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The Association Knowledge without Borders, founded and chaired by Professor Jean-Pierre
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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.
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http://savoir-sans-frontieres.com



NEVICE

THIS IS NoT A TREATISE , OR A COURSE.

IT 1S JUST A STORY OF ARCHIBALD HIGGINS
AND ONE OF HIS ADVENTURES
IN THE (AND oF GeomeTRy.

PREFERABLY To BE READ WITH

¥ PLENTY OF ASPIRIN

x AND (LoTS OF STRING

x SoME SCISSORS

 STickY TAPE

X A PROTRACLTOR

¥ AND A NICE, PRETTY,
RouonvDdD BALcoon ...




LZ?[}{]E Fem oF Eveew & Co. was Founbep

ALexanoria (v THe THIRD Centory B.C. For Two

THovusAND TWO HUNPRED YEARS THE BUSINESS FAROSPERED.
THE CUSTOMERS SATISFIED.

THE PRODUCTS WERE SUCCESSFULL
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@T, BIiT BY BIT , THE CUSToMers' r1hacrec
CHANGED . SOME, WHo HAD PREVIOUSLY NEVER
QUESTIONED THE BRAND , AFTER STRAanC e EXPERIENCE
REGAN To Acwk "I¢ Evecip ALWAYS THE 77€U7H, THE
Wroce Teurn , anvo Notwing Eur Twe Thoy ,?”

Dﬂ@ﬁ@ WE RECOUNT THE TALE OF ONE SUCH

= S VA
T

PERSON ...




@@@&@@@@g onve DAy, Arcuiracp Hiagns

WAS TRYING To STRETCH A STRING BETWEEN Two POSTS ...

B

WIS STeivg RePrESENTS
THe SWoRTEST DisTance Berween
Two PoINTS A awo B

[v TEcHNICAL [AanvcuaaE

THis 1§ kwnvown AS A
GQEODESIC.




WITH THREE STRETCHEp LINES, THAT

1, Theee GEODESICS ... Q%
/B\\\g\ ~

Piacine His FROTRACTOR AT EACH CORNER OF

A A A

THE TRIANGLE , HE MEASURED THE ANGres A, B C, Awp

USING AN EXCELLENT

THEOREM FRoM THE FIRM
o Fuvecuip & Co., THIS
cym musT Be 180°

Goop...



ﬂrzcme's HOME WoORLD wAsS COVERED v THICK CroupDs,

You coulDN’T SEE YoUR HAND IN FRONT OF YOUR FAcc.

I wowoern wHAT 17's L€ A Lowg
WAY FRom Here © WHaT's Hibpen gy
5() TS FOG 7 MNow: A GEODESIC was
ro Be SRAlawT. IF T 4o STRAIGHT
AHMEAD , RS FAR AS T cAnv, I Swourp

GeT AN [DEA OF FUT whaT THERE (5,
Lorkivg v e Misrs ...

GET My C'EODESIC
Nice anp TIGHT. ..

@QCH/E WALKED FoR A Long, Lownvg

TIME . )

BEumo wim , THE sTRivg vwreeLeDd,

SO TIGHTLY STRETCHED THAT HE DIDN'T NEED
TO WpRRY ABouT THE FoO4q OBSCURING
HIS EXACT PATW . #E WAS Foctow/NgG

AN IMPECCARBLE aEODESIC




UT — AS You HAVE PoSSIBLY NOTIcED -~ THERE ARE DAYS

WHEN NOTHING SEEMs To G0 RIGHT.

ARcHic , HAVING PLENTY OF
CTRING , DECIDEDL To

CLEAR » HIS STRING STILL FURTHER , ALWAYS
% % MATTERS U
/Z' For ALL . STEA’G”T A‘HEAD ) BU@ST/IVG wiTH
[S2 CURIOSIT Y.

-

o AecHiE STMIGHT lJ»vE
cLosed U/’./

GviTe wwomunTED, HE EXTENDED

My STAKE
RACK




LET'S SEE WHAT THoSE EucLIp
PEOFLE HNAVE TO SAY ABOUT THIS.

Tie TRY DRAWINe THRET

GEODESICS OF E®UAL LENGTH,
MAkiNG A TRIANGLE . THEN
THe ANGLES SHouLd Be 60°,
avd THER som 180° Just

@ THIC LEAFLET SAYS.

RATIO OMNIA
VINCIT,

\0’( \ ﬁ;e Is e Seconp
. Veatex B. Now 710
STRETLH Two MOR €

L(NES To FIv D THE
THIR D.

ISN'T SCIENCE
WONDERFUL 7

QoPs / TNE
Avaces  Are ERQUAL
AL. RIGHT — BuT THEY’RE

BiGeeRr THAN 607

Avo L WHAVE A FEELING THAT
. MAKES THEIR Sum RI1GGER THAN




y Avo YeT, By Praciva Mr euier  ABcovrELy FLAT

_ I CAN CHECK THAT My LINES REALLY Aare STRAIGHT

Hewwo ¢ Everro & Co. 7
Listen, I've Gor proBrems wiTH
Yovr PropucTs.

Just A mMoment ... T 'te PoT voo
THROUVGH To THE TECHNICAL DPEPARTMENT,

Prosterms wim ove TRiangeex ©
?“ \@ T'm curpRiscp. Wwy pow’r rov 7er ovr Circees ©

\ Ove COSTOMERS AQRE VEAY WAPPY W TH THOSE,

P
.. RiGHT, GoTcHA. A CIRCLE |s A SeT OF POINTS
SITUARTED AT A D/STAA/CE Z FRomM A FI1ACDOL POINT

N 2
o i Anp rou REckon THe Perimerer 1< 21l Anp
e e AREA-1l? Gor ;7!
L0

HAPPY To
OBLIgE,




For Mcasorivg AREAS we RECOMMEND (UR EXTENSIVE
pance oF Eveccipean Tiees. For PERIMETERS

ovr EvcLioen Fencinvg s WWPARALLELLED. THe

SATISFACTION OF ouR CUOSTomensS IS OUR BEXST

ADveRTISEMENT,

b7 4| , Q

‘ AT

;ﬁ%ﬁgﬁyﬂﬂpdﬁh

K 7T
..' 177

NC |
== Jreany S0,

LLITH

EUCL[D

HuH, THAT'S A FINE

MERE TUERE 1S NOTHING BuT
BEAUTY, PLEASME/ PEACE,
AND LIGHT,

TILES LEFT oveEr,

AL RIGHT THEN Ll

USE THIS Fencivg To MEASUAE

Perimeree ...

THE

Oyt e—
z'e’&%ﬁ'?t'o’;.MM&MWWWW%%%&%W&% s
Ty um s VY Y &
~ ~-_= — 8 ‘ 1
Se < v"“" ’:’.W

e ///k/*f*V”\YiZL\ e
T T e S <
~ f\/’\/\/t\/l\J\/K:&\)j\/\\(\ — \>)\\/%\\(/
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THERES some Fencing
LEFT overR Too I/

Ve

COIV % v; ',
A Rnes e
'&Q‘“’Q‘Q\“\‘&owmn SRR L)
QGO UAERRBA XL KIS
9 \‘2&0"4’;‘& TS <> >
QM"‘"" 5

SO

Hsu.o, EUCL/O & Co? Y(:_S, ITs me AﬁA/u,/ I wawr

To MAKkE A COMPLAINT ABouT Vour Fences AND vour
TILes [ WLE Avd 2T L AREN'T WoR v AT Ace ! WHar
ARE You Goivg To po ABovr & 7

Prexse ton't swour crce THAT, SIR .
LM onvey e SecreTmey. T'tc pur

Yov THRovaH T© ovk TECNA//CA(_

Deraerment
NSS "
No !

