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The Association Knowledge without Borders, founded and chaired by Professor Jean-Pierre
Petit, astrophysicist, aims at spreading scientific and technical knowledge in as many
countries as possible and in as many languages as possible. To this end, all his popular
scientific works, which cover a period of thirty years, and more particularly the illustrated
albums he has created, are now freely accessible. Anyone is now free to duplicate the present
file, either in digital form or in the form of printed copies and circulate these copies to
libraries , within the context of schools or universities or associations whose aims would be
the same as the association , provided that they do not derive any profit from this circulation
and that they do not have any political, sectarian or confessional connotations. These pdf files
may also be put on line in the computer networks of school and university libraries.

Jean-Pierre Petit intends to create numerous other works which will be accessible to a larger
audience. Even illiterate people will be able to read them because the written parts will
“speak” when the readers click on them. Thus it will be possible to use these works to support
literacy schemes. Other albums will be "bilingual” in so far as it will be possible to switch
from one language to another selected language with a mere click. Hence another tool made
available to develop language skills.

Jean-Pierre Petit was born in 1937. He made his career in French research. He worked as a
plasma physicist, he directed a computer science centre, he has created softwares, he has
published hundreds of articles in scientific magazines, dealing with subjects ranging from
fluid mechanics to theoretical cosmology. He has published about thirty books which have
been translated in numerous languages.

The association can be contacted on the following internet site:

http://savoir-sans-frontieres.com



SoPHIE | T

SOMETIMES  WONDER .. WHAT, SWeETHEART 7

T DunNNG... IF THINGS ARE
WHRT THEY SEem... F REAUTY IS

REALLY REAL ...

THERE'S SOMETHING “TAKE. Noﬂ;/ ONE UNIVERSE

BEHIND
EVERYTHING .

CAN HIDE ANOTHER,

it




SOMEBoODY s  PLAYING
A VIOLIN.

Bumey! THATS 1oen 17!
We'Re (N THE BUNKIN'
CATAcoMBS oF PHYSICS.

Come ON., THIS
IS qoing To BE

ABSOLUTELY FascinvATING)



Cosmie LRk

MiSTER ALBERT

(///@\\\\ ==ryll
A
I lL |




Funny way 1o
PLAY A VIOLIN,

A oNE-MINWTE
Qioe, prease !

ALBERT’S

MERRY - GO - ROUND
1THE FASTEST, SHow ON
EARTH

$4 PER MIN WTE

SLow Pown |
1415 I1SNT MERRy AT pr !

Seeepy !




TIME'S
up! HEY - THAT CLock OF Yours

(% SEEMS T0 “THINK A MINWTE
N
W@ LASTS 59 SECONDS.

NEIN, NEIN, NEIN,
VUN  MINUTE _PRECISELY .’

IT's A
CHRONC PERFEKTA,
IT MEASURES Deg
TIME MIT
ABSOLUTE

PRECISION.

Bwl MINE's A
CHRONOPERFEKTA Too.

WEIRD. .. T1S A NEW ONE As
WeLL. PERHAPS The UNion
WAS NEGOT/ATING A NEW
CONTRACT THAT WEEK. ..

OH WELL
IT'S UNDER
GUARANTEE .

THERE'S NOTHING
WRONG  wITH YouR WATCH,
AQCHIE. TT's impossiBLE

FoR A CHRONOPERFEKTA

Tt TELL -THE wRONG
nME.

THEN T MUST HAVE
BeenN THRT I
MERRY- GO-ROUND.




e ALBERT — (51T

poSSIBLE  TO MAKE HE

MERRY-GG-ROUND TURN
AHE OTHER WAY €




—
YOuVE CHEATED YES you npve!
ME OUT OF A

SECOND AGQAIN ./

No T HAFN’—r"

WHAT DO You
MEAN ©

TF You DoN' KNOW

ENouGgH PHYSICS | keep

OFF DER MERRY-Go- BouT _/
STAY Home !

Vo1 7 NUTTING
OF DER k/ND !

—
S scieNTIFIC
S\ DISCUSSIONS,

Come ofFf 1!

Time IS TImE,
AFTeER ALL |

CooL 1T, ARCHIE.
BOTH WATCHES ARE
SHOWING THE

CORRECT TIME.

THE corgeeT  LWHATP

WHAT Do YolL
MEAN BY TIME,

ANYWAY 7

HAve You wNoTIceD
How THIs BRoy HAs
A POSITIVE T/H_ENT/

9




MEANWHGLE, BACK A0 THE FRIR ...

[}
You coming? Trs Mké.3 ALBepRT S
SUBMARINE RQIDE. A ee(qwlésvs’

TTS EIN HYDRALLIC Clock .
LIQUID 1IN DER RESERVQOIR -TURNS INTO
GAS AT A PRessure By Dee gas
PUTSCHES DER LiQuip aus DER

SUBMARINE THROUGH A Frow METER. .

Grs at PrESSURE fp

Liqwip o +
e ~
FlLotww METER

AN

Gasa
é\ﬁ
S0 wWHY 15 THE METER  GraDUATED

IN SECONDS.?

OWTLET

/
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Is DER TIME VATS
FLowiNK, TA 7 DER oLD
PRINCIPLE OF DER

CLEPSYDRA,

AH) OF COURSE. AND
THE RATE OF FLow (s PROPORTIONAL
16 THE DIFFERENCE BeTWEEN
THE PRESSURE 1N THE
RESERVOIR , AND THE
PRESSURE OuTSIDE.

AN’ THAT MEANS THAT
TER MEASURE (TS SFPEED,
ORL YER NEEDS IS A BuNKN®
MANOMETER  WoT LL

MEASURE THE H EXTERMINABLE
PRESS URE, ..

MEIN SUBMARINE IS EQUWIPPED MiT
DIVING PLANES, so DAT DER FASTER
SHE GOES, DER. MORE SHE DIFES.

T sAY, IT HAS A
MEAN TURN OF SPEED,

youR. MACHINE !

