


Hi!
WELCOME
sACK! MY

NAME'S
CINDI AND
THESE ARE
MY SPACE

IF YOu
SAW ME IN
MY LAST 2800K*
YOU ALREADY
KNOW THAT I'M
AN ANDROID
SPACE &IRL AND
THESE ARE MY
POEOT POES,
TEKS AND
TAKS,

THE
INTERESTING
THING ABOLT
ROBOT SPACE
DOES IS THAT

THEY HAVE
DETACHABLE

gl TAILS.

ARE A LOT

OF rOBOT

DO&s up
HERE IN
SPACE.

IF ONE
OF THEM
HAPPENS
TO EAT A
CERTAIN
TYPE OF
ENEREY
BISCUIT..

. e "YOU CAN READ CINDI'S FIRST BOOk, CINDI IN SPACE, AT
A HTTP://CINDISPACE . UTDALLAS.EDL/EDUCATION/CINDI_COMIC.HTML




OF COURSE THEY
DON'T STAY LIKE
THAT FOR LONG,
THERE ARE
ENOUBH LOOSE
TAILS FLOATING
AROUND THAT THEY
GET ONE BACK
VERY QUICKLY.

THEY

COME FROM
THE SLIN/S

LAST TIME
WE EXPLAINED ALL
ABOUT THE TAILS,
BUT WE NEVER DID
EXPLAIN WHERE THE
ENEREY BISCUITS
THEY LIKE TO EAT
COME FROM.

S0..
WHERE DO
THE ENEREY
BISCUITS
COME

THE SLN IS THE
SOURCE OF ALMOST
ALL ENEREY FOR THE

EARTH, SO THE ENERSY
BISCUITS COME FROM
THE SLIN TOO.



SPACE DOES
ONLY EAT CERTAIN
TYPES OF TASTY
ENERSY BISCUITS,
THE ONES HERE
THAT LOOK REALLY
PURPLE. BUT THOSE
PURPLE ONES ARE
TYPES YOU ALMOST
NEVER SEE DOWN
ON THE SURFACE
OF THE EARTH.
S0 WHY IS
THAT?

FOLLOW
ME AND T'LL
SHOW YOu
HOW THIS

HAPPENS!

THE REASON 1S
THAT THE SPACE
DOGS UP HERE EAT
ALMOST ALL OF
THOSE TYPES GEFORE
THEY CAN PEACH THE
SLIPFACE,

FOR NOW ON
WE'RE JUST GOING
TO FOCUS ON THE

TYPE OF PURPLE ENEREY
BISCUITS THE DOES
LIKE TO EAT.
(THIS SAVES OLR
ARTIST FROM DOINE
ALL THE WORK
TO FILL UP THE
BACKEROLIND

WITH ALL THE
OTHER TYPES
OF BISCUITS




LP HERE AT
1500 KILOMETERS ONLY A
ABOVE THE EARTH FEW SET
THERE ARE VERY FEW CAUEHT BY

DOES, 50 ALMOST ALL j THE DOES.
THE ENERGY RISCLITS R

GET THROUGH,

GOING DOWN TO 250 ¥ ois s age
N KILOMETERS ABOVE THE STILL GETTING
B £ARTH THERE ARE A LOT 7 rimar il
MORE DOGS, SO MORE
jVL OF THE BI&CU[TS' ARE

_ f‘t{ GETTING EATEN.

: . : " THAT WHAT
. Y W4 2 B sck.. \ FEWENERSY B
AND 8Y THE / THeee  BISCUITS AcE YiDN
e oo e |
KILONETERS § (] s s Wm THE DOES.




RESIONS THERE. THE FIRST
IS THE TOP PART WHERE

BISCUITS, BUT ONLY A FEW

SPACE DOGS. SO THERE ARE [ S ARSI L
gl

ONLY A FEW ENERGIZED
SPACE DOGS THAT
DON'T HAVE TAILS.

: 5 4 &
&l S

ENEREGIZED

50 YOou
SEE THAT SPACE
LO&S PLAY AN
IMPORTANT ROLE IN
PROTECTING ALL OF
¥OU ON THE SURFACE
FROM THESE PURPLE
ENEREY BISCUITS.

WHEW
T LIKEIT
BACK UP
HERE WHERE
IT ISN'T AS
b CCOWDED.

AND THE SECOND
RESION IS AT THE BOTTOM
PART WHERE THERE
ARE LOTS OF DOGS 8UT
ONLY A FEW ENERGSY
BISCUITS. SO THERPE ARPE
ONLY A FEW ENERGIZED
SPACE DOE&S HERE TOO!
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I'0 60 TO THE
THIRD PEGION IN
THE MIDDLE BETWEEN
THE OTHER TWO. THAT'S
WHERE MOST OF THE
ENERGIZED SPACE
0O&S WOLLD BE.

