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PROLOGUE

..AND WHAT EXACTLY WELL, WE MADE A NOW WE'RE TAKING
ARE YOU TWO WORKING, COMIC BOOK ABOUT ON THE LOGICAL
ON THESE DAYS? PHILOSOPHY AND ONE NEXT SUBJECT...
ABOUT RELIGION..,

NO, THIS BOOK vd| - RELIGION AND PHILOSOPHY ARE
WILL BE ABOUT SCT'HEEN%ET,;,: iyl ABOUT UNPROVEN ASSUMPTIONS,

SCIENCE! RELIGION AND PHILOSOPHY? AND SCIENCE IS ALL ABOUT
OBJECTIVE FACTS!

OF COURSE THEY GO TOGETHER! SCIENCE IS PURELY NONSENSE! SCIENCE IS
SCIENCE IS A MODEL TO MAKE THE APPLICATION OF SUBJECTIVE LIKE
SENSE OF THE WORLD - JUST THE SCIENTIFIC EVERYTHING ELSE!

LIKE PHILOSOPHY AND RELIGION! METHOD... A HUMAN ENDEAVOR!

PURE % FULL OF
:REHSON!_ ~—,__\_ ERRORS!




SCIENCE IS THE PINNACLE NT \3\01\ Bomp ! SCIENCE IS NOTHING BUT A
OF HUMAN ABILITIES! \ GLOBHL WA MONKEY WITH A STICK,
JUST LOOK .ﬁT ALL THE ‘NTERNET . RMING! POKING AROUND IN PLACES IT
PROGRESS IT'S BROUGHT! THE pLAST ict DOESN'T KNOW ANYTHING ABOUT!
N :

-

SCIENCE WILL ‘ SCIENCE IS BLIND FAITH [ sciencels | sciences
SAVE THE IN THE GOD THAT CALLS ELEGANT AND CRUEL AND
HUMAN RACE! ITSELF PROGRESS! INGENIOUS! UNETHICAL!

A
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THE WORD

SCIENCE
IS DERIVED FROM THE LATIN WORD

SCIENTIA
WHICH MEANS

KNOWLEDGE

BUT WHAT DOES IT MEAN
TO

KNOW?




WHY IS IT THAT WELL, WE LIVE IN A
WE WANT TO KNOW | yUNIVERSE THAT'S

ABOUT THINGS? MOSTLY UNKNOWN
N~ | AND DANGEROUS.

SURROUNDS US.

(IS THAT TYPICALLY
L Humen? [
atiblins BOOM!

SPLASH!

| MEAN, LOOK AT
OUR CATS...

WE GATHER
KNOWLEDGE SO WE
CAN FEEL SAFE!

M

MRROWWWW

i L S oy
DN |\ By

-\

TO SURVIVE, WE
NEED TO KNOW
WHAT IT IS THAT

MORE THAN ANY

OTHER ANIMAL, WE

RELY UPON OUR
KNOWLEDGE
OF THINGS!

E=MC2 ACTION=
REACTION




SO OUR CATS ARE BEHF\VING
SCIENTIFICALLY NOW...

{ AHA, IT'S THAT
NEIGHBOR'S DOG...
®

> , ...AND HE CAN'T REACH

_ I Ilr

' us! WE'RE SATFE!




NEIGHBOR'S DOG
BARKING-FREQUENCY

Db
e

DAYS ~




BUT WHAT IS
SCIENCE
TRULY...?

: IS IT GATHERING KNOWLEDGE? .
U IT MUST BE MORE THAN JUST THAT,

BECAUSE ANIMALS DO THE

8 SAME THING TO AN EXTENT...

e

PEOPLE HAVE A GREATER BECAUSE WE CAN MAKE ...WE CAN REACH PLACES

REACH THAN ANIMALS... AND USE TOOLS... THAT WOULD OTHERWISE
. BE BEYOND US...

11.
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A MONKEY WITH A STICK -
IS THAT WHAT SCIENCE IS?

WHAT A

ARY
\‘SC RY THOUGHT

SOME BRANCHES OF
SCIENCE SURE ARE
PRETTY SCARY...




‘ BUT ISN'T SCIENCE SUPPOSED TO BE INTELLIGENT AND ELEGANT AND INGENIOUS? J

® [/

CONCISE FORMULAS? PROGRESSIVE TECHNOLOGIES?

SCIENCE IS
SECURING KNOWLEDGE...

...50 WE CAN PASS ON ..AND BUILD ON
OUR KNOWLEDGE... ¥ L THAT KNOWLEDGE!

R -

&2

WE ARE NOT THEONLY ) ..BUT BY PASSING ON ﬁNDY,,_THﬁT WE ARE SUPERIOR
SPECIES THAT USES  m BUILDING ON KNOWLEDGE, = “'TO ANY OTHER ANIMAL
LOGICALTHINKING AS A TOOL... WE HAVE DEVELOPED =~ M IN OUR TECHNOLOGY!

SUCH ADVANCED TOOLS... |

=
A
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THERE ARE THREE KINDS
OF SCIENTISTS:

. GATHERERS i
\ PR g ok
-\ Ln

FACTS
and DATA

THINKERS

THINKERS are occupied with TINKERERS are ied with
logical reasoning, linking setting up EXPERIMENTS to
facts: formulating verify theories;
THEORIES APPLYINﬁEsciBnﬁ ic Ensigh%s
in TECHNOLOGIES



A GOOD SCIENTIST IS A BIT OF ALL THREE:
GATHERER, THINKER, AND TINKERER!

FACT




16.

| WANT TO MAKE ONE
DRAWING THAT EXPRESSES
WHAT SCIENCE IS...

IT HAS TO CONTAIN AS
MANY SCIENTIFIC AREAS
AS POSSIBLE...

..AND IT MUST SHOW
HOW WE TRY TO MAP
AND CHART EVERYTHING.

IT WOULD BE WONDERTFUL
IF | COULD GET A
CRITICAL NOTE IN AS WELL...

..ABOUT HOW WE TRUST SO
MUCH THAT OUR SCIENTIFIC
THEORIES CAPTURE REALITY...

.. THAT WE RUN THE RISK
OF SEEING ONLY THOSE
THEORIES, NOT REALITY!
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HMM. | THINK SCIENCE
IS MORE LIKE
GATHERING PIECES

OF A PUZZLE... ...AND FINDING OUT

HOW THESE PIECES
FIT TOGETHER...

...AND IMAGINING WHAT
THE REST OF THE PUZZLE
MIGHT LOOK LIKE...

..BECAUSE WE'LL NEVER BE ABLE
TO FIND ALL THE PIECES -
SOME OF THEM ARE TOO SMALL,
OTHERS TOO BIG, OR TOO FAR AWAY...




BUT WE CAN SPECULATE
ON THE BASIS OF THE
PIECES WE HAVE...

WHEN WE LINK THESE
) .SOME THINK THAT WE HAVE
(T_T;'ECES VORRTHER.., ENOUGH PIECES TO ROUGHLY KNOW

.WE ARE DONE! THE DIMENSION OF ALL OF THE
PUZZLE...
72 =

...OTHERS DOUBT IF THE PIECES WE
HAVE ARE EVEN ALL OF THE SAME PUZZLE -
MAYBE THERE EXIST SEVERAL
PUZZLES AT THE SAME TIME!

THAT MANY
‘Q_ CORNERS? s

MAYBE WE SHOULD
CALL IT GATHERING
IGNORANCE INSTEAD

OF KNOWLEDGE, THEN!

...AND NO ONE KNOWS FOR SURE HOW MANY
PIECES THERE ARE AND HOW MANY WE ARE
ABLE TO FIND OR THINK UP...




THERE. AND NOW WE PROCEED WITH
THE HISTORY OF SCIENCE...

SEE YOU SCIENCE WAS GOING ON LONG BEFORE THE GREEKSD
CRAZY?!
-7 S What about the

RARYLONIANS?
The ECYPTIANS?
The MAYANS?
Not to mention
the CHINESE?!




WHERE DID = MESOPOTAMIA IS CALLED THE CRADLE OF WESTERN
SCIENCE STARTS CIVILIZATION! THE SUMERIANS AND BABYLONIANS WERE

SKILLED IN IRRIGATION, ASTRONOMY AND MATHEMATICS
(W AS EARLY AS 4000 B.C.!

AMERICA HAD COMPLEX SYSTEMS
OF ASTRONOMY, COSMOLOGY AND

— |
MATHEMATICS - IN 1000 B.C.! THE CHINESE WERE HIGHLY ADVANCED

IN MEDICINE, ASTRONOMY, MATH AND
& SEISMOLOGY - AROUND 20008.C.!

THE MAYANS IN CENTRAL ‘

: THE EGYPTIANS BUILT THEIR
/ PYRAMIDS AROUND 2500 B.C.,
A DISPLAYING GREAT KNOWLEDGE
OF GEOMETRY, ENGINEERING
THE INCAS IN SOUTH AMERICA AND ASTRONOMY!
HAD A THRIVING CULTURE AND WHAT ABOUT THE
FROM 2000 B.C., WITH EXPERT DISCOVERY OF FIRE?
KNOWLEDGE OF ENGINEERING, THAT MUST HAVE TAKEN .
HYDRAULICS, ASTRONOMY PLACE IN ATRICA, SOME
AND MEDICINE! 800,000 YEARS AGO!

YOU MIGHT AS WELL SAY
THAT SCIENCE IS AS OLD AS
HUMANITY ITSELF!




OKAY - BUT | STILL WANT TO |
ETHRT IN ANCIENT GREECD WHY‘? -

BECAUSE THE GREEK MOLDED N__/" . A SYSTEM OF OBJECTIVE INQUIRY
THE SYSTEM OF SCIENCE WHICH j \ AND LOGICAL THINKING!

WE STILL PRACTISE TODAY...

Th thinki
T eir way arzfl mg

and rese

~—  BASIS of our modem
scientific method!




THE BEGINNING OF
MODERN WESTERN
SCIENCE

ANCIENT GREECE
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LOOKED LIKE IN SOOR.C.! AROUND THE MEDITERRANEAN SEA HAD

THIS IS WHAT THE WORLD ) YOU MEAN: THIS IS HOW FAR CIVILIZATIONS
MAPPED THE KNOWN WORLD BY THEN.

SURROUNDED
GREECE WAS MORE OR BY OCESAN..,

LESS A REMOTE PROVINCE

OF THE GREAT PERSIAN WHAT LAY BEYOB‘
EMPIRE - EXCEPT WHEN WAS UNKNOWN:
THEY WERE FIGHTING
AGAINST THEM!

THE BARBARIC @
BACK COUNTRY! |~ S5

e

LOOK OUT! PAST : 1 :

THIS POINT LIES
THE GATE TO THE
g THE PYRAMIDS
HAVE BEEN HERE
FOR 2000 YEAR ‘%,
AT THIS POINT:

THE ONCE POWERTUL
EGYPTIAN EMPIRE HAS BEEN
SWALLOWED BY PERSIA.

UNDERWORLD!




AND THIS IS WHAT THE YOU MEAN: THIS IS THE COSMOLOGICAL
COSMOS LOOKED LIKE! AND MYTHOLOGICAL WORLDVIEW HELD
BY ANCIENT GREEK SOCIETY!

o ne
SRUERE O UNDERWORLD,
WATER: AND BENEATH THAT
of sun, moon and stars - THE PILLARS THAT
but also the winds! 1 SUPPORT THE WORLD!

PRIMEVAL
OCEAN

PRIMEVAL
OCEAN
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G THALES OF MILETUS

| PROPOSE THAT, IN THINKING ABOUT
NATURAL PHENOMENA, WE DISREGARD
THE MYTHICAL WORLD OF THE GODS!

I'M LOOKING FOR A
NATURAL CAUSE EVERYTHING IS
BEHIND ALL THINGS. WHTER
EVERYTHING DERIVES FROM s 7/ YA
THIS FIRST PRINCIPLE: T
(( WATER comes in nw
= %ou make it gas er ) g
becomes AR, | think.

WATER surrounds all of the known earH‘l;
landmusthavecomeouto{-‘w.
like sand ering in a bucket
of swirlin waher



CEVERYTHING 1S WﬂTER“D ﬂ;BECﬁUSE OF THAT, BUT BECAUSE:

- HE WISHED TO EXPLAIN NATURAL
PHENOMENA FROM ONE BASIC PRINCIPLE

THAT'S WHY THEY
- HE EXCLUDED THE GODS FROM THE
CALL HIM THE PURSUIT OF SCIENTIFIC KNOWLEDGE
FATHER OF SCIENCE...”!
- HE BASED HIS CONCLUSIONS ON
FACTS AND LOGICAL ARGUMENTS

- WITH THAT, HE CREATED A METHOD
FOR OTHER PHILOSOPHERS

e J




28.

ANAXIMANDER

I'M ALSO
LOOKING FOR
A FIRST
PRINCIPLE.

..BUT AN ULTIMATE SUBSTANCE THAT \
CAUSES ALL MATTER, INCLUDING
OPPOSITES LIKE WATER AND FIRE!

SOMETHING INFINITE, INDIVISIBLE
AND INVISIBLE = I CALL IT

APEIRON. souunsamr an
LMEHTOMS' 23 i

OR DARK MATTER! D

| DON'T
THINK IT'S
WATER...

| ALSO HAVE MY OWN
PHILOSOPHY ABOUT

' SUN, MOON AND STARS CIRCLING AROUND IT!
COSMOLOGY:

THE EARTH WAS FLUID
IN THE PAST,

FISH CAME OUT
OF WATER
VAPOR!

ALL THE OTHER
ANIMALS,
INCLUDING MHN
HAVE DEVELOPED
FROM FISH.

P Het:]t That‘s a. kind

o 4-_-%

EARTH IS A CYLINDER, FLOATING IN SPACE, WITH j

EARTH
IS THE
CENTER
OF THE
UNIVERSE!

THAT'S WHY IT
STAYS IN PLACE!




WHY DO THESE NATURAL PHILOSOPHERS WAS THE NAME

OLD GREEKS CALL FOR PEOPLE WHO WERE INVOLVED WITH
THEMSELVES THE STUDY OF NATURAL PHENOMENS.
PHILOSOPHERS...? e
B
\{ THEY WERE SCHOOLED IN
) EVERY DISCIPLINE: PHYSICS,
WEREN'T THEY ASTRONOMY, BIOLOGY,
SCIENTISTS? MATHEMATICS...




30.

PYTHAGORAS

RUOTHER WORDS: ACTUALLY, THIS THEOREM IS NOT
: MINE: THE BABYLONIANS KNEW

3 IT ALREADY AROUND 2000 B.C.
B )

Qi

"IN ANY RIGHT-ANGLED TRIANGLE, LBUT | WAS THE

THE SQUARE OF THE LENGTH OF FIRST TO
SIDE C IS EQUAL TO THE SUM OF MATHEMATICALLY

THE SQUARES OF SIDE A AND B." PROVE IT!

= WHAT MOST PEOPLE DON'T KNOW ABOUT ME, IS THAT |
R FOUNDED A RELIGIOUS CULT IN CROTONRA, IN SOUTH ITALY.

IT WAS BASED ON THE 1 = UNITY 5=2+3= WOMAN+ MAN
IDEA THAT REALITY IS 8 L vicHA = MARRIAGE
REALLY MATHEMATICAL: 3=MAN 6=3+2+1= CREATION
C = ETEE 10 =4+3+2+1
ALL IS NUMBER! ) holy number ~ =UN'VERSE

HE SHOULD HAVE
SEEN THE MATRIX!
IN THAT MOVIE, THE
WORLD IS MADE OF
ONES AND ZEROS!




A RELIGION Y NOWADAYS,

RELIGION AND SCIENCE ARE
Mﬂ%’?{SEE’\%'?I%S? J_L EACH OTHER'S OPPOSITE!

YES, THE RELATIONSHIP
BETWEEN RELIGION AND
SCIENCE HAS CHANGED A
LOT OVER THE CENTURIES.




| MADE CRANES ' AND THE FAMOUS
WAR

ARCHIMEDES' SCREW, FOR

MACHINES TRANSPORTING WATER!

“THE CLAW"
FOR
SINKING
ENEMY
SHIPS

EVERYONE KNOWS ME FOR MY EU REKH !. ("I HAVE FOUND ITY)
FAMOUS EXCLAMATION:

KING HIERON
OF SYRACUSE HAD
- BUT WHERE ORDERED A GOLDEN
2 e DOES THAT CROWN, TO OFFER TO
ﬁ REFER TO? THE GODS...

ARCHIMEDES! FIND OUT IF THIS [ puT witHOUT &7
CROWN IS REALLY . cz
':—\r-——-——: ( helad s ! DAMAGING IT! ) 9

N foh
LTRSS

1’; ‘.

o=

MY BODY IMMERSE A PIECEOF M ..THEN IMMERSE

DISPLACES

GOLD WITH THE SAME THE CROWN - IF IT P.S.:
THE WATER... WEIGHT IN WATER - DISPLACES A DIFFERENT
MEASURE HOW MUCH AMOUNT OF WATER, THE
ACED... /L [T'S NOT PURE GOLD! SMAEH
: Hi
—Very clever! INDEED

pants! PUNISHED.




THEY CALL ARCHIMEDES AND EUCLID, WHO

THE “FATHER OF LIVED AROUND THE
MATHEMATICS'! SAME TIME, IS CALLED
THE FATHER OF
\{ GEOMETRY"!




(A

EVUCLID

_ MY BOOK ELEMENTS IS STILL USED
TODAY BY STUDENTS OF MATHEMATICS!

==

IN HERE | DESCRIBED THE FIVE BASIC
PROPOSITIONS OF GEOMETRY.

|

THESE ARE ALSO CALLED AXIOMS!
AXIOMS ARE PROPOSITIONS THAT CAN NOT BE PROVEN,
BUT ARE ACCEPTED AS SELF-EVIDENTLY TRUE.

THE SHORTEST CONNECTION RETWEEN A STRAIGHT LINE CAN BE PROLONGED AND
® TWO POINTS IS A STRAIGHT LINE. IT WILL STAY A STRAIGHT LINE INDEFINITELY.
SR P
/,// E’._”_,,_f"ﬂ”’
A / - - Av//-@
o
) ANY STRAIGHT LINE CAN BE ALL RIGHT () ONLY ONE LINE CAN BE DRAWN
THE RADIUS OF A CIRCLE. ANGLES ARE THROUGH A POINT PARALLEL
EQUAL. TO ANOTHER LINE.

- R




WELL DUH! ISN'T EUCLID'S FIVE AXIOMS NOT ONLY PROVIDED A
THAT LOGICAL? BASE FOR GEOMETRY, BUT ALSO FOR LOGIC!

LOGIC =
COMBINING THINGS YOU KNOW
IN SUCH A WAY THAT YOU
FIND OUT THINGS YOU DIDN'T KNOW

- i-hai logic is founded
on pmpoatwns
LOGIC IS THE FOUNDATION OF
MATHEMATICS. AND MATH IS THE IINH-IERENTL‘W|
FOUNDATION OF SCIENCE. UNPROVABLE:

HOW MANY
FATHERS DOES
SCIENCE HAVE?

THIS IS WHY EUCLID IS
ALSO CALLED THE
FATHER OF SCIENCE !
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WELL, “FATHERS" IS JUST A NAME
WE PINNED ON THE OLD GREEKS
IN HINDSIGHT...

THE MOST IMPORTANT THING IS THAT

EXPLORATION WE NOW CALL SCIENCE!

THEY LIVED AT THE TIME OF THE
)——L BIRTH OF THE VAST FIELD OF

| DEMAND A
DNA TEST!



MATHEMATICS



HISTORY oF

WHERE DID MATHEMATICS START?

MATH

IN COMMERCE? OBSER

IN ARCHITECTURE?

THE OLDEST MATHEMATICAL
DOCUMENTS DATE BACK TO
3000 B.C. AND WERE
FOUND IN EABYLONIA.

IN THE THIRD CENTURY B.C.
THE CENTER OF MATH
SHIFTED TO THE
MUSAEUM OF ALEXANDRIA.

\THIS IS WHERE | WROTE [
MY FAMOUS BOOK [i2
\  ON GEOMETRY:

. ELEMENTS.

' !'G“.iw;-

>

1
il

&P

BABYLONIAN MATH WAS THE ANCIENT GREEKS IN THE FOURTH CENTURY B.C.
SEXAGESIMAL - BASED REFINED MATH WITH PLATO'S ACADEMY IN ATHENS
ON THE NUMBER 60. LOGIC. WO THE CENTER OF THE

THE GREEK DID NOT USE

THE NUMERALS WE KNOW | CHINESE DEVELOPED THEIR
TODAY, BUT LETTERS TO

MATHEMATICAL WORLD.
| INTRODUCED MATH-

EMATICAL REASONING!

THE GREATEST
ﬂ- USING THEOREMS | FEIENTISTOF - agy
- AND PROOFS! 3 ]
\ > STUDIED.

THIS IS WHERE ARISTOTLE,

IN THE MEANTIME THE IN INDIA, DISCRETE

SYMBOLS WERE USED FOR

OWN SYSTEM, BASED ON THE NUMERALS O TO 9.

DENOTE NUMBERS. THE NUMBER 10.

JUST LIKE THE IN OTHER WORDS: A . | ‘ 2 ’ 3 ‘ 8 Yy

ROMANS: DECIMAL SYSTEM.

ot R

-y @ &l9|=|e o

X=10 M—1000 - pkd =
=50 ﬁ%l«'ﬁag' HEY, THESE LOOK Yl

: =27 ¢1% T [\aBmLkeTHE U
- % A /, DIGITS WE USE (¢

- 1

I W rooay!
0




FROM THE EIGHT CENTURY A.D., ISLAMIC
CULTURE BLOOMED - MUSLIM SCHOLARS TRANS-
LATED AND STUDIED THE ANCIENT GREEKS.

IN THE CHRISTIAN CULTURE OF WESTERN
EUROPE, THE MOTIVE THAT DROVE SCIENCE

(+780-850)

HOUSE OF g, -
BAGHDAD  wispom _ PLrKHWARIZMI

‘\ FROM AL-JABR, THE
TITLE OF MY BOOK!

CAME INTO GENERAL USE IN THE WEST.

AND ALGEBRA COMES

WAS STUDYING GOD'S PERFECT DESIGN.
- ’ LET'S TRANSLATE
ALGORITHM THESE ARABIC
IS DERIVED TRANSLATIONS
FROM MY NAME!

INTO LATIN!

YROBERT or CHESTER'™

DURING THE RENAISSANCE, MATH WAS
MAINLY USED IN COMMERCE.

THANKS TO MY BOOK I "
HURRAY! FIBONACCI'S WORK

OF CALCULATION! J meaNs A BREAKTHROUGH IN

MATH FOR THE FIRST TIME SINCE

| WROTE A BOOK FOR MERCHANTS! IT CONTAINS
A MANUAL FOR BOOKKEEPING, AND A FEW
MATHEMATICAL PUZZLES!

