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Evidence of that decline has come from a surprising source.
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People have been making pottery for thousands of years.
N TR C GRS s -
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Archaeologists study pots to learn about ancient cultures. But these vessels have another story to tell.

F BRItk TS AOUE - EEEREE A SR — ([ -

Pottery acts just like a magnetic tape recorder. It records the Earth's magnetic field when the pottery is first
made.

PGSR s R - AL M) BRIy - (EERIECsk 1 HEBRNEES -

An ancient pot is a magnetic time capsule. John Shaw has learned how to extract from it a precise
measurement of the strength of the magnetic field as it was in antiquity.
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Like volcanic rock clay contains tiny pieces of an iron-based mineral called magnetite.

BKE A —h o i 2 AR s E -

At the microscopic level, magnetite contains lots of distinct magnetic regions in effect, tiny magnets.
TG - WSBR ST 2SR - TR -

But in raw clay these microscopic magnets all point in different directions so they fail to create an overall
magnetic field.

BERE L FR L RO SIS A EDTE - SRS EEELP R —(E5.

That means a lump of clay on the potter's wheel is not, itself, magnetic. Not yet, anyway.

AL —8%h L AEPalm DA AR IEREARIPRL -

Now the interesting part is when the pot's fired.

A B R T

The intense heat in the kiln erases all the magnetic regions.

EENERARATEMS I -

But as the pot begins to cool. New magnetic regions formed in the magnetite.

BEFERIRLA - FrAES SIS eI -

And as the regions reform, they align with the Earth's magnetic field, just like compass needles.

EiEE E R  FIRBHIERIVEGEY - Biams—5

With millions of tiny magnets all pointing in the same general direction. The pot itself becomes slightly
magnetic. Once it has cooled, the magnetism is locked in.
B s NG EE R E T A SRR E s RAN > SR G HEHE -
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So if we take an ancient pot like this one, which is from Peru when it cooled for the first time, it cooled in
the Earth's ancient magnetic field and it became magnetized in that field.

FrBL » B {EgE(ER B E R T es » EEE—RRAIZE » &2 IR IS HIHE 2 - ik
YA AL -

And of course, if the field's very strong, then the pot's strongly magnetized and if the field's very weak, then
the pot's weakly magnetized.
BN GG IRETR o Fasst @it - B RE Sy - s e iiganIriit -

By examining pottery from prehistory to modern times. John has discovered just how dramatically the field
has changed in the last few centuries.
FaEHFEE SEATEIAT IR ZE - John SEBMES TR L EAD - 4 T EBIMERTEL -

When we plot the results from the ceramics this is what we see: gentle changes as we come forward in time
over 12,000 years, a gentle rise and then a rapid fall, as we come towards the present day.
MREFF LT EIREE - SEFIEE 15 2 THEIPRMNEIL > oA BTt MR N EE
LK -

The rate of change is higher over the last 300 years than it has been for any time in the past 5,000.

A 3 HEFRVE(ER > tEidE 5 THEMRFIAE -

It's going from a strong field down to a weak field and it's doing it very quickly.
SRR SIS - BERIRE TR -

In 300 years, the field has fallen 10%. And the rate of decline is increasing. In just a few centuries it could
be gone altogether.
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On the Big Island of Hawaii, some of the heat that drives the Earth's dynamo finds its way to the surface.

REREFRARE L AREE(ERBREE A ORIHIEARE - 108 _EHhi -

For several years now, Mt. Kilauea has been continuously erupting. Scientists from the US Geological
Survey need to sample the lava to keep an eye on the volcano.
PR » Kilauea X LLIAEMERE - 2KE SSEBE FHE BRI SRR SRRSOk -

It solidifies pretty fast, as you can see.