BUT
WHERE
WwOuLD I
&0 TO FIND
A LOT OF

'




WwHY THERE? BECAUSE
THERE WE HAVE THE RIGHT
BALANCE BETWEEN THE
NUMBER OF BISCUITS AND
THE NUMBER OF SPACE
0OG6S. WE HAVE JUST
ENOUSH DOES TO EAT MOST
OF THE BISCUITS THERE.

SEE, AT THE TOP THERE ARE NOT
ENOUEH SPACE DOGS AND AT
THE 2OTTOM THERE ARE NOT

ENOUSH ENERSY BISCUITS. BUT
SOMEWHERE IN THE MIDOLE 1S

& PLACE WHERE THERE ARE

STILL ENOUGH ENEREY BISCUITS

AND ENOUSH SPACE DOSS THAT
WE SET LOTS OF ENERSGIZED

SPACE DOES.

S0 HOW wWOuLD
I KNOW WHERE IN
THE MIDDLE REGION
i TOLOOK? WELL, I
COULD MAKE A GRAPH,

IF I PLOT THE NUMBER OF DOE&S AT DIFFERENT
ALTITUDES, IT LOOKS LIKE THIS! &0ING UP
FROM THE &ROUND THE NLUMEBER OF DO&S

DECREASES VERY FAST AT FIRST, THEN SLOWS
DOWN AS WE &0 UP TO HISHER ALTITUDES

AWLY FROM THE EARTH. THIS TYPE OF CLURVE

15 CALLED AN "EXPONENTIAL CURVE" 5O WE

AY THE NUMBER OF SPACE DOEGS DECREASES
EXPONENTIALLY AS WE &0 LUP IN ALTITUDE,

o

COMBINE THE TWO
EGRAPHS, I SET THE
RED LINE HERE. THAT
ERAPH WOULD
FEPRESENT THE
NUMBER OF ENERGETIC
SPACE POGS AS
A FUNCTION OF
ALTITUDE,

ISO0KM

ALTITLUDE
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BUT IF T PLOT THE NUMBER OF PURPLE ENEREY
BISCUITS AT DIFFERENT ALTITUDES, IT LOOKS LIKE
THIS! THIS IS ANOTHER TYPE OF EXPONENTIAL
CURVE WHERE THE NUMEER OF BISCUITS DOESN'T
CHANGE VERY MUCH AT HIGH ALTITUDES, BUT THEN
DECREASES VERY QUICKLY AS WE &0 DOWN IN
ALTITUDE GETTING CLOSER TO THE EARTH.

ALTITUDE




SEEP DEPENDING ON THE NUMBER
OF SPACE DOBS AND THE NUMBER OF
ENERESY BISCUITS, THERE IS ALWAYS

SOINEG TO BE SOME ALTITUDOE WHERE Y YOU WOULD
WE GET THE MOST ENERGETIC SPACE THINK THAT THIS
DOES IN ONE PLACE, : OUSHT TO BE A
— : NICE "BELL cURVE" |
| &PAPH, ONE WHERE
l 280TH ENDS LOOK
— THE SAME

. ‘® .
1000 kM|

BY NOW YOU'RE PROBABLY WONDERING, SO
WHAT DOES ALL THIS HAVE TO DO WITH THE
"ELECTRIC ATMOSPHERE"? I MEAN, THAT /S

BUT COMBINING THESE TWO CURVES &IVES US ONE
WHERE THE TWO ENDS LOOK DIFFERENT. THE BOTTOM
PART CLOSEST TO THE &ROLIND (THE BOTTOMSIDE?
DECREASES TO ZERO VERY QUICKLY, WHILE THE TOP
PART &0ING UP TO SPACE (THE TOPSIDE) TAPERS OFF
TO ZERO VERY SLOWLY. IN OTHER WORDS, THE
NUMBER OF ENERSETIC SPACE DOE&S DROPS OFF
RATHER ABRUPTLY AS YOU SET CLOSER TO THE EARTH,
BUT CHANGES MUCH MORE SLOWLY AS YOU &0 UP
TO PEALLY HieH ALTITUDES.

REMEMBER
IN THE LAST 200K*
I TOLD YOU ABOUT

THE RPEAL CINDI, THE
INSTRUMENTS FLYING
ON THE C/NOFS
PESEARCH

SATELLITEP

*THE COMIC 800K 1
TOLD YOU ABOUT
BACK ON PAGE 2. |

REALLY, YOU OUGHT
TO 60 PEAD IT.

IT's vERY 00D/



CINDT IS THE SET OF C/NOFS %
THE INSTRUMENTS ONBOARD :
THAT MEASLIGE THE NEUTRAL ;
AND CHARGED PARTICLES IN
THE PEGION OF THE EAPTH'S
STMOSPHERE LIP HERE IN
SPACE CALLED THE
|ONOSPHERE.

