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thin rotating discs of ≅ 10$$ stars 90% of visible mass
and interstellar gas(10%)
+dark matter

The structure of Milky Way(Shukurov,2004)
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the evolution of the magnetic field in a model of 
M83(Beck,et al,1996)

Polarized synchrotron intensity (contours) 
and magnetic field orientation of M51(Beck 
and Hoernes, 1996)

• B"#$%&' ≈ 5*G, the magnetic fields in nonrotating 
or slowly rotating systems such as elliptical galaxies 
and clusters appear to have smaller B
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• �1�������1���(����#$ = 50 − 100 pc

• 	��
����� ���1(����,$ ≈ 10 km/s ≈ 23 ���4 =
0
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Flow visualization of a turbulent jet
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• " = $Ω ≅ 200 ⁄*+ , ≅ -./,0; Ω ≅ ⁄"2 $ , "2≅ -./,0
• ���������� ��(�1 1��(� 4 = $ ⁄5Ω 5$ ≅ −Ω
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Rotation curve and shear: Milky Way (solid) and a generic galaxy (dashed)(Shukurov,2004)
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* +, 0 = *./x

* 1, 2, 3 = 45(78 + t
d ω

d lnR
[cos(D + 23)]7G)

��
�
�78 = 78 1 = HIJD� /+ + sin D3 /L
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Distortion of magnetic-field lines under the action of 
differential rotation(Widrow,et al,2002)

• Primordial-field hypothesis[3]

• ∇B~ ⁄%&' (
Where L is the disk scale length and ⁄d ω + ,~ω/(

• Eventually, magnetic diffusion becomes important with 
the diffusion time scale(turbulence,random motions 
driven by random magneticfield,etc.)

• ./ ≡ ⁄1 2∇' 1 ≈ ('/2%'&'
Where 2 is the molecular diffusion coefficient
• ./ = t

• & ≈ 67
897

:
; ≈ 3×10@ A,

• The age of the Milky Way:tBCD ≈1.4 ×10E A,

• & much shorter than the age of a galaxy! The magnetic 
fields need to be maintained by ongoing dynamo action
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Distortion of magnetic-field lines 
under the action of differential 
rotation (Widrow,et al,2002)

Polarized synchrotron intensity (contours) 
and magnetic field orientation of M51(Beck 
and Hoernes, 1996)

• Primordial-field hypothesis
• observation that galactic 

magnetic fields form, by and 
large, a loosely wound spiral

• Simulation of the Primordial-
field hypothesis:tightly
wound spiral

• (only appears as a toroidal 
azimuthal field because of 
inadequate resolution?)
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• Differential rotation
• Begin with a pure poloidal dipolelike field (a)

• Because of differential rotation,the field lines 
are stretched (b)
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• Diffusion
• The field in the equatorial plane is 

characterized by strong gradients and high 
magnetic tension. 

• This tension can be relieved either by 
turbulent diffusion, via the ! effect, or by 
some other process(e.g., magnetic 
reconnection)

• The net result is to decouple the toroidal field 
in the upper and lower hemispheres,as shown
in Figure(c)
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• Turbulence
• we assume that cyclonic events occur 

throughout the disk. 

• The toroidal field is distorted in the vertical 
direction
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• Coriolis effect
• The loops of vertical field are then twisted 

into the poloidal plane by the Coriolis effect

Coriolis effect
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Cyclonic event as an illustration of the ! effect(Widrow,et al,2002)

• The classic example of the ! effect is 
the distortion of a magnetic-field 
line by a localized helical disturbance 
or cyclonic event

• (a) is the field line after it has been 
distorted by the plume velocity field

• inclusion of the Coriolis effect, the 
field line will be (b)

• the current associated with this loop 
is antiparallel to the initial magnetic-
field line.
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• Diffusion
• Once again, some form of diffusion or 

dissipation is needed to eliminate 
magnetic field near the equatorial plane. 

• Provided that this occurs, poloidal loops 
in upper and lower hemispheres can 
combine to yield a dipolelike field which 
reinforces the original field
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• Galactic dynamo is an effective way to maintain the galactic magnetic field!

Differential 
rotation Diffusion

Turbulence

Coriolis effectDiffusion

Sequence of events illustrating galactic dynamo(Widrow,et al,2002)
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!~ ⁄!$ [1 + ( )*+ +,-)/012 ]
• !$��
����,���(��(����,�:2���(2�:2(�,� �����,�()�,��,��-�
)(���,(�����
• !$~min ⁄Ω8/ ℎ , ; �8: ����,2(���� 2,�.�� �- ��, �:�):2,��,�ℎ: ��, ��(2,

�,�.��� ;�� ��,���� �:�):2,���!,2����# 

• 01: ��,��(.�,�����,#��2����:�),��)(�,�������,������������
��--:��!��#
• =�(������(����-����,��:���#
• 
����,�,����(#�.(2("�,��� *+ ≈ +,- (���01 ≈ 10/@�����2#��.���(��
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