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In this paper, we have investigated the effect of secondary electron emission on nonlinear
propagation of dust acoustic waves in a complex plasma considering equilibrium dust charge
positive and compared the results with those obtained in our recently published paper [Bhakta
et al., Phys. Plasmas 24, 023704 (2017)] where the equilibrium dust charge was negative. In both
papers, primary and secondary electrons are assumed to follow Boltzmann distribution with
separate electron temperatures, ions are also Boltzmann distributed, and charged dust grains are
inertial. Change in the nature of dust charge (negative to positive) gives rise to some opposite
behaviour of wave propagation characteristics in dusty plasma when dust grains are charged by
secondary electron emission mechanism. Both adiabatic and nonadiabatic dust charge variations
have been separately considered in both the papers. The investigation in this paper shows that
compressive dust acoustic soliton propagates in case of adiabatic dust charge variation whose
amplitude increases and width decreases with an increase in the strength of the secondary electron
emission. This is in contrast to the case of negative equilibrium dust charge which confirms the
existence of rarefied dust acoustic soliton with decreasing amplitude and increasing width for an
increase in the strength of the secondary electron emission. Nonadiabaticity of dust charge
variation in both cases generates dust acoustic shock wave which is oscillatory for weak
nonadiabaticity and monotonic for strong nonadiabaticity. For positive equilibrium dust charge, the
amplitude of both oscillatory and monotonic shocks increases and oscillation of the oscillatory
shock persists longer for stronger secondary electron emission. On the other hand for negative
equilibrium dust charge, the amplitude of both the oscillatory and monotonic shocks diminishes
with increasing secondary electron emission. Published by AIP Publishing.
[http://dx.doi.org/10.1063/1.4990553]

