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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



PROLOGUE

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

ARcHle SeemMs o BE

HAVING FUN, ...

C 'S MUCKIN' ABAHT WiV SOMEFINK
AGQAIN ...

1 Do BELIEVE HE's
Buu.bmq A LANDING-STAGE.
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On , George,
THIS 1S REALLY LlVlNG!
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/HIM——R—;N, WiTH HIS

DUMB oLD BoAT!

T cuosE n VERY  sHeLTeRED
SPOT — T cAN'T UNDERSTAND
WHAT'S  HAPPENING . Every mime

HE Goes BY ), 1ug water GETS
ALL  CHuRNED WP

He's DemoLisHeD my
LANDING-STAGE AGAIN.

- 11"5. ms BOW WAVE mn-lr's‘
T DOING ALL THE DAMAGE.

OH, ™AT's  TEWWIBLE!  Tyg Man MusT BE
A WAVING LuNATIC!

S URFACE WAVES

CRIKEY, THAT MAKES
WAVES Too.

LET's Toake A
CLOSER LooK.

WoT's TER LooK AT?
Ir an'T  H'etActy THE
BLINKIN' MAELSTROM,




% \ Te T stick mY FINGER IN SUPDENLY , 1T MAKES THE WwATER
NEARBY RISE -To FORM A SORT OF "SPARE TIRET “THE EXTRA
TAICKNESS |EADS TO osuu-A‘rloNs) WHICH ELIMINARTE IT, FORMING
coNCENTRIC  SURFACE WRVES.  Tugse APPEAR To -TRAvEL AT
A C(oNSTANT SPEED, odich L1'b CALL Vg ; AND As THEY

MoOVE , 1HeY SlowLy DIE AWAY.

A SIMILRR EFFECT occurs IF, (NSTEAD OF STICKING YOUR
A}

FINGER INT6 THE wWATER, you Pull |T ouTl. As A ResuLt,

THE LIQuID TENDS Towaed A FREE PLANPBR SURFACE.

! BarFRooM
prysics | J

AND SINCE ENERgY IS CONSERVED,

THe waHT - ok AMPUITUDE - of TE
WAVES MUST PROGRESSIVELY OECREASE.

S

ig)




LF AN OBTECT MOVES ABOUT IN THe WAMER, 1T EMITS THIS TYPE OF WAVE,
THEREBY  ROUGHENING THE SURFACE OF THE WATER.

%
IF T wANT T TAKE A Look AT Taar, ID BeTreR FiND A why
OF FOLLOWING THE FuuiD AS IT Moves. :

Tye WAVES ACT oN THE FLUD,

AHEY START TO SEPARATE THE MoLECULES
UPSTREAM Lgrring THE FLUID THERE
MoVE TOWARDS THE OBTECT,

DON'T Yo -THINK THATS A RATHER COMPLICATED sSySTeM?  INSTEAD GOF
MOVING THE OBJECT, I SUGGEST Yo KeEP IT FIxED _AND Movg THE FLUID.

o9~ N

‘ = Goob IDEA.  How Agout

isT  It'S A ReDUCED-SCALE Modar
OF A CANAL, wWITH A PLUNGER N
ONE END TO MOVE THE WATER

| T

IF YoOW MOVE —qHE PLUNGER AT A
SPEED V, THEN THE WATER NEARBY will

ALSO MoVE AT speep V.,



HIIGONIOT S RELATION

Now, T'Le Pusy  -qe pruwip Stowly | AT A SPEED V LoweR

THAN THE SPEED Vs oF SURFACE WAVES, nvTo THIS
BOTTLENECK .

- -~

/ In Tiis  CONVERGENT REGION, \
/ THE WATER LEVEL |5 VIRTUALLY OONSTF}NT ‘

M THE FlLuip ACCELERATES. .
£/£ tKE  RAPIDS on A rIVER, j

ﬁ COME ON, GUV — g ENOW ABAHT ALL
T THAT , ponN' we? (%)
91&)%7 A Bowe! D

Now It PusH THE
WATER AT A SPEED vV
GREATER AN THE SPEED
V; of SURFACE WAVES,

R
T+ PILES uP AT THE
ENTRANCE. “THE WwATER LEVEL ‘1

RISES AnND THE FLWID DECELERH‘I'ES.‘
THE ExXACT OPPOSITE

Whar 17 T purl
INSTEAD OF PUSH P

THE FLUID  geuaves

N TWO ToTaLLy DIFFERENT

WAYS, DEPENDING oN WHETHER
THE NuMBER M= V/V, \X>
(wHicH 15 SImiarR 10 THE  MACH

NUMBER (N AERODYNAMICS ) 13

GQREATER OR  LESS THAN 1. ﬂ"‘

(#)See  FUGHT oF FANCY, same series. 7



TF you PULL GENTLY FAND THE SPEED V of THE rFuuiD ALwAYS STAYS  LESS
TirN e speeD Vg OF  SURFACE WAVES, Twen THE wWATER DECELERATES

N s DIVERGENT REGION , AND THE HEIGHT OF THE WATER REMANS  VIRTUALLY
COMNSTANT,

1

ON THe OTHER HAND, | L
PuLL THE PLUNGEER VIGoReustY T

Don'T MAKE -Thg WATER PILE UP

THE SURFACE OF THE FLUID BECOMES
LowWER, anb — w mws DIVERGENT
REQION — -THE Fud ACCELERATES

MACH NUMBER

. S ; . / 77
AHESE Twd RADICALLY &‘—f
DIFFERENT KINDS OF BEHAVIOR ARE SUMMED P (N THE THECREM of THE Feewc pdvsictT HUGONIOT:

L

I Sreep V' LESS  THAN SpEED V GREATER.  THAN
' e seeep Vs OF Tug speed Vg OF
SURFACE WAVES SURFACE WAVES
- ( Maca numperR M < 1) { MAGH NUMBER M > i)

In 8 CONVERGENT .
REGION e ruwp: | ACCELERATES DECELERATES

“THE LEVEL’ STR\/S CONSTHNT QISES

In A~ DIVERGENT
ReGiON

THE FLuib! DECELERATES A’(I,ELERA’[ES
“THE LEVEL; S‘TA\,S CONSTHNT DROPS

LeMME SeE... THE moRE YeR GOES LESS QUICKLY,

R
{HE LESS THg SPEED GETS BIGGER... AT LEAST, MORE ©
LESS ... OR 15 1T THE UWER wAY ROUND 7




Fregd :
Vorrrrre!l AL iar water's 100 HEAVY FoR ME To KEEP SHOVING | T ARSUND
WITH A PLUNGER.  TWERE'S GoT 7o BE 4 BETTER wAY...

% % A stroke of genwus! By Autering THE

ANGLE oF THE CHanveEL T AN conTROL THE
SPEED V AT WHICH THE WATER FLows,

TANG ON, MATE |
YER'Y (HANGER

EVERYFINK -

Ne, Tue mesucrs EXACTLY
THE SAME.

g&{ T THE

Frow v A DIVERGENT
REGION, Reiow e CRITICAL _
SPEED V., , e Fudp DECELERATES) ™
AND THE WATER LEVEL % NEARLY

CONSTANT.
\_

A

LY

Speen V

LESS THAN THE
speep Vg OF
SURFACE WAVES
MacH wuMBER

M<a

Teg -THE FLD ARRIVES
with A speed V. GQREATER
™anv tve  CRITICAL SPEED Vs,
THEN THE SuRFAcE BEcomMeS LOWER
A4avD THE wATER ACCELERATES,




Now LET'S TARE ANCTHER LOGK AT -THE FLOW
5\»‘ v A CONVERGENT REGION

- e

V LESS THAN

M LESS THAN _1.. ‘

<

Bl 1 e sreep V
s GQREATER  “THAN VS,’”"'E

WATER Level RISES and THE
Frwip  SLOWS DowN.

T¢ e speed V' oF e fuup ts LESS

THAN THE seeeD Vg (oF sugrace wweQ, THEN
THE  speep INCREASES  AnD THE LeveL STAYS
CONSTANT.

ChMon | ARenie—

TieT 1 & BIT

e ) _\\
\ \\\r\\

. A

. ™~ f’ﬁﬂ; PARAMETERS  DESCR\BING THE

FLWWID  CHANGE DRAMATICALLY WHERE (T

FORMS A BANK, cr A  WAVE FRONT. Tug weater SLOWS DOWN avp ue
Levek  RISES.

10



FLOW ROUND A

OK, wow THAT we've soRTed AL THAT OUT/ T
LUANT TO  $TuDY THE FLow af A FLUID aROuUND A
CONTOUR , T'er START IN A RQEGIME WHERE
TwE sreep \/ OF THE muip 1S LESS THAN \/5.

T'LL FAKE uP A BoAT SHAPE WITH
THREE  SUCCESSIVE  CoRNERS.

THE FLUID ACCELERATES AT THe Bow,
wHICH FORMS A CONVERGENT REGION,

HMMM. .. YUR | THaT'S wor 1r
BOILS DAHA TEK, THE sPeeb's

FASTEST  ARAHND THE SgconD CORNER,
™E BEAM. So THE Fuup SLOWS
DAHN  unTiL 17 ReAcHES TuE STERN,
sTAvin' AT 4  CONSTANT eLinkin’
LEVEL untie 7 QETS BACK 4ER Tye
SAME SPEED WOT 1T 'AD AT e BOW.

1



e SURFACE WAVES maveLng AT A speeb 5, CAN Q

UWPSTREAM  AND TRANSMIT ENERGY To THE FWID. So e FLuiD

Kmows“ THAT AN OBJECT 15 COMING AND HAS TIME 79 GET
ITSELF  READY 10 MEET 1T, Tr BELINS To MOVE

APART BEFORE “HE O0BJECT ARRwWES

Now Im QOING  To TiILT “THE
CHANNEL A BIT MORE sb THAT THE
SPEED V' OF THE FLLID BecoMes GREATER

THAN THE SPgeb VS oF  SURFACE wives/.