CriPES,
r Gornff

h’OKAY | Hup vE
Go!  Der miNwTE

IS YusT rRUN ourT,

Hey, woTt’s
GOING oN . We'RE
oN PAGe &5




BUT FOR THE MOMENT WE MUsT LEAVE MAX AND LENNY

70 SORT OWT THE CONSEQUENCES OF THEIR UNDERWATER
ADVENTURE AND RETURN Tp ARCHIE ...

I1's KiINDA WEIRD, lHEN You
THINK ABOWT (T, TF you. Move IN

SPACE, THEN WHATEVER DIRECTION Youw
CHoOSE, Yo ALWRAYS SEEM To BE ABLE

TO RETRACE YouR STEPS AND Yo,
THE OPPOSITE WAY,

TIRESIAS CAN oNLY Go AT A SNAIL’S
PACE | S0 1TS EASY FOR ME -0
OVERTAKE HIM, .

Or L cAN sToP  anD
LeT HIM OoVERTAKE mME .

WasTE
OF BREATH.

BuT wHeN |IT
COMES To MoVING
IN TIME | THINGS
SEEM To RE A

UTrLe
DIFFERENT.. .
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. UNDER FPENALTY OF NOT

BEING ABLE TO smﬂw.

Well, T guess
IT'S FoRBIDDEN To
STRY HERE,,.

PERSON NAME of TIRESIAS?
A REGISTEKED PARCEL
FOR. Yo,

DIFFERENCE.

HmmMm — 1T
A CRLENDARE.

THATS RIGHT ARCHIEs Evegy
TIME yow PulL A PRGE OFF,
ANOTHER DAY FPASSES.

13



No, no, TirEsias: wE can’t
ALTER THE PAsSAGE of TIME! 715
PulL ofF THIS PARGE , You HARVE
TO WAIT 'TIL  ToMoRRoW.

SOPHIE — WHAT
IS Tmmet P

Irs 4 DIMENSION,
UKE ALL THE OTHgRS.

CL{MB onN THE SWINQ
AND - T'Li EXPLAIN,

WHAT AN
EGG- STRAORDINARY
Dee-vicE !




For. INSTRNCE, CAN Yow -TELL ME WHY
TIME FLowsS TowARD THE FUTURE AND NoT
THE PAsT 7
G\6
/' )

v/




SHE REARLLY DOES
HAVE LOVELY EYES...

h N
&S =

[\
EACH FRAME OF THIS FiLM 15
USED To RECORD A SINGQLE INSTANT

OF THE PRESENT. EncH stcond oF
FILM TRKES T ENTY- FOUR FRAMES. It

CONSISTS OF A DISCRETE SERIES
OF SEPARATE EVENTS.

Yo GET A
SPACE - TIME.

Now L't sHow
You SOMETHING

INTERESTING . PILE
ur THIS SERIES OF
FRAMES - EVENTS.

TF I FrL IN FRAMES
BETWEEN THE GAPS TO GET AN
INFINITE NUMBER OF THEM,
THEN I GeT a4 CONTINUOUS

SPACE- TIME HAVING THREE
DIMENSIONS.

Two OF SPACE, AND
ONE OF TIME .

16



RemempeR THAT THE NUMBER oF DIMENSIONS

FoR A SPACE 15 JusT THE NUMBER OF
QUANTITIES REQUIRED 10 DPETERMINE THE POSITION

OF A POINT Iy THAT SPACE.

LJe uve v A space-TIME HAVING FOUR

DIMENS|ONS. FOR INSTANCE | yow NEED FOUK.

70 MEET SOMeBoDY AT THE RIGHT PLACE AND

!IME.

TIRESIAS HAS ASKED ME TO MEE‘I’ _ c
#im AT NUMBER. TWELVE oN FOUUH

Steeer on THE THIRD fFroor. Bul
THE CLOD HAS FoRGPTTEN To SAY LWHEN.
T Don'T HavE Four. (TEMS of DATA!

BUT 10 MaKE LIFE EASIER For. THE ARTIST
LET'S CONTINUE T0 THINK ABoLT A THREE- D/MENS/ON*‘)/—
SPACE- TIME (Two OF SPACE, ONE OF TIME

K);okyou KEHL:ZE) olb Boy, -THAT

WE MovE |IN TIME 7

Bur I HAVENT
BUDGED AN INCH !

/TN o

THE MoTION OF THESE Two SPIDERS IN SucH A SPACE- TIME
1S ILWSTRATED BY THE DIAGRAM oN THE RIGHT.

N
|
|
i
|
|
|
A

QUANTITIES — FOUR |TEMS OF DHTA — “TO BE ABLE
ND

17



For INSTANCE, IF T GO ROUND AND ROUND N CIRCLES
THEN My PATH THROW&H THREE- DIMENSIONAL SPACE- TIME WLl

LOOK LIKE A colleD sSPRING (OR HELIX ).

S

GQosH— 1S5 IT

SPRING
ALREADY ?

-
Lets cHeck THAT I've UNDERSTOOD. THE
ABSOLUTE PRESENT, AT ANY GIVEN MOMENT,
@[ IS B PLANE SUCE cUT THROUGH THIS SPACPlME
T
ABOVE 1T 15 THE FUTURE /
AND BELOW IT IS THE PAST. [
‘ FUTURE
FOTUQEL
THE FIRST PERSON 10 PAST
REARLIZE THAT THE PRESENT |
C_’*( HAS ZERD THICKNESS
eh wAs ARIsTOTLE,

18



“To BE COMPLETELY
ACCURATE | WE sHouw LD
REPRESENT A STATIONARY

SADER N THREE- DIMENSIONAL
SPACE-TIME ULIKE -THIS.

THE SPIDERS SURVIVA[L DEPENDS

ON ITS PATH, IN SPACE-TIME, FRILING
70 MEET THE PATH TRACED BY THE
' rroc, \t /
1
i
x LN

BuT wHY DON'T WE ﬁee
THESE SPACE - TIME !
TRATECTORIES © /
| %ﬁ .

CLoSE eNcouNTER
OF THE SPATIO-
TEMPORAL KIND.

BECAUSE WE CAN ONLY EVER
<ce THE PRESENT!

19



THE Elevator of TIME PROPELS us

INEXORABLY UPWARD. T NEITHER STOFS
NOR FALLS BAcCK .

Mon Tues LUED Tirs FR1 Sar Sow

AN ELEVATOR
WITH NO DOOR. ...

+ ;
A . AND NO CoNTRoLS...
HoLy Cow.l
F
gy
_J
Z IM &AD SoPHIES

HERE .

Look, SoPHIE — T've Found A NEW
QANT oN THINGs | Tve aur

SPACE-TIME OBLIQUELY .

