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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



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
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PROLOGUE

You cAN'T BEAT a nice
VACATION AT THE BEACH,

ARcHle SeemMs o BE

HAVING FUN, ...

'S MUCKIN' ABAHT wiv S0
AQAIN (..

1 Do BELIEVE HE's
Buu.omq A LANDING-STAGE.

Goll!

Go, BAdy,

//FA;;R, George!

I+'s

so  exating !

A

 S———

SN

L S H! THERE,
. 3 BupDY !

e N _,\_/\//—)/:—ﬁ/,
e T e i st
Coa e
Lo — S o

o

r

@E Go AGAIUD

On , George,

THIS 1S REALLY LlVlNG!




mw, WITH HIS

DUMB oOLD BoAT!

He's DemoLiSHED my

LANDING-STAGE AGAIN.

T CHOSE A VERY sHeireRep
SPOT — I CAN'T  UNDERSTAND
WHAT'S HAPPENING . Every Time
HE Goes BY , TWE wATerR Gers
CHURNED WP

17's ms BOW WAVE ma-lr's'
DOWNG ALL THE DAMAGE |

OH, THAT's

A WAV)NC-|

TEWWIBLE |
LUNATIC!

Tie MAN MusT BE

kaev, THAT MAKES
WA’VES TOO. LETIS TAKE A

CLOSER LoOK.

WoT's TER LooK AT?
Tr an'T  H'etAcTy HE
BLINKIN' MAELSTROM.




% \ Te I sfick my FINGER IN SUPDENLY , 1T MAKES THE wWATER
NEARBY RISE -To FORM A SORT OF “SPARE TIRE. “THE EXTRA
HICKNESS |EADS TO osau.A‘rloNs) WHICH ELIMINATE |IT, FORMING
coONCENTRIC  SURFACE WRVES,  Tugse APPEAR To -Travel AT

A CONSTANT SPEED, Hich LlL CALL Vg ; AND As THEY
@ MOVE , THey Slowry DIE AWAY.
D=

A SIMILRR EFFECT oOccurs IF, |NSTEAD OF STICKING YOUR
A Y

FINGER INTO THE wATER, you Pull |T oul. As A ResuLr,

THE UQuUID TENDS Toumed A FREE PLANAR SURFACE,

Cor.! BarFRooM
prvsics ! J

J

AND SINCE ENERGY IS CONSERVED,

THE naGHT - o  AMPUTUDE - of ME
WAVES MUST PROGRESSIVELY OECREASE.




A¢ AN OBTECT MOVES ABOUT IN THE WATER, IT EMITS THIS TYPE OF yave,
HEReBY  ROUGHENING THE SURFACE OF THE WATER.

X\T/
Ir T WANT 10 TAKE A LookK AT AT, ID BerreRr FiND A wnm
OF FOLLOWING THE FuuiD AS IT Moves. :

Tye WAVES ACT oN THE FLUID,

Adey START TO SEPARATE THE MoLECULES
UPSTREAM = LerriNg THE FLWID THERE
MOVE TOWARDS THE OBJECT,

DON'T Yow -THINK THATS A RATHER COMPLICATED sSysTeM”  INSTEAD OF
MOVING THE OBJECT, I SuGGEST Yo KeEP IT FIXED _AND MovE THE FLUID.

-
(N e

1HisT  TIt's A ReDUCED-SCALE ModaL
OoF A CANAL , WITH A PLUNGER N

How ABouT

ONE END TO MOVE THE WATER.

e TF YoW MOVE -HE PLUNGER AT A
SPEED V, THEN THE WATER NEARBY wiLl

ALSO Move AT speeb V.




HUGONiOT S RELATION

Now, T'tie PusH Mg Fruip StowLy | AT A SPEED V LoweR
THAN THE SPEED Vs of SURFACE WAVES, inTo THIS
BOTTLENECK .

In s CONVERGENT REGION, \
THE WATER LEVEL |15 VIRQruALLY CONSTANT ‘
AN THE FLutp  ACCEL ERATES. .

gg Like RAPIDS oN A RIVER, j
CoME ON, GUY — WE KNOW ABAHT ALL
TOTHAT , pon’ wE T (%)

/ WHAT A Bore! -

Now It PusH THE ~

WATER AT A SPEED Vv / ) _ - e

GREATER THAN THE SPEED

> v
— .
\ Tr PILES uP AT THE <
=, ENTRANCE . THE WATER LEVEL '!
THE FLUID  BenAvES RISES AnD THE FLuiD DECELERRATES,
THE ExXACT oPPOSITE

IN  TWO TOTALLY DIFFERENT

WAYS, DEPENDING oN WHETHER

THE NuMBER M= V/V, J )

Wuar ¢ T pur|
INSTEAD oF PUSH?

(WHicH 15 Simitar 10 THE MACH -
NUMBER (v AERODYNAMICS ) |5
GQREATER OR LESS THAN 1. J—UV \ |

(—J":)SEE FUGHT oF FANC‘/, SAME SERIES ?‘



IFf you PuLL GENTLY  AND THE SPEED V oF THE rFLuD ALwAYS STAYS  LESS

THAN THE  speeD Vs oF SURFACE WAVES, mwenv THe water. DECELERRATES

N 15 DIVERGENT REGQION , AND -THE HEIGHT OF THE WATER REMMNS VIRTUALLY
COMNSTANT,

On e OTHER. HAND, & T
PuLL THE PLUNGER VIGoReuSLY T

Don'T MAKE The WATER PILE UP.

THE SURFACE OF THE FLUID BECOMES

LOWER, awb — w ms DIVERGENT
REQION — -THE FLum ACCELEEHTES.

MACH NumMBER

J\ M>4
HESE Two RADICALLY

DIFFERENT KINDS OF BEHAVIOR ARE SUMMED UP (N THE THEOREM of THE FRewar puvsicsr HUGONIOT:

F; Sreep V' LESS  THAN SPEEDV QREATER.  THAN
7L/ , “THE SPEED VS oF THE SPEED V_s oF
/ SURFACE WAVES SURFACE WAVES
. (MAca numper M < 1) { MaAcH NUMBER M > i)

I~ a CONVERGENT .
REGION e ruiD. ACCELERRATES DECELERATES
“THE LEVEL- STA\/S CONSTHNT QISES

In & DIVERGENT
geatoN oo | DECELERATES ACELERATES

THE LEVEL, STAYS CONSTHNT DROPS
LeMME see... THE moRE YeR GoeS LESS QUICKLY,
/ THE LESS THE sSPEED GETS BIGQER... AT LEAST, MORE oR

LESS ... OR 15 IT THE UWER wWAY ROUND 7

0
3



Porrrrre!l  ALL ar wateR's 106 WEAVY FoR ME To KEEP SHOVING 1T ARIUND

WITH A PLUNGER.  THERE'S GoT To BE A BETTER WAY...

- ~ —7"’_'//“‘_‘ ™
/ \X Il B TER THE Py
% s A stRokE of genus, By AuteRinG 7 \
|

N i

ANGLE OF THE cHanver T cAN  conTROL THE
SPEED V AT WHICH THE  WATER FLows,

)
1

TANG oN, MATE |

Yer'v cHaNGED

EVERYFINK

]
, THE RESuLTS EXACTLY @ / ‘ 7
'S a {5:3

THE SAME. ‘
L n‘/ e
n ==

. i
- o
4 e T

e

(e

FLow in A DWERGENT

REGION, Beiow e CRITICAL
SPEED Vi, , THe Fud DECELERATES |~
s NEARLY

SPeeD \ 1
LESS -THAN THE k
AND THE WATER LEVEL

CONSTANT.
\_

speep Vg OF

SURFACE WAVES
MacH MUMBER

M<ca

T- T¢ -THE FLUID ARRIVES
wrn A spesd V. GQREATER
AN tve  CRITICAL SPEED Vs,
TieN THE SURFACE BECOMES LOWER
and THE wATER ACCELERATES,

3




WAVE FRONTS

s

Naw LET'S TAKE ANGCTHER LOOK AT THE FLOW V LESS THAN V
”‘\..,‘ v A CONVERGENT REGION, M LESS THAN j_,
) . ‘ : / /'/ d

Buf If THE seeEp V

s GQREATER TN Vg, The
WATER teveL RISES avp THE
Fiuip  SLOWS DoWN.

TF e speedb V. oF e Fuub (s LESS

AN THE speeD Vg (oF sugrace waves), then
THE speedb  INCREASES anD THE LEVEL STAYS
CONSTANT.

ARcniE—

Cmon |

TILT 1 A BIT

THE PARAMETERS DESLE\BIMQD

FLUWID  CHANGE DRAMATICALLY WH ERE T
FORMS A BANK, cR A WAVE FRONT. Tur water SLows DoWwN Anp 1re
LeveL  RISES.




FLOW ROUND A
CONTOUR

OK, nNow THAT we'vE SoRTED AL THAT OWTs T
WANT To sTuDY THE FLow OF A FLUID ARQUND A
CONTOUR , Tl sTART IN A REGIME WHERE
THE <PeED \/oF- THE fluip 1S LESS THaw \/5.

TLL FAKE uP A BoAr SHAPE wWwITH
THREE  SUCCESSIVE CaRNERS.

THE FLUID AccELeRATES AT THE Bow,
wHiCH FORMS A CONVERGENT REGION,

HMMM ... YUR | TaTS woT (F
BCOILS DAHN TEK. THE SPeeD'S
FASTEST  ARAHND THE SECOND CoRNER,
™E BEAM, So THE FLub  SLOWS

DAHN  unTiL 17 reacHes i STERN,

!

