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USGS Scientists
roake Careful
measurements
of the Earth's
netic field
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['m Lillian
Rocket, Scientist,
and ['mcheckingout ==
magreticdata {rom

Rouldetr
Observatory,

Magpetic data are - ut youare

recorded all the provably alveady

fime using Computersf{ familiar with
avery swnpk

\t's auite modern

igh tech

and magnetometer.




AS \'msure you know, 3
compass has a needle
which itself is a small

The / They've been
CoMPRSS. <] used forcenturies
/’A o measure the
~  \ directionof the

One end

magnet. This needle
Y magnetic can rotate very easily. of the needle
\eld, 15 called NORTY,
since the needle

fends o rotate
A until it pownts
7 nahortherly

S, divection.

This
alignment of the
compass needle occurs

because itfeels 3 {"wcte
A corpass is from +the Earttis maynetichied.
of course, very, ..and for —
usefu for navi- finding | |But whatesact l;l 1S They are a bit like
gating the ocers... vour way | |2 magnetic field? GRAVITATIONAL fields,
onland. | |\Well 2 magnetic field which explainthe forces
explains the forces between things withMASS,
hat exist Detween ot ELECTRIC frelds, wivch

explainthe forces be-
fween things with
PN ELECTRICAL (HARGE.

electrical currents.

An electric carrent The Earthgenerates You might sa

enerates a twagnetic /x ks own magnetic field the Earthis
?\e\d inthe St;:?e “"'. A\ A —— because there are a matural
arourd the /4{ ’ £ ' electric fields that electric

eist underour feet,
ahd evenover
B our heads! A

cuxrent, £y qenevator!

Scientists
like to draw
magnetic fieldsas
curving lines with
arrows To Show the

diveckion of the field.




Let's havea quick
\ookat the Earth's
netic fievd. At
{he Barth’s Surface,
tre field has fwo
poles, called North
and South magnetic
dip poles, where
the maghetic field
is concentrated. MS]

The magnetic
fleld of theEarth
nts outward
at{he South dip
pole and INWARD
at fne Nor™

As aresult,
scientists say
{ne Earthis field
\svoughly

dipo\ar,

But the tragnetic ' And almost @ Mo, the magnetic tied
polesare het  dnywihere you \ CUANGES over time/
perfectly  goon Earths

aligned with  Surface, you
e’ geographic will find that

Thisss

\esefthe  the Compass | | caused
Earth. doeawt point by Surprising
. exactly NoRTH .| | thuwngs ao
This ha\é Caused on 'uﬁ: iég‘ i
R problems for the Earth... /
. navigators over
. , Yhe Centurias,

Here \n BOULDER, .
the compass gownts about
fendegrees EASTof truenorth.

That's wihy the USGS Geomagnetsm
program and similar programs in
other countries have been manitoring
the tnagnetic field for overa
century, Sothat we can better
understand the Earth and the

space that SurrouTS‘/ﬁ/

Now it's fine Yo
get out of the \ab and
qet our hands dirty. C'roen’

Take a \ookat this, I
1 Furnmy mm‘?“ onits
Side, 15ee that the needie /(1724
fends fo point Yind
ot downwards...

Lets followour
Compasses onan
incredibleride!




Hopon iy,
there’s plenty

of room !

As we follow
the magnetic field
line down, we;:e
drilling Ho
solid ‘\\'?ack, {'tgrough
the Barth's ceust
and mantle...

\We'te on our way
Yohavea look atthe
\iquid iron outer
Cove, where the
main part of the
Earth's magnetic
field is generated.

-----




Who could
fhat e

Oh, L'mso

‘ 1 didn't know
Soray!

frolls (tved
down here!

|

Or.. uh...
anywhere,

Nou Stashed
Fhrough our
TunNeL!

PLE! Nou Cvoon,whyd
\WOULD, \ou alwayshave] '\

. fobesuch
&egmaqt\e’ﬂc

er?

GQuys, quys don't
Vedwr




We're passing into
-&k{e core in ...
I

Werestilin Y AS \ou might quess, it's
the mantle but ot thwere, very hot.
almosttothe > ‘<
outerCore thow,
which is
Compnised
of liquid
\ron.

Thws heat (s \-xhal'v tt's bt
bocauses thecore’s  Scientists call
luid wronto | CONVECTION.

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

\:k*s sorkof like what y
RPPENSs when you hea
water '-.n‘akeﬁte\.\T\-ge

water circulaiesin
esponse fo the
heat.

What fappens, inthe end, is ' This increases the Strength of
that the Earthi's magnetic he freld preventing wiatwou\d
{ield is wragped andiwisted otoerwise be the {ield's slow

around oy itself... : A natural decay and eventual
: disappearance.

The convectingmotionof
0 core 15 a0 affected
by the Earth's
rotation.

Screntisys
call fhig the
tarth's DYNAMO.




The
deodymamo

s
Complicated.

Subject of
0N3°\
saenhfic
vesearch.

Right now, the Y And it Now fakealookat \ Decliration is

north magnetic  toight | [4his magof magnetic  different in
dippolesoffabout  surprise] | declination orthe  different
Tdegrees fromtte youttat] | dwectionthat acom  locations and
northgeographic  thesouth | | pass deviatesfrom it slowly
pole. netic fruenorth hereas | changesoer
poleis 16°] | measured in degrees A ¥
off the south
qeographic

We're

now..

endering back
into {he mantle

would the
magnetic
fie\d change
over tire?

