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7oL N¥AMARXR(2c) REDFETIX, AXHTHHATES

- . Planet Epicycle  Planet makes
G€OC€H[I'1C Unlverse small circles
It is logical to make assumptions from what your senses % during s orbit
tell you. From the Earth it looks as if the heavens are circling
over our heads. There is no reason to assume the Earth is /
moving at all. Ancient philosophers, naturally, believed that

their Earth was stable and the centre of the great cosmos.
The planets were arranged in a series of layers, with the |
starry heavens — or the fixed stars as they were called -

forming a large crystalline casing. Orbit

———

THE EARTH AT THE CENTRE
The geocentric or Earth-centred

LIniyersels olfen MEnTew L5 PROBLEMS WITH THE GEOCENTRIC UNIVERSE
the Ptolemaic Universe by later . ; .
g . The main problem with the model of an Earth-centred Universe was
scholars to indicate that this was 1 : i :
: e ; that it did not help to explain the apparently irrational behaviour of
how classical scientists, like the . ) :
reat Ptolemv. believed the some of the planets, which sometimes appear to stand still or move
&re Y backwards against the background of the stars (p. 19). Early
Universe was structured. He o e ue :
civilizations assumed that these odd movements were signals from
saw the Earth as the centre of : ; .
) : the gods, but the Greek philosophers spent centuries trying to
the Universe with the Moon, : )
develop rational explanations for what they saw. The most popular
the known planets, and the Sun : . . .
was the notion of epicycles. The planets moved in small circles

moving around it. Aristarchus : . . :
(c. 310-230 BC) had already (epicycles) on their orbits as they circled the Earth.

suggested that the Earth travels
around the Sun, but his theory
was rejected because it did not
fit in with the mathematical and
philosophical beliefs of the time.

Equinoctial colure

passes through the Arctic circle

poles and the

equinoxes Solstitial colure passes through
the poles and the solstices

Engraving (1490)
of the Ptolemaic Universe

HEKROERE (REDER) AXM (epicycles)
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LOOKING AT
THE MOON'’S SURFACE

Through his telescope, Galileo measured the shadows
> on the Moon to show how the mountains there were
much taller than those on Earth. These ink sketches

were published in his book Sidereus nuncius,

“Messenger of the Stars”, in 1610.
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https://quickmap.lroc.im-Idi.com/ WFH—- ARG R -A—ES— (Lunar Reconnaissance Orbiter, LRO)
2009F6HICFTE EITon/zE AHERIEFEE

.. ACT Lunar/LROC © .. ACT Lunar/LROC ©

Type a lat,lon(,height) or search... R R Type a lat,lon(,height) or search...

A )

AT 9.09894 LON 90.00000 4393.34 m/px () Accuracy *  LAT =-39.30551 LON 270.00000 5010.51 m/px (® Accuracy

LUIN

#ERKICEILVT LD A (hearside) #EKICE LT ULV A (farside)
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https://quickmap.lroc.im-Idi.com/ WFH—- ARG R -A—ES— (Lunar Reconnaissance Orbiter, LRO)
20096 HICFI B EITon/zE AARLEE




[AO%E] XA LRO OF7—4To<o6N7=AmEX

https://quickmap.lroc.im-ldi.com/  JbF—-UdRY R -F—EH— (Lunar Reconnaissance Orbiter, LRO)
20096 HICFIE EITon/zEAARBREE

mamald +10.75 km, s{E=lE -9.6 km, HIERD1/4ADOARETTILDIC, BEEZE(F 20.35kmdb 3.
(#EkDEEEIE +8.848 km, =IE=lE -10.924 km)
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https://planetarymapping.elte.hu/langrenus-map-of-the-moon-1645

ot | FIHTCOEIRINR AmmE (16455)
| el Michael van Langren
xR Plenilunio [map of the Moon]
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Sl @ We set sail on this new sea because there is new knowledge to be gained, and new rights to be won,
19615582580 FFEamEe & 2 and they must be won and used for the progress of all people. For space science, like nuclear science
-, BEEHBEORESZET T X and all technology, has no conscience of its own. Whether it will become a force for good or ill
Ay depends on man, and only if the United States occupies a position of pre-eminence can we help