A

NAVIGATION IS

=

LEONARDO \L

=

FIBONACCI ¢
-

(1170-1250) | 7 (r ¢ &
[ LiBer e e/ S

=) ABAC ) N
DU{EING THE SCIENTIFIC REVOLUTION IN THE

6TH AND 17TH CENTURY THERE WAS
PROGRESS IN MANY FIELDS - INCLUDING MATH.

NEW INSTRUMENTS! MY PRINCIPIA PROVIDED
THE BASIS FOR
CLASSICAL MECHANICS!

THE GREEKS!

Look! He introduces the
TFIBONACC! SEQUENCE!

NEW
LOTS OF NEW THEORIES!
OBSERVATIONS!

PHILOSOPHLE
reRALLE

PRINCLETA
3 MATHEMATICA.

KEPLER NEWTON gl

GALILEO

t1h46—1517

)/ A nice present | SIMON STEVIN

F o B INCREASINGLY
or son! AS THE FIRST

IMPORTANT!
TO WRITE

SUMMA
ARITHMETICA

-

D
& THENDE 5

MATHEMATICS BECAME MORE AND MORE INTER-
NATIONAL AND DEVELOPED LOTS OF SUBAREAS.

UCA PACIQLI
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UNTIL THE 19TH CENTURY, THERE WAS NO

DISTINCTION BETWEEN MATH AND PHYSICS.

OVER THE CENTURIES, MATHEMATICS HAS
BECOME MORE ABSTRACT AND ALSO
STUDIED IN ITS OWN RIGHT.

WE STUDY NATURE, AND | MAY BE A PROFESSOR OF
THE BOOK OF NATURE IS |MATH, BUT I'M ALSO INVOLVED
WRITTEN IN MATHE= WITH THERMODYNAMICS,
MATICAL LANGUAGE. OPTICS, THEOLOGY

EVEN MORE SUBARERAS! BUT IS THIS KIND OF MATH
ABSTRACT ALGEBRA! FUNCTION STILL THE LANGUAGE OF
| ANALYSIS! NUMBER THEORY! NATURE? DOES IT HAVE A

ASTROLOGY AND ALCHEMY!

\ CONNECTION WITH REALITY?
o E Orisit

Jjust mental
astics taken
Hg&leexh'em?

NEWTON

17TH CENTURY | 18TH CENTURY

THIS ABSTRACTNESS LAUNCHED A HOT DEBATE
ABOUT THE FUNDAMENTS OF MATHEMATICS.

4, SCIENCE
PHILOSOPHER

HOWEVER, THERE'S NO DEBATING THE PLENTIFUL
MATHEMATICAL PATTERNS FOUND IN NATURE!

SCIENCE IS BASED ON MATHEMATICS, AND
MATH IS BASED ON LOGIC - BUT IS LOGIC
AS WATERTIGHT AS IT SEEMS?

MATH CAN EVOKE A RANGE OF FIERCE
EMOTIONS - FROM PURE AESTHETIC ECSTASY,..

MATH IS SEE HOW :
ART! BEAUTIFUL? e"+1=z0
GORGEOUS! | CALL
IT OUR JEWEL!
[3)
B\ 2, c
A - < S
= >
i)
X ONHARD R .FEYNMA

B
*'.";.- »ﬁ”
b/ ” 47 et
., =T T S
ﬂ:' ad ¥ = d :
i ;-gf_-{“ A 3 o ‘;‘ﬁ
...TO DEEPLY ROOTED DISGUST
AND FRUSTRATION.
YUCK, | NEVER WHY CAN'T THEY SEE HOW
MATH! GET IT! GREAT THIS SUBJECT IS?




WELL, WELL, THE TWO OF
YOU ARE A REAL PAIR OF
EGGHEADS, AREN'T YOU?

=41 ) 1

YOU PROBABLY WERE TOP
OF YOUR CLASS AT SCHOOL?

4.



TOP OF THE CLASS? | WAS REALLY BAD AT
MATH AND THE
SCIENCES!

i(iu |

AND I DIDN'T GET A THING
OF WHAT MOST TEﬂCI-‘ERS
TRIED TO TELL ME!

[ |
SSES AND

| HATED STUDYING! FORTUNATELY, LANGUAGES
CAME EASY TO ME, SO | DIDN'T HAVE TO
SWEAT TOO MUCH FOR MY EXAMS!

| DIDN'T EVEN FINISH H

IGH

SCHOOL! | FLUNKED MY SOPHOMORE,

JUNIOR AND SENIOR YE

AR!




| WAS 22 WHEN | STARTED TO DISCOVER WHAT | LIKED TO STUDY FOR MYSELF!

HEY, A BOOK ABOUT A SCIENTIST WHO TALKS THIS IS GREAT! I'M
STEPHEN HAWKING! ABOUT RELIGION? LEARNING STUFF WITHOUT
HOW INTRIGUING! THE PRESSURE OF EXAMS!

“..for th would
know{:?ﬂ‘lre ﬂmgeof god.." _ YV

BUT WHY ARE
_ THINGS LIKE

| DON'T LIKE &
ASSUMPTIONS! J&

WELL, YOU'LL
P JUST HAVE TO

TEACHERS SHOULD BE
ABLE TO IMPART
ENTHUSIASM!

NOT JUST

KNOWLEDGE!

IN MY EXPERIENCE, LEARNING IT'S MUCH MORE IMPORTANT
HAS VERY LITTLE TO DO WITH TO BE CURIOUS THAN TO BE
WHAT GOES ON IN SCHOOLS! THE BEST IN YOUR CLASS!




SEE?

"~ WE'RE NO WE'RE JUST
EGGHEADS...! INQUISITIVE'
JUST WHAT |
THOUGHT: NERDS!
L)




FOUR
FASCINATING
MATHEMATICAL
PHENOMENA

ﬁ@ﬁ@@



THE LENGTH OF THE RED LINE IS: THEﬁ

THIS NUMBER P|
IS CALLED OR: Tc

ITS DIGITS GO ON
INFINITELY AND NEVER
BECOME A PERMANENT
REPEATING PATTERN.

THE BLUE LINE IS
THE DIAMETER!

AND RED IS THE
CIRCUMFERENCE!

MATHEMATICIANS HAVE BEEN INTRIGUED BY Pl FOR CENTURIES - THE SEARCH FOR
ADDITIONAL DIGITS WAS AN IMPORTANT INCENTIVE IN THE DEVELOPMENT OF THE COMPUTER.

Tk
| TRIED TO CALCULATE) | | WORKED OUT TEN
PI MATHEMATICALLY! SIX DIGITS! :

LET'S MAKE A
MACHINE TO
CALCULATE

IT FOR US!

Pl IS MORE
OR LESS

TRILLION
= (i

CHONGZHI

BY USING
POLYGONS!

e, A
e

ARCHIMEDES MADHAVA

* .G 11400 1424 {7TH CENTURY & ON > OCTOBER
GREECE CHINA INDIA PERSIA EUROPE 2011
( Pl ALSO INSPIRED NUMEROUS ARTISTIC WORKS.
NOW | WILL A RHYME CONSTRUCT, BY CHOSEN WORDS THE Sweet and gentlg sensitive man
YOUNG INSTRUCT. CUNNINGLY DEVISED ENDEAVOUR, CON With an obsgssive nature and deep fascination
IT AND REMEMBER EVER. WIDTHS IN CIRCLE HERE'-YOU 7ind a complete I\:;g:una'-':r:::z;?m the ealeulation
SEE, SKETCHED OUT IN STRANGE OBSCURITY. of pI
Oh he love, he love, he love

tiz dogs love his numbgrs
find they run, they run, they run him
In & great big cirelg
In & eirelg of infinity

Y R
; MNEMONIC TO MEMORIZE

THE FIRST 31 DIGITS
2 OF PL.

(COUNT THE NUMBER
FROM THE ALBUM
°€a%?5%'§?ni" AERIAL (2005) -~ i
‘b KATE BUSH AMERICAN SCIENCE-FICTION MOVIE

BY DARREN ARONOFSKY (1993)

LENGTH OF THE BLUE LINE TIMES 3.14159265358979



' N F ' N ' TY ( INFINITELY FHSCIN

WHAT IS INFINITY? IS IT A PURELY \g - QPHERS Fon
PHILOSOPHICAL IDEA...? o

~..OR CAN WE CONSIDER IT AS
A NUMBER WHICH HAS SOME
SPECIAL PROPERTIES?

TING

!j))

IN1858, |
DISCOVERED THIS
MOEBIUS-STRIP!
IT HAS AN
INFINITE
SURFACE!

(1790-1868)

THE SET CONTAINING ALL )

WHOLE NUMBERS IS INFINITE.

THE SET CONTAINING ALL MULTIPLES
' OF TEN IS ALSO INFINITE...
L
YET THERE EXIST MORE WHOLE
NUMBERS THAN MULPTIPLES OF TEN!

JL

S0: CAN ONE INFINITY BE
SMALLER THAN ANOTHER?

Sl

DOES THAT .
MEAN THERE [
IS AN INFINITE |
NUMBER OF
INHABITED
PLANETS
LIKE OUR
EARTH?

GEORG CANTOR
(1845-1918)

% — CANTOR ENDED UP IN A MENTAL HOSPITAL!
! COMTEMPLATING INFINITY IS NOT WITHOUT DANGER!

47.



THISISA ) THIS IS THE SAME ...THAT THE RATIO OF WHICH IS:
STRAIGHT LINE, DIVIDED IN TWO: LINE B TO LINE A IS

THE SAME AS THE
RATIO OF LINE A

IN SUCH [
A WAY... TO THE WHOLE LINE:

LINE A AND LINE B . 1z 1.61803398874989...ETC.

WECALL
THIS NUMBER

AR THE GOLDEN RATIO

THIS RECTANGLE HAS A DIMENSION OF 1 X t])! ITS LONG
LuCA SIDE IS (D TIMES LONGER THAN ITS SHORT SIDE.
PACIOLI ‘ IT'S CALLED A
1445151 / | IT CAN BE DIVIDED

MEDIEVAL INTO AN INFINTE
MATHEMATICIAN & £ NUMBER OF SMALLER
& MONK

GOLDEN RECTANGLES!

NI

FASCINATING!

I'™M APPLYING IT \ / . S _ —
IN MY PAINTINGS ) | |
il t - M (mysTeRIOUS!
— ha i b ]




THE NUMBER ZERO IS USED IN
TWO WAYS: AS PART OF ANOTHER
NUMBER - LIKE 2013 OR 1.06...

...OR AS AN

INDEPENDENT
NUMBER. Z E R O

MY BOOK IS THE OLDEST KNOWN TEXT
ABOUT ZERO AS AN INDEPENDENT NUMBER.
| STATED:

ZERQ PLUS A POSITIVE NUMBER IS POSITIVE,
ZERO PLUS A NEGATIVE NUMBER IS NEGATIVE.
ZERO FLUS ZERO IS ZERO.

ZERO A POSITIVE NUMBER IS NEGATIVE,
ZERO A NEGATIVE NUMBER IS POSITIVE.
ZERO ZERO IS ZERO.

A NUMBER MULTIPLIED BY ZERO IS ZERO.
A NUMBER DIVIDED BY ZERO IS... ERM...

HM. IT GETS TRICKY

| THINK THAT WHEN WHEN YOU START
%lﬁ?ﬁH?mﬁq&H‘ﬁjzrﬁ) YOU DIVIDE BY ZERO, DIVIDING BY ZEROQ.
) THE OUTCOME IS
INFINITY.

X/0 =

NO NO NO !!!
IF THAT WERETRUE, | OX 00 =X
THEN ZERO TIMES -
INFINITY WOULD BE ANY NUMBER!

AND THAT MAKES NO SENSE!

THEREFORE:
YOU SIMPLY CAN'T
DIVIDE BY ZERO!

GEORGE BERKELEY
(IRELAND/ENGLAND, 18TH CENTURY)

WHAT IS IT THAT
MAKES ZERO
SO SPECIAL?

S

BHASKAR

(INDIA, 12TH CENTURY)

BUT... HOW ABOUT ZERO
DIVIDED BY ZERO? A
NUMBER DIVIDED BY ITSELF

S ALWAYS 1, ISN'T IT?
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THE MOST IMPORTANT

AND MOST VERSATILE

SCIENTIST OF ANCIENT
GREECE WAS

| STUDIED EVERYTHING THAT WAS KNOWN
IN MY TIME - FROM BIOLOGY TO PHILOSOPHY,
FROM MATHEMATICS TO POETRY.

SCIENCE wAsS A VERY BROAD
SUBJECT TO ME. | DIVIDED IT
INTO THREE SUBAREAS:

PRACTICAL SCIENCE
DEALS WITH HUMAN ACTIONS
SUCH AS ETHICS AND POLITICS

POETIC / PRODUCTIVE SCIENCE
INCLUDES DISCIPLINES OF A CREATIVE
NATURE, SUCH AS POETRY, LITERATURE,
FINE ARTS - BUT ALSO ALCHEMY

THEORETICAL SCIENCE

IS CONCERNED WITH FINDING TRUTH
AND INCLUDES PHYSICS, MATH -
BUT ALSO PHILOSOPHY AND THEOLOGY ( AND THEN THERE IS LOGIC,

WHICH IS THE FOUNDATION
FOR ALL OF THESE!

A SMALL SAMPLE OF
ARISTOTLE'S
WORKS:




GERE | TAUGHT A YOUNG MAP
A

LEXANDER THE GREAT! | o | will sendl you exeiic plants OF THE LIFE OF

ARISTOTLE

A=

_/ THIS IS WHERE | RAISED

THIS IS WHERE | WAS
BORN! MY FATHER WAS A
DOCTOR - THE WAY HE

d; DID HIS JOB SURELY
. INFLUENCED MY OUTLOOK
¥ STAGEIRA(1 ) ON SCIENCE! A FAMILY! WE LIVED

HERE UNTIL THE INVASION
OF THE PERSIANS!

ASSOS

| fear our

ON THIS ISLAND | DID
EXTENSIVE RESEARCH INTO
THE LOCAL FLORA AND FAUNA!

NOW:
A TURKEY

BY THE END OF MY LIFE LESBOS
| HAD TO FLEE ATHENS FOR
POLITICAL REASONS!

THIS IS WHERE | "
DIED, AGED 61! ‘
L | STUDIED AT PLATO'S ! ) B Ae :
FAMOUS ACADEMY IN ATHENS!
GeAan seEA

GREECE

LATER, | FOUNDED MY OWN SCHOOL
IN ATHENS: THE LYCEUM! THIS IS WHERE
| WROTE MOST OF MY WORKS.

GREECE, 4TH CENTURY B.C.

S1.



ARISTOTLE IS SAID TO HAVE LAID THE FOUNDATION FOR THE

e e MY TEACHER PLATO ASSUMED THAT ULTIMATE REALITY
: WAS TO BE FOUND IN THE REALM OF IDEAS.
IT'S NO USE TO LINGER ¥ EVERYTHING WE SEE ¥ OF THE WORLD OF
TOO MUCH ON OUR AND FEEL IS MERELY UNCHANGEPRRLE
PERCEPTION OF THIS A SHADOW... IDEAS THAT EXISTS

TANGIBLE REALITY. BEYOND OUR
1 VISIBLE REALITY!

UL TIMATE
/GHT O%

BQDIES - DIVERSITY

"« TRANSIENCE

"I HAVE
DIFFERENT
VIEW:

THE WORLD CONSISTS OF THINGS THAT ARE CONSTANTLY CHANGING
= IT IS BY STUDYING THC:SE CHANGES THAT WE DISCOVER THE
UNDERLYING CONSTANTS! AND IT IS BY STUDYING

ASPECTS OF THINGS THAT
WE GAIN UNDERSTANDING
OF THEIR ESSENCE!

ULTIMATE REALITY IS NOT
OUTSIDE OUR WORLD, BUT
INSIDE EVERYTHING!



THE QUESTION RESEARCH HYPOTHESIS
SCIENTIFIC BASED ON WHAT
METHOD | KNOW NOW, THIS

IS WHAT | EXPECT
| THE OUTCOME
WILL BE OF MY
RESEARCH!

39},
~ HrPO-
| THESIS

THE RESULTS ARE
DIFFERENT THAN
| EXPECTED!

ANALYSIS

WHAT DOES IT MEAN?

LET'S PUBLISH! ]

VOGIC Sias Bk | DESCRIBED TWO WAYS OF LOGICAL REASONING: )
IMPORTANT ROLE IN - -
THE SCIENTIFIC METHOD! DEDUCTION INDUCTION
b = ALL HUMANS - | SEE A WHITE SWAN.
ARE MORTAL. - | SEE ANOTHER WHITE SWAN.
- ARISTOTLE IS - | SEE ANOTHER WHITE SWAN.
HUMAN. - | SEE ANOTHER WHITE SWAN.
50 - ETC.
SO THIS HOLDS UNTIL | ?ee
ARISTOTLE A COLORED SWAN:
IS MORTAL. ALL SWANS 7

¥

ARE WHITE. % ¥







SCIENCE
IN THE

MIDDLE AGES

ARISTOTLE

=X . MONKS IN
MUSLIM SCHOLARS WESTERN EUROPE

—



WHEN YOU THINK OF THE MIDDLE AGES,
WHAT IMAGES COME TO MIND?

CRUSADES

EARTH IS THE
SCIENCE? CENTER OF THE
ONLY IF IT IS UNIVERSE...

IN ACCORDANCE
WITH THE BIBLE!

UNHYGIENIC
CONDITIONS

HARDLY ANY
MEDICAL
KNOWLEDGE




THOSE IMAGES ONLY HOLD TRUE FOR  \—/_ FROM 500 T0 1000! )
THE FIRST PART OF THE MIDDLE AGES!

-
. HIGH  LATE
AGES MIDDLE AGES MIDDLE AGES
~ __._».._,._ RENHISSﬂNCE
" 1000 ' 1500
AD.

( OND THEN ONLY FOR THE === THE EAST DEVELOPED DIFFERENTLY! :
P THERE THE MUSLIM CULTURE PROSPERED!
WESTERN PART OF EUROPE!  }5 _ : -

THE MIDDLE AGES WERE SO MUCH MORE YY" THEY WERE TIMES OF DISCOVERIES

THﬁN JUST SUPERSTITION aun DISEASE! ] AND RE-DISCOVERIES! OF PRACTICAL
- - A INVENTIONS AND BEAUTIFUL RELIGIOUS

ART ﬁND CULTURE'

57.
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<O

GUN-
COMPASS PAPER
POWDER *
PRINTING
THESE ALREADY EXISTED IN CHINA
(BUT HAD NOT REACHED

THE WEST YET) ﬂEDP?J\&ﬁ&?ETY
" OF EURGRE
FALL OF THE
ROMAN m
EMPIRE wE_'rRE I-‘IF\PPT

THE MIDDLE AGES
AT A GLANCE

BEGINNING OF VIKING INVASIONS

GREEK

ISLAM g ISLAmIC STIRRUPS "

IN THE EXPANSION = BTH-10TH CENTURY
IRISH MONKS

MIDDLE EAST s o

L TLROWER ICELAND AND THE

SHETLANDS,
AMONG OTHERS

=

SIEGE OF
CONSTANTINOPLE

673

SCIENCE MEANS
TO US: FIGURING
OUT GOD'S
DESIGN OF HIS
CREATION,
THROUGH LOGIC
AND EXPERIMENT!

UNIVERSITIES
IN

N WINDMILLS
BOLOGNA

LET'S TRANSLATE
THESE INTO LATIN!

| TRANSLATED WORKS
OF ARISTOTLE AND
ANNOTATED THEM!

COMPASS SPINNING

WHEEL

| TRAVELLED
THROUGHOUT ALL
T ASIA: FROM

BEIJING TO
SINGAPORE!

“’?E&

2 .-'.: :
SILK ROAD



MEANWHILE, IN ( weHAVE UNIVERSITIES!
CHARLEMAGNE PROMOTED SCIENCE AND EDUCATION \:,USUM N ens.. j
SCHOOLS WERE FOUNDED IN MONASTERIES

o WE ARE STUDYING
’E EDUCATION THE GREEKS! ]
=217 { | AND BIBLE r
D P = (e [ WE CONDUCT
! {| craMMAR = LESSONS B SCIENCE

LOGIC AND

COURSE! BASED ON
' : EXPERIMENT!

I DISCOVERED \ [ 1 AF
THE CHRISTIANS | WAS THE THe Dirrerence || ' ARRANGED
ARE ATTACKING! FOUNDER OF BETWEEN ELEMENTS | g

SMALLPOX AN
OPTOMETRY!
THEY ARE TRYING - THE MEASLES!
TO CONQUER | POPULARIZED

& KEROSENE ! THE USE OF
\ \ |INDIAN NUMERALS!
| WROTE THE o raYYAN
CANON OF =g 1721-815
MEDICINE ! (@i " TS

X780-
B840

A
T

AL-HAYTHAM ' Kbz TN o
‘ T i \ T P L\ i
(ALHAZEN) F65-1040 : e

LEONARDO WITH ME,
THE BLACK DEATH ) PRINTING PRESS o WO, 352 T
9 THE RE-BIRTH OF THE
wHaT 1S A SOUVENIR WH 1492: '
COLUMBUS CLASSICAL ARTS!
Hissl \TRorope, DICOVERS .
AMERICA

1350
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e MEDIEVAL WORLDVIEW

PEOPLE THOUGHT THE _ THIS VIEW IS A SYNTHESIS OF THE
UNIVERSE LOOKED LIKE THls) — Mo%%'& !r B%rseo IN THE SECOND

cnﬁ%NT?ﬁ
DOCTRINE! =7

MEDIEVAL MONK ==

BUT WHO OR WHAT THAT WOULD "
STARTED THEIR "“%ﬁ;scﬁgﬁl‘é& IN ’.’
AT LEAST. " ﬁ _

MOVEMENT? \

WE DON'T
KNOW EXACTLY, |

RMAMEN
; XED STHRE '

sATUR

JUPITER .
MARS ~ <

<,

.‘-

£

 owm
¥



IN THE MIDDLE AGES IT WAS THOUGHT THAT THE UNIVERSE WAS MADE OUT
OF FIVE BASIC ELEMENTS: EARTH, WATER, AIR, FIRE...

ALL THINGS ARE MADE
OUT OF A COMBINATION
OF FOUR ELEMENTS:

TAKE THIS STICK
FOR EXAMPLE...

WRITTEN ABOUT IT IN

ARISTOTLE HAD ALREADY
THE FOURTH CENTURY B.C.