Because the core is corvecting causing thetield
indhe cove, a5 Well as +he field we can measure on
the surface, to move around. Scienthists
call ¥his SECWAR
VARIATION and
it is winy thefield
needs fobe constant
Iy measured and
wiee| hewtnagetic|
rmapsneed o be
made every
Cew yers.

(3 Aha! That means
we've wvade it to the
= Surface - we Should be

at the betlom of
the ocean,




L
Rernember, we're follawing  \We Should be (omingug fo
a qeomagnetic feldline... *  the Surface of tw ocean
We've arrived afa MAGNETIC  right about tew, and I'm
LATITUDE opposite thatot A evpectinga delvery when
e ‘Em\d&:% servafory. A we get there.

I{ we were due

South of Boulder,
we'd be right
HERE.

By mny calculations,
we're at ~4YO°N,
1S5°E.

\s! Goodold
Postal Service!

AN

(s a new purchase
[ justmade. (t')
el pus continue
. along this field
N \ine.

of {he auto-
ogening Crate’




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

promise
we're

What are you talking That's ' N ...because we're
about, Rocket Lady? good... pass) fhrough
we're hot scared - = the Earth’s
of ANNTHING! @ ionosphere,
¥ 2 ¥ L
o N? 1 |
o |? £ N .
I e Q A U _
\@ NS e 4 ' o
3 o TR
3 i ;
3
Q

Te 0

Wh-what's THAT? [ scared of

NOSPHERE?! 7?0\'\‘- You're

The ionosphere is | Radio waves | | Every day,asthe Earth rotates the
toe electrically “canbebounced] | heat from the Sun Causes torospheric
conducting part, off the hotfom| | winds. As the winds flow through
of the Earth's / of theionosptere] | +he Earth's tnagnetic field electric
atrosphere, /atlowing for currents are generated.

communication =
over \ohg

_distances.

EVERN THING!

3

Ohno,
1onospheric
WINDS?!

oh, they're — Those Currents generate their own
okay, Yoo. waghetic fields, and these can ve
roeasured at maqgnetic obsery -

atories on Earth,
$IDE- wWinNDow

IDENTIFIER

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




Are \ou ST
nervous? B

Look, \'mnet 3

aby -~ you just
\ c:t;‘ghk\{me atq
weak MOMENT]

ight how.

Then 1 probably shoulds
fell you that wete enterng
Toe Earth's magnetosphere

WHIRRRR

Check out this

image beamed
to us froma
distant '
satellite.

it's
Compressed
on fhe day Side
and Stretched
onthe tignt Side,
away from
the Sun.

—

_ Normally, {here
\$ 3 delicate balance
between the Solarwind

pressure andthe resist-
ance of the magnetic
fie\d...

The magnetosphere is the

Earth's magnetic field in space;
the field line we're following S
is part of it. _ .

« pul
Sometimes
#hw}t $ cih
e qire
g'chagﬁc.

' Electrically charged particles Cotni
from the Sun (e Solar wind) E:Sh he 2
Barth's field into this elongated

shaype.




--0¢ when the
Bl Sun's magnetic field
. hecomes Connected
\_onto the Eacthi

“ 1]

A magnetic Storm
occarswhenthe

Magnetic storms tend to occur
when the Sun (s ost actwe, ard
that actiuity vares over genadg
of about eleven years.

1§ Bom occur,
then the mag-
nefic Storm
can 'pe
ENORMOUS.

\

During 2 Eleckrical =7 2 W Magnetic Storms
mggnehc S form, systems can fail, O = Z R ¥ C2neven be dangerous
xadid commumication Sowetimes leading : o2\ — for ASTRONAUTS;
canbe difficult, o BULACKOUTS. S They Can o
Rspecially over And gatellites can be be exposed NS
\ong distances. T difficult fo control ad [ to unsafe AN
2 ottasionally fhey can doses of " MO

bbe severely damaged. | radiation.

Magretic data are
used to help minimize
the wnpact of stormns on cwil- .
122fien and its technological systerns.

Magnetic
storms can be _
_ monitored by observatones

1 oo the Earth's surface.

\t's important to measure the magnehic | | During rragnetic storm,
fierd both in Space with satellites;and Aurora canDe seenat A
on the Earths surfaces wath bigh \atitudes. 7
' 7T I observatocies. y
) Remember, many ot the

: L S anardous effects of
Y o d magnetic stims occur
-~ & Rl etther on or relatively near]
AUV e € activs suckace.

Can't all +his
‘ve done just

Trese are caused oy electnially chaged
with atellites? 2 long

parheles streamingalong magnetic
h,  field lines into fhe Earthis 3
. This causes e atmosphere te glow.




What 2 h—\'p, Neah exce And we'ie only briekly mentioned] | Therearetnanyottve/ Prwvate
b, quys? A1 accidentally 1he wide variety of science related] | applications of ¢ industey uses

\earped Some Yo qeornagnetism and magnehic | frnagnetic data, netic date
k observatory data. including study muwort
of ttr Earth's mineral
ceustand etploration
and oildrilling,

AS You may have '\ /A, and bere's
uessed, field (ines the qreat big hole |
%re closed loops so Lot It \eads gt
by followaing it we've - to \our mine,
Cotne back to
whevre we Started.

our Compass,
we i\ follow o e
thefield tine | | -

vack to

Ooh, [ dont ferow.[t's

: N Y Actaally, its
\ike 20k Straight Za

net Straght
AR down,; I¥at
a61%angle
il \ilke the
field line,

You're not

Coon, brotier, you've qot
L SCARED

all this potential energy
and you just want
o WASTE 142

No, it's_@:‘as‘t fhat |
fave to HINK about

.










