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Abstract. The solar wind interacting with a magnetized obstacle is modelled with
the steady Vlasov-Poisson system in the plane. The system is linearized for the (given)
magnetic field of the obstacle being small. The main focus is on the rate of decay of the
spatial charge density “downwind” of the obstacle. A special case that admits an explicit
solution is presented. It is also shown that when the background particle distribution
is compactly supportled in velocity, that the spatial charge density cannot, in general,

decay faster than x; %, where x; is the downwind distance.

1. Introduction. Consider the following simplified model of the steady solar wind:

v-Vof = (E1 +v2B) 0y, f — (B2 —v1B) 0, f =0,

p=- [ - Fyav,

VE:pa

VxE=0.

Here f gives the density in phase space of mobile negative ions with mass one and charge
minus one. This is assumed to depend on position, = (x1,x2), and velocity, v = (v1, v2).
The positive ions have charge positive one, but are taken to have infinite mass so that
they form a fixed background density given by F'(vi,vs) (see [6]). We take F(v) = 0
for vy1 < 0. B = B(x1,x2) is a given magnetic field. The self-consistent magnetic field
due to the plasma is neglected. We assume that £ — 0 as x1 - —oo, f — F — 0 as
x1 — —oo for vy >0, and f — F — 0 as x1 — 400 for v; < 0. We wish to understand
the “downwind”, i.e., large x1, behavior.

In [7] a one space dimensional version of this problem is considered and it is shown
that for B small and compactly supported, that f — F and E do not decay to zero as
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21 — +oo. Similar results were shown when a self-consistent magnetic field was included,
[8]. Thus it is reasonable to expect at most slow decay in higher dimensions.

To make (I.I)) more tractable, we will linearize about B = 0: Let ¢ = f — F. Then
we compute that

v-Vyg— (E1+v2B) 0y, F — (Ey — 11 B) 0, F =0,

. _/gdv’ (1.2)

VE:p7

V x E=0.

We make the following standing assumptions throughout. Of F' we assume that 0 <
F € C3(R?) with F and |VF| in L'(R?) and there exist € > 0 and C' > 0 such that

vy <e= F(v,v2) =0 Voo, (1.3)

F(v) < Clv|7'7¢ and [110,, F — 020y, F| < Cvy ¢|v| ?|va, (1.4)
F(v1,—v2) = F(vy,v2) Yo, (1.5)

F(v) # 0 and vy # 0 = 020, F(v) < 0. (1.6)

It is also assumed that B € C(R?), g € CY(R?), p € C}(R?), E € C'(R?) are all bounded
and satisfy ([2) with

|E(w1,22)| + (w1, 22)| [21] < Clan |77 for a1 <0, (1.7)
glx + sv,v) > 0as s - —c0 Vz,v, (1.8)
T SO:>B(1'1,ZE2):O VZ‘27 (19)
|B()] < Cla| 2, (1.10)
v g(x,v) is in L'(R?) Va, (1.11)
/|p(x1,x2)\ dry < Ce™ (1.12)
for some

(o)

r> sup/ L E(r w)dr (1.13)
w Jo

It will be shown that
p(z1,22) =0 for z; <0.

THEOREM 1.1. In addition to the standing assumptions (3] through (LCI3) suppose F

is of the form
2 —1
F(v) = A(vr) <1+ <”—2> ) .
vy

_ —ag/ / To — T2) COS ((:101 — ) \/ﬂ——al)B(i‘)dfg di,

1‘1 — 1‘1 + (1‘2 - 52)2

Then




SLOW DECAY FOR A LINEARIZED MODEL OF THE SOLAR WIND 183

for x1 > 0, where
ayp = / A (wl)wildﬁ)l
0
and
as :/ A(’lbl)d’lbl
0
COMMENT. If A(v1) is compactly supported, then (IL4l) holds.

COROLLARY 1.1. Under the assumptions of Theorem 1.1,
lp(x)] < 4mas (sup (z3|B]) + / |B|dx) a7t

Moreover, the decay rate of xfl is optimal.