WHEN THE STICK BURNS,
THE FLAMES SEEM TO

MULTIPLY - SO THERE MUST

BE FIRE ALREADY IN IT!

| GASES ESCAPE FROM THE
| BURNING STICK?
THE WOOD CONTAINS AIR!

IS THE ELEMENT OF :
THE HEAVENS: PURE
~ AND UNCHANGEABLE!

ARISTOTLE
384-322B.C.

L N oo
ONLY ASHES REMAIN - ) rf—.mTef’ ' THE BURNING WOOD!

WHICH ARE EARTH! SO IT CONTAINS WATER!

'ETHER’ HAS MORE MEANINGS! IT IS ALSO A KIND OF ANESTHETIC GAS AND AN
OUTDATED CONCEPT IN THEORIES OF ELECTROMAGNETIC WAVES. BUT ON THIS PAGE,
ETHER IS DESCRIBED IN ITS DEFINITION AS ONE OF THE CLASSICAL ELEMENTS.

61.



THE FIVE ELEMENTS MAKE A NICE NATURAL
LEAD-IN TO A CHAPTER ABOUT CHEMISTRY!

BUT IN THE MIDDLE AGES IT
WASN'T CALLED CHEMISTRY YET!
IT WAS ALCHEMY THEN!

e




CHEMISTRY




SO CHEMISTRY IS
CHEMISTRY IS... (TRULY ALL AROUND US!

‘A SCIENCE THAT DEALS
WITH THE COMPOSITION,
STRUCTURE AND
PROPERTIES OF
SUBSTANCES AND WITH
THE TRANSFORMATIONS
THAT THEY UNDERGO."

OUR HOME IS FULL OF ALL KINDS OF'DBNGEROU AMMONIA
CHEMICAL SUBSTANCES: - - TURPENTINE,

CHLORINE...




ISN'T THAT THE STUFF THEY
USED TO BLOW UP MOUNTAINS
AND TRAINS IN THE OLD WEST?

A {l DYNAMITE?! )uu-uuu

S (

€

WE HAVE NITROGLYCERIN HERE JUST IN CASE MY NITRO DILATES
AS A SPRAY AND IN PILL FORM... HEART ACTS UP! THE ARTERIES.

(NOT S0 MUCH IN WELL. ...THEN LET ME TELL YOU ABOUT A
T

T THAT HESE FORMS AND ! SUBSTANCE IN THIS HOUSE THAT IS
pech B ORI iEe O YQUNESOT | |\ MORE DEVASTATING AND THERE'S
EXPLOSIVE!!! '

FIRE, OF
COURSE!

_ )) WHAT Is

WHAT 15 757

BUT IF YOU
THINK THAT'S
A SCARY
IDEA...



R 4

IT DEVOURS EVEN THE HARDEST OF METALS!

OXYGEN!

I'LL NEVER
BREATHE
AGAIN!



CHEMISTRY
IS
ALL AROUND

uUs
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WHEN DID CHEMISTRY START?

WITH THE SMELTING
HISTORY of B oo Zd R, prEiNe METAL?

CHEMISTRY

COOKING?

COPPER + TIN
= BRONZ

M ele e o e

— o Q &E!) 7 ON J| e
TIME FOR THE

BRONZE AGE!

EARLY IN HUMAN HISTORY PEOPLE STARTED TO THEY DISTINGUISHED BASIC ELEMENTS
STUDY SUBSTANCES AND THEIR PROPERTIES. AND BASIC PROPERTIES.

WATER EVAPORATES | IN ESSENCE, IT IS MADE OUT OF - EVERYTHING EXISTS .
INTO STEAM, FREEZES)  UNCHANGERBLE )~ GUT OF ONE OR MORE T R
INTO ICE - YET ITIS PARTICLES! =) OF THESE fO‘UR A WHICH HAS NO
STILL THE SAME S AERTETRY FIRE PROPER;TI.
[]
SUBSTANCE! -Tomos = AND EVERYTHING -
POSSESSES AT

NON—CUTTHBLE

KANADA | inpia, DEMOCRITUS,
+5TH CENTURY B.C. GREECE

PRECIOUS METALS WERE DISCOVERED,
SUCH AS GOLD.

E A R S

THE SEARCH FOR THE RECIPE OF GOLD LED TO
ALCHEMY, THE PRECURSOR TO CHEMISTRY.

WANTHE | o O ] l MYSTS ) WILL ENABLE US NOT ONLY T
***_| OTHER, CHEAPER METALS! SCIENCE! [ ICISM! / MAKe GOLD, BUT ALSO THE

ELIXIR OF LIFE!

MAYBE WE CAN "CURE" BASE METﬂLS SUCH HS
LEAD, SO THEY BECOME PRECIOUS, LIKE GOLD!




MUSLIM SCHOLARS WERE THE FIRST TO
PRACTICE ALCHEMY IN A RATIONAL MANNER.

IN THE RENAISSANCE PERIOD AFTER THE
MIDDLE AGES, ALCHEMY MADE PROGRESS.

WORK IN A LABORATORY! RE | | PRACTICED| 1APPLIED | | WROTE |l STRESSED THE
WRITE EVERYTHING DOWN! } fIR *°%$§*?é’,%{§,8§ ALcHEMY | MYSELF TO | THE FIRST |IMPORTANCE OF
7 ABOUT IT'OR TO FIND CHEMISTRY | EXPERIMENTS!

ELSE EVERYONE
WILL STHR'I;

§ B AIGED
} CHEMISTRY

EUROPEAN ALCHEMISTS
12TH-15TH CENTURY

THANKS TO THIS MAN:
ANTOINE
LAVOISIER!

“wWHATA )
CURIOUS. |
PAINTING! |

B B5D |

\[ ALwAYS MF\ REFU '
MEP-SUREMENTS
/ T\ MY ‘FﬁMOUS Law

MINERALOGY!

MEDICINE! MANUAL:

TYROCINIUM
CHYMICUM
161

(CHEMISTRY™Y
FOR

PARACELSUS [
149351541
SWITZERLAND

1627-1691

IGLAND

14941555
IRELAND/EN

____GERMANY

\ (1 ALSO DISCOVERED THHT WATER
AND AIR ARE NOT ELEMENTS'

IN A CHEMICAL
REACTION,
MATTER IS

NEITHER

AND | DISPROVED
PHLOGISTON!

NOR
DESTROYED.

WAS SAID TO
EEXPLAIN EXPLOSIONS

HOT ISSUES IN THAT TIME WERE THE
DEBATES ABOUT VITALISM AND ATOMISM.

HND ALSO THE MATTER OF HOW MANY ELEMENTS
THERE ARE AND HOW TO ARRANGE THEM.

ORGANIC MATTER R L MATTER
CAN NOT COME FRO
NORGANIC MATTER! CONBISFS OF

Onl LITE el | JUST MADE
orth UREA IN MY

UFE MASTTERl LABORATORY! WITH UNIQUE

PROPERTIES!

ELEMEN
HAS ITS OWN ATOM Ji

IN 1869, 63 ELEMENTS WERE KNOWN, AND | ARRANGED }
THEM IN A TABLE BASED ON THEIR ATOMIC NEIGHT
THE PE I0DIC (rEE=s '

[N -

69.



THe PERIODIC TABLE

...CERTRAIN PROPERTIES
pEgmmT ) enrarenes )

ELEMENTS ACCORDING TO 1

THEIR ATOMIC WEIGHT.., RECURRING IN SO
CALLED PERIODS!

DID YOU KNOW

THIS WAS ONE OF THE ELEMENTS _ . THAT THE EARTH
THAT WAS NOT YET DISCOVERED IN ' — 15 ONE-T;IIRD
MY TIME - MY TABLE PREDICTED IT! DIMITRI IRON?

MENDELEEV
18341907
RUSSIA

23 24
V | Cr
VANADIUM | CHROMIUM |
L] 42
Ne | Mo
NIOBIUM  |MOLYBDENUM| TECHNETIUM | RUTHENIUM | RHODIUM
TS T4 75 76 77

Ta| W | Re| Os| Ir

TANTALUM | TUNGSTEN RHENIUM OSMIUM IRIDIUM
106 107 1 108, 4 1090 2
B| S| BH %s %T

DUBNIUM  ISEABORGIUM| BOHRIUM HASSIUM | MEITNERIUM

THESE ELEMENTS HAVE
NOT BEEN MADE YET!

BUT THEY'LL PROBABLY
EXIST BY THE TIME
YOU READ THIS!

ookl
ACTINI !:__; N

70. ACTINOIDS



Oops! THESE

95% OF THE HUMAN _ ARETHE
BODY IS MADE OUT OF NOBLE,
CARBON, NITROGEN GASES:
. AND OXYGEN! S Fff
ELEMENTS IN THE SAME VERTICAL
ROW ARE CALLED A GROUP AND SHARE
SIMILAR CHEMICAL PROPERTIES!
LIKE
COPPER,
SILVER & F
Co
COBALT KRYPTON
45 54
R Xe
RHODIUM | | XENON
77 86
lR: %N
IRIDIUM RADON
10 118
MEITNERIUM UNUNOCTIUM
94 OF THE KNOWN ELEMENTS
OCCUR NATURALLY ON EARTH!
THE OTHERS ARE MADE

ARTIFICIALLY IN
EXPERIMENTS WITH
RADIOACTIVITY:

SOME OF THEM EXIST ONLY
FOR A FRACTION OF A SECOND
BEFORE THEY DECAY INTO
OTHER ELEMENTS.
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IN THE TWENTIETH CENTURY, THE UNDERSTANDING OF
THE STRUCTURE OF ATOMS RAPIDLY INCREASED.

AN ATOM CONSISTS OF A THOSE ELECTRONS Hey! THE NUMBER OF PROTONS [ IN THE NUCLEUS
THE NUCLEUS DlCTBTES WE ALSO FIND

T PLACE OF AN ELEMENT NEUTRONS,

ON THE PERIODlC TABLE WITH NO

WITH NEGATIVELY
CHARGED ELECTRONS !

EIGH,T OF | ELECTRICAL
2 CHARGE!

'-leE NUCLEAR CHEMISTRY BIOCHEMISTRY ELECTROCHEMISTRY ENVIRONMENTAL CHEMISTRY

| SamEm ' errec

; DISCOVERY OF RADIO~ %'-Tl-‘ﬁﬂursﬁﬂ-rly ECTION%
HCTIWTY IN1896! ON THE BIOSPHERE

ClC =F =
BECQUEREL | MARIE & PIERRE CURIE| STUDIES THE EXAMINES THE RELATION- | AND MANY
1852-1905 - 4 | | STRUCTURE OF DNA, SHIP BETWEEN ELECTRICAL |
TRANCE |'PoLaNd - FRANCE | | . AMONG OTHERS. AND CHEMICAL PROCESSES. | OIRERS:




TO MAKE
A QUICK
SUMMARY...



T4,

CHEMISTRY IS: THE ART OF

PLAYING
AROUND WITH
SUBSTANCES!

LAVOISIER

18TH CENTURY

THE MEANING OF 'ELEMENT’
HAS SHIFTED OVER TIME!

ELEMENTS

o %

SINGLE
SUBSTANCE

~ WE DISCOVERED
MOLECULES !

{ AND HOW THEY ARE MADE OUT
OF DIFFERENT ATOMS !

AND WHAT DO SUBSTANCES CONSIST OF?

WE USED TO THINK IT WAS FOUR
ELEMENTS:
FIRE, WATER,
AIR AND
EARTH!

ANCIENT GREEKS
CENTURIES B.C.

EVERY ELEMENT
HAS ITS OWN
SPECIFIC ATOM !

IT IS NOW: A SUBSTANCE CON- \
SISTING OF ONE KIND OF ATOM!

‘;P‘
,Q H,0

(WATER)

COMPOUND
SUBSTANCE



ABOUT A CENTURY AGO, WE DISCOVERED THAT ATOMS THEMSELVES CONSIST
OF EVEN SMALLER PARTS: ELECTRONS, PROTONS AND NEUTRONS!

THIS IS AN
x OXYGEN
NUMBER 8 ON THE PERIODIC TABLE, ATOM

SO IT HAS 8 PROTONS IN THE NUCLEUS #
AND THEREFORE ATOMIC NUMBER 8.

ﬂm :
OF THE NUCLEUS DETERMINE RUTHERFORD

THEﬂiRngEp}lg\ﬁ? OF EARLY 20TH CENTURY
y !

ELECTRONS ARE NEGATIVELY
CHARGED PARTICLES THAT
ROTATE AROUND THE NUCLEUS!

THE NUCLEUS
CONTAINS

POSITIVELY CHARGED

PROTONS...

..AND NEUTRONS, THAT
HAVE NO ELECTRICAL
CHARGE - USUALLY THERE
ARE AS MANY NEUTRONS
AS THERE ARE PROTONS.

THERE ARE AS MANY
ELECTRONS
AS THERE ARE PROTONS!

YES,
MAKE THINGS EVEN
MORE COMPLEX,

WHY DON'T YOU®!

PLAYING AROUND WITH ELECTRONS,
PROTONS AND NEUTRONS IS
STRICTLY SPEAKING NOT CALLED
CHEMISTRY, BUT PARTICLE PHYSICS!




STUFF ANYWAY? ATOMS BY ANALYZING THE BEHAVIOR

ARE TOO SMALL TO BE SEEN! OF SUBSTANCES IN
CHEMICAL PROCESSES!

EXPERIMENT,
) OBSERVATION
AND LOGIC!

WE HAVE ALSO LEARNED A LOT ABOUT THE STRUCTURE |
OF ATOMS BY BOMBARDING THEM WITH SMALLER PARTICLES
AND SEEING HOW THEY ARE DEFLECTED - OR NOT.

HOW DO WE KNOW ALL -rum-) BY INDIRECT OBSERVATION!

BY NOW,
WE CAN SEE

ELECTRON
MICROSCOPE. =

FOR INSTANCE,

BOMBARDING? WITH AN

FIRE AWAY
AND SEE WHAT
HAPPENS!

LIKE A MONKEY POKING MONKEY WITH A TECHNO-
AROUND WITH A STICK! LOGICALLY ADVANCED STICK!

—

THAT SOUNDS A BIT j YES, BUT A VERY SMART




MRS.
SCIENTIST

WHAT A
REMARKABLE
PAINTING!
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~.__
IT IS CALLED: BUT LOOK AT THAT COMPOSITION! )

ANTOINE LAVOISIER
AND HIS WIFE!

PAINTED IN 1788 BY JACQUES-LOUIS DAVID

r S
SHE IS THE ONE WHO IS
DEPICTED IN THE CENTER,

IN A GORGEOUS DRESS,
CATCHING THE LIGHT...

..WHILE HE IS ONLY PARTIALLY
DEPICTED, IN DARK CLOTHES,
LITERALLY IN HER SHADOW!

AND LOOK AT THE WAY HE
LOOKS UP AT HER!
WITH SUCH SERVILE

ANTICIPATION! |




THAT COMPOSITION i THIS PAINTING SAYS: IT IS NOT HE, BUT SHE WHO IS
CAN'T BE ACCIDENTAL! THE BRILLIANT SCIENTIST OF THE TWO!

The Lavoisiers commissioned
this painting themselves!

2\

MARIE LAVOISIER WAS A VERY INTELLIGENT WOMM ...AND SHE ASSISTED HER HUSBAND
SHE TRANSLATED BOOKS ABOUT CHEMISTRY AND b IN HIS LABORATORY!
TR : i,

ANNOTATED THEM, SHE CORRESPONDED WITH
OTHER SCIENTISTS...

\Y%

LOOK! THIS IS =
A DRAWING
SHE MADE!

)

IT MIGHT MAKE YOU WONDENHOW MANY WOMEN HAVE MADE

BRILLIANT,
IN SCIé.NCE! JL WITHOUT IT EVER BEIN

BUT

RECORDED IN HISTORY? INVISIBLE?




FROM ANTIQUITY, A FEW NAMES OF FEMALE SCIENTISTS HAVE SURVIVED.

) | WAS CHIEF | WAS THE WIFE OF | WAS AN ALCHEMIST | WAS HEAD OF THE PLATONIST
E PHYSICIAN Nl PYTHOSORAS, AND A AND INVENTED THE SCHOOL IN ALEXANDRIA!
L) ANcleN M AT BAIN MARIE! 2
- THE GRADUA | TAUGHT
% ap HEATING OF  MATHEMATICS,
BEFORE THE Ptt=® . SUBSTANCES PHILOSOPHY
PYRAMIDS = 2l PUTTING i
WERE BUILT! = OF WATER AND ASTRONOMY!
- e s i BOILING IT! s :
2 o
MERITH PTAH THEANO MARY THE PROPHETESS | —|HYPATIA OF ALEXANDRIA
+27008.C. 6TH CENTURY B.C. BETWEEN 1ST AND ?gs: CENTURY +350- 415

EGYPT GREECE SYRIA (¢ EGYPT

IN THE MIDDLE AGES, SCHOLARLY WOMEN FOUND THEIR PLHCE IN MONASTERIES.

WITH POPES AND ggggggbﬂgaTT&ﬂOEMénEWEmgT RS Mkt
WIDELY RESPECTED! | NOT ’N‘ELCOME HERE...

AMONG OTHERS
OF THIS BOOK
ABOUT PHYSICS:

. PRYSICA T

=
e oy

et

-

HILDEGARD OF BINGEN
1098 - 1179
GERMANY

THE SIXTEENTH AND SEVENTEENTH CENTURIES saw THE SCIENTIFIC REVOLUTION
WOMEN HAD LITTLE OPPORTUNITY TO BE PART OF IT, BUT THERE WERE A FEW NONETHELESS.,

TO STUDY, THAT IS,
NOT TO TEH(EH
OF COUR!

IT HELPS IF YOU'RE OR IF YOU HAVE A FATHER | OR IF YOU LIVE | | OR IF YOU GET A CHANCE |
AN ARISTOCRAT, WHO'S A TEACHER, LIKE | DID! | GERMANY, WHERE | | TO TRAVEL TO SURINAM,
LIKE ME! AND A HUSBAND WHO SHARES OF ALL gsmonop’ggs i LIKE | DID!
YOUR INTERESTS! WERE WOMEN!

N, |PHILOSOPHER OF SCIENCE

2.9
4 ENTOMOLOGIST "
»| & ILLUSTRATOR :

MHRGHRET CHVENDISH
ENGLHND

MHRIH SIBYLLH MERIBN ]
GERMHNY




IN THE EIGHTEENTH CENTURY, MANY WERE INSPIRED BY NEWTON'S DISCOVERIES.

| TRANSLATED NEWTON'S ‘DU | TAUGHT NEWTON'S | DISCOVERED TEN NEW
WORKS INTO FRENCH! J CHATELET NEW PHYSICS AT THE HEAVENLY BODIES WITH
—Lr IS A GREAT UNIVERSITY OF THE TELESCOPE NEWTON
hia B MAN WHOSE BOLOGNA!

INVENTED!
| ONLY FAULT

IS BEING A

AND THEREFORE
I'M THE WORLD'S
FIRST FEMALE
PROFESSOR!

émue DU CHﬁTELET ﬁURH Bass|

i ] CAROLINE HERSCHEL
FRHNCE f ITHLY

GERMANY/ENGLAND
IN THE NINETEENTH CENTURY, NEW AREAS OPENED UP - ALSO TO A FEW WOMEN.

IQLMﬁGNETlst. PALEONTOLOGY! ) ((COMPUTER SCIENCE! ) NAUTICAL | (" sTATISTICS! E

: e ASTRONOMY!
' FIRST COMPUTER. T EXISTED
PROGRAMMER: ALREADY, BUT NOW
U MUCH FINER
INSTRUMENTS
ARE AVAILABLE!
=W -
| USED STATISTICS @
TO REFORM THE
BRITISH HEAL
: S ! - s : CARE SYSTEM! :
_ﬁDﬁ LOVELACE | MARIA MITCHELL 'FLORENCE NIGHTlNGﬂLE
1815-1852 18181889
ENGLAND AMERICA ENGLHND

THANKS TO THE WOMEN'S LIBERATION MOVEMENT IN THE TWENTIETH CENTURY,
WOMEN STARTED TO PARTICIPATE MORE IN MANY FIELDS OF SCIENTIFIC RESEARCH.
| WAS THE FIRST WOMAN TO | WAS THE FIRST

WE GOT ONE IN 2009! ™
MERICAN WO o]
WIN A NOBEL PRIZE! GET ONE. IN W!H{

» SINCE THEN, TWELVE
MORE WOMEN N
SCIENCE RECEIVED
A NOBEL PRIZE -
THE MOST —
RECENT RECIPIENTS
(AT THE TIME OF
MAKING THIS BOOK)

MARIE CURIE nuame1 ésg;.l?;'é—é:ume GERTY CORI

1867-1934 1896 -1957
_ POLAND/FRANCE . FRANCE AMERICA




WOMEN IN SCIENCE HAD TO h_§
HOLD THEIR OWN IN A MEN S

LIKE BIOPHYSICIST ROSALIND FRANKLIN (1920-1958) !

WORLD! THEY WERE OFTEN COME GIRLIE, GIVE US " | THE THREE MEN
DISCRIMINATED AGAINST YOUR PHOTOGRAPHS! L SToUaer ||| RECEIVED A NOBEL PRIZE
AND UNDERVALUED! Dgggmwgglgg; 1983

IT'S
LIKE YOU UNDER-
STAND WHAT
ON THEM ANYWAY.

ROSALIND HAD DIED FROM
CANCER FOUR YEARS BEFORE.

IT WASN'T JUST WOMEN WHO
HAD TO STRUGGLE! MANY MALE
SCIENTISTS ARE ALSO UNFAIRLY
FORGOTTEN AND DISREGARDED!

LIKE THE }
FRENCHMAN |
ALEXANDRE-EMILE |

| ORGANIZED
THE CHEMICAL ELEMENTS
IN THIS SPIRAL MODEL!

| Eam —

BEGUYER DE
UNFORTUNATELY THE ¢
R ey ILLUSTRATION WAS NOT |
, PRI WITH MY PUBLICATION
WHO INVENTED A 2,50 NOBODY REALLY
PERIODIC TABLE UNDERSTOOD IT...
YEARS BEFORE |
MENDELEEV
BECAME - ? " i PLLB ' a GEOLW'ST
FAMOUS FOR IT. G i %

HEY MARCONI' THE WIRELESS
RADIO IS MY INVENTION il

HEY EDISON! WEREN'T YOU GOING TO
PAY ME $50.000 FOR IMPROVING
YOUR ELECTRICAL SYSTEM?

.{ m’:"} 8 B[

JUST JOKING! YOU DON'T Y T0O BﬁD' 4]
UNDERSTAND OU : -~ .
AMERICAN HUMOR! L ~ PROVE IT! |

His ideas about
ALTERNATING CURRENT |
are much better than

about
DIRECT CLRRENT !




