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Here’s a typical oxygen atom you would Here’s a typical oxygen atom you would 
find in the upper atmosphere. find in the upper atmosphere. It has an It has an 
equal number of positive protons in its equal number of positive protons in its 
center as it has negative electrons goincenter as it has negative electrons going g 
around it. around it. So it’s neutral, it has no net So it’s neutral, it has no net 
charge. charge. 

the “oxygen” you breathe down there is really a moleculethe “oxygen” you breathe down there is really a molecule
of two oxygen atoms. of two oxygen atoms. We’re just showing one oxygen We’re just showing one oxygen 
atom here because that’s the way it is in the ionosphere atom here because that’s the way it is in the ionosphere 
...and because it’s a lot easier to draw just one. ...and because it’s a lot easier to draw just one. 

 

But sometimes when the atom absorbs a 
photon of light, the extra energy causes 
one of its electrons to get kicked off. 
Just like one of the spacedogs losing a 
tail when they eat an energy biscuit. 

Now the atom has one more positive charge
than negative charge, so its net electrical 
charge is +1. 

 

We call 
an atom or 
molecule with 
no net charge a 
“neutral”... 

and an 
atom or 

molecule with 
a charge an 

“ion.” 



NEUTRALNEUTRAL

IONION

Here in the 
ionosphere we have 

a mixture of neutrals and 
ions. It’s sort of like the 
neutral and energetic 
spacedogs I have 

up here. 

Up here 
in space the ions 
and neutrals act 
differently. 

A neutral just 
moves under the 
combined forces 
of gravity and 
pressure. 

NEUTRALNEUTRAL 

But since an ion is electrically charged, 
it also feels the force of the electric 
fields and magnetic fields 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. 
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ionosphere we have 

a mixture of neutrals and 
ions. It’s sort of like the 
neutral and energetic 
spacedogs I have 

up here. 

Up here 
in space the ions 
and neutrals act 
differently. 

A neutral just 
moves under the 
combined forces 
of gravity and 
pressure. 

But since an ion is electrically charged, 
it also feels the force of the electric 
fields and magnetic fields 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. 

If we 
had just 
neutrals or 
just ions... 

...they 
would all 

move together 
in the same 
direction. 

But since they 
move in different 
directions, they 
bump into each 

other all the time, 
and that makes 

them move in even
 more complicated 

directions! 



   

Up here the Up here the 
neutrals and the ions neutrals and the ions 

don’t move independently of don’t move independently of 
each other; they’re coupled each other; they’re coupled 

together. together. 

Which is why Which is why 
we call our instrument we call our instrument 
tthhe e   ““CCoouupplleed d   IIoonn--NNeeuuttrraall
DDyynnaammiiccs s   IInnvveessttiiggaattiioonn” ”   

or “CINDI”. or “CINDI”. 

 

...and I ...and I 
used to think used to think 
they named it they named it 
after me... after me... 

Just like I Just like I 
count the neutral and count the neutral and 
energetic spacedogs up energetic spacedogs up 
here, CINDI measures here, CINDI measures 
the ions and neutrals the ions and neutrals 

here in orbit. here in orbit. 

After After 
it makes the it makes the 
measurements, measurements, 

that information is that information is 
radioed back to the radioed back to the 
scientists on scientists on 
the ground. the ground. 

Just like I need two Just like I need two 
different nets to catch different nets to catch 
two different kinds of two different kinds of 

spacedogs... spacedogs... 
CINDI needs CINDI needs 
two different two different 

sets of instruments sets of instruments 
to measure both to measure both 
the ions and the the ions and the 

neutrals. neutrals. 



  
 
  
 

This is the Ion Velocity 
Meter or IVM. It has two
parts and it detects only 
the ions that get inside 
and ignores the neutrals. 

Not only 
does it count the 

number of ions, it also 
tells us which direction 
they’re moving, how 
energetic they are, 
and which elements 

they are. 

This is 
the Neutral 
Wind Meter
 or NWM. 

It also has two parts, and it 
has an electric field in front 
of it to keep the ions out so 
it only measures the neutrals. 

