pete) Conrad, J.,
the CDR; Richard F. Gordon, the CMP; and Alan L. Bean, the LMP, had a bond that
went deeper than ther misson. They shared a higory that began a nava ar daions in
Horidaand Cdifornia, and the test pilot schoal a Patuxent River, Maryland.

2.2 Lift off

The space vehide was launched from Kennedy Space Center, Ha, & 11:22.00 EST on
14" November, 1969, towards the proposed ste in the ‘Ocean of Sorms at the
coordinaes 294 degree south Latitude, 2345 degree west ldtitude, about 1537 Km west
of Apollo 11's landing dte. Chaikin (1998) writes, “At lift off, the Saturn had traled a
column of flane and ionized gases which dretched dl the way to the ground. Tearing
through the rain douds it became the world's longest lightning rod’. Thirty-Sx seconds
dter the liftoff, a bolt of dectricty discharged right through Apollo 12 and on to the
launch tower 1829 metes bdow. The CM had shut itsdf off in reponse to the
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tremendous dectrical surge. A second drike & 52 seconds, unnoticed by Conrad and his
crew, had wiped out the navigation platform.

Conrad saw a bright flash of light outsde and suddenly the master darm sarted ringing
followed by glowing of every light attached to the dectricd system. But they were able
to control the Stuation.

‘Eath Orbit Insertions occurred as planed a 11 minutes ‘Ground Elapsed Time
(GET).

The crew was afraid that something must have been damaged because of the unexpected
incident but were relieved when in the orbit, & 2:38 GET, a message was radioed to the
adronauts, “Apoallo 12, the good word is you're going for the TLI.” (Chaikin 1998)

The MOCR did not tel the crew about the possble damage of the pyrotechnic sysem by
the lightning, which was used to deploy the CM’s parachutes.

‘Translunar Insation’ came a 2:47 GET. There were some usua midcourse corrections
and then to put Apollo 12 in the lunar orbit, firg ‘Lunar Orbit Insertion’ came & 93 hours
25 minutes GET followed by the second in 4 hours and 19 minutes.

2.3 Descent Orbit Insertion

‘Descent Orbit Insertion’” was a 109:23 GET. Then LM powered descent initiated at
110:20 GET.

During the descent of Intrepid, a& 2134 meters Conrad recognized his target landing Ste
among thousands of craters and his spontaneous words were, “ Hey, there it is there it id
Son of a gun, right down the middle of the road!” Chaikin 1998) Now the Intrepid was
headed for the very center of the Surveyor crater. It was their misson to find Surveyor 3,
an unmanned spacecraft that landed on the plain cdled Ocean of Sormns in April 1967.

Engineers back on Eath wanted to see what hgppened to it after Saying thirty one
months on the lunar surface. At 122 meters, Conrad took over but because of the fast
pace of the craft he missed the Surveyor crater. Conrad was trying his best to make it as

planned. They were down a 30 meters when Conrad leveed off and right after this his
view of the surface began to blur.

2.4 Final Touchdown

Touchdown occurred with a blue glow of the contact light and Conrad hit the Engine
Sop button & 110:31 GET, and in Conrad’s own words about the distance of Surveyor

and his location “It can't be any further than 183 meters from here’. The landing was in
the Ocean of Sorms. This landing precison was of great sgnificance to the future lunar

exploration programs, because landing points in rough teran of great scientific interest
could now be very accurately targeted.
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Depressurization for the firg lunar surface ‘Extra Vehide Activity' (EVA) was complete
a 110:20 GET. CDR Conrad came out and put hisfeet on the lunar soil a 114:47 GET.

“Dum de dum-dum-dum...,” were the unexpected words Houston and the world could
heard from Conrad about to start his work. Half an hour after Conrad had touched down,
Bean followed his deps. Tied between 4iff schedule and relentless excitement, they
darted to perform ther tasks. The maiden 5 minutes were spent in learning how to “floa”
on the moon.

Conrad st up an umbrdla-shaped SBand antenna for good communications with Earth
a 11520 GET. A sola-wind compostion experiment was sgtup by Alan Bean a 11533
GET. A oolor tdevison camera mounted on the descent dage provided live tdevison
coverage of the descent of both astronauts to the lunar surface but when Bean tried to st
up the TV camera he accidentaly pointed it towards to the sun for a few long seconds.
This made Apollo 12 a complete audio show Chaikin (1998).

The firg of two planned EVA (EVA) periods began a 115 hr GET. The crew emplaced
the US flag They dated to set up Apolo Lunar Surface Experiment Peckage
(ALSEP)'s stientific ingruments, a 11546 GET severd meters away from the LM 0
that the indruments would not get affected in anyway when they would blagt off the lunar
aurface. ALSEP included a seismometer to messure moonquakes, which looked like a
dlver pant can aop a round, slver drop doth, a magnetometer to find lunar magnetic
fidd, with its three, gold-fal-tipped ams reaching into the vacuum, a smdl ion detection
ingrument, with its ridiculoudy short legs joined by a spider web of wires and a sensor
for measuring moon’ stenuous amosphere.

As soon as they st those ingruments, scientists a8 MOCR immediately saw the readings
of ssismometers. It was not due to the moon quakes but because of the footsteps of the
crew leaving the area where they had set up the ingruments. They dso collected lunar
samples and core-tube specimens of the lunar surface.

Astronaut holding core tube sample
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After the end of the fird moon walk, they returned back in LM and dosed the haich at
117:58 GET.