N




’rHﬁTIS A TRICK
CARTOONISTS OFTEN

use.

LIGLT CONES

You. PROBABLY HAVEN'T NOTICED THIS —
buf we ALWAYS see AN OBLIQUE
CROSS-SECTION OF RERLITY.

OH SURE,
'courRse T HAVE.

MEGREZ
DUBHE
€65

MERAK
PH EDKA 1909
190 (

LIgHT TAKES A DEFINITE AMoUNT OF
-TIME TC REACH US FROM DISTANT OBTECTS.

fhe DIAGRAM SHows THE TIME AT WHICH LIGHT

LeFT THE STARS IN THE BIG DIPPER, so AS
o ARRIVE NOW,

21



mj MERN THAT NEAREBY
STARS CoulD BLow UP, AND T

WOULDN T~ KNow ABouT IT Fop.
YEARS 7

NoBoDY EVEE
TELLS ME ANYTHING ...

THE IMARGE oF
ANDROMEDA THAT WE OBSERVE
THROUGH TELESCOPES SHOWS uUsS How

GO

We see e suN THE
LWBY T wAs EIGHT
MINUTES ago.

AND my Feer
ARE OLDER
THAN my Nose!

S0 THERES REALLY
NOTHING HRRDER TO
SEE THAN THE PRESENT,
MAyBE AN OBJECT

SITUATED JusT BEHIND
my rRemvg... 7?7

No, ARCHIE. We cAN onLY see
THE PAST. S0 AT ANY INSTANT WHAT
we SE€ IS THE RELATIVE PRESENT

WHEREAS WHAT WE wWERE TALKING ABOWT

RPEFORE wAS THE ABSOLUTE PRESENT,

THE PRESENT s STRICTLY A PERSONAL

THING ; you cAN’T sHARE IT AROUND.

22




LeTs TAKE -THe DISCUSSION FURTHER . TN SPACE-TIME )5 MESSAGE

WAvES ON THE SURFACE OF WATER SPREADS ouT ALoNG A CONE,
RAVEL AT A CcNSTANT SPEED. HERE A the—
SPIDER HAS FALLEN INTO A POND, EMITTING N

N AL Y4

CONCENTRIC CIRCULAR WAVES.

T15 exAcTLy THE SAME FOR  LIGHT, wHICH
T UAVELS AT A CONSTANT SPEED OF 300,000 KM /SEC.

IN THE SAME wAY, THE
LIGHT SIGNALS RECEIVED BY

EACH

OBSERVER mME
FRomM POINTS SITU ATED ONA

CONE IN SPACE-TIME . THE

é-{ LIGHT CONE.

IT1s THIS THAT
MAKES WP THE OBSERVER'S

RELATIVE PRESENT.

You MERN--
THE SKY 1S A
cong 7

Yes, ARCHIE, ITS A THREE—D/MENSIONH\L
coNIcAL CROSS- SECTION  Of OUR
FOUR - DIMENSIONAL  SPACES TIME .

23



TITS A coNCEPT T#MT\
THE HUMAN BRRIN FEINDS

A THREE - DIMeNSIONAL

NE 7 :
<0 DIFFicuLT TO AQUIRE. Ouk

PERCEPTIONS, AND ALSO oup.
THOUGHTS, TAKe PLAce IN
THREE DIMENSIONS, NOT Foufr

So LeTS mpre n HASTY RETURN
70 OUR MoDEL OF A

TS THAT LIKE A
TRIPLE Scoop? .

!

THREE-DIMENSIONRL SPRCE-TIME

TITs REALLYY ouiTE [LLUMINATING | W ATCHING
SPACE-TIME LIKE THIS.  BuT T sUPPOSE, 10 Do T
PROPERLY , T oueHT 1o use CONICAL s |pgs

WooPs — T FoRGoT ALL Apour
Max AnDp Lenny!  T75 Been

FIFTEEN FPAGES since THeY vANJSHED,/

4



WHeN -THEY (EFT THEY WERE GETTING INTO
A SUBMARINE FoR A JOURNEY TRKING EXACTLY ONE
MINUTE ... BUT ITS BEEN AGES (oncee 7HAN
THAT SINCE THEey DrSAPPEMZEDj

AT LAST.  -THey CERTAINY TooK THEIR
TIME .

PH, HERE THEY COME, SURFAUNG B \ {

ERE, WOT'S GOIN' oN7?
WE'RE ON PAGE ,
TWENNY -FIVE .




ffA) JA . VUN
MINUTE EXR(:TL)’.I

IT's TUST LKE He
MERRY-Go -RounD WAS,
A WHILE BACK.

TIME, ARCHIE, IS NOT SOMETHING
ABSOLUTE,

4
N\
Der (ADY 15 RIGHT, ~ \\\

ARCHIBALD — DER FASTER YoU Go,
DER LESS You AGE.

HEY Do say, “To PART s TO DIE A LTTLE.
BUT THIS sounDS MoRE UKE THE OPPosITE !




NAL LOOK — -THAT... CLEPSY DRABLE
MINGY woT MR. ABeRT 'AD... THe
"YDROLLICK  woTsiT ... pip 1 REELY
TELL THg TIME IN THE SUBMARINE ©

Lke L 7oL you
DER  CLEPSYDRA IS FED FROM

A RESERVOIR AT A CONSTANT

PRESSuRE e . IT FlLows T0 Dee
OUTSIDE OF DER SUBMARINE,VERE
PER PRESSURE 15 F. So DER RATE
OF FLOW IS PROPORTIONAL TO DER
PRESSURE - DIFFERENCE Fp — T .

) 7
C’g A

i

-
/e

DeR. FASTER DER SUBMARINE
GOES , DER. DEEPER SHE GOES, AN
DER MORE DER PRESSURE fL

INCREASES, S6 DER LESs FLUID

DER CLEPsSyDRA LOSES. IN
OTHER. \JORDS: DER FASTER Yol
GO, DER LESS TIME PASSES, /(\/“\\Ku

N
(../‘\




SoUNDS LIKE A LOAD oF oLD GAEBASE 10 ME! How
WouLp TIME FLowW FOR SOMEONE wHo wAS MOTIONLESS ?
. %ZW\\
7
( g‘] j ‘
/ /1 \41//\%
/ /\\7 S Tr's Der RATE OF FLow OF A REFERENCE

CLEPSYDRA VOT's PLACED N A SUBMBRRINE AT h
ANCHOR. , MOTIONLESS — HENCE oN DER SURFACE.