Just like the Just like the IVMIVM, the , the 
NWMNWM counts the number of  counts the number of 

neutrals and tells us in what neutrals and tells us in what 
direction they’re moving. direction they’re moving. 

So 
why would 
anyone care  
about measuring 
these ions and 
neutrals out 
in space?
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LOW DENSITY OF IONS 

EARTH 

HIGH DENSITY OF IONS 

LOW DENSITY OF IONS 

EARTH 

HIGH DENSITY OF IONS 

LOW DENSITY OF IONS 

EARTH 

HIGH DENSITY OF IONS 

LOW DENSITY OF IONS 

EARTH 

Well, these 
different forces 
affecting the ions 
and neutrals up here 
create big structures 
in the ionosphere 
that are always 

changing. 

Its just like the 
weather that’s always 
changing down 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 ionosphere where the density 
of ions is low, while there are regions above that where 
the densities are higher. 

Sometimes nothing happens. 
But at other times bubbles 
of low density ions form 
and move upward. 



 

 

DAY BEFORE YESTERDAY YESTERDAY TODAY 

REAL LOCATION 
OF SPACECRAFT 

APPARENT LOCATION 
OF SPACECRAFT 

DIFFERENT DENSITIES OF IONS 
BEND THE DIRECTION OF THE 
RADIO BEAM'S TRAVEL. 
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Yeah, 
that’s right! 
It is just like
a cool lava 
lamp! 

  
So these 
bubbles of 
ions can mess 
up your satellite 
navigation 
systems. 

 
 
 

 

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

 

And, if 
you’re trying to 

communicate through a 
satellite, these bubbles 
of ions can really 
mess up the signal 

itself. 

But this doesn’t happen all of the time,
just some of the time. Like I said, it’s 
just like weather. 



Ion 
Density 

Time 

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 

Outage Forecast 
Satellite” or 
“C/NOFS”. 

No, I don’t 
think that name is 
anywhere near as 
nice as CINDI 
either... 

Ion 
Density 

Time 

As the 
satellite flies 

through the bubbles 
we measure their size, 
structure, densities, 

energies, and 
composition. 



Hey, 
Cindi!! 

You see, 
by measuring 

these conditions in the 
ionosphere both before 
the bubbles occur and then 
after they form, we 
can figure out how to 
predict when and 
where they will 

happen. 

It’s just 
like weather 

warnings on the 
ground. If we can 
forecast when and 
where these bubbles 
will happen, then we 
can take actions to 
work around the 
problems they 
cause for our 
satellites 
and... 

Hey, 
Cindi!! 



Hey, 
Roberto! 
What’s 
up? 

We just 
got another 

report of a pack of 
space dogs near you. 
Can you go check 

it out? Sure 
thing! Talk to 
you later! 



Well, I’ve 
got to go check 
out those space 
dogs. Come back 
soon for more 
adventures! 

And 
keep learning! 

Bye! 



    

Would you like to know more about the CINDI 
instrument, the C/NOFS satellite, the ionosphere, 
and even download a copy of my adventures here 
to print out on your own? Then come to our really 
cool website: 

http://cindispace.utdallas.edu/education/      

We have more information about the CINDI mission 
there, classroom projects, curriculum stuff for 
teachers, and even real data from CINDI, and 
projects you can do to analyze the data! Come 
see the latest CINDI news there! 

And here are all the folks who created all this: 
Story by:  Dr. Mary Urquhart and Dr. Marc 
Hairston 
Script and storyboarding by: Dr. Marc Hairston 
Amazing character designs, stupendous artwork, 
stunning layouts, and impeccable lettering by: 
Erik Levold 
Coloring by: Diana marsh and jessica Fuchs    
Original concept of Cindi character created by: 
   Dr. Mary Urquhart, Dr. Marc Hairston, 
    Jim Richardson, and Charlene Olsen.
 Cindi comic project director: Dr. 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 produced with funds from NASA 
under the education and public outreach 
program of the CINDI Small Explorer Mission 
(NAS5-01068). Copies of this book may be freely 
copied and redistributed so long as all these 
credits remain attached. For any further 
questions, please contact us by email at 
hairston@utdallas.edu and urquhart@utdallas.edu. 
© 2005 The University of Texas at Dallas. 
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