Lecture 24 :
Plasma Waves (Plane waves, phase velocity and group velocity)
MHD Waves review

R e

mw{q fvaO-nuTzvr? ?umhfﬁ.hbﬂ \K)-‘-vi e

e

plaire u-:t e 7 )
n= he

whte B o~ %X rkgy rirt Coutestn Gands)

Q*Pﬁﬂ-—-k’ ¢l Conolond PLM wEvco  Se Thed
Sy i) <D C =)

di B :
n r.T'-i = PF“_ g U‘# Plroce u\eﬂood-}r
e, — (kR wEIE)
S':t:fv-lfkm.'\.i\-»i t1 = E'_e \_- :‘J-l(m.rﬁdrvr?
— 70 hlti'i T.utj G‘d“*H'W PM
T fa & D =
M N :
Cowpl e L

e Utﬁm—.:}v] cavn =grced C© Pdove et
Voot ﬂﬂ.ﬂp‘—t\-\f”\g laeco e é}o{vi tU"*“? e Trou
5l “ve ot mww.ei»'héo cojes no (infnnef i~ -

(s roup NVellowity - I\B

Cgmlen &1 o Aadily (Novre  Cami®o o fanedin
ovard 4 woddoted T~ waéq{;\.}-udh Hravelo
Aiperer Nran C B sw My eyt

"W growes G"‘[f‘Qﬂ\-‘M.I W G{Q_Wie,g —




E, =Foas [(krot)x —forow)t]
Fo =6 cs [ Ce-oe)s —(Cou—Ee)e ]

CirE. = £ 65 (arb)r & co(a-b)

= /% (cosacosb ~Siresinlo Feosacosb tSaia sinb)

S 256 cas b
= 26 @ [@k)x ~aw)€ | cosk ¥ wt)

Two B o~ Si-usedd _JL.! nodolofesd i

_\w_‘me—f AT mare @ g0 b
> f(bk-)x-@-w,u»] Coun €

(= I‘V"".&\m\ tiln Jle 71&1’,0 \J-L!?Uq'f\q %u:

Pihe [ivmf oo At =20 SR dnﬂfw-r

d wo




Ploown. Isct(abiivs

Lovlead 5,%45}-‘;.,. wibve

1. Ao #67,'\:}7_;— ﬁeﬁc{

2. G8 (T za)

L. (no ]fmed CJ\—EFNC

4 po placne

5 motin s ordny i~ [ D (¥)

-
g

s V 252 E < Bx 7xE =0 =2C=-T¢
v el esyvodig o7 wel il
Mﬂe';;a-ut? f‘@ﬁ'ﬁ)ﬂ; l‘e”eg e e
2 & Pl nee) =n ook,

m)

= E(H\'ﬂ{J Q,;J;Lm

>l

N owu L-mema, ,L? o2y -, o R d, osallaly;
c © 2t syl ‘—'_“a

Lerwal

=Vo tih g Ve = 'Uu*r“‘“ 25 r S
Wh lff W =G zo an~d Tn, =0
a Sﬂmﬁﬂ'&q
7
Losd VRV, = -e £

Pﬂ"‘ "?\.foﬁ;i-. ilze'qﬁ-vw Vv ?T‘ 1+ /L—
Comfus wiha -e?ﬁ.\ %_2. T (nay ";?K"a) =0
Sfadunagy




[~ Eaful'flm_;'um- Mo . = Vo amd (e
020A-E 4 rdmm Ny, =0 Cetva S}‘mﬁ’mcml)
ep Goussd o Lo

