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Motivation and schedule

1) Alfvén waves 2) Convection
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Motivation and schedule

1) Alfven waves 2) Convection
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Magnetic field line
Fluid velocity
Lorentz force
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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

rot H = iz i
¢
. 1 4B
rot B —= &
B = pH
L2
i = ofE |—; x B);
together with the hydrodynamic equation
dv I .
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 7 is parallel to the
y-axis and produces a variable magnetie field /' in
the r-direction. By elementary calculation we obtain
‘ 4nd Az

‘aves of this sort may be of importance infsolar
phiee field,
and as solar matter is a good conductor, the conditions
for the existence of electromagnetic-hydrodynamic
waves are satisfied. If in a region of the sun we have

o = 15 gauss and @ = 0-005 gm. em.™, the velocity

of the waves amounts to
T ~ 60 cm. 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. below the solar surface where the
ariginal cause of the sunspots may be found. Thus
it is possible that the sunspots are associated with a
magnetic and mechanical disturbance proceeding as
an_electromagnetie-hydrodynamic wave.

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

Stockholm.

"

s, but not i 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, w is the placing of the body

“Evaus, A. E., “Flora of Cambridgeshite, 105 (1038).
¥ Bagnall, J. E., “Flora of Staffordshire”, 57 (1901).
@ Britton, C. E., J. Bot., 48, 186 (1910).

(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
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

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 8-85 and 11:11 also appear possible®.
Controlled electron experiments suggest 9-6 &

The value obtained by extrapolation of the vibra-

Alfvéen waves: Prediction by H. Alfvén 1942 (Nobel prize 1970)
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ional 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
'0, 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 {CO) less than 10 take no account

f the non-erossing rule of Hund, and Neumann and
figner®.  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 turning 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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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

rot H i,

©
i
dt

rot B = —
= uH
oE + 5 x B);

together ydrodynamic equation
B) — grad p,

where o is the electric con i , 12 the permeability,
@ the mass density of the liquid, 4 the electric current,
# the velocity of the liquid, and p the pressure.

‘onsider the simple case when o = @, p = 1 and
the imposed constant magnetic field H, is homo-
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 i is parallel to the
s and produces a variable magnetic field H’ in
-direction. By elementary calenlation we obtain

d:H"

dz?

ph} — P pn fiold,
and as solar matter is a good conductor, the conditions
for the existence of electromagnetic-hydrodynamic
waves are satisfied. If in a region of the sun we have
Hy = 15 gauss and @ = 0-005 gm. em.~3, the veloeity
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 IT, and @ refer to a distance
of about 104° em. below the solar surface where the
ariginal eause of the sunspots may be found. Thus
it is possible that the sunspots are associated with a
magnetic and mechanical disturbance proceeding as
an_electromagnetie-hydrodynamic wave.

The matter is further discussed in a paper which
will appear in Arkiv for matematik, astronomi och
Tysik. H. ALrven.

Kgl. Tokniska Hogskolan,

Stockholm.

Energy of Dissociation of Carbon
Monoxide

Tur energies of dissociation of a number of diatomic
molecules huve heen determined from spectroscopic
data, apparent th high accuracy, by the observa.-
tion of predissociation limits. During the last few
vears the following values have been proposed for
CO: DO 6-92 1, 8-41 2, 9-14 3, 1045 ¢ ev.;
while values of 9-85 and 11:11 also appear possible?.
Controlled electron experiments suggest 9-6 %

The value obtained by extrapolation of the vibra-
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jonal levels of the ground state is about 11, and sup-
rt. for this value has been given hy Kynch and
Herzberg? has recently summarized evi-

ence favouring 9-14.

At first sight, the strongest argument for 9-14 is
he ohservation hy 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 based 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 hands
nd, if absorbed from the lowest vibrational level of
'0, would correspond approximately to the line
(35) of (10,0). This g as the upper limit of
[5(CO) (when the rotational energy is taken into
ceount) a value of 79,722 em.”! = 9:88 e.v. (not
57 e.v. as stated by Herzberg®). Actually, it is
loubtful whether such a high rotational line as P(35)
ould be observed at room temperature, and absorp-
ion, if it is due to CO, would probably occur from a
higher vibrational level, corresponding perhaps to the
13,2) band, in which case the dissociation limit may
e placed as high as 10-1.

