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The Interstellar Medium: Diffuse
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Phases of the Interstellar Medium

Phase
High
Medium - Neutral
Medium - Ionized
Low
Tenuous

Astro. Name
Molecular Cloud
GNM
HII envelopes
DIG and WNM
Coronal

Density (cm 3)
>IQ*
10-100
5-10
0.1 - 0.5
io-3

Temperature

<70
^100

8000
8000

10*
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INTERSTELLAR SCINTILLATION PHENOMENA
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SPECTRAL CORRUGATION

FREQUENCY

WITHOUT TURBULENT MEDIUM

VIEWED THROUGH MEDIUM

• PULSAR TIME-OF-ARRIVAL FLUCTUATIONS

» ROTATION MEASURE FLUCTUATIONS

® IMAGE DISTORTION AND WANDERING



B-G87-279

40 -

o
LLJ
to
o
<
IJ

-20 -

-40

2013+ 370 1663 MHz

40 20 0 -20 -40 40
MILLIARCSEC

20 0 -20



&m
2005+ 372.. 1.67 GHz..rotundate baseline

A-G97-I29

p-i—i-i-

o

o
d I I I

} ] — r — r ] j T

i i i i i i i I

(b)

i.

50 100 200 500 1000 2000

Figure 2(b)



7 J b -

A-S38-350

Scattered Angular Size, ^ t GHz
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SCATTERING NEAR CYGNUS OBI ASSOCIATION
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RADIO WAVE SCATTERING IN CYGNUS
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TABLE 6
TtmiuLiN? PROPERTIES OF u s

INTEIJTELLAE MEDIUM TOWARD I • 145®,

Quantify Value

0.029
B - 0 . 8

L(pc) 2900

l | D ( p c ) |
! *m I®'*-9

12±0.4x i

TABLE 1

PROPERTIB OF TUMULEI»CE IN DIG

Quantity Value

.,.. 0.025
Filling fs^or 0.25

3 QM
3

I . . . , . 1 2 X 1 0 " "
/#(pc) 3.6

0.93
2.33

s Ths ioB-Bcutral collisioo frequcucj
depends on the ionizilion slats of ih@
medium. The quantity Sssfed is for 70%
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Turbulence Generation Mechanisms
(1) Solar Wind;

© "Fossil Turbulence" from chromosphere, convected out

® Nonlinear interactions, decaying turbulence

9 Generation and conversion at stream interactions

• Kinetic plasma instabilities at shocks

(2) Interstellar Medium:

® Kinetic Instabilities at SNRs

• Galactic Balbus-Hawley instability (probably not)

© Structuring by massive stars + mode conversion •

• "Star Murmuring"

,0
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INTERSTELLAR BUBBLE

3T.TENU0US N p k
INTERIOR ^ f W ' 3

SWEPT-UP
PHOTOIONI1EO

^ INTERSTELLAR
MATTER

OUTER
SHOCK

Mechanisms for Greneration of Turbulence in
Shells

• Rayleigh-Taylor Instability *

9 Secondary Shocks

© Global Shell Instability

• Heat Flux Instability

® Acoustic Wave Instability *

• Upstream Waves •

• Shock Amplification of Turbulence *

• Plasma Wave Generation by Pickup Ions *
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• Faraday rotation allows us to do remote
magnetometry of astrophysical plasmas

• The same instrument (VLA) can study the
ionosphere, the solar wind, and the ISM

• B i'ieid in (SM <s 3-4 iiG. strong enonijj] to
be dynamically important

• We can measure the amplitude and outer
scale of ISM magnetic turbulence

• We have a good model for the coronal
magnetic field and coronal turbulence



Main Results of Radio Wave ISM Studies

• Tbrbulence responsible for radio wave scintillations resides in
low density ionized phase (DIG) and medium density-ionized
(HII region envelopes).

• "The Big Power Law in the Sktf1\ density irregularities
exist with scale sizes from > 10*8 em —> 107 cm. Spectral
index a close to, or equal to the Kolmogorov index a =
5/3. Suggests turbulent cascade in wavenumber through an
inertia] subrange to the dissipation range.

• Extreme variability in C% in the interstellar medium. Re-
gions of very high C% "fluctiferous regions" or fluctifers
seem associated with HII regions, star formation regions.
Turbulent intermittency or ISM geography?

• Irregularities are anisotropic, in sense of being drawn out
along a symmetry axis (probably interstellar magnetic field).
Axial ratios ~ 1.5 - 2.0.

• 6B fluctuations detectable, with 6B/BQ < 6n/no (Minter
& Spangler, ApJ 485,182); suggests turbulence highly com-
pressible,
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Desiderata and Enigmata

• We must obtain information on V and B to progress to
a satisfactory theoretical understanding of interstellar tur-

—»
bulence B mformation can be obtained from Faraday ro-
tation (A. Mmter, this meeting) V information can be ob-
tained from the ttmescale of scintillations, extraction of Vejf
(Bondi etalkkk287, 290,1994; CordesandRickett, ApJ
507,846,1998, Rickett, Coles, and Markkanen, 1999 )

• Are the spectra _L and || BQ the same7 Theory: no,
Observations: yes

• Where is the evidence for mesoscale (~ 1015 — 1016cm) dis-
sipation processes (ion-neutral colhsional damping)7

• "Purification of the ISM" of highly dissipative Fast Mode
Magnetosomc waves. Even small fraction of interstellar tur-
bulence in Fast Mode waves would overwhelm cooling ca-
pacity of the DIG

• What generates the turbulence? Shear flows, buoyancy-
dnven turbulence, kinetic plasma instabilities, "star mur-
muring"? One possibility: gravity and star formation im-
presses "structure" on the ISM at large (> 1 parsec) scales
(e g Ballesteros-Paredes, Vazquez-Semadini, and Scab, ApJ
515, 286, 1999, Ostiker, Gammie, and Stone, ApJ 513, 259,
1999), then MHD nonhneanties cause cascade to smaller
scales Does this work7 Is it the correct explanation7
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