~

Aley UPSTREAM |
HERE’ wE COME!

By  HugowioT's ThEoREM, we xwow
THAT THE FLID SWOWS DowN AT -THE

Bow, SPEEDS uP AT THE BEAM, Awb
DOWN AGAIN AT  THE STERN.

3LOWS

i

Lever WITH  THE EOW, THE  WATER 15 Suppen Ly SLOWED DowN  AND
RISES HIGHER Tan THE oRigqinal. WATERLINE. o PASSING THE  SECOND CoRNER
THE  WATER 15 SPEEDED WP AGAIN, Even SUPERACCELERATED, AT is, | NCREASED
To A steec GREATER TaN  myar oF “FREE® Fow. AT THE SAME Time THE
LEVEL DROPS BELOW “THE WATERLINE . LEVEL With THE STERN, Tug SPeep AND
LEVEL ARE  SUDDENLY READTUSTED ~-Ta -THER ORIGINAL  VALUES UPSTREAM.,

N

12




THE BOW WAVE

I THs ReqIME , wiere e speed Vs &

REATER THAN THE sPeep Vg
OF SURFACE WAVES | WE FIiND WA’VEFRONTS
SURFACE WAVES

THE  Bow, FoR EXAMPLE, EMITS

TRAVEL Too sStowlY pp MOVE  UPSTREAM  AND
THEREFORE FILE UP AGQAINST EAH OTHER TO

FORM 4 MounD oF LIQuID,
THE BOW WAVE.

THAT

TER GETS A BEAM-WAVE
AT THE MIDDLE (pRngg ?

No\ you. DoN'T GET "EXPANSION FRONTS.

Looks AS IF -THEY ONLY HAPPEN c-;,em'rf_y‘.//
O N
O"Oo THE ONE Timg L
[

MANAGES Tgg
SOMEFINK  ORIGINAL,

FiIrK  up
An' 1T's

A fFrop!

TiIRes A4S

IS RiguT, Lenwy.
SPEED

THE  ChaNGES 1N
AND LEVEL HAPPEN

SUbDENLY AT THE

Bow AND STERMN, By means oF WAVEFRONTS.
IN CoNTRAST, AT THE BEAM ; THE SPEED AND Lever

CHANGE CONTINUQUSLY,  ACROSS AN EXPANSION

FAN,
I \@

Sy
@Bseevaﬂw , Lenny.  Opservation !




I '

3 NoT EASY TeR SEE woT's o ﬁ _).

upem:\:' UNDER YER WINGS.. .. LOOK OUT ! Mwd ‘\f L
THE BAwk! ... J

[ ANOTHER SACRIFICE (N THE NAME OF sue@
4WW

\

oy ‘-_\ (ﬁ\

|

. )_},,‘,{’/ -

mgu BOAT HULL, -THE BEAM 15 FORMED By A SUCCESSION OF VERY

ur\w TINY  CORMNERS,

—

APSTREAM P -

——

Tl

A

AND THE STERN WAVE AsSURES A SMOOTH JoIN WATH TWE  FLUWID
DOWNSTREAM— WHICH 15 WHY B0ATS DoN'T LEAVE FurRRowS Be#MD THEM.

TN THE samMe wAY, THE REMAINING
DIFFERENCE N SPEER, Due TO WATER BEING
CARRIED ALONG wWiTH THE BOAT BY FRICTION,

IS CANCELLED ouy BY THE TuRBULENCE OF THE
BAT'S  WAKE,

Vet agam, Tirestas O Bean,
YER AsTounds me.  WHAT?

Hgy'! TVE DiscoVERED THE
FUNDAMENTAL PRINCIPLE oF
ELUID MECHANICS M

PLEASE LEAVE THE FLVID
IN “THE STATE IN WH|CH
YoU WOuLd wiISH T0 FIND IT




NEASUREHENT OF SPEED

To UNDERSTAND  priaT's GOING
ON, wHaT T w\gED 15 some WAY g
MEASURE SPgeD.

ZfF You PLACE & FiNe weeplLe (N A Flow
WHOSE SPEED V IS GREATER THAN THE
sPeed Vg  oF surpace WAVES, men

THE

GREATER THE SFPEED, -THE CLOSER THE

WAVEFRONTS ARE To THE TDIRECTION OF MoTioM.

Wow, Max, you're
RiGHT ] THAT LETS me

measure THe speep WL (K)

Have you WNOTICED THAT WHEN THE FRONT of 1ue
OBITECT 1S BLUNT, THEN THE WAVEFRONT 5 SET WP

A LITLE BIT AHEAD -~ FormiNg a DETACHED

Wicoocps!
At pogsn'T wokk]

@4) See Avrenpix A (race '71>,



THAT's onLY To BE ExPECTED., T THiS T+'s ALMOST AS IF THE OBJECT USES
REGION, NEAR A BWNT Bow  -THE SPEeD V THE Bow WAVE TG BUILD ITSELF A

To MAKE IT EASIER TO NAVIGATE,

2
’J— f
BWT THeN, ‘ow CAN THE WATER GEDDAKT & THE why,
‘ WHEN ITS SPEeD'S SO BLINKIN' LOW T
ELEMENTARY, My DEAR PELICAN: WHERE THE FLWID

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

Trs ALL BeGINNNG To
MAKE SOME KIND OF SENSE.

Come ALONG, YE OEEKERS
AFTER  KNowiepge | DinneER TIME .

|




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

THING IF Yyou COULD GET RIP OF THOSE LJAVES, THAT's FOR SuRE !

OH .
SUMEINK's
BREWIN |

YES, THERE'S ENERGY THERE ALL RIGHT. THE PROOF (S THAT THE GWY N THE

SPEEDBOAT  DEMOLISHED OUR LANDING- STAGE. J

TF  you couLdD GET ADVANCE g
O.., TO MOVE FASTER THAN

SURFACE WAVES | you HAvE To BE
WAVE WOULDN'T FoRM.... ABLE TO CONTINUE TO ACT onN

THE FLWID UPSTREAM.

C /ﬂ'g\\\@“
)

] 7

WARNING OF THE FLUID AHEAD, THE

Disues,
ARCHIBALD. ...

RN
N




Ox GAWD, Tus'
woT T FoUGHT,’...

SOPHIE! Give Me A \

Hanp | Tve GOT AN
lDEA!

HERE'S How 1T 1S. YOU eroPeL

THE CANOE AT A speep V), GREATER
THAN THE sPeeD Vs oF SURFACE
WAVES, ME... TI'l. sTand AT THE

Bow AND TRY T0 WSE My PADDLE 10
SPREAD APART THE WATER MOLECULES uPSTREAM,
As F I'M TRYING TO WARN -THEM
THERE'S A CANOE COMING.

THAT'S



Now we'lL

/x’r;;ess THAT'S

NoT IT.

WHAT wERE
You DoinNG

NOTHING.  ARCHIE wAS TusT

WARNI NG  —quE MOLECULES.

KN
Tr cAN'T POSSIBLY WORK, YouU KNOW! I youo WANT TO “WARN THE
MOLECULES , AS you SAID, THEN YoU'VE GoT To PuT SOME oTHER MATERIAL
OBJIECTS INTO THE WATER UPSTREAM... AND THOSE wWiLL JUST CREATE THEIR OWN

WAVES. TIrs A vicious CIRCLE.

SOPHIE SAYS THAT AL
YER DOIN' IS POSTPONIN' THE

PROBLEM .

SHE SAYS I1TS IMPOSSIBLE To SAIL A BOAT
WiTHowT MAKING A Bow WAVE.

19




IN WHiCH ARCHIE DiSCOVERS
MAGNETOHYDRODYNAMICS

You cAN AcT AT A DISTANCE oN A FLup
BEFORE vou REACH IT.  IT says S0 IN THIS BGOK !

Bur WOT WIV, oLom
Blinkn®  Maaic FORCES?_”/

No, wiTH

ELECTROMAGNETIC.  FoRCES,

-

EF, IN A gLuiD, you cREATE A  MAGNETIC FIELD B AND AN
>

ELECTRIC CURRENT I, wHicH 1S PERPENDICULAR, TWen THe FLuiD

EXPERIENCES A LAPLACE FORCE of INTENSITY TIB  wHose DiRecTioN 1S GIVEN

BY THE . TB
RIGHT- HAND RULE : N |
HoLp -THE -THUMB, INDEX FINGER, AND MIDOLE *g"
FINGER OF THE RIGHT HAND As SHown. SufPose —f

THAT THE CURRENT Elows /N -THE DIRECTION OF THE
MIDDLE FINGER AND “THE MAGNENC FIELD, N
INDEX eimngeR. Tieny THE

THE DIRECTION of -THE
FORCE Acrs (N THE DIRECTIoN oF THE THUMB. F
THUMB— MAY THE S
Force BE witn Yo . ,
—d

20



FLiPPIN 'Eck — woT's
THIS FWQAMA:\'IG,?

TvE mAaDeE A
MAGNETO HYDRODYNAMIC
CONVERTER LKE THE ONE
INVENTED IN 1800 BY THE
EngrisH  puysicist  FARADAY,

CONVERTER ?
wwy ?

BeCAUSE |7 CONVERTS ELECTRICAL ENERGY MN

MOTION - or  KINETIC EeNERGY.

