


Hi THERE!
MY NAME (& CINDI AND
I'M AN ANDROID G1RL! T LIVE
OUT HERE IN A 6PALE STATION
IN ORBIT AROUND THE EARTH.
MY JOB (6 TO CATCH
0066...

Y YOU MEAN

Y YOU'VE NEVER
HEARD OF

B SPACE D06S
BEFORE? A&




PP veaH, 0eooLe S
HAVE THIS IDEA THAT
P0G ONLY EXIST DOWN
THERE ON THE

QL

y
\

)
N

THEM UP HERE
IN6PACE

D0GS. HERE ARE MY TWO R
0065: TEKS AND TAKS. A
THEY LIVE UP HERE

W A0 THIS 12 TEKS. HE M
B S7ILL HAS HIS TAIL 50 R
M 12 NOT cHARGED uP IR

W AT ALL. .

THIS 16 TAKS. HES ||
} Jumpy GECAUSE HE'S

HE'S POSITIVELY
CHARGED UpP!




YOU SEE, THAT'S THE WAY ANDROID
D088 BEHAVE. THEY ARE ELECTRICAL
AFTER ALL. THEIR BODIES HAVE POSITIVE
CHARGE AND THEIR TAILS HAVE NEGATIVE
CHARGE.

HIS POSITIVE AND
NEGATIVE CHARGED
PARTS CANCEL

LIKE THIS UNTIL
HE EATS ONE OF
THEGE ENERGY /

# BISCUITS. 2

i




TF THERE (6 N

B ENOUGH ENERQCY
B (N THE BISCUIT, HIS
B TAIL FLIES OFF AND
B HE BECOMES 7%
ENERGIZED.

THERE ARE LOTS OF LOOSE TAILS FLYING
AROUND UP HERE THAT HAVE POPPED OFF
OF OTHER SPACE D065, 50....

- — — —

 BOMETIMES THE ELECTEICAL OH YEAH, WHEN THE| | 27 THIZ wAag 4 eeaL
, TAIL REATTACHES D08, THIZ WOULD BE
ATTRACTION BETWEEN THEM A y;
CAUSES ONE OF THE LOOSE e GROSS,
TAILS TO ATTACH ITEELF BACK FORTUNATELY
N on THe poe. THEY'RE ANDROIDS,

80 IT'6 NOT.

THAT MAKES THEM {
B NEUTRAL AGAIN AND
N THEY CALM DOWN.

.80 SOMETIMES
THEY 8PIT OUT
ANOTHER ENERGY
BISCUIT.




S0 WHAT
AM T DOING UP
HERE?Z MY JOB
(6 TO COUNT THE

’ : THE SCIENTISTS
o N
; WANT TO KEEP
TRACK OF HOW
MANY P0OGS
THERE ARE

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

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




WELL, IT

LOOKS LIKE YOU'LLY

GET GOME MORE
EXCITEMENT.

THE
FORECALTERS
ARE PREDICTING A
BIG PACK OF POGS
JUST AFTER YOU
60 THROUGH
SUNSET.

OH, THE ;
USUAL. THEY"RE :
JUMPING ALL OVER Q0GER THAT/

THE PLACE. B We SHOULD BE ORBITING
RN AROUND TO THE NIGHTSIDE

IN JUST A FEW MINUTES.

GOTTA GET READY!
BYE, R0BERTO!

you'ee
PROBABLY
WONDERING WHY
T HAVE TO HAVE
TWO NETS T HAVE TO ,
HERE.  UBE ONE KIND FOR
Tl THE JUMPY 0066 AND
A DIFEERENT KIND FOR




YOU 8EE7 MY NEUTRAL NET
16 NO 600D FOR CATCHING AN
ENERBETIC SPACENOG. AND,
THE ENERGETIC NET WON'T
A INORK ON A NeUTRAL

5oACEN0s.