While they were doing their work on the lunar surface, up in the lunar orbit, Gordon was
arding in Yankee Clippar every two hours. During the last hour of the moon walk,
Gordon prepared for his most important task of the day, a burn of Yankee Clipper’'s SPS
engine to adjust its orbit.

After 16 hours of the end of the firda moon wak, both men were again out for the second
scheduled moonwak a 13320 GET, 20" November. It was extended by haf an hour.
After along and tiring walk to the Surveyor, the crew findly meade it. The engineers

Conrad with Surveyor 3 and the LM in the background

wanted to have some samples of metd tubing but Conrad wanted to have Surveyor's
camera With dl its Circuitry and moving parts it was a red prize and he got it by cutting
the cameards support druts The tdevison camera is now on diglay in the Nationd Air
and Space Musaum's "Exploring the Pangs' gdlery. The Surveyor 3 was dso
photographed.

The two adtronauts dated a geology traverse and covered approximately 1311 meters.
This lasted 3 hours and 50 minutes. During the traverse, they documented samples, core-
tube samples, trench dte samples and gas andyss samples were collected. The Apadllo 12
samples were modlly basdts, dark-colored igneous rocks and they were hundreds of
millions of years younger than the rocks collected by Apallo 11.

2.5 Lunar Module Ascent

When both of them got in the LM a 136:24 GET, they were exhausted. It was another
res period, in which they ae lunch and peformed the find checkout for the liftoff. They
were about an hour ahead of schedule So they had to wait until the proper time. The LM
ascent dage came a 142:01 GET. Gordon did a pefect job on the docking a 14540
GET.
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The CM entered Earth’'s amosphere a 244:26 and landed in the Pecific Ocean a 244:35
GET.

(Mogt details taken from from NASA SP-235, Apallo 12 Prdiminary Science Report).

3. Apollol4

3.1 Crew and Spacecr aft

CDR: Alan Batlett Shepard (Born on 18" November, 1923)
LM P: Edger Dean Mitchell (Born on 17" September, 1930)
CMP: Stuart Allen Roosa (Born on 16" August, 1933)

LM: Antares

CM: Kitty Hawk

The Apollo 14 misson was the third manned lunar landing misson. Its objective was to
perforom detalled scientific lunar exploration. In fact it was the firs Apollo moon-landing
misson, which was soldy devoted to the scientific exploraion of the moon. The space
vehidle with a crew of Alan B. Shepard, J., the CDR; Stuart A. Roosa, the CMP, and
Edgar D. Mitchell, who held a doctorate from MIT wasthe LMP.

It was Alan Shepard's second misson after being the firds American and second human
in the gace in 1969. The doctors had findly pronounced him hedthy after an operation
due to the dissese cdled Meniere's syndrome, an inner ear disorder, which kept him from
flying even an arplane by himsdf and kept him grounded for Sx years

In fact, Alan Shepard was nominaed in Apollo 13 misson, which went teribly wrong
and the crew of that craft were condgdered lucky to return home safely. Alan was dropped
from this unsuccessful misson by the interruption of George Mueller, head of manned
goaceflight a the NASA Headquarters. At the age of 47, Shepard was now a CDR of the
Apdlo 14 misson

Shepard, Roosa and Mitchdl trained for nineteen months, longer than any crew before
them. Since Apollo 13, MOCR had traned for every mdfunction in the book. In fact

there was a book with procedures for any concelveble emergency. Because of ther



TAKVEEN - KHWARZIMIC SCIENCE SOCIETY
http:/mnww.khwarzimic.org/takveen/index.asp

immeculate rehearsds and safety measures, the people in the MOCR were extremdy
confident of the misson.

3.2 Setting off

Thetargeted landing Ste was the hilly region of North of FraMauro Crater.

3.3 Unexpected Hiccups

The spaceship was launched from Kennedy Space Center, Fla, a 4:03:22 EST on 31%
January, 1971. Paking Orbit Insation took place 11 minutes and 53 seconds after the
ignition. 1t was followed by TLI a& 230 Hours GET. Two hours later, Roosa was
preparing to Dock the CM Kitty Hawk with the Lander Antares In unaccounted
samulaions he had shown to use less fud than any CMP before him. Now he was going
for a ‘fud record. Both ships were getting close dowly. “Gonna bregk the record’, Alan
murmured. At lagt the ship’'s met but then they separated. The crew was amazed. Roosa
thought he had not come close enough to trigger the docking laiches Backing off, he
camne agan and came in a little faster, knowing that it will use more fud. But he was
aurprised that he failed again.

Something was wrong with the mechanism. In an hour and an hdf, Roosa tried two more
times but could not succeed. This was getting very worrying because they knew that if
the docking did not complete, the misson was over. While down on Eath, the MOCR
was trying to figure out how to manage the problem, Alan Shepard was thinking if
nothing worked, they would suit up, depressurize the cabin and open the CM top hatch
and bring the probe indde and then they would try to fix the problem. He was dso
thinking of pulling both créfts literdly by hands hoping for the automatic docking
procedure coming into action.

Following the MOCR'’s advice the crew tried once again. This time Roosa was firing the
Kitty Hawk’s thrusters againg the LM to hold it there. Then Shepard flipped the switch
to retract the docking probe out of the way. After about an hour and 42 minutes since the
fird docking atempt, Shepard announced, “We got a hard dock”. Everybody fdt a sgh
of relief; Apollo 14 was headed for the moon.