-

THE MAGNETIC FIELD VECTOR B AND -THE
- -

CURRENT VECTOR T | ToGETHER. WiTH -THE AXIS

OF THE CANAL, FORM AN ORTHOGONAL
COORDINATE FRAME,

1
THE coiL PRODUCES A MAGNETIC FIELD, AND TVE ADDED SALT To THE WATER TO INCREASE
TS ELECTRICAL  CoNDucTvITY. L CAN use THIS RHEOSTAT TO ALTER THE AMOUNT OF
CURRENT  £LowiNG THROUGH THE WATER.

BY VARYING THE CuRReNT
>

T AND THE MAGNETIC

-
FELD B yow CAN MAKE

THE fFLuip ACCELERATE
ok DECELERATE AT wiLL.




INTERACTION CRITERiON

SEEMs TER ME, THIS SHAGGY DOG STORY'S

Becomin' A BIT OF A WILD GOOSE
CHASE,

NAR | |1 TS ORL GETTIN'
MIXED UP.

WhHen we STARTED,
IT WAS ORL ABAHT
p FLUWLIDS AN’

Q FLOWS.

/ |

WeLL , WELL ... AND WHAT ARE
we PUAYING AT TODAY?

I'm TRYING To CHANGE
“THE USUAL DATA OF Foutd
DyNAMICS BY INTRODUCING EXTRA
PARAMETERS: FORCES THAT AcT
oN THE FLUID MASS AND Do
so AT A DISTANCE,

§\ B

Don' Ask ME . I ounno Nu@
\

N\
, 7
‘Ow D'ver KNOW WEVVER VER FORCESLL
BE STRONG ENUFF? J

T LWOULD APPEAR
10 BE A QuesTioN OF

ENERGY, oD CHAP! g
L V

WObTeR mean, Fisd-FacE
THE FLWID POSSESSES A CERTAIN
AMounT of KINETIC ENERGY. “To mMoDiFy
THE SPEED oF THE FLuD usING LAPLACE
: FORCES , yow HAVE To IMPART ENERGY of THE
N SAME ORDER OF MAGNITUDE. ANYWAY, YOou RE

THE ONE WITH “THE FISH FACE,...

Tr I HAD AnY

SENSE IID STAY AT
HoME.

CoME To THINK oF T,
L DoN'T HAVE mucH
CHOICE.




WHAAT ! P!
Max, YeR GORN
PBONKERS 1

ves BUT LET'S NOT WORRY ABOWT THAT
Now., LogicALLY, I[F THE ENERGY TRANSMITTED

gy THE LAPLACE FORCES s GREATER
THAN THE KINETIC ENERGY OF -THE FLUID, WE SHould

Be ABLe T0 CONTROL THe Flow COMPLETELY. e
, n
9l ’
/ﬁ =
g} A
7 -

<

)

L7\
WeLL , T MUST SAY, WE RcALY ARE IF onLy SoPHIe were 'ere! But sHE's

ALL HAVING FunN AND GAMES TODAY, SunMIN'  ’ERSELF OoN THE BEACH.
M— /

» AREN'T we? I —\
« /

hs_—f ‘ SUNSH%;,\\N —

RY NO MoRE, SAY NO MORE .
U
Yer. KNowS WoT BULINKIN  ‘TeGINS IS LIKE,

Give M AN INCH AN CLi 'ANG ‘mseLs!

BLEEDIN' NONSENSE ANYWAY, ‘IS RUDPY
MOSQUNTO - 'YDRO - DYNAMO - woTsIT. .. |

Come ON NOw ... MAGNETOHYD RODYNAMICS
ABBREVIATED MHD... you'L eveN Find IT

BAH, Yol'RE AFRAID OF YOUR OWN ,

sHADow | T1's ALL LOW-VOLTAGE STUFF
IN THE chnowARY,'

T

|
Wow.‘ LOOKf By usiNng THE sysTem As A DECELERATOR AND usiNG TusT
THE RIGQHT AMOUNT OF ENERGY, TWVE MANAGED TO CREATE A

ANYWAY., THE SKY WON'T FALL Ny wiTH
40 wots anD 10,000 Gauss, pammiT !

STATIONARY WAVE FRONT wiTH NO OBSTACLE OTHER THAN -THE
LAPLACE FORCES 1B,

// }\ / z




My WORD, YuR, Great Now wor?

BUT HATS
cLassicaL. Its Been
KNOWN For yeags!

ITS ABSOLVTELY STANDARD,
TOTALLY  CLASSICAL PHYSICS,

Tl MAKE ANOTHER CHANNEL, USING THESE Two BITS
OF WOOD TO FORM A CONSTRICTION.
/uz u\\ GMMM_ No ELECTRODES, NO mAGNETIC FIEI_D,)
/

PROVIDED THE consTRICTION
ISN'T ToO PRONOUNCED, You GeT
WAVEFRONTS ACROSS I,

BUT IF THE CONSTRICTION |S Seveee ENOUGH, THESE FRONTS MIGRATE
UPSTREAM,  FORMING A FRONTAL WAVE THAT STABILZES AT THE ENTRANCE
OF THE" comnsSTRICTION. EVEN -THOUGH -THE FLIMD CAN  STILL Flow, WE CALL
THIS PHENOMENON A BLOCKAGE.




BwT Now, OBSERVE How THE CuNNING  EXPERIMENTER  HAS USED A MAGNETIC
FIELD TO REALJZE e SAME BLOCKAGE As THE ONE propuceD By A CONSTRICTION,

/ / O
é |
/ J
IM OBSgruN' . I'M oBservIN,’

WeTs so AMAZIN' ABART ‘ﬂ-IA‘l'fp

Tr ARCHIBALD ADDS LAPLACE FoRCES TO
HIS CONSTRICTION, HE'WL GeT A MORE

SEVERE BLOCKAGE.
-

OH, IF  Yow YyouNgsSTERS
wisH To AMUSE YOouRSELVES
BY USING LAPLACE Forces 1o
MAKE WAVEFRONTS , wHY SHoud T
OBTecT 7 HAVE youR Fun, KIDDIES, l

AGReeD. DBUT... SuPPose T
INVERT THE LAPLACE FORCE....

F L START wifhH A LESS PRONOUNCED
CONSTRICTION, To INVERT THE FORCE T cAN
EITHER INVERT THE MACnNETlc FIELD B oR
INVERT -THE CURRENT I. Hevy Presto! TIF THE
ProbUCT TIB s tARge ENougH (¥) 1HeN THIS
ACCELERATING LAPLACE FoRce MAKES -THE
WAVEFRONTS DISAPPEAR UPSTREAM!

(*) See Apreno B(Pace ’7I)ﬁ



Now LET'S sSge WHAT HAPPENS
WITH A MORE TPRONOUNCEP

CONSTRICTION, ., .

S

Hey!
/ S\ THAT works Too!
; Q

[ 1>

. l TERRIFIC !
IM GOING To

EIND SoPHIE.

B e
&

BLOCKAGE

1HE FRONTAL WAVE
rs  ANNIHILATED,

UNBLOCKAGE

DUE To ACCELERATING
LAPLACE FORCES.

WAVEFRONT
%
— =%

4 .
- /

e

——— DEPRESSION
ST
T

<T=V>Vg

\

v//g//'///

UPSTREAM AND CREATE

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

R

LOWER -THE LEVEL

A DEPRESSION,

SoPHIE!

ARCHIE'S DISCOVERED
SOME-TH ING

IMPoss) gL /

1iResias'  You'Re alL ouT

of BRea ¢ DD you RuUN ©




. WHAT Do you THINK.

—
. TYe qor ANOTHER lm

WeLe, SoPHIE ..

T'1 PuT THOSE TWo GADGETS

SIDE BY SIDE, «N A LARGER CHANNEL,
!

WeLL, To
TELL THE~™

LEAVING —THE ElLECTRODES oN PLACE .

ANNIHlLATlON OF
THE BOW WAVE

WHATS  60ING To HArPEN, Sopkic?
WHAT'S  going o HApPEN?

THE ELECTRIC CURRENT
/| WILL CUIRCULATE  THRoUGH THE
FLUID, FrROM ONE ELECTRODE TO

THE OTHER. “THE MagneTIC

FIELD wiLL STAY
j: Don'r Know ! You PERPENDICULAR 710 THE PLANE (;
OF THE DRAWING,

MAKE me NERVOUS, DANCING UP

AND DOWN LIKE uaT!




APPLYING -THE
RIGHT-HAND RULE, T ¢AN
WORK OUT -THE FIELD OF

FORCES -THAT waLL ACT oN
“THE FLUID.

SHIVER ME TimBers '

By THE SHADES of Maxwel's Demon:
ARCHIE  HAS  ANNIHILATED THE >

gow wave !
’ &

WHAT Has e

MANAGED To COME : /

THe STERN WAVE <t lPERSlSTSA...

But — sugeLy “HaTS KNOWN ... sn'r 117
<




——\\

T ceRTANeY  ISNT puowns!

‘r_—No,

WHAT I (e 1o wwow 15, wHAT

Q)ES HE -THINK HE'S PLAVING ATC

G‘r/’; WERE SUPPOSED To BE ENGQAGED
\\q

ﬁ{\'\N SCIenTIFiC PoPuLARIZATION.?

~

-
WHeN

T DoN'T UNDERSTAND....

—xﬁ__ﬁ__’—.—(///

&4
LT N

THAT AREN'T ALREADY KNOwN,

YOU POPOLARIZE TH;NC‘S\\{
|

DO you REALIZE WHAT THATS
caLLep ?

AHAT'S REELY -orn IT.’

4/

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

DETACHED,

WAVE 1S

A DO-iT-YOURSELF
MHD ACCELERATOR

AS A LIMITING CASE, THE

OBJECT Could TusT BE A
CYLINDER.

Q*) AN ARRANGEMENT Dgvisep |n

1976 &y Maurice VITON.

