





YEAH, PEOPLE e :
HAVE THIS [DEA THAT BUT WE

P0GS ONLY EXIST POWN - HAVE A FEW OF
THERE ON THE ' THEM UP HERE

GROUND. : IN SPACE

P0GS: TEKS AND TAKS. §
THEY LIVE UP HERE
. WITH ME.

AND THIS (5 TEKS. HE |
STILL HAS HIS TAIL 0 M
HE'G NOT CHARBED UP
AT ALL. :
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9 ,«ﬂ e THIZ 18 TAKS. HE'S
| 4‘/ : JUMPY BECAUSE HE'S |
\. Ilf‘“f S ONE (2 JUMPY Wl MISSING HIS TAIL, 50

___Jb '_ WHILE THE OTHER HE'S POSITIVELY

12 BARELY AWAKE. | | CHARGED U"




X 50 TeKS :
% |5 LIKE THIS SINCE
HI& POSITIVE AND
NEGATIVE CHARGED
PARTS CANCEL
ouTt a

YOU SEE, THAT'S THE WAY ANDEOID
D065 BEHAVE. THEY ARE ELECTRICAL
AFTER ALL. THEIRZ BOPIES HAVE POSITIVE
CHARBE AND THEIE TAILS HAVE NEBATIVE
CHARBE.

LIKE THIS UNTIL
HE EATS ONE OF
THESE ENEQGY
b\ 8lscuits,

KA




IF THERE I5 ' FORTUNATELY,
ENOUGH ENERGY THEY DON'T STAY
IN THE BISCUIT, HIS LIKE THIS ALL
TAIL FLIES OFF AND ( ; THE TIME.
HE BECOMES \ - :
ENERQGIZED.

N THERE ARE LOTS OF LOOSE TAILS FLYING
ACOUND UP HERE THAT HAVE POPPED OFF
OF OTHER SPACE P05, 50....

 BOMETIMES THE ELECTEICAL OH vEaH, WHEN THE| | 27 THIS Was A zeaL
ATTCACTION BETWEEN THEM TAIL REATTACHES 008, THIE WOULD BE
THEY HAVE TO BET Vo114
CAUSES ONE OF THE LOOSE sig Lami ks ;
TAILE TO ATTACH (TSELF BACK FORTUNATELY
\ on THe po6. ENERGY .. THEY'RE ANDROIDS,
a— : 80 IT'8 NOT.

THAT MAKES THEM
NEUTRAL AGAIN ANG
THEY CALM OONWN.

.80 BOMETIMES
THEY 8PIT OUT
ANOTHER ENERBY
BISCUIT.




AM T DOING UP
HEREZ MY JOB
(6 TO COUNT THE

THE GLCIENTISTS
POWN ON EARTH
WANT TO KEEP
TRACK OF HOW
MANY 0065
THERE ARE

..COUNT THEM ALL,
AND FIGURE OUT
WHETHER THEY'RE
ENEQGIZED

THEN T SEND ALL
THAT INFORMATION
POWN TO EARTH. HI
THERE, ROBERTO!!




OH, THE
USUAL. THEY'RE
JUMPING ALL OVER
THE PLACE.

WELL, [T
LOOKS LIKE YOU'LLY
GET GOME MORE

N EXCITEMENT.

FORECASTERS 1
ARE PREQICTING A
BIG PACK OF POGS

JUST AFTER YOU
60 THROUGH

ROGER THAT!
WE SHOULD BE ORBITING
AROUND TO THE NIGHTSIDE
IN JUST A FEW MINUTES.
GOTTA GET READY!
BYE, ROBERTO! 4

you'ee
PROBABLY
WONPERING WHY
T HAVE TO HAVE
TWO NETS T HAVE TO
HERE.  UBSE ONE KIND FOR
mll THE JUMPY DO6S AND
W A DIFEERENT KIND FOR