STAYIN' AT A  CONSTANT 8L/nKIN
LEVEL unmit 11 Ge™s Back ex e

SAME SPEED woT 1T ‘AD AT Twg BoW

1



e SURFACE WAVES, TRAVELING AT A SPEED Vs: CAN Q

UPSTREAM  AND TRANSM!T ENERGY To THE FWID.  Se 1ye Fuud
mows“ THAT AN OBIECT IS CoMING AND HAS TIME 19 GET
ITSELF  READY 1 MEET (T, T BEGING To MOVE

APART BEFORE 9THE OBIJECT ARRWES,

Now IM GomNG To TiT THE
CHANNEL A BT MORE sn THAT THE
SPEED V oF THE FLLID BECOMES QREATER
TiAN THE sPeed Vg OF SURFACE WAVES.

- ~

AHOY upsrream |
HeRe we comg!

By HugowioT's THEOREM, WE know
THAT THE FLD  SLowS DowN AT THE
Bow, SPEEDS uP AT THE BEAM, AND
DOWN AGAIN AT  THE STERN.

SLOWS

Level WITH  THE BOW, THE  WATER 1S SUDDENLY SLOwWeD DownN  AND
RISES HIGHER THAn THE oRiGinaL. WATERLINE. Oy passing THE SECOND CoRNER
THE  wATER |3 SPEEDED uf AGAIN, EveNn SUPERACCELERATED, -TuAT (S, NCReAsep
To A speep GQREATER AN  ygr oF “FREE” Fow. AT THE SAME TIME g
LEVEL DROPS BELOW -THE WATERLINE  LevEL with THE STERN, Tug SPEED AND
LEVEL ARE  SUDDENLY READTUSTED -To “THEWR ORIGINAL VALUES uPSTREAM.




THE BOW WAVE

T Tws ReGIME , where mue speeD Vs GREATER THAN THE sPeed Vs
OF SURFACE WAVES, wWe FinD WAVEFRONTS.  Tue  Bow, FoR EXAMPLE, EMITS
SURFACE WAVES  THAT  TRAVEL Too SlowlY 45 MOVE  UPSTREAM  AND
THEREFORE FPILE UP AQAINST EACH OTHER To FORM A MounNDp oF LQUID,
THE BOW WAVE.

TER GETS A BEAM-WAVE
AT THE MIDDLE CORNER T

o

No. youu DON'T GET “ExPANSION FRONTS.
]
Looks AS IF THEY ONLY HAPPEN GENTLY.

The oneE Timg T
MANAGES TeR  FINK up
SOMEFINK  ORIGINAL, AN’ IT'S
A fLop!

TiREst4s 1S Rigut, LEnnY.  Tie Hanges W
SPEKD AND LEVEL HAPPEN  SUDDENLY AT THE
Bow AND STERN, By means o WAVEFRONTS,
IN CONTRAST, AT THE BEAM , THE SPEED AND LEVEL.
CHANGE CONTINWUSLY, ACROSS AN EXPANSION

.

7

FAN,
COfBSERVATION' LENNY, OBSERVAﬂog D ,?113




/ '

'S N6T EASY TeR SEE weT's %
- F s )
QPPENINI UNDER YER WiNgGS., ., LOOK ouT ! mwo —\f <
\ — THE BAWK ! ...

—( Y~

T e T

mé&i— BOAT Hull, -THE BEAM 15 FORMED BY A sSUCCESSIaN 0F VERY

MANY TiNY  CORNERS,

-

UPSTREAM _ ~ R -

g Z DOWNSTREAM

- o
= e =
o o .

AND THE STERN WAVE AssURES A SMOOTH JoIN WATH THE FLUD
DOWNSTREAM— WHICH IS WHY BOATs DON'T LEAVE FuRRoWS BEHMD THEM.

In

DIFFERENCE N SPEED, Dug TO WATER BEING

THE SAME whY, ThE REMAINING Yer agam, Tigesias Ouwb Bean,

vErR AsTounDs me. WHAT?
CARRIED ALONG WITH THE BORT BY FRICTION,

IS CANCELLED owr BY THE TuRBULENCE OF THE
BoAT's  WAKE.

Hgy' TVE DIKOVERED THE

FUNDAMENTAL PRINCIPLE oF PLEASE LEAVE THE FLVID
FLUID MECHANICS ) IN THE STATE IN WH|CH
| YoUu WOuLD wiSH T0 FIND 1T




HEASUREHENT OF SPEED

’I’o UNDERSTAND  wMAT'S GoING
ON, wHAT T MgED 15 soME WAY p
MEASURE SPgeD.

TF You PLACE A FINE WEEDLE IN A Flow
WHOSE SPEED V 15 GREATER THAN THE

sPeed Vg OF SURFACE WAVES, 1yen Tue

GQREATER THE SFEED, -THE CLOSER THE

WAVEFRoNTS ARE To THE DWRECTION OF MoTioN.

Wow, Max, you're
QIGHT!  THaT LETS ME
mensure e sreep WL(H)

Have you WOTICED THAT WHEN THE FRONT ofF 1ue
OBTECT 1S BLUNT, THEN THE WAVEFRONT 15 SET UP
A LITILE BIT AHEAD -~ FoRmiNg A DETACHED

WHsocops!
T popsN'T we ex

(*) See Avpenpix A (pAae 'H)‘



“THAT'S onLY To BE exPecTeD, N THiS Tt's ALMOST AS IF THE OBJIECT USES
REGION, NEAR A BWNT Bow  THE SPeed V THE Bow WAVE TO BullD ITSELF A

FALs BELow THE CRTICAL SPeed Vs, RealoN where V 15 LESS Tuan Vs
TO MAKE IT EASIER TO NAVIGATE,

—

~
=
=
~

7
7
/
7

R

Z, Q?

%_ % BUT THEN, ‘oW CAN THE WATER GEDDART o THE why,
‘ WHEN ITS SPEEDS SO BLINKIN' LOW
ELEMENTARY, My DEAR PELICAN: WwHERE THE FLWAID

SLOWS DowN , THE LEVEL RISES, AND V|CE VERSA.

7

Trs ALl BEGINNING To
MAKE SOME KIND OF SENSE.

Come ALONG, YE OEEKERS
AFTER  KNowirepge | Divner e |




You KNOW, IT wouldbN'T BE A BAD THEY WASTE ENERGY,

THING IF You COULD GET RiP OF THOSE LWAVES, THAT's FOR sure |

OH
SUMEeINK's

YES THERE'S ENERGY THERE ALL RIGHT. THE PROOF 1S THAT THE GuWY N THE

}

SPEEDBOAT  DEMOLISHED OUR LANDING- STAGE- 4‘_/1
TF  you couLd GET ADVANCE ‘
G So... To MOVE FASTER THAN
WARNING OF THE FLUID AHEAD, THE
) SURFACE WAVES, you HAvE To Be
WAVE WOULDN'T FORM.... ABLE TO CONTINUE TO ACT on

THE FLWID UPSTREAM.

RONGEE

A

Disues,
ARCHIBALD. ...




SOPHIE! Give ME A\ On GA:ED‘ TUS' |
woT FOUGHT ! ...

Hanp ! TVvE ot AN
JDEA!

HERE'S How 1T 1S. YOU eroPeL

THE cANOE AT A seeep V), GREATER

AN THE speed Vs oF SURFACE

WAVES., ME... Tl STAND AT THE

Bow AND TRY TO WUSE My PADDLE TO )

SPREAD APART THE WATER MOLECULES UPSTREAM, (/ -
As F I'M TRYING TO WARN -THEM
THERE'S A CANOE COMING.

TunT'S Grear!

18



Now WwE'lL see f

'/{;,Ess THAT'S

NOT IT.

WHAT wege

You DOING?

NOTHING.  Arcwie WAS TysT

WARNING 1y MOLECULES.

Tr CAN'T PoSSIBLY WORK, YoU kNow'! Tr you WANT To “warn mHe

MOLECULES, AS You SAID, THEN YOU’UE GoT TO PUT SOME OTHER MATERIAL.
QOBJIECTS /NTO THE WATER UPSTREAM... AND THOSE WILL TUST CREATE THEIR OWN
WAVES . Irs A vViCious CIRCLE.

7 WAIT,
wAT, ..

SOPHIE SAYS -THAT AL
YER DOIN' 15 POSTPONIN' THE X

PROBLEM .

SHE  SAYS 115 IMPOSSIBLE To SAlL A BOAT
WITHowT MAKING A Bow WAVE.

19



IN WHiCH ARCHE DiSCOVERS
MAGNETOHYDRODYNAMICS

You CcAN AcT AT A DISTANCE oN A FLuID
BEFORE vou REACH IT.  IT says S0 IN THIS BOOK

Bur WOT wiV, Omﬁ
Blinkin®  MAaic %Rces?_”/

No, witH

ELECTROMAGNETIC  FoRcEs,

: S W
‘ EF) IN A fLuiD, yYou cREATE A MAGNETIC FIELD B AND AN
-
ELECTRIC CURRENT I, wHicH 1S PERPENDICULAR, Tden THE FLuiD
EXPERIENCES A LAPLACE FORCE (oF (NTENSITY IB} WHOSE DIRECTION IS GIVEN

BY THE : TB

RIGHT-HAND RULE: f"'\;.-

HoLo THE -THUMB, INDEX FINGER, AND /MIDOLE
FINGER OF THE RIGHT HAND As SHown. SUPPOSE I
THAT THE CURRENT glows /N -THE DIRECTION OF THE
MIDDLE FINGER AND THE MAGNENC FIELD, N

THE DIRECTION of -THE INDEX FiNngER. Then THE .
FORCE Acts v THE DIReCTIoN oF THE THUMB.

rhe B

¢
@,

THUMB— mpy THE
FOR(,E BE W|TH YOoW,

20



FLiPPIN 'EcK — woOT'S
THIS FINGAMATIG T

T've mADE A
MAGNETO HYDRODYNAMIC
CONVERTER LIKE THE ONE

INVENTED IN 1860 BY THE
EncrisH praysiast  FARADAY,

RBeCAUSE T CONVERTS ELECTRICAL ENERGY MN
MOTION - oR  KINETIC EeNERGY, 4//'

THE MAGNETIC FIELD VECTOR B AND -THE
- -
CURRENT VECTOR T | -TogETHER- WiTH -THE ALIS

OF -THE CANAL, FORM AN ORTHOGONAL
COORDINATE FRAME,

e

1
AHE COIL PRODUCES A MAGNETIC FIELD, AND TVE ADDED SALT T0 THE WATER TO INCREASE
\Ts ELECTRICAL ConDucTiviTy. L CAN uSe THIS RHEOSTAT TO ALTER THE AMOUNT OF
CURRENT frLowiNG THROUGH THE WATER.

