The dveure of

CHIBALD HIGGINS

| FLi6HT OF FaNcy

Jean-Pierre Petit
Translated by lan Stewart




Knowledge without Borders

Non-profit-making association created in 2005 and managed
by two French scientists. Aim: to disseminate scientific
knowledge using the band drawn through free downloadable
PDFs. In 2020: 565 translations in 40 languages had thus been
achieved. With more than 500,000 downloads.

Jean-Pierre Petit Gilles d'Agostini

The association is totally voluntary. The
money donated entirely to the translators.

To make a donation, use the
PayPal button on the home page:

http://www.savoir-sans-frontieres.com

PayPal

FAIRE UN DON




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
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PROLOGUES

O,vg MOANING, ARCH/BALO Hldéws WOKE UP I A ROTTEN M0OOD...

QUNDRY, MownvoAy,
TuesoAr, Weonesopay,
\ THURS DAY .-

... FRIDAY, SATUADAY,
SunbAY. AnND THEN IT
STARTS ALL OVER

AsaiN.  Borinvg,
sA’T 47 7

PM NOT SURPRISED.
THe BUTTERED SIDE, NO
DOURT.




ArcHie FELT SAD AND EMPTY. E£ven THe
Carmy  was FLAT. THe DAYs Trick(€p PAST

LIKE RAINDROPS DOWN A WinDoW- PANE ...
igki

HE'Ss YP THERE ,
THE LUckY
FELLOW, ..

MAK !
I WANT T0 FLY

TOO




Goop weavenve /|

Max - Yyou’ve GOT 1o
TEARCH Me TO FLYy . JUST A LITTLE
BIT. IT'S GETTING ME DOWN ,
STUCKk oOnN THE GROOND
LIkE TH:S,

Look - I CAN UET ONE roor. T T
UFT THE OTHER ONE QuUICKLY ENOWLGL
MAYBE T CAN ... g

IT MvSr HAVE RB&enN
THE WEILHT OF ALl THAT
AR, PUSHING ME RBACK
Pown AGAIN.

RUITE TMe CoNTRARY, ocp BOY / AccoRD/Nq To
ARCHIMEDES® Principce, THE AR PRESSURE ACTUALLY

REDUCES vYouvR weElaHr By SO GRAMS,




ONCE UPON A TIME THERE
WAS A MAN CALLED

S ARCHINMEDES

YOoU MEAN TO TELL ME THAT WHEN T WEGH
MySeELF , THE MACHINE DOESN’T GIVE MT
BeEcAvse oF AIR

TRVE WEIGHT —
T B k PRESSURE 7

PRECISELY. YOU ACTVALLY
weign 8O0 GRAMS
MoR €.

Y

T

Hum. .. Aecumenes’

Paincieee.  T've HEAAD THE ForcEs
WORDS orTEN ENOUGH- BOUT AcTING ON A

wrar IS T ReAwy 7 Disc IMMEASED
IN A FLUID -

HH

N %Nk 0OF A DISc SITTING
€ AT MoSPHERE . THE ENTIRE
COLOMN OF AR opyer THe ToP PuSHE IT
DOWNWARDS . BUT AN EQUAL AND OPPOSITE
ForRCe ACT3 FRoM (wDERNEATH — SO TWE TWO
PRESSURE FORCES CANCEL ouT. TUE "DEEPER™
THE DiSc IS IN TWE ATMOSPHcRe , THWE GREATER

TUESE FORCES Recome ...

SE &




Now THINKk OF A CYLINDER. THE UPWARD PRESSURE own
iTS BASE S GREATER THAN THE DOWNWARD PAESSURE AT
THE ToP. THE DIFFERENCE 1S THE wWEIGHT OF A CcolUMN OF
AIR WHOSE VOLUME 1S THAT OF THE CYLI/INDER. THE

<t— SIDEWAYS FORCES HAVE No EFFECT — ‘ng CANCEL
0UT IN PAIRS.

®+<Lr::‘l = O

0 THOSE 80O cf:Ams YOU WERE RAMBLING ON

S
ABOUT ARE HoOw MUCH AIR I DIsPlacE.
OF couvkse !

AkcwMebemv FORCET PLAY AN [MPORTANT RoOLE N NATZ/RE

@@NW/E@TD@N
CURRENTS

T'te wNEVER-

1

ﬁ G = ApcHiMepE AN Foa

- WEIaHT OF AIR DISPLACED

@J V!
ﬂ‘

THAT JUST LEAVES THE
Grite . Anp evewn THAT s

80 GRAMS
GET OFF THE Grouwd wiTH THAT ...

-

N T Tuinke TI'Le
0 e some TeA
)
WoULD YOU BELIEVE
)T 7 THE WHOTPLATE’S
BROKEN !

e

ce .

ONLY WORK NG ON (OW

power !

N




Goop HEAvens ! ir'g
WORKING MUCH BET7TER THAN I

exfecrep ! TS Bow ing ALRGAD’:,'//

HEY - THIS TEA

IS STONE CoclD ,

SO s THE
WATER Inv THC

SAvce ban /!

I CAN’T RBELIEVE MYy
Eves ! THis waTER was
Botwwivng A MinvvTE

)
YOUR GRILL ONLY HEATS

TWE TOP LAYER . Aw~NDd THe Fim

OF WoT WATER |s (ESs Dexvse/ Lo
IT FLOATS . THATS Acc.




00

ON THE o0THER HNAwmD, IF You LEAT THE WATER FRom BeEcow
T Gers LESS DENSE, AND RiSEs v A CocOMM. WHEN T
REACHES Twe TOP IT <Coocs, CONTRACTS, AND DEICENDS
ACAWN o~ THE oursiDe. THis 1s NATURAL CCRVECTION .

THE SAME THING oOccoursS IN THE
ATmospHERE . WARM AR, LADEN W ITH
MoisTURE, RISES FReM A poT SPOT.
WHEN |T CooctS , THE VAPOR
CONDENSES, Fekrmg A nmice CUMULUS
CLouvD.

