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TARGET: JUPITER

CONTROLS:

SLEW PARK TRACK l—l - |I

Oh wow - This is
my first light!

really get
to see
Jupiter?




Why is
everything
black?

LIFE ISN'T ALWAYS EASY

FOR A TELESCOPE.

| know how
to fix the

Drat!
| left the lens

Now | can see,
but it's just
fuzzy blobs.

The focus
is terrible!

Where are
you pointed?
Let's get the
GFS working.

| did it!
| can see

" Well,
| guess
that's it
for tonight.
Might as
well run
updates.
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What is
beeping?

It's the —
computer. What's ‘ What is

“Internet"? ' ‘ — all this

. A\ equipment?
e

% whoami

lolO

% sudo usbview
Password
Focuser

?lct;rwhee' ), Filters? What am }'vu"
esieols "' supposed to do with .
, a FILTER WHEEL?, ©

4P ASTRO QUEST

9 What do you recommend for a RELIABLE weather monitor? Also, is this soaked

circuit board salvageable or should | ditch the malfunctioning component already?
(43 responses)
Help! The occultation is in 10!!! minutes and there are kangaroos blocking my view,
pls advise (17 responses)

Q Does anyone know a good way to remove satellites from my images? (28
responses)

Q Check out my pictures of this comet that | just took! (8 responses)

| am so lost!
Can | Google what

5 GAuLEO
this means? 25 Jow oare: 1987
POSTS: 238670

Can forums help?

Hello, little friend. | heard you're interested
in Jupiter.
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Um, who are you?

GALLEO
7 JOI DATE: 1987
Posts: 238671

}Galileo at your service.

1010
L@_I Jom DATE: 2018
Posrs: 2

Galileo? The mission?!
Aren't you... dead??

Gareo
Jom ATE: 1987
Posts: 238672

Don'’t believe everything you
read, kid. | downlinked. | may
not orbit the 5th planet from
the Sun anymore, but I'm still
here online.

D Jow oate. 2018
S posTs: 3

Uh, hi?

GALLED
JOW DATE: 1987
Pogte: 238673

Whatcha looking at? A cool
galaxy? Some fancy nova?

lol0
(%) | Jow oare: 2018
Poss: 4

No. The same boring thing | falleto ‘ Europa

look at every night: the empty e
space around Jupiter. v

Gareo
Y| pezsaine
Oh! Jupiter was my job! What
a trip trﬁ)at was. Doyyjou have a (EYE-oh)

favorite moon? Europa? Ganymede
Ganymede? Callisto? | can’t
pick, but | have a soft spot for
lo. | saw a volcano erupt on lo
back in 1997. Can you

imagine? Hmm, empty space | lcani
around Jupiter you said? | bet i c?mc
you can see the plasma torus. Eruption

lo’s eruptions make that torus!

lol0
_@_ Jow OATE: 2018
- Poste: §
Jupiter can't be that important.
It's just a planet with moons.

There are like 6000 others.
GALLED

e i

But not in our solar system:

we only have 2 gas giants.

And Jupiter’s 4 big moons

are like whole other worlds,
they’re each so amazing.




JUPITER'S MAGNETIC FIELD
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Nowadays it's my honor
to help new telescopes
and missions learn about
-_— what they can do and
1 || | how science really

‘ works.

10l0
@l-sr

You helg telescopes?
Like me’

{é’@"" Juwﬂﬂ

ASA/ | Posts: 238677

Just like you! In fact, |
have an important
problem that no one else
can solve!

If you're interested?




h7iTal GALLED
Jow OATE: 1987
() Posre: 238678

Your mission,
should you
choose to accept,
is to study the
plasma torus
around Jupiter &
help find volcanic
eruptions.

Jow oA 2018
(8] s

I want to help, but |
don't know what all
those words mean.

Gotta go. My
astronomer is here.
I'll find you later.

I'm glad I'm not alone.