@_ SORT THIS our ONcE AND Fo@

MOTIONLESS RELATIVE
70 WHAT 7

T WoNDER WHAT TS
LIKE 10 BE Moﬂorvugss.?

SOPHIE © Yow TAKE NUMBER & AND TilL TAKE numpeer 1.

We L EAVE numBer 3 HERE AT THE MARINA  AND SAIL THE
—_ v

OTHER TwWO AT THE SAME VELoclTY /.

THIS IS ONE DiveE

Th HAPPY TO STRY
our of!




H, wow, Look ! A convoy T Trey ee Going
@ AT THE sAME SPEED V, IN THE SAME
DIRECTIon, AND AT THE SAME DEPTH.

FeoPLES VOT DO EXPERIMENTS ARE
PEOPLES VOT'S NOT GoT ANY (ONFIDENCE
IN DEMSELFS.

MR.  ALgerT, sir: wupT IS
MOTION ©

DAT's A GooT QVESTION, T.Resmx
Der T'ING VOT ACTUALLY €EX|STS IS

per.  RELATIVE SPEED —Der speed
OF Vvun BoDY RELATIVE T0O ANUDDER.
I7's REALLY GVITE ARBITRARY TO
AsSUME, As VE usuAL DOES, DAT
VUN OBTECT— OR GRouP 6F OBJIECTS
(You, M€, AND TER MARINA) — 1S
AT REST. IN FACT, ALL MOTION IS

RELATIVE. S0, For EXAMPLE... AT
DIS MOMENT SOPHIE AND ARCHIBALD,
WHO ARE MOVING KELWTIVE To US,

ARE  MOTIONLESS RELATIVE TO EACH
OTHER,




We're BACK WHERE WE STARTED; ouR CLEPSYDRAS HAVE
EXPELLED -THe SAME AMOUNT OF WATERS AND THE SAME TIME

+’ HAs PAssED.
Two SYSTEMS THAT ARE
MoTIoNLESS RELATIVE -TO
EACH OTHER ARE
SYNCHRONOUS .
TIT'S QUITE DIFFeeem
FOR. THE REMAINING

CLEPSYDRA , NUMBER 35

TR\l
WHICH WAS AT REST
ON THE surFace. 1T

SHows A _LONGER / !

ELAPSED TIME +

— ———
~N

HMmPH,
You KkNow, Me. ALgerT,

>
(=) THere's SOMETHING -THAT

BoTHERS ME ARoWT Youl
THEORIES.

B v
&

WELL.. . AT THE SURFACE Yol
CAN MEASURE -THE DISTRNCE D
WeVE GONE , AND THE TIME T
THAT |T's TAKeN, BY USING THE
CLEPSYDRA IN SUBMARINE
NUMBER 3. THAT Gves A

&Pézp v 2

30

THOSE ARE MEASUREMENTS
MADE BY AN OBSERVER AT REST




BWT (N SUBMARINES 4 AND L, TIME Frowep MORE sLowly

TF WE'D MEASURED THE SPEED, WE SHould KHAVE
/I_ D
VIS 7, wHich 15 BIGGER THAN v = 2.

GoT A VALUE

You HAFN'T CONSULTED DER LOCH oF Youg

SUBMARINE (%). DAT VILL TELL Yo DER DISTANCE D’ \f_\
You’F TRAFELLED.

HOLEY MoLey !

EVERYBODY'S  Gornl
D' 15 LESS THAN D!

BONKERS . T ALunys KNEW
IT'D  ‘appen |

e

@é\ Tve LOCH 1s A NAVIGATIONAL INSTRUMENT THAT TELLS Yow. THE
DISTANCE Yow HAVE TRAVELED.
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THE LORENTZ
CONTRACTION

IT LOOKS LIKE

. w But... mpr MEANS
= AND 7 ARE EQUAL. SPACE GITS SQuoRSHED
BOTH wAYs! Broomin

H>AcORDYoN | DUNNIT 7
TimesS AND LengTHs Are ?S -

ONLY  APPEARANCES. THeRE's

NO MORE AN ABSOLUTE -TIME '2

THAN THERE 1S ABRSOLUTE

THiNk BAck 10 COSM|c PARK
AND 175 ocenN, CHRONOS. Bu-t
REMEMBER THOSE WERE ONLY MoDELS)
DESIGNED 70 HELP ©uS UNDERSTAND
THE STRANGE STRUCTURE OF
SPACE - TIME .

-_
2
— %32:,)/

32



To GeT AN IDEA OF THIS
SHRINKAGQE OF LENGTHS , 0.
LORENTZ CoNTRACTION (NAMED For
175 Dnscovzﬂev@/ WE HAVE 10 THINK
oF CosMic PARK AS SoME KiND

OF LIQUID SPHERE.

ARCHIE'S SUBMARINE, TRAVELING AT

P SPEED V| HAS To DIVE , SO IT FoLLows THAT

arc A'B'=D" w A PROPER TIME, MEASURED (N BOARD, pruaL To t
For. AN OBSERVER AT ResT AT THE SURFACE , THIS MOVEMENT IS SEEN

AS THE ARC A/I?;D) N A TIME +.  AND we HAVE
D' _ D _ \/

— = - =

t' €

T1's AMUSING TO SEE -THAT IN THIS MODEL , THE MoTION
s ANGQULAR , aND 1T's  PERCEPTION -THAT TRANSFORMS

T NTO  DISTANCE,

33



BWT wHY COME WP wITH SOMETHING
AS COMPLICATED As THRT 7 Time
THAT SUPS, SPACE -TuaT SHRINKS...

A TERRY—BUILT [ANIVERSE !

Ne(N, NEIN. TT5
RECAUSE OF PeER SPEED oOF
LIGHT , MY Boy. YouLL

SoON sSEE. ..

YeAH, Im suRe HITLL orL
Be VERY [LLUMINBYTIN

WELL, ' TS AL VERY FASCINATING , THESE
COCK-AND - BULL  STORIES ABowT BLOBS OF WATER,
‘ SUBMARINES , AND CoNTRACTING LeENGTAS. BuT

WHAT DOES |7 ALL MEAN _PHYSICALLY ©

BACK ON  youR TRUSTY CHARGER,
My KNIGHT IN SHINING ARMor.!

