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On the higher-order solution of the dust-acoustic solitary waves
in a warm magnetized dusty plasma with dust charge variation
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The higher-order contribution in reductive perturbation theory is studied for small-but-
finite-amplitude dust-acoustic solitary waves in warm magnetized three-component dusty plasmas
comprised of variational charged dust grains, isothermal ions, and electrons. The basic set of fluid
equations is reduced to the Zakharov–Kuznetsov equation for the first-order perturbed potential and
a linear inhomogeneous Zakharov–Kuznetsov-type equation for the second-order perturbed
potential. Stationary solutions of both equations are obtained using a renormalization method. The
effects of the higher-order contribution, external magnetic field, dust charge variation, dust grain
temperature, ratios of temperature and density of positive ions to electrons, and directional cosine of
the wave vectork along thex axis on the nature of the solitary waves are investigated. ©2004
American Institute of Physics.@DOI: 10.1063/1.1739235#
ud
a

is
in
ro
ic

w
va

d

e
u
s
tic
t o
u
a

u

m
pe

a-
self-
col-
tion

th
and

on
ust

ve
the
ing
soli-

ons
h
ist.

ller
der
on-

en
sty

res-
bo-
r-
a

s in
here
s-
dust
es
I. INTRODUCTION

An exciting area of the most recent research is the st
of electrostatic and electromagnetic waves in dusty plasm
One of these waves was discovered by Raoet al.,1 which
they referred to as the dust-acoustic wave. This wave
very low-frequency acoustic-like wave, and the restor
force comes from the pressures of the inertialess elect
and ions, whereas the mass of the charged dust part
provides the inertia. The experimental result of Chuet al.,2

as well as its interpretation by D’Angelo,3 have for the first
time proved conclusively the existence of such lo
frequency wave modes. These conclusions have been
dated by the independent experiments of Barkanet al.4 and
of Prabhuram and Goree.5 Extensive work has been devote
to the study of dust-acoustic waves~DAWs! in an unmagne-
tized dusty plasma. For example, Mamunet al.6 reported that
only negative potential structures associated with nonlin
DAWs can exist in a two-component plasma of ions and d
particles. Laksmiet al.7 carried out the kinetic, as well a
fluid, analysis of nonlinear DAWs in a dusty plasma. Kine
and fluid models lead to essentially the same results, limi
the dust thermal speed being much smaller than the d
acoustic speed. Ma and Lui8 showed that a dusty plasm
could admit dust-acoustic soliton~DAS! on a very slow time
scale involving the motion of dust grains, whose charge
self-consistently determined by local electron and ion c
rents.

Highly charged massive dust grains present in plas
may exhibit charge fluctuations in response to certain ty

a!Electronic mail: wmmoslem@hotmail.com
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of oscillations incorporated in the plasma. Under this situ
tion, the grain charge becomes a time-dependent and
consistent variable. The consequent modifications in the
lective properties of dusty plasma in response to the varia
of charge have been studied for various plasma systems.9 For
example, Nejoh10 showed that the dust charge variation wi
parameters such as electrostatic potential, and electron
ion density would affect the characteristic collective moti
of the plasma. Therefore, the effect of variation of the d
charges should play an important role. Xieet al.11 derived
small-amplitude DASs with varying dust charges and ha
shown that only rarefactive solitary waves exist when
Mach number lies within an appropriate regime depend
on the system parameters. Moreover, the dust-acoustic
tary waves ~DASWs! and double layers~DLs! in dusty
plasma with variable dust charge and two-temperature i
were studied by Xieet al.,12 and they have shown that bot
compressive and rarefactive solitons, as well as DLs, ex
In addition, the amplitudes of the DASWs become sma
and the regime of admitted Mach number is extended wi
for the variable dust charge situation compared to the c
stant dust charge situation.