ﬁ‘ Tu/s MixE3 THE AIR AND MAKES THE TEMPERATULE
MORE EVENLY DISTRIBOTED . (F T
DIDN’T HAPPEN, THE TEMPERATVEZE
@ 0~ A SuNNy Day Wouep EZ€E

H NDREDS OF DEGREES.

HoT sfPoT

Ir I HITcHED MYSELF TO ON€E OF
THOSE LUMIS OF WARM AIR, MALBE
1’D BE ABLe v Fur P

L

wATCH WHAT You?RE
DoiNG WITW THOSE HUGE
FEET, You KLUTZ/

W\



WHY Down’T YOU Do YoUuR
WHo sAID
O © > THINKING  Som€EWHere ELSE ,
— THAT y FATHEAD <7
~—~

~3 7

JAN

YoU’vE JUST SToMr?ed Acc
QVER 0OUK ANTHILL _/

| OH, SORRY. Fiymve T ps F
= - A\
y LIFE WASN’T COMPLICATED

&(Cf’%/{\ \\ Enoves  Aceenoy |

\ ~
\

FRANKLY, PAL ,
Don>T You Recwcon THERE
ARE M™More |IMPORTANT
THINGS THAN

FLYING

ANyway, OUR SclENTIETS
HAVE PROVED THAT |T%
A MARTHEMATICAL

IMPoSSIBILITY /

Evee xa / T 1 PuvT A
LoMp oF WARM AR |N

Some SorRT OF
WRAPPING ...

10



. &%
D —
THAN= AR 4
T
MACKENES 773!
/
’3 )
—7 = T
‘«4 Al N
N CANRARCT N
FLAME ~ SHAPED é
TUING OUT OF .
\ PAPER . Do (T 2
TEN TIMEs, g
3
THE SELRET OF HOT-AIR BALLOONS ! .
TUE Ric4eh THEY ARE, TWE R
BETTER THEY WORK . You CAN 50 cann g
MAKE THIS ONE WITH 40 SHeEXS S
OF NEWSPAPER AND SomMg
STlCwy TAPE, FoLLowwg THE 2
[NSTRUCTIONS SHOWW. THE g
APPARATVS |S DESIGNED TD <
RBE CAPARBLE OF LIFTING E
A CAT 2
, w
o
 wo— 28% >y
M =k
x
)
I Nofe T § N .
NEARD THAT tg g
WRONG. S
~
o
=
IT LOOKED LIKE &
A NICE PtAce FOR
A sNooze Yoo ! U Tem
< 50t —>

11



Heae's How Aacie pPUT HIS HoT- AR BAwoON ToseTHER ...

Hear 11 vsing Ao Came- Sue,
ProtECTING THE PAPER WITH
A LENGTH OF MeTAc PIPE.

Dow’t PuT THE CAT In
ONTIL THE LAST PoSSI8LE
MoMeENT ...




ITS FIVE-YEAR MISSION :
T0 BOLDLY 60 wWuERE No

CAT HAS EVER GonE GEFoRf,/

Ate RiGHr For  Parer TiGeas,
I SuPPOSE... BUT ALC THE HoT
AIR IN ALL THE NEWSPRPERS
OF THE WolLD ww qive ME
MUCH OF A LIET...

wrar IS e Serner
0F Fuawr/ Max

Bvzz OFF,
Arcere I T'm
WORN OUT./
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No Goop , BlLA<T T I THIS wonT woex.
T MusT HAYE MISSED SOMETHING ...

ARcHIE — TO FLy, You HAVE To
kNow SOMETHING ABouT FLUID
MECHANICS . |7's NOT AS EASY As
You SEEM Tp IMAGINE !

FINE ~ BOT WHAT

IS A Fruio T s 1
JUST ANYTHING THAT

FLOWS 7

7 Yes, IF Yow L cE .
Bur cveny THAT IS
MORE COMPLICATED THAN
You’p THINK.

14



SAND Ecows THE SAME AS
WATER . E WONDER IF TUERES SOoME
KIND OF CONNECTION CP

CorHie - Doex

ARciimepes® Priveirce
wor For SAND €

=

IS SAND A
Feuio ©

%U)VE \/USf
GqoT TO TRY

1T .

Ricur So HeEReEs A coin
AND A TARLE-TENMIS BALL, AND A
TROUGH FuLl OF SAND. IF Sawvo Is A

Feuip, THEN AccHirmepes’ Peivcirce
SAyc THAT THESE OBJIECTS , BULRIED N
SAND, SHouLp BE SLBJETT TO A FORCE,
DIRECTED UPWARDs, AND EQUAL TO
{ WEIGHT 0F SAND DISPLACED.

15



T've RukiED THE BAwL,
and I’ve SAT THE Coinv oN
ToP. Logicatty, THE CoiN

OUGHT To Sink, AND THE
BaLc ovGHT To RISE ...

Peerars 17's A
MATTER of TIME ..

YAS YouvR MATE
GoRN HARBSOLUTELY

Bonvkers P

You cAn NEVER BE TDO
CAREFUL WITH PHYS)icS.

You CAN GET
BRAIN STRAIN.

WHAT’s  UP
WITH THE SILLY
HING T

THRow PHYSIC TO
THE boas - I’
Nove oF it !/
(%)

*
SHAkegpeare : Macaens Viii 47



AND THE COIN HAS SuNMk To THEe
BOTTOM. WHEN HE SHOOK THE SAN D,
ARCHIE LET THE GRAINS SL/1DE PAST
EACH OTHER AND THE SAND
Became FLUID.