FEMEMBER THAT
THE ATMOSPHERE NEVER RPEALLY
*STOPS," IT JUST BETS LESS AND . T |200kM
LESS DENSE AS YOU &0 UP IN :
ALTITLUIDE. THERE ARE STILL AR
MOLECULES AND ATOMS UP WHERE . :
SATELLITES ARE IN OREIT, THERE IONOSPHERE
ARPE JUST A BILLION-RILLIONTH : -
FEWER OF THEM HERE THAN 100KM
DOWN WHERE YOU ARE.

ALISN3O aIv

STRATOSPHERE -

- -

TROPOSPHERE
YOU MAY HAVE
NOTICED THAT WE'RE
PRESENTING THESE
ERAPHS IN A SPECIAL
WAY CALLED A LOG
SCALE, :

10.‘2 103 1OL+ 105 O 10,000 100,000
*

: - A SC A
LOS SCALE LINEAR SCALE

THIS LETS US
PLOT VALUES THAT
COVER SEVERAL
DIFFERENT ORDERS
OF MAGNITUDES
Or POWERS

OF TEN. MOST OF
THE &RrAPHS YOLU
NORMALLY SEE
PRESENT THE VALLUES
LINEARLY, BUT IF WE
SRAPHED THIS LINEARLY
CLIKE ON THE RISHT PLOTY
WE WOLULD ONLY SEE THE
VERY HISGHEST VALUES
AND NOTHING ELSE.

e IN
SPACE WE
GET LOTS OF
ULTRAVIOLET LIGHT
FROM THE SUN THAT
YOU NEVER SEE ON
THE SROLIND.
WHY P




BECALISE THE
LILTRAVIOLET LIGHT
THAT WE CALL THE "FAR
LULTRAVIOLET LIGHT" IS5 SO
POWERFLUL THAT WHEN

A SINGLE PHOTON OF IT §

HITS AN ATOM (OR
MOLECLLE) OF
&AS UP HERE..

..THE PHOTON 15 ABSOPRPEED
8Y ONE OF THE ATOW'S (OR
MOLECLILE'S) ELECTRONS
CALUSING THE ELECTRON TO
EET KNOCKED OFF. THE FREE
ELECTRPON HAS A NESATIVE
CHARGE AND THE LEFTOVER
ATOM OR MOLECULE NOW
HAS A NET POSITIVE CHAREGE,
AND IT'S CALLED AN "ION."

SO UP HERE IN SPACE AND
THE LUPPER ATMOSPHERE,
WE HAVE THIS INVISIBLE
PESION WHERE THERE ARE
A LOT OF FREE ELECTRONS
AND IONS FLOATING
AROUND. I'M IN THE
MIDDLE OF AN ELECTRIFIED
GAS, IN OTHER WORDS, AN
ELECTRIC ATMOSPHERE!
AND THIS PART OF
SPACE |S CALLED THE
IONOSPHERE.

YEAH, IT'S
EXACTLY LIKE
THE SPACE DOGS
EATING THE PUPPLE B
ENEREY BISCUITS
AND HAVING THEIR
TAILS FLY OFF




THIS
COLLECTION
OF POSITIVELY
CHARGED IONS
AND NEGATIVELY
CHARGED
ELECTRONS
IS CALLED A
PLASMA.

YOU DON'T
SEE IT VEQY
OFTEN THERE ON
THE GROLIND,
BUT EXAMPLES
ARE LIGHTNING
EOLTS AND
THE ELOWING

PLASMA
IS THE
FOURTH
STATE OF
MATTER
AFTER
BAS,
Lieuio,
AND
SOLID.

DON'T &ET THE
WRONE IDEA,
JUST BECAUSE
THE IONOSPHERE IS
ELECTRIFIED DOESN'T
MEAN LIGHTNING
BOLTS ARE SHOOTING
AROUIND HERE OR THAT
I'M 60ING TO 8E
ELECTROCUTED.

THERE APE
ELECTRIC FIELDS AND
CURRENTS UP HERE,
BUT THE NUMBER OF
POSITIVE AND NEGATIVE
CHARGES ARE EQUAL,
50 THE OVERALL

CHARGE IS ZERO.

AND AS FAR

AS YOUR EYES

CAN SEE, THE
PLASMA IN THE
IONOSPHERE |15

COMPLETELY

INVISIBLE!

TENTACLES
INSIDE A
PLASMA

BALL.