Up to now, most treatments of the DAWs have be
done in an unmagnetized two- or three-component du
plasma, although dusty plasma invariably occurs in the p
ence of an ambient magnetic field, both in space and in la
ratory situations. On the other hand, it will be of great inte
est to see how DAW characteristics are modified in
magnetized plasma, especially in space environments, a
the Jovian magnetosphere and in the induced magnetosp
of comets.13 Most investigations of dusty plasma in the pre
ence of an external magnetic field have considered the
charge as a point charge~see, e.g., Ref. 13 and referenc
3 © 2004 American Institute of Physics
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therein!. However, the study of dust grains in a magne
field has been investigated in connection with the charging
satellites and rockets in Earth’s ionosphere a
magnetosphere.14–16 In general, the presence of an extern
magnetic field makes a dusty plasma anisotropic. Hen
charging currents to a spherical dust grain is different
different directions. In the presence of a very strong m
netic field, the orbits of the magnetized plasma particles
confined to one dimension along the field lines, as if they
‘‘glued’’ to the magnetic field lines. Hence, the perturb
field does not come into play, and the problem of charg
currents becomes independent of the magnetic field.17 Tsy-
tovich et al.18 showed that when the magnetic field becom
larger than a critical value~about 4 kG!, the electron gyro-
radius is equal to the electron collection radius on d
grains. Only fast-magnetized electrons would then be
volved in the charging process, while a fraction of low
energy electrons would be reflected backwards along
magnetic field direction. Hence, the cross section for mag
tized electrons is changed, resulting in lowering the elect
current by a factor of 4 compared to that in the absence
magnetic field. In addition, at this value of the magnetic fie
strength, the ion gyroradius is still much larger than the
dust attraction size, the ions will be attracted to the dust g
with approximately the same rate, and the ion current on
grain will then remain the same as in an unmagneti
plasma. For a much stronger magnetic field in plasma,
ion gyroradius becomes smaller than the dust size. H
both the electron and ion currents are modified due to
strong magnetization of the plasma particles. Tsytov
et al.18 treated numerically the problem of a very stro
magnetic field in variational charged dusty plasma and
ported the dependence of dust charge on the external m
netic field strength, as well as on the parameterj
5AmiTi /meTe, wheremi /me(Ti /Te) is the ion-to-electron
mass~temperature! ratio. They found that the dust charge
a strong magnetic field could be substantially larger~up to 12
times! than that in the absence of the magnetic field~or in a
weak magnetic field!. Later, Salimullahet al.17 used the ki-
netic theory to examine the currents of electrons and ion
a spherical dust grain in a uniform, strongly magnetiz
dusty plasma. They found that the external magnetic fi
reduces the charging current, thereby decreasing the
charge fluctuation damping of a low-frequency electrosta
wave in a dusty plasma.

Zakharov and Kuznetsov19 made the first attempt to
model a soliton in a magnetized three-dimensional syst
They obtained a three-dimensional differential equati
which is known as the ZK equation. Many authors have st
ied the ZK equation~see, e.g., Ref. 13 and referenc
therein! using a reductive perturbation theory.20 The ZK
equation contains the lowest-order nonlinearity and disp
sion, and it consequently can describe a wave of only sm
amplitude. As the wave amplitude increases, the width
velocity of a soliton deviate from the prediction of the Z
equation, in dicating the breakdown of the ZK approxim
tion. To describe the DAWs of larger amplitude, the high
order nonlinear and dispersive effects have to be taken
account. To this end, the higher-order approximation of
Downloaded 06 Jul 2004 to 140.105.16.2. Redistribution subject to AIP l
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reductive perturbation theory has been known to be a p
erful tool.21 To the authors’ knowledge, no efforts have be
made to study the effect of higher-order corrections in
reductive perturbation theory in the presence of both va
tional warm dust charge and external magnetic field. Thus
this paper, we study, qualitatively, the propagation charac
istics of higher-order nonlinear DASWs in a collisionles
magnetized, three-component dusty plasma consisting
warm variational charged dust grains, isothermal ions,
electrons.