Clear skies?
Check! Filters

Galileo! | need
your help! | don't
know what I'm
doing!

ready? Check!
: Jupiter? -
sciencel It's rising. Jupiter th
And | have Let's sureis tiiig //'ie
a mentor! hfhrd
e start! bright! byl
AHHH! Some-
thing got stuck
in my optics!
Um...? What
am | supposed to
do? | do not
"got this"!
Bedtime!
You got this,
lolO.
Jupiter's light.
Now | can see
everything! s

Oh, none of us know what
we’re doing at the start.
That’s what observing
plans are for. What does
the file say?

Sounds simple enough.
Each filter lets you see a
different kind of gas! So
take two images and
change the filter. Repeat.

Tol0
JOw OATE: 2018
i Posts: 8

1ol0
Jow DATE: 2018
i Poste: 9

“Torus - Torus - New filter
- Torus - Torus ..."

Take two images, change
the filter. | can do that!
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Jow oaTE: 1987
Posts: 238681

You are part of a long line of
missions and telescopes watching
Jupiter. Voyager 1 first saw lo’s
volcanos as a weird textured
landscape in March 1979. Afew
months later, Voyager 2 caught
volcanic plumes spraying material
into space.

| was already being planned by
then, but | didn’t get to launch from
Earth until 1989. Then came a
6-year journey before | finally got
to lay my cameras on the Jupiter
system. In 1999 | finally flew close
enough to lo’s surface to show
how it was constantly changing. It
was amazing! So worth the wait!

lol0
Jom DATE: 2018
Posts: 10

kv

Why lo? Do any of the other moons
have volcanoes?

Jow OATE: 1987
5 Posre: 238682

It's all about heat! Most worlds
cool down over time and never
have volcanoes. But lo is in just
the wrong place — or just the right
one. It's so close to Jupiter that
gravity distorts its shape. But the
moon Europa is also tugging it
into an elliptical orbit. With both its
shape and orbit always changing,
there is a lot of friction and
flexing, and the rock heats up.
Boom! Volcanoes.

lo releases 1 ton of sulfer dioxide
gas every second. The gas is
charged by sunlight and electrons
in space, and then moved around
by Jupiter’s magnetic field,
making a large donut shape,

or torus.

100
o Jow DATE: 2018
Pogte: Il

Oh! When | observe Jupiter's torus,
it sometimes gets brighter. Is
that because a volcano just erupt-
ed? Am | actually seeing volcanoes
erupt gases into space? That's so
cool!




[HREER N SIUATIERSS

A8 ..J'o&«';’;"-t* VX
a 77\_~ ‘ ' 8 -
S W X e
D
43 _""
W -

S i~ %
ST \Y e
o o

8 3
Bonus
Nebula

Hello, Dearie. I heard a rumor
you think you can do science
with Io. No need. My 10-m

twin:ds T have thisicovered. Oh, comets are fine. We'll observe
them if someone needs something

m' . . e
3 PN / fancy, like a composition. But

; . mostly we leave comets
Your 0.35-m mirror is best i -

for things like comets Jor amateur telescopes.
2 Lf ) lo — now that’s our jam.

Jupiter!
Jupiter!
Jup-it-er!

Iol0
Jow oATe: 2018
Posts: 58

Why? Aren't | doing good science?
And what's wrong with comets?

Keex Il
N ¢ JOIN DATE: 1996
- Posts: 49573

Didn’t you see our latest paper, dearie?
lol0

3 | et
Your paper? | guess | should find it.
IS
JOI DATE: 1996
Posrs: 49574
Toodles! I hear a tour group coming &

we need to freshen up. Remember -
leave lo to professionals like us.
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The Keck =
telescopes think A o

I'm not doing good
A Oh, nonsense, your
ecience, They ars science is just fine. Let me

among the best. :
Are they right? Am | tell you a bit about Keck.

too small?