AND
FURTHER OUT |}
IN SPACE, THE
SUN IS MADE
UP ENTIRELY

OF PLASMA,

JUST LIKE
NONE OF THE
PLIRPLE ENERGY

BISCUITS MADE IT DOWN

{ TO THE EARTH, NONE OF |\
THESE FAR ULTRAVIOLET
PHOTONS MAKE IT DOWN

HERE TO EARTH EITHER
BECAUSE THEY'PE ALL
ABSORBED BY ATOMS
AND MOLECULES
IN THE UPPER
ATMOSPHERE.

ABSOREING
THESE PHOTONS
CREATES THE
IONS AND FPEE
ELECTRONS
THAT MAKE THE
IONOSPHERE.




AS WE
GET CLOSER
TO THE EARTH
THE INCREASING
DENSITY OF ATOMS AND
MOLECULES ALONG WITH
THE DECREASING NUMBER OF
FAR ULTRAVIOLET PHOTONS
CREATES A PEAK DENSITY
OF CHARGED PARTICLES
AT A CERTAIN ALTITUDE,
JUST LIKE THE PEAK IN THE 8
DENSITY OF SPACE DOES
WITHOUT TAILS I TOLD
YOU ABOUT

BEFLE FOR THE

CHARGED
PARTICLES, THIS
PEAK IS BETWEEN
ABOUT 250 AND
HOO KILOMETERS
IN ALTITUDE
AND CALLED THE [
"F-LAYER."

IONOSPHERE
IS THE PART OF
THE ATMOSPHERE
FROM ABOLIT
80 KILOMETERS
TO OVER 1000
KILOMETERS
ABOVE THE
EARTH.




HEY, CINDI/
IT'S ROBERTO
DOWN HERE AT ;
SROUND CONTROL.
MAYBE YOU SHOULD - EJ.?QS-FS; I
EXPLAIN ABOUT SPEND SO MUCH
THE OZONE. TIME IN SPACE T
KEEP FORESETTING
ABOUT THE STUFF
CLOSER TO
THE EARTH,

NOW SOME OF '
YOU MAY BE THINKING
"WAITS T THOUGHT THE ;
OZONE IN THE ATMOSPHERE
WAS PROTECTING LIS FROM
THE ULTRAVIOLET LIGHT
OF THE SUN?" WELL,
ACTUALLY IT'S BOTH.

SEE THE UPPER ATMOSPHERE STOPS THE FAR BUT MOST OF THE OZONE IS IN THE
ULTRAVIOLET LISHT, BUT IT LETS THROUEH WHAT STRATOSPHERE AT ALTITUDES BETWEEN 15
WE CALL THE "NEAR LILTRAVIOLET" LIGHT. NEAR AND 4O KILOMETERS AND IT ABSORES MOST

ULTRAVIOLET PHOTONS HAVE A LONGER OF THE NEAR ULTRAVIOLET LISHT BEFORE IT
WAVELENGTH AND ARE LESS ENERGETIC THAN THE REACHES THE EARTH'S SLIRFACE. SO
FAR LULTRAVIOLET PHOTONS. THEY DON'T HAVE BETWEEN THE IONOSPHERE AND THE OZONE,
ENOUSH ENERSY TO IONIZE THE ATOMS AND ALMOST ALL OF SUN'S ULTRAVIOLET LIGHT
MOLECULES IN THE IONOSPHERE. SO THEY GETS STOPPED GEFORE IT GETS TO YOU,

JUST SKIP RIGHT ON &Y,




NOW WHAT'S LEFT OVER IS STILL ENOUGH TO YOU MAY BE WONDERING NO, FOR EACH ION IN THE

: IF THE LUV PHOTONS IONOSPHERE, THERE ARE 100
wﬂﬁ%ﬁ?geﬁgﬁﬁh‘%g %cﬁgoﬁ?lg&m IONIZE ALL THE ATOMS TO 100,000 NEUTRAL ATOMS
JUST THINK ARBOUT HOW FAST YOU WOLLLD AND NELTRALS IN AND MOLECULES AROUND.

GET A PEALLY BAD SLINEURN (AND WORSED THE IONOSPHERE? 15 AND WHILE THE SUNLIEHT 1S

IF WE DIDN'T HAVE AN IONOSPHERE THE WHOLE ATMOSPHERE CREATING MORE IONS, SOME
AND OZONE LAYER!

UP HERE ELECTRIFIED? OF THEM ARE TURNING BACK
T INTO NEUTRAL PARTICLES.

WHEN AN ION COLLIDES WITH A FREE ELECTRON THEY SOMETIME RECOMBINE SO THE ION BECOMES A NEUTRAL
PARTICLE ASAIN. WHEN THIS HAPPENS THE ATOM OR MOLECULE RELEASES BACK THE ENERSY IT GAINEDC WHEN
IT WAS IONIZEC, HOWEVER INSTEAD OF RELEASING AN LULTRAVIOLET PHOTON, IT USUALLY RELEASES TWO OR

" THREE PHOTONS OF VISIELE LIGHT OR INFRARED LIGHT.