AL T Neep 10 po S

FIX TWO COPPER ELECTRODES

(%)

ON A PeNciIL,

Using A Basiv oF SALTY WATER
AND A MAGNET, You can MAKE THE
PUMPING EFFECT OF LapLAcE Force s
BECOME v|sIBLE.
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m;\que‘r, UNDERNEATH THE BASMD

/ PRODUCES A VERTICAL MAGNETIC FHEW B.
The PUMPING ggFecT CAN Be SeeN
BY USING A DROP oF INK.

WITH A SMALL PERMANENT MAGNET

FORCE FiELD
AND A BATTERY , YoU CAN OBSERVE THE | - NP .
PUMPING EFFECT.  BuT 16 AcT oN TE Fuuid

MUsT BE TEN TIMES LARGER,

STRONGLY €ENOUGH To  CHANGE -THE STRTURE  OF THE WAVEFRONTS | THE LAPLACE FZ)QCESJ

an

e

/7
T LL INCREASE THE FORCE FuRTHER. THE

TlL PLACE -THIS MODEL IN THE TEST
CHANNEL AND |NCREASE THE FOoRceé. To

FRONTAL WAVE DISAPPEARS, REPLAcCeD BY R

IN WITH “THE WAVE S NONTU
Eq RBULENT, DEPRESSION IN THE LIQUID SURFACE.

Woprer #in, 50P,F<

AND THE FRONTAL WAVE BeNDS.

@EA‘Y! Now FoR THE APPLlCAﬂoND

WAIT FOR Mg,
ARchie!

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




HE'S GoT THE BIT BETWEEN WIS TEETH Now!

ARCHIE'S ALREADY MODIEYING -THE CANOE.

Big Cuier
FroaTing - Buw !

How wiLL you ARRANGE
A MAGNETIC FIELD?

| Crikey! T P’DKG,OTm [
- Thar!

Q: PuT THE SoLENOID |NSIDE. \

N i

Yy

ELECTRODES

But- e
MAG,NEﬂc FaELD?

S RN

A S BecAusE oF THe
”/ {’, K i i

WAY THE LINES OF
FORCE G0, T caN
EASILY PRODUCE A
VERTIU_.L MAGNETIC
Fiecp B,
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MHD PROPULSIiON

Tae  CuNNING  EXPERIMENTER SETS OFF INTO THE UNKNOWN ABOARD HIS
Bow WAvE ANNIHILATOR . AL HE MUST Do Now 5 T6 PADDLE THE CANOE AT A

SPeeD V GREATER THAN THE SPesD Vg OF SURFACE wAves, ;//

My worp | Tue cANoE's
SAILING ALL BY [ITSELF !

NormaL enougu, “The MHD
SVYSTEM  PUMPS  WATER TOWARD THE BACK,
ALTERING THE BALANCE OF PRESSURE ON THE

Hutl. -THe ResutT |s A PUSH.

DarnN T

CONFOUNDED BATTERYS FLAT

Gee! Tuar
BABY ReaLLy ALReADY. THAT SOLENOID

USEs AN AWFUL LOT OF

ENERGY. ThL TRY A SMALL

ELecTROLTE
CRAFT USUALLY DO.

MODEL  WITH PERMANENT

MAGNETS.




<

HD EFFiGENCY

How ABouT THIS FoR AN IDEAT  Tugge's A
PERMANENT MAGNET UNDER -THE HULL, AND THE ELECTRODES ARE CONNECTED
“To A BATTERY.

Om_y ONE GRAM OF PusH. .

’u\ Heck, 17 poesw's co VERY FAST )

{

( I7 71AKES As mueH Powmm

STEAM- 1RoN. () )

al

@VARROOOOM %@

/% \"f
W Tr Goes LKE -Tue winp!
Mrwww mmw’
X 7’9'__‘/

CoNTRARIWISE,
SUPPOSE I appLy -THE
SAME POWER -1p A

CONVENTIONAL
ELECTRIC MOTOR,

\
YouR MAGNETIC FIELD 1S 700
WEAK — THE METHOD OF PROPyLS|ON
IS HIGHLY INEFFICIENT,

(#) See Aerenoix C (erge 71)



r WHAT would youw THINK OF A PROPELLER
THAT WAS INCLINED AT AN ANGLE OF A ‘
FRACTION oF A DEGREE 7

Y

“THE BLADES OF THIS

PROPELLER ARe IncLINED AT
A DEFINITE ANGELE.

W= 2 ]

Ir wouLp B8e INEFFICieENT. ONLY A AND THAT'S EXACTLY WHAT HAPPENS wimh ]

TINY AMOUNT oOF THE PoweR wouLP BE YouR MHD PROPULS,ON' SuPPOSE THE
USED FoR PRoPuLsioN. MosST ofF |1 CURRENT 1 REPRESENTS _THE NUMBER OF
wouLp BE DISSIPATED IN THE FORM OF TURNS AND THE FIELD THE ANGLE
HEAT, -THRowGH FRICTION, OF THE BLADES.
s
O
N

Your AnGgLe 15 100 smaw! Al
YoUuRe DOING (s HEATING THE WATER...

el

/ WiTH PermaANENT MAGNETS, THE BEST you (AN

HOPE FOR IS AN EFFICIENCY OF A FEw MJLLtON’THS.(*)
IN sSeawATeR | BeFoRe AN MHD mMororR Beains 1o BE
INTERESTING , You NEED A MAGNETIC FIELD 850 TiMEs

\GRE:R: Agour 20 T 25 TESLAS. k‘ L
LA ) % ? ﬂ
BUT We KNow HOW TO MAKE STRONG MAGNETIC FIELDS, Do,,,f we®
AN

T

Suprose You CouLb GET Your &5 TESUAS. THegn HE BoAT WOULD HAVE 7o mz MuCH
BIGGER AND =0 wouLD -THE DISTANCE BETWEEN -THE gLecTRoDES. IF (T WERE TEN

Your HYDRODYNE

METERS, -THE GENERATOR WOULD HAVE To PUT our 10,000 voLTs.
OLGHT 10 BE RENAMED THE

B3 QYMNOTID (%%)

— S0 NoNE O THAT 'OLDS ANN WATER, RIGHT .

J

(%) See Aerendix C, (Prge 1)
(x%x) A GYMNOTID 15 A D@ ABLE To PRODUCE AN ELECTRICAL DISCHARGE OF 300 volts,



THE PARIETAL < -
ACCELERATOR =~

/
Sopnie, The wWoRKED \

OUT How To OPERATE
AT Low VOLTAGE,

TAKE A LoOK AT THESE TWO @

T’LL STick THEM

FACE To FACE , wW\TH THER
FELDS IN OPPSITE
DIRECTIONS | usING SOME

SUPERGLUE.

=

=N
e

4000 GAYSS

\
|-

A BAR MAGNET 1S LIKE A SORT OF
TUBE, SPITTING OUT MAGNETIC FIELD.

FASCINATING , FASCINATING,  BecAuse

IT'S CONCENTRATED IN -THE PLANE OF THE

JOIN, -THE FIELD IS ALMOST DoOUBLED.

(14.1. STICK A WHOLE PiLE oOF MAGNETS |
HEAD-To- TAIL. NORTH FPoLe againsT NoRTe Po:.e
Soutd PoLe AGAINST SouTH.

TF yYou POINT TwWo HOSEPIPES AT
EACH OTHER AND KEEP UP THE PRESSURE,
THE WATER SHOOTS ouT VIOLENTLY FROM

THE SHEAR 20NE.
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HERES HOW THE LINES oF FORCE LOOK. ‘{; MAGNETS HA\N
AHICKNESS d , ‘THEN every d ;
V | ! (. | CENTIMETERS THE FIELD INVERTS, g’zj“
| | LIKE THIS. e
'\ U A i
DISTANCE d W
FROM THE u,)Au__,
‘. A | THE FIELD 1S
_' '.‘ ; ¥ 7 VIRTUALLY
I\ | Cont o /}}? | & . NONEXISTENT,
WaTcH, Now. TVe ADDED SOME ELECTRODES, LIKE THIS, WITH ALTERNATING POLARITY.

Now, IF T APy THE RIGHT-HAND RULE, T see Twat I've cReater A FIELD OF

FORCES, ALL PARALLEL AND IN THE SAME DIRECTION, NeaR To THE WALL, OUT To

"/

A DISTANCE d.

FANTASTIC'. GEOMETR)' AS THE ACCOMPLICE OF Puysscs! \4’ W
* IS, SN
[

AY \ A\ i I — T 1 . T :

1o CREATE A MAGNETIC FIELD, You NEED ENERGY.
BY ACTING ONL IN A VERY THIN REGION AROUND -THE
WALL, YOW REDUCE CONSIDERABLY THE VOLUME TO BE

MAGNETIZED, HENCE -THE ENERGY RERUIRED, WHICH IS

PROPORTIONAL .




/’fi CAN ALSO REPLACE THE MAGNETS

HeRe's Ao simerer

SYsTeM , USING, Two
ELECTRODES.

WHENEVER You mMAKE A FLUID Do SOMETHING THAT MoveSs IT, 1T REACTS. foR EXAMPLE,
IF yow TRY T0 MAKE IT TwisT 100 ABRUPTLY , v “COMES uNSTucK.®
\ / N
\
P\

/ S -

AND IF You MOVE AN ORJECT THROUGH THE FLWID 100 QUICKLY,

SO THAT IT DOESN'T yave TME -1p “&ET ITSELF READY " 15 mAkE wRY

FoR 1T, THeNn WAVE FRONTS ApPpeAR. /

AND THAT'S How 1T 1S iF vou LET THE FLu

Bur  MHD CHANGES RADICALLY Ay THE
PROBLEM.,

ID DO AS T PLEASES.
PARAMETERS OF THE

i

3



. * FOR ExampLE: IN CLASSICAL FLUID MECHANICS, A SHARP
CORNER pRoDucesS A LOSS OF ADHESION, ceneraTINg
&)30" “TURBULEAJCE.