LT
Jom oane: W87
rosTe: 238705

Keck has a thing
for volcanoes.

Jow DaTE: 1987
posre: 238706

But researchers have the twins
so busy they're always onto
new targets. There was a dark
matter galaxy. Oh, and that star
that changed brightness and
made people think it had aliens.
(It was probably just comets.)

| And so many supernovae.

100 o—n G
Jow oare: 208 Jow oare: 2018 0830 somour: a2
Potre 435 Porre: 436 LA oere 238709

But they said I'm too But you're in space! Just keep observing
small. Too "amateur”. T —— every clear night. Keck
T e 7 s can’t do that! | couldn’t!
P2 e Exactly! | had less You can see the entire
Some foolish scopes than 8 years to torus. We couldn’t do
only look at diameter. explore. You will that. You work hard,
Look what | did with my have decades to do and new science will
0.2-m mirror! amazing science. come to you.




Look at
this, lolO!
Keck is seeing
eruptions on lo!

see this in the
torus tonight?
| see a paper
in our
future.

W first let's
W get comet
Y observations.
B Jupiter isn't
up until late.
It looks like we
have comets
discovered by
Fan-STARRS,
ATLAS, and
NEOWISE.

i/ do a science
paper on lo! |
just need to

observe these
comets!
Let's go!
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]|
......

N JUPITER VISIBLE IN:
¥ .( | HOUR 4 iy
w, and then , N
lo later. We'll do so There are —
# | much lo science! $0 many comets
Just have to to observe. What is
finish this! this data good

for?
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Why do comets matter?

B =t

Jupiter isn’t always up.
Good telescopes do

science every moment
they can.

For you, those moments when Jupiter
isn’t up comets are an additional sci-
ence. Comets are amazing - they are
ices and rocks all packed together and
flung by gravity into the inner solar
system. They are so important that we
| have sent spacecraft to chase them
| and land on them and more.

But Keck said comets are for amateur
astronomers. | don't know what amateurs
are, but it sounded like a bad thing.

Amateur astronomers
are amazing! They
volunteer their time to
science. For instance,
Russian Gennadiy
Borisov discovered a
comet from another
solar system.

WOW! An alien comet!
Maybe [l see one too.

228303 Jomoure: 1987

LAY boare 238845

Many astronomers, including
amateurs, were watching Comet
PanSTARRS (C/2017 S3) when
it disintegrated. Their data let us
see what comets are made of!

It, ah, disintegrated?? | thought
comets were just pretty to look
at, not scary!
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(3L Jo onre: 1987

S pogre: 238846

¥ Good ol’ Rosetta sure got
a scare. One really bad
outburst in February 2016
slammed Rosetta with dust
& let her instruments see
an outburst from upclose!
The dust density went up
by a factor of up to 100!

For you - outbursts are
easy science. You keep
looking at comets 10l0O. You
might be able to help
researchers discover
something amazing!

Jow oaTE: 208
Posre: 494

Like what? What can | do
that Keck can't?

2 - Ganer
ICG 3 dow e 1987 . . .
(DA e 20807 Having time for special

You can watch longer & Wl projects is my super
spot special moments. power! Can Comets really
You might discover lose their tails?

comets have landslides

or see how a comet can [l e o -

lose its tail! (R o 2388
They sure can! Solar | can study that? | can
flares make the solar study comet outbursts,
winds gusty, and can lost tails, and stuff?
blast a tail right off!

75350 Jomote
(S e ztsey

You are designed to
study that kind of thing!

Te—

Oh no! It's
raining again just when
Jupiter is rising. How am |
supposed to do science if
there keep being clouds?
I'll keep trying,
though!




7 Ok, my
astronomer
is going to
present
research at a
conference.
We can write a
paper If | can
£\ just get a few
more eruption
images.

(TeAT Reex
Hey, girl. What’s good?
[TERT Reck i _

We heard you are still trying to do research.