( THE MOST POIGNANT STORY IS PERHAPS THAT OF GIDEON MANTELL (1790-1852) j

( i,

MANTELL WAS A
{ BRITISH DOCTOR,
GEOLOGIST AND
PALEONTOLOGIST.
HE DISCOVERED

THE FIRST

DINOSAUR.

THESE FOSSIL TEETH DON'T BELONG TO ANY
ANIMAL WE KNOW - IT MUST HAVE BEEN SOME

KIND OF GIANT REPTILE !
No way! Th 1
bdongktfgysomeezl.nd Or a RHINO!

) of FISH! y  Hmmm.

(WHICH HE CALLED
IGUANODON.) '

25 Q2 - )

| 1

SWES Y ICr )

- " | PROMINENT GEOLOGISTS ||
HE COMMITTED SUICIDE IN 1852,

AND | GAVE DINO?&URS
THEIR NAME 11!

4

IN HIS EAGERNESS TO GET IN 1841 HE HAD
RECOGNITION FOR HIS DISCOVERY, HE AN ACCIDENT THAT
WENT INTO HUGE AMOUNTS OF DEBT. | SHATTERED HIS SPINE.

I'™M AND |
OFTOSSILS g HARASSING MET

AND -

MY | WANT -
WITE TO CLAIM HIS

DI
%

UNSOLD
BOOKS

Vv
YOUD THINK THAT THE PRACTICE -
OF SCIENCE IS PURELY RATIONAL, WELL, IT'S STILL A HUMAN E“DE“VC'RD
OBJECTIVE AND LOGICAL -

IN OTHER WORDS: FAIR!

...A FIELD FULL OF EGOS
JEALOUSY, POWER GAMES,
RIVALRY, ACCIDENTS
AND JUST BAD LUCK !

L N



THERE ARE SO MANY MORE COMPELLING HERE ARE A FEW INTERESTING
STORIES TO TELL ABOUT THE WOMEN FACTS TO UNRAVEL

IN THIS CHAPTER! f : "% YOURSELF!
. THERE'S NO SPACE
kTO DO THAT, BUT...

/—”_’/\f SHE WAS MURDERED I

BY A MOB OF
SHE WAS FOUR FEET TALL & ANGRY CITIZENS.
LIVED TO THE AGE OF 78.

SHE WROTE ONE OF THE
FIRST SCIENCE FICTION
NOVELS, IN 1668.

<9

ADA LOVELACE
MATHEMATICIAN

SHE WAS HIT BY
LIGHTNING WHEN SHE
WAS A TODDLER.

SHE GREW UP IN A
orSENOSTIE | o Commniry.
FAMOUS POET T
LORD BYRON.

FLORENCE NIGHTINGALE
PHYSICIAN

MARIA MITCHELL
ASTRONOMER

N - :-']-_- L [sHe witnesseD THE HORRORS
CAROLINE HERSCHEL
ASTRONOMER

OF THE CRIMEAN WAR.

e

MARY ANNING
PALEONTOLOGIST




THE
RENAISSANCE




OKAY, LET'S PICK UP THE THREAD THE M THE LINE WERE FOLLowING!)
AT THE RENAISSANCE, AT THE THREAD OF
END OF THE IS THERE A LINE
IN THIS BOOK?
.

MIDDLE AGES!

THE BOOK!

THAT DEVELOPED AT THAT TIME,

WE'RE TRAVELING THROUGH HISTORY!
AND AT EACH EPOCH | MAKE A LITTLE
EXCURSION TO A BRANCH OF SCIENCE
OR WENT THROUGH SIGNIFICHNT CHANGES!

EXPLAINING IT NOW!

WELL, IT'S A GOOD
THING YOU'RE

MODERN

SCIENCE
1900 - 2000 5=




e wv: LEONARDO pa VINCI “257 )

RENAISSANCE THIS TIME EXPERIENCED THE REBIRTH
MEANS OF THE KNOWLEDGE OF ANTIQUITY
REBIRTH! IN THE ARTS AND SCIENCES!

\E ;o) A
| MASTERED THEM ALL
AND ADDED MY OWN
CREATIVE TALENT TO THEM!

HE MAKES SUCH
DETAILED
ANATOMICAL
DRAWINGS... LOOKS LIKE
A — . WITCHERY!

LOOK, HE MADE A CART THAT

HOD“ljlj' RIDES BY ITSELF!
PER
SECOND?

IT GOES 36 YARDS!

NO, HIS TALENT IS )
OBVIOUSLY :
\_GOD-GIVEN.. gy HE HAS

TO STOP DOING
ANATOMY!

\ ( @RrOBOT!

SO CLEVER!

= 9
PR

-

\P“ \i I:h'

A GIANT
CROSSBOW!



SO WHO COULD

| AM

BE BETTER AT
SUCHA MAKING A COMIC
TALENTED ABOUT ME THAN
GEN‘US' . MYSELF?
..Ewm lhoogh |'ve been
dead for*500 years!

WHEN | WAS YOUNG, |
DISCOVERED A DARK CAVE...

| WAS TERRIFIED, BUT AT THE SAME
TIME OBSESSED WITH AN
UNCONTROLLABLE CURIOSITY!

WATCH CLOSELY!
OBSERVE METICULOUSLY AND DESCRIBE
PRECISELY WHAT YOU SEE!

| CONSIDER THIS CURIOSITY AS THE
BASIS OF ALL SCIENCE:
CURIOSITY AND OBSERVATION!




( USING THIS METHOD, | STUDIED PRACTICALLY EVERYTHING | CAME ACROSS! )
f e \[l | ANALYZED BIRDS IN
7 |
A,

| DISSECTED BODIES TO FLIGHT AND EVEN BUILT <S4 7
SEE HOW HUMANS . FLYING MACHINES. X 7
FUNCTION ON THE INSIDE. ST ——— -

AND MEANWHILE, | EARNED MY KEEP BY BEING
EMPLOYED BY RICH, POWERFUL PEOPLE!

L e

YES,| (,  CRAFTY |

| MADE DRAWINGS
OF EVERYTHING!

BEEN BETTER SUITED TO THE NINETEENTH OR
: TWENTIETH CENTURY... _BUT IMNOT

SO SURE.

89.
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IN MY TIME, | COULD PURSUE ALL KINDS
OF INTERESTS AND DISCIPLINES, ALL
AT MY OWN

PACE... Gl

...IN YOUR MODERN TIME YOU'RE ONLY
CONSIDERED A SCIENTIST IF YOU
STICK TO ONE SUBJECT!

ARTIST, SMELLS LIKE
INVENTOR A CONFLICT OF
AND SCIENTIST? INTEREST!

A Or insanity even!

| COULD DABBLE N ALL SORTS OF
THINGS AND TAKE TIME TO INVENT

A MODERN SCIENTIST IS EXPECTED TO
FREQUENTLY PUBLISH IN RENOWNED

AND EXPERIMENT... SCIENCE MAGAZINES!
Y SOME COMMISSIONS IS IT SUFFICIENTLY
e I TOOK ME YEARS! OR 16 YOUR BIRTICLE CONTROVERSIAL?
2 I DIDN'T FINISH \, FINISHED YET™ ABOUT A
THEM AT ALL! ) % HOT TOPIC,

| HOPE?

BUT LEONARDO - DON'T YOU THINK YOUR Y|
TALENTS AND PROGRESSIVE IDEAS WOULD BE APPRECIATED: )

MUCH MORE APPRECIATED IN OUR TIME?




IN MY TIME | WAS FINANCIALLY \J
DEPENDENT ON THE MONEY AND

INTEREST OF THOSE IN POWER... _J-_\

SCIENCE IS DRIVEN BY
POWER INTERESTS!

)

DO YOU KNOW HOW
MANY WAR MACHINES
| WAS ORDERED
TO INVENT ¢

THAT'S NO
DIFFERENT IN
YOUR TIME!

BY PEOPLE WHO
WANT WEAPONS

AND MONEY

AND GADGETS!

Qaecmlc CARS! MUCH BETTER

FOR THE ENVIRONMENT!
| ORWEWON'T
NOTNOW:  NaKe oUR MONEY
\ ON OIL ANYMORE!

BUSINESS PEOPLE

UCLEAR POWER! THERE'S SO MUCH
WE COULD DO WITH THAT!

A

SCIENTISTS POLITICIANS

YOU'D BETTER BEFORE THE
START BY MAKING ENEMY INVENTS
A BOMB! ONE! X

-

YOU CAN'T STOP SCIENTIFIC PROGRESS.
HUMAN CURIOSITY SIMPLY WON'T BE CONTAINED...

NOT TO MENTION
HUMAN GREED AND
HUNGER FOR POWER!

| LEARNED THAT WHEN
| WAS STILL A CHILD.




o

..BUT SOMETIMEN -IF THAT 'FEEUNN ...WASN'T A MUCH MORE

| WONDER... ' OF TERROR...J‘L SENSIBLE INSTINCT?

~




THE
SCIENTIFIC
REVOLUTION
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THE SCIENTIFIC DEVELOPMENTS THAT TOOK PLACE IN WESTERN EUROPE
IN THE SIXTEENTH, SEVENTEENTH AND EIGHTEENTH CENTURY ARE CALLED

THE SCIENTIFIC REVOLUTION !
- IT WAS AN \

EXPLOSION OF
NEW IDEAS AND
INVENTIONS!

™

~ HUMANISM
( Man is most

imporiant )

INCREASINGLY
BETTER INSTRUMENTS

NEW?
NOT REALLY!

_

HLL OF THESE IDEAS WERE \
\ ALREADY IN EXISTENCE...

T =S e W DN TN i,
BUT AT THIS TIME THEY STARTED TO GAIN
GROUND ON PREVAILING BELIEFS, ESPECIALLY

BELIEFS BASED ON IDEAS BY ARISTOTLE.

“ MODERN PHILOSOPHERS OF SCIENCE



IDEAS OF
ARISTOTLE NEW IDEAS

~ 2 o 4THCENTURY B.C. IN THE 16 TH, 17TH AND 18 TH CENTURY

ALL EARTHLY SUBSTANCES ARE MADE OUT OF

FOUR ELEMENTS.
IS MADE OF ETHER! r
= & o

ALL MATTER consisTs OF ATOMS.
THAT'S WHAT | EXPANDED

| SAID IN THE THIS I?gﬂ
4TH CENTURT
B.C. ALREADY CENTURY

MOTION S CAUSED BY
OBJECTS EXERTING FORCES ON EACH OTHER.

ANATOMY: THE BODY IS SUSTAINED BY

ANATOMY: THE BODY CONTAINS FOUR

TYPES OF BODILY FLUID. 3{_000 CIRCULATION.
s GALEN'S S
WORK ; | DEMONSTRATE }
IS FAULTY! THIS BY EXTENSIVE
W ANATOMICAL
NESAIUS RESEHRCH

NEW MOVEMENTS
IN'THE 16TH, 17TH AND 18TH CENTURY

; AND THE CHURCH OF MAN IS THE ) THE ROMAN
2 ROME REPRESENTS MEASURE OF e CHURCH ABUSES
HIM ON EARTH! ALL THINGS 8 ITS POWER!

THE CHURCH HOLDS ALL POWER " REFORMATION



ONE OF THE MOST IMPORTANT NAMES OF THE SCIENTIFIC REVOLUTION IS THAT O‘F)
GALILEO GALILEI usex-1642, irawn J ISN'T THAT THE GUY WHO ]

DISCOVERED THAT THE
EARTH REVOLVES AROUND
THE SUN?

AND WHO GOT INTO
A FIGHT WITH THE

CHURCH OVER THIS?
<{ KIND OF, YES. )

Q HERE'S GALILEO'S STORY: )

GALILEO WAS A PROFESSOR | [ONE DAY HE FOUND A TELESCOPE
OF ASTRONOMY AT THE AT A STREET MARKET.
UNIVERSITY OF PADUA, ;

ITALY. MADE IN HOLLAND - A CHILD'S TOY,

BUT | CAN MODIFY AND IMPROVE IT!

GALILEO WAS
ACTUALLY NOT
THE ONE TO
DISCOVER THE
EARTH REVOLVES
AROUND THE SUN
- THIS IDEA WAS
PUBLISHED IN A
BOOK BY
COPERNICUS, IR/ %

IN1543... > { 21YEARS BEFORE

W/ GALILEO
copenmcus
wAS RIGHT'

- WAS BORN!

CAN'T POSSIBLY BE L
RIGHT YOU HEAR?! )}

YOU CAN NO LONGER PUBLICLY
DEFENDTHAT THEORY!

JESUITS
ORDER OF MONKS
WHO HELD POWER AND
LED THE INQUISITION

6.



GALILEO LAY LOW UNTIL A NEW [ IN1632GALILEO'S BOOK 'DIALOGUE CONCERNING THE S

POPE WAS ELECTED. THIS ONE TWO CHIEF WORLD SYSTEMS' WAS PUBLISHED.
WAS A FRIEND OF HIS. . : ——
i = 3 GOOD THAT YOU CHANGED  \.
! WRITE & BOOK ABOUT Ea:'ﬁchﬁnﬁug" ( THE TITLE ON MY ADVICE! ).
] >  THAT NEW IDEA! | Ot s : — - —

. D3 _ | ENEMIES OF THE |
NOT AS THE : - - POPE AND GALILEO

Jurean vIILY,  TRUTH: ' R TNy N THE vATIcAN}

DID YOUREALLY READ IT? N | |  IN1633GALILEO HAD TO DEFEND HIMSELF
HE MAKES FUN OF YOU! | | AT ACOMMITTEE OF THE INQUISITION.
FESTEE M umaene | ooy IRE ot guoon
*SIMPLICIO"... _ i \x THESE ||)Eﬁ5l BOOK! SET
: n 1 WON'T k s +  FOR LIFE!
SIMPLETON'! RISK MY v % of: / 7
C { ﬁ

GALILEO REMAINED UNDER HOUSE ARREST IT TOOK UNTIL 1992 BEFORE THE CHURCH OFFICIALLY
UNTIL HIS DEATH IN 1642, AGED 77. APOLOGIZED FOR GALILEQ'S TREATMENT.

BUT | WAS TOTALLY WILLINGda & IT'S NOT i THE M El
TO COLLABORATE FAIR! e ' HEOF'(?HDLLIEEONSGER
WITH THE CHURCH! N4 = " RIGHT HAND

WAS PRESERVED
AND DISPLAYED AS
A RELIC IN THE
18TH CENTURY.

IT CAN STILL BE SEEN
IN THE GALILEO MUSEUM
IN FLORENCE.
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SINCE THAT TIME, THERE HAS BEEN A RIFT BETWEEN SCIENCE AND RELIGION.

EVERYTHING IN THE BIBLE
IS LITERALLY TRUE!

THE FACTS
SAY OTHERWISE!

THE WORLD
WAS CREATED |
IN SEVEN DAYS!

=

/- ORIGINATED AT
€/  THE BIG BANG!

) - .
_3- ~ 13.7 BILLION
NI YEARS AGO!

MAN HAS EVOLVED
£ FROM MONKEYS!

D | SCIENTIFICALLY, SIMPLY
= | DONOT EXIST!

EVERYTHING 4 -y | - AND NOTHING MORE!
IS SPIRIT! = . / 2" 5

AND
INTER-
CONNECTED!

T

MAN IS &)
THE CROWN | &%
OF GOD'S, @
CREATION! .
THERE'S MORE BETWEEN
HEAVEN AND EARTH! |

-



KEEP BOTHERING EACH OTHER
FAILED MARRIAGE. FOR YEARS AFTER,
EACH TRYING TO OUT-ARGUE
THE OTHER.

SOMETIMES IT'S
JTJEsTrT,KE a ) ..IN WHICH BOTH PARTIES

UNBELIEVABLE IRRATIONAL
JERK!




Bew o >
TELL ME: WHAT EXACTLY HAPPENED BETWEEN YOU TWO?
RELATIONSHIP
BETWEEN
&
2. A LONG TIME AGO... WELL X | THINK, WHEN YOU LOOK CLOSE,
- THAT IT'S THE EARTH
THAT REVOLVES
SEE THE SUN, MOON AND STARS ,
THAT? ALL REVOLVE AROUND US! AROUND THE SUN -

LOOK AT THESE| j | DON'T CARE IF IT'S REAL OKAY = THE EARTH IS THE
CALCULATIONS OR NOT, YOU SHOULD JUST CENTER. HAVE IT YOUR WAY.
i's real! HLWBYS CONCUR WITH ME!
/ V ha.s creafed a
- o.n His

power on earth
is vested in
Church!

the




BUT... 9™ ARE YOU AND YOUR
WHAT?. LITTLE FRIENDS

LET HER BE!
WHO WANTS TO BE WITH

EARTH REALLY DOES PLOTTING AGAINST 0
REVOLVE AROUND THE ME?! WE'RE oo i o
SUN! WE CAN'T DENY IT Mol A

ANY LONGER!

With e
A E]
J £ f ’ ! ‘

WHAT DO YOU WANT WITH SUCH A COLD ] SHE'S RIGID, STUBBORN AND DOMINANT!

RATIONALIST? HE HAS NO BELIEFS OR SHE DOESN'T WANT TO ADMIT SHE WAS

VALUES! HE THINKS HE IS THE MEASURE WRONG, AND SHE BELIEVES IN SILLY STUFF!
OF ALL THINGS! ! "

One day she will v
have toadmit
the earth

isn't
flat!

SUPERFICIAL
KNOW=-IT-ALL!

ARROGANT
WITCH!



THE AGE OF THE EARTH AND HUMANS HAVE EVOLVED
IS 4.6 BILLION YEARS' |\FROM MONKEYS, DID YOU KNOW?,

THE WORLD IS REALLY OUR RATIONALITY MAKES US
A BIG MACHINE! MASTERS OF CREATION!

Cool and LOOK AT ALL THIS
| 5 ¥
o i %ffe"* objectie! /Q’ROGRESS 'J

WHOOPS! QUANTUM THEORY SUGGESTS THAT THE EARTH IS NOT A MACHINE
(REﬁLlTY IS MUCH MORE COMPLEX THAN WE THOUGH) L IT'S A LIVING ORGANISM ! E

We aren't objective \|Not everything can . Oor actions | Maybe we should think
ers an \ Pl‘ed‘ctg Evefgﬂnm d' have . Vabouf our re. Si.bl'.u.fg
" consequences! as osf that.




HER PRESUMPTIONS ABOUT LIFE CAN'T BE
PROVEN, BUT THEY DO GIVE HER VALUES
THAT WE SCIENTISTS MIGHT NEED AS WELL.

| WANT TO PROPAGATE A SPIRIT OF

| HAVE BEEN ARROGANT. | NO LONGER
WANT TO IMPOSE MY WILL ON OTHERS.
OPENNESS, DIALOGUE AND UNDERSTANDING.

Q)

AFTER ALL, WE DO LIVE TOGETHER
ON THIS FRAGILE PLANET FOR WHICH
ALL OF US ARE RESPONSIBLE!

MAYBE THERE ARE STILL SOME
THINGS WE HAVE IN COMMON!

WED LIKE TO GIVE IT Y NOT INTHE \/~  BUT IN THE WAY WE WERE INTENDED:
ANOTHER TRY! OLD WAY ENJOYING AND ADMIRING LIFE TOGETHER!

Isn't everything wondrous? , .
So diverse Cl.l’lsd complex! And we're p?:fl'{ Lfi

special?




| THINK THIS RIFT HAS BEEN GREATLY EXAGGERATED -
EMBELLISHED BY PRESS, POLITICIANS AND A FEW FUNDAMENTALISTS.
IN REALITY, SCIENCE AND RELIGION CAN CO-EXIST JUST FINE.

»

ESPECIALLY WHEN YOU DEFINE 8% AND SCIENCE AS AN
RELIGION AS AN INDIVIDUAL'S S EXPRESSION OF THE CURIOSITY

SPIRITUAL PBTH OF THE HUMAN SPIRIT

SCIENCE PROVES THAT
THERE IS NO GOD!

BIBLE COMMENTATORS HAVE TREATED
THE BOOK AS LITERARY, MYSTIC
TEXTS SINCE THE FIRST CENTURY!

NOT AS A
HISTORY BOOK!
IF YOU SEE IT AS
LITERAL, YOU
ARE SELLING
IT SHORT!

SCIENTIFIC RESEARCH
LIMITS ITSELF TO

PHYSICAL REALITY!

SPIRITUALITY
IS SOMETHING
DIFFERENT!

AND | BELIEVE )
IN EVOLUTION! /

'MA
PHYSICIST!

7 AND | GO TO
CHURCH!

| LIKE TO READ | LIKE TO MEDITATE
SCIENTIFIC ARTICLES WHEN I'M STUCK IN
TO MARVEL AT

A SCIENTIFIC

CREATION! PROBLEM!

( EVERYTHING IS
SO WONDROUS!
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WHEN DID ASTRONOMY START?

HISTORY OF WHEN WE FIRST LOOKED ~WHEN WE STARTED  WHEN WE STARTED TO
ASTRONOMY UP.TO THE NIGHT SKY?- .. TO SEE PATTERNS? MAKE PREDICTIONS?.

Lighs! e E’ts'eh{hm £ e
975" I saw that one . 0 GraSN CURTISEES Laeug make
Bk - last night too!- SlreaHon] And fo w&onsf
: SR " measure time!
- R A r

X 4
3 &

ASTRONOMY WAS THE ANCIENT GREEKS IN THE SECOND CENTURY A.D. PTOLEMY SUMMARIZED
PRACTISED EVERYWHERE WERE THE ONES WHO THE ASTRONOMICAL KNOWLEDGE OF THE ANCIENT
IN ANCIENT TIMES. NAMED THE ZODIAC. GREEKS IN HIS BOOK 'ALMAGEST'.

and applied in stuctures EARTH IS FIXED
> \ IN THE CENTER OF
THE UNIVERSE!

: . ’ EVERYTHING RE-
pyramids. o . VOLVES AROUND IT!

like
:Stonehenge and the

SN FOR AGES, ASTRONOMY AND | €= 06 OF
ASTROLOGY WENT TOGETHER f CATALOG tF
in HAND IN Hﬁﬂg? § THESTAR®

IN THE MIDDLE AGES MUSLIM SCHOLARS EXPANDED ON THE WORK OF PTOLE

p—

I'M KNOWN PRIMARILY | IN 833 | WROTE THIS | HAD MY | BUILT THE OBSERVATORY I EETHT Ui T
AS A MATHEMATICIAN - | BOOK WHICH WAS OF MARAGHEH - THE MOST |#] bt viith
the i

ASTRONOMY USED TO | A STANDARD WORK OR ADVANCED OF ITS TIME!