The outline of the paper is as follows. In Sec. II, w
write down the basic set of fluid equations describing
model. The nonlinear DASWs are investigated by derivat
of the ZK equation for the first-order perturbed potential a
the linear inhomogeneous Zakharov–Kuznetsov-ty
~LIZKT ! equation for the second-order perturbed potent
We apply the renormalization method introduced by Koda
and Taniuti22 to reductive perturbation theory to obtain th
stationary solutions of both equations. Section III is devo
to discussion and conclusions.

II. MODEL AND DERIVATIONS

We consider a three-component dusty plasma consis
of warm variational charged dust grains, isothermal ions a
electrons in the presence of an external magnetic fieldB0

5B0x̂. The basic normalized equations governing the du
plasma dynamics are written in the following form:13

]n

]t
1“"~nu!50, ~1!

]u

]t
1u"“u2Zd“f1Zd~u3V x̂!1

5

3

sd

n1/3
“n50, ~2!

“

2f5Zdn1ne2ni . ~3!

The inertia of ions and electrons are neglected; hence, the
and electron densities are governed by Boltzmann distr
tion as

ni5m exp~2Sf!, ~4!

ne5n exp~bSf!, ~5!

wherem@5ni
(0)/Zd

(0)n(0)# andn@5ne
(0)/Zd

(0)n(0)# are the nor-
malized ion and electron number density, respectively.ni

(0) ,
ne

(0) , and n(0) are the unperturbed ion, electron, and du
number densities, respectively.n and u refer to the number
density and fluid velocity of the dust grains, respective
The densities of electrons and ions are normalized
Zd

(0)n(0) and the dust grains density is normalized byn(0). Zd

is normalized byZd
(0) . The space coordinates@x, y, andz#,

time t, dust-cyclotron frequencyV, fluid velocity u, and
electrostatic potentialf are normalized by the Debye lengt
lDd5(Teff/4pe2n(0)Zd

(0))1/2, the inverse dust plasma fre

quencyvpd
215(md/4pe2n(0)Zd

(0)2)1/2, dust plasma frequency

vpd5(4pe2n(0)Zd
(0)2/md)1/2, the dust-acoustic speedCDA

5(Zd
(0)Teff /md)

1/2, andTeff /e, respectively. We introduce th
following notations:
icense or copyright, see http://pop.aip.org/pop/copyright.jsp
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b5
Ti

Te
, S5

1

m1bn
, Teff5

TiTe

mTe1nTi
,

and sd5
Td

Zd
(0)Teff

,

whereTe , Ti , and Td are the electron, ion, and dust tem
peratures, respectively.

We assume that the charging of the dust grains ar
from plasma currents due to the electrons and ions reac
the grain surface. In this case, the dust grain charge vari
Qd is determined by the charge current balance equation10

]Qd

]t
1u"“Qd5I e1I i . ~6!

Assuming that~i! the streaming velocities of the elec
trons and ions are much smaller than their therm
velocities,10 and~ii ! the condition under which the Orbit Mo
tion Limited ~OML! theory in a magnetized plasma is st
valid, the magnetic field is strong~about 4 kG! enough to
make the electron gyroradius is equal to the electron col
tion radius on dust grains~i.e., the electron current decreas
by a factor of 4 compared to that in the absence of a m
netic field!, and the ion gyroradius is still much larger tha
the ion dust attraction size~i.e., the ion current on the grai
will remain the same as in an unmagnetized plasma!.18

Therefore, we have the following expressions for the el
tron and ion currents for spherical grains of radiusr:

I e52
1

4
epr 2~8Te /pme!

1/2ne expS eF

Te
D ,

I i5epr 2~8Ti /pmi !
1/2ni S 12

eF

Ti
D ,

whereF denotes the dust grain surface potential related
the plasma potentialf. At equilibrium, equatingI e1I i to
zero and using the expressions ofI e andI i in Eq. ~6!, we get

ad~12Sc!exp~2Sf!2exp~Sb@c1f#!50, ~7!

where c5eF/Teff , a5Ab/m i , m i5mi /me'1840, d
54m/n54ni0 /ne0 , m5d/~d21!, n51/~d21!, and S5(d
21)/(d1b).