I. INTRODUCTION

Charging of dust grains by secondary electron emission
(SEE) is an important grain charging process in space and
astrophysical plasmas. When an energetic electron hits a
dust grain and enters the material, it excites secondary electrons which ultimately leaves the material.1 This effect has
been studied in material science,2 astrophysics,3–5 and space
plasmas.6,7 Such energetic electrons are also present in
earth’s atmosphere which generate different auroral phenomena.8 Secondary electron emission has also an effect on the
charge state of satellites when they orbit low over the poles
within the auroral regions.9
Secondary electron current produced by emitted
electrons flows out of the dust grains. This may cause either
negative or positive grain charging accordingly as the magnitude of the secondary electron yield (ratio of the emitted
electrons to the incident electrons) is low or high. This magnitude depends on the energy of the incident electrons and
the nature of the dust material.10–16
Observations made during Apollo missions indicated
that the Moon’s surface and lunar dust grains are electrostatically charged, positively during the lunar day and negatively
during the lunar night. Observations confirmed that
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submicron sized positively charged particles at low surface
potentials generally charge more positively when exposed to
low energy electrons (<25 eV) and discharge at higher energies (>100 eV). Thus, the secondary electron emission yields
are higher for smaller particles than the larger.27 On the other
hand, dust grains will be charged positively independent of
the grain size in case of solar light illumination because of
the low plasma temperature. For large plasma temperature,
smaller grains achieve very high potential.34 In this paper,
we shall consider only positive equilibrium dust charge,
i.e., higher secondary electron emission to study the effect of
secondary electron emission on nonlinear dust acoustic wave
propagation in a complex plasma. Similar study has been
recently reported considering the negative equilibrium dust
charge.28 Main objective of this paper is to compare the
results obtained in these two cases.
Secondary electron emission from dust grains influences
wave propagation characteristics in dusty plasmas. Gupta
et al.17,18 first studied the linear theory of low frequency dust
acoustic and dust ion acoustic wave propagation in the presence of secondary electron emission in complex plasma.19
The presence of nonthermal electrons has also been considered to study its linear theory.20 Later, this secondary electron emission effect on the growth rate of Jeans instability
was investigated in the presence of both thermal and
nonthermal ions.21–23 Nonlinear theory of dust acoustic
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wave propagation in the presence of secondary electron
emission has been recently reported considering the negative
equilibrium dust charge and both adiabatic and nonadiabatic
dust charge variations.28
Adiabatic dust charge variation is a fast grain charging
process whose effect on nonlinear dust acoustic wave propagation has been studied by several authors in both unmagnetized and magnetized dusty plasmas.29–33 But none of them
considered the effect of secondary electron emission. Our
present analysis shows that in the presence of positively
charged dust grains with adiabatic dust charge variation, secondary electron emission generates compressive dust acoustic soliton whose amplitude increases and width decreases
with an increase in the strength of secondary electron emission. Thus for strong secondary electron emission, dust
acoustic soliton moves faster when equilibrium dust charge
is positive. This is in contrary to the case when equilibrium
dust charge is negative as in the presence of negatively
charged dust grains, rarefied dust acoustic soliton propagates
whose amplitude decreases, width increases, and consequently velocity decreases with increasing secondary electron emission.28
On the other hand, nonadiabatic dust charge variation is
a slow grain charging process. It induces Burger like dissipative effect which gives rise to dust acoustic shock wave. This
compresses dust density across the shock and hence may be
a mechanism of star formation. Star birth always takes place
in dusty environment. Nonadiabatic dust charge variation
thus plays an important role in the star forming regions of
the universe, e.g., inside the orion nebula in the milky way
or in the tarantula, the brightest star forming region of the
universe.37–39
The theory of the nonadiabatic dust charge variation
was first developed by Gupta et al.24 which was applied to
study the nonlinear evolution of small amplitude low frequency waves in dusty plasmas.25,26,31,35 Recently, Wang
et al.36 studied this effect in strongly coupled dusty plasmas.
But in none of those studies, effect of secondary electron
emission was considered. Secondary electron emission effect
in the study of nonlinear dust acoustic wave propagation in
the presence of nonadiabatic dust charge variation has been
first time reported by us considering equilibrium dust charge
negative.28 Since two stable equilibrium dust charge states
exist in a dusty plasma when dust grains are charged by secondary electron emission mechanism, out of which one is
negative and the other is positive, we have considered in this
paper the presence of positive equilibrium dust charge to
study the same phenomena reported in Ref. 28 for equilibrium dust charge negative. Both results have been compared
in the present paper.
Our results in this paper show that in the presence of positively charged dust grains, nonadiabaticity of dust charge variation induces dust acoustic shock wave which is dispersion
dominated and hence oscillatory for weak nonadiabaticity and
dissipation dominated and hence monotonic for strong nonadiabaticity. For both weak and strong nonadiabaticities, the
dissipation (nonadiabaticity induced) coefficient and hence
the dissipation–dispersion ratio decrease at stronger secondary
electron emission. Hence, higher secondary electron emission
helps to lose monotonicity and gain dispersive character of
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the dust acoustic shock wave. In addition, the amplitude of
both oscillatory and monotonic shocks in this case increases
with increasing secondary electron emission. This is just the
opposite situation for the case when equilibrium dust charge
is negative where higher secondary electron emission diminishes the amplitude of both oscillatory and monotonic shocks
and increases the monotonicity of the dust acoustic shock
wave.
Stability analysis of the KdV-Burger equation in this
paper shows that the equilibrium point with zero potential is
a saddle and hence is unstable whereas the equilibrium point
with nonzero potential is a stable node or stable focus, provided a cut off condition is satisfied. This cut off reduces
with increasing secondary electron emission which enhances
the chance of the nonzero equilibrium point being a stable
focus that pronounces the oscillatory character of the dust
acoustic shock wave. This is just opposite to Ref. 28.
Positively charged dust grains generated by secondary
electron emission exist in solar wind environment whose surface potential is independent of the grain size. Our proposed
model may be applicable in this case as we have not considered grain size variation.
II. BASIC EQUATIONS

The dust acoustic wave is a very low frequency wave
whose thermal velocity is very small compared to both electron and ion thermal velocities. So, it does not respond to
both electrons and ions, and hence, electron and ion inertia
can be neglected in its study. Only dust inertia in this case is
important. Hence, plasma under our consideration consists
of Boltzmann distributed primary and secondary electrons,
ions, and positively charged inertial dust grains. Primary and
secondary electron temperatures are assumed unequal. These
four components satisfy the quasineutrality condition
nio þ zd0 nd0 ¼ neo þ nso ;

