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The Sweet-Parker model describes time-independent magnetic reconnection in the resistive MHD framework when the reconnecting magnetic fields are antiparallel (oppositely
directed) and effects related to viscosity and compressibility are unimportant. The ideal Ohm's law then yields the relation

)
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where ¥, is the out-of-plane electric field, v;,, is the characteristic inflow velocity, and 73;,, is the characteristic upstream magnetic field strength. By neglecting displacement

v

current, the low-frequency Ampere's law, J = , gives the relation
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where ¢ is the current sheet half-thickness. This relation uses that the magnetic field reverses over a distance of ~ 24. By matching the ideal electric field outside of the layer

1
with the resistive electric field J inside the layer (using Ohm's law), we find that
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Electric Currents in Magnetosphere
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XSTRRIF IR (symmetric ring current)
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ML (Magnetotail current)
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Estimating the standoff distance
to the magnetopause

The condition governing this position is that the
dynamic ram pressure from the solar wind is equal to
the magnetic pressure from the Earth's magnetic
field.

pswufw = B1121S /(211“!0)
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Saturn (= /) with a false-colour image
ultraviolet aurora taken with the Imaging
Spectrograph on January 24
superimposed on an image of visible light
taken with the Advanced Camera for
Surveys on March 22, 2004 from

NASA's Hubble Space Telescope



https://commons.wikimedia.org/wiki/Hubble_Space_Telescope

The auroras were photomaf series of Hubble
Space Telescope Imaging Spectrograph far-ultraviolet-light
observations taking place as NASA's Juno spacecraft
approaches and enters into orbit around Jupiter
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FIG. 8.5. lllustration of the steps that lead ta the formation of an ionospheric
planetary obstacle in a flowing plasma like the solar wind. lonization by solar radiation, for

example, is followed by diversion of the external plasma flow only if that flow is
magnetized.



Estimating the standoff distance
to the magnetopause

Solar System magnetopauses | edit]

Overview of the Solar System magnetopauses[“]

Plandt o | Niriber & Magnetic moment . Magnetopause distance . Observed size of the . variance of .
[note 2] [note 3] magnetosphere[note 4] magnetosphere[note 5]
& Mercury |1 0.0004 1.5 14 0
Q Venus |2 0 0 0 0
@Pearth 3 1 10 10 2
g Mars 4 .O 0 0 | 0
9 Jupiter |5 20000 42 75 25
f) Satumn |6 600 19 19 3
& Uranus |7 50 25 18 0
I\}Zptune 8 <8 24 24.5 1.5

Research on the magnetopause is conducted using the LMN coordinate system (which is set of axes like XYZ). N points normal to the magnetopause outward to the
magnetosheath, L lies along the projection of the dipole axis onto the magnetopause (positive northward), and M completes the triad by pointing dawnward.

Venus and Mars do not have a planetary magnetic field and do not have a magnetopause. The solar wind interacts with the planet’s atmosphere[m and a void is created behind
the planet. In the case of the Earth’s moon and other bodies without a magnetic field or atmosphere, the body’s surface interacts with the solar wind and a void is created
behind the body.



HER Near side Far side

0.1 | 10 100
Total magnetic field strength, nT




Kepler Planets

As of December 5, 2011
Kepler-12b

- - Kepler-7b
Kepler-17b Kepler-6b Kapler-Sh epit 5P 4 [ ] *IJ \
Jupiter

11.2Re 14.7 Re 14.79 Rg 15.86 Rg 16.00 Rg 16.52 Rg 19.0 Rg

Kepler-14b o * —
Kepler-16b  Kepler-9c  Kepler-ob  KCREglSh b
Kepler-18c Kepler-18d ‘ ‘
Kepler-11e .
i e 00 . Bii7
4.52 Rg 5.49 Rg 6.98 Rg 8.45R; 9.2 R 9.4 R: 10.8 Rg 12.7 Re

Kepler-10c  Kepler-22b  Kepler-11f Kepler-11c  Kepler-11d Kepler-11g  Neptune Kepler-4b
. . . - - . 0
2.23 Rg 2.38 Rg 2.61 Rg 3.15Rg 3.43 Rg 3.66 Rg 3.88 R 3.99 R

Earth Kepler-10b Kepler-21b  Kepler-9d  Kepler-11b  Kepler-18b  Kepler-19b
. . e e L ® .
1.42 R 1.64 R 1.64 Rg 1.97 Rg 2.0Rg 2.21Rg
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The ring current decreases the horizontal
component of the magnetic field at the
Earth’s surface. (You can use a right hand
rule to check this — Place your thumb
along the direction of the current. Your

bent figures will give the direction of the
change in the magnetic field.)

