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In the paper, for the first time, the analytic solution of the collisionless time- Keywords: Nonlinear plasma waves; Magnetized
dependent Vlasov-Boltzmann kinetic equation in the presence of a constant magnetic plasma; Constant magnetic field; Wave-particle
field. By means of this new solution, the general electrodynamic equation, describing the interactions; Plasma instabilities; Solitons; Shock
behavior of waves, also in the nonlinear stage, is considered. The analysis is restricted waves
to the consideration of the first nonlinear approximation, keeping the second power of
the electric strength. As it is known, the plasma with a magnetic field is characterized W) Check for updates

by the abundance of different wave branches, describing which demands rather long
and tedious calculations. We restrict ourselves to the consideration of perturbations
propagating along the constant magnetic field. Obviously, any modification of the
distribution function can lead to the essential change of wave-like behavior of plasma
and the whole plasma electrodynamics. It is shown that in the nonlinear stage, the
longitudinal and transversal waves cannot propagate independently — they are
coupled with each other.

@ OPEN ACCESS

1. Introduction

A large number of papers and textbooks are devoted to the theory of the waves in the magnetized plasma [1-3]. Possible
branches of oscillations in the magnetized plasma allows to consider different approaches and interpretations for waves [4,5].
In the predominant part of published papers, the solution of the linearized Vlasov-Boltzmann kinetic equation is used.

After finding the zero-order solution of the main equation, the authors construct approximations for any higher order. In
most parts of books on the kinetic theory of gases, also in original papers, one cannot observe attempts to immediately determine
the solution of the Vlasov-Boltzmann kinetic equation [6,7]. In papers [8-10] a general solution of the Vlasov-Boltzmann kinetic
equation is presented, but this solution is connected with the infinite chain of approximations, which should be cut off.

In the present paper, for the first time, the exact analytic solution of the time-dependent Vlasov-Boltzmann Kinetic equation
for plasma with a constant magnetic field. It is known that all wave-like behaviors (also the electromagnetic characteristics)
of plasma are determined by the distribution function (DF) of charged particles. In the presence of the magnetic field, a high
number of possibilities exists for the investigation of different branches of waves.

Using the time-dependent DF in the present paper, only waves propagating along the constant magnetic field as a first step
are considered. The description of waves with other directions we plan for the future, as they are connected with tedious and
long calculations. The nonlinearity of waves, expressed in the form of the second power of the electric field, is taken into account.
It should be emphasized that the nonlinearity of waves in a magnetoactive plasma is rarely discussed in the literature [1,4,5].

2. Exact solution of the Vlasov-Boltzmann kinetic equation

We start from the collisionless Vlasov-Boltzmann equation for particles of a-type,

Ao e, Z“e{E(F,t)+%[\7x(l§(F,t)+ EO)]}%zo' M

ot o m,
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where B, is the constant magnetic field, Z_ is the number of elementary charges e possessed by the particle (for instance,

for electrons Z,=-1). Using notions of vector A(r,t), A (r) and scalar ¢(F,t) potentials for the sum of fields in the Lorentz force, we
obtain

E(r.)+—[7x B0+ B )]- - 2 A=Y+ Lrx[vx(A+ 4] 2)

Using the relation, one can give the relation (2) the form [11]:
E(r.t)+[vx(B(r.t)+B,)]=- J'dt L0 R(rt)+Va(r) + LA (7)
c cot’ c
t
- 10 1
+v,-V.<|dt'i— rt)+V.plr,t'),+—A (F
. {j AVl A )}.
Lower limits of integrals will be determined by assumption that the electric field is switched on at the initial moment ¢,:

£,(r.t)= fnae{jdtu E(f,t’)—%,&o(?)}, ()

o

(3)

~ 10 =
where E(I‘ ,t) = __8_ A(r t) V(p(r,t) . The kinetic equation (1) acquires the form
C

of, _of d

at +V§+E€Q<r,t).