BumMeY | TUE
BALL!S FLOATZD

CoPHiE SAYS THAT

THE FINER THE GRAINS
ARE, THE (€SS TIME

IT Wit TAKE,

on. So A FLUID i 4
kiND OF SAND wiTH VEARY FINE
GCRAINS, WHICH CAN EASILY SLIDE
PAST EACH OTHER (P

THERE’S MORE THAN A GRAIN
OF TRUTH IN THAT SoPHie SAYS
IT’s Wow Lucherius (v THe ]ST
CENTURY A.D. , Go7 THE IDEA OF

ATOMS ) (,De Natvve Kevunn >

SOPNIE ALwavs
knowS BETTER THAN

ANYONe ELSE _/

IKa



So yer sees, o’ Duck —
Fings tice Sver Puooin’s s
JUST VERY VIScous Feuids. AN’

T Recrone GLASS /s Too...

You meanN TO JELL
Me THAT RRcHIMeDES’
Pancrece —

DoN’T PUT WORDS ivro My
MouTH, DAMN T !/

(X) Guass IS EFFECTIVELY A VERY viscovs LIQUID.

EVREKUVLAR ENERGY
LABORATORY

18



To UNDERSTAND A FLUID

You cee ARCHIE —
THE START THAT

Peobchty rou HAve TO REALIZE AT
17°S A corcerrion oF Moc€cvcES ) WHICH ARE
LIKE TINY BALS, BOUNCING ANVD Sc1bivg OFF AND
ARouND EACH OTHER [l A MEGACOMANIC GAME

oF Buciaeps — MOLECULAR CHAOS /

Ol Lers
HAvE SomE

THeRE ARE TWENTY TRICLL(oN OF THESE LITTLE
In EVERT CUBIC CENTIMETER OF JHE AR

BALLS
Tuey’'re Too SMALL TO SEE, EVEN

wWE BREATHE .
WiTH THE n™MosST PoWERFUL Mic RoScoreEs.

we cowceer o DENSITY
IS so INTUITIVE THAT W&
NEARLY DECiDeED NOT ToO
MevTIon (T ...

o

(T’S TME NUMBER OF )
MOLECUVLES PER ONIT VOLOME !

19



PRESSURLE:

Kmma ... THIS
LooksS LiIkKe A Good
PLACE TO

PRACTICE ...

T'VE JUST GoT THUS
BoARD NICELY
BALanceD. L'tL TusT
RELAX FOR A WHILE ) AND
THEN et comge BACK

AND FiX IT PROPERLY,

FALLING v
LOVE AGAIN, NEVEL
WANTED TO , WHAT AM
I To Do, CAN’T ...

ﬂ-“.;w

Q

so wor’s acc THAT
S’Posep TER TELL ©S THEN
MATE P ’

20



HE'S A
RAVING 1DIOT,
THIS MAN !

T 1S THESE INNUMERABLE MOLETOLAR SHOCKS TH T HAPPEN
AT A WALL ’Tl{/}r PRODUCE THE EFFECT WCE CALC PRESSURE‘

HERES A DiviDIvG
watL, ok PARTITION,
SUBMERGED Iv THE
AT MOSPHERE,

IT sTays FIxED BEAavuse THE FOoRCES EXERTED OMN EACH SIDE
BY MOLECUCAR C(oLl(SIoNS CANCET EACKH OTHUER OUT.

Bcow me boww !

21



KINETIC ENERGY:

AN OBIECT OF MASS m
MoviNG AT 4 speED V...

PoSSESSES, BY DEFINITION,
A KINETIC ENERGY EauAtl

1 2
TO IM V

THERNMAL ENERGY s

Here’s a Lomp OF GAs. The MocEcuces ARE
TJUMING ALL OVER THE FPCLACE. SvpPose A
MoCLECULE HAS MAsS m. TS Speep oF VIBRATION,
OR VetociTy oF Tweamace Acrranon, (s V.

THE THERMAL ENERGY OF THIS LUMP,
(oR SYSTEM ) IS JUST THE Surt OF TWE
COUTRIBUTIONS % m V2 OF THE KINETIC

ENERCIES OF THE INDIVIDUVAL MOCETULES
CONTRINED N (T,

22



TaMPERATURE:

Oco Bean — 1 T can
HASK A SILYy QUESTION — WoT s
ALC THIS ’ere  THERMAC
HaGiTamon DOIN® O

. WHICH TELLS

S How WARM
THE GAs LS.

Tve ABSOLUTE TEMPERATURE oF A GAs Is THE Si2€
T-5mV? oF g Kwweric Ewvercr oF Agiration oF A

Mocecoc& oF THE GAY. {ALB/‘/%

T Measures THe
AveraGe AMOUNT OF

MotLecuLAR ° o . C O °
VigraTION- O o oo ©

o*. - O T o o

AN IF T ‘o O°Oo«~ o

DONT  VIBRATE
AT ALL 7

THE TEMPERATURE OF THE CAS IS

23



No MOLECULAR V|BRATION —
No CoLLISIONS ON WALLS — SO

No PRESS yRe /

Ver CAN’T GET No LOWER
Sy THAT , CAN YER ° YER

CAN’T Move ANY (€3S THAN
NoT Movin® AT AtL, EHTC

A5

CRIKEY -
I'VE UWDERSTooD
i/

To RECAP : THE MORE MOLECVLES,
THE More THEY HOP AROUVNMND — WARM
UP -~ AND THE HIGHER THE PREZSURE
GETS

Wwen AN OBIECT 1 PLACED IN A FLOID, IT

UNDERGOES AN ENORMOUS NUMBER OF

Mo cecvt AR MIcROSHOCKS InN THIS WAY, THE
MoLECULEZS CAN TRANSMIT OR EXCHANGE
ENeReYy, OR HEAT. Tue fPowER To TRANSMIT

HEAT INCREASES WITE THE DENSITY oF THE
FLuID.

FOR THIS REAsonN, WATER (s A BETTER
CONDLCTOR OF HEAT THAN AIR IS.