The next theorem shows that for F' compactly supported, the decay rate for p is even
slower.

THEOREM 1.2. In addition to the standing assumptions ([3]) through (LI3), assume
that F' is compactly supported. Then there exists B € C*°(R?) with
| lim |z|P|B(x)] =0

z|—00
for every p > 0, such that
_1
sup|p(z1, z2)| > Cxy 2
T2

for some C' > 0 and all z; > C.

Although (I2)) is linearized about B = 0, it seems likely that slow decay rates apply
to the full nonlinear problem as well. In fact, the magnetic tail of the earth has been
observed to extend beyond 200 earth radii downwind, [5].

Linearization of the dynamic problem about f = F (with B = 0) has been studied
extensively. The decay in p for large time was first observed by Landau, [3]. A more
mathematical treatment is contained in [9]. Estimates of decay rates are established in
[1] and [2] and (as in Theorems 1.1 and 1.2 above) they depend on F. We comment that
equation ([222) of this paper (in z1,z3) and equation (7) of [I] (in ¢,z) have a similar
structure. This was unexpected since E is derived from a two-dimensional density here
and a one-dimensional density in [I]. The conservation laws used in [I] do not seem to
have analogues here. Lemma 2 of [I] and Theorem 1.1 here are closely related.

This paper is organized as follows: The integral equation for p is derived in Section
2. In Section 3 we take the Laplace transform in z; and the Fourier transform in x,.
Section 4 contains the proofs of Theorem 1.1 and its corollary. The proof of Theorem
1.2 in Section 5 uses the stationary phase approximation to get pointwise estimates. We
mention that the non-decay results of [I] are in the Lo norm and did not require use of
the stationary phase approximation.

The following notation is used:

(a1,az2) A (b1,b2) = arby — asb;.
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I |Ip is the L, norm. Also, C' denotes a positive generic constant which may change from
line to line and may depend on F but not on B, z, or v.

2. A convolution equation for p. Consider ([[Z) with the assumptions (T3]
through (CI3]). Then

0
g(z,v) = / d%(g(w—i—sv,v))ds

0
= / v Veg(x + sv,v)ds

— 00

/ (00, F(E1 + v2B) + 00, F(Es — 0 B))|  dr
0

and
p(r) = — //0"" (VF(v) - E(z — 7v) —v A VF(v)B(z — 7v)) d7 dv
- /Ooo / [F(0)V, - (BE(z — 70)) + v A VF(v)B(z — 7v)] dv dr (2.1)
- /O°° / [~7F(v)p(z — 70) + v A VF(v) B(z — 7v)] dv dr.
Letting
k(w) = /0 TV (r w)dr
and

ky(w) = (r7'w) A VE (1~ w)r2dr,
&I) becomes (letting w = v) /0
pla) == [ bwipla = w)dw + [ ki)l - w)dw, (2.2)
Note that k(w) = ki(w) = 0 if wy < 0. Since B =0 on (—o0,0] x R,
/kl(w)B(x _ w)dw = /OOO / k1 (w) B(z — w)dws dw; = 0
for 21 < 0. Hence (Z2) becomes
pla) = = [ [ Kawrple = )y dun,

and we claim that p = 0 on (—o0,0] x R. To show this let

loll = sup e~ / o1, 22)| des,
£1S0
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where 7 is from (I3). Then for z; <0,

ol < Il [ " [ 1ot = )l e o

IN

||’<3HC><>/O o]l €@ =) duy

k
_ || HOOHPHGMCI
r

and
1S

< — .
el = = =llel

Since 7 > ||k, ||p]| = 0 follows.
Defining

(axb)(z) = / /a(w)b(x — w)dws dwy,
0
[22) may be written as
p=—kxp+k *B (2.3)

for 1 > 0.
Note that k(w) = ki (w) = 0 if wy < 0. For w; > 0 (and letting @y = —1),
.