But troubles were far more than few. Just before 90 minutes from powered descent, the
MOCR detected that the computer on board was receiving an erant signd from the abort
button. It was assumed that a tiny ball of solder was floating around within the switch and
closng a contact. The sgnd was gone, when Mitchell tapped the pand. But what if when
Mitchell ignited the descent engine and the computer read the errant sgnd that would
automaticaly abort the landing. Computers programmers a Houston and a MIT darted
to work out a solution that would tel the computer not to accept any sgnd from the
switch a dl. To write down a pat of the LM’s computer program was a difficult task to
do in that short time. But when Shepard and Mitchell regppeared from behind the moon
last time before the scheduled powered descent, the programmers had done the fix and
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st it to Hougon. Within minutes Mitchell entered dl the required changes in the
system. It proved to be a success.

At 9754 meters 9gnds darted to warn about the radar, it wasn't working. Mitchell words,
“C'mon radar... C'mon rada” did not work a al. Shepard and Mitchell knew thet if they
reeched at 3048 meters without having radar sgnds they would have to abort according
to the Misson rules. On the indructions of MOCR, Shepard pulled out the circuit bresker
for the radar and pushed it back in. They were 6706 meters above the lunar surface when
suddenly the radar sarted to work again.

3.4 On landing

The touchdown occurred a 08:37:10 GMT, 5" February, within 50m (160 ft) of the
target point in the Fra Mauro highlands. The landing was doser to its target than any
other previous missons The firs EVA (EVA) began 5 hr 23 min after touchdown.

A color tdevison camera mounted on the descent dage provided live coverage of the
descent of both astronauts to the lunar surface. The crew deployed the U.S. flag and the
sola wind compostion experiment, erected the Sband antenna, and off-loaded the
Modularized Equipment Transporter (MET), aminiaure vehide which was pulled

Astronaut with MET

manudly in order to trangport the necessary scientific equipment, lunar surface sample
and tools for geologicd andyss They dso deployed the laser ranging retro reflector
(LRRR), the Apollo lunar-surface experiments package (ALSEP) and passve and active
Sseigmic gpparatuses.
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Apollol4’s ALSEP

Amongs the equipment offloaded, there was dso a suprathermd ion detector and cold
cathode ion gauge for measuring ion flux, densty and energy in the lunar environment. A
charged paticle lunar environment experiment was dso deployed for measuring energy
of solar protons and dectrons reaching the moon. The crew dso st up portable
magnetometers for measuring variationsin the lunar magnetic fied.

Roosa, the CMP, took severd photos of the future candidates landing Ste Descartes.
These photos were taken with a large format lunar topogrgphic camera, mounted in the
hatch window. Other areas and features photographed induded Apollo 14 LM, Apdlo 12
LM impect, astronomic gdactic light and the zodiacd light.

The second and last EVA was a planned extended geologicd traverse of Cone Crater. All
equipment  required for the geologicd traverse, induding the lunar portable
magnetometers (LPM), was loaded on the MET. The traverse up the Sde of Cone Crater
provided experience in dimbing and working in hilly teran in 1/6 gravity conditions A
rock teken from here proved the meteoric impact, which created Imbrium basn 1333 Km
across, the largest and mogt spectecular crater on the lunar near Sde, to be roughly as
3.85 hillion years ago. This EVA laged 4 hr and 20 min, during which the astronauts hed
traveled approximatdy 3 km.



TAKVEEN - KHWARZIMIC SCIENCE SOCIETY
http:/mnww.khwarzimic.org/takveen/index.asp

3.5 Heading for Earth

Liftoff occurred a 1848 GMT, 6" February, spending about 33 hours on the lunar
surface. After crew transfer, the LM ascent stage was separated and remotdy guided to
impact on the lunar surface. Impact occurred between Apollo 12 and 14's saismometers.
The resulting seismic sgnd lasted for 1.5 hours and was recorded by both insruments.

The CM splashed down in the South Centrd region of the Pacific Ocean gpproximately 1

km from the target point & 2024 GMT, 9" February, 1971. A helicopter transferred the
crew to a Mobile Quarantine Facility aboard the USS New Orleans, Later they were
trandferred to the Lunar Receiving Laboratory a the Manned Spacecraft center in
Houston.

(Detalls taken from NASA SP-272, Apollo 14 Prdiminary Science Report).
4. Apollols

4.1 Crew and Objectives.

CDR: David Randolph Scott (Born on 6" June, 1932)
CMP: Alfred Merril Worden (Born on 7" February, 1932)
LMP: JamesB. Irwin (Born on 178" March, 1930)

LM: Falcon

CM: Endeavour

The 12-day successul Apollo 15 manned lunar landing misson was the fird in a series
of three advanced missons planned for the Apodlo program. Its primary scientific
objectives were to obsarve the lunar surface, collect lunar samples and survey surface
features in a pesdected area of the Hadley-Apennine region, one of the highet mountain
ranges on the moon, satup and activale surface experiments and conduct in-flight
experiments and some photographic responghilities from lunar orbit.

4.2 Departure from Earth
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The space vehide with the crew comprisng David R. Scott, CDR; Alfred J. Worden,
CMP; and James B. Irwin, LMP, was launched per schedule from the NASA Kennedy
Space Center, Fla, a 9:34:00 am. EST on 26" July 1971.