(1)

where nio , neo , nso , and nd0 are equilibrium number densities
of ions, primary electrons, secondary electrons, and dust
grains, respectively, and zd0 is the number of charges on dust
grains in equilibrium. This quasi-neutrality condition differs
from the quasi-neutrality condition for negative equilibrium
dust charge.28 For positive equilibrium dust charge, the density ratio nne0i0 is less than (1 þ nne0s0 ), whereas for negative equilibrium dust charge, it is greater than one.
The normalized basic equations satisfied by the Boltzmann
distributed primary electrons, secondary electrons, ions, and
inertial charged dust grains are
Ne ¼ exp ðUÞ;


U
Ni ¼ exp 
;
ri
 
U
;
Ns ¼ exp
rs
@Nd
@
ðNd Vd Þ ¼ 0;
þ
@T @X
@Vd
@Vd
Q @U
;
þ Vd
¼ d
ad @X
@T
@X

(2)
(3)
(4)
(5)
(6)
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(7)

(8)

Here, the primary electron, secondary electron, ion, and dust
number densities ne , ns , ni , nd , dust fluid velocity ud , electrostatic potential energy e/, dust charge qd , and the independent space, time variables x, t are normalized in the
following way:
X ¼ x=kd ;

T ¼ xpd t;

Nd ¼ nd =nd0 ;

Ni ¼ ni =ni0 ;

Ne ¼ ne =ne0 ; Ns ¼ ns =ns0 ; Vd ¼ ud =cd ;
e/
U¼
; Qd ¼ qd =ezd0 ; qdo ¼ zdo e;
Te

where
(9)


1=2
where kD ¼ 4pzTd0effnd0 e2
is the dusty plasma Debye length
qﬃﬃﬃﬃﬃﬃﬃﬃﬃ
zd0 Teff
is the dust acoustic speed, implying c2d
and cd ¼
md

¼ k2D x2pd . The effective temperature Teff is defined by the
relation


1
1
nio neo nso
þ
þ
¼
:
(10)
Te
Ts
Teff zdo ndo Ti
Here, Te , Ts , and Ti are primary electron, secondary electron,
and ion temperatures, respectively, and ri ¼ TTei ; rs ¼ TTes ,

di ¼nneoio , ds ¼nneoso , ad ¼ ð1ddii þddss Þ, z ¼ zd0 e2 =r0 Te , qdo is the equið1þr þrs Þ
i

librium dust charge, and r0 is the grain radius.
The nondimensionalized expressions I i and I e for ion and
s
primary electron current flowing to the dust grains and I e for
the secondary electron current flowing out of the dust grains are
rﬃﬃﬃﬃﬃﬃﬃﬃ




8Ti
U
zQ
I i ¼
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exp  d ;
pmi
ri
ri
rﬃﬃﬃﬃﬃﬃﬃﬃﬃ
I e ¼ pr2 e 8Te ne0 exp ðUÞð1 þ zQd Þ;
0
pme
rﬃﬃﬃﬃﬃﬃﬃﬃﬃ


I s ¼ 3:7dM pr2 e 8Te ne0 exp ðUÞ 1 þ zQd
e
0
pme
rs


 
zQ
EM
;
 exp zQd  d F5;B
rs
4Te
pr20 e

s
The expressions for I i , I e and I e in (11), (12), and (13) here
are different from their expressions for negative equilibrium
dust charge.28 The differences in the quasi neutrality condition (1) and the current expressions (11)–(13) are the origin
of the difference in the behaviour of wave propagation characteristics for the two cases of equilibrium dust charge negative and positive.
The grain charging frequency in this case has been calculated in the form,

s
@ Ii þ Ie þ Ie
d ¼ 
@Qd
Qd ¼zd e
"
pﬃﬃﬃﬃﬃﬃﬃﬃ#


2
a2s li ri
a xpi
z
exp 
þ
¼ pﬃﬃﬃﬃﬃﬃ
;
(15)
ri
di
2p Vthi

(11)

(12)

(13)

where mi ; me are ion and electron masses and dM is the maximum yield of secondary electrons which occurs when the
impinging electrons have the maximum kinetic energy EM.
The function F5;B ðxÞ is given by10
ð1
2
u5 exp ½ðxu2 þ uÞdu; where
F5;B ðxÞ ¼ x
B
vﬃﬃﬃﬃﬃﬃﬃﬃﬃ
u eqd
u
tr T
EM
0 e
x¼
and B ¼
:
(14)
x
4Te


z
a2s ¼ 1  3:7dM exp z 
rs
(
 
)