Kz
S b

D
/ @ﬂ,e BT of MHD, ano 11
_ L ALL HUNKY-DORY AGAIN.
_

BuT. r's crAzy! Tt5 Aw

Qu.m , INNAT 7

A WHIFF OF MADNESS WAFTS
“THRouGH -THIS TALE,. .

ReMemBER THE SToRy

OF THE WAVEFRONT
AT A CORNER?




/

You SeE | TS woking AN
ENTIRELY FEASIBLE To TAMe A Flow.

NoTHING ABoUT T

WHEREVER. THE FLUID STARTS To SLow IN HERE ...

Down, You sPeed it up AGAIN; AND WHeN
IT RUSHES AHEAD,

YoUu REIN T BAK N,

COMPRESSION WAVES ~
EXPANSiON WAVES

OH YES, LENNY ~ yoW'LL SeE.  You AGREE THAT wHeN V> Vs, cHANGES
IN DIRECTION OF A WALL cReATE ciTHER A COMPRESSION or AN

EXPANSION, Now, Look, -je MAGNETOHYDRODYNAMIC sySTemM CREATES
ABSOLUTELY IDENTICAL EFFeCTS!

7 Ve
o 0 \ e MHD accecerntor, o a DIVERGENT ReGION, LeAD TO
\g ‘ A LOWERING OF -THE LEVEL OF -THE WATER. IN -THE CANAL..
— ' ]

—= Vs Vs

//:/ :
AZ & DIVERGENT
o LAPLACE Fopces Region
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THE MHD  DeceleRATOR, OR A CONVERGENT REGION, LEAD
LAPLACE

To RIS VEL OF WATER (N THE CANAL.
FORCES . A E v HE LE W E

=

//(

X CONVERGENT
N REG 10N
3
B
WAVEFRONT WAVEFRONT

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

AGAINST LAPLACE FORES OF “pRmFiaaL” ORIGIN.

“To REGULARIZE THE Fiow ARCUND THE HulL, You MuST SMOOTH ouT,

AS FAR AS PoSSIBLE, ANY VARIATIONS IN THE WATER (FVEL. UWHERE

A WAVEFRONT Tenps To FoRM, T ACCELERATE. AND To AVOID AN

OVEREXPANSION , an  OVERACCELERATION, in soMe ReG IONS,
T Stow T DOWN,

Ir's AN AppLIcATION oF my FUNDAMENTAL PRINCIPLE, Pure
avd smpe: PLEASE LEAVE THE FLUID IN THE STATE

IN WHICH YOU woutd wISH TO FIND IT,

\.

IN MY EXPERIMENT ON PAGE 28

1 su«wEeDED IN ANNIRILATING THE

BOW WAVE. Buf THE STerN wAVE

REMAINED — /N FACT IT wAS REINFORIED.

THE STeRN WAVE OCCURRED PRECISELY

BECAUSE you LOWERED -THE WATER
LEVEL TOO MUCH WHEN You ACCELERATED I.

40O




)
YoW'RE RiGuT, “THE MAIN OBTECTIVE SwouLd BE TO KEEP THE HEIGHT oF
A{HE WATER CONSTANT = AT THE NATURAL FoTATION UNE.  To Do THAT, T'LL Neep

A WHOLE MAsS OF ELECTRODES, SOME ACCELERATING | SOME RETARDING,

ANOTHER  APPLICATION

oF Tiresias's FRinaipLE |, .

SorT

IT ALL ouT SO THRAT You LEAve THE

THATS RIGHT

FLuiD IN THE STATE IN WHICH Yoy woulD wiSH

10 FIND IT... NO STERN wave !

' WO LDN’
BLooMIN MARvELOUS . Twenny ULDNT T BE EASIER

JusT To STAY FAR eNou

TesLAS WORF 0 MAGNETIZATION, 5 . &H
» OUT TO SEA DONT

ARN' ARCHIE'S KERNOO SKIMS FRU You AL

HAVE MORE IMPORTANT THINGS

THE WATER WIVAHT WAVEFRONTS
To DO?

AN' wivAHT ANY TurBuLeNcE . No

DAMAGE TER LANDIN' STAGES -

Wo- NEXT ¢




T THINK WE OUGHT TO TAKE A GoOD LOOK AT Agcpie's \

IDEA, EsPeciay THE PARIETAL ACCELERRTOR, ALL BOATS SuffFER A LOT FROM

HYDRODYNAMIC DRAQ — RESISTANCE T0 FORWARD MOTION DUE Tp FRICTION OF THE
WATER AGAINST THE nuLL. Now THE PReseNcE ofF WAVEFRONTS ALTERS THE

PRESSURE DISTRIBUTION (OVER THE CONTOUR OF THE HULL, LEADING To A WAVE
ITS WAKE | WHICH GROWS RAPIDLY wITH THE SPEenr  AND THAT MuST BE

—

1 DoN'T AGREE .

TRAN N
kfue MAIN FACTOR UMITING THE SPEED AT wHICH THE BOAT CAN TRAVEL.

=
K (st D

TF THey LisTened TO YoU ,

\\ o
, THEY'D STilL BE BUILDING
L\ 1He Ark!
We Kknow ROUGHLY HOW MUCH ENERGY MUST‘?

BROUGHT INTO PLAY TO SUPPRESS WAVEFRONTS. (%)

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

AT LEAST THE [INCIDENT KINETIC ENERGY

MMMM ... S0 IF THE BOAT GOES AT A
sPeeD V| THEN THE LAPLACE FORCE IB musT

EXCEED SOME DEFINITE THRESHOLD. (%)

(%) See Aeeenpix B (page 71)
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Don'Tt YOou FEEL THAT
ALL. THIS ... ER...

T1'S BEST 70 MAKE THE MAGNETIC FIELD B as warge

As poss\BLE. IF vou HAvE B SMRLL AND COMPENSATE

BY MAKING
Low, AND SECOND, ELECTROLYSIS wiLL OCCUR, QIVING OFF

I LARGE, THEN FIRST THE EFFICIENCY IS ELECTROMAGNETIC PROPULSION
IS Just A UTTLE BIT
ADVANCED FOR THE
CURRENT STATE OF

TECHNOLOGY 7

A LOT OF GASES.

The BLocKAGE
IS FaNTAsTIC !

THE SCREWLESS
SUBNAR!NE

INNOVATE, tunt's aut!
T UAVE A FEELING OUR LITTLE . FRIEND

WON'T BE SATISFIED BY STOPPING THERE,

ARCHIE — ARE -THOSE

NO, ’rlRES\hS——mgy'Re THE
ELECTRODES, Now T've JusT

INSTALL THE COILS,

GoT ToO

AR, THERE'S
THE PoRTHOLE !

Why, THE  Huwl...

IS (T MADE OuT

OF UOOD.?




ELECTRIC
CURRENT

SEE | IF you

APPLY THE RIGHT-HAND
RULE, YOU CAN wWork

OUT THAT -THe DevicE

PRODUCES A FieLp oF

L&PLH‘CE FORCES SUITABLE

LINES

§N OF MAGNETIC
pei o
P '/7
FORCES -

ACTING ( =2

ON THE FLUID

YER'LL Never Ger me
O THEM Fings |

r Come ON, Lenny !

SToP makinG FAces"

€1

We're QOING TO
HYDRODYNE .

[ ]
moPEA 1'M BLooMiN' werL. FED CoMe on Llenny ! TIr's Low
up wi' "Taain's GADGETS, &m, Low TtCﬁ.’
- [ 3

4

= ~k; / Low
% ® e
OrL 'E'wL Do 15 ELECTROCUTE ™E

LOTTA YER!

—

/7
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T DpunNO ‘oW YOU fFeel ABAHT IT... BUT Ter ME |, 17's
ORL JusT A TINY BIT puBiousS ,

L

SIMPLE: you FIDDLE
WITH THE INTENSITIES OF THE
ELECTRODES.

_OR GO INTO = AN MHD SuBMARINE Coup BE VERY QuicK AND
REVERSE, : : CompLeETeLy SILENT,

AHAT'S How IT Goes, my DeAR LeENNY,  WHEN we GET
EFFECTIVE  SUPERCONDUCTING MAGNETS () AND ULTRAEFFICIENT
ELECTRICAL GENERATORS , BOATS wiLL STOP MRKING WAVES, AND

SUBMARINES wiLL BLOW BUBBLES,

A

S,

@Q A SUPERCONDUCTING MATERIAL, COOLED To VERY Low TEMPERATURE (A FEW DegRress KeLvin)
CONDUCTS CURRENT WITHOUT ANY DissIPATION By HEATING. No JOULE EFFECT, 4—




-THE FOLLOWING DAY

T Aﬁ /SO WHATS Youg. ¢ SEARCH ME
| { (GOOD MORNING : \J \/OuMG FRIEND up | TIr's 5u;arms:~’¢_y
N\ /ﬂﬂ\// 0 ’TODA‘/y QUIET,

7 YER, NicE DAY, \/

NNAT?
T CAN SEE whHY. He's ASLEEP. YES/ THAT APPENS FROM TIME ‘@
H . ~/—‘\
\1 \ o
' \\ \ FANK GOODN653!
\\ (Q\VES THE REST OF

US A (HANCE Teg.
RE-KEW- PERATE |

IT wAS A SONIC BOOM

\
.. A SHOCKWAVE. Tyose )

were SUPERSONIC
JET PLANES.

You GET 1HeM A toT
IN THE LESS |NHABITED REGIONS.