Taking the first act of absorption as

CO(XIE) + hv = COAMI),
nd assumning a life not less than 107% see, for AL
en at atmospheric pressure each molecule ex-
beriences ab least 100 collisions before radiating. It
eems to us that this gives a reasonable chance for
reaction such as
CO(A'LL) + COX'E) = €0, + C
o proceed with quantum efficiency approaching unity.
he state of the carbon atom might be either I3 or
; the former if spin is to be conserved, the latter
In either case the reaction is strongly -
thermic. The failure of the xenon line 1470 to induce
bhotodissociation may be due to the reaction requir-

g an activation energy.

Estimates of /)(CO) less than 10 take no aceount
bf the non-crossing 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
nd electronic motions are not separated needs further
bxamination, but at least we see no reason for antici-
bating a failure of the rule in the lowest energy curve
bf CO. If this curve has only one turning point then
he non-crossing rule requires unequivocally that
D(CO) => 10-3, and would agree well with the pre-

dissociation limit at 11-11 e.v.
The dissociation energy of CO+ is 2-6 e.v. less than
that of CO (D(CO+) = D(CO) + I(C) — I{CO)).
stronic states of CO+ are known, namely,
11 and B*Z+, extrapolating to dissociation
limits of ahout 9-8 (a very long extrapolation), 92
and 9-4 o.v. respectively. Since the two I+ states
must give different products of dissociation, it would
appear, on the evidence of the B*XI+ state, that
I(CO+) is 7+4, and D(CO) is about 10, and on the
evidence of the A°[1 state that (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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An underexplored aspect of Alfvén waveseé

é is related to the heating of the solar corona which relies on transformation
of sound waves into Alfvén waves via parametric resonance, or swing
excitation (at a point where sound speed = Alfvén speed, or plasma b~1)

T. Zagarashvili, ApJ 552 (2001) L81
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Grant et al., Nature Phys. 14 (2018), 480;
Srivastava et al., Sci. Rep. 7 (2017), 43147
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Alfvén wave experiments at High Magnetic Field Lab at HZDR

For liquid Rubidium (dangerous!!!) we
obtain Sound speed = Alfvén speed
(plasmab=1)atB=54T

jxB excitation of torsional Alfvén waves in Bupto 63 T »= () medr

Seite




Alfvén wave experiments at High Magnetic Field Lab at HZDR
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CW excitation: Voltage over bottom contact

70 :
60 | 54

T
| any 2 2
@ 7,
______ y ?;;5 y '/':/ o /7
50 | 7 Y AW 4

40
30
20
10

0

: REVIEW
: LLETTERS

BIT]

|
|
|
T

MR

([H]

0|l .1‘,\‘ | --"'|i'l \
T
04 L1/8ms g 1/4ms

41 42f 43 44 45
|
|

o W -

-0.1 LJ .l_l"_l“l:"" JL‘ _

1/4 ms 1/8 ms ;

01 r

= . 66 67 68 69 70
- | B
| =
|
01 t | | (b) .
|= 1 } Il 1 1 1
27

2wt by g&,‘i
Awmerican Physical Society - Valume 127, Number 27
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Some rough estimates:
Excitation current: 5 A, 8 kHz CW
Current density: ~ 100 KA/m?
F.S. et al, Phys. Rev. Lett. 127

Azimuthal acceleration: | B/r ~ 3000 (2021), 275001
m/s?

Flow velocity: ~a T/2 ~ 20 cm/s
Induced voltage: ~vBr~50 mV e () rlaidr
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CW excitation: Voltage over bottom contact

A Gabor transform (short time

Fourier) with von Hann 5
window 5 ms -
A PSD of 8 kHz stripe is very E
smooth and roughly ~ B2 = : !
a5 | ] N
X /| | (d)
1| 1 pay , Hann winddw=1g|ﬁs '
A PSD of 4 kHz stripe 7 o Tt e
S 0.6 | !
appears only for B=54 T 3, : N _
(and larger) ozt |y : . :\& @
° 0 20 40 60 80 100 120 140
t [ms]

"‘ =
LI P [
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CW excitation: Dependence on magnetic field

(a) 31 8 kHz, Hann window=1g ms i |
ms
25| 4 2, Hannwmdow=1§$§ ______ ! Voltage over bottom contact
ms ------ :

2 2ms B (indicative of Alfven wave):
;

PSD [a.u]

15 / PSD6s for 8 kHz a
1} 3
05 . .
Period doubling due to
0] .
parametric resonance
(b) 25 . . . 11
8 kHz (swing excitation)!!!
2| 24 ki
4 kHz (x 1000) ------
= 12 kHz (x 100) e ] .
5 15 20kRz (10) Voltage at pick-up coil 2
3 0l (indicative of magnetosonic waves):
P S D éosn*4 kHz

.