The disturbance storm time (Dst)
index measures these differences. A

stronger ring current causes Dst to
decrease.
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1418 May 1997

The Solar Wind During a 20— 5
CME Driven Storm A

» Extended periods (several hours)
of southward IMF lead to the D My I

Bz gsm (nT)

main phase of the magnetic 2
storm. g :
- Southward IMF leads to magnetic Zﬁﬂﬂl FUUUN PO N o
reconnection. UT (days)
+ Northward IMF has only minimal 15, 1418 May 1997

dayside reconnection.

» The increased dayside
reconnection increases the :
penetration of the solar wind 50 1418 May 1997
into the magnetosphere, :
increased convection and ring
current injection.

Ey (m¥im)

Dyn Pressure (nPa)

UT (days)




The Recovery Phase

» As the southward component
of the IMF weakens or
disappears, the ring current
starts to decay. This 1s the
recovery phase of the storm.

» The recovery phase has
several steps.

The reduction of the southward
IMF causes the reconnection rate

to decrease.

The reduction of the southward
IMF results in a decreasing
electric field which leads to a
reduction in the injection of new
particles into the ring current.
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W= 2%
> WK AH (erowth phase),

> R (expansion phase),

> VKB M (recovery phase),

*Growth phase

v About 1 hour

v" Energy accumulation

v' Magnetic reconnection
on the dayside
Enhanced magnetic field
in the magneto-tail lobes
Narrowing of the plasma
sheet thickness

v
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 Expansion phase

AN NN

AN

also called “dipolarization”
About 1- 2 hour

Aurora brightening

Depression of geomagnetic field
Energy release through night side
reconnection

Injection energetic particles into the
inner magnetosphere

Plasma sheet heating

Bursty bulk flow

Tailward plasmoid release
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> I i 2R (NENL)  (McPherron, 1973 )
> I B AR AR X (NECD) (Lui, 1991)
> =B E A (MIC) (Kan, 1990)

> W28 J157 81 (PSBL) (Rostoker & Eastman,
1987)

> PR AR L (TC) (Geortz & Smith, 1989)
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Estimating the standoff distance
to the magnetopause

Estimating the standoff distance to the magnetopause | edit]

If the pressure from particles within the magnetosphere is neglected, it is possible to estimate the distance to the part of the magnetosphere that faces the Sun. The condition
governing this position is that the dynamic ram pressure from the solar wind is equal to the magnetic pressure from the Earth's magnetic field.

r 2
() = (%

) [note 1] yhere p and v are the density and velocity of the solar wind, and
m
B(r) is the Magnetic field strength of the planet in Sl units (Bin T, pg in H/m)

Since the dipole magnetic field strength varies with distance as 1 /1'3 the magnetic field strength can be written as B(r) = By /r3, where By is the planet's magnetic moment,
expressed in [T - m?].

2
2 2B;
Oy
Solving this equation for r leads to an estimate of the distance
2
L 2B;
Ho p*

pv

TR

The distance from Earth to the subsolar magnetopause varies over time due to solar activity, but typical distances range from 6 - 15 Rg. Empirical models!81] using real-time
solar wind data can provide a real-time estimate of the magnetopause location. A bow shock stands upstream from the magnetopause. It serves to decelerate and deflect the
solar wind flow before it reaches the magnetopause [10]
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@ Plasma process causes current disruption (CD) @ Disturbance wave causes CD
and produces a substorm current wedge to spread tailward

@Multiple CD sites @Magnetic reconnection Time HlStOl‘y of Events and
developsataCDsite  ©acroscale Interactions during

@ Substorm curent wedge @ Braking and dawnward current Substorms (THEMIS)
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@ High-speed flow @ NENL