£

50 YOU'VE
& GOT TO USE THE
RIGHT NET FOR THE
RIGHT pOG!

> NOW WE'RE
COMING AROUND TO
THE NIGHT SIDE OF THE AND THAT'S
EARTH, JUST AFTER  WHERE WE FIND THE
INTERESTING GROUPS
OF G6PALE D065,

THERE'S
THE PACK!
LET'6 60/




. TWO MILLION,
EIGHT HUNDRED AND TWENTY SEVEN
y THOUSAND, FOUR HUNDRED AND ELEVEN...
TWO MILLION, EIGHT HUNDRED AND TWENTY SEVEN
THOUBAND, FOUR HUNDRED AND TWELVE...TWNO
MILLION, EIGHT HUNDZED AND TWENTY SEVEN

n M Q
...ONE MILLION, TWO .,‘)‘;
HUNDRED FIFTEEN THOUSAND, EIGHT @‘
: HUNORED AND GEVENTY-SEVEN...ONE MILLION, '.
WO HUNPRED FIFTEEN THOUSAND, EIGHT HUNDEED § )
\ AND SEVENTY-EIGHT...ONE MILLION, TWO
Y HUNDPZED FIFTEEN THOUSAND, EIGHT HUNDZED ANC




BUT THAT

WAS A GREAT GROUP
OF POGGE THERE, ANO T :
GOT ALOT OF PATA THEY'RE
GOING TO WANT BACK ON




. HOLA

ROBERTO! T FINIGHED
WITH THAT PACK OF 0065,
I'M SENDING THE
S OATA NOW!/

THANKS
CINDI! WE 6OT
(T ALL NOW.

WELL NOW

THAT I'VE SHOWN
YOU WHAT MY LIFE (& LIKE,
LET ME SHOW YOU WHAT THE
REAL LINDT (6 LIKE AND
WHAT [T POES.




THIS (8 THE C/NOFS (64Y
“SEE-NOFS™) SATELLITE IN
SPACE. IT'6 A BLIENTIFIC
SATELLITE RUN BY THE LS
Ald FORCE AND NASA.

MO&T ; BUT INIDE THIS
EOLKS THINK N ONE CENTIMETER

CUBE UP HERE
THAT 6P ALCE UP THEZE ACE STILL

HERE (S EMPTY-- ABOUT 10 MILLION
A COMPLETE ATOME ANG
VACUUM, MOLECULES OF A/

NOTE: PICTURE NOT TO S8CALE. C/NOFS SHOULD BE
MUCH CLOSEE TO THE EACTH.

NOW THAT MAY SEEM C/NOFS (8 IN ORBIT IN THE PART
gﬁeeﬁ ;Tc:{sz%; 2‘3,3;?, OF THE ATMOSPHERE CALLED THE

(ONOBPHERE. IT'G CALLED THAT
ARE, THAT GAME CUBE BECAUSE MANY OF THE AIR

Lok siciro PARTICLES THERE ARE IONE,
MILLION ATOMS AND
MOLECULES!

~110 km and up

Stratosphere

 NOTE:PILTURE NOT TO SCALE AGAIN.
THE HEIGHTS HEGE AE ECATED FOZ YOUR VIEWING PLEASURE.




HERE'S A TYPICAL OXYGEN ATOM YOU WOULP
FIND IN THE UPPER ATMOSPHERE. IT HAS AN
EQUAL NUMBER OF POSITIVE PEOTONS IN (TS
CENTER AS IT HAS NEGATIVE ELECTRONS GOING
AROUND IT. 80 IT6 NEUTRAL, IT HAS NO NET

CHARBE,

BUT SOMETIMES WHEN THE ATOM ABSORBS A
PHOTON OF LIGHT, THE EXTRA ENEZBY CAUSES
ONE OF ITS ELECTRONS TO GET KICKEC OFF.
JUST LIKE ONE OF THE SPACECOSS LOSING A
TAIL WHEN THEY EAT AN ENERGY BISCUIT.

