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Z?éétmty areas; the dynamo; Grand Episodes
- and the transitions between them

C. de Jager and S. Duhau
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© Oply Ot das ‘million'years

> Navaridl s the earth will receive ever more radiation
an dwill steadily become warmer

S ATET: 3 300 ‘million years the average earth temperature
Jth d%ae 50 degrees Celcius

“And: that will be 100 degrees in 600 million years
_’___f“ '*bllllon years from now, the sun will be 1000 times
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_ brighter than present
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lere are major variations
~in the shorter term
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— Activity areas with sunspots, flares, Coronal

-~ Mass Ejections and more ...



The

-
&

Lerm variations.



Mostly in pairs or in larger ...

= ﬁeupmgs

fields with strengths in the order
000 times those at the earth’s poles

mg magnetic polarity among the
bers of a group

= Irfespan from hours to weeks and
sporadlcally longer

-® Qccur In the equatorial area below
latitudes of about 40°
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SNIHE sunspots rise up from the depths —

, Where they originate. How?

S ‘T'_ _"""’E'ructure compares with a horseshoe
= Mmagnet

-T,Helr magnetic fields are closed, as all

_" ‘magnetic fields are. It continues above the
sun’s surface (usually invisible — rarified

gas)
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"are the brightareas around the
=s dragged up with the rising
fields
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=== undred gauss

= o ngher temperatures than surrounding
area. About 10,000 K

® Thus, variable sources of UV radiation



- e

il
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c's with currents up to 1012
es in Activity Areas

fmes two such loops are coming
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_?_ ’;Fﬁ"t results in rapidly increasing attraction
e Eventually a gigantic short-circuit
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magnetic flux from the polar and
orial areas Is comparable

_ relds are at maximum strength
n the equatorial fields are at minimum

: = Trversely maximum equatorial fields
durlng minimum polar magnetic flux

-® The exotic dance of the two fields
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~ Changes with time

T

:_ j’ The 11 years period

~ Other periodicities
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AEISIWVE Sewape CyCles the magnetic configuration Is
BUeInIthE same as before. The Hale cycle consists of two
J.Jc.c,esalvi’ chwabe cycles

The Gleis berg cycle takes about 88 years but the period
CHEaNGE W|th time. During several centuries it was 50 to
- -.3)?-* Sars; at other times it was 90 -140 years

De‘Vr/es (Suess) cycle of 205 years
‘he Hallstatt cycle of appoximately 2300 years
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e~ _r activity has its basis in the
:_f;:f--_ e tachocline
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ICKTlayerataneut 200,000 km depth; this IS the
Where convection (= rrsrng and falling currents)
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Solar rJ,J,L) |s Iatrtude -dependent: the differential rotation also
olalys el delg s

SERHETCOM med effect of convection and differential rotation creates
= enori IMOUSWhITS

= J' o .scﬂar gas at that depth is a plasma ( = it consists of electrically
— —eharged particles). Hence the tachocline contains strong swirling
.'_;,J; “electric currents. These produce magnetic fields

¢ The resulting magnetic fields are then slowly amplified through
differential rotation
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nappens at the end o .

abe cycle""‘“ ~

e equ atorlal (toroidal) field disintegrates into
mall loops with lower magnetic strenghts

» e | rise fairly slowly and it takes a long time
J‘J t em to reach the surface

+_-;::a Je Coriolis force rotates them by about 90°
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= T.hIS way the polar (poloidal) field develops,
while the equatorial field shrinks to its minimum
strength — a Schwabe cycle Is completed
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%‘ es for the two fields
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=== ﬁe solar magnetism has actually been
~  measured for less than a century.
- ‘Proxies’ serve as substitutes for the
= two fields
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-'Grand Maxima (of the 2
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e approximately Hallstatt periods apart
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730 :"4), transition from Grand Minimum' (Matnder) to
9JSOUEN egular Osclillations
- 19281 rmp Regular Osclillations to a Grand Maximum