1
z
1
EM
:
F5;B0
þ 1þ
1

4Te
rs
rs
rs


(15a)

The grain charge number z is not arbitrary. It satisfies the
condition di (¼nneoio Þ less than ð1 þ ds Þ as the equilibrium dust
charge is positive. The equilibrium current balance equation
in this case gives28
 


z
pﬃﬃﬃﬃ ð1 þ zÞa1s
di ¼ li pﬃﬃﬃﬃ exp
as a function of z ¼ zd0 e2 =r0 Te ;
ri
ri


(16)

EM
z
4Te ð1 þ rs Þ=ð1 þ zÞ,

with a1s ¼ 1  3:7dM exp ðz  rzs ÞF5;B0
mi
.
and li ¼m
e
Thus, z must be determined from the inequality
rﬃﬃﬃﬃﬃﬃ
 
mi ð1 þ zÞa1s
z
< 1 þ ds :
pﬃﬃﬃﬃ exp
ri
ri
me

(17)

III. REDUCTIVE PERTURBATION ANALYSIS:
ADIABATIC AND NONADIABATIC DUST CHARGE
VARIATION

Now for the study of small amplitude structures in dusty
plasma in the presence of secondary electron emission with
positive equilibrium dust charge, we employ the reductive perturbation technique, using the stretched coordinates n ¼ e1=2
ðX  kTÞ and s ¼ e3=2 T where e is a small parameter and k is
the wave velocity normalized by cd . The variables Nd ; Vd ; U,
and Qd are then expanded as
Nd ¼ 1 þ eNd1 þ e2 Nd2 þ   
Vd ¼ eVd1 þ e2 Vd2 þ   
U ¼ eU1 þ e2 U2 þ   

Qd ¼ 1 þ eQd1 þ e2 Qd2 þ e3 Qd3 þ    :

(18)

Here, Qd has been started from þ1 which was started from
1 for negative equilibrium dust charge.28 Proceeding in the
same way as in Ref. 28 with adiabatic dust charge variation
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(dust charging frequency d is very high compared to dust
x
plasma frequency xpd , implying pdd  0), we obtain the KdV equation
@U1
@U1
@ 3 U1
¼ 0;
þ aU1
þb
@s
@n
@n3

(19)

where
a¼b

3
k3 1
;
b
¼
þ
2a
c
þ
c
¼ ð1  ad bd Þ3=2 ; (20)
d d
2
2 2
k2 ad

qﬃﬃﬃ
b
with amplitude U1m ¼ 3M
and
width
w
¼
2
a
M provided
ad bd 6¼ 1. M is the Mach number. Expressions of amplitude
and width of the dust acoustic soliton in this case differ from
those of Ref. 28 as final expressions of a and b are different
in these two cases. Moreover, dependence of the amplitude
and width on dM through a1s indicates their change with the
strength of secondary electron emission which will be shown
numerically in Sec. IV of this paper.
In the same way for nonadiabatic dust chargepvariation
ﬃﬃ
x
x
where pdd is small but finite, assumption of pdd ¼  e (where
e is small and  is of order unity) gives the standard KdVBurger equation28

with
b
bd ¼ b ;
zba

(21)

rﬃﬃﬃﬃ
rﬃﬃﬃﬃ"


zdi di
li
li 1
z
exp z 
þ 3:7dM F5;B
ba ¼ 2  
rs
ri
ri rs
ri
ri
(
)
#



1
1 2
þ ð1 þ zÞ
1
þz 1
;
rs
rs
rﬃﬃﬃﬃ
rﬃﬃﬃﬃ

di zdi
li
li
z
ð1 þ zÞ  3:7dM F5;B
1þ
bb ¼  2 þ
ri
ri
ri ri
rs


z
 1þ z
rs
and
cd ¼

cc
;
zba

cc ¼ cc1 þ cc2 þ cc3 ;

c2 ¼

!

with normalized phase velocity of the dust

1
provided ad bd 6¼ 1. These expresacoustic wave k ¼ pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1ad bd

sions are different from the corresponding expressions in
Ref. 28. Thus, final expressions of the coefficient of nonlinearity a and the coefficient of dispersion b are different in the
two cases of equilibrium dust charge positive and negative.
The travelling wave solution of this KdV equation (19)
is the bell-shaped soliton
U1 ¼ U1m sech2