Bl(Vel) it

—-L"hw‘ul C= —-el‘_‘i
— VW = —plgCk Y
Clea G = —en,

e—‘QLC\e-W'a—*{“' i ou-d T Te e

~&  ~padkY N

R —_- e 'UI
Uk G Oy

_mev* —

o 7Y lms'n-@nru Jea  WT wusth hae

o
pote Twd Jix FM](LE?UWW? "Cﬁ’: Zir TUn
et 1 i WAKS C%)
i 59

: i >
2q.  rploe pak dunohie A~ An’-l0sm

S0 -Kp e [ =10 ;\Hz [peet 1{97'1;-0‘-17




CINSAGER ET Al

AMPTE SWEPT
LN T

Tha 8

FREQUENCY (KHZ)
ELECTRIC ELECTRIC
e

ELECTRIC

i S
110300 LONG 72,7
13.02 “B. 59 -2 5%
59 &
T b2
o4, TR “'f., i
ekl b, Lipsreas v © detecrad a Approimalely

per par
e shack i 1y 7
,;r[!ll‘*'“"l'f ¥

e
ot 06
AT

stic waves and the plasmu frequency with amplitudes ag
1 as on onder of magnitude or more above the instruiment
g I|,_‘“||m'.htph]. At the highest-B, and highesi-M, shocks, electrostalic
“\ patively® 0 this frequency range typically have very low ampli-
e I=‘:1“ mod OF are not detected af all, The results of this study are
T:'I'M! indliscussed in terma of the passible wave peneration mechan-
sencies 18 6 P4 beams M7 the implications regarding the Processes oecurring a
even though mﬂ.‘.m i deock. Three beam Eenerdtion mechinisms are discussed:
| eenis, TS l'“.m.nm-‘ﬂ['"" by the cross-shock eleciric field, acceleration by
Gimce the elet Al thybrid frequency waves, and 3 magnetosheath “time of
UenCy ]':‘_h af themechanism
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2 SURVEY OF WavEs OBSERVED
ATTHE EARTH'S Bow SHock
“_.m:.| arf sechion eleciric field measurements from the Earth's how
salar pesentE MAgnetosheath are presemed. The observed wave fre-
thert P betr&r compared with the plasma normal mode frequencies
ber from the measured paramerars. It is demonsirated thag
;. and Alfven . ore ttic waves ase present 1 frequencies above the maximum
W M munn'\-"'-“"r for Uﬂiﬁplr_r-lihﬁlrd o0 acoustic wives yet below the
od; therefom Jm.mm . ePAUEney. Whemas previgus reseanhers hive identified
rostaiic hock and magneroshenth electrostatic waves as either
% ter A 08 Langmuic wavies [Rudrignes and Gurnen. 1975,
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Five-minute électric field FRERIOETHT during a transdtion from solsr win o magactosheath on December 17, 1984 The
he same a5 b Figure 1, Upstrenm ibefore | 304205 UT). Langmuir osctlstions and oscillations ot twice the plasma fre-
24 kHz amd 4528 LHz, Downstream froem the shock fafier 1304:50 LT), broadband bursty

Te delected up o between approsmmutely 40 kHe and 80 kHz

1976; Gallagher, 1935], the nalysis presented here shows thar
these wave modes alone cannot account for the entire measured
spectra. From the measured wave spectra and polarizigion, the
electrostatic waves witly frequencies above the maximum fre-
fuency for Doppler-shifted ion dcoustic waves und below the
plasma frequency are lematively idemified as electron beam mode
WEVES,

The center frequencies of the three SFRs range from 275 Hz to
90 kHz, The low-frequency SFR measures the frequency range
of 275 Hz 1o 2525 Hg in 32 evenly spaced frequency steps every
2 5. The mediom- and high-frequency SFRs measure the fre-
Huency mnges (L9 kHz 1o 9.9 kHz and 9.0 kHz 10 99 kHz, with
cach SFR sampling 32 evenly spaced frequency steps ench
second. The channel bandwidths for the low-, medium-, and
high-frequency instruments are 100 He, 300 Hz, and 3 kHz,
respectively, The electric field anenna is o single dipole, 47 m
Hp 1o tip. This instrument has been described by Hiusler er af.
[1985], The vector magnetic ficld is obuined from three orthogo-
nal fux gaie sensors [Lif o al., 1985). Moments of the eleciron
and ion distribution functions are obtiined from the thre-
dimensional plasma nstrument [Paschmann et al, 1985)

Five-minute electric field Spectrograms from iwo bow shock
crossings are shown in Figures | and 2, These specirograms show