Nol Twe Tices Ake prorepey 7o wep !
THeRe's NOTHING WRONG w,TH My RADIVS , AND

THE FENCE IS PROPERLY ATTACHED TD THE
Circe & /!

%—PLEASG B&erieve Me , TS THE

FIRST TIME THIS HAS EVER HAPPENED.
HAve ANCOTHER TRy | DON'T GET ypPSeT,

- You uvow ourR THeoREM S ARE
GUARANTEE D,

ARCH/Q CONTINVED Hig EXPLORATION , AT EAcH

oo STAGE INCREASING  THE RADIVS £ oF i¢
XX

CIRcLE.
“

AvdD THE  DISCREPANC 15
RS R R SEERSI E- WORSE ...
sl =5
s?“s‘of'o:‘_:.f:‘:.’:‘. L‘«-‘ -

Gor  WORSE Awnp
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Ou, Lorp | Now 1!ve GoT OVER
36% Too MUCH FENCING ! AA/!D
19°% oF TUE TILES LEFT OVER .
AND THE CIRCLE I'VE DRAWN SEEMS

70 8e A STRAIGHT LINE ...

\ I Mvusrt
%’ BE DREAMING,
suReLy !

Wecee ...
im LOOKS

STRAIGHT ENouGH /

X
5

,4/&(;{/5 INCREASED  THE
RADIVS FURTHER , AND Now...

N

AND NOW/ WHEN.I‘\

INCRERSE L, THe PeriMETER
GETS SMALLER |  Twis

Twe CIRCLE SEEMS To BE
genoivg -THE OTHER h//-))’,’

s CRAzy _/




AFTER YET More ﬂLES:

WHAT BAPPENED ?

To suep some rLigur , LET'S Blow AWAY THE Focg ...

AECHIE SUDDPENLY REALIZED THAT HE HAD BEENS

AppLyivg THe ruces of PLANE GEOMETRY wuiLe

Lvivg  on THe SorRFace oF A SPHERE .
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g\%\o ae! 0w THe Dickens covep  WArcHiE

DRAW STRAIGUT LINES oN A <pHere £ IT

]r ALL DEPENDS | M) DEAR FRIEND,
ON WHAT you MEAN By “STRAIGHT M
IF You MEAN “TAKING THe SHORTEIT

WMMM. .. MUST
BE 4 TRAP /

PATHY THEN OF CounSe THERE ARE
STRAIGHT (INES ON A SPHERE,

THe NoTipn oF 4 GEODESIC

(SHORTEST PATH ) DoesnT APPLY OMLY

PLANE.

TJo THE

STRETCH THIS

ELASTIC BETWEEN
pPoINTS OM A

Two

_NOW Youlve GoT A
GEODESIC,

LN



Puce Tve vvier onve, 1T Gor BELLS ow
! Tuar Fwa Aw'r STRAIGHT.

ﬂxe THIS Rh

AND SEE FoR
o 3
YOURSELF,
—=Z

CERTAINLY. OF Couvrse (T’S A RULER
For SURFACES . ON A PLANE You WAVE
To vse THrs ove. Loox- 7 Bewbds
NEITHER LEFT WNOR RIGHT,

RiaHr , now. Wien Tvar "Tadms Broxe

DREW THEM GEODESICs , THEFK ALL CLOSED UP. DoEI THAT MEAN
THE GeoDEsics onv A sPHEre 1S Tust CIRCLES 7

EVERY LIVE Fotcowing THE SHORTEIT PATH oN

A SPHERE IS PART oF A CLOSED GeopeEs(c,

WHiCH 1S A CIRCLE DRAWN oON THE SCPMERCE.

Bur wor Jusr ANY oip cuecee !
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I Ewx YER JAVIN’ Me onv, MATE ! Yeo
PLAYIN' WiV WorRDS. Yoo TRYIN' TER TELL
ME THAT THERE ARE PIFFERENT KINDs of

CIRcLes on A SPHERe [ cripes !

I THov4wT I ONDERSTDOD THIS STUEF — AN’ um
T Finvp I DON’T UNDERSTAND A BLEEDIN’ Fwi-//,—f/)

ﬁcmae IS THE Se7 oF Porvis SITUVATED

A CoNSTANT DISTANCE { FrRom A SI/NG(E

HERE ARE A
WHOLE LOT OF
ClRCLeS WITH THE

camMe Pote M.
WE cALL THEM

PARALLELS.

PARALLEL
CIRCLES ARE

| ALSo THE SETS
OF PoiN®3 AT A CONSTANT

pisTAnce L' From THE “Soum
\Pog_e)” AnTIPoOAL T O N,

Amon 6 TuEM, THERE IS oNE Br646R
THAN ALe THE RES7T — A kK /NVD OF
EQUATOR on THE SPHERE.

Lommy . L Jusrt seenv wuy
A CIRCLE ON A SPHERE °AS

TWO cevires N quwo S ,/

. ‘7//;”1535 “EquaToRs” ARE INOWN A<

GREAT CIRCLES — Awvp 1T IS THESE THAT

B Form THE GEDDESICS,
\F
I NEver scev A GEODESIC  Tuis
( Crose BeFore. Most 1MPRESSIVE

16



N ARCTIc CrReLE
- Vel
e Own ve EARTH , THe Arcnc
N \HMADRID AVD AnTAremic CircceX  Awns
M.w 0 Cance ™E TROPICS ARe pﬁRALLELS'
\lv.ﬂ, - Troerc oF CER e DRID AND VEw Yore oo

OMN THE SAME PARRALLE.. Bour
IT IS WELL KNowN THAT THE

& SHORTEST ROUTE BETWEEN THEM
1s NoT  Atong T PARALLEL
0T Alonvg ANV ARc oF

B A
TRoPIC oF GREAT ClRc.E,
CAPRICORN
ANTARCTIc Circce

Wwen I was a
LAD, THAT WhS CALLED

ORTHODROMY.

O

THE THREE $1D€X OF A TRIARNGLE HAVE
TO BE PAKTS OF GREAT CIRCLETR.

So Wer plyver
GET For THE SUM

For A concrhere REPRESE NTATION
OF SUH A TRIANG(LE YgU CAN
VSE sTlcky TAPE OR BITS
OF ELASTIC. You CAN
MEASIE TUE ANGLES BY

A A A PLACING A PROTRACTOR
A1B+l 7 AT EAcH VERTEX .

THaT DEPENDS ON
THe TRANGLE, BUT ITX
BeTweEN 180° ano F00°

OVER  SHORT DISTANCES, THE SPHERE |
ALMoOST EXACTLY PCANAR. SO 1n THIS CAsc
THE Svm oF THE ANMGLEX. ..

LIS VERY CLoSE
0o 180°

17



TRY MAKING A TRIANGLE LIKE THIS o0vor Of
STiCky TAZE OR E(ASTIC.

BLIMEY! HUT'S
A H'EQUILATERAL
TRIANGLE AN’ A THREE-
SIDED RECTANGLE AT

TNE SAMe TIME!

IT’S A vEay SPECIAL oNE -
IT TAKES vP EXACTLY ONE EIGHTH
OF THE SURFACE OF THE SIHERE

AnvD THE suM OF
ITS ANgLgS 1S Now

//}\+§+CA = 270°

i Awb you -4~
AIN'T seenv NoTHIN’

Yer [

IMAGINE A TRIANCLE, MADE ouT oF ElAsTIC,
WHoSE VERTICES MIGAATE OVER THE SPHERE.
THE ANGLES GROW LARGER AND CARGER ;

AND So pocs THE SUM.