4.3 Reaching the Destination

At 10429 GET on 30" duly, the LM descent propulsion system was fired for powered-
descent initigtion. Scott had studied the previous astronauts landings on the moon and he
was confident that he had learned to make a better landing. When he was a 46 meters, he
started to descend verticdly and with that the engines thrust began to blow the moon dust
undernesth him. He was forced to put his atention on the indruments a 18 meters
because the dust storm was completely obscuring the lunar surface. On seeing the contact
light turned on, he stopped the engines and hundreds of Kilograns heavier then the
previous Landers the LM landed on the moon a 10441 GET with a jek tha shook
everything in the LM. The LM landed goproximady 12 minutes laer with sufficient
prapelant remaining to provide an additiond hover time of 103 seconds, had it been
required.

When the dugt settled down, the crew saw Bennegt Pesk right ahead, somewhere near
there was Hadley Rille, they knew they were in the right place. As planned they will rest
for now. The firs moonwalk was scheduled for the next day.

4.4 Tasks performed at Lunar Surface

According to the luner itinerary, Scott opened the hatch of the LM and came down on the
lunar soil a 120:05 GET. He and Irwin knew that they had the great advantage for the
exploraion of the moon over those who landed on the moon prior to Apollo 15. They
were udng the firg ever-lunar car. But it was more a gpacecraft than a car. It had its own
navigaion computer, communications sysem and cago space for such essentids as
maps, geology tools and moon rocks. It had been desgned, built and teted by Boeng in
less than two years. The Lunar Rover Vehide (LRV) ungowed a 120:20 GET. Though it
had a speed of only 9 to 5 to 13 Km per hour but it was far better than to wagte time in
reaching far out places on foot. Also the moon land is not plan and dl the time the Rover
was bumping on its way. They got in that wheded spacecraft and darted to drive to ther
dedination, Hadley Ddta Mountan, which was 3353 mees high. On the way they
stopped once and gathered some samples and then again to ther target Ste. A suitcase
device, cdled the Lunar Communications Rday Unit, was used for the crew to day in
contact with the Earth, after they went too far from the LM.

There, Scott saw a big rock with sprinkled glass on its top. They both got some pieces of
this rock and then decided to turn it over and get some lunar soil undernegth it, which was
there certanly for a very long time, protected, from the solar and cosmic rediation and
a0 from the micrometeorites. They returned to the LM at 12340 GET.
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To st up ALSEP, they returned to the LM after four hours. But there was a warning for
both men; their moon wak might end up early because Scott was using more oxygen than
expected. The ALSEP was deployed 91 meters from the LM.

The ALSEP for Apollo 15 caried new equipment: a par of thermometers, which will be
insarted 3 meters deep in the surface after drilling a pair of holes This gpparaus was
designed to messure the heat flow indde the interior of the moon. But this did not prove
to be an easy task for Scott. The moon's surface proved to be very resgtant againgt such
drilling. His spacesuit was not cooperaing ather. At the end of the misson Scott could
not make it to the desred depth. The reading it trangmitted to the Eath showed later,
twice the measure of the temperature than expected. Meanwhile Irwin was busy in
collecting samples.

With this third ALSEP on the lunar surface, scientids, usng sssnmometers, came to know
the crus was some 74 Km thick, undoubtedly with variaions from one region to another.
Bdow the crugt lies the lunar mantle, the source of the Basdts. By dl dgns, the mantle
had cooled down enough to bring an end to the moon's volcanic activity eons ago.
Instruments had faled to detect a magnetic fidd, gpat from traces of magnetic Sgnatures
preserved in some of the rocks Moreover, the LRRR on the Apollo 15 had three times
more reflective area than the two previous reflectors.

When both men retuned to the Fdoon, Scott had a headache as wdl as physca
exhaudtion. He could not take water for even hours now because his water tank had not
worked. Then they dept for thelr rest period. There was a water leskage due to a broken
filter in the LM and MOCR had to wake the crew up, but snce dl the dectricd sysem
was waterproof, this did not turn out to be luckily abig problem.

Ther second Moonwak on LRV dated a 141:59 GET and they were again collecting
samples. They reeched a height of 95 meters and a this point Facon was more than 3
miles away. There they headed down the dope of a crater and collected few samples.

On there way back to LM, they stopped near a great boulder. Scott had seen some sort of
green meterid on the top of it. Then Irwin noticed more of that green rocks and picked it
up. Scientids later reveded that it was made of tiny spheres of rock and dso about the
eruptions from the hidden depths of the lunar interior.

Then the moment came when suddenly Irwin saw a piece of rock wha would become the
mogt famous of dl the Apollo rocks. It was a white rock that looked fairly besten up and
when Irwin hed it in his am; he saw large white aysds on it. Suddenly both of them
knew wha it was. Scott voice was heard back on Earth, “Guess wha we just found.
Guess what we jugt found. | think we found what we came for.” It was dmog entirdy
plagiodase. They thought it was dolutdly a piece of anorthodte, a piece of primordid
crust. This rock will be known as “The Geness Rock” and the geologists got his age a
45 billion years old.
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After vidting the Falcon shortly they went to their ALSEP. Scott dtarted to work with his
drilling agan and Irwin dug some gray lunar soil and took photos He dso tested the
bearing drength of the trench wals with an indrument caled Penetrometers. Apollo 15
was going far better than the previous missons. They have been in ther moon wak for
more than seven hoursin an areaof 15 Km.