’ decide whether this new ocean will be a sea of peace or a new terrifying theater of war. I do not say
that we should or will go unprotected against the hostile misuse of space any more than we go
unprotected against the hostile use of land or sea, but I do say that space can be explored and
mastered without feeding the fires of war, without repeating the mistakes that man has made in
extending his writ around this globe of ours. There is no strife, no prejudice, no national conflict in
outer space as yvet. Its hazards are hostile to us all. Its conquest deserves the best of all mankind, and
Its opportunity for peaceful cooperation may never come again. But why, some say, the Moon? Why
choose this as our goal? And they may well ask, why climb the highest mountain? Why, 35 years ago,
fly the Atlantic? Why does Rice play Texas” We choose to go to the Moon. We choose to go to the
Moon... We choose to go to the Moon in this decade and do the other things, not because they are
easy, but because they are hard; because that goal will serve to organize and measure the best of our

energies and skills, because that challenge is one that we are willing to accept, one we are unwilling to
postpone, and one we intend to win, and the others, too.

I BARIFANTSSEZES. DT DEIRT DI,
BRIZNO TR FEETZN ST, |

https://en.wikipedia.org/wiki/We_choose_to_go_to_the_Moon
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379 LITERS MONO
227 LITERS NI

4500 LITERS HYDRAZINE/UNSYMMETRICAL DIMETHYL HYDRAZINE kY

[ e | TOWER JETTISON MOTOR (SOLID) 178 000 NEWTONS THRUST

| @ | AUNCH ESCAPE SYSTEM ——
N~ LAUNCH ESCAPE MOTOR (SOLID) 667 000 NENTONS THRUST == .

APOLLO COMMAND MODULE
12 CONTROL ENGINES (LIQUID) 390 NEWTONS THRUST EACH

16 CONTROL ENGINES (LIQUID) 445 NEWTONS THRUST EACH

SERVICE MODULE
1 ENGINE P-22K S (LIQUID) 97 400 NEWTONS THRUST

e
—l +
1 PITCH MOTOR (SOLID) 13 300 NEWTONS THRUST ||:|| — n I I l
=
E=

METHYLHYDRAZINE (REACTION CONTROL SYSTEM)

TROGEN TETROXIDE (REACTION CONTROL SYSTEM)
9500 LITERS NITROGEN TETROXIDE s

8000 LITERS HYDRAZINE/UNSYMMETRICAL

DIMETHYL HYDRAZINE

W

<

LUNAR MODULE

3800 LITERS NITROGEN TETROXIDE :
(LUNAR MODULE ASCENT/DESCENT STAGE) R

16 ATTITUDE CONTROL ENGINES (LIQUID) 445 NEWTONS THRUST EACH

1 ASCENT ENGINE (LIQUID) 15700 NEWTONS THRUST

| DESCENT ENGINE (LIQUID) 4670 TO 46 700 NEWTONS THRUST
(VARIABLE)

E3E TUIUT
253 200 LITERS LIQUID HYDROGEN == T iﬁﬁ@ﬁf@j ‘I 6 5 _|_ 3 3 5*]}\

92 350 LITERS LIQUID OXYGEN 1l 6 ATTITUDE CONTROL ENGINE (ﬂb}l RUST EACH

95 LITERS NITROGEN TETROXIDE
(AUXILIARY PROPULSION SYSTEM)
114 LITERS MONOMETHYLHYDRAZINE
(AUXILIARY PROPULSION SYSTEM)

{LUNAR MODULE ASCENT/DESCENT STAGE) T

INSTRUMENT UNIT

2 ULLAGE MOTORS (SOLID) 15 100 NEWTONS THRUST EACH

2 ULLAGE ENGINES (LIQUID) 220 NEWTONS THRUST EACH

4 RETROMOTORS (SOLID) 158 800 NEWTONS THRUST EACH

v ! 1 J-2 ENGINE (LIQUID) 889 600 NEWTONS THRUST

1000000 LITERS LIQUID HYDROGEM sep—g-

e SECOND STAGE %1 EQ :: y-:J“ ) 5
I PRIGEBERS 36 0F)

