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Motivation: Magnetfelder im Kosmos...

...werden durch den hydro- ...spielen eine entscheidende Rolle
magnetischen Dynamoeffekt bei der Entstehung von Sternen und

generiert Schwarzen Ldchern
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R. Hollerbach: Magnetic
Processes in Astrophysics
(2013)
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Grundlagen

Dynamoeffekt: Magneto-Rotationsinstabilitat (MRI):
Selbsterregung eines Magnetfelder wirken wie Federn und
Magnetfeldes in gentigend bewirken Drehimpuls- und
starken schraubenformigen Massentransport in Akkretionsscheiben,
Stromungen leitfahiger Fluide aus denen Sterne und Schwarze
Locher geflttert werden
»
%"‘& sehraubenfirmige
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Magnetohydrodynamik: Die Theorie

VP N curiBxB w2y
P HOP

- : ou
Navier-Stokes-Gleichung: a2 +U-Vu=-—

Dimensionslose Parameter: Re— LV Ha=BL |-Z_
(Reynolds, Hartmann) 14 yod%

oB 1
Induktionsgleichung: —:curl(u><B)+—VzB
ot UoO
Dimensionslose Parameter:
. Rm = V
(magnetische Reynoldszahl) HooL

Mitglied der Helmholtz-Gemeinschaft



Magnetohydrodynamik: Die Experimente

Seit 23 Jahren: Experimente zu kosmischen Magnetfeldern

Dynamo-Experimente: Experimente zur Magneto-
Riga, Karlsruhe (1999), Rotationsinstabilitat (MRI):
Cadarache (2006), Dresden-Rossendorf (2006)
Maryland, Madison, Perm Maryland, Princeton
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Magnetohydrodynamik: Die Experimente
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DREsden sodium facility for DYNamo and thermohydraulic studies

« DRESDYN-Gebaude ~500 m?
« Natriummenge: 12 Tonnen

* Prazessionsgetriebenes Dynamoexperiment mit separatem
Fundament und Containment ftr Argonflutung

» Grol3e Experimentierhalle fur MRI/TI-Experiment (plus
grol3e Flussigmetallbatterien)

- Motor for rotation

Rotating vessel

Large
diameter
beari 1112
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e .. Brame with
3 '~ tilting mechanism

Motor for precession

Sodium valve

Stefani et al.: Magnetohydrodynamics
48 (2012), 103; 51 (2015), 275;
Geophys. Astrophys. Fluid Dyn. (2018)

Measuring flange *
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Das Yin-Yang der kosmischen Magnetohydrodynamik

Erster
Tell

Zweliter
Tell







Wie entsteht das Magnetfeld der Erde?

Petrus Peregrinus (1269):. William Gilbert (1600):
Entdeckung der Polaritat “Die Erde ist ein
grolRer Magneteisenstein”
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Wie entsteht das Magnetfeld der Erde?

Zwischenlosung zur Erklarung der
zeitlichen Variation der Deklination:
Verschiedene magnetisierte
Schalen im Erdinneren

L.pY97.

convection
UOND3aALIOD

Moderne Vorstellung: Erdmagnetfeld
entsteht durch Selbsterregung in der
schraubenformigen Stromung des

flissigen aufl3eren Erdkern
E. Halley, Phil. Trans. R. Soc.

London, No. 195, 1692, 563 wu() DR
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Mechanisches Model der Selbsterregung: Scheibendynamo
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Modifizierte Scheibendynamos wurden jingst erfolgreich

In Queretaro (Mexico) und in Grenoble getestet
3 2 : -

2 22K AR Avalos-Zuniga, Priede, Proc. R.
' S : Soc. A 479: 20220740, 2023

Alboussiere et al, Proc. R. Soc. A
478: 20220374, 2023
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Ein numerischer Durchbruch: Umpolungen!
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in einem erdahnlichen Dynamo-Modell .

DRESDEN r ‘ o
G. A. Glatzmaier, P.H. Roberts, Nature 377 (1995), 203 O e
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Derzeitiger Stand der ,,Rechenkunst”

N. Schaeffer, D. Jault, H.-C. Nataf, A. Fournier, Turbulent geodynamo T
simulations: a leap towards Earth’s core, Geophys. J. Int. 211, 1-29 (2017) g PAm
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Warum braucht man fur Dynamoexperimente Natrium?

Bedingung flr magnetische Selbsterregung: Magnetische Reynoldszahl
muss grof3er sein als 10:

Rm = poUL > Rm;, > 10

Natrium ist der beste fliissige elektrische Leiter mit c~107 S/m

Warum mussen Dynamoexperimente so grof3 sein?

Notwendige Leistung skaliert reziprok mit der Grol3e:
P~Rm3/L
Vertretbare Leistung (einige 100 kW) nur mit grol3en Anlagen (~1 m) maoglich
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Erste Abschatzungen fur Dynamoexperimente

.. Max Steenbeck
an H. Klare 1975:
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Mit Kupfer geht’'s auch kleiner...