Al Worden was the CDR of the firg fully equipped orbiting lunar science platform cdled
the Scientific Indrument Module (SIM). Endeavor's service module was crammed to the
hill with hign-powered cameras and sensors. X-Ray fluorescence was designed to map
the chemicd compodtion of the lunar surface dong the orbitd ground track. Another
sensor would try to detect evidence for volcanic gases seeping out of the moon during
recent geologic time Alpha paticle gpectrometers messured dpha paticles from
radioactive decay of radon gas isotopes, emitted from the lunar surface A mass
spectrometer was included to sniff out extremey tenuous gases that might surround the
moon. Worden peformed a 38 minutes EVA on way back to Eath (KSC, Apollol5

2001).

There was even a tiny sadlite, which Worden would release into lunar orbit in a couple
of days, which caried three experiments that would give scientigts informations about the
Eath’'s magnetosphere and its interaction with the moon and aso provide sendtive
information about solar wind. It was ds0 equipped with megnetometers to ddk the
dusve lunar magnetic fiddld and the two cameras were superb credtions in ther own
rignt.t. One of them, basad on dedassfied oy sadlite technology, could photogreph the
details on the surface as resolved as a yard across.

The sub-satellite’s spin axis was approximately perpendicular to the ecliptic plane. The spin
rate stabilized at about 12 rpm after boom deployment. The Sub-Satellite had three equally
spaced, folded booms mounted around its base. These booms extended automatically at
deployment to a length of about 1.5 m. The Sub-Satellite provided about 6 months of data
coverage before two successive electronic failures in February 1972 caused the loss of most
of the data channels. The surviving data channels were monitored intermittently until June
1972 and then more or less continuously until January 1973, when ground support was
terminated (NSSDC 2001).

The crew’s third and las EVA dated a 16244 GET. After many atempts Scott was
able to drill the 3 meters hole for the core sample of the lunar surface and both of them
had to do a lot of work to get it out. They cut it patidly to put it in the LM. This core
was identified as contaning 42 separate layers of lunar soil and it was disovered later
that the despest layer was undisturbed for about haf abillion years.

When the time findly came to get off the moon, Scott did something amezing. He
demondrated a theory, which was proposed four centuries ago by Gdileo Gdilee He
took out a fadcon feather and his work hammer. He came in front of the TV camera and
darted explaining what he was about to do, it was an experiment about an equd pull of
gravity on objects regardiess of their masses He held the hammer and the feether up and
then released them a the same time. Both of them came dowly to the lunar surface and
druck a the same time After a long time Gdileo was proved right and the
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demondration came on the place he once saw many caers by his own homemade
telescope.

Scott parked his lunar car about 91 meters away from the LM. This point was to be used
to see the lift off. Then after walking some steps he put a smdl plague bearing the names
of dl those fourteen humans who have died in the space program. They returned back to
LM a 167:17 GET.

During a lunar gay of 66 hr 54 min 53 sec, a 33-min gandup EVA and three periods of
surface EVA totding gpproximatdy 18.5 hr were performed.

The adronauts were adle to collect samples from the low dak plans (Maria), the
Apennine highlands, and the area dong Hadley Rille, along, narrow winding valey.

The Apollo 15 cew collected 370 individud rock and soil samples induding a degp drill
core with materid from 24 meters beow the lunar surface (Lunar and Planetary Institute
2001). Approximatdy 76 kg of lunar materid induding soil, rock, coretube, and deep-
core samples were returned to Earth.

An average speed of 9.6 km/hr was achieved, and speeds up to 12 kmvhr were attained
over level lunar taran by LRV. The totd digance travded, was 27.9 km, corresponding
to amap disance of approximatey 25.3 km.

4.5 Heading for the Earth

Liftoff of the LM ascent stage occurred a 171:35 GET on 29 August and was monitored
by the ground-command tdevison assmbly mounted on the LRV. Commanded from
Earth, the tdevison assambly was planned to provide coverage dfter liftoff of the lunar
surface and of a lunar edipse on 6" August. Although the television assembly operated
successfully during dl three EVA periods, the eevetion dutch begen to dip during the
second EVA, and operdion deteriorated during the rest of the misson. When activaed

about 40 hr after LM liftoff, the unit operated satisfactorily for 13 minutes before failing.

Although entry, a 294:58 GET, was nomind and dl three man paachutes deployed
initidly, one parachute collgpsed before splashdown. However, the CM landed safdy a
295:12 GET on 7" August 1971.

(Mogt details extracted from NASA SP-289, Apallo 15).

5. Apollol6

5.1 Crew and Spacecraft
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CDR: John Waits Young
CMP: Thomas Kenneth Mattingly

LMP; ChalesMoss Duke
LM: Orion
CM: Casper

The successful Apollo 16 manned lunar landing misson was the second in a series of
science-oriented missons planned for the Apollo program. At firs there were taks about
“Tycho” crater as a landing dte but then the mgor objective of the misson became to
investigate the lunar surface in the Descartes highlands area because it was conddered to
be representative of much of the Moon's surface, and an area of this type had not been
previoudy visted. Mog of dl the geologigs wee after the Volcanic rocks to know the
interior of the moon.

5.2 Take-off

The Apdlo 16 space vehide was launched from the Kennedy Space Center (Launch
Complex 39A) a 12:55:00 pm. EST on 16" April 1972.

5.30n theMoon

They were sx hours late, because of some problems induding a dangerous build up of
pressure in the fud tanks that threstened a misson-abort. The LM landed a 98:46 GET
aoproximatdy 276 meters northwest of the planned landing dte a& about 1045 hours
ground eapsed time (GET). About 100 ssconds of hover time remained a touchdown.
The CDR sepped on the lunar soil a 102:40 GET.

