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Hi
Yhere,
everyone,
WELCOME/

I'm Lillian
Rocket, Scientist,
and ['mcheckingout =
Rouldetr

USGS Scientists
rake caceful
easurements
of the Earth's

Magpetic data are
Yecorded all the
fime using Compufers,
t's 1:‘.“»@ modern
and hightech 4
here’..

probably alveady

. out \{Nﬁm

familiar with
A\yery Swn ?\Q
magnetometer,




A cornpass is,
of course, very,
useful for navi-

gating the ocears...

AS \'msSure you krow, 3
compass has a needie
which itself is a small
magnet. This heedle
can rotate very easily.

o measure the
directionof the
maanetic

eld,

One end
of the needle
\s called, NORTH,
Since the needle
fends Yo rotate
A ekl it points
10 2 hortherly

divection. L~

alignment of the
Compass needle oczurs

This

elecirical curyents,

ecause itfeels a force
from the Earthis maynetic idd.
finding | |But whateyact l;l 1S They are a bit like
your way | |2 magnetic fleld? GRAVITATIONAL fields,
onland. | J\well 2 magnetic field whiich explain the forces
explains the forces between things withMASS,
fhat exist between or ELECTRIC fields which

erplainthe forces be-
\, tween khings with

ELECTRICAL CHARGE.

avourd the
cuxvrent,

An electric current
enerates a tnagnetic /™
?\e\d‘\nﬂ\e Space / &/

The Earth gener ates

because there are
electric fields that

st underour feet,
ahd evenower
B our heads! A

Scientists
liketo draw
maanetic fieldsag
curving lines with
atrows To Show the 1=
direction of the field. f

s own wagnetic field "», The Earthis

You gt say
; a natural
=) electric

A %enera‘\or!
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Let's havea quick
\ookat the Earth's
netic field. At
{he Bacths surface,
he fied has two
poles, called North
and South magnetic
dip poles, where
the maghetic field
is concentrated. M)

As aresult,
scientists sa

foe Earthis fold X
\S roughh{
dipo\ar,

nts oubward
ar{he South dip
pole and INWARD
at e Nor™

Heve \n BOULDER,
he compass

Rut the m‘*-}neﬁc\ Andaimost | =@ A\so,+he magpetic fievd d
poles are ot dnyuhere you ll \ CenngES over time!
perfectly  goon Earths :

aligned with Surface, you o

e geographic will findthat | | Thisss
polesofthe  the Compass caused

Earth. doesnt point by Surprising
h exactly NorH. | | thwngs going
This has caused oninside
roblems for the Barth.. £~ __
¥ navigators over j
mn \\Vp, ‘e centuxies,

L
wits about
Yendegrees EASTof truenorth.

That's wiy the USGS Geomagnetsm
pregram and similar programs in
other countries have been monitoring
the wagnetic field for overa
century, Sothat we can better
understand the Earth and the

space that Surrouhv

Now it's ime {o
get out of the fab and

qet our hands dirty. C'roen’

{ake a leokathis, \§
furn my (ompass on 1fs
Side, [see ’t\\:’t‘?:s

fends to point ¥ind
of downwwards...

Vi “ -___;J "W
A\ / ( tarthsinterior.

Lets followour
Compasses onan
incredibleride!




Hopon iy,
thetey plenty

of room !

As we follow
the magpetic field
\ine dewin, we;m\'e
drilling thvo

Solid tcgck, {'E:\?ough
the Bavth's crust
and mantle...

\We'te on our way
tovavea look atthe
\iquid iron outer
Core, where the
main part o f the
Earth's magnetic
field is generated.




Nou Stashed
through our
TuneL !

T'm {o\\m}\t\q a
\ou want to A tragreticfield
come in? \ine through
— e Barth.

1 canmake

T 1 dvdn't know

frolls (ived
down here!

|

Or.. uh...
any where,

Crnon, Wiy do
ou alwiays have

Guys, guys, don't

FauT!




This heat (s whal"...ﬂ‘s what
b~causes the core’s  goentists call
luid wonto | CONVECTION,

We're passinginfo
the core th 3...
0 SRS

Were still in Y AS \ou rnignt quess, 's
the mantle but  not there, very hot,
almosttothe > <
outerCore thow,
which is
Comprised
of liquid
\ron.

Some Scientists fhink
that the coreis almost
as et as the surface
of the Sun.

hw; Sort ok like what 2
RAPPENSs whenyou hea
water 'makeﬁ'seﬁhe

water circu\atesin
response fo the
heat.

..............

The convectingmotionof What feppens, inthe end, is - This increases the Strength of
the core i$ aléo affected that the Earthis magnetic I the Gield preventing wivatwould

the Earth's

. field (5 wragped andiwisted S
Fotation. _

A otoerwise be the {ield s slow
_ around ok itself... -

natural decay and event wal
disappearance.

' SEE-TUROUGH-
ROCk- AND - METAL

N Scentisks
[ callfhnigthe T
Tarth's DYNAMO.




Right now, the tknd it Nowtakealookat \ Dedliration is
north ragnetic  toight | [4his magof magnetic  different in
dippoleisoffabout surprise] | declination orthe  different
Tdegrees fromthe youthaf] | diectionthatacom-  locations a
northgeographic  thesouth | | pass deviatesfrom it slowly
pole. maqnefic fruenorth, hereas | changesover
poleis 1L.6° '
off the South
gRographic
pole.

The
deodymamo

i
Complicated.

measured (n deqres

O'l\%m )
scienhifie
research.

We're So why
enering back would the
\ into{he mantle magnetic
5 \ now... fie\d change
over Fime?

