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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



AHE FAUCET'S FLOATING InN

MID-AIR — SO WHERE DOES THE

WATER COME FRoM ©

FoR -THAT MATTER —

WHERE DOES IT Go To ©

THe LEVEL IN THE BUKET

NEVER ¢
IT KEEPS FLOWING, HANGES.

ALL THE SAME.



“TRICK FAUCET

3
PLEXIGLASS TuBE

| — AUOWING THE WATER TO\H

BE PUMPED l @

BACK up T

MIRROR -

FORMING FALSE
(= BOTToM

ErectrIC

i _ 'y
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WATER PUMP W-
BATTERIES /



Mr. RLBERT [

WHAT ARE You Dowﬁ?

WHATS THIS

Hae® A SEAT,
ARCHIBALD .

CosmoL, ARCHIBALD:
DeR CosmMmol ...
DAT PoinTs DER WAY.

THe WAY T WOWaT way?

LT DoN'T UNDERSTAND. UNDERSTAND 7 OH ,JA,

WNNERSTAN ...

L
Y
. —— { K p
R
J\J:' @ \ \\'
EveryoNE SRYs Yo HAF' 1o THINK
LOGICALLY ... DAT'S GARBAGE |

OnwY ... CosmolL ...

can  PornT pER WAY...

@mﬁ? O, 1aT Way! Way our...




THESE  CLoups
AGAIN. ..

ONce more, ARcHIE

SETS OUT TO EXPLORE -

e Wero oF MisTs e A



/Q:S—H, WHAT'S THIS GADGET?  IT LOOKS LIKE

A ROUER FOR AR TENNIS CouRT... OR MAYBE FOR

T cAN PUSH (T
STRAIGQRT AHEAD
WITHOWT ANY TROUBLE. Bur

IT WON'T BupGE A HAIR'S
BREADMH 15 RIGHT
OR.  LEFT,

L

T WONDER WHAT (A WifH  THE AID oF THis STRANGE DeVICE,
HANDLE's FoR © ARCHIE  CAN DRAW  GEODESICS on A sugeace,
AHR.‘ T7 uwnsTICKS AsING -THESE GEODESICS, HE AN DRAW

THE ROLLER AND LETS TRIANGLES:
ME CHANGE DIRECTION

EVERY SO oFTEN.,

=

i

A sukFace 1s A 2-DIMENSIONAL SPACE. Tant IS, You NEed TWO
NUMBERS = 1100 COORDINATES — 10 SPECIFYy THE POSITION OF A po/NT 5




| ESSEE ... IF THE SPACE s EUCUDE’AN THEN THE SuM oFf
THE ANGLES OF A TRIANGLE IS 1g0° *

WHEN THE SPACE HAS NEGATIVE
CURVATURE , THE sum s LESS

|‘ ™MAN  [30°

IN A SPACE oF POSITIVE cuRVATURE,
IT's GREATER THAN

)

VARIABLE CURVATURE

HERE'S THE CUNNING INVENTOR iy
HIS NEW BRAINCHILD | THe CURVIMETER,
TT's MADE FRoM THREE FLEXIBLE <STRIPS

LOHICH CAN TURN FREELY ABOuT THREE
Rivers A, 8, anD C.

“To FIND THE LOCAL
CURVATURE 11 SWFFICES To
LAY THE CURVIMETER oN THE

SURFACE AND MEASURE -THE
ANGLES WITH THE By r-IN

PROTRACTORS.

NEGATIVE CURVATWRE

POSITIVE CURVATURE

(¥) For Furmigr DETAILS . see HERE'S LOOKING AT EUCLID W THE SAME SERIES,

o



TS BUMP N THE PLANE IS MADE FROM A CENTBAL REGION OF POSITIVE
CURVATURE , SURROUNDED BY A RegIoN OF NEG ATIVE  CURVATURE .

FRoM HE PoinT oF VIEW oF

Cu&vA-mng’ A DENT 5 JusT UKE
A

,:LREG,IDN OF . :
.. POSITIVE : B
L CURVATURE .00 0

[+ ¢]
s
>

Ceikey, IF I AINT
MISTAKEN, H'iT's A

BLINKIN® 'mRUS.

Im A VIRGO Mmysetf ...
on, I see. Yes, THEReS A
BAND OF POSITIVE CURVATURE ANP

A BAND oF NEGATIVE cuRVATURE,

\ SEPARATED BY A FRONTIER
\@ HAVING  2ZERO CURVATURE .

1o FIND THE FRONTIER, MRKE A
TORUSBURGER usiNG TWo PLANES
FOR BunSs.

Tires1AS, Owp FrwiT, ‘AS IT gveR

=\

Lenny, STOP

STRUCK yeg THAT yeR SHEW |15 TJUST
BUGGING TRESIAS !

A TwWO-DIMENSIONAL SPAceE WIV
VARIABLE CURVY TURE [

/




CONICAL POINTS

You'tt soonN seE, ARCHIE, THAT
THERE ARE EVEN STRANGER -THINGS.

Buzz off, TikesiAs— T
sense A TmiRsT ror  KNowleDGE
COMING WPON ME...

WaiT FoR
Roo-Boo !

WatcH, TiResias — Im goiNG TOo DRAW A GRID ON

THE SURFACE BY MESHING GEODESICS. ‘THAT’LL GQIVE ME
OF TRIANGLES,

TyPICAL — ARCHIE'S MESHING
%/;\/fw ABoWT AGAIN!
S i
@)

N T

O LoRD, T CcAN'T see wWHAT'S qoing oN
AT ALL!  OHAT'S HPPPENING AROUND THIS
poiNT P 7T

THE CUNNING INVENTOR
HAS FORGOTTEN TO usSE HIS
CURVI METER.




(| L {
Hey, SOPHIE — wWHATS GoINg ON? TF THe CURVIMETER's TRIANQLp,)

DOESN’T CONTAIN THE PoINT P, T SAYs THE

CURVATURE |s ZERO, /

Buwr

I P s _iNsipe
THE TRIANGLE , THEN THE
sPace IS curvep /!

Its A CONICAL POINT., Look — sSuppos€ I TAKE A

PLANE, cuf ouT A SECTOR wiTH ANGLE 6, AND TJoiN T

uP AGAIN,
7PLANE

[

[\

I GeT A KIND OF CONE,

WHICH WE'LL CALL A
POSICONE,

%,! pg You CAN  TEST |1 owT WI\TH A PIECE ofF CARDBOARD,

A RoLL oF STicky TAPE WILL HELP Yow FIND QEOPESICS

N ERsILY.