NEVER. HAPPENED
10 SIR
LANCELOT,

Vou VILL SEE
VOT Yoo vilLL sSEE .

34



SOOOOOPHlE\.

OK, SWEETIE = 175
FINISHED, You CAN
GET UP NOW.

FORTUNATELY FOR US , DESE EFFECTS
oNLY SHOWw WP VEN VE TRRAFFLES NERR

DER SPEED OF LIGHT, VOT IS
300,000 kM [secC.

PHYSICS 1S A
DREADFUL
SUBJECT. ..

0

Y

\\
@» |

ﬂ IF (T VAS ONLY A FEW METERS A
SECOND , LIFE AS VE KNow T Vouth Be

ABSOLUTELY /MP0oSSIBLE — HUR-HUR —HUR .’

35




TF AN ASTRONAUT WERE TO STAY IN ORBIT FOR SIX MoONTHS, THAT IS,
OVER FIFTEEN MILLION SECONDS.,.. '

- THEN His AGE woulD BE ReTARDED BY |4 HUNDREDTHS
OF A SECOND

NoT THAT IT wouLb
BE EXACTLY wWRITTEN ON

H|S FACE WHEN
HE CAME BACK.

THE WORLD oF RELATIVITY SEEMS
A LONG wWAY REMOVED FRroMm

EVERYDAY UFE.




AT THE MOMENT IT's ONLY OF INTEREST o SPECIAUSTS

IN HIGH ENERGY PHYSICS (%) .. .

You STAY (F You
LKE. ITM eTTIN'
outh Here !

% ELEMENTARYS IN NINE
LETTERS .., T woNDER
/\WHAT THAT cAN Be?T

el L

> |
DRAT— TVvE GOT AN
ITCHY NOSE.

3%






0,000 kM[sec. Awesome!
THE STARS HAVE ALL BECOME

ELLIPSES ), WITH THEIR MATOR AXES

TWICE THE SIZE OF “HEIR
MINOR paxes

MEMORANDYM

In FACT ARCHIBALD HiGGINS couth NOT REAWY OBSERVE
THIS LORENTZ CONTRACTION, FOR 1HE eXCEUENT ReASON

THAT EVERYTHING coNTRACTS: THE UNIVERSE , ARCHBALD,
AND HIS SHUWTTLE,

INn THE sSAMg WAY | TRAVELERS Ny CosMic FARK DoN'T

\
) NOTICE ANY SHRINKAGE .

So 1F L SPEED uP A BIT — LITTLE oD ME, TIRESIAS THE
SNAIL — T =QuUASH wP THE ENTIRE UNIVERSE LIKE AN
ACcoRDION |IN THE DIRECTION I'M Moving,

39




1HAT's Ree-Dpickws! A 1doDY LiT1LE

1
SNAIL cAN‘T SHRINK THE 'OLE  BLOOMIN
YOUNYVERSE !

G

3=

ITS NOT A MATTER oF SHRINKING THE
UNIVERSE, OR SLowING -THE FASSAGE oF
TIME. DISTANCES AND TIMES ARE ONLY
APPEARANCES.  EVERYTHING IS AN ILLusIoN

AND NO’I’Hwe, IS ABSOLUTE. ’fHPrT'S THE

w o  RELATIVITY.
Se wHAT IS THE uNIVERSE UKE@

L
IT DEPENDS ON THe SPEED oF THE OBSERVER.

og\
\/d Y\YPEED RELATIVE TO LUHP{@
| ]

THE ESSENTIAL IDEA |S THAT TWO PEOALE
GOING AT THE SAME SPEED /' ;a, 7HE SAME

E:
|

J

36

5
e

Bur sack 10 CosMic Park. You'll sec THAT FoR SoMe BEINGs,

DIRECTION SHOouLD sge — AND EXPERIENCE —
THE uUNIVERSE

IN THE SAME L0pY.

THE UNIVERSE HAS A SINGULAR ALLURE ...

40O




OR:
LiFeE AMONG

THE :
PHOTDNS

WHEN T
STAN DS STLL

DONT THERE EgXIST A SPEED woT
MRAKES -THE SUBMARINE DIVE -TO A DEPTH

WHERE THE HEXTERYOR PRESSURE EQUALS
THE PRESSURE /N THE RESERVOIRT

CrIPES |

"APPENS
“THEN 7

WoT

LogicaLly, TIME
sHouLd STOP,..

WHaTeEVER.
THAT
MERNS...

In Me. Awserts CosMic PARK MoDEL OF
THE UNIVERSE , THAT HAPPENS WHEN You REACH

THE CENTER OF THE SPHERE OF WATER,

AHAT'S THE DEPTH Yo REACH
WHEN YouR SPEED s 300,000 kmlsec

Now we'RE R‘Em_(_y\

GiEE‘T)r\)G; T0  THE BOTTOM oF
T™NGS T Twis s ReALLY Deep

THINKING
=
1




ToES PNYTHING ExisT AT
THE BOTTOM OF ALL THIS CHRONOS,
AT THE ¢ -
ENTER OF THINSS, WHERE
REIGNS THE ARsoLuTe ZERO
OF Time 7

FoR OTHER FOLES TO
LWORRY  ABoWT.

THE CONSTITUEN T

PARTICLES OF
LIGHT.

BOTHER wITH THAT
sruFF !

EveN so, T cAN STILL
JMEASURE How FAST PHOTONS

TRAVEL. -THEY MOVE THROUGH A
DISTANCE D iN A TIME T,
AND THEIR SPEED s D/t =

300,000 km[sec. T HAVE A
© FUNNY FeeLiING I/VE SEEN

THAT NUMBER Be FORE ..,

Aney RE BOBN —
MHEN THEY DIE—
IN A FLASH |

YES - THAT REALLY
IS uiFe IN THe FAST LANE...

H2




EXISTING IN TIME, THAT'S JUST YOUR WAY of UFE. PhotoNs HAvE
A DIFFERENT LIFESTYLE.