r‘ =
LI P [
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First simulations of parametric resonance at b=1

B=1, t=3.115

1.01

Density = 1

10
Velocity 20

-1

1
:c\i/lggnetlc S

o 01 02 03 04 _ois 06 07 08 09 1
T. Zagarashvili, ApJ G. Mamatsashvili et al.,

552 (2001) L81 in preparation oresoen :‘ A =
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Convection
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Convection at small Prandtl numbers

Turbulent superstructures in shallow geometry

Jump rope vortex,
detected first iné

Vogt et al., PNAS
115, 12674 (2018)

@ turns out to be a
Akashi et al.. J. Fluid universal feature

Mech. 932, A27 (2022)

New experiment
with G=25

IO v 2™
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Convection at small Prandtl numbers

Collaps of large-scale coherent flow in tall geometry

-~
RB vessel inside *75
styrofoam insulation [ =2

Chaotic
transitions
between single,
double, and

1630 1650 1670 1690 1710 1730

= triple rolls

T. Wondrak et al.,
| = (RS J. Fluid Mech.

S i 974, A48 (2023)
B 3D Fluxgate sensor > 1630 1650 15'70Time [t”]m'c_ao o 1730
el | 7 N
. . | 1 +3.62 5+126;  6+253  6+3.79 1

Application of o g g g s e cadle i

Contactless
Inductive Flow
Tomography for flow
reconstruction

Helicity oscillations (with nearly no energy change) for
Double Roll Structure und Single Roll Structure

. - o

- —
R. Mitra et al., Phys. Fluids 36, 066611(2024) LI P [
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Helicity synchronization in a Rayleigh  -Bénard flow

Goal: resonant excitation of the helicity of the sloshing m=1 mode (single
roll structure) by a tide-like (m=2) electromagnetic force

Synchronization

of helicity
125A ) 27 5A
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(The many facets of)

magnetorotational
instabllity

(MRI)




MRI in the Sun?

0
10’ 1
(c)

G.M. Vasil et al.,

Nature 628, 769
2024
G. Mamatsashvili, ( )
F.S., R. Hollerbach,
G. RUdlger, PhyS i 10.00
Rev. Fluids 4 ;:“ 08
(2019), 103905 ‘g oel { 100 ]
d 4{][] - 0.4r 1 0.10 =
[ 02l
3’3‘] — 0 . . . 0.01
| a 00 02 04 06 08 1.0
: B0 ] r/r,
0 ]
I B I B D. Kagan, G.C. Wheeler,
0.5 1.6 0.7 0.8 0.8 1 A 782 21 (2014
NS0/NSF rR pJ 78 "m )
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A quick guide through the MRI-zoo

>

HMRI  ©ug AMRI
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Helical MRI, Azimuthal MRI, Tayler instability (Tl) at HZDR
2006: HMRI 2014: AMRI| Seilmayer et al., PRL113 (2014), 024505
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|
PROMISE: Selected results for HMRI

Example 1: Increase of the ratio Observed MRI is indeed an
=W, /W, absolute (global) instability, and not
only a convective one
Rayleigh line
M Experiment, I_~4000A —
033 Numerical (global) - |
o 03 MNumerical (absolutey &
o 095 - [ Numerical (convective) PN
P02y -
o 015t - -
;:E 0.1 i
005 | -
0 : Av 23 & &S -
.24 0.5 026 .28 0.3
L

Stefani et al., Phys. Rev. E 80 (2009), 066303

DRESDEN r“ = ~r—a
ccccc O mMaed/)
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|
PROMISE: Selected results for HMRI

Example 2: Increase of axial
current (i.e. of the ratiob 8;/B,)

Again, observed MRI is indeed an
absolute (global) instability, and not
only a convective one

IRodlAl
0 2000 4000 6000 8000
0.05 | fou =0.156 Hz p=0.26 ——
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AMRI: m=1 mode under influence of (pure, or dominant) B,
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M. Seilmayer et al., PRL113 (2014), 024505
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New results for AMRI+Convection
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Experiment with changing radial heat flux
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Seilmayer et al., Magnetohydrodynamics 56 (2020), 225; Mishra et al., J. Fluid Mech. (in press)
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Planned experiment for SMRI, HMRI, AMRI, Super-HMRI and TI
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Main goal: follow the monotonic
transition from HMRI to SMRI for
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Design of the planned ecteasing 1"z

MRI/TI-experiment Mishra et al., Phys. Rev. Fluids 7
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Preparations of MRI experiment: nonlinear simulations for m=0

Saturation of MRI via
magnetic reconnection
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