Equation ~7! is important for determining the dus
charges due to the relationQd5CF, whereC is the capaci-
tance of dust grains (C5r ). That is to say, 2eZd

5rTeffc/e, from which we have the normalized dust char
Zd5c/c0 , wherec05c(f50) is the dust surface floatin
potential with respect to the unperturbed plasma potentia
infinite place.c0 can be determined by the following rela
tion:

ad~12Sc0!2exp~Sbc0!50. ~8!

As can be seen, the dust charge is very sensitive to
small disturbance off around the unperturbed state. Th
point is very important for explanation how the variable du
charge influence the shape of solitary waves.11

For small but finite amplitude, Eqs.~1!–~8! can be ana-
lyzed using the reductive perturbation theory. In order to fi
a suitable choice of scaling for the independent variab
Downloaded 06 Jul 2004 to 140.105.16.2. Redistribution subject to AIP l
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Infeld and Rowlands23 used the linear dispersion argument
obtain the following stretching for the independent variabl

X5P1/2~x2lt !, Y5P1/2y, Z5P1/2z,

and T5P3/2t, ~9!

where l is the phase velocity of the DASWs to be dete
mined later, andP measures the size of the perturbati
amplitude. Furthermore, the plasma parametersQ
[@n,ni ,ne ,ux ,f,Zd# are expanded as power series ofP as

Q5(
s50

`

PsQ~s!, ~10!

with the conditions

n~0!51, ni
~0!5m, ne

~0!5n, ux
~0!5f~0!50, Zd

~0!51,
~11!

while uy,z are expanded as

uy,z5P3/2uy,z
~1!1P2uy,z

~2!1P5/2uy,z
~3!1P3uy,z

~4!1¯. ~12!

The charge neutrality condition in the dusty plasma is alw
maintained through the relation

m2n51. ~13!

Substituting Eqs.~9!–~13! into Eqs.~1!–~5!, and using
Zd5c/c0 in Eq. ~7!, the lowest-order inP yields

n~1!5
1

D
f~1!, ux

~1!5
l

D
f~1!, uy

~1!5
2l2

VD

]f~1!

]Z
,

~14!

uz
~1!5

l2

VD

]f~1!

]Y
, Zd

~1!5g1f~1!,

and Poisson’s equation gives the linear dispersion relatio

l25 5
3 sd1~11g1!21, ~15!

where

g15
2~11b!~12Sc0!

c0@11b~12Sc0!#
and D5

5

3
sd2l2.

If we consider the next-order inP, we obtain a system
of equations in the second-order perturbed quantities. S
ing this system with the aid of Eqs.~14! and~15!, we finally
obtain theZK equation as

]f~1!

]T
1ABf~1!

]f~1!

]X
1

A

2

]3f~1!

]X3

1
AD

2 S ]3f~1!

]X]Y2
1

]3f~1!

]X]Z2D 50, ~16!

where

A5
D2

l
,

B5
1

2 F3l22 5
9sd

D3
2

3g1

D
1

~d21!~d2b!2

~d1b!2
22g2G ,
icense or copyright, see http://pop.aip.org/pop/copyright.jsp
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and D511
l4

V2D2
.

The second-order perturbed quantities can be calcula
with the aid of~14!, as

n~2!5I 1f~1!2
1I 2

]2f~1!

]X2
1I 3S ]2f~1!

]Y2
1

]2f~1!

]Z2 D
1I 4f~2!, ~17a!

ux
~2!5J1f~1!2

1J2

]2f~1!

]X2
1J3S ]2f~1!

]Y2
1

]2f~1!

]Z2 D
1J4f~2!, ~17b!

uy
~2!5

l3

V2D

]2f~1!