The firda EVA (EVA) was initiated a 102:25 GET. The late landing cogt the crew to lose
the telephoto pictures of Stone Mountain in the early morning light. Teevison coverage
of surface activity was ddayed until the lunar roving vehide (LRV) systems were
activated because the steerable antenna on the LM could not be used. A mgor pat of the
fird EVA was devoted to edtablishing the nucdear powered, automatic scientific dtation
cdled Apollo Lunar Surface Experiment Packege (ALSEP). It was deployed & 106:22
GET. On the suface Young st up a tdescopic camera a 103:24 GET which was
designed to take photographs of the ultraviolet radiation of the sars.

Duke had a redesgned drilling gpparaius that went eedly in the lunar soil and the
thermometers were inserted at the required depth. Young was setting up the ALSEP when
he caught the cable around his foot, which hgppened to be from the heat experiment
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gpparatus. Young had pulled the cable and when Duke saw it he stopped working on
fixing that heat experiment device because it was made usdess by Young's mistake.

One of their target Stes of interest was a crater caled Flag. It was a huge crater about 305
meterswide. On therim of it, there laid ancther crater called Plum.

Duke near the Flag Crater

At this same dte they picked up a rock that was dmogt 12 Kg and bigger than a footbdll.
It was actudly the biggest rock ever brought back on Earth from the Apallo missons.

At another crater cdled Buster, while Young took readings with a portable magnetometer,
to record any remnant magnetism in the rocks of the Cdey Plains, Duke hade enough
time to gather severd more samples.

NASA doctors had been quite damed by Scott’'s and Irwin's heart irregularities on
Apollo 15, which they atributed largely to a loss of Potassum. To prevent a reoccurrence
on Apollo 16, they added dectrolyte to the food, modly in the form of Potassum spiked
orangejuice.

The Crew of Apollo 16 dso sheved a new record under their deeves, they reached 152

meters doove the vdley floor, higher than any Apollo moonwaker had ever been or
would dimb in the future.

On the lunar ground, the next target was a big crater more than 198 meters wide, cdled
North Ray crater. On sght of the great depresson, Young excdamed, “Oh, spectacular!
Jugt spectecular!.” The craer was 0 big that it could not fit into the view fidd of the
rover's camera The walls of the crater went to a rocky floor 200 yards below. The crew
goent 40 minutes in photographing the craer wal. They adso collected many samples
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One of the geologigts saw on the live TV trangmisson from the rover’s camera a peculiar
boulder. When Young and Duke got there in the LRV they were surprised to see it. It was
as high as a four-gorey building and twice as long. The dark colour made it resemble
basdlt, but in fact it was a huge Breccia

The duration of the fird EVA was goproximady 7 hours 11 minutes and the totd
distance covered by the crew was about 4.2 Km.

The second EVA, which dated a 12450 GET and the third EVA which initiated a
14825 GET, were devoted primaily to the geologicd exploration ad sample gathering
in sHlected aress in the vicinity of the landing Ste. On the second EVA, the astronauts
traveled southrsoutheast to a sampling area near Cinco Crater on Stone Mountain. The

crew dso made stops near Stubby and Wreck Craers, The duration of the second EVA
was gpproximately 7 hours 23 minutes and a distance of 11.1 Km was covered.

The third and find EVA was towards the North Ray Crater and "House Rock", on the rim
of North Ray Crater. The LRV traverse was 114 Km and lagted gpproximately 5 hours
40 minutes.

Totd lunar surface activity in the Apdlo 16 misson laged 20 hours 14 minutes and 95
kilograms of samples were collected. The totd disance travded in the LRV was 26.7 Km
and the crew remained on the lunar surface 71 hours.

The Apollo 16 crew collected 731 individud rock and soil samples, incdluding a deep drill
core that incdluded materid from 2.2 meters bdow the Moon's surface, with a totd mass

of 96 kilograms (Lunar and Plangtary Ingtitute 2001). These rocks represented samples of
ancient lunar highlands.

5.4 Return to Earth

Ascent of the LM took place a 171:45 GET; entry a 290:23 GET and landing, after 13
minutes went as plaaned. The CM was viewed on teevison while on the drogue
parachutes and continuous coverage was provided through crew recovery. Totd time for
the Apoallo 16 misson was 265 hours, 51 minutes and 5 seconds.

(Mogt detalls picked from NASA MSC-07230, Apallo 16 Misson Report).
6. Apollol7

6.1 Crew and Spacecr aft
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CDR: Eugene Andrew Cernan
CMP: Rondd Ellwin Evans

L MP: Harrison Hagan Schmitt
LM: Challenger

CM: America

Apollo 17 was a $450 million lunar misson. The successful Apollo 17 manned lunar
landing misson was the lagt in a sies of scentific ressarch missons planned for the
Apdlo Program. As a result of these additions the Apollo 17 misson had duration of
12.6 days, and a time on the lunar surface of 75 hr with a tota surface traverse distance of
goproximatdy 35 km.

Apoallo 17 had an advantage no other misson could enjoy: it was carrying a red scientist
whose repute as a geologid was unquestionable. Many people had thought thet putting a
scientis was a risky job. However NASA bdieved that sending a genuine scienti would
endble the misson to bring back manifold scentific information. The misson laer
proved that sending Schmitt as a scientist-astronaut was indeed a wise decson.

6.2 The Launch

The launch was ddayed by couple of hours when the automéatic launch pad's sequencer
hed faled to pressurize the Saturn rocket’'s third dage Findly the Saturn V carying
AEoIIo 17 was launched from NASA dhn F. Kennedy Space Center a 05:33:00 UT on
7" December, 1972 (11:33:00 p.m. CST on 6" December, 1972).