CONSECWTIVE EVENTS,

FoR. THEM BIRTH AND DEATH ARE Two

<

&
®

DoES -THAT MEAN THAT FOR
PHO—rONs THERE'S No SENSE
TIME ©

'rHe PROPER -TIME oF THE PHOTON -TAKES
PLAce /N AN INFINITELY THIN PRESENT, SAND wICHED

BETWEEN THE |INSTANT OF ITS BIRTH AND THE
INSTANT OF TS DEATH. (CONSIDER A -THReE-
DIMENSIONAL SPACE-TIME  wITH CoORDINATES (X,y,t).
TF Yo FLATTEN IT (N THE TIME DIRECTION

You'Re LEFT WITH A suRFACE THAT STILL HAS

TwWO0 SIDES. THE DISTINcTION BETWEEN THESE

TWO SIDES DEFINES 7HEe DIRECTION oF TIME
FOR THE FHOTON.
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Sbu SEE, ARCHIE, EVERYTHING 15 RELATIVE. o LEARN 0
THINK LIKE A PHOTON, yYou HAVE To ULVE LUKE A PHOTON,
WHICH Is DIFFicuLT, BECAUSE PHOTONS DoN'T wve!

1M sTILL HOPING SOMEONE's
GoING T0 TELL ME WHY TIME
RUNS From THE PAST To THE FUTURE,
INSTEAD oF THE OTHER WHY
RounD !

MATTER ©

As TimMe PASSES, wWEe ALWAYS
MOVE WITH IT (N THE

SAME  DIRECTION.

AVE Yo GORN BONKERS,
OR wor ©

IM geTTING THe
IMPRESSION  THAT IF S6MERBODY
SUDDENLY REVERSED -THe DIRECTION OF
TIME, NoRODY woulD NOTICE!

b




Vou kNow, T THink I/D QuiTe
ENTOY BEING A PHOTON — EVEN (F oNLY

FOR BN INSTANT— -TO GET AN [IDEA OF
How -THEY VIEW “THE UNIVERSE.

K\\ @ TTs NOT PossiBLE To DRAW A
\:—? 4-DIMENSIONAL SPACE-TIME. But
—= You cAN, IN  THREE TYMENSIONS,
SKETCH THE INTERTWINED TRAJECTORIES
/N THE uNIVERSE ( THAT s,
BY A HYPOTHETICAL

—7

FOLLOWED BY #ALL oF THE OBJECTS
AL PARTICLES) AS THEY LWould BE SEEV

0BSERVER WHO IS AT ReST,

A sorT o' TPIN-UP PHOTO

IN THREE DIMENSIONS v »

~C5
o

A ReAL can OF wokMs! QE
gé/ Yow GET SOMETHING UKE A PLATE OF
SPAGHETTI, OR THE LOS ANGELES FREEWAY

SYSTEM _,.
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As FAR AS | ENGTHS Go, THIS UNIVERSE IS ELASTIC. Tr

—_>
ANOTHER OBSERVER MOVES AT A VELOCITY V IN SOME DIRECTION,
THEN EVERYTHING HAPPENS AS IF THE UNIVERSE (AND THe 0BSERVER )

HAS SHRUNK N THIS DIRECTION.

N

vl st
- ‘/’ '.' ’

oa!

Pl
T
= £

s N |

. ——

ey A A =
S
VY -"’-’i’ ‘," ==X
‘e— N = —
R

At

THE PHOTON TAKES -THIS CONTRACTION
EFFECT TO EXTREMES. WelvE ALLEADY SEEN
How 15 PROPER TIME s SQUASHED compLETELY
FLAT.  IF 1T could percevE THE UNIVERSE , |T (JoulLD APPepr
TO BE FLATTENED LIKE A PANCAKE ALONG  THE DIRECTION oF

MOTioN.  So THe rHOTON INHRBITS A 7TWOo— DIMENSIONAL 1aeRlD. .
AND  THE  PHOTON  1SELF IS SITUATED  w|1HIN THAT wWORLD LIKE
A SMALL, FiAT SCRIBRLE.

WORLD OF THE

TIT5 RATHeR -
fHOTON L_!KE THE

EFFECT you'D ger gy
PQo:rECr/NQ N T0 A ScReeN
A PICTURE oF A BAWL oF
SPAGHETT! (AS seen 8Y A MOTioN—
LESS oBSERVER> USING A LAMP

WHOSE Axis s AUGNED wyTH THE
DIRECTION 1N wHICH THE PHOTON
IS Moving

Heck- pe T
REALLY LoOK UKE
THAT P
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o ~ = UNDERSTAND -THE
o © PHOTON'S woRLD Yo

g 2 SHould IMAGINE TRKING
o Q A FLUM BY PoINTING THE
g 8 CAMERA ALONG THE

© o DIRECTION OF MOTION
L ELJ AND  SUPERIMPoSING ALL

OF THE FRAMES.

GrAND Premitre "
WORLD oF THE PHOTON

OQUASHED wke THIS ALONG

ks TIME-AXIS | THe SPIDEE - 1RACK
BECOMES A CIRCLE AG,AIN_’

Two PHOTONS  TRAVELING
IN DIFFERENT DIRECTIONS
HAVE VERY D\FFERENT

VIEWS OF -THE WORLD,

Wor(D AS Sgen

By A MOTIONLESS OBRSERvVEe .
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Yes, BuT wHAT

1S e
iulVEﬂSE?

EvER\ITHIN(} AND
NOTHING AT THE SAME
TiMme. “THERE ARE A

THOUSAND AND ONE WAYS
T0 SeE |7, 0R LvE T

X)S) (j'sj t's — IT's Al
HOGLASH , THATS wHAT T 15!

No 1Ts NoT— 1%
ALGE BRA.

Despire
lecH) IT HAS
s uses!




INVARIANCE OF THE SPEED
OF LiGRT
VARIATION OF MASS

SoPHIE, '™
G oING CHRONOS-
DIVING . T WANT
10 GET T0 THE
BOTTOM ofF

THINGS .

- 'NSTE’N

AL
2;;1\\/\17'

SAME
SERIES:

GENERAL

CAREFUL, DEAR..

MR, ALBeRT— T
WANT To MAKE A DIVE

IN THIS CHRONOS,

RIGHT IN THE EYE, HIGGINS
ATTACHES HIMSELF FIRMWY T0
THE Bows oF Me. ALBERT'
<uBMARINE , wHIte MR.
ALBERT TAKES THE HELM.



ProTons! T
cAN see THeM!

1His  CHRONOS ISN'T
#AaLF DEEP!