On, I SEE.' IF my TRIANGLE CONTAINS THE TIp oF A CONE
THEN THE sum of THE ANGLES (S ALLWAYS GREATER -THAN [80°

HoLD youRr HOR.SES,! Irs wnoT THBT

simeLE ! SuPPoSE  INSTEAD T SUT THe

PLANE AND ADD A SecfoR wHH ANGLE ©.
%

THIS TIME | |F THE -TRIANGLE
CONTAINS THe POINT P, THE ANGLE-SUM
wie Be 130°— 6, 3SMALLER
THAN 180°

DoN' TeLL mE—
YER GeTs A

Buinking
NEGACONE.

Bwr IF THE POINT s ouTSIDE
THE TRIANGLE, THE sum s [30°

_)
g AGAIN.
e

“THIS PROPERTY OF CONES IS INDEPENDENT
OF THE SIZE OF THE TRIANGLE : Yow GET THE

SAME RESuLT WHETHER IT's LARGE oR SMALL.

A
O\

O



BuT — THAT's crazy |
Is THe sTuPIbd THING CURVED
Y/ OR NOT 7 7
A i

A CNICAL POINT,

ARCHIE , 15 A CONCENTRATED

PIECE OF CURVATURE,

AwWRY FROM THE CONICAL PoINT,

THE SPACE IS  (LocALLY) EucLIDean,
WITHOUT ANY CURVATURE .

THE ANGLE & MEeASURES

THE AMOUNT OF cuRVATUKE

lo) ouR ¢
PEN Y ONE AT THE CONICAL PoOINT,

AND LAY IT ourT FLAT,

H

GoT, LWHEN HE OPENED

ERE'S WHAT ARCHIE

- OWT A cONE HAVING

POS|TIVE CURVATURE.

(LOHEREAS, IN THE CASE OF NEGATIVE cunva—ruRe..x

§ ﬁ NEGALONE | 7

11




~
\ Takee A PLANE sukeace AnND RruLe

IT WITH GEOPESICS TO FORM A REGULAR
We 3sSRrY THRT THE SURFACE

IDENTICAL SGQUARES,

SQUARE GRID.

| 1( HAs BEEN TILED  wMH
IFr we FoLLOW A PATH, OR TRATJECTORY,
- / THAT CUTS EACH SUCCESSIVE SQUARE AT THE
_Z[ SAME ANGLE | THEN THIS PATH  wilL ALWAYS
' — BE A GEODESIC ON THE SURFACE.
The

So WHAT SToPS
ME FROM DOING THE

SAME ON A SPHERE .?

wgu_) Yol MIGHT START

BY -TRYING TO0 TILE A
SPHERE NEATLY WITH SQUARES,

THE MERIDIANS OF A SPHeERE
A pPATH

AT A

AuAT would BE NOVEL.
ITS GEODESICS.

ARE
CUTTING  THe MERIDIANS
coNSTRNT ANGLE = oTHER THAN 10°
WILL. INVARIABLY WIND  ToOWARDS ONE

oF e POLES!

NAVIGATION ON A FI*ED
LeADs To .., THE Toe!

HEADING




2]
AT 90| T Go aLoNG oNE of HE
PARALLELS ,

Bwur pPArALLELS ain'T
!
Geo- DEESICKS, GoTTiT . (¥)

T cAN GET A

PLANE E_cLIDERN
| A SURFACE BY FITTING

—4 \L(\T\Jﬂ TO0GeTHeER A LOT OF
B FAT GRIDS.

AND IF T MOVE BY CUTTING -THE

GRID LINES AT / FIXED ANGLE,
REMEMBERING 70 KEEP EVERYTHING

CONSISTENT wHen I swiTC¢H GRIpS,
THEN TI'LL GET A GEODESIC.

NEG AcoNE

}/ou CAN DO THE SAME -THING oN A

CYUINDER — JUST LIKE A SALAMI
STRING BAG.

(%) You CAN'T DRAW & PARALLEL oN A SPHERE wITH STICKY TAPE, excepT
AT THe EQUATOR. TRy 1T oN A BASKETBALL.

IN A




HeRE'S wHY THE ANGLE-SUM OF A TRIANGLE, ON A POSICONE, s
INCREASED BY THE ANGLE O ofF THe cuT,

30 3??

ﬁ %, % =90°+ 90° .
| L +6/ +6/5 =1830°+ 6

ARCHIBALD Hlé,quNS WILL NOW CoNSTRUCT SPECIAL cor\IESI WHICH W
KEEP THE TILING REGULAR.

The B2
THere, TVE cur
outr 90°

J %\\\

-

)

AQ
C
ON THIS coNE You. CAN
A
AR AC = [80%90° | DRAW  RigHT- ANGLeD
= 270° EQWILATERAL -TRIANGLES,

14



Now T EXCISE

A sectorR orF 13807

ON THIS CONE yegr
GITS A HANGLE-SUM OF

WHICH IMPLIES THAT You (AN DRAwW ON IT,
USING GEODESIcs = A TRIANGLE HAVING THREE

ANGLES OF |Q0°— THAT Is, OBTUSE.

=
@)

SEEMS TER ME, ,
Tiresias, AT YOW RE THe
ONE woT's H'opTust !

Me?




OWN THIS CNE You cAN DrawW BIANGLES,
THE ANGLE-SUM (S 130°

Op 11! NAR YER Lo&sST ME...

A A o
FlrsT T wul TRIANGLES. NAR IT's A+8 =180

BLINKIN’ BIANGLES, WozzIT GONNAR BE The come,
1 MONOANQLES? VIEWED FROM ABOVE
NEXT ‘
\7‘/ P
- /4 B

Tt's OK, THey'rE
ALL POLYGONS.

=3 ? c
A
A
TIn THE PLANE: = S

“THE ANGLE-SUM oF A

— TRiaNGLE 15 [30° -
—  QUAPRILATERAL IS 1I20°+180° = 360° BONKERS. ..
O
O

Ete ...

190° + 180°+ 130°= 540°

— PENTAGON 5
O"no
AND fOR A BIANGLE) WHICH REDUCES /
TO A LINE SEGQMENT, -THE SUM |5 ZERO.
B ) ﬁ

o

16



WhHY THE H'exTRA 180° EeveERy TImE yer ADDS A comge?D
2 /l
Q
% = / 2 J |

A RE!
A simPLe KARATE CHOP
ALL RIGHT, Yo WILL MBKE 1T CLEAR. ..
2 )

TWO , LET'S &ET ON

witTH (T,
Now I cUT ouT —hree
QUARTERS OF -THE PLANE,

You MIGHT CALL
TvaT A NAPKONE.




ON sSutH A CcoNE, EVERY GEODESIC wiLL
INTERSECT |1TSELF ( HERE AT A RIGHT ANGLE )/ SO
you caN DrAW MONOANGLES.