W
AT
W

,%mﬂ
)
HK
<
—




P 50 YOU'VE
60T TO USE THE

W ;i Net eoe Tre I

RIGHT pOG!

NOW WERE 4

COMING AROUND TO
THE NIGHT SIDE OF THE AND THAT'S
EARTH, JUST AFTER  WHERE WE FIND THE
SUNGET, INTERESTING 6ROUPS
27 OF S6PACE 00G6,

THERE'S
THE PACK!

LET'6 60!




...TWO MILLION,
EIGHT HUNDRED AND TWENTY SEVEN
) THOUSAND, FOUR HUNDRED AND ELEVEN...
=7 TWO MILLION, EIGHT HUNDRED AND TWENTY SEVEN
NG g
Y N " THOUSAND, FOUR HUNDRED
ANO THIRTEEN...

...ONE MILLION, TWO
HUNDRED FIFTEEN THOUSAND, EIGHT
HUNDRED AND SEVENTY-SEVEN...ONE MILLION, :
TWO HUNDRED FIFTEEN THOUSAND, EIGHT HUNDRED J
AND SEVENTY-EIGHT...ONE MILLION, TWO
HUNDRED FIFTEEN THOUSAND, EIGHT HUNDRED AND
SEVENTY-NINE...




i Y NHEW!
SN THAT WAS A

BUT THAT -
WAS A GREAT GROUP
: OF P0OGS THERE, AND T 5
GOT ALOT OF VATA THEY'RE NS
GOING TO WANT BACK ON j




HoLA
Q0BERTO! T FINIGHED
WITH THAT PACK OF 0065.

I'M SENDING THE
S OATA NOW!

THANKS
CINOI! WE 6OT
(T ALL NOW. /£ =

20BERTO!

TALK TO YOU
LATER!

WELL NOW

THAT I'VE SHOWN
YOU WHAT MY LIFE (6 LIKE,
LET ME SHOW YOU WHAT THE
REAL CINDZ (5 LIKE AND
WHAT IT DOES.




THIS 18 THE C/NOFS |8
CBAY “SEE-NOFS”")
SATELLITE IN 8PACE.

Ar..

THE US AIR FORCE PUT IT INTO ORBIT MOST BUT INSIDE THIS
AROUND THE EQUATOR AT ABOUT 550 FOLKE THINK ONE CENTIMETER
KILOMETERS (OR 350 MILES) UP. THAT GPACE UP Y ﬁzgg EUZ ::Zf_ ”
= B ; Jil  RHERE 1S EMPTY--R | sg0ur 10 MILLION
A COMPLETE ATOME AND

VACUUM. MOLECULES OF AIR/

NOW THAT MAY CEEM C/NOF3S 18 IN ORBIT IN THE PART
gﬁeeﬁ QL%T'wf«%Tz g%ﬁ OF THE ATMOSPHERE CALLED THE

(ONOSPHERE. IT'S CALLED THAT
ARE, THAT SAME CUBE BECAUSE MANY OF THE AIR

WOULD HAVE ABOUT
10 MILLION MILLION PARTICLES THERE ARE IONS.

MILLION ATOMS AND
MOLECULES!

ﬁ Lo ~110 km and up lonosphere
; ff \
[ [» .

Thermosphere

Mesosphere
Stratosphere
Truposp!nu

NOTE: PICTURE NOT TO SCALE AGAIN.
THE HEIGHTS HERE ARE EXAGGERATED FOR YOUR VIEWING PLEASURE.




HERE'S A TYPICAL OXYBEN ATOM YOU WOULD
FIND IN THE UPPER ATMOSPHERE. IT HAS AN
EQUAL NUMBER OF POSITIVE PROTONS IN (TS
CENTER AS IT HAS NEGATIVE ELECTRONS GOING
AROUND IT. 80 IT'6 NEUTRAL, IT HAS NO NET
CHARBE.