[T R

Didn’t you see that article on us in the New York Times?
We imaged 3 volcanoes erupting in August 2013.

[TEoT Keacn

We got lo covered. You shouldn’t challenge your little
sensors with it.

| Y| Keext

You just stick with comets. The bright, easy to see ones.

1Y) | Kexn

Gotta go. Our team is here to make us even awsomer.

[ TGAT ReaxT

Tata, IolO. Stay shiny.

| just need
ten more nights of

data. Let's get
that roof fe(nz

'l

A\ What the... 7

{ Why? Why doesn't

my focuser seem
to work?

Tonight looks
completely clear!
Jupiter is up. The images
are a little blurry, but |
can fix that.

MICE!
How could

team like




MEANWHILE, HALF A WORLD AWAY,
IT'S TIME TO SHARE THE SCIENCE

PRELIMINARY RESULTS OF
VOLCANO MONITORING
PROJECT: TENTATIVE DE- |
TECTIONS OF 5 ERUPTIONS. V

lolO
has detected 5
multi-month
enhancements in
the surface
brightness of the
lo plasma torus
over the past

Hold on, little scope.
I'm on my way to fix you.
We'll get you back
doing science!

OREGON - ARIZONR  EXPECTED
HAWARI - ARIZONA

WASHINGTON - ARIZONR  EXPECT
ARKANSAS - ARIZONA  BRGS

\o© 7 c,\o‘sf;z 0

DN P

N you fixed up
& cleaned

Yau’// be back
observing in no
time. You'll be
better than ever.




JUPITER VISIBLE IN:

0 HOURS O i

&

Your cables are repaired. Your
focuser is making the stars look like
pinpoints of light. The mice have
been scared off. Everything is clean
except me. Even the skies are clear, /-
Ready to observe?

Let's
* catch some * \
photons &
do science!

% * %

Iy Whoa. That torus is
bright! | wonder if that
could mean ...

Y have a target
of opportunity.

..Yeah... lo looks
like it has an A

eruption.
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LATER... Galileo! Did you hear? | saw an eruption!
37 o 7
Posts: 238934
New messages Oh yeah? You should talk to JWST!

from Galileo _L@_ e

CUTEl G (2T Who is JWST?
Fore 23385

| Only one of the latest and greatest space
telescopes!! He'll tell us what’s going on!

Hey lil buddy! IE's
great observing
with you!

My besties :
always talked TSeal®y] otz
about scopes like |

Jou that inspired o e dode 1 1
Ehem to build me! :

You're inspiring! Cl?ep’r?eemrc;%corgr% a
volcano on the
moon of another
planet erupting!
Ok, I'm being told |
need to slew.
More loter little
buddy. Peace out.

——
n:kp . GALLED
S e || (B
Well ... — See kid, even JWST

I guess... | Welf,h&“ld with his 6.5m mirror
1;;; ably can’t do what you do!
(@] =t
| like doing science
with other telescopes!

] | AR

e i
The best science
happens when every-
one works together
doing what they're
each best at. I'm glad
you stuck with it. Now
go share!

El=r

It's time to get writing!

JON DATE: 2021

: POSTS: 682

Get this lil buddy, | just
confirmed Kanehekili
Fluctus volcano on lo is
erupting.




That didn't feel
like 6 years!

4

that

finish up 1

comet arch.
C t night
to look up. Are
you ready,

. /0/0

Let's go.

‘ ’observing!




| may be small, but
| can do many things big scopes can't:
| can show up night after night and look at lo,
Jupiter, and the torus. And | can watch comets
when they're not up. ;

| can catch
the moments everything
changes. When lo erupts,
comets outburst, and
tails get lost.