ðn  MsÞ
;
w

(24)

h
4


bd
di exp  rzi
with same a and b as in (20) and l ¼  k2rb
a
pﬃﬃﬃﬃﬃﬃﬃﬃ
þa2s li ri . The Burger coefficient l (different from the
expression in Ref. 28) is arising exclusively due to nonadiabaticity of grain charge variation.28 Here, l is also a function
of the secondary electron yield dM and hence changes with
the change in the strength of the secondary electron emission. Variation of l with dM will be shown in Sec. IV.
Nature of the shock whether monotonic or oscillatory
can be determined from the study of local stability of the
equilibrium points of the KdV-Burger equation (24). On
transforming to the wave frame g ¼ Vs  n, where V is the
wave velocity, this equation reduces to the ordinary differential equation

(22)

"rﬃﬃﬃﬃ
rﬃﬃﬃﬃ
#
li
di
li
z
ð1 þ zÞ  2  3:7dM F5;B
1þ
cc1 ¼ 0:5
;
rs
ri
ri
ri
"rﬃﬃﬃﬃ


rﬃﬃﬃﬃ
li di
li 1
1
1
cc2 ¼
  3:7dM F5;B
þ
z
rs
ri r2i
ri rs rs
)#


z
1
1
þ 1þ
ðzbd Þ
rs
rs
"


rﬃﬃﬃﬃ
di
li 1
1
1
cc3 ¼  2  3:7dM F5;B
rs
ri rs
2ri
)#




1 2 1 þ 3z=rs
þ 1
ðzbd Þ2 :
2
rs
di ds
 1Þ
r2 r2s
i
d
ð1þri þrdss
i

@U1
@U1
@ 3 U1
@ 2 U1
¼l
;
þ aU1
þb
3
@s
@n
@n
@n2

(23)

d 2 U1
dU1
aU21
þ
l
þ
 VU1 ¼ 0;
(25)
dg2
dg
2


1
¼
0
and ðU1
which has two fixed points U1 ¼ 0; dU
dg
dU1
;
¼
0Þ.
¼ 2V


a
dg
1
The first one U1 ¼ 0; dU
dg ¼ 0 with zero potential is a
saddle
point and hence
unstable in nature. The second one


b

dU1
U1 ¼ 2V
a ; dg ¼ 0 with nonzero potential is a stable node
2

2

l
l
> V and a stable focus for 4b
< V. Since the coefficient
for 4b
of dissipation l changes with secondary electron yield dM ,
this cut off also changes with change in the strength of secondary electron emission which will be determined
numerically.

IV. NUMERICAL ESTIMATION

In our numerical calculation, we have used MgO material for which dM takes values 3–25, EM(eV)  400–1500,
jTe  2 eV; jTs  3 eV.10 Since dM is the ratio of the
emitted electrons to the incident electrons, for positively
charged dust grains dM has higher
 values.
 We have taken its
ns0
two values 22 and 24. Also ds ¼ ne0 ¼ 0.8 and M ¼ 1.2


have been considered. Figure 1 has been plotted for di ¼ nne0i0
versus z to fix the range of z satisfying the quasineutrality
condition (1). This range is 0.1 to 0.25. Rest of the figures
have been plotted within this range of z. Figures 2 and 3
have been plotted for the amplitude and width of the dust
acoustic soliton against normalized grain charge number z at
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FIG. 3. Plot of the width w of the Dust Acoustic Soliton versus z for different dM in case of adiabatic dust charge variation.
FIG. 1. Plot of di ð¼ nne0i0
negative.



2
Þ versus z ¼ zrdo0 Tee for equilibrium dust charge

dM ¼ 22 and 24 for the case of adiabatic dust charge variation. Consequent soliton profiles have been plotted in Fig. 4.
These three figures show that in the presence of positively
charged dust grains, secondary electron emission generates
compressive dust acoustic soliton whose amplitude increases
and width decreases with increasing secondary electron yield
dM . This is in contrast to the case when equilibrium dust
charge is negative. Secondary electron emission with negative equilibrium dust charge generates rarefied dust acoustic
soliton whose amplitude decreases and width increases with
increasing secondary electron emission.28 Thus for positive
equilibrium dust charge, increasing secondary electron emission increases soliton velocity, whereas it is reduced for negative equilibrium dust charge.
Figures 5 and 6 have been plotted for the coefficient of
dissipation l versus z, and Figs. 7 and 8 have been plotted
for the dissipation-dispersion ratio l=b versus z with dM ¼
22 and 24 at  ¼ 0:5 (weak nonadiabaticity) and  ¼ 5:0
(strong nonadiabaticity), respectively. These figures show
that dissipation-dispersion ratio l=b is less than 1 for weak
nonadiabaticity ( ¼ 0:5) and greater than 1 for strong