BUT SOMETIMES WHEN THE ATOM ABSORBS A
PHOTON OF LIGHT, THE EXTRA ENERBY CAUSES
ONE OF ITS ELECTRONS TO BET KICKED OFF.
JUST LIKE ONE OF THE SPACEPOBGS LOSING A

THE' “OXYBEN” YOU BREATHE DOWN THERE 18 REALLY A MOLECULE
“OF TINO OXYBGEN ATOMS. WERE JUST SHOWING ONE OXYBEN
ATOM HERE BECAUSE THAT'S THE WAY IT 15 IN THE IONOSPHERE.

¢ ANq ﬁECAUgf IT'8 A LOT EASIER TO PRAW JUST ONE.

©
© ©

&) O

©

© ©
©

8 protons (+) + 8 electrons (=)
Net Charge = 0

TAIL WHEN THEY EAT AN ENERBY BISCUIT.

Net Charge =?

©

NOW THE ATOM HAS ONE MORE POSITIVE CHARGE
THAN NEGATIVE CHARBE, 0 ITS NET ELECTRICAL
CHARGE 15 +1.

S/

\
~
b

S &) S

S ©
©

8 protons (+) + 7 electrons (-)
Net Charge = +1

CHARGE = 0

NEUTRAL

“We CALL

N
AN ATOM 0@

MOLECULE WITH

NO NET CHARGE A A

“NEUTRAL”... 4

CHARGE = +1

ION

AND AN
ATOM 0R




CHARGE = 0

NEUTRAL

Up HERE
IN 6PACE THE IONS
AND NEUTRALS ACT
DIFFERENTLY,

HERE IN THE
[ONOSPHERE WE HAVE
A MIXTURE OF NEUTRALS AND
IONS. IT'6 6ORT OF LIKE THE
NEUTRAL AND ENERGETIC
SPACEDOLS T HAVE

] m Up HERE.

A NEUTRAL JUST

MOVES UNDER THE
(®) COMBINED FORCES
© OF GRAVITY AND
PRESSURE.
©
©
S
CHARGE = +1 PRESSURE
ION

@)
I\

N7
2k

GRAVITY

N

BUT GINCE AN [ON (6 ELECTRICALLY CHARGED,
(T ALGO FEELS THE FORCE OF THE ELECTRIC
FIELDS AND MAGNETIC FIELDS UP HERE. SO (T
MOVES AROUND UNDER THE COMBINED EFFECT
OF ALL FOUR FORCES, AND GENERALLY TRIES
TO MOVE IN A DIFFERENT DIRECTION THAN THE
NEUTRALS ARE MOVING.

/\JRESSURE
MAGNETIC
// FIELD

ION
\\ ELECTRIC
FIELD
\/:RAWTY

L. THEY
F WE
mfo mer WouLD ALL
MOVE TOGETHER
NEUTRALS 0@
JUST IONS... IN THE SAME
DIRECTION.

%_

_*

NEUTRAL

: BUT SINCE THEY
E MOVE (N DIFFERENT
54 DIRECTIONS, THEY
\_> BUMP INTO EACH
% OTHER ALL THE TIME,

AND THAT MAKES
ION | THEM MOVE IN EVEN
MORE COMPLICATED
DIRECTIONS!




UP HERE THE LAND T @
NEUTZALS AND THE [ONS USED T0 THINK M

DON‘T MOVE INoEPENDENTLY OF | | HEY NaMeD T [
EACH OTHER; THEY'RE COUPLED AFTER ME...4

TOGETHER.

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

P JUSTLIKET
W COUNT THE NEUTRAL AND
ENERGETIC SPACEDOGS UP
HERE, CINDT MEAGURES
THE IONS AND NEUTRALS
m HERE N ORBIT.