THE “OXYEEN" YOU BREATHE DOWN THERE (£ BEALLY A MOLECULE
OF TWO OKYGEN ATOMS. WE'E JUST SHOWING ONE OXYEEN
ATOM HERE BECAUSE THAT'G THE WAY IT 16 IN THE [ONOSPHERE
ANP BECAUSE IT'8 A LOT EASIEE TO PRAW JUST ONE.
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8 protons (+) + 8 electrons (=)
Net Charge = 0
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Net Charge =7

CHARBE IS +1.

NOW THE ATOM HAS ONE MOEZE POSITIVE CHARGE
THAN NEGATIVE CHARGE, 60 ITS NET ELECTRICAL
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8 protons (+) + 7 electrons (=)
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CHARGE = 0

NEUTRAL ION

AND AN
ATOM 0@
MOLECULE WITH

WE CALL ™%
AN ATOM 02
MOLECULE WITH
NO NET CHARGE A A
“NEUTRAL”...




CHARGE =0

NEUTRAL

Up Heee
IN GPACE THE IONS
AND NEUTRALS ACT
PIFFERENTLY,

HERE IN THE
/" |IONOSPHERE WE HAVE
A MIXTURE OF NEUTRALS AND
IONS. TIT'C GORT OF LIKE THE
NEUTRAL AND ENERGETIC
GPACEPOGS T HAVE

ﬁl Up HERE.

A NEUTRAL JUST
MOVES UNPER THE

(] COMBINED FORCES

© OF GRAVITY AND
PRESSURE.
e

©

S}

CHARGE = +1 PRESSURE
ION

NEUTRAL

GRAVITY

N

BUT SINCE AN [ON 16 ELECTRICALLY CHARGED,
IT ALGO FEELS THE FORCE OF THE ELECTRIC
FIELDS AND MAGNETIC FIELOS UP HERE. SO IT
MOVES AROUND UNDER THE COMBINED EFFECT
OF ALL FOUR FORCES, AND GENERALLY TRIES
TO MOVE IN A DIFFERENT DIRECTION THAN THE
NEUTRALS ARE MOVING.

PRESSURE
MAGNETIC

// FIELD

\\ ELECTRIC
FIELD

GRAVITY

.. THEY

Hlfg ::JEQT WOuULP ALL
NEUTZALS OF MOVE TOGETHER
i PIRECTION.
NEUTRAL

g

ION

/NEUTRAL
BUT GINCE THEY

___\ ‘ MOVE IN DIFFERENT
PICECTIONSG, THEY
BUMP INTO EACH
OTHER ALL THE TIME,
AND THAT MAKES

ION THEM MOVE IN EVEN
MORE COMPLICATED
PIRECTIONS!




Up HERE THE .'
NEUTRALS AND THE IONS uUser 10 THI'NK ;
PON'T MOVE INDEPENDENTLY OF THEY NAMED (T [

EACH OTHER; THEY'RE COUPLED
TOGETHER.

4

WHICH (&6 WHY
WE CALL OUR INSTRUMENT
THE “COUPLED TON-NEUTRAL
DYNAMICS INVESTIGATION”
0R “CINDI”.

ENERQGETIC SPACEPOGS UP

HERE, CINDT MEASURES

THE IONS AND NEUTRALS
HERE IN OQBIT.

AFTER
IT MAKES THE
MEASUREMENTS,
THAT INFORMATION 15
RADIOED BACK TO THE
SCIENTIETS ON
THE GROUND,

JUST LIKE T NEED TWO
PIFFERENT NETS TO CATCH
TWO PIFFERENT KINDS OF
SPACEDOGS...

Y /7,

CINDT NEEOS
TWO PIFFERENT
SETS OF INSTRUMENTS
TO MEASURE BOTH
THE IONS AND THE
NEUTRALS.