]X]Y
, uz

~2!5
l3

V2D

]2f~1!

]X]Z
,

Zd
~2!5g1f~1!1g2f~1!2, ~17c!

where

I 15H ~d21!~d2b2!

2~d1b!2
2

g1

D
2g2J , I 25I 351,
t
at
o

Downloaded 06 Jul 2004 to 140.105.16.2. Redistribution subject to AIP l
d,

I 45
1

D
,

J15H ~5sd13l2!

6l
I 12

~5sd19l2!

36D2l
2

g1

4lJ ,

J25
5sd13l2

6l
,

J35H 5sd13l2

6l
2

3l3

6V2D
J , J45

l

D
,

and g25
2S~11b!2~12Sc0!

2c0@11b~12Sc0!#3
.

If we consider the next-order ofP, we obtain a system
of equations. Solving this system with the aid of Eqs.~14!–
~17!, we finally obtain the LIZKT equation for the second
order perturbed potentialf (2):
]f~2!

]T
1AB

]

]X
~f~1!f~2!!1

A

2

]3f~2!

]X3
1

AD

2 S ]3f~2!

]X]Y2
1

]3f~2!

]X]Z2D
52H1f~1!2 ]f~1!

]X
2H2f~1!

]3f~1!

]X3
2H3S f~1!

]3f~1!

]X]Y2
1f~1!

]3f~1!

]X]Z2D 2H4S ]f~1!

]X

]2f~1!

]X2 D
2H5S ]f~1!

]X

]2f~1!

]Y2
1

]f~1!

]X

]2f~1!

]Z2 D 2H6S ]f~1!

]Y

]2f~1!

]X]Y
1

]f~1!

]Z

]2f~1!

]X]Z D 2H7

]5f~1!

]X5

2H8S ]5f~1!

]X3]Y2
1

]5f~1!

]X3]Z2D 2H9S ]5f~1!

]X]Y4
1

]5f~1!

]X]Z4
12

]5f~1!

]X]Y2]Z2D , ~18!
whereHi ( i 51,2,3,...,9) is given in the Appendix.
Now, the basic set of fluid Eqs.~1!–~8! is reduced toZK

@Eq. ~16!# for f (1), and a LIZKT@Eq. ~18!# for f (2) of which
the source term~inhomogeneous term! is described by a
known function off (1). However, Eq.~18! has a resonan
term that gives rise to a secular solution. Thus, to elimin
the secular behavior, we use the renormalization meth
which was introduced by Kodama and Taniuti.22 According
to this method, Eqs.~16! and ~18! are modified to

]f~1!

]T
1ABf~1!

]f~1!

]X
1

A

2

]3f~1!

]X3
1

AD

2 S ]3f~1!

]X]Y2

1
]3f~1!

]X]Z2D 1
dq

l

]f~1!

]X
50, ~19!
e
d,

]f~2!

]T
1AB

]

]X
~f~1!f~2!!1

A

2

]3f~2!

]X3
1

AD

2 S ]3f~2!

]X]Y2

1
]3f~2!

]X]Z2D 1
dq

l

]f~2!

]X
5L~2!~f~1!!1

q~1!

l

]f~1!

]X
, ~20!

whereL (2) represents the right-hand side of Eq.~18!. The
parameterdq in Eqs.~19! and ~20! can be determined from
the condition that the resonant term inL (2) is canceled out
by the term (dq/ l )(]f (1)/]X).24

Let us introduce the variable

h5 lX1mY1nZ2~q1dq!T, ~21!

where q1dq5M215DM , with M the Mach number.l,
m, and n are the direction cosines: (l 21m21n251). Inte-
grating with respect to the variableh and using the vanishing
icense or copyright, see http://pop.aip.org/pop/copyright.jsp
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boundary condition forf (h)
(1) and f (h)

(2) and their derivatives
up to second-order foruhu→`, we obtain from~19! and~20!,
the equations

d2f~1!

dh2
1

1

F S AB

2
f~1!2

q

l Df~1!50, ~22!

d2f~2!

dh2
1

1

F S ABf~1!2
q

l Df~2!