Schmitt wanted to go on the far Sde a Tsiolkovsky region but kegping in view the risks
involved in that kind of expedition, NASA did not dlow it. The geologigts went for
another equdly interesting landing dte, which was seen fird by the Apollo 15
crewmember, Al Worden. It was a group of smdl craters in a region cdled Taurus
Mountains, which was 32 Km to the Northeast of the Littrow crater. The geologids were
extremdy interested in the very dak-coloured materid that could possibly be volcanic
ash. So the landing Ste was decided as the southeastern rim of Mare Serenitatis in a dark
deposit between massive units of the southwestern Montes Taurus.

The detific objectives of the Apdlo 17 misson induded geologicd surveying and
sampling of materids and surface features in a presdected area of the Taurus-Littrow
region, deploying and activating suface expaiments and conducting  in-flight
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experiments and photographic tasks during lunar orbit and TransEarth coad.
6.3 Trandunar Injection

TLI occurred a 03:27 GET and the Lunar Orhit Insartion, executed a 88:55 GET on 10"
December, placed the spacecraft into alunar orbit of 315 by 97 Km.

6.4 Landing on the Moon

Following a nomind descent sequence, the gpacecraft landed a 113.01 GET on
December 11 in a valey a Taurus-Littrow, less than 200 m from the preferred landing
point. The preparation for first lunar surfface EVA began with the depressurization of LM
a 11640 GET on 11'" December, with Cernan stepping out of the spacecraft a 116:55
GET on 12" December. LRV was launched a 117:01 GET. Deployment of the Apollo
lunar-surface  experiments package (ALSEP) and the cosmic ray experiment took place
during EVA-1. The heat experiment gpparatus was aso deployed without any difficulty.
But Schmitt was having trouble with the lunar gravitometers. The device, which was
designed to show the gravity waves, was not working. In collecting core samples Cernan
was adso heaving grest trouble with drilling in lunar suface. An hour lae in thar
schedule they findly got the core sample The work had given them, aching hands and
fingers. The crews returned and entered in LM a 123:36 GET. Durdion of the firs EVA
was 7 hr 12 min. The crew had dready setup the SEP trangmitter and Lunar Seismic

Profiling Experiment (LSPE) explosive package.

The sscond EVA began a 139:26 GET on 12" December. Cernan accidentally destroyed
the fender by his hammer. They became full of lunar dust which went draight up during
the Rover rolled and came draight back dl over them. Fifteen minutes were wasted when
they both tried to clean each other before entering the LM. It was later repaired by some
maps and tgpes One of the mogt exdting pats of Apollol7 misson was going to the
2286 meters South Massif, after driving more than 9 Km and after 73 minutes from the
LM. They arived there & 141.08 GET. They collected samples from Nansen Crater,
where they spent 63 minutes, 10 minutes extra then ther schedule permitted. There they
ds found a smdl white rock, which was nearly 4.5 hillion years old. They dso went to
Lara Craer, which was 4572 meers in diamees. Shorty Crater was dso one of thelr
targets and they had only a hdf an hour for this big and degp crater. They came out of the
Rover and jus when Schmitt was preparing to take the pictures the modst exditing thing

happened.

He saw that the area where his boots had disturbed the surface soil, he could see the lunar
s0il that had a color of bright orange. After confirming he sad in ddight, “This is orange
s0il.” Cernan saw it “It's been Oxidized” Both men knew tha without any waer and
oxygen on the moon, there could be only one answer, volcanic gasesl Schmitt came into
action and dug the orange soil to see how deep it is. He saw that in the center it was
dmog crimson and a the edges it became yelow. This zoning effect was dearly a sgn
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of different concentrations of gases, which could only be due to a volcanic action. Only
twenty minutes were left and now Schmitt picked up the colored soil samples into the bag
and Cernan dated to dig a core sample of this soil with dl the energy he had left.
Fortunatdy the 0.9 meters core tube came out without any trouble. This grest Ste was
worth more time but they were running out of time and there could be no extension.

This grestest discovery of their mission told a lot about the moon. The orange color was
produced by tiny beads of glass that had once been molten droplets poor in Slica but
rich in Titanium and Iron. They were thrown away out in the lunar sky by a fire fountain;
a form of lava tha contained dissolved gases The crimson red or orange color was not
the result of oxidetion but due to the rich content of Titanium. The men had solved the
riddle of the dark color of the materid around the area It was because it contained the
beads from the volcanic gases. These beads were later reveded to be as old as 3.5 hillion
years ago. After andyzing this scientis were led to declare that the green beads of green
glass brought back from Apollo 15 misson were dso the result of the volcanic fountain.

It was 13" December when they darted their find moonwak by stepping outside a
162:59 GET whch was to become the last moonwak of the century. Eyes were on a big
dak boulder on the northen dde of Massf, which was actudly an aggregate of five
broken boulders. Crew saw many holes in them indicating vents for hot gases in the pad.
The dliptical shapes dso reveded that the rock was flowing when it was gill molten. The
rock was another big Breccia

Schmitt dghted an unusudly bright white soil but MOCR  drictly prohibited him to

investigate there. It was cdear now; they had run out of time. Cernan placed the lagt
memorandum near the LM and read the message written on it, “Here man completed his

first explorations of the moon, December 1972 AD.”