AFTER
T MAKES THE
MEASUREMENTS,
THAT INFORMATION (6
RADIOED BACK TO THE
SCIENTISTS ON £

THE GROUND 4

ﬁw

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

CINDT NEEDS
TWO DIFFERENT
SETS OF INSTRUMENTS I
TO MEASURE BOTH
THE (ONS AND THE
NEUTRALS.




THIS (8 THE ION VELOCITY

METER 02 TYM. IT HAS TWO ARRIVAL ANGLE MEASUREMENT
PARTS AND IT PETECTS ONLY
THE [ONS THAT GET INSIDE Ton Defe Meter

Czss-Track Wind Sensor

AND 6NORES THE NEUTRALS.

R)_ : cos(a — )
! ] FdCln[ cos(a + e))

Arrival angle pro L
Current Ratio

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

IT ALSO HAS TWO PARTS, AND IT
HAS AN ELECTRIC FIELD IN FRONT _
OF IT TO KEEP THE IONS OUT 80 . 20

IT ONLY MEASURES THE NEUTRALS. W 1y WouLo

ANYONE CARE
ABOUT MEASURING
THESE (ONS AND
NEUTRALS OUT

D (N soAceE?,

THIS (6
THE NEUTRAL
WIND METER

02 NWM.

JUBT LIKE THE TVM, THE

NWM COUNTS THE NUMBER OF
NEUTRALS AND TELLS US IN WHAT
DIRECTION THEYZE MOVING.




WELL, THESE
DIFFERENT FORCES
AFFECTING THE IONS
AND NEUTRALS UP HERE
CREATE BI6 6TRUCTURES
IN THE (ONOSPHERE
THAT ARE ALWAYS
CHANGING.

ITS JUST LIKE THE
WEATHER THAT'S ALWAYS
CHANGING POWN THERE
WHERE YOU ARE. IN FACT,
THAT'S WHY WE ALL THIS
“SPACE WEATHER”.

FOR EXAMPLE, NEAR THE EQUATOR JUST AFTER SUNSET YOU CAN
HAVE REGIONS IN THE LOWER [ONOSPHERE WHERE THE DENSITY

OF IONS (8 LOW, WHILE THERE ARE REGIONS ABOVE THAT WHERE
THE PENSITIES ARE HIGHER.

SOMETIMES NOTHING HAPPENS.

W\ BUT AT OTHER TIMES BUBBLES

OF LOW DENSITY IONS FORM

AND MOVE UPWARD.

HIGH DENSITY OF IONS

LOW DENSITY OF IONS

EARTH

HIGH DENSITY OF IONS

LOW DENSITY OF IONS

EARTH




YEAH, - «# APPARENT LOGATION .

I‘Zlcgo\g:‘i&blfg OF SPACECRAFT + DIFFERENT DEIJ\ISITIES OF IONS
; &  BENDTHE DIRECTION OF THE
. ' RADIO BEAM'S TRAVEL.

BUBBLES OF
[ONS CAN MESS
UP YOUR SATELLITE
NAVIGATION
SYSTEMS.

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

AND, F
YOU'RE TRYING TO
COMMUNICATE THROUGH A
SATELLITE, THESE BUBBLES
OF IONG CAN REALLY
w MESS UP THE SIGNAL
ITSELF.

BUT THIS DOESN'T HAPPEN ALL OF THE TIME,
JUST SOME OF THE TIME. LIKE I SAI0, TS
JUST LIKE WEATHER.

DAY BEFORE YESTERDAY YESTERDAY TODAY




|/ 1¢ WE COULD FORECAST THE
SPACE WEATHER JUST LIKE WE
FORECAST THE WEATHER DOWN
ON THE GROUND, THEN WE'D KNOW S
AHEAD OF TIME WHEN THESE Winds
BUBBLES WERE GOING TO
INTEQFERE WITH OUR Tomorrow
SATELLITES.