CRIKEY !
T THOUGHT T wAS Jokin’ |

- IT ALL DEPENDS ON THE ANGLE © of THE CoNE, - {

@ ° =. o ”
EAE

jioo
EODESICS ’
Geob DoN’T LimITING CASE GeobESICS
CLOSE WP. CLOSE WP,

POLES

WoDJER MEAN,
ALL?

.

P <R T S

WEeLL — suppose T coT owr ALMOST
ALL of THE PLANE ©

18



O

OU SEE THE

ANOTHER WAY -To PROPUCE
THE TILINGS THAT ARCHIE
GOT IS To STRETCH SOME
FABRIC.

REMovme ALMOST ALL OF THE PLANE AND APPLYING

THIS PROCEDURE N REVERSE, yow GET THIS: A PATTEEN

LIKE MERIDIANS AND PARALLELS, , .

A POLE 15 WHATS LEFT (OHEN YOou TAKE EVERYTHING ELSE AWAY.
JusT A CONCENTRATED CURVATURE OF 360° OF COuRSE, THe

EARTH's POLES AREN'T LIKE THAT, BECAUSE YO DoN'T HAVE TO ,
STRETCH THE SURFACE -© Seg -THE PATTERN.

19




A (WHILE AgoO
WITH SQUARES.
R ANGLES ...

T TILED MY TWO-DIMENSIONAL SPACES (SURFACES)
Buwr T coulD HAVE DONE IT EQUALLY WELL WI\TH

VAVAVAVAN
A%XVAVAVAVA
%VA'A'AV%V%V

VAVAY
N

\/

\AAS

\NVAVAVA A
AR IANGULAR  TILINGS LET US MAKE CONES
WTH ANGLES OF 60°, )
anp  300°,

120°, 180°, 240




ON THe oTHer HAND,

BY INSERTING A secTor wITH

ANGLE ©, I cAN CRERTE

A POINT oF NEGATIVE

CURVATURE , CONCENTRATED AT
THE TIP oF THIS NEQAW

CoNceNTRATED
curvATURE of —[307 erC...

You CAN /MAKE SOME

PReETTY NEGACONES
USING  TRIANGULAR
TILINGS, ToO.

27



MEASURING
@ CURVATURE
5

ARCHIE SEEMS TO RE ‘1/{)012 OBJECT OF THE GAME s T0
PLRAYING A CROSS BETW EEN COMPLETELY SURROUND A POINT OF

DOMINOS  AND HOPSCOTCH, CONCENTRATED CURVATURE WITH

SQUARES, KEEPING THE DIRECTION

OF THe ARROW THE SAME FRoM ONE
1o 1HE NEXT. WHEN You o ALL
THE WAy RounD P, THE ANGLE
THROWGH (JHICH THE ARROW
HAS TURNED GIVES A DIRECT

MEASURE OF THE CuRvATURE 6,

SOME EXAMPLES

PLANE, CYLINDER,
coNE (woT SURROUNDING

THE TIP ) -

CURVATURE ZERO .

NEGAcone — | 80°

K%

GO ONCE ROUND THE PoIiNT IN ANY DIRECTION,
TIF THE ARROW TURNS THE SAME WAY, you’veE GOT A POSICONE

PosicoNnE + 90°

“THE OTHER WAY, AND yoUuVE GoT A NEGATIVE ONE.

22



7/

Tt mAKE SOME NEARLY FLAT POSICONES, EAcH WITH B VERY SMALL FichLE 6

ATOMS OF CURVATURE,
S0 TO SPEAK,

GLUE THEM
T GeT A SURFACE oN wHich T cAN

TOGETHER .

DRAW TRIANGLES MADE FRoM STIcKY-TRPE
GEODESICS .

THE ANGLE-SUM oOF A TRIANGLE gxceeps [30° sy AN AMOUNT

WHOSE PEAKS ARE CONTAINED N THE TRIANGLE.

Tha Bizeo

EQUA’L— TO THE SUM OF THE ANGLES OF -THE eLEMEN‘rAKY CONES

A CURVED SURFACE & N THE USUAL SENSE oF

THE PHRASE , CAN BE THOUGHT OF As A VERY
LARGE NUMBER OF -TINY MICROCONES, GLueD

TOGETHER.

N

You caN ALSe JOIN TOGETHER NEGACONES)
OR. A MIXTURE OF POSICONES AND NEGACONES.

IN THAT CASE , THE ANGLE-SUM OF A TRIANGLE witl
BE (80" PLus THE TOTAL AMOUNT OF CURVATURE

INSIDE 1T, counNTED ALGEBRAICALLY (PLus FOR
PoStconges AND mMinvus FOR NEGACONES).

23




FOR EXAMPLE,
NEGACONES wWITH
O=-180°, THeEIR
BounDARY IS A

HEXAGON wITH SiX

RIGHT ANGLES.

SO You CAN TJoiN -THEM UP,
FOUR AT A TIME.

By PurTiNG
TWENTY OF THEM
TOGETHER, YoU GET

THIS PIECE oOF A SURFACE

OF NEGATIVE CURVATURE

ARRANGED LIKE THE TWENTY

CORNERS oF A

DODECAHEDRON . ()

(¥) FrROM Tue Greex . DODEKA = TWELVE ‘EDRON = SIDE 211_



HERE'S THE SARME OBJIECT, LoITH THE
NEGQARTIVE CURVATURE SPREAD ouT mope
EVENLY. TT's MADE UP FRoM SIXTY

HEXAORTHO GONSS .

LOoOKS MORE LIKE A

VERTEBRA OF AN EXTINCT
DODECAHEDRODON To ME.

TE YouR ToB wAs To LAY TILES,
AND YOUR TILES WERE HEXAORTHOGONS THAT'S

THE SHAPE oOF FLOOR vYou'D GET.

You KNow, Mg otD Duck

WiT's JusT STRUCK ME -THAT BY
© PERFORMIN' A BIT oF QENETIC

H'eNGYNEERIN' oN A SNAIL,

YER couLD H'ARRANGE Fok
IT's sHeLL To BE ...

HERE'S A GooD EXAMPLE OF
THE WAY THE DISTRIBUTION of @ﬁ
CURVATURE DETERMINES THE SHAPE

OF AN ORTECT,

Uau! How wnasty!

25



THREE DIMENSIONS

SoPHIE, 15 THERE ANY WAY T0 SEE

It's DIFFICULT, BECAUSE

CURVATURE IN ouR USUAL SPACE OF You'RE wLVING 1IN \T.

“HREE DIMENSIONS T

ONE wAY 10 Ppicrure

THE CURVATURE OF A SURFACE

IS T PROJECT ITS

GEODESICS ON T0 A PLANE.