180°!
THere comes A STAGe WHERE

THE THREE VERTICES ALl LIE ©ON

A SINGLE GREAT cirRccEe, THE
— A A A
EQUATOR oF THe SPHere . [HE Avaees A, B ,4vs C ARE AL

STRAlGur LINES , THAT 1S, 180° . TWeEm Som Is wow S¢O° u

18



[ﬁ]s e TRIAMGLE CONTINUVES T3 MIGRATION
INTO THE SouvTHeER N HEMISPHERE , ITS Vearices

CONVERGE on  THE Pornvr S 4/\//7PDDAL.

0 N. Dérwwe Twe verrex avcces w
@S‘@ THE SAMEe wWAY AS AT THE START, THEY
/ Now €XCEED 180° ] Mone ARECISEL Y,

THEY EACH BEcome 360°- 60° - 300 °.

A FULL CIRCLE cCoMmceg
T0 340°

” 360°60°= %00°
A

SUM 300 x3 = 900"

Se, oV A SPHERE,
THE ANGLE-SUM OF A
TRANGLE CAN LIE

serwern  180° ano 90”4

Iv Facr, a THeore M proved By GAUSS
SATS THAT THE Sum OoF THE ANGCES IS
GIVEN BY:

A A A A
A =1¢ ( + -————-—) DECREES
+ B + C O l 3’[4-/6 R; 4 )
WHERE R IS THE RADIUS oF THE SPHERE
Aave A s THe AREA or THE TRIANG(E,

\‘ WHen THE ARER 1S SMALL
RELATIVE To THe SPHERE,
Agr B _
v WE Recover THE Evcuipean

RESULT (2f§+2 - 78’0'>

/F, ON THE OTHER HAND, THE AREA OFK THE

TRIANGLE (S ALMOST THAT 0F THE SPHERE
4x31416<R* , we ger Fo00°

1a



Memoranpos : Two points of & spheve can be joined by +wo
Geodesic arcs , making ONE Greaf Civele . But if
these pointc N and S are ANTIPODAL , then INFWITELY
MANY Great Civcles pass *Hwou.sk both | Two suvck
lines on the spheve (i o BIANGLE |, with the
same Ssize of Wr\jle af eack veyfex . The angle
sum can be ... ANYTHING 1!

THey’RE ALc Map,
Y2 knvow ...

)

Now €T Tay To woric our iy ARcnze

HAD TO00 MANY TILES AND Tpo MuckH Fewcmwe
Jusr vow ...

(C) Is THE CIRCLE HE DREwW, Amnp (a/) THE CiRcee He THOUGHT HE\
WAs DRAWING. FoR THE AREA, He vcep A FORMULA FRoM PLANE
GEOMETRY : "TA? (7= 316/6.). THE TRVE AREA IS HALF TuE

ARE A OF THE SPuere , 2TR?:  Now £ IS A QuARTER oF Twe CpHERES
CRCVMEEReMce , ~T R . So THE RATIO of THE Two AreAac 1s L°

g
= |.233 . THE RATIo OF THE PERIMETERS IS %r"—:/ =L =157 IF rou

CTILL DoN’T BELIEYE ME, TRY WRAPPING THE

Disc. on Twe Sewcare !

Ggosw !
You qeT

peears ! pisc 7 pisc ?

%




ALe Te white N’“/us HADN'T REACHED THE EQUATOR ,

Wis circee toowed CONCAVE  Tusr wwe A
S NoRMAL ONE WoULD...

{\SZ&} His CIRCLE WAS A

PARALLEL, AND HIS

Rutee was A4

s& GEODEISIC — PART
OF A GREAT

CRcLE ONV THE

SPHERE .

AT 7He cquATOR , THAT
Is, WHEN Z—' 77/22/
THE PARALLEL COINCIDED
WITH THE GEODESIC,
AND THE CIRCLE
LooxED STRAIGHTN

AFTER THAT, THE )
CoNCAVITY OoF THe
CIRCLE REVEASED

DIRETTTON

=

. - o " " -
r THIS EXPLAINS . HOW VYou cAw GET INTO or "our OoF AR CiIRCeE onN THE

SPHERE , WITHOUT  CROSSING IT. JUST Triwie oFf THE CiRcce ax
BEING MAPE OF ELASTIC , SLIDING ABOWT L/kE A RUBRER BAMD

A BILLIRRD BALL .

HSTa0

21



I+ Toox ARCHIE A LITTLE WHILE To
DIGEST THESE IDEAS , DISCOVERED BV
THE MATHEMATICIAN GAUSs (1777-18SS).
He DeEciDED THAT THE NEXT STEP WAS 70
UNDERSTAND THE GeomeTey oF SURFACES.

SPHERICAL
LeoMeTAY

Rignr < 1ive Gor EVERYTHING
I weed : Rucer, ProtrACTOR,
LoT¢ ©F STRWNG ,AVD A

waMmer . (OFF WE Go ./

SomeTimMEs  Science
DEMANDS THAT ONE
TAKE RISKS ...

HavinGg REACHED A NEW WoRLD ARCHIE ONCE More UNREELED
A Geobesic — Bur THiS TiMme ...

Drar I T
DON'T SEEM TO RBE

cermivg ANYWHERE
THIs TIME !

Twe ceopesic Dion’r
CLOSE (UP.

oK., LETS ToY IT
ANOTHER wAY ...

Vsns THeee sTREe Tcnes STRINGS,

AecHie Bunr A TRIANG(E — BUT Now
THE SuM OF THE ANGLES AT THE '
vearices was LESS rman 180° 4

22



As atways, DEFINING A
CIRcLe To g€ A FixeD
DISTANCE FROM A CHOSEN
poinT, Arcwigaco Hicamws
Found THAT A CIRCLE DRAWN
ON THE NEW SURFACE HAD
A PerimeTER  LARGER. THAW
2nl, Aanvo Av ARER GREATER
B AN T,

GCer /10 oF e Fog

“0\0'0006' [0'0’;; e
XXX

THe SURFACE NOW HAY THE

SAME SHAPE AS A MOONTAIN
PMS, oR THE SADDLE o0 A

WorSE . [awy oB8IECTS (N
DAILY USE Wit SERVE EQUALLY
WELL — A HONTING HORN , THIS
SokT OF S'TC’O[_./ OR ...

1%

Lon. THE FINAL WORD ON
ALc THIS, TURN




@ URVATORE:

1S ONE ON WHICH THE THEOREMS OF EcerD & Co.

CURVED SURFACE
CAN Re POSITIVE OR NECATIVE .

D(H”T work . THE CURVATURE

- POSITIVE CURVATURE , THE SUM oF THE ANGLES

ON A SURFACE ©O
Ir rov DRAW A CiRcc & OF

OF A TRIAMGLE IS GREATER THAN 180°.
qapivs L, TS AREA IS (€SS THAW 7032 AaD

cess Tuav 27L .
ow A sutrAce oF NEGATIVE CURVATURE THE SUM oF THE ANGLES

[E rou DRAW A CIRC(E OF

TS PERIMETER IS

OF A TRIANGLE IS (eSS Thaw 1807

padiws L, irs AREA s GREATER THAN LY AND T3 PERMETER (g

creaTER THan 2L
A WHILE BACKk, ARCHIE NOTICED THAT wHEW rov TRy To WRAP 4

PIELE OF THE PlANe ON A SURFACE
FoR M N IT. /T 1S AlSo IMFPoSSIBLE 7O WRAP A PIETE OF THE

PLANE ON A SURFACE OF NEGATIVE  CurRvaTULE : [T SPLITS.
THis WRAPPING PROPERTY IS THE SIMILEST TEIT FOR PoOSITIVE

OF POSITIVE CURVATURE , PLEARTX

OR NEGATIVE CULRVATVRE .