_ | Electricitatswerke vorm. O.L Kummer,
Siemens’ Dynamomaschine Niedersedlitz bei Dresden 1894

IS LT

Stadtmuseum
Dresden
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Rigaer Dynamoexperiment _ L - Propeller

2 — Helikale Natriumstromung
3 — Ruckstromung

4 — Stehendes Natrium

5 = Thermische [solierung

Dynamo-— Berect hetes
modul  Magnetteld
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Rigaer Dynamoexperiment

1 — Propeller

2 — Helical sodium flow
3 — Back flow

4 — Sodium at rest

5 — Thermal insulation

Erstmaliger Nachweis magnetischer
Selbsterregung in einer Flissigmetallstromung:
11.11.1999

Measured signal at flux gate sensor
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Gailitis et al., Phys. Rev. Lett. 84 (2000) 436
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Rigaer Dynamoexperiment

Erstmaliger Nachweis magnetischer
Selbsterregung in einer Flissigmetallstromung:

11.11.1999

Measured signal at flux gate sensor
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Rigaer Dynamoexperiment — Vorsicht: Natrium!

Der Abend des
11.11.1999. ...

...und der Morgen
danach...

.

& ]
LI P [

Mitglied der Helmholtz-Gemeinschaft




Rigaer Dynamoexperiment

Erreichen des ,+An- und Ausschalten® des
Sattigungsregimes (Juli 2000) Feldes (Februar 2005)
. . .._.. ' 'Hall sensor HI ——— |
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Gailitis et al., Phys. Rev. Lett. 86 (2001) 3024; Rev. Mod. Phys.
74 (2002) 973 ; Phys. Plasmas 11 (2004) 2838; Compt. Rend.
Phys. 9 (2008), 721; J. Plasma Phys. 84, 735840301 (2018)
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Rigaer Dynamo: Wachstumsraten und Frequenzen des Magnetfeldes
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Numerische Vorhersagen waren bis auf 5-10 Prozent genau
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Herzlichen Gluckwunsch!

« Agris Galilitis erhalt die Petrus Peregrinus Medal 2016 der
European Geosciences Union

1 — Propeller

2 — Helical sodium flow
3 — Back flow

4 — Sodium at rest

5 — Thermal insulation

0.8 m

Dynamo Simulated
module eigenfield
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Karlsruher Dynamo: Technische Realisierung eines a?2-Dynamos

Der a-Effekt: Eine Thuringer Spezialitat!

Unter dem Einfluss einer
schraubenfdérmigen Stromung
konnen elektrische Strome

entstehen, die parallel zum M
Magnetfeld sind

=
&\\

Max Steenbeck, Fritz Krause, Karl-Heinz Radler:

BERECHNUNG DER MITTLEREN LORENTZ-FELDSTARKE
FUR EIN ELEKTRISCH LEITENDES MEDIUM IN
TURBULENTER, DURCH CORIOLIS-KRAFTE
BEEINFLUSSTER BEWEGUNG

Zeitschrift fir Naturforschung 21a, 369 (1966) O ==

ccccccc Sy
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Karlsruher Dynamoexperiment

Leitbleche

Technische Realisierung des a-Effektes
mit 52 ,.Spin-Generatoren”

Stieglitz and Midiller, Phys. Fluids 13, 561 (2001)




Karlsruher Dynamoexperiment

By [Gauss]
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Ebenfalls sehr gute Ubereinstimmung
mit numerischen Vorhersagen

Karl-Heinz Radler
*14. Mai 1935
T 9. Februar 2020
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,Dynamo Riga“ gegen ,,Dynamo Karlsruhe*
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i
von-Karman-Sodium (VKS) Experiment (seit 2006)

VKS hat sowohl Selbsterregung als auch eine Reihe hochinteressanter
dynamischer Effekte gezeigt (Oszillationen, Umpolungen, lokalisierte Felder),
allerdings nur bei Verwendung magnetischen Propellermaterials...

stagnant : Se=-00s ™ =000 “a=
! ’ a b @=0.10
fluid - (@) - | | (@
inner e ) ‘ ) g,
copper o=y 2 '
. >\ g ” - Y‘mho ( ) - » r ‘lu ) T""\0 ( ’.‘:IJ %0, ‘>..H D ©
0.16 (e) , ©=-016 (f) ©=0.16 (9) (h)

impeller N (F WL (L |
dis ) ' |
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B(G)
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Monchaux et al., Phys. Fluids 21 (2009), 035108
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Prazessionsgetriebener Dynamo: Was ist Prazession?
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Prazessionsgetriebener Dynamo: Geophysikalische Motivation

Milankovitch Cycles

Haufigkeitsverteilung der
Intervalle zwischen wichtige Rolle
Umpolungen des von Variationen /
Erdmagnetfeldes zeigt der Erdbahn fir
Maxima bei Vielfachen des
Milankovich-Zyklus der
Erdbahn-Exzentrizitat (95 ka)