NEUTRAL ZERO CHAREE

S0 ON THE DAY'SIDE, THE IONOSPHERE BUILDS UP TO THAT'S WHY WE LAUNCHED THE CINDI INSTRUMENTS
A MORE OR LESS STEADY STATE OF ION DENSITIES. ON THE C/NOFS SATELLITE.” THOSE INSTRUMENTS TELL
BUT ONCE THE SUN SETS THEN NO NEW IONS ARE US WHAT THE IONOSPHERE 1S DOING BY MEASURING THE
CREATED AND THE ONES ALREADY THERE ARE SLOWLY IONS AND THE NEUTRAL PARTICLES AS THE SATELLITE
TURNING BACK INTO NEUTRALS. SO DURING THE NISHT, WHQOUQH THEM IN ITS OREIT BETWEE!

THE 1ON DENSITY IN THE IONOSPHERE DROPS BY A - HOO AND B840 KM —
FACTOR OF 10 TO 100. THEN THE SLIN RISES AND Ty
THE CYCLE STARTS ALL OVER ASAIN.

ALTITUDE

- SO0KM-

o / W1 ML TALKED ABOUT IT IN
- UOOKM 2 THE FIRST CINDI COMIC.
' HAVE YOU READ IT YET?
- 300KM ; /)“-——*




PART OF IT IS PURE CURIOSITY. WE WANT TO
UNDERSTAND HOW THE WORLD AROUND US WOPRKS. BLUT
PART OF IT IS THAT THE IONOSPHERE AFFECTS LIGHT.

50 WHY DO WE CARPE
WHAT THE IONOSPHERE
15 DOING? WHY DO WE PUT
SATELLITES UP HERE TO
STUDY THE IONS AND
NEUTRAL PARTICLES?

LET ME EXPLAIN ABOUT LIGHT, WHEN o

Y @5
YOU SAY "LIGHT" MOST PEQPLE ONLY J \., -
THINK ABOLIT THE LIGHT WE SEE WITH / -
OUR EYES. WE CALL THAT "VISIBLE -
LIGHT," UT THAT'S JUST PART OF : : :
LIGHT, OR WHAT SCIENTISTS CALL | £ i e
THE "ELECTROMAGNETIC SPECTRLUM." ! u — i e
HERE YOU CAN SEE THE WHOLE
FANGE OF ALL LIEGHT SORTED BY
WAVELENETHS.

 MCROWA/ES ' 11 uresviorer | SRS
MICROWAVES L0 wonvs o

HERE IN THE MIDDLE YOU SEE THE OVER HERE WE HAVE LIGHT WITH | |AND THE SHORTER THE WAVE
VISIBLE LIGHT, THE SPECTRUM, THE WAVELENETHS EVEN SHORTER LENETH OF LIGHT, THE MORE

PAINBOW, ALL SQUASHED THAN VIOLET, WE CAN'T SEE ENERSY IT HAS, THAT'S wWHY

TOEETHER, EOING FROM THE THIS LIGHT WITH OUR EYES, BUT THE FAR ULTRAVIOLET LIEHT
SHORTER WAVELENETHS OF VIOLET THAT'S WAS WE CALL HAS ENOLGH ENERGY TO
TO THE LONGER ULTRAVIOLET LIGHT. THE NEAR IONIZE THE ATOMS IN THE
ULTRAVIOLET LIGHT HAS UPPER ATMOSPHERE, BUT

WAVELENGTHS SHOLTER THAN THE NEAR LILTRAVIOLET LIGHT
DOES NOT.

WAVELENETHS

VISIBLE VIOLET LIGHT, AND THE
FAR ULTRAVIOLET
LIGHT HAS EVEN
SHORTER
WAVELENETHS!

VISIBLE LIGHT

INFRARED ° LLTRAVIOLET
LISHT. AL - usHT

LIGHT -

ANEAR
ULTRAVIOLET




IF YOU &0 TO EVEN SHORTER
WAVELENEGTHS YOU GET TO
X-RAYS AND SAMMA RAYS

WHICH HAVE EVEN MOPE
ENERSY. THE SUN EMITS A
LITTLE OF THIS LIGHT AS WELL,
BUT IT ALSO &ETS STOPPED
IN THE LPPER ATMOSPHERE BY
BEING ABSORBED BY ATOMS
AND IONIZING THEM.

IF I SHINE A LASER
BEAM FROM THE
EARTH TO SPACE,
THE VISIELE LIGHT
BEAM GOES OFF IN
A STRAIGHT LINE
THROUEH THE
IONOSPHERE. BUT
IF T BEAM A RADIO
SIGNAL WITH THE
RPIGHT WAVELENGTH
QUT TOWARDS
SPACE, THE
IONOSPHERE WILL
REFLECT IT JUST
LIKE A MRROR
REFLECTS VISIBLE
LIGHT.