AN THRTITT
W 8 ULLAGE MOTORS (SOLID) 101 000 NEWTONS THRUST EACH
1 Iu::qllljlll

5J:2 ENGINES (LIQUID) 889 600 NEWTONS THRUST EACH
(LATER UPRATED TO 1023 000 NEWTONS)

|

101.6 METERS . v-—:w\
331000 LITERS LIQUID OXYGEN

—

X
.~

1311100 LITERS LIQUID OXYGEN st

g E1ER T 5
PRIEERERS 1508

810700 LITERS RP-1 (KEROSENE) ™=

8 RETRO MOTORS (SOLID) 331 000 NEWTONS THRUST

5F-1 ENGINES (LIQUID) 6 672 000 NEWTONS THRUST EACH

(LATER UPRATED TO 6 805 000 NEWTONS)

Rendezvous
radar antenna ———

Environmental control
system module
Crew compartment

Crewman in
flight position

Crewman sitting
on engine cover—a

Reaction control
thruster assembly
(4 locations)

Ascent propulsion
fuel tank
(2 locations)

Red docking
light

Egress platform

DESCENT
STAGE

Alignment

optical telescope
Inertial
measuring unit

£
NP
Y% i

NS

<8

T S-band steerable

antenna

Docking tunnel

ASCENT
—— VHF antenna STAGE

Aft equipment bay

o Gaseous oxygen tanks (2)

S~band inflight
antenna (2 locations)

Ascent engine cover

Modularized equipment stowage
assembly (quadrant 4)

TV camera

3 Fuel tank
W’k (2 locations)
Descent engine

Early Apollo
scientific
experiments

package J
(quadrant 2)

Oxidizer tank
(2 locations)

Lunar surface
sensing probe

Landing pad

LUNAR MODULE CONFIGURATION FOR INITIAL LUNAR LANDING

7 RAEERA—II
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379 LITERS MONO
227 LITERS NI

4500 LITERS HYDRAZINE/UNSYMMETRICAL DIMETHYL HYDRAZINE

METHYLHYDRAZINE (REACTION CONTROL SYSTEM)
TROGEN TETROXIDE (REACTION CONTROL SYSTEM)

8000 LITERS HYDRAZINE/UNSYMMETRICAL
DIMETHYL HYDRAZINE

LUNAR MODULE

3800 LITERS NITROGEN TETROXIDE
(LUNAR MODULE ASCENT/DESCENT STAGE)

9500 LITERS NITROGEN TETROXIDE sty 54

<@ | PITCH MOTOR (SOLID) 13 300 NEWTONS THRUST

e | TOWER JETTISON MOTOR (SOLID) 178 000 NEWTONS THRUST
(@ LAUNCH ESCAPE SYSTEM —J—
1 LAUNCH ESCAPE MOTOR (SOLID) 667 000 NEWTONS THRUST ==
APOLLO COMMAND MODULE

12 CONTROL ENGINES (LIQUID) 390 NEWTONS THRUST EACH

16 CONTROL ENGINES (LIQUID) 445 NEWTONS THRUST EACH

SERVICE MODULE
1 ENGINE P-22K S (LIQUID) 97 400 NEWTONS THRUST

16 ATTITUDE CONTROL ENGINES (LIQUID) 445 NEWTONS THRUST EACH

1 ASCENT ENGINE (LIQUID) 15 700 NEWTONS THRUST
| DESCENT ENGINE (LIQUID) 4670 TO 46 700 NEWTONS THRUST

{LUNAR MODULE ASCENT/DESCENT STAGE)

253 200 LITERS LIQUID HYDROGEN ===

- (VARIABLE)

INSTRUMENT UNIT P LU =~ , SV~
| FB3IK T
g THIRD STAGE

92 350 LITERS LIQUID OXYGEN

95 LITERS NITROGEN TETROXIDE
(AUXILIARY PROPULSION SYSTEM)
114 LITERS MONOMETHYLHYDRAZINE
(AUXILIARY PROPULSION SYSTEM)

[ oo ROPEER L] © 5+ 3358

“

2 ULLAGE MOTORS (SOLID) 15 100 NEWTONS THRUST EACH

2 ULLAGE ENGINES (LIQUID) 220 NEWTONS THRUST EACH

4 RETROMOTORS (SOLID) 158 800 NEWTONS THRUST EACH

1 J-2 ENGINE (LIQUID) 889 600 NEWTONS THRUST

1 000 000 LITERS LIQUID HYDROGEMN s

101.6 METERS
331000 LITERS LIQUID OXYGEN

~ W o

E1ER TIU5

|

=" SECOND STAGE

e

PAGERFRE 360F)