Indiz flr eine

den Geodynamo

4 : , , , Now 200 400 600 800 11000 kyr ago
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= folae d | o] S roren

1 (Abfolge der

Eiszeiten) Stages of

Glaciation

0

R

Cold

0 0l.2 OI.4 0l.6 OI.8 1
Zeit zwischen Umpolungen [Ma]

Prazession wird auch als Dynamoquelle fir den friihen .
Mond sowie fur Asteroiden (Vesta) diskutiert DI P [
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Prazessionsgetriebener Dynamo: Astrophysikalische Motivation

Jedes Modell des Sonnendynamos benotigt:

e einen Q-Effekt zum Aufwickeln des toroidalen Feldes
e einen a-Effekt zur Regeneration des poloidalen Feldes

Eugene N. Parker
*10. Juni 1927
T 15. Marz 2022

?2 effect o, effect

Parker, Astrophys J. 122, 293 (1955)
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https://de.wikipedia.org/wiki/10._Juni
https://de.wikipedia.org/wiki/1927
https://de.wikipedia.org/wiki/15._M%C3%A4rz
https://de.wikipedia.org/wiki/2022

Sonnendynamo: Konventionelle Modelle

Mit konventionellen Modellen (inklusive meridionaler Zirkulation), und
ein paar angepassten Parametern erhalt man problemlos

« eine vernunftige Periode des Hale-Zyklus (~22 Jahre)

» eine vernlnftige Gestalt des Schmetterlingsdiagramms der

Sonnenflecken :
http://www.solarcyclescience.com/solarcycle.html

DAILY SUNSPOT AREA AVERAGED OVER INDIVIDUAL SOLAR ROTATIONS

»; SUNSPOT AREA IN EQUAL AREA LATITUDE STRIPS (% OF STRIP AREA) u> 0.0%m> 0.1%1> 1.0%

9??70 1880 1890 1900 1910 1920 1930 1948AT1E950 1960 1970 1980 1990 2000 2010 2020

}\uuumuum«uumuu&u ng
(i =

850 950 1000 1050 1100 B, (kG)

Latitude (deg)

Karak, B.B., Miesch, M., ApJ 847 (2017), 69
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Aber...

Auffallige Synchronisierung
des Sonnen-Zyklus mit 11.07 - B !
Jahres-Zyklus des Venus-

Erde-Jupiter-Systems (trotz - - J.
sehr kleiner Gezeitenkrafte!)
E V S J
L T C )
150} ,
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Synchronisierungsmodell des Sonnendynamos
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Stefani et al, Solar Phys. 291 (2016), 2197; 294 (2019), 60 == O P/
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Presse-Echo: Newsweek vom 4.6.2019, Editor‘s pick

Dl YIS CULTURE

Conservatives Use Social Media to
Move Agendas Much More Than
Liberals Do

Donald Trump U.K. Visit:
Meet the Republicans Who
Will Be Celebrating

Not everyone will be waving "Dump Trump"
placards when the president comes to stay.

Donald
Trump

SIGN IN

BIGSHOTS .
AFTER THE STORM

Dl YIS CULTURE Dl YIS CULTURE

Poor Economic Incentives Have Left We're Running Out of Effective
Doctors Without New Antibiotics Drugs to Fight Off an Army of
Superbugs

] eoitor's pick

LIFORNIA
MOCRATS

DE TECH & SCIENCE us.

POL'T'CS STATE CONVENTION < i
2020 Democrat: AOC's Health  Sun's Solar Cycle Appearsto  Alabama Church to Show
Care Talk Could Spell Trump's  Be Governed by the ‘Arthur' Gay Wedding Episode
Re-Election Alignment of the Planets After State TV Ban

Presidential candidate John Delaney and
freshman Representative Alexandria
Ocasio-Cortez are in a war of words over
Medicare for All.

Alexandria
Ocasio-Cortez

Venus, Earth and Jupiter's tidal forces
influence the solar magnetic field,
according to new research.

The First Methodist Church in Birmingham,
Alabama, will host a screening and
wedding party to celebrate the episode on
June 15.

SArthur®

Solar Physics
294 (2019), 60
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Neu: Realistisches 2D-Modell der Synchronisierung
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Figure 1. Spatial structures of the main ingredients of the dynamo model in the meridional
plane. (a) Isolines of Q(r, ®)/Qmax. (b) Streamlines of up(r, ©). (c) Constant part of «, taken
in the unquenched state: a¢(r, ©)/af, ... (d) Periodic part of «, with the resonance term set
to 1: aP(r, ©)/ahax-

(b)
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''''''''' ~ Wert ist durchaus realistisch!
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Neu: Realistisches 2D-Modell der Synchronisierung
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Inzwischen: Konsistente Erklarung kurzer und langer Zyklen

ng > 22.14 Jahre

e Gezeitenwirku

gung um das

o

Sonnenbew

Schwerezentru

m des

]

tems - 19.86 Jahre

Sonnensys

i
Q
i

[72)

Schwebung

mit 19.86 Jahre Storung

Simulation

193 Jahre
=)

. . ‘ . .