ON THE OTHER SIDE OF THE
VISIBLE LIGHT SPECTRUM WE HAVE
THE LIGHT WITH WAVELENETHS
LONGER THAN RED (AND LESS
ENERESETIC), WHICH WE CALL
"INFERARED LIGHT." AND SEYOND
THAT WE HAVE EVEN LONGER
WAVELENESTH LIGHT THAT WE CALL
"MICROWAVES" AND "RADIO WAVES."
VISIBLE LIGHT HAS A WAVE-
LENETH OF AROUND ONE TEN-

THOUSANDTH OF A
CENTIMETER WHILE
RADIO WAVES HAVE
WAVELENSTHS OF TENSL
OF CENTIMETERS
upP TO SEVERAL
KILOMETERS.

INFRARED

MICROWAVES LIGHT

IONOSPHERE

THIS IS HOW HAM
RADIO OPERATORS
AND SHORTWAVE
RADIO CAN SEND
RADIO SIGNALS FROM
ONE SIDE OF THE
WORLD TO THE OTHER,
THEIR RADIO SIENALS
Zie-ZAE BACK AND
FORTH SEVERAL
TIMES BETWEEN
THE IONOSPHERE
ANC THE 6R0UND
WHILE &0IN&
AROUND
THE WORLD,

-,
THIS IS THE gae
WOPRLD SERVICE 1y
P LONDON, BROADCASTING

50 THE IONOSPHERE AFFECTS
LI&HT, 8UT ONLY SOME OF
THE LIGHT. VISIBLE LIGHT
GOES RIGHT THROUEGH THE
IONOSPHERE (THAT'S WHY YOU
CAN SEE THE SUN, THE MOON,
AND THE STARS). AND WE
ALREADY KNOW THAT ALL THE
K-RAYS AND MOST OF THE
ULTRAVIOLET LIGHT ARE
ABSORBED. BUT RADIO WAVE
LIGHT IS BENT AND
SOMETIMES
EVEN REFLECTED
8ACK 8Y THE
(ONOSPHERE.

VISIBLE SUNLIGHT

b""
I
&0
=
Zz
O
o




AND IF T USE A DIFFERENT
Aa WIVELENGTH OF RADIO WAVE,
£ THE BEAM'S PATH IS BENT
Or "PEFRACTED" THROLGH THE
Ny [ONOSPHERE, BUT IT STILL
& SETS THROUSH, NOW SOME
RADIO WAVELENESTHS ARPE NOT
AFFECTED AT ALL BY THE
IONOSPHERE, AND THOSE ARE THE
WAVELENESTHS WE USE FOR
COMMUNICATING WITH SATELLITES
AND PEOPLE IN SPACE.

e

OF THE CHARGED PARTICLES IS SMOOTH (AS IT 15
MOST OF THE TIMED, THEN WE CAN LUSE REGULAR
FREQUENCIES TO DO WHATEVER WE WANT TO DO.

S0 HOW PO I KNOW WHICH
RADIO WAVELENETHS (OR
FREQUENCIES®) TO USE TO
MAKE SURPE THE RPADIO
SIENAL GETS THROUEH THE
IONOSPHERE? WELL, IT
DEPENDS ON THE DENSITY
AND DISTRIBUTION OF THE
CHARGED PARTICLES IN THE
IONOSPHERE WHERE THE
RADIO SIENAL PASSES.

‘FREGLIENCY 1S JUST THE
NUMBER OF WAVELENETHS
OF LIGHT THAT &0 8Y IN
ONE SECOND. FREQUENCY
TIMES WAVELENSTH THUS
EQUALS THE SPEED OF
LIEHT, SO THE FREQUENCY
OF A LIGHT WAVE 15
INVERSELY PROPORTIONAL
TO ITS WAVELENESTH, LONS
WAVELENGTH LIGHT HAS
LOW FREQILENCIES AND
SHORT WAVELENGTH LIGHT

IF THE IONOSPHERE IS QUIET AND THE DISTRIEUTION

HAS HiEH FREGUIENCIES.

EUT SOMETIMES THE IODNOSPHERE BECOMES
DISTURBED AND IF IT'S BAD ENOUEH THIS
MESSES UP OUR RADIO COMMUNICATIONS,

¢ THIS BIGEEST PROBLEM WITH SATELLITE
COMMUNICATION |5 WHERE THE SIENAL GETS
PEFRACTED OR ABSORBED BY THE IONOSPHERE
WHEN WE DION'T EXPECT IT AND THAT MESSES UP
THE SIGNAL. THIS IS CALLED "SCINTILLATION."
ACTUALLY YOU'VE SEEN SCINTILLATION IN THE
VISIELE LIGHT BEFORE. IT'S CALLED "TWINKLING."