8f0 — = 8fm _
e %) Lo o, 5

Afterwards, it is convenient to introduce a new velocity variable, W = V — Ea (F,t), (V=wW+¢& (r t)) that implies the
change of derivatives in the equation (5),

afa(t,F,V)_) ﬁa(t,F,W)_gg (F.1)- of, (t.F,w)

, - (6)
ot ot ot oW
of ,(t,F,V) o, (t,r,w) _iga ) of, (trw) )
or, or, or, ow
which results in the compact form of the kinetic equation (5)
%+[H-fa]:0' (8)
ot

oH(t.7.w) of, oH(LF,W) of, )
oW or or oW
[s the Poisson’s brackets defined by means of the kinetic energy,

where [H- f,]=

H (t,f,W)=%{W+§a(t,F)}2 _H(t). (10)

In the following, for shortening, we sometimes use the notation H(t). The characteristic equations for Eq. (8) read

aw_ OH(tFW) (11)
dt or

dr _oH (t,7,W) _ (12)
dt oW

Further calculations are carried out for the characteristic equation only for W . Results for the characteristic equation for the
coordinate 7 (see equation (12)) can be obtained by a simple change of notations. From equation (11) we obtain

dw_ 0 ro HTW)  d e OH{ETE) dr 9 ¢ OH(UEW) (dw 9 ) e, OH(ETW)
—=—-——1d _— / a9 / aw d '
a o) T a) o +[dt 8F]f TS [dt aw]f T
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d g OHE) [dH(Y) o) dH) o OH(t
— [ — dt'——~ (13)

dtf or - aw  oF f or d? oW f
. o dr o dW 0 8H(I,F,W) 0 8H(t,?,VV) 0

Introd th t ty=——=+——= —— — 14
ntroducing the operator {f} =g+ Fr == e o (14)

and continue the transformation, made for obtaining Eq. (13), we find

dw d f /aH i "/ N "/ N
=T ar 200 fd __Ef 8 fdt fdt fdt fdt (15)
Last term in the right-hand (rh) side of Eq.(15), by analogy to preceding terms, can be also transformed to the form with the

full time derivative. The similar procedure can be realized for all subsequent terms. In consequence we obtain the expression
for the first constant integral for Eq.(1):

t t" "

_I_fdt/ fdt/ fdt// +fdt fdt// A// fdt/// W ]dt/ o1 f // A// fdtm A/// fdtlv + (16)
After using the transformation of integrals,
t t’ t t , (17)
fatfdt..=[dt"[dt"....
e

the expression (16) acquires the form

G- for _jdt"' {Idt } ——{Idt” } b w (18)

For obtaining (18) and (19) see Appendix A. Expression for the second constant of integration R can be obtained by means
of a change of variables in equations (12), (13), and (18):

2 3
5 _ 7 0 ' h " " 1 0 " " 1 0 " " oH t,F,V_V
R=r-dt 1—£dt At }+5{tjdt At }} —g{ldt At }} o % (19)

Expressions (18) and (19) represent expansions of the following relations
t t " o=
T 0 . OH(t",T, » OH(t
U=w+[dt'_—H t’,r—jdt”(—ﬂ) jdt oH(E.7. W), (20)
: oW or

t ”—>—-

o Do far LD o, oo )

t’

By direct substitution one can easily be convinced that the expression,

f,=f {Rtrw).0 (7, w) (22)

o

together with Egs. (20) and (21) is the solutions of the Vlasov-Boltzmann equation (1). Indeed from Egs.(8) and (9) we can
construct the identical equation:

(23)

of, R aHaR aHa§+af oU aHau oH oU
ot owor oF ow

R or or aw| oU
Taking derivatives with time from equations (20) and (21) we find,

7:_{@ and ;:_{t} g (24)

Hence the distribution function of a-particles then should be presented in the form (22). For further analysis, we need to
determine inverse solutions for I and W of Eqs.(20) and (21). From these equations, it follows that [11]:

t OH t//,a’a ~ . t - =
?Idt//(&lvr-m—p(t)— R+fdt’iH (1), (1)}
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- fdt” L) )= Rov [atr-2om (). (),

-
u oH W’A’a —(al = y " = (I — (1]

f,_[dtm%w(t )= Rt [ Zon [().a ()}, (25)

W+fdt” F’r’w)fa(t):Uffdt’%H{ﬁ(t’),a(t/)}, (26)

The chain of expressions (25, 25’,....) and (26, 26’,.....) can be continued which allows to present inverse solutions in the
following form:

. ) S AT N Lo o
= R+fdt’ {t/,R—o—fdt”a—UH {t".3(t"). ®(t")}.0 —fdt”ﬁH {t”,p(t”),w(t”)}}, (27)

=U- jdt' a H{t R+jdt"—H . 5(t"), @(t”)},U—]dt"%H {t",ﬁ(t”),c?)(t”)}}' (28)

By successively substituting 5(t”). 5(t"” ,and @(t").@(t")....into solutions (27) and (28), these solutions take the
Y2 L O yeees ) )

formofaninfiniteseriesoftheconstantsofintegration R and U intheargumentsoffunctions H {t”, ﬁ(t"), a(t )} H {t'”, p( "') ( ”’)}, ,,,,,
Solutions (27) and (28) we’ll use below.