5
1

lF E
2`

h FL~2!~f~1!!1q~1!
df~1!

dh Gdh, ~23!

whereF5 1
2A@ l 21D(m21n2)#.

The one-soliton solution of Eq.~22! is given by

f~1!5f0 sech2~h/v!, ~24!

where the amplitudef053q/ABl, and the width v
52AlF /q.

In order to cancel out the resonant term inL (2)(f (1)),
we setdq516lFE4v24.

The soliton solution of Eq.~23! is given by

FIG. 1. Zd vs d for different values ofb.

FIG. 2. Zd vs f for different values ofb, whered510.
Downloaded 06 Jul 2004 to 140.105.16.2. Redistribution subject to AIP l
f~2!5
9q2

~AB!2l 2F
H 2

F2

2AB
E12

F

6
~E22E3!

1
5

12
ABE4J sech2~h/v!1

9q2

~AB!2l 2F
F2

F2

2AB
E1

1
F

2
~E21E3!2

5

4
ABE4G

3sech2~h/v!tanh2~h/v!, ~25!

where

E15
H1

F
, E25

1

2F
@H4l 21~H51H6!~m21n2!#,

E35
1

F
@H2l 21H3~m21n2!#,

E45
1

F
@H7l 41H8l 2~m21n2!1H9~m21n2!2#.

q is now related toDM by

q5 lF F S 11
4E4

lF
DM D 1/2

21G Y 2E4 . ~26!

A detailed mathematical treatment can be found in Ref. 13
24.

Thus, the stationary solution for the DASWs up to t
second order ofDM is given by, with the aid of Eq.~26!

FIG. 3. f0 vs sd for d530, andb50.1.

FIG. 4. f0 vs d for different values ofb, wheresd50.001.
icense or copyright, see http://pop.aip.org/pop/copyright.jsp
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f5f~1!1f~2!5
3DM

ABl
sech2~h/v!1

9DM2

~AB!2l 2F

3F2
F2

2AB
E12

F

6
~E22E3!

1
1

12
ABE4Gsech2~h/v!

1
9DM2

~AB!2l 2F
F2

F2

2AB
E11

F

2
~E21E3!2

5

4
ABE4G

3sech2~h/v!tanh2~h/v!, ~27!

wherev is given by

F 4lF

DM G1/2F11
E4

2lF
DM G .

III. DISCUSSION AND CONCLUSIONS

In this paper, we have analyzed the properties
DASWs in a magnetized three-component dusty plas
comprising warm variational charged dust grains, isother
ions, and electrons. The reductive perturbation theory
been used to derive ZK@Eq. ~16!# for f (1) and LIZKT @Eq.
~18!# for f (2). To examine the effects of various plasm
parameters as well as the contribution of higher-order n
linearity on the nature of the DASWs, we numerically an
lyze the dust charge variation, the phase velocity, the am
tude, and the width of the solitary waves. Figure 1 illustra
the dependence ofZd on d and b. It shows thatZd has a
nearly fixed value for a variation ind but it increases rapidly
at certain value ofd ~that we calldmax) for different values of

FIG. 5. l vs d for different values ofb andsd .

FIG. 6. v vs V, for l50.9, l50.9.
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b. Figure 2 illustrates the dependence ofZd on the plasma
potentialf. It is clear thatZd increases withf, but it reaches
a constant value when the potential takes certain value.
also noticed thatZd decreases withb. Figure 3 shows that
the amplitudef0 decreases withsd . Figure 4 shows thatf0

increases slowly asd increases, however near todmax, it
decreases rapidly. Figure 4 shows also thatf0 increases with
b. From Figs. 3 and 4, it is clear that the amplitude h
negative sign; thus, only rarefactive solitons can propagat
this system. Figure 5 shows the variation ofl with d, b, and
sd . It shows thatl decreases asd andb increases, while it
increases withsd . Figure 6 shows the variation of the widt
v with V. It is clear thatv decreases withV. Figure 7 shows
that the variation ofv with d and b. It is seen thatv de-
creases withd andb. Figure 8 shows that the variation ofv
with l andsd . It is clear thatv increases~decreases! with
l(sd).