[T

O\(—“

THIS

A CONCENTRATION OF POSITIVE

Vi \
BUMP  CORRESPONDS 10

Gl =

Now, TAKE A LOOK AT THIS CUBE,

CURVATURE | SURROUNDED BY A HALO

OF NEGATIVE cuRVATURE. ITs As
PLAIN AsS -THE - ER - BEAK OoN

YOUR FRCE , |[eNNY. ALL TIED uP WITH STRING.




U

QLIDE THE STRING SIPEWARYS, UKE THIS

BY FITTING TOGETHER
EIGHT OF THESE CUBES,
WE GET THE PROJECTION

INTO THREE- DIMENSIONAL [FEUcLIDEAN

SPACE (HAVING, ZERO cuRVHTu.ﬂE) OF THE GEODESICS (N

A PIECE OF A THREE- DIMENSIONAL SPACE, IN wHicH A

REGION OF POSITIVE CuRVATURE S SURROUNDED BY A

HALO oF NEGRATIVE CURVATURE. A fHReE -DIMENSIONAL BuMP.’

_
=

TF Yow -THINK OF -THESE qeopesics As tHE TRAJTECTORIES oF a

MOVING PARTICLE 1T APPEARS TO UNDERGO FIRST A REPULSION | THEN AN

ATTRACTION, AND THEN A REPULSION AGAIN,

2 f



By SLDING THE STRINGS LIKE THIS, AND T0INING
UP A LARGE NWMBER Of CUBES, You CAN PROPWCE

AN IMAGE OF A WORLD POPULATED BY REGIONS

OF BOTH POSITIVE AND NEGATIVE CURVA TURE.

TF you LoOK AT 1T closeLY
IT CAN ALsO BE BulLr UP

youw'LL SEE

B/ berorMing He usual CUBES of
ELLCLIDEAN THREE- DIMENSIONAL SPACE .

Tr's veRy CURIOUS -THAT You CAN PILE UP ALL

THESE WEIRD CUBES AND STILL FilL uP THE SPACE. //
\




PROJECTIONS

You cAN PROTECT THE GEODESICS OF A CONE

ON TO A PLANE.

N
R\ b

Yol KNow, -THOSE WLINES REMIND ME \\_«J
ofF TRATECTORIES oF PARTICLES,

Der i1pea Ar DER Basis of GENERAL

RELATVITY 15 To rerace  MASS By

Mass m
LOCAL VARIATIONS IN DER CURFATURE

OF SPACE ,
ARE vYeER TRYIN' To TELL ME Heowy! Pt Mg DowN
THAT MASS 1S A BUNKIN' ANGLE.? FOR /3

N C

YES — PROVIDED YOU MEASURE MASS AS A KIND

%/\

OF CONCENTRATED cURVATURE .

29



Ler me cHeck IVE GOT AW THIS STRAIGHT, \

MR. ALBERT. YOWRE SAYING THAT BENDS IN
TRATECTORIES, cAUSED By FORCES, ARE REALY
JusT AN EFFecT oF The PROJECTION, NTO
OUR USUAL WORLD, oF A GQEODESIC TRAJECTORY
ON SOME OTHER SURFACE,

@ORE RuDpY MFTAF|ZUCKS!>

S
\:

T GIF' You AN EXAMPLE. TMACHIN' YOURSELF TO

BE IN A SPACE CAPSULE = IN ORBIT ARounND DPER

A |

Now we cAN PLAY A RATHER
(\ unpsuaL kinp ofF BILLIARDS.

30



AS FAR AS I CAN TELL, THIS THING SEEMS To BE
BUuiLT FROM Two TRANSPARENT SURFACES, wWITH LOoTS OF

FOLDS AND DENTS, BOTH EXACTLY THE SAME AND
LYING PARALLEL TO EACH OTHER.

DAT PerMiTs ME 1o
SHOOT DER TINY MARPLES

BETWEEN DEM AND ORSERVE “THe TRATECTORIES DO NOT

DERE  TRATECTORIES. DEPEND ON THE speep V

BECAUSE  -THIS (S DEEMED

TO BE CONSTANT THROUGHOUT

THE MOTION.

’f}wﬁy
—
IN yusT DIs CASE,\

IT FoLLowsS DPRT ALL

PossIBLE -TRATECTORIES ARE
GEODESICS, (IF we wereN'T
IDEIGHTLESS, DIS WOULDN'T BE

¥ (\ \incase) J

OH, LooK: THE LAMP 1S PROJECTING

THE TRAJTECTORIES ON TO THE FLOOR.

OF THE CAPSULE,’

ANYONE WHO coutD ONLY SEE DER SHADOWS WOULD THINK DaT
DER. OBJECTS MOOFING IN DER PLANE WeERE AFFECTED BY A

FIELD OF FORCES. Bur ReAWY (T's ALL DUE TO DER

CUuRFATWRE OF DER SURFACE .

31



50 wHen T OBSERVE THE PATH OF A COMET AROUND THE SUN,
IMAGINING THAT IT'S TAKING PLACE IN A THREE- DIMENSIONAL EvclDeEAN

SPACE, wITHOWT CURVATURE , IN FACT THE COMET I1s FouowiNg A GEODESIC
/N SOME OTHER SPACE , (OHERE (T's TRAVELING ... STRAIGHT AHEAD ””

‘ - We see onLY THE SHADOWS OF REAuTY.D

b/"‘ ﬂ; A veryY PLatonisTiC
SENTIMENT FER A SNAIL,
i TIRESIAS oLD BEAN,

THE ONLY wAY TO
Go 15 STRAIGHT.

LiaHT Auwonys

FOLLOWS A GEODESIC, TOO.

Y know , THEY RE FUNNY THINGS , -THESE
GEODESICS. LF you PROTECT THEM IN A
DIFFERENT DIRECTION , THEY DoN’r WORK . THE

saMe whay AT AL!




T bvioNn'T
MeAN 1T, gonEST!

o

NSS Ano MATTER

ARE You SAYING THAT THE SuN IS A...
CONE 7 S

v .,’. . T MeRcury
I !
i

l

_ .- =< Mercupy

——4 —

WelL, we know 1T BENDS

LIGHT RAYS FroM MERCURY.

We usuaLLy —HiNK of SPACE NEAR
THE SuN As BEING FLAT. Bwr IN
FACT, BECAUSE OF TS (ARGE MASS,

THIS STRR REPRESENTS A CERTAIN
AMOUNT oF cUuRVATURE. Bur Because

THE SuN's MAss ISNT CONCENTRATED

AT A PoiNT, WE'LL THINK OF THIS
REGION OF SPACE AS A

u SMOOTHED -~ oUT CONE .

VERY MASSIVE OBIECTS CAN CURVE SPACE 7O
SUCH AN EXTENT -THAT AN OBSERVER CAN See TWO
mages I, AND I, oF THE SAME sTAR E. -THIS
EFFECT, known As A4 GRAVITATIONAL LENS 5

HAS RECENTLY BEEN OBSERVED N UGHT FROM QUASARS.