THAT'S
/1

/4$ You Saw oN THE FPREVIOUS PAGE, SomMe SURKFAceETS

AN

c HAVE rE4tonvs oF  posiTive corvarvre AND REGions

OF NEZATIVE CURVATURE . rf\

[

X, X
I wonDER (|F CYL/NDE/{S <<§ \
\
or CONES Are cuRveDd 5 // - AX

<t



Hmmry. You CAN
WRQP A PLANE ON A
CYLINDER OR cowve .

7

( THE WRAtrING @
/é 4,/(./,;\

(DR

Dow'r Pawnie. JThe sTick THREE
BITS OF £cCAsTIic — GEODEI/ICS — ON TO
THE CreinvDER, USInG STICK & TAPE.

. Now, MARK THE
LGEDDESICcS ONV THE

Q&Fﬁce‘ ...

f\ AaoﬂD/Né 70 OUR DEFINITION ,
A < cC Criivpees ANMND  Cones oBEY
EVCULIDEAN ceomeray, AnND
@L so ace FLAT surraces 1T

9 &

.- RoLL TWE cruw~nDER
ovr FLAT..




NO NEED TO
TAxE 1T LIKE
THAT !

] == —
THE YOUI0N) or SFACE
%h Earuier, THe cioups prevenTED  ArcHie FROM

SECEING BEYoMND THE END OF HIS MNose — oR
THERE ABOU TS . Were T NOT FOR THAT, HE wouved
HAVE gce€eN THE CURVATUIRE oF TME SPHERICAL
SPACE He LIVED ON.

THERE (S ANOTHER WAY T0 PREVENT HiGoms
SEEING THE CORVATIRE OF THE SUARACE : MAKE
HIM LiVE IN 1T - To Be A PART oF ,7.

26



NoTE THAT THIS New POINT OF VUEW MAS NO CFFELT OMN :

MeE ASURE MENTS OF
LENGTH ...

uT, DEIPITE BEING CONFINED WITHIN THE SORFACE (TXEZF, Arcwie
CouLd STIL CONSIDER ITS CURVATURE AND DETIDE WHETHER | T WAYX
POSITIVE ©OR NEGATIVE , AND EVEN MEASURE )T, WITHOUT QBEIMNG ABLE
To SEE 7. I1F THE ANGLE -SuM oF A TRIANG(E wax 180°,
Te SwrRFAce woued Be A PLANE . Lr 7ye som excezpesd
160° |, THE CURVATVRE woucd RE PoS(TIVE , AND ARCHIE Coocd
CAtcveare e LOCAL RADIVS ©F cuew.wxzé’ R By vswg THe
) DEGREES , WHERE A

A 1 A

FORM UL A A+B+C = 76’0( 316-16 PR
(S THE AREA OF THE TRIANGLE .

Ik THE Sum wWerRe Less THAN T80° , wE Cowen DEFINE 4
RADIUS CURVATUR R IVEN B /’}\ §+CA = 76’0/] v)

OF v £ (2] Y +* = 21476 o2 b

BUT IT Woutp No toNGer HAVE Tue USVAL PHYSICA( MEANING .

NoTe  TWAT WE can wcivde Twe PLANE as a SORFACE
WHose RADI0S oF corvatvee R 1s Ivewite. By so DoING , WE
WoULD RECOVER Twe USVAL EveciDEAN THEOREMS .

..oR ARH}S m -

2t



rwe CONGERT oF [BMENMSIHON

The wumBeR 0F DiMeNSIONS (S TUST THE NUMBEA OF RUAMNTITIET —
on COORDINATES — THAT MuST BE GIVEN , IN A CHOSEN SPACE,
TO DEFINE THE POSITION OF A POINT.

SURFACES Are SPACES THAT HWAVE TWo DIMENSonvS . THE
QUANTITIES [PSED FOR THE MEASVAEMENTS CAN RE L ENGTHS,
NUMBEKS, ANGLES ...

- (

Rt
J N
1
M

1}
T

S S __‘_\J__

KNIGHT To 34

IR =

(8,¢)

Lovcirvoe, Larirope
L7 1s CUuSTOMARY To SAY THAT OUR SPACE , IF
ONE 146NORES TIME, HAS 3 pimeEncIonS.

Yov’ke Iv A
3 - pIMENSIONAL

SPACE.

Aﬂcme OBSERVEL
THE FLlYy ...

o
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—
—

ELEVATION

. //
— //
= g
L -2 /AZIMUTWS
/ PARALLA X (/51_/32>

AILCH/E cAN FIND THE PosiTlons o THINGS BY USING HIS SkuULe ...

THE POSITION OF A POINT CAN RBE DETERMINED By THREE
ANGLES - THE ELEVATION o ,AND THE AZIMUTHAL DEVIATIONS
B, AvD B2 0F HIS Two Eves.
The ANGuLar DIFFEReNce 3, -[3+ 'S
RacHie's BRAIN CAN Decobe THIS PARALLAX, ANO INTERPRET

cacced> THE PARALLAYX .

IT AS DISTANCE .

DMMEE%@U@W

Bur THE FLY THINKS OF HiMsELF  AS MovING
ON THE SPHERICAL LAMPSHADE , WHERE
TS POSITION , i~ THIS 2Z-DIMENSIONA L
SPACE, CAN BE DEICRIRED BY ONLY

TWo ANCLET (9 QN D 9/7 /wuq/woe‘ > [ ATITUDE

\/»/E SAY THAT THIS L ~DIMENSIONAL SPACE”
1S IMMERSED (on EMBEDDED) Inv OvR USUAL

I -pIMENS IoNAL  SPATE .
N

0O K, P, B
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SuPPose THE FLy Forcows A cueve (C) own
THe SPHERE. MNow weg CAN REFRESENT TX
pos/Tiow vswa owey ONE coorbDivATE —
THE DISTANCE FRorM THE START VG POINT
(TAkiNG BACWARDS DISTANCES A3 NEGATIVE).

A corve 1s A picrvre oF A T-Dimensionar
SPACE.

Turs  1-DiMewstonar Space s [Mmeesen
IN A D-Dimenssona Seace  (THE SrnERE)
WHICH 1S [TSECF IMMERSED N A S - DIMENSIONAC
Ceace. So ovr owwn space COULD i1setF BE
IMMERSED IN ONE OF HIGHER DIMENSION, @F

WHICH WE ALE NOT ComnSClous .

Ow Pecee! Nowe

~ O' YeErR BLEEDIN '
METAPHYSICS , |F
Y2 pon’' MivD !
L=

@ YoU REALIZE, MY DEAR FELOwW, THAT WE ARE DEFNING OUR SELVES IN

1- DM oNA L ce ©
QD _{fﬁ% ¢ %J@“ A 1-DMENSIoNAL  CpACE - m
W il

‘ @Now’ I'm NoT REALLY Too w€EN on T-diMensSiona _Cp@

B : | |

Taxe Nore /
X ONE UNIVERSE CAN
BE HIDDEN INSIDE
ANOTHER onve !

ﬁ‘ﬁ
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EvEn (F THe STRING < Ace TWISTED VP,
B sTArs BETWEEN A AvD C ; AND THE
DisTance AC (S STite ONe METER.

?/

N\ ;

PROPERTIET CAN BE INDEPENDENT oF THE

7*“5 SUGGES TS THAT SoME
MANNER IN WHIce THE SPAcE IMMERS ED .

Hewe Are DirFerenr
WAYS TO IMMeERSE A
ClLoSED corvE W ORDINARY
@% SPACE. THE FACT THAT
IT IS CctLoOSEDL DOEI NoT

DEPEND on) WOW IT 1S
IMMERSED .