BE MOSTLY MATH! FOR CENTURIES!
= .50 7
L\ / | WROTE r//-\ )
25N THIS N 7 4‘%)
I\ 1025 e
: . S

~— . )\‘_ IN 1259

ed eye!

1] ONCERWNG
stronowy §ENE N ".C PTOEN
AL-KHWARIZMI =
KHWORI: AL-FARGHANI

BAGHDAD TH SETURY 965-11040




IN THE 16 TH AND 17TH CENTURY, NEW ASTRONOMICAL INSIGHTS CAUSED A REVOLUTIONARY 1
NEW WORLDVIEW: EARTH REVOLVES AROUND THE SUN, NOT THE OTHER WAY AROUND!

| STUDIED THE SUPERNOVA | | USED BRAHE'S MANY | DEFENDED THE
e e . ,;”fg;g'*j THAT SUDDENLY APPEARED | OBSERVATIONS To DERIVE | New ipens N e JSHLT
UP LR

IN 1572! IT CONFIRMED 3 LAWS ON THE MOTIONS CHURCH, BUT:
COPERNICUS’ IDEAS FOR ME! | OF THE STARS!

lengsscc%gfsnmcus TYCHO BRAKE JOHANNES KEPLER GALILEO GALILEI
DENMARK GERMANY TALY
THE INVENTION OF THE TELESCOPE LED TO ISAAC NEWTON WAS THE FIRST TO BRING
MORE OBSERVATIONS THAN EVER BEFORE! TOGETHER ASTRONOMY AND PHYSICS.
THE MILKY WAY CONSISTS SATURN HAS RINGS! OBJECTS ON EARTH AND IN THE HEAVENS :
OF COUNTLESS STARS! A\ AND A MOON! el ALL OBEY THE SAME LAWS! the first

LIKE THE LAW
OF GRAVITY!

e ] CHRISTIAAN HUIJGENS ISAAC NEWTON
GALILEO 1629 -1695 1642 -172.

ITALY, 1610 " THE NETHERLANDS \ | ENGLHND

DISCOVERY \ A WHOLE LOT OF ASTERQIDS DISCOVERY INVENTION OF ASTRONOMY BECAME WIDELY POPULAR:
OF URANUS! ) BETWEEN MARS AND JUPITER! ) oF NePTUNE! Bl SPECTROSCOPY ASTRONOMICAL SOCIETIES WERE
TFOUNDED AND SPECIAL

EXPEDITIONS WERE ORGANIZED.
NOW WE CAN ANALYZE THE
LIGHT SPECTRUM OF THE SUN
TO SEE WHAT CHEMICA
ELEMENTS IT CONTAINS!

WE'RE GOING
TO HONOLULU
TO SEE THE

= WE ALL SHARE OUR
BOLRECLIPSE. OBSERVATIONS!

» 1874

RYED:
L




THE RAPIDLY IMPROVING TECHNOLOGY OF THE 20TH CENTURY POSED NEW QUESTIONS:
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RﬂDlo-aSTRONOMY INFRARED asmoNH?am UV-ASTRONOMY § X-RAY AST ONOMY GﬂMMH—RﬂY

' supernovas, i stars, ﬁs
gees pulsars 't Wm&m se:gbuﬁu:e{c % 9amuas prichd ;1 TRONOMY
MANY NEW ANSWERS WERE FOUND, FOR INSTANCE ABOUT THE ORIGIN OF THE UNIVERSE.

MY THEORY OF RELATIVITY || | PROVED THE UNIVERSE || _ WE CAME UP WITH THE IN 1964, WE FOUND THE t‘
EXPLAINED MOTION IN THE J{ IS EXPANDING! jt_ THEORY OF THE BIG BA NG' \ EVIDENCE 'FOR THIS THEURY {

INIVERSE — (o071 THoUGHTY (| 'ALsooiscoveren e [N L v 1948! |  TOsMIC ACCIDENT.
THE UNIVERSE FIRST GALAXY OUTSIDE ' BPJCKGROUNE)
& ITSELF WAS QUR OWN MILKY WAY: RHDlHTEON

sSTATIC! ANDROMEDA ! > - {1

BIGIEEST ; q‘g A w “
BLUNDER! el . -
N~y \@ é RN

XY

>

GAMOW ER PENZIAS &  WILSON
HLBFSB;I; E {gSTEIN E?'gég F %BS%LE 1?04 1963 1921 2007 933 1936
GERMANY / USA Usa usA GERMANY / USA usa

BUT STILL, MORE THAN ENOUGH QUESTIONS AND UNEXPLAINED PHENOMENA REMAIN!




| THINK THE EXCITING THING
ABOUT ASTRONOMY IS
HOW IT CHALLENGES OUR
UNDERSTANDING OF
SPACE AND TIME!

109.



IF THIS SPECK
REPRESENTS
EARTH...

g ... THE MOON IS AT A
() H DISTANCE OF JUST

OVER AN INCH!

—

P,

o EARTH

| WALK TO THE OTHER
PUT THIS BOOKDOWN:  o\5 OF YOUR HOUSE!

214

...THE SUN
WOULD B
THIS BIG:

BUT OF COURSE THE
DISTANCE WOULD BE MUCH
GREATER! IT WOULD BE
AROUT 40 FEET!

THE SUN IS THIS FAR AWAY!
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THE DISTANCE TO NEPTUNE, THE FARTHEST PLANET
IN OUR SOLAR SYSTEM, WOULD BE HALF A MILE!

PUT DOWN THE BOOK!  WALK A BLOCK! AND ﬁNOTHER NEPTUNE IS

/ AND BNOTHER' THIS FAR AWAY!

i, Fo -c@

THE DISTANCE TO PROXIMA CENTAURI,
THE CLOSEST STAR, WOULD BE
ALMOST A THOUSAND MILES!

s

” o 1

&‘!c\ i bl

3 i i"c 2

o PUT DOWN THE BOOK GET ON A PLANE AND FLY THIS IS HOW FAR PROXIMA
AND GRAB YOUR 1000 miLES! CENTAURI IS!

PASSPORT! \

AND THAT WOULD BE JUST
TO OUR NEAREST NEIGHBOR
IN OUR GALAXY!

5 ¢
MIND-BOGGLING' -
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WHEN YOU LOOK AT THE STARS, YOU'RE
ACTUALLY LOOKING BACK IN TIME! THE SPEED
OF LIGHT IS “ONLY" 186,000 MILES PER SECOND
- AND SPACE IS INFINITELY BIG!

OUR
GALAXY

THE
& NEAREST STAR

THE FARTHEST STARS WE CAN SEE
WITH OUR TELESCOPES, DATE
BACK 14,000,000,000 YEARS!

Earth didn't even
EXIST —
at that time!




NEWTON




l S H ﬂ C N E w T O BwUﬁTsHbéODTDHSOﬁI’GHRﬁ%EﬁSBULg{ bg:%GREEHBLE EARLY LIFE:

ENGLAND, 1642 - 1727

HIS HIS ...AND | HHTE BULLIES!!!
..AND | HATE ..AND | HATE HE
FATHER MOTHER : T VA
bl MY STEPFATHER!  |WANTED FARMING! G ST WAIT! N
HIM TO X AT | WHAT I'CAN DO!
BECOME :
[}
FARMER.

IN 1666 THE UNIVERSITY CLOSED DUE TO THE PLAGUE
AND NEWTON CONTINUED HIS STUDIES AT HOME.

HE STUDIED AT CAMBRIDGE,
WHERE HE WAS AN AVERAGE STUDENT.

HE BUILT HIS OWN LﬁBORﬁTORY AND
MADE THE FIRST REFLECTING TELESCOPE,

AS A POSTGRADUATE.

NOT SUCH NOT DUMB?! WE SHOULD MAKE LOOK,
ADUMBBOY M PROFESSOR OF MATHEMATICS! HERE IT IS!

HE CAN HAVE

L IN 1667 HE RETURNED TO CAMBRIDGE

2B YEARS OLD




PROJECTS IN PRIVATE.

NEWTON WAS A RATHER SOLITARY PERSON ‘ IN 1648 EDMOND HALLEY VISITED HIM.
WHO PREFERRED WORKING ON HIS MANY —r—ry

PROFESSOR | HﬂVE A QUESTION

e S o5

WHAT'SHE |
DOING IN THERE?

: 9
HALLEY £
LATER BECAME v,
FAMOUS FOR
HIS STUDY
OF HALLEY'S
, COMET,
). WHICH
ﬁ wAS
+y OBSERVED
J IN 1681.

KEPLER STATES THAT PLANETS
MOVE IN ELLIPSES - BUT HOW
DO WE PROVE THAT?

NOW THAT I'M AT IT, | MIGHT
AS WELL EXPAND IT A LITTLE...

1 WILL YOU DO YOUR
| CALCULATIONS AGAIN,
PLEASE ?!

I'VE ALREADY
SPENT SOME TIME
THINKING ABOUT
THESE THINGS,
AFTER ALL...

PHILOSOPHI g

NATURALIS

PRINCIPIA y

MATHEMATICA, THEREL
AVCTORE

lSAACD NEWTONO, 4 At

THE ROYAL SOCIETY

11S.



HIS BOOK PRINCIPIA MADE NEWTON ...BUT MOST OF HIS WORK WAS ABOUT
WIDELY KNOWN AS A BRILLIANT SCIENTIST... VASTLY DIFFERENT MATTERS!

NOW | CAN CONTINUE ON THE WORK
THAT IS REALLY IMPORTANT!

7 1

NEWTON WAS DEEPLY RELIGIOUS AND

HE WAS VERY SECRETIVE ABOUT
SEARCHED THE BIBLE FOR HIDDEN MESSAGES.

MOST OF THIS WORK.

EVERYBODY KEEPS PREDICTING THE END OF THE WELL MANY PRACTICES OF
WORLD USING BIBLICAL CALCULATIONS... OF ChURSE! ALCHEMY ARE ILLEGAL!
..AND THEN IT : AND RELIGION IS
DOESN'T COME! THEY I'LL WORK IT OUT s

UCH A SENSITIVE
DISCREDIT THE BIBLE! ONCE AND FOR ALL! SUBJECT‘!

3| >~ For instance: I'd better
THE APOCALYPSE ] :
WILL DEFINITELY NOT N Pt Let it be publicly known
OCCUR BEFORE Lot
y 2060! lere n the
TEMPLE OF SOLOMON
W ——
LATER IN LIFE HE BECAME MASTER OF HE WAS ALSO A MEMBER OF THE BRITISH
THE MINT, A TASK HE TOOK VERY SERIOUSLY. PARLIAMENT, BUT MADE NO
POLITICAL STATEMENTS OF NOTE.
| HATE | WANT THEM HANGED,
COUNTERFEITERS! DRAWN AND QUARTERED!!! ANY YES] CAN THE WINDOW BE CLOSED?
COMMENTS? » | HATE DRAFTS!
NILU?:&R !
§eetoian




HE REMAINED A BACHELOR ALL HIS LIFE. NEWTON DIED IN HIS SLEEP ON
BY THE END OF IT, HE LIVED WITH HIS NIECE ] MARCH 31, 1727 - AGED 84.
AND HER HUSBAND IN WESTMINSTER. = -

THERE'S A LOT OF THINGS | HATE,
BUT | LOVE MY NIECE!

CATHERINE

<t— HIC DEPOSITUM €51
QUOD MORTALE TONY

el /5AACI NEWTON

many
r NEWTON IS CONSIDERED TO BE THE FIRST AND MOST FAMOUS MODERN SCIENTIST, l
BUT | STATE THAT NEWTON WAS NOT THE FIRST IT MIGHT WELL BE THAT NEWTON HAD ASPERGER
OF THE AGE OF REASON: HE WAS THE LAST OF SYNDROME - A FORM OF AUTISM !

THE MAGICIANS ! \

| JOHN MAYNARD KEYNES

(1883-1946) SIMON %;_"?905%;00“9"

PROFESSOR OF
BOUGHT A STACK OF 5 DEVELOPMENTAL

NEWTON'S UNPUBLISHED '- PSYCHOPATHOLOGY,
MANUSCRIPTS IN _' . & EXPERT IN RESEARCHING
1942 AUTISM

[ NEWTON WROTE OF HIMSELF, BY THE END OF HIS LIFE:

"l don't know what | seem to the but as to mysel lseemboha been like on the
sea-shore and vmmdfmn:ww alﬁ'd Hie:s finding a f i wfmr abommry.
gmoceanof!mﬂ\lggallm

17.



NEWTON'S |

NEWTON'S
LAWS ‘ SECOND LAW OF MOTION

DESCRIBES HOW FORCE AND
ACCELERATION ARE RELATED.

NEWTON'S

FIRST LAW OF MOTION
DESCRIBES HOW AN OBJECT

IN OTHER WORDS:

MOVES WHEN NO FORCE | _
IS ACTING ON IT. @, — &
=N
IN OTHER WORDS: n F=MA
| AFAwNG THE FORCE (F) IS EQUAL TO THE
' APPLE MASS (M) TIMES ACCELERATION (A).
P~ WILLKEEP ON
FALLING

NEWTON'S

THIRD LAW OF MOTION
STATES THAT EVERY ACTION HAS AN
EQUAL AND OPPOSITE REACTION.

NEWTON'S my m,
T=6G

LAW OF GRAVITY r-2 ﬂ THE EARTH PULLS AT THE APPLE,
BUT THE APPLE PULLS JUST AS HARD
AT THE EARTH.
Ry The attraction between _ N

two objects depends
their mass H'(lm} and ﬁ
between = e

118.



PHYSICS




%)

O

WHEN DID PHYSICS START?

WHEN WE STARTED WHEN WE FIRST APPLIED PHYSICAL WHEN WE STOPPED EXFPLAINING
H lSTO RY OF R UAGEE: FORCES IN EQUIPMENT? NATURAL PHENOMENA IN

MYTHOLOGICAL TERMS?
PHYSICS .

OR - HERE'S A
THOUGHT - MAYBE IT'S
CLOUDS COLLIDING!

LIKE
LEVERS

THUNDER!
ZEUS IS AT
IT AGAIN!

A ;TN
THE ANCIENT GREEKS CAME UP WITH PHYSICAL

THEIR IDEAS DEFINED THE GENERAL WORLD VIEW
UNTIL THE END OF THE MIDDLE AGES.

THEORIES ABOUT NHTURHL PHENOMENRA.
THERE ARE ALL CELESTIAL MOTION IS

WE'RE LOOKING FOR WHAT IS MATTER
GENERAL PRINCIPLES! MADE OF? FIVE ELEMENTS: PERTECT — THAT MEANS:
\[( WHAT CAUSES

EARTH, WATER,
AR oy ekttt PERFECTLY CIRCULAR.
CHHNGE‘? THE STARS? ETHER. MOTION ON EARTH
IS IMPERFECT,

CELESTIAL BODIES
EARTH IS THE
MOVE IN ETHER! CENTER OF TH THAT'S WHY IT'S NO

UNIVERSED USE PERFORMING
) AR = EXPERIMENTS,

"ow 0y ;a -8.1 PHYSICS IS
o, &« . MAINLY
< S PHILOSOPHY !

v L
IN THE SIXTEENTH CENTURY, NEW INSIGHTS CHUSED A REVOLUTIONARY NEW WORLD VIEW.

THE EARTH IS NOT THE IN ELLIPTICAL ORBITS! 'LL TELL YOU EVEN MORE: LIKE ONE BIG
‘ THEY MOVE ACCORDING TO THE
g‘ET{:{EERRigL%?IRETI%TQ%DVOTFVEE SRY K GIRELES. e "HNSE:S SREGIS PNACNE
AROUND THE SUN! ON EARTH! b ey
! \{ But S0 TO

SPEAK!

COPERNICUS GALILEO
X 1564-1642
1J.T!'I,ﬂ‘iils‘l"3 ITALY

~1630 sl R?
GERMANY ENGLAND 18TH CENTURY




IN THE 18TH AND 19TH CENTURY THE INDUSTRIAL REVOLUTION TOOK PLACE IN WESTERN EUROPE.

AUTOMATIC AUTOMATIC IMPROVED PRODUCTION
SPINNING WHEEL OF STEEL AND CONCRETE

PHYSICAL RESEARCH FLOURISHED LIKE NEVER BEFORE! MANY SCIENTISTS FROM THIS PERIOD
GAVE THEIR NAME TO UNITS AND PROCESSES THAT WE STILL USE TODAY:

; TEMPERATURE SCALES: WATT IS COULOMB VOLT
FAHRENHEIT 15 \CELSIUS |s usedy A UNIT OF IS A UNIT OF IS A UNIT OF
EVERYWHERE ELSE! POWER! P%I’rEECNTﬁﬁ !

. USED IN THE Usa!

i

D.G.FAHRENHEIT

ANDERS CELSIUS JAMES WATT

JOHN DALTON
1766 - 1844

C.-A. DE COULOMB
1686-1763 1701 - 1744 1736-1819 1736 - 1806 ALESSANDRO VOLTA
GERMANY SWEDEN ENGLAND L ENGLAND

AMPERE ~ FARAD PASTEURIZATION | ILEFT BEHIND THE | THE UNIT OF SOUND,
IS AUNIT OF | IS A UNIT OF e oF IS A PROCESS OF  |NOBEL FOUNDATION|  DECIBEL was
ELECTRIC ELECTRIC ENERGY! HEATING LIQUID | WHICH AWARDS THE |  NaMED AFTER ME!

CURRENT! cAPACITY! FOODS, LIKE MILK. A NOBEL PRIZES!

JAMES JOULE ALEXANDER BELL

M. FARADAY LOUIS PASTEUR ALFRED NOBEL
1791-1867 1818-1889 1822-1895 1833-1896 i
ENGLAND ENGLAND SWEDEN SGOTLBND%SG




122.

IN THE EARLY 20TH CENTURY, A RADICAL NEW BASIS WAS LAID FOR PHYSICS.

WITH RADIATION OF
HEATED OBJECTS!

WE'RE DOING EXPERIMENTS

WOULD PRODUCE SO MUCH
RADIATION WE COULD NOT
POSSIBLY SURVIVE IT!

THE ULTRAVIOLET
CATASTROPHE!

Nice!
L 8

QUANTUM THEORY OVERTURNED A NUMBER OF FUNDAMENTAL ASSUMPTIONS ABOUT REALITY.

ACCORDING TO OUR CALCU-
LATIONS, EVEN A COZY FIRE

WE MUST TREAT RADIATION
AS CONSISTING OF SMALL
PACKETS OF ENERGY!

CALLED: QUANTA,
SINGULAR: QUANTUM!

BUT THAT'S NOT
WHAT HAPPENS.

IT'S NOT PRETTY,
BUT IT WORKS
= UNTIL WE FIND
A BETTER
EXPLANATION!

THE QUANTUM MODEL

WE COU
BEFORE!

FITS A LOT MORE DATA
NOT EXPLAIN

OH No! DO
YOU THINK
IT COULD BE

A WAVE AND A PARTICLE!
THAT'S NOT POSSIBLE!

| BUT A QUANTUM BEHAVES LIKE

(=Rl

BUT THAT CAN'T BE
HOW REﬂLITY WORKS,
SURELY?

IN THE QUANTUM MODEL,
QUTCOMES ARE NEVER FIXED
BUT DEPENDENT O

PROBABILITY:

GOD
DOES NOT PLAY
DICE WITH TTIE
. UNIVERSE:

DURING THE PAST CENTURY, THERE HAS BEEN MORE RESEARCH IN PHYSICS THAN EVER BE'FORE'
SCIENTISTS INCREASINGLY WORK IN INTERNATIONAL TEAMS, EXCHANGING RESULTS.

THERE ARE MORE
SUBAREAS THAN
EVER BEFORE!

RESEARCH IS OFTEN BACKED
BY GOVERNMENTS AND
INDUSTRIES = NOT JUST
UNIVERSITIES ANYMORE!

AT THE MOMENT WE HAVE TWO
THEORIES TO EXPLAIN REALITY:

QUANTUM
THEORY

WILL WE EVER BE ABLE
TO UNITE THESE TWO?

.AND
EINSTEIN'S
THEORY OF
RELATIVITY

FOR THE REST!

INTO ONE COMPREHENSIVE
THEORY OF EVERYTHING?




THREE
SUBAREAS
OF

PHYSICS




ELECTRICAL PHENOMENA HAVE BEEN KNOWN SINCE ANCIENT TIMES.

I ELECTRIC EELS AMBER | ook what
{  LIGHTNING
FOR INSTANCE “THE THUNDER OF THE NILE" when ' rub it vi

THERE ARE MANY MORE SYMBOLS BATTERY ] R
g AN ELECTRICAL CIRCUIT -

Jr
FOR ELECTRICAL APPLIANCES: . T IN THIS CASE FOR A LAMP
l i WITH A BATTERY!

- oA

MOTOR DIMMER  AMPLIFIER

—_— Y O—

/> ALTERNATING CURRENT FUSE Y
(QUTLET) BNTORE
SWITCH
PUSH BUTTON (a doorbell for instance) S

STATIC ELECTRICITY
IS A SHORTAGE OR SURPLUS OF ELECTRONS,

MAKING SOMETHING ELECTRICALLY CHARGED. | CAN DO MAGIC!
or o WOOLLEN SWEATER ) CRagyg ‘_ c"‘ﬂaqe

sPF‘““

WOOL, like HAIR,
is a material




FROM THE 17TH CENTURY ON, THIS MYSTERIOUS POWER WAS HARNESSED IN ALL KINDS OF MACHINES.

_ ; ., BENJAMIN L IN 1882 THE FIRST
__ - ‘the Leyden jar"  FRANKLIN g POWER STATION
\ % = WAS OPENED
W F. =
v X J = BY THOMAS
G =N < EDISON
g > v/ ‘{é ~n 1800 rue FrsT 1832 MANHATTAN, '
o 1748 A BATTERY DYNamo L AE

& CONDUCTIVE MATERIALS (LIKE COPP
IN T EGATIVE ELECTRONS MOVE FREELY
BETWEEN POSITIVE ATOMS.

THE FIRsT GEN

...WHAT IS
ELECTRICITY EXACTLY?

WE FIGURED THAT
cAN TRAVEL EASILY 5 OUT AS LATE AS THE
ELECTRICAL ENERGY 0 »F ELECTRONS. negatively NTIETH CENTURY!
THROUGH THIS STREAM ﬁ@:ﬁ s
SPARKS AR &
AT
TS R HEATEOMS 1y
O ELecy, A€ Arn
TRHVEI'JNGRONS
HROUg

THE HUMAN BODY IS ALSO FULL OF ELECTRITY !