By VARYING THE CURRENT
Y
T AND THE MAGNETIC

FIELD _'é’ Yo CAN MAKE
THE FLuip ACCELERATE
ok DECELERATE AT wiLL.




INTERACTION CRiTERION

SeemMs TEr ME, THIS SHAGGY DOG STORY'S )
BECOAMN' A BIT OF A wiLD Ga)SE NAZ) ITS ORL GETTIN?
MIXED Ur.

CHASE,

When we STARTED,

IT WAS ORL ABAHT
FLUIDS AN’
FLOWS.

=

|

WELL , WELL ... AND WHAT ARE
& we PLAying AT TODAY?
)

) <

TI'm TRYiING To CHANGE
THe usuAL DaTa oF Fuutd

so AT A DISTANCE,

)\

3
Don' Ask ME ., T ouwno N@

DyNAMICS BY INTRODUCING EXTRA
PARAMETERS: FORCES THAT Acr
6N THE FLUID MASS AND Do

Ir I HAD ANnY

w HoME.

CoME To THINK of [T)

L DON'T HAVE mucd
: CHoICE.

‘Ow D'yer kNOW WeVVER VER Fbm
BE STRONG, ENWFF? J

1T l;)OULD APPEAR
To0 BE A QUESTION OT
ENERQY, oLD CcHAP.

7

THE  FLWID POSSESSES A CERTAIN
AMounT oF KINETIC ENERGY. “To MoDIFy
THE SPEED QF THE FLWLD usSING LAPLACE

FORCES , yow HAVE To IMPART ENERGY of THE
SAME ORDER OF MAGNITUDE. ANYWAY) YouRE
THE ONE WITH “THE FisH FACE,...

(= O




WHAAT!?!
MAx, YeER GORN
BONKERS [

... BUT LET'S NOT WORRY ABOWT THAT
|F THE ENERGY TRANSMITTED

Now. LogicALLY,
gy THE LAPLACE FORCES s GREATER

THAN THE KINETIC ENERG)’ OF -“THE Fl.ulD) WE SHauld
CONTROL THe FLow COMPLETELY.

=

)

BE ABLE TO

e , LT MUST SAY, WE REALW ARE Ie owLy SepHie werRe 'ere! But sue's

ALL HAVING FUN AND GAMES TODAY, SUNNIN'  ERSELF ON THE BEACH.

—— ‘_/

HARE”'f we? S

(«

> \«3\4)0

% ﬁg
SR‘I NO MORE SUNSHNVE, SAy NO MORE . , )

Yer. KNowS WoT BLINKIN'  ‘TGGINS IS LIKE, Breeoiv NONSENSE ANYWAY, ‘IS Ruppy
Give “m AN INCH AN’ ‘cu 'ang msece] | | MOSQUATO - YDRO - DYNAMO = WoTsIT...|

Come on Now ... MAGNETOHYDRODYNAMICS
ABBReVATED MHD... you'L even Find IT

BAH, vol'RE AFRAID OF YOUR OWN

I1's ALL LOW-VOLTAGE STUFF

!
HADOW |
SHAD IN THE DICTIONARY |

“THE SKY WON'T FALL (N wITH

ANY WAY. _
40 wor1s anD 10,000 Gauss, oammT ! %
("'—% t" / -

& \

l ] = %

Wow' LOOK’ By usiNG THE SysTeM As A DECELERATOR AND usiNG TusT
) ’ THE RIGHT AMOUNT OF ENERQY, TVE MANAGED TO CREATE A
i STATIONARY WAVE FRONT WITH NO (BSTACLE OTHER -THAN THE
LAPLACE FORCES 1B, J




Yur, Great Now wor?

BUT -THAT'S
cLassicaL. Its Been
KNOWN FOR vVeags!

ITS ABSOLUTELY STANDARD,
TOTALYS  CLASSICAL PHYSICS.

LL MAKE ANOTHER CHANNEL, USING THESE Two BITS

I‘
OF WOOD TO FORM A CONSTRICTION,
/uz U\\ Hmmm. No ELECTRODES, NO maGNETIC FIELD )
./

PROVIDED THE consTRICTION
ISN'T ToO PRONOUNCED, You GeT
WAVEFRONTS AcCROSS [T,

But IF THE CONSTRICTION S SEvere ENOUGH, THESE FRONTS MIGRATE

UPSTREAM, FORMING A FRONTAL. WAVE THAT STABILZES AT THE ENTRANCE
OF THE ConSTRICTION. EVEN THOUGH -THE FLWD CAN STILL FLow, WE CALL
THIS PHENOMENON A BLOCKAGQE.




BwT NoW, OBSERVE How THE CUNNING  EXPERIMENTER HAS USED A MAGNETIC
FIELD 7O REAqu e SAME BLOCKAGE As THE ONE propuced By A CONSTRICTION,

9

TIM oBSeruN', I'M OBSERVIN,'
WeTs so AMAZIN' ABAKRT THAT?

//

Tr ARCHIBALD ADDS LAPLACE FoRcES TO
HIS CONSTRICTION, HE'LL GeT A MORE

SEVERE BLOCKAGE.

OH, IF Yow youngsTeRs
wisH To AMUSE YOURSELVES
BY USING LAPLACE Forces 1o
MAKE WAVEFRONTS , WHY Shoud T k

ORTecT 7 HAVE YouR FUN, KIDDIES,

e

AgReep. But... suppose T
INVERT THE LAPLACE FORCE..

& T START wiTH A LESS PRONOUNCED

cous~r&|c-no~ To INVERT THE FoRcE T cAN
EITHER  INVERT THE MA&NET\C FIELD B oR
INVERT -THE CURRENT I., Hey Presto! TF THE
ProbucT IB s tARge ENougH (¥) -THeN -THIS
ACCELERATING LAPLACE Force MAKES -THE
WAVEFRONTS DISAPPEAR UPSTREAMI

(%) See Apenox B(paee 1)




Now LETS Sge WHAT HAPPENS
A MORE  PRONOUNCEP

’W

CONSTRICTION., ..

Hey! j

THAT works Too!

1>

>,
\ l TERRIFIC !

] I M GOING TO
EIND SoPHIE.

BLOCKAGE

AHE FRONTAL WAVE
1s  ANNIHILATED.

UNBLOCKAGE

DUE To ACCELERATING
LAPLACE FORCES.

WAVEFRONT
s

:%DMN

@ V>Vs

By

INCREASING THE LAPLACE ForceS, ARCHIE can gven
PRODUCE AN EFFECT OF SUCTION, ENOUGH To

UPSTREAM AND CREATE A

LOWER -THE LEVEL
DEPRESSION,

SoPHIE !

ARCHIE'S DISCOVERED
SOME-TH ING




WEeLL, To
TELL THE~

/A

T'iL PuT THOSE TWo GADGETS

SIDE BY SIDE, (N A LARGER CHANNEL,
LEAVING <HE ELECTRODES IN PLACE,

e

HATS  60ING TO HARPEN, Sopkie?
WHAT'S  gong o  Happen?
\

LT Don'T  know! Yoo

MAKE me NERVOUS, DANCING UP

AND DOWN LIKE HAT!

THE ELECTRIC CURRENT
WILL CIRCULATE  THROuGH THE
FLWID, FrROM ONE ELECTRODE -TO
THE OTHER. THE MAGNETIC
FIELD wiLL STAY

PERPENDICULAR 10 THE PLANE

OF THE DRAWING,




APPLYING THE
RIGHT-HAND RULE , T ¢AN
WORK OUT -THE FIELD OF
FORCES -THAT waLL ACT ON
“THE FLUID.

By THE SHADES of MaxwelLs Demon.
ARCHIE HAS ANNIHILATED -THE

WHAT HAS ke
— NoTICE THAT  ALTHOUGH HE'S SUPPRESSED -THE BOW WAVE,

MANAGED To Co .
ME Tve STERN WAVE <t PERS(STS

UP  wiTH ?

/ —.,,WW /,(—{

e T ///’

@—-\mw/ THATS KNOWN ... sn't |1?
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WHaT Ib Like o vow 1S, wHAT

'Q:es HE -THINK HE'S PLAYING ATC X
cT 1t ‘

/No, 1T cermamey ISN'T puowns! /f
BuT You were supposep To BE ENGAGED

4 Don'T UNDERSTAND....

/\\~%~ L

i
J

[ /‘) yd ;:“b — / T ——— |
e ( /;';/,,//"’/ /// /}/Q,ﬁ} : (UHEN You POPULARIZE -THINGS \"{&4 )
It /// /! ////j/g @ THAT AREN'T ALREADY KNOWN, '
//’7 l,/’/'/'/ S .\K DO you REALIZE WHAT THATS /S
: — caLLep ?

I7's cauep SCIENTIFIC RESEARCH.
. U7\

)
LET 'S SEE... AHEAD OF A
MORE <STuBgy OBJECT, THE FRONTAL

WAVE IS DETACHED,

A DO-iT-YOURSELF
MHD ACCELERATOR

AS A LIMITING CASE, THE

OBJECT CoulD JusT BE A
CYLINDER.

AwAT'S REELY -oen 17!

A I nNeep 1o po S

FIX TWO COPPER ELECTRODES
ON a peNciL, (o)

Using A BASIN oF saLty WATER
AND A MAGNET, You can MAKE THE

PUMPING EFFECT OF LapLAcE ForceS
BECOME v|SIBLE.

QK) AN ARRANGEMENT Devisep v 1976 8y Maurice VITON 29



m/\qwf, UNDERNEATH THE BASMb

PRODUCES A VERTICAL MAGNETIC HELWD B.
The PUMPING grFecT CAN Be SeeN
BY USING A DROP oF INK.

