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A .Compartem of the Solar Wind and ISM

Parameter

ne(cm~3)
Te(K)
Ti (K)
VA (km/sec)
I/JON-NEur(sec~l)
'Turbulent Age"l

Diffuse Ionized Phase of ISM
5
0.080
8000
< 15000
23
8.3 x 10~w

4 x 106 yearn

Solar Wind at la.u.
50
5
1.5 x 105

5x 104

50
0
4 days

Notes

(1) Hough estimate of time from generation of turbulence to arrival
at point of observation.



Eine Kleine Nachtphysik ...
The equations of

hydro/magnetohydrodynamics

+ V • (pv) = 0 • *--™^»«isi.i| -̂Q

I
With "steady state" spherical symmetry —>

v (3)dr pdr r2 (pdr \ 87r
If far from the Sun, the right hand side"-^> 67*=?- ' I

Idv'i I

de ^ - _ _ "l /cfJ52\ ' j
dt r { 4?r ) t

 { }

Therefore "Distant Wind" has v = C, p oc r"2. V- «*
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Observed wind is
faster and hotter than
models

Damping of
turbulence provides
heat and momentum

Phenomenon similar
to flow in middle
atmosphere

500

I 1,

with waves

no waves

Velocity \ersus Heliocentric Distance



The Wave Driven Solar Wind
For wave-driven models to be viable (1) the must be a sufficient
wave lux (turbulent energy density) ~ (2—5) x 10° ergs/sec/cm2,
and (2) the waves should damp sufficiently rapidly ( < 10 —

Two Models for Turbulence

(1) Low Frequency Waves (penods of tens of minutes to couple
of hours)
(2) High Frequency Waves (plasma frame frequencies of 1 -1000
Hertz).
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Why bother?

Infonnation important
where in-situ data not
available

Helios spacecraft
found solar wind fully
accelerated at 0.28 an
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Expression for Phase Power
Spectrum •

Ft L. Mutel, 1975

Physical Variables In Phase Power Spectrum

• Density power spectrum, P$n(<l) = C%q"a. Of-(r) expression, given by Spangler
et al 1996, Solar Wind 8.

• Solar Wind flow speed V§.

• Effective thickness of solar wind plasma screen, L.

• Outer scale IQ

Then . . .

2 , C ¥ , L , Vo) — " C^JLIQ / aqi~— • p s m

(I)

Vn 2
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What can one do with coronal Faraday rotation
observations?

• RM fluctuations —> coronal Alfven waves

• RM —4 magnetohydrodynamic structure of corona

• Depolarization —l small scale Alfven waves
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A Model for the Plasma Structure of the Solar
Corona

* Density distribution

and ncs compound power laws in r.
• Magnetic Field model

"3 +B(r) = 0.06(r/iEe)"3 + 3.1(r/i2e)-2 nT

with R® = 1 astronomical unit (Patzold, 1987).

(8)

(9)

2 3 3 10 K 30 50 fGG

SOLAR DISTANCE C«#$
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How Observables Relate to the
Theory

(1) RMS Rotation Measure Fluctuation

(5RM)2 >=
\ 2

(2) Relating SBz to wave flux

< «5B2 >
(31/ + 2VA)

(3) Relating flux to coronal base

<<S£2> (u + vAy A
A.

Lds (1)

(2)

(3)
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Fig. 6. Standard deviation of th« Faraday rotation from the mean linear trend over each observation pass versus
•okr offs«t; ai! data from 1975 through 1977. The sotid line is a power law fit to the observations. The dashed line is the
theoretical expression (25). which is based on the assumption that most of the Faraday rotation variance is caused by
fluctuations of the corona] magnetic field and not the electron concentration.
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& Faraday rotation "tomography" consistent with
independent measures of coronal plasma state

9 Observations consistent with "smooth" corona,
without large waves or turbulence