k(w) = /0 TR w)dr

(2.4)
- / F (1171, %wl) oy tdwy, = H (%) :
0 w1 wq
where
(oo}
H()\) = / F(tby, My )yt day . (2.5)
0
Similarly, for w; > 0,
ky(w) = / (t7'w) A VEF(r tw)r2dr
0
= w;lHl (%) ,
w1
where
Hi(\) = / (1, A1) A VF (W1, M) diby . (2.6)
0

Note that H is even and H; is odd.
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3. Transforms. We will use the Laplace transform in z:

Lh(s) = / h(zq)e " dxy
0
and the Fourier transform in x»:

h(¢) = /h(xg)efigz"’dmg.
Then for s = 1 + ise with s; > 0 and £ # 0,

Lk(s,€) = / /H <@> e~ TsTm gy dary
0 1

= / / H(\) e~ e g day
0

= / H()) / wpe” TNy d)

9]
0

- /H(A)(s +iEN) 2N = £ 2H (g) :

where
H(s) = /H(A)(s—i—z’)\)_Qd)\. (3.1)
Similarly
El%l(s,ﬁ) = /Oo/xlel (i—j) e TS T2 doo iy
0
- /Hl(/\) /Oo 2y le=(HENT L g )
0
= [mOe+ iyt - (g) ,
where
Hi(s) = /Hl(A)(s+z’/\)’1d)\. (3.2)
Hence (2.3)) yields
Lp=—€2H (g) Lp+E 1 H, (2) LB. (3.3)

Let’s collect some observations about 7 and H;. Both are analytic on C\ {s2i:
s € R}. Also

H(—s) = H(s),
Hi(=s) = Hi(s),
H(s) = H(3),

and
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for im(s) # 0. It follows that

H(_E) = H(S)7
7‘[1(—5) = —7—[1(5)
and that for s; € R\{0},
H(Sl) = 7‘[(81),
7‘[1(31) = —H1(81),

so H(s1) is real and H(s1) is pure imaginary. An elementary calculation shows that

AH'(\)dA
s2+N)2) (s + (s2 — A)?)

im (H(s1 +is2)) = 45152/0 T
so, using (0],
im (H(s1 +1is2)) # 0 if s189 # 0.
Also for s; € R\{0} (since H is even and (L0) holds),

S% — /\2 — 2i)\$1

o) = [ HO g

d A B AH'(N)
Jroi () m = [ >

1+¢ 21 (g) £0

It follows that

for re(s) # 0 and we may define

for re(s) # 0. Note that R is analytic in s and by [B.3]) that
Lp=TRLB. (3.6)

It follows from ([B4) and B3] that R(s,—&) = —R(s,&) and hence
R(s,§) = —— "~ (3.7)

Similarly, it follows that
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4. The Proof of Theorem 1.1. Suppose F' has the form

F(v) = A(v1)B (Z—?) .
Then from (23,
H(\) _/0 A(r) By day = a1 B(N),
where

ay = / Al )y Hdiby .
0
Similarly, from (26]) an elementary calculation reveals that
Hi(A) =as (1 +M)B'(\) + AB(N)) ,
where -
as :/ A(ﬁ)l)dﬁ)l
0
Taking B(A\) = (1 + A2)7! leads to
Hi(A) = —apA(1+ X)L
Next BI) and 2] become
H(s) = a1 /(1 + A (s +iN)"2dA
and
Hi(s) = _GQ/AQ +A2)" (s + i)~ 1d.