:

WITH A SMALL PERMANENT MAGNET
AND A BATTERY , YOU CAN OBSERVE THE L . . .

FORCE FIELD FLOW

PUMPING EFFECT.  BuT 1o AcT oN THE FLuiD

STRONGLY ENOUGH To CHANGE THE STRUICTURE OF TNE WAVEFRONTS, THE LAPLACE FORCES
MUsT BE TEN TIMES LARGER, J

P

TLL PLACE “HIS MODEL IN -THE TEST

/7
T 'LL INCREASE THE FORCE FuRTHER  THE
CHANNEL AND |NCREASE THE Forcé. To

FRONTAL WAVE DISAPPEARS, REPLACeD BY A

IN wiTH  “TH A
eeaIN W E WAVE IS NONTURBULENT, DEPRESSION IN THE LIQUID SURFACE.

Woprer #ink, 50PE<

AND THE FRONTAL WAVE BENDS.

@EA‘(! Now FoR THE ArpucAﬂoN,sD

WAIT FOR Mg,
ARctire!

THE LAPLACE FoRCES ACT AT A DISTANCE. T tvink
ARCHIE HAS DISCOVERED HOW TO “WARN' THE FLUUD UPSTREAM.




He'S GoT THE BIT BETWEEN WIS TEETH Now!

ARCHIE'S ALREADY MODIFYING THE CANOE.

Big Cnier
FroaTing - Buu._,

How wiLL you ARRANGE CRIKE‘/! T FoRGOT ALL ABouT
A MAGNETIC FIELD? .

BECAUSE oF THE

WAY THE LINES OF
FORCE 6o, T can
EASILY PRODUCE A

VERTICAL MAGNETIC
FieLD B,




MHD PROPULSIiON

Tie  CUNNING  EXPERIMENTER SETS OFF INTO

Bow WAvE ANNIHILATOR

ALl HE MUST Do Now

THe UNKNOWN ABOARD HIS

1S To PADDLE -THE CANOE AT A

SPeeD V GREATER THAN THE sPesD Vs OF SURFACE WAVES, ;//

My worp | Tue cAnoE's
SAILING ALL BY ITSELF ,’

— -

NORMAL enougy. “The MHD \
SYSTEM  PUMPS  WATER TOWARD THE BAcK, |
ALTERING THE BALANCE OF PRESSURE ON THE
Hutl. -THe ResulT |s A PUSH.

—

DarN T! Tag
CONFOUNDED BATTERYS FLAT

ALReADY. “THAT SOLENOID

uses AN AWFUL LOT OF

ENERGY. T TRY A SMALL
ELecTROWNTE MODEL  WITH PERMANENT
CRAFT uSUALLY Do. MAGNETS.




MHD EFFiGENCY

R e i e |

How ABouT THIS FoR AN 1DEAT  Tugre's A
PERMANENT MAGNET UNDER THE HULL, AND THE ELECTROPES ARE CONNECTED
“To A BATTERY.

’u\ Heck, 17 Doesn't co VERY FASTD

ONLY ONE GRAM OF PusH.. .

N\ \
~——— o~
§ ’ \.".- - ::\ :

( TIT TAKES AS MucH ?owatm
¥ STEAM- \RoN. (%) ]

CoNTRARIWISE,
suPPOSE I appLy -THE

SAME  POWER -To A CONVENTIONAL
ELECTRIC MOTOR,

ARROOOOM %MZ

V
)) - \ ’f GOES LIKE -THE winp!
)

\(\ N
B MAYDAY, mmw{

Your MAGNETIC FIELD 1S Too
WEAK — THE METHOD OF PRoPyLS|oN
IS HIGHLY INEFFICIENT,

() See Asrenoix C (eage 71)



1

r WHAT woulD Yol THINK OF A PROPELLER
THAT WAS INCLINED AT AN ANGLE OF A
FRACTION oF A DEGREE ©

)

I
“THE BLADES OF THIS
PROPELLER ARe INCLINED AT
A DeFiNITE ANGLE.

N2 ]

Tr woulb Be meFficienT. ONLY A AND ‘THAT'S EXACTLY WHAT HAPPENS wiTh
. SuPPOSE THE
TINY AMOUNT OF THE POWER wouLbd BE vyouR MHD PROPULSION e
used For PRoPuLsioN. MosT oF i1 CURRENT 1. REPRESENTS _THE NuANQ[_E
LD THE

wouLp BE DISSIPATED IN THE FORM OF TURNS AND THE FIE

_ s
HEAT, -THRowGH FRICTION, OF THE BLADE

N
A
) F’:’J:“A

=N
J

é\\y

—
/ WiTh PermANENT MAGNETS, THE BEST You (AN
HOPE FOR 1S AN EFFICIENCY OF A FEw MJLLIONTHS.(*)

TN seawATer , Berore AN MHD  mMoror Beains To BE
INTERESTING , You NEED A MAGNETIC FIELD 850 TiMEs
REATER: Agour 20 7o 25 TESAS.

&
Vi
@ KNOW HOW TO MAKE STRONG MAGNETIC FIEWDS, ooN@
N

Your Angre 15 100 sma!  ALc
YoU'RE DOING 1S HEATING THE WATER...

Surpose You Coutb GeT Your 25 TesLAS.  THen THE BOAT WOULD HAVE 10 B MUcH
BIGGER AND =0 wouLD -THE DISTANCE BETWEEN THE ELECTRODES. IF (T WERE TeN
METERS, -THE GENERATOR wWoULD HAve To0 PuT our 10,000 voiTs.

Your HYDRODYNE

OLGHT To BE RENAMED THE

GYMNOTID (%)

' 2
S0 wNone © THAT 'OLDS ANY WATER, RIGHT .

(%) See Aevenpix C (Proe 1)
(xx) A GYMNOTID 15 A D@ ABLE To PRODUCE AN ELecTRICAL PiIScHARGE OF 300 vorts,
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THE PARIETAL
ACCELERATOR

/
SOPHIE, Tve WORKED \

OUT How To OPERATE
AT Low VOLTAGE,

TAKE A LoOK AT THESE TWO

r 2
T’LL STicik THEM

FACE To FACE , wW\TH THEIR
FHELDS IN OPPSITE
DIRECTIONS | uSING SOME

SUPERGLUE .

/-

z

'

4000 GAYSS

‘A BAR MAGNET 1S LIKE A SORT OF
SPITTING OUT MAGNETIC FIEWD.

TUBE,

\

FASCINATING , FASCINATING,  BecAuse

IT'S CONCENTRATED IN -THE PLANE OF THE

TJOIN, THE FIELD IS ALMOST DouBLED.

TiL STICK A WHOLE PILE OF MAGNETS

)
HEAD-To- TAIL. NORTH Ffore acainsT Nokru Poe;
Soutt PoLe AGAINST SouTH.

-

IF You POINT Two HOSEPIPES AT

EACH OTHER AND KEEP UP -THE PRESSURE,
THE WATER SHOOTS ouT VIOLENTLY FRoM

“THE SHEAR ZONE .
T

]
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‘ v V—,
](/IJ;RE’S HOW -THE LINES OF FORCE LD@ AF THE MAGNETS HAVE
y

Anen EVERY d
[\W HICKNESS d , THE 4

s
1ERS THE FiELD INVERTS, .
| e s, el
S
N
y AND AT A

DISTANCE d
FROM THE wWALL,
THE FIELD 1S
VIRTUALLY
ol NONE Xi
STENT,

Al
Bmi

Tve ADDED SoME ELECTRODES, LIKE THIS, WITH ALTERNATING POLARITY.
T see THAT I've cReATep A FIELD OF

T

WATCH, Now.
Now, IF T pPrYy THE RIGHT- HAND RULE,
FORCES, ALL PARALLEL AND IN THE SaME DIRECTION, NeaR To THE WALL, OUT To

A DISTANCE d.

\ FanTastic! GeoMeTRY AS THE AccoMPLICE OF Puysics | \4, W)
SN TNT \ 3 i I T I T T 1 T

WO\ “TO CREATE A MAGNETIC FIELD, YoUu NEED ENERGY.

BY ACTING ONLY IN A VERY -THIN REGION AROCUMD -THE
WALL, YOU REDUCE CONSIDERABLY THE VOLUME TO BE
MAQNETIZED, HENCE -THE ENERGY RE&U\REDI WHICH 1S

PROPORTIONAL .




/”./L'C;;\l ALSO REPLACE THE MAGNETS

HeERE's A simpLer

©
\

SYSTEM , usiNG TwoO
ELECTRODES,

7 A NEW KiND
W F FLUiD MECHANICS

WHENEVER YOU MAKE A FLUID DO SOMETHING THAT MOVES IT, T REACTS. FOR EXAMPLE,

IF yow TRY TO MAKe IT TwisT Too ABRUPTLY , |t “CoMES unNsTuck."

AND IF Yo MOVE AN ORJECT -THROUGH THE FLWID 100 QUICKLY,
SO THAT IT DOESN'T yaye TWME -p "&ET ITSELF READY " 10 mAKE WAY

FoR IT, THveN WAVE FRONTS AppeAR.
/

AND THAT'S How 1T IS 1F You LET THE FLWID po AS (T PLEASES.
Bur  MHD CHANGES RADICALLY ALL THE PARAMETERS OF THE
PROBLEM.,
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FOR EXampLE: IN CLASSICAL FLUID MECHANICS, A SHARP
CORNER pRoDuces A LOSS OF ADHESION, ceneraTiNg

“TURBULENCE.

BuwT.  ir's crAzy! Tvs Aw

QUJN , INNIT 7

@ﬂz Bt of MHD, anp 11's
- ALL HUNKY-DORY AGAIN.
4/

E\THER wWAY,
You w !

— //

— \\—*‘\/r\

A  WHIFF OF MADNESS WAFTS
THRou Gy -T™IS TALE.. .