FOR INSTANCE IN
DO YOU EVER FEEL TIRED AND RUN DOWN?
NERVE CELLS REMEMBER:

MY BODY IS >
FULL OF ENERGY!

f That's a

scientific fact!
through SODIUM IONS
of electrons




THERMODYNAMICS ) vercmmss mos e

CAME UP IN THE 19TH CENTURY, WITH REGARD TO HEAT, ENERGY,
WITH THE SPECIFIC GOAL OF PRESSURE AND THE EXCHANGE
ENHANCING STEAM ENGINES. OF HEAT WITH THE ENVIRONMENT.

SUCH A SYSTEM CAN
BE A MACHINE...

...OR EVEN AN ORGANISM!
THE HUMAN BODY IS ALSO A
THERMODYNAMIC SYSTEM!

OR AN EGG THAT'S"
| BEING BOILED,

[ oReveNTHE 7
\ UNIVErsE as
| A wHoLE!

THE SECOND LAW OF
THERMODYNAMICS:

THE FIRST LAW OF THERMODYNAMICS: DIFFERENT PARTS IN A CLOSED
(ALSO CALLED THE LAW OF CONSERVATION OF ENERGY) SYSTEM TEND TO SPREAD EVENLY

ACROSS THE SYSTEM UNTIL
THE TOTAL AMOUNT OF ENERGY EQUILIBRIUM IS ESTABLISHED.
IN A CLOSED SYSTEM REMAINS CONSTANT. THIS IS CALLED

ENTROPY.

126.



— MOJION —

NEWTON'S APPLE FELL DOWN IN A STRAIGHT LINE!
THERE ARE ALSO OTHER KINDS OF MOTION:

ROTATIONAL MOTION! j

FOR INSTANCE BUT ALSO
THE MOON AROUND EARTH AROUND ITS
THE EARTH OWN AXIS >

-® @

e

(( OSCILLATORY MOTION! )

127.
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THESE THREE SUBAREAS AS DESCRIBED HERE,
ARE PART OF CLASSICAL MECHANICS !

NATURE / EaRTY

7 THE UNIVERSE
CAN BE

COMPARED

7O A GIANT

MACHINE
UNTIL THE TWENTIETH CENTURY THIS WAS
THE MODEL SCIENTISTS WORKED WITH! LOOK ouT!
L\

£
- %». THEORY o N QUANTUM
@ : reLaTIviTY S THEORY O3
|

17TH =7 19TH CENTURY EARLY 20TH CENTURY

BUT THAT'S FOR LATER!
WE NOW FOLLOW OUR
THREAD, PICKING IT UP
AT THE
NINETEENTH CENTURY!




THE
NINETEENTH
CENTURY

AGE
OF
DISCOVERIES



THE NINETEENTH CENTURY

WAS A TIME OF RAPID DEVELOPMENTS IN MANY AREAS:

£ SOCIALLY:
IN INDUSTRY MACHINES WORKERS MOVED FROM THE

COUNTRY TO THE CITIES
DO THE WORK BETTER, FASTER TO WORK IN FACTORIES.
AND CHEAPER THAN PEOPLE!

T

Ptm' Gl

THE INDUSTRIAL REVOLUTION

IN THE MEDIA: ASTRONOMY! ) LET'S SET UP
WE ARE L - SPECIAL CLUBS!
| PRINTING MORE THAN EVER! @omm! GEOLOGY!

CIETY
- eoLoGIcAL SOC!
uuegkem BRITAIN 1807

20YAL ASTRONOMICAL
ocieTY (BRITAIN) 1820

BOTANICAL SOCIETY
| OF scoTLAND 1836
GEOLOGICAL SOCIETY

e 1888

GROWING GENERAL POPULARITY
OF THE SCIENCES

LET'S GO EXPLORING, SO WE CAN MAKE
MAPS OF THE WHOLE WORLD!

HMS CHALLENGER TERRA NOVA HMS BEAGLE

ONE OF THESE EXPLORERS WAS THE
YOUNG CHARLES DARWIN...

130.



CHARLES DARWIN starten coviecting AT A very earLy Ace.

1809 -1882, ENGLAND

WHY DON'T YOU DO SOMETHING USEFUL, SON?

HE STUDIED MEDICINE IN EDINBURGH... i ‘ AND THEOLOGY IN CAMBRIDGE. j
MY FATHER WANTS ME TO WELL, THEN GO AND ) COME AND COLLECT BEETLES )

BUT | CAN'T STAND :
BE A DOCTOR, LIKE HiM! [\JHE SIGHT OF BLOOD® STUDY THEOLOGY, WITH US! IT'S ALL THE RAGE!
FOR GOD'S SAKE! : :
SKIPPED CLASSES TO STUDY L

{ MARINE LIFE WITH HIS FRIENDS
_ OF THE PLINIAN SOCIETY

[ WiILLIAM '
ARWIN FOX
arles' cousin

1
et ) [ ovoccenmen 27 s
HE SET SAIL WITH THE BEAGLE.
| HAD AN OFFER, = =

FIELDWORK IN [ ceoLOGICAL
TENERIPED BUT MJEW':%E(;F&RBIDS

JOHN STEVENS
HENSLOW

professor

Botany,
win's
mentor

131.
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ON CAPE VERDE HE SAW CORAL
AND SHELLS IN VOLCANIC ROCK.

I'M SO FEET ABOVE ) THIS MUST HAVE BEEN

IN PETAGONIA HE FOUND
FOSSILIZED BONES OF
VARIOUS EXTINCT SPECIES.

- IN CHILE HE WITNESSED A
SEVERE EARTHQUAKE.

THE GROUND IS COMING UP!

UNDER WATER ONCE!
~—r 7 ...A GIANT SLOTH...?

WELL, LET
THEM FIGURE
ITOUT IN

GEOLOGICAL CHANGES CAN
HAPPEN QUITE ABRUPTLY!

HE CAUGHT A GIANT TORTOISE WHICH

HE BROUGHT HOME ALIVE.

WELL, LET THEM FIGURE
IT QUT IN LONDON.

SHE WAS CALLED HARRIET AND DIED
IN 2006, 176 YEARS LATER!

IN AUSTRALIA HE SAW RAT-KANGAROOS AND

\ HE TOOK NUMEROUS NOTES WHILE TRAVELING.

PLATYPUSES FOR THE FIRST TIME.

SURELY TWO DISTINCT CREATORS
MUST HAVE BEEN AT WORK!

I MIGHT WRITE A BOOK
ON GEOLOGY!

OR ON BIOLOGY!

OR A
TRAVEL JOURNAL!
> ,

BACK IN
LONDON!




THE BEAGLE RETURNED TO ENGLAND ON OCTOBER 2, 1836 - AFTER ALMOST FIVE YEARS.
LDHRWN IS FAMOUS NOW || 'T'S GOING TOBE QUITE | [ILLTAKE

AND I'LL TAKE )
ON THE BIRDS!

i | SOME WORK TO FIGURE FOSSILS!
IN SCIENTIFIC CIRCLES! I\ "I ALL ouT! L TAKE
ON PLANTS!

LOOK AT ALL
THE MATERIAL

BIRDS FROM THE
GALAPAGOS ISLANDS
ARE ALL OF THE
SAME SPECIES!

BUT ALL OF
THEIR BEAKS
ARE
~)  DIFFERENT!

.we ) )’p‘
IN 1339 HE MARRIED HIS COUSIN EMMA.

'FROM 1837 0N, Dﬂme PRIVATELY DEVELOPED
HIS THEORY ON HOW NEW SUBSPECIES COULD

EVOLVE FROM ONE DISTINCT ANIMAL SPECIES. Should | marry or not? *

HMM... COULD IT BE THEIR CAN SPECIES SLOWLY MARRY. NOT MARRY:
BEAKS ADAPTED TO THE EVOLVE, INFLUENCED BY « [ constant [

KINDS OF FOOD THAT WAS THEIR ENVIRONMENT? companion e toa
FOUND ON EACH ISLAND?

= friend in old
age
* {errible loss

* betfer than of time

fmaﬁaw

P

IN 1859 HE WAS READY:
THE ORIGIN OF SPECIES WAS PUBLISHED
HND WAS AN IMMEDIATE BESTSELLER!

OVER THE NEXT TWENTY YEARS, HE HAD TEN CHILDREN
AND WORKED STEHDILY ON HIS THEORY.

IN THE MEANTIME, ..
| ALFRED RUSSEL § VMY 0p srieyg,
| WALLACE HAD THOUGHT, e
OF THE SAME THEORY,
INDEPEND

| GUESS THE TIME WAS\
RIPE FOR EVOLUTION! —




DARWIN'S THEORY SPARKED A HEATED DEBATE!

TELL ME HUXLEY, ARE YOU DESCENDED FROM A MONKEY
FROM YOUR MOTHER'S OR YOUR FATHER'S SIDE ?

FOR INSTANCE IN OXFORD, JUNE 1860:

| AM NOT ASHAMED TO HAVE A MONKEY FOR MY
ANCESTOR, BUT | WOULD BE ASHAMED TO BE
CONNECTED Nfg&sﬂ MAN WHO USESHI-VS TALENTS TO

= I3) BisHOP rins Le !

P it wiBSironce W Begordis  paLTon
DARWIN HIMSELF TOOK NO PART IN THE DEBATE - HE WAS INCREASINGLY ILL AND
WORKED AT HOME ON NEW PUBLICATIONS ON A VARIETY OF SUBJECTS.

ORCHIDS CLIMBING PLANTS EVOLUTION Cﬁiﬁgﬁ?gUs WORMS

THE FHDLATION

INSECTIVOROUS
PLANTS

VEGETABLE MOULD,

COELIG 8 5 poeipay %3 asewin

YAl b gy Lrtiany Inps
LAt 45 pey Algers 1882
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HEY, SHOULDN'T YOU MEAN ABOUT | THINK IT'S SUCH BESIDES, ORIGINALLY,

You, AS A THE WHOLE A NON-ISSUE! NO || THE ISSUES WITH DARWIN'S
THEOL0G|5TI, EVOLUTION VERSUS RELIGIOUS PERSON (| THEORY WERE NOT ABOUT
Mggg%ﬁgﬁ% E“L 5 CREATION | KNOW LOSES ANY CREATION, BUT ABOUT

DERATE? SLEEP OVER IT! NATURAL THEOLOGY!

NATURAL THEOLOGY

DURING MY AGE AND STUDlES ESPECIALLY THIS BOOK BY THEOLOGIST WILLIAM PALEY! )
NATURAL THEOLOGY
PLAYED AN IMPORTANT ROJ WE CAN GET e oer | ~ISE ¥ SRVICUS I] LY
TO KNOW GOD DESERTED BEACH INTELLIGENT CREATOR?
BY STUDYING NATURE! ﬁ%% %1:{0 A

DARWIN

NATURE IS SO INGENIOUS AND - e,

ELEGANT - IT MUST BEAR WITNESS o _ BUT MY THEORY SUGGESTED

OF AN INTELLIGENT DESIGN! THAT ALL THAT COMPLEX

BEAUTY IS THE RESULT OF
A NATURAL PROCESS!

B

YOUNG
DARWIN




AND WHAT A COLD, CRUEL AND ARBITRARY PROCESS IN WHICH
A PROCESS! COUNTLESS SPECIES ARE DOOMED TO EXTINCTION
IN FAVOR OF OTHERS THAT ARE BETTER ADAPTED!

WHAT KIND OF
INTELLIGENT DESIGN
IS THAT 2!

WE CAN NOT GET
TO KNOW GOD
THROUGH NATURE!

\L_

ONLY THROUGH THE
REVELATION OF SCRIPTURE
- THE BIBLE!

WITH MY THEORY,
| INVALIDATED

Tﬁggfgg}- ...AND BANNED GOD SORRY! T SEEMS THAT YOU
J—_ __ FROMNATURE! ARE OUTSIDE CREATION!

DID GOD DELIBERATELY DID GOD DELIBERATELY A GOD WHO COULD COME UP WITH THE

CREATE THE LET MY TEN-YEAR-OLD MECHANISM OF EVOLUTION - DOES HE

PARASITIC WASP ? DAUGHTER DIE? KNOW MERCY AND PITY AT ALL...7

N

1 DON'T
KNOW...

ANNE p. 1861

136.
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WHEN DID BIOLOGY START?

HISTORY oF
BIOLOGY

SINCE ANCIENT TIMES, PEOPLE HAVE ACCUMULATED KNOWLEDGE OF PLANTS AND ANIMALS.

AYURVEDA ORIGINATED 3500 AROUND THE SAME TIME, THE GREEK PHYSICIAN HIPPOCRATES
YEARS AGO IN INDIA AND IS EGYPTIANS STARTED DESCRIBING (STH CENTURY B.C.) IS CALLED
STILL PRACTICED TODAY. ILLNESSES AND THEIR CURES. ‘FATHER OF WESTERN MEDICINE.

IT'S ALL aaou-r MEDICAL HEALTH AND | MADE MY PUPILS SWEAR AN
BALANCE! SPIRITUAL HEALTH OATH TO KEEP TO CERTAIN
ﬁRE INTERTWINED!

PROFESSIONAL RULES!

MODERN DOCTORS STILL
| SWEAR A SIMILAR OATH!

IN THE MIDDLE AGES, THIS KNOWLEDGE WAS FURTHER ELﬁBORﬂTED

o (T SRR
AUTHORITATIVE! FOOD cHAIN' AND MINERALS!

’ #,Ew.%m

00D
|,|_ow BILE
: ELACK BILE

'- TYPE orPEOFLE: = ~ >
D GeRishaTIE ﬁL-JﬁHIZ AVICENNA | 18N m.-BmTaR HILDEG%];&) 1<1:_}='I?BH~IGEl\I

. +980-1037 197-1248 ?
: WesuATc AN | anpALOStA ff &egatiy




IN THE RENAISSANCE, OLD BUT INCORRECT IDEAS WERE DISCARDED.
EVERYONE SEEMS TO BLINDLY THE PHYSICAL SCIENCES RELY TOO THE PRACTICE OF MEDICINE WAS
ASSUME THAT GALEN WAS MUCH ON REASONING AND TOO OFTEN STILL FULL OF MﬁGICﬂ![
ALWAYS CORRECT - BUT DOES I LITTLE ON GOOD OBSERVHlTIONS! - ELEMENTS - | CHANGED THAT
ANYONE EVER CHECK THIS? T LET'S REMEDY THIS: B jf
— - HE'S AN ARROGANT ASS -

- BRILLIANT, BUT AN ASS!

|  THEDR.HOUSE OF
THE RENAISSANCE! \§

"  noooo! |
| GALEN CAN'T
BE WRONG! cq

L HE®

PARACELSUS
1493 -1541
SWITZERLAND

LOOK AT ALL THIS . | BUILT ONE OF THE FIRST) | AM CALLED THE || STATED THAT FOSSILS
STUFF WE FOUND gfg;ggg*g&g DECENT MICROSCOPES |  FATHER OF ARE REMNANTS OF
IN THE NEW WORLD! | Trits Inromaiont | AND INTRODUCED THE | MICROBIOLOGY!

3 LIVING ORGANISMS!
CONCEPT OF THE CELL. ) 3

NONSENSE!
FOSSILS GROW
LIKE THAT IN
~ THE GROUND!

CARL LINNAEUS OBERT HOOKE | anTone vew L%EUNENHOEK " NICOLHS STENO
SWEDEN ENGLAND THE NETHERLANDS

THE NINETEENTH CENTURY WAS A TIME OF RADICAL NEW THEORIES.

WE FORMULATED THE CELL THEORY:

- THE CELL IS THE BASIC UNIT OF
STRUCTURE IN EVERY LIVING THING.

= CELLS MULTIPLY BY DIVISION.

OLDER THAN WE THOUGHT! | THE THEORY PF THE LAWS ({F

EVOLUTION! HEREDITY!
MAYBE EVEN 40 : =
Less!

MILLION YEARS!
ALL THOSE GEOLOGICAL

<\ AND EVOLUTIONARY PROCESSES
o) TAKE A LOT OF TIME!

DARWIN MENDEL
1809 -1882 1822 -1884
ENGLAND AUSTRIA




IN THE TWENTIETH CENTURY, LOTS OF BRANCHES OF BIOLOGY DEVELOPED.
ARINE BIOLOGY ECOLOGY = _ Gk OLOGY
BIOLOGY_~ ETATI /ETHOLOGY =TICS,
AQUATIC B . - —{POPULATIONSJSET™ . Lo
Uoiii. TA%0 SPECIES B0 EV%i0
- ACROPHYSIOLOG INDIVIDUALS L OMy
i YS10L0G " NOLO )
MICROBIOLS=<E Laaasite s
BOTANY AISTOLG TISSUES BIDENIOLOSS
200L0GY. (6 05'4P CELLULAR LEVEL BioLoGy_JRToxIcoLog
2ecTOLOSl o \OCHE! MOLECULAR LEVEL RGENETICS M MoRe
LATELY, DEVELOPMENTS IN SOME OF THESE BRANCHES MOVE AT INCREDIBLE SPEED.
BIOLOGY USED TO BE AGR . SHARMA Al INDUSTR
DESCRIPTIVE FOR
CBOLOGIRTS ARE " MORE! ) ESPECIALLY WERE PRODUCING || -BLTHOT 30 L BEL TER
EXPERIMENTIN MORE OF F’?g%%'ggg& mp?gbfglﬁ‘é ag,ﬂgoﬁ'éeo
MORE & MORE: N THE SAME! ) 1 "BETTER.. OF COURSE!
| PROFITABLE
_— o. C ) o\ — = :wm
S 1 " :‘%_

AND THE FUTURE WILL BRING EVEN MORE POSSIBILITIES!
WE SHOULD PAY MORE

- » - 0 WE
ALREADY  )WE ARE CLONING

GROW YOUR waIT! ARED ENDANGERED ngEg;gN 10 ECALDGICAL

R cpseRRI erve! : T S (MBSO D
FROM YOU NO MORE CAN WE REALLY CONNECTED TO EACH

WN DNA! g L DO THIS? CAN OTHER AND THEIR
ORGANS WE PLAY GOD? ) 290¢ ENVIRONMENT!
T <7 : MOUFFLON 7 W
L3 s - - "-_
ZNANOBOT ™"
BIO OLO ECOLOGY

o




GENETICS




A LONG TIME AGO
PEOPLE DISCOVERED
THAT CERTAIN TRAITS
ARE PASSED ON FROM
GENERATION TO
GENERATION.

DNA LOOKS A BIT LIKE \ yes sut | was THE one '
THIS IN CLOSE-UP! WHO DISCOVERED THAT ~

IT CONSISTS OF TWO OSWALD
i
MOLECULES, JOINED Y D OVERED iy
BY FOUR DIFFERENT STRUCTURE OF DNA
BASES: GUANINE,

CYTOSINE, ADENINE

AND THYMINE!

AND
JUST LIKE LANGUAGE,
COMPUTER CONSISTS OF ONES WHICH CONTAINS
AND ZEROS... &=

NAMELY, THELETTERS 7 AT
OF THE ALPHABET...

..WE HAVE TO u—:anu)

...GENETIC INFORMATION IS BUILT 7o READ DNA!
FROM ONLY FOUR BASIC ELEMENTS!




| RESEARCHED Y/ THIS wAY, | FIGURED OUT THAT THERE ARE
SEVERAL DOMINANT AND RECESSIVE TRAITS, AND
THAT THEY ARE PﬂSSED ON IN A VERY
PREDICTABLE WAY:

GREGOR MENDEL
(1822-1889) wAs
AN AUSTRIAN MONK
WHO WAS THE FIRST

TRAITS LIKE
HEIGHT, KIND
OF FLOWERS

LAWS OF COLOR
HEREDITY. @ YELLOW (dominant) @
(@ GREEN (recessive)
t WITH PEA PLHNTS!j 22 )< SHAPE e

ROUND (dlominant)

IN THE TWENTIETH CENTURY
WE DISCOVERED JUST
WHERE THIS BLUEPRINT
FOR ALL THESE TRAITS
RESIDES!

IN (ALMOST)

=, "IN THE EVERY LIVING CELL...
f7BYMENT  CELL NUCLEUS...

GENETICALLY MODIFIED

MAIZE AND TOMATOES
THE DEVELOPMENTS PLAY A ROLE IN
IN GENETICS ARE NOT ONLY ARE WE ABLE TO CLONE, DEVELOPING
MAKING HUGE LEAPS WE CAN ALSO REPLACE AND ANTI-HIV WITH THIS KNOWLEDGE, WE COULD
IN THE PAST DECADES. IMPROVE (PARTS OF) DNA! ’/ MEDIGINE IN THEORY CREATE LIFE OURSELVES !
HELLO DOLLY, the fir THANKS TO THIS PROJECT BL.UE eggs? DESIGNER
DOLY. 4 mamd W™ N That's 02012 |ggies INC

1UMAN GENOME |

SROJECT 1990-2092




IT SAYS HERE THAT SOON
EVERYONE CAN HAVE HIS OR
HER OWN DNA SEQUENCED!

THAT'S ALREADY YT
PossSiBLE! |}

YOU W ) suBSCRIBE! T WON'T
HURT TO KNOW IF | HAVE
ANY MORE HIDDEN DEFECTS!

{{ TFOR INSTANCE,
|| WITH THIS COMPANY
(| IN CALIFORNIA!

Z | ALREADY KNOW |
. HAVE HEART PROBLEMS

AND ON MY
MOTHER'S SIDE
THERE'S A HISTORY
OF ALZHEIMER'S!

2208

ONICLES 2GR

A COURIER COMES TO PICK IT UP
AND THE NEXT DAY IT'S IN
THEIR LAB!

SPIT IN
THE TUBE!

THAT'S A WAY TO SPREAD
YOUR GENETIC MATERIAL!

IT COSTS THEY SENT THIS
100 DOLLARS! PACKAGE!

OUT ONLINE ABOUT YOUR ANCESTRY,
IF YOU WANT. YOU CAN INDICATE IF YOU
WANT TO SHARE.

BUT THEY DO WARN THAT INSURANCE
COMPANIES MIGHT SEEK TO TAKE ADVANTAGE
OF THIS KIND OF INFORMATION IN THE FUTURE!

IN CASE YOU'D LIKE

TO FIND RELATIVES, This man has o0.72% more chance
OR NOT. of m?’&abe@s than the
i % Make him pay more!
\ { . Don't you know
the cost ymﬂm
these days?
J




BUT DNA SEQUENCING IS NOT Y} YES, AND \ OR HEREDITARY I DON'T

PREDICTING THE FUTURE! \ HIDDEN DEFECTS! J| DISEASES THAT ARE | WANT TO |
: INCURABLE! KNOW! |

IT JUST SHOWS
DISPOSITIONS!

| DON'T GET WHY PEOPLE GET SO THIS BEARING WALL MIGHT BECOME
FATALISTIC ABOUT DNA SEQUENCING! UNSTABLE OVER TIME...

WHEN THEY BUY A HOUSE, DON'T aLaLanpA
THEY WANT A HOME INSPECTION? _ V : 1 \-N(gaa\ﬁw HEAR YOU!