ARAT R, - ERUAEE -

But geophysicist Mike Fuller is interested in the lava for another reason, what it tells him about the Earth's
magnetic field.
{EHTERYIEEERZE Mike Fuller » S RUEEERAN 5B TRIA - [ Fyis SolE e i 1 st BR1L5 -

It all begins when the lava hits the sea.
— Ui lEE KBS -

Mike Fuller
University of Hawaii
Mike Fuller
BEHRAE

You can see the lava's having moved down from the volcano up here - in tubes, mostly in tubes. Now we're
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beginning to see it come out and go into the water and form the very newest bit of the island chain of
Hawaii.

A RIEETEK W ERENEHE - AIFEER - ZEEEEIR - TFIBI0E R RAE &R 27K -
il Fy Bl 3R I A B T B o

As this lava hits the seawater, of course, it really chills very very fast. And a very wonderful thing happens.
They actually trap in, they record the Earth's magnetic field.
W afEE KIS - TSl - ARSI - EMTgRsk 7 HEREES -

As they solidify and cool, these volcanic rocks are preserving a record of today's magnetic field.
&G SEE R AING - KILE A S sk E RIS -

But the volcanoes of Hawaii have been erupting on and off, for millions of years, building up the islands.
Every layer of lava contains a record of the magnetic field at the time of that eruption -

HEERIK IR R BT EE - BiETEE N EEE - P T B - F— @S afiacsk 1 OK L2
HIRESZHIRIG -

So the Hawaiian archipelago is a hidden chronicle of the Earth's magnetism stretching back 5.5 million
years. That record shows there have been many fluctuations in the field's strength, but it contains something
else of great significance.

FLL - BB S E AR —(EEU#kE - SCik B2 550 EFRYHBRILY - SCRrBURIIS 78S Y %X
R - (B AR S B YRS, -

When lava cools as with pottery, magnetic regions form within it.
Elaartl > ghigE—t  IWEHESE -

Acting like microscopic compass needles they record not only how strong the field is, but also in what
direction it is pointing.

B IR TE P ST S ST - A EECES R - IS T -

Today, the Earth's magnetic field runs from south to north which is why compass needles point toward the
North Pole and recent lava flows record a field pointing north.

SRMERMESHFE R AL - FrATE RSt AVIEST mE b - ATERRYE SR mIRECER TR 0N -
But 50 years ago, when scientists measured the magnetism trapped in older lava samples, they made a
startling discovery: the microscopic magnets within the lava were all pointing south -

1B 50 £l » ERER BB SIE AN - FHEE NS B EE aEniia = e4E
[FRgJT -

When we go back about 700,000 years, we find an incredible phenomenon. Suddenly the rocks are
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magnetized backwards. Instead of them being magnetized to the north like today's field they are magnetized
to the south.

[ 24y 70 FAEAT » FAFTEH —E A o EEAVHS - B a a2 (L - ARl fEIbaE SR
WS HINES - e E e R Y -

It seemed that prior to 780,000 years ago, Hawaiian lava must have cooled within a global magnetic field
that was running to the south and away from the north exactly the reverse of today.

ISFAE 78 EFERT > EEGRIE S » BAE—(E IR mayEki S LAl > RS KA 25 -

The bizarre implication was that, at some point the entire global magnetic field had done a sudden
180-degree flip completely reversing direction.
PR RS ATR THER—Z] > BB BRI 2224 180 [EEIE - Jimsw K -

It was hard for people to accept. They did not like the idea that the field reversed.
YR NBGEHLERS - AR S E BRI A -

It took about 50 years to convince people of this, but eventually, that was established and really by work on
this island, because if you keep on going down, you would find that after about another couple of hundred
thousand years then it changes again. And you see this sequence going on.

FLAE b 50 FERFREIA RESRARAR - WEIZREL S B EER DN L B EATBHSE AR - NREBE X
HIZELTAE 20 B - JT R HEROE - PEEERAR -

And as they examined samples from older and older lava, scientists found more and more reversals. On
average, one every 200,000 years.
ERAE A - BEREHELEE - 95 20 BFE—X -

And so, by the time people had done that, it was pretty obvious that the field did indeed reverse.
EWTRER > IRIABARESS I S (1 -

But if the field has reversed so often in the past, it must surely do so again in the future.
PEZRHE L TG & FIE - RZRIRA -

The Earth's magnetic field reverses is an extraordinary phenomenon, but this reversal process is quite
common.