SUPERSONiC
FLOW

— THe SHOCKWAVE THAT BROKE THE wWwINDOWS IS VERY
SIMILAR To THE BOW WAVE -THAT SMASHED UP your
LANDING- STAGE .
- You mean, AirPLANES MAKE WAVES 7
— TN A MANNER OF SPEAKING, YES, BuT THEY DoN’T mAKE
SURFACE WAVES; THEY EMIT SOUND WAVES (ymicH TRAVEL
AT THE SPEED OF SOUND Vg (%) WHew A BonT |
TRAVELS AT A steep V GReater Tuan Vs 17 PRobuces  WAVE FRONTS,
BuT WHEN A PLANE TRAVELS FASTER THAN SOUND (aReater THaN Vi) 1T
PRODUCES  SHOCKWAVES .
— How cAN 1, when THERE's ' NO FREE SuRFAcE ¢
— e DENSITY oF THe AIR PLaYS THE ROLE .OF THE HEIGHT oF THE whATER.
SURFACE WAVES Tend T0 MAINTAIN A coNSTANT HEIGHT, SIMILARLY,
SOUND WAVES TEND TO MAINTAIN A CONSTANT DENSITY.
OHOCKWAVES ARE THE  FRONTS  whHeRe DENSITY, PRESSURE, AND TEMPERATURE
ARE MUCH HIGHER.

You CAN COMPARE THE MOTION OF MoLECULE S
TO A LOT OF BUNDFOLDED PEDESTRIANS,
WANDERING ABOUT AT A sPeeD Vg v A ToTALLY
DISORDERED FASHION, “IN ONE PLACE , CoNTINUALLY
BUMPING INTO EACH OTHER ( MoLECULAR cou_lsuws).
AN OBJECT PENETRATING A GAS |S SIMILAR To

A BUS, RUNNING (NTO THE CROWD AT A speep V.
Tr tHis 1§ « LESS HAN Vs, THEN  INFORMATION

cAn Pass  UPSTREAM ( FoRwARD), THe PEDESTRIANS,
WARNED  OF TH:- VEHIQLE'S ARRWAL BEFORE It

REACHES THEM, CAN MAKE WAY FoR 1. Tuats one

way To visvauze QUBSONIC FLOW,

(—‘-AQ See FuGHT ofF FaNCY, SAmE SERIES.
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B(LT WHAT HAPPenS wHEN VY 1s GREARTER -THAN VS?

THe PEDESTRIANS - THEe N

MOLECULES — ARE NO LONGER

ABLE TO AVOID THE ORTECT
BEFORE T REACHES THEM,

S0 MAINTAINING A CONSTANT
DENSITY, So THE GAS (cRrowp)

TENDS To ACCUMULATE AHEAD
OF THE ORBJECT, FoRMING A

SORT OF MOUND — Ay ABRUPT
INCREASE N DENSITY,

HOCKWAVES

O o

© ¢ THIS PHENOMENON IS CALLED A SHOCKWAVE.
0o HERE SOUND WAVES gepace SURFACE
WAVES, OTHERWISE TS JuST THE SAME AS FOR A
4]
< (5

BOW WAVE, FRONTS OF DENSITY) PRESSURE,
AND TEMPERATURE ARE [NEVITABLY FORMED.

He SHOCKWAVE ocours wHeN -THE SPeep V
of -HE FLow IS GREATER THanv THE SPEED
OF SOUND V..




=

OW MEAN -T0 SAY THAT gVeERY

TIME THOSE HOTSHOTS AT -THE AIR

FORCE BASE DECIDE -To AMUSE -THEMSELVES
WITH SOME HIGH-SPEED AEROBATIcS, L

HAVE To LUG A HEAP OF REPLACEMENT
WINDOWS ARoUND -THE House !

FIGures ! -

-
.

So EVERY OBJECT -TRAVELING AT A SUPERSONIC speep (FASTER THAN Sounp)
witt HAVE A FRONTAL sHockwave AND A

REAR  SHoKWAVE. ON THe LerT
IS A BuLlLer, oN THE RIGHT A SPHERE .

EVERY OBIecT, EVEN A GRAIN OF

SAND, PRoJectep AT A speep V> Vs,
cReATes A SHOCK . “THe RaTio

M___V/VS Is cawep Tve MACH NUMBER.

AND IF THE OBJECT IS VERY SMALL,
THE SHOUWAVE IS CALLeD A

MACH WAVE . ()

(%) See Preenpix A Coage 1.



SopHie's RIGHT, You kNow , MAx. THE FLOW OF A LQUID WITH A FREE

SURFACE CLOSELY RESEMBLES -THE SUPERSONIC FLOW OF A GAS.

BETTER TAKE ANOTHER LoOK AT PAGE

1T ™iNKk wWE'D

IS5 7o REMIND OURSELVES ABOUT -THE EFFECT

OF SWwER OR FASTER MoTiON ON THE SHAPE OF THE SHoCK.

BeTweeN THE WARS
PEOPLE DIDNYT HAVE COMPUTERS,
AND -THEY CALCULATED THE SHAPES

OF SHOCKWAVES USING A “MYDRAuLIC
ANALOGY."

ms ! \‘\

A WATER- )/

(4
ComPUTER >

— WITH THE

a&';/

\

IN FACT THERE'S A STRONG
SIMILARITY BETWEEN -THE MATHEMATICAL
EQUATIONS DESCRIBING THE Two SYSTEMS,
HEIGHT OF THE WATER

CORRESPONDING To THE

OF THE GAS,

DENSITY

/ \
Great, Now, aiL I wNeep TO

STupY THAT S A

SUPERSONIC  WIND - TU

Y
=

NNEL.,

2
__ty

OH,

5
J—
7@@

Haw! You won't Be AgLe To Bul::\

“THAT N vour BATHRooM !

A WIND-TUNNEL |

meeos RuPDY GREAT
%ﬁms AN' MASSES OF gueaev!

N
50

AHAT's SOMEFINK ELSE .

N

PERHAPS you OUGHT To APPLY FOR A GRANT

FROM THE NATioNAaL.  Science  FounoaTion.




THE SOUND BARRIER
THE HEAT BARRIER

IT's PossIBLE TO OBSERVE A NUMBER OF

WiTH A SUPERSONIC WIND-TUNNEL,
DIFFERENT PHENOMENA. TPRIMARILY | THE PASSAGE THROUGH e SOUND BARRER

(Vt Vs)) ACCOMPANIED @y  THE APPEARANCE oF A WAVE TRAIN wHicH 15
SUPERIMPOSED on TME TRAIN Due To F RICTIONAL DRAG.

@ WHAT'S THAT N cochEf@ COMPRESSION EXPANS\ON
N\ ’

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

I1's No\SY, IT'S USELESS, AND

!T WASTES ENERGY,

DespiTe 1TS SUM SHAPE,

DESIGNED T0 REDWE THIS WAKE, THE
CONCORDE spends 407, of 175

ENERGY CRENTING  SHOCKWAVES.
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IF yo
YOu WANTED g OVERFLY AN INHABITED REGION AT LOW ALTITUDE

AT MACH 5 0rR G, EVERBAYS ROOF would FALL IN.

o O—3

o/’ o>

% @Q ST

60—
o—> o—

AcRoss A SHOCKNAVE, HE DENSITY anp
PRESSURE INCREASE DRAMATICALLY. AND ALSO —
1ie TEMPERATURE, The ABSOLUTE
TEMPERATURE s A MEASURE OF THE
KINETIC ENERGY ZMVS OF  THERMAL
AGITATION OF MOLECULES. TF THE GAS
"CoLLIDES ~ WITH AN OBJECT AT A speep V,
THEN AT THE STATIONARY POINT A (wnere Tue GAS STOPS CAMPLETEL)') ALL OF THIS

0»0\) O—a

ENERGY 1S CONVERTED |NTO THERMAL AGITATION, SO0 AT THe POINT A Tue
QTOPPWG TEMPERATURE VARIES AS THE SQUARE oF THe sPeeb V.

———

FerR A Given sPeeD, ™ME RAckeR THE
AR, THE 'OTTER EVERYFINK GETS.
This PHENOMENON, wHicH ' G

«
ONLY BECOMES NOTICEABLE f %

" g ABoVE MACH 2) IMPOSES Se® AR
A SERIOWS CONSTRAINT oN
P2 - RcraFr, known As THE B
"HEAT BARRIER, Alf
WricH MEANS THAT HYPERSONIC SPEEDS

AT Low ALTITUDES ARE AN IMPOSSIBILTY |

TS A WARM Nose -
A SIGN OF HEALTH?

YeAw, SURE. BuT LOW-ALTITUDE
/

SUPERSONIC. FLIGHT 1S ALL ToO PossiBLe | LsN'T
THERE SOME WAY TO INVENT SUPERSONMIC AIRCRAFT
“THAT DON'T  SMASH WINDOWS | )




N |

10 DO THRT, ARCHIE, you Neebd AND  THAT, my DEAR CHAE

To DEVELOP MACHINES THAT pPoN'T mAKE 1S UTTERLY /MPossigLe. IF NOT,

)
SHOCKWAVES AT sUPERSOMC SPEEDS, THEY'D HAVE DONE T LoNG AGO.

|
~
\\
\
S

)

LG
€
MAYBE, MAYBE.... TF A SHock FORMS, IT's LIKE A Bow WAVE, BECAUSE yoy

CAN'T AFFECT THE MOLECULES UFs-rREAM B\/ wny OF COLL!SIONS DUE T0

SOUND WAVES  FAST EMNOUGH FOR THEM TO MAKE WAY. So THEY CLUMP ToGeTHER
INTO A KIND OF Mmounp, 1He SHOCKWAVE.