These may be evaluated using residues. For re(s) > 0, A — (1 4+ A2)71(s +i\)72 is
analytic with poles at £i¢ and ¢s. is is in the upper half-plane and so

- ald/\
Hs) = - 5’5 (1+ A2)(s + iN)2
IA+i|=5
S . — S
A=) (s+iN?|,__, (s+1)2

for 6 € (0,1). Similarly

B (—az)AdX
OIS O e T

|A+i|=5
i a2>\ 7Ta2i
= ml———————————— - .
A=i)(s+iN) |\, s+1
Substitution into B yields
masgi(s + € .
R(s.§) = 2D ()

(s +1€])? + max

for re(s) > 0 and & # 0. Here sign(&) = %
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The inverse Laplace transform of R may be computed by another residue calculation.
Let C(s1) = {s1 + is2 : s2 € R}. Then for any s; > 0 and x; > 0,

1
LTIR(x1,8) = — R(s,&)e*ds
27T’L C(Sl)

_ mayi sign(§) / (s +[€])es*1ds
2mi cs) (8 +1[&€))?+ may

_ mayi sign(§) yg (s +|&])e*™rds n yg (s + |&])e*™rds

2mi (s +1€)% + mas (s +1€)% + may

[s+[§]—iy/mar|=4d |s+ & +iy/Tar|=8

o (s + [€))e* (s + [€])e*

= masi sign(§) | ——————— + —_
©) <s+ [l +iyvmar| g pigmar S = iVTa] g mar
= Tagi sign(€)e” "¢l cos (z1\/Tay) .
(4.1)

Denoting the inverse Fourier transform by F~! we have
FIL'R(x /c YR (21, €)e ™2 deE.
Substitution of ([£1]) and a direct calculation leads to

j_-'_lﬁ_lR(;L') _ _CLQIQ COS (zl,/ﬂ'al) .

x%—l—x%

From (B.4) it follows that
p= (f_lﬁ_lR) * B

so Theorem 1.1 follows.
To prove the corollary note that

ao | X - ~ ~
/ / 2‘ 2~ B —— | B(2)| di» diy
1”1—1”1 (IQ—IQ)

T B -~
a9 / / H—x”di'gdi'l,
0 T

r = \/(.Tl — 531)2 + (.TQ — 532)2.

IN

|p(@)]

IN

where
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1 1 1
Note that r < %1 =11 -1 < %1 = %1 < Z1, so letting C'g = sup (x% |B(a?1,x2)|)
we have
B(z Cp dxsdx
// | (x)|d532d531 < // Cp diydiy
r
r<%w1 r< 3T1

[/ dZTo dTq 4CB 1 47TCB
= 2m— T = .
l’l

3:1 2 T
r<i 3T1

Hence

lp(x)] < <%+/0 ‘B( )|d5cgdil> as

x 2$1

(47‘1’03 + 2HB||L1)(L2
T

To show that this rate is sharp, let
W = /a1

and assume that B is positive on the set {(21,22):0 < 21 <w™! and |z2| <w™'} and
zero everywhere else. Consider = = (2n7rw_1, 2mrw_1), where n is a positive integer.

Then
p(z) (w3 — To)cos(w(zy — F1)) o, o 1 -
e B
a2 / /UJ 1 xl — xl)Q + (x2 _ 5'2)2 (x)dl‘Q d.’L‘l

Y

/ /w 1 (2nmw™t —w™1) cos(1)B(%) i3y diy

(2nrw=1)2 + 2nrw=! 4+ w=1)?2

ClIB|lz
X1 '

vV

5. The Proof of Theorem 1.2. In this section we assume that F' has compact
support and hence there exists rg > 0 such that |A| > rg = H(\) = Hy(A\) = 0. Then
H and H; are analytic on C\ {isz : |s2| < rgy}. It is necessary to compute the limits of
H and H; as re(s) = 07 (and |im(s)| < rg).

The following notation will be used:

—805—0 oo
o(s3) = © lim / oY) d>\+/ GV
=0+t \ J_oo  S2+ A —spts 52+ A

whenever this limit exists. Also consider o € C*(R) with |o()\)]| + [Ao’(A)| < C|A|7? for

some C,d§ > 0. For s = 51 + isy with s; > 0, define arg(s) € (—g, g) by s = |s]e? 2&(s),