24



WHen An AsTRonAvT  WALKS™ (N SPACE , HE
MOVES IN A HIGHLY RAREFIED AT MOSPHERE

(10 Mocécvc€s PER CUBIC CENTIMETER) . T[HE DEGREE
OF VIBRATIoN OF THE MOLECUCLEY CORRESPONDS

A To A TEMPERATVRE OF 26500 C — BuoT THIS boesV’T
RoAST THe ASTRONAUT , BECAUSE THE AIR S SO
THIN  THAT THE TOTAL HEAT TRANSMITTED IS

SMALL
THe TEMPIERATVIRE S

Brre! 2500 AND T'M ) Wik BuT THE HEAT
Freezivg ! Feox 1§ FEEBLE.
'/ ENERGY

HERE s A coLcecTIion, A

SYSTEM o N MOCECOLET
AT AN ABSOLUTE TEMPERATURE

-/

=)
=,

J

ArcHIE THRowS THE BOTTLE OF
GAsS, GIVING IT An OVERALL

verociTtYy 197

25



To THIS overace Vetoary U CoaRestownS AN OVERALL kINETIC ENERGY
%Mﬁl, M peinvg TUE MAass

OF GAS CONTAINED IN
HE BOTTLE.

YER TELLIN® ME TUERE'S
TwWo SORTS OF kINETIC

é/‘ Y3 AND No, OcD

PAL — THe syvsiEMm OF
MOLECULES IN THE FiASK HAS

A TOTAL ewnéray, Wiicu 1< THE
Som oF THE OVERALL ENERG S AND
TUE ENERGY OF

THERM/qL

mﬁ: RIGHT — I7’ CONFOUNDEDLY
-

/46;/ TAT7IoN.

ComMPLICATED, FLuiD MECHANICS !

You waw~nT TO
FLY 7 THEN SPREAD
yYouR WINGS A

Ok. Twe Book SAYS
THAT, IN A SrsTeM OF
MOLECULES, You CAN TURN
THEAMAL ENERGY INTO

QRALL ENERGY,

; IN QVVER Worps - ~EAT
D IwTo MOTION [[

26




ALL You HAvE TU Do g

TAKE THE cORk:/:/

GySTEM OF MOLECULES |
TUERMAL ENERCY
o ' 2

CONSELRVATION
OF ENERGY )”

‘ /
Fo& SIMPLICITTY |, WE
ASsuME THIS ESCAPE OF

THE GAS TAKES PLACE
\ WITH No OUTSIDE QBSTACLE,
> T B
=

SPerd OF

AGITATION -
oF THE N (
MocecuLes




IF A THE HEAT were C HANCED

I¥yTO  MoTION
WouvtLtp Act

THE Morecucex T

THE SAME  (overaw) Verocity U

/Q i —> O P o>
- (-3
@7 = o—>

o—>» o—>

HAave

o—>
o—» © >

AND THE ENERGY OF TWE SKSTEM Woucod 8& THE
OVERALL ENERG YV Nxitm Ut

By THe PRINCIPLE OF CONSERVATiIoN OF ENERGY |, THE FOTAL
ENEAGY OF THE SYSTEM — - THAT 1S, THE SUM oF Twe OVERALL
ENERGY AND THE THERMAL ENERGY OF AGITATION — IS
CONSTANT v THIS  PROCESS .

p |

Tece me ¢ I Gor IT RicHr, ocp FRrRuiT
H) N THE PARTIC«rLER CASE OF ToTAL
CoONSTIPATION OF

RELEAS €,
H2>ENERG y

G/V€S Nxs{m Vl
Q‘\:in,mvz/ So V: Yj— P

ONE  APPLICATION OF THIS TRANSFORMATION OF WHEAT INTO MoTION (S :

REACTION~PROPULSION

THE NO22LE OF A ROCKkET MoTOR, OR
WHIcH

‘Cccecup N HaAs A GEOMETRY
REALIZES THE TRANSFORMATION

HEAT ~—~> MoTlov AT
EFFICIENTLY AS POSSIBLE.

e PROPULSIVE
ForcE ARISES BécAvSE, Ay THE
o:zHS

S GAS E3CAPES, THE PREISURE
—>r ., »

o—>
o—» o3
—p O—>
~>
~> >
ON THE COoNTAINER IS pNoO
28
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L see.. To FLy, APPARENTLY, AlLe roU HAVE
/ Qbo s Blow AIR DOWNWARDS...

Hmmm ... Nor verYy
crreetive !

|
LET’ GIVE
IT A TRY,
—t—

~ Look , ArcH/E —  BIADS AREN’T
/((K\\\ %N CHAPED LikE UVUMBRELLAS ./ Do,u)r worR ),

W You’ie UNDERSTAND = ALL PrReETTY Soow.
=

JUST CARRY ON ...

Youke SO

RIGHT , SOPHIE |



INCOMPRESSIBLE [7ILO/

THE EXPRESSIoN FREE As Te Ar™
ISN>T JUST A HOttow PHRASE .. .
GAS MOLECULES HATE Crowd s.
THEY TRY TD STAr AS FAR
APART A< POSS/IBRLE,

I'tL NEVER MAKE
THE AIR DENSER
THIS war /

/
rAH, MISS€ED -

YOU’'RE TDO Stow »/

I SAw Yovu CoMimg /

THE PabpLES COME TDGETHER 7

THEY LET

SCARED ¢

30




To SEE WHNAT THE MocetvLes ARE Dolvg, |IMAGINE A PLAcCE WHERE
EVERY BoDY WANDERS AROUNO  WITH BerINDFOLDS ON. [He ReDPLE

wiLL PLAY THE ROLE OF MOLECULES — AND THE sPeEp THEY
MoVE AT, HAPHAZARDLY (MORE HAZARO THAN HAP ! ) s TUE

ANALoG oOF THE  THERMAL AgtrAaTion V.

AN A
9

i\ij N2

THEY G0 NOWHERE [N PARTICUCAR . Lvery t Secowps , ON AVERARLE
AFTER TRAVELLING A DiSTANncE K, THEY coccips . We cace L
Twe MEAN FREE PATH awp t tne MEAN FREE TRAVEL TIME .

