Investigation 1V — Subatomic World Lesson 3 — ELEMENTary Education

e T THE STORY STARTS WITH
rd

p (s e R, | THE BIG BANG,
ABOUT 15 E/Le/ oK YEARS

AGO. THE Ferioplc TARLE

WAS EMPTY, 1T WAS JUST A

PossIBILITY [

WAITING TO

VALL THE MATTERN. [ UNIVERSE WAS Top\ /WITHIN A FEW

J NTHE universe ™ HOT FoR MATTER To 1y SECONDS, THOVGH ,
EXPLODED FROMA [\ BEcome AT ALl Eko*rom, NeuTRING
SINGLE POINT: OR6 ANIZED. ELECTRINS FORMED..,
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THEN, FOR MILLIONS UF YEARS, THE UNIVERSE WAS TUST A RAPIDL
EXPANDING CLOUD OF HYPROGEN AND HELIUM, WITH NO OTHER ELEMENTS.
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Investigation 1V - Subatomic World Lesson 3 — ELEMENTary Education

BECAUSE OF GRAVITATIONAL ATTRACT/ION
BETWEEN Afwn.c,,, r

(.. THE EXPANDING G RAPUALLY
Clou oF THE UMIVERSE . ;= [BROKE UP--_ == INT0 PIVERGING GALA wéj

gA OA)/}E 5/; Bl ,é M/O/V YEARS AFTER THE BIG BANG, Asour 100 Bition
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.. THAT THEY
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... INTO ... 0F SucH .
PROGEN BECAME OR6ANIZED SEPARATE GREAT DENSITY BuRST _INTD
%p HELIOM - . BY GRAVITY .. ] \ CONCENTRATIONS .. \ANP PRESSURE ... FIERY FUSION.

”1’" AR AR LA 8% LTSS ENILE L ul:mlwnuuuu"um I"
v ANP 50 LO/VG LONG AGO, THE w
STARS BECAme WHAT ALCHEMISTS

ON EARTH (MVcH MORE RECENTLY)
COULD ONLY DREAM OF : CRUCIBLES
IN WHICH ONE ELEMENT COULTD BE A
TRANSFORMED INTO ANOTHER.
BUT THE ALCHEMISTS Coultp
HARDLY HAVE DREAMED OF
THe STAGGERING AMOUNT OF
ENERGY RERUIRED To PRIVE
THE ALCHEMY OF ﬂ/gmm*_
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Investigation IV — Subatomic World Lesson 3 — ELEMENTary Education

PRESSURE AND FRICTION IN CONDENS NG CLOUDS OF HYDPROGEN AND HELIUA 3
HAD TO BRING THE TEMPERATVRE T0 O MILLION DEGREES CELS/US

FOR THE FIRST STARS T0 I6NITE. WE RE TALKING ABOUT TEMPERATVRES

IN THE CORES — THE CENTERS—OF STARS.

N e

OUR OWN SUN 15 |72 TImMES
THAT HOT. |T CONVERTS 700 MiLLIoN
TONS OF HYPRoG EN INTo HELVM
EACH SEWND. HERE ARE A FEW
STELLAR NVCLEAR REACTIONS :

B + @ —-9& + {Cﬁ
"H + ’IH — iHe'l' ener‘gy
B+ -B+%g + 3%

He +IHe — ;He +Z:H+rner3y

i

THE MORE MASSVE\ @) + B —> & + 3%

[ THE STAR, THE . :
HIGHER 173 CORE | fHe + 3 He —> | Be +energy
TEMPERATURE f

@+®"> @*%

8 12
+Be + ‘;He = %, C i3 energy

@+@—> @ +{V:Z

IGZC * ;*He i :;O *+energy
AND SO ON...

< THE DEATH OF STARS
TTMEANS_ LIFE FOR CHEMISTR

THRov6HouT TH
LIFE OF EVERY
STAR THE
IMWARD FORCE
OF GRANTY
15 AT ooD§
. WITH THE
WTWARD
FORCE OF
PRE SSURE -

AFTER THE B/G FANG —
& SEVERAL BILLION YEARS BEFORE
THE PRESENT — THE PERI0DIC
TABLE (OOKED LIKE THIS =

THIS 1S AS FAR AS NVCLEOSYNTHES
IN THE coRE OF STARS CAN GO. Bur THE
FERIODIc TABLE WAS FAR FRoM FuL,
AND MOST OF THE ELEMENTS WERE ).
\TRAPPED INSIDE THE STARS.

COLL APSE AND
EXPLOSION. - .
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Investigation IV — Subatomic World Lesson 3 - ELEMENTary Education

7N57QM£ ©71F A STAR IS EXTREMELY MASSIVE, GRAVITY WINS... THE STAR \d

COLLAPSES INTO A “BLACK HOLE,” AN INTENSELY POWERFUL
y 5 7 M );/ﬂ/cﬂ NOT EVEN

: /

H THOUGH, A

] STARVSES

? UP ITS FUEL,
HAND EITHER
H GRAVITY OR
{ PRESSURE

B MUST PREVAIL .

CENTER

Nz

Al

BUT IN OTHER
STARS, PRESSURE
WINS  QUT:
THEY EXPLODE
INTO So- CALLED

SUPERNOVAS !

7)) SVPERNOVAS BLOW THEIR FINALLY, |NTHE RELATIVE
| SwrFAce ATams W /// QUIET ouTSiDE THE
7 LI STARS, CHEMISTRY CAN

OUTER SPAce, il A
LigeRaTING THe T [iji] REALY TAKE OFF INSTEAD
ELEMENTS FRoM i | OF NUCLEA& REACTIONS,

THEY PROVIPE THE
CONDITIONS TD

SYNTHEN1ZE EVEN MIRE
ELEMENTS BRINGING THE

TABLE T0’ THIS POVT:
THE STARS s | CHEMICAL REACTIONS
p k"ﬁ ;| CAN OCCUR: 0@
u g RS $ —> &
¢ v . k%gm Sx@ygcn water J

BETTER YET,
LETY FORGET

S0 WHICH DO

AND THATS THE

GENERAL STORY OF Yov THINK WouLD
How THE ELEMENTY BE EASIER & ABOUT GOL P AVP
CAME TO BE — CHEAPER — S€EE WHAT we
EXCEPT THAT /5 —] SYNTHESIZING CAN MAKE USING
BruL1on YEARS A BRAND NEW ILL TUST \|\CHEMICAL REACTIONS.
AFTER THE ki BATCH OF G-0LD

BANG, ONA SmALL FROm OTHER

PLANET CALLED GLEMENTS, OR

EARTH, HUMAN JUST PIGGING bR

SCIENTISTS BEGAN MORE OLPGOLD | BXNRT> |

70 PRopuceé TINY OUT OF THE s TR, i

AMOUNTS OF NEwW, GROUND? ) . :

UNSTABLE ELEMENTS. >
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