BuT WE Do Have TO BE CAREEU. Nor To S7TRETCy OR
COMPRESS THE STRING , SO AS Nor 70 CHAawce THe DISTANCE

BeTween Points.  Now (€75 Tay mmersivge SURFACES v
ORDINARY GCPACE .
ﬂF WE [MMERSE A PLANE v oroiwaky z'D’MEuS(OMnL

SPACE , WE -cAN BEND |IT W iTHouvr ALTERING TX
2T~ INTRINSIC GEOMETRY . :

OIRDIMQV THR EE-
MENSIonA L sppcE
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WE'VE SEEN THAT BenOvg A PLANE
INTO A CYUNDER  DOEIN’T ALCTER
GEODEIICS OR ANGLES.

From THIS PoinT OF
VIEW A WAVY SHEET ALWArS
Has A PLANE EUCLIDEAN
GEOMETRY.

AN INHABITANT 0OF Sucy A TwWo- DIMENSIONAL SPACE  woulD
HAVE No 10EA oF THE TwiSTS AnD TURNS  AND UPS ANO

DOWNS OF THE SURFAcCe , WHICH ARE MERELY VARIARLE
IS IMMERSED IA) 3~ DIMENVSIOMAL

FEATURES ofF THE WAy THE SURFACE

SPATCE .
ﬁ’s CoNCEIVABLE THAT oop USUAC
S—DIMENSIONAL SPACE Cove) RE
IMMERSED IN oNE OF HiGHER
DimensSIion , WiTHouT VS  REALIZ/NG
17T
Sveer an (MMERSION WoODeDd Mo T
CHANG E 6 EDDESICS , NOR OUR PERCELTION
OF THE wWoRcC D ) BASED oV RAYS oF
LGHT WHICH pMoveE AloNG 6 €D DES/IC S.

WHIcH MEANS WE can yisoacize THE
PosSIBICITY OF A PATY RETWEEAN 7wWo
Powrs SHORTER THAN  THAT TAKEN B,

/\ LIGCHT,

YER Do’ SAY /

WHAT ARE yo()
Dowq
EXILORING THE ENO oF Mr@

1 KkNOW WHAT You’RE€
vp 10! YoulRE TRYING TP GET
ME INVOLVED IN SC/é—‘NCE

Ficrion .’

32



TAke A PIECE OF THE PLANE AnD FOLO [T :

Tue Fotd DOESN’T ALTER
THE PATH OF THE GEODESIC

Usiva A RULER , DRAW (Lors oF STRAIGHT LINET (45005;/“)
Ov A SHEET OF PAPER. THEN FocD THE PAPER SEVERA L

TIMeS . THERE, BEFORE FOUR VERY EFrES , ARE THE Geobegics —

WHETHER THE SUAFACE 1S FoLpeDd orR wNorT !

BuT THIS FIRST PART OF OuR JOORNEY IS A
Ceegie THING INDEED , COMPARED TO THE = ‘

’ Ay
NEXT STEP :

N, <.

i £ DIMENSiON
JCURVED
L SPACES R

33
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g Mr. Hiavg 7 \ ;
S o
=S
/\g A Saces RePRESENTATIVE 4%{?%
\'
X

\ faor Evcero & Co. LI'm

\

ToLD you’ve BEEN HAVING

PROBLEMS WITH SOMge OF
OouR PRODUCTS.

I HAvE WITH ME SOME
OF THE (ATEST ADDITIONS
70 OUR RANGE, WHICH
I'M SURE WILL BE

ENTIRELY
SATISEACTORY,

LET'S sc&

m

TUAT!S THE SCEA
A | nNowADays . THE
GEOMETRY OF
Lf\’\ TWo DIMENSIONS
1S A BIT...

OUTMODE D..

... 1S MADPE From Ricip
RoDos, wHicH F T
PERFE(CTLY TOGETHER.

g PROBE

COSMic
pA FLuiD

Twe (ATEST THING In GEopESs/CS. . )j{

These WiLe NOT Aiwow Yovu TO

DEVIATE TO THE LEFT OR THE RIGHT |

OR (P OR DowN — BUT onLY To GoO

STRAIGHT AHEAD [

P
2



For MEAsuRING AREAS , WHY
nor TRY ovrR NeEw PAINT T 100 gm.

DER SQUARE METER, EXACTLY;

Avo ror YOLUMES | s cvimoer
OF GAs. You cAn READ THE
VALVE DIRe€cTLY ON THE Merer
ATTACHED To ovk SPACEPROBCE,

J

KA'ND REMEMBER — AREA OFBSPHERE
4yt*, voLume }‘iﬁ’[,
~r

(%
BT e

- TH(G TIME AR(HIG LANDED I[N A
TNREE—D/MGNC/oNAL Seacc.

We conTINUE TO FoLLOW
N3 HIS EXPLOITS ...
=\
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BeavriF ot Pre cision
Envgineeaing . AND THE
RoODS ARE EXA(,TLY

A MELR tong (‘"
/ —
T

—

o BUT/ AFTER STICking TOGETHER A

GoODLY MNUMBER oF Ropcs...

On Lord, HERE WE GO
AaAIn |

7
/\_» My Geopesic’s
cLosing ve,
&w\

A THREE <DIMenSlona, closed <pace ©

-

THAT's REALLY
ToRM 1T 1
=

To EAT A FEw

ﬂnauel W HO
HAD SAT Doww~ O~ A
PASSING ASTEROID

SAND VICIQ—'_()

DECIDED To SIZE VP
THE ANGLES AGAIN.

Tt ConSTRUCT ""-“

A TRIANGLE From

Tvree GEODESICS \
Lxe I bpip

BeFORE ...



Tve Frrro My Gepoezics
ToCETHER ProPerly — RBOT THE
ANGLE-CUM OF My TRIANG( €
IS more THAN 180° [T

[ 4

Tic MAwe ONE, AND
Mg asyr€e 1TSS VocuMeE
AND SURFACE AREA.

A Serere 0oF rapius [
IS THE CE€T OF POINTS SITUARTED

A FIXED DisTAance ¢ From A

GIVEN PoiNT , WHICH T'ee
cace N

/’C’I‘Q\/\\

Z

The AReA 1S (€35

T'vE HAD
QuITE ENolLGH
oF THIS.

AND THE VoLuMeE

/

3
1$ LESS THAN é’vré .
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Ancwe FURTHE®R /Nceewsgb THe RADIVS OF WIS SPHERE ... ,\

CCHH FL,,
€SS

< | PLANE
AND NOW MY SPyeRE /
mas Become FLAT .

Now Ts
CONCAVITY HAS
Reversed /
DIRECTION .

More and Moee...

®
P
N I DoN'T UNDERSTAND
ANY ©oF THIS,
\ =
N —
/L\\ -
A Lirtee Later .. - TN

HELP! m%

CLoSing In ov ME '/

38



A

//’)/ So... SimmpLY BY BLowing yP A BALloovw
- IN A THREE- DIMENSIopaL SPAcCE, Hicqivs
Povwn Hmcecr — INSIDE 1/

IF He HApN’T ToRned 0FF THE GAS Iv
TiMe, HE wovrp HAVE BTN UTTERLY CRUSHED,
In TUST THE SAME WAY HE ENDED UP TRAPPED
IN HIS own €nNccosure on Pace 13

WW THE BEST witl N THE WOALD, IT's NoT REALLY PoSSIRLE
To VISVALIZE we CURVATURE OF 1H(S THREE- DIMENSIONAL SPACE .
[T GEODESIKS CroSE vP , AnND (TS ToTAL Voconme 1< A FINITE
NUMBER OF CUBIC METERS , LIKE THE SULFACE OF OvR PLANET, WwWHICH
OCCUPIES ONLY A FINITE NUMBER oOF S®uAee METERS.