Iv e ATMOSPHERE V'~ twe sperp OF TWERMAC AGITATION ~ IS

AgoouT 340 m/secona(. The MEAN Frex PATH OF A Moc&cvi& s

CLOSE To A HUMDRED THOUSANMDIH OF A CENTIMETER , So TuE TIME

ELAPSING RBETWEEN Twp C(otclSIoNS oF A Mocecuvcs WITH 7y

NEIGHBORS /L ONLY ONE TEN ThHouSasrd MLLroMTH OF A
. O
SECON D.
THEA&‘ 1S MoTHING TO MAaxE THEIE BLINDFOWED PEOPLE CoLc €T T

TOGETHER . ON THE CONTRARY — THEIR RANDOM MOVEMENTS TEND
TO DISPERSE  ANY  GRov, oF DIAMETER [ v A TIME D/v.

ESSEMT?&LL," THIS IS THE TIME OME PERSoN TAKES To Movu&
DISTANCE P ~ THEREBY LEAVING TWE GROUP.

31



% THDE PEDPLE - WHO wWE ASSUME
% ARE AtLco STRUCH SPEECHLETS —

M CAN oN(Yy SEB” AT FAR A< THEIR
ARMS CAN REACH . IF SOMETHING

g MoveS ~vTD THE CRowD AT A
m Sreer UV Lower THAN THEIR

SteEn oF MovemenT |/, Twew

THE PEOPLE CAN TELL EACH OTHER
ABovr |T , STEP BY STEP, By
INTO EACH oTHER . So

BuMpIN G
THEY (AN GET oOovr oF THE WAl

BEFORE Twe ORJIECT HITS THEM.
CPEED THEY DO —

<

Y

THIS  INFORMATION Moves Ar THE SAME

THAT IS THE VELOCITY oF AGITATIon V.

@M[MD IS THE PROPAGATION, AT (CowsTant Densirr,

AR PREZSURE -~ IMPULSE. IT'S A SORT OF WAVe oF JoSTiL/vG,
AND IT MOVES wiTW A CPesp equar 1o V.

& IT'S IMPORTANT Yo REALIZE THAT Counwd 1< 4 Propagation OF
IMPULSES , anvo wor A ProracAaTion or MATTER.

Sounvo 15 A4 Pnessv@
\C X

FRom  ARcrHie's PabpEs
THEY Covep

THE MoLeTuvLex FLED

AT THE SPeEp OF SouwND.
Do THIS EASILY WHILE MAINTAINNG

CONSTANT DENSITY , BECAUSE THE BATX
WERE MOVING MUCH MORE Stowdr THAN

Soun D

32



ARCHIE LINES ve SomMe C/zodzuer BALLS. He aqives
AN IMPULSE TO THE FuugtT ONE, WHICH TRANLMITS | T
TO THE S€Towd , AND THIRD ... AND 5O ON.

THIS 1S A ONE- DIMENSIONAL [MAZe oF THE
PROPAGATION ©OF SOoUND .

= O O o c
ProPAGA TING C C C

IMPULSE C O
© 0

THe  womon oF cpeen s RELATIVE . So U caw exiarey wete
RE THE SPEED (OF AN OBIECT ENCOUNTERING A S/.u D AT RETT,
: ‘ OR THE OVERALL VE (oCITY

OF Gas IMPINGING ON A FIXED
OB JTECT.

| He R ATO \/7: ’z witL BE cALLED, BY DEFINITION,

4
e MACH NUMBER . Vs Twe Speev oF Souwo .

F <V, THAT 15, F M < 7, THE FLOID 1S SA/D

To0 ge v THe SUBSONIC REGIME . Tve Flow TAKES PLacec
a1 Constawr DensiTy, Pno 1S SAm 70 BE INCOMPRESSIBLE |

The #2

33



BERWOVELL)'S LAW

IT SMELLS OF MoLES —
WHAT ELSE DO FYoU EXPECT ?

LeT me SEE, LET Me ceE ...
Danvier Bermoveer,  Swise

Puysicis r, 1700 ~17¢2> ...

TS A BIT /
SMELLY IN HNERE .

THAT'S T . It
QuaHT T WORK.

WHAT’S He FPLATING
AT UP THERE (’)

34



MY  AUTOMATIC
VENTILATION SYsTEM.

THE WINDS Blowmwg. Great!
You can FEEL Tue Svcriowm.

yes, Bur WHY opoes
THE AIR GET SUCKED OUT

OF THE BURRoOwW Q

THE MouNO GETS
IN THE WAY OF THE AIR.
TO GET PAST T, THE

AIR HAS TO SPEED
UP

SPEED vP P
Wiy <2
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- LIKE RAPIDS oN A

v RIVER, WHewN 1T NARRowS,

To sTOP THE FLow
FROM P’L/NG UP... )

\\\ TR

\\ O.K, so IT Co&g
K\\\ FASTER . Bur I

\; Ve STiLe DON’T SEE HoW \0\\\.-\‘\\
\ THE SUCTION Y
-~ ARISES - /|
= 7

Loox AT A SMALL ELEMENT OF FLuiD =~ A PACKAZE oF MoLEcuLls —

Pascing THROUGH A  CoNSTRIcTION LIKE THIS . ITS ENERGY STAFS
CONSTANT. THE ACCELERATION HAS TO BE COMPENSATED RF A DRoP N
THERMAL ENERGY —~ LESS AGITATIoN

Yez, Bechruse 170s
PRoPORTIONAL YO THE
TEMPERATUIRE , WHIcH IS
THE THERMAL AGITATION.

MEANS  THE
PRESSURE DROPS.

AND THAT’S wHAT

SucksS THE AR ouT oF THIs H@




How HAvVE YOU MANAGED
TO BECOME SO KNOWLEDCEARLE !