RemMemBer -ve sTory

oF THe WAVEFRONT
AT A CORNER?




- N

i
You SEE | T'S LoOKING \
ENTIRELY FEASIBLE ToO TAMg A FLow.

NoTHING ABouUT T

WHEREVER, THE FLUID STARTS To0 SLOW IN HERE .. ..

DownN, You SPEED IT up AGAIN;, AND WHeN

IT RUSHES AHEAD, You REIN (T BAK IN. g
i)

—

OR YES, LennY — yow'lL seE.  You AGree THAT wHEN V> Vi, cHances
IN DIRECTION OF A WALL cReATE e1THER A COMPRESSION or AN

EXPANSION., Now, Look | -ye  MAGNETOHYDRODYNAMIC sSySTeM CREATES
ABSOLUTELY |DENTICAL EFFECTS! /

- /
/ e \ THE  MHUD  acceleraToR, OR A DIVERGENT REGION , LEAD TO
\S J A LOWERING OF -THE LEVEL OF -THE WATER IN THE CANAL.
N ! ]

///7 |
T = DIVERGENT

- LAPLACE FoORcES RegionN
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THe MHD  DeceLeRATOR, OR A CONVERGENT REGION . LEAD
LAPLACE

To RIS VEL OF WATER | THE CANAL.
FORCES . A E N HE LE W, N E

’% V>\/s

~=

L

P CONVERGENT
= REGION
r N
/'/ /} /—S
WAVE FRONT S WAVEFRONT

So IT ocuGHT TO BE POSSIBLE Tp ARRANGE FOR THE MUTUAL
ANNLHILATION OF THE PHENOMENA OF COMPRESSION AND EXPANSION
BY CANCELLING THOSE OF “NATURAL ORIGIN — DUE » THE WALLS™

AGAINST LapLace FoRGES OF “pARTFICAL” ORIGIN.

“To REGULARIZE THe Fiow AROunD THE HuL, You MUST SMOOTH ouT,
AS FAR AS TPoSSIBLE, ANY VARIATIONS IN THE WATER LEVEL. WHERE
A WAVEFRONT Tenps 1o Form, T ACCELERATE. AND To AVOID AN

OVEREXPANSION , av  OVERACCELERATION, in some Res IONS,
T stow T DOwN,

I7rs AN AppLicATIoN oF my FUNDAMENTAL PRINCIPLE  Pure
AND SIMPLE: PLeASE LEAVE THE FLUID IN THE STATE

IN WHICH You woutd WwISH TO FIND IT,

\.

IN MY EXPERIMENT ON PAGE 28

1 succEEDED IN ANNIRILATING THE

Bow WAVE. DBuf THE STERN wAVE
IT wAs REINFORCZED.

REMAINED — N FACT

The STeRN WAVE OCLURRED PRECISELY BECAUSE you LOWERED -THE WATER %

LEVEL TOO MUCH WHEN You ACCELERATED .
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)
You'Re RIGHT, “THE  MAIN OBTECTIVE SHOULD BE TO KEEP THE HEIGHT oOF
THE WATER CONSTANT | AT THE NATURAL FLoTATION UNE.  To Do THAT, T'lb NEED

A WHOLE MASS OF  ECLECTRODES, SOME ACCELERATING , SOME RETARDING,

ANOTHER  APPLICATION

of Tigesias's PincipLe | .

Tiats rignT ! Sort

IT AL OouT SO THAT You (EAvE THE

IN THE STATE IN WHICH You woulD w'SH

FLutD

1o FIND IT... NO STERN wave !

BLOOMIN MARVELOUS . Tiwenny Wouron’r v ge easier

JUST To sSTAY FAR eNo
TeSLAS WORF 0 MAGNETIZATION, UGH

AN' ARCHIE'S KERNOO SKIMS FRU

THE WATER WIVAHT WAVEFRONTS

out 1™ sea’ Don'T you ALL

HAVE MORE IMPORTANT THINGS
TO Do?

AN' wivAHT ANY TursuLenNcE . No

DAMAGE TeR LANDIN' STAGES -

WoT NexT?¢




1 DoN'T AgREE . T THINK WE OUGHT TO TAKE A oD LOOK AT Agchie's \
IDEA, EsPecialY THE PARIETAL ACCELERRATOR, AiL BOATS SuFfFER A LOT FROM

HYDRODYNAMIC DRAGQ — RESISTANCE T0 FORWARD MOTION DUE To FRICTION OF THE
WATER AGAINST THE HuLL. Now THE PResenceé ofF WAVEFRONTS  ALTERS THE
WAVE

PRESSURE DISTRIBUTION (OVER THE CONTOUR OF THE HULL, LEADING TO A
TRAIN N TS WAKE, WHICH GROWS RAPIDLY wITH THE SPEER  AND THAT MUST BE

k‘me MAIN FACTOR UMITING THE SPEED AT wHICH -THE BOAT CAN TRAVEL.

o

TF Tvey wLISTeNeD TO YoUu
THEY'D STiL BE BUILDING

L\ e Ark!

WE KNOW ROUGHLY HOW MUCH ENERGY MUST 'BE
BROUGHT INTO PLAY TO SUPPRESS WAVEFRONTS. (%)

THE WORK DONE BY THE LAPLACE FopceS MusT BE
OF THE FLuID,

AT LEAST THE INCIDENT KINETIC ENERGY

MMmm. .. so IF THE BOAT GOES AT A
speep V| THEN THE LAPLACE FORCE IB musT

EXCEED SOME DEFINITE THRESHOLD. (%)

(%) See Aerenoix B(page 71)
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BY MAKING

T1's BEST To MAKE THE MAGNETIC FIELD DB AS LARGE
AS PpssSIBLE,

Ltow, AND SECOND,

Te vou HAVE B SMARLL AND COMPENSATE
I MRQE: THEN FIRST THE EFFICIENCY IS
ELECTROLYSIS witL oCCUR, GIVING OFF

GASES.

A LOT OF

4
e

R e Qfé

THE BLOCKAGE
IS FANTAsTIC!

s Pt
“ CuT THe PoweR, N
IT's BLOWING uP,

]

THE ¢

SUBHAR!NE

SCREWLESS

ELECTROMAGNETIC PROPULSION

i
DoN'T vou rFeeL Tuat
AL THIS ... ER...

IS Just A UWUTILE BiIT
ADVANCED FOR -THE
CURRENT STATE OF
TECHNOLOGY 7

y

We FusT NEeD TO
INNOVATE, tuat's aut!

WON'T

T HAVE A FEELING OUR LITTLE .

BE SATISFIED BY STOPPING THERE,

FRrEND

ARCHIE —

ARE THOSE

No, ’rlRES\hs— THEY’'RE THE
ELECTRODES, Now T've JusT
INSTALL THE COILS,

GoT To

Wuy, THE  Huw...

IS [T Mape ouT

OF woob !

AH, THERE's
HE PoRTHOLE !




ELECTRIC
CURRENT

SEE, IF you
APPLY THE RIGHT-HAND
RULE | YOU CAN WoRk
OUT THAT THE DEeVICE
PRODUCES A FieLp oF
LAPLACE Forces syitagle

FOR. PROPULSION .

‘ J LINes
A | OF MAGNETIC
| \ FORCE
T)\/
FORCES < ”/
YER'LL NeveR GeT Me N omE ACTING

o' THEM Ffings |

ON THE FLUID /

COME ON; LENNY!
STop making  FAces |

S S5
We'Re gomg 1o
_— % TRY ouT e

HYDRODYNE .

—
!

move, I'M BLooMiN' werL. FED Come on Lenny Ir's Low
!

UP wiw' ‘Taain's GAbgers. VOLTAGE, Low TecH

/ Low
SURVIVAL
® ey

OrL 'E'tL po 15 ELECTROCUTE THE
LOTTA YER!

/7
L



1T punNO ‘oW YOU feel ABART IT... BUT TgRr ME , 115
ORL JusT A TINY BIT puBious ,,,

SIMPLE: you FIDDLE
WITH THE INTENSITIES OF THE
ELECTRODES.

... OR GO INTO St AN  MHD SuBMARINE CouLp Be VERY QuICK AND
REVERSE. : T CoMpLeTeLy SILENT,

AHAT'S How IT Goes, My DeEAR LeENNY.  WHeEN we GET
EFFECTIVE  SUPERCONDUCTING MAGNETS (k) AND  ULTRAEFFICIENT

ELECTRICAL GENERATORS | BOATS wiLL STOP MAKING WAVES, AND

SUBMARINES will BLOW BUBBLES,

N
A

@Q A SUPERCONDUCTING MATERIAL, COOLED To VERY Low TEMPERATURE (A FEW DeqRess Ket_vw)
CONDUCTS CURRENT wITHOUT ANY DissIPATION By HEATING, No JOULE EFFECT, 4



-THE FOLLOWING DAY

“;\/\

,_\\\/

£

— e —————

NNAT?

5 ST
\\ /Q

7~ YER, nice DBY, \j

SO WHATS Your.
YOUNG FRIEND up

&

I~

SEARCH ME |
Tr's SURPRISIN)[_Y

\
To Toom/% QUIET,
S~

(<;5 >

s, THAT ’APPENS FROM T
v N,

< (GWES THE REST OF
CK /

/”_‘_\
FANK Goopness!

US A CHANCE -Teg.

RE- KEW- PERATE |

g
5

Soprie! wHaT warpened | ALL THE winoows ARE Smaswep! |
, TIT wAS A SONIC BOOM

... A SHOCKWAVE. Tvose j

were SUPERSONIC
TET PLANES.

You cet THEM A LOT
IN THE LESS INHABITED REGIONS.