OBSERVER

33



THE MASSES OF ATOMS AND PARTICLES RU-
CONTRIBWTE TO THE GENERAL CURVATURE OF
THE WUNIVERSFE .

So MASS Has A
GEOMETRIC SIGNIFICANCE.

'ANG ON, WOT ABAHT
BETWEEN THE ATOMS T THERE'S

NUFFIN®Y Hexe |

T worRST THE ﬁow My DEAR FELLOW, HAVEN'T you

HEARD THAT THE OLD OPPOSITION BETWEEN
MATTER AwnD THE VOID S ToTALLY
OWTMODED ? THe ONLY THING
NOWADAYS s GEOMETRY,

THREAD AGRIN...

NUFFIN® BUT .. .

 GeoMeTRY 7¢




WoT ABAHT NEGACONES,
SMART ALECK?

—_

THOSE CONTJURE UP THE
IER OoF "NeGATIVE MASS," fropucing A

REPULSIVE FORCE. A UNIVERSE FULL OF NEGATIVE

MASSES wouLd BE VERY PECULIAR. INSTEAD OF
GALAXIES, THERE wWOWLD BE (OTS OF BUBBLES — ENORMoUS VOIDS,

IN FACT,
-THE MPASS OF THE GALAXIES

SEEMS 10 BE DISTRIBWTED

LIKE THIS, FORMING A STRANGE
ceElLuLAR  TISSWE . EACH CELL
1S ABouT 200 MiLuoN

LIGHT =YEARS ACROSS,

PERHAPS GRAVITATIONAL FORCES BECOME REPULSIVE AT A VERY
LARGE DISTANCE .
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Now) ARCHIE: REMEMBER THAT you CAN
PRODUCE GEODESICS ON A SURFACE USING STIcKY

1aPE” WHAT HAPPENS IF Yo BEND -THe
SURFACE 7

TF You BEND -THIS
CONE (e:qo") THE GEODESICS
DoN'T CHANGE. (THe STIcKY TRPE
TusT BENDS (OTH THE SURFACE.)

IN FACT YOW CAN FolD IT TO

Err PERFecTLY OVER THE CoRNER
OF A CuBE.

SIMILARLY, You CAN MAKE THREE FOLDS

IN THIS CONE (6= 1%O°> so THAT T
FITS OVER THE CORNER OF A

@w_ﬁ& TeTRAHEDRON,




ACE MUST BE
OR CLOSED

EiGHT conES (6= 90°) Four cones (g = [90°) TWENTY CONES (e:gy)
CAN BE USED -T0 mMpKe CAN BE USED To MAKE CAN BE WSED T0 MAKE
A CUBE. A TETRAHEDRON. A DODECAHEDRON.
qooxgz ‘7&0“ ,?Oo)(4’17aoo J 3(p°)< QO:?ZOO

IF I FIT TOGETHER IN A REGULAR wAY
A LARGE NuMBER N OF MIcROCONES WwITH A

SMALL CURVATURE O, I GquESs THAT WHEN
Nx 6 =720° T GET A - SPHERE!

You'p EXPECT THAT, Bechuse
THE TOTAL CURVATURE oF
A SPHeRe IS TRO°"

Now coME ouT ofF

THERE |, you cLoD.

3%



ON A SPHERE, THE CURVATURE IS UNIFORMLY DISTRIBUTED S0 -THE
SUM OF THE ANGLES OF A TRIANGLE DRAWN ON A SPHERE |S €@QUAL T0O

o o S
180"+ 700 x5  WHERE 5 Is THE AREA OF THE TRIANGLE AND S
THE AREA OF THE SPHERE, THe SecoND TeRM  720° x % REPRESENTS -THE
AMOUNT OF CURVATURE CcoNTAINED IN THE TRIANGLE . (%)

The BretD

FoR EXAMPLE, THIS TRIANGLE
TAKES UP ONE EIGHTH OF
THE SURFACE OF A SPHERe, AND.

A AN\ A ° o
A+B+C = 130°+ 720 = 270
WHICH 1S CORRELT SINCE ALL THREE

ANGLES ARE _90.°

TN DER SAME CHENERAL LINE
OF IDEAS, IF DER MINIMUM DENSITY
IN OUR -THREE- DIMENSIONAL SPACE (DAT
IS, DER CURFATURE PER UNIT VOLUME ) |s
MORE paN 1027 aM[cM> DEN SPacE

CLOSES UP oN |TSELF LIKE A SPHERE,

e MR. ALBERT, TELL ME,

WHAT'S THE TOTAL CURVATURE
oF A TORUS 7

SimpLe, ARCHIBALD,  ALL Yow

HAF' 1o Do IS HINK ofF T RIS
wAY: €EIGHT POSICONES (6=t<{o°>
AND EIGHT NEGACONES (6= —90")

(¥) A theoReM oF GAuss



THE SUM OF -THE SIXTEEN ANGLES —
SIXTEEN CURVATURES — IS ZERO.
So THe TOTAL CURVATURE

of me TORUS 1s... ZERO!

ANYTHING w|1H

A  SPHEREUKE sHapc
HAS A TOTAL. CURVATURE

EQUAL TO 7&O°, DRT 'SJ
47 RADIANS,

A ToRuS with N Hoes, A FOUGASSE (),

WILL HAVE A ToTAL CURVATURE of - 4T(N—1). You Los€ 4T FoR EAcH HoLE.

AND IF You MAKE AN OBJecT DAT CLOSES UP ON
ITSELF UKE A POL/HEDRON, DEN wHEN You SUuM

ALL DER CONCENTRATED CcURFATURES AT DER

CORNERS, you GET DER TOTAL CURFATURE AGAIN. TiRESIAS |

oLD FRuuT)- woT
)

YER DoIN'

TIM TRYING TO

FIND my TOTAL
CURVATURE.

Gé)A FOUGASSE s A SORT OF [OAF MADE IN
THE SouTH OF FRANCE ) WHERE THE AuTHOR LIVES. 39






IF THE GEODESIC PLUNGES
DEEP ENOUGH INTO THE WELL,

THEN WHEN 1T COMES ouT AGAIN,
IT INTERSECTS [(TSELF,

IF THE GEODESIC cuTtS -H|s

CIRCLE | THE BOUNDARY OF THE

CYLINDRICAL  PART OF THE -TUBE, T
NEVER COMES ouT AGaIN.

Ef*
THIS BoOouwnDA

QEODESICS ON A <YUNDER. : We caw ry e HORIZON.,
ARE HELIXES, //




ANYONE (oHo THOUGHT HE WAS LIVING
W A PLANAR woRLD wouth THMNK

OF THE -TRAJecToRIES UKE THIS.