OH, 1've
BURROWED INTD A
LoT OF THINGS (

IT°S FUNNY — WHEN we STop THE RooF |S ALL StAcCk
AND HANGS DOWN INSIDE ;  BuT Now THAT WE'RE MOVING IT'S

SWOLLEN OUTwARDS /!

THE At 1s
PUSHING AGAINGT
.

On - So THE AR HAS T
RCCELERATE TO GET PAST THE
CAR AT COoNSTANT DENSITY .

THen THE TEMPERATURE DRoPS
THE PREISVRE DOES TOO — AMND
THE RooF Sweees. L
SEE  NOW.

IT's JUST LIKE THE
MOLEHILL . You KNow, THIS
CAR loo ks RUITE L/KE

oNE , DOESN’T T 7

3%



/T’H’EfSﬂMe EFFELT MAaxes TME PéerFume

come oor oF my SPRAY.

. AND IT Sucks SMOKE UP
CHIMNEYS - WITH HELP FRom THE
w IN D.

T NEVER
KNEW CHIMBLEYS

SPOKE BeFore /

Nuvrs. I°»p

ALWAYS FOUGHT THAT
THE AR GoT TRAPPED
IN THIS Btoom|n’

FUunNEL !

HERE 1S AN ANNOUNCEMENT :

Berncurri’'s LAw :

Pressune AND SPEED
VARY INVERSELY

Th Bz

IT’S TRve — FLUID MECHANICS REALLY DoES DEF)F
INTVITION AND COMMoON SENSE.
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ExAMPLE OF A

PARA@@X RELATED To Berz/vou:_u’s LAw...

IT SURE
AIN'T wwTuiTive,
AN’ THATS A

FACT | Now—

YERE , wWoT’S THIS
ERE Tuene THeEn T
ANUVVER one oF
THEIR BLEEDIN
Tovs ©

IT JUS LoOKS
Lik€ A CARDRBOARD
C HOOB STUCk TO A
DISc ...

Now WHY’S &
STICk IN® THE CHOOB
ON TO THAT RBox OF

33



WOTTHE Eck 7
€- 7€'s BLowin?
AN’ 1T’ LIFTIN? e
Box 11

‘ow CAN perR SUCK
gy BLOWIN’® 7

AT THE TUNCTION OF THE CHINDer AND THE
DISC, THE WIDTH FoR THE GAs TO PASS Ty Rove i

DRoPS SUDDENLY, AND THE AIR SPEEDS UP

VIOLENTLY . THE PRESSURE DAoPS BeLow

THAT OF THE ATMOSPHERE.

v ¢

R THe PART oF TWE Box
OPPOSITE THE HotE (N

THe TUBE IS AT A

N
.. The outsipE ParT s ITS  SURROUNDINGS ...

AT A LOWER rPressure
THAN THE ATMOSPHERE.

40
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+ 'Y"TJ/\(/J/T’T 4

T TURNS ovr THAT THe RESULT
OF ALL THAT IS SUCTION ..

You CANn PRoDUCE A SIMILAR EFFECT
USING ONLY A SHEET oF PAPER,

HoLD IT LIKE THIS ...

] Blow HERE, VERY waco
((\\(,\\\\

7

O
Ag Youv Blow, LET GO <
OF THe PAPER . [T \

wlitl STAY [N PLATE
For A FEW MOMENTS.
-

/ N.B.
e 666 Brow [ﬁ_’]ﬂ@@f!

[ui2
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How ABOUT
ComMiva For 4

FLicHT 7

ARTER WOT I SEEN
TovAaY, MATE, I’D RATHER

wAaLk [/

Fiuip, pensity, PRESsu/zE)
TemperATRe | ReacTiON,

ERNoveLl — T SHoup HAVE

AL e words T weEp
TO GET OFF THE GROLw D.




BRCLIBALD'S PREANM:

5
N Wreee am T P
I g

APPARENTLY IN SOME
KIND OF SUBMARIANE. ThaT

GIves ME A SINKING
FEELING...

T'VE GoT TOo GET

QU or HeRE
FasT |

€
THeRE SEEM TO BE TWo waAYs TD
Move THiS Macwine — (Ars, ANDP X
A PROVELLER DRIVEN BY FEDALS. '




T

Hece, I've pepaiies
FOR AN HooR

... AND F HAvenN T
BubgED A MIL(IMeTER .

LET'S TRY THE OARc .. THEY'RE

NOT DoING ANTTHING ETHER . Twere

IsW’T even avy RESISTANCE /

AM T Iv A Vacuum ?

No, THe SUBMAeInE

WOULDN’T FLOAT

bl






You werRe TJUST IN Some sursgrzuw\

Heciom . REMEMBER WHAT HAPPENED 1A
THE SANDBox ¥ THE FRicTION oF THE
GRAINS OF SAND ALAINST EACU OTHER
WAS SO0 GREAT THAT THE SAND ONLYE
FLOWED WiTH DIFFICcoLT Y.

HERE 1T’s  ThHEe OPPOS/ITE. RBELow

%
A CeERTAIN VERY Low TEMPERATLRE
THE FLuidiTr OF Hetiom Becores \N
INFINITE | Anp THERE 1S Mo
\

FrRictionr AT Acc.

\

Bur wHAT’S FrRIcTion cor 70 Do WiTH
RowING, — FLYING, 0R Proferen s
YOURSEZF wiTh A4 Ro pm&?

You HAD THE (DEA, [N

A WAY, WITH YOvR CMBRELLA .

TO CET SUPPORT FAoM THE AIR
Yov NAUE TO GRAB Hoep

1 7.

OF

I THE AR were SUPERFLUID | youk Paracrore wooinnMr Be

ANY PSE. WORSE — IT wovepa’T OPEN , AND Frouv’D FALL
Like A STownve,
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TNE FIRET CREATURE wp TRIED T £€ACH
For THE Sky Quickly Founp oUT THAT
ONE WAY OR ANoTHER
TO GRAB 7¥He AR

) IT Woven Haqye

So THE FlLicHr oF A //c’m//g,e~

THAN-AIR DEVICE 1S Lik€ an

END LESS ATTEMPT TO GAIN A
Hoep ov Somenive co
TENVOVS THAT /T AL WASS
SL/PS FROM YourR GRASP.