SLOW DECAY FOR A LINEARIZED MODEL OF THE SOLAR WIND 191

Then
/U(A)(sﬁu)*ldx - /U()\)(—)%[log(s—kz)\)] i

i/a’()\) (In|s + A +iarg(s +1i))) dA
(5.1)

e i/a’(/\) (ln |sa + A + z% sign(ss + /\)) d\
= 7(o(—582) —io.(s2)).
(EI) will be applied to H and to H;. Recall that H is even and hence H' is odd. By
) and @),
H(s)

/H(A)% [i(s +iA) '] dA
_ —z‘/H’(A)(s+i>\)*1dA

— —im (H'(—s2) —i(H')«(s52))

81*}0+

= 7 (=(H)«(s2) +iH'(s2)).
Similarly, by (2] and &),
7‘[1(8) 31j0)+ m (Hl(—SQ) — iHl*(SQ)) = —T (Hl(Sg) =+ iHl*(SQ)) . (53)

Let

R+(827§) =
Then by @), G2, and G,
R(5,&) = Ry(s9,€) as s — 0.

Consider s = s97 with ‘%2‘ > rpy, recalling that H and H; are analytic at these points.
Define
= / HA\)(\ + 2)"2dA (5.4)

for |z| > rg. Then h is even, decreasing on (rg,o0), and

i) ()= [0 (g ) w=n ().

—m&iH 1, (‘?2)
R(s,§) = R(s2,8) =
0

Note that
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for s = sgi with ‘2—2' > rg. For €| > \/h(ry) we have £2 — h <|%2> > 0 on

< T’H}. For €] < \/h(rm), R has poles at

52
?| 7

52

hence R is analytic (in s) on C\ {is3 :

s = £p(€)i, where

p(€) = €] (&%)

and h~! is the inverse of h restricted to (7, 00).
Let C(s1) = {s1+1is2: 82 €R}, I, = 1if a < b and 0 otherwise and R_(s2,§) =

lim R(s,€&). Since for x; > 0,
s1—0~

1 0 if 51 <0
— R(s,€)e* ds =
21 C(s1) (5,6)e s { E_lR($1,§) if s >0

we have for § > 0 sufficiently small,

1 rulél .
L7TIR(21,6) = (Ry —R_)e* ™ idsy

211 —rul€]

1 sx1 sx
+ %I‘£|<\/m % Re d8+ % Res*1ds

[s—p(&)i|=6 [s+p(&)i|=5
(5.5)
By B.3),
R+ — Rf = R+ +ﬁ+ = 2T€(R+).
Let
_ —EHL(2)(E = m(H)u(2)) + mH1(2)H'(2))
Rolo) = =@ 2. + cH )
Then
1 r €] )
2— (R+ — R_) GZSQIIdSQ
T J—rglél
rulé| 9 )
—rulel €]

Ro(z, €)= (¢ dz.

—rH
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The second term of (5.5) may be computed using residues. For |{| < /h(rg), (31)

yields
1 1 EHA (%) e*Fids
— §1§ Re**1ds = — _
271 211 52 + H (i)
|s—pi|=6 |s—pi|=8 €]
(5.7)
EHa (%) e
w (i) lel-
Since % > ry it follows from B.1)), 3.2), and (E4) that
ip o (P
* (i) = ()
i €l
and
ip , P
H1 (—) = —Z7TH1* (—) y
€l €l
S0
1 sT Hl* (‘%> ipx
— Re’*ds = —m€|§| —F——=e'P™1.
2mi _ 1Y (ﬂ)
|s—pi|=8 €]
In similar fashion, it may be shown that (also using (4] and (33]))
1 Hl* (%) .
P y§ Re*Prds = w&|é|—F—<Fe PP, (5.8)
211 ) h! (ﬂ)
|s+pi|=d €]
Collecting (B.6)), (57), and (5), (&A) becomes
TH .
L7R(x1,6) = Ro(z, §)e!¥171%(¢|d=
S
5.9
- “f|§|~’s<¢mh,(T) (e7rm —emirm)
l€]

Since p = F1L 'R x B, (5.9) allows us to represent the solution. We claim that the
first term of (B.9]) satisfies

Ro(z, €)ellél™12|¢|dz| < xg (5.10)
1

‘ .