We define the distribution function (DF) assuming that at the initial moment, ¢
velocity

{R(toa aV)U(toa »V)}: an(V]tU (29)

From relations at the initial time ¢ it follows:,

the DF of a—particles depends only on the

) Loy

R(t,,F,W)=R and U (t,,F,W)=U (30)

where W =V —E(F,to), and E(f,t)is determined by Eq. (4). Then by means of Eq. (28) we can find expression for the
velocity V at the moment ¢:

Zel; i e @ nlEe G 31

L —A ++U - jdt _H{R+jdt _H{ - U - IdtaﬁH{R-r....,U—....}} (31)

(31) Substituting the relation (20) with W=V — & ( t) into the right-hand side of Eq.(31) we obtain an argument for the
distribution function,

,F,W I WL IGAR)
V- dt’- E dt'—HJt',r - dt at"———=
et fonfer| o for G 2
Satisfying the condition (29). Hence for the DF of o-particles we obtain
t H "oz t H " o=
f o=, v ',F—J.dt”ia (t ir’W),W+J'dt"7a (t".F. W) (33)
m, ty t' ow t or

As f,, (\7) we can choose the Maxwell distribution function with normalizing coefficient, (1/v2z) - exp(-v?/2):

32 T ¢ v 2
o5 p{;{ o (e ofo Zoferfar O r,w)H} -
a t

In the following we’ll restrict ourselves taking into account the electric strength up to second power inclusive. Using
expansions (18), and relations (10), (14) we find

3/2 2
m m —_ _4_ _ m2 0 0l 2 0|01l _ . .\

f“zno”[ﬁj exp{_ﬂ [ ;[dt Idt {—f W+E,(7.t")} -g—gi{w+£a(l’,t )} -ﬁ}§i{w+g,l(r,t )} } } (35)
It is convenient to introduce farther new variables instead of (4):
£,(Ft)=3,(F, t) L(F), (36)

Z a Ze

o g (7 Ze€ 7 (), (37)
a,(7)= ZLAP)

Substituting relatlons W=V-¢ ( ) and (36) into Eq.(35) (choosing & (r,t) for different time-moments t',t",...) we obtain
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m )" m a0l 2
=2\ o o o [g_ = - [ [y - 3 - = ./ _
f (t.F.V)=n,, 2T, exp{ o [V ca(r,t)Jrfdt 8?2{V GQ(T,t)‘I’O'OL(r,t )}

fo

8F§(vfa&(r,t)+aﬂ(f', )28} {v (P43, ( ,t')}ﬂ (38)

After squaring all terms indicated and expansion of the exponential function up to the second order of the electric strength,
we obtain

3/2 t ¢
£ (LF0+6,(F.1)= ""“(2%’] exp( ; uzj{ ; u[ dt'a%&ai (F,t’).uk_[dt’%&ak (F.t)-
a a

a ty

r_:}*ﬁ~ui[]dt/ o fdt/fdt” 0 (7.t o o fdtfdt” t)-2- +fdtfdt” 0 (F.t"). gook(ﬂt’) +

&" 0 0 h " " ot ma *t ! Y 0 7ot
+ T -y -u, ;qg{[dt;[dt aak(r,t)—futj'dt o-ak(r,t)-gaak(r,t)

2 t t
I(m, | - b0 Lo . 0 -
2[1_[1] Uulj.dt }Gai(r,t )-Uukldt gaa‘( (I’,t )} (39)

t"
where the shifting velocity is introducedU =V — &, (F, t) .

3. General expression for the current and its time-derivative

Analysis of waves we start from the main electrodynamic equation
rot - rot - E+L—E+—ZZ e—J (F,t)=0, (40)
c

where the current J (r t) should be defined by means of Eq. (35),

fdv V£, (L7, fdu {G435, (PO} fo, (LF.T+5, (F.1)) (41)

According to equations (38) and (39) one can be convinced that the constant magnetic field falls out of calculations. It means
that the replacement of variables (realization of which is strictly justified for expressions under the integral) can eliminate the
constant magnetic field from visual consideration, leaving all definitions obtained before that, valid. This result is apparently
analogous to the situation, when in a system described by a “pure” Maxwell distribution function (DF), the force associated with
the magnetic field disappears. In our case, the generalised expression of the Maxwell DF does not contain the constant magnetic
field. Hence further investigation can be continued by means of the DF (38) and (39), since they are valid in the presence of a
constant magnetic field. Obviously, one should only transform the argument of the DF as it is done in Egs. (38) and (39). This
leads to the necessity to change the interpretation of the initial equation. Equation (1) we rewrite in the form