The solar system is
throwing a dance party for
me every night, and the
music never stops!
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: ATMOSPHERE - planet’s gas layer MAGNETIC FIELD - region where
charged particles feel a magnet-
ic force

¢ METER (M) - 1 m=3.3 ft

CORONAGRAPH - blocks out direct ~ MIRROR - part of telescope that

light from a bright star or planet to collects light; larger mirrors col-

better see faint things nearby lect more light
MOON - orbits a planet

ELLIPTICAL ORBIT - path of object is 0 _ _
an ellipse and not a circle OPTICS - materials that direct

light through telescope
F ORBIT - path of moon around

planet, or planet around star
FILTER - controls which colors of

light the camera sees
FILTER WHEEL - used to switch filters [P

FOCUSER - keeps telescope images  pyoroN - particle of light

sharp and in focus PLASMA - state of matter with
many charged particles

' PLASMA TORUS - charged parti-

IMAGE - picture taken by telescope ~ cles around Jupiter

and saved for science g

SLEW - to move a telescope to a

6 location on the sky
GUIDER - tracks a bright star so SUPERNOVAE - more than one
telescope stays on target supernova, or exploding stars

T

TORUS - a donut shape

AAAAAAAAAAAAAAA
0000 ® 9 0000060 0 0

o e > °

2 0 0 0000 000000000000 0000 0 000 0 0000 000000000000

O ooooo-ooono-oo.ocooo.oool
) 00000 o000 ® 00 U U ) o 000 ®



GALILEO

A SPACE MISSION THAT EXPLORED JUPITER
FROM 144s TO 2003. THE TELESCOPE WAS
SMALL (0.2M MIRROR) BUT IN THE RIGHT SPOT
FOR AMAZING DISCOVERIES.

1010

SMALL (0.35M MIRROR) BUT FIESTY TELE-
SCOPE IN A SHED IN THE ARIZONA DESERT.

JWST

THE NEWEST AND LARGEST SPACE TELESCOPE
YET. JWST LAUNCHED IN 2021, HAS A 6.5M
MIRROR, AND IS A PRETTY CHILL DUDE. (LITER-
ALLY: IT'S CHILLED TO <50 KELVIN.)

KECK

TWIN 10M TELESCOPES ON MAUNA KEA IN
HAWAII. AMONG THE BIGGEST AND BEST, AND
THEY KNOW IT.

ALSO MENTIONED:

HUBBLE: orbiting Earth since 1990!
JUNQO: orbiting Jupiter since 201I.
Rosetta: orbited a comet 2014-16.
Pan-STARRS, ATLAS, and NEOW-

ISE: many telescopes working togeth-
er to find comets & asteroids.

HOW DID | GET MY NAME?

1010 = |0 INPUT/OUTPUT, PRONOUNCED

OUTPUT IS SHEER AWESOME SCIENCE!

NO, | DON'T LOVE 10 50 MUCH I'M SAYING IT
TWICE. (WELL, | DO, BUT THAT'S NOT MY NAME!)

"10-1-0". MY INPUT IS MATERIAL FROM |0 - MY

TELESCOPES & WORLDS

JUPITER

BIGGEST PLANET IN OUR SOLAR

10

JUPITER'S CLOSEST MOON. HAS
THE MOST VOLCANOES IN THE
SOLAR SYSTEM.

EUROPA

ZND MOON FROM JUPITER. BELOW *:-:
ITS ICY SURFACE THERE MIGHT BE
OCEANS.

GANYMEDE

3RD MOON FROM JUPITER.

CALLISTO

4TH MOON FROM JUPITER.

ooooooooo
ooooooo
...........................




PLANETARY SCIENCE
INSTITUTE PRESENTS...

ANGEXCTINCRADVENTY,
HYMAN TSN E ST, @[ng[%%[?
(NEOURRUNIVERCEY,

Once upon a time there was a telescope. It wasn't
big. It didn't orbit another planet. It didn't even
orbit Earth! It started life in a box in a box store,
but through a chance of fate this little telescope
was sent on a quest to capture big science.

O]

Learn more at ioio.psi.edu k “;3#:

OurE:

Find us on social media!
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