My DEPTHMETER
/WDIcATES A Speed V-

THAT PHOTON's Gone A DISTANCE D™
N TIme t4-

T Divibe Dy BY ti and
GET 30C,cco km[sec.

FASTER, MR. ALBERT,

AND  DoNIT spARE THE
SEAHORS €S |




Now IM GoiNg AT ANOTHER
SPEED V, | FASTER THAN V,. Tt
TAKE  ANOTHER MEeASUREMENT

;"\\\
% 2 THis PHOTON -TRAVELS
A\ 5 -

2 = 5 DISTANCE D, iN TIME t,.
AgjiEE > i

= L1 SPEED IS5 D, /t, = 300,000 ki sec
N 4
Q ,‘ b —// / FUNNY | Same Bord nimes !
< |

ALL OBSERVERS, wrATEVER ek VELOC\TY, GEf THE 1DENTICAL
VALUE ¢ WHEN THEY MEASURE —HE SPEED OF PHOTONS — THE
FUNDAMENTAL PARTICLES OF LIGHT.  ~TheY occupy A SPECIAL PLACE

N Cosmic PaRk.  EveRYTHING HAPPENS AS (F THEY BEHAVED LIKE
SMALL  SEARCHLIGHTS  WHOSE  'RAYS' MOVE AT A CONSTANT ANGULAR
VELOCITY, PROJECTING THEIR IMARGES ON ALL OF THE CONCENTRIC

SPHERES THAT Go To mMaKE uP CHRONOS, BEecAUSE OF CoMPENSATING
CHANGES IN DISTANCES AND PROPER TIMES OBSERVERS INVARIABLY FinND
THAT c= D/t = 300,000 kM/[sEC,

UHIS ABSOLUTE CoNSTANCY OF THE SPEED
OF LIGKRT (THAT 1S, THE SPEED oF PHOTONS)
WAS FIRST  OBSERVED  EXPERIMENTHLLY BY
MicHersor AND  Mogiey 1y 19%1.

THIRTY -FouR yEARS (ATER , (N 1915,
EINSTEIN  THREW THE TRADITIO NAL MODEL.
OF SPACE-TIME OUT -THE wWINDOW),

BECAUSE 1T WAS | COMPATIBLE  wWITH -THIS
INVARIANCE . HE seT ABOWT FINDING A nNEW
SPACE-TIME | THAT oF KELATIVITY. Cosmic
PARK  GIVES US SOME IDEA OF wHAT TH1S

IS LIKE.

ol




WENE NEARLY! GOT 'EM ) -
Now ! Faster, MR. ABERT,
FAsTER !

IMPoss | BLE,
My Boy !

My SUBMRRINE 15 PRoPELLED BY REACTION.
CHRONQS Does NoT ReS|ST  FORVARD  MOTIoN:
ALL T HAFT 1o DO 1S TOo OVERCOME DER

INERTIA. Veny I KEACHES A speeD V, und
(UTS DER METOR, DER SUBMARINE FOLLOWS A
GRERT CIPCLE on DER SPHERE CORRESFONDINK
1 DAT DEPTH (¥).

() T oTHer wokDs, A GEODES|C oN
THE SPHERE. SeE  Hepe's lookiNG

AT _EUCLID | SAME SERIES.
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SO wWHAT'S THE PROBLEMT START UP THE MoToR AGAIN
AND [KEEP ACCELERATING. THEN WE'LL SOON CcATCH UP WITH

-THOSE  DRATTED PHOTONS.,/

T o r/ / e
7 :é’ : . ;ﬂf: e S

T'm Areap not, ARcHIBALD. DER DEEPER VE GOES, DER DENSER GETS
DeR  CHRONOS. Der MORE Ve DESCENDS, Deg More  CHRONOS Gers INTO

DER  BALLAST TANKS, UND VE GETS TERRIBLE HEeAVY. OuR MASS [NCREASES

" MEMORANDUM

We wiSH 1o DISPEL A COMMON MISCONCEPTION — THAT EXERCISE MAKES
You LoSE WEIGHT.  ACUALLY, THE OPPOSITE (S TRUE ,{ THE SIMPLE AT
OF LEAVING A ResT STATE (MAss m,) INCREASES THE MASS m

ACLORDING 10 THE RELATION m= mM, OF COURSE , WHEN %

Yow STOP, you. ReTURN To YouR ORIGINAL Lﬁu@/ B
MASS mg .

115 VERY FRUSTR ATING!
We'rE ALMOST THERE —
0.995 ¢, amp T cAN
ALMOST  ReACH ouT AND

ToucH -THEM — BWT NOT
Qul‘l’EI

For V=10.99999 c
THE MAsS woulDd BE QA4

TIMES AS LARGE ...
AND sSo ON,

AND uR MAsS HAS
INCREASED TENFOLD —
we cAN'T o ANY

FASTER 1




oINK oN  VoulD SURF No USEFuL PORPOISE ...
VE 15 coNSUMINK AN INFINITE AMouNT OF ENERGY

IF VE CHASES DER PHoTONS. GET READY,
TM SuRFACING !

Pueeeeo’ You won't
GeT THRT At
DISNEYWORLD .

T T UNDERSTAND Yow, -THE MORE ENERGY you GIVE
TO A BODY, AHE GREARTER TS MASS BECOMES.




VELL — uP 10 A CONSTANT
FACTOR ... VICH IS DER SQUARE OF c
Se VE CAN  WRITE E=mc?
HMMM ... 1Ts A SIMPLE MRTTER oF

units.  IF ouR uNIT OF LENGTH VAS

300,000 kM DEN VED HAVE YUST:

& 2 [N

WHERE DOES THIS VAWE FoR ¢ of
300,000 kM[sec COME FRom T

ey

IF I vAs Yo, TD PuT |T DER WDDER
WAY Roun’, VERE Does DESE KILOMETEPS

AND SECONDS COME FRoM,?
|
1% i
1’4
&

IS THE UNIT OF SPeeD PRR EXCELLENCE. -THE
UNIversaL  Cosmic STANDAELD, THE KILOMETER

(&

PER SECOND |5 JUST A MISERABLE SUBMULT|PLE .
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r&q MIGHT NOT < Be ABLE TO

VARY UNDER SuITABLE CONDITIONS

-

/
%

QUATCH 1T,
TiresiAs |

ANoOTHER

RuppY
ePIsTOCO

Seprie | You

FoLLoweb US .f

TTS yYoul FINAL WARNING |

us CAME IN
BACK AND FIND ME

DID You 7

PN \(25, TUE REST OF
SUBMARINE F2.