- ;aﬁsmon from Grand Maximum to another Grand
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' é}&- in WhICh we plot the strength of the equatorial
*"ﬁel—”agamst the polar field. It is an assist to view the
transitions between Grand Episodes. The Transition

Point 1s an essential element
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' Anotfier GrelgleR= ol
) [Ewill g2 e ther Regular Oscillations or a Grand Minimum

iBWas yase- founa that Grand Minima occur only
clufirie g ne gative phases of the Hallstatt oscillation

‘ _3J L.P Ion type minima do occur during positive Hallstatt
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Ihe HaIIstatt periodicity was minimal between 910 and
~ 1930 and is now in its positive phase

~° Sowe may only expect Dalton type minima, no Grand
Minima
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n the phase diagram we (S. Duhau en
0. 1) expect:
= -a- t of Regular Oscillations, like those

etween 1740 and 1924
== -__, d based on the polar field strength during the

’:f itfan3|t|on period, we (SD+CdJ, 2009) expect for
~ the current Schwabe cycle a low maximum

sunspot number 62 + 12
® That maximum will be in 2013.5
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es the new Grand Episode
H, _|_th a Dalton-type minimum?

-—f:s"f— Ihave to wait because we will know this
— ,oﬁly at the end of the current Schwabe cycle
: (ca. 2018)
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~ Finally:
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—-= _- ~ Curious behaviour of the solar
-~ dynamo during and before the
= recent phase Transition
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ISC natlng period we live In
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| ~—-J=-'-' sametlmes said that the tachocline”s
Jﬁehawour IS chaotic and unpredictable,
= but Is that really so ?
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a , He future will tell
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e " Part of the foregoing is published in papers
:-‘.' =b'y S. Duhau and C. de Jager. The full text of
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S — these papers can be consulted at

: : WwWW.cdejager.com . Go there to the page
~sun earth publications
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	   Very short term variations. The sunspots.       	Tightly concentrated magnetic fields 
		Mostly in pairs or in larger 	   		   groupings
	         Horseshoe magnets
	    Sunspots are the centres of the Activity Areas 
	Facular fields (faculae) in Activity Areas
	 In activity areas: solar flares. On average 1 – 10 per day. Energy output about a billion Hiroshima bombs
	Near and within Active Areas the Coronal Mass 	Ejections. Radiated over broad area 
	    About 1 – 6 per day. Each CME carries as    	much energy as 1010 Hiroshima bombs 
	    An Activity Area near the solar limb. Loops, carrying  electric currents up to 1012 Amperes, 	   are confined by magnetic fields
	A solar flare is an electric short-circuit
	A second large magnetic area occurs around the poles. Bright spots, polar faculae, coronal holes.     	         This view is from above the pole
	Polar and equatorial magnetic fields 
	Changes with time 
	The ‘eleven’ years sunspot cycle
	The eleven years Schwabe cycle is variable. See the Grand Minimum (1630 - 1710), the Dalton �Minimum (1800 - 1830) and the Grand  Maximum (1924 - 2009)
		   There are more cycles
	The solar dynamo
		    Butterfly diagram�The first sunspots of a new cycle appear at high latitudes 
	Polar activity precedes the equatorial one.     	Knowledge of the polar field enables predictions
	Thus we (Duhau and De Jager, 2009, 20011) predict for the current cycle a maximum sunspot number of 62; it will occur mid-2013 
	The mechamism
			  The tachocline 
	Differential rotation strengthens the magnetic fields. This continues in many solar rotations, and ultimately very strong magnetic fields are built up
	Strong fields have smaller specific gravity than their suroundings. Portions of them may rise 
	Parts will detach when the field strengths exceed ~ 80,000 Gauss.  After a few months such a detached loop appears at the surface  –  a pair of sunspots 
	What happens at the end of a Schwabe cycle: 
	‘Proxies’ for the two fields
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		      Two predictions
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	So : does the new Grand Episode start with a Dalton-type minimum?
	Finally:
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	Magnetic field of sunspots became weaker (Livingston)
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	The future will tell