It is well known that the perturbation analysis is on
valid for small but finite amplitudes. However, the values
g1 andg2 can increase the wave amplitude enough to br
down the perturbation theory. Therefore, the range ofg1 and
g2 to be applied can be written as

3g1

D
12g2,F2

6qPl

D2l
1

3l22 5
9sd

D3

1
~d21!~d2b2!

~d1b2!2 G . ~28!

Now, we investigate the effect of higher-order corre
tions on the features of the DASWs. In Figs. 9 and 10,

FIG. 7. v vs d for different values ofb, wherel50.9,sd50.1, andV527.

FIG. 8. v vs l for l50.9, V527, sd50.01 ~dotted line!, sd50.1 ~dashed
line!, andsd50.3 ~solid line!.
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dashed line stands forf (1), while the solid line represent
f(5f (1)1f (2)). From Fig. 9, for small value ofd, the
higher-order correction increases the amplitude but decre
the width. Figure 10 shows that, for a large value ofd, the
amplitude and the width decrease by introducing the high
order correction. We believe that the model and results p
sented here should be applicable to dusty plasma device
well as specific space plasma systems.
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APPENDIX

Coefficients of Eq.~18!:

H15
1

2
AF3~9I 1l2118J1l25I 1sd!

~3l225sd!2
1

12g2

~3l225sd!

1
6AB~J11lI 1!

~3l225sd!
1

30sd

~3l225sd!4
2

nS3b3

2
2

mS3

2

22I 1g123g3G ,

H25
1

2
AF9l2I 2118lJ225sdI 2

~3l225sd!2
1

3A~J11lI 1!

~3l225sd!

1
3AB~J21lI 2!

~3l225sd!
2g1I 2G ,

FIG. 9. f vs h for d52, b50.1, l50.9, V527, andsd50.1.

FIG. 10. f vs h for d560, b50.1, l50.9, V527, andsd50.1.
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H35
1

2
AF 9ABl3

V2~3l225sd!2
2

10l2I 1sd

V2~3l225sd!

1
15l2sd

V2~3l225sd!3
2

3g1~3l215sd!l2

V2~3l225sd!2

1
9l2I 3118lJ325sdI 3

~3l225sd!2
1

3AD~J11lI 1!

~3l225sd!

1
3AB~J31lI 3!

~3l225sd!
2g1I 3G ,

H45
1

2
AF9AB~J21lI 2!

~3l225sd!
1

9l2I 2118lJ225sdI 2

~3l225sd!2

2g1I 2G ,

H55
1

2
AF 9ABl3

V2~3l225sd!2
1

10l2sdI 1

V2~3l225sd!2

2
15g1sdl2

V2~3l225sd!2
1

405l2sd

V2~9l225sd!3

1
9l2I 3118lJ325sdI 3

~3l225sd!2
1

3AB~J31lI 3!

~3l225sd!

2g1I 3G ,

H65
A

18D3 F18ABDl3

V2
16AB~J31lI 3!D2

1
180sdI 1l2D2

3V2
2

9g1Dl2~l2110sd/3!

V2

1
9l4210l2sd

V2 G ,

H752
A2~lI 21J2!

4D
,

H85
A

36V4D2
$218l6230V2sdl4I 219AV2~V2I 3

1V2DI 211!l31l2@9A~J31DJ2!V4

150V2sd
2I 2#215A~ I 32DI 2!lsdV4215A~J3

1DJ2!sdV4%,

H95
1

2
AF2AD~lI 31J3!

2D
1

5l2sdI 3

3V2D
1

ADl3

2V2D2G .
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