THIS (6 THE TON VELOCITY
METER OR TYM, T FHAE TWO ARRIVAL ANGLE MEASUREMENT

PARTS AN IT PETELTS ONLY
THE [ONS THAT GET INSIPE .
Ion Drift Meter

AND (6NORES THE NEUTEALS. &

zss- Irack Wind Sensor

cm[ﬁ] -G Cln(w]
= Y

cos(c + )

NOT ONLY
PDOES IT COUNT THE
NUMBER OF IONG, IT ALGO
TELLS US WHICH PIRECTION
THEY'RE MOVING, HOW
ENERZGETIC THEY ARE,
AND WHICH ELEMENTS
THEY ARE.

IT ALS0O HAS TWO PARTS, AND IT
HAS AN ELECTRIC FIELD IN FEONT
OF IT TO KEEP THE IONS OUT 80 : :
IT ONLY MEASURES THE NEUTRALS. S0 WHY WOULD 'R
ANYONE CARE
ABOUT MEASURING
THESE [ONS AND
NEUTRALS OUT
IN SPACE?

THIS (&
THE NEUTRAL
WIND METER

OR NWM.

JUBT LIKE THE TVM, THE

NWM COUNTS THE NUMBER OF
NEUTEALS AND TELLS US IN WHAT
PIRECTION THEY CE MOVING.




WELL, THESE
DIFFERENT FORLCES
AFFECTING THE IONS
AND NEUTRALS UP HERE
CREATE BI6 STRUCTURES
IN THE (ONOSPHERE
THAT ARE ALWAYS
CHANGING.

IT6 JUST LIKE THE
WEATHER THAT'S ALWAYS
CHANGING POWN THERE
WHERE YOU ARE. IN FALCT,
THAT'G WHY WE CALL THIS
“SPACE WEATHER.”

FOR EXAMPLE, NEAR THE EQUATOR JUST AFTER SUNSET YOU CAN
HAVE BEBIONS IN THE LOWER ONOSPHEZE WHERE THE PENSITY

OF IONS (5 LOW, WHILE THERE ARE REBIONS ABOVE THAT WHERE
THE PENSITIES ARE HIGHER.

HIGH DENSITY OF IONS

=l

e

LOW DENSITY OF IONS

EARTH

re—

I— SOMETIMES NOTHING HAPPENS.
BUT AT OTHER TIMES BUBBLES
OF LOW DENSITY (ONS FORM
AND MOVE UPWAED.

O

HIGH DENSITY OF IONS

LOW DENSITY OF IONS

EARTH




APPARENT LOCATION
OF SPACECRAFT

YEAH,
THAT'S RIGHT!
IT (6 JUST LIKE
A COOL LAVA

REAL LOCATION

OF SPACECRATT S DIFFERENT DENSITIES OF IONS
. BENP<IHE DIRECTION OF THE

IL-'\is"IL')}JE"L:\.\]'.'\‘ TRAVEL.

BUBBLES OF
IONG CAN MESS
UP YOUR SATELLITE
NAVIGATION
SYSTEMS.

You are currently
400 miles out in
the Pacific Ocean.
Turn left. ..

YOU'RE TRYING TO
COMMUNICATE THROUGH A
SATELLITE, THESE BUBBLES
OF IONG CAN REALLY

BUT THIS POESN'T HAPPEN ALL OF THE TIME,
JUST SOME OF THE TIME. LIKE I 8AI0, [T'S
JUST LIKE WEATHER.

=

DAY BEFORE YESTERDAY YESTERDAY TODAY




IF WE COULD FORECAST THE
SPACE WEATHER JUST LIKE WE
FORECAST THE WEATHER DOWN

ON THE GROUND, THEN WE'D KNOW
AHEAD OF TIME WHEN THESE
BUBBLES WERE GOING TO
INTERFERE WITH OUR
SATELLITES.