, Z%*fne{E( l[vx(rt))]}f;;+[vxﬁa]zf$:

a

(42)

Ze = . . e G . .
“—B,. The expression (2), represented without the constant magnetic field B, after repeating calculations
m,c

analogous to those used for obtaining Eqgs. (3)-(5), acquires the form:
Ze|z 1 d =
= IE(F,t) 4~ f,t] =—5_(F.1)+7V-V-5,(F.t), (43)
S E (1) +1[7<B(r0] =53 () (7.1
where 0, (F,t) is defined by Eq.(37). Then, for the kinetic equation (42), we obtain

o, g, 00, (F)a, oo, (0]
ot or ot av

where Q, =

(o8]}

[\7><

= (44)

Using the relation (41) for the derivative of the current from Eq. (44), we find

https://doi.org/10.29328/journal.ijpra.1001150 m
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,
7‘] :_7J.dv Vk Oa V- Oa_[‘]a[vxa-a]]—i_[‘]axga]‘ (45)

Further detalled calculations are given in Appendix B. Substituting the relation (A5) from Appendix B into (45), we obtain
the main equation for the analysis of oscillatory behaviour of plasma:

t t
rotrot E+ L O B ZZ . | (f’,t)+VTffdt’fdt”(AE(?,t”)+2€divl§(f',t”))

2 atz

lJ 0

1fdt E(F.t)+V7 fdt’fdt”fdt”’(AE(r t") +2VdivE(F, t”’))}xQ

to 1% t

fth rt

f

fothrt
%

——Z b Ze[ fth fth 4 E( rtfdtfdt”dqu

f t

) ) %

det [ dtE, (F.t") Fjdt”Ek(r j dt'E(F jdtjdt"dqu P t”)}xQ] =0, (46)

Where is the Langmuir frequency of o-particles?

4. Waves propagating along the constant magnetic field

As it is mentioned above, plasma in a magnetic field is characterized by a great number of different types of waves [1,4,5].
Here, we consider longitudinal and transversal waves propagating along the magnetic field (z - direction).

(a) Longitudinal waves.

Obviously, for longitudinal waves we can assume that S g, R W ) where is the electron Langmuir frequency. After taking the
second derivative with time from Eq. (46) for E (z t) the component of the electric field, we find

a 82 2 2 82 2 € 62 a t l ' t l i
B+ E, 0y NV B, + 0] —— 13— [dUE, (,t)[ dtE, (z,t)+
ot |at 0z m, ot" | oz ; .
t (47)

zt dt dt—E zt” thzt 'Ezt th zt dt'E,(z,t'); =0
cuofofr el ot s fom e

Last-but-onetermin Eq.(47) can contain transversal components of the electric field. [t means thatlongitudinal and transversal
field components can couple to each other in the nonlinear region. Considering nonlinear terms as small perturbations and split
the electric field into two parts E, = E, + 6E,, we can represent Eq. (47) in the form of two equations:

2 t
: 3vé%6E — 2t gt J % [ (48)
o 0 0 e 9|, 0 | |
S OE, = O, 0 WO, =, s 35-fdt’Eoz(z,t’)fdt’EOz<z,t’)+ (49)
e t

t t' 9 t 9 t t 9 t
EOZ(z,t){dt’{dt”aEm(z,t”)+{dt’EOX(z,t’)E{dt’EOX(z,t’)+[dt/E0y(z,t’)5{dt/Eoy(z,t’)

Solution of Eq. (48) reads:

EOZ(tJZ): A'COSé:(t,Z), (50)
where £(t,2)= \f (\/_ V; ) &(t). (51)
The electric field at the initial moment we have chosenas E, (to, Z) =A- Cosé(to R Z). i = Zwi 6822 and

Eq.(49) acquires the form:
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(52)
f d¢’-Cost/

& 6E, (€) + OE, () = — 3A2\f \preCos [q ’E,d ISing”

The last two terms in Eq. (49), connected with transversal components, don’t give any contributions in subsequent
M = M ! 14
calculations (see Appendix C). Variables &,,&’,&",..... are assumed to be equal