The third EVA ended with the entrance of the CDR in LM on 14" December. Apollo 17

has done remarkable job of 75 hours on the moon, 22 hours of moonwak and covered a
totd distance of nearly 35 Km.

The Apollo 17 cew collected 741 individud rock and soil samples induding a degp drill
core that induded materid from 3 mees bdow the lunar surface, with a tota mass of
111 kilograms (Lunar and Planetary Inditute 2001).

6.5 The Ascent

The LM ascent stage lifted off the Moon a& 22:54:37 GMT on 14" December. Lift-off
and ascent were recorded by the ground-commanded tdevison assembly on the LRV.
After docking with the CSM, the ascent stage was sent back to the lunar surface. Its
impact was recorded by the four Apollo 17 geophones and by each ALSEP a the Apallo
12, 14, 15 and 16 landing Sites.

After the return of the crew from the moon, the gpacecraft ill spent two days in the lunar
orbit in doing orbital science experiments (NASA Apoallo 17 PressKit 1972).
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Conclusion

Snce Gdileo's time mogt of the sdentific knowledge aout the moon had come through
the obsarvations from his telescopes but lunar observetiond astronomy aso comes with
its limitations. Even the most poweful tdescopes ae limited in ther ability to reved
many features about our sadlite, such as lunar geology, evolution of the sadlite, its
composition and internd  structure and especialy the lunar chemidtry.

S0 it was naurd that before the Apollo missons kicked off, the state of the Moon was a
ubject of dmog unlimited speculations. Gdileo had desgnaied the dark regions of the
moon a Marias, by andogy with the terrestrid oceans. Before the Apollo series it had
been thought that Marias are huge deposits of the lunar dugt, some even consdered them
to be filled with a type of sedimentary rock. There was dso confuson aout the
formation of these regions some explaned these features as the result of volcanic
eruptions, others clamed them to be the Sites of giant impacting meteorites.

Galileo’srendering of the moon taken from his‘* Sderius Nuncius' (p44)

Luckily the Apdlo has program provided us with factua evidences about the earth-moon
couple. We now know that the Moon is made of rocky materid that has undergone cydes
of mdting and freezing, its surface has erupted through volcanoes, and been crushed by
meteorite impacts. Some rocks hint towards the presence of ancient megnetic fidds
dthough no plangtay fidd exids today. We dso come to know that mass is not
digributed uniformly indde the moon. It has more mass in the ‘ner 9d€ and hence its
center of mass is digolaced towards the Eath by seved kilomees In short, we
sometimes dam that today, we know more about the interior of the moon than we know
of the earth!

Through these lunar probes, we dso get rdiable information about the timescdes of the
various lunar processes such as mare basins were crested with great impacts by the huge
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meteorites and molten lava filled them between 3.1-38 bhillions years ago. As these
features represent the mgor physcd lunar surface, we can immediady infer that the
bulk of lunar higory recorded on the surface on the moon (that is, the time of the
formation of more than 90 % of the craters) took place before 4 billion years ago.
Moreover dmog dl craters gppeared to be caused by meteoritic impact. Lunar highlands
were believed to be formed about 4.4-4.6 hillion years ago by the flow of an ealy,
feldspar-rich crust on a magma Oceen that covered the moon to a depth of many tens of
kilometers or more,

Apollo missons sasmographic dudies reved a dealed internd gructure of the moon.
We now know that the lunar volcanic or tectonic activity had been absent or very mild for
the last 2-3 hillion years Explosve dudies dso showed thet the Moon possesses a thick
cus (60 km), a farly uniform lithosohere (60-1000 km), and a patly liquid
agthenosphere (1000-1740 km). A smdl iron core a the bottom of the asthenosphere was
a0 proposed.

The samples brought back dso opened up giant vidas in undersanding moon’'s rock
geology and minerdogy. The most common rocks in the lunar surface are plagioclase or
duminum rich anorthogtes  uranium-thorium rich KREEP basdts, iron rich mare basdts
and titaniumHron rich volcanic rocks. The differences between Eath and Lunar rocks
proved that both of them have different chemidtries Thermodynamics congderations
showed that cacium, duminum and titanium glicates are the mog refractory compounds
that exig in asolar dust doud (NASA Apoallo 16 PressKit. 1972).

Insruments to detect the tenuous amosphere on the Apollo missons messured tota
pressures of the lunar amosphere corresponding to a totd number dendty near the
surface of ~2 *10° cm?® a nighttime and possbly two orders of magnitude higher during
the daytime (~ 5 * 10° to 1 * 10’ cmi®) though much of the daytime vaues appeared to be
due to experiment contamination in the landing aea Apollo 17 directly detected Argon
gas in the lunar amosphere with its surface-based mass spectrometer, LACE. It showed a
diund paten of Argon with a nightime minimum ner 2 * 107 cm?®, followed by a
rapid increase around sunrise to values as high as 4 * 10% cm® (Parker & Stern 1998).

Apollo experiments proved moon to be completdy without any sgns of biologicd life.

Thus it is evident that the politicad tug-of-war which triggered the American nation to
plan such an expensve proect involving hundreds of thousands of men and women,
eventudly offered an extensve knowledge regarding moon as wel as of our own Earth.
Thus the cold war proved a blessng in disguise for space science both in terms of what it
yidded in teems of knowledge and exploration and in terms of confirming yet agan the
human passion and courage to learn more of the secrets of the Universe.

Today man’'s conquest of the moon has seduced him to sart dreaming of Mars.

Bon voyage!
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