YoU CAN MAKE YOouR OWN BLAD

USING A PLANE WITR A HOLE IN IT (@3,
SIX TRUNCATED CONES (JOINED EDGE TO EDSE),

AND A CYLINDER ()

;

U
CYLINDER VARIATIONS



FREPEIREA MEERN
L ‘ ¢ "
.« o’ A3 ‘. A
. PR y .
o T PR
rew = [
Y Lian e
i AR
‘. -
RS
r~ g R
@ Ci
s A M R T
LR s T L T e e e T T
R NI P T .. . ~ e~ Lt
. . - .- P . om0 . .
L ST e e - - N
N T A R S
. Te . - 4 S ~Tes e :
- L. v . - 4
’ ] ‘ .
.
4 ’

ReLe oF THE HQORIZON

ust

ANOTHER WAY -To MAKE BLACK HOLES IS TO

_

THESE RIDS,

REGQULAR GRIDS

IS TO MAKE -THE RESULT LOOK PRE-TTY

THE ONLY REASON FOR usINg



] Kxuzs OF THE GAME : you MusT
/ DRAW ULINES THAT cUT EACH GRID
AT A FIXED ANGLE, WHILE

[_____
<

MAINTRINING CoNSIsTENCY AND

CONTINKITY AT €EACH BouNDARY

CIRCLE WHERE -THE QRIDS ToOIN

| uf. THE CLOSER Yol APPROACH

THE BLACK HOLE, THE STRONGER

S ATFRACTION wiLL SEEM.
N\ T WitHIN  -tHe HORIZON CIRCLE

X THE TRAJECTORY witL RotL UP

: : . - . INTO A spiRAL. NoOTE “HAT
| \
! l ‘ l } THE CENTRAL GQRID, WHICH IS
[} N

POL‘E'SHA?ED ¢AN BE OBTAINED FROM A GRID oF GeODESIcS ON THE CYLINDER,
VIEWED N PERSPECTIVE-

ANG ©ON THERE !
SeeEMs TER ME THERE'S SUMFINK
A BIT COCKEYED ABAHT THIS

'oLg  seET-up!

YeR'VE REPLACED MASSES BY CURVYTURES AND
7 TRATECTORIES BY BULINKIN' GEO-DEESICKS., Bul

3 WOTCHA ONNA DO ABAHT THE W INITIAL
\7) \VELOC!PEDE 7

1He -TRATECTORY FouoweD BY AN OBJECT

WITHIN THE FIELD OF FORCE GENERATED By ONE FOR €XAMPLE; CANNONBAUWLS

OR SEVERAL MASSE. DEPENDS ON ITS _NITIAL N EARTH'S GRAVITATIONAL FIELD.

"

vEloctty Voo




Does -HAT MEAN THAT ALL THE DRAWINGS SO FAR CcoRRESPOND TO
JUST ONE_PARTICULAR. VALUE OF -THE INITIAL VELOCITY V, 7

/oo \

\éx THE ABYSS

THINK OF A WORLD Bu|LT

LiIKe AN ONIoN, IN CONCENTRIC
LAYERS. (%)

CoSMIC
PAR K

To EACH (AveR THERE (ORRESPONDS A MAGNITUDE V' OF THE

VELOCITY. -THE FASTER Yol GO, THE DEEPER You GO.

N
==

() Tuis MODEL HAs BeeN nTRoDuceD (N EVERYTHING 1S RELATIVE (SAME
SERIES) UNDER -THE NAME CosMic PARK. 5_

AC THE SPeEED OF
LQHT, Yow REACH THe

MIDDLE OF -THE ON|ON.



TF THere ARE No FORCES THenN THE
SPEED OF THE OBJIECT DOESN'T CHANGE. So (T
sTAYs oN A SPHERE , ALwWAYS THE SAMT
DISTANCE FROM THE CENTER oF THE oNIoN. IT

FoLLowS A GQEODESIC, THAT IS, A GREAT
CIRCLE, ON THIS SPHERE,

THIS WL Do THE

e !

WHeN MR. ALBERT HWiT IT wW\TH

HIS HAMMER | THIS IS LWHAT HAPPENED,

You CAN seg THAT THE EFFECT GETS

LESS NEARER THE CENTER.

Here 1s A DENT (R A BUMP, (T MAKES No DIFFERENCE ), THE CONTOUR LEVELS
(\UH[CR ARE NOT G@DES‘CS!) HAVE BeeN DRA'I.UN, ALONG LiTH ONE SELECTED
qeopesic,
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Va Ve (V3

THE INITIAL VELOUTY, -THE MORE NOTICEABLE
1HE DEFORMATION, AND THE BIGGER THE BEND N -THE -TRATECTORY.

UNDaQ THE INFLUgNCE OF

GRAVITATIONAL ATTRACTION | THE SPEED OF
AN OBTECT FIRST INCREASES, THEN
DECREASES. LT IS GREATEST (WHEN
HEC DISTANCE BETWEEN THE OBTECT AND
THE AMRACTING MASS IS SMALLEST,
ASTRONOMERS cALL THIS POSITION

PERIVHELION.
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@ﬂf‘s A §OOFY LOOKING GApGer!

< Irs A
ASK

CHRONQSCAPHE .

IT LeTS yow FoiLLow GeobesIcS

IN Cosmic Park.

lUHY SHUT YOURSELF
wP IN A CHRONOSCAPHE T

YER'LL nNeveER
GeT ME IN oNE

o' HosE
FINGS |

/r"e LWHOLE OF C05M|C
Park 15 FiLep W'TH A

AHe PATH oF A

CHRONOSCAPHE 1S CALLED
DESTINY, Lenny...
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How DO You. DRIVE A
CHRONOSCAPHE | anvuway ?

You pon't IT DRIFES\
You . '

-

No PwiTiN' YER FOOT DAHN,

No SPeepiN . Does 1T Ave

A TREVERSE GEAR?

IN THEORY,

TH1s THINGUMMY,

ARESIAS | is Jusft... Ir works UkKE A CLEPSYDRA - AN ancienT
WATER clLocK. JINSIDE THE RESERVOIR IS
CHRONOL AT A PRessuRe€ Pp. OuTsSIDE THE

CHRONOSCAPHE THE PRESSURE 15 PE'

f
Ny

“CHRONOL

(%) MEMO: e SECOND PRINCIPLE OF THCRMODYNAMICS savs

THAT IT S IMPOSSIBLE To FolloW THE GEODESICS OF SPACE- TIME

S ( Cosmic PARK) IN MHe RgVERSE DIRECTION, )U:’ﬁ'/w)

49



SINCE THE eressure Fr 15 Greater THAN P,
THE CHRONoL FlLOWS ouT AND THE

CHRONOMETER  sHows THE TIME
THAT HAS PASSED.