.~

1311 100 LITERS LIQUID OXYGEN ===

W 8 ULLAGE MOTORS (SOLID) 101 000 NEWTONS THRUST EACH
1 i
'I ¥ 5 J-2 ENGINES (LIQUID) 889 600 NEWTONS THRUST EACH
u (LATER UPRATED TO 1023 000 NEWTONS)
e
< FIRST STAGE

I F1ER T35

PRIGEBSRS 1507

810 700 LITERS RP-1 (KEROSENE) ™=

8 RETRO MOTORS (SOLID) 391 000 NEWTONS THRUST

5F-1 ENGINES (LIQUID) 6 672 000 NEWTONS THRUST EACH
(LATER UPRATED TO 6 805 000 NEWTONS)
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Command module/service

module separation 138:01:48 Moon's Orbit

Undocking 141:30:00 Fourth midcourse correction 137:01:48

Entry interface 142:40:46
Third midcourse correction 105:18:28

-

Trans-earth injection 79:27:39

Landing 142:54:41 —

Return to Earth

Translunar injection maneuver 02:35:46

S-IVB engine cutoff 00:12:30
S-IVB engine ignition 00:09:54
S-ll engine ignition 00:02:45

To the Moon

Second midcourse correction 61:29:43

Lift-off
19:13:00.65 G.M.T
April 11, 1970

Cryogenic oxygen tank incident 55:54:53

S-IvB/command and service

module separation 03:06:39
Docking 03:19:09

First midcourse correction 30:40:50

The circumlunar trajectory followed by Apollo 13, drawn to scale; the accident occurred about 5%z hours from entry into the Moon's sphere of &)

gravitational influence

https://www.quora.com/Why-was-Apollo-13s-trajectory-figure-eight-shaped
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BmAE 7iRO118, BEABRYIIDE—E

I'm, ah... at the foot of the ladder. The LM footpads are
only, ah... ah... depressed in the surface about, ah.... 1
or 2 inches, although the surface appears to be, ah...
very, very fine grained, as you get close to it. It's almost
like a powder. (The) ground mass, ah... is very fine.
WEBEMOHO EICII>TWLWS MIFAEICTA 2 FMN21 2 FIFEL
ATULSH, ADFRAIIGEDW TR ENRY - DRV IRSH 5 MV,
FEAEMDLDICRAS AEILIF>TVERZA TS,

==L P=LANAOAVY
Neil Armstrong

I'm going to step off the LM now.
NKVEEMD O BZIBHEAT,

That's one small step for (a) man, one giant leap for
mankind.

NIF— ADABICEDTIIINER—HTZH, ABICEDTIEHEKRR
REE CTH Do

MHTHOREmARELII69FETHA20H T, 7R HE115DNeil Armstrong
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That's one small step for [a] man, = Neil Armerong,
one giant leap for mankind.

1969/7/20
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Apollo 11 Lunar Laser Ranging Experiment (LURE), 1969

REAR SUPPORT ~——aet
A IM-ANGLE BRACKET

BOOM ATTACHMENT

SUN COMPASS PLATE
AIM-ANGLE HANDLE

b‘,»

. ‘i‘“‘;%

t ' \ |
Retroreflector in place on Moon. Photo credit: Engineering and Technology History Wiki (E THW)

EDOABEMNSEKZL——EERUARICKRSF T DHIRNRFER (retroreflector), Hix7
"REUTI/E>TC<5. BETOIEEE =

BRI SBER T DL ——JENY, #3 2. 5F) T
VAN \ y IP

1. Outbound pulses start out 3.5 meters in diameter, 2 cm thick

2. Atmosphere causes beam to diverge by one arcsecond or more

3. At the moon, 1 arcsecond 1s 1.8 km, so beam at moon is about ’2 km a A

4. Only about 1 in 30 million photons in this 2 km beam hit the ase— zed eflec
5. Each outgoing laser pulse contains 300 quadrillion photo \

6. Returning beam expands due to corner—cube diffraction

7. Returning beam divergence is about 8 arcseconds

8. Return beam footprint on earth is about 15 km across

9. About 1 in 30 million of the returning photons hit 3.5 m mirror

10. APOLLO launches 20 pulses per second
11. The round-trip time is about 2.5 seconds
12. There are about 50 pulses en—route at any moment in time

ZDBRaR T X LT001E.