—TH

1
for |¢] < 7\ /h(rg). This estimate seems to break down as |£| approaches y/h(rg). Hence

1 .
the strategy for proving Theorem 1.2 is to choose B with [£| > 3 h(rg) = B(z1,£) = 0.

Then the second term of (B3] will be analyzed using the stationary phase approximation.
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First we establish (EI0). Note that (H'). is continuous with (H').(0) < 0 and
m(H")(z) = h(z) for |z| > ry. Hence we may choose 11 and r9 with 0 <7 <71y < rpg
such that

T(H)u(2) < =C if 2| <1y

and

m(H")u(2) > %h(rH) if ro <r<rg.
Let

D(z.8) = (& —n(H).)" + (xH')’.
For |z| <,

D> (& +0)>C.

On r <|z| <7y, H'(z) # 0, so by continuity,

D> (=H(2)? > C.
For ro < |z| <7y and [¢] < %\/ h(ru),
D > (€ -n(H)(2)" = (r(H)(z) - €)

2 2
(%h(m)— (% h(rH)) ) = ).

1
So for |¢] < 5 h(rg) we have D > C and it follows that

2

v

|8ZR0(Z7§)| < C.
Since Ry (&, £rg) = 0 we have

TH .
] Ro(z, £)ei€717 €] dz

—ry

r1z
dz
1

etlél
)

= ’_/m:H 9:Ro(2,€)

2

and ([B.I0Q) follows as claimed.
In preparation for using stationary phase on the second term of (.9 we claim that

0<p'(&) and 0 < p”(€) (5.11)
for 0 < € < y/h(rg). Define

j(2) = 22h(z) = /H(A) (1 + %) o

and

p(§)

q(§) = a

Then
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and
p? = &4q" = ¢*h(q) = j(q).
Hence
26 =1'(q)d’
and
2pp’ = j'(q)q"-

But 4'(z) < 0 and

i'(z) = 22‘2/>\H(>\) (1+;)3d>\

SO ¢
2
/
¢ =-—-<0
h'(q)
and . )
o= @4 _
2p
Furthermore »
,_J'g) 28
P = = {(q),
2p h'(q) 9
where we define ¢ by
J'(z)
( ) = 12 °
zh(2)
If we can show that ¢/ < 0, then p” = ¢'(q)q’ > 0 will follow.

Note that

217\’ n2 _ 1"
g,_<2zh+zh> _3(W)2 - 2hh (5.12)

zh (h/)Q
By the Cauchy-Schwarz inequality (and since H2 (A)(s 4+ A)~! and Hz(A)(s + A)~2 are
linearly independent),

3(h/)2

3 (/ HM\)(=2)(z + )\)_3d/\>2

12 (/H%(A)(z FA)TITHI () (2 + )\)‘2d/\>2

< 12 </ H()\)(z+>\)2d)\) (/H(A)(z+)\)4d>\>
= 12h (éh) = 2hh".

From (B512), ¢ < 0 now follows and hence (B.1T]) follows.
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Let
L = i\/ h(re), Er = %\/ h(rg).

We wish to choose & € (£1.,£Rr) such that

Hi, <p(§0)) £0. (5.13)

€o

Suppose this were not possible. Then Hj, vanishes on an interval outside of [—rg, 7x].
But Hj, is analytic on C\[—7x,rg], so Hy, is identically zero. This implies that H; and
hence R and hence p vanish for all B. This is false, so (5I3]) must hold.

Now we may choose B. Let By € C§°(R) with e > 0 and rg > 0 such that 0 < e < rp,
x1 & (e,rp) = Bi(x1) =0, and

By (p(%)) # 0.

Choose 8 € C§°(R) with € & (¢1,&Rr) = B(§) =0 and

5(60) #0. (.19
Take
Ba(ea) = 5 [ O d = 7 Blaa)
and
B(z) = B1(x1)Ba(z2).