Konsistentes Bild von Schwabe, Gleissberg, Suess/de Vries
und Grand Minima!
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Stefani et al., Magnetohydrodynamics 56 (2020), 269
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Gesamtes Synchronisierungsmodel des Sonnendynamos

Gezeitenforcing (m=2) mit Periode
von 11.07 Jahren synchronisiert
den a-Effekt einer m=1-Stérung
(Tayler-Instabilitat, Rossby-Welle?)

Konventioneller a—Q-Dynamo
ohne Synchronisierung

Sekundare _
Schwebungsperioden Hybrider qTQ-Dynamo,
bei 96 und 64 Jahren synchronisiert auf
(Gleissberg?) Periode von 22.14 Jahren

Spin-orbit-Kopplung mit

dominanter Periode von

der Speicherkapazitat 19.86 Jahren (Jupiter-

entstehen Seitenbander Saturn) beeinflusst die

bei ~19.86und ~24.5  Schwebungsperiode Speicherkapazitat fur

Jahren von 193 Jahren Magnetfelderin der
(Suess-de Vries?) Tachokline

Mit starkerer Variation

l Ubergang ins Chaos

Grand minima (Bond-Ereignisse); Abfolge von reguléaren und irreguléren Intervallen

DRESDEN r“ - i
Stefani et al., Solar Physics 296 (2021),88 = SO g A=
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Prazessionsgetriebener Dynamo: Geschuttelt, nicht geruhrt

Parameter:

« 2 m Durchmesser, 2 m Hohe,
konische Endstiicke, ~8 m3
Natrium

« Ziel: Rotation mit 10 Hz,
Prazession mit 1 Hz

Herausforderungen:

« Sehr grol3es, umlaufendes
Kreiselmoment (etwa 8
Millionen Nm)!

 Natrium ist im Havariefall nicht
ablassbar!

Mitglied der Helmholtz-Gemeinschaft




Prazessionsdynamo

OpenMBYV [http: f/code.google. con/popenuby]

Qelle: SBS Bilthnentechnik (Zeitlupe mit Faktor 10) =) r=idir



“Fundamentale” Probleme auf Grund des gewaltigen Kreiselmoments

April 2013: Bohren der 22 m
tiefen Locher fur 7 Saulen

Juli 2013: Konstruktion des
Fundaments

November 2014: Dreiful3 flr das
Dynamo-Experiment innerhalb des
Containments (mit “Edelstahltapete”)

.

& - ——
e () rlaidr
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i
Untergestell mit GroBwalzlager (12/2018)




Traverse and Pylonen (01/2019)

h "

)«'. - ’ e

DRESDEN
concept
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Prazessionsdynamo: Rotationsbehalter mit Lagern




Rotationsbehalter: erfolgreiche Druckprobe mit 35 bar am 14.3.19

.
£

v () I
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Der Rotationsbehalter kommt in Rossendorf an (3. Juli 2020)
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Und sie bewegt sich doch!

.

r @ I
e () rlaidr
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Konische Endstucke, Aufschrumpfen der Lager

.

wa () rHedm
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Motor ist nach Kranschlingenriss (Mai 2022) noch in Reparatur

ol T==1"

Seite 52 Mitglied der Helmholtz-Gemeinschaft




Derzeit: Installation der Sensoren und der Heizung

.

s () LT
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Test der Argon-Loscheinrichtung im Containement

.

' | | 8§ |
e () el
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No. 3805, JCTOBER 3, 1942

Anemotaxis in Drosophila

CoLg! has ohserved that Drosophila melanogaster
cometimes walks against an air current. Fligge?
showed that this reaction only occurred when the air
was scented, and must therefore be regarded as
orientation by smell. However, reactions to air
currents without smell do oceur in Drosophila.

Comparing several species of the genus, a division
can_be made between those which show a distinet

Nomenclature of Biological Movement

Haviveg read recently with wvery great interest
Fraenkel and Gunn’s “Orientation of Animals”, I set
about making for my own clarification a classifica-
tion of all the cases I know of what used to be called
‘tropistic’ movements.
is clear that three major groupings are possible :
a taxis, which is a bodily movement of an animal
or motile plant in a direction determined by the
direction of the stimulus ; a kinesis, which is a change
of rate of movement of an animal (or perhaps motile
plant) in response to a change of intensity of a stimu-
Ius, but not in a direction determined by the direction
of the stimulus—and often producing an aggregating
effect superficially similar to that of a taxis; and
an orientation, which is the placing of the hur.h

stamen, for here the response is not in a direction
determined by that of the stimulus. The response
in these cases appears to bear a closer resemblance
to the photonasty of Oxalis leaflets and the thermao-
nasty of Tulipa flowers. Is one then justified (dis-
rege\rdmgfns often becomes necessary for purposes
of coherence—mere otymological niceties) in putting
these I‘Ebpumsm: umler the heading of ‘thigmonasty’
—as in Stiles’s “Plant

the same token

mentions recoras or Lrgoenm oy une ueponee
nhaervers, Shaw, Stokes and Brown. In Surrey,
E. Britton® records its discovery by W. A, Todd
ﬁnm the Thames near Putney.
I an indebted to Mr. A, A. Dallman, of Doncaster,
for certain of the references quoted.
FREDERICK BURKE.
12 Queen’s Road,
Chester.
Aug. 29.