EXEFE/2 CTmmEAIE THIEE.

[3EE3.8cm T DHIRN SFSH > TS
\X\/ I DRICIZ20%IFE RN B ES 12
A D194 ORERMEERRIZELL (VIR Ty MIRIEARL)

https://ethw.org/Milestones:Apollo_11_Lunar_Laser Ranging Experiment_ (LURE), 1969

https://ieeephotonics.org/news/celebrating-60-years-of-milestones-the-apollo-1 1-lunar-laser-ranging-experiment/

38



Transistor count

Li—7 OEH

raA>veEa—45 DN,

Microprocessor Transistor Counts 1971-2011 & Moore's Law
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2,300 -

curve shows transistor

16-Core SPARC T3

Six-Core Core i7
Six-Core Xeon 7400\\‘ @10-Core Xeon Westmere-EX

Dual-Core Itanium 2 ® hd 8-coge POWlEg%7
<«—Quad-core z
AMD K10+ ‘;\‘§uad-Core Itanium Tukwila
POWERG6® -Core Xeon Nehalem-EX

[tanium 2 with 9MB cache @ " Six-Core Opteron 2400

Core i7 (Qua

AMD K7
@ AMD K6-III

1.58FT2EICTE 5,

FULIKIEH5)

count doubling every _/AMD K6
two years Pent.iuprr? r|1|t|um !
® AMD K5
Pentium
80286 @
68000@ ©30186

8080

8008 ® 1 ® MOS 6502
4004@ /' RCA 1802

| ! | I |

1971 1980 1990 2000 2011

Date of introduction




(55%) I—7 D3Ea| A EEa2a—YDEEANIX, 1.5FET2EICTE S,
PROFEI 21—~ &iphone, ENFEITEEADESH ?
1969 2026 {AI{EH
PZiIROFEI I E1—4 iphone A17 Pro
iIphone 15Pro
19085 RS
8 bit 64 bit 81z
IO IO 2MHz 3.78 GHz 3.78%¥109/(2%106) > 10313
6 core
XEIJRAM 32KB 8GB 8x109/(32%103) ~ 10642
I\—FROM 576KB 1TB 102/(576%x103) ~ 1091
EHe 32 kg 1879 ~ 10343
(BER &M 185H 108/105 =103 f& FREL— T DFHIEY
(1005ED1000F54E)
1024 {Z
Moore 2(57/1.5)=238=2 7x1011 {& (=2748779069441%) '

(100/6ED1041E)
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Liftoff! NASA’s Artemis I Mega Rocket Launches Orion to Moon

iIng Moon exploration TEchnologiesdemonstrated by NAno Semi-
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sEuropa Mission Wins Big in New NASA Budget
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Jupiter’s ocean-bearing moon Europa
E
NASA begins the new year with an unexpected budget bump from Congress, which added $530 © 5
million to President Barack Obama’s request before adjourning for the holidays. The space 3 %
agency's $18 billion budget for the year that began Oct. 1 is part of the $1.1 trillion spending o o
plan Obama signed last week. ©)
More than half the bonus is earmarked for the new heavy-lift Space Launch System rocket, $e=80 Ay=8 VYo=9 0;=86 Ay=54 Wo=8 =93 Ay=105 Yo=-1 @ps=99 Ay=156 W=7 0ue=107 Ay=214 y, =9
which is expected to debut in 2018. NASA will now spend $1.7 billion on the program through B\, B\ B l B/ B/
the fiscal year ending Sept. 30, 2015, an increase of $320 million above the White House’s
request.
The other prime beneficiary is NASA’s planetary science program, which ends the year with . . .
$1.44 billion in its budget, an increase of $157 million. Congress set aside $100 million to begin httD //WWW SCIenCemag . OI’g/CO nte nt/343/61 67/1 71 f|g ures-on Iy

work on a mission to Jupiter’s ocean-bearing moon Europa. The Obama administration had
requested $15 million.
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Liftoff! NASA's Europa Clipper Salls Toward Ocean Moon of Jupiter
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Europa Clipper Mission & Trajectory Phase Overview 21531 Trajectory
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