Tue ANGLE-Sum OF A TRIANGLE, IV THIS THREE - DiMENSIOMAL SFACE,
s Moae Twanv 180°. To “SEE " THE CURVATURE YoU wouved HAVE To
BE ABLE To ENVISAGE IT (N FOUL DIMENSIONS.

ET coULD BE TRUE THAT OvR THREE- DIMENSIONAL UNIVEKSE s

A MYPERSURFACE |MMERSED IN A FOUR- OIMENSIONAL SPACE

WHICH (S ITSECE |MMERSED AS A HYPERSURFATE n) FIvE - DIMENSIONA L
SPACE , AND SO ON. Buor | a1 PRESENT, IT ISN'T CONSIDERED Goop
TASTE TO DiSCuss Spcd MATTERS ...

WHAT wovLd THE WORLD

BE CoMiN 4 TO , WITH [DEAS

LIKE THAT, L Ask vou 7

BVERYFINK E(SE g
JVET ... METAPHYSIc S

wuatr EX(STS
1s wHAT I can

See!
(o
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N On THE SPHERE, BY ENLAAGING
THE RADIUS { oF His
Regron, HigGins  Hap
ENDED UP BY gFNDING
HIMSELF AT THE
ANTIPODAL POINT S To

] ey S
THe SAMe

EN A J-DIMENSIOVAL SPACE OF POSITIVE COURVATURE
THING  HAPPENS. Ty s 2-DimMenStonac SPHERE, ARCHIE REAHED
e EQRUATOR , envclLosING HALFE THE AVAILABLE AREA. Iv THIS
3o pimensiovar HYPERSPHERICAL sAcE , THERE IS AN EQRUATOR Too
BALLOON OccUPIED HALS
THE EFRUATOR LOoOKED

Ny PERSPHERE , THE

AnD ARCHIE REACHED IT WHEN HIS
THE AVAILABLE VoLUME. — On THE SPHERE,
Like A STRAIGHT LINE, Likewise , onv THE

“CQUATORIAL BALLOON' LoOKkED Llike A PLANE .

EFTEQ 245N G THE EQUATDR THE CONCAVITY OF TWe BALLoon
REVERSED , AND HE MOVED AVTOMATICALLYy ToWARDS 7we fonr S
ANTIPODAL To N, THE CENTER OF THE EBAlloon.

On A SPHERE , EVERY POINT HAS AN ANTIPODE = I7/s JUST TWeE \
CAME ON A HYPERSPHERE IN 3 DIMENSIONS — EVEN THovasw 175

A LITTLE DIFFIculT To GRAS P IMMEDIATELY. J

I DON'T UNDERSTAND

Y

<

Q{ﬁg ANYTHING

=

Z N

o

=

=

~

0



/)
TN

o
/ W}

WELL - UH - IT’S ALL LoT MubDbLed UP
A  BIT INSIDE My HEAD,

0. T caccep Sopwie. Corves
of ALL kivpg — [HATIS MY
LINE.

NaviaATion o~ A
Hype® SPHERE IS A LITTLE
SURPRISING AT FIRST. THE
REST WAY NoT To GET STVCK
IS To TAKE IT A LITT(E

AT A TIME.




WELL, FOR A START ~ WHEAE'S
THe CENTER OF THis <> Look - (£ L DRAW A
HYPERSPHERE : CIRCLE ON A PLANE
you’tce AGREE THAT IT

REPRESENTS A SPACE
wiTH 1 DIMENSION,
INMERSED v A SPACE
OF 2 DIMEWNSIONC —
vaMeLy, THE PLANE.

Anp THE CENTER OF THE
CIRCLE ISN'T ON THE CIRCLE.

/4 SPHERE REPRETENTS A (CLoSED
2 ~DIMeNS(ONAL SPACE , (MMERLED
IN Z-DiMENSOMAL SPACE - AGpiN
THe CENTER OF THE SFPHERE
DOESN’T Lie On THE SPHERE
|TSELF — onty N THE

CURROUNDIN G S~ DIMENSIOVAL

SPACE,
—

THe cenvter o A Hrreesruene,

HAVING 5 DMeENSIONS, CAN  BE FoounDd IN A
4 - DIMENSIONAL SpACeE, PRovIDEL WE

Assvme IT 1s So IMMERSED. Bur

6 8 T DOESN'T l1te oN THE ACTVAL
Z‘ LYPERSPHERE . SIMILARLY Fou
. CAN [MMERSE A §- DIMENSIONAT

HYPERSPHERE (N A G -DIMENSIONAL
SlAceE , AND SO OoN A3 FAR
AS You LikE ...




OK THEN = REMEMBER WurSELE
FLATTENED OUT LIKE A LITTLE
LABEL ON YoUR 2 -DIMENSIONAL
WORLD ...

... AND Yov RELAN TO INFLATE
YOUR CIRCLE — WHICH 1S TUST Q
CSPNERE OF DIMENSION ONE. ..

In Two-DmMENSIONAL QPA

A FRONTIER CoNnTAINS A
sveFace. SiMicArLy, IN A

\ SPACE OF THREE DIMENS /IO,
Q\/\\ A FRONTIER 1S THE BOUNDARY |

OF A VoLuvME,

7

Ana!l THAT’S wwenv I Gor 70 THE HALF
WAY MARk AT THe ERUATOR.

76\% Iv A 4'0/ME~S/oum_ SPAcE ; A FRONTIER woovceD
§/\~> Wave 3 DIMeNSions | AND Be THE ROUNDARY oF

A HYPERVOLOME  HNAvING 4 DIMENS/[oNS,

3

LET’S
geat 11!

ORF Acain !

FoYe

N —_—

4

Look — Here’s voor cincee, A "ownE
DIMENSIONAL RaLcoon . TS STARTING TO
COVER MORE THAN HALE OF THE AVAILABLE
SPACE — Closivg In ownv (TSECLF , AND
ON Fou , AND CONVERGING TOWARDS
THe AnTieoDE S,
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JusT THE SAmMe AS ) N MEP CURVED 3~D/M€M§/omﬂ
SPACE, oNCE I’°D PUMPED IN MORE THAN HALF THE
TOTAL volLuvME |, THE BALLOON CLOSED IN_ ON ME,

H

EADING TOWARDS THE ANMTIPODAL POINT /

/SWCE/TVC SPHere, IN

TS S-DIMENSIOMNAL CORVED
SPACE , oBVIovSLY HAS TWO
CENTERS , WHICKH ARE

ANTIPOD AL .

WeLL, THAT 16 I'm
NOT EXACTLY SURE WHAT
I've ynDERSTOOD, BUT L
have THE IMPRESSION I'VE

VA DERSTOOD SOMETHING .

O - .

THAT'S O.K , ARCHIE. /v More TUAN THREE DIMENSIONS,
TO UNDERSTAND IS To EXTRAFPOLATE.

’\~\' CMEXTRAPOLATIN q\, ' - _

| Bur I DON)r/
UNDEASTAND . YOU HAVE To BUILD

. O | THE PlcTURE YOUKgfLF/

7/, IN YoOR [MAGINATIoN _/ ’
\.— / %/ L ’,/,/

A cf »///OE/D \
g%//
e Vs

AN




Now, 1I'tC START WITH A S-DIMENSIONAL SPACE AN PUT A ﬁ
LoT OF SPHEREs — TINY 2-0IMeNSiona, Uwniverser —~ INCIDE

IT. J
a \
Vwese yniverses cawn
/ INTERPE VETRATE . THEIR
- COMMON POINTS FORM

CIRCLES - OBJtTTS OF
Dimencion ONE

SM/LARLV THESE CIRCLEY NAVING A SiNGgLE
DIMENSION , WHEN pPrACED oON A SHEET oF
paPeER ( DimENSIHN 2) cuT v POINTS .