IF YOU &0 OUT ON A CLEAR NIGHT AND LOOK AT
THE STARS YOU'LL NOTICE THAT SOME ARE
TWINKLING AND SOME ARE NOT. THE STARS
OVERHEAD SHINE STEADILY, BUT THE ONES

CLOSER TO THE HORIZON TEND TO TWINKLE. IN

OTHER WORDS THESE STARS CHANGE

ERIGHTNESS AND APPEAR TO JIGELE AROUND IN

THE SKY INSTEAD OF STAYING IN ONE SPOT.

TROPOISH,

HEpe *

-




THE REASON FOR THE STAR TWINKLING IS THE
REFRACTION OF THE STARLISHT BY THE AIR IN THE
TROPOSPHERE®. BLOBS OF HOT AR RISE UP
FROM THE &ROLIND AND BLOBS OF COOL AR
SINK DOWN FROM HIGHER ALTITUDES, VISIBLE
LIGHT IS RPEFRACTED BY PASSING THROUSH THESE
BLOBS OF HOTTER AND COOLER AR, 50 WHEN
YOU LOOK TOWARDS THE HORIZON, YOU'RE
LOOKING THROUESH LOTS OF THESE BLOBS, SO
THAT'S WHAT MAKES THE STARLIGHT TWINKLE OR

SCINTILLATE.

e = =
THE TROPOSPHERE IS THE BOTTOM LAYER OF THE
ATMOSPHERE FROM THE &ROUND LIP TO BETWEEN
15 TO 20 KILOMETERS WHERE ALL THE WEATHER

-
"]
L]
5

AR

™

Vin

. SOMETIMES AT
NIGHTTIME BUBBLES
o OF &AS WITH A LOW
DENSITY OF CHARGED
& PARTICLES WILL FORM
; ON THE BOTTOM
EDGE OF THE
IONOSPHERE AND
BUBELE UP SORT OF
LIKE BUBBLES IN
A SOFT DRINK.

- ) STRAIGHT

50 HOW DOES
THIS APPLY TO

FEMEMBER HOW
THE BOTTOM
SI0E OF THE
IONOQSPHERE
HAS A SHARP

INCREASE IN

THE DENSITY

OF CHARGED

PARTICLES?

-

o

i,

.I‘.‘

L]
,B?-i' ]

WAVES PASSES
THROUEH THESE
EBLEBLES, THE
LOWER DENSITY
OF THE CHARGED
| PARTICLES IN THE
BLUBBLES WILL REFRACT
THE RADIO WAVES THUS
MAKING THE RADIO
SIGNAL SCINTILLATE.
AND SINCE THE
FORMATION AND SIZE
: OF THESE BUBEBLES
e AREN'T PREDICTABLE
A YET, THEN THESE
VARIATIONS IN THE
RADIO SIENAL ARE
LUNPREDICTABLE.

IF YOU'RE
USING A &6PS RECEIVER,
THESE SCINTILLATIONS
CAN INTERFERE WITH
THE SATELLITE'S SIGNAL




BUT THESE BUBELES IN THE IONOSPHERE DON'T

AL L HAPPEN ALL THE TIME. THEY ONLY HAPPEN ON SOME

SEND VIDEO OR AUDIO

NIGHTS, AND EVEN THEN SOMETIMES IT'S SOON

e B oarenn= | | AFTER SLINSET AND OTHER TIMES IT DOESN'T START
AND THE GROLIN, THEN
THESE SCINTILLATIONS
WILL INTRODLICE NOISE
INTO THE SIGNAL AND
DEGRAOE THE QUALITY. J

IT'S LIKE

WEATHER. IN FACTIT
IS WEATHER. IT'S WHAT WE
CALL "SPACE WEATHER.”

: IT'S DESCRIBING THE
CHANGING ENVIPONMENTAL

CONDITIONS OF THE

PLASMA IN SPACE.

SEE SPACEWEATHER.COM OR
WWW.SWPC.NOAA.&OV FOR THE
CURRENT SPACE WEATHER INFORMATION.

UNTIL AFTER MIDNISHT.

THIS IS WHY WE PUT THE CINDI INSTRUMENTS ON THE
C/NOFS SATELLITE. WE WANT TO FIND OUT WHAT
TRIGEERS THESE BUBBLES. CAN WE FIND OUT WHAT
CONDITIONS CAUSE THEM TO FORM OR NOT TO
FORMP IF WE CAN, THEN WE CAN GIVE THE SATELLITE
OPERATORS A FORECAST WARNING TELLING THEM
WHEN THEY NEED TO SWITCH THEIR COMMUNICATION
FREQUENCIES, OR IF THEY CAN'T DO THAT,

AT LEAST THEY CAN WARN THEIR USERS




THERE'S A LOT
MORE GOING ON IN
THE IONOSPHERE
THAN JUST THESE
BUBBLES. WE'RE
¥ STUDYING IT ALL THE
Ll TIME WITH SATELLITES,
ROCKETS, RADARS,
LASERS, AND SPECIAL
CAMERAS ON
THE &ROUND.