For z1 > rp,

Z1

plx1,€) = B(i1,6) L7 R(w1 — &1,€)di

s

Let

and note that by (E13) and (G14),
B(&o) # 0.
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For z1 > 2rp and |£| < %\/h(rH), E9) and (BI0) yield
pane) = [ Bi@)s© |06 - a) !
0

Hi, (&
_W§|§|M (eip(zril) — e*ip(rril)) dF,

v ()
= O(z7Y) +B() /OTB Bi(z4) (eip(wl—il) _ e—ip(wl—a”cl)) i

= 0 +B(©) (Bip)eir™ — By(—p)eiv*) .
Let
A= (&) (5.15)

and consider

&R . . R ) .
2rp(zy, —Ary) = Oz ) + B(&) (B1 (p)eP*r — Bl(—p)e_”ml) e AT e
137

By @II), (p — A§)"” = p” > 0 and by (5I3),

(p— A =0 if € = &.
Also by (B10) and (BIH),

(—p—XA§)' <0
for £ € (£1,€r). Now by the stationary phase approximation (see, for example, pages
100 and 101 of [4]) we have
__1
21p(w1, —Axy) = O(xy ") + Crz? +O(x7h),

where
21

p"(6o)

C1 = B(&)B1(p(&)) e (Ftmlp(€o)=&AD) —£ 0,

This proves Theorem 2.1.

REFERENCES

[1] Glassey, R. and Schaeffer, J., Time Decay for Solutions to the Linearized Vlasov Equation, Trans.
Th. Stat. Phys., 23, 411-453 (1994). MR1264846 (95a:82109)

[2] Glassey, R. and Schaeffer, J., On Time Decay Rates in Landau Damping, Commun. PDE, 20,
647-674 (1995). MR1318084//(95m:35194)

[3] Landau, L. D., On the Vibrations of the Electronic Plasma, Ah. Eksper. Teoret. Fiz, 16, 574-586
(1946). MR0023764 |(9:401h)

[4] Olver, F. W. J., “Asymptotics and Special Functions”, Academic Press, 1974. MR0435697|(55:8655)

[5] Parks, G., “Physics of Space Plasmas”, Addison-Wesley, 1991.

[6] Rein, G., A Two-species Plasma in the Limit of Large Ion Mass, Math. Meth. Appl. Sci., 13, 159-167
(1990). MR1066383(91d:76089)

[7] Schaeffer, J., Steady States for a One Dimensional Model of the Solar Wind, Quart. of Appl. Math.,
59, 507-528 (2001). MR1848532(2002j:82114)


http://www.ams.org/mathscinet-getitem?mr=1264846
http://www.ams.org/mathscinet-getitem?mr=1264846
http://www.ams.org/mathscinet-getitem?mr=1318084
http://www.ams.org/mathscinet-getitem?mr=1318084
http://www.ams.org/mathscinet-getitem?mr=0023764
http://www.ams.org/mathscinet-getitem?mr=0023764
http://www.ams.org/mathscinet-getitem?mr=0435697
http://www.ams.org/mathscinet-getitem?mr=0435697
http://www.ams.org/mathscinet-getitem?mr=1066383
http://www.ams.org/mathscinet-getitem?mr=1066383
http://www.ams.org/mathscinet-getitem?mr=1848532
http://www.ams.org/mathscinet-getitem?mr=1848532

JACK SCHAEFFER

Schaeffer, J., Steady States of the Vlasov-Maxwell System, Quart. of Appl. Math., 63, 619-643
(2005). MR2187923 |(2006k:82148)

VanKampen, N. G. and Felderhof, B. U., “Theoretical Methods in Plasma Physics”, North-Holland,
Amsterdam, 1967.


http://www.ams.org/mathscinet-getitem?mr=2187923
http://www.ams.org/mathscinet-getitem?mr=2187923

	1. Introduction
	2. A convolution equation for 
	3. Transforms
	4. The Proof of Theorem 1.1
	5. The Proof of Theorem 1.2
	References