\/; Vpe <\/— V ): €o (to) \/; Vpe <\/—VT9 )* g/(t/) \/; Vpe (\/—VTS >@\ &”(%”) '

similar to Eq. (51). Solution of Eq. (52) represents the nonlinear correction v < 1 to the linear approximation

'’ Mo, Vy
described by Eq. (50):
1 e
OE dé&’-Sin( )-Cos d&"6-Cos d&"”-Sing” (53)
(5)2@“ jé (§-&) éjf fjé ¢
As it is shown in Appendix D, the straightforward integrations for Eq. (53) give
2
SE, (¢ ):Lfmi A -{%(Siné-Cos%o+Cos§-Sin3§0—Sin§-Cos§)+

(54)
3Sin2§0-Sin(g—go)—k%Sin(g—go)-{Sin2go+1}—%(g—go)-8ingo-8ing—

Lie —¢,)? Costy - Sint — (£ — £, )Cost: -Cos&}

4 0 0 4 0 0 -

(b) Transversal waves.

It looks convenient to describe the transversal waves instead with components of the electric field, but by their combination

E, =E,+iE (55)
Below, we'll consider the electron plasma again. From Eq.(46), E, we can construct the equation:

o’ 20 9 > 0 5 9K, ) . OE, (zt')

s e O Bt S L FIWLOE. = QE fth (z,t')+2E, 7fth (z,t')+3E, ztfdtT+

0z 0z

I 0 O, (zt) ¢ ., ., OF, (2.t") OE,(zt))
2{dt’EZ(z,t’)-EEi(z,t)+ & {dt’{dt”i—i—Ei(z,t)fdt' ==

" t t !/
(z.t) fdt fdt” 2.t") fdt’Ei(z,t’)-fdt’%’xQz . (56)

In obtaining Eq.(56), it was assumed that ¢* >> (w /w)VTe, where is the characteristic frequency of problem considered.
The last inequality allows us to exclude the thermal velocity from the subsequent consideration. We'll also assume that the
characteristic phase velocity, (a)/ k), is much larger than the velocity acquired in the field, V¢ (: (e/m, )j E(Z,t’)dt’), discussed in
the present problem, (a)/ k) >>V.. Under this condition, one can split E, (E, =E,, + 6E,) and split also the equation (56) into
linear and nonlinear parts, as it was made for longitudinal waves:

0’ 0> 0 0
%E%_CZQEE%+wieaE0i$'wpeQzE (57)
0’ , 0% 0 0
¥6E:E —C 6—6—6E:E +Wiea6Ei ZFpreQZZSE (Z,t), (58)
where 5 . v o
D, (2,t)= S 5{3-Sin(f(t)).[dt’Em(z,t’)+\/giCos(é(t))—J.dt'Em(z,t’)+
e Te to wpe 62 to

— ot S A% 215 sin(e(t)[ o, (2.) + V6 V- Cos(et) 2 [atE, . (2.t)+
O Pm, Vv, 3 AR ®, oz
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+3jdvsm(g(t )E.20)+6 Ja Cos(é(t): ZE (20

ty ptu z

0
%{dt/[dt” Sin(£(t")) +E,. (z.t) {dt” sin(£(t"))

T i{EOi(z,t)Idt’jdt" : Sin(f(t”))+jdt’~ E, (&(t',2))- jdt' : Sin(f(t’))}Qz} (>9)

) to

On the right-hand side of Egs. (58) and (59) expression (50) for the main contribution is used. Evidently, solutions of Egs.
(57) and (58) we can consider to be dependent on the variable,

n(t) =9 -(t—z/c);m(t) =2, (to —2z/¢), n(t') =, (t' —z/c) (60)

Variables m(t,), n(t’), n(t”) , weneed in below. Transforming derivatives to this new variable, Egs. (57) and (58) acquire
the forms

0 . 1
anEo+¢Eo+ =0, and — &, FiGE, =— D(z,t). (61)

n (2 'Qz

As solutions of these equations, we find

Eou (2,t) = C-exp{iQ, (t—2/¢)} = C-exp{£i-n{t}}, (62)

6Ei(z.t):exp{iin}}dn’-exp{;in’}- = -cpi(z,t’)exp{imz-(tz/c)}j‘dt"“‘,/-exp{;mz-(t’z/c)}- L4, (21)=
e e, Lt 20,

exp{=iQ, (t— z/c)}-]dt’-exp{ﬂ@z (t'—z/c)}——@,(2.t) (63)