(Ir IS CUSTMARY To SAY THAT THE
DiryenSioMN OR A POINT IE Z.ERO.)

So A SPHERE CAN BE VIEWED AS THE
INTERSECTION ©OF TWO 3 pDIMENSIONAL

"Bussres T LIVING IN A SPACE OF
4 DIMENSIONS.

AND SO IT (CONTINVES @ A L - D)MENS I1ONA L
CURVED SPACE , A HYPERSPHERE , CAN BE
THOUGHT OF AS THE IN TERSETTION O F~
Two A -piMENSIonAL SOAP-BUBRLES IN

A seace oF S DIMENS/ONS .

b5



AacHIBALD' AND gopH/gj HAYING SCALED SvCH 41DDY
HEIGHTE OF EXTRAPOLATION, RECOMMENCE THE

CxPLORATION OF NEw IS-DIMENSIONAL WORLDS.

MATNEMATICS IS No
MORE THAN WHAT IT 1§,

ISN T T 7

TH/S/ JF COoURSE
s 3 -DIMENSIONAL

Syicey T[APE, FOR
MakinG G €0DESICS.

Tue sTicky BIT'S
on THE BOTTOM,
NATURALLY .

Awp wow, v THIS new space,
GEODERIcSs Don’T ctosE (VF.
Avp WHEN L INFLATE THE
SPACEPROBE  BALLOON , THe
VoLome psedp 1s GREATER
Twan £ And THE
SvrRrACE AREA (S MoORE
THAN 4 l%. F(/reme‘/&/ THE
ANGLE -SUM OF A TRIANGLE 1§
LESS THAN 180°

RecarLiva
Pace 23, yov’ce
REALIZE You’re IV
A SPACE OF

NECZATIVE /
CURVATURE -



RESUME

*
g
/,/

_—

v THREE~ DIMENSION G SPAces, THERE

ARE LoTS oF PoSSIBLE kmwDs OF BEHAVIOR, §
You kwew.  It's ST tie rou cer wiTH

SURFACES, WHICH ARE TWO-DIMENSIOMAL SPACES .

Ir e Avece-sum oF 4 TRIANGLE , IV A ZB-bDimMENSIONAL
SPACE, 1S GreatER THAN 180°  THen we cay 7ar e CURVATURE
8 POSITIVE . Tuen, Foamivg A sPwere o gAabivs ¢ , THE
SPACEPROBE civex A vocume (eSS Thaw %77[3 AND AN AREA
LESS THaN 4aL®. Tais space, A HYPERSPHERE | cioses or
Ov TS&F. Bur, = Twe AMGLE ~Sonr oF A TRIANG LE IS LESS
Tuan 180°  TrHEN THE cuorvATURE OF Tue S~ DIMHENSIONAL (Pare
1s NEGATIVE . Tue wiome oF A stuere or eadips £ 1e more
Tanw £1l° 4w 1 suvrface Area s roce Tean Gud? Twe

2
WHoee SCrAace 1s o INFINITE cxTenvT,

BvT [IF THE ANGLE-~SLM CoMETS
70 1€0°, THE SPAcE Is Simrey

EVCLIDEAN. "J

1 THAT wHAT we've
GONE THROUGH ALl THIS
For 7 PAH !
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A SPACE MUST BE
EITEER OPELN OB CLOSED !

RiaHT, I REckoN I 've
REALLY Gor IT vow. |F A Spacr
CURVATURE , /T

| HAs PosSITIve
\&SES UP On ITXELF

| THE CURVATVRE (S

NEGATIVE ,0R THE SPRCE
(S EVCLIDEAN , IT DOEIN’T

ctose vP—- 1Ts INFINITE,

S IN GEOMETRY THAMN ARE
DREAMT OF 18 YoUR PH/wSOfWV,
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F%Ts:— Hicainvs was /McTﬁLwﬁ

W A CYLINDRICAL 3 -DIMENSIONAL
SPACE.

Despii®  BENG EUCLIDEAN, WITH
Z26r0 CORVATURE ( AnGLE -SumMS QRE
’760") THIS VUNIVERSE (CLOSES

e
=

Wokey-Doxeyr!

WE 40T SPHERICAL
GPACES , 'YPERRBOLICA L
ONES , AN’ SEE-LINDRICAL
oNvex . THAT'S THE toT,
AIN>T I T

LeT’s TAKE A LITILE TRIP RACK

70 TwWO DIMENS IONS.

S
Vi

o
)
T

@@H’;ﬂ -<z>+nz—K,
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[WSIPE  @UTSIPDL <

ﬂea/«/ M@,
suad . E‘fu;”;}m,y AA-M%Q
g toal he hawls neiflur fo Flo

> Vgl wo to Hla b, bk Folloss o

e oplas

N perbecl GEODES/C.

Fair Envovuy . Going
STRAIGHT OR FoL(oWIN G
THe SHORTEST PATH , IT'S
THE SAME THING.
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1T'¢ Cctos€D UP/
JUT LIKE IT DI

Ancee-som 180°
THIC GADGLET IS
EveripeanV. ANoTHER

CYLInDER !

Bl 1s now Reveatep... Tiis TiMe Arcue
was v A NON-ORIENTARLE 7-DIMENSIONAL
CPACE . The BEST knowN ExAmPLE OF
cvew A SeacE (s THe Moaivs Bavo (1£30).
The DEA WAD ESCAPED THE (REEKS , Evew

THovaw THET THouGHT ABovT EVERFTHING.

B

1920039
ank
40 Lw.lcj

W

Sormie £ LeT me ovr !
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@&Aw A CIRCLE ON A SURFACE , Awbp PUT AN ARROW ON 1T.

THivk OF THE CRCLE AS A LITTLE LABEL WHICH WE CAN
Q SLIDE AT Wit OVER TWE SURFACE, IF THE CIRCLE ArwarsS

RETVANS 7D ITS ORIGINAL POSITIoN W/TH THE ARROW fo/nTING

THE SAME WAY, wE SAY THAT THE SORFACE s ORIEMIRBLE — AsS
1§ THE CASE FOR THE SPHERE , CYUNDER, PeANE | £7T. Bur onv A

Mosivs Banp , THINGS Co QuITE DIFFERENTLY ...

Every TimE 1T TRAVELS ROUND
THIS 2-DIMENSIONAL [/NIVERSE,

T WE ClRCLE REVEASES ITS

L ORIGENTATIOA.

Tay 7 ~ )/OU)LL QEEJ/L— %

In THE SAME WAY, yYou caN'T PAINT THE
Mosivs BAnD wiTi A Dirprcrent Cocor
ON EAck SIDE : IT HAS ONLY ONE

cioe | WE sav it 1s UNILATERAL |

ARCHIE TRIED KkNockIvG NA LS IN
To SHOW WHICH S[IDE
WAS WHICH ...

You canv Hem T AL M’%ch |
Avo piscoveres m™ar NEITHER

WAL ... THAT S,




oK, LET'S TRY
CUTTING IT IN TWO

EASIER SAID THAN DONE ,
ARcHIE MY FRIEMD.

EASY .
You cuT IT
In THREE.

Noms THAT THE
GADGET HAS NOW
BECOME

TWo-sipeD (or
BILATERAL)

FRRL L =

U ssS /.