LATER a WHY?! ARE YOU WELL, | HAVE NO WISH TO
ONA TEST? TIRED OF LIFE? KNOW WHAT WILL KILL ME!

145.
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THEY'RE PRETTY THOROUGH! THEY SHOW ALL
KNOWN GENETIC DISEASES AND CALCULATE YOUR
CHANCE OF GETTING THEM COMPARED TO THE

FWERGE' THEY REFER TO THE RESEARCH
- IT'S BASED ON AND UPDATE
WHEN THERE'S NEW INFO!

AFTER 3 WEEKS
IT'S HERE!

AND THEY EXPLAIN THE EXTENT THAT IT'S A
MATTER OF DISPOSITION, SO FAR AS WE
KNOW, AND WHAT THE NUMBERS MEAN.

WHATEVER.
KEEP
SCROLLING!

THEY GIVE CLEAR WARNINGS WITH CERTAI
DATA AND EXPLAIN THE CONSEQUENCES

if you are carrier of this defect,
your immediate family is as well.

Are you sure you
want to see

|? your results?

WELL I'LL BE! | ACTUALLY BUT THAT DOESN'T—_I‘:IEHN

WILL | GET A

HUSBAND WITH HAVE LESS CHANCE OF | CAN'T GET IT,

ALZHEIMER'S ALZHEIMER'S! YOU Kuowf '

OR WHAT?! PHEW! RELIEV
Hurray for ANYWAY!
father srgen':su!



AND | JUST LIKE THE IDEA
THAT MY DNA IS RECORDED
SOMEWHERE.

WHO KNOWS, MAYBE
I'LL GET CLONED
IN 100 YEARS!

DNA SEQUENCING IS NOT
SCARY OR DIFFICULT AT ALL!
I'LL SEND MY DNA TOO!

WITH OUR DATA, WE
CONTRIBUTE TO BETTER
KNOWLEDGE AND RESEARCH!

C;ﬁgl-llé SEOT;E-B Sgtgﬁﬁl AND ONE DAY, THEY'LL READ THEY MIGHT EVEN
: THIS BOOK TO FIND OUT BE READING THIS
WE m'ﬁﬂg g:\R’E KIDS ABOUT THEIR PARENTS! RIGHT Now!

FUTURE!

HELLO!' CHILDREN! MOMMY AND BEHAVE, WON'T YOU?

AND DADDY LOVE YOUu!!! BE GOOD THE FUTURE IS NOT A TOY!
EVEN THOUGH WE DON'T KNOW YOU!  oyER THERE | SR RERROREIE

IN THE FUTURE! WITH OUR GENES!

147.
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THE NINETEENTH CENTURY
0

=

ANOTHER SCIENCE THAT GREATLY
DEVELOPED IN THE NINETEENTH CENTURY,
IS GEOLOGY !

WE'RE GOING TO
MAP THE NEW
COASTLINES!

WE'RE
GOING TO
MEASURE
MOUNTAINS!

| Q \ STUDY OTHER |
o W =" CULTURES! |




GEOLOGY




WHEN DID GEOLOGY START?

WHEN WE STARTED . WHEN WE BEGAN
HlSTORY OF WHEN WE STARTED

GEOLOGY

GIVING DIRECTIONS? STUDYING ROCKS? MINING MINERALS?
T— Taithis okl Hematite! For its
That's the beautiful

If's harder o qu_!

rest!

_ SWAZILAND
4 OOOYEGRS AGO

| WROTE ABOUT ALL KINDS OF NATURAL
STUFF, INCLUDING STONES! | ALREADY
RECOGNIZED THAT AMBER IS FOSSILIZED
TREE sAP! :

| DESCRIBED VARIOUS TYPES
OF ROCK, FROM COAL TO
MARBLE TO GEMSTONES!

SLOW PROCESSES WE CANNOT
PERCEIVE IN OUR SHORT LIVES.

| THINK THE EARTH CHANGES INJ

HRISTOTLE Y ' . THEOPHRHSTUS | - 2 - PL|N|U5 THE ELDER
384-3228.C. 371-2878.C.

GREECE GREECE y rmur
DURING THE MIDDLE AGES, SCHOLARS BUILT UPON THIS KNOWLEDGE
THE INDIAN SUB- | WROTE ABOUT | HAD THEORIES || NICE, THESE THEORIES - BUT THEY N
CONTINENT WAS THE ORIGIN OF ABOUT CLIMATE TO BE IN ACCORDANCE WITH THE BIBLE!
! MOUNTAINS AN CHANGES THAT TOOK |

SEA ONCE

EARTHQUAKES: PLACE IN THE PAST! THE BIBLE SAYS AND THERE
—/ | EARTH IS ABOUT ONCE WAS A

\ 5000 YEARS OLD! )y GREAT FLOOD'_ A

AL-BIRUNI AVICENNA SHEN KUO

AFGHANISTAN 18 ks 10311095 CHRISTIAN SCHOLARS




AFTER THE MIDDLE AGES GEOLOGICAL RESEARCH INCREASED, AND SO DID THE CONTROVERSY.

(|  THEY CALL ME THE
| FATHER OF MINERALOGY!
| 1 WAS INTO MINING
| AND WROTE THIS BOOK!

AND THEY CALL ME THE
FATHER OF STRATIGRAPHY!

WHAT ABOUT ALL J HMPF! EASY! THOSE
| STUDIED LAYERS OF

THESE FOSSILS? ARE REMNANTS OF

R{ MAYBE THE DEVIL PAST LIFE!
PUT THEM THERE

TO CONFUSE US!

OLDER LAYER

EVEN OLDER
LAYeR )
S

MEDIEVAL CHRISTIAN GEORG AGRICOLA

LEONHEsDzOﬁDS VINCI G AGRC
SCHOLARS ITALY CERMANY

ALL THESE DIFFERENT LAYERS OF ROCK HAVE BEEN
FORMED BY AN OCEAN THAT COVERED THE EARTH!

NO, EARTH WAS FORMED THROUGH
VOLCANIC PROCESSES!

EARTH IS STATIC IN ITSELF, BUT IT CHANGES NO, EARTH IS CONSTANTLY CHANGING, IN
THROUGH PERIODIC CATASTROPHES! ) GRADUAL PROCESSES! LIKE EROSION!

: | BROUGHT HIS ==
| BOOK ON MY JOURNEY!
LATER WE BECAME
GOOD TRIENDS!

-
-
-

-

e TROPHISM ONIFORMITARIANISM Sacaie? |

n

=



IN THE TWENTIETH CENTURY, NEW TECHNOLOGY BROUGHT NEW INSIGHTS.

EARTH IS A LOT OLDER THAN WE THOUGHT! e | THINK THE CONTINENTS ARE MOVING'
PROBABLY A FEW BILLION YEARS! I CALL IT CONTINENTAL DRIFT!

CON
G ZIR
S ST PO
\2] 13

o

g

FROM THE 1960s ON,
WE CALLED THIS =
PLATE TECTONICS!

THIS STARTED A WHOLE NEW SCIENCE:
OCEANOGRAPHY!

=l S ——

i crATERS! 57 \ TH MHS ROVER
MOUNTAINS! [ | COLLECTS ROCKS
: i AND STUDIES THE

COMPOSITION OF
THE GROUND ON
MARS - 60 MILLION
MILES AWAY!

B  on THe voon we [ o d
I FOUND ROCKS 4.5 . 5
L | BILLION YEARS OLD. [HECHRSR

152.



THE AGE oF THE EARTH

wonsensel) ( THE BIBLE SAYS: “IN THE BEGINNING GOD
CREATED THE HEAVENS AND THE EARTH'!

BUT IT DOESN'T SAY HOW LONG )

EARTH WAS
CREATED ON
OCTOBER 23,

| CALCULATED IT
FROM THE BIBLE!

“IN THE BEGINNING" LASTED!

— MAYBE IT TOOK
MILLIONS OF YEARS!
| ESTIMATE EARTH'S AGE
T O S el
JAMES USSHER REVEREND i {
WILLIAM BUCKLAND
*+ 1650 +1820 \[
BASED ON
: EXPERIMENTS __
98 MILLION YEARS! " ) | THINK: AT LEAST WITH COOLING!
306,622,400 YEARS!

P

APPROXIMATELY.

24 MILLION
YEARS!

GEORGES-LOUIS LECLERC

CHARLES DARWIN COUNT DE BUFFON
WILLIAM THOMSON 1859 +1770
LORD KELVIN
1862 AND 1869 ( 1.6 BILLION YEARS !) 4 54 BILLION

THAT'S THE
HIGHEST
WE'LL Go!

EARLY
RADIOMETRY
11910

MODERN
RADIOMETRY




HISTORY or THE EARTH

_ ——— THE EARTH FLUID
&y 51;&{}15__1_!3”?!% : ? Y 1ssTiLLA ﬁéf#ﬁlﬁls 2, AND HOT!
FORMATION & ALL MADE OF! '- B
4.5 OF THE EARTH - i MATERIALS!
BILLION ., AND THE MOON - -

YEARS
AGO

o

4,400,000,000 [

THE 4 ;
BEG g{;ﬂme H%BSR%Y'
ONE-CELL E? E
LIFE LIFE FORM!

= | 3,700,000,000 |m°

_-“3.600.000.000 I_

BUT WHAT THIS 5 WHAT IT LOOKS AND THIS i[5,  PHOTOSYNTHESIS _ pbooeg!@_'@ -@ . :
: 5 - B . WHAT THEY DO 4 % &
BILLION KIND OF LIFE? E! 5 gl BN ALET U e =
YEARS : ) 2 : g==3 S j = HYDROGEN &'}%‘ES’ = =
AGO 9 STROMATOLITES. \yaTER i ~ _ OXYGEN MOLECULES! =~
(5200000000 | gpmmntbiliiie i

3,300,000,000

THE EARTH IS NOW SATED WITH MEANWHILE, THE EARTH'S CRUST IS

WHICH MOVING ~ CONTINENTS COME AND GO
LEADS OXYGEN: IT STARTS BUILDING MUCH FASTER THAN NOW, BECAUSE THE
TO: UP IN THE ATMOSPHERE: ' INSIDE OF EARTH IS STILL VERY HOT.

_
25 THE OXYGEN %

L CATASTROPHE! < % B eTHoNS

|/ 1 C I
AGO > r 8 — 2 - ‘wﬂ'
e = B 2,300,000,000

MULTICELLULAR NATURAL NUCLEAR
LIFE EXPLOSIONS
FORMS OCCUR IN GABON,

HE'S A COMPLEX ORGANISM,
BUT THAT'S WHY | LOVE HIM!

" SYMBIOSIS
DIFFERENT SPECIES LIVING
TOGETHER IN MUTUAL
COOPERATION

. FORMATION OF THE : UNDER W P
aijon | CZONE lEﬁY}ER =\ e 1 EARTH I8 STILLPRETTY (F
OXYGEN (0 YAY/7)" \
Yeams | 33 * VARV % ) o S ONINvABITABLEL |
0ZONE (03) :

EXPLOSION OF LIFE METEOR  yoLCANIC

AESEEE ACTIVITY EARTH'S LAND MASS
MAKES MILE
TER  RODINIA BREAKS COVERED IN ICE .

INTO PIECES

METEOR FIRST
WIS REPTILES
i

CRATER




AN EARTH DAY

& LASTS 14 HOURS

THE GEOMAGNETIC FIELD FORMS A
PROTECTIVE LAYER AROUND THE EARTH,
IN WHICH THE ATMOSPHERE DEVELOPS.

4 100 000,000

METEORITES
BOMBARD THE
YOUNG EARTH.

3,200,000,000

YOU'RE NOT
EVOLVING!
Go read a book
t i?
2.800,000,000
i I\'0'|'||'H NO METHANE IN
OXYGE! = OSPHERE, THE
lmh oS - TEMPERATURE DROPS.
2 = . %! .
3o 08 112.200,000,000 [
METEOR HITS OFTEN HAVE METEOQR
WORLDWIDE REPERCUSSIONS! | 150 MiLE CRATER

THEY CAUSE EXTINCTIONS AND
RADICAL CLIMATE CHANGES!

1,8600,000,000

/L

1,200.000,000
70% OF ALL LIFE DIES.

. ,
1-'-"-‘ aoooo 000

o METcOR
3 “"W‘ENED’ 120-MILE
- B CRATER

“FIRST
MAMMAL

rmmauucM S S

200 000,000

”_- STHE DINOSAURS

3,100,000,000 §

FOR OXIDATION: il TING‘. S 52

SLOWLY THE EARTH COOLS. CHE ooseeRe coners o st BuLi*uog
THE SURFACE CARBON DIOXIDE, WATER VAPOR, Jave
m SOLIDIFIES. METHANE AND AMMONIA! AWRUR Y G%
-¢-] 3.800,000,000 } 3, 900 000,000 i
: ?
HURRAY, OXYGEN! THE OXYGEN IS IN OTHER WORDS:
NOW N INSTANTLY U EARTH IS -
FINALLY BREATHE! |

ONE-CELL LIFE FORMS ARE

FOR ABOUT A BILLION YEARS,
THE ONLY LIFE ON EARTH!

2,900,000,000

NOW I'M
EVEN
¢ N | COOLER!

2,100,000, 000

3
W

METEOR Hits
FRICA
-MILE

cnr-\

WHAT IS NO‘J
EAVES

EARTH IS FREQUENTLY HIT

BY OBJECTS FROM SPACE.

THIS IS THE FIRST HIT WE
HAVE SOME INFORMATION ON!

1 900 000,000

VIRTUALLY ALL LAND MASS
SITS TOGETHER IN
ONE GIANT CONTINENT!

1 100 000 000

AN EARTH DAY
LASTS 18 HOURS

200,000,000

MASS EXTINCTION
ANIMAL
o LAND AN

00 000.0 000

@ §

GLOBP-L WARMING

74 DEGREES
ON TH%
POLE

Ff

MODERN
CONTINENTS
- FORM



HISTORY oF MAN

WE ACTUALLY KNOW VERY
— LITTLE ABOUT THE
3 DEVELOPMENT OF MAN!

WE KNOW THAT LESS THAN 2 MILLION YEARS AGO,
A SPECIES EMERGED IN AFRICA THAT WALKED

18 UPRIGHT AND HAD A MUCH LARGER CRANIAL
: CAPACITY THAN ITS PREDECESSORS.
MILLION
YEARS '
AGO |-amat {Homo ErecTus |
WE CAME IN MANY SPECIES, WALKED UPRIGHT |

WEHAD TO!  THOSE PREDECESSORS HAD LEFT
A THE TREES MILLIONS OF YEARS

us: - BEFORE THAT, AND LIVED ON

THE GRASSY PLAINS OF AFRICA.

AND EVEN USED TOOLS SOMETIMES‘

HOMO ERECTUS

WAS WAY &
SUPERIOR! =

WE'VE 'FOUND BONES THESE ONLY OCCUR  THIS PERSON MUST
WITH CERTAIN ~ AFTER MONTHS OF HAVE RECEIVED
DEFORMITIES! ILLNESS! CARE!

HOMO ERECTUS WAS A HUNTER.
HE MADE FIRE AND COMPLEX TOOLS.

AND TOOK CARE OF THE SICK!

1.7 MILLION YEARS OLD 3

HOMO ERECTUS SPREﬁD ACROSS THE EF!RTH ﬁT AN HMﬁZING SPEED!

““E*'aﬂ

AUSTRALIA . EUROPE™ AFRICA

" DID THEY HAVE
~ BOATS ALREADY?

NO! THEIR LARYNX WAS IF THEY DID, WHAT WOULD
IN THE WRONG PLACE! THEY HAVE TALKED ABOUT?

LOOK AT THEIR BRAINS,!
THEY MIGHT HAVE HAD!

640 OOO YEARS AGO THE
SUPERVOLCANO IN YELLOWSTONE
ERUPTED. NO HUM?NS WERE
LIVING IN AMERICA (WE THINK),
BUT THE EFFECTS WERE FELT
WORLDWIDE.

SUNLIGHT, COOLING éﬂRTH EVEN MORE O

IT WAS véRY cou: FOR A LONG TIME.

MORE SNOW AND ICE, WHICH REFLECTED =

800
THOUSAND
YEARS

EVERY NEW FIND IS
A BREAKTHROUGH!

Sisba b HARDLY EVER A

ew
m WHOLE SKELETON!
and bone.

€00 THE PROBLEM WITH PALEONTOLOGY
ousannl | 1S THAT OUR THEORIES ARE BASED
YEARS

ON VERY LITTLE EVIDENCE:

CHARACTERISTICS: - NO HEAVY BROW IN THE SKULL
- LARGE BRAIN VOLUME
- CAPACITY TO PASS ON NON-HEREDITARY BEHAVIOR (CULTURE)
- LANGUAGE

70,000 YEARS AGO, T
GENETIC RESEARCH _ You ALL HAVE MY HOMO SAPIENS LEFT 52«9@5_35@5 NTS: workigMeTAL ~  NUCLEAR ENERGY
MITOCHONDRIAL ATRICA g PLasTIC B

H AGRICULTURE
ey, ] @i <. o
5000
YRS AGO 100 YEARS AGO

i T “SPER

10,000 YRS AGO
60,000 YRS AGO ey _—\'[
- NOW



AT LEAST WE, HOMO SAPIENS, WE'RE ALREADY LEAVING A
WON'T HAVE TO WORRY TRAIL OF PLASTIC AND NUCLEAR
THAT OUR PRESENCE ON WASTE THAT WILL BE THERE
EARTH WILL GO UNNOTICED! FOR MILLIONS OF YEARS TO COME!

OOH! CLASSIC HOMO SAPIENS!

\ FASCINATING!
. \

SCIENTISTS
OF THE
FUTURE

157.
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svie END OF THE NINETEENTH CENTURY

PEOPLE THOUGHT SCIENTI'FIC DISCOVERIES WERE ALMOST AT AN END!

DON'T YOU HAVE ANY
AMBITIONS AT ALL, SON?!

MOM, DAD - | WANT
TO BECOME A
SCIENTIST!

| DISCOVERED THE ELECTROMAGNETIC
RADIATION WE NOW CALL X-RAYS!

SOME CALL THEM
ROENTGEN RAYS, pUT
| PREFER X-RAYS!

| INTRODUCED THE | UNITED OPTICS,
PERIODIC TABLE 'FOR ELECTRICITY AND
CHEMICAL ELEMENTS! MHGNETISM
THOSE ALL
OBEY THE

SAME LAWS,
| FOUND oUT!

THEY ARE ALL
ELECTROMAGNETIC
wAVEs!

— - b
wlLH%TsROENTGEN _
~ GERMANY

SCIENCE IS NOW ONLY A MATTER OF THE TWENTIETH CENTURY WILL
FILLING IN THE BLANKS! BRING US NO SURPRISES! -

MFNDELEEV {‘“‘-ES
RS . SCOTLAND_

1831-1879




EINSTEIN
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WHAT DOES IT TAKE TO BE A BRILLIANT SCIENTIST?
ABIT OF BUT MOST OF ALL: A CREATIVE MIND ! )

ALBERT G
EINSTEIN g —

EINSTEIN,
B\t’) gﬁﬁngs‘?(ND YOU WON'T GO FAR!
BORN: 1879, GERMANY.
GREW UP IN SWITZERLAND.

QUESTIONS!
AELIVED IN n%slan -

BIT OF
PHYSICS...

. INTELLIGENT FRIENDS TO SHARE YOUR IDEAS WITH ! )
ELPED WE FORMED A CLUB WITH HIM: THE | MET HIM AT THE | WAS HIS BEST FRIEND AND
' H WITH OLYMPIA ACADEMY! WE ATE POLYTECHNIC INSTITUTE COLLEAGUE AT THE PATENT W;'JA*TF'E}EEDNSE ;’55
GEOMETRY' TOGETHER, READ BOOKS, TALKED ~ WHERE WE STUDIED =~ OFFICE! HE CALLED ME ‘THE A UNIVERSITY
) ABOUT ANYTHING AND EVERTHING! ;‘;‘0.‘[5;5&5,'* WE MARRIED BEST SclMEG 0D |, EDUCATION?
—

\ 1

MARCEL | KON RICE | MILEVA | MICHELE
GROSSMANN MARIC BESSO
1878-1936 1876-1958 1875-1958 1875-1948 1873-1955

@: THE TIME MUSTBERIPE! )

son ABOUT THESE PROBLEMS IN THE
ALBERT THERE WERE PROMINENT SCIENTIFIC
SOME UNSOLVED MAGAZINE 'ANNALEN DER PHYSIK'!
PROBLEMS
IN PHYSICS! \L
~ IN 1905 | PUBLISHED
FOUR ARTICLES
THAT CHANGED SCIENCE
AT A PATENT OFFICE, FUNDAMENTALLY!
/‘?' EVALUATING PATENT APPLICATIONS
26 YEARS TOR EL%CE'I;I}E}EI.&GNETJC
oLD



BUT WHAT DOES
IT MEAN EXACTLY?

C IS THE
SPEED OF LIGHT!

EVERYONE KNOWS MY
FAMOUS EQUATION:

E IS FOR
ENERGY!

C? IS A HUGE NUMBER!
(186,000 MILES PER HOUR TIMES ITSELF!)

MASS AND ENERGY ARE THE SAME!
ENERGY IS FREED MATTER, AND
MATTER IS FIXED ENERGY!

THIS MEANS THAT IN EVERY PIECE
OF MATTER, A HUGE AMOUNT OF
POTENTIAL ENERGY IS STORED

- EVEN IN YOU !

THE HUMAN BODY HARBORS
7 TIMES 10'® JOULES OF POTENTIAL
THIS EXPLAINED HOW ENERGY - THAT'S 30 HYDROGEN BOMBS!

RADIATION WORKS.

_

AND ALSO HOW STARS CAN BURN FOR BILLIONS:
OF YEARS WITHOUT BEING DEPLETED ‘

;. ~ NOW WE UNDERSTAND HOW IT IS
>, POSSIBLE THAT THE UNIVERSE IS SO OLD!

= O
FORTUNATELY IT'S DIFFICULT TO RELEASE
THIS POTENTIAL ENERGY EFFICIENTLY!

161.



NEWTON HAD DESCRIBED I CAME UP WITH AN EXPLANATION:
MaANVLodRu S Il THE THEORY OF RELATIVITY !

SO IT STILL REMAINED

A RATHER MYSTERIOUS
POWER-AT-A-DISTANCE.
THIS BOTHERED ME.

SO FAR, SCIENTISTS

ASSUMED THAT TIME AND

SPACE WERE ABSOLUTE
CONCEPTS! .

BUT | FIGURED THEY ARE
RELATIVE — DEPENDANT ON
THE OBSERVER!