In descriptive form, for the nonlinear part of the electric fielpd?i/ve have

8E, (z,t)=— %miA c._B exp{:l:ln )} fdt 3-Sin (t’))]‘dt”-exp{ﬂFi(n(t')—n(t"))}—!—

3 f dt"sin(g(t")) + f dt”-sin(e (1)) Fi-©, f dt”-exp{Fi(n(t') —n(t"))}- f dt”-Sin(¢ (64)

In obtalnlng Eq. (64), small terms proportional to are neglected. After rather long calculations for the x-component of the
electric field and its correction, following the instructions given in Appendix E, we find:

E, (21)=C .cOS{QZ .[t_zj}' (65)
6Ex(z,t):—%mi9 .AVT .C- (66)

(%-[cos{ (O} Sinfy )+ Sinfy, (). @) Sinfz. (0} Sinfe )+

Cos{g }-Sin{g(t)}—%wpe(t—to)COS{g(t)JrE_,(t)}

Cos{. (t)+n (1)} -

[
fﬁ e COS{é+ (t)+n. (1)} Sinfe_(t)—n_(t)} -
\Ef'—w"eQCOS{a (t)=n. (O)}-Sin{e_(t)+n- (t)}J
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and for the y-component we find:

E,, (z.t)=C- Sin{QZ -[t —Z)}
¢/, (67)

8E, (2,t) = —=——=——-C- (68)

-G.[Sin{m(t)}- Sinfy_(t);—Costy, (t)+7_()f]- sinfs., ()} Sinfe_(t)}-

3

N -Sin{n, (t)+n_(t)} -

&L
Wpe

Cosfe. (t)}-sinfe_ (t)}—%wpe (t—t,)Cos{e. (t)+& (1)}

4
V2w

pe

+%Si”{ﬁ+ (t) =, (t)}-Sinfe_(t)+n_ (t)}] :

\/E'wpeQ sinfe. (t)+n. (t)}-Sinfe_(t)—n_(t)} -

In Egs. (66) and (68) for brevity, we introduce notations:
1 1
€. ()= {e)£e(t)} and . (t) = {n(t) £n(t)}
Definitions of expressions and are given by Egs. (51) and (69), and the expressions below Eq. (52).

Summary

In the present manuscript, the exact solution of the Vlasov-Boltzmann kinetic equation for plasma with a constant magnetic
field is found. The main electrodynamical equation with plasma particles’ current is formulated. In the expression of the current
nonlinearity, proportional to the second power of the electric strength, is taken into account. Character of longitudinal and
transversal waves, also in the nonlinear region, propagating along the constant magnetic field, is described. As expected, the
new distribution function of plasma particles, found from the time-dependent kinetic equation,

i) Can lead to a change in the characteristics of waves propagating in the magnetoactive plasma. Instead of the expected
equation with second derivatives [1,4,5], we have obtained for longitudinal waves an equation with a time derivative to the
fourth power (see Eq. (47)) and for transversal waves an equation with a time derivative to the third power (see Eq. (56)).
Reducing these equations to the zero-order approximation (see Egs. (48) and (57)), as a result we find that longitudinal and
transversal waves are characterized by change temporal and spatial parameters (see Egs. (50) and (62));

ii) Consideration of waves in the nonlinear stage (which is rare in the literature for the magnetized plasma) becomes more
visual, which is connected with the clarity of obtaining expressions for particle currents using the found distribution function;

iii) In the nonlinear stage, transversal waves are coupled with the longitudinal waves (see Eqgs. (56) and (64)), and hence
longitudinal waves affect the character of transversal waves' propagation.

A large number of papers are devoted to waves in a magnetoactive plasma (see [1,4,5] and the literature cited there). But in
these papers, attention is mainly paid to linear theories of waves, which is due to difficulties in finding the solution of the kinetic
equation, even in the first approximation of the perturbation. In the present manuscript, a complete distribution function (DF)
is found that includes nonlinearities (see Egs. (33) and (34)). This simplifies finding the currents and the fields after expanding
the DF. As a first attempt, the wave propagation along the magnetic field is considered, and new results are obtained (see Egs.
(50, 54) and (62, 64)). In the frame of this DF, other cases of waves can also be considered.

Surprisingly, the replacement of integration variables leads to the fall out of terms connected with the constant magnetic
field, keeping unchanged the expression for the current.

In the presence of a constant magnetic field, plasma is characterized by different branches of waves. Descriptions of different
types of waves and different directions of wave propagation are planned for future investigations.
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