HEPAHERIL S EE ) Dar R 5 - (HEESEAIRE A -

The last reversal was what, 780,000 years ago. Before that, there was one about 200,000 before that, again,

actually less than 200 so in a sense, we are a bit overdue for a reversal.

& —REIELE 78 HFRT - B ZAIIHREITE 20 EAERT > 2 AilEZ/ D 20 B BEkfIEx
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So is this why the field is growing weaker today ?

B S g R R 2

Could it be getting ready to flip ?
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Scientists needed to discover whether there was a link between changes in the strength of the magnetic field
and changes in its direction.

M E s RS - SR ELS A

It was a very intriguing problem, something that was screaming out for an answer. And computers were
becoming powerful enough to actually solve a full set of equations that describe convection in the core of
the Earth and how that motion generates a magnetic field.

BT ABIREE - REVERIEH D - BRI - fERE— 2 LR R T2
I Kk B AT EE AR -

In the 1990s, physicist Gary Glatzmaier decided to embark on a very ambitious experiment.
£ 90 F- - PJFEEESR Gary Glatzmaier » JUE Bda—THME Q2o E B -

He put all the essential facts that scientists had learned about the Earth's molten core into a computer model,
dozens of equations describing its dimensions temperature, viscosity and so forth, Then he let the model
run to see how the magnetic field would evolve over hundreds of thousands of years of simulated time.
AR R AR ERIE OB R > BUEBERSEA b > BFRETREE I BN ~ JRE - R EENTT
R ARSI A - BT BB A R R JE s -

It's important to understand just how long these simulations take. Each time the computer solves the
equations it advances the whole solution one time step and a time step is typically 10 days. And within 10
days things don't change much which means you have to do many, many solutions. You have to solve it
millions of times, tens of millions of times in order to be able to simulate hundreds of thousands of years
which is what we needed. One case may take six months of running on the fastest computers in the world.

H R BHRF RIS 2 B RE Y - GBS R TR - SC R E g — (R &
2D i 10 KX ol 10 RNEEEEA AR > Fr MRS AR % ~ 375 IR S B 2
BTEK > AR B R CR o SR TRRERY - I bR PRR RS AR A -

| was using supercomputers from the Department of Energy from NASA and the National Science
Foundation and no matter where | was, the first thing I'd do is make sure the computers didn't crash. So it
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was something | did every day, 7 days a week for over 4 years.
PB4 BB R AR B SRR D - KRBT KBEIRPVEE S » fn e - g /o B rRE RS
R EREIERN TR » @A 4 FEE T RUE -

And | remember there was a period of time, | believe it was in the fall and | was traveling to other
universities and giving talks and after a number of weeks | came back and decided. Well, now | need to
look at the details of the magnetic field. And realized that it was in the reverse polarity. It really had
reversed.

WECHAE — B RIEERCKR > IEIREIREE - B 2 &z > A8 I > EIHREENS
ERH T  (HREHRASEE T > BEE T -

This is something | didn't expect.

SER R TR -

So then I looked at many snapshots during the time. | was gone and realized that the field did indeed
reverse spontaneously. This was the first time it happened. We were very anxious to write about it. It was
really exciting.
PR BB TR VIR ISR - HBS EE B SHEE T EEEREEN RS UEE TR
HOAIRE -

And as the experiment continued, so did the reversals every hundred thousand years or so of simulated time.
And crucially, each time the field reversed, the process began the same way.

VBT o R RIS AR R A — ) B B E R E R —
B o

What's interesting is whenever it has reversed its polarity, its direction that happened when the magnetic
intensity was very weak. So it was decreasing and decreasing and finally when the dipole part of the field
was very weak, then the field reversed.