! Burke, F., NATURE, 148, 331 (1042).

* Sherlock, Mem. Geol, Survey, Mi
salt and Brine, 18, 111 (1921),

* Relhan, R., “Flora Cantabrigi ", second edition, 145 (1802).

4 Evans, A. “Flora of Cambridgeshire’, 165 (1938).

¢ Bagnall, J. E., “Flora of Staffordshire”, 57 (1901).

® Britton, C. E., J. Bot., 48, 186 (1910).

1 Resources of Gt. Brit., Rock-

by the direction of the stimulus. To these tffree
classes many of the cases can be referred.

But the responses of sessile plant organs do
seern to be so conveniently classified. The thig
tropism of Clematis tendrils appears to warrant
name, for the response is a directional one. Butfthe
same cannot be said of the so-called ‘thigmotropf
of Mimosa leaflets, Mimulus stigma or Ber

Existence of
Electromagnetic-Hydrodynamic Waves

Ir a conducting liquid is placed in a eonstant mag-
netic field, every motion of the liquid gives rise to
an E.M.F. which produces electric currents. Owing
to the magnetic field, theso currents give mechanical
forces which change the state of motion of the liquid.

1942 Nature Publishing Group

406 NA

Thus a kind of combined electromagnetic-hydro-
dynamic wave is produced which, so far as I know,
has as yet attracted no attention.

The phenomenon may be described by the electro-
dynamic equations

4m
rot H — = §
c

. 1 4B
rot B —= &
B = pH
L2
i = ofE |—; x B);
together with the hydrodynamic equation
d 1.
a Fr (¢ x B) — grad p,

where o is the eleciric conductivity, 1 the permeability,
@ the mass density of the liquid, ¢ the electric current,
# the velocity of the liquid, and p the pressure.
Consider the simple case when o = @, p = 1 and
the imposed constant maguetic field H, is homa-
geneous and parallel to the z-axis. In order to study
a plane wave we assume that all variables depend
upon the time ¢ and z only. If the veloeity » is par-
allel to the w-axis, the current ¢ is parallel to the
y-axis and produces a variable magnetie field /' in
the r-direction. By alementur\ ealeulation we ohtain
4nd d:H’
= H: a
which means a wave in the direction of the z-axis

aud as solar matter is a good conductor, the conditions
for the existence of elsc-tmm&gnehc hydrodynamic
waves are satisfied. If in a region of the sun we have
Hy = 15 gauss and @ = 0-005 gm. em.™, the velocity
of the waves amounts to

¥ ~ 60 em. sec. .
This is about the velocity with which the sunspot
zone moves towards the equator during the sunspot
cyele. The above values of [T, and @ refer to a distance
of about 101 em. holow the solar surface where bhe
ariginal couse of the sunspois may be found. Thus
it is possible that the sunspots are associated with a
magnetic and mechanical disturbance proceeding as
an rIeLtmmug,nvtlﬁ hydrodynamic wave.

The matter is further discussed in a paper which
will appear in Arkiv for matematik, astronomi och
Sysik. H. ALrFvexN.
Kgl. Tokniska Hogskolan,

Stockholm.

4

Energy of Dissociation of Carbon
Monoxide

Thr energies of dissocintion of a number of diatomic
molecules have heen determined from spectroscopic
data, apparently with high accuracy, by the observa.
tion of predissociation limits. During the last few
vears the following values have been proposed for
CO: DICO) = 6921, 841 2, 9-14 % 1045 4 e.v.;
while values of 9-85 and 11+ lI also appear pm‘nhlﬂ‘
Controlled electron experiments suggest 9-6 °.