@
LoGICALLY SPEAKING, THE /\

PosSIBILITY OF ACTING IN //
ADVANCE By LApPLace Forces ( (

TIRESIAS, TAKE A Look AT

THIS PHoTO oF THE MHD Flow
ON PAGE 30, RounDd A CJLINDER.
WOULDN’T You SAY IT'S RATHER

SIMILAR To A  SUCTION
EFFEC\'? Hmmm,. . 7

SHEDS A NEW LIGHT ON THE
PROBLEM OF SHOCKWAVES,

THAT'S TRUE — IN THE HYDRAULIC EXPERIMENTS
You MANAGED T0 SUCK IN -THE WATER UPSTREAM,

ENougH T0 CREATE A DgPRESSION,

“THE PROBLEM (S —
How Do WE EXTEND

Tae ANALOGY ¢




TF THE HYDRAULC &
NALOGY 1S ANYTHING TO @GO BY, T LoOKS AS (F THERE

ARE  THREE METHODPS OF FLYING .

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

> MAKE THE MOLECULES oF AIR MOVE FROM  ABAOVE
TO BElLow.

® \’/ }\/ﬂ\% %

1 CREATE A MOVEMENT OF

FIRST SYSTEM:

THE GAS usiNG AN Mogonic  Mowwsc. !

AIRFOIL. A ROTOR 15 TusT A

REVOLVING A |RFOIL.

WHAT AIRFOIL? Aw T
CAN Seg ARE TWO

COUNTERROTATING
RoTaRsS,

HERE'S How TO
OBSERVE THE

INDUCED VELOUTY.




SECOND SYSTEM: ACLELERATE A r@wm's v THIRD sysTem ¢
GAS THAT You PRoDUCE YouRSELFE

/

P
Ao my THINKING, ITS
1 SUck IN THE

AIR FROM BELOW

usIiNG LAPLACE FORCES.

AND SoPHIE, NO DOUBT, (
AT THE BEACH....

)
YeaH... Arcrie An TiResias
BoFE. ITS A cRyiN sHAME!

THEY'VE BOTH GONE COMPLETELY POTTY,
THE PAIR oF THEM, T. Do DEC.LHRE"/

AT LeAsT
Max fAs A
BIT

T PoinTeD ouT To Lenny
MISELF ~ TUST NOW, THAT IT'S ‘
IMPOSSIBLE | BECAUSE AIR WONT
CeNDUCT ELECTRICITY

WHAT's up
WITH You ?

ARCHIE'S GOoT SoME .
CRAZY IDEA IN 15 'eaD..
ABART  FLYIN'  wiv
H'ELECTRICITY,

IT's AN
INSULATOR,
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You ApPLY, “THAT 1S, THE RATIO BETweEN THE TENSION AT THE ELECTRODES
PER MILLIMETER , 1T CRACKLES AWAY LIKE MAD!

S0 WHEN'S THE
ELECTRIC CONCORDE

comIN’ | EH 4

You SEe, wiTH A mAGNETICc Feep B ofF 4 Testas
(40,000 GAUSS) C*) AND A CURRENT DENSITY OF
ONE AMPERe PER  SQUARE CENTIMETER (TEN THOUSAND
AMPERES  PER SQUARE METER) you ceT A LAPLACE FoRce oF
40,000 NewTons PER cuBlc METER.,  ABowr FouR ToNS

PeR cwBic METER  TF THE  moTOR HAs A USEFUL VOWME OF
ONE CuBIC METER, IT_PROVIDES FOUR TONS OF THRUST.

SOLENOIDS I ” Y
B — %éq FOUR. -ToNs !

F [

’ANG on! Yer Bunkin' prEAMIN'
Again!  THREE THousAND vorrs PER

For LaPLACE Fogrces, TwATS
MINDBOGGLING | ...

MILLIMETER ... THATS GETTIN ON FER B
A cool. MILLYON voits per meter ! '

\C j T kNow A
STRIKING APPLICATION OF
> LArAce Forces.

frriwoen 7

f 6 (*) ABouT 100 TIMES MORE THAN THAT oF AN ORDINARY MPAGNET,

T ‘oPe YER GoT A

ReAL BANG outrTA THaT!




SopHIE, SOPHIE | come AND see!
A@cme‘s INVENTING SOMETH/NG REALLY WAy
Owr ! We's gong T0 FLY 8Y ElLecTrRiciTy!

My GooDNESS,
I'm onN )
my WAY.

’
TeER AVE A CcOOLIN SYSTEM FeR THE SOOPAcoNDUCTERS , AT ULTRALOW -TEAMPRACHERS

AND A CLECTRICAL GENNYRATER woT PuT AHT 'UNDREDS o MeeAwoTs, H IMAGine
THE _WEIGHT  of 1T orL!

//~w

! Z‘.

You MiGHT AS WELL TRy

To FLY A BLINKIN’
NOOKLYER POWER
staTioN !

FLvING BY MEANS OF ELECTRICITY IS
IMP06SS| BLE.

On Yern?  So wAaT
MAKES  THAT rLy

BuT THATS Diff'Renr-
IT'S GOTTA H AIRSCREW..

~X

Yes, BuT wHATS AN MHD PROPULSION UNIT omuee
THAN A KIND OF  ELECTROMAGNETIC AIRSCREW?
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To FUY,  you need ENERGY.
IT DOESN™T MATTER MuCH WHAT FORM
THE ENERGY TAKES™  CHEM|CAL ,

ELECTRICAL = AS L oNG As THERE's

ENOUGH  oF T,

’ ’\
AW,
N A

/.// WHEN »yoU ook AT THE BASICS, FLYING IS REALLY JuST A MATTER
qi‘éd of T™E FOWER-TO-WEIGHT RATIO foR A GIVEN SPEED.

7 ‘\ 6O kM /R THE WRIGHT 50 km/ue
4O «m /ae man- PoweRep BIPLANE LIGHT AIRCRAFT
PLANE - (Low-TECH)
\

(oR ELECTRIC)

100 waTTs Per KkILOGRAM

1O WATTS Per kioarAM

} 300 weaTTs PER

KILOGRAM

700 km/uR

FIGHTER PLANE OF THE
NexT (AnND LAST) WORLD

Q,O)OOO WaTrs
PER KiLoGRAM

5000 WATTs per KILOGRAM
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;
'ANG oN, 'ANG ON, 'oLD YER 'ORSES. Ton'T A NooKLYER POWER .
STATION PRopUCE A KILLERWOT o HELECTRICKLE HenNERGY PER KILER GRAM.

I
By YOUR ARGUMENT HIT _OLGHTA TAKE OFF OF (Ts owN AccorRD,

S

TeN TonNs FOR A

HUNDREP MEGAWATTS
ir's mPoSSIBLE |

CoNFounp THAT H:qews./ Trs FivALY

REGINNING To LoOoK AS IF You'veE GoT TO
ExTEND To GASES yg |DEA WE REACHED FoR

FLOWS oF A ULQUID wiTH A FREE SURFACE!
g INTERACTION CRITERION AND ITS

EFFects oN MHD EFFICIENCY. THERE MusST
BE A SNAG SOMEWHERE — L woONDER

WHAT T IS 7

IN THE EXPERIMENT ON PAGE 43, T00 STRONG AN

APPLICATION OF ENERGY FRODUCED A BLOCKAGE,




THERMAL BLOCKAGE

TS 1T POSSIBLE THAT A SIMILAR

PHENOMENON IN A GAS MIGHT PREVENT
THE MHUD AcTion™

HEAT, via -THE TJoute effecT  Inv A PURELY

ELECTRICAL DiscHARGE (nvo
MAGNETIC FIELD) TWE BUBBLE OF HoT GAS BEHAVES LIKE A TRAFFIC JAM, AwD A
SHOCKWAVE FORMS.

So

ARCHIE'S

- EXPERIMENT 1S DO&MED
SHOCKWAVE HOT GAS

é THERMAL BLOCKAGE, w

Ir ALL DEPenps on
THE ELECTRICAL
CONDUCT IVITY

10 FAILURE ©

OF THE
AR (AND THE VAR 10US

WAYs OF RFFECTING IT)_

IF 1ms wigw ENOUGH(¥)

THEN THe pPRODUCTION OF
HEAT wilL STAY

MODERATE, RAND THERE

WON’T BE ANy BLOCKAGE.




Ow, ok AT Aruie,

HE‘S GONE TO

WHAT Do YoU MPKE OF ALL THAT .

7

H' INASMUCH  AS THESE

WOoTsITS

WHAT A SuRPRISE....

1
nppen N THE Nex CENCHERY — (T's QUESTIoMABLE

‘erE

CORRESPOND -TO TECHNOLOGY wWOT MIGHT

MHD  HAeroDYNE

| Bur THere MlG;HTTg\.

SOME |NTEREST fOR
Basic Scrence 7

HeaveNS. . .
WHAT A DAY {

YuR, SuRg,
Basic ScieNCE ... .

SteeP, Principe TINVESTiGATOR
OF MY HEART,




MR. Hiaeins © You oRDERED
A TWO-HUNDRED-MEQGAWATT ELECTRICAL
qeuﬁAToR) A& TEN-MEGAWATT  MICROW AVE

SOURCE , /A REEL OF SUPERCONDULTING WIRE )

1O0TAL WEIGHT TWENTY TONS,,, 7

THERE'S SOME

SMASH ING STUFF,

|
ARCHIE | uen po WE

STaRT 7

THAT WAS A WEIRD -TRUCK HE HAD,
“TiResSIAS. Dip You SEE 1T 7

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

WE Go For T’

WEe ao FoR !

AN
HH IR
AIRERURRS

i T\" ¥ ‘\\\‘\\ > \

)
W

02




(AOHY 1S YouR AERODYNE

So SQUASHED 7

TTr's A BETTER SHAPE FOR EXPLOITING THE
DECOMPRESSION I'M GoiNGa To PRODUCE oN
THE ToP AND THE COMPRESSION LNDERNEATH.