A - FRAIREE ST [ #R AR E R el 2R - BI—EIKSY ~ Ty > EFIERE
W B SR R E T -

Here was the evidence that what we are seeing today a loss of field strength, is indeed linked to the onset of
reversals.

EREHMS R AREAEEE - WSS 2 —H B ARG -

What's more, Gary could see why reversals are heralded by a weakening field.

Gary 75 Z 5 Ry a5 g5 = Wiy S Jk -

Now this movie will show part of a simulation that spans a magnetic field reversal. What you see here as
blue represents inward directed magnetic field and the gold represents outward directed magnetic field.
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In Gary's model reversals seem to start with the appearance of islands of blue in the gold and vice versa.
fR4E Gary ffAAY » (D B e B e e B EENE G, » IR -

These are magnetic anomalies regions of the core where the field is already flowing the wrong way. As they
grow these patches where the field is reversed start to cancel out the main field making it weaker and more
liable to flip.

BRI S  AREEEG TR TT FIRE) - EENIE > CEEI BN & IR
T - S ET ~ BESEE) -

You see, as the time goes on, the field becomes more and more complicated. And then you get an anomaly
growing in the northern hemisphere where the magnetic field now is going out.
E o MRS E - WG - MREEIRRAEIFEINE] > M5 RS MR -

There is a reversal. Now the magnetic field is outward in the northern hemisphere and inward in the
southern hemisphere.

WA T > ZRMSAEILFERE RSN FERFEERZ RN -

So now the burning question is. Is what's happening in Gary's model reflected in the real Earth ?
BE SR RN - Gary HYRSERY St BRI L5 2

Is the 300-year decline in our field which the pottery reveals the work of magnetic anomalies brewing deep
in the core beneath our feet ?

GE SN Z A 300 LEHBAIRTS - BRI A TEAE L T 2

If so, then a reversal really could be in the cards.
EREE - WREIEIR A TRE e -

Amazingly, there are detailed records that cover exactly this 300-year period the log books of Her Majesty's
Navy.
BAIE @ BT - EEVEEHUEHES -

For as geophysicist Jeremy Bloxham has discovered 18th and 19th century sailors were obsessed with the
magnetic field.
HiEkpEEE Sz Jeremy Bloxham #5347 » 18 ~ 19 tH4CAY/KF- W1 0E 5k -

Back in the days of James Cook, when he was doing his voyages of exploration a compass was the primary
means of navigation. However, a compass needle doesn't point to true north at the real geographical North
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Pole, instead it points to magnetic north.
1t James Cook {E¥RRMUTAHVH T tamst 2SN EETE - (HHEREmE~NEiEm "HIL - B
iz M ol o TR = =] 1) 2 e

For sailors, knowing the difference between true north and magnetic north was a matter of life and death.
But as they were well aware, magnetic north keeps moving wandering about near the pole as the field
gradually changes. So navigators needed to measure the difference between magnetic north and true north
the angle of variation.

KFERFIE T HYEL » AEILATE AE R SR RARY - (BALFEEE RS - AL ETE ) - R
S - W ALAE DR T PR - SRR R DR E AL E I A RS - TREIEA A -

They did this by comparing their compass bearing to an astronomical calculation of true north.

i PIL TR i - RIS A B P e

The trick was to find true north and they could do this by looking at the Sun at noon, when it's highest in
the sky alternatively by looking at the angle the Sun made at sunrise or sunset.

SEptEtEEIL > MFIREE P MEE R A AOH A RZER i =R - PR ZE H e
P

Here, on the 8th of June, 1770 we have a magnetic variation of 4 degrees and 53 minutes east

FR 1770 526 A 8 H - SRS R RS 1 4 & 53 77

Thousands of these observations together with early measures of the local strength of the field have enabled
Jeremy to reconstruct the ebb and flow of the Earth's magnetism over the past three centuries.

AOBEET RHVEZE - DA SIS 5a SR IR - < Jeremy REEEIE X 3 (HAEHIERISZHIALIR -

And it's what this reveals about one region in particular that's significant.