The value obtained by extrapolation of tlm vibra-

U RE

Alfvéen-Wellen: Vorhersage 1942 - Nobelpreis 1970

NATURE 405

OCTOBER 3, 1942, vor. 150

jonal levels of the ground state is about 11, and sup-
ort for this value has been given hy Kynch and
enney®. Herzberg? has recently summarized evi-
ence favouring 9-14,

At first sight, the strongest argument for 9:14 is
he observation by Faltings, Groth and Harteck® that
0 is decomposed by the xenon line at 1295 A.,
ut not by that at 1470 A., from which they con-
lude that 8-44 << D(CO) < 9-57. This conclusion
b not hased on an examination of the initial act of
bsorption.  The only known absorption in the
295 A. region is that corresponding to the fourth
ositive bands. The origins of the (9,0) and (10,0)
ands lie at 76,839 em.~! and 78,010 em.~t. The xenon
ne 1295 A, = 77,172 em.™ falls between these bands
nd, if absorbed from the lowest vibrational level of
0O, would correspond approximately to the line
*(35) of (10,0). This gives as the upper limit of
HCO) (when the rotational energy is taken into
cecount) a value of 79,722 cm.! = 988 e.v. (not
*57 e.v. as stated by Herzberg?). Actually, it is
oubtful whether such a high rotational line as P(35)
vould be observed at room temperature, and absorp-
fion, if it is due to CO, would probably occur from a
igher vibrational level, corresponding perhaps to the
13,2) band, in which cvase the dissociation limit may
e placed as high as 10-1.

Taking the first act of absorption as

CO(XIZ) + hv = COLAMI),
nd assumning a life not less than 107% see, for AL
fhen at atmospheric pressure each molecule ex-
eriences ab least 100 collisions before radiating. It
lcems to us that this gives a reasonable chance for
reaction such as
CO(A'D) + COX'Z) = €O, + C

o proceed with quantum efficiency approaching unity.
Che state of the carbon atom might be either ') or
P ; the former if spin is to be conserved, the latter
Bf not. In either case the reaction is strongly exo-
hermic. The failure of the xenon line 1470 to induce
hotodissociation may be due to the reaction requir-
Ing an activation energy.

Estimates of D(C()} less than 10 take no account
f the non-erossing rule of Hund, and Neumann and
vigner®.  This rule states that potential energy
urves of molecular states of identical species cannot
ross. Whether the rule is rigorous when the nuclear
ind electronic motions are not separated needs further
xamination, but at least we see no reason for antici-
ating & failure of the rule in the lowest energy curve
f CO. If this curve has only one turnmg point then
he non-crossing rule requires unequivocally that
D(CO) = 103, and would agree well with the pre-
lissociation limit at 11-11 e.v.

The dissociation energy of CO+ is 26 e.v. less than
that of CO (D(CO+) = DCO) 4 I(C) — 1{CO)).
Three electronic states of CO+ are known, namely,
X223+, A%[] and B:I+, extrapolating to dissociation
limits of ahout 9-8 (a very long extrapolation), 92
and 9-4 e.v. respectively. Since the two X+ states
must give different produets of dissociation, it would
appear, on the evidence of the B*X+ state, that
D(CO+) is 7+4, and D(CO) is about 10, and on the
evidence of the A state that D(CO*) is 9-2 and
D(CO) is 11-8. All that may fairly be deduced from
present evidence on CO¥+ is that D(CO) is unlikely
to be much less than 10.

We have also re-examined nitrogen. The accepted
value D(N,) = 7-38 is based on the identification of
the upper state of the Vegard-Kaplan bands with the

© 1942 Nature Publishing Group
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Anemotaxis in Drosophila

Core! has observed that Drosophila melanogaster
cometimes walks against an air current. Fligge?
showed that this reaction only occurred when the air
was scented, and must therefore be regarded as
orientation by smell. However, reactions to air
currents without smell do ogcur in Drosophila
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stamen, for here the response is not in a direction
determined by that of the stimulus. The response
in these cases appears to bear a closer resemblance
to the photonasty of Oxalis leaflets and the thermao-
nasty of Tulipa flowers. Is one then justified (dis-
regarding—as often becomes necessary for purposes
of eoherence—mere etymological niceties) in putting
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Thus a kind of combined electromagnetic-hydro-
dynamic wave is produced which, so far as I know,
has as yet attracted no attention.

The phenomenon may be described by the electro-
dynamic equations

4
rot H = — i
c
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jonal levels of the ground state is about 11, and sup-

Herzberg? has recently summarized evi-
ence ﬁwnuru:,g 914,

At first sight, the strongest argument for 9-14 is
he observation by Faltings, Groth and Harteck® that
0 is decomposed by the xenon line at 1295 A.,

(2) (b)
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Magnetic field line

Fluid velocity
Lorentz force

(d)

effect superficially similar to that of a taxis; and
an orientation, which is the placing of the body

TBItton, C. E., 7. Bot., 18, 150 (1910).

(usually if not always animal) in a direction determi
by the direction of the stimulus. To these t
classes many of the cases can be referred,

But the responses of sessile plant organs do
seemn to be so conveniently classified. The thi
tropism of Clematis tendrils appears to warrant
name, for the response is a directional one.
same cannot be said of the so-called ‘thigmotropf
of Mimosa leaflets, Mimulus stigma or Ber

Existence of
Electromagnetic-Hydrodynamic Waves

Ir a condueting liguid is placed in a constant mag-
netic field, every motion of the liquid gives rise to
an E.M.F. which produces electric currents. Owing
to the magnetic field, theso currents give mechanical
forces which change the state of motion of the liquid.