SUPERSONiC
FLOW

— ThHe SHOCKWAVE THAT BROKE THE WINDOWS IS VERY
SIMILAR To THE BOW WAVE -THAT SMASHED UP youR
LANDING- STAGE .
- You mean, airPLANES MAKE WAVES 7
— 7IN A MANNER OF SPEAKING, YES. BuT THEY DoNT mAKE
SURFACE WAVES; THEY emiT SOUND WAVES  (HIcH TRAVEL
At e SPEED OF SOUND Vg, (%) WHen A BoAT |
TraveLs AT A speep V Greater tuan Vs 17 PRopucEs  WAVE FRONTS.
BuT WHEN A PLANE TRAVELS FASTER THAN SOUND (GREATeR THAN Vi) 1T
PRODUCES  SHOCKWAVES .
— How CAN 1T, wWHen THERE'S * NO FREE SURFACE ¢
— e DENSITY oF THE AIR PaYS THE ROLE -OF THE HEIGHT oF THE WATER.
SURFACE. WAVES TendD T0 MAINTAIN A coNSTANT HEIGHT.  SIMILARLY,
SOUND WAVES TEND TO MAINTAIN A CONSTANT DENSITY.
BSHOKWAVES ARE THE FRONTS wHERE DENSITY, PRESSURE, AND TEMPERATURE

ARE MUCH HIGHER.. -

You CAN COMPARE THE MOTION OF MOLECULE S
TO A LOT OF BUNDFOLPED PEDESTRIANS,
WANDERING ABOUT AT A sPeed Vg N A TOTALLY
DISORDERED FASHION, ~IN ONE PLACE , CONTINUALLY
BUMPING INTO EACH OTHER ( MOLECULAR COLLISIONS).
AN OBJECT PENETRATING A GAS |S SIMILAR T6

A BUS, RUNNING (NTO THE CRowD AT A sPeed V.
Ir 1wis 1§ « LESS TuaN Vs) THEN  INFORMATION
can PAss  UPSTREAM (FORWARD). Twg PEDESTRIANS,

WARNED ©oF TH- VEHIWE'S ARRIVAL BEFORE 11

REACHES THEM, CAN MAKE wAY FoR IT. -TuAT'S onNE

way To wsvauze JUBSONIC FLOW,

() See FucHT oF Fancy, sane seRiEs.
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B(LT WHAT HAPPENS (UHEN V:s GREATER THAN VS?

THe PEDESTRIANS - THE N

MOLECULES — ARE NO LONGER

ABLE TO AVOID THE ORTECT

BEFORE IT REACHES THEM,
so MAINTARINING A CONSTANT

DENSITY, So THE GAS (cRowb)

TENDS TO ACCUMULATE AHEAD
OF THE OBJECT, FoRMING A

SORT OF MOUND — Ay ABRUPT
INCREASE N DENSITY,

= &

THIS PHENOMENON IS CALLED A SHOCKWAVE,
HERE SOUND WAVES geetace SURFACE
WAVES, OTHERWISE ITS JUST THE SAME AS FOR A
Bow wave. FRONTS oF DENSITY, PRESSURE,

AND TEMPERKTURE ARE [INEVITABLY FORMED.

He SHOCKWAVE ocauprs wHeN -THE SPeep
of THE FLow IS GQREATER -Han THE SPEED
OF SOUND V..




/y/,

oW MEAN -T0 SAY THAT gVERY
TIME THOSE HOTSHOTS AT THE AIR
FORCE BASE DECIDE To AMUSE -THEMSELVES
WITH SOME HIGH-SPEED AEROBATICS, T
HAVE To LUG A HEAP OF REPLACEMENT
WINDOWS ARpUND -THE House |

FiGures ! -

e s
SOETT W ~ - .

TN e
R ‘ B A

AN . AN
N\
N\

-
-

So EVERY OBJECT -TRAVELING AT A SUPERSONIC SPeep (FASTER THAN SounD)
wite HAve A FRONTAL. sHockwave AND A REAR  SHockwAVE. ON THEj

IS A  BulLeT, oN THE RIGHT A SPHERE.

EVERY OBYECT, EVEN A GRAIN OF
sanp, prodectep AT A speed V> Vs,
cReATES A SHOCK . “THe RATio

M=V/\, s couer e MACH NUMBER.
AND IF THE OBJECT IS VERY SMALL,
THE SHOCKWAVE 1S CALLeD A

MACH WAVE , ()

(%) See AreendiX A (oace 1),



SopHie's RIGHT, You know, MAx. THe FLow OF A LIQUID wWITH A FREE
SURFACE CLOSELY RESEMBLES THE SUPERSONIC ¥FLOW OF A GAS. T THINK we'D

BETTER TAKE ANOTHER LoOK AT PAGE |5 To REMIND OURSELVES ABOUT THE EFFECT
OF SWweER OR FASTER MOTION ON THE SHAPE OF THE SHOCK,

BeTweenN THE WARS
PEOPLE DIDN'T HAVE COMPUTERS,
AND -THEY CALCRLATED THE SHAPES

OF SHOCKWAVES USING A “HYDRAuLIC
ANALOGY. "

TN FACT THERE'S A STRONG

ms ! \‘\\

A WATER- ) ( SIMILARRITY BETWEEN THE MATHEMATICAL
COMPIX’TER/?// EQUATIONS D;s__c_msw(a THE Two SYSTEMS,
wiTH THE HEIGHT OF THE WATER

.,——'—/
CORRESPONDING 1o THE DENSITY

e;a;;? OF THE GQAS,

—
Greatr. Now, AL I Neep TO

STupY THAT IS A

SUPERSONIC WIND - TUNNEL.,
yVa ,/%wl

YER NEEDS RUDPY GREAT
COMPRESSORS AN' MASSES OF ENERGY!

Han! You won't se Ase To Bul::\

THAT v vouR BATHRooM!

A WIND-TUNNEL |

AHAT's SOMEFINK ELSE .

PERHBPS You OuGHT To APPLY FOR A GRANT

FROM THE NATioNAL.  Science  FounoATIoN.




THE SOUND BARRIER
THE HEAT BARRIiER

A SUPERSONIC WIND-TUNNEL, IT's PosSIBLE TO OBSERVE A NUMBER OF

BITH
DIFFERENT PHENOMENA. TFRIMARILY | THE PASSAGE THROUGH rHE SOUND BARRER

(Y= VS), ACCOMPANIED @y THE APPEARANCE oF A WAVE TRAIN  wHiCH 1S
SUPERIMPOSED on THE TRAIN Due To [ RICTIONAL DRAG.

& WHAT'S THAT N C,ONCRE‘\'E@ COMPRESSION EXPANSION

TN HYDRODYNAMICS , THE APPEARANCE OF WAVEFRONTS
AFFECTS THE BALANCE OF FPRESSURES ON THE Hul,
REDUCING -THE  EFFICIENCY. Ir's THe same N
SUPERSONIC  AERODYNAMICS .,

T1's No\SY, IT's useLEsS, AND
IT WASTES ENERQY,

DespiTe 1TS SUM SHAPE,

DESIGNED T0 REDWE THIS WAKE, THE
CONCORDE spenDs 40%, of 118

CREATING  SHOCKWAVES,

ENERGY

571



Tr you WANTED 10  oveReLy AN INHABITED ReEGION AT Low ALTITUDE
AT MACH 5 0R G, EVERBDYS ROOF would FaiL .

%/ @
& N

O 0 ~ o

DEMOLISHED THE  LANDING - STAGE |
o>

AcRoss A OSHOCKWAVE, tve DENSITY ano
PRESSURE INCREASE DRAMATICALLY. AND ALSO —
e TEMPERATURE, Tae ABSOLUTE
TEMPERATURE s A MEASURE OF THE

2
KINETIC ENERGY J MV OF THERMAL
TIF THE GAS

AGITATION OF MOLECULES.
“CoLLIDE s°  WITH AN OBJECT AT A speeD \/’
THEN AT THE STATIoNARY POINT A (wHere THE Gas sTops CoMPLE‘TEL)’) ALL OF THIS

ENERGY IS CONVERTED |nTO THERMAL AGITATION, SO AT tue PoiNT A THE
TOPPING TEMPERATURE VARIES AS THE SQUARE OF THe sSPeEed V.

2

Is A WARM Nose
A SIGN OF HEALTHT?

FER A GIVEN SPeED , THE FIcKER THE
AIR , THE 'OTTER EVERYFINK GETS.

Tuis PHENOMENON, whicH

<«
ONLY BECOMES NOTICEABLE f %
Ja)

ABoVE MACH 2 IMPOSES

A SER(OWS CONSTRAINT oN

AIRCRAFT, KNOWN AS THE

"HEAT BARRIER, S

WHicH MEBANS THAT HYPERSONIC SPEEDS
|
AT LoW ALTITUDES ARE AN IMPOSSIBILTY .

YeAH, SURE. BuT LOW-ALTITUDE

SUPERSONIC FLIGHT IS AL TOO P0551BLE{ Tsn'r
THERE SOME WAY TO INVENT SUPERSOMC AIRCRAFT
AT DON'T  SMASH wiNDOwS [, |




4

o DO THAT, ARCHIE, you NEED AND  THAT, my DEAR CHAP

To DEVELOP MACHINES THAT pON'T maKke IS uTTERLY [MPOSsigLe. JIF NOT,

SHOCKWAVES AT sSUPERSOMC SPEEDS, THEY'D HAVE DONE T LONG AGo !

mﬂvss, MRAYBE ... . TF A SHock FORMS, IT's LIKE A Bow WAVE, BECAUSE yoyu
CAN'T AFFECT THE MOLECLES UPSTREAM 8Y wAY oOF

OLISIONS DUE To
SOUND WAVES  FAST ENOUGH FOR THEM o MAKE WAY. So THEY CLUMP TogetHeRr

INTO A KIND oF MounD, THe SHOCKWAVE .

@
LoGicaLLy sPeaxing, THE /\
PossiBILITY OF ACTING IN //
ADVANCE BY LApLace FoRces .

SHEDS A NEW LIGHT ON THE ((
PROBLEM OF SHOCKWAVES,

TIRESIAS, TAKE A Look AT

THIS PHOTO oF THE MHD Flow

ON PAGE 30, Round A CYLINDER.