THE DEEPER you DESCEND INTO THE
CHRONOL, THE MORE THE PRESSURE F:
INCREASES, SINCE THE RATE OF Fow s

PROPoRTIONAL TO (Pa - FPe ) , THE PRESsuRg-

DIFFERENCE TIME Flows MoRe Stowly
AT GREATER DEPTHS,

AHe DePtH IS THe sPeed. O AND AT
THE SPEED OF UGHT, PE'

fHe FAsTeR you Go, THE SLOWER Is EXAcTLY e@uAL To Py anp qme

50

“TIME PASSES Cﬁ:) GQRINDS To A HALT.

(o)

AND You CAN'T TRAVEL FASTER THAN LIGHT, BECAUSE youw

CAN'T Go ANY DEEPER THAN THe centeR oF CosMic Pagrk.

(‘,)—SEE EVER‘HHINQ IS RELATIVE, SAME SERIES.



THe ouTsIDE surfFace of CosMic PARK CoRRESPoNDS To NO MoOTION AT
ALL: THE REST STATE. J

/ WHen Yow STARY SThL You
AGe FAsTEST |

( >

R VERY MASSIVE BODY PRODUCES A LARGE AMOUNT OF CURVATURE N

SPACE-TIME . “THIS MEANS THAT ANY NEARBY OBJECT, EVEN ONE AT REST,

iIs immersep IN CHRONQOL AT A HIGHER PRESSURE. So, fFoR

) IT, TIME

FLOWS MORE siowlLY -THAN IT wWoulLdb FOR AN OBJECT AT REST , Bur

FAR FRoM ANY Mass. “THIS SLowing DowN OF TIME HAPPENS, FOR
INSTANCE |, NEAR A SUPERDENSE OBJECT SucH AS A NEIWTRON STAR.

Wort
00 SCARPERS owT OF 'Is

CHRONOGCAPHE P

'APPENS TO A BLOKE

He ProBmsLY geTS

!

A SUDDEN ATTACK OF
oLD AGE.

AND wHeN AW -THE CHRONOL RUuNS OLC!;

CHRONOMETER I AHAT... DEATH ?
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COMMUNICATION

WELL, HERE WE ARE
OUR. CHRONoSCAPHES. How cAN wE
COMMUNICATE WITH €AcH OTHER'

INSIDE

PHOTONS — TINY QUANTITIES OF
UGHT— BEHAVE JUusST UKE A
SEARCHLIGHT BEAM | sSwEePING

ACROSS ALL THE LAYeRs ofF CosmicC

PARK AT. A CONSTANT  ANGULAR
VELOCITY,

AN o0BTecT A, TRAVELING
AT A SPEED Vj, CcAN ‘
TRIGGER OFF ONE Of -THeSE
SEARCHLIGHT BEAMS IN
-THE DIRECTION oOF AN
OBJTeECT B, MoviNg AT

A speep Vpg.
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LigHT IS AN OSCILLATORY
PHENOMENON, TO wWwHICH WE

CAN RASSOCIATE A FReQueNncy N

Low FrReQueNcY

HigH FRERUENCY

AND TS coLor Inuerarep Rep Orawae Yeurow Green Bwe Viorer UteavioeT

IS DETERM|NED BY

ITS FREQUENCY.

S

SOSONY .'('1,' TS

THE FREQUENCIES OF -He PHOTONS EMITTED OR RECEIVED witL BE MEASURED

RELATIVE To THE FLOW-RATE OF TIME IN THE CHRONOSCAPHE OF THE

EMITTER OR RECEIVER. IN CHRONoscapye A, ARCHIE senDs ouT BLUE ugHT.

HE HAPPENS 1o BE IN A REQION OF SPACE -THAT IS HIGHLY CuRVeED — FOR EXAMPLE

HE MmAay BE NerR A NeuTRON STAR OF gNORMous MASS.

SoPHIE, IN CHRONOSCAPHE S, RECEIVES Tmis LIGHT. SHe IS A LONG

WAY FRoM -THE SUPERDENSE OBTECT. S0 HeR Tim€ FLows FASTER , AND SHE

MEASURES A LowER FREQUENCY. To HER, THE CoLoR oF -rHE UGHT

SEEMS To HRVE SHIFTED TowArDs RED,

53



Acciie 15 STANDING oN A NEWTRON STAR. (We Have
TEMPORARILY SUSPENDED THE EFFECTS OF GRRVITY ON HIS BOPY , SINCE

THAT woulb INSTANTLY SPREAD HIM OUT FLATTER THAN A

PANCAKE .)

Wow —
WHAT A
BEAWTIFUL RED
AprLE !

ACTUALLY, THE APPLE wWAS GREEN ALL
HE TIME, BWUT THE EFFECT OF GRAVITY
ON TIME SHIFTED T TO RED.

Appes AR NOT wHAT

1Hey were N MY pavy...

S4



SECOND ENCOUNTER
WiTH A BLACK HOLE

TJA, TA. Uno Lenny unwDd
T wvitL come 100! Har' 4
NICE &eopesic !

T (wANT To EXPLORE

Cosmic ParRk some More.

e —x——

Yes, anb IM IN voice conTaCT

WiTH THEM , BY RADIO. (%)

T sec LlenNyY AND
MRr. RLBerT OVER THERE.

Woors, wuat's THAT
THING IN THE ms—nwce.? /S

looks LIKE A TRUMPET —
OR A TORNADO,

A

(*) RADIO WAVES ARE SIMILAR o LIGHT WAVES. -THEY HAvE -HE SAME sSPEeD

OF PROPAGRATION C, BUT LOWER FREQUENCY, 55



Yikes! TIT5 a — "::'
BLACK, HoLE !/ PR
.o . - A_

I

We'Re A yTNE
CLOSE FOR COMFORT
OURSELVES ,

Is -THERE ANY wWARY WE CAN HELP

Lenny Anvp Mg, ALBERT 7

{

@)

O
.27
‘-~

2

-

No. QOue
G EODESICS DoN’T

cRoss,

06



CAN You SEE THEM © THe BOTTOM ofF THE BLACK HOLE

15 TOTALLY OPAQUE.

I CAN STILL SeEe THEM, Bur —THEIR
CHRONOSCAPHE HAS GONE A Dull ORANGE COLOR.

HaLto ©? Me. Acseet’ Lenny’

ARE You RECEIVING ME .7

11's BAFFLINY  'Is voice
‘AS gorN SQueAKy AN’ E's

TALKIN' TOO QuicK. Sounbs
LiIKE DonNawp Duck .

His VOICE IS GETNING DEEPER AND

DEEPER, UIKE A RECORD SLOWING

“THERE ARE COMMUNICATION PROBLEMS

WHEN Yow uve (N VERY DIFFeReNT
“"1iME zoNES."