%C(DO'UO )
) 0, & %o O
Se YoU HAVE TD F”:D i‘;{”g OQp"\%:O?,Oa\\ IE ITS SUPERELUID, Tye
waY To GET SUPPORT FRom 4. " (O° MOLECULES SLip PAtT bpcir
SucwH A MEDIvM. o) ]
O OTHER, AND PasT ORJECTX,
WITH No FRicTion .

THE BIRDS wouip HAVE T co pp
FooT , WinomMices wovepn’r
TVURN, AND A€RIAL TRANSPORT

WouLd HAVE TD Be Acwiceven
VSING Raccoons WITH

% REAacTiON Mo TOR S,
\

Ey,,vq THUS DpDe PENDS oN
GASEOUSs FRICTION .
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VisCOUS

FLUIDS

LIKE THEXE PLATES, THE SUPERIMPOSED LAYERS

OF 46A< Do MNoT guDef_ OVENL EACH OTUHER |WITHoUT FRICTION

IR e IM»‘!GWE A FIXED ORJETT
/_' 1T — VT
\’_4/ Sl [N A STREAM OF GAS MOLETULER,
RN /// = WHICH WE CAN REPRESENT RY
) oy [l [JTTLE CuBicAac BOXES.
\ — / v *-"' ® IN THE ABSENCE OFR ANF
SOl ~Ld FRICTION, AETER CRCUMNAVIGATING
] ~—  THE OBJIECT, THE MOLECULEZ END

UP PILED ON Top OF EACH OTUER
LIKE THEY WERE AT THe CTART.

o In COoNIRAST, FRic 720N Stows
DOWN MOLECULES THAr PASS
CLOSE TO THWE O8BJETT
DOWNSTREAM, THE BoxeS ARE
SHIFTED, THE OBJECT Srows
THE GAS DOWN , AND ConVERSELY
THE GAS ExERTS A FoRc&
ON THE OBJECT :

FRICTIONAL DRAG,
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IrPs Aw 70D ComrLICATED For Me.
T mHivk I°LC RELAX A BiT AnD PLAY

SomE TEwNIS . THe MecHaNICS OF THAT,
AT LEAST, 1S €Asy.  BAcustics . You
HIiT THE BAL( — Koom / Ano 1F you've

CALCULATED IT CORRECTLY,
IN THe COURT.

17T LANDS

T’°LC PUr MY NAME DOWN
FoR A GAMe -~ GOOD, HERES A
SPARE PLace. Brorn Bore ...
Dow’T kwNow HIM.

49



('D\/,O OOO Goob GRIEF — L HAVEN’T EVEN TOUCHED

ONE veT ! THis Guy  rMas 4 way of
LIFTING THe RACQRUET WHEN HE SERVEX
THAT QUGHT 70 MAKE THE BArLy

IT DoOESNOT,
IT DROPS.

: I
SPIN LikE TH:/S,

B o S

ok T 5
Z R

IT TENDS To pRoP. TUHAT (LETZ re HIT | T
HARDER  WITHOUT Goin G OFF THE cour T

% YEAH, SURE,
N
7.5
ik Z OOO 6'0/ 6-0
4 _ DowWn . ..
L

50



LeT’s sS€E. Koes sewr TWe Bacce FRoMm
LEFT TO RIGHT IN THE FPICTURE ON THE (AST.
PAGE . I’LL MAxe THE RIR HIT THE BAcL
FRoM RIGHT TO LEFT — THAT OUGHT TO
comMe To THE SAME THING.

ARCN/E .KU/LDJ A
W’ND —T—UNNEL.,

You S€E, SopHiE, N
THE SMokE FRom THE

PIPES MAKES THE
AIRSTREAM

VISIBLE.

YES - THAT
WHISKS [T ARoUMD
BeAVTIFULLY !

Now Aw I weeDd 15 7o

MAKE SURE THE RBALL
wic e ROTATE . THIS

OUGHT TO DO IT ...




JOSH. 7Hc‘ RoTATION OF THE RBALLC MAKNKES

THE SMokE RISE , AND AT THE SAMe Time T

CAN Fe€EL A Force PUSHiNG THE Bacl
DOWN WARDS,

LET ME ExPLAIN. EC—‘C"H/SE oF FRiCTIoN, THE
ROTATION OF THE BALL Plres TWE AR wiTH (T
THIS GIvES AN EXCESS SPEED AT A awbD A
REDUCED SPEED AT B,

Now ALL You HAVE TO Do
1s vse Beamovicr’s LAw ...
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Peaessure anp seeep yary INVERSELY .

So UnbeRNEATH THE PREsSVRE I Low,
ov 1P 1T 1s HIGH .

REDUCEDL SPEED — HIGH PRETSURE

+<E 4

FRoMm Tues 17°s crear

AIR IN WHIcy DPIRECTION TUHE AERODY AAMI ¢
C:, Force Acrx
SPEED

& CL

EXCESS SPETD - Low PRESSURE

Now Twar owev warrens
BecAvse oF FRRICTIOVN wiTH
TwE BAatC . In A SoPERFLLID
RTMoSPHERE | WITHOUT FRICTIoN,
vou woveona’r ge ABLE
TO MAKE A TENNIS ~BALL
SWERVE,

Hev! Te T revease 7ue Dirermion
OF ROTATIoN , THE SMOKE IS BENT

DownN WARDS , AND THE FORCE IS REVERSED.
" TuAT cives Me A LIFT.