You DIDNT waANT TO COME

GREY- HAIRED OLD LADY,

A

Ou, crumps, T FORGoT ABo

wT
THE EFFECTS ON  AGING !

ANYTHING - ITS

I For you!

Yow meN NEVER Remempee
A  GooD THING

YouVe Gor us wOMeN -0 Do

77

\ S g

ﬁa—
D)

!/\/OO“OOOPS.-._ LOOK How oLD COSMIC PAQK,S GOT_/

26

AND COP:

() FRoM _ERSTEMOLOGY (THEORY OF KNOLWLEDGE)
“THowgHT PoLICE,



yEf)/ 14 pD
THINK 1T wAS A
TRIFLE DATED.

/ IN
THE EDIFICE OF SUENCE 15 SUBJECT TO PARADIGM-SHOCK OveR AND OverR AGH
1T CRACKS, COLLAPSES AND 1S REBORN FROM |75 OwWN  RUINS.

I8
|

YUR. A ReAL

BARREL O LAUGHS, INNITD) D Do
v
VB J =
P Y

I

P’;:ML Ageets
Leaving us !

REMEMBER, MY BOY: DER LONSEST
PATH |s DER VUN VAT you FouowsS RY

STAYINgG IN DER SAME PLACE,




Now) T wonteR.

WHAT HE MeaNT BY

JusT T™AT, IN SPACE-TIME,
TvE STRAIGHT uNE (1) From A 10 B

IS THE _LONGEST paTH BETIWEEN -THEM.

{\ For INSTANCE, THE sSTRAIGHT SEGMENT AR
1 ) 1S THE PATH You'D rouow IF You WERE

MOTIONLESS.  Tie corved PATH (2) BRINGS

) 2) EFFectS OF VELOUTY v1o PLAY. WEe've ALRenDY
SEEN  THAT WHEN You movE , youR PROPER TIME
(THAT oF THE TRAVELER | NoT OF A STATIONARY

OBSERVER) FLowS MORE SLowlY.

¢ —— THE TRUE MEASURE oF DISTANCE, IN SPACE- TIME,

IS HOW MUCH PROPER TIME HAS PAsSSeED.  So FRoM
RIS VIEWPOINT, THe CURVED PATH BEWMES
SHORTER.  -THAN THE STRAIGHT ONE.

WA

58



T1's STUPID  maving 1o
FoLLow A PATH “ER STAY I[N
THE SAME PLACE!

~AN
A= % ‘o
THE HPOSSTBLE JOURNEY

NigHT FALS N

Cosmic PARK

SOPHIE — (OHAT
ARE  sTpRS ©

OuR STAR HAS ITS OWN
pPLANET : THE EARTH. Do Yoo

THINK THAT OTHER STARS
MIGHT ALSO HAVE THEIR

-

oLON PLANETS e




LiGHT TAKES FOUR YERRS TO
REACH US FROM OUR NEAREST NEIGHBOR,

Feoxima CeNTAURI . /

How FRR AWAY IS
THE NERREST STRK’-.?

WHereAs PLUTO, ouT oN THE

AHATS .. .

40 TRILLION KILoMETERS | EDge OF THE SotAR System, Is

ABouT S5 BILLION KILOMETERS — THAT
1S, 5 LIGHT- Hougs .

So Proximp CeNTRURTI 1S TeN -THOUSAND -TIMES
FURTHER AWRAY ... (GosH, THE [INIVERSE (S A BIG

PLACE !
O




Mr. ALBERT EgxpLAINED To ME
THAT You’D NEED RIDICULOUS AMOUNTS
OF ENERGY TO APPROACH THE SPEED
OF LIigHT. I woNDeR .., suPPose
T wANT 70 §o AT (00,000 km/sec...

SuPPseE L HAD A FUSION MoTOoR
THAT COULD ACCELE RATE MY SPACECRAFT

AT oNE g% (THE AcceLERATION DUE
70 GRAVITY AT THE EARTH'S SURFACE).

THEN (N ERCH SECOND my SPEED
WoulD INceEaSE By 10O M/SEC.

Heee (5
HquINS‘S Two - Roow
APARTMENT & KITCHE
AND BATHROIM .

\

My APPARENT WEIGHT IS TJusT AS
T 1S OoN EARTH  so T CAN
SUPPORT IT Fok AS  LoNg As T wisH.

NOIL{vd27300%

AT THIS RATE IT wiwl
TAKE ME fFoue MONTHS T
REACH My ToP SPEED oF

100,000 KM[sEC.  DURING THAT
TIME , TLL oNLY CovER ONE
HUNDREDTH OF THE DISTANCE.

“THEN THE KEST OF -He
TRIP WILL TAKE A MERE TWELVE YEARS...
PLus FOUR MONTHS To sid Down

AGAIN...
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AND THE SARME AGaIN YES ... AND ALTHOU&H me:em
PRECIOVS LITTLE CHANCE THAT WE'RE
THE ONLY LIVING CREATURES IN 'rHé
UNIVERSE | {1He NEAREST INHARITED

IF T WANT To COME BACK

TO TELL PEOPLE WHAT T
FounND -THeRrE..,

pLANET (IF THERE 1S ONE) wilL PROBABLY

BE A LOT FURTHER AWRY THAN
FOUR LIGHT- YEARS!

4

o
Q Ky

D,
oy
‘/ -

You’'RE TELUNG Mg THAT
STAR - TRAVEL ACLORDING TO THE LAWS
of CosMic PARK s A UFETIME
C AREER.

So..

' DES
WHAT 10 DO ? b THE LAD

NEVER QIVE up ¢

Ts THE VOYAGE

?

FOREVER | MPOSSIBLE .
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16 Gb FASTER THAN THE SPEED OF LIGHT MAKES NO SENSE.
T.r's UKE TRYING TO DIVE DEEPER THAN THE CENTER
oF Cosmic Paex!

OF course, Cosmic Park
© TMAY NOT BE THE
ULT'MATE MoPEL.

Very wkely. But tHaT POESN'T
TELL ME HOwW TO REACH THE STARS
INN A REASONABLE -T1IME.




Perunps 1TLL
ALWARYS BE IMPO$5)BLE’_'?
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