THAT'S WHY
WE CALL oUR
SATELLITE THE
“COMMUNICATIONS/
NAVIGATION
OUTAGE FORECAST
SATELLITE” OR

Southern
Aurora
Tonight

80% Chance
Of Bubbles
Heightened
Kp Index

NO, T PON'T

THINK THAT NAME (S §

ANYWHERE NEAR AS }
NICE A8 CINDT
EITHEQ...

SATELLITE FLIES
THROUGH THE BUBBLES
WE MEASURE THEIR 6IZE, |8
6TRUCTURE, PENSITIES,
ENERGIES, AND .
COMPOSITION.




YOU sg€, L
BY MEASURING

THEGE CONDITIONS IN THE Ol

W [(ONOSPHERE BOTH BEFORE
THE BUBBLES OCLUR AND THEN
AFTER THEY FORM, WE

CAN FIGURE OUT HOW TO
PREDICT WHEN AND
WHERE THEY WILL
HAPPEN.

IT'6 JUST &
LIKE WEATHER §
WARNINGS ON THE
GROUND. TF WE CAN
FORECAST WHEN AND

B WHERE THESE BUBBLES |8

WILL HAPPEN, THEN WE

CAN TAKE ACTIONS TO

WORK AROUND THE
PROBLEMS THEY
CAUSE FOR OUR

SATELLITES
AND...




Hey,
B 06eeTO!

WE JusT
GOT ANOTHER
REPORT OF A PACK OF
SPACE V0G5S NEAR YOU.
CAN YOU GO CHECK




WELL, T'VE
GOT TO GO CHECK
OUT THOGE GPACE
00GS. COME BALK
600N FOR MORe
ADVENTURES!

AND
KEEP LEARNING/
Bye!



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

HTTP://CINDISPACE.UTOALLAS. EOU/ EQUCATION/

WE HAVE MORE INFORMATION ABOUT THE CINDT MISSION
THERE, CLAGSROOM PROJELTS, CURRICULUM STUFF FOR
TEACHERS, AND EVEN REAL DATA FROM CINDI, AND
PROJECTS YOU CAN 0O TO ANALYZE THE DATA! COME
SEE THE LATEST CINOT NEWS THERE!

AND HERE ARE ALL THE FOLKS WHO CREATED ALL THIS:
STORY BY: DR. MARY URQUHART ANO DR. MARC
HAIRSTON
SCRIPT AND 8TORYBOARVING BY: PR. MARC HAIRSTON
AMAZING CHARACTER PESIGNS, STUPENDOUS ARTWORK,
STUNNING LAYOUTS, AND IMPECCABLE LETTERING BY:
ERIK LEVOLD
\ COLORING BY: DIANA MARSH AND JESSICA FUCHS
M\ ORIGINAL CONCEPT OF CINDI CHARACTER CREATED BY:
\\ OR. MARY URQUHART, DR. MARC HAIRSTON,
\ JIM RICHARDSON, AND CHARLENE OLSEN.
® \ CINOI COMIC PROJECT DIRECTOR: PR. MARC
HAIRSTON
SPECIAL THANKS TO DR. FRENCHY LUNNING AT
THE MINNEAPOLIS COLLEGE OF ART AND DESIGN

NO PROTONS OR ELECTRONS WERE HARMED IN THE MAKING OF
THIS BOOK.

THIS BOOK WAS PROOUCED WITH FUNDS FROM NASA
UNDER THE EOUCATION AND PUBLIC OUTREACH

PROGRAM OF THE CINDT SMALL EXPLORER MISSION
(NAS5-01068). COPIES OF THIS BOOK MAY BE FREELY
COPIED AND REDISTRIBUTED S0 LONG AS ALL THESE
CREDITS REMAIN ATTACHED. FOR ANY FURTHER
QUESTIONS, PLEASE CONTACT US BY EMAIL AT
HAIRSTON@UTPALLAS.E0U AND URQUHART@UTPALLAS.EOU.
© 2009 THE UNIVERSITY OF TEXAS AT DALLAS.
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