A MATTER OF TIME

THE peePER MR. ALBERT AND LenNY SNK  |NTO THE CHRONOL, THE

MORE THE OWTSIDE PRESSURE Fg INCREASES, THE SLOWER THE CLEPSYORA
RUNS oWwWT OF CHRONOL, AND THE SLOWER TIME FowsS IN THEIR CHRONOSCAFHE .

WHeN THey GeT DPowN TO

THE BOTTOM OF THINGS, AT THE
SPEED OF UGHT, THEIR (WATER-CLOCK
HAS LosT ONLY A LimITED AmMounT OF
CHRoNoL , WHICLH MEANS -THAT THEY ReacH
THE BoTTopm (N A EINITE T1mE, AccoRDING
TO THE TIME FLowING IN THEIR 0N CHRONOSCAPHE.
Bur 1F SorHie, ARcHie, Max, aND
TRESIAS CouLd CONTINWE 0 TRACK THEIR

DESCENT, 1o THEM IT woulD SEEM INTERMINABLE. THE UGHT EmiTrep BY

THE CHRONOSCAPHE WwoULD DROP PEEP INTO -HE vFrARED, BELOW THE RANG € OF VISIBLE

LIGHT , WHILE THE RADIO MESSAGE woulb SounD [oerR AND LowER AND
SLOWER AND - e

et 4 .

TIT REMINDS ME OF THE FPARADOX ofF RAcHiLLes AND THE sNAIL. ACHILES
TRIES To cATcH THE SNAIL, BY REPEATEDLY HALVING THE DISTANCE BETWEEN

THEM. Yow'D THINK |7 woulD Go ON FoREVER, BUT THE STEPS
AROD uP T0 A EI(INITE ToTAL TIME.
ﬂ:—@
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Here 1s A picure oF A

BLACK HOLE | AccorbiNg
o 1He Cosmic Prrr

MobEL. -THE SPIKE HAS
PENETRATED AW -THE WARY
10 THE CENTER OF

SPACE - TIME , cUHERE THE

SPEED IS THAT OF LIGHT

ALl THE [Aavers wave

BECOME TAnNgeNT -0 A

CONE wWITH VERTEX SEM|-ANGLE .

HORIZoN coNE

LN THIS MODEL, DiSTANCE IS ActuALLY AN ANGLE
BETWEEN -TWo RADIAL VECTORS, sucH As O
AND O-? FRom THE DIAGRAM ABOVE You CAN

SEE THAT NOTHING CAN PENETRATE INSIDE -THIS
CONE wITH SEMI—ANGQLE o, TMAGINE AN
OBSERVER IN A REST S-rn-ré AT THE <SuRFR<E OF
AHE CHRONOL , wHO DOESN'T REALIZE SPACE-TIME 1S CURVED. To HIM, THE
FRONTIER OF THE BLack HOLE - THE EVENT HORIZON - [ooks LIKE A
CIRCLE | \GHICH 1S REACHED AT HE SPEED OF LIGHT.

HORIZON CoNE




OH wooK, -THIS Is WHERE WE

CAME N — BACK AT CHRONOSCAPHE #3,
WHICH HASN'T MoveD.

OUR LITTLE EXCURSION AROUND THE BLACK
HOLE HAS SLOWED DowN OuUR AGING PROCESSES,
IF oN€ OF US HAD STAYEDP AT REST N THE THIRD

CHRONOScAPHE HeE would HAVE HAD To WAIT HUNDE®S
/
OR MAYBE mILLIONS OF YygARs FOR ouR RETUEN.

DO BLACK HOLES

LeAd To ©

WHERE

NoBoDY KNOWS. AccoRDING

10 THE —THEORISTS, AN ANTI-
BLACK HOLE coutp exisT.

AHAT waulD BE A REGION. THAT NoBopy

couLb ENTER. ALL you couLd Do

wouLp Be o cOME_OUT OF ir!
Wow !

10,



aNv THe Cosmic PARK MOPEL , HERE'S A

WAY Yéu couLD TJoiIN up A BLACK HOLE'/
WH|TE FOUNTAIN PAIR.

THe WHire FouNnTAIN IS

EXACTLY THE SAME , EXCEPT THAT (TS

GEDDESICS HAVE NEIR
ORIENTATION ReVvERSED.

BuT woT’s w INSIDE You MEAN ThAT THE

INTERIOR OF A BLACK HOLE

4 BLACK 'OLE | ovER THE s Pure NONEXISTENCE 7

Bunkin® 'ORIZON ? Ts

M JusT A LorD OF. ..
NUFFIN'?

NO, No ' ’fHE
BLACK HoLE

/4 -
/INTERIOR ~ OF THE

IS JUustT THE exreRrRIOR OF ITS
ASSOCIATED (WHITE FROUNTAIN,

ME PAWERT READER wil. HAVE NOTICED
AT IN THis MobEL THE Blawk Hore /

WHire FounTRIN PAIR GIVES AL THE LAYERS
OF CosMIc PARK THE STRUCTURE o A

NONORIENTABLE sSuRFACE , wiTH oNLY oNE SIDE.
PASSAGE THRoW&GH THE HOLE SgNDS oBJIECTS
INTO THE'R MIRROR IMAGES. ForR EXAMPLE,
R comes our AS Q,




ASCLEAR AS MUD

Buf THERE ARE OTHER THEORIES TOO. SOME PEOPLE -THINK

Buack HOLES PUT us IN CONTACT wiTtH A Twin UNVERSE.

Or. PERHAPS WwiTH A
UNIVERSE WHERE EVERNTHMNG 1S

A MIRROR. IMAGE OF -THIS ONE -
Neeuprng TIME,

HAvVING SAID WHICH,
IF THERE ARE ANY WISE QuYS

WHo'vE GoNE INTo A BLACK

HoLE , NONE OF -THEM HAVE

COME BAck To -qELL THE
TaLe.

Per ‘aps Tiresias's swelL

)
IS REAWY TJust A BLOOMIN

) I

OLE. MOMMY .I

BlLack
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LENNY, DON’T BE

I
HORRIBLE To TIRES|AS ! DoN't worry

TIRESIAS.  THg IMPoRTANT

THING 1S TO BE COMFoRTABLE

IN YourR OWN SHeLL.

AHING ... SPACE AN CLOSE uP

ON |TSELF ... AND “THE OoNU/

WAY You CAN &GO IS

STRAIGHT!

AN
—\
Ler Mg see... Voio / \’\\
AND MATTER. ARE THE SAME QO Q
/
I/

©3




JF ™IS UNIVERSE |S THe BEST

OF ALL POSSIBLE wORLDS, T/M aLAD

£ poN'T UVE IN ANY oF -THE OTHERS.

THE

ot
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