WOULDN'T You SAY ITS RATHER
SIMILAR To A SUCTION

BogaLe BogaLe .
O

F~

THAT'S TRUE — IN THE HYDRAULIC EXPERI MENTS
You MANAGED TD SUCK IN THE WATER UPSTREAM,

10 CREATE A DgPRESSION,

ENougH

THE PROBLEM (S —

How Do wWE eXTend

THE ANALOGY °




TF THE HYDRAULC A
R NALOGY 15 ANYTHING TO GO BY, (T LoOKS AS IF THERE

ARE  THREE METHODS OF FLYING .

LHICH ARE T ( To FLY, WHATEVER ELSE You DO, You HAVE TO \

MAKE THE MOLECULES oOF AIR MOVE FROM  ABOVE
TO BELoW.

=

FIRST SYSTEM!

71 CReEATE A MOVEMENT OF

THE GAs usING AN Mokonic MoLwsc. !

AIRFOIL A ROTOR 15 TUST A

REVOLVING A |RFOIL.

WHAT AlRFoi? Aw I
CAN SEF ARE TWO

COUNTERROTATING
RoTaRS.

HERE'S How TO

OBSERVE THE
INDUCED VELOCITY.




SECOND SYSTEM: AccELERﬁTm’-—@WHMB ™ WIRD@
GAS THAT You PRODUCE YOuRSELF H

Ao mY THINKING, IT's
1o SUCK IN THE

AIR FRoM BELOW
vsING LAPLACE FoRCES.

AND SoPHIE, No DOUBT, (

AT THE BEACH....

i

)
... Arcrie A~ TiResias
It's A crRyiN sHAME!

inz BOTH GONE COMPLETELY PotTy, & j
THE PAIR oF THEM, I Do DECLARE ! \
_ [N\

AT LeAST
Meax As A
BIT ’0 SENSE.

WHat's up
wiH You 7

T PoinTeD ouT To Lenny
M‘ISELF) JUsT Now, “THAT IT'S '
IMPOSSIBLE | BECAUSE AR WONT
cenNDucT ELECTRICITY.

ARCHIE'S GOT SoME .
CRAZY IDEA IN "1s 'eaD...
ABAHT  FLYIN'  wiv
H ELECTRIC(TY.

INSULATOR,
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HOLD Your HORSES.’ -THAT DEPENDS ON THE size ofF -THE ELECTRIC FIELD
Yyou AppLY. “THAT 1S, THE RATIO BETweEEN THE TENSION AT THE ELECTRDDES

AND THE DISTANCE BETweeN -EM L IF You USE -THREE THousAND VOLTS
PER MILLIMETER , 1T CRACKLES AwWAY LIKE MAD!

oy

So WHEN'S THE
ELECTRIC CONCORDE
comIN | EH

You SEe, wiTh A MAGNETIc Fecd B OF 4 TeslAS
(40,000 Gauss) (%) AND A  CuRRENT DENSITY OF
ONE AMPERe PER  SQUARE CENTIMETER ((TEN THOUSAND
AMPERES  PER SQUARE Merz'Q you GeT A LAPLACE FoRce oF
40,000 NewTons PER CuBIiC METER.  ABour FouR TONS

Per. coBlc METER. TF THE  MmOTOR HAs A UseFUL VOWME OF
ONE CuBlC METER, IT_‘PRowDES FOUR TONS OF THRUST.

SOLENOIDS I ” : '

P l

For LaPLace Forces, THATS

Again|  THREE THoUSAND VoLrs PER

'ANG, on! YerR BUNKIN' DREAMIN'

MINDBOGGLING o\

MILLIMETER ... THATS GETTIN ' oN FER m
A cooL MILLYON vours per meter !l | [ C
T «kNow A

1

STRIKING APPLICATION OF
LarAce

Forces.

: ? p
THUNDER T ‘oPe YER GoT A

ReAL BANG outTA at!

56 (%) Aout 200 Times more THAN THAT oF AN oRDINARY MAGNET.



SoPHIE, SOPHIE , come AND see!

ARCHIE'S INVENTING SOMETHING REALLY Way
Owr ! He's Going TO0 FLY BY ELecTRicity!

My GooDNESS,
I'm oN )
My WAY.

DﬁYER Re, ! ) -2 '

o ave AAL'?-E ow  COMPLICATED (7> ave Teg 8e . Yer'D ‘ave

€ COOLIN  SYSTEM FER THE SOOPA coNDUCTERS , AT ULTRALOW -TEA PRACHERS
A )

AND A CLECTRICAL GENNYRATER woT PUT AHT 'UNDREDS o MegAwoTs  H IMAGInE

THE WEIGHT _ of 1T orL!

You ™MigHT AS WELL Try

To FLY A BLINKIN®

NOOKLYER POWER
statioN !

FLYING BY MEANS OF ELECTRICITY IS oBviousLY
IMPoss| BLE.
I 1 i

On Yean? SO whar
MAKES  THAT &Ly’

BuT THATS DIFF ' RENT —
IT'S GQOTTA HAIRSCREW..

~X

Yes, BuT wHaTS AN MHD PROPULS ION UNIT oruee
f THAN A KIND OF  ELECTROMAQNETIC AIRSCREW?
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To FUY, you need ENERGY.
TT DOESNT MATTER MUCH WHAT FORM
THE ENERGY TAKES—  CHEM|CAL ,

e —

ELECTRICAL — AS L[oNG AS THERE'S

ENOUGH  oF T,

/_// WHEN yYou ook AT THE BASIcS, FLYING 15 REALLY JUST A MPATTER
of THE POWER-TO-WEIGHT RATIO foR A GIVEN SPEED.

=N L T

_ \ CO kMl HE WRIGHT 50 km/ue
4O xm/ug  mAN-PoweReD BIPLANE LIGHT AIRCRAFT
| PLANE . (Low-TECH)

(oR ELECTRIC)

i
x
& 100 whTrs PeR KkiLOGRAM

]O WATTS Per kiLoGRAM

} 300 weTrs PER ‘ J

KILOGRAM

2700 km/ug

FIGHTER PLANE OF -THE
NEXT (AND LAST) WORLD

0,000 WaTrs
PER KiLOGRAM

5000 WATTS PeR KILOGRAM
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'ANG on, ‘ANG ON, 'oLD YER ‘oRsEs. DONT A NeOKLYER POWER N
) )

STATION  PRopUCE A KILLERWOT O HELECTRICKLE HenERGY PER "“—‘-EKG';MM'

By YOUR ARGUMENT HIT ovgwta TAKE OFF OF (TS own  AccoRD,

TEN ToNs FOR A

HUNDREP MEGAWATTS —

I7's IMPOSSIBLE I

CoNFounD THART HIQGWS / TIrs FivALY
REGINNING To LooK AS IF You've qoT TO
ExTEND To GASES THg |DEA WE REACHED FoR
FLOWS oF A LQuUID wiTH A FREE SURFACE!

e INTERACTION CRITERION AND ITS
EFFects oN MHD EFFICIENCY. THERE MusT

BE A SNAG SOMEWHERE — L wWonDER

WHAT T 15 7

IN THE EXPERIMENT ON PAge 43, T00 STRONG AN

APPLICATION OF ENERGY PRoDUCED A BLOCKAGE,




THERMAL BLOCKAGE

TS (T POSSIBLE THAT A SIMILAR
PHENOMENON IN A GAS MIGHT PREVENT
THE MHD acrion™?

IN FACT, You cAN BLOCK A SUPERSONIC Flow OF A GAs BY WAY OF
HEAT, via THE TJoute efFecT  In A PURELY ELECTRICAL DiscHARGE (mo
MAGNETIC FazLD) THE BUBRBLE OF HoT GAS BEHAVES LIKE A TRAFFIC JaM, AnND A

SHOCKWAVE FORMS.

So

EXPERIMENT 1S DPOBMED

ARCHIE'S

HOT GAS

SHOCKWAVE

T0 FAILURE ©

THAT'S NOT So CLEAR.

Ir ALL DePenps ow
THE ELECTRICAL
CONDUCTIVITY oF e

AR (AND THE vagious

WAYS OF RAFFECTING /«r)_

IrF 1Ts wigwH ENouGH(¥)

THeN THg pRoDUCTION OF

HEAT wili STAY

MODERATE, PND THERE

WON T BE ANy BLOCKAGE.




O, wok AT Aruiie,

WHAT A SuRPRISE. ...

He's cone 'ro>

WHAT Do YoU MPKE oF ALL THAT .

H'inasmMuch  AS THESE ‘ere MHD  wAeropyne
WOTSITS CORRESPOND ~TO TECHNOLOGY wOT MIGHT

1
‘pepen N THE Nex CENCHERY — 7's QUESTIONABLE

BuT THERe MIG,HTb

SOME |NTEREST PR
Basic Science |

— = =] ST o e Heavens.. . |
— S g - WHAT A DAY .
ol =T o .

YuR, SuREg,
Basic ScieNCE ... .

SteeP, Principie InvestiaATeR
OF MY HEART




ARCHIiBALD'S DREAN

, Mr. Hiaoins © You oRpDERED
A TWO-HUNDRED-MEQAWATT ElecTRICAL

(_:,guzknfoa) A TEN-MEGPATT  M|CROW AVE
SOURCE , A REEL OF SUPERCONDUCTING WIRE)

TOTAL WEIGHT TWENTY TONS,,, 7

FUTURLEC =<
We mMmake “Tomopeow
HAPPEN YESTERDAY

THeRE'S SoME

SMASHING STUFF,
Archie !

‘UHEN Do WFE

START ,7

THAT WAS A WEIRD -TRUCK HE HAD,
-TiReSIAS. Dip Yoo SEE T 7

NEVER SEEN ANYTHING
vke 1! Op, weet....

WE Go For T’

WE a6 FoR tr 7

\Ll‘\ FLLIRSIEAR

TR A
AN
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(AOHY 1S YouR AERODYNE

SO SQUASHED 7

IT's A BETTER SHAPE FOR EXPLOITING THE

DECOMPRESSION I'M GoinG To PRODUCE ol
THE ToP AND THE COMPRESSION LNDERNEATH .