~
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1ssociation o
Monoxide

Tur energies of dissociation of a number of diatomic
molecules have heen determined from spectroscopic
data, apparently with high accuracy, by the observa-
tion of predissociation limits. During the last few
vears the following values have been proposed for
CO: DCO) = 692, 8-41 2, 9-14 % 1045 4 ev.;
while values of 9-85 and 11:11 also appear posslble‘
Controlled electron experiments suggest 9-6 °.

The value obtained by extrapolation of the vibra-
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9.2
and 9-4 e.v. respectively. Since the (,WD 15+ states
must give different produets of dissociation, it would
appear, on the evidence of the B*X+ state, that
DCO+) is 7+4, and D(CO) is about 10, and on the
evidence of the A state that D(CO*) is 9-2 and
D(CO) is 11-8. All that may fairly be deduced from
present evidence on CO+ is that D(CO) is unlikely
to be much less than 10.

We have also re-examined nitrogen. The accepted
value D(N,) = 7-38 is based on the identification of
the upper state of the Vegard-Kaplan bands with the

© 1942 Nature Publishing Group
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Anemotaxis in Drosophila

CoLe! has observed that Drosophila melanogaster
somebimes walks against an air current. Flugge'
showed that this reaction only oceurred when the air
was scented, and must therefore be regarded as
orientation by smell. Howover, reactions bo air
currants witho Sme D¢ p_Drosoph

effect superficially similar to that of a taxis; and
an orientation, which is the placing of the bod
(usually if not always animal) in a direction determi

by the direction of the stimulus. To these tffree
classes many of the cases can be referred.

But the responses of sessile plant organs do fnot
svern to be so conveniently classified. The thigino-
tropism of Clematis tendrils appears to warrant
name, for the response is a directional one. Bu
same cannot be said of the so-called ‘thigmotropm’
of Mimosa leaflets, Mimulus stigma or Berlfris
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stamen, for here the response is not in a direction
determined by that of the stimulus. The response

in these cases appoars to bem- a c]oaer rasembl&nce
to the photase
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of coherenc
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netic field,
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Thus a kind of combined electromagnetic-hydro-
dynamic wave is produced which, so far as 1 know,
has as yet attracted no attention.

jonal levels of the ground state is about 11, and sup-
ort. for this value has been given hy Kyrmh and
Penney®. Herzberg’ has recently summarized ovi-

mIlsd elar-tmn expenmentasuest 9-6 0 ' value D(N,) 3'5 is l’l on the identification. of
he value obtained by extrapolation of the vibra-  the upper state of the Vegard-Kaplan bands with the
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Alfvén-Wellen spielen eine groRe Rolle in der Sonnenphysik...

...Insbesondere fur die Heizung der Korona, woflr allerdings eine
gegenseitige Umwandlung von Schallwellen und Alfvenwellen nétig ist

Ll 107
© Solar Wind
g Acceleration Region
s 106
O A
—H——W '/
o 1—H—H—n—m /N 10°
‘g . — ——— RS - ’g
o3 : | &
Z === ¥4 =10
= — . ] 2
(@] == p———— 1 o
= —— i o
5 —_— | 10°
O = - Chromosphere
-==3> : Photosphere
[} ~g | - .Y Ml
U< !
& A 10 1 1 ]
=) { ¢ 104 103 102 10" 100 100 102
é mbr Plasma f = Gas Pressure/Magnetic Pressure

DRESDEN r“ = =g
ccccc O mMad/
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Alfvénwellen-Experiment im Rossendorfer Hochfeldlabor

FlUssiges Rubidium:

Schallgeschwindigkeit =
Alfvengeschwindigkeit

bei B=54 T !l

Corona —p

phere

ere Ch

1)) )
i == / F
—
S el 4
(- 4
D>
( <|i| (
D P D PO
¢ & g ¢ * X{arcsecs)

.

jxB Anregung torsionaler Alfvénwellen in Bbis 63T === MM

Seite 60




Alfvénwellen-Experiment im Rossendorfer Hochfeldlabor

Ein paar Impressionen...

A

2007403/009:24
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CW-Anregung: Spannung uber dem unteren Kontakt

BIT]

U [V]

0.1

T

4 1/8ms g 1/4ms

AR Y Il
L

43 44 45

@ ] Grobe Abschatzungen:

« Anregungsstrom: 5 A, 8 kHz CW
« Stromdichte: ~ 100 kA/m?
ST * Azimutale Beschleunigung:

or e || i B/p ~ 3000 m/s?