FIG. 2. Plot of the amplitude /1m of the Dust Acoustic Soliton versus z for
different dM in case of adiabatic dust charge variation.

nonadiabaticity ( ¼ 5:0). This implies for weak nonadiabaticity dust acoustic shock wave is oscillatory, whereas for
strong nonadiabaticity it is monotonic . These are confirmed
from Figs. 9 and 10, respectively. Moreover, coefficient of dissipation l and the magnitude of the dissipation-dispersion
ratio l=b at both  ¼ 0:5 (weak nonadiabaticity) and  ¼ 5:0
(strong nonadiabaticity) decrease with increasing secondary
electron emission. Thus, increasing secondary electron emission in this case reduces monotonicity and gains dispersive
character of dust acoustic shock wave. This is opposite to the
Ref. 28 where increasing secondary electron emission
increased monotonicity of dust acoustic shock wave for equilibrium dust charge negative.
Figures 11 and 12 have been plotted for l2 =4b versus z
for dM ¼ 22; 24 at  ¼ 0:5 and  ¼ 5, respectively. These
two figures show that magnitude of l2 =4b is lower for higher
secondary electron emission. This2 enhances the chance of
l
satisfying the cut-off condition 4b
< V in the permissible
range of z which enhances the chance of the nontrivial equilibrium point being a stable focus. This pronounces oscillatory nature of the dust acoustic shock wave which is just
opposite to the situation of Ref. 28.

FIG. 4. Plot of the compressive Dust Acoustic Soliton for different dM in
case of adiabatic dust charge variation.
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FIG. 5. Plot of the coefficient of the Burgers term l versus z for different dM
at  ¼ 0.5 in case of nonadiabatic dust charge variation.

FIG. 8. Plot of the coefficient of the Burger term l=b versus z for different
dM when  ¼ 5:0.

FIG. 6. Plot of the coefficient of the Burgers term l versus z for different dM
at  ¼ 5.0 in case of nonadiabatic dust charge variation.

FIG. 9. Oscillatory shock wave for different values of dM at  ¼ 0.5 in case
of nonadiabatic dust charge variation.

FIG. 7. Plot of the ratio l=b versus z for different dM at  ¼ 0.5 in case of
nonadiabatic dust charge variation.

FIG. 10. Monotonic shock wave for different values of dM at  ¼ 5 in case
of nonadiabatic dust charge variation.
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equilibrium dust charge is positive. It is opposite to the case
of negative equilibrium dust charge where secondary electron emission does not favour nonlinear dust acoustic wave
propagation in case of both adiabatic and nonadiabatic dust
charge variations.28
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FIG. 11. Plot of the cut off l2 =4b versus z for different dM at  ¼ 0.5 in case
of nonadiabatic dust charge variation.

FIG. 12. Plot of the cut off l2 =4b versus z for different dM at  ¼ 5.0 in case
of nonadiabatic dust charge variation.

V. CONCLUSION

In this paper, we have studied nonlinear propagation of
dust acoustic waves in a complex plasma in the presence of
secondary electron emission with positive equilibrium dust
charge. Both adiabatic and nonadiabatic dust charge variations have been considered. For adiabatic dust charge variation, dust acoustic wave is compressive soliton whose
amplitude increases and width decreases with an increase in
the strength of the secondary electron emission. For nonadiabatic dust charge variation, oscillatory dust acoustic shock
wave propagates at weak nonadiabaticity and monotonic
dust acoustic shock wave propagates at strong nonadiabaticity. Stronger secondary electron emission in this case
increases the amplitude of both oscillatory and monotonic
dust acoustic shock waves and helps to persist oscillation
for longer duration. In both cases of adiabatic and nonadiabatic dust charge variations, secondary electron emission
favours nonlinear dust acoustic wave propagation when