SR — (A LD -

We've seen very abrupt changes in the Earth's magnetic field beneath the South Atlantic Ocean.

TR ARVGEE THY » il HERIRIE AL -

Beneath the South Atlantic, Jeremy has found clear evidence for a region of magnetic anomalies places
where the field has already started to reverse. And these anomalies are growing.

FERGARPEE N AL - Jeremy STRUBMRHYMIBA S W 5598 - S (EEIRAVNES (LRG0 - 0 HA
A IEAE A -

As we get into the beginning of the 20th century we see the emergence of a new patch of reverse flux a
region where the field lines, instead of coming out of the core are looping back into the core.
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And that patch then drifts towards the west hooking up with this other patch of reverse flux to create a large
region of what we call the "South Atlantic anomaly" where the field is about 30% weaker. And that patch
has grown substantially during the last hundred years in particular.

VI (AP REE - 456 55— (AR NG - B A —(ERIAY S IRy T RRPEE
B ZEIEBSILIEE = BRI A NEY & - CHET—HF -

So one question we're all asking ourselves at the moment is. Is the Earth's magnetic field about to flip ?

AL > BRAETRAMIHIEERT 2 © HBKAYHLS R g 2

In a region of the core 2,000 miles beneath the South Atlantic the magnetic currents have reversed direction,
canceling out the main field, causing its strength to decline.
FERARPEAR T 2 TEEAZ G > BERECE 17 7R - #08 T E5 - BECHERE NE -

If things continue like this then we could experience a magnetic phenomenon the Earth has not seen for
780,000 years a complete flip of the entire global field.
EENFFE > IRPTRAAEIE 78 EE—BAYHES - RIS 0 -

There's really no question about whether the Earth's magnetic field will reverse again. The question is not,
if that's going to happen, it's when that's going to happen.
IEEEH RIS R IO AN G384AE - ML -

Actually, in the last few hundred years, the intensity of the magnetic field on the Earth has been decreasing
which is an indication that maybe we're in for a reversal.
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One man who may know, is geologist Rob Coe
HEEEZR Rob Coe RJgERIE

For 25 years, he's been coming to Steens Mountain in Oregon a vast heap of hundreds of ancient lava
flows.

25 FEAR > MR AR RN Steens L1 111 -5 B MR SR o

16 million years ago there was a huge series of eruptions here. You can pick out literally hundreds of lava
flows over on that wall. Each line delineates a different lava flow. It's over 3,000 feet of overlying flows.
1,600 E AT - FEithEe A —E AR RS - IR E AIEHRLLBH BT RIS ER  FHRGRERAEE

R WanEEes > w3 THRAE -

What makes Steens special, is that 16 million years ago when this lava was erupted, the magnetic field was
in the middle of a flip.
Steens LLIFFAIFERS 1,600 EFR] - EaBE N - WHIEEEE  F -

Taking samples from dozens of flows all the way up the mountain. Rob and his colleagues have pieced
together a detailed record of this magnetic reversal, although it's so surprising that not everyone accepts it.
TELLH 2 TR R B HEE SRR A - Rob K [E1 S 4w 1 il B EAVEElEcs: - (HEAAZEANED
PEZIEHRL -

What we found as it started to reverse was the strength of the Earth's field decreased dramatically, by 80 or
90%.
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The field started out pointing south but as it weakened, the direction of the field began to change erratically.
After 300 years, it had swung a full 180 degrees to point north and the field strength started to recover.

A RERITE I rE T - (HE gl - T RIBHaR AR ERESE S - = H A% - (F 180 i m L - M aE
A %GRS -

Rob Coe

University of California, Santa Cruz
Rob Coe

AN EREE TE & 22 731

But it couldn't hold that polarity, and it fell back to...reversed and the intensity crashed again.

ERRPERREAERT - MFICHEE > 2RI R IR -

Once more the Earth's magnetic shield practically disappeared, this time for 3,000 years.