THE WIRES wilL BE COOLED TO VERY

FIRST LET'S DEAL wimi THE MAGNETIC Low TEMPERATURE wiTH LiQuiD HeuuMm.

FIELD. Using THE SUPERCONDUCTING (O AND @ ARE VECTORS PERPENDICULAR

To0 THE PLANE THe DRAWING ¢

WIRE, T cAN MAKE THE CURRENT FLow i of THe DR & ©
POINTING TowAED

ALTERNATE DIRECTIONS, LIKE THIS, R
, THE READER,
® AwAY FEM

THE READER,

/{u—:«ese PARALLEL WIRES THE CURRENT
You GET A MAGNETIC FIELD (UHIcH

REVERSES EVERY o MILLIMETERS,

THE WIRES wWILL FolLow THE MERIDIANS
OF THE VEHICLE.

Avo T w coverR THEM wITH

cERAMIC TILES.
—




AND You ALTERNATE THE POLARITIES

OF THE ELECTRODgS — JUST LIKE THE

PARIETAL LAccerLeRAaTOR

T CAN PUT THE wiReS AND
THE ELECTRODES VERY ClosSE
TdaeTHER, WHICH HAS SEVERAL

ADVANTAGES.

OVvER THE TOP OF THE TILES T 14
PUT THE ELECTRODES ., ALSO ALIGNED

WITH THE MERIDIANS,

 THAT Wil cRepTe THIS KInND
OF FORCE FIELD AROUND

THE APPARATYS.




FirsT , 17 keePs DowN Tue vorrage L
NEED TO APPLY To THE ELECTRODES,

SecoND, 1T KEEPS DOwN THE VOLUME N WHICH THE

£1eLD IS CREATED. IN PRACTICAL TERMS,
oF THE MACHINE

MAGNETIC

THAT's THE AREAM OF THE SURFAce

MULTIPLIED BY THE SPACING BETwWeeN THE wWIRES.

“THIRD, THE RACTION TAKES PLACE IN A THIN
CONCENTRATING THE joNI1ZRTON, THE
FORCE .

LAYER ,

AND HERES THE GASEOUS
FLow —THAT RESULTS,

I1's LiIKE A SORT oF
ELECTROMAGQNETIC
HELICOPTER.

A IVT'I\ 7

’7\7\1\/‘,‘&

PRESSURE
DISTRIBUTION

TT TusT REMAINS To PRODUCE
ENOUWGH I1ONIZATION, THAT 1S, ENOUGH

FREE ELECTRONS |~ THE (AYER OF GAS.

IrF Yow Pur THE ELECTRODES A
MILLIMETER APART AND USE A THOUSAND voLTS,
THAT SHoulLD BE ENougH To STRIP ELECTRoNS
FROM THE ATOMS, FREEING THEM FOR

A CURRENT T0 PASS,

SN



THE iONiZATiON
PROBLEM

THE COMPONENT OF THE AIR THAT PRoVIDES FREE ELECTRONS ISN'T OXYGEN

OR NITROGEN , BUT NITROUS OXIDE (NO). Bur THE SIMPLEST SowTion IS To

ENRICH THE AIR wlITH A SUBSTANCE THAT GIVES OFF PLENTY OF FREg ELECTRONS,

sveH AS Cesium O6R SoDium.

So we Boke PORES THrouaH

THe CeRAMIC COVERING, AND EMIT SMALL
QuanTiTies of  CESiuM vAPoR  THRouG H THEM

DuRING FrLigurT,

ON BoaRD, ARCHIE's GoT

A GENERATOR PRoDUCING A VERY

HIGH FREQUENCY ALTERN ATING

IN THE

ELECTRIC FIELD

SYRROUNDING AIR (THREE

THOUSAND

MEGAHERTZ ),

THese MICROWAVES ARE RAPIDLY ABSoRBED

By TwHE LAYER oF AIR SURROUND|NG THE
MACHINE AND ALS0 PRODUCE FREE
ELECTR NS



RigHT, T RECKON Tuat's Tue LoT.
AN INTERNAL TELEVISION CiRCulT, VSING
mic ROCAMEKAS DISTRIRUTED OUVER -THE

SURFACE, WILL Give AS Good A VIEW OF
THE OUTSIDE,

PATH OF A
MOLECULE OF GAS

T

. DEIONVZATION ACcomPanigp
Y BY LIGHT eEmissiopn

WHAT'S  THaT

GADGET 7

STRIKE ME pink ! Lenny anp His

FRIEND/ OVER THERE.. .,

7

THEY'D Betreg LooK

\ OUT FoR -THE

MICROWAVES ’

RaISE THE  LANDING-GEAR |




pemenSEE———S

P \
'i CRAZY ... IT FLES

\7? TJUST LIKE A HelicoPTeR,
i.’
} EXCEPT THAT INSTEAD OF

/’ \

\ BLAPES , You ALTER THE CURRENTS,

CHANGING THE ANGLE OF THE ROTOR

?
Look AT These Two'! WHAT'S HAPPENED To -THEM:

>.7 “THEY LOOK LIKE THEY've seen THE DEVIL.

T1's  WEIRD.

THEY'RE ToTALLY ZONKED ourf....



1ne MHD AERODYNE (oNTINUES oN

TS WAY , LEAVING BEHIND A Long, BRIGHT

PiLe on THE coaLs!

1RAIL oF CESIUM VAPOR.

THE PoweR |NCREASES,
AND “THE MACHINE ASSUmgS -THE

ASPECT OF A SHooTing STAE. ...

On GOSH, Wwow Gouey!
WE Re GoOING

AT LeAsT
FOurR. oR FIVE Times FASTE R
T AN Sou»vD!

Hey, Aechic ..

+ SINCE WE'RE coNTRoLLING
THE GQAS FLow COMPLETELY | wWE'RE
FLY;:N &G

FirsT THERE's THE SOUND

BARRIER... THen THE HEAT

WITHOUT ANY  TuRBULENCE OR BARRIER ... anD Now, I geT

SHOCKWAVES, RIGHT 7

T _S;/
T GUESS,

~ (L Ergo... NO NOISE.

THE FEELING WE'VE BRoKEN. .







SC IENTIFiC APPENDIXES

DURING A TIME t AN
EMITTED WAVE PROPAGA"YE_S
} RADIALLY To A DISTANCE

R= Vs‘t, WHILE THE OBJECT
moves L= VE,

€« v

“THERE FORE _! _._l_—_ sindz = . .5.-
Vs R VoL

|

<§2’.

IT IS POSSIBLE TO ACT ON THE WAVE

SysTem IF THE ENERaY RECEIVED BY “HE

voome eLement TBL (work pone BY THE
LAPLnce FoRCE  ALONG THE INTERACTIoN LENGTH)
15 GREATER THAN -THE KINETIC ENERGY '.‘;LPVZ
IN SALT WATER ELECTRoLysis LimiTS J  To

1 aflcm* ( 10*A/mMY). Suppese V= T em /sec.
n AssuME THE CYLINDER GOES BMM_
(g x 10 M)) WITH AN INTERACTION LENGTH
EQUAL To THE SI2E OF THE ELECTRODE.

2x102m; AND P 10°> ka/m3 IF B= 1 TESW
(10,000 Gauss) THE INTERACTION

T
PARAMETER 15 s 2182 E_L = 10. -THE

BOW WAVE IS ANNIHILATED,. . .

D

THE EXCESS pRESSURE AT THE
STATIONARY PoiNT wit BE , IN ALL,
4 Vz R

Z_F , WHERE P 15 THE DENSITY
of TE AR( 1.3 xa/m3) AND

V |1s THE SPEED OF THE OBJECT.
FoR A FRONTAL AREA oF 1 m™©
THE PoweR P LosT N THE
WAVE TRAIN WiLL BE i,ov:",

Ay BOAT HAS A THRUST OF 1 GRAM.

Or 1072 ke oR 10°% NewTtons., T TRAVELS
At 0.1 Mm|sec, CORRESPONDING To A POWER
oE 1072 wATTs.  THE GENERATOR SUPPLIES
25 vours, RO AMPERES, MaT 15, 500 wATTS.
10-% _ -b
Tug EFFICIENCY 15 THUS W = EQ&:_ = 2% 10
FuND PAsses THROUGH THE Accewm-na; LN TIME
| So THE PROPULSIVE POWER. 1S _—%-
Bwr %’ s e speed V. Moreover, THE
a
PoweR DISSIPATED  BY THE JOULE erFecT 1S T /dj
WHERE ¢ |5 THE ELECTRICAL CONDUCTIVITY,
JBY
CleNCY | 2 e—r
So THg EFFICIE s M Sov 4 3 /e
witd € =10 mHos/m
6 = 25 TeESLAS WE GET
V = 20m/[sEC M- 0.33
J = IOAAIM'L THe EFFICIENCY INCREASES

. with V

Te V= L0OM!s P = 200 MW
LIF V=1500mls P =2000 MW
E T

THE PoweR Assoc |ATED wiTH
MHD AcceLerATIon 1S JBV.

Wit JT= 10°A/m> B= 4 resus
Vv!ooomlscc) We Have TBV = 40 mw/m
CONDUCTIV|TY OF

TF THE ELECTRICAL
e AR (AWAY FROM EGUILIBRIUM )
ReAces 10 muos [m, THAT oF sALT
THEN THE HEAT T*/s

e JouLe EFFECT,

WATER
PRODUcED BY TH
CORRESPoNDS To6 A POWER OF

10 MW/[m3.  TT'S ATTAINABLE .
TIr woulD BE BEST To WORK wITH
B Large (20 TESLAS) 4nD To
INCREASE ARTIFICIALLY THE
conducriviTy o (By emiTTing
ALKALL  THRouGH A PoRous WALL

OR VIA -THE AcTioN OF

MICROWAVES ) |