NoilcE THAT WE
Now HAVE A ONE-SIDED THINGY
(WHITE) AND A TWO- SIDED THINGY
(GREY) wWHICH IS TWICE AS LloNGg AS
THE ortGinvAL STRIP,

Now I'M GeTTING
DISORIENTE D.
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AFTER TS Brisie Teor ARowwo THe Mogivs Baup, LeT’s co BAck
AND TAKE ANOTHER rook AT 3-DiMeNLlonaL EvcedeAn SPACES.

t[}ﬂ@ @Wﬁ@@@@@ﬁ@m When I Loow AT MYSELE \
N A MIRROR, MY LEFT HAND
of SPREB: | o

CHANGE PLACES WITH MT

FEET
_J

AND How cAN I RBE SWRE I'm
Twe REAL Me ~ AwD wnvoT THE
RErLECTION 7

\\\t

" RIGHT 15 e
OPPOSITE OF

LEFT - AwnD vice VERSA...

You JUST HAVE To &o ABOUT
IT THE RIGHT WAY.
P,
\!
s

HeLLo/ Hé’u—o./ How cAn vou TELL
WHETHER YouR SHELL CURLS (/P THE
RIGHT war or e LEFT way ©

) Weee - £ 17 wasa’T THe RIGHT
way 17 woveo Be THE WRONG way ././
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LET vs Acco
oMPANY Hisaivs ov s Expioratmion oF Avorrer Evc
WORLD OF THREE Dimewnsions (wimhour CURVATUIRE ) e

WHERE'S SoPHie 7 THiS SPACE HAS AN

)
Welp ARRANGED TO AlR. 0F STRANGENESS
meeTr For Lowew WHICH DogsN’T
onv PA
a€ S7. —— Bobe WELL.

T'LL HAVE
A DRINK WHILE
I'M WAITING.

jusr Ltook AT THE
Foa CREEPING [N -
AnD ME wITHOUT MY
AsPIRIN I

ARE You I coMe ouT
wTo THE OPEN |

ST



- 7)
Mﬁg”ﬁg

T o Lucky WHRAT'S THE MATTER wiTH TUIS
HAT S ¢ @FFK Iy \¥dg Il corrscrew v
/Hérze’s My Bor‘nf
6\J )
- \é?

Area b L?

VoLome 3ﬁ7r g3

C«

IT's MY CORK SCREW ALL cicwr !

REcoaA//zE T
WO NDeER \
WHAT'S

MHAPPENED 7
TO T

TAKE A CLOSE d
Look !
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FAIR DiNkuM , IT'S A BLINKIN® FRENCY
Roc€/! 1F THAT _ DoN’T BEAT ALL /

WALT2ivG Matieoa,; WaLT2iwg
Maniepa ; You'’L e come ﬁj;
A- WALT 2ING MATIL—

Steange €

(ﬁ VYOU Dion’T NoTICE ANYTHING
z /
9

I've DRUMK BETTER

FRoM A BILLABONG ,
BuT THERE'S /uor)m/’/

Rmfwm; ABOYT TWAT!

Someone’s  SCREWED yp MY (oRISCREW,

Awd AN INEBRIATED KAvcAroo'S

SNITCHep My RosE . Mucw more of

THIS AND TI'LL START TO WONDER WHATS
GOING ON ...

GiDDA ¥,
COBBER /

CORKSCREW WITH TWE JUTMOST ATTENTION.

WE STRONGLY ADVICE Voo TO ORSERVE Tﬂ;]




THE Mb'srus Banp — 4 NoN-0ORIENTABLE 2 -DiM GVSIONAL.
was A 3-DimenvSiovar AnAcoq,
Ov A mMOBIUS BAND , A CIRCULAR CLABEL THAT
MAKES A “circoit iy THE SPACE, CAN Colre
BACKk WITH TS O0RIENTATION CHANGE D.

O =[O

CPACE —

Sez Page §4
§ :# g %
A
'HE CORKSCREWS ARE MIRROR IMACES OF EACH OTHER
= THooOGHT OF

ARCHIE HIMSERZF, CAN BE

THE  corkscoew , Awp
Eacu Titre an ogTErT

IN THREE DIMENSIONS,
o~ THIS ?~D/M5M§/0~A1_ SPACG)/TS
H/aqnvg ON HIig

TJUST L/ixE

Ac LAsecs”

MAkes A ‘clrcurr”

OQRIENTATION REVERSETS. /43 We AcCCoOmMPANIED

NOT ScRPRISING THAT,

Ciecomspaniac Piigrireage , 17%
/M/‘\C@/ ANDO THE

WE Fovnwp THEe Boi7ce 7o BE A M/IRRoR
A seronn TcircurT

/‘?PPE»QEAA/CQ}

n

HiM,
CORKSCREW TWISTING

wWove D RESTORE THET €
JRWVIDED WE LERT THEM WHERE THEFK WERE.

AKCH/E AND THE K#4nG ARoo (A-l\/ AnTTIPODAL

gPéZ/é‘S) LIVED (v THE SAME SPACE,
I THE SeENSE

THE WRONG WA .
ORJTECTS TO THE R DORIGINAC

=,

Bur THEY DIFFERED

Rosé J204
ver i rR "ty Reond
PROVENCE N0 AT TUAT WHAT WAS THE RIGHT W
| WRoN &
_>—' FoR THEe KAnvgAkoo wAS THE ‘
way RounND> For NARCHIBALD — AND

VICE VERSA .
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IT's ALe Gove HAywire, THerE's
No mMoRe Lerr or RiarHr, mo
Crock wis € OR COUNTERCLOCK UWISE  NO  RIGHT
wAY AND No WRoNG WAY . Wi e v WAy,
THEN, SsHoveD X 60 P

You MusT Foctow THE GEDDEYCS,
ArcHie — THE GEDDESICS 0F
Your LIFE.

How. Yea'Le NEVER GET
ME 10 BELIEVE THE Unmivense

% 1¢ THAT crazy rowir's

IT'S LIkE SOMETHING
ouUT OF A

CoMIc STRIP ,/

aLe RAVINGS oF A
LooNY MATHEMATICIAN o

Wry BowER WIV
Tuat TRiPE, WEN IT'S
gLEEDIN' M OBVIOUS THAT
THE UNIVERSE /.S/ ©
WEUcLIDDYAN ¢

g4 &) A view STATED In 1630 BY OSTro6RADSKY,
A PROFESSOR OF MATHEMATICS AT FeTroGear,
AFTER A LECTTURE oN THE WOR K  OF
Riemann ANDP  LOBACHEVSK Y.
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Awv’ow , wor Reeey counrs s Twe
REAL WoRLD ~ NoT THIs RVDDY 1’ T voRy

TOWER SPECKYERLATION | AN’ N THE
REAL WORL’ AL YER™WL Wo pever w'acrex

WIV ME |, YER ConMa wwtc wm o oeeennnn. ..

6
~/ UTTERLY - \ é/
DREADFUL ! e ‘
N ~ 7 >‘—<<\

I, BRNG THIS INTD THE o/g,\//

7 1

N'T Look Like woT ir 1S |
CRIPES , FiNke O THAT BEIN’ TAVGHT
IN THE SCHooLs //

r H IMAGINE TUE UNIVEASE
Do

So, WHAT'S
Beuwp AL OF

LET’s HEAR IT
For THE

CONCRETE.




... IF TUE DENSITY op amiATTRR IN
THE UMIVERSE IS LEXS TNAN
10~ 9".6.‘\.-3«..

... THEN THe UNIVEASE wiLc
HAVE NEGATIVE CURVATURE
AND (NFIMITE EXTENT..

... ON THE OTHER KWAND, (F
THe DENSTY (s GREATE R

Awp  1F 77/5 DENSITY IS
Eavar 10 107 3m emd, T

wiee Be EUCLIDEAN ...

.. THE UNMIVERSE WIiLL BE
HYPEARSPHERICAL AND (CLOSED.

- Docror  EnvstEmv,

T Presome 7

SN

e
N @ THE

Q&' "\ :N D
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