LR IORR - BERRERG =T -

What was left was changing so fast that Rob found a flow that captured these wild gyrations even as the
lava cooled.
PEEREEES TR - Rob SIS EREL#E B LRIZIn e - ERaiatarr 24l

And what we found was even harder to believe. The quickly chilled margins in the bottom and the top had
one direction like that of the underlying flow and the middle portion had a direction that was 60 degrees
farther away.
MR F LIRS -
Hi o 60 B2 7%

SRS AR G REAITEE AVE R — T A - AR5 » i

T‘T

It was just as though, while the flow cooled, the field had moved 60 degrees which if you calculate it out,
that comes to about 6 degrees of movement per day.
BEEWREEE SR AN - Misg T 60 % - fEiE—5 - Bl REH 6 & -

If we were observing this with a compass, you would be able almost to see the motion with your eye. It was
truly astonishing and extraordinary.

WERATERST > M TPRELINIRE RZEE > ArVE AR P=E -

The lava layers of Steens Mountain suggest we could be in for magnetic chaos with magnetic north
changing from day to day.
Steens LLIHJIELBEDT: » BP TR HERORAL - BHHILERA GoE) -
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The intensity of the magnetic field will be weaker maybe 10, maybe 100 times weaker than it is today
which means that more cosmic radiation will get through.
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This basically opens our defenses so that solar and galactic radiation can hit the atmosphere directly.
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And this means that the radiation at ground level increases as well. One estimate is that our overall
exposure to cosmic radiation will double And in some places it could be even worse.
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Today, the magnetic field focuses space radiation towards the far north and south where few people live.
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But as the main field collapses the weak field that's left will have a more complex structure. Instead of just
2 magnetic poles there may be 4 or even 8 slowly moving across the Earth's surface.
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Gary Glatzmaier

University of California, Santa Cruz
Gary Glatzmaier
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The structure of the magnetic field won't be the nice, smooth simple dipole structure that we have today
which tends to deflect charged particles cosmic radiation to the poles of the Earth.
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Instead there will be several poles all around the Earth, maybe close to the equator.
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And so, not only will the field be weaker the field will tend to focus cosmic radiation at low latitudes where
most people live.
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Andrew Coates

University College London & MSSL
Andrew Coates
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This unfortunately means more deaths from cancer. It's roughly 15 per million people per year. That is the
amount of deaths we're talking about. And if you multiply that over the whole population of the Earth, that
becomes a significant number.
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It's impossible to know for sure, but the best guess is that every year a hundred thousand people would die
from the increased levels of space radiation.
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But of course, this would still represent only a relatively small increase in the overall incidence of cancer.
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So it's not going to be catastrophic. It'll be something to be concerned about, but it won't be a catastrophic
event. And certainly by the time it happens, civilization will have figured out how to deal with it.
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Mario Acuna

NASA Goddard

Mario Acuna
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The field will come back.
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In the case of Mars we know that the field will not come back, and it has been gone for billions of years so
the effect has been very, very serious on the Mars atmosphere.
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But on the Earth's atmosphere just a few thousand years of no magnetic field are not expected to result in a
very large stripping of the atmosphere.
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Scientists now know that the magnetic reversal that is inevitably coming will have serious consequences for
our descendents, but it won't be a disaster for planet Earth.
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And as our children’s children's children wait for north to become south, they may find that a world without
a strong magnetic field has its compensations.
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The great thing is that it would be possible to see the aurora just about every night all over the Earth So
London, behind me, for example we might be able to see great aurora just about every night of the year
shimmering and moving in the sky as the solar wind hits the atmosphere directly, and it glows like a neon
light.
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Aurora will be very exciting | can imagine a very interesting dynamic magnetic field outside of the Earth
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during the next reversal.
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Mike Fuller
University of Hawaii
Mike Fuller
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| would love to see a reversal happening but it would involve me living rather longer than I plan to. But that
would be very nice. In fact it's one of the great tragedies of life we never see how these things work out.
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Northern lights could be visible across
the UK — even in the south

p the skies on Thursday
Will Coldwell
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