Strong Solar
Winds

Tomorrow

Southern
Aurora
Tonight
80% Chance
Of Bubbles
Heightened
Kp Index

THAT'S WHY
WE CALL OUR
SATELLITE THE ;
“COMMUNICATIONS/ .
NAVIGATION =

A OUTAGE FORECAST

SATELLITE” OR
SN\ C/NOF&”

Y NO,TooNT @
THINK THAT NAME (8
ANYWHERE NEAR AS

NICE AS CINDT
EITHER...

by

AS THE
SATELLITE FLIES
THEOUGH THE BUBBLES &
WE MEASURE THEIR SIZE, |8
STRUCTURE, PENSITIES,
ENERGIES, AND
COMPOSITION.

]UI'I

Density

%Iﬂn%‘%




YOU 6EE,
BY MEASURING
THESE CONPITIONS IN THE §
IONOSPHERE BOTH BEFORE

Bl THE BUBBLES OCCUR AND THEN

AFTER THEY FORM, WE
CAN FIGURE OUT HOW TO
PREDICT WHEN AND
b WHEZE THEY WILL

HAPPEN.

176 JUST
LIKE WEATHER

WARNINGS ON THE g
BROUND. IF WE CAN
FORECAST WHEN AND

WHERE THESE BUBBLES |
WILL HAPPEN, THEN We B
CAN TAKE ACTIONS TO

WORK AROUND THE

PROBLEMS THEY
CAUSE FOR OUR
SATELLITES 4
AND...




WE Juet
GOT ANOTHER

REPORT OF APACK OF
SPACE POGS NEAR YOU.
CAN YOU GO CHECK

—







WOULD YOU LIKE TO KNOW MORE ABOUT THE CINDT
INSTRUMENT, THE C/NOFS SATELLITE, THE IONOSPHERE,
AND EVEN DOWNLOAD A COPY OF MY AOVENTURES HERE
TO PRINT OUT ON YOUR OWN? THEN COME TO OUR REALLY
COOL WEBSITE:

HTTP://CINOISPACE.UTOALLAS. EQU/EQUCATION/

WE HAVE MORZE INFORMATION ABOUT THE CINDT MISSION
THERE, CLAGGROOM PROJELTS, CURRICULUM STUFF FOR
TEACHERS, AND EVEN REAL PATA FROM CINOI, AND
PROJVECTS YOU CAN 0O TO ANALYZE THE DATA! COME
SEE THE LATEST CINDT NEWS THERE!

AND HEQE ARE ALL THE FOLKS WHO CREATED ALL THIS:
STORY BY: PE. MARY URQUHART ANC P2. MARL

HAIRSTON

BLRIPT AND STORYBOAROING BY: PE. MARL HAIZSTON

AMAZING CHACACTER PESIENS, STUPENDOUS ACTWOKRK,

STUNNING LAYOUTE, AND IMPECLCABLE LETTERING BY:

ERIK LEVOLD

COLORING BY: PIANA MARSH AND JESSICA FUCHS

OZIBINAL CONCEPT OF CINDI CHARACTER CREATED BY:

PR. MARY URRUHART, PR. MARC HAIRSTON,

JIM RICHARPSON, AND CHARLENE OLSEN.

CINDI COMIC PROJECT DIRECTOR: DR. MARL

HAIRSTON

SPECIAL THANKS TO PR. FRENCHY LUNNING AT
THE MINNEAPOLIS COLLEGE OF ACT AND DESIEN

NO PEOTONS OZ ELECTEONS WELE HAEMED N THE MAKING OF
THIS BOOK.

THIS BOOK WAS PRODUCED WITH FUNDS FROM NASA
UNPER THE EQUCATION AND PUBLIC OUTREACH

PROGRAM OF THE CINDT SMALL EXPLORER MISSION
(NAS5-01068). LOPIES OF THIS BOOK MAY BE FREELY
COPIED AND REDISTRIBUTED 60 LONG AS ALL THESE
CREDITS REMAIN ATTACHED. FOR ANY FURTHER
QUESGTIONS, PLEAGE CONTALT UG BY EMAIL AT
HAIRSTON@UTPALLAS.E0U AND URQUHART@UTPALLAS.E0U.
© 200% THE UNIVERSITY OF TEXAS AT DALLAS.