€ }k%

SPHERE A LSO WOoRKs
Wit A ROTAT/VG
CreinDER O

WHAT Wwoe s wiTH AJ
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THE FLEVUMER ROTOR

LADIB, &ENTLGMEM, AND
OTNE&S ~ LET VS Logk
MORE CLOSELY [N THE
WAKE oF THis Discovery.
THE ROTATION OF THE CYL/NDER
PRODPUCES DIFFERENT SPEEDS

IN THE FLowS OVER THE TOP
AND UNDERNEATH.

DownNSTREAM FROM THE CYU/NDER, ALTHOUGH
THE Two LAYERS OF AIR JOoIN UP AGAIN, THEY

RUB A4AINST EACH OTHER .
AS A RESUVLT :

a) TIvY EDDIES ForM.
p) THE DIFFERENCE IN SPEED IS PROGRESSIVELY
DIMIMISHED .

THERE |S A PRESSURE DIFFERENCE BETWEEN THE

TOP OF TWE LAYER AND TWE BoTTomM , RELATED To
THE DIFFERENCE IN THE SPeeps (BERNouvcrw Y. THIS

IS WHY THE ARSTREAM 1S CORVED , DowansSTREAM
OF TwWe RoroR .

Sk



By wrotATING A cyanober v THE AR, Tve
MANAGED To aer Some LIFT. THAT GIVES
Me aw oer ! L ovaxr TO BE AgLe ToO
Make A FLYING MACHINE

MUCwkinN®  ABART

= &
=

IT LooksS
FIENDICHLY
COMPLICATED.

IT'Mm TRY ING
T0 ADAPT MY
REACTION MOTOR .,
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f-‘\ WoutLp You BE SO kiwD
> AS To LIGHT THE giLue
TOUCH~ PAPER /T THe R€AR ,
MY DEAR FRiEND 7

B COMBINING THe Two
MOVEMENTS  AND BlOWING
AR DoWNWARDS T Can
Ger Some Lirr

(¥) IF THE Powee IS HIGH ENOUGH, |T ACTuALLY
wWorRks Vvery wecee /



Yikes / L\/Hﬂrk HAPPElevq?

M aoiva INTO A

DIVE /

ONCY 7o BE EXPECWD/
AReHie. You maxe THE AIR

WRN/ SO THE MACHINE HNATS
OTHER WAY.

IT’S THE PRINCIPLE
oF ACTION anD
REACTION.

THe FPRINCIPLE

or WHAT ?

Om, Arcric — WHRY piDN>T vou ASk ME
FIRST 7 THERE'S A Muck SIMPLER Way — BoT
YOU ALWAFS HAVE TO Do IT on YOUR OWAN, DON’T
vou ? Come on, THE CoFFEE’S READY,




AH, THoSE
PRECIPITATE MeN

IN THEIR /
FLY |vG-MACHINES .

IT’S FUNNY, WHAT
You cAN SEE v A

CUP oF (CoFFEE.

IF I M™MoVe THe
SPOON VERY GEeNTLY,

I CAN OnLY Feec A
TINY  AMouNT O©OF
RESISTANCE , DUVE
TO FRICTION...

. Bvr 1= T

Move T QuictkLy,

AN EDOY BrREAKS

AWAYT FRoOm | T,



Cue’s Gor
LoveLy EYes.

mEsg DRAWINGS  Youl cm

Sexr  How THE Frow AROLMD
THe SPooNn CHANGES As IT

GETS AWAY From LOWER
CPETDsS.

Anv EDDY DETACHES ITSELF,
AND THIS ESTABLISHES A S rs7EmM

OF EXCESS SPEED ACRISS THE
Back (TOP) AVO REDUCED SPEED

@ND Tye NS1DE (BOTTorM) . j

BACK - EXCESS SPEED — LOW

PRESSULURE
= / :',:
INSIDE —
REDVCED SPEED - @
HigH PRegCURE \

— @Q@
+- ¥ +——'
_‘—

1

Ovser o LIFT




[

TerriFic ! T1, MaAKke A

FLyine SpoonmogiLe /1

WinGs are
[MPROVED SPoOONS,
ARCHIE.

Svee  Bur wwere's
THe RoTATION (P



Q%& % DOWN§TREAM oF
=AG gh'b THE WING You F(NDO
THE SAME SYSTEM OF

TINY EDDIES AS BeEWIND
THe ROTATING CYLINDER .

S0 You Canv THINK OF A
WivG OR SAME EFFECT wive as A FIXED
® CP:)ZIAN:ZZ onN TYIE AIR ROTOR,
=5 = e
| AR
B

WAIT,/ Yoo BReAx rouk Neewx ver !
Yoo ve Sttt Gor THE SAME PRoBLEM AT
BEFORE . Becavse THE MACHINE SETE THE
AR RoTATING, 1T TEMDS To DIVE /

You Need To App

a TAILrLane,




THE TAILPLANE 1S A LITTRE WG TILTED TWE CTHER WAY,
PRODUCING NEGATIVE LIFT AND PULLING THE THAIL DowN.

THAT PREVENTS Twe RAIRCRAFT
A Dive,

LoOKk, ArcHie / IT’S AN q)
AUTOSTABLE SYSTEM / J~>

FROM G OING INTO

|F You START T DIVE, THE

PRESSURE ON THE TAILPCANE PUSHES

You BACk (~nTo THe LINE OF
FLIGHT.




Tue SAME THING
uAreens IF vou CLIMB.

Aacme./ Youoee
NoT PARYING

ATTENTION !

T'M HANGING ON
YOUR EVERY

MY WORD SE€emMs
To HAVe BécoME

MISPLACED.

s, - 2
/I(é////z/‘w/‘-"f ¥

92,

T ReALLY Dig THIS

AUTOSTABLE FEELING !
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Awvo THAT, O Besr Becoven, s
Aecwie Lasivs Gor

TN THE END IT WAS AS EASY AS
Pl€ IN THE _gkY.
Anp IS Scienteic Urces can

ONLy Crow Wiv Aurimvbe...

!
=
s ch
o [

21 WINGS .

oW
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