1HE WIRES wilL BE CoOLED TO VERY

FIRST LeT's DeaL wiH THE MAGNETIC Low TeEMPERATURE wiTH LiQuib HeuuM.

FIELD.

WIRE

Using THE SUPERCONDUCTING (O avD @ ARE VECTORS PERPENDICOLAR

To THE PLANE ofF THe DRAwING; (©

I cAN MAKE ThE CURRENT FLOW IN
POINTING ToOWARED
THE READER,

@ AwAY FROM

THe READER,

ALTERNATE DIRECTIONS, LIKE THIS,

/ﬁese PARALLEL wlees, THE CURRENT
You GET A MAGNETIC FIELD (wHIcH
REVERSES EVERY d MILLIMETERS,

@/ERSES FROM ONE To THE NEXT.

THe WIRES WILL FolLow THE MERIDIANS
OF THE VEHICLE.

Avo T w cover THEM WwITH

CERAMIC TILES.




AND You ALTERNATE THE POLARITIES

OF THE ELECTRODES — JUST LIKE THE

PARIETAL AccerLeRATOR

T CAN PUT THE wiReS AND
THE ELECTRODES VERY CloSE
TOGeTHER, WHICH HAS SEVERAL

ADVANTAGES.

OVER THE TOP OF THE TILES Ty
PUT THE elecTRODES ., ALSO ALIGNED

WITH THE MERIDIANS,

THAT wiLL CREATE THIS Kkind
of FORCE FIELD 4Rounp

THE APPARATYS.




FirsT , 1T xeeps DowN tue vorrase T

NEED ToO RAPPLY To THE ELECTRODES,

SECOND, T KEEPS DOwN THE VOLUME N WHICH THE
/

MAGNETIC FigLD IS CRERTED, IN PRACTICAL TERMS

THAT's THE AREA oF THE SURFAce oF THE MRACHINE

“THIRD, THE RCTIoN TAKES PLACE

IN A  THIN
LAYER , CONCENTRATING THE I1oNIZAMON, THE
FORCE .

AND HERES THE GAsEous

FLow —THAT RESULTS,

IT'S LIKE A SORT oF
ELECTROMAGNET|C

HELICOPTER.

TIT Tust REMAINS To PR6DUCE

ENOWGH 1ONIZATION, THAT 1S, ENOUGH
FREE ELECTRONS (N THe LAYER oF GAS.

PRESSURE
DISTRiBUTION

IF you Pur THE ELECTRODES A

MILLIMETER APART AND useE A THOUS AND voLTs,

THAT SHouLD BE ENougH Te STRIP ELECTRoNS
FROM THe ATOoMS, FREEING THEM FoR

A CURRENT 7O PASS
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THE iONiZATiON
PROBLEM

The COMPONENT OF THE AIR THAT PROVIDES FREE ELECTRONS IsN'T OXYGEN

OR NITROGEN | BUT NITRoUS oxipE (NO). BuT THE SIMPLEST SoWTIoN 1S To

ENRICH THE AIR wiITH A SUBSTANCE THAT GIVES OFF PLENTY OF FREE ELECTRONS,

suoeH AS Cesium  or Sobium.

So we Boke PORES THrouaH

THe CERAMIC COVERING, AND EMIT SMALL

GQuanTiTies of  CEsiumM vapor THROUGH THEM

DURING FriguT,

ON BoaRrD, ARCHIE'S GoT

A GENERATOR PRoDUCING A VERY

HIGH FREQUENCY  ALTERN ATING

ELECTRIC FIELD IN THE
SYRROUNDING AIR (THREE
THOUSAND

MEGAHEKTL)

THese micrownves ARE RAPIDLY ABSoRBED

BY THE LAYeER oF AIR SURROUND ;NG THE

MACHINE  aAnD ALS0 PRODUCE FREE

ELECTRoNsS .
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RigHT, T RECKON TwaT's THE LoT.
AN INTERNAL TELEVISION CIRCUIT, USING
mic ROCAMCRAS DISTRIBUTED OUVER -THE
SURFALE, WILL Give AS GoodD A VIEW OF
THE OUTSIDE,

PATH OF A
MOLECULE OF GBAS

LAYER oF

PLASMA

|ONIZATION

- =

S

T

-

—

ZBEIOM\‘LA‘no:J ACCOMPANIED
Y BY LIGHT Emissiop

WHAT'S THAT

GADGET 7

STRIKE ME pink!  Lenny AnD HIS

FRIEND/ OVER THERE.. ..

THEY'D BETTER Look
ouT FoR -THE

MICROWAVES '

Raisg THE LANDING-GEAR '




T

r/
\7 CRAZY ... IT FLIES

b JUST LIKE A HepicoPrer,

%
g

EXCEPT THAT INSTEAD OF

CHANGING THE ANGLE OF THE RoOTOR

BLADPES , You ALTER THE CURRENTS,

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

>.7 Thgy LOOK LIKE THEY've seen THE DeVIL.

~ ~

|
y
\

~

v

T1s  WEIRD.

T ——

THEY'RE ToTALLY ZONKED ouf. ...




Awe MHD AERODYNE conTINUES oN

ITS WAY , LEAVING BEHIND A LONG, BRIQHT

PiLe on THE coaLs!

rrait of CesiuM VAPoR.

“THE PoweRr |NCREASES,
AND “THE MACHINE ASSUmeS THE

ASPECT OF A SHooTing STAR. ...

OH GosH, wow, Gouuy!

WE'RE GoiNG AT LeasT

FoOuR oR FIVE TIimES FASTE R
THAN SouA/_D_/

Hey, ARCHIE ... SiNcE we'RE coNTROLLING First THERE's THE SOUND

BARRIER... THen THE HERT
BARRIER ... anD Now, I GeT

THE QAS FLow COMPLETELy) WE'RE
FLY/N G

WITHOUT ANY  TURBULENCE OR
SHOCKWAVES, RIGHT 7

T _S—;—/
T Guess,

j',t"
~.{_ Erao... NO NOISE.

THE FEeELING WwWE'VE BRoKEN., ..







SCIENTIFIC APPENDIXES

DuRING A TIME t AN
EMITTED WAVE PROPAGA"TE.S
) RADIALLY To A DIsTANCE

R= Vs‘t, WHILE THE OBJECT
MovES L= Ve,
‘ V.
"fHEReroRE_M..J; sin= 2 _ R
Vs R VoL

I8

TT 1S POSSIBLE TO ACT ON THE WAVE

SysTem IF THE ENERGY ReECEIVED BY “THE

voowMe ELeMenT TBL (work poNne BY THE
LApLAace FoRCE ALONG THE (NTERACTIoN LENGTH)
IS QREATER THAN THE KINETIC ENERGY T_zLFVZ
IN SALT WATER ELECTROLYsiS LIMITS J  To
1 alem* ( 10%A/m™).
@Z"M Asswvte THE CYLINDER GOES

EmMm_

(8 X 10°m), wiTH AN INTERACTION LENGTH
EQUAL To THE SI2E OF THE ELECTRODE;
261073m; AND P 10> ko /M2 TF B= 1 TEsw
(10,000 gauss) THE INTERACTION
PARAMETER 1S 5=lﬂf}"— = 10. THE
BOW WAVE /s anniditATED, ..

‘Suppose V= § em [sec.

D

THE Excess PRESSURE AT THE

STATIONARY PoinT wni BE , IN AL,
ifvz WHERE 15 THE DENSI

, T
ofF e AIR( 1.3 xa/m3) anp
V Is THE SPEED oOF THE ORJeCT.

FoR A FRONTAL AREA oF 1 M™

THE PpPoweR P LosST v THE

WAVE TRAIN WiLL BE 3'_/ov3‘

TIr V= o0m!s P = 200 MW

Ir V=1500mls P =2000 MW
E I

“fue BOAT HAS A THRUST OF 1 GRAM.

O 1073 k6 or 107° NewTons. Tt TRAVELS

a1t 0.1 M|sec, CORRESPONDING To A POWER

oE 1072 waTTs.  THE GENERATOR SUPPLIES

25 vours, RO AMPERES, ’er\;r 1s, 500 w:TTS_

Tue EFFICIENCY 15 THUS ¥ = —’SQ&J— =2x 10"

FLuiD PAasses THRouGH THE ACCELERATOR IN TIME
So THE PROPULSIVE FPOWER IS _T_th-.

Bwr -s- s THE speed V., Moreovgr, THE
PoweR DISSIPATED BY THE JOulE EFFECT IS T /o‘

¢ s THE ELECTRICAL CONDUCTIVITY,

WHERE
FF NCY = JBvY

So THg EFFICIENC 1S 1 = v 4 3 /s
witd @ =10 MHOS [ M

B = 25 TesLAS WE GET

V = 2OMISEC TI'—'— 0.33

J = |0% A] M THe EFFiCiENCYy INCREASES
: witH

THE PowER Assoc [ATED wiTH
MHD AcceLerATion 1s JBV.

With  J= 10°A/M> B-= 4 TESLAS,
V=1000m|sec, we vae TBV= 40 mw/m.
TF THE ELECTRICAL  CONDUCTIVITY OF
THE AR (AWRAY FROM EoulngmuM)
Reacies 10 muoS [m, THAT oF saur
water, uen THE HeaT T>le
propuceDd By THE JouLe EFFECT,
CORRESPoNDS To A POWER OF

10 MW/ m3.  TT's ATTAINABLE .
TIr woulD Be BEST To WORK yITH
B iarge (20 TeStAs) anp To
INCREASE ARTIFICIALLY THE
CONDUCTIVITY @ (By emiTTing

THRouGQH A PoRous WALL
oF

ALKAL
OR VIA THE ACTION
MICROWAVES ) |