SPACE WILL ALWAYS
BE THE SAME! IT
DOES NOT MOVE!

TIME AND SPACE
ARE THE BACKDROP | WENT EVEN
FOR EVENTS, BUT FUTHER:
e ARE NOT THEY ARE
INFLUENCED INEXTRICABLY YOU CAN PICTURE IT LIKE A
LINKED IN THE l RUBBER SHEET IN WHICH OBJECTS
WHOLE OF CAUSE DENTS - THESE DISTORTIONS

SPACE-TIME ! IN SPACE-TIME MAKE OBJECTS
'ROLL' TOWARDS EACH OTHER.

THAT'S GRAVITY !




FUNNY FACTS (

| TOLD YOU YOU NEEDED
A CREATIVE MIND! &

IN MY THEORY, THESE CLOCKS
ALWAYS DISPLAY THE SAME TIME!

MOTION WILL RUN A LITTLE SLOWER!

IN MY THEORY, A CLOCK THAT IS IN

EVEN WHEN YOU SEND
ONE INTO SPACE!

. EINSTEIN

WHEN YOU MOVE
TIME GOES SLOWER. BY AT 60% O

BUT YOU DON'T

SPEED OF LIGHT

\ L/ THE CLOCK ON THE TRAIN
o Ay SheeDs LOOKS COMPRESSED = RUNS SLOWER THAN THE

MOVES SLOWER:

WHEN WATCHED
{ CLOCK IN THE STATION -
ijOM e STHTlONJ-EVERYTHING ON THE TRAIN

PERCEIVE 'll'HIS
YOURSELF:

STATION

BUT TO THE PEOPLE
ON THE TRAIN, EVERYTHING
SEEMS NORMAL!

— YWl TOVRRESTRD

SPACE]| |,
TARDIES ¢ @ SEEN FROM A
18 D sgn'rmunnv

| e
DISTANCE A
TRAVELED —

PAST «— —> FUTURE TIME

A. AT A STANDSTILL, TIME MOVES NORMALLY,

B. IN MOTION, TIME SLOWS (NOT NOTICEABLY).

C. IN RAPID MOTION OVER LONG DISTANCES,
TIME SLOWS EVEN MORE (NOTICEABLY').

D. AT THE SPEED OF LIGHT, TIME STANDS STILL.

E. CONCEIVABLY, AT A SPEED GREATER THAN
THE SPEED OF LIGHT,
TIME N‘OULD GO
BACKWARDS!

THE ADDED ENERGY OF

Tq%c'll'-l?g Es%(_:‘,rgg OG]EET I THE ACCELERATION IS

LIGHT, THE HEAVIER CONVERTED TO MASS!
You GET!

\ E=MC% REMEMBER?

AS SOON AS | MOVE,

2?1
EXERCISE TO LOSE 'dEIlGHT. L % ~ | GAIN WEIGHT!

| DON'T THINK SO! -

IT'S REAL! ALL OF THESE
: % EFFECTS WERE MEASURED!

WE JUST DON'T
EXPERIENCE THEM
IN DAY-TO-DAY LIFE!
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THE THEORY OF RELATIVITY PREDICTS THAT
HEAVY OBJECTS BEND LIGHT. THIS WAS
CONFIRMED IN 1919 DURING AN ECLIPSE.

THE SUN BENDS THE LIGHT OF
THE STARS BEHIND IT!

THIS CONFIRMATION OF HIS THEORY MADE
EINSTEIN INSTANTLY WORLD FAMOUS!

HEY, IS [ HEY, PROFESSOR![ I'M AFRAID YOU ARE
THAT - | EXPLAIN US YOUR | CONFUSING ME WITH
THEORY, WILL YOU? SOMEONE ELSE!

[ 1GET
THAT nu_|
THE TIME!

OF QUANTUM THEORY AND TOOK PART IN THE

) IN 1933 THE NAZIS CAME TO POWER IN GERMANY.

HE WAS ONE OF THE LEADERS ON THE SUBJECT
FAMOUS SOLVAY CONVENTION IN 1927.

IT IS AN iMPOS_IhEE THEORY BUT

Fﬂeonemm PHYSICS IS |/

e

NOT REAL SCIENCE! ) WERE EMIGRATING )

; STOP
IT DOESN'T SIT WELL WITH ME. TELLING
GOD DOES NOT GOD WHAT TO DO
WITH HIS DICE !

TO AMERICA!

GET HIM! —
st || WITH His UseLESS b5
PRACTICAL! }| THOUGHT EXPERIMENTS!

Gersas

HIS SEGOND HI‘I‘E

IN 1939 HE ADVISED PRESIDENT ROOSEVELT
TO CONDUCT NUCLEAR RESEARCH.

WE KNOW THAT
HITLER WANTS

HE WILL NOT HESFTHTE I

EINSTEIN DIED IN AMERICA IN 19585.
HIS BODY WAS CREMATED,
BUT HIS BRAIN WAS PRESERVED.

TO MAKE AN

To USE IT! &
~ [ INHINDSIGHT, |
\REGRET DOING THIS

MAYBE WE'LL FIND OUT

THERE'S
WHAT MADE HIS BB COL
MIND SO HERE ]

EXCEPTIONAL! :




QUANTUM
THEORY

s



WHEN DID QUANTUM THEORY START?

EXACTLY  THE DAY | INTRODUCED STARTED WHEN WE BEGAN

Q_;JHﬁENOTéJYM WHEN! |  THE WORD QUANTUM! PONDERING THE PROPERTIES

. : v A
HISTORY OF WE KNOW OCTORER 19, 1900.) BUT YOU COULD ARGUE THAT IT

IS LIGHT
A WAVE OR
A PARTICLE?

MAX PLANCK ARISTOTLE
GERMANY T oREECE

IT STARTED AS A QUICK FIX FOR A FEW PERSISTENT PROBLEMS IN THE 19TH CENTURY.

THE RADIATION OF IF WE THINK OF THIS LIGHT BEAM MAYBE ALL ENERGY,
A SIMPLE FIRE RADIATION AS LITTLE B oaa INCLUDING LIGHT,

SHOULD REALLY PACKETS OF ENERGY, OV CAN THAEBES CONSISTS OF THESE

INCINERATE US! IT MAKES SENSE! < QUANTA OF PLANCK!

WELL, NOT REALLY
WHY DOESN'T I CALL IT BUT LET'S ACCEPT
THAT THAT AS A MODEL

FOR NOW!

QUANTA!

HAPPEN? f
! E:pl I,

UNTIL WE FIND
A MORE LOGICAL
EXPLANATION

THAT FITS
s
dresier

NO OTHER EXPLANATION CAME. THE 'ILLOGICAL' QUANTUM THEORY WAS THERE TO STAY!

BUT THAT MEANS THAT | wE CAN NEVER MEASURE THAT GOES AGAINST THE CLASSICAL OPINION THAT
ENEQ"%*&EG’S‘AE%%%TH BOTH SIE%EDERND POSITION ALL NATURAL PHENOMENA ARE THEORETICALLY
QO e T THE SAME TIME!  —— oh MEASURABLE AND THEREFORE PREDICTABLE!

+

QUANTUM THEORY
MAKES THE UNIVERSE
A FUNDAMENTALLY
UNPREDICTABLE
pPLACE!




VARIOUS SCIENTISTS THOUGHT ABOUT THE IMPLICATIONS OF QUANTUM THEORY.

| FOUND OUT THAT QuanTum| | CAME UP WITH APPARENTLY, THIS UNCERTAINTY IS REAL AND FUNDAMENTAL!
APPLIES TO ALL MATTER! ;EIFNEE&EERTHIN TY A PARTICLE HAS NO SPECIFIC POSITION UNTIL WE

NOT %PST RADIATION AND

MEASURE IT! BEFORE THE MEASUREMENT, IT EXISTS

T UNCERTAINTY IN A KIND OF PROBABILITY STATE! _

" THE COPENHAGEN
INTERPRETATION

WERNER HEISENBERG | ' By HEISENBERG, MAX BORN NIELS BOHR

1901-1976 1882-1970 1885-1962
GERMANY BORN & BOHR, 1927 GERMANY DENMARK

)

ﬂN?l %H%TT{%!‘_GRE HC'I_'rUPsLLY
302 BeAp Aub 50% ALIVE
UNTIL THE MOMENT WE LOOK
IN THE BOX!

l YES, THAT'S WHAT
IT BOILS DOWN TO.

IMAGINE:

YOU PUT A CAT

IN A BOX WITH

A RADIOACTIVE
MECHANISM AND A
BOTTLE OF POISON.

THERE'S 50% CHANCE
\ THE RADIOACTIVE
MATERIAL WILL
DECAY AND
RELEASE THE
POISON.

ERWIN SCHRﬁDINGER .

ﬁUSTRIﬂ

IN OCTOBER 1927 ALL THE PROMINENT QUANTUM SCIENTISTS CAME TOGETHER IN BRUSSELS,
AT THE FAMOUS SOLVAY CONVENTION, TO TALK ABOUT THEIR IDEAS.

QUANTUM THEORY INDICATES THERE'S A CLOSE RELATIONSHIP BETWEEN OBSERVER AND EXPERIMENT!
REALITY IS ONE BIG SYSTEM IN WHICH EVERYTHING IS CONNECTED'

A, - -



WAVE %R PARTICLE

WHAT ARE THE BASIC PARTS THAT
MAKE UP EVERYTHING®

WHAT DO THEY LOOK LIKE?
HOW DO THEY BEHAVE?

DEMOCRITUS
- 13808B.C.

GREECE <)

SMALL, SOLID
INDIVISIBLE
PARTICLES

THAT MOVE IN

I'M CALLING
THEM A-TOMS!

| THINK LIGHT IS NOT \
PARTICLES, BUT A
DISTURBﬁNCE IN THE
ELEMENT AIR!

LIGHT MOVES
THROUGH AIR
LIKE A WAVE!

WHAT
ABOU
LIGHT?

| THINK LIGHT MOVES
IN RAYS, CONSISTING
OF LIGHT PARTICLES!

ARISTOTLE
384-3228B.C.
GREECE

ﬂLHﬂZEN
965-11040

PERSIA

S D\ RO O DOA0 D\ DS A DO DO\ IS

LIKE MARBLES, THROUGH A SLIT,
YOU GET A PATTERN ON THE SCREEN
BEHIND OF A STRAIGHT LINE!

THE DOUBLE-SLIT EXPERIMENT wHEN Y\%UU%SEE'I‘ Two
= | L
WHEN YOU SHOOT SOLID PARTICLES, PATTERN OF TWO

| FIGURED IN 1905 THAT LIGHT IS MADE
OF PACKETS OF ENERGY - QUANTA -
THAT BEHAVE SOMETIMES AS A WHVE
AND SOMETIMES AS A PARTICLE!

BY THE WAY,
A PARTICLE OF
LIGHT IS CALLED
A PHOTON!

ALBERT

EINSTEIN

1879-1955

GE}BMGNY
SA

( JusT wAaTCH! ) WHEN YOU FIRE PHOTONS AT TWO SLITS,
THEY GIVE THE PATTERN OF A WAVE

NOW LET'S REPEAT THE
EXPERIMENT, BUT THIS
TIME WITH NHVES'

STRAIGHT LINES!

PASSING THROUGH BOTH SLITS!

WHERERAS A CLASSICAL
PARTICLE CAN ONLY



WAVE! LIGHT IS PARTICLES!
IT TR‘@{SE‘ES'EQ ﬂNﬁlpprLse ONLY PARTICLES CAN MOVE
THROUGH OTHER ATOMS! IN SUCH STRAIGHT LINES!

YOU CAN STOP FIGHTING, BOYS!
MY DOUBLE-SLIT EXPERIMENT
PROVED CONCLUSIVELY IN 1805 THAT

LIGHT IS A wAVE!

NATURE

KNOWS NP

VACUUM!
RENE ISAAC  CHRISTIABN THOMAS
DESCARTES NEWTON  HUIJGENS YOUNG
1596-1650 r ) 16431727 1629-1695 1773-1829
FRANCE %48 S ENGLAND ~ NETHERLANDS | ) ENGLAND

\8/2\2/0\Q/0\0/0\0/B\0/D\O/ D\ B\ L/ D\O/O\E/B\O/0\/5\Q
A WAVE THAT GOES THROUGH —t_ A WAVE THAT PASSES THROUGH ——= | SHOWED THAT LIGHT MOVING THROUGH TWO
ONE SLIT GIVES THE PATTERN TWO SLITS GIVES THE PATTERN SLITS GIVES THE SAME MULTIPLE PATTERN!
OF ONE STRAIGHT LINE... OF MULTIPLE LINES ! =

e

WHEN WE PUT A DEVICE AT THE SO THE FACT THAT

BUT HOW CAN WE VISUALIZE SUCH A
TWO SLITS TO DETERMINE
THRO e SLTE Tot G vt WE :}E$EORBSS$EE|NG, PARTICLE? IT IS A PARTICLE AND A WAVE
TRAVELS, WE GET THE PATTERN AT THE SAME TIME! OUR BRAIN HAS NO
A PARTICLE WOULD GIVE! BEHAVIOR OF THE IMAGE FOR THIS!
~ QUANTUM PARTICLE?

o)

’ | PLUS:

THE FORM IN
WHICH | MANIFEST
MYSELF IS
RELATED TO

WHETHER YOU WATCH ME OR NOT!



IT SOUNDS LIKE THAT AGE-OLD RIDDLE:

IF A TREE FALLS IN THE WOODS AND THERE IS
 NO ONE AROUND TO HEAR, DOES IT MAKE A SOUND? _

BUT WHAT DOES
QUANTUM MEAN?

WHAT DOES IT
TELL US ABOUT OUR
DAY-TO-DAY
REALITY?

IS IT SOMETHING REAL? > : " ACCORDING TO QUANTUM THEORY, .
; IT WOULD EVEN BE A GUESTION %3,
IF THERE WERE A TREEAT ALL! =y

ANY SCIENTISTS USE QUANTUM THEORY AND OTHERS SPECULATE ABOUT THE
AS SOMETHING PURELY PRHCTICHL...J—L ROLE CONSCIOUSNESS MIGHT HAVE.

WE SEE
EMW@ WITH THE WAY T RELIGION!
ON THE OTHER SIDET TH HE WY THE - compuTER %

\ ARTIFICIAL
~ INTELLIGENCE!

HOWEVER IT MAY BE, QUANTUM THEORY
IS ONE OF THE FACTORS THAT HAS LED
TO A SHIFT IN THE WAY SCIENCE
VIEWS THE WORLD!

170.



THE CLASSICAL WORLDVIEW THE QUANTUM WORLDVIEW

DETERMINISM NON-DETERMINISM
QUTCOMES OF PROCESSES OUTCOMES AREN'T FIXED
ARE THEORETICALLY FIXED

IF WE'D KNOW POSITION .WE WOULD WE CAN'T KNOW BOTH
AND SPEED OF EVERY BE ABLE TO PREDICT POSITION AND SPEED  'RD PREDICTIONS o ichl
PARTICLE IN THE | OF A PARTICLE ' . PROBABILITIES!
UNIVERSE... 3 AT THE :

SAME TIME!

EMPHASIS ON

STUDYING EMPHASIS ON
PARTS STUDYING THE
OF PARTS

B PﬁRTICLE' E‘EIIJ-IHFI\“VEUESPSET'
EHFNE EITHER =
AS A WAVE... AND PﬂRTICLES ! <
v NOT IT'S LIKE
BOTH! AND X

OBJECTIVE OBSERVATION SUBJECTIVE PARTICIPATION

THE THINGS | OBSERVE IT HAS NOTHING TO THE THINGS | OBSERVE I'M NOT SEPARATE FROM
ARE THE SAME TO %% wi ITH tvlnﬁ AS AN ARE i , BY MY MY OWN EXPERIMENT...
OBSERVER! : VIDUA OBSERVATION! M :

€ OF IT!

REDUCTIONISM HOLISM

EOMPLEX THINGS CAN BE STUDIED N cﬁ:g%téex THINGS CAN ONLY BE STUDIED
%2%5 FUNDAMENTAL ' OF THEIR PARTS p .‘E

&

1.
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T STOP: TS R
A THEORY OF ALL NATURAL PHENOMENA.

EVERYTHING?

ELECTRONS ETC.
SPACE SUBATOMIC LEVEL
MACROSCOPIC LEVEL '

- . ..g;

I~

SPACE-TIME ‘

goloxies, light year

1. THEORY OF RELATIVITY | NEWTON'S 2. QUANTUM THEORY

DESCRIBES THE BEHAVIOR OF LAWS DESCRIBES THE BEHAVIOR OF
S e BB B
AND TIME OVER VAST DISTANCES. ON EARTH LEVEL, .
NEWTON'S LAWS SUFFICE
IN DESCRIBING MOTION

WHEN WE MANAGE TO AND SPEED.
ACCOMMODATE THESE TWO

THEORIES UNDER ONE UMBRELLA

THEORY, WE'RE DONE! .
SURE! THAT'S WHAT WE
T OUGHT! IN THE LATE
TH CENTURY.

WHO KNOWS WHAT
RADICAL NEW
| INSIGHTS ARE
\_ STILL TO COME?

IT SEEMS LIKE OUR VERY
IMAGINATION IS TESTED TO
ITS LIMITS BY THESE THEORIES!




WHERE ARE WE
HEADING?

SCIENCE
OF THE
FUTURE
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THE CURRENT STATE OF SOME OF THE MODERN
AFFAIRS IN SCIENCE! SCIENTISTS? EINSTEIN, BUT NONE OF THEM

V  Richard Feman? | HAVE HAD THE IMPACT HE HAD!

eyt
Hawkin
i m&mo V—

AND NOW WE'VE REHCHEﬂ( SHOULD WE TALK ABOUT THERE HAVE BEEN SEVERAL

POPULARIZATION OF SCIENCE! INVENTIONS AND DISCOVERIES OF THE PAST CENTURY!

THANKS TO HIS ACCESSIBILITY,
HE PUT A FACE ON SCIENCE!

EINSTEINOID & LOT FOR THE } MAYBE WE'D BETTER TAKE A LOOK AT THE MANY NEW

THE 20TH CENTURY IS

WHAT WILL THE 21ST
EVEN MORE EXPLOSIVE!

CENTURY BRING US?

WOW! AND WE THOUGHT
THE 19TH CENTURY SAW
SUCH EXPLOSIVE
PROGRESS!

| SCIENTIFIC
PROGRESS

19TH CENTURY SCIENTISTS it A 20TH CENTURY SCIENTISTS



WE USE THIS GIANT UNDERGROUND
STRUCTURE TO ACCELERATE SUBATOMIC
PARTICLES TO ALMOST THE SPEED OF LIGHT!

AND THEN WE MAKE Ty

[ eTs -
THEM COLLIDE! TS St
~_HAPPENS! |

FOR THE GENERAL
PUBLIC! et IN 2003, WE MAPPED
e W) - OUT THE ENTIR
WITH US, YOU R B Rz / i HUMAN GENOME!
PAY ONLY ' T G )
95,000 DOLLARS!

WHERE DOES SCIENCE STAND AT THE
BEGINNING OF THE 21sT CENTURY?

AMERICA USED TO BE THE LEADER IN SPACE
TRAVEL, BUT NOW NO LONGER HAS THE FUNDS!

PRIVATE BUSINESSES ARE
ORGANIZING SPACE JOURNEYS

NOW WE BUILD ON

NINE COUNTRIES IN THAT KNOWLEDGE
THE WORLD HAVE BY RESEARCHING
ﬁg&HEP-R WERPONS THE GENETIC

DEVELOPMENT OF
CANCER !

UNMANNED
SPACECRAFT
TRAVEL TO
PLANETS FAR
away!

MERCURY
HERE | COME!

WE'RE MAKING =

NANOBOTS THAT WE ARE LOOKING FOR
CAN DO REPAIRS BLACK HOLES!
INSIDE THE BODY!

THEY ARE CELESTIAL
BODIES SO BIG AND HEAVY

THE INTERNET BRINGS

ALL OF US CLOSER: L RO _ S ) THAT THEIR GRAVITY
IT MAKES IT POSSIBLE : e ! RETAINS EVERYTHING
TOR SCIENTISTS ALL - EVEN LIGHT!

OVER THE WORLD TO
SHARE AND COMPARE THEIR
FINDINGS AND START INTER-
NATIONAL RESEARCH TEAMS!

We can't see them, but from the
' g\ '( ./ behavior of surrounding stars and
& o - planets we can deduce !

ey're there!

WHEN WE FIND THESE, THAT'S ANOTHER PIECE
OF EVIDENCE FOR EINSTEIN'S THEORY OF
HOW THE UNIVERSE WORKS!

THE FREEDOM OF THE INTERNET
IS THREATENED, HOWEVER, BY A
NUMBER OF ORGANISATIONS WHO
\_ WANT TO RESTRICT IT!

WHERE WILL 175
THAT LEAD?
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FUTURE? aT THE PAST! THE CENTURIES?

HOW WILL SCIENCE TO GET AN IDEA, WHAT HAS MOTIVATED
DEVELOP IN THE WE CAN TAKE A LOOK SCIENTISTS THROUGH

[ OUR MOTIVATION? . VERY EXALTED MOTIVES!
LOVE OF KNOWLEDGE!: R BUT THERE
LITERALLY: ALL WORK? ARE OTHER
PHILO-SOPHIA! MOTIVATIONS, TOO!
&S

WHEN WE HAVE THAT,
WE'LL MAKE GOLD !

" COMPETITION

REED | | IMMORTALITY




TO PREDICT THE FUTURE, AFTER ALL, SCIENCE STARTS IN :
WE CAN ALSO LOOK AT THE IMAGINATION! +
BOOKS AND MOVIES! L\

WHEN | GROW UP, | WF‘NT
———— TO BE A SCIENTIST.

= 3 /' AND I'LL BUILD A
ROCKET TO THE
; MOON!

SCIENCE FICTION SHOWS WHAT WE l
HOPE AND EXPECT FROM SCIENCE... iz B MHAT WG FEH]?'

THE UNIFICATION OF LIVE IN HARMONY
THE HUMAN RACE! 1 WITH NATURE:

177.



IT WE CAN BALANCE OUR INNATE OPPORTUNISTIC MOTIVES A BIT
WITH THE DEVELOPMENT OF SUSTAINABLE RESOURCES,
SCIENCE WILL HAVE A BRIGHT FUTURE AHEAD!

THERE! THE g - T |
PLANET IS CLEAN... ‘ e TR TR ) -
| EQUAL DIVISION .. NOW WE'RE READY TO GO

OF MEANS... ol INTO SPACE! WHO KNOWS

WHAT WE'LL FIND THERE?!

o

WORLD PEACE
3

LONGER AND
HEALTHIER
LIVING...

178.



OR WILL IT?

179.
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