PTYS558 — March 30, 2020

MHD Plasma Waves (continued)



Recall that we previously discussed an intuitive
picture for magnetic waves in an ideal MHD fluid
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Today we will quantify this.



Last Wednesday (March 25 lecture), we derived the general
dispersion relation for (ideal) MHD waves including
magnetic stresses and the gravitational force:

Wi = C2k(k-@) - ik(y —1)g(k-u')
1

y— (k x k x (@' x By)) x By
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Ulysses Magnetic Field Data

r = 3.3 AU, latitude = —-60° South
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Dispersion relation for magneto-sonic waves in
an ideal MHD fluid
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Phase-velocity polar diagram of MHD waves
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Plasma waves detected by Voyager in distant
neliosphere (Voyager at ~120 AU)

Voyager 1 Plasma Wave Science

These were interpreted as
Langmuir waves, with a
frequency equal to the
electron plasma frequency,
generated locally at Voyager
1’s location, by a disturbance,
presumably a shock wave

o
=

N
i
=3
>
o
| o=
7]
>
(o}
()
P
(N

Density (cm-3)




Heliopause

29
>>>>>>> 2.7
2.5
g 03 6-hour averages g?
) I 1 :
> Anomalous I AAS /12
g 0.1 Cosmic Rays / \ A |PENH
:g o - o ¢
20-03 Illlll LI} IIIlllIll‘lllllIIIIIIIIIIlllllIlllllllllllIIIIIlIIIIIIIIIIIIl]llIl|l|ll|lll'llllllllllll
17 (b) GCRs moving parallel to the magnetic field | LECP-Tons
o) ]
& : |
d 16
- - I l
§, i '\ GCRs gyrating 3-day avg
& qs543 | perpendicular to ---@--(S1+55)/2
& 3 | the magnetic field --A--(S3+57)/2
I I
01; lIllllllllllllllllllllllllllll|IllllllllllllllllIIIIIIllllllllllllllllllllllzllllllllllllll
0'6_-(C) I I Magnetic Field ! MAG |
2 oa i ' :
= o I I" Shock [
0.2 1 I ! —
] | I day average I -
g‘g Illlllllllllllllll.llllllll]llll]llllllllllllIllllllllllll]llllllllllllllllllllll'lllllll1illillll
' April - May 2013 R o.14
P E y Feb - Nov 2014 Event '
Oct - Nov 2012 yent 012
ﬁ .
£ 3.0
x 0.10
PN Ny BN T e e e o g
o
S 5% 0.08
2
g 0.06
- : PWS Spectrum ; I :
2.0 Power Supply
Inter@erence I 0.04

Day 150200250300 0 50 100 150200250300 O 50 100 150 200250300 O

Year

2012 2013 2014
Voyager 1

Rate (cnts/sec)

Electron Density (cm'3)