— « Stromungsgeschwindigkeit:
~aT/2~20cm/s

o Wil A

* Induzierte Spannung:
~vBr-50 mV
PHYSICAL
REVIEW
S ETIER

Stefani et al., Phys. Reuv. Lett.
127 (2021), 275001

.

v () I
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CW-Anregung: Spannung uber dem unteren Konatakt

 Gabortransformation
(Kurzzeit-Fourier) mit von-
Hann-Fenster 5 ms

f [kHz]

3r ' E f»\' : Hann wind6w=1gn53
« PSD des 8 kHz-Streifens ist _ 2-2* :// \i ﬁi
. =3 K , ! ms
sehr glatt und ungefahr s /N
. (% 1.5 /! t %
proportional zu B? & 1 1 : —
s |/y @
| |
1} : AA ' : Hann windo'w=1g|ﬁs '
— 08} :( \: $$§
S ms
. S, 0.6 | !
« PSD des 4 kHz-Streifens 3, S _
. .. o : \1
erscheint nur fir B=>54 T 02| : \ @)
0 Jj.k ¥ . I.& . \ .
0 20 40 60 80 100 120 140
t [ms]

.
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CW-Anregung: Abhangigkeit vom Magnetfeld

(a)

PSD [a.u]

(b)

PSD [arb. u.]

3 |

25

2 F

15 |

1t

05|

0

25

20

—_
4]
T

—_
o
T

w
T

8 kHz, Hann window=10 ms

5ms
2ms

[ 4 kHz (x 2), Hann window=10 ms ------

4 kHz (x 1000)
12 kHz (x 100)
20 kHz (x 10)

o
7

Spannung Uber unteren Kontakt
(misst die Alfvénwelle):
PSD’s fur 8 kHz und 4 kHz

Spannung an der Pickup-Spule 2
(misst die Schallwelle):
PSD's fur n*4 kHz

v () I
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Wie funktionieren Akkretionsscheiben?

Zentralobjekt (Stern, Schwarzes Loch) Core of Galaxy NGC 426l

Hubble Space Telescope
Wide Field / Planatary Camera

HST Image of @ Gas and Dusi Disx

« Problem: Drehimpulstransport nach auf3en ist durch
Viskositat nicht erklarbar.

« Turbulenz kdnnte helfen. Aber: Kepler-Rotation ist
hydrodynamisch stabil! Wie kommt die Turbulenz zustande?




Wie funktionieren Akkretionsscheiben?

Magneto-Rotationsinstabilitat (MRI):

Magnetfelder wirken wie Federn und bewirken Drehimpuls-
und Massentransport in Akkretionsscheiben, aus denen Sterne
und Schwarze Locher geflttert werden.




Magneto-Rotationsinstabilitat im Experiment

2006: Experimenteller Nachweis der helikalen MRl am HZDR

p— —

¢ 0-8000 A

vafrmmys] -04-03-02-01

i
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i
Stromgetriebene Tayler-Instabilitat (TI)

L : 0-8000 A
Motlvatlc_)n. alternativer UDY séinséi E @ g [ om
Mechanismus der Entstehung ~ (aten (Y J g ST
des Sonnenmagnetfeldes; Copper S8 )| .= o
. . . electrod o= = £ 8-
Strukturbildung in kosmischen g <
jets 5
© "4
_ OQ_‘+. 12.5 mm /A’/
e S+ %7
g sa ;
£ < e
LA ° /A/ B
-] g ’
o .ﬁ--—ﬁl- _________ 4:,-* +
(I) 20I00 40I00 GOIOO BOI{JO

Current [A]

Erstes Experiment am HZDR: Gute
Ubereinstimmung der kritischen Strome
und der Anwachsraten ftr TI mit Numerik.

.

v () I
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In DRESDYN geplantes MRI/TI- Experiment

Parameter:

* 1,,=0.2m
* I,;=0.4m
e h=2m

« f,=20Hz
e f .=6Hz

out
. B,=150 mT

e Rm=40
e Lu=8
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Erster Test ging schief!
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Erster Test ging schief! Inzwischen ist der Coupler aber da...
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Spin-off der Dynamoarbeiten
Dynamoeffekt ‘ Contactless Inductive Flow Tomography (CIFT)
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Erstes Modell-Experiment Einsatz im Stahlguss
Stefani et al.: Phys. Rev. E 70 (2004), 056306; DE 19922311 C2,

Wondrak et al.: Met. Mater. Trans. B 42 (2011), 1201 DE 10026052 B4
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Spin-off der Instabilitatsarbeiten
Tayler-Instabiliat ‘ Stabilisierung grof3er Flissigmetallbatterien
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Grol3e Flussigmetallbatterien
konnten sehr preiswerte
Energiespeicher mit sehr hoher
Zyklenanzahl sein.

Daflr muss aber die Schichtung
stabil bleiben!

Stefani et al.: Energy Conv. Man. 52 (2011), 2982 US 9,608,296 B2
Weber et al.: J. Power Sources 265 (2014), 166 DE 102013112555 B3
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Flussigmetall-Batterien: Unser erster Demonstrator mit Li||Bi

anode LiCI-LiF-Lil anode retainer
feedthrough l”l electrolyte Li-impregnated Ni-foam)
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{ Anfrage VISUALISIERUNG

N Mmoo ="
s N AP AN FEAS - — T S—

Vielen Dank ftr Ihre
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