JUST LIKE THE
WEATHER DOWN
WHERE YOU ARE,

SPACE WEATHER IN
THE IONOSPHERE 15
VERY COMPLEX AND

WE'RE LEARNING
NEW STUFF
ALL THE
TIME!




BUT I WANT TO
CORPECT SOMETHING
I SAID EARLIER. I SAID
THAT THE IONOSPHERE
IS INVISIBLE TO YOUR
NAKED EYE, THAT'S
TRUE ON MOST OF
THE EARTH.

BUT UP IN
THE POLAR
REGIONS, NEAR THE
EARTH'S NORTH AND SOUTH
MAGNETIC POLES, THERE ARE
PLACES WHERE PARTICLES
FROM SPACE COME STREAKING
COWN AND HIT THE IONS AND
NEUTRAL PARTICLES IN THE
IONOSPHERE. AND WHEN THAT
HAPPENS, THE IONS AND
NEUTRAL PARTICLES START
TO &LOW, JUST LIKE
THE &AS IN A
NEON SIEN.




AND THIS
ELOW OF THE
IONOSPHERE |15
WHAT WE CALL
THE "AURORA,"
THE NORTHERN &
OR SOUTHERN

LIGHTS!




THE AURORA
ARE ONE OF THE
COOLEST THINGS
IN SPACE SCIENCE
AND I'LL EXPLAIN

ALL ABOUT THEM IN
MY NEXT COMIC,
CINDI IN THE
SOLAR WIND.

. SEE YOU THEN/! &




WOULD YOU LIKE TO KNOW MORE ABOUT THE EARTH'S IONOSPHERE, THE CINDI MISSION,
THE C/NOFS SATELLITE, AND'DOWNLOAD THIS COMIC BO0K AND A COPY OF MY FIRST
BOO0K CINDI IN SPACE™ THEN COME TO OUR REALLY*COOL WEBSITE:

HTTP:/ /CINDISPACE.UTDALLAS.EDL/EDUCATION/ -

ON OUR WEBSITE WE HAVE MORE INFORMATION ABOUT THE CINDT MISSION THERE,
CLASSROOM PROJECTS, VIDEOS ABOUT SPACE SCIENCE AND THE CINDI MISSION,
AND EVEN REAL DATA FROM CINDI! COME SEE THE LATEST CINDI NEWS THERE!

= -

AND HERE ARE ALL THE FOLKS WHO CREATED THIS COMIC BOOK:
CINDI CHARACTER CREATED AND DEVELOPED 8Y:
or. MARY HRQUHALT :
AMAZING CHARACTER DESIBNS, \ ._
».
IMPECCAELE LETTERING BY: .
®-ELIK LERVOLD : ; f!.
or. MARC HAIRSTON :
| SPECIAL THANKS TO DR GRES EARLE
MINNEAPOLIS COLLEGE
OF ART AND DESIGN.

DR MARY LIPQUHART ’
AND DR, MARC HAIRSTON -
SCRIPT AND STORYBOARDING BY: '
STUPENDOUS ARTWORK,
ERAND HIEH CINDI COMICS
AT THE LUINIVERSITY OF TEXAS AT DALLAS

DR, MARC HAIRSTON >
EDUCATIONAL CONTENT OVERSIGHT BY: N
STUNNING LAYOUTS, AND

| ULTRA DIPECTOR AND CHEERLEADER:
AND DR, FRENCHY LLNNING AT THE

NO PROTONS OP
ELECTRONS OR :
ELECTROMAGNETIC WAVES
WERE HARMED IN THE &
MAKINEG OF THIS 8OOK.

. o i "'
THIS BOOK WAS PRODUCED WITH FLINDS o
FROM NASA LINDER THE EDLICATION AND
PUBLIC OUTREACH PROSRAM OF THE

CINDT SMALL EXPLORER MISSION

(NASA CONTRACT NASS-010€8). ¢

COPIES OF THIS BOOK MAY BE FREELY
COPIED AND REDISTRIBUTED SO LON&

AS ALL THESE CREDITS REMAIN ATTACHED. -
FOR ANY FURTHER QUESTIONS OR
COMMENTS, PLEASE CONTACT US'BY

EMAIL AT HAIRSTON@UTDALLAS.EPU

AND URPQUHART@UTOALLAS.EDU.
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