Because £he core is corvecting causing thetield
indhe core, as el as +he field we can measure on
the surface, o move around.  Scienbists
call this SECULAR
VARIATION and
i 15 why thefield
needs fobe constant

wityy hewtnagneti ) T o O Aha! That means
maps need fo be '3 N 'P‘Z’\"lo : we'venade it fo the
NAde Qvery > N -0 Surface - we Should be
Cew yews. : =3 at the bottom of
LSS g fhe ocean,
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v
Rermember, we're follawing  \We Should be Comingug fo
3 gromagnetic fedline,.. *  +he Sucface of the ocean
We've arrived afa MAGNETIC  right 2bout hew, and I'm
LATITUDE opposite thatot A evpectinga deliery when
At Boulder Observatory. O, W get there.

I we were due

South of Boulder,
we'd be right
HERE.

By my calculations,
we've at ~4O°N,
195V E,

\s! Goodold
Postal Service!

N

{t's a new purchae
[ justmade. (t')
helpus continue
\ 2long this field
N \ine.

of {he auto-
ogening crate’




Okay quys, T
Know it's scary
%o be inspace
for the first

Pl
“ ¢
. o .

oA @ N

3 '.'t,“.'

‘ ,

What are \ou talking That's

about, Rocket Lady? good...
we're not scared
of ANNTHING!

= rl
i |
b 5.

.. Decause we're
passing Through
= the Earth’s
@ ionosphere,

Q

The \oNOSPuERET.!rPu“! You're
\h-what’s THAT?

The ionoSphere is | Radio waves
the electrically 'can e bounced
conducting part, off the Yottom

scared of
ENERN THING!

atmosphere, :
ts wseful ! communication
over \ohg

_distances.

of the Earth's / of theionosphere
allowing for

Every day,asthe Eacth rotates the
heat from the Sun Causes tonospheric
winds . As the winds flow through
+oe Earth's magnetic field eledric
currents are qenerated.

N
Ohno,
1onespheric
2 WWDs?!

(©9)

{ Oh, they're —/ ThoSe Cuxrrents generate their own

0\ okay, oo maghetic fields, and these can ve
= weasured at magpetic obsery -
. ateries on Earth,
PATTERN:

[DENTIFIER

Do NaT LEAMN O

w TaTE® N \OaH | |,

S

Nou Know, like Boulder;
wihere we Started and
others.

(G

4




Ave \ou STILL Oh MAN, Look, 'mmnot 2 Then 1 probably shoukds
nervous? B whet 3 baby -~ you just | | tell you that weve entering
. \ caugntmeatq oe Earth's magnetosphere

weak MOMENT] right how.

-BLIP-

WHIRZRR

Check out this The magnetosphere is the ' Electrically charged particles Cotni :
image beamed Earth's n?agne\'ig. fie\d in space; from the Sun (1@ Solar wind) shihe

Yo us froma 4 the fiel\d line we're following ol Barth's field into this elongated ,
distant ' ) . <

satellite.

wb is partof it A shape, //

it's

Compressed
on the day Side
and Strefehed . Normally, {here
onthe mgh\- Syde, S 3 de\ic;\e balance Someimes
away from between the Soldrwind rungs can
e Sun. pressure andthe resist- get’quite
ance of the magnetic Chaotic.
.’"’ {iel’d L
i




A magnetic Storm --0¢ wihen the
ocurs When the Sun’s magnetic field
solar wind ve- becomes cotnected
cores unusually A% .

» onto the Eacths

) 1]

Strong - -

If Bom occur,
thenthe mag-
nefic Storm
Can pe
ENORMOUS.

that ac.ﬁulhi

Magnetic storms tend to occur
when the Sun (s most actwe, ard
Nares over gencds
of about eleven years.

magnetic § form,

radia communation

canbe ditkicult;
especially over
\oinq dstances.

Magnetic
Y shorms canbe :
monitored by ovservatones

: Magpetic Sterms
(aneven be dangerous
for ASTRONAUTS;
They Can
be exposed S
To unsafe 9
doses af S

And ¢atellites canbe
difEicult to control ,and
o&lﬂohiu‘-\-he‘ @n

N damaged.

e sevexel

waged

Maanetic data are
useaab help minimize .
7 theumpact of storms on cwil- ;o
1zation and ifs technological systerms.

Can't all this
‘ve done just

with satellites? 2

\t's important to measure the tmagnefic
fie\d beth in Space with Satellites; and
ohthe Earth’s surfaces with
' =y d  observatories.
=) Rernember, many ot fhe
L Y fanardous effects of
g magpetic strms occur
either on or relatively near]

During tagnetic storms, Trese are caused oy Rlectnially chacged

AuroracanDe seenat (i parhicles stream: }lchq rnaghetic

high \atitudes. ] ) fietd line s wnto the Carths 2
T : This causes the atmosphere to glow.
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we

our Compass,

the field \ine
vack to

I\ follow

Neah evce
accidental y
R, \eacped Some

o/ And weve only brietly mentioned
1he wide ariety of science related

3 foqeomagnetism and magpehc
; observatory data.

Therearetnanyother/ Prwvate
apphications o€ ¢ industey uses
magneticdata, | magneficdats
including study | to Suppert
of the Earth's /  mineral
Ceustand exploration
atd oil drilling,

%re closed loops so
by followaing it we've
Comne back to
where we Started.

As\ou tnay have  \ // Ah, and here's
uessed, fietd lines the qreat big hole [

left) 1§ \eads right
to \our mine,

Ooh, [ don't koo, It's

\ike 20km straight V%

Y Actually, it
not Straight

a61%angle

down; Itisat

\ike the
field line,

Con, Hrothier, youve qot
all this potential energy
and you just want
fo WASTE 142 _~ZN

SCARED

haye to

No, it's just that I
i

INK apout












